
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



THE SYNTHESIS AND 

PROPERTIES OF POL YETHER 

SUBSTITUTED 

OLIGOTHIOPHENES 

A thesis presented in partial fulfillment of the requirements 

for the degree of 

Doctor of Philosophy 

in 

Chemistry 

at Massey University, Palmerston North, New Zealand. 

Daina Kim Grant 

July 2003 



Abstract 

A number of novel dialkoxystyry l -substituted terthiophenes were synthesi sed as 

precursors to form conducting  polymers. These compounds contained ei ther crown 

ethers or polyether chain s  designed to complex metal cations, and polymeri sable 

terthiophene moieties .  Two i someric cross-l i nked b is(terthiophene) crown ethers 

were also synthesised as monomers for conducting polymer synthesis,  but could not 

be i nvestigated further due  to the i r  i nsol ub i l i ty .  The sol ubi l i ty i ssue was 

circumvented by the formation of hemicrown compounds, contain i ng two styry l 

terthiophene units l i nked by a polyether chain .  Thiophene analogues of the crown 

ether, open-chain ether, b is(terthiophene) crown ether and hem icrown compounds 

were also successful ly synthesised and characterised. 

The response of the terthiophene crown compounds, open-chai n compounds and 

hemicrowns to a l arge range of metal  cations was i nvestigated by UV and 

fluorescence spectroscopy. The results obtained from thi s  work were consistent with 

complexation based on s ize-fit and charge density of ions, and with hard-soft-acid

base theory. 

Chemical polymeri sation of the terthiophene crown monomers and open-chain ether 

terthiophene compounds was carried out us ing FeCly This led to the i solation of 

dimeric sexi th iophene compounds in h i gh y ie ld .  Characteri sation of the pure 

sexith iophene derivatives showed that they were the product of regioselect ive  

d imeri sat ion,  caused by the asymmetric reacti v i ty of the terthi ophene-based 

monomers. This is bel ieved to be due to uneven electron spin -density di stribution, 

and theoretical calculations on the radical cation support thi s  v iew. Producing 

dialkoxystyryl-substituted sexithiophenes by this synthetic route gave excel lent yields 

of i somerical ly-pure product. 

Chemical oxidation of terthiophene compounds using  Cu(CI04)2 was observed w ith  

UV IV IS/NIR spectroscopy . This  al lowed the observation and identification of 

absorption bands due to oxidised species .  Reduction of these species l ed to 

se  xi thiophene dimers, as  seen for chemical polymerisation using FeCI3• 

i i i  



Electrochemical polymeri sations of the terth iophene, thiophene and sexith iophene 

compounds were carried out by cyc l ic  voItammetry. Those that formed adherent 

fi lms  were analysed by UV IVIS/NIR spectroscopy in both the neutral and oxidi sed 

form. The electrochemical and spectroscopic ev idence again pointed to the formation 

of d imers as the primary product of oxidation from terthiophene-based monomers. 

The surface morphology of the fi lms  was i n vesti gated by scann i ng  e lectron 

microscopy, and showed a variety of morphologies. 
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1.  1 Research Objectives 

The overal l aim of thi s  work was to produce chemical compounds that could be used 

to form conducting polymers with a sensing capabil i ty .  A successful chemical sensor 

must possess two attri butes. Fi rstl y it must be able to select ive ly recogn i ze the 

desi red analyte, and then it must be capable of producing a measurable s ignal . I It can 

also be added that if the functional ities ful fi l l ing these two roles are separated with in 

the molecule, then there must be some form of electronic communication between 

them. Combin ing the well -known ion recognition abi l ity of crown ethers with the 

electrical conductiv i ty of conducting polymers has the potential to satisfy both these 

requirements, and could result in the fabrication of a range of metal ion sensors. 

The specific  objecti ves of this work were to: 

i )  Carry out a survey of the l i terature to i nvestigate the chemistry of 

crown ethers, conduct ing polymers, and how these areas have 

previously been merged in order to produce conduct ing polymers 

functional i sed with crown ethers that can be used as metal ion sensors 

(Chapter I). 
i i )  Des ign and synthesise a range of polyether-substituted monomers that 

have the potential both to selectively complex metal ions. and to form 

conductin g  poly mers (Section 1 .6, Chapters 2 ,  3 and 7).  

i i i )  I nvestigate the response of the monomers t o  a variety of metal ions 

(Chapter 4) .  

i v) I nvestigate the polymerisation of the monomers both chemical l y  and 

e lectrochemical l y ,  and i nvestigate the response of the polymers to 

metal ions (Chapter 5) .  
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1 .2  Crown Ethers 

S ince the serendi pitous di scovery of crown ethers by Charles Pedersen i n  1 967,
2
,
3 

there has been a huge volume of work published on their synthesi s and app l ications. 

The crown ethers orig inal ly reported by Pederson consi sted of a cycl ic polyether 

chain,  and i ncluded compounds containing ei ther benzo or cyclohexyl ri ngs (Fig .  1 . 1 ) . 

12-crown-4 cyclohexyl-15-crown-5 dibenzo-18-crown-6 

Figure 1 .1 Examples of crown ethers 

The crown nomenclature was appl ied to the compounds due to the i r  abi l ity to crown 

alkal i  metal ions and form stable complexes. Thi s  was v i sual ized by Pedersen to be 

the result  of ion-dipole interactions between the cation and the oxygen atoms, with the 

ion s i tt i ng  i ns ide the crown ri ng .  H i s  hypothes i s  was l ater shown by X-ray 

crystal lographic studies to be correct. The term 'supramolecular chemistry ' was 

subsequently introduced to descri be th i s  type of work i nvol v i ng "two or more 

chemical species held together by i ntermolecular forces":� A typical ion-dipole 

interaction has an energy of ca. 1 5  kJ/mol, certain ly  less than the 250 kJ/mol for an 

ion-ion interaction, or 370 kJ/mol for a covalent C-C bond.5, 6 The strength of a 

crow n-cation com plex comes from hav ing  mul t iple ion-d ipole i nteract ions ,  and 

because of thi s ,  s i ze i s  one of the main factors determin ing the stab i l i ty of such 

complexes. When this ratio of the ionic diameter of the metal ion to the ' hole'  in the 

center of the crown is c lose to uni ty ,  I: 1 complexes w i l l  be formed ( Fi g .  1 .2) .  

Complexes of thi s  type are formed between Li' and 1 2-crown-4, Na+ and 1 5-crown-5 , 

3 



and K+ and 1 8-crown-6. I n  addition, when the ion i s  larger than the c rown cavity, 

sandwich type 2 :  I and 3 :2  complexes can be formed (Fig. 1 .3 ) .7 9 

-

-9 
Figure 1 .2 Crown ether - metal ion complexation 

Figure 1 .3 Schematic representation of 2 : 1  and 3 : 2  'sandwich' 

complexes 

Crown compounds b ind metal cations m uch more strongly than thei r  open-chain 

equi valents, cal l ed podands.
lo 

This is  due to the level of preorgani sation i nherent in  

the c rown molecules. Whi le podands can exist i n  hundreds of conformations, on ly a 

few of these are su i table for ion binding .  The energy gained by a podand on 

complexation must be greater than the l oss i n  free energy associated wi th organi zi ng 

the chain i nto a suitable conformation. For crown ethers however, thi s  rearrangement 

has a lready occurred during synthesis ,  so that the molecule has substantia l ly  less 

freedom of movement and the oxygen atoms are held in a conformation more suitable 

for ion binding. The more preorganised a compound is for binding,  the more stable 

i ts result ing complexes wi l l  be. ID 

The i ncorporation of benzene rings i nto the structure of crown ethers reduces both 

thei r  flexi b i l i ty" and the i r  solub i l i ty i n  water
l 2

, affect i ng the i r  complexation 

properties. The benzene rin g  also reduces the electron density at two of the oxygen 

binding  s i tes, further altering  cation selectiv i ty . 1 3  Benzo-crown ethers are frequently 

exploited in synthes i s, as they are eas i ly  funct ional i sed by e lec trophi l i c  aromat ic  
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s ubst it ut ion. However, t he i nt rod uct ion of elect ron-wit hd rawing or e lect ron-d onat ing 

groups ont o  t he aromat ic r ings affects t he bas ic it y  of t he oxygen at oms ,  again  

mod ifying complexing abi l it y .14 Normal cat ion s el ect iv it y  can be alt eredl5 16 or even 

reversed'7 by t his proces s ,  t he effect bei ng great er for benz o-\S- crown-S t han for 

benz o-\S- crown-6. Not s urpris i ngly,  t he nat ure of t he solvent us ed w hen meas uring 

cat ion select iv it y  als o  has a large effect . 13, 18 

S ince t he i r  d is covery , crown compounds have been synt hesis ed t hat i ncorporat e 

n it rogen and s ul phur d onor at oms rat her t han oxygen. This  i s  anot her fact or t hat 

changes t he crowns complex ing  abi l it ies ,  al lowi ng complex es t o  be formed wit h  

t rans it ion met al and heavy met al ions .9 I n  add it ion,  t he field of s upramolecular 

chemist ry has been extend ed to  lariat crown et hers ,'9 22 crypt andsB and s pherandslO 24. 

T he pioneers of t he field of supramolecular chemist ry, Charles Ped ers en,  Donald 

Cram and l ean-Marie Lehn,  were award ed t he N obel Pri ze i n  Chemist ry i n  1 987 for 

t heir work i n  t his area.)O 

App l i cat ions of crown et hers range from t he i r  archet y pal use as phas e  t rans fer 

cat alysts in s ynt het ic chemist r/5, t o  t he st ud y of ion t ransport t hrough membranes, 26 

27 met al ion s eparat ion20, 28 or i sot ope fract ionat ion29, ch iral it y  s ens i ng of ami no 

acids30, s ol id phas e  microext ract ion31 and ion s el ect i ve elect rodes 2u2. They have also 

been us ed i n  chromat ography as add it ives i n  t he el uent,3 , ad sorbed on'" or covalent ly 

att ached t035, 36 various st at ionary phas es or as a coat ing on a piez oelect ric  quart z  

cryst al for d et ect ion37 . 

S 



1.3 Conducting Polymers 

Ten years after Pedersen reported the d iscovery of crown ethers, A lan MacDiarmid, 

A lan Heeger and Hideki  Sh i rakawa publ i shed papers announcing  that they had 

formed a fi l m  of polyacetylene that was capable of conducting electric i ty .38-41 L ike 

the di scovery of crown ethers, thi s  startl i ng news caused a flurry of research act iv ity 

i n  what was a complete ly new area, and led to thei r being jointly awarded the Nobel 

Prize i n  Chemistry i n  2000.
42

-47 Figure l A  shows the structural variety in types of 

polymers that have since been shown to be conducting. 

N n 

Polyacetylene 

In \ t'"'s� 
Poly thiophene 

A n 

In. \ \'o0n 
Polypyrrole Polyfuran Polyparaphenylene vinylene 

H H to-�-O-N=O=N-O-�1 
n 

Polyparaphenylene Polyheptadiyne Polyaniline 

Figure 1 .4 Examples of conjugated polymers 

All the polymers i l l ustrated i n  Fig .  lA share one structural feature, the i r  conjugated 1(;

system of alternating s ing le and double bonds. Polymers such as these may be 

transformed from i nsulating  to semi -conducting by doping .
46. 48 The mechanisms of 

charge transport i n  conduct ing polymers w i l l  be further di scussed i n  Section 1 .3 .2 .  

Figure 1 .5 shows the i nterconversion of poly thiophene between the neutral i nsulating 

and the conductive oxidi sed form. Oxidation requires the i ncorporation of counter

ions i nto the polymer in order for the polymer to remain electrical l y  neutral,  and these 

counter-ions can be exploited to add functional i ty to the polymer e .g .  recognition 

sites.49 
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�A 
+e 
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Reduction + A S n 
- S n -

Oxidation 
Conducting -e Insulating 

Figure 1 .5 Redox activity of poly thiophene 

In additi on to th e ch ange i n  c onducti vit y on switchi ng bet ween th e oxi di sed and 

r educ ed for m of a polymer ,  th er e  may also be ch anges i n  ph ysic al pr operti es such as 

c olour and mor ph ology. In partic ular ,  th e electr ochr omic pr operti es of pol y thi oph ene 

h ave dr awn att enti on due to possi ble applic ati ons i n  eyewear, ' smart wi ndows'  and 

optic al i nf or mati on st or age. 50 5-1 

1 . 3.1 Polymer growth 

Th e polymeri sati on of h et er oc yc les i s  believed t o  pr oc eed via th e c oupli ng of r adical 

c ati ons.-+Y,5557 Thi s  i s  a multi- st ep pr oc ess i l l ustr at ed for thioph ene i n  Fi g. 1 .6. 

Figure 1 .6 Polymer growth mechanism including oxidation (a), radical 

cation coupl ing (b) and deprotonation (c) 

Th e fir st st ep  i nvol ves oxi dati on of a monomer t o  for m a r adic al c ati on. Two r adic al 

c ati ons th en c ouple t o  for m a dic ati on, which c an be depr ot onat ed t o  for m th e 

ar omatic di mer. I f  nothi ng occ ur s t o  st op thi s pr oc ess  r epeati ng, a poly mer wi l l  be 

for med. Dependi ng on th e nat ur e of the polymer and th e c onditions under which it i s  

grown, a pr eci pit ate or deposit on the wor ki ng electr ode may be for med.-+9 
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1.3.2 Charge transport i n  conducting polymers 

I n  an i nfin i te pol ymer ch ain,  del ocal i sation of n- el ectrons over th e mol ecul e, and 

overl ap of th e i nd iv idu al atomic orbital s , effect ivel y  produ ces a val ence and a 

condu ction band.58 I n  th e neu tral state, th e val ence band i s  full , th e conduction band 

is e mpty, and th ere is a s ignificant energy gap between the two ie. th e pol ymers are 

insul ators.4 5, 59 Th i s  band- gap can be al tered by th e i ncorporation of su bsti tuents on 

th e monomer.45, 57, 60 Th e pol y mers can become conducting (or semi-condu cting),  by 

chemical or electroch emical doping (Fig .  1 .5 ).'w On doping, sel f-l ocal ized excitations 

are formed th at create new energy l evel s  between th e val ence and conduction bands,61 

and all ow el ectrons to move. 59 Doping can take two forms: n- doping ( reduction) 

invol ves th e addi tion of el ectrons l eaving a negativel y  ch arged pol y mer, wh il e p

doping  (oxidation) removes el ectron s  and l eaves a posi t ivel y  ch arged pol ymer 

backbone.46, 49, 62 Cations or anions are then i ncorporated i nto th e pol y mer matrix i n  

order to  maintain el ectrical neutral ity.46, 49 One cou nter-ion i s  i ncorporated per ch arge 

on th e pol y mer  backbone, for pol y  th ioph ene th i s  gi ves a rat io of approximatel y 

counter-ion per 3-4 th ioph ene rings.49, 63 

Conducti ng pol ymers can be cl assified i nto two grou ps based on th e energy of th eir  

grou nd state i somers.63 Th e two resonance forms of pol y(trans -acetyl ene) h ave th e 

same energy, and are called degenerate states (Fig. 1 .7a) . Th i s  i s  not th e case for 

most oth er conducting pol y mers, where th e energies of the i somers are different (eg. 

poly th ioph ene Fig. 1 .7b) .58, 64 

a 

b � X • 

Figure 1 .7 Degeneracy of poly(trans-acetylene) (a) and non

degeneracy of poly th iophene (b) g round states 
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The particular type of self- local i zed excitation formed on oxidation or reduction 

depends on the degeneracy of the polymer ground state. For poly mers with 

degenerate ground states, sol i tons are formed. Posit ive, negative and neutral sol i tons 

are the physics terms for the cations; anions and neutral radicals that are the charge 

carriers in these types of polymers.58 For other conducti ng polymers, polarons and 

bi polarons are formed.
45 A positi ve polaron is the same as a radical cation, and i s  

formed when an  electron i s  removed from a polymer by oxidation.58 Posi t ive 

polarons are al so sometimes descri bed as the posit ive 'hole '  left on removal of an 

electron. Polarons are able to move along polymer chains ,  and if two polarons meet 

they can combi ne to form a dication (positive bipolaron) .
49 An equivalent mechanism 

also operates for negative polarons (radical anions). 

The self-local i sed excitations formed can be studied by UVIV I S/NIR,  IR, Raman and 

ESR spectroscopy.58 ESR spectra of polymers containing  radical species ( polarons) 

w i l l  g i ve s ignals  attri butable to the unpaired electrons present. Poly mers with 

bi polaron charge carriers w i l l  g i ve no response to ESR, mak ing this a val uable 

technique for d istinguishing between these types of excitations. UV IV I S/NIR spectra 

of conducti ng polymer fi l ms i n  the oxidi sed state show an absorbance in the N IR  

region.63 Th i s  i s  due to the strong absorbances characteri st ic of organic radical 

cations and d ications, and as such its exact position depends on the nature of the 

oxidised species.65 This  so-cal led 'free carrier tai l '  is often referred to in the l i terature 

as proof of a conducting polymer.63, 64. 66 
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1.3.3  F unctional ised polymers based o n  th iophene 

Thiophene i s  eas i ly  synthetical l y  man ipulated, and has therefore often been exploited 

as a suitable monomer for functional i sation.67 Substitution i s  poss ible  at either the a 

(2 and 5 )  or f3 (3  and 4) positions as shown i n  Fig .  I.S. Poly merisation occurs 

preferential ly at the more reactive a-position68, so that thiophenes substituted at that 

position are less active to polymerisation than those substituted at the f3-posit ion.69 

Defects i n  the polymer structure caused by l i nkages through the f3-position manifest 

in reduced conj ugation length, h igher oxidation potential s and lower conductivities.68 

Substituti ng at the f3-posi tion, as wel l as modify ing  physical properties such as 

solubi l ity of the resulting polymer, decreases the probabi l ity of such undesirable a-f3 

or f3-f3 l i nkages. 

4 (30�(33 
5 a a 2 

s 

Figure 1.8 Thiophene 

An i m portant consideration when designing functional i sed thiophenes, i s  that the 

functional groups i ncorporated must be able to withstand the posit ive potential s 

necessary for polymeri sation. As thiophene requires a h i gh positi ve potential for 

electropolymerisation (> 2.0 V vs. SCE), bithiophene and terthiophene, which have 

lower oxidation potentials, can be used instead to l imit  overoxidation of the result ing 

polymer.70.71 This has the added advantage of reducing unfavorable f3-l inkages.7
2 

It 

has been ack nowledged, however, that the funct ional i sation of bithiophene and 

terthiophene requires more complex synthetic chemistry.7
3 

One crucial i ssue with both chemical and e lectrochemical polymeri sation of 3 -

substituted thiophenes, i s  the regioregularity of the poly mers produced. Thiophene 

can couple in a ' head-to-head ' ,  ' head-to-tai l '  or ' tai l -to-tai l '  manner (Fig .  1 .9a-c ) ,  

leading to  four  different regioisomers for a three-thiophene chain ,  as  shown i n  Fig .  

1 .9d_g .68 Whi l e  ' head-to-tai l '  coupl ings are sterical l y  p referred, 1 0-50% ' head-to

head ' l i nkages have been observed,74.75 with ' tai l-to-tai l '  l i nkages rare. The steric 
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hindrance caused by 'head-to-head' coupl i ngs  i nduces twi sti ng  of the polymer 

backbone, reducing conjugation.76 77 The regioregularity of polymers can usual ly be 

clearly establi shed by NMR analysis ,78-&-l provided that they are sufficiently soluble in 

the deuterated solvents used. 

R R R R 

O-)J ~ ~ s � I. s � I s � I. 
R R R R 

a: Head-ta-Head (HH)  b: Head-ta-Tail (HT) c: Tail-ta-Tail (TT) d: HT-HT 

R R R R R R 

R R R 

e: HT-HH f:  TT-HT g: TT-HH 

Figure 1 .9 Coupl ing orientations of 3-substituted thiophenes 

R 

One approach to the formation of regioregu lar polymers, i s  the synthesi s of 

symmetrical d i substituted bithiophene and terthiophene derivati ves as shown in Fig .  

1 . 1 0. Th is  approach has been uti l i zed by a number of researchers.70. 7-+.76. 85-97 
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R R 

R 

R R 

R 

Figure 1 . 1 0  Regioregular polymers from disu bstituted b ith iophenes 

and terthiophenes 

Gallazzi98, and later McCullough 77. 99 10\ used a n ickel-cata lysed Gri gnard reaction to 

form reg ioregu lar poly mers. Chen et al. 104- 1 07 used a s im i lar ni ckel -catalysed 

dehalogenation polycondensation reaction, with the correspondi ng zinc reagent. They 

observed i n  thi s  system that the regi oregular ity of the pol y mers produced was 

dependent on the cata[y st . 1 04. 1 07 Lere-Porte84 used Sti I le  coupl i ng,  for the self

condensation of a bromotri butyl stannyl thiophene monomer with a pal lad ium catal yst. 

These organometal l i c  polymeri sation methods are shown i n  Fig .  1 . 1 1 .  
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a R n BrMg--Zs>--Br �CI' 

b -6
R 

N/(DPPE)CI2 
� � ,. 

BrZn S Br 

c R 

BU3sn�Br 

/-' 
R R R 

R R 

Figure 1 .1 1  Regioselective chemical polymerisations by Gal lazzi and 

McCullough (a), Chen (b) and Lere-Porte (c) 

While th i s  approach is effect ive , it  requires extremely pure monomers and i nvolves 

more complex chemistry than polymeri sat ion of monomers us ing ferric chloride 

Ferric chloride is the most common chemical oxidant used to prepare polythiophenes. 

Its advantages include its simpl icity of use and suitabi l i ty for large-scale production 

due to its low cost. In addition, such polymeri sations general ly  g ive high molecular 

weight polymers.8
2 

Whi l e  early publ i cations invol v ing polymerisat ion by FeCI, 

reported the production of i rregular polymers only,S I  9S. 1 08 in 1 994 Andersson et  al. 
publ i shed work detai l i ng the first example of a regioselecti ve polymeri sation from a 

non-symmetrical thiophene monomer (3-(4-octylphenyl )thiophene)8
2
. Later, Goldoni 

et al.80 reported the selecti ve formation of one of the possible four regioi somers of 

tri s (3 -buty l su l fanyl bi thiophene) us ing FeCI}, and more recent ly reg ioregu l ar 

poly merisation of thiophene 3-substi tuted with a functional i sed phenoxy group was 

ach ieved by Miyasakalo9• I t  has been wel l established that 3 -alkoxy thiophenes form 

wel l -defi ned head-to-ta i l  l i nkages (>95% )  when treated wi th FeCI], due to an 

asymmetric reactivi ty of the monomer.55 7S. 79. 1 1 0. I I I  Other research groups have 

chosen either not to comment on thi s  i ssue J J 2 1 16, or to admi t  the ir  uncertainty about 

the regioregularity of polymers produced I 1 7. 1 18. The i ssue of poly mer structure can be 

e l iminated by chemically polymeris ing symmetrical monomers. 70. 9 1 .  98. I 1 I  
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Regardless of the synthetic method used, regioregular polymers are reported to have 

enhanced magnetic, optical and electrochemical properties when compared with their 

regiorandom analogues.68 74, 106, 1 1 9 1 22 Recently a report was publ i shed detai l i ng  

superconducti vi ty from a regioregular fil m  of poly(3-hexylthiophene) ,  albeit a very 

thin fil m  at a very low temperature. 123 

'Functional isation space' (Fi g. 1 . 1 2) i s  another concept that must be considered when 

designing substituted thiophene monomers for polymeri sation. 124 1 26 Functional i sation 

space i s  defined as "the volume in which the introduction of bulky substituents exerts 

only a m i nor effect on the properties of the correspondi ng  polymer" .  For 

poly thiophene thi s  allows the i ntroduction of a chain 1 0  atoms long that can branch to 

3-4 atoms wide. The s ize of the substituent al lowable depends on the spacer length 

between the thiophene unit and the branched chain .  It fol lows that substituents on bi

or ter-thiophene can be correspondingly larger. This concept is well i l l ustrated by the 

work of Kankare et at. m ,  who studied the properties of a series of terthiophenes 

substi tuted at the 3' -posi tion with a range of 5 - and 6-membered aromatic rings .  

UV!V IS ,  NMR and X-ray diffractometry data l ed them to concl ude that the steric 

h indrance caused by incorporating a ring substi tuent so c losely to the ol igothiophene 

backbone was too large to allow a coplanar (and therefore conjugated) configuration. 

,' .. .. ..  " - ... 
� I '  , 
I " 
I • 

I , 
I ' 
I " I , 
I ' 
I " . , 
I ' 
I " I , I , 
I ' 
. /  I ,  

Figure 1 . 1 2  Functionalisation space of poly thiophene 
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1 .4 Past Work on Ether Functionalised 

Thiophenes 

With the issues rai sed i n  the previous section i n  mind, the l iterature was surveyed i n  

order to find out what work had been previously carried out i n  the area of polyether 

functional i sed thiophenes. 

Four main types of compounds were evident and wi l l  be di scussed here: 

a) Thiophenes substi tuted with polyether chains 

b) Thiophenes substituted w i th polyether cha ins  des igned such that 

psuedo crown cavities were formed on polymeri sation 

c) Thiophenes substi tuted with crown ethers attached via alkyl or alkoxy 

spacers 

d)  Thiophenes with d i rectly bonded crown ether moieties 

1.4.1 O pen-chain ethers 

Bryce et al. 128 were the fi rst to report the synthesis of thiophene 3-substi tuted wi th 

alkoxy chains .  Whi l e  they did look at the conductivity of the resulti ng polymer fi l ms 

i l l ustrated i n  Fig. 1 . 1 3 , they did not report any other electrochemical properties. The i r  

results showed a very low conducti vity for the compound that contained an  oxygen 

atom d i rect ly bonded to the thiophene moiety, and that the conduct ivi ty i ncreased 

with the length of the alkoxy chain for the remain ing compounds. 
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R 

AA 
R = CH20Me 
R = CH20(CH2)zOMe 
R = CH20(CH2)zO(CH2)zOMe 
R = O(CH2)zO(CH2)zOMe 

Figure 1 . 1 3  Alkoxy substituted polyth iophenes 

Roncal i et al. 1
24, 1 29, 1 30 looked at several 3-alkoxy substi tuted thiophenes to determine 

the importance of both the position of the fi rst oxygen atom in  the side chai n ,  and the 

number of ether groups in the chain (Fig ,  1 , 1 4) ,  Chang et al. 13 1 had earl ier shown for 

3 -methoxy thiophene, that the electron donating effect of the oxygen resu l ted i n  the 

formation of sol uble short-chain ol i gomers, A later rev iew by Roncal i 1
25 suggested 

that the oxygen atom has the effect of stabi l i z i ng  the radical s produced by 

polymeri sat ion,  which would favour the formation of such sol uble short-chai n 

o l i gomers. This effect was somewhat lessened by the i n sertion of a methy lene group 

between the oxygen atom and the thiophene backbone (F ig .  J ,  1 4d, g), but the polymer 

y ield was sti l l  low due to the formation of large amounts of soluble products, and the 

polymer that was formed had low conductivity.  In addit ion, the oxidation potentials of 

the monomers were higher than the comparable alkyl-substi tuted thiophenes. The 

i ncl usion of an addi t ional methy lene group between the oxygen atom and the 

thiophene ri ng ( Fig .  1 . 1 4c,  h ,  i) led to the formation of h ighly conductive fi l ms with a 

considerably larger mean conjugation length as evidenced by UV /VIS  spectroscopy . 

However, the conducti v i ty of these fi l ms was sti l l  s ign ificant ly  lower than the 

equ ivalent alkyl substituted thiophenes. 

In  systematical l y  vary ing  the n umber of ether groups i n  the chain wi th a constant 

-CH2CH2- spacer (Fig .  1 . 1 4c-e) they found the most conducti ve fi lms were formed 

from the i ntermediate fi ve-carbon compound contai n i ng  two ether groups ( Fi g .  

1 .  1 4d) .  I t  was postulated that the lower conductiv i ty for the shorter chain compound 

was due to a perturbation of the l i pophi l ic i nteractions between the side chains caused 

by the shortness of the chain ,  and that the lower conductiv i ty for the longer chai n 

compound was a result  of the i ncrease i n  the number of ether groups, 
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Figure 1 . 1 4  3-Alkoxy substituted thiophenes synthesised by Roncal i  

et al. 

More i nformation was later publi shed on poly I 3-(3 ,6-dioxaheptyl )thiophene l ( Fig .  

1 . 1 4d ) ,  which was the first example of  a conj ugated polymer with a covalentl y 

bonded functional g roup capable of ion complexation. lJ
o
. 1 32 136 This polymer i s  more 

conj ugated than its alkyl equivalent poly(3 -hepty l thiophene), which it was suggested 

was caused by the ether group stabi l iz ing preferential conformations  corresponding to 

longer effective mean conj ugation lengths. Two waves were seen i n  the cycl i c  

voltammogram, attributed to  electrochemical doping of polymer chains of different 

mean conjugation lengths. It also showed a change in electroactivity in the presence 

of l i thi um cations, namely a narrowing of voltammetric waves and a shift toward less 

anodic peak potentials (Fig .  1 . 1 5) .  This was attri buted to a change in  conformation of 

the poly  thiophene backbone upon Li+ complexation by the polyether chain .  m 
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a £/V vs. sc.e 

Figure 1 .1 5  Cycl ic voltammograms of poly[3-(3,6-

dioxaheptyl)thiophene] (a) i n  LiCI04 (b) i n  lBAP 

McCullough et at. loo chemical ly synthesised a series of regioregular polymers, w i th 

side chains as shown in  Fig. 1 . 1 6. 

R R 

R 

a: R = O(CH2hO(CH2hOMe 
b:  R = O(CH2hOMe 
c: R = OMe 
d: R = SMe 

Figure 1 .1 6  Heteroatom substituted polythiophenes synthesised by 

McCul lough et al. 

They found that for the two compounds wi th short side chains, only low molecular 

weight polymers were formed due to i nsolubi l i ty of the propagating species duri ng  

chemical polymerisation. The h ighest molecular weight polymers were produced 

from the monomers with the longest side chain ( Fig .  1 . 1 6a). In addition to a marked 

change in solubi l ity, Amax for thi s polymer was b lue-shifted by 1 1  nm on addit ion of 

Li+. Later work on this compound showed that addi tion of Pb
2
+ or Hg

2
+ to a d i l ute 

solution of poly mer caused the polymer backbone to tw i st i n  such a way that 
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conjugation was compl etely removed. This  effect was i rrevers i ble  however, and 

polymer conjugation could not be restored. us 

Levesque and Leclerc 1 1 0 synthesi sed 3-0I i go(oxyethylene)-4-methylthiophene with a 

m ixture of s ide chains from 3 to 1 0  oxyethylene units long. An  ionochromic effect 

was noted i n  methanol , where the magni tude of the effect was K+» Na+>NH/, with 

no effect seen on add i tion of Li+ . Cation complexation caused a twi st ing in  the 

conjugated polymer backbone, manifested by a decrease in absorbance at a higher 

wavelength and a simultaneous i ncrease in absorbance at a lower wavelength. A clear 

i sobestic point i ndicated the co-exi stence of both the twisted and non-twisted forms of 

the polymer. 

Three years later Feldhues et al. 139 publ i shed results on a series of 3-alkoxythiophenes 

and a few 3 -al koxy-4-methy lth iophenes as i l l ustrated i n  Fig .  1 . 1 7 . The shorter 

a lkoxy-substi tuted thiophenes would only form o l i gomers , whi le  the long chai n 

derivati ves could be successfu l ly  polymeri sed. The 3-alkoxy-4-methyl compounds 

formed polymers w ith cons iderably h igher electri cal conducti v i ty ,  although it 

decreased w ith i ncreasing length of the substi tuent chain. 

OR 
d s 

R = CH3 
R = C2HS 
R = C3H7 
R = C1OH21 
R = C1 1 H23 

R = C12H25 
R = C13H27 
R = C14H29 
R = C15H31 

o 

o s 

Figure 1 . 1 7  3-Alkoxy ( left) and 3-alkoxy-4-methylthiophenes (right) 

synthesised by Feldhues et a l. 

S i mi lar work was carri ed out by Chen and Tsai l 13 who l ooked at poly ( 3 -

a lkoxythiophenes) and poly(3 -alkoxy-4-methylth iophenes) w i th S -atom substituent 

chains  as depicted in Fig. 1 . 1 S . 
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Figure 1 .1 8  Poly(3-alkoxyth iophenes) stud ied by Chen and Tsai 

Chemical pol y merisation of the 3-alkoxy monomers w i th FeCI, l ed to i n soluble 

polymers , a property attributed to a- j3 '  cross-l i nk ing  duri n g  poly merisat ion .  A 

soluble fract ion cons i st i ng of ol i gomers wi th Mw < 3000 was a lso obta ined. 

Polymerisation of the 3 -alkoxy-4-methyl deri vatives under the same conditions l ed to 

high molecular weight polymers with greatly i mproved solubi l i ty .  I n  the cases of the 

methylated monomers, the oxidation potential of the corresponding poly mer was 

lower than that of a reference compound, poly(3-octy lthiophene) due to the electron 

donating abil i ty of the oxygen atom at the 3-position. 

Symmetrical thiophene monomers di substituted with alkoxy chains ( Fi g .  1 . 1 9) were 

synthesised by Scheib and Bauerle, ' .t
o 

but these could not be polymerised. I n  contrast, 

1 9-(2,2' -bithieny l -3-y l )-2,5,8 , 1 1 , 1 4-pentaoxanonadecane could be poly merised under 

both potentiostat ic and galvanostatic cond i tions .  Cyc l ic  voltammetry i n  a solution 

free of monomer gave a sharp first oxidation peak that was strongly i nfluenced by the 

addi tion of alkal i metal ions (Na+>Li+ ,K+ ) .  A h igh degree of conj u gation was 

evidenced by the Amax value of 508 nm, and thi s  was attri buted to the long and flex ible  

spacer allow ing a p lanar backbone .  

/ \ 

'0 cl 
o� J 

s ( S ( o 0 0 0 

'0 '0 s s 

Figure 1 . 1 9  Alkoxy chain substituted polyth iophenes (Scheib & 
8auerle) 
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1 .4.2 Psuedo crown ethers 

Another approach toward crown ether functional i sation of thiophenes was taken by 

Roncal i  et at. m, 1 26 who synthesised monomers consi st ing of two thiophene units 

joi ned by a polyether chain .  They envi saged that during  polymeri sation, in  the 

presence of a su i table templating ion, these chains would form psuedo crown ether 

cavi ties (F ig .  1 .20) . 

� I\ I\ I\ �  �_') 0 0 0 0 �_') 
s s 

Figure 1 .20 Formation of psuedo crown ether cavities during 

polymerisation 

A later review by Fabre and S imond-ll cast doubt on the ' templating ion '  mechani sm, 

quoting research by S imonet l -l
2 

in which the nature of the electrolyte cation had no 

effect on the oxidation potential of the monomer. Taking into account this result and 

other e lectrochemical and UV IVIS  data, they proposed the formation of a structure 

consi st ing  of a polymer w i th pendant o l i gomeric thiophene chains  that might also 

possi bly contain pendant polyether chains. Further electropolymeri sation could then 

result i n  the formation of polyether cages. 

A few years later, Roncal i et al.  publi shed a report on the bithiophene equivalent of 

the i r  earl ier work (Fig .  1 .2 1  a). 143 I n  thi s  report they acknowledge that the polymers 

formed from these types of monomers could contain three different types of structure: 

a poly th iophene chai n w ith crown ether cavit ies ,  a l adder- l i ke structure with 

oxyethylene ' rungs' or a randomly  cross- l i n ked three-dimensional polymer. I n  

real i ty ,  i t  i s  l i kely that any polymer formed has elements of al l three structures. They 

bel i eved the i r  new monomer to be superior due to its lower oxidation potential , 

2 1  



reduced steric h indrance, lower concentration requi red for electropoly merisation, and 

its potential abi l i ty to form l arger cavit ies than the ori gi nal thiophene monomer. 

a 

b 

Figure 1 .21  Oxyethylene l inked bis(bithiophene) monomers of Roncali 

(a) and Scheib (b) 

Poly mer fi l m s  grown in the presence of d ifferent cations gave disti nctly different 

post-polymerisation CVs, confirming a templati ng effect. This was al so seen by 

Sche ib  and Bauerle
l40 who publ i shed data on a very s imi lar compound around the 

same time (Fig .  1 .2 I b) .  They found that polymers grown i n  TBAHFP showed no 

change in  response on post-polymerisation cyc l i ng in solutions contain ing Li+, Na+ or 

K+. However, g rowing  polymers from a l kal i  metal solut ions d id  change the 

properties of the polymers, g iv ing lower peak potential s and red-shifted UV!VIS  

maxima. Thi s was attributed to  a preorgani sation of the bi thiophene monomers i n  the 

presence of alkal i metal ions, leading to a polymer with a longer mean conj ugation 

length. 

Recent l y Roncal i et al. publ i shed another paper, th i s  t ime on a ser ies of 

oligo(oxyethylene) l i nked EDOT compounds ( Fig .  1 .22). 144 

Figure 1 .22 Oligo(oxyethylene) bridged EDOT monomers 
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I t  was observed that wh i l e  the three b i s (EDOT) monomers (F i g .  1 . 22a-c) 

electropolymeri sed easi l y  at the same potential as EDOT, the reference compound 

with a si ngle EDOT ring (Fig.  1 .22d) d id not polymeri se at al l on ITO, and requi red 

the appl ication of a 1 00 mV overpotential on platinum. This behaviour i s  the same as 

that observed by Lemaire l 2-1 for polythiophenes with polyether s ide chains,  where the 

i ncreas ing  length of the polyether chain caused the electropolymeri sation to become 

more d ifficu l t. The ease with which the bridged monomers poly meri sed to form 

strong ly  adherent fi lms was attri buted to thei r  abi l i ty to form m ult i -d imensional 

polymer structures. Post-polymeri sation CVs carried out in the presence of various 

alkali and alkal i ne metal ions showed d i st inct changes in their redox peak positions 

for all the monomers studied .  

Marse l la  and Swager' 1 45 1 47 used a si mi lar methodology to create a system that gave 

an optical response to cation complexation. I n  the i r  compound,  F ig .  1 . 23 ,  

complexation caused rotation of the thiophene rings, lead ing to a loss of planarity and 

hence conjugation, and a resulti ng large change i n  Amax' Whi le the binding constants 

for the monomers with alkal i metal ion s  were very low because of the ir  i nherent 

i nflex ibi l i ty, ionochromic shifts were large, as the twisti ng mechani sm affected not 

j ust the i mmediate thiophene ri ngs, but neighbouring rings as wel l .  The i ntroduction 

of an addi t ional methylene group between the thiophene un i ts and the fi rst oxygen 

atoms i n  the polyether chain resul ted in less conjugated polymers of lower molecular 

weight .  These polymers had a lower binding affin i ty for alkal i metal ions , which 

resu l ted in a fai l ure of the twist- i nducing mechanism, and hence poor ionochromic 

activ i ty .  

"""" - 0  

t'0� = 1 , 2  
o €l 0) Co 0 

I n  h\ \sr-"-SJ: 
n 

Figure 1 .23 Metal ion induced twisting of b ithiophene monomer 
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Fabre et al. l48 also use the princip le of creating pseudo-crown ether cavi ties during  

polymeri sation. Their systems cons i st of  two different aromatic u ni ts l i nked by  a 

polyether chain ,  which creates a homopol ymer with pendant polyether s ubsti tuted 

aromatic  moieties when a low anodi c  potential i s  app l i ed.  If the poly mer i s  

subsequently subjected to a more posit ive potential , polymeri sation of the second 

aromatic g roup occurs (Fig. 1 .24). 

0 0 0 0 0 0 0 0 

) ) ) ) ) ) ) ) 0 0 0 ? .. 0 0 0 0 

( ( ( ( ( ( ( 0 0 0 0 0 0 0 0 

� � J � 
Ar 1 = pyrrole Ar2 = thiophene 

Ar1 = pyrrole Ar2 =dimethoxybenzene 

Ar1 = dimethoxybenzene Ar2 =thiophene 

Figure 1 .24 Macrocyt ic psuedo-crown ether cavities synthesised by 

Fabre et al. 

1.4.3 Alky l  spaced crown ethers 

In order to improve the specificity of cation complexation, the polyether chain used i n  

prior attempts a t  sensor fabrication needs to  be  p reorganised i nto a crown ether. 137 

I ni tial attempts to synthesi se compounds of th i s  type focused on  crown ethers 

attached to poly  thiophene via a long alkyl or a lkoxy chain .  
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The fi rst series of such molecules was reported by Bauerle and Scheib i n  1 993. 14 1 , 1-19 

Their compounds, i l l ustrated in  F ig .  1 .25 ,  consi st of thiophene, bith iophene and 

terthiophene connected to 1 2-crown-4. 

R1 = H 
Rl = 2-thienyl 

Figure 1 .25 Alkoxy spaced crowns synthesised by Bauerle and Scheib 

Polymeri sation of the two monothiophene derivati ves led to the formation of soluble 

o l igomeric species that did not form adheri ng fi lms on the working electrode, an 

observation that was attributed to steri c repulsion. tn contrast, both the bithiophene 

and terthiophene based monomers formed electroactive fi lms.  On addition of al kali 

metal ions, the cycl ic voltammograms of these compounds moved to more posit ive 

potential s ,  i ndicating that the polymer was becoming more difficult to oxidi se. The 

sensit iv i ty of the bithiophene based polymer was Li+>Na+>K+ , and it gave a greater 

response to these ions than the terthiophene based polymer. 

In later work, 1-10 it  was demonstrated that the length of the oxaalkyl chain connecting 

1 2-crownA to bithiophene had l i ttle effect on the polymeri sat ion properties of the 

monomer. Equivalent monomers substituted with I S-crown-6 however, formed large 

amounts of sol uble ol i gomeric material during  polymeri sation, presumabl y  due to 

increased steric hindrance. 

More recently, Boldea, Levesque and Lec lerc78 reported the synthes i s  and 

ionochromic abil ity of poly(3-alkoxyA-methylthiophene)s  as shown in  Fig. 1 .26. 
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Figure 1 .26 Poly(3-alkoxy-4-methylthiophene)s 

Chemical polymerisation gave high molecular weight polymers that demonstrated 

substantial ionochromic effects .  I n  acetone, complexation l ed to a more planar 

conformat ion,  a c l ear i sobestic poi n t  on the UV!VI S  spectra i nd i cat i ng  the 

coexi stence of both planar and non-planar species .  The selectiv i ty of the polymers 

was not what was expected from a s imple 1 :  1 crown :cation species, but appeared 

i nstead to be the result of 2: 1 complexation . 

Sannicolo et al. ISO designed two bithiophene monomers with ri gidly tethered crown 

ethers. The design was such that in one monomer the crown was coplanar with the 

bithiophene moiety , while in the other monomer a perpendicular crown ether was 

present (Fig. 1 .27). 

Figure 1 .27 Planar and perpendicular b ithiophene monomers 

designed by Sannicolo et al. 

Both of these monomers produced electroacti ve fi l ms with s imi lar conduct iv i ties .  

Whi le EQCM analys is showed that both polymers i ncorporated one alkal i metal ion 

per crown ,  changes were only seen in the cycl ic voltammogram for the planar species. 
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I n  th i s  case, the redox potential of the polymer moved to more posi ti ve val ues on 

addition of l ithi um and sodium, with sodium having the greater effect 

1.4.4 Directly bonded crown ethers 

The fi rst example of a crown ether i n  d i rect It-conj ugation with the thiophene 

backbone was publ i shed by B icknell et al. in 1 994. 1 5 1  Whi le  they report successful ly 

synthes is ing a monomer consi sti ng of I S-crown-5 directly bonded to a thiophene ri ng 

(F ig .  1 .28a), due to synthetic d ifficul ties they changed focus to the corresponding 

thiophene v iny lene system. This was achieved by polymeri sat ion of the 2,5-

bis(chloromethyl )  derivat ive using potassium tert-butoxide (Fig. 1 .28b-c) .  

\o� \o� 
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Figure 1 .28 Crown ether functional ised th iophenes synthesised by 

Bicknell et al. 

Very soon after this, Bauerle and Sche ib  al so pub l ished data on the same I S-crown-5-

thiophene l 52 which they synthesised in good y ield fol lowing the method of Sone et 

al. 1 53 In addition they synthesi sed the analogous bithiophene and terthiophene 

monomers ( Fig. 1 .29) .  
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R1 = H R2 = H 
R1 = 2-thienyl R2 = H 
R1 = 2-thienyl R2 = 2-thienyl 

Figure 1 .29 Directly n-conjugated m onomers of Bauerle and Scheib 

Of the three monomers, only the terthiophene based compound did not form adhering 

fi lms on the working electrode during electropolymeri sation. However, the poly mer 

based on bithiophene was not affected by alkal i metal cations. The addition of alkal i 

metal i ons  to the electrolyte i n  a multi -sweep cycl ic voltammetric experiment caused 

the first oxidation wave of the thiophene based polymer to gradual ly shift to move 

positive potential , the effect being greatest for Na+ ions. The rationale for this result 

was that the complexation of posit i vely charged ions made i t  harder to remove 

e lectrons from the polymer, hence i ncreasing its oxidation potent ia l .  Due to 

substitution at the P positions, the thiophene-based monomer could only polymeri se 

through ideal a-a coupl ings, resulting in a fai r ly  rigid polymer. Thi s  relative rigidity 

meant that transport and migration of metal l i c  ions was slow in  compari son to thei r 

earl ier work using alkyl spaced crowns (Fi g. 1 .25)  where equi l i brium condi tions were 

reached i n  just one scan. A later article detai l s  success in polymerizing the less bulky 

1 2-crown -4 monothiophene, g i v i ng  a polymer  wi th a s l i ght ly greater mean 

conjugation length than that obtained for I S-crown-S monothiophene, but which was 

only margi nal l y  affected by the addition of al kal i metal ions. The same paper 

reported that I S-crown-6 monothiophene could not be polymerised " probably due to 

steric reasons". 140 

A recent investigation i nto thi s  work has been carried out by Berli n  et al. They a lso 

synthesi sed the l S-crown-6 thiophene monomer using the method of Sone
l 53 , and i n  

addition synthesi sed several other related compounds designed to provide a n  i nsight 

i nto Bauerle and Scheib ' s  earl ier results (Fig .  1 .30). 154 
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Figure 1 .30 Crown ether functionalised thiophenes studied by Berl in 

et al. 

I n  agreement with the earl ier data, no polymer was formed from repetitive CV cycl i ng  

of 1 8-crown-6-thiophene. Electrolysis of a sol ution of the monomer gave a l ight red 

solution (Ama, = 365 nm) after reduction, which was shown by MALDI-MS to conta in 

only d imers (ca. 10%) and monomeric products of overoxidation .  It appeared that 

wh i le  coupl i ng was occurri ng ,  it was sufficiently slow that there was signifi cant 

competition from undesired s ide-reactions. In  order to i nvestigate more ful ly ,  the 

d imer ( Fig .  I .30c) was synthesised. Again, no polymer was deposited by CV cycl i ng, 

but a revers ible  redox signal was seen due to an e lectroactive species in sol ution. 

B ulk  electrolysis of thi s compound, fol lowed by reduction, gave a red sol ution (Ama, = 
480 nm) .  Analysis by MALDI -MS showed the solution to cons i st main ly of trimers 

( sexith iophenes), with decreasi ng  amounts of h igher ol i gomers up to that conta in ing 

si xteen thiophene rings. Thi s  fi nding clearly showed that steric h indrance was not the 

reason that polymer fi lms  were not deposited, rather the problem lay w ith the 

sol ub i l i ty of the oli gomers formed. Two related terthiophene compounds were al so 

i nvestigated. The CV of a fi l m  formed from the terthiophene based monomer (Fig. 

1 .30d) showed no change in the presence of Lt , and di ssolved when either Na+ or K+ 

was i ntroduced to g ive yellow solutions (Ama, = 430, 434 nm respectively) .  This 

polymer fi l m  could be made i n sol uble by prior cycl i ng in acetonitri le to oxid ise 

trapped ol i gomers and potential l y  cross- l ink  the fi lm l 55, but afterward showed no 

response to either Na+ or K+ .  Fi l ms of the EDOT-derived compound (Fig .  1 . 30e) 

showed no change by CV or UVIVI S  on addit ion of Li+, Na+ or K+. Both of the 
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terthiophene compounds were also studied using EQCM. The mass uptake showed 

that both fi lms d id complex metal ions, but no size di scrimination was evident. In  

addition, the l ack  of response seen i n  the CV s showed that th i s  process was not 

favoured. 

Yamamoto et al. I56- 158 studied a series of s imi lar compounds,  i ncorporating an extra 

methylene group between the thiophene backbone and the first oxygen of the crown 

ether (Fig .  1 .3 1 ) . 

Figure 1 .31 

Rl = H R2 = H 
Rl = 2-thlenyl R2 = H 
Rl = 2-thienyl R2 = 2-thienyl 

Polymers synthesised by Yamamoto et al. 

Whi le  al l  three of these monomers polymerised to g ive fi l ms, Amax values i ndicated 

mean conj ugation lengths of approximatel y  3 ,  5 and 6 thiophene un i ts for the 

polymers formed from the thiophene- ,  b i th iophene- and terth iophene-based 

monomers respectively .  In addition, the low electrical conductivity and solubi l i ty of 

the polymers i n  organic solvents indicated that only ol igomeric species were formed. 

A somewhat different approach was taken recently by Bouachrine et al. 159 Thei r 

chemical ly  synthesised copolymers included both dibenzo-crown and dialkoxybenzo 

units alternating with thiophene rings i n  the polymer backbone (Fi g. 1 .32) .  For the 

polymer with mln = 1 /5 ,  no ionochromic effects were noted in THF on addition of Li+ 

or K+, however these same metal ions shifted the oxidation potential of the polymer 

by + 35 and + 60 mV respectively. Thi s  was seen as being consistent w ith a weak 

coordination of the ions to the crown ether unit .  
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1 . 5  Past Work on Vinyl-Substituted 

Polythiophenes 

There i s  a large amount of l i terature on v iny l -substi tuted thiophenes, the most 

relevant of which i s  rev iewed below. 

Smi th ,  Campbel l .  Ratcl i ffe and D u nleavy synthesi sed a range of 2- and 3 -

styry l th iophenes, a s  i l l ustrated i n  Fig. 1 .3 3 ,  i n  order to study their electrochemical  

properties. 1 60, 1 6 1  

R1  = H 
R1 = N02 
R1 = OC16H33 
R1 = OMe 
R1 = OMe 

R2 = H 
R2 = H 
R2 = H 
R2 = H 
R2 = OMe 

Figure 1 .33 2- and 3-substituted styrylthiophenes 

In the case of both the 2- and 3-styrylthiophenes, the fi l ms that were formed were 

found to have low conductivity, and were redox i nactive. This was attributed to 

s i multaneous oxi dation of both the th iophene and the al kene bond d ur ing  

polymeri sat ion, result ing i n  a cross- l i nked polymeric matrix .  Steric i nteractions 

between adjacent substituents were al so bel ieved to contri bute to the i nhibition of 

redox activity . 

We lze l  et al . 1 62 synthes i sed 3 - (2 ,4- d i n i tro styry l ) th iophene and 3 -( 2 ,4,6-

tri n itrostyryl )thiophene. I n  both cases, homopolymeri sation produced a fi l m  on the 

working electrode surface, however the fi l ms were not redox active. Copolymers 

were formed from a mixture of the nitrated monomer and 3-methylthiophene, and 

these fi lms did show stable revers ible  redox systems. 
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Cutler et al. 163 166 were also unsuccessful in  growing electroactive homopolymers from 

substituted 3-styrylthiophenes. Copolymers with bithiophene were redox active, and 

u sed i n  the fabrication of photoelectrochemical cel l s .  I n  order to  decrease steric 

i nteract ions ,  and to lower the potent ial  necessary for e lectropo lymeri sation, 

substi tuted styrylterthiophenes were synthesised (Fi g. 1 .34) . 

N02 

Figure 1 .34 N itrostyryl terthiophene synthesised by Cutler et al. 

Kagan and Li U
l67 looked at the polymeri sation of 3 ' -v iny l - 1 2 ,2 ' ;5 ' ,2" I -terthiophene 

alone and as a copolymer with styrene. They used AIBN and carried out the reactions 

under typical free radical conditions. They bel ieved that the substantial l y  unchanged 

UV /VIS spectrum seen for the homopolymer indicated that polymeri sation occurred 

through the vinyl bond rather than through the terthiophene moiety. I n  both cases, 

h igh molecular weight polymers were produced. The polymeri sation product formed 

from a s imi lar molecule, 5-vinyl-2,2 ' : 5 ' ,2"-terthiophene, was shown to consist of 

o l i gomers with some sexithiophene character caused by coupl ing of the pendant 

terthiophene radical cation. 1 68 A subsequent publ ication describes results obtained for 

the homologous 5 - v i ny l -quaterthiophene,  and al ky l  s ubst i tu ted 5 - v i n y l 

qu inquethiophene and -sex ithiophene compounds. '69 These resu l ts showed a 

decrease i n  cross-l inking of the polymers with increas ing thiophene length. This was 

attributed to the i ncreased stab i l i ty of the pendant o l i gothiophene radical cations, 

s lowing the coupl ing reaction in compari son to polymeri sation through the v iny l  

bond. A recent investigation carried out by Pagel s  et  al. 170 into the polymeri sation of 

5 -v i ny l - 1 2 ,2 ' ;5 '  ,2" I -terth iophene and 5 -ethy l -5"  - v i ny 1 - 2 ,2 ' : 5 ' ,2" -terth iophene 

confirmed these results, di sagreeing wi th those of Kagan and Li u .  They found that 

blocking the spare a-position in the molecule with an ethyl group drastical ly reduced 

the abi l i ty of the molecul e  to poly merise. an effect that would not be seen if  

polymerisation occurred only through the vinyl  bond. 
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1 . 6  Vinyl Linked Terthiophene Crown Ether 

Target Molecules 

In this work, molecules of the type i l l ustrated below i n  Fig .  1 . 35 were targeted. The 

i ncorporation of a conj ugated spacer between the crown ether moiety and the polymer 

backbone serves a dual purpose. Not only should i t  help ensure that the steric 

requirements imposed by the thiophene functional i sat ion space are met, but also that 

there i s  no h indrance to e lectronic communication between the crown ether and the 

polymer backbone. The use of terthiophene, rather than thiophene, w i l l  a lso assist i n  

min imiz ing steric strain .  I n  addit ion , this w i l l  lower the oxidation potential of the 

monomer, remov ing  the problems encountered w i th polymeri sation through the 

double bond as seen earl i er by other researchers for substi tuted styrylth iophenes 

(Section 1 .5 ) .  In turn, thi s  should al low homopolymers to be formed, e l im inating the 

compositional and structural uncertainty associated w ith the formation of copolymers. 

n = 1 , 2 n = 0, 1 

Figure 1 .35 Vinyl l inked terth iophene crown ether target molecules 
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The types of ether functional i sed target molecules focused on i n  this research 

are descri bed i n  Section 1 .6 ( Fi g .  1 . 3 5 ) .  Two monostyryl-terthiophene 

compounds were in i tial ly targeted, and are i l l u strated below in  Fig. 2. 1 .  Each 

contains  a s ingle polymerisable terthiophene moiety connected by an alkene 

l inker to a benzo-crown ether group. It was anticipated that us ing two different 

crown ethers would be sufficient to allow different cation select iv i ties to be 

observed. 

styryl-1 5-crown-5 terthiophene I styryl-1 8-crown-6 terthiophene 11 

Figure 2.1 Target compounds styry l-1 5-crown-5 and styryl-1 8-

crown-6 terthiophene 

Molecules of the type depicted i n  Fig .  2 . 1 can be v iewed either as vinyl-substituted 

benzo-crown ethers, or as vi nyl -substituted terthiophenes. In order to desi gn an 

efficient synthetic route toward the target molecules I and 11, a survey of the l i terature 

was conducted to assess synthetic methods previously used to make vinyl-substituted 

crowns and terthiophenes.  As the analogous thiophene crown compounds had not 

previously been made, synthetic strategies toward v i ny l -substi tuted thiophenes were 

also of relevance. 
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2. 1 Literature Synthetic Methods 

2.1 .1 The synthesis  of vinyl-substituted benzo-crown 

ethers 

T here are a number of examples of vinyl-substi tuted benzo-crown ethers i n  the 

l iterature, and their syntheses can be div ided i nto seven synthetic approaches. 

K i kukawa et al. 17 1  publ i shed a method i n  1 980 uti l iz ing a Heck arylation reaction 

between 4' - iodo- (or bromo-)benzo- l S-crown-S or benzo- 1 8-crown-6 and various 

alkenes as shown in Fig. 2.2. Their procedure used a pal l ad ium catalyst, which was 

later modified by Y i ,  Zhuangyu and Hongwen,m to a polymeric pal lad ium catalyst. 

This change removed some of the practical d iffi cult i es i nherent in the earl ier 

synthesis. 

H R >=< H H 

Pd(dbah 

N-ethyl piperidine 

Figure 2.2 Heck arylation of olefins 

Beer and co-workers ' 73- 177 begin with a formylated crown, reacting i t  with a mono- or 

di- l i thiated b ipyridine derivati ve, and then dehydrate the i ntermediate alcohol to form 

products of the type shown i n  F ig .  2 .3 .  Stepw i se l i thiat ion and addi tion of two 

different formylated compounds provides access to non-symmetrical bifunctional i sed 

molecules. 1 78 
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Figure 2.3 

pyridinium 
toluene-p-sulfonate 

Other compounds produced by this method 

R1 = benzo-1 5-crown-5 

R1 = benzo-1 5-crown-5 

R1 = benzo-1 5-crown-5 

R1 = benzo-1 8-crown-6 

R2 = benzo-1 5-crown-5 

R2 = ferrocene 

R2 = benzo-1 8-crown-6 

R2 = benzo-21 -crown-7 

Synthesis of vinyl-substituted crown ethers via alcohol 

dehydration 

The only l i terature example of a v inyl-substituted d i benzo- 1 8-crown-6 was a l so 

synthesi sed usi ng  thi s method , where an i someri c m ixture of d iformylbenzo- 1 8-

crown-6 was used as the aldehyde as i l l ustrated i n  Fig. 2.4. 1 79 

+ 

Figure 2.4 Formation of viny l -substituted d ibenzo-1 8-crown-6 
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I n  the work of B rown and Foubi ster 1 80 the v i ny l  l i n kage i s  formed from the 

corresponding formylated crown and malonic acid us ing K noevenagel condensation 

(Fig .  2.5 ) .  

pyridine 
piperidine 

Figure 2.5 Vinylation of benzo-1 5-crown-5 via Knoevenagel 

condensation 

A few years l ater Shirai et al. 18 1 186 u sed Brown's  synthes is  as the i nitial step in  their 

synthesis of vinyl substituted crowns, which also contained a terminal al kene ( Fig.  

2.6) .  These molecules could then be polymerised through the terminal alkene using 

boron trifl uoride etherate as i n i ti ator, and further  photodimerised through the 

remaining double bond. 

+ CI�O� 

Figure 2.6 Extension of Knoevenagel condensation method 

Another method, publ i shed by Luboch, Cygan and B iernat 187 i nvolved a Clai sen

Schmidt condensation reaction between formyl- and aceto-substi tuted benzo crown 

ethers, as shown in Fig .  2.7. 
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m = 1 n = 1 R = H  
m = 2  n = 1 R = H 
m = 2  n = 2  R = H 
m = 1 n = 1 R = C2HS 
m = 2  n = 1 R = C2Hs 
m = 1 n = 1 R = CaH17 

Figure 2.7 Claisen-Schmidt condensation of crown derivatives 

Gromov et al. I88- 1 96 used the reaction between the act ive methyl ene group of a 

benzothiazo l ium salt and a formylated crown i n  the presence of pyrid ine, (Fig .  2 .8 ) .  

Figure 2.8 also shows benzo- I 8-crown-6 based products, 197 202 and a b is( crown ether) 

derivative result ing from an extension of the methodology . 203, 204 
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R1 :: C17H35 R2 :: OMe 
R1 :: C1sH37 R2 :: Ph 
R1 :: (CH2)4COOH R2 :: H 

R1 :: Me + CI04- R2 :: H 

R1 :: CH2S03- R2 :: H 

R1 :: (CH212S03- R2 :: H 

R1 :: (CH2l3S03- R2 :: H 

R1 :::: o-C6H4S03- R2 :: H 

R1 :: p-C6H4S03- R2 :: H 

R1 :.:: C2HS + C I04- R2 :: NHCO(CH2l16CH3 

Figure 2 .8 Formation of mono- and bis-crown ether styryl dyes 

according to the method of G romov et al. 

Lindsten et al. 205 formed symmetrical sti l bene crown ethers by the titan ium-mediated 

(McMurry) reductive coupl ing of two molecules of a formylated benzo-crown ether 

as shown i n  Fig .  2.9. These compounds were i nterconverted between the E and Z 
i someric forms by i rradiation. 
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fol1�o TiCI4, Zn, �� 
n I '-':: pyridine, �. 

v n 
---•• � 0 / 0 ,0 N,N, N ,N , - / 0 VO, I tetramethyl-1 , 8- VO, I \..,..--I n = 1 ,2 diaminonaphthalene \..,..--I 

hv 

Figure 2.9 Formation of sti l bene bis-crown ethers 

The final synthetic  approach uses a Wittig or Horner-Emmons reaction to form the 

double bond. Beer, S ikanyika, B 1ackburn and McAleero6•
207 report a Wittig reaction 

between one or two molecules of formyl -benzo- 1 5-crown-5 and ferrocene mono- or 

d i -phosphoni um salt respectively (Fig .  2 . 1 0) .  Whi le the product result ing from a 

s ingle Wittig reaction was successfully separated into the cis and tmns i someric forms 

by col umn chromatography , the i someric mixture of products result ing from a dual 

Wittig reaction could not be separated. 
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Fe 

IQ) 
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1 
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Figure 2.1 0  Wittig reaction between ferrocene phosphonium salt and 

formylbenzo-1 5-crown-5 

Winkler et at.20g al so used a Witti g (or Horner-Emmons) reaction, but reacted a 

d i s u bs t i tuted crown ether phosphon i um sal t (or  p hosphonate) w i th 

terephthaldicarboxaldhyde to form ol i gomers as shown i n  Fig. 2 . 1 1 . The cis i somer 

produced by the Wittig reaction was thermally isomeri sed into the trans i somer in the 

presence of 12, 
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+ 

Figure 2.1 1 Formation of vinyl substituted crown via Wittig (or Horner 

Emmons) reaction 

2. 1 .2 The synthesis of 3'-vinyl -substituted 
terthiophenes 

In contrast to the wealth of l iterature avail able on vinyl-su bsti tuted crowns, to the best 

of our knowl edge at the begi nning of thi s  research there was only one report detai l ing 

synthes i s  of a 3 '-v i nyl-substi tuted terth iophene. Kagan and Li u sy nthes i sed 3 ' 

v iny1 l2,2' ;5 '  ,2"]terthiophene us ing Gri gnard chemistry a s  shown i n  Fig .  2. 1 2. 167 

Br 

o-Q--o ' 
H H 

>=< H MgBr 

Pd(tpp)Clz 
.... 

Figure 2.1 2 Synthesis of 3'-vinyl-2,2':S' ,2" -terth iophene via Grignard 

chemistry 

Durin g  the course of th is  research, Col I i s  et al.209 synthes ised p-terthi ophene 

aldehyde and p-terth i ophene phosphonate. These compounds were then used i n  

Witt ig  o r  Horner-Emmons reactions to produce a range of 3 '  -v inyl -subst i tuted 
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terthiophenes (Fig .  2. 1 3 ) .  This is a versati le method, appl icable to a wide range of 

molecules. Compounds produced by this  method and publ i shed to date i ncl ude 

n itrophenyl , l64 pyridyl ,
209 ferrocene 165 and porphyrin 166 derivat ives. 

o R 

Figure 2 .1 3 Wittig/Horner-Emmons reactions used to synthesise vinyl

substituted terthiophenes 

2.1 . 3  The synthesis  of vinyl-substituted th iophenes 

Due to the sparse l i terature avai l able on the synthes i s  of 3 '  -v iny l -substi tuted 

terthiophenes, the synthetic method employed by Smith et al. 160. 1 61 to make the 3 -

styrylthiophenes di scussed i n  Section 1 .5 was also i nvestigated. Their method of 

choice was Wittig/Horner-Emmons chemistry, forming the compounds shown in  Fig .  

2. 1 4  by a reaction between thiophenecarboxaldehyde and a 3-substi tuted thiophene 

phosphonium salt or phosphonate. 
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CHO 
d s 

R1 = H R2 = H 
R1 = N02 R2 = H 

R3 = PPh3CI 
R3 = PO(OEt)2 

+ 

R1 = H R2 = PPh3CI 
R1 = N02 R2 = PO(OEtb 

n 'S/-CHO 

R1 = OC16H33 
R1 = OMe 
R1 = OMe 

R2 = H 
R2 = H 
R2 = OMe 

R ,  

Fig u re 2. 1 4  The use of Wittig reactions to synthesise vinyl thiophenes 

Given these reports and the work carried out in our l aboratories, it would appear that 

the most expedient synthetic approach employed Wittig chemistry to form the central 

al kene l inkage in molecules I and 11. 
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2.2 Synthetic Studies Toward Monostyryl 

(Ter)thiophene Crowns 

2.2 .1  Synthesis of crown phosphonium salts 

As d i scussed in the previous section, the preferred synthetic  method toward 

compounds I and 11 uti l i zes a Wittig reaction to form the alkene bond. Scheme 1 

i l l ustrates how thi s  could be ach ieved ei ther by a reaction between a crown ether 

phosphonium salt and 1 2 ,2 ' ;5 ' ,2" I terthiophene-3 ' -carbaldehyde, or by a reaction 

between a terthiophene based phosphonium salt and a crown ether aldehyde. 

Due to the avai l abi l i ty of 1 2,2 ' ;5 '  ,2" Iterthiophene-3 ' -carbaldehyde, the route uti l iz ing 

crown phosphoni um salts was explored. Thi s method required the synthes is  of the 

unknown benzo- 1 5 -crown-5 and benzo- 1 8 -crow n-6 phosphoni urn sal ts .  The 

phosphonium salt synthesis i tself could be approached in three ways ,  as i l l ustrated 

below (Scheme 2) .  In i tial ly the synthesis i nvol v ing the least number of steps was 

investigated, namely the bromination of a methylbenzo-crown (Scheme 2, Route A). 

Wong and Ng
2 10 report the bromi nat ion of methyl benzo- 1 5 -crown-5 by N 

bromosuccini mide a t  the methyl position when the reaction was carried out at h igh 

d i l ution (0.0 1 4  M) .  In  more concentrated sol utions bromination occurred on the 

aromatic r ing.  However, an i n it ial attempt on a related benzo-crown us ing N

bromosuccin i mide fai led, instead g iv ing electrophi l ic  aromatic substi tution on the 

benzene ring as evidenced by IH NMR. Two further attempts were made using N

bromosuccin imide and a radi cal i nit iator ( l ,  I '  -azobis(cyclohexanecarboni tri le» but 

th i s  route was abandoned when these al so brominated in the wrong posi t ion .  

Consequently ,  the route with the least number of steps begi nning with the crown 

aldehyde (Scheme 2, Route B )  was investigated. 
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Scheme 1 Alternative routes toward target compounds I and 1 1  
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Scheme 2 Formation of benzo-crown phosphonium salts I I I  and IV 

Formyl benzo- 1 5 -crown-S V and formy l benzo- 1 8-crown-6 V I  were prepared 

according to the method of Ungaro et al. ' 6  (4 1 % yield, l i terature value 40%) then 

reduced to the corresponding known alcohols using  l i thium al umin ium hydride ( yield 

44%, l i terature value 64%).
2 1 1  It was later found that modifying thi s  procedure to use 

the mi lder red ucing agent sod i u m  borohydride l ed to h i gher y i elds ( 86%) of the 

hydroxymethyl substituted crowns VII and VIII. 

In some instances, alcohol s can be converted di rectly into phosphonium sal ts by the 

use of triphenylphosphine hydrogen bromide,
2 1 2 but thi s  method was unsuccessful i n  

th i s  case. The hydroxymethyl crowns VII  and VII I  were instead chlorinated
2 1 1  to 

g ive the chloromethyl derivatives IX and X (Scheme 2, Route C) .  These were then 

refluxed in tol uene with triphenylphosphine to g ive benzo- I S-crown-S phosphon ium 

salt III  and benzo- 1 8-crown-6 phosphonium sal t IV.  Isolation of these compounds 

was faci l i tated by the ir  marked change in sol ubi l i ty in toluene duri ng the course of the 

reaction. As well as the appearance of a large group of s ignals in the aromatic region, 

the ' H NMR spectrum showed a di sti!1ct downfield shift i n  the posit ion of the 
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methylene proton s ignal , from 4.5 to 5 . 1 ppm. In  addi tion, the signal at S . 1 ppm was 

spl i t  due to coupl i ng w i th phosphorus eJH,p = 1 3 . 8  Hz) . .l ' p  NMR spectra of these 

compounds revealed a peak at 24 ppm, attributable to the newly  i ncorporated 

phosphorus atom.  Further evidence for phosphonium salts III  and I V  was provided 

by high-resolution mass spectrometry. 

2.2.2 Wittig reactions using crown phosphon i u m  salts 

I n  order to invest igate the react iv i ty of the new ly  synthesi sed crown ether 

phosphon i um salts I I I  and I V, Wi tti g reactions w ith 4-n itrobenzaldehyde were 

carried out (Scheme 3). It was envi saged that the products from thi s  reaction would 

be h ighly coloured, and therefore eas i ly  separated and identified. The reaction 

between benzo- l S-crown-S phosphoni um salt ( Ill) and 4-n i trobenzaldehyde was 

carried out at room temperature, giv ing a product contain ing  only a small amount 

« 1 0 %) of the cis i somer. Repetiti ve col umn chromatography on s i l i ca gave a pure 

fraction of trans-XI (29%),  free of triphenylphosphi ne oxide but wi th a considerable  

loss of material . The 'H NMR spectra of  this bright yel low product showed d istinct 

trans-proton doublets at 7.0 and 7.2 ppm eJ = 1 6.2  Hz).  The chemical shifts of two 

doublets seen at 7.6 and 8 .2  ppm, each i ntegrating to two protons, are typical of n itro

substituted benzene rings.m I n  addition, there was no sign of an aldehyde proton 

evident i n  the spectra. l3C N M R  and UV!VIS data was a lso consi stent w ith the 

structure of XI.  While  thermal i somerisation usual l y  favours the trans i somer, i n  thi s  

case refluxing i n  1 ,2-dichloroethanol l ed to  approximately 20% of the trans i somer 

converting to the cis form. 

A reaction between benzo- 1 S-crown-6 phosphonium salt IV and 4-nitrobenzaldehyde 

was carried out under the same conditions used for benzo- 1 5 -crown-S .  'H NMR 

analys is  of the crude product revealed i t  to consist of  an  approximately 1 :  I mixture of 

the cis and traIlS i somers. After removal of excess aldehyde, this was successful ly  

i somerised with iodine to l eave a m ixture of traIlS-XII and triphenyl phosphine oxide. 
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Col umn chromatog raphy y i elded a smal l fracti on of trans -XII  ( 1 2%)  free of 

tri phenylphosphine oxide. The I H NMR of this compound showed the same essential 

features as that obta ined for trans-XI, h igh-resol ution mass spectrometry g i v ing 

further evidence for the desi red product. 

/O/""j \ °Yjr'PPh3CI ( . o� \o� 
n = 1 I I I  

n n = 2 IV 

+ � CHO 

DBU, CH2CI2, 
r.t 4 hrs 

NO, 

n = 1 XI (29%) 
n = 2  XII (1 2%) 

Scheme 3 Wittig reactions between phosphonium salts I l l -IV and 

nitrobenzaldehyde 

Fol lowing th i s  s uccess, Wi tt i g reacti ons  were carried out between crown 

phosphoni um salts III and IV and 1 2 ,2' ;S ' ,2" I terthiophene-3 ' -carbaldehyde. The 

reaction i nvolv ing benzo- 1 S-crown-S appeared, from analysis of its I H N MR spectra, 

to y ield exclusively the trans isomer of the product. Whi le one of the v inyl proton 

doublets (c, 6.97) was clear i n  the spectra of the crude prod uct, the second v inyl  

doublet and most of the terthiophene protons could not be eas i ly d ist inguished due to 

i nterference by triphenylphosphi ne oxide. Removal of thi s by-product was again 

difficult, column chromatography yielding  only a smal l fraction of the pure trans 

styry l - I S-crown-5 terthiophene I ( 1 7%).  I nspection of the I H NMR spectra of the 

pure product revealed the presence of six new terthiophene doublet of doublet s ignals ,  

and one characteristic downfield s inglet (c, 7.40) caused by the proton i n  the 4" ' 

position. 1 3C NMR, along with various 2 D  experiments (COSY , LR-COSY ,  HMQC 

and HMBC), al lowed a complete assignment of the compound as shown in Fig .  2. I S . 

The UV /VI S  spectrum of thi s compound consisted of a s ingle broad peak at 3 29 nm 

( log Emax = 4.S7). G i ven that compound I contains two chromophores, namely the 

terthiophene and central styry l-th iophene moieties ,  it was not immediately clear what 

was being  observed. In compari son , terth iophene absorbs at 3S4 nm ( log Emax = 

4.2S? 1 4, and styry l -thiophene absorbs at 29 1 nm ( log fmax = 4.40) 163 . The UV spectra 

of these types of compounds are further d i scussed i n  Section 4. 1 .2 . 1 .  High-resolution 

S I  



mass spectrometry was used as additional verification of the successful synthesi s of 

the target molecule I .  
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2' 
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� 4" 

� ,...-.......... 

t�_ll\jj (L�_1l_ 
I 

7 . 4  

I 
4 . 2  

I 7 . 3  

I 
4 . 1  

i 7 . 2 

i 4 . 0  

i 
7 . 1  

I 
3 . 9  

7 ,  1 5 

i 
7 . 0  

i 
3 . 8  

I 
6 . 9  

9, 1 0, 1 2, 1 3  
. 

ppm 

Figure 2.1 5 1H NMR spectrum of styryl-1 5-crown-5 terth iophene I 
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As i n  the earl i er reaction with 4-nitrobenzaldehyde, the reaction between benzo- 1 8-

crown-6 phosphonium salt IV and 1 2 ,2 ' ;5 '  ,2" Iterthiophene-3 '  -carbaldehyde y ielded 

an approximately I :  I cis:trans i someric mixture. In  this case, i someri sation with 

iodine was unsuccessful and resulted i n  the loss of the character istic terthiophene 

proton signal s in the I H NMR spectra. The reaction was repeated and i somerisation 

attempted us ing i rradiation, however this was also i neffective. Attempts to separate 

the product and triphenylphosphine oxide by column chromatography were fru itless. 

This difficulty in removing triphenylphosph ine oxide has al so been experienced by 

other researchers i n  our laboratory invest igat ing terthiophene chemistry .
20<) One 

potential solution to this p roblem was to uti l i se Horner-Emmons rather than Wittig 

chemistry . 

o 
+ H 

DBU, CH2CI2, 
r.t. 3 hrs 

n = 1 III n = 1 I ( 1 7%) 
n = 2 IV n = 2 11 

Scheme 4 Wittig reactions between phosphonium salts I l l-IV and 

terthiophene aldehyde 

2.2.3 Synthesis of crown phosphonates 

Using phosphonates to carry out Horner-Emmons reactions has three main advantages 

over usi ng phosphoni um salts to perform Wittig reactions.
2 i5 Y l ides prepared from 

phosphonates are more reactive than those prepared from phosphonium salts, the by

product is water soluble and hence easi ly removed from the reaction mixture, and the 
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reaction general l y  gi ves exclus ive ly  the trans product, el i m inat ing  the need for 

i someri sation. 

As it appeared that using phosphonates rather than phosphonium salts would solve the 

i ssues with both i somerisation and removal of by-product, the syntheses of benzo- 1 5-

crown-5 phosphonate X I I I  and benzo- 1 8-crown -6 phosphonate X I  V were 

investigated. Phosphonates are synthesised from halomethyl compounds and triethyl 

phosphite by the Arbuzov reaction
2 16• 

/01'1 �o�xrc' 
n 

n = 1 IX 
n = 2  X 

+ 
reflux, 20 hrs 

.. 

n = 1 XIII « 1 00%) 
n = 2 XIV (89%) 

Scheme 5 Formation of benzo-crown phosphonates XI I I  and XIV 

The chloromethylbenzo crowns IX and X had been previously synthesised (Scheme 

2) and the i r  react ion with triethyl phosphite was stra ightforward ( Scheme 5 ) .  

Purification of the phosphonates was hampered by the ir  h igh boi l i ng points, rendering 

di sti l l ation i neffect i ve, and consequently they were used w i th some i mpurit ies 

remain i ng .  Despite thi s difficulty ,  several features were apparent in the 'H NMR 

spectrum. As i n  the case of  the phosphoni um salt, the methylene proton signal had 

moved considerably, this time upfield to 3 . 1 ppm. The spl i tting  of th is s ignal eJH,p = 
2 1 .2 Hz) was clear evidence of the presence of a phosphorus atom, confi rmed by the 

appearance of a new signal at 28 ppm in the 3 1p NMR spectra. The OCH2 signal from 

the ethyl ester appeared i n  the same region as the OCH2 s ignal s  from the crown ether, 

while the ester CH3 signals are di stinctive as a tri plet at b 1 .2. The ful ly  assigned 'H 

NMR spectrum i s  shown below in  Fig .  2 . 1 6. 13C NMR spectroscopy and hi gh

resolution mass spectrometry also supported the identity of the desired products XIII 

and XIV. 
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Figure 2.1 6 1 H NMR spectrum for benzo-1 5-crown-5 phosphonate XI I I  

2.2.4 Horner-Emmons reactions using phosphonates 

The Horner-Emmons reaction carried out at room temperature between benzo- 1 5-

crown-5 phosphonate XIII ,  [ 2,2 ' ;5 '  ,2" ]terthiophene-3 ' -carbaldehyde and KO'Bu  gave 

a good y ield (73%) of the desi red product I contain ing approximately 4% of the cis 

i somer after col umn chromatography . The crude product was then i someri sed us ing  
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th iophenol , 1 , 1 '  -azob i s (  cyclohexanecarboni tr i l e )  as  a rad ica l  i n i t i ator w i th 

s imu l taneous heat ing  and i rrad iat ion .  After further purificat ion by col u m n  

chromatography , the pure trans i somer of styry l - 1 5 -c rown-5 terthiophene I was 

obtained as a yel low oily solid (67%) .  The spectroscopic properties of the product 

were identical to that of the sample prepared by the Wittig route. 

Of i nterest was the s ignificant amount (ca. 30%) of terthiophene separated from the 

crude reaction mi xture. It seems most probable  that thi s was formed from the 

decarbonylation of (2 ,2' ;5 ' ,2" I terthiophene- 3 '  -carbaldehyde by potass ium tert

butox ide ,  a react ion that i s  not w i thout precedent i n  other syste m s .
2 17 

Mohanakrishnan and co-workers were the first to publ i sh data on decarbonylation of 

thiophene deri vatives
2 1 8  2 19 by potass ium tert-butoxide. The i r  studies  i nvolved 

thiophenes formy l ated at the a-posi tion only ,  and they were able to separate 

decarbonylated products in y ields from 4 1 -77%.  As decarbonylation has not been 

seen in reactions i nvolv i ng 1 2,2 ' ;5 ' ,2" Jterthiophene-3 ' -carbaldehyde and other non

crown phosphonium salts
2 1 2 i t  appears that the f)-position of thiophene i s  l ess act ive 

than the a-position. The i ncreased activ i ty in this system could wel l  be due to the 

crown ether complexing potassium, allowing the ' naked ' tert-butoxide anion to act as 

a much stronger base.
220-

222 

The analogous reaction between benzo- I S -crown-6 phosphonate X I V  and 

12 ,2 ' ;5 ' ,2" I terthiophene-3 ' -carbaldehyde progressed s imi larly, y ie ld ing 56% of the 

crude product 11 compris ing approximately 2% of the cis i somer. After i somerisation 

and column chromatography the pure trans product 11 was i solated as a yel low oi ly 

sol id (4 1 %) .  As  i n  the equivalent reaction uti l izing benzo- 1 5-crown-5 phosphonate, a 

s i gnifi cant amount of terthiophene was separated from the crude reaction mixture 

before i somerisation. 
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o 

Scheme 6 Horner-Emmons reactions between phosphonates XI I I -XIV 

and terth iophene aldehyde 

During the course of thi s  work, terthiophene phosphonate was synthesi sed in our 

laboratories.
209 The two styryl-crown terthiophenes I and 11 were then synthesised, in 

excel lent y ields, from a Horner-Emmons reaction between this phosphonate and the 

appropriate formylbenzo-crown as shown in Scheme 7. In these reactions, I H NMR 

analysis revealed that only the trails i somer of the desired products was formed. A 

smal l amount of a bright yel low by-product was al so i solated dur ing column 

chromatography, MALDI-MS indicating that the species sti l l  contained s ix thiophene 

rings. Comparison of the I H NMR spectrum for this product with the spectrum of a 

sample of cross-l i n ked terthiophene prev iously synthesi sed i n  our l aboratories 

revealed i t  to be I ,2-bis( [ 2 '  ,2" ;5" ,2'" I terthiophen-3" -yl )ethene. 
2 1 2 I n  phosphoni urn 

salt chemistry , the presence of water has been shown to lead to the formation of an 

aldehyde from the in i tial phosphonium salt.
223 If thi s  were al so the case here, it  i s  

anticipated that a reaction between the newly-formed terthiophene aldehyde and 

terthiophene phosphonate would l ead to the cross-l inked by-product seen. 
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0-

KO'Bu. CH,CI, 
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n = 1 I (97%) 
n = 2 11 (90%) 

+ 

2-6% 

Scheme 7 Formation of styry l  terthiophene crowns I and 11 from 

terthiophene phosphonate 

This procedure i s  clearly superior in a number of ways. Several steps are taken out of 

the synthetic scheme, as i t  i s  no longer necessary to transform the formylbenzo

crowns  i n to phosphonates, the cis i somer of the product is not formed thereby 

e l iminating the need for i somerisation, and yie lds are considerably h igher s i nce there 

i s  no competing decarbonylation reaction occurring. 

2 .2.5 Synthesis of c rown-functional ised th iophenes 

I n  order to more ful ly  understand the e lectrochemical and spectroscopic properties of 

styry l - 1 5-crown-5 terthiophene I (Chapter 4) ,  i t  was des i rable to synthes ise the 

correspond i ng thiophene compound. A l l  the necessary start ing  materia l s  were 

available from previous work, so styryl- 1 5 -crown-5 thiophene XV was syn thesi sed by 

a Horner-Emmons reaction as detai l ed i n  Scheme 8 .  Thi s  reaction proceeded 

smoothly,  w i th no need for chromatography or i somerisation. The crude product was 

recrystal l i sed to yield the pure trans-styry l - 1 5 -crown-5 thiophene XV as an off-white 

sol id  (4 1 %) .  The lH NMR spectrum of thi s  compound (Fig .  2 . 1 7) shows al l the 

expected features. Two doublets assigned to the two v inyl protons are seen at 0 6 . 87 

and 6.98, w i th a typical trans spl i tt ing of 1 6  Hz. No cis signal s are observed. S ignals 
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due to the three aromatic protons are seen in  the same region, showing both 1J and 4J 
coupl ing around the benzene ri ng.  The thiophene proton signal s are observed further 

downfield, at () 7.2-7.4. The two mult iplets i n  thi s  area can be assigned to the 2" and 

5" protons, and the 4" thienyl protons. The crown proton signals occur in the region () 

3 .7-4.3 ,  and are d iv ided i nto three groups by thei r proximity to the benzene ring. \ 3e 
NMR results are also consi stent w i th the proposed structure, with the anticipated 8 

ethereal and 1 2  aromatic  protons  al l c learly v is ibl e. Long range COSY , HMQC and 

HMBC experiments a l lowed al l of the NMR signal s to be unequivocal l y  assigned. 

UV!V I S  spectroscopy showed absorbance maxima at 2 1 6  nm ( log E max = 4.27) , 299 

nm ( log Ernax = 4.39) and 3 1 8  nm ( log Ema, = 4.4 1 ) . Compound XV is s imi lar to trans

st i l bene, which shows strong peaks at 295 and 308 nm ( log E max = 4.40),  wi th a 

shoulder at 320 nm and a smal ler peak at 229 nm (log Ema, = 4.20).w These compare 

wel l to the peak posit ions and i ntens i ti es observed for X V ,  and provide further 

evidence for a planar conj ugated system. Previous work has been carried out on 

styry l -substituted thiophene deri vati ves of this type, where the benzene ring was 

functional i sed in the para posit ion with n i tro, cyano, hydrogen , methoxy or 

dimethylamino groups. UV!V IS  spectra for these compounds showed absorbance 

peaks at 1 99-248 nm ( log Emax = 2.34-4.32) and 29 1 -357 nm ( log Emax = 4.27-4.56) . 161 

The current results appear i n  the middle of this range, and thus are consi stent with 

past research. High-resolution mass spectrometry confirmed the formation of styry l -

1 5-crown-5 thiophene XV. 

r.t .  3 hrs 
+ 

XIII XV (41 %) 

Scheme 8 Formation of styryl-1 5-crown-5 thiophene XV 
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Figure 2 . 1 7  Ful ly assigned 1H NMR spectrum of styry l-1 5-crown-5 

thiophene XV 

Styryl - 1 8-crown-6 thiophene was also synthesi sed, as detai led i n  Scheme 9 .  A 

Horner-Emmons reaction between formy lbenzo- 1 8-crown-6 (VI )  and thiophene 

phosphonate was carried out in CH2Ci2 at room temperature. The crude product was 

purified by column chromatography on s i l ica, g iv ing the product XVI entirely in the 

trans form. LDI and FAB mass spectrometry showed the compound to be free from 
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Na+ and K+  ions .  The IH NMR spectrum of the product was very s im i lar to that 

obtained previously for styry l - 1 5-crown-5 thiophene XV, with the expected changes 

in the ether region (b 3.5-4.2) caused by expansion of the crown ether ring.  

KO'Su 
+ 

VI XVI (62%) 

Scheme 9 Synthesis of styryl-1 8-crown-6 thiophene XVI 
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2.3 Synthesis of Open-Chain Ether 

Functionalised (Ter) thiophenes 

2.3.1 Open-chai n  terthiophenes 

A further series of compounds was synthesi sed that i ncluded a polyether chain i n  

place of the crown ether. The anticipated advantage of thi s  system was that cations 

would be complexed less strongly, therefore releasing more easi ly ,  an attribute that 

would be i mportant in a real -ti me sens ing  appl i cation. Compounds of the type 

depicted i n  Fig .  2. 1 8  were targeted. 

Figure 2 .1 8 Open-chain polyether styryl-substituted terth iophenes 

targeted 

It was envisaged that these compounds could be synthesised from a reaction between 

terthiophene phosphonate and a substituted benzaldehyde in the same way that the 

crown-substituted terthiophenes were formed, as shown in Fig. 2 . 1 9. 
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R, R2 
d b 

+ KOtBu 

Figure 2.1 9 Formation of open-chain ether functional ised 

terthiophenes 

The fi rst step toward making these products was the formation of the polyether

substi tuted benzaldehydes. These could clearly be made by the reaction of an 

appropriate tosy lated ol i go(ethy leneglycol ) monomethyl ether together with either 

i sovan i l l i n  or vani l l i n ,  i n  a Wi l l i amson ether synthes is  reaction. A paper by Lauter, 

Meyer and Wegne�24 detai l s  the synthesi s of these tosylated polyethers from thei r 

glycol counterparts. Whi le both diethylene glycol and triethylene glycol monomethyl  

ethers are commercial ly avai lable,  any longer chain ethers must themse l ves be 

sy nthes i sed.  The same paper by Lauter et  al .  descri bes the formation of 

tetra(ethy leneglycol ) monomethyl ether from a W i l l iamson-type etherificat ion 

reaction between tri (ethyleneglycol ) monomethyl ether and ethylene g lycol. m These 

reactions are summarized in Scheme 1 0. 

HO�O�O/ 

HO I Na 
�OH , 60% 

pTsCI 
NaOH • 

85% 
TSO�O�O/ 

pTsCI 
NaOH .  TSO�O�O�O/ 

84% 

pTsCI 
NaOH � TSO�O�O�O�O/ 

8 1 %  

Scheme 1 0  Formation of tosylated g lycols accord ing to Lauter et al. 
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Once these starting material s had been synthesi sed, the reactions w ith vani l l i n  and 

i sovan i l l i n  under Wi l l i amson condit ions  were straightforward, Purification by 

column chromatography l ed to the poly ether-substi tuted benzaldehyde products 

XVII-XXII ( Scheme 1 1 ) in 50-80% yie ld ,  Al l  of the products were i so lated as 

fai ntly coloured l iquids and character ised by NMR and UV /VIS  spectroscopy, and 

h igh-resolution mass spectrometry, A typ ical I H NMR spectrum exh ib i ted, i n  

addi tion to an aldehyde peak at b 9.8, three sets of s ignal s due to aromatic protons i n  

the region b 6.9-7 .5 .  Di stinct 3J and 4) coupl ing al lowed these to be unequ ivocal Iy  

assigned, The use of a long-range COSY spectrum assisted i n  the assignment of the 

a lkoxy s ignals  (b 3 . 3 -4.3 ) ,  wh i le  HMQC and HMBC experiments prov ided the 

remaining connectiv i ty i nformation necessary to completely assign the 13C spectrum .  

Scheme 1 1  

OHC�OH 

�o/ OHC�O�O�O" 

� /  n o n = 1 72% XVII 
n = 2 56% XVI I I  
n = 3 49% XVIV 

n = 1 83% XX 
n = 2 55% XXI 
n = 3 54% XXII 

Formation of polyether-su bstituted benzaldehydes XVI I

XXII  

A seri es of Horner-Emmons reactions between XVII-XXII and terthiophene 

phosphonate were carried out (Scheme 1 2) ,  uti l iz ing the same conditions employed 

for the synthesi s of styry l - 1 5 -crown-5 terth iophene I. Al low i ng the reaction to 

proceed for 30-60 minutes at room temperature, fol Iowed by solvent extraction and 

s i l ica-gel chromatography y ielded the products XXIII-XXVIII in exce l Ient 88-94% 

yields. 
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n = 1 XVII 
n = 2 XVIII 
n = 3 XVIV 

n = 1 88% XXIII 
n = 2 88% XXIV 
n = 3 93% XXV 

n = 1 XX 
n = 2 XXI 
n = 3 XXII 

n = 1  9 1 %  XXVI 
n = 2 93% XXVII 
n = 3 94% XXVIII 

Scheme 1 2  Horner-Emmons reaction to form open-chain 

terthiophenes 

The I H NMR spectra of these compounds were very s im i lar to that of styry l - 1 5-

crown-5 terth iophene I .  The spectra obtained for the three i sovan i l l i n-deri ved 

compounds were i dentical i n  the aromatic region Cb 6.8-7.5), as were the spectra for 

the three van i l l in-derived compounds, only differing as expected i n  the ether region (b 
3 .3 -4.3,  Fig. 2.20) due to the differing lengths of the polyether chain attached. The 

s l ight differences in chemical shift i n  the aromatic region between the i sovan i l l i n

deri ved compounds XXIII-XXV and their van i l l i n-derived analogues XXVI-XXVII 

are i l l ustrated in Fig. 2 .2 1 .  IJC NMR and 20 NMR experiments (COSY,  LR-COSY , 

H MQC and HMBC) al lowed the spectra for al l of the products to be completely 

assigned. The DV!VIS spectra of these compounds were v i rtually identical to that 

obtained for I and I I, wi th Amax = 329 nm.  H igh-resol ution mass s pectrometry 
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provided further evidence for the formation of the desi red open-chain ether 

t e r t h i o p h e n e s  X X I I I - X X V I I I .  A fract i o n  conta i n i n g  1 ,2 -

bis( l 2 ' , 2" ;5",2'' ' jterthiophen-3''-yl)ethene (3- 1 5%) was also i solated from each of the 

reactions in  Scheme 1 2, as described earl ier during the formation of styry l - 1 5-crown-

5 terthiophene I and styry l - 1 8-crown-6 terthiophene 11 ( Section 2 .2.4) 

The structures shown in Scheme 1 2  can be considered as open-cha in  equi valents of 

1 2-crown-4, 1 5-crown-5 and 1 8-crown-6 when n = 1 , 2 or 3 respectively. 

XXII I  

i 
4 . 2  

XXIV 

I 
4 . 2  

XXV 

I 
4 . 2  

I 
4 . 1  

I 
4 . 1  

I 
4 . 1  

I 
4 . 0  

I 
4 . 0  

I 
4 . 0  

I 
3 . 9  

I 
3 . 9  

I 
3 . 9  

I 
3 . 5  

I 
3 . 4  

I 
3 . 4  

j 
3 . 4  

Figure 2.20 1H NMR spectra of open-chain terthiophenes XXII I-XXV 

(ether region) 
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Figure 2.21 Comparison of aromatic regions in 1 H N MR spectra of 

compounds XXII I  and XXVI 

An analogous styry l -terthiophene compound that d idn 't  conta in  a polyether chain 

(XXVIV) was synthesi sed as a reference (Scheme 1 3) .  The cation complexing abi l i ty 

of th i s  monomer was expected to be neg l i gi ble when compared to the crown and 

open-chain compounds. I t  was prepared from a Horner-Emmons reaction between 

terthiophene phosphonate and 3,4-dimethoxybenzaldehyde in the same way as for the 

longer chain compounds. ' H NMR analysi s of the product after purification by si l i ca 

gel chromatography showed i t  to consist exc lusively of the trans i somer. \3C NMR 

gave the expected number of s ignals, which, along w ith the 'H NMR signals, could be 

confidently assigned after i nspection of relevant COSY , HMQC and HMBC data. 
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The UV IVIS spectrum was i dentical to that of the other polyether- and crown

s ubstituted terthi ophenes, w ith Ama> = 329 nm. Samples analysed by h i gh-resol ution 

mass spectrometry and elemental analys i s  ver ified the successful synthe s i s  of 

monomer XXVIV. 

KO'Su 
+ 

XXVIV (86%) 

Scheme 1 3  Synthesis of d imethoxystyryl terth iophene 

A further two reference compounds, that had been prev iously synthes ised i n  our 

laboratories, were i ncl uded in spectroscopic (Chapter 4) and polymeri sation (Chapter 

5) studies.  m The structures of these compounds are i l l ustrated below (Fig. 2.22). 

LXXVI LXXVII 

F igure 2.22 Styryl terthiophene reference compounds 

2.3.2 Open-chain thiophenes 

As the benzaldehyde starting materials  and thiophene phosphonate were avai l able 

from previ ous work, the thi ophene equi valents of compounds XXIII-XXVIII were 

also synthesi sed (Scheme 1 4). While it seemed unl i kely that these compounds would 

form homopolymers gi ven l i terature results 160, 16L  163- 166, they have been shown to be of 
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use i n  copoly mer systems. I n  addition, it was antic ipated that an i nvestigation into the 

spectroscopi c  properties of these compounds would assi st in understanding the 

behaviour of their terthiophene analogues. 

s 

n = 1 XVII 
n = 2 XVII I  
n = 3 XVIV 

n = 1 78% XXX 
n = 2 78% XXXI 
n = 3 55% XXXII 

KO'Su 

n = 1 XX 
n = 2 XXI 
n = 3 XXII /°' _0 O�) I 

o s 

s 

n = 1 79% XXXIII 
n = 2 79% XXXIV 
n = 3 64% XXXV 

Scheme 1 4  Open-chain ether functional ised thiophenes xxx-xxxv 

These compounds were formed from a Horner-Emmons reaction between thiophene 

phosphonate and the polyether-substi tuted benzaldehydes that had been prev iously 

synthesi sed as descri bed in Scheme 1 1 . Uti l i sing  the same conditions employed for 

the terthiophene analogues (KOtBu,  CH2CI2, room temperature, I hour) fol lowed by 

solvent extraction and flash col umn chromatography y ielded the desi red products 

XXX-XXV as sol ids or semi-sol ids i n  55-79% y ield. The UVIVIS spectra for all 

these compounds compared wel l wi th those obtained previously for styry l - 1 5-crown-

5 thiophene XV, with bands at 2 1 6, 298 and 3 1 8  nm. The I H and DC NMR spectra 

were assigned with the aid of 20 spectra, and compared wel l  w i th the results for the 

crown compounds XV and XVI. As seen for the open-chain terthiophene derivatives 

XXIII-XXVIII ,  the aromatic region of the spectra remained very s imi lar, wh i le the 

ethereal region increased in complexity with i ncreasing polyether chain length . As an 
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example, a ful ly ass igned iH NMR spectrum for compound XXX i s  shown below i n  

Fig.  2.23. 

I 
7 . 4  

2, 5 
............... 

s 

2" 

4 
-

l '  
� 

6" 
-

2.:.... 5 .. 
-

I 
6 . 8  

I 
6 . 7  

I 
6 . 6  ppm 

4"OCH3 2 .... 0CH3 

1 '" 

I 
4 . 2  

I 
4 . 1  

I 
4 . 0  

2'" 

I 
3 . 9  

I 
3 . 8  

I 
3 . 5  

I 
3 . 4  

Figure 2.23 1H NMR assignment for open-chain thiophene xxx 

ppm 

I n  addition, a reference compound lacking a polyether chain was synthesised from 

thiophene phosphonate and 3 ,4-dimethoxybenzaldehyde as shown in Scheme 1 5 . 

This reaction proceeded quickly at room temperature on addition of potass ium tert

butoxide, and gave a product that was eas i ly  purified by fi ltering through a plug of 

s i l ica. LDI mass spectrometry confi rmed the presence and purity of the product, 

which was then ful ly characterised by iH,  J3C and 2D NMR experiments, and UV!VIS  

spectroscopy. 
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0 d i \;co, KO'Bu + .-H I r \ CH2CI2, 

� 0/ S 30 min, Lt  S 

XXXVI (54%) 

Scheme 1 5  Synthesis of d imethoxystyryl th iophene 
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Extending the methodology developed in the formation of styry l -crown terthiophenes 

I and 11 to make bi s-functional ised crowns could lead to cross-l inked pol ymers with 

interesting properties. In particular, there i s  potential for an actuation effect on metal 

binding (Fig .  3 . 1 ) . Polymers with a high degree of cross- l i nking also general l y  have 

better mechanical properties than those that on ly polymeri se in one direction, and for 

these reasons the syntheses of bi sterthiophene crown ethers were investigated next. 

Figure 3.1 Potential for actuation effect caused by metal complexation 

There are two possible i someric forms of the target I S-crown-6 compound, as shown 

in Fig. 3 .2,  that could potential ly polymerise quite differently .  
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Syn-bis( styryl terth iophene )-1 8-crown-6 XXXVII Anti-bis( styryl terthiophene )- 1 8-crown-6 XXXVIII  

Figure 3.2 The two isomeric forms of bis(styryl terthiophene)-

1 8-crown-6 

It was anticipated that these compounds could be made by the same Witt ig or Horner

Emmons routes that were used to prepare the polyether-substituted terthiophenes 

d i scussed in Chapter 2. The starting material s  in thi s case would be the terthiophene 

phosphonate or aldehyde al ready uti l ized in earl ier reactions, and two i someric forms 

of bi s(formyl benzo)- 1 8-crown-6 or the phosphonates/phosphoni um salts prepared 

from these aldehydes. A l i terature survey was conducted in order to establ i sh how the 

two i somers of bis(formylbenzo)- 1 8 -crown-6 had been previously synthesi sed and 

used. 
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3. 1 Literature Synthetic Methods 

B is-functional i sed dibenzo-crowns have been approached in  several different ways i n  

the l i terature. Wada et al. m  synthesised bis(formylbenzo)- l S-crown-6 as an i someric 

m i x ture u t i l i z i n g t h e  S m i th mod i fi ca t ion  of the  Duff reac t i o n  

( hexamethy lenetetrami ne and methanesu lfon ic  o r  tr ifl uoroacetic acid ) ,  but 

conveniently i gnore the i ssue of isomer formation, naming  the product as 4' ,4"

diformyl-di benzo- l S-crown-6. More recently Ge and co-workers repeated thi s  

synthesis ,  us ing the bis(formylbenzo)- l S-crown-6 produced a s  their starting material 

to make crown ethers substituted w i th both benzothiazol i um styryl dye and 

fulleropyrrol idine moieties.
226-

228 While i n  al l  three of the ir  papers they consi stently 

represent the product of the Wada formylation as the syn i somer only, i n  two of the 

papers they represent their final product as being an anti substi tuted d i  benzo- l S

crown-6. As  the intermediate ful leropyrrol idine substituted crown i s  obtained in  only 

25% yield, and is purified by col umn chromatography , i t  is possible that the syn and 

anti products are separated during thi s step. However, i t  seems unl i kely that only one 

i somer would be reported if  both were successful ly synthesi sed and separated. I n  

addition, the i nconsi stencies between the three publ ications, and the low resol ution of 

the majority of the NMR data (200 - 300 M Hz), make it seem more probable that 

they were not aware of the exi stence of the two i somers. Bourgeoi s et al. did 

recognize that the Wada synthesis produces a mixture of i somers.
229 In  the i r  work 

they beg in  w ith the mixture, further modify i ng  the product by converting  the 

aldehyde functionali ties to malonates, then using modified B ingel reaction conditions 

( 12' DBU) to i ncorporate a [ 60 Jful lerene moiety . This al lowed the syn and anti 

i somers to be separated by column chromatography.
230 A bis(nitrophenyl ) - I S-crown-

6 compound synthesised by Shchori 14 could be separated i nto the two i someric forms 

based on solubi l ity. Parish et al.  looked at diacylating dibenzo-crowns and found that 

i n  some cases the i somers did not co-crystal l i se and could be separated.
23 1 In other 

research, compounds were used as isomeric mixtures wi th no attempt at separation. m 
232. 233 Selectively synthesis ing either the syn or the anti i somer i s  another option, and 

thi s was the approach that Bourgeo i s  et al. took i n  the i r  synthes i s  of anti

bis(formylbenzo )- l S-crown-6.
230 
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3.2 Synthesis of Bis(styry/ (Ter) thiophene) 
Crowns 

3.2.1 Synthesis of crown bis(phos phonium salt) and 

bis(phosphonate) 

As w ith the crown l i nked terth iophenes I and 11 ,  the bi s-substi tuted crowns XXXVII 

and XXXVII I  could potential ly be formed by Witti g (or Horner-Emmons) reactions 

between a crown phosphonium salt (or phosphonate) and \ 2 ,2' ;5 ' ,2" l terthiophene-3 ' 

carbaldehyde, or from a bi s-formylated crown and terthiophene phosphoni um salt (or 

phosphonate) as shown in Scheme 1 6. Due to the avai labi l i ty at the begi nning of thi s  

work of \2 ,2 ' ;5 ' ,2" l terth iophene-3 ' -carbaldehyde, the in i tial target was the crown 

bi s(phosphonium salt) XXIX. A s.vn/anti i someric mixture was investigated first to 

develop the methodology. 
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R = CH2PPh3CI XXXIX 
R = CH2PO(OEth XL 

1 
�ro6:o, 

::::-... I ::::-... I o syn XXXVII I 0 I 
anti XXXVIII � -...../ 

syn XLV 
anti XLVI 

+ 

R 

R = CH2PPh3CI 
R = CH2PO(OEth 

Scheme 1 6  Alternative routes toward target crown l inked bis(styryl 

terthiophene)s XXXVII and XXXVII I  
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�O� XLI l NaBH4, 1 . 1  
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r.t ,  24 hrs 

l SOCI2' 
benzene, 
r.t , 1 hr 

r01 

CI�O OX) 

� I h-
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CI 
o 0 

�O� XLII I  (88%) 

PPh3, D�;� / reflux, 6;  
P(OEth, reflux, 
16 hrs 

r01 

(EtObOP�O 0

X)� � h- PO(OEtb 
o 0 �O� XL 

Scheme 1 7  Formation of syn/anti isomeric mixture of crown 

bis(phosphonium salt)s XXXIX and bis(phosphonate)s XL 

The i someric mixture of I S -crown-6 bi sphosphon ium sal t was synthesi sed as 

i l l ustrated i n  Scheme 1 7 . Dibenzo- I S-crown-6 was formylated usi ng the Smith 

modification of the Duff reaction accordi ng to the method of Wad a et al. l77 A s  

establ i shed i n  the l i terature survey, thi s  gave a 1 : 1  i someric m i xture of the syn and 
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anti forms. Whi le only one aldehyde peak was v i s ible by ' H NMR at 270 MHz, the 

same sample of XLI run at 400 MHz showed two aldehyde s ignal s just 0.00 1 ppm 

apart. Duplicity of one of the aromatic s ignal s was also observed at 400 MHz, where 

two aromatic doublets C J = 8 .2 Hz) were offset by 0.004 ppm. Thus it i s  clear, 

although not necessari ly intuiti ve, that whi le the two i somers of bi s(formylbenzo)- 1 8-

crown-6 are v irtual l y  ident ical ,  there i s  a very s l i ght d i fference that can only be 

observed by NMR at high resol ution. 

The dialdehydes were then reduced to the d iaIcohol s XLII using sodium borohydride 

under the same conditions used to reduce formy l benzo- 1 5-crown-5 V.  The changes 

in the ' H NMR spectrum of the reduction product were s imi lar to those seen for the 

correspondi ng crown aIcohols V I I  and VI I I . A new signal appearing at 6 4.6 was 

attributed to the two methylene groups. A broad peak at 6 2 .2 that reduced in s ize 

after a 020 exchange experiment was assigned to the hydroxy protons. In  addit ion, 

the aromatic protons shifted such that they were now overlapp ing as observed 

previously for VII and VII I .  

Dialcohol s XLII were then chlorinated w ith thionyl chloride, again using the same 

conditions that were successful in chlori nat ing the alcohols  V I I  and V I I I .  While 

there were no large changes in the ' H NMR spectrum, there was a clear upfield shift 

i n  the position of the ' 3C methy lene signal from 6 65 to 6 47 caused by the change i n  

i t s  chemical envi ronment. H igh-resol ution mass spectrometry provided addit ional 

evidence for the formation of the desi red compounds XLIII .  

The chloromethyl i somers X L I I I  were refl uxed i n  tol uene wi th an excess of 

tri phenyl phosphine. Th i s  y ie lded a mi xture of mono- and bi sphosphon ium salts, 

presumably due to the l im i ted solubi l i ty of the mono-phosphoni um salt in toluene. 

This was overcome by replacing the tol uene with I ,2-dichloroethane and cont inu ing 

the react ion at  refl ux ,  y i e ld ing  an i someric mi xture of the desi red crown 

bis(phosphoni um salt)s XXXIX.  A careful examination of the ' H NMR spectrum 

showed that no starti ng material remained, as there was no s ignal at 6 4.5 .  I nstead, 

the methy lene si gnal was observed downfie ld at 6 5 . 2 ,  and was spl i t  by the 

phosphorus atom as described earl ier for benzo- J 5-crown-5 phosphonium salt Ill .  A 

80 



, I p  NMR spectrum of the product showed a s ignal at 6 24, consistent w ith the results 

obtained for the mono-phosphonium salts I I I  and IV. The UV spectrum for XXXIX 

was also si mi lar to that obtained earl ier, consist ing of  bands i n  the same position (270 

and 276 nm) with extinction coeffic ients approximately double that seen for I I I  and 

IV. High-resolution mass spectrometry was also consi stent w ith these results. 

B i s(phosphonate )s XL were synthesi sed from bis(chloromethylbenzo)- 1 8-crown-6 

XLI I I ,  by the Arbuzov reaction?'6 As in the case of benzo- 1 5-crown-5 phosphonate 

XIII  and benzo- J 8-crown-6 phosphonate XIV, bis(phosphonate)s XL were used as a 

crude product conta in ing some high boi l i ng point i mpurities .  H igh resol ution mass 

spectrometry provided evidence that the phosphonates were the major products. 

3.2.2 Wittig/Horner-Emmons reactions using m ixed 

b is(phosphoni u m  salt)s and b is(phosphonate)s 

The Wi tt i g react i on between b i s (phosphon i u m  sal t ) s  X X X I X and 4-

ni trobenzaldehyde (Scheme 1 8) y ielded a synlanti i someric mixture of the alkene 

product XLIV with a cis: trans ratio of approximate ly 7:6 as determined by ' H NMR 

spectroscopy . Whi le i somerisation with 12 was successful in converti ng thi s  to a pure 

trans product, the Na2S20} wash used to remove excess iodine caused extens ive 

emuls ification and the formation of some i nsoluble orange material ,  presumably due 

to the complexation of sod ium ions  by the crown ether. To try to improve the yield of 

the trans i somers, the reaction was repeated at reflux i n  1 ,2-dichloroethane. The 

i someric ratio resulti ng from thi s reaction was approximately 6:8 cis: trans. Col umn 

chromatography of the crude product fai l ed to remove triphenylphosphi ne oxide. 
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A Horner-Emmons reaction between the J 8-crown-6 bis( phosphonate)s X L  and 4-

n itrobenzaldehyde (Scheme 1 8) with KOtB u  as base, yielded three yel low products 

after column chromatography. Two of these products had the same � when checked 

by TLC (5% MeOH/CH2Cl2) and identical NMR spectra that showed s imi lar features 

to that obtained previously for n i trostyryl crowns XI and XII.  High-resol ution mass 

spectrometry results were cons istent wi th the syn and anti forms of the expected 

products XLIV, however the y ields of these products were low (2% and 7%).  The 

thi rd product (7% yield) appeared to result from a s ingle Horner-Emmons reaction 

between nitrobenzaldehyde and the d ibenzo- J S-crown-6 mono-phosphonates. It 

seems l i kely that the original formylation reaction was i ncomplete, and that a smal l 

amount of mono-formylated d i benzo- J S-crown-6 had been carried through the 

i nterven ing steps. Thi s would result in contami nation of the bisphosphonates X L  

with some mono-phosphonate, which could not be removed due to the high boi l i ng  

points of the compounds. The end result of the i ncomplete formylation would be the 

observed mono-nitrated product. 

G iven the low yields obtained on reaction of the bis(phosphonate) s  X L  with the 

acti vated aldehyde 4-n itrobenzaldehyde, i t  seemed unl i kely that better yields would 

be obtained with 1 2 ,2 ' ;5 '  ,2" I terthiophene-3 ' -carbaldehyde. In addition, i t  was unclear 

whether the two i someric products resu l ti ng  from the Horner-Emmons reaction 

between bis(phosphonate)s XL and 1 2,2 ' ;5 '  ,2" I terthiophene-3 ' -carbaldehyde would 

be separable  by chromatography . For these reasons it was decided to selectively 

synthesise the syn and anti forms of bis(formyl benzo)- l S -crown-6, start ing wi th the 

symmetrical syn i somer. 
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02?H 

I ":  .6-
N02 

02?H 

I ":  .6-
NO, 

Scheme 1 8  Wittig-type reactions between disubstituted crowns 

XXXIX-XL and 4-nitrobenzaldehyde 

3.2.3 Synthesis of syn-bis{formylbenzo)-1 8-c rown-6 

XLV 

I n  order to synthesise the target syn-bis(styryl terthiophene)- 1 8-crown-6 XXXVII,  i t  

was necessary to fi rst synthesi se the correspondi ng start ing  mater ial  syn 

bis(formylbenzo)- 1 8-crown-6 XLV. A s  i t  was not possi ble to separate a mixture of 

the syn and anti dialdehydes,229 selective synthesi s  was necessary. Scheme 1 9  shows 

two alternati ve routes to the target molecule XL V, starti ng from the inexpensi ve 

monomethyl protected d ihydroxy benzaldehydes van i l l i n  and i sovani l l i n .  Both routes 

were i nvestigated in order to assess if one had a particular advantage over the other. 
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NaH, EtSH, DMF, C XLIX R = CH3 (83%) 160'C, 3 . 5  hrs L R = H 

I 
H ��,f'Ob� H �o ON 

NaH, EtSH,DMF, 1 60'C, 3.5 hrs 

Isovanillin 

�o� XLV (36%) 1 NaOH , 1 -butanol, reflux, 
43 hrs 0 TsO� �OTs 

r- XLVIII  R = H (75%) 
L XLVII R = CH3 (77%) 

Scheme 1 9  Alternative routes toward syn-bis(formylbenzo)-

1 8-crown-6 XLV 
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Starti ng  w i th van i l l i n ,  the methoxy i ntermedi ate I , 5 -b i s ( 2 '  - methoxy-4' 

formyl phenoxy)-3 -oxapentane XLIX was produced i n  high y ield by reaction with 

d ichloro d i ethy l ether accord ing  to the method of Tuncer and Erk?,-1 The 

demethylation necessary to form the hydroxy i ntermediate L was unsuccessful using 

ethanethiol and sod i um hydride.m,
236 I nstead of the desi red product, two lower 

molecular weight materials were i solated from the crude reaction m ixture us ing 

col umn chromatography. Careful examination of the 'H NMR spectra for these 

compounds showed that one contained both a benzaldehyde moiety and a polyether 

cha in .  Th is  product was identified as 3-hydroxy-4- 1 2-(2-hydroxyethoxy)ethoxy j

benzaldehyde LII (Scheme 20) . The remain ing product displayed IH NMR signal s 

typical of an ethyl group ,  i n  addi tion to a benzaldehyde functional i ty ,  and was 

i dentified as 4-ethyl su lfany l -3 -hydroxybenzaldehyde LI ( Scheme 20) . H igh

resolution mass spectrometry provided additional evidence for the formation of these 

compounds. 

o 

o 0 H�O ...... /O� H U )J o 0 l-.....",o� XLIX 

I NaH, EtSH, DMF, 
• 1 60'C, 4 hrs 

o H�:� + 
�OH H I � O�O�OH 

LI (44%) LlI (9%) 

Scheme 20 Products formed from attem pted demethylation of 1 ,5-

b is(2 ' -methoxy-4' -formylphenoxy)-3-oxapentane XLIX 

I t  appeared that two reactions occurred during the attempted demethylation . The 

desi red demethylation reaction is an S",2 reaction consisting of nucleophi l ic  attack by 

the thioethoxide i on at the a l ky l  carbon ,  w ith the associated di splacement of a 

substi tuted aryloxide ion (Scheme 2 1 ) . However, i n  aryl methyl ethers contain i ng 

strong electron-wi thdrawi ng substi tuents, substi tut ion at the methoxy-bearin g  

aromatic carbon atom has al so been observed.
235, 236 I n  thi s  case, the Meisenhe imer 
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complex formed by the SNAr additi on of the thioethoxide moiety to the remain ing 

alkoxy-bearing aromatic carbon atom would be resonance stabi l i zed by the carbonyl  

group. Subsequent e l im ination of the substi tuted alkoxide i on would al low the 

i solat ion of 4-ethyl sulfanyl-3-hydroxy-benzaldehyde LI and 3-hydroxy-4- [2-(2-

hydroxy-ethoxy)-ethoxy I-benzaldehyde LII after an acidic work-up, as was observed 

(Scheme 2 1 ) . Although lowering of the reaction temperature to 60°C led to no 

reaction, it is possible that an i ntermediate temperature m ight ex ist where only the 

desi red S:,<2 reaction can proceed. 

Scheme 21 

(y0R 
H�oe ... 

H(£I 
P

OR 

H 1 ,0 
OH .. 

o + o 
EISH 

EISDy 
1 ,0  H ...... f-----

HO 
o 

SN2 a nd SNAr reactions between the thioethoxide ion and 

a substituted benzaldehyde 

Attempted demethylations of XLIX using boron trichloride and boron tribromide237 

were also i neffective i n  producing the desired dialcohol L. 
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Consequently ,  the alternati ve approach to X L  V ,  starti ng from i sovan i l l i n ,  was 

explored (Scheme 1 9) .  Diethylene glycol ditosylate was synthesi sed according to the 

method of Ouchi et al.238 and then reacted with i sovan i l l in us ing the method recently 

publ i shed by Kumar and Mashraq u i239 to sy nthesi se 1 ,5 -b i s (2 '  -methoxy-5 ' 

formy lphenoxy)-3-oxapentane XLV I I .  The methoxy i ntermediate XLVII  was now 

able to be demethy lated us ing ethanethiol and sodi um hydride235. 236 to y ie ld  the 

req u i red I ,5 -bi s (2 '  -hydroxy-5 ' -formy l  phenoxy) -3 -oxapentane XLVII I  i n  an 

excel lent 75% yield. In th is case, aromatic substitution by sulphur is not favoured, 

s i nce the required Meisenhei mer complex cannot be resonance stabi l i zed by the 

carbonyl group. The demethy lation was confi rmed by the lack of the d i sti nctive 

methoxy peak in the I H NMR (6 3 . 89) and 1 3C NMR (6 56.0) spectra, whi le  the 

ethereal,  aromatic and aldehydic regions remained essentially the same. The UV IV IS  

spectrum of the hydroxy product was also s imi lar to that of the methoxy starti ng 

material ,  with only minor changes to peak positions and i ntensit ies. High-resol ution 

mass spectrometry confirmed the successful synthesis of compound XLVIII .  

The formation of the target compound syn-bis(formylbenzo)- 1 8-crown-6 XLV from 

the dialcohol XL VIII was accompl i shed using standard ether formation conditions, i n  

a reasonable 36% yield. The I H NMR obtained for th i s  compound was s imi lar to that 

obtained for the i someric mixture XLI. However, none of the dupl ication of aldehyde 

or aromatic s i gnal s d i scussed in Section 3 .2 . 1 was evident here due to the 

i somerical l y  pure nature of the product. Samples analysed by microanalys i s  and 

h igh-resol ution mass spectrometry provided additional evidence for the production of 

syn-bis(formy lbenzo)- 1 8-crown-6 XLV. 
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3.2.4 Horner-Emmons reaction using syn .. 

bis(formylbenzo )-1 8-crown-6 

As terthiophene phosphonate had recentl y been synthesi sed i n  our laboratory , i t  

seemed logical to react this d i rectly with syn-bis(formyl benzo)- 1 8-crown-6 XLV i n  a 

Horner-Emmons reaction as shown i n  Scheme 22. 

XLV 

o 0 �O.J 
XXXVII (33%) 

+ 

! KO'Su, CH2CI2 THF. 
r t ,  20 min 

+ 

Scheme 22 Horner-Emmons reaction between d ialdehyde XLV and 

terthiophene phosphonate 

This reaction was carried out under the same conditions used to form styry l 

terthiophenes I and 11.  Analys is  of the crude product by MALDJ -MS revealed three 

species that corresponded to the desi red product XXXVII (m/e = 904. 1 ) , i ts 

potass ium salt (m/e = 943. 1 ), and a p roduct w ith a smal ler molecular mass ( m/e = 

520.0), that sti l l  appeared from the sulphur i somer ratios to conta in  s ix  thiophene 

un i ts .  Th is  by-product was identified as 1 ,2-bi s ( l 2 '  ,2" ;5",2'" I terth iophen-3"

y l )ethene from a compari son of its 'H NMR spectrum with that of a prev iously 
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characterised sample.2 1 2  I t  i s  assumed that th i s  by-product was formed i n  the same 

way as seen ear l ier  for other Horner-Emmons reactions uti l i s i ng  terthiophene 

phosphonate (Sections 2 .2 .4 and 2 .3 . 1 ) . Whi l e  col umn  chromatography al lowed thi s 

by-product to be i solated, it also appeared to l ead to the formation of the sodi um sal t  

of XXXVII ,  giv ing a m ixture of XXXV I I  and i ts sodium and potass ium salts, a s  

evidenced by  MALDI-MS. I t  i s  not clear whether the ion-free product was actual l y  

present, or whether the appearance of this species was due to fragmentation during the 

MALDI-MS process. The eluted product m ixture was i nsoluble in common solvents, 

and further characterization proved difficu l t. N umerous attempts were made to 

remove the metal ions by water and acid washing, but these proved futi le possibly due 

to e ither the complexes strength or i ts insolubi l i ty (Fig. 3.3) . Attempts were made to 

sol ubi l i se  the product by introduci ng alkal i  metal cations wi th l arge organic 

counterions (eg. NaBPh4, NaPF6) ,  however these were al so unsuccessful .  Whi le these 

results are unusual , the l ow sol ubi l i ty of the product meant that it was of l ittle val ue 

for polymerisation, and thus no further use was made of compound XXVII .  

OKG121! Solid 2 days I n  2M Het (Matnx · CHCA) 

dg23l101a 1 (O J]4) Sb (1304000 '" i 1 4 21J 
1 

9CW,) 

XVI 

903.3 

9073 

MCP Oetector voltage: 2200 
Laser energy (.".)� 87 

927.3 

XVI + Na+ 
928.3 

929.3 

926.3 

930,3 

�3.3 

.... 3 

&45.3 

23-Noy·2001 
Well : E8 
TOr I D_ 

578 

Figure 3.3 MALDI-MS of syn-bis(styryl terthiophene)-1 8-crown-6 XVI 

after acid wash 
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3.2.5 Synthesis of anti-bis(formylbenzo}-1 8-crown-6 

XLVI 

As in the case of syn-bis(formylbenzo)- 1 8-crown-6 XLV, anti-bis(formylbenzo)- 1 8-

crown-6 X L  V I  can also be approached starting with either vani l l i n  or i sovani l l i n .  

This i s  i l lustrated i n  Scheme 23 .  

3 - [2-(2-chloro-ethoxy)-ethoxy J -4-methoxy-benzaldehyde LIII was formed by the 

reaction of i sovanil l i n  and 2-chloroethy l  ether. Two products were isolated from the 

reaction mixture by column chromatography, namely the desired product LIII (42%), 

and a substantial amount of XL V I I  (46%) resul t ing from the reaction  of two 

molecules of i sovani l l i n  w ith one molecule of 2-chloroethyl ether. Whi l e  the 

aromatic region of the IH NMR spectrum obtained for LIII  was ident ical to that 

previously observed for X L  V I I ,  the ethereal region of the spectrum was qui te 

different due to the presence of the chlorine atom. This structural difference was also 

clearly visible i n  the I3C NMR spectrum of LIII, where the signal for the carbon atom 

next to the chlorine atom (b 42.5)  appeared in an area that was devoid of signals i n  the 

corresponding XL VII l3C NMR spectrum. The presence of the chlorine atom was 

apparent i n  the high-resolution mass spectrum obtained for LIII, with a typical M + 2 

peak of approximately 3 3 %  intensity due to the inclusion of the 37C l  i sotope. The 

UV /VI S  spectrum obtained was typical of those seen for the other dialkoxy

substituted benzaldehydes previously synthesised. 

The chlori nated i ntermediate LIII  was then reacted w i th van i l l i n  u nder the same 

conditions used to form XLVII and XLIX (Scheme 1 9) ,  yielding 1 -(2 ' -methoxy-4'

formyl phenoxy )-5-(2" -methoxy-5" -formylphenoxy)-3-oxape ntane LIV. While the 

IH NMR spectrum for thi s  compound had the same featu res as the spectra previously 

obtained for XL V I I  and X L I X ,  each s ignal was dupl icated due to the s l i ght 

differences between the two benzene rings.  A signal was observed for every carbon 

atom in the I3C NMR spectrum, in contrast to XLVII and XLIX where the symmetry 

of the molecule meant that there were only half as many signals as there were carbon 
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atoms in  the molecule. Extra structural i nformation obtained from 2-D experiments  

(LR-COSY , HMQC and HMBC) meant that the N MR data could be completel y 

assigned. Elemental analys i s, h igh-resolution mass spectrometry and UV!V I S  

spectroscopy al l provided data consistent w i th the structure of LIV. I t  i s  i mportant to 

note that this product could also been obtained using van i l l i n  as the starti ng material , 

and thi s  route was also i nvestigated. 

An analogous reaction between van i l l i n  and 2-chloroethyl ether gave 4- 1 2-(2-chloro

ethoxy )-ethoxy ] -3-methoxy-benzaldehyde LVI (3 1 %) and a l arge amount of XLIX 

(43%)  resulti ng  from the reaction of two molecules of  vani l l i n  wi th one molecule of 

2-chloroethyl ether (Scheme 23) .  The IH and \ 3C NMR spectra obtained for LVI 

were very s imi lar to those seen previously for LIII ,  wi th s l ight changes in  chemical 

shift. The UV!VIS  spectrum was also very s imi lar, and the mass spectrometry data 

agai n clearly showed the presence of chlorine. Elemental analys i s  gave further 

evidence for the successful synthesis of LVI. 

LVI was in  turn reacted with i sovan i l l in  to g ive 1 -(2' -methoxyA' -formylphenoxy)-5-

(2"-methoxy-5"-formylphenoxy)-3-oxapentane LlV (Scheme 22). The spectroscopic 

and physical properties of LIV produced via the two different synthetic routes were 

identical . 
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I OHCyyO ........ 
� ° Cl 

LVI (31 %) I I 
(+ XLIX 43%) �O-....../ 
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t K2C03, DMF, 
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LlV R = CH3 (55-60%) I NaH, EtSH, DMF, 

LV R = H (26%) -.-J 160'C 3 hrs 1 NaOH, 1 -butanol, 80'C, 
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h CI�O�CI OH 
Vanillin 

Scheme 23 Formation of anti-bis(formylbenzo)-1 8-crown-6 XLVI 

With the successful synthesis of LIV, the demethylation was explored. Reaction of 

LIV with ethanethiol and sodium hydride
235, 236 under the conditions previously used 

for I ,5 -b i s (2 '  -methoxy-5 ' -formy lphenoxy) -3 -oxapentane X L V I I ,  y ielded 4-

ethy l s u lfany l - 3 -methoxy - benzal dehyde  L V I I ,  4-ethy l su l fany l - 3 - hydroxy

benzaldehyde LI and 4-h ydroxy-3 - 1 2- (2-hydroxy-ethoxy)-ethoxy I -benzaldehyde 

LVIII in addition to the desi red product 1 -(2 ' -hydroxy-4' -formylphenoxy) -5-(2"-
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hydroxy-5"-formylphenoxy)-3-oxapentane LV (Scheme 24) .  The by-products appear 

to have formed from nucleoph i l i c  attack of the thioethox ide ion on the methoxy

bearing aromatic carbon as seen during the demethy lation of XLIX (Scheme 20) .  A l l  

of these products were identified by NMR spectroscopy , mass spectrometry, and by  

compari son wi th the s imi lar compounds previous ly observed . The intermediate 

Meisenhei mer complex formed during this SNAr reaction can only be stabi l i zed by the 

carbonyl group in the aromatic ring where the alkoxy and carbonyl moieties are para 

to each other, explain ing why only one i somer of each product is seen. 

The d ia lcohol LV was then treated w i th sodi um hydroxide and reacted wi th 

diethylene glycol ditosylateB8 to g ive anti-bis(formylbenzo)- I S-crown-6 XLVI. The 

spectroscopic properties of this compound were v i rtual ly identical to those obtained 

for syn-bis(formylbenzo)- I S-crown-6 XLV. The i somerical ly-pure nature of th is  

product meant that only one aldehyde signal was seen in  contrast to the two signals 

observed for the mixture XLI (Section 3 .2 . 1 ) . High-resolution mass spectrometry , 

e lemental analys is and UV!VIS  data were a l l  consi stent w ith the desi red product 

XLVI.  

I t  can be seen from Scheme 23 that the y ields of both the chlorinated benzaldehyde 

i somers L I I I  and L V I  were s imi lar, as were the y ields  for the reaction of these 

products with vani l l i n  or i sovan i l I i n  respectively. However, the pathway beginning  

with i sovan i l l i n  was advantageous i n  that the substantial amount of 1 ,5-bis( 2 ' 

methoxy -5 ' -formylphenoxy)-3 -oxapentane XLVII i solated from the purification  

procedure could be demethylated and used i n  the synthes is  of  syn-bis(formylbenzo)

I S-crown-6 XLV (Scheme 1 9) .  
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Scheme 24 Products formed from demethylation of 1 -(2'-methoxy-4'-

formylphenoxy)-5-(2" -methoxy -5" -formylphenoxy)-3-oxapentane LlV 

3.2.6 Horner-Emmons reaction using anti
bis(formyl benzo )-1 8-c rown-6 

Anti-bis(formylbenzo)- 1 8-crown-6 XLVI was reacted with terthiophene phosphonate 

(Scheme 25 ) u s i ng  the same react ion condi t ions  as were u sed for sy n 

bis(formylbenzo)- 1 8-crown-6 XLV (Scheme 22) .  Once again, analys is  b y  MALDI

MS showed three species, the desired product XXXVI I I, i ts potassiu m  salt, and the 

terthiophene d imer seen earl i er. As in the case of syn-bis(formylbenzo) - 1 8 -crown-6, 

it is uncertain whether the ion-free complex actual ly ex isted i n  the reaction mixture, 

or whether decomplexation was occurring  during the MALDI-MS process. Whi le  
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purification  by column chromatography removed the by-product, it led to the 

formation of the sodium salt of XXXVIII .  The product from this reaction was also 

insol uble ,  and again acid  wash ing  d id  not appear to remove the metal i ons as 

ev idenced by MALDI-MS. As in the case of X X X V I I ,  the i nsol ubi l ity of the 

compound meant that further characterization was difficult, and XXXVII was not 

uti l i zed in any further experiments. 

[01 0 
Po o

� 
H � I N H 

o 0 
o �o� 

+ 

XLVI j KO'Su, CH2CI2 THF. 

sonication, 1 hr 

-.;;:: 
S 

XXXVIII (71 %) + 

Scheme 25 Horner-Emmons reaction between dialdehyde XLVI and 

terthiophene phosphonate 

Given that the two bi s(styryl terthiophene) crowns formed were too i nsol uble to be of 

further use, continued attempts to isolate pure material s were abandoned. However, it  

was anticipated that using the two bis(formylbenzo) crowns already synthesised and 

react ing them with thiophene phosphonate in Horner-Emmons reactions would 

provide cross- l i nked thiophenes that could be more soluble, and of use in copolymer 

systems. 
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3.2.7 Formation of b is(styryl thiophene) crowns 

The Horner-Emmons reaction between syn -b i s (formy lbenzo) - 1 8 -crown-6 and 

thiophene phosphonate is detai led in  Scheme 26. The reaction was carried out at 

room temperature, us ing KOtBu as the base, and was complete w ithin 30 m inutes. 

The crude product was purified by flash column chromatography on s i l ica to g ive a 

white powder. Whi le  s l i ghtly more sol uble than the corresponding terthiophene 

derivative XXXVI I ,  characterization was sti l l  l imited . The I H N M R  spectrum 

showed signals typical of a 3-substituted thiophene, i n  addi tion to two v i ny l  doublets 

(b 6.9 1 and 7.03) and the expected aromatic and ether s ignals. H igh-resol ution mass 

spectrometry data was also consi stent with the proposed structure. UV IVI S  analysis 

showed bands at 320.0 nm and 299.5 nm, the same positions as those seen for styryl 

I S-crown-S thiophene X V .  1 3C NMR and 2D NMR experiments requiri ng  13C data 

were unable to be carried out due to the l imited solubi l i ty of the product i n  CDzCl z . A 

further compl icating  factor was the tendency of the compound to degrade i n  solution, 

turn ing from colourless to brown over a period of hours. 

+ Lt. ,  30 min 

XLV 

s 

51 

Q r-0 0) 
o ° Co o� 
tt h 

LlX (38%) l(s'P 
Scheme 26 Formation of syn-bis(styryl thiophene)-1 8-crown-6 LlX 

In the same way, anti-bis(styryl thiophene)- 1 8-crown-6 LX was also formed from a 

Horner-Emmons reaction ( Scheme 27) .  Thiophene p hosphonate and ant i 

bi s(formy l benzo)- 1 8 -crown-6 XLVI were reacted and puri fi ed under the same 
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conditions as described for LIX, y ielding LX as a white powder i n  a s imi lar y ield. As  

observed for the equi valent syn-compound LIX,  l i mi ted sol ub i l i ty h indered 

characterization. High-resolution mass spectrometry confirmed the formation of LX, 

and its UV /VIS spectra showed absorbances in the same pos i tions as for L I X. A 

poorly resolved IH NMR spectrum provided further evidence for the structure of LX, 

but the material was too i nsol uble in  CDzCl2 and other deuterated sol vents to obtain 

more N M R  data. 

+ r I. ,  30 min 

XLVI 

Scheme 27 Synthesis of anti-bis(styryl thiophene)-1 8-crown-6 LX 

As the b i s ( styry l )  crowns were a l l  rather insoluble,  th i s  approach to forming  

monomers capable of forming cross- l i nked polymers was abandoned. 
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3.3 Synthesis of (Ter)thiophene Hemicrowns 

Due to the insol ubi l i ty of the cross- l inked compounds XXXVII - XXXVIII  and 

LIX - LX,  and the avai labi l i ty of  suitable start ing material s,  the monomers LXI -

LXIII (Fig .  3 .4) were instead targeted. It was anticipated that these compounds 

would bind metal ions less strongly, but sti l l  be capable of forming cross- l i nked 

polymeric structures. 

Figure 3.4 Isomeric terthiophene hemicrowns targeted 

3.3 .1  SyntheSiS of terth iophene hemicrowns 

The start ing dialdehydes necessary to form these compounds from a Horner-Emmons 

reaction w i th terthiophene phosphonate had been prev ious ly synthes i sed as 
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i ntermediates i n  the format ion of X L V  and X L V I  ( Schemes 1 9  and 23) .  The 

reactions to form target hemicrowns LXI-LXIII are shown below in Scheme 28. 

LXI 98% 

XLVII 
R1 = R3 = GHQ 

R 2 = R4 = H 

XLIX 
R2 = R4 = G H Q  

R 1 = R 3  = H 

LXII 88% 

LlV 
R1 = R4 = GHQ 

R 2 = R3 = H 

LXIII  93% 

Scheme 28 Formation of bis(terth iophene) hem icrowns LXI-LXI I I  

The reaction to form the i sovan i l l i n-derived hemicrown compound LXI was carried 

out under the same condit ions as previous Horner-Emmons reactions, uti l iz ing KOtB u  

a s  the base. The reaction was complete within 1 hour at room temperature, and an 

aqueous work-up fol lowed by s i l i ca gel chromatography yielded the pure trans LXI 
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as a yellow sol id  i n  an excel lent 98% yield. The terthiophene-styryl peak at 330 nm 

was the only feature on the UV!V I S  spectrum, identical to that observed for al l other 

polyether-substituted terth iophenes. Due to the symmetry of the molecule, the ' H 

NMR spectrum was almost identical to that observed for the i sovan i l l i n-derived open

chain terthiophenes XXVI-XXVII  in the aromatic region. The ether region of the 

spectrum contai ned two methylene multiplets and a si nglet methoxy signal . Figure 

3 .5 shows the ful ly  assigned ' H NMR spectrum for thi s compound. The assignment 

of the ' H and '3C NMR data was assi sted by the col lection of 20 NMR spectra, 

provid ing  vital connect i v ity i nformat ion .  H i gh-resol ution mass spectrometry 

provided additional evidence to verify the successful synthesis of hemicrown LXI. 

The remaining two hemicrowns LXI I and LXIII  were synthesi sed in an identical 

manner, again g iv ing excellent y ields of product (88  and 93 % respecti vely ) .  The 

aromatic regions of the 'H NMR spectra for the three hemicrowns are shown in Fig .  

3 .6. As  previously shown in Fig.  2. 1 9, the s l ight chemical shift differences between 

the i sovani l l i n- and vani l l i n- derived compounds are smal l but d i sti nct. The spectrum 

for the hemicrown contain ing both i sovan i l l i n- and vani l l i n -deri ved components 

appears almost as a strai ght addition of the two ind iv idual spectra, w ith separate 

si gnal s seen for most protons. UV /VI S  spectra for LXII and LXII I  show a peak at 

33 1 nm, as was observed previously for L X I .  As seen for all previous Horner

Emmons reactions involv ing  terthiophene phosphonate, a smal l fraction of 1 ,2-

bi s( [ 2 ' ,2";5" ,2'" I terthiophen-3"-yl )ethene (2%)  was a lso i solated duri ng  col umn 

chromatography. 
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3.3 .2  Synthesis of th iophene hem icrowns LXIV - LXVI 

Due to the avai labi l i ty of start ing materials and thei r  potential use i n  copolymer 

sy stems,  three i someric thiophene hem icrowns ,  analogous to the terth iophene 

hemicrowns LXI-LXII I , were synthesi sed as shown in  Scheme 29. The dialdehyde 

starti ng material s had been previously made, as detai led in Schemes 1 9  and 23 ,  and 

were reacted with thiophene phosphonate in typical Horner-Emmons reactions. 

Purification by flash col umn chromatography produced white sol ids in al l three cases. 

The lower yield of the i sovan i l l i n-deri ved com pound L X I V  reflects its lower 

solubi l ity in organic solvents, but it  i s  l i ke ly that this could be overcome by increasing 

the sol vent vol umes used dur ing the workup. H igh-resol ution mass spectrometry 

gave satisfactory results for al l three compounds .  UV /V I S  spectra showed bands at 

300 nm and 320 nm, as had been seen for all other ether-substi tuted styry l thiophenes 

synthesised. The s ignal s in the ether reg ion of the I H NMR spectra were identica l ,  

with minor chemical shift differences seen in the aromatic region. 13C and 2D NMR 

experi ments allowed the ful l  assignment of al l atoms in  the three compounds. 

No sol ubi l i ty difficu l t ies  were encountered wi th  any of the three i someric 

terthiophene hemicrowns, or the three i someric thiophene hemicrowns, proving  the 

worth of th i s  approach. 
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Scheme 29 Synthesis of bis(th iophene) hemicrowns LXIV-LXVI 
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3.4 Synthetic Summary 

The a im of this synthetic work was to synthes i se a number of mono- and 

b is ( ter)thiophene compounds that contained dial koxy-substi tuted conjugated styry l 

l i nkers. Incorporating a range of dialkoxy functional i ties, i nc luding crown et hers and 

polyether chai ns, was desi rable i n  order to investigate the d ifferent cation binding 

propert ies these would di splay . To thi s  end, two crown ether functional i sed styryl 

terthiophenes (Scheme 7) and three pairs of i someric open chain ether compounds 

( Scheme 1 2) were synthesi sed. In addit ion, two cross- l i nked crown compounds 

(Schemes 22 and 25)  and three i someric hemicrowns (Scheme 28) were made. An 

analogous dimethoxy compound was a l so synthesised ( Scheme 1 3) as a reference, as 

i t  was anticipated that this compound would be unable to b ind metal cations. The 

synthes i s  of all these compounds was achieved by a Horner-Emmons reaction 

between terthiophene phosphonate and an appropriately substi tutued benzaldehyde. 

Whi le other synthetic approaches were tried, this method proved superior due to the 

h igh yields of i somerical ly pure material that could be produced. In most cases the 

substi tuted benzaldehydes were themsel ves unknown and these a l so had to be 

synthesized, uti l izing a variety of synthetic methodologies. 

As thiophene phosphonate was avai lable in our laboratories, i t  was reacted in a series 

of s imi lar Horner-Emmons reactions with the substi tuted benzaldehydes that had been 

synthes i sed. This al lowed a range of s tyryl -thiophene compounds to be made that 

were analogous to the styry l-terthiophene compounds al ready described. These 

i ncluded crown ethers (Schemes 8 and 9) ,  open chain ethers ( Scheme 1 4) ,  b is(styryl 

thiophene)crown et hers (Schemes 26 and 27) and bis(styryl thiophene) hemicrowns 

(Scheme 29) . Whi le  it was anticipated that these compounds would l i kely not form 

conducti ng homopolymers, they could be of great assi stance i n  understanding the 

spectral properties of the styryl-terthiophenes. 
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The styry l  terth iophene monomers synthesi sed had been designed to incorporate 

various crown and polyether functional i t ies that are capable of complexi ng metal 

cations. Thus it was i mportant to investigate the ion binding of these monomers, to 

ensure that selecti v ity between metal ions could be observed. Therefore it was 

necessary that th is  select iv i ty resulted in a change in some measureable property of 

the mono mer. As terth iophenes provide i nformati ve UV/V IS  and fl uorescence 

spectra, the effect of ion binding on the spectra of the monomers was investigated and 

i s  described in Chapter 4. 

Another i mportant aspect of the monomer des i gn was the i ncorporation of a 

polymerisable terthiophene moiety, as it was desi rable to be able to form a conducting 

polymer that could act as a sensor. An  i nvestigation into both the chemical and 

electrochemical polymeri sation of these monomers was therefore carried out, and i s  

detai led in  Chapter 5 .  

The structures of the terthiophene and bi s(terth iophene) compounds used in  the 

spectroscopic and polymeri sation studies are reproduced on a fold-out sheet inside the 

back cover as a reference. 
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4. 1 UVNIS Spectroscopy 

UV!VIS spectroscopy i s  an i mportant technique for gathering i nformation about the 

e lectronic structure of conj ugated compounds. I n  particular all the terth iophene 

compounds synthesi sed in thi s work are yel l ow, and therefore provide i nformative 

UV!V I S  spectra. Cation b inding could reasonably be expected to change the 

absorbance of these molecules, by effecti ng ei ther e lectronic or conformational 

changes. I t  is al so possi bl e that the magnitude of th i s  effect could provide 

information on the relati ve b ind ing affin i ties of the synthesised crowns for various 

cations. For this reason an i nvestigation i nto the effect of cation binding  on the 

UV!VIS spectra of polyether-substituted terthiophenes was carried out 

4. 1 . 1 Literature review 

4. 1 . 1 . 1 A bsorbance of substituted terthiophenes 

A numbered structure of terthiophene i s  shown below (F ig .  4. 1 )  to serve as a 

reference for the following  l i terature discussion. 

4 3 3" 4" 

Figure 4.1 The structure of terth iophene 
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Terthiophene absorbs at 354 nm in dichloromethane sol ution,
240 and the broad and 

structureless nature of its 1(;-1(;* peak has been attributed to the inherent flex ib i l i ty of 

the molecule.
241 . 242 

Substituted terthiophenes with both red- and blue-shifted absorbances are found in  the 

l i terature .  3 ' ,4' -d i hexyl te rthi ophene shows an absorbance max i ma that i s  

hypsochromical ly shifted by 23 nm compared to terthiophene.
24 1 . 

243. 
244 The observed 

shift was explained by the steric hi ndrance between the two adjacent alkyl groups 

creating torsion between the ri ngs, decreas ing conj ugat ive interaction in  the 1(; system. 

A s imi lar ( 1 9 nm) shift seen for 3 ,3" -di methylterthiophene was also accounted for by 

a twisting of the molecule.
243-245 A considerably larger effect (63 nm) was noted for 

3 ,3 ' ,4' ,3" -tetramethy l terthiophene where the substituent interactions caused the 

th iophene rings to become almost perpendicular, drastical ly reducing conjugation.
246 

I n  contrast, substitution with electron donating groups such as -OMe, or -Br causes a 

bathochromic shift i n  the pos i t ion of the absorbance peak. Literature examples 

include 5-methoxyterthiophene (L1Amax = 1 4  nm)
240, 5 ,5"-di bromoterthiophene (L1A.nax = 

8 n m )
240, 5-bromo-5"-methoxyterthiophene ( L1 Amax = 2 1  n m )

240 and 3 ,3" 

di methoxyterthiophene (L1A.nax = 1 8  nm)
243-

245. In addit ion, it would seem logical that 

any substituent contain ing mult iple bonds would extend the 1(; electron system, and 

therefore l ead to a bathochromic shift of the absorpt ion max ima. Th is  has been 

shown to be the case in many examples, i nclud ing a number of cyano- and dicyano

deri vati ves (L1Ama., = 1 5-29 nm)
214, 5-ni troterth iophene (L1Amax = 86 nm)

240, 5-bromo-

5"-nitroterth iophene (L1Amax = 76 nm)
240, 5 ,5"-diphenylterthiophene (L1Amax = 50 nm)

247, 

two triphenylamino substi tuted terthiophenes (L1Amax = 60 and 86 nm), 5 -formyl (L1Amax 
= 48 nm)  5-acety l (L1Amax = 4 1  nm)  5-thenoyl (L1Amax = 63 nm)  and 5 -

benzoylterthiophenes (L1Amax = 52 nm)
248, among others

24 1 . 
242, 249. The fi rst electronic  

trans i tion of terthiophenes (1(;-1(;*)  corresponding to that seen in UV IV I S  spectra has 

been shown to be delocal i zed along the long molecular axis ,
24 1 , 246 and therefore 

substitution at the 5 and 5"-posit ions has the greatest effect on the energy of this 

transition. Kankare et al .  looked at the UV!VIS spectra of a number of terthiophenes 

substi tuted at the 3' -position w ith aromatic moieties. m, 250 They found that the long

wavelength absorpt ion band was seen at the same posi tion as for the parent 

terthiophene, and did not change on vary ing the attached substituent. Thi s, along with 
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other supporti ng data, led them to cone! ude that the aromatic substituents were not 

appreciably conjugated with the terthiophene backbone. These results were attributed 

to steric h indrance between the aromatic s ubstituent and the terthiophene moiety , 

forc ing the aromatic ri ng out of coplanarity. It was antici pated that the incorporation 

of a conj ugated spacer into the dial koxystyryl -substituted terthiophenes synthesi sed i n  

this work would overcome these steric i ssues. 

4.1 . 1 .2 Effect of cation com plexation on absorbance of 

fu nctional ised crown ethers 

To the best of our knowledge, there are only two examples of styryl-substituted benzo 

crown ethers in the l iterature. Alfimov et al. synthesi sed crown ether styryl  dyes as 

shown in Fig .  4.2a. I88, 190 The trans form of this dye showed a response to alkal i metal 

ion perchlorates i n  acetonitri l e, in the order Mg
2
+>Ca

2
+>Ba

2
+, w ith hypsochromic 

shifts in the position of Amax from 29- 42 nm. The dye could be converted i nto the cis 

form by i rrad iat ion ,  and aga in  was affected by metal i on s  i n  the order 

Mg
2
+>Ca

2
+>Ba

2
+ .  The peak max ima shifts were considerably larger this t ime (83 - 1 00 

nm) and this was explai ned by the abi l i ty of the sulfonate group to i nteract with the 

complexed metal ion only i n  the cis configuration. The observed select iv i ty was 

rational ized on the basi s that the smal ler cation Mg
2
+ formed only L :  L complexes with 

the dye, whereas the larger diameter cations tended to form 2: I complexes with 2 dye 

molecules per cation. 
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Figure 4.2 Crown ether styryl dyes 

More recently ,  a crown ether styryl dye i ncorporat ing anthracene was reported (Fi g. 

4.2b).
25 1  Few experimental detai ls are g iven, but the absorption maxima was reported 

to be blue-shifted on addition of Li+ ,  Na+, Mg
2
+ and Ca

2
+, and unaffected by K+ and 

Cs+ . Considering the alkal i and alkal i ne-earth metal ion series separately,  these shifts 

are easi ly rational ized based on size-fit from the data provided in  Tables 4. 1 and 4.2 .  

The greater charge dens ity of the al kal i ne-earth metal ions means that they have a 

larger i nfl uence than the alkal i metal ions. It must be noted however, that the shifts 

observed were quite smal l ,  with the largest bei ng j ust 4 nm. 

Table 4.1 Crown Ether cavity sizes252 

Crown Ether Cavity Size I A 

l -l-crow n--l 1 .2- 1 .5 
J S-crow n-S 1 .7-2.2 
1 8-crow n-6 2.6-3.2 
2 1 -crown-7 3 .4-4.3 
2-l-crow n-8 >-l 
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Table 4.2 Metal cation ionic d iameters253 

Monocation Ionic diameter / A Dication Ionic diameter / A 

Lt 1 .36 Mg2+ 
1 .32 

Na+ 1 .9..J. Ca2+ 
1 .98 

K+ 2.66 Sr+ 2.2..J. 

Rb+ 
2.9..J. Ba2+ 2.68 

Cs+ 3.3..J. 

N i2+ 
1 .38 

Ag+ 2.52 Co2+ 1 .44 

N H/ 2.86 Zn2+ 1 .48 

Mn2+ 
1 .60 

Cd2+ 
1 .9..J. 

Pb2+ 
2.40 

I n  addi tion to the styry l -benzo crowns, there are several examples of styry l- l inked aza 

crown ethers i n  the l i terature (Fig .  4.3 ) .  

c d R, = H, R2 = Me 
e R,  = NMe2, R2 = H 

Figure 4.3 Aza crown ether styryl dyes investigated by UVNIS 

spectroscopy 

Lohr and V ogel
254 

di scuss several aza crown dyes, i ncluding the d in i tro compounds 

shown in  Fig .  4.3a. For the aza- l S-crown-S compound, the UVIV I S  spectrum was 

most affected by Ca
2
+>Ba

2+>Na+>Li+>K+. The order for the 1 8-crown-6 compound 

was Ba
2
+>Ca

2
+>K+>Na+>Rb+ . It i s  eas i l y  rational i zed based on s ize-fi t, that Na+ 
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would have a greater effect on the smal ler crown, whereas the larger cation K+ would 

be a better fit for I S -crown-6 in the alkal i  metal ions. S imi lar ly,  Ca
2
+ would be a 

better fit for I S-crown-S than Ba
2
+, which had more of an effect on the larger crown.  

I n  each case, the alkal i ne earth metal ions had a greater effect than the alkal i metal 

ions due to their greater charge density. 

F igure 4.3b shows a benzoxazinone deri vat ive of aza- I S -crown-5 synthes ised by 

Fery-Forgues et al.
255 This compound showed a bl ue-shi ft in the posi tion of i ts 

absorption max ima on addit ion of Ca
2
+>Mg

2
+>8a

2
+>Na+>Li+ .  Thi s  change was not 

seen on addit ion of metal ions  to reference compounds conta in ing  the same 

chromophore without the crown ether moiety . I t  was noted that the spectrum of the 

crown dye became more l i ke that of the unsubstituted chromophore on complexation, 

and that alkal i ne metal ions had a greater effect than alkal i metal ions. Once again ,  

these results are eas i ly  explained by s ize fi t from the data provided in Tables 4. 1 and 

4.2. 

Bourson and Valeu�56 
i nvestigated a series of merocyanine dyes, i nc luding one that 

incorporated an aza-crown (Fig .  4.3c). The greatest effects were caused by addit ion 

of alkal i ne earth metal ions Mg
2
+>Ca

2
+>Ba

2
+ ,  with Na+ having a larger effect than Lt 

i n  the alkal i  metal ion series. They also observed that alkal ine  earth metal ions had a 

greater effect on the spectra than alkali metal ions, and that the shape of the spectra on 

addition of alkal i ne metal ions was remin i scent of the reference molecule that did not 

contain a donor substi tuent. 

The structures in Fig. 4.3d-e are styrylbenzodiazinones synthesi sed by Cazaux et al.257 
Compound 4.3d shows no wavelength shift on addit ion of Mg

2
+ or Na+ ,  but large 

shifts are caused by Ca
2
+ and 8a

2
+, with Zn

2
+ an i ntermediate case. As in other work, 

it is noted that the spectra of 4.3d  complexed w ith Ca
2
+ or Ba

2
+ becomes more l i ke the 

uncrowned reference chromophore. Compound 4.3e responds to metal ions i n  the 

same order, but the shift i n  wavelength is considerably smal l er. The i r  complexation 

is further compl i cated by the formation of both I :  I and 2: I metal ion: l i gand 

complexes 
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From these resu l ts,  i t  i s  c lear that the greatest effect on the wavel ength maxi ma i s  

caused by the cation (of the same charge) that best fits i nto the crown cavity. Doubly 

charged cations general ly have a larger effect than monovalent cations, as their charge 

density is greater. In addition, the hypsochromic shifts seen on cation complexation 

cause the spectra to become more l i ke that of the unsubstituted chromophore. 

Substitution of a chromophore by a saturated group wi th nonbonded electrons (an 

auxochrome e .g .  OH, NH2) causes a bathochromic sh ift of the chromophores 

absorption bands.m Therefore, it seems logical that i nvolv ing  those electrons in  a 

complex wi th a cation would reduce the auxochrome ' s  effect, manifest ing i n  a 

hypsochromic shift of the absorption band back toward the posi t ion of the orig inal 

unsubstituted chromophore. The extent to which the cation ' neutral i sed ' the effect of 

the auxochromes nonbonded electrons would determine how closely the spectra of the 

complexed auxochromical l y - substi tuted chromophore resembled that of the 

unsubstituted chromophore. 

4 . 1 . 1 .3 Effect of cation complexation on polyether-substituted 

polythiophenes 

Whi le  there have been many polyether, pendant chain ether and crown ether 

functional i sed polythiophenes previously synthesised (Section 1 .4), there have been 

few systematic studies on the effect of cation complexation on their UV /VIS spectra. 

McCul lough and Wi l l iams synthes i sed reg ioregular head-to-ta i l  pol y ( 3 - 1 2 ,s ,8 -

trioxanonyl l thiophene (Fi g. 4.4a). 100 They reported that, i n  addi t ion to a marked 

change in solubi l ity, Amax for thi s  polymer was blue-shifted by 1 1  nm on addition of 

Lt. Later work on this compound showed that addition of Pb
2
+ or Hg

2
+ to a d i lute 

sol ution of polymer caused the poly mer backbone to twi st i n  such a way that 

conjugation was complete ly  removed. Thi s  effect was i rrevers ib le  however, and 

pol ymer conj ugation could  not be restored. In more concentrated solutions, the 

i ntroduction of Pb
2
+ caused a 50- 1 00 nm blue-shift i n  the posi tion of Amax< The 

dramatic loss of conjugati on caused by Pb
2
+ was attributed primari l y  to the d issolved 
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soft metal binding to the thiophene sulphur atoms, with the polyether chain having 

only a ' supplemental ' role. u8 

/ 
o� � 

0� /�J,= 1 2  'X 

to; n 

of 0�\ Z = 3- 10 
M AA n n 

a b c 

Figure 4.4 Polyether su bstituted polyth iophenes investigated by 

UVNIS spectroscopy 

Levesque and Leclerc synthesi sed 3-0 I i go(oxyethy lene)-4-methy lthiophene with a 

mixture of side chains from 3 to 1 0  oxyethylene units long ( Fig .  4.4C) . " O 258. 259 An 

ionochromic effect was noted in  methanol , where the magni tude of the effect was 

K+>Na+>NH.:, with no effect seen on addition of Li+ . Cation complexation caused a 

tw isting in the conjugated polymer backbone, manifested by a decrease in absorbance 

at a h igher wavelength and a s imu l taneous i ncrease i n  absorbance at a lower 

wavelength. A clear i sobestic point indicated the co-exi stence of both the twi sted and 

non-tw i sted forms of the polymer. More recently ,  the same g roup reported the 

synthesis and ionochromic abi l i ty of poly(3 -alkoxy-4-methylthiophene)s with pendant 

crown ethers as shown in Fig .  4.4b.78 Chemical polymeri sation gave high molecular 

weight polymers that demonstrated substantial ionochromic effects. For the 1 2-

crown-4 compound, the largest response was seen for Na+ , fol lowed by K+ and Li+ ,  

whereas for 1 5-crown-5 the order was K+->Na+>Li+. These selecti vities are not what 

would be expected from a s imple I :  1 crown:cation species, but were reported instead 

to be the result of 2: 1 complexation. 
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Marsel l a  and Swager67, 1 45- 147 synthes i sed molecul es that gave a dramat ic optical 

response to cation complexation. The i r  compounds consisted of bithiophene wi th a 

crown-l i ke polyether chain tethering the two thiophene ri ngs ( Fi g .  4.Sa) . I n  the 

uncomplexed state, the thiophene rings maintained the i r  preferred anti geometry, but 

on complexation the thiophene ri ngs were forced to rotate, lead ing  to a loss of 

planarity and hence conj ugation, resu l t ing in a l arge change in Amax. Whi le  the 

bind ing constants for the monomers w ith alkal i metal ions were very low because of 

thei r i nherent i nflexib i l i ty ,  ionochromic  shifts were large, as the twist ing mechani sm 

affected not just the immediate thiophene rings, but neighbouring ri ngs as wel l .  The 

polyether chains contain ing S-oxygen atoms showed the greatest response to Na+ ,  

fol lowed by  Li+ and K+  as  would be  expected by  analogy wi th I S-crown-S .  The 

larger 6-oxygen chains responded to K+>Na+>Li+ ,  due to its structural s im i lari ty to 

1 8-crown-6. I ncorporat ing an extra b i th iophene unit i nto the polymer structure (Fig .  

4.Sb)  gave polymers that responded with the same select iv ity as  the in i ti al monomers. 

The observed wavelength shifts were smal ler i n  thi s  case, as would be expected due 

to the lower crown loading in the polymer. The i ntroduction of an addi ti onal 

methylene group between the thiophene un i ts and the fi rst oxygen atoms  in the 

polyether chain (Fi g. 4.Sc) resulted in less conj ugated polymers of lower molecular 

weight.  These polymers had a l ower binding affinity for alkal i metal ions, which 

resu l ted in a fai l ure of the tw ist- induc i ng mechani sm,  and hence negl i g ib l e  

wavelength shifts on  complexation. 

n 
a b c 

Figure 4.5 lonochromic polyth iophenes synthesised by Marsella et al. 

A recent i nvestigation i nto crown ether funct ional i sed thiophenes was carried out by 

Berli n  et al., who synthesi sed the monomers shown i n  Fig. 4.6. 154 The l 4-crown-4 
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compound (F ig .  4.6a) showed no change by U V  on addi tion of Li + ,  Na+ or K+, 

whereas the l S-crown-6 compound (Fig. 4.6b) showed only very smal l changes on 

addi tion of Na+ and K+. The terthiophene monomer (Fig .  4.6c) showed a larger and 

equal response to Na+ and K+, and the EDOT -deri ved compound ( Fig .  4.6d) showed a 

large UV /VIS response to K+ > Na+ .  F i lms  of pol y (4.6d) were shown to be 

insensit ive to the presence of metal ions, whereas poly (4.6c) d issolved i n  sol utions 

containing Na+ or K+ . 

1\ �j ('�j (1J 
f:0 0) 
l 05 

Ca o� Ca o� ° ° 

0 0 0--G � I s � I s s 

a b c 

Figure 4.6 C rown ether functional ised (ter)th iophenes 

While the research di scussed i n  thi s  section shows in  places rather dramatic results, i n  

many cases there i s  also a rather l imited response to metal cations di splayed. None of 

the work quoted employed a systemati c  approach to complexation us ing many 

different metal s ,  instead preferring to concentrate on (at most) four different metals .  

In most cases ,  the alkal i metal ions were chosen due to thei r  wel l -known binding 

affi n i ty wi th crown ethers. However, there are other cations that al so have the 

potential to complex, and i t  was bel ieved that investigat ing a l arger range of metal 

ions would gi ve a ful ler picture of the binding abi l i ty of the polyether-substituted 

ol i gothiophenes synthesi sed. This was the approach taken in the remai nder of thi s 

study. 
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4.1 .2 UVNIS spectra of polyether-su bstituted 

ol igoth iophenes 

As a large range of crown ether, polyether chai n and hemicrown terthiophene and 

thiophene monomers had been synthes i sed, along with a number of sexithiophene 

products of chemical polymerisation (Section 5 . 1 ) , this provided a unique opportunity 

for an i n-depth study of the i r  UV!VIS  properties. 

4.1 .2 .1  A bsorbance of terth iophene monomers 

50,000 -r----------------------, 

E 
u 

� 25,000 
"0 
E 

-
III 

O +----------r-----��---� 
250 350 

Wavelength I nm 

450 

- Terthiophene 

- LXXVI 

04, r I 
� I. � I. 

- LXX�VII b 
r � 

r I 
� , � I. 

- XXIX " 

B � 
Figure 4.7 Absorbance spectra of terthiophene monomers in MeCN 

Fi g u re 4.7 show s the UV /V IS  spectra for s tyry l - ,  methoxy styry l - and 

di methoxystyryl -terth iophenes LXXV I ,  LXXVII  and XXIX,  compared with the 

spectrum obtai ned for terth iophene under the same condit ions .  The spectrum 

obtai ned for styryl terthiophene LXXVI shows peaks at 3 1 0  and 345.5 nm. The 
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longer wavelength peak appears to result  from the same electronic transition as that 

observed for terthiophene, with a s l ight hypsochromic shift and hypochromic effect 

caused by substi tution. The band observed at 3 1 0 nm is attri buted to the styry l 

thiophene moiety, and can be compared to that observed for trans-sti l bene (308 nm, 

log £ = 4.40).
2 13 The onl y  other possible chromophore that coul d  give ri se to this peak 

i s  the styrene moiety. However, the l owest energy band for styrene i s  observed at 

282 nm ( log £ = 2.65)
2 13 , and so it seems  unl i kely that the styrene chromophore i s  

responsible for this peak. Whi l e  none of the compounds synthesi sed i n  thi s research 

formed crystal s of suffic ient qual i ty to be used for X-ray crystal lographic structure 

determinat ion ,  a re lated styry l terth i ophene structure has been obtai ned. An 

analogous compound to LXXVII,  substi tuted w ith a cyano functional i ty rather than a 

methoxy group, had a dihedral angle between the benzene and central thiophene ri ng  

of 26.5°.
260 Geometry opt imizat ions (Gaussian 98 ,  B3LY P/6-3 1 G(d)) g ive di hedral 

angles of ca. 22° for the styry l ,  methoxystyryl and dimethoxystyryl terthiophenes.65,
26 1  

Thus avai lable X-ray crystal lographic and theoretical data supports conjugation of the 

styryl moiety wi th the central thiophene ri ng. 

A compari son of the three styry l-substi tuted compounds shown in Fig. 4.7 shows a 

clear bathochromic shift of the lower wav'elength absorbance on incorporation of an 

alkoxy auxochrome, an effect which i s  intensifi ed on inclusion of a second alkoxy 

group .  An i ncrease i n  £ accompanies  these changes. It is wel l  known that 

auxochromic substitution on benzene ri ngs causes the observed absorbance peaks to 

move to longer wavelength, due to n-Jr conj ugation, and usual ly  al so causes an 

increase in £ .
2 1 5  S i l verstein, Bassler and Morri l l

2 13 state that for ortho-disubstituted 

benzenes, the shift effects of the two substi tuents on the pri mary n-n* transi t ion band 

are addit ive .  For benzene, each of two adjacent methoxy s ubstituents would be 

expected to cause a bathochromic shift of approx imately 1 3  nm. I t  can be seen from 

Tabl e  4.3 that the i ncorporati on of a s ing le  al koxy functional i ty causes a 

bathochromic shift of 1 2  nm, i ncreas ing to 20 nm on addit ion of a second al koxy 

group. It is also clear that vary ing the length of the alkoxy c hain grafted onto the 

molecule has no effect either on the posit ion of the absorbance maxima or on i ts  

relative intensity. 
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Table 4.3 Solution a bsorbance maxima of terthiophene monomers 

Compound Solvent Solution A.nax / nm (log E) 

TTh-=-Bz LXXVI MeCN 3 1 0.0 (4.58) I 345 .5 (4. 32) 
TTh-=-BzOMe LXXVII MeCN 322.5 (4.62) 
TTh-=-Bz(OMe), XXIX MeCN 3 29.0 (4.65) 
TTh-=-Bz I 5c5 I MeCN 3 29.0 (4.57) 
TTh-=-Bz I 8c6 II MeCN 3 30.0 (4.58) 
TTh-=-BzOCOCOC XXIII MeCN 328.5 (4.6 1 )  
TTh-=-BzOCOCOC XXVI MeCN 3 29.0 (4.59) 
TTh-=-BzOCOCOCOC XXIV MeCN 3 28.5 (4.60) 
TTh-=-BzOCOCOCOC XXVII MeCN 3 29.0 (4.60) 
TTh-=-BzOCOCOCOCOC XXV MeCN 3 28.5 (4.59) 
TTh-=-BzOCOCOCOCOC XXVIII MeCN 3 29.0 (4.64) 
TTh-=-BzOCOCOBz-=-TTh LXI C H:Cl: 3 30.0 (4.88) 
TTh-=-BzOCOCOBz-=-TTh LXII CH:Cl: 3 30.0 (4.86) 
TTh-=-BzOCOCOBz-==-TTh LXIII CH,Cl, 33 1 .0 (4.9 1 )  

I n  summary ,  from a companson of the data obtai ned for the senes of styry l 

terthiophenes, i t  appears that the UV spectra observed consists of the superimposition 

of the e lectronic transit ions for the two consti tuent chromophores .  The s l i ghtly 

shifted terthiophene absorbance can be seen c learly in the spectrum of the parent 

styryl -terthiophene LXXVI, as a shoulder i n  the spectrum of compound LXXVII,  

and i s  merged w ith the styryl-thiophene absorbance for the remain i ng· d ialkoxy

substi tuted styryl-terthiophenes. The h igher energy styry l -thiophene absorbance 

gradua l ly  moves toward the red end of the spectrum w i th the i ncorporation of 

addi tional alkoxy groups on the benzene ring. The overlap of these two peaks leads 

to spectra for the dia l koxy-substituted compounds that d i sp lay a s ing le  broad 

absorbance. 

The terth iophene hemicrowns LXI -LXIII  possess the same conj ugated styryl 

terthiophene moiety as d o  the simpler monomers, and would be expected to absorb at 

the same wavelength as the corresponding d ial koxy-substi tuted terthiophenes. This 

has been shown to be the case, and in addition the extinction coeffic ients of the 

bi s(terth iophene) compounds are approx imate ly  double that obtained for the 

monomers containing a s ingle styryl-terthiophene unit. 

1 20 



4. 1 .2.2 Absorbance of thiophene monomers 

The same trends observed for the terth iophene monomers are ev ident I n  the 

corresponding data for the thiophene monomers (Table 4.4). 

Table 4.4 Solution absorbance maxima of thiophene monomers 

Compound Solvent 

Th-=-BzI63 MeCN 
Th-=-BzOMe1h3 MeCN 
Th-=-Bz(OMc), XXXVI MeCN 
Th-=-Bz I 5c5 XV McCN 
Th-=-Bz I 8c6 XVI MeCN 
Th-=-BzOCOCOC XXX MeCN 
Th-=-BzOCOCOC XXXIII MeCN 
Th-=-BzOCOCOCOC XXXI MeCN 
Th-=-BzOCOCOCOC XXXIV MeCN 
Th-=-BzOCOCOCOCOC XXXII MeCN 
Th-=-BzOCOCOCOCOC XXXV MeCN 
syn Th-=-Bz 1 8c6Bz-=-Th LIX C H2CI2 
anti Th-=-Bz 1 8c6Bz-=-Th LX C H,CI, 
Th-=-BzOCOCOBz-=-Th LXIV C H,CI, 
Th-=-BzOCOCOBz-=-Th LXV C H,CI, 
Th-=-BzOCOCOBz-=-Th LXVI CHoC!, 

Solution "'ma, I nm (log E) 

225.0 (2 .35)  29 1 .0 ('+.40) 
2 1 2.0 (-+.22) 300.0 (-+.49) 
2 1 6.5 (4.26) 297.5 (4. 38) 3 1 8.0 (4AO) 
2 1 6.0 (4.27) 298.5 (.+.39) 3 1 8.0 (4.4 1 )  
2 1 7.5 ( .. 1..2 1 )  298.5  (4. 3 1 )  3 1 8.5  (4. 3 .. 1.) 
2 1 6.0 ( . .1..26) 298.0 (.+.36) 3 1 7.0 (4.38)  
2 1 6.0 (-+.2'+) 298.0 (·+ .33) 3 1 7.0 (.+. 3 5 )  
2 1 6.5 ( .. \..25)  298.0 (-+.28) 3 1 7.0 (4. 3 0) 
2 1 6.0 (4.26) 298.0 (.+.38) 3 1 7.5 ('+.42) 
2 1 6.0 ( .. 1..25)  298.0 (4.35)  3 1 7.0 (4. 3 7) 
2 1 6.0 (4.26) 298.0 (-+. 38) 3 1 7.5 (-lA I )  

299.5 (-+.55) 320.0 (.+.57) 
300.0 (4.49) 320.0 (.+.5 1 )  
300.5 (.+.63) 3 1 9.0 (.+.67) 
300.5 (4.70) 320.0 (4.75) 
300.5 (4.68) 3 1 9.5 (.+.72) 

Previously reported data i ndicates a bathochromic shift of 9 nm on i ncorporation of 

the alkoxy auxochrome i nto 3-styrylthiophene. 163 The i nclus ion of a second alkoxy 

functional i ty causes the appearance of an additional peak at 320 nm. [t is poss ib le 

that either a new peak has appeared, or that a hidden peak has been revealed due to a 

shift caused by the substituent. G iven that the methoxy group i s  an auxochrome not a 

chromophore, and the large £ values of the peaks, the latter explanation seems more 

l i ke ly .  Furthermore, the same absorbances are seen for all the remain ing structures .  

As seen for the i r  terthiophene analogues, i ncreasi ng the l ength of the polyether chain 

attached to the molecule has no effect on the position of the absorbance maximum. 

Again, the hemicrowns L X I V  .. L X V I  absorb at the same wavelength as thei r  

thiophene equivalents, but w ith an extinction coeffic ient that has approximate l y  
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doubled. Due to the l ack of solubi l ity of the bis(thiophene) compounds i n  MeCN, 

their spectra were obtained in CH2CI2 , and hence the lowest wavelength band (ca. 

2 1 6  nm) is not observed. 

4.1 .2.3 A bsorbance of terth iophene dimers 

The absorbance of terthiophene dimers was examined both i n  CH2Ci2 solution and i n  

the sol id-state. Fi l ms used for sol id-state UV measurements were prepared by 

repetit i ve evaporation of drops of a CH2Cl2 solution contain ing the sexithiophene , 

onto pol i shed quartz. The sol ution and thin film absorbance data i s  tabulated i n  Table 

4.5, and example spectra are shown in Fig. 4.8. 

Table 4.5 Solution and sol id-state absorbance maxima of terthiophene 

d imers 

Compound Solution A.nax / nm Thin film "'max / nm 
(log e) 

(TTh-=-B z(OMe)"), LXXV 335 .5 445.0 284.5 342.5 5 1 0.0 
(4.80) (4.55) 555.0 (s) 

(TTh-=-Bz 1 5c5), LXVII 336.0 450.0 357.0 499.0 
(4.82) (4.59) 

(TTh-=-Bz I 8c6), LXVIII 335 .5 445 .5 346.0 480.0 
(4.83)  (-1-.56) 

(TTh-=-BzOCOCOCh LXIX 33-1-.5 -1-5 1 .5 289.5 352.5 528.0 
(4.83)  (4.6 \ )  

(TTh-=-BzOCOCOC)" LXXII 336.0 458.5 29 1 .0 380.0 5 1 0.5 
(4.78) (4.62) 

(TTh-=-BzOCOCOCOCh LXX 334.5 446.0 278.5 348.0 499.5 
(4.8 1 ) (4.57) 

(TTh-=-BzOCOCOCOC)" LXXIII 335.5 448.0 279.5 348.5 489.0 
(4.82) (4.60) 

(TTh-=-BzOCOCOCOCOCh LXXI 335.5 450.5 28 1 .5 342.5 485.0 
(4.80) (4.6 1 )  

(TTh-=-BzOCOCOCOCOC), LXXIV 336.5 454.0 285.0 344.5 478.0 
(4.8 1 ) (4.63) 
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Figure 4.8 Solution (blue) and th in  fi lm (red) UVNIS spectra of 1 8-

crown-6 terth iophene dimer LXVII I  

The red shift seen in the Jt-Jt* band on going from sol ution to the sol id-state i s  

characteristic of sol uble polythiophenes, and has been attributed to conformational 

changes.97. 262 It has been proposed that o l igothiophenes adopt a flex ible coi l - l i ke 

structure i n  solution where adjacent thiophene rings can deviate from coplanarity , and 

the increase i n  conj ugation length seen i n  the soli d-state i s  caused by a transition to a 

more rigid rod-l i ke conformation.97• 263 

There i s  a clear trend v is ible i n  the fi l m  data, wi th Amax decreasing from 555 nm to 

478 nm with i ncreasing polyether chain length. This trend is not apparent in the 

sol ution data, and therefore i s  probably rel ated to the conformation of the 

sexithiophenes i n  the sol id-state. I t  seems  l ikely that thi s  i s  a steric effect rather than 

an e lectronic effect, and that the longer poly ether chains are causing the molecules to 

adopt a less p lanar conformation. I n  addi tion, the effect is greater for the van i l l i n

derived compounds (LXXII - LXXIV) than for the i sovan i l l in-derived equivalents 

(LXIX - LXXI) .  X-ray crystal structures could provide valuable i nformation to ass i st 

i n  i nterpret ing the spectral data, however numerous attempts to form suitable crystal s  

from these compounds were unsuccessful .  The evidence here i mpl ies that while al l of 

the sexithiophenes have a s imi lar conformation i n  sol ution, those with polyether 

chains are prevented to varying degrees from making the conformational transition to 

the more electronical ly delocalized rod structure. 
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While these Amax values are at least as high as those reported by other researchers for 

polymerised terthiophene derivatives comprising up to 2 1  thiophene rings,97, 250 only 

dimers were detectable by MALDI-MS.  This impl ies that while l onger ol i gomers 

were present in the quoted research, the effective conjugation length may have been 

as short as six thiophene rings .  I n  turn, this suggests that the sexithiophenes 

synthesised here could potentiall y  have e lectrochemical properties as good as some 

considerably longer oligothiophenes. 

4.1 .3 Effect of cation com plexation on terthiophene 

m onomer UVNIS spectra 

An i nvestigation was carried out i nto the UV!VIS spectra of the polyether-substituted 

terthiophenes, to see if the data could be used to determine cation binding  affinities. 

UV /VIS spectroscopy gives a measure of the energy required to promote an electron 

from a bonding to an antibonding molecu lar orbital . In an extended :rt-system such as 

those existing  i n  styryl terthiophenes, the energy of this transition is s ufficiently low 

that it fal l s  i n  the vis ib le part of the electromagnetic spectrum ,  hence the yel low 

col our of the compounds. I t  was anticipated that the bindin g  of cations to the 

polyether part of the mol ecules would pu l l  e lectron density away from the molecule, 

therefore s hiftin g  its :rt - :rt * absorbance to h igher energy ( shorter wavelength ) .  

Different cations could be  expected to bind to the molecules to varyin g  degrees ,  thus 

affecting their spectra by differing amounts ,  so that observable changes in the 

UV !VIS spectra coul d  be used as a measure of how well each cation bound. 
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4. 1 .3 . 1  Experimental proced u re 

The effect of complexation on the UV!VI S  spectra of the polyether-substituted 

terthiophenes synthesised during the course of thi s research was i nvest igated by 

measuring the UV!VIS spectra before and after the addition of various metal ions. 

Terthiophene compounds (I, l l ,  XXIII  - XXVIII, XXIX, LXXVI - LXXVII ,  LXI -

LXIII)  were used at a concentration of 1 .5 x 1 0-5 - 2.8 x 1 0 5 M in  spectroscopy-grade 

acetonitri le. Stock sol utions of the metal ions were prepared as either the perchlorate 

(Li+ Na+ A 0+ N(Bu) + M 0
2
+ Ca

2
+ Sr+ Ba

2
+ Ni

2
+ C0

2
+ Zn

2
+ Mn

2
+ Cd

2
+ Pb

2
+) or  , ' b  ' -+ '  b '  , , , , , , , , 

hexafl uorophosphate (K+ ,  NH4+) at 0.4 M i n  acetonitri le .  RbClO.j and CsClO.j were 

used as a saturated sol ution in acetonitri le .  5 - 1 0  jlL of the relevant metal ion or  

acetonitri l e  blank was added to 3 mL of terthiophene derivative to g ive a metal ion 

excess of 50 fold. The change i n  the posit ion of the absorbance maxima was 

measured from 3 1 0 nm (LXXVI), 322 nm (LXXVII)  or 328.5 nm for a l l  remain ing 

compounds.  I n  al l cases, the posit ion of the absorbance max i ma was ei ther 

unchanged (with in the l imits of experimental error estimated at ± 1 .5 nm) ,  or 

hypsochromical l y  shifted on addition of metal ions. 

Spectra were col l ected usmg a Sh imadzu UV -3 1 0 1  PC UV!V I S/NIR Scanning  

Spectrophotometer control led by a PC running standard Shimadzu software. Data 

was exported to Microsoft Excel for further processing. 
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Figure 4.9 Change in  absorbance maxima caused by add ition of metal cations to terth iophene monomers 
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4.1 .3.2 Discussion 

The changes i n  absorbance max i ma for al l the styryl terthi ophenes previously 

di scussed with a variety of metal cations are summarized i n  Fig .  4.9. G i ven the 

change i n  absorbance max ima observed on addit ion of MeCN, i t  appears that the 

noise level in thi s  data is approximately ± 1 .5 nm. As the absorbances are rather broad 

for these types of compound, the peak values obtained tended to vary s l ightly from 

sample to sample,  and thi s  i s  thought to be the major contr ibutor to the noi se 

observed . Only responses greater than ± 1 .5 nm are considered s ignificant and 

d iscussed below. 

The results obtained from thi s  work can be most eas i ly  analysed by considering the 

cations used in their periodical groups. 

It is clear from the data presented for the alkal i metal cations (Li+, Na+, K+, Rb+, Cs+ ) ,  

that the crown ether terth iophenes I and 11 show a greater response than do the open

chain compounds. Thi s i s  not surpri s ing ,  g i ven the free energy cost involved i n  

organiz ing the polyether chain i nto the correct conformation for cation binding. I D  1 5 -

crown-5 terthiophene I exhibits the l argest Ama, shift when Na+ i s  added, with smal ler  

effects caused by L i +  and K+ . I n  contrast, 11 ,  with i ts larger cavi ty s ize, shows a 

response of the order Na+=K+>Li+>Rb+. These results can be rational ized from the 

size data provided in Tables 4. 1 and 4.2. 

Only one response can be seen from any of the compounds i nvesti gated to the 

remain ing three monocations Ag+ , N H/ and N(Bu)/ . 1 8-crown-6 terthiophene 1 1  
showed a 3 . 5  n m  shift of Amax on complexation with NH/. From the data given above 

in Tables 4. 1 and 4.2, thi s  is to be expected due to a size fit between the cation and the 

crown ether cavity. Neither Af or N(Bu)/ has any effect on UV /VI S  spectra, and it 

seems most l ikely that it is due to the size of N(Bu)4\ and electroni c  effects for Ag+ . 

The next group of cations to be considered was the al kal i ne earth metal ions (Mg
2
+, 

Ca
2
+, Sr

2
+ ,  Ba

2
+) .  1 5-crown-5 terthiophene I showed the largest wavelength shift on 

addi tion  of Mg
2
+ ,  fol lowed by Ca

2
+ , Sr+ and Ba

2
+ ,  as  would be expected by a 
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consideration of the ir  relati ve s izes (Tables 4. 1 and 4.2) .  It should be noted that 

although Mg
2
+ appears too smal l for the cavity , benzo-crown et hers w i l l  have s l i ghtly 

smal ler cavities than those g iven in Table 4. 1 due to the constraints imposed by the 

benzene ri ng. In contrast, the larger styryl - 1 8-crown-6 terthiophene 11 should exhi bit 

i ts l argest wavelength shift with one of the larger al kal ine metal cations. This  i s  

i ndeed the case, as shown i n  Fig .  4.9, where the greatest shift i s  caused by Sr
2
+ ,  

fol lowed by Sa
2
+, Ca

2
+ and Mg

2
+ .  

Cl> <.I c: 

1 .0,------------------------., 

.e 0.5 o fA .0 c( 

0.0 +---------.----------.-======1 
200 300 400 500 

Wavelength I nm 

Figure 4. 1 0  Styryl-1 5-crown-5 terth iophene I before (blue) and after 

(red) addition of Mg2+ 

The spectra for styry l - 1 5-crown-5 terthiophene before and after the addition of Mg
2
+ 

are shown in  Fig .  4. 1 0. On addition of the metal ion, the spectrum of I clearly starts 

to resemble the unsubsti tuted styryl -terthiophene monomer shown in  Fig. 4.7. This i s  

consi stent wi th previous research (Section 4. 1 . 1 . 2 )  where complexation by  metal 

cations reduced the bathochromic effect of the ether auxochromes, resu l t ing in a 

hypsochromic shift of the absorption maxima. 

All three sets of open-chain compounds d isplay size-related wavelength shifts. The 

compounds w ith the shortest chai ns, XXIII and XXVI , show the largest response to 

Ca
2
+ ,  w ith considerably  smal ler shifts caused by Sr+ and Ba

2
+ .  I ntermediate chain 

length compounds XXIV and XXVII show responses in  the order Sr
2
+>Ca

2
+>Sa

2
+ .  

The compounds containing the longest polyether chains, XXV and XXVIII ,  show an 

equal response to Sr
2
+ and Sa

2
+ ,  w ith a lesser shift caused by Ca

2
+.  Mg

2
+ did not cause 
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an appreci able shi ft i n  the wavelength maximum for any of the open-chain 

compounds. 

The remain ing dications (Ni
2
+ ,  C0

2
+ ,  Zn

2
+ ,  Mn

2
+, Cd

2
+ and Pb

2
+) w i l l  be considered 

together. Whi le  1 8-crown-6 terthiophene I I  shows an increasing response w ith 

increasing size (Pb
2
+>Cd

2
+>Mn

2
+>Zn

2
+>C0

2
+>Ni

2
+) ,  a straight s i ze-dependence is not 

observed for l S -crown-S terth iophene I .  The response for the fi ve cat ions 

Zn
2
+>Mn

2
+>Cd

2
+>C0

2
+>Ni

2
+ is  qu i te reasonable i n  terms of cat ion s ize, but the 

increased response for Pb
2
+ suggests that in  this case, electronic factors al so come i nto 

play .  This  idea i s  further strengthened by the fact that whi le the bis(terthiophenes) 

show no response to any of the alkal i or alkal i ne metal ions, or any of the trans i tion 

metal ions, they al l show a wavelength shift caused by Pb
2
+ .  Thus Pb

2
+ is hav ing a 

greater effect on the absorbance of the polyether-substituted crowns than would be 

expected based on i ts s ize and charge alone. Hard-soft-acid-base theory states that 

hard cations w i l l  complex preferential l y  with hard l i gands, and soft cations with soft 

l i gands. One measure of the ' hardness'  or ' softness' of a cation i s  the Mi sono 

softness parameter (Y ) ,  wh ich is related to the ionic rad ius,  valence charge and 

ionization potential of a cation. M i sono softness values for various metal ions are 

given below in Table 4.6. 

Table 4.6 Misono softness values for metal cations 

Metal Ion Misono Softness (Y) Metal Ion Misono Softness (Y) 

Li+ 0.36 Mg2+ 0.87 

K
+ 0.92 Ca2+ 1 .62 

Na+ 0.93 Sr+ 2.08 
Rb+ 2 .27 Zn2+ 2. 3..!-
Cs+ 2 .73 8a2+ 2.62 

N i2+ 2.82 
Cu2+ 2.89 
Co2+ 2.96 
Mn2+ 3.03 
Cd2+ 3.0..!-

Fe2+ 3.09 

Sn2+ 3. 1 7  
Pb2+ 3. 58 
Hg2+ 4.25 
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Cations w i th M isono softness values Y < 2.5 are c lassed as hard cations, and those 

w ith Y > 3 .2 as soft cat ions.  Val ues of 2.5 < Y < 3 . 2  are borderl i ne cases, where 

complexation w i l l  depend on environmental factors such as solvent. It i s  wel l known 

that oxygen is a hard l i gand, and as such w i l l  preferential l y  complex hard cations. 

This is the reason w hy crown ethers complex alkal i and alkal i ne earth metal cations 

so strong ly ,  whereas they rarely form complexes w ith trans i t ion metal ions .9 

However, the part icular monomers studied i n  thi s  research also i ncorporate sulphur 

atoms. Sulphur is a soft l i gand, and soft cations would preferential l y  b ind to sulphur 

over oxygen. It can be seen from the data presented in Table 4.6 that the only metal 

ion studied here that can be classified as a soft cation is Pb
2
+ .  The data i n  Fig .  4.9 

s hows that Pb
2
+ has an effect on the spectra of al l the polyether-subst i tuted 

terthiophenes, and i t  seems l i kely that this is due to complexation between the thienyl 

su lphur atoms and the d i ssolved soft metal ion .  G i ven that the magnitude of thi s  

effect varies between the different types of polyether-substituted monomers, and that 

no change is seen i n  the spectra of the reference compounds, it is clear that the 

polyether chain i s  al so play ing  a role. Thi s  i s  consistent with results publ i shed by 

McCul lough and Wi l l i ams ( Section 4. 1 . 1 . 3 )  w here they see a part icularly strong 

complexation effect on addi tion of Pb
2
+ or H g

2
+ to a sol ution of poly( 3 - 1 2 ,5 ,8-

trioxanonyl lthiophene. [OO 

The absorption maxi ma for the three reference compounds LXXVI,  LXXVII and 

XXXIX are unaffected by al l of the cations tested. This  shows that the wavelength 

shifts observed are not caused simply by the presence of the metal ion cations, but 

that the cations must be complexed to some degree i n  order to exert an effect. I n  

addition, n o  s ign ificant wavelength changes were noted o n  addi tion of MeCN to any 

of the compounds tested. 
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4.2 Fluorescence Spectroscopy 

G i ven that terthiophene fl uoresces, it seemed reasonable that the electronic changes 

caused by a cation b ind ing to the crown ether cavity could affect the fluorescence 

output of the terthiophene monomers synthesi sed. Furthermore, the change i n  

fl uorescence observed could provide a measure of the bind ing affin ity of a range of 

cations for a particular polyether monomer. A survey of the l iterature was therefore 

undertaken i n  order to see what research had been previously carried out i n  the areas 

of ( i )  determin ing cation b ind ing to crowns by fluorescence spectroscopy, and ( i i )  

terthiophene fl uorescence. 

4.2 .1  Literature review 

4.2. 1 .1 F luorescence of substituted crown ethers 

Due to the i r  wel l -known cation bi nd ing  properties ,  crown ethers have been 

i ncorporated i nto many d ifferent types of molecules for use as ion-sensors . I n  

general , these compounds consist of a crown ether covalently l i nked to a fIuorophore, 

where it is expected that the electronic change caused by complexation w i l l  cause a 

change i n  the fluorescence properties of the molecule.  Two main effects have been 

noted by researchers working i n  this area. By far the most common i s  complexation 

enhanced quenching of fluorescence (CEQF) whereby the b inding of a cation by the 

crown ether causes a decrease in the fluorescence i ntensity observed. Less frequently 

observed is complexation enhanced fluorescence (CEF) ,  where a binding event causes 

an i ncrease in fluorescence. This i s  usual ly  observed when the cation either i nterrupts 
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i ntramolecular quenching between functional groups i n  a molecule, or when a non- or 

weakly-quenching cation displaces a more strongly quenching cation.
264 

To the best of our knowledge, there are only two fluorescence studies i nto the cation 

binding of styryl-substi tuted benzo-crown ethers publ i shed in the scientific l iterature. 

Barzykin et al. 190 synthesi sed the benzo-crown ether styryl dye shown in Fig. 4. 1 1  a, 

and examined i ts fluorescence response to Mg
2
+, Ba

2
+ and Ca

2
+ i n  acetonitri le. They 

observed a hypsochromic shift of the fluorescence emiss ion peak of the trans i somer, 

w i th a concomitant decrease i n  fl uorescence i ntens i ty .  Sh in
25 1  l ooked at a 

v iny lanthracene fl uorophore ( Fig .  4. 1 1  b) and saw a dramat ic  M g
2
+ i nduced 

fluorescence enhancement effect. This was attributed to the complexed cat ion 

i nh ibi t ing i Nramolecular charge transfer from the crown ether moiety to the 

anthrylethene moiety . 

Figure 4.1 1 Crown ether styryl dyes of Barzykin (a) and Shin (b) 

S imi lar molecules exi st i n  the form of styryl-substituted aza-crown ethers, and to date 

three i nvestigations i nto the effect of cation complexation on the i r  fl uorescence 

spectra have been carried out.
255-

257 

Fery-Forgues et al. looked at a benzoxazinone derivati ve of aza- 1 5-crown-5 ( Fi g .  

4. 1 2a) .
255 In  thei r  study they noted a hypsochromic shift of the fluorescence emission 

maxima, and an enhancement of the fl uorescence s ignal . Bourson and Valeur56 

synthesised a crown-substituted merocyanine shown i n  Fig.  4. 1 2b .  On complexation 

of various cations, they describe a hypsochromic shift and reduction in i ntensity of the 

fluorescence peak. Two styrylbenzodiazinones studied by Cazaux et al.
257 are also 
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shown i n  Fig. 4. 1 2c-d. Whi l e  both compounds displayed hypsochromic shifts on 

cation complexation, for compound 4. 1 2c the fluorescence i ntensi ty was i ncreased, 

w hereas for 4. 1 2d it decreased. The results are exp lai ned by noti ng the 

donor/acceptor nature of compounds 4. 1 2a and 4. 1 2c, and the ir  s im i l ar i ty of 

behaviour, which contrasts w ith the the two donor/acceptor/donor molecules 4. 1 2b 

and 4. 1 2d.  

Figure 4.1 2 Styryl-substituted aza crown ethers 

There are many other l i terature examples of fluorophores covalently l i nked to crown 

ethers,
265 267 benzo-crown ethers/68-

272 aza-crown ethers,
256, 

273-
275 pyridino crown 

ethers
276 and open-chain ethers

277 that d i splay complexation enhanced fluorescence 

quenching. 

4.2. 1 .2 F luorescence of substituted terthiophenes 

The fluorescence of thiophene ol i gomers has been well studied,
240, 

246, 
278-

287 and their 

emi ss ion spectra show two main peaks. For terth iophene in d ichloromethane 

(absorbance Amax = 354 nm), the fluorescence max ima peaks are observed at 4 1 1 and 
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433 nm, w ith a fluorescence quantum yield (<I>F) of 0.055 ?40 The more structured 

fl uorescence spectrum i ndicates that the molecule is more r ig id in the first relaxed 

exci ted s inglet state. This has been explai ned on the bas is  of the excited state hav ing 

a quinoidal - l ike form that i s  essential ly planar, whi le  in  the ground state the molecule 

is free to rotate.
288 The major deacti vation pathway of the S I excited state of 

ol igothiophenes involves an i ntersystem cross ing process from S I to TI •
w Whi l e  the 

su lphur atom in ol i gothi ophenes has only a m inor effect on the electronic  spectra, 

essential l y  hold ing the molecule in a cis-diene configuration, it has a major i nfl uence 

on fluorescence?4f> It i s  well  establ i shed that molecules contain ing moderately heavy 

atoms such as sulphur have large sp in-orbi t  coup l ing .  This a l lows unpai r ing  of 

e lectron spi ns, and hence i ntersystem cross ing from singlet to triplet excited states.
s 

Clearly ,  the nature of substi tuents attached to o l igothiophenes has an effect on the 

energy of the singlet and triplet excited states, and as the energy gap between S I and 

T I decreases, the rate of intersystem crossing w i l l  i ncrease.
243 This effect is c learly 

evidenced by the col lection of triplet quantum y ie ld data where <l>T for substituted 

terthiophenes is as h igh as 0.99.
2
.J6 An i ncrease i n  o l i gomer length shifts both the 

absorbance and fluorescence peaks to longer wavelength, wi th a concomitant i ncrease 

i n  fluorescence quantum yield.  Thi s  effect has been attributed to a decrease i n  

nonradiati ve decay i n  longer 0I i gothiophenes,
284 and i s  evidenced by a decrease i n  

<l>p
279 Despite the h i gh value of <l>T (0.90) for terthiophene, n o  phosphorescence has 

been observed. This  can only mean that the non-rad iat ive rate constant from the 

lowest tri plet state to the ground state is considerably l arger than the corresponding 

rad iati ve rate constant.
279 This  h igh radiationless rate constant has been explained by 

i nter-ri ng bond torsional  coupl i ng  to the ground state, effecti ve ly  quenchi ng 

phosphorescence.
288 Whi l e  a l i terature report c l ai m i ng the fi rst ev idence of 

phosphores cence from po l y ( 3 -hex y l t h i o ph e n e ) ,  tert h i op h ene and  a 

bromoterthiophene can be found/89 doubt has been cast on the resul ts by other 

researchers
279,

288. In addition, researchers previously i nvestigating the photoexcitation 

of a-terthiophene fai l ed to observe any phosphorescence.262. 290, 
29 1 

Substi tuted terthiophenes w ith a large range of fluorescence peak max ima and 

quantum y ie lds can be found i n  the l i terature. Some derivati ves (eg. 3 ,4'

dihexy lterthiophene and 3 ,3" -dimethoxyterthiophene) show s ignificant changes in the 
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UV (Section 4. 1 . 1 . 1 ) , but very l i ttle difference in  their fl uorescence spectra.
24 1 , 

243 245 

5 -theonyl terthiophene and 5 -benzoylterthiophene show s ign ificant ly red-shifted 

fluorescence maxima, attributed to the additional aromatic ring stabi l izing the excited 

state.
248 One of the more dramatic examples i s  that of 5 -nitroterthiophene. The 

fl uorescence maxima for thi s compound i s  shifted by almost 70 nm compared to 

terthiophene, and <PF increases from 0.055 to 0.34. 5-bromo-5" -nitroterthiophene has 

an even larger <PF of 0 .55 .  These resu l ts are explained by intramolecular charge 

transfer occurring i n  the excited state, vastly increasing the l i fetime of the excited 

state and presumably decreas ing  i ntersystem crossing .
2-w To the best of our 

knowledge, at the time of thi s research, there was no fl uorescence data publ i shed on 

terthiophenes mono-substituted at the 3' -position. Rather, the majority of the work 

(d iscussed above) has been carried out on symmetrical molecules, or on those 

substituted at the a-positions. 

4.2. 1 .3 Fluorescence of crown ether-substituted thiophenes 

Despite the abi l i ty of terthiophene to fl uoresce, none of the crown- or polyether

substituted terthiophene compounds pub l i shed to date have incl uded an investigation 

of this property. However, there i s  an example of a thiophene-substituted benzo

crown ether synthesi sed by Cielen et al. that is of i nterest (Fig .  4. 1 3).292 

F igure 4. 1 3  Benzo-crown ether fluorophore synthesised by Cielen et 

al. 

The carboxylated functiona l i ties on the phenyl r ing were designed to i mprove the 

solubi l ity of the compound, al l owing spectroscopy to be carried out in aqueous 

buffers. Under the conditions employed, the compounds showed no change i n  the 
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positions of the absorption or emission max ima upon addit ion of Li+, Na+, K+, Cs+, 

Mg
2
+ or Ca

2
+ ,  but did show a change in emission intensity. Interest ingly some metal 

ions increased the fl uorescence i ntens i ty ,  wh i le  other metal ions had the opposite 

effect and decreased the response. Although the I S-crown-S compound showed no 

discrimination between Na+ and K+ ions, the 1 8-crown-6 based molecule displayed a 

selecti vity of 3 :  1 for K+ over Na+ . 

In later work uti l iz ing the same fl uorophore, the group tested three new (di )pyridino 

crown ethers (Fig. 4. 1 4) .
276 

1\ o 0 

Figure 4 . 14  Pyrid ino  crown ethers contain ing thiophene-based 

fluorophore(s) 

As for the benzo-crown ethers, the positions of absorption and emission maxima were 

not altered by the add ition of metal ions. However, in contrast to the results obtai ned 

for the benzo-crown derived material s ,  addit ion of metal ions caused a decrease i n  

fl uorescence intensity for al l the ions studied. Again, the I S-membered ri ng showed 

l i tt le selecti v i ty between metal ions, whereas both the 1 8-membered ring and the 

difunctional i sed compound showed the greatest response to K+. 
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4.2.2 Fluorescence of polyether-su bstituted 

ol igothiophenes 

Tabulated fluorescence data for the complete range of terthiophene and sexithiophene 

compounds is presented below i n  Table 4.7. The difference between the emission and 

absorption bands (Stokes shift) is calculated, and can be related to the stabi l ity of the 

excited state of the molecu le .
240 Data for terthiophene and sexithiophene is also 

i ncl uded for comparison. 

Table 4.7 Fluorescence data for terth iophene and sexith iophene 

monomers obtained in  C H2Ch 

Compound 

Terthiophene241 1 
TTh-=-Bz LXXVI 
TTh-=-BzOMe LXXVII 
TTh-=-Bz(OMeh XXIX 
TTh-=-Bz I 5c5 I 
TTh-=-Bz I 8c6 II 
TTh-=-BzOCOCOC XXIII 
TTh-=-BzOCOCOC XXVI 
TTh-=-BzOCOCOCOC XXIV 
TTh-=-BzOCOCOCOC XXVII 
TTh-=-BzOCOCOCOCOC XXV 
TTh-=-BzOCOCOCOCOC XXVIII 
TTh-=-BzOCOCOBz-=-TTh LXI 
TTh-=-BzOCOCOBz-=-TTh LXII 
TTh-=-BzOCOCOBz-=-TTh LXIII 
Sexithiophene241) 

(TTh-=-Bz), 

(TTh-=-B zOMe), 
(TTh-=-Bz(OMe),), 
(TTh-=-Bz I 5c5), LXVII 
(TTh-=-Bz I 8c6)2 LXVIII 
(TTh-=-BzOCOCOC), LXIX 
(TTh-=-BzOCOCOC), LXXII 
(TTh-=-BzOCOCOCOC)2 LXX 
(TTh-=-BzOCOCOCOC)2 LXXIII 

(TTh-=-BzOCOCOCOCOCh LXXI 
(TTh-=-BzOCOCOCOCOC), LXXIV 

Ex Amax / nm 

35--1-

3 1 2 
323 
.BO 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
--1-32 

320. 450 

330 . ..J...l.5 
335 . ..J...l.5 
335. 450 
335, ..J...l.5 
335. 450 
335 . ..J...l.5 

335, ..J...l.5 
335, ..J...l.5 
335, ..J...l.5 
335, 455 
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Em Amax / nm 

--1- 1  L --1-33 
..J...l.9 

..j...j....J. 
..J...l.3 

..J...l.6 
..j...j....J. 
..J...l.3 
..J...l.5 
..J...l.2 
..J...l.5 

..j...j....J. 
..J...l.5 
..J...l.5 
..J...l.5 
..J...l.8 

5 1 2. 548 
546 

543 
545 

549 

546 
545 
545 
545 

545 

545 
546 

�ax / nm 
(Stokes shift) 

79 
1 37 
1 2 1  
1 1 3 
1 1 6 
1 1 --1-
1 1 3 
1 1 5 
1 1 2 
1 1 5 

1 1 --1-
1 1 5 

1 1 5 
1 1 5 

1 1 8 
1 1 6 

226, 96 

2 1 3 . 98 
2 1 0. 1 00 
2 1 4, 99 

2 1 1 .  1 0 1  

2 1 0. 95 
2 1 0, l OO 
2 1 0, 1 00 
2 1 0, 1 00 
2 1 0. 1 00 
2 1 1 , 9 1 



An example of the fl uorescence spectra obtai ned for the terth iophene and 

sexithiophene monomers is  shown in  Fig. 4. 1 5 , along with thei r absorbance spectra. 

_ 600 
!J 'E 
" 

� 
I! 400 € 
.!!. 

250 350 450 
Wavelength I nm 

550 

600.------------------, 

250 400 550 700 
Wavelength I nm 

Figure 4. 1 5  Absorbance (red) and fluorescence ( blue) spectra for 

polyether-su bstituted terthiophene XXVII ( left) and polyether-substituted 

sexith iophene LXIX (right) in CH2Cb 

I t  can be seen from the tabulated data, that the fl uorescence spectra of the styryl ter

and sex i -thiophenes show considerably less structure than the parent compounds.  The 

reason g iven for the i ncrease in structure seen for the fl uorescence spectra of 

terth iophene and sexithiophene over their absorption spectra, is an increase in ri g id i ty 

of the molecule in the fi rst relaxed excited state.
288 Thus, it fol lows that this i s  l i kely 

not the case for the synthesi sed styryl-derivati ves. 

The Stokes shifts for a l l  the dialkoxy-subsituted compounds are larger than that 

obtai ned for terthiophene, i ndicat ing that the excited state is more stable.240 A 

decrease in Stokes shift i s  seen on i ncorporat ion of al koxy groups from styry l  

terthiophene LXXVI to  methoxystyryl terthiophene LXXVII to dimethoxystyry l 

terthiophene XXXVI, i ndicating that the incl usion of these alkoxy groups destabi l i zes 

the excited state. The val ues are then fairly constant for al l the crown and open-chain 

terthiophenes,  and for the bi s(terthiophene) hemicrowns. The sexithiophenes show 

the same pattern on incorporation of methoxy groups, w ith a decrease in Stokes shift. 

In addition, the emi ssion wavelength for these compounds i s  i ndependent of the 

wavelength c hosen for excitation, indicating that the same fi rst relaxed excited state i s  

reached regardless of excitation wavelength. 
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4.2.3 Effect of cation com plexation on terth iophene 

m onomer fl uorescence spectra 

4.2.3.1  Experimental procedure 

The effect of complexation on the fl uorescence emission spectra of the polyether

substi tuted terthiophenes synthesi sed duri ng the course of th i s  research was 

investigated by measuring the fl uorescence spectra before and after the addi tion of 

various metal ions. Terthiophene compounds (I, 11, XXIII-XXVII I, XXIX, LXXVI

LXXVII) were used at a concentration of ca. 6 x 1 0 7 M, and bi s(terthiophenes) (LXI 

- LXIII) at ca. 3 x 1 0 7 M in spectroscopy-grade acetoni tri le. Stock sol utions of the 

metal ions were prepared as e ither the perchlorate (Li+, Na+,  Ag+,  N(Bu)./ , Mg
2
+ ,  Ca

2
+ ,  

Sr
2
+ ,  Ba

2
+ ,  N i

2
+ ,  C0

2
+, Zn

2
+, Mn

2
+ ,  Cd

2
+ ,  Pb

2
+ )  or hexafluorophosphate (K+ ,  NH/) at 

OAM in acetonitri le .  RbCI04 and CsCI04 were used as a saturated sol ution i n  

acetonitr i le .  5JlL of the rel evant metal ion or acetoni tri le blank was then added to 

3 mL of terthiophene derivati ve to g i ve a metal ion excess of ca. 1 000. The excitation 

wavelength was 329 nm for al l  compounds except LXXVI (3 1 0  nm) and LXXVII  

(322 nm) .  The fluorescence emiss ion was quantifi ed a t  453  nm (LXXVI) ,  445 nm 

(LXXVII )  and 448 .5 nm for a l l  remaining compounds. I n  al l cases, the fluorescence 

response was either unchanged or decreased on add i tion of metal ions. Figure 4. 1 6  

shows the effect of Mn(CI04)2 add i tion on both the absorption and fl uorescence 

spectra of styry l - 1 5-crown-5 terthiophene L The results for all compounds with the 

series of metal cations are summarized in Fig .  4. 1 7. 
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Figure 4. 1 6  Absorption ( left) and fluorescence (right) spectra of styryl-

1 S-crown-S terth iophene I before (blue) and after (red) addition of Mn2+ 

S pectra were col lected on a Perkin El mer LS50B Luminescence S pectrometer 

control led by a PC running standard Perkin Elmer software. Data was subsequently 

exported to Microsoft Excel for further processing. 
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Fluorescence Quenching caused by addition of metal cations to terth iophene monomers 
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4.2.3.2 Discussion 

The addition of MeC N  to the su bstituted terthiophenes was i ntended as a reference to 

assess noise ari si ng from both i n strumental and procedural causes. In the same way, 

the l arge cation N(B u)-l was also i ntended as a contro l ,  as the l arge diameter of the 

cation ensures that it cannot be comple�ed by these molecules.  An anal ysis of the 

data obtained on addi tion of these two sol utions reveal s the noi se level to be ca. 3 r,7, . 
Onl y n uorescence quenching greater than thi s  i s  considered significant. From an 

c�amination of the data presented in Fig. 4. 1 7 ,  with reference to Tables 4. 1 and 4.2,  

the fol l O\\O ing obsen ations can be made. 

I n  the al kal i metal ion series (Li+, Na+, K+, Rb+, Cs+),  onl y  the crown compounds I and 

11 show a significant response. S tyryl- 1 5-cfOwn-5 terthiophenc I s howcd the greatest 

rcsponsc to Na+, foi l 0\\ cd by Li+ and K+. This is w hat would bc c�pcctcd bascd 

pure l y  on a si70e-fi t  betwcen the cr()\\ n ether cav ity and the metal ion .  Styryl - I  R
cro\\ n-6 terthiophene 11 ,  which possesses a larger cav i ty,  i s  affected the most  by K+, 

then by the smal ler ions N a+ and Li+ . A very s l ight effect i s  caused by thc larger 

cations Rb+ and C s+. W h i l e  nonc of the open-chain com pounds s how a large 

response, a small decrease i n  n uorescence i ntensi tJ is obsenoed for the longest chain 

compound X X V  on addi tion of Na+. It is not s urpri s i n g  that the cro\\ n ether 

com pounds g i v e  l arger re sponses than the open - c h a i n  ethers , g i v e n  the 

preorganisation of the ether c hai n inherent i n  the cro"on moleculcs. The los s  in  free 

energy associated \\ith organising the polyether chain s  i nto the correct conformation 

for bi nding in  sol ution, must  be nceeded by a gain in compl e�ation free energy i n  

order for bi nding to occur. ID Thus i t  appears from Fig. 4. l 7 ,  that the alkal i metal ions 

do not prov ide sufficient  energy i ncenti v e  for the terthiophene deri v atives to form 

comple�es . 

The remaining two monocati ons ,  Ag+ and NH/ both have large diameters more suited 

to comple�ation by 1 1  than I .  This is renected in the l arger tluorescence quenching 

result  for styryl- 1 8-crown-6 terthiophene 1 1 .  
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No fl uorescence quenching i s  observed on addition of any of the monocations to the 

hemicrown compounds LXI-LXIII .  It is l i kely that thi s i s  due to the ir  short ether 

chain, and greatly reduced abi l i ty to wrap around metal cations. 

Considerably l arger decreases in fluorescence i ntens i ty are evident on addit ion of 

alkal i ne metal cations (Mg
2
+, Ca

2
+, Sr+, 8a

2
+) ,  due to the i r  g reater charge density .  

Styryl - l S-crown-S terthiophene I responds in  the order Ca
2
+>Mg

2
+>Sr

2
+>8a

2
+ ,  whi le 

for styry l - 1 8-crown-6 terthiophene 1 1  the order is  Sr+>Ba
2
+>Ca

2
+>Mg

2
+. Thi s 

difference between the two crowns c learly i l l ustrates the ir  d ifferent complexation 

properties, caused by the different s izes of their constituent crown ethers. The same 

size-fi t principle can be seen in the data for the open-chain compounds. The two 

compounds wi th the shortest chain length (XXIII and XXVI) are affected most by 

addition of Ca
2
+ ,  with the larger cations Sr

2
+ and 8a

2
+ having a very smal l effect. For 

the med ium length molecules XXIV and XXVII ,  wh i le the greatest change is sti l l  

seen for Ca
2
+, both Sr' and 8a

2
+ also have a s ignificant effect. XXV and XXVIII ,  

which have the longest ether chains, show the greatest response to the larger ion Sr
2
+ ,  

fol lowed closely b y  8a
2
+ and Ca

2
+ .  Again a s  for the monocations, the three 

bis(terth iophenes) do not exhibit  substantial fluorescence quenching on addition of 

any of these dications. 

A contrast is seen between the responses observed for the open-chain compounds and 

the crown compounds, on addi tion of the transi tion metal cations N i
2
+, Co

2
+, Zn

2
+ ,  

Mn
2
+ and Cd

2
+ .  The ionic d iameter of Cd

2
+ i s  very close to that of Ca

2
+ ,  and g iven that 

they have the same charge, the same response could be expected for both. This is not 

the case however, w i th none of the open-chain compounds showing any decrease i n  

fluorescence i ntens i ty o n  addit ion of Cd
2
+ .  Therefore, s ize i s  not the only factor 

governi ng the complexation of cations by polyethers, and electronic factors must also 

be considered. The crown ether terth iophenes I and 11  do show a fluorescence 

quenching response to these transition metal cations. J S-crown-S terth iophene I i s  

greatly affected by Mn
2
+ ,  and less so by Zn

2
+ ,  C0

2
+ and Cd

2
+ .  This can be rational i sed 

on the basi s of size fi t, although the particularly large response obtained for Mnh 

impl i es that electronic  factors may al so be involved. The results for J 8-crown-6 

terthiophene 11 are less easi ly understood, as the response decreases with i ncreasi ng  
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size from C0
2
+ to Cd

2
+, rather than increasi ng as would be expected. Once again, it i s  

c lear that in the case of transition metal s, complexation cannot be explained on  the 

basis of size fit alone, and electronic factors are also exerting an infl uence. 

The last cation remaining to be discussed i s  Pb
2
+ .  As can be seen clearly from Fig. 

4. 1 6, the addition of Pb
2
+ causes fluorescence to be reduced for all of the polyether

substi tuted compounds studied. As explained in Section 4. 1 . 3 ,  i t  seems l i kely that 

this is caused by the affinity of the soft metal Pb
2
+ cations for the thienyl sulphur 

atoms, supplemented by a contri bution from the polyether chai n. There i s  another 

poss ib i l ity in fl uorescence spectra however, the heavy atom effect. Heavy atoms are 

wel l known to cause fluorescence quenchi ng by increasing i ntersystem singlet-tri plet 

crossi ng as a result of increased sp in-orbit  coupl ing .
293 The enhanced tri p let 

formation reduces the population in  the lowest excited s inglet state, thus reducing 

fluorescence.
294 It seems unl i kely that th i s  i s  a major contri butor to the fl uorescence 

quench ing seen, as the three reference compounds do not show any change on 

addition of Pb
2
+. 

As seen for the UV /V IS data earl ier (Section 4. 1 .3 ) ,  no s ignificant change was seen 

for any compound on addition of MeCN, or on addit ion of any metal cation to the 

reference compounds LXXVI, LXXVII and XXIX. 
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4.3 Summary 

Few UV and/or fluorescence complexation studies of this type have been carried out 

that i nvol ve a lkal i ,  a l kal ine earth and transi t ion metal cat ions.  Rather, most 

investigate only a handful of cations, usual ly alka l i  and/or alkal i ne earth. In addition, 

to the best of our knowledge, this is the fi rst fl uorescence study on the ion

complex ing behav iour  of polyether-subst ituted terth iophenes that has been 

undertaken. 

A compari son of Fi gs. 4.9 and 4. 1 7  shows that the UV!VI S  complexation data 

obtained correlates wel l  with the fluorescence quenchi ng complexation data. Th is  

provides val uable evidence for the  val id ity of  these methods ,  and i ncreases 

confidence in  the results obtained. 

With in  both the alkal i and alkal i ne earth metal cation series ,  the magnitude of the 

response correlates wel l  to the typical crown ether s ize-fi t  model .  Open-chain 

compounds consistently g ive smal ler responses than do crown ethers, due to the 

energy requi red to organise the poly ether chain i nto a conformation sui table for 

b inding.  S ize discrim ination i s  a lso evident based on polyether chai n length.  

Alkal ine-earth metal ions cons istently cause larger spectral changes than alkal i metal 

ions. As the changes observed are based on the complexed cation pul l ing electron 

density away from the chromophore, it is not surpri s ing that the doubly charged 

alkal i ne cations exert a greater effect. 

An exception to the s ize-based complexation i s  provided by Pb
2
+ .  Wh i l e  a 

comparison of its ionic diameter (Table 4.2) with crown ether cavi ty s izes (Table 4. 1 )  

suggests that i t  would only be complexed s ignifi cantly by 1 8-crown-6, al l  of the 

d ial koxystyry l -terth iophene deri vati ves showed changes i n  the i r  UV/VI S  and 

fluorescence spectra on addi tion of Pb
2
+. This is thought to be due to the soft nature 

of the Pb
2
+ cation interacting w i th the sulphur atoms present i n  the thiophene ri ngs. 
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The fact that no response was observed on addit ion of Pb2+ to the three reference 

compounds, and that the responses were different from compound to compound, 

suggests that the al koxy functional ities must also play a role in this complexation. As 

Pb2+ was the only soft cation studied (Table 4.6), i t  i s  unclear how unique th i s  

response i s ,  and further study would be required in order to  clarify th i s  issue. 
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5 

CHEMICAL 

AND 

ELECTROCHEM ICAL 

POLYMERISATION 
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5. 1 Chemical Polymerisation 

Since a wide range of al koxystyryl -substituted terthiophenes had been synthesi sed as 

precursors for conducting poly mers, it remained to investigate this polymeri sation. 

Two methods are commonly used to polymeri se thiophenes, namely chemical and 

electrochemical polymerisation.
45. 46 Chemical polymeri sation was investigated first, 

and as ferric chloride i s  the most frequently employed chemical oxidant for these 

types of monomers, it was the oxidizing agent of choice. A review of the l i terature 

was conducted to investigate polymers previously produced by this method, and their 

physical properties. 

5 . 1 . 1  Literature review 

Wang et a/.97 studied the polymeri sation of 3 ' ,4' -di butyl -a-terthiophene by ferric 

chloride. The pol ymer produced could  be spl i t  into three fractions, based on 

sol ubi l ity differences. The first fraction, sol uble in CHCI3 at room temperature, had a 

number-average molecular wei ght Mn of 2600, corresponding  to approxi mately 7 

monomer units. The Amax for this fraction was 446 nm i n  sol ution,  and 488 nm as a 

thin fi lm .  The second fraction, soluble i n  CHCI3 at 80°C, consi sted of polymer with 

Mn = 5700 ( 1 6 terthiophene units ) ,  and Amax = 449 nm ( sol ution) and 522 nm ( solid

state) .  A smal l amount of insoluble material was a l so recovered, and thi s was 

bel ieved to consi st of even higher molecular weight polymer. 

Somanthan and col leagues studied a non-symmetrical alkyl -substituted terthiophene, 

3' -(2-ethyl hexy l )- 1 2,2 ' ;5 '  ,2" ]-terthiophene. 122 The pol y mer produced by FeCI3 

oxidation had Mn = 2700, and Amax (CHCI3 solution) = 45 1  nm. 
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The presence of alkoxy substituents on the outer rings of terthiophene can have a 

large influence on reacti vity ,  c learly seen in the work of Gal lazzi et al.91 A polymer 

formed from chemical ly ox id ised 3 ,3"-di hexy lterthiophene had Mn = 6000, A max 
( sol ution) = 456 nm and Amax (fi lm )  = 535 nm. The equivalent al koxy-substituted 

compound, 3 ,3"-di pentoxyterth iophene, produced only low molecular weight material 

on treatment with FeCI3. Gel permeation chromatography results on this product gave 

Mn = 1 500. The UV /V IS  spectra were al so quite different, with Amax ( sol ution) = 

499 nm and Amax ( sol id) = 5 1 4  nm. This contrasts markedly with the results obtai ned 

for the i someric compound 4,4"-di pentoxyterthiophene. In th is  monomer the u 

positions next to  the al koxy substituents are h igh ly reacti ve, and a h igh molecular 

wei ght i nsoluble polymer resulted from ferric chloride oxidation. Thi s was also 

observed in  later work ut i l iz ing 4,4"-d i pentoxy-4' -dicyanoetheny l - 1 2 ,2 ' ;5 ' ,2" j 

terthiophene.
295 In th is  case, chemical ox idation using ferric chloride yielded an 

insol uble material, bel ieved to consi st of high molecular weight polymer. The same 

effect has been observed in the case of bithiophene, where a 3 ,3 '  -dial koxy deri vative 

was shown to be considerably less reacti ve than the correspond ing 4,4' -dial koxy 

deri vative.s
s. 296 

From these results,  it appears that ferric chloride polymerisation is a viable route to 

produce long-chai n polymers from substituted terthiophenes. To the best of our 

knowledge, at the time of this research, there had been no investigations carried out 

on the FeCl3 polymerisat ion of 3 '  -sty ryl -substi tuted terthiophenes, and hence the 

influence of the conjugated substituent was unknown. It was also uncertain how great 

an infl uence the oxygen atoms would have on polymerisation , gi ven that they are 

some distance from, but di rectly conj ugated to, the polymer backbone. 
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5.1 .2 FeCb polymerisatio n  of terthiophene monomers 

Chemical polymeri sations were in i ti al ly  carried out using s imi lar conditions to those 

of Wang et al. ,97 where a chloroform suspension of ferric chloride is added slowly to a 

chloroform solution of the monomer. The solution i s  then left to stir at room 

temperature for a considerable l ength of t ime, to al low complete conversion of the 

monomer to polymer. The polymer i s  s imultaneously precipitated and dedoped by 

treatment with methanol ,  then recovered by fi l tration. Extraction in a soxhlet 

apparatus with methanol removes ol igomers, also ensuri ng complete dedoping of the 

polymer. I n  addition, fractions of different molecular weights can often be obtained 

by exploiting solubi l i ty differences i n  common organic solvents. 

Treatment of styry l - 1 5 -crown-5 terthiophene I with ferric chloride as described 

above, gave a red powder that was soluble  in CH2Ci2 at room temperature O"max = 336, 

450 nm). The powder was sparingly soluble in MeCN, but became freely soluble on 

addi tion of NaCI04• A smal l fraction of i n soluble material was al so recovered. 

Analysis by MALDI-MS revealed the red powder to consist solely of d imer (m/e = 

1 078.20) .  Assuming that dimeri sation had occurred as expected through the two 

avai lable et-positi ons, there are three possible regioisomeric products resulting from 

thi s  d imerisation, as shown in Fig. 5 . 1 .  

The solubi l i ty of the product i n  C02Ci2 al lowed a complete set of 1 -0 and 2-D NMR 

experiments to be  performed i n  order to investigate the regiospecificity of the d imeric 

product. The simpl icity of the I H and DC NMR spectra made it clear that the product 

cons i sted of a s i ng le  symmetrical i somer, e l im inati ng  the possi b i l i ty of a 

regioisomeric mixture of compounds, and also excluding  the presence of the head-to

tail l i nked dimer. 
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Figure 5.1 Chemical polymerisation of 1 5-crown-5 terthiophene to 

form a) head-ta-tai l , b) head-ta-head or c) tai l -ta-ta i l  l inked d imers 

Further analysi s of the 2-D connectiv i ty i nformation provided by the NMR spectra, 

and comparison with the spectra of the monomer (Fig.  5 .2),  led to the concl usion that 

the sole product of the oxidation was the head-to-head l inked dimer. In particular, the 

di sappearance of the head-a thiophene proton signal in both the ' H and I JC NMR 

spectra, whi le  the tai l -a thiophene proton s ignal remained, provided conclusive 

evidence for this assignment. The addition of two new thienyl doublets (& 7 . 1 7, 7.26) 

gave support for the presence of two central a-di substi tuted thiophene r ings. A n  

example of a ful ly  assi gned dimer 'H N M R  spectrum i s  shown in  Fig. 5 . 3 .  The new 

band in the UV!VIS  spectra at 450 nm is assigned to the n-rr* trans i ti on for the 
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sexi th iophene moiety, whi le  the essential ly  unchanged band at 336 nm i s  attri buted to 

the sty ry l -th iophene functional i ty .  For comparati ve purposes, A max for a 

sex i th iophene has been reported as 432 nm ( exper imental )
240 and 434 n m  

( calculated)
279. 

7 . 4  
I 

7 . 1  
I 

7 . 0  
I 

6 . 9  

Figure S.2 1 H  NMR spectra (aromatic reg ion) o f  styryl-1 S-crown-S 

ppm 

terthiophene I (top) and 1 S-crown-S terthiophene dimer LXVII (bottom) 

In order for polymers prepared by chemical oxidation to be regioselective, there must 

be a sufficiently large difference in  spin/charge density of the radical cation generated 

in the oxidative  polymeri sation process between the two avai lable a positions.68. 297 

The l i terature shows that thi s  i s  not the case i n  3-alkyl substituted thiophenes ,  

explain i ng why only regiorandom polymers are formed from these monomers. The 

position of oxygen atoms is known to have a marked effect on regioregularity, and the 

asymmetric reactiv i ty of 3-alkoxy thiophenes discussed in Section 1 .3 . 2  shows this 

clearly .  Polymerisation of these monomers with FeCl3 l eads to highly regioselective 

polymers. I t  was unclear from the l i terature whether alkyl or alkoxy substitution on 

the central ring of terthiophene would cause sufficient reactivity d ifferences in the 

two avai lable a-positions on the outer rings to cause reg ioselect ive polymerisation. 

The majority of the l i terature publ i s hed i nvolv ing  chemical polymeri sation of 
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substituted terthiophenes avoids thi s  i ssue by employing symmetrical compounds 

(Section 5 . 1 . 1 ) . 

The observed reg ioregular i ty i n  the product from 1 5 -crown-5 terth iophene 

polymeri sation, can only  be explained by a difference in  reactiv ity between the two 

avai lable terth iophene a-positions. This l eads to the conclusion that the head (l

position is more reactive than the tai l position, and therefore coup l ing occurs more 

quickly at thi s  position. There are then two plausible reasons w hy the reaction does 

not appear to conti nue: e ither the tai l position is sufficiently unreact ive that the 

reaction proceeds very s lowly or not at al l ,  or the sexith iophene product i s  

considerably less soluble than the terthiophene starting material , so that again the 

reaction comes to a standsti l l .  I n  order to test the i nfl uence of sol ubi l i ty o n  

polymeri sation, dual polymerisations were carried out i n  I ,2-dichloroethane at room 

temperatu re (23°C) ,  and at refl ux (83 °C) .  I n  both cases 93 % of the materia l  

transferred into the soxhlet thi mble was  col lected after extraction with CH2CI2 and 

precipitation w ith methanol, with no i nsoluble materi al able to be i solated. From thi s  

result i t  seems that whi le solubi l i ty may play a small part i n  determining the extent of 

polymeri sation, it is the stabil ity of the oxid ised sexithiophene that plays the mai n 

role. 

With the exact nature of the polymerisation product known, further experiments were 

carried out to ascertain if head-to-head d imerisation would occur for al l  the polyether

substituted terthiophenes. 

Chemical pol y meri sation of styry l - 1 8-crown-6 terthiophene 1 1  under the same 

conditions employed for I gave a red powder soluble i n  CH2Ci2 along with a smal l er 

insoluble fraction. Mass spectrometry data on the sol uble product again revealed that 

it consi sted exclusively of dimer. N M R  and UV!VIS  investigations confi rmed the 

reg ioregulari ty and extent of polymerisation as that of a head-to-head l i nked dimer. 

The nature of the insoluble product meant that i t  was unable to be analysed by the 

spectroscopic techniques avai lable to us,  but i t  seems l ikely that it could be either a 

h igher ol i gomer, or cross- l inked material .  Y amamoto and Hayashi
298 found that on 
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FeCl3 oxidation of thiophenes substituted wi th  aromatic rings, cross-l in ked material 

was produced due to oxidation of the benzene ring, as wel l as the thiophene ring.  

The ferric chloride oxidation of the six open-chain terthiophenes XXIII-XXVIII was 

explored next. The yield of the CH2Cl2 soluble  red product ranged from 59-93%, 

w ith the recovery of 0-26% (by weight) of an i nsoluble sol id. MALOI and FAB mass 

spectrometry showed no s ign of ol igomers h igher than the dimer. Complete sets of 

NMR data CH,  
l 3C, COSY , HMQC and HMBC) were obtained for every product, and 

i n  each case verified the exclus ive formation of a head-to-head l i nked product. The 

spectra were ful l y  assigned in the same way previously di scussed for styry l - 1 5 -

c rown-5 terthiophene d imer L XVII, and that of dimer L X X I I I  i s  shown as an 

example i n  Fig .  5 .3 .  UV!VIS spectra for a l l  of the products afforded a peak at ca. 

450 nm, and a second more intense peak at ca . 335 nm. The solubi l i ty of the d imers 

i ncreased markedly  with i ncreasing length of the attached polyether chain .  The smal l 

amount of i nsoluble material that remained after soxhlet extraction i s  l i kely to consist 

of h igher o l i gomers and/or cross-l inked material , however the insolub i l i ty of thi s 

materials defies  further characterisat ion by mass spectrometry or other available 

analytical techniques. 
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LXXII I  
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An i nvesti gation into the FeCI3 polymerisation of the dimethoxy terth iophene XXXVI 

was less successfu l .  A shorten ing of the reaction ti me to 30 minutes l ed to the 

i solation of a red powder in 79% yield. This product was again shown to consist only 

of dimer by MALO-MS, and gave the expected UV /V IS  peaks at 336 and 445 nm. 

The dimer product was considerably less sol uble in C02C12 than the di mers with 

longer polyether chai ns, therefore l imiting the NMR data that could be obtained. The 

aryl and methoxy protons were clearly v is ib le  in the ' H NMR spectrum, however 

many of the thienyl protons were indi sti nct. I t  is uncertain whether this is due to the 

low solubi l i ty of the compound, or whether in fact the product from this d imeri sation 

is not regioregular. Repeated recrystal l i sations and col umn chromatography did not 

help in obtai n ing a more useful NMR sample. Whi le  it seems unl i ke ly  that th is  

compound would  behave d ifferent ly from the other  polyether-s u bsti tuted 

terthiophenes, this cannot be proven conclusi vely. 

Chemical polymeri sations were also carried out on the two reference compounds 

styry l -terth iophene L X X V I  and methoxystyryl -terthi ophene LX X V I I .  These 

reactions gave considerably lower yields of CH2CI2 sol uble material (24% and 9% 

respecti vely )  than were obtai ned for the corresponding compounds with attached 

polyether chains. Again ,  the l imited sol ub i l i ty of the products restricted the NMR 

data that could be col lected. The ' H NMR spectrum for the methoxystyry l d imer was 

consistent with those acqui red for the other head-to-head l i nked dimers, however the 

lack  of '3C and 20 data means that thi s cannot be proven. MALOI-MS data 

confirmed that th is  product consi sted only of di mer. The styryl terthiophene dimer 

was even less sol uble, and no useful NMR data could be obtained . MALOI mass 

spectrometry on th is  compound showed a large signal due to the di mer (m/e = 

698.04), as wel l as a smal l amount (ca. 2%) of trimer and tetramer. The considerably 

lower yields obtained from these compounds provide further evidence that i t  is the 

stabi l ity rather than the sol ubi l i ty of the oxidi sed sexithiophene that causes the 

polymerisation to stop at dimeri sation for the ether-functional i sed compounds. The 

d imers obtained from the styry l and methoxystyryl terthiophenes ( L X X V I  and 

LXXVII)  were substantial ly less sol uble than those obtained from the polyether

substituted terth iophenes. If sol ubi l i ty were the dominati ng  factor, then these 

oxidations would have led to a higher yield of di mers than the more soluble polyether 
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compounds. This was not the case however, as the observed y ields were substantial ly 

lower. Thus, the evidence points to the d isubstituted polyether compounds forming a 

stable oxidised sexithiophene intermediate. The less stable i ntermediate formed from 

the styryl and methoxystyryl compounds would be sufficiently reactive to participate 

further in the polymeri sation reaction. 

Spin-density calculations on the radical cations of the styry l ,  methoxystyryl and 

dimethoxystyryl terthiophenes (LXXVI, LXXVII and XXIX) have been carried out 

by T. M. Clarke and K.  C. Gordon at the Uni versity of Otago.
299 The method 

B3LY P/6-3 1 G(d) was used to calcu late the spin densit ies during each geometry 

opt imi sation. This level  of theory (Becke-style 3-Parameter Density Functional 

Theory ( OFT) using the Lee-Y ang-Parr correlation function) was chosen as i t  

incl udes the effects of e lectron corre lation, making the resu l ts more rel iable. The 

standard bas i s  set 6-3 \ G(d)  was u sed s ince i t  is relati vely l arge and contai ns  

polari sation functions which add d orbital s to the heavy atoms, necessary due to the 

presence of sulphur atoms.JOO The spi n densities calculated for the head-a (5) and 

tai l -a (5") positions are tabulated below in table 5. 1 ,  along with the ratio of these two 

values. The spin densities over the entire radical cation are calculated to sum to 1 .0, 

thus the values presented below are fractions and have no units .  

Table 5.1 Calculated spin denSity values for styryl-substituted 

terthiophenes 

Compound Spin Density Spin Density Spin Density Ratio 
(head-a position) (tail-a position) (head/tail) 

TTh-=-Bz LXXVI 0. 1 962 0. 1 295 1 .52 

TTh-=-BzOMe LXXVII 0. 1 642 0.0942 1 .74 
TTh-=-Bz(OMe), XXIX 0. 1 354 0.0740 1 .83 

The polymeri sation of substi tuted th iophenes has been described as a "delicate 

balance between electronic and steric effects".57. 30 1 I t  has been shown that when 

thiophene monomers are alkyl  substi tuted at the 3 -pos i t ion,  head-to-head 

polymerisation i s  unfavourable due to steric i nteractions between the alkyl chains and 
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the lone pai r  on the adjacent su lphur atom .  I 22 Rather, they poly meri se in a 

predominantly (ca. 80%) head-to-tail fashion.74, 1 20- 1 22 Steric i ssues were considered 

when designing these monomers (Section 1 .6) ,  and both the conjugated styry l -spacer 

and the terthiophene moiety were incorporated in order to minimize sterical ly-based 

barriers to polymeri sation. The fact that regioselective head-to-head dimeri sation i s  

observed, shows that this approach was successful . In the absence of these steric 

i nteractions, coupl ing occurs preferential ly between carbon atoms with h igher spin 

densities.55, 297 Further to th is ,  a spin density ratio greater than 2.0 indicates a strong 

directing influence of the radical cations. 297 It can be seen from the data in Table 5 . 1 

that the di methoxy compound XXIX could be expected to give a greater proportion of 

head-to-head l i nked di mer than the methoxy compound L X X V I I  or the styry l  

terthiophene LXXVI.  This  is  reflected in  the yields of the corresponding chemical 

polymerisations, where the dialkoxystyryl-substi tuted terthiophenes produce excel lent 

yields of head-to-head l i nked dimer. No head-to-tail or tai l -to-tail d imer was isolated 

from any of the reaction mixtures, I n  the case of tai l-to-tai l d imer, it seems unl i kely 

that th is  species would form due to the low e lectron spi n-densit ies shown in Table 

5 . 1 .  It is feasible that some head-to-tail d imer may have formed during chemical 

polymeri sation, however the lack of i solation of such a compound i mpl ies that if  it  

was formed, i t  must have reacted further. This could be the origin of some of the 

insol uble fraction i solated in some cases .  The nature of the i nsol uble fractions 

obtai ned could not be e lucidated, and, as i nd icated previously,  could a lso have 

resulted from oxidation of other parts of the molecule. 298 

The l ast compounds to be subjected to ferric chloride polymerisat ion , were the 

terthiophene hemicrowns LXI-LXIII. In al l  cases, insol uble red sol ids were i solated. 

This i nsolubi l i ty meant that no spectroscopic analyses could be carried out, and the 

nature of the products are therefore unknown. It seems l ikely that these compounds 

would react preferential ly  at the head posi t ion as seen for al l  the previous ether

substi tuted terthiophenes. This could potential ly lead to a large number of products, 

the smal lest of which are shown in Fig. 5 .4. One possible product consi sts of two 

monomers coupl ing at both avai lable head posi tions (Fig. 5 .4a) .  In this case, no head 

posit ions would be avai lable for further polymeri sation. A l ternat ive ly ,  if two 

monomers joined at just one head position, there would sti l l  be two avai lable si tes for 
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further pol ymeri sation, forming  a network-type structure ( Fi g .  5 .4b, c) .  The 

maximum length of thi s  type of ol i gomer would l ikely be determined by i ts solubi l i ty . 

Figure 5.4 Potential ol igomers formed from chemica l  polymerisation 

of terthiophene hemicrown LXI 
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5. 1 .3 Cu(CI04h polymerisation of terthiophene 

monomers 

I n  order to further probe the nature of thi s d imeri sation, oxidative polymeri sation was 

carried out using  Cu(Cl04)2 i n  acetonitri le ,  fol lowing the reaction wi th U V  IVIS/NIR 

spectroscopy. Measurements were carried out as fol lows: Al l  spectra were measured 

i n  spectroscopy-grade acetoni tri le  from 1 90- 1 500 nm. Monomer concentrations used 

were 2.3 x 1 0-5 - 2.8 X 1 0-5 M ( terthiophenes) and 1 .4 x 1 0 5 M ( bis-terthiophenes) ,  

g iv ing maximum absorbances of 0.8 - 1 .2 A U .  The monomer spectrum was recorded 

before 50 equivalents of Cu(Cl04h were added i n  a volume of 5 - 1 0  JAL from a stock 

solution of 0.4 M Cu(Cl04)2 i n  MeCN, and the spectrum recorded again .  Th is  l arge 

excess was used i n  order to ensure that the compound was ful ly oxidised. Two drops 

of 2% aqueous hydraz ine were added to effect the reduction. the solution was mixed 

thoroughly, and a final spectrum recorded. Tabulated data for al l terthiophene-based 

monomers is  presented i n  Table 5 .2. and an example of the i nformation col lected i s  

shown in  Fig. 5.5 ( photographs taken at higher concentrations for clarity) .  
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Table 5.2 Oxidation and reduction absorbance data for terth iophene 

monomers treated with Cu(CI04h and hydrazine 

Compound 
Monomer 

TTh-=-Bz LXXVI 348, 3 1 0  
TTh-=-BzOMe LXXVII 3 2 1  
TTh-=-Bz(OMch XXVIV 329 

TTh-=-BzOCOCOC XXIII 328 
TTh-=-BzOCOCOC XXVI 3 29 
TTh-=-BzOCOCOCOC XXIV 3 29 
TTh-=-BzOCOCOCOC 329 
XXVII 
TTh-=-BzOCOCOCOCOC 3 29 
XXV 
TTh-=-BzOCOCOCOCOC 3 29 
XXVIII 
TTh-=-BzI 5c5 I 330 

TTh-=-BzI 8c6 11 330 
TTh-=-BzOCOCOBz-=-TTh 328 
LXI 
TTh-=-BzOCOCOBz-=-TTh 329 
LXII 
TTh-=-BzOCOCORz-=-TTh 3 28 
LXII I  

J...max / nm 
Oxidised with CU(ClO4)2 

284, 370, 474 892, 986 
283, 3 1 4 389 530 77 1 

386 5 6 1  728 

363 593 777 
338 592 778 
352 582 782 

334, 386 574 782 

332, 390 560 790 

359 593 783 

3 1 9, 398 588 79 1 
326 588 787 

323, 4 1 6  564 93 1 

285, 33 1 , 4 1 9  554 873 

284, 33 1 , 400 562 885 

1 6 1  

Reduced 

with 

hydrazine 

3 1 4 432 
325 437 
332 442 
332 443 
332 440 
332 440 

330 439 

330 437 

333 44 1  

33 1 437 

330 434 
333 440 

335 438 

332 440 



a) Tfh-=-BzOMe 

b) Tfh-=-BzOMe 

+ Cu(C104h 

c) Tfh-=-BzOMe 

+ Cu(CI04)2 

+ hydrazine 
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Figure 5.5 Oxidation and reduction of methoxystyryl terthiophene 

LXXVI I as observed by UVNIS spectroscopy 

A simi lar experiment was carried out by Kankare et al. where they looked at the 

stepwise oxidation of 3 '  -ary l substi tuted terthiophenes by copper ( 1 1 )  triflate i n  

acetonitri le . 1
27 They concl uded that peaks observed between 600-800 nm and 

> 1 1 00 nm at low ox idant level s were due to d imer radical cations (6T+) On addition 

of further oxidant, these peaks reduced whi le  others were formed between 850-

1 000 nm, and were attri buted to the presence of a dimer d ication (6T
2
+) .  On 

reduction, a peak was seen at ca. 430 nm for al l compounds, and this was assigned to 

the neutral dimer (6T).  
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Rapid coup l ing  of terthiophe ne radical cations has also been observed by Fichou et 

a l . ,  w ho used a FeCI3/CH2CI2 system to examine  the c hemical ox idation of 

terth iophene (3T) , quaterthiophene (4T) , quinquethiophene (5T) and sexithiophene 

(6T) .302, 303 On addi tion of 2 equi valents of oxidi z i ng agent, the monomer Jt-Jt* 

UV!VIS  signal was lost, whi le  others were formed at  646-780 and 1 069- 1 476 nm.  

The strong colour observed is  typical of organic  radicals ,  further proof bei ng provided 

by an i ntense e.s ,r. signal . Whi le the spectra for 4T+,  5T+ and 6T"+ were stable, the 

spectrum obtai ned for 3T+ was identi cal to that of 6T+, i nd icati ng that the 

terthiophene radical cation was unstable and had immediate ly  dimerised to the more 

stable sexithiophene radical cation. No changes were seen i n  the spectra for 4T+ or 

5T+ on addi tion of a further two equivalents of FeCI]' The spectrum obtained for 6T+ 

however, underwent l arge c hanges, w i th the loss of the previously observed 6T+ 

bands, and the appearance of a new s ignal at 1 003 nm. In  addi tion, the final solution 

was colourless and the e.s .r .  s ignal di sappeared, proving that the final species present 

i n  the case of sexithiophene was the dication 6T2+ ,  These oxidations are represented 

by the equations below: 

nT + 2FeCI3 
6T"+ + 2FeCI

3 

----1�. nT+ + FeCI .. - + FeClz 

----1�. 6T2+ + FeCI .. - + FeCI2 

Terthiophene dimerisation has even been seen for terthiophene deri vati ves w here the 

a-positions are blocked.304 In research by Guay et al:104, as i n  that of Fichou (above), 

dication formation was only observed for ol igothiophenes w i th s ix  or more thiophene 

rings.  Dication formation was characterised by the loss of the e.s .r. s ignal associated 

with the unpaired electron i n  the radical cation. 

H i l l  et al.30S proposed that the reversible formation of a d iamagnetic Jt-dimer could  

al so be  used to expl a in  t h e  loss  of  e . s . r .  s i gnal seen on oxi dation .  The i r  

spectroelectrochemical system i n vol ved a terthiophene deri vat ive that could not 

pol ymerise due to the presence of substituents at the a-posi tions. D i stinct U V!VIS 

peaks attributed to the monomer radical cat ion (f"max = 572, >800 nm) and radical 

cat ion d i mer  (f"max = 466, 708 n m )  were seen w ith one electron oxidation .  On 

i ncorporating  a second e lectron,  a new peak caused by the monomer dication was 
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observed at 570 nm. They concl uded that a rap id  equi l i br ium ex i sts between 

monomer and di mer i n  sol ution, and that the weak bond thus created does not greatly 

affect the electronic structure of the monomer. The di meri sation was reported to be 

favoured at low temperature, and/or h igh  concentrat ion .  Further ev idence was 

provided by a later study uti l iz ing photochemical oxidation i n  acidic sol ution. Peaks 

at 665 and 1 1 50 nm were attri buted to the radical cation 3T+, whi le the radical cation 

d imer (3T+)2 absorbed at 5 26 and 836 nm. Th i s  study a l so showed that d i mer 

formation was more prevalent in  polar sol vents such as acetonitri le,  as the di mer was 

better sol ubi l i sed.
3
06• 

Dimeri sation has also been reported by Bauerle et aeD?, who used a system i nvolv ing 

an al ky lated sexith iophene (a6T) . They discuss the ox idation of a6T by FeCI3 i n  

CH2CI2 to g ive a sol ution containing a6T+ (A'max = 775, 1 425 nm),  and (a6T)/+ (I'-max = 

685 , 1 087 nm) i n  revers ible  equ i l ibri um. The formation of the "pimer" i s  favored at 

h i gher concentrat ion and/or lower temperature. Further ox idation leads to the 

formati'on of a6T2+ (Amax = 843 , 946 nm). 

Apperloo et a/.30g looked at o l i gothiophenes w here the a-positions were substituted 

with sol ubi l i sing  poly(benzyl ether) dendrons. They al so found that on oxidation, an 

equ i l i br ium was formed between radical cat ions and :rt-di mers. The di mers were 

favoured at low temperature and were characteri sed by UV!V I S  absorptions at 537 

and 905 nm, in  contrast to the radical cation peaks seen at  656 and 1 068 nm.  Two 

qui nquethiophene derivati ves were al so investigated, forming a radical cation/:rt-di mer 

equi l i bri um at low oxidant concentration, then bei ng further oxidised to dications on 

addition of more oxidiz ing agent. The longer ol i gothiophenes studied (contai n ing 9, 

1 1  and 1 7  thiophene un i ts) did not form di mers, but could be oxidi sed to form 

dications. In addit ion it was di scovered that wh i le  the doubly oxidi sed state for a 

n i ne-thi ophene chai n was present as a bi polaron,  for longer o l i gothiophenes two 

independent polarons were present instead. 

An alternat ive view i s  presented by Sato and H i roi .309, 3 10 I n  the i r  work on al kyl  

substituted sex i th iophenes,  they al so uti l ize chemical ox idation by FeCI3 i n  

dichloromethane. Addi tion of two equivalents of oxidant caused the loss of the :rt-:rt* 
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UV /V I S  peak, and the formation of peaks at 780 and 1 5 1 2 nm.  An  i ntense e.s .r .  

s ignal was al so observed, results consistent with the formation of a radical cation, and 

consi stent with that seen by other researchers. On addit ion of a further two 

equ ivalents of oxidant, the peaks at 780 and 1 5 1 2  n m  di sappeared, and new peaks 

were formed at 55 1 ,  932 and 1 060 nm. The unchanged e. s . r. s i gnal led them to 

conclude that in th is  case, trication radicals, not dications, were formed. 

From the l i terature resu l ts d i scussed above, it i s  c lear that there are s ix  poss ib le  

species to be considered when interpreting the UV /V IS data presented i n  Table 5 .2 .  

The monomer i tself 3T ,  the monomer radical cation 3T"+, the radical cation dimer 

(3T"+)2' the dimer radical cation 6T"+ , the dimer d ication 6T2+,  and the neutral d imer 

6T. 

It i s  clear from the experimental results presented i n  Table 5 .2 that only di mers were 

formed during the copper(U )  perchlorate oxidation of these pol yether-substi tuted 

styryl -terthiophenes. This  i s  most eas i ly  evidenced by the presence of a UV /VIS  

absorbance at ca. 440 nm o n  reduction with hydrazi ne, attri buted to the sexithiophene 

chromophore. Thi s resu l t  is al so consi stent w i th that obtai ned by ferric chloride 

polymerisation discussed in Section 5 . 1 .2 .  A peak i s  also seen at approxi matel y  the 

same position as the orig ina l  Jt-Jt* peak for the monomer. The position of this peak 

has barely shifted, as would be expected g iven that the styry l-thiophene moiety i s  

unchanged. I t  i s  notewort hy that whi le  the styryl terthiophene monomer L X X V I  

orig inal ly shows two absorbances (I"m •. x = 3 1 0, 348 nm), only the smal ler wavelength 

peak is restored after oxidation and reduction. This  result  gi ves further weight to the 

assignments previously gi ven to these peaks (Section 4. 1 .2. 1 ), as the styryl -thiophene 

chromophore exi sts in  the dimeri sed product, but the terthiophene chromophore does 

not. The peak vi s ible in Fig. 5 .5  at ca. 1 400 nm was seen in al l of the reduced spectra 

and is due to hydrazine. For clarity , these peaks were not i ncluded in Table 5 .2 .  

Th is  leaves four poss ib le  oxid i sed species that could be responsible for the peak s  

observed o n  addition of Cu(CI04)2' The cation radical Jt-d imer (3T"+)2 observed i n  

acetonitri le by H i l l  et a l. 30s, 306, 3 1 1 for the i r  compounds i s  extremely un l i kely i n  th i s  

case for two reasons. First ly ,  the Jt-di mers were on ly  observed i n  terth iophene 
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deri vati ves that were substi tuted at their  a-posit ions, precl udi ng the otherwi se rapid 

format ion of a-d imers. Second l y ,  Jt-di mers were on ly  present at low ox idant 

concentrations, w ith t he compounds being further oxidised to dications on addition of 

more oxidant. The data g iven i n  Table 5 .2  i s  the UV absorbances observed i n  a 

sol ution contain ing a 5 0-fold excess of Cu( I I ) .  With thi s concentration of oxidant, it 

i s  un l i kely that Jt-d imers would exist. I t  also seems i mprobable that monomer radical 

cations would be observed, g iven the propensity of terthi ophene radical cations to 

rapidly couple. Thus, the most l i ke ly species in sol ution are the dimer radical cation 

and d i mer dication. The general consensus i n  the l i terature i s  that peaks for 6T+ 

would be expected at 600-800 nm and 1 400- 1 500 nm, whereas 6T2+ i s  more l i kely to 

absorb from 850- 1 000 nm.  

Examin ing the data i n  Table 5 .2 ,  i t  i s  clear that a l l  the alkoxystyry l  terthiophenes 

( L X X V I I ,  1 - 1 1 ,  X X II I -XXVI I I )  have absorbances at approxi mate ly  the same 

wavelengths. Bands are seen for al l these compounds at 728-79 1 nm, 530-593 nm 

and <400 nm. Compari n g  these bands with previous research,  it seems most l i kely 

that they are caused by the presence of the di mer radical cation 6T+. Styry l 

terthiophene LXXVI shows peaks at h igher wavelength (892, 986 n m ) ,  which could 

be due to the dimer cation 6T2+. Thus i t  appears that either the al koxy substituents are 

stab i l i z ing  the d i mer rad ical cation i n  the earl ier cases such that copper( l I )  i s  

insufficient to oxidise the compounds further to the di mer dication 6T2+, o r  that the 

d imer d ication is i tself unstable. The three i someric hemicrown compounds LXI

LXIII  appear to be i ntermediate cases, where bands at 873-93 1 nm and 554-564 nm 

i ndicate the presence of both 6T2+ and 6T+. It  i s  unclear w hy the hemicrown 

compounds behave differently to other dial koxystyry l -substituted terth iophenes, and 

further work would  be needed to clarify th is  i ssue .  It  seems poss i ble  that an 

equ i l i bri um between 6T+ and 6T2+ exists i n  sol ution that favours 6T2+ for the styryl 

compound, 6T+ for the al koxystyryl compounds, and which al lows both forms to be 

present for the hemicrown terth iophenes. In none of these cases is the d imer radical 

cation s ufficiently reacti ve to couple further. This work was repeated by researchers 

at the Un ivers i ty of Otago, adding Cu(OS02CF3)2 slow l y  to an MeCN sol ution of the 

mono mer. Their peak assi gnments agree with those g i ven here. I n  addit ion, a 

sol ution of the d imethoxystyryl tert hiophene d imer L X X I X  was i n vestigated by 
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resonance Raman spectroscopy . This produced a spectrum that agreed closely w ith 

that calculated for the head-to-head l inked dimer.65. 261 

In order to verify these concl usions, a s imi lar oxidation was carried out on the most 

sol uble sexithiophenes LXXI and L X X I V. The compounds were di ssol ved i n  

CH2C1z at ca . 1 .5 x 1 0 5 M and a U V  spectrum run from 250- 1 500 nm.  Fifty 

equivalents of Cuz+ were added from a stock solution of 0.4 M Cu(CI04)z, the sol ution 

was thoroughly  mi xed, and the UV spectrum recorded again .  Final ly ,  two drops of 

2% aqueous hydrazine were added and the contents of the cuvette agitated unt i l  the 

sol ution turned yel low (formi ng an emul sion), before the final UV!VI S  spectrum was 

recorded. I n  both of these cases, a very large peak in the spectrum of the ox id ised 

compound was seen at 805/827 nm,  with smal ler peaks v is ible at 576/585 ,  4 1 2/4 1 5  

and 329/339 nm. Taki ng into account the different sol vent system, this appears to be 

consi stent with the formation of 6T"+ as seen for the dialkoxy terthiophenes i n  MeCN . 

On reduction with  hydrazine,  the ori g inal spectrum was restored, i ndicati ng that no 

coupl ing occurred. 

The results of chemical poly merisation with both FeCl3 and Cu(Cl04h agree c losely ,  

pointing to the  al most exc lusive production of  head-to-head l i nked di mers. This  i s  

bel ieved to b e  due t o  a n  asymmetric reactiv i ty o f  the terthiophene monomers caused 

by uneven electron sp in  dens i ty d i stri but ion,  rather than by any steric effects. 

Theoretical calculat ions support th is  view, showing a considerable difference in spin 

density between the two avai lable a-posit ions. U V  IVI S/NIR spectra of the oxidi sed 

species i n  MeCN sol ution ,  i nd icate the presence of d i mer radical cat ions for al l 

al koxystyryl terth iophenes, however these do not couple further under these 

condi tions. 
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5.2 Electropolymerisation 

An al ternat ive to chemi cal pol y mer isation, i s  the formation of pol y mers from 

terthiophene monomers by electropolymerisation. The mono mer i s  d issol ved i n  a 

su i table sol vent (eg. acetonitri le  or dichloromethane) i n  the presence of an electrolyte 

(eg.  tetrabuty lammoni um perchlorate, TBAP) .  A poly mer can then be select ive ly  

deposited onto an electrode surface by cycl ic voltammetry (CV , repetitive sweeping 

between two electrode potentia ls)  or by apply i ng a constant potential or current for an 

appropriate length of t ime. For this i nvesti gati ve electrochemical work, the technique 

selected was cyc l ic  vol tammetry i n  a three-electrode cel l .  The voltammograms 

ari s ing from this process are refered to as ' growth CVs' in this thesis. CVs performed 

on such fi l ms after g rowth, i n  the absence of monomer, are termed ' post

polymerisation CV s ' .  

5.2. 1 Cycl ic voltammetry i n  a th ree-electrode cel l  

A common laboratory setup for electrochemical poly meri sation i s  the three electrode 

cel l .  I n  th is  system, reference, worki ng and auxi l iary e lectrodes are pl aced in a 

sol ution contain ing the monomer(s)  and electrolyte(s) .  Current flows between the 

worki ng  and counter electrodes, and a potentiostat control s the potential difference 

between the working and reference electrodes.3 1 2 A high concentration of electrolyte 

in sol ution, and a large surface area auxi l iary electrode ensure that current flow i s  not 

l i mited. Electrochemical polymerisation i s  sensi t ive to many variables, inc luding 

work ing  electrode composi tion and s ize, e lectrol yte nature and concentration and 

mono mer concentration. In part icular, when electrochemistry i s  conducti ng in an 

organic solvent, the di stance between the electrodes is cri tical . I n  order to min imi se 

the effects of these variables, condi tions need to be as reproducible as possible. The 
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experimental setup  used throughout th i s  research i s  i l l ustrated i n  Fig. 5 .6, and further 

described in Section 5.2.2.  

Salt  bridge 
(0. 1 M 
TBAP i n  
MeCN) 

Ag/AgN03 
reference 
electrode 

Plati num 
working 
e lectrode 

Plati num mesh 
aux i l iary 
electrode 

Figure 5.6 Schematic representation of a three electrode cell  

The e lectrochemical tech nique uti l i sed i n  this research was cyc l ic  voltam metry .  

Cycl ic voltammetry i nvolves apply ing a potential that sweeps backward and forward 

between two set electrode potentials whi le  measuring the current flowi ng between the 

electrodes. An example of both the appl ied potential and measured current i s  shown 

in Fig. 5 .7 .  This figure shows two cycles, each compri s ing a forward (ox idizi ng) and 

reverse ( reducing) sweep, between -0.5 and +0.5 Y ,  for a sol uti on of ferrocene and 

TBAP  i n  MeCN . Species that are ox id i sed on the forward scan, may undergo 

reduction on the reverse scan. A measure of the reversi bi l i ty of this process is the 

peak-to-peak separation between the forward and reverse scans.  For a complete ly  

reversib le  one-electron process wi th both oxidi sed and reduced species i n  sol ution , 

the separation between oxidation and reduction peaks i s  57 my.3 1 3 In  a real system ,  

diffusion of oxid i sed species from the e lectrode, deposition o f  sol id material on the 

electrode, solvent and e lectrolyte composit ion and scanning speed can al l affect the 

current response given by a chemical species .57 
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Figure 5.7 Appl ied voltage (top), measured current (middle) and final 

cyclic voltammogram (bottom) for ferrocene 

(v = 1 00 mV 5-1 , 0 . 1  M TBAP, MeCN) 

Cyc l ic  voltammograms are more often d i splayed showi ng current as a function of 

appl ied potential . The data from Fig.  5.7 (top and middle) is  represented i n  this form 

in Fi g. 5 .7 (bottom, second scan only) .  Thi s  format al l ows fac i le  identification of 

peak oxidation and reduction potentials.  
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I n  the case of deposit ion by cycli c  voltammetry, formation of a conductive polymer i s  

i ndicated by a n  i ncrease i n  current over consecutive cycles. Since current i s  d i rectly 

proportional to the surface area of an electrode, deposit ing an electroacti ve polymer 

layer on an electrode surface may cause the surface area to enlarge wi th each scan, 

thus causing the observed current to i ncrease. Ol i gomers formed from the coupl i ng of 

two or more monomer u nits appear, on the second and subsequent scans, as oxidation 

peaks at lower potential than seen for oxidation of the monomer. This is due to the 

longer conj ugation length present i n  ol i gomers, causing them to oxid i se at lower 

potential . 3 1-1 

As  discussed i n  Section 1 .3 ,  counter-ions move i n  and out of polymer fi lms to balance 

charge during oxidation and reduction. I n  most cases the electrolyte anion m igrates 

i nto the polymer to balance the posit ive charge formed by loss of an electron during 

oxidation.49 The anion i ncorporated during electropoly merisation has been shown to 

have a large effect on the morphology and electroactiv ity of the resulti ng polymer.301 

For this reason ,  the anion used in the fol lowing electrochemical experiments was kept 

constant. Tetrabutylammon ium perchlorate was chosen as the electrolyte for al l fi lm  

growth experi ments, a s  the bul ky tetrabuty lammoni um cation was not ant ic ipated to 

complex w ith the crown or polyether chain s  present i n  the monomers. I t  was also 

assumed here that the tetrabutylammonium cation would not play a s ign ificant role i n  

determin ing the properties of the pol ymer fi l ms ,  and that changing the cation would  

have no effect unless there were specific i nteractions between the cation and polymer. 

Where other metal cat ions were used to i n vestigate complexation dur ing post

polymeri sat ion cycl ic  voltammetry , they were i ntroduced as perch lorates at a 

concentration of 0. 1 M, i n  order to cause as l ittle di sruption as possible to the polymer 

matrix .  However, in  cases where the anion i s  be trapped ins ide the polymer, and 

cannot move out dur ing reduction, the e lectrolyte cat ion must m igrate i nto the 

polymer matri x  to maintain electrical neutral i ty .49 Thi s possible complication must be 

considered w hen i nterpreting CV data. 
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5.2.2 Experimental procedu res 

For all electrochemical experiments, a three-electrode, one-compartment cel l was 

used. The reference e lectrode was a non-aqueous AgI AgN03/MeCN system (BAS # 
M F-2062) housed i n  a 0. 1 M TBA P/MeCN sal t bridge (Fig .  5 .6) .  A l l  e lectrical 

potentials are quoted w ith respect to thi s reference, unless otherwise stated. Platinum 

mesh was used as the counter e lectrode. A p latinum d i sc working e lectrode 

(0.020 1 cm2) was used for al l growth and post-polymeri sation CVs. The surface was 

pol i shed w ith al umina (0 .05 fJ,m) and rinsed w ith H20 and MeCN between each 

experi ment. U se of a cel l  l id  with dri l l ed holes for the electrodes ensured that the 

di stance between electrodes remained constant. Tetrabuty lammoni um or selected 

metal ion perchlorates were used as the electrolyte at a concentration of 0. 1 M i n  

aceton i tr i le ,  d ichloromethane o r  a stated combi nat ion.  S pectroscopy grade 

acetonitri le (0.00 I % w/w H20) and dichloromethane were used as recei ved, and all 

el ectrolytes were dried under h igh vacuum for at least 24 hours prior to use .  

Monomer and electrolyte solutions were deoxygenated by bubbl i ng with oxygen-free 

nitrogen for five minutes before electrochemistry was commenced. Measurements 

were col lected using an A utolab Potentiostat Galvanostat controlled by a PC runn ing 

Autolab G PES software. Subsequent data process ing was carried out using Microsoft 

Excel . A l l  cycl ic  voltammograms were recorded at room temperature, w ith a sweep 

rate of 1 00 mV S- l ,  starting  and finishing at the cathodic l imit .  The resulting fi l m s  

were rinsed with clean solvent (free of electrolyte and monomer) before being used 

further. While this removed monomer sol ution from the surface, i t  is acknowledged 

that surface washing could not remove monomers trapped deeper in the fi l ms. 

Growth CV s were recorded for each terthiophene-based monomer, between potential 

l i mits of + 1 .0 V to - 1 .0 V ,  w i th a monomer concentration of 5- 1 0  mM.  Potential 

l im its were not optimized further for each i ndividual  mono mer. Rather, the work 

presented i s  a comparison of the electrochemical properties of the various monomers 

under the same conditions. Post-polymerisation CVs were recorded in 0 . 1 M metal 

ion perchlorate sol ution that contained no monomer and no tetrabutylammon ium 
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cation, between identical  potential l imits .  Again ,  thi s  work was not i ntended to be an 

exhaustive electrochemical study, but to provi de a broad survey of the vanous 

monomers' electrochemical response to selected metal cations. 

Samples prepared for SEM analys is  were grown onto ITO-coated mylar, due to the 

physical constraints imposed by the SEM sample chamber. A l l  SEM samples were 

grown by cyc l ic  voltammetry for 5 cycles, start ing and ending at the cathodic l i mi t. 

Concentrations of monomer and electrolyte used were i dentical to those used for 

growth onto plati num disc electrodes. The same potential l imits employed during CV 

growth onto plat inum were used to grow fi l ms onto ITO-coated mylar. As this led to 

fi l ms w ith v i sual ly  uniform colour and gross morphology, alternate l imits were not 

investi gated .  The estimated area of the ITO-coated mylar electrodes used i n  the 

production of samples for SEM analysis  was 0.5 cm2• This area was not masked, so 

that meni scus effects and variat ions i n  s ize between i ndiv idual p ieces of mylar 

contribute to a l ack of preci sion i n  thi s  value. A sheet of mylar was prepared by 

washing i n  hot soapy water, before being thoroughly ri nsed with H20, MeOH and 

acetone. The non-conductive side was then marked, before the sheet was cut into 

smal l stri ps.  SEM analys i s  was performed by D. Hopcroft at HortResearch,  

Palmerston North .  Smal l pieces of sample (ca . 5 x 5 mm) were mounted on an 

aluminium specimen stub, sputter coated w ith ca. 1 00 - 1 50 nm of gold and studied 

using a Cambridge 250 Mk3 Scanning Electron Microscope in the secondary electron 

mode. I mages were taken from the centre of the fi lm to avoid edge effects, recorded 

on l Iford FP4 black and white fi l m  at the chosen magnifications and printed on Kodak 

multi grade paper. 

UV IV I S/NIR spectroscopy was also used to characteri se the electrochemical l y  

produced fi l ms.  A Shimadzu UV - 3  J O  I PC UV -VIS-NIR Scanning Spectrophometer 

control led by a PC running standard Sh imadzu software was used to record spectra. 

In order to use this technique, samples were grown onto pieces of ITO-coated glass. 

The average area of polymer-coated ITO glass was estimated to be 0.7 cm2• Again,  as 

for ITO-coated mylar, this value is  imprecise. The glass was prepared by consecutive 

washes in hexane, MeOH and CH2Cl2 w i th ul trason ication, and afterward handled 

only by the edges. A basel i ne correction was obtained on two pieces of thi s  glass, 
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su bsequent measurements being  carried out w i th a pri sti ne piece of glass as a 

reference. Both the sample and reference pieces of g lass were mounted on a black 

screen perpendicular to the l i ght beam. The screen had smal l holes pos i tioned to 

al low the l i ght beam to pass through. Thi s experi mental setup greatly reduced l i ght 

scatteri ng, and ensured that the samples were placed d irectly and reproduci bly in the 

path of the l i ght beam. Despite th i s ,  occasional noise was seen near the detector 

changeover that occurred at 830 nm.  This noise was always smal l compared to the 

absorbance of the sample, and d id not occur in a region contain ing absorbance peaks. 

Spectra were recorded from 250- 1 500 nm, w i th a data pitch of 1 .0 nm. Th is  

experi mental procedure was deemed more useful than spectroelectrochemistry in  th i s  

case, due to  the tendency of some samples to di ssolve i n  electrolyte solution, as  w i l l  

be d i scussed i n  Section 5 .2 .4. S pectroelectrochemistry invol ves poi si ng the fi lm at a 

series of set potentials and recording a spectrum at each potential . This i s  achieved by 

sett ing up a three electrode cel l  w ithi n  a glass or quartz cuvette.m The experi mental 

setup described ensures that fi lms are maintai ned in their  oxidised or reduced forms, 

but has the di sadvantage that sol ution species can interfere with the spectra col lected. 

In this case, pre l imi nary i nvesti gations revealed that many of the fi l m s  formed were 

not stable under these conditions, so that spectroelectrochemistry would be a less 

useful technique. For these reasons, UV IY I S/NIR spectra were run on sol id fi lms  

grown onto ITO-coated glass. An early report by Kaneto et al. on th in  fi l m s  of 

poly  thiophene reported that the neutral fi l m  was very stable, but the oxidi sed fi lm 

tended to reduce during exposure to ai r or protic solvents.3 16 While the oxidised fi l ms 

prepared i n  th is  work maintained the i r  b lue hue over the time period requi red to 

col lect UV IVI S/NI R  spectra, it i s  possi ble that partial reduction occurred during this 

time. Hence, some unstable oxidi sed species may not have been observed. Separate 

fi lms were grown for each spectrum recorded. Those left in the neutral form were 

grown by cyc l ic  vol tammetry , under the condit ions used for growth experi ments, 

starting and ending at the cathodic l imit .  The number of scans used varied depending 

on the density of the fi lm deposited, and was between 1 -3 cycles for al l  monomers. 

Fi lms measured in  the oxidi sed state were grown at a constant potential , + 0.8 V, for 5 

seconds. A l l  fi lms  had even coverage to the human eye, and mai ntai ned the ir  red 

(neutral ) or blue (oxidised) t int for weeks i n  contact with the atmosphere. 
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5.2.3 Electropolymerisation of reference com pou nds 

I n  order to prov ide i ns i ght i nto the polymeri sation of the new d ial koxy-sty ry l 

substi tuted terth i ophene compounds, some pre l i m i nary electrochemi stry was 

performed on terthiophene, styryl terthiophene LXXVI , methoxy styryi terthiophene 

LXXVII and di methoxystyryi terthiophene XXIX. 

5.2.3 .1  Terthiophene 

A growth CV for terthi ophene i s  shown below in  Fi g .  5 .8 .  The i ncreas ing current 

with scan number is indicative of the formation of an electroacti ve polymer. After 5 

cycles the plat inum disc working electrode surface was covered by an adherent dark 

red fi lm .  I n  previous work ( Section 5 . 1 ), it was observed that both neutral and 

oxidised sexithienyl spec ies were highly coloured, and i t  is reasonable to assume that 

longer chai n o i igomers would also absorb strong ly  i n  the v i s ible part of the 

electromagnetic spectrum. As the sol ution colour remai ned unchanged during cycl ic  

voitammetry, it seems unl i kely that large amounts of sol uble ol i gomeric species were 

being formed. 
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Figure 5.8 Cyclic voltammetry for terthiophene 

(v = 1 00 mV s'\ 10 mM terth iophene, 0 . 1 M T BAP, MeCN) 
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Post-polymeri sat ion CV s i n  0. 1 M TSAP and 0. 1 M Li CI04 i n  the absence of 

monomer, are shown below i n  Fig.  5 .9. A separate fi lm ,  grown under identical 

condi tions, was used for each different metal cation. Figure 5.9 shows that identical 

responses were obtai ned for fi lms cycled in the presence of Li+ and N(Bu)4+ '  S im i lar 

responses were a lso observed for other metal cations tested ( Na+, Mg2+, Mn2+) .  A 

current dec l i ne of approximately 25% was observed over 1 5  cycles. A s imi lar type of 

oxidati ve degradat ion observed by Harada et ai.3 I7 was attri buted to n l lr lp0::'�! ! ! �  
���a'::'" V I I  poiyrhiophene i n  the oxidi sed state and was accelerated by the presence of 

smal l amounts of H20 and/or nucleophi l i c  electrolyte anions. 
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Figure 5.9 Post-polymerisation CVs of terth iophene in  0.1  M TBAP 

(top) and 0.1 M LiCI04 (bottom) 

( v  = 1 00 mV 5-1 , MeCN) 
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A fi l m  was al so prepared for analys is  by SEM under the same condit ions as above, 

but usi ng ITO-coated mylar as the work ing electrode. The CV of the growth of this 

fi lm  i s  shown in  Fig.  5 . 1 0  together w ith an SEM i mage of the fi lms '  surface. 
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Figure 5. 1 0  Growth CV (top) and surface morphology of terth iophene 

fi lm on ITO-coated mylar 

(v = 1 00 mV S-1 , 10 mM terthiophene, 0.1 M TBAP, MeCN) 

I t  can be seen from a compari son of Figs. 5.8 and 5 . 1 0  that the current dens i ty 

obtai ned on ITO-coated mylar i s  a fraction of that obtai ned on a plat inum worki ng 

electrode surface. In addit ion, the monomer i s  less readi ly  oxid ised on mylar, so that 

by the oxidati ve l imi t  (+ 1 .0 V )  the current has not attained a peak. Furthermore, if the 

anodic l i mit  was extended to + 1 .2 V a peak was sti l l  not d i scernable. The increas ing 
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current wi th scan number i s  consi stent wi th deposit ion of an electroacti ve fi lm  on the 

my l ar surface, i ncreas ing its surface area ( Sect i on 5 .2 . 1 ) . A scan n i n g  e lectron 

micrograph of th i s  surface ( Fig. 5 . 1 0  bottom) shows that under these cond it ions 

terthiophene forms a coarse fi lm that appears to cover the surface of ITO-coated 

mylar. 

Fi l m s  of terthiophene in both the neutral and oxidi sed state were grow n onto ITO

coated glass for analys is  by UV IV I S/NI R spectroscopy (Fi g. 5 . 1 1 ) . The growth CV 

of terth iophene onto ITO-coated glass was si mi lar i n  shape to that observed using an 

ITO-coated mylar work i ng electrode ( Fi g. 5 . 1 0) ,  with no current peak di scernable 

before + 1 .0 V on the first oxidation scan. 
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Figure 5.1 1 UVNIS/N IR spectra of poly(terth iophene) in the neutra l  

( left) and oxid ised (right) forms 

The UV IV I S/NI R spectrum of the neutral poly(terth iophene) fi lm exhi bits a broad 

maximum at 380-4 1 0  nm, peaki ng at 393 nm.  This val ue i s  i n  good agreement w i th 

that obtained by Roncal i et at. (400 nm)3 \8, Zotti et al. ( 370 nm) 155 and V i sy et al. 
(395 nm)250, who concl uded that poly(terth i ophene) consi sts most ly  of d i mer and 

trapped monomer. The spectrum of poly(terthiophene) obtained in the oxidi sed state 

has absorption peaks at 478 , 595 and 1 075 nm, l i kely due to oxidi sed sexi th ieny l 

species. 
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5.2.3.2 Styryl terth iophene LXXVI 

In order to i nvestigate the effect that the conjugated styryl moiety would have on the 

pol ymeri sat ion of terthiophene monomers,  styry l  terth iophene L X X V I  was 

i nvestigated next. I ts growth CV is shown below in Fig. 5 . 1 2, and again poi nts to the 

formation of an electroacti ve material on the worki ng electrode surface. A bri ght red 

adherent fi lm  was visi ble on the worki ng electrode surface after 5 cycles, and the 

monomer sol ution did not appear to have changed colour. 
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Figure 5.1 2 Cyclic voltammetry for styryl terth iophene LXXVI 

( v = 1 00 mV 5-1 , 1 0 mM LXXVI, 0. 1 M TSAP, MeCN) 

The oxidation potential peak duri ng the fi rst cycle of electropolymerisation of styryl 

terthiophene LXXVI occurs at 0.72 V, compared to 0.76 V for terthiophene. This 

i ndicates that L X X  VI is more read i l y  oxi d i sed, perhaps due to greater Jt 

delocal i sation. On  subsequent oxidati on sweeps, two peaks are seen at 0.68 and 

0.84 V, which merge on further cyc l i ng,  and gradual l y  shift to higher oxidation 

potential . The reduction sweep is substantial ly different to terthiophene, wi th two 

peaks at 0.58 and 0.24 V evident in  this case, as opposed to a s ingle peak at 0.33 V. 

Post-polymerisati on CV s in both TBAP and LiCI04 are shown below in Fig. 5 . 1 3 . I t  

can be seen that there i s  n o  s ignificant difference in  the electrochemical response of 

the fi lm  in the two different electrolytes. In both cases, there is a main oxidation peak 
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at 0.94 V, w ith a shoul der at 0.73 V .  Two reduction peaks are seen ,  at 0.42 and 

0. 1 3 V. In add i tion,  the fi l m  appears to be quite stable,  d i splay i n g  only a smal l 

decl i ne i n  current (6%) between cycles 3- 1 5  i n  TSAP. The fi l m  d id  not appear to 

have degraded after th is  treatment, mai ntai n ing  i ts red colour, and the electrol yte 

remain ing colourless. 
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Figure 5. 1 3  Post-polymerisation CVs for styryl terthiophene LXXVI in 

0.1  M TBAP (top) and 0.1 M LiCI04 (bottom) 

(v = 100 mV 5-1 , MeCN) 

A scanning electron micrograph of a fi l m  of styryl terthiophene grown onto ITO

coated myl ar i s  shown in Fig .  5 . 1 4, along wi th  its growth CV . A s  seen for 

terthiophene, oxidation occurs at a considerably more anodic  potential on this  surface. 

The flat surface v i s ibl e  in the S EM image appears, from a compari son of th is  i mage 
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with a blank obtai ned on unused mylar, to be the mylar surface rather than a smooth 

polymer fi l m. Thus it seems that, at least under these conditions, nucleation i s  sparse 

on ITO-coated mylar, and coherent fi lms are not formed. 
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Figure 5 .14 Growth CV (top) and su rface morphology of styryl 

terth iophene LXXVI fi lm on ITO-coated mylar 

(v = 1 00 mV 5-1 , 1 0 mM LXXVI, 0 . 1  M TBAP, MeCN) 

Samples were al so grown onto ITO-coated g lass i n  both the neutral and oxidi sed 

forms, and the UV IVI S/NIR spectra of these fi lms  are shown i n  Fig .  5 . 1 5 . 
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Figure 5.1 5 UVNIS/NIR spectra of poly(styryl terthiophene) in  the 

oxid ised form 

The UV /vI S/NIR spectrum of the neutral polymer shows an absorption max imum at 

500 nm, that appears to i ndicate a longer mean conj ugation length than seen for 

terthiophene. However, the data presented in Table 5.3 ( page 225) shows that the 

absorbance maxima for the neutral electrochemical ly  produced fi lm are s imi lar to that 

observed for the chemical l y  produced d imer. During chemical poly meri sation 

(Section 5. 1 .2),  a smal l amount of sol uble d imer, and a l arge amount of i n so luble 

material was formed. MALDI -MS resu l ts on the sparingly soluble « 0. 1 mg/mL) 

fraction i ndicated the presence of trace amounts of trimer and tetramer. The neutral 

sample used i n  this case was grown over two CV cycles, and i t  is possible that thi s  

was insuffic ient to form large quantities of higher ol i gomers, so that only d i mers 

precipitated on the electrode. Conversely, growing a sample using a l arger number of 

CV cycles produced a fil m  that was too hi ghly coloured to be useful for U V  /vIS/NIR 

analysis .  The UV /VIS spectrum obtained of the polymer i n  the oxidi sed form has 

peaks at 358, 727 and 1 1 85 nm, w i th a shoulder at 482 nm.  A comparison of the data 

presented i n  Table 5 .4 (page 226) shows that these peaks are i n  simi lar positions to 

those observed for other dial koxystyryl-substituted terthiophenes. 

5.2.3.3 Methoxystyryl  terthiophene LXXVII 

I t  was uncertain what effect the i ncorporation of a methoxy group would have on the 

properties of the monomer and resultin g  polymer, as d iffering  results have been 

reported in the l i terature for ol i gothiophenes .  For example, alkoxy s ubstituents i n  the 

B -posit ion of thiophene ol i gomers i ncrease the reactiv i ty of the neighbouri ng u-
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posi tion, and lead to the formation of more h ighly conjugated polymers . This has 

been observed for both chemical l l5, 9 1 , 295. 296 and electrochemica l ly3 19 produced 

materials .  On the other hand, V i sy et al. studied terthiophene substi tuted at the 3 ' 

pos i ti on w i t h  a pheny l o r  methoxyphenyl  group/50 and found no s ign ifi cant 

differences between the polymers produced. In order to investigate the effect that a 

methoxy group would have on the electropolymeri sation of styryl  terth iophene, a 

sol ution of monomer LXXVII was subjected to cycl ic  voltammetry (Fig .  5 . 1 6) .  
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Figure 5.1 6 Cycl ic voltammetry for methoxystyryl terth iophene LXXVII 

(v  = 1 00 mV 5-1 , 1 0  mM LXXVII , 0.1 M TSAP, MeCN) 

As in the cases of terthiophene and styry l terth iophene, methoxystyryl terthi ophene 

appears to form an electroactive fi l m  from the increase in current w i th scan number 

evident i n  Fig .  5 . 1 6. The in i tial oxidat ion peak occurs at 0.66 V, a lower potential 

than was seen for either terth iophene (0.76 V)  or styryl  terth iophene (0.72 V ) . 

Therefore this compound appears to oxid ise more read i ly ,  which could indicate that 

the methoxy group is having a stabi l i zi ng effect on the oxidised species. It has been 

previously reported that the electron-donati ng methoxy group can reduce oxidation 

potent ia l  by stabi l i z i n g  the rad ical  cat ion formed,  red u c i n g  the extent of 

poly meri sation and g iv ing rise to poly mers with i nferior properties.57, 240. 250 Sche i b  

and Bauerle l40 saw a s im i lar reduction in  oxidation potential o n  moving from an 

alky l -substituted bithiophene, to an alkoxy-substituted bithiophene. They suggested 

that this could be due to the higher ionic conduct iv i ty of the polyether groups. They 

postulated that this would al low easier diffusion of the counter i ons that are necessary 

to balance the posit ive charges formed on the polymer backbone during oxidation. 
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The fi rst reduction sweep for LXXVII shows two peaks at 0.48 and 0. 1 6  V ,  which 

appear to be equi valent to those seen for styryl terthiophene at 0 .58 and 0.24 V .  On 

further scans these merge together to form a s ingle reduction peak at 0.4 1 V. The 

second oxidation sweep gi ves two peaks, v i s ible  at 0.28 and 0.7 1 V .  Whi le  these 

move to s l ightly h igher potentials on further cyc l ing, they remain well separated and 

di st i nct, i n  contrast to the merg in g  of c lose ox idation peaks seen for styry l 

terthiophene. 
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Figure 5.1 7 Post-polymerisation CVs of methoxystyryl terth iophene 

LXXVII in  0 .1  M TBAP (top) and 0.1 M LiCI04 (bottom) 

(v = 1 00 mV 5-1 , MeCN) 
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Post-polymerisation CVs for methoxystyryl terthiophene are shown in  Fig .  5 . 1 7, and 

a substantial difference can be seen in the fi lms'  response to these electrolytes. Whi le 

i n  TBAP the peak current value has dropped by 40% over 1 5  cycles, i n  LiCl04 the 

fi lm  has lost al l  electroactivity before 1 0  cycles have been completed. S ince the same 

anion i s  present i n  both electrolytes, and it i s  general ly the anion that moves i n  and 

out of the fi l m  to balance charge, it seems unl i kely that this i s  due to a size-based 

mobi l i ty difference between the smal l Li+ and large N(Bu)/ cations. I t  seems more 

probable  that the increased rate of degradation i n  LiClO .. sol ution i s  due to an 

i nteraction between the l ithium cation and the methoxy group. This l oss of activity 

appears to be oxidative degradation rather than di ssolution for two reasons. Fi rst, the 

electrolyte sol utions do not appear to become coloured after post-pol ymeri sation as 

would be expected if conjugated species were dissolving.  Secondly,  the presence of a 

sticky dark b lue material on the working el ectrode surface i ndicates the presence of 

insol uble or sparingly sol uble oxidised species. 

A sample g rown under the same conditions onto ITO-coated mylar is shown in Fig. 

5 . 1 8 , together with i ts  growth CV . In this case, as for terthiophene and styryl 

terthiophene ( Sections 5 .2. 3 . 1 and 5 .2 .3 .2) ,  the monomer oxidation potential has 

i ncreased sufficiently so that a peak is not observed. The current  density is again 

considerably lower than for the corresponding growth CV onto a plati num working  

electrode ( F ig .  5 . 1 6) ,  consi stent w i th previous results .  I n  contrast to the image 

obtained for styryl terthiophene (Fig. 5 . 1 4) ,  methoxystyryl terthiophene appears to be 

forming  overlapping sheet- l i ke structures that cover the enti re mylar surface under 

these conditions. 
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Figure 5. 1 8  G rowth CV and SEM for methoxystyryl terth iophene 

LXXVI I fi lm 

(v = 1 00 mV S-1 , 10  mM LXXVII, 0 . 1 M TBAP, MeCN) 

Fi lms i n  both the neutral and oxidised forms were grown onto ITO-coated glass to be 

analysed by UV IV I S/NI R spectroscopy . The spectra obtai ned are shown below in  

Fig. 5 . 1 9. 
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Figure 5.1 9 UVNIS/NIR  spectra of poly(methoxystyryl terthiophene) in  

the neutral ( left) and  oxidised (right) forms 

The UV spectrum of the neutral poly(methoxysty ry l terthiophene) fi l m  shows 

absorbance max i ma at 357, 489, 524 and 563 nm. In contrast, a fi l m  of the di mer 

synthesi sed via chemical polymerisation shows maxi ma at 336 and 488 nm (Table 

5 .3 ). The peaks observed in the electrochemical ly produced fi l m  at 524 and 563 nm 

are not i nconsi stent with the formation of l onger ol i gomers. Th i s  findi ng i s  i n  

agreement with the results of chemical polymerisation, where only a smal l amount of 

d imer (9 %) was successful ly  i solated. The remain ing i nsol uble material ( 89 %) i s  

bel ieved to consist of hi gher ol i gomers and/or cross- l i nked materia l ,  although its 

i nsol ubi l i ty meant that it could not be analysed (Section 5 . 1 .2) .  The spectrum of the 

oxid i sed form of monomer LXXVII shows absorption maxi ma at 345 , 482,  689 and 

1 082 nm.  No 'free carrier tai l '  absorption i ncreasing i nto the NIR i s  evident. 

An electrochemical ly  grown fi l m  of pol y(methoxystyryl terth iophene) was al so 

studi ed i ndependently by resonance Raman spectroscopy at Otago University .  The 

spectrum of this fi l m  exhibi ted bands in the same position as seen for a sol ution of the 

chemical ly  produced di mer ( Section 5 . 1 .2), which matched the spectrum calculated 

for the head-to-head l inked dimer.6s. 261 
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5.2.4 Electropolymerisation of d ial koxystyryl

su bstituted terthiophene com pounds 

5.2.4.1 Dimethoxystyryl terth iophene XXIX 

Given the evidence for at least low levels of polymeri sation obtained using sty ry l and 

methoxystyry l terth iophene, i nvestigation of the electrochemical propert ies of 

di methoxystyryl terthiophene XXIV allows the effect of an addi tional methoxy group 

to be evaluated. The growth CV , run under the same condi tions used for the previous 

compounds, is shown in Fi g .  5 .20. A bright red adherent fi lm  was deposi ted on the 

working el ectrode surface,  and no d i scolouration of the monomer sol ution was 

apparent. 
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Figure 5.20 Cyclic voltammetry for d imethoxystyryl terthiophene XXIX 

(v = 1 00 mV 5.1 , 1 0 mM XXIX, 0. 1 M TBAP, MeCN) 

Figure 5 . 20 shows a growth CV,  indicati ve of an el ectroactive polymer, from 

di methoxystyryl terthiophene XXIX. The initial oxidation peak appears at 0.65 V, at 

a l most the same posit ion observed for methoxysty ry l terthiophene (0.66 V) .  Th i s  

i ndicates that the additional methoxy group does not substantial ly change the stabi l i ty 

of the oxid i sed species. The two reduction peaks di scernable on the fi rst scan (0.43 , 
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0. 1 8  V )  are also i n  a s imi lar posit ion to those observed for LXXVII .  Subsequent 

scans, however, differ between the two compounds. I n  thi s  case, one main oxidation 

peak is observed, wi th only a smal l shoulder evident at lower oxidation potential . 

Thi s  cou ld  i mply the formation of shorter chain length material .  Reduction sweeps 

show the cont inuation of the two peaks seen on the first scan. I n  addi tion, there is a 

broad, shallow peak evident at -0.32 V .  

Post-polymerisation CVs with TBAP and LiCI0-t a s  electrolyte are shown in  Fig.  

5 .2 1 .  S i m i lar current densities are observed, w i th oxidative degradation occurring i n  

both electrolytes although i t  appears s l ightly faster when Li+ i s  present. This i ndicates 

that the fi l m  i s  not stable over the potential range employed i n  i ts electrosynthesi s .  As 

thi s  is not seen for terthiophene or styryl terthiophene, i t  may be due to the 

i ncorporation of methoxy groups. It has al ready been noted from a comparison of 

oxidation potentials (Table 5 .4) that methoxystyryl and di methoxystyryl terthiophene 

oxidise at lower potentials than terthiophene and styryl terthiophene. The i ncrease i n  

current  at the anodic l i mit  observed for the alkoxy-substi tuted compounds could  

i ndicate the start of thi s  degradation. I t  seems l ikely that both oxidati ve degradation 

and polymerisation occur dur ing  cycl ic  voltammetry between these potential l imits i n  

a solut ion of monomer, w i th polymeri sation bein g  the domi nant reaction. I n  

monomer-free sol ution however, polymerisation cannot occur so that oxidati ve 

degradat ion al one i s  observed. These dual processes have been descri bed by 

M ukoyama et al. for poly (3 -methyl th iophene) . 32o The observation that the 

degradation is faster in the presence of Li+ for both thi s  compound and methoxystyryl 

terthi ophene, makes it seem l i kely that an i nteraction between Li+  and the methoxy 

groups present may also make a contri bution to the observed i nstabi l ity. 
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Figure 5.21 Post-polymerisation CVs of d imethoxystyryl terthiophene 

XXIX in  0 .1  M TBAP (top) and 0 . 1  M LiCI04 (bottom) 

(v = 100 mV s-1 , MeCN) 

Figure 5.22 shows the growth CV of di methoxystyryl terth iophene XXIX onto ITO

coated mylar,  and S EM analys i s  of the fi l m  produced . I n  th i s  case, as for 

methoxystyryl terthiophene, the mylar surface i s  covered by a l ayer of polymer. The 

morphology i s  substantia l ly d ifferent between the two compounds, w ith X X I X  

forming a more porous, less smooth structure. 
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Figure 5.22 Growth CV and SEM of dimethoxystyryl terth iophene XXIX 

fi lm on ITO-coated mylar 

(v = 1 00 mV s-\ 1 0  mM XXIX, 0. 1 M TBAP, MeCN) 

Samples were also grown onto ITO-coated glass, for analys i s  by UV IV I S/N I R  

spectroscopy. The spectra obtained are shown below in  Fi g .  5 .23 .  
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Figure 5.23 UVNIS/NI R  spectra of poly(dimethoxystyryl terthiophene) 

in the neutral (left) and oxidised (right) forms 

In the UY spectrum obtained for the neutral fi l m ,  peaks can be seen at 280, 347 and 

5 1 3  nm,  with a shoulder at 555 nm. On chemical polymerisation with FeCI} a h igh  

yield of  di mer was obtained, MALO I-MS confi rming that no h igher ol i gomers were 

present (Section 4. 1 .2 .3) .  A thin fi l m  of thi s d i mer cast onto a q uartz surface by 

evaporation from CH2CI2, afforded a UY spectrum with peaks i n  identical posit ions to 

that obtained here by electropolymerisation (Table 5 .3) .  Therefore, there i s  no UY 

evidence for the presence of ol i gomers with g reater chain length than di mers under 

these conditions. The spectrum obtained for the oxidi sed fi l m  shows peaks at 350, 

496, 749 and 1 1 47 nm, wi th no sign of a 'free carrier tai l '  extending i nto the near 

i nfrared. 

5.2.4.2 Styryl-1 5-crown-5 terthiophene I 

The next compound to be electropolymeri sed was styry l - 15 -crown-5 terthiophene I .  

G rowth b y  cycl ic  voltammetry i ndicated the format ion of a n  electroacti ve polymer 

w i th two sets of redox peaks (Fig .  5 .24) .  By the fourth scan, al l  four peaks are 

d i st inct and at th is  point  the peak separations are ca . 60 mY for the lower potential 

couple, and ca. 1 60 mY for those at higher potential . This i ndicates that the peaks at 

lower potential are due to a reversible one-electron process .  These separat ions 

i ncrease s l ightly with i ncreasi ng scan number. 
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Figure S.24 Cycl ic voltammetry for styryl-1 S-crown-S terth iophene I 

(v = 1 00 mV S-1 , 1 0  mM 1 , 0 . 1 M TBAP, MeCN) 

Electrochemical polymeri sation of I under these conditions gave an adherent red fi lm  

on  the electrode surface, which after ri ns ing with solvent, was subjected to  post-. 

polymeri sation cycl ic  voltammetry i n  monomer-free electrolyte sol ution (Fig .  5 .25 

top). A post-polymeri sation CV on a new fi lm,  grown under the same condit ions, 

.was obtained i n  0. 1 M LiCI04 ( Fig .  5 .25 bottom).  

The growth CV shown in  Fig. 5 .24 clearly shows two revers ib le redox peaks. One 

oxidation peak is seen on the in i tial scan (0.64 V) ,  wi th a second peak appearing at 

0.28 V on subsequent scans.  The reduction i s  seen as two peaks at 0.47 and 0.22 V .  

I t  i s  assumed here that the oxi dation peak a t  0.64 V i s  due to  oxidation of  the 

monomer to i ts radical cation.  Terthiophene radical cat ions are known to be very 

reacti ve  and couple quickly to form dimers ( sexi thiophenes) as di scussed in Section 

5 . 1 .  The ox idation potential requi red to oxidise the terthiophene to its radical cation 

must be h igher than the oxidation potential required to oxid ise sexithiophene, so that 

the new ly formed neutral sexithiophene would be oxidised i mmediately to its dication 

as it is formed. The two reduction peaks observed could then be caused by reduction 

of the sexithiophene dication to the rad ical cation, and then the radical  cation to the 

neutral species. On further oxidation cycles, d imer would al ready be present and the 

new oxidation peak at 0.28 V could be a result  of oxidiz ing the d imer to i ts radical 

cat ion .  On each sweep, more terth i ophene would be ox id i sed and couple to 
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sexithiophene, which could then be reduced and reoxid ised, explai n ing why the peak 

currents enlarge with each subsequent scan. Oxidi sed sex i thienyl  species are wel l  

known to be very stable (Section 5 . l .3),  accounting for why no further polymeri sation 

is observed. I n  addition, the oxidation peak at h igher potential would be l arge due to 

the formation of d imer that then diffuses i nto the bulk sol ution. This was evidenced 

by a di scolouration of the solution over t ime,  from l ight yel low to bright yel low.  

MALDI-MS analys is  of this solution i ndicated the presence of di mer, but no higher 

ol i gomers. 

The post-polymerisation CV in TBAP (Fig .  5 .25 top) shows the same two sets of 

redox peaks evident i n  the growth CV that were attributed to the formation of 

sexithiophene radical cation and dication respectively. After the fi rst scan, during 

which any trapped monomer could be oxidi sed/poly meri sed, these peaks are s imi lar 

in s ize, as  would be expected for a revers i ble redox system. This  CV strongly 

resembles that seen by Zotti et al.  for 3 ' - pentoxy-3 ,3"-d iocty l - 1 2 ,2 ' ;5 ' ,2 " / 

terthiophene, where only dimers were formed o n  electropolymerisation.3 19  A gradual 

decrease i n  current can al so be seen on post-polymerisation cycl i ng in monomer-free 

electrolyte (Fig.  5 .25 top). Thi s  was attributed to a slow dissolution of the product i n  

acetonitri l e, a s  evidenced by the gradual yel l ow coloration of the electrolyte sol ution 

and eventual recovery of a mi rror surface on the platin um working electrode. Very 

rapid d issolution was observed i n  solutions contain ing metal ions, and it was observed 

that the sol ution became col oured in the immediate vicin ity of the working electrode. 

Again ,  the s i l ver surface on the work ing  electrode was recovered. MALDI-MS 

analysi s of the metal ion electrolyte gave no evidence for ol i gomers longer than the 

di mer. Because of th is  al most i n stant d i ssol uti on ,  post-polymeri sation cycl i c  

voltammograms could not be obtained i n  metal cation solutions ( Fig .  5 .25 bottom). 

This was the case for al l  metal i on sol utions tested ( Li+ ,  Na+, K+, Mg2+, Ca2+ ,  Mn2+) .  

As rapid dissolution of the electrochemical ly-produced fi lm  was observed only i n  the 

presence of metal ions, and not in TBAP, i t  is bel i eved that the marked change i n  

sol ubi l ity was caused b y  complexation of the metal ions b y  the crown moiety. This i s  

not surpris ing given the solubi l i ty properties of the product obtained from chemical 

polymeri sation of styry l - 1 5 -crown-5 terth iophene I .  The i solated crown d imer 

LXVII was s l i ghtly soluble in acetonitri le ,  but become freely soluble on addition of 
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Na+, mi rror ing the behav iour of the el ectrochemical ly produced fi lm. S i mi l ar 

dissolut ion was observed by Berl i n  et al. l54 for a terthiophene compound contain ing a 

d i rect ly  attached crown ether (Fig .  4.5c),  and by McCul lough and Wi l l iams for 

pol y [ 3-(2,5 ,8-trioxanonyl )thiophene J (Fig. 1 . 1 5a) 
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Figure 5.25 Post-polymerisation CVs of styryl-1 5-crown-5 

terthiophene I i n  0 .1  M TBAP (top) and 0.1  M LiC I04 (bottom) 

(v = 1 00 mV s-\ MeCN) 

In an attempt to form a more stable fi l m  from styry l - 1 5-crown-5 terthiophene I, the 

upper potential l i mit was i ncreased sl ightly to + l .0 V (Fig .  5 .26). 
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Figure 5 .26 G rowth CV for sty ryl-1 5-crown-5 terthiophene I 

(v = 1 00 mV s-\ 1 0  mM I, 0 . 1  M TBAP, MeCN) 

The i ncreasing current with scan number is i nd icat i ve of the format ion of an 

electroacti ve material on the worki ng electrode_ The i n i tial oxidation (0.65 V) and 

red uction (0.44, 0.23 V )  peaks are at potentia l s  s i m i lar to those observed for 

d i methoxystyryl terthiophene, i ndicating an electronic  s imi larity between the two 

compounds.  The mai n d ifference between thi s growth CV and that shown in Fi g .  

5 .24, is  the start of a second oxidation peak at  ca.  0.9 V.  As thi s response occurs at  a 

hi gher potential than i s  necessary for d imer formation, it cannot be due to a longer 

ol i gomeric species .  It is possible that the oxidation responsib le for thi s new peak is 

some type of cross-l i nk ing ,  perhaps through the al kene bond as seen by other 

researchers for styry l -thiophenes (Section 1 .5 ) .  This new oxidation peak does not 

have a corresponding reduction peak, i ndicating that it  i s  i rrevers ible. 

Post-polymeri sation CVs i n  0. 1 M TBAP and 0. 1 M Li CI04 are shown below in Fi g .  

5 .27. A compari son of the post-polymerisation CVs in  Fi g .  5 .27 with those i n  Fi g .  

5 .25 shows a number of differences. I m mediately evident i s  that i n  thi s case, post

polymeri sation cycl i ng was poss ib le in the presence of Li+. Although the fi l m  had 

degraded after 1 0  cycles had been run, this was a large i mprovement over the earl ier 

attempt, and grow ing the fi l m  to a s l ightly higher oxidation potential had somehow 

stabi l i zed the result ing fi lm .  It can a lso be seen that the shape of  these cyc l i c  

voltammograms i s  quite different to  those obtai ned a t  lower oxidation potential , w ith 

the two sets of redox peaks no longer disti ngui shable. This  is attributed to the effects 
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of s l ightly overoxid is ing the fi lm, which has i mproved i ts stabi l i ty at the expense of 

revers ib i l i ty .  It seems l i kely that the overoxidi sed species are less sol uble i n  MeCN, 

thereby slow ing  the di ssol ution process. The observat ion that the fi l m  cycled i n  

LiCI04 had completely degraded after 1 0  scans ,  whereas the fi lm cycled in  TBAP sti l l  

had a reasonable activity a t  that point, i ndicates that metal ion complexation i s  again 

play ing a role i n  destabi l izing the fi l m. 
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Figure S.27 Post-polymerisation CVs of styryl-1 S-crown-S 

terth iophene I in 0 . 1  M TBAP (top) and 0 . 1 M LiC I04 (bottom) 

(v = 1 00 mV 5-1 , MeCN) 

A scan n i ng electron micrograph of a fi lm  of I grown onto ITO-coated mylar i s  

shown, together with its growth C V ,  i n  Fi g.  5 .28 .  
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Figure 5.28 Growth CV and SEM of styryl-1 5-crown-5 terth iophene I 

fi lm  

(v = 1 00 mV S-l , 1 0  mM I ,  0 . 1 M TBAP, MeCN) 

I t  appears from th i s  S EM picture, that upon electropolymeri sat ion under these 

condit ions,  styryl - 1 5-crown-5 terthiophene I is not form ing a cont inuous fi lm ,  but 

rather numerous d iscrete coral - l i ke structures. An i ncrease in the density of 

nucleation on ITO-coated mylar woul d be necessary i n  order for these separate 

structure to merge and form a fi lm. 
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Fi l ms were a lso grown onto ITO-coated glass,  for anal y s i s  by UV IV I S/NIR 

spectroscopy . Separate fi lms  were grown i n  the neutral and  oxidi sed state as  

described in  Section 5.2.2, and their spectra are shown below i n  Fig.  5 .29. 
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Figure S.29 UVNIS/NIR  spectra of styryl-1 S-crown-S terthiophene I i n  

the neutral ( left) and oxidised (right) forms 

The Amax peaks in  the spectrum of the neutral fi l m  occur at 348 and 480 nm.  A 

compari son of these val ues w ith those obtained for a fi l m  of the pure di mer (Table 

5 . 3 )  g ives a c lose correlat ion.  This  provides further ev idence that under these 

conditions, polymerisation is stopping  at the d imer. Furthermore, thi s  is in agreement 

with the res ul ts previously obtained for chemical oxidation of I with FeCl3 and 

Cu(Cl04)2 ( Sections 5 . 1 .2 and 5 . 1 .3 ) .  In the spectrum of the oxidi sed fi lm,  addit ional 

peaks are observed at 753 and 1 254 n m ,  at s imi lar potentials to other oxidised 

sexith ienyl species (Table 5 .3) .  

I ncreasing  the upper oxidation potential further during  cyc l i c  voltammetry , led to 

over-oxidation49 of the polymer fi l m  (Fig .  5 . 30). This i s  evidenced by large oxidation 

peaks, but a l ack of corresponding  reduction peaks. I n  addition, the surface of the 

working electrode was covered i n  sticky blue material on removal from the monomer 

solution, the colour consistent with this material i ncorporat ing oxidised species. 
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Figure 5.30 Overoxidation of styryl-1 5-crown-5 terth iophene I 

( v  = 1 00 mV s-\ 1 0  mM I, 0 . 1  M TBAP, MeCN) 

5.2.4.3 Styryl-1 8 -crown-6 terthiophene 1 1  

The same condit ions that were successful i n  forming  electroacti ve fi l ms from the 

previous monomers were employed in the cycl ic voltammetry of a sol ution of styryl

I S-crown-6 terthiophene 11 ( Fig .  5 .3 1 ) . 
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Cycl ic voltammetry for styryl-1 8-crown-6 terth iophene 1 1  
( v  = 1 00 mV S-l ,  1 0  mM 11, 0 . 1  M TBAP, MeCN) 
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Unl i ke al l previous cases, no fi l m  was v i si ble  on the electrode after 5 cycles under 

these conditi ons. The ox idation (0.66 V) and reduction (0 .45 , 0.23 V) peaks are 

located at potentials close to those observed for d imethoxystyryl terthiophene and 

styryl- 1 5-crown-5 terthiophene. This makes it  seem unl i kely that electronic factors 

are the reason for the lack of fi l m  formed. G iven that both of those compounds only 

form dimers during electrochemical growth under these conditions, it  seems l i kely 

that th is  is also the case for monomer 1 1 .  During chemical polymerisation of the 

terthiophene monomers synthesised duri ng thi s  research ( Section 5 . 1 .2), it was noted 

that a lengthen ing of the polyether chai n i ncorporated i n  the molecule markedly 

i ncreased i ts  solubil ity. It i s  possi ble that the lack of fi l m  formation here could  be due 

to the i ncreased solubi l i ty of the dimer in acetonitri le, rather than electronic  effects. 

A s  there was no fi l m  formed for thi s compound,  surface morphology and 

UV IVI S/NIR properties could not be i nvesti gated. 

5.2.4.4 Open-chain s ubstituted terthiophenes XXII I  - XXVIII  

The fi rst open-chain compound to be electropolymeri sed, was the shortest cha in  

i sovan i l l i n  deri vative XXIII ,  and i ts growth CV on plati num i s  shown i n  F ig .  5 .32 .  

The i ni tial oxidation peak (0.65 V)  and reduction peaks (0.86, 0.4 1 , 0.23, -0.45 V )  are 

i n  the same positions as those observed for other d i al koxysty ry l  terth iophene 

deri vati ves (Table 5 .4) . This  shows that compound XXIII  reacts s imi larly to the 

other compounds i nvesti gated. However, there is a d ifference apparent i n  l ater 

oxidation scans. I t  can be seen from Fig.  5 . 32 that the current reaches a maximum 

val ue after 4 oxidation scans, and then dec l ines on the final oxidative sweep. Thi s  

impl ies that oxidation of the monomer to i ts radical cation at the surface i s  becoming  

less effic ient, perhaps due to non-conductive material bei ng deposited on the working  

electrode. The fil m  also appeared v i sual ly darker than other s imi lar fi l ms .  An added 

compl ication i n  thi s  case was the tendency of the monomer to crystal l i ze out from 

sol ution. 
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Figure 5.32 Cycl ic voltammetry for open-chain terth iophene XXI I I  

(v = 1 00 mV 5-1 , 1 0 mM XXI I I ,  0. 1 M TBAP, MeCN) 

Post-polymeri sation CV s of this fi lm in  both TSAP and LiCI04 were al so obtai ned, 

and are shown in Fig. 5 . 33 .  There, the fi lm  degrades at approxi mately the same rate 

regardless of e l ectrolyte. As  interpreted for methoxystyry l terth iophene and 

d i methoxystyry l terth iophene, i t  seems l i kely that thi s current decl i ne is due to 

ox idative degradation. Th is  is consi stent w ith the lac k  of colouration of the 

electrolyte, and by the development of dark material on the worki ng electrode surface, 

fol lowing post-polymeri sation cycl ing .  It is interesti ng that in thi s case, the current 

dec l i ne i s  i ndependent of e lectrolyte composi t ion ,  suggesti ng an absence of 

complexation between the polyether chain and the l i thi um cations. 
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Figure 5.33 Post-polymerisation CVs of open-chain terth iophene XXII I  
i n  0 . 1  M TBAP (top) and 0.1 M liCI04 (bottom) 

(v = 1 00 mV s-\ MeCN) 

As for previous dialkoxystyryl -substituted terth iophenes, fi lms were grown onto ITO

coated glass for analy s i s  by UV IVIS/N I R  spectroscopy _ The spectra obtai ned are 

shown below in Fig. 5 .34. A main peak is seen in the neutral fi l m, at 523 nm, w i th 

shoul ders at 499 and 578 nm. Whi le  the mai n  peak corresponds to that seen for the 

pure d i mer fi lm (528 nm, Table 5 .3 ) , the shoulder at 578 nm may wel l indicate the 

presence of a h igher ol igomer. This cannot be proven however, and it i s  also possible 

that th is  peak could be due to an overoxid ised species on the su rface. 
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Figure 5.34 UVNIS/NI R  spectra of open-chain terthiophene XXIII  in the 

neutral ( left) and oxidised (right) forms 

A fi lm was al so grown onto ITO-coated m ylar for SEM analysi s, and both the growth 

CV and an SEM image are presented in Fig .  5.35. The growth CV indicates that (as 

seen for a ll the previous com pounds) the oxidation of XXIII is more diff icul t  on ITO

coated my tar than on p lati num. The SEM shows that, under these conditions, open

chain com pound XXIII has formed long fibre- l i ke structures that part ial ly cover the 

sutface. 
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Figure 5.35 Growth CV (top) and SEM image of XXVI fi l m  on ITO

coated mylar 

(v = 1 00 mV s-1 , 10 mM XXVI , 0 . 1 M TBAP, MeCN) 

The analogous vani l l in-deri ved monomer, X X V I ,  also formed an electroacti ve fi l m ,  

and its growth C V  onto a plat i num working e lectrode is  presented in  Fig. 5 . 36. The 

in i ti al oxidation peak at 0.65 V, with an addit ional i nc rease in current toward the 

anodic potential l i m i t  i s  simi l ar to the other d ia lkoxystyryl-substituted terthiophenes 

in vesti gated (Table 5 .4). Two closely spaced peaks are seen on subsequent ox idat ive 

sweeps, i ndi cati ng  the formation of ol i gomeric material . The reduct ion peaks 
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observed are al so at s im i lar potential s to those seen for other related compounds 

(Table 5 .4). 
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Figure 5.36 Cyclic voltammetry for open-chain terthiophene XXVI 

(v = 1 00 mV 5.1 , 1 0 mM XXVI, 0 . 1  M TBAP, MeCN) 

Post-polymerisation CVs for separate electrochemical ly g rown fi l ms of XXVI in 

TBAP and LiCl04 are shown below in  Fig .  5 .37. I n  contrast to the results obtai ned 

for methoxystyryl terth iophene, dimethoxystyryl terthiophene and styryl- 1 5-crown-5 

terthiophene (Sections 5 .2 .3 .3 ,  5 .2.4. 1 ,  5 .2.4.2) degradation appears to be faster in the 

presence of N(Bu)/ than Li+. The dec l i ne in current evident in Fig .  5 . 37 appears to 

result from oxidati ve degradation rather than d issol ution. This  i s  evidenced by the 

lack of colouring of the electrolyte sol utions, and by the presence of dark bl ue/black 

residue on the working electrode surface after cycl ing.  It is unclear why this process 

is faster in TBAP than in LiCI04• 
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Figure 5.37 Post-polymerisation CVs of open-cha i n  terthiophene XXVI 

in 0.1  M TBAP (top) a n d  0.1 M LiCI04 (bottom) 

(v = 1 00 mV 5-1 , MeCN) 

A fi l m  of XXVI was also grown onto ITO-coated mylar, to be analysed by scan n i ng 

el ectron microscopy . The growth CV and SEM i mage of the surface are shown 

below in Fig. 5 .38 .  The surface morphology of X X V I  most resembles that seen for 

1 5-crown-5 terth iophene I ( Fi g. 5 . 2 8 ) .  W h i l e  i n  both cases the fi l m  appeared 

homogeneous on a macroscopic scale, the SEM i mages show that coherent fi lms  are 

not formed. Nucleation appears to be sparse under these conditi ons, leading to the 

dist i nct coral- l i ke structures seen in Fi g. 5 .38 .  This  i ssue would need to be addressed 

in order to produce a fi lm of XXVI . 
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Figure 5.38 Growth CV (top) and SEM image of open-chain 

terth iophene XXVI fi lm on ITO-coated mylar 

(v = 1 00 mV S-l ,  10 mM XXVI, 0 . 1 M TBAP, MeCN) 

A fi lm was al so grown, in  the oxidi sed form, onto ITO-coated g lass. Several attempts 

were made to obtain a spectrum of the fi l m  in the neutral oxidation state, but these 

proved futi le. The UV IVIS/NIR spectrum of thi s fi l m  (Fig .  5 .39) shows peaks at 357, 

5 1 0, 695 , and 978 nm. The three h ighest energy peaks are s im i l ar to those seen for 

other dialkoxystyryl -substituted terthiophenes. However, the shoulder at 978 nm and 

that seen for the i sovan i l l i n  analogue at 995 nm, are not seen in the spectra of other 

compounds. Neither is there a peak at > 1 200 nm in the spectra of these two short 

chai n styryl terthiophenes. 
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Figure 5.39 UVNIS/NIR spectrum of poly(XXVI) in the oxid ised form 

No fi l ms could be formed from cyc l i c  voltammetry of the longer open-cha in  

compounds XXIV, XXV, XXVII and XXVIII. The cycl ic voltammograms recorded 

were s im i l ar i n  each case, and an example i s  shown below i n  Fig .  5 .40. Peak 

potential data for al l four compounds is presented i n  Table 5.4. The lack of fi l m  

formation meant that SEM and U V  IYI S/NIR  analys i s  could not be used i n  these 

cases. 

8 ,----------------------, ,---. 
- Scan 1 

Scan 2 

E 4 
u 
< 
E Scan 3 

Scan 4 

- Scan 5 

-4 +----�----�---�---� �-� 
-1 .0 -0.5 0.0 0.5 1 .0 

E I V vs Ag/AgNO, 

Figure 5.40 Cyclic voltammetry for open-chain terth iophene XXVII  

(v = 1 00 mV 5-1 ,  10 mM XXVII ,  0. 1 M TBAP, MeCN) 

As can be seen from Fig .  5 .40 and Table 5 .4, the cyclic voltammograms obtained for 

compounds XXIV, XXV, XXVII and XXVIII are very s im i lar to that obtained for 

other d ial koxystyry l -substituted terthiophenes. The new peak appeari ng at 0 .33-

0.36 V on the second and subsequent oxidation sweeps ind icates that an o l i gomeric 

species is being produced. In thi s case, however, a fi lm is not formed. This appears 

209 



to suggest that the oligomeric species i s  sol uble, and does not deposit s i gnificantly on 

the working electrode surface. Duri ng chemical polymerisation of the open-chain 

terthiophenes (Section 5 . 1 .2 ) ,  a marked i ncrease in  solub i l i ty w ith i ncreasing  

polyether chain length was noted. It i s  not i nconsistent w ith previous observations 

that the asymmetric reactivity of the terthiophene monomer is lead ing only to the 

formation of di mers, and that in these cases the sexithienyl spec ies  formed are 

suffici ently sol uble that they do not form fi lms on the electrode surface.  

5.2.4.5 Terthiophene hem icrowns LXI - LXI I I  

The three i someric terthiophene hemicrowns LXI - LXII produced v i rtual ly identical 

responses upon electropolymerisation, so that only one example w i l l  be di scussed 

here. Cyclic voltammograms obtained in both CH2Ciz and 1 :  1 MeCN:CHzCI2 for the 

i sovan i l l i n-deri ved hemicrown LXI are shown below in Fig .  5 .4 ] . Red adherent 

fi lms were obtained from both of these solvent systems. 
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Figure 5.41 Cyclic voltammetry for isovani l l in hemicrown LXI 

(v = 1 00 mV S
-1

, 5 mM LXI ,  0. 1 M TBAP, CH2CI2 - top) 

(v = 1 00 mV s-" 5 mM LXI , 0. 1 M TBAP, 1 : 1  MeCN:CH2CI2 - bottom) 

Due to the l ack of sol ubi l i ty of the terthi ophenes i n  MeCN « 0. 1 mg/mL) ,  cycl ic 

vol tammetry was investigated in  both CH2CI2 alone, and MeCN/C H2C12 m i xes. In I :  I 

MeCN/CH2C12 the i n i t ia l oxidation peak occurs at 0.68 V ,  not substanti a l ly different 

from that seen for other dial koxy-substituted styryl terthiophenes in MeCN . The 

other i someric hemicrowns also d i splay i n i tia l  ox idation peaks at s i mi lar potentials 

(Table 5 .4). The red uction peak on the fi rst scan is rather broad, with the main peak 

d i scern i b le at 0.23 V, and shoul ders at 0 .38 and 0. 1 4  V .  Hemi crow ns L X I I  and 

LXI I I  di splay two clear peaks on reduction, at 0.46 and 0.25 V, and 0.47 and 0.29 V 

respect ively.  These peaks are in  approxi matel y the same posit ions as seen for the 

other dial koxy-substi tuted styryl terthiophenes in  MeCN (Table 5 .4), and i ndicate that 
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very s imi lar oxidi sed species may be forming  i n  a l l  of these cases. Thi s i s  not 

surpris ing considering  that the terthiophene hemicrown i s  real ly two dialkoxystyryl

subsituted terthiophenes that are physical ly tethered, but e lectronical ly  i nsulated, by 

the polyether chai n .  The i nit i al ox idat ion peaks seen i n  CH1Cl1  alone are 

considerably hi gher, at 0.82-0.88 V for the three hemicrowns. This shows that the 

hemicrowns are harder to oxidise in CH1Clz than in MeCN:CH2Cl1 mixtures, possibly 

due to the ir  higher sol ubi l i ty in thi s solvent. On further oxidation scans, a second 

di stinct peak occurs for all three compounds, at 0.30-0.37 V. This peak is in a s imi lar 

posi tion to the shoulder seen during cycl ic voltammetry of the same compounds i n  a 

MeCN:CH1CI1 solvent m ixture ,  imply ing that the oxidation potential of the new 

species is unaffected by solvent. The new species must be d ue to a h igher ol igomer 

of the hemicrown,  contai n i ng  sexithienyl moieties as seen for the p revious 

compounds. This species, contain ing at  least 1 2  thiophene r ings, would l i kely be 

i nsoluble i n  both MeCN and CHICII. This  could explain why the oxidation potentia .. 

does not change with solvent. In contrast, the hemicrown monomers are freely 

soluble  in CHICi2 but only sparingly soluble in MeCN, and i t  is possible that thi s  

could be causi ng  the d i screpancy i n  oxidation potential s seen between the two 

different solvent systems. The reduction peaks seen in CH2Ci2 alone for the three 

hemicrowns are in approximately the same posi ti ons as seen in MeCN:CHIC1I, again 

i mplying that it i s  a solubi l ity effect. An additional peak i s  observed between -0.2 1 

and -0.38 V i n  the CH2Ciz solution that does not exi st i n  the MeCN:CH2Ci2 data. 

Thi s  has been observed for a number of different monomers by other researchers, and 

has been attributed to a conformational change.3
2 1 A s l ight decrease in current at the 

cathodic l imit in the presence of CHzCiz is l i kely due to the reduction of H+ from HCi 

in the solvent, as this was also noted in a background scan of TBAP in CH2CJ2• 
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Figure 5.42 Post-polymerisation CVs of hemicrown LXI in  0 .1  M TBAP 

(top) and 0.1 M LiCI04 (bottom) 

(v = 1 00 mV S-l , MeCN) 

Post-polymeri sation CVs of hemicrown LXI i n  TBAP and LiCI04 are shown above 

in Fig .  5 .42_ The positions of the peaks are very s imi lar to those seen on formation of 

fi lms i n  CH2Cl 2: MeCN, w ith oxidation occurri ng at ca. 0.68 V ,  and the corresponding 

reduction at ca. 0.44 V. Whi le the potential s are very s im i l ar between the two 

different electrolytes, in contrast to the results seen for the previous monomers, the 

hemicrown fi lms appear to be less stable i n  the presence of N(Bu)/ than Li+ .  I n  the 

examples shown above, the peak current measured in TBAP reduces by 50% over 1 0  

CV cycles, whereas the decrease i s  on ly 1 6% over the same number of scans i n  
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LiCl04• The same pattern was observed regardless of w hether the fi l ms were 

orig inal ly grown from CH2Cl2 or a CH2CI2 :MeCN solvent m ixture. SEM images 

( Figs .  5 .43 and 5 .44) reveal that the hemicrown monomers form substantial ly less 

porous fi lms. If  these fi lms were sufficiently dense that the electrolyte anions were 

trapped and could not m igrate out of the fi lm  on reduction, then cations would have to 

migrate i nto the fi lm to retain neutral i ty of charge. Lith ium cations are very smal l ,  

and may wel l  be able to move i n  and out of the fi lm  more read i ly  than bulky 

tetrabutylammonium cations. I t  is  possible  that this could lead to the degradation of 

the film  in  the presence of TBAP, as seen in  Fig .  5A2. 

Fi lms of the terthiophene hemicrowns were grown onto ITO-coated mylar for surface 

analysis by SEM. The growth CVs for the i sovan i l l in-derived hemicrown LXI, from 

CH2CI2 and CH2CI2 :MeCN sol utions ,  are shown below i n  Figs. 5 .43 and 5 .44. SEM 

i mages of the fi lms surface morphologies are also shown. 

The growth CVs of th is  compound onto ITO-coated mylar are substantial ly different 

from those seen for previous monomers. The onset of oxidation occurs at ca. 0.5 V 

on the first scan, and 0.2 V on subsequent scans .  I n  addition, a d istinct oxidation peak 

that i ncreases rapidly is seen at OA-0.5 V .  These observations are not i nconsi stent 

with the formation of higher ol igomers. In the case of the cycl ic voltammetry carried 

out i n  CH2Cl2 (Fig .  5.44), a decrease in current i s  seen toward the cathodic l im it, and 

a smal l oxidation peak is evident at -0.4 V .  It was noted that the mylar used was not 

completely stable in CH2CI2, and softened if l eft sitt ing i n  thi s  solvent. It is possible 

that the peaks seen in the cathodic reg ion of Fig .  5 .44 are due to chemical species 

dissolved from the surface of the mylar. 
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Figure 5.43 Growth CV and surface morphology of isovani l l in  

hemicrown LXI fi lm from 1 : 1 MeCN:CH2CI2 

(v = 1 00 mV S·1 , 5 mM LXI ,  0 . 1 M TBAP, 1 : 1  MeCN:CH2CI2) 
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Figure 5.44 Growth CV and scanning electron m icrograph of 

isovani l l in  hern icrown LXI fi lm grown from CH2Cb 

(v = 1 00 mV s-\ 5 mM LXI, 0 . 1 M TBAP, CH2CI2) 

In al l cases, the hemicrowns  showed a characteristic crater-l i ke morphology , as seen 

in Figs. 5 .43 and 5 .44 for LXI . This morphology is not seen in fi l ms obtained from 

any of the other styryl terthiophenes investigated, and therefore must be primari ly due 

to the properties of the monomer rather than the condi tions employed dur ing 

electropolymeri sation_ The main difference between the hemicrown monomers and 

the styryl  terthiophene monomers is the i r  sol ubi l ity, and it seems l i ke ly that th i s  
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property has caused their  un ique morphology. During the oxidation phase of cycl ic 

voltammetry ,  gas could be evol ved due to trace amounts of dissolved water in  the 

sol vent. At the same time,  the terthiophene-based monomers are oxidi sed to their  

radical cations TTho+ at the surface, these reacti ve material s then coupl i ng to form 

higher ol igomers. Diffusion of these material s also occurs, so that some of the radical 

cations and ol igomers diffuse back into the sol ution rather than deposit ing onto the 

electrode surface.  This diffusion w i l l  be less effective for compounds that are not 

very sol uble, these material s tending to deposit on the surface of the electrode instead. 

As gas bubbles are evolved, an accumulation of TTho+ and ol igomers could occur near 

the surface, lessening the effect of diffusion. Whi le  thi s does not seem to be an i ssue 

for the more sol uble terthiophene-based monomers, the i nsol ubi l i ty of the hemicrown 

monomers apparently causes them to deposit on the surface around the gas bubbles, 

as i l l ustrated schematical ly in Fig. 5 .45 , and evidenced in the SEM pictures in Fig. 

5 .43 and Fig .  5 .44. This could also explain why the 'craters ' are more pronounced in 

MeCN:CH2CI2 solution, s ince the ol igomers would be substantial ly less sol uble in  this 

system than in CH2CI2 alone. 

Accumulation of TThO+ and ol i gomers 

1II� .. ""IJiJ"."'iJJlJI!I�""� .- Pol ymer fil m 

.- Electrode surface 

Figure 5045 Schematic d iagram of terth iophene hemicrown surface 

deposition 

Samples of the three hemicrowns, from both solvent systems, were grown on ITO

coated glass in the ox idi sed and reduced states. The posi tions of the absorption 

max ima are tabulated in Table 5 .3 ,  and an example of the spectra obtained i s  shown 

in Fig. 5 .46. 
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Figure 5.46 UVNIS/NIR spectra of hemicrown LXI in  the neutral ( left) 

and oxidised (right) forms 

The data i n  Table 5 . 3  shows that two absorbance max i ma are seen for the neutral 

fi lms from each of the terthiophene hemicrowns, and that the position of these peaks 

is not substantially changed by the solvent the fil ms were grown from.  The peak at 

334-34 1 nm i s  due to the presence of the thiophene-styryl moiety ,  and the peak at 

468-480 nm i s  attributed to the presence of sexithiophene g roups. The fact that there 

are no apparent peaks correspondi n g  to longer ol i gomers suggests that these 

monomers, l i ke those contain i ng  on ly  one terth iophene g roup,  polymer ise 

preferential ly at one of the avai lable a-positions. The difference i n  reactiv ity between 

the head and tai l a-positions means that regardless of the degree of polymerisation, 

the maximum conj ugation length wi l l  never exceed 6 thiophene units. 

5 .2.4.6 Styryl-1 5-crown-5 terthiophene copolymer formation 

The major ity of the monomers characteri sed so far l ack  stab i l i ty on post

polymerisation cycl ing,  so a brief i nvesti gation i nto stabi l izing  the fi lms  by forming 

copolymers was carried out. The ' sens ing '  monomer chosen was styry l - 1 5 -crown-5 

terth iophene I ,  as it had previ ously shown the greatest response to metal cations. 

Both terthiophene and a terthiophene hemicrown were evaluated in copolymers w i th 

I ,  s ince the fi lms formed from these compounds were comparatively stabl e. 
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The growth CV for an equimolar sol ution of styryl- 1 5-crown-5 terthiophene I and 

terthiophene i s  shown in  Fig. 5 .47. Polymeri sation under these conditions led to the 

formation of an adherent red fi lm  on the working electrode surface. 
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Figure 5.47 Cyclic voltammetry for styryl-1 5-crown-5 

terth iophene:terth iophene copolymer 

(v = 1 00 mV 5.1 , 5 mM I ,  5 mM terth iophene, 0. 1 M TBAP, MeCN) 

Two peaks are seen on the fi rst oxidati ve sweep in Fig. 5 .47, at 0.65 and 0.77 V .  

These are the same peak oxidation potentials observed for homopolymers of styryl -

1 5-crown-5 terthiophene and terthiophene respecti vely (Table 5 .4). Th i s  indicates 

that at least some of each monomer has been oxidised. Subsequent oxidation scans 

show an increase in both peaks, and a gradual merging. The first reduction shows 

two peaks, at 0.44 and 0.29 V ,  as wel l  as a broad shal low peak at -0.44 V.  These are 

very s imi lar to the position of peaks seen for 1 5-crown-5 terthiophene I. As for the 

oxidation peaks, the reduction peaks i ncrease and gradually merge over subsequent 

scans. The shape of the CV after 5 scans resembles that seen for terthiophene (Fig .  

5 . 8 )  more than styryl - 1 5-crown-S terthiophene (Fig. 5 .26). 

Post-polymeri sation CVs were carried out in TBAP and a number of different metal 

cation perchlorates (LiCI04, NaCI04, M g(CI04)2 ' 
Mn(CI04)2) ' 

and two of these are 

shown in Fig. 5 .48. 
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Figure 5.48 Post-polymerisation CVs of 1 5-crown-5 terth iophene: 

terth iophene copolymer in 0.1 M TBAP (top) and 0.1  M LiCI04 (bottom) 

(v = 1 00 mV 5-1 , MeCN) 

I t  can be seen in Fig. 5 .48 that the post-polymeri sation CVs of thi s copolymer are 

very sim i lar to those previously observed for a terthiophene homopolymer ( Fig .  5 .9). 

The current decl i ne i s  somewhat more rapid in the presence of Li+ (26 % loss over 1 4  

cycles) than TBAP ( 1 3 %  loss over 1 4  cycles) .  I t  i s  l i kely that th i s  i s  due to an 

interact ion between the l i thi um cations and the crown ether moiety , l eadi ng to 

i ncreased d i ssol ution as seen for the I S -crown-5 homopolymer ( Section 5 .2 .4.2) .  

Whi le thi s polymer i s  certa in ly more stable than the 1 5-crown-5 homopolymer, the 

l ack of response to cations and shape of the post-polymeri sation CVs suggest that 

terthiophene is the major component. 
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A sample of the fi lm was grown onto ITO-coated mylar under the same conditions. 

The growth CV and SEM of the fi lm are presented in  Fig .  5.49. 
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Figure 5.49 Growth CV and surface morphology of 1 5-crown-5 

terthiophene:terthiophene copolymer fi lm on ITO-coated mylar 

(v  = 1 00 mV 5.1 ,  5 mM terth iophene, 5 mM I ,  0. 1 M TBAP, MeCN) 

The SEM image for the copolymer shows coral- l ike structures s imi lar to those seen 

for 1 5-crown-5 terthiophene (Fig .  5 .28) .  However, it can also be seen that in th i s  case 

the surface i s  covered with a comparati vely smooth polymer layer as wel l .  

Samples of the fi l m  in both the neutral and oxid i sed state were grown onto ITO glass  

as  described i n  Section 5 .2.2, and thei r UVIY I S/NIR spectra are presented below in  

Fig .  5 .50. 
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Figure 5.50 UVNIS/NIR spectra of 1 5-crown-5 terth iophene: 

terthiophene copolymer in the neutral ( left) and oxidised (right) forms 

The spectrum of the fi l m  in the neutral state consi sts of a peak at 484 nm with a 

s houlder at 372 nm. A comparison of these values with those presented for other 

f i lms i n  Table 5 . 3  shows that thi s  i s  an average val ue for a fi l m  contain ing  a 

sexithienyl moiety. The spectrum of the fi lm  in  the oxidised state has absorbance 

maxima at 353,  484, 674 and 1 1 58 nm. Again, these values are no different from 

those previously observed (Table 5 . 3 ) .  Styryl terthiophenes have been shown to 

couple preferential ly at one of the avai l able a-positions ( Section 5 . 1 . 2 ) ,  whereas 

terthiophene has equal reactivity at both ends due to i ts symmetry. It seems that the 

longest l i kely oligomer would then cons ist of a central terthiophene group with one 

styryl- 1 5-crown-5 terthiophene monomer attached at each end. This  would g ive a 

maximum conjugation length of 9 thiophene rings. However, the UV IVI S/NIR data 

provides no evidence for a conj ugation length any longer than 6 thiophene units, and 

it appears that once again coup l ing has halted with the formation of a d imer. The 

exact composition of thi s  copolymer is uncertain,  although i t  appears to conta in both 

monomers . Th is  copolymer was more stable to cycl i c  vol tammetry than a 

homopolymer of 1 5 -crown-5 terthiophene,  but d id not d i spl ay any exploitable 

response to metal cations. 

A copolymer was al so formed between 1 5-crown-5 terthiophene I and hemicrown 

LXIII .  The cyclic voltammetry for this copolymer i s  shown i n  Fig. 5 .5 1 .  
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Figure 5.51 Cyclic voltammetry for styryl-1 5-crown-5 

terthiophene:terth iophene hemicrown copolymer 

(v = 1 00 mV S·l , 5mM I ,  2 .5  mM LXI I I ,  0. 1 M TBAP, 3 : 1  MeCN:CH2CI2) 

The in itial oxidation peak for thi s copolymer is seen at 0.66 V, the same potential as 

both the component monomers. On subsequent oxidation scans, growth is  seen at 

0.34 V ,  i ndicating the formation of longer chain material . The reduction peaks are 

seen at 0 .34 and 0.24 V ,  agai n very s im i lar to those seen for the substi tuent 

monomers. This is not surpri s ing given the structural s imi larity of the monomers 

used. As the polyether chain is not conj ugated, it electronical ly i nsu lates the two 

dial koxystyry l -substituted terthiophenes that it physical ly tethers together. 

Post-polymeri sation CVs of the copolymer were carried out in TBAP and several 

metal cation sol utions, and examples are presented in Fig. 5 .52. 
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Figure 5.52 Post-polymerisation CVs of 1 5-crown-5 terth iophene: 

hemicrown copolymer in  0 .1  M TBAP (top) and 0.1 M Lie l04 (bottom) 

(v = 1 00 mV S-1 , MeCN) 

Figure 5 .52 shows that, whi le the response of the copolymer to TBAP and LiCI04 i s  

s imi lar in  form, the polymer degrades more quickly in the presence of Li+. This effect 

has a l so been seen for the styry l - 1 5-crown-5 terthiophene homopolymer (Section 

5 .2.4.2) and i ts copolymer w ith terth iophene, and i s  attri buted to complexation 

between the crown ether moiety and the l i thium cations. The degradation was sl i ghtly 

faster in the presence of Na+ than Li+ .  

A sample of the copolymer was grown onto ITO-coated mylar i n  order to examine i t ' s  

surface morphology. The growth CV and SEM are presented in  Fig .  5 .53 .  
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Figure 5.53 Growth CV and surface morphology of 1 5-crown-5 

terthiophene : hemicrown copolymer fi lm on ITO-coated mylar 

(v = 1 00 mV 5-1 , 5 mM I ,  2 .5 mM LXII I ,  0 . 1  M TBAP, 3 :  1 MeCN:CH2CI2) 

The growth CV for this copolymer onto ITO-coated mylar i s  more s imi lar to that of 

the hemicrowns (Fig .  5 .43 and Fig. 5 .44), than to that seen for styry l - 1 5-crown-5 

terthiophene I (Fig .  5.28). The copolymer fi l m  appeared, on a macroscopic scale, to 

be covered with a uniform coat ing .  Fi gure 5 .53  shows that th is  coat ing i s  a 

conti nuous fi lm , with smal l bubble- l i ke and larger g lobular surface features. A 

s imi lar fi lm  grown w ith hemicrown LXI had cracks v is ible to the naked eye, whereas 

microscopic cracks were evident in a fi lm grown using hemicrown LXII .  
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In  order to investi gate the degree of conj ugation i n  the fi l m ,  samples i n  both the 

neutral and oxid i sed form were grown onto ITO-coated glass for analys i s  by 

UV IVIS/NIR spectroscopy. The spectra obtained from these samples are shown 

below in  Fig. 5 .54. 
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Figure 5.54 UVNIS/NIR spectra of styryl-1 5-crown-5 terthiophene: 

hemicrown copolymer in the neutral ( left) and oxid ised ( right) forms 

The absorption peaks in the neutral fi l m  are at 347 and 480 nm. Comparing these 

values with those in Table 5 . 3  shows that thi s  is typical of thi s  type of sexithiophene 

derivative. This i s  al so true of the peaks seen at 349, 499, 740 and 1 2 1 0  nm for the 

oxidised fi lm.  Once again ,  there is no evidence for fi lms containing ol i gothiophenes 

longer than 6 thiophene units. This is not surpris ing g iven the asymmetric reactiv i ty 

of the terthiophene monomers, and thei r  proven tendency to form dimers. 
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Table 5.3 Absorption maxima for electrochemically produced fi lms 

and chemically produced dimer fi lms 

(v = 1 00 mV S-1 , in MeCN un less otherwise noted, EN vs Ag/AgN03) 

Compound 

TIh 

TIh-=-Bz LXXVI 
TIh-=-B zOMe LXXVII 

TIh-=-Bz(OMeh XXVIV 

TIh-=-BzOCOCOC XXIII 

TIh-=-BzOCOCOC XXVI 
TIh-=-BzOCOCOCOC XXIV 
TIh-=-BzOCOCOCOC XXVII 
TIh-=-BzOCOCOCOCOC XXV 
TIh-=-BzOCOCOCOCOC XXVIII 
TIh-=-B z I 5c5 I 
TIh-=- B z I 8c6 11  
TIh-=-BzOCOCOBz-=-TIh LXI 
CH,CI, 
TIh-=-BzOCOCOBz-=-TIh LXI 
CH,CI ,/MeC N 
TIh-=-BzOCOCOBz-=-TIh LXII 
CH,CI, 

TIh-=-BzOCOCOBz-=-TIh LXII 
CH,CI,/MeCN 
TIh-=-BzOCOCOBz-=-TIh LXIII 
CH,CI, 
TIh-=-BzOCOCOBz-=-TIh LXII I  
CH,CI,/MeCN 

Amax / nm 
Neutral film 

393 

287, 357, 489, 
524, 563 

280, 347, 5 1 3, 
555(s)  

499 (s) ,  523,  
578 (s)  

348, 480 

337, 480 

34 1 , 476 

3 36, 478 

3 39, 477 

334, 475 

34 1 , 468 
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Amax / nm 
Oxidised film 

478, 595, 1 075 

358, 482, 727, 1 1 85 
345, 482, 689, 1 1 35 

350, 496, 749, 1 1 47 

345, 5 1 6, 752, 995 (s )  

357, 5 1 0, 695, 978 (s)  

333, 469, 753, 1 254 

33 1 , 49 1 , 758, 1 225 

34 1 , 489, 778, 1 270 

32 1 , 494, 765, 1 2 1 9  

334, 489, 756, 1 206 

333, 496, 789, 1 22 1  

344, 473, 758, 1 250 

Amax / nm 
Dimer film 

(neutral) 

338, 5 1 4 
336, 488 

285, 343 , 5 1 0, 
555 (s)  

290, 353, 528 

29 1 , 380, 5 1 1 

279, 348, 500 
280, 349, 489 
282, 343, 485 
285, 345 , 478 

357, 499 
346, 480 



Table 5.4 Peak oxidation and reduction potentials obtained on 

electropolymerisation by cycl ic voltammetry over the range .:!: 1 .0 V 

(v = 1 00 mV S·1 , in MeCN un less otherwise noted, EN vs Ag/AgN03) 

Compound Peak Peak Peak Film? 
Potential Potential Potential 
Oxidation Reduction Oxidation 

rt scan 1st scan 2nd scan 

TTh 0.76, 0.88 0.33 0.75 (s), 0.94 Yes 

TTh-=-Bz LXXVI 0.72 0.58, 0.24 0.58, 0.84 Yes 

TTh-=-BzOMe LXXVII 0.66 0.94, 0.48, 0.28, 0.7 1 Yes 
0. 1 6, -0.39 

TTh-=-Bz(OMe)" XXVIV 0.65 0.84, 0.43, 0.68 Yes 
0. 1 8 , 0. 1 1 , . 

0 .32 

TTh-=-BzOCOCOC XXIII 0.65 0.86, 0.4 1 ,  0.60, 0.67 Yes 
0.23, -0.45 

TTh-=-BzOCOCOC XXVI 0.64 0.87, 0.42, 0.54, 0.67 Yes 
0. 1 9, -0.38 

TTh-=-BzOCOCOCOC XXIV 0.65 0.87, 0.43, 0.65 No 
0.22, -0.44 

TTh-=-BzOCOCOCOC XXVII 0.66 0.86, 0.43, 0.35, 0.66 No 
0.23, -0.40 

TTh-=-BzOCOCOCOCOC XXV 0.66 0.89, 0.44, 0.3 3 , 0.66 No 
0.23, -0.46 

TTh-=-BzOCOCOCOCOC 0.67 0.86, 0.40, 0.36, 0.66 No 
XXVII I  0.25, -OA2 

TTh-=-BzI 5c5 I 0.65 0.9 1 , 0.44, 0.30, 0.66 Yes 
0.23 ,  -0.4 1 

TTh-=-B z I 8c6 1 1  0.66 0.94, 0.45, 0.33 , 0.66 No 
0.23, -0.59 

TTh-=-B zOCOCOBz-=-TTh LXI 0.88 0.38 (s), 0.23, 0.3 1 , 0.90 Yes 
CH,C), 0. 1 4  (s), -0.34 

TTh-=-BzOCOCOBz-=-TTh LXI 0.68 0.89, 0.44 (s), 0.30, 0.69 Yes 
CH,CI/MeCN 0.33, 0.23 (s) 
TTh-=-B zOCOCOBz-=-TTh LXII 0.82 OAO, 0.22, - 0.30, 0.83 Yes 
C H,Cl, 0.38 
TTh-=-BzOCOCOBz-=-TTh LXII 0,67 0.92, 0.46, 0.25 0.40 (s), 0.68 Yes 
CH,CliMeCN 
TTh-=-BzOCOCOBz-=-TTh 0.88 0.40, 0. 1 9, - 0.37, 0.90 Yes 
LXIII C H,Ci, 0.2 1 

TTh-=-B zOCOCOBz-=-TTh 0.67 0.89, 0.47, 0.29 0.33, 0.68 Yes 
LXIII C H"Cl,/MeCN 
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5.2.5 Electropolymerisatio n  of thiophene monomers 

Previous research carried out by Cutler et al. , '64 166, 322 Smith et al. 160 and Welzel et 

al. '62 i nd icates that 3-styry l  substituted thiophene  compounds do not polymeri se to 

form conducting polymers (Section 1 .5 ) .  An attempt was made to polymerise each of 

the thiophene monomers synthesi sed, to confi rm that thi s  was al so the case for these 

new monomers. 

5.2.5.1 E lectropolymerisation of d ialkoxystyryl-s ubstituted 

thiophene compounds 

Dimethoxystyryl thiophene XXXVI,  styry l - ) 5-crown-5 thiophene XV,  styry l - 1 8-

crown-6 thiophene XVI and open-chai n thiophenes XXX-XXV were polymeri sed 

under the same conditions. In all cases ,  cyc l ic voltammograms v i rtual ly identical to 

that shown below were obtained. 

As can be seen from Fig. 5 .55 ,  wh i le  oxidation occurs ,  there is no corresponding 

reduction. In  addition, no v i s ibl e  material was deposited on the electrode, and no 

d iscolouration of the monomer solution was evident. Extendi ng the upper l imit  to 

+ 1 .5 V resulted i n  a faster l os s  of current. The in i tial oxidation peak occurred at 

0.73 V for every compound except 1 8-crown-6 thiophene, where it was seen at 

0.78 V .  These results are i n  agreement with previous ly publ i shed research on the 

e lectropolymerisation of 3-styryl substituted thiophenes. Smith et al. attribute the 

i ni tial  oxidation peak to oxidation of the alkene bond, and the second peak to 

oxidation of the thiophene ring i tself. '60  
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Figure 5.55 Cycl ic voltammetry for styryl-1 5-crown-5 thiophene XV 

(v = 1 00 mV s-\ 1 0  mM XV, 0 . 1 M TBAP, MeCN) 

5.2.5.2 Electropolymerisation of th iophene hemicrown 

com pounds 

An attempt was a l so made to e lectropolymeri se the three thiophene hemicrown 

compounds LXIV-LXVI .  This was unsuccessful ,  as seen in  the growth CV below 

( Fig .  5 .56) .  As i n  the case of the dia l koxysty ry l -substituted thiophenes, only 

oxidation peaks were observed with no corresponding  reduction peaks. The i n i tial 

oxidation peak in both CH2C12 and MeCN/CH2Cl2 sol ution was at ca . 0.9 V, at a 

higher potential than the monomers i nvestigated in  MeCN alone. This i s  consi stent 

with results seen earl ier for the equivalent terthiophene compounds. Cyc l ing up to 

+ 1 .5 V d id  not lead to any increase i n  revers ibi l ity. When the cathodic l imit  was 

extended to - 1 .0 V ,  a peak was seen at -0.3 V. The nature of the species g iv ing ri se 

to th i s  peak is uncertain. 

Since no fi lms were formed on the e lectrode surface, UV IVIS/NIR and SEM analys i s  

could not be  performed. 
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Figure 5 . 56 Cyc l i c  voltam metry for thiophene hemicrown LXV 

(v = 1 00 mV s-\ 5 mM LXV, 0. 1 M TBAP, C H2CI2 - top) 

(v = 1 00 mV S-l ,  5 mM LXV, 0 . 1  M TBAP, 1 : 1 CH2CI2 :MeCN - bottom) 
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5.2.5.3 Styryl-1 5-crown-5 th iophene copolymer formation 

A brief investigation was carried out on the feasi bi l i ty of creat ing copolymers of 

thiophene monomers w ith terthiophene. The compound chosen was styryl- 1 5-crown-

5 thiophene X V .  It was envi saged that th i s  monomer would g i ve the l argest 

interaction with metal cations due to the preorgani sation of the polyether cha in ,  as 

seen for the corresponding terth iophene analogues (Chapter 4).  A growth CV of I :  1 

\ 5-crown-5 thiophene:terthiophene i s  shown below in  Fig .  5 .57. 
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Figure 5.57 Cyclic voltammetry for styryl-1 5-crown-5 thiophene: 

terthiophene copolymer 

(v = 1 00 mV s-\ 5 mM terth iophene, 5 mM XV, 0 . 1 M TBAP, MeCN) 

It can be interpreted from the increasing current with scan number shown in  Fig .  5 .57, 

that an electroacti ve material can be formed from a 1 :  1 mi xture of terthiophene and 

styry l - 1 5-crown-5 thiophene under these conditions. The in it ial oxidation peak, at 

0.75 V ,  is s imi lar to that seen on oxidation of terthiophene (Section 5 .2. 1 . 1 ) , however 

the reduction peak (0.50 V )  is shifted considerably .  This i mp l i es that there is a 

different species bei ng formed on oxidation, perhaps due to some sort of coupl ing 

between the terthiophene and styryl thiophene monomers. 

Post-polymeri sation CVs of the copolymer in TSAP and LiCI04 are shown below i n  

Fig. 5 .58 .  
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Figure 5.58 Post-polymerisation CVs of th iophene crown :terth iophene 

copolymer in  0.1 M TBAP (top) and 0.1 M LiCI04 (bottom) 

(v  = 1 00 mV s-" MeCN) 

No significant differences can be seen between the post-polymerisation CVs in TBAP 

and LiCl04, as seen in Fig. 5 .58 .  In addit ion, the shape of these electrochemical 

responses is simi lar to that exhi bited by terthiophene (F ig .  5 .9), suggesti ng that the 

polymer may consist predominantly of terthiophene. 

A sample of thi s copolymer was grown onto ITO-coated mylar for analysis by SEM. 

The growth CV and SEM i mage of thi s fi lm  are shown in  Fig .  5 .59. 
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Figure 5.59 Growth CV and SEM of terth iophene:th iophene crown 

copolymer on ITO-coated mylar 

(v = 1 00 mV 5-1 , 5  mM terthiophene, 5 mM XV, 0.1 M TBAP, MeCN) 

The onset of oxidation seen in  Fig .  5 .59 is at the same potential as that seen for 

terth iophene under the same conditions ( Fig .  5 . 1 0) .  The SEM i mage above shows 

that this copoly mer forms a relati vely smooth, continuous fi lm on ITO-coated mylar. 

In order to more ful ly  investigate the properties of this copolymer, samples in both the 

oxid ised and neutral forms were grown onto ITO-coated glass for UV IV IS/NIR 

analysis (Fig .  5 .60). 
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Figure 5.60 UVNIS/NIR  spectra of thiophene crown:terthiophene 

copolymer in the neutral ( left) and oxid ised (right) forms 

The UV spectrum of the copolymer in the neutral form shows two peaks, at 3 1 7  and 

452 nm. The lowest energy peak,  whi l e  at a l onger wavelength than that seen for 

fi lms  of terthiophene alone ,  i s  sti l l  only  i nd icati ve of the presence of a sexi th ienyl 

chromophore. This indicates that there is no extensive conjugation in  this copolymer. 

Peaks are seen in the spectrum of the copolymer in the oxidised form at 3 1 7, 47 1 and 

1 1 47 nm, with a shoulder at 647 nm. Again, these are s imi lar for those obtained for 

other terthiophene monomers (Table 5 . 3),  which have been proven to primari ly  form 

d imers. Structural and compositional uncertainty i s  always  an i ssue when forming 

copolymers. In  thi s  case, the electrochemical , spectroscopic and morphological 

ev idence suggests that the copolymer cons i sts predominantly of terthi ophene. 

Vary ing the ratios of monomer used could lead to a h igher percentage of styry l 

thiophene being incorporated, although there i s  no certainty that monomer X V  would 

polymerise at these potentials .  Replacing terthiophene in this system with a monomer 

that has a h igher oxidation potential may be preferable.  3- styryl substituted 

thiophenes synthesised by other researchers have been shown to form copolymers, 16
2
-

1 66  so it seems l i kely that an optimization of conditions could lead to fi lms containing 

the styryl thiophene monomers synthesised i n  this research. 
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5.2.6 Electropolymerisation of sexithi ophene 

compou nds 

An attempt was al so made to electropolymerise the sexi th iophene compounds that 

had been produced via chemical oxidation of terthiophene monomers (Section 5 . 1 .2 ) .  

I t  seemed un l ikely that these compounds would polymerise, g iven the l ack of 

evidence seen for the production of ol igothiophenes longer than sexithiophene d uring 

chemical or e lectrochemical polymerisation of terthiophene monomers. However, if  

the compounds were to oxidise electrochemical ly, the potential at  which thi s  occurred 

would  be lower than that needed for terthiophene monomers, due to the extended 

conj ugation i n  these molecules.  For th i s  reason, the anodic l i mit  for cyc l i c  

voltammetry was set at + 0.75 V. Due to the low solub i l i ty of the substituted 

sexithiophenes in organic  sol vents, experiments were carried out wi th a monomer 

concentration of 0.5 - 1 .0 mM in CH2Ci2, g iv ing rise to a much smal ler current 

response than those observed for the terthiophene-based monomers. Although the 

exact form of the cycl ic voltammograms varied from compound to compound, s im i lar 

features were evident. The onset of oxidation for al l  compounds was between 0.4 -

0.5 V .  I n  most cases there was a single peak, although compound LXXII showed 

two d i sti nct peaks, and compounds LXX and LXXIV two very close peaks. The 

reduction peaks were very s imi lar for al l  compounds, wi th a d istinct peak at 0.4 -

0.5 V.  The only exception to thi s  was monomer LXXII ,  which showed two reduction 

peaks corresponding to the two observed oxidation peaks. There was no increase in  

current wi th scan number observed for any of the monomers tested, and nor was any 

v is ible fi lm  deposited on the working electrode. Instead, the redox peaks appear to be 

those for oxidation and reduction of the sexithiophenes i n  solution, with no coupl ing 

to form h igher ol i gomers. Examples of the cycl ic voltammetry for these compounds 

are shown in Figs. 5.6 1 - 5 .63 . 
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Cycl ic voltammetry for open-chain sexith iophene LXXI I I  

(v  = 1 00 mV S-1 , 1 mM LXXII I , 0 . 1 M TBAP, CH2CI2) 
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Figure 5.62 Cyclic voltammetry for open-chain sexith iophene LXXII  

(v  = 1 00 mV 5-1 , 1 mM LXXI I ,  0 . 1 M TBAP, CH2CI2) 
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Figure 5.63 Cycl ic voltammetry for open-chain sexith iophene LXX 

(v = 1 00 mV s-\ 1 mM LXX, 0 . 1  M TBAP, CH2CI2) 

The lack of reacti v ity of these oxid ised sex i thiophene deri vati ves i s  consi stent with 

the rest of the results presented in  th i s  thes is .  I n  no case i s  there evidence for 

production of o l igomers longer than sex i th iophenes, from the d ia lkoxystyry l 

substituted terthiophenes synthesised. 

S imi lar results have been reported by Roncal i et a{?14 who investi gated the electro

oxidation of three different al kyl- and al koxy-substi tuted sexithiophenes. Cyc l ic  

voltammetry of these compounds gave current responses with two oxidation and two 

reduction peaks, which were attributed to the sexithiophene rad ical and d ication. 

Repetit ive cycl i ng in  CH2Ci2 led to the deposition of some material on the working 

electrode surface. However, thi s was shown to consi st of the sexithienyl dication salt, 

rather than higher ol igomers, as evidenced by the lack of new peaks in the CV. When 

the compounds were cycled in a more polar solvent ( MeCN) ,  new oxidation and 

reduction peaks were observed at lower potentia l s  than seen for the mono mer. 

A l though the species g iv ing  rise to the new peaks were not identifi ed,  they were 

bel ieved to consist of an extensively conjugated material ,  produced by radical cation 

coupl i ng .  

Xu and Horowitz323 investigated the response of sexithiophene to cycl ic  voltammetry. 

Two s l ight oxidation and reduction peaks were observed, which they attri buted to the 
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formation of the radical cation and dication. No fi lm was deposited on the surface of 

the electrode, and the peak-to-peak separations of ca. 60 mV for each set of peaks 

showed that both reactions i nvolved one electron. They then vacuum evaporated 

sexi thiophene onto an ITO-coated glass electrode. DV!V IS  spectra were obtained 

before and after the sample was subjected to an oxidiz ing potential , a red-shift of the 

absorption maxima indicating that polymerisation did occur in the sol id-state. 

5.2.7 S ummary 

The e lectrochemical ox idation of a ser ies of new d i al koxystyry l -substi tuted 

terthiophene monomers was i nvestigated using cycl ic  voltammetry. In general , those 

with shorter polyether chains  tended to form fi lms on the working electrode surface, 

whereas those with longer polyether chains did not. In most cases where fi lms could 

be formed, DV!VIS/NIR data (Table 5 .3 )  showed no evidence for the production of 

o l igothiophenes longer than sexithiophene. I t  has been shown previously (Section 

5 . 1 )  that these compounds form i solable dimers when chemical ly polymeri sed, due to 

an asymmetric reacti v i ty of the terthiophene-based monomer. This leads to the 

formation of regioselect ive d imers in very high yields. An i ncrease in the length of 

the attached polyether cha in  i ncreases the sol ubil i ty of these dimers in MeCN. It i s  

bel i eved that i n  most cases electrochemical oxidation led only to dimers, and that 

electrochemical fi lms are not formed from monomers bearing long polyether chains 

due to the solubi l i ty of the dimers in the electrochemical solvent. 

Hemicrown compounds, consisting  of two dialkoxystyryl -substi tuted terthiophenes 

l i nked by a polyether chain, were also electrochemical ly oxid i sed. The extent of 

polymeri sation for fi l ms produced from these monomers was unable to be 

determined, however it is known from DV IVIS/NIR data that the max imum 

conj ugation length i n  the polymers produced was six thiophene units. I t  appears that 

each terthiophene moiety contained i n  these monomers reacts preferentially at one of 
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the two avai l able a-posit ions,  i n  the same way as seen for the terthiophene-based 

monomers. 

Analogous monomers contain ing thienyl or sexith i enyl  moieties d id not form fil m s  

under the conditions employed. I t  i s  bel i eved that this i s  caused by oxidation of the 

alkene bond for the thiophene-based monomers, and by the stabi l i ty of the sexithienyl 

dication species for the se x i  thiophene-based monomers. These results are consistent 

with those obtained by previous researchers, I60, 162- 1 66, 3 14, 322, 323 and w ith the results of 

chemical polymerisation presented in Section 5 . 1 .  
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The aim of this research was to synthesi se conducting  polymer precursors that could 

be used as alkal i metal sensors. These compounds i nclude either crown ethers or 

polyether chains designed to complex metal cations, and a polymerisable terthiophene 

moiety . The two functional it ies are connected via a conj ugated styryl spacer unit to 

reduce unfavourable steric i nteractions that may i nh ibi t  polymerisation. A number of 

novel d ial koxystyryl-substi tuted terthiophenes were successfu l ly  synthes ised. Th is  

methodology was extended to  the formation of cross-l inked bi s(terthiophene) crown 

ethers, as i t  was bel i eved that these compounds would form more stable network-type 

polymers, and may al so show an actuation effect on ion complexation .  The 

i nsolubi l ity of these compounds meant that they could  not be i nvestigated further, so 

the structural l y -s imi lar hemicrown compounds became the syntheti c focus.  The 

hemicrown compounds consi st of two styry l -terthiophene units l inked by an ether 

chain, and as such can form network-type polymers in the same way. Three i someric 

hemicrowns were successful ly synthesised, and were suffic iently soluble to be of use 

in further i nvestigations .  In  order to more ful l y understand the spectroscopic 

properties of the target terth iophenes, the thiophene analogues of the crown ether, 

open-chain ether, bis(terthiophene) crown ether and hemicrown compounds were also 

successful ly synthesised and characterised. 

As the terthiophene moiety is both a chromophore and a fluorophore, the response of 

the terth iophene crown compounds, open-chain compounds and hemicrowns to a 

range of metal cations was i nvestigated by both U V  /VI S  and fluorescence 

spectroscopy. The pos i tion of the UV/vIS absorbance maxima was blue-shifted on 

complexation of appropriate metal ions,  the magn i tude of the shift g i v i ng  an 

indication of the binding affinity. Complexation-enhanced quenching of fluorescence 

was also observed on add i tion of metal ions to these compounds. The resu l ts 

obtai ned from both UV /VI S  and fluorescence stud ies  were i n  agreement, and 

consi stent w ith complexation based on size-fit and charge density of ions. Of the 

metal ions studied, a unique response to Pb
2
+ was observed . This  is bel i eved to be 

due to the soft nature of the Pb
2
+ al lowing i t  to interact with both the thienyl sulphur 

atoms  and the polyether oxygen atoms. In addi t ion ,  a particu lar ly stri k i ng  

fluorescence response of styry l - 1 5-crown-5 terthiophene I to Mnh was observed. It i s  
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bel ieved that, with some further work, spectroscopic sensors for Pb
2
+ or Mn

2
+ could be 

developed from these compounds. 

As the terthiophene monomers were designed as precursors for conducting polymers, 

thei r  polymeri sation by both chemical and electrochemical means was explored. 

Chemical polymerisation of the terthiophene crown monomers and open-chain ether 

terthiophene compounds carr ied out us ing FeCI) l ed to the i solation of di meric 

sexithiophene compounds in h igh y ield .  Whi l e  there are three poss ible i someric 

products that could  be formed from d i meri sation, characterisat ion of the pure 

sexithiophene products showed that they consi sted of a s ingle regiospecific i somer. I t  

was e l ucidated that th i s  unusual reg iospecific i ty was caused by an asymmetric 

react iv i ty of the terthiophene-based monomers. Geometry opt imizations on the 

monomer radical cations confirmed that e lectron spin density is unevenly distr ibuted 

between the two avai l able a-posit ions, d i recting new bond formation to occur 

between the two head-a positions. Thus thi s  was d iscovered to be an excel lent h igh

y i el d i ng  synthetic route toward i somerica l ly  pure d i al koxystyry l - subst ituted 

sexithiophenes. Thi s d imeri sation was investigated further by chemical ly  oxid i s ing 

the terthiophene compounds using Cu(CI04)2 i n  MeCN, and fol low ing the reaction 

w ith UV/V I S/NIR spectroscopy . Thi s al lowed the identification of the oxid i sed 

sex i th ieny l species present. No oxidi sed terthienyl speci es were observed, showing 

that the terthiophene radi cal cation i s  extremely reactive. This i s  not the case for the 

sexithiophene radical cation, which did not react further, even in the presence of an 

excess of oxidant. Reduction of these species led to sexithiophene dimers, as seen for 

chemical polymerisation using FeCI). 

Electrochemical polymeri sation of the terth iophene compounds was carried out by 

cyc l ic  voltammetry. The i ncorporation of oxygen atoms onto the phenyl ring l ed to a 

lowering  of the i ni t i al ox idation potent ial , i nd icating  that the alkoxy-sty ry l  

compounds were more easi ly ox id i sed than styryl-terthiophene. In  general , the 

compounds with shorter polyether chains formed adherent fi lms,  whereas those w ith 

longer chains did not. Thi s is bel i eved to be due to the solubi l i ty of the sexithienyl 

species formed. Those that formed adherent fi lms  were analy sed by UV IVIS/N I R  

spectroscopy i n  both the neutral and oxid ised form. The electrochemical and 
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spectroscopic evidence again pointed to the format ion of d imers as the primary 

product of oxi dation .  Styry l- 1 5-crown-5 terth iophene I formed an adherent 

e lectroactive fi l m  under the same conditions used for other samples, however the fi l m  

appeared to undergo oxidati ve degradation at the h igh potential l im i t. Growing th is  

fi l m  using a lower oxidation potential led to a fi l m  that d i s solved s lowly on post

polymerisation cycl ing i n  TBAP, and almost instantly i n  the presence of metal ions.  

Whi le this shows that the dimer-fi lm  formed is sensit ive to metal ions, the tendency 

of the fi l m  to di ssolve l i mi ts i ts analyti cal uti l i ty.  A s  expected due to the ir  structure, 

the hemicrown compounds formed fi lms that were cons iderably more mechanical ly 

stable. However, the fi lms  did not show any change in response in the presence of 

different metal i ons. In addi ti on, due to the asymmetr ic  reactiv i ty common to al l 

d ia l koxystyryl -terth iophenes studied ,  the max imum conj ugation l ength in  the 

hemicrown fi lms  was sti l l  only six thiophene uni ts. The surface morphology of al l of 

the fi l ms formed was i nvestigated by scanning electron microscopy, and showed a 

variety of morphologies  rang ing from d i screte coral- l i ke structures ,  to continuous 

fi l ms .  The electrochemical polymeri sat ion of the th iophene monomers and 

sexith iophene dimers was al so i nvestigated. None of the thiophene compounds 

formed electroactive fi lms  on the working electrode surface, rather these compounds 

appeared to undergo over-oxidation as seen by other researchers for s im i lar  

compounds. The sex i th iophene dimers d id  not coup le  further, a l though the i r  

oxidation and reduction i n  sol ution could be  observed. Th i s  result  was expected, 

given the lack of polymerisation obtained by chemical means. 

I n  order to continue thi s work to form conducting  polymers, the des i gn of the 

monomers needs to be readdressed. Current ly ,  a l arge d ifference i n  reactiv i ty 

between the head and tai l  a-positions l eads to the formation of d i mers. From 

l i terature results ,  i t  i s  bel ieved that graft ing long alkoxy chain s  onto the 4 and 4" 

carbons would i ncrease the reactiv ity of the termi nal a-posit ions, and could lead to a 

h igher degree of polymerisation. This would also l i kely i ncrease the sol ubi l i ty of the 

resultant polymers, s implify ing thei r processing. 
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General  Experimenta l Procedu res : 

IH NMR spectra were obtained either at 270. 1 9  M Hz us ing a JEOL JMN-GX270 FT

NMR Spectrometer with Tecmag Libra upgrade, or at 400. 1 3  MHz using a Bruker 

400 Avance running X-WIN NMR software. The chemical shifts are relative to TMS 

or to the residual proton s ignal in deuterated solvents (COCl, 0 7 .27, C02Cl 2 0 5 .32)  

when TMS was not present. 1 3C NMR shifts are relative  to COCl, (0 77.0) or C02C12 

(0 53 . 1 ) . Chemical shifts are reported as position (0 ) ,  mult ip l ic i ty (s = s inglet, d = 

doublet, t = triplet, q = quartet, dd = doublet of doublets, m = multiplet), coupl i ng 

constant (J Hz), relati ve integral and assignment. 

UVIVIS/N IR  spectra were col lected on a Sh i madzu UV-3 1 0 1 PC UV-V IS-NIR 

Scanning Spectrophotometer control l ed by a PC runni ng  Sh imadzu software. AR,  

HPLC or spectroscopy grade solvents were always used. 

HRMS (FAB and El) was carried out by John A l ien at HortResearch, Palmerston 

North us i ng  a V ar ian V G70-250S double focus i ng  magnetic sector mass 

spectrometer. 

Elemental Analysi s was carried out in the Campbel l  Microanalytical Laboratory at the 

University of Otago using a Carlo Erba Elemental Analyser EA 1 1 08.  

Melt ing poi nt determinations were performed on a Cambridge Instruments Kofler 

hot -stage, and are uncorrected. 

Column chromatography was performed using Merck Kieselgel 60 (230-400 mesh ) ,  

and thin-layer chromatography using precoated s i l i ca gel plates ( Merck  Kieselgel 

6OF254) ·  

The reagents and solvents used i n  thi s  work came from many different sources,  and 

were gene rai l y AR grade. Chromatography sol vents were laboratory grade and were 

dist i l led before use. H20 was reverse osmosis for most appl ications. H igher purity 

H20 was obtained by d i st i l l i ng Mi l l i -Q H20 off act ivated charcoal . Dry degassed 
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CH2CI2 and DMF were prepared by d isti l l ation of AR grade sol vent over CaH2 under 

a N2 atmosphere. Dry tol uene, ether, benzene and THF were prepared by pass ing 

argon-degassed solvent through acti vated alumina col umns. N2 (oxygen-free) was 

passed through a KOH drying col umn to remove moisture. 

Th iophene-3 -carbaldehyde,  thiophen-3-yl methyl -phosphoni c  aci d  d iethyl ester 

( th iophene  phos phonate ) ,  / 2 , 2 ' ;5 '  ,2" I te rt h i o p hene-3 ' -carbal dehyde and 

[ 2 ,2 ' ;5 ' ,2" l terth iophen-3 ' -y l methy l -phosphoni c  aci d  d iethyl ester (terthiophene 

phosphonate) were routinely synthesi sed i n  our l aboratories .  Samples for thi s 

research were provided by S .  Gambhir, G. Col l i s  and E. Smith. 
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2-(2'-[2" 2"" 5' " 2""]Terthiophen-3"' -y l-vinyl)-S 7 9 1 0 1 2  1 3  1 5  1 S-, , , , " , , , , 

octahydro-5,8, 1 1 , 1 4,1 7 -pentaoxa-benzocyclopentadecene ( I)  

a) From crown ether phosphonium salt 

1 0, 1 2, 1 3 , 1 5 , 1 6-0ctahydro-5,S,  1 1 , 1 4, 1 7-pentaoxa-benzocycIopentadecen-2-

y l methy l ) -tr i pheny l -phosphon i um ch lor ide ( 1 04. 1 mg ,  0 . I S0 mmol ) and 

[2 ,2 ' ;5 ' ,2" Jterthiophene-3'-carbaldehyde (63 .S mg, 0.23 1 mmol, 1 .3 eq) were dissolved 

i n  1 ,2-dichloroethane under N2 and heated to reflux. I ,S-diazabicycIo [5 .4.0 Jundec-7-

ene (SO mL, 0.535 mmol, 3 .0 eq) was added in 1 0  mL al iquots over 1 .25 hours. The 

solution was l eft to reflux for 1 .75 hours before the sol vent was removed under 

reduced pressure .  Excess terth i ophene aldehyde was removed by col umn 

chromatography i n  CH2CI2 before the product was e l uted in  1 % MeOH. Several 

fractions were collected and ind iv idual l y  analysed by NMR spectroscopy and TLC 

(5% MeOH i n  CH2Cl2) .  Fractions contain ing l i ttle or no tri phenylphosphine oxide 

were pooled and recolumned under the same condit ions to y ield a pure fraction. Mass 

= 1 6. 1  mg ( 1 7%) .  

b) From crown ether phosphonate 

6,7,9, I 0, 1 2, 1 3 , 1 5 , 1 6-0ctahydro-5 ,S, 1 1 , 1 4, 1 7-pentaoxa-benzocycIopenta-decen-2-

ylmethy l )-phosphoni c  acid  d iethyl ester (2.5395 g, max 96.6% pure, 5 . S6 mmol) and 

[2 ,2 ' ;5' ,2" Jterthiophene-3'-carbaldehyde (2.0790 g, 7.52 mmol , 1 . 3 eq) were dissolved 

i n  dry tetrahydrofuran (40 mL) and sti rred under N2 .  Potassium tert-butoxide 

( 1 .6539 g, 1 4.7 mmol, 2.5 eq) rinsed i n  w ith dry tetrahydrofuran (20 mL) was added 

and the solution left to sti r for 3 hours before the tetrahydrofuran was removed under 

reduced pressure. D ichloromethane ( l OO mL) and water ( l OO mL) were added, then a 

smal l amount of HCl to bri ng the solution to neutral pH.  The CH2Ci2 l ayer was 
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separated, before the aqueous l ayer was washed with CH2Ci2 (2 x 50  mL). The 

combi ned organic layers were washed w ith water ( 1 00 mL), dried over MgS04, 

fi l tered and evaporated under reduced pressure. The residue was dissolved in  CH2Ci2 

and loaded onto a s i l ica column. 1 2,2';5',2" ITerthiophene was e luted i n  CH2Ci2 before 

the product was eluted i n  1 .5 %  MeOH. Mass = 2.3 1 03 g (73%,  conta in ing  

approximately 4% cis i somer). The product was di ssolved i n  dry benzene (90 mL) 

u n der  A r . Three port i on s  of t h i o ph e n o l  (46 fl L) and I ,  I ' 

azobis(cyclohexanecarbonitri l e )  (52 mg) were added at hourly i nterval s and the 

solution i rradiated and heated for three hours. The benzene sol ution was washed with 

I M NaOH (60 mL) and H20 (60 mL) before the benzene layer was separated. The 

combined aqueous layer were washed wi th CH2Ciz (2 x 60 mL) before the combined 

organic layers were washed w ith H20 (60 mL), dried over MgS04, fi l tered and 

evaporated under reduced pressure. Analysis of NMR spectra at this poi nt showed no 

cis i somer remained. The product was redi ssolved i n  CH2Ciz and recol umned. The 

pure trans product was e luted i n  5% MeOH. Removal of the solvent afforded a thick 

yel low oil (2. 1 1 1 5 g ,  67%). 

c) From terthiophene phosphonate 

6,7,9, 1 0, 1 2, 1 3 , 1 5 , 1 6-0ctahydro-5,8,  1 I , 1 4, 1 7-pentaoxa-benzocyclopentadecene-2-

carbaldehyde (0.8368 g, 2 .82  mmol ) and terth iophene phosphonate (20 m L  x 

0. 1 4  mmollmL solution i n  THF, 2 .80 mmol) were di ssolved in  dry CHzCi2 (20 mL) 

and stirred under N2 • On addi tion of potassium tert-butoxide ( 1 .2750 g ,  1 1 .36 mmol ),  

the sol ution turned briefly dark red, before bei ng left to stir for 30 mi nutes. H20 

(40 mL) was added, then the solution neutral ized with aq. HC!. The organic  l ayer 

was separated, before the aqueous l ayer was washed w ith CH2Clz (3 x 30 mL). The 

combined organic  layers were washed with water (50 mL) and evaporated under 

reduced pressure. The yel low residue was di ssolved in CH2CI2 and loaded onto a 

si l i ca column. A smal l amount of I ,2-bi s ( \ 2 '  ,2" ;5",2'" Iterthiophen-3"-yl )ethene was 

e l uted i n  CHzCiz before the pure trans product was e luted i n  2% MeOH and 

evaporated to yield a yel low sticky o i l  ( 1 .47 1 2  g, 97%).  

IH NMR (400 MHz, CD1Clz)  6 3 .76-3.80 (m, 8H,  OCH29, 1 0, 1 2, 1 3) ;  3 .9 1 -3 .95 (m, 

4H, OCHI7, 1 5) ;  4. 1 4-4.20 (m, 4H, OCH26, 1 6) ;  6.86 (d ,  1 H, 3J = 8. 1 Hz, ArH4) ; 
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6.97 (d, I H, 3] = 1 6. 1  Hz, Hviny, I ' ) ;  7.03-7.06 (m, 2H,  ArH l ,3 ) ;  7 .05 (dd, I H, 
3
] = 

5 . 1 HZ,
4
] = 3.6 Hz, ThH4"") ;  7. 1 3  (dd,  I H, 3] = 5 .2  Hz, 4] = 3 .6 Hz, ThH4") ;  7.20 

(dd, I H, 3] = 3.6 Hz, 4] = 1 . 2 Hz, ThH3") ;  7.2 1 (d, I H, 3] = 1 6. 1 Hz, Hviny, 2 ' ) ;  7.22 

(dd, I H ,  
3
] = 3.6 Hz, 4] = 1 .2 Hz, ThH3"") ;  7.26 (dd, 1 H ,  3] = 5 . 1 ,  4] = 1 .2 Hz, 

ThH5"") ; 7.39 (dd, I H, 3] = 5 . 1 Hz, 4] = 1 .2 Hz, ThH5") ;  7.40 (s ,  I H, ThH4" ' ). 

13C NMR ( 1 00.6 MHz, CD2CI2) & 68.3 0CH2; 68 .5 OCH2 ; 68.9 OCHz ;  69.0 OCH2; 

69.8  OCH2; 69.8  OCHz; 70.4 OCH2 ; 70.4 O C H2; 1 1 1 .2 ArC l ;  1 1 3 .2 ArC4; 1 1 9 .3  

Cviny,2 ' ; 1 1 9. 8  ArC3 ; 1 2 1 .9 ThC4'' ' ;  1 23 .8  ThC3"" ;  1 24.6 ThC5"" ;  1 26.0 ThC5" ;  

1 26.5 ThC3";  1 27.5 ThC4"; 1 27.6 ThC4""; 1 30. 1 ArC2; 1 30.3 Cv;ny, 1  ' ;  1 30.4 ThC2" ' ;  

1 34.9 ThC2" ;  1 35 .5 ThC5' ' ' ; 1 36.2 ThC3'' ' ;  1 36 .3  ThC2"" ; 1 48 .9 ArCO ; 1 48 .9 

A rCO. 

Electronic spectrum ( MeCN) Amax nm/(Iog £) 329.0 (4.57). 

HRMS (FAB) M+ calc 540. 1 099, found 540. 1 1 28 .  

2-(2'-[2" ,2"' ;5'" ,2""]Terthiophen-3"'-yl-vinyl)-6, 7,9, 1 0,1 2 ,1 3 ,1 5,1 6, 1 8, 1 9-

decahydro-5,8, 1 1 ,1 4, 1 7  ,20-hexaoxa-benzocyclooctadecene (1 1)  

a) From crown ether phosphonate 

(6,7,9, 1 0, 1 2 , 1 3 , 1 5 , 1 6, 1 8 , 1 9-Decahydro-5,8, 1 1 , 1 4, 1 7,20-

hexaoxabenzocycJooctadecen-2-y lmethy l )-phosphonic  acid d iethyl ester ( 1 .5467 g ,  
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3 . 34 mmol ) and 1 2 ,2 ' ;5 ' ,2" l terth iophene-3 '-carbaldehyde ( 1 .2026 g, 4.35 mmol , 

1 . 3 eq) were d issol ved i n  dry tetrahydrofuran (30 mL) and sti rred under N2• 

Potass ium tert-butoxide (0.5600 g, 4.99 mmol , 1 .5 eq) was added in five portions at 

half-hourly i ntervals and the solution left to sti r for a further 30 minutes before the 

tetrahydrofuran was removed under reduced pressure .  The product was redissolved i n  

CH2CI2 and loaded onto a s i l i ca column.  A small amount of 1 2 ,2' ;5 ' ,2" l terthiophene 

was eluted in CH2C12 before the product was el uted as a cis:trans mixture ( I  :49) i n  

5 %  MeOH. The product was then d issolved i n  dry benzene (40mL) under Ar. Three 

port ions of thiophenol (20 /-lL) and 1 , 1  ' -azobi s(cycIohexanecarbonitri le)  (22 mg) 

were added at hourly i ntervals and the solution i rradiated with heating for a total of 

3 hours. The sol ution was washed w ith 1 M NaOH (30 mL) and Hp (30 mL) before 

the combined aqueous extracts were washed w ith CH2C12 (2 x 30 mL) .  The combined 

organic layers were then washed with H20 (50 mL), dried over MgSO .. , fi l tered and 

evaporated. Analys i s  by NMR spectroscopy at this poi nt showed no cis i somer 

remain ing .  The product was d i ssol ved i n  C H2CI2 and col umned on s i l i ca. 

Evaporation of the pure trans product eluted in 5% MeOH gave a yel low sticky oi l  

(0. 8023 g, 4 1  %). 

b) From terthiophene phosphonate 

Terthiophene phosphonate (40 mL x 0. 1 35 mmollmL sol ution i n  THF, 5.40 mmol) 

a n d  6 , 7 , 9 , 1 0 , 1 2 , 1 3 , 1 5 , 1 6 , 1 8 , 1 9 - d e c a h y d ro - 5 , 8 , 1 1 , 1 4 , 1 7 , 2 0 - h e x ao x a 

benzocycIooctadecene-2-carbaldehyde ( 1 .8380 g ,  5 .40 mmol) were sti rred i n  dry 

CH2Clz (40 mL) under N2 before potassium tert-butoxide (2 .4 1 40 g, 2 1 .5 mmol) was 

added, causi ng the solution to go temporari l y  dark red. After sti rri ng  at room 

temperature for 30 minutes, CH2CI2 (20 mL) and Hp ( 1 00 mL) were added and the 

solution acid ifi ed with aq. HC! . The organic  layer was separated and the aqueous 

layer extracted with CH2Clz (50 mL) before the combined organic layers were washed 

with H20 (80 mL) and the solvent removed under reduced pressure. The sticky 

orange/brown res id ue was d i ssolved i n  CH2CI2 and purified by flash col umn 

chromatography on si l ica. I ,2-bi s ( !  2 '  ,2" ;5" ,2'" ITerthiophen-3" -yl )ethene was el uted 

i n  CH2C12 (85 .8  mg, 6% ) before the des i red product was el uted i n  2% MeOH. 

Removal of the solvent afforded 2-(2 ' - 1 2" ,2" ' ;5 "',2"" l terth iophen-3'' ' -y l -vinyl ) -
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6,7,9, 1 0, 1 2, 1 3 , 1 5 , 1 6, 1 8 , 1 9-decahydro-5 ,8, 1 1 , 1 4, 1 7,20-hexaoxa

benzocycIooctadecene as a dark yel low oil (2 .8342 g, 89%). 

IH NMR (400 MHz, CD2CI2) 6 3 .6 1  (s ,  4H, OCH2 1 2, 1 3 ) ;  3 .62-3 .65 (m, 4H, OCH2 1 O, 

1 5 ) ;  3 .68-3.70 (m, 4H, OCH29, 1 6) ;  3 .83-3 .87 (m, 4H, OCH27,  1 8) ;  4. 1 2-4. 1 7  (m, 4H, 

OCHz6, 1 9) ;  6.84 (d, I H , 3J = 8.2 Hz, ArH4) ; 7 .00 (d, I H, 3J = 1 6.3  Hz, Hvinyl l ' ) ;  

7.0 1 -7.05 ( m ,  2 H ,  ArH l ,  3 ) ;  7.05 (dd, I H, 3 J  = 5 . 1 H z ,  4J = 3 . 6  H z ,  ThH4''' ' ) ;  7. 1 3  

(dd, I H, 3J = 5 . 1 Hz, 4J = 3.6 Hz, ThH4") ;  7.22 (dd, l H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, 

ThH3") ; 7.23 (d, I H, 3J = 1 6. 1  Hz, HvinyI2 ' ) :  7 .23 (dd, I H, 3J = 3 .7 Hz, 4J = 1 . 1  Hz, 

ThH3"") ;  7.28 (dd, I H, 3J = 5 . 1 Hz, 4J = 1 . 1  Hz, ThH5"" ) ;  7.4 1 (dd, I H, 3J = 5 . 1 Hz, 

4J = 1 .2 Hz, ThH5") ;  7.44 (s, I H ,  ThH4' ' ' ) .  

DC NMR ( 1 00.6 M Hz, CD2Clz) () 68.00CH2 ; 68 .0 OCH2; 68 .8  OCH2;  68 .9 OCH2; 

69 .9 OCH2 ;  69.9 OCH2; 70.0 O C H2 ;  70.0 O C Hz ;  70. 1 O C H2; 70. 1 O C H2 ;  1 1 0 .4 

ArC I ;  1 1 2 .4 ArC4; 1 1 9.2 CvinyI2 ' ;  1 1 9 .5 ArC3 ;  1 2 1 .9 ThC4" ' ;  1 23 .8  ThC)""; 1 24.5 

ThC5"" ;  1 26.0 ThC5" ;  1 26.5 The3" ;  1 27 .5  ThC4" ; 1 27.6 ThC4"" ; 1 30.0 ArC2 ; 

1 30. 1 Cv;ny, I ' ;  1 30 .3  ThC2" ' ; 1 34.9 ThC2" ; 1 35 .4 ThC5'' ' ;  1 36 .2  ThC3" ' ;  1 36 .3  

ThC2"" ; 1 48.4 ArCO; 1 48.4 ArCO. 

Electronic spectrum ( MeCN) Amax nm/(log £ )  3 30.0 (4.58) .  

HRMS (FAB)  M+ calc 584. 1 36 1 , found 584. 1 387. 

(6,7,9 ,1 0 ,1 2,1 3 , 1 5, 1 6-0ctahydro-5,8, 1 1 ,1 4,1 7 -pentaoxa

benzocyclopentadecen-2-ylmethyl)-triphenyl-phosphonium chloride ( I l l )  
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2-Chloromethyl -6,7,9, I 0, 1 2, 1 3 , 1 5 , 1 6-octahydro-5 ,8 , 1 1 , 1 4, 1 7-pentaoxa

benzocyclopentadecene ( 1 .0924 g ,  3 .45 mmol ) and tri phenyl hosphine ( 1 .5203 g,  

5 .80 mmol) were di ssolved in  toluene ( 1 0  mL),  then heated to refl ux for 21  hours. 

The react ion mi xture was d i l uted w ith hexane ( 1 5 mL) and cool ed to room 

temperature before cool i ng  in ice. The precip i tate that formed was separated by 

fi l trat ion and dr ied under vacuum.  The dry precip i tate was then ground up, 

recrystal l i sed from CHzClzltoluene, and recovered by fi l tration on a 0.45 !-Am HVLP 

membrane ( Mi l l i pore) to g i ve the l 5-crown-5 phosphonium salt as a white sol id 

( 1 .239 g, 62%). 

IH NMR (400 MHz, CDCIJ) 6 3 .62-3 .67 (m, 1 2H,  OCHz) ; 3 .79-3 .80 (m, 2H, OCH2) ;  

3 .95-3 .96 (m, 2H,  OCHz) ; 5 . 1 4  (d ,  2H, 
2
jH.P = 1 3 .8 Hz, CH2P) ; 6.44 (dd, I H,  Jj = 

8 .3  Hz, -'+j = 2.4 Hz, ArH3 ) ;  6.5 1 (d, I H, Jj = 8 .3  Hz, ArH4) ; 6.70 (d, I H,  -'+j = 2.0 Hz, 

ArH I ) ; 7.54-7.69 (m, I SH,  ArH). 

Jlp NMR ( 1 62 .0 MHz, COClJ) 6 23.8 PPh3. 

Electronic spectrum (CHCI.,) Amax nm/( Iog E) 269.0 (3.77), 276.0 (3 .78 ) .  

HRMS ( FAB)  (M-Clr calc 543 .2300, found 543 .2325 .  

(6,7,9 , 1 0,1 2 ,13 ,1 5,1 6 ,1 8,1 9-Decahydro-5,8, 11  , 14, 1 7,20-hexaoxa

benzocyclooctadecen-2-ylmethyl)-triphenyl-phosphonium c hloride (IV) 
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2-Chloromethyl -6,7,9, 1 0, 1 2, 1 3 , 1 5 , 1 6, 1 8 , 1 9-decahydro-5 ,8, 1 1 , 1 4, 1 7,20-hexaoxa

benzocyclooctadecene (0.6230 g, 1 .727 mmol ) and triphenyl phosph ine (0.765 1 g ,  

2.9 1 7  mmol, 1 .7 eq)  were dissolved i n  dry tol uene ( 10 mL). The solution was heated 

to reflux  for 20 hours before being d i l uted with tol uene ( l 0 mL) and cooled to room 

temperature. The sol ution was cooled i n  ice before being  fi ltered through a 0.45 !-tm 

HVLP membrane fil ter (Mi l l i pore). After dry i ng under vacuum, the phosphonium 

salt was obtained as  a white sol id (0.73 1 g ,  68%). 

I H NMR (400 MHz, CDCl3) b 3.57-3 .69 (m, 1 2H,  OCH2); 3 .79-3 .8 1 (m, 4H, OCH2) ;  

3 .96-3 .98 (m,  4H, OCH2) ; 5 . 1 4  (d,  2H,  2Jc.p= 1 3 .8  Hz,  CH2P) ; 6 .44 (d,  1 H ,  3J = 

8.6 Hz, ArH) ;  6.50 (d, I H,  3J = 8.4 Hz, A rH) ;  6.68 (s, I H,  ArH I ) ; 7.54-7.69 (m,  I SH,  

ArH). 

3 1p NMR ( 1 62.0 MHz, COCl3) b 23.6. 

Electronic spectrum (CHCI3) Amax nm/(Iog £)  269.5 (3 .83) , 276.0 (3 .83) .  

HRMS ( FAB)  (M-Cif cale 587.2563 , found 587.2559. 

6,7,9, 1 0, 1 2, 1 3 ,1 5, 1 6-0ctahydro-5,8, 1 1 , 1 4, 1 7  -pentaoxa

benzocyclopentadecene-2-carbaldehyde (V) 

o� 0 

<: O�H 

/ oN �o0 
6,7,9, 1 0, 1 2, 1 3 , 1 5 , 1 6-0ctahydro-5,8 , 1 1 ,  1 4, 1 7-pentaoxa-benzocyclopentadecene-2-

carbaldehyde was prepared accordi ng to the method of Ungaro, El Haj and Smid. 16 

3 ,4-dihydroxybenzaldehyde ( 5 .00 g, 0.036 mol ) and sodi um hydroxide (3 .00 g ,  

0.075 mol )  were st irred under N2 i n  I -butanol (50 mL) .  1 ,  I I -di chloro-3,6,9-
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trioxaundecane (8 .32 g, 0.036 mol) was added and the mixture refluxed for 27 hours 

before cool ing  to room temperature. The solution was acidified with 1 8% HCI , the 

solids fi l tered out and washed with methanol and the solvent removed under reduced 

pressure. The oi ly  residue was adsorbed onto s i l i ca and extracted with heptane for 

26 hours us ing a soxhlet apparatus. The heptane was removed and the product 

sol idified from 3 :2  isopropyl alcohol : hexane. After the product was fi l tered, washed 

with hexane and dried under vacuum, 6,7,9, I O, 1 2 , 1 3 , 1 5 , 1 6-octahydro-5 ,8 , l l , 1 4, 1 7-

pentaoxa-benzocyclopentadecene-2-carbaldehyde was obtained as a wh i te sol id 

(4.37 g,  41 % ,  l it . 40%16) .  

Spectroscopic properties were in  agreement with publ i shed data. 16 

6,7,9,1 0,1 2,1 3,1 5,1 6,1 8,  1 9-Decahydro-5,8, 1 1 , 14,1 7 ,20-hexaoxa

benzocyclooctadecene-2-carbaldehyde (VI) 

01 0 (0 O�H 

o oN �o� 
6,7,9, 1 0, 1 2, 1 3 ,  1 5, 1 6, 1 8 , 1 9-Decahydro-5,8 , 1 1 ,  1 4, 1 7,20-hexaoxa

benzocyclooctadecene-2-carbaldehyde was prepared according to the method of 

Ungaro, El Haj and Smid . 1 6 3 ,4-dihydroxybenzaldehyde (5 .00 g, 0.036 mol ) and 

sodium hydroxide (3.00 g, 0.075 mol )  were stirred under N2 in I -butanol (50 mL). 

I ,  1 4-dichloro-3 ,6,9, 1 2-tetraoxaundecane (9.9 1 g, 0.036 mol)  was added and the 

mixture refluxed for 27 hours before cool ing to room temperature. The solution was 

acidified with 1 8% HCI, the sol ids fi l tered and washed with methanol and the solvent 

removed under reduced pressure. The o i ly  residue was adsorbed onto s i l ica and 

extracted w i th heptane for 26 hours us ing a soxh let apparatus. The heptane was 

removed and the product sol id ified from 3:2 i sopropyl alcohol : hexane. After the 

product was fi ltered, washed with hexane and dried under vacuum, the t i tle compound 
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was obtained as a white sol id (6.669 g ,  54%, l it. 25%16) .  

Spectroscopic properties were i n  agreement with publ i shed data. 16 

(6,7,9, 1 0, 1 2,1 3 , 1 5, 1 6-0ctahydro-5,8, 1 1 , 1 4, 1 7-pentaoxa

benzocyclopentadecen-2-yl) -methanol (VI I) 

6,7,9, 1 0, 1 2, 1 3 , 1 5 ,  1 6-0ctahydro-5,8, 1 1 , 14, 1 7  -pentaoxa-benzocyclopentadecene-2-

carbaldehyde (6.0400 g, 20.38  mmol ) was d i ssolved i n  I :  I THF:ethanol (60 mL) 

before sod ium borohydride (0.8045 g, 2 1 .27 mmol) was added and the solution left to 

stir under Ar for 1 7  hours. The reaction was quenched by the s low addition of 1 M 

HCl (50 mL). After the cessation of effervescence, the product was extracted wi th 

CH2Cl2 (3  x 50 mL) .  The combined organic extracts were washed with H20 (50 mL), 

dried with MgS04' 
fil tered and evaporated to yield the title compound as an oil which 

could be sol idified by treatment with i sopropyl alcohol and hexane (5 .43 g ,  89%, l it. 

64% using LiAI4
2 1 1 ) .  

I H NMR (270.2 MHz,  CDCI3) b 2.52 (br  s, I H, OH); 3 .74 (s ,  8H, OCH29, 1 0, 1 2, 1 3) ;  

3 .86-3 .90 (m, 4H, OCH27, 1 7) ;  4.09-4. 1 2  (m, 4H, OCHz6, 1 6) ;  4.56 (s ,  2H, ArCH2); 

6.78-6.88 (m, 3H,  ArH l ,  3 , 4) 

l3C NMR (68. 1 MHz, CDCI3) & 65 .0 CH20H; 68.8 OCH2; 69. l OCH2 ; 69.5 OCH2 ; 

70.4 OCH2; 7 1 .0 OCH2 ; 1 1 2.9 ArC; 1 1 3 .8  ArC;  1 1 9.7 ArC; 1 34.3 ArC ;  1 48 .3  ArCO; 

1 49.0 ArCO. 
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(6,7,9, 1 0 ,1 2,1 3,1 5,1 6 ,1 8, 1 9-Decahydro-5,8, 1 1 , 1 4, 1 7,20-hexaoxa

benzocyclooctadecen-2-yl)-methanol (VI I I )  

ro� C �OH 
o o� �o� 

Formyl benzo- I 8-crown-6 (3 .6 1 3 1  g, 1 0.6 mmol ) was di ssolved in  1 : 1  THF:ethanol 

(60 mL) before sod ium borohydride (0.4030 g, 1 0 .7 mmol ) was added and the 

solution left to sti r under Ar for 20 hours. The reaction was quenched by the slow 

addition of I M HCI (50 mL), and after the cessation of effervescence, was extracted 

with CH2CI2 (3 x 45 mL). The combined organic extracts were washed w ith H20 

(60 mL), dri ed with MgSO .. , fi l tered and evaporated to l eave an oi l .  Some further 

i m pur i t ies  were removed by vacuum d i st i l l at ion, leav ing  the t i t le compound 

(2.5305 g, 70%). 

IH NMR (270.2 MHz, COCl}) 6 2.82 (br s, I H, OH) ; 3 .64-3 .77 (m, 1 2H,  OCH29, 1 0, 

1 2, 1 3 , IS , 1 6) ;  3.89-3.92 (m ,  4H, OCH27, 1 8) ;  4. 1 2-4. 1 6  (m,  4H, OCH26, 1 9) ;  4.57 

(s, 2H, ArCH2) ;  6.80-6.90 (m,  3H, ArH I ,  3 , 4). 

13C NMR (68. 1 MHz, COCI3) b 65 .0 CH20H; 69.0 OCH2 ; 69. 1 OCH2 ; 69.6 OCH2 ;  

70.5 OCH2; 70.6 OCH2 ; 70.7 OCH2 ; 70.8  OCH2 ; 1 1 3 .0 ArC; 1 1 3 .8  ArC ;  1 1 9.8 ArC; 

1 34.2 ArC ;  1 48.3 ArCO; 148 .8 ArCO. 

2-Chloromethyl-6 ,7,9, 1 0, 1 2, 1 3, 1 5, 1 6-octahydro-5,8, 1 1 , 1 4, 1 7  -pentaoxa

benzocyclopentadecene (IX) 

/011 \ O�CI 
! o� v00 
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The t i t le compound was prepared accordi ng to the method of Hyde et al. 2 1 1  

Hydroxymethyl benzo- 1 5-crown-5 (5 .43 g ,  1 8 .2 mmol) was di ssolved in  dry benzene 

( 1 0  mL) and thionyl chloride (2. 8 mL, 4.57 g, 38.4 mmol) i n  benzene ( 1 0  m L) added. 

The solution was left to stir under Ar for 2 hours before H20 (50 mL) was added and 

the benzene layer separated. The aqueous layer was extracted wi th CH2C12 (3 x 

50 mL) before the combined organic extracts were washed wi th H20 (50 mL), dried 

over MgS04, fi l tered and evaporated . The t it le compound was obtai ned by 

recrystal I i sation with petroleum ether (b.p .  40-60°C) to yield a white sol id  ( 1 .79 1 2  g, 

28%). 

'H NMR (270.2  MHz, CDCI3) b 3.75 (s ,  8H, OCH29, 1 0, 1 2, 1 3 ) ;  3 .88-3 .92 (m, 4H, 

OCH27, 1 5) ;  4. 1 1 -4. 1 6  (m, 4H, OCH26, 1 6) ;  4.53 (s ,  2H, CH2CI) ;  6 .8 1 (d,  3J = 8 .8 Hz, 

ArH4) ; 6.89-6.93 ( m, 2H, ArH 1 ,  3). 

DC NMR (68. 1 MHz, CDCI3) b 46.6 CH2Cl ; 69.0 OCH2; 69.5 OCH2; 70.5 OCH2; 

7 1 . 1  OCH2; 1 1 3 .6 ArC ;  1 14. 3 ArC; 1 2 1 .6 ArC; 1 30 .3  ArC; 1 49.0 A rCO; 1 49.2 

ArCO. 

2-Chloromethyl-6,7,9, 1 0, 1 2, 13, 1 5, 1 6, 1 8 , 1 9-decahydro-5,8, 1 1 , 1 4, 1 7,20-

hexaoxa-benzocyclooctadecene (X) 

The title compound was prepared according to a method s imi l ar to that publ i shed by 

Hyde et al.
2 1 1  Hydroxymethylbenzo- 1 8 -crown-6 (2 .5305 g, 7 .39  mmol)  was 

di ssolved in dry benzene (20 mL) and thionyl chloride ( 1 . 1 0 mL, 1 .79 g ,  1 5 .08 mmol) 

i n  benzene ( 1 5  mL) added. The solution was left to stir under Ar for 2 hours before 

H20 (20 mL) was added and the benzene layer separated. The aqueous layer was 
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extracted with CHICII ( 5  x 20 mL) before the combined organic extracts were washed 

with HIO (50 mL), dried over MgS04, fi l tered and evaporated .  The title compound 

was obtained by recrystal l i sation with petroleum ether (b.p. 40-60°C) to yield a white 

sol id (0.7725 g, 29%). 

I H NMR (270.2 MHz, COCl}) {) 3 .63-3 .76 (m, 1 2H, OCHI9, 1 0, 1 2, 1 3 ,  1 5 ,  1 6) ;  3 .88-

3 .92 (m,  4H, OCH27, I S ) ;  4. 1 2-4. 1 7  (m,  4H, OCHI6, 1 9) ;  4.52 (s ,  2H, CHIC) ) ;  6. 8 1  

(d, 3J = 8 .8 Hz, ArH4) ; 6.87-6.90 (m, 2H, ArH l ,  3) .  

13C NMR (6S . 1  MHz, COCl3) {) 46.5 CHICl ; 69. 1 OCHz; 69.5 OCH2 ; 70.5 OCHI; 

70.6 OCHz; 70.7 OCHI; 70.8 OCHI; 1 1 3 .7 ArC; 1 1 4.4 ArC; 1 2 1 .6 ArC; 1 30.3 ArC; 

1 4S .9 ArCO; 1 49.0 ArCO. 

2-[2'-(4"-Nitro-phenyl)-v inyl]-6,7,9, 1 0, 1 2, 1 3 , 1 5, 1 6-octahydro-5,8, 1 1 , 14 , 17-

pentaoxa-benzocyclopentadecene (XI) 

1 0, 1 2, 1 3 , 1 5 , 1 6-0ctahydro-5,S ,  1 1 , 1 4, 1 7-pentaoxa-benzocyclopentadecen-2-

yl methyl ) - t ri pheny l -phosphon ium chl oride ( 1 00.9 mg ,  0 . 1 74 mmol ) and 4-

ni trobenzaJdehyde (39.S mg,  0 .263 mmol , I .S eq) were di ssol ved in dry CHIClz 

(S mL)  and stirred under NI' I ,S -d iazabicyclo I S .4.0 / undec-7-ene ( 1 30 mL, 

0.S69 mmol , S .O eq) was added and the sol ution l eft to sti r for 4 .5 hours. The product 

was subjected to column chromatography , and fractions col lected i n  CHICII, 1 %  

MeOH/CH2CII and 2% MeOH/CHICII. The fractions col lected in  CHICII and 1 %  

MeOH were separately subjected to column chromatography ( I  % MeOH/CH2CI2)  and 

several subfractions collected from each. Subfractions were i ndividual ly analysed by 
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NMR spectroscopy and TLC (5% MeOH/CHzClz) ,  and those contain ing only product 

were combined and the sol vent removed by reduced pressure to y ie ld the trans 

product as a yel low sol id  (2 1 . 1  mg, 29%).  

' H NMR (400 MHz, CDCl3) & 3.78 (s ,  8H ,  OCH29, 1 0, 1 2, 1 3) ;  3 .92-3.96 (m,  4H, 

OCH27, I S ) ;  4. 1 7-4.23 (m,  4H, OCH26, 1 6) ;  6 .88 (d, I H, 3J = 8 .8 Hz, A rH4) ; 6.99 (d, 

I H, 3J = 1 6.2 Hz, Hyiny,2 ' ) ;  7.09-7. 1 1  (m ,  2H, ArH l ,  3 ) ;  7. 1 9  (d, I H, 3J = 1 6.2  Hz, 

Hyiny, 1  ' ) ;  7.60 (d, 2H, 3J = 8.8 Hz, ArH2", 6") ;  8 .2 1 (d, 2H, 3J = 8.6 Hz, A rH3",  5") .  

'3C NMR ( 1 00.6 MHz, CDCI3) b 68.7 OC�; 69. 1 OCH2 ; 69.4 OCH2; 69.S OCH2; 

70.3 OCH2; 70.4 OCH2 ; 7 1 .0 OCH2; 7 1 .0 OCH2; 1 1 1 .9 ArC3 ; 1 1 3 .4 ArC4; 1 2 1 .4 

ArC l ; 1 24. 1 ArC3", 5" ;  1 24.3 Cviny,2 ' ;  1 26 .5 ArC2", 6" ; 1 29.6 ArC2; 1 33 . 1 Cviny, I ' ; 

1 44. 1  ArC l " ; 1 46.4 ArC4" ; 1 49.2 ArCO; 1 50. 1 ArCO. 

Electronic spectrum (MeCN) Amax nm/(Iog £ )  278.5 (3 .54), 382.5 (3 .86). 

HRMS (El )  M+ cale 4 1 S . 1 63 1 ,  found 4 1 S . 1 626. 

2-[2'-(4"-N itro-phenyl)-vinyl]-6,7,9,1 0 ,1 2,1 3 ,1 5,1 6,1 8 ,  1 9-decahydro-

5,8,1 1 ,1 4,1 7 ,20-hexaoxa-benzocyclooctadecene (XI I) 

(6,7,9, 1 0, 1 2, 1 3 , I S , 1 6, 1 8 ,  1 9-Decahydro-5,8,  1 1 , 1 4, 1 7,20-hexaoxa

benzocyclooctadecen-2-y l methy l ) -tri phenyl -phosphon ium ch loride ( 1 06 .4 mg ,  

0. 1 708 mmol ) and 4-nitrobenzaldehyde ( 35 . 3  mg ,  0.2336 mmol , 1 .4 eq) were stirred 

in  dry CH2Cl2 under Ar. 1 ,8-diazabicyclo IS .4.0 I undec-7-ene (75 mL, 0.502 m mol,  
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2.9 eq) was added and the solution was left to st ir for 4 hours. The solvent was 

removed under reduced pressure to g i ve a yellow oi ly/sol id.  This  material was 

subjected to column chromatography and the product eluted in 2% MeOH/CH2Cl2 to 

g ive a I :  I m ix ture of cis and trans products as a yel low sol id  ( 1 04. 8 mg) .  The 

product was di ssolved in dry CH2Cl2 ( 1 0 mL) and stirred under N2. 12 ( 1 40 mg, 3 eq) 

was added and the solution left to sti r, shielded from l i ght, for 3.5 hours. Saturated 

Na2S20, (25 mL) was added and the solution left to stir overnight before the mixture 

was d i l uted w i th H20 (30 mL) and the yel low organic  l ayer was separated. The 

aqueous layer was washed w ith CH2Cl2 ( 3  x 1 0  mL) ,  before the combined organic 

layers were washed with H20 (20 mL), dried over MgS04, fi l tered and evaporated. 

The yel low sol id product was purified by col umn chromatography (CH2Cl2, 1 %  

MeOH/CH2CI2 , 2% MeOH/CH2CI 2) and multi ple fractions col lected. Fractions were 

analysed by TLC (5% MeOH/CH2CI2) and IH NMR spectroscopy , and those 

contain ing pure product were combined to leave the title compound as a yellow sol id 

(7.0 mg, 9%).  

IH NMR (400 MHz, CDzClz) b 3.62 (s, 4H, OCH2 1 2, 1 3 ) ;  3 .64-3 .67 (m,  4H, OCH2 1 O, 

I S ) ;  3.69-3 .7 1 (m, 4H, OCH29, 1 6) ;  3 . 85-3 .90 (m, 4H, OCH27, 1 8) ;  4. 1 5-4.2 1 (m, 4H, 

OCH26, 1 9) ;  6.88 (d, I H, " j  = 8.8 Hz, ArH4) ; 7.04 (d, I H, 3j = 1 6.3  Hz, H, illyI2 ' ) ;  7. 1 1  

(dd, I H, 3j = 8.8 Hz, 4j = 1 .9 Hz, ArH3) ;  7. 1 1  (d, I H, 4j = 2.0 Hz, A rH I ) ; 7 .24 (d, 

I H, 3j = 1 6 .3 Hz, H,inyl l ' ) ;  7.63 (d, 2H, 3j = 8.7 Hz, ArH2", 6"); 8 . 1 9  (d, 2H, 3j = 

8.9 Hz, ArH3", 5") .  

DC NMR ( 1 00.6 MHz, CD2CI2) b 67.9 OC�; 68.0 OCH2; 68 .8 OCH2; 68.8 OCH2 ; 

69.9 OCH2 ; 69.9 OCHz; 70.0 OCH2 ; 70. 1 OCH2 ; 1 1 0 .2 ArC l ;  1 1 2 .2  ArC4; 1 20.6 

ArC3 ; 1 23 .7  ArC3",  5"; 1 23 .8  CvinYI2 ' ; 1 26.2 ArC2", 6" ; 1 28.9 ArC2;  1 32.7 Cvillyl l  ' ;  

1 44.0 ArC I " ; 146. 1 ArC4" ; 148.5 ArCO; 1 49.3 ArCO. 

Electronic spectrum (MeCN)  Ama, nm/(log E) 383.5 (4.27) , 280.5 (3 .95 ) .  

HRMS ( FAB)  M+ calc 459. 1 893, found 459. 1 88 1 .  
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(6,7,9, 10 , 1 2 , 13 , 1 5, 1 6-0ctahydro-5,8, 1 1 , 1 4, 1 7  -pentaoxa-benzocyclopenta

decen-2-ylmethyl)-phosphonic acid d iethyl ester (XI I I )  

2-Chloromethyl -6,7,9, I 0, 1 2, 1 3 , I S , 1 6-octahydro-S ,S , I I ,  1 4, 1 7-pentaoxa

benzocyclopentadecene (4.S37 1 g, I S .3  mmol)  was heated to reflux  w ith tr iethy l 

phosphite (SO mL, as the sol vent) and al lowed to reflux for 24 hours under Ar.  The 

reaction mixture was cooled to room temperature before the majority of the triethyl 

phosphi te was removed under vacuum (0.0 I mm Hg) at room temperature, w i th 

subsequent heating to 1 00°C.  This yielded the i mpure I S-crown-5 phosphonate as a 

pale oil (6.6 1 33 g ,  < 1 00%). 

IH NMR (400. 1 MHz, CDCI3) 6 1 .23 (t, 6H, 3] = 7. 1 Hz, CH3) ;  3 .0S (d,  2H, 
2
]H,P = 

2 1 .2 Hz, CH2P) ; 3 .74 (s ,  8H, OCH2) ;  3 . 87 -3 . S9 (m, 4H, OCH2) ;  3 .99 (q, 4H, 3] = 

7.0 Hz, POCH2); 4.08-4. 1 3  (m, 4H, OCH2); 6.78-6.83 (m, 3H,  ArH I ,  3 , 4). 

13C NMR ( 1 00.6 M Hz, CDCl3) 6 1 6.3 CH3 ; 33 .0 f]U = 1 3S .8  Hz, CH2P; 62. 1 POCH2; 

68.7 OCH2; 68 .9  OCH2 ; 69.4 OCH2 ; 69.S OCH2 ; 70.3 OCH2 ;  70.3 OCH2; 70.9 

OCH26, 1 6 ; 1 1 3 .9 ArC; I I S .4 ArC; 1 22.4 A rC;  1 24.2 ArC ;  1 48.0 ArCO ; 1 48 .9 

ArCO. 

3 1p  NMR ( 1 62.0 MHz, CDCI3) 6 28.0. 

Electronic spectrum (MeCN) Amax nm/( Jog f) 203 .0 (4.59), 23 1 .5 ( 3 .88), 282.0 ( 3 .44). 

HRMS (FAB) MH+ caJc 4 1 9. 1 83S, found 4 1 9. 1 842. 
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(6,7,9, 10, 1 2,1 3,1 5,1 6,1 8 ,  1 9-Decahydro-5,8, 1 1 ,1 4,1 7,20-

hexaoxabenzocyclooctadecen-2-ylmethyl)-phosphonic acid diethyl ester 

(XIV) 

2-Chloromethyl-6,7,9, I 0, 1 2, 1 3 , 1 5 , 1 6, 1 8 , 1 9-decahydro-5,8,  1 1 , 1 4, 1 7,20-hexaoxa

benzocyclooctadecene (5 .0458 g, 1 4.0 mmol) was heated to refl ux with triethyl 

phosphite (80 mL, as the solvent) and al lowed to reflux for 23 hours under Ar. The 

reaction mixture was cooled to room temperature before the majority of the triethyl 

phosphite was removed under vacuum (0.0 1 mm Hg) at room temperature, then with 

heating up to 1 00°C. Thi s  y ielded the i mpure (6,7,9, 1 O, 1 2 , 1 3 , 1 5 , \ 6, \ 8 , \ 9-decahydro-

5,8 ,  1 1 , 1 4, 1 7,20-hexaoxabenzocyclooctadecen-2-ylmethyl )-phosphon i c  acid d iethy l  

ester as  a pale o i l  (5.8276 g,  90%) .  

IH NMR (400. 1 MHz,  CDCI3) D 1 .22 ( t ,  6H,  3J = 7. 1 Hz,  CH, ) ;  3 .05 (d,  2H,  2JHP = 
2 1 .2 Hz,  CH2P) ; 3.66 (s ,  4H, OCH2) ;  3 .69-3 .7 1 (m, 4H, OCH2) ; 3 .74-3.75 (m, 4H, 

OCH2) ; 3 . 88-3.9 1 (m,  4H, OCH2 ) ;  3 .96-3 .99 (m ,  4H, POCH2) ; 4. 1 0-4. 1 3  ( m, 4H, 

OCH2) ;  6.79-6.84 (m, 3H, ArH I , 3 , 4). 

DC NMR ( 1 00.6 MHz, CDCl,)  D 1 6.3 CH3 ; 32.6 flU= 1 38.8 Hz, CH2P; 62.0 POCH2; 

69.0 OCH2 ; 69. 1 OCH2; 69.5 OCHz;  69.6 OCHz; 70.6 OCH2; 70.7 OCH2 ; 70.7 OCH2; 

70.8  OCH2; 1 1 4. 1 ArC; 1 1 5 .6 ArC ;  1 22.4 ArC;  1 24.3 ArC ;  1 47 .9 ArCO; 1 48 . 8  

ArCO. 

3 1p  NMR ( 1 62.0 MHz, CDCU D 27.8. 

Electronic spectrum (MeCN) Amax nm/(Iog £) 203.5 (4.57) , 233 .0 (3 .9 1 ) , 28 1 .0 (3 .56). 

HRMS ( FAB)  M+ calc 462.20 1 9, found 462.2025. 
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2-(2'-Thiophen-3"-yl-vinyl)-6,7,9,1 0 , 1 2 , 1 3 , 1 5, 1 6-octahydro-5,8, 1 1 ,1 4, 1 7-

pentaoxa-benzocyclopentadecene (XV) 

(6,7,9, I 0, 1 2, 1 3 , I S , 1 6-0ctahydro-5,8, 1 1 , 1 4, 1 7-pentaoxa-benzocyclopenta-decen-2-

y lmethyl )-phosphonic acid  d iethyl ester (2 .0055 g, max 96.6% pure, 4.63 mmol ) and 

thiophene-3-carbaldehyde (0.60 1 9  g, 5 .37 m mol ) were sti rred i n  dry THF (35 mL) 

before potass ium tert-butoxide ( 1 .0822 g, 9.64 mmoI) was added and the solution left 

to sti r at room temperature under NI for 3 hours.  The reaction m ixture was 

neutra l ized w i th 2M HCI and the solvent removed under reduced pressure. The 

product was d issolved in CH1Clz (40 m L) and HIO (40 mL) ,  the organic l ayer 

separated and the aqueous washed with CH2Clz (20 mL) .  The combined organic  

layers were washed with H20 (20 mL), dried wi th activated neutral Alz03, fi l tered and 

dried under vacuum to give a creamy coloured sol i d .  Recrystal l i sation from 

CHzCl2/hexane afforded an off-white sol id ,  melt ing point = 1 39- 1 42°C (0.7 1 62 g, 

41 %) .  

lH NMR (400 MHz, CDCI3) 6 3 .77 (s, 8H,  OCHz9, 1 0, 1 2 , 1 3 ) ;  3.9 1 -3 .95 (m ,  4H, 

OCH27, 1 5 ) ;  4. 1 4-4. 1 6  (m, 2H, OCH26) ;  4. 1 8-4.20 (m,  2H, OCH2 1 6) ;  6 .83 (d,  I H, 3J 

= 8 .2 Hz, ArH4) ; 6 .87 (d, I H, 3J = 1 6.3  Hz, Hviny l l ' ) ;  6.98 (d, I H, 3J = 1 6.2  Hz, 

HvinYI2 ' ) ;  7.00 (dd, I H, 3J = 8 .2 Hz, 
4
J = 2.0 Hz, ArH3) ;  7.02 (d, I H, 

4
J = 1 .9 Hz, 

ArH l ) ; 7.2 1 -7.22 ( m, I H, ThH4") ;  7.30-7.33 (m, 2H, ThH2", 5") .  

1 3C NMR ( 1 00.6 MHz, CDCI3) 6 68.8  OCI-Iz; 69.0 OCH2; 69.4 OCH2 ; 69.5 OCHz; 

70.3 OCHI; 70.4 OCH2; 70.9 OCH2; 7 1 .0 OCH2; 1 1 1 .3 ArC 1 ;  1 1 3 . 8  ArC4; 1 20. 1 

ArC3 ; 1 2 1 .2 CvinyI2 ' ; 1 2 1 .6 ThC4"; 1 24.8 ThC2"; 1 26. 1 ThC5" ;  1 28 .3  Cvinyl l  ' ;  1 30.8 

ArC2; 1 40. 1 ThC3"; 1 48.8 ArCO; 149. 1 ArCO. 
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Electronic spectrum (MeCN) Ama, nm/(Iog £ )  2 1 6.0 (4.27) , 298.5 (4. 39), 3 1 8 .0 (4.4 1 ) . 

HRMS (FAB)  M+ calc 376. 1 344, found 376. 1 340. 

Anal . Calculated for C2oH2.PSS :  C, 63 .8 1 ;  H, 6.43 : S, 8.52. Found: C, 62.72; H,  

6.78 ;  S ,  7 .99. 

2-(2' -Thiophen-3"-yl-v inyl)-6 ,7,9, 10 ,  1 2, 1 3, 1 5, 1 6, 1 8, 1 9-decahydro-

5,8,1 1 ,1 4,1 7 ,20-hexaoxa-benzocyclooctadecene (XVI) 

Thiophen-3-y l methyl -phosphonic acid diethyl ester (0.2063 g, 0 .88 mmol )  and 

formy lbenzo- 1 8-crown-6 (0.3066 g ,  0.90 mmol) were dissolved in  dry CHzCi1 (5 mL) 

before potassium tert-butoxide (0. 1 980 g, 1 .76 mmol) was added and the solution left 

to st ir at room temperature under Nz for I hour. H20 ( 1 0  mL) was added and 

neutral i zed with 2M HCI. CHzClz ( 1 0 mL) was added and the organic l ayer 

separated. The aqueous layer was washed w ith CHzClz ( 1 0  mL) before the combined 

organic  l ayers were washed with H20 (20 mL) and the sol vent removed under 

reduced pressure. The yel low res idue was d issolved i n  CH1Cl1 and purified by 

col umn chromatography on si l i ca. A cream-coloured fraction el uted in  2 :98 

MeOH:CH1Cl1 was washed with di sti l led H20, then dried to yield an off-white sol id, 

melt ing point = 80-83QC (0.2300 g ,  62%).  
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' H NMR (400 MHz, CD2Clz) 0 3 .62 ( s, 4H, OCH) 2, 1 3) ;  3 .63-3 .66 (m,  4H, OCH2 1 O, 

1 5) ;  3 .68-3 .7 1 (m, 4H, OCHz9, 1 6) ;  3 .83-3 .88 (m ,  4H, OCHz7, 1 8) ;  4. 1 2-4. 1 4  (m, 2H, 

OCH26); 4. 1 6-4. 1 9  (m, 2H, OCH2 1 9) ;  6.83 (d, I H, 3J = 8 .2 Hz,  ArH4); 6.89 (d,  I H, 3J 

= 1 6. 3  Hz, Hv;ny, 1  ' ) ;  6.99-7.0 1 (m, I H, ArH3) ;  7.0 1 (d,  I H, 3J = 1 6.0 Hz, Hv;ny,2 ' ) ;  7.03 

(d, 1 H,  4J = 2.0 Hz, ArH I ) ; 7.24-7.25 (m, 1 H, ThH 4") ;  7.32-7.35 (m, 2H, ThH 2", 

5"). 

\3C NMR ( 1 00.6 M Hz, CDzCl2) 0 68.0 OCHz; 68 .0 OCH2; 68 .9 OCH2; 68.9 OCH2; 

69.9 OCH2; 69.9 OCH2 ; 70.0 OCH2;  70. 1 OCH2 ; 1 09.8 ArC I ; 1 1 2.4 ArC4; 1 1 9 .3  

ArC3 ; 1 20.5 Cy;ny,2 ' ;  1 2 1 . 3 ThC4"; 1 24.4 ThC2" ; 1 25 .8  ThC5";  1 28 .0 Cv;n" I ' ; 1 30. 1 

ArC2; 1 40.0 ThC3" ; 1 48.2 ArCO; 148 .4 ArCO. 

Electronic spectrum (MeCN) "'max nm/(log £)  2 l 7.5 (4.2 1 ) , 298.5 (4.3 1 ) , 3 1 8 .5 (4.34). 

HRMS (FAB) M+ calc 420. 1 607, found 420. 1 6 1 2. 

4-Methoxy-3-[2'-(2" - methoxy -ethoxy)-ethoxy]-benzaldehyde (XVII) 

Toluene-4-sulfoni c  acid 2-(2-methoxy-ethoxy)-ethyl  ester (9.0356 g, 32.9 mmol ) ,  

i sovan i l l i n  (4.9993 g ,  32.9 mmol ) and anhydrous potassium carbonate (4.5445 g ,  

32.9 mmol )  were heated to 1 1 0°C in  dry DMF (40 mL) under Nz for 92 hours .  The 

mixture was cooled and the soli ds fi ltered off and washed with CH2CI2 . The solvent 

was removed under reduced pressure before the res idue was redi s solved in H20 

( 200 mL) and CH2Cl2 ( l OO mL). The organic l ayer was separated, washed w ith H20 

( l OO mL), dried over MgS04, f i l tered and evaporated. The crude product was 

purified by column chromatography on s i l ica and eluted with CH2Cl2 to yield a pale 

orange oi l (5.9955 g ,  72%). 
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I H N M R  (400 MHz, COCi3) 6 3 .36 ( s ,  3H,  2"OCH3) ;  3 .54-3 .57 (m,  2H, OCH22" ) ;  

3 .70-3 .72 ( m ,  2H, OCH2 1 " ) ;  3 . 89-3.9 1 ( m ,  2H, OCH22' ) ;  3.92 ( s ,  3H,  ArOCH3) ;  4.22-

4.25 (m,  2H, OCH2 1 ' ) ;  6.95 (d, I H, Jj = 8 .2 Hz, ArH5) ;  7.42 (d, I H , 4) = 1 .9 Hz, 

ArH2) ; 7.45 (dd, I H, 3j = 8.2 Hz, 4j = 1 .9 Hz, ArH6) ; 9.8 1 (s,  I H, CHO) .  

DC NMR ( 1 00.6 MHz,  COCL,) 6 56.0 ArOCH,; 58 .9 2"OCH3; 68 . 3  OCHz I ' ;  69.4 

OCH22 ' ;  70.7 OCHz I " ; 7 1 .8 OCH22" ; 1 1 0.6 ArCS ; 1 1 1 .0 Ar2 ;  1 26.7 ArC6; 1 29.9 

ArC 1 ; 1 48 .8  ArC3 ; 1 54.8 ArC4; 1 90.7 CHO. 

Electronic spectrum (MeCN) Amax nm/(log £ )  204.0 (4.09), 229.5 (4.23) , 273 .5 (4.03) ,  

306.0 (3 .9 1 ) . 

HRMS ( FAB)  M+ calc 254. 1 1 54, found 254. 1 143 .  

4-Methoxy-3-[2' -(2" -{2'" -methoxy -ethoxy}-ethoxy )-ethoxy]-benzaldehyde 

(XVII I )  

Tol uene-4-sulfonic acid 2-(2- 1 2-methoxy-ethoxy J -ethoxy) -ethyl ester ( 1 0.4922 g ,  

33 .0 mmol ) ,  i sovan i l l in  (4.9982 g, 32.9 mmol )  and anhydrous potassi um carbonate 

(4.5469 g, 32.9 mmol) were heated to 1 1 0°C in dry OMF (40 mL) under Nz for 

77 hours. The mixture was cooled and the sol ids fi l tered off and washed with CH2Clz. 

The sol vent was removed under reduced pressure before the residue was redissol ved 

in H20 ( 1 00 mL) and CH2Ciz ( 1 00 mL). The organic l ayer was separated and the 

aqueous layer extracted wi th CHzClz (2 x 50 mL). The combined organic extracts 

were then washed with H20 (50 mL), dried over MgS04
' 
fi l tered and evaporated. The 
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crude product was purified by col umn chromatography on s i l ica and el uted w i th 

CH2Cl2 to yield a yel low oi l  (5 .5 1 60 g ,  56%). 

IH NMR (400 MHz, CDCI3) b 3.36 (s ,  3H,  2'' ' OCH3) ;  3 .52-3.55 (m, 2H, OCH22" ' ) ;  

3 .63 -3 .69 ( m ,  2 H ,  OCH2 1 '' ' ) ;  3 .72-3 .75 ( m ,  2 H ,  OCH2 1 " ) ;  3 . 89-3.93 ( m ,  2H,  

OCH22 ' ) ;  3 .93 (s ,  3H.  ArOCH3) ; 4.22-4.25 (m ,  2H,  OCH2 1 ' ) ;  6 .96 (d , I H, 3j = 

8.2 Hz, ArH5 ) ;  7 .43 (d ,  I H,  4j = 1 . 8 Hz, ArH2) ; 7.46 (dd, I H,  3j = 8 .2  Hz, 4j = 

1 .9 Hz, ArH6) ; 9.83 (s,  1 H, CHO). 

DC N M R  ( 1 00.6 MHz, COCl,) b 56.0 ArOCH.o; 59.0 2" 'OCH3 ;  68.4 OCH2 1 ' ;  69.4 

OCH22' ; 70.5 OCH2 1 ' ' ' ;  70.6 OCH22" ; 70.8 OCH2 1 " ; 7 1 .9 OCH22" ' ;  1 1 0.6 ArC5 ; 

1 1 1 .0 ArC2; 1 26.8 ArC6; 1 29.9 ArC l ; 1 48 .8  ArC3 ;  1 54.8 ArC4; 1 90.8 CHO. 

Electroni c  spectrum (MeCN) "'max nm/( log £)  203 .5 (4. 1 5) , 229.5 (4.27), 273 .5 (4.07), 

306.0 (3 .95) .  

HRMS (FAB) M+ calc 298 . 1 4 1 6, found 298. 1 402. 

4-Methoxy-3-[2' -(2" -{2'" -[2""  -methoxy-ethoxy]-ethoxy}-ethoxy)-ethoxy]

benzaldehyde (XIX) o �o� �o� �o ........ 
H I 

0 0 
,,&. /' 

Tol uene-4-sulfonic acid 2-(2- 1 2-methoxy -ethoxy J -ethoxy ) -ethy I ester ( 1 1 .92 1 2  g ,  

32 .9  mmol ) ,  i sovan i l l i n  (5 .0 1 23 g, 32.9 mmol ) and anhydrous potassi um carbonate 

(4.5530 g, 32.9 m mol ) were heated to 1 1 0°C i n  dry DMF (40 mL) under N2 for 

96 hours. The mixture was cooled and the sol ids fil tered off and washed with CH2Clz .  

The solvent was removed under reduced pressure before the residue was redissolved 

in  H20 ( l OO mL) and CH2Cl2 ( l OO mL) . The organi c  l ayer was separated, and the 
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aqueous washed with CHzClz (2 x 50 mL), then the combined organic extracts were 

washed with H20 (50 mL), dried over MgS04' 
fi l tered and the solvent evaporated. 

The crude product was purified by column chromatography on s i l i ca and el uted with 

CH2Cl2 to yield a yel low oi l (5 .4996 g, 49%) .  

'H NMR (400 M Hz, CDCI3) b 3 . 36  ( s ,  3H ,  2""OCH3) ;  3 .52-3 .54 (m ,  2H, OCHz2""); 

3 .62-3 .63 (m, 2H, OCH2 1 ' ' ' ' ) ; 3 .64-3 .66 (m, 4H, OCH2 1 " ' , 2'' ' ) ;  3 .66-3 .68 (m, 2H, 

OCHz2") ;  3 .7 1 -3 .74 (m, 2H, OCH1 1 " ) ;  3 . 89-3 .92 (m, 2H,  OCH22 ' ) ;  3 .93 (s ,  3H,  

ArOCH3) ;  4.22-4.24 (m, 2H, OCH2 i ' ) ;  6.96 (d, 1 H ,  3J = 8 .2 Hz,  ArH5) ;  7.42 (d ,  1 H,  

4
J = 1 .8 Hz,  ArH2); 7.46 (dd, 2H, 3J = 8.2 Hz, 4J = 1 .9 Hz,  ArH6) ; 9.83  (s,  1 H, CHO). 

1 3C NMR ( 1 00.6 MHz, CDCI3) b 56.0 ArOCHj ; 5 8 .9 2'' ' 'OCH3 ; 68.3 OCH1 1 ' ;  69.4 

OCH22 ' ; 70.4 OCH2 1 ' ''' ; 70.5 OCH12"; 70.5 OCHz2" ' ;  70.5 OCH2 1 '' ' ;  70.8 OCH2 1 " ; 

7 1 . 8 OCHz2""; 1 1 0.7 ArCS ; 1 1 0.9 Ar2 ;  1 26.8 ArC6; 1 29.9 ArC I ;  1 48.8 ArC3 ; 1 54.8 

ArC4; 1 90.8 CHO. 

Electronic spectrum ( MeCN )  Amax nm/(log £ )  203 .5 (4.20), 229.5 (4.34) , 273 .5 (4. 1 4), 

306.0 (4.02) .  

H RMS (FAB)  MH+ calc 343 . 1 757, found 343 . 1 76 1 .  

3-Methoxy-4-[2' -(2" -methoxy-ethoxy)-ethoxy] -benzaldehyde (XX) 

Toluene-4-sulfonic acid  2-(2-methoxy-ethoxy)-ethyl ester (9.0209 g, 32.9 m mol ) ,  

van i l l i n  (5 .003 1 g, 32.9 mmol ) and anhydrous potass ium carbonate (4.557 1 g ,  

3 3 .0  mmol )  were heated to 1 1 0°C in  dry DMF (40 mL) under N2 for 69  hours. The 

mixture was cooled and the sol ids fi ltered off and washed with CH2Clz '  The solvent 
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was removed under reduced pressure before the res idue was redi ssolved in  H20 

( 1 00 mL) and CH2CI2 ( 1 00 mL). The organic  l ayer was separated, and the aqueous 

layer extracted wi th CHzClz (2 x 50 mL). The combined organic layers were washed 

wi th H20 (50 mL), dried over MgS04, fi l tered and evaporated. The crude product 

was purified by col umn chromatography on s i l ica and eluted wi th CH2CI2 to yield a 

pale oi l  (6.96 1 5  g ,  83%).  

IH NMR (400. 1 MHz, CDCI3) b 3.36 (s, 3H,  2"OCH3) ;  3 .54-3.56 (m,  2H, OCH22") ;  

3 .70-3 .72 (m,  2H, OCH2 1 ") ;  3 .89 (s, 3H, ArOCH3) ;  3 .90-3 .93 (m, 2H, OCH22 ' ) ;  4.25-

4.27 (m, 2H, OCH2 1 ' ) ;  6.99 (d, I H, 3J = 8.2 Hz, ArH5) ;  7 .38 (d, I H, 4J = 1 .9 Hz, 

ArH2); 7.4 1 (dd, I H, 3J = 8 .2 Hz, },J = 1 .9 Hz, ArH6) ;  9.83 (s ,  I H, CHO). 

l3C NMR ( 1 00.6 MHz, CDCI3) b 55.9 ArOCIi; 59.0 2"OCH3 ; 68.4 OCH2 1 ' ;  69.3 

OCH22 ' ;  70.8 OCH2 1 " ; 7 1 .8 OCH22" ; 1 09.2 ArC2;  1 1 1 .8 ArCS ; 1 26.6 ArC6; 1 30.2 

ArC l ;  1 49.8 ArC3 ; 1 53 .8  ArC4; 1 90.8 CHO. 

Electronic spectrum ( MeCN )  Amax nm/(Iog £) 203 .0 (4.08) ,  229.5 (4. 1 7) , 274.0 (4.0 1 ) , 

307.0 (3 .92) .  

HRMS (FAB)  M+ calc 254. 1 1 54, found 254. 1 1 52.  

3-Methoxy -4-[2' -(2" -{2'" -methoxy -ethoxy}-ethoxy )-ethoxy]-benza Idehyde 

(XXI) 

Tol uene-4-sulfonic  acid 2-(2- 1 2-methoxy-ethoxy ] -ethoxy) -ethyl ester ( 1 0.5 1 00 g ,  

33 .0  mmol) ,  van i l l i n  (5 .0 1 3 1  g, 32.9 m mol ) and anhydrous potass ium carbonate 

(4.5507 g, 3 2.9 mmol) were heated to 1 1 0°C in dry DMF (40 mL) under N2 for 
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77 hours. The mixture was cooled and the sol ids fi ltered off and washed with CH2CI2• 

The solvent was removed under reduced pressure before the residue was redissol ved 

i n  H20 ( l OO mL) and CH2Cl2 ( l OO mL). The organic layer was separated and the 

aqueous layer extracted with CH1Clz (2 x 50 mL). The combined organic extracts 

were washed wi th H20 (50 mL), dried over MgSO.j, fi ltered and evaporated. The 

crude product was purifi ed by col umn chromatography on s i l ica and el uted with 

CHzClz to yield a pale oil (5 .4275 g, 55%).  

I H NMR (400 MHz, COCI3) & 3 .36 (s, 3 H, 2'' 'OCH,) ;  3 .5 1 -3 .54 (m, 2H, OCH22"' ) ;  

3 .62-3 .64 ( m ,  2H, OCH2 1 ' ' ' ) ;  3 .64-3 .67 ( m, 2H, OCHz2") ;  3 .72-3 .75 ( m ,  2H, 

OCH2 1 ") ;  3 .90 (s ,  3H,  ArOCH3) ;  3 .90-3.93 (m ,  2H, OCH22 ' ) ;  4.25-4.27 (m,  2H, 

OCH2 I ' ) ;  7.00 (d, I H, 3J  = 8.2 Hz,  ArH5) ;  7 .39 (d,  I H, 4J = 1 .9 Hz,  ArH2) ; 7.42 (dd, 

1 H,  3J = 8.2 Hz, 4J = 1 .9 Hz, ArH6) ; 9.8 3  (s, 1 H, CHO) . 

DC NMR ( 1 00.6 MHz, COCl}) () 55.9 ArOCH,; 58.9 2" 'OCH,: 68.4 OCH2 1 ' ;  69.3  

OCHz2 ' ; 70.5 OCH2 1 " ' ;  70.5 OCH22" ; 70.8 OCH2 I " ; 7 1 .8 OCH12" ' ;  1 09.2 ArC2 ; 

1 1 1 .8 ArC5 ; 1 26.6 ArC6; 1 30. 1 ArC I ;  1 49.8 ArC3 ; 1 53 .8  ArC4; 1 90.9 CHO. 

Electronic spectrum (MeCN) Amax nm/(Iog £ )  203.0 (4. 1 3) , 229.5 (4.22), 274.0 (4.06), 

307.0 (3 .97) .  

HRMS (FAB) M+ calc 298. 1 4 1 6, found 298. 1 4 1 5 .  

3-Methoxy-4-[2' -(2" -{2'" -[2"" -methoxy-ethoxy]-ethoxy}-ethoxy)-ethoxy]

benzaldehyde (XXII)  
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Toluene-4-su lfoni c  acid 2-(2- 1 2-methoxy-ethoxy J -ethy l ) -ethyl ester ( 1 1 .9267 g ,  

32.9 mmol) ,  van i l l i n  (5 .0086 g, 32 .9  mmol)  and anhydrous potass ium carbonate 

(4.5545 g, 33 .0 mmol ) were heated to 1 1 0°C i n  dry DMF (40 mL) under N2 for 

96 hours. The mixture was cooled and the solids fi l tered off and washed with CH2CI2• 

The solvent was removed under reduced pressure before the residue was redissolved 

i n  H20 ( 1 00 mL) and CH2Clz ( 1 00 mL). The organic l ayer was separated, and the 

aqueous washed with CH2Cl2 (2 x 50 mL) before the combined organic extracts were 

washed with HP (80 mL), dried over MgS04, fi l tered and evaporated. The crude 

product was p urified by column chromatography on s i l ica and el uted with CH2Clz to 

yield a yel low oi l (6.070 g ,  54%). 

IH NMR (400 MHz, CDCI3) () 3 .36 (s ,  3H,  2""OCH3); 3 .5 1 -3 .54 (m, 2H, OCH22"") ;  

3 .6 1 -3 .63 ( m ,  2H, OCH2 1 "" ) ;  3 .64-3 .65 ( m ,  4H, OCH2 1 ' ' ' ,  2'' ' ) ;  3 .66-3.67 ( m ,  2 H ,  

OCH22") ;  3 .7 1 -3 .74 (m,  2 H ,  OCH2 1 " ) ;  3 .90 ( s ,  3H ,  A rOCH3) ;  3 .90-3 .93 (m ,  2H,  

OCH22 ' ) ;  4.25-4.27 (m,  2H, OCH2 1 ' ) ;  7.00 (d ,  I H, 3J  = 8 .2  Hz,  ArH5) ;  7 .39 (d, I H, 

4J = 1 .9 Hz, ArH2) ; 7.42 (dd, 1 H, 3J = 8. 1 Hz, 4J = 1 .9 Hz, ArH6) ; 9.83 (s,  I H, CHO). 

13C NMR ( 1 00.6 MHz, CDCI3) () 55.9 ArOCI{,;  58.9 2""OCH} ; 68.4 OCH2 1 ' ;  69. 3  

OCH22 ' ;  70.4 OCH2 1 ' ' ' ' ; 70.5 OCH22" ; 70.5 OCH22" ' ;  70.5 OCH2 1 ' ' ' ;  70.8  OCH2 1 " ; 

7 1 .8 OCH22"" ; 1 09.2 ArC2; 1 1 1 . 8 ArC5 ; 1 26.6 ArC6; 1 30.2 ArC I ;  1 49.8 ArC3 ; 

1 53 .8  ArC4; 1 90.9 CHO. 

Electronic spectrum (MeCN) Amax nm/( log £)  203 .0 (4. 1 6) ,  229.5 (4.26), 274.0 (4. 1 0) ,  

307.0 (4.0 1 ) . 

HRMS (FAB) MW cale 343 . 1 757, found 343 . 1 750. 
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3'-(2'" -{4 "" -Methoxy-3"" -[2"' ' ' -(2"""  -methoxy -ethoxy)-ethoxy]-phenyl}

vinyl)-[2,2' ;5' ,2"]terthiophene (XXI I I )  

4-Methoxy-3- 12 '  -(2" -methoxy -ethoxy ) -ethoxy I-benzaldehyde (0.3583 g ,  1 .4 1  mmol ) 

and terthiophene phosphonate ( 1 0  mL x 0. 1 40 mmollmL solution i n  THF, 1 .40 mmol ) 

were sti rred under N2 i n  dry CH2C1I ( 1 0 mL) before KOtB u  (0.3970 g, 3 .54 mmol ) 

was added and the solution left to sti r at room temperature for I hour. H20 (20 mL) 

was added and neutral i zed w ith aqueous HC! . HIO (20 mL) and CHICII (20 mL) 

were added, and the organic layer separated. The aqueous layer was extracted with 

CHICII (20 mL), then the combined organi c  layers washed w ith H20 (20 mL) and the 

solvent removed under reduced pressure. The residue was dissolved in CH2Clz and 

pu r i fi ed  u s i n g  f lash co l u m n  c h romatography  on s i l i ca .  After 1 ,2 -

b is( 1 2 ' ,2" ;5" ,2" ' l terthiophen-3"-yl )ethene (20. 1 mg, 3 % )  was el uted i n  C HzCI2, the 

desi red product was eluted i n  2% MeOH. Removal of the solvent under reduced 

pressure y ie lded 3 ' - (2 '' '- {  4 " "  -methoxy- 3 " " - 1 2 "  " '- (2 " " "  -methoxy-ethoxy )-ethoxy 1 -

phenyl }-v inyl )- 1 2,2';5',2" lterthiophene as a dark yel low o i l  (0.6 1 44  g ,  88%).  

I H NMR (400. 1 MHz, CDzCII) b 3.35 (s ,  3H, 2"""OCH3) ;  3 .52-3 .55 (m, 2H,  

OCHI2""") ; 3 .66-3 .68 (m ,  2H,  OCH2 1 """) ;  3 . 82-3 .84 (m ,  2H,  OCH22"'' ' ) ; 3 .86 (s ,  

3H,  ArOCH3) ;  4. 1 4-4. 1 6  (m ,  2H,  OCH2 1 ' ' ' ' ' ) ;  6 .88  (d ,  I H, 3J = 8 .2  Hz,  ArH5"") ;  7.00 

(d ,  I H , 3J = 1 6. 1  Hz, H,iny\2'' ' ) ;  7.05 (dd, I H, 3J = 5 . 1  Hz, 4J = 3.6 Hz, ThH4") ; 7 .05-

7.09 (m ,  2H, ArH2"", 6"") ;  7. 1 3  (dd, I H, 3J = 5.2 Hz, 4J = 3 .6 Hz, ThH4) ; 7.22 (dd, 

I H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH3 ) ;  7.23 (d,  I H , 3J = 1 6.2 Hz, H,iny\ I ' ' ' ) ;  7.24 (dd, 

I H,  3J = 3.6 Hz, 4J = 1 .2 Hz, ThH3") ;  7.29 (dd, I H,  3 J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5") ;  

7.4 1 (dd, I H, 3J = 5. 1 Hz, 4J = 1 .2 Hz ,  ThH5 ) ;  7.44 (s ,  I H, ThH4' ) .  
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I3C NMR 0 00.6 MHz, CD2CI2) b 55 .5 A rOCH;; 58 . 3  2"""OCH3 ; 68. 1 OCH2 1 "" ' ;  

69.3 OCHz2"'' ' ;  70.2 OCH2 1 """; 7 1 .6 OCH22""" ; 1 1 0.9 ArC2"" ; I l I A ArCS"";  

1 1 9.2  Cvinyl l " ' ; 1 1 9.9 ArC6""; 1 2 1 .9 ThC4' ;  1 23 .8  ThC3"; 1 24.6 ThCS"; 1 26.0 ThC5 ; 

1 26.5 ThC3;  1 27.5 ThC4; 1 27.6 ThC4" ; 1 29.9 ArC 1 " " ; 1 30. 1 CvinyI2'' ' ;  1 3004 ThC2 ' ;  

1 34.9 ThC2; 1 3S.5 ThCS ' ;  1 36.2 ThC3 ' ;  1 3604 ThC2" ; 1 48 . 1 ArC3"" ;  1 49.3 ArC4"". 

Electronic spectrum ( MeCN) Ama, nm/( Iog £) 328 .5 (4.6 1 ) . 

HRMS ( FAB)  M+ calc 498.0993, found 498. 1 0 1 2. 

3·-(2 ... -{4 ... . -Methoxy-3 ... . -[2""' -(2 ... ... -{2 ....... -methoxy-ethoxy}-ethoxy)

ethoxy]-phenyl}-vinyl)-[2,2' ; 5' ,2"]terthiophene (XXIV) 

4-Methoxy-3 - [  2' -(2" -{2 '"  -methoxy-ethoxy } -ethoxy )-ethoxy I-benzaldehyde 

(OAOS3 g, 1 . 36 mmol )  and terthiophene phosphonate ( 1 0 mL x 0. 1 3S mmollmL 

solution i n  dry THF, 1 .35  mmol ) were stirred under N2  in dry CH2CI2 ( 1 0 mL) before 

KOtBu  (0.3960 g ,  3 .S0 m mol) was added, causing the sol ution to go dark red. The 

solution was left to sti r at room temperature for 1 hour before H20 (20 mL) was 

added and neutral ized with aqueous HC!. H20 (20 mL) and CH2Clz (20 mL) were 

added, and the organic l ayer separated. The aqueous l ayer was extracted with CH2CI2 

(20 mL) before the combined organic layers were washed wi th H20 (20 mL) and the 

solvent removed under reduced pressure. The residue was d issolved in  CH2CI2 ,  and 

purified using flash col umn chromatography. After 1 ,2-bis( l2 '  ,2" ;S" ,2'" Iterth iophen

r-yl )ethene (53 .3  mg, 1 5% )  was eluted in CH2C12, the desired product was el uted i n  
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2% MeOH. Removal of the solvent under reduced pressure yielded 3 ' - (2 '' ' - {4' ' ' ' 

methoxy-3 " " - 1 2 "  " '-(2" " " -{2" " '' '-methoxy-ethoxy }-ethoxy) -ethoxy I-phenyl } -v iny l )-

1 2 ,2 ' ;5 ' ,2" l terthiophene as a dark yel low oi l  (0.6477 g, 88%) .  

'H NMR (400. 1 MHz, CD2Cl2) b 3 .33  ( s ,  3H ,  2"'' ' OCH3) ;  3 .49-3 .5 1 (m ,  2H,  

OCH22""'' ' ) ;  3 .58-3.60 (m,  2H,  OCH2 1 "' ' '' ' ) ;  3 .6 1 -3 .64 (m,  2H,  OCH22'' ' '' ' ) ;  3 .67-

3 .70 (m, 2H, OCH2 1 '' ' '' ' ) ;  3 .83-3 .85 ( m, 2H, OCHz2"'' ' ) ;  3 .86 (s, 3H,  ArOCH,) ;  4. 1 5 -

4. 1 7  (m,  2H,  OCH2 1 "'' ' ) ;  6 .88  (d, I H , 3J = 8 .2 Hz, A rH5"");  7.0 1 (d, I H, 3J = 

1 6 . 1  Hz, Hviny,2'' ' ) ;  7.05 (dd, I H , 4J = 2.0 Hz, ArH2"") ;  7 .06 (dd, I H, 3J = 5 . 1  Hz, J,J = 

3 .6 Hz, ThH4" ) ;  7.08 (dd, I H, 3J = 8.2 Hz, J,J = 2.0 Hz, ArH6"") ;  7. 1 4  (dd, I H, 3J = 

5 . 1 Hz, J,J = 3 .6 Hz, ThH4) ; 7.22 (dd, I H, 3J = 3 .6  Hz, J,J = 1 .2 Hz, ThH3) ;  7 .23 (d, 

I H,  3J = 1 6.2 Hz, Hviny, 1  ' ' ' ) ;  7.24 (dd, I H,  3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH3") ;  7.29 (dd, 

I H, 3J = 5 .2 Hz, 4J = 1 . I  Hz, ThH5") ;  7.42 (dd, I H, 3J = 5.2 Hz, J,J = 1 .2 Hz, ThH5) ;  

7.45 (s, I H,  ThH4' ) .  

!-lC NMR ( 1 00.6 MHz, CD2Clz) b 55.5 ArOCI-\; 58 . 3  2'' ' ' 'OCH3; 68 .0  OCH2 1 "' ' ' ;  

69.3 OCH22"' ' ' ;  70. 1 OCH2 1 "''' ' ' ;  70. 1 OCH22" ""; 70.4 OCH2 1 """; 7 1 .5 OCH22""' ' ' ; 

1 1 0.8 ArC2""; 1 1 1 .4 ArCS"";  1 1 9.2 Cviny, I ' ' ' ;  1 1 9.8 ArC6'' ' ' ;  1 2 1 .9 ThC4' ; 1 23 .8  

ThC3";  1 24.6 ThC5"; 1 26.0 ThC5 ; 1 26.5 ThC3 ; 1 27.5 ThC4; 1 27.6 ThC4" ; 1 29.9 

ArC I "" ;  1 30. 1 Cviny'2" ' ;  1 30.4 ThC2 ' ;  1 34.9 ThC2; 1 35 .4 ThC5 ' ;  1 36.2 ThC3 ' ; 1 36.3 

ThC2"; 1 48. 1 ArC3"" ; 1 49.3 ArC4"". 

Electronic spectrum (MeCN) Ama, nm/Oog £ )  328.5 (4.60). 

HRMS (FAB) M+ calc 542 . 1 255, found 542. 1 278. 
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3'-(2"'-{ 4"" -Methoxy -3 "" -[2"''' -(2"' '' ' -{2""'" -[2""' ' ' '  -methoxy-ethoxy]-

ethoxy}-ethoxy)-ethoxy]-phenyl}-v iny l)-[2,2' ; 5' ,2"]terthiophene (XXV) 

4-Methoxy-3- 1 2 '  -(2"-{2 ' "  - [ 2""-methoxy-ethoxy I -ethoxy } -ethoxy)-ethoxy 1 -
benzaldehyde (0.4624 g ,  1 .35 mmol )  and terthiophene phosphonate ( 1 0 mL x 

0. 1 35 mmol/mL solution i n  dry THF, 1 .35 mmol) were stirred under N2 i n  dry CH2Cl2 

( 1 0  mL) before KOtBu  (0.3909 g, 3.48 mmol ) was added. The solution was left to stir 

at room temperature for 30  minutes before H20 (20 mL) was added and neutral ized 

with aqueous HCt . CH2Clz (20 mL) was added, and the organic  layer separated. The 

aqueous layer was extracted with CH2Ciz (20 mL) before the combined organic layers 

were washed with H20 (20 mL) and the solvent removed under reduced pressure. 

The res i due was di ssol ved i n  CH2Ci2 and p ur if ied u s i ng f lash co lumn 

chromatography. After 1 ,2-bis( [2 '  ,2" ;5" ,2'" Iterthiophen-3" -y l )ethene (2 1 .6 mg ,  6%) 

was eluted in CH2Clz, the desi red product was eluted i n  2% MeOH. Removal of the 

solvent under reduced pressure y ielded 3 '-(2" '-{4 " "-methoxy-3 " "- 1 2 " '"-(2 " " " - {2 " " " '-

[ 2 " " " "  -methoxy-ethoxy I -ethoxy } -ethoxy)-ethoxy I -pheny l} -v inyl)

[2 ,2' ;5 ',2" lterthiophene as a dark yel low oi l (0.7363 g, 93%). 

IH NMR (400 . 1 M Hz, CD2Clz) Cl 3.32 ( s, 3H, 2"' ' ' ' ' 'OCH3) ;  3 .47-3 .50 ( m, 2H, 

OCH22"""") ;  3 .56-3 .58 (m,  2H, OCHz I "" "") ; 3 .58-3 .60 (m,  4H, OCH2 1 """ ' , 2'''' ' ' ' ) ;  

3 .62-3 .64 (m, 2H, OCH22""");  3 .68-3 .70 ( m ,  2 H ,  OCH2 1 "' ' ' ' ) ;  3 .83-3 .85  ( m ,  2H, 

OCH22"' ' ' ) ;  3 . 86 (s ,  3H, ArOCH3) ;  4. 1 5 -4. 1 7  (m, 2H, OCH2 1 "' ' ' ) ;  6 .87 (d, I H ,  3J = 

8 . 1 Hz, ArH5"") ;  7 .00 (d, I H, 3J = 1 6. 1  Hz, HvinYI2'' ' ) ;  7.05 -7.08 (m, 2H, ArH2"", 

6"") ; 7.06 (dd, I H, 3J = 5 . 1 Hz, 4J = 3.6 Hz, ThH4") ;  7 . 1 3  (dd, I H, 3J = 5 .2  Hz, 4J = 

3 .6 Hz, ThH4) ; 7.22 (dd, I H, 3J = 3.6 Hz, 4J = 1 .2 Hz,  ThH 3 ) ;  7.23 (d,  I H, 3J = 

1 6.2 Hz, Hvinyl l '' ' ) ;  7 .24 (dd, I H, 3J = 3.6 Hz, 4J = 1 .2 Hz, ThH3" ) ;  7.29 (dd, I H, 3J = 
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5. 1 Hz, 4J = 1 .2 Hz, ThH5") ;  704 1 (dd, I H, 3J = 5 .2  Hz, 4J = 1 .2 Hz, ThH5) ;  7.44 (s, 

I H, ThH4' ). 

LlC NMR ( l 00.6 MHz, CD2CI2) 0 55.5 ArOCI-\; 58 .2  2""""OCH3; 68.0 OCHz I "'' ' ; 

69. 3 OCH22"'' ' ;  70.0 OCH2 1 """" ;  70. 1 OCH22"'''' ; 70. 2  OCH22""" ' ;  70.2 

OCH2 1 "''' ' ' ;  7004 OCH2 1 '''''' ; 7 1 .5 OCH22""''''; 1 1 0 .8 ArC2""; I l I A ArCS'''' ; 1 1 9.2 

Cyiny\ l ' ' ' ;  1 1 9.8 ArC6"" ; 1 2 1 .9 ThC4' ; 1 23 .8  ThC3" ; 1 24.6 ThC5"; 1 26.0 ThC5 ; 1 26.5 

ThC3 ; 1 27.5 ThC4; 1 27.6 ThC4" ; 1 29.9 ArC I "" ;  1 30. 1 Cyiny\2" ' ; 1 3004 ThC2' ; 1 34.9 

ThC2; 1 35 04 ThC5 ' ;  1 36.2 ThC3 ' ;  1 36.3 ThC2" ; 1 48 . 1  ArC3"" ; 149.3 ArC4"". 

Electronic spectrum ( MeCN) Amax nm/(log E) 328.5 (4.59). 

HRMS (FAB)  M+ calc 586. 1 5 1 8 , found 586. 1 529. 

3'-(2'" -{3"" -Methoxy-4 "" -[2"'" -(2""" -methoxy -ethoxy)-ethoxy]-phenyl}

vinyl)-[2,2' ; 5' ,2"]terth iophene (XXVI) 

o/"-......./o�/ 

3-Methox y-4- /2 '  -(2" -methoxy-ethoxy )-ethoxy I -benzaldehyde (0.3593 g, 1 .4 1  mmol ) 

and terthiophene phosphonate ( l 0 mL x 0. 1 40 mmollmL sol ution i n  THF, 1 040 mmol ) 

were stirred under N2 i n  dry CH2CI2 ( l 0 mL) before KOtBu (0.3997 g, 3 .56 mmol ) 

was added and the solution left to sti r at room temperature for 30  minutes. H20 

(20 mL) was added and neutral ized with aqueous HC! . H20 (20 mL) and CH2CI2 

(20 mL) were added, and the organic  layer separated . The aqueous layer was 

extracted with CH2Ci2 (2 x 1 5  mL) ,  before the combined organic l ayers were washed 
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with Hp ( 1 5 mL),  dried over MgS04, fi l tered and evaporated. The residue was 

d issol ved in CHzClz ,  and purifi ed us ing flash col umn chromatography . After 1 ,2-

bis( ! 2 ' ,2";5 " ,2"' \terthiophen-3"-yl )ethene ( 32.7 mg, 9%) was e luted i n  CHzClz, the 

desi red product was eluted i n  2% MeOH. Removal of the solvent under reduced 

pressure y ie lded 3 '-(2 " ' -{ 3 " "  -methoxy-4" " - [ 2 "  " ' - (2 " " "  -methoxy-ethoxy)-ethoxy \ -

phenyl }-vinyl)- [2 ,2'S,2" \terthiophene as  a dark orange o i l  (0.6227 g, 89%). 

I H NMR (400 . 1 M Hz, CDzClz) 6 3 . 35 (s, 3 H ,  2"' ' ' 'OCH3) ;  3 .53-3 .55 (m, 2H,  

OCH22""" ) ;  3 .65-3.68 (m,  2H, OCH2 1 '''' '' ) ;  3 . 8 1 -3 . 83 (m ,  2H,  OCHz2"'' ' ) ;  3 . 88  (s ,  

3H,  ArOCH3) ;  4. 1 2-4. 14  (m ,  2H, OCH2 1 "" ' ) ;  6 .87 (d, 1 H ,  3J = 8 .9 Hz,  ArH5"") ;  7 .02 

(d, I H, 
3J = 1 6.5 Hz,  Hvinyj2" ' ) ;  7 .02-7.05 (m,  2H, ArH2'''', 6"") ;  7.06 (dd, I H, 3J = 

5 .2  Hz, 4J = 3 .6 Hz, ThH4") ;  7. 1 3  (dd, I H, 3J = 5 . 1  Hz, 4J = 3 .6  Hz, ThH4) ; 7.22 (dd, 

I H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH3) ;  7 .24 (dd, I H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH3") ; 

7.25 (d, I H, 3J = 1 6.6  Hz, Hvinyj l '' ' ) ;  7.29 (dd, I H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5"); 

7.4 1 (dd, I H, 3J = 5.2 Hz, 4J = 1 .2 Hz, ThH5) ;  7 .45 ( s, 1 H ,  ThH4' ) .  

13C NMR 0 00.6 MHz, CD2Clz) 6 55 .4 ArOCI-\ ;  58 . 3  2''' ' ' 'OCH3 ; 68.0 OCH2 1 ''' ' ' ;  

69.2 OCH22"'' ' ;  70. 2  OCH2 1 """ ; 7 1 .5 OCH22""" ; 1 09.2 A rC2"" ; 1 1 2 .8  ArC5""; 

1 1 9.2 ArC6""; 1 1 9.3 Cvinyj l " ' ;  1 2 1 .9 ThC4' ; 1 23 . 8  ThC3" ;  1 24.6 ThC5";  1 26.0 ThC5 ; 

1 26.5 ThC3 ; 1 27.5 ThC4; 1 27.6 ThC4" ; 1 30. 1 Cviny j2"' ; 1 30.3 ArC ) '''' ; 1 30.4 ThC2 ' ;  

1 34.9 ThC2; 1 35 .5 ThC5 ' ;  1 36.2 ThC3 ' ;  1 36.3 ThC2" ; 1 48.0 ArC4""; 1 49.3 ArC3'''' . 

Electronic spectrum (MeCN) Amax nm/(Iog E)  329.0 (4.59). 

HRMS (FAB) M+ caIc 498.0993 , found 498. 1 0 1 9. 

278 



3' -(2/11 _{3/1/ 1 -Methoxy-4'''' -[2"' '' -(2/1"" -{2""'" -methoxy-ethoxy}-ethoxy)

ethoxy]-phenyl}-vi nyl)-[2,2' ; 5' ,2"]terth iophene (XXVI I)  

3-Methoxy-4- J2 '  -(2" -{2' "  -methoxy-ethoxy }-ethoxy )-ethoxy I-benzaldehyde 

(0.4054 g, 1 .36 mmol )  and terthiophene phosphonate ( 1 0 mL x 0. 1 35 mmollmL 

sol ution in dry THF, 1 .35 mmol ) were sti rred under Nz in dry CHzCiz ( 1 0 mL) before 

KOtBu  (0.4096 g, 3 .65 mmol ) was added and the sol ution l eft to sti r  at room 

temperature for 30 minutes. H20 (20 mL) was added and neutral ized with aqueous 

HC! . H20 (20 mL) and CH2Cl z (20 mL) were added, and the organic l ayer separated. 

The aqueous layer was extracted with CH2Ci2 (20 mL), before the combined organic  

layers were washed w ith H20 (20 mL) and the solvent removed under reduced 

pressure. The result ing residue was di ssolved i n  CH2Clz and purified us ing flash 

col umn  chromatography on s i l ica. 1 ,2-bis( J 2 '  ,2" ;5" ,2'" Iterthiophen-3" -yl )ethene 

(3 1 . 1  mg, 9%) was el uted i n  CHzClz, the desi red product was eluted i n  2% MeOH. 

Removal of the solvent under reduced pressure y ielded 3 '-(2" '-{3 " " -methoxy-4" " -

1 2 "  '''-(2 '' " It _{2" " " '-methoxy-ethoxy } -ethoxy)-ethoxy I-phenyl }-vinyl)-

1 2,2' ;5',2" lterthiophene as a dark orange o i l  (0.68 1 1 g, 93%). 

IH NMR (400. 1 MHz, CD2Clz) 6 3 . 33  (s ,  3 H ,  2"''' ' 'OCH, ) ;  3 .49-3 .52 (m, 2H,  

OCHz2""" ' ) ;  3 .58-3 .60 (m,  2H, OCH2 1 ''' ' '' ' ) ;  3 .6 1 -3 .64 (m,  2H, OCHz2""") ;  3 .67-

3 .69 (m, 2H, OCH2 1 ' ''''' ) ; 3 .82-3.84 (m, 2H, OCHz2'''' ' ) ;  3.88 ( s , 3H, ArOCH3) ;  4. 1 3-

4. 1 5  (m,  2H , OCH2 1 "" ' ) ;  6.88 (d, I H, 3J = 8 .9 Hz, ArH5"" ) ;  7.02 (d, I H , 3J = 

1 6.6 Hz, HvinyI2'' ' ) ;  7.03-7.05 (m, 2H, ArH2"", 6"") ;  7.06 (dd, I H, 3J = 5 .2 Hz, 4J = 

3 .6  Hz, ThH4" ) ;  7. 1 4  (dd, I H, 3J = 5 .2 Hz, 4J = 3 .6 Hz, ThH4) ; 7.23 (dd, I H, 3J = 

3.7 Hz, 4J = 1 .2 Hz, ThH3) ;  7.24 (dd, I H, 3J = 3 .6  Hz, 4J = 1 .2 Hz, ThH3") ;  7.25 (d, 

I H, 3J =  1 6.6 Hz, HvinyI 1 '' ' ) ; 7.29 (dd, I H, 3J = 5 . 1  Hz, 4J = 1 .2 HZ, ThH5") ; 7.4 1 (dd, 

I H, 3J = 5.2 Hz, 4J = 1 .2 Hz, ThH5 ) ;  7.45 (s, I H, ThH4') .  
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13C NMR ( 1 00.6 MHz, CD2CI2) 0 55.5 ArOC�; 58 .3  2"'''' 'OCH3 ; 68.0 OCH2 1 "" ' ;  

69.2 OCH22"'' ' ;  70. 1 OCH2 1 """ ' ;  70.2 OCHz2"""; 70.4 OCHz I """; 7 1 .5 OCH22''''' ' ' ; 

1 09.2 ArC2"" ; 1 1 2 .8  ArC5"" ; 1 1 9.2 ArC6"" ;  1 1 9 .3  CYinyl l " ' ; 1 2 1 .9 ThC4' ; 1 23 .8  

ThC3" ; 1 24.6 ThC5 " ;  1 26.0 ThC5 ; 1 26.5 ThC3 ; 1 27.5 ThC4; 1 27.6 ThC4" ; 1 30. 1 

CYinyI2" ' ;  1 30.3 ArC I ""; 1 30.4 ThC2' ; 1 34.9 ThC2; 1 35 .5  ThC5 ' ;  1 36.2 ThC3 ' ;  1 36.3 

ThC2" ; 1 48 . 1 ArC4"" ;  1 49.3 ArC}"".  

Electronic spectrum ( MeCN) Amax nm/( log c) 329.0 (4.60). 

HRMS (FAB) M+ calc 542. 1 255,  found 542. 1 233 .  

3' -(2'" -{3"" -Methoxy-4"" -[2"'" -(2""" -{2""'" -[2"'' ' ' ' '  -methoxy-ethoxy]-

ethoxy}-ethoxy)-ethoxy]-phenyl}-vinyl)-[2,2' ; 5' ,2"]terth iophene (XXVII I )  

3-Methoxy-4- 1 2 '  -(2" -{2 '" - 1 2"" -methoxy-ethoxy I-ethoxy }-ethoxy )-ethoxy 1 -
benzaldehyde (0.4634 g, 1 . 35 mmol)  and terth iophene phosphonate ( 1 0 mL x 

0. 1 35 mmollmL solution i n  dry THF, 1 . 35 mmol) were stirred under N2 i n  dry CHzClz 

( 1 0  mL) before KOtBu  (0.3856 g, 3 .44 mmol)  was added and the solution left to sti r  

at room temperature for 3 0  m inutes .  H20 (20 m L )  was added and the react ion 

m ixture acidifi ed with aqueous HCI. CHzCl2 (20 mL) was added, and the organic 

layer separated .  The aqueous layer was extracted w ith CHzClz (20 mL), before the 

combined organic layers were washed with HzO (20 mL) and the solvent removed 

under reduced pressure. The residue was d issolved i n  CHzClz, and purified us ing 

280 



flash col umn chromatography. After I ,2-bis( l 2 '  ,2" ;5" ,2'" Iterthiophen-3" -yl )ethene 

(24.8 mg, 7%) was eluted in CHzClz, the desi red product was eluted in 2% MeOH. 

Removal of the solvent under reduced pressure yie lded 3 '-(2 '' ' - {3 '' '' -methoxy-4'' '' -

1 2" " '-(2 " " " -{2" " '' ' - 12 '' " " If -methoxy-ethoxy I -ethoxy }-ethoxy )-ethoxy I -phenyl }-vinyl )-

12 ,2' ;S ' ,2" lterthiophene as a dark orange o i l  (0.7463 g, 94%).  

'H NMR (400. 1 MHz, CDzClz) 6 3 . 33  (5 ,  3H,  2""""OCH3) ;  3 .48 -3 .50 (m,  2H,  

OCH22"""") ;  3 .56-3.58 (m, 2H, OCH2 1 """"); 3 .58-3.6 1 (m,  4H,  OCHz I .... " ' ,  2""" ' ) ;  

3 .62-3 .64 (m,  2 H ,  OCH22""") ;  3 .67-3 .70 (m,  2 H ,  OCH2 1 """ ) ;  3 .82-3 .84 (m ,  2H,  

OCHz2"' ' ' ) ;  3 . 88  (s ,  3H,  ArOCH3) ; 4. 1 3-4. 1 5  (m,  2H, OCH2 1 '' '' ' ) ;  6. 87 (d ,  I H, 3J = 

8 . 8  Hz, ArHS"") ;  7.0 1  (d, I H, 3J = 1 6.6 Hz, HYinyI2'' ' ) ;  7.02-7.04 (m,  2H, ArH2"", 

6"") ;  7.06 (dd, I H, 3J = 5 .2 Hz, 4J = 3.6 Hz, ThH4") ;  7. 1 3  (dd, I H, 3J = 5.2 Hz, 4J = 

3 .6 Hz, ThH4) ; 7.22 (dd, I H, 3J = 3.6 Hz, 4J = 1 .2 Hz, ThH3) ;  7.24 (dd, I H,  3J = 

3 .7  Hz, 4J = 1 .2 Hz, ThH3") ; 7.25 (d, I H, 3J = 1 5 . 8  Hz, HvinY I I " ' ) ; 7.29 (dd, I H, 3J = 

5.2 Hz, 4J = 1 . 1  Hz, ThHS") ;  7.4 1  (dd, I H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5) ;  7.45 (5 ,  
I H, ThH4') .  

\ 3c NMR ( 1 00.6 MHz, CDzClz) D 5S.4 ArOC�; 5 8. 3  2""" "OCH3 ; 67.9 OCH2 1 ''' ' ' ;  

69.2 OCH22''' ' ' ;  70.0 OCHz l ""'' ' ' ; 70. 1 OCHz2""";  70. 2 OCH22""" ' ;  70.2 

OCHz l ''''' ' ' ;  70.3 OCH1 1 """; 7 1 .5 OCH22""""; 1 09.2 ArC2""; 1 1 2. 8  ArCS"" ; 1 1 9.2 

ArC6""; 1 1 9 .3 C,iny , 1 " ' ;  1 2 1 .9 ThC4' ; 1 23 . 8  ThC3" ;  1 24.6 ThC5" ;  1 26.0 ThC5 ; 1 26.5 

ThC3 ; 1 27.S ThC4; 1 27.6 ThC4"; 1 30. 1 CYi nyl2" ' ;  1 30.3 ArC I "" ;  1 30.4 ThC2 ' ;  1 34.9 

ThC2 ; 1 35 .5  ThC5 ' ;  1 36.2 ThC3 ' ;  1 36.3 ThC2"; 1 48 . 1 ArC4"" ;  1 49.3 ArC}"".  

Electronic spectrum (MeCN) Amax nm/(Iog £)  329.0 (4.64) . 

HRMS (FAB) M+ calc 586. 1 5 1 8 , found 586. 1 5 1 0. 
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3' -[2'" -(3"",4 "" -D imethoxy-phenyl)-v inyl]-[2,2' ; 5' ,2"]terthiophene (XXIX) 

3 ,4-dimethoxybenzaldehyde (0.5 1 52 g, 3 . 1 0  m mol)  and terthiophene phosphonate 

( 1 6.5 mL x 0. 1 90 mmol/mL solution in CH2Cl2, 3 . 1 4  mmol) were sti rred under N2 i n  

1 :  1 dry THF:CH2Clz  (20 mL) before KOtBu  ( 1 .0329 g ,  9.204 mmol) was added. The 

solution was left to sti r at room temperature for 30 minutes before H20 (20 mL) was 

added and acidified wi th aqueous HC! . H20 (20 mL) and CH2Cl2 (20 mL) were 

added, and the organic l ayer separated. The aqueous l ayer was extracted with CH2Clz  

(2 x 40 mL) , the combined organic layers washed with H20 (50 mL) , and the solvent 

removed under reduced pressure .  The residue was d i ssolved i n  1 :  1 hexane:CH2Clz 

and purified us i  ng flash col umn chromatography. After a smal l  amount of 1 ,2-

b i s ( 1 2 '  ,2" ;5" ,2'" J terth iophen-3" -y l )ethene was eluted i n  I :  1 CH2CI2 : hexane, the 

desi red product was e l uted in 3 :  1 CH2Clz: hexane. Removal of the sol vent under 

r e d  u c e d  p r e s s  u re y i e l de d  3 ' - 1 2 " ' - ( 3 " " ,4 " "  -d i methoxy - pheny l ) - v i ny l  J 

[2 ,2' ;5' ,2" lterthiophene a s  a yellow sol id, melting point = 1 1 4- 1 1 6°C ( 1 .0938 g ,  86%). 

IH NMR (400. 1 MHz, CD2Cl2) b 3 .87 ( s, 3H,  4""OCH3) ;  3 .90 (s, 3H,  3""OCH3) ;  6.88 

(d, I H, 3J = 8.4 Hz, ArH5""); 7.04 (d, I H, 3J = 1 6. 1  Hz, HVinyI2'' ' ) ; 7 .06-7.09 (m,  2H, 

ArH2"", 6"") ;  7.08 (dd, I H, 3J = 5 . 1 HZ , 4J = 3 .6 Hz, ThH4") ;  7. 1 6  (dd, I H, 3J = 

5.2 Hz, 4J = 3.6 Hz, ThH4) ; 7.25 (dd, I H, 3J = 3.6 Hz, 4J = 1 .2 Hz, ThH3) ;  7.26 (dd,  

I H, 3 J = 3 .6 Hz, 4J = 1 . 1  Hz, H3") ;  7.30 (d, 1 H,  3 J = 1 6. 1  Hz,  Hvinyl l  " ' ) ; 7.3 1  (dd, I H, 

3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5") ; 7.43 (dd, I H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5) ;  7.48 

(s, I H, ThH4' ) .  

\3C NMR ( 1 00.6 M Hz, CD1Clz) b 55.3 3""OCij; 55.3 4""OCH3; 1 08 .8  ArC2"" ; 

1 1 1 .0 ArCS"" ; 1 1 9. 1 Cvinyl l '' ' ;  1 1 9 .3 ArC6"" ; 1 2 l .8 ThC4' ; 1 23 .7 ThC3";  1 24.5 

ThC5" ;  1 25.9 ThC5 ; 1 26.4 ThC3 ; 1 27.5 ThC4; 1 27.6 ThC4" ; 1 29.8 ArC I "" ;  1 30. 1 
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Cviny\2" ' ;  1 30.3 ThC2 ' ;  1 34.9 ThC2; 1 35.4 ThC5 ' ;  1 36.2 ThC3 ' ;  1 36.3 ThC2" ; 1 48 .9 

ArC4""; 1 48.9 ArC3"". 

Electronic spectrum (MeCN) Amax nm/(log £)  329.0 (4.65).  

HRMS (FAB) M+ calc 4 1 0.0469, found 4 1 0.0450. 

Anal. Calculated for CnH\S02S3 ; C, 64.36; H, 4.42; S, 23 .43. Found: C, 64.27 ; H,  

4. 1 5 ;  S, 23 . 1 6. 

3-(2' -{4" -Methoxy-3" -[2'" -(2"" -methoxy-ethoxy)-ethoxy]-phenyl}-vi nyl)

thiophene (XXX) 

-..;::: s 

4-Methoxy-3- 1 2 ' -(2"-methoxy-ethoxy)-ethoxy I-benzaldehyde (0.55 1 0  g, 2. 1 7  mmol ) 

and thiophene phosphonate (0.5055 g, 2. 1 6  m mol ) were sti rred under N2 i n  dry 

CH2C12 (20 mL) before KOtBu (0.6948 g, 6. 1 9  mmol ) was added and the sol ution left 

to sti r at room temperature for I hour. H20 (20 mL) was added and neutra l ized with 

aqueous HC/.  CH2CI2 (20 mL) was added, and the organic layer separated before the 

aqueous layer was extracted with CH2C12 (20 mL), and the combined organic layers 

were washed w ith HP (20 mL). The solvent was removed under reduced pressure 

before the res idue was d i ssol ved i n  CH2CI2, and purified us ing flash col umn 

chromatography. After i n i tial ly  eluti ng in CH2C12 , the solvent was changed to 1 %  

MeOH to elute the desi red product as a pale yel low band. Removal of the solvent 

under reduced pressure y ielded 3-(2'  -{ 4" -methoxy-3 " - 1 2 '"-(2 " " -methoxy-ethoxy)

ethoxy I -pheny l } -v i nyl ) -th iophene as a bei ge  sol i d ,  melt i n g  poi nt = 56-58 °C 

(0.5650 g, 78%). 
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IH NMR (400. 1 MHz, CDCI3) & 3 .39 (s, 3H,  2""OCH3) ;  3 .57-3.59 (m, 2H, OCH22" ") ;  

3 .73-3 .75 ( m, 2H, OCH2 1 "") ;  3 . 86 ( s, 3H, ArOCH3) ;  3 .90-3 .93 (m, 2H, OCH22" ' ) ;  

4.24-4.27 (m,  2H, OCH2 1 " ' ) ;  6 . 83  (d ,  I H, 3] = 8 . 3  Hz,  ArH5") ; 6.87 (d ,  I H, 3] = 

1 6. 3  Hz, HvinyI2 ' ) ;  6.98 (d, I H, 3] = 1 6.3 Hz, Hvinyl l  ' ) ;  7.0 1 (dd, I H, 3] = 8 .3  Hz, 4] = 

2.0 Hz, ArH6") ;  7. 1 0  (d, I H, 4] = 2.0 Hz, A rH2") ;  7.2 1 -7.22 ( m, I H, ThH4) ; 7 .29-

7.33 (m, 2H, ThH2, 5) .  

1 3C NMR ( 1 00.6 M Hz, CDCLJ & 55.8 ArOCH3 ; 58 .9 2'' ''OCH3 ; 68.4 OCH2 1 " ' ;  69.6 

OCH22'' ' ;  70.6 OCH2 1 "" ;  7 1 .8 OCH22""; 1 1 1 .0 ArC2" ; 1 1 1 .6 ArCS";  1 20. 1 ArC6" ; 

1 2 1 .0 Cvinyl l ' ; 1 2 1 .5 ThC4; 1 24.7 ThC2; 1 26.0 ThC5 ; 1 28 .2  CvinyI2 ' ;  1 30.3 A rC I " ; 

140. 1 ThC3 ;  1 48 .2  ArC3" ;  1 49.2 ArC4". 

Electronic spectrum (MeCN) Amax nm/(log £)  3 1 7.0 (4.38) ,  298.0 (4.36), 2 1 6.0 (4.26). 

HRMS (FAB)  M+ calc 334. 1 239, found 334. 1 228. 

Anal . Calculated for C1sHn04S;  C, 64.64; H,  6.63 ; S ,  9.59. Found: C, 63 .48 ; H, 6.88 ;  

S, 9.36. 

3-(2' -{ 4" -Methoxy-3" -[2'" -(2"" -{2"'" -methoxy-ethoxy}-ethoxy)-ethoxy]

phenyl}-vinyl)-thiophene (XXXI) 

o�/'.....,/o�o/ 

4-Methoxy-3- 12 '  -(2" -{2 '" -methoxy-ethoxy } -ethoxy)-ethoxy I-benzaldehyde 

(0.6755 g, 2 .26 mmol) and thiophene phosphonate (0.5 1 68 ,  2.2 1  mmol) were sti rred 
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i n  dry CH2Cl2 (20 mL) under N2 before KO'B u  (0. 8 1 03 g, 7.22 mmol ) was added. 

The solution was l eft to sti r at room temperature for I hour before H20 (20 mL) was 

added and aci dified with aqueous HCI . CH2Cl 2 (20 mL) was added , and the organic 

l ayer separated. The aqueous layer was extracted with CH2Cl2 (20 mL) before the 

combined organic layers were washed with H20 (30 mL), and the solvent removed 

under reduced pressure. The resulting res idue was subsequently d issolved i n  CH2Cl2, 

and purified using flash col umn chromatography on si l i ca. The column was i nitially 

washed with CH2CI2, then the desi red product e luted in 1 % MeOH. Removal of the 

sol vent under reduced pressure y ie lded 3 -(2 ' - {4/1 -methoxy-3 /1 - 1 2 '"-(2 " " - { 2 " '' ' 

methoxy-ethoxy}-ethoxy) -ethoxY I -pheny l } -v inyl )-thiophene as a pale orange oi l  

(0.6475 g ,  78%) .  

' H NMR (400. 1 MHz, CDCU () 3 . 37  ( s ,  3H ,  2"" 'OCH3) ;  3 . 53 -3 .55  (m ,  2H, 

OCH22''' ' ' ) ;  3 . 64-3.66 (m, 2H, OCH2 1 "" ' ) ;  3 .67-3 .70 (m, 2H, OCH22"") ; 3 .74-3.77 

(m, 2H, OCH2 1 "") ; 3 .86 (s, 3H ,  ArOCH3 ) ;  3 .90-3 .92 (m,  2H, OCH22'' ' ) ;  4.23-4.25 

(m,  2H, OCH2 1  H ' ) ;  6.84 (d, 1 H, 3J = 8.4 Hz, ArH5H ) ;  6.87 (d ,  1 H, 3J = 1 6.8  Hz, 

Hv;ny ,2' ) ;  6.98 (d, I H, 3J = 1 6.0 Hz, Hv;ny , l  ' ) ;  7 .0 1  (dd, I H, 3J = 8.3 Hz, 4J = 2.0 Hz, 

ArH6" ) ; 7.09 (d, I H, 4J = 2.0 Hz, ArH2" ) ;  7.2 1 -7.22 (m,  I H , ThH4) ; 7.29-7.33 (m, 

2H, ThH2, 5) .  

i3C NMR ( 1 00.6 MHz, CDCI3 ) () 55.9 ArOCH3 ; 58.9 2"" 'OCH3 ; 68.4 OCH2 1 " ' ;  69.6  

OCH22'' ' ;  70.5 OCH2 1 "' ' ' ; 70.6 OCH22"" ; 70.7 OCH2 1 "" ;  7 1 .8 OCH22"'' ' ;  1 1 1 .0 

ArC2H ; 1 1 1 .7 ArC5" ;  1 20. 1 ArC6"; 1 2 1 .0 C, ;ny, l  ' ;  1 2 1 .6 ThC4; 1 24.7 ThC2 ; 1 26.0 

ThC5; 1 28 .2 Cv;ny,2 ' ;  1 30.3 ArC I " ; 1 40. 1 ThC3 ; 148.3 ArC}
,,

; 1 49.2 ArC4". 

Electronic spectrum (MeCN) Ama, nm/(log £) 3 1 7.0 (4.30), 298.0 (4.28) ,  2 1 6.5 (4.25 ) ,  

205.0 (4.24). 

HRMS (FA B )  M+ cale 378 . 1 50 1 , found 378. 1 492. 

Anal . Calculated for C2oH260SS ;  C, 63 .47; H, 6.92; S,  8 .47. Found: C, 60.84; H, 7.37; 

S, 7.63 . 
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3-(2' -{ 4"-Methoxy-3" -[2'" -(2''' ' _{2"111_[2"I1I-methoxy-ethoxy]-ethoxy}

ethoxy)-ethoxy]-phenyl}-vinyl)-thiophene (XXXI I )  

4-Methoxy-3 -12' -(2"-{2"'- 12""-methoxy-ethoxy [-ethoxy }-ethoxy)-ethoxy [ 

benzaldehyde (0.7644 g, 2.23 mmol) and thiophene phosphonate (0.5065, 2 . 1 6  mmol) 

were sti rred in dry CH2Ci2 ( 20 mL) under N2 before KOtB u  (0.7542 g ,  6.72 mmol)  

was added. The sol ution was l eft to  sti r at  room temperature for 3 0  minutes before 

H20 (20 mL) was added and acidified w ith aqueous HC! . CH2CI2 (20 mL) was 

added, and the organic layer separated. The aqueous layer was extracted with CH2CI2 

(20 mL) before the combined organic l ayers were washed with H20 (30 mL) and the 

sol vent removed under reduced pressure. The res idue was d issolved in CH2CI2 and 

purified us ing flash col umn chromatog raphy on s i l ica. The column was i ni t ial l y  

washed w ith CH2Clz, then the des i red product eluted i n  1 %  MeOH. Removal of  the 

solvent under reduced pressure y ielded 3 -(2'-{4"-methoxy-3 " - / 2 " '- (2" " - {2 " " ' - / 2 " " " -

methoxy-ethoxy I -ethoxy } -ethoxy ) -ethoxy I -phenyl }-vinyl)-thiophene as a pale yel low 

oil (0.499 1 g, 55%).  

IH N M R  (400. 1 MHz, CDCI3) () 3 . 37  ( s ,  3H, 2"""OCH3) ;  3 . 53 -3 . 55  (m,  2H, 

OCH22""") ;  3 .62-3 .64 (m,  2H, OCHz I """) ;  3 .64-3.68 (m,  4H, OCHz I "" ' , 2""' ) ;  3 .68-

3 .70 (m,  2H, OCHz2"") ; 3 .74-3 .76 (m, 2H, OCH2 1 "") ;  3 .87 (s, 3H,  ArOCH3) ;  3 .90-

3 .93 (m ,  2H,  OCH22" ' ) ;  4.23 -4.26 (m, 2H, OCH2 1 '' ' ) ;  6.85 (d,  I H, 3J = 8 . 3  Hz, 

ArH5"); 6.88 (d, I H, 3J = 1 6. 2  Hz, HvinyI2 ' ) ;  6 .99 (d, I H, 3J = 1 6.2  Hz, HYinyl 1 ' ) ;  7.02 

(dd, I H, 3J = 8 .3  Hz, 4J = 2.0 Hz, ArH6") ;  7 . 1 0  (d, I H, 4J = 2.0 Hz, ArH2") ;  7.22-7.23 

(m, I H, ThH4) ; 7.30-7.34 (m, 2H, ThH2, 5 ) .  

1 3C NMR ( 1 00.6 MHz, CDCI3) () 55 .9 ArOCH3 ; 59.0 2"""OCH3; 68.4 OCH2 1 " ' ;  69.6 

OCH22" ' ;  70.4 OCH2 1 """; 70.5 OCHz2'' ' ' ;  70.5 OCH22""' ; 70.6 OCH2 1 "'' ' ;  70.8 

OCH2 1 "" ;  7 1 .9 0CH22''' ''' ; 1 1 1 . 1  ArC2";  1 1 1 .7 ArC5" ; 1 20. 1 ArC6" ; 1 2 1 . 1  Cviny\ I ' ;  
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1 2 1 .6 ThC4; 1 24.8 ThC2 ; 1 26.0 ThC5;  1 28 .3  Cviny,2 ' ;  1 30.4 ArC 1 " ; 1 40.2 ThC3 ; 

1 48 .3  ArC3" ;  1 49.3 ArC4". 

Electronic spectrum (MeCN) Ama, nm/(log £ )  3 1 7.0 (4.37), 298 .0 (4.35) ,  2 1 6.0 (4.25) .  

HRMS ( FAB)  M+ calc 422. 1 763, found 422. J 754. 

Anal. Calculated for C22H3006S ;  C, 62.54; H, 7. 1 6; S, 7 .59. Found: C, 6 1 .26; H, 7.42 ; 

S, 7.30, 

3-(2' -{3"-Methoxy-4"-[2''' -(2'' ' '-methoxy-ethoxy)-ethoxy]-phenyl}-vinyl)

thiophene (XXXII I )  

-.;: 
s 

3-MethoxyA-12 '  -(2"-methoxy-ethoxy)-ethoxy I-benzaldehyde (0.57 J 8 g ,  2.25 mmol ) 

and thiophene phosphonate (0.5078 g ,  2 . 1 7  mmol ) were sti rred under N2 i n  dry 

CH2C12 (20 mL) before KOtB u  (0.7 1 58 g, 6.38 mmol ) was added. The solution was 

left to stir at room temperature for 90 minutes before H20 (20 mL) was added and 

neutral i zed with aqueous HC\. CH2C12 (20 mL) was added and the organic l ayer 

separated . The aqueous layer was extracted w i th CH2C12 (20 mL) ,  before the 

combined organic l ayers were washed with Hp (30 mL) and the solvent removed 

under reduced pressure. The residue was di ssol ved i n  CH2C12, and purified us ing 

flash col umn chromatography on a s i l ica column. After in i tial l y  eluting with CH2C12 , 

the sol vent was changed to 1 %  MeOH to elute the product as a pale yel low band. 

Removal of the solvent under reduced pressure y ielded 3-(2'- {3 " -methoxy-4" - 1 2 " ' 

(2 /1 /1 -methoxy-ethoxy)-ethoxy I-phenyl } -v inyl ) -thiophene a s  i ridescent bei ge flakes 

(0.5709 g, 79%, melting point = 90-93 °C).  
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I H  NMR (400. 1 M Hz, COCl, )  0 3.39 (s, 3 H, 2""OCH3);  3 .57-3.59 (m,  2 H ,  OCH22"");  

3 .72-3 .74 ( m ,  2H, OC H2 1 "" ) ;  3 .89-3 .9 1 ( m , 2H, OCH22'' ' ) ;  3 .9 1  (s ,  3H, A rOCH3) ;  

4.20-4.22 (rn,  2 H ,  OCH2 1 '' ' ) ;  6.89 ( d ,  I H, 3J = 8 . 3  Hz, ArH5" ) ;  6. 8 9  (d ,  I H, 3J = 

1 62 Hz, HvinyI2 ' ) ;  6.99 (dd, I H , 3J = 8 . 2  Hz,  4J = 2. 1 Hz, ArH6");  7.00 ( d ,  I H, 3J = 

1 6.5 Hz, Hviny, 1 ' ) ; 7.02 (d ,  l H, 4J :::; 2.0 Hz, A rH2") ; 7.22-7.23 (m, I H, ThH4) ; 7.30-

7.34 (m, 2H, ThH2, 5).  

l3C NMR ( 1 00.6 MHz, COCI3) 0 55.8 ArOCH3; 59.0 2""OCH}; 68 .4 OCH2 1 " ' ;  69.5 

OCH22"' ; 70.7 OCH2 1 ""; 7 1 . 8 OCHz2"" ; 1 09. 1 ArC2" ; 1 1 3 .6 ArC5" ;  1 1 9 .4 A rC6"; 

1 2 1 .2 Cvinyl l ' ;  1 2 1 .6 ThC4; 1 24.7 ThC2 ; 1 26.0 ThC5 ; 1 28 . 3  CvinYI2 ' ;  1 30.9 ArC l " ; 

1 40. 1 ThC3 ; 1 47.9 A rC4" ; 1 49.6 ArCr. 

Electronic spectrum ( MeCN )  Amax nrn!(log £) 3 1 7.0 (4.35),  298.0 (4.33) ,  2 1 6. 0  (4.24). 

HRMS (FAB) M' calc 334. 1 239, found 334. 1 248. 

A nal . Calculated for CI8H220�S ; C, 64.64; H, 6.63 ; S, 9.59. Found: C,  63.59; H,  6.96; 

S , 9.46. 

3-(2' -{3" -Methoxy-4" -[2'" -(2"" -{2 .. · . .  -methoxy-ethoxy}-ethoxy)-ethoxy]

phenyl}-vinyl)-th iophene (XXXIV) 

s 

3-Methoxy-4- 12 '  -(2" -{2'" -methoxy-ethoxy }-ethoxy )-ethoxy I-benzaldehyde 

(0.6990 g,  2.34 mmol ) and thiophene phosphonate (0.5224 g,  2.23 rnmol) were stirred 
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i n  dry CH2Cl2 (20 mL) under N2 before KOtBu  (0.8301  g, 7.40 mmol) was added and 

the sol ution left to sti r  at room temperature for 60 minutes. H20 (20 mL) was added 

and acidified w ith aqueous HCI before CH2C11 (20 mL) was added, and the organic 

layer separated. The aqueous layer was extracted w ith CH2Cl2 (20 mL), after which 

the combined organic layers were washed with H20 (30 mL) and the solvent removed 

under reduced pressure. The residue was d issolved in  CH1CI1, then purified using 

flash column chromatography on s i l ica. The column was ini tial ly  el uted in  CH2C1z, 

then the desi red product eluted in 1 % MeOH. Removal of the sol vent under reduced 

pressure y ielded 3 -(2' -{3 "  -methoxy-4" - 1 2  " '-(2 " "  - {2"  " '-methoxy-ethoxy }-ethoxy)

ethoxy I -phenyl }-vinyl )-thiophene as a bei ge semi-solid (0.6702 g, 79%). 

' H NMR (400. 1 MHz, CDCU () 3 . 3 8  ( s ,  3H, 2'''' ' OCH3) ;  3 . 54-3 .56 (m, 2H, 

OCHz2"" ' ) ;  3 .64-3 .67 ( m, 2H, OCH2 1 '''' ' ) ;  3 .67-3 .69 (m, 2H, OCH22'''' ) ;  3 .73-3 .76 

(m, 2H, OCH2 1 "");  3 . 88 -3 .90 (m,  2H, OCH22'' ' ) ;  3 .90 (s ,  3H,  ArOCH3) ; 4. 1 8 -4.2 1 

(m,  2H, OCHz I ' ' ' ) ;  6. 89 (d, 1 H, 
3
J = 8.3 Hz, ArH5") ;  6 .89 (d ,  1 H ,  3) = 1 6.2 Hz, 

Hyiny,2 ' ) ;  6.98 (dd, I H, 
3
J = 8. 1 HZ, 4J = 2 . 1 Hz, ArH6") ;  7.00 (d, I H, 

3
J = 1 6.5 Hz, 

Hviny, 1  ' ) ;  7.02 (d, I H, 4J = 1 .9 Hz, ArH2") :  7.22-7.23 (m, I H, ThH4) ; 7.29-7.33 (m, 

2H, ThH2, 5) .  

1 3C NMR ( 1 00.6 MHz, CDCl3) b 55.8 ArOCH3; 58 .9 2'' ' ' 'OCH3; 68.4 OCH2 1 '' ' ;  69.5 

OCH22'' ' ;  70.4 OCH1 l "' ' ' ; 70.5 OCH12"" ; 70.7 OCH1 1 '''' ; 7 1 .8 OCH22"'' ' ;  1 09. 1 

ArC2" ; 1 1 3 .6 ArCS";  1 1 9.4 ArC6" ; 1 2 1 .2 Cviny, I ' ; 1 2 1 .6 ThC4; 1 24.7 ThC2 ; 1 26.0 

ThC5 ; 1 28 .3  Cyiny ,2 ' ;  1 30.9 ArC l "; 1 40. 1 ThC3 ; 1 48.0 ArC4"; 1 49.6 ArC3". 

Electronic spectrum (MeCN) Amax nm/( Iog £ )  3 1 7.5 (4.42), 298.0 (4.38) ,  2 1 6.0 (4.26). 

HRMS ( FAB)  M+ calc 378 . 1 50 1 ,  found 378. 1 49 1 .  

Anal . Calculated for CloH260SS ;  C, 63 .47; H,  6.92; S, 8 .47. Found: C, 62.95 ; H, 7.28 ;  

S, 8. 1 6. 
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3-(2' -{3" -Methoxy-4" -[2'" -(2 .... -{2 ..... -[2 ...... -methoxy-ethoxy]-ethoxy}

ethoxy)-ethoxy]-phenyl}-vinyl)-thiophene (XXXV) 

s 

3-Methoxy-4- 1 2 '  -(2"-{2'' '- 1 2''' '-methoxy-ethoxy \-ethoxy }-ethoxy)-ethoxy \

benzaldehyde (0.7782 g, 2 . 27 mmo l )  and t h iophene phosphonate (0 .5 1 67 g ,  

2.2 ]  mmol ) were sti rred in  dry CHzClz (20 mL) under Nz before KO'Bu (0.797 1 g ,  

7. 1 0  mmol) was added and the solution left to sti r  at room temperature for 1 hour. 

H20 (20 mL) was added and aci d ified w i th aqueous HCI before CHzClz (20 mL) was 

added, and the organic layer separated. The aqueous l ayer was extracted wi th CH1Cl2 

(20 mL), after which the combi ned organi c  l ayers were washed wi th H20 (30 mL)  

and the sol vent removed under reduced pressure. The res idue was  d i ssolved i n  

CH1Clz, and purified using flash col umn chromatography on s i l i ca. The col umn was 

i n it ial ly el uted in CHzCI2, then the des i red product e luted in 1 %  MeOH. Removal of 

the sol vent under reduced pressure y i el ded 3 -(2 ' -{3" -methoxy-4"- 12" '- (2" "-{2 " '' ' -

12 '' '' ''-methoxy-ethoxy J-ethoxy }-ethoxy)-ethoxy I-phenyl }-vinyl )-thiophene as a beige 

semi -soli d  (0.5954 g ,  64%).  

'H N MR (400 . 1 MHz,  CDCI3) 0 3 . 37 ( s, 3H,  2"""OCH3) ; 3 .5 3 -3 .55 (m,  2H,  

OCH22""") ;  3 .63-3 .65 (m,  2H, OCH2 1 """) ;  3 .65-3 .67 (m,  4H, OCH2 1 "' ' ' ,  2"'' ' ) ;  3 .68 -

3 .69 (m, 2H, OCHz2"") ; 3 .72- 3.74 (m,  2H,  OCH1 I "") ;  3 . 8 8-3.9 1 (m,  2H, OCH22" ' ) ;  

3 .9 1 (s,  3 H ,  ArOCH3) ;  4. 1 9-4.2 1 ( m ,  2H, OCH2 1 '' ' ) ;  6.89 (d, 1 H ,  
3
J = 8 . 3  Hz, 

ArH5") ;  6 .89 (d, I H, 3J = 1 6.2 Hz, HvinyI2 ' ) ;  6.99 ( dd,  I H, 3J = 8 .2 Hz, 4J = 2.0 Hz, 

ArH6") ;  7.00 (d, I H, 3J = 1 6. 1  Hz, Hviny , l  ' ) ;  7.02 (d, I H, 4J == l .9 Hz, ArH2") ;  7.22-

7.23 (m, I H, ThH4); 7.30-7.34 (m, 2H, ThH2, 5 ) .  

13C N MR 0 00.6 M Hz, CDCI3) 0 55 .8  A rOCH3; 59.0 2"""OCH3; 68.4 OCH2 ] " ' ;  69.5 

OCH22'' ' ;  70.4 OCH2 1 """ ; 70.5 OCH22'''' ; 70.5 OCH22""' ; 70.5 OCH2 1 "" ' ; 70.7 

OCH2 1 "" ;  7 1 .8 OCH22"""; 1 09. 1 ArC2"; 1 1 3 .6  ArCS" ; 1 1 9.4 ArC6"; 1 2 1 .2 CViny, l  ' ; 
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1 2 1 .6 ThC4; 1 24.7 ThC2; 1 26.0 ThC5 ; 1 28 .3 CVinyI2 ' ;  1 30.9 ArC I " ; 1 40. 1 ThC3 ; 

1 48 .0 ArC4" ; 1 49.6 ArC3". 

Electronic spectrum (MeCN) Amax nm/Oog £) 3 1 7.5 (4.4 1 ) , 298.0 (4.38) ,  2 1 6.0 (4.26). 

HRMS (FAB)  M+ calc 422. 1 763, found 422. 1 782. 

Anal . Calculated for C22H3006S;  C, 62.54; H, 7. J 6; S, 7.59. Found: C, 6 1 .58;  H,  7.56; 

S, 7 .27. 

3-[2' -(3" ,4" -Dimethoxy-phenyl)-v inyl]-th iophene (XXXVI) 

1 \ 
s 

Thiophen-3-yl methyl -phosphonic acid diethyl ester (0.5040 g, 2. 1 5  mmol) and 3 ,4-

d imethoxybenzaldehyde (0.3573 g, 2 . 1 5  mmol)  were d issolved in dry CH2Ci2  

( 1 0  mL) before potass ium tert-butoxide (0.6997 g, 6.23 mmol ) was added and the 

solution left to sti r at room temperature under N2 for 30 minutes. H20 (20 mL) was 

added and acidified with 2M HCI. The organic layer was separated and the aqueous 

layer washed with CH2CI2 (20 mL), before the combined organic layers were washed 

with H20 (25 mL) and the solvent removed under reduced pressure. The residue was 

dissolved in CH2CI2 and ri nsed through a plug of s i l ica with CH2Ci2• The eluent was 

dried to yield an off-white solid, melt ing point = 87-89°C, (0.2859 g, 54%). 

I H NMR (400 MHz, CD2CI2) b 3 .84 (s, 3H, 4"OCH3) ;  3 . 88 (s,  3H, 3"OCH3) ;  6.85 (d, 

I H, 3J = 8.2 Hz, ArH5") ; 6.9 1 (d, I H, 3J = 1 6.3  Hz, HvinyI2 ' ) ;  7 .0 1 (dd, I H, 3J = 
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8.2 Hz, 4J = 2.0 Hz, ArH2") ; 7.03 (d, I H, 3J = 1 6.2  Hz, Hvinyl l ' ) ;  7.04 (d, I H, 4J = 

2.2 Hz, ArH2") ;  7.25-7.26 (m, I H, ThH 4") ;  7 .32-7.36 (m,  2H, ThH 2", 5") .  

13C NMR ( 1 00.6 MHz,  CD2CI2) b 55.3 3"OC�, 55 .4 4"OCH3 ; 1 08 .3  ArC2" ; 1 1 1. 1  

ArC5" ;  1 1 9.2 ArC6" ; 1 20.5 Cvinyl l ' ; 1 2 1 . 3 ThC4; 1 24.4 ThC2; 1 25 .8  ThC5 ; 1 28 .0 

CvinyI2 ' ;  1 30.0 ArC l " ; 140.0 ThC3 ; 148.7 ArC4" ; 1 49.0 ArC3". 

Electronic spectrum (MeCN) Amax nm/(Iog E) 2 1 6.5 (4.26), 297.5 (4.38) , 3 1 8 .0 (4.40). 

HRMS (FAB) M+ calc 246.07 1 5 , found 246.07 1 1 .  

2, 14-B is-(2-[2,2' ; 5',2"]terthiophen-3'-yl-vinyl)-6,7,9, 1 0, 1 7, 1 8,20,21 -

octahydro-5,8, 1 1 , 1 6, 1 9,22-hexaoxa-d ibenzo[aJ]cyclooctadecene 

(XXXVII) 

o �o-J 
6,7,9, 1 0, 1 7, 1 8,20,2 1 -0ctahydro-5,8, 1 1 , 1 6 , 1 9,22-

hexaoxadi benzol aJ]cyclooctadecene-2, 1 4-dicarbaldehyde ( l  0 1 .6 mg, 0 .24 mmol)  

was d i ssolved in dry CH2Cl2 (50 mL) under N2 by sonication. Terth iophene 

phosphonate (2 mL x 0.264 mollL sol ution i n  THF, 0.53 mmol) was added, fol lowed 

by potassium tert-butoxide (0.5476 g, 4.88  mmol) causing the reaction mixture to turn 

briefly dark red, then cloudy yel low. The sol ution was sonicated for 20 minutes, then 

di l uted with CH2Cl2 ( l OO mL). Hp (20 mL) was added and acidifi ed with 2M HCl 

before the organic layer was separated and washed with H20 (20 mL). The sol vent 
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was removed, and the yel low res idue suspended i n  CH2CI2 ( 1 000 m L) then loaded 

onto a short, w ide s i l i ca column. After 1 ,2-bi s( l2 '  ,2";5",2'" I terthiophen-3"-yl )ethene 

( 1 7 . 1  mg, 27%)  was eluted in CH2CI2 , the product was eluted as a yel low band i n  3% 

MeOH. Removal of  sol vent under reduced pressure yielded an i nsoluble yel low sol id 

0 1 4.7 mg, 52%).  

HRMS ( FAB)  (M+Nat calc 927. 1 047, found 927. 1 039. 

Anal . Calculated for C48H4006S6Na; C, 62. 1 1 ; H, 4.34; S, 20.73 . Found: C, 62.35 ; H, 

4.48 ; S, 20.9S. 

Further characteri sation was not possible due to i nsolubi l i ty of the material in a wide 

variety of common sol vents i nc lud ing alkanes, alcohol s ,  ethers, esters, ketones, 

chlorinated solvents, aromatics, DMF and THF. 

2, 1 3-B is-(2-[2,2' ;S' ,2"]terthiophen-3' -yl -v inyl)-6, 7 ,9, 1 0 , 1 7 ,1 8,20,21 -

octahydro-5,8, 1 1 ,1 6, 1 9,22-hexaoxa-d ibenzo[aJ]cyclooctadecene 

(XXXVI I I )  

o �o� 

6,7,9, 1 0, 1 7 , I S ,20,2 1 -0ctahydro-5,S ,  1 1 , 16 , 1 9,22-

hexaoxadibenzo[aJ lcyclooctadecene-2, 1 3-dicarbaldehyde (50. 1 mg, 0. 1 2  mmol ) was 

d issolved in dry CHzCiz (50 mL) under N2 by soni cation. Terthiophene phosphonate 
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( 1  mL x 0.26 mollL solution in  THF, 0.26 mmol ) was added, fol lowed by potass ium 

tert-butoxide (0.2899 g, 2.6 mmol ) causing  the reaction mixture to turn briefly dark 

red, then cloudy yel low. The solution was sonicated for I hour and subsequently 

washed wi th 2M HCl (20 mL). The sol vent was removed, and the yel l ow residue 

suspended in  CH2Ci2 ( 1 50 mL), before being  loaded onto a short, wide s i l i ca column.  

After 1 ,2-bi s ( l 2 ' ,2" ;5",2"' jterthiophen-3"-yl )ethene (7.5 mg, 24%) was e luted i n  

CH2Ci2 , the product was el uted as a yellow band i n  3 %  MeOH. Removal of solvent 

under reduced pressure yielded an i nsol uble yell ow sol id  (77.5 mg, 7 1  %) .  

HRMS (FAB) M+ calc 904. 1 1 49, found 904. 1 147. 

Anal . Calculated for C48H4006S6; C, 63 .69; H ,  4.45 ; S, 2 1 .25. Found: C, 63 .37;  H ,  

5 . 1 3 ; S ,  1 8 .6 1 .  

Further characteri sation was not possible due to i nsolubi l ity of the material i n  a wide 

variety of common solvents, i nc luding alkanes, alcohols, ethers, esters, ketones, 

chlorinated solvents, aromatics, DMF and THF. 

[1 3-(Diethoxy-phosphorylmethyl)-6,7 ,9, 1 0, 1 7, 1 8 ,20,21 -octahydro-

5,8,1 1 ,  16 ,  1 9 ,22-hexaoxa-dibenzo[aJ]cyclooctadecen-2-ylmethyl]

triphenyl-phosphonium ch loride 

and 
[1 4-(Diethoxy-phosphory lmethyl)-6,7 ,9, 1 0, 1 7, 1 8,20,21 -octahydro-

5,8, 1 1 ,  1 6, 1 9,22-hexaoxa-dibenzo[aJ]cyclooctadecen-2-ylmethyl]

triphenyl-phosphoni u m  chloride 

(XXXIX) 
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Oichloromethy l benzo- 1 8-crown-6 ( 1 .5530 g ,  3 .40 mmol ) was sti rred i n  tol uene 

(20 mL) and tri phenyl phosphi ne (2 .8297 g, 1 0.79 mmol) added. The mixture was 

heated to refl ux for 3 hours after which the sol id  was fi l tered, washed with toluene 

and excess solvent removed under reduced pressure. 1 ,2-dichloroethane (20 mL) and 

triphenylphosphine ( 1 .8 1 29 g, 6.9 1  mmol)  were added and the solution refluxed for a 

further 3 hours. After cool i n g  the sol ution was d i l uted with hexane, the sol i d  

removed by fi ltration, washed wi th tol uene and dried under vacuum to yield the title 

compound as an off-white powder (2.7342 g, 82%). 

' H NMR (400 MHz, COCl}) 0 3 .65-3 .68(m, 1 6H, OCH2) ; 5 . 1 6  (d,  4H, 2JH.P = 8.9 Hz, 

CH2P) ; 6.45-6.46 (m, 2H, ArH) ; 7. 1 3-7.20 (m, 4H, ArH) ;  7.54-7.7 1 (m, 30H, ArH). 

3 1 p  NMR ( 1 62.0 MHz, COCl,) 0 23.7. 

Electronic spectrum (CHCl}) Ama, nm/(Iog E) 269.5 (4.07), 276.0 (4.08) ,  

HRMS (FAB) (M-Clr calc 945 .324 1 , found 945 .3274. 

[1 3-(Diethoxy-phosphorylmethyl)-6,7 ,9, 1 0, 1 7, 1 8,20,21 -octahydro-

5,8,1 1 ,  1 6, 19,22-hexaoxa-d ibenzo[aJ]cyclooctadecen-2-ylmethyl]

phosphonic acid d iethyl ester 

a nd 
[1 4-(Diethoxy-phosphorylmethy l)-6, 7 ,9, 1 0, 1 7, 1 8,20,21 -octahydro-

5,8, 1 1 ,  1 6, 19,22-hexaoxa-d ibenzo[aJ]cyclooctadecen-2-ylmethyl]

phosphonic acid d iethyl ester 

(XL) 

La ('01 
\�6 o� o� 

/"'-o/f\\ I I rI D � h- /1 '0/"00..... o 0 0 �o� 
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Dichloromethy lbenzo- 1 8-crown-6 XLIII ( 1 .5530 g ,  3 .40 mmol ) was heated to reflux 

with triethyl phosphite (40 mL, as the solvent) under Ar for 1 6  hours, before excess 

triethyl phosphite was removed under vacuum. Purification by chromatograpy and 

disti l lation fai l ed ,  so the product was used w ithout further purification. 

HRMS ( FAB) (MHr calc 66 1 .2543 , found 66 1 .2550. 

6,7,9 ,1 0 ,1 7,  1 8,20,21 -0ctahydro-5,8, 1 1 , 1 6, 1 9,22-hexaoxa

d ibenzo[aJ1cyclooctadecene-2,1 4-dicarbaldehyde 

and 
6,7,9 , 1 0 , 17 ,  1 8 ,20,21 -0ctahydro-5,8, 1 1 , 1 6, 1 9 ,22-hexaoxa

d ibenzo[aJ1cyclooctadecene-2 ,1 3-d icarbaldehyde 

(XLI) 

Dibenzo- I S -crown-6 was formylated us ing  the Smith modifi cation of the Duff 

reaction according to the method of Wada et al. l77 Phosphorus oxychloride (6.95 mL, 

1 1 .44 g ,  0.075 mol) was added to N-methylformani l ide (9.20 mL, 1 0.08 g ,  0.075 mol ) 

under Ar and l eft to stir at room temperature for 20 minutes. Dibenzo- J 8-crown-6 

(6.49 g, 0.0 1 8  mol) was added and the solution heated for 5 hours at 90°C before 

l eaving to cool overni ght. The solution was heated to 60°C and H20 added ( l OO mL). 

The aqueous solution was extracted with CHCl3 (6  x 50 mL), and the organic extracts 

dried over M gS04 and solvent removed. The sol i d  was washed with acetone and 

dried to y ie ld a 1 :  1 i someric m ixture of the t i t le compounds (5 .757 g ,  77%,  l it 

90% 177) .  
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I H NMR (400. 1 MHz, CDCl3) 6 4.00-4.04 (m, 8H, OCHz) ; 4.20-4.24 (m, 8H, OCHz) ; 

6.92 (d ,  I H, 3J = 8.2 Hz, ArH) ;  6.93 (d,  I H, 3J = 8 .2  Hz, ArH) ; 7.35 (d,  2H, 4J = 

1 .7 Hz, ArH) ; 7.42 (dd, 2H, 3J = 8.2 Hz, 4J = 1 . 8 Hz, ArH) ; 9.82 (s ,  I H, CHO); 9 .82 

(s ,  1 H,  CHO). 

13C NMR (68 . 1 MHz, CDCI3)  b 68. 1  OCHz ; 68.2 OCH2 ; 68.3 OCHz; 68.4 OCH2; 69.2 

OCHz; 69.3  OCH2; 69.4 OCH2; 1 09 .7 ArC; 1 09.8 ArC ;  1 1 1 . 1  ArC ;  1 1 1 . 1  ArC; 1 26.7 

ArC ;  1 26.9 ArC; 1 29.9 ArC; 1 30.0 ArC; 1 48.8 ArC; 1 48 . 8  ArC ;  1 53.8 ArC; 1 53 . 8  

ArC; 1 90.7 CHO. 

Electronic spectrum (CHzClz )  Amax nm/(log f) 232.5 (4.4 1 ) , 276.0 (4.26), 308.0 (4. 1 4) .  

(1 3-Hydroxymethyl-6,7,9 ,  1 0, 17 ,  1 8,20,21 -octahydro-5,8, 1 1 ,1 6 ,1 9,22-

hexaoxa-dibenzo[aJ]cyclooctadecen-2-yl)-methanol 

and 
(1 4-Hydroxymethy l -6,7 ,9, 1 0, 17 ,  1 8,20,21 -octahYdro-5,8, 1 1 , 1 6,1 9,22-

hexaoxa-dibenzo[aJ]cyclooctadecen-2-yl)-methanol 

(XLI I )  

Diformylbenzo- 1 8-crown-6 XLI (2.5084 g, 6.02 mmol ) was sti rred under Ar in  I :  1 

THF:ethanol (60 mL) before sod ium borohydride ( 0.4702 g, 1 2.43 mmol ) was added 

and the solution left to stir for 24 hours. The reaction was quenched with 1 M HCl 

(50 mL) before the reaction mixture was extracted w ith CHzClz (3 x 45 mL) .  The 

organic extracts were washed with H20 (50 mL) ,  d ri ed over MgSO .. , fi l tered and 
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evaporated to yie ld the desi red dialcohol XLII  as an off-white powder ( 1 . 897 1 g ,  

75%).  

lH NMR (270.2 MHz, COCI3) b 3.99-4.04 (m, 8H,  OCH2) ; 4. 1 2-4. 1 7  (m,  8H, OCH1) ;  

4.58 ( s ,  4H, ArCH2) ;  6.80-6.88 (m ,  6H,  6 x ArH) .  

13C NMR (68. 1 M Hz, COCl3) () 65 .0 CHzOH ; 68 . 1 OCH2; 69.6 OCH2 : 1 1 2. 5  ArC ;  

1 1 9.3 ArC; 1 20.9 ArC ;  1 33.7 ArC; 1 47.7 ArCO; 1 48 .3  ArCO. 

Electronic spectrum (CH2C12) Amax nm/( log £) 280.5 ( 3 .76). 

HRMS (F AB) M+ calc 420. 1 784, found 420. 1 78 1 .  

2, 1 4-Dichloromethyl-6 ,  7,9,1 0, 1 7, 1 8 ,20,21 -octahydro-S,8, 1 1 , 1 6, 1 9 ,22-

hexaoxa-dibenzo[aJlcyclooctadecene 

and 
2, 1 3-Dichloromethyl-6, 7 ,9, 1 0,1 7, 1 8,20,21 -octahydro-5,8, 1 1 , 1 6,1 9,22-

hexaoxa-dibenzo[aJlcyclooctadecene 

(XLII I) 

Oihydroxymethyl benzo- 1 8-crown-6 XLII ( 1 .8670 g ,  4.44 mmol ) was stirred u nder 

Ar in dry benzene ( IS mL) before thionyl chloride ( 1 .40 mL, 2.28 g ,  1 9.2  mmol ) in 
dry benzene (30 mL) was added and the sol ution l eft to sti r for 1 hour. The reaction 

was quenched with H20 (50 mL) before the reaction mixture was extracted w i th 

CH2Cl2 ( 3  x 5 0  mL). The organic extracts were dr ied over M gS04, fi l tered and 

evaporated to yie ld the des i red dichloro crown X L I I I  as an off-white powder 

( 1 .7904 g, 88%) .  
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I H NMR (270.2 MHz, CDClj) b 3.99-4.04 (m, 8H, OCH2) ;  4. 1 4-4. 1 9  (m ,  8H, OCH2) ;  

4.54 (s, 4H, CH2CI ) ;  6.78-6.9 1 (m,  6H, 6 x ArH). 

13C NMR (68 . 1 MHz, CDCI3) b 46.7 CH2CI ; 68.6 OCH2 ;  69.7 OCH2; 1 1 2.7 ArC;  

1 1 3 .5 ArC; 1 2 1 .4 ArC; 1 30.2 ArC; 1 48.6 ArCO; 1 48.7 ArCO. 

Electronic  spectrum (CHzClz) Amax nm/(1og E) 237.5 (4. 1 2),  282.0 (3 .83) .  

HRMS ( FAB) M+ ca\c 458. 1 077, found 458. 1 095. 

2, 1 3-Bis-[2'-(4"-nitro-phenyl)-v iny l]-6,7,9, 1 0, 1 7, 1 8,20,21 -octahydro-

5,8,1 1 ,1 6, 1 9,22-hexaoxa-dibenzo[aJ1cyclooctadecene 

and 
2, 1 4-Bis-[2' -(4" -nitro-phenyl)-vinyl]-6, 7 ,9, 1 0, 1 7, 1 8,20,21 -octahydro-

5,8, 1 1 , 1 6, 1 9,22-hexaoxa-dibenzo[aJ1cyclooctadecene 

(XLIV) 

Bi s(phosphonate)- 1 8-crown-6 ( 1 0 1 .0 mg, 0. 1 5  mmol max. )  and 4-n itrobenzaldehyde 

(69.4 mg, 0.46 mmol ) were di ssol ved i n  dry THF ( 1 0  m L) and sti rred under N2• 

Potassi um tert-butoxide (55 .4 mg, 0.49 mmol) was added and the solution l eft to sti r 

for 2.5 hours before being  neutralized with 2M HCi . The product was evaporated and 

redissolved in CH2Ci2, then subjected to column chromatography on s i l i ca. Gradient 

e lution from CH2Cl2 to 1 0% MeOH/CH2Cl2 yielded 3 identifiable fractions. Fraction 
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1 (2.2 mg, 2%)  and fraction 2 (6.9 mg, 7%) consisted of the title compounds, whi le  a 

third fraction appeared to be 2 - 12 '-(4" -n i tro-pheny l )-v iny l l -6,7 ,9, 1 0 , 1 7 , 1 8 ,20,2 1 -

octahydro-5,8,  1 1 , 1 6, 1 9,22-hexaoxa-di benzol aJ lcyc\ooctadecene (5 .3 mg, 7%). 

IH NMR (270 MHz, COCI3) () 4.06-4.09 (m, 8H, OCH2) ;  4.20-4.26 (m, 8H, ArOCH2) ;  

6.87 (d, 2H, 3 J = 8.6 Hz, ArH); 6.99 (d, 2H, 3J = 1 6.0  Hz, HvinyI2 ' ) ;  7.08-7. 1 0  (m, 4H, 

ArH) ;  7 . 1 9  (d,  2H, J = 1 6 .0 Hz, HvinYI I  ' ) ;  7.60 (d, 4H, 3J = 8 .6 Hz, ArH2" , 6") ; 8 . 2 1 

(d, 2H, 3J = 8 .8  Hz, ArH3", 5"). 

DC NMR 0 00.6 MHz, COCI3) () 68.6 OCl-Iz; 68.6 OCH2 ; 68.7 OCH2 ; 68.8 OCH2;  

68 .8  OCH2; 68.9 OCHz; 69.8 OCH2; 69.9 OCH2; 1 1 1 .0 ArC ;  1 1 2.9 ArC;  1 2 1 .2 ArC; 

1 24. 1 ArC3" , 5" ;  1 24.3 CvinyI2 ' ; 1 26.4 A rC2", 6" ; 1 29.5 ArC; 1 33 .0  CvinyI 1 ' ; 1 44.0 

ArC I " ; 1 46.4 ArC4"; 1 48 .7 ArCO; 1 49.5 AreO. 

Electronic spectra (CH2CI2)  "'ma, nm/(log E)  28 1 .5 (4. 1 0) ,  388.0 (4.39) and 275 .0 

(4. 1 1 ) , 379.5 (4.32). 

Mass spectra (F AB) M+ cale 654.22 1 3 , found 654.2 1 8 1  and 654.22 1 6. 

6,7,9,1 0 ,1 7 ,  1 8,20,21 -0ctahydro-5,8, 1 1 , 1 6,1 9,22-

hexaoxadibenzo[aJ]cyclooctadecene-2, 1 4-dicarbaldehyde (XLV) 

1 ,5-bi s(2 ' -hydroxy,5 ' -formylphenoxy)-3 -oxapentane ( 3 .5040 g, 1 0. 1  m mo1) and 

potassium hydroxide ( 1 . 1 677 g ,  20.8 mmo1) were brought to reflux in I -butanol 

(350 mL) . After 2 hours the sol ution was cooled and di(ethylene glycol)-di-p-tosylate 

(4. 1 900 g, 1 0. 1  mmol) was added. The solution was then refluxed for 43 hours before 
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the sol vent was removed under reduced pressure. The residue was dissolved i n  H20 

( 1 00 mL) and CH2Clz ( 1 00 mL),  and the CH2Clz layer separated. The aqueous layer 

was extracted with CH2Clz (25 mL),  after which the combined CH1Clz layers were 

washed with H20 ( 1 00 mL), dr ied over acti vated neutral AI20}, fi l tered and the 

solvent removed under vacuum. The sol id  was suspended i n  acetone, fi ltered, and 

washed with acetone to yield a white microcrystal l i ne powder, melti ng  poi nt = 2 14-

2 1 8°C ( 1 .4989 g, 36%). 

'H NMR (400. 1 MHz, CDCI}) b 4.0 1 -4.06 (m,  8H,  OCH2) ; 4.22-4.25 (m ,  8H,  

ArOCH1);  6.93 (d ,  2H, 3J = 8 .2  Hz, A rH4, 1 2) ;  7.37 (d ,  2H, 4J = 1 .8 Hz, ArH l ,  1 5) ;  

7 .43 (dd, 2H, 3J = 8.2 Hz, 4J = 1 .8 Hz, ArH3, 1 3) ;  9.83 (s ,  2H,  CHO). 

DC NMR ( 1 00.6 MHz, CDCI3) b 68. 1 ArOCH1; 68 . 3  ArOCH2;  69.3 OCH2; 69.3  

OCH2; 1 09.6 ArC; 1 1 1 .0 ArC ;  1 26.9 ArC; 1 30.0 ArC; 1 48 .9 ArCO; 1 53 . 8  ArCO; 

1 9 1 .0 CHO. 

Electronic spectrum (MeCN) Amax nm/(log £)  204.0 (4.45) ,  230.5 (4.57), 274.0 (4.37), 

307.0 (4.28) .  

HRMS (FAB) MH+ calc 4 1 7. 1 549, found 4 17. 1 530. 

Anal . Calculated for C22H2.Pg; C, 63 .45 ; H, 5 .8 1 .  Found: C, 62.52; H, 5 .79. 

6,7,9, 1 0 ,1 7, 1 8,20,21 -0ctahydro-5,8, 1 1 , 16, 1 9,22-

hexaoxadibenzo[aJ]cyclooctadecene-2, 1 3-d icarbaldehyde (XLVI) 
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1 -(2 '  -Hydroxy-4' -formyl phenoxy ) -5 -(2" -hydroxy-5" -formyl phenoxy)-3-oxapentane 

( l OS .S  mg,  0. 3 14 mmol) and sodium hydroxide (29.8 mg, 0.745 mmol) were brought 

to refl ux in I -butanol ( 1 00 mL). After 4 hours the sol ution was cool ed and 

di(ethylene g lycol)-d i -p-tosylate ( 1 32 .3  mg, 0.3 1 9  m mol) was added. The sol ut ion 

was then refl uxed for 40 hours before the sol vent was removed under reduced 

pressure. The residue was di ssolved i n  H20 (20 mL) and CH2Ci2 (20 mL), and the 

CH2CI2 layer separated. The aqueous layer was washed with CH2Clz (20 mL), the 

combined CH2Cl2 layers washed w ith H20 (20 mL) ,  dried with activated neutral 

alumin ium oxide. fi l tered and the sol vent evaporated. The sol id was suspended i n  

acetone, fi l tered, washed with acetone and dried to g i ve a cream powder, melti n g  

poi nt 232-235 C ( 1 7.2 m g ,  1 3%) .  

I H NMR (400. 1 MHz,  CDCI3) & 4.02-4.06 (m,  SH,  OCH2) ;  4.22-4.25 (m ,  SH,  

ArOCH,) ;  6.94 (d, 2H, 3J = S .2 Hz, ArH4, 1 5 ) ;  7 .37 (d, 2H, 4J = I .S Hz, ArH l ,  1 2) ;  

7.43 (dd, 2H, 3J = S .2 Hz, 4J = 1 .8 Hz, ArH3 ,  1 4) ;  9 .83 (s ,  2H, CHO). 

13C NMR (68.0 M Hz, CDCi3) & 6S.3 ArOCH2; 68.4 A rOCH2 ; 69.3 OCH2 ;  69.5 OCH2; 

1 09.S ArC ;  1 1 1 . 1  ArC; 1 27.0 ArC; 1 30.0 ArC; 1 4S . 8  ArCO; 1 53 .9 ArCO; 1 90. S 

CHO. 

Electronic spectrum (CH2CI2) Amax nm/(Iog E) 232.5 (4.5 1 ) , 276.0 (4.35) ,  309.0 (4.27) . 

HRMS (FAB) MH+ calc 4 1 7. 1 549, found 4 1 7. 1 557. 

1 ,5-bis(2'-MethoxY-5' -formylphenoxy)-3-oxapentane (XLVII) 
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1 ,5-bis (2 '  -Methoxy-5' -formyl phenoxy)-3-oxapentane was prepared according to the 

method of Kumar and Mashraqui .m Isovan i l l in  ( 1 2 . 1 792 g, 80.0 mmol ) ,  potassium 

carbonate ( 1 1 .08 1 8  g, 80.2 m mol)  and di(ethylene gl ycol ) -di -p-tosylate ( 1 6 .5940 g, 

40.0 mmol) were heated in dry dimethylformamide ( 100 mL) under nitrogen at 1 1 0°C 

for 1 37 hours. The solution was poured i nto water (500 mL), causi ng  a white 

precip itate to form. The precipitate was i solated by fi ltering  through a 0.5 Ilm FH 

membrane (Mi l l i pore) that had been pre-saturated with methanol . The product was 

re-suspended in water (300 mL) and fi l tered again, before being recrystal l i sed from 

ethanol to yield white crystals ( 1 1 .5 1 52 g, 77%) .  

'H NMR (400. 1 MHz, COCIJ) b 3 . 89 (s ,  6H,  OCH3) ;  3 .96-3.99 ( m, 4H, OCH22, 4) ;  

4.22-4.25 (m, 4H, OCHz 1 ,  5) ;  6.93 (d, 2H, 3) = 8.2 Hz, ArH3 ' ) ;  7.39 (d ,  2H, 4) = 

1 .9 Hz, ArH6 ' ) ;  7.43 (dd, 2H, 3) = 8 .2 Hz, 4) = 1 .9 Hz, ArH4' ) ;  9.79 (s, 2H, CHO). 

i3C NMR ( 1 00.6 MHz, COCl3) b 56.0 OCH3; 68.4 OCH2 1 ,  5; 69.5 OCH22, 4; 1 1 0.6 

Ar3 ' ;  1 1 0. 8  ArC6 ' ;  1 26.7 ArC4' ; 1 29.8 ArC5 ' ;  1 48.6 ArC I ' ;  1 54.8 ArC2 ' ; 1 90.7 

CHO. 

Electronic spectrum (CHCI) Amax nm/(Iog E) 204.0 (4.4 1 ) , 230.0 (4.56), 273 .5 (4.35) ,  

305.5 (4.23) .  

HRMS (FAB) MW calc 375 . 1443, found 375 . 1 452. 

Anal . Calculated for CZOH2207: C, 64. 1 6; H, 5 .92. Found: C, 63.85 ; H, 5 .95 . 

1 ,5-bis(2' -Hydroxy-5' -formylphenoxy)-3-oxapentane (XLVII I)  
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Sodium hydride i n  20% paraffin oi l  (3 .2649 g, 0. 1 09 mol) was stirred under Ar wi th 

dry DMF ( 1 50 mL). Ethanethiol (8 .3  mL, 0 . 1 1 2 mol) was added and the mixture l eft 

to stir for 1 0  m inutes before I ,S-bi s(2-methoxy-S-formy lphenoxy)-3 -oxapentane 

( l 0.S02 1 g, 0.028 mol )  was added. The solut ion was heated to 1 60°C for 3 .S hrs 

before evaporat ing under vacuum with heating  to SO°c. 1 M HCI ( 1 00 mL) was 

added, fol lowed by CHzCiz ( 1 00 mL) and the mixture l eft to st ir unti l i t  had 

completely d i ssolved. The organic  layer was separated, and the aqueous l ayer 

extracted with CH2Ci2 (2 x SO mL). The combined CH2CI2 layers were washed with 

H20 ( l OO mL), dri ed w ith MgS04, fi l tered and the solvent removed under reduced 

pressure. The residue was purified by flash column chromatography on s i l i ca 

(gradient e lution 0% - 1 .5% MeOH i n  CH2CI2) ,  and the product recrystal l i sed from 

MeOH, yielding a pale tan product, mass = 7.2206 g (75%) .  

IH N MR (400. 1 MHz,  CDC I3) b 3 .94-3 .96 (m,  4H, OCH22, 4);  4.28-4.30  (m,  4H, 

OCH2 1 ,  S) ;  7.08 (d,  2H, 3J = 7.0 Hz,  ArH3 ' ) ;  7.48 (s ,  2H, ArH6 ' ) ;  7 .49 (dd,  2H, sJ = 

7.5 HZ, 4J = 1 .9 Hz, ArH4') ;  9.8 1 (s, 2H, CHO). 

1 3C N MR ( 1 00.6 MHz, CDCI3) 0 69.0 OCH2 1 ,  5 ;  69.3 OCH22, 4; 1 1 3 .5 ArC6 ' ;  1 1 6.0 

ArC3 ' ;  1 28 .6 ArC4' ; 1 29.7 ArCS ' ;  1 46.3 ArC I ' ;  1 53 .3  ArC2' ; 1 90.7 CHO. 

Electronic spectrum (MeCN) Amax nm/(Iog E) 203 .0 (4.44), 227.0 (4.45) ,  273 .0 (4.3 1 ) , 

300.S (4. 1 4). 

HRMS (FAB) MH+ calc 347. 1 1 3 1 ,  found 347. 1 1 47. 

1 ,5-bis(2' -MethoxY-4' -formylphenoxy)-3-oxapentane (XLIX) 

304 



I ,5-bi s(2' -Methoxy-4' -formylphenoxy)-3-oxapentane was prepared according to the 

method of Tuncer and Erk.D4 V ani l l i n  ( 1 5 .227 1 g, 0 . 1 00 mol)  and potass ium 

carbonate ( 1 3 .8487 g, 0. 1 00 mol) were stirred in  dimethylformamide (80 mL) before 

dichlorodiethyl ether (5 .9 mL, 0.050 mol ) was added and the sol ution heated to 95T 

for 235 hours. After cool ing, the solution was di l uted wi th water ( 1 20 mL) and 2M 

HCl (40 mL) added s lowly .  The white precipi tate that formed was removed by 

fi ltering through a 0.5 !--tm FH membrane (Mi l l ipore) that had been pre-saturated with 

methanol .  The precipitate was re-suspended in HP and fi ltered as previously. The 

sol i d  residue was dissolved in CH2Clz (200 mL), washed with H20 (50 mL), dried 

with MgSO-l' fi l tered and dried under vacuum. Recrystal l i sation from methanol gave 

white crystals, melting point = 1 30- 1 3 1 °C ( 1 5.49 g, 83%) .  

I H NMR (400. 1 MHz, COCI3) 6 3.90 (s ,  6H, OCH,) ;  4.00-4.03 (m,  4H, OCHz2, 4) ; 

4.27-4.30 (m,  4H, OCHz l , 5 ) ;  7 .00 (d, 2H, 3] = 8. 1 Hz, ArH6 ' ) ;  7 .39 (d, 2H, .;] = 

1 .7 Hz, ArH3 ' ) ;  7.4 1  (dd, 2H, 3] = 8.0 Hz, .;] = 1 .9 Hz, ArH5 ' ) ;  9.83 (s ,  2H, CHO). 

13C NMR ( 1 00.6 MHz,  COCl}) b 55 .9 OCH, ; 68.5 OCH2 1 ,  5 ;  69.6 OCH22,  4; 1 09.2 

ArC3 ' ;  1 1 1 . 8 ArC6 ' ;  1 26.5 ArC5 ' ;  1 30.2 ArC4' ; 1 49.8 ArC2' ;  1 53 .7 ArC l ' ; 1 90.9 

CHO. 

Electronic spectrum (MeCN) "'-max nm/(log E) 203.5  (4.43) ,  229.5 (4.53) , 274.0 (4.38) ,  

306.5 (4.28). 

HRMS (FAB) MH+ calc 375. 1 444, found 375 . 1 429. 

Anal . Calculated for CzoHn07 ; C, 64. 1 6; H, 5 .92. Found: C, 64. 1 5 ;  H, 5 .9 1 .  
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Attem pted preparation of 1 ,5-bis(2' -hydroxy-4' -formylphenoxy)-3-

oxapentane (L) 

�o '-':: OH HO�O H I I H 

� 0 0 � �O-J 
Sodium hydride in  20% paraffin oi l ( 1 .2902 g, 43.0 mmol) was sti rred under Ar i n  dry 

OMF ( 1 00 mL) for 5 minutes before ethanethiol (3 .30 mL, 44.6 mmol)  was added. 

After 1 5  m inutes , when  the sol ution had gone c lear, 1 ,5-bi s (2 '  -methoxy-4 ' 

formylphenoxy)-3-oxapentane (4.0889 g ,  1 0.92 mmol ) was added and the solution 

heated to 1 60°C for 4 hours. After removi ng excess thi o) ,  solvent and by-product 

under vacuum, the residue was dissol ved in CH2Cl2 ( 1 00 mL) and I M  HCl (50 mL). 

The organic layer was separated and the aqueous layer extracted w i th CH1CI2 (2  x 

40 mL). The combined organic  layers were washed w i th H20 (60 mL), dried wi th 

MgS04' 
fi l tered and evaporated. The res idue was purif ied by flash col umn 

chromatography on s i l i ca uti l i zi ng gradient e lution from 0% - 1 .5% MeOH/CH2CI2 , 

yielding 4-ethylsulfanyl-3-hydroxy-benzaldehyde LI (0.8735 g ,  44%, melti ng point = 

7 2 - 7 3 ° C )  and  3-hydroxy-4- 1 2-(2-hydroxy-ethoxy)-ethoxy I -benzaldehyde LII  

(0.2335 g, 9%,  melting poi nt = 70-73°C). Characteri sation for these two compounds 

fol lows. The desired product was not i solated. 

4-Ethylsulfanyl-3-hydroxy-benzaldehyde (Lt) 

o 

UOH H I � s� 

IH NMR (400. 1 M Hz, COCl3) b 1 .27 (t, 3H,  3J = 7.4 Hz, CH3) ;  2 .85 (q,  2H, 3J = 

7.4 Hz, CH2); 6.89 (s ,  I H, OH) ;  7.40 (dd, I H, 3J = 7.9 Hz, 4J = 1 .7 Hz, ArH6) ;  7.45 

(d, I H, 4J = 1 .7 Hz, ArH2) ; 7.57 (d, I H, 3J = 7.9 Hz, ArH5) ;  9.93 (s ,  I H, CHO). 
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DC NMR ( 1 00.6 MHz, COCI�) 6 1 4.7 CH,; 29.8 CH2; 1 1 4.9 ArC2; 1 2 1 . 8 ArC6; 1 27.8 

A rC4; 1 34.3 ArCS ; 1 37.5 ArC I ; I S6.6 A rC3;  1 9 1 .6 CHO. 

Electronic spectrum (MeCN)  Amax nm/(Iog £) 209.S (4. 1 9) ,  24S .0 (3 .88) ,  298.S (3 .9 1 ), 

329.0 (4. 1 0) .  

HRMS (El) MH+ caIc 1 82.0402, found 1 82.0400. 

3-Hydroxy-4-[2' -(2" -hydroxy-ethoxy)-ethoxy]-benzaldehyde (UI)  

' H NMR (400. 1 MHz, COCl}) 6 3 .68-3 .70 (m,  2H,  OCH2 1 ") ; 3 . 80-3 .82 (m,  2H,  

OCH22") ;  3 . 89-3 .9 1 (m, 2H,  OCH12 ' ) ;  4. 1 8-4.2 1 (m,  2H, OCH2 1 ' ) ;  6 .88 (d ,  I H, 3J = 

8 .2 Hz, ArHS) ;  7.3 3  (dd,  I H, 3J = 8 .2  Hz, 4J = 2.0 Hz, ArH6) ; 7 .38 (d, 1 H, 4J = 

2.0 Hz, ArH2) ;  9.80 (s ,  1 H, CHO). 

13C NMR ( 1 00.6 M Hz, CDCI,) 6 6 1 .4 OCH22" ; 67.7 OCH2 1 ' ;  69. 1 OCHz2 ' ; 72.S 

OCH1 1 " ; 1 1 1 . 8 ArCS ; 1 1 S . 2  ArC2; 1 24.0 ArC6; 1 30.9 ArC l ; 1 46.9 ArC3 ;  I S 1 .4 

ArC4; 1 9 1 .2 CHO. 

Electronic spectrum (MeCN )  Amax nm/( log £ )  20S.0 (4.20) , 228.0 (4. 1 9) ,  27 1 .S (4.03), 

308.0 (3 .89). 

HRMS (El) M+ calc 226.084 1 ,  found 226.0843. 
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3-[2' -(2" -Chloro-ethoxy)-ethoxy]-4-methoxy -benzaldehyde (LI I I )  

N°' 
H�O Cl 

° �o� 
I sovan i l l i n  ( 19.4756 g ,  0. 1 28 mol) and potass ium carbonate ( 1 7 .6872 g ,  0. 1 28 mol) 

were heated i n  dimethyl formamide ( l OO mL) to 90°C before 2-chloroethy l  ether 

( 1 5  mL, 0. 1 28 mol) was added. The reaction mixture was heated for a further 1 1 3 

hours, before fi l tering and evaporating under vacuum. The tan coloured sol id  was 

dissolved i n  CH2C12 and purified by flash column chromatography on s i l ica. Gradient 

e lution ( 1 00:0 to 98:2 CH2CI 2:MeOH) gave the desired product as a white crystal l ine 

sol id,  melting  point = 6 1 -63 °C, ( 1 3 .8724 g, 42%) .  A second fraction y ielded 1 ,5 -

bis(2' -methoxy-5 ' -formylphenoxy)-3-oxapentane XLVII a s  i ridescent flakes after 

recrystal l i sation from ethanol , melting point = 1 30- 1 32°C ( 1 1 .0463 g, 46%) .  

I H NMR (400. 1 MHz, CDCI3) () 3 .6 1 -3 .64 (m ,  2H,  OCH22") ;  3 .82-3 .79 (m,  2H, 

OCH2 1 ") ;  3 .90 (s ,  3H, OCH3) ;  3 .89-3 .9 1 (m,  2H, OCH22 ' ) ;  4.20-4.22 (m, 2H, 

OCH 2 1  ') ;  6.94 (d, I H, 3J = 8.2 Hz, ArHS) ;  7.39 (d, I H, 4J = 1 .9 Hz, ArH2) ;  7.44 (dd, 

I H, 3J = 8.2 Hz, <!J = 1 .7 Hz, ArH6); 9.80 (s, 1 H, CHO). 

13C NMR ( 1 00.6 M Hz, CDCI3) () 42.5 OCH22" ; 56.0 OCH3; 68 .3  OCH2 1 ' ;  69.3 

OCH22 ' ; 7 1 .4 OCH2 1 " ; 1 1 0.6 ArCS ; 1 1 0.8 ArC2; 1 26.8 ArC6; 1 29.8 ArC l ;  1 48 .5 

ArC3 ; 1 54.7 ArC4; 1 90.7 CHO. 

Electronic spectrum (CHCI3) Amax nm/(Iog E) 204.0 (4. 1 4) ,  229.5 (4.27) , 273.5 (4.07) ,  

305.5  ( 3 .95). 

HRMS (FAB) M+ calc 258 .0659, found 258.0657. 

Anal . Calculated for C I 2H lsCl04; C, 5S.7 1 ;  H, 5 . 84. Found: C, 55 .07; H, S.68. 
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1 -(2' -Methoxy-4' -formylphenoxy)-5-(2" -methoxy-5" -formylphenoxy)-3-

oxapentane (UV) 

Sod ium hydride i n  20% paraffi n oi l (0.836 1 g ,  27.9 mmol ) was sti rred i n  dry 

dimethylformamide (50 mL) before vani l l i n  (4.26 1 6  g, 28.0 mmol) was added and the 

sol ution heated to 40°C for 30 minutes. 3- 1 2-(2-Chloroethoxy)-ethoxy IA-methoxy

benzaldehyde (7.2 1 58 g, 27.9 mmol ) was added and the solution heated to 95 °C under 

nitrogen for a further 256 hours. After cool ing,  the reaction mixture was di l uted with 

water (50 mL) and I M HCl ( 1 00 mL), and CH2Cl2 (50 mL) added. The organic layer 

was separated, and the aqueous extracted with CH2Ci2 (2 x 50 mL) before the 

combined organic  layers were washed w ith Hp ( 1 00 mL) , dried with MgSO,p fi ltered 

and evaporated under reduced pressure .  The brown sol id thus obtai ned was dissolved 

i n  CH2CI2 and purified by flash col umn chromatography on s i l ica. Fractions 

contain ing product only were combined and evaporated, then the sol id  recrystal l i sed 

from methanol to y i e l d  1 -(2'  -methoxy-4' -formyl phenoxy)-5-(2"-methoxy-5"

formylphenoxy)-3-oxapentane as a white sol id ,  melting point = 99- 1 00°e, (5 .7243 g, 

55%). 

IH NMR (400. 1 M Hz, CDCI3) & 3 .88 (s,  3H, OCH}' ) ;  3 .90 (s, 3H, OCH3") ;  3 .97-4.0 1 

(m, 4H, OCH22, 4) ; 4.23-4.25 (m,  2H, OCH25) ;  4.26-4.29 (m,  2H,  OCH2 1 ) ; 6.95 (d, 

I H, 3J = 8.2 Hz, ArH3") ; 6.99 (d, I H, 3J = 8.2 Hz, ArH6' ) ;  7.36 (d, I H, J,J = 1 . 8 Hz, 

ArH3 ' ) ;  7 .39 (dd, I H, 3J = 8. 1 Hz, J,J = l .9 Hz, ArH5 ' ) ; 7.4 1 (d, I H, 4J = 1 .9 Hz, 

ArH6") ;  7.44 (dd, I H, 3J =8 . 1  HZ,
4
J = 1 .9 Hz, ArH4") ; 9.80 ( s ,  I H, CHO") ;  9.8 1 (s, 

I H, CHO') .  

DC NMR ( 1 00.6 MHz,  CDCI.,) & 55 .8  OCH3 ' ;  56 .0  OCH}" ; 68.4 OCH2 1 ;  68 .4 

OCH25 ;  69.5 OCH24; 69.7 OCH22; 1 09. 1 ArC3 ' ;  1 1 0.6 ArC3" ;  1 1 0.7 ArC6" ; 1 1 l . 8 

ArC6 ' ;  1 26.5 ArCS ' ;  1 26.9 ArC4"; 1 29.8 ArC5" ;  1 30 . 1 ArC4' ; 148 .7 ArC I " ; 149.7 

ArC2 ' ;  1 53 .7  ArC l ' ;  1 54.8 ArC2" ; 1 90.7 CHO"; 1 90.9 CHO ' .  
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Electronic spectrum (MeCN) Amax n m/(log £)  204.0 (4.43), 229.S (4.5S) ,  274.0 (4.37), 

306.S (4.26). 

HRMS (FAB)  MH+ cale 37S . 1 444, found 37S . 1 438 .  

A nal .  Calculated for C1oH 2207: C,  64. 1 4: H.  S .92. Found: C, 64.44; H,  6.00. 

1 -(2' -Hydroxy -4' -formy Iphenoxy )-5-{2" -hydroxy-5" -formylphenoxY)-3-

oxapentane (l V) 

Sodium hydride i n  20% paraffin oi l  (0. 8086 g, 27.0 mmol ) was stirred under Ar i n  dry 

DMF ( I SO mL). Ethanethiol (2.0 mL, 27.0 mmol) was added and the mixture l eft to 

stir for 1 0  m inutes before 1 -( 2 ' -methoxy-4' -formylphenoxy)-S-(2"-methoxy-S" 

formylphenoxy)-3-oxapentane (4.0 1 47 g ,  1 0.7 mmol ) was added. The solution was 

heated to 1 60°C for 3 hours before the sol vent was removed under vacuum. 1 M HCI 

( 1 00 mL) was added, fol lowed by CH1Cl2 ( 1 00 mL) and the mixture l eft to sti r unti l i t  

had completely  dissolved. The organic l ayer was separated, and the aqueous layer 

extracted with CH2Cl2 (2 x 50  mL). The combined CH2Clz  layers were washed with 

H20 ( 1 00 mL) ,  dried with M gS04, fi l tered and the solvent removed under reduced 

pressure .  The res idue was purifi ed by flash column chromatography on s i l i ca. 

Gradient e lution from 0% to I .S% MeOH in CH2C12 y i elded 4-ethyl sulfanyl-3-

methoxy -benzal dehyde L V I I  ( 0.4698 g, 22%) ,  4-ethy l sul fany l - 3 -hydroxy

benzaldehyde LI (0.S736 g,  29% ,  melti ng  point = 72-73°C),  1 -( 2 '  -hydroxy-4' 

formyl phenoxy)-S-(2" -hydroxy-S" -formyl phenoxy) -3 -oxapentane L V  (0.9686 g, 
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26%,  melti ng  poi nt = S5-66QC) and 4-hydroxy-3- 12-(2-hydroxy-ethoxy)-ethoxY I

benzaldehyde LVIII (0.878 1 g ,  36%, melti ng poi nt = 79-8 1 0C). 

I H NMR (400. 1 MHz, CDCl,) D 3 .89-3 .94 (m, 4H, OCH22, 4) ; 4.24-4.29 (m,  4H, 

OCHz I ,  5 ) ;  7.00 (d, 1 H,  -'J = 8 .2 Hz, ArH6 ' ) ;  7.07 (d, 1 H, 3J = 8 .6 Hz, ArH3") ;  7.38 

(dd, I H, -'J = 8.2 Hz, 4J = 2.0 Hz, ArHS ' ) ;  7.47-7.S0 (m, 3H ,  ArH3 ' , 4", 6") ;  9.79 (s, 

I H,  CHO") ;  9.83 (s, 1 H,  CHO' ) .  

LlC NMR ( 1 00.6 MHz, CDCI}) D 69. 1 OCHz; 69 .2 OCHz; 69.3  OCHz;  69.6 OCHz; 

1 14.2 ArC6"; 1 1 4.3 ArC6 ' ;  I I S .8  ArC3" ; 1 1 6.0 ArC3 ' ;  1 23 .8  ArCS ' ;  1 28 .5  ArC4" ; 

1 29.7 ArCS";  1 3 1 .7 ArC4' ; 1 46.3 ArC I " ; 1 47.3 ArC2 ' ;  1 5 1 .0 ArC I ' ;  I S3 .3  ArC2" ; 

1 90.7 CHO" ; 1 9 1 . 1  CHO' .  

Electronic spectrum (MeCN) Amax nm/(log £)  203 .S (4.47), 227.5 (4.48) ,  272.0 (4.32) ,  

303 .5 (4. I S ) .  

HRMS (FAB)  M+ calc 347. 1 1 3 1 ,  found 347. 1 1 2 1 .  

4-[2' -(2" -Chloro-ethoxy)-ethoxy]-3-methoxy-benzaldehyde (LVI) 

�o -..::::: 0 ........ 
H I .0 0 Cl �o-J 

Van i l l i n  ( 1 9.476 g, 0. 1 28 mol ) and potass ium carbonate ( 1 7 .700 g ,  0. 1 28 mol) were 

dissolved i n  DMF ( 1 00 mL) with heating to 80°C for 60 minutes. 2-Chloroethyl ether 

( 1 5  mL, 0. 1 28 mol) w as added, and the solution heated for a further 1 1 9 hours at 

90°C. After cool ing ,  the sol ution was fi l tered usi n g  a buchner funnel , the sol ids  

washed with CHzClz, and the fi l trate evaporated under vacuum. The sol id  residue was 

dissolved in CHzClz (200 mL) and purified by flash column chromatography on si l i ca. 
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The title compound was eluted in CH2CI2, and dried to yield white needles, melti ng 

poi nt = 55-56°C ( l 0 .265 1 g ,  3 1  %) .  A second fracti on was e l  uted i n  98 :2  

CH2CI2:MeOH and was  i dentified as 1 , 5 -b i s (2 '  -methoxy-4 ' -formy lphenoxy)-3-

oxapentane XLIX ( 1 0.42 1 2  g ,  43%). 

l
H NMR (400. 1 MHz, CDCI3) () 3 .63-3 .66 (m, 2H,  OCH22") ;  3 . 82-3 .85 (m ,  2H, 

OCH2 1 " ) ;  3 .90 (s ,  3H, OCH3) ;  3 .93-3 .95 (m. 2H, OCH22 ' ) ;  4.25-4.28 (m, 2H, 

OCH2 1 ' ) ;  7.00 (d,  I H, 3J = 8 .2 Hz, ArH5); 7 .39 (d,  I H, 4J = 1 . 8 Hz, ArH2) ;  7.42 (dd, 

I H, 3J = 8.2 Hz, .jJ = 1 .9 Hz, ArH6) ; 9.84 (s, I H,  CHO). 

DC NMR ( 1 00.6 MHz, CDCI3) () 42.7 OCH22" ; 55 .9  OCH3 ; 68.4 OCH2 1 ' ;  69.3  

OCH22 ' ; 7 1 .5 OCH2 1 " ; 1 09.2 ArC2; 1 1 1 .8 ArCS ; 1 26.5 ArC6 6;  1 30 .3  ArC l ; 1 49.8 

ArC3;  1 53.6 ArC4; 1 90.9 CHO. 

Electronic  spectrum (MeCN) Amax nm/( log c) 202.5 (4. 1 7) , 229.0 (4.25) ,  274.0 (4. 1 0) ,  

307.0 (3 .99). 

HRMS (El)  M+ calc 258.0659, found 258.0655. 

Anal . Calculated for C1 2H 15C104: C, 55.7 1 ;  H, 5 .84. Found: C, 55 .62; H,  5 .79. 

4-Ethylsu lfanyl-3-methoxy-benzaldehyde (LVI I)  

lH NMR (400. 1 MHz, CDCI3) () 1 .40 (t, 3H,  3J = 7.4 Hz, CH3) ;  2.99 (q, 2H,  3J = 

7.4 Hz, CH2) ; 3 .95 (s ,  3H, OCH3) ;  7.25 (d,  I H, 3J = 7.9 Hz, ArH5) ;  7.30 (d, I H, 4J = 

1 .5 Hz, ArH2) ; 7.4 1 (dd, I H, 3J = 7.9 Hz, 4J = 1 .6 Hz, ArH6) ; 9.89 (s ,  I H, CHO). 
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I 3C NMR ( 1 00.6 MHz, CDCI3) 6 1 3 .4 CH3 ; 24.7 CHz; 55.9 OCH3; 1 07.4 ArC2; 1 24.7 

ArCS ; 1 25 .0 ArC6; 1 33 .9 ArC l ; 1 36. 1 ArC4; 1 55 . 1 ArC3 ; 1 9 1 .2 CHO. 

Electronic spectrum (MeCN) Amax nml(log £) 206.5 (4.23) ,  244.0 (3 .94) , 300.0 (3 .98) ,  

328.0 (4.20). 

HRMS (FAB) MH+ cale 1 96.0558, found 1 96.0554. 

4-Hydroxy-3-[2' -(2" -hydroxy-ethoxy)-ethoxy]-benzaldehyde (LVIII) 

o �O� �OH H I 0 

// OH 
I H NMR (400. 1 M Hz, CDCI3) 6 3 .69-3 .72 (m,  2H,  OCHz l " ) ;  3 . 82-3 .84 (m, 2H, 

OCHz2") ;  3 . 89-3 .9 1  (m, 2H, OCH22' ) ;  4. 1 9-4.2 1 (m,  2H, OCH2 1 ' ) ;  7.00 (d, I H, 3J = 

8. 1 Hz, ArH5) ;  7.37 (d, I H, �J = 1 .8 Hz, ArH2) ; 7.4 1 (dd, I H, 3J = 8 . 1 Hz, -+J = 

1 .8 Hz, ArH6) ; 9.78 (s ,  I H, CHO). 

I 3C NMR ( 1 00.6 MHz, CDCI3) 6 6 1 .4 OCH22"; 67.9 OCH2 1 ' ;  69.3  OCH22 ' ;  72.5 

OCHz I " ; 1 1 1 .2 ArC2; 1 1 5 .6 ArC5 ; 1 28 . 1 ArC6; 1 29.4 A rC I ;  1 46.5 ArC3 ; 1 53 .0  

ArC4; 1 90.8 CHO. 

Electronic spectrum (MeCN) Amax nm/(Iog £) 204.0 (4. 1 5) ,  228.0 (4.2 1 ) , 273.5 (4.05) ,  

30 1 .0 (3.89) .  

HRMS ( FAB) MW calc 227.09 1 9, found 227.0927. 

Anal . Calculated for CI IH I405: C, 58 .40; H ,  6.24. Found:  C, 58 .59; H, 6 . 1 4. 
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2, 1 4-Bis-(2' -thiophen-3" -yl-vinyl)-6 ,  7 ,9, 1 0,1 7,  1 8,20,21 -octahydro-

5,8 ,1 1 , 1 6, 1 9,22-hexaoxa-dibenzo[aJlcyclooctadecene (LlX) 

6,7,9, 1 0, 1 7, 1 8 ,20,2 1 -0ctahydro-5,8, 1 1 , 1 6, 1 9,22-

hexaoxadibenzolaJlcyclooctadecene-2 , 1 4-dicarbaldehyde ( 1 55 . 3  mg, 0.373 mmol)  

and thiophene phosphonate ( 1 9 1 .8 mg,  0 .8 1 9  mmol) were di ssolved i n  dry CHlCll 

(30  mL) and stirred under Nl. Potassi um tert-butoxide (0.9658 g, 8 .606 m mol) was 

added and the solution l eft to stir at room temperature for 30 minutes. The reaction 

m ixture was di l uted with CH2Ci2 ( 1 0  mL) and Hp (40 mL), then neutral i zed w ith 

aqueous HC! .  The organi c  layer was separated and the aqueous layer extracted w ith 

CH2C!2 (2  x 30 mL) before the combined organic  extracts were washed w ith H20 

( l OO mL), dried over acti vated neutral A1203, fi l tered, and dried under vacuum. The 

res idue was dissolved in CHzClz and purifi ed by flash col umn chromatography on 

s i l ica. After i nit ial ly e luti ng in CHzCiz, the product was removed as a pale yel low 

band in  2% MeOH. Removal of solvent under reduced pressure yie lded 2, 1 4-bis-(2-

thiophen-3-yl-vinyl)-6,7,9, I 0, 1 7, 1 8,20,2 1 -octahydro-5,8, 1 1 , 1 6, 1 9,22-hexaoxa

dibenzo laJ lcyclooctadecene as a cream powder, melting point = 24 1 -243°C (82.4 

mg, 38%).  

lH NMR (400. 1 M Hz, CDzClz) c 3 .94-3.99 (m, 8H,  OCHz) ;  4. 1 4-4. 1 6  (m, 4H, 

ArOCHl) ; 4. 1 8-4.2 1 (m, 4H, ArOCH2) ;  6 .83 (d,  2H, 3J = 8 . 1 Hz, ArH4, 1 2) ;  6 .90 (d, 

2H, 3J = 1 6. 3  Hz, HYinyl l ' ) ;  6.99-7 .04 (m,  4H, ArH I ,  3 , 1 3 , 1 5) ;  7.02 (d ,  2H,  3J = 

1 6.6 Hz, HYi nYI2 ' ) ;  7 .25 (dd, 2H, 3 J = 2.5 Hz, 4J = 1 .5 Hz, ThH4") ;  7. 32-7.36 (m,  4H, 

ThH2", 5") .  

Electronic spectrum (CHlCiz) Amax nm!( log £)  299.5 (4.55) ,  320.0 (4.57). 

HRMS (FAB)  M+ calc 576. 1 640, found 576. 1 655 .  
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2, 1 3-Bis-(2' -thiophen-3"-yl-vinyl)-6,7,9, 1 0 , 17 ,  1 8,20,21 -octahydro-

5,8,1 1 , 1 6, 1 9,22-hexaoxa-dibenzo[aJ1cyclooctadecene (LX) 

6,7,9, 1 0, 1 7, 1 8 ,20,2 1 -0ctahydro-5,8, 1 1 , 1 6, 1 9,22-

hexaoxadibenzolaJlcyclooctadecene-2, 1 3-dicarba1dehyde ( 1 53 .6 mg, 0.37 mmo1) and 

thiophene phosphonate ( 1 86.5 mg, 0.80 mmo1) were d isso lved i n  dry CH2Cl2 (50 mL) 

and sti rred under N2• Potass ium tert-butoxide (0.9888 g, 8 .8 1 mmol) was added and 

the solution l eft to stir at room temperature for 30 minutes. H20 (50 mL) was added, 

then acidifi ed with aqueous HCI. The organic l ayer was separated and the aqueous 

layer extracted with CH2Cl2  ( 50 mL) before the combined organic extracts were 

washed w ith H20 ( l OO mL) and dried under vacuum. The residue was dissolved i n  

CH2Cl2 w i th sonicat ion, and fi ltered on  a buchner funne l to remove insoluble 

material . The fi ltrate was then purified by flash column chromatography on s i l ica. 

After i nit ial ly e luting in CH2CI2, the product was removed as a pale  yel low band i n  

2% MeOH. The sol ution was concentrated and the product precipi tated with hexane. 

After col lection on a 0.5 !-lm FH membrane ( Mi l l i pore) and removal of solvent under 

reduced pressure ,  2, 1 3-bis-(2-thiophen-3-yl -vinyl )-6,7,9, 1 0, 1 7, 1 8 ,20,2 1 -octahydro-

5,8 , 1 I ,  1 6, 1 9,22-hexaoxa-dibenzolaJlcycIooctadecene was obtai ned as a as a cream 

pOWder, melting point = 220-222DC (83.6 mg, 39%) .  

lH NMR (400. 1 M Hz, CD2CI2) 6 3 .95-3.98 (m, 8H ,  OCH2 ) ;  4. 1 4-4. 1 7  ( m, 4H, 

ArOCH2) ;  4. 1 8-4.20 (m, 4H, ArOCH2); 6. 82 (d, I H, 3J = 8 .0 Hz, ArH); 6.83 (d, I H, 3J 

= 8 .0 Hz, ArH); 6.90 (d, 2H, 3J = 1 6.4 Hz, Hvinyl l ' ) ;  7 .00-7.04 (m,  4H, ArH I ,  3 , 1 2 , 

1 4) ;  7.02 (d, 2H, J = 1 6.2 Hz, HvinyI2 ' ) ;  7.24-7.25 (m,  2H, ThH4") ;  7.32-7.37 (m,  4H, 

ThH2", 5") .  

Electronic spectrum (CH2CI2) "-max nm/(log £)  300.0 (4.49), 320.0 (4.5 1 ) . 

3 1 5  



HRMS (FAB)  M+ cale 576. 1 674, found 576. 1 66 1 .  

1 ,5-bis-(2' -Methoxyphenyl-5' -{2" - [2" ',2" " ; 5""  ,2"" ']terthiophen-3' ' '' -yl

vinyJ})-3-oxapentane (LXI) 

1 ,5-bi s-(2' -Methoxy-5 ' -formylphenoxy)-3-oxapentane (0.0523 g ,  0. 1 4  mmol) and 

terthiophene phosphonate (2  mL x 0. 1 4  mmollmL sol ution in THF, 0.28 mmol) were 

st i rred i n  dry CHzClz (4 mL) under N2 • Potassi um tert-butox ide (0 . 1 460 g ,  

1 . 3 0  mmol )  was added, and the sol ution l eft to  st i r at  room temperature for 

30 m inutes. H20 (20 mL) was added, and the sol ution acid ified wi th aq. HC! .  The 

organi c  layer was separated and the aqueous extracted w ith CH2Clz (2 x 1 5  mL),  

before the combined organic  l ayers were washed w ith H20 ( 1 5 mL) and evaporated. 

The crude yel low res idue was d issolved i n  CH2CI2 and subjected to flash col umn 

chromatography on s i l ica. After the removal of 1 ,2-bis ( !2 '  ,2" ;5" ,2'" Iterthiophen-3"

yl )ethene  (3 .4 mg ,  2%) in CH2CI2 ,  the desi red product was e luted in 2% MeOH, 

melting point = 55-58°C (0. 1 1 80 g, 98%).  

lH NMR (400. 1 MHz, CD2Cl2) 6 3 .83 ( s, 6H, OCH3) ;  3 .9 1 -3 .94 (m, 4H, OCH22, 4) ; 

4. 1 7-4.20 (m, 4H, OCH2 1 ,  5 ) ;  6 .85 (d, 2H, 3J = 8.5 Hz, ArH3 ' ) ;  6.96 (d ,  2H,  3J = 

1 6. 1  Hz, HViny, l ") ;  7.03-7.06 ( m, 4H, ArH4' , 6 ' ) ; 7.04 (dd, 2H, 3J = 5 . 1 Hz,  4J = 

3 .6  Hz, ThH4'''' ' ) ;  7 . 1 0  (dd, 2H, 3 J = 5.2 Hz, 4J = 3 .6  Hz, ThH4'' ' ) ;  7. 1 9  (dd, 2H, 3J = 

3 .6 Hz, 4J = 1 .2 Hz, ThH3" ' ) ;  7.20 (d, 2H, 3J = 1 6.2 Hz, ThH2" ) ;  7.2 1 (dd, 2H,  3J = 
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3 .6 Hz, 4J = 1 .2 Hz, ThH3"" ' ) ;  7.26 (dd, 2H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5"" ' ) ;  7.3 8  

(dd, 2H, Jj = 5 . 1  Hz, 4J = 1 .2 Hz, ThH5'' ' ) ;  7.40 (s,  2H, ThH4""). 

DC NMR ( 1 00.6 MHz, CD2CI2) 0 55 .5  OCH, ;  68 .2 OCH2 1 ,  5; 69.6 OCH22, 4; 1 1 1 . 1  

ArC6 ' ; 1 1 1 .4 Ar3 ' ;  1 1 9.2 Cviny I2"; I 1 9.9  ArC4' ; 1 2 1 .9 ThC4"" ; 1 23 . 8  ThC3"' ' ' ; 1 24.5 

ThC5"" ' ; 1 26.0 ThC5" ' ;  1 26.5 ThC3" ' ;  1 27.5 ThC4'' ' ;  1 27.6 ThC4"" ' ;  1 29.9 ArC5 ' ;  

1 30.0 CVinyl 1 " ;  1 30.2 ThC2""; 1 34.9 ThC2" ' ;  1 35 .4 ThC5"";  1 36 .2 ThC3""; 1 36.4 

ThC2"'' ' ;  1 48 . 1 ArC I ' ; 1 49.4 ArC2 ' .  

Electronic spectrum (CH2CI2) Amax nm/(log £ )  330 (4.88) .  

HRMS (FAB) M+ eale 862. 1 044, found 862. 1 02 1 .  

1 ,5-bis-(2' -Methoxyphenyl-4' -{2" - [2'" ,2""  ;5""  ,2'' ' ' ']terthiophen-3''' ' -yl 

vinyl})-3-oxapentane (LXII)  

I ,5-bis-(2'  -MethoxyA' -formylphenoxy)-3-oxapentane (0.5230 g,  1 .40 mmol ) and 

terthiophene phosphonate (20 mL x 0. 1 40 mmollmL sol ution i n  THF, 2.80 mmol)  

were sti rred in  dry CH2CI2 (40 mL) under N2 •  Potass i um tert-butoxide ( 1 .4538  g,  

1 3 .0  mmol ) was added, and the sol ution l eft to stir at  room temperature for 1 hour. 

H20 (50 mL) was added, and the solution acidified with aq. HC\ . The organic l ayer 

was separated and the aqueous extracted with CH2CI2 (2 x 50 mL), before the 

combined organic layers were washed with HP ( 1 00 mL) and evaporated. The crude 
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ye l low res idue  was d i ssol ved i n  CH2Cl2 and subj ected to fla sh  co lumn 

chromatography on s i l ica. After the removal of  1 ,2-bi s( / 2 ' ,2" ;5",2"' lterthiophen-3"

y l )ethene ( 1 8.0  mg, 2%) in CH2Cl2, the desi red product was eluted in 2% MeOH and 

dried under vacuum to yield a yel low sol id ,  melting  poi nt = 68-70°C ( 1 .06 1 7  g ,  88%) .  

'H NMR (400. 1 MHz,  CD2Cl2) 0 3 .87 (s ,  6H,  OCH3) ;  3 .90-3 .92 (m,  4H, OCH22,  4); 

4. 1 5-4. 1 8  (m, 4H, OCH2 1 ,  5 ) ;  6.88 (d,  2H, 3J = 8.8 Hz, ArH6 ' ) ;  7.00 (d, 2H, 3J = 

1 6. 1  Hz, Hviny, I ") ;  7.0 1 -7.03 (m, 2H, ArH5 ' ) ;  7.03 ( s , 2H, ArH3 ' ) ;  7.05 (dd, 2H, 3J = 

5. 1 Hz, 4J = 3 .6 Hz, ThH4"'' ' ) ;  7. 1 2  (dd, 2H, 3 J = 5 .2  Hz, 4J = 3 .6 Hz, ThH4" ' ) ;  7.2 1 

(dd, 2H, 3J = 3.6 Hz, 4J = 1 .2 Hz, ThH3'' ' ) ;  7.22 (dd, 2H, 3J = 3 .6 Hz, 4J = 1 . 1  Hz, 

ThH3"'' ' ) ;  7.24 (d, 2H, 3J = 1 6. 1  Hz, Hviny,2") ;  7.27 (dd, 2H, 3J = 5 . 1  Hz, 4J = 1 .2 Hz, 

ThH5"'' ' ) ;  7.40 (dd, 2H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH5" ' ) ;  7.43 (s ,  2H, ThH4""). 

' 3C NMR ( 1 00.6 MHz, CD2CI2 )  0 S5.4 OCH3 ; 68. 1 OCH2 1 ,  5; 69.5 OCH22, 4; 1 09.3 

ArC3 ' ;  1 1 3 .0 ArC6' ; 1 1 9 .2 ArCS ' ;  1 1 9.4 Cviny,2" ; 1 2 1 .9 ThC4'''' ; 1 23 . 8  ThC3''' ' ' ;  

1 24.6 ThC5""' ; 1 26.0 ThC5'' ' ;  1 26.5 ThC3" ' ;  1 27.5 ThC4" ' ;  1 27.6 ThC4"'' ' ;  1 30. 1 

Cviny, I " ;  1 30.4 ArC4' ; 1 30.4 ThC2'''' ;  1 34.9 ThC2"' ; 1 35 .5  ThC5"";  1 36.2 ThC3"";  

1 36.3 ThC2"'' ' ;  1 48 .0 ArC 1 ' ;  1 49.3 ArC2 ' .  

Electronic spectrum (CH2Cl2) Amax nm/( log £)  330  (4.86). 

HRMS (FAB)  M+ calc 862. 1 044, found 862. 1 027. 
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1 -(2' -Methoxyphenyl-4' -{2" - [2'" ,2'' ' ' ; 5'' ' '  ,2"' ' ']terth iophen-3' ' ' '  -y l-vinyl } )-5-

(2"""  -methoxyphenyl-5"""  -{2' ' ' ' ' ' '-

[2""  ""  ,2"""" ' ; 5"""'" ,2"""""]terthiophen-3 """" , -yl-vinyl } )-3-oxapentane 

(LXI I I )  

1 -(2 '  -Hydrox y-4' -formyl phenoxy )-5-(2" -hydroxy-5" -formylphenoxy )-3-oxapentane 

(0.5628 g, 1 .503 mmol) and terth iophene phosphonate (7 mL x 0. 1 40 mmollmL + 

1 5  mL x 0. 1 35 mmol/mL sol ution in THF, 3 .005 mmol) were sti rred in dry CH2C1z 

(40 mL) under N2• Potass ium tert-butoxide ( 1 .4838 g, 1 3 .2 mmol) was added, and the 

sol ution l eft to sti r at room temperature for 1 .5 hours. H20 (50 mL) was added, and 

the solution acidified wi th aq. HC! .  The organic  layer was separated and the aqueous 

extracted with CH2CI2 (50 mL), before the combined organic layers were washed with 

H20 (50 mL) and evaporated. The crude yel low residue was di ssolved in CH2Cl2 and 

subjected to flash col umn chromatography on si l i ca. After the removal of 1 ,2-

bis( 1 2 ' ,2";5",2"' l terth iophen-3 " -yl )ethene ( 1 4.2 mg, 2%) in CH2CI1, the desi red 

product was eluted in 2% MeOH,  melt ing point = 59-6 1 °C 0 .2035 g, 93%) .  

I H NMR (400. 1 MHz,  CD1Cl z) & 3 .83 (s, 3H,  OCH3) ;  3 .83  ( s ,  3H, OCH3) ;  3 . 89-3.92 

(m,  4H, OCH22, 4); 4. 1 3 -4. 1 9  (m,  4H, OCH2 1 ,  5 ) ;  6.85 (d,  2H, 3] = 8.6 Hz,  ArH6 ' ,  

3""") ;  6.96 (d, 2H, 3] = 1 6.0 Hz, Hvinyj l ' ' ' , 1 ""'' ' ) ;  6.98-7.00 (m, I H, ArH) ; 6.99 (d, 

2H,  3] = 6.9 Hz, ArH ) ;  7.00 (s ,  I H, ArH3 ' ) ;  7.02 (dd, I H, 3] = 5.2 Hz, 4] = 3.6 Hz,  

ThH ) ;  7.03 (dd, I H ,  3] = 5 . 1 Hz, 4] = 3.6 Hz, ThH) ; 7.04-7.06 (m,  1 H, ArH) ; 7.06 (s ,  

I H, ArH6""") ; 7. 1 0  (dd, I H, 3] = 5 .2 Hz,  4] = 3 .6 Hz,  ThH) ;  7. 1 0  (dd, I H, 3] = 

5 .2  Hz, 4] = 3 .6 Hz, ThH); 7. 1 8  (dd, I H, 3] = 3 .7 Hz, 4] = 1 .2 Hz, ThH) ;  7. 1 9  (dd, I H, 
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3J = 3 .7 Hz, 4J = 1 .3 Hz, ThH); 7. 1 9  (dd, I H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH) ; 7.20 (d, 

2H, 3J = 1 6. 1  Hz, Hviny') ;  7.2 1 (dd, I H, 3J = 3 .6 Hz, 4J = 1 .2 Hz, ThH) ; 7.24 (dd, I H, 3J 

= 5 . 1 Hz, 4J = 1 . 1  Hz, ThH) ;  7.26 (dd, I H, JJ = 5.2 Hz, 4J = 1 . 1  Hz, ThH); 7.37 (dd, 

I H, 3J = 5. 1 Hz, 4J = 1 .2 Hz, ThH) ; 7.38 (dd, I H, 3J = 5 . 1 Hz, 4J = 1 .2 Hz, ThH); 7AO 

(s, I H, ThH) ;  7Al (s, 1 H,  ThH). 

1 3C NMR ( 1 00.6 MHz, CD2CI2) b 55A OC�; 55A OCH3 ; 68. 1 OCHz; 68. 1 OCHz; 

69A OCH2; 69.5 OCHz; 1 09.2 ArC3 ' ;  1 1 1 . 1  A rC6'''''' ; I l I A ArC3"'' ' ' ;  1 1 3 .0 Ar6 ' ;  

1 1 9.2 Cviny, ;  1 1 9.2 ArCS ' ; 1 1 9.3 Cvinyl ;  1 1 9.9 ArC4"""; 1 2 1 .9 ThC4"",  4"""" ' ;  1 23 .7 

ThC3 ''' ' ' ,  3""""" ; 1 24.5 ThC5"'' ' ;  1 24.5 ThC5""""" ; 1 26.0 ThC5 " ' ,  5"""" ; 1 26.5 

ThC3" ' ,  3""""; 1 27.5 ThC4'' ' ,  4""'''' ; 1 27.6 ThC4"" ' ,  4""" ""; 1 29.9 ArC5""" ; 1 30.0 

Cviny, ;  1 30.0 CVinyl ; 1 30 .3  ThC2"""'' ' ;  1 30A ArC4' ; 1 30A ThC2'''' ; 1 34.9 ThC2" ' ,  

2"""";  1 35 A ThC5"" ,  5""'''' ' ; 1 36.2 ThC3"", 3 """'' ' ;  1 36.3 ThC2"'' ' ,  2"''''''' ' ;  1 48 .0 

ArC l ' ;  1 48. 1 ArC l """; 1 49.3 ArC2' ; 1 49.3 ArC2'''''' . 

Electronic spectrum (CH2Clz) Amax nm/( log £)  3 3 1  (4.9 1 ). 

HRMS (FAB) M+ calc 862. 1 044, found 862. 1 0 1 7. 

1 ,5-bis(2' -Methoxy -5' -{2" -thiophen-3'" -yl-vinyl}-phenoxy)-3-oxapentane 

(LXIV) 

s 

o 0 �o� 
s 

Thiophen-3-ylmethyl-phosphonic  acid diethyl ester (0.5 1 57 g ,  2.20 1 mmol)  and 1 ,5 -

bi s (2 '  -methoxy-5 ' -formyl phenoxy)-3-oxapentane (OA I 08 g ,  1 .097 mmol)  were 

sti rred i n  dry CHzCI2 ( l 0  mL) and THF (5  mL) under N2 • Potassium tert-butoxide 

( 1 .2227 g, 1 0.90 mmol) was added and the sol ution left to stir at room temperature for 
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1 .5 hours. H20 (20 mL) was added and acidified w ith HCI before the crude product 

was extracted with CH2C1z (3 x 30 mL). After evaporation, the residue was dissolved 

i n  CHzClz and purified by flash column chromatography on s i l i ca wi th CH2C1z as 

eluent. Removal of the solvent under reduced pressure y ielded the title compound as 

a white powder, melting point = 1 53- 1 55 °C (0. 1 623 g, 28%).  

I H NMR (400. 1 M Hz, CDCI3) 0 3 .86 ( s, 6H, OCH3) ; 4.0 1 -4.03 (m, 4H, OCHz2, 4) ; 

4.28-4.30 (m,  4H, OCH, I ,  5 ) ;  6 .85 (d, 2H, 3] = 8 .3  Hz, ArH3 ' ) ;  6.86 (d,  2H, 3] = 

1 6.3 Hz, HYinyl l " ) ;  6.98 (d, 2H, 3] = 1 6. 2  Hz, HYinyI2") ;  7.03 (dd, 2H, 3] = 8.6 Hz, 4] = 

2.0 Hz, ArH4' ) ;  7. 1 2  (d, 2H, 4] = 2.0 Hz, ArH6 ' ) ;  7. 1 9-7.20 (m,  2H, ThH4'' ' ) ;  7.29-

7.32 (m, 4H, ThH2" ' ,  5" ' ) .  

DC N MR ( 1 00.6 MHz, CDCl3) 0 56.0 OCH3 ; 68.7 OCHz l ,  5 ;  70.0 OCH22, 4 ;  1 1 l .3 

ArC6' ; 1 1 l . 8 Ar3 ' ;  1 20.2 ArC4' ; 1 2 1 . 1  CvinYI2" ; 1 2 1 .6 ThC4"' ; 1 24.8 ThC5'' ' ;  1 26.0 

ThC2'' ' ;  1 28 .3 CYilly l l "; 1 30.5 ArC5 ' ;  1 40.2 ThC3' ' ' ; 1 4804 ArC J ' ;  149.4 ArC2' .  

Electronic spectrum (CH2Clz)  Amax nm/(log £ )  300.5 (4.63) ,  3 1 9.0 (4.67). 

HRMS (FAB) M+ cale 534. 1 535, found 534. 1 563. 

1 ,5-bis(2'-Methoxy-4'-{2" -thiophen-3" '-yl-v inyl}-phenoxy)-3-oxapentane 

(LXV) 

Thiophen-3-ylmethyl-phosphonic acid d iethyl ester (0.5 J 46 g, 2 . 1 97 mmol) and 1 ,5-

b is (2 '  -methoxy-4' -formyl phenoxy )-3 -oxapentane (004 1 06 g, 1 .097 mmol ) were 

stirred in dry CH2Clz ( l 0  mL) and THF (5 mL) under Nz. Potassium tert-butoxide 
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( 1 . 1 975 g, 1 0.67 mmol ) was added and the solution l eft to stir at room temperature for 

2 hours. H20 ( 1 5  mL) was added and acid ified with HCl before the crude product 

was extracted with CH1Cl1 (3 x 30 mL). After evaporation , the residue was di ssol ved 

in CH2Clz and purified by flash column chromatography (e luent = CH1Cl1) .  Removal 

of the sol vent under reduced pressure y ielded the tit le compound as a white powder, 

melting point ::: 1 43- 1 45°C (0.2998 g, 5 1  %).  

'H NMR (400. 1 MHz, CD1Clz)  D 3.89 (s ,  6H, OCH3) ;  3 .9 1 -3 .93 (m,  4H, OCH22, 4) ; 

4. 1 6-4. 1 9  (m,  4H, OCH2 1 ,  5 ) ;  6.88 (d, 2H, 3J = 8 .3  Hz,  ArH6' ) ;  6.9 1 (d ,  2H, 3J = 

1 6.5  Hz, Hyiny, I " ) ;  6 .99 (dd, 2H, 3J ::: 8 .3  Hz, 4J ::: 2.0 Hz, ArH5 ' ) ;  7.03 (d, 2H, 3J = 

1 5 .9 Hz, HvinYI2") ;  7.05 (d, 2H, 4J = 1 .8 Hz, ArH3 ' ) ;  7.25-7.26 (m,  2H, ThH4" ' ) ;  7.32-

7.36 (m,  4H, ThH2'' ' ,  5 '' ' ) . 

13C NMR ( 1 00.6 MHz, CDCI3) D 55.4 OCH3 ;  68. 1 OCH1 l ,  5 ;  69.5 OCH12, 4; 1 08 .7 

ArC3 ' ;  1 1 3 . 1 A r6' ; 1 1 9 . 1 ArC5 ' ;  1 20.7 CvinyI2"; 1 2 1 .4 ThC4' ' ' ;  1 24.4 ThC5 '' ' ;  1 25 .8  

ThC2'' ' ;  1 28 .0 CYinyl l " ;  1 30.5 ArC4' ; 1 40.0 ThC)" ' ;  1 47.8 ArC l ' ;  1 49.4 ArC2' .  

Electronic spectrum (CH2CI1) Ama, nm/(log £ )  300.5 (4.70), 320.0 (4.75) .  

HRMS (FAB)  M+  cal c  534. 1 535,  found 5 34. ] 522. 

Anal . Calculated for C30H3005S2 ; C,  67.39; H,  5 .66; S,  1 1 .99. Found: C, 66.6 1 ;  H,  

5.36; S, 1 ]  .69. 
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1 -(2' -Methoxyphenyl-4' -{2" -th iophen-3'" -yl-vinyl })-5-(2""

methoxyphenyl-5" "  -{2" '" - thiophen-3""" -yl-vinyl } )-3-oxapentane (LXVI) 

Thiophen-3-ylmethyl -phosphonic acid diethyl ester (0.5 1 1 3 g, 2 . 1 8 1  mmol) and 1 -

(2'  -methoxy-4' -formyl phenoxy )-5-(2" -methoxy-5" -formylphenoxy)-3-oxapentane 

(0.4 1 1 6  g, 1 .099 mmol ) were stirred i n  dry CH2Ci2 ( 1 0 mL) and THF (5 mL) under 

N2• Potassium tert-butoxide ( 1 .2595 g,  1 1 .22 mmol) was added and the solution left 

to sti r at room temperature for 3 hours. HP ( 1 5  mL) was added and acidified with 

HCI before the layers were separated and the aqueous layer was extracted with 

CH2Ci2 (2 x 1 5  mL) . After evaporation, the residue was dissol ved i n  CH2CI2 and 

purified by flash column chromatography (eluent = CH2CI2 ) .  Removal of the sol vent 

under reduced pressure yielded the title compound as a white powder, melting  point = 

1 62- 1 65°C (0. 3 1 29 g, 53%) .  

I H NMR (400. 1 MHz,  CD2Ci2) 0 3.85 ( s ,  3H,  OCHJ"") ;  3 . 88 (s ,  3H ,  OCH3) ;  3 .92-

3 .95 (m, 4H, OCH22, 4) ; 4. 1 7-4.20 (m, 2H, OCH2 1 ) ; 4.2 1 -4.23 (m, 2H, OCH25) ;  6 .87 

(d, I H ,  3J = 8 .3  Hz, A rH3" " ) ;  6.88 (d, I H, 3J = 8.4 Hz,  ArH6 ' ) ;  6.89 (d, I H,  Jj = 

1 5 .8 Hz, Hvinyl l "" ' ) ;  6.9 1 (d ,  I H, Jj = 1 6.2 Hz, Hviny l l ") ;  6.99 (dd, I H, 3j = 8.3 Hz, 4j = 

2.0 Hz, ArH5 ' ) ;  7.0 1 (d, I H, Jj = 1 6.3 Hz, HvinyI2"'' ' ) ;  7.04 (dd, I H, 3j = 8 .3  Hz, 4j = 

2 .0 Hz, A rH4"");  7.03 (d , I H, 3j = 1 6. 1 Hz, HvinyI2" ) ;  7.05 (d, I H, 4j = 2.0 Hz,  

ArH3 ' ) ;  7.09 (d ,  I H, 4J = 1 .8 Hz,  ArH6"") ;  7.22-7.23 (m,  I H , ThH4''''' ' ) ;  7.25-7.26 

(m, I H, ThH4'' ' ) ;  7 .32-7.36 (m, 4H, ThH2" ' ,  2""", 5" ' ,  5"""). 

1 3C NMR ( 1 00.6 MHz, CDCi3 ) 0 55 .4 OCij;  55 .5  OCH;''' ; 68 . 1 OCH2 1 ;  68 . 1 

OCH25 ; 69.5 OCH22; 69.5 OCH24; 1 08 .7 ArC3 ' ;  1 1 0 .5 ArC6"" ;  1 1 1 .4 Ar3"" ;  1 1 3 . 1 

A r6' ; 1 1 9. 1 ArC5 ' ;  1 1 9.7 ArC4"" ;  1 20.6 Cviny I2"" ' ;  1 20.7 CVi nyI2";  1 2 1 .3 ThC4""" ;  

1 2 1 .4 ThC4" ' ; 1 24.4 ThC5" ' ; 1 24.4 ThC5"""; 1 25 . 8  ThC2"' ;  1 25 .8  ThC2"'''' ; 1 27.9 
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Cvinyl l " ; 1 28 .0 Cvinyl l "" ' ;  1 30.0 A rCS""; 1 30.5 ArC4' ; 1 40.0 ThC3" ' ;  1 40.0 ThC3"""; 

1 47.8 ArC l ' ;  1 48. 1 ArC l "" ;  1 49. 1 ArC2""; 1 49.4 ArC2' .  

Electronic spectrum (CH2CI2 )  Amax nm/( log £ )  300.5 (4.68 ) ,  3 1 9.5 (4.72) .  

HRMS (FAB)  M+ calc 534. 1 535,  found 534. 1 555.  

5" -Bis-{2-(2' -[2" ,2"' ;5' " ,2""]terth iophen-3" '-yl-vinyl)-6, 7,9, 1 0, 1 2, 1 3, 1 5, 1 6-

octahydro-5,8, 1 1 , 1 4, 1 7  -pentaoxa-benzocyclopentadecene} (LXVII)  

2-(2'  - 12",2 ' ' ' ;5 ' '' ,2'''' JTerthiophen-3''-yl-v inyl)-6,7,9, 1 0, 1 2, 1 3 , 1 5 ,  1 6-octahydro-

5,8 , 1 1 , 1 4, 1 7-pentaoxa-benzocyclopentadecene (0. 1 638 g, 0.303 mmol) was d issolved 

i n  dry CH2CI2 (5 mL) under N2 before anhydrous FeCI3 (0.2603 g, 1 .605 mmol) i n  dry 

CH1CI1 ( l 0  mL) was added s lowly .  The reaction m ixture was stirred for 50 hours 

before bei ng poured into MeOH ( l OO mL), causing  a red prec ip i tate to form. The 

precipitate was collected on a 0.45 f-lm HVLP membrane fi l ter (M i l l i pore) and dried 

under vacuum, then extracted w ith CH2Ci2 for 22 hours i n  a soxhlet apparatus. The 

CH1Cl z was then concentrated and the product prec ipi tated with MeOH, col lected on 
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a membrane fi l ter as previously and dried under vacuum. This y ie lded the tit le 

compound as a red sol id,  melting  point = 2 1 3-2 1 5°C, (0. 1 1 88 g, 73%) 

IH NMR (400 MHz, CD1Cl1) b 3 .66-3 .72 (m, 1 6H, OCH19, 1 0, 1 2, 1 3 ) ;  3 .85-3.87 (m, 

8H, OCH17, 1 5) ;  4. 1 0-4. 1 6  (m, 8H, OCH16. 1 6) ;  6 .87 (d, 2H, IJ = 8 .2  Hz, ArH4) ; 

7.04 (d, 2H, 3J = 1 6.3  Hz, Hvinyl l ' ) ;  7.06-7. 1 0  (m, 4H, ArH 1 , 3 ) ;  7.08 (dd, 2H, 3J = 5 . 1 ,  

4J = 3 .6 Hz, ThH4"") ;  7. 1 7  (d, 2H, 3J = 3 .8  Hz, ThH3" ) ;  7.26 (d, 2H,  3J = 3 .8  Hz, 

ThH4") ;  7.27 (dd, 2H, 3J = 3 .6, 1 .2 Hz, ThH3''' ' ) ;  7.28 (d, 2H, 3J = 1 6. 3  Hz, HvinyI2 ' ) ; 

7 .3 1 (dd, 2H, 3J = 5. 1 ,  4J = 1 .2 Hz, ThH5"" ) ;  7.46 (s ,  2H,  ThH4") .  

1 3C NMR ( 1 00.6 MHz, CD1CI1 )  b 68 . 3  OC�; 68 .5  OCH1; 68 .9 OCH2;  69.0 OCHz; 

69.8 OCH1; 69.8 OCH2; 70.4 OCHz; 70.4 OCH2; 1 1 1 . 3 ArC I ;  1 1 3 .2 ArC4; 1 1 9.2  

CVin) 12 ' ; 1 1 9 .8 ArC3 ; 1 22. 1 ThC4" ; 1 23.9 ThC3"" ;  1 24.2 ThC4" ; 1 24.7 ThC5"" ; 

1 27.2 ThC3" ; 1 27.7 ThC4""; 1 30.0 ArC2 ; 1 30.2ThC2" ' ;  1 30.5 CVin) 1 1 ' ;  1 34.2 ThC2"; 

1 35 .7 ThC5 ' ' ' ;  I 36.3ThC2"" ; 1 36.6 ThC3" ; 1 37. 1 ThC5";  148 .9 ArC4; 149.0 ArC I 8 . 

Electronic spectrum (CH2Cl1) Ama, nm/(log £) 336.0 (4.82), 450.0 (4.59). 

Electronic spectrum (th i n  fi lm)  Amax nm 357.0, 499.0. 

HRMS (FAB) M+ calc 1 078 .204 1 , found 1 078. 1 985. 

Anal . Calculated for C56H540 10S6; C, 62.3 1 ;  H, 5 .04; S ,  1 7.82. Found: C, 6 1 .78; H, 

5 .29; S, 1 7.35 ;  Cl, 0 .70. 
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5" -Bis-{2-(2' -[2" ,2"' ;5' "  ,2""]terth iophen-3'" -yl-vinyl)-

6 ,7,9, 10 , 1 2,1 3 , 1 5,1 6 , 1 8 ,  1 9-decahydro-5,8, 1 1 ,  1 4, 1 7 ,20-hexaoxa

benzocyclooctadecene} (LXVII I )  

2-(2' - [ 2" ,2' ";5 
, , , 

,2"" ITerthiophen-3'" -yl-vinyl )-6,7 ,9, 1 0, 1 2, 1 3 , 1 5 , 1 6, 1 8 , 1 9-

decahydro-5 ,8,  1 1 , 1 4, 1 7,20-hexaoxa-benzocyclooctadecene (0. 1 445 g, 0.247 mmol ) 

was d is solved i n  dry CHzCiz ( l 0 mL) under Nz before anhydrous FeCI3 (0.2340 g, 

1 .443 mmol ) in dry CHzClz ( 1 0  mL) was added slowly. The reaction mixture was 

sti rred for 50 hours then poured i nto MeOH ( 1 00 mL), caus ing a red precipitate to 

form. The precip itate was col l ected on a 0.45 !Am HVLP membrane fi l ter (Mi l l ipore) 

and dried under vacuum, then extracted w ith  CHzCiz for 1 8  hours i n  a soxh let 

apparatus. The CHzClz was then concentrated and the product precip i tated w ith 

MeOH, col l ected on a membrane fi l ter as previously and dried under vacuum. Thi s 

y ie lded the tit le compound as a red sol id ,  melt ing point  = 208-2 1 0°C, (0.0796 g ,  

55%) .  

I H NMR (400 MHz, CDzClz) b 3 .6 1 -3 .70 (m, 24H, OCH29, 1 0, 1 2, 1 3 , 1 5 , 1 6) ;  3 .85-

3 . 87 (m ,  8H,  OCHz7, 1 8) ;  4. 1 4-4. 1 6  ( m, 4H, OCHz I 9) ;  4. 1 8-4.20 (m,  4H, OCH26);  

6 .87 (d,  2H, 3 J = 8 .3  Hz, ArH4) ; 7 .04 (d, 2H, 3 J = 1 6.2 Hz, Hv inyl l ' ) ;  7 .08 (dd, 2H, 3 J = 

5 . 1 ,  4J = 3.5 Hz, ThH4""); 7.08-7. 1 0  (m, 4H, ArH I ,  3 ) ;  7. 1 7  (d, 2H, 3J = 3 .7, ThH3") ; 
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7.26 (d, 2H, 3J = 3 .6, ThH4") ;  7.27 (dd, 2H, 3J = 3 .4, 1 . 1  Hz, ThH3"") ; 7.28 (d, 2H, 'J 

= 1 6 .2  Hz, HvinyI2 ' ) ;  7 .3 1 (dd, 2H, 3J = 5 . 1 ,  4J = 1 . 1  Hz,  ThH5"" ) ;  7.46 (s ,  2H, 

ThH4'' ' ) . 

iJC NMR ( 1 00.6 MHz, CD2Cl2) (') 68.0 OC�; 68. 1 OCH2; 68.9 OCH2; 68.9 OCH2; 

69.9 OCH2 ; 70.0 OCH2; 70.0 OCH2; 70. 1 OCH2; 70. 1 OCH2 ; 70. 1 OCH2; 1 1 1 . 2 

ArC I ;  1 1 3 .2  ArC4; 1 1 9.2 CvinYI2 ' ;  1 1 9.8 ArC3 ; 1 22. 1 ThC4"; 1 23 .9 ThC3"" ; 1 24.2 

ThC4" ; 1 24.7 ThC5''' ' ;  1 27 .2  ThC3" ;  1 27 .7 ThC4"" ;  1 29.9 ArC2; 1 30.2ThC2" ' ;  

1 30.5 Cvinyl ) ' ; 1 34.2 ThC2";  1 35 .7  ThC5 "' ; 1 36 .2ThC2"" ;  1 36.6 ThC3" ;  1 37 . 1 

ThC5" ; 1 48 .9 ArC4; 1 49.0 ArC I 8 . 

Electronic spectrum (CH2Cl z) Amax nm/(Iog £)  274.5 (4.50) , 335.5 (4.83) , 445 .5 (4.56). 

Electronic spectrum (thin fi lm)  Ama, nm 346.0, 480.0. 

HRMS (FAB) M+ calc 1 1 66.2566, found 1 1 66.2626. 

Anal . Calculated for C60H6Z01 2S6 ; C, 6 1 .72 ;  H, 5 .35 ;  S, 1 6.48. Found: C, 60.70; H ,  

5 .27;  S ,  1 6. 1 0. 
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4' ,3"" -Bis-(2""" -{4"" '" -methoxy-3"" '" -[2"""" -(2"" " '" -methoxy-ethoxy)-

ethoxy]-phenyl}-v iny l)-[2,2' ; 5' ,2" ; 5" ,2"' ; 5'" ,2· ... ; 5"" ,2 .....  ]sexith iophene 

(LXIX) 

3 '-(2' ' '-{ 4" " -methoxy-3 " " - [ 2 "  '' '-(2 '' '' '' -methoxy-ethoxy)-ethoxy I-phenyl }-vinyl )

[ 2,2 ' ;5 ' ,2" lterthiophene (0.0558 g, 0. 1 1 2  m mol)  was dissolved i n  CHCl3 (2 mL) before 

anhydrous FeCl3 (0. 1 06 1  g ,  0.654 mmol) i n  CHCI3 (7 mL) was added dropwise. The 

sol ution was stirred under N2 at room temperature for 66 hours. After thi s t ime the 

solution was poured i nto MeOH (50 mL) and the result ing brown-red preci pi tate was 

fi l tered off on a 0.45 !-lm HVLP membrane (Mi l l i pore) .  The preci pitate was dried 

under vacuum, then extracted with MeOH in  a soxh let apparatus for 1 7  hours. The 

residual red powder was dried to y ield 4' ,3 "" -bis-(2""" -{ 4""'" -methox y -3 ""' ' '  - [ 2'''' ' ' ' '  -

(2"""'" -methoxy-ethoxy)-ethoxy I -phenyl }-vinyl)-

[ 2,2' ;5' ,2" ;5" ,2"' ;5 "' ,2' ' ' ' ;5' ' ' ' ,2'' '' ' l sexithiophene (48 .2  mg, 87%, melt ing point  = 1 72-

lH NMR (400. 1 M Hz, CDzCI2) 0 3 . 32  (s ,  6H, 2"""" 'OCH3) ;  3 . 50-3 .52 (m ,  4H, 

OCH22"""' ' ' ) ;  3 .63-3 .66 (m, 4H, OCH2 1 """'' ' ) ;  3 .8 1 -3 .84 ( m, 4H, OCH22'' ' ' ' ' ' ' ) ;  3 . 86 
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(s ,  6H, A rOCH3) ;  4 . 1 6-4. 1 9  (m,  4H, OCH2 1 """ " ) ; 6 .89 (d ,  2H,  Jj = 8 .3  Hz,  

ArH5""" ' ) ;  7 .04 (d ,  2H, 3j = 1 6.0 Hz,  HvinyI2'' ' ' ' ' ) ; 7.08 (dd,  2H, 3j = 5 .2 Hz, 4j = 

3.5 Hz, ThH4, 4'''' ' ) ;  7.09 ( s, 2H, ArH2"''' ' ' ) ;  7. 1 2  (dd, 2H, 3j = 8 .3  Hz, 4j = 1 .9 Hz, 

ArH6""' ' ' ) ;  7. 1 6  (d, 2H, 3j = 3 .7 Hz, ThH3",  4" ' ) ;  7 .26 (d, 2H, 3j = 3.7 Hz, ThH4" , 

3 '' ' ) ;  7 .26 (dd, 2H, 3j = 3 .6 Hz, 4j = 1 . 1  Hz, ThH3, 3"" ' ) ;  7.27 (d, 2H, 3j = 1 6.2 Hz, 

H,iny, l """ ) ;  7 .3 1 (dd, 2H, 3j = 5 . 1 Hz, 4j = 1 . 1  Hz, ThH5, 5"" ' ) ;  7.46 ( s, 2H, ThH 3 ' ,  

4""). 

DC NMR ( l 00.6 MHz, CD2Cl2) 0 55.5 ArOCH3; 58.3 2"""" ' OCH3 ; 68 . 1  OCH2 1 ""' ' ' ' ; 

69.3  OCH22"""" ;  70.2 OCH2 1 """'' ' ;  7 1 .6  OCH22'' ' ' ' ' ' ' ' ;  1 1 1 .0 ArC2"'' ' ' ' ;  1 1 1 .5 

ArC5"''' ' ' ;  1 1 9. 1 Cviny , l """;  1 1 9.8 ArC6""" ' ;  1 22. 1 ThC3 ' ,  4"" ; 1 23 .9 ThC3, 3' ' ' ' ' ;  

1 24.2 ThC4", 3 ' ' ' ;  1 24.7 ThC5 , 5"'' ' ;  1 27.2 ThC3",  4" ' ;  1 27 .7  ThC4, 4'''' ' ;  1 29 . 8  

ArC I '' ' ' ' ' ' ;  1 29.9 ThC5 ' ,  2""; 1 30.5 CVi nyI2"""; 1 34.2 ThC2", 5 '' ' ;  1 35 .7 ThC2 ' , 5"" ;  

1 36.3 ThC2, 2"'' ' ;  1 36.6 ThC4' ,  3"" ; 1 37 . 1 ThC5", 2"' ; 1 48 .2  ArC3"' ' ' ' ' ;  1 49 .4 

ArC4"''' ' '  . 

Electronic spectrum (CH2CI2) Amax nm/(Iog £)  334.5 (4.83) , 45 1 .5 (4.6 1 ) . 

Electronic spectrum (thin fi lm)  Ama, nm 289.5 .  352.5, 528.0. 

HRMS (FAB) M+ calc 994. 1 830, found 994. 1 87 1 . 

Anal . Calculated for CS2HsoOsS ;  C, 62.75 ; H, 5 .06; S, 1 9.33 .  Found: C, 62.48 ; H, 

5 .0 1 ; S. 1 9. 1 4. 
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4' ,3""-Bis-[2""" -( 4""" '-methoxy-3""" ' -{2"""" _[2'11 1 " '" -(2""""" -methoxy-

ethoxy)-ethoxy]-ethoxy}-phenyJ)-vinyJ] -

[2 ,2' ;5',2" ;5" ,211 1 ;511 1 ,2"" ;511 1' ,2"III]sexithio phene (LXX) 

3 '-(2 "'-{ 4" "-methoxy-3 " " - 1 2 "  '' '-(2 '' '' "-methoxy-ethoxy)-ethoxy I-phenyl }-vinyl)

[ 2,2' ;5',2" \ terthiophene (0. 1 250 g, 0.230 m mol ) was di ssolved i n  dry CH2Cl2 (5  mL) 

before anhydrous FeCI) (0. 1 802 g, 1 . 1 1 1  m mol ) in CH2Cl2 ( l 0 mL) was added 

dropwise .  The solution was stirred under N2 at room temperature for 1 1 4 hours. 

After thi s  time the solution was poured i nto MeOH ( 1 00 mL) and the result ing brown

red preci pi tate was fi l tered off on a 0 .45 �m HVLP membrane ( M i l l i pore) .  The 

precipi tate was dried under vacuum, and subsequently extracted w i th CH2Cl2 i n  a 

soxhlet apparatus for 2 1  hours. The CH2Cl2 was concentrated and the product 

precipi tated wi th MeOH, before being  col lected on a 0.45 �m HVLP membrane 

(Mi l l i pore) and dried under vacuum. Thi s yielded 4',3 "I-bis - 12 '"'''-(4'' ' ' ' ' '  -methoxy-

3'"''' ' - {2"""" - \ 2"""'" -(2""'''''' -methoxy-ethoxy)-ethoxy J -ethoxy}-phenyl)-vinyl l-
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1 2,2' ;5' ,2" ;5" ,2' ' ' ;5' ' ' ,2'' ' ' ;5 ' ' ' ' ,2' ' ' ' ' j sexi thiophene as a red solid (86.3 mg, 69%, melti n g  

point = 1 58- 1 60°C). 

IH N M R  (400. 1 MHz, CD2CI2 )  b 3 .30 (s, 6H, 2"""""OCH3) ;  3 .46-3 .49 (m,  4H, 

OCH22""""" ) ;  3 .56-3 .58 (m, 4H, OCH2 1 ""''' ' ' ' ) ;  3 .58-3 .6 1 ( m, 4H, OCH22""'' ' ' ' ) ;  

3 .65-3 .67 ( m ,  4H, OCH2 1 ' ' ' ' ' ' ' ' ' ) ;  3 . 82-3 .85 ( m ,  4H, OCH22'' ' ' ' ' ' ' ) ;  3 . 87 ( s ,  6H ,  

ArOCH3) ;  4. 1 7-4. 1 9  (m ,  4H, OCH2 1 ' ' ' ' ' '' ' ) ;  6.90 (d ,  2H ,  3J = 8 . 3  Hz, ArH5''''' ' ' ) ; 7.04 

(d, 2H, 3J = 1 6. 1  Hz, Hvi lly,2""") ;  7.08 (dd, 2H, 3J = 5 . 1 Hz, 4J = 3.6 Hz, ThH4, 4"'' ' ) ;  

7 .09 (d,  2 H ,  4J = 2.0 Hz, ArH2"''' ' ' ) ;  7 . 1 2  (dd, 2H,  3J = 8 . 3  Hz,  4J = 2.0 Hz,  

ArH6""" ' ) ;  7. 1 7  (d, 2H, 3J = 3 . 8  Hz,  ThH3", 4" ' ) ;  7.26 (d ,  2H, 3J = 3 .8 Hz, ThH4" , 

3 '' ' ) ;  7.27 (dd, 2H, 3J = 3 .6  Hz, 4J = 1 .2 Hz, ThH3,  3"" ' ) ;  7.28 (d, 2H, 3J = 1 6.2 Hz, 

Hvin) l l """) ;  7.3 1 (dd, 2H, 3J = 5.2 Hz, 4J = 1 . 1  Hz, ThH5 , 5' ' ' ' ' ) ;  7.46 (s,  2H, ThH3 ' ,  

4"") .  

LlC NMR ( 1 00.6 MHz, CD2CI2)  b 55.5 ArOCH3; 58 .3  2'' ' '' '' ' ' 'OCH3 ; 68. 1 OCH2 1 """" ; 

69. 3 OCH22"""" ; 70. 1 OCH2 1 ""'' ' ' ' ' ; 70.2 OCH22""' ' ' ' ' ;  70.4 OCH1 l """'' ' ;  7 1 .6 

OCH22'''' ' ' ' ''' ; 1 1 1 . 1  ArC2"'''' ' ;  1 1 1 .6 ArC5"'''' ' ;  1 1 9 .2 CvillY ' 1 """; 1 1 9.8 ArC6"''' ' ' ;  

1 22.2 ThC3 ' ,  4""; 1 24.0 ThC3, 3"'' ' ;  1 24.3 ThC4", 3 '' ' ;  1 24. 8 ThC5, 5'' ' ' ' ;  1 27. 3 

Th3", 4" ' ;  1 27.7 ThC4, 4"'' ' ;  1 29.9 ArC l ""'' ' ;  1 29.9 ThC5 ' ,  2""; 1 30.5 Cvill) ,2""" ; 

1 34. 3 ThC2" , 5" ' ; 1 35 .7 ThC2 ' ,  5"";  1 36.3 ThC2, 2"'' ' ;  1 36 .7  ThC4' ,  3""; 1 37 . 1 

ThC5", 2" ' ;  1 48.2 ArC3""'' ' ;  1 49.5 ArC4""" ' .  

Electronic spectrum (CH2CI2)  Amax nm/(Iog £ )  334.5 (4.8 1 ) , 446.0 (4.57). 

Electronic spectrum (thin fi lm) Amax nm 278.5, 348.0, 499.5 .  

HRMS ( FAB) M+ calc 1 082.2354, found 1 082.238 1 .  

Anal . Calculated for C56HssOIOS6 ; C, 62.08; H, 5.40; S, 1 7.76. Found: C, 6 1 .85 ; H ,  

5 .27; S, 1 7.85.  
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4' ,3"" -Bis-{2"""  -[4"''' ' ' -methoxy-3"" '" -(2""""  -{2"" "" , -[2" ,, , , , , , , -(2'''' '' "" ' -

methoxy-ethoxy)-ethoxy]-ethoxy}-ethoxy)-phenyl]-vinyl}-

[2 ,2' ;5' ,2" ;5" ,2"' ;5'" ,2"" ;5"" ,2"' '']sexithiophene (LXXI) 

3 '-(2 "'-{ 4" " -Methoxy-3" " - 12" " ' -(2" " "  -{2" "  '' ' - 1 2 ' ' '' '' '' -methoxy-ethoxy I -ethoxy}-

ethoxy )-ethoxy I -phenyl }-viny l ) - 1 2,2';5' ,2" I terthiophene (0. 1 286 g ,  0.2 1 9  m mol ) was 

dis solved in CH2Ci2 (5 mL) before anhydrous FeCI3 (0. 1 698 g ,  1 .047 m mol) i n  

CH2Ci2 ( 1 0  mL) was added dropwise .  The solution was stirred under N2 at room 

temperature for 1 1 2  hours. After thi s t ime the sol ut ion was poured i nto MeOH 

( 1 00 mL) and the resulting brown-red prec ipi tate was fi l tered off on a 0.45 /-tm HVLP 

membrane (Mi l l i pore) .  The precipitate was dried under vacuum, then extracted with 

CH2Cl2 i n  a soxhlet apparatus for 1 8  hours. The CH2Cl2 was concentrated and the 
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product preci pitated with MeOH before being col lected on a membrane as previously. 

The col lected red sol id  was dried to yield 4',3 ""-bi s-{2'' ' ' ' '- [ 4' ' ' ' ' ' ' -methoxy-3' ' ' ' '' ' 

(2"""" -{2""'" ' '  - [  2'' ' ' ' ' ' ' ' ' -(2""'"' ' ' '  -methoxy-ethoxy )-ethoxy I -ethoxy }-ethoxy )-phenyl l -

vinyl } - [ 2,2' ;5 ' ,2";5",2' ' ' ;5' ' ' ,2'' ' ' ;5 ' ' ' ' ,2' ' ' ' ' l sexithiophene (75.6 mg, 59%, melt ing point = 

IH NMR (400. 1 MHz, CD2CI 2) () 3 . 30 ( s ,  6H, 2""""" ' OCH3) ;  3 .46-3 .48 ( m, 4H, 

OCH22""""" ' ) ;  3 .53-3 .55 ( m, 4H, OCH2 1 "'' ' ' ' ' ' ' ' ) ;  3 .56-3 .57 (m,  8H,  OCH2 1 """''' ' , 

2""""") ;  3 .60-3.62 (m, 4H, OCH22""''' ' ' ) ;  3 .66-3.68 (m, 4H, OCH2 1 ''' ' ' ' ' ' ' ) ;  3 .83-3 .85 

(m, 4H, OCH22"'''''') ;  3 .87 ( s, 6H, ArOCH3) ;  4. 1 7-4.20 (m, 4H, OCH2 1 ' ' ' ' ' '' ' ) ; 6.90 (d, 

2H, 3J = 8.4 Hz, ArH5"'''' ' ) ;  7.04 (d, 2H, 3J = 1 6.2 Hz, Hvinyl2""") ; 7.08 (dd, 2H, "J = 

5 . 1 Hz, 4J = 3.6 Hz, ThH4, 4"'' ' ) ;  7.09 (d, 2H, 4J = 2.5 Hz, ArH2""" ' ) ;  7. 1 3  (dd, 2H, 

3J = 8.6 Hz, 4J = 2.0 Hz, ArH6"'' ' ' ' ) ;  7. 1 7  (d, 2H, 3J = 3.8 Hz, ThH3", 4" ' ) ;  7.26 (d, 

2H, 3J = 3 .8  Hz, ThH4", 3 ' ' ' ) ;  7.27 (dd, 2H, 3J = 3.6 Hz, 
4
J = 1 . 3 Hz, ThH3, 3' ' ' ' ' ) ;  

7.28 (d, 2H, 3J = 1 6 . 1  Hz, Hvinyl l '' ' ' ' ' ) ;  7.3 1 (dd ,  2H, 3J = 5 . 1 Hz, 4J = 1 . 1  Hz, ThH5, 

5'' '' ' ) ;  7.46 (s ,  2H, ThH3 ' ,  4"" ) .  

l3C NMR ( 1 00.6 MHz ,  CD2C12) () 5 5 .5 ArOCij 5 8 . 3  2"'' ' ' ' ' ' ' ' OCH3 ; 68 . 1 

OCH2 1 ""' ' ' ' ; 69.3 OCH22 " " " " ; 70.0 OCH2 1 """"" ' ;  70. 1 OCH2 1 " '' ' ' ' ' ' ' ; 70.2 

OCH22 ' ' ' ' ' ' ' ' ' ;  70.2 OCH22"' ' ' ' ' ' ' ' ; 70.4 OCH2 1 "' ' ' ' ' ' ' ;  7 1 .5 OCH22"""'' ' ' ' ;  1 1 1 .2 

ArC2""'' ' ;  1 1 1 .6 ArC5""' ' ' ;  1 1 9.2 Cvinyl l """ ; I 1 9 . 8  ArC6""'' ' ;  1 22.2 ThC3 ' ,  4''' ' ;  

1 24.0 ThC3 , 3"' ' ' ;  1 24 . 3  ThC4", 3" ' ;  1 24.8 ThC5 , 5"'' ' ;  1 27.2 ThC3" , 4'' ' ;  1 27 .7 

ThC4, 4"" ' ;  1 29.8 ArC I "' '' ' ' ;  1 29.9 ThC5 ' ,  2"" ; 1 30.5 CvinyI2""" ;  1 34.3 ThC2", 5 '' ' ;  

1 35 .7 ThC2 ' ,  5""; 1 36 . 3  ThC2, 2"" ' ;  1 36.7 ThC4' , 3"" ;  1 37 . 1 ThC5" , 2"' ;  1 48 . 2  

ArC3"'' ' ' ' ;  1 49.5 ArC4""" ' .  

Electronic spectrum (CH2CI 2) Amax nm/(Iog E) 335.5 (4.80), 450.5 (4.6 1 ) . 

Electronic spectrum (thin fi l m) Amax nm 28 1 .5 , 342.5, 485 .0. 

HRMS (FAB) M+ calc 1 1 70.2879, found 1 1 70.29 1 9. 
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Anal . Calculated for C60H{x,012S6 ; C, 6 1 .5 1 ;  H,  5 .68 ; S ,  1 6.42. Found: C, 6 1 .36; H,  

5 .64; S, 1 6.40. 

4' ,3"" -8 is-(2"''' ' -{3 """ , 
-methoxy-4"" '" -[2"""" -(2"" "" , 

-methoxy-ethoxy)-

ethoxy]-phenyl}-vi nyl)-[2,2' ; 5' ,2"; 5" ,2111 ; 5111 ,2"" ;  5"" ,2"III]sexith iophene 

(LXXII) 

3' -(2 '' ' -{3 '' '' -Methoxy-4" " - [ 2 "  " '-(2" "" -methoxy-ethoxy )-ethoxy I -phenyl }-vinyl ) 

[ 2,2';5' ,2" l terthiophene (0. 1 1 52 g, 0.23 1 mmol) was dissolved i n  dry CH2CI2 (5 mL) 

before anhydrous FeCI) (0. 1 7 1 4  g, 1 .057 mmol ) in dry CH2CI2 ( l 0 mL) was added 

dropwise .  The solution was stirred under N2 at room temperature for 30 minutes. 

After thi s  time the solution was poured i nto MeOH ( 1 00 mL) and the resulti ng brown

red precip itate was fi l tered off on a 0.45 fAm HVLP membrane (M i l l i pore) .  The 

precipitate was dried under vacuum, before being extracted with CH2CI2 in a soxhlet 

apparatus for 1 hour. The CH2C12 was concentrated by evaporation and suffic ient 
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MeOH added to precip itate the product, which was subsequently col lected on a 

membrane fi lter as before and dried under vacuum. This  gave 4',3 ""-b i s- (2"""

{3"'"' ' -methoxy-4'"'' ' '  - [2"""" -(2"""'" -methoxy-ethoxy )-ethoxy I-phenyl }-vinyl)-

[ 2,2' ;5 ' ,2 " ;5" ,2"' ;5"' ,2"" ;5"",2""' l sexithiophene as a red sol id  (94.6 mg, 82%, melti ng 

point = 1 28- 1 30°C) .  

IH NMR (400. 1 MHz, CD2CI2) b 3 .35 ( s ,  6H, 2"""' ' 'OCHJ) ;  3 .53-3.55 (m, 4H, 

OCH22"""" ' ) ;  3 .66-3.68 (m,  4H, OCH2 1 ""'''' ' ) ;  3 .82-3 .84 (m,  4H, OCH22"' ' ' ' '' ) ;  3 .90 

( s ,  6H,  ArOCHj) ; 4. 1 3 -4. 1 5  (m, 4H, OCH2 1 "" "" ) ;  6 .89 (d, 2H, lj = 8 .9 Hz, 

ArH5'' ' ' ' ' ' ) ;  7.06 (d, 2H, 0j = 1 6.7 Hz, Hvin),2""") ; 7.08 (dd, 2H, 3j = 5 . 1 Hz, 4j = 

3 .6  Hz, ThH4, 4"'' ' ) ;  7.06-7.09 (m,  4H, ArH2""" ' ,  6""" ' ) ;  7 . 1 7  (d, 2H, 3j = 3 .8 Hz, 

ThH3", 4'' ' ) ; 7.25 (d, 2H, 3j = 3 .8 Hz, ThH4" , 3" ' ) ;  7.27 (dd, 2H, 3j = 3.6 Hz, 4j = 

1 .2 Hz, ThH3 , 3"'' ' ) ;  7.30 (d, 2H, 3j = 1 6.3 Hz, HYinyl l '' ' ' '' ) ;  7. 3 1  (dd, 2H, .lj = 5. 1 Hz, 

4j = 1 . 1  Hz, ThH5, 5"" ' ) ; 7.46 (s, 2H, ThH3 ' ,  4""). 

I JC NMR ( 1 00.6 MHz, CD2CI 2) b 55.5 ArOCHJ ; 58.3 2""' ''' 'OCHJ ; 68.0 OCHl l """" ; 

69.2 OCH22""" " ; 70.2 OCH2 1 ""'''' ' ;  7 1 .6 OCH22"'' ' ' '' ' ;  1 09.3 ArC2""" ' ;  1 1 2 .9 

ArC5"' ''' ' ;  1 1 9.2 Cyiny, I  """;  1 1 9. 3  ArC6""'' ' ;  1 22. 1 ThC3 ' ,  4"" ;  1 24.0 ThC3,  3"" ' ;  
1 24.2 ThC4", 3'' ' ;  1 24.8 ThC5 , 5'' ' ' ' ; 1 27.2 ThC3", 4'' ' ;  1 27 .7  ThC4, 4'' ' ' ' ;  1 30 .0  

ThC5 ' , 2""; 1 30.2 ArC I ""'' ' ;  1 30.5 Cyiny,2""" ;  1 34.2 ThC2", 5 '' ' ;  1 35 .7 ThC2 ' ,  5"" ;  

1 36 . 3  ThC2,  2"'' ' ; 1 36 .6  ThC4' ,  3"" ; 1 37. 1 ThC5" ,  2'' ' ;  1 48 .2  ArC4''' ' ' ' ' ;  1 49 .3  

ArC3'"'' ' ' . 

Electronic spectrum (CH2CI2) Amax nm!(Iog E) 336.0 (4.78), 458.5 (4.62). 

Electronic spectrum (thin fi lm)  Amax nm 29 1 .0, 380.0, 5 1 0.5. 

HRMS (FAB) M+ calc 994. 1 830, found 994. 1 826. 

Anal . Calculated for C52H500SS ;  C, 62.75 ; H, 5 .06; S, 1 9.33 .  Found: C, 60.96; H ,  

5.06; S ,  1 9.09. 
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4' ,3· . . .  -Bis-[2""" -(3""'" -methoxy-4""'" -{2"" '''' -[2"" ''''' -(2'''''''''' -methoxy-

ethoxy)-ethoxy]-ethoxy}-phenyl)-viny l] 

[2,2' ; S',2" ;S",2"'; S"',2""; S"" ,2""']sexithiophene (LXXIII) 

3'-(2" '-{ 3 "  " -Methoxy-4" " - 1 2" " '-(2" " "-{2 " " " '-methoxy-ethoxy } -ethoxy)-ethoxy 1-
phenyl } -v iny l ) - 1 2,2' ;5 ' ,2" l terthiophene (0. 1 257  g, 0 .232 mmol) was d i s sol ved i n  

CH2Cl2 ( 5  mL) under N2 before anhydrous FeCl3 (0. 1 955 g ,  1 .205 mmol ) i n  CH2Cl2 

( l 0 mL) was added s lowly .  The sol ution was stirred at room temperature for 1 1 4 

hours then poured i nto MeOH ( 1 00 mL).  The resul t ing brown-red precip itate was 

then fi l tered off on a 0.45 ,"",m HVLP membrane (Mi l l i pore) ,  dried under vacuum and 

extracted wi th CH2Cl2 i n  a soxhlet apparatus  for 2 1  hours. The CH2Cl2 was 

concentrated by evaporation and sufficient MeOH to preci pitate the product added. 

Col l ection on a membrane fi l ter as previous ly ,  and dry ing  under vacuum yie lded 

4',3 ' '' '-bi s- 1 2'''''' -(3 ""'" -methoxy -4""'" -{ 2""'''' - 1 2"""'" -(2'''''''''' -methoxy -ethoxy) -
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ethoxy I -ethoxy }-phenyl )-v inyl l - 1 2,2' ;5' ,2" ;5",2' ' ' ;5' ' ' ,2' ' ' ' ;5' ' ' ' ,2' ' ' ' ' l sexithiophene as a red 

sol id (78.6 mg, 63%,  melti ng poi nt = 1 24- 1 26°C). 

'H NMR (400. 1 MHz, CD2CI2) Cl 3 . 3 3  (s, 6H, 2'' ' ' ' ' ' '''OCH,) ;  3 .49-3 .52 (m, 4H, 

OCH22""'' ' ' ' ' ) ;  3 .58-3 .6 1 (m, 4H, OCH2 1 """"" ) ;  3 .62-3 .64 ( m, 4H, OCH22"""'' ' ) ;  

3 .67-3 .69 (m ,  4H, OCH2 1 """'' ' ) ;  3 . 82-3 . 85 (m ,  4H, OCH22""" " ) ;  3 .90 ( s ,  6H,  

ArOCH3) ;  4. 1 4-4. 1 6  (m, 4H, OCH2 1 '''''' ' ' ) ;  6.90 (d, 2H, 3J = 8 .8  Hz, ArH5""" ' ) ;  7.05 

(d, 2H, 3J = 1 5 .6 Hz, Hvilly ,2""" ) ; 7.08 (dd, 2H, 3J = 5 . 1 Hz, 4J = 3.6 Hz, ThH4, 4"" ' ) ;  

7.07-7.09 ( m ,  4H, ArH2'''' ' ' ' ,  6""'' ' ) ;  7 . 1 7  (d, 2H, 3J = 3 . 8  Hz, ThHJ", 4" ' ) ; 7.25 (d,  

2H, 3J = 3 .8 Hz, ThH4", J" ' ) ;  7 .27 (dd, 2H, 3J = 3 .6  Hz, �J = 1 .2 Hz, ThH3, 3"'' ' ) ;  
7.30 (d, 2H, 3J = 1 5 .4 Hz, Hviny' 1 "'' ' ') ; 7.3 1 (dd, 2H, 3J = 5 . 1  Hz, 4J = 1 . 1  Hz, ThH5, 

5'''' ' ) ;  7.46 (s, 2H, ThH3 ' ,  4""). 

13C NMR ( l 00.6 MHz, CD2Cl2) Cl 55.5 ArOCH3; 58.3 2"' '''''''OCH3 : 68.0 OCH2 1 "'''''' ; 

69.2  OCH22 '' ' ' ' ' ' ' ;  70. 1 OCH2 1 ' ' ' ''''''' ; 70.2  OCH22"' ' ' ' ' ' ' ;  70.4 OCH2 1 "''''' ' ' ;  7 1 .5 

OCH22""""" ; 1 09.3 ArC2""'' ' ;  1 1 2.9 ArC5""'' ' ;  1 1 9.2  Cviny, I """ ;  1 1 9.3 ArC6""" ' ;  

1 22 . 1 ThC3 ' ,  4"" ;  1 23 .9 ThC3 , 3"'' ' ;  1 24.2 ThC4", 3 '' ' ;  1 24.7 ThC5 , 5 ''' ' ' ;  1 27 .2  

ThC3", 4" ' ;  1 27.7 ThC4, 4'''' ' ;  1 29.9 ThC5 ' ,  2"" ; 1 30.2 ArC l ''' ''' ' ;  1 30.5 C,iny,2""" ; 

1 34.2 ThC2", 5'' ' ;  1 35 .7 ThC2 ' ,  5"" ; 1 36 . 3  ThC2, 2''' ' ' ;  1 36 . 6  ThC4 ' ,  3'''' ; 1 37 . 1 

ThC5", 2" ' ;  1 48.2 ArC4""" ' ;  1 49.3 ArC3'''''' ' .  

Electronic spectrum (CH2Ci2) Ama, nm/(Iog £)  335.5 (4.82) , 448.0 (4.60). 

Electronic spectrum (th in fi lm) Arnax nm 279.5,  348.5,  489.0. 

HRMS (FAB) M+ cale 1 082.2354, found 1 082.235 1 .  

Ana\ . Calculated for C56HssO I OS6; C ,  62.08 ; H,  5 .40; S, 1 7.76. Found: C, 6 1 .53 ;  H, 

5 .36; S, 1 7.67. 
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4' ,3"" -Bis-{2""" -[3"' ' '' ' -methoxy-4""'" -(2'' '' '' '' -{2""" '" -[2"" """ -(2""""" ' -

methoxy-ethoxy)-ethoxy]-ethoxy}-ethoxy)-phenyl] -vinyl}-

[2 2' · 5' 2" ·5" 2'" ·5'' ' 2"" · 5'''' 2''' ' ']sexithiophene (LXXIV) , , , , , , , , , 

3 1 -(2 "1 1 -{3 1 1 -MethoxyAI I - 1 21 1 1 -(21 1 1 -{21 1 1 1- 12 " I1 I I -methoxy-ethoxy J -ethoxy}-

ethoxy)-ethoxy J -pheny l }-v iny l ) - 12,21 ;5 " ,2" J terthiophen e (0. 1 294 g,  0.22 1 mmol ) was 

d issolved i n  CH2Ci2  (5 mL) before anhydrous FeCl3 (0 . 1 736 g, 1 .070 mmol)  i n  

CH2Cl2 ( 1 0  mL) was added dropwise .  The solution was sti rred under N 2  at room 

temperature for 1 1 2 hours. After thi s t ime the sol ut ion was poured i nto MeOH 

( 1 00 mL), and the resul t ing brown-red precip i tate fi l tered off on a 0.45 !lm HVLP 

membrane (Mi l l i pore). The precipitate was dried under vacuum, then extracted with 

CH2Cl2 i n  a soxhlet apparatus for 1 6  hours. The CH2Clz was concentrated and the 
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product precipitated with MeOH. After fi ltering as previously ,  the red sol id was dried 

d t · 4' 3"" b' { 2""" 1 3"'"' ' th 4""'" (2"'''''' { 2" ""'" 1 2""""" un er vacuum 0 give , - IS- - -me oxy- - - - -

(2'"''' ' ' ' ' ' -methoxy-ethoxy)-ethoxy J -ethoxy }-ethoxy)-phenyl l -v iny l }-

1 2,2 ' ;5 ' ,2 " ;5" ,2" ' ;5" ' ,2"" ;5 "",2" '" I sexithiophene as a red powder ( 1 08.4 mg, 84%, 

melting point = 99- 1 0  I QC). 

I H NMR (400. 1 MHz, CDzCl z) () 3 . 32  (s, 6H, 2''' ' ' ' ' ' ' ' 'OCH3) ;  3 .48-3 .50 (m,  4H, 

OCH22"' ' '' ' ' ' ' ' ) ;  3 .56-3 .58 (m, 4H, OCHz l """"'' ' ) ;  3 .59-3.60 (m, 8H, OCH2 1 "''' ' ' ' ' ' , 

2''' ' ' ' ' '' ' ) ;  3 .63-3 .65 (m, 4H, OCH22"""" ' ) ; 3 .68-3 .69 ( m, 4H, OCH1 I '' ' ' ' ' ' ' ' ) ;  3 . 83-3 .85 

(m, 4H, OCH12"""") ;  3 .90 (s, 6H, ArOCH3) ;  4. 1 4-4. 1 6  (m, 4H, OCH1 I """") ;  6 .90 (d, 

2H, 3J = 8.9 Hz, ArH5'''''' ' ) ;  7.06 (d, 2H, 3J = 1 6.4 Hz, H,;ny I2""") ;  7.07-7.09 (m, 4H, 

ArH2""' ' ' ,  6""" ' ) ; 7.08 (dd, 2H, 3J = 5 . 1 Hz, 4J = 3.6 Hz, H4, 4"' ' ' ) ;  7. 1 7  (d, 2H, 3J = 

3 .8  Hz, Hr, 4'' ' ) ;  7.25 (d, 2H, 3J = 3 . 8  Hz, H4", 3'' ' ) ;  7 .27 (dd, 2H, 3J = 3 .6 Hz, �J = 

1 .2 Hz, H3, 3'' ' ' ' ) ;  7 .30 (d, 2H, 3J = 1 6.7 Hz, Hv;ny l l """) ; 7.3 1 (dd, 2H, 3J = 5 . 1  HZ, 4J 

= 1 . 1  Hz, H5 , 5"'' ' ) ;  7.46 (s, 2H, H3 ' ,  4"") .  

13C NMR ( 1 00.6 M Hz, CD2CI2) () 5 5 . 4  ArOCij 5 8 . 2  2""""' ' ' OCH, ; 67.9 

OCH2 1 "' ' ' ' ' ' ; 69.2 OCH22'' ' ' ' ' ' ' ; 70.0 OCH2 1 """"" ' ;  70. 1 OCH2 1 """"" ; 70. 1 

OCHz2"' ' ' ' '' ' ;  70.2 OCHz2""""" ; 70.3 OCHz 1 ' ' ' ' ' ' ' ' ' ;  7 1 . 5 OCHz2""""" ' ;  1 09.2 

ArC2""' ' ' ; 1 1 2.8  ArC5''''' ' ' ;  1 1 9.2 C, ;n)I ! ' ''''' ; 1 1 9.3  ArC6""'' ' ;  1 22. 1 C3 ' ,  4"" ;  1 23 .9 

C3, 3"" ' ;  1 24. 1 C4", 3 ' ' ' ;  1 24.7 C5, 5 '''' ' ;  1 27. 1 C3", 4'' ' ;  1 27.7 C4, 4"'' ' ; 1 29.9 C5 ' ,  

2"" ; 1 30.2 ArC I ""'' ' ;  1 30.5 Cv;nyI2""" ; 1 34.2 C2",  5 '' ' ;  1 35 .6 C2' ,  5"" ; 1 36.2 C2, 2"" ' ;  

1 36.5 C4' ,  3"";  1 37.0 C5", 2'' ' ;  1 48. 1 ArC4'''''' ' ;  1 49.2 ArC3'''''' ' .  

Electronic spectrum (CH1CI2) Amax nm!(Iog E )  336.5 (4.8 1 ), 454.0 (4.63) .  

Electronic spectrum (th in  fi l m) Amax nm 285 .0, 344.5, 478 .0. 

HRMS (FAB) M+ calc 1 1 70.2879, found 1 1 70.2900. 

Anal . Calculated for C6QH660 I ZS6; C, 6 1 .5 1 ;  H, 5 .68 ;  S, 1 6.42. Found: C, 6 1 .24;  H,  

5 .60; S, 1 6.26. 
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4' ,3 .... -Bis-[2 ...... -(3 ....... ,4 ....... -dimethoxy-phenyl)-vinyl] -

[2,2' ; 5' ,2" ; 5" ,2"' ; 5'" ,2· . . . ; 5"" ,2""']sexith iophene (LXXV) 

3 ' - (2 '" - { 3 " "  ,4"" -Di methoxy-phenyl } - v i ny l ) - [ 2 ,2 ' ; 5 '  ,2"  J te rth iophene (0 . 1 00 1  g ,  

0.244 mmol) was d i sso lved i n  CHzClz ( 5  mL) before anhydrous FeCI] (0. 1 437 g ,  

0.886 mmol ) i n  CH2CI2 ( 1 0  mL) was added dropwise. The sol ution was stirred under 

N2 at room temperature for 30 minutes. After this time the solution was poured i nto 

MeOH ( l OO mL), and the resulti ng brown-red precip i tate fi l tered off on a 0.45 �m 

HVLP membrane (Mi l l i pore ) .  The precip itate was dried under  vacuum, then 

extracted with CH2CI 2 in a soxhlet apparatus for 22 hours. The CH2C12 was 

concentrated and the product precipitated with MeOH. After fi l tering  as previously ,  

the red sol id was dried under vacuum to  give 4"3""-bi s- [2 '' '' '' -(3  " "  '' ',4'' '' ' ' ' -dimethoxy

pheny l)-vinyl l - 1 2,2' ;5 ' ,2";5",2"' ;5"' ,2"" ;5"",2"' '' J sexithiop h e n  e as a red powder  

(78.8 mg,  79%, melting point = 2 1 6-2 1 8°C). 

Electronic  spectrum (CH2CI2) Am.x nm/(Iog £)  275 .0 (4.48) , 335.5 (4.80) , 445.0 (4.55) .  

Electronic spectrum (thin fi lm)  Amax nm 284.5, 342.5, 5 1 0.0, 555.0. 

HRMS (FAB) M+ calc 8 1 8 .078 1 ,  found 8 1 8 .0794. 

Further characterisation was not possible due to insolubi l i ty of the material i n  a wide 

variety of common sol vents, i nc l uding a lkanes, alcohols ,  ethers , e sters, ketones,  

chlorinated solvents, aromatics, DMF and THF. 
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"Out of every fruition of success, 
no matter what, 

comes forth somethina 
to make a new 1fort necessary" 

Wart Whitman 
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Reference Compounds 
, o 

styryl terthiophene LXXVI 
TTh-=-Bz 

methoxystyryl terthiophene LXXVII dimethoxystyryl terthiophene XXIX 

dimer = LXXVIII 
TTh-=-BzOMe TTh-=-Bz(OMe), 

dimer = LXXIX dimer = LXXV 

C rown Compounds 

styryl-1 5-crown-5 terthiophene I styryl-1 8-crown-6 terthiophene 11 

dimer = LXVII dimer = LXVIII 

Open-Chain Compounds 

rf �c 
�\ o 0 

isovanillin-derived 

n = 1 TTh-=-BzOCOCOC XXIII dimer = LXIX 
n = 2 TTh-=-BzOCOCOCOC XXIV dimer = LXX 
n = 3 TTh-=-BzOCOCOCOCOC XXV dim er = LXXI 

vanillin derived 

XXVI 
TTh-=-BzOCOCOCOC XXVII 
TTh-=-BzOCOCOCOCOC XXVIII 

Hemicrown Compounds 

� � " � C-0 0 0, 0) C-0 
/ 0 0 0 

�o , / cJ �o , 0 0 0 
1 � (I � 1 � 

dimer = LXXII 
dimer = LXXIII 
dimer = LXXIV 

Isovanillin-derived hemicrown LXI Vanillin-derived hemicrown LXII Mixed hemicrown LXIII 
TTh-=-BzOCOCOBz-=-TTh 




