
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. 
 



11IE PRit J\UY HYDROGJ!iN KIIH~'ilC lSOTOl•I; EFFECT IN THE 

1-:L! l';J'NAT1 Cl~ F R.O!"L 2- .HIER:E."TRYL B YST Ef JS• 

-

A thesie presontad iD p:u•tiul f~lfilmen~ of the 
reqt.irooentc for tht ~eeroo ot : :ea.ste1· of 

~cionce l:ith rwnourc in Chemistry at 
Massey University. 

John ·Leslie ~·oodheed 
197,i 



ii. 

The primary kinetic isotope effects tor the base-catalysed E2 
elimination from a series of substituted 2-phenethyl bromides 
and 2-phenetb.yld:'.methylsulphonium bromides in dimethyl 
sulphoxi de-water as solvent at 20° have been measur d . A 
hro t1 d. m~ximum i n t he isoto e eff ct was obsArved for the 

2- phenethyl bromides. The Hammett p val u . or each reaction 
series o.t 20° has a l so bt~~ dete-L i ned an bot h were la.rg and 

positive. Arrhe:ni\ls i;lots us ing the k:-d1'kB ratios for each of 
the .E,-MeO substituted compounds at 20°, ~O and 40° were 
carried out to determine the i mportance of prot n tunnelling 
in these re ctions . The uoe ulness of the r· ary kinetic 
isotope effect as a measure of r,:r·oton poBi tion in th 2 
transition sta t s .fer· th se r eactions i s discu se • 
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1. 

1. INTRODUCTION 

In recent years a considerable amount of data has been published 
concerning primary hydrogen kinetic isotope effects and their 
application to the elucidation or transition state symmetry in 
E2 elimination reactions. This has given rise to much 
theoretical speculation over the meaning attached to the 
observed trends. However, despite the quantity ot data avail-
able , conflicting views have developed over the interpretation 
or the results. The work presented in this thesis is an 
attempt to resolve some of the uncertainty which surrounds this 
area ot chemistry. 

1.1 <l -elimination reactions 

P-elimination reactions can be defined as those reactions in 
which two atoms or groups on adjacent carbon atoms are split 
oft with consequent formation of a new carbon-carbon multiple 
bond. The overall reaction for the elimination of BX can be 
written as follows, 

H 

'" 1.-( -c-c-
1 I 

X 

B " / --) CzC + BH 

/ " + X 

where B represents the base and X the leaving group. There are 
three basic types of mechanism for ~-elimination reactions. 

1.1.1 E1 mechanism 

The C-H and C-X bonds are broken in separate steps. The 
first step involves reversible formation of a carbonium ion 
intermediate, while the second step involves irreversible loss 
of a ~- proton to a base or solvent molecule. 

H H 
.l" iO( -· -> I I X -c-c- < -c-c- + 
I r I + 

X 

The reaction kinetics are first order overall. 
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1.1 . 2 

The C- H and C- X bonds are ruptured i n the same step in a con­
certed mechanism. 

H B---H 

'" lo( B l I -c-c- --> -c==c-
1 I 1 1 

X X 

r 

" / ---> C== C + BH + )( 

/ "' 
In the transition state both the C-H and C-X bonds are 
partially broken, while the B-H and carbon-carbon double bonds 
are partially rormed. 
order. 

The reaction kinetics are second 

1 . 1 . 3 Elcb mechanism 

This mechanism involves initial proton abstraction from the 
~-carbon to form a carbanion intermediate, followed by rupture 
of the C-X bond in a second step. 

H 
.1 ~ I o( k, > _ I 

-C-C- + B ~< - - C-C-
1 I k_, I I 

k '\ / -+ BH -:i.-) C==C + X 

/ "' X X 
There are two possibilities within this mechanism. These are 
reversible carbanion formation (k1 >) k2) and irreversible 
carbanion formation (k1 «. k2). 

1.2 Variable E2 transition state theories 

In 192? Ingold1 raised the possibility that 0-H and 0-X bond 
breaking may not occur to equal extends in the E2 transition 
state. However, for many years afterwards the degree of 
rupture of these two bonds was treated as equal in the transi­
tion state, that is fully synchronous breaking was assumed to 
occur. In 1956 Crani2 published evidence for varying E2 transi­
tion state geometry, which implied differences in the relative 
extents of C-H and C- X bond breaking and also in carbon-carbon 
double bond formation. Subsequently, there has been additional 
evidence to support the view that although the E2 mechanism is 
concerted it does not have to be entirely synchronous. 



Bunnett (1962) 3 developed a ' variable transition state' theory 
to account for experimental observations in E2 reactions . He 
proposed a whole spectrum of transition states which differ in 

the relative extents of C-X and C-H bond rupture. 

1 . 2. 1 El-like transition state 

This lies on one side of the transition state spectrum where 
C-X bond breaking is more advanced than C-H bond breaking. 
There is little double bond character in this transition state 
and the ~-carbon has a partial positive charge. The transition 
state in this case approaches that for the first step of the El 
mechanism but differs from it in that the base is involved. 

1.2.2 Elcb-like transition state 

This transition state lies on the other side of the spectrum 
and involves a larger degree of C-H bond rupture than 0-X 
bond rupture. The ~-carbon therefore has a partial negative 
charge and again there is little double bond character. This 
transition state approaches that for the first st p of the Eleb 
mechanism. 

1.2. 3 Central transition state 

This transition state is intermediate between the two transi­
tion state extremes. The C-H and C-X bonds have equal degrees 
of rupture and considerable development of double bond character 
is proposed. 

Thornton4 has proposed a theory which predicts the effects of 
substituent changes on the geometry of the E2 transition state. 
He also proposes a whole spectrum of transition states but 
these differ from the Bunnett theory in that they range from 
' reactant-like' to ' product-like ' . For a 'reactant-like' 
transition state there is little double bond character and 
little rupture of either the C-H and C-X bonds, whereas a 
'product-like' transition state has much double bond character 
with extensive rupture of both the 0-H and C-X bonds. However, 
there is disagreement between some of the predictions based on 
the Thornton theory and those ot the Bunnett theory. 



More O' Ferrall (19?0)' suggested that the progress of 
~-elimination reactions could be represented by a potent~al 
energy surface, with C-H distance along one axis and C-X 
distance along the other axis. 

4. 

A schematic representation of the possible E2 mechanism has 
been adapted from the potential surface diagrams of O'Ferrall 
by Fry6 (Figure 1). The Elcb mechanism is represented by 
movement along the horizontal C-H axis from the reactant origin 
to the carbanion, followed by vertical movement to the olefin. 
Vertical movement from the origin along the C-X axis to the 
carbonium ion followed by horizontal movement to the product 
represents the El mechanism. Diagonal movement corresponds 
to simultaneous breaking of the C-H and C-X bonds and represent 
the synchronous E2 mechanism. A whole spectrum of central 
transition states ranging from reactant-like to product-like 
can occur along the diagonal , one of which is represented by 
( B). An El-like transition state can be represented by (E) 
and an Elcb-like transition state by (H). This approach can 
be used to predict the effect changes in leaving group, sub­
stituents, and reaction conditions will have on transition 
state structure. 

Primary hydrogen kinetic isotope effect 

For reactions in which a hydrogen bond is broken in the rat 
determining step different rates of reaction are observed it 
deuterium is substituted for hydrogen. This occurs because 
the mass difference between Hand D atoms gives rise to a 
larger activation energy for the breaking of the deuterium bond 
compared to the hydrogen bond, hence giving a slower reaction 
rate for the deuterated compound. lJroton transfer occur in 
the rate determining step for all E2 reactions, hence a kinetic 
isotope effect should be observed in all cases. Fro theoreti­
cal considerations, based on the loss of stretching vibrational 
frequency for the C-H and C-D bonds in the transition stat, the 
primary kinetic isotope effect expressed as a kH/kD rate ratio 
should be approximately 6.9?. However, there are many 
experimental observations which show considerable variation in 
the kinetic isotope effect with values both greater and less 
than the theoretical value. Westheimer8 proposed a theory 



Adapted More O' Ferral l potential 
surfuce diagram . 

Carbonium ion 
I I 

y - + H-C-C+ + x- ----+ 
l"I 

Elcb· 

Reactant 

Olefin 
I I 

YI! + C=C + x-. 
I I 

.,.... I 
YH +-c-c-x 

I I 
Carbanion 

(FroCT Fry , A., Chem. Soc . Rev., 1, 
189 (1 972.)) 
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to explain low kh/kn ratios which was based on a simple linear 
three-centre model for the transition state. This theory 
predicts that the maximum isotope effect will only be observed 
for symmetrical transition states , with a progressive decrease 
in the kH/kD ratio as the transition state becomes more 
asymmetrical . Thus, tor a reaction which involves the trenster 
of a proton to a base in the rate determining step, the ku/kn 
ratio should be a maximum when the proton is half-transferred 
in the transition state , and show lower values when the proton 
is either closer to the base or to the substrate. Theoretical 
predictions based on multi-centre models9,10 also suggest that 
a maximum will be observed when the proton is about half­
transferred in the transition state but there is no general 
agreement over the size of this maximum. 

Bell (1966)11 suggested that information about transition state 
symmetry could be obtained indirectly. For the transfer ot 
a proton from an acidic substrate (SH) to a base (B) it was 
considered reasonable to assume that the transition state 
symmetry could be related to the expression, 

~ pK • pK(SH) - pK( BH) 

where pK(SH) refers to the acid strength of the substrate and 
pK(Bli) refers to the acid strength of the conjugate acid of the 
base. When 6 pK • O the proton should be half-transferred and so 
the transition state is symmetrical . For this case the 
kii/kD ratio should be at its maximum value. If .b.pK has a 
positive or negative value, the transition state sho~id be 
asymmetrical with a consequent lower than maximum kinetic 
isotope effect. Therefore, in theory a plot ot kH/kn v rsus 

~ pK for such a system should produce a 'bell-shaped' curv with 
the kH/kD ratio passing through a maximum when 6.pK • o. An 

apparent maximum has experimentally been observed for proton 
removal from nitroalkanes12, but this data has been criticised 
by Bordwe1113 as being inconclusive. Bordwell maintains that 
either kH/kD is relatively insensitive to transition state 
symmetry or that the transition state symmetry does not 
appreciably change over wide ranges of6 pK in sy tems studi d 
so far. 
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Proton tunnelling 

From the quantum mechanical viewpoint the wave nature of the 
proton suggests that there is a finite probability that some 
protons with less energy than the required activation energy 
can still react by tunnelling through the energy barrier. The 
probability for tunnelling by a deuteron is much less than tor 
a proton, hence the ltiI/kD ratio can be larger than th theoreti­
cal maximum because of tunnelling effects. Bell (19?0)14 has 
suggested that the kinetic isotope effect is in fact primarily 
determined by proton tunnelling , t hus allowing changes in the 
k.ii/kD ratio to occur even though the proton position may remain 
unchanged over a wide A pK range. 

The imports.nee of proton tunnelling can be determined by con­
sidering the Arrhenius parameters for the reaction. From a 
plot of log (¾/kD) versus (I/T) ( where Tis absolute tempera­
ture) the difference in activation energies for th proton 
and deut eron(~ - ~ ) can be calculated from the slope. The 
intercept gives the value of log ( AH/ AD) . Proton tunnelling 
probably occurs if the value for ( E~ • ~)is appreciably 
greater than the theoretical maximum value based on loss bf 

s tretching vibration of the C-H and C-D bonds in the transition 
state 1 5. Proton tunnelling is also indicated if the A~H · 
ratio is significantly greater than unity. 

1.4 Hammett equation 

The effect of meta or para substituents in a benzene ring on 
sidechain reactions has been correlated by the Hammett equati on. 
The original form ot the equation was, 

where k is the rate constant for the sidechain reaction of a 
meta- or pa.ra-substituted benzene derivative, k

0 
is the. rate 

constant for the unsubs tituted benzene derivative, O" is a 
substituent constant which i s dependent on the substituent 
and its position in the benzene ring , and p is a reaction 
constant which is dependent on the nat~e of the substrate, 
on the reaction itself, and on the reaction conditions. A 



negative value for p indicates that the reaction involves the 
development positive charge in the transition state as it is 
assisted by electron releasing substituents. A positiv p 
value indicates the development of negative charge in the 
transition state for the rate determining step. 

Deviations from the Hammett correlation can occur when there 
is direct resonance interaction between the benzene ring 
para-substituents and the sidechain. Different standard 
reaction series oan be used to allow for the effects of thes 
interactions. When a sidechain can donate electrons by 
resonance interaction(+ M) to a benzene ring that contains 
a para (- M) substituent, then the reactivities can be better 
correlated by the o- parameters based on the ionization of 
anilines as the standard reaction series. 

For ~-elimination reactions a substituted benzen ring on 
either the ~-carbon or ~-carbon can be used to obtain a 
Hammett plot by varying the substituents . The p value so 
determined gives an indication ot whether the transition 
state is positively or negatively charged, and hence gives 
some information on the relative extents of C-H and 0-X bond 
breaking in the transition state. 

Elimination from 2-phenethyl sptems 

The 1,2-elimination or HX from 2- phenethyl compounds under 
basic conditions can be written in the following general form, 

CY=CH 

8 ) + BH +X 

z z 
where Z •meta-or para-substituent, Y •Hor D, and X 
represents the leaving group. The elimination exhibits 
second order kinetics and reported p values are positive , 
thus it appears that the E2 transition state is carbanionic 
in character. It has been found16 that as the leaving 
group becomes progressively poorer along the series X • r, 
OTs, SMe2 and NMe3 the p values tor elim~ation in ethanol­
ethoxide increase, being +2 .14, +2.27, +2.75 and +3.77 

I 
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respectively. This trend indicates that the transition state 
is becoming more carbanionic and thus would be expected to be 
accompanied by an increase in the ratio of C-H to C-X bond 
breaking. The kinetic isotope etfect has been measured for 
t his series and the kH/kD ratios observed were ?.11 1 5,66. 
5.07 (at 30°) and 2.98 (at 50°) respeotively16• These 
figures have been commonly interpreted as indicating an 

increasing degree of proton transfer to the eliminating base 
as the transition state becomes more carbanionic in agreement 
with the variable transition state theory. However, there 
is disagreement about what these figures mean as regards to 
the extent of the proton transfer because or the inherent 
ambiguity in isotope effects which are smaller than the 
maximum. 

It should also be possible to alter the character of the 
transition state by keeping the leaving group constant and 
varying the (3 -aryl substituent, as this would be expected to 
affect the acidity of the (3 -hydrogens . If the isotope effect 
is reflecting the extent of proton transfer it would be 
expected that it would either increase, decrease, or perhaps 
exhibit a maximum as the aryl substituent became progressively 
more electron-withdrawing. Blackwell et a117 have studied 
the effect of substituents on the lciilkn ratio tor the elimina­
tion from a series ot substituted 2-phenethyl bromides in 
tert-butyl alcohol with tert-butoxide base. The aryl sub­
stituents for the series were Z c R_-Me0 , H, .:e,-01, ,m-Br, ,m-N02 
and R,-N02• However, no significant change in the magnitude 
of the isotope effect was observed. 

A study of the change in the kinetic isotope effect caused by 
increasing the dimethyl sulphoxide (DMS0) concentration in the 
tert-butoxide catalysed elimination from 2- h' thyl bromide 
has been carried out by Cockerill et a118• Again, no change 
was observed in the isotope effect as the DMS0 concentration 
was increased. Cocker11119 has studied the effect of varying 
DMS0 concentrations on the hydroxide ion catalysed elimination 
from 2-phenethyldimethylsulphonium bromide in water. 
Significant changes in the isotope effect were observed when 
the D.MS0 concentration was varied from CY'/4 to~. Over this 



range the kH/kD ratio increased to a maximum then decreased 
again. The p value tor this reaction was found to b positive 
wit h a value of 2.11 in water at 50°, but this value increased 
rapidly as DMSO was added until a solvent composition of 2~~ 

DMSO was reached. The p value showed little further change 
as more DMSO was added after this point . 

1.6 Fresent work 

It was decided to study substituent effects on the kH/kn ratio 
for hydroxide ion catalysed elimination from substituted 
2~phenethyldimethylsulphonium bromides in DMSO-water in the 
hope of observing a maximum in the isotope effect. A maximum 
in the isotope effect for the unsubstituted compound had 
previously been observed by Cockerill, as noted on page 9 , 
but he did not car--y out any substituent effect studies. The 
effect of substituent changes on the 2-phenethyl bromides in 
this system was also studied in order to determine whether 
substituent effects on the kH/kD ratio depend on the base­
solvent system and/or the leaving group. The solvent composi­
tion used was 50.2 mole ~; D ~o because, according to the work 

of Cockerill, this appears to be where the kH/kD ratio is at 
a maximum for 2-phenethyldimethylsulphonium bromide. It was 
expected that azq chanr--es in kH/kD caused by changes in the 
~-aryl substituent would be more apparent if the size of the 
isotope effects themselves were large rather than small. 
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.. 11 melting- points and boiling- points are uncorrected. nl c 

ot erwise stated , the reference meltin )- points , boil - points 
and refr ctive indices are listed in leilbron and unbury•s 
' Dictionary of vre;anic Compounds ' or east's (hd) ' H d ook 
of vhemistry and .i: hyt.dcs '. .Phe reference values re iven 
in brackets ufter the moasured values. The infra-red s peotr· 
:,:ere measured on a l eek un lH- 20 infra-red s peotrophotom ter. 
A J J:J L 11 C-60iIL Hi gh .,esolution n.m. r . ·-; pectrometer was ed 

I 

to record then. 1.r. s pectra. Maas spectr l data was 
recorded on an r U f1;,,,- 9 ll i p-.,h ,lesolution mass spectro eter . 

2 . 1 1rep ration of non- deuterated cmopoun s 

The 2-phenethyl bromides were prepared from ither the 
benzyl cyanide or the phenylacetic acid . fhe 
2- phenethyldimothyl ulphonium bromides were ar d fro th 
corres ponding 2- phonethyl bromides . 

2 . 1 .1 l· ropo.ration of d-(,I?;-ohlorophenyl)ethyl brom de 

2- (.12.-chlorophenyl)ethyl bromide , as pr epared from 
n - chlorobenzyl bromide aecordin~ to the tollo in synthetic 

Cl 

LiAlH4- ) PBrs 

Cl 
l?.- chlorophenylacetic acid 

Cl Cl 

) 

Cl 

. ,cid hydrolysis or .:£-Chloi·obenzyl cyab.i.de was used to pr pare 
J2-Chlorophenylacetic acid. 
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1-rooedure~ 

,12-c lorobenzyl cyani e (50 g) was added to mixtur ot ter 
(50 cm3) , cone ntrated sulphuric cid (50 cm3) and l oi 
acetic acid (;o c 3). he mixture was refluxed tor 120 minute 
then poured into excess water (500 cm3) to to.rm flutl'y White 
cry tallin solid . 'rhe crude product w filtered• wa h d 
with ater , and dried in a vacuum d sicator. 
was recrystallized from ethanol/ ter to give 
like crystals , m. p. 104-105° (lit . 105-106°) . 

?6; ' • 

2- (J2.- chlorophenyl)ethanol 

Th product 
whit n edl 

he yi ld wa 

':the reduction of the acid to the loohol was carri d out by 

the initial conversion of the acid to the ethyl et r follow 
by reduction of t he ester by lithium alumini hydrid 
(LiAlH4 ) to C-"'m the alcohol . Th reduction or the tr 
requires at least 0. 5 moles of LiAlB4 par mole of ester. Th 
reduo· agent was used in excess of the minim requir t 
to allow for impurities present in tho strand 1 o tor any 

water pre ent in the diethyl ether aolvent . 

-rocedur 

~ohlorophenylaoetio acid (35 g) wa dissolved in thanol. 
{300 om3) foll ow d by the addition of concentr ted ulphuric 
acid (10 om3) . The mixture was r fl ed for 2 hour th n 
200 cm3 of t he ethanol dere re~oved by distillation, follow d 
.by t he addition of water (300 om3) after the solution wa 

llowed to cool . The solution w a extracted with di thyl 
ether (4 x 100 cm3) and t he combined ether extracts wash d 
1th water (100 om~) , dried over a esium sulphate , end th n 

the et er was removed on a rotary evaporator. he crude 
ester as a pale yellow liquid (30 g) . , infr - red ly 1 
showed the absence of a carboxylic - OH p alt , indicating t t 
the acid had been successfully converted to the tbyl e ter. 
The crude ester was used in the reduction t p without furth r 
purification. 

Lithium al.uminium hydride (5. 7 g) was then suspend d 1n odi -
dried diethyl ether (200 cm3) . r he ethyl ester (30 g) f 
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the previous step was dissolved in sodium-dried diethyl ether 
(50 cm3) and added dropwise to the diethyl ether/lithium 
aluminium hydride mixture which was cooled over ic. tirrin 
was carried out during the addition. The ixture a 
refluxed for 2 hours under anhydrous conditions, then cooled 
over iced water. iet diethyl ether was then added dropwise 
to decompose the unreacted lithium aluminium hydride. The 
decomposition was completed by dropwise addition of water. 
he white solid residue which formed was filtered oft fro the 

ether layer, washed with diethyl ether (2 x 100 cm3), then 
discarded. The combined ether layers were dried over 
magnesium sulphate, then the ether was removed to yield a 
yellow liquid residue (25 g). infra-red analysis showed 
a very strong -OH peak at 3400 cm-1 and no carbonyl peak, thus 
it was assumed that only 2-(12.-chlorophenyl) ethanol was present 
in significant quantity. The l\..m.r. spectrum was consi tent 
with structure and so the crude product was used in th 
bromination step without further purification. 

2-(~chlorophenyl) ethyl bromide 

Bromination or 2-(~-chlorophenyl) ethanol with PBr3 by a 
method similar to that of Rupe21 was used to prepar 
2-(.12.-chlorophenyl) ethyl bromide. 

Procedure 

Phosphorous tribromide (10 om3) was added dropwise to th 
2-(,2-ohlorophenyl) ethanol (25 g) from the previous tep. 
The mixture was cooled over ice during the additioh. eflux­
ing was carried out for 2 hours over a water bathL t 90°. 
The reaction mixture was then poured into iced water (80 c 3) 
and extracted with diethyl ether (4 x 50 cm'). The combined 
ether extracts were washed with 5% sodium hydroxide (50 cm3) 
followed by water (2 x 50 cm3), then dried over gnesium 
sulphate. The ether was removed (rotary evaporator) and an 
infra-red analysis of the crude product showed complete dis­
appearance of the - OH peak. The product was distilled under 
reduced pressure to give a clear liquid, b.p. 84-85°/1.3 mm. 
(lit. 22 86.5°/1.6 mm) and n~1 1.5681 (li'tf2 n~5 1.569?). Th 
yield was 60-/4 1 calculated from the amount ot 



J2,-chlorophenylacetic acid originally used. 
of the product was confirmed by n.m.r. 

The structur 

2.1.2 Preparation of 2-(m.-nitrophenyl) ethyl bromide 

The synthetic scheme for the preparation or 2-(.m,-nitrophenyl) 
ethyl bromide from ,m-nitrophenylacetic acid is as ollows: 

CHfOOH CH2CH20H CH2CH2Br 

N02 
2-(m-nitrophenyl) ethanol 

Reduction of m-nitrophenylacetic aoid was carried out using 
sodium borohydride with aluminium trichloride as a cataly t. 

eduction of the nitro-group would occur if LiAlH4 was ed 
as the reducing agent. 

l-'rocedure23 

.m,-nitrophenylacetic acid (10 g) was dissolved in 95 om3 of 
anhydrous digl:yme (freshly distilled and stor dover sodium 
w re) then sodium borohydride (4.6 g ) added. umini 
t r ichloride (1.5 g) was dissolved in 12 cm3 of ann~drous 
diglyme and slowly added to the above mixtur·e. Fluka 
aluminium trichloride was used as this did not n ed to b 
sublimed. The reaction mixture was heated for 3 hours . 
between 50° and 60°. Excess sodium borohydride was then 
decomposed with cold dilute hydrochloric acid and the solu­
tion extracted with diethyl ether (3 x 100 cm3). The eth r 
extracts were washed with 5% potassium hydroxide (50 c 3) to 
remove unreacted acid, then dried over magnesium sulphat. 
The ether and remaining diglym.e were removed on a rotary 

- ~vaporater to yield an ,or a.n e-yellow oil (8 g) . An infra- . 
red s pectrc.m showed an - OH peak a t 3400 cm-1 , but no carbonyl 
peak , indicating the presence of the alcohol. The nitro 
doublet was present at 1520 cm-1 and 1340 c - 1 • Then •• r. 
spectrum was also consistent with structure. The cru~e 
alcohol was used in the next step ithout further purifica­
tion. 
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2-(m-nitrophenzl) ethyl bromide 

·hosphorous tribromide (5 g) was reacted with the 
2-(m,-nitrophenyl)ethanol ( 8 g) from the previous st p using 

the same procedure as described for the preparation of 
2-(~chlorophenyl)ethyl bromide . he yield was 56% of 
2-(m,-nitrophenyl)ethyl bromide, b.p. 128-130°/0. 4 mm (lit.17 
136- 138°/0. 5 mm). The refractive index was niio 1 . 5849 
(lit . 17 n~2 1 . 5852). The infra-red spectrum showed dis-
appearance of the alcohol - OH peak , anc: the n.m. r . spectrum 
was consistent with the structure of the product. 

Preparation of 2-pheneth:yldimethylsulphonium bromide 

2-phenethyl bromide was conv rted to 2-phenethyldimethyl­
sulphonium bromide accordinr, to the followin syn.th tio sch~m. 

+- -
CH2CH2 Br H 2c H2SCH3 CH 2CH2S<CH3>2 Br 

Metbyl 2- phenethyl sulphide 

C.HsBr 
) 

Methyl 2-phenethyl sulphide has been prepared by Steff and 
Thornton from 2- phenethyl bromide24• 'his method involves 
heating a solution of sodium hydroxide in ethanol with 
methanethiol (cH

3
sH) to form the sodium salt of ethan thiol 

(Na OH3). The bromide is then added dropwise and the ixture 
refluxed. Steffa and Thornton used commercial CH3 ,H which is 
contained in a phial. lowever , CH3SH has low b . p. (6 . 2°), 
therefore it was decided that this reactant could be handled 
more conveniently by producing it in situ in the gas phase 
and bubbling it through the solution of sodium hydroxide in 
ethanol. This solution was cooled over ice so that the 
ca3sH condensed into the li'-:{'Uid pha e as it bubbled through. 
The CH3SH \1·as passed through in excess to ensure that no 

unreacted sodium hydroxide remained, as tis could cause the 
elimination of the methyl sulphide produced after the addition 
of the bromide. The number of moles of sodium. hydroxide used 
to produce the NaSCH3 was equal to the number of moles of th 
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2-phenethyl bromide to be reacted. This was to prevent an 
excess of NaSOH3 building up which could give rise to side 
reactions. 

ca
3
sH was produced in situ by heating the meth7lisot~iouron­

ium salt ot methanethiol in aqueous sodium hydroxide 5• The 
CH

3
SH produced was passed up through a reflux condenser and 

then carried by a gas line into the sodium hydroxide/ethanol 
solution. Excess CH

3
SH was trapped by passing it into a gas 

jar containing 1 M sodium hydroxide. The methylisothiouron­
ium salt was prepared from a mixture ot thiourea, water and 
~bnethyl sulphate26• 

Procedure 

To prepare the methylisothiouronium salt of methanethiol, 
thiourea (?6 g), water (50 cm3) and dimethyl sulphate (63 g) 

were warmed together until the thiourea dissolved. The 
mixture was then boiled vigorously and the liquid distilled 
off until a thick slurry was produced. Water (10 cm3) and 
ethanol (100 cm3) were added and the mixture was allowed to 
cool. The solid was filtered off and the crystals dried in 
a vacuum dessicator to yield 98 g of the methylisothiouronium 
salt of methanethiol (m.p . 240-245°). To 80 cm3 ot 20% 
sodium hydroxide solution were added 56 g of the methyliso­
thiouronium salt ot methanethiol and the mixture heated to 
produce methanethiol. The gas was bubbled through a solution 
of sodium hydroxide (4.3 g) in ethanol (100 cm3) which was 
cooled over ice. This solution was then heated and 
2-phenylethyl bromide (20 g) was added dropwise . The reaction 
mixture was refluxed for 0.5 hours. The ethanol was removed 
by distillation under reduced pressure, water (200 om3) added 
and the mixture extracted with diethyl ether (4 x 100 cm3). 
The combined ether extractB were dried over magnesium sulphate. 
The ether was removed (rotary evaporator) to yield a yellow 
liquid (1, g) which had a characteristic sulphide smell. The 
infra-red spectrum showed that the 2-phenethyl bromide had 
reacted to form a different compound, and so t he crude pro­
duct was used in the methylation step without further 
purification. 



16. 

2-phenethyldimeth.ylsulphonium bromide 

The method of Saunders and williams22 was used to prepare 
2-phenethyldimethylsulphonium bromide from methyl 2- phenethyl 
sulphide. This method involves dissolving methyl 2-phenethyl 
sulphide and methyl bromide (cn3Br) in nitro ethane and 
allowing the mixture to stand at room temperature. The 
solvent is then removed to yield 2-phenethyldimethylsulphonium. 
bromide. CH3Br has a low boiling- point (3.56°), thus it was 
decided to produce it ia situ by heating a mixture of sodium 
bromide, cone . H2so4 , and methano12?. The cH3Br evolved was 
bubbled through a solution of methyl 2-phenethyl sulphide in 
nitromethane which was cooled over ice to cause the CH3Br to 
condense on contact . The cH3Br was passed through 1n con­
siderable excess to ensure maximum yields of the product.. The 
excess CH,Br is easily removed owing to its low boiling point . 
For every 100 g of sodium bromide used approximately 0 . 8 t o 
0 . 9 moles of OH3Br are produced; 

rocedure 

Methyl bromide was generated by slowly adding concentrat d 
sulphuric acid (25 g) to methanol (20 g) cooled over ice . 
The mixture was shaken during the addition. Sodium bromide 
(30 g) was suspended in the mixture whichva.s then heated over 
a water bath' at 50°. The methyl bromide gas produced was 

ied by passing it through concentrated sulphuric acid in a 
cws jar. The temperature or the water bath1 was increased 

' when the rate of gas evolution began to decrease , and heating 
was terminated when the mixture became a thick slurry. The 
dried methyl bromide was bubbled through a solution of the 
methyl 2- phenethyl sulphide (13 g) from the previous step in 
nitromethane (180 cm3) , cooled over ice. The reaction flask 
was then loosel y stoppered and allowed to stand at room 
temperature !or 2 days. The nitromethane was removed at room 
temperature (rotary evaporator) to leave crude white crystals . 
The product was recrystallized from ethanol/ether to give 
white crystals (15 g) of 2- phenethyldimethylsulphonium bromide, 
m. p . 136-13?0 (lit . 22 135- 135. 5°). The yield, determined f r om 
the amount of 2- phenethyl bromide originally used in the 
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previous etep, was 57%. The n.m.r. spectrum of the product 
using n2o was solvent was consistent with structure. 

The following substituted 2-phenethyldimethylsulphonium 
bromides were prepared by the methods previously outlined 
from the corresponding substituted 2- phenethyl bro ides . 
The 2-(R,-chlorophenyl)ethyl bromide used as prepared as 
described on page 10 while the remaining 2-phenethyl bromides 
were supplied by Dr L.F. Blackwell. The intermediate methyl 
2-ph nethyl sulphides prepared iere recognisable by their 
characteristic smell. .An infra-red analysis carried out 
on both the reactant bromide and the crude sulphid to d ter-, 
mine whether reaction had occurred. The infr -red r sults 
combined with the characteristic smell were used as confirma­
tion that the sulphi de had been formed, and so the crude 
sulphides were used in the methylation step withou fUrther 
purification. The 2- phenethyldimethylsulphonium bromides 
were purified by recrystallization fro ethanol/di thyl eth r 
until a constant melting- point was obtained. Ann •• r. 
analysis ot the sulphonium salts was carried out using D20 
as the solvent and all the chemical shifts and integrals were 
consistent with the structure of the products. us spectral 
analysis was carried out on t he products which h d not 
previously been reported in t he literature to confirm struc­
ture and purity. Yiel ds of the sul honium salts ere 
calculated on the basis of the corresponding 2- phenethyl 
bromides being the starting compounds , with the 2-phenethyl 
sulphides being regarded as intermediates. 

2.1.4 1-'reparation of 2-(,2.-chlorophenyl)ethyldim thyl-
sulphonium bromide 

2-(_n-chlorophenyl)ethyldimethylsulphonium bromide was prepared 
from 2-(.E,-ehlorophenyl)ethyl bromide (15 g) to give fine plate­
like white crystals (11 . ? g ), m.p. 125-126° (lit22 126-126. 5°) 
yield 62'"• 



2. 1. 5 Pr par tion of 2-(R-methoxyphenyl) 
sulphoni bromid 

i\n a,~~ yi ld of 2- ( ethoxyphenyl) teyldimetb;yl \ll oni 
bromide (5. 5 g) as obtained from 2-(p,-m thoxyphonyl) thjTl 
bromide (5 g). The white crystals of the product had 
m. p. or 130-131° (lit. 22 133-13,. 5°) . 

18. 

2- - bromophenyl) thyl bromide (2 g) wa conv rt d to hit 
crystal of 2-( -bromophenyl)etbyldim tb;rl ulphoni bro 
(1 . 1 g) in 455 y1 ld, m.p. 142- 144°. Th p..,...,,..Tn,,ffl 

sho d a molecular ion pe at W 229.9765 · ic corr epon · 
to o"11 • T"ni is oonai t t with lo of OU, 

C1oli14 zS• 

2- (,2-nitroph~l)etbyldimethylsulphonium bro id (3. 1 ) 
prepared fro 2- (,2-nitrophenyl)ethyl br-o >u (b g) to -iv 

't-1~- yield of p le y llow crystals o the product , • • 125-
1260. Th mas ap ctrum show a molecul r 1on p t 
l I 197. 0644. This is oonsi tent with th tormul c9s..1 Ofl 
which oorre ponds to loss of en, trom c10H14 OtJ• 

thyl-

\·ihite crystals ot 2- (R;-acetylphenyl)etbyldlm tb7l.eul o 
bro ide (3 . 2 g) , •P• 119- 120° (lit. 22 121- 121 . 5 ) 1 w 
prepared fro 2-(R,-acetylphenyl) thyl bro d (4 ) in 63 ' 

yi ld. 

2.1.9 reparation of 2- - nitroph 
dimetbylsulphonium bromide 

An ttempt was ade to convert 2- - nitrophenyl) thyl br id 
(2 g) into 2• (_- nitrophenyl)ethyldimot~l sulphoni b de. 
How ver, it ppeared that dimerization occurred boo us 



· ultra-violet spectrum of the product in 50. u DMSO s bwed 
two peaks and the mass spectrum indicated the presence ot 
hi gher molecular weight material than that exp cted for the 
product. 

2 . 2 .Preparation of deuterated oompounds 

2.2.1 Deuteration procedure 

Deuteration in the 2-position of the 2-phenethyl compounds 
was carried out at the phenylacetic acid stage. 

I1ethod I 

The phenylaoetic acid was conva~ted to the sodium salt by 

reaction with a slight excess of sodium hydroxide, this 
neutralization being carried out in water. The water wa 

then taken off, the solid dried, and then it was redissolved 
in a small amount of n2o. The solution was then reflux d 
under anhydrous conditions for a few days. The D~O was then 

,::; 

removed• tresh n2o added, and the refluxing repeated. ?his 
procedure was continued until a satisfactory amount ot 
deuterium had been incorporated into the o<.-position of the 
pbenylaeetic acid salt. The phenylacetic acid w s reformed 
by acidi£ication of the salt with cone. HCl. 

Me·thod II 

This method was adapted from a procedure used by Belang r 
~ a128• A solution containing the phenylacetic acid in 
1f-1 concentration and a 0.63 M sodium hydroxide cone ntration 
in n2o was heated at 85° under anhydrous conditions for 48 
hours. Cone . HCl was then added to precipitate out the 
deuterated phenylacetic acid. Thie procedure was found to 
be more satisfactory than that of method I as it gave a 
higher degree of deuteration in a shorter period ot time . 

2.2.2 Froparation of 2-(.12.-methoxyphenyl)ethyl-2,2-d2 
bromide. 

p-L'le t h ox yphenylacetic• acid -p(, o< ,-d2 

f'l ethod I was used to deuterate p-methoxyphenylacetic acid -in the ol. ,oe.-posi tion. 

MASS EY UNIVEP-SITY 



Procedure 

12,-methoxyphenylacetic acid (20 g) was neutralized with sodium 
hydroxide (5 g) in water (50 cm,). The water ·was removed 
(rotary evaporator) and the sodium salt of the acid which 
contained the excess sodium hydroxide was dried in a vacuum 
dessicator. The sodium salt was dissolved in deuterium oxide 
(20 em:5) and refluxed for if. days under anhydrous conditions. 
The deuterium oxide was then I'emoved and the salt dried. The 
refluxing procedure was repeated with deuterium oxide (15 cm3) 

for 5 days, and again with a further quantity of deuterium 
oxide (10 em3) for 4 days. The acid was precipitated out by 

the addition of concentrat3d hydrochloric acid (20 cm3), then 
filtered off, followed by recrystallization from water. The 
yield of ,R- ethoxyphenylacetia acid- o<,ot- 42 was 865~ (1? g) , 

m. p. 85-86° (lit. 86- 86. 5°) . The mass spectrum of the product 
showed 1.68 D atoms/mol. 

2-(R,-methoxyphenyl)ethanol-2, 2-d2 

~-methoxyphenylacetic acid- ~,«-d2 (17 g) was reduced by 

lithium aluminium hydride to 2-(,£-methoxyphenyl)ethanol-2, 
2-d?. by the method previously described for the preparation of 
2-(,2-chlorophenyl)ethanol. A 12 g yield of the crude liquid 
product was obtained. The infra-red spectrum of the product 
showed a very strong - OH peak at 3400 cm-1 • hen •• r . 
spectrum was consistent with structure and so the crude 
product was used in the bromination step without further 
purification. 

2-(12.-methoxyphenyl)ethyl- 2,2- d2 bromide 

The 2-(_£-methoxyphenyl)ethanol- 2,2-d2 from the previous step 
was converted to 2-(,P.-methoxyphenyl) thyl-2,2-d2 br mide with 
phosphorous tribromide, as previously described for the 
preparation of 2-(12.-chlorophenyl)ethyl bromide. The infra­
red s pectrum of the cr~de product showed almost complete dis­
appearance of the - OH peak at 3400 cm-1 • The product was 
distilled under reduced pressure to give 2-(J2.-1D.ethoxyphenyl) 
ethyl-2,2-d2 bromide (12 g), b . p. 147-149°/18 mm (lit17 

144-146°/18 mm). The yield was 55% calculated from the 
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amount of P-,!!!ethoxyphenylacetic acid-«,o-d2 originally used. 
The n . m. r . spectrum was consistent with structure. The mass 
spectral analysis showed 1.68 D atoms/mol . 

2.2. 3 Preparation of 2-phenethyl- 2,2-d2 bromide. 

Phenylacetic acid- oc,~-d2 

l henylacetic acid was deuterated at the ~ ,~- position by 

method II . 

Procedure 

I-henylacetic acid (26 g) was neu-tralized. with a solution of 
sodium hydroxide (8 g ) in ~at~r (50 cm3) to give sodium 
phenylacetate. The water was removed and the sodium salt 
dried to yield 30 g. of wnite crystals. The sodium pheny­
lacetate was then dissolved in 195 cm3 of deuteriwn oxide 
containing sodium hydroxide (5 g) . The solution was heated 
at 85° under anhydrous conditions for 48 hours then allowed 
to cool. The deuterated phenylacetic acid was then precipi- · 
tated out of the solution with concentrated hydrochloric ac id 
(25 cm3~ filtered off, and recrystallized from hot water. The 
yield was 96% of phenylacetic acid- ~,oe- d2 (25 g), m. p. 76-
'l'I (lit. 77°) . 'l'he n.m. r . spectrum (in deuteroaoetone) 
showed absence of the methylene protons, indicating almost 
complete ex ,«.- deuteration. 

2- phep.yletha.nol- 2 12-d2 

The phenylaoetic acid was reduced directly to the alcohol by 

lithium aluminium hydride using the rnethod o! Nystrom and 
Brown29. 'Th.is reduction does not involve the initial con-
version of the acid to t he ethyl ester. 

I'rocedure 

Lithium aluminium hydride (10 g) was suspended in sodium- dried 
diethyl ether (300 cm3). H1.enylacetic acid- oc,ot.- d2 (25 g) was 
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di solved 1n odium- dried iethyl eth r (200 c 3) and dd 
dropwise to the above suspension at such a rat , with stirring, 
to produce gentle re luxing. ter th ddition w co 
pleted, the reaction mixture was refluxed for on hour und r 
anhydrous conditions . "he mixture was then cool dover ·ce. 
Excess lithiut.1 aluminium hydride -was decomposed by the dro 
wise addition 0£ wet diethyl ether, followed by tho dropwis 
addition o water. Ten per cent sulphuric cid (250 3) n 
added (cooling) to produce a clear oolution. Th ether l r 
was drawn off and the aqueous la.yor ci;racted with diet 1 
eth r ( 200 cm.3 ) • The combined ethor rv.cto r h d with 
water (200 c 3) , 5% sodium bicarbonate (100 cm3), and Ql!l, .. .._. 

with water (200 cm3) . '£he ether layer we.a dried ov r 
magnesium sulphc.te and then the solvent r oved to iv the 
orude alcohol ( 20 0 ). 

1rhe in£r3.- r d .apeotrum of th product 
showed a very stro - OH peak ( "3400 cm- 1 ) and no carbonyl p 
Th n .m. r. spectrum was aloo consistent with t structur of 
the product . The 2-phenylethanol- 2t2-d2 was ua in th 
bromination step without .further purific tion. 

Tho method previously describ d tor the preparation of 
2- (,a-ohlorophenyl)ethyl bromide as used to convert th 
2- phenylethanol- 21 2- d2 (19 g) from the above t p t o 2-
phen tbyl- 21 2- d2 bromide (23 g) , b . p. ?6-?8°/3 (lit. 30 
100-102°/18 ) • and n~ 1 . 5533 (lit. '° Dii' 1. 5537) . Th 
yield was ?9% based on the phenyl oetic acid - ~.«42 be 
the starting material . The infra- red spectrum of the 
product sho ed complete disappearnnoe of the II p ak t 

• 

3400 c - 1• The n.m. r . spectrum was consistent with structur . 
A mass spect ral analysis showed 1.90 D atoma/ ol . 

2. 2. 4 Preparation of 2- (,2-nitrophenyl) thyl- 2 12~ b 

Nitration of 2- phenetb,3'1- 2, 2- d2 bromide with fuming nitric 
acid in acetic acid/acetic anhydride was used to prepare 
2- (2- nitrophenyl ) ethyl- 2 1 2-a.2 bromid . 

de. 
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Fuming nitric acid (9 g) was added dropwise to a mixture of 
acetic acid (8 g) o.nd acetic anhydride (14 g) cooled to - 5° 
over ice/salt mixture. 2-phenethyl-2,2-d2 bromide (12 g) 
was very slowly added dropwise with stirring. Tho tempera­
ture was kept belo-w o0 during the addition. Stirring was 
continued for 2 hours (at o0

) then the reaction mixture was 
poured into a suspension or sodium bicarbonate (18 g) in ice/ 
water mixture (20 cm3). After bubbling had ceased, the 
yellow product was extr~ctP.d into benzene (3 x 100 cm3),then 
WQshed with water (50 cm3), 5% sodium bicarbonate {50 cm3), 
followed by water again {50 cm3). The benzene layer ias 
dried over magnesium sulphate, o.nd then the solvent was 
removed to yield crude yellow crystals. Tbe product was 
recrystallized from hexane to give 2-(1?.-nitrophenyl)ethyl-
2 ,2-d2 bromide (8 g) , m.p. 69-?0o (lit.1? 68-69°). The yield 
was 53%. The n.m.r. spectrum (in deuteroohloroform) was con­
s istent with structure. A mass spectral analysis of the 
product showed 1.90 D atoms/mol. 

2. 2.5 Preparation of 2-(J?,-acetylphenyl)ethyl-2,2-42 bromide 

A Friedel-Crarts aoylation reaction was used to prepare 
2-(J?.-acetylphenyl)ethyl-2,2- d2 bromide rrom 2- phenethyl- 2,2-42 
bromide. •2CH Br D CH Br 2 2 2 

F.rocedure~1 

A mixture of aluminium trichloride (6.? g), carbon disulphide 
(24.; cm3) and acetyl chloride (3.8 om3) was cooled over an 
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ice bat~ . • 2- henethyl- 2, 2-d2 bromide (10 g) in acotyl 
chloride(?. ? cm3 ) was added as fast as possible with stirring. 
'the mixture was stirred o'\rer tho ice bath until no fUrther 
hydrogen chlorido was given off (3 hours). The reaction pro­
duct was deoooposed with a mixture of concentrated hydro­
chloric acid und crushed ice. The co.rbon disulphide la;yor 
was removed and the aqueous layer was extracted with benzene 
( 2 x 100 on~). The combined benzene and carbon t''!.nulphide 
la;yo1.·s were wauhed with dilute ~hloric acid ( 50 om3) , 
water (SO cm3), and 10,.., uodium hydroxide (50 cm3), followed 
by water again (100 om3). '.11be aolvent was removed. {rotary 
evaporator) and t ho pr oduct was twice fractionally cl.iatillod 
under reduced presaru·e. 'l'he y:'.eld was 56.,., ot 2- (2-aoetyl r .. 1-.• y 

phe:nyl)ethyl- 2 , 2-<.l? bromide(? g), b . p. 128-130°/0.3 r.lI:l 
(lit. 31 117-118°/0.1) and n~2 1.5735 (lit. 31 n35 1. 5?24. 
The n . m.r. spectrUJh wno consistent with structure. The mass 
s pectrum sho\ved 1.90 D atoms/mol. 



Tho following deuterated 2-phenethyldimethylsulphonium 
.. 

bromides were prepared from the corresponding deuterated 
2- phenethyl bromides by the methods described for the non­
deuterated sulphonium salts. The 2-(R,-chlorophenyl)ethyl-
2,2-d2 and 2-(,m-bromophenyl)ethyl-2,2-d.2 bromides were 
supplied by Dr L. F. Blackwell while tho remainder were pre­
pared as described above. The comments on page 17 regarding 
the preparation ot the non-deuterated sulphonium ~alts also 
apply to the following preparations . 

2 . 2.6 Preparation ot 2-phenethyld.imethylsulphonium-2.2-d2 
bromide 

2-phenethyldimethylsulphonium-2,2-d2 bromide (1 g), m.p. 135-

1~60 (lit.30 136.5-137°) , was prepared from 2-phenethyl-2,2-d2 
bromide (1.5 g) in 53~ yield. The mass spectrum showed 1.90 D 
atoms/mol. 

2.2.? Pr-eparction of 2-(.E,-methoxyphenyl)ethyldimethyl-
sulphonium-2,2-d2 bromide 

2-(~methoxy:phenyl)ethyl-2,2-d2 bromide (9 g ) was converted to 
2-(p-methoxyphenyl)ethyldimethylaulphonium-2,2-d

2 
bromide 

(8 g) in 7<:Yfo yield. The m.p. of the product was 1;0-131° 
(lit.22 133-135.5°). The mass spectrum showed the presence of 
1.68 D atoms/mol. 

2.2.s Preparation of 2-(R,-Chlorophenyl)ethyldimethyl-
sulphonium-2,2-d2 bromide 

A 64% yield of 2-(,E;-chlorophenyl)etlcyldimethylsulphonium-
2 ,2-d2 bromide (2.5 g) was obtained from 2-(R-chlorophenyl) 
ethyl- 2,2-d2 bromide (3 g2 1.86 D atoms/mol.). The product 
m.p. was 125.5-126° (lit. 2 126-126°). 

2.2. 9 Preparation of 2-(.m-bromophenyl)ethyld.imethyl­
sulphonium-2,2-c : ~romide 

.. 

2-{!\-bromophenyl)ethyldimeth.ylsulphonium-2,2-d2 bromide (1.5 g) 
m. p. 141- 142°, was prepared from 2-(s.-bromophenyl)eth71-
2 ,2-d2 bromide (2 g) in 5o;,~ yield. A mass spectral analysis 
showed 1.88 D atoms/mol. 
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2.2.10 Preparation of 2-(,g-acetllphenyl)ethyldimethyl-
sulphonium-2,2-d~ bromide 

2-(R-acetylphenyl)ethyldimethylsulphonium-2,2-d2 bromide (4 g), 
m. p. 119-120° (lit.22 121-121.5°), was prepared £rom 
2-(~acetylphenyl)ethyl-2,2-d2 bromide (5 g) in 63% yield. 
The mass spectrum aho~ed 1.90 D atoms/mol. 

2 . 2 .11 Attempted preparation of 2-(p-nitrophen:yl)ethzl­
dimethzlsulphonium- 212-d2 bromido 

An attempt was made to prepare 2-(Ja-nitropheuyl)ethyl­
dimethylsul.phonium-2,2-d2 hromide from 5 go! 2-(Ja-nitrophenyl) 
ethyl-2,2- d2 bromide. However, the product would not 
crystallizo out from ethanol/diethyl ether, probably owing to 
impUl.'ities. The ~~oduct wus thero!ore diaaolved in water, 
washed with diethyl ether, and the water layer boiled tor 
10 minutes with decolouri~iilg cnucoal. The charcoal was 
£iltered off, the water removed (rotary evaporator), and the 
resul.tant crystals dried in a vacuum dessicator. Th0 product 
was then recrystallized from diethyl ether/ethanol to yield 
2 g of pale yellow crystals , m-P• 124-125°. However, although 
the mass spectrum of the product confirmed the structure, 
exchange had occurred between hydrogen and deuterium atoms 
at the 2,2- position so that the extent ot deuteration was only 
1.08 D atoms/mol . This level of deuteration is not high 
enough to be able to determine a k~ value for the E2 elimina-
tion reaction. 
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3 KINETICS 

3.1 Furitication or polyents 

DimethYl sulphoxide (DMSO) 

Dimethyl sulphoxide (A.Jax Unilab.) was twice distill d under 
reduc~d pressure from calcium ~dride, and stored in a . 
stoppered flask. 

nf • 1.4790 (lit.~• 1.4795) 

Deionized water was distilled from alkaline potassium 
permanganate, and stored in a stoppered glas bottle. 

3.2 Preparation of standard sodium hydroxide solution 

Sodium hydroxide solution (l.M) was prepared fro tandard 

concentrate (BDH.CVS ampoule) diluted with distilled w ter 
to the specified volume. Base conoontrations w r checked 
periodically witµ standard hydrochloric acid using bromocresol 
green-methyl red as indicator. 

3.3 Preparation or base solutions 

Heat is evolved when DMSO and water ar mix d, therefore 
stock bas solutions containing both the required ole 
percentage of DMSO and the required sodium hydroxide concentra­
tion for a given kinetic run were prepared beforehand. All 
the solutions were made up at 20°. The correct volume ot 
standard iM sodium hydroxide to give the required cone ntra­
tion when diluted to a total volume of 100 om3 w s dded to 
a 100 cm3 volumetric flask. Distilled water was then added 
to give a total weight of 20 g including the weight of wat r 
present in the sodium hydroxide solution. Th solution was 
then made up to 100 om3 with DMSO and reweighed, The mole 
percentage of DMSO was 50.2 calculated from the .\respectiv 

i\ 
weights of water and DMSO in the solution. Th~ \bas solutions 
were stable at room temperature for at least twq \'rdeeks. 
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;.4 Preparation of solvent 

Distilled water (20 g) was added to a 100 em3 volumetric flask 
and then made up to 100 cm3 with DMSO to give a D.MSO oontent 
of 50.2 mole %. 

3~5 General kinetic procedure 

The rate of styrene production by pseudo-first order kinetics 
w s followed spectrophotometrioally at 260 nm tor all sub-
strates except .,:e-~c (280 nm) and k9N02 (310 nm). An attempt 
was made to follow the elimination from 2-(.m.-nitrophenyl) 
ethyl bromide. However, in 50.2% DHSO, the substrate peak 
(2?5 nm) was too close to the m.-nitro sytrene peak (260 nm) 
for either tlie production of the styrene or the dis-appea.rane 
of the substr~te to be followed spectrophotometrically. 

The excess of base over substrate was at least in the ratio 
of 20 to 1. It was found that the derived second order rate 
constants were independent of base concentration over at least 
a 10-told base concentration range. Reactions with a halt­
life or one minute or greater were followed on a Unicam SP 500 
Spectrophotometer, while those with shorter halt-lives were 
measured using a Durrum-Gibson D-110 stopped flow spectro­
photometer. Both the 2- phenethyl bromides and the 2-phenetlql• 
dimet~lsulphonium bromides appear to be essentially com­
pletely converted into the corresponding styrenes17,19. 

3.5.1 Uni.cam SP 500 procedure 

The reactions were followed in a stoppered cell in the thermo­
statted cell compurtmax:t (:to.1°) or tb,e instrument. Stock 
substrate solutions, containing substrate concentrations of 
approximately 0.02 H, were prepar din 10 om3 quantities using 
5().2 mole % DMBO solvent. These substrate so,lutions were 
stable over a period of several months. Two cells were each 
filled with the base solution (2 cm3) required ~or the kinetic 
run and placed in the cell compartment, which w_ held at the 
required temperature by the circulation of wateJi· from a 
constant temperature bath· L• The cells were left standing ia 

' the compartment for at least 10 minutes so that :thermal 
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equilibrium wac attained. An aliquot of the r quir d stock 
substrate solution (0. 05 cm') was then pipetted into one of 
the cells, giving a final substrate concentration of approxi­
mately 104 M, and the reaction mixture thoroughly t irred with 
a small glass stirrer. The other cell was used th 
reference blank. Initially, an attempt was ad to record 
the spectrophotometric changes for all kinetic runs g inst 
time using the Direct Reado~t mode onto a Unicam SP 22 chart 
recorder. However, it was found for re ctions with a halt• 
life of less than two minutes and for following the smaller 
optical density changes which occur after the cond halt­
life that the reproducibility suffered. Henoe, !or the 
faster reactions and .ror ·those in which readings after two 
halt- lives were required in the rate constant o lculations, 
the Null Balance mode and a stopwatch w r used to measure 
percentage transmission against time. The infinity re dings 
were recorded for the reactions after at least ten halt- live 
had elapsed. The infinity value was found to be very stable 
in all cases. 

3. 5. 2 Durrwn- Gibson D-110 procedure 

Equal volumes of substrate and base solutions were used in 
the mixing chamber of the stopped- flow instrument, therefor 
both solutions are diluted by halt. However, the light path­
len h or the reaction cuvette is twice that of the SP 500 
instrument, therefore the same substr te concentrations 
used in the SP 500 reaction cells (i.e. approximately 10-"' M) 
were used for the stopped-flow spectrophotometer. Th bas 
and substrate solutions were allowed to reach thermal equili­
brium for 15 minutes in the drive syringes of th instrument 
which were immersed in water circulating through a heat 
exchanger in a constant temperature water batbii. The t pera­
ture was kept to within ~ . 2° of the required valu. The 
instrument was then actuated and th optica1 density changes 
were recorded against time on a He lett-Paoltard 141 B storage 
oscilloscope. The traces were photo aphed with an ahi 
Pentax camera and the negatives wer traced onto ph paper 
using a Leitz Valoy II enlarger. The optical d,nsity ver us 
time values for the reaction were read oft fro th ph 
paper. 



3.6 Treatment of results 

The integrated pseudo-first order rate equation is, 

k " 
log (000 - Ct) = - ·2 • 303 • t + log OCXl 

where 000 is the product concentration at time • infinit,'1 Ct 
is the product concentration at time t, and k ~ is th pseudo­
first order rate constant. From Beer ' s law the concentration 
is directly proportional to optical density for a constant 
light path length, therefore the above rate quation can ~e 
written as , 

where Dis the optical density and the subscripts t and oo have 
their usual meanings. The pseudo-first oder rate constant 
were obtained from a least squares plot of log (D00 - Dt) v~rsus 
t, the slope of the plot giving the value of - k~/ 2. 303. The 
second order rate constants (k2) were obtained by dividing the 
k 'I' value by the base concentration. In cases where 
percentage transmission (T %) was measured, these values were 
converted to optical density by the equation , 

D :i= 2 - log T%. 

l 
Computations were carried out using a least squares fit 
programme on a B 6?00 computer . 

The Jt~ v&lues were calculated from the optical density m asure­
ments for the first 2 half- lives of the reaction of the non­
deuterated substrates. An example plot for 2- (R,-methoxy• 
phenyl)ethyl bromide at 20° { NaOH = o. 04 M) is shown in 
Fig.2. The measurements from which this plot was determined 
are as follows: 
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Run 27 

t (min.) Dt log (Dao - Dt) 
0 0.215 0.059 
2 0.365 -0.002 
4 o.495 -o.063 
6 o.606 -0.123 
8 0.703 -0.182 

10 0.793 -0.246 
12 0.863 -0.304 
14 0.928 -0.365 
16 0.98? -o.428 
18 1.036 -0.490 

20 1.076 -0.547 
c,o 1.360 

In the case of the deuter ated substrat s the pres nc of some 
of the non-deuterated compound caused initial curv ture of 
the log (D00 - Dt) versus t plots. Therefore, only the 
optical density values for t he deuterated substrate which were 
recorded after at least 8 half-lives for th non-deuterated 
substrate had elapsed were used to determine k~. The example 
plot (Fig.3) for 2-(~ethoxyphenyl)etb;yl-2,2-42 bromide 
(20°, NaOH • 0.1 M) shows the effect th t non-deuterat d 
material has on the slope ot the log (D00 - Dt) versus t plot 
for deuterated substrates, as indicated by the initial steep 
curve betor t he plot becomes linear. The value which were 
used in this plot are as .tollowss 

;1un 28 

t (min.) Dt log (D00 - Dt) 

5 0.411 -0.114 
11 0.597 -0.234 

15 0.680 -0.301 
20 0.757 -0.374 
26 o .824 -0.449 
30 0.860 -0.495 
36 0.90? -0.564 
40 0.9:;2 -0.606 
45 0.959 -0.656 
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Run 28 (Contd.) 

t (min. ) Dt log (D00 - Dt) 

50 o.9s3 -o.7()6 
62 1 . 032 -o.s:,o 
?2 1.063 -0. 932 
82 1.005 - 1 . 022 
(X) 1 . 180 

The llammtltt p values for the 2- phenethyl bromides and the 
2-phenethyldimethylsulpbonium bromides were calculated tram a 
least sc;iuo.res plot ot log ~ versus O' • The procedure which 
was used is <ti.scussed more tully in 5ectio.n 5. 2. 

The results of the reaction kinetics tor both tho deuterated 
and non-deuterated versions of tuoh compound on the tollowiDs 
pages a.re headed by the nwne of the non-deuterated compound. 
The kinetio results for the non- deuterated substrate are eub­
headed by Y • H, while those tor the deuterated substrate are 
sub-headed by Y • D. An example table showing about ten time 
and optical density measurements io given for one run ot each 
substrate at oao! ... temperature, whereas only the ~ values are 
given for o:ny other runa at the same temperature used to 
calculate the mean~ value. In the case ot the douterated 
substrates only the optical density meaaurcmenta which were 
recorded after 8 halt-lives tor the non-deutorated subotrate 
had elapsed are shown. i'he it112'k~ ratio for oaoh pair ot 
deuteratod and non-deuterated substrates is given at the 
bottom ot the page beneath the corresponding tables ot results. 
Summaries of the k2 values and tho ic:11~ ratios follow the 
tables of results. 
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4.1 2-Ehenetb..yldimeth;ylsulphonium bromide 

y • H y • D 

Rwl 1 Run 4 

NaOH -0.02 M, temp .. 20° NaOH -0.02 M, temp• 200 

time (mins.) Dt time (mins.) Dt 
0 0 .070 0 o.633 
4 0.175 20 0.660 
8 0.261 40 o.686 

12 0.340 60 0.710 
16 0.4-05 70 0.721 
20 0 . 468 80 0.733 
24 0.513 90 0 . 740 
28 0.556 110 o.?60 
32 0.952 130 0.775 
34 o.609 150 0.791 
00 0.800 00 0.920 

10
2 ~ • -1 -1 3.29 l.mol. see. 103 k~ • 

-1 -1 4-.44 l.mol. see. 

Run No. Run Ho. 

2 3.31 5 4 . 45 

3 3 . 24 
2- R -1 -1 Mean 10 r2 = 3 . 28 z 0.03 l.mole. seo. 
3D , ~ ~ Mean 10 k2 = l+.l~ • O. O'I ~. mole. sec. 
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4.2 2-(.a-methox:yphen.yl)di.Jlleth;rlaulphopium bro;dde 

Y•B y - p 

Run 6 Run 19 
NaOH • 0 .02 n, temp• 200 NaOH • 0 . 02 " • temp• 200 

time (mins . ) Dt time {Dins.) Dt 

1CYk~ • 

Run No. 

? 
8 

0 0 . 012 

20 0 . 105 
40 0 . 191 
60 0 . 268 

00 0.337 
100 0 . 398 
120 0 . 45() 

140 0. 49? 
200 0. 612 
240 o.663 
00 0. 070 

- 1 - 1 5. 04 l .mole. sec. 

1030 
2 

- 1 - 1 l . mole. aec. 

4. 91 
4. 93 

0 0. 717 
60 0 . 735 

120 0. 755 
180 0.712 
240 0. 788 
:;oo 0 . 001 
4c."l() 0 . 833 
540 0. 057 
660 o,a?6 
?80 0 . 896 
00 1 . 080 

~ 29 -1 10 • 7. l . molo. aeo.-1 
~ 

Run No. 

18 

104iJ; 

- 1 -1 l . molo. s eo. 

Hean 1~~ • 4 . 96 * 0. 05 l .mole.-1sec.-1 

4.... D , ... -1 - 1 Mean 10 ·.k2 • ? . 26 • 0. 03 l.mole. sec. 

6. 83 * 0 .10 



2-(,a:metho&J>hen,yl) ethyldimotbylsul
1
phonium bromide ( Oont d. ) 

y • H y. p 

Run ?O Run 72 
NaOH • 0 .1 H, temp• 300 Na.OH • 0 .1 11, t81ilp. '!JOO 

time (mins.) Dt time (mins.) Dt 
0 0.095 0 1.139 
2 0.266 4 1.170 
4 0.41? 8 1.202 
6 0. 548 12 1. 228 
8 0.664 16 1.252 

10 O.??O 21 1.283 
12 o.as? 26 1.313 
14 0. 947 31 1.349 
16 1.01; ;G 1.~ 
a, 1.550 00 1.820 

102~-= -1 -1 1.05 l.mole. sec . 1~ .. 1 -1 -1 1.90 . mole. soc. 

102kII 1~ 
J.2.\m llo. 2 Run No. l -1 -1 -1 -1 • c.ole. soc. l . aole. ooo • 

?1 1.07 73 1.86 

Mean 10¥a • 1 . 06 * 0 . 01 l -1 •1 . mole. soc. 

~ D .... -1 -1 Hean 10'JC-.:> • 1.8? • 0 . 02 l.aola,. oec • ... 
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2-(n-methoxyphe.nyl)ethyldimethylsulphonium bromide (Contd.) 

y .. l! y = ~ 

Run ?4 Run 76 
NaOB • 0.04 n. temp Cl 

'0 NaOH Q. 04 te p • 40° 40 lil2 t 

time (min.a.) Dt time (mins.) Dt 
0 o.086 0 1.452 
2 0. 293 4 1.484 
4 0. 469 8 1.513 
6 0 . 620 12 1.5~ 
a 0. 750 16 1 . 562 

10 o.a54 21 1.587 
·12 0. 947 26 1.609 
14 1 . 022 31 1.6'i!'/ 
16 1.097 3~ 1.656 
co 1 • .tJ.40 41 1.6?6 

10
2
k~ • 3. 54 l.mole.-1aec .-1 46 1.695 

00 1.920 

102kH 
103it~ • 6. 54 1. ole.-1 -1 

Run No. 2 • 
-1 -1 

103itD l.mole. sec . 
Run No. 2 

?5 3. 54 -1 -1 1.mole. sec. 

71 

2H ~ ~ Mean 10 k2 = 3. 54 • 0 .01 l . mole . seo . 

Mean 103k~ • 6 . 61 * G. 14 l . mole.-1sec.-1 



y • H 

Run 11 

NOH • 0.02 M, temp 20° 

time (mina . ) Dt 
o.o 0. 155 
0 . 5 0. 250 
1 . 0 0 . 3;0 
1. 5 0. 396 
2. 0 0 . 448 
2. 5 0. 502 
3. 0 0. 54, 
3. 5 0 . 532 
4 . o 0 . 612 

4. ~ o . G42 
5.0 . 668 
co o.860 

• H 6 - 1 - 1 10 ~ • 2. 1 l . mole. seo . 

10 kH 
2 

l - 1 - 1 . mole . see . 
hm o. 

9 
10 2. 10 

etnylsulphoni bromide 

y D 

Run 12 
NaOH • 0. 02 M, t p • 20o 

tim ( . ) Dt 
o 0. 33a 
4 0. 435 
a o. 4?6 

12 0-.515 
16 0. 545 
20 o. ;7~ 
24 o . 600 
2a 0 . 622 
:i2 o.640 
'6 0 . 658 

co 0.790 

102 k~ • 2. 57 1. ol .•1 

Run No. 
10

2 ~ 

-1 eo • 

l . ole. - 1 ec. - 1 

13 

I: ean 10 ~ 2 . 10 • o . 04 l . mole. - 1 eo.-1 

Mean 102k~ ~ 2.58 • 0. 02 l . mole.-1sec.·1 



4.4 2-(a_-br'>~opher~l)ct ld.imetbyl3ulphoniuc bromide 

y • H Ya D 

Run 1 1~ Run 16 
NaOH -0 . 01 M, temp• 200 NaOH • 0.01 tt, temp• 200 

tioe (-a~cu . ) Dt time (mine. ) Dt 
0 0 . 183 0 0. 573 

30 0.302 2 o.602 
60 0.396 4 o.623 
90 0 .475 8 o.667 

120 0 . 543 12 0.705 
150 o.600 16 0. 738 
180 o.648 20 0.765 
210 o.690 24 0. 788 
240 0.7~ 28 o.eoa 
'Z/0 0.752 ,o o. a17 
300 0.777 co 0.930 
co 0 . ;l~0 2 D -1 -1 

10 ~-
-1 -1 

10 k2 • 6.36 l . oole. sec. 
5. 26 l.mole. aoo. 

102 ~ 
10 kH 

2 
Run ?lo . -1 -1 2 

Run No. l . m.olc. sec. 
-1 -1 l.mole. sec. 17 6. 2, 

15 5.28 

. n -1 - 1 Mean 10 r,:; c: 5.27 • 0.01 l.mole. sec. 
c.. 



4. 5 2-(,;p.-ace·tylphen1l) ethyldimethylsulphonium bromide 

y • D 

Run 53 Run 55 
NaOH = 0.05 M, t emp .,. 200 NaOH • 0.05 M, temp• 200 

t ime (sec s . ) D t 
t il:le ( secs.) Dt 

o.o 0.120 0 0.135 
0.2 0.180 2 0.160 

0.4 0.232 4 0.175 

o.6 0 . 280 6 0.190 

o.a 0.320 8 o.20~ 
1.0 0.357 10 0.218 

1.2 0.390 12 0.230 

1 . 4 0 . 420 1 -4 0. 235 

1 . 6 o.447 16 0.24, 

1.8 o.468 18 0.250 
CX) 0 . 65(; (X) 0 . 310 

H 
k2 • 11.97 -1 - 1 l.mole. sec. D 

k2 111 ·1 .19 -1 -1 l.mole. sec. 

Run No. 

50 
52 

"H k ,:, 
C. 

kD 
2 

-1 -1 l.mol e . sec . 
Run No. -1 -1 l . mole. sec. 

12. 03 

11.73 

~- , H 11 9 ± 0 1 1 1 - 1 - 1 ,',ean i -:.
2 

'Zl • • . mo e . sec. 

D . -1 -1 Kean k2 = 1 . 24 ± 0. 05 l .mole. s ec. 



4 ,.6 2-(,£-nitrophenyl)ethyld.imethylsulphonium bromid 

Run 86 
a.OH = 0.05 I'1 , temp= 20° 

time (secs.) Dt 
o.oo 
0 . 01 

0.02 
o. o,; 
o.o4 
0 . 06 

o.os 
0 .10 

0 . 12 

o.11~ 
CX) 

H 
k2., 175.a 

Run No. 

87 
88 

0 . 045 
o.oos 
0.137 
0.1,5 
0. 217 
o.2a5 
0.3,;a 
o.;84 
0.ll-22 

0.455 
0.625 

-1 -1 l.mole. sec . 

kH 
2 
-1 -1 l . mole . sec . 

178.; 
176.1 
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4.? 2-phep.ylethyl bronido 

Y•H Y•D 

Run 20 Run 24 
Na0H • 0.05 M, temp • 20° 1'ailil • 0.05 M, temp • 20° 

time (mins.) 

o.o 
Dt 

0. 22a 
tirle (mins.) 

0 
Dt 

0.582 
o .622 
o.654 
o.6?8 
0.703 
0.?26 

0 . 5 
1.0 
1.5 
2.0 
2. 5 

0. 307 
0. 375 
o. 434 
o.482 
0 . 524 

~.o 0. 565 
3. 5 0.597 
4.o o.625 
5. 0 0 . 676 
6 .0 o. 71:,. 
co 0.863 

l~ 

8 
12 
16 

20 
24 0.?4? 
28 0~?65 
:;2 0 .'780 
~6 0 .799 
ex, 0.910 

3 D 9 . r;5 -1 -1 
? H ~ ~ 10~ k2 • ?.9? l . ~ole. sec. 

10 k2 = / l.mole. sec. 

Run No. 

21 

22 

10
2
k~ 

-1 -1 1 . 1nol e . aoc . 

8 . ·16 

8. 37 

23 
25 

103 kD 
2 

-1 -1 l.mole. sec. 

11ea."l. 102 k~ = 3 . 17 ;t; 0 . 10 l.nole.-1seo.- 1 

3 D ± -1 -1 Mean 10 k~ = 9.56 0.01 l.mole . aeo . 
c;. 

kH 
:-% - a.54 :t 0 . 19 
k2 



4.8 2-(J?,-methoxyphenyl)ethyl bromide 

Run 26 
NaOH • 0 .04 M, temp c 20° 

time (mine;.) 
0 

2 

4 

6 

8 

10 
12 
14 

16 

18 

T" 
-'t 

0.223 
0.370 
0.496 
0 . 60? 
o.699 
o.7aa 
0 . 854 

0 . 917 
0.967 
1.027 

20 1 . 0bO 

nun 28 

?TaOH • 0.1 M, temp • 20° 

tim.e (cins.) 
0 

2 
4 

6 

8 

10 
20 

32 
42 

52 

Dt 
0.860 
o.a79 
0.893 
0.907 
0.921 
0.932 
o.9a3 
1.032 
1.063 
1.085 

oo 1.180 

42. 

co 1. 330 3 D ~ ~ 10 k2 • 3.89 l.mole. sec. 
102 kli

2 
a 2 t"4 1 1 -'l - 1 •~ . mo e . sec. 

103 kD 

Run No. 

2 
102 ku 

? Run No. -1 -1 l.mole. sec. 
-1 -1 l.mole . ae~. 

2.90 
29 

i· /l o2 kH ? o ? + o o') 1 1 -1 -1 1·1ean , 2 .- '- • ✓·- - • "- . mo e . sec. 

3 D -1 -1 Mean 10 k2 c 3.87 ± 0.02 l.mole. soc. 

3.85 



2-{R-methoxyphenyl)ctJyl bromide (Contd.) 

y = H 

Run 78 
MaOH s: 0.04 M, temp• 

time ( ID.ill <-; • ) l\ 
0 0 .135 

1 0.314 

2 o . 471 
3 o.609 
4 0.?26 

5 0.82? 
6 0 . 914 

7 0.975 
(3 1.050 
9 1.102 
a:, 1 . 400 

30° 

y = D 

Run 80 
NaOH = 0.04 M, temp 111 ,o0 

title (nine.) 
0 
4 

10 
1 4-

18 

22 
26 

31 
36 
4b 
00 

Dt 
1.122 
1.153 
1.203 
1.234 
1.253 
1.275 
1.294 
1.J15 
1.334 
1.364 
1.480 

10
2 

k~ • 6 .63 -1 -1 l.mole. sec. 

Run No. 

79 

102 k~ 
( 

-1 -1 1.1.:cl e . zec . 
Run No. 

81 

-1 -1 l.mole . sec. 

hean 102 k~ = 6 .59 :t o . OL~ l . mole. - 1aec. - 1 

Mean 102 k~ • 1.03 * 0.01 l.mole.-1seo.-1 



44. 

2-.{~met ho.. -,henyl E:: t · 1 bromide (Contd.) 

y ::i; Ii 

Rtm lJ2 

Na.OH = 0.02 M, 

t im_ (min'"' .) 

0 

1 
2 

3 
4 

5 
6 

? 

00 

t emp SI 400 

D t 
0.126 

0.294 
0.434 
0. 551-1-

o.658 
0.74-0 
o.a15 
o.e73 
0.921 
1.190 

y • D 

Run 84 
NaOH • 0.02 M, temp• 400 

t ime (mins .) 

0 
2 

4 

6 

8 

10 

12 
19 
29 
a:, 

Dt 
1.125 
1.142 
1.155 
1.169 
1.180 
1.191 
1.202 
1 . 237 
1.272 
1.3a5 

H 
10 k2 = -1 -1 1.44 l.mole. s ec. 2 D -1 -1 10 k 2 • 2.41 l.mole. sec. 

Run No. 

83 

10 kH 
2 

102 kD 
2 

_ ..., - 1 
l.:molo. 1

l3 c. 
Run No. -1 -1 l.mole. seo. 

1.42 85 

li :t -1 -1 Mean 10 k2 = 1.43 0.01 l.mole. sec. 

:.>_ D ± -1 -1 Mean 10-ic2 ~ 2.41 0.01 1.mole. sec. 

H 
k2 n c: 5.93 t 0.07 
k2 



' ' 

45. 

4. 9 2-(,12-<ulorOJ)hf':nyl) ethyl bromide 

y = H y • D 

Ru.n 30 Run ,3 
NaOH ""' 0 . 02 M, temp= 20° .r OH : 0.02 M1 temp• 200 

time (mins.) .... t me (m·ns.) Dt ...,,.J-

H 10 k 2 • 

Run No . 

31 
32 

\I 

o.o 0.101 0 0.815 
0.5 0.197 2 0 .863 
1.0 0 . 277 4 0 . 903 

1.5 0.340 6 o.94? 
2. 0 o.;93 8 0.983 
2. 5 o.437 12 1.051 
, .o 0 . 4-71 16 1.10? 
3. 5 0.503 20 1.154 
4.0 0.52? 24 1.195 
00 0.655 28 1.228 

-1 -1 
CX) 1.415 

3 .04 l.mole. sec . ' 

H 102 k~ a 3.49 1. ole.-1sec.-1 
10 lc2 

102kD 
-1 -1 2 l . mole . i.=..ec . Run No. -1 - 1 

3. 03 l.mole. sec . 

2. 97 31~ 
35 

H -1 -1 I~ean 10 k -:i ... 3. 01 :i: 0.03 l.e1ole . sec ~ 
C: 

Mean 102k~ - 3 .L~2 ± 0.05 l.mole. - 1sec. - 1 

k~ 
.D = 8 . 81 ~ 0 . 21 

k2 

:;.43 
3.34 



46. 

!.• H y. D 

Hun 3G ·tun 39 
UaCH a 0 . 01 r1, temp ta 20° HaO:i -0 . 01 M, temp• 20° 

timu ( :..L.J . ) r t:ioo (:.;~ .. ) ::>t "t 
o.o o.·16::; 0 0. 572 
0 . 5 0 . 28? 2 0. 599 
1 . 0 0 . 384 4 o.623 
1 . !j 0 . %:i 6 o.646 
2. 0 0 . 530 8 0 . 666 
2. 5 0. 585 12 0. 701 
3. 0 0. 633 ·6 0. 735 
) . ~ C. 6't0 .:'O o .'/62 

"' .c 0. 699 24 0. ?83 
co 0 . 8?5 00 0. 920 

10 ~- 5.s5 - 1 - 1 l.~ole. oee. 102k~ • 6.40 -1 - 1 l . mole. oeo. 
(.. 

"iC ,.H , .c..2 102kD 
2 

Run No. 
1 l - '; - 1 Run - o. - 1 - 1 •"'o e . aeo. l . mole. seo. 

37 5. 86 4-1 6. 30 
30 5.no 

il "'" - 1 - 1 Hean 10 k2 ~ S. 84 • 0 . 02 l . mol~. oec. 

Mean 102k~ • 6 . 35 z 0.05 l .molo.-1
000.-

1 

l(,; 
J1 • 9. 19 :t 0 . 10 
~-, 

£ . 



Y'"" H y • D --
Run 64 Run 66 

He.OH • 0 . 05 N, temp c: 20° NaOH • 0.05 M, temp • 20° 

t:.tH, (ccc;:: . ) l' t 
o.oo C. CC?, 

o. z-5 o .13~ 
o .. ~o 0 .1 7'.:, 

0.75 0.21~ 

1 . 00 0 . '.:;,0 

1 .. ~,o 0.::1 ~ 

2 .00 0.365 
;.~ . :>O 0.400 

J.00 0 .,l:-4?, 

3.,50 0 . 1'·7,., 
co 0.6?5 

t :.re (cccs .) 
0 

1 

2 

Dt 
0 . 366 

0.381 
0.393 

3 0.403 
5 0.4•23 

10 0.466 
15 0.500 
20 0 . 528 

25 0. 551 
~o 0. 570 
co 0.663 

k .d 
"\ = 
C 

- 1 - 1 7.22 l.mole . nee. 
D -1 -1 10 k,., = ?.64 l . mole. sec. 
'-

Ihm ITo. 

65 

-1 -1 l . :nolc. cec. 
Run l~o . 

68 

-1 - 1 l.mole . sec. 

hean k~ = / ., 4":J ± 0 .,20 l.mole.-1sec.-1 

D - 1 -1 I·le:m 10 k
2 

= 7 .G3 :1: 0 . 01 l . 1nole. seo. 

k rI 
:i c: 9. 74 ! O. 'Z? 
i r 

-"'-2 
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Y ... H Y = n 

_.\l;Jl 53 
li.iCH • 0.05 I'1 • t~1:p C r.- 20 

tiJ:.h. (.J~ ' ~., 
\; 

o.o 0 .. 010 

0.5 0.095 
1.0 0 . 165 

1. 5 ,, '"' .,. 
v . ...... ,,,; 

2.0 0.275 
2. 5 o.~21+ 
3. 0 0. 3G5 
3 r: -✓ 

0 ,.4(:(; 

~ -. ..... 0.430 

;.o o.483 
00 0. 645 

- H l - 1 - 1 1'2 • 54.:, . mole. sec . 

kH 
2 

Run Ho. 

59 

·,un 61 
t;.JCH • 0.05 Mt temp • 20° 

.,._ : .J ' ( " C ..., ', \.t ... ~ ~v _, • .I Dt 
o.o 0 ,..440 

0. 5 o.467 
1.0 o.492 
1. 5 0.51, 
2. 0 0.532 
2. 5 0.547 
3.0 0.560 
3. 5 0.5?3 
4.0 o.;s3 
;.o 0.599 
co 0.645 

.u 
k2 .. G.01 -1 -1 l.mole. sec. 

~ 
Run No. -1 -1 1.,r:iolo. aoc . 

6.26 



11..13 . 1 2-phenethyldipleth~leulJ?boni ,nn bromides 

r;: ... 

.12,-heC 

,:e-tieO 
,:e-l1e0 

H 

J?-lleO 
_:e-r·leO 

~Meo 
H 

y 

li 

L: 
.. 
u 

H 

H 

It 

It 

D 

]J 

D 

n 

Temp. 

20 

30 
40 

20 

20 

20 

20 

20 

20 

30 
40 

20 

20 

20 

20 

4.13.2 2~pheneth.yl bromidas 

z 

J?-MeO 

.J?-11e0 
J2,-?1eO 

H 

y 

H 

H 

Ii 

H 

Temp. 

20 

30 
40 

20 

1(? le,., 
.:. 

., -1 -1 •.• mo:te . oac. 

4.96 :1: c.05 
10.6 :t 0.1 
35.4 ± 0.1 
32.8 :t 0. 3 

10 k 2 

2.10 :1: o.04 
5.~ t 0 .01 

k2 

11.<) t 0.1 
176.7 :t 1.0 

104 k 2 

7.26 t o.o; 
18 .? • 0.2 
66.1 • 1.4 
44.4 * 0.1 

'?.58 = 0.02 
6.29 * 0.06 

1e.4.2 ~ ,.1 

2.92 z 0 . 02 
6.59 :t: o.o4 

14., i 0.1 

s .17 t 0.10 



;o. 

Temp. 10 k2 z y 
00 -1 -1 l . mole. sec. 

~l H 20 3.01 z 0.03 
m-Br H - 20 S.84 t 0.02 

k2 

,2-Ac H 20 7.43 • 0.20 
.:2-NO~ H 20 53.3 * 0.9 c:: 

103 k 2 

,:e-MeO D 20 3.8? :I: 0.02 
J?-MeO D 30 10.3 t 0.1 
J!-MeO D 40 24.1 t 0.1 

H D 20 9.56 :t 0.01 

102 k 2 

J!-01 D 20 3.42 • 0.05 
m,-Br D 20 6 . 35 :t 0 .05 

10 k2 

R;-Ac D 20 7-63 t 0.01 
R-N02 D 20 61.4 • 1.2 

4.14 isotope effects 

4 .14.1 2-phenethyldimethylsulphonium bromides 

z T~P• 
C k~~ 

,E;-MeO 20 6.83 i 0.10 
,:e-MeO 30 5.64 :t 0.11 

.E;-MeO 40 5.30 :t 0.12 

H 20 7.39 t 0.09 

J?-Cl 20 8 . 14 ~ 0.22 

m-Br - 20 8.38 t 0.10 

R_-AC 20 9 .60 :t 0 .48 
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4 . 14.2 2-pbeneth:yl bromides 

z T8mp. 
0 k~~ 

~HeO 20 7.55 ~ 0.09 
R,-MeO ,o 6.40 * 0.09 
R,-I1e0 40 5.9; :t 0.07 

H 20 e.54 1 0. 19 

~l 20 8.81 • 0.21 

m,-Br 20 9.19 ± 0.10 

.£-AC 20 9 . 74 :!: 0.'2? 
J?-N02 20 a.68 * o.~1 

. 
\ 
11 
I 



5 DISCUS 9P 

T'h derived econd ord rate oonstont w r produoibl to 
wit~ * .• Bo ev r . although it appeared to b uffioi t 
to USE) the red obtain d to the first two - li wh 

o lculating 
it 
liv wer r quired in the oae ot the deuter t ub 

to o.intain good r producibility. This w bee use th 
d uter t ub tr te all contained om non ut t 
materia.l mi.oh contributed to th initial peetro ot trio 
ohang obs . • To en.a.bl r liable r t c nstant tor th 

d ut t d compounds to b calcul t th b orbanc or t -
mittanc valu only- recorded after the ui 1 tot 8 
half-livea for th non-d.euterated oubst t (c • on halt• lil 
for the deut at reaction) . This t ur 
that 11 th non uterated materia.l nA1:trlll!!n. 

Reproducibility of lcdlkD values adv t it 1 a 
than the abov t interval was allowed• ecially in cas 
here th dem"'8e of deuteration w le s than 1.9 t D per 

molecule. 

though it to that the s ond order rte con.st 
could be r produc d ov at least 1 told b conoen.1i:ra· 
rang , h rever po sible the sam b cone t ti.on ua 
for both th non-deuterat d and d uter ted kin tic runs tor 

ch sub trate to m:inlmi~e errors in th ku/k» r tio. 

It was found , m 
t t th kulk» 

th for ention preo•ut 
tios were reprod ibl to tt 

It found that tor z = eO th H tt tf e b tter 
corrtlation than the a 0 value in the case ot both • 
X • SMe2 , henc th re eaaion lin was c lcul t using 
rather than a 0 valu a for all sub tituents. Both muwnett 
plots were set up using the log ~ values for z • p-11o01 H, 
ll,-01 and Br at 20°. 'l!he Hamm tt plot i'or X • Br how 

t 



in Fig. 4, and tor X • m1e2 in Fig. 5. The cr values tor each 
subatituent, along with the corresponding log~ values tor 
both the leaving groups , are shown in Table I . 

Table I 

log k~ log~ z (J' 
(X • Br) (X • §Me

2) 

.;a-MeO -o.268 -1. 535 - 2. 304 
H 0 . 000 -1.oao - 1 . 484 

.2-01 +0. 226 -0. 521 -0. 678 
a-Br +o. 391 -0. 2'4 -0. 2?8 
.'2-•~0 +0. 516 +0.e71 +1 . 0?6 
Jl:-1102 +0. 7?8 +1 . ?2!'/ +2. 248 

For X • Br the calculated p value was 2. 029 * 0. 012 with a 
correlation ooetficient (r) ot o. 998, whereas tor X • &ie2 
tile p value was 3. 126 ~. 0.037 and r was 0. 996. In the case 
ot both X • Br and X c Sl'1e2 the points for z • Jl.-Ac and 
z .. R-N02 lie above the regression line and g1 ve derived a­
values ot .0.965 and. +1 . 386 respectively tor X • B:t" and 

+o.81? and +1 . 192 tor X a ~e2• These enbanced o values ere 
close to the O'- values for each substituent. 

The p values observed !or X c: Br and X • ~e2 are both fairly 

lnrco and positive. These values indicate the developnent 
or negative charge e.t the r-cnrbon at0t1 in the transition 
state for the E2 o)irn:lnation reaction. Thus , there must be 
a greater degree ot C-H than C-X bond breaking in tho transi­
tion state tor both leaving groups. Both transition states 
can be considered to have o. considerable degree ot oarbonionio 
character. The exalted a values tor z • JrAc and Z • ]l-lT0

2 
are oonsis~ont with the develOJlllent of a lnrgo degree ot 
negative charge in these transition states. The obaervation 
that t he Hammett o- valuo rather than the o- 0 value tor 
Z • ~eO gives a better correlation could be an 1ndication 
ot signi.ficant double bond character in these tvo transition 
states. 
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-0.2 

Fie;ure 4. 
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The Hammett O' a llows for conjugation with a double bond and 
by implication the transition state for Z • .,R-MeO would 
involve a similar interation. This is shown as follows. 

HO........._ 

( ) 

E-MeO benz oic acid 

) 

12-MeO s t yrene 

An inspeet:Lon of the k~ values (p. 4 9 ) for the unaubsti tuted 
compound in the cas of both X • Br and X • S1 2 hows that 
the rate of elimination for the bromide is fat r than tor th 
dimethJ"lsulphonium bromide. Tb.er tore, X • Br is better 

+ 
leaving group in this solvent-base system than X • SMe2• The 
lower p value for X Br indicates that this transi ion tat 
has a lower C•H/0-X bond breaking ratio than tor th poorer 

t : 
l eaving group ( • Sl!1e2) , that is, it is le s c banionic . 
These results are similar to those obtained in r lated 
2-phenethyl systems. For the elimination from 2-aryl tql 
compounds with sodium ethoxide in ethano116 it h b b hown 
that as the leaving group becomes progressively ,oore;i ( 
indica·:;ed by the relative reaction rates for thei\ u.nsub,tituted 
compounds) the p value becomes increasingly posiiive • . ' 

7.2 ) 
Cockerill;, also has shown for the elimination f ; Qm ' · 
substituted 2-phenethyl arenesulphonates in j,- b•\oxid -
1-buta.nol that the p value for each leaving grout,, \ determined 
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Figure 5. 

Hammett Plot for elimination from 
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by changing the substituent in the phonet~l benzene ring, 
became increasingly positive as the leaving group became 
poorer. 

5.4 The kinetic isotope etfects 

55. 

The primary isotope effect values observed are srpnmarized on 
page50 and are listed in order of increasing electron­
withdrawing power of the 2- phenyl substituents. All of the 
k.ii/k:o ratios observed at 2.0° for both the 2-phenethyl bromides 
and the 2-phenethyldimethylaulphonium bromides are high 
compared to those expected trom theoretica110 considerations. 
The Italkn values have not been corrected for any secondary 
isotope etfect arising from the presence of the second 
deuterium. atom• but experimental evidenee30 appears to 
suggest that this effect would be very small. 

Another possible reason for the high ltitkn values could be 
proton tunnelling. The ArrheniU$ parameters tor 
2-(n-methoxyphenyl)ethyl bromide and 2-(~ethoxyphe~l) 
ethyldimethylsulphonium bromide were calculated (see Table II) 
in order to determine whether proton tunnelling was an 
important factor. 

Table II 

X z (~ -~) 
Aif/An 

kJ. moi-1 

Br Jl-MeO 9.5 • o.4 0.15 
+ 

9-? :t 0.6 SMe2 R-9MeO 0.13 

The kif/kn ratios !or the above substrates at 20°, 30° and 400 
were used in the Arrhenius plots. The slope of the best 
straight line whioh could be drawn through the three points 
of the log ku/kn versus I/T plot was used to determine the 
(~ - ~) value from the relation. 

slope•(~ - ~)/2.303 R 

and the intercept was used ·to determine the Aul~» ratio rrom 
the expression, 



intercept a log Ag_/ AD 

Bot~ the (E7J - ~) values are significantly greater than the 
theoretica1f5 maximum value of 5.1 to 5.5 kJ. moi-1 , indioat-, .. 
ingi that proton tunnelling is probably important 1n these 
reactions. The 'if'An ratio in both cases is considerably 

less than the classical limit of unity, and also significantly 
less than the possible extreme theore~ical limit of 0.533. 
Ynia observation provides fUrther evidence tor -~he existence 
of proton tunnelling for z • R-MeO. It is ass'U.Lled that a 
similar situation exists for the other substrates. 

5.5 Discussion or isotope ef!e9ts 

5.5.1 Subatituent effects 

A similar trend is observed in the 1ti:J/kn ratios as the ~ -aryl 

substituents become more electron-withdrawing for both the 
leaving groups studied (p 50 ) • The values tend to be lower 
for the dimethylsulphonium salts compared to the corresponding 
bromides. There appears to be a rise in ka/k.~ values t:rom 
z • _p:-f1e0 to Z • R,-Ac for both X •Brand X • aMe2• In the 
case of X • Br there is a slight , but significant, drop 1n 
Itu/k.D from Z • J?:-Ac to z • R,-N02• No kinetic isotope ettect 
value was obtained for Z • J?-N02 in the case of X • $Me2 for 
the rensons outlined in the experimental section. Thus, in 
the case of the 2-phenethyl bromides at least, a maximum in 
the ka/kx, ratio appears to occur as the ~ -arul subs ti tuent 
becomes more electron-withdrawing, providing' the high value 
for J?;-AC can be regarded as reliable. However, there is no 
reason to doubt this value. The electron-withdrawing power 
of the (3-aryl substituent should be proportional to the A pK 
parameter ot Be111111?. If thia is the case then a fairly 

large change in transition state symmetry would be expected as 
z is changed from R,-MeO to R;-N02• Hence the maximum observed 
for X • Br appears to be a broad one as the change in. the 
ka/kD ratio along the series is not very great. The 
significance of the changes in the kH/k.D ratio caused by a 
systematic change in the substituents and the meaning to be 
attached to the observed maximum is however tar from obvious •. 
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5.5:.2 Inter;e;:etatios of the substituent effects 

It we assume that the isotope effect does give an indication 
of proton po ition in the transition state, then picture of 

- ~ ., . 
the · transition state can be built up based ptu."ely on the 
experimental evidence, and compared with current theories of 
t he .effect of substituent changes on transition state structur. 
There have been no data reported in the literature regarding 
the effect of substituents on the kH/kD r atio fr the · elimina­
tion from 2-phenethyldimethylsulphonium bro, i de • .However, 
Thornton24 has measured the secondary isotope effects, as 
expressed by the kno-/kHo- ratio, £or the elimination tr-om 
2-phenet~ltrimethylammonium ions in water. The theoretical 
values24 for this isotope effect are 1.88 for complete proton 
t ransfer to the base in the transition stat and 1.37 if the 
proton is half-transferred. Values lower than 1.}7 indicate 
that the proton is less than half-transferred in the transi­
tion state. 

For the unsubstituted compound a value of 1.79 is reported, 
indicating more than 50% transfer of the f3 -proton to the 
base. However, a smaller value of 1.73 was observed tor 
z = ,2-01, indicating that the proton was not s extensively 
transferred to the base tor the more electron-withdrawing 
substituent. The nitrogen isotope ettect (for elimination 
in ethanol-ethoxide solutions) in the case of Z • R,-0134 is 
less than for the unsubstituted compound, indicating that 
there is less C-N bond rupture as the substituent beco es more 
electron-withdrawing. Thus, it appears that both c-H and 

C-X bond rupture decreases as the substituent becomes more 
electron-withdrawing , suggesting movement towards a ore 
reactant-like transition state. Some unpublished results35 
concerning the effect of substituents on t he primary kinetic 
isotope effect for this elimination show t hat along the 
series Z • ~ ,eo, H, J!-Cl and :e;-CF3 the k_s:/kn ratios ar 2.64-, 
3.23 1 3.48 and 4.15 respectively. (These liminations w re 
carried out in ethanol-ethoxide at 40°..). Since the secondary 
isotope etfects24 are greater than 1.37, t he increase in the 
kit/kn ratio observed along the above series must indicate 
decreasing C-H bond rupture as th substituents become mor 
electron-withdrawing. 
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I • 

It the principle that the proton is less transferred for the 
mo~e electron- withdrawing substituents can be applied to the 

eli'mination from 2- phenethyldimethylsulphonium bromides and 
2-phenethyl bromides in 50.z, DMSO , a seems reasonable, then 
the observed trend in the primary kulkn ratios for the 
substrates must indicate transition states in which the proton 
is more than half-transferred and which beco es mor reactant­
like as the subs ti tuents change from Z • ~ 1eO to Z • Ac . 

However, the kg/kD ratio observed for Z • B-N02 and X • Br • 
lower than for Z a _£-Ac, although the ,n-N02 sub tituent i · 
more electron-withdrawing. An explanation for this result 
could be that the proton is now closer to the ~-carbon than 
to the base (i. e. less than half-transferred) and o the 
Itn/kn ratio begins to decrease. However, Bronsted 
correlations using substituted phenoxide bases in t hanol :tor 
2- phenethyl bromides36 show that (3 • 0.54 when H~ and (3 • o.6? 
when Z • ,:e-No2, indicating that the proton is in tact closer 
to the base :tor the R,-N02 compound than for the unsubstituted 
compound. Therefore, the decrease in the kif/kn ratio 
observed when Z is changed f rom ,a-Ac to .;e-N02 seems to be 
caused by the proton now being closer to the base for 
z -= ~ No2 so that C-H bond breaking has increased ther than. 
continued to decrease. 

5.6 Nature or the E2 transition stat! 

Thus, the experimental results for X • Br indicate that the 
transition state for t he ,R-methoxy compound involves consider­
able proton transfer to the l;>ase. I t is oarbanionic• as 
indicated by the positive p value, and it lso has signifi­
cant amount of double bond character, as indicat d by th need 
!or the exalted Hammett o- constant for thia sub tituent. 
the substituents become more electron-withdrawing up to 
'-' a J?.-AC the extent of pr oton transf r in ·;he transition. 
state decreases. probably alo .with a dec:reaae in 0- Br bond 
rupture. Thus, ther is uncertainty as to whether ther i a 
change in carbanionic character or the transition stat for 
these substituents as it is not known whether the deer ase in 
0-H bond breaking is greater or less than that tor the o~Br 
bond. However, for Z = ,:e-No2 the proton now becomes more 
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transferred to the base again, hence C-H bond breaking is 
increased. It would be expected32 that theO- Br bond breaking 
would continue to decrease, givi.nB an increase in the C• B/0- X 
bond breakj ng ratio and hence an increase in carbunion . 
character ror the ~No2 compound. The changes in transition 
state structure described for the x~- Br series from Z • R;-MeO 

+ 
to l • .;e-Ac should also apply to the X • SLe2 series. Although 
it was not possible to measure lea/kn for the J?;-N02 substituent 
in the case of X • lir-ie2 it is assumed that the esult would be 
similar to that observed for X • Br. 

Ir the above conclusions D.re accepted then the observed 
maximum results from conplex transition stato behaviour aa 
the substituents are varied, rather than from the proton 
passing through a half-transferred position. 

5.7 ComRarison of the results with theoretical predictions 

The picture of tha E2 transition state which has been formed 
using the experimental observations appears to be consistent 
with the More O'Ferrall theoretical treatment5. The 
positive p values observed f or the 2- phenetbyl bromides and the 
2- phenethyldimethylsulphonium bromides in 50. Z~ DM30 indicate 
a carbanionic transition state (i. e . C- H bond breaking is more 
advanced than C-X bond breaking). Thus , the E2 transit ion 
states will lie somewhere to the right of the diagonal line 
(which represents equal C-H and C- X bond rupture) on the 
modified ~ore O' Ferrall diagram (Fig.1). Tho ext>erimental 
evidence obtained also suggests that the transition states 
lie to the right of a vertical line through the centre of the 
diagram which would represent a half-broken C- H bond. This is 
because the proton appears to be more than hal.t- transf'erred in 

all transition states. It is predicted4 that an 1:nc.reaae in 
the electron- withdrawing power of subs ti tl;.ants on the (3-carbon 
will produce a more reactant-like transition state, resulting 
in a decrease in both C- H and C- X bond breaking. However, 
according to Bunnett3 electron- withdrawine: substituents will 
also stabilize any carbanionic character in the transition 
state. The More O' Ferrall approach predicts that this latter 
erfect will act across rather than along the reaction 



coordlnnto nnd toncl t ci 1)Ull the truns.!. ti.on ut ta to1t1arda 
r;re'lt er c~ba.nionic chru:-actor. It t hi u ' perpendicular' 
of.f ect \mo conoid.ered alono then o.n m croasc in C- ll bond 
lon~h would be 11:'ed.ictod along the series for X • Br from 
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i • ,2-I~eO to z • .!!,-N02, along with a decreaao in C-Br bond 
lengtb. However, if the effects nl.ong the reaction 
coordinate (i. e . ' pnr all el ' ) are cor.sidere1 in coajunetion 
i.,i~h th€: ' perpendicular ' effects then it can be seen the.t 
thoy reinforce ea.cl:, otbe1~ w1 th re~c..rd to o- Y bond length, but 
,,ork in o:,poai tion ,irlJ en the C-H bond ie considered. It 
eppeax·s from the ex_perimc·ntal r csul ts , for both X ., Br and 

+ 
} u ~r,e~, that the •parallel ' e!tect which ten&3 to make the 

i.. 

ti'h11.Sit:..on et'!to more reactant- like by s tabilizing the product 
( and honce decz·ee.s i.tw the C- R bond length) overrides the 
' porpcrdicular' effect from Z = R,-Moo to Z • ~ Ac, giving a 
net decrease in C- li bond breaking. However, tho extreme 
e:loct1'on- wi thdrnwing nu turo oi' the ~ m;,2 subs ti tuent could be 
exvecteu to stabilize the osrbanionio nature of tho transition 
state to a greater degree t han it stabilizes the produot, 
reaultin~ in a n~t increase , rather than n decrease, in C-H 
bond rupture. Thia would explain the decrease in ks/kD ratio 
observed tor l'. • Br when the z eubstituent is changed from 
J?-Ac to ~ ;o2 and ia also consistent with t he increase 1n the 
Bronsted coefficient(~) for t he ,l?:-N02 oubstituent. On this 
basis t a similar result would be ex?ected tor the me2 1 aving 
(!;roup. I t should be noted th.at the principle that the proton 
is l east trans£erred to t he base ror the most electron­
~ithdrawing substituents only applieo to situations in which 

the ' parallel ' effect is most iu&portant. 

A change to a poorer leaving group is predicted to make the 
transition state more product-like by stnbilizing the 
reactants , and also to make it more carbanionic by tending 
to stabili~e a potootial carbanion intor'tledinte. The 
' parall el' effect abould incroaoe both 0-H and 0- X bond 
breaking, wherona the ' perpendicul:u- ' oi'i'act should increase 
0-H bond. breaking but docroase c-x bond broaking. 11he over-
all effect on t be transition state should be to inor ase C- H 
bond broakine but to tend to cancel arr:, cho.ngo in C- A bond 
rupture, eivine a net inereo.se in the C- !VC- X bond brooking 
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~;-1.tio. ::in.HJ l'.t edic tion i;.; in o.cc .x.·danoe with the larger p 
value recorded fot the X • SMe2 reaction series compared to 
the "{ -= Br series, which indicate~ 1-'"~ronsed e rbanionic 
character for the sulphonium salt transition stat . It is 
also consistent ith the decre ae in ku/¾ rati in going tr 
X = Br to X • t e2 (8.54 to 7. 39) !or tho tm~ub titut d sub-
strat e . ThC3 T}r .. dict . n th3.t ther dll pr b . l:, be littl 
change in O -X bond rupture as tho leaving group beoones 
poorer is supported by the aulphur37 and ni t.x•ogen36 isotope 

. + • 
ef.fects for ~ = 8.Me2 arLd it '"' 1' re3 respeotivsly. 

Thus , there seema to be a reasonable degr ot oonsistenoy 
between the c.. o. i.mental observa ·tions • ·th iric inter-
preta:tion, and the t b.eoreti.cal predictions for the elimina­
tion from 2- phenetbyl systems . The assumption that the 
primary kinetio i otope effect is an indicator of proton 
position i li the transition ztate t b.-e:r<:'for-e s ems to bav some 
validity. However, the inte~~~~tetion of the results is 
complicated by the existence of little understood factor suoh 
as proton tunnelling and coupling of atomic ctions in ulti­
centre reactio~s . fhese !actor~ hel to eter:l'.ine tha size 
or the ieotopQ effect but m11y be unrelat e to th position of 
the proton in the transition state. Some of the difficulties 
which need to be resolved are discussed in the next section. 

5.8 ,Q,ritiaism . of kinetic is,o,tope effect§ 
The theoretical maximum primary kinetic isotope eff ct which 
can be observed ac ording to the simple 3-cantr model of 
\Jestheimer8 1 a1Jpr ximately 7.0. However , • a ha. b n not d , 
there have been mruiy values higher than this maxim:w:i reported 

in the literaturo. Tho ~ulti-eeLtrc model of Katz and 
Baundere10 predicts that the isotope affects observed ·till be 
lower than thos€' of tllo .3-c.! '~t!:e model , but a aximum is still 
predicted to occur when t.he proto is hulf-transferred to the 
base. '.fhis multi- centre model takes into account the coupl 
of the proton tran fer motion with other atomic vibration in 
the tranoition st te , and is based on the reaction or hydroxide 
io.n with the ottlyld.imethylsulphonium ion.. Thus , it is 
structurally related to the transition states which would occur 
for the 2-ph nethyldimethylsulphonium bromides . important 
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point ~hich a.rises trom the above model is the possibility 
that t he siz,3 of the ltw'kn ratio for a given extent or proton 
transfer can va.ry as tho E2 transition state varies from 
El - like to Elob-like. The poasibility that tho degree ot 
coupling o! the C- H motion with other atomic vibrations can 
also affect the size of the kn/kn ratio tendo to mnke one 
wary of eomparin~ isotope effects obtained from different 
oubatrates or even from the same subatrato in dif!orent 
solvent- base systcma. For cxamplo, in the oubatituent 
effect studios !or cubstituted 2-phanethyldimethylaulphonium 
bromides in 50. z~ DM!:.O at 20° the kn,.lkD ratios cover s. range 
from 6.83 to 9. 60. However, Cookerl ll19 .found tha t the 
maximum kH/kD r atio he could obsarvo in t he Dl1bO-H2o system 
for the unsubstituted ccmpound wao 6 . 85 at 30°. ~van 
allo~~ for the increase in the kH/kD ratio when the tempera­
ture i o decreased to 20° , the eaximum for the unsubstituted 
Bulphonium aolt is conDidercbly loss than t ho value ot 9.60 
observed f or tho ,ll-AC compound. It is disturbing to find 
thnt the hif;hoot possible isotope effect value which 
tipf)arently ce.n bo obuerved fc,r one menber of n reaction series 
(and io t nkon o.n the point where t he proton is about :,.alt­
transrerred) ic lens th:m nomo of the leaf'~ values observed 
£or other members of t he same series . This e.ppeara to be 
inoo.nsistf'.nt with the ussumpt:l.on th~t the same mo.xi.mum value 
&hould be observed \'.hen the proton is hal f -tro.:wferrcd for all 
membera of a particulm: reaction. sc:.-ics , even if the maximum 
c an vw:y botwoon different reaction oerioa . 

llB has been noted, proton t-unnell ing appears to bo prosent in 
the system studied. fhia increases the difficulty of inter­
pretinF, the kinetic isotope ef£ect values in t~rma of transi­
tion state etructtu·e . There ar pc&r t o be differeDocs ot 
opinion as t o the effect proton tunnelling has on the shape of 
the mP.xi.m.um in t he isotopf, efi'eot. Be l l et e l 1 'J. he.ve even 
cl6.imed th~t tht:1 iootope ei'ft->eta a:re 11ri.marily determined by 

the t unnel cor rPCtioJ1. He l•.88 i,roposo1 an oleetrosto.tic 
xrodel which p:-Eldic ts o. rr...t;:,;i1nur.1 in t!'· e i.:;.otC>1,>e effect a long a 

reaction s~rios ~lthoup,h the position of the p~oton mny remain 
uncho..nged. 



Finally, the npplication of kinetic isotope etteots to the 
determination ot tranaition state structure in E2 reactions 
io hindered by tho .tact that the theoretical predictions or 
the shape ot the maximum differ, even 1n tho absence of the 
tunnelling ccrrection. ~Jilli et a138 predicted that the 
maximum can range fi'om bein,e- relntively sharp to being v ery 

broad, tho latcei' caso biviru_s r i s o to hif;h k1(c0 values even 
wllen the C- ll bond i1:1 coru;iclorably leaa trum or ~cter than 
50,J broken. I1oro O' Fcrrall ot a19 hove stated that the 
nrud.tlum is more likoly to bo t;b.e.r p 1.•o.thcr tlu.w. broad, alt hough 
it is recognised that the shape cannot be conclusively deter-
mined .from thoir roulti-ccritre model. Therefore, the intel."-
pretation o.C the offeot of d1.fferent aubstituents on the 
¾/kn ratio is subject to con&iderable resei."'V1.ltion, because 
ii tLo nux:il:luin in the kiuetic icotope effect ia b~ond, as is 
the caso in this study , thon ~olatl.vely small chancoG in ka/Jt» 
r n.tio could indicuto .1uit:e l a:-:-·c.,o changes in p.:.-oton :position. 
Hot.,cvor, t.l-i& oppo:site will be the case i:t the ms.:d.mum is 
fairly shurp. 

5. 9 Conclusion 

The results obtained in this stud,Y tend to suggest that it the 
aubstituents are varied s;ystematioally along a reaction aeries 
then a systematic variation in the primary lti.netlc isotope 
effect can be observed fox- ~2 reactions. l'hi oould be an 
indication that tbe oyx:uaet:r,y of the tz·ansiti<in state is 
changing owing to the subatituent effects, but such an inter­
pretation cannot be aocep~ed witnout reservation bocnune ol the 
rrese~ce of oonflictinc opinionn re~e~roinr the noani~ of the 
kineti c iootope effeot. .lt'urther doubt arisea .fro there being 
no c0t1mon agreement on how ch3.D.Ces in the atruotu:-e of the 
reactants, solver ... t, o.c• reaction co.ndit;ions in ;;2 re..i.ctions will 
alter the character of t he tra ::rnition ota.;e. ::he::-?fore, it 
beoowea a aasEi of attemptin,r to resolve one uncertainty with 
anothor. work in this field h ,ia tcJ1dod to be disJointed with 
no apparent attecpt t o co~~letely ~edolve a ~iv~,n sy~tem. 
rhis has given rioc to much 3peculation usinu ioco~~lote data. 
In this respect, tho systeJt used in tLi~ fltudy appo..u'o to hold 
promise as an ideal syste:a with w ich tu obtain a. oousiderable 



8.!J'tount of intormation about the relationship between isotope 
ettecte and transition state structure !or E2 reactions. 
The eubotituunt effect can be studied as in this thesis, 
while the baue strength can be dramatically changed by 

altering the DNbO content of the solvent to study the effect 
of the base. The effect of a range of cliffer <mt leaving 
groups oan bo observed oubjoct to t neir colubility 1n the 
.Utk.0-water syate.'ll . J study of subati tucnt effects on the 
eliilLuation !rom 2-phenethylt rimetb.yla:..moni~ aalts in this 
system could prove interee,tinJ . The tri:i:ethyla!l1monium ion 
ia a muon poorer loo.vinr; r~i•oup than Ai thcr the bronide or 
dimetb.ylsulphoniu:i ion le:win;; {;I'oups o.nd so the tranoition 
state would be expected to be considerably more co.rbanionio, 
as indicated by t ho l a.r3e _pos itive p value 16• If t he-) sub­

stituent erfect on tbe kal k.o ra.,:Lo \iUS ntud:!.cd £0.c a · ven 
l eavins- (µ'OUI) at differoot .)~i:JO pe!.'Conta3es tuon u ~p."ea.t deal 

o~ information may be obtained 1bout the effect of cb.=mges in 
transition atate structure on the kH/kD rA.tio . 

It iD felt that until a fairl y exhausti~e study on a particular 
oystem aimila.r to that s uggested above .;.s carried out then no 
dofinite conclusions can be made. lt appoara that a consider­
able a.count of coorrlinatod data has yet to be cccun.u.::A~e~ 
boforo the rresent s peculation in this area cun be civen more 
substance. 
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