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ABSTRACT 

The. dithioethers 2,5-dithiahexane (DTH) and 3,6 - dithia­

octane (DTO) form the following stable copper (II) 

complexes; Cu(s'""'s)x2 where S-.ScDTH or DTO and X=Cl or Br, 

and also Cu(DTH) 2(BF4) 2• The complexes Cu(DT0) 2(BF4) 2 and 

Cu(DTO)(No3)
2

.H2o decomposed over a short period of time. 

The following copper (I) complexes were also prepared: 

[eux) 2DTgn where X=Cl or Br, Cu(DTO)I, Cu(DTH)Cl, 

[Cu(DTH)&n where X:Br or I, @u(DTO)SCfiln and Cu(DT0) 2BF
4

• 

The complexes were characterised u_sing infra..red spectroscopy, 

visible-u.v. spectroscopy, Raman spectroscopy, x-ray 

powder photography , conductivity and molecular weight 

measurements , and proton nuclear magnetic resonance spectro­

scopy. Some reactions were also carried out by displacement 

of the dithioethers with a variety of monodentate and 

bidentate ligands, e.g. pyridine, ethylenediamine, trimethyl­

phosphine sulphide, sodium dimethyldithiophosphinate dihy­

drate, and triphenylphosphine which also forms an adduct 

with Cu(DTH) Cl to give Cu(DTH) (fl3P) Cl. 
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CHAPTER 1 

I NTRODUCTION 

7 

Thioethers do not 8enerally coordinate very readi ly t o 

metals but their coordinating ability is enhanced by chela.t e 

ring £ormation. 1 The dithioethers , 2, 5- dithiahexane (DTH) 

and 3,6-dithiaoctane (DTO), form chelate complexes with a 

large variety o£ transiti on metals . DTH forms both mono 

and bis chelate compl exes with Pt(II) 1-4 , Pd (II) 2' 5 , Ht:s (II) 2
- 5, 

Cd (II) 2,5 , ~n(II) 6, Sn(IV) 4,6,16 , Bi (III) 6, Au (I) 6, Au (III) 6 , 

Ni(II)3>5,7-10 ,co.(II) 7,8 ,Cu(II) 3,6,8,22 ,cu(I) 5 ,12 ,Ti(IV) l6 , 

V(IV) 16 and W( CO) 
4 

19 whilst it forms bridging complexes 

with Mo(II) 11 , Rh (III)4,5 ,Re(III) 12, 13 ,and Cu(I) acetate 15 • 

DTO forms chelate complexes with Co(II) 7.Ni(II) 9,Ti(IV) 16 , 

V(IV) 16 ,Sn(IV) 16 , Pt (II) 18, Cu 8, 17 and both chelates and 

bridges in complexes 0£ chromium carbonyls 20
J 

21 • 

Very little work has been done with copper compounds 

containing thioether ligands generally yet the s e are 

considered to be important in biological systems. Thioethers 

are potential bi nding sites for metal ions in proteins 

and enzymes, due to the natural occurrence of compounds 

like L-methionine which is found in most proteins, and 

d-biotin 22 .Rheinburger and Sigel 23 commented that the 

interactions between simple thioethBrs and biologically 

important metal-ions like Mn2+, Cu2+, Zn2+ have hardly been 

investigated. This is especially noticeable for the 
I 

dithioethers DTH and- DTO where no complexes with Mn(II) 

have been reported, only one report of Zn(II) 6 complex~s 



but no characterisation, and again t he pr eparation of a 

very limited number of Cu(I)5,12and Cu(II) 3•6,8,17•22 

complexes but no characteri sation. The compl exe s previously 

prepared are Cu(DTH)C12
8 ,14, 22 ,Cu(DTH)Cl 14 ,Cu( DTH)_Br 14 , 

Cu(DTO)c12 17,Cu(DTH) 2 (BF
4
)i2~Cu(DTH) 2 (Cl04);;2and 

(Cu00CCH
3

) 
2

DTH 15 • 

A recent development is the discovery of Cu(II) and 

Fe(III) complexes of N...m e thylthioformylhydroxamic acid in 

the cul tu.re broth of Ps eudomonas fluorescens 24.It was 

simultaneously reported that the same li eand could be 

secured by the removal of copper from the antibiotic YC73 

which is produced by a 'pseudomonad' culture 24 .This is 

indicative that copper complexes of sulphur containing 

ligands may be important as antibiotics. 

Much investi gation has been done on 'blue' copper 

proteins which are thought to contain sulphur and nitrogen 

donors. Spiro et al 25 have investigated this using a tunable 

dye laser to give resonance enhanced Raman spectra for 

azurin, ceruloplasmin, and plastocyanin. These proteins 

are important enzymes in electron transfer processes. From 

their spectra they assigned a weak band near 270cm-1 to be 

a ( Cu-S) stretching frequency. 
, 

Further evidence of copper sulphur bonding in proteins 

is from x-ray photoelectron spectroscopy 26 of bean plasto­

cyanin where a shift of the S2p binding energy was observed 

on coordinating·the apo-protein with Cu(II) and Cobalt(II). 

It is also generally known that aulphur' compounds 

readily reduce copper(II) to copper(I)!This is especially 

( 
' ) 

8 



true for thiols, and dithiophosphinates and to a lesser 

extent xanthates and dithioco.rbamates. 

9 

In this 1)rojcct cop_per complexes of DTO and DTII have 

been ::::;ynthesi sed and cha.racteri sed by a vari cty of l)l1ysi co.l 

techniques , in order to gain further i nformation about 

copper(I) and copper(II) atoms in a sulphur li eand 

environment . Reactions using a variety of monodentate and 

bidentate ligands with some complexes were carried out. 

MASSEY UNIVERSITY 
LIBRARY. 



CHAPTbR 2 

COPP.t;R (II) COMPLEXES 

2.1 Synthe se s 

The fol l owing copper(II) complexes were prepared: 

Cu(DTH)X2 where X:Cl or Br; Cu(DTO) X2 where X=Cl or Br ; 

Cu(DT0) 2 (BF
4

) 2; and Cu(DTO)( N03) 2. H
2
o. 

10 

Of the copper(II) complexes of 3,6-dithiaoctane ( DTO) 

only the chloro complex was easily isolated by direct 

precipitation from acetone. The bromo complex wa s prepared 

by a method similar to that used by Carlin and Wei ssburger 7 

in their preparations of cobalt(II) halide complexes 

with 2,5-dithiahexane and 3,6-dithiaoctane, i.e. the 

addition of neat DTO to solid CuBr2 (anhydrous). 

The nitrate complex appeared to be very hygroscopic and 

could only be isolated in a pure form from strong dehydrating 

solvents such as 2,2-dimethoxypropane (DI.1P) and triethyl­

orthoforrnate (T~OF). Similarly for the copper(II) tetra­

fluoroborate complex which was isolated from TJ;; OF as a 

brown precipitate. 

Once isolated as solids the bromo and chloro complexes 

appeared to be stable under atmospheric conditions but the 

nitrato and tetrafluoroborate decomposed after a short 

period of time (2-3 weeks) in a dessicator. 

The chloro and brorno copper(II) complexes of DTH were 

both easily isolated from solution; the chloro complex from 

acetone and the bromo complex from ethanol. The chloro 

complex has previously been prepared 8 , 14, 22 , also Cu(DTH) 2x
2 

where X.BF4 or 010
4 

8, 22 and Cu(DTH) 2BF
4 

22 • The tetra-

£1uoroborate and perchlorate complexes were not reattempted. 



For detailed me thods of preparation and ana lytical 

results see chapter 2.4. 

2.2 Inf r a-red Spectra 

11 

The crystal s tructure of bi s (2,5-dithiahexane )copper (II)-

tetrafluorobora te has been determined in t hi s l aboratory 

by Norris. 27 This structure shows that the DTH lie;and i s 

chelated (see fie;ure 2.2a). The infra-red spectra in the range 

1600 cm-1 to_ 600 cm-1 for the complexes Cu ( DTH) x2 where X::Cl or 

& show the · same pattern of ligand bands as Cu(DTH) 2 (BF
4

) 2, 

indicating that the DTH li e;and is chelating in all the 

copper(II) complexes. The copper(II) DTO complexes all 

have simi lar infra-red spectra to the Cu(DT0) 2 (BF4) complex 

which has a chelating DTO ligand (see chapter 3 .11 for 

discussion) indicating that in all the copper(II) DTO 

complexes the ligand is also chelating. See figure 2.2b for 

comparison of spectra. There is a strongly tetragonolly 

distorted environment around the copper atom in Cu(DTH) 2(BF
4

) 2 
with a plane of four sulphur atoms around the copper and 

a fluorine atom from each of the BF4 groups weakly coordin­

ated in the axial positions. The infra-red spectrum of 

this co~plex shows bands due to the BF
4 

at 1050cm~ and 

970cm-1 that are very broad, and also a band at 510cm·1 • A 

sharp medium intensity band also occurs at 760cm·1 • Nakamoto 
28 reports the spectra of ionic BF4 as 111 .769cm-1 ; V.i..=353cm·1

; 

111 =984.cm-1 J and ll.a524cm-1• All these bands are Raman active 

but only lJ.i and Yt are infra..red a.cti ve. Bew et al 29 found 



Figure 2 . 2a Perspective View of Cu(DTH) 2 ( BF~) 2 

Where DTHc2,5-dithiahexane. 

, 

12 

27 
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Fivrre 2.2b I nfra-.red Spectra Continued 
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an extra weak band at 768cm-1 in Cu (dien) (BF
4

) 2oH2o which 

they assiGned t o the '>', mode of BF 4• They aloo found a 

broadenini::; and splitting of the ~ mode at 1000 cm-1
• It ,na;y 

be noted that previ ously infra-red inactive bands ::;orn L~t1mcs 

become infra-red acti ve on coordination. They , therefore , 

attri buted the extra band and splitting to be due to the 

semieoordinati on of BF4• Procter et al 30 propos ed that 

coordina ~ion lowers the symmetry of the free ion and hence 

the degeneracies of s ome modes are removed and the bands 

are split . ·rhis t hey found with Cu(en) 2(BF
4

) 2, which has 

weakly coordinated BF4 eroups with CuJ' di stances of 2. 56A'. 

The infra..red spectral data is t herefore, consistent with 

structure. This same pattern occurred in the infra..red 

spectrum of Cu(DT0) 2 (BF
4

)
2 

whi ch had broad peaks at 1055cm-1 

and 1020cm-1 , a band at 522cm-1 , and a medium band at 763cm-1
• 

This pattern indicates that the complexes Cu(DT0) 2 (BF
4

)
2 

and Cu(DTH) 2(BF4) 2 may be isostrucural. 

The x-ray powder photographs show similar patterns of 29 

and d for Cu(DTO)Cl2 and Cu(DTO)Br2 indicating that these 

two compounds have very similar structures in the solid 

state. Cu(DTH)Cl2 and Cu(DTH)Br2 have similar patterns 

of 2G and d indicating that they, may be isostructural. See 

table 2. 3c for values of 29, .d. and relative intensities. 

15 

The far infra..red absorptions are recorded in Table 2.2a. 

From the spectrum of Cu(DTH) 2 (BF
4

) 2 it would appear that 

the ;,( Cu-S). stretching frequencies, may be in the range 

253cm·1 to 296 cnr • Some of the bands below appro.xima tely 

·277cm~ in the complexes may be C-S-C deformations e.g. the 
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Table 2.3c 

Cu(DTO) Cl2 

29 Q 

1 • 11.59 8. 86 
2. 13. 72 7. 49 
3. 14.07 7.30 
4. 1 5. 1 4 6. 79 
5. 15. 50 6 . 63 
6. 17.08 6 . 02 
7. 20.14 5. 1 2 
8 . 20 . 82 4. 95 
9 . 22 . G1 4. 56 
10. 23 . 04 4. 48 
1 1 • 23 . 39 4.41 
12. 23 .70 4. 36 
13. 24. 21 4. 26 
14. 25 . 78 4. 01 
1 5. 27 . 03 3. 83 
16. 27 . 28 3.79 
17. 27 . 59 3. 75 
18. 29 . 63 3. 50 
19. 30 . 00 3. 46 
20 . 30 . 44 3. 41 
21. 30 .57 3. 39 
22. 30 . 87 3.36 
23. 31.25 3.32 
24. 32.00 3. 245 
25 . 32.60 3.19 
26. 33.10 3.14 
27. 33.37 3. 12 
28. 33 . 69 3.09 
29. 33.97 3.06 
30. 35.05 2. 97 
31. 35.48 2.94 
32. 35.97 2. 90 
33. 36.61 2.85 
34. 37 .62 2.77 
35. 38.55 2.71 
36. 38.67 2.70 
37. 42.43 2.47 
38. 43.77 2.40 
39. 44.18 2.38 
40. 45.62 2.31 

d measured in A, 
vs=very strong 
m-s::medium to strong 
w...m:weak to medium 
VW=very weak 

Relati ve 
Cu(DTO) Br2 

Intensity 29 

VS 
m-s 
vs 
VS 
m-s 
w 
s 
m 
w 
m 
w 
vw 
vw 
m 
m- s 
vw 
m-s 
vw 
m 
w 
vw 
vw 
vw 
vw 
w 
vw 
w 
vw 
vw 
w...m 
m 
vw 
ffi-S 
w 
w..m 
W-IIl 
w...m 
vw 
m-s 
m 

1 • 11.6 2 
2. 12. 65 
3. 1 5. 00 
4. 1 s . 1 5 
5. 20 .1 9 
60 20 . 53 
7. 22 . 40 
8 . 25 . 50 
9o 26 . ~G 
10. 27 . 23 
1 1 • 29 .08 
1 2. 30 . 15 
13. 30 . 50 
14. 31 . 37 
1 5. 32. 00 
16. 32. 62 
17. 33.09 
18. 33 . 57 
1 9. 33 . 98 
20 . 35 .1 5 
21. 35 . 44 
22 . 35 088 
23 . 37 . 75 
24. 38.14 
250 39. 11 
26. 39 . 61 
27 . 41 . 33 
28. 42 .1 2 
29. 42.70 
30. 43.30 
31. 43.76 
32. 44.07 
33. 44 . 53 
34. 44.97 
35. 4-5. 50 
36. 48.48 
37. 49043 
38. 49.99 
39. 51.07 
40. 52.28 

20 measured in 
s ... strong 
m..medium 
WaWeak 

16 

lk l a ti ve 
d lntcn :..;i ty 

8 . e3 VS 
7. 52 VS 
6 . 85 VS 
5. 67 m 
5.1 0 m 
5. 02 w 
4. 61 w 
4. 05 w 
3. 91 vs 
3. 80 VS 
3. 56 w 
3. 44 s 
3. 40 m 
3.31 w 
3. 245 vs 
3.1 85 m 
3.1 4 m- s 
3. 1 O w 
3. 06 w 
2. 96 VS 
2. 94 m- s 
2. 90 s 
2.76 m 
2. 74 w 
2.67 m 
2. 64 w 
2. 53 m 
2.49 vw 
2. 46 w 
2. 42 W-IIl 
2.40 vw 
2.38 w 
2. 36 vw 
2.34 W-IIl 
2.31 w 
2.18 m 
2.14 vw 
2.12 m 
2.075 · vw 
2.030 m 

X-ray generator Philips PW 1011 using Philips "Pvi 1352 record- · 
ing unit. 



Table 2.3c continued. 

Cu(DTH)Cl2 

28 d 

1 • 14.30 7.18 
2. 16 . 65 6 . 1 G 
3. 17.35 5.93 
4. 19. 27 5. 34 
5. 22 . 02 4. 68 
6. 22 . 60 4. 56 
7. 25 . 40 4.07 
8 . 26 . 20 3. 95 
9. 26 . 64 3. 88 
10 . 27 . 57 3.75 
1 1 • 29.15 3.55 
12. 30 . 21 3.43 
13. 31.31 3.31 
14. 32.10 3. 23 
1 5. 32.35 3. 21 
16. 32.66 3.18 
17. 34.25 3. 04 
18. 36 . 72 2. 84 
19. 38 . 40 2.72 
20 . 40 . 80 2. 57 
21 • 41. 31 2. 54 
22. 43.00 2. 44 
23 . 45 .10 2. 33 
24 . 45.37 2.32 
25 . 47. 20 2. 23 
26 . 47 . 65 2. 21 
27 . 49.95 2.12 
28. 51. 42 2.06 
29. 53. 25 1.99 
30. 54.55 1. 95 
31. 55.47 1. 92 
32. 57.90 1. 85 
33. 58.18 1. 84 
34. 60.30 1~78 
35. 61 .60 1.75 
36. 63.70 1..70 

d measured in A 
VS=Very strong 
m-s:::IIlediurn to strong 

.w...mmweak to medium 
vw.very weak 

Hclative 
lntensi ty 

s . 
v s 
w..m 
w 
'if 

w 
m 
VVI 
vw 
w..m 
s 
vw 
w 
s 
VS 
s 
rn 
vw 
rn-s 
s 
w...m 
vw 
w 
w...m 
w 
w 
vs 
w 
w..rn 
vw 
w 
vw 
w 
w 
w 
m 

Cu(DTH) Br2 

2G 

1 • 13., 29 
2. 13. 81 
3. 16. 29 
4. 18. 62 
5. 19. 89 
6 . 22 . 80 
7 . 23.15 
8 . 23 . 77 
9. 25 . 55 
10. 26 . 73 
11 •' 27. 23 
12. 27. 75 
13. 2s . 09 
14. 29. 60 
1 5. 30 .06 
16. 30 . 67 
17. 32 . 80 
1 s . 33.64 
19. 34.45 
20 . 36 .10 
21 • 36 . 72 
22. 37. 25 
23 . 38.12 
24 . 39.15 
25. 39. 85 
26. 40 . 20 
27 . 40086 
28. 42.00 
29. 42 . 58 
30 . 43 . 23 
31. 44. 72 
32. 46 .48 
33. 46.60 
34. 47 . 24 
35. 49.93 
36. 52.03 
37. 53.15 
38. 53. 72 
39. 57 .50 
40. 57 .91 
41. 68.26 

29 measured in 
S=strong 
m ::l1l e di um 
W=weak 

17 

Ikl:tti vc 
d I ntcn0i ty 

7 o7 3 w 
7. 44 VS 
6 . 31 VS 
5. 53 w..m 
5.1 8 VI-ID 

4. 52 ffi - S. 

4. 46 V S 
4. 34 vw 
4. 05 vw 
3.87 w...m 
3. 80 m- s 
3.73 m 
3. 69 m 
3 . 50 w 
3. 45 m 
3. 38 m 
3.17 VS 
3. 09 w...m 
3 .02 m-s 
2. 89 vw 
2. 84 vw 
2. 80 vw 
2.74 m-s 
2. 67 w 
2. 62 vw 
2.60 vw 
2. 56 VS 
2.50 w 
2.46 vw 
2. 43 w 
2.35 w...m 
2.27 vw 
2.26 vw 
2.23 w 
2.12 m-s 
2o04 w 
2.00 w 
1. 98 w 
1.86 w 
1~85 w 
1 • .59 w 



Table 2.2a Far Infra-red Absorptions 

Compound 

Cu(DTO )01
2 

Instrument 

IR20 

Int. 

( -1 ' Absorption Maxima cm J 

a a 312s ;302s ; 
b b 291s ; 281s ; (272m ;269m) 
b b ) * 291s ;283m , sh ; (275m; 265w ; 243w ;195w- m;1 82w- m;155m ;1 02s ;85s 

Cu(DTO)Br
2 

IR20 

Int. 

b b 
?91s ;278s ; (275m; 273m ; 270m ; 264m) 

Cu(DTH)C1
2 

Cu(DTH)Br
2 

Cu(DTH\(BF4)2 

IR20 

Int 

IR20 

Int 

IR20 

Lnt. 

C C +256s ;243vs; 

a b b 308s ; 295s ;282s ; 
b b * 291s ; 284s ; 

c b . b 
256s ; . 292s ; 288s ; 

257s;sh6 ;253s0
; t 

b b 296s ;288s ; 

(279w, sh ;272m, sh ; 173m; 165m; 132w- m; 115w-m; 107w; 
75vs;62m) 

(276m;263m) 

(276m-s ;265m; 257w ; 153m;83s, br ;73m ; 63m;) 

(277m;263m) 

( 265m, sh ; 241w- m; 233m ; 163;,r ; 145m;85vs, br) 

(281s;277s; 269s , sh ; 265m) 

( 275s;259m-s;253s , sh ;79s , br) 

s = strong 
sh= shoulder 

m = medium 
br = broad 

w = weak vs= very strong w-m = weak to . medium m-s = medium to strong 

+ instrument limitations as maximum frequency was 275 c~~1 ; 
* instrument limitations as maximum frequency was 291 cm _1; 
+ a shoulder at 251 may be due to splitting of the 256 cm band; 
a refers to bands assigned as (Cu-Cl) stretching frequencies ; 
b refers to bands assigned as (Cu-S) stretching fre quencies ; 
c refers to bands assigned as (Cu-Br) stretching frequencies . 

co 



band s at :!259crn-1 which occurs as a rn ediurn Raman band at 

257 cm-1 in t he f ree ligand ( DTH )31 may be come infra- r ed active 

on chel a tion of the licand. I n t he compl ex Cu ( DTH)Cl2 Flint 

and Goodgarne 8 a s si gned a strong band at 308c~1 a s 

19 

y( Cu-Cl) s tretch. They a l so r ecorded stronc; bands at 288cm-1 

and 272cm-1 for t he same compl ex . They a l so r eported strong 

band s at 290cm-1, 272cm- 1and 259cm-1 for Cu(DTH) 2(c104) 2; and 

strong bands at 291cnr1, 274cm-1 and 255cnr 1 f or Cu(DTH ) 2 (BF4) 2 

but did not assi gn these. Petillon e t a l 32 assigned 

bands in the regi on 272cm-1 to 310cm-1 as y(Cu-S) s tretch 

for the complexes Cu12X where L=C3H2s
3 

and XcCl or Br. As 

a result of these considerations t he y(Cu_S) stretching 

fr equencies appear to be in t he range 296 cm-1 to 280cm-1• 

Lever and Ramaswamy 33 assi gned bands in the r ange 29 4cm-1 
-
t o 30 5cm-1 to "}I( Cu-Cl) s t re tch f or pyri di ne and subs ti -cu ted 

pyridine complexes, whose structures ranged from polymeric 

distorted octahedra with chlorine bridges to five coordinate 

structures containing both "long" and "short" Cu-X bonds for 

Cu(2..methylpyridine) 2x2 (where X=Cl or Br) and the sixth 

coordination site being blocked by the 2..methyl group. 

Lever and Mantovani 34 assigned strong bands above 3oocm-1 

for copper(II) chloride complexes of N,N'-dialkylethylenedi­

amines, Cu(sym-R2-en)Cl2 where R:illethyl or ethyl e;roups, to 

be those of ~(Cu-Cl) stretching frequencies. Considering 

Cu(DTO)Cl2 and Cu(DTH)Cl2 it would appear that the v(Cu-Cl) 

stretching frequencies may be tentatively assigned to 31 2cm-1 

and 302cm-1 for Cu(DTO) c12 and 308cm-1 for Cu(DTH) 012• These 

assignments are also based on the fact that these are not 



observed in the analoeous bromide compl exes or the 

Cu(L) 2 (BF
4

) 2 complexes, where L=DTO or DTH o Lever and 

20 . 

Ramaswa1ny 33 assic;ned bands in the r eei on 218cm·1 to 255crrr1 

as v(Cu-Br ) stretching frequenci es for the bromo analogs of 

the above substituted pyridi ne compl exes . Lever and r.iant ovani 
34 assigned medium bands a_t 227 cm-1 to 229cm-1 for the 

bromo analogs of t heir substituted ethylenediamine complexes 

as ~(Cu-Br) stretching frequencies. The strong bands at 

256cm-1 (251cm-1sh ) and 243crrrin Cu(DTO) Br 2 and the strong 

bands at 257cm-1 and 253cm-1 in Cu(DTH) Br2 may be assiened to 

v(Cu-Br) stretching frequencies. These are assi c;ned because 

of t heir intensity, their posi tion in relation to those 

assigned by Lever and Mantovani J4 and Lever and Ramaswamy 33 

and their position in relati on to the copper-chlorine stretches 

where the ratio v(Cu-Br)/~(Cu-Cl) z o.8 

2. 3 Conductivities and Molecular Weights 

All the complexes were of low solubility, especially the 

bromides, and so_ only a limited amount of data was .obtained. 

The conductivities were measured in nitromethane. The 

complexes Cu(DTO)Br2 and Cu(DTH)Br2 were not sufficiently 
- , 

soluble in n:Ltromethane for molecular wei ght measurements, 

but were measured in methanol. The complexes Cu(DTO)Cl2 
and Cu(DTH)Cl2 were sufficiently soluble in both nitromethane 

and methanol £or molecular weight determinations. See Table 

2.3a £or results. 
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Table 2.3a Molecular Weicht s and Molar Conductivi t i es , 

Compound Sol vent M. W.Obs , I.-i . \-✓ • Ca l c , ~ 

Cu(DTO)Cl2 CH OH 286 284 . 7 5 6 1. 50 
CH~No2 266 284 . 7 5 10. 92 

Cu(DTH)C12 CH,: OH 171 256 .70 
CH3No2 279 256 .70 4. 56 

Cu(DTO)Br2 CH30H 368 373. 66 
CH

3
No2 373.66 18 .93 

Cu(DTH)Br2 CH
3

0H 272 345.61 
CH3No2 345.61 20.42 

Cu(DTH) 2(BF4) 2 CH3No2 - 481 .66 1 97 .03 

)( = mhos c.Y'<"\l. 

From the molecular wei eh t data in Table 2.3a it appears 

that Cu(DTO)Cl2 and Cu(DTO)Br2 are monomeric in methanol, 

whilst the values for Cu(DTH)Cl2 and Cu(DTH)Br
2 

are 

unusually low. The low value for Cu(DTH)Cl
2 

may be due to 

some dissociation of the chloro group and that of Cu(DTH)B~ 

may be due to its ease of reduction_ in solution (especially 

on heating). Both Cu(DTO)Cl2 and Cu(DTH)Cl2 appear to be 

monomeric in nitromethane solutions. 

The molar conductivities of all the copper(II) complexes, 

except for the tetrafluoroborate, indicate that they are 

virtually non-electrolytes in nitromethane (the required 

value for a 1:1 electrolyte in nitromethane being in the 

range 70-90). The value for a 1:1 electrolyte in methanol 

is 100-130 indicating that Cu(DTO)Cl2 is also a non-electro­

lyte in methanol. Cu(DTH) 2 (BF4) 2 is a 2:1 electrolyte in 

nitromethane indicating that the tetrafluoroborate groupa 
I 

are ionic in solution whereas the crystal structure shows 

that they are weakly coordinated in the solid state (see 

figure 2. 2a) . 



Electronic Spectra 

The electronic absorption maxima and some of the molar 

extinction coeff icients are recorded in Table 2.3b. The 

solution spectra were r ecorded in acetonitrile and nitro­

methane . The solid electronic reflectance spectra was 

recorded on undiluted samples, except for Cu(DTH) 2 ( BF4) 2 

which was diluted with MgO. 

22 . 

In all complexes a li gand charge-transfer band was record­

ed in the rane;e 42, ?OOcm-1 to 45, 500cnr. The free DTH liGand 

has a band at 43, 1oocm-1 and DTO a band at 41,800cm-1 , so a 

slight shift of these bands was observed on complexation. 

In principle the maximum number of d-d transitions in 

the electronic spectrum of a copper(II) complex is four, 

however Hathaway 35 makes the comment that in practice 

very few complexes give any indication of more than two 

bands, and that most show only one broad band with occasion­

ally a shoulder to the high· or low energy side usually the 

lower. In Table 2.3b we see that all the complexes exhibit 

one band except for both the bromides which. also contain a 

shoulder on the lower energy side of the main band. Lever 

and Mantovani 34 in their investigations of ethylenediamine 

2 2 2-complexes assign a shoulder at ~14,000cm-1 to the z ~x -Y 

transition. This is in agreement with theory for a slightly 

tetragonally distorted octahedral symmetry where this 

transition requires less energy than that of the other 

three possible transitions (xy~x2-y2 , xz~x2-y
2

, 
2 2 

yz--tx -Y ) • Lever and Mantovani 36 stated the most 

strongly coordinating axial li gand (such as halogens or 

pseudohalogens) will tend to coordinate to the copper atom 



Table 2.3b Ultra-violet and Visible Absorption Bands with Extinction Coefficientsa 

Compound 

_Cu(DTO )c12 

Cu(DTH)C12 

Cu(DTO)Br2 

Cu(DTH)Br2 

Cu(DTH)
2

(BF
4

)
2 

Other Bands (cm-1) 

26;800vie 22,750(1900) 

45,000;38 ,700; 29 ,000(2844) 22,700(1118) 

27,800 23,400 

26;800vie 23,000(2100) 

45,500;38 ,900; 28 ,900 (4430) 23,100(1420) 

27,400 23,000 

26,800vie 18, 600 (972) 

44,500;37,400;28, 200(2050 ) 24,400sh(1000) 

26,800vie 

43,650;38,000;28,200(2100) 

42,700;35,700,rw ,sh 

22,700 

24 ,700(1175) 

23,100(4840) 

25,100(1090) 

22,800 

18,800 

18,800(860) 

d-d Transitions (cm-1) 

13,800(285) 

14,000f 

12,750 

13;650(301) 

14,000f 

12,350 

15,600(796);13,800sh (500) 

16,000(800) ;1 4 , 000shf 

12,800 

15,650(643) ;1 4 ,300sh(565) 

15,900(400) ;1 4 , 000shf 

18,800(920) 

16, 100( 175) 

18,700 

State of 
Compound 

b 

C 

d 

b 

C 

d 

b 

C 

d 

b 

C 

b 

C 

d 

a values in parenthe sis b = nitromethane solution c = acetonitrile solution d = solid vi= very intense 
e these bands were asymmetric indicating that the solvent had started to absorb in this region and ,therefore , the bands 

are incomplete 
f because of instrument limitations these bands were not observed in their entirety 
vw = very weak sh= shoulder 

Iv 
w 



and form tetragonally distorted octahedra . When the axial 

ligand is perchlorate , nitrate , or tetrafluoroborate, (ions 

24 

whi ch are eenerally regarded as being only weakly coordin­

ating) coordination may occur to yield stronely t etraconally 

distorted octahedra. As the axial li e;and strenc;th weoJ.ccns , 

be it for s teric or electronic reasons , the in- plane strength 

increases due to increased involvement of the copper atoms 

orbita l s with the in-plane ligands. As a result the crystal 

field splitting enercies increase and hence the d- d 

transitions have greater energies . Therefore, the hi ghest 

energies of d-d bands are observed with the weakly coordin­

a ting axial ligands and the position of this band is. a 

useful indication of the degree of tetragonal distortion. 

Cu(DTH ) 2 (BF4) 2 has a d- d band at 18 ,?00crn-1 in the solid 

state . This is. comparable to 19,510cm-1 for Cu(en) 2 (BF4) 2, 

18 ,7 90 cm-1 for Cu ( sym.Jvie 2_en) 
2 

( BF 
4

) 
2

, and 18 , 650 cm-1 for 

Cu( sym-Et2- en) 2 (BF4) 2 in the solid state reported by Lever 

and Mantovani 36 .The crystal structures of both 

36 are similar in t hat 

both are tetragonally distorted . The d-d band decreases 

slightly in energy in nitromethane, but substan:Ually in 

acetonitr±le. This indicates that solvent molecules are 

replacing the tetrafluoroborate ions and coordinating more 

strone;ly and t hus decreasing the in-plane interactions _. as 

stable acetonitrile complexes with copper(II) salts have 

been prepared e. g. CuX2 (cH
3

CN)n where n=t,1, or 2. 37 

The solid reflectance spectra of Cu(DTO)Cl2, Cu(DTH)c12, 

and Cu(DTO)Br2 show ·d-d bands in the region 12,350cm-1 to 

12,800cm-1 indicating that there is much less tetragonal 



distortion in these complexes than in Cu(DTH)~( BF
4

) 2 and , 

therfore, that these compounds may be .:_)olymcric in the 

s olid state . As these compounds seem to be monomeri c in 

solution, it appears as thouc;h the solvent molecule s are 

coordinated in soluti ons of the above complexes . 

25 

Copper su l phur charce transfer bands have been assi ened 

in the ran6e 23,400cm·1 to 25,000cm·1 for substituted thiourea 

complexes of copper (II) perch lora t es 38 , 22,900 cm-1 t o 

23,SOOcm-1 for co1)per(II)-bis (diethyl di thiocarbamate) 39
• 

40 

and 23,ooocm-1 for copper (II)-bis(di-i s opropyldi thi ocarbamate ) 

39 • On this basis the bands in the region 22, ?OOcm-1 to 

25,1 00 cm-1 may be assiGned to copper sulphur charge transfer 

bands for the copper(II) compl exes of DTO and DTH. Haloeen 

to copper charge transfer bands have not been reported for 

complexes cont aining sulphur ligands. However, chlori ne to 

copper charge transfer bands have been reported for t he 

(where N- N is ethylenediarnine, 

sym-dimethylethylenediarnine, or sym-diethylethylenediami ne) 

in the range 36,800 cm-1 to 33,500 cm-1 • The following chlorine 

to copper charg e transfer bands have also been reported 41 

18,000cm-1 for ?uc12 , 22 ,ooocm-1 to 25,000cm- 1 for Cuc14
2-, 

and 24,200cm-1 for Cuc15
3-. On this basis the solid reflect­

ance bands at 27,800crrr1 for Cu(DTO)Cl2 and 27,400cm- 1 for 

Cu(DTH)Cl2 may be assigned to chlorine to copper charge 

transfer bands. The bands at 35, ?OOcm-1 to 38, 900cm-1 do not 

appear to be halide. to copper charge transfer bands as a 

band at 35,700cm-1 is present in Cu(DTH) 2 (BF
4

)
2

• For the 

compounds CuL2X2 (where L:asubsti tuted pyridine and X::Br) _, 



Tong and Brewer 42 have assigned bromine to copper charge 

transfer bands at 27 , 700crn- 1 to 27, 900cm-1.In Table 2. 3b 

bromine to copper charge transfer bands f6r the complexes 

Cu(DTO)Br2 and Cu(DTH) Br 2 can not be assi gned vr.Lth 

confidence, however, in acetonitrile solutions bands at 

28,200cm- are tentative as signments. 

Studies of the copper (II) complexes both in the solid 

state and in solution show that the compounds may have 

polymeric octahedral structures . 

26 



2.4 ~xpcrirnental 

3,6-dithiaoctane (DTO) was supplied 1Jy Kand K Lahorat-

orie s and Wateree Chemical Coopany. 2,5-dithiahexane was 

suppli ed by Kand K laboratories and Chemi cal Procurements 

Ltd. Both li gands were found to be pure , u sine proton 

nuclear magnetic r esonance spectros copy at hi eh power and 

high resolution, and used without any furth er purification. 

Solvents: 

acetone was dry Analar grade of >99% puri ty; 

ethanol was absolute after redistillation; 

methanol was absolute after redistillation; 

diethyl ether was. redistilled and dried over 

sodiwn wire; 

nitromethane was r edistilled over phosphorous 

pentoxide; 

2,2-dirnethoxypropane (TI~P) was kept over a 

molecular sei ve; 

triethylorthoforrnate (TEOF) was supplied by 

Hopkin and Williams and used without further 

purification. 

For the reactions all solvent volumes were kept to a 

minimum. 

CuC12.2H2o, CuO, Cu(No3) 2 .3H
2
o, and HBF

4 
wexa laboratory 

reagent grade supAlied by B.D.H. Ltd and used without 

.fu.xther purification. 

CuBr2- was recrysta llised from absolute ethanol. 

27 . 



Syntheses 

Cu (BF 4) 2.6H2o was prepared by reactinG HDF 4 vri th CuO 

until no further reaction occurred on addition of CuO to 

HBF4• The resulting blue solution wo.s filtered, a:ncl 

concentrated to low volume on a steam bath, and then 

allowed to cool. The resulting blue crystals were filtered 

o£f on a vacuum pump and dried und er vacuwn. 

Dibromo(3 26-dithiaoctane)copper(II) Cu(DTO)Br2 

28 

This compound could not be isolated from solution and was. 

therefore, prepared by a method used by Carlin and Y/eissburger 7 

in their syntheses of cobalt(II) complexes of DTO. 

223mg (1.0mmoles) of finely ground CuBr2 was placed in a 

5ml beaker and excess DTO (5.0mm oles::0.5mls) add ~d to cover 

the CuBr2• This mixture was left to react for 15 minutes. 

The dark brown product was filtered to remove the excess 

DTO, washed with dry diethyl e.ther and dried under vacuum. 

The yield was 95% and the m.p. = 129-131°0. Analytical 

results for CuBr2C6H14s2: calculated %0=19.29, %H~3 .78, 

%Br=24.90; observed %0=19.43, %H=3.58, %Bra26~48. 
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Di chloro (3 ,6-di thi aoctane )_g.9.1212er (II) Cu(DTO)Cl2 

852mg (5.0mmoles) euc12. 2H2o were dis solved in acetone and 

75 2mg (5. 0ramolcs) DTO were u.ddcd to fo::.cm a du.rk crcc:n 

precipitate, which was filtered off, washed with dry diethyl 

ether, and dried under va cuum. The yield was 90~~ and t he 

rn . p . 124-126°C (c. f . literature value of 126°C obtained by 

Tschuiae ff) o Analytical results for C6H1 4 s2cuC12: calcul a ted 

%C=25.31, %H =4.96, foCl:24.90; observed %C c25.44, %H =5.05, 

%01 =26 .48. Tschugaeff and Subbotin first ~repared this 

compound. 17 

Dlnitrato (3. 6- <lithiaoctane )copper(I~) monohydrate 

Cu(DTO)( N07. ) 2. H 0 
J 2 

242mg ( 1 . ommoles) Cu.(No3) 2• 3H2o were dissolved in Di'.iP and 

150mg (1.0mmoles) DTO were added dropwise to give a dark 

green precipitate. This was filtered off, washed with dry 

diethyl ether, and dried under vacuum. An oil resulted when 

the compound was prepared in either acetone or ethanol. The 

yield was 56% and the m.p. was not obtained. Analytical 

results for CuN2o.,c6H16 s2: calculated %C=20.25, %H=4.53, 

%N=7.87; observed %C=20.04, %H=4.62, %N=6.92. Tha nitrogen 

figure was obtained after the compound had started to change 

colour to a lighter green. The compound appears to be very 

hygroscopic. 
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l?is(3 , 6 di thi a octane) copper_(])) t etrafluoroborate 

Cu( DTO) 2 (nr-·4) 2 

173mg (0. 5mrnoles) Cu (BF 4) 2• 6H2o vrnre dissolved in T.i:,OF and 

refluxed until the solution changed frrnn blue to green in 

colour. The solution was then a llowed to cool . 150me; (1. 0 

mmoles) DTO was add ed slowly and a brown precipitate f ormed . 

The precipitate was filtered off , washed with dry diethyl 

ether, and dried under va cuum. The yield was 601/; and the m. p. 

was not obtained . Analytical results for CuB2F8C12H28s4 : 

calculated %Cc26. 80 , %H =5.25; observed %C :26. 88 , %H =5.27. 

This compound is. not stable and had completely decomposed 

in three weeks. 

Dichloro( 2,5-dithiahexane)copper (II) Cu(DTH)Cl2 

This compound was prepared by Bergen ' s wethod e;iving a 95% 

yield, and m. p .::125°C c.f. 130-130.5°C by More;an and 

Ledbury. Morgan and Ledbury 6 used a water-alcohol 

medium and HCl to prevent r eduction to Cu(DTH)Cl. Cu(DTH)Cl2 

when dissolved in water loses all colour immediately 

suggesting reduction to the Cu(I) compound. However, when 

acetone is used as a solvent no reduction occurs and the 

yield is. four times that of Morgan and Ledbury. These 

researchers. also claim that the solid compound shows si gn of 

reduction but no sign of reduction was seen after 12 months 

of storage. Flint and Goodgarne 

preparation of this compound. 

8 did not report their 
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Di b:como ( 2 , 5- di thi ahc~.;:ane ) co pper ( I I ) 

335mg ( 1. 511,in o_l e s) · CuBr 2 v1ere di ssolved i n et::1anol a nd 1031:,c 

( 1. 5mmole s ) DTH a dd'8d t o f orm a . dar k bro·.m prccipi t ate . 

Th e precipita te was f ilter ed off , washe d with dry 

di ethyl e ther , and dri cd under vacuu.,1 ~ The yi ol d ·:,as 7 2>; 

and t h e m. p. 130- 131° c . Anal ytical resu l ts for CuBr 2c4H10 s 2 : 

ca lcula ted 5~C= 13 . 90 , 1~H=2. 92 , 5&Br ::46 . 24; ob ser v ed %C= 1 3 . 98 , 

7rn=3 . 02 , %Br c47. 3~-. 
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2.5 Complexes of 3,6- dithi aoctane-3.i.§-dioxi dc 

On standing, the comulex Cu(DTO) ( NO-z ) 0 . H2o chanced 
• • ] L 

colour from dark green to li e;ht green while it a bsorbed 

water , yet it remained in a solid s tate. An infra-red 

spectrum of the li eht i:7ecn compound contained the 11£1.nds due 

to Cu ( DTO) (N03) 2. H
2
o, but vath much stroneer and broader 

v,ater bands , and two extra bands in t he rev.on 1200cm-1 to 

1300 cm-1 • These bands. were thoueh t to be 1> ( S=O) stretching 

frequencies. It was , therefore, de ci ded to prepare some 

complexes va th 3 , 6- di thiaoctane- 3 , 6- dioxide and compare 

their spectra wi th those of the above compound. 

The complexes prepared were; Cu(DT0-02)Cl2 , Cu( DT0-02)( N03)2 , \ 

Cu(DT0-02) 2(BF4) 2 and Cu(DT0_02) 2 (PF6 ) 2• These syntheses 

were very diffi cult being sensitive to solvent , extremely 

sensitive to the presence of water , having low yields., 

and the ligand was prone to precipitating out at high 

concentrations. However , Cu(DTO_o2)c12 , Cu(DT0-02)(No3) 2 
and Cu(DT0-02) 2(PF6 ) 2 gave good analyses., whilst that of 

Cu ( DT0-02) 2 (BF 4) 2 showed the presence of s ome free_ ligand. 

This was found to be correct upon examination of the 

sampla under a microscope. For experimental and analytical 

details see the section on syntheses . 

The disulphoxide (DT0-02) was prepared by oxidi sing 

DTO using hydrogen peroxide and glacial acetic acid (see 

section on syntheses for details) tQ get a racemic 

mixture of isomers which were not separated. According to 

Bell and Bennett 42 two isomers of 

2,5-dithiahexane-2,5-dioxide (DTH-02) can be prepared and 
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separated by fractional crystallisati·on. These isomers 

have rne l ting points 30° C apart . As the meltine; point for 

DT O_o2 was over the rane e 117°c to 133°Q it is reasonable to 

conclude that the compound separated was a racemic mi xture 

o.f the i somers of DTO_ o2• 

The infra-red spectra showed a shift of the stron0 broad 

l-' (S =O) stretchine; frequencies at 1019cm-1 and 1047cm-1 in the 

free ligand to between 900cm-1 and 950 crn-1 in the prepared 

compl exes . Wayland et a l 43 i n their studies of platinum 

and palladium complexes of vari ous sulphoxides , i ncluding 

DTH02, showed that this shift t o lower frequencies corres­

ponded to bondine throue;h the oxygen atom whils t shifts t o 

a hi gher f r equency between 11 OOcm-1 and 11 50cm-1 corresponded 

to bonding throu c;h the sulphur a tom . This is conclusive 

evidence th~t DT0- 02 is bonded through the oxycen atom 

for the above complexes . No further physical measurements 

were made on these complexes . 

When t he infra-red spec t r um of t he original l i ght green 

Cu(DTO)( N03) 2.H2o compound was compared vnth t hose of t he 

above pr epared compl exe s no conclusions coul d be made about 

the t wo extra bands in t he 1200cm-1 to 1250cm-1 r egi on for 

the light ereen Cu(DTO)( N0~) 2.H2o compound. 

Synthe ses 

For a description of t he solvents used see Chapter 2.4 

Glacial acetic acid, 30% hydrogen peroxide, and NH4PF6 
were all supplied by B.D.H. Ltd and used without further 

puri fi ca ti on. 



3, 6- dithiaoctane- 3 , 6- dioxide 

11. 4e (0 . 76moles ) 3,6-dithiaoctane were added slowly to a 

s tirred solution of 100ml e lacial a cetic acid ( CH
3

COO!:-I ) 

with 20& of 30~ hydroeen peroxide (H202). The solution wus 

t hen l eft to stand for 1 5 rninu tcs to ensur e a coir: 11l c t o 

r eu.ction, and then evaporu tcd to dryne ~~ s on a . t own bu.th . 

Tae re su+tinc; crys t alline product was recrystallised from 

ethanol. The yield was 521o and the m. p . was 117-1 33°C. 

Dini tra to (3, 6- di thiaoctane-3, 6- dioxide ) copp er (II) 

Cu(DT0-02).(No3) 2 
241mg (1.0mm oles) Cu( No

3
) 2.3H

2
o was dissolved in triethyl­

orthoformate (TEOF). 182rnt; (1.0mmoles) DTO_o2 was dissolved 

in acetone containi n~ 2- 3ml s of ethanol and t his solution 

added to t he f ormer and heated unti l a blue pre ci pita te 

appeared . The precipitate was filter ed off, washed with dry 

diethyl ether, and dried und er vacuum . On cooling a second 

blue pre cipitate formed whi ch was a l so filter ed off, ~ashed 

with dry diethyl e t her, and dri ed under vacuum. The infra­

red spectra of these two compounds were. identical, but the 

first precipitate was the purer product , and therefore 

used for analysis. The second contained some. free ligand 

(observed under a microscope) . The yield using the first 

precipitate was 23% and the m.p. was 184--l 85°C. 

Analytical results for c6H14s2o8N2Cu: calculated %C=19 .44, 

%Ha3.82, %N:s7. 58; observed %C=19.92, %Ha3 .98, %N=7 .31. 
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Dichloro(3,6-dithiaoctane- 3,6-dioxide)copper (II) 

Cu( DTO_o2)Cl2 

170mg (1.0 mmoles) Cuc12.2H2o were di ssolved in ethanol 

and 5mls of 2, 2- di me t hoxypropane ( rnr.P) added . 182m8 

(1.0rnm oles) DTO_o2 was added as an etha,nol solution. The 

re sulting solution was heat ed until a ye llow colour appeared 

and an extra 1 5mls n:.:p added . Further heat was applied until 

a yellow-green precipitate appeared. The precipitate was 

filtered off, washed with DI,IP and dried under vacuum. The 

yield was 5% and the m. p . was 174-176 °C. Analytica l 

• I 

results for C6H14S202c12Cu: calculated %C~22.75, %H=4.46, 

%Cle22.39; observed %C=23.25, %He4 .6 2, %Cl=21.97. 

Bis ( 3, 6_di thiaoctane_3, 6- c1i oxic.e ) coup er( II) h exafluorophos ::,ha te 

Cu(DT0- 02)(PF6 ) 2 

17 4mg (0 . 5m~oles) Cu( BF4) 2. 6H2o were dissolved in acetone 

and an eq_ual amount of D:1JP added . A se cond solution containing 

182mg (1.0mmoles) DT0-02 dissolved in acetone with 2-3mls 

ethanol was added to the first solution. To the resulting 

solution was added 165mg (1.0mmoles) amm onium-hexafluoro­

phosphate (NH
4

PF6 ) as an acetone solution. The solution 

was heated until a blue precipitate appeared, which was 

filtered off, washed with hot acetone., and dried under 

vacuum. The yield was 14% and the compound discoloured at 

190-195°C.Analytical results for c6H14s2o2P2F12cu: calculated 

%Ca22.45, %H=4.40; observed %C:22 .03, %H=4~09. 
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Bis (3, 6-di thiaoctane-3, 6- di oxide) copper (IJ) tetrafluo:rohoratc 

• Cu ( DTO_o2) 2 ( :DF 4) 
2 

3~.8me (1 . 0 rnmoles) Cu(BF4) 2.6H2o w'cre dissolved in n;.;J? D-nd 

heated until the solution chane;ed colour f rom blue to t;recn. 

To this solution was u.dcled 3G4mt (2.0inmoles) DT0-02 in 

acetone containing 2- 3rnls of ethanol . The re0ulting ~olution 

was heated until a blue precipitate appeared. The s olution 

was allowed to cool, before the blue pre cipitate was 

fi 1 tered off , washed with rnr.P, and dried und 8r vacuuin. The 

yield was 11% but contained some free DTQ_02• The m. p . was 

not determined because of the presence of ligand . Analytical 

results for c6H14S2o2B2F8 Cu: calculated %C : 23 . 95 , 

~lL,,4 . 6 9; observed %C::::24 . 32 , %H=5 • 7 4. 


