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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 



Fi Q,1.re 2. 2b Infra-red Spectra 
100 

C: 

-~ 50 
Cf) 
Cf) 

E 
Cf) 

C: 

"' ... 
I-

* 

C: 

10 

90 

.2 50 
Cf) 
IJ) 

E 
IJ) 

C: 

"' .. 
I-

10 

i) DTH 

• 

1400 
ii) Cu(DTH) (BF ) Frequency (cm-1) 

2 4 2 

. 1400 
Frequency (cm-1) 

13 

400 

400 



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. 
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CHAPTER 3 

COPP~R (I) corr.PUX~S OF 2,5-DITHI Affi.~XANE AND 3,6 - DPI'EIAOCTANE 

Many complexes between copper (I) halides and neutral 

ligands, of general formula ( CuX) nLm are knovm. Oi'ten as 

in the case of the series ( CuX) n ( DH.i ) rn 45 ( D:E,I=bi s ( diphenyl-

phosphino) me t hane ) they exist in different s toichiometri c 

ratios, for the same X and L species, and show rather 

intriguing structures. Camus et al on the basis of known 

structures and t heir own r esults suggested a simple scheme 

for the rationalisation of the (CuX)n1m structures known to 

them. They also. commented that the behaviour of sulphur 

containing ligands could not be r ationali sed in the same 

way, becau se sulphur is able to coordinate one or more 

copper atoms in the same complex giving compounds of 

identical stoichiometry but with different structures. 46 

3.11 Svnt heses and Charac t erisation 

In my investigations I prepared the following copper(I) 

complexes ; Cu(DTH)X where X=Cl,Br,or I; Cu(DTO)X where 

X=1, or SCN; Cu(DT0) 2BF
4

; (CuX) 2DTO where X=Cl or Br. 

For the complexes Cu(DTH)X where X=Cl or Br, (CuX) 2DTO 

where X=Cl or Br, and Cu(DT0) 2BF
4 

the appropriate copper(II) 

complex was prepared in solution and then reduced to the 

copper(I) complex using hypophosphorous acid. It was 

found that using this method of reduction produced pure 

compounds. Cu(DT0) 2BF4·was soluble in the solvent used and 



t her efore, die thyl ether was added t o promote precipitation. 

The yi el d was very low but t he crystals obtained were used 

f or a si ngl e crystal x_ray analysis . 27 The preparations of 

Cu( DTH) Cl and (CuC1) 2DTO wer e repeated with increased 

sol vent volumes t o i ndu ce slower precipitation and, 

t herefore , better crystal s for an x_ray structure ana lysis . 

This proved to be the case wi th Cu( DTH)Cl wher e th~ crystal 

structure will be deter mined in t his l abora tory . 

(CuC1) 2DTO did not form crystal s suitable f or a crystal 

structure but the compound was more crystall ine . (CuBr) 2DTO 

was formed as plate-like crystals when a dilute solution of 

the copper(II) bromide complex was left to s tand. CuLI, 

where L= DTH or DTO, was prepared in a pure form by r eacting 

t he copper(II) chlori de compl exes wi th l ithi um iodi d.e . 

Cu( DTO) SCl was prepared via Cu(DTO)( NO) which was reacted 
3 2 

wi th potassi um t hiocyanate to give a dar k r ed solution 

containing t he copper(II) thiocyana te compl ex vrhich could 

not be i s olated in a pure form and a white preci pita te of 

potassium nitrate. The red solution was reduced using 

hypophosphorous acid to g~ve crystalline Cu(DTO)SCN but 

the crystals are not goo.d enough for single crystal x-ray 

studies. For experimental details see section 3.2 of this 

chapter. 
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The analytical data was obtained from the microanalytical 

laboratory at Otago University with good results for the 

DTO complexes using normal techniques. The DTH complexes 

gave low carbon and hydrogen figures using the normal 

cycles but it was found that by cooling the sample prior to 



the commencement of the combustion cycle good r e3ults were 

obt ai ned . This may account for the low fic;ures obtQined by 

Bratermann and Wilson1\ vho sugc;ested t hat Cu(DTH)Cl was 

unstable losing DTH in normal atmospheric conditions . 1/!c 

have found , however, tha t all t he copper (I) complexes of 

DTH and DTO are stable in air a t room temperature, For 

details of analyses see section 3.2 of this chap ter . 

The mass spectrum was attempted on Cu(DTH)Cl but only a 

strong l igand band was ob3erved with the ligand being 

pulled off under high vacuum . 

The molecul ar weights ( by vapour pressure osmometry) and 

condu ctivi ti es of these compounds were measured in aceto­

nitrile (methyl cyanide) . The molecular weights gave 

results indi cating that both ligands were displaced by the 

acetoni trile. On this basis the conductivities were also 

taken to be meaningless for the above complexes. This was 

mos t unfortunate as these compl exes were sufficiently 
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soluble only in this solvent . As a result of the mass spectral 

data and the solution data it appears that the dithioether 

ligands are very weakly coordi nated and the compl exes are 

not stable. 

X-ray powder photograph s showed t hat t he s tru ct ures of 

(CuC1) 2DTO and (CuBr) 2DTO are quite dif f er ent t hus confirm­

ing t he ini'ra..red da t a . The diffra ction pa ttern for Cu(DTO)I 

is also different to those of (CuC1) 2DTO and (Cu.Br)
2

DTO 

as would be expected.The x-ray powder photographs f or 

Cu(DTH)Cl and Cu(DTH)Br showed different pa tterns of 2e and 

d indicatingthat the structure may not be t he same. This is 

in agreement with the far infra-red data. The Cu(DTH) Br 



and Cu(DTH)I complexes however have very si milar 20 and. 

d valueLl L .1d this is indicative of similar structur2c; . 

See Table 3.1f for valu es of 2~, d and relative intensi ties . 
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Table 3 . 1.f 

[( Cu Cl) 2_p~_9] n 

28 d 

1 • 10. 95 9 . 37 
2 . 12 .. 10 8 . 48 
3 . 17.03 6.04 
4o 17. 97 5o7 3 
5. 210 91 4 . 71 
6 . 24 . 23 4.26 
7. 27 . 11 3. 82 
8 . 27 . 57 3 . 75 
9. 36 . 68 2. 84 
10 . 38 .71 2. 70 
11 • 40 . 68 2. 57 
12. 41 . 02 2. 55 
13. 44 . 27 2. 37 
14. 46 . 82 2. 25 
1 5. 49 .1 9 2.1 5 
16. 49 060 2 . 13 
17. 50 . 81 2. 08 
18. 50 . 95 2 . 08 
19. 51 . 85 2. 07 
20 . 52.60 2. 02 
21 . 55 . 84 1 • 91 
22. 58.12 1. 84 
23. 63.15 1 • 71 

d measured in A 
vs=::very strong 
m-s~~edium to strong 
W-lll=weak to medium 
vw.,,.very weak 

Re l ative 
1ntcnsi t v 

w 
VS 

s 
vw 
w 
rn- s 
s 
w 
s 
s 
vw 
vw 
vw 
w 
w 
s 
vw 
vw 
w 
w 
vw 
vw 
w 

~ Brl2J?TOJ n 

2a 

1 • 7 .. 50 
2 . 11 . GO 
3. 12. 0 5 
4. 12. 44 
5. 14. 98 
6. 15.74 
7. 21. 53 
8 . 22 . 62 
9. 23 . 41 
10. 27 020 
1 1 • 27 . 90 
1 2. 28 . 25 
13. 29. 48 
14. 30 . 15 
1 5. 30 . 37 
16 . 33 .53 
17. 34.70 
H3 . 35 . 20 
19 . 35 .75 
20 . 36 . 65 
21 . 37 . 42 
22 . 37 . 83 
23 . 39 .35 
24. 43 . 80 
25 . 45 . 80 
26. 46 . 30 
27 . 47 . 42 
28. 47.90 
29. 48.75 
30. 49 . 41 
31. 50 . 89 
32. 52.12 

20 measured in 
S=strong 
m ::111 e di urn 
W=Weak. 

d -
13. 68 
8 .. 70 
8 . 52 
S o 26 ,,.. , ,,.. 
0 . uo 
6. 53 
4 . 79 
4. 56 
4 . 41 
3. so 
3 . 71 
3.66 
3 . 51 
3 . 44 
3 . 41 
3 . 10 
3 . 00 
2. 96 
2.9 1 
2. 84 
2.79 
2.76 
2.66 
2. 40 
2. 30 
2.27 
2. 22 
2. 20 
2. 17 
2.14 
2. 08 
2.04 

Inst2ument setting; 
4/10 /2/0 
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hcl:lti ve 
lntut ::.;i t y 

m 
m 
s 
vs 
rn 
m 
vw 
\'I 

vw 
VI 

VY.' 

vw 
vw 
vw 
vw 
w..rn 
w 
w 
m 
w 
vw 
vw 
vw 
vw 
w 
vw 
vw 
vw 
vw 
vw 
vw 
w 



Table 3.1 f continued 

Cu ~D'l102 I 
Ticlati vc 

2e d lntcm;i t y 

1 • 12. 02 8. 54 m 
2. 12095 7. 93 vw 
3. 13. 34 7.70 w 
4. 14. 33 7 . 17 vs 
5o 17.73 5. 80 w..m 
6 . 1s . 36 5. 61 vw 
7. 19. 32 5. 33 vw 
8. 19. 58 5o26 w-m 
9. 23 . 65 4. 36 w...m 
10 . 24 . 05 4. 29 W-IIl 

1 1 • 24 . 87 4.1 5 m 
1 2. 25 . 64 4. 03 w 
13. 26 . 72 3. 87 w...m 
14. 28 . 15 3 . 67 vw 
1 5. 30 .1 3 3. 44 w 
16 0 32 . 40 3. 20 vw 
17. 36 . 40 2. 86 vw 
18. 37.09 2. 81 vw 
1 9. 37 . 44 2. 79 m 
20 . 38. 67 ' 2. 70 vw 
210 39 . 35 2. 66 vw 
22. 40 . 60 2. 58 w 
23 . 41. 86 2. 50 vw 
24 0 43 . 77 2. 40 VS 
25 . 44 . 30 2. 37 w 
26 . 45 . 60 2. 31 vw 
27 . 46 .78 2. 25 vw 
28. 49 . 00 2.1 6 vw 
29 . 51 . 83 2. 05 vw 
30 . 59.54 1. 80 v s 
31. 59.66 1.79 VS 

[Cu ~ DTIQ rJ n 

28 cl 

1 • 12. 77 8 . 01; 
2. 13 . 00 7. 90 
3. 13 . 35 7 . 69 
4. 16 . GO 6 .1 2 
5. 17.75 5. GO 
6 . 18 . 20 5. 6 5 
7 . 20 . 03 5.1 1 
8 . 25 . 37 11 . 07 
9. 25 . 59 4. 04 
10 • . 26 . 08 3. 96 
1 1 • 26 . 80 3 . 63 
1 2. 28 . 50 3. 63 
13. 29 . 05 3 . 57 
1 ~ • 29 . 74 3 . 1) 8 
1 5o 30 . 58 3. 39 
16. 31 . 60 3 . 28 
17 . 33 . 90 3. 07 
1 s . 311 . 00 3. 06 
1 9. 34.33 3o0J 
20 . 36 . 30 2o87 
21 . 38 . 75 2 . 10 
22. 39.55 2. 64 
23 . YJ . 67 2. 63 
24 . 41 . 00 2. 55 
25 . 41 .70 2. 51 
26 . 42 . 80 2.45 
27. 44 . 80 2. 35 
28. 47 070 2. 21 

20 measured in 
s::strong 
m ==111edi um 

. Wcwea.k 
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l~L:_, ;,i ,_i_"\lC 
~ :.t~~ .. J- Ly 

VS 

s 
m- s 
s 
m 
m 
vw 
w 
m 
rn - s 
s 
8 
Vi..Jil 

w 
vw 
s 
\'i- m 

\'i- ll 
,,. 
" 
V\'i 

\': 

w 
VI 

w 
vw 
vw 
vw 
m 

complex 

d rr1easur ed in A 
vs =very strong 
m- s=ffiedium to strong 
w...m c::wea.k to medium 
vw=very weak 
Ins t 2ument Setting for 
4/10 /2/0 

DTO 
Instrument set~ing DTH 

complex: 2/1 0 /2/0 



Table 3.1 £ continued 

Cn ( D'l'H} Cl 

28 _g 

1 • 13 . 66 7. 52 
2. 14. 00 7.34 
3. 16 . 77 6 . 13 
4. 20 . 70 l1- . 98 
5. 27 . 34 3. 78 
6 . 28 . 00 3. 69 
7. 34-. 01 3. 06 
8 . 41. 50 2. 52 
9 . 4-4 . 5 5 2. 36 
10 . 50 . 00 2.1 2 
1 1 • 50 . 90 2. 08 
1 2. 56 . 25 1. 90 
13. 56 . 37 1. 89 
14. · 57 . 56 1 . 86 
1 5. 57 . 65 1.85 
16 . 59. 88 1.79 
17. 78. 20 1. 42 
18. · 78. 37 1. 41 

d measured in A 
vs=very strong 
m-samedium to strong 
w...meweak to medium 
vw.very weak 

HC' J a tivc 
1 n -Len t·d. t.:y 

VS 
c-, ,__, 

m- s 
\V 

vw 
V S 

vs 
m 
w 
s 
s 
W-111 
W-111 

s 
s 
w 
m 
w 

[C1 t ( D_Tfl)J..~E ] 
11 

28 cl 

1 • 13. 05 7. G7 
2. 13. 20 7. 78 
3. 13.70 7. 50 ~. 1G. ~3 6 . 26 
5. 18. 06 5.70 
6 . 18. 70 5. 50 
7 . 20 . 50 5. 03 
8 . 21. 60 4. 77 
9. 26. 00 3. 98 
10 . 26 . 22 3. 9~-
11 • 26 . 51 3. 90 
1 2. 27 . 50 3. 76 
13. 29 . 65 3. 50 
14. 30 . 90 3. 36 
1 5. 31 . 18 3. 33 
16. 31 . 45 3. 30 
17. 32. 00 3. 24 
18. 33 . 17 3 .-1 3 
1 9. 33 . 55 3.10 
20 . 33 . 91 3. 07 
21. 37 . 42 2. 79 
22. 37.61 2. 77 
23 . 37 . 90 2. 75 
.24 . 39 . 77 2. 63 
25. ,~o. 20 2. 60 
26 . 40 . 82 2. 56 
27. /f-1 . 35 2. 53 
28. 41 . 88 2. 50 
29 . 42 . 27 2. 4S 
30 . 4-3. 52 2.41 
31. 46 . 59 2. 26 
32. 48.89 2.16 

I 

20 measured in 
s:strong 
m=111edium 
w.weak 
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vs 
m 
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vw 
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vw 
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v ·,, 
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s 
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V\'l 

vw 
vw 
vw 
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. 
3 •. 1 2 I n j~r a-.__red, Spectra 

The cry's tal structure of bi s ( 3, 6- di thi aoctane) copper (I) -

t e trafluoroborate has 
0

been deter,ni ned i n thi s laboratory oy 

Norris 27 • Thi s s tructure .showo t ha t t he DTO li e;and · :; 

chelated ( see .fi Gl,lre 3 . 1 a) . The in.fr a- red spectrum j _n the 

rane e 1600cirt 1 to 600cm-1 for Cu(DT0)
2

BF
4 

shows f our extr a 

li c:;and bands at 1300m, 1286m, 91 6s, 840 s when compared t o 

tha t of the free li e;and . AJ.l the other copper(I) dithiaoc tane · 

complexes, except for dichloro(3 , 6-dithiaoctane) di copper, 

( Cu Cl) 2DTO , show a very similar pattern. ( Cu Cl) 2D'J.'0 shows 

a much simpler spectrum , very similar to that of the free 

ligand. This indicates that the ligand may be brido ng . 

See fiGl,lre 3 .1 b . 

Y/hen chelated it is i mpossible for a disubstituted 

ethane e . g.ethylenedi amine , to have t he trans confor .. ;at i on. 

Broders on 47 analysed the infra-red spectrum of s oli d 

Hg (en)Cl2 and concluded from the simplicity of the spect rum 

that the ligand has the trans conformation. This implies 

that the complex has a bridging ethylenedirunine . This was 

shown to be correct by x..ray analysis 47 .Powell and 

Sheppard 48 have studied the infra..red spectrum of a 

bridging ethylenediamine in the complex (C2H4)Cl2PtenPtC12-

(C2H4). After the ethylene modes were. subtracted the 

spectrum was found to be much simpler than that of 

Pt(en)Cl2, which contains chelated ethlenediamine with 

the gauche coni'ormation.They concluded that the bridging 

ethylenediamine had the trans conformation. 



Fi8Ure 3 .1 a ~c.r spectivc ·Vicw of Cu ( :JTO) ~,,P4 21 

Where .DT0:;-:3 , 6 - di thiaoctane 
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Fi Gure 3.1 b Infra..red Spectra 
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Fi[P).re 3. 1 b I nfr a-red Spec t r g. continued 
100 . ' ' 

C 

.2 50 
1/) 
1/) 

E 
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C 
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C 

10 

90 

.2 50 
1/) 
1/) 

E 
1/) 

C 
~ .. 
I-

10 

i ii) ( CuBr) 2DTO 

1400 
iv) Cu(DT0)2BF

4 
Frequency (cm-1) 

1400 
Frequet\ y (cm-1) 

47 

400 

400 
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. 
A similar a.rgv.ment car:i b_e.· pu. t• fo-:r:ward "f9r the 

dfthiaoctane and dithiahexano complexes . The infra._rcd . 
spectrwn of (CuC1) 2DTO is much simpler than that of the 

1 C (DTO) BF h the li ~and is chelated in the comp ex. u 
2 4 

were u 

gauche form and ) therefor e , the DTO ligand i s brideing the 

two copper a toms in a. trans form . Clo.rk and b"'rr:Lne;ton 16 

have uosicned the inflj'a- red spe ctrum of the DTO lieand in 

the solid and liquid s t a tes. They say that in the s olid s tate 

only the trans conformation exists and t hat in the li quid 

state there is a mixture of trans and gauche conformati ons . 

A comparison of the solid state free ,ligand and t:1e complex 

(CuC1) 2DTO can be made using Table 3.1a. On comparison of 

the infra...red spectra it would appear that all the copper (I) 

dithiahexane and dithiaoctane complexes with the one 

exception above would have chelating ligands . 

The far infra-red spectra were recorded and the peak 

positions and possible assigrunents given in Table 3.1b for 

copper-halide stretches. 

On the basis of known structures, far infra...red and 

infra...red spectra possible structural types are postulated 

for each compound. Many structural types are known for 

copper(I) halide complexes but unfortunately only a few 

correlated copp_er-halide stretching frequenci es are known, 

see Table 3.1c and figures 3.1c-l.As a result single crystal 

x-ray analyses would be necessary to get further 

information on the c·opper(I) complexes studied in this work. 

From Table 3.1c and Table 3.1d the types of Cu-Cl 

vibrations can be reasonably well defined with, however, 



' Tabl e 3.1a. Absorptions of Trans 3 J )- di t hi a oct ane and 

~ complex dichloro(3,6-dithi aoctane) dicopper(I) and 

t hei r Assignments, 

As si c:nm en ts a Solid DTO 

1455s 
1448s 
1440 s 
141 8s 

CH3symband 1374m 

CH2 wag 1264s 

CH2 wag(gauche) n.o. * 1239m 

CH2 wag(trans) 1209s 
1145s 

CH2 twist(trans) 1053m 
1025w 

CH3 rock n. o. + 
892m 

CH2 rock(gauche) n.o. I 
• 

784m 
739m 
721m 
671m 

c_s str 654w 

aeAssignments according to 
Clark and Errington 16 

vs.very strong 

We weak 

s ... strong 
m. medium 

n.o •• not observed 

vw. very weak 
sh ... shoulder 
de doublet 
b ... broad 

(Cu C1)
2

DTO 

1 461 V S , d 

1438vs , d 
1415vs 

1382vs 
1370m,sh 

1268vs 

n.o. * 
1237m, sh 

1220s 
1150m 

1041s 

973m-s 
895vw ,b 

n.o. I 
• 

786vs . 
745s 
722w 
705s 

656m 

49 

+ a strong peak at 973 is observed in liquid DTO 
! a weak band is observed in the liquid DTO and is observed 
at 853cm-1.This band is strong in the range 860-837cnr'in all 
·the other copper(I) di thiaoctane complexes. 
; a strong band is~observed in the liquid lie;and at 1256cm-1 

and ia also strong in all the other copper(IJ dithiaoctane 
complexes in the range 1247-1256cm-1• 
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Table 3.1b. Far In.fra-red Adsorptions of the Copper(I) 

Halide Complexes , 

Compound 

(CuCl)2DTO 

(CuBr) 2DTO 

Cu(DTO)I° 

Cu(DTH)Cl 

Cu(DTH)Br 

Cu(DTH)I 

21 8 s, br; H:31 s , br 

152s; 145s, sh 

159s, sh; 1 55s 

271 s 

169s, 152s 

139(?)m,br + 

a v( Cu- X) frequencies in cnr1 

Other Bands 

243w; 235m ; 153w; 11 5w; 
98s; 54m 

173m,sh; 135m,sh; 121 w; 
83w; 55w 

173m,sh; 137m,sh; 97m- ~. ; 
49m 

285w,sh; 245w; 223w; 200w; 
139w; 104w; 88m-s; 72m; 59w-lll 

202m; 180m,br; 115s; 71m; 
64m,sh; 47m 

183w,br; 98s; 87s,sh; 79s,br; 
6 3n; 53w 

+ This band may have other contributions from c_c_s 
deformation in the ligand. 

S= strong 
me medium 
W= weak 
sh .. shoulder 
br. broad 
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Table 3.10 Copper-Halide Frequencie s and Corre l ated Struc t ures . 

Ref Structure Ref 
Compound :.,( Cu-Cl) Er.) 'l'ype Tstruc.1l 

[Cu(TMDPDS)C1]2 257 this Terminal Cl 58 
work Fig 3e 1 C 

(CuC1) 2 (DP.1!:)
3 244 45 Termi nal Cl 

F-l G 3. 1 d 59 

[Cu(TMPS) Cl] 275 56 Terminal Cl 60 3 299 49 Fig 3.1e 

Cu(bdtm)Cl.(CH3) 2co 279 57 Termina l Cl 
Fig 3. 1 f 57 

[Cu(1,5-cod)C1]2 227 50 Bride;ing Cl 61 
Fig 3.1g 

[cu ( c8H8 ) c1]
2 254,222 50 Bridt9- ng Cl 62 

Fig 3.1h 

[Cu(C7H8 ) C1J
4

. 238 50 Cu.bane 63 
Fig 3. li 

[Cu(AsEt
3
)r]

4 131,137 54 Cu.bane 64 
Fig3.1j 

+ -[ Cu3 Cl2 ( DPM) 
3
] Cl 287-236 45 Fig 3.11 46 

[Cu(naa)I]2 175,128 53 . Bride;ing I 65 



Table 3.1d Copper-Halide Stretching Frequencies Without Correlated Structures 

Cu(nas)Cl 

(CuC1) 2 (DPPA)
3 

(CuJ3r)
2

(DPPA)
3 

Cu(PCy
3

)
2
Cl 

Cu(¢2Te)fl 

[cu(R2Te \c1]2 

R = p-toloyl 
R = p-Eto-¢ 

[ Cu(R
2
Te) 

2
Br]2 

R = p-toloyl 
R = p-EtO-¢ 

cu(R
2
rre) 2r 

R = p-toloyl 

Cu(DTH) (¢
3

P)Cl 

Cu-X (cm-1) 1 • J Reference CoT!l.ID.en t 

202,145 

232,162 

267 

202 

255 

265 

183,117 
185,128 

~ 
164,92 ~ 163,100 

163 

245 

. 
53 ) Band pattern similar to that of the iodine analogue of which the 

53 

52 

52 

68 

51 

51 

51 

This work 

- structure is knmm . Halogen atoms bridging. ~ 

l Agrees with a tetrahedral C configuration of 3P and 1X around each 
copper atom where a single 3J(cuX)(A1) mode is expected.Therefore 
terminal Cu-X 

Osmometric studies show compound to be monomeric in benzene.Fey group 
is too -bulky for a third PCy group to be coordinated a .Therefore ,the 
copper atom is trigonal planar and Cu-Xis terminal. 

Copper does not have a coordination number greater t han four.Therefore, 
Cu-Cl is terminal. 

Powder photographs show chlorides and bromides to be isostructural. 

All other bands are common. Therefore ,bridging halide atoms . 

On the basis of other assignments this is too high for bridging iodine 
and therefore v(Cu-I) is terminal . 

v(Cu-Cl) is terminal due to copper(I) not able to have coordination 
greater than four and that DTH is chelating . 

VI 
Iv 



Key for Tables 3.1c and 3.1d 

TMDPDSi::tetramethyldiphosphinedisulphide 

DPE a1,2-bis(diphenylphosphino)ethane 

TMPS ..,trimethylphosphine sulphide 

bdtrn abis(diphenylphosphinothioyl)methane 

1,5-cod..,1,5-cyclooctadiene 

DPM .bis(diphenylphosphino)methane 

CoH8 scyciooctatetraene 

nas ao-dimethylaminophenyldimethylarsine 

~H
8 

cnorbornadiene 

AsEt
3 

.triethylarsine 

DPPA mbis(diphenylphosphino)acetylene 

_PCy
3 

etricyclohexylphosphine 

~2Te cdiphenyltelluride 

(p-toly1)
2
Te=<ii(p-methylphenyl)telluride 

(p-Et0~) 2Teadi(p-ethoxyphenyl)telluride 

DTH .2,5-dithiahexane 

fl.-,P .triphenylphosphine 

a .The crystal structure of Cu(Cy3)P2c104 has been 

determined and shows that the copper atom is trigonal 

planar. The structure confirms Moers statement 

that the PCy3 group is too bulky to allow a fourth 

ligand to coordinate to the copper atom. 
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fi £,ure 3.1c Perspective Vie\', of [ Cu(T;,iDPDS )ClJ 2 
58 

0 

fi@lre 3. 1 d 

Where Tl,IDPDS.,,tetramethy l di phos1Jhinedi sulphide . 

() 

Perspective View of. (CuC1) 2 (DP1!;)
3 

59 

Where Dr~ =bi s ( diphcnylphosphi ne) ethane 

Phenyl rings have been ornrnitted for clarity. 

54 . 
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Perspective View of [Cu(TI.1PS)C1] 7. 60 
J 

Where TMPSatrimethylphosphincsulphide 
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s ome areas of overlap . Terminal.v(cu~Cl) rane e fTom as high . 
as 299cm-t 49 to as low as ?44cm~ 45 • The v( Cu-Cl) 

stretching frequencies in structures where t~e chlorine atom 

bridges two copper atoms usually have two adsorptions 

although often only one is seen. The as:Jigned rane e i o from 

as hi gh as 254cm-1 50 to as low as 11 ?cm-1 51 

stretching frequencies in structures where the chlorine 

bridges three copper atoms occur at 238cm-1 50 but also a 

broad band at 287-236cm·1 45 . The terminal v(Cu-Br) 

stretching frequency occurs at 202cm·1 52 ,while where the 

bromine is bridc9-ng two copper atoms the Y(Cu-Br) stretching 

frequencies again usually occur as two bands with one as 

high as that of a terminal Cu-Br and one much lower 53 

or two bands both below 200cm·1 51 • There have been no 

accurate determinations of )l(Cu- Br) where the bromine atom 

is bridc9-ng three copper atoms. Terminal v(Cu-1) stretching 

frequencies have not been characterised. 49 In ~u(TliiPS)IJ n' 

where TMPS is trimethylphosphinesulphide, Nakamoto 49 

assigned a band at 164cm·1 to be that of Y(Cu..1) stretch but 

did not commit himself to say whether it was terminal or 

bridging. Volponi et al 53 assigned v( Cu-1) , where t he 

iodine atom bridges two copper atoms, at 175cm-1 and 128cm·'• 

In structures where the iodine atom bridges three copper 

atoms, the ~(Cu-I) vibrations appear in the range 131-143cm~ 54 

McWhinnie 51 says that 163cm-1 for y(Cu-1) is too high for 

bridging iodine because! it is the same as bridging bromine 

and would, therefore, have to be terminal. ;He also says 

that strong bands at 161 cm-1 and 111 cm·1 for (R2Te) Cul are 



that of bridging '/(Cu--1). If tha t is the case then 1G3 cur1 

for v(Cu--1) must be near the lower extr eme f or terminal. 

The far infra...red s pectrum for (CuC1) 2DTO t;ivcs two 

broad bands with centres at 218cm-1 and 181 crn· 1
• As the ranc;e 

for terminal v(Cu-.Cl) stretch is 244-cm-1-299cnf'1 on avuilublo 

data it appears that the frequenci es of 21 8cm-1 and 18 1 cm-1 

57 

can be as signed to those of bridgi ng v(Cu-Cl). With the 

metal:ligand ratio of 2:1 and the lieand br idging t here are 

six possible structures: (a) the cubane type a s in fi gur e 3.1 j , 

(b) the polymeric double bridge structure as in fi gure 3.1 k , 

(c) the step conformation as in fi gure 3.1m, (d) the polymeric 

step structure. as in fi[;Ure 3. 1 o, and ( e) the polymeric 

chain similar to figure 3.1h, and (f) t wo polymeric step 

structures bridged by DTO as figure 3.1p. 

I will now consider each s tructural type. 

(a) The cubane type in figure 3.1j ha s a Cu •••• cu di stance 

range of 3.118.if to 3.430if in the structure of (CuCl;o'3P) 
4 -In the Cu(DT0) 2BF complex it is shown that 3,6-dithiaoctane 

. 4 
has a 'bite' of 3.406A0 and 3.377A0 27 .However, DP;,1 , 

(bis(dip}?.enylphosphino)methane) has a 'bite I of 3. 1 f and 

in all complexes of the type (CuX) 2DPM, whera X=Cl,Br,or I, 

it has been shown by single crystal x..:ray structure 46, 55 

. that the complexes have a step configuration as in figure 

3.1m. On this basis it seems unlikely that the cubane 

structure ·would persist with (CuC1) 2DTO. 

(b) The. pdymeric double bridge structure. of figure 3.1k 

is a .fairly loo.se. structure and therefore, could be preferred. 

Also a long and a short Cu-Cl bond would give different 
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F:i.gure 3. 1 f Perspective View of Cu( dptrn)Cl 57 
Where dptm =bis ( diphenylphosphinothi oyl)methane 

/ 

· ) c211 
Only the first Carbon atoms 
of the phenyl rings are shown. 

0111 

c101 

Figure 3.1 g Perspective View of [ Cu ( 1 , 5cod) Cl] 
2 

61 

Where 1,5cod:::r1,5-cyclooctadiene 

-- I 



Fieu-re 3.1h 

figure 3.1i 

P~rspective View·of [cu(C0H8)c1J·n 62 · 
Where CJHsacycloocta te t r aene. . .. 

Perspective View of [Cu ( c7H ) Cl] 
8 4 

\ 
) 

\ __/ 

63 
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Figure 3.1 j 

Figure 3. 1k 

60 

Perspective View of [cu(AsEt3)I] 4 64 

The ethyl groups have been omitted for clari t y. 

•. 

j 

The polymeric doubly bride;ed chain of 

( CuC1Et4P2) n 46 

Only the first Carbon atom of each ethyl 

group is shown. 



Figure 3.11 

Figure 3.1m 

61 

46 

Where DPl,l :bi s ( di phenyl phosphino) methane 

The phenyl rings a nd the third DPM molecule 

have been omitted for clarity. 

[( Cu Cl) 2DPMJ 2 55 

Where DPM=bi s ( diphenylphosphino)methane 

The phenyl rings have been omitted. 
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Figure 3.10 Polymeric Step Structure D.a donor atom 46 

D D D D 

D D D 



figure 3 . 1p Perspective View of ( CuClN~e2) n 67 

Where N2Me2..azomethane 

63 
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stretching frequencies with the long bond lower in frequency 

than that of the shorter Cu-Cl bond. 

(c) The step confi guration in fieure 3.1m is again 

consistent.with the infra-red data to hand. There are two 

types of chlorine atoms; one bridt_sing two copper atoms and 

one bridging three copper atoms. It would, therefore, be 

expected that the ~(Cu-Cl) for the trigonal chlorine would 

be lower than that for the doubly brid~ing chlorine. This 

is consistent with infra-red data as the 218cnr' band is 

consistent with doubly bridt_sing chlorine. 

(d) The polymeric step structure of figure 3.10 has only 

one type of chlorine atom; a triply bridging chlorine that 

one might expect to have a lower infra..red stretching 

frequency than those assigned. 

(e) A polymeric chain of the type shown in figure 3.1h 

but with one donoT atom from a ligand is known for phosphine 

and for the complex ~u(C8H8 )C::iJn where CsH8 is cycloocta­

tetraenef2giving a trigonal planar copper atom. The l(Cu-Cl) 

stretching frequencies for the cyclooctatetraene complex 50 

were higher than those assigned here. 

(f) Two polymeric step structures bridged by a bidentate 

ligand as in figure 3.1p would enable the ligand to be fully 

in the trans conformati on about the central c_c bond. 

In the structural types of (b) and (f) the ligands are 

special in that the donor atoms are next to each other which 

is energetically favourable to trans conformations. Hence 

one could say that the ligands. are designed to bridge in 

the manner shown. If the two donor atoms are separated by 
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one or more carbon atoms, as in DPM, then it appears that 

these two structures are not preferred. On this basis 

structures (c), (d) and (e) may be preferred for the complex 

(CuC1) 2DTO. 

Di bromo(3 ,6-di thiaoctane) dicopper(I), ( CuBr) 2DTO has 

an infra-red spectrum indicating a chelating D~O ligand . 

The far infra-red spectrum has two strong bands 1 52cm-1 s 

and 145cm-1s, sh. On the basis of other assignments it would 

app_ear that these are bridging bromine stretches, and that 

the Cu-Br bond strengths are similar. A monomeric structure 

seems unlikely as this would involve an angular two coordinate 

copper atom which is rather exposed. A polymeric type 

structure would be more favourable for this compound. Some 

of these polymeric structures may contain sulphur atoms 

bridging two copper atoms as well as the ligand being 

chelated. For an ,example of a simple structure with this 

type of bonding see figure 3.lq. 

Iodo(3,6-dithiaoctane)copper(I), Cu(DTO)I, has an infra­

red spectrum indicating a chelating ligand. The far infra­

red spectrum has two very strong bands at 1 55cm-' and 159cm-1 

(shoulder). A doublet indicates that the iodine atom is 

bridging but splitting due to some other factor can not be 

ruled out as the.se bands seem to be as high as'bridging 

bromine stretches, and could therefore, be assigned to a 

terminal ~(Cu..I). If the V(Cu..I) ia terminal then a trigonal 

planar arrangement about the copper atom as in figure 3.1f 

wauld be a valid prediction. If the v(Cu..I) stretch is 

one 0£ a bridging iodine then a high symmetry about the 



Figure 3.1 q 

R 

"-s 
d:\ 

/ \ '----s-R 
Cl I 

I Cl-- Cu 
/ /I Cu---Cl 

I IJ1 

R--s----Cu 

"---J"' . R 

copper atom would be expected. A cubane t ype structure a s 

in figure 3.lj is unlikely as a five coordinate copper(I) 

atom is unfavourable and the ~(Cu..I) is inconsistent with 

those measured by Knappstein for @u(AsR3):ij
4 

where 

R.CH3,cH
3

CH
2

, or c6H5 who assigned doublets in the range 

1 3 1 cm-1 to 1 4 3 cm-1 • 
54 
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Thiocyanato(3,6-dithiaoctane)copper(I), Cu(DTO)SCN, 

contains a chelating ligand according to the infra-red 

spectrum. For the thiocyanate anion a strong ~(CsN) stretch 

waaobserved in the infra-red spectrum at 2110cm~ and at 

2102cm-1 in . the Raman spectrum; the ~( C-S) stretch could 

not be identified in the infra-red because of ligand bands 

but was assigne~ ae a . medium-strong band at 776cm-1 in the 

Raman spectrum; the j(SCN) band was easily identified as 

·, 



two medium bands at 472crn-1 and 460cm-1 in the infra-red 

spectrum. Cox and Howatson 69 assigned doublets in the 

ran[se 441crrr'to 456crn-1 for 6(SCN) in the silver complexes 

AgSCNL where L:PEt29', P(11-Bu)
3

, PMe
3

, and sinGle bands in 

the range 462cm-1 to 494cm-1 for AgSCNL2 where Lc,>l3P, Cy3P, 

9'3Sb, 9Et2P, 9'3Aso Nathan has given a table relating the 

positions of thiocyanate bands as a function of bonding 

(see Table 3.1e). 

Table 3.1e Positions of Thiocyanate Bands as a Function 

of Bondins Mode, 

C;;N c_s NCS 
Bonding Mode Stretch ( crn-1

) Stretch ( cm-1
) Bend ( cm·1 ) 

Ionic 2050-2070 743-749 470-485 
N-bonded 2040-2080 780-860 450-490 
S-bonded 2080-2120 690-720 400-440 
SCN Bridge 2150-2170 760-780 450 

Taken from L.C.Nathan J.Chem Ed 51, 285, (1974) 
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From this set of data the v(CaN) indicates that the 

thiocyanate group is s bonded, the ~(C-S) indicates a 

bridging thiocyanate, and the &(NCS) indicates that the 

thiocyanate is N bonded. This is also consistent with data 

obtained by Cox and Howatson for the silver(I) complexes 

AgLSCN and AgL2SCN. Pecile 70 suggests that in the solid 

state studies the ~(C-S) gives the more reliable type of 

thiocyanate bonding. If this is so then· it would appear that 

the thiocyanate group is bridging possibly giving a dimeric 

, 



68 

structure as in figure 3.1r. The complex AgSCN (~3P) 2 has 

a dimeric structure involving a central (AgSCN) 2 ring 71 

whereas the complex AgSCN(n-Pr) 3P contains zigzag polymeri c 

-Ag-SCN-Ag-SCN- chains cross-linked in pairs by Ag-S bonds 

to form double chains havlng a stair-step confiBUrati on. 72 

As DTO is bidentate a structure similar to t hat f or 

AgSCN(9'3P) 
2 

is 

AgSCN(n..Pr)
3

P. 

more likely than that for the complex 

The crystal structure of [p'2 (cH3)PCu(NCs] 2 
· 73 shows a dimeric structure with bridging thiocyanates. 

I 

Figure 3.1r Possible. Dimeric Structure for Cu(DTO)SCN 

Bis(3,6-d.ithiaoctane)copper(I)tetrafluoroborate, 

Cu(DT0) 2BF
4

, as mentioned earlier, has been determined 

structurally by single crystal x-ray analysis. The copper 

atom has a distorted tetrahedral geometry with S-Cu-S 

bond angles shown in figure 3.1a. There is some 11' bonding 

between the copper and sulphur atoms as the covalent radii 

give a theoretical Cu-S bond distance of 2.39lf ~nd the actual 

bond distances are in the range 2.279A0 to 2.31sf. 

Chloro(2,5..dithiahexane)copper(I), Cu(DTH)Cl, has a 

strong ~(Cu-Cl) stretch at 271cm·1 which appears to be that 

of a terminal ~(Cu-Cl). It seems that the copper atom would 

have a trigonal planar symmetry as in figure 3.lf. 



69 

Bromo(2,5-dithiahexane)copper(I), Cu(DTH) Br , ha s 

two s trong bonds at 169cm·1 and 152crn-1 indi cating that the 

bromine atoms a.re bridging. The simplest pos sible s tructure 

may be similar to that in figure 3.lq with the bromine atoms 

bridging between the two copper atoms. 

Iodo(2,5-dithiahexane)copper(I), Cu(DTH)I gave a poor 

:far infra...red spectrum with. a broad band at 139cm·1 which 

may be assigned to ~(Cu_I). However as this assi gnment is 

very tentative no comment on structure can be made 0 
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3.2 EXP:l!;RIM:l!;NTAL 

For a description of the solvents and li0ands see 

Chapter 2.4. 

LiI.H
2
o and KSCN were laboratory reagent grade supplied by 

B.D.H. Ltd. 

For the reactions all, solvent volumes were kept to a 

minimum. 

SYNTilliS:t.S 

{pi.chloro(3,6-dithiaoctane)dicopper(I~n 

'170mg ( 1 .Ommoles) CuC12• 2H2o were dissolved in methanol 

and 150mg (1.0 mmoles) DTO added to form a dark green 

solution. This was well stirred and heated whi le hypophos­

phorous acid (H3P02) was added dropwise until the solution 

went clear. The clear solution had 3 more drops of H3P02 

added to it and was then allowed to. cool. On standing 

overnight white crystals formed which were filtered off, 

washed with dry diethyl ether, and dried under vacuum.The 

yield was 68%, and the m.p. 128-9°C. Analytical results 

for Cufl2 C6H14s2: calculated %0-20.69, %H-4.05, %01.20.36 

observed %C.20.29, %H-4.42, %01.21.10. 

[Di.bromo(3 ,6-di thiaoctane) dicopper(ILJn · KCuBr) 2DT~n 

407mg (1.Bmmoles) CuBr2 were dissolved in methanol and 

200mg (1.3mmoles) DTO added to give a dark brown solution. 

This was well stirred and heated while hypophosphorous acid ' 

was_ added dropwise until the solution went clear and a white ._ 



precipitate formed. The white precipitate was filtered off, 

washed with dry diethyl ether, and dried under vacuum. The 

yield was 80%, and the m.p. 84. 5..86° C(decomposi tion). 

Analytical results for Cu2Br2C6H14S2: calculated %C a16.48, 

%H.3.23, %Br.36.56; observed %C.16.39, %H-3.47, %Br.37 .11. 

Iodo(3,6-dithiaoctane)copperfil Cu(DTO)I 

170mg (1.0mmoles) Cuc12.2H20 were dissolved in methanol 

and 150mg (1.0mmoles) DTO added slowly to give a dark 
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green solution. 303mg L(2.0mmoles) LiI.H2o in a methanol 

solution was added to give a dark red-brown solution and a 

creamy-yellow precipitate. The precipitate was filtered off, 

washed with dry diethyl ether, and dried under vacuum. The 

yield was 66%, and at 125°C the compound went brown 

suggesting decomposition. Analysis for CuIC6H14s2: calculated 

%C.21.15, %H-4.14, %S.18.80; observed %C.21.04, %H.4.37, 

%S.18. 21. 

Thiocyanato(3,6-dithiaoctane)copper(I) Cu(DTO)SCN 

242mg (1.0mmoles) Cu(N03) 2.3H20 were dissolved in acetone 

and 150mg (1.0mmoles) DTO added to give a dark green 

solution. 195mg (2.0mmoles) KSCN was slowly added as an 

acetone solution to give a dark red solution and a white 

precipitate of KNo
3

• The white precipitate was filtered off, 

and the red filtrate treated with a few drops of H3Po2 
until the solution went clear and then left to stand. White 

crystals precipitated and these were filtered off after 15 

minutes, washed with dry diethyl ether, and dried under vacuum. 

\ 



The yield was 79% and at 125-126°C the crystals went 

brown suggesting decomposition. Analytical r esults for 

CuC7H14S3N: calculated %Cs30.92, %H.5.19,%S-35.37, %N-5.15; 

observed %C.31.23, %H-5.55, %B-34.23, %N.5.05. 

Bromo(2,5-dithiahexane)copper(I) Cu(DTH ) Br 

335mg (1.5mmoles) CuBr2(anhydrous) were dissolved in 

methanol and 183mg (1.5mmoles) DTH added to give a dark 
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brown solution. While stirring and gentle heating H3Po2 was 

added dropwise until the solution turned clear and a white 

precipitate formed. The precipitate was filtered off, washed 

with dry diethyl ether and dried under vacuum. The yield was 

83% and the m.p. was 128-130°C cf literature value 161-162°C~4 

Analytical results for CuBrC4H10s2: calculated %Cc18.08, 

%H=3.79, %Brc30.08; observed %C=18.82, %H=3.89, %Brs30.15. 

The above compound has previously been reported by Bratermann 

and Wilson~4 and Bell and Bennett'?Both prepared the 

compound by different methods. Bratermann and Wilson 14 

prepared the compound in a way similar to the chloride. 

Bell and Bennett used an aqueous medium and added DTH to 

Cuso4.6H20 to get an-oily compound and then added KBr. The 

brown solution reduced on standing and shaking.43 
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Bis(3,6-dithiaoctane)copper(I)tetrafluorobora te Cu(DT0) 2BF4 
172mg (0.5rnmoles) Cu(BF4)2.6H20 were dissolved in methanol 

and 150mg (1.0mmoles) DTO added slowly to give a dark 

green solution. On -the addition of dry diethyl ether the 

copper(II) complex was reduced and a cloudy white solution 

resulted. This was left to stand and clear crystals formed 

overnight. The crystals were filtered off, washed with dry 

diethyl ether and dried under vacuum. The yield was 21% and 

the m.p. was 85-6°C. Analytical results for CuBF4Cr~H2gS4i 

calculated %0-31.96, %H..6.26; observed %C-32.03, %H...6.31. 

Chloro(2,5-dithiahexane)copper(I) Cu(DTH)Cl 

170mg (1.0mmoles) Cuc12 .2H20 were dissolved in methanol and 

150mg (1.0mmoles) DTH added to give a dark green solution. 

While stirring and heating H3Po2 was added dropwise until 

the solution turned clear. The solution was allowed to cool 

overnight to yield the clear crystalline product, which was 

filtered off, washed with dry diethyl ether, and dried under 

vacuum. The yield was 92% and at 133-138°C the crystals 

changed to white and melted at 143° c. Literature value ·14 

(Bratermann and Wilson) 148-150°C. Analytical results for 

CuClC4H10s2: calculated %C.21.72, %H-4.56, %Cl- 16.02; 

observed %C-22.17, %H-4.88, %Cl.16.42. 

Bratermann and Wilson prepared this compound by reacting 

CuC12.2H20 with DTH using (~-0) 3P as a reducing agent in 

methanol. The crystals separated out after standing the 

solution for 12 hours. 

\ 



Iodo(2,5-dithiahexane )copper(I) Cu(DTH)I 

255mg (1.5mmoles) CuC12.2H2o were dissolved in methanol 

and 183mg (1.5mrnoles) DTH added to give a dark e;reen 

solution. To this solution was added a methanol solution 

of 455mg (3.0mmoles) LiI.H2o to produce a cream 
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coloured precipitate . The precipitate was filtered off, 

washed with dry diethyl ether, and dried under vacuum. The 

yield was 78% and the crystals went brown at 133°0 suggesting 

decomposi tio·n. Analytical results for CuIC4H10s
2

: 

calculated %0-15.22, %H-3.19; observed %0.15.27, %H.3 .51. 



CHAPTlill 4 

REACTIVITY STUDIBS 

4.1Discussion 

75 

. I 

These reactivity studies were not meant to be exhaustive 

but those done are clearly shown. 

Both DTH and DTO were readily displaced by a r ane e of 

monodentate and bidentate ligands. These ligands were: 

pyridine (py), 2,2'-bipyridyl (bipy), 1,2 diaminoethane 

(en), trimethylphosinesulphide, sodium dimethyldithiophos­

phinate dihydrate, and triphenylphosphine. 

The reactions: 

Cu(DTH)Cl2 + xs PY 

and Cu(DTH)Cl + LiCl + xs py-air• Cu(py) 2Cl2 

have already been studied by Bergen. 22 From these results 

one would expect that pyridine would also displace the 

bidentate DTO ligand and this was found to be true for 

Cu(DTO)Cl2• 

Reactions with the bidentate 2,2'-bipyridyl ligand in a 

1-:1 molar ratio at room temperature, gave similar results 

with DTH and DTO being easily displaced from Cu(DTH)Cl2 
and Cu(DTO)Cl2 to form Cu(bipy)Cl2 and from Cu(DTH)Cl to 

give Cu(bipy)Cl (which was unstable). 

The reactions of ethylenediamine (en) with Cu(DTO)Cl2 
. and Cu(DTH)Cl2 in a 1:1 molar ratio resulted in the 

displacement of the respective sulphur ligands to yield 

Cu(en)Cl2• The reaction of Cu(DTH)Cl2 with ethylenediwnine 

resulted in a green precipitate instead of the characteristic 

blue, but a dimethylsulfoxide solution was the characteristic 
) 



blue and the electronic spectrum was identical to that 

obtained from a dimethylsulfoxide solution of Cu(en)C12• 

The analytical figures provided conclusive evidence that 

the compound was Cu(en)c12• 
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Trimethylphosphine sulphide, CH3P=S, reacted at room 

temperature with Cu(DTH)Cl2 and Cu(DTO)Cl2 in a Cu:Ligand 

molar ratio of 1:2, by displacing the respective dithioethers 

to yield Cu KcH3)}Pes]c1. The same product was obtained 

on refluxing suspended Cu(DTH)Cl with two moles of 

trimethylphosphine sulphide in methanol for a few minutes. 

In all cases the strong y(P=S) stretching band shifts 

from 56 5cm-' in the free ligand to 514cm-1 in the complex. 

This shift of 50cm-1 is consistent with bridging 

phosphinesulfides. 75 , 76 

Copper(I) reacts with dialkyldithiophosphinates according 

n ... 2 or 4 to the equation nR2P(S) s- + ncu+ ---.[32P(S) scJ n 

whilst Copper(II) reacts according to. the equation 

' aR2P(S)s- + ·4Cu2
+ __ _,. W.2P(S)sctil4 + 2R2P(S)S2(S)PR2 77 

Sodium dime thyldithiophosphinate dihydrate reacted with 

Cu(DTH)Cl2, Cu(DTO)Cl2, and Cu(DTH)Cl in a 1:1 molar ratio 

at room temperature to. giv~ low yields of [lcH3) 2P(S)SC~n. 

A reaction with (CuC1) 2DTo at room temperature also 

yielded KcH3) 2P(S) sctil n but .the product contained some 

starting material (analytical results showed this). The 

the reaction was, therefofe, repeated with an excess of 

dimethyldithiophosphihate and heated to g:1.ve a pure product 

o;f K_CH3) 2P(,s) SC~ n• 
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There has been no reported synthesis of [cH
3

) 2P(S)SC~n 

although higher molecular wei ght dialkyldithi ophosphinate 

analogs have been reported. 77 It was interesting to note 

that Cuc1
2

.2H
2

0 reacted with sodium dimethyldithiophosphinate 

in a 1:1 molar ratio to give the cream coloured @us( S) P(CH3)Jn 

(h-4-?) precipitate. It would, therefore appear that the 

above equation of Kuchen's for copper(II) and 

dimethyldithiophosphinate does not hold 1 as my yield was 85%. 

Reactions of triphenylphosphine with Cu(DTO)Cl2 and 

Cu(DTH)Cl
2 

at room temperature, in e t hanol,/2:nethanol solutions, 

resulted in copper(I) complexes of triphenylphosphine. 

When Cu(DTQ)Cl
2 

was reacted with an excess of triphenylphos-... 

phine the complex Cu(~3P) 3ci was formed. The reactions 0£ 

Cu(DTO)Cl2 or Cu(DTH)Cl2 with a two molar equiva lent of 

triphenylphosphine produced the complex (CuC1) 2(~
3

P)
3

• 

Tayim et al produced Cu(~
3

P)
3

c1 by reacting a concentrated 

acetone solution of triphenylphosphine with a concentrated 

acetone solution of the cupric salt using a triphenylphosphine: 

copper molar ratio of 4:1. Similarly they produced 

(CuC1) 2(~3P) 3 using a 2:1 molar ratio of triphenylphosphine: 

copper. All other methods of producing these compounds 

involve refluxing or indirect methods. 78 

Cu(DTH)Cl. reacted with triphenylphosphine at room 

temperature to give the clear crystalline adduct 

Cu(DTH)(~ P)Cl. The infra-red spectrum of this compound 
3 

showed adsorptions due to both DTH and triphenylphosphine 

and this was confirmed by analysi-s. A few mixed ligand 

complexes involving Sand P donor atoms with copper have 



been reported 79,80,81,82 but in each case one of 

the sulphur atoms is anionic so this is a new type in 

which the P and S atoms are only coordinately bonded to 

the Cu atom. 

4.2 Experimental 

For a description of the solvents used see chapter 2.4. 
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Pyridine was Hopkin and Williams' General Purpose Reagent 

stored over KOH and used without further purification; 

2,2'-bipyridyl and 1,2--diaminoethane were supplied by B.D.H. 

Ltd and used without further purification; triphenylphos­

phine was supp_lied by Koch-Li ght Laboratories Ltd. and 

used without· further purification;- trimethylphosphinesulphide 

and sodiwn dimethyldithiopposphinate dihydrate were 

supplied by Dr. E.W. Ainscough, and used without further 

purification. 

Reactions 

CuC12 + xspy ( 1) 

170mg (1.0mmoles) · euc12.2H
2
o were. dissolved in methanol and 

a two-fold exces~ (16dmg) pyridine added slowly to give a teal 

blue precipitate. The precipitate was filtered o£f, washed 

with dry diethyl ether,i and dried under vacuum. _ Yield was ' , 

99%. 



Cu(DTO)C12 + xspy ( 2) 

142mg {0.5m~oles) Cu(DTO)Cl
2 

were dissolved in methanol 

and a two-fold excess (80mg) pyridine added slowly to 
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give a teal blue precipitate. The blue precipitate was fil­

tered off, washed with dry di e_thyl ether, and dried under 

vacuum. The yield was 99%. Compound (2) was identified 

by comparing the infra..red and electronic 

spectra. with those of compound (1). 

Cu(DTO)Cl2 + bipy Cu(bipy)Cl2 (3) 

142mg (0.5mmoles) Cu(DTO)Cl2 were dissolved in methanol 

and 80mg (0.5mmoles) 2,2·'-bipyridyl in a methanol solutioni 

was slowly added. A blue-green precipitate formed which 

was filtered off, washed with dry diethyl ether, and dried 

under vacuum. The yield was 50%. Compound (3) was 

identified as Cu(bipy)Cl2 by comparing the infra..red and 

electronic spectra with those of Cu(bipy)Cl2 prepared 

by the same method from euc12.2H2o. 

' 

Cu(DTO)Cl2 + en Cu(en)Cl2 (8) 

142mg (0.5mmoles) Cu(DTO)Cl2 were dissolved in methanol 

and 30mg (O.Smmolea) 1,2diarninoethane added dropwise 

until a . blue precipi tJte formed. The precipitate was fil.ter­

.ed off, washed with dry diethyl ether, and dried. under 

vacuum. The yield was 59%. Compound (8) ·was identified as 

Cu(en)Cl2 by comparing the infra..red and visible spectra with 

those 0£ Cu(en)Cl2 prepared by the same method from 

euc12.2H2o. 
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Cu.-~D~O)C12 ·+ (CH~~ 2P~S)SNa •. 2il2o .. :·· )@uS(S)P(pH3)z] h · (5) 
. . 

142mg (o.'s~oles) Cu.(DTO) c12 were. dissolved· in meth~nol . 

anq 92mg (0.5~moles) (~H3) 2P(S)SNa.2H&O added slowly, as a 

methanol solution. A c;ee.m colou.red precipitate formed 

immediately. The precipitate was filtered off, washed with 

methanol:water (9:1) solution to remove any precipitated 
I 

NaCl, washed with dry diethyl ether, and dried under 

vacuum. The yield was 20%. Analytical results for 

C2%PS2Cu: calculated %C.12.73, %H-3.21; observed %C.12.88 

%H.3.39. @us(S)P(CH3)J n was also _prepared from 

Cu.Cl2.2H20 by the same method and the infra..red spectrum 

compared with that 0£ compound (5) and found to be 

identical. 

Cu(DTO)Cl2 + 2(CH
3

)
3
P.S----Cu [cH

3
)
3

P .. ~ Cl (9) 

142mg (0.5mmoles) Cu(DTO)Cl2 were dissolved in methanol 

and 108mg (1.0mmoles) (CH
3

)
3
P.S added slowly as a methanol 

solution. A clear solution resulted, which on standing 

overnight yielded a white precipitate. The precipitate was 

filtered off, washed with dry diethyl ether, and dried 

under vacuum. The yield was 74%. Analytical results for 

c3H
9

PSCu.Cl: calculated %Ca17.40, %H-4.38; observed 

%Ca17.34, %Ha4.21. Cu [cH3)
3

P ... ~ -Cl (8) was also prepared 

from CuC12.2H2o by the same me.thod and the infra-:red 

spectrum compared with that of .compound (9) and found to 

be identical. 
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( 19) 

110mg (0.5rnmoles) of finely ground Cu(DTH)Cl were suspended 

in methanol and 108mg (1.0mmoles) (CH
3

) 2P.S added slowly 

as a methanol solution. The mixture was heated, filtered 

and allowed to cool. On cooling overnight a white precipitate 

formed which was filtered off, wa shed with dry diethyl ether, 

and dried under vacuum. The yield was 34%. The inf'ra-red 

spectrum was identical to those of compounds (9) and (14). 

Analytical results for c3H9C1CuPS: caiculated %C-17.40, 

%H-4.38; observed %0-17.97, %H.4.53. 

110mg (0.5mmoles) of finely ground Cu(DTH)Cl were suspended 

in methanol and 92mg (0.5rnmoles) (CH
3

)
2

P(S)SNa;H2o added 

slowly as a methanol solution to give a cream coloured 

precipitate. The precipitate was filtered off, washed with 

a methanol:water (9:1) solution to remove any precipitated 

NaCl, washed with dry diethyl ether, and dried under 

vacuum. The yield was 50%. Analytical results for c2H6CuPS2 

calculated %0.12.73, %Ha3~21; observed %0.12.72, %Ha3.11. 

The infra-red spectrum of compound (20) was also identical 

t .o those of compounds (13) and (5) and also to that prepared 

£rom the reaction 

CuCl2.2H2o + (CH3) 2P(S)SNa.2~2o --~ [uS(S)P(CH3) ~ n 

:Ln methanol. 
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Cu(DTH)Cl + f1
3

P . Cu(DTH) (f13P)Cl (18) 

110mg (0.5mmoles) of' finely eround Cu(DTH)Cl were suspended 
• 

in methanol and 131mg (0.5mmoles) triphenylphosphine 

add.ed as a warm methanol: ethanol, ( 1: 1) solution. The 

mixture was warmed gently until the majority of' the 

suspended material had dissolved, filtered and then allowed 

to cool. A white crystalline precipitate formed which was 

filtered of'f', washed with dry diethyl ether, and dried 

under vacuum. The yield was 51%. The inf'ra-red spectrum 

showed the presence of a medium DTH band at 960cm-' and the 

characteristic triphenylphosphine P-C stretch bands at 508cm-1 

and 486cm-1 .The 3rd P-C stretch was not observed. Analytical 

results f'or Cz2H15c1CuPS2: calculated %C-54.65, %Hm5.21; 

observed %Cm54.57, %H-5.31. The proton nuclear magnetic 

resonance spectrum was recorded in deuterated chloroform. A 

single peak was observed for each type of proton giving· 

three peaks at;- 211ppm for methyl protons, 273ppm for 

e_thyl . , .. protons, and 735ppm for the phenyl protons. 

Tetramethylsilane was used as a ref'erence. The peaks were 

integrated to give the proton ratio of 15:4:6 f'or phenyl 

protons: ethyl protons: methyl protons which corresponds 

favourably to the theoretical value of' 15:4:6. The infra..red 

showed that the dithiahexane ligand is chelating. The f'ar 

inf'ra-red spectrum was recorded and a strong band at 246cm-1 

was assigned as the termina1 ..,, ( Cu-Cl) stretching 

frequency~ _ 
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REACTION SCHEMES; 

Cu(en)Cl2 (8) 

en 

Cu(bipy) c12~ bipy-Cu(DTO) c12---xs-py > Cu(py) 
2

012 (2) 

(3) 

Cu[(CH3) 3P.S]Cl 

(9) 

(CuCl) 2 (,f1
3

P)
3 

( 15) 

Cu(bipy)Cl2 

( 11) 

Cu[( CH3 ) 
3

P.S~Cl 

( 14) · 

Cu(DTH)Cl
2 

12 [131! 

( CU~l) 2 (,f13P) 
3 

'( 16) 

Cu (,(1
3

P) Cl 
3 ' 

(22) 

CuS(S)P(CH3) 2Jn 
( 5) 

Cu(en)Cl
2 

( 12) 

[ CuS ( S) P( CH3) 2]n_ 

, ( 13) 
,,. 



REACTION SCHEMES (Continued), 

. Cu(DTH) Cl 

. Heat 

Cu(bipy)Cl 

( 17) 

Cu(DTH) (fl
3

P) Cl 

( 18) 
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[CuS(S)P(CH
3

) 2]n 

(20) 

(CuC1) 2DTO 
4 (CH

3
)
2

P(S)SNa.2H
2

0 1 

> [CuS(S)P(CH
3

) 2Jn 
. . Heat 

(26) 
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(16) 

128mg (0.5rnmoles) Cu(DTH)Cl2 were dissolved in methanol 

and 262mg (1.0mmoles) triphenylphosphine added in a 

methanol:ethanol (1:1) solution to give a clear solution. 

On standing overnight clear crystals of ( Cu Cl) 2(5l3P,) 3 
formed. These crystals were filtered off, washed with dry 

diethyl ether, and dried under vacuum.The yield was 28%. 

Analytical results for c54H45c12Cu2P
3

: calculated %C...65.85 

%H-4.61, %Cl.?• 20; observed %C..6 5.66, %H-4.69, %Cl.7 • 53. 

m.p •• 232-234° c, Literature m.p •• 232-234° c. 

Cu(DTH)Cl + bipy ~eOH >Cu(bipy)Cl (17) 

110mg t0.5mmoles) of finely ground Cu(DTH)Cl were suspended 

in methanol and 80mg (0.5mmoles) 2,2'-bipyridyl added 

slowly as a methanol solution to give a red solution of 

Cu(bipy)Cl. This compound is not easily isolated in a pure 

form as it oxidises very easily in air to give Cu(bipy)Cl2• 

However, an electronic spectrum of the red solution was 

obtained and compared with that of a spectrum of the red 

solution resulting from the reaction 
HMP02 

_, 

and wera found to be identical; 

'· 



( 13) 

128mg (0.5mmoles) Cu(DTH)Cl2 were dissolved in methanol 

and 92mg (0.5rnmoles) (CH3) 2P(S)SNa.2H20 slowly added as 

a methanol solution. A cream coloured precipitate 
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formed immediately. The precipitate was filtered off, 

washed with a rnethanol:water (9:1) solution to remove any 

precipitated NaCl, washed with dry diethyl ether, and dried 

under vacuum. The yield was 29%. Analytical results for 

C2%PS2Cus calculated %C.12.73, %H-3.21; observed %C.13.11, 

%H•3~24. The infra-red spectrum was also compared with and 

found to be identical to that of CuS(S)P(CH
3

) 2 prepared 

earlier. 

( 14) 

128mg (0.5rnmoles) Cu(DTH)Cl2 were dissolved in methanol 

and 108mg (1.0rnmoles) (CH3) 2P.S added slowly as a methanoi 

solution. A clear solution resulted which on standing 

overnight gave a white precipitate. The precipitate was 

filtered off, washed with dry diethyl ether, and dried under 

vacuum. The yield was 68%. Analytical results for 

C3H9ClPSCus calculated %0.17.40,. %H-4o38; observed %Ca17.09 

%H-4.88. 

/ ' 



Cu(DTH)Cl2 + bipy Cu(bipy)Cl2 
( 11 ) 

128mg (0.5mmoles) Cu(DTH)Cl2 were dissolved in methanol 

and 80mg (0.5mmoles) 2,2'-bip3ridyl (bipy) added slowly as 

a methanol solution. A blue-ereen precipitate form ed which 

was filtered off, washed with dry diethyl ether and dried 

under vacuum. The yield was 77%. Compound (11) was 

identified as Cu(bipy)Cl2 by comparison of infra-red and 

visible spectra with those of compound 3. 

Cu ( DTH) Cl2 + en Cu(en)Cl2 ( 12) 

128mg (0.5mmoles) Cu(DTH)Cl2 were dissolved in methanol 

and 30mg (0.5mmoles) 1,2 diaminoethane added dropwise 
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until a green precipitate formed. The precipitate was 

filtered off, washed with dry diethyl ether, and dried 

under vacuum. The yield was 50%. Because of the green 

colour of this compound instead of the blue colour expected 

a C, H analysis was done to give the following results. 

Analytical resulta for 02H8N30l2Cu; calculated %0.12.73, 

%H.3.21; observed %0-12.88, %H.3.39. The infra-red and 

electronic spectra of compound (12) wera compared with 

those of Cu(en)0l2 and those . of compound (8) and were 

found · to be identical. 
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( 1 5) 

142mg (0.5rnmoles) Cu(DTO)Cl2 were dissolved in methanol 

and 262mg (1.0mmoles) triphenylphosphine added slowly in 

an ethanol:methanol (1:1) solution. A clear solution 

resulted, which on s~anding overnight yielded clear crystals 

o:f (CuC1) 2 (~
3

P)
3

• These crystals were filtered off, washed 

with dry diethy1 ether, and dried under vacuum. The yield 

was 55%0 Analytical results :for c54H45P3eu2c12: calculated 

%C..65. 58, %H-4.61; o.bserved %C..66 .07, %H-4.88.m.p •• 234_ 

236°0. Literature value :for (CuC1) 2(~
3

P)
3
.c6H6 .232-234°c. 

(22) 

71mg (0.25mmoles) Cu(DTO)Cl2 were. dissolved in methanol 

and 262mg (1.0mmoles) triphenylphosphine added slowly as 

an ethanol:methanol (1:1) solution. A clear solution resulted 

which on standing overnight yielded clear crystals o:f 

Cu(~3P)
3
c1. These crystals were :filtered o:f:f, washed with 

dry diethyl ether, and dried under vacuum. The yield was 

70%. Analytical results :for c54H45P3CuCl: calcula~ed 

· '!,C.73.22, %H.5.12; observed %C.73.24, %H-5.40. 

m.p. • 250° _C c.£. 1:1. terature. value • 250° c. Crystals 

went :from clear to whi·te at 160° c. 
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(Cu.Cl) 2(DTO) + (CH3 ) 2P(S)SNa.2H20 Cu.S(S)P(CH3) 2 n (26) 

87mg (0.25mrnoles) of finely ground (CuC1) 2DTO were suspended 

in methanol and 92mg (0.5mmoles) (CH3) 2P(S)SNa.2H
2
o 

added slowly as a methanol solution to cive an immediate 

cream coloured precipitate. The precipitate was filtered 

off, washed with a methanol:water (9:1) solution to 

remove any precipitated NaC1, washed with dry diethyl ether, 

and dried under vacuum. The yield was 86%. Analytical results 

for C28t;CuPS2: calculated %C.12.73, %H-3.21J observed 

. %C.13.37, %H.3.34. The infra-red spectrum of compound (26) 

was compared with and found to be identical to that of 

compounds (5), (13), and (20). 



CHAPTER 5 

INSTRUMENTATION 

Infra..red spectra in the range 4000 cm-1 to 250 cm-1 were 

recorded as nujol mulls on cesium iodide plates using a 

Beckmann I.R.20 Spectrophotometer. 

Far infra-red spectra in the range 40cm-1 to 290cm-1 were 

recorded as petroleum jelly mulls on polythene discs using 

a Grubb-Parsons Cube MkII Interferometer. 

90 

Electronic spectra were recorded as nitromethane solutions 

in the range 25,000cm-1 to 12,500cm-1 using a Beckmann Acta 

double beam spectrophotometer, and also in the range 25,ooocm- 1 

to 14,000cm-1 using a Perki11-.Elmer 124 double beam spectro­

photometer with a Perkin-Elmer 165 recorder. 

Electronic reflectance spectra were. recorded in the 

range 30,ooocm-1 to 5000cm-1 on a Shimadzu MPS 5000 spectro­

pho.tom e.ter • . · 

Raman spectra were obtained using an RCA LD 2140 argon 

ion laser coupled to a Spex 1401 double monochrometer. 

X-ray powder photographs were obtained using a Philips 

PW 1011 X-ray generator coupled to a Philips PW 1352 

recording unit. 

Conductivities were measured using a Philips PW 9510 

conductivity measuring cell with a Philips PR 9500 bridge. 

Solvents for spectral work and conductivity measurements 

were purified aa follois; 

1) Nitromethane was redistilled over phosphorous pentoxide. 



ii) Acetonitrile was purified by method (b) of Walter and 

Ramaley 83 
• 

Step 1. Reflux impure acetonitrile over anhydrous A1c13 
( 1 5g/l) -.for 1 hour followed by rapid distillation. 

Step 2. Reflux solvent over alkaline permaneanate (KMno4 
10e/l and L.i. 2co

3 
lOg/1_) for 15 minutes followed by 

rapid distillation • . 

Step 3. Reflux over KHso4 (15g/l) for 1 hour followed by 

rapid distillation. 

Step 4. Reflux over CaH2 (2g/J.) for 1 hour followed by a 

careful fractionation from a helice packed column 

of high reflux ratio, retaining the middle 80%. 

iii) Methanol was purified as in chapter 2.4 
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