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Methyl dithiocarbamate gold(I) and 
gold(II1) complexes. Synthesis and 
reactivity with amines 
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with these hgands but their reactivity at coordinated 
ligands with ammes. 

Experimental 

The starting products Au(C,F,)(tht) [lo], Au- 
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ligands [12] were prepared by previously published 
methods. 
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Abstract 

The reaction of several methyl dlthlocarbamates 
{S(MeS)CNHR} (R =p-MeC,H,, o-MeC,H,, p-MeOC,H, and 
3,5-Me&H,) with Au(C,F,)(tht) and Au(CgF5)3(OEt2) gives 
the suitable complexes contammg S-bonded hgands Theo- 
acylatlon of primary amines 1s reported, through a reactton 
m the coordmated hgands; the new hgands hold the coor- 
donation to the gold atom 

IR spectra were recorded on a Perkin-Elmer 559 or 
883 spectrophotometer, over the range 4000-200 cm ‘, 
using Nulol mulls between polyethylene sheets. ‘H and 
r9F NMR spectra were obtained on a Varran XL-200 
instrument m CDCl, solution; chemical shifts are quoted 
relative to SrMe, (‘H) and CFCl, (external; 19F). C, 
H and N analyses were performed with a Perkm-Elmer 
240B mtcroanalyser; Au analyses by ashmg m a crucible 
with aqueous hydrazine. Conductivities were measured 
m acetone solutron with a Philips PW 9509 apparatus. 
Melting points were determined in a Buchi apparatus 
and are uncorrected. The yields, melting points, C, H, 
N and Au analyses, and conductivitres are listed in 
Table 1. Characteristic IR absorptions and ‘H NMR 
data are given in Table 2. 19F NMR data are given 
below. 

Key words: Gold complexes, Dlthlocarbamate complexes Preparation of the complexes 

Introduction 

Dithiocarbamate complexes have been extensively 
studied due to their applications as vulcanizatron ac- 
celerators, flotation agents, fungicides and pesticides 
[l, 21; their antimicrobial activity has also been reported 
[3,4]. Usually, dithiocarbamates act as bidentate ligands, 
but a few gold compounds containing monodentate 
dithiocarbamate have been reported [5-S]. In this paper 
we describe the synthesis of gold complexes with methyl 
dithiocarbamate as ligands The presence of a methyl 
group bonded to one of the sulfur atoms favours a 
monodentate coordination. 

Moreover it is known [9] that nucleophilic attack 
takes place at the positively charged carbon atom of 
a thiocarbonyl group in analogy to the carbonyl system; 
indeed dithrocarboxylic acids and their derivatives have 
been widely used as thioacylating agents. We describe 
here not only new gold(I) and gold(II1) compounds 

[Au(C,F,){S(MeS)CNHR}](R =p-MeC,H, (I), 
o-MeC,H, (II), p-MeOC,H, (IZI) and 3,5-MezC6H3 

(N)) 
To a solution of Au(C,F,)(tht) (0.180 g, 0.4 mmol) 

m 30 ml of dichloromethane was added 0.4 mmol of 
S(MeS)CNHR (0.079 g (R =p-Me&H,), 0.079 g (R = 
o-MeC,H,), 0 085 g (R=p-MeOC,H,) and 0 084 g 
(R=3,5-Me&H,)). After stirring for 30 min, the so- 
lution was vacuum evaporated to c. 5 ml and hexane 
(15 ml) was added. The white solid was filtered off. 
r9F NMR: I: - 117.0 (m, o-F), - 159.2 (m,p-F), - 162.7 
(m, m-F); II: - 116.9 (m, o-F), - 159.2 (m,p-F), - 162.8 
(m, m-F): III: - 116.9 ( m, o-F), - 159.2 (m,p-F), - 162.7 
(m, m-F); IV: - 116.9 (m, o-F), - 159.2 (m,p-F), - 162.8 
(m, m-F). Other ‘H NMR data (not included in Table 
2): I: 7.2 (m, 4H). II: 7.31 (rn, 4H); III: 7.27 (m, 4H); 
IV: 7.08 (s, lH, p-H), 6.96 (s, 2H, o-H). 

*Author to whom correspondence should be addressed 

[Au(C,F,),{S{MeS)CNHR}] (R =p-MeC,H, (V), 
o-MeC,H, (V7), p-MeOC,H, (WI) and 
3,5-Me, C, H3 (VIII)) 
To a solution of Au(C,F,),(OEt,) (0.156 g, 0.2 mmol) 

in 20 ml of dichloromethane was added 0.2 mmol of 
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TABLE 1. Analytical data of complexes I-XII 

Complex Yield 
(%) 

Analysts found (talc) (%) 

C H N Au 

Au(C,F,){S(MeS)CNH@-MeCcH.,)} (I) 

Au(C,F,){S(MeS)CNH(o-MeC,H,)} (II) 

Au(C,F,){S(MeS)CNH(p-MeOC,H,)) (III) 

Au(C6FS){S(MeS)CNH(3,5-Me2C,FI,)) (IV) 

Au(C6F,),{S(MeS)CNH@-MeC,H,)} (V 

Au(C6F&{S(MeS)CNH(o-Me&H,)} (VI) 

Au(C6F&{S(MeS)CNH@-MeOC,H,)} (VII) 

Au(C6F&{S(MeS)CNH(3,5-Me2C,H,)) (VIII) 

Au(C,F,){S(“BuHN)CNH@-MeC,H,)} (IX) 

Au(CP&S(CLHN)CNHtip-MeC,H,)) (X) 

Au(C6F,){S(C6H5CHZCH,HN)CNH(p-MeC,H,)} (XI) 

Au(C,F,){S(“BuHN)CNH(p-MeOCeHh)} (XII) 

90 32.2 
(32.1) 

65 32.25 
(32.1) 

87 31.35 
(31.2) 

70 33 2 
(33.4) 

65 36.55 
(36 2) 

64 368 
(36 2) 

60 35.15 
(35.55) 

85 3645 
(36 95) 

30 37 2 
(36.85) 

38 37 95 
(39 2) 

33 417 
(41 65) 

27 36.0 
(35 9) 

2.45 
(195) 
2.05 

(195) 

2.0 
(19) 
2.35 

(2 3) 
0 95 

(125) 
1.15 

(1.25) 

1 35 
(1.2) 

1 45 
(1 45) 

(:;. f) 
(z.:) 

3 05 
(2.85) 

3 05 
(3 0) 

2.6 
(2 5) 
2.35 

(2 5) 
2.75 

(2 45) 
2.45 

(2 45) 
1.45 

(1 55) 

(: Z5) 

1.45 
(1 55) 

1 05 
(1 55) 
4 85 

(4 75) 

(: Z5) 

(‘z:) 

(,” :5, 

34.5 
(35 1) 
35.2 

(35 1) 
34.15 

(34 1) 
34.3 

(34.25) 

21.5 
(22 0) 
22 0 

(22 0) 
21 5 

(21 6) 
21 2 

(21.65) 

34 2 
(33 6) 

32 5 
(32 15) 

31 5 
(31 05) 

32 4 
(32 7) 

7 116 

5 98 

5 100 

6 124 

27 131 

7 159 

12 127 

11 141 

16 80 

13 124 

11 108 

11 88 

“In acetone, W’ cm’ mall’. 

TABLE 2. Characteristic IR and ‘H NMR spectra for complexes I-XII 

Complex v(N-H) 
(cm-‘) 

‘H NMR” (6) 

N-H S-Me Meb 

Au(C,F,){S(MeS)CNH@-MeCGHd)} (I) 3252(m) 10.45(s) 2 73(s) 
Au(C,F,){S(MeS)CNH(o-MeC,H,)} (II) 3233(m) 10.39(s) 2 72(s) 
Au(C,FS){S(MeS)CNH(p-MeOCsHd)} (III) 3280(m) 10.46(s) 2 73(s) 
Au(C,F,){S(MeS)CNH(3,5-Me&,H3)} (IV) 3240(m) 10.49(s) 2 72(s) 
Au(W&IS(MeS)CNH@-MeC,H,)) (v) 3360(m) 9.64(s) 2 67(s) 
Au(C6F&{S(MeS)CNH(o-Me&H,)} (VI) 3340(m) 9 53(s) 2 66(s) 
Au(C6F,),{S(MeS)CNH(-MeOC,H,)) (VII) 3340(m) 9 57(s) 2 66(s) 
Au(C6F&{S(MeS)CNH(3,5-Me,C,H,)} (VIII) 3320(m) 9 61(s) 2.67(s) 
Au(C,F,){S(“BuHN)CNH@-MeC,H,)} (IX) 3393(m), 3302(m) 8 7(s), 6.0(s) 
Au(C,F,){S(CyHN)CNH@-MeGH,)) (X) 3369(m), 3291(m) 8 75(s), 5.87(s,br) 
Au(C6F,){S(C,HzCH,CH,HN)CNH@-MeC,H,)} (XI) 3369(m), 3304(m) 8.75(s), 5.95(s) 
Au(C,F,){S(“BuHN)CNH@-MeOC,H,)} (XII) 3287(s) 8.7(s), 5.9(s) 

“Recorded m CDCI, at 200 MHz referred to internal TMS ‘Methyl bonded to the phenyl of dithiocarbamate 

2 41(s) 
2 35(s) 
3 85(s) 
2.35(s) 
2.44(s) 
2 21(s) 
3.87(s) 
2 38(s) 
2 41(s) 
2 41(s) 
2 37(s) 
3 85(s) 

S(MeS)CNHR (0.039 g (R =p-Me&H,), 0.039 g (R = to c. 5 ml and addition of cool hexane (10 ml) afforded 
o-Me&H,), 0.043 g (R=p-MeOC,H,) and 0.042 g a white sohd which was filtered off. 19F NMR: V: - 122.0 
(R = 3,5-Me&H,)) Th e colourless solution was stlrred (m, o-F, cis to dlthlocarbamate), - 122.8 (m, o-F, truns 
for 45 mm. The solvent was vacuum evaporated to c. to dithlocarbamate), 
5 ml and hexane (15 ml) was added. Later evaporation 

- 156.5 (m, p-F, cis), - 156.8 (m, 
p-F, truns), - 160.8 (m, m-F, cis), -161.3 (m, m-F, 
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truns); VI: - 122.0 (m, o-F, CD), - 122.7 (m, o-F, rruns), 
- 156.3 (m, p-F, cis), - 156.7 (m, p-F, truns), - 160.7 
(m, m-F, cis), - 161.2 (m, m-F, truns); VII: - 122.2 (m, 
o-F, cis), - 122.7 (m, o-F, trans), - 156.4 (m, p-F, cu), 
- 156.7 (m, p-F, rrans), - 160.7 (m, m-F, cis), - 161.2 
(m, m-F, trans); VIII: -121.9 (m, o-F, cis), - 122.7 
(m, o-F, rruns), - 156.6 (m, p-F, cis ), - 156.8 (m, p- 
F, truns), - 160.9 (m, m-F, cw), - 161.3 (m, m-F, rruns). 
Other ‘H NMR data (not included m Table 2): V: 7.2 
(m, 4H); VI: 7.3 ( m, 4H). VII: 7.1 (m, 4H); VIII: 7.1 
(s, lH, p-H), 6.7 (s, 2H, o-H). 

[Au(C,F,){S(R’HN)CNHR}] (R =p-MeC,H, and 
R’ =n-Bu (Ly), Cy (X), CH,CH,C,H,, (XI); R= 
p-MeOC,H, and R’=n-Bu (XII)) 
To a solution of I (0.112 g, 0.2 mmol) m 20 ml of 

chloroform was added a small excess of amine (22 ~1, 
0.25 mmol (NH,“Bu); 30 ~1, 0.25 mmol (NH&y) or 
30 ~1, 0.25 mmol (NH,(CH,),C,H,)). After stirring and 
refluxing for about 30 min, an unknown blue solid 
appeared that was filtered off. Evaporation under vac- 
uum to c. 5 ml and addition of hexane (15 ml) afforded 
complexes IX-XI as white solids which were filtered 
Off. 

The same procedure but starting with III (0.115 g, 
0.2 mmol) and NH,“Bu (22 ~1, 0.25 mmol) let to XII. 

19F NMR: IX: - 116.9 (m, o-F), - 159.9 (m, p-F), 
-163.0 (m, m-F); X: -116.9 (m, o-F), -160.0 (m,p- 
F), - 163.1 (m, m-F); XI: - 116 9 (m, o-F), -159.9 
(m, p-F), - 163.0 (m, m-F); XII: - 116.8 (m, o-F), 
- 159.9 (m, p-F), - 163.1 (m, m-F). Other ‘H NMR 
data (not Included in Table 2): IX. 7.2 (m, 4H), 3.57 
(m, 2H), 1.56 (m, 2H), 1.34 (m, 2H), 0.94 (t, 3H); X: 
7.26 (m, 4H), 4.0 (m), 20 (m), 1.67 (m), 1.39 (m), 1.12 
(m), XI: 7.1 (m, 9H), 3.83 (m, 2H), 2.95 (t, 2H); XII. 
712 (m, 4H), 3.56 (m, 2H), 1.56 (m, 2H), 1.33 (m, 
2H), 0.93 (t, 3H) 

Results and discussion 

Synthesis of gold(I) complexes 
Methyl dithiocarbamates react with Au(C,F,)(tht) 

(tht = tetrahydrothiophene) by displacement of tht, lead- 
ing to the neutral complexes I-IV (eqn. (1)) 

(C,F,)Au(tht)+S=F-NHR - 

SMe 

(C,F,)Au-S-F-NHR+ tht (1) 

SMe 

R=p-MeC6H, (I), o-Me&,H, (II), p-MeOC,H, (III) or 35 

MeKW~ (W 

Complexes I-IV are white sohds, stable to air and 
moisture at room temperature. They are soluble m 
dichloromethane, acetone, chloroform and diethyl ether; 
they are msoluble m hexane. Then C, H, N and Au 
analyses and conductivities (Table 1) confirm the nature 
of these compounds. The 19F NMR spectra show a 
typical C,F, pattern. The ‘H NMR spectra show that 
the tht disappears and the methyl dithiocarbamate is 
occupymg its place (characteristic ‘H data are given 
in Table 2; other in ‘Experimental’). Pam-substituted 
phenyls m these ligands show an AA’BB’ system, which 
is overlapped with the CHCl, signal. The N-H ab- 
sorption can be seen in the IR spectra (see Table 2). 

Synthesis of gold (III) complexes 
Methyl dithiocarbamates react with Au(C,F,),(OEt,) 

by displacement of diethyl ether, leading to the neutral 
complexes V-VIII (eqn. (2)). 

(C,F,),Au(OEt,) + S=C-NHR - 

SMe 

(C,F,),Au-S---NHR+OEt, (2) 

SMe 

R=p-MeC$H, (V), o-MeC+,H, (VI), p-MeOC6H4 (VII) or 3,5- 
Me,C6HT (VIII) 

Complexes V-VIII are white solids, stable to air and 
moisture at room temperature They are soluble in 
dichloromethane, acetone (their solutions are non-con- 
ducting), chloroform and diethyl ether; they are in- 
soluble in hexane The 19F NMR spectra show two 
types of C,F, in a 2:l ratio, which are characteristic 
of Au(C,F,), compounds [ll]. The chemical shifts of 
the ‘H NMR spectra are almost the same in gold(I) 
and gold(III) complexes; only N-H resonances are about 
0.9 ppm higher in gold(I) than in gold(II1) compounds. 
The v(N-H) can be seen in the IR spectra (Table 2) 

Reuctwlty of the coordinated methyl dithiocurbamutes 
It has been shown that a nucleophilic substitution 

can be obtained through a nucleophilic attack at the 
carbon atom of a thiocarbonyl group in compounds of 
type S(X)CR’ (with X= OR, SR,..) continued by mer- 
captolysis, ammolysis.. . In this manner amines, alcohols 
and so on, can be thioacylated [9]. We have studied 
the reactivity of these complexes with typical nucleo- 
philic agents such as amines. 

The reactions of the gold(I) complexes with alkyl 
primary amines give the neutral complexes IX-XII, with 
low yields, and mercaptane which is observed by its 
bad smell (eqn. (3)). No reaction has been observed 
with ammonia. 
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(C,F,)Au-S-y-NHR+NH,R’ - 

SMe 

(C,F,)Au-S-y-NHR+SHMe (3) 

NHR’ 

R =p-MeChH,, R’ = n-Bu (IX), Cy (X) or CHZCHZC,H, (XI) 
R =p-MeOC,I 14, R’ = n-Bu (X11) 

First a blue insoluble precipitate appears, the nature 
of which we have not determined, although it seems 
to be gold decomposition or a type of gold cluster (it 
1s insoluble in all solvents and the C, H and N analyses 
are very low). Complexes IX-XII are white solids, stable 
to air and molsturc at room temperature. They are 
soluble m dlchloromcthane, acetone, chloroform and 
dlethyl ether and insoluble in hexane They are non- 
conducting m acetone solutions. The ‘H NMR spectra 
show that the singlet at 6 2.73 due to the methyl group 
bonded to the sulfur atom has disappeared and the 
resonances due to the R’HN group arc present. two 
different NH resonances are noticed in every product: 
one coming from the starting RNH group (which appears 
at a similar chemical shift) and the other from the 
entering amine. The ‘“F spectra show only a type of 
C,F, as we expected. The IR spectra have two different 
N-H absorptlons (see Table 2). 

We also tried aromatic primary ammes (aniline or 
p-mtroamlme) and there was no reaction. On the 
contrary, the gold complexes decomposed to metallic 
gold with secondary ammes such as NHMe, or NHEt2. 

The reactivity of gold(II1) complexes 1s much more 
complex because of the superposition of several re- 
actions (substitution of the amme for the methyl dl- 
thiocarbamatc, the expected thloacylation reaction and 

decomposition of the complexes, as we have observed 
from the ‘“F NMR spectra of the crude reaction) and 
a mixture of products arc obtained. 
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