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Sulphur-containing Metal Complexes. Part 9.1 Synthesis of 
Trisu bstituted Am i nocarbene-Th ioether Chelates of Chromium(0) 
and Tungsten(0) 

Johanna C. Viljoen, Simon Lotz, Lorna Linford, and Helgard G. Raubenheimer 
Department of Chemistry, Rand Afrikaans University, Johannesburg 2000, South Africa 

Several isocyanide-thioether complexes, cis- [M(CNR) (CO),(S( R1)CH2R2}] [M  = Cr : R = But, 
R'R2 = (CH,),S; R = R1 = Ph, R2 = SPh; R = c y c l ~ - C ~ H . , ~  or CH2Ph, R1R2 = (CH2)3S. 
M = W:  R = But, R 1  R2 = (CH2),S] were prepared by U.V. irradiation of the corresponding 
pentacarbonyl (isocyanide) complexes in the presence of the thioether compounds. Deprotonation of 

two of these, c ~ s - [ M ( C N B U ~ ) ( C O ) ~ ( S ( C H ~ ) , S C H ~ } ]  (M  = Cr or W), with LiBu and addition of PEt,, 
resulted (via consecutive carbonylation and isocyanide insertion into a metal-carbene bond) in the 
formation of the evasive trisu bstituted aminocarbene-t hioet her c helates, 

fac- [M (CO) ,(C( N HBU~)C(OE~)=CS(CH~)~S}( PEt,)], upon alkylation with [Et,O] [ BF,]. 

Replacement of the phosphine by lI3-dithiolane-2-thione under similar reaction conditions yielded, 

unexpectedly, the substitution products cis-[Cr(CNR) (CO),{S=CS(CH,),S}] (R = But or Ph). When 
in addition, the isocyanide had been substituted for CO, the first saturated cyclic dithiocarbene complex 

---I 

1- --7 

of chromium, [Cr(CO) 5(CS( CH2),S}], was formed. 

Metallated thioacetals, for example 2-lithio-l,3-dithiane and 
bis( phenylt hio)methyl-li t hium, react with [ Cr(CO),] and 
[W(CO),] to yield tetracarbonyl(a1koxycarbene-thioether) 

complexes, ~~S-[M(C~)~{C(OE~)C(OR)=C(SR')R~}] [M = Cr 
or W, R = H or Et, R' = Me or Ph, R2 = Me, Ph, or SPh, 
RIRz = (CH,),S] of chromium and tungsten after alkylation 
with [Et,0][BF4].2 Similarly, the reaction of the above- 
mentioned lithiated thioacetals with pentacarbonyl(pheny1 iso- 
cyanide) complexes of the same metals give aminocarbene- 

thioether chelates, ~~s-[M(CO)~{C(NHP~)C(OE~)%S(CH,),S)I, 
upon alkylation.' The reactions are explained by the nucleo- 
philic attack of the thioether anion on a carbonyl ligand, 
followed by a formal insertion of (co-ordinated) isocyanide 
into a metal-carbene bond. The proposed mechanism for the 
reaction is supported by the isolation of an alkylated inter- 

mediate, cis-[M(CNPh)(C0),{C(OEt)CHS(CH2),S)]. 
The preparation of the fac-tricarbonyl(a1koxycarbene- 

thioether) complexes, fac-[ M(CO),(C(OEt)C(OEt)=C(SR1)- 
R2fL]  [M = Cr or W, R' = Me or Ph, R2 = Me, Ph, or 
SPh, R'R' = (CHz),S] from pentacarbonyl(thioether)metal 
compounds in the presence of suitable n-acceptor ligands 
( L  = phosphine, phosphite, or isocyanide) has been des- 
cribed., The necessary pentacarbonyl(thi0ether) compounds, 
[M(CO),(S(R')CH2R2}] are prepared by U.V. irradiation of the 
corresponding hexacarbonyl complex in the presence of the 
t hioether ligand. 

We were not successful in preparing trisubstituted amino- 
carbene-thioether chelates from Jut-tricarbonyl(a1koxy- 
carbene-thioether) complexes by aminolysis of the latter class 
of compounds.' Therefore, to prepare these sought after 
compounds and to establish whether the above-mentioned 
analogy between co-ordinated C O  and CNR is also applicable 
to the consecutive double carbonylation process during the 
formation of the trisubstituted carbonyl chelates, the present 
study was undertaken. 

I- 

I- -7 

1 -  ~ _ _ _ ~ _  - - _ I  
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[M(CNR)(CO)S] + S(R')CH2R' % 
c~s-[M(CNR)(CO),{S(R')CH~R')J + CO 

(1 J-0) 
( 1 )  M = Cr, R = But, R'R' = (CH2),S 

(3)  M = Cr, R = R' = Ph, RZ = SPh 
(4) M = Cr, R = cycIo-CCHII, R'R' = (CH,),S 
( 5 )  M = Cr, R = CH'Ph, RIRZ = (CH2),S 

(2) M = W, R = But, R'R' = (CHz),S 

Scheme 1. 

Results and Discussion 
Several complexes of the type cis-[M(CNR)(CO),{S(R')- 
CH,R2}] (M = Cr or W) were prepared by U.V. irradiation 
of a tetrahydrofuran (thf) solution of the corresponding 
pentacarbonyl(isocyanide) complex and thioether compound. 
Unstable yellow crystals [compounds (l), (2), and (S)] and 
oils [compounds (3)  and (4)] were isolated after silica-gel 
column chromatography (hexane-CH,CI2, 3 : 1)  (Scheme 1). 
All these compounds decomposed slowly, even under nitrogen, 
at 20 "C. The new complexes, cis-[M(CNR)(CO),{S(R')- 
CH2R2)], were characterised by elemental analysis (the 
crystals; Table 1 )  and their i.r., 'H n.m.r., and mass spectra. 
The oils were not analysed. 

The i.r. spectra [Table 2(rr)] of the isocyanide-thioether 
complexes (1)-(5) in the i*(CO) region consisted character- 
istically of four peaks of relative intensity medium, strong, 
very strong, medium. The expected number of resonances and 
correct relative intensities were observed in the 'H n.m.r. 
spectra of the new compounds (Table 3). Mass spectra were 
obtained for all five isocyanide-thioether compounds. In each 
case a rearrangement ion [M(CNR)(CO),]+, as well as the 
fragment ion [S(R1)CH2RZ]+, were observed. In addition, the 

fragment ion [CrS(CH2),SCH2]+ ( w / e  = 172) was present for 
complex (1 )  (Table 4). 

Treatment of the isocyanide-thioether complexes ( 1 ) and 

~ _ _  ~ 
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Table 1. Characterisation data for the new complexes * 

Yield 
(%I 
45 

41 

24 
28 
36 

24 

21 

15,  9 '  

28 

24 

2 

M.p. ("C) 
90-93 

(decornp.) 
80-82 

Oil 
Oil 

90-93 
(decornp.) 
110-1  12 

139-141 

97-99 

113-1 15 

112-114 

96-97 
(decomp.) 

Colour 
Yellow 

Yellow 

Yellow 
Yellow 
Yellow 

Purple 

Purple 

Purple 

Dark red 

Dark red 

Orange 

Analysis * (%) 

C 
42.35 

(42.50) 
31.35 

(3 1.25) 

48.00 
(47.85) 
49.00 

(49.10) 
38.95 

(39.05) 
46.80 

(46.90) 
37.35 

(37.60) 
41.45 

(41.70) 
32.30 

(3 2.45) 

H 
4.45 

(4.65) 
3.30 

(3.45) 

3.70 
(3.75) 
7.15 

(7.10) 
5.55 

(5.65) 
6.45 

(6.45) 
3.50 

(3.40) 
2.45 

(2.25) 
1.45 

(1.35) 

S 
17.30 

(1 7.45) 
12.70 

(1 2.85) 

15.75 
(1 5.95) 

12.40 
(1 3.70) 
24.45 

(25.1 0) 
21.75 

(23.85) 

Other 

17.50 
(17.55) (Cr) 

" Compounds (1)--(5) decomposed slowly, even under nitrogen, at - 20 "C. Compounds (6)--(10) decomposed slowly, in solution under 
nitrogen, but were air-stable in crystalline form. Yields, starting with compounds (4) and 
( 5 )  respectively. 

Calculated values are given in parentheses. 

Table 2. Infrared data 

(a) For the new tetracarbonyl complexes 
v(C0) "/cm-' 

Complex Al l  A l2 B, BZ cm-' 

(1) 2014m 1929s 1912vs 1902m 2 130w 
(2) 2009m 1924s 1912vs 1901m 2 117w 
(3) 2020m 1945s 194ovs 1931m 2 070w 
(4) 2012m 1927s 1912vs 1904rn 2 139w 
( 5 )  1984m 1943s 1934vs 1927m 2077w 
(9) * 2 020111 1953s 1 9 2 5 s  1899s 2 130w 

(10) 2019m 1957s 1932vs 1909s 2 112w 

r- ' V(CN) b/ 

(b) For the new tricarbonyl complexes 
v(C0) "/cmP v(NH) bl 

Complex ,-- A , cm-' 
(6) 1919VS 1847s 1818vs 3 256w 

1927vs 1847s 1822vs 3 276w (7) 
(8) 194ovs 1882s 1837vs 

a Measured in hexane, except where stated otherwise. 
in CCI,. 

- 

Measured 

(2 )  with LiBu and PEt,, followed by alkylation with [Et,O]- 
[BF,], produced the aminocarbene-thioether chelates (6 )  and 
(7 )  (Scheme 2). The isocyanide-thioether complexes (4) and 
( 5 )  both yielded (8 )  after having lost a CNR moiety. The 
compositions of the three new tricarbonyl complexes (6)-(8) 
were established by elemental analysis (Table 1). Other 
physical data are collected in Tables 2 - 4 .  

The trisubstituted complexes (6)-(8) showed three sharp, 
strong absorptions in the v(C0) region [Table 2(b)]. The 
intensity of the centre band was characteristically somewhat 
weaker than that of the other two., The v(NH) frequencies 
(CCI, solutions) of the aminocarbene complexes ( 6 )  and ( 7 )  
( 3  256 and 3 276 cm-' respectively) were very similar to the 
values obtained for the (E)-form of a series of aminocarbene 
compounds previously prepared in our laboratory.' The PEt, 

Table 3. Hydrogen-1 n.m.r. data * at room temperature for the 
new compounds 

Complex Chemical shift (T) 

(1) 

(2) 

(3) 
(4) 

6.30s (2 H, SCH,S), 7.17m (4 H, SCHzCH2), 
7.77m (2 H, SCH2CHz), 8.43s (9 H, Bu') 
6.10s (2 H, SCH2S), 7.03m (4 H, SCH2CHz), 

2.65m (15 H, Ph), 5.62s (2 H, CHI) 
6.57s (2 H, SCH2S), 7.23m (4 H, SCH,CH2), 
7.77m (2 H, SCH2CH2), 7.9-8.8m (1 1 H, 

2.63m ( 5  H, Ph), 6.27s (2 H, SCHzS), 6.65m 
(2H, CNCHz), 7.18m (4 H, SCH2CH2), 7.95m 

0.38br (1 H, NH), 6.2Oq (2 H, OCH2), 6.99m 
(4 H, SCH2), 7.68m (2 H, SCHzCHz), 8.33s 

8.4-9.3m (15 H, PEt,) 
0.58br (1 H, NH), 6.2Oq (2 H, OCH2), 6.70m 
(4 H, SCH2), 7.80m (2 H, SCH2CH2), 8.38s 

8.9-9.3m (15 H, PEt,) 

CCOCHz), 6.76m (4 H, SCH2), 7.44m (2 H, 
SCH2CH2), 8.0-9.0m (15 H, PEt,), 8.19t (3 H, 

7.801~1 (2 H, SCHZCHZ), 8.47s (9 H, Bu') 

GHiA 
(5) 

(SCHzCHd 
(6) 

(9 H, Bu'), 8.65t (3 H, OCHICH,), 

(7) 

(9 H, Bu'), 8.68t (3 H, OCHICH,), 

4.81q(2 H, MCOCHI), 5.9% (2 H, (8) 

MCOCHZCH,), 8.48t (3 H, CCOCHZCH,) 
6.05s (4 H, SCHZ), 8.50s (9 H, Bu') 
2.62s ( 5  H, Ph), 6.02s (4 H, SCHZ) 
3.65s (4 H, SCHz) 

(9) 
(10) 
(1 1) 

* Measured in CDC13 relative to internal SiMe,; s = singlet, 
d = doublet, t = triplet, q = quartet, m = multiplet. 

protons of the new complexes could not be assigned to indi- 
vidual peaks in their 'H n.m.r. spectra due to the fact that they 
appeared together over a relatively small region (Table 3). 

Molecular ions, M + ,  were observed for the two tricarbonyl 
compounds (7)  and (8 )  in the mass spectrometer. The frag- 
ment ion [M - Bu' - HI+ had the highest ni/e value for the 
chelate (6). 
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Table 4. Mass spectrometric data for the new complexes a 

Max. mle and 
other m/e 

27 5 

172 
407 

120 
295 
232 
301 

120 
309 
120 
455 
645 
486 
29 1 
27 5 
3 70 
295 

296 

Calc. 
mle 

275.20 

172.24 
407.05 

120.24 
295.18 
232.37 
301.24 

120.24 
309.21 
120.24 
455.53 
645.52 
486.59 
291.26 
275.20 
370.35 
295.18 

296.24 
Molecular ions are indicated by M +  . * Maximum m/e value for an 

ion containing the thioether ligand or a part thereof [compounds 
(1)-(5)] or thione ligand [(9) and (lo)]. 

(OC)3(Et3P)M, if-5: ,C, + other products 
s s  

U 
( 6 )  M = C r  
( 7 ) M  = W  

OEt 

+ other products 

Scheme 2. (i) LiBu, hexane-thf; (ii) PEt,, hexane-thf; (iii) [Et,O]- 
[BFdI, CHlC12 

The formation of the aminocarbene-donor complexes (6) 
and (7) can be explained by the steps in Scheme 3. The mechan- 
ism is comparable to the one proposed for the formation of 
the trisu bst ituted alkoxycarbene-t hioet her complexes 
mentioned above, which involves a double consecutive 

n 

U 
( i i i )  ( d )  1 

BU' N 
II 

U 

U 
Scheme 3. M = Cr or W. ( i )  LiBu, hexane-thf; ( i i )  PEt,, hexane 
thf; (iii) [Et30][BF41, CHzClz 

~arbonylation.~*' The second carbonylation, however, is 
replaced [in step (c)] by an isocyanide insertion into a metal- 
carbene bond formed during step (b). In addition, the second 
activated proton a to the sulphur atoms is not removed or does 
not migrate to the neighbouring oxygen atom, but it is finally 
found on the more basic nitrogen atom [step (d)]. This 
mechanism is also comparable to the one proposed for the 
formation of a disubstituted aminocarbene-thioether chelate. 
The nucleophilic attack of an unco-ordinated deprotonated 
thioether compound on the carbonyl ligand cis to the iso- 
cyanide ligand in a pentacarbonyl isocyanide complex is also 
followed by the insertion of a co-ordinated isocyanide moiety 
into the metal-carbon bond.' During the formation of the 
same type of product previously obtained from pentacarbonyl 

thioether complexes, ~~c-[M(CO)~(C(OE~)C(OE~)=C(SR')- 
R2}(PEt3)] (8), the isocyanide ligand was substituted for a 
carbonyl ligand. Although the substitution of isocyanide 
ligands by unco-ordinated carbon monoxide is known: 
substitution of an isocyanide ligand by co-ordinated carbon 
monoxide has not been reported. The mechanism for this 
unexpected pathway is unknown. An analogous isocyanide 
substitution reaction was also observed during the synthesis of 

the aminocarbene compounds [M{C(NHPh)C(OEt)=C(SR')- 
R2}(CO),], mentioned earlier.' It is well known that isocyanide 
complexes derived from the Group 6A carbonyls are not 
attacked on the isocyanide ligand(s) by organolithium 
compounds.6 We have now shown this is also true for the 
internal nucleophilic attack by metallated co-ordinated 
t hioacetals. 

When 1,3-dithiolane-2-thione was used in place of triethyl- 
phosphine as a Tc-acceptor ligand,' substitution of the thio- 

I 1 

1 1 
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[CI-(CNR)(CO)~{ S( R1)CHzRz}] 
(1) R = But, R'RZ = (CHz)3S 
(3) R = R' = Ph, RZ = SPh 

I--- 
[Cr(CN R)(CO),{ S=CS(CH,),~)] + other products 

(9)  R = Bu' 

(i) .-w (ii) (iii ) 

(10) R = Ph 

Scheme 4. (i) LiBu, hexane-thf; (ii) S=dS(CH,),S, hexane- t h f ; (iii ) [ Et30]  [ B F41, CH ZC IZ 

ether ligand occurred, instead of chelate formation (Scheme 4). 
The proposed structures of the two new isocyanide-thione 

complexes (9) and (10) were confirmed by spectroscopic 
measurements and by elemental analysis (Table 1). 

The fact that the thione substituted the anionic chelate ring 

in C~~-[C~{C(NHBU'){C(OL~)=CS(CH~)~S}(CO)~(~~~)] was 

surprising, since replacement of the ring in the neutral complex 

cis-[Cr{C(OEt)C(OEt)=CS(CH,),S)(CO),I could not be 

m 

I-----I 

- 1 - 7  

achieved with any of the bidentate ligands used, even under 
drastic conditions.s Later it was found that a reaction of 1,3- 
dithiolane-2-thione with the postulated intermediate in the 

analogous cyclisation of [Cr(C0),{S(CH2),SCH2}], cis- 

[Cr(CO)3{C(OLi)C(OLi)=CS(CH2)3S}(thf)], yielded a blue, 

unstable compound which decomposed into the dithiocarbene 

r- 1 

-1 

I--- I 

complex [Cr(CO)5{CS(CH2)2S}] (1 l), at room temperature. 
The mechanism for this reaction, which also includes the 
replacement of a chelate ring, is not known. Due to the low 
yield in which (11) was formed this is not a viable synthetic 
route for the carbene preparation. It is, nevertheless, interest- 
ing that the desulphurisation occurred and, furthermore, 
compound (1 1) represents the only saturated cyclic dithio- 
carbene complex of chromium known.9 

The i.r. spectra of the isocyanide-thione compounds in the 
v(C0) region exhibited the pattern normally observed for 
tetracarbonyl complexes [Table 2(a)] with relative intensities 
medium, strong, very strong, strong. A comparison with the i.r. 
spectra of the isocyanide-thioether complexes showed that the 
three lower energy peaks for the thioether complexes occurred 
in a narrower region than the comparable peaks of the thione 
compounds. The expected number of resonances and correct 
relative intensities were observed in the 'H n.m.r. spectra for 
the compounds (9)-( 11) (Table 3). The rearrangement ion 
[M(CNR)(CO)5]+ was again observed in the mass spectra of 
the two thione compounds. The maximum m/e value for (9) 
corresponds t o  [Cr(CNBu')(CO),(C=S) J + (nzie = 29 1)  and 
that of (10) to [ M  - SH]+ (m/e = 370). 

Experimental 
General procedures have been discussed p r e v i o ~ s l y . ~ . ~  The 
starting materials [M(CNR)(CO),] (R = But, Ph, cyclo- 
C6HI1, or CH2Ph) were prepared according to published 
procedures .4 

Preparation of the cis-( Tetracarbonyl)(isocyanide)( thioether)- 
metaf(0) Complexes, (1)-(5).-The synthesis of cis-(t- 
butyl isocyanide)(tetracarbonyl)( 1,3-dithiane-S)chromium(O) 
(1) is described as a typical example. 

A stirred solution of [Cr(CNBu')(CO),] (2.67 g, 9.7 mmol) 
and 1,3-dithiane (1.16 g, 9.7 mmol) in thf (200 cm3) was 
irradiated with U.V. light for 4 h. The solvent was removed 
in ULICUO and the residue chromatographed on a silica-gel 
column (-10 "C) with hexane-CH2CI2 (3 : I )  as eluant. The 
main yellow band was collected and the solution was evapor- 
ated under reduced pressure to  afford 1.60 g (45%) of the 

compound ( 1  ). The other thioether complexes (2)-(5) were 
prepared similarly. 

Synthesis of the fac-(Carbene-thioether)(trierhylphosphine)- 
metal(0) Chelutes, (6)-(8).-The met hod described here for 
the preparation of the tricarbonyl complex (6) is representative 
of the general procedure followed for all the reactions of the 
isocyanide-thioet her complexes. 

butylaminoethylidene-C',S']( triethylphosphine)chrot~ziurn(O), (6). 

To a stirred solution of ~~S-[C~(CNBU')(CO),{S(CH~)~SCH~)] 
(1) (1.1 g, 3 mmol) in thf at -60 'C ,  was added 1.5 mol dm-3 
LiBu (0.55 cm-', 3.3 mmol, 10% excess). After 5 min, 67:< PEt, 
in isopropyl alcohol (0.53 cm3, 3.3 mmol) was added drop- 
wise. The mixture was stirred for 1 h at -60 "C and then the 
mixture was allowed to attain room temperature. The solvent 
was evaporated under reduced pressure and the residue was 
dissolved in CH2C12. After alkylation with [Et,O][BF,], the 
resulting mixture was filtered through S O 2 .  The solvent 
(CH,CI,) was removed under reduced pressure and the 
residue chromatographed on a silica column ( -  10 "C) using 
hexane-CH2CI2 (1 : 1) as eluant. The slow-moving purple 
band was collected from the top of the column, and eluted 
with CH2C12 through a filter. The product was recrystallised 
twice from hexane-diethyl ether solutions (-30 'C) to  afford 
analytically pure purple crystals of compound (6). 

fac- Tricarbonyl[2-ethoxy-2-( 1 ',3 '-dirhian-2'-y/idene)- 1 -t- 

1- 1 

Isolation of the cis-( Tetracarhon~l)(iso~~utzjde)(rhione)- 
chronziurn(0) Conzplexes, (9) and (lo).-Starting with the 
isocyanide complexes (1) and (3), the method described above 
for the preparation of compound (6) was used with 1,3- 
dithiolane-2-thione instead of PEt,. The red compounds 
formed were purified chromatographically (SOz,  - 10 "C)  
using hexane-CH2C12 (1 : 1) as eluant. Finally, compounds 
(9) and (10) were crystallised as dark red crystals from hexane- 
diethyl ether solutions (-30 " C ) .  

_ _ _ _  
Isolation of the Carbene [Cr(CO),{CS(CH2)2S}] (1 I).-The 

pentacarbon yl(thioether)chromium complex [Cr(CO),- 

{S(CH2),SCH2}] was used in the conversion described above 
for the preparation of compound (6); but 1,3-dithiolane-2- 
thione replaced PEt,. A blue product was observed by t.1.c. 
(hexane-CH2Clz, 1 : 1) before alkylation. The product 
obtained from a SiOz column (eluant, hexane-CH2C12, 1 : 1) at 
-20°C was unstable and decomposed completely into the 
stable carbene complex ( 1  1 )  [v(CO) (hexane) 2 060w and 
1 953vs cm-'I. 

_ ~ ~ _ _ _  
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