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tallized from a 1:l petroleum ether-Eh0 mixture at 0 "C to afford 
W(r12-C(0)CH3)(S2CNMen)(C0)2(PMe3) (6) as yellow crystals in 
60% yield. The resulting mother liquor was collected and cooled 
at -30 "C, an operation that induced the precipitation of W- 
(~2-C(0)CH3)!01-S2CNMe2)(CO)z(PMe3)2 (69 as lemon yellow 
microcrystals in 15% yield. Both complexes can also be prepared 
in similar yields by metathesis of W(~2-C(0)CH3)Cl(CO)2(PMe3)2 
with NaS2CNMe2 in EbO. Treatment of 6 with 1 equiv of PMe, 
afforded 6i in quantitative yield. Conversely, the heating of EhO 
solutions of 6i at 30 "C or the prolonged stirring of the complex 
in this solvent at room temperature caused extensive conversion 
back to 6. 

Single-Crystal X-ray Diffraction Studies of la and 4. 
Crystal data and the parameters used during the collection and 
refinement of the diffraction data for la and 4 are summarized 
in Table IV. Single crystals of the compounds were sealed in 
thin-walled glass capillaries prior to X-ray examination. 

The compound la was found to be isostructural with its mo- 
lybdenum analogue, crystallizing in the space group p212121. The 
final fractional coordinates of the Mo analogue were used as a 
starting point in the refinement of the tungsten compound. 
Refinement with isotropic thermal parameters led to a reliability 
index of R = 0.054. Refinement with anisotropic temperature 
factors gave R = 0.048. Conversion to the inverse configuration 
lowered the R value to 0.045. The hydrogen atoms were located 
with the aid of a difference Fourier and were not refined. Re- 
finement of the non-hydrogen atoms with anisotropic temperature 
factors led to final values of R = 0.027 and R, = 0.030. A final 
difference Fourier map showed no feature greater than 0.3 e/A3. 

The weighting scheme was based on unit weights; no systematic 
variation of w(lF,I - IF$ vs IF,I or (sin @ / A  was noted. The final 
values of the positional parameters are given in Table VI.42v43 

The space group of the complex 4 was uniquely determined 
as P 2 J c  from the systematic absences in OkO for k = 2n + 1 and 
in h01 for 1 = 2n + 1. Least-squares refinement with isotropic 
thermal parameters led to R = 0.072. Larger than normal thermal 
motion was found for the methyl carbons associated with P2. No 
resolvable disorder was found. The hydrogen atoms were located 
with the aid of a difference Fourier map and not refined. Re- 
finement of the non-hydrogen atoms with anisotropic temperature 
factors led to final values of R = 0.029 and R, = 0.029. The final 
values of the positional parameters are given in Table VIII.42943 
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The acyl complexes W(q2-C(O)R)C1(CO)(PMe,), react with NaS2CNMe, with formation of the new acyls 
W(r12-C!O)R)(S2CNMe2)(CO)(PMe3), (R = CH2CMe3 (21, CH2CMe,Ph (3)), but the (trimethylsily1)methyl 
derivative affords an equilibrium mixture of an analogous bidentate acyl l b  and of the alkyl isomer 
W(CH2SiMe3)(S2CNMe2)(C0)2(PMe3)2 (la). Other dithiocarbamate and xanthate salts react similarly with 
W(s2-C(0)CH2SiMe3)C1(CO)(PMe3)3 to  yield analogous equilibrium mixtures of the alkyl, W- 
(CH2SiMe3)(S2CX)(CO)2(PMe3)2 (4a-6a), and acyl, W(sz-C(0)CH2SiMe3)(S2CX)(CO)(PMe3)2 (4b-6b), 
isomers. Carbonylation of compounds 1 furnishes exclusively the bidentate acyl W($-C(O)- 
CH2SiMe3)(S2CNMe2)(CO)2(PMe3) (7). The CH2SiMe3 group in acyls W(s2-C(0)CH2SiMe3)(S2CX)- 
(CO)(PMe3)2 is extremely prone to hydrolytic cleavage of the CH,-SiMe3 bond and undergoes facile rupture 
in the presence of small amounts of water with formation of the methyl derivatives W(CH,)(S,CX)- 
(CO)2(PMe3)2 (8-12). The reaction of W(s2-C(0)CH2SiMe3)C1(CO)(PMe3), with Tl(acac) gives directly 
W(CHd(acac)(C0)2(PMe& (13), which has been structurally characterized by X-ray crystallography. Crystals 
of 13 are orthorhombic, space group Pbca, with unit cell constants a = 11.110 (2) A, b = 13.779 (3) A, c 
= 26.813 (5) A, and Dcslcd = 1.64 g cm-, for 2 = 8. 

Introduction 
Whereas numerous formally six-coordinate (SC) q2-acyl 

complexes of Mo and W have been characterized in recent 

years?+ the corresponding isomeric seven-coordinate (7C) 
alkyl carbonyl compounds have only recently been de- 

(1) (a) Universidad de Sevilla-CSIC. (b) CSIC and Universidad Com- (2) For a recent review on $-acyl complexes see: Durfee, L. D.; 
plutense. Rothwell, I. P. Chem. Reu. 1988,88, 1059. 
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Table I. Analytical and IR Data for Complexes 1-13 

Carmona e t  al. 

anal. (%P IRb 
, I  -~ . ~ 

c o m p 1 ex C H N u(C0) u(C0R) others 

l b  29.9 (30.0) 5.9 (5.8) 2.5 (2.3) 1465 (s) 1465 (m) 1500 (m) (u(CN)) 
l a  31.2 (30.0) 5.9 (5.8) 2.5 (2.3) 

2 32.9 (32.9) 5.9 (6.0) 2.4 (2.4) 
3 38.8 (29.1) 6.0 (5.7) 2.3 (2.2) 
4b 34.0 (34.8) 6.0 (6.6) 2.4 (2.1) 
4a 

5b 28.1 (28.7) 5.0 (5.5) 
5a 

6b 
6a 

7 28.5 (28.3) 4.8 (4.7) 2.6 (2.5) 

8 32.7 (32.9) 6.0 (6.0) 2.4 (2.4) 

9 32.6 (31.7) 5.8 (5.5) 2.2 (2.5) 

10 25.8 (25.7) 4.7 (4.7) 

11 27.8 (27.3) 5.1 (4.9) 

12 29.2 (28.8) 5.2 (5.2) 

13 33.3 (33.2) 5.5 (5.5) 

(I Calculated values are given in parentheses. * Nujol mulls, cm-'. 

t e ~ t e d . ~  Since the interconversion of formulations A and 
B leaves unchanged the total number of electrons a t  the 

A B 

metal center, it can be anticipated that, in series of 
analogous complexes, structure B should be favored over 
A for sterically demanding R groups, whereas an increase 
in the electron density a t  the metal center, i.e. in the metal 
basicity, should favor formulation A because of the strong 
acceptor properties of the carbonyl ligand. Despite the 
simplicity of these arguments and despite the relative large 
number of studies dealing with the formation and the 
chemical reactivity of alkyl carbonyl and q2-acyl complexes 
of the transition metals, there is a dearth of information 
on the relative thermodynamic stabilities of these isomeric 
structures (A and B) and on the reaction conditions that 
allow their interconversion.1° Recent work from our 

(3) (a) Carmona, E.; Wilkinson, G.; Rogers, R. D.; Hunter, W. E.; 
Zaworotko, M. J.; Atyood, J. L. J.  Chem. Soc., Dalton Trans. 1980,229. 
(b) Carmona, E.; Marin, J. M.; Poveda, M. L.; Sinchez, L. J.; Rogers, R. 
D.; Atwood, J. L. J .  Chem. Soc., Dalton Trans. 1983, 1003. 

(4) (a) Carmona, E.; SHnchez, L.; Marin, J. M.; Poveda, M. L.; Atwood, 
J. L.; Riester, R. D.; Rogers, R. D. J.  Am. Chem. SOC. 1984,106,3214. (b) 
Carmona, E.; Muiioz, M. A.; Rogers, R. D. Inorg. Chem. 1988,27, 1598. 

(5) Rusik, C. A.; Collins, M. A.; Gamble, A. S.; Tonker, T. L.; Tem- 
pleton, J. L. J. Am. Chem. Soc. 1989, 111, 2550. 

(6) Curtis, M. D.; Shiu, K. B.; Butler, W. M. J .  Am. Chem. Soc. 1986, 
108, 1550. 

(7) (a) Bonnensen, P. V.; Yau, P. K. L.; Hersh, H. W. Organometallics 
1987, 6, 1587. (b) Sunkel, K.; Schloter, K.; Beck, W.; Ackermann, K.; 
Schubert, U. J. Organomet. Chem. 1983, 241, 333. 

(8) (a) Kreissl, F. R.; Sieber, W. J.; Keller, H.; Riede, J.; Wolfgruber, 
M. J .  Organomet. Chem. 1987, 320, 83. (b) Alt, H. G. J .  Organomet. 
Chem. 1977, 127, 349. 

(9) (a) Carmona, E.; Sinchez, L. J. Polyhedron 1988, 7, 163. (b) 
Carmona, E.; Contreras, L.; Poveda, M. L.; Sinchez, L. J.; Atwood, J. L.; 
Rogers, R. D. Organometallics, preceding paper in this issue. 

1910 (s) 
1815 (s) 
1750 (s) 
1740 (s) 
1750 (s) 
1890 (s) 
1800 (s) 
1745 (s) 
1898 (s) 
1805 (s) 
1770 (s) 
1910 (SI 
1820 (s) 
1920 (s) 
1825 (s) 
1880 (s) 
1800 (s) 
1888 (s) 
1795 (s) 
1903 (s) 
1812 (s) 
1885 (s) 
1807 (s) 
1900 (s) 
1815 (s) 
1883 (s) 
1795 ( s )  

1510 (m) (u(CN)) 

1455 (m) 1505 (m) (u(CN)) 
1470 (m) 1500 (m) (v(CN)) 
1460 (m) 1475 (m) (u(CN)) 

1465 (m) 

1468 (m) 

1455 (m) 1520 (m) (u(CN)) 

1480 (m) (u(CN)) 

1585 (m) (u(CN)) 

1582 (m) (u(C0) acac) 
1518 (m) (v(C0) acac) 

laboratory, based on methyl and q2-acyl complexes of 
tungsten, has provided experimental evidence in accord 
with these  observation^.^ 

In order to obtain additional information on the influ- 
ence of the steric and electronic effects on the relative 
stability of structures A and B, other related compounds 
have been investigated. The substitution of the chloride 
and of one of the PMe, ligands in the acyls Mo(q2-C(0)- 
R)Cl(CO)(PMe3)3 by the three-electron-donor S2CNMe2 
group is known to produce an increase of the negative 
charge at  the metal, as shown by a concomitant decrease 
in the value of v(C0) from ca. 1810 cm-' in Mo(q2-C(0)- 
R)Cl(CO)(PMe3)3 to ca. 1760 cm-' in the corresponding 
MO(~~-C(O)R)(S~CNM~,)(CO)(PM~,),.~" Accordingly, we 
have investigated whether a related transformation of the 
more basic tungsten acyl analogues, W(q2-C(0)R)C1- 
(CO) (PMe3)3, could produce an increase in the electron 
density at tungsten large enough to induce their conversion 
into the alkyl carbonyl complexes W(R)(S2CNMe2)- 
(C0)2(PMe3)2. For this purpose, the reactions of the above 
acyls (R = CH2SiMe3, CH2CMe3, CH2CMe2Ph) with var- 
ious dithiocarbamate, xanthate (0-alkyl dithiocarbonate), 
and acetylacetonate salts have been carried out. The 
present contribution reports the results of these trans- 
formations, which, as discussed below, allow for some of 
the compounds investigated the observation of equilibrium 
mixtures" of the alkyl carbonyl and q2-acyl structures, i.e. 
A B. In addition, we describe the formation of some 
methyl dicarbonyl complexes of tungsten analogous to the 
recently reported W(CH3)(S2CNMe2)(CO)2(PMe3)2.gb The 

(10) For an early example of an alkyl carbonyl q2-acyl intercon- 
version in a Ru system, see: Roper, W. R.; Wright, L. J. J .  Organomet. 
Chem. 1977, 142, C1. 

(11) During the preparation of this paper a preliminary communica- 
tion that provides evidence for a related equilibrium involving a 6C alkyl 
carbonyl and a 5C $-acyl complex of Fe appeared: Jablonsky, C.; Bel- 
lachioma, G.; Cardaci, G.; Reichenbach, G. J. J .  Am. Chem. SOC. 1990, 
112, 1632. 
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Table 11. 'H and 31PI'HI NMR Data for Comdexes 1-13 
31pa 'Ha 

comDlex Me-P 'JPW Me-P 2 J w ~  R others 
lb 

la 

2 

36 

4b 

4a 

5b 

5a 

6b 

6s 

7 

8 

9 

10 
11 

12 

13 

-17.5 s 

-16.0 br s 

-8.4 s 

-13.4 s 

-12.8 br s 

-13.5 s 

-12.6 br s 

-11.3 s 

-11.2 br s 

-11.3 s 

-11.8 s 

-18.5 s 

-18.3 s 

-16.9 s 
-16.8 s 

-17.0 s 

-1.8 s 

247.8 

149.8 

243.7 

243.4 

d 

144.6 

d 

139.7 

d 

141.0 

254.0 

193.1 

189.1 

176.3 
176.5 

178.8 

132.4 

1.59 tc 

1.43 d 

1.60 tc 

1.53 tc 

1.59 tC 

1.42 d 

1.49 tC 

1.34 dcC 

1.52 tC 

1.36 dcc 

1.47 d 

1.31 tC 

1.33 tC 

1.22 tc 
1.24 tc 

1.25 tC 

1.30 d 

3.9 

9.0 

3.8 

3.7 

3.8 

8.7 

3.9 

9.2 

3.9 

9.2 

9.1 

3.7 

3.8 

3.9 
4.0 

4.1 

8.6 

2.96 s (CH,) 

-0.06 t (JHP = 5.4, CHp) 

3.00 s (CHZ) 

3.31 s (CH,) 

0.17 s (SiMe3) 

0.47 s (S iMe3)  

1.01 s (CMe3) 

1.48 s (CMe2) 
7.05 t (Ph) 
7.20 t (Ph) 
7.27 d (Ph) 

0.11 s @ N e 3 )  

0.37 s (SiMe3) 

0.11 s @ M e 3 )  

0.45 s (SiMe3) 

0.11 s (SiMe3) 

0.46 s (SiMe3) 
3.25 s (CH,) 
-0.16 s (SiMe,) 

2.95 s (CHp) 

-0.07 t (JHP = 6.0, CHp) 

2.94 s (CHp) 

-0.37 t (JHP = 5.3, CH,) 

2.95 s (CHp) 

-0.30 t ( J H p  = 5.3, CHp) 

0.51 t ( J H p  = 8.4, CH3) 

0.60 t ( J H p  = 8.1, CH3) 

0.44 t (JHP = 8.2, CH3) 
0.93 t ( J H p  = 8.2, CH3) 

0.44 t ( J H p  = 8.3, CHJ 

0.31 t (JHP = 3.5, C H J  

2.73 s (CH3) 

2.57 s (CH3) 

3.17 s (CH3) 

2.69 s (CH3) 

2.67 s (CHQ) 

3.17 s (CHQ) 

2.67 s (CH$) 

1.13 br s (CH,) 
4.40 br s (CH) 
1.13 br s (CH,) 
4.40 br s (CH) 
3.55 s (CH3) 

3.47 s (CHJ 

1.09 d (CH3) 

1.07 d (CH3) 

2.45 s (CH3) 

5.33 h (CH) 

5.33 h (CH) 

1.11 br s (CH,) 
4.52 br s (CH) 
1.09 br s (CH2) 
3.47 br s (CH2) 
3.49 s (CH3)  
0.93 t (CHp) 
4.13 q (CH3) 
1.06 d (CH3) 

1.73 s (CH3) 
5.30 h (CH) 

5.13 s (CH) 

O b  in ppm, J in Hz; spectra recorded in C,D6 unless otherwise specified. Abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; h, 
heptet; dc, doublet with some central intensity. In CD3COCD3. Values of J apparent. Not observed. 

crystal and molecular structure of the acetylacetonate 
derivative W ( C H , ) ( ~ C ~ ~ ) ( C O ) ~ ( P M ~ , ) ,  is also discussed. 
Analytical and spectroscopic data for new compounds are 
collected in Tables 1-111. 

Resul ts  
q2-Acyl Complexes ,  W(q2-C( 0)R) ( S2CX) (C0)- 

(PMe,),. As already mentioned, the reaction of the mo- 
lybdenum complexes Mo(a2-C(0)R)Cl(CO) (PMe,), with 
the strongly electron-releasing, powerfully chelating di- 
methyldithiocarbamate ligand has been shown to proceedh 
with formation of compounds of composition Mo(q2-C- 
(0)R)(S2CNMe2)(CO)(PMe3)2. The analogous tungsten 
acyls W(02-C(0)R)C1(CO)(PMe3), display a similar be- 
havior (eq l) and afford, under appropriate conditions, 
W(a2-C(0)R)C1(CO)(PMe,), + NaS2CNMe2 - 
W(02-C(0)R)(S2CNMe2)(CO)(PMe3)2 + PMe, + NaCl 

(1) 
R = CH2SiMe3 (Ib), CH2CMe3 (2), CH2CMe2Ph (3) 

compounds lb,  2, and 3. The formulation proposed for 
these complexes is based on analytical data and on IR and 
NMR (lH, 13C, 31P) studies. For instance, the IR spectrum 
of 3 exhibits a strong v(C0) stretch a t  ca. 1745 cm-l, along 
with two medium-intensity bands a t  1500 and 1475 cm-' 
due to the dithiocarbamate and acyl ligands. The low 
frequency of the band associated with the terminal car- 
bonyl ligand, which is shifted by ca. 50 cm-' to lower energy 
with respect to that of the parent chloride complex, reflects 
the increase in the negative charge a t  the metal expected 

upon substitution of the chloride and one of the PMe, 
ligands by S2CNMe2. The 'H NMR spectrum of 3 shows, 
in addition to resonances due to the acyl (3.31 and 1.48 
ppm, singlets, CH2CMe2Ph and CH2CMe2Ph, respectively) 
and dithiocarbamate ligands (2.69 and 2.67 ppm), a 
pseudotriplet a t  1.79 ppm (JHpapp = 3 Hz) corresponding 
to two equivalent PMe, ligands in an approximate trans 
distribution. This and the observation of a singlet in the 
room-temperature ,lP{ 'HI NMR spectrum are in accord 
with structure C for these complexes, which accounts also 

b 
C 

for the appearance of two triplets at  277.7 (,JCp = 13.2 Hz) 
and 235.4 ppm (2Jcp = 8.0 Hz) in the 13C{*H) NMR spec- 
trum (data for 3), due respectively to the acyl and terminal 
carbonyl ligands. Note, however, that  in compounds of 
this type there is a preferred orientation of the acyl group 
with respect to the plane perpendicular to the P-W-P axis. 
By similarity with the solid-state structures found for the 
bidentate acyls M(~2-C(0)CH2SiMe3)Cl(CO)(PMe3)3 (M 
= Mo, W) and for other related  derivative^,^,^-^^ it is rea- 
sonable to expect that, in compounds lb, 2, and 3, the acyl 
carbon is adjacent to the carbonyl ligand and is slightly 
raised above the plane containing the acyl oxygen, the 
carbonyl group, and the dithiocarbamate sulfur atoms. If 
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Table 111. 'SC(*H} NMR Data" for Complexes 1-13 
comvlex Me-P 'Jrp R others co 'Jr, 

lb 

la 

2 

3* 

4b 

4a 

5b 

5a 

6b 

6a 

7 

8 

9 

10 

11 

12 

13 

15.5 tC 

16.7 d 

15.8 t' 

15.5 tC 

15.5 tC 

16.4 d 

15.5 m 

17.0 m 

15.3 d 

13.6 m 

17.9 d 

13.9 tc 

13.9 tc 

14.7 tc 

14.7 t' 

14.6 tc 

16.0 d 

13.0 

32.4 

13.6 

13.1 

11.9 

32.7 

32.9 

33.0 

13.7 

14.2 

15.4 

15.0 

15.4 

31.2 

35.6 s (CHZ) 

14.1 t (Jcp = 14.5, CH2) 
-0.5 s (SiMe3) 

4.8 s (SiMe,) 

30.5 s (CMe3) 
32.7 s (CMe,) 

39.4 s (CMe,) 
28.9 s (CMe2) 

-0.6 s (SiMe3) 

9.3 br s (CH,) 
4.3 s (S iMe3)  

-0.7 s (SiMe,) 
4.6 s (SiMe,) 
17.9 br s (CH2) 

-2.3 s (SiMe,) 
d 
2.8 s (S iMeJ  

55.8 s (CHZ) 

55.6 s (CHZ) 

37.6 s (CHJ 

37.3 s (CH2) 

35.7 s (CHZ) 

0.9 s (SiMe3) 
39.2 s (CH2) 
-7.9 t (Jcp = 8.9, CH3) 

-6.2 t (Jcp = 7.6, CH3) 

-2.0 br s (CHJ 

-2.6 br s (CH3) 

-3.2 t ( J c p  = 7.5, CH3) 

17.0 br s (CH,) 

38.9 s (CH3) 
39.5 s (CH'3) 
208.5 t (Jcp = 3.6, S2C) 
38.1 s (CH3) 
211.9 t (Jcp = 4.7, SzC) 
40.7 s (CHJ 
39.7 s (CH'3) 
211.9 d (Jcp = 4.6, SZC) 
38.7 s (CH3) 
211.6 s (SpC) 

19.4 s (CH3) 

207.3 s (SpC) 
19.4 s (CH3) 

211.4 s (szc) 
56.7 s (CH3) 
222.9 s (SzC) 
55.8 s (CH3) 
224.1 s (S2C) 
19.7 s (CH3) 

49.3 s (CHI 

49.3 s (CH) 

72.2 s (CHI 
220.1 t (Jcp = 4.3, SZC) 
19.5 s (CH3) 

221.7 t ( J c p  = 5.4, s2c) 
39.0 s (CHJ 

72.5 s (CH) 

213.5 s (S&) 
19.2 (CH,) 
49.3 s (CHI 

23.9 s (CH,) 
206.4 s (SpC) 

25.5 s (CH'2) 
46.5 s (CH",) 
206.1 s (S2C) 
56.0 s (CH3) 
211.9 s (S&) 
13.4 s (CH3) 

221.5 s (S2C) 
66.1 s (CH,) 

21.2 s (CH,) 
74.3 s (CH) 

27.3 s (CH,) 
100.2 s (CH acac) 
186.5 s (CO acac) 

221.0 t (Jcp = 4.0, SZC) 

272.7 t (COR) 
232.2 t (CO) 

240.6 t (CO) 

280.1 t (COR) 
236.5 t (CO) 

277.7 t (COR) 
235.4 t (CO) 

272.8 t (COR) 
232.4 t (CO) 

241.7 t (CO) 

273.8 t (COR) 
230.2 t (CO) 
237.9 t (CO) 

271.8 t (COR) 
228.8 t (CO) 

236.4 t (CO) 

225.5 d (CO) 
254.0 d (COR) 
251.8 t (CO) 

251.0 t (CO) 

246.8 t (CO) 

248.0 t (CO) 

247.4 t (CO) 

247.8 t (CO) 

12.6 
8.1 

21.0 

12.9 
8.3 

13.2 
8.0 

12.7 
8.2 

15.6 

10.8 
10.0 
21.6 

11.8 
9.4 

21.7 

12.0 
11.5 
11.9 

13.1 

14.2 

13.9 

16.0 

22.8 

O 6  in ppm, J in Hz; spectra recorded in CBDs unless otherwise specified. Abbreviations: s, singlet; d, doublet; t, triplet, br s, broad singlet; 
m, multiplet. *In CD3COCD3. cValues of J apparent. Not observed. 

this structure were maintained in solution, the above 
orientation of the C-0 acyl vector would create inequiv- 
alent environments for the PMe, ligands. Hence, a flux- 
ional process that  time-averages the effective symmetry 
to  C, must be operative. Similar dynamic behavior has 
been reported for q2-acyl complexes of Mo and explained 
in terms of a libration of the acyl ligand coupled with a 
metal-ligand de fo rma t i~n .~?~  The barrier estimated for this 
process by EHMO calculations is very low, and in fact the 
carbonyl ligands of the hydridotris(pyrazoly1)borate com- 
plex of molybdenum TpMo(CO),($-C(O)Me) give a single 
resonance down to -93 Although there are other 
mechanistic possibilities (see Discussion), a similar process 
can be assumed to  be responsible for the equivalence of 
the PMe, groups in compounds lb,  2, and 3 a t  room tem- 
perature. Interestingly, the barrier to this motim in these 
tungsten complexes is higher than for the T p  derivatives 
of m o l y b d e n ~ m , ~ ~ ~  and the rigid structure of lb,  2, and 3 
can be frozen and observed a t  low temperatures. The 
characteristic dynamic behavior of these compounds is 
described below in detail for complex lb.  

Complex l b  exhibits a rather interesting behavior in 
solution, with relatively complex NMR spectra that can 

be interpreted in terms of an equilibrium mixture of two 
isomers,l0 the 6C q2-acyl species l b  and the 7C alkyl car- 
bonyl complex la,  in a ca. 1:l ratio (eq 2). Additional 

W(CH2SiMe3)(S2CNMe2)(CO),(PMe3)2 * 
l a  

W(V~-C(O)CH,S~M~,)(S~CNM~~)(CO)(PM~~)~ (2) 

complications are introduced by the inevitable presence 
of small amounts of the methyl complex W- 
(CH3)(S2CNMe2)(CO),(PMe,),,gb resulting from C-Si bond 
heterolysis by adventitious water. Disregarding the low- 
intensity signals associated with the latter species, it is 
found that  in addition to  resonances due to  the $-acyl 
isomer, with chemical shifts very similar to those indicated 
above for the neophyl analogue 3, the 'H NMR spectrum 
shows a triplet a t  -0.06 ppm (VHP = 5.4 Hz) for the 
methylene protons of the Me3SiCH2 ligand, which is con- 
sistent with this group being directly bonded to the 
tungsten atom. Interestingly, the PMe, resonance of the 
alkyl complex l a  appears as a doublet with little central 
intensity as a result of a cis or nearly cis distribution of 
the two equivalent PMe, groups in this 7C species. These 

l b  
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Alkyl  a n d  $-Acyl Complexes  of W 

and other spectroscopic data found for l a  (see Tables 1-111) 
are very similar to those observed for the analogous acac 
complex W ( C H , ) ( ~ C ~ C ) ( C O ) ~ ( P M ~ , ) ~ ,  whose structure has 
been determined by X-ray studies. This probably means 
that both compounds display similar structures (see be- 
low). Further support for the above equilibrium comes 
from IR and 31P NMR studies. The solution IR spectrum 
displays absorptions a t  1780 (acyl lb) and 1900 and 1810 
cm-' (alkyl la) for the terminal carbonyl ligands in both 
complexes, while the 31P(1HJ NMR spectrum exhibits two 
singlets a t  6 -17.5 ('JPw = 248 Hz) and -16.0 ppm ('JPw 
= 150 Hz) in a ca. 1:l ratio for the PMe, ligands of l b  and 
la, respctively. 

Although our original observationsga indicated that only 
the $acyl structure seemed to exist in the solid state, in 
some instances crystals of both the yellow-orange 7C 
complex la and the red 6C species l b  have been obtained 
and separated manually inside the drybox. The IR spectra 
of the individual compounds show their characteristic 
v(C0) and v(C(0)R) bands along with an also very char- 
acteristic pattern a t  ca. 1245 cm-' that invariably appears 
in compounds containing the CH2SiMe3 group. Upon 
dissolution of either species a t  room temperature, the 
equilibrium mixture l a  l b  is quickly attained, but in- 
terconversion of the two forms is slow a t  lower tempera- 
tures, and this allows their spectroscopic characterization. 
Typical NMR spectra of samples of either la or lb ,  dis- 
solved a t  -60 "C, contain the characteristic resonances 
corresponding to either of these main species together with 
minor signals due to the other isomer. 

The ?,-acyl complex l b  exhibits a rather complex dy- 
namic behavior in solution that  can be understood by 
considering the existence of two independent fluxional 
processes, one associated with the $-acyl ligand and the 
other, with higher activation energy, affecting the dithio- 
carbamate group. The 31P{1HJ NMR spectrum of lb,  re- 
corded at -90 "C, consists of an AB quartet (Jpp = 102 Hz), 
which converts into a broad singlet upon warming a t  -15 
"C. This signal is still broad below room temperature. 
Since tungsten satellites, arising from the coupling of the 
,'P and the nuclei (law, I = 1/2, 14.3%), are observed 
in the temperature range studied (-90 to +70 "C), it is clear 
that the fluxional process responsible for this behavior does 
not involve dissociation of the trimethylphosphine ligands. 
From the value of the rate constant for this exchange, 
calculated at  the coalescence temperature, a barrier of AG* 
= 11.6 kcal mol-' can be estimated for the above process. 
Related changes are observed in the 'H NMR spectrum. 
Thus, the methyl protons of the PMe, ligands of l b  yield 
two broad, partially superimposed signals a t  -60 "C and 
below. A t  these temperatures, the methylene protons of 
the acyl group are diastereotopic and provide an AB 
quartet. When the temperature is raised to -30 "C, the 
PMe, resonance converts into a sharp doublet with some 
central intensity. Further warming causes the appearance 
of a central resonance that merges in the middle of the 
doublet and gains in height when the temperature is in- 
creased, until a t  0 "C a 1:2:1 triplet pattern is observed. 
This has, however, sharp outer lines and a broader central 
line, so that the three lines have approximately the same 
height. At  higher temperatures (20 "C) a 1:2:1 triplet of 
sharp outer and central lines is observed.12 Parallel to 
these changes, the diastereotopic methylenic protons of 
the acyl ligand transform into a broad singlet a t  -30 "C 
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that becomes sharper upon warming and give a sharp 
resonance a t  temperatures near -10 "C. From these data 
a barrier of ca. 11.0 kcal mol-' can be calculated for this 
exchange process, in good agreement with that estimated 
above from 31P(1H} NMR data. The above changes in the 
NMR spectra with temperature are reversible, and the 
low-temperature spectra can be regenerated upon cooling. 
These reversible changes can be followed for a number of 
cycles. 

As for the dithiocarbamate ligand in compound lb, two 
singlets are observed a t  low temperatures for the non- 
equivalent methyl groups that convert into a single reso- 
nance a t  temperatures above 40 "C. The coalescence 
temperature, 35 "C, and the activation energy calculated 
for this process, AG* = 16.3 kcal mol-', are well above the 
corresponding values found for the equilibration of the 
methylenic protons of the acyl ligand. I t  is therefore clear 
that both processes are independent. On the other hand, 
i t  seems likely that  the inequivalence of the dithio- 
carbamate methyl groups a t  low temperatures is due to 
restricted rotation around the C-N bond. This is in 
agreement with the substantial double-bond character 
found by X-ray studies for the C-N bond of the dithio- 
carbamate ligand in the  related complex W- 
(CH3)(S2CNMe2)(CO)2(PMe3)2.9b 

In order to ascertain the generality of the transformation 
of the chloride complex W(~z-C(0)CH2SiMe3)C1(CO)- 
(PMe,), into an equilibrium mixture of l a  and l b  by in- 
teraction with NaS2CNMe2, its reactions with other di- 
thiocarbamate and xanthate salts and also with Tl(acac) 
have been investigated. In some cases the complexes re- 
sulting from these transformations are so susceptible to 
C-Si heterolysis by adventitious water that the methyl 
derivatives W(CH,)(L-L)(CO),(PMe,), are the only prod- 
ucts that  can be isolated under the reaction conditions. 
However, for some of the reactions investigated, equilibria 
analogous to that described above for the S2CNMe2 ligand 
have been established (eqs 3 and 4). 
W ( V ~ - C ( O ) C H , S ~ M ~ ~ ) C ~ ( C O ) ( P M ~ ~ ) ~  + NaS2CX - 

W(oz-C(O)CH2SiMe,)(S2CX)(CO)(PMe,), + 

X = N-i-Pr, (4b), OMe (5b), 0-i-Pr (6b) 
PMe, + NaCl (3) 

W($-C(0)CH2SiMe3)(S,CX)(CO)(PMe3)2 + 
4b-6b 
W(CH2SiMe3)(S2CX)(CO)z(PMe3)2 (4) 

The instability of these compounds toward moisture 
makes it difficult to avoid contamination with the corre- 
sponding methyl complex W(CH,)(S,CX)(CO),(PMe,),, 
resulting from the hydrolytic cleavage of the C-Si bond 
in compounds 4-6. The NMR properties of compounds 
4-6 are very similar to those found for the related com- 
plexes 1. They are collected in Tables I1 and I11 and will 
not be further discussed. 

The methyl complex W(CH3) (S2CNMe,(CO),(PMe3)2 is 
known to react with CO, a t  room temperature and pres- 
sure, with formation of the bidentate acetyl complex 
W(q2-C(0)CH3)(S2CNMe2)(CO)2(PMe3).9b In light of this 
result, it can be anticipated that the analogous reaction 
of an equilibrium mixture of the acyl and alkyl isomers of 
compounds 1 or 4-6 should exclusively provide the cor- 
r e spond ing  vz-acyl complexes  W ( v 2 - C ( 0 ) -  
CH2SiMe3)(S,CX)(C0)2(PMe3). In accord with this, the 
carbonylation of la l b  takes place as depicted in eq 5 
and allows the isolation of the acyl derivative W(q2-C- 
(0)CH2SiMe3)(SzCNMe2)(C0)2(PMe3) (7). Spectroscopic 
data for this complex (Tables 1-111) are consistent with 

4a-6a 

(12) Similar temperature-dependent exchange phenomena have been 
observed. See for example: (a) Bars, 0.; Braunstein, P.; Geoffroy, G. L.; 
Metz, B. Organometallics 1986,5, 2021. (b) Casey, C. P.; Rutter, E. W. ,  
Jr.; Haller, K .  J.  J. A n .  Chem. SOC. 1987, 109, 6886. 
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l a  + l b  - GO 

W(V~-C(O)CH~S~M~,)(S~CNM~~)(CO)~(PM~,) + PMe, 

( 5 )  

structure D. As discussed below, in the absence of steric 
constraints that could favor the alkyl carbonyl to $acyl 
rearrangements, the transformation shown in eq 5 must 
be entirely ascribed to electronic factors. 

7 

Carmona e t  al.  

P 

D 

W(CH,)(L-L)(CO),(PMe,)z Compounds. Crystal 
and Molecular Structure of W(CH3) (acac) (CO),- 
(PMe3)2. The compounds W(CH,)(S,CX)(CO),(PMe,), 
(X = NMe?Sb N-i-Pr2 (8), NC5Hlo (piperidine-derived di- 
thiocarbamate, g), OMe (lo), OEt (111, 0-i-Pr (12)) can 
be obtained by addition of small amounts of water to so- 
lutions of the Me3SiCH2 complexes l or 4-6, as exemplified 
in eq 6 for compounds 4, or by reaction of the chloromethyl 

4a + 4b - W(CH3)(S2CN-i-Pr2)(C0)2(PMe3)2 (6) 

derivative W(CH3)C1(CO)2(PMe3)~b with the correspond- 
ing dithiocarbamate or xanthate salt (eq 7). For some of 

W(CH3)Cl(C0)2(PMe3)2 + NaS2COMe - 
W(CH3)(S2COMe)(C0)2(PMe3)2 + PMe, + NaCl (7) 

the reactions investigated, the hy.drolytic cleavage of the 
C-Si bond shown in eq 6 is so facile that  small amounts 
of adventitious water which cannot be removed from our 
reaction systems to such an extent are able to cause the 
depicted transformation. Compounds 8-12 are red-orange 
crystalline materials, very soluble in most common organic 
solvents. Their IR spectra display two strong CO ab- 
sorptions in the range 1900-1800 cm-' in addition to 
characteristic bands associated with the bidentate sul- 
fur-containing ligand.', On the other hand, the metal- 
bonded methyl group in these complexes affords a high- 
field 'H NMR resonance at  ca. 0.9-0.3 ppm, which appears 
as a triplet (,JW N 8.5 Hz) as a consequence of its coupling 
with the two equivalent ,'P nuclei. Other spectroscopic 
data for these compounds are also similar to those reported 
for the related methyl complex W(CH3) (S2CNMe2)- 
(CO)z(PMe,)2.9b They are collected in Tables 1-111 and 
require no additional comments. 

With the aim of ascertaining whether the chelating 
acetylacetonate ligand could stabilize an alkyl carbonyl 
species analogous to the dithiocarbamate and xanthate 
complexes described above, the reaction of W(02-C(0)- 
CH,SiMe,)Cl(CO) (PMe,), with Tl(acac) has been carried 
out. However, and in spite of our efforts to completely 
remove traces of water from our reaction system, the ex- 
pected (trimethylsily1)methyl derivative could not be iso- 
lated, the reaction providing instead the methyl complex 
W(CH,)(~C~C)(C!O)~(PM~,), (13). Spectroscopic data for 
this complex are in agreement with the proposed formu- 

H2O 

8 

10 

(13) (a) Coucouvanis, D. Prog. Inorg. Chem. 1970, 11, 233; 1979, 26, 
301. (b) Paparizos, C.; Fackler, J. P. Inorg. Chem. 1980, 19, 2886. (c) 
Abrahamson, H. B.; Freeman, M. L.; Hossain, M. B.; Van der Helm, D. 
Inorg. Chem. 1984,23, 2286. 

c12 -% 

_ _  c2 ' 

c22 

U 

Figure 1. ORTEP drawing of complex 13. 

Table IV. Crystal and Refinement Data for 13 

formula WC14H2804PZ 
cryst syst orthorhombic 
space group Pbca 

b, A 13.779 (3) 
c, A 26.813 (5) 
v, A3  4105 (1) 
Z 8 
F(000) 1984 
p(calcd), g cm-3 1.64 
temp, "C 22 
p, cm-' 59.1 
cryst dimens, mm 
diffractometer Enraf-Nonius CAD4 
radiation graphite-monochromated Mo Ka 

a, A 11.110 (2) 

0.4 X 0.4 X 0.2 

(A = 0.71069 A) 
scan technique Ql20 
data collected (000)-( 14,17,35) 
no. of rflns collected 5458 
no. of unique data 4786 
no. of unique data (I I 2 4 ) )  2437 
R(int), YO 0.9 
no. of std reflns 21108 rflns 
decay 51170 variation 
RF, 70 4.1 
R ( w ) F ,  70 5.0 
av shift/error 0.2 

lation. These data show some similarities with those found 
for compounds 8-12, but there are also some noticeable 
differences. In particular, thf: two phosphine ligands give 
rise to a doublet, both in the 'H and in the 13C('Hj NMR 
spectra, suggesting a cisoid distribution of these groups, 
in contrast with the transoid arrangement found for the 
same ligands in compounds 8-12. For this reason and 
because of the scarcity of X-ray studies on alkyl derivatives 
of this type, an X-ray structural determination of 13 has 
been undertaken. 

Figure 1 shows an ORTEP perspective view of this com- 
plex that includes the atom numbering scheme. Selected 
interatomic bond distances and angles are summarized in 
Table V. The tungsten atom is in a seven-coordinate 
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Scheme I. Rocking Motion of the Acyl Ligand in 

77 

Complexes 1 b, 2, and 3O 
P P 

Table V. Bond Distances (A) and Angles (deg) for 13 
w-P1 2.461 (4) P2-C21 1.79 (2) 
w-P2 
w-03 
W-04 
w-Cl 
w-c2 
W-C8 
P1-c11 
P1-c12 
P1-c13 

C2-W-C8 
Cl-W-C8 
c1-w-c2 
04-W-C8 
04-W-C2 
04-W-C1 
03-W-C8 
03-W-C2 
03-W-C1 
03-W-04 
P2-W-C8 
P 2-w-c 2 
P2-W-c1 
P2-W-04 
P2-W-03 
Pl-W-C8 

2.554 (5) 
2.20 (1) 
2.16 (1) 
1.94 (2) 
1.92 (2) 
2.29 (2) 
1.85 (2) 
1.83 (2) 
1.87 (1) 

116.5 (7) 
117.7 (7) 
102.0 (7) 
78.1 (5) 

156.0 (5) 
85.7 (5) 
78.0 (5) 
83.9 (5) 

156.7 (5) 
80.7 (4) 

154.5 (5) 
76.8 (5) 
77.4 (6) 
82.9 (3) 
82.1 (3) 
73.5 (5) 

P2-C22 
P2-C23 
03-C3 
04-C5 
01-c1 
02-c2 
C3-04 
C3-C6 
c4-c5 
c5-c7 

P1-w-c2 
P1-w-c1 
P1-W-04 
Pl-W-03 
P1-w-P2 
W-03-C3 
W-0445 
w-c1-01 
w-c2-02 
03-C 3-C 6 
03-C3-C4 
C4-C3-C6 
c3-c4-c5 
04-C5-C4 
c4-c5-c7 
04-C5-C7 

1.80 (3) 
1.73 (2) 
1.28 (2) 
1.28 (2) 
1.22 (2) 
1.20 (2) 
1.39 (2) 
1.50 (3) 
1.42 (2) 
1.52 (2) 

73.4 (5) 
73.2 (5) 

130.5 (3) 
129.8 (3) 
132.1 (2) 
133.0 (9) 
130.7 (9) 
174 (1) 
174 (1) 
116 (1) 
124 (1) 
120 (1) 
124 (1) 
127 (1) 
118 (1) 
115 (1) 

Table VI. Atomic Fractional Coordinates of the 
Non-Hydrogen Atoms and Equivalent Isotropic Thermal 

Parameters for 13 
atom x / a  Y l b  Z I C  u,,, A2 

W 0.43872 (5) 0.17569 (4) 0.38019 (2) 390 (1) 
P1 0.6049 (3) 0.2935 (3) 0.3761 (2) 487 (11) 
P2 0.3682 (4) 0.0441 (3) 0.3198 (2) 623 (16) 
0 3  0.4025 (9) 0.0614 (8) 0.4355 (4) 563 (37) 
04  0.2474 (9) 0.1979 (7) 0.3901 (3) 523 (32) 
01 0.4025 (11) 0.2977 (9) 0.2818 (4) 813 (49) 
0 2  0.6661 (11) 0.0495 (9) 0.3599 (6) 1095 (67) 
C1 0.4194 (15) 0.2467 (9) 0.3184 (8) 526 (51) 
C2 0.5827 (15) 0.1024 (10) 0.3677 (6) 587 (59) 
C3 0.3082 (15) 0.0373 (11) 0.4600 (6) 556 (54) 
C4 0.1951 (14) 0.0778 (12) 0.4523 (5) 514 (51) 
C5 0.1718 (13) 0.1555 (10) 0.4190 (6) 560 (54) 
C6 0.3228 (17) -0.0462 (15) 0.4952 (7) 857 (78) 
C7 0.0425 (13) 0.1895 (12) 0.4137 (7) 720 (64) 
C8 0.4330 (18) 0.2621 (15) 0.4530 (6) 873 (75) 
C12 0.6969 (15) 0.2912 (15) 0.3194 (7) 786 (74) 
C11 0.7244 (15) 0.2832 (14) 0.4239 (7) 760 (70) 
C13 0.5661 (14) 0.4257 (9) 0.3790 (7) 650 (53) 

C22 0.4387 (27) 0.0451 (17) 0.2592 (10) 1461 (132) 
C23 0.2203 (20) 0.0521 (20) 0.2996 (9) 1412 (119) 

environment that can approximately be described14 as 
capped octahedral, with the phosphine ligand P1 capping 
the triangular face formed by the two carbonyls and the 
methyl group. The two oxygen atoms of the acac ligand 
are approximately trans with respect to the carbonyl 
groups (for instance, C-W-0 angles of 85.7 (5) and 156.7 
(5)O for the carbonyl carbon C l ) ,  while the remaining 
phosphine, P2, occupies the sixth vertex of the distorted 
octahedron. The structural parameters collected in Table 
V also allow an alternative description of the coordination 
polyhedron of 13 as approximately a capped trigonal prism, 
with P2 capping the quadrilateral face formed by the two 
carbonyls and the two oxygen atoms of the acac ligand. 

The bond lengths from tungsten are not unusual and 
are of the same order of magnitude as those reported in 
the literature for related complexes. For example, the 
average W-C bond length for the carbonyl ligands is 1.93 

C21 0.3802 (33) -0.0809 (13) 0.3369 (12) 1962 (181) 

(14) Melnik, M.; Sharrock, P. Coord. Chem. Reu. 1985, 65, 49. 

I P P 

(I The sulfur atom of the dithiocarbamate ligand trans to  the acyl 
has been omitted for clarity. 

(2) A, very close to the values of 1.95 and 1.97 8, found 
respectively for the complexes W(S2CO-i-Pr-S)(S2CO-i- 
Pr-S,S?(CO)2(PMe3)215 and W(S2CNEt2) (CO)2(PPh,).16 
The W-CH, bond separation, a t  2.29 (2) 1, is also similar 
to the value of 2.28 (1) A found for the related complex 
W(CH3)(S2CNMe )(CO)2(PMe3)2,9b while the W-P dis- 
tance of 2.507 (5) 1 (average) is in the range usually found 
in tungsten carbonyl phosphine complexes. On the other 
hand, the P-W-P angle of 132.1 ( 2 ) O  corresponds to a 
cisoid distribution of the PMe, ligands and this explains 
the observation, already discussed, of a doublet for the 
phosphine methyl protons due to intermediate or low 
,lP-,lP coupling. Finally, the bidentate acetylacetonate 
ligand exhibits a 0-W-0 bite angle of 80.7 ( 4 ) O ,  with W-0 
distances of 2.20 (1) and 2.16 (1) A. 

Discussion 
Some brief comments can be devoted a t  this point to 

the mechanism allowing for the exchange of the phosphine 
ligands and of the acyl methylene protons in compounds 
lb ,  2, and 3. The available data indicate this process is 
intramolecular and does not involve phosphine dissocia- 
tion. A fast equilibrium involving a short-lived 7C alkyl 
carbonyl intermediate can be disregarded on the basis of 
the data discussed for the equilibrium la lb. On the 
other hand, the intermediacy of a short-lived ql-acyl com- 
plex, rapidly equilibrating the two isomeric $-acyl struc- 
tures that respectively have the oxygen atom of the acyl 
in an exo and an endo position with regard to the adjacent 
carbonyl ligand seems unlikely on chemical grounds and 
moreover is not in agreement with the variable-tempera- 
ture 'H and 13C(lHJ NMR data recorded for these com- 
pounds. Furthermore, isomerizations of this type are 
usually irreversible, one of the isomers being thermody- 
namically much more stable than the other." The data 
are, however, consistent with a rocking motion of the acyl 
ligand around the Mo-q2-C(0)R bond axis that effectively 
time-averages the symmetry to C,, as shown in Scheme I. 
This process is analogous to , that  proposed by Curtis6 to 
explain the dynamic behavior of related acyl species. 

The characterization of the above and other related 
q2-acyl complexes of Mo and W and, in some cases, of the 
isomeric 7C alkyl carbonyl derivatives (structure B and A, 
respectively) allow some generalizations to be made with 
respect to the influence of steric and electronic effects on 
the relative stability of these isomeric formulations. 

The alkylation of complexes MC12(C0)2(PMe3)3 (M = 
Mo, W) with Grignard or organolithium reagents derived 

_ _ _ _ _ _ _ _ _ _ ~ ~ ~ ~  ~~ ~ 

(15) Carmona, E.; Contreras, L.; SBnchez, L. J.; Giltierrez-Puebla, E.; 

(16) Templeton, J. L.; Ward, B. C. J. Am. Chem. SOC. 1981,103,3743. 
(17) Cardaci, G.; Bellachioma, G.; Zanazzi, P. Organometallics 1988, 

Monge, A. J. Chem. SOC., Dalton Trans. 1989, 2003. 

7, 172. 
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from the alkyl groups CH,, CH2SiMe3, CH2CMe3, and 
CH2CMe2Ph furnishes the bidentate Mo acyl complexes 
Mo(.rl2-C(O)R)C1(CO)(PMe,), in all the cases studied and 
the analogous tungsten complexes W( q2-C( O)R)Cl( C0) -  
(PMe,),, with the only exception being the W-CH, de- 
rivative, which adopts the alkyl carbonyl structure, W- 
(CH,)Cl(CO),(PMe,),. Clearly, the $-acyl structure is 
favored for the majority of the compounds investigated. 
These results can be accounted for by considering that the 
stability of the $acyl structure is influenced by both steric 
and electronic effects. The former can be invoked to ex- 
plain the formation of the $-acyl complexes of tungsten 
for the bulkier R groups (CH2SiMe3, CH2CMe3, and 
CH2CMe2Ph), while the adoption of the alkyl formulation 
for W(CH,)Cl(C0)2(PMe3)3, as opposed to the bidentate 
acyl structure of Mo(~~-C(O)CH,)C~(CO)(PM~,),, can be 
attributed to the higher metal basicity of the tungsten 
compound.18 In accord with this, the room-temperature 
carbonylation of W(CH3)C1(C0)2(PMe,), yields exclusively 
the $-acetyl W(~2-C(0)CH3)Cl(CO)2(PMe3)2. 

The substitution in complexes of this type of the chlo- 
ride and of one of the PMe, ligands by the three-elec- 
tron-donor S2CNR’* group has been shown to produce a 
significant increase in the electron density a t  the metal 
center (vide supra). Accordingly, W(CH3)(S2CNR’2)- 
(C0)2(PMe3)2 compounds, obtained from W(CH3)C1- 
(C0)2(PMe3)3 and NaS2CNR’2, should only exist as methyl 
carbonyl derivatives, whereas the reaction of the acyl 
species M(v2-C(0)R)Cl(CO)(PMe,), with NaS2CNR’2 
could, in favorable instances, induce the q2-acyl to alkyl 
carbonyl transformation. In accord with this, only the 7C 
structure A has been found for the compounds W- 
(CH3)(S2CNR’2) (C0)2(PMe3)2. Their carbonylation pro- 
duces, however, the q2-acetyl complexes W(q2-C(0)- 
CH3)(S2CNR’2)(C0)2(PMe3). I t  is worth recalling a t  this 
point that the reaction of Mo(~~-C(O)CH,)C~(CO)(PM~,), 
with NaS2CNMe2 furnishes the unique acetyl complexes 
MO(C(O)CH~)(S,CNM~,)(CO)(PM~~)~, in which there is 
a strong interaction between the Mo atom and a P-C-H 
bond of the acetyl group. Hence, it seems that the latter 
reaction induces the expected v2-acyl to alkyl carbonyl 
transformation, although instead of the methyl carbonyl 
complex and “intermediate” agostic structure is obtained. 

Finally, whereas the chloro derivatives W(v2-C(0)R)- 
Cl(CO)(PMe3)3 (R = CH,SiMe,, CH2CMe3, CH2CMe2Ph) 
exist only as the v2-acyl isomers, their reactions with 
NaS2CNR’2 salts provide the  $acyls W(vz-C(0)- 
R)(S2CNR’2)(CO)(PMe,)2 where R = CH2CMe3 and 
CH2CMe2Ph but an isomeric mixture of the 6C +acyl 
species and of the 7C alkyl carbonyl complex W- 
(R)(S2CNR’2)(CO)2(PMe3)2 for R = CH2SiMe3. Again the 
above chemical transformation produces an increase in the 
negative charge a t  the metal, thus favoring the alkyl car- 
bonyl formulation. Nevertheless, the steric bulkiness of 
the neopentyl and neophyl groups prevents adoption of 
the 7C structure, while for the less bulky CH2SiMe3 group 
(note that the steric demands of the alkyl groups inves- 
tigated in this work vary in the order CH, < CH2SiMe3 

CH2CMe3 < CH2CMe2Ph) an equilibrium between the 
two formulations is readily attained. In excellent accord 
with these observations, the carbonylation of this isomeric 
mixture produces exclusively an +-acyl complex, W(+C- 
(0)CH2SiMe3)(S2CNR’2)(CO)2(PMe,). 

. 

Carmona et  al. 

(18) Shriver, D. F. Acc. Chem. Res.  1970, 231. 
(19) Carmona, E.; Contreras, L.; Sinchez, L. Unpublished observa- 

tions. 

Experimental Section 
Microanalyses were carried out by Pascher Microanalytical 

Laboratory, Bonn, Germany, and by the Analytical Service of the 
University of Seville. All preparations and manipulations were 
carried out under oxygen-free nitrogen, by following the con- 
ventional Schlenk techniques. Solvents were dried and degassed 
before use. Sodium dialkyldithiocarbamate salts were dried by 
heating at 70-90 “C for 2-3 days under vacuum. WC1,(CO)z- 
(PMe,), was synthesized as described previously.20 

IR spectra were recorded as Nujol mulls, or in an appropriate 
solvent, on Perkin-Elmer Models 577 and 684 instruments. ‘H, 
13C, and 31P NMR spectra were run on a Varian XL-200 spec- 
trometer. ,‘P NMR shifts were referenced to external 85% H,PO,, 
while ‘H and 13C NMR shifts were referenced to the residual 
signals of the deuterated solvents employed, and are all reported 
in ppm downfield from Me4&. 

Preparation of W( &C( O)CH,SiMe,)( S2CX)(CO)(PMe3), 
(X = NMez (lb),  N-i-Pr, (4b), OMe (5b), 0-i-Pr (6b)), W- 
(q2-C( O)CH2CMe3) ( S2CNMe2) (CO) (PMe3), (2), and W( q2-C- 
(0)CH2CMe2Ph)(SzCNMe2)(CO)(PMe3)z (3). All of these 
preparations were performed in an identical manner. The pro- 
cedure involving the reaction of W(qz-C(0)CH,SiMe3)C1(CO)- 
(PMe,), with NaS2CNMe2 is presented as a representative ex- 
ample. 
W( q2-C( O)CH,SiMe,)( S2CNMe2) (CO) (PMe,), (1 b). W- 

(q2-C(O)CH2SiMe3)C1(CO)(PMe3), (0.59 g, 1 mmol) was dissolved 
in 40 mL of EGO. A slight excess of anhydrous NaSzCNMez (0.17 
g, 1.2 mmol) was added, and the reaction mixture was stirred for 
8 h. The progress of the reaction was monitored by IR spec- 
troscopy of the supernatant solution. Intermediate species were 
not detected, but three new carbonyl bands, characteristic of the 
mixture l a  + Ib, gradually appeared at the expense of the single 
o(C0) band of the starting material. A white solid that formed 
at this stage was discarded by centrifugation. The solvent was 
removed under vacuum and the residue crystallized from pe- 
troleum ether (15 mL) at 0 “C to afford red crystals of l b  in 75% 
yield. 

From the appropriate chloro acyl complexes and dithio- 
carbamate or xanthate salts the following compounds were ob- 
tained in similar yields by the above procedure: W(q2-C(0)- 
CH2SiMe3) (S2CN-i-Prz) (CO)( PMe,), (4b) ,  W( q2-C( 0)-  
CH2SiMe3) (S2COMe) (CO)(PMe3), (5b) ,  W(q2-C(0)- 
CH2SiMe3)(S2C0-i-Pr)(CO)(PMe3), (6b), W(q2-C(0)- 
CH2CMe3)(S2CNMe2)(CO)(PMe3), (21, W(qz-C(0)- 
CHzCMezPh)(SzCNMe2)(CO)(PMe3)2 (3). They were isolated as 
dark red microcrystalline solids from petroleum ether, with the 
exception of the S2CO-i-Pr-CH,SiMe3 derivative, which was 
obtained as a red oily mixture of the alkyl and ?,-acyl isomers. 

In some instances yellow-orange crystals of the alkyl dicarbonyl 
isomers of lb,  4b, and 5b were also obtained from the above 
petroleum ether solutions and separated manually from their 
q2-acyl carbonyl isomers inside the drybox. Their IR spectra 
(Nujol mulls) recorded immediately after their isolation revealed 
the presence of two carbonyl bands as well as that of the char- 
acteristic absorptions of the CH2SiMe3 ligand at  ca. 1250 cm-’. 
An equilibrium between the ?,-acyl and the alkyl carbonyl isomers 
was quickly attained in solution, a t  room temperature, for these 
CH2SiMe3 derivatives. 

In spite of our efforts to eliminate traces of water from our 
reaction systems, the analogous reactions of W(q2-C(0)- 
CH2SiMe3)C1(CO)(PMe3), with NaSzCNC,H,o, NaS2COEt, and 
Tl(acac) provided directly the methyl complexes W(CH3)(L- 
L)(CO),(PMe,), (L-L = S2CNCSHlo (9), SzCOEt ( l l ) ,  acac (13)). 

Preparation of W(q2-C(O)CH2SiMe3)(SZCNMez)(Co),- 
(PMe,) (7). This complex has been obtained by reaction of EgO 
solutions of W(q2-C(O)CH2SiMe3)(S2CNMeZ)(CO)(PMe3), with 
CO under rigorously HzO-free conditions. It was isolated from 
Et20 at  -20 “C as yellow crystals in ca. 70% yield. 

Preparation of W(CH3)(L-L)(CO),(PMe3)2 (L-L = S&N- 
i-Pr2 (8), S2CNC6Hlo (9), S,COMe (lo),  S2COEt ( l l ) ,  S2C0- 
i -Pr  (12). acac (13)). Method I. The salt NaSzCN-i-Pr2 (0.2 
g, 1 mmol) was added to a yellow solution of W(CH,)CI(CO),- 

(20) Carmona, E.; Doppert, K.; Marin, J. M.; Poveda, M. L.; Sinchez, 
L.; Sinchez-Delgado, R. Inorg. Chem. 1984,23, 530. 
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(PMe3)3 (0.54 g, 1 mmol) in EhO (40 mL). The reaction mixture 
was stirred at ca. 10 "C for 8 h, during which time a pale red color 
developed. The solvent was then reduced in vacuo to 10-15 mL. 
After centrifugation and cooling at -10 O C  W(CH3)(S2CN-i- 
Pr2)(C0)2(PMe3)2 was obtained as orange crystals in 80% yield. 

Method 11. To a red solution of an equilibrium mixture of 
W(~2-C(0)CHzSiMe3)(S2CN-i-Pr2)(CO)(PMe3)2 and its alkyl 
isomer (0.65 g, 1 mmol) in acetone was added deaerated distilled 
water (1 drop), and the resulting solution was stirred for 1 h. 
Volatile components were then removed under reduced pressure, 
and the residue was extracted with EhO (15 mL). Crystallization 
at -10 "C afforded 8 in practically quantitative yield. From 
W(CH3)CI(C0)z(PMe3)3 and the appropriate salts (NaS2CNR2, 
KS2COR, and Tl(acac)) or by generation of W($C(O)- 
CH2SiMe3)(L-L)(CO)(PMe3)z complexes in situ and subsequent 
addition of 1-2 drops of HzO, the following compounds were 
obtained in similar yields by using analogous procedures: W- 
(CH3)(S2CNCSH10)(C0)2(PMe3)2 (91, W(CH3)(S&OMe)(C0)2- 
(PMe3h ( l o ) ,  W(CH~)(SZCOE~)(CO)~(PM~,), (111 ,  W- 
(CH3)(S2CO-i-Pr)(C0)2(PMe3)2 (12), and W(CH,)(~C~C)(CO)~- 
(PMe& (13). They were isolated as yellow-orange crystalline solids 
by cooling Et20 solutions of these complexes at -30 "C. 

X-ray Structure Determination. A summary of the fun- 
damental crystal data is given in Table IV. A single crystal was 
introduced in a glass capillary and mounted in a Kappa dif- 
fractometer. The cell dimensions were refined by least-squares 
fitting the values of 25 reflections. The intensities were corrected 
for Lorentz and polarization effects. Scattering factors for neutral 
atoms and anomalous dispersion corrections for W and P were 

1991,10, 79-89 79 

taken from ref 21. The structure was solved by Patterson and 
Fourier methods. An empirical absorption correctionz was applied 
at the end of the isotropic refinement. Final refinement with fixed 
isotropic factors and coordinates for H atoms gave RF = 0.041 
and R ( w ) ~  = 0.050. Most of the calculations were carried out with 
the X-Ray 80 system.23 

Acknowledgment. -We thank the Direcci6n General 
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research (Grant No. PB86-0653). 

Note Added in Proof. Recent work carried out in our 
laboratorylg has shown that  in molybdenum complexes 
related to the tungsten compounds described in this con- 
tribution, the agostic acetyl formulation is indeed an al- 
ternative thermodynamic structure to their isomeric $-acyl 
and alkyl carbonyl formulations. 

Supplementary Material Available: Tables of H atom 
coordinates and thermal parameters for 13 (2 pages); a table of 
observed and calculated structure factors (32 pages). Ordering 
information is given on any current masthead page. 

(21) International Tables for X-Ray Crystallography; Kynoch Press: 

(22) Walker, N.; Stuart, D. Acta Crystallogr. 1983, A39, 158. 
(23) Stewart, J. M. The X-Ray80 System; Computer Science Center, 

Birmingham, U.K., 1974; Vol. IV, p 72. 

University of Maryland: College Park, MD, 1985. 

Vinylidene, Acetylide, and Carbene Complexes from Reactions 
of 2,5-Dithiahex-3-yne (MeSCECSMe) with Cp(PMe,),Ru+ 

David C. Millert and Robert J. Angelici' 

Department of Chemistry and Ames Laboratory, ' Iowa State University, Ames, Iowa 500 1 1  

Received January 29, 1990 

The alkyne MeSCrCSMe initially displaces C1- in Cp(PMe3)2RuC1 a t  room temperature in MeOH to 
form the sulfur-bound alkyne complex (Cp(PMe3)2R~[S(Me)C=CSMe]JPF6 (1). When it is warmed, 1 
rearranges to the vinylidene complex [Cp(PMe3)2Ru=C=C(SMe)2]PF, (2). Complex 2 is reduced by 
Na[HBEt3] or Na/Hg to give the thioacetylide Cp(PMe3)2Ru-C&SMe (5) and MeSSMe. The vinylidene 
complexes [Cp(PMe3)2Ru=C=C(R)(SMe)]+ (6, R = H; 7, R = Me) are formed by electrophilic addition 
to the @-carbon of the thioacetylide 5. Addition of CuCl to 5 forms Cp(PMe3)2Ru(C=CSMe)(CuCl) (8), 
in which the copper is a-bound through the C=C group. Reaction of 6 with methanol and ethanol yields 
the alkoxycarbene complexes [Cp(PMe3)2Ru=C(OR)(CH2SMe)]BF4 (l la,  R = Me; l l b ,  R = Et). De- 
protonation of l la with NaOMe yields the vinyl complex Cp(PMe3)2Ru[C(OMe)=C(H)SMe] (12). Addition 
of [Me30]BF4 to complexes 6 and 7 yields the first examples of sulfoniovinylidene dicationic complexes 
[Cp(PMe3)2R~=C=C(R)(SMez)](BF4)2 (9, R = H; 10, R = Me). An X-ray diffraction investi ation shows 
that 9 crystallizes in space group ml/n with a = 16.641 (2) A, b = 8.861 (1) A, c = 18.168 (2) 1, @ = 114.80 
(l)', and 2 = 4. Complexes 7 and 10 undergo one- and two-electron reductions, respectively, to give the 
acetylide Cp(PMe3)2Ru--C=tMe (14) and MeSSMe (for 7) or SMez (for 10). Complexes 6 and 9 are readily 
deprotonated to give 5 and the sulfonioacetylide [ Cp(PMe3)2Ru-C=CSMez]BF4 (13), respectively. 
Mechanisms of the reactions and structural features of the vinylidenes are discussed. 

Introduction 
There has been considerable experimental and theo- 

retical interest in reactions between transition-metal cen- 
ters and alkynes.2 Alkynes, when reacted with a single 
ruthenium metal center, are known to  give a variety of 
reaction products: the alkyne can form *-alkyne com- 
plexes,3-10 i t  can insert into a M-H or M-C bond of metal 
hydride or metal alkyl complexes,ll-l* 1-alkynes form 

Current address: Research and Development, Phillips Petroleum 
Co., Bartlesville, OK 74004. 

0276-7333 f 91 f 23lO-OO79$02.50 f 0 

metal-bound vinylidene complexes via a 1,2-hydrogen 
and a variety of alkynes are known to  form 

(1) Ames Laboratory is operated for the U.S. Department of Energy 
by Iowa State University under Contract W-7405-Eng-82. This research 
was supported by the Office of Basic Energy Sciences, Chemical Sciences 
Division. 

(2) (a) Nast, R. Coord. Chem. Reu. 1982, 47,89. (b) Zoellner, R. W.; 
Klabunde, K. J. Chem. Reu. 1984, 84, 545. (c) Kane-Maguire, L. A. P. 
In Mechanisms of Inorganic and Organometallic Reactions; Twigg, M. 
V., Ed.; Plenum Press: New York, 1985; Vol. 3, p 321. (d) Davidson, J. 
L. Reactions of Coordinated Ligands; Braterman, P. S., Ed.; Plenum 
Press: New York, 1986 Vol. 1, pp 825-888. (e) Albers, M. 0.; Robinson, 
D. J.; Singleton, E. Coord. Chem. Reu. 1987, 79, 1. 
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