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Abstract 

Trimethylsilylmethyl complexes of ruthenium and tungsten, Cp(CO),RuCHaSiMe, (1) (Cp = ns-CsHs) and Cp(C0)3WCH,SiMe, 

(2) were prepared by reactions of ClMgCH,SiMe, with Cp(CO),RuCI and Cp(CO),WCl respectively, in ether at low temperature. 

The complex (CO)sReCH,SiMe, (3) was prepared by reaction of ICH,SiMe, with NaRe(CO), in THF. In contrast to the severe 

conditions required for the CO insertion reactions of Cp(CO),RuCH, and Cp(CO),WCH,, carbonylation reactions of 1 and 2 with 

PPh, took place readily under mild conditions and gave two acyl complexes Cp(COXPPh,)RuC(O)CH, (4) and 

Cp(CO),(PPh,)WC(O)CH, (5) respectively. The reaction of 3 with PPh, in CD,CN retained the trimethylsilyl group and gave both 

the acyl product (CO),(PPh,)ReC(O)CHaSiMe, (6) and the substitution product (CO),(PPh,)ReCH,SiMe, (7). The CO insertion 
reactions of these three complexes are believed to be assisted by the M-C-Si angles being rather larger. The Ru-C-Si angle of 1 is 

119”. 

Complexe: 1 and 5. l.SC%H, were confirmed by X-ray crystallography: Crystal data for 1: space group Pi, a = 6.933(l) A, 

b = 8.455(l) A, c = 12.001(l) A, (Y = 105.88(l)“, p = 98.41(l)“, y = 92.55(l)“, t’= 666.7 A3, Z = 2; R(F) = 0.0296, R,(F) = 0.0254, 
based on 4586 reflections with I > 30(I). Crystal data for 5: space group Pi, a = 8.922 (2) A, b = 13.496(2) A, c = 13.925(2) A, 

a = 102.94(l)“, p = 109.71(2)“, y = 87.13(l)“, I/= 1537.9 A3, Z = 2; R(F) = 0.0253, R,(F) = 0.0190, based on 4596 reflections with 

I > 3a(I). The other complexes were characterized by spectroscopic studies. 

1. Introduction 

CO insertion reaction is a key step in homogeneous 
catalysis and in the synthesis of organometallic com- 
pounds [l]. Factors known to govern the rate of CO 
insertion reaction include the entering ligand, solvent 
and alkyl group. Rather limited information is avail- 
able on how the nature of the alkyl group affects the 
rate of CO insertion. Metal carbonyl complexes with 
methyl ligands show reduced rates of insertion as addi- 
tional electron-withdrawing substituents are added. 
However, other factors may also make a substantial 
difference in the reaction rate [lb]. 

In a dinuclear ruthenium-methylene complex [2], 
[C~(CO),RUI,(~-CH,), a facile CO insertion under 
relatively mild conditions (25°C 40 psi CO) was ob- 
served. In contrast to this complex, ruthenium methyl 
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complex and its analogues [3] e.g., Cp(CO),RuCH,X 
(X = OMe, OC(O)R), do not undergo CO insertion 
even at 100°C and 1000 psi CO pressure. The facile CO 
insertion reaction of the ruthenium-methylene complex 
was rationalized with a relatively large Ru-C-Ru an- 
gle (123”), which is larger than that of the sp” hybrid 
orbital (109.5”). The methylene-bridged complex con- 
taining a metal-metal bond, [Cp(CO)Ru],(p-CO)(p- 
CH,), whose Ru-CH,-Ru bond angle is 81.3”, does 
not undergo CO insertion. These results suggest that in 
addition to electronic and steric effects, the bond angle 
of M-C-M may also have some effect on the rate of 
CO insertion reactions. 

Most of the M-C-Si angles of complexes containing 
CH,Si(CH,), groups are larger than that of the sp” 
hybrid orbital as listed in Table 1. The average of these 
angles is about 120 + 5”. These complexes contain no 
CO group and thus are inadequate for studying CO 
insertion reactions. It is our interest here to synthesize 
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TAl3L.E I. M-C-Si anplrs for some selected compc~uncb 
~____ 

Compound Angle (“) Ref. 
______ ______ 

CpRu(CO),CII,SiMri 110.6 Tllij work 

Nh,(CSiMe),(C‘tI,SiM~,) 1 I’1.t; -1 
Mo2(CH,SiMe,), 131.1 

Crl(CHLSiMe,),(PMri), I I’).5 it 
W,(C’H ,SiMe ;I(, 170 7 

Th(r)i-(C‘II ,),(‘,),(CH2SiMe,), II0 8 

In(CH,(‘Mr,)(CH,SiMe,r 13.1 0 

complexes containing both the trimethylsilylmcthyl and 
CO groups to find the effect of the M-C’-Si angle on 
the rate of CO insertion. We report here the syntheses 
and CO insertion reactions of three metal-carhonyl 
complexes containing M-CH?SiMe: groups CM = Ru. 
W. Re). 

2. Experimental section 

2.1. Generul procedtw 
All manipulations were carried out under an atmo- 

sphere of dry oxygen-free nitrogen by Schlenk tech- 
niques or in a nitrogen-filled glovebox. unless other- 
wise noted. Solvents were dried and deoxygcnated by 
refluxing over the appropriate reagents bcforc use. 
THF was purified by distillation from sodium/ 
benzophenonc. and n-hexane from calcium hydride. 
Infrared spectra were recorded on ;I Perkin-Elmer 9X.3 
or Jasco IR-XI0 spectrometer. using cells equipped 
with calcium fluoride windows. NMR spectra were 
recorded on a Bruker AM-3OOWB FT-NMR spectrom- 

eter. Elemental analyses were performed with a 
Perkin-Elmer 240C elemental analyzcr. Mass spectra 
were obtained on a JEOL JMS D300 spectrometer. 

2.2. Sturting materials 

Cp(CO),RuCI [IO]. Cp(CO),WCl [I I] and 
NaRc(CO), [I21 were prepared according to previously 
reported procedures. Dirhenium decacarbonyl (Strem). 
iodomcthyltrimcthylsilane (Aldrich), trimethylphos- 
phine and triphenylphosphinc (Merck) were purchased 
and used without further purification. 

A solution of CICHzSiMe, 70.65 ml, 5.3 mmol) in 
diethyl ether (3 ml) was added dropwise to a three 
necked flask containing Mg ribbon (0.14 g. 5.8 mmol) 
and diethylether (3 ml). Two drops of bromoethane 
were added to promote this reaction. This Grignard 
reagent was then cooled to -5°C and added dropwise 
to a flask containing Cp(CO),RuCl (0.5 g. I.9 mmol) 
and diethyl ether (IS ml) at -S°C. The mixture was 
stirred for 4 h and allowed to warm to room tempera- 

turc. Solvent was then removed under reduced prcs- 
sure. The product was extracted by hexane and puri- 
fied by passing through a silica gel-packed column. 
Yield: 0.15 g (7Oci( ). Calcd for C’, , H ,,,O,RuSi: C, 42.53; 
H. 5.1X. Found: (I‘. 11.71: H 5.09c,;. IR: v(CO) 2015, 
1965 cm ‘. ‘H NMR (c‘,,D,,!: 4.51 (s, SH. (‘PI. 0.05 (s, 
9H. Me,). ~- 0. I5 (4. ‘H. CH 1 ). 

2.4. .Syrlthesi.s of Cp WCO),CH,, SiMtJ_, 

The proccdurc was similar to that for the Ru ana- 
logue. Instead of Cp((_‘O),RuCI. Cp(CO)3WCI (0.59 g, 
1.6 mmol) was added to the Grignard reagent to give 

Cp(C‘O);WC’H,SiMc,. Yield: 0.7 g (Xi’;). IR: v(CO) 
2020 cm ‘. 10.10 cm i, ‘I-i NMR (C,D,): 4.47 (s. SF-I. 
Cp), 0.25 (s. OH, CH;). -0.15 (s. ?t-1. CH,), ‘jC 
iacetone+/,, ): - 37.30 (s, CH, 1. 2.57 (5. CH ?). 05.71 (s. 
c‘p). 

A THF solt&ion of NaR&CO), (about 1.7 mmol), 
separated from excess NajHg. was transfered to an- 
other flask and then cooled to 0°C for 20 min. A flask 
containing lCH,SiMe, (0.23 ml. I.6 mmol) in THF (5 
ml) was also cooled to O”(‘. ‘I‘hc iodomcthyltrimcthylsi- 
lane solution was added dropwisc to the NaRe(CO), 
solution. The mixture was allowed to warm slowly to 
room temperature, and stirred for another I.5 h. The 
solvent was removed under rcduccd pressure and the 
solid rcsiduc was extracted with hexane (30 ml) and 
filtered by ccntrifugc. Rcmovul of solvent under rc- 
duced prcssurc gave oily product. Yield: 0.24 g (76%). 
Calcd for C,,H,!O,ReSi: C. 26.10: H, 11.70. Found: (‘. 
26.05: H, ?.(,I(‘;. IR (n-hexanci: r,iC‘O). ;305lw, 2044~. 
Xlls. 107%. ‘H NhlR (C:,D,,): m-O.66 fs. ‘H. CH.). 
0.1’ (s. OH. Mr;). “C NMR: 2.05 (Me,). --XhO 
(CH 7 ). 185.37, I XO.S!, (carbonyl). Mass: M * (4 13). M + 
- CH? (300). M --- Si (X8), MA - SiMcl (34(l), M * - 
CH?SiMc; (3%). 

Complex 1 (0.05 g, 0.17 mmol) and PPh, (0.10 g, 
0.38 mmol) were dissolved in CH,CN (IS ml) and the 
mixture heated to rcflux. The reaction was monitored 
by IR spectroscopy and found to be complete in 5 days. 
The solvent w-as then removed under reduced pressure 
and the product. 4. was purified by passing through a 
silica gel-packed column. Further purification was by 
recrystallization from a CH ,CI ?,’ hexane solution. ’ H 
NMR (CDCIq): 7.4 (m. l5t< PPh3). 3.06 (s, SH. Cp), 
2.05 (s, 3H. CH;). ‘-‘C NMR (CDCI,): 355.55 (d, J(C- 
PI -= 1 I.3 Hz, COMe). 706.08 (cl. .I((‘-PI == IX.75 Hz, 
terminal CO). XS.79 (s. CH;). IR (CH2C1,): v(CO). 
1925 (CO). 1601 (C=O) cm ‘_ 
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2.7. Carbonylation reaction of 2 with PPh, 

1. Cp(CO),WCH,SiMe, (0.20 g, 0.4 mmol) and PPh, 
(0.20 g, 0.76 mmol) were dissolved in n-hexane (5 ml), 
and the mixture heated to reflux for 5 h. The yellow 
product was purified by passing through a column and 
found to be Cp(CO),(PPh,)WC(O)CH, (5). Calcd for 
C,,H,,O,WP: C, 53.1; H, 3.79. Found: C, 52.95; H, 
3.80%. This structure was verified with X-ray crystallo- 
graphic analysis. 2. Cp(CO),WCH,SiMe, (0.10 g, 0.2 
mmol) and PPh, (0.10 g, 0.38 mmol) were dissolved in 
acetone-d, (0.5 ml> in a 5 mm NMR tube, and the 
mixture heated to 60°C. The reaction was monitored by 
NMR and the acyl product Cp(CO),WC(O)CH,SiMe, 
was observed. ‘H NMR (acetone-d,): -0.0126 (s, 9H, 
Me,), 2.85 (s, 2H, CH,), 5.12 (d, J(H-P) = 12.3 Hz, 
5H, Cp), 7.4-7.5 ppm (m, 15H, PPh,). 13C NMR 
(acetone-d,): -0.123 (s, Me), 60.79 (s, CH,), 96.21 (s, 
Cp), 247.68 (C = 0) ppm. IR (CH&l,): v(C0) 1924, 
1837 (CO), 1601 (C=O) cm-‘. 

2.8. Reaction of 3 with trimethylphosphite under 1 atm of 

CO in C, D, 
A 5 mm NMR tube was charged with 3 (0.19 g, 0.46 

mmol), P(OMe), (0.07 ml, 0.6 mmol) and C,D, (0.4 
ml). The mixture was then bubbled with CO for 15 
min, capped with a septum, mixed well and placed in a 
88°C oil bath for 3 days. Only the substitution product 

(CO),(P(OMe),)ReCH,SiMe, was observed. ‘H NMR 
(C,D,): -0.4 (d, J(H-P) = 9.5 Hz, 2H, CH,), 0.36 (s, 
9H, Me,), 3.04 (d, J(H-P) = 11.6 Hz, 9H, P(OMe),. 
i3C NMR (C,D,): -28.55 (d, J(C-P) = 8.9 Hz, CH,), 
2.67 (s, Me,), 52.17 (d, J(C-P) = 11.7 Hz, P(OMe),), 
191.30, 191.06, 190.87, 190.20 (carbonyl). Attempts to 
purify the product by passing the crude product through 
a silica gel-packed column led to decomposition. 

2.9. Carbonylation reaction of 3 with triphenylphosphine 

in CD,CN 
A 5 mm NMR tube was charged with 3 (0.14 g, 0.34 

mmol), PPh, (0.09 g, 0.34 mmol) and CD,CN (0.8 ml). 
The tube was capped with a septum, mixed thoroughly 
and placed in a 75°C oil bath. The reaction was com- 
pleted after about 7 h. Both the acyl, 6, and substitu- 
tion, 7, products were observed. NMR for 6: ‘H NMR 
(CD,CN): -0.07 (s, 9H, Me,), 2.58 (s, 2H, CH,). 13C 
NMR: 2.64 (s, Me,), 63.19 (s, CH,), 258.22 (d, J(C-P) 
= 9.75 Hz, C=O). NMR for 7: ‘H NMR: - 0.07 (s, 9H, 
Me,), -0.07 (d, J(H-P) = 7.7 Hz, 2H, CH,). 13C NMR: 
2.64 (s, Me,), -21.67 (d, J(C-P) = 6.15 Hz, CH,). 

2.10. Reaction of Cp(CO),RuCH, with PPh, in CH,CN 

Cp(CO),RuCH, (0.05 g, 0.21 mmol) and PPh, (0.10 
g, 0.38 mmol) were placed in a flask containing CH,CN 
(0.8 ml). The mixture was then heated to reflux for 5 
days. No change was observed. 

TABLE 2. Crystal data for Cp(CO),RuCH,SiMe, (1) and Cp(CO),PPh,WC(O)CH, (5) 

Formula 

FW 

Space group 
0 

a, A 

b, A 

c, A 

a, deg 

P, deg 

Y, deg 

v, As 

d cmm3 cald, g 
2 

Ctyst size, mm 
p(Mo Ka), cm-t 

Instrument 

Radiation monochromated in incident beam (A(Mo Ka), A) 

Temp., “C 

Scan method 

Scan width 

Data collcn (20), range deg 

Tot. no. of reflctns 
No. of unique data I,, > 3o(I,J 

No. of refined params 

R~ 

R FW 

1 5 

C,,H,,O,SiRu C,,H,,OPW lSC,H, 

309.16 693.32 

pi Pi 

6.933(l) 8.922(2) 

8.4550) 13.496(2) 

12.001(l) 13.925(2) 

105.88(l) 102.94(l) 

98.41(l) 109.71(2) 

92.55(l) 87.13(l) 

666.7 1537.9 

1.54 1.50 

2 2 

0.50 x 0.40 x 0.35 0.12 x 0.2 x 0.3 

12.18 
Nonius CAD4 

0.71073 

25°C 

20/o 

2tO.7 + 0.35 tan 0) 

4-70 4-50 

5860 5405 

4586 4596 

137 371 

0.0296 0.0253 

0.0254 0.019 



A 5 mm NMR tube was charged with ((.‘O),ReCIf i 
(0.02 g, 0.059 symbol). PPh; (0.05 p, 0.1’) mmol~ and 

CD,CN (0.4 ml). capped with a septum. mixed well 

and then placed in ;I 75°C oil bath. After one da). 

monitored by NMR. about I,;3 of the starting tnatcrial 

disappeared and only suhsfifutiott product (CO),- 

(PPh,)KeCH; was dcriccd. ‘tf NMR: 0.54 (il. 1ff. 

/(H-P) = 7.7 ffz. C’H ;i. 

A colourless cry&l of C’p(C:OJJRuCFf ,SiMe; was 

mounted on the top of ;i glass fibre with epoxy cement. 

A rotational photograph indicated that the crystal 

diffracted well. The unit cell constant\ wcrc deter- 

mined from 15 retlcction~ w-ith ?H in the range 27--31’. 

These wcrc consistent with ;I triclinic systctn. and the 

space group was sitbscqucntly dctcrmineii to hc F’i. 

Routine 7N-co data collection was used to scan thus 

possible 5860 reflections in the t-an+: O- ~70”. I‘hrcc 

check reflections tnc>nitorcd throughout the data col- 

HI01 0.52fl7 

11101 0.714s 

H I03 1t.03 IO 

t-1 I I I I .Oz!h3 

t1112 I. I230 

I-III3 I.1711 
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Figure 1 shows the ORTEP drawing for 1. Pertinent 
intramolecular distances and angles are listed in Table 
5. It is seen from Fig. 1 that each molecule contains a 
T5-cyclopentadienyl ring, two &-coordinated carbon 
monoxide ligands and one trimethylsilylmethyl group. 
The two CO ligands are essentially linear. The Ru- 
C(7)-O(1) and Ru-C(8)-O(2) angles are 177.3(2) and 
178.4(2)“, respectively. The Ru-C-Si angle is 119.6”. 
The structures of 2 and 3 were characterized by ele- 
mental analysis and/or spectroscopic studies. 

3.2. PR,-assisted CO insertions 
Complexes 1 and 2 were treated with PPh, in reflux- 

ing CH,CN and n-hexane, respectively. Products were 
purified by silica gel-packed column chromatography. 
No simple CO insertion products, such as Cp(CO>,- 
(PPh,lMC(O)CH,SiMe, (M = Ru, n = 1; M = W, n = 
21 could be isolated, instead, complexes of the type 
Cp(CO),(PPh,)MC(O)CH, (M = Ru, n = 1,4; M = W, 
n = 2, 5) were obtained. However, in a NMR-moni- 
tored reaction of Cp(CO),WCH,SiMe, with PPh, in 
acetone-d, at 60°C the acyl product Cp(CO),- 
(PPh,)WC(O)CH,SiMe, was observed. The structure 
of 4 was characterized by spectroscopic studies. The 
identity of the C=O group is supported by the observa- 

tion of an IR absorption at 1601 cm-‘, which is known 
to be characteristic of the metal-coordinated acyl 
groups. The structure of 5 was characterized by X-ray 
crystallography. Crystals of 5 conform to the space 
group Pi with two molecules in a unit cell. Figure 2 
shows the ORTEP diagram for this complex. Pertinent 
molecular distances and angles are listed in Table 6. 
The structure of 5 shows that the trimethylsilylmethyl 
group has been transformed to methyl after insertion 
of CO. The bond distances W-C(7) = 2.211(7) A, 
C(7)-O(3) = 1.207(5) A and angles W-C(7)-O(3) = 
122.9(3)“, W-C(7)-C(S) = 122.8(3)“, O(3)-C(7)-C(8) = 
114.2(3>0 are known to be characteristic of metal-coor- 
dinated acyl group. The two trans-coordinated carbon 
monoxide ligands (C(5)-W-C(6) = 106.9(l)“) are es- 
sentially linear. The W-C(5)-O(l) and W-C(6)-O(2) 
angles are 175.4(3Y and 175.5(3)“, respectively. The 
phosphine is tram to the acyl group with C(7)-W-P = 

135.8(l)“. 
The phosphine-promoted CO insertion reactions for 

3 have been investigated and studied by NMR. No 
change was observed when 3 was reacted with trimeth- 
ylphosphite in C,D, at room temperature for several 
days. The substitution product (CO),P(OMe),ReCH 2- 
SiMe, was obtained when the temperature was in- 

d”4 Me&CH,-MgCI I + P(C,H,),=L Sikagelcolumn I 

&"'"A 

SiMe, 
CH,CN,reflux 

oc 

Me,SiCH,-M&l *T Silica gel column 
W 

o"&y 
SMe, 

+ P(C,H,),= L 

CH,CN,reflux * g-;fH, 
___....~ (2) 

oc 0 2 

2 

\ 

\ + P(&,H,), = L 

acetone-d,, 6O'C 

0 
c Hz 

N~IR~(CO)~ 
Me$iCH,-I + P(C,H,), = L 

..--- ._.._._ --.- 
CD,CN,75T oc’ ‘co 

i 

(3) 

2 + P(C,H,), = L 6 

: Hz 

0 Ch. d!+.&-SiMe, 

oc’ ho 

Scheme 1. The pathways of preparations and CO insertions for complexes 1 (eqn. (1)). 2 (eqn. (2)) and 3 (eqn. (3)). 



TABLE 4. Atomic coordinates and anisotropic thermal parameter\ 
7 of Cp(CO)ZPPh,WC(0)CH, 

Atom x ! 2 A,,,, 

W 
P 
01 
02 
03 
c5 
C6 
Cl 
CX 
Cl 1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
C21 
C22 
(‘23 
C24 
c25 
C26 
C31 
C32 
C33 
C34 
C35 
C36 
C41 
C42 
C33 
c34 
c45 
c91 
CY2 
c93 
c94 
CYS 
CY6 
Cl01 
Cl02 
Cl03 

0.00076(2) 
0.074.5( I) 

-0.1X34(4) 
- 0.1X32( 1) 

0.771X(4) 
- 0.11X2(5) 
~0.1172(5) 

0.775’)(5) 
0.61 16(h) 
0.1363( I ) 
0.17X1(5) 
0.224Y(5) 
0.23llS(S) 
(1.1917(i) 
0.1432(5) 
0.2423(4) 
0.3X70(5) 
0.5130(5J 
0.4Y40(5) 
0.3536(5) 
0.22Yj(SJ 

-0.0X35(4) 
-O.O716(5J 
~ 0.1062(5) 
- 0.3364(5) 

1).3512(5) 
- 0.2264(5) 

0.1232(5) 
0,2304(S) 
0.?776(5) 
0.2027(5) 
0.1049(5) 

~ 0.3X72(6) 
0.5062(6) 
0.4707(h) 
0.31X6(6) 
0.2007(h) 
0.2337(6) 
O.Y472(6) 
0.86SNSJ 
0.YIh7(h) 

0.9916X(2) 
0.8124(l) 
0.9340(3) 
O.Y067(3) 
0.1652(3) 
O.Y519(3) 
0.934Y14) 
0.0745(3) 
0.0215(4) 
0.7601(3) 
O.X221(3J 
0.7X03(4) 
0.677X(4) 
0.614b(4) 
0.6555(3) 
0.7X53(33 
0.7513(3) 
0,73X4(4) 
0.75?1(4) 
0.7841(4J 
0.X019(3) 
0.7217(3~ 
0.6520(i) 
0.5’)03(4) 
0.503X(4) 
0.65’)3(4) 
0.7232(4) 
1.1316(3) 
1.0516(3) 
1.025x43 
I .OXYO(4) 
1.1525(3) 
0.2’)74(4) 
0.3575(-I) 
0.44X5(4) 
1).4704(J) 
0.41X3(4) 
0.327Y(4) 
0.4023(4) 
0.5645(4) 
iJ.5624(4) 

0.2561X( I) 
0.22h4 I) 
0.0172(?) 
0.3760(2) 
0.2669(3) 
0.1(163(3) 
0.3x0(3) 
0.7.356(3) 
0.1 X08(4) 
0.1 127c.11 
0.05’)4(3) 

- 0.0757(3) 
- O.O5X4(.?J 
- O.OOS20) 

0.(37X9(3) 
0.3353(3) 
0.3751(3) 
0.41 I l(i) 
0.5053(3) 
0.51Xl(iJ 
0.33xd.3) 
0.2093(3~ 
0.269x.3) 
0.?546(3) 
0.176X(J) 
0.1137(3) 
(,.11X<X(.?) 
il.3830(.3) 
0.3075( 3 I 
0..3000(3~ 
0.2112U) 
0.2H01(3) 
O.l7hO(l~ 
0.2527(4l 
0.303X(3) 
0.?X01(4J 
(J.‘O37(4J 
0.1516(4) 
0.4523(4) 
o.soss(s~ 
0..553.2(1) 

3.x I ) 
.?.l(l) 

5.42) 

?.XZ) 

h.7(71 

4.0(3) 

4 50) 

NC.?) 

7.0(3) 

3.3(Z) 

l.‘!(3) 

5.5(i) 
5.3(3) 

4.6(3) 

J.1(2) 

3.2(?) 

1.1(3) 

-l.O(.?) 

l.h(3) 

l.h(3) 

4.0(Z) 

.1.X?) 

5.1(2) 

i.O(.?) 

5.X3) 

!.5(3) 

.5.0(3) 
3.fd3) 

:.x3) 

3X(3) 

4.N.3) 

4.hC.i) 

fxfd3) 

6.7(A) 

5.H.i) 

h.3t.3) 

fl.l(3) 

h.O(.i) 

5x3) 

i;.h(3) 

h.O(3) 

creased to 80°C. Attempts to purify the product by 
column chromatography led to decomposition. The 
product was thus identified by spectroscopic method. 
The coupling constants J(H-PI = 9.5 Hz and ./CC-P) 
= 8.9 Hz were obtained for the CH, group in the ‘H 
and 13C NMR: respectively. The reaction of 3 with 
PPh, in benzene at 75°C gave also only the substitution 
product, (CO),(PPh,)ReCH,SiMe,. If acetonitrile was 
used as a solvent, and the reaction was monitored by 
NMR, both the acyl complex, (C’O),(PPh,)ReC(O)- 
CH,SiMe, (6) and the substitution product. (CO),- 
(PPh,)ReCH2SiMc, (7) were observed at 75°C. Com- 
plexes 6 and 7 were characterized by ‘H and ‘?C NMR 
spectroscopic studies. When this reaction was carried 

out at room temperature no substitution or insertion 
product was seen. ‘The reaction of 3 with PPh, in 
CD,CN is shown in eyn. (3) in Scheme 1, in which the 
acyl complex gradually decarbonylatcd to become a 
substitution complex. The coupling constant between 
the acyl carbon and the phosphorus atoms of 6 and 
that between the methylene hydrogen and phosphorus 
atoms of 7 wcrc found to be I((‘--P) == 0.7 Hz and 
JOI-P) = 7.7 l-lx. respectively, and the products arc 
thus assigned as cls-isomers. Thcsc coupling constants 
are similar to those found for c,i,s-(CO),(PPh,H)- 
MnC(O)C’H,SiMe; [ 151 and c-is-Pt(C’II ,SiMe,!,- 

(PMe,Phjl [lh]. which were .I(C-P) = I3 Hz. an> 

Fig. 2. 0~7~’ drawing of Cp(UI)2PPh ;W(‘(OK‘H ;_ 
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TABLE 5. Selected bond distances (A) and angles (deg) of CpRu(CO),CH,SiMe, 

Distances 
Ru-Cl 
Ru-C4 
Ru-C7 
Si-C9 
C2-C3 
c4-c5 
C8-02 

Angles 
Cl-Ru-C2 
Cl-Ru-C4 
Cl-Ru-C6 
Cl-Ru-C8 
C2-Ru-C4 
C2-Ru-C6 
C2-Ru-C8 
C3-Ru-C5 
C3-Ru-C7 
C4-Ru-C5 
C4-Ru-C7 
C5-Ru-C6 
C5-Ru-C8 
C6-Ru-C8 
Cl-Si-C9 
Cl-Si-Cl1 
C9-Si-Cl1 
Ru-Cl-Si 
Ru-C2-C6 
Ru-C3-C2 
C2-C3-C4 
Ru-C4-C5 
Ru-C5-C4 
C4-C5-C6 
Ru-C6-C5 
Ru-C7-01 

2.176(l) Ru-C2 2.258(2) Ru-C3 2.252(2) 
2.256(6) Ru-C5 2.253(2) Ru-C6 2.252(2) 
1.848(2) Ru-C8 1.854(2) Si-Cl 1.858(l) 
1.856(2) Si-Cl0 1.877(2) Si-Cl1 1.8650) 
1.404(3) C2-C6 1.386(3) c3-c4 1.403(l) 
1.384(4) C5-C6 1.393(3) c7-01 1.1500) 
1.140(2) 

89.74(S) Cl-Ru-C3 107.60(9) 
143.86(9) Cl-Ru-C5 143.86(S) 
107.69(S) Cl -Ru-C7 90.65(S) 
85.01(S) C2-Ru-C3 36.26(9) 
59.94(9) C2-Ru-C5 60.07(9) 
35.80(9) C2-Ru-C7 137.8(l) 

130.89(9) C3-Ru-C4 36.3(l) 
60.40(9) C3-Ru-C6 60.26(9) 

104.8(l) C3-Ru-C8 159.28(9) 
35.7(l) C4-Ru-C6 59.78(S) 
99.19(9) C4-Ru-C8 129.0(l) 
36.17(9) C5-Ru-C7 124.78(9) 
99.67(9) C6-Ru-C7 158.86(9) 

100.67(9) C7-Ru-C8 91.1(l) 
112.1(l) Cl-Si-Cl0 107.8(l) 
114.0(l) C9-Si-Cl0 107.4(l) 
109.20) ClO-Si-Cl1 105.9(l) 
121.3(l) Ru-C2-C3 71.7(l) 
71.90) C3-C2-C6 108.3(2) 
72.1(l) Ru-C3-C4 72.0(l) 

106.9(2) Ru-C4-C3 71.7(l) 
72.0(I) c3-c4-c5 108.8(2) 
72.2(l) Ru-C5-C6 71.8(l) 

107.7(2) Ru-C6-C2 72.3(l) 
72.0( 1) C2-C6-C5 108.3(2) 

177.3(2) Ru-C8-02 178.4(2) 

J(H-P) = 7.8 Hz, respectively. The trans-isomer has, in 
general, larger coupling constants, e.g., J(H-P) = 19.5 
Hz for trans-PtH(CH ,SiMe,)(PEt 3)3 [161. 

TABLE 6. Selected bond distances (A) and angles for 
Cp(CO),PPh,WC(O)CH, 

Distances 
W-P 
W-C6 
P-Cl1 
P-C31 
02-C6 
C7-C8 

Angles 
P-W-C5 
P-W-C7 
c5-w-c7 
W-P-Cl1 
W-P-C31 
W-C6-02 
W-C7-C8 

2.457(l) 
1.957(4) 
1.832(3) 
1.832(3) 
1.157(5) 
1.533(7) 

81.50) 
135.8(l) 
75.4(l) 

118.5(l) 
114.6(l) 
175.5(3) 
122.8(3) 

w-c5 
w-c7 
P-C21 
Ol-c5 
03-c7 

P-W-C6 
C-W-C6 
C6-W-C7 
W-P-C21 
w-c5-01 
w-c7-03 
03-C7-C8 

1.958(3) 
2.211(4) 
1.827(3) 
1.153(4) 
1.207(5) 

78.6(l) 
106.90) 
73.0(l) 

112.4(l) 
175.4(3) 
122.9(3) 
114.2(3) 

The reactions that lead to the formation of 4 and of 
5 are notable in that the C-Si bonds were cleaved. 
Such a C-Si bond cleavage has been found in the 
reaction between [Cp(CO),Mo]-Naf and Me,SiCH,I 
in THF which gave Cp(CO),Mo-Me as the principal 
product and only a trace (5%) of Cp(CO),Mo- 
CH,SiMe, [17]. The formation of Cp(CO),Mo-Me 
was shown to proceed via attack of [Cp(CO),Mo]- 
upon Cp(CO),Mo-CH,SiMe,. The effect of transition 
metal in making labile the C-Si bond was attributed to 
the stability of Cp(CO),Mo-CH;. However, reagents 
like Cp(CO),Ru- and Cp(CO),W- do not exist in 
present reaction systems. In the CO insertion reaction 
of Cp(CO),FeCH,SiMe, [18] using triphenylphosphine 
as the entering ligand, both CO insertion product, 
Cp(COXPPh,)FeC(O)CH,SiMe,, and phosphine sub- 
stituted product, Cp(COXPPh,)FeCH,SiMe,, were 
obtained. The reaction between Cp(CO)(PPh,)Fe- 
C(O)CH,SiMe, and HCl has been found to give 
Cp(COXPPh,)FeC(O)Me [18]. It is thus possible that 
the formation of 4 or 5 is due to the acid in silica gel 



during separation. Indeed, in a NMR monitored reac- 
tion of 2 with PPh, the major product observed was 
the insertion enc. 

CO insertion reactions of Cp(CO),RuCHj, and 
Cp(CO),WCH, arc relatively difficult. The reaction of 
CP(CO)~RUCH, with PPh, in refluxing acetonitrile for 
5 days gave no expected acyl product. It was reported 
that the reaction of Cp(CO),WCH i with F’Ph, under 
the same reaction gave carbonylation product with only 
very low yield (5.7%) [14]. Contrary to the carbonyla- 
tion reactions of these methyl complexes. 1 and 2 
underwent phosphine promoted CO insertion reactions 
under relatively mild conditions. CO insertion reaction 
is also known to be difficult for alkyl derivatives of Re 
[I’$]. It was reported that no insertion was observed for 
(CO),ReCH, even under 320 atm of CO and at 140°C’. 
In the reaction of (COJSReCH, with PPh: in CD,CN 
at 75”C, monitored by NMR, only the substituted prod- 
uct (CO),PPh,ReCH, was derived. In contrast to 
Cp(COIzRuMe. complexes like Cp((‘O)(PPhj)- 
FeC(O)Me and (MeCSH,)(CO)(PPh,)FeC(0)Me were 
prepared easily by refluxing Cp(COILFcMe and 
(MeC,H,)(COJZFeMe, respectively, with excess PPh_; 
in acetonitrile [20]. It is evident that the Ku-C‘ bond is 
stronger than the corresponding Fe-C’ bond. 

Some of the M-C-Si bond angles arc listed in 
Table 1. Similar to the corresponding angle of these 
complexes. the Ru-C-Si bond angle of I is 119”. Since 
both 2 and 3 are oily yellow liquids at room tempera- 
ture, the M-C-Si bond angle is unlikely to bc obtained 
by X-ray crystallographic study. On the basis of those 
data listed in Table 1. it is reasonable to assume that 
the bond angles Kc-C-Si and W- C-Si are about 
120 i 5”. These M-C-Si bond angles are greater than 
expected for sp” hybrid orbital (109.5”). Bent.5 rule 12 I] 
states that more electronegative substituents prefer 
hybrid orbitals having less s character and more elec- 
tropositive substituents prefer hybrid orbitals with more 
s character. The effect of the relatively electropositive 
Ru and Si atoms in 1, as well as of W and Si in 2 and 
of Re and Si in 3, on the methylene carbon atom cause 
these complexes to exhibit the same structure charac- 
ters (larger M-C-Si angle) as those listed in Table 1. 
Electronegativities of Si. Ru, W and Mo are 1.74. 1.32. 
1.40 and 1.30, respectively [22]. The larger Ku-CLRu 
angle (123”), compared with that of Ru-C-Si (119”). is 
consistent with the more electropositive character of 
the Ru atom. 

The rate of CO insertion reaction for a metal ethyl 
complex is known to be faster generally than that of 
the corresponding methyl complex [23]. A study on the 
rate of CO insertion reaction for Cp(CO),FcR in 

DMSO has xho\vn the following order: 

(Me,Si) .c‘H ,z+ Mc,CCH : ‘> ‘Ru > ‘Pr z Me;SiC’H , 

It is clear that both the steric and electronic effects 
are involved and the former seem more important [23]. 
One thus might conclude that it is simply due to the 
accelerating effect of the electron-rcleasingig group, I.(‘.. 
Me,Si. which mukc it possible for the trimcthylsilyl- 
methyl complexes readily to undergo (‘0 insertion 
reaction under mild conditions. It is noted that this 
electron-releasing group has rcsultcd in a geometrical 
strain at the a carbon atom. The role of this strain in 
accelerating the CO insertion reaction is currently un- 
der investigation. 

4. Supplementary materials available 

Full tables of bond distances, bond angles and 
anisotropic thermal parameters (5 pages); and two list- 
ings of observed and calculated structure factors (73 
pages) arc a\-ailablc from the authors. 
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