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Abstract 

The reactivity of selected organotmnsition metal mcthoxycarbonyl complexes towards hydrosilanes differs signiticandy from their 
acetyl analogs in that hydmsilation does not occur across the methoxycarbonyl ligand. Only hydrosilane/manganese carbonyl precatalyst 
systems that had proved to be more active towards the acetyl ligand on Cp(LXCO)MC(OKH, (M = Fe, Ru; L = CO.PPb,, PPh,) 
reacted with the methoxycarbonyl complexes Cp(CO),MCO,CH, (1, M  = Fe; 2, M  = Ru). These reactic~~s involving PbSiH,/2-3% 
(PPh,XCO),MnC(O)CH, for 1 and 2, or PhMeaSiH/2-3% (CO),MttCH, for 1 afforded their ~J-c&pentadienc compounds 
($-C,H,)M(CO), (M = Fe, Ru) plus methoxysilanes. Results with PbMeaSiD/3% (COJsMnCH, suppott exo deuteride transfer to the 
Cp ligand; a mechanism is proposed. The low reactivity of methoxycarbonyl complexes under hydmsilation catalysis conditiotts also is 
consistent with the inactivity of PhSiH, or Ph,SiH,/RMPPh,),Cl towards 1 or 2 and with dte inertness of Cp(PPh,XCO)FeCO,CH, 
and Cp * (CO)aF&OaCH a under all attempted hydmsilation condittons. 

This diminution of hydrosilane reactivity extends to cobalt and manganese carbonyl methoxycarbonyl complexes (LXCO),MCO,CH, 
(3, M=Mn, x=4, L=CO; 4, M=Co, x=3, L=PPh,; 5, M=Co, x=3, L=CO). Although tneir acetyl analogs 
(LMCO),MC(O)CH, are sensitive to hydrosilanes, both 3 and 4 are inert towards PhMe$iH or Ph$iH,. Treatment of 5 witb 
PhMe,SiH released methyl formate and left the silyl complex (CO),CoSiMeaPb, a rcsult that resembles the hydrogenation chemistry of 
5. 0 1997 Elsevier Science S.A. 

1. Introduction 

In recent studies, we have observed several reactions between hydrosilanes and organometahic acyl complexes 
(Scheme 1) [I]. In the first type of reaction, mono-  or dihydrosilanes and obligatory catalysts, e.g. Rki ;Wh&X 
transform the nonlabi le iron acetyl complexes CpfCOXL)FeC(OhZH, [L =  CO. PR,] to CpfCQXL)FeCMOSiR,)CH, 
[I+]. A number  of these <  cu-siloxyethykkon compounds accordingly have been isolated. Two other types of 
hydrosilation reactions [5-81 have been documented for the labile acetyl complexes tCO),MnC(O)CH, [9,10] and  
(PR,XCO),CoC(O)CH, [l I]. Both rapidly add  hydrosilanes without benefit of adoed catalysts; the manganese ace@ 
affords its a-siloxyethyi derivatives, whereas the cobalt acetyl incorporates two equivalents of hydrosilanes and gives 
its cobalt silyl plus ethoxysilane. This latter reaction entails an  intramolecular mechanism in which the second 
equivalent of si lane adds to a  coordinatively unsaturated intermediate L,CoCH(OSiR,KIH, and  reductively elimi- 
nates CH,CH,OSiR, ‘. 

* Corresponding author. Tel.: + l-5 18-2768447, fax: + l-5 18-2764045. 
’ This mechanism also has been advanced for the hydrosilation of (CO),CoC(OJC’HMe, 1121. tbe Co&CO),catalyzed siloxymethylatton of 

aldehydes 1131. and the hydrosilation/mduction of the acyl ligand on Cp(LJfCOJFeC(OJCH,CH,Ph [III. 

0022-328X/97/$17.00 8 1997 Elsevier Science S.A. All tights reserved. 
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The hydrosilation of (CO), MnC(OiGI 3 engenders an intermot?cular or autocatalytic pathway [ 1 O]. Tht=w rwrrion 
mixtures afford transient quantities of the coordinatively unsaturated (COiJMnSiR,, which serves as the active (albeit 
unstable) catalyst [15,16]. It binds the acetyl substrate and gives the key intermediate 
(CO),MnC(CH,XOSiR,)Mn(COl,; H-SiR, addition and elimination of (CO),MnCH(OSiR,)CH, regenerates 
(CO),MnSiR,. Autocatalysis originates via (independently established) silane-induced degradation of the product. 
Furthermore, these manganese acyl-hydrosilane reaction mixtures are convenient sources of extremely active 
hydrosilation catalysts. Treatment of catalytic concentrations of (LXCOl,MnC(OlR [L = CO, PPh,; R = CH,, Ph] or 
!LXCO),MnCH, with excess hydrosilane transforms these manganese complexes to active catalysts for the 
hydrosilation of Cp(COXLlFeC(OlR [ 17,181 as well as organic ketones [ 191 and even esters [20,21]. 

Recently, these hydrosilation reaction mixtures using PhSiH, have been shown to further reduce the initial 
cY-siloxyalkyl products. Treatment of organic esters with the same manganese acyl precatalysts and PhSiH, gave silyl 
acetals PhSiH,-,[OCH(RlOR’], (x = 1.2) that subsequently afforded ethers RCH,OR’ as major products, Scheme 2 
[20,21]. Similar hydrosilation-then-reduction reactions, especially those using Rh(PPh,l,Cl as the precatalyst, convert 
C$LKCOlFeC(OlR [R = Me,Ph,‘Pr,‘Bu; L = CO,PPh,,P(OMel,. and P(OPhl,] to Cp(LXCO&CH,R (and 
Cp(LXCO)FeCH=CH2 byproducts where appropriate) [2,4]. 

In this study, we attempted to extend the Rh(PPh,l,Cl- and manganese carbonyl-catalyzed hydrosilation and 
subsequent reduction of acyl groups to a selection of known methoxycarbonyl complexes [22,23], 
Cp(C012FeC(O10CH, [FpCO,CH,] (11 [24,25], Cp(COXPPh,lFeCO,CH, [26], Cp(C012RuC0,CH~ (2) [27], 
tCOl,MnCO,CH, (3) [28,29], (PPh,XCOl,CoCO$H, (41, and (COl,CoC02CH, (5) [30-321. A new methoxycar- 
bony1 complex, Cp *(COlzFeCO,CH, [Fp’CO$H,], was characterized and subjected to our hydrosilation condi- 
tions. Our objective was to use these hydrosilane reactions to transform methoxycarbonyl complexes to silylacetal 
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L ,MCH(OSiR,XOMe), methoxymethyl L ,MCH,OMe [33], or fully rehtced methyl L rMCH, cafe [34]. 
Although alkoxycarbouyl complexes, in general, represent derivatives of ligated CO [22,23] and CO, [35-&L 
relatively few examples have been reported for further reducing an alkoxycarbonyl !iprtd [38,41,42]. 

2. Experimental section 

Synthetic manipulations were performed in a nitrogen atmosphere using a combin 
glovebox, and vacuum line procedures [43]. Infrared spectra of benzene solutions were 
spectrophotometer. Model no. 1600. over the carbonyl v(COl frequency range, 2206)- 
were obtained in C,D, and were reported as S values relative to restdual C,H, (’ 
128.00 ppm) using Varian Model XL-200 and Unity 500 spectrometers. 

Organic and inorganic reagents were obtained commercially and used as received; sii 
a glovebox under nitrogen. Diethyl ether. hexane, and benzene were distilled from 
Wilkinson’s compound, Rh(PPh,),CI, was both purchased and prepared [44]; its purity 
NMR spectral monitoring of the catalyzed Pb,SiHz hydrosilation of FpC(O)CH, [2] Samples of 
Cp(COXPPh,)FeCO$H, [26], Cp(CO),RuCO,CH, (2) 127:. (COl,MnCO,CH, (31 [28.291 (PPh,XCO),Co- 
CO,CH, (41, tCO),CoC(OlC(O~!I, [30-321, (COlsMnCH, [45--t?] (PPh,XCO),MnCfO)CH, [48-501 FpK 
[5 11, and Cp l  Fe(CO);PF; [52,53] were prepared by literature procedures and judged pure by IR and t H NMR 
spectroscopy. Authentic samples of the methoxysilanes CH,OSiMetPh, (CH,0),SiH2-Pb2. and (CH,Ol,SiH,-,Pb 
were generated by (CO),MnBr-catalyzed dehydrogenative silation of methmol [54]. 

2.1. Preparation of Cpf CO?, FeCO,CH, (1) 

The following procedure, a modification of that previously reported 124,251, provided Cp(CO),FeCO,CH, (1) as a 
stable, crystalline matedal. A pale orange suspension of Fp- K+ (10.0 g, 46.3 mmol) in 150 mL dry dietbyletber was 
cooled to -78°C and treated with methylchloroformate (3.2 mL. 46.9 mmol). The methylchloroformate was 
dropwise by syringe, and after 0.5 h, the mixture was warmed slowly to room temperature (3 h). IR spectra of the 
resulting dark red-brown solution were consistent with the formation of FpCOzCH, (1) [24,251 TV = 2038 (vs), 
1988 (vs) and 1657 (s) cm-‘, and Fp, (ca. 20%). The diethylether was evaporated (IO-’ mm); the resulting 
red-brown pwder was extracted with 3 X 4 mL methylene chloride. which was filtered through a 2.5 X 2 cm pad of 
Celite with additional solvent. 

The combined filtrates were evaporated, and the red brown powder was dissolved in the minimum volume of 
hexane (40 mL). After cooling for 3 h at -78°C. the hexane solution deposited light yellow-brown crystals. The 
supematant hexane was removed via cannula, and the crystals were washed with 2 X 10 mL of cold hexane. After 
vacuum drying, this lirst crop afforded 5.21 g of spec*noseopica!lv pure 1: ‘H NMR (C,DJ S = 5.12 (Cp> and 3.25 
(CH,); “C NMR (C,D,) S=213.3 (CO), 201.2 (C=Ctl. 8811 (Cp) and 58.1 (CH,). The combined hexane 
supematant and washings were combined, and the volume was reduced by one-half before cooling to -78°C (4h). 
This afforded slightly darker brown-yellow crystals (presumably due to < 58 Fp21, for a combined yield of 1 of 7.36 
g (67%). 

2.2. Preparution of Cp ’ (CO?, FeCOJ’H, 

To a white suspension of Na,CO, (126 mg. 1.19 mmol) in methanol (4 mL) was added a pale yellow suspension of 
Cp l  Fe(C0l.T PF; (100 mg. 0.238 mmol) in 4 mL of methanol. After stirring for 15 min. the su++nsion was filtered 
through a I g bed of Celite. The pale yellow filtrate was combined with a 4 mL methanol washing of the Celite and 
evaporated. Pentane extracts (3 x 3 mLl of the residue were filtered through Celite. reduced in vacua to 5 mL, and 
cooled at -78°C. The yellow solid that precipitated, was collected, washed with cold pentane (2 X 1 mL, -78°C). 
and dried in vacua. The re&ting 55 mg of a fluffy yellow solid was identified as Cp * (CO), FeCOJH , yield 758, 
IR (pentanel 2018, I%8 and 1649 cm- ‘; ‘H NMR (C,D,) S = 3.56 (s, OCH,) and 1.47 (s, Cp’); “CftH] NMR 
(C,D,l 6 = 216.4 (C = 0). 2Q4.4 (C=O), 97.0 (CsCH,), 51.7 (CH,) and 9.30 (C,CH,l. Analytically calculated for 
C,,H,,O,Pe: C, 54.93; H, 5.93. Observed: C, 54.46; H, 5.82. 

2.3. Hydrosilation of Cp(CO!, FeC02 CH, (1) with PhMe, SiH: CCO),. MnCH, catalysis 

To a 5-mL vial in the glove box was added Cp(C012FeC0,CH, (1) (500 mg, 2.12 rumoil, (COl,MnCH, (9 mg, 
0.044 mmol), and C,D, (80;) mg). This red-brown solution was treated with PhMe2SiH (299 mg. 2.20 nunol) and 
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transferred to a 5-mm NMR tube. ’ H and “C NMR spectral monitoring of the reaction revealed that 2 wa:, replaced in 
3 h by a I : I mixture of $-fC,H,lFelCO), (6) [55,56] and CH,0SiMe2Ph [‘H NMR S = 3.27 (SiOCH,) and 0.29 
(SiMe): 13C NMR 6 = 50.3 (SiOCH,) and -2.1 (SiMe)] [57]. Neither gas evolution nor color change was noted; 
only trace concentrations of [Cp(COl, Fe], and PhMe,SiOSiMe, Ph [’ H NMR, S = 0.3 1, SiMe] were observed. 

The reaction mixture was distilled trap-to-trap (20 mm/25’C), affording a golden yellow C,D, solution as the 
distillate. ‘H and ‘k NMR spectra of this solution established the presence of 6 along with 2-3% CH,OSiMe,Ph. A 
stream of N, was used to remove the C,D, until a constant weight was obtained, 412 mg (92% yield of 6). 
Alternatively. the reaction was worked up by column chromatography on a I X 10 cm column of activity 3 alumina 
(neutral) with pentane. A yellow band was eluted cleanly with pentane; the solvent was evaporated with N, leaving a 
yellow oil that iontained 6 (90% yield) and 5-7% CH,OSiMe,Ph. The IR and ‘H NMR spectra of 6 are in excellent 
apement with the ddkd reported by Whitesides and Shelly 1561. 

~‘-(CSH,)FefCO?, (6) IR (Ccl,) u(CH,,,l = 2786 cm’-‘, u(COl = 2045 and 1976 (br) cm- ’ ; (pentane) u(C0) = 
2048, 1981 and 1974 cm -I, ‘H NMR (C,D,l S(500 MHz) = 4.97 (t, JAM = 2.2 Hz, H,,), 2.42 (m, H,), 2.36 (dt. 
J e,,da-h’ = 1.9. Jmdomera = 12.0 Hz, Hen& 1.91 (dt, JenomM = 1.45, Jexo.endo = 12.0 Hz, H,,,), triplet appearance of 
H endo and Hex, absorptions was enhanced after the long-range coupling involving H, was removed by spin 
decoupling at H,. This decoupling left the H, absorption as an apparent triplet with I.8 and 1.6 Hz separations. 
Results of homonuclear 2D J-resolved NMR experiments confirmed the Eresence of the HA-H,,, spin coupling, 
J exe-A = 0.7 Hz, but insuff’cient resolution precluded other assignments. C NMR (C,DJ S = 212.7 (CO), 85.5 
(C,,), 54.3 (CH,) and 45.2 (01,). assignments are consistent with the results of both DEPT and H,C-COSY NMR 
experiments [58,59]. 

2.4. PhMe,SiD hydrosilation of Cp(CO?, FeCO,CH, (I): (CO!, MnCH, catalysis 

The hydrosilation of II was repeated with I 1 equivalents of PhMe,SiD (302 mg, 2.20 mmol) and 2% 
(CO),MnCH, as the catalyst. Starting 1 was consumed within 3 h (‘H NMR spectral monitoring), and a yellow oil 
was isolated by trap-to-trap distillation (20 mm/25”Cl. The oil was identified as spectroscopically pure exo-D 
f$-C,H,D)Fs(CO), (6-D). [56] 93% yield. For 6-D, IR (Ccl,) u(CO) = 2044 and 1976 (br) cm-‘; (pentane) 
ufC0) = 2048, 1981 and 1974 cm- ‘. ‘H NMR (C,D,,l fit500 MHz) = 4.99 (t, JAM = 2.2 Hz, H,), 2.42 (m, H,) and 
2.34 (br s, HeEd,,), the H, multiplei, an apparent dt, appeared as a doublet (Jendo.M = 2.0 Hz) after spin decoupling at 
H,. ‘sC NMR (C,D,) S = 212.6 (CO), 85.5 (C,,), 54.2 (CH,) and 44.85 (I : 1 : I t, Jc- = 19.1 Hz, CDH). 

2.5. PhMe, SiH and Phz SiH, hydrosilation of I: NMR spectral obsemations 

C,D, solutions (600 mgl of Cp(C012FeC0,CH, (1) (55 mg, 0.23 mmol), PhMezSiH (35 mg, 0.26 mmol), and 
either (CO),MnCH ’ i2 mg, 9.5 X IO-” mmol), (PPh,XCO),MnC(O)CH, (4 mg, 9.5 X IO--’ mmol), or Rh(PPh,),CI 
(6 mg. 6.5 X 10-l mmol) were monitored by ‘H NMR spectroscopy. No reactions were observed after 5-6 h. Similar 
results were noted for reactions between 200 mg of I (0.85 mmol) and PhMezSiH (127 mg, 0.93 mmol) with 3% of 
(PPh,XCO),MnCYOlCH, (12 mg, 0 025 mmol) as the precatalyst. Treatment of C,D, solutions (600 mg) containing 
1 (50 mg, 0.21 rnmoll and tPPh,XCOl,MnC(3)CH, (3 mg, 6.0 x IO-” mmol) with Ph,SiH? (43 mg, 0.23 mmol) 
generated 6 (90% yield) over 3 h, whereas Rh(PPh,),Cl (6 mg, 6.5 X IO-” mmol) under comparable reaction 
conditions was inactive. 

2.6. Phen~lsilane hydrosilation of CpCCO?, FeCO,CH, (I) 

A red-brown C,D, solution (600 mg) containing CpfC0)2FeC0,CH, (1) (50 mg, 0.21 mmoll, 
(PPh,f(CO),MnC(O)CH, (3 mg, 0.007 mmoll, and the Me,SiOSiMe, internal standard (I3 mg. 0.080 mmol) was 
treated with PhSiH, (25 mg, 0.23 mmol). After 25 min ‘H NMR spectral monitoring of the reaction was consistent 
with a 92% yield of #-(C,H,lFe(CO), (6) and a 2: I to 3: 1 mixture of Ph(CH,OlSiH, [6 = 5.13 (SiH) and 3.27 
(SiOCH,)] and Ph(CH,O),SiH [S = 5.11 (SiH) and 3.40 (SiOCH,)], along with the requisi:e concentration of 
PhSiH,. Only trace concentrations of [CpfCO12 Fe12 [’ H NMR, 6 = 0.3 I] were observed. 

2.7. PhetqGlat~e hydrosilation of CpiCO?, RuCO,CH, (2) 

To a solution of Cp(C012RuCOzCH x (2) (50 mg, 0.18 mmol), tPPh,HCO),MnC(OlCH, (3 mg, 0.007 mmol), and 
Me,SiOSiMe, (I I mg, 0.070 mmol) in C,D, (690 mg) was added PhSiH, (27 mg, 0.20 mmoll. The yellow-brown 
solution was monitored by ‘H NMR spectroscopy; within 35 min 2 was consumed. Although a large number of 
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unassigned resonances were evident, (~J-C,H,lR’ACOl, (71 16OJ was ‘dentified as 
(C,D,) S = 5.01 (m. 2H, JKH). 2.63 (m, 2H, tl- CH) and 2.61 (m, 2H. C 
( &CH), 48.4 ((Y-CHl and 48.0 (CH2); IR (pentane12060.1996 and 1985 cm 
appeared at 2024 and 1965 cm-’ ; NMR spectral data also were consistent with 
Cp(COl,RuH [61]. A 53% yield of 7 was determined by integration of the ‘H 
the internal standard. Attempts to purify 7, an unstable yellow oil, by c 
alumina-pentane inevitably produced a yellow eluate that contained 7 in addition to 

2.8. Attempted hydrosilation of Cp(CO)(PPh, )FeCO,CH, , Cp ’ (CO), FeCO,CH, . (CO), MnCfOIOCH, (3). 
(PPh,NCO),CoC(O)OCH, (4) 

C,D, solutions (500 mg) containing (COl,MnC(OlOCH, (31 (27 mg, 0.10 mm011 or (PPh,XC 
(4) (48 mg, 0.18 mmoll were treated with PhMe,SiH (27 mg. 0.20 mmoll or Ph,SiH, (36 mg 
transferred to NMR tubes that were securely stoppered with rubber septa. 1R and ‘H NMR spec 
these four mixtures recorded that no reactions occurred over 6 h. Similar results were noted for the reactions 
(a) Cp(COXPPh,lFeCO,CH, (82 mg, 0.20 mm011 and PhSiH, (25 mg, 0.23 mmoll, with 
(PPh,XCO),MnC(O)CH, (3 mg, 0.072 mmoll as the precatalyst, and (bl Cp’(CO1,FeCOICH, (184 mg, 0. 
and Ph2SiH2 (133 mg, 0.72 mmoll, with anisole as the internal standard and (COlsMnCH, (5 mg, 0.025 
(PPh,XCO),MnC(O)CH, (12 mg, 0.025 mm011 as the precatalysts. 

2.9. Dimethylphenykilane hydrosilation ?f (CO),CoC(O)OCH, (5) 

Starting (CO),CoC(OlOCH, (51 was generated by the decarbonylation of the oxalyl comrnex 
(CO),CoC(O)C(O)OCH, [30-321 as it was distilled trap-to-trap at room temperature. The yellow oil (600 mg S, 44% 
yield) then was dissolved in C,D, and diluted as needed. Its concentration was quantified by ‘H NMR 
of samples containing Cp, Fe internal standruds. A yellow solution containing 30 mg of 5 (0.13 nun&) 
C,D, was treated with HSiMe2Ph (18 mg, 0.13 mm011 and transferred to an NMR tube. Within 1 
consumed in the brown solution, and the resulting 1 : 1 m&me of (COl,CoSiielPh [62] and Hc(OXXHs was 
identified by ‘H and “C NMR spectroscopy. No other products were evident by IR or ‘H and *3C NMR 
spectroscopy; (COl,CoSiMe2Ph: IR u(COXC,D,) = 2090,207O (wl. 2044 (m, shl, 2027 and 1992 (s, 
NMR (C,D,) S = 0.71 (s, SiMe); 13C NMR S = 199.5 (CO) and 5.86 (SiMel. The yield was 91% (‘H 
integration vs. the internal standard). 

3. Results and discus&n 

3.1. Manganese carbonyl catalyzed reactions of PhSiH, . PhJiH, . or PhMe,SiH with mexho.g+carbonyl compounds 
CflLMCOIMCO, Me f M = Fe, Ru: L = CO, PPh,) 

Although the. methoxycarbonyl complex Cp(C312FeC(O10CH, (11 124,251 in C,D, solutions is inert tow 
PhSiH,, addition of 2-38 (PPh,XCOIJMnC(0)CH, rapidly reduced 1 to the known [55,56] $-cyclope 
complex (I)‘-C,H,lFe(COl, (61 Eq. (11). Thi s was formed with over 9oc/5 yields. and the silane moiety was 
accounted for as mixtures of unreacted PhSiH, and the methoxysilanes (CH,O)PhSiH, and (CH,Ol,PhSiH. Siiar 
reactions using PhrSiH, in place of PhSiH, produced I : 1 mixtures of 6 and Ph,SiH(OCH,1(9tEG yields), although 
longer reaction times (3 h vs. 20 min) were required. With either hydrosilane, traces of Fpr also were evident, but 
NMR spectral resonances that could bc attributed to FpCH, [63.64], FpCH?OMe [65,66], or silylacetal dogs, 
FpCH(OSiR,XOCH,l. of FpCH(OCH,12 (38.67-691 were not detected. 

H 

(11 

Thereactivity order of rhe hydrosilanes. RSiHl )P R,SiH2 B R,SiH. has been established for ti RMPPh,),CI-caralyred hydmilti of 
ketones [S]. 
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The monohydmsilane PhMe,SiH proved to be a less powerful reductant ’ towards 1 with manganese carbonyl 
precatalysts. Thus, (PPh,XCO),MnC(O)CH, (2-38) was ineffective as a precatalyst, irrespective of using dilute 
(0.23 mmol l/475 mg C,D,& or more concentrated (0.85 mmol l/450 mg C,D,) solutions of the substrate and 1.1 
equivalents of PhMezSiH. By switching to (CO),MnCH, as the precatalyst (2-3%). however, we quantitatively 
reduced 1 to 6 (> 90%) over 3 h, provided that more concentrated reaction mixtures (0.85-2.12 mmol l/450-600 
mg C,D,) were used. 

Further studies were carried out on the (CO),MnCH,-catalyzed PhMe,SiH and PhMe,SiD reduction of 1. The 
significant results are that (1) CH,OSiMe,Ph, which is produced in a 1 : 1 ratio with 6 (or 6-D), accounts for the 
silicon balance (Eq. (2)), and (2) the PhMe,SiD-derived deuterium adds exo to the $-Cp ring to yield the 
qJ-cyclopentadiene ligand. Our NMR spectral assignments for 6-D are in agreement with those reported by 
Whitesides and Shelly [56] and confirm the exo configuration of the deuterium [58,59]. (In the Whitesides study, they 
substantiated the assigned structure by noting the stereoselective 

Z-3% (C0)5MnCH3 I CdJs 

oc’~&o 
6-D 

(2) 

abstraction of (exe) deuteride with the trityl carbocation [S6].) 
Our attempts to extend the catalytic hydrosilane reduction of 1 by manganese carbonyl complexes to the related 

iron methoxycarhonyl complexes Cp(COXPPh,)FeCO,CH, [27] and Cp * (CO)zFeC(0)OCH, 15-81 and to 
Cp(CO),RuC(O)OCH, (2) [28,29] were only partially successful. Both iron methoxycarbonyls were unreactive 
towards PhSiH, reduction even using (PPh,XCO),MK(G)CH, as the precatalyst. Although the ruthenium analog 2 
proved to be inert to PhMe,SiH with either (CO),MnCH, or (PPh&CO),MnC(O)CH, precatalysts, PhSiH, 
reduction of 2 using 2-3% (PPh,XCO),MnC(O)CH, as the precatalyst afforded moderate yields of the known 
($-C,H,)Ru(CO)s (7) (Eq. (1)) [60]. 

The catalytic PhSiH, reduction of 2 was quite messy, however. We determined 50% yields of 7 by ‘H NMR 
spectral integration (the /3-H and CHr multiplets at S -2 2.6 were free of interfering absorption& but we could not 
account for the remaining CpRu moiety. CpRu compounds conspicuously absent included Cp(CO),RuH, 
Cp(CO)zRuCH,OMe [70,71], and [CP(CO)zR~]2 [61]; I a so missing were IR and NMR spectral absorptions that could 
be consistent with the presence of ruthenium hydride, formyl, or siloxymethyl compounds [61,72,73]. 

The surprising outcome of this study was that the methoxycarbonyl ligand of Cp(LXCO)MCO,Me (1. M = Fe, 
L = CO, L = PPh,; 2, M = Ru, L = CO) and Cp l (CO),FeC(O)OCH, resisted hydrosilation. Our catalysis conditions 
- the choice of manganese carhonyl precatalyst, hydrosilane, and substrate concentration in C,D, - had been effective 
for the hydrosilation of the iron and rutbenium acetyl complexes Cp(LXCO)MC(O)CH, [4,! 7,181 (Scheme 1) and for 
the hydrosilation-then-reduction of organic esters (Scheme 2) [20,21]. For example, we previously established that 
(CO),MnCH, is an efficient precatalyst with PhMe,SiH for the hydrosilation of FpC(O)CH,, whereas 
(PPh,XCO),MnC(0)CH1 is preferred for Ph$SiH, [17,18] and PhSiH, 141. 

Even the choice of Wilkinson’s compound, Rh(PPh,),CI, in this work followed from its use as the optimal catalyst 
for the PhSiH, or Ph,SiH1 hydrosilation-then-reduction of the iron acyl complexes Cp(LXCO)FeC(O)R to 
Cp(LXCO)FeCH2R (Scheme 2) [2-4]. It thus was quite surprising when under comparable reaction conditions 1 
remained inert towards Rh(PPh,),CI in the presence of PhSiH,, Ph,SiH,, or PhMe,SiH. 

At the inception of this study, we assumed that manganese carbonyl-catalyzed hydrosilane chemistry of 
FpC(0)OCHj (1) might resemble that of organic esters (Scheme 2) [20,21] and yield silyl acetal complexes, 
FpCH(OSiR,XOCH,), or perhaps the further reduced FpCH,OCH, [65,66] oi FpCH, 163,641. Organotransition metal 
acetals have been reported: Casey et al. 1671, Theys and Hossain [68]. and Cutler [42jd independently synthesized 
FpCH(OCH,),. This acetal is noteworthy for its BH, reduction to FpCHrOCH, [42]d and for its room temperature 
stability, which contrasts the extreme instability of its formyl derivative, FpC(O)H [35-40,741. 



independently reduced to their ethers 9 in the. p 
In Scheme 4. we outline a plausible pathway 

to (~4-C,H,lFe(COl, (61. The proposed active 

[58,59] concurrent with releasing the methoxysihme then yields 6. 
Both steps are precedented. The bimolecular addition of reactants 

thoroughly documented [58,59], and we recently reported k man 
FpC(O)CH, to FpCH,CH, [4]. For this latter reaction. however, 
catalyst; a variety of iron acyl complexes Cp(LXCO)FeC(O)R’ accordingly w 
ates Cp(LXCOlFeCH(OSiR 3 1R’ to Cp(LXCOlFeCH z R’. We aropose 
(PPh,),(Cl)RhH(SiR,), transfers hydride to Cp(LXCOlFeCHtOSiR,k as the 

3.2. Reactions of PhSiH, or PhMeJiH with labile manganese and cobalt methoqrarbonyl coqdexes 
(LNCO), MCO, Me f L = CO, PPh, 1 

The labile methoxycarbonyl complexes (COl,MnC(OlOCH 3 (3). (PPh,MCO),CoC(OlOCH~ (4;. and 
(COl,CoC(O)OCH, (5) were selected for this study because theii acetyl and related acyl analogs readily 
hydrosilanes without adding a catalyst [I]. Thus a wide variety of hydrosilanes efficiently transform (CO&M 
[9.10] and (PPh,XCO)JoC(OlCH, [ll] to their respective products at room temperatme (Scheme 1). 
reactions between (CO),C~C(~)CH(CH,), and Er,SiH were reported by Kovaics et al. [ 121 to give (CO),coSiEt, and 
several organic products that are consistent with the subsequent degradation of 
(CO),(HXSiEt,)CoCH(OSiEt,)CRCH,)2. 

In contradistinction, both 3 and 4 proved to be inert towards PhMe,SiH or Ph,SiH, for at least 5 
temperature. We did not detect even trace concentrations of the requisite metal sibyl complexes or organic 
HCO,CH,. CH,(OCH,XXiR,), or CH,OSiR, that could derive from hydrosihtne cleavage of the starting 
methoxycarbonyl compound or its silyl acetal derivative, L ,MCHfOCH,XOSrn,, -.. ‘[12-141. It is worth noting that we 
have recently established that (PPh,XCOZ,MnCfOlCH, catalyzes the hydrosilation-then-rmdwtion of HCO,CH, to 

3 Examples of (hydridoXsilylMalk~lhnetal complexes have been reponed or implicated as intermediates in hydmsilation catalysis 15 -81. 
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CH&OCH,)(OSiR,) and then CH,OSiR, [21]. Even in the presence of4% (PPh,)(CO),MnC(O)CH, or Rh(PPh,),Ct 
precatalyst, however, 4 did not react with Ph,SiH,. 

no catatyst added 9” 0 

m-co--c: + 

oc’ ‘co ‘O--c”3 

HSIMezPh - OC-Co--SIMe>Ph + “-Ct 

oc’ \co 0-CH3 

[No reacbon with (C0)&4nC02CH3 (3, or with (Pi%,)(CO)&CO,CHJ (4 )] (3) 

The (tetracarbonyl)cobah moiety proved to be reactive towards PhMezSiH. One equivalent of PhMezSiH rapidly 
cleaved (CO),CoC(O)OCH, (5) and quantitatively yielded the known silyl complex (CO).,CoSiMe,Ph [62] and 
methyl formate (Eq. (3)). IR and ’ H, t3C NMR spectral data for (CO),CoSiMe, Ph matches that for samples that were 
independently prepared from the reaction of two equivalents of PhMe2SiH with Co,(CO), [11,79-811. The release of 
methyl formate from 5 previously had been observed for its uncatalyzed hydrogenation, a reaction for which 5 is more 
reactive than 4 [31]. 

This PhMe,SiH cleavage of the cobalt-acyl (Eq. (3)) is the first example that we have observed for a hydrosilane 
cleaving a transition organometalhc acyl complex to its organic acyl compound (cf. Scheme I). Although Wegman 
[82] had reported that triethylsilane cleaves acetaldehyde from (CO),MnC(O)CH T and (PPh ,xCO),CoC(O)CH 1 
under somewhat different reaction conditions, this work was not reproducible 
results of our ongoing studies has been addressed in Refs. [ 10.1 I]. 

This discrepancy 

4. Conclusions 

The reactivity of selected organotransition metal methoxycarbonyl complexes towards hydrosilanes differs signiti- 
candy from their aceql analogs in that we found no examples of hydrosilation of the methoxycarbonyl ligand. 
Although the iron and ruthenium acetyl compounds Cp(L)(CO)MC(O)CH, (L =  CO, PPh,) readily hydrosilate across 
the acetyl ligand (Scheme 1) with a variety of hydrosilane/RMPPh,),CI or manganese carbonyl precatalyst systems, 
the corresponding methoxycarbonyls Cp(LXCO)MC(O)OCH, were much less reactive. Only the mom active 
hydrosilane/manganese carbonyl precatalyst systems even reacted with their methoxycert,onyl analogs 
Cp(CO),MCO,CH, (1, M  = Fe; 2, M  = Ru). These reactions involving PhSiH,/3% (PPh,)(CO)~MnC(O)CH, for 1 
and 2 or PhMe,SiH/Z-3% (CO),MnCH, for 1 afforded their $-cyclopentadiene compounds (q’-CsH,) M(CO), 
(6, M  = Fe; 7. M  = Ru). As further examples of the low reactivity of methoxycarbonyl complexes under hydrosilation 
catalysis conditions, PhSiH, or PhzSiH,/Rh(PPh3),CI were ineffective towards 1 or 2, and Cp(PPh,)(CO)FeCO,CH, 
and Cp ’ (CO), FeC(O)OCH 3 proved to be inert under all attempted hydrosilation conditions. 

This diminution of hydrosilane reactivity extends to cobalt and manganese carbonyl methoxycarbonyi complexes 
(LXCO),MCO,CH, (3, M  = Mn, x =  4. L =  CO; 4, M  = Co, x =  3, L =  PPh,; 5, M  = Co, x =  3, L =  CO). 
Although their acetyl cnaiogs (LXCO),MC(O)CH, are sensitive to hydrosilanes, both 3 and 4 are inert tc.Nzrds 
PhMe,SiH or Ph,SiH,. Treatment of 5 with PhMe,SiH released methyl formate and left the silyl complex 
(CO),CoSiMe,Ph, a result that resembles the hydrogenation chemistry of 5. 
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