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The reactions of hydrosilanes with the methoxycarbonyl compiexes
CplL){CO/MCO,Me (M = Fe,Ru; L = CO,PPh,) and
(L}(CO) ,MCO,Me (M = Co.Mn; L = CO, PPh,; x = 3,4, with and
without catalysis
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Abstract

The reactivity of selected organotransition metal methoxycarbonyl 1! towards hydrosil differs significantly from their
acety} analogs in that hydrosilation 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(LXCOIMC(O)CH, (M = Fe,Ru; L = CO,PPh,, PPh,)
reacted with the methoxycarbonyl complexes Cp(CO), MCO,CH; (1, M = Fe; 2, M = Ru). These reactic:s involving PhSiH ;/2-3%
(PPh,XCO),MnC(O)XCH; for 1 and 2, or PhMe,SiH/2-3% (CO)MnCH; for 1 afforded their n*-cyclopentadiene compounds
{n*-CH ¢ IM(CO), (M = Fe,Ru) plus methoxysilanes. Results with PhMe, SiD /3% (CO),MnCI-I3 support exo deuteride transfer to the
Cp llgand a mechanism is proposed. The low reactivity of methoxycarbonyl ph under hydrosilation catalysis conditions also is
consistent with the inactivity of PhSiH or Ph SlHa/Rh(PPh ),Cl towards 1 or 2 and with the inermess of Cp(PPh,XCO)FeCO,CH;
and Cp *(CO),FeCO,CH ; under all

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=Ce, x=3, L=PPh;; 5, M=Co, x=3, L=CO). Although tneir acetyl analogs
(LXCO),MC(O)CH, are sensitive to hydrosilanes, both 3 and 4 are inert towards PhMe,SiH or Ph,SiH,. Treatment of § with
PhMe, SiH released methyl formate and left the silyl complex (CO),CoSiMe,Ph, a result that bles the hydrogenation chemistry of
5. © 1997 Elsevier Science S.A.

1. Introduction

In recent studies, we have observed several reactions between hydrosilanes and organometallic acyl vomplexes
(Scheme 1) [1]. In the first type of reaction, mono- or dihydrosilanes and obligatory catalysts, e.g. Rh{¥Ph,),Ci,
transform the nonlabile iron acetyl complexes Cp{COXL)FeC(O)CH, [L = CO, PR,] to Cp(COXL)FeCH(OSIR ;)CH;
[1-4). A number of these {a-siloxyethyiliron compounds accordingly have been isolated. Two other types of
hydrosilation reactions [5-8] have been documented for the labile acetyl complexes (CO);MnC(O)CH, [9,10] and
(PR;XCO0),CoC(O)CH; [11]. Both rapidly add hydrosilanes without benefit of added catalysts; the manganese acetyl
affords its a-siloxyethyl derivatives, whereas the cobalt acetyl incorporates two equivalents of hydrosilanes and gives
its ~obalt silyl plus ethoxysilane. This latter reaction entails an intramolecular mechanism in which the second
equivalent of silane adds to a coordinatively unsaturated intermediate L ,CoCH(OSiR;)CH; and reductively elimi-
nates CH;CH,OSiR; '.

Con'espnndmg author. Tel.: +1-518-2768447, fax: + 1-518-2764045.
! This mechanism also has been advanced for the hydrosilation of (CO),CoC(O)CHMe;, [12], the Co,(CO);~catalyzed siloxymethylation of
aldehydes [13], and the hydrosilation/reduction of the acy! ligand on Cp(LXCOeC(O)CH,CH, Ph [14].

0022-328X /97/$17.00 © 1997 Elsevier Science S.A. All rights reserved.
PII $0022-328X(97)00274-X
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Scheme 1.

The hydrosilation of (CO);MnC(O)CH ; eiigenders an intermolacular or autocatalytic pathway [10). Thece reaction
mixtures afford transient quantities of the coordinatively unsaturated (CO),MnSiR ;, which serves as the active (albeit
unstable) catalyst [15,16]. It binds the acetyl substrate and gives the key intermediate
(CO)sMnC(CH , (OSiR ;)Mn(CO),; H-SiR, addition and elimination of (CO);MnCH(OSiR;)CH, regenerates
(CO),MnSiR ;. Autocatalysis origi 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 (LXCO),MnC(O)R [L = CO,PPh,; R = CH,Ph] or
{LXCO),MnCH, with excess hydrosilane transforms these manganese complexes to active catalysts for the
hydrosilation of Cp{COXL)FeC(O)R [17,18] as well as organic ketones [19] and even esters [20,21].

Recently, these hydrosilation reaction mixtures using PhSiH, have been shown to further reduce the initial
a-siloxyalkyl products. Treatment of organic esters with the same acyl p lysts and PhSiH, gave silyl
acetals PhSiH,_ ,JOCH(R)OR'], (x = 1,2) that subsequently afforded ethers RCH, OR as major products, Scheme 2
[20,21]. Similar hydrosx]auon—lhen reducnan reactions, especially those using Rh(PPh ,);Cl as the precatalyst, convert
Cp(LYCO)FeC(O)R [R = Me,Ph,'Pr,'Bu; L =CO,PPh,,P(OMe);, and P(OPh)] to Cp(LXCO¥FeCH,R (and
Cp(LXCO)FeCH=CH, byproducts where appropriate) [2,4].

In this swudy, we aitempted to extend the Rh(PPh;),Cl- and manganese carbonyl-catalyzed hydrosilation and
subsequent reduction of acyl groups to a selection of known methoxycarbonyl complexes (22,23},
Cp(CO),FeC(O)OCH, [FpCO,CH,] (1) [24,25], Cp(CO)}PPh,)FeCO,CH; [26], Cp(CO),RuCO,CH; (2) [27],
(CO);MnCO,CH, (3) [28,29}, (PPh,)C0),CoCO,CH, (4), and (CO),CoCO,CH, (5) [30-32). A new methoxycar-
bonyl complex, "‘ Cp " (CO),FeCO, CH, [Fp* COqCH3] was characterized and subjected to our hydrosilation condi-
tions. Our objective was to use these hydrosilane reactions to transform methoxycarbonyl complexes to silylacetal

o PhSiH3 OSHFA RO |3 m OR
4 | v
R~C. —_— RA—, + CH Si CH —» R—cHz
N\
o H’c No.xt BT 07 Yo’ R No-R'
2% Mn(L)(COMC(OIR,
1.1 equv, PhSiH3 y
i) » O-SiHzPh HG 1 Gy
. Fo —CL. —  LFe-C © o oH S o
Vo R cataiyst H R Lre 07 Yo7 “Fet
Y co
catalyst ;
: Fn 3
5% RACi(PPhy)y or EH:’ ) ?H .
LiFe=CHz
2% M (CO)14C(O)R", \
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L= CO.PPhy; R' = Mo, Ph
CH
L cHy

Scheme 2.
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L .MCH(OSiR ; XOMe), methoxymethyl L . MC| H.,OMe {33], or fully reduced methyl L MCH,; compounds [34].
Although alkoxycarbonyl pl in derivatives of ligated CO [22,23] and CO, [35-40],
relatively few examples have been reponed for funher reducing an alkoxycarbony! tigand [38,41,42).

2. Experimental section

Synthetic manipulations were performed in a nitrogen atmosphere using a cor.abination of standard Schienk line,
glovebox, and vacuum line procedures [43]. Infrared spectra of b \utions were led on a Perkin-Elmer FT
spectrophotometer, Model no. 1600, over the carbonyl »(CO) frequency range, 2200~1660 cm™', NMR spectral data
were obtained in C,D, and were reported as § values relative to residual CoHg (‘H: 7.15 ppm) and C4D, (C:
128.00 ppm) using Varian Model XL-200 and Unity 500 spectrometers.

Organic and inorganic reagents were obtained commercially and vsed as received; silanes and C4D, were stored in
a glovebox under nitrogen. Diethyl ether, hexane, and benzene were distilled from sodium benzophenone 3
Wilkinson's compound, Rh(PPh,),Cl, was both purchased and prepared {44]; its purity (activity) was assayed by H
NMR spectral monitoring of the catalyzed Ph,SiH, hydrosilation of FpC(O)CH, [2} Samples of
Cp(COXPPh,)FeCO,CH, {26], Cp(CO),RuCO,CH; (2} [27], (CO);MnCO,CH; (3) [28,29}, (PPh;XCO);Co—
CO,CH, (4), (C0O),CoC(0)C(OIOTH, [30-32], (CO)MnCH; [45—47). (PPh,XCO),MnC(O)CH, [48-50]. FpK
[51], and Cp* Fe(CO); PF; [52.53] were prepared by literature procedures and judged pure by IR and 'H NMR
spectroscopy. Authentic samples of the methoxysilanes CH,0SiMe, Ph, (CH,0),SiH,_ Ph,, and (CH,0),SiH,__Ph
were generated by (CO);MrBr-catalyzed dehydrogenative silation of melhanol [54].

2.J. Preparation of Cp(CO), FeCO,CH, (1)

The following procedure, a modification of that previously reported [24,25), provided Cp(CO),FeCO,CH; (1) as a
stable, crystalline material. A pale orange suspension of Fp~K* (10.0 g, 46.3 mmol) in 150 mL dry diethylether was
cooled to ~78°C and treated with methylchloroformate (3.2 mL, 46.% mmol). The methylchloroformate was added
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 FpCO,CH; (1) [24,25], v(CO) = 2038 (vs),
1988 (vs) and 1657 (s) cm™', and Fp, (ca. 20%). The diethylether was evaporated (10™' mm); the resulting
red-brown pnwder 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 mini } of
hexanc (40 mL). After cooling for 3 h at —78°C, the hexane solution deposited light vellow-brown crystals. The
supernatant hexane was removcd via cannula, and the ciystals were washed with 2 X 10 mL of cold hexane. After
vacuum drymg, this first crop afforded 5.21 g of spectroscopically pure 1: '"H NMR (C,D,) 6=5.12 (Cp) and 3.25
(CH,); “C NMR (C,D,) §=2133 (CO), 201.2 (C=G), 88.1 (Cp) and 58.1 (CH,). The combined hexane
supernatant 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 < 5% Fp,), for a combined yield of 1 of 7.36
g (67%).

2.2. Preparation of Cp*(CO),FeCO,CH,

To a white suspension of Na,CO; (126 mg, 1.19 mmol) in methanol (4 mL) was added a pale yellow suspension of
Cp* Fe(CO); PF; (100 mg, 0.238 mmol) in 4 mL of methanol. After stining for 15 min, the suspension was filtered
through a 1 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 mL) of the residue were filtered through Celite, reduced in vacuo to 5 mL, and
cooled at —78°C. The yellow solid that precipitated, was collected. hed with cold p 2x1 mL, —78°C),
and dried in vacuo. The resuiting 55 mg of a fluffy yellow solid was identified as Cp* (CO),FeCO CHJ, yield 75%.
IR (pentane) 2018, 1968 and 1649 cm~'; 'H NMR (C,D,) 8= 3.56 (s, OCH,) and 147 (s, Cp*); "C{'H} NMR
(C¢D,) 8=216.4 (C=0), 2044 (C= O) 97.0 (C5CH‘) 51.7 (CH,) and 9.30 (C;CH ). Analytically calculated for
C,,H;30,Fe: C, 54.93; H, 5.93. Observed: C, 54.46; H, 5.82.

2.3. Hydrosilation of Cp(CO), FeCO,CH, (1) with PhMe,SiH: (CO); MnCH), catalysis

To a 5-mL vial in the glove box was added Cp(CO),FeCO,CH; (1) (500 mg, 2.12 mmol}, (CO)sMnCH; (9 mg,
0.044 mmol), and C,D, (8G) mg). This red-brown solution was treated with PhMe,SiH (299 mg, 2.20 mmol) and
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transferred to a 5-mm NMR tube. 'H and *C NMR spectral monitoring of the reaction revealed that 2 was replaced in
3 h by a 1:1 mixture of 7*-(C5H,)Fe(CO), (6) [55.56] and CH,0SiMe,Ph ['H NMR 8= 3.27 (SiOCH;) and 0.29
(SiMe); °C NMR 8= 503 (SIOCH ) and --2.1 (SiMe)] [57]. Nellher gas evolution nor color change was noted;
only trace concentrations of [Q)(CO),Fe], and PhMe, SiOSiMe, Ph ['H NMR, 8 = 0.31, SiMe] were observed.

The ieachon mixture was distilled trap-to-trap (20 mm/25°C), affording a golden yellow C,Dj solution as the
distillate. 'H and '*C NMR spectra of this solution established the presence of 6 along with 2—3% CH ;O08iMe, 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 1 > 10 cm column of activity 3 alumina
(neutral) with pentane. A yellow band was eluted cleanly with pentane; the solvent was evaporated with N2 leaving a
yellow oil that contained 6 (90% yield) and 5-7% CH ;0SiMe,Ph. The IR and 'H NMR spectra of 6 are in excellent
agreement with the data reported by Whitesides and Shelly [56].

7*(C H JFe(CO), (6) IR (CCI,) ¥(CH,,,) = 2786 cm ™', v(CO) = 2045 and 1976 (br) cm™'; (pentane) v(CO) =
2048 1981 and 1974 cm™' ,'HNMR (C Dﬁ) 5(500 MHz) 497 (t, Joy =22 Hz, H,), 2.42 (m, Hy,), 2.36 (dt,
Jem M= 19 Jongoneno = 124 o Hz, H,_.y,), 191 (dt, J,o. = 145, Joro.cndo = 12.0 Hz, H,,,), triplet appearance of

H,. and H,, 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 1.8 and 1.6 Hz separations
Results of homonuclear 2D J-resolved NMR experiments confirmed the presence of the H,-H,,, spin coupling,
Joo.n = 0.7 Hz, but insufficient resolution precluded other assignments. “C NMR (CDy) 8= 212.7 (CO), 85.5
(C,), 54.3 (CHy) and 45.2 (CH,). 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; {1): (CO);MnCH; catalysis

The hydrosilation of 1 was repeated with 1.1 equivalents of PhMe,SiD (302 mg, 2.20 mmol) and 2%
(CO);MnfH, as the catalyst. Starting 1 was consumed within 3 h ('"H NMR spectral monitoring), and a vellow oil
was isolated by trap-to-trap distillation (20 mm/25°C). The oil was identified as speclroqcopncally pure exo-D
(n*-CsH;D)F=(CO), (6-D), [56] 93% yield. For 6-D, IR (CCl,) »(CO)=2044 and 1976 (br) cm~'; (pentane)
v(CO) =2048, 1981 and 1974 cm™'. 'H NMR (C,D;) 6(500 MHz) =4.99(t, J,y =22 Hz, H,), 242 (m. w) and
2.34 (br s, H,,y,), the Hy, muitiplet, an apparent dt appeared as a doublet (J, L,,d,, m=20Hz) after spin decoupling at
H,. "C NMR (C¢D,) 6= 212.6 (CO). 85.5 (C,), 54.2 (CH,,) 2nd 44.85 (1: 1: 1 t, Jep = 19.1 Hz, CDH).

2.5. PhMe, SiH and Ph,SiH, hydrosilation of I: NMR spectral observations

C¢ D, solutions (600 mg) of Cp(CO) FeCO,CH; (1) (55 mg, 0.23 mmol), PhMe,SiH (35 mg, 0.26 mmol), anc
either (CO);MnCH;, (2 mg, 9.5 X 107* mmol) (PPh ,XC0),MnC(O)CH, (4 mg, 9.5 X 10~ mmol), or Rh(PPh,),Cl
(6 mg. 6.5 X 10~* mmol) were monitored by 'H NMR spectroscopy. No reactions were observed after 5-6 h. Slmllar
results were noted for reactions between 200 mg of 1 (0.85 mmol) and PhMe, SiH (127 mg, 0.93 mmol) with 3% of
(PPh,XCO),MnC(O)CH; (12 mg, C.025 mmol) as the precatalyst. Treatment of C,D, solutions (600 mg) cc
1 (50 mg, 0.21 mmol) and (PPh,XCO),MnC(O)CH, (3 mg, 6.0 X 10> mmol) with Ph,SiH, (43 mg, 0.23 mmol)
generated 6 (90% yield) over 3 h, whereas Rh(PPh,},Cl (6 mg, 6.5%107% mmol} under comparable reaction
conditions was inactive.

2.6. Phenylsilane hydrosilation of Cp(CO), FeCO,CH; (1)

A red-brown C.D, solution (600 mg) containing Cp(CO),FeCO,CH; (1) (50 mg, 0.21 mmol),
(PPh, )(CO),MnC(O)CH (3 mg, 0.007 mmol), and the Me;SlOSlM% internal standard (13 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 7*-(CH{)Fe(CO), (6) and a 2:1 to 3: | mixture of Ph(CH;0)SiH, [8=5.13 (SiH) and 3.27
(SiOCH,)} and Ph(CH,O),SnH [6=5.11 (SiH) and 3.40 (SiOCH,)], along wnh the requisite concentration of
PhSiH,. Only trace concentrations of [Cp(CO), Fel, ['H NMR, 8 =0.31] were observed.

2.7. Phenylsilane hydrosilution of CpiCG), RuCO,CH; (2)
To a solution of Cp(CO),RuCO,CH; (2) (50 mg, 0.18 mmol), (PPh;XCO),MnC(O)CH, (3 mg, 0.007 mmol), and

Me,SiOSiMe, (11 mg, 0070 mmol) in C, D, (600 mg) was added PhSiH, (27 mg, 0.20 mmol). 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, (*-C;H)Ri{(CO), (7) {60] was identified as the major component: 'H NMR
(C¢D,) 8=5.01 (m, 2H, B-CH), 2.63 (m, 2H, « CH) and 2.61 (m, 2H, CH,); °C NMR &= 1995 (CO), 85.8
(B-CH), 48.4 (a-CH) and 48.0 (CH.,); IR (pentane) 2060, 1996 and 1985 cm™'. Other intense IR »(CO) absorptions
appeared at 2024 and 1965 cm™'; NMR spectral data also were consistent with the absence of either [CH(CO),Ru}, or
Cp(CO),RuH [61]. A 53% yield of 7 was determined by integration of the 'H NMR & = 2.63 and 2.61 multiplets vs.
the internal standard. Attempts to purify 7, an unstable yellow oil, by chromatography on activity 3, neutral
alumina-pentane inevitably produced a yellow eluate that contained 7 in addition to organic impurities.

2.8. Attempted hydrosilation of Cp(CO)PPh,)FeCO,CH,, Cp*(CO),FeCO,CH;, (CO);MnC(O)OCH, (3), and
(PPh, {C0),CoC(Q)OCH, (4)

C,D; solutions (500 mg) containing (CO);MnC(O)OCH; (3) (27 mg, 0.10 mmol) or (PPh,XCO);CoC(O}CCH,
(4) (48 mg, 0.18 mmol) were treated with PhMe,SiH (27 mg, 0.20 mmol) or Ph,SiH, (36 mg, 0.20 mmol) and
transferred to NMR tubes that were securely stoppered with rubber septa. IR and "H NMR spectral monitoring of
these four mixtures recorded that no reactions occurred over 6 h. Similar results were noted for the reactions between
(@ Cp(COXPPh,)FeCO,CH, (82 mg, 020 mmol) and PhSiH, (25 mg, 023 mmol), with 3.5% of
(PPh,XCO),MnC(O)CH, (3 mg, 0.072 mmol) as the precatalyst, and (b) Cp* (CO),FeCO,CH, (184 mg, 0.60 mmol)
and Ph,SiH, (133 mg, 0.72 mmol), with anisole as the internal standard and (CO);MnCH; (5 mg, 0.025 mmol) or
(PPh;XCO),MnC(O)CH, (12 mg, 0.025 mmol) as the precatalysts.

2.9. Dimethylphenylsilane hydrosilation of (CO),CoC(O)OCH, (5)

Starting (CO),CoC(O)OCH, (5) was generated by the decarbonylation of the oxalyl comniex
(C0),CoC(O)YC(0)OCH, [30-32] as it was distilled trap-to-trap at room temperature. The yellow oil (600 mg 5, 44%
yield) then was dissolved in C,D; and diluted as necded. lts concentration was quantified by 'H NMR spectroscopy
of samples containing Cp, Fe internal standaids. A yellow solution containing 30 mg of § (0.13 mmol) in 500 mg of
C,D, was treated with HSiMe,Ph (18 mg, 0.13 mmol) and transferred to an NMR tube. Within 15 min § was
consumed in the brown solution, and the resuiting 1:1 mixture of (CO),CoSiMe,Ph [62] and HC(O)OCH, was
identified by 'H and "C NMR spectroscopy. No other products were evident by IR or 'H and C NMR
spectroscopy; (C0),CoSiMe, Ph: IR 1{(COXC, D) = 2090, 2070 (w), 2044 (m, sh), 2027 and 1992 (s, br) cm~*; 'H
NMR (C,D,) 8= 0.71 (s, SiMe); CNMR 8= 199.5 (CO) and 5.86 (SiMe). The yield was 91% ('H NMR spectral
integration vs. the internal standard).

3. Results and discussion

3.1. Manganese carbonyl catalyzed reactions of PhSiH,;. Ph,SiH,. or PhMe,SiH with methoxycarbonyl compounds
Cp(L{COMCO,Me (M = Fe,Ru; L = CO,PPh;)

Although the methoxycarbonyl complex Cp(C3),FeC(O)OCH; (1) [24,25] in C,D, solutions is inert towards
PhSiH,. addition of 2-3% (PPh;XCO),MnC(O)CH; rapidly reduced 1 to the known [55,56] n*-cyclopentadiene
complex (7°-C;H)Fe(CO), (6) Eq. (1)). This was formed with over 90% yields, and the silane moiety was
accounted for as mixtures of unreacted PhSiH ; and the methoxysilanes (CH ;0)PhSiH, and (CH,0),PhSiH. Similar
reactions using Ph,SiH, in place of PhSiH; produced 1: I mixtures of 6 and Ph,SiH(OCH,) (90% yields), although
longer reaction times (3 h vs. 20 min) were required. With either hydrosilane, traces of Fp, aiso were evident, but
NMR spectral resonances tiat could be atributed to FpCH; [63,64], FpCH,OMe [65,66), o« silylacetal analogs,
FpCH(OSIR ;XOCH,), of FpCH(OCH ), [38,67-69] were not detected.

H

@ ° 2:3% (PPT)CO)MNC(O)CHs H
vl ﬁ

* PhSiH; — . PNSiH(OCHy) / PhSIHOCHS),

|
/\
oc co O0—CHs or CeDs OC/ISDO o
PhaSiHz PheSiH(OCHs)
1M = Fo) & (M = Fo)
2(M= Ay 7 (M= Ay )

* The reactivity order of the hydrosilanes, RSiH, = R,SiH, > R,SiH. has been established for the Ri{PPh,),Cl-catalyzed hydrosilation of
ketones [5].
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The monohydrosilane PhMe,SiH proved to be a less powerful reductant * towards 1 with manganese carbonyl
precatalysts. Thus, (PPh;{CO),MnC(O)CH; (2-3%) was ineffective as a precatalyst, irrespective of using dilute
(0.23 mmol 1,/475 mg C,D;) or more concentrated (0.85 mmot 1,/450 mg C,D,) solutions of the substrate and 1.1
equivalents of PhMe,SiH. 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 1,/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,0SiMe, 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 n°-Cp ring to yield the
7*-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

PhMeoSiH
/*—-————y [ + PhMeSi(OCHy)
S p
4
Fe—C, + 2-3% (CO)sMnCHs / CeDe

\
oc/ \co O—CHy

ij—ﬂ\ Hendo
. N PhMe,SiD ” I—
@

abstraction of (exo) deuteride with the trityl carbocation [56].)

Our attempts to extend the catalytic hydrosilane reduction of 1 by manganese carbonyl complexes to the related
iron methoxycarbonyl complexes Cp(COXPPh;)FeCO,CH; [27] and Cp*(CO),FeC(O)OCH, [5-8] 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),MnC{G)CH, as the precatalyst. Although the ruthenium analog 2
proved to be inent to PhMe,SiH with either (CO);MnCH; or (PPh,;{CO),MnC(O)CH, precatalysts, PhSiH,
reduction of 2 using 2-3% (PPh;XCO0),MnC(O)CH, as the precatalyst afforded moderate yields of the known
(7*-C;H¢JRu(CO), (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 B-H and CH, multiplets at & = 2.6 were free of interfering absorptions), but we could not
account for the remaining CpRu moiety. CpRu compounds conspicuously absent included Cp(CO),RuH,
Cp(CO), RuCH ,0Me {70,71}, and [Cp(CO),Ru], [61]; also missing were IR and NMR spectral absorptions that could

i with the e of ruthenium hydride, formyl, or siloxymethyl compounds [61,72,73].

Thc surprising outcome of this study was that the methoxycarbonyl ligend of Cp(LXCO)MCO, Me (1, M =Fe,
L =CO; L =PPh;;2,M=Ru, L=CO) ﬂnd Cp (CO)ZFeC(O)OCH3 isted hydrosilation. Our catalysis conditions
~ the choice of mang carbonyl alyst, hydrosil b concentration in C¢ D, — had been effective
for the hydrosilation of the iron and ruth acetyl compl Cp(L)(CO)MC(O)CH 3 [4,!7,]8] (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(O)CH, is preferred for Ph,SiH, [17,18] and PhSiH, [4].

Even the choice of Wilkinson's compound, Rh(FPh,),Cl, in this work followed from its use as the optimal catalyst
for the PhSiH; or Ph,SiH, hydrosilation-then-reduction of the iron acyl complexes Cp(LXCO)FeC(OR to
Cp(LXCO)FeCH,R (Scheme 2) [2-4]. It thus was quite swiprising when under comparable reaction conditions 1
remained inert towards Rh(PPh,),Cl 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(O)OCH, (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] or FpCH, [63,64]. Organotransition metal
acetals have been reported: Casey et al. [67], Theys and Hossain [68], and Cutler [42]d independently synthesized
FpCH(OCH,),. This acetal is noteworthy for its BH; reduction to FpCH,OCH, [42]d and for its room temperature
stability, which contrasts the extreme instability of its formyl derivative, FpC(O)H [35-40,74].
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The ester hydrosilation chemistry entails two reactions (Scheme 3) [20,21}: (a) (PPh;XCO), MnC(O)CH ;-catalyzed
hydrosilation of RC(O)OR' to its silylacetal 8, and (b) subsequent reduction of 8 to its ether, RCH,OR’ (9). Both steps
apparently engender the same coordinatively unsaturated (LXCO);MnSiR as the active catalyst [15,16}; its role in the
ester | il step bles the catalytic hydrosilation of ketones [19] or FpC(O)CH, [17,18]. During catalytic
PhSlH3 ester hydrosilation chemistry, the silyl acetals 8 were d d only as intermedi with PhSiH, although
analogous reactions using the less reactive Ph,SiH, and PhMe,SiH afforded several isolated examples of 8. These
independently reduced to their ethers 9 in the presence of PhSiH, and fresh manganese precatalyst {20,21].

In Scheme 4, we outline a plausible pathway for the manganese carbonyl hydrosilane reduction of FpC(O)OMe (1)
to (5*-CsH )Fe(CO), (6). The pmposed active catalyst, (LXCO);MnSiR , derives from he :nanganese methyl and
acetyl p ysts via dc and provides the bls(sﬂyl)manganese hydride intermediates
(L)(CO),MnH(SlR 3)2 3 [75-78] as the hydride donor. Exo addition of hydride from this i diate to the Cp ligand
[58.,59] concurrent with releasing the methoxysilane then yields 6.

Both steps are precedented. The bimolecular addition of reactants to the exo or top face of the Cp ligand has been
thoroughly documented [58,59), and we recently reported the manganese carbonyl-catalyzed PhSiH, reduction of
FpC(O)CH, to FpCH,CH;, [4} For this latter reaction, however, Rh{(PPh,),Cl serves as a much more effective
catalyst; a variety of iron acyl complexes Cp{LXCO)FeC(O)R’ accordingly were reduced via a-siloxyalkyl intermedi-
ates Cp(LXCO)FeCH(OSiR;)R' to Cp(LXCO)FeCH,R. We proposed that in Lhesc latter reactions
(PPh,),(CORRH(SIR ), transfers hydride to CHLXCO)FeCH(OSIR )R’ as the requisite disi byproduct forms.

3.2. Reactions of PhSiH; or PhMe,SiH with labile manganese and cobalt methoxycarbonyl complexes
(LXCO) . MCO, Me (L = CO, PPh,)

The labile methoxycarbonyl complexes (CO);MnC(O)OCH, (3), (PPh,XCO),CoC(O)OCH; (4), and
(C0),CoC(O)OCH (5) were selected for this study because their acetyl and related acyl analogs readily incorporate
hydrosilanes without adding a catalyst [1]. Thus a wide variety of hydrosilanes efficiently transf (CO),MnC(O)CH 3
[9,10] and (PPh,XCO),CoC(0)CH, [11] to their respective p ducts at room (Sch
reactions between (C0),CoC(O)CH(CH,), and Er,SiH were reported by Kovics et al. [12] to give (CO),CoStE!;
several organic products that are consistent with the subsequent degradation of
(CO),(HXSiEt;}CoCH(OSIEt, )CH(CH,),.

In contradistinction, both 3 and 4 proved to be inert towards PhMe,SiH or Ph,SiH, for at least 5 h at room
temperature. We did not detect even trace ions of the requisi meial silyl ..omplcxes Or Organic bypmducts
HCO,CH,, CH,(OCH;XJSiR,), or CH,0SiR; that could derive from hydrosilane cleavage of the
methoxycarbonyl compound or its silyl acetal derivative, L, MCH(OCH )(OblR 3} [12-14]. lt is worth noting that we
have recently established that (PPh; XCO),MaC(O)CH, camlyzes the h then: jon of HCO,CH, to

of (hydridoXsilylXalky!)metal lexes have been reported or impli as i iates in b ilath lysis {5-8]
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CH,(OCH;XOSiR ) and then CH,OSiR  [21]. Even in the presence of 4% (PPh,XC0),MnC(O)CH or Rh(PPh,),Ci
precatalyst, however, 4 did not react with Ph,SiH,.

(IJO ID no catalyst added co //D
OC-CO\—C\ + HSiMezPh ——————————— OC—-/Cn\—SiMszPh v H—'C\
OC/ CO O-—CH3 oc co 0—CHy

[No reaction with (CO)sMnCO,CHy (3} or with (PPhy)(CORCOCO,CH; (4))

3)

The (tetracarbonyl)cobalt moiety proved to be reactive towards PhMe,SiH. One equivalent of PhMe, SiH rapidly
cleaved (CC),CoC(O)OCH; (5) and quantitatively yielded the known silyl complex (CO), CoSlMe,Ph [62] and
methy! formate (Eq. (3)). IR and 'H, **C NMR spectral data for (CO),CoSiMe, Ph matches that for samples that were
independently prepared from the reaction of two equivalents of Pth:2 SiH with Ca,(CO); {11,79~81]. The release of
methyl formate from § previously had been observed for its lyzed hydrogenation, a reaction for which § 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 organometallic acy! complex to its organic acyl compound (cf. Scheme 1). Although Wegman
[82] had reported that triethylsilane cleaves acetaldehyde from (CO);MnC(O)CH; and (PPh,XCO),CoC(O)CH,
under somewhat different reaction conditions, this work was not reproducible in our hands. This dhcrepancy with the
results of our ongoing studies has been addressed in Refs. [10,11].

4. Conclusions

The reactivity of selected organotransition meial methoxycarbonyl complexes towards hydrosilanes differs signifi-
cantly from their acetyl analogs in that we found no examples of hydrosilation of the methoxycarbonyl ligand.
Although the iron and ruthenium acetyl compounds Cp(LXCO)MC(O)CH, (L = CO, PPh,) readily hydrosilate across
the acetyl llgand (Scheme 1) with a variety of hydrosilane /Rh(PPh;),Cl or manganese ca:bonyl precatalyst systems,
the cormesp ycarbonyls Cp(LXCO)MC(O)OCH, were much less reactive. Only the more active
hydrosilane/ manganese ca:bunyl precatalyst systems even reacted with ihelc methoxycarbony! analogs
Cp(C0),MCO,CH; (1, M = Fe; 2, M = Ru). These reactions mvolvmg PhSlH3/3% (PPh,}CO ,,.vlnC(O)CH, for 1
and 2 or PhMe,SiH/2-3% (CO);MnCH; for 1 afforded their n*-cycl compounds (n*-C;H,) M(CO),

(4

(6, M = Fe; 7, M = Ru). As further examples of the low reactivity of methoxycarbonyl compl under hydn ilati
catalysis conditions, PhSiH, or Ph,SiH,/Rh(PPh,),Cl were ineffective towards 1 or 2, and Cp(PPh;XCO)FeCO,CH,
and Cp " (CO),FeC(OYOCH, 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=C0).
Although their acetyl znalogs (LXCO),MC(O)CH, are sensitive to hydrosilanes, both 3 and 4 are inert towards
PhMe,SiH or Ph,SiH,. Treatment of § with PhMe.SlH released methyl formate and left the silyl complex
(CO),CoSiMe, Ph, a result that bles the hydrog istry of 5.
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