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Transition metal complexes with metabxygen multiple bonds significantly longer reaction times (18 h) to proceed to completion.
have found numerous applications in organic chemistry as catalystsA variety of other silanes, including dimethylphenylsilane (DMPS
for oxidation and oxygen atom transfer reactiénaside from H) and diphenylmethylsilane (DPM3H), participate equally well
oxidation reactions, applications of this class of metal complexes in the rhenium(V)-dioxo catalyzed hydrosilylati@Wotably, 2 mol
to other organic transformations are extremely Pavée became % 1 catalyzes the addition d@ért-butyldimethylsilane (TBDMS
interested in the possibility that these high oxidation metal H) to afford the TBDMS-protected alcohoBd) in 93% yield.
complexes could be used as catalysts for other transformations. FoHowever,1 showed no reactivity toward the sterically encumbered
example, hydride reduction of a carbonyl group followed by tri-iso-propylsilane (TIPSH). Benzene proved to be the most
protection of the resulting alcohol as a silyl ether is one of the general solvent, but in many cases the reactions could be performed
most prevalent sequences in organic chemistry. Hydrosilylation of in other common solvents such as THF, dioxane, dichloromethane,
carbonyl compounds represents a one-step alternative to theseand acetonitrile.
procedures, but it is rarely employed because traditional metal

catalysts suffer from air and moisture sensitivity, functional group o 29% (PPh3),Re(0),1 (1) OSiR
incompatibility, and the requirement to use reactive polyhydric /©)‘\H silane H
MeO

X . L . 3
silanes? Use of high oxidation state metal complexes could alleviate benzene MO H )
many of these drawbacks. 2 ¢
R=Et; 3a (93%)
) =Me,Ph3b  (94%)
n i - . M2 =MePh, 3¢ (87%)
MTSiH s >y O ~-BuMe; 3d (93%)
X=M" SiH >‘<—b|/[“ @ With these conditions in hand, we examined the rhenium-dioxo

Si H catalyzed hydrosilylation of a variety of aldehydes (Table 1). The

catalyst showed excellent reactivity toward a wide range of aromatic

Generation of metal hydrides from silanes generally involves (entries 15), heteroaromatic (entry 6), and aliphatic aldehydes
an oxidative addition of the silicephydrogen bond to the metal  (entries 7 and 8), affording the corresponding DMPS ethers in good
and therefore requires low-valent metal complexes (eq 1). On the to excellent yields. This catalyst system tolerates a wide range of
basis of recent reportsye envisioned an alternative mechanism functional groups including a Lewis-basic tertiary amine (entry 5).

in which the metal hydride is produced by a{22]-type addition Furthermore, functional groups that are prone to reduction, such
of the Si-H bond to a metal ligandr-bond (eq 2). The overall as aryl nitro (entry 1), aryl halo (entry 2), ester (entry 3), and keto
effect of this process is to convert the strongly oxidizing=M (entry 4) groups, are left untouched. This is further exemplified by

complex to a silyloxy-substituted metal hydride which could the chemoselective reduction of aldehyfigin the presence of an
potentially be employed as a reductant. A variety of complexes aryl iodide andx,-unsaturated ester, to afford silyl etf@in 68%
containing metatligand multiple bonds were first considered; yield (entry 9).
however, we chose to examine metal dioxo complexes in the hope The Re-dioxo catalyzed reaction was readily extended to the
that the reactivity of the metaloxygen multiple bond would be  hydrosilylation of aromatic and aliphatic ketones (Table 2, entries
enhanced by the presence of a second oxo ligand (spectator oxdl0—15). The reduction of ketones required slightly increased
effecf). As such, we chose to begin our study by investigating catalyst loadings and longer reaction times, but the corresponding
rhenium(V)dioxo complexes as catalysts. Herein we describe ansilyl ethers were isolated in good to excellent yields. The reaction
air- and moisture-tolerant catalytic one-step reduction-protection remains highly chemoselective, tolerating functional groups such
of carbonyl groups employing rhenium-oxo complexes as catalysts. as cyano (entry 4) and ester (entry 2). Notably, no products derived
This novel reactivity represents a striking reversal of the redox from cyclopropane ring-opening were detecté#d KMR, GCMS)
properties typical of rhenium-oxo complexes (such as K)TO in the reduction of cyclopropylphenyl ketone (entry 14). This
We initiated our investigation by employing the readily available observation suggests that the reduction is not proceeding through
iododioxo(bistriphenylphosphine)rhenium(\M){ as a catalyst. We a mechanism involving electron transfer.

were pleased to find that, at 8C in benzene, 5 mol % rapidly We propose the sequence outlined in Scheme 1 as the likely
(15 min) catalyzed the addition of triethylsilanegeanisaldehyde mechanism of this new type of reacti&hThe first step involves
(2) to afford the corresponding triethylsilyl ethedd) in 91% yield. a formal [2+ 2]-additiorf11 of silane to the ReO bond inl to

Lowering the catalyst loading to 2 mol % required slightly produce metal hydridé. In accord with this hypothesis, the reaction
increased reaction times (2 h), but had no detrimental effects on of excess triethylsilane with produced a new rhenium complex,
the yield of3a (eq 3). The reaction temperature could be lowered which we believe to bé. This complex shows nefiH NMR signals
to 25 °C, but under these conditions the reaction required at 6.60 (triplet, 1H, ReH), 0.78 (triplet, 9H, OSi(CHCHa)3), and
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Table 1. Re-Dioxo Catalyzed Hydrosilylation of Aldehydes and
Ketones
o cat. (PPhz),Re(0),1 (1) OSiPhMe,
Me,PhSiH )
R)L R beznzene R H 8
4a-0 Sa-0
entry aldehyde temp.(°C)/time yield®
1 4-nitrobenzaldehyde (4a) 60/ 15 min. 94% (5a)
2 4-bromobenzaldehyde (4b) 60/ 30 min. 89% (5b)
3 4-acetoxybenzaldehyde (4c) 60/1h 95% (5¢)
4 4-acetylbenzaldehyde (4d) rt/26h 86% (5d)
5 4-dimethylaminobenzaldehyde (de) 60 /30 min. 86% (Se)
6 3-thiophenecarboxaldehyde (4f) 60 /45 min. 73% (5f)
7 2-phenylpropionaldehyde (4g) 60/ 15 min. 91% (5g)
8 2-benzyloxyacetaldehyde (4h) 60 /2h 69%" (5h)
9 MeO CHO 60/2h 68% (5i)
Me/vkoji;/ 4
10 4-t-butylcyclohex:none 4j) 75/7h 87%° (5§)
11 ethyl levulinate (4k) 75/ 16h 63% (5k)
12 S-methoxytetralone (41) 75/ 20h 66% (51)
13 4-acetylbenzonitrile (4m) 75/ 14h 82% (5m)
14 cyclopropylphenylketone (4n) 75/20h 69% (5n)
15 4-phenyl-2-butanone (40) 60/ 14h 76%° (5p)

Reaction conditions: aldehydes 2 mol 25 ketones 5 mol %, 1.2
equiv of DMPS-H, 1 M (substrate) in gHe. 2 Isolated yield after chroma-
tography.P Accompanied by 24% desilylated alcoh®k25:1 trans:cis.
dDPMS—H used as silane.

Scheme 1. Mechanistic Proposal for Re-Dioxo Catalyzed
Hydrosilylation
PPh;
I Rl/’o 1
—Res
OSiR; | ~O
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—0.20 ppm (quartet, 6H, OSi{€:CHs)3) that were assigned to the
Re—H and OSi(CHCHjz); resonance®12 This assignment was
confirmed by reaction with with triethysilyldeuteride (TESD),
which produced an identical complex lacking the signal at 6.60
ppm in the!H NMR. Addition of 4-nitrobenzaldehyde ®afforded
the corresponding silyl ether5&). However, under catalytic
conditions, monitoring byH NMR showed that a different complex
is present until the end of the reaction. This complex also shows
an upfield signal for the silyl group—0.5 ppm), but it lacks the
signal for the rhenium hydride. Instead, this complex shows a new
signal at 4.10 ppm (2H, ReOCH,Ph), which we have assigned to
alkoxy-metal intermediat@ produced by addition of the rhenium
hydride to the carbonyl grould.Transfer of the silyl group to the
alkoxy ligand, formally aetro-[2 + 2] reaction, produces the silyl
ether product and regenerates dioxo cataly’st

In summary, we have developed an air- and moisture-tolerant
hydrosilylation of aldehydes and ketones using a rhenium-dioxo
complex as catalyst. The reaction is compatible with a wide range
of functional groups such as amino, cyano, nitro, aryl halo, ester,
and alkene. As such, this reaction provides an efficient and practical
one-step reduction-protection method in which no byproducts are

produced. Furthermore, the use of a metal-dioxo complex as a
catalyst for the reduction of organic functional groups represents a
complete reversal from the traditional role of these complexes as
oxidation catalysts. This novel reactivity suggests that mdigdnd
m-bonds may catalyze other types@bond activation reactions.
Further studies on the mechanism and new applications, including
the enantioselective version, of this reaction are ongoing in our
laboratories.
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