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ABSTRACT

Variations in the reagents and stoichiometries used to generate CuH in situ, as well as the nature of the ligands present, have led to a very
efficient and inexpensive method for effecting hydrosilylations of dialkyl ketones.

Hexameric CuH-P¥" was introduced by Stryker in 1988

PhMeSiH), in addition to PMHS, readily participate in this

as an excellent reagent for effecting conjugate reductions of proces$.Unfortunately, both BESiH (TES-H) and-BuMe,-

o,3-unsaturated carbonyl compourfdss potential to reduce

SiH (TBS-H) lead, at best, to traces of the desired alcohol-

both aldehydes and ketones in a 1,2-sense, however, has onlgerived silyl ethers, even in the case of aldehyd&ecently,

recently become of synthetic valéi&olecular hydrogeda®
BusSnH 3¢ and various silané%écan serve as stoichiometric
sources of hydride, thereby allowing CuH to be used
catalytically. The latter set of conditions (i.e., Cuktyand/
silane) results in a net carbonyl hydrosilylation, which can
be performed asymmetricaflyn the presence of a nonra-
cemic ligand (e.g., Roche’s 3,5-xyl-MeO-BIPHEd Takasa-
go’s DTBM-SEGPHOSY in the presence of excess
PMHS at low temperaturesAryl silanes (e.g., PAM&SIH,

Grubb’s catalyst has been shown to activate silanes leading
to hydrosilylations of ketones, although reactions with TES-H
or TBS-H require heating.

Because TBS is among the most valued of alcohol pro-
tecting groups? we have endeavored to elucidate the ex-
perimental parameters that play a role in determining the
extent of participation by a given silane. In this Letter we
describe several new insights regarding the in situ generation
of ligated “CuH™! and document that by control of stoichi-
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ometry a straightforward and effective method has been ||| N RN

uncovered for converting dialkyl ketones to their TES and
TBS ether derivatives at room temperature in high yields.
0

cat. CuCl, cat. base OSiR"3

cat. Ligand, R"3SiH
solvent, rt

R” "R R" R

(SiR"3 = TES, TBS)

Previously, we have shown that both Roche’s BIPHEP-
and Takasago’'s SEGPHOS-type ligands are exceptional
relative to PBP for dramatically accelerating the reducing
capabilities of in situ generated CUH An extensive study
was undertaken to determine which mono- and/or bidentate
phosphine ligands would impact the catalytic cycle such that

[¢] 3% CuCl, 3% NaO-t-Bu OTES
R R 5 equiv Et3SiH, PhCHg, rt R R
0.05% Ligand (L) 1,2 or 5
OTES TESO
OTES
CsHyy-n
87% (L=1) 91% (L =2)
87% (L=2) 83% (L=2) 90% (L = 2)*
[1.4 : 1 cis : trans]
93% (L = 5)
[1: 4 cis : trans)

*using 1.5 equiv Et3SiH

Figure 2. Representative hydrosilylations with triethylsilane.

TES ethers could readily be formed from ketones. Figure 1

0
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Figure 1. Effective ligands for the hydrosilylation of ketones with
triethylsilane.

shows several of the latter, which at S/L ratios of 200:1 gave
complete conversion, including BIPHER SEGPHOS2,
Me-DuPHOS3,*2 BITIANP 43 and 0o-DPPB 5.14 Other
monodentate (e.ga-BusP) or bidentate ligands (e.g., BINAP,
Josiphos? DIOP, and tetramethyl-BITIOP) led to 0-43%
conversion under otherwise identical conditions.

By lowering the amount of ligand further (to S# 2000:
1), only ligandsl, 2, and5 led to full consumption of educt.
This single modification in choice of ligand was sufficient,
in the case of E6iH,'" to afford products of hydrosilylation
on dialkyl ketones in excellent isolated yields. Figure 2
illustrates representative TES ethers formed from their
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precursor ketones using substrate-to-ligand ratios of 2000:
1. Decreasing the amount of silane from 5 to 1.5 equiv had
essentially no impact on reaction efficiency.

Attempts to apply these conditions using TBS hydride
(t-BuMe;SiH)!8 in place of EtSiH were unsuccessful; with
even greater amounts of copper (up to 5%) and ligand (up
to 0.5%), only limited conversion took place. This encour-
aged us to question the extent of CuH formation both initially
and in the catalytic cycle, since it is possible that the silane
is too bulky to undergo hydride delivery either to [CWO-
Bu], or the initial product of ketone reduction (i.e., a copper
alkoxide 6; Scheme 1) We also came to question the

Scheme 1
Ligand
CuCl + NaO-tBu —= NaCl + CuO-t-Bu Lasn» CuHeL
3ol
can this base is TBS-H
be changed? forming 'CuH"?
2
= R OCu-L R"3SiH OSiR";
- r + CuHeL
° I}
is TBS-H

regenerating 'CuH'?

original prescription for generating CuHthat is, what is
the effect of changing the base to something other then
butoxide? With no guidance on this issue from the literature,
commercially available, NaHMDS (0.6 M in toluene) was
tested in combination with CuCl using benzylacetoneas
educt (Scheme 2).

Although the standard ratio (1:1 CuCl:base) led to 50%
conversion, increasing the amount of NaHMDS to 2 equiv
relative to copper drove the reaction to 96% completion. The
switch to a nitrogenous base was predicated on the potential
for added stabilization of copper by the amine and the well-

(18) TBS-H was purchased from Gelest and distilled prior to use.
(19) Chiu, P.;Li, Z.; Fung, K. C. MTetrahedron Lett2002,44, 455.
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Scheme 2
Ph O
oTBS
AN
Cucl TBS-H A pn oTes
+

base Ligand 2 (Y] | OTBS

solvent, rt

99% (L = 2) 99% (L = 2)
base conversion [1.4:1 cis/trans |

1 equiv NaHMDS  43% (in Et,0); 0% in DME)

Figure 3. Representative hydrosilylations with TBS-H.
2 equiv NaHMDS 96% (in Et,0)

bisphosphineé'# can be used in this context as long as the
known activating and transition state stabilizing effect of 1:6 ratio of CuCl to base is maintained (eq 4).
silicon 3 to copper®
In returning to NaO-t-Bu as base, however, with higher Ph O 0.5% CuCl, 3% NaOMe Ph  OTBS
ratios vs CuCl, dramatic improvements were also observed, 0.1% 5, PhMe AN @
suggesting that the ratio of Cu(l) to base, rather than the " 12equv TBSH, <5h  99% (isolated)

nature of the base, is a key parameter. Ultimately, by  the impact of microwave irradiation on the rates of
lowering the percentage of CuCl (from 3% to 0.5%) while 1, yrosilylation of dialkyl ketones (cf. eq 4) was briefly
maintaining the level of base (NatBu) at 3%, an es-  gyamined. Conversions could be dramatically reducedl®

sentially complete reaction was realized in only a few hours i, jindependent of whether reactions were run in solution
at ambient temperature (eq 1). Moreover, only 1.2 equiv of 4. oot (Figure 4).

TBS silane were required, with the S/L ratio at 1000:1 (using

DM-SEGPHOS2). Solvents in which essentially identical

rates were observed included toluene, ether, and methylen_
chloride. As expected, neither LiO-t-Bu or LIN(TMS Ph  OTES Ph  OTBS

place of their sodio analogues led to an active reagent.

96% (E1,0, 100 °C, 10 min)

Ph O 0.5% CuCl 3% NaO-1-Bu Ph OTBS 98% (neat, 100 °C, 10 min) 96% (neat, 150 °C, 15 min)
: - (1)
K/\K 0.1% 2, PhMe, EtpO or CHaClp Figure 4. Representative hydrosilylations with microwave irradia-
1.2 equiv TBS-H, 1t, <3 h 100% conversion tion (isolated yields).

Even more remarkable was the observation that &aO-
Bu could readily be replaced by commercial NaOMe. Using ~ Attempts to apply these conventional solution conditions
the same 1:6 ratio of CuCl to now NaOMe, without change 0 the one-pot conversion of an aldehyde (e.g., hydrocinna-
of solvent (1.5 M, including the volume of silane) or S/L  Maldehyde) to the corresponding TBS-protected primary
ratio (1000:1), complete conversion could be achieved in lessalcohol were completely unsuccessful; less than 10% yields
than 3 h (eq 2). The amount of CuCl could also be reduced Were realized, along with considerable byproduct formation

to 0.1% without impact. in large measure due to competing aldol-based events (eq
5). Likewise, asymmetric hydrosilylation of aryl ketdrie3
Ph O cat. CuCl, 3% NaOMe Ph OTBS to afford a nonracemic secondary silyl ether could not be
01% 2, EO (LA, @ achieved at sufficiently low temperatures so as to maximize
1, 1.2 equiv TBS-H, <3 h both conversion and ee; at —7 °C the ee was only 80%
0.5% CuCl 99% (isolated) (eq 6).

0.1% CuCl 95% (isolated)

©/\/ CHO hydrosilylation ©/\/\ OTBS
Two additional examples run under these newly developed g ®)

conditions on precursor ketones, which led to high isolated (<10%)
yields of reduced silyl ethers, are highlighted in Figure 3. MeO O 0.5% CuCl MeO OTBS
These conditions (using NatGBu) were also directly 39% NaO-t-Bu ©
applicable to TES ether formation (eq 3). MeO 0.1% (S)2, PhMe Moo
8 1.2 equiv TBS-H, 4 h 90% (GC)
Ph (0] 0.5% CuCl, 3% NaO-t-Bu Ph  OTES 80% ee (chiral HPLC)
0.1% 2, Et,0 ()] _
1, 1.2 equiv TES-H, 4 h 95% (isolated) In summary, a simple protocol has been developed for

effecting the single-flask conversion of dialkyl ketones to

Although these powerful ligands {and2%) are likely to 20) @) Eaborm. 0.0 L Chen1975.100, 43. (b) Eaborn.

. . . a) eaborn, . Organomet. e , , . apborn, C.

be used extensively and hence become more acce§S|bIe il Chem. Soc., Chem. Commag72, 1255. (c) Bertz. S. H.; Eriksson. M.
the future, we have found that commercially available Miao, G.; Snyder, J. PJ. Am. Chem. S0d.996,118, 10906.
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of the reagent, along with the significant benefits of selected

bidentate phosphine ligands, introduce new subtleties so often Supporting Information Available: Complete spectro-
associated with organocopper chemistry. scopic data for all new compounds. This material is available

. ) ) free of charge via the Internet at http:/pubs.acs.org.
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