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Complex of Rhodium(I) [1]
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Both enantiomers of the chiral rhodium-NHC complex [(4X, 5X)-1,3-bis[2,6-diisopropyl-phenyl]-
4,5-ditert-butylimidazolidine-2-ylidene][1,5-cyclooctadiene]-iodo-rhodium(I) with X = R, S were ap-
plied as catalysts for the asymmetric hydrosilylation of prochiral ketones. The influence of employed

solvent, substrate, silane, and catalyst enantiomer on the catalytic activity and the enantioselectivity
of the desired product was investigated.
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Introduction

Due to the increasing demand of enantiomerically
pure compounds by the pharmaceutical industry, asym-
metric catalysis developed to one of the fastest grow-
ing areas of research in synthetic chemistry. The asym-
metric hydrosilylation represents a popular catalytic
method for the reduction of prochiral ketones and
imines to generate the corresponding alcohols and
amines as shown in Scheme 1 [2].

Karstedt’s catalyst is among the most active hy-
drosilylation catalysts known [3], but the exact com-
position and structure of its active species has not
been determined as yet. Therefore, it is impossible
to undertake specific modifications for its application
in enantioselective hydrosilylation. Other active hy-
drosilylation catalysts such as transition metal phos-
phine or N-heterocyclic carbene (NHC) complexes
have been developed, with phosphine complexes typ-
ically achieving higher activities [4]. However, the ap-
plication of transition metal phosphine complexes for
enantioselective hydrosilylation is limited due to their
labile M—P bonds. The chiral information contained in
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the ligand often gets lost due to dissociation of the
phospine during the catalytic cycle [5]. NHCs repre-
sent an attractive alternative for phosphines because
they possess similar properties, but are stronger ¢
donors [6, 7]. Enantioselective NHC complexes gener-
ating high enantiomeric excesses have been reported
for a variety of catalytic reactions, e. g. the iridium-
catalyzed hydrogenation of alkenes [8], ruthenium-
catalyzed metathesis reactions [9], and rhodium-
catalyzed conjugate additions and hydosilylations
[10]. The first example for the application of chi-
ral rhodium(I)-NHC complexes as enantioselective hy-
drosilylation catalysts was reported by Herrmann et al.
[11] who achieved quantitative yields and chiral in-
ductions of up to 32 % ee at temperatures as low as
—34 °C and found a remarkably high catalyst lifetime.
Today, examples for transition metal NHC complexes
are known that achieve very high enantioselectivities
for the hydrosilylation of prochiral ketones [10c, 12].
The reaction mechanism of hydrosilylation re-
actions is not fully understood, but several catalytic
cycles have been proposed [13]. Therefore, it is of great
interest to study the influence of different reaction
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Scheme 1. Catalytic hydrosilylation of

R * Ry prochiral ketones and imines.
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Fig. 1. Chiral rhodium(I)-NHC complex 1.

parameters on yield and enantiomeric excess (ee).
In this work, we present the results obtained by
investigating the influence of the solvent, the cat-
alyst enantiomer, the silane, the substrate, and the
temperature on yield and ee values for the cat-
alytic hydrosilylation of prochiral ketones [14].
The chiral catalyst [(COD)Rh(NHO)I] with NHC =
1,3-bis(diisopropylphenyl)-(X,X)4,5-bis(tert-butyl)-
imidazolidineylidene and X = R or S (1) [15] was
employed for this study (($,5)-enantiomer = (-)-enant-
iomer as shown in Fig. 1).

Results and Discussion

To determine the activity and optical induction of 1
as a catalyst for hydrosilylation, the reaction shown in
Scheme 2 was investigated.

Solvent influence

In homogeneous catalysis, the solubility of the reac-
tants and the catalyst play a key role for the conversion
of the reactants. Therefore, the activity of (—)-1 was
first determined for the reaction of acetophenone with
Ph;SiH, in three solvents of different polarity toluene
(1 = 0.36 Debye), tetrahydrofurane (it = 1.63 Debye),
and dichloromethane (it = 1.60 Debye) [16] at 1. t. The
time-dependent yields are shown in Fig. 3.

The highest yield was reached when the re-
action was carried out in tetrahydrofuran, while
dichloromethane led to the lowest conversion. The ob-
served differences cannot be correlated with the po-
larity of the solvents. Instead, the donor strength of
the solvent could play a role since tetrahydrofuran
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Fig. 3. Time-dependent yield in different solvents.

as the strongest donor leads to the highest activity
whereas the weakest donor dichloromethane generates
very low conversions. It may be possible that an initi-
ation step such as the dissociation of I™ occurs, gen-
erating a cationic complex which can be stabilized by
the coordination of tetrahydrofuran. The labile solvent
molecule would easily be replaced by the substrate in
the following step.

Influence of the catalyst enantiomer

For many naturally occurring reactions that involve
chiral catalysts it has been shown that the choice of the
enantiomer can significantly influence the result due to
the importance of the transition state. For this reason
we examined the hydrosilylation of acetophenone with
Ph,SiH; in the presence of the (-)- and (+)-enantiomer
of the catalyst. The time-dependent yield for both cases
is illustrated in Fig. 4. Interestingly, the (—)-enantiomer
leads to a much higher yield than the (+)-enantiomer.
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Fig. 4. Time-dependent conversion in the presence of differ-
ent enantiomers of the catalyst.
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Fig. 5. Time-dependent conversion of the hydrosilylation of
benzophenone with PhySiH, and polymethylhydrogensilox-
ane.

Since the solubility of both complexes is the same, and
identical reaction conditions were applied, it can be as-
sumed that the energy barrier for the formation of the
transition state in the (-)-enantiomer might be lower.
Calculations are currently underway to support this as-
sumption.

Silane influence

In order to evaluate the catalytic performance of new
hydrosilylation catalysts, diphenylsilane is typically
employed in the published literature. However, the in-
terest of chemical industry in the hydrosilylation with
this silane is rather limited. Therefore, polymethyl-
hydrogensiloxane ((H3C)3SiO[Si(CH3),0],Si(CH3)3)
was used to hydrosilylate acetophenone. Fig. 5 shows
the time-dependent yield for the hydrosilylation of ace-
tophenone with diphenylsilane versus polymethylhy-
drogensiloxane.

It is obvious from Fig. 5 that the hydrosilylation
with polymethylhydrogensiloxane only generates very
small amounts of the desired alcohol while the hydrosi-
lylation with diphenylsilane reaches quantitative yield
after 48 h.

Variation of the substrates

To investigate the influence of the substrate on
the activity and optical induction of (-)-1, acetophe-
none (A), a,o,c-trifluoromethylacetophenone (B), 4-
trifluormethylacetophenone (C), acetonaphtone (D),
and 4-chloro-acetophenone (E) were employed at dif-
ferent temperatures. Yields and enantiomeric excesses
are summarized in Table 1.

When the standard substrate A was employed as
the substrate for the hydrosilylation reaction at room
temperature, almost quantitative yield, but very low
enantioselectivity (4 % ee) was reached after 48 h.
It is known that by lowering the temperature, thermo-

Table 1. Yields and enantiomeric excesses for the hydrosily-
lation of A-E with Ph,SiH, at varying temperatures in the
presence of (-)-1.

Substrate R R t(h) Yield(%) T(C) %ee
A Ph CH; 48 99 25 4
A Ph CH; 48 9 0o 7
A Ph CH; 72 2 —40 9
B Ph CF; 3 100 25 1
B Ph CF; 48 73 0 5
B Ph CF; 285 17 —40 6
C 4-CF;-Ph  CH; 3 94 25 73
D 2-Naphtyl CH; 72 28 25 5
D 2-Naphtyl CH; 48 19 0 8
D 2-Naphtyl CH; 72 2 —40 11
E 4-C-Ph CH; 48 31 25 5

dynamic effects become more significant in catalytic
reactions, and increased enantioselectivities can be
achieved. However, only a small increase of the enan-
tiomeric excess (7 % ee) and a drastic decrease of the
yield (9 % after 48 h) was observed in case of A when
decreasing the temperature to 0 °C. In case of B, an ac-
tivated substrate, a significantly increased catalytic ac-
tivity was observed. After three hours at r. t. the prod-
uct was obtained quantitatively, enantiselectivity, how-
ever, was completely lost (1 % ee). When the same re-
action was carried out at 0 °C, the enantioselectivity
of the catalytic reaction was still very small (5 % ee),
and the activity dropped significantly. After 48 h 73 %
of the corresponding alcohol was obtained. At —40 °C
the yield decreased further, and only 17 % alcohol was
detected after 28.5 h. When employing the substrate C
which contains an electron-withdrawing substituent at-
tached to the phenyl ring, major differences to B, bear-
ing an electron-withdrawing substituent bound directly
to the ketone group, were observed. After 3h atr.t., a
yield of 94 % and an enantiomeric excess of 73 % were
detected. The hydrosilylation of D, a deactivated sub-
strate, atr. t. leads to 28 % of the corresponding alcohol
after 72 h. Lowering the temperature to 0 °C results in a
slight increase of the obtained ee, again associated with
a decrease of the yield (19 % after 24 h). At —40 °C the
reaction does not occur. When employing the deacti-
vated substrate E, a yield of 31 % and an enantiomeric
excess of 5% was detected after a reaction time of
48 h at r.t. In summary, we observed high yields for
the standard substrate acetophenone and the activated
substrates B and C with the expected increased activity
in case of B and C and low yields for the deactivated
substrates D and E. The catalyst did not transfer its chi-
ral information into the product, with the sole excep-
tion of the hydrosilylation of C. Reduction of the reac-
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tion temperature did not significantly improve stereos-
electivity in any case, but always resulted in very low
yields.

Conclusion

The catalytic activity and enantioselectivity of the
complexes [(4X,5X)-1,3-bis[2,6-diisopropylphenyl]-
4,5-ditert-butylimidazolin-2-ylidene][1,5-cyclooctadi-
ene]-iodorhodium(I) with X = R or § for the hydrosi-
lylation of prochiral ketones was investigated. Activity
and enantiomeric excess were found to depend on
solvent, substrate, silane, and catalyst enantiomer
employed. Among the solvents tested, tetrahydrofuran
— as the strongest donor — led to the highest conversion.
Interestingly, the (—)-enantiomer of 1 displayed a
much higher catalytic activity as the corresponding
(+)-enantiomer. By comparing the hydrosilylation of
different substrates it was shown that the catalytic
activity of the (—)-enantiomer of 1 decreases in
the following order: activated substrates (B and C)
> acetophenone (A) > deactivated substrates (D and
E). Significant enantioselectivity was only achieved
for 4-trifluormethylacetophenone (C). Further studies,
particularly including a more detailed study of the
initiation step will be performed in our group.

Experimental Section
Catalyst synthesis

Compound 1 was synthesized according to a literature
procedure [6]. GC spectra for determination of the catalytic
result were measured on a Varian gas chromatograph CP-
3800 (column: FactorFour VF-5 ms) equipped with an FID
detector.

General procedure for catalytic reactions

Compound 1 (0.6 mmol) was dissolved in the appropri-
ate solvent (2 mL). The appropriate ketone (10 mmol) and
diethylenglycoldibutylether (375 uL) were added as inter-
nal GC standards. Then the silane (60 mmol) was injected.
After a certain time, a sample of 1 mL was taken from the
reaction mixture. Methanol (1 mL) and sodium hydroxide
(1 mL, 0.5 M) were added to deprotect the silylated products
for analysis. After ten minutes of stirring, the product was
extracted using diethyl ether and filtered through glass wool.
The ratio of products and starting materials were determined
by GC analysis.
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