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Summary

A cationic rhodium vomplex with (R)-benzylmethylphenyvlphosphine as ligand
was found to be an effective catalyst for asymmetric hydrosilylation of a variety
of prochiral ketones. The optical vield markedly depends on the structure of hy-
drosilanes as well as on that of ketones employed. Optical yields up to 61.8%
have been achieved. A mechanism involving the formation of diastereomeric «-
sioxvalkyvl-rhodium intermediates is proposed for the asymmetric hydrosilyla-
tion of ketones.

The asymmetric hvdrosilylation was also found to be catalvzed by ((—)-
DIOP)Rh(8)CI, where DIOP stands for 2,3-G-isopropylidene-2,3-dihydroxy-1.4-
bis{diphenyvlphosphino}butane.

Introduction

Asymmetric reduction of prochiral carbonyl compounds continues to be of
interest from both practical and theoretical points of view. Manyv reports [2] of
studies on the asymmetric Meerwein—Ponndorf—Verley reduction, asymmetric

~ Grignard reduction, and reductions by chiral metal hydride complexes have ap-
peared. Izumi and corworkers have extensively studied | 3] heterogeneous asym-
metric hydrogenation of carbonyl compounds, especially acetoacetic acid esters,
with a modified Raney nickel catalyst. When we began our investigation of the
catalytic asymmetric hvdrosilylation of simple ketones using chiral transition
metal complexes as catalysts, definite evidence for an activation of the carbonyi
“‘-"—;“; Part § see I5).

#* For a prelimninary communication see [1).

®** Taken from the Thesis of T. Havashi {131
© Present address: Faculty of Engineering. Tokyo Institute of Technology. Qokavama, Meguro, Tokyo.
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group by transition metal complexes was unknown except for the rather special
case of hexafluoroacetone [4].

In the preceding paper [ 5] we reported that the catalytic hydrosilylation of
ketones with methyldichlorosilane proceeds under mild conditions when di-
chlorobis(dimethylphenylphosphine)-di-u-chlorodiplatinum(ll) is used as a cata-
Ivst, and that its chiral phosphine analogs catalyze the asymmetrie hydrosilyla-
tion of a series of alkyl pheny! ketones to give, after hyvdrolysis, partially active
1-phenylaikanols. Although the optical yields obtained were rather low, we were
convinced that with a proper choice of catalyst much greater asymmetric induc-
tion might be realized.

. In 1979, Schrock and Osborn reported [6] that a cationic rhodium complex
of the type [ RhL:H.S:], where L is a relatively basic phosphine and S is a sol-
vent molecule, catalyzes the hydrogenation not only of olefinic compounds but
also of simple ketones under mild conditions. The findings that the cationic com-
plex activates carbonyl groups of ketones under conditions of hydrogenation
greatly influenced our choice of complex. Accordingly, we have prepared a
cationic rhodium complex with (R)-benzylmethylphenylphosphine (BMPP) as
ligand, and catalytic asymmetric hydrosilylation of prochiral ketones has been
carried out in the presence of this chiral cationic rhodium complex. Reactions
involving it as catalvst were found to proceed with much higher enantioselec-
tivity than in the platinum(Il) svstem. In this paper, we describe in detail the
catalvtic asymmetric hydrosilvlation of ketones, focusing our attention on the
dependence of optical yields on the structure of the hydrosilanes used. After
this investigation had been completed, a similar rhodium complex-catalyzed
asymmetric hydrostliylation of ketones was reported independently by three re-
search groups [7—9].

Results and discussion

The cationic rhodium complex, [Rh{(R)-(PhCH:)MePhP :.(NBD)] ClO; (1)
{NBD = 2 _5-norbornadiene), was prepared according to the procedure reported
by Schrock and Osborn [10], by the reaction of di-u-chlorobis(NBD)dirhodium
with (R)-benzylmethylphenylphosphine in the presence of sodium perchlorate.

I was then treated with molecular hydrogen in benzene—dichloromethane (5 : 1)
solution to give in situ [Rh {(R)-(PhCH-)MePhP },H.,S.1°ClO," (II) (S = solvent),
which was used as a catalyst precursor for the following hydrosilylations (eq. 1
and 2).

{[RR(NBD)Cl]; + 2L* 2227 [RhL*,(NBD)]'CIO, - 1)
n
[Q]D:Q +29° ((_‘ 0.3, CH:CI:)

[RhL*.(NBD)]'CIO." C—}f%—c—; [RhL*.H.S.}' ClO.~ (2)
¢ [ 2L 2>

I [$15)

L* = (R)-(PhCH,)MePhP (70 or 79% optical purity)
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Attempts to prepare a cationic rhodium complex [Rh{(— }-DIOP }(NBD)] -
Cl0;™ *, where DIOP stands for 2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(di-
phenylphosphino)butane, were unsuccessful. and known ((- )-DIOP)Rh(S)CI (1II)
[11] was used. Recently, Kagan and coworkers have reported [8] that ((+)-
DIOPYRK(SICI is an effective catalyst for asymmetric hyvdrosilylation of ketones.

Asvmmetric ivdrosilylation of ketones catalyzed by [RE(R)(PhCH.)MePhP: .-
H.8.]°ClO, (11)

All experiments were carried out in degassed sealed glass tubes. In typical runs
the catalyst concentration was 5 X 10~ mole per mole ketone, and an equivalent
of a hydrosilane for the ketone was used. The mixture was heated at a given tem-
perature for 10 h. The hyvdrosilylation proceeded almost quantitatively. The
hydrosilylation product, a silyl ether of a sec-alcohol, was isolated by distillation
and characterized by its IR and NMR spectra and elemental analyses. The silyl
ether was then converted into the corresponding sec-alcohol by treatiment with
potassium hydroxide in agqueous methanol or with excess methyllithium fol-
lowed by acid hydrolysis (eq. 2). The absolute configuration and optical purity
of the sec-alcohol thus obtained were determined on the basis of the kaown

R'COR® + HSiR. "* R'R*CHOSIR, -- R'R:CHOH (3)

maximum rotation of the pure enantiomer. All resuits obtained are summarized
in Tables 1. 2, and 3.

In the first set of experiments (Table 1), the asymmetric addition of trialkyl-
stlanes to a series of alkyl phenyl ketones in the presence of I was found to give
predominantly (§)-1-phenyvialkanols with one exception. Fairly good optical
yields were obtained from the reaction of alkyl phenyl ketones, except for 2-
phenylacetophenone, with phenvldimethylsilane. The optical yields of 31.6,
43.1, 56.3, and 61.8% for acetophenone, propiophenone, isobutyrophenone,
and pivalophenone, respectively, are much higher than those observed in asyn -
metric hydrosilylation of the corresponding ketones catalyzed by the platinum-
(I11) { 3] with the same chiral phosphine as used here. These values compare well
with those reported in stoichiometric reductions of ketones using chiral Grignard
reagents or chiral metal hydride complexes such as LiAlH,, {OR*), [2,12].

It should be noted that the extent of asymmetric hydrosilylation depends
strongly upon the structure of the hydrosilanes emploved. With phenyldimethyl-
silane optical yields are generally more than several times as high as with tri-
methylsilane. Most remarkabile is the fact that the addition of phenyldimethyl-
silane to pivalophenone gave the silyl ether of (S)-2,2-dimethyl-1-phenylpropanol,
while trimethylsilane led to the (R)-enantiomer. The marked effect of silane struc-
ture on a stereochemical outcome may be best rationalized as proceeding in the
sequence depicted by Scheme 1.

SCHEME 1

SiR 3 Jed OSiR3 OSiR 3
i{h'-():fc’\ -- l;\h'——é'—-ll‘ =~ Rh" » H-C*—R!
H R H R? R

e (I\)
* Preparation of the cationic complex has been reported recentlv [ 26
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The proposed mechanism involves the following steps. (ay Oxidative weleition
of the hydrosilane to the cationic rhodium complex to which a ketone s ecateh
cared. (61 The ketone carbonyl, which is activated by its caotrdination with the
shodium complex, inserts into the resulting silicon—rhodium hand to form
diastereomeric o -siloxyvalkylrhodium intermediates AL (¢) Finally, the proshiues,
an aptically active silyl ether of a sec-alcohol, is formed feom reductive elimioa
tion of the diastereomeric intermediates. Of these steps, step b must play the
most impartant role in inducing asymmetry at the carbonyl cathon bevause oeff
’Hw formation of a pair of diastercomeric a-siloxyatkyl—-rhodmm intermediates,
m whu:-h a predominant configuration and the extent of enantiometic esevsa of
the pr()(im,t already would have been determined, 1t is, therefore, reasonalile
‘that the steric demands of not only the chiral phosphine ligand but also of the
.j ssxhsmuents on the silicon atom bound to the rhodium catalyst exhibit & e
‘markable effect on the selection of enantiotopic faces of a prochirsl ketomw.

‘ .Such marked effects of the structure of hydrosilanes as mentioned above on
“the stereoselectivity have not been obsetved in the asymmetric hydresiiyiation
“of prochiral olefins [ 13). Since the key step in the hydrosilylation of alefins =
“the formation of alkylmetal intermediates which arise from the insertion of o
- coordinated olefin into a hydridometal moiety, the silyl group, which is «til}




131

bound to the metal throughout the course of formation of the alkylmetal inter
mediates, may not exert any significant steric effect on the storcmeloctwlty

It is conceivably possible to argue that the hydrosilvlation of ketones pro-
ceeds, by analogy to that of olefins, via alkoxyrhodium intermediates which
arise from the msertion of ketone carbonyl into the hvdridorhodium moiety.

In fact, the intervention of an alkoxyrhodium has been proposed by Schrock

and Osborn for the hydrogenation of ketones catalyzed by cationic rhodium
complexes [6], However, such a mechanism involving alkoxyrhodium interme-
diates would not give rise to the observed changes in optical vields on changing
the silane structure. In addition, the fact that the asymmetric hydrogenation of
acetophenone catalyzed by the same chiral thodium complex 11 has been found
to give (R)-1-phenviethanol in low optical yield [14] may reinforee the argument
on the difference in the key steps between hydrogenation and hydrosilylation
of ketanes, Ogima and coworkers have reported previously [ 15] steric effects of
hydrosilanes similar to those mentioned above i the stereoselective hvdrosilyla-
tion of terpene ketones such as menthone or camphor,

Hydrostiviation of several dialky! ketones with phenyldimethylsilane and tri-
methyisilane in the presence of I also was carried out (‘Table 2). The results
shhow that no significant asymmetric induction was observed in the hydrosilyvla-
tion of 3, 3-dimethyl-2-butanone, 2-hexanone, and 2-butanone. On the other
hand, the reaction of t-phenyvl-2-propanone with either hydrosilane gave the re-
spective silvl ethoers of (S)-1-phenyl-2-propanod in higher than 107% optical yield.
Thercefore, it may be said.that the presence of @ phenvl group in the ketone sub-
strate, such as -phenvl-2-propanone and atkyl phenyl ketones, necessarily favors
the asvmmetric induction in the present reaction systems.

The addition of datkylsilanes to ketones in the presence of IT proceeded
readhily at 20 C o give optically active silyl ethers, the results obtained being
shown i Table 3, Several features of these reactions are seen in Table 3, With
dinlkyvisilanes occasional formation of silyl enol ethers accompanying the asym-
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cal punty of the phoaphine used (707 ),
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TABLE 3
ASYAMMETRIC HYDROSILY LATION OF KETONES WITH H3SiR: CATALYZED BY [Rh {(R)-
(PRCHOMePRP -~ H2 82 17CIO: " (1D €

Silvl ether

Optical vield b (%)

Alcohol

Ketone Yield

{%) (o'l%)ﬂ (neat) !alE)" (neat)d (Configuration)

H-SiR- = fla51Ft,

Frcury o1 © ~0.87 .45 2.0 (k)

t-BuCOPh 7R «1.06 ¢ “0.59 ¢ 3.3 (R)

t-RuaC O a0 --3.23 —1.42 23.0 ()
E-SiR- = HxSibhs

e COPh "1 -7.83 +6.34 14.6 (R)

F:COPh 83 211 ~H).96 1.3 (£

t-HuC e B3 --2.16 ~1.39 22,3 (R)
HaStK: = HySilebh

EtCOPh e f - =2 56 11.7 ()

¢ Reactions at 207 C for 30 h tn a sealed tube. ¥ Opucal vield is calenlated on the basis of specific rotation
of prure enantiomer (sce the footnotes of Tables 1 and 2). and corrected for the aptical punty of the phos-
prhine used (T97% ). € Including 1 7% of Ph{ilHSi1F1- O = CHCH ;. 2 The chiral phosphine of T0% optical
punity was used. © In bensene. [ A minture of disstereoisomers associated with asy mmetric sitheon atom
sca. T o1 by NMR analysis).

metric addition reaction was observed (see footnote ¢ in Table 3). Of interest is
that the reaction of propiophenone with any of the dialkylisilanes always gave.a
silyl ether of (R)-1-phenylpropanol in contrast to the reaction with triaikylsi-
lanes. Furthermore, it is noteworthy that the optical yield in the hydrosilvlation
of 3.3-dimethyl-2-butanone was much improved by the use of dialkylsilanes,
while the reaction with trialkylsilanes gave no appreciable asymmetric induction.
In conclusion, all results described here cleariv indicate that an optimum match
of ketone and hydrosilane with a given chiral catalyst does attain a high optical
vield, although the choice of the catalyst is only empirical at the present time.

Asvmmetric hydrosilviation of ketones catalvzed by ((—)}-DIOPJRh(S)CI (11{}

The ability of I1l to catalyze the asymmetric hydrosilylation of ketones also
was examined. The addition of dialkylsilanes to alkyl phenyl ketones in the
presence of 111 took place readily at 50°C to give predominantly the (R)-adduct,
except for the case where the silyl ether of (S)-2,2-dimethyl-1-phenylpropanol
was produced from the reaction between pivalophenone and diphenylsilane.
Hydrosilyiation of alky! phenyl ketones with trialkylisilanes. on the other hand,
required higher reaction temperatures, and the optical yields were generally
much lower than with dialkylsilanes. The data obtained for asymmetric hydro-
silylation catalyzed by III are summarized in Table 4. A marked dependence of
the optical yields on the structure of hydrosilanes also was observed with this
catalyst svstem.

Kagan and coworkers have reported [8] similar results using ({(+)-DIOP)Rh-
(S)C1I or a polymer-supported rhodium complex related to it. a-Naphthylphenyl-
silane Is found to be the most useful silane of those examined.
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TABLE 3

ASYAMMETRIC HYDROSILYLATION OF ALKYL PHENYL KETONES CATALYZED BY ({ -)-DIOP)-

Rh(S)Cl (1IN @

Ketone Yield Silvl ether \lcnhnl Optical vield (77)
(¢ [ali)u (neat) [ulu (neat) (Configuration)

Silane = HaSiEt>

MeCOPhR 0 ~14.13 +11.59 26.6 (1)
EtCOPh B3 +26.97 +12.89 45.9 (R)
+-PrCOPh R +5.37 21,69 Y Y.8 (R
-BuCOPh 83 1202 6556 ¢ 25.3 (5)

Sitane = H>S1Ph;

AMeCOPH 81 +16.43 +13.29 30.6 (R)
F1COVh 81 ~17.40 -T.02 28.2R)
-PrOPh T2 +16.63 «13.07 H 271
-BuCOrh Th +20.47 +10.63 € 1.0 (K

Silane = HSiMe>Ph

MeCOPh ¢ 35 -2.46 - 2.8 (k)

E1COrh ¢ 54 3.94 - 1.8 (R

- COrh o 11 4 51 - 16.5 ¢ (K)
Silane = HSiMey

ELCOPh € 62 - 3.4 ()

t-BuCoirn f ®3 - 14,2 47 (£

£ Reactions at 5O0° C for 40 b an a scaled tube. Catalyst = 0.1 mol%. ? Specific rotation in ether. € In ben-
rene. ¢ Heated at 707 C. ¢ Optical yield was calculated on the basis of specific rotation of the vptically pure
sityi ethers which was estimated by data indicated in Tadle 1. 7 Heated at 90 C.

Experimental

General comments

A Varian Aerograph Model 90P, equipped with a 20 ft. column packed w 1th
Silicone DC550 (30% on Celite) or PEG 20)M (30% on Celite), was used for iso-
lation and purification of the products. NMR spectra were obtained on a Varian
EM-360 spectrometer, IR spectra with a Hitachi EPI-G3 Grating spectropho-
tometer, and optical rotations were measured with a Yanagimoto OR-50 autc-
matic polarimeter.

{R)-Benzylmethyvlphenylphosphine (BMPP) {22] and (—)-2,3-O-isopropyl-
idene-2.3-dihvdroxy-1,4-bis(diphenylphosphino)butane ({(—)-DIOP) [11] were
prepared by reported methods.

Preparation of {Rh {({R)-(PhCH- jMePhP }(NBD)] ClO.™ (1)

The procedure reported by Schrock and Osborn [10] for preparing the com-
plexes of the type [RhP,(NBD)]'ClO,;™ (P = tertiary phosphine) was modified as
follows: Under an argon atmosphere 0.40 g (0.87 mmol) of di-u-chlorobis{2,5-
norbornadienejdirhodium and 0.25 g (2.02 mmol) of sodium perchlorate were
placed in a 30 ml flask, and 1.7 ml of degassed tetrahydrofuran was added. To
the suspension, 0.77 g (3.62 mmol) of (R)-BMPP (79% optical purity) was added
dropwise with stirring. The mixture was stirred for 10 min, and then 15 ml of
anhydrous ether was added dropwise to the red cloudy solution. The orange
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seveimtate was collected by filtration and the cake thus obtdined then was dis-
wobeed i dichloromethane, leaving sodium chloride behind. The dichloromethane
solation was reduced to 1 ml in vacuo and 12 ml of anhydrous cther was addd,
T Ofange powder was filtered, washed with two portions of each H ml of cther,
azwd <iried in vacuo to give 1,20 g (9 Yy of 1t laliy + 297 (¢ 0.275, dichlora.
mwthanc) (Found: C, 56.54; H 5. 83 Cl1, 5.19. CHLClOLP.Rh caled.: C, 3815,
H. 3.30: C1, 1.90%.) The same complex hut with the phosphine of 0% optical
gty also was prepared.

§ was treatad with molecular hydrogen in honmne:dmhlurumutlmm- (5 0
sofution to generate | Rh{(R)-(PhCH IMePhP L HLS 1T7CIO, (11 with the elimine
sws of norbornane. The solvated dihydride species was used as a catalyst for the

smm-nt roact 1on

A O Ee W =atlen.

Asymmetric hydrosilylation of ketones
All reactions were carried out in glass ampoules. A ketone (410 maimoly, o hy-

- rasilane (10 mmol), and a chiral catalyst (2 or 4 < 10 mmal) were placed in
2 glass ampoule, and the mixture was degassed by several frecze-thaw cyveles undee
geducet pressure. The ampoule then was sealed in vacuo and heated over o pue
et of A0 h. The product was isolated by fractional distillation or by prepata-
grve GLC after flash distillation to give an optically active sify] ethee, The silyl
«3her was characterized by its IR and NMR spectra and elemental analyaes. Theae
data are isted in Tables 3 and 6. The sily]l ether was converted snto the coffesporn.
ding alcohol by hydrolysis with potassium hydroxide in agueaous methivnol whete
gemazirle. or by methylation with excess methyllithivum followed by acid hvateal)-
vsts. The optical vield was determined by comparison of sprecific rotation of the
whtained aleohol with that of the pure enantiomer as reportaad an the Bleratute
sww footnotes of Tables 1 and 2.

Al the results for asymmetrie hydrosilylation of ketones are collea tod in
Fabh 1--3. Two examples of the tvpical procedure are given below
Reaction of puwalophenone with phenyldimethylsdane catalvzed hy 11 IEhtough

asolution of 12 mg (2 X 10" mmol) of 1 (7057 optical purity in 3.0 oy of de

- gassed benzene/dichloromethane (5:1) molecular hydrogen was Bubbled for 10
miirs, and to the catalyst solution 6.5 g (40 mmol) of pivalophonce and & 5 g
10 mumol) of phenyvildimethylsilane were added successively. The mistare was
freated art 50°C over a period of 40 h in a sealed, degassed glass ampoute, The
product was isolated by distillation through a short Vigreux column to give 10.49
s 81=)of 2,2—dlmethyl- -phenylpropylphenyidimethylsilyl othor, bop, 118 ¢
2.5 Torr, 25 1.5218, 23" 0.9726, [a )iy —24.92" (neat), The NMR oond analytival
«fata are shown in Tables 5 and 6. To a tetrahydrofuran solution of the oyl
ether. a shightly excess amount of methyllithium in ether solution was wldted,
The mixture was heated at reflux for 3 h, and then hydrolyzoed with dilute by
drochloric acid. After work-up in the usual manner, fractional distifiation gave
quantitatively 2. 2-dimethyl-1-phenylpropanol, {a [§) —~11.20° (¢ 4, beszetiet
Absolute configuration and optical purity were determined on thee britais of the
known values of [a]if +25.9° (benzene) for (R)-2,2-dimethiyl 1 -ty lprospanssd
§26). Taking account of an optical purity of the phosphine (707 ), the opet il
vweld 15 61.8%.

Reaction of propiophenone with diphenylsilane catalyzed by 11 In i dygiazasad



TARLE 5

PHYSICAL CONSTANTS AND ANALYTICAL DATA FOR HYDROSILYLATION PRODUCTS

Congrouand By C'Torry n l:‘“ lf.%" Found {caled. ) (%)

« H
MePhOCHOS N e s Ph 1183 1.6414 0.9495% THG0T1.90) T.81(7.86)
ELPBOHOS:Me Th 12::3 1.5272 0.98G3 TO.THTH.HO) R.41(8.20)
FErPRCHOS M e Ph 124 2.5 1.5230 QU771 TG I{TR.00) 8.57(8.50))
-BuPhCHOS Me s Ph 118 2.5 15218 0.9720 T6,20T6H.45) ROO(H,TH)
PhOH; PROHOS M- 2 P 145 149,002 1,562 1.0372 TH2H(TI.AT) TET28)y
POLUH : MeCHON M > PPh 13%:5 L O2RT DR THROM(THHM A 10(R. 2
UM CHIIOSIMex i W3 1.47Hd V.B05H1 TLAGTI. TN 10.12¢(10.23)
n-BuMeCHONMe ; P LA | 147461 OHM01H THLZ2HTL.t5 10.52(10.2)
MefhCHONIA: 449,50 3 1.4703 09026 KE 27(H7 YRy AGH.a3)
FPne HONS: Me 62305 1.4697 318 S0 | 69, 164,17 G HETMWET
RO HON N 6t 2.5 14647 O HH2U TOI3(TU.21 ) 10.213,97)
L BUPhCHON Me 633 1.4711 O.8971 TLAMTIAD 1o.27¢10.20)
PhOH PHOCHOSIMe 12005 3.5 1.5230 1.9746 TH.32TH.50) H.11¢8. 207}
PhOT S ATCCIT OIS M ey h b3 N 11641 E
- HUNeCHUMN Me an it 1.4030 0, 7814 h 2H62L 00y 127101272
-BuMeCHON Me ¢ VR E | 1 w26
BLMeC S ey 7 GH-1 1O 1.384U5
FalrhCHOS I MePh 150:0.0% 10684 1004322 THHO(TY 4T 72307 28
FtPROHON Meb 83.3 1.477K LURSTET N TH24(T1.12) 10.25(10.23)
MePhOHerHEL > 41 2 1 4820 09147 6918691 7) 9, 56(9.6R)
FiPhOHOS HEFL a3 1. 1872 09114 T0.04(70.21) 10.04(9.97)
PR C I OSLE E e LUTREN| 1.44967 09062 TLIT(TLA2)y 10.25010.23)
CHUTRCTHON H b u7.3 14790 0,902 T1T 637190 10 . 08(10.146)
CRGMeCHOMH YL, 190 - 10270 1 11R% 1. HORSG 64 il TH) 12,6201 2.84;
MePhCHES PR 134 0403 1. 50072 1.0625 TRAEL(TR 90 6. 46(6H.62)
FritHON L, 115 1y 1.574l 1t oMM TUYLTY 200 T.A10(6 D6
P PROHOS 5P Ihy 2 [T S | 10491 TY. 22T ATy TOANT 26)
CHRaPROCHONHPE 176 173 00y 1.5650 1 03268 THRG(TY T2 TAT(T 0
T HUNMeCH N FPS 1248 1 Lo GBTUN Th 24(7n.00)

FrfnCHONHMCIPh

St PRl e ML O D Tore a1 ATOR U3 0 80ae b e (230 bop LOZ C 1B Tors
155 © T41 Turr !

GRUTY e 2] bop
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1400, 0]

¥

0.TanE 4

-

BH(TE 9D

1255 by

K HER{R D1y
T.H0T Ry

T

PN - Y
RS
1123 oy

glass ampoule a mixture of 5.4 g (40 mmol) of propiophenone and 7.4 g (40
mmol) of diphenylsilane was heated at 50°C for 40 h in the presence of 9 mg

(2 © 10 * mmol) of di-u-chlorobis(1,5-hexadiene)dirhodium and 20 mg(4 » 10~
mmol} of (—)-DIOP. Distillation gave 10.3 g (81%) of 1-phenylpropyl dipheny!-
silyl ether, b.p. 143-5°C;0.09 Torr. nj;' 1.5741, d3* 1.0521, {a |iy +17.04° (neat).
To a solution of the silyl ether thus obtained in 20 ml of methanol was added
with stirring 15 ml of 2 N KOH at room temperature. The hydrolysis was com-
pleted within 10 min. After work-up, distillation gave 1-phenylpropanol in quan-
titative vield, [a iy +7.29° (neat), which was of 28.2% enantiomeric excess of
the R isomer, on the basis of the known value of {a]if —28.1" (neat) for (S)-1-
phenylpropanol [16].

In the reaction of propiophenone with dicthylsilane catalyzed by 1, the
asymmetric addition reaction wias accompanied by the formation of 177 of
1-diethylsiloxy-1-phenylpropene. The silyl enol ether was isolated by prepura-
tive GLC, NMR (CCLy/TMS): 6 0.3-1.2 (m, SiCH,CH,), 1.77 (d, J = 6.8 Hz,
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TABLE 6
PIE NAMR DATA FOR HYDROSILYLATION PRODUCTS

«.n R} R-CHOSiNea Ph

R} R- SuCH U~ OCH S0, H< Othersy

Ate Ph 0.2 3.73tg.J = 6.0 H2) 7.03--7.55 (m) 1.38(¢(d.J = KO H, CCH;H
.31 TA6 (5. Colzs

it Ph .19 2.35 (. J - 6.6 Hr) T.04~ 751 (m) 079 a.J-= ;i.ﬁ Hs  CH>CH )
.25 1.66 (5. il-resohvad CHHCH 5

TI5 s, CtEly

:-Fr Ph [1 08 rs 423 i.J = 6.2 H 6.90--7.50 (m) .73 and Q.90 (a pair of «f,

.21 J = 6.2, r((‘lhu

179 (7.4 = 6 2 H,, CH)
T2 (s Crley

1-Bu Ph .17 3189 () 6.85- 7.64 (m) G.86 (s. CtCH3)I3)
T 65, Cr s
PhCH > Fh ©.03 1.7 (. J = 6.4 H 6.4—7. 4 (m) 288 ¢ J = 6.3 FHe Cilay
0 09 T.23 (v, 2CHH)
PhCH > Me 015 3836, J 6.3 7T.36 tbroad ») 1.10{d. J = 6.3 Hs CCHLg
[E Y 266 0.7 =6 § 11z, CHs)
- T1T (s. CuHc)
t-Bu Mo .37 349w« F 62 HAH 7.24-7.72 (m) O 87 (s, CiCH3))
.01 (i, J = 6.2 He Cliqy
n-Bu AMe 0 31 3.73 (6 T -T.T2 () 0.6 - 1.5 (bhrogd m, n-butvi)

1.2, J = 6 6 He, OWCCH )

by RTRICHONM e

ri R- SuClls); OCH Others

Me Ph 0.03 ¢s) 1.77(q. J= 6.0 Hr 1.37(d.Jd = 6.0 H>, CCH3). 7.22(s. CoH=x)

E: Pk 0.12(s) 2160 (t. J = 6.3 H2z) 0.96 (x. J= T.2 He, CHaCH 3, 1.75 (5, sli-resalved,
CH-ClHi3). .32 (5. CoH<)

1-Pr Ph 0.09 (5) 3.36 4. J =652 H» 0.87 and 0.99 (aparrof d. J = 6.2 Hz_  C(CHi3);).
1.58-2.20 (m. CH). 7.31 (s, c,.gL)

t-Bu Ph 0.02 (s} 4.31 (s) 0.92 (5. C(CH3)1). 7.92 (s. CoHe)

PhCEH - Ph —0Q.U9 (s} 4.78 1. J = 6.2 H 293 (d. J = 6.2 Hr, C!_l: ), T.23 (s, CH>C, }ig),

731 6, OCCutQ)

PRCH: AMe 12 5) 391 (5.J =6.2H 1.11 (d.J = 6.2 H.. CEi ) 2,64 (d, J = 6.3 H-
Cliz). 7.25 (s. CoHs)

-Bu Ae 0.13 (s} 3143 ¢q.J=6.4 Hz) Q.RY (s, C(CH\);). 1.0b (d.J = 6.4 H7. ()C(,__!;

n-Bu Me 0.08 (s) 3.62 (6. idl-resolved) 0.6 1.3 (broad m. n-butsv1), 1.09(d. J =6 1 .

OCCH 3

(c) RPR-CHOS1HF:- #

Rt R< Sl e 0cH Others ¢

Me Ph 1.32 (5) 4.57 (q. 4 = 5.4 Hr) 142 ¢d.J = 6.4 Hro CHiyol 7.26 (s, c,,v=

Fr pn 4.41 (D) 4.55 (1. J = 6.2 Hs) 0.89 (1.J = 6.8 Hz. CH3). 1.70 (5. CHl,)
7.25 (5. CoHs)

-Pr Ph 4.32 (51 1.26 (d.J = 6.4 H») 0.7~2.0 tn. C(CH3)2). 1.80 t7.J = 6.3 Hs  CH.
T.18 (s. C,Hs)

t-Bu Ph 4.34 (5) 4.28 (s} 0.83 (5. CC(CH3)3), 7.23 (s. C. Hc)

t-Ba Me 4.36 (M 3.40 A(;,J‘b-i Hzy 0.85 (5. C(CHl3)3). 1,30 (& J =64 Hs. CH

) R‘ RICHOS HPh- ¢

ri R*  SiH OCH Others ©

Me Ph 5.39 (s} 4.91 (q. 4 = 6.2 Hej 1.46 (d. 4 = 6.2 Hz, CH3), 7.20 (s, CoHgs)

Et Ph 5.35 (s) 4.60 (2. J = 6.2 H2» 0.84 (1. J = 7.2 He, CH3). 1.78 (5. CH2)
7.12 (s, Cbg<)

«Pr PR 5.27 (s} 3.37 (d.J = 6.2 Hr) 0.77 and 0.92 (a pairof 4. J = 7.2 Hs, C(CH3)2 )
1.92 (7. CH). 7.11 (5. CaHs)

t-Bu Ph 5.24 (s) 1.34 (s) 97 (s. C(CH1)3). 7.14 (s. CgHzs)

-Bu Ae 541 (s) 3.57(q.J = 6.2 Hz) OBZ(;.(.(CHJ)\).I 10 (d. J = 6.2 Hz, CH;)

{1able continued;



TABLE 6 (continued)

{v) Others

Compouncd

FEAPhCHOS: M MePh 0.4 (s, SHICH 3, O’ (1. = 6.8 He, CH2CH3) 1.7 €5, CHACH 30, 4059 (1, 7 = 6.0
Hz, OCH). 7.21 (s, CCqtiz), 7.00 ~7.66 (i, Sil,Hiq)

EuthCHOSiMeFL: SALO3 (s SiCH )L 0,20 - 1..._ (m, SICH2CH3), OL86 (1.4 = 7.0 Hel CH2CH ), 1.67

(3. CHCH L .32 (0. J = 6.0 Hy, OCHD, 7,21 (s C Hs)
EtPhCHOSIHMePh ¥ 0.30 and 033 (. J = 2.8 Hz, SiCH3), 080 and O.R2 (1 J = 6.8 Hy  CHCH ).

1.72 (5. CHLCH ) 152 (1.7 = 6.0 Hr, OCHD), 4.91 and 198 (G, J - .N Ho SiH),

Tldand 717 (5. CCr 6. R9-T.5H6 (. Sx(‘.hﬂ<)

& Phastercutopic methels (o pair of ). 8 (81 ~H): 2100-2110 em -1 CF = 2.2 Hr HSE-CHa P SICHCH
21202125 em T SIC, Her & T2 T (m). £ A minture of

M3 1.0 (diffused multiplet). © r{Si--H):

Two diastervomeric tsomers.

~CCH ;). 4.58 (4. J = 2.0 Hz, Sitl). 5.25 (q.J = 6.8 Hz, ~ CH), and 7.04-7.-19
(m. (“‘H ). (Found: C, 70.76: H 9.39. C,;H,,081i calced.: C, 70.85: H, 9.15%.)
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