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ABSTRACT

cat. [Rh(cod)(MeCN),|BF,

. 1 2 (S)-BINAP 1 2
R-Si(OR); + R~ A~ _R R R
: W dioxane/H,0O (10:1) \_—/\ﬂ/
o] 90°C, 20 h R O

R = aryl, alkenyl

Highly enantioselective 1,4-addition of organosiloxanes to a,f-unsaturated carbonyl compounds was found to be catalyzed by a chiral rhodium
complex generated from [Rh(cod)(MeCN),]BF, and (S)-BINAP. Both (E)- and (Z)-1-alkenyl groups as well as aryl groups can be introduced
enantioselectively into the #-position of a variety of ketones, esters, and amides.
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Table 1. Rhodium-Catalyzed Asymmetric 1,4-Addition of
Phenyltrimethoxysilane (1a) to Cyclohexenora)

Table 2. Rhodium-Catalyzed Asymmetric 1,4-Addition of
Organosiloxanes ta,3-Enones

cat. [Rh(cod)}(MeCN),|BF 4
! Chiral Ligand
Ph—Si(OMe); +
dioxane/Ho0 (10:1)

Ph cat. [Rh(cod)(MeCN)|BF4
R~ R2 (S)-BINAP R1 R2
; R-Si(OR"); + \/\ﬂ/ dioxane/H,0 \_/\ﬂ/

o} 90°C, 20 h o) . 20 90°C, 20 h R 3O
1a 2a 3a
entry 1 2 yield, %’ ee, %°
entry ligand (mmol) yield,p % ee, % .
1 PhSi(OMe); (1a) @zo 76 (3a) 98 (S)
1 (S)-(R)-BPPFA (0.02) 72 0 (22)
2 (S)-(R)-BPPFOAC (0.02) 33 0
P O
3 (R)-DIOP (0.02) 77 0 2 1a E>: 2b) 89(3b)  94(S)
4 (S)-Tol-BINAP (0.02) 59 12 P
5 (S)-BINAP (0.02) 88 25 3 1a 90@3¢)  T5(R)
6 (S)-BINAP (0.025) 75 35 oph (20)
7 (S)-BINAP (0.03) 58 97 4 1a & 90 @3d)  75(R)
8 (S)-BINAP (0.04) 38 97 o (d
9 (S)-BINAP (0.03) 72 98 5 1a NN 87(3¢) 91
10¢ (S)-BINAP (0.06) 76 98 0 (2
aCommon reaction conditions:1a (2.0 mmol), 2a (1.0 mmol), 6 1a > 62(30) 98
[Rh(cod)(MeCN}]BF4 (0.02 mmol), 2.2 mL of dioxaneA® (10:1), 90°C,
20 h, N atmosphere? Isolated yield ¢ Reaction for 40 hd 0.04 mmol of o @n
[Rh(cod)(MeCN)]BF4 was used. 7 p-CIC H,Si(OEt), o 563
; : < = g 96
(1b) (2a)
g p-MeOCH,Si(OEt), 2a 733h) 96
rhodium-catalyzed reaction of the organosilicon reagents, we (1)
e ‘ ) ’ 9 NSI0Es 1y 2a 5431 96(9)
reported addition of phenylmethyldifluorosilane to alde- (1d)
hydes? Addition of diaryldichlorosilanes to unsaturated 10 prS(OFs ;) 2a 6 O
carbonyl compound¥,and addition of arylmethylsilanediols T m/sa(oa) 2a 88 (3k) 87
to unsaturated carbonyl compounds and aldehydaso *(1h

occur. The 1,4-addition of organotrialkoxysilanes to unsatur- _ .

ted carbonvl compounds was recently reported to be Common reaction conditions: 1 (2.0 mmol), 2 (1.0 mmol), [Rh(cod)-
ate y p y rep (MeCN),]BF; (0.04 mmol), 8)-BINAP (0.06 mmol), 2.2 mL of dioxane/
catalyzed by rhodium complexésin this paper, we wish ~ H0 (10:1), 90°C, 20 h, N atmosphere?Isolated yield.c Absolute
to report a highly enantioselective 1,4-addition of aryl- and cenfiguration is shown in parentheses.
alkenyltrialkoxysilanes too,S-unsaturated carbonyl com-
pounds catalyzed by a BINAP—rhodium complex.

Initially, various chiral phosphine ligands were examined
(P/Rh= 2) in the reaction of phenyltrimethoxysilanga)
with cyclohexenone2g) under the conditions reported before
(Table 1, entries 45).122 Although ferrocene-based ligands
(entries 1 and 2) and DIOP (entry 3) did not show any and 10)
enantioselectivity, modest ees were obtained when binaph- e . . "
thyl-based ligands were used (entries 4 and 5). Then, other With the optimized reaction conditions (Table 1, entry 10),
conditions were examined using (S)-BINAP as a ligand asymmetric 1,4-addition of various organosiloxanes to enones
(Table 1, entries 610). The amount of BINAP affected both were exgmmed. Results are summarized in Table 2. As in
chemical and optical yields. When the amount of BINAP the reaction of cyclohexenongg, en_try 1), cyc_I(_)pentenone
was increased to 0.025 mmol (P/Rh2.5) or 0.03 mmol (Z_b) also un_dervvent thg asymmetric _1,4—add|_t|(_)n of phe_nyl—
(P/Rh= 3), the chemical yield decreased to 75 and 55%, trimethoxysilane (1a) with high enantioselectivity affording

respectively, and the optical yield increased to 35 and 97% the (_S)-form prodyct ) in good yield (entry 2). The
reaction oflawith linear enones also proceeded enantiose-

lectively, but afforded theR)-form producs. Enantioselec-
tivity and reactivity were affected by bulkiness of the
substituent on thes-position of the enones. With the

ee, respectively (entries%). Further addition of BINAP
(0.04 mmol) caused the chemical yield to only decrease
(entry 8). The chemical yield could be improved by
lengthening the reaction time and by increasing the amount
of catalyst loaded without loss of the optical yield (entries 9

(7) (@) Yamamoto, K.; Suzuki, S.; Tsuji, Jetrahedron Lett1980,21,
1653. (b) Eaborn, C.; Griffiths, R. W.; Pidcock, A. Organomet. Chem.
1982,225, 331. (c) Matsumoto, H.; Kasahara, M.; Takahashi, M.; Arai, T.;
Nakao, T.; Nagai, YJ. Organomet. Chenl983,250, 99. (d) Hatanaka,
Y.; Hiyama, T.Tetrahedron Lett1987,28, 4715.

(8) (a) Murata, M.; Suzuki, K.; Watanabe, S.; Masuda,JYOrg. Chem.
1997,62, 8569. (b) Murata, M.; Watanabe, S.; Masuda,Tétrahedron Am. Chem. Soc2001, 123, 10774. (b) Fujii, T.; Koike, T.; Mori, A,;
Lett. 1999,40, 9255. (c) Manoso, A. S.; DeShong,POrg. Chem2001, Osakada, KSynlett2002, 298. (c) Koike, T.; Du, X.; Mori, A.; Osakada,
66, 7449. (d) Murata, M.; Ishikura, M.; Nagata, M.; Watanabe, S.; Masuda, K. Synlett2002, 301.

Y. Org. Lett.2002,4, 1843. (12) (a) Oi, S.; Honma, Y.; Inoue, YOrg. Lett.2002,4, 667. (b) Murata,

(11) (a) Mori, A.; Danda, Y.; Fuijii, T.; Hirabayashi, K.; Osakada,X.

(9) Oi, S.; Moro, M.; Inoue, Y Organometallics2001,20, 1036.
(10) Huang, T. S.; Li, C. JChem. Commur2001, 2348.

98

M.; Shimazaki, R.; Ishikura, M.; Watanabe, S.; MasudaSynthesi2002
717.

Org. Lett,, Vol. 5, No. 1, 2003



The reaction mechanism (Scheme 1) probably involves
the generation of an organorhodium intermedtatay the
transmetalation between the silicon reagkand a rhodium

Scheme 1. Presumed Reaction Pathway

1 2
Ay : Ar—Si(OR)s complex4 and the addition of the organorhodium intermedi-
Ar 5 o XE_‘[g'ép'Rrg(H 1 ate 5 to the a,f-unsaturated carbonyl compoudas we
- 440r H,0 reported? The stereochemical pathway of the addition of
H0 _ the Rh—C bond to the enones should be similar to that in
R_‘T:/'lz((é?>§rH the asymmetric 1,4-addition of arylboronic acids reported
>“”\r T by Hayashi and Miyaur&d.We considered that the chiral
BINAP-RH o BINAP-Rh—Ar rhodium species would be an 1:1 complex of rhodium and
6 5 BINAP, although addition of 1.5-fold excess of BINAP was
needed to obtain high enantioselectivity, which would be
R\/\(Rz necessary to complete the complexation. TEg-d&nones
0 coordinates to the Rh(S)-BINAP complex (Figure 1) on

2

substituent on thg-position was changed from methyld)
to propyl (2e) and to isopropyl2f), the optical yield
increased from 75% to 91% ee, and then to 98% ee, while
the chemical yield decreased from 90% to 87%, and then

67% (entries 3, 5, and 6). On the other hand, the substituent & /> ¢ : % /> ¢ :
on the carbonyl carbon had no influence on either enanti- O/ i O/ A
oselectivity or reactivity, in that methyl keto2e and phenyl / \ 20 ®/

ketone2d gave similar results (entries 3 and 4). Aryltri-

alkoxysilanes bearing either an electron-donating or an

electron-withdrawing grouplb and 1c, also added to 0 H o

cyclohexenone (2a) enantioselectively affording the corre- Ar"'\/\f Ar’“U

sponding products of over 95% ee (entries 7 and 8). Asym- H

metric 1,4-addition of 1-alkenyltrialkoxysilanes was also (R) (S)

successful. Vinylsilaneld added to2a to give (S)-3-

vinylcyclohexanone i) in an excellent ee of 96%. The Figure 1.

reaction of botte- andZ-styrylsilane 1le and1f, proceeded

without isomerization of styryl moiety affording the products

in good yield with high ees of 91% and 87%, respectively their 2reface to avoid the steric interaction with the edges

(entries 10 and 11). of two pseudoequatorial phenyl groups to afford tRy-(
To expand the scope of the reaction, the asymmetric products. Cyclic enones, i.eZ)enones, coordinate to the

addition of 1a to a,B-unsaturated esters and amides was Rh—(S)-BINAP complex in the same manner but on their

examined. As a result, the reactions with methyl crotonate 2si face to afford the (S)-products.

(2g) and crotonamide2f) proceeded as in the reaction of

3-penten-2-on (2c) giving the phenylatdg){form adducts,

In conclusion, highly enantioselective 1,4-addition of
organosiloxanes ta,5-unsaturated carbonyl compounds was

3l and3m, in good yield with high enantioselectivity.

cat.

[Rh{cod)}(MeCN),]BF4
_~__OMe (S)-BINAP OMe
Ph-Si(OMe); + - =Y
3 \/\g/ dioxane/H,O \Ef\g/
90°C,20h
1a 29 (R)-3l

93%y, 90%ee

cat.
[Rh{cod)(MeCN),]BF4

: _~__NHj (S)-BINAP NH,
Ph-Si{OMe); + Y
\/\g/ dioxane/H,O m
90°C,20 h
1a 2h (R)-3m
75%yY, 81%ee
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catalyzed by a chiral rhodium complex generated from [Rh-
(cod)(MeCN}]BF, and (S)-BINAP. Both (E)- and (2)-1-
alkenyl groups as well as aryl groups can be introduced
enantioselectively intg-position of a variety of ketones,
esters, and amides. Further studies to expand the scope and
to clarify mechanistic details are underway.

Supporting Information Available: Experimental details
and characterization data f8a—m. This material is available
free of charge via the Internet at http:/pubs.acs.org.
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