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High Performance of Rh(Phebox) Catalysts in Asymmetric
Reductive Aldol Reaction: High Anti-Selectivity
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Reductive Aldol Reactions: Background (I

Reductive Alkylation of @,B-Unsaturated Compounds
H H

Li/NH; Mel
'
o (o] -

H
Me Me e

Stork, G. and coworkers J. Am. Chem. Soc. 1965, 87, 275

Cul-MelLi
NS
e XA e Br ™ Me Me
2

Tsuda, T.; Saegusa, T. and coworkers J. Org. Chem. 1987, 52, 439

Catalytic 1,4-Hydrometalation

Catalyst om o
ﬁl X V. Me \% X » Me \)L X
| M-H
M First Report

Si Speier, J. L. and coworkers  J. Am. Chem. Soc. 1957, 79, 974

Four, P. and Guibe, P. Tetrahedron Lett. 1982, 23, 1825

Sn Keinan, E. and Geize, P. A. Tetrahedron Lett. 1982, 23, 477

Al Tsuda, T.; Saegusa, T. and coworkers J. Org. Chem. 1986, 51, 537

B Evans, D. A. and Fu, G. C. J. Org. Chem. 1990, 55, 5678

Is It Possible to Suppress the 1,4-Reduction Pathway and Use the Intermediate Enolate in an Aldol Reaction ?
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Reductive Aldol Reactions: Background (I1)

Rhodium-Catalyzed Reductive Aldol Reactions

MegSiH 1.3 eq
o Me Me o
" ﬂ RhCl3 3H,0 10 mol%
e + o
TI)L OMe Me” " Me 50 - 60 °C TMSO S OMe

Solvent

Revis, A. and Hilty, T. K. Tetrahedron Lett. 1987, 28, 4809

Et,MeSiH 2.0 eq

R3 o o Rh4(CO)12 0.5 mol% (o) OSIEt2Me
JI} Phosphine 1.0 mol%
R M RR, * R H » R R
2 1 Toluene
4eq -15°C R; R,
syn - anti from1-1 to 4-1
Matsuda, I. and coworkers Tetrahedron Lett. 1990, 31, 5331
. Ts
o N,TS Et,MeSiH 2.0 eq ‘NH O
| Rh(COD)XP(OPh)3},OTf 1.0 mol%
OMe + A > Ar )\/U\ OMe
| Ar” H DCM
Me
45°C
2eq syn-anti 1-1
Matsuda, I. and coworkers Chem. Commun. 2002, 1284
(o} (o}
. H .o Rh(COD),OTf 10 mol% R OH
I (p'CF306H4)3P 24 mol% syn - anti >10 - 1
n H, (1 atm), KOAc 30 mol%
DCE rt n
n=1,2
o Rh(COD),OTf 5 mol% O OH
RJH ﬁ PhsP 12 mol% . )j\/l\
+ syn-anti 2-1
| H R, Hp (1 atm), KOAc 50 mol% R T Ry Y
1.5eq DCE rt e

Krische, M. J. and coworkers J. Am. Chem. Soc. 2002, 124, 15156
4
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Others Metal-Promoted Reductive Aldol Reactions

o CI3SiH 1.3 eq O OH
o Pd(PPhg), 5 mol%
(Me),N )H + MN »  (Me),N R,
| R,” H DCr:tM Me

Kiyooka, S. and coworkers Tetrahedron Lett. 1998, 39, 5237

Oy R
(o]
P R [(Ph3P)CuH]s 2 eq HO
AN~y >
o Toluene
~ 0
R4 40 °C R,
Chiu, P. and coworkers Org. Lett. 2001, 3, 1901
(o]
o o Co(dpm), 5 mol% R OH
PhSiH3 1 e
R | H q >
DCE
rt to 50 °C
Krische, M. J. and coworkers J. Am. Chem. Soc. 2002, 124, 9448
o o EtsSiH 1.2 eq o OSiEt;
InBrz 10 mol%
= + N '
Sae Ry R,” H EtCN R Ro
0°C R,

Shibata, I.; Baba, A. and coworkers Angew. Chem. Int. Ed. Engl. 2004, 43, 711

(I1I)
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Reductive Aldol Reactions: Background (IV)

Proposed Mechanism

OSiR;
RO,C
2 \)\R-'
Me
L,RhX
L
= Flth 3 L
RO,C 71 YVsing
%Fh R,SiH
Me L,.4RhX \
o
M L, | SiR,
R H X . A [N
1 L, I!{h\SIRB 7 FI{h vy
L’L T
~(
Me  oR x -L
I'/,I \SIR3 lrcozR
+L L(l vH
=\

For an example of Rh-O enolate see: Bergman, R. G. and Heathcock, C. H. J. Am. Chem. Soc. 1989, 111, 938

For an example of Rh-oxa-n complex see: Hayashi, T. and coworkers J. Am. Chem. Soc. 2002, 124, 5052
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Reductive Aldol Reactions: Background
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(V)

The Development of a Catalvtic Asymmetric Version

1. [(COD)RhCI], 2.5 mol%
Me-DuPhos 5.5 mol%

o ) Cl,MeSiH 1.2 eq OH o
rt
D OEt DCE > Ar k{”‘ OEt
Ar H | 2 H.0 )
) 3 Me
1.2eq
Morken, J. P. and Taylor, S. J. J. Am. Chem. Soc. 1999, 121, 12202
1. [(COD)RhCI], 2.5 mol%
R-BINAP 5.5 mol%
o o EtoMeSiH 1.2 eq OH o
rt
W, ﬁtoph DCE - RJYlLOPh
I 2. H-O e
3 Me
1.2eq
Morken, J. P. and coworkers. J. Am. Chem. Soc. 2000, 122, 4528
1. [(COD)IrCl), 2.5 mol%
Indane-Pybox 7.5 mol%
o (o] Et,MeSiH 1.2 eq OH o
rt
RJLH + ﬁLOMe DCE > R)\/U“OMe
I 2. H-O e
3 Me
1.2eq
Morken, J. P. and coworkers. Org. Lett. 2001, 3, 1829
1. [(COD)Rh(R-BINAP)]BF, 5 mol%
o ) Et,MeSiH 1.2 eq OH o
rt
RJLH + ﬁLOPh DCE > R/'YlLOPh
I 2. H.O (2]
3 Me
1.2eq

Morken, J. P. and coworkers. Org. Lett. 2004, 6, 2309
7

syn -anti > 20 - 1
ee 0%

syn - anti from 2-1 to 5-1
ee (syn) 45 - 87%

syn - anti from 3-1 to 10-1
ee (syn) 91 - 97%

syn - anti from 3-1 to 7-1
ee (syn) 75 - 83%
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Rh(Phebox) Catalysts in Organic Synthesis

R = i-Pror Bn
X =Cl, Br, OAc
OH
ﬁ s Rh(Phebox) 5 mol% J\/\
n(n-Bu - 80)°
ATCH t A ( )3 Somt > Ar N ee (43 -80)%
1.5eq rt
Nishiyama, H. and coworkers Chem. Commun. 1999, 131
Nishiyama, H. and Motoyama, Y. and coworkers Synlett 2003, 1883
1. Rh(Phebox) 2 mol%
OMe 4A MS
Z o Toluene s
_ 0
< *+ H JLcozR 78°C > J:/H ce (36-82)%
TBSO 2. H3Oe (o] CO;R
1.2eq
Nishiyama, H. and coworkers Tetrahedron. 2001, 57, 853
o o]
Me Rh(Phebox) 1 mol%
H JH + A > H Jl\/ycoza ee (69 - 85)%
I NC~ CO,R Toluene K
it NC Me
1.2eq
Nishiyama, H. and Motoyama, Y. and coworkers Chem. Eur. J. 2002, 8, 2968
1. Rh(Phebox) 1 mol%
AgBF, 2 mol%
Toluene HO
Ar . rt o
n + (EtO),MeSiH, > 4 Me ee (37-95)%
12eq 2. H,0, KF KHCOj4 Ar
Nishiyama, H. and coworkers Synlett 2004, 2099
CO,Et Rh(Phebox) 1 mol% CO.Et
j +  (EtO),MeSiH — > L ce (43-98)%
R,” R, 1.5 eq oluene R, R,

60 °C
Nishiyama, H. and coworkers Synlett 2004, 2493
8
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High Performance of Rh(Phebox) Catalysts in Asymmetric

Reductive Aldol Reaction: High Anti-Selectivity

Preliminary Studies

Rh(Phebox) cat. 1 mol%
Hydrosilane 160 mol%

o o)

Me
- o +

:
Toluene B
then Hy0® OH OfBu
150 mol%
Me Me OEt Me Me Me
1 1 1 1 1 1
EtO-Si-H EtO-Si-H EtO-Si-H Et-Si-H Ph-Si-H Ph-Si-H
1 1 1 1 1 1
Me OEt OEt Et Me Ph
ee %
T/t Yield 2
Entry Silane (°C/h) (%) anti/ syn anti syn
1 S1 50/0.5 93 94/6 94 2
2 S2 50/0.5 91 95/5 91 11
3 S3 50/0.5 87 94/6 88 4
4 S4 60/3.0 89 93/7 93 7
5 S5 50/0.5 93 94/6 95 5
6 S6 50/5.0 95 93/7 96 34

6/5/2005
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Me
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High Performance of Rh(Phebox) Catalysts in Asymmetric
Reductive Aldol Reaction: High Anti-Selectivity (ID

Reaction Scope

e B R
Ac0” i TOA " Ac0” i “O0AcBn
Me OH, Me OH,
Rh(Phebox) cat. 1 mol% Me Me
—40 (o) Hydrosilane 160 mol% R \/'\?0 R o
+ '
: H \)’l Ot-Bu Toluene T + \‘)\‘P
50°C 0.5/1h oH OtBu oH OtBu
150 mol% then Hz0®
Me Me Me
1 1 1
EtO-Si-H EtO-Si-H Ph-Si-H
[Catalyst/ Silane : yield of aldols (%), ratio of anti/syn, ee (%) of anti and syn] ! ' !
Me OEt Me
O L_H OLH
Oy H O_H O_H
OMe
OMe E E
OMe CF3

[1/S1:94 93/7 94, 1] [1/S2:92 93/7 92,28] [1/S2:84 92/8 87, 5 [1/S2:93 92/8 89,34 [1/S1:93 95/ 5 95,13]
[1/S2:82 94/6 93, 1] [1/S3:96 93/7 96,15] [1/S3:95 87/13 93,27] [1/S3:95 87/13 93,27] [1/S2:95 98/ 2 95,23
[1/S3:90 92/8 95 5] [2/S2:99 91/9 93,64] [1/83:92 81/19 90, 0]
[2/52:98 94/6 94, 42] [2/S2:97 98/ 2 96,nd]

[1/82:92 93/ 7 93,17] [1/82:76 93/ 7 92,52] [1/S2:56 81/19 93,79] [1/S1:70 87/13 93,12] [1/S2:75 72/28 93,77]
[1/83:93 93/7 96, 5] [1/S3:78 68/32 55 8] [1/S3:32 90/10 72,58] [1/S2:58 95/ 5 95, 5] [2/S2:81 59/41 91,87]
[1 /83: product not observed]
[2/S82:72 86/14 93, 57]
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High Performance of Rh(Phebox) Catalysts in Asymmetric

Reductive Aldol Reaction: High Anti-Selectivity

fo) (o}
NS
Ar—QH + Me/\)LOt-Bu
150 mol%

(0]
0 YL
Ar —4 * Ome
Me

H
150 mol%

Substitution on the Acrylate Moiety

R
Ac0” i oA

Me OH,
1 mol%

Me,PhSiH 160 eq.

(0] (o]
1 \
N. N
Me Me
C

Me

Toluene
50°C 0.5h

then H30e
97%

- Rh""

Ac0” ! oA
Me OH,
1 mol%

Me,PhSiH 160 eq.

OY@\/O

1 \

N . N

Me Me
C

Me

Toluene
50°C 0.5h

then H;0®
61%

11

Et

oH OtBu

anti - syn 93 -7
ee (anti) 97%

Me Me

Ar\)k?o

OH OMe

ee 55%

Ar\/kPO + Ar\(k?

(I1I)

Et
o

oH OtBu
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High Performance of Rh(Phebox) Catalysts in Asymmetric
Reductive Aldol Reaction: High Anti-Selectivity (IV)
Mechanistic Speculations
0
o Rh(Phebox) 1 mol% 0SiPhMe 0SiPhMe, ©)LH
Me,PhSiH 160 eq. frhiiez
A owe 2 Toluene = " Fhowe %\OMe 50°C 5h > NO REACTION
50°C 1h Me
5% 95%
Me
0 Ph \/'\Po
o Rh(Phebox) 1 mol% OSiMeOEt OSiMeOEt ©)lH on OMe
EtO,MeSiH 160 eq. " : : ! 2
VLOMe Toluene > e\%o""e %\o""e 50°C 5h > *
50°C 1h Me Me

39% 61% Ph 0

OoH OMe

anti - syn 5-95

ee (syn) 0%

12
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Summary

- A new catalytic system for the reductive aldol reaction of acrylates with aldehydes and
hydrosilanes was described.

- The process is extremely efficient and highly anti selective.

Future Work

- Aninvestigation of the Scope and Limitations of this multicomponent asymmetric C-C
bond forming reaction is required.

" OH
ROzc 0 F R* * COZR
I + )L y 3
Ry % Ry
X o 2 OH <
ﬁ + N > R)\r
R H Me
RO,C X ? XH
\” +og )LR » R CO,R
1 2 R, v
e

X = 0, N(PG), ...

- A Mechanistic Investigation is required.

- An improvement of the Reaction Conditions would be of great value: a 50 °C
Temperature is still required.
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- Application in Total Synthesis.
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