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Introduction

aldol reactions involving one aldol donor and two aldol

‘acceptors have two types of reaction modes

a) two aldol reactions may occur at a single a position on an aldol donor to give a
with three contiguous stereogenic centers
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b) a reaction at both a-positions of a carbonyl group in an aldoldonor provides a
having a with at most four chiral
centers in a single operation.
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In 1999, the first asymmetric double aldol reaction was reported by Masamune,
Abiko, and co-workers, who used boron triflate in the reaction of a chiral ester
and an aldehyde to afford a double aldol adduct diastereoselectively.
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Introduction

ﬁ tlg 2011, Makoto Nakajima developed the first enantioselective double aldol
as a Lewis base catalyst, thus

action using a
,producing double aldol adducts with high stereoselectivities.

O (S)-BINAPO(10 mol %)
)J\ + O  SiCl, (4 equiv)
R cHex,NMe (5 equiv) O
= P/R
1 2a propigntlgfIL\UCHZC|2 chiro-3 O‘ \R
-60 °C the branched aldol adducts
Entry Ketonel R Product 3  Yield d.rld  ee[%] (S)-BINAPO: R=Ph
[% ] (chiro)!
1 la Ph 3a 86 78:22 70
2le] 1b 4-BrCH, 3b 78 7723 75
3 1c 4-MeOC¢H,; 3¢ 88 85:15 70
4 1d 2-MeOCH, 3d 82 90:10 56
5 le 2-Naphthyl  3e 88 7822 72
6l 1f PhCH=CH  3f 87 83:17 74
7 1g 2-Thienyl 3¢ 95 91:9 84
8 1h 2-Furyl 3h 88 86:14 91
olfl 1i Cyclopropyl  3i 77 982 93

Chem. Eur. J. 2011, 17, 7992 — 7995



b dhe first enantioselective linear double aldol reaction O‘ B—Ph

Content BT

; "using silicon tetrachloride and a chiral phosphine ph
0k oxide as an organocatalyst S)-BINAP
af‘ & o
s
H
o) (S)-BINAPO(10 mol %) _ _
Me\)K + O  SiCly (4 equiv) O  OSiCl,
IProNEt (5 equiv) Me
> Ph
1a 22 CH,Cl,, -60 °C, 24h
3.0 equiv B -
SLET OH O OH
PhCH
cho | Ph™ ™ Ph
Me .
3a yield: 65%, d.r. 90:10, ee: 93%

Preliminary result of the linear-type double aldol reaction.

The linear-type adduct 3a was obtained in a 65%yield with a high
diastereoselectivity (d.r.=90:10) and a high enantioselectivity (93%ee) for the

major isomer.
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base catalyst.

Content

Példol reaction under various reaction conditions using (S)-binapo as a Lewis

H
) 0 (S)-BINAPO(10 mol %) o4 O OH
Me JJ\ + O  SiCly (4 equiv) W
Cy,NMe (5 equiv) Ph i Ph
. 5
1a 22 solvent, T, 24h Me
(3.0 equiv) 3a
Entry  Solvent T[°C] Yield [%])®  d.rl ee [9%6] bz e
1kl CH,Cl, 60 65 90:10 93 3 PLph
2 CH,Cl, 60 71 91:9 95 o
3] CH,Cl, —60 73 91:9 94 B—Ph
4 CH,CI, 40 80 90:10 36 OO ‘b
5 EtCN 40 28 89:11 97
(6 CH.CILJEICN (1:1) 40 %6 50:10 91 ) (S)-BINAFCESE.

[a] Unless otherwise noted, reactions were carried out by adding of SiCl,
(2.0 mmol) to a solution of 1a (0.5 mmol), 2a (1.5 mmol), Cy,NMe
(2.5 mmol), and (S)-binapo (10 mol%) in solvent (5 mL). [b] Yield of
isolated product. [c] The ratio of the major isomer to the minor isomer
was determined by '"H NMR analysis. [d] The ee value (major isomer)
E«aE determined by HPLC analysis. [e] iPr,NEt was used in place of

C

y:NMe. [f] For 48 h.




Content

W (2a) catalyzed by (S)-binapo

'

H
0O (S)-BINAPO(10 mol %) OH O OH
R\)K 4+ O  SiCly (4 equiv) W
Cy,NMe (5 equiv) Ph : Ph
1a 2a

., Pouble aldol reaction of various ketones (1a—h) and benzaldehyde

mlll

CH,CI,/EtCN,-40 °C, 24h
(3.0 equiv) 3a-h
Entry R (1) 3 Yield [%)®  d.rd ee[%]?
1 Me (1a) 3a 86 90:10 91
2lel H (1b) 3b 84 - 91
3 Et (1¢) 3¢ 87 90:10 95
4 nPr (1d) 3d 86 89:11 94
5 Bn (1e) 3e 69 89:11 79
6 -CH,CH=C(CH,), (1f) 3f 84 89:11 92
7 -(CH,),CO,Et (1g) 3g 65 (15)F  89:11 94
gl -(CH,);C(O)Ph (1h) 3h 67 90:10 81

[a] Unless otherwise noted, reactions were carried out in the presence of
1a-h (0.5 mmol), 2a (1.5 mmol), Sicl, (2.0 mmol), Cy,NMe (2.5 mmol),
and (S)-binapo (10 mol%) in EtCN (2.5 mL) and CH,Cl; (2.5 mL) at

—40°C. [b] Yield of isolated product. [c] The ratio of the major isomer to
the minor isomer was determined by 'H NMR analysis. [d] The ee value
(major isomer) was determined by HPLC analysis. [e] The reaction was
conducted with iPr,NEt in place of Cy,NMe in CH,Cl, at —60°C. [f] For
48 h. [g] The yield of lactonized product is given within the parentheses.



Content

Double aldol reaction of (1c) and
(2a—i) catalyzed by (S)-binapo.
H (S)-BINAPO(10 mol %)
/g SiCly (4 equiv)
R™ O Cy,NMe (5 equiv) R
2a-] CH,CI,/EtCN,-40 °C, 24h
(3.0 equiv)
Entry R (2) 3 Yield [%6]®)  d.rl ee [%6]1
1 Ph (2a) 3¢ 87 90:10 95
2 4-BrCgH, (2b) 3i 89 90:10 92
3l 4MeOCH, (2¢c)  3j 66 92:8 98
4 4-MeCH, (2d) 3k 76 91:9 97
5 3,5-Me,CH, (2e) 3l 72 92:8 91
6 2-naphthyl (2 f) 3m 78 90:10 93
7 1-naphthyl (2 g) 3n 58 89:11 93
8 2-furyl (2h) 30 65 90:10 88
9 2-thienyl (2i) 3p 7 92:8 95

[a] All reactions were carried out in the presence of 1¢ (0.5 mmol),
2a-i (1.5 mmol), SiCl, (2.0 mmol), Cy,NMe (2.5 mmol), and (S)-binapo
(10 mol%6) in CH,Cl, (2.5 mL) and EtCN (2.5 mL) at —40°C. [b] Yield of
isolated product. [c] The ratio of the major isomer to the minor isomer
was determined by '"H NMR analysis. [d] The ee value (major isomer)
was determined by HPLC analysis. [e] For 48 h.
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Content Q@

(S)-BINAPO

To investigate the second aldolization process, the author examined the NMR
spectra associated with the enolization of the mono-aldol adduct 4. The1H NMR
analysis showed the clean generation of the enol ether 5 as almost a single

isomer, The NOESY correlation revealed that the geometry of 5 was the Z
isomer.

(S)-binapo (10 mol %)

SiCl, (2.5 equiv) | g'ﬁ
/\MH iPrsNEt (3.0 equiv) _ ClyS 070
CD,Cl, —60°C, 1h
Ph Ph 21z, PhWF’h

noesy ™/

Scheme 4. NMR experiment for the enolization of the aldol adduct 4.
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Content Qb/f’:h

- P\/Ph
O Lewis Base (LB)

» =1 — -
R first aldol reaction R R2 enolization (S)-BINAPO J
the silylated aldol adduct
> R?’CHO
Clg H H SIiCly

i Si Cl :

i )
ClsS "0 o = :'él.fr:j H Lewis bage (LB The second enolization step at the less
R \A_/* D S congested exo position affords a chiral

R Cl.Si 1 cyclic Z-silyl enol ether. The enol ether
= R reacts with another aldehyde vi
bicyclic six-membered transition state
B B with the assistance of a Lewis base
RZ silicon complex, thus giving the
H. | H 1,2-syn-1,5-anti product.
< OH O OH
GIE H T R? W RZ
second aldol reaction =
S - ty\ ) R’
Ny 2 s
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Scheme 5. Proposed reaction mechanism for the double aldol reaction.
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Conclusion BT

a novel enantioselective double aldol reaction of
an alkyl methyl ketone and two aldehydes using a
chiral phosphine oxide as an organocatalyst.

The present reaction allows ready access
to the 1,2-syn-1,5-anti-1,5-dihydroxy-3-
- .. pentanones with high stereoselectivity
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