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The Aldol Addition

1. Model

general model: Zimmerman-Traxler

0 OML, OH O OH O

major minor

closed, six-membered transition state

1
lT R1OL Rx

x YT o

H
x -
R2R1’JE TO///M\L R2H = f'O"/M\L 2H :l/ ‘\9
© o R -t
R3 O L

R3 R3
favored disfavored
leading to major diastereomer both leading to minor diastereomer

simple diastereoselection:

H L
O OH
chair /J<>(~ _,I\I/I\
| R [0, L
o X R
Me Me
)Og/ RCHO Sy
. _Me —— |
X
R
)_X O OH
H '_:O‘ o) -
B T AN
boat M-L M
Me U e
anti

The Zimmerman-Traxler transition state, in which the reaction partners adopt a chair-like structure, is usually
preferred. Some rare aldol reactions, however, proceed via a boat transition state.
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2. Chiral Auxiliaries on Enolate

2.1 Evans Auxiliary

Evans syn aldol:
R! R

o0\ JPr
1 "0 oo Ty S
Me\)L JL R',BOTY Me\)\NJ\O R*CHO N E sz\l)LN)J\O
:\_I NEt3 /i\ R Me —/
iPr: iPr~ R ~a Pri\
minimized dipoles up todr=500:1

Evans J. Am. Chem. Soc. 1981, 103, 2127.

Crimmins modification of Evans aldol:

Ln
o X o x OH O X
we L A, Tl e A N Rero 2 L
/ amine / I\E/Ie /
Bn Bn Bn
X=0,8 uptodr>99:1
transition state:
0]
H[
=0
E,’%ﬁ)_;ﬂmn
0]
Me Crimmins J. Am. Chem. Soc. 1997, 119, 7883.

J. Org. Chem. 2001, 66, 894.

R yield [%]

O o) O o) OH
JT 1.RGBOTANEL [ F 0 2
0~ N7 >F " Me 0" N YR Et 94
2. RCHO : .
j—y —{ N ipy 90
| I
Pr Pr Ph 92
j\ Q 1. R\,BOTf, NEt o " R el )
0 2 ’ 3
o) NJ\fMe R Et 94
\ 2. RCHO \ / _
S o i
Ph* Me Me P %0
Ph 92

Evans Tefrahedron Lett. 1986, 27, 4957.
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Use of enolates of dicarbonyl compounds derived from Evans auxiliary:

O o O OH
B Jﬁ)g _Tome, - N A
Br
\/W \—/ Me Me Me
Me Bn
dr>95:5

H
B *HH oty k')v DLEE NN
MeCHO O\ /N : Me

Me Me - Me Me
Bn
dr=83:17
Proposed transition states:
O O OH
Xy : R
Me Me
Xo : : R
Me Me
Evans J. Am. Chem. Soc. 1990, 112, 866.
Examples:
, I O
)k TiCly , 'Pr,NEt o_ O @ 9 )J\
M o7 CH,Cl,, -78 °C WN P
Me Me Et OEt i Me Me Me )—/
Bn

84%

Evans Tetrahedron Lett. 1993, 34, 2229.
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oc i
o o _ LDA o o _ e
o)LN)H 2,3-dibromopropene o)kN gr _1- LiBHg, HO, rt ! Br
-78 °C to -38 °C = 2. (COCly,, DMSO, =
/ Me - Me Me

2 EtsN, -78 °Cto 0 °C

Bn Bn
79% 89% 1
0 o o Ti(O'PrCls 0o o o OH
NP L A ’
o N '
S 78 °C v : 1. Zn(BHy)2,

3 Me Me Me Me Me 74% -78 °C to -50 °C

Bn 96% Bn (two steps) | 2. (MeO),CHPh, CSA
Ph Ph
S o)\o (MesSn)2, PAPPha)ls o o o)\o
|

)k SnMes _ ProNEt J Br

0" N : 80 °C 0" "N :

\—/ Me Me Me \—/ Me Me Me

Bn 90% Bn

Evans J. Am. Chem. Soc. 1996, 118, 11323.

2.2. Other Auxiliaries

Me.__~ C6H11 Me. =~ N
H OTBDMS
MOMO

Me

. ’/%Z(—)Cp
I ,L Cp
MOMO/_(—7 })MOM

| |

OH O OH O
Me Me
dr>100:1 dr=60-100:1
Masamune Yamaguchi
J. Am. Chem. Soc. 1981, 103, 1566. Tetrahedron Left. 1985,
26, 5807.

OiNjJ)\/SPh
=

py  de=85-99%

Evans

J. Am. Chem. Soc. 1981, 103, 2127.

I3
$” "N” “Me
\/
ipr  de = 85-97%

Nagao
J. Org. Chem. 1986, 51, 2391.

Q
Ar“\S\/CoztBu
de = 84-91%
Solladie

Tetrahedron 1980, 36, 227.
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Auxiliaries for acetate aldol reactions:

Me Me Me Me
G o
Me oNFSOZPh Phe,P'FeWCH3 \ofms
% o R,NO,S
OTBS
de = 86-90% de = 90-99% de = 84-92%
(Al enolate)
Helmchen Davies Oppolzer
Angew. Chem. Int. Ed. Engl. J. Organomet. Chem. Helv. Chim. Acta 1986, 69, 1699.
1985, 24, 874. 1985, 285, 213. Tetrahedron 1987, 43, 1669.
‘ remember: Evans auxiliary does not work for acetate aldols
HoPho, 1. LDA (2equiv) Mo Rhy, MO FPhs,
o i’ THF, -78 °C MgO IH RCHO OH O g’
Me)J\O Ph 2. xliﬂzrozc,:M%O )\O Ph -115°C R/\)ko Ph
R de [%]
Ph 94
'Pr 90
"Pr 84

Braun Tefrahedron Lett. 1984, 25, 5031.
Tetrahedron Lett. 1987, 28, 1385.

unusual anti-selective aldols:

Ph O
Cy,BOTf
e A v 0 % )glﬁ % J\l/L
Bn" "\ ~50,Mes then RCHO N-soMes® NsoMes e
uptodr>99:1
Masamune J. Am. Chem. Soc. 1997, 119, 2586.
(p-to)O2SNH 4 TiCly, PrpNEt  (P1o)O2SNH 5 oy (p-to)O2SNH 5
M -78 °C =
RCHO Me Me

uptodr>99:1

Ghosh J. Am. Chem. Soc. 1996, 118, 2527.
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2.3. Chiral Boron Reagents

E. M. Carreira

i (-lpc,BOTF QAP aho 9
=)= pc
Me\)J\R1 2 Me\)\R1 R? R
Me
86-91% ee
syn:anti > 95:5
O OB((+)-1pc), ) OH ©
Me\)J\ 1 (+)-lpc,BOTE Me\)\ 1 R<CHO , : 1
R R R - R
Me
OTf Me Me OTf 86-91% ee
EIS EIS syn:anti > 95:5
(+)-1pc,BOTf = @\ (-)-lpc,BOTSf = /@
Me Me
L de [%]
L,BOTf
M 2
e Pr,NEt , Me Me - Bu 26-68
1 1 9-BBN 66-70
Me R2CHO
O OTBS OH O OTBS ()-lpc 44
(+)-lpc 82-88
Paterson Tetrahedron Lett. 1987, 28, 1229.
Me !‘2BOTf Me Me Me Me
ProNEt :
y %osn oBn , R 0Bn
© RCHO :
O 0] OH O
syn-syn syn-anti
R L de [%]?
2-furanyl Bu 68 (ant)
a .
9-BBN 50 (ant, antj refers to the combined
(ant) de of both anti aldol products
(-)-lpc 80 (syn-syn)
(+)-lpc 84 (syn-anti)
CH,=CMe Bu 88 (anti)
(+)-Ipc 86 (syn-syn)
(-)-lpc 86 (syn-anti)
MeCH=CH (-)-Ipc 84 (syn-anti)
Me (-)-pc 84 (syn-anti)

Paterson Tefrahedron Left. 1988, 29, 585.
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0 Qalns el OB((-)-1pc)2 O OH
Me\/l&Me Pr2NEtO Me\)&Me Rl Me\)vR
CH,Cl,, 0 °C 78 °C H
e
R syn : anti ee [%, syn]
Me (I)Tf
Me 97 : 3 82 (-)-('pC)zBOTf = “\Bz,l
"Pr 97 : 3 80
iPr 96 : 4 66 Me
MeCH=CH  90:10 68 Paterson Tetrahedron Lett. 1986, 27, 4787.
CH,=CMe 95:5 90 Tetrahedron Lett. 1987, 28, 1229.

see also: Seebach Helv. Chim. Acta 1986, 69, 604.

transition state: Me External chiral centers can lead to
H !pc double asymmetric induction and
/JQ’IB\W)C products with increased selectivities.
g =0
Me
Me Me Me 1 R-BOTE. EtN. 0 °C Me Me Me Me Me Me
-2 3 Me + Me -
2. MeCHO, -78 °C :
O OTBS OH O OTBS OH O OTBS
R,BOTf enolate  syn: anti dr

9-BBN-OTf 91:9 90:10 92:8
(+)-(Ipc),BOTf 97:3 96:4 98:2 matched case

Other chiral boron reagents:

PhD"‘Ph

OTMS o) E.‘ OH
Me%OM . MG%H cl MeWCOZMe
e CH,Cl, -78 °C to 1t
Me Me ’ Me MeMe
57%
90% ee
Reetz Tetrahedron Lett. 1986, 27, 4721.
Me
MeD"‘Me /733
0 = oY OH O
OTf Me RCHO
M - .
s M NEts tB”S)\ RJ\:/U\StBu
Me Me

Masamune.
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3. Aldol Reactions of Chiral Ketones and Aldehydes

Me
: EtCHO
Me\/\(
"ML,
i
)P%W/\ 1. LDA, THF
TMSO I Me 2 RCHO

Me

Me%Me + Me\/\[]/\/MG
o 0 G

Me

OH OH
(S),(R) (S),(S)
ML, solvent (S),(R) : (S),(S)
Li THF 57 : 43
Bu,B Et,O 57 : 43
Bu,B CH,Cl, 63:37
Bu,B pentane 64 : 36
Seebach Liebigs Ann. Chem. 1976, 1357.
Evans Tefrahedron Lett. 1980, 21, 4675.
R de [%]
i
ir e . CH,=CH 6
TMSO Ph 34
© OH Pr 48

Heathcock. In Asymmetric Synthesis; Morrison Ed.; Academic Press: Orlande, 1984; vol. 3, p. 111.

t
i 1. LDA, THF
TMSO)WAMG 2. RCHO
o
o Bu,BOTf
Pr,NEt
Me\/UVMe 2
: RCHO
TBS

'Bu Me
TMSO

R de [%]
Ph 50

PhCH, 74

Ph,CH >80
ipr 50
‘Bu > 90

Heathcock J. Am. Chem. Soc. 1979, 101, 7077.

O Me

M
e\:/\kl/l\R

TBS Me

de = 92-98%

J. Org. Chem. 1981, 46, 2290.

Enders Angew. Chem. Int. Ed. Engl. 1988, 27, 581.
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Aldol and chiral aldehydes:

Me

O OH
- . — R?

Me M

oML, 0 e e

R1J§/H .\ HJ\I/RZ favored

Me Me o OH
: 2
Me R1 i

double gauche pentane Me Me

interaction
disfavored
double gauche pentane Me‘)
interaction
O OH
— R R?
OML, o Me Me
disfavored
R1)§/Me N HJ\l/RZ —

H Me O OH
. — R ~_R?

I\:/Ie Me

anti Felkin-Ahn favored

4. Double Diastereoselection

Me Me
N OLi N O
t j OHC _ Bu—(
Bu +
_<N | \l/\/\MG N Me
| Me U H
Bn Bn'" oH
ds =93%
Seebach Helv. Chim. Acta 1987, 70, 237.
0] OH
HO Y =~ "Me
MeNH Me
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TBSO Me

TBSO Me

O 2O

Me_Ph

TMSO Me

5

Ph Me

TMSO/S]/\Me
o

TMSO Me

9-BBN-OTf
'Pr,NEt

Me Me

CO,Me

9-BBN-OTf
Pr,NEt

Me Me

0]

LDA

rC

LDA

Me
H
0]
Me
H
0]

LDA

Me Me

H
jH\/kCOZMe
o)

LDA

Me Me

H
jH\/kCOZMe
o)

Me Me Me

COOMe

O OH

de = 98%

de = 93%

Me Ph Me Me

Ph Me Me Me

TMSO
o OH

de = 20%

de = 88%
:,‘ Me Me Me Me
TMSOW/LCone
O OH
de = 82%

E. M. Carreira

Masamune Angew. Chem. Int, Ed. Engl. 1980, 19, 557.
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Me
@)
0. O OH
S O><Me LDA, THF :
R =
R Me z
o Y © Me>'\£e Me o7<
0]
Me* o Q Me Me
Me H
\Jj( de = 69%
Me o
O
0. : O OH
LIOXMG LDA, THF
R -
o Me : O
o Y © I\/Ie>'\£e Me o7<
0]
Me* (o) O Me Me
Me H
\/ﬁ( de > 97%
o Heathcock J. Am. Chem. Soc. 1979, 101, 7076.
J. Org. Chem. 1981, 46, 1296.
Me Me <\O Me Me Me Me
o : oTr el B P oTr
= M = =
O 6Bn [O © ’ OMe OH O ©OBn
O)\/%(
OMe O de = 40%
Hanessian J. Am. Chem. Soc. 1982, 104, 1441.
0] OH O
'Bu S Me - 'Bu
Me . :
OTMS BnO 2 OTMS
Me\l)J\
H
BnO Me
de = 80%
Heathcock J. Org. Chem. 1981, 46, 2290.
0]
oA
o) S 0°"0Bn ! H OH ©
2 e B
MGQK_/\OBn - MG\N WJ\_/\OBH
E CgH4»p, -78 °C = = =
Me Me 90% Me Me Me
ds = 93%

Paterson J. Am. Chem. Soc. 1994, 116, 11287.
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5. Other Aldol Types

Mukaiyama aldol:

OTMS 0 O OTMS
Lewis acid =

R'IJﬁ/Me + H)-LRz _ - R'IJ'H/\RZ
H Me

reaction proceeds via open transition states:
® LA LA LA
H 9 Me ® 5 OTMS RS/
Me 1 H
H Ro 2R TMSO )
anticlinal synclinal

For Mukaiyama aldols, anti products are usually observed, not depending on the enolate
geometry. Transition state analysis is complicated as both anticlinal and synclinal
arrangements have to be considered.

aldol via enamines: first example

O O N O
Me H Me
Me 30mol%
0] 0]
93% ee

more general reaction:

R1\)J\/ R1 N H)J\RZ proline R1\/lk/l\R2

syn:anti=1:5

o-HO . . o .
H#LER A43 interactions minimized in enamine
TH

R! R2
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