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Catalytic Asymmetric Aldol Reactions

I. Chiral Controller Strategies

Enamine Aldol Reactions
Reviews

(1) "Proline-Catalyzed Asymmetric Reactions" List, B. Tefrahedron 2002, 58, 5573

(2) "Enamine Catalysis Is a Powerful Strategy for the Catalytic Generation and Use of Carbanion
Equivalents" List, B. Acc. Chem. Res. 2004, 37, 548

(3) "Enamine-Based Organocatalysis with Proline and Diamines" Notz, W.; Tanaka, F.;
Barbas, C. F. Acc. Chem. Res. 2004, 37, 580

Hajos-Parrish-Eder-Sauer-Wiechert Reaction
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Hajos, Z. G.; Parrish, D. R. Org. Synth. 1985, 63, 26 92-94% enantiomeric purity

Scheme 8. Proposed Mechanism of the Proline-Catalyzed Intermolecular Aldol Reaction
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Catalytic Asymmeftric Aldol Reactions

Il. Catalytic Chiral Auxilary Strategies

Zhu, C.; Shen, X.; Nelson, S. G. J. Am. Chem. Soc. 2004, 126, 5352
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lll. Chiral Lewis Acid Strategies

(1) Nelson Ketene-Aldehyde Condensations

Nelson, S. G.; Peelen, T. J.; Wan, Z.
J. Am. Chem. Soc. 1999, 121, 9742
Nelson, S. G.; Zhu, C.; Shen, X.

J. Am. Chem. Soc. 2004, 126, 14
Nelson, S. G.; Mills, P. M.

Organic Syntheses 2005, 82, 170
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Chiral Lewis Acid Strategies

(2) Carreira Chiral Ti Catalyst

Carreira, E. M.; Singer, R. A.; Lee, W. J. Am. Chem. Soc. 1994, 116, 8837
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Table 1. Catalytic Asymmetric Aldol Additions of Alkyl Aceate
Ketene Acetal®*

QSiMe; 1.9 (2 or 8 mel %), -10°C, HO o
+ 2\ Et,0, ah /\)l\
—.__._+ =

A H OF 2. Bu,NF, THF g

OR
SaR=Et 102
5bR=Me
Entry Aldshyds e R=EtY e A =Me®
1 MNHD 92% a7
z Me™ o~ CHO BE% 85%
3 Ph/%,CHO 93% 979
4 pr - CHO BS% 94%
5 CeHyCHO 4%, 95%
] PACHO 93% 8%

# Absolute configuration was determined by reduction to the known
1,3-diols.'" # Yields for two steps (addition and desilylation) range from
72 to 98%. * For each entry, the ee was determined by preparation of the
derived (§)-MTPA ester and analysis by 'H NMR spectroscopy. ¢ 5 mal
% catalyst used. ¥ 2 mol % catalyst used.



(3) Evans Copper BOX and PYBOX Catalysts

D. A. Evans et al. J. Am. Chem. Soc. 1999, 121, 669 and 686. Reviewed in: J. S. Johnson and
D. A. Nicewicz In Modern Aldol Reactions, Vol 2; Mahrwald, R., Ed.; Wiley-VCH, 2004; pp 69-103.

Addition to (Benzyloxy)acetaldehyde

Table 4. Catalyzed Benzyloxyacetaldehyde Aldol Reaction with
Representative Acetate Silylketene Acetals (eq 12)”

Ph

0 OTMSOTMS 1) 2 mol% 4¢ oH O O
emo. I s A 9832 78C go A NN
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H OBU 5 PPTS, MeOH s ©
35.5 mmol 14
99% ee, 85% yield
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1) 4e, -78 "C. CHzClz

2) 1 NHCVTHF

entry R

catalyst

: ¥ ab
loading ~ time.h %ee” % yield

0.5mol% 1224 99 99
05mol% 12-24 98 95
0.5mol% 12 98 99¢

1 S'Bu
2 SEt
3 OEt

“All

determined by HPLC using a Chiralecel OD-H column.

confi
“The

reactions were 0.2 M in substrate. “Enantiomeric excess
Absolute
guration determined by independent synthesis (see experimental)
silyl ether was cleaved with TBAF/THF to prevent retroaldol

reaction,

Addition to Pyruvates

Table 9. Catalyzed Enantioselective Aldol Reactions between Me Me
Methyl Pyruvate and Representative Enolsilanes (eq 19)* 2+
0 o) (o) 2 OTf
Me OTMS Me, OH O
110 mols 18 o % | |
0+ Agp Y Vs (19)
g 2) 1 NHCUTHE _N
R o A S :
Cu e
enolsilane  time/ ¢ yield E
enry solvent R' R? geometry? T (°C) Syn:anti : y% t-Bu t-Bu
1 CHClL Me 'By (2) 8h-78 946 96 96
2 THE Me By (2 1d-78  90:10 93 93
3 CHClL, Me '‘By (E) 1d-78 955 98 907
4 THF Me By (B) 24478 97:3 99 887
5 CHCl, Me Ft (Z)  4w78  90:10 95 95
6 THF Me FEt @ 1h-78 946 93 90
7 CHCl, Me gt (E) 2h-78 982 98  78(93)° o
8 THF Me gt () 278 982 98 91 HO, Me
9 CHCL 'Bu gy (2 2478 937 97 S8 10mote2a Bl _~
10 CHC; "Bu ge (2 1478 90:10 93 88 [Sn{(5,S)-Ph-pybox})(CTT); (2a) - (R s'su
11 CHCL 'Pr gy (2  1ldin 6634 97 7184 or 78 0  Me
12 CHCL 'Pr ge (2 12050 9%:10 99  80* 0 S

“Reactions were typically 0.2-0.3 M in substrate, Plsomeric purity 290%.
“Product ratios determined by HPLC using a Chiralcel OD-H or AD column;
enantiomeric excess is reported for the major product diastereomer. Unless

o}

98% ee, anti:syn 99:1
regioselection 97.3

£t
\")LMQ - /ks‘au
Me M°¢ oH 0

10 mol% 9 Et

otherwise stated, the relative and absolute stereochemistry was determined by t

independent synthesis (scc experimental). 4Reaction required 0.9 equiv of ICU«S'S)‘ Bu-box)](OTl)z (8 78°C - s
TMSOTY for complete conversion. “Reaction performed on a 10 mmol scale o Me

with 2.5 mol% catalyst and 0.5 equiv TMSOTS. Configuration assigned by 97% ee, antisyn 7.93
analogy. #Reaction required 0.5 equiv of TMSOTT for complete conversion. regioselection 98:2

FNo reaction when conducted in THF



Case Study

Synthesis of (-)-Laulimalide

Nelson, S. G.; Cheung, W. S.; Kassick, A. J.; Hilfiker, M. A
J. Am. Chem. Soc. 2002, 124, 13654

Laulimalide
Subtarget
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a) 10 mol % 4, MeCOBr, Pr,NEt, "BuyNBr, —78 °C. b) i. Me,AICl,
(MeO)MeNH,CI: ii. ‘BuPh,SiCl, imidazole. c) Bu,AlH. d) 10 mol % 4, MeCOBr
Pr,NEt, —50 °C. ¢) MeMgBr, CuBr-DMS. f) i. BH;-SMe,; ii. PCC. g) 15 mol
% 4, MeCOBr, ProNEt, —50 °C
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