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Stereocontrolled Aldol Reactions

% Overview of the Stereochemistry of the Aldol Reaction and Substrate Control
% Reagent Control: Chiral Auxiliary Strategies
* Reagent Control: Chiral Controller Strategies

* Reagent Control: Chiral Lewis Acid Catalyzed Aldol Reactions

Review:

"Modern Aldol Methods for the Total Synthesis of Polyketides"
Schetter, B.; Mahrwald, R.

Angew. Chem. Int. Ed. 2006, 45, 7506

The Aldol Retron

lll. Chiral Controller Strategies
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Case Study: Ci9-C,7 Segment of Rifamycin S
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(2) Enamine Aldol Reactions

Reviews

(1) "Proline-Catalyzed Asymmetric Reactions" List, B. Tetrahedron 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
1) 7.5 mol% (S)-proline
o MVK o) DMF 16° 2-3d o]
aq AcOH 2) H,SO,, DMF
70° 1-2h 95° 4h
—_ »
(o)
o (0] o
70-76%
Hajos, Z. G.; Parrish, D. R. Org. Synth. Coll. Vol. 7, 363 92-94% enantiomeric purity

Scheme 8. Proposed Mechanism of the Proline-Catalyzed Intermolecular Aldol Reaction
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IV. Chiral Lewis Acid Strategies

(1) Carreira Chiral Ti Catalyst

Carreira, E. M.; Singer, R. A.; Lee, W.
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Table 1. Catalytic Asymmetric Aldol Additions of Alkyl Aceate
Ketene Acetal®#

QSides;  1.902 or 8 mel %) -10°C,
R Wt il B |
R H OR 2. Bu,NF, THF =~ OR
SaR=Et 10°
S5hR=Me
Entry Aldehyds ez R=EtY e A =Me®
HO
1 e - 92% a7%
2 Me™ e~ CHO B8% 85%
3 Ph.ﬂ"%—'CHO 93% 9%
4 pr= - CHO BO% 84%
5 CeHyCHO 4%, 95%
] PACHO 93% BE%

# 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 cach entry, the ee was determined by preparation of the
derived (S)-MTPA ester and analysis by 'H NMR spectroscopy. ¢ 5 mal

% catalyst used. ¥ 2 mol % catalyst used.



(2) 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
= o4 Representative Acetate Silylketene Acetals (eq 12)*
- OTMS 0
| 2 SbFs t 1) 4¢, -78 °C, CH.Cl, OH (11)
NS BnO\/U\ * /l\ BnO
0 N o H R 2) 1 NHCOVTHF M"‘
| | I
. catalyst . ¥ anb

N—Cu—-N entry R loading  time, h % ee’ % yield

B 1 SBu 0S5mol% 1224 99 99

Ph Ph 2 SEt  05mol% 1224 98 05

3 OEt 05mol% 12 98 99¢
“All reactions were 0.2 M in substrate. “Enantiomeric excess
determined by HPLC using a Chiralcel OD-H column.  Absolute
configuration determined by independent synthesis (see experimental)
o OTMSOTMS 1) 2 mol% 4¢ oH 0 O (14) “The silyl ether was cleaved with TBAF/THF to prevent retroaldol

. 93— -78°C \)\/U\/L reaction,
Bno\)j\H Nko,nuz__. BnO. o8y
) PPTS, MeOH
35.5 mmol 14 15
99% ee, 85% yield
109

Addition to Pyruvates

Table 9. Catalyzed Enantioselective Aldol Reactions between Me Me
Methyl Pyruvate and Representative Enolsilanes (eq 19)¢ 2+
0 o) o) 20Tf
MeO. Me OTMS Me, OH Q
N (‘\ 1) 10 mol% 1a MN 19 | |
o —_—
~ SR ) NHOUTHF © s&* (19) N N
R o g \CU/ .
enolsilane  time/ e yield z
enry solvent R' R? geometry? T (°C) Symant g y% t-Bu t-Bu
1 CHClL Me 'By (2) 8h-18 946 9 96
2 THF Me By (@ 1d-78  90:10 93 93
3 CHClL, Me By (B) 1d-78 9555 98 907
4 THF Me 'y (B) 2d-78 973 99 887
5 CHClL, Me Et 2) 4078 90:10 95 95
6 THF Me FEt (2) 1he78 946 93 90
7 CH)Cl, Me Et (E) 2h-78 98:2 98 TB(93) 0
8 THF Me gt (E) 278 982 98 91 HO, Me
9 CHCL 'Bu 'y (2 2478 937 97 S8 10mot2a  E! '
10 CHO; Bu g¢ (2 1478 90:100 93 88 [Sn{(S,5)-Ph-pybox})(CTT), (2a) —— (R s'su
11 CHCL 'Pr gy (&  1ldin 6634 97 7184 - 78°C 0 Me
12 CHCL 'Pr g (2 12050 9%0:10 99 80" 0 OTMS 98% ee, antisyn 99:1
“Reactions were typically 0.2-0.3 M in substrate. "Isomeric purity 290%. E'\“/K Me T (‘\s‘au regicselection 97.3
“Product ratios determined by HPLC using a Chiralcel OD-H or AD column; M Me OH O
enantiomeric excess is reported for the major product diastereomer. Unless o . 10 9 Et =,
o . . . IIK)‘ /e
'olhcrwnse stated, the_relauve and absolute s[e;!oct:e-mlstry was dclcmunéd by [Cu((s, S)-‘Bu-box)](on)z (9) . (s) S'Bu
independent synthesis (sce experimental). “Reaction required 0.9 equiv of 78 °C
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. fReaction required 0.5 equiv of TMSOTY for complete conversion. regioselection 98:2

#No reaction when conducted in THF



Case Study: Cy3-C,, Segment of Callystatin A

Crimmins, M. T.; King, B. W. J. Am. Chem. Soc. 1998, 120, 9084

Murakami, N.; Wang, W.; Aoki, M.; Tsutsui, Y.; Sugimoto, M.; Kobayashi, M. Tetrahedron Lett.
1998, 39, 2349

Review: "The Chemistry and Biology of the Leptomycin Family"
Kalesse, M.; Christmann, M. Synthesis 2002, 981
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Chart 3: Synthesis of Segment C;3-Cy; (3)
Reagents and conditions: a) PCC, CH,Cla, 0°C, 23%, b) 7, "Bu,BOTY, EtsN, THF, -78~0°C, 98% (8:1},
¢} AlMe3, MeONHMesHCI, CH,Cl, -20~0°C, 86%, d) TBSOTY, 2,6-lutidine, CH,Cl5, -20°C, quant.,
@) DIBAL-H, THF, -78°C, 76%, f) 7, "Bu,BOT, Et;N, THF, -78~0°C, B5%, g) AIMes, MeONHMesHCI,
CH,Cl, -78-0°C, 92%, h) LiAlH,, E1,0, 0°C, 96%, I) 6, toluene, 94%, ) DIBAL-H, CH,Cl,, -78°C, quant.,
k) CBr,, PhsP, 2,6-lutidine, CHyCN, 99 %, 1) "BugP, CHaCN, quant,



