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An intramolecular vinylogous aldol rea

the carbon-carbon connectivity of euphoperfoliane (A) and the cycloheptadiene
derivative of isoglaucanic acid (B). |

ction has been postulated to rationalize

Casiraghi, G.; Appendino, G.: Rassu, G. Chem Rev. 2000, 100, 1929.
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Catalytic Enantioselective Aldol Addition

High enantioselectivity for the catalyzed aldol reaction relies on effective
channeling of the reactants through a transition state that is substantially lower in
energy than competing diastereomeric transition-states.

A high level of transition-state organizatioin is required, which can be achieved by:

a) mode of binding (n1 vs n2) of the carbonyl group to the Lewis acid

b) the regiochemistry of complexation to the two available C=0 lone pairs
c) establishment of a fixed diastereofacial bias.

d) the incorporation of stabilizing interactions
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Evans, D.A.: Kozlowski, M.C. J. Am. Chem. Soc. 1999, 721, 669.
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Catalytic Enantioselective Aldol Additions of Enolsilanes to
(Benzoloxy)acetaldehyde using C,-Symmetric Copper(Il) Complexes.
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Catalyst Characterization and Stereochemical Models

The proposed requirement for chelation in the Cu

reaction requires the formation of a five-coordi
complex. -
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Catalytic, Enantioselective Dienolate Additions to Aldehydes:

Preparation of Optically Active Acetoacetate Aldol Adducts.
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Catalytic, enantioselective aldehyde addition which employs O-SiMe,
dienolates and as little as 1-3 mol % of the Ti(IV) complex.

James Mignone @ Wipf Group 7

! Bu
N? Q
o"ll—i:-‘o Br (1 )
Tay

]

7/05/2003



This process proceeds by catalytic generation of a chiral metal dienolate initiated by
as little as 2 mol % of the transition metal fluoride complex.
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Common mechanism for catalytic enantioselective aldol addition reaction
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Carreira, E.M.; Kruger, J. J. Am. Chem. Soc. 1998, 120, 837.
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Lewis Base Activation of Lewis Acids: Catalytic
Enantioselective Allylation and Propargylation of Aldehydes
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By the use of a chiral Lewis base, a highly active and chirally modified Lewis acid
is generated.

Denmark investigated the use of chiral phosphoramide as the Lewis base and
SiCl, as the achiral Lewis acid.

Denmark, S.E.; Wynn, T. J. Am. Chem. Soc. 2001, 123, 6199.

James Mignone @ Wipf Group 10 7/05/2003



Denmark utilized bisphophoramides to increase the effective concentration of
the second catalyst molecule.

Denmark, S.E.; Fu, F. J. Am. Chem. Soc. 2000, 122,
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Table 1. Allylation with 1a Promoted by Bisphosphoramides”

mro-  tether, ee, yield, pro-  tether, ee, yield,
entry moter - equiv. % % entry inoter nooeyuiv %
| Sa 2 05 0 60 8 6 1o 51 73
2 Sh 3 05 35 72 9 (RR)-3 10 &0 R
k] Se 4 05 17 82 1P (RR)-3 01 53 40
4 5S¢ 4 o110 52 11 7 0.1 RO 49
5 Sd 5 05 65 78 |2 7 0.1 B0 67
6 5d E 01 72 54 I3 7 05 B0 76
7 Se 6 05 46 75 147 7 005 T 43

@ Reaction done at 1.0 M concentration at —78 °C for 6 h uvsing
100% ve catalysts. * Reaction time, 24 h. 5.0 equiv of i-Pr;EIN was
added to assist in reaction turnover.
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The trigonal bipyramidal TS is less enatioselective than the octahedral TS due to
the diminished influence of the singular chiral promoter.

Denmark, S.E.; Fu, F. J. Am. Chem. Soc. 2000, 122, 12021.
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Lewis Base Activation of Lewis Acids. Vinylogous Aldol
Reactions

Table 1. Vinylogous Aldel Reactions of Simple, Ester-Derlved Dienotales 3a—d with Aldehydes 1a—c¢
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- Reaction is favored at the less substituted y-position
- The resulting enolate was exclusively E configuration
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Table 2. Vinylogous Aldol Reactions of Dioxanane-Derived
Dienoclate 6 with Aldehydes 1a—c

HaC

CH, H,C. CHy
o} OXO (R.A)-5 OH OXO
N +S8iCla+ M .
R™ "H OTBS CHCl,/-78°C R 0
, 3-24h
ia-c 2 6 7a-c
entry R podut  yield, % yho® et
| Ph (1a)4 Ta 92 =01 87:13
2 PhCH=CH (1b)* ™ 88° >99:1 89:11
3 PhCH.CH, (1) Tc B3 >99:| 94.5:5.5

¢ Yields after chromatography. * Determined by 'H NMR analysis.
¢ Determined by CSP-SFC. 4 Reaclions employed 1.1 equiv of 2, 1.2 equiv
of dienolate, 0.01 equiv of (R.R)-S at 0.2 M in CHaCly at =78 °C for 3 h.
¢ R absolute configuration. f Reactions employed 1.1 equiv of 2, 1.2 equiv
of dienolate, (L05 equiv of (R,R)-5, (1.05 equiv of i-PrE(N at 0.2 M in
CHaCly at —78 °C for 24 h, # 5 absolule configurntion.

The observed trend in enantioselectivity is opposite to that observed for ester

derived dienolates.

Denmark, S.; Beutner, G.L. J. Am. Chem. Soc. 2003, 125, 7800
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Conclusion

- Evans and Carreria used Ti(lV) and Cu(ll) complexes to perform

catalytic and highly regio-and enantioselective vinylogous aldol
reactions.

-The generation of chirally modified and activated Lewis acids by
Lewis base-promoted ionization of a weak Lewis acid is a highly
enantioselective route to vinylogous aldol reactions.

-Future work

Extend this method to ketone and aldehyde-derived
dienol ethers.

Apply this catalyst to other carbon-carbon bond forming reactions.
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