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Aldols, Homoaldols and Vinylogous Aldols
A Comparison

O OM RCHO O OH

e E——
)k/Rl \ Rl
X X X R

X O—>=M RCHO 0
—» ,
OTMS R
X X

OH
Homoaldol
j.I\/\/ I
R RCHO

X = 1 > ) NN Ry REHO o) OH
X A R

Rq

Vinylogous Aldol
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The Vinylogous Aldol Reaction in Nature
Yohimbine and Reserpine

OAr

MeO,C

Yohimibine Reserpine

Cordell, Introduction to Alkaloids, Wiley: New York, 1981; pp. 826-828
03-VAR in Nature Yohimbine 2/11/02 4:57 PM



The Vinylogous Aldol Reaction in Nature
Euphoperfolianes

Me

OAcMe
Jatrophane skeleton

)/O_H\ Both a and 3 were isolated

AcO  AcO
Eupoperfoliane A and B

Appendino, J. Nat. Prod. 1998, 61, 749.
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Non-Directed Vinylogous Aldol Reactions

Intramolecular Cyclization

* non-directed aldol reaction: nucleophile (enolate or enol) generated in sub-stoichiometric manner in the
presence of the electrophile

» non-directed VAR: very rare since VAR adducts rarely survive conditions of reaction (acid or base catalysis)

» some special cases:

Me Me

pTsOH
PhH, A o) } OH

0 HOTA

Torgov, lzv. Acad. Nauk SSSR 1964, 1311.
05-Torgov Intramolecular 2/13/02 3:41 PM



Non-Directed Vinylogous Aldol Reactions
Cycloaromatization

——
—~——
OH
n
HO
n

Mayer, Ber. 1956, 89, 1443.

n
n =1 (55%)

n =2 (29%)

06-Cycloaromatization 2/9/02 1:12 PM



Dienolates from Unsaturated Acid Equivalents

* In General

A,

or —_—

O Me

AN

X = OR, OH, NR,

07-General Acid Dienolates 2/12/02 2:12 PM

Kinetic vs. Thermodynamic Control

00

kinetic
control

Me

RCHO

thermo.

control

RCHO

R OH

a-alkylation

OH

)I\/
X Me

+

O Me OH

A,

y-alkylation

Casiraghi, Chem. Rev. 2000, 100, 1929.



Metal Dienolates of Amides

Kinetic vs. Thermodynamic Control OH Me
Me O R X
)Me\/ﬁ\ 1. LDA, -5°C
NMe, + +
e X NMe, 2. RCHO ? © NMe;
HO R OH Me O
1
)\)\/”\
R NMe,
2
R -5°C,5min -5 °C to rt, overnight
1:2 1:2

Ph 80 : 20 0:100
"Pr 100: 0 13 : 87
| Xy Mmeta 100:0 15: 85
N/) ortho / para 100: 0 100: 0
(E)-CH=CHPh 100: 0 100: 0

08-Snieckus amides 2/11/02 5:03 PM

Snieckus, J. Org. Chem.1981, 46, 2029.



Dienolates from Unsaturated Carboxylic Acids

Vinylogous Aldol Selectivity Highly Dependant on Metal(s)
Me O

OM Me @]
1
—_— -
Me OH Me OM, OH
l PhCHO, THF, -78 °C
OH Me O Me
OH Me COOH
Ph
COOH Ph Me Ph OH
A B C D
relative yield
M M'
A B C D
Li SnBujy - - - 100
Li Li 19 27 - 54 Conclusion: vinylogous aldol
Na Li 3) 44 5 46 adducts favored with more ionic
K Li 54 24 - 292 character
K K 100 - } ]

Cainelli, J. Chem. Soc. Perkin Trans. 1 1973, 400.
09-Dienolate carboxylates 2/12/02 2:51 PM



Metal Dienolates of Aldehydes

Methods of Enolate Generation

« "traditional" methods of enolization not synthetically useful

H

MNR5, low temp.
» polymerization
RMO THF, etc.

 enolate can be generated in liquid ammonia; highly stable in these
conditions but reactivity in these conditions not studied

\/\/L KNHz NHy
R \ @) R\/\/\OK

» most common method: cleavage of silyl dienol ethers and dienol acetates

MeLi or 'BuOK

R0k > RN
R'=TMS or Ac

van der Gen, Tetrahedron Lett.. 1978, 491.

Stork, J. Am. Chem. Soc. 1968, 90, 4464.

House, J. Org. Chem. 1969, 34, 2324.
10-Aldehyde dienolates 2/11/02 5:04 PM



Metal Dienolates of Aldehydes

Yamamoto's Al-mediated VAR

c AT SR
e) .2 equiv. o e
A R, T - - N
3 )J\ toluene, -78 °Cc ~ ATPH N Rs )I\
H R, H R H R, H R

LDA (1.2 equiv.)

THF, -78 °C
A i ATPH.
Xe)
Ke)
© N R <« ATPH T NF N R, J]\
H R
H R,  OH R>
Ph
ATPH = oA
ph /3

Yamamoto, J. Am. Chem. Soc. 1998, 120, 813.
11-Yamamoto Al VAR 2/14/02 9:18 AM



Metal Dienolates of Aldehydes

Yamamoto's Al-mediated VAR

R1 R R
1 3
O : o
o) 1. ATPH (2.2 equiv.), tol, -78 °C
W\% + )]\ - O N R
4~ g 2.LDA (1.2 equiv.), THF, -78 °C
H R, H R, OH
aldehyde CHO CHO CHO
C(I)dm'h d >r Ph/\/ Me” " cho
aldehyde
e X MO 99% 99% 55% 83%
CHO
Me/\r 97% 91% 90% 83%
Me
Me
)\/CHO 99% 99% 7% 83%
Me

Yamamoto, J. Am. Chem. Soc. 1998, 120, 813.
12-Yamamoto Al VAR2 2/14/02 9:17 AM



Metal Dienolates of Aldehydes
Yamamoto's Al-mediated VAR

 Rational for enolatization selectivity
Hydrogens accessible

Hydrogens not to base
accessible to base

MM2
Models
(Chem3D)

* has also been suggested that aldol occurs only with uncomplexed aldehyde due to this steric hindrance
— carbonyls complexed with ATPH even resistant to addition by MeLi

Yamamoto, J. Am. Chem. Soc. 1998, 120, 813.
Casiraghi, Chem. Rev. 2000, 100, 1929.

13-Yamamoto Al VAR3 2/14/02 9:15 AM Maruoka, Angew. Chem. Int. Ed. 1998, 37, 3039.



Metal Dienolates of Aldehydes - Synthetic Applications

Callipeltoside Aglycone - Patterson

O Me
1. 2.2 equiv. ATPH

H Me
tol, -78 °C
.\ - H | OH
2. LDA, THF, -78 °C
80% Me NN

diastereomers separated
at a late stage

Patterson, Angew. Chem. Int. Ed. 2001, 40, 603.
14-Callipeltoside Patterson 2/14/02 9:20 AM



Metal Dienolates of Enones
Methods of Enolate Generation

* regiochemical issues

e]O) 0 OH
R Only product observed
| RCHO - under kinetic conditions
> (i.e. LDA, cold temp)
0 a'-enolization a'-alkylation
base
OH O
———— R
00
a-alkylation
— > — RCHO
@)
y-enolization
Can be observed under
equilibrating conditions;
— = usually accompanied
by elimination (aldol
condensation)
HO R
y-alkylation

15-Enone dienolates 2/14/02 9:13 AM



Metal Dienolates of Enones
Yamamoto's Al-mediated VAR

O
o)
O 1. ATPH (2.2 equiv.), tol, -78 °C
¥ )]\ -
n” Npn 2. LDA (1.2 equiv.), THF, -78 °C
70%:; 4 :1dr
(stereochemistry
not determined) Ph OH
O @)
O 1. ATPH (2.2 equiv.), tol, -78 °C
- L - ()¢
H R 2. LDA (1.2 equiv.), THF, -78 °C
Me R
R=Ph: 86%
R='Bu: 99%
R="Bu: 73%

R = (E)-CH=CHPh : 68%

Yamamoto, J. Am. Chem. Soc. 1998, 120, 813.
16-Yamamoto Al VAR enone 2/14/02 9:22 AM



Vinylogous Aldol Reactions of Siloxyfurans
Effect of Lewis Acid / Promoters

OH OH
S N :
\ . + "PentCHO conditions o J et f "pent
TMSO © ©
o) syn o) anti
Conditions syn : anti yield (%)
SnCl, (0.4 equiv.), -78 °C 76:24 88
ZnBr, (0.4 equiv.), 0 °C 66 : 34 94
ZnCl, (0.5 equiv.), 0 °C 68 : 32 82
BF3;+OEt, (0.6 equiv.), -78 °C 81:19 95
TrClO4 (0.1 equiv.), -78 to 0 °C 79:21 92
TMSOTT( (0.2 equiv.), -78 °C 82:18 95
TESOTTf (0.2 equiv.), -78 °C 82:18 93
CsF (1.3 equiv.), -78 to 0 °C 27 73 68
TBAF (0.06 equiv.), -78 °C 33: 67 74

, Jefford, Tetrahedron Lett. 1987, 28, 4037.
17-Siloxyfurans 2/14/02 9:21 AM



Vinylogous Aldol Reactions of Siloxyfurans
Rationale of Stereoselectivity - "naked" dienolates

0
©
I ——
@) @)
R/ H/ Gg syn -e-——— o
R H
e :
|
@)
Il o . R H/
—>» anti --— o)
H
R 5O

Dipole minimized

, , Jefford, Tetrahedron Lett. 1987, 28, 4037.
18-Siloxyfurans rationalel 2/11/02 5:06 PM



Vinylogous Aldol Reactions of Siloxyfurans
Rationale of Stereoselectivity - Mukaiyama VARS

—— > SyN -——

R H/ OTMS

—>» anti -——— R H
O /

OTMS

, , Jefford, Tetrahedron Lett. 1987, 28, 4037.
19-Siloxyfurans rationale2 2/11/02 5:06 PM



Vinylogous Aldol Reactions of Siloxyfurans
Synthetic Applications

D-erthyro-C4g-sphingosine - Casiraghi
0

SnCI4, Etzo, -85 °C -
O\é 80%, >98:2 dr
TBSO Me

OTBS
OH :
- [/
/ <—
HO/\l/\/\C13H27 NBoc O\é
Me
NH, o)
- . A
D-erthyro-C,g-sphingosine
Reaction time A:B
10 hours 12 - 88
4 days 85 : 15
20-Casiraghi Sphingosine 2/11/02 6:38 PM

Spanu and Casiraghi, Tetrahedron Asymm. 1997, 8, 3237.



Vinylogous Aldol Reactions of Siloxyfurans
Synthetic Applications

Indolizidine Alkaloid Analogues - Casiraghi

= /JL\V//\\
\ H SnCly, Et,0, -85 °C

NBoc +

>
b\é 80%, >98:2 dr
TBSO Me

TBSO/Q
— OTBDPS 0.6 eq. TBSOTf /O\/OTBDPS
e} f -« MeO
0 N

N
CH2C|2, -80 °C Boc
H Boc 78%, >95:5 dr

T

mnQ
T

OH

Spanu and Casiraghi, Eur. J. Org. Chem. 1999, 1395.
21-Casiraghi Indolizidines 2/11/02 6:39 PM



Vinylogous Aldol Reactions of a-heterofurans
Synthetic Applications

Zaragozic Acid Core - Martin

N\

O

O
0 SPh

TiCl, (3 equiv.)

0 = 4
“
HO CO,Me
0 CO,Me

40% (<5% combined of other diast.)
« all other L.A. tried led to decomp. or
complex diastereomeric mixtures

MeO,C 0 th
Ph MeOZC O

HOOC O Me  Me
COOH Me OH

OAc

OH
Zaragozic Acid

Martin, J. Org. Chem. 1998, 63, 7592.
22-Martin Zaragozic Acid 2/14/02 9:24 AM



Vinylogous Mukaiyama Aldol Reactions
Effect of Lewis Acid and Solvent

Me” N § H /\%OMG S_(7)|§/§g[ > Me” TN g OMe
Me Me 1. R=TBS
2. R=H

Lewis Acid Equiv. Solvent dr Product (Yield (%))
BF3+OEt, 1.5 CH,CI,/Et,0 (9:1) 3:1 2 (92)
B(CgFs)3 1.0 CH,Cl,/Et,0 (9:1) >95:5 1 (81)
B(CgFs)3 0.5 CH,Cl,/Et,0 (9:1) >95:5 1 (78)
B(CeFs)3 0.2 CH,CI,/Et,0 (9:1) >95:5 1 (74)
B(CgFs)3 0.1 CH,Cl,/Et,0 (9:1) >95:5 1 (15)
B(CgFs)s 0.2 CH,Cl, >95:5 1 (61), 2 (8)
B(CgH5)3 1.0 CH,CI,/Et,0 (9:1) >05:5 2 (85)

Kalesse, Tetrahedron Lett. 2001, 42, 1269.
23-Kalesse L.A. Scan 2/11/02 5:09 PM



Vinylogous Mukaiyama Aldol Reactions - Synthetic Applications
(+)-Ratjadone - Kalesse

OTBS

o  ores )\/\ o OTBS OTBS
) = Meo S F
-~ N
H Ve B(CgFs)3, -78 °C MeO 7z e
Me 80%, 95:5 dr Me
1.Dibal-H, THF, -78 °C
2. MCPBA, NaHCO;
CH,Cl,, 0 °C
CE)H 85%
OTBS OTBS
1. TBAF =
2. H* HO™ NTEN ve
93% © Me
Me
X
N o o
(+)-Ratjadone Me Kalesse, J. Org. Chem. 2001, 66, 1885.

24-Kalesse Ratjdone 2/15/02 10:35 AM



Vinylogous Mukaiyama Aldol Reactions
Effect of Dienolate Stucture

* (Z2)-silyl dienolates are good substrates for VMAR

Me CHO OH O
OH 0
OTBS Y Me
Me Me + OMe
4 )\ - X OMe
OMe Etzo, B(C6F5)3 b ! Me \
Me PrOH =
Me
84%,; >20:1 syn <1%; mixture of isomers

* (E)-silyl dienolates, however, are less reactive and unselective
OH O
Me

CHO OH O
T .
OTBS Me Me NN oMo OMe
T
Me\/\)\ Me
F Me Me N

OMe Etzo, BF3°OEt2

+

Me
51%; 1:1 syn:anti 25%; mixture of isomers
* no reaction with B(CgFs)3

Kalesse, Org. Lett. 2001, 3, 3561.
25-Kalesse (E) vs. (2) 2/11/02 5:07 PM



Vinylogous Enoxy Silane Applications

Molander's [3+4] and [3+5] Annulations

TMSO OTMS Rs
@) R3 R3 COzMe
0,
VY S oMe * ] R, TMSOT(f (20 mol /o)> ( R,
R > n CH,Cly, -78 °C n
1 2
@) 50-90 % R, \
R1,R, = H, alkyl Rs = H, Me o
R, = alkyl, aryl
Rz = H, alkyl, OR
n=1,2
» Representative Examples
Rl R2 R3 RS RL n Yield (%) dr
H H H Ph 1 87 >200:1
H H H Me Py 1 58 5:1
H H Me H Me 1 75 13.5:1
H 'pr H Pr 1 73 25:1
Me H H H Py 1 72 5.4:1
H H Me H Me 2 72 30:1

Molander, J. Am. Chem. Soc. 1993, 115, 830.
26-Molander Annulation1 2/11/02 11:19 AM



Vinylogous Enoxy Silane Applications

Molander's [3+4] and [3+5] Annulations
* Mechanism

o OTMS
T|\/|s\0(,a

Ph
H)k/\’ I/ TMSOTf )th o 0®
H /|

0 k
0

° 4 ®q 0
CO,Me B 7
Ph Ph
Ph
\o OTMS OTMS

Molander, J. Am. Chem. Soc. 1993, 115, 830.

27-Molander Annulation2 2/9/02 9:20 AM



[3+n] Enoxy Silane Annulation - Synthetic Applications

Molander's Annulation - Davanone and Dactylol

1. Chan's Diene
Q TMSOTf o Me
H  CH,Cl,, -78 °C . \/W
r s @] —_—
Me)k/\ﬂ/ 2. LiCl, DMSO NA N \
0 75%
Me (x)-Davanone

1. Chan's Diene

<In
@
@)
Tin
Z““‘
@

o)
TrSbClg

H,Cl,, -78 °

CH,Cl,, -78 °C _ Ve

2. LiCl, DMSO “Me

60%
single diast. A
Me

(+)-Dactylol

Molander, Tetrahedron 1999, 55, 617.
Molander, J. Org. Chem. 1995, 60, 4559.

28-Molander Datylol/Davanone 2/15/02 10:32 AM



Diastereoselective Vinylogous Aldol Reactions
Schlessinger's Chiral Dienolate - First Generation

0
e CO,Me
‘BUOH, 83 °C Me OMe
NH  + | | -
90%
N
Me Me ., Me
"Me
1. _LDA [ THF
2. 'PrCHO: -78to 0 °C
86%: 97:3 dr
oH Me
2 1. Li/NH-; 'BUuOH
OHCW Me 3
§ 2. mCPBA, A|203
Me Me pyridine

Schlessinger and Springer, J. Org. Chem. 1986, 51, 3073.
29-Schlessinger 1st Gen 2/11/02 5:10 PM



Diastereoselective Vinylogous Aldol Reactions
Schlessinger's Chiral Dienolate - Second Generation

* Problem with previous auxillary: very expensive, and difficult to prepare on large scale
- solution: proline-derived auxillary

Me
OMe O\/OMe

OMe
| é\feo Et .

ve || BUOH, A _ E
76% \ Me

7~

NH

Me
1. LDA, THF, -78 °C

2. 'PrCHO

89%; 99:1dr

MeO
Et

1. NaCNBHg

2. mCPBA
82%

Me -

Schlessinger, J. Org. Chem. 1996, 61, 3226.
30-Schlessinger 2nd Gen 2/11/02 5:11 PM



Diastereoselective Vinylogous Aldol Reactions
Schlessinger's Chiral Dienolate - Second Generation

View down C5-C, bond

MM?2
Models
MeQ (Chem3D)
Et Z ol —
NN Me
N
MeO
Et

View from top

Schlessinger, J. Org. Chem. 1996, 61, 3226.

Williard and Schlessinger, J. Am. Chem. Soc. 1988, 110, 7901.
31-Schlessinger 2nd Gen2 2/12/02 5:49 PM



Diastereoselective Vinylogous Aldol Reactions
Schlessinger's Chiral Dienolate - Second Generation

» Substrate Generality

OMe
MeO Et MeO
Et o 1. LDA, THF, -78 °C Et
>
Me 2.RCHO
N N Y R
Me
R Yield (%) dr
‘Bu 83 99:1
Cy 83 09:1
"Pr 57 97:3
(E)-CH=CHMe 74 99:1
(E)-CH=CHPh 74 98:2
(E)-CH=CHSnBu; 68 099:1

32-Schlessinger 2nd Gen3 2/11/02 5:12 PM

Schlessinger, J. Org. Chem. 1996, 61, 3226.



Diastereoselective Vinylogous Aldol Reactions
Synthetic Applications
Virginiamycin M, - Schlessinger

MeO Et

Et OHC

| Q 1. Li, NHg, 'BUOH, THF | OH

: Me 5 mcPBA 78100°C : Me

N = \r all ) pyr! - to - Y
: 75%
Me Me Me Me

1. N-Troc-D-Proline
DCC, DMAP, CH,ClI,
2. NH,SO3H, NaClO,
THF, H,O
72%

G X
Me N o 2O I\

o )

Me

Virginiamycin M,

Schlessinger, J. Am. Chem. Soc. 1996, 118, 3301.
33-Schlessinger Virginiamycin 2/11/02 6:53 PM



Diastereoselective Vinylogous Aldol Reactions
Schlessinger's Chiral Dienolate - Effect of Oxygenation

OMe
é\/leo Et MeO
t o 1. LDA, THF, -78 °C Et
et
2. RCHO
N -
OTMSE (E)TMSE
R Yield (%) dr
'Bu 03 98:2
'Pr 73 98:2
Ph 84 99:1
(E)-CH=CHEt 78 98:2
(E)-CH=CHSnNnBu3y 76 08:2
(Z2)-CH=CHSNBu3; 75 99:1

Schlessinger, J. Org. Chem.. 1998, 63, 9089.
34-Schlessinger oxygenation 2/12/02 5:49 PM



Diastereoselective Vinylogous Aldol Reactions
Synthetic Applications
(+)-KDO - Schlessinger

MeO
=t HCI / THF
SnBuj 78%
OSO4, NMO
-
OH  90%,>95:55dr Q" 3}
0
Me
Me
o™
OH  OH
(+)-KDO Schlessinger, J. Org. Chem. 1998, 63, 9089.

35-Schlessinger KDO 2/13/02 6:02 PM



Diastereoselective Vinylogous Aldol Reactions
a-alkylation / Cope rearrangement strategy

* Problem: imide auxiliaries give a-alkyation with dienolates

* Solution: aldol followed by siloxy-Cope rearrangement

0
0 OBBuU, 1 )I\/
)]\ . AN
H OPh
0 N)\/\ >
\ < 2. TBSCI, imid.
Bn
0 OPh  OTBS
z -
xc)l\w
A VS
OPh TBSO—/ ==, ~OPh
)\/\
=z OTBS CoX.
B - —
X 0

86%, 31:1 A:B

Black, Tetrahedron Lett. 1996, 37, 4471.
36-Black Aldol/Cope 2/11/02 5:20 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Carreira Ti(IV) Catalyst

Me Me Me Me
o o 1. 1-3 mol% cat., RCHO X
Et,O, 0 °C HO O O
- :
)\)\oms 2. CF3COOH /\M
R @)
Aldehdye Yield (%) ee (%) ‘Bu
catalyst
'pr,Si—=—=—CHO 86 91
PhCHO 83 84
o X “HO 88 92
o0 97 80
CHO
BUSSn/\/ 79 92

Carreira, J. Am. Chem. Soc. 1995, 117, 12360.

o Carreira, J. Am. Chem. Soc. 1994, 116, 8837.
37-Carreira Ti CAVM 2/9/02 9:22 AM



Catalytic Asymmetric Vinylogous Aldol Reactions
Carreira Copper Catalyst

Cu(OTf), + TBAT + (S)-tolBinap

Me = Me ¢ Me Me

0 .
o o 1. 2 mol% CuF(S)-tolBinap,

RCHO, THF, -78 °C HO O o)
PN -

R O
Aldehdye Yield (%) ee (%)
PhCHO 92 94
furfural 91 94
p-OMePhCHO 93 94
(E)-PhCH=CHCHO 83 85
(E)-MeCH=CHCHO 48 91

Carreira, J. Am. Chem. Soc. 1998, 120, 837.
38-Carreira Cu CAVM 2/11/02 5:50 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Carreira Copper Catalyst - Mechanistic Insights

Me Me

- COR
CuF,(tolBinap) RoC” S O O Support for Cu enolate:

OTMS )\)\OTMS 1. CuO'Bu(S)-tolBinap equally good
/& catalyst
R

2. ReactIR observation of signals which

CuF(tolBinap) &; TMSE are "consistent" with A (1690 and
1550 cm™)
Me><Me

Me Me

O O
OTMS O ) )\/k
=
)\/K/g OCuL*
R O A

RCHO

0 0 OCulL*

0 0
F R X 0

Carreira, Angew. Chem. Int. Ed. 1998, 37, 3124.
39-Carreira Cu CAVM2 2/13/02 6:04 PM



Carreira's CAVM - Synthetic Applications

Towards Amphotericin - Carreira

CHO 0 o 1. CuF(S)-tolBinap (2 mol%)

x .78 °C, THF
+ >
\_0 Moms 2. CF3COOH

1. CuF(R)-tolBinap (2 mol%)

-78 °C, THF
2. CF3COOH
Me Me
HO O O
S X O
\ Me Me

AN
TBDPSO/\/\/\

e
mnQ

Carreira, Tetrahedron Lett. 1998, 39, 7013.
40-Amphotercinl Carreira 2/11/02 6:55 PM



Carreira's CAVM - Synthetic Applications

Towards Amphotericin - Carreira
Me Me Me Me

umQ
umQ
mnQ
mnQ

TBDPSO/\/\/\ \n/\/\/\OTBS

Me Me

munQ

munQ
munQ
munQ

TBDPSO/\/\/\/\/\/\/\OTBS

OH

v OMycosamine

Me O

Qumn
I

Carreira, Tetrahedron Lett. 1998, 39, 7013.
41-Amphotercin2 Carreira 2/11/02 6:55 PM



Carreira's CAVM - Synthetic Applications

Virginiamycin M, - Campagne

Me Me
;><; Me Me
@ X
A 1. CuF(R)-tolBinap 0 0 OH Me
+ C
2. PPTS, MeOH, rt 0 Z =

Me
80% 81% ee
OHC. _ _~ = NHBoc

NHBoc

Virginiamycin M,

Campagne, Tetrahedron Lett. 2001, 42, 5195.
42-Campagne Virginiamycin 2/11/02 6:55 PM



Catalytic Asymmetric Vinylogous Aldol Reactions

Carreira's Catalyst for Other Dienolates - Campagne

OTMS
_ 10 mol% CuF(S)-tolBinap QTMS o
/ ot + RCHO
THF, rt R \ OEt
Me
Me
Aldehyde Yield (%) ee (%)

CHO
©/ 80 70
Z CHO
70 48
NN
Xy CHO
| 35 56
P
CHO
>( 68 77

Campagne, Tetrahderon Lett. 1999, 40, 5507.

43-Campagne CAVM 2/12/02 5:51 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Carreira's Catalyst for Other Dienolates - Campagne

OTMS
N\ ok
Me
CuF(tolBinap)
TMSF
OTMS 0 oCuL*
R N OEt N ok
RCHO
OCuL* 0
OTMS
R X OEt
NP ok
Me
Me

Is Silylation Important in Selectivity???

Campagne, J. Org. Chem. 2001, 66, 4295.
44-Campagne CAVM Cat. Cycle 2/11/02 5:35 PM



Campagne's CAVM - Synthetic Applications

Octalactin A - Campagne

OTMS . o
A OHC Me 10 mol% CuF(S)-tolBinap y
= e
EtO X + Y THF, rt EtO =z
o) [0)
Me Me 90%, 80%ee e .
O OTBS

: Me

- HH/\/Y

Me Me Me

Campagne, Synlett 2000, 221.
45-Campagne Octalactin 2/11/02 6:56 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Synthesis of Lactones with Other Silyl Dienolates - Campagne

0
OTMS CuF(S)-tolBinap o OH O
Me\/\)\om + RCHO 0 Mot | - RWkOMe
T THF, rt R™ N
E,Z-mix I\E/Ie Me
1 2
Aldehyde YE'S'L (2°§0) ratio (1/2) ee (%) of 1
Benzaldehyde 85 86/14 87
2-napthaldehyde 95 80/20 85
2,3-dimethoxybenzaldehyde 87 81/19 91
2-furaldehdye 60 50/50 86
(E)-cinnamaldehyde 60 70/30 82
isobutyraldehyde 95 64/36 91

46-Campagne CAVM lactones 2/12/02 5:52 PM

Campagne, Org. Lett. 2001, 3, 3807.



Catalytic Asymmetric Vinylogous Aldol Reactions
Evans' Cu(ll)box and pybox Catalysts

2"

O
\) 2 SbFg -
1 N—Cu—N

\)]\ = P 10 mol%  Ph BNnO
BnO + - °
n H 5 / 78 C, CH2C|2 -

2.1 N HCIl/THF
OTMS 93%, 91:9 anti:syn
92% ee (anti)

» addition of CF3CH,OH makes reaction amenable to large scale

O
h

Me Me  —]2°
O

\Rﬁ/o
S/I I\) 2 TfO -
1. N.. ~N

Cu -

= 'BU 10 mol% Bu
EtO + // -78 °C, THF
Me @) -
2.1 N HCl/ MeOH

O OTMS 93%, 95:5 anti:syn
99% ee (anti)

Evans, J. Am. Chem. Soc. 1999, 121, 669.

Evans, J. Am. Chem. Soc. 1999, 121, 686.
47-Evans CAVM 2/11/02 5:38 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Evans' Cu(ll)box and pybox Catalysts

Me Me

0o Me Me

\)I\ o) o) Ph 5mol%n  Ph X
BnO + -78 °C, CH-CI
: M — - oH 0 0
OTMS 2.1 N HCl/ THF BHOM
NN
94%, 92% ee (@)

O
( | \) 2 SbFg-
1. YN_CU_N

o :
TMSO OTMS Ph 25mol% Ph
Bno\)l\ + -78 °C, CH,Cl, OH O o)
H

/
OMe 2. PPTS, MeOH BnO\/l\)I\/”\
O'Bu

85%, 99% ee

Evans, J. Am. Chem. Soc. 1999, 121, 6609.
48-Evans CAVM2 2/13/02 6:13 PM



Catalytic Asymmetric Vinylogous Aldol Reactions
Evans' Sn(ll)box and Cu(ll)pybox Catalysts

e Ssome new results: ot

o

2 TfO -
O . -s
= Me 10 mol%
X + Y/ -78 °C, THF
H O
2.1 N HCI/ EtOAc

@) OTMS
X = OEt: 94%, >50:1 dr; 95% ee
= NHPh: 44:1 dr; 97% ee
O
Resay
o) Me  OTMS Ph 2.5mol%w Ph
\)I\ + )\)\ -78 °C, CH,Cl, MeO
PMBO = o
H OMe 2.1 N HCI/ EtOAc
Slow addition Slow addition 93%, 95% ee

Evans, Favor, Beauchemin, Hu and Burch; unpublished results
49-Evans CAVM3 2/14/02 9:30 AM



Evans' CAVM - Synthetic Applications

Azaspiracid - Evans

o)
\)I\ /
BnO +
H oY
OTMS
Azaspiracid =~ <-€----------.
) _
H (@)
O OTMS

50-Azaspiracid Evans 2/14/02 9:28 AM

1

. Cu(S,S)PhPybox
10 mol%
-78 °C, CH,Cl,
CF4CH,OH BnO
=

2.

80%, 93:7 anti:syn

1 N HCI/ EtOAc

97% ee (anti)

Me  OTBS O -
: -
H - === f
OPMB B !

1. Sn(R,R)indabox
10 mol%
-78 °C, THF PhHN

>
2.1 N HCI/ EtOAC
44:1 dr; 97% ee

Evans, Dunn and Beauchemin; unpublished results



Evans' CAVM - Synthetic Applications

EtO
=z

OTMS Me

51-Callipeltoside Evans 2/13/02 6:14 PM

Callipeltoside - Evans

1. 2.5 mol% Cu(S,S)PhPyBox
CH,Cl,, -78 °C, slow addition EtO

.
2.1 N HCI, THF
93%, 95% ee

stereocenter inverted
with cyclization

Evans, Hu and Burch; unpublished results



The Vinylogous Aldol Reaction

A Summary

OM Me O Me OH

RCHO
AN T AN
X X R

* in general, metal dienolates favor a-alkylation under kinetic conditions and y-alkylation under
thermodynamic conditions

» exception: Yamamoto's ATPH-mediated vinylogous aldol conditions
* in general, siloxyfurans vinylogous aldol favor syn adducts under lewis acid catalysis and anti
adducts with "naked" dienolates

» exception: Evans' Cu(ll) catalyzed additions of siloxyfurans
» Schlessinger's proline-derived auxilliary useful for diastereoselective vinylogous aldol reacitons
 Carreira's Ti(IV) and Cu(l) catalysts and Evans' Cu(ll) and Sn(ll) catalysts useful for enantioselective

vinylogous aldol reactions of -oxygenated dienolates; non-oxygenated cases also showing promise

52-Summary 2/15/02 10:32 AM



