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Enolate Stereocontrol

1. Generation of Enolates: (E) vs (2)

monosubstituted amides: high (Z) selectivity I

@) LDA OLi
R. M - R. M
e g
R

Evans Tetrahedron Lett. 1980, 21, 4233.
model: six-membered cyclic transition state

1,3-diaxial L
interaction | R

N-J.,..--O
L?J Li //

_R2

monosubstituted esters: (E) or (Z) selectivity dependent on solvent I

O LDA OLi OLi
RO)J\/Me RO)\(H or Ro)ﬁ/l\/le
Me H
THF THF/HMPA

Ireland J. Am. Chem. Soc. 1976, 98, 2868.
J. Org. Chem. 1991, 56, 650.

model: six-membered cyclic transition state

minimized L L
1,3-diaxial | H | R?
interaction L/"N' ‘Li‘/“o L///N" ‘Li‘;’o
H H
R? OR!
THF THF/HMPA

may not react via cyclic
six-membered transition state
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2. Diastereoselective Alkylation of Enolates Using Chiral Auxiliaries
2.1. Alkylation of Carboxamides

0
RLNLF@
1

R

OoLi 5 o)
LDA R R2 R°X R™ R?
R R! RS
R3-X
) [ o2
Lio._ ' R
R1—N:\R1 “H

desirable characteristics:

- readily synthesized chiral
- inexpensive materials

- broad substrate scope

- facile auxiliary cleavage
- recyclable auxiliary

access to both stereochemical configurations of new

- stereocenter:
auxiliary

- reverse alkylating agent and enolate substituent
- invert enolate geometry
- use stereochemical antipode of the auxiliary

chiral auxiliaries for monosubstituted enolate alkylation

Ph HO o o o 0
O
O R
—~ T g A e A
R N '»,I N \
OMe Vipr Pi  Me
Meyers Evans Evans
J. Am. Chem. Soc. Tetrahedron Lett. 1980, 21, J. Am. Chem. Soc. 1982, 104, 1737.
1976, 98, 567. 4233; J. Org. Chem. 1980,
45, 3137.
Me Me
j’\/ Me O
R z
N N R
/ .
S OH Me
o 0
Oppolzer Myers

Tetrahedron Lett. 1989, 30,

5603.

J. Am. Chem. Soc.
1997, 118, 6496.
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2.1.1. Evans' Auxiliary Na
o ji NaN(SiMes) o \IO
a iMe3)»
ipr Pr

reactive Na-enolate, alkylation with reactive reagents I

E. M. Carreira

o O

M
e I A
R = benzylic, R R
allylic, methyl ipr
92-98% vyield
dr = 20:1

Evans J. Am. Chem. Soc. 1982, 104, 1737.

working model:

M. .
o © ‘o 'Pr
MG%NJKO Me\/\N)w
- )0
M = chelating metal 'Pr @)
o O o O
Me Jk _____H )k
S N~ o — B N -
H, HH Me H 2
X 5 — ipr 'Pr . 5—
Mel, __-O° Hy . 2Q
H Q “&—R1 “ “ _ '—R1
R%°0 o 'Pr o 'Pr 0
H
: | Me X N)} P \ek'})_w ] :
! H H a Mé H 0 :
E O)/— © |
b A1z (H==R%)vs. A, 5 (Me<=R?)| -------------- |
substrate preparation
0] (@] 0]
NH NH . M
o 2 BFsOE, - 2 on (Et0)CO HN)ko 1. "BuLi e\)J\N)ko
~ - /
CO2H  BH,SMe, 2. EtCOCI
Bn or Bn
(EtCO)50
auxiliary cleavage:
Hy0, O
M LiAIH LiOH Me
* o — o O \l)j\OH
E M E
0 E 0
M LiSEt 'Pr LiOBn
© SEt ——— Me OBn
E E
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example for application: Syntheses using (in part) asymmetric alkylation of oxazolidinone enolates, e. g.
Prelog-Djerassi lactone and ionomycin. The stereocenters created by alkylation are indicated with an asterix.

OH ionomycin

HO,C

*

Prelog-Djerassi lactone

I\:/Ie I\:/Ie I\:/Ie I\:/Ie Me

Evans J. Am. Chem. Soc. 1990, 112, 5290.
Tetrahedron Lett. 1989, 30, 5603.

2.1.2. Oppolzer's Camphor Sultam Auxiliary

R2
LioH,  HO g1
Me—-Me Me—_-Me Me—_-Me H20, o
(Si) R?
720 g e g T 2R
//S\\ 0] O//S\\ /O //S\\ (e}
OO0 O--M _ (Re) LiAIH, R2
favored HO =
\/\R1
(Z)-enolate
R? R2 ds [%] dr yield [%]
Me Bn 98.5 > 99:1 89
Bn Me 97.4 > 99:1 88
Me allyl 98.3 > 98:2 74
allyl Me 97.7 > 99:1 nd
Me methallyl 89.6 > 99:1 70
Me "CsH14 98.9 98:2 81
NCsH14 Me 98.1 98:2 nd

Oppolzer Tetrahedron Lett. 1989, 30, 5603.
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2.1.3. Meyers' Chiral Oxazolines

pioneering studies:

Me Me ®
\\«(D,Ph 1.LDA _ R )\(O Ph Hs0 Me.__CO,H
H I :
N—/, N—/

2. RX S
“_OMe “__OMe
72-86% ee

Meyers Tetrahedron Left. 1984, 25, 3667.
J. Am. Chem. Soc. 1984, 106, 1865.
J. Am. Chem. Soc. 1992, 114, 1010.

modern variant: bicyclic lactams - useful for the synthesis of quaternary stereogenic centers

1

Me 0 R

)\l/\ 1WJ\ A °
+ R
NH .
2 © ipy o)

valinol R! = Ph, Me, etc
1. LDA
2. R2X

R
3 p2
Q RR acidic 1. LDA o 2
1 -
R CO2BU  hydrolysis 2. R3X <rN
Pr @)
Meyers J. Am. Chem. Soc. 1998, 120, 7429.
model:
Me. Me Me Me. Me Me
-0 -0 H
N — N
Heg (e H o E
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Range of different products accessible from bicyclic lactams:

@]
O R3R?
1 3
R COQH ”IR3
Ry R2
. addition of R*M,
hydrolysis followed by aldol condensation (for R1 =
Me)
. 1 addition of MeM,
addition R*M followed by aldol condensation
O
3 R2
O R“, R , R3
R1JWR "R2
@)

R1

2.1.4. Evans' Prolinol-Based Auxiliary

Li
OH Li—O

OH
o 7 S : o 7
: 2LDA : RX M :
o Ly~ o0 P
R

reactive enolate

H;0*
OH
4 o) Q
:> M Me =,
HN + e\I)kOH \l)J\O
H_
R X NS
H

Evans Tefrahedron Lett. 1980, 21, 4233.
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2.1.5. Myers' Pseudoephedrine Auxiliary

E. M. Carreira

. Chem. Soc. 1994, 116, 9361.
. Chem. Soc. 1995, 117, 8488.
. Chem. Soc. 1997, 119, 656.

. Chem. Soc. 1997, 119, 6496.

Me O
- NJVMG

OH CHs

ephedrine amide

Seebach Angew. Chem. Int. Ed. Engl. 1988, 27, 1624.

Me O ., 1.LDA, LiCl Me O 1
R R
N 2. R N™ ™
OH Me OH Me R2
85-95%
dr > 40:1 Myers J. Am
J. Am
J. Am
J. Am
Me O 0]
: H30+ H3O+
NKMG amine salt + HO)K/Me
|
OH CHj k1 ky
pseudoephedrine amide k1>>ka
OLi Me OLi Vel O Me O
Ph)\\N/\/\OMe Ph)J\N/\.)kOMe
H z
Me
no LiCl, 0 °C: dr = 4:1
LiCl, =75 °C: dr = 99:1
auxiliary cleavage: H.S0 O
29Uy 1
: HO)J\_/R
dioxane 25
reflux R
BusNOH o
Uy R1
: o
BuOH/H,0 =
R
S)
Me O E>N—BH3
H 1 1
NJK_/R ) Ho >R
[ Zo BuLi Zo
OH Me R R
LIAIH(OELY) Q
| 3 1
R
A
R2
2.4 eq R3Li o
4 eq i 1
R2

117



oc E. M. Carreira

2.2. Amino Acid Synthesis

2.2.1. Seebach's Self-Regeneration of Stereocenters

(Re)
favored
H 0
0 - 0
t X LDA )(x/ Ol gx X Hy0® vH
Bu < tgy” Y Bu{ > XH™ )
Y R or R! YR R1 2R2
LHDMS (Si) R!
XY R1/R? dr [%] yield [%]
0/0 Me/Et 94:6 82
0/0 Ph/n-Pr 90:10 84
0/s Me/allyl > 06:4 92
O/NCOPh Me/Bn > 06:4 93
O/NCOPh Bn/Me > 96:4 88 Seebach Tetrahedron 1984, 40, 1313.
O/NCOPh i-Pr/Me 100:0 53 Tetrahedron 1988, 44, 5277 .
Helv. Chim. Acta 1985, 68, 1243.
MeN/NCOPh Me/Et >90:10 90 Helv. Chim. Acta 1985 68, 144.
MeN/NCOPh Me/Bn > 90:10 73 Helv. Chim. Acta 1992, 75, 913.
MeN/NBoc H/Bn 100:0 64
MeN/NBoc Hrallyl 100:0 85
MeN/Cbz H/i-Pr 100:0 59

2.2.2. Schéllkopf's Bis-Lactim Ether Amino Acid Synthesis
' Pr

'Pr
i 1
it ., ¥ HNJ\(O e NlJ\WOMe
NH N
HoN COsMe H>N CO5Me O%\/ MeO)\/
R

R1

ipr Pr
OM oM ip 1 R2
BuLi NJ\/ © R2 NJW/ ¢ W@ ' X5

& | Acome * >

N N HN” >COMe © HoN™ “CO,Me

Meo)\/ Meo)y MeOH Hz Me — Hp 2
R1

R! :'R2
R'=H, ds > 90%
R' = Me, ds > 97%
RV/R2 ds [%] yield [%]

H/Bn 96 81
H/PhCH=CHCH, 97 90
H/n—C7H15 87 62
Me/Bn 98 68
Me/PhCH=CHCH, 98 89 )
Me/n-CHys 98 43 Schoéllkopf Tefrahedron 1983, 39, 2085.
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2.2.3. Williams' Oxazinone Enolate Amino Acid Synthesis

Ph i Ph
Ph Ph
e} 2
1 ﬁ MHMDS H N_/>—OM R<X
R OYN o R'='BuorBn R'0O—~%¢
0] M = Li or Na (Si)
L favored  _|
Ph i Ph | Ph
Ph
Ph\)\o KHMDS H O om R3X Ph\)\o
1 =< N%z_ 1
R OT(N\/&O RI0O—4, R R'O NY§O
0 R (Si) o RZR3
L favored _
> 98% ds ds =100%
[H] The conformation shown in the two hydrogenation
bracketed structures
has the C5 phenyl in the axial position
XHN CO,H to avoid A, ; interactions with the adjacent XHN CO,H
hd N-acyl group. .
R? R? R?
X =H, Boc X=H, Boc

Williams J. Am. Chem. Soc. 1991, 113, 9276.

yield [%] yield [%]
R1 R2 R3 base (alkylation) (amino acid) % ee
Bu allyl - LIHMDS 86 50-70 98
Bu Me - NaHMDS 9 54 97
Bu Bn - NaHMDS 70 76 98
Bn Bn - NaHMDS 77 93 > 99
Bu Me allyl KHMDS 87 70 100
Bu Me Bn KHMDS 84 93 100
Bu n-Pr allyl KHMDS 90 60 100
Bn Me Bn KHMDS 84 93 100

In all cases, the diastereoselectivity was > 98%.
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2.3. Ketone Enolate Alkylation
2.3.1. Enders' SAMP/RAMP Hydrazones

concept: . . .,
MeO O MeO O MeO O
)
N N N
N 1. LDA N’ 1. LDA N’ O3 R )
1 | 1 | 1 | 5 R
R\)\Rz 2. R3X R:J\Rz 2. R*X R\\\%\Rz R4 R3
R® R4 R3
0 D
]
N’N 1. LDA N’N oxidative R
I I
H 2. RX R or Ve
hydrolytic
Me Me cleavage > 95% ee
)
Nl’N 1. LDA Nl’N oxidative R
2.RX i or
hydrolytic
cleavage 4
n n
85-100% ee
MeO™ ™ MeO™ ™~
N” 1. LDA N” oxidative R %
I I
R
H\ 2 RX W)\ hyd?c:Iytic e
Me Me Me Me cleavage > 95% ee
Enders Chem. Ber. 1979, 111, 1337.
Tetrahedron 1984, 40, 1345.
|\/|(=,'\(?/«,IIK\>
N/N LDA LI~N/N
Me\)| OMe Et,0 %
Me
H® MeO/%O
Me\_/CHO N’N
2 or RX
R Me I
ozone \) Asymmetric Synthesis Vol. 3, p. 275.
R Synlett 1998, 721.
N-N 0
Med'\ oMe —_ DA Me\)kl\\R
RX
Me Me Tetrahedron 1982, 38, 3705.
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2.3.2. Applications

O Me Me O
. . M .
MGMMG MGWMG GWMG
Me o} OH Me Me
(8)-(+)-4-methyl-3-heptanone serricornin (S),(E)-4,6-dimethyl-6-octen-3-one
H H
o Stereocenters formed by
asymmetric alkylation are
Me indicated with an asterix.
Me Me
(+)-eremophilenolide antibiotic X-14547 A

Natural product synthesis employing SAMP-RAMP hydrazones:

1. (8)-(+)-4-methyl-3-heptanone, the leaf cutting ant alarm pheromone

2. serricornin, the sex pheromone of the cigarette beetle

3. (8),(E)-4,6-dimethyl-6-octen-3-one, the defense substance of "daddy longlegs”
4. (+)-eremophilenolide

5. antibiotic X-14547 A

2.4. Alkylation of pB-Hetero-Enolates

o of 1. LDA, Mel g oA
z ) , e ot
EtO)J\/\CO2Et > LDA. RX EtO)S,,/\C02Et Helv. Chim. Acta 1987, 70, 292.
' ’ R Me
Ph /zh
O N& O N~
MO 1. EtoNL = J. Org. Ch 1986, 57, 3742
H : E HH
Seebach Helv. Chim. Acta 1988, 1824.
MeOLC NHcbz 1.LHMDS  preonc hHcbz Helv. Chim. Acta 1989, 72, 1846.
e~ t : eu2 t Angew. Chem. Inf. Ed. Engl. 1988
CO,Bu CO,'Bu g 9 '
2 2. RX r 2 27,1624,
Tetfrahedron Leftt. 1998, 39, 5483.
R\I/\/002Me 1. NaHMDS R\I/V_002Me
FaC . S e el FaC NH \/ Hanessian Tefrahedron Lett. 1997, 38, 163.
hig 2B Ty
(0] 0]
dr 20:1
'Bu ‘Bu
HO O
M O)\O LDA O)\O Helv. Chim. Acta 1986, 69, 1147
Me OH eiv. im. Acta s s .
MeMO RX Me)\:/go
R
95%
dr > 98:2
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