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Abstract: The a l d o l r e a c t i o n s from b o r o n e n o l a t e de r ived from c a m p h o r - b a s e d N - p r o p l o n y l o x a z o l i d o n e
e x h i b l t e x c e p t i o n a l l y high s t e reose l ec t ion . The in i t i a l a l d o l a d d u c t s f rom l i t h i u m m e d i a t e d r e a c t i o n s
equ i l ib ra t e to f u m i s h eI'ythro i somers . E r y t h r o se l ec t ion is con t ro l l ed by the c h o i c e of the eno la t e counte r ion .

Over the pas t few y e a r s , t he u t i l i za t ion of c a m p h o r as a s o u r c e of ch i ra l i ty for the p r e p a r a t i o n of v a r i o u s

enant tomer ica l ly e n r i c h e d c o m p o u n d s h a s been i l lu s t r a t ed by Eliel ,1 H o f f m a n ,2 T a b e r ,3 Oppolze r ,4 Davls , s

and o t h e r s .6 D r i v e n by the r a p i d l y g r o w i n g d e m a n d for h i g h l y enant iomer ica l ly pure l l - h y d r o x y c a r b o n y l

c o n t a i n i n g c o m p o u n d s , t he deve lopment of s u p e r i o r meta l -che la ted eno la t e s , w h l c h can ach ieve excep t iona l ly

hlgh d ias t e reose lec t iv l ty , h a s e v l d e n t l y b e c o m e both d e s i r a b l e a n d c h a l l e n g i n g . 7 In the p r e c e d i n g

c o m m u n i c a t i i o n s 8 we have s h o w n tha t (+) -camphor-based i m i d e eno la t e c a n d i s p l a y exce l l en t x- topologica l

d i f f e ren t i a t ion on a l k y l a t i o n r e a c t i o n s . The r e a d y ava i lab i l i ty of o p t i c a l l y p u r e 2-oxazo l idone 2 from

ke top ln ic acid 18 m a d e c o n s i d e r a t i o n of it very a t t rac t ive for use as c h i r a l a u x i l i a r y in a l d o l c o n d e n s a t i o n s

H e r e t o we d e s c r i b e in de ta i l t he d e v e l o p m e n t of enanhose lec t lve a ldo l c o n d e n s a t i o n s via the l i th ium- and

b o r o n - c h e l a t e d e n o l a t e s de r ived from the imide 3

The h t h i u m - c h e l a t e d {Z)-enolate of 3 was g e n e r a t e d u n d e r k ine t i c condi t ions (LiN(I-C3HT)2, -78 °C, THF)

The b o r o n - c h e l a t e d (Z) -eno la t e 3._~b w a s p r e p a r e d u n d e r mild c o n d i t i o n s f rom c h i r a l i m i d e 3 and d i - n -

b u t y l b o r y l t r i f l u o r o m e t h a n e s u l f o n a t e . 7d,8,9,1° As the new m e t a l - c h e l a t e d eno la t e s , 3_.~a and 3._bb, p o s s e s s a

relatively r ig id c a m p h o r ring w h l c h s e r v e s as a s te r ica l ly d e m a n d i n g g r o u p to r e t a r d the f o r m a t i o n of che la ted

(E)-enolates 3__cc ( S c h e m e I}, we h o p e d to ach ieve g r e a t e r dms te reose l ec t iv i t i e s on a l d o l c o n d e n s a t i o n s . I n d e e d

the a l d o l p r o d u c t s f rom d i - n - b u t y l b o r y l t r f f u o r o m e t h a n e s u l f o n a t e m e d i a t e d a l d o l c o n d e n s a t i o n s a l w a y s

c o n s i s t e d of a s ing le e r y t h r o d i a s t e r e o m e r w i t h i n 4 0 0 - M H z IH NMR d e t e c t i o n l imi t s . The i l lu s t r a t ed a ldo l

c o n d e n s a t i o n s of eno la t e s , 3_.~a and 3._b_b, with rep resen ta t ive a l d e h y d e s s u m m a r i z e d in T a b l e I were e a r n e d out

a c c o r d i n g to the fo l lowing g e n e r a l p r o c e d u r e A l d e h y d e was a d d e d to the s o l u t i o n c o n t a i n i n g the h t h i u m

eno la t e 3__.aa (~0.2M) at -78 °C. The r e s u l t i n g s o l u t i o n was s t i r r e d at -78 °C for 30 mln , q u e n c h e d with 20%

a q u e o u s THF so lu t ion , and w o r k e d up In the p r o c e s s of c o n d u c t i n g e r y t h r o / t h r e o equ i l ib ra t ion s tud ie s , the

r e s u l t i n g m i x t u r e was q u e n c h e d at -78 °C and s t i r r e d at -5 °C for 30 ra in before the u s u a l w o r k u p In the

c o n d e n s a t i o n s of the b o r o n eno la t e 3__b_b with a ldehydes , the r e a c t i o n m i x t u r e was s t i r r e d at -78 °C for 1 hr and

then at room t e m p e r a t u r e for 2 hr. The r e s u l t a n t so lu t ion was cooled to 0 °C and q u e n c h e d with a m i x t u r e of

m e t h a n o l and pH 7 p h o s p h a t e buf fe r (2. I). The resu l t lng b o r a t e was oxidized by 30% H202 for 1 hr at 0 °C In all

c a s e s s t u d i e d , the a l d o l c o n d e n s a t i o n s from b o r o n eno la t e 3._bb exh ib i t ed c o m p l e t e e r y t h r o s t e reose l ec t ion and

a b s o l u t e s t e r e o c h e m i c a l con t ro l . In fac t , none of the o t h e r t h r e e d ias te reo i somer ic a l d o l a d d u c t s c o u l d be

de tec t ed by 4 0 0 - M H z IH NMR Our a s s i g n m e n t of the syn conf igura t ion is b a s e d on the cons idera t ion of the

c a r b i n o l r e s o n a n c e s in the IH NMR s p e c t r a of the c r u d e a l d o l p r o d u c t , u s i n g the wen-es tab l i shed fact tha t

5563



5564

S c h e m e I

H 0two s t e p s

COOH

2_

O-M~,,~L
d

N a H - T H F

E t C O C I \

~L

3_~a M=I~

3b M = B

RCHO

~ N °

H O 0 ~ "~0

R

_4 a, R = Ph

b, R = CHMe 2

RCHO .

a, P h C H O

b. M e2CHCHO

c, n - P r C H O

d, H2C=CHCHO

o~ ~o

L1N{ l -P r h

/ THr/-7S °d

,"

~N o
L

3 a

X ( n-Bu)2BOTf ~ N O

EtN( ~ - P r ~ ' C H 2 ~ / / ~ 0 - ~ j ~ . . /

3b

- . . . . o

R R R R

_4 5 fi Z

NaOMe-MeOH

-30 °C to -5 °C

OMe

HO0~"~

R

8 a, R= Ph

b, R = CHMe 2

J th r eo {7~9Hz) > Jerythro ( 3 - 6 H z ) 11 The a b s o l u t e s t e r e o c h e m l c a l a s s i g n m e n t s were m a d e in two c a s e s

Nondes t ruc t i ve r e m o v a l of t h e c h l r a l a u x i l i a r y 2-- vm m e t h a n o l y s m (NaOMe. 0 °C) of 4a and 4b af fo rded th~

cor respond ing k n o w n co lo r l e s s op tmal ly ac t ive m e t h y l e s t e r s 8a ([ct]2° o = - 22 5 Ic 4 8, CHC13)) and 8b ([c~12°D = -
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8 1 (c 3.1, CHCI3)) for comparison of optical purity.7d,12 The aldol reactions from lithium enolate 3a afforded

erythro and threo products. In aU cases examined, however, the initial kinetic mixture of erythro and threo

aldols can be equilibrated to thermodynamic erythro adduc ts by quenching the reaction mixture with aqueous

THF and stirring the resulting solution at -5 °C for 0.5 h. The two ez3rthro aldol stereoisomers, 4 and 5, in all

cases reported could be conveniently purified to high optical purity by a single recrystallization or column

chromatography The assignment of stereochemistry of 6 is b a s e d on the above equilibration s tudies of the

initial kinetic aldols (e.g., compare entries 2 vs. 3 and 5 vs. 6) The diastereoselectivity of the aldol reaction

with lithium enolates 3a was generally moderate. The origin of the lower level of the stereoselection could be

largely due to the long Li-O bend length as compared to B-O bond length 7e, 10c Of particular note is the opposite

sense of chirality transfer with lithium as compared to boron enolates (e.g, compare entries 1 vs. 2, 4 vs. 5, and

7 vs 8). This behavior has also been observed by Abdel-Magid et al.7e The origin of this marked difference m

enantioselection may lie in the difference in the coordination numbers of boron and lithium. 13

Table I A1dol Condensations of Metal Enolates 3a and 3__b_b with Representative Aldehydes

entry etectrophde e n o l a t e s erythro/threo a enant~oselecbona yieldd [(~]2°D (c, CH2CI2)f mp *C
(~.+5 "6 +]..) 4.5 6"2 (%) deg

1 P h C H O B(n-Ru)2 >991 >991 b 91 +94 (12 6) 121-122

2 PhCHO L1(-78 °C) 11 1.4 > 991 75

3 PhCHO Ll(equdlbrabon) >991 1"9 c 61 +50 5e (3 7) 4 3 - 4 4

4 Me2CHCHO B(n-Bu)2 • 991 • 991 b 92 +84 6 (8 8) 91-92

5 Me2CHCHO L1(-78 °C) 136 1=.12 >991 82

6 Me2CHCHO Ll(equdlbratlon) >991 1 18 c 65 +49 0e (4 0) 100-101

7 n-PrCHO B(n-Bu)2 >991 >991 b 92 +81 0 (10 1) 51-52

8 n-PrCHO Li(-78 °C) >991 16 c 85

9 n-PrCHO Li(equdtbration) • 991 16 c 85 +57 5e (5 0) 56-57

10 H2C=CHCHO B(n-Bu) 2 >991 >991 b 92 +105 7 (7 4) 103-104

aRabos determ=ned by 400-MHz 1H NMR. bThe erythro-~somer ~ was the only detected product by 400-MHz 1H NMR. CNone of the threo-=somers

could be detected by 1H NMR dSahsfactory spectral data (NMR and IR) and analytical data obtained for all new compounds eoptical rotation of

purified erythro-lsomer 5 fConcentratlon in methylene chlonde (c = g/100ml)

This work provides a practical asymmetric synthesis of ~-hydroxy carbonyl containing compounds both

enant iomers of erythro aldols can be prepared easily via meta l and tempera tu re modifications The

remarkable ease of the preparation of both antipodes of 2 and the exceptional quality of stereocontrol

exhibited by the camphor-based boron enolate 3__~b highlight the synthetic utility of the auxiliary 2.
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