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Spiro Asymmetric Induction. 3. Synthesis of 
Optically Pure Syn or Anti a,@-Dihydroxy Esters by 
the Aldol Condensation of Chiral Glycolate 
Enolatestl 

Summary: The diastereoselectivity of the aldol conden- 
sation of the chiral glycolate enolates 1 and 2 is metal- 
tunable, providing either syn or anti adducts 3-6. Etha- 
nolysis of these adducts then provides any stereoisomer 
of the a,P-dihydroxy esters 7-10 in optically pure form. 

Sir: Polyhydroxylated carbon compounds are often im- 
portant biological substances, exemplified by the carboh- 
ydrates. As rare or unnatural target molecules of this type 
become more important,* synthetic methods for their as- 
sembly become more desirable. As part of a program 
aimed at the de novo total synthesis of carbohydrates3 as 
well as other highly oxygenated natural products, we report 
a stereoselective route to optically pure a,P-dihydroxy 
esters based on the aldol condensation of chiral glycolate 
enolates of 1 and 2.*+ A retrosynthetic analysis of the 

'Dedicated to  Professor Ernest L. Eliel on the occasion of his 65th 
birthday. 
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carbohydrate problem then reduces to iterative aldol 
condensations, as outlined in Scheme I.' In this paper, 
we report that any one of the four possible stereoisomers 
of an a,P-hydroxy ester may be prepared in a rational 
manner. 

We have recently reported a route to S or R a-hydroxy 
esters based on the highly diastereoselective alkylation of 
chiral glycolate enolates 1 and 2, providing 100% optically 
pure materials after hydrolysis of the dioxolanones and 
recycling of the chiral auxilliary.'" Aldol condensations 
of these same enolates have been found to be extremely 
facially selective. The enolate of 1 reacts with various 
aldehydes to give products 3 and 4, which result from 
attack on the si face of the enolate, producing the 2s 
stereochemistry (Table I).8 No 2R products resulting from 
attack on the re face were detected. In a similar fashion, 
enolate 2 affords complete diastereofacial selectivity, 
providing the 2R stereochemistry in adducts 5 and 6 as a 
result of re face attack on the enolate. Again, no contam- 
ination with adducts resulting from si face attack were 
detected. Hence, the chiral enolates of 1 and 2 provide 
a highly enantioselective entry into either the 2R or 2s 
manifolds. 

Examination of Table I shows that aldol diastereose- 
lectivity may often be controlled to a large extent by se- 
lection of an appropriate enolate counterion. In general, 
lithium and magnesium counterions provide the anti aldol 
adducts 3 or 5. This selectivity is consistent with previous 
work on the aldol condensations of cyclic E enola te~ .~  In 
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in THF (0.3 mL/mmol) was added dropwise. After stirring for 10-20 
min, 1 equiv of another metal source (MgBr, or Cp,ZrCl,) was added if 
desired. After stirring 30 min, the aldehyde (1.5-2.0 equiv) was added. 
Reaction was usually complete within 30-60 min (TLC analysis). 
Aqueous workup (ether/saturated sodium bicarbonate) followed by 
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temperature. The solution was then refluxed for 2 h, cooled, poured into 
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Table I. Aldol Condensations of Chiral Glycolate Enolates of 1 and 2" 
0 

1 

1. LDA 

3. RCHO 
I 2. M+ 

i 
1. LDA 
2. M+ 
3. RCHO J 

n n 

b b 
3 a-cb 4 a-c 5 a-cb 6 a-c 

ratio 
dioxolanone M+C RCHO yield (% )" 3:4 5:6 

1 Li+ PhCHO 92 2.1:l.O 
1 Mg2+ PhCHO 92 4.8:l.O 
1 Zr4+ PhCHO 95 1.04.3 
1 Li+ n-PrCHO 93 25.3:l.O 
1 Mg2+ n-PrCHO 86 9.3:l.O 
1 Zr4+ n-PrCHO 97 1.0:1.2 
1 Li+ i-PrCHO 85 9.4:l.O 
1 Mgz+ i-PrCHO 86 2.7:l.O 
1 Zr4+ i-PrCHO 91 1.0:3.1 
2 Li+ PhCHO 99 2.1:l.O 
2 Mg2+ PhCHO 89 3.01.0 
2 Zr4+ PhCHO 91 1.0:4.7 
2 Li+ n-PrCHO 96 7.0:l.O 

2 Zr4+ n-PrCHO 91 1.0:1.7 
2 Li+ i-PrCHO 86 26.2:l.O 
2 Mg2+ i-PrCHO 89 8.0:l.O 
2 Zr4+ i-PrCHO 89 1.0:5.0 

2 Mg2+ n-PrCHO 92 2.8:l.O 

"All reactions were carried out  in THF (ca. 0.1 M) a t  -78 "C. ba, R = Ph; b, R = n-C3H7; c, R = i-C3H7. cFor  M+ = Li+, no extra metal 
added. For M+ = Mg2+, MgBrz (1 equiv) was added. For M+ = Zr4+, Cp2ZrC12 (1 equiv) was added. dIsolated, purified yields. 

order to provide access to the syn series (i.e. 4 or 6), we 
have found that zirconium enolates are useful, in accord 
with the work of Evans'O and Yamamoto." Attempts to 
increase the aldol diastereoselectivity using other metals 
and solvents have not been fruitfu1.12 

(Table 11). The chiral auxilliary was recovered in 92-99% 
yield. 

Conversion of the dihydroxy esters 7a-c and 8a-c to 
their acetonides 11 and 12 (2,2-dimethoxypropane, acetone, 

Ethanolysis of the purified adducts 3-6 proceeded ef- 
ficiently with refluxing ethanolic HCl to provide the op- 
tically pure13 dihydroxy esters 7-10 without epimerization 

(IO) Evans, D. A.; McGee, L. R. Tetrahedron Lett. 1980, 21, 
3975-3978. For a discussion of the transition state, see ref 9a. 

(11) Yamamoto, Y.; Maruyama, K. Tetrahedron Lett. 1980, 21, 

(12) For example, ratios of 3a:4a were as follows: LDA/pentane 
(1.91); LDA/(i-PrO),TiCI/THF (1.61); LDA/Et,AICI/THF (1.01): 
NaN(SiMe&/DME (2.5:l). 

4607-4610. 

(13) Although optical purity was not directly determined on 7-10, it 
may safely be assumed on the basis of the following facts: Dioxolanones 
3-6 were all diastereomerically pure by chromatographic and spectro- 
scopic means ('H and lSC NMR, capillary GC, HPLC). Their enantiom- 
eric purity was judged by spectral and chromatographic analyses of 
Mosher's esterx4 derivatives, which are consistent with the known optical 
purity of pulegone (used in the preparation of 8-phenylmenthone). Most 
significantly, hydrolysis of 3-6 proceeded with no epimerization of the 
a,@-dihydroxy esters. Finally, our previous experience" with these hy- 
drolysis conditions has demonstrated the lack of racemization of the 
hydroxy esters. 

(14) Dale, J. A.; Dull, D. L.; Mosher, H. S. J. Org. Chem. 1969, 34, 
2543. 
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Table  11. Ethanolysis  of Dioxolanones 3-6 

EtOH 
HCI 

reflux 
3-6 _____) 

OH 
I 

0 OH + eo 
7-1 0 

stereo- 
dioxolanone R vield (% )" productb chemistrv 

3a 
3b 
3c 
4a 
4b 
4c 
5a 
5b 
5c 
6a 
6b 
6c 

P h  
n-Pr 
i-Pr 
P h  
n-Pr 
i-Pr 
P h  
n-Pr 
i-Pr 
P h  
n-Pr 
i-Pr 

93 
92 
87 
93 
92 
81 
95 
88 
88 
95 
84 
81 

7a 
7b 
7c 
Sa 
8b  
8c 
9a 
9b 
9c 

1 Oa 
IOb 
1 oc 

2S,3S 
2S,3S 
2S,3S 
2S,3R 
2S,3R 
2S,3R 
2R,3R 
2R,3R 
2R,3R 
2R,3S 
2R,3S 
2R,3S 

Isolated, purified yield. Apparently, none of these dihydroxy 
esters are known to optically pure form. See ref 16-18 for race- 
mates or related acids. 

p-TsOH, room temperature), proved useful for verification 
of their relative stere~chemistry.'~ Cis acetonides 12 
derived from the anti dihydroxy esters 7 showed a positive 
NOE enhancement between the ring protons, whereas the 
trans dioxolanes 11 showed no enhancement. 

11  1 2  

In summary, any  of the four possible stereoisomers of 
simple a,@dihydrory esters may be prepared in optically 
pure form by selection of an appropriate chiral glycolate 
enolate and metal counterion. This ability to stereora- 
tionally assemble polyoxygenated carbon chains should be 
of considerable utility. Our investigations into this realm 
will be reported in due course, as will our studies on the 
incorporation of other heteroatoms. 
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(15) Touzin" has prepared acetonides 11 and 12 where R = Ph for the 
purpose of determining relative stereochemistry. The cis or trans ster- 
eochemistry was related to the chemical shift of the OCH2CHB protons 
on the ester. Since no basis for this assignment was given, we felt NOE 
studies were in order. Indeed, Touzin's assignments are correct: in all 
cases, the NMR correlation was consistent with the NOE data. 

(16) For racemic syn- and anti-ethyl 2,3-dihydroxy-3-phenyl- 
propanoate, see ref 4c. For all four stereoisomers of 2,3-dihydroxy-3- 
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Photochemistry of the Amide System: 
Furancarboxanilidet 

Summary: An investigation of the synthetically useful 
phototransformation of furan-2-carboxanilide derivatives 
( la ,  R = H, and lb ,  R = CHJ in protic and aprotic sol- 
vents is reported. Unusually large vicinal coupling con- 
stants (18-19 Hz) in trans compounds 2a and 2b are 
shown by an X-ray analysis on 2b to be mainly due to the 
presence of unusually short C-C single bonds (1.498 (4) 
A). 

Sir: During the last 5 years furan and its derivatives have 
received a resurgence of interest in several areas of organic 

Application of an enamide photocyclization 
for the synthesis of novel heteroaromatic systems, as well 
as our interest in carbonyl transposition such as lactams 
to @-keto amines,6 directed our attention to the photo- 
cyclization of the little known furan-2-carboxanilide (la) 
and N-methylfuran-2-carboxanilide ( l b p  This paper 
delineates the phototransformation products of these 
substances. 

This paper is dedicated to Professor Joseph F. Bunnett on the 
occasion of his 65th birthday. 

(1) Furan-terminated cationic cyclizations, see: (a) Tanis, S. P.; 
Herrinton, P. M. J .  Org. Chem. 1985,50,3988. (b) Tanis, S. P.; Chaung, 
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(3) Furan carbonyl photoaddition, see: (a) Schreiber, S. L.; Satake, 
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Am. Chem. SOC. 1983, 105, 6723. (c) Schreiber, S. L.; Satake, K. Ibid. 
1984,106, 4186. 
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(5) Furans as intermediates for the synthesis of oxygenated natural 
products, see: Martin, S. F.; Guinn, D. E. Tetrahedron Lett. 1984, 25, 
5607. 
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tem, see: Kanaoka, Y.; San-nohe, K. Tetrahedron Lett. 1980,20,3893. 
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phenylamine on irradiation with a 450-W, medium-pressure mercury 
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synthetic project. 

( 7 )  Kanaoka, Y.; Itoh, K. Synthesis 1971, 36. 
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miya, I.; Naito, T. Heterocycles 1981, 15, 1433. 
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