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Abstract: Reaction of chloroxetic acid with TPP-DEAD was found to be very effective for the invexsion 

of sterically cm~gcstcd alcohols, including carbohydrates and nuclemides. 

The reaction of hydroxy compounds with carboxylic acids in the presence of diethy’ 

azcdicarboxylate and triphenylphosphine has been widely used for the inversion of a variety 01 

alcohols.1 However, the reaction often proceeds in low yields, and can even be completely ineffective 

in the case of sterically congested alcohols.2 It has been found that the use of p-nitrobenzoic acic 

results in some improved yields, but it too is ineffective with substrates in which the alcohol moiety ir 

flanked by two substituents or for alcohols with large a-substituents2 Recent mechanistic 

studies3*4>5 have provided some additional insight into the intermediates involved in this esterificatior 

with inversion of configuration. 

We report herein a modification of this reaction, using chloroacetic acid as the carboxylic acic 

partner, which gives dramatically improved yields of the inverted products, even in the case 01 

substrates having sterically hindered hydroxyl groups. 

The five substrates la-Sa (Table) were chosen for their known inability, or great resistance, tc 

undergo inversion at their free alcoholic site. The C-3 secondary alcohol of 1,2:5,6-di-0 

isopropylidene-a-D-glucofuranose (la) is known to be very difficult to invert.637 Previous resultsf 

indicated that when la was heated in the presence of TPP-DEAD-PhCOOH, the only product was 3. 

O-benzoyl-l,2:5.6-di-O-isopropylidene-a-D-glucofuraose, in which the configuration of the alcohoi 

was retained. In contrast, when it was subjected to our modified conditions,8 the inverted product 

(lb) was obtained in 67% yield as ascertained by typical lH- NMR features (strong downfield shifi 

for H-3, enhanced value of H3/H4 coupling constant) and by a strong dextrorotatory value for the 

dcacylatcd productP 
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Table. 

i: 

Substrates; a ; F'roducts: b 

la: 
RI= -OH 
R2= -H 

lb: 
Rt= =H 
R2= -0COCH2CI 

MeMe 

& 
2a: 
RI= -H 

Rl R2= -OH 

RT 2b: 
RI= -0COCH2CI 
R2= -H 

RI= -OH 
Rp= -H 

3b: 
RI= -H 
R2= -OCOCH$I 

R2= -OCOCH$?i 

5a: 
Rt= -OH 
R2= -H 

Sb: 
RI= -H 
R2= -0COCH2CI 

Yielda 

67% 

73% 

61% 

82% 

74% 

[Ul2,0 

+ 38 
c=l 

CHC13 

+41 
c=l 

CHC13 

+ 33 
c= 1 

CHC13 

-43 
c=l 

MeOH 

+55 
c=l 
CHC13 

aAll the reactions were carried out with 2 equivalents of TPP, DEAD, ch 
wkd products. 

‘H NITII of the products 
(CDC13 in ppm fkom TMS) 

6 5.81 (lH, d, J=3,7Hz); 
5.32 (lH, d, J= 2.3Hz); 4.55 
(IH, d, J= 3.7Hz); 4.20 (2H, 
m); 4.10 (2H, s); 4.02 (lH, 
m); 1.52 (3H, s); 1.46 (3H, 
s); 1.31 (6H, s). 

iS 4.95 (lH, m; 4.08 (2H, s); 
2.39 (2H, m); 1.92 (lH, m); 
1.79 (lH, m); 1.7 (lH, m); 
1.30 (2H, m); 1.0-0.8 (9H, 
rn). 

5 7.35 (5H, m); 5.92 (lH, 
m); 3.51 (2H, s); 2.09 (lH, 
m); 1.95-1.8 (2H, m); 1.7 
UH, m) 

loroacetic acid in toluene. Yields refer 10 

5 5.80 (lH, d, J= 8.9Hz); 
5.12 (lH, d, I= 3.6Hz); 
1.75-4.65 (3H, m); 4.15 
:2H, s); 3.61 (3H. s); 3.41 
:3H, s); 1.6-1.2 (12H, m). 

5 5.98 (IH, d, J= 3.7Hz); 
5.12 (2H, dd, J= 3.6, 
3.5Hz); 4.85 (2H, m): 4.18 
:2H, s); 1.6 (3H, s); 1.42 
:3H, s). 
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Borneo1 (2a) reacted under the same conditions to give a 73% yield of the isobomfl 

chloroacetate (2b). The case of the couple (-) fGphenylmenthol(3a) and (+) g-phenylneomenthol(3,) 

appears particularly interesting because of their current use as valuable chiral auxiliary reagents. 10a ,b 

Compound 3b was previously prepared in 47% overall yield from (+) pulegone.lOc We found th at 

direct nucleophilic displacement at C-l of phenylmenthol(3a) with chloroacetic acid gave a 61% yie Id 

of the chloroacetate of phenylneomenthol(3b). 

In a similar way the talosyl nucleoside 4all gave an 82% yield of the inverted product 4 1, 

while it did not react when other carboxylic acids were used. 

The synthesis of 1,2-0-isopropylidene-P-L-idofurano-6,3-lactone has formerly been carried o It 

by either multistep procedures involving separation of diastereoisomcrs12 or nucleophil c 

displacement of the trifluoromethanesulfonyl derivative. 13a Reaction with carboxylate nucleophile ;, 

however, invariably led to by-products. 13b,c Our chloroacetate modification yielded in 76% the ; I_ 

chloroacetate of idofuranolactone (Sb), which significantly, could be cleaved without elimination t y 

mild alkaline hydrolysis. 

The substantial improvement in the yield of this reaction observed with chloroacetic acil1, 

accords with the mechanistic study by Hughes et al. (scheme),4 who pointed out that the rates of tk e 

alcohol activation (step 2) and of the SN2 reaction (step 3) were very comparable using this acid!. 

Accordingly, neither the alcohol nor the oxyphosphonium species are accumulated in the reactic 11 

medium, thus minimizing side reactions such as esterification and elimination, 

Step 1: Adduct formation 

P(Ph3 ) + DEAD + ClCH2CO@ -b 
!? 52 

Et-0-C-I;I-NH-C-O-Et + ClCH2-CO2’ 

+P(Ph3) 

Step 2: Alcohol activation 

P P 0 0 
R-OH + Et-O-C-y-NH-C-O-Et ) R-O-+P(Ph3) + Et-&-NH-NH-&O-Et 

+:(Ph3) 

Step 3: SNZ reaction 
? 

R-O-+P(Ph3) + t&ZH2-C02- - R-O-C-CH2Cl+ (Ph3)P=O 

Aside from giving good yields of inverted products, several types of which were previously nc I: 

readily obtainable, the chloroacetate modification of the Mitsunobu reaction described in this pape . 

offers the additional advantage of mild and selective subsequent hydrolysis,149 15 which can b- 

important in the field of natural product chemistry. 
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