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LITHIUM DIPHENYLCUPRATE REACTIONS WITH 4-TOSYLOXY-L-PROLINES; 
AN INTERESTING STEREOCHEMICAL OUTCOME. 

A SYNTHESIS OF TRAA’S-4-PHENYL-L-PROLINE. 

John K. Thottathil and Jerome L. Moniot. 
Squibb Chemical Division, P. 0. Box 4000, Princeton, N. J. 08540 

Abstract: The reaction of lithium diphenylcuprate with trans-4- and cis-4-tosyl- 
oxy-L-prolines gives excellent yields of 4-phenyl substituted L-prolines and the reaction 
proceeds with net retention of configuration at the carbon center bearing the tosyloxy group. 

In connection with our ongoing ACE program,’ we needed large amounts of 
frans-4-phenyl-L-proline. In this letter, we describe a very simple and efficient method for the 
conversion of 4-tosyloxy-L-prolines to 4-phenyl-L-prolines, which proceeds through net retention of 
configuration at the carbon center bearing the tosyloxy group. 

When tosylate’ 1. is reacted with two equivalents of lithium diphenyl cuprate (prepared 
from phenyllithium and cuprous bromide dimethyl sulfide complex3) in a mixture of ether and 
tetrahydrofuran solvent at around O’C, the substitution products 2 and 4 are obtained in 901 yield. 
Contrary to literature precedent’ substitution of the 4-tosyloxy group by the phenyl moiety has 
taken place not only rapidly and at low temperature, but with net retention of configuration in both 
products. The major product 2 is obtained in analytically pure form in 75% yield after one 
crystallization of the mixture from chloroform . 
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The stereochemistry of product 2 was confirmed by converting it to the free amino acid 6 by 
treatment with TFA followed by comparison to an authentic sample’. The ratio of the two products 
2. and 4 depends on reaction conditions. The following factors shifted the ratio of products in favor of 
the desired product 2: 

a. quenching the reaction with ammonium chloride immediately after the tic endpoint is 
detected, 

b. the use of larger percentages of diethyl ether as the solvent for the reaction, 
c. maintainance of the reaction temperature at- O”c and, 
d. using little or no excess of the lithium diphenylcuprate reagent. 

Utilizing these guidelines, ratios of from 11 : 1 to no spectroscopically detectable amounts of 
2 were obtained reproducibly. Identical results were obtained when the lithium salt 2 was treated with 
one equivalent of lithium diphenylcuprate. Reaction of benzyl ester 5. under identical reaction condi- 
tions followed by hydrogenolysis of the benzyl group also gave 2 and 4 but in a poor ratio (-2:l). 

In contrast, treatment of the cis-tosylate 1 under the above conditions, followed by ester 
hydrolysis and hydrogenolysis of the benzyloxycarbonyl protecting group, gave a mixture of products 8 
and 9 in 82% overall yield but in a ratio of 2:3. From the above results, it is clear that the reaction 
of 4-tosyloxy-L-prolines with lithium diphenylcuprate proceeds through net retention of configuration. 
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Even though the mechanism(s?) of these transformations is not clear at this time, a few points are worth 
mentioning. The D-Series prolines 4 and 2 may well be produced by a secondary process. Treatment of 
pure 1 with lithium diphenylcuprate under the reaction conditions gave a mixture of 2 and 4 in 2:l 
ratio. The same ratio of 2 and 4 is obtained by LDA-mediated epimerization of pure 2. Dehydroprolines 
derived via the elimination of tosyloxy group, (a common side reaction in the organocuprate displacement 
of tosylates’) are not observed either in the cases of trans-tosylates (1, 2, and a or the 
cis-tosylate 1. 

From these observations we assume these reactions take place by two successive inversion 
processes in which the first step is the formation of an activated bicyclic intermediate (J_Qg_, m or 
their equivalent) by an inversion process which is ring-opened by the reagent in a second inversion 
process. A similar intermediate and mechanism has been invoked for the rearrangement of azetidine-2- 
-carboxylic acid chlorides to chloro-gamma-lactones’. 
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This facile, synthetically useful and mechanistically intriguing process for the synthesis of 
4-phenyl substituted prolines has been used sucessfully for preparation of 3 on a kilogram scale. This 
method takes on more si 

H 
nificance when the importance and wide occurrence of other alkyl substituted 

prolines’are considered’- ‘. 
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Tvoicat Exoerimental Procedure 

Conversion of 1 to 3, 

To a clear solution of lithium diphenylcuprate, prepared from cuprous bromide dimethylsulfide 
complex (270.0 g, 1.313 moles) and phenyl lithium (1200 ml, 2.64 moles) in ether (6 liters) at 
-15’C was added a solution of l(245.0 g, 0.636 moles) in THF (3 liters) over five minutes times 
bringing the internal temperature to O’C. TLC indicated the absence of starting material after 
stirring for one hour at 4’C. The reaction mixture was cooled to -2O’C and treated with 
saturated NH Cl (2 liters) over five minutes time and stirred at O°C for two hours. Sodium 
hydroxide (20 & ) was added to bring the pH to 10 and diluted with water (2 liters) and the organic 
phase was separated and the aqueous phase washed with ether (3 x 2 liters). Usual extractive workup 
of the aqueous phase after acidification with concentrated HCl acid to pH 2.8 followed by 

chloroform produced analytically pure 2 (125.0 g, 67%) devoid of &lo; 
:.;‘;:‘;:;:g,;]’ = -66.6’ (c=l, CHC13). 
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