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Abstract: Tile diphenyl ester of the phosphonic acid analogue of proline and related dipeptides were 
prepared by a reaction of the corresponding N-substituted 4-aminolmty~dehyde and triphenyl 
phosphite. Diastereoisomers were separated and their contigtration determined by X-my crystallography. 

Recently the synthesis of the diphenyl ester of the phosphonic acid analogue of proline (Prd') has 

been described. This compound was prepared as a racemic mixture by the addition of diphenyl phosphite 

to the pyrrolidine trimer. 1 This report has prompted us to reveal another method for the synthesis of this 

diphenyl ester and derived AA-Pro P dipeptides 4,5 (AA=amino acid residue), the isolation of pure 

diastereoisomers from diastereoisorneric mixtures and the determination of their absolute configuration. 

These comt~unds were prepared as potential inhibitors of proline specific serine proteases. 

In our approach we used the intermediate aminal-aldehyde mixture, already described earlier in the 

synthesis of dipeptides of Pro v diethyl esters from proline. ~ ~ i a l l y  available 4-aminobutyraldehyde 

diethyl acetal 1 was coupled to a Z-protected amino acid activated as a mixed anhydride with isobutyl 

chloroformate or as a pentafluorophenyl ester. The N-substituted acetals 2a-j were hydrolysed in acid 3 and 

the resulting mixture was treated with triphenyl phosphite in acetic acid 4'5 to give diastereoisomeric 

mixtures of the protected diphenyl phosphonates 3a-i (see Scheme 1). The latter were purified by vacuum 

colunm chrormtography. Analytical RP HPLC showed low chiral induction. I)iastereoisotrm'ic mixtures of 

compounds 3b,c,g could be separated by preparative silica column c~omatography. The others were 

unresolved. 

Deprotection of  3a-j was carried out by hydrogenolysis in the presence of acetic acid. 6 Deprotection 

of the diastereorneric mixture 3c and the pure isormrs 3c showed that deproteetion didn't change the 

diastereoisomer ratio. Free diastereoisorrers 4 and 5, with exception of the L-Pro, L-Ala, L-lie and L-Arg 

derivatives could be separated by vacuum colunm chromatography on silica. Bicyclic derivatives 6c,d,t,g 

were isolated in trace anaounts as impurities in the corresponding 4,5 mixture. Careful analysis of  the 

impurity profile of 3 revealed the presence of trace ~ t s  of z-protected 6. The same kind of cyclization 
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was reposed earlier for benzyl N((S)-Z-phenyl~anyl~(S)-2-anfmo-5-oxovalerate. 7 

Scheme 1 
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Reagents and conditions: a) i - B u ~ ,  EhN, L-Z-AA-OH, CHC]3, -IO°C - r.t.; b) 
pentafluorophenol, DCC, L-Z-AA.OH, CHC13, 0°C - r.t.; c) 0.5N HCI/THF, r.t., 1 h; d) 
P(OPh)3, AcOH, 80-85oC, 1 h; e) H2/Pd/C, MeOH/AcOH, r.t., 3-4 h; t) vacuum colurrm 
chromatography, silica, CHC13-MeOH-AcOH (25:1:1 v:v:v), 0.5N HC1/EtOAc. 
L-AA= a: Pro, b: (S)-l,2,3,4-tetrahydro-3-isoquinolinecarboxylic acid (Tic), c:Phe, d: p-F- 
Phe, e: Ala, f: Cyclohexylala, g: 1-Naphthylala, h: Ile, i: Arg, j: Hornopro. 

In the case of the L-Ile derivatives 4h and 5h, one isomer easily crystallized from an EK)Ac-MK)H 

(10:1) solution of the racemic mixture. X-ray analysis s showed this isomer to be the (S)-Ile-(R)-Prd 

diastereoisomer 4h. The other 4 and 5 could not be obtained ion crystalline form. Chromatographic 

behaviour of the isorrem obtained was as already described in the literature for the corresponding diethyl 

esters: heteroclfLral (D.L) forms migrate faster on silica than the corresponding homochiral isomers (L,L)2. 

From these data, together with a comparison of the tH NMR spectrum pattern in CDC13 and the sign of the 

optical rotation 9 of compounds 4 and 5 with the data of 4h, we could assign the (S,R)- and (S,S)- 

configuration to 4 and 5, respectively. The 1H NMR spectra of the (S,R) isomers show a single set for the 

CH-P proton. The (S,S) isomers on the contrary have a double set, the latter due to the occurrence of the 

cis- and trans i ~ .  1° The same double set is seen for the NH3 ÷ protons. 

The real intermediate reacting with P(OPh)3 remains unknown. Hydrolysis of acetal 2a (Scheme 2) 

followed by heating of the product in CCh under reflux leads to formation of a separable (silicagel) 

mixture of hemiaminal 7 and ethoxy derivative 8. The structure of 7 was continued by oxidation to 2- 

pyrrolidinone 9 by rreans of potassium permanganate in acetic acid. 

The diphenyl esters of these AA-Pro v dipeptides were tested as inhibitors of dipeptidyl peptidase IV 

(DPP IV, EC 3.4.14.5., CD 26). The Pro-Pro p and Cyclohexylala-Prd' were the most active ones. Only the 

(S)-AA-(R)-Pro P diastereoisorners were inhibitors. 
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Scheme 2 

O E t  P.+ (from 

2 a  7 : R - H  9 

8 : R-Et 

Reagents and conditions: a) 0.5N HCI/'I'HF, r.t., 1 h; b) CC14, reflux, 1 h; c) KMnO4, AcOH/H20, 
r.t., 3 h. 
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