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Abstract: Coupling of Z-Q-phenylalanine with either ethylenediine or N,N-dimethylethylenediamine, 
followed by N-deprotection and either direct coupling with Z-(L)-valine or amide reduction prior to coupling, 
gave C2-symmetric compounds [Z-Val-Phe-N(R)CH2-12 (R= I-I, CH3) and [Z-Val-Phe(YCH2-N)-N(R)CH2-12 
(R= II, CH3, CH2COOH CH2CH2OH) which were moderately active inhiitors of the HIV-l protease. 

Inhibition of the HIV protease has emerged as one of the most interesting therapeutic targets for the 

treatment of AIDS. The key 8mction of this protease of the aspartic class, post-translational processing of the 

Pr@g and Pr160gag-@ HIV polyprotein products, is essential for the viral life cycle: site-d&ted 

mutagenesis of either the HIV protease active site or the gug and pal cleavage sites, produces viral particles 

which are morphologically immature and non infectious. Starting from the Phe-Pro cleavage site frequently 

observed, a number of substrate-based inhibitors have been reported, in which the scissile bond has been replaced 

with non cleavable isosteres such as reduced amide, hydroxyethylene, hydroxyethylamine, acting as transition 

state analogues with tight binding to the Asp25-Asp251 residues of the catalytic site.1 
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C2-symmetric inhibitors of the HIV protease constitute a particularly interesting class of compounds, by 

exploiting a unique structural aspect of this enzyme, which in its active form is a C2-symmetric homodimer with 

the symmetry axis bissecting the substrate binding groove.1 Compounds of type A and B (Pig. l), containing a 

hydroxymethylene and a dihydroxyethylene unit, respectively, as central linker of two symmetrical moietys that 

dihydroxyethylene linker 
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incorporate binding elements of substrate, have been proven to be potent inhibitors of the HIV protease.2p3 From 

those lead compounds, several others C2-symmetric or pseudosymmetric inhibitors have been investigated.3p4 

In the present paper, we report the synthesis of a series of parent compounds of type C and D, 

incorporating either 1,2-ethylenediamide or 1,2-ethylenediamine linkers, and their evaluation as inhibitors of the 

JIlV protease. Such molecules present some interesting features: (i) possibility of interaction of the two NH 

groups of the linker with the carboxylic &nctions of the Asp25-Asp251 residues of the catalytic site (ii) possibility 

of substitution of the hydrogens of the liier NH groups by R substituents for potential improvement of both 

binding and selectivity (resistance to cleavage by others proteases) (iii) possibility of size modulation of the 

ethylene bridge (iv) low peptidic character in the case of compounds of type D (v) straightforward synthesis. 

Derivatives of type C, such as (Tyr-D-Phe-NHCH2-)2, had been previously investigated only as bivalent opioid 

peptide analogs,5 until the recent report by Holmes et al 6 of a series of penicillin-derived molecules 

incorporating a central ethylenediamide linker, as novel potent inhibitors of the HIV protease. To our knowledge, 

no assays of C~symmetric compounds of type D as HIV protease inhibitors have been reported. 

2 (R= H) 

11 (bls TFA salt) 

13 (X= CH2OH) 
Figure 2 
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The derivatives 1-13 of both C and D types were obtained by using a single synthetic pathway (Fig. 2). 

Coupling of Z-(L)-phenylalanine (2 equiv. moVmo1) with either N,~-dime~yl-l,Z-e~ylen~i~e or 1,2- 

ethylen~i~e by the mixed anhydride method, gave 1 7 (72 %) and 2 7 (91 % crude), respectively. N- 

deprotection of 1 and 2 by hydrogenolysis over Pd-C (Parr apparatus) in MeOH/H20 4:I for 1 and in hot DMF 

for 2 (highly insoluble in water and most organic solvents), gave 3 7 (78 %) and 4 7 (99 % crude), respectively. 

Coupling of 3 and 4 with Z-Q-valine by the mixed anhydride method gave 7 7 (90 %) and 8 7 (72 %), 

respectively. Alternatively, reduction of the amide functions of 3 and 4 was accomplished by using a large excess 

of lithium ~u~num hydride in refluxing THF for 48 h, which led to the tetramines 5 7 (85 % crude) and 6 7 (77 

% crude), respectively. A single diastereomer was obtained (by 1H and 13C NMR), showing the absence of 

epimerization at the CU carbons of the two phenylalanine residues. Coupling of 5 with Z-(L)-valine by the mixed 

anhydride method gave 9 7 (90 %). while coupling of 6 with Z-(I_+)-valinepnitrophenyl ester (2 equiv. mol/mol) 

in dichloromethane at room temperature, allowed the selective acylation of the terminal primary amino groups.8 

In the latter case, the crude CH2CI2 solution obtained a&r compl~ion of the coupling reaction was treated with 

an excess of Boc-anhydride (3 equiv. mol/mol) at room temperature for 24 h, to give the fully protected 

derivative 10 7 (51 %) which could be purified by chromatography.g It is noteworthy that the orthogonal Z/Boc 

N-protection of the compound 10 allows substitutions or chain elongations on both central and terminal 

nitrogens. Selective deprotection of the Boc protecting groups of the central nitrogens in TFA/CH2Cl2 1: 1 at 0 

“C (1 h) to room temperature (I h) gave 11 7 (76 %), obtained as a ~is~~~uoroacetate. Reductive allcylation of 

11 with either glyoxylic acid or hydroxyacetaldehyde and cyanoborohydride in methanol at room temperature 

gave 12 7 (78 %) and 13 7 (97 %), respectively. 

The derivatives 7,s (type C) and 9-13 (type D) were assayed at 1O-5- M as inhibitors of the HIV-1 protease, 

against three different substrates: TLNFPIS-AMC (Test I), 11 SQN-@N02)F-PIV (Test II) and HKARVL- 

~?NO2)F-E~S~ (Test III).12 The compounds 7 and 8 gave 16% and 25% i~bition in test III, 

respectively, but were inactive in tests I and II. Similarly, the derivatives 9, 10 and 11 were moderately active in 

tests I and II (3-43% inhibition), but inactive in test III. Only the compounds 12 and 13 responded in all tests I, II 

and III, giving 36% (I), 53% (II), 33% (III) and 8% (I), 30% (II), 9% (III) inhibition, respectively. As far as 

comparison between 7-13 is allowed at such relatively weak activities, these results suggest that ethylenediamine 

linker of type -CH2N~)~2CH2N~)CH2- with R= CH2COOH or CH2CH2OH could be considered as well 

as the known ~hylenedl~de tinker -CO~CH2CH2~CO- 6 as centraf binding element in these series of 

inhibitors. However, the present molecules inhibit the HIV protease at concentrations lo4 - IO5 times higher than 

A (IC5o= 3 nM),3a B (IQ)= 4 nM) 3a and the penicillin-derived dimers of type C (IC50= 0.9-4.8 ~LM),~~ 

which reflects a very substantial difference in binding. From cristallographic results, the occurence of a tight 

binding interaction between the central OH group(s) of A and 33 and the carboxylic functions of the catalytic 

Asp25-25 residues has been demonstrated.243c On the other hand, the ethyIenedia~de linker in Cz- symmetric 

penicillin-derived dimers of type C has been shown to have poor contacts at the catalytic aspartates, the high 

etficiency in binding rather being due to the excellent occupancy at the S1/S’1 and S$S’2 subsites. 6~ Thus, the 

low efliciency in binding of compound 8, structurally related to those last compounds, has to be due to poorer 

S l/S’1 and S2IS2 contacts. By analoa, this is probably also true for alf the derivatives 7-13. 
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