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SYNTHESIS OF A POTENTIAL "SUICIDE SUBSTRATE" OF THE HIV-1 PROTEASE,
INCORPORATING A 3-ACETOXY-A-4,5-(L)-PIPECOLIC ACID AS PROLINE SUBSTITUTE.

Jean-Paul Mazaleyrat®, Isabelle Rage, Juan Xie, Jaroslav Savrda and Michel Wakselman
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Summary: Coupling of (D,L)-baikiain methyl ester with Boc-(L)-phenylalanine, followed by saponification, iodolactonization and
aminolysis of the diasterecisomeric iodolactones by (L)-isoleucyl-(L)-valine methyl ester gave two diastereoisomeric peptides
incorporating either a 3S-hydroxy-4S-iodo-(L)-pipecolic acid or a 3R-hydroxy-4R-iodo-(D)-pipecolic acid residue, which were
separated by thin layer chromatography. Assignment of configuration was unambiguous when the synthesis was repeated with
(L)-baikiain as starting material. All compounds exhibited conformational isomerism in their "H NMR spectra, attributed to the
existence of both s-cis and s-frans configurations of the Phe-NR, peptide bond. Acetylation of each of the two separated
diastereoisomers gave Boc-(L)-Phe-35-OAc-45-1-(L)-Pip-(L)-lle-(L)-Val-OMe and Boc-(L)-Phe-3R-OAc-4R-1-(D)-Pip-(L)-Tle-
(L)-Val-OMe. N-deprotection and coupling of the former with Boc-(L)-Ser-(L)-Ald-(L)-Ala-OH by the DCC/HOBt method or
stepwise elongation of the peptidic chain, gave Boc-(L)-Ser-(L)-Ala-(L)-Ala-(L)-Phe-35-OAc-45-1-(L)-Pip-(L)-Nle-(L)-Val-OMe.
Dehydroiodination of this compound on treatment with DBU gave Boc-(L)-Ser-(L)-Ala-(L)-Ala-(L)-Phe-35-OAc-A-4,5-(L)-Pip-
(L)-Tle-(L)-Val-OMe, a potential “suicide substrate” of the HIV-1 protease.

The HIV aspartic protease catalyzes the hydrolytic cleavage at P;-P;’ (Schechter and Berger notation)!
peptide bonds such as Phe-Leu, Leu-Ala, Leu-Phe, Met-Met and particularly Phe-Pro and Tyr-Pro (type I
cleavages in the Henderson classification),? in the Prgs8%¢ and Pry(#%P? polyproteins present in the immature
virion. The proteins resulting from these cleavages are enzymes (the protease itself -autocatalytic process-,
reverse transcriptase and endonuclease) and structural proteins of matrix (p17), capsid (p24) and nucleocapsid
(p9-p6). Therefore, the HIV protease plays a crucial role in the process of virion maturation. As such it is a very
important target in the aim of AIDS therapy, and a great deal of effort has been devoted to the elaboration of
synthetic inhibitors of this enzyme. So far, mainly transition state analogs in which the P,-P;’ peptide bond of
substrates of the HIV protease has been replaced by hydroxyethylene isosteres, hydroxyethylamine analogs,
statine or difluorostatine analogs, and many others, have been developed with success.>® To date, the best
"transition state analog" inhibitors in vitro have K;’s in the nanomolar range and less, but the inkherent reversible
character of such type of inhibition may question their long term efficiency in vivo.® Thus, in parallel with the
currently searched structural optimizations of the known families of transition state analogs, the still wide open
field of mechanism-based inactivation of the HIV protease is of the greatest interest. Inhibition by
mechanism-based inactivators is irreversible by principle and, since the reactive function is unmasked only in
the active site by the action of the target protease itself, it is expected to be highly selective.!® From these
considerations, and in spite of the obstacle represented by the possible fast diffusion of the reactive species in the
case of an aspartic protease where no acyl-enzyme formation occurs, we have planed to synthesize potential
“suicide substrates” of the HIV protease. Taking into account the known Phe-Pro site of cleavage in synthetic
heptapeptide substrates of the HIV-1 protease, we designed substrates analogs of type A (Fig. 1) in which the
proline P;’ residue is replaced by a cyclic o-ene-amino acid having a leaving group X in vy (relative to the
nitrogen atom) allylic position, as good candidates for mechanism-based inactivation.
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Indeed, if the HIV protease agrees such a substitution of the prolyl residue and cleaves the Phe-P;’ peptide
bond, the initial y-X-a-eneamide function becomes a y-X-o-eneamine. Rapid elimination of X~ should result,
followed by alkylation of an active-site nucleophile by the demasked a-eneimmonium,!%!2 hopefully before
diffusion of the reactive species. The peptide I, in which the Ser-Gln-Asn-Phe-Pro-Ile-Val sequence of known
synthetic substrates of the HIV-1 protease 1 is replaced by Ser-Ala-Ala-Phe-3S-acetoxy-A-4,5-(L)-Pip-Ite-Val,
was chosen as an initial model prototype (Fig. 2).
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Our choice of Ala(P;)-Ala(P,) instead of Gln-Asn is allowed, since it has been shown that a same change
in Ac-Ser-P3-P;-Tyr-Pro-Val-Val-NH, resulted in a decrease of the k., /Ky constant by a factor of only 98 As
proline analogue, we considered a conveniently functionalized pipecolic acid P,’ residue,!’ because we knew
from the work of Hanson and Russel 17 its possible access from baikiain aminoacid. Thus, racemic baikiain
methyl ester (D,L)-1 18 (Fig. 3) was coupled with Boc-(L)-phenylalanine by the DCC/HOBt method to give the
dipeptide 2 (54 %) 19 then, after saponification, 3 (89 %),19 both obtained as a mixture of two diastereoisomers
2a + 2b and 3a + 3b, respectively. The mixture 3 was dissolved in 0.5 M aq. NaHCO; (3 equiv.) and
iodolactonized *7 on treatment with an aqueous solution (3 ml water / mmol 3) of I, (2 equiv.) and KI (6 equiv.),
and standing at room temperature in the dark for 3 days. The resulting diastereoisomeric mixture of iodolactones
4 (58 %) !9 was treated with (L)-isoleucyl-(L)-valine methyl ester (3 equiv.) in dichloromethane, at room
temperature for 12 h, to give the two diastereomers 5a 19 and 5b,!? which were separated on preparative tl.c.
plates (SiO,; CH,Cl,/MeOH 97:3) and obtained with 56 % and 32 % yield, respectively. No other spots than the
ones corresponding to 5a and Sb were seen by tlc. of the crude reaction mixture, demonstrating that
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displacement of iodine was not competing with the desired aminolysis of the lactone function. Acetylation of 5a
and 5b (1.2 equiv. Ac,0, 0.2 equiv. DMAP, CH,Cl,, 11, 12 h) gave 6a (90 %) ' and 6b (93 %),!° respectively.
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Figure 3. (i) Boc-(L)-Phe-OH / NMM / DCC / HOBt (2a + 2b and 2a isolated) (ii) 1. KOH / MeOH 2. H* (iii) NaHCO3 /Iy / KI/ HyO (iv)
H-(L)Tle<(L)-Val-OMe / CHyCly (v} AcyO / DMAP cat/ CHyCly (vi) 1. HC1/ AcOEt 2. Boc-(L)-Ala-OH / NMM / DCC / HOBt 3. HC1/ AcOEt 4.
Boc-(L)-Ala-OH / NMM / DCC / HOBt 5. HCl / AcOEt 6. Boc-(L)-Ser-OH / NMM / DCC / HOBt (vii) 1. HCl / AcOEt 2.
Boc-(L)-Ser-(L)-Ala-(L)-Ala-OH /NMM / DCC /HOB (viii) DBU / DMF /85 °C/ 0.5 h.
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The 'H NMR spectra (300 MHz) of all the diastereoisomeric mixtures 2a + 2b, 3a + 3b and 4a + 4b were
inextricable. After separation of 5a and 5b, it became clear that each diastereomer could be present in solution as
a mixture of conformers exchanging slowly on the NMR time scale, with either a s-cis or a s-trans configuration
at the Phe-NR, bond. In CDCl;, the compound 5b exhibited a single conformer while 5a existed in the form of
two nearly equal percent conformers (ca 60/40). Surprisingly, acetylation of the 3S hydroxy function of 5a was
enough to result in a dramatic change in the ratio of the two conformers, which became ca 95/5 in 6a. Similar
complications of the 'H NMR spectra of N-acyl-proline derivatives have led to misunderstanding of
stereochemical outcomes, recently elucidated.?® The problem of the absolute configuration of the isolated
diastereoisomers Sa, 5b and 6a, 6b was solved by repetition of the synthesis starting from natural (L)-baikiain,
isolated from Rhodesian teck wood, which was given to us by M. J. O. Anteunis.?! Coupling of (L)-1 with
Boc-(L)-Phe-OH gave 2a (61 %,'® mixture of two conformers present in different ratios in CDCl;, CD;0D and
DMSO-dg) which, after saponification to 3a (98 %,!° mixture of two conformers) and iodolactonization, gave 4a
(61 %,'9 mixture of two conformers). Aminolysis of 4a gave Sa (86 %), then 6a after acetylation, both having a
strictly identical 'H NMR spectrum in CDCl; (all sets of signals corresponding to both conformers of 5a were
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attributed) as the diastereoisomer 5a, then 6a, previously obtained from (D,L)-baikiain. In each of these
reactions, a single product (by t.1.c.) was formed. Chain elongation of the deprotected peptide 6a was performed
either stepwise or by segment coupling with a pre-synthesized Boc-(L)-Ser-(L)-Ala-(L)-Ala-OH fragment. Both
methods gave 7a 12 with (6 %) and (27 %) overall yield, respectively. Treatment of 7a with DBU in DMF at 85
°C for 0.5 h 17 gave I (68 %) !9 as single product.
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