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Abstract: A series of peptides containing N-(2,3-dihalopropyl)-glycine or alanine residues has been
prepared as potential suicide substrates of the HIV pol-protease or as enzyme-activated prodrugs. Halogenation
of unsaturated N-allyl peptide precursors in dichloromethane occurs with participation of a neighboring amide
group and leads to halohydrins instead of the expected dihalides. Use of X7/ LiX/ HOAc conditions gives the
desired dihalogenated derivatives. These functionalized substrate analogs are not inhibitors of the enzyme.
However, Boc-Ala-Phe-N-(2,3-dihalogenopropyl)-Gly-Ile-Val-OMe (halogen= Br and Cl) inhibit the cytopathic
effect induced by HIV-1 in CEM cell cultures and the reverse transcriptase activity in cell culture supernatants.
The corresponding unsaturated N-ally! precursor also displays an antiviral effect.

Human Immunodeficiency Virus produces a small homodimeric aspartyl proteinase (HIV pol-protease)
which cleaves the polyprotein precursors encoding the structural proteins and enzymes of the virus. This
proteolytic activity is absolutely required for the production of mature infectious virions and is therefore a
target for synthetic inhibitors, in an approach to the therapy of AIDS [1,2]. An interesting feature of the HIV-1
proteinase is its rare ability to cleave substrates having a phenylalanine or a tyrosine at Py and a proline residue
at P'; position (Schechter and Berger notation [3)). Indeed, few proteinases can efficiently cleave a peptide
bond before an iminoacid [4]. Previously, we synthesized substrate analogs of the Ser-Gln-Asn-Tyr-Pro-Ile-Val
sequence which spans the p17-p24 cleavage site of the Prss888 polyprotein. These peptides contained a
dehydropipecolic or an aminobenzoic acid derivative as substitutes of the prolyl P'; residue [5,6,7].
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Figure 1: structural analogy between L-Pro, N-propyl glycine 1a (R=H) or alanine 1b (R= CH3), N-propenyi-
Gly or Ala 2, 2,3-dihalogenopropyl-Gly or Ala 3 and 3-bromo-2-hydroxypropyl Gly or Ala residues 4.

We have now investigated N-substituted glycine or alanine derivatives as open mimics of proline (Fig
1). Such P'; analogs, when combined to appropriate Pp..P; and P'5..P', sequences, could lead to substrates or
competitive inhibitors of the HIV protease. Moreover, the derivatives of 3 and 3' contain a latent aziridinium
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cation liable to be unmasked by the specific action of the HIV protease (Fig 2). They could behave as
irreversible inhibitors of this enzyme by a suicide type mechanism (route 3) or as enzyme activated inhibitors of
another essential biomolecule of the virion by a pro-drug mechanism (route 4) [8]. An analogous strategy has
previously been used by R. A. Firestone and coll. for the transport and activation of Z-Gly-Phe nitrogen
mustard conjugates into pinocytic cells [9].
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Figure 2: postulated interactions of compounds B with the pol-protease E. I: competitive inhibition, 2. affinity
labeling, 3: suicide inhibition, 4: prodrug ( Z= essential biomolecule of the virion, different from E).

Synthesis

N-Boc-N-allyl-glycine and alanine synthons were obtained by selective N-alkylation of the
corresponding N-Boc amino acid [10, 11). Step-by-step elongation of the peptide chain using either TFA /
CH,Cl, or HCl / AcOE:t for deprotection of the Boc group of the amino component and either the mixed
anhydride or the DCC / HOBt method for activation of the carboxyl component, led successively to a series of
unsaturated peptides A (Fig 3).
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Figure 3: synthesis of the vic-dihalides B and halohydrins B'.
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In CH,Cl,, bromine addition to the N-allyl-Gly or N-allyl-Ala residues of the peptides A gave a series
of bromhydrin derivatives B' instead of the expected vic-dibromides B. This result is probably due to the
participation of a neighboring amide group in the reaction, leading to an oxazolinium intermediate which is
subsequently hydrolyzed {12, 13]. To avoid the participation of a benzamide function in a related reaction, S.
Winstein et al have proposed the use of lithium bromide in acetic acid [12]. When applying analogous
conditions (X9, LiX, HOAc) to the electrophilic halogenation of the unsaturated peptides A the desired
dibromides and dichlorides B (X= Br or Cl) were obtained (Fig 3). Vic-dihalides B and halohydrins B' have
been characterized by elemental analysis and FAB mass spectrometry [14].

Tests for the inhibition of the HIV-1 proteinase

Series of compounds A, B and B' were assayed as inhibitors of the HIV-1 proteinase at 10-3 M, using
three different substrates. The two-stage fluorescence assay (test A) used Suc-TLNFPIS-4-AMC in the first
step, followed by aminopeptidase M release of the fluorescent AMC group [15]. The compounds were also
tested in spectrophotometric assays using VSQNF(NO2)PIV, 0.1 M NaCl (test B) or HKARVL-F(NOp)
EANLS-NHj (test C) [16]. Neither the starting N-allyl glycine or alanine containing peptides (series A) nor the
compounds B and B' showed any significant inhibition (Table 1).

A B C

A series (N-allyl)
Boc-Phe-2a-Ile-Val-OMe 0 10 13
Boc-Ala-Phe-2a-Ile-Val-OMe 0 1 4
Boc-Ala-Ala-Phe-2a-Ile-Val-OMe 0 0 21
Boc-Phe-2b-Ile-Val-OMe 3 0 7
Boc-Ala-Phe-2b-Ile-Val-OMe 0 0 9
Boc-Ala-Ala-Phe-2b-Ile-Val-OMe 1 0 0
Boc-Ser-Ala-Ala-Phe-2b-Ile-Val-OMe 0 14 0

B series (dihalides
Boc-Phe-3a-Ile-Val-OMe 0 8 10
Boc-Phe-3'a-Ile-Val-OMe 0 0 2
Boc-Ala-Phe-3a-Ile-Val-OMe 0 3 0
Boc-Ala-Phe-3'a-lle-Val-OMe 0 0 12

Table 1: Percentages of inhibition of the HIV-1 pol-protease with compounds A, B and B' at 10-3 M. 2 Assay
A: Suc-TLNE-PIS-AMC, b Assay B: VSQNF(NO2)-PIV, € Assay C: HKARVLF(NO5)-EANLS-NH,.

Biological activity:

Some of the compounds belonging to the A and B series were evaluated for their protective activity
against the cytopathic effect induced by the human HIV-1 (LAI strain) in CEM cell cultures [17] (Table 2). The
Boc-Ala-Phe-N-(2,3-dihalogenopropyl)-Gly-Ile-Val-OMe, particularly the dibromide, showed a protective
activity (EC-50= 111 pg/ml) without displaying a cytotoxic effect (IC-50 > 500 pg/ml). The N-allyl glycine or
alanine containing precursors were more active (EC-50 = 8.15 and 80 pg/ml, respectively) than their
halogenated derivatives.
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EC-502 IC-500 SI-50¢ EC-50 (RT)d
A series (N-allyl):
2a-lle-Val-OMe NA¢ > 66.7
Boc-2a-1le-Val-OMe NA > 100
Phe-2a-Ile-Val-OMe NA > 100
Boc-Phe-2a-Ile-Val-OMe NA > 100
Boc-Ala-Phe-2a-lle-Val-OMe 8.15 35.7 4.03 10
Ala-Phe-2a-Ile-Val-OMe NA > 100
Boc-Ala-Ala-Phe-2a-Ile-Val-OMe NA NA
Boc-Phe-2b-lle-Val-OMe NA > 10
Boc-Ala-Phe-2b-lle-Val-OMe 80 > 200 >2.51 60
Boc-Ala-Ala-Phe-2b-Ile-Val-OMe NA 2.9
Boc-Ser-Ala-Ala-Phe-2a-1le-Val-OMe NA > 100
Boc-Ser-Ala-Ala-Phe-2b-Ile-Val-OMe NA >20
B series (dihalides):
Boc-Phe-3a-Ile-Val-OMe NA 42.51
Boc-Phe-3'a-Ile-Val-OMe NA >33.3
Boc-Ala-Phe-3a-lle-Val-OMe 111 > 500 >4.50 200
Boc-Ala-Phe-3'a-lle-Val-OMe > 100 > 100 100

Table 2: Activities of the compounds against HIV-1 in CEM cells. Protective activity against the
cytopathic effect induced by the human HIV-1 (LAI strain) in CEM cell was evaluated by MTT assay [17], and
inhibition of reverse transcriptase activity in the supernatant of CEM cell cultures was evaluated by RT dosage
[18]. @ EC-50 (50 % antiviral effective dose): concentration in pg/ml that reduced by 50 % the HIV induced
cytopathic effect; P IC-50: 50 % cytotoxic dose of compound (pg/ml) required to reduce the viability of
uninfected cells by 50 %; € selectivity index: SI= ratio IC-50/ EC-50; dEC-50 (RT): dose of compound (pg/ml)
that reduces reverse transcriptase activity in infected cell supernatant by 50 %; € NA: non active compound. All
data represent the average value of at least two separate experiments

The antiviral activity was also evaluated by the inhibition of the reverse transcriptase activity in CEM
cell culture supernatants [18, 19] (Table 2). Most of the compounds were inefficient inhibitors but Boc-Ala-
Phe-N-(allyl)-Gly-Ile-Val-OMe (EC-50= 10 pg/ml) and its halogenated derivatives displayed antiviral effects
(EC-50= 100 and 200 pg/ml for the vic-dichloride and the vic-dibromide, respectively).

The antiviral activity of the unsaturated peptides and of their vic-dihalide derivatives depends on the
peptide chain length: shorter or longer analogs are not active. For the dibromides and dichlorides, an enzyme-
activated antiviral mechanism (Figure 3, route 4: protease-catalyzed hydrolysis, release of the aziridinium
cation and reaction of this powerful electrophile with biomolecule % seemed possible. However, six or seven
residues are usually required to achieve the minimal sequence for a peptide to become a substrate of the
protease [1, 2]. Direct interaction of the molecules with an unknown biological target presumably leads to the
observed antiviral activity. The antiviral effect of the unfunctionalized Boc-Ala-Phe-N-(allyl)-Gly-Tle-Val-
OMe, which does not inhibit the protease either (Table 1), is higher than that of its halogenated derivatives
(Table 2). The three related compounds could have a common objective, which is neither the pol-protease nor
the reverse transcriptase.
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