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Abstract Structure-directed screening identified the diphenyl lactone (1) as a specific
inhibitor of the interaction of HIV gp120 with CD4. The compound bound selectively to
gp120 in a time-dependent and irreversible fashion.

The ability of the human immunodeficiency virus (HIV) to infect the majority of its susceptible cell
types is dependent on the high affinity interaction of the viral envelope glycoprotein gp120 with the cellular
receptor CD4. The interaction between these proteins has been extensively studied!»2 because of its potential
as a target for specific therapeutic intervention in viral replication. Our aim was to find a low molecular
weight inhibitor of the gp120-CD4 interaction which selectively binds to the viral protein gp120. Here we
describe the discovery of such a compound by a structure-directed screening strategy.

The gpl120 binding site on CD4 is localised on its N-terminal domain (D1), whose structure was
recently determined in the form of D1D2, a soluble two-domain fragment of CD4.3.4 DID2, as well as
soluble D1 fragments,i6 retain fall binding affinity for gp120. Extensive mutagenesis of the terminal domain
of CD4 has been carried out to define the residues involved in the interaction. In initial studies, the major
determinants of the gp120 binding site were found to lie within the amino acids 40 - 60 (summarised in
reference 4). In particular, two solvent-exposed residues, phenylalanine 43 and arginine 59, appear to be
primary interaction sites. Phenylalanine 43 is the dominant determinant and, for retention of high gp120
binding affinity, Arg-59 can only be replaced by lysine, indicating that an interaction with a basic (positively
charged) function may be necessary at this site (K. Deen ez a/, unpublished observations and ref 7). These two
residues are closely located on the surface of the X-ray structure of D1D2, suggesting the possibility of
mimicing the gp120 binding site with a small molecule containing an aromatic ring and a basic functionality.

The location of the Phe-43 and Arg-59 residues in one of the X-ray structures? of the D1D2 fragment
of CD4 are shown in Figure 1.
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Figure 1. View of Phe-43 and Arg-59 on the surface of the X-ray structure of D1D2.4
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The bond from CP of phenylalanine 43 to the phenyl ring is disposed roughly in-line with the guanidine moiety
of arginine 59 and the distance from the Phe-43 C to the Ne of Arg-59 is 4.7A. The distances involved are
such that we envisaged mimicing the relationship of these residues with a cyclic system which could function
as a spacer unit to establish the correct distance and orientation of an aromatic group and a basic functionality
as ring substituents.

A variety of cyclic systems substituted with a phenyl or benzyl substituent and with a basic side chain
were modelled and fitted to the phenyl ring of Phe-43 and the guanidine of Arg-59. Some compounds were
synthesised on this basis but the examples prepared showed no inhibition of gp120-CD4 binding.g’9 However,
the side chains of both Phe-43 and Arg-59 are highly solvent exposed and likely to adopt many orientations;
thus the conformation in the complex with gpl120 may be significantly different from that observed in this
unbound structure. To allow for greater conformational change of these side chains, the parameters around the
aryl-cyclic spacer-basic side chain were loosened and the model was used to search the SmithKline Beecham
compound file in MACCS.10  The scarch basis was a 5 or 6 membered ring system (carbocyclic or
heterocyclic and having any degree of unsaturation from fully saturated to aromatic) which was 1,3 or 1,4
substituted with a phenyl or benzyl moiety and with a side chain containing a basic nitrogen atom at a distance
of between 1 and 6 atoms from the ring.

About 80 available compounds selected in this way were assayed in an ELISA measuring inhibition of
binding of soluble CD4 (sCD4) to immobilised recombinant gp120.11’12 Of these compounds, it it was found
that the lactone 1 (as its hydrochloride salt)!3:14 had an ICsq of 35 uM for inhibition of the gp120-sCD4
binding interaction (Figure 2). In addition, compound 1 was also active in an HIV viral syncytium assay!3,16
with an IC5() of 100 pM although there was some visible evidence of toxicity in this assay at 250 uM.

120 Fl:'t
(0]
100 ] L4 o= N
S 801 *
o To
2
E 40
= 1
E 20! .
01 o ~—e— Compound 1
] L —&—— Compound 8
0.1 1 10 100 1000

Concentration (uM)

Figure 2. Inhibition of sCD4 binding to gp120 in the ELISA assay.

Modelling of 1 indicated the the rans phenyl ring could have a suitable geometry relative to the amine
to mimic the Phe-43/Arg-59 geometry. However, due to its reactivity, the 2-chloroethylamine side chain could
be acting in a number of ways. In principle there could be a reversible interaction with the 2-chloroethylamine
salt itself, with the quaternary aziridinium intermediate 2 (rapidly formed from the deprotonated amine salt) or
with the 2-hydroxyethylamine hydrolysis product 3. Alternatively there could be covalent binding to protein as
in 4. A number of analogues of 1 were synthesised to explore these possibilities, whilst the hydroxy compound
3 was already available.17
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The amines 6 to 10, 12 and 13 were prepared by reaction of the bromo lactone § 18 with the neat amine
at 110 to 130°C. The compounds include examples of alternative functional groups on the 2-ethyl position (8
and 9), examples where the chloro group is replaced by other lipophilic groups (6 and 7) and examples where a
more basic function is included to better resemble the strongly basic guanidine moiety (12 and 13). Reaction
of § with ethylamine in ethanol gave 10 which was acylated with methyl oxalyl chloride to afford compound
11. Reaction of § with quinuclidine in diglyme afforded the quaternary salt 14.
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None of these compounds was active in the ELISA assay (Figure 2 and data not shown) although
compound 8 was able to attenuate the inhibition shown by 1 (see below). This suggested that the 2-chloroethyl
function played a critical role in the activity of 1, possibly by alkylation of either CD4 or gpl120 and its
interaction with these proteins was investigated further.

The ability of 1 to block the CD4-gp120 interaction was confirmed in a RIA measuring binding of
1251.5CD4 to gp120.19 The ICsq of 1 in this assay was 30 WM. In a similar RIA format, the effect of
compound 1 on sCD4 was assessed with a series of anti-CD4 monoclonal antibodies. These antibodies
recognise different sites on CD4: 1120 binds in domain 4 and is noncompetitive with gp120;20v21 L71 binds
in domain 1 and is weakly competitive with gplZ();20 and Leu3a also binds in domain 1, is competitive with
gp120 and, like gp120, requires Phe-43 for high affinity binding (K. Deen et al, unpublished observations).
Compound 1 did not inhibit the binding of any of these antibodies, indicating that it does not disrupt the sCD4-
£p120 interaction through an effect on sCD4.

The interaction with gp120 was examined in the ELISA by preincubation with compound 1 prior to
addition of sCD4. Increasing concentrations of 1 were added to the the antibody-immobilised gp120 and
incubated for varying time periods. The compound was then either removed or maintained, sCD4 was added
and the assay completed in the usual way. The observed inhibition was time-dependent, increasing to a plateau
at 1 hour pre-incubation (Figure 3). Moreover the addition of the wash-out step made little difference to the
observed activity. Similarly, in the RIA, less than 10% of sCD4 binding ability was recovered 20 hours after
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diluting out the compound. This indicates that 1 binds to gp120 and dissociates extremely slowly. In view of
the moderately potent IC5( value and the 2-chloroethylamine structure of 1, this suggests that 1 undergoes a
covalent interaction with gp120, presumably alkylation.
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Figure 3. Time-dependent inhibition of sCD4 binding to gp120 by compound 1. Compound was removed
(open symbols) or maintained (closed symbols) prior to addition of sCD4.

The interaction of compound 1 with gp120 appeared to be specific and site-selective since the RIA was
carried out in a high concentration of carrier milk protein and since the compound did not interfere with the
binding of gpl20 to the monoclonal antibody 178.122 which is non-competitive with CD4 binding.
Preliminary results with other anti-gp120 monoclonal antibodies are also consistent with a site-selective
interaction (J. Moore, personal communication). Competition assays with compound 8 suggest that this
specificity is conferred by discrete structural features of 1. Thus, pre-incubation of gp120 with 1 in the
presence of varying concentrations of 8 for 90 minutes followed by addition of 1251.5CD4 resulted in dose-
dependent antagonism of inhibition by 1 (Figure 4)23 Similar results were obtained in a parallel assay in
which the preincubation time was 20 minutes. This suggests that the diphenyl-lactone-amino structure may be
conferring the site-specificity of the interaction.
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Figure 4. Antagonism of compound 1 inhibition of gp120-sCD4 binding by compound 8.

Two other compounds based on the essential nature of Phe-43 have been described as inhibitors of the
gp120-CD4 interaction. The phenylalanine-containing dipeptide, DD-CPF (15) was reported to inhibit this
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interaction at high concentrations, apparently by irreversible binding to gp120.24 In our ELISA, the ICsq for
15 was 300uM, an order of magnitude higher than for 1. Subsequently, it was found that 15 non-selectively
inhibits a number of enveloped viruses through disruption of the integrity of the virus particles.23 The second
compound, the cyclic hexapeptide analogue 16, was designed to mimic the Ioop structure on which Phe-43 is
located.26 This rather complex molecule was reported to inhibit the CD4-gp120 interaction with an estimated
Kg of between 4 and 20 uM. However, in our ELISA, this compound was minimally active with an IC50 >
100 uM.
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Interestingly, a series of anti-HIV compounds was recently described that resulted from the
identification of 17 as a screening lead.27 The authors suggest that the compounds may interact either with
£p120 or CDA4. Clearly 1 and 17 have some similarity: a 1,1 diphenyl moiety o to a carbonyl of a S-membered
ring lactam or lactone (although in 17 one phenyl is fused to the ring) and an amino containing side chain y to
the phenyl substituent. The reported SAR of 17 indicates that the phenyl ring is essential for high activity.
Whether 17 also binds to gp120 has yet to be determined.
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