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Abstract

Using 2,3-dihydro-6,7-dihydroxy-1H-isoindol-1-one and 4,5-dihydroxy-1H-isoindole-1,3(2H)-
dione based HIV-1 integrase inhibitors as display platforms, we undertook a thorough examination
of the effects of modifying the halogen substituents on a key benzyl ring that is hypothesized to bind
in a hydrophobic pocket of the integrasesDNA complex. Data from this study suggest that in general
dihalo — substituted analogues have higher potency than monaohalo — substituted compounds, but that
further addition of halogens is not beneficial.

Integrase (IN) is a key enzyme in the life cycle of human immunodeficiency virus type 1
(HIV-1), the causative agent of acquired immunodeficiency syndrome (AIDS). Approximately
30 drugs that have been approved by the FDA for treatment of HIV-1 infection,! Raltegravir
[Merck & Co., Inc. (MK-0518)]? is the most recently approved drug (October 2007) and the
only integrase inhibitor. Another IN inhibitor, Elvitegravir, [Gilead Sciences, Inc. (GS-9137)]
3 is currently undergoing phase 111 clinical trials in HIV-1-infected patients. These two
inhibitors show high potency against IN — catalyzed “strand transfer” (ST) reactions, while
being less effective against the IN 3’ —processing (3'-P) step.# This combination of
characteristics is characteristic of a broad range of IN inhibitors, many of which contain the
elements typified by General Structure I (Figure 1). A key component of these inhibitors is an
array of heteroatoms that are hypothesized to chelate two divalent metal ions associated with
catalytically essential IN residues Asp64, Asp116 and Glu152 (“DDE” motif).> Aromatic
functionality, frequently in the form of a benzyl group linked to the chelating portion of the
inhibitor, can make a significant contribution to overall binding affinity. The empirical
observation that halogen substituents on this aryl ring can enhance potency has led to the
hypothesis that this aryl ring may bind in one or more hydrophobic pockets of the INeDNA
complex.5:7
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A diversity of halogen-substituted benzyl groups has been introduced into IN inhibitors (Figure
1).8-16 We recently reported a series of 2,3-dihydro-6,7-dihydroxy-1H-isoindol-1-ones
(general structure A Table 1) that exhibit potent ST inhibition in extracellular assays and
antiviral efficacies in HIV-1 infected cells.14 The closely related 4,5-dihydroxy-1H-
isoindole-1,3(2H)-diones (general structure B: Table 1) represent phthalimide —based
analogues that can be prepared by the chemistry described in our earlier report.1 For series
A we had observed an enhancement of up to two orders of magnitude in potency depending
on the halogen substitution of a key benzyl ring.14 Numerous reports of enhancing effects of
halogens across a wide range of IN inhibitors prompted us to undertake a thorough investigation
of the effects of halogen substituents on IN inhibitory potency. Here we compare the effects
of varying halogen substitutions on an isolated benzyl ring in related compounds with similar
scaffolds. The structural simplicity of A and B, suggested that they could serve as useful
platforms for this study. During the preparation of this manuscript a report was published
describing the effects of phenyl ring fluorine substituents on the inhibitory potencies of 1H-
benzylindole IN inhibitors.1’

We prepared analogues by procedures similar to those previously reported.1* Adding a second
carbonyl to the lactam ring of series A to yield the phthalimide — based series B enhanced
inhibitory potency against both 3'-P and ST reactions. In vitro IN assays were performed in
the presence of Mg*2 as described.1# Introduction of a 4-F substitutent (2) had little effect on
the potencies of the series A compounds, while in series B this resulted in an order of magnitude
change in inhibitory potencies. There was an enhancement in the inhibition of 3' — P and loss
of efficacy against ST. Moving the fluorine from the 4 — to the 3 — position (3) gave a slight
decrease in ST inhibitory potency in series A and an order of magnitude enhancement of ST
inhibition in series B. Finally, going from the 3 — F to the 2 — F isomer (4) had essentially no
effect in potency on series A, while a significant drop in both 3'— P and ST inhibitory potencies
was observed in series B. In series A CI (5), Br (6) or | (7) substituents at the 3 — position gave
slightly higher ST inhibitory potencies relative to the 3 — F analogue (3), while in series B the
potencies of the 3 — Cl and 3 — Br analogues were unchanged relative to the 3 — F inhibitor,
and the 3 — | compound had reduced inhibitory potency (Table 1).

Results of an exhaustive examination of difluoro substituents are shown in Table 2. The 3,4 —
difluoro and 2,4 — difluoro analogues (8 and 12, respectively) were significantly more potent
ST inhibitors than the mono — substituted 4 — F compounds. The 3,5 — isomer (9A) showed the
greatest ST — selectivity (700 — fold) among all fluoro compounds tested. The 2,6 — difluoro
isomers (13) were among the least potent of both series A and B, with only the 2,5 — difluoro
analogue (10) in series A showing lower ST inhibitory potency.

The effect of replacing one or both fluorines with chloro substituents was examined (Table 3).
In series A, the 3 — Cl, 4 — F analogue (14) was approximately four fold more potent than the
3,4 —difluoro containing compound (8), while in series B there was little difference between
the two inhibitors. The corresponding 3 — Br, 4 — F and 3 — methyl, 4 — F compounds (15 and
16, respectively) had reduced ST inhibitory potencies in both series A and B. Reversing the
substitution patternto 3— F, 4— Cl (17) resulted in a loss of inhibitory potency, while replacing
the 4 - Fwith achloro to give the 3,4 —dichloro analogues (18) provided ST inhibitory potencies
that were equivalent to the 3 — ClI, 4 — F analogues and gave the highest ST —selectivity in the
A series (800 — fold). This indicated the importance of having a chloro substituent at the 3 —
position, with the choice of halogen at the 4 — position being less critical. Maintaining a chloro
substituent at the 3 — position, while placing the fluoro group at the 2 — or 6 — position (21 and
20 respectively), resulted in reduced ST inhibitory potency. With the chloro substituent at the
2 — position, placement of a fluoro group at the 4 — or 6 — position (19 and 22, respectively)
reduced ST inhibitory potency.
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Finally, a series of tri — halo substituted analogues (23-28) and one pentafluoro analogue
(29) were prepared (Table 4). In general, the additional halogens did not enhance inhibitory
potency. Rather, as in the case of 28, the addition of a 6 — F to the 3 — Cl, 4 — F substituted
analogue (14) resulted a 27 — fold reduction of ST inhibitory potency in series A series, whereas
the ST inhibitory potency was only marginally reduced in series B. On the other hand, the
addition of a 4 — F to the 3,5 — difluoro analogue (9) to give 23 was accompanied by an order
of magnitude reduction in ST inhibitory potency as well as by a 30 — fold decrease in ST —
selectivity in the A series. The same compound in sereis B was almost unaffected by this
modification.

The antiviral efficacy of a subset of these inhibitors was examined using HIV-1 vectors in
cultured cells as previously reported (Table 5).14 Antiviral potencies for series A compounds
were better than for series B compounds. Submicromolar antiviral efficacies were observed
for the 3 — Cl and 3 — Br substituted analogues (5A and 6A, respectively); the 3—-CI, 4 - F
(14A) and 2-F, 3-CI (21A) and the 3-Cl, 3,6 — difluoro (28A) analogues. A common feature
of these inhibitors is the presence of a chloro or bromo substituent at the 3 —position. However,
the relatively high cytotoxicity of these compounds means that they have relatively unfavorable
therapeutic indexes as indicated by the ratio of the half-maximal cytotoxic concentration
(CCxg) to the half maximal effective concentration (ECsgg)

Our results are consistent with selected previous reports. For example, Gilead’s clinical
candidate (GS-9137)3 contains a 3 — Cl, 2 — F substituted benzyl group. However, in our series,
maintaining a chloro substituent at the 3 — position, while placing the fluoro group at the 2 —
or 6 — position resulted in reduced inhibitory potency for the ST reaction. The recent report
that for fluorobenzyl-1H-benzylindoles, ortho - fluoro substitution enhanced the potency,’
suggests that subtle differences in the binding orientation of the benzyl ring may be important.
Despite progress in development of potent IN inhibitors, cytotoxicity remains a problem that
might be addressed by increasing target specificity through appropriate choice of peripheral
substituents.
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General Structure |

Hydrophobic Pocket&l

Halogen Substitution Pattern

Mono-Substituted Di-Substituted Di-Substituted
2.F [8-10] 3.4-F [10] 35-F  [8,12]
3-F [8-10,12,13] 3-Cl,4-F [10-14,16]  2-F, 5-Br [12]
A-F [8-16] 3-Br,4-F  [10] 2-F, 4-Br [12]
2-Cl [8,11] 3-Me, 4-F  [10]
3-Cl [8,10 — 13] 3-F, 4-Me [8]
4-Cl [8,9,11-13]  3-Cl, 4-OMe [8]
2-Br [12] 3,4-Cl [9,12,13]
3-Br [10,12] 2,3-Cl 8]

3,5-Cl [12]

dReference number.

Figure 1.
Hypothetical IN binding of a metal chelating inhibitor showing halogen substituent patterns
on a key benzylamide group.
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