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Abstract—Two series of efavirenz analogues have been developed: one in which the cyclopropane ring has been replaced by small
heterocycles and another in which the entire acetylenic side chain has been replaced by alkyloxy groups. Several members of both
series show equivalent potency to efavirenz against both wild-type virus and the key K103Nmutant.# 2001 DuPont Pharmaceuticals
Company. Published by Elsevier Science Ltd. All rights reserved.

Effective therapy for the treatment of HIV-1 infection
and AIDS requires a combination of antiviral drugs.
Currently, the standard of care for antiretroviral naı̈ve
patients is efavirenz or an HIV protease inhibitor and
two nucleoside reverse transcriptase inhibitors. Efavir-
enz,1 a non-nucleoside reverse transcriptase inhibitor
(NNRTI), has demonstrated clinical activity in both
antiretroviral naı̈ve and experienced patients and may
also provide an option of a protease-sparing regimen
when used with two nucleoside reverse transcriptase
(RT) inhibitors.2

Although HIV infection is generally well controlled by
efavirenz-containing regimens, a number of patients
develop resistence to the drug. In these patients, the
K103N mutation is present in over 90% of the RT
sequences examined.3 In an effort to develop a second-

generation drug with improved activity against K103N
and other resistant mutants, an SAR investigation was
launched. While earlier reports from our laboratory4,5

described the effect of varying the aromatic substitution
pattern of efavirenz, herein we describe the effect of
modifying and replacing the acetylenic side chain.

We first examined the preparation of analogues of efa-
virenz in which the cyclopropane ring was replaced with
a five- or six-membered heterocycle. The synthesis of
these compounds was greatly facilitated by the avail-
ability of 4-chlorobenzoxazinones (2–4) which are pre-
pared in high yield by treatment of 2-amino-
trifluoroacetophenones 14 with phosgene in toluene
solution at 110 �C (Scheme 1).6 These stable crystalline
intermediates react with a variety of nucleophiles
through an elimination–addition pathway. For exam-
ple, reaction of 2 with 2 equiv of the lithium salt of 2-
pyridylacetylene in THF at 0 �C afforded 7. In most
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cases, the heterocyclic acetylenes are not commercially
available, however the corresponding carboxaldehydes 5
are (Scheme 2). Using the Weinreb7 modification of the
Corey–Fuchs8 procedure, treatment of 5 with carbon
tetrabromide/triphenylphosphine/triethylamine yielded
the dibromo-olefins 6 which form the corresponding
lithium acetylides in situ when treated with 2 equiv of n-
butyllithium. Reaction of the acetylides with 4-chloro-
benzoxazinones 2–4 afforded the target compounds.9 In
addition to the 6-chlorobenzoxazinones 7–13, we also
chose to prepare the 6-fluoro- (14–19) and 5,6-difluoro-
(20–25) analogues, since these aromatic ring substituents
proved optimal in earlier SAR studies.4

Table 1 summarizes the antiviral activity of 7–25 against
both wild-type and K103N mutant viruses.10 It can be
seen that, with the exception of 4-pyridyl, all the het-
erocycles employed can effectively replace the cyclopro-
pane ring of efavirenz to give analogues that retain
potent activity against wild-type HIV-1. Selected com-
pounds were also tested against the K103N virus. While
a number of these exhibited activity comparable to efa-
virenz against this key mutant, none displayed the sig-
nificant increase in potency we sought.

Simple room temperature treatment of 4-chlorobenzox-
azinones 2–4 with sodium alkoxides in THF afforded 4-
alkoxybenzoxazinones 26–50, compounds that would
otherwise be very difficult to obtain (Scheme 3). In

contrast to other ketals, 26–50 are very stable to acidic
conditions. The presence of the trifluoromethyl group
markedly destabilizes the developing positive charge at
C-4 which would necessarily arise during acid hydro-
lysis. In fact when 4-(butyloxy)benzoxazinone 28 was
treated with 1N aq HCl at room temperature, no reaction
could be detected byHPLC orNMReven after 48 h. Thus,
4-alkyloxy-4-(trifluoromethyl)benzoxazinones would be
expected to survive the acidic conditions present in the
GI tract and consequently may exhibit oral bioavail-
ability. Since any alcohol that forms a stable sodium
salt can be introduced into the 4-position of a 4-(tri-
fluoromethyl)-benzoxazinone, a much greater variety of
side chains could be examined than in previous SAR
investigations.

Inspection of the first eight entries of Table 2 reveals
that optimal side-chain length is four or five and that
larger substituents result in decreased potency. Inclu-
sion of a terminal cyclopropyl group (30 and 31) as is
present in efavirenz does not improve activity against
wild-type virus. However, introduction of unsaturation,
either a double or triple bond (e.g., 34–38, 45, and 48)
provides the most active compounds, while incorpora-
tion of electronegative groups (Cl, F, CN, OMe) (40–44)
results in a marked reduction in potency. The optimal
side chain is dimethallyloxy, and the three compounds
(37, 45, and 48) which incorporate this side chain in this
series are the most potent against both wild-type and
K103N virus.

Scheme 2.

Table 1. Antiviral activity of heterocyclic analogues of efavirenz

Compound X Het Wild-type IC90 (nM)a K103N IC90 (nM)

Efavirenzb 6-Cl Cyclopropyl 1.70 64.0
7 6-Cl 2-Pyridyl 5.39 1105.8
8 6-Cl 3-Pyridyl 3.97 144.6
9 6-Cl 4-Pyridyl 102.10 —
10 6-Cl 2-Furanyl 3.80 152.2
11 6-Cl 3-Furanyl 3.80 321.9
12 6-Cl 3-Thienyl 4.47 106.2
13 6-Cl 5-Thiazolyl 6.69 —
14 6-F 2-Pyridyl 12.19 —
15 6-F 3-Pyridyl 2.56 329.3
16 6-F 2-Furanyl 2.58 —
17 6-F 3-Furanyl 2.52 369.0
18 6-F 2-Thienyl 2.93 —
19 6-F 3-Thienyl 2.55 193.0
20 5,6-diF 2-Pyridyl 6.78 —
21 5,6-diF 3-Pyridyl 2.23 59.3
22 5,6-diF 2-Furanyl 3.79 —
23 5,6-diF 3-Furanyl 3.21 279.7
24 5,6-diF 2-Thienyl 2.23 155.9
25 5,6-diF 3-Thienyl 2.34 139.2

aAll compounds were assayed for whole cell antiviral activity according to the protocol described in ref 10.
bThe data presented for efavirenz reflect values determined for a single enantiomer, whereas the data shown for all other compounds are for racemic
mixtures. The biological evaluation of efavirenz and other benzoxazinones had determined that only one enantiomer was active.
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In summary, we have demonstrated that the potent
activity of efavirenz against wild-type HIV-1 can be
retained despite significant modification of its side
chain. The cyclopropane ring can be replaced with a
variety of small heterocyclic rings, and the entire cyclo-
propylacetylene group can be replaced by an alkoxy side
chain containing either a double or triple bond. While a
number of these analogues displayed potency equivalent
to efavirenz against K103N virus, no compound
demonstrated the increased activity required for devel-
opment of a second-generation compound.
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Table 2. Antiviral activity of 4-alkyloxybenzoxazinonesa

Compound X R Wild-Type IC90 (nM) K103N IC90 (nM)

Efavirenz 1.70 64.0
26 6-Cl CH2CH3 18.26
27 6-Cl CH2CH2CH3 5.81
28 6-Cl CH2CH2CH2CH3 10.19 989
29 6-Cl CH2CH2CH(CH3)2 10.07 286
30 6-Cl CH2cycPr 7.70
31 6-Cl CH2CH2cycPr 8.04
32 6-Cl CH2Ph 17.89
33 6-Cl CH2CH2Ph 166.80
34 6-Cl CH2CH¼CH2 3.90
35 6-Cl CH2CH¼CHCH3 (cis) 4.35 237
36 6-Cl CH2CH¼CHCH3 (trans) 5.60 404
37 6-Cl CH2CH¼C(CH3)2 2.68 83
38 6-Cl CH2C�CCH3 3.13 310
39 6-Cl CH2CH2CH¼CH2 13.68
40 6-Cl CH2CH¼CCl2 9.50 242
41 6-Cl CH2CH2OCH3 61.41
42 6-Cl CH2CH2CN >1500
43 6-Cl CH2(3-pyridyl) 75.27
44 6-Cl CH2CF2CF3 650.60
45 6-F CH2CH¼C(CH3)2 2.98 107
46 6-F CH2CH¼CHCH3 (trans) 8.85 1148
47 6-F CH2CH¼CCl2 11.94
48 5,6-diF CH2CH¼C(CH3)2 1.54 65
49 5,6-diF CH2CH¼CH2 6.47 1617
50 5,6-diF CH2CH¼CCl2 6.35 183

aSee notes to Table 1.
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