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Optimization of 5-Aryloxyimidazole Non-Nucleoside
Reverse Transcriptase Inhibitors

Lyn H. Jones,*™ Gill Allan,” Romuald Corbau,” Duncan Hay,” Donald S. Middleton,”!
Charles E. Mowbray,” Sandra D. Newman,”® Manos Perros,”” Amy Randall,”” Hannah Vuong,”
Rob Webster,™ Mike Westby,” and David Williams™

A major problem associated with non-nucleoside reverse tran-
scriptase inhibitors (NNRTIs) for the treatment of HIV is their vul-
nerability to mutations in the allosteric binding site of reverse
transcriptase that can result in the development of a resistant
virus. Herein we present the optimization of a series of 5-aryloxy
imidazoles, which possess a balanced pharmacological profile

Introduction

Approximately 33 million people worldwide are living with
HIV/AIDS and there were 2.5 million people newly infected
with the HIV virus in 2007." There is no cure for the infection
caused by HIV, but a number of drugs slow or halt disease pro-
gression and treatment is aimed specifically at reducing viral
load. As HIV can become rapidly resistant to any single anti-
retroviral drug, a combination of three or more drugs are usu-
ally required to effectively suppress the virus. This is known as
highly active antiretroviral therapy (HAART) and as a treatment
regimen it has dramatically reduced both morbidity and mor-
tality among HIV patients. Reverse transcriptase (RT) is an es-
sential enzyme in the infectious lifecycle of the virus, and in-
hibitors of this enzyme have become a regular component of
a HAART regimen. However, established drugs called non-
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against both wild-type enzyme and the clinically relevant muta-
tions K103N and Y181C. Subtle structural changes were used to
probe structure-activity relationships relating to both potency
and metabolic stability, which led to an imidazole derivative with
an impressive overall profile.

nucleoside reverse transcriptase inhibitors (NNRTIs: nevirapine,
delavirdine, and efavirenz), which bind to an allosteric pocket
outside the catalytic site, are particularly vulnerable to the de-
velopment of viral resistance caused by mutations in RT that
can retain viable enzymatic function.? Etravirine is a recently
launched second-generation NNRTI drug that is active against
the two most clinically relevant RT mutations, K103N and
Y181C”

Capravirine is another second generation inhibitor that pos-
sesses an excellent mutant profile, which served as the inspira-
tion for our work on 5-aryloxy imidazole NNRTIs and we have
previously described our initial synthetic exploits in this area.”!
We developed a reliable synthetic route, which had the poten-
tial to furnish a number of related analogues to generate struc-
ture-activity relationships, and the targets 1, 2, and 3 illustrat-
ed the early potential of this series. A very attractive feature of
the series is the high potency (against both wild-type and
mutant enzymes) combined with low molecular weight (and
hence high ligand efficiency), which is a desirable starting
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point for achieving orally absorbed drugs.” Herein we present

our optimization of these novel imidazoles with particular
emphasis on the interplay of structure, potency, and metabolic
stability.

Synthetic Chemistry

Preparation of 1, 2, and 3 has been reported previously.” 4
was prepared using analogous chemistry (Scheme 1): treat-
ment of aminoamide 13a" with triethylorthoacetate followed
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Scheme 1. Synthesis of 5-Aryloxy Imidazoles: a) 1. (EtO);CCH, or (EtO),CH,
reflux; 2. Aryl fluoride, K,CO;, DMSO, 100 °C; b) Mel or Etl; c) BBr;/DCM;

d) Paraformaldehyde, DMSO; e) CI;CCONCO then basic alumina; (Dmb =2,4-
dimethoxybenzyl).

by arylation with commercially available 3,5-dicyanofluoroben-
zene gave 14a, quaternization and deprotection furnished 4

(structure confirmed by NOE and C-H NMR correlation experi-
ments—see Supporting Information). Similar chemistry was
used to prepare derivatives 5-7. Reaction of the C2-H imida-
zoles with paraformaldehyde proceeded smoothly to give the
hydroxymethyl-substituted compounds 2 and 8. Carbamoyla-
tion of the alcohol derivatives furnished 3 and 9.

Derivative 10 was prepared using the procedure outlined in
Scheme 2. Oxidation of 2 using Dess—-Martin periodinane gave
the aldehyde 18. Wittig homologation provided enol ether 19,
which was hydrolyzed and reduced to provide 10.
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Scheme 2. Preparation of 10: a) Dess—-Martin periodinane, DCM;
b) Ph;PCH,0CH,CI, KHMDS, THF; c) 1. aq HCl, THF; 2. NaBH,, MeOH.

Results and Discussion

Derivatives 1, 2, and 3 possess good potency against the RT
enzyme and impressive in vitro metabolic stability, assessed as
half-life in human liver microsomes (HLM, Table 1). In fact,
these compounds illustrate significant improvement in meta-
bolic stability over capravirine, which has been achieved by re-
placing the hydrophobic chlorine atoms with nitrile moieties
(ALogP~—2 from Rekker fragments'®), removing a metabol-
ically vulnerable pyridine ring and replacing a vulnerable sulfur
atom with oxygen.”

Our aim to optimize the series initially focused on making
further improvements in potency while retaining adequate
metabolic stability. Our strategy was to achieve these improve-
ments using relatively subtle changes to the aryloxy-imidazole

Table 1. Potency and metabolic stability of 5-aryloxy imidazole derivatives 1-10 and Capravirine.
RZ
4
R O~ _—
N
N~
R \< .
CN R
Compd R'" R R R wt RT ICso [nMI® wt AV ICs, [InM]® K103N RT ICs [nM]®  Y181C RT ICs, [nm]®  HLM (min)®  LogD
1 CN Et Et H 2100 nd 7500 4200 >120 1.5
2 CN Et Et CH,OH 476 116 1350 850 >120 1.6
3 CN Et Et  CH,OCONH, 103 nd 110 155 >120 1.0
4 CN Et Et Me 131 32 390 262 101 1.9
5 cl Et Et Me 18 3 7 14 16 3.2
6 CN  jPr Et Me 59 nd 57 57 23 24
7 CN cPr Et Me 133 13 93 110 53 23
8 CN  Pr Me CH,OH 2090 nd nd nd >120 1.6
9 CN  jPr Et  CH,OCONH, 71 23 69 71 >120 14
10 CN Et Et CH,CH,OH 78 10 83 77 >120 1.6
Capravirine - - - - 47 3 110 61 7.5 4.5
[a] Geomean of n=3 [b] half life in human liver microsomes. nd =not determined.
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skeleton that would not compromise the impressive ligand ef-
ficiency or mutant profile. In particular, we were keen to retain
the 3,5-disubstituted phenyl moiety, that is also present in cap-
ravirine, to optimize edge-to-face m interactions with the im-
mutable tryptophan residue W229.®' Indeed, the rational
design of NNRTIs to interact specifically with W229 to improve
mutant resilience has also been suggested by Balzarini and De
Clercg® and was recently utilized in the development of
pyrrolobenzoxazepine NNRTIs by Campiani and co-workers."”

Interestingly, we found that a simple methyl group located
at the 2-position of the imidazole (derivative 4) improved po-
tency relative to the unsubstituted and hydroxymethyl deriva-
tives 1 and 2 respectively, albeit with a slight reduction in met-
abolic stability (Table 1). Replacing one of the aryl nitrile
groups with a chlorine atom to provide 5 increased the lipo-
philicity (ALogD 1.3), and improved the potency but sacrificed
metabolic stability. Adding a methyl group to provide the 3-
isopropyl substituted imidazole 6 (as in capravirine) similarly
increased potency, but at the expense of metabolic turnover,
and a cyclopropyl group at this position (derivative 7) showed
no improvement over 4. A methylene “shuffle” performed on 2
to provide the isolipophilic derivative 8 retained good stability
but the potency was reduced approximately fourfold. Addition
of a methylene group to 3 to provide 9 and to derivative 2 to
furnish 10 resulted in the desired, though modest, improve-
ments in potency and retention of metabolic stability. Of par-
ticular note for all analogues (1-10) is that they retain poten-
cies against the clinically relevant single-point mutations
K103N and Y181C, which are within tenfold of the wild-type
enzyme (Table 1).

Imidazoles 9 and 10 therefore represent our optimized de-
rivatives within this series, which we were able to achieve in a
relatively small number of design cycles (that is, small total
number of compounds made). Our preferred compound for
further analysis was imidazole 10, based primarily on synthetic
expedience, as the precursor 2 could be prepared on sufficient
scale to readily furnish material for further studies.

The RT enzyme potency for imidazole 10 translated well in
an antiviral assay, (Table 2) and although the compound is
approximately 20-fold less active than capravirine (AV 1C5,=
0.5 nm) it is three orders of magnitude less lipophilic. The hy-
drophilicity of 10 and the other potent derivatives is significant

Table 2. In vitro profile of NNRTI 10.

wt RT ICg,® 78 nm

wt AV ICy,"! 10 nm

HLM > 120 min

HHep <5 uLmin™" per million
LogD 1.6

Solubility at pH 7.4 0.25 mgmL™’

MW 310

tPSA 95 A?

Caco-21 >30%x10 °cms™’
Reactive metabolite Positive

[a] Geomean for n=3. [b] Compound 10 was not cytotoxic, CCs,>
100 pm. [c] 10 um dose.
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as the NNRTI binding pocket is particularly hydrophobic, and
therefore potent NNRTIs usually require a high LogD, which
can lead to poor metabolic stability and low aqueous solubili-
ty.""! Unsurprisingly, imidazole 10 displayed impressive solubili-
ty (Table 2).

A plot of HLM half life versus LogD (Figure 1) for the imida-
zole series illustrates a trend of increasing lipophilicity with de-
creasing metabolic stability, and compounds with LogD<1.6
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Figure 1. Trend of half-life in HLM (minutes) versus LogD: Compounds 1-10
(M), Capravirine (@).

are stable for >120 min in this assay. Included on this plot is
capravirine, which follows the same trend. 10 possesses excel-
lent stability in human hepatocytes (HHep), which suggests
there is no significant phase Il metabolism.

Interestingly we also found that imidazole 10 formed a reac-
tive metabolite conjugate with glutathione following its incu-
bation with HLM, a feature that has been linked with hepato-
and idiosyncratic toxicity.'” The reasons underlying this obser-
vation warrant further investigation and will be reported in
due course.

Additionally, 10 has high flux in the Caco-2 cell line, with no
evidence of efflux, indicative of predicted high human absorp-
tion," presumably a feature of its low molecular weight and
topological polar surface area (tPSA).

Conclusions

We have optimized both the potency and metabolic stability
of a series of novel 5-aryloxy imidazole NNRTIs yielding a
number of interesting derivatives, which possess potent activi-
ty against the clinically relevant RT mutations K103N and
Y181C. These compounds were readily prepared in a concise
and selective manner, which was an important aspect of our
design process to deliberately reduce synthetic complexity as
a means of addressing the current cost of goods issued with
existing HAART regimens. This also facilitated the generation
of structure-activity relationships to probe the effects of subtle
differences in structure on function. Further profiling of our
optimized compound 10, including a comparison of its profile
with isomeric pyrazole NNRTIs, will be reported in due course.
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Experimental Section

General: Melting points were determined on a Gallenkamp melt-
ing point apparatus using glass capillary tubes and are uncorrect-
ed. Unless otherwise stated, all reactions were carried out under a
nitrogen atmosphere, using commercially available anhydrous sol-
vents. Thin-layer chromatography was performed on glass-backed
precoated Merck silica gel (60 F254) plates and FCC (flash column
chromatography) was carried out using 40-63 um silica gel. NMR
spectra were carried out on a Varian Mercury 400, Varian Inova
500, or Bruker Avance 600 spectrometer in the solvents specified.
LC/MS were recorded on a Waters Micromass ZQ using atmospher-
ic pressure chemical ionization (APCI) and evaporative light scatter-
ing detection (ELSD) techniques. Combustion analyses were con-
ducted by Exeter Analytical UK, Ltd, Uxbridge, Middlesex. Other ab-
breviations are used in conjunction with standard chemical
practice.

2-(2,4-Dimethoxy-benzylamino)-butyramide (R*=Et, 13a)

Compound 13a was prepared according to the procedure de-
scribed in reference [4].

2-(2,4-Dimethoxy-benzylamino)-3-methyl-butyramide
(R*=iPr, 13b).

2,4-Dimethoxybenzaldehyde (19.6 g, 118 mmol) and 2-amino-3-
methyl butyramide hydrochloride (36 g, 236 mmol) were dissolved
in methanol (800 mL), then NaBH,CN (7.4 g, 118 mmol) was added
and the mixture was stirred at RT for 35h. The reaction was
quenched with 1N aq NaOH, extracted with EtOAc, dried (MgSO,),
filtered, and concentrated under reduced pressure. The residue
was triturated with diethyl ether to yield 13b as a white solid
(14.3 g, 46%); "H NMR (400 MHz, CDCl,): 6=7.39 (bs, 1H), 7.08 (d,
1H), 6.44 (m, 2H), 5.48 (bs, 1H), 3.80 (m, 8H), 3.60 (s, 1H), 3.00 (s,
1H), 2.12 (m, 1H), 0.90 ppm (m, 6H); APClI MS m/z 267 [M+H]";
LCMS (ELSD) >95% (267, [M+H]1™).

2-Cyclopropyl-2-(2,4-dimethoxy-benzylamino)-acetamide
(R*=cPr, 13¢)

2,4-Dimethoxybenzaldehyde (2.3 g, 13.9 mmol) was added portion-
wise to a stirred solution of 2-amino-2-cyclopropyl acetamide
(1.8 g, 13.9 mmol) in THF (30 mL). After 2 h, Na(OAc);BH (4.43 g,
20.9 mmol) was added portionwise. The resulting suspension was
maintained at RT for 18 h, then diluted with DCM, washed with
water, then saturated sodium bicarbonate solution, dried (MgSO,),
filtered, and concentrated under reduced pressure. The residue
was purified by flash column chromatography (FCC) (5% MeOH/
DCM) to provide 13c as a pale yellow solid (2.3 g, 59%): 'H NMR
(400 MHz, CDCl;): 6=7.10 (d, 1H), 6.43 (m, 2H), 3.84 (s, 3H), 3.82
(s, 3H), 3.80-3.65 (m, 5H), 2.60 (d, TH), 1.04 (m, TH), 0.57 (m, TH),
0.49 (m, 1H), 0.40 (m, 1H), 0.23 ppm (m, 1H); APCI MS m/z 280
[M+H]*; LCMS (ELSD) > 95 % (280, [M+H]").

5-(3,5-Diethyl-2-methyl-3H-imidazol-4-yloxy)-isophthaloni-
trile (4)

Amino amide 13a (300 mg, 1.2 mmol) was dissolved in triethylor-
thoacetate (2 mL), one drop of acetic acid was added, and the mix-

ture was stirred at 150°C for 24 h. The mixture was cooled to RT
and the volatiles removed under reduced pressure. DMSO (2 mL)
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was added followed by potassium carbonate (164 mg, 1.2 mmol)
and 3,5-dicyanofluorobenzene (174 mg, 1.2 mmol). The mixture
was stirred at 100°C for 18 h before the addition of water, extract-
ed with EtOAc, washed with brine, dried (MgSO,), filtered, and con-
centrated under reduced pressure. The residue was purified by
FCC (100% EtOAc) to provide 14a as a pale yellow solid (125 mg,
33% over 2 steps): 'H NMR (400 MHz, CDCl;): 6=7.60 (s, 1H), 7.50
(s, 2H), 6.53 (s, 1H), 6.39 (s, 2H), 4.95 (s, 2H), 3.92 (s, 3H), 3.78 (s,
3H), 240 (g, 2H), 2.32 (s, 3H), 1.02 ppm (t, 3H); APCI MS m/z 403
[M+H]"; LCMS (ELSD) > 95% (403, [M+H]™").

Compound 14a (5-[1-(2,4-Dimethoxy-benzyl)-5-ethyl-2-methyl-1H-
imidazol-4-yloxyl-isophthalonitrile, 100 mg, 0.25 mmol) was dis-
solved in Etl (2 mL) and heated to reflux for 18 h. The mixture was
cooled to RT and the volatiles removed under reduced pressure.
The residue was purified by FCC (2% MeOH/DCM) to yield 15a as
a white solid (100 mg, 71%): '"H NMR (400 MHz, CDCl,): 6=8.16 (s,
2H), 7.73 (s, 1H), 7.07 (d, 1H), 6.48 (m, 2H), 5.28 (s, 2H), 4.08 (q,
2H), 3.80 (s, 6H), 2.83 (s, 3H), 2.55 (g, 2H), 1.41 (t, 3H), 0.98 ppm (&,
3H); APClI MS m/z 431 [parent+H]"; LCMS (ELSD) >95% (431, [pa-
rent+H]").

Compound 15a 5-(3,5-Dicyano-phenoxy)-3-(2,4-dimethoxy-benzyl)-
1,4-diethyl-2-methyl-3H-imidazol-1-ium iodide, 900 mg, 1.6 mmol)
was dissolved in DCM (20 mL) cooled to 0°C, BBr; (1M in DCM,
8.0 mL, 8.0 mmol) was added dropwise and allowed to warm
slowly to RT. The mixture was then cooled to 0°C, 2N aq NaOH
(100 mL) was added, and stirred for 30 min. The mixture was ex-
tracted with DCM, dried (MgSO,), filtered. and concentrated under
reduced pressure. The residue was purified by FCC (5% MeOH/
EtOAC) to yield 4 as a white solid (260 mg, 58%); MP 145-146°C
(crystalline); '"H NMR (400 MHz, CDCl,): 6=7.68 (s, 1H), 7.25 (s, 2H),
3.70 (g, 2H), 2.38 (g, 2H), 1.25 (t, 3H), 1.15 ppm (t, 3H); APCI MS
m/z 281 [M+H]*; LCMS (ELSD) >95% (281, [M+H]"); HMBC,
HSQC, and NOE experiments included in Supporting Information.

3-Chloro-5-(3,5-diethyl-2-methyl-3H-imidazol-4-yloxy)-benzo-
nitrile (5)

Amino amide 13a (500 mg, 2.0 mmol) was dissolved in triethylor-
thoacetate (2.2 mL), one drop of acetic acid was added and the
mixture was stirred at 120°C for 4 h. The mixture was cooled to RT
and the volatiles removed under reduced pressure. DMSO (1.5 mL)
was added followed by potassium carbonate (330 mg, 2.4 mmol)
and 3-cyano-5-chlorofluorobenzene (370 mg, 2.4 mmol). The mix-
ture was stirred at 100°C for 5 h before the addition of water, ex-
tracted with EtOAc, washed with brine, dried (MgSQ,), filtered, and
concentrated under reduced pressure. The residue was purified by
FCC (100% EtOAc) to provide 14b as a pale yellow gum (70 mg,
8.5% over 2 steps): 'H NMR (400 MHz, CDCly): 6=7.25 (m, 2H),
7.18 (m, TH), 6.50 (s, TH), 6.42 (s, 2H), 4.95 (s, 2H), 3.83 (s, 3H),
3.80 (s, 3H), 2.43 (g, 2H), 2.28 (s, 3H), 1.02 ppm (t, 3H); APCI MS
m/z 413 [M+H]*; LCMS (ELSD) >95% (413, [M+H]™").

Compound 14b (3-Chloro-5-[1-(2,4-dimethoxy-benzyl)-5-ethyl-2-
methyl-1H-imidazol-4-yloxyl-benzonitrile, 85 mg, 0.21 mmol) was
dissolved in Etl (2 mL) and heated to reflux for 18 h. The mixture
was cooled to RT and the volatiles removed under reduced pres-
sure. The residue was purified by FCC (2% MeOH/DCM) to yield
15b as a pale yellow solid (90 mg, 77 %): '"H NMR (400 MHz, CDCl):
0=7.90 (m, 1H), 7.48 (m, 2H), 7.10 (d, TH), 6.48 (m, 2H), 5.31 (s,
2H), 4.09 (g, 2H), 3.80 (s, 6H), 2.84 (s, 3H), 2.58 (g, 2H), 1.61 (t, 3H),
1.03 ppm (t, 3H); APCI MS m/z 438 [parent—H]~. LCMS (ELSD)
>95% (438, [parent—H]").
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Compound 15b (5-(3-Chloro-5-cyano-phenoxy)-3-(2,4-dimethoxy-
benzyl)-1,4-diethyl-2-methyl-3H-imidazol-1-ium  iodide, 90 mg,
0.16 mmol) was dissolved in DCM (2 mL) cooled to 0°C, BBr; (1™
in DCM, 0.8 mL, 0.8 mmol) was added dropwise and allowed to
warm slowly to RT. The mixture was then cooled to 0°C, 2N aq
NaOH (10 mL) was added, and stirred for 30 min. The mixture was
extracted with DCM, dried (MgSO,), filtered, and concentrated
under reduced pressure. The residue was purified by FCC (5%
MeOH/EtOAC) to yield 5 as a white solid (30 mg, 65%); 'H NMR
(400 MHz, CDCl,): 6=7.38 (m, 1H), 7.18 (m, 1H), 7.12 (m, 1H), 3.65
(. 2H), 2.42 (s, 3H), 2.40 (q, 2H), 1.23 (t, 3H), 1.18 ppm (t, 3H);
APCl MS m/z 290 [M+H]™"; LCMS (ELSD) > 95 % (290, M+H).

5-(3-Ethyl-5-isopropyl-2-methyl-3H-imidazol-4-yloxy)-iso-
phthalonitrile (6)

Amino amide 13b (4.5 g, 17 mmol) was dissolved in triethylorthoa-
cetate (36 mL), one drop of acetic acid was added, and the mixture
stirred at 140°C for 5 h. The volatiles were removed under reduced
pressure and the residue dissolved in DMSO (38 mL), potassium
carbonate (2.3g, 17 mmol), and 3,5-dicyanofluorobenzene (2.5 g,
17 mmol) were added and the mixture stirred at 100°C for 18 h.
Water was added and the mixture extracted with EtOAc, washed
with brine, dried (MgSO,), filtered, and the solvents removed under
reduced pressure. The residue was purified by FCC (20% EtOAc/
pentane) to provide 14c as a cream solid (1.1 g, 15% over 2 steps):
"H NMR (400 MHz, CDCl,): 6=7.58 (s, 1H), 7.52 (s, 2H), 6.47 (m,
3H), 4.97 (s, 2H), 3.86 (s, 3H), 3.79 (s, 3H), 2.76 (m, 1H), 2.30 (s,
3H), 1.11 ppm (d, 6H); APCI MS m/z 417 [M+H]*; LCMS (ELSD)
>95% (417, [M4H]™).

Compound 14c (5-[1-(2,4-Dimethoxy-benzyl)-5-isopropyl-2-methyl-
1H-imidazol-4-yloxyl-isophthalonitrile, 1.1 g, 2.5 mmol) was dis-
solved in Etl (11 mL) and heated to reflux for 18 h. The mixture was
cooled to RT and the volatiles removed under reduced pressure.
The residue was purified by FCC (2% MeOH/DCM) to yield 15c as
a pale yellow solid (1.3 g, 92%): 'H NMR (400 MHz, CDCl,): 5=8.19
(s, 2H), 7.75 (s, 1H), 7.05 (d, 1H), 6.50 (m, 2H), 5.32 (s, 2H), 4.05 (q,
2H), 3.81 (s, 6H), 3.12 (m, 1H), 2.80 (s, 3H), 1.21 (t, 3H), 1.10 ppm
(d, 6H); APCI MS m/z 445 [parent+H]*; LCMS (ELSD) >95% (445
[parent+H] ™).

Compound 15¢ (5-(3,5-Dicyano-phenoxy)-3-(2,4-dimethoxy-
benzyl)-1-ethyl-4-isopropyl-2-methyl-3H-imidazol-1-ium iodide,
1.3 g, 2.3 mmol) was dissolved in DCM (100 mL) cooled to 0°C,
BBr; (1™ in DCM, 11.7 mL, 11.7 mmol) was added dropwise and al-
lowed to warm slowly to RT. The mixture was then cooled to 0°C,
2N aq NaOH (10 mL) was added, and stirred for 30 min. The mix-
ture was extracted with DCM, dried (MgSO,), filtered, and concen-
trated under reduced pressure. The residue was purified by FCC
(1% MeOH/EtOAc) to yield 6 as a white solid (373 mg, 54%);
'H NMR (400 MHz, CDCly): 6 =7.63 (s, 1H), 7.42 (s, 2H), 3.62 (q, 2H),
2.66 (m, 1H), 1.21 (t, 3H), 1.17 ppm (d, 6H); APCI MS m/z 295
[M~+H]*; LCMS (ELSD) >95% (295, [M+H]™).

5-(5-Cyclopropyl-3-ethyl-2-methyl-3H-imidazol-4-yloxy)-iso-
phthalonitrile (7)

Amino amide 13 ¢ (605 mg, 2.29 mmol) was dissolved in triethylor-
thoacetate (6 mL), one drop of acetic acid was added, and the mix-
ture stirred at 130°C for 5 h. The volatiles were removed under re-
duced pressure and the residue dissolved in DMF (5 mL), potassi-
um carbonate (313 mg, 2.27 mmol), and 3,5-dicyanofluorobenzene
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(332 mg, 2.27 mmol) were added and the mixture stirred at 90°C
for 18 h. Water was added and the mixture extracted with DCM,
washed with brine, dried (MgSO,), filtered, and the solvents re-
moved under reduced pressure. The residue was purified by FCC
(4% MeOH/DCM) to provide 14d as a white solid (428 mg, 45%
over 2 steps): '"HNMR (400 MHz, CDCls): 6=7.55 (s, 1H), 7.50 (s,
2H), 6.51 (m, 2H), 6.43 (dd, 1H), 5.10 (s, 2H), 3.87 (s, 3H), 3.80 (s,
3H), 230 (s, 3H), 1.34 (m, 1H), 0.74 (m, 2H), 0.58 ppm (m, 2H);
APCl MS m/z 415 [M+H]"; LCMS (ELSD) >95% (415, [IM+H] ™).

Compound  14d  (5-[5-Cyclopropyl-1-(2,4-dimethoxy-benzyl)-2-
methyl-1H-imidazol-4-yloxyl-isophthalonitrile, 204 g, 0.49 mmol)
was dissolved in Etl (1 mL) and heated to reflux for 18 h. The mix-
ture was cooled to RT and the volatiles removed under reduced
pressure to yield 15d as a pale yellow solid (278 mg, 99%):
'H NMR (400 MHz, CD;0D): 6=8.04 (s, 1H), 7.87 (s, 2H), 7.15 (d,
1H), 6.63 (d, 1H), 6.53 (dd, 1H), 5.40 (s, 2H), 4.06 (m, 2H), 3.84 (s,
3H), 3.79 (s, 3H), 2.67 (s, 3H), 1.50 (m, 1H), 1.30 (m, 3H), 0.80 (m,
2H), 0.60 ppm (m, 2H); APCI MS m/z 443 [parent+H]*; LCMS
(ELSD) >95% (443, [parent+H]").

Compound 15d (4-Cyclopropyl-5-(3,5-dicyano-phenoxy)-3-(2,4-di-
methoxy-benzyl)-1-ethyl-2-methyl-3H-imidazol-1-ium iodide,
200 mg, 0.35 mmol) was dissolved in DCM (6 mL) cooled to 0°C,
BBr; (1M in DCM, 3.5 mL, 3.5 mmol) was added dropwise, and al-
lowed to warm slowly to RT. The mixture was then cooled to 0°C,
2N aq NaOH (10 mL) was added, and stirred for 30 min. The mix-
ture was extracted with DCM, dried (MgSO,), filtered, and concen-
trated under reduced pressure. The residue was purified by FCC
(10% MeOH/DCM) to yield 7 as a white solid (78 mg, 60%);
'H NMR (400 MHz, CDCl,): §=7.65 (s, TH), 7.51 (s, 2H), 3.69 (q, 2H),
2.37 (s, 3H), 1.47 (m, 1H), 1.20 (t, 3H), 0.76 ppm (m, 4H); APCI MS
m/z 293 [M+H]1*; LCMS (ELSD) > 95% (293, [M+H]™").

5-(2-Hydroxymethyl-5-isopropyl-3-methyl-3H-imidazol-4-
yloxy)-isophthalonitrile (8)

Amino amide 13b (14.2 g, 53 mmol) was dissolved in triethylortho-
formate (100 mL), one drop of acetic acid was added, and the mix-
ture stirred at 150°C for 4 h. The volatiles were removed under re-
duced pressure and the residue dissolved in DMSO (120 mL), po-
tassium carbonate (7.4 g, 53 mmol), and 3,5-dicyanofluorobenzene
(7.8 g, 53 mmol) were added, and the mixture stirred at 100°C for
18 h. Water was added and the mixture extracted with EtOAc,
washed with brine, dried (MgSO,), filtered, and the solvents re-
moved under reduced pressure. The residue was purified by FCC
(20% EtOAc/pentane) to provide 14e as a yellow solid (6.0 g, 29%
over 2 steps): '"HNMR (400 MHz, CDCly): §=7.55 (s, 1H), 7.50 (s,
2H), 7.21 (s, 1H), 6.87 (m, 1H), 6.52 (m, 2H), 5.01 (s, 2H), 4.85 (s,
3H), 4.78 (s, 3H), 2.90 (m, TH), 1.21 ppm (d, 6H); APClI MS m/z 403
[M+H]"; LCMS (ELSD) >95% (403, [M+H]1").

Compound 14e (5-[1-(2,4-Dimethoxy-benzyl)-5-isopropyl-1H-imida-
zol-4-yloxy]-isophthalonitrile, 1.68 g, 4.18 mmol) was dissolved in
Mel (15 mL) and heated to reflux for 17 h. The mixture was cooled
to RT and the volatiles removed under reduced pressure. The resi-
due was triturated with diethyl ether to yield 15e as a pale yellow
solid, which was used crude in the next step (1.48 g).

Compound 15e (5-(3,5-Dicyano-phenoxy)-3-(2,4-dimethoxy-
benzyl)-4-isopropyl-1-methyl-3H-imidazol-1-ium  iodide, 1.47 g,
2.72 mmol) was dissolved in DCM (75 mL) cooled to 0°C, BBr; (1m
in DCM, 25 mL, 25 mmol) was added dropwise, and allowed to
warm slowly to RT. The mixture was then cooled to 0°C, 2N aq
NaOH (20 mL) was added, and stirred for 30 min. The mixture was
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extracted with DCM, dried (MgSO,), filtered, and concentrated
under reduced pressure. The residue was purified by FCC (5%
MeOH/DCM) to yield 16a as a white solid (295 mg, 27% over 2
steps); 'HNMR (400 MHz, CDCl,): 6 =6.69-6.64 (m, 2H), 7.43 (s,
2H), 3.45 (s, 3H), 2.77 (m, 1H), 1.18 ppm (d, 6 H); APCl MS m/z 267
[M+H]*; LCMS (ELSD) >95% (267, [M+H]*).

Compound 16a (5-(5-Isopropyl-3-methyl-3H-imidazol-4-yloxy)-iso-
phthalonitrile, 295 mg, 1.11 mmol) was dissolved in DMSO (2 mL),
paraformaldehyde (333 mg, 11.1 mmol) was added followed by
powdered 4 A molecular sieves (100 mg), and the mixture heated
to 140°C for 18 h. The mixture was cooled to RT, diluted with
EtOAc, washed with water, dried (MgSO,), filtered, and concentrat-
ed under reduced pressure. The residue was purified by FCC (10%
MeOH/DCM) and triturated with diethyl ether to yield 8 as a white
solid (188 mg, 58%); 'H NMR (400 MHz, CDCl,): 6=7.68 (s, 1H),
7.46 (s, 2H), 4.71 (s, 2H), 3.47 (s, 3H), 2.71 (m, 1H), 1.13 ppm (d,
6H); APClI MS m/z 297 [M+H]"; LCMS (ELSD) >95% (297, IM+H]").

Carbamic acid 5-(3,5-dicyano-phenoxy)-1-ethyl-4-isopropyl-
1H-imidazol-2-ylmethyl ester (9)

Compound 14e (3.3 g, 8.0 mmol) was dissolved in Etl (33 mL) and
heated to reflux for 18 h. The mixture was cooled to RT and the
volatiles removed under reduced pressure. The residue was puri-
fied by FCC (2% MeOH/DCM) to yield 15f as a pale yellow solid
(4.3 g, 94%): "H NMR (400 MHz, CDCl5): 6=9.08 (s, 1H), 7.98 (s, 2H),
7.75 (s, 1H), 7.60 (d, 1H), 6.55 (d, 1H), 6.50 (s, 1H), 5.38 (s, 2H),
4.10 (g, 2H), 3.90 (s, 3H), 3.84 (s, 3H), 3.25 (m, 1H), 1.55 (t, 3H),
1.18 ppm (d, 6H); APClI MS m/z 431 [parent+H]"; LCMS (ELSD)
>95% (431, [parent+H] ™).

Compound 15 f (5-(3,5-Dicyano-phenoxy)-3-(2,4-dimethoxy-benzyl)-
1-ethyl-4-isopropyl-3H-imidazol-1-ium iodide, 100 mg, 0.18 mmol)
was dissolved in DCM (5 mL) cooled to 0°C, BBr; (1m in DCM,
1.8 mL, 1.8 mmol) was added dropwise, and allowed to warm
slowly to RT. The mixture was then cooled to 0°C, 2N aq NaOH
(5 mL) was added, and stirred for 30 min. The mixture was extract-
ed with DCM, dried (MgSO,), filtered, and concentrated under re-
duced pressure. The residue was purified by FCC (5% MeOH/DCM)
to yield 16b as a white solid (25 mg, 50%); 'H NMR (400 MHz,
CDCly): 6=7.68 (s, 1H), 7.42 (d, 2H), 3.72 (q, 2H), 2.70 (m, 1H), 1.36
(t, 3H), 1.18 ppm (d, 6H); APCI MS m/z 281 [M+H]"; LCMS (ELSD)
>95% (281, [M+H] ).

Compound 16b  (5-(3-Ethyl-5-isopropyl-3H-imidazol-4-yloxy)-iso-
phthalonitrile, 200 mg, 0.71 mmol) was dissolved in DMSO (1 mL),
paraformaldehyde (214 mg, 7.1 mmol) and powdered 4 A molecu-
lar sieves (45 mg) were added, and the mixture heated to 140°C
for 18 h. Saturated sodium bicarbonate solution was added and
the mixture extracted with EtOAc, washed with brine, dried
(MgSO,), filtered, and concentrated under reduced pressure. The
residue was purified by FCC (5% MeOH/DCM) to yield 17 as a
white solid (98 mg, 44%): 'H NMR (400 MHz, CDCl,): 6=7.66 (s,
1H), 7.42 (s, 2H), 4.71 (s, 2H), 3.84 (q, 2H), 2.66 (m, 1H), 1.28 (t,
3H), 1.10 ppm (d, 6H); APCI MS m/z 311 [M+H]*; LCMS (ELSD)
>95% (311, [M+H]™).

Compound 17 (5-(3-Ethyl-2-hydroxymethyl-5-isopropyl-3H-imida-
zol-4-yloxy)-isophthalonitrile, 75 mg, 0.24 mmol) was dissolved in
THF (3 mL), cooled to 0°C, and trichloroacetyl isocyanate (34 pL,
0.29 mmol) was added dropwise. After 2 h saturated sodium bicar-
bonate solution was added and the mixture extracted with DCM,
dried (MgSO,), filtered, and the solution was filtered again through
a pad of wet basic alumina to yield 9 as a white solid (60 mg,
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71%): 'H NMR (400 MHz, CDCl,): 6=7.70 (s, TH), 7.49 (s, 2H), 5.22
(s, 2H), 3.87 (q, 2H), 2.78 (m, 1H), 1.30 (t, 3H), 1.22 ppm (d, 6H);
APCI MS m/z 354 [M+H]*; LCMS (ELSD) > 95 % (354, [M+H]™).

5-[3,5-Diethyl-2-(2-hydroxy-ethyl)-3H-imidazol-4-yloxyl-iso-
phthalonitrile (10)

Compound 2 (990 mg, 3.34 mmol) was dissolved in DCM (25 mL),
cooled to 0°C, and Dess—Martin periodinane (1.4 g, 3.3 mmol) was
added. After 3 h the reaction was quenched with saturated sodium
bicarbonate solution, extracted with EtOAc, dried (MgSO,), filtered,
and concentrated under reduced pressure. The residue was puri-
fied by FCC (100% EtOAc) to yield 18 as a pale yellow oil (430 mg,
44%): "H NMR (400 MHz, CDCly): 6=9.65 (s, 1H), 7.73 (s, 1H), 7.42
(s, 2H), 4.22 (g, 2H), 2.38 (g, 2H), 1.29 (t, 3H), 1.18 ppm (t, 3H);
APCI MS m/z 295 [M+H]"; LCMS (ELSD) >95% (295, [M+H] ™).

Methoxymethyl triphenylphosphonium chloride (676 mg,
2.2 mmol) was dissolved in THF (5 mL), cooled to 0°C, KHMDS
(0.5m in THF, 4.4 mL, 2.2 mmol) was added, and the mixture stirred
for 30 min before the addition of 18 (5-(3,5-Diethyl-2-formyl-3H-
imidazol-4-yloxy)-isophthalonitrile, 430 mg, 1.46 mmol) in THF
(5 mL). The mixture was allowed to warm to RT and after 6 h the
reaction was quenched with water, extracted with EtOAc, dried
(MgSQ,), filtered, and concentrated under reduced pressure. The
residue was purified by FCC (50% EtOAc/pentane) to yield 19 as a
pale yellow oil (137 mg, 29%): 'H NMR (400 MHz, CD;0D): 6 =7.92
(s, TH), 7.63 (s, 2H), 7.40 (d, 1H), 5.71 (d, TH), 3.77 (g, 2H), 3.75 (s,
3H), 2.34 (g, 2H), 1.19 (t, 3H), 1.10 ppm (t, 3H); APCI MS m/z 323
[M+H]"; LCMS (ELSD) >95% (323, [M+H]™").

Compound 19 (5-[3,5-Diethyl-2-((E)-2-methoxy-vinyl)-3H-imidazol-4-
yloxy]-isophthalonitrile, 135 mg, 0.42 mmol) was dissolved in THF
(2 mL), ag HCl (2N, 1 mL) was added, and the mixture heated to
70°C. After 2 days the solution was cooled to RT, saturated sodium
bicarbonate solution was added, extracted with EtOAc, dried
(MgS0,), filtered, and concentrated under reduced pressure. The
residue was dissolved in methanol (2 mL), cooled to 0°C, sodium
borohydride (16 mg, 0.42 mmol) was added, and the mixture
stirred for 1 h. The mixture was quenched with water, extracted
with EtOAc, dried (MgSQ,), filtered, and concentrated under re-
duced pressure. The residue was purified by FCC (5% MeOH/DCM)
to yield 10 as a white solid (24 mg, 18% over 2 steps): MP 143-
144.5°C; '"H NMR (400 MHz, CD,0D): 6=7.92 (s, 1H), 7.68 (s, 2H),
3.90 (t, 2H), 3.92 (q, 2H), 2.87 (t, 2H), 2.35 (g, 2H), 1.22 (t, 3H),
1.08 ppm (t, 3H); APCI MS m/z 311 [M+H]"; LCMS (ELSD) >95%
(311, [IM+H]™).

Reverse transcriptase assay

The inhibition of the RNA-dependent DNA polymerase activity of
the HIV-1 reverse transcriptase enzyme was measured using a
primer extension assay. Briefly, the reverse transcriptase enzyme
was diluted in RT buffer (50 mm Tris, 5 mm MgCl, 0.025% Triton,
pH 7.8, 20 nm) to a predefined activity where ~8,000 cpm are ob-
tained after a 30 min incubation. The enzymes were prepared at
four times the final concentration. In our experimental system, the
K., for poly r(A). oligo d(T),, and for TTP have been measured as
2.25nm and 0.56 pm respectively for wt RT (data not shown). For
the reaction, in a 96 well plate, 25 L of the fourfold final concen-
tration of test compound was incubated with 25 plL of a fourfold
RT buffer solution (50 mm Tris, 5 mm MgCl, 0.025% Triton, pH 7.8,
20 nMm poly r(A).oligo d(T);s and 1 um TTP final concentration). This
solution was then mixed with 50 pL of the substrate mix (for 6 mL
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of substrate mix, add: 12.5 pL of 20 um of poly r(A).oligo d(T)16,
60 uL of [*HITTP, 11.5 uL of TTP 1™, 6 mL with dilution RT buffer).
Each sample was prepared in duplicate. The reaction mixtures
were incubated for 30 min at 37°C. The reaction was stopped by
addition of 25 pL of the stop solution (500 mm EDTA). The plate
was then read using the Topcount NXT with a reading time of
1 min well™" and IC,, values were deduced from the dose response
curves obtained.

Antiviral assay

The ability of the compounds described in this paper to inhibit HIV
replication was tested using the HelLaP4 reporter cell line infected
with the CXCR4-tropic laboratory-adapted strain NL4-3 (obtained
from the Centralized Facility for AIDS Reagents, National Institute
for Biological Standards and Control [NIBSC], Potters Bar, Hertford-
shire, United Kingdom). HeLaP4 cells, obtained from the NIH re-
agent program, were grown in Dulbecco’s modified Eagle’s
medium (Gibco BRL, Belgium) containing 10% fetal calf serum
(FCS; International Medical, Belgium), 100 ugmL™' streptomycin,
100 UmL™" penicillin, and 0.5 mgmL™" Geneticin (Gibco BRL). They
were maintained in approximately 25 mL culture medium, in
80 cm? flasks in a 37°C CO, incubator and split (typically 1:7) twice
weekly. Cells were split 1:2 the day before use in an assay to
ensure cells are preconfluent. Cells were infected with HIV-1 NL4-3
using an MOI of 0.16 for 2 h. Infected cultures were then washed
with RPMI and resuspended in 5 mL of RPMI medium at a final cell
density of 2x10° cellsmL™' and added at 1x 10" cells per well into
96-well plates containing half-logarithmic dilutions of the test com-
pounds. Five days after infection, virus replication was measured
using the FluorAceTM [-galactosidase reporter assay (Bio-Rad, 170-
3150) following the manufacturer’'s recommendations. The ECs,
value was calculated as the concentration of compound that ef-
fected a decrease in [(-galactosidase activity of infected, com-
pound-treated cells to 50% of that produced in the supernatants
of infected, compound-free cells.
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