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Further investigation of the recently reported piperidine-4-yl-aminopyrimidine class of non-nucleoside
reverse transcriptase inhibitors (NNRTIs) has been carried out. Thus, preparation of a series of N-phenyl
piperidine analogs resulted in the identification of 3-carboxamides as a particularly active series. Analogs
such as 28 and 40 are very potent versus wild-type HIV-1 and a broad range of NNRTI-resistant mutant
viruses. Synthesis, structure–activity relationship (SAR), clearance data, and crystallographic evidence for
the binding motif are discussed.

� 2010 Elsevier Ltd. All rights reserved.
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Non-nucleoside reverse transcriptase inhibitors (NNRTIs) are an
important part of the successful combination therapy for HIV-1
known as HAART (highly active anti-retroviral therapy).1 The effi-
cacy of NNRTIs results from their binding to an allosteric site of
HIV reverse transcriptase (HIV-RT), which dramatically decreases
the ability of that enzyme to function in reproduction of the virus.2

Efavirenz and Nevirapine are two very effective first generation
NNRTIs, but a major problem with them has been the development
of viral resistance. This results from a low genetic barrier of the RT
enzyme to mutation and several viable mutant viruses can survive
treatment with these agents.3,4 Thus, there is a need for new NNR-
TIs with activity against the clinically significant mutant strains as
well as the wild-type HIV-1 virus.5

Etravirine (TMC125), which was recently approved for use in
treatment-experienced HIV patients,6 and the benzophenone
GW-6782487 are examples of second generation NNRTIs (Fig. 1).
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Etravirine has a broad range of activity against clinically important
mutant RT viruses but its development as a drug was hindered by
poor solubility.8 GW-678248 displays a good mutant profile along
with good pharmacokinetic properties (PK) and was developed as a
prodrug.9 We recently reported our efforts to combine aspects of
these two chemotypes, which resulted in the discovery of piperi-
dine-4-yl-aminopyrimidine structures such as 1–3 (Fig. 1). Our
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Figure 1. Structures of Etravirine, GW-678248, and aminopyrimidine leads 1–3.
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Scheme 1. Reagents and conditions: (a) K2CO3, DMF, rt; (b) K2CO3, DMSO, 140 �C
(X = F); (c) K2CO3, CuI, proline, DMSO, 90 �C (X = Br, or I); (d) NaOH, H2O2, EtOH,
40 �C; (e) TFA, CH2Cl2, rt; (f) 4 or 5, DIPEA, NMP, 100 �C.

Table 1
Enzyme inhibitory potency of N-phenyl piperidines 11–25
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11-25

ID # R1 R2 R3 WTa

IC50 (nM)
KYa

IC50 (nM)
Y188La

IC50 (nM)

3 H H Br 192 112 334
11 H 4-SO2NH2 H 24 >1000 >1000
12 H 3-SO2NH2 Br 19 72 105
13 H 3-SO2NH2 H 15 622 194
14 H 2-CONH2 Br 32 967 —
15 H 3-CONH2 Br 19 30 70
16 H 3-CONH2 H 7 16 34
17 H 4-CONH2 Br 24 >1000 —
18 H 3-SO2CH3 Br 42 100 831
19 H 3-SO2CH3 H 11 238 —
20 H 3-CN Br 103 352 —
21 H 3-CN H 51 772 —
22 H 3-CO2H Br 16 >1000 —
23 4-Cl 3-CONH2 H 9 192 —
24 5-Cl 3-CONH2 H 28 265 —
25 6-Cl 3-CONH2 Br 76 >1000 874
Etravirine — — — 26 19 108

a Values are the mean of at least two independent heteropolymeric enzyme
inhibition assays (see Ref. 12).

Table 2
Enzyme inhibitory potency of 50-substituted analogs

NN

N

O

N
H

CN

R
3 CONH2

ID # R3 WTa KYa

IC50 (nM)
Y188La

IC50 (nM)

15 Br 19 30 70
16 H 7 16 34
26 Cl 24 13 203
27 F 14 14 35
28 CH3 12 15 —
29 CF3 86 41 —
30 NH2 19 17 118
31 NO2 109 64 —

a Values are the mean of at least two independent heteropolymeric enzyme
inhibition assays (see Ref. 12).
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publication describing that work focused on optimization of the
N-benzyl piperidines, which led to compounds 1 and 2 as highly
active examples of the series.10 In the present effort we have ex-
plored a series of N-phenyl analogs for which compound 3 was
the lead structure. As will be described below, that effort has
yielded compounds with potency profiles well surpassing those
of the initial derivatives 1–3.

The first phase of our new explorations involved determining
the best substitution pattern for the N-phenyl ‘head’ ring. For this
purpose we kept the 2,6-dimethyl-4-cyanophenyl ‘tail’ ring con-
stant and used either Br or H as a 50-substituent on the pyrimidine
ring. The syntheses of analogs 12–25 required the initial prepara-
tion of the intermediates 4, 5, 7, and 8 as shown in Scheme 1. Thus,
the treatment of 2,4-dichloropyrimidines with 3,5-dimethyl- 4-cy-
ano-phenol gave phenyl ethers 4 and 5 in excellent yields. Sepa-
rately, the use of 4-Boc-aminopiperidine to displace the fluorine
atom from an appropriately substituted aryl ring gave the N-phen-
ylpiperidine intermediates 7. In an alternative procedure, the inter-
mediates 7 could also be made by copper catalyzed couplings of
aryl iodides or bromides with the same aminopiperidine reagent.
Compounds wherein R2 was to be carboxamide were made by
hydrolysis of the corresponding nitriles 7 to give intermediates 8.
Deprotections of 7 and 8 gave amine products 9 and 10, and their
further couplings with the 2-chloropyrimidine reagents 4 and 5
gave the desired compounds of structures 11–25.11 The inhibitory
activities of these products were measured against recombinant
wild-type and mutant RT enzymes, and results for the wild-type
(WT), the K103N/Y181C double mutant (KY) and the Y188L mutant
are given in Table 1.12

The preferred substitution pattern for the N-benzyl piperidine
series represented by 1 and 2 had been a polar substituent at the
4-position of the head group together with a small lipophilic
2-substituent.10 It was appreciated that the best pattern for the
N-phenyl piperidines would likely vary from the N-benzyl series
due to differences in geometry and available vectors. As shown
in Table 1, a polar substituent on the N-phenyl head group was in-
deed needed for the best activity in this series as well, but the
3-position was the preferred location. Thus, the 3-sulfonamide 12
and the 3-carboxamides 15 and 16 were among the most potent
inhibitors of the WT, KY, and Y188L enzymes. In fact, the carbox-
amide was clearly the superior 3-substituent over the sulfonamide,
cyano, sulfone, and carboxylic acid groups exemplified in deriva-
tives 12–13 and 18–22. Addition of a second head-ring substituent
in compounds 23–25 did not add activity in this series. The supe-
rior potencies associated with the 3-carboxamide in this data set
were sufficiently striking that this substituent was kept constant
in our further structural modifications.

The next variable we examined was the 50-substituent on the
pyrimidine core ring. Our crystal structures and modeling studies
had suggested that such substituents could occupy a small hydro-
phobic pocket formed by G138, V179 and Y181, and modulate the
potency of these molecules. Thus, several analogs were made



Table 3
Enzyme inhibitory potency of compounds with tail ring and linker modifications

NN

N

Y

N
H

R4
CN

R3 CONH2

ID # R3 R4 Y WTa

IC50 (nM)
KYa

IC50 (nM)
Y188La

IC50 (nM)

16 H CH3 O 7 16 34
28 CH3 CH3 O 12 15 —
32 H Cl O 8 6 —
33 Br Cl O 28 17 413
34 Cl Cl O 20 13 48
35 CH3 Cl O 6 20 —
36 H OCH3 O 18 54 64
37 Br OCH3 O 56 28 —
38 Cl OCH3 O 19 50 101
39 CH3 OCH3 O 21 11 66
40 Br F O 6 5 29
43 H CH3 NH 23 18 —
44 Br CH3 NH 19 16 75
45 H Cl NH 36 17 —
46 Br Cl NH 15 10 42

a Values are the mean of at least two independent heteropolymeric enzyme
inhibition assays (see Ref. 12).
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according to the chemistry of Scheme 1 by employing intermedi-
ates 6 where R3 is other than H or Br, and activities of the products
26–31 are summarized in Table 2. Although no single substituent
was clearly superior, it did appear that small hydrophobic groups
(R3 = H, F or CH3) are preferable at this position.

The two final SAR variables we investigated were substituents
on the tail ring and the nature of the linker to that ring. The 2,6-
bis-substitution pattern of the tail ring appears necessary to main-
tain the orthogonal relationship of that ring with the core, which
seems to be a characteristic of Etravirine-like structures.10 The
flanking methyl groups are suspected as a metabolic liability, but
other substituents can be tolerated in at least one of the two posi-
tions.13 Exchange of the ether linkage for an amino (NH) might be
expected to affect activity via effects on the conformation and
polarity of the molecule.

Phenyl ethers 32–40 where tail ring substituent R4 is other than
methyl were prepared from the appropriate intermediates 4–6 by
the chemistry of Scheme 1. A different method was used for syn-
thesis of the NH-linked compounds in order to achieve regioselec-
tivity in the coupling reactions. Thus, as shown in Scheme 2, the
treatment of 4-chloro-2-methylsulfanyl pyrimidine with 2,6-
disubstituted-4-cyanoanilines followed by an MCPBA oxidation
gave methylsulfones 41. The 50-Br intermediates 42 were prepared
by bromination of 41 with NBS. Displacement of the methylsulfone
groups of 41 and 42 with amine 10 then afforded the desired NH-
linked products 43–46.11

Enzyme inhibitory activities are presented in Table 3 for repre-
sentative products containing the R4-groups Cl, OCH3, CH3, and F,
the linkers O and NH, and various 50-substituents. Most of these
combinations seemed well tolerated. Indeed, several compounds
had quite excellent enzyme potencies, with 32 and 40 demonstrat-
ing single digit nanomolar activities versus wild-type and KY mu-
tant enzymes.

At this point antiviral data was collected for several of the most
promising compounds. Thus, inhibitory potencies were measured
for the WT, KY, and Y188L viruses, as well as for two other fre-
quently encountered mutant strains L101I/K103N and V106A.14

Their protein shifted potencies against the WT virus were also
determined.15 This data along with human liver microsome clear-
ance data (HLM) for selected analogs and reference NNRTIs is pre-
sented in Table 4. It is evident from the table that activity profiles
significantly superior to the reference compounds have been
achieved with the present scaffold. The most potent compounds
are 28, 32, 35, and 46, and the profile of 28 is particularly impres-
sive when the low protein shift is noted. Unfortunately, these most
potent compounds were also cleared rapidly in HLM assays. The
facile microsomal clearance is not totally unexpected given the
lipophilicity of the molecules and the known susceptibility of aro-
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Scheme 2. Reagents and conditions: (a) neat, 160 �C; (b) MCPBA, CH2Cl2, 20 �C; (c)
NBS, CH2Cl2, 20 �C; (d) 10, DIPEA, DMSO, 150 �C.
matic methyl groups to oxidative metabolism. Indeed, metabolite
ID studies confirmed the oxidation of the tail ring methyl groups,
and somewhat unexpectedly, they also found products of degrada-
tion via N-dephenylation.16

A second set of analogs of interest includes 40, 43, and 44,
which all show reasonable clearance as well as good antiviral activ-
ity. Compound 44 in particular has a mutant profile very similar to
that of Etravirine, and 40 has even better potential when the pro-
tein shift is considered. Although it is difficult to generalize about
the antiviral SAR of the N-phenyl piperidine scaffold, it does appear
that the small, lipophilic 50-substituents (H, Br or CH3) on the core
ring are most consistent with good potency, and a variety of R4-
groups are tolerated in place of methyl as a tail ring flanking sub-
stituents. Also, a source of extra polarity in the molecule seems
helpful in reducing HLM clearance. This is seen with the 2-fluoro
tail ring compound 40 and the NH-linked analogs 43 and 44,
although not with 46.

Co-crystals of 3-substituted analogs with wild-type HIV-1 en-
zyme could not be prepared in good enough quality for X-ray dif-
fraction work. However, it was possible to determine a crystal
structure for the 4-sulfamoylphenyl piperidine 11,17 and an over-
lay with our previously reported structure of the 4-methanesulfo-
nyl N-benzyl piperidine 210 is shown in Figure 2. It is clear that a 3-
substituent on the N-phenyl group would occupy essentially the
same space as the 4-substituent of the N-benzyl ring, and this is
evidently the preferred locus as implied by the SAR of both series.
It places the polar head group near the solvent–protein interface
and it is also well positioned for interaction with the V106 back-
bone NH. Further noteworthy interactions include the edge-to-face
approach of the tail ring to W229, H-bonding of the pyrimidinyl
NH with the K101 backbone carbonyl, and the stacking of the
head-ring with P236. Also of interest is the nearly identical place-
ment of the piperidine ring nitrogens of 11 and 2. The latter had
been shown to make a hydrogen bond with the backbone NH of
K103 via a water molecule,10 and a similar interaction is implied
for 11. The diffraction density for the bound water is not as conclu-
sive in the case of 11, but crystal structure distances and modeling
support its presence in essentially the same position as noted for 2.



Table 4
Antiviral potencies of several aminopyrimidine derivatives compared to reference compounds

Analog R3a R4a Ya WTb WT, 40% HuSc Protein shiftc K103N/Y181Cb Y188Lb K103N/L100Ib V106Ab HLMd

28 CH3 CH3 O 1.1 4.5 4.0 3.8 <1.2 6.7 0.6 730
32 H Cl O 0.4 7.5 17.4 5.3 1.6 42.0 0.4 274
35 CH3 Cl O 1.6 14.2 8.6 5.5 1.4 7.4 0.7 580
40 Br F O 7.3 18.2 2.5 28.0 5.5 18.4 3.9 82
43 H CH3 NH 0.5 13.9 27.1 15.2 3.7 >100 0.8 31
44 Br CH3 NH 1.5 14.2 9.8 11.7 2.7 10.8 0.9 42
46 Br Cl NH 1.2 9.9 8.6 4.9 <1.2 2.9 0.5 418

1 — — — 6.1 48.7 8.0 7.3 2.8 5.9 2.0 151
Etravirine — — — 2.1 25.9 12.2 9.2 3.1 9.5 2.0 29
Efavirenz — — — 1.8 18.1 10.1 82.8 >100 >100 5.7 —

a Substituents R3, R4, and Y are as defined in Table 3.
b Cell based antiviral assay in the presence of 10% FBS, IC50’s in nM (see Ref. 14).
c WT activity in the presence of 40% human serum (HuS) indicates protein shifted activity, also given as ratio (see Ref. 15).
d Human liver microsome clearance in ll/min/mg.

Figure 2. Overlay of crystal structures of N-phenyl piperidine 11 (bronze) and the
N-benzyl piperidine 2 (ivory).
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In summary, we have developed a new N-phenyl piperidinyl
aminopyrimidine scaffold combining facets of the K101 and K103
binding classes of NNRTIs. Representative compounds 28 and 32
have achieved remarkable potency and mutant profiles, but they
are readily cleared metabolically. Other compounds like 40 and
44 have reasonable clearance and possess lesser but still very good
antiviral potencies. It appears that having the major interactions
made with conserved residues and the protein backbone, com-
bined with the opportunity for extra interactions in the P236/
V106 pocket and with K103, have afforded these molecules a
remarkable immunity to RT mutant variability. It also seems the
potential of very high potency with adequate metabolic stability
may yet be realized from the N-substituted piperidinyl aminopy-
rimidine motif. Continued efforts towards these goals have in-
cluded modifying the overall polarity of the molecules and
further investigations of the SAR, and the results of those studies
will be the subject of future reports.
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