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Abstract—Modifications of the alkyl acetic acid portion and the phenyl on pyrrolidine in our lead pyrazole compound 1 afforded
the isopropyl compound 9. This compound is a potent CCR5 antagonist showing good in vitro antiviral activity against HIV-1, an
excellent selectivity profile, and good oral bioavailability in three animal species. During this investigation, a new method for the
preparation of a-(pyrrolidin-1-yl)-a,a-dialkyl acetic acid from a pyrrolidine and a-bromo-a,a-dialkyl acetic acid using silver triflate
was discovered. This allowed us to prepare compounds such as 24 and 25 for the first time. A novel Pd-mediated N-dealkylation of
a-(pyrrolidin-1-yl)acetic acid was also uncovered.
# 2004 Elsevier Ltd. All rights reserved.
The discovery that the chemokine receptor CCR5 is a
co-receptor with CD4 for HIV-1 cell entry has sparked
widespread interest in small molecule CCR5 antagonists
as potential agents for the treatment and prevention of
HIV-1 infection.1�12 Previous reports from these
laboratories have described 1-amino-2-aryl-4-(piperidin-
1-yl)butanes,1,2,12 1,3,4-trisubstituted pyrrolidines,2�7

and related compounds11 as potent CCR5 antagonists.
Some of these displayed very good antiviral
activity against HIV-1 in vitro and reasonable oral
bioavailability in animal species.
In the preceding paper, the incorporation of a hetero-
aryl ring into the piperidine side-chain in the 1,3,4-tri-
substituted pyrrolidine series afforded compounds such
as 1 with potent CCR5 binding and in vitro antiviral
activities.13 However, this and related compounds did not
have the required pharmacokinetic profile or off-target
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selectivity for further development. Herein we detail our
continued SAR studies in this series leading to potent,
selective, and orally bioavailable compounds.

Results from some related 4-(4-fluorophenyl)piperidines
such as 2 and 3 have shown that the nature of the alkyl
group attached to the acetic acid portion of the mole-
cule can have a profound effect on their pharmaco-
kinetic (PK) profiles.4 For example, the isopropyl
compound 3 is bioavailable in several animal species
although its CCR5 binding and antiviral activities were
modest. In contrast, cyclohexyl compound 2 showed
similar PK profile in the rat as 1.14 This result inspired
us to prepare a set of alkyl derivatives of 1 at that posi-
tion. These compounds were prepared using the meth-
ods reported previously.5,13 Since a 3-fluorophenyl
moiety was one of the few replacements of the phenyl
group on the pyrrolidine that preserve CCR5 binding
activity,4 analogues having this 3-fluorophenyl were also
prepared (Table 1).

Our results showed that the simple addition of a fluor-
ine on compound 1 to give 4 did not consistently affect
its activity or pharmacokinetic profile. The cycloalkyl-
methylene compounds 5 and 6 possessed similar activity
and PK profiles as 1. Replacing the cyclohexyl in 1 with
an isobutyl as in 7 resulted in some improvements in the
Clp and AUC values, but with about a 10-fold loss of
antiviral activity in the cell culture HIV-1 infectivity
assay using HeLa cells (HeLa assay). More dramatic
improvements in PK were observed when the isopropyl
group was introduced in compound 8. However, there
was a further loss of antiviral activity. Adding a fluorine
to compound 8 afforded 9 and produced further
improvements in the PK profile and some restoration of
antiviral activity. The sensitivity of the PK profile to the
substitutions at these positions was most dramatically
illustrated by the comparison of 9 and 10. The addition
of a single methylene group and deletion of a fluorine
increased the clearance of compound 10 by almost 20-fold
compared to compound 9.

Due to its improved PK profile and antiviral activity in
the HeLa assay, compound 9 was investigated in more
detail. In an HIV-1 infectivity inhibition assay, using
peripheral blood mononuclear cells against the BAL-1
strain (the PBMC assay),17 it gave an average IC95 of
22�16 nM (n=26). The decreases in clearance of com-
pounds 8 and 9 compared to other in Table 1 parallel a
decline in their volumes of distribution (Vdss). There-
fore, it may be attributed to increases in plasma protein
binding. Indeed, compound 9 was 99.90% and 99.96%
protein bound in human and rat plasma, respectively.
Therefore, the PBMC assays were repeated in the pre-
sence of 50% normal human serum. Under these more
stringent conditions, 9 gave IC95 of 350�320 nM
(n=14). The other four compounds in Table 1 showed
higher activity in the PBMC assay, indicating that larger
alkyl groups enhance potency in this crucial measure of
antiviral activity.

In addition to its excellent binding activity on the CCR5
receptor, our lead compound 1 also showed multiple
submicromolar activities against other targets including
the L-type Ca2+ channel where it showed an IC50 of 225
nM. To our surprise, compound 9 was very selective,
showing no activity (IC50 or Ki>10,000 nM) in the
L-type Ca2+ channel or on a panel of about 150 other
Table 1. CCR5 binding affinity, antiviral activity, and pharmacokinetic profile in the rat of pyrazole compounds with various alkylacetic acids

Compd CCR5 HeLa Cl , AUCN Vd t , h F PBMC PBMC

IC50 (nM)a
 IC90 (nM)c
p

(mL/min/kg)

po

(mM.h/dose)

ss

(L/kg)

1/2
(%)
 IC95 (nM)f
 IC95 50%
NHS (nM)
R=
 X=
1
 c-Hex
 H
 1.2, 2.0b
 0.4,0.4
 64
 0.02
 3.4
 0.82
 4.1
 <8 (n=2)
 <8, 31

4
 c-Hex
 F
 1.6
 0.4
 84
 0.01
 3.9
 0.83
 3
 NDd
 NDd
5
 c-Bu-CH2
 F
 1.2
 0.4
 46e
 0.05
 1.4
 0.71
 7.3
 <0.8 (n=3)
 35�44 (n=4)

6
 c-Pr-CH2
 F
 1.2
 0.4
 81e
 0.03
 1.2
 0.25
 8.1
 <8
 31

7
 i-Bu
 H
 2.9b
 3.7
 43
 0.13
 2.1
 1.2
 17
 <8
 125

8
 i-Pr
 H
 2.8b
 11
 12.6e
 0.45
 0.50
 5.6
 17
 NDd
 NDd
9
 i-Pr
 F
 1.5
 3.7
 3.2
 1.1
 0.28
 1.4
 11
 22�16 (n=26)
 350�320 (n=14)

10
 c-Bu
 H
 1.6
 3.7
 60e
 0.06
 1.0
 1.0
 11
 NDd
 NDd
a IC50’s reported are averages of triplicate measurements whose standard errors were normally <15% in a given assay. Assay to assay variability was
within �2-fold based on a standard compound. Unless otherwise noted, data from displacement of [125I]-labeled MIP-1a from the CCR5 receptor
expressed on CHO cell membranes. See ref 3 footnote 20 for assay protocol.

bData from GP120-membrane assay. See ref 15 for assay protocol.
c Cell culture infectivity assay by HIV-1 in HeLa cells. See ref 16 for assay conditions.
dNot determined.
e All compounds were dosed at 0.5 mpk IV and 2.0 mpk po. These compounds were dosed as a mixture of five compounds. Mixture dosing can inflate
AUCpo and %F compared to single dosing; increases of 2- to 3-fold were common for compounds discussed here. Values of Clp usually did not change
significantly in cases where comparisons are available.

f Inhibition of HIV-1 infectivity in human donor PBMCs over a 7-day period. Results under the heading of 50% NHS were obtained in the presence of
50% normal human serum. See ref 17 for assay protocol.
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receptors and enzymes (data not shown). Compound 9
was also a true antagonist without any agonist activity
based on a microphysiometer assay.18 At 1 and 10 mM,
it showed 0% of the initial response of MIP-1a at its
EC50 (1–2 nM).

It was clear from the data presented in Table 1 that only
minor structural changes could be tolerated in 9 without
jeopardizing its PK profile. Therefore, additional close
analogues of 9 were investigated in an effort to improve
antiviral activity while preserving its PK profile (Table
2). Compound 23 was prepared using the methods
reported earlier.5,13 Synthesis of compounds 20 and 21
took advantage of our observation of a novel dealk-
ylation process. During the catalytic hydrogenolysis of
benzyl or p-methoxybenzyl (PMB) esters such as 11 to
generate compounds such as 1 or 9, exposure of the reac-
tion mixtures to air for any length of time before the Pd/C
catalyst was filtered resulted in the rapid formation of a
side-product. This side-product was identified as pyrro-
lidine 12. Exposing the reaction mixture to air for a few
hours after finishing hydrogenolysis without filtering
out the catalyst resulted in complete conversion to 12.
Alternatively, stirring methanol solutions of 1 or 9 in
the presence of Pd/C catalyst and air gave 12 as the only
product by HPLC. No hydrogen pretreatment was
required for this reaction to proceed. Similar treatment
of 11a or b resulted in no change. No intermediates were
observed by HPLC during the transformation of 9 to
12.19 Although a number of other reagents, such as Ph-
I(OAc)2,

20 H2O2/H2SO4/100
�C,21 anodic oxidation,22

and Mn3+ complexes,23 are known to decarboxylate
similar amino acids, this Pd/C/air method offer simpli-
city and potential chemoselectivity. Reacting 12 with
isomeric triflates 13a and b afforded compounds 20 and
21, respectively, after hydrogenolysis (Scheme 1).

The displacement of triflates by pyrrolidine during the
preparation of compound 22 required the use of the
purified triflate in DMF at 50 �C versus DCM at room
temperature for less sterically hindered cases. The
method used to couple the triflate and pyrrolidine
described before was not suitable for the introduction of
dialkyl acetate groups as required in 24 and 25.
Although there were several reports for preparing simi-
lar compounds,24�26 they failed in our case. After con-
siderable experimentation, a method was found for the
preparation of this type of compound as shown in
Scheme 2.27 Diazotization of a-methylvaline in the pre-
sence of hydrobromic acid and potassium bromide gave
bromo acid 14 in a low yield.28 Side-products included
the corresponding hydroxy acid and trimethyl acrylic
acid and 2-isopropyl acrylic acid from elimination. The
bromo acid 14 hydrolyzes partially on silica gel. There-
fore, a semi-crude mixture containing about 50% 14
was used in the next step. Slow addition of a THF
solution of silver triflate to a mixture of 14, excess pyr-
rolidine 15,29 and four equivalents of DIEA in THF
followed by quenching with KBr gave a mixture of
isomeric silyl compounds. The mixture was desilylated
during purification on preparative HPLC using MeCN
and water with 0.1% TFA. The alcohols 16 were con-
verted to PMB esters 17. The isomeric PMB esters can
be separated on silica gel. They were converted to iso-
meric aldehydes 18a and 18b separately using Swern
oxidation. Reductive amination with pyrazolylpiper-
idine 1913 and debenzylation gave the final compounds
24 and 25. The identity of 24 and 25 were assigned
based on comparison of proton NMR of 18a and 18b
with those of the corresponding isopropyl compounds
(the aldehyde precursor to 11b and its diastereomer).
Scheme 1. Reagents: (a) H2, Pd/C, MeOH; (b) Pd/C, exposure to air,
MeOH; (c) DIEA, MeCN, rt.
Scheme 2. Reagents: (a) NaNO2, KBr, HBr, H2O, 5%; (b) AgOTf, 4 equiv DIEA, THF, rt; (c) preparative RP-HPLC (MeCN/H2O/0.1%
trifluoroacetic acid), 60%; (d) 4-methoxybenzyl chloride, Cs2CO3, DMF, rt, 52%; (e) oxalyl chloride, dimethyl sulfoxide, Et3N, dichloromethane,
�78 �C to rt, 88–100%; (f) NaBH(OAc)3, DIEA, 1,2-dichloroethane; (g) 96% formic acid, rt, 71–89% (two steps).
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Addition of a methyl group to the isopropyl region of 9
afforded compounds 20–22 with good CCR5 binding
affinity and antiviral activity as measured in the HeLa
assay (Table 2). Compound 23, with the addition of two
methyl groups, conformed to the same trend. However,
only the t-Bu compound 22 showed improvements in its
PK profile in the rat over 9, especially in oral AUCN.
Modifications leading to a,a-dialkyl analogues 24 and 25
yielded a considerable loss of antiviral activity and some
deterioration in the rat PK profile of 25 compared to 9.

Compound 22 showed an IC95 of <8 nM in the HIV-1
PBMC infectivity inhibition assay (n=3). In the pre-
sence of 50% normal human serum, its IC95 was 40�28
nM (n=3). Therefore, addition of the methyl group to 9
restored antiviral activity of 22 back to the level of our
initial lead compound 1. However, its selectivity profile
was not as good as compound 9. For example, 22 had
an IC50 of 3.5 mM at the type 2Na+ channel.

Based on their overall properties, compounds 9 and 22
were further evaluated in dog and rhesus monkey for
their pharmacokinetic profiles (Table 3). Unfortunately,
the improvement of the PK profile of 22 over 9 observed
in the rat was not realized in the dog. When 9 was dosed
at 10 mpk po in the rat, it showed a significant increase
in dose-normalized AUC and %F to 3.14 and 31.7%,
respectively, compared with 1.05 and 10.6% at 2 mpk.
That suggested that its oral bioavailability might
improve at higher doses in larger animals as well.

In summary, modifications in the a-alkyl acetic acid
region and addition of a 3-fluoro substitution to the
phenyl group on pyrrolidine in our lead pyrazole com-
pound 1 have resulted in the isopropyl compound 9. It
is a potent CCR5 antagonist with good in vitro antiviral
activity against HIV-1, excellent selectivity versus a
large panel of receptors, enzymes, transporters and ion
channels, and oral bioavailability in several animal spe-
cies. During this investigation, a new method for the
introduction of a-(pyrrolidin-1-yl) group onto a,a-di-
alkylacetic acid via the bromo acid was discovered. A
novel Pd-mediated N-dealkylation of a-(pyrrolidin-1-
yl)acetic acid was also uncovered. Additional SAR
studies focusing on the benzyl portion of compound 9
and its analogues will be the subject of our next report.
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