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Abstract: The nature and the size of the benzylic substituent
are shown to be the key to controlling receptor selectivity
(CCR5 vs M1, M2) and potency in the title compounds.
Optimization of the lead benzylic methyl compound 3 led to
the methoxymethyl analogue 30, which had excellent receptor
selectivity and oral bioavailability in rats and monkeys.
Compound 30 (Sch-417690/Sch-D), a potent inhibitor of HIV-1
entry into target cells, is currently in clinical trials.

Despite the advances in our knowledge of the patho-
genesis of the human immunodeficiency virus type 1
(HIV-1) and in therapeutic intervention, the AIDS
pandemic continues to be the globe’s leading public
health issue. Although the inhibitors of reverse tran-
scriptase and viral protease enzymes have contained the
disease progression in HIV patients, the development
of resistance to these drugs highlights the need for new,
mechanistically novel therapies.! About seven years ago,
the chemokine receptors CCR5 and CXCR4 were identi-
fied as essential coreceptors for the attachment of HIV-1
to the surface of CD4" macrophages and T-cells.?2 The
coreceptor engagement leads to a conformational change
in the gp 41 glycoprotein on the viral envelope, revealing
a peptide which fuses the HIV envelope to the cell
membrane, thus aiding viral entry into the cell. The
chemokine receptors CCR5 and CXCR4 which control
this key event in the HIV entry process belong to the
extensively studied super family of G-protein-coupled
receptors (GPCRs), making them attractive targets for
drug design.® Studies of HIV tropism indicated that the
R5 viral strains that utilize CCR5 are responsible for
the initial establishment and development of the dis-
ease, which prompted several research groups to design
small molecule ligands to block the HIV—-CCRS5 interac-
tion.* Individuals lacking functional CCR5 receptors
(A32-homozygotes) are resistant to HIV infection while
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Figure 1. Piperidine and piperazine-based CCR5 Antago-
nists.

their immune systems are apparently not compromised,
supporting the blockade of CCR5 as a mechanism for
inhibiting HIV.5

We have previously reported on the development of
two related series of compounds as CCR5 antagonists
(Figure 1). From the piperidino-piperidine series emerged
compound 1 (Sch-351125/Sch-C), which is currently in
clinical trials as the first orally active agent to block
HIV entry.® The corresponding compound (2) in the
piperazino-piperidine series’ satisfied many of the initial
criteria but showed acute CV and CNS side effects in
ancillary pharmacology. This compound possessed mod-
est affinity for the muscarinic receptors. In addition to
brain, M1 and M3 muscarinic receptors are also preva-
lent in the GI tract, and M2 receptors are expressed in
heart and lung tissues. We surmised that the high oral
blood levels that we deemed necessary for an anti-
infective agent such as 2 were not compatible with even
modest affinities for other receptors. Additionally, com-
pound 2 exhibited four rotational isomers (rotamers)
arising from hindered rotations about the two bonds
forming the unsymmetrical tertiary piperidino-amide
moiety. One pair of these rotamers can be rendered
degenerate by making the amide symmetrical, with the
4,6-dimethylpyrimidine carboxamide (3) being optimal .8
Although the CV profile of the pyrimidine carboxamide
3 was much better than that of the N-oxide 2 in rats,
some Gl effects were still noted at higher doses of 3.
Hence, we decided to further refine the template rep-
resented by 3 with the goal of minimizing or eliminating
its affinity for the muscarinic receptors and perhaps
improving its CCR5 affinity. The following is an account
of the key aspects of our back-up program which
resulted in the discovery of the titled compound 30, our
second generation orally active CCR5 antagonist, which
is currently in clinical trials as an HIV entry inhibitor.°

The piperidino-piperidine 1 and the piperazino-pip-
eridine 2 and 3 have similar scaffolds and the SAR is
very similar for the two ends of the molecules. However,
there are distinguishing features to the two structures
in the middle which contributes to the differences in
their activity. Hence we focused our attention on the
central portion of the piperazino-piperidine structure
with the view of modulating receptor selectivity. Replac-
ing the 2(S)-methyl group on the piperazine ring with
an ethyl or propyl group resulted in substantial loss of
binding at CCR5, and so we turned our attention to the
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Table 1. Larger Benzylic Substituents Improve Receptor Selectivity?

Letters

R
N/H
FaC K/N\b
22 N
muscarinic K; (nM) rat PK (po)
Rin 22 CCRS5 K (nM) M1 M2 M3 HIV entry (nM)° AUCy-6n°
3 CH3 2.8 575 456 716 0.39 6210
12 CH3CH> 5.2 3900 4750 9089 0.18 7310
20 CH3CH,CH; 11 6075 4760 >5300 0.35 4600
21 PhCH- 14 >3900 >5700 >5300 0.13 2030

a For descriptions of antiviral, muscarinic and rat PK assays, please see refs 7 and 8. ® 1Csq values for inhibiting the entry of replication
defective HIV-1 (YU-2) in to U-80 cells. ¢ Oral blood levels of compound in rats (10 mg/kg, n=2). Area under curve = ng/mL x h.
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benzylic substituent, leaving the 2(S)-methyl piperazino-
piperidine intact. Two different scalable synthetic routes
were developed to facilitate the systematic variation of
the benzylic substituent.

Initially, we approached the synthesis of the benzylic
ethyl analogue by adapting our published SN2 displace-
ment route (Scheme 1).” Thus, the commercially avail-
able propiophenone 4 was reduced by the CBS protocol©
to furnish benzylic alcohol 5 enriched in the R-enanti-
omer. Activation to the mesylate 6 and reaction with
the chiral piperazine 7 led to the desired (S,S) diaster-
eomeric product 8, which was processed to the final
target 12.8 Extension of the Sy2 displacement route to
larger benzylic substituents was inefficient.

Our second synthetic strategy (Scheme 2) exploited
the alkylation of a cyanoamine, followed by decyanation
to introduce larger benzylic substituents.'* Commercial
aryl aldehydes were condensed with the chiral pipera-
zine 7 under modified Strecker conditions®” to obtain
the cyanoamines 14. Treatment of 14 with NaHMDS
under scrupulously anaerobic conditions and quenching
with allyl bromide provided the a-allyl cyanoamine 15
in good yield. Saturation of the allyl group (H./Pd—C)
and reductive removal of the nitrile [MgBr,-OEt,/NaB-

\_
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30. R=0CHs (R, S)

Scheme 2. The Cyanoamine Alkylation Route
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Table 2. Larger Benzylic Substituents Enhance Potency vs
HIV-Isolates?

1Cgy0 (NM) values for the inhibition
of HIV-1 clinical isolates in PBMC

Rin 22 JrFL ADA-M 301657 JVv1083 RU 570
1 oxime-piperidine 19 25 43 10 400
3 CHs 40 19 13 31 >1000
12 CH3sCH; 19 21 16 18 1000
20 CH3CH,CH> 0.01 0.03 0.09 0.27 0.43
21 PhCH: 0.19 0.04 0.6 0.25 4
30 CH3OCH> 33 2.8 1.8 4.9 10

a For a description of antiviral assays, please see refs 6 and 7.

(OACc)3H] resulted in the formation of the benzylic propyl
derivative 16, as a 1:1 mixture of diastereomers. Flash
chromatography served to isolate the desired (S,S)
diastereomer which was parlayed to the target 20. The
benzyl group was similarly introduced by treating the
cyanoamine anion with benzyl bromide, decyanation,
and further elaboration to 21. Propyl and larger iodides
failed to alkylate the hindered cyanoamine anion.
Targets bearing ether side chains at the benzylic
position were obtained by the SN2 displacement route,
as the alkoxy alkyl halides were not reactive enough to
alkylate the cyanoamine. For example (Scheme 1),
o-methoxyacetophenone 25 was made efficiently by the
addition of aryllithium 23 to the Weinreb amide 24.12
CBS reduction of the a-alkoxyacetophenone, activation
to a mesylate, and reaction with monoprotected chiral
piperazine 7 proceeded in high overall yields. Comple-
tion of the sequence as before secured the target 30.
Even with a one carbon homologation to the ethyl
derivative 12, we observed (Table 1) an order of mag-
nitude improvement in receptor selectivity (CCR5 vs
M1-M3) that was further improved with larger groups
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Table 3. Analogues of the n-Propyl Compound
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muscarinic
CCR5 Ki (nM) entry® HIV-PBMC? rat PK®
Rin 22 Ki (nM) M1 M2 I1Cs0 (NM) 1Cq0 (NM) AUCo-¢n
20 CH3CH,CH, 1.1 6075 4760 0.35 0.03-0.45 4600
30 CH30CH, 25 >10000 >10000 0.46 1-10 6900
31 Cyc-Pr-CH, 1.6 1894 3512 0.8 0.01-4 5900
32 CF3CH,CH; ND >3700 >6700 1.44 0.4—20 4600

a HIV isolates included: JrCSF, ASM57, Bal, JV1083, and RU570. P Please refer to footnotes b, ¢ in Table 1 for details.

such as propyl (20) and benzyl (21). However, we had
to balance the increase in receptor selectivity against
the observed oral blood levels of these benzylic ana-
logues in our high throughput pharmacokinetic (PK)
screen in rats.” Compounds bearing lipophilic side
chains were metabolized readily by liver enzymes,
resulting in lower blood levels after oral administration.
Thus, the serum level for the propyl compound 20,
though acceptable, was much less than that of the ethyl
analogue 12, and the benzyl derivative 21 had the
lowest oral blood level among this group.

Another significant benefit that accrued from the
presence of larger benzylic substituents was enhanced
potency of inhibition of HIV-1 strains in peripheral blood
mononuclear cells (PBMCs). The ICyy (nM) values for
inhibiting genetically diverse HIV-1 isolates for the new
piperazino-piperidines were compared with the first
clinical candidate 1 (Table 2). In terms of their potency,
the methyl and ethyl derivatives were about equal to
1, but were not as broad spectrum in eliciting their
response. The effect of further carbon homologation from
ethyl to propyl was very dramatic, and the n-propyl
compound 20 was the most potent compound in this
panel. The benzyl analogue 21 was almost as potent as
20, but it had the lowest oral blood levels in rat among
this group (Table 1).

Complete profiling of the very potent propyl com-
pound 20 showed that this compound was orally well
absorbed in rat and monkey (Table 4). It did not inhibit
or induce liver enzymes, and was tolerated without
significant Gl and CV/CNS side effects up to a dose of
10 mg/kg in rats. On the negative side, compound 20
was >99% protein bound in human plasma (compound
1 is only 84% protein bound), and during a chronic
dosing study in rats, lack of body weight gain relative
to control was observed at 10 and 30 mg/kg doses.
Further study showed that the propyl side chain was
oxidized to carboxylic acid which forms an acyl glucu-
ronide (observed in rat bile), a potentially toxic metabo-
lite.13

To block the oxidation of the terminal methyl group
in the propyl side chain, we prepared three related
derivatives. The methoxymethyl (30), cyclopropylmethyl
(31), and the 3,3,3-trifluoropropyl (32) analogues were
prepared via the Sy2 displacement route. Comparison
of the data for these three compounds (Table 3) showed
that 30 had the best overall profile: Introduction of an
oxygen atom in the propyl side chain, in the form of the
methoxymethyl (MOM) derivative (30), reduced its
lipophilicity and essentially eliminated affinity for the
muscarinic receptors. The MOM compound 30 was more
potent than the first generation piperidino-piperidine
1, but less potent than the n-propyl derivative 20 (Table
2). However, the modest drop in potency in going from
the n-propyl (20) to the MOM compound (30) was

Table 4. Pharmacokinetic Profiles of Compounds 20 and 30

species iv adminTll2 oral admin BA

(dOSE, mg/kg) AUCo-24n2 (h) Cmaxb AUCo-24n2 (%)C

20 rat(2) 4550 15.5 311 3270 72
monkey (2) 2670 6.3 240 1760 66

30 rat(10) 21000 8 2300 21000 100
monkey (2) 2240 35 670 1990 89

a8 AUC (area under curve of concn vs time plot) = ng/mL x h.
b Cmax = ng/mL. ¢ BA (bioavailability) = [AUC]po/[AUCliv.

100 ~

N=52

ECMPD 1
ICMPD 30

10 -

Mean IC Values (nM, 95% Cl)

0.1 1 e
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Figure 2. Potencies of compounds 1 and 30 vs HIV isolates.

compensated by improvements in the oral blood level
(Table 3) and protein binding (84%) for the latter. The
cyclopropylmethyl analogue 31 had the best potency in
this triad vs a small panel of isolates, but its receptor
selectivity (CCR5 vs M1 and M2) was diminished and
it was >99% protein bound. In a head-to-head chronic
dosing study in rats, there were no significant adverse
side effects with 30 whereas some lack of weight gain
and mild enzyme induction were noted with 31. Com-
pared to 30, the trifluoropropyl compound 32 showed
lower oral blood levels, lacked the broad spectrum
potency against diverse HIV isolates, and was 99%
protein bound.

Direct comparison (Figure 2) of compound 30 with our
first generation CCR5 antagonist 1 against a geographi-
cally diverse panel of HIV isolates (n = 52) showed that
30 is an order of magnitude more potent than 1, with a
mean ICsp = 0.45 nM and ICygy = 4 nM.

Further work confirmed that the methoxymethyl
compound 30 had high oral bioavailability in rodents
and primates (Table 4), in addition to very good potency
and receptor selectivity. It has good CNS penetration
(brain/plasma ratio = 0.86 for 30 and 0.17 for 1). The
major route of metabolism (rats) for 30 is through the
liver, where O-demethylation of the side chain followed
by glucuronidation was observed.

While we were developing compound 30 in the back-
up program, QT prolongation was observed with 1
(doses = 400 mg/day) in the electrocardiogram of
healthy human volunteers. This is thought to arise from
the interaction of the putative drug with the hERG
potassium ion channel in heart tissue.!* In the voltage
clamp assay,® the piperazino-piperidine 30 had weaker
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hERG activity (ICsp = 5.8 ﬂM) than 1 (IC5o = 1.1 ptM).
In an ancillary study in cyanomolgus monkeys dosed
with compound 30 and monitored with cardiac telem-
etry, no cardiovascular effects (including QT prolonga-
tion) were observed up to a dose of 40 mg/kg. Upon
chronic dosing of 30 in rats, there was neither inhibition
nor induction of liver enzymes. Additionally, no acute
CNS or Gl effects were noted in an ancillary study with
30 (10 mg/kg oral dose in rats). Thus our premise of
designing piperazino-piperidine leads with high receptor
selectivity (CCR5 vs M1, M2) as the basis for improved
side effect profile had fulfilled its promise.

In summary, during our back up program, we dis-
covered that the size of the benzylic substituent is the
key to enhanced potency and receptor selectivity in the
piperazino-piperidine series. These efforts initially led
to the n-propyl analogue 20 with excellent broad spec-
trum potency. However, the formation of an acylglucu-
ronide metabolite from this compound in vivo, and
undesirable side effects during chronic dosing, prompted
us to introduce a heteroatom (O) in the propyl side chain
to alter its metabolic fate. The resulting methoxymethyl
derivative 30 had the best overall profile among all the
compounds in the second phase of our program: It was
extremely selective for the CCR5 receptor with almost
no affinity for muscarinic receptors or other GPCRs. It
inhibited a broad spectrum of HIV isolates with a mean
ICyo of 4 NM, an order of magnitude more potent than
the first generation compound (1). The MOM compound
(30) had excellent oral bioavailability in rats and
monkeys, reduced affinity for the hERG K* channel, and
no significant CNS or Gl side effects at an oral dose of
10 mg/kg in rats. Compound 30 is currently in clinical
trials.
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