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Considerable effort has been focused over the past
decade on the development of the HIV-1 specific non-
nucleoside reverse transcriptase inhibitors (NNRTIs),
due to their desirable safety, selectivity, and antiviral
profiles, for the treatment of HIV-1 infection and AIDS.1
Such efforts at Pharmacia & Upjohn (PNU) have led to
the discovery of the bis(heteroaryl)piperazine (BHAP)
class of NNRTIs and clinical development of delavir-
dine.2 The recent FDA approval of delavirdine (RE-
SCRIPTOR) was based on its safety profile and, impor-
tantly, its effectiveness in combination with the NRTI
AZT.3 However, a more complete picture of the clinical
utility of this NNRTI class of agents awaits the results
from triple combination studies.
Although the observed clinical benefits of triple

combination regimens of NRTIs and protease inhibitors
currently being utilized are promising, the emergence
of drug-resistant variants remains a major concern. The
rapidity with which these variants of HIV-1 are selected
in vivo by NRTIs and NNRTIs, as well as viral protease
inhibitors, can be explained by extremely high rates of
virus replication and turnover.4 High levels of replica-

tion combined with the infidelity of the RT DNA
polymerase inevitably lead to the generation of the viral
quasispecies from which drug-resistant variants are
selected during drug therapy.
A need remains for the discovery and development of

more potent NNRTIs targeting drug-resistant variants

Scheme 1a

a (a) NaHCO3, aqueous formaldehyde, 81%; (b) I2, NaHCO3,
H2O, 74%; (c) TMS-acetylene, (Ph3P)2PdCl2, CuI, Et3N, CHCl3/
THF, 92%; (d) (i) CuI, Et3N, EtOH; (ii) NaOH, MeOH; 80%; (e)
oxalyl chloride, DMSO, -60 °C, 95%; (f) CH3MgBr, THF, 80%; (g)
cyclohexene, 20% Pd(OH)2, MeOH, reflux, 77%; (h) SOCl2, CH2Cl2,
0 °C to rt, 96%.
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of specific genotypes. By producing a more potent viral
suppression, the use of agents of this type in combina-
tion therapy may prolong the time frame for the
selection of variants resistant to the NNRTIs.5 The
search at PNU to identify compounds with broad
activity against several NNRTI-resistant variants of
HIV-1 has led to the discovery of the furo[2,3-c]pyridine
thiopyrimidine class of NNRTIs.6 Intensive evaluation
of this class has led to the recent selection of PNU-
142721 as a candidate for clinical development. Herein,
the antiviral and initial pharmacokinetic profile of PNU-
142721 is described.

Chemistry. The title compound was initially pre-
pared as its racemate 10 in nine steps beginning with
2-chloro-3-hydroxypyridine (1). The synthetic plan for
the synthesis of this agent called for the alkylation of
4-amino-6-chloro-2-thiopyrimidine (9)7 with (chloro-
ethyl)furopyridine 8. The preparation of 8 began with
the hydroxymethylation8 of 1 followed by iodination of
the resultant hydroxypyridine to afford 2 in 60% overall

yield (Scheme 1). Construction of the furan ring was
accomplished first by the Pd-Cu coupling of 2 with
TMS-acetylene to generate a 92% yield of 3.9 The
efficient cyclization of 3 with CuI followed by in situ
desilylation afforded the furo[2,3-c]pyridine 4 in 80%
yield.10 The efficient elaboration of the required hy-
droxyethyl side chain in two steps and subsequent
reductive removal of the 7-chloro substituent generated
a 58% overall recovery of 7. Finally, treatment of 7with
thionyl chloride afforded chloride 8 in 96% yield. The
coupling of 8 and 9 producing 10 was accomplished in
60% yield, utilizing the sodium anion produced from the
mesylate salt of 9 and 2 equiv of NaH.7 Resolution of
racemate 10 into its (+)- and (-)-enantiomers (11 and
PNU-142721, respectively) was achieved using a pre-
parative Chiralcel OD-H column, eluting with 20%
2-propanol/hexane (0.5 mL/min). The absolute config-
uration of the (-)-enantiomer, PNU-142721, was estab-
lished as the (S)-stereoisomer by X-ray crystallographic
analysis.11

Results and Discussion. The furopyridine pyrimi-
dine thioethers 10, 11, and PNU-142721 were evaluated
for inhibitory activity against wild-type reverse tran-
scriptase (WT-RT) and a panel of mutant RT enzymes
(Table 1).12 All three derivatives proved to be extremely
potent against WT-RT, with IC50 values ranging from
20 to 85 nM. Similarly, the compounds were exception-
ally potent against P236L RT, a mutant enzyme that
has been genotypically identified in virus resistant to
the NNRTI delavirdine (IC50s from 22 to 25 nM).13
Interestingly, activity levels against the Y181C enzyme,
a mutant RT observed under pressure by several known
NNRTIs, including L-697,66114 and R-APA,15 were
dependent on the stereochemistry of this thiopyrimidine
substrate. Whereas racemate 10 and its (-)-enantiomer
PNU-142721 displayed submicromolar IC50s against the
mutant Y181C RT, the corresponding (+)-enantiomer
11 proved to be inactive. Inhibitory potency levels for
PNU-142721 against several other variant RT, including
E233V, L100I, and Y188H, were also quite strong.
In cell culture,16 PNU-142721 demonstrated superior

activity (IC90 ) 1 nM) against the wild-type HIV-1 strain

Table 1. Inhibitory Activity (IC50, µM) of Furo[2,3-c]pyridine
Pyrimidine Thioethers against WT-RT and a Panel of Mutant
RT Enzymesa,b

WT P236L Y181C E233V L100I Y188H

PNU-142721 0.02 0.022 0.179 0.017 0.039 0.077
10 0.024 0.022 0.36 0.044 0.044 0.055
11 0.085 0.025 >50 ND ND ND
delavirdine 0.26 18.0 8.3 ND ND ND

a Inhibitory assays were performed as previously described in
ref 12. IC50 values were determined by nonlinear least-squares
fit of data from duplicate points at six drug concentrations. b ND
) not determined.

Table 2. Antiviral Activity (IC90, µM) of Furo[2,3-c]pyridine Pyrimidine Thioethers against in Vitro Selected NNRTI-Resistant
HIV-1 Variantsa,b

IIIB
(WT)

DLVR-MF
(P236L)c

L-697661R-IIIB
(Y181C)c

DLVR-IIIB
(L100I)c

R88703R-IIIB
(Y181C)c

PNU-142721 0.001 0.008 1.1 0.07 0.17
11 ND >0.01 (0%)d >3.0 (0%)d ND ND
10 0.002 0.01 2.4 0.06 0.17
delavirdine 0.05 >10 5.2 >10 1.0
L-697,661 0.11 0.43 >10 4.0 7.7
R88703 0.15 0.08 >10 6.5 >10

a IC90, concentration of drug that inhibited p24 production by 90% in infected MT4 cells. Antiviral assays were performed as previously
described in ref 16. The IC90 values represent averages from at least two IC determinations. b ND ) not determined. c Primary resistance
conferring mutation at the designated codon of HIV-1 RT. d Percent inhibition of p24 production at the indicated drug concentration.

Table 3. Single-Dose Pharmacokinetics of PNU-142721 in the Sprague-Dawley Rat

route
dosea
(mg/kg)

Cmax
(µM)

tmax
(h)

t1/2b
(h)

Vss
(L/kg)

CL/F
(mL/min/kg)

Fc
(%)

IV 15 123 ( 19 0.033 0.70 ( 0.05 0.55 ( 0.05 6.7 ( 1.6
PO 30 52 ( 14 1.4 ( 1.1 0.78 ( 0.24 7.1 ( 2.3 94 ( 40
PO 80 103 ( 23 3.8 ( 0.5 1.5 ( 0.4 7.1 ( 1.5 94 ( 30

a n ) 3. Drug dose in free base equivalents. The compound was formulated as an acidified solution (methansulfonic acid) in PEG 400
for intravenous administration. For oral administration, an acidified propylene glycol:water (9:1, v:v) formulation was utilized. b Harmonic
mean apparent terminal disposition half-life. c Absolute oral bioavailability.
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IIIB (50-fold more potent than delavirdine) (Table 2).
In addition, PNU-142721 was found to have potent
inhibitory activity against a panel of NNRTI-resistant
HIV-1 variants, including the delavirdine resistant HIV-
1MF variant, DLVR -MF, carrying the P236L substitu-
tion.13 A second delavirdine resistant virus having
substitutions at amino acids 100 and 230 remained
susceptible to submicromolar concentrations of PNU-
142721 as well. The two variants resistant to L-697,-
661 and R88703, both of which encode the broad NNRTI
cross-resistance conferring mutation Y181C RT, dem-
onstrated more modest sensitivity to the antiviral effects
of PNU-142721.17 As expected, the (+)-enantiomer 11
proved to be relatively inactive against variant virus
carrying the Y181C mutation. However, in contrast to
the results of the in vitro enzyme assay, 11 displayed a
significant loss of potency against variant virus selected
for by delavirdine.
The pharmacokinetics of PNU-142721 were deter-

mined following single iv and oral dose administration
of the compound in male Sprague-Dawley rats (Table
3). The mean systemic clearance of PNU-142721 was
low (6.7 ( 1.6 mL/min/kg). The mean steady-state
volume of distribution was moderate (0.55 ( 0.05 L/kg,
g 9 times plasma volume), and the harmonic mean
terminal disposition half-life was short (0.70 ( 0.05 h).
Following oral dose administration in the rat, systemic
concentrations of PNU-142721 were high and increased
in proportion to dose for doses ranging from 30 to 80
mg/kg. The absolute oral bioavailability was 94 ( 40%
at 30 mg/kg dose and remained unchanged at the 80
mg/kg dose. Furthermore, in a single iv dosed rat (15
mg/kg), brain levels of PNU-142721 were found to be
75% of simultaneous plasma concentrations. Consistent
with this finding is the conclusion that CNS penetration
for this compound will be favorable in clinical studies.
PNU-142721 offers a significantly improved antiviral

profile relative to PNU’s currently marketed NNRTI,
delavirdine. In addition to being 50-fold more potent
against a laboratory strain of wild-type HIV-1, PNU-
142721 is extremely potent against variant viruses
selected for by delavirdine and other NNRTIs. The
demonstration of broad, potent antiviral activity and a
favorable pharmacokinetic profile for PNU-142721 has
led to the selection of this compound for future study
in a clinical setting. Resistance patterns and more
detailed antiviral profiling of the furopyridine pyrimi-
dine thioethers are under study with other members of
this class of NNRTIs and will be reported in due course.

Supporting Information Available: Full experimental
and spectroscopic data for all new compounds and ORTEP
drawing and atomic coordinate information for PNU-142721
(12 pages). Ordering information is given on any current
masthead page.
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