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Tricyclic HIV integrase inhibitors: Potent and orally
bioavailable C5-aza analogs
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Abstract—A series of C5-aza tricyclic HIV integrase inhibitors was prepared. A highly potent and orally bioavailable compound
(compound 9) was identified and selected for development.
� 2008 Elsevier Ltd. All rights reserved.
Human immunodeficiency virus (HIV), the causative
pathogen of AIDS, replicates utilizing three essential
enzymes encoded in the HIV pol gene, reverse transcrip-
tase (RT), protease (PR), and integrase (IN). While
many licensed anti-HIV agents target either RT or PR,
the recent progress in extensive researches by the phar-
maceutical industry has led to the emergence of promis-
ing IN inhibitors.1 The most advanced lead, MK-0518
(Raltegravir, 1) (Fig. 1), has been approved by the
FDA as the first HIV integrase inhibitor to be marketed
in the US.
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Figure 1. The structures of 1 (K-0518, Raltegravir), 2 and 3.
Our previous publications described the design and SAR
studies of a few series of novel and highly organized tri-
cyclic HIV IN inhibitors shown as 2 (Fig. 1).2 Those
analogs possessed potent activity against both the HIV
integrase-catalyzed strand transfer activity in the enzy-
matic assay as well as HIV replication in cell culture as-
says. A representative compound (3), for example,
exhibited the good activity in the presence of either
10% FBS or human serum proteins (HSP) (Fig. 1).2a

An important objective for our HIV integrase inhibitor
research program is to identify an orally bioavailable
compound for clinical development. Its pharmacoki-
netic properties will allow for the simple dosing regi-
mens, particularly in the combination therapy, a
routine clinical practice in the AIDS medication. It
was observed that compound 3 showed exposure upon
oral dosing in both rat and dog, but its overall pharma-
cokinetic profiles were sub-optimal.3 In order to im-
prove the key pharmacokinetic parameters such as
half-life (t1/2) and the oral absorption of these potent
IN inhibitors, we extended the SAR studies beyond
those analogs reported previously. For the tricyclic scaf-
fold, a variety of C5 substituents were relatively well tol-
erated in preserving acceptable potency. These
substituents included ether, carbamate, sulfamate,
aryl, and carboxamide functionalities. Therefore, we
envisaged that further exploitation of effects by other
C5 substituents on both potency and pharmacokinetics
was possible because of the direct electronic and steric
influences of these substituents on the tricyclic
pharmacophore. In this communication, we report the
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preparation of a series of C5-amino derivatives as potent
inhibitors of both HIV integrase-catalyzed strand
transfer activity and HIV infection in cell cultures. The
pharmacokinetic evaluation of a subset of this SAR
series is also described and has led to the identification
of a compound for development.

The preparation of these analogs is illustrated in
Schemes 1 and 2. Compound 4, described in our previ-
ous publication,2a was converted to TEOC- protected
C5 amine 5 via the Curtius rearrangement protocol cou-
pled with trapping isocyanate with TMS ethanol. Upon
methylation and removal of TEOC, analogs 8–12 were
obtained by treating C5 methylamine 7 with appropriate
reagents and deprotecting diphenylmethyl ether (DPM)
of the phenol.
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Scheme 1. Ac, acetyl; Ms, methansulfonyl. Reagents and conditions:

(a) phosphorazidic acid diphenyl ester, TEA, rt, 5 h, then TMS

ethanol, 60 �C, 26 h, 70%; (b) NaH, MeI, DMF, 0 �C–rt, 1 h, 80%; (c)

TBAF, rt, overnight, 84%; (d) for 8: NaH, DMF, acetyl chloride, 0 �C,

2 h, 86%; for 9: pyridine, methansulfonyl chloride, rt, overnight, 85%;

for 10: ClCONMe2, TEA, DMAP, dichloromethane, rt, 12 h, 50%; for

11: 3-dimethylsulfamoyl-1-methyl-3H-imidazol-1-ium triflate, 120 �C,

microwave, 90 min, 80%; for 11: 1—TEA, N,N-dimethylsulfamoyl

chloride, for 12: 1—TEA, methyl chlorooxoacetate, DCM, rt, 30 min;

2—dimethylamine, rt, 10 min, 76%; (e) TFA, triethylsilane, rt, 50–93%.
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Scheme 2. Reagents and conditions: (a) NaH, DMF, 3-chloro-

propansulfonyl chloride, 0 �C–rt, 0.5 h, 60%; (b) TBAF, THF, rt,

90%; (c) 1—NaH, DMF; 2—triethylsilane, TFA, rt, 15 min, 50%.
To examine the cyclization effect of the C5-aza group on
the tricyclic pharmacophore, the preparation of com-
pound 15 was undertaken and its synthesis is shown in
Scheme 2. Intermediate 5 was reacted with 3-chloro-
propansulfonyl chloride, followed by removal of the
TEOC protecting group. Upon treating with base to
form the 5-membered sultam and removal of DPM, 15
was obtained in good overall yield.

All analogs prepared were tested for their activity in
both HIV integrase strand transfer assay as well as
anti-HIV infection in a cell culture assay. The data are
summarized in Table 1.

In general all the compounds showed good to excellent
potency in both the enzyme and the cell culture-based
assays. C5 Sulfonamide 9, sulfonylurea 11, and sultam
15 exhibited improved activity in the cell assay over 3.
Further, the superior potency of 9 and 11 was main-
tained when human serum proteins, serum albumin
and a-1 acidic glycoproteins, were added to reach phys-
iologic concentrations in the cell culture based assay.
Interestingly, the simple amide 8, urea 10, and oxalyla-
mide 12 were found to be less potent although 10 was
the most soluble among those tested. The potency of
C5 sultam analog 15 was more affected by the serum
proteins than either 9 or 11. The results that we observed
in this work are consistent with those reported by our
laboratory previously. Both C5 carbamate and sulfa-
mate groups on the same tricyclic pharmacophore were
more potent than other C5 substituents on the tricyclic
scaffold.2a,b However, C5 amine derived analogs are
more attractive due to their greater stability toward
hydrolysis as compared to the analogous carbamates
or sulfamates.

The two most potent compounds, 9 and 11, along with
compound 15, were chosen for pharmacokinetic evalua-
tions in both rat and dog and the major pharmacoki-
netic parameters are shown in Table 2.

Both 9 and 11 were found to be orally bioavailable in
these two species. Notably higher oral bioavailability
Table 1. Integration strand transfer inhibition and anti-HIV prolifer-

ation assay results for compounds 8–12, 15a

Compound IC50
b EC50

(10% FBS)c

EC50

(HSP)d

Solubilitye

(lM)

8 100 47 nd nd

9 28 1.7 11.4 11

10 71 10 nd 844

11 62 3.1 8.4 4.5

12 265 31 nd nd

15 13 1.4 49 2.8

a Values are means of at least two experiments, given in nM. nd, not

determined.
b Ref. 4a.
c Ref. 4b.
d HSP, human serum proteins adjusted EC50, obtained by assaying

compounds in the presence of physiological concentrations of human

serum albumin and AAG; see Ref. 4c for details.
e Measured by dissolving the solid of testing compound in pH 7.3

aqueous media and determining the concentration by HPLC.



Table 2. Pharmacokinetics of 9, 11, and 15 in rat and doga

Species Rat Dog

F (%) T1/2 (h) CL (L/h/kg) F (%) T1/2 (h) CL (L/h/kg)

9 15 1.1 0.28 45 4.9 0.4

11 13 0.9 0.23 16 4.5 0.34

15 4 0.6 1.53 8.3 0.8 0.3

F (%), fraction absorbed upon oral dosing testing compounds as compared to iv dosing, calculated based on AUC from iv and po groups, expressed

as %; CL, total body clearance obtained from iv dosing groups.
a All compounds were dosed as free parent in a solution form (EtOH, PG, PEG400; and citric acid; pH 3.3 for iv and pH 2.2 for po); and t1/2 was

generated from the iv dosing group. The values were means of data obtained from samples of three animals in each study.
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(45%) and longer half-life (4.9 h) than 11 and 15 in dog
were observed for compound 9. It is interesting to note
that although compound 15 exhibited similar clearance
in dog as both 9 and 11, its half-life was much shorter.

We were intrigued by the fact that compound 9 is more
potent than MK-0518 in the presence of serum proteins.
The X-ray crystal structure of 9 was determined and is
shown in Figure 2.5 It is interesting to note that N of
the C5 methanesulfonamido group is an sp2 hybridized
center. N-methyl and methansulfonyl moieties are ori-
ented perpendicular to the tri-cyclic core plane. The
hydrophobic p-F-phenyl moiety is also in a similar
orientation versus the plane of the tri-cyclic core. The
observed fixed conformation is the same as the one
shown in our initial molecular modeling studies2a and
could be a preferred conformation at the active site
during the strand transfer of HIV integration process.

In conclusion, by building upon our previously pub-
lished SAR studies and by exploring a variety of C5-
amine derivatives, we have successfully identified even
more highly active HIV integrase inhibitors with good
oral bioavailability in pre-clinical PK studies. These
results further demonstrated that a design strategy that
rigidifies the pharmacophore of the IN inhibitor is
critical to the observed activity against both IN strand
transfer and HIV replication in cell culture assays.
Because of its favorable potency and PK properties,
compound 9 was selected for further work in pre-clinical
and clinical development.6
Figure 2. The ORTEP representation of X-ray 3D crystal structure of

9. Nitrogen atoms are in purple, oxygen atoms in red, the sulfur in

yellow, and the fluorine in green.
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