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A series of novel HIV integrase inhibitors active against rategravir resistant strains are reported. Initial
SAR studies revealed that activities against wild-type virus were successfully maintained at single digit
nanomolar level with a wide range of substitutions. However, inclusion of nitrogen-based cyclic substi-
tutions was crucial for achieving potency against mutant viruses. Several compounds with excellent
activities against wild-type virus as well as against the viruses with the mutations Q148H/G140S or
N155H/E92Q were reported.

� 2010 Elsevier Ltd. All rights reserved.
Recently, a new inhibitor of the human immuno-deficiency
virus (HIV) targeting the viral integrase enzyme was approved
for clinical use by the FDA. Raltegravir (RAL, marketed as
Isentress™ by Merck and Co.) disrupts the critical viral process of
integration in which newly made viral DNA is inserted into the
host cell chromosomal DNA.1 RAL inhibits integrase by binding
within the active site of a pre-assembled integrase–viral DNA
complex, and is able to co-ordinate two divalent metal (Mg) ions
known to be indispensable for enzyme catalysis.2 The core scaffold
of RAL comprises a phenolic hydroxyl group and one exocyclic and
one ring amide functionality arranged in such a way as to present
as a hydrogen bond acceptor–donor–acceptor motif responsible for
metal co-ordination.3

As with other classes of HIV drugs, under the highly selective
evolutionary pressures associated with exposure to integration
inhibitors, viral resistance emerges. To date, around 40 mutations
within the viral integrase gene have been associated with resis-
tance to either RAL and/or another integration inhibitor currently
in clinical trials, elvitegravir (EVR, Gilead Sciences).4 However,
two main pathways bestowing viral resistance to RAL have been
identified in the clinic and these involve mutations at either posi-
ll rights reserved.
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tions Gln-148 (Q148K/R/H) or Asn-155 (N155S/H) in the IN central
core domain.5 Mutations of these key amino acids have also been
associated with significant resistance to EVR. A third less common
pathway involving mutation at Tyr-143 (Y143C/R) has also been
associated with resistance to RAL.6 Additionally, specific secondary
mutations are also commonly associated with each primary muta-
tion and serve to significantly enhance resistance and/or the repli-
cative capacity of these viruses. A recent Letter indicates that the
Q148R natural polymorphism in HIV IN is present in a significant
proportion of therapy naïve as well as treatment experienced
patients studied as a minor quasi-species.7 Thus, there is a clear
need to identify scaffolds that allow the development of inte-
gration inhibitors that are active against RAL-resistant (and EVR-
resistant) HIV strains.

We have previously reported a series of bicyclic pyrimidinone
integrase inhibitors displaying excellent antiviral activity against
wild-type (WT) HIV in cell culture.8 Here we present evidence that
compounds active against viruses resistant to RAL, as well as wild-
type (WT) virus, can be derived from scaffolds containing a thiazole
replacement of the exocyclic amide. Furthermore, modification at
position 7 and/or 9 of the bicyclic pyrimidinone core can also sig-
nificantly influence the activity of compounds against drug resis-
tant viruses.

We have developed a convenient route for the formation of thi-
azole ring.8 The starting acid 1 was activated with 1,10-carbonyldi-
imidazole in the presence of NaSH, followed by substitution with
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alpha bromoaldehyde to furnish thioester 2. Upon treating with an
ammonia source, such as ammonium acetate at elevated tempera-
ture, the aldehyde–thioester 2 (Scheme 1) cyclized to result in
thiazole 3 in reasonable overall yield. Intermediate 3 was further
derivatized in position 9 via Buchwald coupling of the versatile
bromo handle.9 Deprotection of the O-Bn group with TFA cleanly
gave the desired final products, of which the numerous examples
are exemplified by the general structure 5. Bromo precursor 3
was also utilized for other metal mediated reactions, such as car-
bamoylation to give the amide derivative 6.10

To provide a key intermediate to facilitate analog generation,
the synthetic strategy shown in Scheme 2 was developed further
to allow diversification of both R7 and R9 substitutions of the fused
bicyclic core at a late stage. The versatile 7-Br-9-I thiazole precur-
sor 9 was prepared from acid 7 in two steps as described in
Scheme 2. The more active 9-I substituted carbon underwent cou-
pling with various nitrogen-based substitutions under Buchwald9

conditions using toluene as the solvent. The less active 7-Br group
was then coerced to undergo the second coupling reaction at high-
er temperatures in dioxane. These two coupling steps could be exe-
cuted sequentially in one-pot fashion or as separate reactions. The
final deprotection step of the O-Bn group was achieved by heating
in TFA as before, and all products were purified on preparative
HPLC to purity of greater than 95%.
Br

N
OH

O

O

N
N

O

OBn

N
N

O

S

F

N

N

N
R2R1

O

OBn

N

O

OH

S

F

N

N

N
R2R1

N

O

d

7

4

9

5

1

a

c

Scheme 1. Reagents and conditions: (a) (i) CDI, NaSH and (ii) 2-bromo-3-(4-fluoropheny
27% overall yield for (a) and (b); (c) NHR1R2, xantphos, Pd2(dba)3, Cs2CO3, toluene, 80 �C
dioxane, 80 �C, 5%.
13
N

N
O

N

N

S
F

N

OH

O

S
O

O

From preliminary SAR studies we identified thiazole derivative
13 as a potent HIV integrase inhibitor, displaying an EC50 of 6.4 nM
in a cell-based assay.11 As this compound represents a novel
scaffold, we were interested to investigate its inhibitory potency
against RAL-resistant HIV mutants. To this end we have adapted
the single round infectivity assay for a large panel of mutant
viruses, including the clinically most important Q148H/G140S
and N155H/E92Q double mutations.12 Upon assaying we found
that compound 13 exhibited a reasonable level of potency against
QHGS and NHEQ mutants, with an EC50 of 280 nM and 49.5 nM,
respectively. The encouraging activity levels prompted us to inves-
tigate the SAR of compound 13. Initially we focused on the effect of
substitutions of the position C-9 of the bicyclic system. As reported
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, 40–60%; (d) TFA, 80 �C, 3 h, 15–80%; (e) (i) Mo(CO)6, pyrrolidine, Pd(OAc)2, DBU,
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previously, unsubstituted derivative 14 or halogenated 15 exhib-
ited comparable WT activity,8 however, these compounds inhib-
ited QHGS infectivity with only modest potency at 2–3 lM.
Likewise, methoxy (16) or carbon-based functionalities such as
acetyl (17), 2-hydroxyethane (18), tertiaryalkylamine (19), or
amide (6) in this position resulted in compounds with micromolar
or high nanomolar activities against QHGS mutant. The acetyl
group of compound 17 was introduced via Heck coupling into
the ester derivative of acid 1,8 from which the thiazole ring was
prepared as described in Scheme 1. Hydroxyethane congener 18
was obtained from 17 via a simple reduction step with NaBH4,
while 19 was formed through reductive amination (Table 1).

Introduction of a cyclic nitrogen-based substitution in this
position restored the mutant activities in contrast to compounds
14–19. For example, sultam derivative 20 was shown to be twice
as active against the QHGS or NHEQ mutants as the lead compound
13, while 21 with the lactam substitution maintained the same
level potency as 13 with an EC50 of 335 nM. The five-membered
cyclic carbamate (22) was beneficial, exhibiting an EC50 of
108 nM against QHGS virus. Enlarging the carbamate moiety to a
six-membered-ring resulted in the most significant improvement
of potency. Compound 23 displayed a WT EC50 of 4.3 nM, a value
which is about twice as active as RAL in our assays, and 23 had
an excellent activity of 16.5 nM and 10.5 nM against QHGS or
NHEQ double mutant viruses, respectively. This represents the
most potent integrase inhibitor for QHGS reported in the peer-
reviewed literature to date. We also examined cyclic ureas as
potential substitutions for position 9. The five-membered ring urea
24 had comparable activity to carbamate 22, however, its six-
membered congener 25 improved the QHGS activity by only two-
fold, resulting in an EC50 of 34 nM. Substitution on the second
nitrogen of the urea proved more beneficial. Replacement of the
methyl group with isopropyl furnished compound 26 which is four
times more active than 24 against the QHGS mutant virus. Interest-
ingly, opening up the cyclic urea ring (27) led to a significant loss of
QHGS activity, even though compound 27 was only slightly less
active than 25 with regard to WT virus. Removal of the N-Me substi-
tution caused an even more profound effect. Derivative 28 was not
capable of inhibiting QHGS infectivity up to a concentration of
10 lM, despite having an EC50 of 22 nM against WT virus (Table 2).

Having identified that cyclic amide analogs are essential for
good level of QHGS potency we set to investigate the effect of sub-
stitutions in position 7. For this purpose we chose cyclic urea 24 for
comparison. It was found that the bulky morpholine group could
be replaced with a smaller dimethyl amine group with negligible
loss of WT and QHGS potency. The NHEQ activity decreased by
threefold, however. Insertion of a methylene linker between the
morpholine and the bicyclic ring furnished compound 30 which
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SAR of R9 substitutions
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is seven times more potent than 24 against WT virus, but surpris-
ingly its QHGS activity dropped threefold. Other aminomethylene
substitutions, for example, 31 displayed the same trend of SAR,
exhibiting a similar level to 30 of QHGS potency of 200–300 nM.
Amide moieties, as exemplified by 32 retained the WT potency
but caused significant decrease of QHGS inhibitory effect, having
an EC50 of 1.1 lM. In contrast, cyclic amine derivative 33 exhibited
excellent potency against both WT and resistant viruses, with EC50

in the range of 6.8–21 nM. The results suggested that unlike posi-
tion 9, cyclic amines are preferable as R7 substitutions. However, in
both cases the steric effects are not the dominant factors, instead
electronic properties proved to be far more important in increasing
QHGS potency. With the SAR knowledge in hand, we prepared a
large number of compounds following the synthetic route depicted
in Scheme 2. Our investigations have resulted in the identification
of numerous potent inhibitors of HIV integrase (Table 3). Several
examples displayed excellent inhibitory activity against WT virus
in a high serum environment. For example, compound 33 shows
less than a twofold shift in EC50 from 6.8 nM to 12.5 nM in the
presence of 50% normal human serum (NHS). In addition, these
compounds also demonstrated outstanding potency against all
major RAL-resistant strains, such as QHGS and NHEQ. The specific-
ity of the inhibitors for the inhibition of integration during virus
infection of a cell was monitored during the development of this
series of compounds by quantitative PCR techniques,14,15 using
RAL as positive control. Both earlier compounds of the series and
examples of the most recent compounds containing the thiazole
moiety as reported here were demonstrated to specifically inhibit
integration events in the cell and had no effect on entry or reverse
transcription events occurring prior to integration. These results
taken together with the potency of the compounds against the iso-
lated enzyme demonstrate these compounds to be bona fide
integrase inhibitors. Initial PK studies indicated that these com-
pounds had relatively short half life in both in vitro microsomal
metabolism and in vivo pharmacokinetic experiments. The results
suggested that oxidative metabolism was the major pathway.
Compound 33 was treated with microsomes at high protein con-
centration in presence of NADPH and UDPGA co-factors. Analysis



Table 3
Activities and PK characteristics of selected examples
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of the reaction mixture showed that the substituted piperazine in
position 7 was metabolized extensively. The benzyl-thiazole
moiety also underwent oxidative metabolism, although the analy-
sis did not allow elucidation of the exact metabolic sites. In
addition, glucuronidation of the phenolic 3-OH was also identified
as a potential clearance pathway. Glucuronidation of a similar
hydroxyl group was also reported to be the major mechanism of
clearance for RAL.16

In summary we have disclosed a series of potent HIV integrase
inhibitors based on a novel scaffold consisting of a hydroxypyridi-
none and a thiazole ring. The reported compounds are the first
inhibitors that exhibit low nanomolar potency against all major
clinically relevant RAL-resistant HIV strains, including double
mutants Q148HG140S and N155HE92Q. Initial SAR studies sug-
gested that electronic effects were dominant and important for
resistant activities, with nitrogen-based substitutions preferred in
both positions of the bicyclic ring system. We also demonstrated
that cyclic substitutions were crucial for maintaining mutant
activities while a range of diverse functionalities exhibited simi-
larly potent level of inhibition against WT virus. The data
presented herein validated thiazole-pyridinone systems as a
potential platform for developing second-generation integrase
inhibitors to treat RAL-resistant viruses. A comprehensive lead
optimization of these promising leads to optimize PK characteris-
tics is underway and the results will be reported in due course.
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