Halogenated Thymidines as Antisilencing Agents

halogenated thymidines, indicating that these compounds impair
the pathway by which DNA methylation is translated into histone
deacetylation. Because in vitro experiments in this study showed
that halogenated thymidines had no effect on the binding of the
methyl-CpG binding domain with methylated DNA, they are
considered to interfere with some steps downstream of MBDs.

Further studies will be needed to clarify the antisilencing

mechanism of these compounds.

The findings that halogenated thymidines have a different
antisilencing mechanism from and show remarkable synergistic
effects with 5-aza-dC raise possibilities that halogenated thymi-
dines could become attractive lead compounds in treatments of

cancers. Furthermore, this study implicates a new mechanism of
halogenated thymidines that interfere with step(s) between DNA
methylation and histone acetylation.
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One of the human immunodeficiency virus (HIV) envelope proteins, gp4l, plays a key role in HIV fusion. A
gpdl-derived peptide, T-20, efficiently inhibits HIV fusion and is currently approved for treatment of HIV-
infected individuals. Although resistant variants have been reported, the mechanism of the resistance remains
to be defined. To elucidate the mechanism in detail, we generated variants resistant to C34, a peptide derived
from the gp4l carboxy] terminus heptad repeat (C-HR) in vitro. The resistant variants had a 5-amino-acid
deletion in gp120 and a total of seven amino acid substitutions in gp41. Binding assays revealed that an 137K
substitution in the N-terminal heptad repeat (N-HR) impaired the binding of C34, whereas an N126K
substitution in the C-HR enhanced the binding to mutated N-HR, indicating that both mutations were directly
involved in resistance. On the other hand, substitutions for A30 and D36 seemed to be secondary mutations,
located complementary to each other in the Rev-responsive element (RRE), and were mutated simultaneously
to maintain the secondary structure of the RRE that was impaired by the mutations at I37. Thus, HIV acquired
resistance to C34 by mutations in N-HR, which directly interacted with C34. However, since this region also
encoded the RRE, additional mutations were required to maintain viral replication. These results suggest that

HIV fusion is one of the attractive targets for HIV chemotherapy.

Peptide inhibitors that block human immunodeficiency virus
type 1 (HIV-1) fusion were first reported by Wild et al. (30).
Recently, a peptide fusion inhibitor (T-20 or enfuvirtide) has
been approved in the United States and Europe for treatment
of HIV-infected individuals. The peptide sequence of T-20 is
derived from the gp4l C terminus heptad repeat (C-HR) se-
quence, which corresponds to a linear region of 36 amino
acids, and T-20 inhibits fusion by binding to the N-terminal
heptad repeat (N-HR) of gp41 and preventing 6-helix bundle
formation (4, 30). In HIV-infected patients, the effect of T-20
in combination with an antiretroviral regimen that was opti-
mized with the aid of phenotypic and genotypic resistance
testing (TORO 1 and 2) has been reported to suppress drug-
resistant HIV replication more efficiently that the optimized
regimen alone (17, 18).

The emergence of T-20-resistant HIV-1 was first reported in
clinical patients receiving T-20 monotherapy in a phase I clin-
ical trial (28) and subsequently in combined regimens em-
ployed in phase IT and IIT trials of T-20 (23, 25). The T-20
susceptibility of recombinant HIV-1 containing the identified
substitutions was examined in vitro and considered to be mod-
erately resistant (5.4- to 6.3-fold) (28). However, the detailed
mechanism of resistance of these variants still remains to be
clucidated. On the other hand, Rimsky et al. revealed that
three continuous amino acids in the N-HR (GIV at positions
36 to 38 of gpdl) were crucial for the inhibition of HIV-1 entry
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by T-20 and for efficient association between N-HR and T-20
in vitro (26). Fikkert et al. also reported that HIV-1 variants
resistant to T-20 contained substitutions in gp41, L33S and
N43K, and a deletion of 5 amino acids, FNSTW (AFNSTW), in
the V4 region of gp120 (9). L33S and N43K contributed to
T-20 resistance, whereas the S-amino-acid deletion alone had
little effect on T-20 sensitivity. These results suggest that sub-
stitutions in the N-HR directly affect T-20 binding. Although
the baseline sensitivity of HIV-1 to T-20 is defined by amino
acid substitutions in gp41, coreceptor specificity is influenced
by substitutions in the V3 loop in gpl120, affects the fusion
kinetics, and modulates T-20 sensitivity (4, 5).

To elucidate the mechanism of resistance to the peptide
fusion inhibitors, we generated and characterized HIV-1 vari-
ants resistant to C34, a gp41 C-HR-derived peptide (2, 22)
(Fig. 1A). During the selection of C34-resistant variants, we
observed a 5-amino-acid deletion in the gp120 V4 region and
a total of scven amino acid substitutions in gp4l. Among the
deletion and the substitutions, 137K and N126K play a key role
in the resistance to C-HR-derived peptides, including T-20.
Other deletions or substitutions were considered to enhance
C34 resistance and/or improve the impaired replication kinet-
ics. A30V and D36G maintained the Rev-responsive element
(RRE) structurc destabilized by I37T and 137K, respectively.
Thus, these results reveal that the deletions or substitutions
conlerring resistance are restricted by both gp4l and RRE
functions, suggesting that HIV-1 fusion is one of the most ideal
targets for chemotherapy.

MATERIALS AND METHODS

Cells and viruses. MT-2 and Cos-7 cells were grown in RPMI 1640- and
Dulbecco’s modified Eagle medium-based culture medium, respectively. HeLa-
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FIG. 1. Schematic view of HIV-1 gp4l (A) and induction of C34-resistant HIV-1 (B). The locations of the fusion peptide (FP), N-terminal
heptad repeat region (N-HR), C-terminal heptad repeat region (C-HR), transmembrane domain (TM), various gp41-derived peptides, and the
Rev-responsive element (RRE) coding region are shown (A). The residue numbers of each peptide correspond to their positions in gp41. The bold
underlined letters in the boxes indicate the novel mutations that have been reported in T-20-resistant HIV-1 variants (T-20") in vitro (9, 26) and
that have been observed in C34-resistant HIV-1 variants (C34"). (B) HIV-1y 4.5 Was passaged in the presence of increasing concentrations of C34
in MT-2 cclls. The dosc-cscalating sclection was carried out for a total of 93 passages, with compound concentrations ranging from 0.0001 to 20
M. At the indicated passages, proviral DNAs from the lysates of infected cells were sequenced, and the ECsps of the HIV-1 variants were

determined with the MAGI assay.

CD4-LTR-B-gal cells were kindly provided by M. Emerman through the AIDS
Research and Reference Reagent Program, Division of AIDS, National Institute
of Allergy and Infectious Disease (Bethesda, Md.), and used for the drug sus-
ceptibility assay (multinuclear activation of galactosidase indicator [MAGI] as-
say) as described previously (12. 14, 21). An HIV-1 infectious clone, pNLA4-3,
which was kindly provided by H. Sakai, Institute for Virus Research, Kyoto
University (Kyoto, Japan), was used for constructions and the production of
HIV-1 variants. A wild-type HIV-1, HIV-1y, was generated by transfection of
pNLA-3 into Cos-7 cells.

Antiviral agents. The peptides used were N36, derived from the N-HR of
gp41, and C34 and T-20, derived from the C-HR of gp4!. The peptides were
synthesized as described previously (24) and are depicted in Fig. 1A, 2°,3"-
Dideoxycytidine (ddC) was purchased from Sigma (St. Louis, Mo.).

Determination of drug susceptibility of HIV-1. The peptide sensitivity of
infectious clones was determined by the MAGT assay with some modifications
(14, 21). Briefly, the target cells (HeLa-CD4-LTR-B-gal; 10* celis/well) were
plated in 96-well flat microtiter culture plates. On the {ollowing day, the celis
were inoculated with the HIV-1 clones (60 MAGT Uhwell, giving 60 blue cells
after 48 h of incubation) and cultured in the presence of various concentrations
of drugs in fresh medium. Forty-eight hours after viral exposurc, ali the blue cells

stained with X-Gal (5-bromo-4-chloro-3-indolyl-B-p-galactopyranoside) were
counted in each well. The activity of test compounds was determined as the
concentration that blocked HIV-1 replication by 50% (50% effective concentra-
tion [ECsp)).

Construction of recombinant HIV-1 clones. Recombinant infectious HIV-1
clones carrying various mutations in gp120 and/or gp41 were generated by using
pNL4-3. Briefly, the desired mutations were introduced into the Nhel-BamITI
region (1,220 bp) of pSLgp4lys, which encoded nucleotides 7250 to 8469 of
pNLA-3, by an oligonucleotide-based mutagenesis method (29). Nhel-BamHI
fragments were inserted into pNL4-3, generating various molecular clones with
the desired mutations. Each molecular clone was transfected into Cos-7 cells (10*
cells/six-well culture platc). After 48 h, MT-2 cells (10° cellsiwell) were added
and cocultured with the Cos-7 cells for an additional 24 h. When an extensive
cytopathic effect (CPE) was observed, the supernatants were harvested and
stored at —80°C until usc.

Generation of HIV-1 variants resistant to C34. MT-2 cells were exposed to
HIV-1yr and cultured in the presence of €34 at an initial concentration of
0.0001 uM. Cultures were incubated at 37°C until an extensive CPE was ob-
served. The cullure supernatants were used for further passages in MT-2 cells in
the presence of twofold increasing concentrations of C34 when massive CPEs
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were scen in the earlier periods. Such dose-escalating culture was performed
until resistanl variants were obtained. This selection was carried oul for a total
of 93 passages. At the indicated passages (Fig. 1B), the sequence of the cnv
region was determined by direct sequencing of the proviral DNA extracted from
the infected MT-2 cells.

Viral replication kinetics assay. MT-2 cells (10° cells/> mb) were infected with
each virus preparation (500 MAGI U) for 4 h. The infected cells were then
washed and cultured in a final volume of 5 ml. The culture supernatants (100 pl)
were harvested on days 1, 2, 4, 6, and 8 after infection, and the p24 antigen
amounts were determined.

For competitive HIV-1 replication assays (CHRA), two titrated infectious
clones 1o be examined were mixed and added 1o MT-2 cells (10° cells/3 mi) as
described previously (15) with some modifications. To ensure that the two in-
fectious clones being compared were of approximately equal infectivity, a fixed
amount (500 MAG! U} of one infectious clone was mixed with three dillerent
amounts (250, 300, and 1,000 MAG1 U) of the other infectious clone. On day 1.
one third of the infected MT-2 cells were harvested and washed twice with
phosphate-buffcred saline, and the ccllular DNA was extracted. The purified
DNA was subjected to nested PCR and then direct DNA sequencing. The HIV-1
cocullure which best approximated a 50:50 mixture on day 1 was further prop-
agated. Every 6 to 7 days, the cell-free supernatant of the virus coculture (1 ml)
was transmitted to new uninfected MT-2 cells. The cells harvested at the end of
cach passage were subjected to dircct sequencing, and the viral population
change was determined.

Binding assay. Each peptide (40 pM) was mixed with 10 mM phosphate-
buffered saline-140 mM NaCl, pH 7.4, in an Aviv model 202 DS spectrometer
equipped with a thermoelectric temperature controller. The thermal stability was
assessed by monitoring the change in the circular dichroism signal at 222 nm. The
midpoint of the thermal unfolding transition (melting temperature [7,,]) of each
complex was determined as described previously (24).

Gel shift assay. RNA of the RRE region and recombinant Rev were prepared
as described previously (10) with some modifications. Briefly, the RRE region of
the variants (nucleotides 7748 to 8009 of pNLA4-3) was introduced into pBlue-
Script (Stratagene, La Jolla, Calif.). In vitro RNA transcription was performed
with T7 RNA polymerase and {**P]JUTP. Recombinant Rev was generated by use
of the pGEX-6P-1/BL21 expression system (Amersham Bioscicnces, Piscataway,
N.1.). The RNA and Rev were mixed at 25°C for 20 min in binding buffer (50 mM
Tris-HCI, pH 7.5, 150 mM KCl, 1 mM dithiothreitol, 8% glycerol, 50 g of
tRNA/mI, and 100 pg of bovine serum albumin/ml) and subjected to native
acrylamide pel electrophoresis.

RESULTS

Amino acid substitutions identified in the env region of
C34-resistant HIV-1. At passage 14 (P-14) in the culture where
HIV-1 was propagating in the presence of C34 (0.0032 uM),
one amino acid substitution, glutamine to histidine at position
39 (Q39H), in the N-HR of gpd! was transiently identified
(Fig. 1B). At P-20 (0.0064 pM), a substitution, N126K, was
newly identified in the C-HR, whereas Q39H had returned to
the original wild-type amino acid. At P-41 (0.026 uM), two
substitutions, A30V and I37I/T (mixture of I and T), were
observed in the N-HR in addition to N126K, while at P-50
(0.077 pM), definitive I37T was detected (A30V/I37T/N126K)
(Fig. 1B). At P-75 (2.5 pM), A30V had returned to the original
wild-type amino acid, D36G was detected, I37T was substi-
tuted for 137K, and L2041, which was located in the cytoplas-
mic domain of gp4l, was identified (D36G/I37K/N126K/
L2041). At P-92 (20 pM), a deletion of five amino acids,
FNSTW, in the V4 loop of gp120 (AFNSTW) was observed
together with the four substitutions (AFNSTW/D36G/I37K/
N126K/L2041) (Fig. 1B). In addition to the env region, we also
examined the Tat- and Rev-encoding regions but did not ob-
serve any substitutions. These results suggest that, in order to
develop a higher resistance to C34, HIV-1 acquires not only
multiple substitutions in gp41 but also the 5-amino-acid dele-
tion in gpl20.

J. VIROL.

Susceptibility of the different env recombinant viruses to
fusion inhibitors. To clarify which substitutions among the
identified changes were responsible for C34 resistance, we first
generated infectious HIV-1 clones containing the deletion
(AFNSTW) in gpl20 or the single amino acid substitutions
(A30V, D36G, 1371, 137K, Q39H, N126K, or L204I) in gp4l
that were observed during the selection procedure (Fig. 1B).
We also evaluated the activities of the gp4l-derived peptides
N36, T-20, and C34 and a reverse transcriptase inhibitor used
as a control, ddC, against these strains with the MAGI assay
(Table 1).

HIV-1ensrws HIV-1430y, HIV-ga00, and HIV-1, 50
showed weak resistance to C34 compared with HIV-1 (less
than fivefold). Interestingly, D36G, observed in the majority of
HIV-1 strains (16), conferred an increased T-20 susceptibility
to HIV-1 (10-fold), in agreement with previous reports (20,
26), whereas D36G did not contribute C34 resistance by itself
(0.8-fold). Although I37T has also been reported as one of the
T-20 resistance mutations in vitro, its detailed mechanism of
resistance remains unknown (20, 26). In our experiments, I37T
conferred T-20 and C34 resistance to HIV-1 (13- and 11-fold,
respectively), and 138K also conferred both T-20 and C34
resistance (212- and 13-fold, respectively). HIV-1y,,4« showed
moderate resistance to C34 (6.8-fold). Neither the deletion in
gp120 nor any of the substitutions in gp41 conferred resistance
to N36 or ddC (Table 1).

Although the I37 substitutions appeared to be primarily
responsible for C34 resistance, the C34 resistance levels of the
137 substitution variants were not comparable to that of the
selected virus at P-93 (ECs,, 0.78 pM). Therefore, we gener-
ated infectious HIV-1 clones containing the identified substi-
tutions combined with I37T or I37K and determined their sus-
ceptibilities to the peptides (Table 1). The combination of 137K
and N126K enhanced C34 resistance (13- to 28-fold), whereas
HIV-1p37p, HIV-lia7emi26k, @nd HIV-1asgymromizex showed
comparable resistance levels to C34. Moreover, 137K/N126K
combined with D36G (D36G/I37K/N126K) enhanced C34 resis-
tance (72-fold), although the L2041 substitution combined with
D36G/I37K/N126K decreased the levels of resistance to both
T-20 and C34 (10- and 54-fold, respectively). A clone containing
the deletion in gpl20 and four substitutions in gp4l, HIV-
LarnsTwD3sGa37k/N126K/1.204 ShOwed the highest resistance to
C34 (83-fold) and cross-resistance to T-20 (64-fold). These results
indicate that the 137K substitution is mainly responsible for C34
resistance, whereas the other substitutions enhance the resistance
or improve the impaired viral replication kinetics.

Next, we generated a T-20-resistant molecular clone which
had been previously reported (26), HIV-15346 38, and eval-
uated the susceptibility to N36, T-20, and C34. HIV-1;5345n38m
showed moderate resistance to both T-20 and C34 (5.1- and
7.7-fold, respectively) (Table 1). We also generated HIV-1
variants that contained each of the single substitutions, HIV-
1ses and HIV-1y 50, HIV-1p,,4 did not contribute to the
resistance, although HIV-1y44y showed cross-resistance to
T-20 and C34 (26- and 15-fold, respectively). Combined with
the finding that 137K is the major mutation for resistance Lo
C34, this region, positions 37 and 38 of gp41, appears to be
involved in resistance to both T-20 and C34, while changes at
position 36 appear to be largely restricted in their effects to
T-20.
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TABLE 1. Antiviral activity of HIV-1 gp4l-derived peptides against gpl20 and/or gp41 recombinant viruses®

ECs (nM)
Virus or subslitution
ddC T-20 N36 C34

HIV-lyr? 264 12 51 21
AFNSTW* 98 (0.4) 18 (1.5) 50 (1.0) 95 (4.6)
AV 205 (0.8) 63 (0.5) 38(0.7) 7.0 (34)
D36G 173 (0.7) 0.92 (0.1) 90 (1.7) 1.6 (0.8)
D365¢ 166 (0.6) 6.6 (U.6) 89 (1.7) 3.7 (0.6)
137T 284 (1.1) 156 (13) 40 (0.8) 23 (11)
37K 326 (1.2) 2,482 (212) 99 (1.9) 27(13)
V3igM* 223 (0.8) 305 (26) 94 (1.8) 31(15)
Q391 330 (1.3) 1.9 (0.2) 165 (3.2) 53(26)
N126KY 380 (1.4) 23(1.9) 137(2.7) 14 (6.8)
1.2041 247 (0.9) 13 (1.1) 105 (2.0) 44 (2.1)
D36S/V38M* 294 (1.1) 60 (5.1) 46 (0.9) 16 (7.7)
I37T/N126K 292 (1.1) 158 (14) 54 (1.1) 22(11)
137K/N126K 309 (1.2) 1,570 (134) 51(1.0) 57(28)
A30V/I37K/N126K 409 (1.5) 198 (17) 119 (2.3) 22(10)
D36G/3TK/N126K 329 (1.2) 269 (23) 156 (3.0) 148 (72)
D36G/I37TK/MN126K/1.2041¢ 209 (0.8) 117 (10) 41 (1.2) 112 (54)
AFNSTW/D36G/137K/N126K/L20417 213 (0.8) 746 (64) 54 (1.0) 171 (83)

< Anti-HIV activity was determined with the MAGI assay. The data shown are mean valucs oblained from the results of at least three independent experiments, and
resistance (n-fold) in ECsq for recombinant viruses compared to HIV-1y is shown in parentheses.

b HIV-1ny.4.3 Was used was a wild-type virus.

< AFNSTW is the deletion of 5 amino acids at positions 364 to 368 in the gp120 V4 region of HIV-1y; 5.
4 Mutant viruses observed during induction of C34 resistance variants in vitro (Fig. 1B).

“D36S/V38M has been reported for T-20-resistant HIV-1 variants (26).

Peptide binding affinity. To clarify the effect of the substi-
tutions on the interaction of N-HR and C-HR, the binding
affinity of the peptides in vitro was examined with the synthe-
sized peptides (Table 2). The affinity between N36p346137%
and C34 was unstable even at 37°C, indicating that the peptide
inhibitor C34 hardly bound 10 N36y,3,137x- However, it is still
unclear whether it is a direct effect of the N-HR mutations
decreasing the affinity of C34 binding or an indirect effect of
the N-HR mutations destabilizing the N-HR trimer formation.
In contrast, C34,;24k, With the substitution responsible for the
resistance, showed enhanced binding affinity not only to N36
but also to N36py3,6137¢- Thus, there are two implications of
mutations in gp41 for conferring C34 resistance: the decreased
aflinity of C34 for N36p34¢;,137x and the increased affinity of
C34;54k for both N36y,1 and N36p346a57x- In other words,
the D36G and 137K substitutions in the N-HR interfere with
the binding of the peptide inhibitors, such as T-20 and C34,
and N126K in the C-HR enhances the intra-gp41 binding of
N-HR and C-HR compared with the peptide inhibitors.

Replication kinetics of C34-resistant variants. To determine
the cffects of the identified deletion and mutations on HIV-1
replication, we first examined the replication kinetics of HIV-1
variants by p24 production in the culture supernatants. The
p24 production by the variants ranged from 14 to 34% of that

TABLE 2. Binding affinity of wild and mutated peptides”

Peptide 1., (<C)
N36/C34 495
N36534G37:/C34 385
N36/C34y 56k 55.0
N36r300137/C34 5126k : 45.0

“ The binding affinity of the peptides is shown with T, values.

of HIV-1yr (HIV-ljaormi2ek 14%; HIV-14y36k. 30%; and
HIV-1 oxgviiarrmizexs 34%) as determined at day 8 (Fig. 2).
Next, the replication levels of variants with representative sub-
stitutions were compared by CHRA. The resistances (n-fold)
of the variants are also shown in Fig. 2. Since HIV-134;; Was
considered to be one of the polymorphisms and appeared only
transiently, we first compared the replication of HIV-1,,- and
HIV-1y;,,x and found an impaired replication profile for
HIV-14,24x- The variant with a combination including the
I37T substitution, HIV-1;301/n126x, Which was not observed
during selection, showed the slowest replication profile. To
develop an HIV-139v137rmi26k Variant, the A30V substitu-
tion was introduced first, and then the I37T substitution was
introduced (Fig. 1B). This was consistent with the results of the
CHRA that the replication profile of HIV-1 \3ova37mn106x Was

A30V AFNSTW

D36G

1.0
[ ~., 37T 137K
N126K N126K 137K
0.4 . L204I NI126K

D36G

=

2

g o —~®! L2041

= [N126K)

g 02 D36G

BT 137K
N126K N126K
o i " A oy | . s rarwes |
1 10 100

Fold of Resistance

FIG. 2. Replication kinetics of the resistant variants. The replica-
tion kinetics determined by p24 antigen production and the CHRA are
summarized. The data are depicted as the resistance (x axis) and
replication (y axis) compared with those of HIV-1yr. Variants ob-
served (continuous arrows) and not observed (dashed arrows) in the
sclection arc shown in the order of their emergence.
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FIG. 3. Putative secondary structure of the RRE and locations of the nucleotides corresponding to the substitutions. The I, IIg, and I stems
and the effects of the nucleotide substitutions are shown (A). A30V (GCC to GTC) to D36 (GAT) and A30 (GCC) to D36G (GAT to GGT) are
located complementary to each other in the stem 1l (underlined). The effects of the nucleotide substitutions on the Rev-RRE interaction were
examined by gel shift assays (B). The RRE of HIV-1j3,y and HIV-1;55 displayed wo signals. The amounts of Rev used were 0, 20, 40, 80, 160,

240, and 320 nM (left to right).

greater than that of HIV-1 3704106k Suggesting that the A30V
substitution improved the impaired replication profile of HIV-
lirrmizeke Since both HIV-15¢ and HIV-1j35p 26k could
replicate for only a few passages, these variants could not be
studied. For I37K/N126K substitutions, D36G instead of A30V
substitution scemed to be suitable in order to maintain resistance
and replication, although the replication of HIV-1553661378m0 26k
still remained impaired. The 1204 substitution improved the
replication kinetics of HIV-15306a370 120k~ The deletion in the
V4 region contributed to both the increased resistance and rep-
lication. These results indicate that among the deletion and the
substitutions, I37T/K and N126K, and especially I37K, are related
to resistance, while A30V, D36G, and 1.2041 are associated with
improvement of replication and the deletion in the V4 region had
modest effects on increased resistance and replication.

Rev and RRE interactions. The nucleotides for the substi-
tutions A30V, D36G, and I38T/K also encode the RRE, and
the nucleotides for A30 and D36 are located complementary to
cach other in stem 1l (Fig. 3A). A30V emerged along with
I37T and intact D36, and D36G was found with 137K and
intact A30. Thus, these mutations were thought to maintain
the positioning of stems I1, and {1y in the tertiary structure of
the RRE. To examine the effect of these nucleotide substitu-
tions on the Rev-RRE interaction, we performed a gel shift
assay. The secondary structure of the RRE that contained the
I37T or I37K substitutions showed two forms (Fig. 3B). Intro-
duction of A30V, which could improve the replication of HIV-
1371, changed the two RRE structures into a structure iden-
tical to that observed in the wild type. D36G observed with

I37K also changed the separated RRE structure. However,
little difference (less than 10%) in the Rev binding caused by
the substitutions was observed between the wild-type and the
mutated RRE (Fig. 3B). These results indicate that substitu-
tions at A30 or D36 maintain the stability of the RRE second-
ary structure that is affected by nucleotide substitutions at 137.

DISCUSSION

After adsorption to cells followed by conformationat changes
of gp120, HIV fusion takes place by interaction and binding of
the N-HR and C-HR of gp4l. C-HR-derived peptides, e.g.,
T-20 or C34, inhibit HIV replication as a decoy for C-HR (2,
30). Previous reports showed that mutations in N-HR (19)
were associated with resistance to T-20 (9, 25, 26, 28). In this
study, we showed that competition between C34 and C-HR
also plays a key role in acquiring resistance. However, in order
to develop high resistance to C34, changes in the binding
affinity of N-HR, as observed in T-20 resistance, are insufficient
on their own, and an additional mutation in C-HR is necessary.
According to the crystal structure of gp4l (2), none of the
substitutions observed in this study are located on the binding
surface of the N-HR or C-HR. Even one of the primary mu-
tations that directly contribute to the resistance, 137K, is not
located on the binding surface of N-HR. We also identified a
primary mutation, N126K, that is located outside of the bind-
ing surface of C-HR. Although the significance of these loca-
tions still remains to be defined at present, further structural
analysis may provide insights into the mechanism of binding
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enhancement. Our observations also provide evidence that
small compounds interacting directly with the binding surface
seem to inhibit HIV replication efficiently, since HIV would
hardly be mutated on the binding surface.

During the selection of the C34-resistant variants, the sub-
stitutions were introduced in the following order: a substitution
(N126K) associated with susceptibility to C34 was introduced
first, followed by a substitution (A30V) associated with repli-
cation. L2041 also improved the replication kinetics of HIV-
Lhaean37ki sk 1t is likely that substitutions that are associ-
ated with resistance usually impair the replication kinetics,
resulting in selection of HIV-1 variants containing substitu-
tions that improve the replication disadvantages. This hypoth-
esis has been proved with analyses of replication kinetics of
T-20-resistant variants described previously (20). Moreover,
such substitution patterns have previously been observed in
multi-dideoxynucleoside-resistant variants (15, 21). However,
the mechanism of replication improvement in multi-
dideoxynucleoside-resistant variants remains unknown. In this
study, 137 is one of the key amino acids for C34 resistance, and
it is located in an important region for the Rev-RRE interac-
tion (13). The significance of the secondary mutations, A30V
and D36G, for improvement of the RRE structural stability
impaired by I37T or I37K is thought to be that they maintain
both gp41 and RRE functions. In contrast to the C34 resis-
tance mutations, nucleotides encoding some T-20 resistance
mutations, L.33S and N43K (9), are located in a single-stranded
bulge region of the stem Tl loop top (UUA to UCA) (Fig. 3A)
and in the bulge region of stem III, indicating that the struc-
tural changes to the RRE would be minimal, while other T-20
resistance mutations (20), such as G36D, G36S, I37K, and
possibly V38A and V38 M, appear to alter the stability of the
RRE stem Il structure and to impair the replication kinetics.
To date, the Rev-RRE interaction has mainly been examined
for stem 1lg, since Rev directly binds to it (10, 13). Although
the functions of stems I, and Il remain to be defincd, it is
possible that the secondary mutations in stem Il influence the
Rev-RRE interaction, since we have shown that the secondary
mutations were introduced simultaneously with the primary
mutations and improved replication. These results also indi-
cate that the conformation of the RRE is essential for the
Rev-RRE interaction and not just the nucleotide sequence of
the RRE itself.

NIL4-3 gp41 contains four N-glycan attachment sites, N-X-
S/T, located at N100-A-S, N105-K-S, N114-M-T, and N126-
Y-T. These four sites are highly conserved in various HIV
strains (11, 16). Mutational analysis revealed that each substi-
tution of the N glycosylation sites had a modest effect on HIV
replication, whereas some combined substitutions severely im-
paired replication (11). Although the effect of N126-glycan on
binding of the N-HR and C-HR remains unknown, it would be
possible that N126-glycan plays some roles for C34 resistance.
Different effects of N126K substitution on susceptibility to
T-20 and C34 (1.9- and 6.8-fold, respectively) were observed
(Table 1). This result might be accounted for by the finding
that N126 locates at ~1 (outside) from the N terminus of T-20,
whereas it locates inside (+10) of C34 (Fig. 1A).

It has been reported that a tyrosine-based sorting signal in
the gp4l cytoplasmic domain, Y201-X-X-L, was involved in
trafficking and targeting to the plasma membranc of the gp4l
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(3). The motif is highly conserved among various HIV strains
(16, 19). Although the role of Y201 for infectivity has been
studied in detail (3, 19), that of L204 remains 10 be defined. In
the present study, we showed that the 1.2041 substitution en-
hanced viral replication, suggesting that L204, as well as Y201,
plays an important role for viral replication.

pNLA4-3 was cstablished as a molecular clone of wild-type
HIV-1 (1) and is widely used in HIV research. However, it
represents only one of the wild-type HIV-1 variants. In fact,
even in the absence of C34, we still observed several substitu-
lions in NL4-3 that were identified in the C34 selection, e.g.,
A30V and Q39H. These substitutions are also observed in
some treatment-naive clinical isolates (16). It is well known
that HIV reverse transcriptase makes several nucleotides miss
incorporation during the reverse transcription, suggesting that
cach HIV isolate, even in the wild-type population, contains
several substitutions in the integrated DNA genome. D36 is
identified only in pNLA-3-derived clones, although the G36/
137/V38 motif is well conserved, not only in HIV-1 but also in
HIV-2 and simian immunodeficiency virus strains (16). Fur-
thermore, the 5-amino-acid deletion in gp120 was reported not
only in a fusion inhibitor, T-20 (9), but also in CD4-gp120-
binding inhibitors DS5000 (8) and AR177 (Zintevir) (7),
CXCR4 antagonists, bicyclams JM2763 and SID791 (6), and
SDF-la-resistant variants (27). In these reports, pNLA-3-de-
rived viruses were also used for the selection of the resistant
variants. Only pNL4-3 has the 5-amino-acid tandem sequence
FNSTWFNSTW in the gpl20 V4 region. Therefore, this de-
letion is thought to be specific for HIV-1y; 4.5, although the
5-amino-acid deletion conferred weak C34 resistance. These
results indicate that we should be careful before concluding
that such substitutions are involved in the resistance or repli-
cation kinetics.

In conclusion, HIV acquires resistance against C34 by mu-
tations in both N-HR and C-HR. However, mutations in
N-HR are restricted by Rev-RRE and/or gp120-gp41 interac-
tions, suggesting that HIV-1 fusion is one of the most attractive
targets for blocking HIV infection.
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Abstract—In a previous study, we described the structure-activity relationships (SARs) for a series of thiazolidenebenzenesulfon-
amide derivatives. These compounds were found to be highly potent inhibitors of the wild type (WT) and Y181C mutant reverse
transcriptases (RTs) and modest inhibitors of K103N RT. These molecules are thus considered to be a novel class of non-nucleoside
HIV-1 RT inhibitors (NNRTISs). In this paper, we have examined the effects of substituents on both the thiazolidene and benzene-
sulfonamide moieties. Introduction of a 2-cyanophenyl ring into these moieties significantly enhanced anti-HIV-1 activity, whereas a
2-hydroxyphenyl group endowed potent activity against RTs, including K103N and Y181C mutants. Among the series of molecules
examined, 101 and 18b (YM-228855), combinations of 2-cyanophenyl and 4-methyl-5-isopropylthiazole moieties, showed extremely
potent anti-HIV-1 activity. The ECsq values of 101 and 18b were 0.0017 and 0.0018 uM, respectively. These values were lower than
that of efavirenz (3). Compound 11g (YM-215389), a combination of 2-hydroxyphenyl and 4-chloro-5-isopropylthiazole moieties,
proved to be the most active against both K103N and Y181C RTs with ICs, values of 0.043 and 0.013 puM, respectively.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

Reverse transcriptase (RT) is a key enzyme, which plays
an essential and multifunctional role in the replication of
human immunodeficiency virus type 1 (HIV-1) and thus

Keywords: Thiazolidenebenzenesulfonamide; Non-nucleoside HIV-1

reverse transcriptase inhibitor; YM-215389.
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considered to be an attractive target for inhibition of
HIV-1 replication.! Non-nucleoside reverse transcrip-
tase inhibitors (NNRTIs), a group of structurally di-
verse compounds, have been reported to directly
inhibit the enzyme in an allosteric fashion by binding
to a pocket near the polymerase active site.? To date,
many classes of NNRTIs have been identified, and three
inhibitors, nevirapine, delavirdine, and efavirenz, have
been approved for the treatment of HIV-1 infection.
However, NNRTI-containing regimens are compro-
mised by rapid emergence of drug-resistant strains
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Figure 1. Structures of thiazolidenebenzenesulfonamide derivatives (1,
2) and efavirenz (3).

carrying the amino acid mutations surrounding the
NNRTTI binding pocket.

The mutation of tyrosine to cysteine at position 181 in
HIV-1 RT (Y181C) following treatment with nevirapine
or delavirdine has been documented in cell culture
experiments.> Furthermore, the mutation of lysine to
asparagine at position 103 (K103N) is frequently ob-
served in patients who do not respond to the treatment
with either NNRTI alone or in combination with other
inhibitors.* The newest NNRTI, efavirenz (3) has been
shown significant clinical efficacy in combination with
both protease-containing and protease-sparing regi-
mens.® Although the majority of patients receiving efavi-
renz-containing regimens show a sustained antiviral
response, more than 90% of the viruses isolated from
the patients whose viral loads have rebounded after an
initial drug response have the K103N mutation.®

Our previously determined structure-activity relation-
ships (SARs) for a series of thiazolidenebenzenesulfon-
amide derivatives and docking studies have suggested
the importance of a bulky 5-alkyl group on the thiazol-
idene ring for potent inhibitory activity against Y181C
RT.7 In addition, we found that 3-nitrobenzenesulfon-
amide derivatives (1, 2) possess potent activity against
the wild type (WT) and Y181C RTs, but that their acti-
vity against K103N RT was not satisfactory. In this
study, we have explored the SARs of substituents in a
series of thiazolidenebenzenesulfonamides, in order to
identify novel NNRTIs that are capable of inhibiting
both KI103N and YI18IC RT activity and HIV-1
replication (Fig. 1).

2. Chemistry

A series of benzenesulfonamide derivatives (1, 10a—q,
11a-g, 16a, 17a, 18a,b, 19, 20) was synthesized as shown
in Schemes 1-4. Cyanobenzenesulfonylchlorides 6n—p
were prepared from their corresponding substituted
methyl anthranilates (Scheme 1). Sandmeyer reactions
of anthranilates 4a—c with ammonia provided saccharins
Sa-c.® Treatment of saccharins Sa—c with PCl; afforded
2-cyanobenzenesulfonylchlorides 6n-p. Compound 4d
was converted to the methoxycarbonyl-substituted sul-
fonylchloride by a one-pot reaction (6q). Condensation
of 2-aminothiazoles 8a—c with the substituted sulfonyl-
chlorides 6a-r, followed by selective methylation on
the thiazolidene ring of compounds 9a-s, afforded the
desired thiazolidenesulfonamide derivatives 1 and 10a-
r (Scheme 2).7 The demethylation of the methoxy deri-

o]

MeOOC. ab,c d NC
IR s e W I g |
HN R o R Ci0,S R
4a:R=Cl 5a:R=Cl 6n:R=Ci
4b:R=F Sb:R=F 6o:R=F
4c:R=Br 5¢:R=8r 6p:R =Br

Scheme 1. Rcagents and conditions: (a) NaNO,, HCI/AcOH; (b) SO,
CuCl, CuClyAcOH-H,0; (c) NHj; aq; (d) PCls.

vatives (10f-h, j, k, e, p) using BBr; provided the corre-
sponding phenol analogues (11a-g).

As shown in Scheme 3, the nitro compound 10i was
converted into aniline 12 by catalytic hydrogenation.
Aniline 12 was reacted with acetyl chloride or
methanesulfonyl chloride to provide acetamide 13 and
methanesulfonamide 14, respectively. The triflates 15a
and 15b were prepared from the corresponding phenol
analogues (11e,f). A palladium-catalyzed carbon mon-
oxide insertion with triflate 15a afforded the methoxy-
carbonyl derivative 16.° Hydrolysis of the ester
derivatives (16, 10q) followed by amidation gave the car-
bamoy! derivatives (17a,b). The cyano derivatives 18a
and 18b were obtained by dehydration of compounds
17a and 17b, respectively.

For the synthesis of 2-cyanobenzenesulfonamide deriva-
tives (19, 20), we have efficiently applied palladium-cat-
alyzed cyanation of the aryl triflates with a combination
of Pd(dba),, dppf, Zn(CN), and Zn powder (Scheme
4).'° Mono- and di-cyano compounds (19, 20) were ob-
tained by controlling the amount of Zn(CN),. Use of
0.6 mol equiv of Zn(CN),, which provided 1.2 equiv of
cyanide anion, gave the mono-cyano compound 19
through reaction at the triflate group only. With use of
1.6 mol equiv of Zn(CN),, the major product was the
di-cyano compound 20.

3. Results and discussion

Tables 1-3 summarize the inhibitory activities against
the WT, Y181C, and K103N RTs and HIV-1 replication
of thiazolidenebenzenesulfonamide derivatives carrying
different substituents on the phenyl ring, or at the 4-
position on the thiazolidene ring, or both.

We first investigated the effect on the inhibitory activity
of substituents on the benzene ring, as shown in Table 1.
The RT inhibitory activity of the substituted benzene-
sulfonamide analogues varied considerably with differ-
ent substituents. Substituents at the meta-position were
favorable for the inhibition of RT and HIV-1 replica-
tion, and compounds that had a nitro (1) or chloro
(10c) group were most potent against all RTs. These
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Scheme 2. Reagents and conditions: (a) Py; (b) Mel, NaH/THF; (c) BBry/CH,Cl,.

nitro and chloro substituents also resulted in more potent
anti-HIV-1 activity, and compounds 1 and 10c¢ showed
anti-HIV-1 activity with ECsy values of 0.085 and
0.20 uM, respectively. In contrast, ortho- and para-
substituted compounds were essentially inactive against
the WT RT, with an exception of the ortho-hydroxy
compound 11a, which showed a lower ICso value than
that of the unsubstituted compound 10r. Compound
11a also exhibited moderate anti-HIV-1 activity
(ECso = 2.3uM). Therefore, we concluded that the sub-
stitution of a chloro or nitro group at the meta-position
or a hydroxy group at the ortho-position on the benzene
ring was favorable for RT inhibition.

We next focused on combinations of an ortho-substitu-
ent and a meta-chloro group, as shown in Table 2.
Although the 2-hydroxy-3-chloro derivative (11d) was
somewhat less active against the WT RT (ICs =

6.3uM), substitution at the 2-position on a 5-chlorophen-
yl ring (11e, 12, 18a), resulted in an enhancement of
activity against the RTs. The introduction of an amino
group at the 2-position of the phenyl ring (12) resulted
in a significant improvement of anti-HIV-1 activity but
reduced activity against K103N and Y181C RTs, when
compared with 10c. On the other hand, compound 11e
was about 10-fold more potent against the WT and
K103N RTs, and 4-fold more potent against Y181C
RT, as compared to compound 10c. The cyano deriva-
tive 18a possessed the most potent antiviral activity
(ECsp = 0.0083uM) with a therapeutic index (TI) of
>960, but it showed no inhibition of KI103N RT.
Although the amino and cyano compounds (12, 18a)
showed less potent activity against WT RT than the hy-
droxy compound 1le, these compounds possessed more
potent anti-HIV-1 activity than 11e. We cannot explain
the exact reason for this phenomenon. One possibility,
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Scheme 4. Reagents and conditions: (a) Zn(CN); (0.6 equiv), Zn,
Pd(dba);, dppf/DMA; (b) Zn(CN), (1.6 equiv), Zn, Pd(dba),, dppf/
DMA.

however, is that the increase in lipophilicity caused by
the substitution of the hydroxy group to the amino or
cyano group potentiated their cell membrane permeabil-
ity, which resulted in the increase of anti-HIV-1 activity.
We also have to consider other possibilities, such as that
the introduction of these groups allow compound stabil-
ity to be maintained under the assay conditions, or that
they acquire the other anti-viral mechanism (inhibition
of HIV-protease, integrase, RNaseH, or virus
adsorption).

On the other hand, replacement of the cyano group with
other electron-withdrawing groups, such as nitro (10i),
methoxycarbony! (16) and carbamoyl (17a), led to loss

of RT inhibition. Substitution of the cyano group with
an acetamide or methanesulfonamide group (13, 14),
which are known to be bioisosteres of the phenolic
hydroxy group, was also detrimental to inhibition with
all RTs. Thus, concerning the 5-chlorophenyl deriva-
tives, the introduction of a hydroxy, amino, or cyano
group at the 2-position markedly enhanced the inhibi-
tion of HIV-1 replication.

We previously reported that compounds with 5-isoprop-
yl-4-methyl- and 4-chloro-5-isopropyl-substituted thia-
zolidene moieties had increased activity against the
WT and Y181C RTs.” On the basis of the SARs de-
scribed in Table 2, we synthesized new compounds with
a combination of 2-cyanophenyl or 2-hydroxyphenyl
moiety and 5-isopropyl-4-methyl or 4-chloro-5-isopro-
pyl thiazolidene moiety (10}-n, 11f,g, 18b, 19, 20; Table
3). Among these, compound 11f, having both 2-hydro-
xy-5-chlorophenyl and 4-chlorothiazolidene moieties,
was a more potent inhibitor of all the RT enzymes, com-
pared to compound lle. In addition, compound 11g
(YM-215389), which has 5-bromophenyl ring, showed
significantly more potent activity against all the RTs,
compared to compound 11f. Compound 11g also exhib-
ited strong anti-HIV-1 activity, with an ECsy value of
0.037 pM, and the TI value of 11g exceeded 680. With
the exception of compound 10m, the 2-cyanophenyl
derivatives (101, 10n, and 18b), which all have 5-isoprop-
yl-4-methylthiazolidene moieties, exhibited extremely
potent anti-HIV-1 activity (ECso = 0.0017-0.0021 uM),
with TIs ranging from 6100 to >15,000. Interestingly,
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Table 1. In vitro activities of mono-substituted benzenesulfonamide derivatives

3
Compounds R ICs" (1M) ECso” (#M) CCso® (rM) T
WT KI103N Y181C

1 3-NO, 0.27 13 0.066 0.085 >25 >290
10a 2-NO, >50 >50 36 >25 >25 —
10b 2-Cl >10 >10 >10 NT*® NT®

10¢ 3-Ci 0.30 1 0.044 0.20 >25 >125
10d 4-NO, >10 >10 >10 NT® NT® —
10e 4-Cl >10 >10 >10 NT* NT® —
10 2-OMe 50 >50 NT® 10 >25 >3
10g 3-OMe 8.8 >50 NT* 11 >25 >2
10h 4-OMe >10 >10 >10 >25 >25 —
10r H 4.9 >50 5.1 >25 >25 —
11a 2-OH 1.6 30 041 2.3 >25 >11
1ib 3-OH 8.8 >50 14 >25 >25 —
11c 4-OH >10 >10 >10 >25 >25 —_

4 Compound concentration required to achieve 50% inhibition of recombinant HIV-1 RT activities.
b Compound concentration required to achieve 50% protection of MT-4 cells from HIV-1 induced CPE, as determined by the MTT method.
¢ Compound concentration required to reduce the viability of mock-infected MT-4 cells, as determined by the MTT method.

9 Therapeutic index (CCs/ECsg).
“NT: not tested.

Table 2. In vitro activities of 2-substituted 5-chlorobenzenesulfonamide derivatives

Compounds R 1Cso® (M) ECso® (M) CCso® (pM) TI¢
WT K103N YI81C
10c H 0.30 1 0.044 0.20 >25 >125
10i NO, 24 >50 NT¢ 0.36 22 61
11d 6.3 >50 NT* 11 >25 >2
11e OH 0.032 1.1 0.011 0.026 >25 >960
12 NH, 0.19 17 0.11 0.025 >25 >1000
13 NHCOMe >50 >50 >50 2.7 >25 >9
14 NHSO, Me >50 >50 >50 >25 >25 -
16 COOMe >10 >10 10 >25 >25 —
17a CONH, >10 >10 >10 NT® NT® —
18a CN 0.18 >50 0.069 0.0083 8 >960

“ Compound concentration required to achieve 50% inhibition of recombinant HIV-1 RT activities.
® Compound concentration required to achieve 50% protection of MT-4 cells from HIV-1 induced CPE, as determined by the MTT method.
€ Compound concentration required to reduce the viability of mock-infected MT-4 cells, as determined by the MTT method.

4 Therapeutic index (CCs/ECsp).
“NT: not tested.

the 2-cyanophenyl and S5-isopropyl-4-methylthiazolid-
ene derivatives, 101 and 18b (YM-228855), exhibited
strong anti-HIV-1 activity, with ECsy values of 0.0017
and 0.0018 uM, respectively, both of which were more
potent than that of efavirenz (ECso = 0.0027 pM). The
replacement of the 5-chloro or 5-cyano group on the
phenyl ring with a S-bromo group (10n) was tolerable
for anti-HIV-1 activity, but this derivative was found
to be a modest inhibitor of K103N RT.

We also investigated the substitution of the methyl
group at the 4-position of 10l with a chloro group (19,
20), anticipating further increase in RT inhibitory activ-
ity and anti-HIV-1 activity. However, this attempt gave
slightly less potent compounds than their methyl coun-
terparts. Among the compounds shown in Table 3,
compound 11g was the most potent inhibitor against
the WT, Y181C, and K103N RTs, with ICsy values
of 0.0043, 0.043, and 0.013 pM, respectively, and
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Table 3. In vitro activities of 5-isopropylthiazolidenesulfonamide derivatives
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Compounds R, R, R; 1Cs* (uM) ECse" (WM) CCs (uM) ™
WT K103N Y181C
101 Me CN Ci 0.011 5.9 0.20 0.0017 >25 >15000
10m Me CN F 0.092 >10 2.1 0.0077 >25 >3200
10n Me CN Br 0.018 39 0.26 0.0021 >25 >12,000
1f Cl OH Cl 0.0094 0.17 0.021 0.027 >25 >930
11g (YM-215389) al OH Br 0.0043 0.043 0.013 0.037 >25 >680
18b (YM-228855) Me CN CN 0.012 4.1 0.47 0.0018 1 6100
19 Cl CN Cl 0.0090 3.7 0.091 0.0047 38 810
20 cl CN CN 0.0095 3.0 0.21 0.0036 22 6100
1 0.27 13 0.066 0.085 >25 >290
2 0.077 6.9 0.13 0.048 24 500
Efavirenz (3) 0.0069 0.021 0.0040 0.0027 8.5 3200

* Compound concentration required to achieve 50% inhibition of recombinant HIV-1 RT activities.
® Compound concentration required to achieve 50% protection of MT-4 cells from HIV-1 induced CPE, as determined by the MTT method.
¢ Compound concentration required to reduce the viability of mock-infected MT-4 cells, as determined by the MTT method.

4 Therapeutic index (CCso/ECsg).

accompanying potent anti-HIV-1 activity (ECso: 0.037
pM). Consequently, the discovery of an effective comp-
ound against the WT, K103N, and Y181C mutant RTs
as well as HIV-1 replication has been made by the explo-
ration of the optimum combination of substituents on
both the thiazole and phenyl rings. This compound is
referred to as YM-215389. Further improvement of
anti-HIV-1 properties in this series of compounds and
their potential use as anti-HIV-1 agents will be reported
in due course.

4. Conclusion

In this paper, the synthesis and SARs of thiazolidene-
benzenesulfonamide derivatives have been described.
An interesting aspect of this study is that both potency
and spectrum of thiazolidenebenzenesulfonamides var-
ied, depending on the number and position of the sub-
stituents on the phenyl ring. It was found that the
combination of a hydroxy or cyano group at the 2-posi-
tion on the phenyl ring with a S-isopropylthiazolidene
ring improved the inhibitory activities against RT en-
zymes and HIV-1 replication. The cyano derivatives
(101 and 18b) showed extremely potent anti-HIV-1 activ-
ity, with ECs; values of 0.0017 and 0.0018 M, respec-
tively. These values were significantly better than that
of efavirenz (3). However, the activity of the cyano
derivatives against the K103N mutant RT was insuffi-
cient. Compound 11g (YM-215389) possessed the most
potent activity against the WT, K103N, and YI8IC
RTs, with ICsq values of 0.0043, 0.043, and 0.013 uM,
respectively. This compound also strongly inhibited
HIV-1 replication in cell cultures (ECsy = 0.037 pM).
Because of their excellent potency, these thiazolidene-
benzenesulfonamide derivatives may have potential
and should be further pursued as next-generation
NNRTIs.

5. Experimental
5.1. Chemistry

Melting points were determined on a Yanaco micro-
melting apparatus or Biichi B-545 melting point appara-
tus and are uncorrected. Proton magnetic resonance (‘H
NMR) spectra were obtained in CDClI; or dimethylsulf-
oxide-dg (DMSO-dg) using a JEOL JNM-EX90, INM-
EX400, JNM-GX500, or JNM-A500 spectrometer.
Chemical shifts were expressed in & (ppm) values with
tetramethylsilane as an internal standard (in NMR
description, s: singlet, d: doublet, t: triplet, m: multiplet,
br: broad peak). Mass spectra (MS) were recorded on a
JEOL JMS-DX300 or a HITACHI M-80 mass spec-
trometer. Elemental analysis was carried out on Yanaco
MT-3 or MT-5 CHN analyzer and a Yokogawa
IC7000S Ton Chromatoanalyzer. Chromatographic sep-
arations were performed using a silica gel column
{Merck Kieselgel 60). Analytical thin-layer chromato-
graphy (TLC) was carried out on precoated glass plates
(Merck Kieselgel 60F254).

The following known materials were prepared as de-
scribed in the literature: (6j)!' or obtained from com-
mercial suppliers (6a—i, 6r). And the preparation of 1,
8a—c, 9a was described in our previous report.’

5.1.1. 6-Chloro-1,2-benzisothiazol-3(2 H)-one-1,1-dioxide
(5a). To solution of 4a (7.42 g, 40 mmol) in acetic acid
(45 mL) and concentrated hydrochloric acid (90 mL)
was added sodium nitrite (2.90 g, 42 mmol) in water
(12mL) at —=5°C and the solution was stirred at
~5°C for | h. To a mixture of copper(Il) chloride
(5.38 g, 40mmol) and copper(I) chloride (3.96¢g,
40 mmol) in acetic acid (120 mL) and concentrated
hydrochloric acid (15mL), SO, gas was bubbled at
—5°C. The suspension of prepared diazonium salt was
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added dropwise to the mixture at —10 °C and stirred at
room temperature for 3 h. The reaction mixture was
poured into water and 28% aqueous ammonia solution
(500 mL) was added under ice-bath cooling. The result-
ing mixture was extracted with chloroform and washed
with saturated aqueous sodium hydrogen carbonate
solution.” The organic layer was dried over anhy-
drous sodium sulfate and solvent was removed under
reduced pressure to give 5a (3.90 g, 45%) as a color-
less powder. '"H NMR (DMSO-dg) 6: 7.97 (3H, m,
benzene), 8.43 (I1H, br s, NH); FAB-MS m/z: 218
(M*+1).

The following compounds were obtained in the same
manner.

5.1.2. 6-Fluoro-1,2-benzisothiazol-3(2 H)-one-1,1-dioxide
(5b). 31% yield; '"H NMR (DMSO-dg) &: 7.57 (1H, m,
benzene), 7.82 (2H, m, benzene), 7.90 (1H, m, NH);
FAB-MS m/z: 200 (M~ —1).

5.1.3. 6-Bromo-1,2-benzisothiazol-3(2 H)-one-1,1-dioxide
(5¢). 56% yield; "H NMR (DMSO-dg) é: 7.80 (1H, br s,
NH), 7.87 (1H, d, J = 8.3 Hz, benzene), 8.09 (1H, dd,
J=1.5, 8.3 Hz, benzene), 8.51 (1H, d, J = 1.5 Hz, benz-
ene); FAB-MS m/z: 263 (M™+1).

5.1.4. 5-Chloro-2-cyanobenzenesulfonyl chloride (6n). A
mixture of Sa (3.90 g, 18.0 mmol) and phosphorus pen-
tachloride (22.4 g, 90.0 mmol) was heated to 120 °C and
stirred for 7 h. The reaction mixture was poured into ice-
water. The resulting mixture was extracted with ethyl
acetate and washed with saturated aqueous sodium
hydrogen carbonate solution. The organic layer was
dried over anhydrous sodium sulfate and solvent was re-
moved under reduced pressure to give 6n (2.89 g, 68%)
as a pale yellow powder. This crude product was used
for next step without further purification.

The following compounds were obtained in the same
manner.

5.1.5. 5-Fluoro-2-cyanobenzenesulfonyl chloride (6o0).
54% vyield; '"H NMR (DMSO-ds) 6: 7.40 (1H, dt,
J=13.6, 11.2Hz, benzene), 7.59 (1H, dd, J=3.6,
12.0 Hz, benzene), 7.92 (1H, dd, J= 6.8, 11.2 Hz, ben-
zene); EI-MS m/z: 219 (M*).

5.1.6. 5-Bromo-2-cyanobenzenesulfonyl chloride (6p).
Without isolation.

5.1.7. Methyl 2-chlorosulfonyl-4-cyanobenzoate (6q). So-
dium nitrite (5.10 g, 73.5 mmol) in water (25 mL) was
added to solution of 4d (12.3 g, 70 mmol) in concen-
trated hydrochloric acid (120 mL) at —5°C and the
solution was stirred at —5°C for 1.5h. To a mixture
of copper(IT) chloride dihydrate (2.60 g, 15.0 mmol) in
acetic acid (200 mL), SO, gas was bubbled at -5 °C.
The suspension of prepared diazonium salt was added
dropwise to the mixture at —10 °C and stirred at room
temperature for 3 h. The reaction mixture was poured
into water. The resulting precipitate was collected by fil-
tration and washed with water. The precipitate was

dried under reduced pressure to give 6q (19.0 g, quanti-
tative) as a colorless powder. '"H NMR (DMSO-dj) &:
3.75 (3H, s, CH; of COOMe), 7.52 (IH, d, J = 8.1 Hz,
benzene), 7.87 (1H, dd, J=1.5, 8.1 Hz, benzene), 8.03
(1H, d, J = 1.5 Hz, benzene); EI-MS m/z: 259 (M™).

5.1.8. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-2-nitro-
benzenesulfonamide (9b). A solution of 8a. hydrochloride
(8.00 g, 38.7 mmol) in pyridine (100 mL) was added 6b
(10.3 g, 46.4 mmol) and the solution was stirred at room
temperature for 12 h. The reaction mixture was poured
into water. The resulting mixture was extracted with
ethyl acetate and washed with saturated aqueous so-
dium hydrogen carbonate solution, 1 M hydrochloric
acid and brine. The organic layer was dried over anhy-
drous sodium sulfate and solvent was removed under re-
duced pressure. The residue was purified by silica gel
column chromatography (ethyl acetate—hexane) to give
9b (10.89g, 79%) as an orange solid. 'H NMR
(DMSO0-dg) 6: 1.30 (9H, s, -Bu), 2.18 (3H, s, 4-Me),
7.80 (2H, m, benzene), 7.87 (1H, m, benzene), 8.03
(1H, m, benzene), 12.65 (1H, br s, NH); FAB-MS m/z:
356 (MT+1). '

The following compounds were obtained in the same
manner.

5.1.9. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-2-chlo-
robenzenesulfonamide (9c). 34% yield; 'H NMR
(DMSO-dg) 6: 1.30 (9H, s, CH; of +-Bu), 2.16 (3H, s,
4-Me), 8.03 (2H, d, J = 8.8 Hz, benzene), 8.36 (2H, d,
J = 8.8 Hz, benzene), 12.58 (1H, br s, NH); FAB-MS
miz: 345 (M7 +1).

5.1.10. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-3-chlo-
robenzenesulfonamide (9d). 99% vyield; 'H NMR
(DMSO-dg) 6: 1.29 (9H, s, CH; of r-Bu), 2.16 (3H, s,
4-Me), 7.58 (1H, t, J= 7.8 Hz, benzene), 7.67 (1H, br
d, J= 7.8 Hz, benzene), 7.74 (1H, br s, benzene), 7.75
(1H, br d, J=17.8 Hz, benzene), 12.46 (1H, br s, NH);
FAB-MS m/z: 345 (MT+1).

5.1.11. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-4-nitro-
benzenesulfonamide (9¢). 85% yield; '"H NMR (DMSO-
dg) 6: 1.30 (9H, s, CH; of #-Bu), 2.16 (3H, s, 4-Me),
8.03 (2H, d, J=8.8Hz, benzene), 836 (2H, d,
J = 8.8 Hz, benzene), 12.58 (1H, br s, NH); FAB-MS
mlz: 356 (M*+1).

5.1.12. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-4-chlo-
robenzenesulfonamide (9f). 78% yield; 'H NMR
(DMSO-dg) 6: 1.29 (9H, s, CH; of 1-Bu), 2.15 (3H, s,
4-Me), 7.60 (2H, d, J=17.5 Hz, benzene), 7.78 (2H, d,
J =7.5 Hz, benzene), 12.42 (1H, br s, NH); FAB-MS
miz: 345 (M*+1).

5.1.13. N-(5-tert-Butyl-4-methyl-1 ,3—thiazol-2-¥I)-2-meth-
oxybenzenesulfonamide (9g). 50% yield; '"H NMR
(DMSO-dg) 6: 1.31 (9H, s, CH; of #-Bu), 2.15 (3H, s,
4-Me), 3.73 (3H, s, Me0), 7.03 (1H, t, J = 7.5 Hz, benz-
ene), 7.13 (1H, d, J =7.5 Hz, benzene), 7.50 2H, m,
benzene), 12.14 (1H, br s, NH); FAB-MS m/z: 341
(M*+1).
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5.1.14. N-(5-tert-Butyl-4-methyl-1 ,3-thiazol-2-¥l)-3-meth-
oxybenzenesulfonamide (9h). 61% yield; 'H NMR
(DMSO-dg) 6: 1.29 (9H, s, CH; of -Bu), 1.98 (3H, s,
4-Me), 3.80 (3H, s, Me0O), 7.14 (1H, dd, J=2.5,
8.3 Hz, benzene), 7.26 (1H, t, J=2.5Hz, benzene),
7.36 (1H, br d, J=7.8Hz, benzene), 745 (1H, t,
J=17.8 Hz, benzene), 12.34 (1H, br s, benzene); FAB-
MS miz: 341 (M™T+1).

5.1.15. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-4-meth-
oxybenzenesulfonamide (9i). Without isolation.

5.1.16. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-5-
chloro-2-nitrobenzenesulfonamide (9j). 41% vyield; 'H
NMR (DMSO-dg) 8: 1.30 (9H, s, CH; of t-Bu), 2.20
(3H, s, 4-Me), 7.91 (1H, dd, J = 2.0, 8.3 Hz, benzene),
798 (1H, d, J=2.0Hz, benzene), 7.99 (IH, d,
J = 8.8 Hz, benzene), 12.76 (1H, br s, NH); FAB-MS
milz: 390 (M™+1).

5.1.17.
chloro-2-methoxybenzenesulfonamide  (9k).
isolation.

N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-3-
Without

5.1.18. N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)-5-
chloro-2-methoxybenzenesulfonamide (91). 94% yield; 'H
NMR (DMSO-dg) d: 1.32 (9H, s, CH; of -Bu), 2.17
(3H, s, 4-Me), 3.74 (3H, s, MeO), 7.18 (1H, d,
J = 8.8 Hz, benzene), 7.59 (1H, dd, J = 2.9, 8.8 Hz, benz-
ene), 7.73 (1H, d, J = 2.9 Hz, benzene), 12.30 (1H, br s,
NH); FAB-MS m/z: 375 (M™*+1).

5.1.19. 5—Chloro-2-cyano-N—(S-isopropyl-4—methyl-lf3-
thiazol-2-yl)benzenesulfonamide (9m). 13% yield. 'H
NMR (DMSO-dg) d: 1.14 (6H, d, J=6.8 Hz, CH; of
i-Pr), 2.06 (3H, s, 4-Me), 3.11 (1H, heptet, J = 6.8 Hz,
CH of i-Pr), 7.88 (1H, dd, J=2.5, 8.3 Hz, benzene),
8.00 (I1H, d, J=2.5Hz, benzene), 8.09 (IH, d,
J = 8.3 Hz, benzene), 12.83 (1H, br s, NH); FAB-MS
miz: 356 (M™+1).

5.1.20.  5-Fluoro-2-cyano-N-(5-isopropyl-4-methyl-1,3-
thiazol-2-yl)benzenesulfonamide (9n). 20% yield; rH
NMR (DMSO-dg) 8: 1.14 (6H, d, J=6.9 Hz, CH; of
i-Pr), 2.06 (3H, s, 4-Me), 3.11 (1H, heptet, J = 6.9 Hz,
CH of i-Pr), 7.67 (1H, dt, J=1.9, 8.8 Hz, benzene),
7.82 (1H, dd, J=1.9, 8.8 Hz, benzene), 8.16 (1H, dd,
J =54, 8.8 Hz, benzene), 12.82 (1H, br s, NH); FAB-
MS mlz: 340 (M*+1).

5.1.21.  5-Bromo-2-cyano-/N-(5-isopropyl-4-methyl-1,3-
thiazol-2-yl)benzenesulfonamide (90). 27% vyield from
8b; 'H NMR (DMSO-dy) §: 1.14 (6H, d, J=6.8 Hz,
CHj3 of i-Pr), 206 (3H, s, 4-Me), 3.11 (1H, heptet,
J=6.8 Hz, CH of i-Pr), 8.01 (2H, m, benzene), 8.13
(IH, d, J= 1.4 Hz, benzene), 12.84 (1H, br s, NH);
FAB-MS m/z: 400 (M*+1).

5.1.22. N-(4-Chloro-5-isopropyl-1,3-thiazel-2-yl)-5-
chloro-2-methoxybenzenesulfonamide (9p). 22% yield;
'"H NMR (CDCly) 6: 1.25 (6H, d, J= 7.0 Hz, CH; of
i-Pr), 267 (IH, br s, NH), 3.16 (IH, heptet,
J=70Hz, CH of i-Pr), 3.87 (3H, s, MeO), 6.94 (1H,

d, J =88 Hz, benzene), 7.46 (1H, dd, J =24, 8.8 Hz,
benzene), 7.94 (1H, d, J=2.4 Hz, benzene); FAB-MS
miz: 381 (M™+1).

5.1.23. NN-(4-Chloro-5-isopropyl-1,3-thiazol-2-yl)-5-
bromo-2-methoxybenzenesulfonamide (9q). 59% yield:.
'H NMR (DMSO-dq) &: 1.20 (6H, d, J= 6.8 Hz, CH,4
of i-Pr), 3.12 (1H, heptet, J = 6.8 Hz, CH of i-Pr), 3.76
(3H, s, MeO), 7.14 (1H, d, J=9.0 Hz, benzene), 7.79
(IH, dd, J=2.6, 9.0Hz, benzene), 7.87 (IH, d,
J = 2.6 Hz, benzene); FAB-MS m/z: 427 (M*+1).

5.1.24. Methyl 4-cyano—2-{[(5-isopr0pyl-4-methyl-lf3-
thiazol-2-yl)amino]sulfonyl}benzoate (9r). 68% yield; 'H
NMR (DMSO-d4y) 6: 1.15 (6H, d, J=6.9 Hz, CH; of
i-Pr), 2.07 (3H, s, 4-Me), 3.11 (1H, heptet, J = 6.9 Hz,
CH of i-Pr), 3.80 (3H, s, CH; of COOMe), 7.78 (1H,
d, J=17.8 Hz, benzene), 8.14 (1H, dd, J=1.4, 7.8 Hz,
benzene), 8.28 (IH, d, J = 1.4 Hz, benzene), 12.59 (1H,
br s, NH); FAB-MS m/z: 380 (M*+1).

5.1.25.  N-(5-tert-Butyl-4-methyl-1,3-thiazol-2-yl)benz-
enesulfonamide (9s). 61% yield; '"H NMR (DMSO-dg)
0: 1.28 (9H, s, CH; of 1-Bu), 2.14 (3H, s, 4-Me), 7.54
(3H, m, benzene), 7.78 (2H, m, benzene), 12.32 (1H,
br s, NH); FAB-MS mi/z: 311 (M*+1).

5.1.26.  NV-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-2-nitrobenzenesulfonamide (10a). To a solution
of 9b (10.89 g, 30.6 mmol) in tetrahydrofuran (100 mL)
was added sodium hydride (60% dispersion in mineral
oil: 147g, 36.8mmol) and iodomethane (5.7mL,
91.8 mmol) under ice-bath cooling. The solution was
warmed to room temperature and stirred for 12 h. The
reaction mixture was poured into ice-water and ex-
tracted with ethyl acetate. The organic layer was washed
with brine, and then dried over anhydrous sodium sul-
fate. The solvent was removed under reduced pressure
and the residue was purified by silica gel column chro-
matography (chloroform) and recrystalized from metha-
nol to give 10a (7.01 g, 62%) as a yellow powder. Mp
138-139 °C. '"H NMR (CDCl;) &: 1.36 (9H, s, CH; of
1-Bu), 2.28 (3H, s, 4-Me), 3.45 (3H, s, 3-Me), 7.61 (3H,
m, benzene), 8.25 (1H, m, benzene); FAB-MS mi/z: 370
(M™+1). Anal. Caled for C,sH,sN;0,S,: C, 48.76; H,
5.18; N, 11.37; §, 17.36. Found: C, 48.76; H, 4.99; N,
11.38; S, 17.69.

The following compounds were obtained in the same
manner.

5.1.27.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-2-chlorobenzenesulfonamide (10b). 86% yield;
mp 153-155°C (ethyl acetate-benzene).'H NMR
(CDCl3) 6: 1.33 (9H, s, CH3 of ¢-Bu), 2.27 (3H, s, 4-
Me), 3.47 (3H, s, 3-Me), 7.46 (3H, m, benzene), 8.23
(IH, m, benzene); FAB-MS m/z: 359 (M*+1). Anal.
Caled for CsH4CIN,O,S,: C, 50.20; H, 5.34; N, 7.81;
S, 17.87; Cl, 9.88. Found: C, 50.15; H, 5.17; N, 7.82;
S, 17.80; Cl1, 9.75.

5.1.28.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-3-chlorobenzenesulfonamide (10c). 90% yield;
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mp 138-139 °C (chloroform). 'H NMR (DMSO-d;) ¢:
1.31 9H, s, CH; of ¢-Bu), 2.28 (3H, s, 4-Me), 3.42
(3H, s, 3-Me), 7.57 (1H, dd, J = 7.8, 8.3 Hz, benzene),
7.66 (1H, ddd, /=1.0, 2.0, 8.3 Hz, benzene), 7.79 (1H,
br s, benzene), 7.80 (1H, br d, J= 7.8 Hz, benzene),
FAB-MS mfz; 359 (M*+1). Anal. Caled for
CsHoCIN,0,S;CL: C, 50.20; H, 5.34; N, 7.81; S,
17.87; Cl, 9.88. Found: C, 50.01; H, 5.26; N, 7.76; S,
18.00; Cl, 10.04.

5.1.29.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-4-nitrobenzenesulfonamide (10d). 50% yield; mp
184-185 °C (ethyl acetate-hexane). '"H NMR (CDCl;)
5: 1.37 (9H, s, CH; of t-Bu), 2.27 (3H, s, 4-Me), 3.46
(3H, s, 3-Me), 8.15 (2H, dt, J=2.4, 8.8 Hz, benzene),
8.29 (2H, dt, J =24, 8.8 Hz, benzene); FAB-MS m/z:
370 (M +1). Anal. Calcd for C;sH9sN30,4S,: C, 48.76;
H, 5.18; N, 11.37; S, 17.36. Found: C, 48.70; H, 4.98;
N, 11.51; §, 17.43.

5.1.30.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-4-chlorobenzenesulfonamide (10e). 50% yield;
mp 157-158°C (cthyl acetate-hexane). 'H NMR
(CDCl;) &: 1.36 (9H, s, CHj of ¢-Bu), 2.26 (3H, s, 4-
Me), 3.43 (3H, s, 3-Me), 741 (2H, dt, J= 2.4, 8.8 Hz,
benzene), 7.91 (2H, dt, J = 2.4, 8.8 Hz, benzene); FAB-
MS m/z: 359 (M*+1). Anal. Calcd for CsH9CIN,0,S;:
C, 50.20; H, 5.34; N, 7.81; S, 17.87; Cl, 9.88. Found: C,
50.01; H, 5.10; N, 7.87; S, 17.86; Cl, 9.89.

5.1.31.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-2-methoxybenzenesulfonamide (10f). 20% yield;
mp 197-198 °C (diethyl ether—hexane). 'H NMR
(DMSO-dg) 6: 1.33 (9H, s, CHj; of ¢-Bu), 2.28 (3H, s,
4-Me), 3.37 (3H, s, 3-Me), 3.73 (3H, s, MeO), 7.03
(1H, t, J=17.9 Hz, benzene), 7.14 (1H, d, J= 8.3 Hz,
benzene), 7.52 (1H, dt, J= 1.5, 7.9 Hz, benzene), 7.79
(1H, dd, J=1.5Hz, benzene); FAB-MS m/z: 355
(M++1). Anal. Calcd for C16H22N20352’0.1CHC13: C,
52.77; H, 6.08; N, 7.65; S, 17.50; Cl, 2.90. Found: C,
52.84; H, 5.98; N, 7.59; S, 17.56; Cl, 2.50.

5.1.32.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-3-methoxybenzenesulfonamide (10g). 76% yield;
mp 192-193 °C (diethyl ether). "H NMR (DMSO-de) §
1.31 (9H, s, CHj of ¢-Bu), 2.27 (3H, s, 4-Me), 3.40
(3H, s, 3-Me), 3.81 (3H, s, MeO), 7.14 (1H, ddd,
J=1.0, 2.5, 7.8 Hz, benzene), 7.29 (1H, t, J=2.5Hz,
benzene), 7.39 (ILH, br d, J=7.8 Hz, benzene), 7.44
. (IH, t, J=7.8Hz, benzene); FAB-MS m/z: 355
(M*+1). Anal. Caled for CgH2;N;0:8,: C, 54.21; H,
6.26; N, 7.90; S, 18.09. Found: C, 54.31; H, 6.25; N,
7.86; S, 18.17.

5.1.33.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-4-methoxybenzenesulfonamide (10h). 81% yield
from 8a; mp 181-183 °C (ethyl acetate-hexane). 'H
NMR (CDCl;) é: 1.34 (9H, s, CH; of ¢-Bu), 2.24 (3H,
s, 4-Me), 3.42 (3H, s, 3-Me), 3.87 (3H, s, MeO), 6.92
(2H, d, J= 8.6 Hz, benzene), 7.91 (2H, d, J=8.6 Hz,
benzene); FAB-MS m/z: 355 (M*+1). Anal. Calcd for
C6¢H2,N,0,8,: C, 54.21; H, 6.26; N, 7.90; S, 18.09.
Found: C, 54.23; H, 6.18; N, 7.89; S, 17.98.

5.1.34.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-5-chloro-2-nitrobenzenesulfonamide (10i). 49%
yield; mp 204-205 °C (acetonitrile). "H NMR (DMSO-
dg) 6: 1.33 (9H, s, CHj of +-Bu), 2.31 (3H, s, 4-Me),
3.45 (3H, s, 3-Me), 7.91 (1H, dd, J=1.9, 8.3 Hz, benz-
ene), 7.98 (1H, d, J= 8.3 Hz, benzene), 8.01 (1H, d,
J = 1.9 Hz, benzene); FAB-MS m/z: 404 (M*+1). Anal.
Caled for C;sHgCIN3;O4Sy: C, 44.60; H, 4.49; N,
10.40; S, 15.88; CI, 8.78. Found: C, 44.44; H, 441; N,
10.34; S, 16.03; Cl, 8.82.

5.1.35.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-3-chloro-2-methoxybenzenesulfonamide  (10j).
60% yield from 8a; '"H NMR (DMSO-dg) 6: 1.22 (9H,
s, CH; of 1-Bu), 2.22 (3H, s, 4-Me), 3.35 (3H, s, 3-
Me), 3.73 (3H, s, MeQ), 7.38 (1H, dd, J=17.8, 8.3 Hz,
benzene), 7.77 (1H, dd, J= 1.5, 8.3 Hz, benzene), 7.88
(1H, dd, J=1.5, 7.8 Hz, benzene); FAB-MS m/z: 388
(M*+1).

5.1.36.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-5-chloro-2-methoxybenzenesulfonamide  (10k).
81% yield; '"H NMR (DMSO-dg) &: 1.34 (9H, s, CH;
of +-Bu), 2.29 (3H, s, 4-Me), 3.38 (3H, s, 3-Me), 3.73
(3H, s, MeO), 7.19 (1H, d, J = 8.8 Hz, benzene), 7.59
(1H, dd, J=25, 8.8Hz benzene), 7.73 (IH, d,
J = 2.5 Hz, benzene); FAB-MS m/z: 388 (M*+1).

5.1.37.  5-Chloro-2-cyano-N-(S-isopropyl-3,4-dimethyl-
1,3-thiazol-2(3H)-ylidene?benzenesulfonamide aon. 63%
yield; mp 180-182°C. '"H NMR (DMSO-dg) 6: 1.15
(6H, d, J=6.9Hz, CH; of i-Pr), 2.19 (3H, s, 4-Me),
3.22 (1H, heptet, J=6.9 Hz, CH of i-Pr), 3.48 (3H, s,
3-Me), 7.88 (1H, dd, J=1.9, 8.3 Hz, benzene), 8.02
(1H, d, J=1.9 Hz, benzene), 8.10 (1H, d, J=8.3 Hz,
benzene); FAB-MS m/z: 370 (M*+1). Anal. Calcd for
C15H|5ClN302823 C, 4871, H, 436, N, 1136, S, 1734,
Cl, 9.58. Found: C, 48.43; H, 4.24; N, 11.33; S, 17.45;
Cl, 9.38.

5.1.38.  5-Fluoro-2-cyano-N-(5-isopropyl-3,4-dimethyl-
1,3-thiazol-2(3 H)-ylidene)benzenesulfonamide (10m).
81% yield; mp 184-186 °C (methanol-chloroform). 'H
NMR (DMSO-dg) 6: 1.14 (6H, d, J=6.8 Hz, CH; of
i-Pr), 2.19 (3H, s, 4-Me), 3.20 (1H, heptet, J = 6.8 Hz,
CH of i-Pr), 3.49 (3H, s, 3-Me), 7.66 (1H, dt, J=2.9,
8.3Hz, benzene), 7.85 (1H, dd, J=2.5, 8.3Hz
benzene), 8.16 (1H, dd, J=5.3, 8.8 Hz, benzene);
FAB-MS miz: 354 (M*+1). Anal. Calcd for C;sHe-
FN;0,S,: C, 50.97; H, 4.56; N, 11.89; S, 18.15; F,
5.38. Found: C, 51.05; H, 4.60; N, 11.76; S, 18.09; F,
5.63.

5.1.39.  5-Bromo-2-cyano-N-(5-isopropyl-3,4-dimethyl-
1,3-thiazol-2(3 H)-ylidene)benzenesulfonamide (10n).
56% yield; mp 179-181°C (isopropanol). 'H NMR
(DMSO-dg) 6: 1.15 (6H, d, J=6.9 Hz, CH; of i-Pr),
2.18 (3H, s, 4-Me), 3.22 (1H, heptet, J=6.9 Hz, CH
of i-Pr), 3.48 (3H, s, 3-Me), 8.01 (2H, m, benzene),
8.14 (1H, d, J=1.0 Hz, benzene); FAB-MS m/z: 414
(M*+1). Anal. Caled for C;sH;¢BrN;O,5;: C, 43.48;
H, 3.89; N, 10.14; S, 1548; Br, 19.28. Found: C,
43.50; H, 3.70; N, 10.07; S, 15.51; Br, 18.91.
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5.1.40. 5-Chloro-/N-(4-chloro-5-isopropyl-3-methyi-1,
3-thiazol-2(3H)-ylidene)-2-methoxybenzenesulfonamide
(100). 60% vyield; 'H NMR (DMSO-dy) 6: 1.23 (6H, d,
J=6.8Hz, CH; of i-Pr), 3.20 (1H, heptet, J = 6.8 Hz,
CH of i-Pr), 3.43 (3H, s, 3-Me), 3.74 (3H, s, MeO),
7.22 (IH, d, J=8.8 Hz, benzene), 7.63 (lH, dd,
J =125, 8.8 Hz, benzene), 7.76 (1H, d, J= 2.4 Hz, benz-
enc); FAB-MS m/z: 395 (M*+1).

5.1.41. 5-Bromo-/N-(4-chloro-5-isopropyl-3-methyl-1,
3-thiazol-2(3 H)-ylidene)-2-methoxybenzenesulfonamide
(10p). 73% yield; '"H NMR (CDCl3) &: 1.26 (6H, d,
J = 6.8 Hz, CHj of i-Pr), 3.22 (1H, heptet, J = 6.8 Hz,
CH of i-Pr), 3.51 (3H, s, 3-Me), 3.82 (3H, s, McO),
6.85 (1H, d, J=8.8Hz, benzene), 7.55 (1H, dd,
J=12.4, 8.8 Hz, benzene), 8.16 (1H, d, J = 2.4 Hz, benz-
ene); FAB-MS m/z: 439 (M*+1).

5.1.42. Methyl 4-cyano-2-{[(5-isopropyl-3,4-dimethyl-1,3-
thiazol-2(3 H)-ylidene)amino]sulfonyl}benzoate (10q).
37% yield; mp 224-226°C (isopropanol-diethyl
ether). '"H NMR (DMSO-dg) &: 1.15 (6H, d, J=
6.9 Hz, CH;3 of i-Pr), 3.22 (1H, heptet, J=6.9 Hz,
CH of i-Pr), 2.19 (3H, s, 4-Me), 3.44 (3H, s, 3-Me),
3.81 (3H, s, MeQ), 7.78 (1H, d, J= 7.8 Hz, benzene),
8.14 (1H, dd, J=1.5, 7.8 Hz, benzene), 8.33 (1H, d,
J=15Hz, benzene); FAB-MS m/z: 394 (M*+1).
Anal. Caled for C;7HgN30,S;: C, 51.89; H, 4.87; N,
10.68; S, 16.30. Found: C, 51.65; H, 4.79; N, 10.72; S,
16.03.

5.1.43.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)benzenesulfonamide (10r). 95% vyield; mp 188-
189 °C (ethyl acetate-hexane).'"H NMR (DMSO-dg) &:
1.31 (9H, s, CH3 of -Bu), 2.26 (3H, s, 4-Me), 3.40
(3H, s, 3-Me), 7.54 (3H, m, benzene), 7.82 (2H, m, benz-
ene); FAB-MS m/z: 325 (M*+1). Anal. Caled for
CsHzoN30,8,: C, 55.53; H, 6.21; N, 8.63; S, 19.77.
Found: C, 55.38; H, 6.32; N, 8.55; S, 19.79.

5.1.44.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-2-hydroxybenzenesulfonamide (11a). Under
argon atmosphere, boron tribromide (0.17 mL,
1.71 mmol) was added dropwise to a solution of 10f
(200 mg, 0.57 mmol) in dichloromethane (20 mL) at
—78°C and stirred at the same temperature for
30 min. The mixture was warmed to room temperature
and stirred for 30 min. The reaction mixture was poured
into saturated aqueous sodium hydrogen carbonate
solution and extracted with chloroform. The organic
layer was washed with brine, then dried over anhydrous
sodium sulfate. The solvent was removed under reduced
pressure and the residue was recrystalized from metha-
nol to give 11a (167 mg, 86%) as a colorless crystals.
Mp 201-202 °C. '"H NMR (DMSO-dg) 6: 1.31 (9H, s,
CHj; of t-Bu), 2.27 (3H, s, 4-Me), 3.39 (3H, s, 3-Me),
6.93 (1H, dd, J=2.5, 7.8 Hz, benzene), 7.21 (I1H, m,
benzene), 7.23 (1H, br d, J=7.8 Hz, benzene), 7.31
(1H, t, J= 8.3 Hz, benzene), 9.95 (1H, s, OH); FAB-
MS m/z: 341 (M*+1). Anal. Caled for C sHN,05.
S20.2H,0: C, 52.36; H, 5.98; N, 8.14; S, 18.64. Found:
C, 52.45; H, 5.83; N, 7.94; S, 18.34.

The following compounds were obtained in the same
manner.

5.1.45.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-3-hydroxybenzenesulfonamide (11b). 87% yield;
mp 145-146 °C (diethyl ether-hexane). 'H NMR
(DMSO-dg) 8: 1.32 (9H, s, CH3 of t-Bu), 2.27 ‘(3H, s,
4-Me), 3.38 (3H, s, 3-Me), 6.88 (2H, m, benzene), 7.36
(1H, dt, J=14, 73 Hz, benzene), 7.70 (1H, dd,
J =14, 7.8 Hz, benzene), 10.12 (1H, s, OH); FAB-MS
mlz: 341 (M++l) Anal. Calcd for C|5H20N20332f C,
5292; H, 5.92; N, 8.23; S, 18.84. Found: C, 52.78; H,
5.70; N, 8.16; S, 18.84.

5.1.46.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)-4-hydroxybenzenesulfonamide (11c). 60% yield;
mp 234-236°C (ethyl acetate-hexane). 'H NMR
(DMSO0-ds) 6: 1.31 (9H, s, CH; of +-Bu), 1.99 (3H, s,
4-Me), 3.37 (3H, s, 3-Me), 6.84 (2H, d, J = 8.6 Hz, ben-
zene), 7.63 (1H, d, J = 8.6 Hz, benzene), 10.22 (1H, br s,
OH); FAB-MS m/z: 341 (M*+1). Anal. Caled for
CisHxoN205S,: C, 52.92; H, 5.92; N, 8.23; S, 18.84.
Found: C, 52.68; H, 5.70; N, 8.02; S, 18.45.

5.1.47.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-3-chloro-2-hydroxybenzenesulfonamide  (11d).
64% yield; mp 147-148°C (methanol). 'H NMR
(DMSO-dg) 6: 1.32 (9H, s, CH; of t-Bu), 2.29 (3H, s,
4-Me), 3.41 (3H, s, 3-Me), 6.98 (1H, t, J = 7.8 Hz, benz-
ene), 7.59 (1H, dd, J = 1.5, 7.8 Hz, benzene), 7.69 (1H,
dd, J=1.5, 7.8 Hz, benzene), 9.93 (1H, br s, OH);
FAB-MS m/z: 375 (M*+1). Anal. Caled for
C15H]9C1N203SZZ C, 4805, H, 511, N, 747, S, 17.11,
Cl, 9.46. Found: C, 47.94; H, 5.07; N, 7.32; S, 17.16;
Cl, 9.38.

5.1.48.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-5-chloro-2-hydroxybenzenesulfonamide ~ (11e).
71% yield; mp 147-149 °C (ethyl acetate-hexane). 'H
NMR (DMSO-dg) 8: 1.32 (9H, s, CH; of ¢-Bu), 2.28
(3H, s, 4-Me), 3.38 (3H, s, 3-Me), 6.92 (IH, d,
J = 8.7 Hz, benzene), 7.41 (1H, dd, J = 3.0, 8.7 Hz, benz-
ene), 7.65 (1H, d, J = 3.0 Hz, benzene), 10.56 (1H, br s,
OH); FAB-MS m/z: 375 (M*+1). Anal. Calcd for
CisH 4CIN,O;S;: C, 48.05; H, 5.11; N, 7.47; S, 17.11;
Cl, 9.46. Found: C, 48.04; H, 5.09; N, 7.61; S, 17.24;
Cl, 9.23.

5.1.49. 5-Chloro-N-(4-chloro-5-isopropyl-3-methyl-1,
3-thiazol-2(3H)-ylidene)-2-hydroxybenzenesulfonamide
(11). 53% yield; mp 132-133 °C (diethyl ether). 'H
NMR (DMSO-dy) 6: 1.21 (6H, d, J= 6.8 Hz, CH; of
i-Pr), 3.18 (1H, heptet, J=6.8 Hz, CH of i-Pr), 3.43
(3H, s, 3-Me), 6.88 (IH, d, J = 8.8 Hz, benzene), 7.56
(IH, dd, J=24, 8.8Hz benzene), 7.79 (I1H, d,
J =24 Hz, benzene), 10.86 (1H, br s, OH); FAB-MS
mfz: 381 (M*+1), Anal. Caled for C,3H;4CI;N,0;S,:
C, 40.95; H, 3.70; N, 7.35; S, 16.82; Cl, 18.60. Found:
C, 40.94; H, 3.49; N, 7.36; S, 16.75; Cl, 18.39.

5.1.50. 5-Bromo-/NV-(4-chloro-5-isopropyl-3-methyl-1,
3-thiazol-2(3 H)-ylidene)-2-hydroxybenzenesulfonamide
(11g). 41% vyield; mp 135-137°C (diethyl ether). 'H
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NMR (DMSO-dg) 6: 1.21 (6H, d, J= 6.8 Hz, CH; of
i-Pr), 3.18 (1H, heptet, J=6.8 Hz, CH of i-Pr), 343
(3H, s, 3-Me), 6.93 (IH, d, J= 8.8 Hz, benzene), 7.44
(IH, dd, J=29, 88Hz, benzene), 7.67 (1H, d,
J=2.9Hz, benzene), 10.85 (1H, br s, OH); FAB-MS
miz: 425 (MT+1). Anal. Caled for C,3H,4CIBrN,0;S;:
C, 36.67; H, 3.31; N, 6.58; S, 15.06, Cl, 8.33; Br,
18.77. Found: C, 36.67; H, 3.36; N, 6.54; S, 15.04; Cl,
8.49; Br, 18.53.

5.1.51. 2-Amino-N-(5-tert-butyl-3,4-dimethyl-1,3-thiazol-
2(3H)-ylidene)-5-chlorobenzenesulfonamide (12). To a
suspension of 10i (960 mg, 2.38 mol) in ethanol
(10 mL) and tetrahydrofuran (30 mL) was added 10%
palladium—charcoal. The .reaction mixture was stirred
at room temperature for 1.5 h under hydrogen atmo-
sphere. The suspension was filtered through the Celite
pad and evaporated. The residue was purified with
recrystalization from isopropanol-diethyl ether to give
12 (548 mg, 62%) as a brown powder. Mp 163-164 °C.
'"H NMR (DMSO-dg) &: 1.31 (9H, s, CH; of +Bu),
2.27 (3H, s, 4-Me), 341 (3H, s, 3-Me), 5.94 (2H, br s,
NH2), 6.79 (1H, d, J = 8.8 Hz, benzene), 7.24 (1H, dd,
J=2.4, 8.8 Hz, benzene), 7.49 (1H, d, J = 2.4 Hz, benz-
ene); FAB-MS mizz 374 (M'+1). Caled for
C,sH,5CIN;O,S,: C, 48.18; H, 5.39; N, 11.24; S, 17.15;
Cl, 9.48. Found: C, 48.43; H, 5.36; N, 11.10; S, 17.05;
Cl, 9.19.

5.1.52. N-(2-{{(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-
2(3H)-ylidene)amino)sulfonyl}-4-chlorophenyl)acetamide
(13). A solution of 12 (330 mg, 0.88 mmol), N,N-dimeth-
ylaminopyridine (110 mg, 0.88 mmol) and acetyl chlo-
ride (0.13mL, 1.76 mmol) in pyridine (7mL) was
stirred at room temperature for 5 h. The reaction mix-
ture was evaporated and diluted with ethyl acetate.
The solution was washed with 1 M hydrochloric acid,
saturated aqueous sodium hydrogen carbonate solution
and brine, then dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and
the residue was purified by silica gel column chromato-
graphy (chloroform-methanol) and recrystalized from
acetonitrile to give 13 (92 mg, 25%) as a colorless pow-
der. Mp 194-195°C. 'H NMR (DMSO-ds) &: 1.28
(9H, s, CH; of t-Bu), 2.12 (3H, s, 4-Me), 2.28 (3H, s,
CH; of Ac), 3.41 (3H, s, 3-Me), 7.63 (1H, dd, J = 2.5,
8.8 Hz, benzene), 7.81 (1H, d, J=2.5Hz, benzene),
8.11 (1H, d, J = 8.8 Hz, benzene), 9.24 (1H, br s, NH);
FAB-MS m/z: 416 (M™+1). Calcd for C,7H,,CIN;O;S;:
C, 49.09; H, 5.23; N, 10.10; S, 15.42; Cl, 8.52. Found: C,
49.10; H, 5.25; N, 10.06; S, 15.49; Cl, 8.46.

5.1.53.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-5-chloro-2-[(methylsulfonyl)amino]benzenesulfon-
amide (14). A solution of 12 (200 mg, 0.54 mmol), trieth-
ylamine (0.15mg, 1.08 mmol), and methanesulfonyl
chloride (0.062mL, 0.83 mmol) in tetrahydrofuran
(4 mL) was stirred at room temperature for 1 h. The
reaction mixture was evaporated and diluted with ethyl
acetate. The solution was washed with 1 M hydrochloric
acid, saturated aqueous sodium hydrogen carbonate
solution and brine, then dried over anhydrous sodium
sulfate. The solvent was removed under reduced pres-

sure and the residue was purified by silica gel column
chromatography (ethyl acetate-toluene) and recrystal-
ized from methanol to give 14 S135 mg, 56%) as a color-
less powder. Mp 165-166 °C. '"H NMR (DMSO-d,) §6:
1.32 (9H, s, CHj; of ¢-Bu), 2.29 (3H, s, 4-Me), 3.24
(3H, s, CH; of Ms), 3.44 (3H, s, 3-Me), 7.62 (I1H, d,
J = 8.8 Hz, benzene), 7.69 (1H, dd, J = 2.4, 8.8 Hz, benz-
ene), 7.82 (1H, d, J = 2.4 Hz, benzene), 8.68 (1H, br s,
NH); FAB-MS m/z: 452 (M*+1). Caled for
C|6H22C1N304S3Z C, 4251, H, 491, N, 930, S, 2]28,
Cl, 7.84. Found: C, 42.51; H, 4.87; N, 9.29; S, 2141,
Cl, 7.66.

5.1.54. 2-{[(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3H)-
ylidene)amino]sulfonyl}-4-chlorophenyl trifluoromethane-
sulfonate (15a). A solution of 11e (1.00 g, 2.67 mmol),
2,6-lutidine (0.47 mL, 4.01 mmol), and N,N-dimethyl-
aminopyridine (33 mg, 0.27 mmol) in dichloromethane
(15 mL) was added trifluoromethanesulfonic anhydride
(0.68 mL, 4.01 mmol) under ice-bath cooling. The
solution was stirred at the same temperature for
30 min. The reaction mixture was poured into water
and extracted with chloroform. The organic layer was
washed with saturated aqueous potassium hydrogen sul-
fate and brine, then dried over anhydrous sodium sul-
fate. The solvent was removed under reduced pressure
and the residue was recrystalized from diethyl ether to
give 15a (877 mg, 64%) as a colorless powder. This crude
product was used for next steps without further
purification.

5.1.55. 4-Chloro-2-{{(4-chloro-5-isopropyl-3-methyl-1,3-
thiazol-2(3 H)-ylidene)amino}sulfonyl}phenyl trifluorome-
thanesulfonate (15b). Compound 15b was obtained from
11f in the same manner as described in the synthesis of
15a quantitative. '"H NMR (DMSO-dg) &: 1.18 (6H, d,
J=6.8Hz, CH; of i-Pr), 3.17 (1H, heptet, J = 6.8 Hz,
CH of i-Pr), 348 (3H, s, 3-Me), 7.60 (IH, s,
J=28.8 Hz, benzene), 7.88 (1H, dd, J=24, 8.8 Hz,
benzene), 8.01 (1H, d, J=2.4 Hz, benzene) FAB-MS
miz: 513 (M+1).

5.1.56. Methyl 2-{{(5-tert-butyl-3,4-dimethyl-1,3-thiazol-
2(3H)-ylidene)amino]sulfonyl}-4-chlorobenzoate (16).
Under argon atmosphere, 15a (25.4 g, 50.1 mmol) was
dissolved in N,N-dimethylformamide (280 mL) and
methanol (140 mL). Triethylamine (12.9mL, 92.6
mmol), 1,3-bis(diphenylphosphino)propane (1.74 g,
4.2 mmol), palladium acetate (0.95g, 4.2 mmol) was
added and carbon monoxide gas was bubbled. The reac-
tion mixture was stirred at 70 °C for 2.5 h under carbon
monoxide atmosphere. The mixture was evaporated and
diluted with ethyl acetate. The organic layer was washed
with 1 M hydrochloric acid and brine, then dried over
anhydrous sodium sulfate. The solvent was removed
under reduced pressure and the residue was purified by
silica gel column chromatography (ethyl acetate—
toluene) and recrystalized from isopropanol-diethyl
ether to give 16 (7.32 g, 42%) as a colorless powder.
Mp 142-143°C. 'H NMR (DMSO-dg) 6: 1.32 (9H, s,
CH; of 1-Bu), 2.30 (3H, s, 4-Me), 3.43 (3H, s, 3-Me),
3.78 (3H, s, CH; of COOMe), 7.61 (d, J=8.3 Hz, benz-
ene), 7.75 (1H, dd, J = 2.0, 8.3 Hz, benzene), 7.91 (1H,
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d, J=2.0Hz, benzene); FAB-MS m/z: 417 (M™+1).
Calcd for C7H,CIN,O,4S,: C, 48.97; H, 5.08; N, 6.72;
S, 15.38; Cl, 8.50. Found: C, 49.02; H, 495; N, 6.78;
S, 15.43; Cl, 8.47.

5.1.57. 2-{[(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)amino]sulfonyl}-4-chlorobenzamide (17a). To a
solution of 16 (100 mg, 0.248 mmol) in N,N-dimethyl-
formamide (2mL), 1-hydroxybenzotriazole (50 mg,

0.372 mmol), 1-[3-(dimethylamino)propyl]-3-ethylcar-
bodiimide hydrochloride (WSC-HCI, 71 mg,
0.372 mmol), N,N-diisopropylethylamine (0.17 mL,
0.992 mmol), and ammonium chloride (27 mg,

0.496 mmol) was added. The solution was stirred at
room temperature for 2.5 h. The reaction mixture was
poured into water and extracted with chloroform. The
organic layer was washed with 1 M hydrochloric acid
and brine, then dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and
the residue was purified by silica gel column chromato-
graphy (methanol—chloroform) and recrystalized from
diethyl ether to give 17a (71 mg, 71%) as a colorless
powder. Mp 196-198 °C. 'H NMR (DMSO-dy) &: 1.31
(9H, s, CH; of ¢-Bu), 2.28 (3H, s, 4-Me), 3.42 (3H, s,
3-Me), 7.47 (1H, d, J = 8.3 Hz, benzene), 7.61 (2H, br
s, NH,), 7.68 (1H, dd, J= 2.0, 8.3 Hz, benzene), 7.87
(1H, d, J=2.0Hz, benzene); FAB-MS m/z: 402
(M*+1). Anal. Caled for C;¢H;0CIN;O;Sy: C, 47.81;
H, 5.02; N, 10.45; S, 15.96; Cl, 8.82. Found: C, 47.72;
H, 4.78; N, 10.42; S, 15.82; Cl, 8.91.

5.1.58. 4-Cyano-2-{[(5-isopropyl-3,4-dimethyl-1,3-thi-
azol-2(3H)-ylidene)amino]sulfonyl}benzamide (17b). Com-
pound 17b was obtained from 10q in the same manner as
described in the synthesis of 17a. 68% yield. '"H NMR
(DMSO-dg) o: 1.15 (6H, d, J=6.8 Hz, CH; of i-Pr),
2.17 (3H, s, 4-Me), 3.21 (1H, heptet, J = 6.8 Hz, CH of
i-Pr), 3.43 (3H, s, 3-Me), 7.61 (1H, d, J= 8.3 Hz, ben-
zene), 7.72 (2H, br d, J= 6.3 Hz, NH,), 8.02 (I1H, dd,
J = 1.9 Hz, benzene), 8.27 (1H, d, J = 1.9 Hz, benzene),
FAB-MS m/z: 379 (M™+1).

5.1.59. 2,5-Dicyano-/N-(5-isopropyl-3,4-dimethyl-1,3-thi-
azol-2(3H)-ylidene)benzenesulfonamide (18b). Phospho-
rous oxychloride (0.3mL, 3.3mmol) and N,N-
dimethylformamide (50 pL, 0.66 mmol) was added to a
solution of 17b (250 mg, 0.66 mmol) in chloroform
(30 mL). The reaction mixture was refluxed for 24 h.
The reaction mixture was poured into ice-water and ex-
tracted with chloroform. The organic layer was washed
with saturated aqueous sodium hydrogen carbonate and
brine, then dried over anhydrous sodium sulfate. The
solvent was removed under reduced pressure and the
residue was purified by silica gel column chromatogra-
phy (methanol—chloroform) to give 18b (52 mg, 22%)
as a yellow powder. Mp 222-224°C. 'H NMR
(DMSO-dg) &: 1.15 (6H, d, J=6.8 Hz, CHj; of i-Pr),
2.19 (3H, s, 4-Me), 3.22 (IH, heptet, J= 6.8 Hz, CH
of i-Pr), 3.49 (3H, s, 3-Me), 8.28 (2H, m, benzene),
8.42 (1H, br s, benzene); FAB-MS m/z : 361 (M +1).
Anal, Caled for C;6H;¢N4O,S;: C, 53.31; H, 4.47; N,
15.54; S, 17.79. Found: C, 53.15; H, 4.39; N, 15.70; S,
17.74.

5.1.60.  N-(5-tert-Butyl-3,4-dimethyl-1,3-thiazol-2(3 H)-
ylidene)-5-chloro-2-cyanobenzenesulfonamide (18a).
Compound 18a was obtained from 17a in the same man-
ner as described in the synthesis of 18b. 67% yield; mp
160-162 °C. '"H NMR (DMSO-d) §: 1.32 (9H, s, CH,
of ¢-Bu), 2.30 (3H, s, 4-Me), 3.49 (3H, s, 3-Me), 7.88
(IH, "dd, J=20, 83Hz, benzene), 8.02 (1H, d,
J = 2.0 Hz, benzene), 8.09 (1H, d, J= 8.3 Hz, benzene);
FAB-MS m/z: 384 (M*+1). Anal. Caled for
Ci6H13CIN;0,S;: C, 50.06; H, 4.73; N, 10.95; S, 16.70;
Cl, 9.23. Found: C, 49.84; H, 4.63; N, 10.75; S, 16.67;
Cl, 9.15.

5.1.61.  5-Chloro-/N-(4-chloro-5-isopropyl-3-methyl-1,3-
thiazol-2(3 H)-ylidene)-2-cyanobenzenesulfonamide (19).
Under argon atmosphere, 15b (3.64 g, 7.1 mmol) was
dissolved in N,N-dimethylformamide (100 mL) and pal-
ladium tris(dibenzylideneacetone)dipalladium (408 mg,
0.71 mmol), 1,1’-bis(diphenylphosphino)ferrocene (787
mg, 14.2 mmol), zinc powder (56 mg, 0.85 mmol), and
zinc(Il) cyanide (500 mg, 4.3 mmol) was added. The
reaction mixture was stirred at 130 °C for 2.5 h under
argon atmosphere. The mixture was evaporated and
diluted with ethyl acetate. The organic layer was
washed with 2 M aqueous ammonia solution, water,
and brine, then dried over anhydrous sodium sulfate.
The solvent was removed under reduced pressure and
the residue was purified by silica gel column chromato-
graphy (ethyl acetate-toluene) and recrystalized from
isopropanol to give 19 (1.38 g, 50%) as a pale yellow
powder. Mp 181-182°C (isopropanol). 'H NMR
(DMSO-dg) 6: 1.20 (6H, d, J=6.8 Hz, CH; of i-Pr),
3.18 (IH, heptet, J= 6.8 Hz, CH of i-Pr), 3.32 (3H,s,
3-Me), 7.92 (1H, dd, J=1.9, 8.3 Hz, benzene), 8.04
(1H, d, J=1.9 Hz, benzene), 8.12 (1H, d, J=8.3 Hz,
benzene); FAB-MS m/z: 390 (M*+1). Anal. Calcd for
C14H|3C]2N302SZZ C, 4308; H, 336, N, 1077, S,
16.43; Cl, 18.17. Found: C, 43.03; H, 3.23; N, 10.70; S,
16.34; Cl, 18.21.

5.1.62. N-(4-Chloro-5-isopropyl-3-methyl-1,3-thiazol-
2(3H)-ylidene)-2,5-dicyanobenzenesulfonamide (20).
Compound 20 was obtained from 15b in the same man-
ner as described in the synthesis of 19 with 1.6 mol equiv
of Zn(CN),. 60% yield. Mp 205-207 °C (isopropanol).
'H NMR (CDCly): 1.27 (6H, d, J = 6.8 Hz, CH; of i-
Pr), 3.22 (1H, heptet, J=6.8 Hz, CH of i-Pr), 3.60
(3H, s, 3-Me), 7.87 (1H, dd, J=1.9, 8.3 Hz, benzene),
792 (IH, d, J=83Hz, benzene), 847 (IH, d,
J = 1.9 Hz, benzene); FAB-MS m/z: 381 (M*+1). Anal.
Caled for CsH;3CIN4O-S,: C, 47.30; H, 3.44; N,
14.71; S, 16.84; Cl, 9.31. Found: 47.15; H, 3.52; N,
15.00; S, 16.65; Cl, 9.35.

5.2. Pharmacology

5.2.1. In vitro RT inhibition assay. A expression plas-
mide, pG280, encoding HIV-1 RT proteins as LacZ fu-
sion proteins were used for the expression of the WT RT
and mutated RTs.!? The single amino acid-substituted
RTs (K103N RT and YI181C RT) were constructed
using pG280 from a Quikchange™ Site-Directed Muta-
genesis Kit (Stratagene, La Jolla, CA). Recombinant
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