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Despite the progress of the past two decades, there is still considerable need for safe, efficacious drugs that
target human immunodeficiency virus (HIV). This is particularly true for the growing number of patients
infected with virus resistant to currently approved HIV drugs. Our high throughput screening effort identified

a benzophenone template as a potential nonnucleoside reverse transcriptase inhibitor (NNRTI). This manuscript
describes our extensive exploration of the benzophenone strueictigity relationships, which culminated

in the identification of several compounds with very potent inhibition of both wild type and clinically relevant
NNRTI-resistant mutant strains of HIV. These potent inhibitors incldl (GW678248), which has in

vitro antiviral assay Ig values of 0.5 nM against wild-type HIV, 1 nM against the K103N mutant associated
with clinical resistance to efavirenz, and 0.7 nM against the Y181C mutant associated with clinical resistance
to nevirapine. CompoundOh has also demonstrated relatively low clearance in intravenous pharmacokinetic
studies in three species, and it is the active component of a drug candidate which has progressed to phase
2 clinical studies.

Introduction Linker Region
The use of combination therapy, or highly active antiretroviral H
therapy (HAART), for treatment of human immunodeficiency 0 o/}( \©\
virus (HIV) infection has dramatically impacted the disease. /‘/u\‘ 0o 0
Diligent use of available anti-retroviral drugs can control an O O C Ring \
HIV infection for several years, and as a consequence, the death MeO
A Ring B ring ~o N~

rate of HIV patients in the developed world fell dramatically
in the mid to late 1990s. Nonnucleoside reverse transcriptase
inhibitors (NNRTI’s), including nevirapine and efavirenz, are
proving to be important components of HAART. In particular, o
the use of efavirenz in combination with two nucleosides (e.g.,
lamivudine and zidovudine) is an excellent first-line therapy
for HIV patients, and it has been used extensively in recent O O
yearst

As with all antiretroviral drugs developed to date, the use of cl
the NNRTI's has led to the appearance of clinical resistance to
this class of drugs. Unfortunately, the genetic barrier of all
current NNRTI’s is relatively low, and a single mutation can
begin to reduce the susceptibility of virus to drug. Furthermore, Figure 1. Initial benzophenone NNRTI lead structures.
cross resistance between the approved NNRTI's (efavirenz,
nevirapine, and delavirdine) is quite common, and patients areregimens of HIV care are complex, it's clear that each of these
generally forced to abandon the approved NNRTI's altogether NNRTI's is associated with a single point mutation that triggers
once they have developed resistance to one of its meriBers. the development of clinical resistance. For efavirenz, it is the
To make the situation even worse, the appearance of drug-K103N mutation. For nevirapine, it is the Y181C mutatfon.
resistant virus is not limited to NNRTI-experienced patients. Consequently, these mutant viruses have been a focal point in
Recent studies indicate the number of newly infected patients our search for a next generation NNRTI.
with NNRTI-resistant virus is increasirfgln one U.S. cohort Our efforts to discover an NNRTI efficacious against resistant
which included antiretroviral rige patients from 44 cities, 18%  Viral strains originated in a high throughput screening effort
had decreased phenotypic sensitivity to at least one NNRTI, which identified the benzophenorie(Figure 1)° The initial
and one-third of these had decreased phenotypic sensitivity tooptimization work for this template was published in 1995. The
all currently used NNRTI'S. finding that resistant viruses readily generated in the presence

Efavirenz and nevirapine are the most widely used NNRTI's. of the leading analogu2were cross-resistant to nevaripine led
Although resistance patterns in the presence of the multidrugto decreased interest in further optimization of the benzophe-
. nones at that time, and work in this compound series was briefly
E_r;aci‘l’_”ngg;“r":‘c?m?#égoégzrl‘(oé‘:rzn 919 483 4749. Fax: 919 315 2141. topped. Because of the importance of this drug class, however,

- ht ] R we turned our attention once more to the benzophenones in the
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Scheme 1.Synthesis of Conformationally Constrained C-Ring Analogues
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ICs, (Wt) = 47 nM IC5, (Wt) =25 nM
ICg, (nevR) = 51 nM ICg, (nevR) = 36 nM

a(a)5to 7: nBuLi, Et;0, —78 °C; then 3,5-diFPhCON(OMe)Mes), —78 °C to room temperature, 42%; (B)to 8: BBr3, CH,Cl,, —78 °C to room
temperature, 98%; (@ to 9: BrCH,CO,Et, K,CO;, acetone, reflux, 4 h, 100%; (&)to 10: LiOH, H,0O, EtOH, THF, rt, 3h, 81%; (€)0to 11: (CICO),,
DMF, CHCly, i, 1 h; (f) amine, NaHCg) acetone, KO, rt, 2.5 h, 37-58%. 1G5 values were determined using an acute infection assay in MT4 cells. Wild
type (wt) virus is the HIV-1 IlIB strain. The nevirapine resistant virus (nevR) contains the Y181C mutation.

resistant viruses. Guided by data from a panel of mutant viruses,template was prepared by linking the ortho position of the C-ring
we were able to transform this template into a series of to the amide of the linker region. Synthesis of this analogue,
compounds with potency against clinically relevant NNRTI- which is illustrated in Scheme 1, was accomplished by first
resistant viruse$This manuscript will describe the structure linking the A- and B-rings, and then installing the linker region
activity relationships leading to the initial activity against mutant and C-ring sequentially. Metal halogen exchange of a bromi-
viruses, as well as the additional modifications which led to a nated phenol derivative5), followed by quenching with a
dramatic increase in potency. We will also outline the data on Weinreb amide®), allowed ready access to the A- and B-rings
drug development characteristics which differentiated very of the benzophenone templaté).(Deprotection to reveal the
potent inhibitors, leading to the identification @dh (GW678248, phenol8 then provided a handle for building the linker region

see Table 4) as a promising next generation NNRTI. via reaction witho-bromoethyl acetate to give. Finally, the
) ) C-ring was added to the molecule via amide formation between
Results and Discussion the acid chloride1l, derived in two steps fron®, and a

The original optimization ofl indicated that the carbonyl = commercially available amine. Themethyl analogud.2 was
between the A- and B-rings was important for activity, and a also prepared to allow direct comparison in the antiviral asays,
methyl substituent ortho to the amide on the C-ring gave the and we found that the constrained analogue was less potent
molecule a measure of metabolic stability. On the C-ring, further against both wild type and nevirapine-resistant viruses. Although
substitution was best placed at the para position, but no the differences were not dramatic, there appeared to be some
beneficial substitution of the A-ring was identifi€d. advantage to using the nonconstrained amides, sutl dsis

A crystal structure of the unsubstituted analo§uwamplexed result is consistent with the presence of an internal hydrogen
with wild-type HIV reverse transcriptase was obtained by bond involving the amide NH in the enzyme-bound conforma-
Stammers and colleagugsnd this work confirmed that the  tion of 12, which is precluded ir.
benzophenone analogue occupied the nonnucleoside binding A second modification of the linker region involved formation
pocket. The X-ray crystal structure also indicated that space of the hydroxylamine derivativé3 (Figure 2). This analogue
could be available for meta substitution in the A-ring and para was prepared in an approach similar to that outlined in Scheme
substitution in the C-ring. Study of the structure led to the 1;an unsubstituted A-ring analogue of the acid chlofidlevas
following hypotheses: (1) Meta substitution on the A-ring would mixed with 2-phenylhydroxylamine in acetonitrile to git&.
reach into the hydrophobic region adjacent to the side chainsThis structural modification, however, did not prove to be
of Y181 and Y188 and thus would require a polar aprotic and beneficial. The potency 013 was significantly less than the
sterically small substituent, such as cyano (or a small nonpolar corresponding des-hydroxy analogBe
group at the expense of solubility). (2) The para position on  Finally, we explored the impact of reversing the amide in
the C-ring pointed directly into the exterior water through a the linker region. The analogue 8fwith the amide inverted
rather small window in the protein surface. Para substitution was not chemically stable, but we were able to prepare a version
could thus be used to add a water solubilizing group that could with the oxygen replaced by a carbod7) via the route
counter the lipophilic nature of the benzophenone scaffold. (3) illustrated in Scheme 2. This is a different synthetic approach
The internal hydrogen bond between the benzophenone carbonythan the one described above. In this case, the A-ring is installed
and the amide NH could be maintained in the benzophenone:last. Acylation of the primary amin&4 with benzoyl chloride
enzyme complex. was followed by a dehydrative ring closure to give intermediate

Modifications of the Linker Region and B-Ring. Some of 16. Ring opening, followed by a second reaction with benzoyl
our early modifications of the benzophenone template centeredchloride, produced?. The results of an antiviral assay witid
on the central portion of the molecule, the linker region and indicate the amide configuration is important, since compound
the B-ring. A conformationally constrained versicf) Of the 17 was far less potent against the wild-type virus ti3an
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Scheme 2.Synthesis of the Reverse Amide Linker Analogue Scheme 3.Synthesis of B-Ring Thiophene Analogées
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17 IC,, = 562 M (wt) . 0 0/\[]/ \é\
X (0]
a(a) PhCOCI, pyridine; (b) POg P,Os, xylene, 54%; (c) PhCOCI, e // R

triethylamine, toluene, 1 dropJ®, 35%. IG values determined using an
acute infection assay in MT4 cells. Wild-type virus (wt) is the HIV-1 Illb

strain. X
24a: X=H, R=H, IC,, = 920 nM
24b: X=F, R=H, IC4, = 247 nM
N 24¢: X=F, R=SO,NH,, IC,, = 88 "M
o oY .
o) a(a) BrCH,COBT, pyr, CHCl,, 69—100%; (b) ArCOCI, AIC, CH;Cly,
reflux, overnight, 22-40%,; (c)21, K,CO;s, acetone, reflux, 56 h, 22—
77%. 1G5 values were determined using HIV-1 l1IB wild-type virus in an
& acute infection assay in MT4 cells.
13: X = OH; ICy, = 156 NM (wt), 1910 nM (nev-R) A variation of the synthetic approach of Scheme 1 allowed us
3: X = H; IC4; = 22 nM (wt), 298 nM (nev-R) to replace the aryl B-ring with a thiophene (Scheme 3). Alum-
Figure 2. N-Hydroxylated benzophenone analogue. The, Malues inum chloride-mediated coupling of the methoxy thioph&@e

were determined using an acute infection assay in MT4 cells. Wild- and the acid chloride derivative of the A-ring gave the A/B in-
type virus (wt) is the HIV-1 11IB strain. Neviripine resistant virus (nev-  termediate®3ab. In this case, the C-ring amide linkage was
R) contains the Y181C mutation. formed before installation of the A/B-rings by reaction of the
M arylamine20ab with bromoacetyl bromide. Subsequent alkyla-
tion of 23ab with 21ab produced the desired analogues in a
o oY \©\ ;
slightly more convergent route than the one shown above. Three
SONH versions of the thiophene B-ring analogues were preparkst{
). Again, although these compounds were active against wild-
CN X type HIV, their potency was low relative to analogues with the
chlorophenyl B-ring.
SAR of the C-Ring. Since the above experimental work
indicated the B-ring and linker regions of the benzophenone
template were well optimized, we turned our attention to

y modifications of the C-ring. As noted above, previous work in
? O/\Ig this template had established the importance obamethyl

18a: X = CF;; IC;, = 25 nM (wt), 17 nM (nev-R)
18b: X =CI; IC4, =1 nM (wt), 2 nM (nev-R)

group and had indicated that additional substitution at the para
position could be tolerated. We chose to further explore the

CN CF, potential for para substitution using a synthetic approach
analogous to that described in Scheme 1.
19 1C,, = 31 nM (wt), 47 M (nev-R) Varying the C-ring substitution required preparation of several

Figure 3. Analogues with trifluoromethyl substitution on the B-ring. ~ aniline derivatives, as illustrated in Schemes 4 and 5. Scheme
The G values were determined using an acute infection assay in MT4 4 demonstrates the flexibility of starting with various para-
cells. Wild-type virus (wt) is the HIV-1 IlIB strain. Neviripine resistant  sypstituted 2-nitrotoluenes. The fluoro derivati2d readily
virus (nev-R) contains the Y181C mutation. yielded C-rings with secondary amines at the para posié) (
One gquestion we had about the B-ring in the benzophenonewhen mixed with primary amines in mild base. The para amide
template was the role of th@chloro substituent. Initiating the  derivative30 was generated from the anilir#8. In this case,
route outlined in Scheme 1 with 2-bromo-1-methoxy-4-(tri- the amine of the starting material was used to formogft
fluromethyl)benzené! an analogue of compouns| allowed unsaturated amid@9), which then gav&0 via 1,4-addition of
us to explore the impact of replacing thehloro group with a morpholine. Ether analogues were readily obtained either by
trifluoromethyl group. The two analogues shown in Figure 3 reaction of alcohols with the fluoro derivatias or from the
illustrate that although the trifluoro-based compouh8aand phenol starting materiad2. In all cases, the desired C-ring
19 are active against both wild type and nevirapine-resistant aniline was obtained by reduction of the aryl nitro group to an
viral strains, they are not as potent as the corresponding chloro-amine in the final step. This routinely proceeded cleanly and in
substituted compouni8b. good yields.
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Scheme 4.Synthesis of Aniline Intermediates for C-Ring Analogties
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a(a) 1-(3-aminopropyl)-imidazole, NaHGOpyridine, 49%,; (b26ato 27aand30to 31: Hy, 10% Pd/C,MeOH, 86100%; (c) CIC(O)CH=CH,, EtN,
CH.Cl, 0°C; (d)29to 30: morpholine, EtOH, reflux, 80% for 2 stepgqto 31); (e) 3-bromopropyl phthalimide, @803, DMF, reflux; (f) H-NNH>—H0,
EtOH, reflux, 85% for two steps3@ to 33); (g) 33to 34 Me3SiIN=C=0, THF, rt, 75%; (h)34 to 35: H,, 10% Pd/C, EtOH, rt, 92%.

Scheme 5. Synthesis of thg-Sulfonamide Aniline C-Ring (K103N and Y181C). Analogues with substitution of the
Intermediaté sulfonamide 42ef) were also active in the antiviral assays, but
were not quite as potent d@2d. In general, substitution at the
HzN\©\ ab,c anN\@ para position was quite well tolerated. Most of the compounds
did not show dramatic differences in potency, even in cases
SOH x with fairly significant changes (e.g42avs 42d). This is con-
36 37 X = SO;Na* sistent with the hypothesis that the para substituent reaches into

38 X =80,Cl

39 X = SONMe, a solvent pocket when bound to the HIV reverse transcriptase.

In addition to changing the substituent on the C-ring, we

g qu\é\ explored the use of pyridine rings in this position. Synthesis of
— the necessary anilines to form the C-rings was carried out as
SO,NMe, shown in Scheme 6. For the analogues in which the pyridine

40 nitrogen was ortho to the sulfonamide, a chloro-substituted

a(2)3610 37: BnBr, N&:COs, H,0, CH,Cly, reflux; (b)37to 38: thionyl pyridine (e.g.43 12 was converted to the corresponding thiol
chloride, DMF, 0°C, 24% for 2 steps; (c38to 39: Me,NH, EtOH, 0°C, 44, which could be oxidized to the desired sulfonamitte
20%; (d) H, 10% Pd/C, toluene, rt, 67%. Reduction of the aryl nitro group then provided the C-ring

aniline 46. Synthesis of the C-ring with the pyridine nitrogen
ortho to the amine required a different approach. In this case,
the pyridine47 was sulfonylated to give an intermediate sulfonic
acid, the aniline group of which was protected to gi& The
sulfonic acid was then converted to the desired sulfonad®de
in a single step.

The synthesis of the A/B-rings of the C-ring pyridine

Scheme 5 exemplifies the synthesis of {reulfonamide-
substituted C-rings from the sulfonic ac®6. The protecting
group strategy varies according to the desired substitution of
the final product. In the case of the dimethylsulfonamde
the aniline is protected with bis-benzyl groups, and the sulfonic
acid is isolated as its sodium salt. Conversion to the sulfonyl

chloride follows, and this intermediate reacts readily with . o
dimethylamine to produc89. Deprotection 0of39 then yields analogu_es IS a varlatlo_n on the_ SChe”_‘e 1 approach (Scheme
the aniline for the coupling reaction. The monomethy! aniline 7)- In this case, the Weinreb amide derivative was made of the

required for42ewas prepared using the same strategy, but with B-1ng (52) for reaction with the lithiated A-ring. The A-rings
an acyl protecting group. were derived from bromo aryl derivatives. The bromo groups

Compoundstla—d were designed to explore the conversion provided the access point for all three of the A-ring substituents.
of the ether linkage irl to secondary amines or amides. As e started with 1,3,5-tribromobenzertd) and carried out a
illustrated in Table 1, there was little benefit to these changes P&ir of metat-halogen exchange reactions, quenching the first

relative to the unsubstituted analogl The exception ig1d, with hexachloroethane and the second with Weinreb asitie
which is potent against both the wild type and K103N mutant t© give53a The final bromo group acted as a cyano surrogate,
viruses. Replacement of the terminal amind.jimnowever, with and it was converted using a palladium-mediated reaction with

other groups proved to be more consistently beneficial. The Sodium cyanide to provids4a which was readily deprotected
sulfonamide 42a), urea 62b), and ether42¢) substituents were 0 55aand then converted to the analogues shown in Table 2.
all well tolerated, and these compounds were quite potent in  In addition to the C-ring sulfonamide intermediates prepared
the antiviral assays. The best results were achieved when then Scheme 6, two commercially available pyridine-rings were
para position was substituted with a sulfonamid@d). This used to prepareb6ab. These analogues provided further
analogue had excellent potency against both wild-type virus and confirmation of the above observations that fhsulfonamide

the two key mutant viruses associated with NNRTI resistance group is quite beneficial (Table 2). In the series of sulfonamide
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Table 1. SAR of Para Substituents on the C-Ring

H
Seaet
S

O

X ol
Potency (ICg,, nM)
5 1§1
103

X R wtt wte Ne  Ce

12 F H 25 8 38 25
R

#a o ~"N N 37 na 158 na

ab F o~ N ] 18 na 109 na

4c F NH/\/\NEt"’ 41 na 96 na

o

41d F »\/\N/\\ 5 na 9 na
NH \_o

42a CF, OO ""SONH, 7 3 4 6

X

42b CF 6 4 4 10
3 o/\/\” NH,

42c CF, o~O<"0ope 6 6 16 12

42d CF, SO,NH, 1.2 2 3

42¢ CF, SO,NHMe 8 3 2 na

42f CF, SO,NMe, 10 8 6 na

aSynthesis: 41a 41b, 41¢ and42c prepared fron25; 41d prepared
from 28; 42b prepared fron82; 42eand42f prepared fron86. P ICsq values
were determined using HIV-1 IlIB wild-type virus in an acute infection
assay in MT4 cells¢ ICsp values were determined using a HeLa MAGI
assay system. The wild-type virus was the HxB2 strain, and the K103N
and Y181C mutants were isogenic with the HxB2 virus backbone.

derivatives $7—59), placement of the pyridine nitrogen at the
X3 position 69) attenuated potency against both wild type and
K103N mutant viruses. Placement of the pyridine nitrogen at
either the X (57ab) or X, (58ab) positions, however, gave

Journal of Medicinal Chemistry, 2006, Vol. 49, No/2L

Scheme 6. Synthesis of Pyridine C-Ring Intermediates
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46Z=NH,
N
H,N N d e AR
| - NS
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NP Nso
47 48
f H,N XN
JE—— I
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SO,NH,
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a(a) thiourea, EtOH and then KOH, 30%; (8% to 45. 1N HCI, Ch
and then NH CH.Cl,, 40%); (c)45t0 46: H,, 10% Pd/C, EtOH; (d) k5O
SG;, 160°C, 50%; () SOCI DMF, rt, 77%; f) PC§ and then NHOH, rt,
45%.

Scheme 7.Synthesis of A/B-Ring Intermediates

O OMe
Br\©/8r a b Br O O
—_—
X Cl Cl
50 X=Br 53a
51a X =Cl
O OR
c d NC l O
Cl Cl
54a R = Me
55aR=H

a(a)50to 51a n-BulLi, Et,O, —78°C; then, CiCCCk, —78°C to room
temperature, 92%,; (tHlato 53a n-BuLi, Et,O, —78 °C; then, 5-chloro-
N,2-dimethoxyN-methyl benzamide5@Q), —78 °C to room temperature,
97%; (c)53ato 54a Cul, NaCN, Pd(PP{4, MeCN, reflux, 56%; (dp4a

analogues with excellent potency against both wild type and to 55a BBrs, CH;Cl, —78 °C to room temperature, 100%.

mutant viruses.

SAR of the A-Ring. After establishing the flexibility of
C-ring substitution, we turned to the A-ring for further optimiza-
tion work. In this case, relatively small changes in structure
did prove to have a significant impact on the potency of the
analogues.

Our first step was to explore the impact of moving a small sub-
stituent around the A-ring. In this case, the A/B-rings were pre-

nitro group produced the desired anilié4 In this case, the A/B-
ring was not converted to an acid chloride. Instead, HOBT-medi-
ated coupling was used to partner the &&3adwith the aniline
64to give65a As was the case in Scheme 7, the bromo substi-
tuent on the A-ring was converted to cyano group in the final
step. In the case of the-cyano analogué6b, the cyano-sub-
stituted acid chloride A-ring starting material was commercially

pared as illustrated in Scheme 8. The A-ring source was a sub-available and the cyano group was carried through the synthesis.

stituted benzoyl chloride (e.g60a), which readily underwent
Friedel-Crafts acylation with 4-chloroanisole to produce the A/B-

In Table 3, we show representative results of the impact of
moving the A-ring substituent. Clearly, placement of a small

ring structure6la The aluminum salts which catalyzed the group at the meta positior66b) is far more favorable than
Friedel-Crafts reaction also removed the methoxy group, con- substitution of the same group at the ortlé64) or para 66b)
veniently exposing the phenol for the subsequent alkylation step. position. Furthermore, substitution at the meta position offers
The C-ring for this analogue set was prepared in a fashion ana-an advantage over the unsubstituted analdjyearticularly
logous to that shown in Scheme 4. Tiréuoro group of the ni- against the critical mutant viruses, K103N and Y181C. In fact,
trotoluene25 was displaced with thiomorpholine. Subsequent subsequent crystallography demonstrated that tyrosine residues
oxidation of the thioether to a sulfoxide and reduction of the aryl 181 and 188 tolerated meta substitutfon.
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Table 2. SAR of C-Ring Pyridyl Analogues

Romines et al.

R2 cl
potency (IGo, nM)2
compound R R? R3 R4 X1 X2 X3 wit K103N Y181C V106A
56a F F H Cl CH N CH -- 67 -- --
56b F F H OMe CH N CH -- 72 -- --
57a Me CN Me SQNH; N CH CH 2 6 4 3
57b Cl CN Me SQNH; N CH CH 1 3 3 7
58a Me CN Me SQGNH; CH N CH 1 7 4 2
58b Cl CN Me SQNH; CH N CH 2 5 2 10
59 Me CN Me SQONH; CH CH N 18 93 -- --

a|Csp values were determined using a HeLa MAGI assay. Wild-type virus (wt) was the HxB2 strain. K103N, Y181C, and V106A mutants were isogenic

with the HxB2 virus backbone.

Scheme 8.Synthesis of A-Ring Monosubstituted Analogties

B O B O OX
@*m abe
cl

60a 61a X=H

62a X = CH,CO,Et
63a X = CH,CO,H

z 0 o/\gn\é\
OA® 9N

d e

—_—

Cl

65a Z=Br

66a Z=CN

a(a)60ato 61a AICI3, 4-chloroanisole, CkCly, reflux, 96%; (b)61a

to 62a Br,CH,CO,Et, K,CO;s, acetone, reflux; (dp2ato 63a LIOH, H,0,
EtOH, THF, rt, 98% for two steps; (d) HOBT, EDAC-HCI, 2-methyl-4-
(1-oxido-4-thiomorpholinyl)aniline@4), EtN, 22%; (e) CuCN, DMF, 16
°C, 11%.

Table 3. SAR of Monosubstituted A-Ring Analogues

0O N/\

R
Cl
potency (1Go, nM)2

R wt K103N Y181C V106A
67 H 17 100 150 1400
66a 0-CN 1500 155 700 2000
66b m-CN 4 5 6 na
66¢C p-CN 26 44 355 1400

a|Csp values determined using a HeLa-MAGI assay. Wild-type virus
(wt) was the HxB2 strain. K103N, Y181 C, and V106A mutants were
isogenic with the HxB2 virus backbone.

Scheme 9. Synthesis of Disubstituted A/B-Ring Intermedidtes

OH (0] OH
Br< :kr a MeO b
cl OMe Cl

69a
N
o o™
MeO (0]
SA®

OMe Cl

70c
a(a) 2.2 equin-BuLi, THF, —78 °C; then,N-methyl-N,3,5-tris(methy-
loxy)benzamide &8), —78 °C to room temperature, 20%; (BLb, K,COs,
acetone, reflux, 66%.

commercially available benzoyl chloride derivatives. The dif-
ference from Scheme 1 is the B-ring origin. In this case,
2-bromo-4-chlorophenol, rather than the anisole derivative,
provided the B-ring. When two equivalents of n-BuLi were used
in THF instead of ether, a dianion was formed by deprotonation
and metat-halogen exchange. Reaction with the Weinreb amide
then provided the A/B-ring, which did not require a deprotection
step before the alkylation to attach the linker region and C-ring.
Method B is the approach described in Scheme 7. The B-ring
source was the Weinreb amiig, and the A-rings were formed
from metal halogen exchange of di-meta-substituted aryl
bromides. Since the C-ring was not varied in this analogue set,
it was most efficient to attach the linker to the C-ring before
alkylation of the B-rings. This is similar to the approach shown
in Scheme 3, using2lb. More efficient alkylations were
achieved with the addition of two equivalents of sodium iodide
to the reaction mixture.

Chan et al. have previously disclosed the mono-meta sub-
stituted analogué8b,” which is a very potent compound, but
does show some diminution of potency against a V106A mutant
virus (Table 4). Addition of a methyl grouyQg or a chloro

Our further exploration of meta substitution patterns in the group (70h) at the second meta position on the A-ring had a
A-ring began to focus on disubstitution. A number of examples dramatic impact on the ability of the analogue to inhibit the
were prepared using two different approaches for building the V106A strain, without sacrificing the potency in the wild type,

A/B-ring. Method A, a variation of the approach shown in

K103N, and Y181C viruses.

Scheme 1, is shown in Scheme 9. As in Scheme 1, the A-ring We made a number of analogues to explore the impact of
was formed from a Weinreb amide, readily accessed from the di-meta substitution, particularly on the mutant viruses. Most



HIV Nonnucleoside Rerse Transcriptase Inhibitor Journal of Medicinal Chemistry, 2006, Vol. 49, No/33

Table 4. SAR of Disubstituted A-Ring Analogues In summary, we have developed several variants of ben-
H zophenone syntheses and used them to systematically explore
o O/\H/N the A-ring, B-ring, linker region, and C-ring sections of this
R! o) SONH novel template. Our efforts have culminated in the discovery
O O 270 of very potent analogues, includif@gand70h, both of which
compare quite favorably to efavirenz and nevirapine in vitro

cl and offer potential advantages in the treatment of virus resistant
to the current NNRTIs.

Selection of 70h (GW678248)Table 4 illustrates a situation
that is not unusual in drug discovery: we have identified more
than one compound with an attractive potency profile in our

potency (1Go, NM)2
method  R! R2 wt KI103N Y181C V106A

18b H CN 07 15 15 30 primary assays. Multiple analogues had excellent antiviral
42d F Ckh 14 20 29 105 activity against both wild type and mutant viruses, particularly

70a A OMe OMe 16 370 13 500 h iated with clinical . favi d
70b A Me Me 04 33 30 42 those associated with clinical resistance to efavirenz an

70c B Br CR 30 93 290 18 nevirapine. The selection of a good drug candidate, however,
70d B Cl Br 22 6.1 6.9 13 does not depend on in vitro potency alone, and we obtained
;g]? i g\}) ?:"'s 162 fﬁ) 25% i’é“ some preliminary pharmacokinetic data to help distinguish
704 B Me CN 05 09 19 14 between the most potent benzop.henongs.

70h B cl CN 05 1.0 0.7 3.4 Intravenous plasma concentration vs time plots of two of the
70i B Ck CN 10 11 2.0 5.6 most potent compounds are shown in Figure 4. In all three of
EFVe 08 25 16 18 the species studied@0h had a lower clearance rate and longer

NVPe 88 5800 10300 8200

elimination half-life than70g This is consistent with our
21Cso values determined using a HeLa MAGI assay. Wild-type virus hypothesis that metabolism of the aryl methyl groug@gwas
(W) was the HxB2 strain. K103N, Y181 C, and V106A mutants were  plocked when that methyl was replaced by the chloro group in
isogenic with the HxB2 virus backbon@‘Metho_d Ais shown in Scheme 70h. On the basis of the potency in antiviral assays and the
9; method B is shown in Scheme 7EFV is efavirenz; NVP is nevirapine. o Do
initial pharmacokinetics data7Oh was selected for further
preclinical evaluation and development.
of these analogues had very good profiles against the wt, )
K103N, Y181C, and V106A viruses, including the fluoro, Conclusions
triflouromethyl (42d), the chloro, bromo70d), and the chloro, The benzophenone template for NNRTI inhibitors has been
methyl (706). Although all of these were more potent against transformed from a lead with moderate activity against wild
the V106A strain than the mono-meta substituted analogue, theytype HIV and little or no activity against clinically relevant
were not quite as potent as the methyl, cyano analdflge mutants to a very promising series with excellent in vitro
There appear to be some size restrictions to the di-metapotency against both wild type and key mutant viruses, including
substitution approach. For example, the bromo, trifluromethyl the Y181C mutation associated with nevirapine resistance and
analogue7Ocis significantly less potent across the panel than the K103N mutation associated with efavirenz resistance. In
its fluoro, trifluoromethyl counterpad2d. particular, 70h (GW678248) has very low I& values in
Use of electron-donating substituentd§) was clearly less  antiviral assays: 0.5 nM against wild-type virus, 1 nM against
favorable than electron withdrawing substituents, although K103N, and 0.7 nM against Y181C. Compounah has also
potency against the Y181C mutant virus was less affected thandemonstrated relatively low clearance in intravenous pharma-
potency against the other viruses in the panel. Use of neutralcokinetic studies in three species. On the basis of this very
substituents (methyl groups), however, was very well tolerated. promising profile, GW678248 was selected for further develop-
In fact, the dimethyl analogu€0b was similar in potency to  ment. It has been converted to a prodrug to increase its oral

the methyl, cyano analogug bioavailability, which progressed to phase 2 clinical trials.
In addition to di-meta substitution, we also explored replace-

ment of the meta-substituted phenyl ring with a meta-substituted Experimental Section

pyridine (70f). In this case, although the wild type and VI06A  NMR spectra were recorded on a Varian XL200, Varian Unity
mutants were still fairly sensitive, the K103N and Y181C Plus 400, or Varian Unity Plus 200 MHz spectrometers. Elemental

mutants were not. analyses were carried out by Atlantic Microlabs, Inc., Atlanta, GA.
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Figure 4. Plasma concentratieftime profiles of70gand70h (GW678248) in rats (A), dogs (B), and cynomolgus monkeys (C) following intravenous
administration at 1 mg/kg.
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Some mass spectral data were obtained using atmospheric pressut@q), and the mixture was then partitioned between EtOAc (50 mL)
chemical ionization (APCI). All purchased starting materials were and water (50 mL). The aqueous layer was extracted with EtOAc
used without further purification. All solvents were reagent grades. (35 mL), and the combined organic layers were dried over MgSO

Unless otherwise noted, all reactions were run in oven-dried, round-

filtered, and concentrated in vacuo to gil@(1.691 g, 81%): MS

bottomed flasks under nitrogen atmosphere. Representative proce{ES-)mV/z 325 (M — H); *H NMR (400 MHz, DSMO¢) 6 7.54—

dures are included below for compourtys$, 7—13, 15—-17, 21b,
23b, 24¢ 264 273 2931, 33—35, 3740, 44—46, 48, 49, 513
52,534 544 553 61a 633 653 663 693 and70h. The syntheses
of reference compound8,® 18b,” 4237 and 42d" have been

7.50 (m, 3H), 7.48 (dd) = 2.7, 9.1 Hz, 1H), 7.36 (d] = 2.7 Hz,
1H), 6.93 (d,J = 9.1 Hz, 1H), 4.27 (s, 2H) ppniC NMR (100
MHz, DSMO-g) 6 192.9, 162.9Jcr = 12, 248 Hz), 155.7, 140.4
(Jor = 8 Hz), 132.4, 129.1, 129.0, 124.6, 115.7, 1133 26

previously published. Procedures and characterization data for allHz), 109.5 {cr = 26 Hz), 67.6 ppm.

other intermediates and final products can be found in the

Supporting Information.
3,5-Difluoro-N-methoxy-N-methylbenzamide (6): Triethy-

lamine (20 mL) was added to a solutionjO-dimethylhydroxy-

lamine hydrochloride (4.74 g, 48.6 mmol) in CHEL00 mL), and

the mixture was cooled to T. 3,5-Difluorobenzoyl chloride (6.60

[4-Chloro-2-(3,5-difluorobenzoyl)phenoxy]acetyl chloride (11):
Oxalyl chloride (2.7 mL of 2.0 M solution in C¥Ll,, 5.44 mmol)
was added dropwise over 14 min to a solutiori6{0.611 g, 2.04
mmol) in DMF (0.10 mL) and CKCI, (12 mL). The resulting
mixture was stirred at room temperature for 2.25 h then concentrated
in vacuo. The crude product was used immediately without further

g, 37.4 mmol) was added dropwise over 5 min. The reaction was purification or characterization.

stirred at 0°C for 35 min and then allowed to warm to room

{5-Chloro-2-[2-(2,3-dihydro-1H-indol-1-yl)-2-oxoethoxy]phe-

temperature over 1 h. The reaction mixture was partitioned betweennyl} (3,5-difluorophenyl)methanone (4):A solution of 11 (0.51

EtOAc (200 mL) and water (100 mL). The organic layer was
washed with water (100 mL) and brine, dried over MgSiitered,
and concentrated in vacuo to gi§€6.963 g, 93%):!H NMR (400
MHz, CDCk) 6 7.27-7.22 (m, 2H), 6.946.89 (m, 1H), 3.57 (s,
3H), 3.37 (s, 3H) ppm.
(5-Chloro-2-methoxyphenyl)(3,5-difluorophenyl)methanone
(7): n-BuLi (11.3 mL of 1.6 M solution in hexanes, 18.2 mmol)
was added dropwise over 4 min to a solution of 2-bromo-4-
chloroanisole (2.2 mL, 15.8 mmol) in £ (100 mL) cooled to
—78°C. The resulting mixture was stirred &{78 °C for 20 min,
and then a solution o (3.49 g, 17.3 mmol) in BEO (5 mL) was

mmol) in acetone (2 mL) was added dropwise over 2 min to a
mixture of indoline (0.05 mL, 0.44 mmol), acetone (5 mL), sodium
bicarbonate (0.384 g, 8.97 mmol), and water (0.5 mL), and the
resulting mixture was stirred at room temperature for 2.5 h. The
mixture was then poured into EtOAc (50 mL) and water (25 mL).
The aqueous layer was separated and extracted with EtOAc (25
mL). The combined organic layers were dried over MgSiered

in concentrated in vacuo to yield 0.278 g of a yellow oil. Purification
by flash chromatography using 25% EtOAc/hexanes as eluant,
followed by crystallization from CkCl,/hexanes gavé (0.069 g,
37%) as white crystals: mp 15860 °C; 'H NMR (400 MHz,

added dropwise over 5 min. The reaction mixture was stirred at CDCl3) ¢ 8.14 (d,J = 8.2 Hz, 1H), 7.447.39 (m, 4H), 7.22

—78 °C for 1 h and then allowed to warm to room temperature

7.18 (m, 2H), 7.076.97 (m, 3H), 4.70 (s, 2H), 3.98 (3, = 8.2

over 3.25 h. The reaction was quenched by adding water (20 mL) Hz, 2H), 3.18 (t,J = 8.2 Hz, 2H) ppm;3C NMR (100 MHz,

and stirring for 20 min. The mixture was then partitioned between
water (100 mL) and EO (100 mL). The aqueous layer was
extracted with BO (50 mL), and the combined organic layers were
dried over MgSQ filtered, and concentrated in vacuo to give 5.191
g of crude material. Purification by flash chromatography using
3% EtOAc/hexanes as eluant gavg1.861 g, 42%) as a white
solid: *'H NMR (400 MHz, CDC}) 6 7.44 (dd,J = 2.5, 8.9 Hz,
1H), 7.32 (d,J = 2.9 Hz, 1H), 7.29-7.24 (m, 2H), 7.03-6.97 (m,
1H), 6.92 (d,J = 8.9 Hz, 1H), 3.70 (s, 3H) ppnt3C NMR (100
MHz, CDCk) 6 192.6, 163.0 Jcr = 11.5, 250 Hz), 156.1, 140.6,
132.5,129.5, 129.0, 126.2, 113.1, 112§ 6.9, 19.1 Hz), 108.6
(Jcr = 25.6 Hz), 56.2 ppm.

(5-Chloro-2-hydroxyphenyl)(3,5-difluorophenyl)methanone (8):
BBr; (9.8 mL of 1.0 M solution in CHCl,, 9.80 mmol) was added
dropwise over 20 min to a solution @f(1.847 g, 6.53 mmol) in
CH,Cl; (65 mL) at—78 °C. The resulting mixture was stirred at
—78°C for 35 min and then allowed to warm to room temperature
over 1.5 h. The reaction mixture was poured onto ice, stirred for
30 min, and extracted with Gi€l, (50 mL). The organic layer
was washed with brine, dried over MggQiltered, and concen-
trated in vacuo to giv8 (1.725 g, 98%): MS (ES49n/z267 (M —
H); H NMR (400 MHz, CDC}) 6 11.58 (s, 1H), 7.497.47 (m,
2H), 7.19-7.1 (m, 2H), 7.06-7.03 (m, 2H) ppm.

Ethyl [4-chloro-2-(3,5-difluorobenzoyl)phenoxylacetate (9):
A mixture of 8 (1.72 g, 6.40 mmol), KCO; (3.98 g, 28.8 mmol),
and ethyl bromoacetate (0.82 mL, 7.36 mmol) in acetone (45 mL)
was heated to reflux for 4.33 h. The reaction mixture was then
partitioned between EtOAc (130 mL) and water (100 mL). The
aqueous layer was extracted with EtOAc (30 mL). The combined
organic layers were then dried over Mg§@ltered, and concen-
trated in vacuo to givé (2.321 g, 100%):'H NMR (400 MHz,
DSMO-d;) 6 7.43-7.34 (m, 4H), 7.026.99 (m, 1H), 6.77 (dJ =
8.5 Hz, 1H), 4.52 (s, 2H), 4.18 (d,= 7.1 Hz, 2H), 1.22 (tJ) =
7.1 Hz, 3H) ppm.

[4-Chloro-2-(3,5-difluorobenzoyl)phenoxy]acetic acid (10)A
suspension 09 (6.40 mmol), LIOH-H,0O (0.671 g, 16.0 mmol),
EtOH (5 mL), water (5 mL), and THF (20 mL) was stirred at room
temperature for 2.75 h. The pH was adjusted to 5gudilN HCI

CDCly) 6 190.1, 162.5, 160.8)¢ = 251.7 Hz), 152.4, 140.4, 138.1,
130.3,128.9, 127.4,127.3,125.7, 125.0, 122.7, 122.6, 115.2, 112.6,
110.7 (cr = 26.7 Hz), 106.7 Jcr = 25.1 Hz), 66.8, 44.9, 26.4
ppm; IR (KBr) 1676, 1657 crmt; MS (ES+) miz 428 (M + H);
Anal. (C3H16NO3CIF, + 0.28 equiv HO) C, H, N.

2-[4-Chloro-2-(3,5-difluorobenzoyl)phenoxy]N-(2-methylphe-
nyl)acetamide (12): Prepared in a method analogous to that
described for4 above from acid chloridell (0.50 mmol) and
o-toluidine (0.05 mL, 0.43 mmol). Purification by flash chroma-
tography using 10% EtOAc/hexanes as eluant gb¥€0.121 g,
58%) as a white solid®H NMR (400 MHz, CDC}) ¢ 8.30 (br s,
1H); 7.71 (d,J = 8.6 Hz, 1H), 7.53 (dd) = 2.5, 8.6 Hz, 1H), 7.36
(d,J=2.5Hz, 1H), 7.347.31 (m, 2H), 7.227.17 (m, 2H), 7.09
(app t,J = 7.1 Hz, 1H), 7.057.01 (m, 2H), 4.77 (s, 2H), 2.18 (s,
3H) ppm;13C NMR (100 MHz, CDC}) 6 191.6, 165.4, 163.13¢¢
= 12, 252 Hz), 154.3, 139.9¢r = 7.6 Hz), 134.7, 133.4, 130.8,
130.5, 130.3, 128.1, 127.3, 126.8, 126.0, 123.7, 114.8, 13&-1 (
= 7.6, 19 Hz), 109.4J = 26 Hz), 68.1, 17.7 ppm; MS (ES
m/z 416 (M + H), 438 (M + Na); Anal. (G:H1eNOsCIF,) C, H,
N.

2-(2-Benzoyl-4-chlorophenoxy)N-hydroxy-N-phenylaceta-
mide (13): 2-(2-Benzoyl-4-chlorophenoxy)acetyl chlorfd@®.1 g,
32 mmol) was dissolved in dry MeCN (2 mL), and a solution of
2-phenylhydroxylamin® (0.35 g, 32 mmol) in MeCN (2 mL) was
added. The resulting mixture was stirred at room temperature for
3 h and then filtered and concentrated in vacuo. Silica gel
chromatography (elution with 25% EtOAc/hexanes) ga8€0.062
g, 50%): MS (APCH#) mVz 404 (M + Na); *H NMR (400 MHz,
CDCl3) 6 9.85 (s, 1 H), 7.857.0 (m, 13 H), 4.95 (s, 2H) ppm;
HRMS (ESt) m/z Calcd. 382.08406; Exp. 382.08409 (i H).

N-[2-(4-Chlorophenyl)ethyl]benzamide (15):Benzoyl chloride
(3.9 mL, 33.7 mmol) was added in one portion to a solution of
2-(4-chlorophenyl)ethanamind4) (5 g, 32.1 mmol) in pyridine
(50 mL) at 0°C. The reaction mixture was then allowed to warm
to room temperature over 1.67 h and then poured into 200 mL of
water/ice mixture. Produci5 was then collected by filtration,
washed with four portions of water, and dried in vacttd.NMR
(400 MHz, CDC}) 6 7.68-7.66 (m, 2H), 7.47 (dJ = 7.2 Hz,
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1H), 7.38-7.42 (m, 2H), 7.28 (dJ = 8.2 Hz, 2H), 7.16 (dJ =
8.2 Hz, 2H), 6.09 (br s, 1H), 3.743.65 (m, 2H), 2.90 (tJ = 6.8
Hz, 2H) ppm;*3C NMR (100 MHz, CDC}) ¢ 168.6, 138.5, 135.6,
133.4, 132.6, 131.2, 129.9, 129.7, 127.9, 42.2, 36.2 ppm.
7-Chloro-1-phenyl-3,4-dihydroisoquinoline (16):Solution of
15 (1.18 g, 4.5 mmol) inp-xylene (25 mL) warmed to reflux to
remove water and then removed from heat. PQ0) g) and ROs + H), 489 (M + Na); Anal. (GoH1eN20sFS;) C, H, N.
(5 g) were added, and the mixture was heated at reflux for 6 h.  N-[3-(1H-Imidazol-1-yl)propyl]-3-methyl-4-nitroaniline (26a):
The xylene was decanted, and the solid residue was dissolved inA mixture of 5-fluoro-2-nitrotoluene (0.24 mL, 2.0 mmol), 1-(3-
water. The aqueous layer was extracted with three portions of ether.aminopropyl)-imidazole (0.41 mL, 3.4 mmol), and sodium bicar-
The combined organic layers were then concentrated in vacuo. Silicabonate (0.302 g, 3.6 mmol) in pyridine (5 mL) and water (0.5 mL)

8.06 (d,J = 5.6 Hz, 1H), 7.72-7.52 (m, 3H), 7.56-7.40 (m, 3H),
7.26 (br s, 2H), 7.17 (d) = 5.6 Hz, 1H), 4.89 (s, 2H), 2.23 (s,
3H) ppm;**C NMR (100 MHz, CDC}) ¢ 185.0, 166.7, 166.6, 162.5
(Jer = 13, 248 Hz), 160.1, 142.5, 139.1cf = 12 Hz), 136.3,
132.0, 131.8, 128.4, 124.5, 124.4, 120.0, 119.0, 11Bp€ 27
Hz), 107.8 {cr = 26 Hz), 18.3, 14.4 ppm; MS (ES m/z 467 (M

gel chromatography (elution with 283% EtOAc/hexanes) gave
16 (0.5 g, 54%): MS (AR-) m/z 242 (M + H); 'H NMR (300
MHz, CDCk) 6 7.60-7.57 (m, 2H), 7.487.43 (m, 3H), 7.37 (dd,
J =21, 8.0 Hz, 1H), 7.267.21 (m, 2H), 3.883.83 (m, 2H),
2.80-2.75 (m, 2H) ppm.
N-[2-(2-Benzoyl-4-chlorophenyl)ethyllbenzamide (17)A mix-
ture of16 (0.1 g, 0.41 mmol), benzoyl chloride (0.2 mL, 1.7 mmol),
and triethylamine (0.1 mL, 0.72 mmol) in toluene (1 mL) and a
few drops of water was stirred at room temperature for 2 h. The
reaction mixture was washed with brine, dried over MgSiered,
and concentrated in vacuo. Silica gel chromatography (elution with
20—-50% EtOAc/hexanes) gave (0.053 g, 35%):'H NMR (300
MHz, CDCk) ¢ 7.95-7.92 (m, 2H), 7.86:7.69 (m, 4H), 7.57 (d,
J=2.1Hz, 1H), 7.50 (dJ = 8.2 Hz, 1H), 7.327.29 (m, 5H),
4.22-4.17 (m, 2H), 3.24-3.19 (m, 2H) ppm#3C NMR (100 MHz,
CDCl;) 6 195.8, 165.6, 137.8, 135.5, 132.4, 132.2, 130.4, 129.9,

129.3, 129.2, 128.7, 126.8, 126.7, 126.5, 125.1, 40.1, 29.3 ppm;

Anal. (C;xH1gNO,CI + 0.2 equiv HO) C, H, N.
N-[4-(Aminosulfonyl)-2-methylphenyl]-2-bromoacetamide
(21b): A solution of 4-amino-3-methylbenzenesulfonami@ek)’
(5.0 g, 26.85 mmol) and pyridine (2.4 mL, 29.53 mmol) in CEICI
(150 mL) was cooled to OC in an ice bath. Bromoacetyl bromide
(2.6 mL, 29.53 mmol) was added dropwise over 20 min, and the
resulting mixture was allowed to warm to room temperature
overnight. The reaction mixture was then poured into water (150
mL) and extracted with two 100-mL portions of @El,. The

was heated to reflux for 3 h. The reaction mixture was then
partitioned between water (50 mL) and EtOAc (50 mL). The organic
layer was concentrated to give a yellow solid, which was purified
by crystallization from EtOAc/hexanes to giv&6a (0.255 g,
49%): *H NMR (400 MHz, CDC}) 6 7.92 (d,J = 9.2 Hz, 1H),
7.60 (s, 1H), 7.16 (s, 1H), 7.08 d,= 5.5 Hz, 1H), 6.87 (s, 1H),
6.47 (dd,J = 2.4, 9.2 Hz, 1H), 6.40 (dJ = 2.4 Hz, 1H), 4.04
3.98 (m, 2H), 3.06-:3.01 (m, 2H), 2.47 (s, 3H), 1.981.91 (m,
2H) ppm;13C NMR (100 MHz, CDC}) 6 153.9, 138.0, 136.9,
129.2, 128.7, 120.0, 114.1, 110.3, 44.2, 30.5, 22.9 ppm.

N4-[3-(1H-Imidazol-1-yl)propyl]-2-methyl-1,4-benzenedi-
amine (27a): A mixture of 26a (0.233 g, 0.90 mmol) and 10%
Pd/C in MeOH (20 mL) was stirred at room temperature under 52
psi of hydrogen gas for 1 h. The reaction mixture was filtered
through Celite and concentrated in vacuo to giiga (0.166,
80%): 'H NMR (400 MHz, CDC}) 6 7.48 (s, 1H), 7.07 (s, 1H),
6.92 (s, 1H), 6.58 (d) = 8.2 Hz, 1H), 6.40 (dJ = 2.6 Hz, 1H),
6.36 (dd,J = 2.6, 8.2 Hz, 1H), 4.08 (t) = 6.9 Hz, 2H), 3.49-
3.48 (m, 1H), 3.26 (br s, 2 H), 3.68.05 (m, 2H), 2.13 (s, 3H),
2.08-2.02 (m, 2H) ppm*C NMR (100 MHz, CDC}) 6 140.9,
137.2, 136.6, 129.7, 124.3, 118.9, 116.6, 116.4, 112.3, 445, 41.9,
31.1, 17.7 ppm.

N-(3-Methyl-4-nitrophenyl)acrylamide (29): A mixture of
3-methyl-4-nitroaniline28) (1.052 g, 6.91 mmol) and triethylamine
(1.16 mL, 8.29 mmol) in ChkCl, (20 mL) was cooled to 0C and
acryloyl chloride (0.62 mL, 7.61 mmol) was added dropwise over

aqueous layer was then filtered to give crude product as a beige5 min. The resulting mixture was stirred 1.5 h af®© and then

solid. The crude material was suspendadli N HCI and then
filtered and washed with Ci€l,, MeOH, and hexane to giv&lb
(5.705 g, 69%):1H NMR (400 MHz, DMSOdg) 0 9.84 (s, 1H),
7.66-7.56 (m, 3H), 7.23 (br s, 2H), 4.09 (s, 2H), 2.24 (s, 3H) ppm;
13C NMR (100 MHz, DMSO¢g) 6 166.0, 141.2. 139.4, 132.3,
128.4,124.9, 124.4, 30.5, 18.4 ppm; AnalgizN,O3BrS) C, H,
N.

(3,5-Difluorophenyl)(3-hydroxy-2-thienyl)ymethanone (23b)A
mixture of 3-methoxythiophen@®) (1.14 g, 10 mmol), AlIG (2.70
g, 20.2 mmol), and 3,5-difluorobenzoyl chloride (1.18 mL, 10
mmol) in CHCl, (50 mL) was heated to reflux for 20 h and then

diluted with CHCI, (35 mL), washed with brine, dried over Mgg0
filtered, and concentrated in vacuo to gi@(1.941 g), which was
used without further purification: MS (ESAvz 205.3 (M — H);
H NMR (400 MHz, CDC}) 6 8.52 (br s, 1H), 8.01 (dJ = 9.0
Hz, 1H), 7.75 (dJ = 2.3 Hz, 1H), 7.65 (ddJ = 2.3, 9.0 Hz, 1H),
6.49-6.40 (m, 2H), 5.78 (ddJ = 3.4, 8.1 Hz, 1H), 2.60 (s, 3H)
ppm.
N-(3-Methyl-4-nitrophenyl)-3-(4-morpholinyl)propanamide
(30): A mixture of 29 (6.91 mmol) and morpholine (0.63 mL, 7.26
mmol) in EtOH (25 mL) was warmed to reflux for 2.3 h. The
reaction mixture was then concentrated in vacuo, suspended in

stirred an additional 27 h at room temperature. The reaction mixture EtOAc, and filtered. The filtrate was concentrated in vacuo,
was then poured over ice and stirred for 40 min, and the aqueousdissolved in EtOAc, and allowed to crystallize. The crystalline

layer was separated and extracted with,CH (20 mL). The
combined organic layers were dried over MgS@ltered, and
concentrated in vacuo to give a dark brown solid (1.214 g).
Purification by flash chromatography using 2% EtOAc/hexanes
gave23b (0.518 g, 22%) as a yellow solidtH NMR (400 MHz,
CDCls) 6 12.04 (s, 1H), 7.57 (d) = 5.5 Hz, 1H), 7.43 (ddJ =
2.1, 7.3 Hz, 2H), 7.026.97 (m, 1H), 6.84 (dJ = 5.5 Hz, 1H)
ppm; 13C NMR (100 MHz, CDC}) 6 188.2, 169.7, 163.1)¢r =
12.2, 252 Hz), 141.2, 135.9, 120.2, 111.9, 110& € 7.6, 19.1
Hz), 107.9 {ce = 25.2 Hz) ppm.
N-[4-(Aminosulfonyl)-2-methylphenyl]-24{ [2-(3,5-difluoroben-
zoyl)-3-thienylloxy} acetamide (24c¢):A mixture of 23b (0.192 g,
0.80 mmol),21b (0.252 g, 0.82 mmol), and &0 (0.498 g, 3.6
mmol) in acetone (10 mL) was warmed to reflux for 6 h. The

impurity was removed by filtration, and the filtrate was concentrated
in vacuo to give30 (1.767 g, 87%):'H NMR (400 Mz, CDC}) 6
11.24 (br s, 1H), 8.03 (d] = 8.9 Hz, 1H), 7.54 (dJ = 2.3 Hz,
1H), 7.43 (dd,J = 2.3, 8.9 Hz, 1H), 3.843.82 (m, 4H), 2.76
2.73 (m, 2H), 2.64 (br s, 4H), 2.62 (s, 3H), 2:5855 (m, 2H)
ppm.

N-(4-Amino-3-methylphenyl)-3-(4-morpholinyl)propana-
mide (31): A mixture of 30 (0.202 g, 0.69 mmol) and 10% Pd/C
(0.018 g) in MeOH (10 mL) was stirred at room temperature under
53 psi of hydrogen gas for 2.17 h. The reaction mixture was then
filtered through Celite and concentrated in vacuo to §¥€0.192
g, quant.): *H NMR (400 MHz, CDC}) 6 10.44 (br s, 1H), 7.38
(d,J = 2.5 Hz, 1H), 7.27 (dd) = 2.5, 8.3 Hz, 1H), 6.76 (dJ =
8.3 Hz, 1H), 3.973.92 (m, 4H), 2.9%2.83 (m, 2H), 2.772.72

reaction mixture was then poured into water (30 mL) and extracted (m, 4H), 2.66-2.62 (m, 2H), 2.25 (s, 3H) ppm.

with two 30-mL portions of EtOAc. The combined organic layers
were dried over MgSg filtered, and concentrated in vacuo to give
0.272 g of crude material. Purification by flash chromatography
using 35-50% EtOAc/hexanes as eluant g&4zas a yellow solid
(0.103 g, 28%):IH NMR (400 MHz, CDC}) 6 9.47 (br s, 1H),

3-(3-Methyl-4-nitrophenoxy)propylamine (33): 3-Methyl-4-
nitrophenol 82) (5.0 g, 33 mmol), 3-bromopropyl phthalimide (8.8
g, 33 mmol), and G£O; (16.1 g, 5.0 mmol) in DMF (60 mL)
were heated to 55C for 2 h and then cooled to room temperature.
The mixture was poured into a mixture of,Btand water, and the
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resulting mixture was filtered, washed with water and(&tand
dried in a vacuum oven at 4% for 16 h to give 2-[3-(3-methyl-
4-nitrophenoxy)propyl]-H-isoindole-1,3(®)-dione ©4) (9.5 g,
85%) as a tan solid*H NMR (300 MHz, DMSO#dg) 6 8.05-8.01
(m, 1H), 7.96-7.84 (m, 4H), 6.886.85 (m, 2H), 4.16 (tJ = 5.8
Hz, 2H), 3.79 (t,J = 6.6 Hz, 2H), 2.51 (s, 3H), 2.152.07 (m,
2H) ppm. A solution 084 (3.0 g, 8.8 mmol) and hydrazine hydrate
(2.6 mL, 53 mmol) in EtOH (50 mL) was heated to reflux for 4 h

Romines et al.

(30 mL), and the mixture was heated to reflux for 7 h. A solution
of KOH (0.2 g, 3.6 mmol) in water (1 mL) was added to the reaction
mixture, which was then heated for an additional 1 h. The reaction
was diluted wih 1 N NaOH (25 mL) and extracted with three 25-
mL portions of CHCI,. The pH of the aqueous layer was then
adjusted to 4 with concentrated HCI to precipitd# (0.124 g,
30%): LCMS (APCH) m/z 171 (M + H); IH NMR (400 MHz,
DMSO-dg) 6 7.92 (d,J = 9.5 Hz, 1H, 7.14 (dJ = 9.5 Hz, 1H),

and then stirred at room temperature for 48 h. The reaction mixture 2.67 (s, 3H) ppm.

was then filtered and concentrated in vacuo. The resulting solid

was washed with CkCl, and then dissolved in EtOAc. The EtOAc
solution was washed with water, dried over MgS@ltered, and
concentrated in vacuo to g8 (1.1 g, 59%) as a yellow oil*H
NMR (400 MHz, DMSO#s) 6 7.99 (d,J = 9.2 Hz, 1H), 6.97 (d,
J=2.8Hz, 1H), 6.91 (ddJ = 2.8, 9.1 Hz, 1H), 4.10 () = 6.4
Hz, 2H), 2.63 (t,J = 6.7 Hz, 2H), 2.49 (s, 3H), 1.771.71 (m,
2H) ppm;*C NMR (100 MHz, DMSOs) 6 163.1, 142.1, 137.1,
128.0, 118.5, 113.5, 67.1, 38.8, 33.1, 21.4 ppm.
N-[3-(3-Methyl-4-nitrophenoxy)propyl]urea (34): A solution
of 33 (0.3 g, 1.43 mmol) and trimethylsilyl isocyanate (0.21 mL,
0.18 mmol) in THF (5 mL) was stirred at room temperature for 3

6-Methyl-5-nitro-2-pyridinesulfonamide (45): A mixture of44
(0.115 g, 0.67 mmol)ni 1 N HCI (5 mL) was cooled to 5C.
Chlorine gas was passed through the mixture for 30 min, and the
reaction was then stirred an additional 15 min. The reaction mixture
was extracted with two 5-mL portions of GEl,. The combined
organic layers were cooled to°@ and NH (I) was dripped into
the mixture for 15 min via condensation of Nif) on a—78 °C
coldfinger. The reaction was allowed to warm to room temperature
and stir overnight. The crude mixture was concentrated in vacuo,
and the residue was dissolved in EtOAc (15 mL), washed with
NaHCGQ; (15 mL), dried over MgSQ filtered, and concentrated
in vacuo to give45 (0.06 g, 40%): GCMS (Ct) m/z 218 (M +

h. The reaction mixture was then quenched with water (1 mL) and H); 'H NMR (400 MHz, DMSO¢g) 6 8.60 (d,J = 8.4 Hz, 1H),
concentrated in vacuo. The resulting residue was washed with a7.94 (d,J = 8.5 Hz, 1H), 7.71 (br s, 2H), 2.75 (s, 3H) ppm.

mixture of EtOAc and BDO, filtered, and dried to affor84 (0.273
g, 75%) as a pale yellow solid®H NMR (400 MHz, DMSO«g) 6
8.00 (d,J = 9.2 Hz, 1H), 6.97 (dJ = 2.5 Hz, 1H), 6.90 (ddJ =
2.8,9.1 Hz, 1H), 5.97 () = 5.6 Hz, 2H), 5.35 (br s, 2H), 4.04 (t,
J=6.4 Hz, 2H), 3.08-3.03 (m, 2H), 2.44 (s, 3H), 1.811.74 (m,
2H) ppm.

N-[3-(4-Amino-3-methylphenoxy)propyljurea (35): Compound
35(0.045 g, 92%) was prepared fra3d according to the procedure
described above f®7a 'H NMR (400 MHz, DMSO¢s) 6 6.51
(s, 1H), 6.48-6.43 (m, 2H), 5.92 (tJ = 5.6 Hz, 1H), 5.33 (br s,
2H), 4.30 (br s, 2H), 3.75 (§ = 6.3 Hz, 2H), 3.08-3.03 (m, 2H),
1.96 (s, 3H), 1.761.64 (m, 2H) ppm.

Sodium 4-(dibenzylamino)-3-methylbenzenesulfonate (37):
Mixture of 2-aminotoluene-5-sulfonic acid (10 g, 53 mmol),.Na
CGOs; (22.3 g, 210 mmol), benzyl bromide (14.3 mL, 120 mmol),
water (120 mL), and CKCl, (120 mL) was heated to reflux for 72
h. Reaction was quenched with EtOH, and the mixture was
concentrated in vacuo to give 27.4 g of crig which was used
without further purification.

4-(Dibenzylamino)-3-methylbenzenesulfonyl chloride (38)A
solution of37 (20.6 g, 53 mmol) in DMF (200 mL) was cooled to
0 °C, and thionyl chloride (19.0 g, 160 mmol) was added dropwise.
After stirring for 2 h atroom temperature, the reaction mixture
was poured into ice, stirred for 30 min, and extracted with EtOAc.
The organic layers were then dried over,8@y, filtered, and
concentrated in vacuo to giv@8 (5.0 g, 24%), which was used
immediately without further purification or characterization.

4-(Dibenzylamino)-N,N,3-trimethylbenzenesulfonamide (39):
Intermediate38 (5.0 g, 13 mmol) was added slowly to a solution
of dimethylamine (11.6 mL of 5.6M solution in EtOH, 65 mmol)
at 0°C, and the resulting mixture was stirred for 30 min @

The reaction mixture was then poured into EtOAc and water, and

5-Amino-6-methyl-2-pyridinesulfonamide (46): A mixture of
45(0.06 g, 0.27 mmol) and 10% Pd/C (0.011 g) in EtOH (10 mL)
was stirred under ${g) overnight. The reaction mixture was filtered
and concentrated in vacuo to gié, which was used without
further characterization or purification.

6-Amino-5-methyl-3-pyridinesulfonic acid (71): 3-Methyl-2-
pyridineamine (1 mL, 1 mmol) was heated to T@&in 20% fuming
sulfuric acid (2 mL) for 20 h. The reaction was then allowed to
cool to room temperature, and ice (ca. 10 mL) was added. Filtration
of the precipitate yielded1 (0.094 g, 50%):'H NMR (300 MHz,
DMSO-dg) 6 13 (br s, 1H), 7.88 (s, 4H), 2.14 (s, 3H) ppAt
NMR (300 MHz, DMSO¢ds with D,O) 6 7.88 (s, 2H), 7.87 (s,
2H), 2.13 (s, 3H) ppm; LCMS (ES) m+1/z 189.

6-{[(E)-(Dimethylamino)methylidene]aming -5-methyl-3-py-
ridinesulfonic acid (48): Thionyl chloride (0.5 mL, 6.8 mmol) was
added to a mixture 0f1(0.9 g, 4.8 mmol) and DMF (30 mL), and
the resulting mixture was stirred at room temperature for 40 min.
The reaction mixture was filtered to obtain a solid, which was
washed with hexane to giv8 (0.85 g, 77%):'H NMR (400 MHz,
DMSO-dg) 6 8.12 (d,J = 2.2 Hz, 1H), 7.50 (s, 1H), 7.00 (s, 2H),
6.47 (s, 2H), 2.02 (s, 3H) ppm; LCMS (BS m/z 244 (M + H).

6-Amino-5-methyl-3-pyridinesulfonamide (49): A mixture of
48 (1.0 g, 4.1 mmol) and P€K0.85 g, 4.1 mmol) was heated to
130 °C for 1.5 h. The resultant PO£lWas removed under high
vacuum. Concentrated NBH (25 mL) was carefully added at
room temperature, and the resulting mixture was heated to reflux
for 4 h and then allowed to stand at room temperature for 60 h.
Filtration gave49 (0.35 g, 45%):H NMR (400 MHz, DMSO#d;)
0 8.12 (d,J = 2.4 Hz, 1H), 7.50 (dJ = 2.3 Hz, 1H), 7.00 (br s,
2H), 6.47 (br s, 2H), 2.02 (s, 3H) ppm; LCMS (E$m/z 188 (M
+ H).

1,3-Dibromo-5-chlorobenzene (51a):A solution of 1,3,5-

the organic layer was separated, washed with brine, dried overtribromobenzenesQ) (1.57 g, 5 mmol) in BO (25 mL) was cooled

MgSQ,, filtered, and concentrated in vacuo to gig8 (1.0 g,
20%): 'H NMR (400 MHz, DMSO¢g) ¢ 7.47 (d,J = 2.2 Hz,
1H), 7.3+7.14 (m, 11H), 7.05 (d) = 8.6 Hz, 1H), 4.13 (s, 4H),
2.48 (s, 6H), 2.44 (s, 3H) ppm.
4-Amino-N,N,3-trimethylbenzenesulfonamide (40)A mixture
of 39(0.330 g, 0.85 mmol), toluene (10 mL), and 10% Pd/C (0.050
g) was stirred under 40 psi ofHas for 6 h. The reaction mixture
was then filtered through Celite, and the filtrate was washed with

to —78°C, andn-BuLi (3.4 mL of 1.6 M solution in hexanes, 5.5
mmol) was added dropwise over 5 min. The reaction mixture was
stirred for 10 min, and then a mixture of{CICCk (1.18 g, 5 mmol)

in EO (10 mL) was added dropwise over 3 min. The reaction
mixture was stirred for 15 min at78 °C and then allowed to warm

to room temperature over 1 h. The reaction mixture was poured
into water (50 mL) and extracted with two 50-mL portions of
EtOAc. The combined organic layers were then dried over MgSO

satd NaHC@(aq) and water. The organic layer was separated, dried filtered, and concentrated in vacuo to gisga as a yellow solid

over MgSQ, filtered, and concentrated in vacuo to gi4@(0.120
g, 67%): 1H NMR (400 MHz, DMSO#dg) 6 77.21-7.18 (m, 2H),
6.64 (d,J = 8.0 Hz, 1H), 5.74 (br s, 2H), 2.44 (s, 6H), 2.04 (s,
3H) ppm.

6-Methyl-5-nitro-2-pyridinethiol (44): Thiourea (0.2 g, 2.6
mmol) was added to a solution 48 (0.4 g, 2.4 mmol) in ethanol

(1.24 g, 92%):*H NMR (300 MHz, CDC}) 6 7.57 (t,J = 1.6 Hz,

1H), 7.47 (d,J = 1.6 Hz, 2H) ppm23C NMR (100 MHz, CDC})

0 136.0, 132.8, 130.6, 123.3 ppm; Anal.stGBr.Cl) C, H, N.
5-Chloro-N,2-dimethoxy-N-methylbenzamide (52): Oxalyl

chloride (25 mL & 2 M solution in CHCl,, 50 mmol) was added

dropwise over 30 min to a mixture of 5-chloro-2-methoxybenzoic
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acid (3.73 g, 20 mmol) and 1 drop of DMF in GEl, (100 mL).
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of 7t0 9: 'H NMR (400 MHz, DMSOé) 6 12.96 (br s, 1H),

The reaction mixture was stirred at room temperature for 21 h and 7.67—7.64 (m, 1H), 7.59 (dd) = 2.8, 9.0 Hz, 1H), 7.49 (d] =

then concentrated to yield 5-chloro-2-methoxybenzoyl chloride (4.1
g, quant), which was used immediately. A mixture of (MeO)-
MeNH—HCI (2.54 g, 26 mmol) and triethylamine (10 mL) in CHCI

2.8 Hz, 1H), 7.43-7.38 (m, 3H), 7.07 (dJ = 9.0 Hz, 1H), 4.49 (s,
2H) ppm.
2-({2-[(2-Bromophenyl)carbonyl]-4-chloropheny} oxy)-N-[2-

(40 mL) was stirred at room temperature for 10 min and then cooled methyl-4-(1-oxido-4-thiomorpholinyl)phenyljacetamide (65a)A

to 0 °C. A solution of 5-chloro-2-methoxybenzoyl chloride (4.1 g,
20 mmol) in CHC} (20 mL) was added dropwise over 30 min,
and the resulting mixture was stirred afO for 30 min and then

allowed to warm to room temperature over 2 h. The reaction mixture

was then poured into water (100 mL) and extracted withpClK
(100 mL). The organic layer was washed with water (100 mL) and
brine, dried over MgS@ filtered, and concentrated in vacuo to
give 52 (4.265 g, 93%):H NMR (400 MHz, CDC}) 6 7.27 (dd,
J=2.6, 8.8 Hz, 1H), 7.20 (s, 1H), 6.82 (d= 8.8 Hz, 1H), 3.79
(s, 3H), 3.46 (br s, 3H), 3.29 (br s, 3H) ppm.
(3-Bromo-5-chlorophenyl)(5-chloro-2-methoxyphenyl)metha-
none (53a):A solution of51a(0.270 g, 1.0 mmol) in BEO (5 mL)
was cooled to-78 °C, andn-BuLi (0.7 mL of 1.6 M solution in

mixture of 63a(0.443 g, 1.2 mmol), 1-hydroxybenztriazole (0.16
g, 1.2 mmol), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hy-
drochloride (0.23 g, 1.2 mmol), triethylamine (0.34 mL, 2.4 mmol)
and aniline64 (0.40 g, 1.8 mmol) in DMF (15 mL) was stirred at
room-temperature overnight. The reaction mixture was then par-
titioned between EtOAc and water. The organic layer was separated,
washed with water and brine, dried over MgS@iltered, and
concentrated in vacuo. Column chromatography on silica gel
(elution with 2% MeOH/CHCI,) gave65a (0.154 g, 22%) as an
off-white foam: IH NMR (400 MHz, DMSO¢s) 6 8.80 (s, 1H),
7.70-7.64 (m, 2H), 7.56-7.36 (M, 4H), 7.24 (d) = 8.8 Hz, 1 H),
7.15 (d,J = 8.8 Hz, 1H), 6.85 (dJ = 2.6 Hz, 1H), 6.79 (ddJ =

3, 8 Hz, 1H), 4.62 (s, 2H), 3.733.67 (m, 2H), 3.56-3.51 (m, 2H),

hexanes, 1.1 mmol) was added dropwise over 2 min. The reaction2.91-2.84 (m, 2H), 2.67#2.61 (m, 2H), 2.07 (s, 3H) ppm.

mixture was stirred at-78 °C for an additional 10 min, and then
52 (0.230 g, 1.0 mmol) was added in small portions over 4 min.
The reaction mixture was stirred at78 °C for 1.25 h and then
allowed to warm to room temperature and stir for 14 h. The mixture
was then poured into water (25 mL) and extracted with EtOAc (25
mL) and CHCI, (25 mL). The combined organic layers were dried
over MgSQ, filtered, and concentrated in vacuo to gh&a(0.351

g, 97%): MS (APCI-)m/z 357.9 (M — H); 'H NMR (300 MHz,
CDClg) 6 7.76 (app tJ = 1.5 Hz, 1H), 7.70 (app t) = 1.8 Hz,
1H), 7.65 (app tJ = 1.5 Hz, 1H), 7.47 (ddJ = 2.7, 8.9 Hz, 1H),
7.36 (d,J = 2.7 Hz, 1H), 6.95 (dJ = 8.9 Hz, 1H), 3.72 (s, 3H)
ppm; 13C NMR (100 MHz, CDC}) 6 192.4, 156.1, 140.3, 135.7,

2-[4-Chloro-2-(2-cyanobenzoyl)phenoxyN-[2-methyl-4-(1-
oxido-4-thiomorpholinyl)phenyllacetamide (66a):Copper cyanide
(0.037 g, 0.42 mmol) was added to a solution6&fa (0.120 g,
0.21 mmol) in DMF (5 mL), and the resulting mixture was heated
to 160°C and stirred overnight. The mixture was then cooled, and
water was added. The resulting solid was filtered and washed with
EtOAc. The filtrate was dried over MgSGnd concentrated in
vacuo. Column chromatography on silica gel (elution with-10
100% EtOAc/hexanes) gavé6a (0.012 g, 11%) as an orange
foam: 'H NMR (400 MHz, DMSO#s) 6 8.97 (s, 1H), 7.997.96
(m, 1H), 7.76-7.66 (m, 4H), 7.56 (dJ = 2.7 Hz, 1H), 7.22 (dJ
= 8.9 Hz, 1H), 7.06 (dJ = 8.6 Hz, 1H), 6.82 (dJ = 3.0 Hz, 1H),

135.6,132.7, 130.9, 129.7, 128.8, 128.5, 126.3, 123.0, 113.2, 56.26.76 (dd,J = 3, 9 Hz, 1H), 4.62 (s, 2H), 3.733.69 (m, 2H), 3.55

ppm.

3-Chloro-5-(5-chloro-2-methoxybenzoyl)benzonitrile (54a)A
mixture 0f53a(0.299 g, 0.83 mmol), NaCN (0.086 g, 1.76 mmol),
Cul (0.028 g, 0.15 mmol), and Pd(P$h(0.113 g, 0.10 mmol) in
acetonitrile (8 mL) was warmed to reflux for ca. 45 min. The
reaction mixture was cooled to room temperature, diluted with
EtOAc (50 mL), and filtered through Celite. The solution was then
washed with water (25 mL), dried over MggCfiltered, and
concentrated in vacuo. Column chromatography on silica gel
(elution with 5% EtOAc in hexanes) gasda(0.171 g, 56%):'H
NMR (400 MHz, CDC}) 6 7.93 (app tJ = 1.8 Hz, 1H), 7.82
(@pp t,J = 1.5 Hz, 1H), 7.76 (app § = 1.7 Hz, 1H), 7.47 (ddJ
= 2.5, 8.9 Hz, 1H), 7.37 (d] = 2.5 Hz, 1H), 6.93 (dJ = 8.9 Hz,
1H), 3.67 (s, 3H) ppm*3C NMR (100 MHz, CDC}) ¢ 191.8, 156.2,

3.53 (m, 2H), 2.96-2.84 (m, 2H), 2.652.60 (m, 2H), 1.99 (s,
3H) ppm; MS (ES-)m'z 521 (M — H); Anal. (C;7H24N30,CIS +
0.3HO0)C, H,N,S.
[3,5-Bis(methyloxy)phenyl](5-chloro-2-hydroxyphenyl)metha-
none (69a):A solution of 2-bromo-4-chlorophenol (0.830 g, 4.0
mmol) in THF (20 mL) was cooled te-78 °C. n-Butyllithium (5.5
mL of a 16 M solution in hexanes, 8.8 mmol) was added dropwise
over 5 min, and the resulting mixture was stirred-at8 °C for 1
h. A solution 0f68 (0.901 g, 4.0 mmol) in THF (5 mL) was added
dropwise over 4 min, and the resulting mixture was stirree 28
°C for 1.25 h and then at room temperature for 14 h. The reaction
mixture was poured into water (50 mL) and extracted with two
50-mL portions of EtOAc. The combined organic layers were dried
over MgSQ, filtered, and concentrated in vacuo to give 1.193 g

140.1, 135.9, 135.6, 133.6, 133.3, 1314, 130.0, 128.0, 126.7, 116.9,0f a brown oil. Column chromatography on silica gel (elution with

114.4, 113.3, 56.1 ppm.
3-Chloro-5-(5-chloro-2-hydroxybenzoyl)benzonitrile (55a):
Prepared fronb4aaccording to the procedure described above for
7. Isolated55a (0.174 g, quant) as a yellow solidH NMR (400
MHz, CDCl) ¢ 11.43 (s, 1H), 7.847.82 (m, 2H), 7.78 (t) = 1.5
Hz, 1H), 7.49 (ddJ = 2.7, 9.0 Hz, 1H), 7.34 (d] = 2.7 Hz, 1H),
7.05 (d,J = 9.0 Hz, 1H) ppmC NMR (100 MHz, CDC}) ¢

10% EtOAc/hexanes), followed by crystallization from hot ether
gave69a(0.234 g, 20%) as yellow crystaldH NMR (300 MHz,
CDCl3) 6 11.83 (s, 1H), 7.62 (d) = 2.6 Hz, 1H), 7.45 (dd) =
2.6, 8.9 Hz, H), 7.03 (dJ = 8.9 Hz, 1H), 6.76 (dJ = 2.3 Hz,
2H), 6.68 (t,J = 2.3 Hz, 1H), 3.84 (s, 6H) ppni’C NMR (100
MHz, CDCl) ¢ 200.6, 161.9, 160.9, 139.1, 136.5, 132.6, 123.6,
120.2, 119.9, 107.1, 104.5, 55.9 ppm; Anal4€:304Cl) C, H,

196.9,162.1, 139.9, 137.7,136.3, 135.1, 133.2, 131.6, 130.5, 124.4N.

120.9, 118.9, 116.6, 114.8 ppm.

(2-Bromophenyl)(5-chloro-2-hydroxyphenyl)methanone (61a):
A mixture of 2-bromobenzoyl chloride (10 g, 46 mmol), aluminum
chloride (6.2 g, 46 mmol), and 4-chloroanisole (5.6 mL, 46 mmol)
in CH.CI, (250 mL) was stirred at reflux overnight. The reaction
mixture was then cooled to room temperature, poured inte ice
water, and extracted with GBI,. The organic layer was dried over
MgSQ,, filtered, and concentrated in vacuo to gi&ga (13.76 g,
96%) as a tan solid*H NMR (400 MHz, DMSO#g) 6 10.92 (s,
1H), 7.70 (dJ = 7.9 Hz, 1H), 7.49-7.42 (m, 3H), 7.54 (dd) =
2.7, 9.0 Hz, 1H), 7.29 (dJ = 2.8 Hz, 1H), 6.98 (d,) = 9.0 Hz,
1H) ppm.

({2-[(2-Bromophenyl)carbonyl]-4-chloropheny} oxy)acetic acid
(63a): Intermediateéslawas converted in two steps G3a(17.24

N-[4-(Aminosulfonyl)-2-methylphenyl]-2-[4-chloro-2-(3-chloro-
5-cyanobenzoyl)phenoxylacetamide (70hPrepared frond5aand
21b according to the procedure described above2ia Column
chromatography on silica gel (elution with 8:5% MeOH/CH-
Cl,) gave70h (0.033 g, 12%) as a light yellow solid*H NMR
(400 MHz, DMSO6g) 6 9.42 (s, 1H), 8.26 (s, 1H), 8.11 (s, 1H),
8.03 (t,J = 1.6 Hz, 1H), 7.63 (ddJ = 2.7, 8.9 Hz, 1H), 7.6
7.53 (m, 3H), 7.49 (dJ = 2.7 Hz, 1H), 7.22 (s, 2H), 7.19 (d,=
9.1 Hz, 1H), 4.77 (s, 2H), 2.14 (s, 3H), ppHMC NMR (100 MHz,
DMSO-ds) 6 192.0, 166.6, 155.2, 141.0, 139.9, 139.1, 136.7, 135.1,
133.8,133.4,132.7,131.9, 130.1, 128.6, 128.3, 126.0, 124.5, 124.3,
117.5, 116.0, 114.3, 67.7, 18.4 ppm; MS (APQH 517 (M —
H), Anal. (C23H17N305C|25) C, H, N.

Activity against HIV-1 in an Acute Infection Assay Using

g, 98%) according to the procedures described above for conversionMT4 Cells. The human T-cell lymphotropic virus type-1 trans-
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formed cell line MT4 was infected with HIV-1 (strain 11IB) at 100  determined by reference to a corresponding calibration curve
times the amount necessary to cause a 50% reduction in cell growth.constructed by linear or quadratic regression analysis xf dr/

The infected cells were incubated for 5 days in the presence of 1/x?-weighted standard peak areas. Pharmacokinetic parameter
various concentrations of each of the compounds to be tested. HIV-values were estimated by noncompartmental analysis of the plasma
1-mediated cytopathic effects (CPE) were assessed by an MTSconcentratior-time curves.

Staining method. A compound that expresses activity against HIV-1
prevents this CPE. Each value represents the mean from a single .
experiment performed in triplicate. Compound induced cytotoxicity Acknowledgment. The authors thaqk Gwyer Lovell, Brllan.
was measured in parallel in uninfected cells (data not shown). For OWens and Pat Wheelan for conducting the pharmacokinetics
the benzophenone compound series, cytotoxicty was not observecstudies and Thimysta Burnette for providing the pharmacoki-
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