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1,2,4-TRIAZOL-3-YLTHIO)ACETIC ACID AND 
METHYL ESTER 

RELATED APPLICATIONS 

[0001] This application claims priority of Us. provisional 
applications 60/604,219, ?led Aug. 25, 2004, 60/604,220, 
?led Aug. 25, 2004, and 60/686,351, ?led May 31, 2005, the 
contents of each of Which are incorporated herein by refer 
ence in their entirety. 

FIELD OF THE INVENTION 

[0002] The ?eld of the invention is enzyme inhibitors and 
the use of enzyme inhibitors for treatment of disease. More 
particularly, the invention deals With the in vitro and in vivo 
inhibition of HIV reverse transcriptase as a method of treating 
HIV infection. 

BACKGROUND OF THE INVENTION 

[0003] Numerous treatments for HIV are knoWn in the art, 
and among other pharrnaceutically active compounds, 
reverse transcriptase inhibitors have provided signi?cant 
therapeutic effect to many HIV infected patients. For 
example, lamivudine (3TC) or zidovudine (AZT) are rela 
tively Well tolerated antiretroviral drugs. HoWever, numerous 
viral strains have recently emerged With marked resistance 
against these compounds. To overcome resistance to at least 
some degree, neW nucleoside-type inhibitors may be admin 
istered (alone or in combination With other nucleoside-type 
inhibitors), and exemplary alternative drugs include stavu 
dine (d4T), didanosine (ddI), CombivirTM (brand for a com 
bination of lamivudine and zidovudine), and TrizivirTM 
(brand for a combination of 3TC, AZT, and abacavir). 
[0004] Unfortunately, development of resistance to one 
nucleoside-type inhibitor is often accompanied by the devel 
opment of a degree of resistance to another nucleoside-type 
inhibitor, frequently necessitating a sWitch to a different class 
of drug. In such cases, a patient may receive a protease inhibi 
tor (e.g., saquinavir, indinavir, nel?navir, etc.), typically in 
combination With other anti retroviral agents. HoWever, the 
relatively complex administration regimen of such combina 
tions often proves an organizational and ?nancial challenge to 
many patients, and compliance is frequently less than desir 
able. 
[0005] More recently, HIV treatment has focused on com 
bination therapies that involve the administration of nucleo 
side reverse transcriptase inhibitors With protease inhibitors 
and With non-nucleoside reverse transcriptase inhibitors, and 
triple combinations of nucleoside reverse transcriptase 
inhibitors, non-nucleoside reverse transcriptase inhibitors 
and protease inhibitors. Unfortunately, combination thera 
pies of protease inhibitors With nucleoside reverse tran 
scriptase inhibitors are often poorly tolerated and frequently 
lead to premature termination of the therapy. Therefore, most 
current combination treatments include a combination of 
nucleoside reverse transcriptase inhibitors and non-nucleo 
side reverse transcr‘iptase inhibitors. 
[0006] Non-nucleoside-type inhibitors (e.g., nevirapine, 
delavirdine, and efavirenz) are a structurally inhomogeneous 
group of compounds that are thought to bind in a non-nucleo 
side pocket of the reverse transcriptases. They signi?cantly 
increase antiviral e?icacy When co-admini stered With nucleo 
side-type inhibitors. While the non-nucleoside-type inhibi 
tors seem to provide a promising neW class of antiviral drugs, 
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several disadvantages still remain. The cost of currently 
knoWn non-nucleoside-type inhibitors is relatively high, and 
a single mutation in the viral reverse transcriptases can induce 
a cross resistance against a Wide class of non-nucleoside 
reverse transcriptase inhibitors. Therefore, there is an urgent 
to provide neW non-nucleoside reverse transcriptase inhibi 
tors that have potent antiviral effects, particularly against HIV 
mutant strains that exhibit resistance against currently-known 
non-nucleoside reverse transcriptase inhibitors. 
[0007] The HIV virus has a relatively high frequency of 
mutation, Which often leads to drug resistance to current 
treatments. Studies have been carried out to identify the muta 
tion spectrum in the RT proteins of viruses isolated from 
patients Who had failed therapies involving at least one 
NNRTI, and the results shoWed that the mutant K103N Was 
the most predominant for patients taking efavirenz, While 
Y181C Was predominant for patients taking nevirapine. 
Other single mutations included K101E, G190S/A/E and 
Y188L/C. Some of the most prevalent double mutations in 
patients failing efavirenz include K103N-P225H, K103N 
V1081, K103N-K101Q, K103N-L100I, K103N-F227L, 
V106I-Y188L, K103N-Y188L and K103N-G190A. There is 
a need to provide neW compositions and methods for the 
inhibition of these and other mutant reverse transcriptases. 
[0008] The present application is related to Work previ 
ously disclosed in commonly oWned applications PCT/US02/ 
26186, ?led Aug. 23, 2002, unpublished, and PCT/US03/ 
27433, ?led Aug. 22, 2003, Which Was published as WO 
2004/030611 on Apr. 15, 2004. Us. Pat. No. 5,939,462 to 
Connell et al. discloses a large number of substituted hetero 
cycles, useful as NPY5 receptor antagonists, some of Which 
are S-tr‘iazolyl mercaptoacetanilides similar to general struc 
ture 1 beloW. Simoneau et al., in international patent publica 
tion WO 2004/050643, disclose tetrazoles and a feW tr‘iazoles 
having structures similar to those of the present invention, 
having reverse transcriptase inhibitory activity. 

BRIEF DESCRIPTION 

[0009] The inventors have discovered that the reverse tran 
scriptase (RT) of HIV may be inhibited by a select class of 
S-tr‘iazolyl ot-mercaptoacetanilides represented by general 
structure 1 . Surprisingly, some of these compounds Were able 
to inhibit various mutated RTs, including K103N,Y181C and 
Y1 88L. 

RJQXQXEEQ | o 

[0010] In formula 1, R1 is halogen, loWer alkyl, loWer alk 
enyl, or loWer alkynyl, Wherein the loWer alkyl, loWer alkenyl, 
or loWer alkynyl groups may optionally be substituted, pref 
erably With one or more halogens. R3 is H or methyl, and the 
substituent RO is H, halogen, CF3, loWer alkoxy, or loWer 
alkylthio. Q is CO2H, SO3H, CONR'R" or SO2NR'R", 
Wherein R' and R" are independently H, loWer alkyl, or loWer 
alkyl substituted With one or more OR, CO2R, NHR, NR2, or 
CF3 groups Wherein R is H or loWer alkyl, or R' and R" 
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together With the nitrogen atom to Which they are attached 
form a 4-, 5-, or 6-membered heterocyclic ring. P is an aro 
matic or heteroaromatic ring having sub stituents as described 
in more detail below. 
[0011] Accordingly, the present invention provides com 
pounds that inhibit HIV reverse transcriptase in vitro and in 
vivo. The invention also provides pharmaceutical composi 
tions comprising one or more of the compounds of the inven 
tion, the use of compounds of the invention for the prepara 
tion of pharmaceutical compositions for treatment of HIV, 
and methods of treatment of a patient infected With HIV by 
administration of a therapeutically effective amount of one or 
more of the compounds of the invention or a pharmaceuti 
cally acceptable salt thereof. 

DETAILED DESCRIPTION 

[0012] The term “alkyl” as used herein refers to a cyclic, 
branched, or straight hydrocarbon radical in Which all of the 
carbon-carbon bonds are single bonds, and the term “loWer 
alkyl” refers to alkyl groups of one to ten carbon atoms. The 
term “cycloalkyl” as used herein refers to a cyclic or polycy 
clic alkyl group containing 3 to 15 carbons. A cycloalkyl 
group may comprise multiple condensed rings in Which one 
of the distal rings may be aromatic (e.g., indan-2-yl, tetrahy 
dronaphth-l -yl, etc.) 
[0013] Similarly, the term “alkenyl” as used herein refers to 
a cyclic, branched, or straight hydrocarbon radical in Which 
one or more of the carbon-carbon bonds is a double bond, and 
the term “loWer alkenyl” refers to alkenyl groups of one to ten 
carbon atoms. The term “cycloalkenyl” as used herein refers 
to a cyclic or polycyclic alkyl group containing 3 to 15 car 
bons, in Which one or more of the carbon-carbon bonds is a 
double bond. A cycloalkenyl group may comprise multiple 
condensed rings in Which one of the distal rings may be 
aromatic (e.g., inden-2-yl, 1,2-dihydronaphth-l-yl, etc.) 
[0014] Likewise, the term “alkynyl” as used herein refers to 
an alkyl or alkenyl group, as de?ned above, in Which at least 
one carbon-carbon bond has been replaced by a triple bond. 
The term “loWer alkynyl” thus includes alkynyl groups With 
one to ten carbon atoms. 

[0015] As used herein, the term “alkoxy” refers to an ‘OR 
group, Wherein R is loWer alkyl, loWer alkenyl, loWer alkynyl, 
aryl-loWer alkyl, heteroaryl-loWer alkyl, or heterocyclo 
loWer alkyl. Similarly, the term “aryloxy” refers to an 4OAr 
group, Wherein Ar is an aryl or heteroaryl group. 
[0016] The terms “aryl” and “Ar” are used interchangeably 
herein, and refer to a monocyclic or polycyclic hydrocarbon 
group of 6 to 14 carbons, having at least one aromatic ring 
Which provides the point of attachment of the group. Polycy 
clic aryl groups may have isolated rings (e.g. biphenyl) or 
condensed rings in Which at least one ring is aromatic, (e.g., 
l,2,3,4-tetrahydronaphth-6-yl, naphthyl, anthryl, or phenan 
thryl). 
[0017] The terms “heterocycle” or “heterocyclic ring” are 
used interchangeably herein and refer to a saturated, partially 
unsaturated, or aromatic cycloalkyl or aryl group, having a 
single ring (e.g., morpholino, pyridyl or furyl) or multiple 
condensed rings (e. g., naphthyridyl, quinoxalinyl, quinolinyl, 
or indoliZinyl) in Which at least one carbon atom in a ring has 
been replaced by a heteroatom. The term “heteroatom” as 
used herein refers to an atom other than carbon (typically S, 
O, P or N). The terms “heteroaryl” and “heteroaromatic” refer 
to heterocycles in Which at least one heterocyclic ring is 
aromatic. 
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[0018] Still further, the term “optionally substituted” as 
used herein means that one or more hydrogen atoms that are 

covalently bound to a group or substituent as de?ned above, 
or a free electron pair on a nitrogen or phosphorous atom, may 
be replaced by a covalently-bound non-hydro gen sub stituent 
selected from the group consisting of R, Ar, aryl-loWer alkyl, 
OH, SH, OR, SR, OAr, SAr, S(:O)R, S(:O)Ar, SO2R, 
SO2Ar, halogen, CF3, OCF3, SCF3, NH2, NHR, NR2, NR3+, 
NHCOR, NHCOAr, NHS(:O)R, NHS(:O)Ar, NHSO2R, 
NHSO2Ar, NO2, CN, CO2R, CONH2, CONHR, CONR2, 
C(:O)R, heteroaryl, and heteroaryl-loWer alkyl. In the 
above substituents, R is loWer alkyl, loWer alkenyl, loWer 
alkynyl, aryl-loWer alkyl, heteroaryl-lower alkyl, or hetero 
cyclyl-loWer alkyl. 
[0019] The term “prodrug” as used herein refers to a modi 
?cation of a compound of the invention, Wherein the modi?ed 
compound exhibits less pharmacological activity (as com 
pared to the unmodi?ed compound) and Wherein the modi?ed 
compound is converted back into the unmodi?ed form in 
vivo, preferably Within a target cell (e.g., a T-cell or hepato 
cyte) or a target organ (e. g., lymph node or spleen). Conver 
sion of a compound of the invention into a prodrug form may 
be useful Where the active drug is too toxic for safe systemic 
administration, Where the unmodi?ed compound is poorly 
absorbed from the digestive tract, or Where the body tends to 
break doWn the unmodi?ed compound before it reaches its 
target. 
[0020] The term “inhibiting a reverse transcriptase” refers 
to a direct or indirect reduction in the formation of DNA from 
a template RNA or DNA by a reverse transcriptase. Direct 
inhibition includes suicide, competitive and non-competitive 
inhibition, allosteric inhibition, or binding of an inhibitor in a 
non-nucleoside pocket. Examples of indirect inhibition 
include depletion of nucleosides for DNA synthesis, induc 
tion or contribution to conformational changes, etc. 
[0021] As used herein, the term “reducing viral propaga 
tion” means that the titer of a virus in a sample is loWered. The 
reduction may be effected in a variety of manners, including 
partial or total inhibition of viral replication, partial or total 
inhibition of viral protein processing or assembly, inhibition 
of viral entry into or exit from an infected cell, and/or clear 
ance of the virus from a system via an immune response to the 
virus. 
[0022] The invention provides, inter alia, compounds of the 
folloWing structure: 

I 0 

wherein P, Q, R1, R3 and R0 are as de?ned above. In preferred 
embodiments, R1 is selected from among Cl, Br, I, CH3, CF3, 
CHF2, and CH2F; R3 is H; R0 is selected from among Cl, Br, 
CF3 and CH3; and Q is CO2H or SO2NH2. In particularly 
preferred embodiments, RO is C1. 
[0023] P is preferably a substituted phenyl, naphthyl, 1,2, 
3,4-tetrahydronaphthyl, quinolinyl, isoquinolinyl, or cinnoli 
nyl ring. In preferred embodiments, the group P is selected 
from among the moieties (a), (b), (c) and (d) beloW: 
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(a) 

0)) 

wherein RF is selected from among methyl, ethyl, propyl, 
isopropyl, cyclopropylmethyl, or C3_6 cycloalkyl; R4, R5 and 
R6 are independently selected from among H, F, Cl, Br, CH3, 
CF3, CFH2, CF2H, isopropyl, cyclopropyl, OCH3, OH, 
OCF3, NH2 and NHCH3. 
[0024] U and U' are independently selected from N and CH; 
R7 is selected from among Cl, Br, 1, CH3, CF3, OCH3, iso 
propyl, cyclopropyl, t-butyl, and cyclobutyl; and RS-Rll are 
independently H or CH3. Preferably, When Q is SO2NH2, R1 
is not methyl unless RF is cyclopropyl or cyclopropylmethyl, 
and R7 is methyl only When R6 is also methyl. 
[0025] Preferred classes of compounds are those having 
Structures 2 and 3 beloW: 

2 

Fl 0 A )\S/\( 
R1 N HN 

COZH 

R0 

RP 
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-continued 
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wherein R1 is CF3, CHF2, CHZF, or halogen; RO is halogen, 
CF3 or methyl, R' and R" are independently H or an optionally 
substituted loWer alkyl, Cl_5 acyl, or l-(C2_4 acyloxy)Cl_4 
alkoxycarbonyl group, and RF is as de?ned above. 
[0026] Particularly preferred classes of compounds corre 
spond to structures 4 and 5 

Rik»? HN 

cozn 

01 

RP 

Biff.“ 

Where RF is selected from methyl, ethyl, propyl, isopropyl, 
cyclopropyl, and cyclopropyl-methyl. It is mo st preferred that 
RF is ethyl or cyclopropyl. Compounds combining the fea 
tures Rl:Br, RO:Cl or CH3, PInaphthyl or tetrahydronaph 
thyl, and QICO2H or SOZNR'R" exhibit surprisingly potent 
activity against RTs from a number of HIV isolates, combined 
With unexpectedly good pharmacokinetics in vivo. 

Synthesis of Compounds 

[0027] Synthesis of the compounds of the invention may be 
performed folloWing procedures substantially as described in 
WO 2004/030611, WO 2004/050643, and US. Pat. No. 
5,939,462. It should be recogniZed, hoWever, that numerous 
alternative synthetic routes for the compounds of the inven 
tion are possible. The folloWing exemplary routes are pro 
vided by Way of example, for the guidance of practitioners 
skilled in the art of synthetic organic chemistry. 
[0028] In one synthetic route, a suitably substituted aniline 
is amidated With an activated carboxylic acid compound 
(preferably a carbonyl halide), Wherein the activated carboxy 
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lic acid compound further includes a leaving group L2 (pref 
erably bromine). After formation of the anilide, the reaction 
product is reacted With a mercaptotriaZole (Het-SH), displac 
ing the leaving group to form the desired compound as 
depicted in Scheme la beloW. 

Schemela 

R0 Q R3 

+ L1 —> 

L2 

HZN O 

R3 R0 
H 
N 

2 L )\H/ Het-SH —> 

O 

Q 

R3 R0 

H 
N Het-SW 

O 

Q 

[0029] This scheme is advantageous Where the mercaptot 
riaZole “Het-SH” is valuable relative to the aniline, since the 
triaZole is not used until the last step and is not subjected to the 
inevitable losses that occur during the synthetic manipulation 
of intermediates. The choice of leaving groups L1 and L2 Will 
depend to some extent on the particular choice of amine and 
to a lesser degree on the particular mercaptotriaZole. It is 
particularly preferred that L1 and L2 are halide, most prefer 
ably chloride or bromide. Suitable solvents for the amidation 
reaction include ethers, alcohols, and hydrocarbons (prefer 
ably halogenated) and the choice of suitable solvents Will at 
least in part depend on the chemical nature of the reactants. 
With respect to the solvents, catalysts and/or bases employed 
in the above reaction, the considerations described by Con 
nell et al. (US. Pat. No. 5,939,462) Will generally apply. 
[0030] An alternative general strategy is shoWn in Scheme 
lb beloW. This approach involves the acylation of anilines 
With S-triaZoly mercaptoacetic acids, Which are readily pre 
pared by alkylation of mercaptotriaZoles With an ot-haloacetic 
acid or ester. 

Schemelh 

~ 

R 1]] SH 
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-continued 

/Z_§\ jlrv —> 
T S 0 

AW 1|\] s 
P 0 Q 

[0031] Suitable reagents include but are not limited to 
iodoacetic acid and methyl bromoacetate, and ethyl ot-bro 
mopropionate When it is desired that R3 be methyl. If an ester 
is used, it is hydrolyZed after the S-alkylation to provide a free 
carboxylic acid. The acid and the aniline may be coupled With 
any of the usual carboxyl activating reagents or reagent mix 
tures, for example a carbodiimide in the presence of a tertiary 
amine base, optionally With N-hydroxybenZotriaZole as cata 
lyst, or thionyl or oxalyl chloride, With dimethylaminopyri 
dine as catalyst. This scheme is advantageous When the 
aniline is valuable relative to the triaZole. 

[0032] 
in Scheme 2, in Which a compound of the invention is pre 
pared from tWo separately-prepared precursors. The ?rst pre 
cursor, comprising a substituted triaZine, and the second pre 
cursor, comprising a substituted aniline, may be prepared 
folloWing the protocols given beloW in the section entitled 
“Examples”. Reaction of the precursors is typically carried 
out in a polar aprotic solvent such as DMF, in the presence of 
a base such as potassium carbonate. 

An example of Scheme la is the synthesis outlined 

Schemel 
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-continued 

2 

l) Hydrazine 
2) Dimethylacetarride 

dimethylacetal 

XNXSM : 

[0033] Where the triaZine is substituted With a ?uorinated 
alkyl group, a synthetic procedure as shown in Scheme 3 may 
be employed. A similar procedure is given below in the sec 
tion entitled “Examples”. 

Schemel 
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-continued 

No2 NH2 

H2 cscl2 
—> —> 

Pd-C 

NCS 

l) Hydrazine 
2) o 

FZCH OH 
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N SH 
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Cl i Cl 
NH 

O 
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[0034] A halogen-substituted triaZole may be prepared by 
dihalogenation of a triaZole, folloWed by displacement of one 
of the halides, as shoWn in Scheme 4, Which folloWs a proce 
dure given beloW in the section entitled “Examples”. 
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o o \ 
DBU 

DMF 

N _ N / 

NH2 N Br N Br 

OHC /CHO 
HNOZ HN—NH 
—> —> —> 

NBS 

Q 

[0035] Another Way to build a substituted triaZole With a 

halogen is by diaZotiZation of an aminotriaZole, as shown in 
Scheme 5 below, Which folloWs a procedure given beloW in 
the section entitled “Examples”. 

No2 NH2 

-continued 

Br 
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-continued -continued 
N— N 

NCS A X 0 
HZN N s/\( NANOZ 

HN DCA 
—> —> 

1) Aminoguanidine BnNEt3Br 
2) NaOH SOZNHZ 

l 

O 

S/\( k 

[0036] Alternatively, Where the triaZole is substituted With 
0 a CF3, the synthetic procedure shown in Scheme 6 may be 

employed, following similar procedures given beloW in the 
section entitled “Examples”. 

Q 

Cl ,. . 

+ dnsopropylethylamme 
—> 

C1 CHZCIZ 

0 Me Me 

NHZ NH 

1A A x O F3C N SH 

km 
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-continued 

iNXS/WNH 

Mar. 18, 2010 

Me 

F3C 

Z O 
[0037] An example of the alternate synthetic approach out 
lined in Scheme la is shown in Scheme 7 below, Wherein an 
aniline is acylated by a preformed S-triaZolyl mercapto-acetic 
acid. 

Schemel 

N—N N—N 

/ \ / \ ANXSH HZNANXSAW 
O 

Pharmaceutical Compositions 

[0038] Where compounds of the invention are adminis 
tered as part of a pharmacological composition, it is contem 
plated that suitable compounds can be formulated in admix 
ture With pharmaceutically acceptable carriers, excipients, 
and other additives. It is particularly preferred that the com 
pounds of the invention are included in a pharmaceutical 
composition that is formulated With one or more non-toxic 
pharmaceutically acceptable carriers. The pharmaceutical 

e 

Br 

—> 

Bwogfl 

XNX 

Cl 

HZN 

<— 

S OZNHZ 

compositions may be formulated for oral administration in 
solid or liquid form, for parenteral injection, or for rectal 
administration. 
[0039] The pharmaceutical compositions of this invention 
can be administered to humans and other animals orally, 
rectally, parenterally, intravaginally, intraperitoneally, topi 
cally, bucally, or as an oral or nasal spray. The term 
“parenteral” administration as used herein refers to modes of 
administration Which include but are not limited to intrave 
nous, intramuscular, intraperitoneal, subcutaneous and intra 
articular injection and infusion. 
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[0040] Pharmaceutical compositions for parenteral injec 
tion preferably comprise pharmaceutically acceptable sterile 
aqueous or nonaqueous solutions, dispersions, suspensions 
or emulsions as Well as sterile poWders for reconstitution into 
sterile injectable solutions or dispersions just prior to use. 
Examples of suitable aqueous and nonaqueous carriers, dilu 
ents, solvents and vehicles include Water, ethanol, polyols 
(such as glycerol, propylene glycol, polyethylene glycol, and 
the like), and suitable mixtures thereof, vegetable oils (such 
as olive oil), and inj ectable organic esters such as ethyl oleate. 
Proper ?uidity can be maintained, for example, by the use of 
coating materials such as lecithin, by the maintenance of the 
required particle siZe in the case of dispersions, and by the use 
of surfactants. 
[0041] Compositions may also contain additives such as 
preservatives, Wetting agents, emulsifying agents, and dis 
persing agents. Prevention of the action of microorganisms 
may be ensured by the inclusion of various antibacterial and 
antifungal agents, for example, paraben, chlorobutanol, phe 
nol sorbic acid, and the like. It may also be desirable to 
include isotonic agents such as sugars, sodium chloride, and 
the like. Prolonged absorption of the injectable pharmaceuti 
cal form may be brought about by the inclusion of agents 
Which delay absorption such as aluminum monostearate and 
gelatin. 
[0042] In order to prolong the effect of a compound of the 
invention, it may be desirable to sloW the absorption of the 
drug from subcutaneous or intramuscular injection. This may 
be accomplished by the use of a liquid suspension of crystal 
line or amorphous material With poor Water solubility. The 
rate of absorption of the compound then depends upon its rate 
of dissolution, Which in turn may depend upon crystal siZe 
and crystalline form. Alternatively, delayed absorption of a 
parenterally-administered compound of the invention may be 
accomplished by dissolving or suspending the drug in an oil 
vehicle. 

[0043] Inj ectable depot forms are made by forming unitary 
or microparticulate matrices of a compound of the invention 
in biodegradable polymers, including but not limited to poly 
lactide-polyglycolide, poly(orthoesters), and poly(anhy 
drides. The rate of drug release can be controlled by varying 
the ratio of drug to polymer and the nature of the particular 
polymer employed. Depot injectable formulations may also 
prepared by entrapping the compound in liposomes or micro 
emulsions Which are compatible With body tissues. 
[0044] Solid dosage forms for oral administration include 
but are not limited to capsules, tablets, pills, poWders, drag 
ees, and granules. In such solid dosage forms, the active 
compound is mixed With at least one inert, pharmaceutically 
acceptable excipient or carrier such as sodium citrate or dical 
cium phosphate and/or (a) ?llers or extenders, such as 
starches, lactose, sucrose, glucose, mannitol, and silicic acid, 
(b) binders, such as carboxymethylcellulose, alginates, gela 
tin, polyvinylpyrrolidone, sucrose, and acacia, (c) humec 
tants, such as glycerol, (d) disintegrating agents, such as 
agar-agar, calcium carbonate, potato or tapioca starch, alginic 
acid, certain silicates, and sodium carbonate, (e) solution 
retarding agents, such as para?in, (f) absorption accelerators, 
such as quaternary ammonium compounds, (g) Wetting 
agents, such as cetyl alcohol and glycerol monostearate, (h) 
absorbents, such as kaolin and bentonite clay, and (i) lubri 
cants, such as talc, calcium stearate, magnesium stearate, 
solid polyethylene glycols, sodium lauryl sulfate, and mix 
tures thereof. Solid dosage forms may also comprise buffer 
ing agents. 
[0045] Solid compositions may also be employed as ?llers 
in soft and hard-?lled gelatin capsules using such excipients 
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as lactose or milk sugar as Well as high molecular Weight 
polyethylene glycols and the like. The solid dosage forms can 
be prepared With coatings and shells such as enteric coatings 
and other coatings Well-knoWn in the pharmaceutical formu 
lating art. They may optionally contain opacifying agents and 
may also be of a composition such that they release the active 
ingredient(s) only, or preferentially, in a certain part of the 
intestinal tract, optionally in a delayed manner. The active 
compounds may also be in micro-encapsulated form 
[0046] Liquid dosage forms for oral administration include 
pharmaceutically acceptable emulsions, solutions, suspen 
sions, syrups and elixirs. In addition to the active compounds, 
the liquid dosage forms may contain inert diluents commonly 
used in the art such as, Water or other solvents, solubiliZing 
agents and emulsi?ers such as ethyl alcohol, isopropyl alco 
hol, ethyl carbonate, ethyl acetate, benZyl alcohol, benZyl 
benZoate, propylene glycol, 1,3-butylene glycol, dimethyl 
formamide, oils (in particular, cottonseed, groundnut, corn, 
germ, olive, castor, and sesame oils), glycerol, tetrahydrofur 
furyl alcohol, polyethylene glycols and fatty acid esters of 
sorbitan, and mixtures thereof. Oral liquid compositions may 
also include adjuvants such as Wetting agents, emulsifying 
and suspending agents, coloring, sWeetening, ?avoring, and 
perfuming agents. 
[0047] Compositions for rectal or vaginal administration 
are preferably suppositories Which can be prepared by mixing 
the compounds of this invention With suitable non-irritating 
excipients or carriers such as cocoa butter, polyethylene gly 
col or other suppository Waxes Which are solid at room tem 
perature but liquid at body temperature and therefore melt in 
the rectum or vaginal cavity and release the active compound. 
[0048] Compounds of the present invention can also be 
administered in the form of liposomes. As is knoWn in the art, 
liposomes are generally derived from phospholipids or other 
lipid substances. Liposomes are typically formed from mono 
or multi-lamellar hydrated liquid crystals that are dispersed in 
an aqueous medium. Any non-toxic, physiologically accept 
able lipid capable of forming liposomes may be used. Com 
positions in liposome form may contain, in addition to a 
compound of the present invention, membrane stabiliZers, 
preservatives, excipients, and the like. The preferred lipids arc 
phospholipids and phosphatidyl cholines (lecithins), both 
natural and synthetic. Methods to form liposomes are knoWn 
in the art. See, for example, Prescott, Ed., Methods in Cell 
Biology, Volume XIV, Academic Press, NeW York, NY. 
(1976), p. 33 et seq. 
[0049] The compounds of the present invention may be 
used in the form of pharmaceutically acceptable salts derived 
from inorganic or organic acids. By “pharmaceutically 
acceptable salt” is meant those salts Which are, Within the 
scope of sound medical judgment, suitable for use in contact 
With the tissues of humans and loWer animals Without undue 
toxicity, irritation, allergic response and the like and are com 
mensurate With a reasonable bene?t/risk ratio. Pharmaceuti 
cally acceptable salts are Well-knoWn in the art. For example, 
S. M. Berge, et al. describe pharmaceutically acceptable salts 
in detail in]. Pharmaceutical Sciences, 1977, 66:1 et seq. The 
salts may be prepared in situ during the ?nal isolation and 
puri?cation of the compounds of the invention or separately 
by reacting a free base form With a suitable acid. Represen 
tative acid addition salts include, but are not limited to acetate, 
adipate, alginate, citrate, aspar‘tate, benZoate, benZene 
sulfonate, bisulfate, butyrate, camphorate, camphorsul 
fonate, citrate, gluconate, glutamate, glycerophosphate, 
hemisulfate, heptanoate, hexanoate, fumarate, hydrochlo 
ride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate 
(isethionate), lactate, maleate, methanesulfonate, nicotinate, 
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2-naphthalenesulfonate, oxalate, pamoate, pectinate, 3-phe 
nylpropionate, phosphate, pivalate, propionate, succinate, 
sulfate, tartrate, bicarbonate, p-toluenesulfonate and unde 
canoate. Basic nitrogen-containing groups may also be quat 
emiZed With such agents as loWer alkyl halides such as 
methyl, ethyl, propyl, and butyl chlorides, bromides and 
iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl and 
diamyl sulfates; long chain halides such as decyl, lauryl, 
myristyl and stearyl chlorides, bromides and iodides; aryla 
lkyl halides like benZyl and phenethyl bromides and others. 
Water or oil-soluble or dispersible products are thereby 
obtained. 
[0050] Basic addition salts can be prepared in situ during 
the ?nal isolation and puri?cation of compounds of this 
invention, or subsequently, by reacting a carboxylic acid 
containing moiety With a suitable base such as the hydroxide, 
carbonate or bicarbonate of a pharmaceutically acceptable 
metal cation or With ammonia or an organic primary, second 
ary or tertiary amine. Pharmaceutically acceptable salts 
include, but are not limited to, alkali and alkaline earth metals 
such as lithium, sodium, potassium, calcium, magnesium and 
aluminum salts and the like, and nontoxic quaternary ammo 
nium and amine salts including ammonium, tetramethylam 
monium, tetraethylammonium, methylamine, dimethy 
lamine, trimethylamine, triethylamine, diethylamine, 
ethylamine and the like. Other representative organic amines 
useful for the formation of base addition salts include ethyl 
enediamine, ethanolamine, diethanolamine, piperidine, pip 
eraZine, glucosamine, leucine, and the like. 
[0051] Actual dosage levels of active ingredients in the 
pharmaceutical compositions of this invention may be varied 
so as to obtain an amount of the active compound(s) that is 
effective to achieve the desired therapeutic response for a 
particular patient, composition, and mode of administration. 
The selected dosage level Will depend upon the activity of the 
particular compound; the route of administration, the dosing 
schedule, the severity of the condition being treated, and the 
condition and prior medical history of the patient being 
treated. Dose-ranging studies are routine, and it is Within the 
ability of those skilled in the art to start doses of the com 
pound at levels loWer than required to achieve the desired 
therapeutic effect and to gradually increase the dosage until 
the desired effect is achieved. Generally, dosage levels of 
about 0.1 to about 100, more preferably about 5 to about 50 
mg of an active compound per kilogram of body Weight per 
day are administered orally to a mammalian patient. If 
desired, the effective daily dose may be divided into multiple 
doses for purposes of administration, e.g., tWo to four sepa 
rate doses per day. 
[0052] The compounds of the invention may be adminis 
tered alone or in combination With other agents for the treat 
ment of HIV. Particularly contemplated additional com 
pounds include nucleoside-type reverse transcriptase 
inhibitors (e.g., lamivudine, Zidovudine, stavudine, abacavir, 
tenofovir or didanosine), non-nucleoside reverse tran 
scriptase inhibitors (e.g., nevirapine, delavirdine, efavirenZ), 
protease inhibitors (e.g., ritonavir, saquinavir, indinavir, 
nel?navir), fusion inhibitors (e.g., enfuvirtide), CCR5 
antagonists, immunotherapeutic agents (e.g., ribavirin, IL-2), 
and active, passive, and/ or therapeutic vaccines. Combination 
therapies according to the present invention comprise the 
administration of at least one compound of the present inven 
tion or a functional derivative thereof and at least one other 
pharmaceutically active ingredient. The active ingredient(s) 
and pharmaceutically active agents may be administered 
separately or together and When administered separately this 
may occur simultaneously or separately in any order. The 
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amounts of the active ingredient(s) and pharmaceutically 
active agent(s) and the relative timings of administration Will 
be selected in order to achieve the desired combined thera 
peutic effect. 
[0053] Therefore, the present invention provides pharma 
ceutical compositions comprising one or more compound 
having a structure according to any of formulae l-5, as 
de?ned above, Wherein the compound or compounds are 
present in a concentration effective to inhibit a reverse tran 
scriptase and/ or HIV replication in a cell of a patient When the 
composition is administered to the patient. In preferred 
embodiments, the pharmaceutical composition of the inven 
tion comprises one or more compounds according to any of 
formulae 2-5. It is particularly contemplated that a plurality of 
compounds may be incorporated into a single pharmaceutical 
composition, in order to obtain Wide-ranging inhibition of a 
plurality of mutant RT enZymes. 
[0054] With respect to suitable concentrations of contem 
plated compounds in pharmaceutical compositions, it should 
be appreciated that a person of ordinary skill in the art can 
readily adjust the amount of the compound to achieve inhibi 
tion of the reverse transcriptase and/or HIV replication. For 
example, inhibition of the HIV replication in a cell (typically 
a T-cell infected With the HIV virus) may be monitored in 
vitro using a blood culture and a luciferase based assay sys 
tem as described beloW. Alternatively, inhibition of the 
reverse transcriptase may be monitored in vivo using RT-PCR 
to determine the amount of copies of viral DNA and/or RNA 
in blood or lymph nodes (containing HIV infected cells). It is 
generally contemplated that suitable concentrations Will 
achieve a serum concentration of between 1 nM and 100 uM, 
and in some cases betWeen 0.01 nM and 1 nM). 

EXAMPLES 

[0055] The folloWing experiments are provided only by 
Way of example, and should not be understood as limiting the 
scope of the invention. 

Compounds of the Invention 

2-[5-Bromo -4-(4 -cyclopropylnaphthalen- l -yl)-4H 
[1,2,4]triazol-3 -ylsulfanyl] -N-(2-chloro -4-sulfa 

moylphenyl)acetamide (Method A) 

[0056] 

N— N O 

i k #6 S 
Br N HN 0 

SI/ 
\ NH2 

Cl // 

l -Cyclopropyl-naphthalene 

[0057] Cyclopropylmagnesium bromide (150 mL, 0.5 M in 
tetrahydrofuran) Was sloWly added to a solution of l-bromo 
naphthalene (10 g, 50 mmol) and [l,3-bis(diphenylphos 
phino)propane] dichloronickel(II) in tetrahydrofuran (10 mL) 
stirred at 00 C. The reaction mixture Was stirred at room 
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temperature for 16 hours and the solvent Was evaporated 
under reduced pressure. EtOAc and ammonium chloride in 
Water Were added. After extraction, the organic layer Was 
dried over sodium sulfate, ?ltered and concentrated under 
reduced pressure. The residue Was puri?ed by silica gel chro 
matography to yield 1-cyclopropyl-naphthalene (6.4 g, 76%). 

1-Cyclopropyl-4-nitro -naphthalene 

[0058] Sodium nitrite (30 mL) Was sloWly added (over 2 
hours) to 1-cyclopropyl-naphthalene (6.4 g, 38 mmol) stirred 
at 0° C. The reaction mixture Was stirred at 0° C. for an extra 
30 min and then Was sloWly poured into ice. Water Was added, 
folloWed by EtOAc. After extraction, the organic layer Was 
Washed With a 1% aqueous solution of NaOH, then Washed 
With Water, dried over sodium sulfate, ?ltered and concen 
trated under reduced pressure. The residue Was puri?ed by 
silica gel chromatography to yield 1-cyclopropyl-4-nitro 
naphthalene (5.2 g, 64%). 

1 -Amino-4-cyclopropyl-naphthalene 

[0059] A solution of 1-cyclopropyl-4-nitro-naphthalene (5 
g, 23 mmol) in ethanol (200 mL) Was stirred under hydrogen 
in the presence of Pd/ C (10% net, 1.8 g). The reaction mixture 
Was shaken overnight, then ?ltered over celite. The solvent 
Was evaporated, and the residue Was puri?ed by silica gel 
chromatography to yield 1-amino-4-cyclopropyl-naphtha 
lene (3.1 g, 73%). 

1 -Cyclopropyl-4 -isothiocyanato -naphthalene 

[0060] Thiophosgene (1.1 g, 9.7 mmol) Was added to a 
solution of 1-amino-4-cyclopropyl-naphthalene (1.8 g, 9.7 
mmol) and diisopropylethylamine (2 eq) in dichloromethane 
(50 mL) stirred at 0° C. The reaction mixture Was stirred for 
5 min at this temperature, then a 1% solution of HCl in Water 
Was added and the organic layer Was separated, Washed With 
brine, dried over sodium sulfate, ?ltered and the solvent Was 
evaporated under reduced pressure. Hexane Was added, and 
the resulting precipitate Was ?ltered. The solvent Was evapo 
rated to yield 1-cyclopropyl-4-isothiocyanatonaphthalene 
(1.88 g, 86%). 

5 -Amino-4-(4-cyclooropylnaphthalen-1-yl)-4H-[1,2, 
4]triaZole-3 -thiol 

[0061] A mixture of aminoguanidine hydrochloride (3.18 
g, 29 mmol), 1-cyclopropyl-4-isothiocyanato-naphthalene 
(3.24 g, 14 mmol) and diisopropylethylamine (3 eq) in DMF 

DMF 
RT, 24 h 
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(20 mL) Was stirred at 50° C. for 15 hours. The solvent Was 
evaporated, toluene Was added, and the solvent Was evapo 
rated again. A 2.0 M aqueous solution of sodium hydroxide 
(30 mL) Was added and the reaction mixture Was heated at 500 
C. for 60 hours. The reaction mixture Was ?ltered, and the 
?ltrate Was neutraliZed With a 2.0 M aqueous solution of HCl. 
NeW ?ltration, then evaporation of solvent and puri?cation of 
the residue by silica gel chromatography to yield 5-amino-4 
(4-cyclopropylnaphthalen-1-yl)-4H-[1,2,4]triaZole-3 -thiol 
(2.0 g, 49%). 

2-[5-Amino-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1,2,4]triaZol-3 -ylsulfanyl] -N-(2-chloro -4-sulfa 

moylphenyl)Ac etamide 

[0062] In a solution of 5-amino-4-(4-cyclopropylnaphtha 
len-1-yl)-4H-[1,2,4]triaZole-3-thiol (708 mg, 2.5 mmol), 
KZCO3 (380 mg, 2.5 mmol) in DMF (20 mL) Was added 
2-chloro -N- (2 -chloro -4-sulfamoylphenyl)acetamide (710 
mg, 2.5 mmol). The reaction mixture Was stirred at room 
temperature overnight. Upon completion of the reaction, the 
solvent Was evaporated. The residue Was puri?ed by silica gel 
chromatography to yield 2-[5-Amino-4-(4-cyclopropylnaph 
thalen-1-yl)-4H-[1,2,4]triaZol-3 -ylsulfanyl] -N-(2 -chloro -4 
sulfamoylphenyl)acetamide (1.26 g, 95%). 

2-[5-Bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1,2,4]triaZol-3 -ylsulfanyl] -N-(2-chloro -4-sulfa 

moylphenyl)acetamide 

[0063] Dichloroacetic acid (180 uL, 2.2 mmol) Was added 
to a suspension of 2-[5-amino-4-(4-cyclopropylnaphthalen 
1 -yl)-4H-[1,2,4]triaZol-3 -ylsulfanyl] -N-(2 -chloro -4-sulfa 
moylphenyl)acetamide (0.59 g, 1.1 mmol), sodium nitrite 
(1.5 g, 22 mmol) and BTEABr (0.91 g, 3.3 mmol) in dibro 
momethane (30 mL). The reaction mixture Was stirred at 
room temperature for 4 hours, then extracted With dichlo 
romethane and sodium bicarbonate in Water. The organic 
layer Was dried over sodium sulfate, ?ltered and concentrated 
under reduced pressure. The residue Was puri?ed by silica gel 
chromatography to yield 2-[5-bromo-4-(4-cyclopropylnaph 
thalen-1-yl)-4H-[1,2,4]triaZol-3 -ylsulfanyl] -N-(2 -chloro -4 
sulfamoylphenyl)acetamide (224 mg, 31%). 

2-[5-Bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1 ,2,4]triaZole-3 -ylsulfanyl] -N- (2 -chloro -4-sulfa 

moylphenyl)acetamide (Method B) 

[0064] 

N—N 

OCH3 NaNOZ' B A )\ OCH3 
r N S 

CIZCCOZH 
—> 

o BnEt3NBr o 
CHBr3 
RT, 3 h 

LiOH 

THF-EtOH-HZO 
0° 0., 1 h 
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-continued 
N_N HZN N—N 

H i k N i )\ OH 
B S B S 
r N W Cl SOZNHZ r N w <— 

o Poci3 0 
Cl SOZNHZ pyridine 

000,111 

2-[5 -Amino-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1,2,4]triaZol-3 -ylsulfanyl]acetic acid methyl ester 

[0065] 

Materials Amount M01. Wt. mmoles 

thiotriaZole 2.24 g 282.36 7.9 
methyl chloroacetate 0.73 ml 108.52 8.3 (1.05 eq) 
potassium carbonate 1.21 g 138.21 8.7 (1.1 eq) 
dimethylformamide 40 ml (5 mL/mmol) 

Procedure: 

[0066] To a suspension of thiotriaZole and potassium car 
bonate in DMF Was added methyl chloroacetate dropWise at 
room temperature for 5 min. The reaction Was stirred at room 
temperature for 24 h and sloWly poured into a stirred ice-cold 
Water solution. The tan precipitate Was collected by Vacuum 
?ltration and dried under high Vacuum at 50° C. for 16 h in the 
presence of P205 to yield 2.24 g (80%) of the title compound. 

2-[5 -Bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1,2,4]triaZol-3 -ylsulfanyl]acetic acid methyl ester 

[0067] 

Materials Amount Mol. Wt. mmoles 

thiotriazole L10183-58 709 mg 354.43 2.0 
bromoform 10 ml (5 ml/mmol) 
sodium nitrite 2.76 g 69.00 40 (20 eq) 
benzyltriethylammonium 1.63 g 272.24 6.0 (3 eq) 
bromide 
dichloroacetic acid 0.33 ml 128.94 4.0 (2 eq) 

Procedure: 

[0068] To a solution of 2-[5-amino-4-(4-cyclopropylnaph 
thalen-1-yl)-4H-[1,2,4]triaZol-3 -ylsulfanyl] acetic acid 
methyl ester and benZyltriethylammonium chloride in bro 
moform Was added sodium nitrite. To the mixture Was added 
dichloroacetic acid and the reaction mixture Was stirred at 
room temperature for 3 h. The mixture Was directly loaded 
onto a 7-inch column of silica gel that Was packed With 
CH2Cl2. The column Was ?rst eluted With CH2Cl2 until all 

CHBr3 eluted, and Was then eluted With acetone/CH2Cl2 
(5:95) to give 713 mg (85%) of the title compound. 

2-[5-Bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1,2,4]triaZol-3 -ylsulfanyl] acetic acid 

[0069] 

Materials Amount Mol. Wt. mmoles 

thiotriaZole methyl ester 1.14 g 418.31 2.7 
tetrahydrofuran 10 ml (~3 ml/mmol) 
ethanol 10 ml (~3 ml/mmol) 
Water 10 ml (~3 ml/mmol) 
lithium hydroxide 98 mg 23.95 4.1 (1.5 eq) 

Procedure: 

[0070] To a solution of 2-[5-bromo-4-(4-cyclopropylnaph 
thalen-l -yl)-4H-[1,2,4]triaZol-3 -ylsulfanyl]acetic acid 
methyl ester, in a mixture of THF and EtOH at 0° C., Was 
added a solution of LiOH in H2O dropWise over 5 min. The 
reaction Was complete after stirring at 0° C. for an additional 
45 min. The reaction Was neutralized to pH 7 by the addition 
of 0.5 N HCl solution at 0° C., and the resulting mixture Was 
concentrated in Vacuo to l/sth of its original Volume. The 
mixture Was diluted With H2O (~20 mL) and acidi?ed to pH 
2-3 by the addition of 0.5 N HCl to produce sticky solid. (If 
the product comes out as an oil during acidi?cation, extrac 
tion With CH2Cl2 is recommended.) The tan solid Was col 
lected by Vacuum ?ltration and dried under high Vacuum at 
50° C. for 16 h in the presence of P205 to yield 1.02 g (93%) 
of the title compound. 

2-[5-Bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H 
[1 ,2,4] -triaZole-3-ylsulfanyl] -N- (2 -chloro-4-sulfa 

moylphenyl)acetamide 

[0071] 

Materials Amount Mol. Wt. mmoles 

thiotriaZole carboxylic acid 884 mg 404.28 2.2 
4-amino-3- 452 mg 206.65 2.2 
chlorophenylsulfonamide 
pyridine 22 ml (10 ml/mmol) 
phosphorus oxychloride 0.24 ml 153.33 2.6 (1.2 eq) 
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Procedure: 
-continued 

[0072] To a solution of the carboxylic acid and aniline 0 

shown above, in pyridine at 0° C., Was added POCl3 dropWise i J< 
for 5 min. The reaction Was complete after stirring at 0° C. for HN 0 
an additional 50 min. The reaction mixture Was quenched by OH 
addition of H20 (1 mL), then concentrated in vacuo to light 
broWn oil Which Was diluted With CH2Cl2 (200 ml). The —> 
organic layer Was Washed With H2O (1x50 ml), saturated 
NaHCO3 solution (1x50 ml), then brine (1x50 ml). The 
organic solution Was dried over Na2SO4 and concentrated to Br 
dryness. The resulting oil Was triturated With EtOH to give d 
light yelloW solid. To the mixture Was added H2O to collect 0 

more solid. The light yelloW solid Was collected by vacuum i J< 
?ltration and dried under high vacuum for 16 hrs to yield 930 HN 0 

mg (72%) of product. Additional product (132 mg, 10%) Was 0 
recovered by extraction of the ?ltrate With CH2Cl2 folloWed \ 
by column chromatography With acetone/CH2Cl2 (20:80). —' 

2-[5-Bromo-4-(4-cyclopropyl-7-methoxynaphthalen 
1-yl) -4H- [1 ,2,4] -triaZole-3 -ylsulfanyl] -N- (2 -chloro- Br 

4-sulfamoylphenyl)acetamide e 
NHZ NHZ 

[0073] O\ O\ 

NH2 

OH Br 

f g 

O 

HNJkOk 1 -amino -4-cyclopropyl-7-methoxynaphthalene 
OH [0074] To a stirred solution of 8-amino-2-naphthol (5 g, 

31.4 mmol) in a mixture of tetrahydrofuran (50 mL) and 
—’ dichloromethane (100 mL) Was added di-t-butyldicarbonate 

(6.86 g, 31.4 mmol). The mixture Was stirred at 700 C. for 18 
hours. After the mixture Was cooled to room temperature, 
saturated aqueous sodium carbonate Was added and the prod 

O uct Was extracted With dichloromethane. The organic layer 
J< Was Washed With Water and brine, dried over sodium sulfate, 

O HN ?ltered and concentrated under reduced pressure. The 
obtained residue Was puri?ed by silica gel column chroma 

O\ / tography (dichloromethane:ethyl acetate, 9:1) to afford the 
//S\\ _, N-BOC derivative a. (4.85 g, 60% yield) 
O O [0075] To a mixture of the N-BOC derivative a (4.85 g, 18.7 

mmol) and triethylamine (3.91, 28.1 mmol) in dichlo 
b romethane (170 mL) Was added methanesulfonic anhydride 

0 (3.58 g, 20.6 mmol) at 00 C. The mixture Was stirred for 30 
min and poured into saturated aqueous sodium bicarbonate 

0 solution. The organic layer Was extracted With dichlo 
romethane, dried over sodium sulfate, ?ltered and concen 

O trated under reduced pressure to give the methanesulfonate 
\ / . . . 

//S\\ ester b. (6.22 g, quant1tat1ve y1eld) 
O O [0076] To a solution of methanesulfonate b (6.12 g, 18.1 

mmol) in 150 mL of acetic acid Was added N-bromosuccin 
imide (3.39 g, 19 mmol). The mixture Was stirred for 2 h and 

Br Water and dichloromethane Were added. The aqueous layer 
0 Was adjusted to pH 7 by addition of 10 N aqueous sodium 

hydroxide. The organic layer Was extracted With dichlo 
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romethane, dried over sodium sulfate, ?ltered and concen 
trated under reduced pressure to give the crude 5-bromo 
derivative c. (7.6 g, quantitative yield) 

[0077] A mixture ofc (7.72 g, 18.5 mmol) and 10% aque 
ous sodium hydroxide solution (370 mL) in tetrahydrofuran 
(220 mL) Was stirred at 50° C. for 5 days. The mixture Was 
cooled to 0° C. and neutralized With concentrated hydrochlo 
ric acid. The mixture Was concentrated under reduced pres 
sure, and the product Was extracted With ethyl acetate. The 
organic layer Was dried over sodium sulfate, ?ltered and 
concentrated to give the naphthol d. (5.87 g, 94% yield) 

[0078] A mixture of naphthol d (3 .53 g, 10.4 mmol), methyl 
iodide (0.65 mL, 10.4 mmol) and sodium hydroxide (417 mg, 
10.4 mmol) in acetone (25 mL) Was stirred at room tempera 
ture for 4 hours. The resulting mixture Was concentrated and 
the residue puri?ed by column chromatography (85% hex 
ane/15% ethyl acetate) to afford 2.39 g, 65% yield of the 
methyl ether e. 

[0079] A mixture of methyl ether e (3.25 g, 9.22 mmol) in 
4N HCl in 1,4-dioxane (92 mL) Was stirred at room tempera 
ture for 1 hour. The mixture Was concentrated under reduced 

pressure and Was added ethyl acetate and saturated sodium 
bicarbonate solution. The extracted organic layer Was Washed 
With Water and brine, dried over sodium sulfate and concen 

trated under reduced pressure to give 2-methoxy-5-bromo-8 
aminonaphthalene f (2.14 g, 92% yield) 
[0080] To a solution of aminonaphthalene f (1 g, 4.0 mmol), 
cyclopropyl boronic acid (438 mg, 5.1 mmol), potassium 
phosphate (2.97 g, 14 mmol) and tricyclohexylphosphine 
(112 mg, 0.4 mmol) in toluene (21 mL) and Water (0.8 mL) 
under nitrogen atmosphere Was added palladium acetate (45 
mg, 0.2 mmol) With vigorous stirring. The mixture Was 
heated to 1000 C. for 3 h and then cooled to room temperature. 
Water Was added and the mixture extracted With ethyl acetate, 
dried over sodium sulfate and concentrated. 

Puri?cation by column chromatography (50% hexane/ 50% 
ethyl acetate) afforded the title compound g. (699 mg, 82% 
yield) 

NCS 
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-continued 
N—N 

A x 
HZN N SH 

O\ 

i 
o 

)K/Cl HN 

c1 

s=o 

HZN/ \\ 
o 

J 
N—N c1 

/ \ H 
N HZN/QNXS/Y o /O —’ 

/0 {=0 
NH2 

k 

N—N 01 

i k 1 
Br N S/W‘/ o 

o o 

/ TLC 

[0081] Compound g (699 mg, 3.28 mmol) Was dissolved in 
18 mL of dichloromethane. Sodium bicarbonate (9 mL, sat. 
solution) and thiophosgene (0.25 mL, 3 .28 mmol) Were added 
and the mixture stirred at room temperature for 1 h. The 
organic layer Was separated, dried over sodium sulfate and 
concentrated to afford 819 mg, 98% yield of compound h 
Which Was used in the next step Without further puri?cation. 

[0082] Compound h (819 mg, 3.21 mmol) Was dissolved in 
6 mL of dimethylformamide, amino guanidine hydrochloride 
salt (532 mg, 4.8 mmol) and diisopropyl ethylamine (0.84 
mL, 4.8 mmol) Were added, and the mixture Was stirred at 500 
C. for 18 hours. The mixture Was then concentrated and to the 
residue Was added 2M aqueous sodium hydroxide solution 
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(10 mL). The mixture Was stirred at 50° C. for 18 hours and 
then cooled to room temperature. The resulting mixture Was -continued 
then neutralized With aqueous 1N HCl and the precipitate Cl 
collected to give compound i. (200 mg, 25% yield) g 

[0083] Compounds 1 (63 mg, 0.2 mmol) and j (57 mg, 0.2 HZN N S/\[( 
mmol) Were dissolved in DMF (2 mL) and potassium carbon- 0 
ate (30 mg, 0.2 mmol) Was added. The mixture Was stirred at 3:0 

room temperature for 18 hours. Water Was then added to the NHZ 
mixture and the precipitate formed collected to give 70 mg 
(57%) of compound k. 
[0084] Dichloroacetic acid (0.05 mL, 0.226 mmol) Was 
added to a mixture of compound k (63 mg, 0.113 mmol), 
benZyltriethyl ammonium bromide (93 mg, 0.34 mmol) and 

sodium nitrite (156 mg, 2.26 mmol) in dibromomethane (5 X k H 
mL). The mixture Was stirred at room temperature for 18 BI N S N 

hours in the dark. The reaction mixture Was then concentrated W O 
and the resulting residue Was puri?ed by prep. TLC (95% O // 
dichloromethane/ 5% methanol) to afford 13.8 mg of the sul 
fonic acid and 2 mg of title compound 1. NHZ 

2-[5 -Bromo -4-(4 -cyclopropyl-2-methylnaphthalen 
1-yl) -4H- [1 ,2,4] -triaZole-3 -ylsulfanyl] -N- (2 -chloro 

4-sulfamoylphenyl)acetamide h 

[0085] 
[0086] To a stirred solution of 2-methyl-1-aminonaphtha 
lene a (7.5 g, 47.7 mmol) in tetrahydrofuran (225 mL) Was 
added N-bromosuccinimide (10 g, 56.2 mmol) at 00 C. The NH2 NH2 
mixture Was stirred at room temperature for 4 hours. Water 
Was added to the mixture and the product Was extracted With 

, , ethyl acetate. The organic layer Was Washed With Water and 
brine, dried over sodium sulfate, ?ltered and concentrated 
under reduced pres sure. The resulting residue Was puri?ed by 

Br 
column chromatography (75% hexane/ 25% ethyl acetate) to 
afford 4.73 g, 42% yield of compound b. 

[0087] To a solution of b (1 g, 4.24 mmol), cyclopropyl 
boronic acid (472 mg, 5.5 mmol), potassium phosphate (3.14 NHZ NCS 

g, 14.8 mmol) and tricyclohexylphosphine (118 mg, 0.42 
mmol) in toluene (22 mL) and Water (0.85 mL) under nitro 

—> —> gen atmosphere Was added palladium acetate (47 mg, 0.21 
mmol). The mixture Was heated to 1000 C. for 3 h and then 
cooled to room temperature. Water Was added and the mixture 
extracted With ethyl acetate, dried over sodium sulfate and 
concentrated. Puri?cation by column chromatography (90% 

c d 
hexane/ 10% ethyl acetate) afforded compound c. (728 mg, 
87% yield) 
[0088] Compound c (728 mg, 3.7 mmol) Was dissolved in 
18 mL of dichloromethane. Sodium bicarbonate (9 mL, sat. 
solution) and thiophosgene (0.28 mL, 3.7 mmol) Were added 
and the mixture stirred at room temperature for 1 h. Then, the 
organic layer Was separated, dried over sodium sulfate and 1V. HN 
concentrated to afford 877 mg, 99% yield of compound d 

C1 Which Was used in the next step Without further puri?cation. 

O 

a b 

N—N O 

XX 

[0089] Compound d (877 mg, 3 .7 mmol) Was dissolved in 6 
mL of dimethylformamide, aminoguanidine hydrochloride 
salt (608.5 mg, 5.5 mmol) and diisopropyl ethylamine (1.0 
mL, 5.5 mmol) Were added and the mixture stirred at 500 C. 

HZN/ S\\= for 18 hours. The mixture Was concentrated and to the result 
0 ing residue Was added 2M aqueous sodium hydroxide solu 

@ f tion (15 mL). The mixture Was stirred at 500 C. for 18 hours 
and then cooled to room temperature. The resulting mixture 



US 2010/0069645 A1 Mar. 18, 2010 
16 

Was then neutralized With aqueous 1N HCl and the precipitate 

collected to give compound e. (472 mg, 50% yield) -c)ontinued 
[0090] Compounds e (100 mg, 0.34 mmol) and f (96 mg, 
0.34 mmol) Were dissolved in DMF (2 mL) and potassium HNJK/Cl 
carbonate (51 mg, 0.37 mmol) Was added. The mixture Was 
stirred at room temperature for 18 hours. Water Was then C1 

added to the mixture and the precipitate formed collected and 
puri?ed by prep. TLC (90% dichloromethane/10% methanol) 
to give 83 mg, 45% yield of compound g. 

[0091] Dichloroacetic acid (0.03 mL, 0.31 mmol) Was _ 
added to a mixture of compound g (83 mg, 0.15 mmol), HZN/ \\ 
benZyltriethyl ammonium bromide (125 mg, 0.46 mmol) and 0 
sodium nitrite (211 mg, 3.06 mmol) in dibromomethane (5 

mL). The mixture Was stirred at room temperature for 18 i )\ 
hours in the dark. The reaction mixture Was then concentrated g 

and the resulting residue Was puri?ed by prep. TLC (95% HZN N SW 
dichloromethane/ 5% methanol) to afford 55.7 mg of the sul- O _> 

S 
O 

fonic acid and 7 mg of title compound h. C1 //=() 

1H 
2-[5-Bromo-4-(2-Chloro-4-cyclopropylphenyl)-4H- 2 

[1 ,2,4] -triaZole-3-ylsulfanyl] -N-(2-chloro-4-sulfa 
moylphenyl)acetamide 

[0092] h 
N—N Cl 

0 ,X X f 
NH2 HNJK B N SCl/Wf //0 

1 1 

Br Br 

3. 

HN NHZ mL of anhydrous methylene chloride. To this mixture Was 
added triethylamine (0.68 mL, 4.8 mmol) and the reaction 

Cl Was stirred at room temperature for 5 min. Acetyl chloride 
(0.5 mL, 7.2 mmol) Was then added at 00 C. and the mixture 
stirred at room temperature for 2 hours. Water and dichlo 

NC 

romethane Were added and the layers separated. The organic 
layer Was then dried over sodium sulfate and concentrated to 
give 1.11 g, 92% yield of compound b. 
[0094] To a solution of b (500 mg, 2.01 mmol), cyclopropyl 

‘1 boronic acid (225 mg, 2.62 mmol), potassium phosphate 

/Z_§\ (1.49 g, 7.04 mmol) and tricyclohexylphosphine (56 mg, 0.2 
mmol) in toluene (10 mL) and Water (0.4 mL) under nitrogen 

HZN SH atmosphere Was added palladium acetate (23 mg, 0.1 mmol). N 
T he mixture Was heated to 1000 C. for 3 h and then cooled to 

Cl room temperature. Water Was added and the mixture 
+ extracted With ethyl acetate, dried over sodium sulfate and 

concentrated to give 550 mg of crude product c that Was used 

f 

in the next step Without further puri?cation. 

[0095] Compound c (500 mg, 2.4 mmol) Was dissolved in 4 
mL of ethanol. Aqueous 1N HCl (4 mL) Was added and the 
mixture stirred at re?ux for 8 hours. The solvent Was removed 
in vacuo to afford 440 mg of compound d Which Was used in 
the next step Without further puri?cation. 

(F2 

O 

x [0093] Compound a (1 g, 4.8 mmol) Was dissolved in 10 

Cl 

C 

S 

Cl 

6 
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[0096] Compound d (440 mg, 2.6 mmol) Was dissolved in 
14 mL of dichloromethane. Sodium bicarbonate (7 mL, sat. 
solution) and thiophosgene (0.2 mL, 2.6 mmol) Were added 
and the mixture stirred at room temperature for 1 h. Then, the 
organic layer Was separated, dried over sodium sulfate and 
concentrated to afford 877 mg, 99% yield of compound e 
Which Was used in the next step Without further puri?cation 
[0097] Compound e (447 mg, 2.1 mmol) Was dissolved in 3 
mL of dimethylformamide, aminoguanidine hydrochloride 
salt (355 mg, 3.2 mmol) and diisopropyl ethylamine (0.56 
mL, 3.2 mmol) Were added and the mixture stirred at 500 C. 
for 18 hours. The mixture Was then concentrated and to the 
resulting residue Was added 2M aqueous sodium hydroxide 
solution (10 mL). The mixture Was stirred at 500 C. for 18 
hours and then cooled to room temperature. The resulting 
mixture Was then neutraliZed With aqueous 1N HCl and the 
precipitate (product) collected to give compound f. (240 mg, 
44% yield) 
[0098] Compounds f (89 mg, 0.33 mmol) and g (94 mg, 
0.33 mmol) Were dissolved in DMF (1.5 mL) and potassium 
carbonate (51 mg, 0.37 mmol) Was added. The mixture Was 
stirred at room temperature for 18 hours. Water Was then 
added to the mixture and the precipitate formed collected and 
puri?ed by prep. TLC (90% dichloromethane/10% methanol) 
to give 116 mg, 68% yield of compound h. 
[0099] Dichloroacetic acid (0.04 mL, 0.46 mmol) Was 
added to a mixture of compound h (116 mg, 0.23 mmol), 
benZyltriethyl ammonium bromide (183 mg, 0.68 mmol) and 
sodium nitrite (304 mg, 4.6 mmol) in dibromomethane (5 
mL). The mixture Was stirred at room temperature for 18 
hours in the dark. The reaction mixture Was then concentrated 
and the resulting residue Was puri?ed by prep. TLC (95% 
dichloromethane/5% methanol) to afford 99.10 mg of the 
sulfonic acid and 17.90 mg of title compound i. 

4-(2-(5 -bromo -4-(2-chloro -4 -cyclopropyl-6-meth 
ylphenyl)-4H-1,2,4-triaZol-3 -ylthio)acetamido)-3 - 

chlorobenZoic acid 

[0100] 

NH2 NH; 

01 c1 

—> —> 

Br 

1 2 

N—N 

NCS HZN/QNXSH 
c1 c1 

_, + 

3 4 
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1V. HN 

C1 

—> 

COOH 

5 

N—N Cl 

2 x H N 
HZN N SW 

01 0 
COOH 

6 
Cl 

H 
N 

COOH. 

[0101] To a solution of 1 (1 g, 4.5 mmol), cyclopropyl 
boronic acid (506 mg, 5.9 mmol), potassium phosphate (3.34 
g, 15.8 mmol) and tricyclohexylphosphinc (126 mg, 0.45 
mmol) in toluene (20 mL) and Water (0.76 mL) under nitro 
gen atmosphere Was added palladium acetate (51 mg, 0.23 
mmol). The mixture Was heated to 1000 C. for 3 h and then 
cooled to room temperature. Water Was added and the mixture 
extracted With ethyl acetate, dried over sodium sulfate and 
concentrated to give 775 mg of crude 2-chloro-4-cyclopro 
pyl-6-methylbenZenamine (2) that Was used in the next step 
Without further puri?cation. 
[0102] Compound 2 (775 mg, 4.3 mmol) Was dissolved in 9 
mL of dichloromethane. Sodium bicarbonate (4.5 mL, sat. 
solution) and thiophosgene (0.33 mL, 4.3 mmol) Were added 
and the mixture stirred at room temperature for 1 h. Then, the 
organic layer Was separated, dried over sodium sulfate and 
concentrated to afford 935 mg of 1-chloro-5-cyclopropyl-2 
isothiocyanato-3-methylbenZene (3) Which Was used in the 
next step Without further puri?cation. 

[0103] Compound 3 (935 mg, 4.2 mmol) Was dissolved in 5 
mL of dimethylformamide, aminoguanidine hydrochloride 
salt (695 mg, 6.3 mmol) and diisopropyl ethylamine (1.1 mL, 
6.3 mmol) Were added and the mixture stirred at 500 C. for 18 
hours. The mixture Was then concentrated and to the resulting 
residue Was added 2M aqueous sodium hydroxide solution 
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(20 mL). The mixture Was stirred at 50° C. for 18 hours and 
then cooled to room temperature. The resulting mixture Was 
then neutralized With aqueous 1N HCl and the precipitate 
(product) collected to give 5-amino-4-(2-chloro-4-cyclopro 
pyl-6-methylphenyl)-4H-1,2,4-triaZole-3-thiol (4). (780 mg, 
66% yield) 

[0104] Compound 4 (100 mg, 0.36 mmol) and 3-chloro-4 
(2-chloroacetamido)benZoic acid (5) (88 mg, 0.36 mmol) 
Were dissolved in DMF (2 mL) and the mixture Was stirred at 
500 C. for 18 hours. Water Was then added and the mixture 
extracted With ethyl acetate. The organic layer Was separated, 
dried over sodium sulfate and concentrated to give 192 mg, of 
crude 4-(2-(5-amino-4-(2-chloro-4-cyclopropyl-6-meth 
ylphenyl)-4H-1,2,4-triaZol-3-ylthio)acetamido)-3-chlo 
robenZoic acid (6) Which Was used in next step Without further 
puri?cation. 
[0105] Dichloroacetic acid (0.065 mL, 0.78 mmol) Was 
added to a mixture of compound 6 (192 mg, 0.39 mmol), 
benZyltriethyl ammonium bromide (318 mg, 1.17 mmol) and 
sodium nitrite (538 mg, 7.8 mmol) in dibromomethane (10 
mL). The mixture Was stirred at room temperature for 18 
hours in the dark. The reaction mixture Was then concentrated 
and the resulting residue Was puri?ed by prep. TLC (95% 
dichloromethane/ 5% methanol) to afford 88 mg, 42% yield of 
4-(2-(5-bromo-4-(2-chloro-4-cyclopropyl-6-methylphenyl) 
4H-1,2,4-triaZol-3-ylthio)acetamido)-3-chlorobenZoic acid 
(7). 

4- [2-(5 -bromo-4-(4-cyclopropylnaphthalen-1-yl) 
4H-1,2,4-triaZol-3-ylthio)acetamido]-3 -chloroben 

Zoic acid 

[01 06] 

NHZ NHZ 

Br 

1 2 

NCS 
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0 —> 
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[0107] To a solution of 1 (500 mg, 2.01 mmol), cyclopropyl 
boronic acid (225 mg, 2.62 mmol), potassium phosphate 
(1.49 g, 7.04 mmol) and tricyclohexylphosphine (56 mg, 0.2 
mmol) in toluene (10 mL) and Water (0.4 mL) under nitrogen 
atmosphere Was added palladium acetate (23 mg, 0.1 mmol). 
The mixture Was heated to 1000 C. for 3 h and then cooled to 
room temperature. Water Was added and the mixture 
extracted With ethyl acetate, dried over sodium sulfate and 
concentrated to give 550 mg of crude 4-cyclopropylnaphtha 
len-1-amine (2) that Was used in the next step Without further 
puri?cation. 
[0108] Compound 2 (440 mg, 2.6 mmol) Was dissolved in 
14 mL of dichloromethane. Sodium bicarbonate (7 mL, sat. 
solution) and thiophosgene (0.2 mL, 2.6 mmol) Were added 
and the mixture stirred at room temperature for 1 h. Then, the 
organic layer Was separated, dried over sodium sulfate and 
concentrated to afford 877 mg, 99% yield of 1-cyclopropyl 
4-isothiocyanatonaphthalene (3) Which Was used in the next 
step Without further puri?cation 
[0109] Compound 3 (447 mg, 2.1 mmol) Was dissolved in 3 
mL of dimethylformamide, aminoguanidine hydrochloride 
salt (355 mg, 3.2 mmol) and diisopropyl ethylamine (0.56 
mL, 3.2 mmol) Were added and the mixture stirred at 500 C. 
for 18 hours. The mixture Was then concentrated and to the 
resulting residue Was added 2M aqueous sodium hydroxide 
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solution (10 mL). The mixture Was stirred at 50° C. for 18 
hours and then cooled to room temperature. The resulting 
mixture Was then neutralized With aqueous 1N HCl and the 
precipitate (product) collected to give 5-amino-4-(4-cyclo 
propylnaphthalen-1-yl)-4H-1,2,4-triaZole-3-thiol (4). (240 
mg, 44% yield) 
[0110] Compound 4 (789 mg, 2.79 mmol) and 3-chloro-4 
(2-chloroacetamido)benZoic acid (5) (693 mg, 2.79 mmol) 
Were dissolved in DMF (6 mL) and the mixture Was stirred at 
500 C. for 18 hours. Water Was then added and the mixture 
extracted With ethyl acetate. The organic layer Was separated, 
dried over sodium sulfate and concentrated to give 1.04 g, 
75% yield of 4-(2-(5-amino-4-(4-cyclopropylnaphthalen-1 
yl)-4H-1,2,4-triaZol-3-ylthio)acetamido)-3 -chlorobenZoic 
acid (6). 
[0111] Dichloroacetic acid (0.35 mL, 4.2 mmol) Was added 
to a mixture of compound 6 (1.04 g, 2.1 mmol), benZyltriethyl 
ammonium bromide (1.65 g, 6.1 mmol) and sodium nitrite 
(2.9 g, 42.1 mmol) in dibromomethane (44 mL). The mixture 
Was stirred at room temperature for 18 hours in the dark. The 
reaction mixture Was then concentrated and the resulting 
residue Was puri?ed by column chromatography (95% 
dichloromethane/ 5% methanol) to afford 393 mg, 34% yield 
of 4-(2-(5-bromo-4-(4-cyclopropylnaphthalen-1-yl)-4H-1,2, 
4-triaZol-3 -ylthio)acetamido)-3 -chlorobenZoic acid (7). 
[0112] 4-(2-(5-bromo-4-(7-methoxy-4-methylnaphthalen 
1-yl)-4H-1,2,4-triaZol-3 -ylthio)acetamido)-3 -chlorobenZoic 
acid 

Ph 

9 
NH; N 

OH OH 

—> —> 

1 2 

NH; 

OMe 

—> 

3 

En Bn 
\ N/ 

OMe 

—> 

4 

En Bn 
\ N/ 

OMe 

—> 

CHO 
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N—N Cl 
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[0113] A mixture of 8-amino-2-naphthol 1 (8.2 g, 52 
mmol), benZaldehyde (16 mL, 156 mmol) and sodium sulfate 
(41.3 g, 291 mmol) in THF (100 mL) Was stirred at re?ux over 
night. The mixture Was cooled to room temperature, ?ltered 
and concentrated under reduced pressure. The resulting resi 
due Was puri?ed by column chromatography (hexane/ethyl 
acetate/triethyl amine 75/ 23/ 2) to give 12.65 g of impure 
(E)-8-(benZylideneamino)naphthalen-2-ol (2) Which Was 
used in the next step Without further puri?cation. 
[0114] A mixture of2 (12.65 g, 51.2 mmol), Mel (6.4 mL, 
102 mmol) and NaOH (6.14 g, 153 mmol) in acetone (125 
mL) Was stirred at room temperature for 2 hours. The result 
ing mixture Was concentrated and the residue dissolved in 




































































