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By introducting the steroid sulfatase inhibitory pharmacophore into aromatase inHi¥v511), two

series of single agent dual aromataselfatase inhibitors (DASIs) were generated. The best DASIs in vitro
(JEG-3 cells) areb, (ICs(aromatase)= 0.82 nM; IG(sulfatase)= 39 nM), and14, (ICso(aromatase}=

0.77 nM; IG(sulfatase}= 590 nM). X-ray crystallography d§, and docking studies of selected compounds
into an aromatase homology model and the steroid sulfatase crystal structure are presenteénBath

inhibit aromatase and sulfatase in PMSG pretreated adult female Wistar ratsyp8thrafter a single oral

10 mg/kg dose. Almost complete dual inhibition is observedSdiut the levels were reduced to 85%
(aromatase) and 72% (sulfatase) after 24 h. DB8Iid not inhibit aldosterone synthesis. The development

of a potent and selective DASI should allow the therapeutic potential of dual aromatase-sulfatase inhibition
in hormone-dependent breast cancer to be assessed.

Introduction studies that showed the superiority of Als over tamoxfen.
g’hese findings, therefore, widen not only the indications for

to estrogens, the last and rate-limiting step in the biosynthesissome leading th|rd-gene_rat|on Als t.)u.t also the population of
of estrogens. Aromatase inhibitors (Alsave been successfully patlen_ts who m_a_y bene_ﬂt from recqvmg thesg agents_.
developed, and one of the main therapeutic indications for Als ~ While the clinical efficacy of third-generation Als in the
is hormone-dependent breast cancer (HDBC), which affects atreatment of HDBC has c_IearIy been demonstrated, there is now
substantial population of pre- and postmenopausal women in@bundant and strong evidence to suggest that the deprivation
Western countries. Since the discovery of the aromatase Of estrogen levels in patients treated with Als can be augmented
inhibitory activity of aminoglutethimide in the late 197bmany if steroid sulfatase (STS) is inhibited at the same fh&TS
Als have been developed, of which the third-generation anas-catalyzes the hydrolysis of steroid sulfates, such as estrone
trozole, letrozole, and exemestane are highly potent and selective3-sulfate (E1S) to estrone (E1), which is the main source of
agents that suppress estradiol levels in plasma to virtually estrogens in tumosand modulates the production of 5-an-
undetectable concentratioh$he use of these Als in the clinic ~ drostene-B,175-diol (Adiol), which contributes to the estrogenic
for treating patients with advanced stages of HDBC is well Stimulation of hormone-dependent breast tunidsience, STS
established. However, recent evidence has emerged to supporinhibitors, when used alone or in concert with an Al, may
a more front-line role for these third-generation Als. Several €nhance the response of hormone-dependent breast tumors to
randomized comparative clinical trials have demonstrated the this type of endocrine therapy by reducing not only the formation
advantages of using anastrozole, letrozole, and exemestane ove?f E1 from E1S but also the synthesis of other steroids with
tamoxifen as first-line agents in the treatment of patients with estrogenic properties such as Adiol, from dehydroepiandros-
primary tumors® From the results of the ATAC (arimidex, terone (DHEA) sulfate via DHEA.
tamoxifen, alone, or in combination) trial analyzed after Since the discovery of estrone@sulfamaté® (EMATE,
completion of 5 years of adjuvant treatment of breast cancer, it Figure 1) as a highly potent time- and concentration-dependent
was proposed that anastrozole should be the preferred initialinhibitor of STS, considerable progress has been made in the
treatment for postmenopausal women with localized hormone development of both steroidal and nonsteroidal STS irreversible
receptor positive breast cancerhe recent Breast International  inhibitors that are also highly potent but, in contrast to EMATE,
Group (BIG) 1-98 trial further confirmed the results of previous devoid of estrogenicity. STX64 (Figure 1), a benchmark
nonsteroidal agent, is the first STS inhibitor that entered a phase
* To whom correspondence should be addressed. Phé#d: (0) 1225 | trial for treatment of HDBC!! Clinical data from this trial
826639. Fax:+44 (0) 1225 826114, E-mail: B.V.L.Potter@bath.ac.uk. -~ showed that an oral administration of STX64 at eithe5 or
Univ'gfgf;tg}eé’;th‘?f Pharmacy & Pharmacology and Sterix Limited, 5 o gaily dose inhibited STS activity potently in peripheral
s Imperial College. blood lymphocytes and biopsied tumor tissue without showing
:Rggaﬂm?nt of CESEB% Univeésighof B_»atth- Devel - Adiol any serious drug-related adverse events. In addition, stable
5—andr0£$evrl1ae;{§g%—diol; Als, ;?:r(r:l?;\tase ?nnﬂlif)igrs; Ef&/‘le'}Aon,err]iﬁide;?’ dls.ease was obs_e_rved .m. five out of eight evaluab!e patients.
tamoxifen, alone, or in combination; BIG, Breast International Group; CAll, With these promising clinical results and the establishment of
carbonic anhydrase II; DASI, dual aromatasellfatase inhibtior; DHEA, a “proof of principle” for STS inhibition in HDBC, it is

dehydroepiandrosterone; DMA,N-dimethylacetamide; DMFN,N-dim- = i - ini -
ethylformamide: E1, estrone: E1S, estrone sulfate: HDBC, hormone- anticipated that a great deal of interest in future clinical studies

dependent breast cancer; PMSG, pregnant mares’ serum gonadotropin; STSVill be directed toward an investigation of the role of inhibiting
steroid sulfatase. aromatase and STS concomitantly for the treatment of HDBC.

The aromatase enzyme catalyzes the conversion of androgen
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strong heme coordination, renders the high potency against
aromatase observed in many established nonsteroidal Als.
Recently, an attempt was made by Numazawa €ttalapply

A the DASI concept to a number of moderately inhibitory steroidal
H,NO,SO H,;NO,SO o~ o Als having an estrogenic steroid skeleton by preparing the
3-sulfamoylated derivatives of 2- and 4-halogeno (F, Cl, and
EMATE STX64 (667COUMATE, BN83495) Br) estrones and their estradiol analogues as welpanéthyl-
Figure 1. Structures of EMATE and STX64. and phenylestrones. As expected, these sulfamates showed good

to potent STS inhibition. However, when these sulfamates were

While coadministering an Al with an STS inhibitor as two tested for aromatase inhibitory activity in a placental microsomes
individual agents or a fixed-dose bicomponent drug might be Preparation, they were found to be very weak inhibitors with
the obvious choice for attaining a combined endocrine therapy, @0 1Go of 41.8 + 2.3 uM for the best compound, /&
an attractive alternative strategy is to design a dual aromatase Phenylestrone ®-sulfamate. It is likely that this strategy for
steroid sulfatase inhibitor (DASI) that will inhibit both enzymes ~@chieving dual inhibition in a single molecule did not work
as a single agent. Morphy amd Rankovic have recently appraisedP@rticularly well because the template, a C18 steroid (estrogen)
the design of a single chemical entity that has the ability to Sulfamate, is more optimized for inhibiting STS than for
modulate multiple targets simultaneously and highlighted the aromatase. In contrast, most potent steroidal Als, like 4-hy-
pharmaceutical and development advantages of this drug desigrflroxyandrostenedione and exemestane, are C19 steroids but they
approacH? cannot be easily modified structurally to incorporate the

In an earlier communicatiolwe explored the design strategy ~Pharmacophore for potent STS inhibition, i.e., a phenyl sulfa-
for a DASI by introducing the required pharmacophore for mate ester, .WII.hC.)l.Jtdlsruptlng.the optlmlzeo_l functionalities for
potent irreversible STS inhibition, i.e., a phenyl sulfamate ester, aromatase inhibition. In addition, an insertion of a sulfamate

into 1 (YM511, Figure 2), which is a highly potent and selective MOiety into a C19 steroid is not expected to result in potent
nonsteroidal AR Two series of compounds were developed: STS inhibition, as demonstrated by many alkysulfamates,

p-sulfamate2—5 andm-sulfamate6 (Figure 2). In this work, ke the C19 dehydroepiandrosterong-G-sulfamate” that

we further expand the para-sulfamoylated series through intro- Were found to be significantly weaker STS inhibitors than aryl
duction of substituent(s) that are considered to be electron- O-Sulfamates such as EMATE. _ o

donating and/or electron-withdrawing at the position(s) ortho ~ Because of this foreseeable dilemma with designing a DASI
to the sulfamate group. Similarly, we also further exemplify USing a steroidal template, we opted instead for the strategy of
the meta-sulfamoylated series with derivatives that bear aintroducing the STS inhibitory pharmacophore into known,
substituent at the para position of the phenyl ring. The in vitro Nighly potent, and selective Als of nonsteroidal nature. One such
dual inhibitory activities of these sulfamate-based compounds inhibitor is 1 (Figure 2). We reasoned that even though the
and the aromatase inhibitory activity of their corresponding Incorporation of the aryl sulfamate motif infomight generate
parent phenolic compounds are studied in a human choriocar-derivatives that are less optimized for aromatase inhibition, this
cinoma cell line (JEG-3) assay. Selected compounds are furtherStrategy nonetheless may render the resulting compound a DASI
investigated in vivo for their ability to reduce plasma estradiol Pecause of the STS inhibitory potential introduced while
levels and liver STS activity. In order to facilitate the SAR study, "€taining most of the aromatase inhibitory properties.dfhere
dockings of DASIs and their corresponding parent phenolic IS @n additional advantage for adopting the templaté. dfor
compounds into the homology model of aromatase published symmetrical aromatase inhibitors like letrozole, which contains
recently by Favia et & are carried out. Similarly, DASIs are @ tetrahedral carbon center, replacing one of its two
also docked into the crystal structure of STS reported by cyanophenyl rings with a phenol sulfamate ester moiety will
Hernandez-Guzman et 8l.in an attempt to understand how render the resulting DASI chiral. In contrast, there is no such

these compounds may interact with this enzyme. complication with convertind, a tertiary amine, into a DASI
because its central N atom can be substituted with three different

Results and Discussion substitutents and so one of which can be incorporated with the
d pharmacophore for STS inhibition.

The current study is a full development of the work carried
out in our preliminary communicatiol¥.Two series of deriva-
tives of1, namely,p- andm-sulfamates, are developed. The in
vitro biological activities of these compounds and their parent
phenols are tabulated in Tables4. The in vivo activities of
5 and 14 are summarized in Table 5.

Before the concept of designing a DASI was first validate
in our earlier publicatiof? pioneering work in this field had
already been carried by our group when the STS inhibitory
pharmacophore was introduced to flavonditispme of which
are known to exhibit aromatase inhibitory activifyTo this
end, several flavone and flavanone sulfamates were found to
show potent STS inhibition with moderate aromatase inhibitory
activity in vitro.X” The fact that these flavonoid sulfamates were Chemistry
not highly potent Als can be attributed to the absence of an  The synthetic routes to the compounds prepared in this study
accessible heterocycle such as a triazole group that, throughare outlined in Scheme 1 (fprsulfamate®—5 and7), Scheme

A A )
NN NN NN
/©/\N/ ~ R J’T:>/\N/ ~7 HZNOZSOD/\N/
Br H,NO,S0” P 2 R=H R P
3, R=F
4, R=Cl
1 CN CN 5, R=Br 6, R=H CN

Figure 2. Structures ofl (YM511), p-sulfamate2—5, and m-sulfamate6.
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Scheme 1.Synthesis ofp-Sulfamate Containing DASI(5 and7) and Their Precursord {1V )2
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aReagents and conditions: (i) KBu, 4-fluorobenzonitrile, DMSO; (ii) NaH, DMF, 4-bromobenzyl bromide; (iii) BnBr,GOs, DMF; (iv) NaBHy,
THF—EtOH, 0°C to room temp; (v) Br, AcOH; (vi) Bz,0, EgN, CHyCl,, 0 °C; (vii) NBS, CCl, (BzO),, reflux; (viii) SOCkL, CH,Cly; (ix)) PBrs, CHxCl,,
0 °C; (x) (a) SOCY, (b) 1a, K,COs, DMF; (xi) KI, Oxone, MeOH; (xii) 1a, NaH, DMF; (xiii) Pd—C (10% by weight), H, THF—MeOH; (xiv)) NaOH,
MeOH, H0; (xv) CISQNH,, DMA, 0 °C.

Scheme 2.Synthesis ofp-Sulfamate Containing DASISB( 9, and11) and Precursord {1V )2
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aReagents and conditions: (i) NaBHTHF—EtOH, 0°C to room temp; (ii) NaCI@ H,0,, CH;CN/H,0O; (iii) NaH, PhCHOH, DMSO; (iv) SOC},
reflux; (v) LiAIH 4, THF, 0°C; (vi) BnBr, K;COs, DMF; (vii) SOCl,, CH,Cly; (viii) PBr3, CH.Cly, 0 °C; (ix) 1a, NaH, DMF; (x) Pd-C (10% by weight),
H,, THF—MeOH; (xi) CISGNH,, DMA, 0 °C.

2 (for p-sulfamates8, 9, and 11), and Scheme 3 (fom- mercially available benzaldehyde®a( 4a, and5a (Scheme 1),
sulfamatess and 14—17). The structures of new compounds 8a and 9a (Scheme 2)), carboxylic esters or aci@®b,(10a
were characterized by standard analytical methods, elementallla 12a and13a(Scheme 2)), or cresol derivativesf (@nd
analysis (where stated), and HPLC and additionally by X-ray 7a(Scheme 1)). Though commercially available, carboxylic acid
crystallography fois. 9b can easily be prepared in moderate yield by oxidation of
The synthesis of thp-sulfamate containing DASI candidates the aldehyd®a using NaCIQ/H,0,. 3-Bromo-4-hydroxyben-
and their phenolic precursors was initiated using the com- zaldehydesb?! and 2-iodo-4-methylphendlb?? were obtained
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Scheme 3.Synthesis ofn-Sulfamate Containing DASI$6(and 14—17) and Their Precursors/( — VIl )a
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aReagents and conditions: (i) BrAcCOH; (ii) MeOH, H,SOy; (iii) 3,4-dihydro-2H-pyran, p-TsOH, CHCl,,
0 °C; (vii) NBS, CCl, (BzO), reflux; (viii) NaBH4, THF—EtOH, 0°C to room temp; (ix) BnOH, K@u, DMSO;

CHyCly, 0 °C; (vi) Bzz0O, EtN, CH,Cly,

0 °C; (iv) LiAlH 4, THF, 0°C; (v) PB,

(X) SOCW, reflux; (xi) 1a, NaH, DMF; (xii) Pd—-C (10% by weight), H, THF—MeOH; (xiii) NaOH, MeOH, HO; (xiv) MeOH, p-TsOH, 0°C to room

temp; (xv) CISGNH,, DMA, 0 °C.

respectively frombaandp-cresol7ausing established methods
(Scheme 1). The 3-fluoro3a, 3-chloro-4a (Scheme 1) and
3-chloro-5-methoxyl la(Scheme 2) derivatives were protected

deprotonation ofla with NaH in DMF) with either 4-bro-
mobenzyl bromide or the required protected hydroxybenzyl
halides (I, Schemes 1 and 2) (4-benzyloxybenzyl chlori2ke,

as their benzyl ethers and were converted to the correspondingvas obtained from Sigma-Aldrich) gave the tertiary amihés

benzyl alcohol derivative8c, 4c, and11c with either NaBH

or LiAIH 4. Subsequent halogenation with either thionyl chloride
or phosphorus tribromide furnished the key hali@ds4d, and
11d (an analogous strategy was applied by van Oeverenéét al.
to prepare the 3-methoxy derivatige, Scheme 2). Activated

andlll (Schemes 1 and 2). After deprotection by either (i)
catalytic hydrogenation (in the case of benzyloxy derivatives
2b, 3e 4e(Scheme 1)8d, 9g, 10e 11e 12e and13e(Scheme
2)) or (ii) base-catalyzed hydrolysis (in the casespfand 7e
(Scheme 1)), the resulting phenol¥ ( Schemes 1 and 2) were

nitrile 9b (Scheme 2) undergoes nucleophilic aromatic substitu- finally converted to their corresponding sulfamatés $chemes

tion with benzyl alcohol to give aci@c. The key 3-cyano-4-
benzyloxybenzyl chloride9f was then obtained by mild
reduction of the acid chlorided (prepared by chlorination with
thionyl chloride) with sodium borohydride and subsequent
treatment of the benzyl alcohol derivative with thionyl chloride.
3-Bromo-4-benzoyloxybenzyl halidég and5h (Scheme 1)
were prepared in three steps from aldehysle utilizing

1 and 2) according to conditions described by Okada et al. by
reaction with an excess of sulfamoyl chlorflein N,N-
dimethylacetamide (DMAJ?

For the synthesis dbk, it was subsequently found that this
brominated phenol could be made by couplirwith freshly
prepared unprotected pheril(Scheme 1). The overall yield
of 5k obtained by this shortened route (two steps) was 35%,

benzoate ester protection of the phenolic hydroxyl. The alterna- which is significantly more efficient than the route using the

tive protection strategy of the phenolic hydroxyl group as a

benzoatéc as the starting reagent, which gadlein a yield of

benzyl ether was found to be unsatisfactory because of the23% over five steps.

variable degrees of debromination observed during the subse-

Various attempts were made to sulfamoylate the trifluoro-

guent deprotection step by catalytic hydrogenation (data not methylated phenolOf, the dichlorinated phendl2f, and the
shown). The benzoyl protective group, although being less tetrafluorinated phenol3f (Scheme 2). However, either no
robust than the benzyl group, was the preferred moiety for sulfamate derivative or a sulfamate heavily contaminated with

protecting the phenolic group in the preparatiin A more
convenient route to the benzyl bromide derivatise was
realized through radical bromination of protected crégplThis

the corresponding parent phenol was isolated. The failure of
efficient sulfamoylation for these starting phenols can be
attributed to the instability of the sulfamates formed either in

methodology was also successfully applied in the synthesis of situ or during workup, because of the strong leaving group

3-iodo compoundd (obtained froni7c by iodination of7awith
—Oxone and subsequent protection).
The synthesis of the “half-unit” 4-[(4-cyanophenyl)amino]-
4H-[1,2,4]triazole,1a, was accomplished by nucleophilic aro-
matic substitution of 4-fluorobenzonitrile with 4-aminét4

ability of the phenols under the influence of their strong electron-
withdrawing substituent(g$.27

DASIs containing am-sulfamate were prepared in an
analogous manner to thg-sulfamate series from the com-
mercially available 3-(benzyloxy)benzyl alcorgd, m-cresols

[1,2,4]triazole according to the previously described method by (14a and 153), or 3-benzyloxy-4-methoxybenzaldehyd&a

Okada et al* Coupling of the anion ofla (obtained by

(Scheme 3). 3-Benzyloxybenzyl bromifie?® and 3-benzyloxy-
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to give 16¢ protection as the THP ether to givikbd, and
reduction with LiAlH, afforded the alcohadl6e which was then
converted under mild conditions to the benzyl bromié¢over
four steps. Coupling of the prerequisite bromides, (Scheme

3) with the anion ofLa (Scheme 1) furnished the amina4l().
Standard deprotection afforded the phendBI(), which were
finally converted to their corresponding-sulfamates|K) by
reaction with an excess of sulfamoyl chloride in DMA. As
experienced in the synthesis of thesulfamate congeners, the
sulfamoylation of the trifluorinated phend8f by standard
methods was not successful in yielding the corresponding
sulfamate product with an acceptable level of purity after
workup. The main contaminant was found to be the starting
phenol18f.

An X-ray crystal structure d6 was obtained. Crystals suitable
for X-ray analysis were grown by slow diffusion afhexane
into a solution of5 in ethyl acetate. A crystal (approximate
dimensions of 0.20 mnx 0.13 mmx 0.05 mm) was used for
data collection. The asymmetric unit 5fis shown in Figure 3
4-methoxybenzyl bromid&7k?® were prepared using established  with the labeling scheme used. In Figure 4, the stacking of the
protocols froméaand17a respectively. Protection of 4-fluoro-  molecules within the crystal is arranged in such a manner that
3-methylphenoll4aand 4-chloro-3-methylphendl5a as ben- the NH, of the sulfamate groups interacts with the N atoms of
zoates followed by subsequent radical halogenation gave theneighboring triazolyl groups through intermolecular hydrogen
required key bromide$4cand15c 4-Bromo-3-hydroxybenzoic ~ bonding. The display of an asymmetric unit of four molecules
acid 16b was prepared from6ausing the method reported by  of 5 using DSViewerPro software is shown in Figure 5. In
Buehler et af® Subsequent reactions involving esterification addition to intermolecular hydrogen bonding already described

Figure 3. Ellipsoid plot (30% probability) of the asymmetric unit of
5 with a trapped molecule of ethyl acetate.

[

Figure 4. Packing plot of5 in the X-ray crystal structure without trapped ethyl acetate showing intermolecular hydrogen bondings betten N
of sulfamate groups and the N atoms of the triazolyl groups.

Figure 5. Display of four proximate asymmetric units in the structuresdfy DSViewerPro software (Accelrys Inc., San Diego, CA) showing
invertamers: bromine atom (green), carbon (gray except orange for ethyl acetate), nitrogen (blue), oxygen (red), and sulfur (yellow). Tlegenantiom
on the left are in thé&k-configuration, whereas the enantiomers on the right are irStbenfiguration.
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Table 1. In Vitro Inhibition of Aromatase and STS Activity Produced
by p-sulfamates Assessed Using Intact Monolayers of JEG-3Xells
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Table 3. In Vitro Inhibition of Aromatase and STS Activity in a JEG-3
Cells Preparation byn-Sulfamates

f NN ~ NN
R! N H2N02SOI>/\N/N\’/
H,NO,SO R
R2
CN CN
compd R R? aromatase 16 (M) STS 1Go (M) compd R aromatase 16 (M) STS 1Go (M)
1 0.5+ 0.03 ND 62 H 39+4 5133+ 65.4
STX64 ND 1.5+£0.3 14 F 0.77£0.03 590+ 19
2b H H 100+ 7.8 227+ 29 15 Cl 0.92+ 0.03 >10000
3p F H 12+ 1.8 40+ 3.8 16 Br 3.9+ 0.9 >10000
4b Cl H 2.3+0.3 20+ 2.1 17 OMe 12+ 1.9 >10000
5b Br H 0.824+0.3 39+ 4.2 3
7 | H 15+0.1 190+ 19 *Data fram Woa et ak
g Sme : ggi 10 3326%3% Table 4. In Vitro Inhibition of Aromatase Activity in a JEG-3 Cells
11 OMe Cl 2.940.2 536+ 38 Preparation byn-Phenols

a Each value represents the meaiSE of triplicate measurements. When
JEG-3 cells were pretreated wizrat 14M and cells were washed to remove
unbound inhibitor, the inhibition of aromatase was reduced by 63.4%,
whereas that of STS remained essentially unaffected (from-2D4% to
89.9+ 0.1%). ND: not determined.Data from Woo et al?

Table 2. In Vitro Inhibition of Aromatase Activity in a JEG-3 Cells
Preparation by-Phenols

R3 N
R. N
N
HO R*
RZ
CN
compd R R? R3 R* aromatase 16 (NM)
2c H H H H 23+1
3f F H H H 29+ 04
Af Cl H H H 25+0.3
5k Br H H H 1.1+01
7f | H H H 0.33+0.05
8e OMe H H H 28+ 05
9h CN H H H 24+55
10f CR H H H 0.88+ 0.1
11f OMe Cl H H 0.51+ 0.06
12f Cl Cl H H 76+2
13f F F F F 159+ 2.1

above, likelyz—m stacking betweep-cyanophenyl rings is also
observed in this view. Interestingly, on examination of the

=N
oD
R
CN
compd R aromatase ¥g(nM)
6d H 2.8+0.8
1l4e F 0.6+ 0.1
15e Cl 0.18+ 0.04
16h Br 0.5+0.1
17d OMe 1.24+0.08
18f CK 0.4+ 0.02

significantly reduces its potency as an Al. The,dCL00 nM)

for 2 against aromatase is some 200-fold higher than that for
(0.5 nM). It is clear that the interactions between the enzyme
active site and the bromo atom @fare more favorable than
those provided by the sulfamate group2ofAlthough?2 is 150-

fold (ICsp = 227 nM) less potent than STS inhibitor STX64
tested in clinical trial (I = 1.5 nM), this compound
nonetheless demonstrates a significant degree of STS inhibitory
activity, rendering? as the first DASI of this structural class.
When a halogen is introduced ortho to the sulfamate group to
give 3—5 and 7, the ability of these derivatives to inhibit
aromatase and STS improves significantly, with the bromo
compoundb showing a similar potency against aromatasedIC

conformation of each molecule, the groups about the central = 0.82 M) compared td (ICso = 0.5 nM). It is possible that

tertiary amine show a different orientation. The geometry of
the amine is flattened but remains trigonal pyramidal with the
pair of molecules on the right-hand side of Figure 5, as
illustrated, exhibitingS-stereochemistry and those on the left

the increase in lipophilicity enhances the binding of these
halogenated derivatives to the aromatase enzyme active site
through hydrophobic interactions, compensating some of the
disrupting effects provided by the sulfamate moiety for aro-

R-stereochemistry as invertamers. As expected, the unit containgnatase inhibition as observed f2ivs 1. However, despite its

a 50:50 mixture of either stereocisomer. However, in our recently

highest lipophilicity, the finding that the iodo compouiids

published crystal structure of human carbonic anhydrase (CA) not the most potent Al of this series suggests that the 2-fold

Il complexed with5, the stereochemistry around the central
tertiary amine appeared to be in tBeonfiguration, although
the molecule too had a flattened geoméfryt is most likely
that this configurational bias observed for the invertible nitrogen
of 5is due to the conformation adopted by its bromosulfamate-
bearing aryl ring interacting with the amino acid residues within
the chiral CAll active site.

(A) In Vitro Activities, SAR, and Modeling. (i) p-Sulfa-
mates (Table 1).As anticipated, replacing the-bromo atom
of 1 with a much more polar sulfamate group to gi2e

reduction in aromatase inhibitory activity observed ToflCso
= 1.5 nM), relative to its bromo congengris likely the result
of steric hindrance.

The docking of5 into the active site of the aromatase
homology model together with and letrozole is shown in
Figure 6. (Because of the failure of the docking program GOLD
in recognizing the heme ligating property of the triazole group
of DASIs, the distance between the coordinating nitrogen atom
of the triazole group and the iron atom of the heme was
constrained, using the constraint distance functionality within
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is less active tha is likely the result of steric hindrance exerted
on the sulfamate group by the neighboring methoxy group.
However, it is also reasonable to expect that electronic factors
may also play a role here. The methoxy group, which has an
overall electron-donating effect, should stabilize theCSbond
of the sulfamate group. This stabilization effect weakens the
ability of the sulfamate group to be transferred to an essential
amino acid residue within the enzyme active site, a mechanism
that has been postulated to be crucial for irreversible inactivation
of STS713

The introduction of an electron-withdrawing chloro atom at
the other position ortho to the sulfamate group8afoes not
improve the STS inhibitory activity of the resulting compound
11 The even slightly higher I§ against STS observed faid
(ICs0 = 536 nM) compared witt8 (ICso = 380 nM) suggests
that despite the anticipated beneficial electron-withdrawing effect
of the chloro atom, the sulfamate group df may not be
activated effectively for the inactivation of the enzyme probably
because it is shielded by the two flanking substituents. A similar
finding was observed for several 2,4-dialkylated derivatives of

i

Figure 6. Docking of1 (green), letrozole (red), and compoum¢blue)
into the aromatase homology model. The heme group is in purple.

GOLD, to be between 2.00 and 2.30 A. For further details and
discussion, refer to the Experimental Section.) It is interesting
to note that thep-cyano group ofl and one of the two of X A

letrozole, which potentially can act as a hydrogen-bond acceptor,EMﬁz::E’ng hich were much weaker inhibitors of STS than

are docked closely to Ser478, a putative hydrogen-bond-donating There is nearly a 2.5-fold increase in aromatase inhibitory

amino acid residue that is postulated to be involved in the activity observed foB (ICso = 42 nM) in comparison with the
interaction with some nonsteroidal AisThe distances between unsub);tituted com ouriZiSEJIE — 100 nM) [?es ite its small
the cyano group and Ser478 are 3.29 and 5.39 Alfand . pourid(i-so : P .
. S negative effect on STS inhibition, a methoxy group substituted
letrozole, respectively. In contrast, it is the sulfamate group of
. . ortho to the sulfamate group apparently renders comp@&uand
5 that resides more closely to Ser478, renderingpits/ano his effect is furth h d by the introducti
roup some 6.22 A away from this amino acid residue stronger Al. This effect is u_rt_ er enhanced by the introduction
9 ) ’ of a chloro atom at the position ortho to the sulfamate o6

In comparison with the unsubstituted compouhdCso = give compound.1 (ICso = 2.9 nM), which is over 30-fold more
227 nM), a halogen substituted ortho to the sulfamate group potent than compoun2.
clearly lowers the Igyagainst STS by between 1.2-fold (Cso The cyano group is a common feature found in potent

= 190 nM) and 11-fold 4, ICso = 20 nM). Previous work  ponsteroidal Als likel, letrozole, and anastrozole. It has been
carried out by our group showed that the lowering of tle p  reasoned that the cyano group functions as a hydrogen-bond
of a phenol, and hence its leaving group ability, by electronic acceptor and secures a tighter binding of the inhibitor to the
effects will enhance the STS inhibitory activity of the corre-  aromatase active site, inter alia, through interaction with the
sponding sulfamat%?.v§2‘34The hlgher potency Qbsewed 13’1“5. putative hydrogen bond donor Ser478 in the enzyme active
compared with2 against STS is consistent with these previous gjie15 However, the finding tha® is only a modest Al of the
observations (as predi_cted by ACD/L_abs softwar_e, version 8.14, garies (IGo = 27 nM) suggests that the cyano group does not
the K, values of their corresponding 2-substituted 4-meth- ¢t effectively as a hydrogen-bond acceptor at this position or
ylphenols are 9.01 for 2-fluorq, 8.79 for 2-chloro, and 8.73 for i the presence of an adjacent sulfamate group. In order to
2-bromo; cf. 10.21 for unsubstituted 4-methylphenol). However, jnyestigate the potential reason for this result, we synthesized
it is interesting to note that despite the variation in thg palues two derivatives that have thebromo atom ofl removed and
of their corresponding phenols, the S_TS inhibitory a_ctivities of the resulting aryl ring substituted with either pacyano or
3—5 are of the same order of magnitude, suggesting that the m-cyano group, i.e., 4-[(4-cyanobenzyl)(4-cyanophenyl)amino]-
leaving group abilit_y of _phenol_s _i_s not the only contri_butory 4H-[1,2,4]triazole and 4-[(3-cyanobenzyl)(4-cyanophenyl)-
factor toward the biological activities observed ®r5. Like amino]-4H-[1,2 4]triazole, respectively. When these agents were
its effect on aromatase inhibitory activity, the size of the iodo assayed in JEG-3 cells, their respective aromatasgvidues
group of7 (ICso = 190 nM) could contribute to the nearly 10-  \yere found to be 1.2 and 6.3 nM. These findings support the
fold reduction in potency against STS compared with its chloro notion that a cyano group substituted at the meta position of
congene# (ICso = 20 nM). According to [, prediction alone,  the aryl ring, as in the case wih does not interact with the
the potency of7 is anticipated to be much closer to thatdf  aromatase active site amino acid residue(s) as well as a cyano
since the K for 2-iodo-4-methylphenol (8.81) is very similar  group substituted at the para position. It is also reasonable to
to that for 2-chloromethylphenol (vide supra). Hence, itis likely expect that thep-sulfamate group o further attenuates the
that through steric hindrance the iodo atonvafiterferes with aromatase |nh|b|t0ry potency of the molecule.
the binding of its sulfamate group to the catalytic site, preventing  For STS inhibition,9 is the weakest (1§ = 10 000 nM)
the inhibitor from inactivating the enzyme effectively in the STS inhibitor in the series. Although was synthesized and
same manner as its congenarsb. characterized successfully, it appears that this compound has a
The methoxy derivativ8 inhibits STS with an 1G, of 380 significant problem with its chemical stability once in solution.
nM, about 1.6-fold higher than that achieved by the unsubstituted Indeed, as monitored by HPLC, a solution ®fin dimethyl
compound (ICso = 227 nM). This reduction in potency exerted sulfoxide stored at room temperature was found to degrade to
by the introduction of a methoxy group here is comparatively its parent phenddh at a rate much faster than those observed
moderate considering the 13-fold decrease in potency when thefor 4 (chloro) and5 (bromo) stored under similar conditions.
steroidal EMATE (Figure 1) is methoxylated at the 2-position While complete degradation & to 9h was observed in less
to give 2-methoxyestrone G-sulfamate?® The finding that8 than 2 days, the half-lives dfand5 were found to be between
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Hydrolysis of sulfamate
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Figure 7. Proposed mechanisms of action for DASI compounds.

Figure 8. Docking of the p-sulfamate3 (blue) and p-hydroxyl
compound3f (orange) into the aromatase homology model. The heme
group is in purple.

7 and 8 days (unpublished observation). Though only qualitative,
this analytical study often gives a good indication of the relative

resistance of sulfamate esters to hydrolysis (desulfamoylation)

in protic polar solvents. Hence, the sulfamate groumad$

considered to be more susceptible to hydrolysis than other

compounds tested in this series. As discussed in several of ou
previous publication3®2” the chemical instability of an aryl
sulfamate ester is related to thEvalue of its parent phenol.
Indeed, using ACD/Labs software, version 8.14, tKg ypalue

of 2-cyano-4-methylphenol is predicted to be 7.47, which is at
least 1 log unit lower than those predicted for 2-halogen-4-
methylphenols (vide supra). It is therefore highly likely that the
surprising low STS inhibitory activity exhibited [8is the result

of its poor stability once in solution. Incidentally, the finding
that the G for the corresponding phen®h (24 nM, Table 2,
vide infra) is very similar to that observed f8r(27 nM) lends

support to this explanation. Hence, there might have been a

significant level of desulfamoylation & taking place during
biological testing, rendering a reduction in the concentration of
9 available for inactivating STS and resulting in the weak
potency of9 observed.

(ii) p-Phenols (Table 2).The recent STX64 phase | trial has
shown evidence that 667COUMARIN, the parent phenolic

the plasma over a period of time. Therefore, the corresponding
phenols of DASIs2—5, 7—9, and 11, once released through
STS inactivation or chemical hydrolysis of their sulfamate group,
are anticipated to act also as Als in their own right because of
the retention of the aromatase inhibitory pharmacophore (i.e.,
a heme ligating moiety like a triazole) in these phenols. This
concept is illustrusted in Figure 7.

As shown in Table 2, alb-phenolic compounds tested show
moderate to highly potent inhibition of aromatase. The best Al
is the iodo derivativé’f whose inhibitory activity (IGo = 0.33
nM) is even stronger than that exhibited by0.5 nM, Table
1) obtained from the same assay. With the exceptioff,dbg,
and 9h, all hydroxyl compounds tested are more potent Als
than their corresponding sulfamateésvs 2¢, 3 vs 3f, 7 vs 7f,

8 vs 8¢ 11 vs 11f). These findings could be attributed to the
fact that the sulfamate moiety may be too large or polar relative
to the hydroxyl group for effective binding of these inhibitors
to the aromatase active site.

When 3f is docked into the active site of the aromatase
homology model (Figure 8), the orientation of the molecule
resulting is clearly different from that observed for tpe
sulfamate3, with the hydroxyl group of3f seen pointing to a
direction opposite that of the sulfamate grouBoThe reason

for this difference in docking modes observed between this

hydroxyl and sulfamate pair of compounds is not entirely clear,
but it is possible that it may involve a steric factor caused by
the sulfamate group. On closer examination of the docking mode
of 3f, it is apparent that the resulting orientation is similar to
that observed fol (cf. Figure 6) with itsp-cyanophenyl ring
docking closely to Ser478. It is therefore possible that upon
induced fitting of3f to the enzyme, the closer proximity of its
cyano group to Ser478 than thatfnay lead to a significantly
tighter binding of the inhibitor to the enzyme active site through
hydrogen bonding, rendering the stronger aromatase inhibition
observed fo3f compared t.

The reason for the aromatase inhibitory activity observed for
9h has already been discussed (vide supra). For the chldfo- (
vs 4) and bromo- g vs 5) phenols and sulfamates, it is not
clear why their inhibitory activities are similar. It could be
argued that the similar aromatase inhibitory activities observed
are due to the degradation of sulfamates to phenols, in the same

compound, is the main metabolite detected in plasma, althoughmanner as discussed for the cyano paivs 9f. However, the

levels are not highl2 According to the various mechanisms of
action proposed by our grodd,;3* the immediate product

fact that sulfamategl and 5 are the two most potent STS
inhibitors in thep-sulfamate series does not fully support this

released after the irreversible inactivation of STS by a sulfamate- argument. In other words, if the degradation of sulfamates

based STS inhibitor is expected to be its corresponding phenol,

although the quantity released by this route in vivo is limited
once all the STS activity has been inactivateHowever, given
the limited chemical stability observed for some aryl sulfamates,

it is reasonable to expect that the formation of phenol continues

as a result of the hydrolytic cleavage of the sulfamate group in

and5 to their respective phenols were a significant contributory
factor to their aromatase inhibitory activities observed in Table
1, the STS inhibition produced by these sulfamates should
appear weak, which is not the case observed.

For phenolslOf, 12f, and 13f, because their corresponding
sulfamates are too unstable to be isolated and/or purified
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Figure 9. Docking of thep-sulfamate3 (orange) anan-sulfamatel4 Figure 10. Docking of thep-sulfamate5 (blue), them-sulfamate16
(blue) into the aromatase homology model. The heme group is in purple. (brown), STX64 (green), and E1S (dark purple) into the crystal structure

of human STS as reported by Hernandez-Guzman é¢ @he
chemically, no similar comparison can be made but it is coordinating C& atom (light purple) and formylglycine in itgem
anticipated that these phenols are stronger aromatase inhibitor&liol form are shown.

than their corresponding sulfamates. The best inhibitor here is from individual series dock in a similar manner showing a highly
10f (ICso = 0.88 nM), and the most likely explanation for this  conserved binding mode (graphic not shown). STX64, the phase
is the increase in hydrophobicity imparted by itssQffoup. | trial STS inhibitor, and E1S, the natural substrate for STS,
Di- and tetrasubstitutions on the hydroxyl-bearing aryl ring with are also docked for comparison. As shown in Figure 10, the
halogens do not improve the resulting derivatives toward p-sulfamate5 docks in the same region of the active site as
aromatase inhibition compared with their corresponding mono- that occupied by either STX64 or E1S, with the sulfamate group
halogenated counterpart8f(vs 13f, 4f vs 12f). Despite the  directed toward the catalytic cavity where the coordinatingCa
apparent increase in hydrophobicity expected1faf and 13f, ion and formylglycine in itsgemdiol form reside. Like the
which should benefit aromatase inhibition, steric hindrance, inter skeleton of STX64, th@-cyanophenyl moiety and partly the
alia, could render a less favorable binding of these phenols totriazolyl group of5 docked occupy the predominantly hydro-
the aromatase active site. phobic tunnel which leads to the entry to the active site. It is
(i) m-Sulfamates (Table 3) When the positions of the meta  anticipated that the interactions between these two functionalities
substituent and the-sulfamate on the aryl ring are interchanged, of DASI with the amino acid residues lining the hydrophobic
this results in a series of highly potent Als (Table 3). Apart tunnel will not be as optimal as those achieved by a tricyclic
from the bromo derivativé6, all other compounds in the series  coumarin sulfamate or a steroidal inhibitor like EMATE,
studied give significantly more potent inhibition of aromatase rendering the weaker STS inhibition observed for DASIs studied
than their corresponding-sulfamate shown in Table 1. In  in Table 1.
general, these results suggest that a sulfamate group substituted For m-sulfamatel, it is apparent that it docks in a manner
at the meta position, either with or without a substituent at the very different from that observed for ifssulfamate counterpart
para position, is better tolerated by the enzyme than having thes (Figure 10). Although its sulfamate group is also directed
sulfamate group placed at the para position. The best Al of this toward the catalytic cavity, most parts of the molecule clearly
series is the fluoro derivative4 (ICso = 0.77 nM), which is  occupy a different pocket within the active site. With the much

some 16-fold more potent than itsfluoro counterpar8 (ICsq weaker STS inhibition shown by thre-sulfamates in Table 3,
=12 nM, Table 1). one can reason that the docking orientation as predicted for the
On examination of the docking orientations ®&nd 14 in p-sulfamates in Figure 10 is indeed more favorable for enzyme

the active site of the aromatase homology model (Figure 9), it inactivation. The positioning of the sulfamate group at the para
is clear that the docking orientations of the two molecules are position of the aryl ring appears to allow both the sulfamate
very different. Form-sulfamatel4, its p-cyanophenyl group  group and the rest of the molecule to interact productively with
resides close to Ser478, like thatbfwhile its benzyl moiety  the catalytic cavity and binding site of the enzyme. According
folds itself toward its owrp-cyanophenyl moiety rendering the  to the docking studies, these favorable interactions will be
sulfonyl oxygens of the sulfamate group also within hydrogen- significantly disrupted when the sulfamate group is positioned
bonding distances (1.63 A) with Ser478. These docking results at the meta position of the aryl ring.
suggest that4 may bind to the aromatase active site in a manner  (iv) m-Phenols (Table 4).As shown in Table 4, all meta
different from that of itsp-sulfamate counterpart and may phenolic compounds tested show highly potent aromatase
interact more favorably with amino acid residues lining the inhibition. The chloro derivativel5e is the best Al whose
active site, including Ser478, resulting in the higher potency inhibitory activity (ICso = 0.18 nM) is some 3-fold more potent
observed. than that exhibited byl (0.5 nM, Table 1) obtained from the
Despite the promising STS inhibition observed for the same assay. Apart frod8f, whose sulfamate derivative cannot
p-sulfamate series, all meta-sulfamoylated compounds arebe isolated in high purity possibly because of its chemical
significantly weaker STS inhibitors with the best inhibition instability in solution, all hydroxyl compounds tested are more

shown by the fluoro derivativé4 (ICso = 590 nM). potent Als than their corresponding sulfamatés€ 6d, 14 vs
In an attempt to understand these unexpected results, thel4e 15 vs 15¢ 16 vs 16h, 17 vs 17d). Similar to what has
p-sulfamatesZ—5 and 7, Table 1) andn-sulfamates , 14— been discussed for theghydroxy and meta-substituent series,

16, Table 3) were docked, with the sulfamate group in its these findings reinforce the conclusion that the sulfamate moiety
monoanionic form (i.e;-OSQNH"), into the crystal structure  may be too large or polar relative to the hydroxyl group for
of STS as reported by Hernandez-Guzman é&¢ &ompounds effective binding of these inhibitors to the aromatase active site.
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(B) In Vivo Inhibition. We reported in our previous higher than that of 6610COUMATE, inhibited rat liver STS
publication that DASI® and5 showed promising dual inhibition  activity significantly more strongly than 6610COUMATE.
in adult female Wistar rats pretreated with 200 1U/0.1 mL sc of These results clearly suggest that the STS inhibitory activity of
PMSG (pregnant mares’ serum gonadotropfin this work, a sulfamate-based compound in JEG-3 cells, particularly for
we have retested compouBdlongside compount4, the best those DASIs studied here, may not reflect the full STS inhibitory
DASI in the m-sulfamate series, and assessed their ability to potential of such a compound in vivo where other factors could
inhibit aromatase and STS 3 and 24 h after oral administration be involved in transforming the inhibitor and/or delivering the
of drug at a 10 mg/kg dose. The reference inhibitors used in active species to the target enzyme.
the study are letrozole (instead bf and STX64. Unlike STX64 where almost complete inhibition is observed,

As shown in Table 5, the reduction of plasma estradiol levels the |evels of inhibition attained by compoun8isand 14 are
attained is complete and indistinguishald h after letrozole reduced to 72% and 33%, respectively, 24 h after dosing. This
and 5 are administered. Compourilperforms better in the is surprising because compoubdlike its congene®,!® was
current study than in the previous experiment when the reductionfound to be an irreversible inhibitor of STS (data not shown).
of plasma estradiol levels achiel/8 h after drug administration  Although compoundl4 has not been studied in the same
was lower at 68982 When the level of inhibition is assessed manner, it is anticipated that it will share the same mechanism
21 h later, letrozole remains fully inhibitory, while compound  of action as its congeners. One possible explanation for this
5 only achieves 85% inhibition. These results suggest that the gbservation is that compoun8sand 14 are metabolized more
duration of action of letrozole is longer thdnpossibly as a  efficiently than STX64 in vivo. It has been shown that in vivo
result of more favorable pharmacokinetic properties. Despite STX64 is sequestered into the RBCs through reversible binding
their similar potencies in vitro, thersulfamatel4 is less potent to CAll, whose 1G values were determined to be in the range
than its p-sulfamate counterpard, achieving a lower 82%  17—25 nM313839Thjs interaction of STX64 with CAll has been
inhibition 3 h after dosing. After 24 h, the level of aromatase postulated to be an essential mechanism for transporting STX64
inhibition achieved is even lower at 20% fi4. Although the in vivo, protecting it from first-pass degradation, and hence
reason for the difference in the in vivo aromatase inhibitory contributing to the excellent bioavailability of 95% observed
activities observed betwednand14 remains to be elucidated,  in rats#° Like STX64, the sulfamate-containirfigalso interacts

they are nonetheless highly effective Als, albeit not as potent with CAll albeit less effectively as shown by its higherst®f

as the established Al letrozole. 118 nM3! It is therefore possible, inter alia, th&t being a
weaker CAll inhibitor, complexes to a lower extent with CAll
Table 5. Percentage Inhibition of Aromatase and STS Activities in than STX64. As a resul§ may be less protected from first-

Female Wistar Rats Produced by Letrozole, DASIBnd14, and pass metabolism, rendering the shorter duration of action

STX6H — — observed in vivo. The ability of4to inhibit CAIl has not been
aromatase inhibition (%) STS inhibition (%) studied, although the reduction in the level of inhibition observed

treatment 3h 24h 3h 24h for this compound 24 h after dosing can also be attributed to
control 0+ 1 84+ 13 0+ 10 8+6 the less favorable pharmacokinetics propertied4fFurther
PMSG 04 22 0+ 13 4+ 4 0+6 investigation into the biological activites o6 and 14 is
letrozole 100+ 6 100+ 13 3+06 6+6 warranted, but these studies are beyond the scope of the work
5 100+ 7 85+ 7 98+0.2  72+2 reported here.
14 82+8 20+ 44 98+ 0.1  33+5
STX64 ND ND 100+1.8  97+1.4

aResults are expressed as the percentage inhibition of PMSG stimulatedConCIUSIonS

estradiol levels for aromatase activity or percentage of activity in untreated c ; i ; ;
X hd ompoundl is a highly potent and selective nonsteroidal
animals for STS activity (meas: SE, n = 3). Where no error bars are P gnly p

shown, SE is less than 1%. The statistical significance for aromatase andAI' In_thls work, replacing itsp-bromo atqm with a sulfamgite_ .
STS Activities in control and treated groups was assessed using Student'sester introduces the pharmacophore for irreversible STS inhibi-
ttest: (a)p < 0.05; (b)p < 0.001. ND: not determined. tion. SAR studies have produced a seriep-adndm-sulfamates
that are either unsubstituted or substituted with a halogen, OMe,

When the selectivity ob toward the inhibition of aromatase or CN group at the position(s) ortho to the sulfamate. Upon
is assessed in vivo, it shows no significant inhibition on the screening in JEG-3 cells, the most promising DASIs are the
plasma aldosterone levels 3 and 24 h after treatment, suggestingn-bromo+p-sulfamates (ICso(aromatasey 0.82 nM and 1G¢-
that5, like 1, is a selective Al for aromatase (unpublished data). (STS) = 39 nM) and thep-fluoro-m-sulfamate 14 (ICs¢-

When the liver STS activity is assayed in animals treated (aromatase)y 0.77 nM and IGy(STS)= 590 nM). Relocation
with a single oral dose of each inhibitor at 10 mg/kg, b6th  of the sulfamate group from the para to the meta position of
and14 almost give 100% inhibitio 3 h later despité4 (Table the aryl ring generally improves the aromatase, but weakens
3) being a weaker STS inhibitor thdan(Table 1) in vitro by the sulfatase, inhibitory activity of the derivatives compared to
some 15-fold. Although the mechanism for this phenomenon their p-sulfamate counterparts. Most phenolic precursors inhibit
is not clear, this is not the first time when we have observed a aromatase more strongly than their corresponding sulfamates.
compound that is an apparently weak STS inhibitor in vitro but Hence, it is reasoned that these phenols may further sustain
shows potent inhibition in vivo. Thus, the unsubstituted congener aromatase inhibition in vivo when they are released as a result
2 (Table 1), like5, was found to inhibit rat liver STS activity  of chemical degradation and/or by sulfatase-mediated cleavage
by nearly 100% at an oral dose of 10 mg/kg despiteeing of their corresponding sulfamates upon STS inactivation. The
6-fold weaker thars as an STS inhibitor in vitrd3 In addition, SAR of this class of DASIs was explored by molecular modeling
while a letrozole-based DASI gave ansfof >10uM in JEG-3 studies. Different docking orientations within the active site of
cells, it inhibited rat liver STS activity by 88% 24 h after a an aromatase homology model are observed for different series
single oral dose of 10 mg/kg was administered to the anifials. of sulfamates and phenols. However, it appears that the higher
Similarly, the congener of STX64, 6615COUMATE, despite potency observed for some molecules may be attributed partly
its ICsp in a placental microsomal preparation being 370 times to the proximity of theirp-cyanophenyl ring to the putative
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hydrogen bond donating residue Ser478. For $#&ylfamates
dock into a region similar to that occupied by either STX64 or
E1S in the active site, whilexsulfamates, which are weaker
STS inhibitors, dock differently with the-cyanophenyl rings
residing in a different binding pocket.

In vivo, both5 and 14 show potent dual inhibition, witts
achieving almost complete inhibitio3 h after a single oral 10
mg/kg dose. This level of efficacy is comparable to that
produced by STX64 (STS inhibitor) and letrozole (Al) individu-
ally at the same time point. However, the dual inhibitionsof

Woo et al.

incubated with JEG-3 cells fal h in thepresence or absence of
inhibitor. The product, E1, was separated using dextran-coated
charcoal at £C for 2 h, and remaining radioactivity was measured
by scintillation spectrometry. Each 4grepresents the mean SE

of triplicate measurements.

The in vivo inhibition of aromatase and STS activity by letrozole,
DASIs 5 and 14, and STX64 was assessed in female Wistar rats.
Animals received a single subcutaneous injection of pregnant mares’
serum gonadotropin (PMSG, 200 IU, Sigma). Three days later drugs
(10 mg/kg) were administered orally in THF/propylene glycol (10:
90) as a single dose. Blood and liver samples were obtained 3 and

is reduced to 85% (aromatase) and 72% (STS) after 24 h when24 h after drug administration. Plasma concentrations of estradiol

STX64 and letrozole still inhibit potently>(97%). Compound

5 inhibits aldosterone synthesis insignificantly zizo 3 and

24 h after dosing, suggesting that this DASI, likeis also
selective toward aromatase inhibition. Whehus represents

a promising YM511-based DASI, the challenge is to develop
analogues that not only exhibit potent dual inhibition in vitro

but also possess an optimized and favorable inhibitory profile

in vivo. This is underway. The development of a highly effective
DASI should allow the therapeutic potential of estrogen ablation
effected by dual aromatas&TS inhibiton in HDBC to be
evaluated.

Experimental Section

Chemistry. All reagents were of commercial quality obtained
from either Sigma-Aldrich (Gillingham, Dorset, U.K.) or Lancaster

Synthesis (Morecambe, Lancashire, U.K.). Solvents were dried,
where necessary, using standard procedures. Thin-layer chroma

tography (TLC) was performed on precoated plates (Merck TLC
aluminum sheets, silica gel 6Q4z with detection by UV light or
with phosphomolybdic acid in EtOH followed by heating. Flash

chromatography was performed on silica gel (particle size 40-63

um). NMR spectra were recorded with a JEOL EX-270 or a Varian
Mercury VX 400 spectrometetH NMR and*3C NMR chemical
shifts are measured in ppr)(relative to internal tetramethylsilane

were measured using a radioimmunoassay kit (Diagnostic Products
Corporation, CA) to monitor the extent of aromatase inhibition.
Liver STS activity was determined to assess the extent of STS
inhibition. Results are expressed as the percentage inhibition of
PMSG stimulated estradiol levels for aromatase activity or percent-
age of activity in untreated animals for STS activity (meanSE,
n=3).

The effects ob on cytochrome P450 dependent biosynthesis of
steroids and hence the selectivity of this DASI toward inhibiting
aromatase were assessed by monitoring the plasma aldosterone level
(after 3 and 24 h) in treated animals using a radioimmunoassay kit
(Diagnostic Systems Laboratories Inc., TX).

Molecular Modeling. (i) Homology Model of the Human
Aromatase Enzyme A homology model of the human aromatase
enzyme, which is based on the recently published crystal structure
of the human CYP2C9 metabolic enzyfiewas processed as
described by Favia et &.using the Sybyl 7% molecular modeling
software suite. The process involved the addition of hydrogen to
all atoms and the fixing of side chain amides, followed by the
energy minimization of hydrogen atom positions with fixed heavy
atoms. The AMBER FF02 force field was used with Gasteiger
Hickel charges applied, as implemented within Sybyl 7.1.

The ligands to be docked into the aromatase homology model
were generated using the Sybyl 7.1 molecular modeling package
after they had been minimized using the MMFF94s force field with

(TMS). Signals, where declared, are expressed as s (singlet), dMMFF94 charges applied, as implemented in Sybyl 7.1. All docking

(doublet), t (triplet), g (quartet), m (multiplet), or br (broad).
Coupling constantsJf are given in Hz. LRMS and HRMS mass
spectra were recorded at the University of Bath on a Finnigan MAT

calculations were performed using the GOEmolecular docking
package with each ligand docked a total of 35 times.

Not all the compounds are found to dock in a fashion as

8340 instrument or at the EPSRC National Mass Spectrometry anticipated for this class of nonsteroidal Als with the nitrogen-
Service Centre, University of Wales Swansea, Chemistry Depart- containing heterocycle, the triazole group in our case, coordinating
ment. High-performance liquid chromatography (HPLC) analysis with the heme iron via one of its N atoms. It is found that the
was performed on a Waters 717 with an autosampler and PDA docking of DASIs into the homology model shows their sulfamate

detector. For chromatograhic conditions, refer to Supporting
Information. Unless stated otherwise, all biologically tested com-
pounds attained a purity level 0$#95% by HPLC. Liquid
chromatographymass spectrometry (LCMS) analysis was per-
formed using a Waters “Symmetry” C18 (packing: &, 4.6
mm x 100 mm) column on a Waters 2790 Alliance, ZQ MicroMass
spectrometer with PDA detector. Gradient was 5:95 MeGR/H
(flow rate of 0.5 mL/min) to 95:5 MeCN/kD (flow rate of 1 mL/
min) over 10 min. Elemental analyses were performed by the
Microanalysis Service, University of Bath. Melting points (mp) were

moiety interacting with the heme iron instead of their triazole group.
The GOLD docking program recognizes the interactions of the
sulfamate moiety with the heme iron being a more dominant feature
than the coordinate triazotéron bond. This failure of the docking
program to recognize the heme ligating property of nitrogen-
containing heterocycles was also reported by Verras €tvahere

the DOCK program failed to recognize the coordinate imidazole
iron bond and produced unreasonable inhibitor orientations. In order
to rectify this undesirable orientation of DASIs experienced during
the docking calculation, the ligangbrotein distance was defined

determined using a Reichert-Jung hot stage microscope apparatugysing the constraint distance functionality within GOLD. So the
a Gallenkamp MPD-350 apparatus, or Stanford Research Systemglistance between the ligand nitrogen atom and the heme iron atom

OptiMelt MPA100 and are uncorrected.
Biology. The extent of in vitro inhibition of STS and aromatase

was constrained to be between 2.00 and 2.30 A as estimated by
examination of crystal structures from the C$D.

activity by compounds was assessed using JEG-3 cells. Cells were (i) Crystal Structure of Steroid Sulfatase. The 1P49 crystal

seeded into 24-well culture plates and maintained in MEM (Flow

structure of human placental estrone/DHEA sulfatase was used for

Laboratories, Irvine, U.K.) containing supplements and used when the building of thegemdiol form of STS6 This involved a point

80% confluent. To determine STS activity, cells were incubated
for 1 h with [6,7°H]ELS (5 pmol, 7x 1C° dpm, 60 Ci/mmol;
Perkin-Elmer LS, Wellesley, MA) in the presence or absence of
(0.001-10000 nmol/L) inhibitor. The product E1 was separated
from E1S by toluene partition using [4€]E1 to monitor procedural

losses, and the radioactivity was measured by scintillation spec-

trometry. Similarly, for aromatase activity,f#H]androstenedione
(2—3 nM, 30 Ci/mmol; Perkin-Elmer Life Sciences, MA) was

mutation of ALS75 residue in the crystal structure to ¢feendiol

form using the structure editing tools within Sybyl 7.1. The resulting
structure was then minimized with the backbone atoms fixed to
allow thegemdiol and surrounding side chain atoms to adopt low-
energy conformations. Minimizations were undertaken using Sybyl
7.1, applying the AMBER7 99 force field with Gasteigeliickel
charges as implemented within Sybyl 7.1. In order to mimic the
sulfate group of E1S, all sulfamate-based compounds are docked
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into the active site with their sulfamate group in its monoanionic
form (i.e., —OSQNH").34
4-[(4-Cyanophenyl)amino]-H-[1,2,4]triazole (1a). The title
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4-Benzyloxy-3-fluorobenzyl Alcohol (3¢).To a solution of3b
(7.32 g, 31.8 mmol) in EtOH (40 mL) and THF (40 mL) was added
NaBH, (0.5 g, 13.2 mmol) at OC. The clear solution was allowed

compound was prepared according to the method reported by Okadg© warm to room temperature and stirred for 12 h at this temperature.

et all* using potassiurtert-butoxide (6.7 g, 59.5 mmol), 4-amino-
4H-[1,2,4]triazole (5.0 g, 59.5 mmol), and 4-fluorobenzonitrile (3.60
g, 29.7 mmol) in anhydrous DMSO (40 mL). Upon worku®

The reaction was quenched by addition of EtOAc (150 mL) and
water (50 mL). The organic layer was separated, washed with water
(2 x 50 mL) and brine (50 mL), and dried (b#0y,). Concentration

crystallized out of the neutralized aqueous solution as small yellow in vacuo gave a white solid residue, which dissolved in the
crystals upon standing at room temperature overnight. Recrystal-minimum volume of CHCI, and precipitated by addition of

lization from H,O gavelaas colorless crystals (2.08 g, 38%): mp
200-204°C [lit.1# 206—208 °C (acetone)].

4-[(4-Bromobenzyl)[1,2,4]triazol-4-ylamino]benzonitrile (1).

The title compound was prepared according to the method reported

by Okada et at?
4-[(4-Benzyloxybenzyl)[1,2 4]triazol-4-ylamino]benzonitrile (2b).
To a stirred suspension of NaH (60% dispersion in oil, 0.151 g,
3.78 mmol) in anhydrous DMF (5 mL) was added a solution of
4-[(4-cyanophenyl)amino]H4-[1,2,4]triazole 1a (0.7 g, 3.78 mmol),
in anhydrous DMF (3 mL), and the mixture stirred at room
temperature for 0.5 h. A solution of 4-benzyloxybenzyl chloride,
2a(0.968 g, 4.16 mmol) in anhydrous DMF (2 mL), was then added
and the mixture heated at 890 °C overnight. The mixture was
cooled, diluted with EtOAc (50 mL), washed with water %4100
mL) and brine (100 mL), and dried (M&Q,). Concentration in
vacuo gave an orange residue, which was crystallized f¥Bn®OH
to give 2b as a pale-cream powder (1.35 g, 72%): mp 206-211
°C; 'H NMR (400 MHz, DMSOsg) 4.98 (s, 2H), 5.06 (s, 2H),
6.77 (AABB', 2H), 6.95 (AABB', 2H), 7.21 (AABB’, 2H), 7.30-
7.46 (m, 5H), 7.76 (AABB', 2H), and 8.75 (s, 2H). Anal.
(CagH1dNsO) C, H, N.
4-[(4-Hydroxybenzyl)[1,2,4]triazol-4-ylamino]benzonitrile (2c).
To a solution of2b (1.0 g, 2.62 mmol) in anhydrous THF/MeOH
(180 mL) was added PeC (10% by weight, 0.1 g). The black

n-hexane. The precipitate was filtered and dried under high vacuum
to give 3c as a white powder (7.16 g, 97%): mp 56-5¢; H
NMR (400 MHz, CDC}) 1.71 (s, 1H, exchanges with;D), 4.61
(s, 2H), 5.15 (s, 2H), 6.97 (dd,= 8.6 Hz, 8.6 Hz, 1H), 7.02 (dd,
J = 8.6 Hz, 1.9 Hz, 1H), 7.13 (dd] = 11.7 Hz, 1.9 Hz, 1H),
7.30-7.46 (m, 5H). Anal. (&H13FO,) C, H.
4-Benzyloxy-3-fluorobenzyl Chloride (3d).Thionyl chloride
(5 mL) was added to solution ddc (6.80 g, 29.28 mmol) in
anhydrous CHCI, (50 mL). The solution was stirred ifdl h at
room temperature and concentrated under reduced pressy@e. Et
(100 mL) and water (20 mL) were added, and the organic layer
was separated, washed with saturated Naki€ution (10 mL),
and dried (NaSQ,). Concentration in vacuo and subsequent
trituration from CHCI, solution by addition oh-hexane afforded
a white precipitate. The product was filtered off and dried under
high vacuum to give3d as a white powder (7.01 g, 95%): mp
67—69°C; 'H NMR (400 MHz, CDC}) 4.52 (s, 2H), 5.15 (s, 2H),
6.96 (dd,J = 8.2 Hz, 8.2 Hz, 1H), 7.04-7.06 (m, 1H), 7.15 (dd,
=11.7 Hz, 2.4 Hz, 1H), 7.327.45 (m, 5H). Anal. (G4H:,CIFO)

C, H.
4-[(4-Benzyloxy-3-fluorobenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (3e). The title compound was prepared in a manner similar
to that for2b, using NaH (60% dispersion in oil, 0.4 g, 10 mmol),
1la (1.852 g, 10 mmol), an@d (2.51 g, 10 mmol) in anhydrous
DMF (50 mL) to give 3e as a white solid (3.12 g, 78%) after

suspension was then stirred under an atmosphere of hydrogenyecrystallization fromi-PrOH: mp>220°C (dec);'H NMR (400

(balloon) for 72 h. The catalyst was removed by filteration through
Celite and exhaustively washed with THF. The filtrate was

MHz, DMSO-de) 4.97 (s, 2H), 5.12 (s, 2H), 6.73 (ABB', 2H),
7.01 (dd,J = 8.2 Hz, 1.2 Hz, 1H), 7.16 (dd] = 8.6 Hz, 8.6 Hz,

concentrated in vacuo to give a beige residue. Recrystallization from 114y 721 (ddJ = 8.6 Hz, 2.4 Hz, 1H), 7.387.44 (m, 5H), 7.75

EtOH gave2c as a white solid (0.74 g, 97%): mp 229-233; 'H
NMR Jy (400 MHz, DMSOds) 4.91 (s, 2H), 6.67 (AABB', 2H),
6.77 (AABB', 2H), 7.06 (AABB', 2H), 7.76 (AABB’, 2H), 8.71
(s, 2H), and 9.49 (s, 1H, exchanges witf@). Anal. (GeH13NsO)
C, H, N.

Sulfamic Acid 4-{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl} phenyl Ester (2).To an ice-cooled solution d¢fc (0.20 g,
0.69 mmol) in anhydrous DMA (2 mL) was added sulfamoyl
chloride (0.69 M solution in toluene, 2.2 mL; the toluene was

(AA'BB', 2H), 8.80 (s, 2H).
4-[(3-Fluoro-4-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (3f). The title compound was hydrogenated (over 18 h)

in a manner similar to that fa2c, using3e (2.83 g, 7.09 mmol)
and Pd&-C (5% by weight, 0.15 g) in THF/EtOH/EtOAc (1:1:1)
(150 mL) to give 3f as a colorless solid (2.13 g, 97%) after
recrystallization from-PrOH: mp=>200°C (dec);*H NMR (400
MHz, DMSO-ds) 4.93 (s, 2H), 6.75 (AMBB', 2H), 6.82-6.89 (m,
2H), 7.077.12 (m, 1H), 7.76 (AABB', 2H), 8.77 (s, 2H), 9.95 (s,

removed in vacuo (not allowing the temperature of the water bath 1H, exchanges with D). Anal. (GgH12FNsO) C, H, N.

to exceed 3C°C prior to addition, 1.51 mmol), and the mixture
was stirred (under a positive flow of dry nitrogen) overnight. The
mixture was diluted with EtOAc (25 mL), washed with waterx3
50 mL) and brine (50 mL), and concentrated in vacuo (not allowing
the temperature of the water bath to exceed®@) The residue
was purified by gradient elution flash column chromatography
[SiO,, CHCl/MeOH (7:1) to CHCYMeOH (3.5:1)] to give2 as a
white powder (0.244 g, 95%): mp 153-158; *H NMR (400 MHz,
DMSO-dg) 5.10 (s, 2H), 6.74 (AMBB', 2H), 7.23 (AABB', 2H),
7.42 (AABB', 2H), 7.77 (AABB’, 2H), 8.03 (br s, 2H, exchanges
with D,0), and 8.85 (s, 2H). Anal. (fgH14NeO3S) C, H.
4-Benzyloxy-3-fluorobenzaldehyde (3b)A mixture of 3-fluoro-
4-hydroxybenzaldehyd&a (4.90 g, 35.0 mmol), benzyl bromide
(6.84 g, 40.0 mmol, 4.80 mL), and,RO; (9.66 g, 70.0 mmol) in
DMF (50 mL) was strirred for 18 h at room temperature and then
diluted with EtOAc (100 mL) and water (50 mL). The organic layer
was separated, washed with water{Z0 mL) and brine (30 mL)
and dried (NgSQy). Concentration in vacuo gave a white solid
residue. Recrystallization from GBI,/n-hexane gav&b as color-
less needles (7.65 g, 95%): mp-995 °C; IH NMR (400 MHz,
CDCl) 5.24 (s, 2H), 7.12 (ddJ = 8.2 Hz, 8.2 Hz, 1H), 7.34
7.48 (m, 5H), 7.59-7.66 (m, 2H), 9.85 (dJ = 2.0 Hz, 1H). Anal.
(C1H11FO,) C, H.

Sulfamic Acid 4-{[(4-Cyanophenyl)[1,2,4]triazol-4-yl-amino]-
methyl}-2-fluorophenyl Ester (3). The title compound was sul-
famoylated in a manner similar to that f2rusing3f (0.22 g, 0.71
mmol) and sulfamoyl chloride (2.1 mmol) in anhydrous DMA (5
mL) to give 3 as a white powder (0.228 g, 83%) after precipitation
from acetone/E0: mp 164-165°C; 'H NMR (400 MHz, DMSO-
ds) 5.11 (s, 2H), 6.71 (AMBB', 2H), 7.23 (dd,J = 8.2 Hz, 1.2 Hz,
1H), 7.39 (ddJ = 8.2 Hz, 8.2 Hz, 1H), 7.43 (dd,= 11.1 Hz, 2.1
Hz, 1H), 7.77 (AABB', 2H), 8.28 (s, 2H, exchanges with,D),
8.92 (s, 2H). Anal. (@H13FNgO3S) C, H.

4-Benzyloxy-3-chlorobenzaldehyde (4b)The title compound
was prepared in a manner similar to that 8, using 3-chloro-
4-hydroxybenzaldehydéa (7.83 g, 50.0 mmol) and benzyl bromide
(9.41 g, 55.0 mmol) and ¥CO; (13.8 g, 0.1 mol) in DMF (100
mL) to give 4b as a white solid (11.35 g, 92%): mp 92-96@
(MeOH) [lit.46 88—89 °C (EtOH)]; IH NMR (270 MHz, CDC})
5.25 (s, 2H), 7.09 (dJ = 8.4 Hz, 1H), 7.30-7.52 (m, 5H), 7.72
(dd,J = 8.4 Hz, 2.2 Hz, 1H), 7.93 (d] = 2.2 Hz, 1H), 9.87 (s,
1H) Anal. (C14H11C|02) C, H.

(4-Benzyloxy-3-chlorophenyl)ymethanol (4c).The title com-
pound was prepared in a manner similar to that¥arusing4b
(4.93 g, 20.0 mmol) and NaBH1.0 g, 26.4 mmol) in EtOH (100
mL) to give 4c as a white solid (4.43 g, 89%): mp 53-56; 'H
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NMR 6y (400 MHz, CDC}) 2.14 (s, 1H, exchanges with,D),
4.56 (s, 2H), 5.16 (s, 2H), 6.93 (d= 8.6 Hz, 1H), 7.14 (ddJ) =
8.6 Hz, 2.3 Hz, 1H), 7.317.48 (m, 6H). Anal. (&H15CIO,) C,
H.

1-Benzyloxy-4-bromomethyl-2-chlorobenzene (4d)lo a solu-
tion of 4¢(3.40 g, 13.7 mmol) in CkCl, (50 mL) was added PBr
(2.0 mL, 5.76 g, 21.3 mmol) at €C. The mixture was stirred for

Woo et al.

4-Benzoyloxy-3-bromobenzyl Chloride (5e)Thionyl chloride
(3.22 mL, 44.20 mmol) was added to a solution5af (9.05 g,
29.46 mmol) in anhydrous GiE&l, (100 mL). The mixture was
stirred at room temperature for 2 h, and the volatiles were removed
in vacuo. The residue was redissolved and coevaporated three times
with CH,CI; (3 x 20 mL) and recrystallized from EtOAzhexane
to give 5e as a white needles (8.01 g, 84%): mp-&> °C; H

1 h at this temperature. Then water (30 mL) was added, and theNMR (270 MHz, CDC}) 4.55 (s, 2H), 7.26 (d) = 8.4 Hz, 1H),

organic layer was separated, washed with watex @0 mL) and
brine (20 mL), dried (MgSg), and concentrated in vacuo to give
a white solid (4.27 g, 100%): mp 736 °C; IH NMR (400 MHz,
CDCl;) 4.44 (s, 2H), 5.17 (s, 2H), 6.92 (d,= 8.2 Hz, 1H), 7.21
(dd,J = 8.2 Hz, 2.3 Hz, 1H), 7.317.48 (m, 6H). Anal. (GH12-
BrCIO) C, H.

4-[(4-Benzyloxy-3-chlorobenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (4e). The title compound was prepared in a manner similar
to that for2b, using NaH (60% dispersion in oil, 0.2 g, 5.0 mmol),
1a(0.926 g, 5.0 mmol), andd (1.56 g, 5.0 mmol) in anhydrous
DMF (20 mL) to give4e as a white solid (1.38 g, 66%) after
recrystallization fromi-PrOH: mp 212-214 °C; 'H NMR (400
MHz, DMSO-dg) 4.99 (s, 2H), 5.17 (s, 2H), 6.76 (ABB’, 2H),
7.16 (d,J = 8.6 Hz, 1H), 7.20 (dd) = 8.6 Hz, 2.2 Hz, 1H), 7.32
7.47 (m, 6H), 7.76 (AABB', 2H), 8.81 (s, 2H). Anal. (&H:s
CINsO) C, H, N.

4-[(3-Chloro-4-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (4f). The title compound was hydrogenated (over 18 h)
and prepared in a manner similar to that far using4e (1.04 g,
2.50 mmol), Pe-C (10% by weight, 0.05 g) in THF/MeOH/EtOAc
(1:1:1) (75 mL) to givesf as a colorless solid (0.484 g, 59%) after
recrystallization fromi-PrOH: mp 22%+222 °C; 'H NMR (400
MHz, DMSO-dg) 4.93 (s, 2H), 6.76 (AAB', 2H), 6.86 (d,J =
8.6 Hz, 1H), 7.02 (ddJ = 8.2 Hz, 2.0 Hz, 1H), 7.27 (d] = 2.0
Hz, 1H), 7.76 (AABB', 2H), 8.77 (s, 2H), 10.29 (s, 1H, exchanges
with Dzo) Anal. (C16H12C|N50) C, H, N.

Sulfamic Acid 2-Chloro-4-{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl}phenyl Ester (4). The title compound was
prepared in a manner similar to that @3rusing4f (0.163 g, 0.50
mmol) and sulfamoyl chloride (2.1 mmol) in anhydrous DMA (5
mL) to give4 as a white powder (0.059 g, 29%) after precipitation
from acetone/&O: mp 103-108°C; 'H NMR (400 MHz, DMSO-
ds) 5.11 (s, 2H), 6.72 (AMBB’, 2H), 7.38 (ddJ = 8.2 Hz, 2.0 Hz,
1H), 7.44 (d,J = 8.2 Hz, 1H), 7.59 (dJ = 2.0 Hz, 1H), 7.77
(AA'BB’, 2H), 8.31 (s, 2H, exchanges with,D), 8.91 (s, 2H).
Anal. (C16H13C|N6803) C, H, N.

3-Bromo-4-hydroxybenzaldehyde (5b)The title compound is

7.38 (dd,J = 8.2 Hz, 1.7 Hz, 1H), 7.51 ({) = 7.9 Hz, 2H), 7.65
(t, J=7.2 Hz, 1H), 7.68 (dJ = 1.5 Hz, 1H), 8.22 (dJ = 7.7 Hz,
2H) Anal. (Q4HloozBrC|) C, H.

4-Benzoyloxy-3-bromotoluene (5g)The title compound was
prepared by adapting the method féc, using 2-bromo-4-
methylphenol5f (9.35 g, 50.0 mmol), NE&t(6.97 mL, 50.0 mmol),
and benzoyl chloride (5.80 mL, 50.0 mmol) in EtOAc (125 mL) to
give 5g as colorless needles (9.27 g, 64%) after recrystallization
from n-hexane: mp 7473 °C [lit.8 71-72 °C]; *H NMR (270
MHz, CDCk) 2.35 (s, 3H), 7.17 (dJ = 8.2 Hz, 1H), 7.17 (ddJ
= 8.2 Hz, 1.6 Hz, 1H), 7.47 (d] = 1.6 Hz, 1H), 7.52 (m, 2H),
7.65 (m, 1H), 8.24 (m, 2H).

4-Benzoyloxy-3-bromobenzyl Bromide (5h). Method ATo a
solution of5d (3.07 g, 10.0 mmol) in anhydrous GEll, (45 mL)
at 0°C was added PBr(0.98 mL, 10.3 mmol). The mixture was
stirred at 0°C for 2 h and then at room temperature for 1 h. The
mixture was poured onto ieevater (400 mL) and allowed to warm
to room temperature. The aqueous solution was extracted with Et
(5 x 100 mL) and the combined ethereal solution dried (MgSO
Concentration in vacuo afforded a slightly yellow oil, which upon
purification by column chromatography [SIGEtOAch-hexane (1:

7)] gavesh as colorless needles (3.22 g, 87%): mp 5%61'H

NMR (270 MHz, CDC}) 4.56 (s, 2H), 7.25 (dJ = 8.4 Hz, 1H),
7.40 (dd,J = 8.2 Hz, 2.0 Hz, 1H), 7.53 (1] = 7.9 Hz, 2H), 7.66
(t, J=7.7 Hz, 1H), 7.69 (dJ = 2.0 Hz, 1H), 8.23 (dJ = 8.4 Hz,
2H) Anal. (C14H10028r2) C, H.

Method B (Radical Bromination). CommercialN-bromosuc-
cinimide (NBS) was recrystallized from water and thoroughly dried
in vacuo (24 h) prior to use (mp 1882 °C, lit. 180—183 °C).

To a solution of5g (2.61 g, 8.96 mmol) in anhydrous CQI15

mL) was added finely powdered NBS (1.59 g, 8.96 mmol) and
benzoyl peroxide (0.05 g, 0.19 mmol). The mixture was heated at
reflux for 2 h and then cooled, and the precipitated succinimide
was filtered off and washed with anhydrous carbon tetrachloride
(20 mL). The combined filtrate was concentrated in vacuo and the
pale-yellow residue purified by chromatography [SiBtOAch-
hexane (1:7)] to givebh as white needles (2.05 g, 62%). The

commercially available but was prepared according to the method analytical data for this sample &h were identical to the data

reported by Kelly et at” using 4-hydroxybenzaldehydga, and
Br; in glacial AcOH.

3-Bromo-4-benzoyloxybenzaldehyde (5c)Y.o a solution ofsb
(8.0 g, 40.0 mmol) in EtOAc (100 mL) was added NEF.58 mL,
40.0 mmol), and the mixture was stirred at room temperature for
0.5 h. Benzoyl chloride (4.64 mL, 40.0 mmol) was then added,
and the mixture was stirred at room temperature for 5 h. The
precipitated NEtHCI was filtered off and the organic solution dried
(Na;SQy). Concentration in vacuo gave a grayish residue. Recrys-
tallization from EtOAch-hexane gavécas a slightly yellow solid
(10.9 g, 89%): mp 8991 °C; 'H NMR (270 MHz, CDC}) 7.48
(d,J=8.4 Hz, 1H), 7.54 (tJ = 8.2 Hz, 2H), 7.68 (t]J = 7.2 Hz,
1H), 7.90 (ddJ = 8.2 Hz, 1.5 Hz, 1H), 8.18 (d] = 2.0 Hz, 1H),
8.24 (d,J = 7.2 Hz, 1H), 9.97 (s, 1H). Anal. (GHsO3Br) C, H.

3-Bromo-4-benzoyloxybenzyl Alcohol (5d)The title compound
was prepared in a manner similar to that 8ar using5c (4.93 g,
20.0 mmol) and NaBH(1.13 g, 30.0 mmol) in EtOH (100 mL) to
give 4d as a white solid. Recrystallization from EtOAeiexane
gavesd as colorless needles (5.89 g, 96%): mp 1Q03°C; *H
NMR dy (270 MHz, CDC}) 1.82 (t,J = 5.9 Hz, 1H, exchanges
with D,0O), 4.70 (d,J = 6.2 Hz, 2H), 7.26 (dJ = 8.2 Hz, 1H),
7.36 (dd,J = 8.4 Hz, 2.0 Hz, 1H), 7.53 () = 7.9 Hz, 1H), 7.66
(t, J=7.4 Hz, 1H), 7.68 (dJ = 2.0 Hz, 1H), 8.24 (dJ = 7.2 Hz,
2H); LRMS (FAB+) mvz (rel intensity) 308 (10, [M+ H]), 105
(100) Anal. (G_4H11038|’) C, H.

obtained for the sample prepared by method A.
2-Bromo-4-hydroxymethylphenol (5i). The title compound was
prepared in a manner similar to that f8c, using 3-bromo-4-
hydroxybenzaldehydBgb (4.02 g, 20.0 mmol) and NaBH1.0 g,
26.4 mmol) in EtOH (50 mL) to givéi as a light-yellow solid
(2.40 g, 59%): mp 127129 °C (EtOAc/hexane) [lit® 128 °C
(CCly)]; *H NMR (400 MHz, DMSOsg) 4.37 (s, 2H), 5.11 (s, 1H),
6.89 (d,J = 8.2 Hz, 1H), 7.10 (ddJ = 8.2 Hz, 2.0 Hz, 1H), 7.40
(d, J = 2.0 Hz, 1H), 10.08 (s, 1H). Anal. {&;BrO,) C, H.
Benzoic Acid 2-Bromo-4{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl} phenyl Ester (5j). The title compound was
prepared by adapting the method &, using NaH (60% dispersion
in oil, 0.22 g, 5.4 mmol)la (1.0 g, 5.68 mmol), ande (1.85 g,
5.68 mmol) or5h (2.00 g, 5.4 mmol) in anhydrous DMF (5 mL)
to give 5j as a colorless solid (1.90 g, 74% frobe and 1.99 g,
78% from5h) after recrystallization: mp 196206 °C; 'H NMR
(400 MHz, DMSO¢) 5.14 (s, 2H), 6.77 (AMBB', 2H), 7.44 (dJ
= 8.2 Hz, 1H), 7.6%7.66 (m, 2H), 7.76:7.80 (m, 5H), 8.15
(AA'BB', 2H), 8.92 (s, 2H).
4-[(3-Bromo-4-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (5k). Method 1 (from 5j, with the Phenolic Group
Protected). To a suspension dbj (2.0 g, 4.22 mmol) in MeOH
(10 mL) was added KOH (1.42 g, 25.3 mmol), and the mixture
was stirred at room temperature for 2 h. The solvents were reduced
to ~2 mL in vacuo, and the slurry was treated with saturated
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NaHCG; solution. The white precipitate was filtered off, washed
with the minimum of cold water, and boiled ifPrOH to give5k
as a white powder (1.20 g, 77%): mp 22833°C; 'H NMR (400
MHz, DMSO-dg) 4.93 (s, 2H), 6.77 (AMBB’, 2H), 6.85 (d,J =
8.2 Hz, 1H), 7.06 (ddJ = 8.2 Hz, 2.0 Hz, 1H), 7.41 (d] = 2.0
Hz, 1H), 7.76 (AABB', 1H), 8.76 (s, 1H), 10.35 (br s, 1H,
exchanges with BD). Anal. (GeH12BrNsO) C, H, N.

Method 2 (from 5i, without Protection of the Phenolic
Hydroxy Group). A solution of5i (2.03 g, 10.0 mmol) in SOGI
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2.24 (s, 3H), 5.20 (br s, 1H, exchanges witf(1), 6.86 (d,J= 8.2
Hz, 1H), 7.02 (ddJ = 8.2 Hz, 2.0 Hz, 1H), 7.46 (d] = 2.0 Hz,
1H).

4-Benzoyloxy-3-iodotoluene (7c).The title compound was
prepared in a manner similar to that f&e, using7b (7.54 g, 32.22
mmol), NEg (4.49 mL, 32.22 mmol), and benzoyl chloride (3.74
mL, 32.22 mmol) in EtOAc (275 mL) to givéc as white needles
(5.13 g, 47%) after recrystallization from EtOAdiexane: mp 75
77°C; 'H NMR (400 MHz, CDC}) 2.36 (s, 3H), 7.12 (d) = 8.2

(5 mL) was stirred at room temperature for 2 h. The excess $OCI Hz, 1H), 7.20 (ddJ = 8.2 Hz, 1.6 Hz, 1H), 7.22 (m, 2H), 7.53
was removed under reduced pressure, and the residue was dissolvedn, 2H), 7.66 (m, 1H), 7.69 (d) = 1.6 Hz, 1H), 8.26 (m, 1H).

in DMF (20 mL). Thenla(1.85 g, 10.0 mmol) and 4COs; (2.76
g, 20.0 mmol) were added and stirring was continued for 18 h.
The mixture was diluted with EtOAc (60 mL), washed with water
(3 x 50 mL) and brine (30 mL), and dried (b#0;,). Concentration
in vacuo gave a solid residue, which was purified by flash column
chromatography [Si@ CHCl/acetone (1:1)] to givék (2.15 g,
58%) as a white solid. The analytical data for this sampl&lof

Anal. (Cl4H11|02) C, H.

4-Benzoyloxy-3-iodobenzyl Bromide (7d)The title compound
was prepared in a manner similar to that %r (method B), using
7c (3.03 g, 8.96 mmol), NBS (1.75 g, 9.86 mmol), and benzoyl
peroxide (0.05 g, 0.19 mmol) in anhydrous GCI5 mL) to give
7d as colorless needles (2.80 g, 75%) after chromatography,[SiO
EtOAch-hexane (1:7)]: mp 7475 °C; 'H NMR (270 MHz,

were identical to the data obtained for the sample prepared by CDCl) 4.44 (s, 2H), 7.22 (d) = 8.2 Hz, 1H), 7.43 (ddJ) = 8.2

method A.

Sulfamic Acid 2-Bromo-4{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl} phenyl Ester (5). The title compound was sul-
famoylated by adapting the method f3rusing5k (0.50 g, 1.35
mmol) and sulfamoyl chloride (8.1 mmol) in anhydrous DMA (2
mL) to give 5 as a colorless amorphous solid (0.107 g, 44%) after
gradient elution gravity column chromatography [8i@tOAch-
hexane (1:4) to EtOAc (100%)]: mp 133-138 (dec);'H NMR
(400 MHz, DMSO6g) 5.17 (s, 2H), 6.80 (AABB', 2H), 7.50 (s,
2H), 7.78 (s, 1H), 7.84 (ABB', 2H), 8.38 (s, 2H), 8.96 (s, 2H).
Anal. (CeH13BrNgO3sS-Y/4EtOAC) C, H, N. Crystals suitable for
X-ray analysis were grown by slow diffusion othexane into a
solution of 5 in EtOAc.

4-[(3-Benzyloxybenzyl)[1,2,4]triazol-4-ylamino]benzonitrile (6¢).
The title compound was prepared in a manner similar to that for
2b, using NaH (60% dispersion in oil, 0.22 g, 5.4 mmda (1.0
g, 5.68 mmol), and 3-benzyloxybenzyl bromifeésb (1.57 g, 5.66
mmol), in anhydrous DMF (5 mL) to givéc as a colorless solid
(0.58 g, 28%) after chromatography [Si@&tOAch-hexane (1:1)]
and recrystallization from EtOH: mp 16870°C; 'H NMR (400
MHz, CDCk) 4.85 (s, 2H), 5.03 (s, 2H), 6.62 (ABB', 2H), 6.77
(d,J = 7.8 Hz, 1H), 6.79 (dJ = 2.4 Hz, 1H), 6.96 (ddJ) = 7.8
Hz, 2.4 Hz, 1H), 7.26 (t) = 7.8 Hz, 1H), 7.347.37 (m, 5H),
7.57 (AABB', 2H), 8.04 (s, 2H).

4-[(3-Hydroxybenzyl)[1,2,4]triazol-4-ylamino]benzonitrile (6d).
The title compound was hydrogenated (over 16 h) in a manner
similar to that for2c, using6c (0.4 g, 1.05 mmol), P¢C (10% by
weight, 0.04 g) in THF/MeOH (1:1) (20 mL) to givéd as a
colorless solid (0.27 g, 88%) after recrystallization from EtOH: mp
228-231°C; IH NMR (400 MHz, DMSO#dg) 4.97 (s, 2H), 6.68
(AA'BB', 2H), 6.72-6.75 (m, 3H), 7.11 (m, 1H), 7.76 (ABB’,
2H), 8.77 (s, 2H), 9.49 (br s, 1H, exchanges witfOD

Sulfamic Acid 3 [(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl} phenyl Ester (6). The title compound was sulfamoylated
in a manner similar to that f&, using6d (0.10 g, 0.34 mmol) and
sulfamoyl chloride (0.69 mmol) in anhydrous DMA (2 mL) to give
6 as a colorless solid (0.06 g, 47%) after recrystallization from
acetone/hexane: mp 16164 °C; IH NMR (400 MHz, DMSO-
dg) 5.11 (s, 2H), 6.74 (AMBB', 2H), 7.206-7.27 (m, 3H), 7.40 (t,

J = 7.8 Hz, 1H), 7.77 (AABB', 2H), 7.98 (br s, 2H, exchanges
with D,0), 8.81 (s, 2H).

2-lodo-4-methylphenol (7b).The title compound was prepared
using the method reported by Narender et*talo a well-stirred
solution ofp-cresol andra (6.49 g, 60 mmol) in MeOH (300 mL)

Hz, 2.2 Hz, 1H), 7.53 (m, 2H), 7.66 (m, 1H), 7.90 (5= 2.2 Hz,
1H), 8.26 (m, 2H).

Benzoic Acid 4{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl}-2-iodophenyl Ester (7€) The title compound was prepared
in a manner similar to that fd2b, using NaH (60% dispersion in
ail, 0.20 g, 5.03 mmol)1la (0.89 g, 4.80 mmol), andd (2.20 g,
5.28 mmol) in anhydrous DMF (10 mL) to giv&e as a colorless
solid (1.47 g, 59%) after chromatography [Si@&tOAc (100%)]
and recrystallization from EtOAc: mp 19295°C (dec);H NMR
(400 MHz, DMSO¢) 5.12 (s, 2H), 6.77 (AMBB', 2H), 7.34 (dJ
= 8.4 Hz, 1H), 7.44 (ddJ = 8.4 Hz, 1.7 Hz, 1H), 7.65 (1 = 7.7
Hz, 2H), 7.78 (m, 1H), 7.79 (ABB', 2H), 7.91 (d,J = 1.7 Hz,
1H), 8.17 (d,J = 7.7 Hz, 2H), 8.90 (s, 2H). Anal. (GH16INsO,)

C, H, N.
4-[(4-Hydroxy-3-iodobenzyl)[1,2,4]triazol-4-ylamino]benzoni-
trile (7f). The title compound was prepared in a manner similar to
that for 5j, using7e (1.41 g, 2.70 mmol) and KOH (0.30 g, 5.41
mmol) in MeOH (10 mL) to give7f (0.71 g, 63%) after
recrystallization fromi-PrOH: mp 186-197 °C (dec);'H NMR
(400 MHz, DMSO#¢) 4.87 (s, 2H), 6.69 (dJ = 8.2 Hz, 1H), 6.75
(AA'BB', 2H), 7.00 (dd,J = 8.2 Hz, 1.6 Hz, 1H), 7.51 (Al = 1.6
Hz, 1H), 7.73 (AABB', 1H), 8.71 (s, 1H). ADH is too broad to

be observed. Anal. (fgH12INsO) C, H, N.

Sulfamic Acid 4-{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl}-2-iodophenyl Ester (7).The title compound was sulfa-
moylated in a manner similar to that f@r using 7f (0.5 g, 1.35
mmol) and sulfamoy! chloride (8.1 mmol) in anhydrous DMA (2
mL) to give7 as a colorless amorphous solid (0.107 g, 44%) after
gradient elution gravity column chromatography [gi@tOAch-
hexane (1:4) to EtOAc (100%)]: mpl140°C (dec);'H NMR (400
MHz, DMSO-dg) 5.07 (s, 2H), 6.72 (AABB', 2H), 7.36 (d,J =
8.2 Hz, 1H), 7.41 (ddJ = 8.2 Hz, 1.6 Hz, 1H), 7.75 (ABB',
2H), 7.85 (d,J = 1.6 Hz 1H), 8.27 (s, 2H), 8.86 (s, 2H).

4-[(4-Benzyloxy-3-methoxybenzyl)[1,2,4]triazol-4-ylamino]-
benzonitrile (8d). The title compound was prepared in a manner
similar to that for2b, using NaH (60% dispersion in oil, 0.22 g,
5.4 mmol),1a (1.0 g, 5.68 mmol), and 3-methoxy-4-benzyloxy-
benzyl bromidé® (8c, 1.66 g, 5.4 mmol) in anhydrous DMF (5
mL) to give 8d as an off-white powder (0.769 g, 35%) after
recrystallization fromi-PrOH: mp 216-214 °C; 'H NMR (400
MHz, DMSO-ds) 3.80 (s, 3H), 4.79 (s, 2H), 5.12 (s, 2H), 6.64 (d,
J=2.0Hz, 1H), 6.66 (dd) = 8.2 Hz, 2.0 Hz, 1H), 6.69 (A/BB',
2H), 6.81 (dJ = 8.2 Hz, 1H), 7.29-7.42 (m, 5H), 7.59 (AABB',
2H), 8.06 (s, 2H).

4-[(4-Hydroxy-3-methoxybenzyl)[1,2,4]triazol-4-ylamino]ben-

was added potassium iodide (10.96 g, 66 mmol) and Oxone (40.58zonitrile (8e). The title compound was hydrogenated (over 16 h)

g, 66 mmol), and the mixture was stirred at room temperature
overnight. The resulting mixture was filtered. The solids were
washed with MeOH, and the combined organic filtrates were
concentrated in vacuo. The purple residue was purified by flash
column chromatography [SIQEtOAch-hexane (1:20)] to giv&b
as a light-brown oil (7.61 g, 54%)*H NMR (270 MHz, CDC})

in a manner similar to that fd2c, using8d (0.411 g, 0.999 mmol)
and Pd-C (10% by weight, 0.042 g) in THF/MeOH (1:1) (20 mL)
to give 8e as a colorless powder (0.232 g, 72%) after recrystalli-
zation fromi-PrOH: mp >220 °C (dec);H NMR (400 MHz,
DMSO-dg) 3.71 (s, 3H), 4.90 (s, 2H), 6.61 (dd,= 7.8 Hz, 2.0
Hz, 1H), 6.65 (dJ = 7.8 Hz, 1H), 6.79 (AABB', 2H), 6.80 (d,J
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= 2.0 Hz, 1H), 7.76 (AABB', 2H), 8.72 (s, 2H), 9.06 (br s, 1H,
exchanges with BED).

Sulfamic Acid 4-{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl}-2-methoxyphenyl Ester (8).The title compound was
sulfamoylated in a manner similar to that fArusing8e (0.10 g,
0.31 mmol) and sulfamoyl chloride (1.87 mmol) in anhydrous DMA
(2 mL) to give 8 as a colorless amorphous solid (0.04 g, 32%)
after precipitation from a EtOAc solution by additionwhexane:
mp >150°C (dec);'H NMR (400 MHz, DMSO#g) 3.77 (s, 3H),
5.12 (s, 2H), 6.76 (AABB', 2H), 6.90 (dd,J = 8.2 Hz, 2.3 Hz,
1H), 7.08 (d,J = 2.3 Hz, 1H), 7.23 (dJ = 8.2 Hz, 1H), 7.22
(AA'BB', 2H), 7.95 (s, 2H), 8.87 (s, 2H).

3-Cyano-4-fluorobenzoic Acid (9b).A solution of KH,PQ, (2.4
g in 25 mL of water) and kD, (3 mL, 30% in water) was added
to a solution of 3-cyano-4-fluorobenzaldehy@e in acetonitrile
(50 mL). The mixture was cooled to°C, and a solution of NaClO
(6.0 g in 50 mL of water, 80% technical grade) was slowly added
with vigorous stirring. Stirring was continued until the production
of O, ceased-{2 h), at which time a solution of N&GC; (3.0 g in
10 mL of water) was added. The mixture was stirred for another
hour. The 2 N HCI (50 mL) was added and the resulting mixture
was extracted with EtOAc (% 50 mL). The combined organic
fractions were washed with water (50 mL) and brine (50 mL), dried
(Na;SQy), and concentrated in vacuo to gi9e (4.63 g, 93%) as
a white solid: mp 187188°C; IH NMR (400 MHz, DMSO¢l)
7.68 (t,J = 8.9 Hz, 1H), 8.23-8.38 (1H, m), 8.43 (ddl= 6.2 Hz,
2.2 Hz, 1H), 13.55 (br s, 1H). Anal. ¢8,FNO;) C, H, N.

4-Benzyloxy-3-cyanobenzoic Acid (9c)To a solution of9b
(4.13 g, 25.0 mmol) and benzyl alcohol (4.33 g, 40.0 mmol) in
DMSO (50 mL) was added NaH (2.40 g, 60% in oil, 60.0 mmol)
in small portions. The mixture was stirredrf@l h at room
temperature, poured into water (100 mL), and acidified with
concentrated HCI. The white precipitate was filtered off, dissolved
in EtOAc (100 mL), dried (Ng50O,), and concentrated under
reduced pressure. The resulting solid was recrystallized from £HCI
hexane to giv®c (4.76 g, 75%) as a light-yellow solid: mp 269
211°C;H NMR (400 MHz, DMSO¢g) 6 5.38 (s, 2H), 7.44-7.50
(m, 6H), 8.2+-8.23 (m, 2H), 13.22 (br s, 1H).

4-Benzyloxy-3-cyanobenzoyl Chloride (9d)A solution of 9c
(3.80 g, 15.0 mmol) in SOEI(10 mL) was heated to reflux until
the production of gas ceased. The excess $@@s destilled off
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manner similar to that fo2b, using NaH (60% dispersion in oil,
0.20 g, 5.0 mmol)1a(0.93 g, 5.0 mmol), anéf (1.29 g, 5.0 mmol)
in anhydrous DMF (20 mL) to giveg as a white powder (1.67 g,
82%) after recrystallization from-PrOH: mp 236-233 °C; 'H
NMR (270 MHz, DMSOsdg) 5.03 (s, 2H), 5.26 (s, 2H), 6.76
(AA'BB', 2H), 7.29 (dJ = 8.7 Hz, 1H), 7.347.50 (m, 5H), 7.57
(dd, 3 = 8.7 Hz, 2.2 Hz, 1H), 7.74 (d) = 2.2 Hz, 1H), 7.77
(AA'BB', 2H), 8.85 (s, 2H).
5-{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]methy} -2-hy-
droxybenzonitrile (9h). The title compound was hydrogenated
(over 18 h) in a manner similar to that f@c, using9g (1.32 g,
3.25 mmol) and PdC (10% by weight, 0.10 g) in THF/MeOH
(1:1) (100 mL) to give9h as a white solid (0.95 g, 92%) after
recrystallization from-PrOH: mp>230°C (dec);'H NMR (400
MHz, DMSO-ds) 4.96 (s, 2H), 6.76 (AMBB', 2H), 6.93 (d,J =
8.7 Hz, 1H), 7.38 (ddJ = 8.7 Hz, 2.2 Hz, 1H), 7.55 (d] = 2.2
Hz, 1H), 7.77 (AABB’, 2H), 8.80 (s, 2H), 11.27 (br s, 1H).
Sulfamic Acid 2-Cyano-4{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl} phenyl Ester (9). The title compound was sul-
famoylated in a manner similar to that f@r using9h (0.158 g,
0.71 mmol) and sulfamoy! chloride (3.5 mmol) in anhydrous DMA
(5 mL) to give9 as a white solid (0.038 g, 19%) after crystallization
from acetone/BED: mp >155 °C (dec); 'H NMR (400 MHz,
DMSO-dg) 5.16 (s, 2H), 6.72 (AMBB', 2H), 7.55 (d,J = 8.7 Hz,
1H), 7.76-7.80 (m, 3H), 7.97 (dJ = 2.2 Hz, 1H), 8.55 (s, 2H),
8.95 (s, 2H).
4-Benzyloxy-3-trifluoromethylbenzoic Acid (10b). The title
compound was prepared in a manner similar to tha®fpusing
NaH (60% dispersion in oil, 1.80 g, 45.0 mmol), 4-fluoro-3-
trifluoromethylbenzoic acid0a (4.16 g, 20.0 mmol), and benzyl
alcohol (3.25 g, 30.0 mmol) in anhydrous DMSO (50 mL) to give
10b as a white solid (4.25 g, 72%) after recrystallization from
EtOAc/hexane: mp 183185°C; 'H NMR (400 MHz, CDC}) 5.37
(s, 2H), 7.32-7.48 (m, 6H), 8.12 (dJ = 2.0 Hz, 1H), 8.18 (ddJ
= 8.6 Hz, 2.0 Hz, 1H), 13.16 (br s, 1H). Anal. {81:,F:03) C, H.
(4-Benzyloxy-3-trifluoromethylphenyl)methanol (10c).A solu-
tion of 10b (3.56 g, 12.0 mmol) in THF (20 mL) was added
dropwise to a suspension of lithium aluminium hydride (1.0 g, 26.3
mmol) in THF (20 mL). The mixture was stirred for 0.5 h at room
temperature and then quenched by additib@ bl NaOH (5 mL).
The resulting white precipitate was filtered off and washed with

under reduced pressure, the residue was dissolved in dichlo-dichloromethane (100 mL). The filtrate was dried §N@y) and
romethane, and hexane was added to precipitate the product. Theoncentrated in vacuo to gividc (3.31 g, 98%) as a white solid

resulting white solid was filtered off and dried under high vacuum
to give9d (4.07 g, 100%): mp 106102°C; *H NMR (400 MHz,
CDCls) 5.29 (s, 2H), 7.11 (d) = 9.2 Hz,1H), 7.38-7.42 (5H, m),
8.23 (dd,J =9.2 Hz, 2.5 Hz, 1H), 8.36 (dl = 2.5 Hz, 1H). Anal.
(C1sH1oCINOy) C, H, N.
2-Benzyloxy-5-hydroxymethylbenzonitrile (9e).To a cooled
solution of9d (3.80 g, 14.0 mmol) in THF (25 mL) and EtOH (25
mL) was added NaBI{(0.50 g, 13.2 mmol) in small portions. The
mixture was stirred fol h at 0°C and for another hour at room

after recrystallization from E©/hexane: mp 7880 °C; 'H NMR
(400 MHz, CDC}) 1.72 (t,J = 5.9 Hz, 1H), 4.66 (dJ = 5.9 Hz,
2H), 5.21 (s, 2H), 7.02 (d) = 8.2 Hz, 1H), 7.36-7.48 (m, 6H),
7.61 (d,J = 2.3 Hz, 1H) Anal. (Q5H13F302) C, H.
1-Benzyloxy-4-chloromethyl-2-trifluoromethylbenzene (10d).
The title compound was prepared in a manner similar to that for
3d, using10c(3.10 g, 11.0 mmol) and SOLR.0 mL) in anhydrous
dichloromethane (20 mL) to giv&0d (3.25 g, 98%) as a light-
yellow solid: mp 58-60°C; IH NMR (400 MHz, CDC}) 4.57 (s,

temperature. Then water (50 mL) was then added and the product2H), 5.22 (s, 2H), 7.02 (d] = 8.5 Hz, 1H), 7.3%+7.52 (m, 6H),

was extracted with EtOAc (% 40 mL). The combined organic
layers were washed with water (50 mL) and brine (50 mL), dried
(Na;SOy), and concentrated in vacuo. The resulting solid was
recrystallized from CHGlhexane to giveée (3.12 g, 93%) as a
white solid: mp 109-110°C; 'H NMR (400 MHz, CDC}) 2.03
(s, 1H), 4.60 (s, 2H), 5.20 (s, 2H), 6.96 (= 8.7 Hz, 1H), 7.28
7.50 (m, 6H), 7.55 (dJ = 2.2 Hz, 1H). Anal. (GsH13NO;) C, H,
N.

2-Benzyloxy-5-chloromethylbenzontrile (9f).A mixture of 9e
(2.87 g, 12.0 mmol) and SOL(5 mL) was heated to reflux until
the production of gas ceased. The excess $@@st distilled off

7.63 (d,J = 2.0 Hz, 1H). Anal. (GsH1:.CIF;0) C, H.
4-[(4-Benzyloxy-3-trifluoromethylbenzyl)[1,2,4]triazol-4-ylami-
nolbenzonitrile (10e). The title compound was prepared in a
manner similar to that fob, using NaH (60% dispersion in oil,
0.20 g, 5.0 mmol)la (0.926 g, 5.0 mmol), and0d (1.504 g, 5.0
mmol) in anhydrous DMF (50 mL) to giv&Oe as a white solid
(1.865 g, 83%) after recrystallization froPrOH: mp 246-242
°C; IH NMR (400 MHz, DMSO¢g) 5.05 (s, 2H), 5.23 (s, 2H),
6.78 (AABB', 2H), 7.26 (d,J = 8.6 Hz, 1H), 7.36-7.44 (m, 5H),
7.51 (dd,J = 8.6 Hz, 2.0 Hz, 1H), 7.56 (d] = 2.0 Hz, 1H), 7.77

(AA'BB', 2H), 8.79 (s, 2H). Anal. (&H1sFsNsO) C, H, N.

under reduced pressure. The resulting solid was recrystallized from  4-[(4-Hydroxy-3-trifluoromethylbenzyl)[1,2,4]triazol-4-ylami-

CH.Cly/hexane to givedf (2.97 g, 96%) as fine light-yellow
needles: mp 106108 °C; 'H NMR (270 MHz, CDC}) 4.51 (s,
2H), 5.22 (s, 2H), 6.98 (d] = 8.9 Hz, 1H), 7.28-7.54 (m, 6H),
7.59 (d,J = 2.5 Hz, 1H). Anal. (GsH1.CINO) C, H, N.
2-Benzyloxy-5{[(4-cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl} benzonitrile (99). The title compound was prepared in a

nolbenzonitrile (10f). The title compound was hydrogenated (over
18 h) in a manner similar to that f&c, using10e (1.75 g, 3.89
mmol) and Pe-C (10% by weight, 0.10 g) in THF/EtOH/MeCN
(1:1:1) (120 mL) to givelOf as a white solid (1.31 g, 94%) after
recrystallization fromi-PrOH: mp 219-221 °C; *H NMR (400
MHz, DMSO-dg) 4.98 (s, 2H), 6.78 (AABB 2H), 6.91 (d,J =
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8.6 Hz, 1H), 7.31 (ddJ = 8.6 Hz, 2.0 Hz, 1H), 7.39 (d] = 2.0
Hz, 1H), 7.76 (AABB', 2H), 8.74 (s, 2H), 10.66 (s, 1H). Anal.
(Ci7H12F3NsO) C, H, N.
4-Benzyloxy-3-chloro-5-methoxybenzoic Acid Benzyl Ester
(11b). The title compound was prepared in a manner similar to
that for 3b, using 5-chlorovanillic acidl1a (4.05 g, 20.0 mmol),
benzyl bromide (8.55 g, 50.0 mmol), and®0; (6.90 g, 0.05 mol)
in DMF (60 mL) to give11lb as fine colorless needles (7.34 g,
96%) after recrystallization from Ci€l,/hexane: mp 5556 °C;
IH NMR (400 MHz, CDC}) 3.92 (s, 3H), 5.13 (s, 2H), 5.36 (s,
2H), 7.31-7.51 (m, 10H), 7.53 (d) = 2.0 Hz, 1H), 7.73 (dJ =
2.0 Hz, 1H). Anal. (GH14ClO4) C, H.

(4-Benzyloxy-3-chloro-5-methoxyphenyl)methanol (11c)he
titte compound was prepared in a manner similar to thatlfig
using11b (3.83 g, 10.0 mmol) and LiAlg (0.50 g, 13.15 mmol)
in anhydrous THF (50 mL) to givé1c(2.70 g, 97%) as a light-
yellow oil after removal of most of the benzyl alcohol on a
Kugelrohr distillation apparatus in vacuo at 120. The crude
product was used for the synthesisldfd without further purifica-
tion: 'H NMR (400 MHz, CDC}) 2.09 (s, 1H), 3.86 (s, 3H), 4.56
(s, 2H), 5.02 (s, 2H), 6.83 (dl = 2.0 Hz, 1H), 6.95 (dJ = 2.0
Hz, 1H), 7.3%-7.41 (m, 3H), 7.527.55 (m, 2H).

2-Benzyloxy-1-chloro-5-chloromethyl-3-methoxybenzene (11d).
The title compound was prepared in a manner similar to that for
3d, using11c(2.70 g, 9.7 mmol) and SO&(2.0 mL) in anhydrous
dichloromethane (10 mL) to giviéld (2.73 g, 95%) as a light-
yellow solid: mp 39-41°C; 'H NMR (400 MHz, CDC}) 3.89 (s,
3H), 4.52 (s, 2H), 5.07 (s, 2H), 6.87 (@= 2.0 Hz, 1H), 7.03 (d,
J = 2.0 Hz, 1H), 7.33-7.43 (m, 3H), 7.537.58 (m, 2H). Anal.
(C1sH14Cl0,) C, H.

4-[(4-Benzyloxy-3-chloro-5-methoxybenzyl)[1,2,4]triazol-4-
ylamino]benzonitrile (11e). The title compound was prepared in
a manner similar to that fa2b, using NaH (60% dispersion in ail,
0.20 g, 5.0 mmol)la (0.926 g, 5.0 mmol), and1d (1.486 g, 5.0
mmol) in anhydrous DMF (50 mL) to givéleas a white solid
(1.761 g, 79%) after recrystallization frorPrOH: mp 177178
°C; 'H NMR (400 MHz, DMSO¢) 3.78 (s, 3H), 4.80 (s, 2H),
5.05 (s, 2H), 6.52 (dJ = 2.0 Hz, 1H), 6.67 (AABB’, 2H), 6.89
(d,J = 2.0 Hz, 1H), 7.32-7.40 (m, 3H), 7.46:7.50 (m, 2H), 7.61
(AA'BB'O, 2H), 8.75 (s, 2H). Anal. (&H20CINsO;,) C, H, N.

4-[(3-Chloro-4-hydroxy-5-methoxybenzyl)[1,2,4]triazol-4-ylami-
no]benzonitrile (11f). The title compound was hydrogenated (over
18 h) in a manner similar to that fdtc, using 10f (1.34 g, 3.0
mmol) and Pe-C (5% by weight, 0.10 g) in THF/EtOH (1:1) (100
mL) to give 11f as a white solid (1.06 g, 99%) after recrystallization
from i-PrOH: mp>230°C (dec);*H NMR (400 MHz, DMSO-
ds) 3.77 (s, 3H), 4.92 (s, 2H), 6.79 (ABB, 2H), 6.81 (dJ=1.8
Hz, 1H), 6.85 (d,J = 1.8 Hz, 1H), 7.77 (AABB’, 2H), 8.79 (s,
2H), 9.49 (s, 1H). Anal. (§H14CINsO;) C, H, N.

Sulfamic Acid 2-Chloro-4-{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl}-6-methoxyphenyl Ester (11).The title com-
pound was sulfamoylated in a manner similar to thatXousing
11f (0.212 g, 0.60 mmol) and sulfamoyl chloride (2.1 mmol) in
anhydrous DMA (5 mL) to givd.1 as a white solid (0.219 g, 84%)
after crystallization from acetone/hexane: m@10°C (dec);H
NMR (400 MHz, DMSOsg) 3.78 (s, 3H), 6.74 (AABB', 2H), 7.04
(d,dJ=2.0 Hz, 1H), 7.07 (dJ = 2.0 Hz, 1H), 7.77 (AABB', 2H),
7.98 (S, ZH), 8.91 (S, 2H) Anal. €_€Hl5C|NGO4S'H20) C, H, N.

4-Benzyloxy-3,5-dichlorobenzoic Acid Methyl Ester (12b).
The title compound was prepared in a manner similar to that for
3b, using 5-chlorovanillic acidl2a (5.25 g, 25.0 mmol), benzyl
bromide (5.13 g, 30.0 mmol), and,&O; (6.91 g, 0.05 mol) in
DMF (100 mL) to givel2bas fine colorless needles (7.47 g, 96%)
after recrystallization from EtOAc/hexane: mp 10806 °C; H
NMR (400 MHz, CDC}) 3.93 (s, 3H), 5.12 (s, 2H), 7.3%5.44
(m, 3H), 7.54-7.58 (m, 2H), 8.01 (s, 2H). Anal. (€H,Cl,03) C,

H

(4-Benzyloxy-3,5-dichlorophenyl)ymethanol (12c).The title
compound was prepared in a manner similar to thaflfar using
12b (7.20 g, 23.14 mmol) and LiAl (1.50 g, 39.5 mmol) in
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anhydrous THF (60 mL) to givd2c (5.83 g, 89%) as a white
solid: mp 81-82°C (EtOAc/hexane)*H NMR (400 MHz, CDC})
1.85 (t,J = 5.9 Hz, 1H), 4.63 (dJ = 5.9 Hz, 2H), 5.04 (s, 2H),
7.33 (s, 2H), 7.357.44 (m, 3H), 7.557.59 (m, 2H).
2-Benzyloxy-5-bromomethyl-1,3-dichlorobenzene (12dY.he
titte compound was prepared in a manner similar to that4fyr
using 12¢ (5.50 g, 19.4 mmol) and PBr(2 mL) in anhydrous
dichloromethane (40 mL) to giv&2d (5.24 g, 78%) as a white
solid after recrystallization from dichloromethane/hexane: mp 79
80 °C; 'H NMR (400 MHz, CDC}) 4.39 (s, 2H), 5.05 (s, 2H),
7.37 (s, 2H), 7.387.44 (m, 3H), 7.547.58 (m, 2H). Anal. (GH11-
BrCl,0) C, H.
4-[(4-Benzyloxy-3,5-dichlorobenzyl)[1,2,4]triazol-4-ylamino]-
benzonitrile (12e).The title compound was prepared in a manner
similar to that for2b, using NaH (60% dispersion in oil, 0.20 g,
5.0 mmol),1a(0.926 g, 5.0 mmol), andi2d (1.73 g, 5.0 mmol) in
anhydrous DMF (20 mL) to giv&2eas a white solid (1.76 g, 78%)
after recrystallization froni-PrOH: mp>200°C (dec);'H NMR
(400 MHz, DMSO¢g) 5.00 (s, 2H), 5.07 (s, 2H), 6.74 (ABB',
2H), 7.36-7.44 (m, 3H), 7.4#7.50 (m, 2H), 7.50 (s, 2H), 7.77
(AA'BB', 2H), 8.92 (s, 2H).
4-[(3,5-Dichloro-4-hydroxybenzyl)[1,2,4]triazol-4-ylamino]-
benzonitrile (12f). The title compound was hydrogenated (over
18 h) in a manner similar to that fdc, using12f (1.13 g, 2.5
mmol) and Pe-C (10% by weight, 0.10 g) in THF/MeOH (1:1)
(100 mL) to give a white solid, which was suspended-PrOH
and refluxed for 5 min. The solid was collected by filtration and
dried in vacuo to givel2f (0.31 g, 34%) as a white powder: mp
233-236°C; *H NMR (400 MHz, DMSO#dg) 4.97 (s, 2H), 6.76
(AA'BB', 2H), 7.31 (s, 2H), 7.77 (ABB', 2H), 8.85 (s, 2H), 10.29
(s, 1H); LRMS (FABt+) m/z (rel intensity) 360.0 (100, [M+ H] ).
Anal. (Q5H110|2N50) C, H, N.
4-Benzyloxy-2,3,5,6-tetrafluorobenzoic Acid Methyl Ester
(13b). The title compound was prepared in a manner similar to
that for 3b, using 5-chlorovanillic acid.3a (4.48 g, 20.0 mmol),
benzyl bromide (3.59 g, 21.0 mmol), and®O; (6.91 g, 0.05 mol)
in DMF (40 mL) to give 13b as fine colorless needles (5.85 g,
85%) after recrystallization from EtOAc/hexane: mp-%0 °C;
1H NMR (400 MHz, CDC}) 3.95 (s, 3H), 5.35 (s, 2H), 7.357.44
(m, 5H). Anal. (GsH10F403) C, H.
(4-Benzyloxy-2,3,5,6-tetrafluorophenyl)methanol (13¢% The
titte compound was prepared in a manner similar to that3ior
using13b (1.89 g, 6.0 mmol) and NaBH0.30 g, 7.9 mmol) in
EtOH/THF (1:1) (40 mL) to givel3c (1.60 g, 93%) as a white
solid: mp 65-66 °C; *H NMR (400 MHz, CDC}) 1.88 (t,J =
6.0 Hz, 1H), 4.74 (dJ = 6.0 Hz, 2H), 5.19 (s, 2H), 7.35-7.44 (m,
5H) Anal. (C14H10F402) C, H.
1-Benzyloxy-4-chloromethyl-2,3,5,6-tetrafluorobenzene (13d).
The title compound was prepared in a manner similar to that for
10d, using13c (1.49 g, 5.20 mmol) and SO£L(10 mL) to give
13d (1.47 g, 93%) as a white solid: mp 16809 °C (dichlo-
romethane/hexaneld NMR (270 MHz, CDC}) 5.05 (s, 2H), 5.28
(s, 2H), 7.35-7.42 (m, 5H). Anal. (@HsCIF,0,) C, H.
4-[(4-Benzyloxy-2,3,5,6-tetrafluorobenzyl)[1,2,4]triazol-4-ylami-
nolbenzonitrile (13e). The title compound was prepared in a
manner similar to that fob, using NaH (60% dispersion in oil,
0.17 g, 4.30 mmol)1a (0.796 g, 4.3 mmol), and3d (1.31 g, 4.3
mmol) in anhydrous DMF (20 mL) to giv&3eas a white solid
(1.33 g, 68%) after recrystallization frolPrOH: mp>210°C
(dec);*H NMR (400 MHz, DMSO#g) 5.20 (s, 2H), 5.28 (s, 2H),
6.81 (AABB', 2H), 7.34-7.42 (m, 5H), 7.78 (AABB', 2H), 8.80
(S, 2H) Anal. (QgH15F4N50) C, H, N.
4-[(4-Benzyloxy-2,3,5,6-tetrafluorobenzyl)[1,2,4]triazol-4-ylami-
nolbenzonitrile (13f). The title compound was hydrogenated (over
18 h) in a manner similar to that f@c, using13e(0.227 g, 0.50
mmol) and Pe-C (10% by weight, 0.10 g) in THF/MeOH/EtOAc
(1:1) (90 mL) to givel3f (0.151 g, 83%) as a white solid: mp
>180°C (dec);'H NMR (400 MHz, DMSO¢) 5.15 (s, 2H), 6.82
(AA'BB', 2H), 7.80 (AABB', 2H), 8.83 (s, 2H), 11.78 (br s, 1H);
LRMS (FAB+) nmvz (rel intensity) 240.1 (70, [M+ H]T), 91.1
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(100); HRMS (FABt) found 364.0818, GH1oFsNsO [M + H]*™
requires 364.0821. Anal. (gHsFsNsO) C, H, N.

3-Benzoyloxy-4-fluorotoluene (14b)The title compound was
prepared in a manner similar to that féc, using 4-fluoro-3-
hydroxytoluene14a(3.78 g, 30.0 mmol), benzoyl chloride (4.22
g, 30.0 mmol), and NEt(5 mL) in CH,Cl, (50 mL). After being
stirred for 18 h, the mixture was concentrated in vacuo. The
residue was redissolved inJet (200 mL) and washed with water
(100 mL), 2 N NaOH (2x 30 mL), and brine (20 mL). The ethereal
layer was dried (Ng50O,) and concentrated in vacuo to gildb
as a white solid (6.60 g, 96%): mp 883 °C;H NMR (400 MHz,
CDClg) 2.36 (s, 3H), 7.0%7.12 (m, 3H), 7.49-7.55 (m, 2H), 7.63
7.68 (m, 1H), 8.19-8.23 (m, 2H). Anal. (@H1:FO,) C, H.

3-Benzoyloxy-4-fluorobenzyl Bromide (14c).The title com-
pound was prepared in a manner similar to thaSio{method B),
using 14b (2.47 g, 10.0 mmol), NBS (1.96 g, 11.0 mmol), and
benzoyl peroxide (0.01 g) in anhydrous GC25 mL). After 2 h,
the mixture was cooled and diluted with,Et(100 mL) and water
(50 mL). The ethereal layer was washed with brine (20 mL) and
dried (Na&SQy). Concentration in vacuo and subsequent purification
by flash column chromatography [SiGEtOAc/hexane (1:25)] gave
14c as a white solid (1.80 g, 58%): mp 16405 °C; 'H NMR
(400 MHz, CDC¥}) 4.48 (s, 2H), 7.18 (ddJ = 9.8 Hz, 8.6 Hz,
1H), 7.28 (ddd,J = 8.6 Hz, 4.3 Hz, 2.3 Hz, 1H), 7.34 (dd= 7.0
Hz, 2.3 Hz, 1H), 7.56-7.55 (m, 2H), 7.647.69 (m, 1H), 8.18
8.23 (m, 2H). Anal. (&H10BrFG,) C, H.

Benzoic Acid 5{[(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl}-2-fluorophenyl Ester (14d). The title compound was
prepared in a manner similar to that fab, using NaH (60%
dispersion in oil, 0.20 g, 5.0 mmol}la (0.926 g, 5.0 mmol), and
14c¢(1.55 g, 5.0 mmol) in anhydrous DMF (20 mL) to gitdd as
a white solid (1.16 g, 56%) after chromatography [SiBtOAc
(100%)]. This product was used for the next reaction without further
purification: mp 165-168°C; 'H NMR (400 MHz, CDC}) 4.91
(s, 2H), 6.67 (AABB', 2H), 7.07 (dddJ = 8.2 Hz, 4.3 Hz, 2.0
Hz, 1H), 7.18 (ddJ = 9.4 Hz, 8.6 Hz, 1H), 7.24 (ddl = 7.0 Hz,

2.3 Hz, 1H), 7.49-7.56 (m, 2H), 7.58 (AABB’, 2H), 7.62-7.70
(m, 1H), 8.15-8.20 (m, 2H), 8.21 (s, 2H).
4-[(4-Fluoro-3-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (14e). The title compound was prepared in a manner
similar to that for5k, using14d (0.958 g, 2.32 mmol) and NaOH
(0.25 g, 6.25 mmol) in MeOH (10 mL). The solution was refluxed
for 5 min and concentrated in vacuo. Water (10 mL) was added,
and the milky suspension was neutralized (pH8Y with 2 N HCI.
The white precipitate was filtered off, washed with a small amount
of water (5 mL), and dried under high vacuum to gil4eas a
white solid (0.476 g, 66%): mp-210 °C (dec);'H NMR (400
MHz, DMSO-dg) 4.95 (s, 2H), 6.70 (ddd] = 11.4 Hz, 8.4 Hz, 2.4
Hz, 1H), 6.75 (AABB’, 2H), 6.84 (ddJ = 8.4 Hz, 2.4 Hz, 1H),
7.06 (dd,J = 11.3 Hz, 8.4 Hz, 1H), 7.76 (ABB’, 2H), 8.75 (s,
2H), 9.90 (s, 1H, exchanges withO). Anal. (GeH1,FNsO) C, H,
N.

Sulfamic Acid 5 [(4-Cyanophenyl)[1,2,4]triazol-4-ylamino]-
methyl}-2-fluorophenyl Ester (14). The title compound was
sulfamoylated in a manner similar to that farusing14e(0.075
g, 0.22 mmol) and sulfamoyl chloride (1.05 mmol) in anhydrous
DMA (5 mL) to give 15 as a white powder (0.136 g, 55%) after
precipitation from acetone/Ed: mp 148-150°C; *H NMR (400
MHz, DMSO-g) 3.23 (t,J = 7.0 Hz, 2H), 4.07 (tJ = 7.0 Hz,
2H), 6.54 (AABB', 2H), 7.08-7.12 (m, 1H), 7.26-7.26 (m, 1H),
7.39 (dd,J = 9.2 Hz, 9.2 Hz, 1H), 7.69 (ABB', 2H), 8.03 (s,
2H), 8.94 (s, 2H). Anal. (@H13FNgSGOs) C, H, N.

3-Benzoyloxy-4-chlorotoluene (15b)The title compound was
prepared in a manner similar to that féc, using 4-chloro-3-
hydroxytoluene15a(3.92 g, 27.5 mmol), benzoyl chloride (3.51
g, 25 mmol), and NEt(5 mL) in CHCl, (100 mL) to givel5b as
a white solid (5.82 g, 94%): mp 390 °C; 'H NMR (400 MHz,
CDCl;) 2.38 (s, 3H), 7.05 (dJ = 8.2 Hz, 1H), 7.11 (s, 1H), 7.36
(d,J=8.2 Hz, 1H), 7.5%+7.56 (m, 2H), 7.647.70 (m, 1H), 8.22
8.28 (m, 2H). Anal. (&H1.CIO;) C, H.
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3-Benzoyloxy-4-chlorobenzyl Bromide (15c)The title com-
pound was prepared in a manner similar to thatlfée, using15b
(2.47 g, 10.0 mmol), NBS (1.96 g, 11.0 mmol), and benzoyl
peroxide (10 mg) in carbon tetrachloride (25 mL). The residue was
purified by flash column chromatography [SIGEtOAch-hexane
(1:40)] to givel5cas a colorless oil (2.01 g, 62%) that solidified
on standing: mp 7274 °C; *H NMR (400 MHz, CDC}) 4.48 (s,
2H), 7.27 (ddJ = 8.2 Hz, 2.0 Hz, 1H), 7.36 (d] = 2.0 Hz, 1H),
7.46 (d,J = 8.2 Hz, 1H), 7.56-7.58 (m, 2H), 7.647.71 (m, 1H),
8.22-8.28 (m, 2H). Anal. (&H10BrCIO,) C, H.

Benzoic Acid 2-Chloro-5{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl} phenyl Ester (15d). The title compound was
prepared in a manner similar to that f@b, using NaH (60%
dispersion in oil, 0.20 g, 5.0 mmol}a (0.926 g, 5.0 mmol), and
15¢(1.63 g, 5.0 mmol) in anhydrous DMF (20 mL) to gi@8cas
a white solid (1.773 g, 82%) after chromatography [SIEXOAc
(100%)]. This product was used for the next reaction without further
purification: mp>150°C (dec);*"H NMR (400 MHz, CDC}) 4.93
(s, 2H), 6.66 (AABB', 2H), 7.06 (dd,J = 8.2 Hz, 2.0 Hz, 1H),
7.27 (d,J= 2.0 Hz, 1H), 7.45 (dJ = 8.2 Hz, 1H), 7.477.58 (m,
4H), 7.60-7.69 (m, 1H), 8.16-:8.21 (m, 2H), 8.24 (s, 2H). Anal.
(C23H16CINSO,) C, H, N.

4-[(4-Chloro-3-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben-
zonitrile (15e). A mixture of 15d (1.13 g, 2.63 mmol), NaOMe
(500 mg) in MeOH (20 mL), and water (5 mL) was refluxed for
30 min. After the mixture was cooled to room temperature, most
of the solvent was removed in vacuo and a concentrated NaHCO
solution (20 mL) and EtOAc (50 mL) were added. The organic
layer was separated and dried (8@y), and the solvent was
removed under reduced pressure. The resulting white powder was
refluxed in EtOAc (10 mL; product did not dissolve completely).
The product was filtered off and dried in vacuo to giige as a
white powder (0.412 g, 48%): mp130°C (dec);*H NMR (400
MHz, DMSO-dg) 4.97 (s, 2H), 6.7£6.75 (m, 3H, AABB’ and
ArH), 6.84 (d,J = 2.0 Hz, 1H), 7.25 (dJ = 8.2 Hz, 1H), 7.75
(AA'BB', 2H), 8.76 (s, 2H), 10.21 (s, 1H, exchanges witfOD
Anal. (Q5H120|N50) C, H, N.

Sulfamic Acid 2-Chloro-5-{[(4-cyanophenyl)[1,2,4]triazol-4-
ylamino]methyl} phenyl Ester (15). The title compound was
sulfamoylated in a manner similar to that #yrusing15e(0.20 g,
0.614 mmol) and sulfamoyl chloride (2.1 mmol) in anhydrous DMA
(5 mL) to give 15 as a white powder (0.136 g, 55%) after
precipitation from acetone/f: mp>210°C;H NMR (400 MHz,
DMSO-dg) 5.11 (s, 2H), 6.75 (AABB', 2H), 7.25 (ddJ = 8.2 Hz,

2.0 Hz, 1H), 7.46 (dJ = 2.0 Hz, 1H), 7.54 (dJ = 8.2 Hz, 1H),
7.77 (AABB', 2H), 8.32 (s, 2H, exchanges with,0), 8.82 (s,
2H).

4-Bromo-3-hydroxybenzoic Acid (16b).The title compound
was prepared according to the method reported by Buehlefét al.
using 3-hydroxybenzoic acid,6a (18.2 g, 132.0 mmol), and Br
(6.76 mL, 132.0 mmol) in glacial AcOH (250 mL) to giviésh as
a colorless crystalline solid (3.43 g, 12%) after recrystallization
from EtO/n-hexane: mp 225226 °C [lit.52 225-226°C (H,0)];

IH NMR (270 MHz, DMSO#dg) 7.28 (dd,J = 8.2 Hz, 2.0 Hz,
1H), 7.51 (dJ = 1.7 Hz, 1H), 7.60 (dJ = 8.3 Hz, 1H), 10.66 (br
s, 1H, exchanges with @), and 13.04 (br s, 1H, exchanges with
D,0).

Methyl 4-Bromo-3-hydroxybenzoate (16¢)The title compound
was prepared according to the method reported by Faltis %t al.
using 4-bromo-3-hydroxybenzoic acitléc (5.7 g, 26.26 mmol),
and concentrated sulfuric acid (98% solution, 1.4 mL, 26.26 mmol)
in anhydrous MeOH (150 mL) to givEScas a colorless crystalline
powder (5.4 g, 89%) after recrystallization from MeOH; mp 421
123°C [lit.5* 124—125°C (petroleum ether)EH NMR (270 MHz,
CDCl;) 3.90 (s, 3H), 5.75 (br s, 1H, exchanges with), 7.46
(dd,J = 8.4 Hz, 2.0 Hz, 1H), 7.53 (d] = 8.2 Hz, 1H), 7.67 (dJ
= 1.7 Hz, 1H).

Methyl 4-Bromo-3-(tetrahydropyran-2-yloxy)benzoate (16d).

To a solution of the methyl 4-bromo-3-hydroxybenzodigg (4.0
g, 17.31 mmol), in anhydrous GBI, (30 mL) was added 3,4-
dihydro-H-pyran (3.95 mL, 43.28 mmol) anpttoluenesulfonic
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acid (0.01 g, 0.17 mmol) at 8C. The mixture was stirred at this  (NaSQy). The solvent was removed in vacuo and the pale-yellow
temperature for 90 min, warmed to room temperature, and residue recrystallized from EtOH to git®h as an off-white powder
guenched with saturated NaHg®olution (50 mL). The organic (1.48 g, 60%): mp>210°C; H NMR (400 MHz, DMSO¢) 5.00
layer was separated, dried (}$0,), and concentrated in vacuo. (s, 2H), 6.72 (dd,) = 8.3 Hz, 2.1, 1H), 6.76 (AMBB', 2H), 6.86
The pale-yellow residue was purified by flash column chromatog- (d,J = 1.8 Hz, 1H), 7.43 (dJ = 8.0 Hz, 1H), 7.78 (AABB', 2H),
raphy [SiQ, Et,O/n-hexane (4:6)] to give a colorless oil. The oil  8.81 (s, 2H), 10.32 (s, 1H, exchanges witfI). Anal. (GeH12Ns-
solidified on standing at room temperature to gi¥éd as a OBr) C, H, N.
colorless solid (4.12 g, 76%): mp 533 °C; *H NMR (270 MHz, Sulfamic Acid 2-Bromo-5- [(4-cyanophenyl)[1,2,4]triazol-4-
CDClg) 1.59-1.77 (m, 3H), 1.86-2.13 (m, 3H), 3.66-3.64 (m, ylamino]methyl} phenyl Ester (16). The title compound was
1H), 3.83-3.85 (m, 1H), 3.88 (s, 3H), 5.666.62 (m, 1H), 7.52 sulfamoylated in a manner similar to that frusing16h (0.5 g,
(dd,J = 8.2 Hz, 1.7, 1H), 7.59 (d) = 8.4 Hz, 1H), 7.76 (dJ = 1.35 mmol) and sulfamoy! chloride (13.5 mmol) in anhydrous DMA
2.0 Hz, 1H). (5 mL) to give 16 as an off-white solid (0.39 g, 64%) after
4-Bromo-3-(tetrahydropyran-2-yloxy)benzyl Alcohol (16e)To chromatography [Si@) EtOAc (100%)]; mp>140 °C (dec);*H
a suspension of LiAlld (0.72 g, 19.04 mmol) in anhydrous EX NMR 6y (400 MHz, DMSO6g) 5.11 (s, 2H), 6.77 (AMBB’, 2H),
(90 mL) was slowly added a solution @6d (4.0 g, 12.69 mmol) 7.21 (dd,J = 8.1 Hz, 1.8 Hz, 1H), 7.49 (d] = 2.1 Hz, 1H), 7.70
in anhydrous BEO (10 mL). The mixture was stirred at room (d,J= 8.1 Hz, 1H), 7.80 (AABB’, 2H), 8.34 (br s, 2H, exchanges
temperature fo2 h and then cautiously quenched with R&)y- with D,0), 8.85 (s, 2H). Anal. (&H13NeSOsBr) C, H, N.
10H,0 (until gas evolution ceased). The solids were filtered off  4.1(3-Benzyloxy-4-methoxybenzyl)[1,2,4]triazol-4-ylamino]-
and washed with EO (100 mL). The combined organic fractions  penzonitrile (17c). The title compound was prepared in a manner
were then dried (Ns8O,) and concentrated in vacuo. The pale-  gmjjar to that for2b, using NaH (60% dispersion in oil, 0.22 g,
yellow residue was purified by flash column chromatography $Si0 5 4 mmol), 1a (1.0 g, 5.68 mmol), and 4-methoxy-3-benzyloxy-
EtO/n-hexane (7:3)] to give6eas a colorless oil (3.21 g, 88%):  penzyl bromidé’ (17b, 1.66 g, 5.4 mmol) in anhydrous DMF (5
'H NMR (270 MHz, CDC}) 1.54-1.76 (m, 3H), 1.822.12 (M, m) to give 17c as fine colorless needles (0.97 g, 44%) after
3H), 3.54-3.64 (m, 1H), 3.86-3.94 (m, 1H), 4.61 (dJ = 4.9 Hz, recrystallization from EtOH: mp 147149°C; 'H NMR (400 MHz,
2H), 5.52 (m, 1H), 6.85 (ddJ = 7.9 Hz, 1.5 Hz, 1H), 7.13 (d] ~ cpCly) 3.89 (s, 3H), 4.72 (s, 2H), 5.12 (s, 2H), 6.60 (BB'),
= 2.0 Hz, 1H), 7.49 (dJ = 7.9 Hz, 1H). ArCHOH is too broad 6.62 (d,J = 2.0 Hz, 1H), 6.64 (dd) = 7.8 Hz, 2.0 Hz, 1H), 6.79
to be observed. _ (d, = 7.8 Hz, 1H), 7.28-7.34 (m, 5H), 7.57 (AMBB', 2H), 7.74
4-Bromo-3-(tetrahydropyran-2-yloxy)benzyl Bromide (16f). (s, 2H). Anal. (GsH21NsO,) C, H, N.
The tit!e comp06unq was prepar_ed by ad_a_lptir)g the method re_ported 4-[(3-Hydroxy-4-methoxybenzyl)[1,2,4]triazol-4-ylamino]ben-
by Ishida et aP® with the following modifications. To a solution zonitrile (17d). The title compound was hydrogenated (over 16 h)
of 16e (3.0 g, 10.45 mmol), CBr(6.93 g, 20.90 mmol), and in a manner similar to that fd2c, using17c¢(0.411 g, 1.00 mmol)
anhydrous pyridine (0.85 mL, 10.45 mmol) in anhydrougI5t50 and Pd-C (10% by weight, 0.042 g) in THF/MeOH (1:1) (20 mL)

mL) at 0°C was added dropwise a solution of triphenylphosphine to give17d as a white powder (0.164 g, 51%) after recrystallization
(5.48 g, 20.90 mmol) in anhydrous x (10 mL). The mixture fro?n acetone: mp>21|300 °c (dfec);lH ?\iMR (2100 MHz,yDMSO-

was stirred at 0C for 1 h and then at room temperature overnight. 5) 3.71 (s, 3H), 4.88 (s, 2H), 6.52 (dd,= 8.2 Hz, 2. Hz, 1H)
The solvent was removed in vacuo, and the residue was suspende@_68 (d,J= 2.0 Hz, 1H), 6.75 (AABB', 2H), 6.80 (d,J = 8.2 Hz,

in n-hexane and filtereq. The_ filtered solid was Washe_d with 1H), 7.74 (AABB', 2H), 8.70 (s, 2H), 9.00 (s, 1H). Anal.
n-hexane, and the combined filtrates were concentrated in vacuo
(C17H15Ns0,) C, H, N.

to ~10 mL. The residue was purified by flash column chromatog- Sulfamic Acid 54 [(4-Cyanophenyl)[1,2,4]triazol-4-ylamina]-

raphy [SiQ, EtOAc/hexane (5:95)] to giv&6f as a pale-yellow h
soFI)idy(2[.82 g, 77%,): mp 6&é3 oc;)]]_H NgMR (270 Msz, C)Ichg) methyl}-2-methoxyphenyl Ester (17).The title compound was

sulfamoylated in a manner similar to that f3rusing31d (0.10 g,
(1d533—:21122 én;ZGI;LféSE’srg (6r§ (TH)lg)Sg .(8d&d3:.9$.§m|_,|zll-é).b4|;|421 0.31 mmol) and sulfamoyl chloride (1.87 mmol) in anhydrous DMA

1H), 7.16 (d,J = 2.2 Hz, 1H). 7.48 (dJ = 8.2 Hz, 1H). (2mL) to glve17qs a white S.O.|Id (0.04 g, 32%) after preC|p|£at|on
44 [4-Bromo-3-(tetrahydropyran-2-yloxy)benzyl][1,2,4]triazol- f[jom EIHOQKAEOI%%anHy adDdhl;gg g h-I;e7x7a ne.sr:p é%%l?l 2?_'
4-ylamino} benzonitrile (16g). The title compound was prepared 55 sg),(AA'BB’ 2(H) 7 06Z(Id J=8 é‘)HZ' 1|_(|§ 7 1)é (dd,] (3’8 6)’
by adapting the method for the synthesis 2i5. To a stirred Hy 2 3 Hz iH) 797 () - ;BIHZ iH) 777 (AABB’_ZHI)
suspension of NaH (60% dispersion in oil, 0.27 g, 6.78 mmol) in 7 9’4 (.s 2H’) 8 7’5 ('S 2H) ' ' T ’ '
anhydrous DMF (10 mL) was added a solution of 4-[(4-cyanophe- "~ ’ P A ) . . .
nyl)amino]-4H-[1,2,4]triazole1a (1.26 g, 6.78 mmol), in anhydrous 3-Benzyloxy-4-trifluoromethylbenzoic Acid (18b). The title
DMF (5 mL), and the mixture was stirred at room temperature for cOmpound was prepared in a manner similar to thadipusing
0.5 h. A solution ofL6f (2.61 g, 7.46 mmol) in anhydrous DMF (5 BuOK (5.60 g, 50.0 mmol) instead of NaH, 3-fluoro-4-trifluoro-

mL) was then added and the mixture heated at®D°C for 3 h. methyl benzoic acid8_a (4.70 g, 22.6 mmol), and benzyl alcohol
The mixture was cooled, diluted with EtOAc (50 mL), washed with (325 9, 30.0 mmol) in anhydrous DMSO (50 mL) to git8b
water (4 x 100 mL) and brine (100 mL), and dried (MgO,). (4.13 g, 62%) as colorless plates after recrystallization from EtOAc/

Concentration in vacuo and subsequent purification by flash column hexane: mp 196191 °C; *H NMR (400 MHz, CDC}) 5.26 (s,
chromatography [Si@ EtOAc (100%)] gavel6gas a yellow oil 2H), 7.28-7.48 (m, 5H), 7.66:7.80 (m, 3H), 12.00 (br s, 1H).
(3.05 g, 99%):1H NMR (270 MHz, CDC}) 1.61-1.99 (m, 6H),  Anal. (GisH11F30s) C, H.

3.55-3.59 (m, 1H), 3.73 (m, 1H), 4.75 (d,= 14.6 Hz, 1H), 4.90 (3-Benzyloxy-4-trifluoromethylphenyl)methanol (18c). The
(d, J = 14.6 Hz, 1H), 5.41 (m, 1H), 6.64 (ABB’, 2H), 6.69 (dd, titte compound was prepared in a manner similar to thatlfir
J = 8.2 Hz, 2.2 Hz, 1H), 7.00 (d] = 2.2 Hz, 1H), 7.49 (dJ = using18b (3.92 g, 13.2 mmol) and LiAlki (1.0 g, 26.3 mmol) in
7.9 Hz, 1H), 7.57 (AABB’, 2H), 8.15 (s, 2H). anhydrous THF (40 mL) to givé8c(3.68 g, 99%) as a light-yellow

4-[(4-Bromo-3-hydroxybenzyl)[1,2,4]triazol-4-ylamino]ben- solid: mp 45-47°C; *H NMR (270 MHz, CDC}) 1.90 (br s, 1H),
zonitrile (16h). The title compound was prepared by adapting the 4,70 (s, 2H), 5.19 (s, 2H), 6.96 (d,= 8.0 Hz, 1H), 7.08 (s, 1H),
method reported by Tafi et 88.To a solution ofL6g(3.05 g, 6.71 7.28-7.48 (m, 5H), 7.56 (dJ = 8.0 Hz, 1H).
mmol) in MeOH (60 mL) was added a catalytic amount of 1-Benzyloxy-3-chloromethyl-2-trifluoromethylbenzene (18d).
p-toluenesulfonic acid at @C, and the mixture was stirred (allowing A mixture of SOC} (15 mL) and18c (3.59 g, 12.7 mmol) was
to slowly warm to room temperature) overnight. The solvent was refluxed for 3 h. The excess SQGkas removed under reduced
removed in vacuo and the residue dissolved in EtOAc (100 mL). pressure, and the residue was dissolved in GKEI mL), washed
The organic fraction was washed with s solution (1 M with water (20 mL), dried (MgSg), and concentrated in vacuo to
aqueous solution, % 50 mL) and brine (3x 50 mL) and dried give 18d (3.81 g, 99%) as a light-yellow solid: mp 4%1 °C; H
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NMR dy (270 MHz, CDCH§) 4.55 (s, 2H), 5.20 (s, 2H), 7.01 (d,
= 7.6 Hz, 1H), 7.08 (1s, 1H), 7.287.48 (m, 5H), 7.57 (d) = 7.6
Hz, 1H).
4-[(3-Benzyloxy-4-trifluoromethylbenzyl)[1,2,4]triazol-4-ylami-
nolbenzonitrile (18e). The title compound was prepared in a
manner similar to that fob, using NaH (60% dispersion in oil,
0.392 g, 9.8 mmol)la(1.815 g, 9.8 mmol), anii8d (2.945 g, 9.8
mmol) in anhydrous DMF (50 mL) to givé8e as light-yellow
plates (3.011 g, 68%) after recrystallization frofirOH: mp 184-
185°C; 'H NMR (270 MHz, DMSO#g) 5.11 (s, 2H), 5.25 (s, 2H),
6.71 (AABB', 2H), 7.01 (dJ = 7.6 Hz, 1H), 7.26-7.42 (m, 6H),
7.56 (d,J = 7.6 Hz, 1H), 7.75 (AABB’, 2H), 8.81 (s, 2H). Anal.
(Co4H18F3Ns0) C, H, N.
4-[(3-Hydroxy-4-trifluoromethylbenzyl)[1,2,4]triazol-4-ylami-
no]benzonitrile (18f). The title compound was hydrogenated (over
18 h) in a manner similar to that fdtc, using18e (2.25 g, 5.0
mmol) and Pe&-C (5% by weight, 0.10 g) in THF/MeOH (1:1) (100
mL) to give 18f as a white solid (1.65 g, 92%) after precipitation
from acetone witth hexane: mp190 °C (dec);*H NMR (270
MHz, DMSO-dg) 5.08 (s, 2H), 6.73 (AABB', 2H), 6.89-6.95 (m,
2H), 7.46 (d,J = 7.9 Hz, 1H), 7.77 (ABB', 2H), 8.84 (s, 2H),
10.64 (br S, 1H) Anal. (GH12F3N50) C, H, N.
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