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A high throughput screening approach to the identification of selective cholecystokinin-2 receptor (CCK-
2R) ligands resulted in the discovery of a novel series of antagonists, represented by 1-[2-[(2,1,3-
benzothiadiazol-4-ylsulfonyl)amino]-5-chlorobenzoyl]-piperidinE CCK-2R, K, = 6.4). Preliminary
exploration of the structureactivity relationships around the anthranilic ring and the amide and sulfonamide
moieties led to a nearly 50-fold improvement of receptor affinity and showed a greater than 1000-fold
selectivity over the related cholecystokinin-1 receptor. Pharmacokinetic evaluation led to the identification
of 4-[4-iodo-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-morpholin2éd, a compound that demonstrates
promising pharmacokinetic properties in the rat and dog with respect to plasma clearance and oral
bioavailability and is a potent inhibitor in vivo of pentagastrin-stimulated acid secretion in the rat when

dosed orally.
Introduction o]

In the past few years, there has been a renewed interest in O“ >
cholecystokinin-2 (CCK-2; formerly gastrin/CCKB) receptor HN 4
antagonists for the treatment of Gl adenocarcinoma such as s
Barrett's metaplasia and pancreatic cancer based on evidence E:( i
that gastrin, the cognate ligand for the CCK-2 receptor, is a TN
potent trophic factor for these tumdrs® The therapeutic N-8
potential of antigastrin strategies has been illustrated with ;f§ZS|
encouraging clinical trial results with the gastrin vaccine, 3 X=Br

Gastrimmuné:® In addition, although the widespread use of Figyre 1. structures of initial high throughput screening i) @nd
powerful inhibitors of acid secretion (e.g., proton pump inhibi-  selected early analogues.

tors) has led to the perception of diminished medical need for

new antisecretory agents, CCK-2 receptor antagonism remains’able 1. Human CCK-1 and CCK-2 Receptor Binding Affinities and
a possible alternative/adjunct therapy for the treatment of Selected DMPK Parameters of Early Lead Compounds

gastroesophageal reflux disease and peptic ufeemhis is CCK-1R? CCK-2R
because CCK-2 receptor antagonists have the potential to inhibit compd (PK1) (pK)
gastrin’s trophic effect on the gastric mucosa decreasing acid 1 <5b 6.4
secretory capacity, as evidenced in the acid rebound phenom- g “gb gi’c
enon associated with proton pump inhibitor withdraval. 1 <5¢ 72

It has been nearly twenty years since the first disclosures of 5 <5¢ 7.6
nonpeptide cholecystokinin (CCK) receptor antagorfistet ? :gz zgz

none have achieved their initial promise of becoming novel
medicines for the treatment of gastrointestinal and CNS diseases. 2 Negative logarithm of the antagonist equilibrium dissociation constant
This failure has been largely associated with poor or variable calculated from the concentration required to displace 38CCK-8S
pharmacokinetics (both with respect to gastrointestinal absorp-ﬁﬂ%’?{lﬁfgégeom:m?sithafg&”gt ggtir':nr;?gfﬁ#i:@”(eél)aéf;?'e? t'ﬁgn
tion as well as diffusion across the bloedrain barrier) and 10 uM.
poor physicochemical properties of the drdg&! With this in
mind, we initiated a program aimed at discovering small
molecule CCK-2 receptor antagonists driven by structural
novelty, developable biopharmaceutical properties, and, above
all, evidence of good or optimizable pharmacokinetic properties.
A high throughput CCK-2 receptor binding assay carried out
on the Johnson & Johnson corporate compound collection
resulted in the identification of a number of novel structural

types showing good affinity for the CCK-2 receptor. Of these,
compoundl (Figure 1, Table 1) exhibited submicromolar
binding affinity (pK, = 6.4) and good selectivity over the related
CCK-1 receptor (K < 5; upper concentration limit of quan-
titation in all binding assays is 18 M).

Pharmacokinetic analysis of as representative of the
structural class showed a promising half-life (02850.03 h)

. . and low clearance (0.42 0.01 L/kg/h) in the rat following iv
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x: A= 4-COOH
y: A= 4-NO,
z: A= 4,5-di-Cl
aa: A= 4,5-di-OMe
ab: A = 4-NH,

eorj

aReagents and conditions: (a) KMaH,0 or n-BusNMnOs, pyridine, rt, 5-18 h; (b) piperidine, EDC, DMF/MeCN, rt, 18 h; (c) SQCteflux, then
piperidine, rt, 18 h; (d) SnGi2H,0, EtOAc, CHCIy, rt; (e) ArSQCI, pyridine or neat, 50C; (f) Mel, DBU, DMF, 0°C to rt; (g) LiOH, MeOH, HO, rt,
5 h; (h) MeOH, reflux, 12 h; (i) piperidine, DMF, 68C, overnight; (j) 2,1,3-benzothiadiazole-4-carbonyl chloride, DCM, pyridine, rt.

evaluation of sulfonamide and amide analogued @fith an
emphasis on optimizing CCK-2 receptor affinity and selectivity

over the related CCK-1 receptor subtype. We also describe the
preliminary investigations into pharmacokinetic parameters and

in vivo pharmacodynamic activity of representative lead com-
pounds.

Chemistry

m-Aminobenzoic acid-derived sulfonamidewas prepared

in a two-step sequence (not shown) from 3-amino-4-chloroben-

zoic acid via EDC-mediated amide coupling with piperidine,
followed by sulfonylation with 2,1,3-benzothiadiazolesulfonyl

| |
Q(s\fo 70 .
(¢] (0] S;O
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Figure 2. Structures of compounds-7.

in evaluating the structure/activity relationship (SAR) around

chloride. Anthranilic acid-derived sulfonamides were prepared the sulfonamide moiety.

via any of four straightforward routes (Scheme 1). Thus, for
noncommercially available-nitrobenzoic acids and anthranilic
acids, o-nitrotoluenes8 were oxidized by either the action of
KMnOy4 in water (yield 20-40%) or the treatment with
tetrabutylammonium permanganttén pyridine to provide
benzoic acid® (yield 80—90%; CAUTION We observed an
induction period followed by a pronounced exotherm during
this reaction, leading to rapid heating of solvent to its boiling
point. This variable induction period was a function of the water
content in the oxidant and could be controlled by warming of
the solution of the substrate prior to addition of the oxidant).
The resulting nitrobenzoic acids were then coupled with
piperidine either as their acid chlorides or via the action of EDC
to afford amideslO. Nitro group reduction (stannous chloride
dihydraté?) provided anthranilic amide$1, which were sul-
fonylated with arylsulfonyl chlorides in either pyridine or in
the absence of solvent, to afford target compouhd§, 19—

23, and34—37 (see Figures24). This route allowed flexibility

A second route, useful in our investigations of the amide
group SAR, involved esterification of benzoic acidl{Mel,
DBU), followed by nitro group reduction to anthranilic methyl
estersl2. Sulfonylation, as before, followed by saponification
(LiOH), provided benzoic acid$6 and17, which were readily
converted to target amide®}—26 via standard HATB4 or
acid-chloride couplings.

In a third route, either synthetic manifold could be accessed
through isatoic anhydride3 via either methanolysis to provide
methyl estersl2 or aminolysis to provide amidekl directly.

In a fourth route, commercially available anthranilic acids
13 were coupled with piperidine (EDC) to provide directly

a Abbreviations: DCM, dichloromethane; DCE, dichloroethane; DMAP,
N,N-(dimethylamino)pyridine; HATUQ-(7-azabenzotriazol-1-yI,N,N',N'-
tetramethyluronium hexafluorophosphate; DMF, dimethyformamide; TFA,
trifluoroacetic acid; EtOAc, ethyl acetate; THF, tetrahydrofuran; MPLC,
medium-pressure liquid chromatography;,@&t diethyl ether; DIPEA,
diisopropylethylamine.
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Figure 4. Indole-2-carboxamide, indole-2-sulfonamide, and 2,1,3-
benzothidizole-4-carboxamide analogues.

anthranilic amide4 1 that were converted to target compounds,
as described above.

Amino and amido substitution at the C4 position was
elaborated as follows: nitroare28y was reduced with tin(Il)
chloride to aniline23g (Scheme 2), which was subsequently
derivatized via reductive aminatio83d and23h), condensation
with 2,5-dimethoxytetrahydrofuran to furnish pyrrd®8i, or
acid-chloride couplings to provide amid28p and23q.

Quinoxaline-5-sulfonyl chloride?9, was prepared (Scheme
3) from 5-hydroxyquinoxalin® (27) via Newman-Kwart
rearrangemeft17 of the derived diethylthionocarbamate (pre-
pared from27 andN,N-diethylthiocarbamoy! chloride) to afford
an intermediate diethylthiocarbamé8. Hydrolysis (KOH in
methanol), followed by oxidation (gl formic acid in DCM/
water), provided sulfonyl chlorid29 in 80% vyield for the four

”ﬁ@

21 (Table 3)

2,
e

24a-r (see Table 6)
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25a-d: X=8
26a-h: X=CHCH
(see Table 7)

synthetic routes depicted in Scheme 1 to provde 22d, and
26a—h.

An alternate synthesis of quinoxaline compounds involved a
two-step reductive desulfurization of the corresponding ben-
zothiadiazole, followed by condensation with glyoX&lhus,
benzothiadiazole5d and 14g (Scheme 3) were treated with
zinc metal in acetic acid to provide unstaldehenylenedi-
amines that were immediately condensed with sodium glyoxal
bisulfite in aqueous methanol to provide quinoxali2ésl and
15g

Indole-2-sulfonamide84—37 (Figure 4) were prepared from
N-Boc-indole-2-sulfonyl chloride39, synthesized using a variant
of a previously describééprocedure (Scheme 4), and anthra-
nilic ester12b or 12eto afford methyl anthranilate40 and41
(Scheme 5). Concomitant methyl ester and carbamate hydrolysis
(aqueous LiOH) resulted in carboxylic acid2 and43, which
were coupled with either PReéDMe or piperidine to provide
34—37, after ester hydrolysis. Compou3® was prepared via
amide bond coupling between anilitéeand 2,1,3-benzothia-
diazole-4-carbonyl chloride.

Results and Discussion

SARs were developed in this series using human C&X1
and CCK-22 receptor cell-based radioligand binding assays.
Initial SAR studies involved examination of the role of
halogenation of the anthranilic ring. Removal of the chlorine
atom of the lead compountl gave a compound? (Table 1,
Figure 1), that had low binding affinity in the CCK-2 receptor
binding assay. However, replacement by By Was tolerated.
Moving the chlorine atom from the 5-position to the 4-position
of the anthranilic ring resulted in a 10-fold improvement of
binding affinity for the CCK-2 receptor, and substitution by a
bromine atom at the 4-position (i.é) resulted roughly in an
added improvement of similar magnitude. Investigation into
some of the gross chemical features of the series revealed that
the free NH of the sulfonamide moiety was required for activity
(e.g., compounds, Table 1, Figure 2) and that the central
anthranilic ring requires thertho-aminobenzamide substitution
pattern (netaaminobenzamid@, Figure 2, Table 1, was found
to be poorly active in all binding assays). Also, replacement of
the sulfonamide moiety by an amide group resulted in the
complete loss of activity (vide infra). In addition, replacement

steps. This same synthetic sequence was applied to 5-hydroxy-of the amide group in compounds of this series with analogous

quinoline @B0) to provide quinoline-5-sulfonyl chloride32.

ester groups resulted in a complete loss of activity (data not

These sulfonyl chlorides were then incorporated into the shown).



6374 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 21

Scheme 2

a &
23y —— OOSQ
N"
N

Allison et al.

(0]
$)
N
003/3 iy
N"
Reagents and S-N
conditions:? Compound:
b 23d: R=H; R'=Bn

c 23h: R=R'=Me

d 23i: R=R'=-(CH)4-
23p: R=H;R'=Bz
23q: R=H;R'=Ac

o

aReagents and conditions: (a) Sp@H,O, EtOAc, DCM, rt; (b) PhCHO, NaBH(OAg) AcOH; (c) CHO, NaCNBH;, AcOH, rt; (d) 2,5-
dimethoxytetrahydrofuran, AcOH, 12; (e) BzCl, pyridine, DCM, rt; (f) AcCl, pyridine, DCM, rt.

Scheme 3
o]
OH EtZNJ\S SO,Cl
Ej\x\ ab X c.d N
) ) )
N N N
27:X=N 28: X =N 29: X=N
30: X=CH 31: X=CH 32: X =CH
o (o]
ﬁNJj@ N
e,f
O\)HN | o\)HN |
| ~
N ’d
N7 / |
254 SN NN 264
o (0]
~ ~0
O)inj\ ef )JtE:l\
HN F

|
g/s'; %‘//Sj;:
N/
N~ /;

|
149 SN N 159

aReagents and conditions: (a) CIC(S)NE,COs;, DMF, 95%; (b) 240
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39

aReagents and conditions: (ayBuLi, THF, —78 °C; (b) SQCI,
CHCly, 0 °C to rt.

Preliminary investigations into in vitro predictors of ADME

Qualitative metabolite identification of compouBdhcubated
in the presence of human liver microsomes suggested extensive
metabolism of the benzothiadiazole ring system. In addition,
oxidation of the piperidine ring was observ&With these
preliminary affinity and in vitro ADME data in hand, we set
about to examine the following: (1) amide, sulfonamide, and
anthranilic ring SAR, with the aim of improving binding affinity
to the CCK-2 receptor, and (2) replacement groups for the
oxidatively sensitive benzothiadiazole ring system.

The initial investigation into steric and electronic requirements
around the sulfonamide group (Table 3) revealed that replace-
ment of the 2,1,3-benzothiadiazole heterocyclic ring system by
nearly any other ring system results in a dramatic loss of affinity
for the CCK-2 receptor. Thus, moving the sulfonamide linker
from the benzothiadiazole C4 to the C5 positi@d)(results in
over a 100-fold loss in affinity with respect & However, this
ring system was found to tolerate some degree of substitution,
either alkylation or halogenatiori9a—d). Most interestingly,
replacement of the divalent sulfur atom of the 2,1,3-benzothia-
diazole ring system of with an oxygen atom results in a 50-
fold drop in CCK-2R affinity (Table 320). This effect may be
attributable to increased electronegativity of the oxygen atom
(compared with the sulfur atom d) of 20 and a change in the
nitrogen atom lone pair geometries. Quantum mechanical density
functional theory calculations at the B3LYP/6-31G** lexfel
indicate C-C—N bond angles of 113%7and 108.8, with N—N
interatomic distances of 2.53 A and 2.29 A, for the 2,1,3-
benzothiadiazole and the 2,1,3-benzoxadiazole ring systems,
respectively. These geometrical differences may play a role in
the misalignment of interactions made to hydrogen bond
donating groups of the receptor. At this same level of theory,
Mulliken partial charge calculatioAof these putative acceptor
nitrogen atoms show values 6f0.50 for the 2,1,3-benzothia-
diazole and-0.17 for the 2,1,3-benzoxadiazole. Also, th&,p
values of the conjugate acids of the heterocyclic ring nitrogen
atoms were calculated to be2.29 for the benzothiadiazole and
—3.81 for the benzozadiazole ring systems. These calculations
together suggest the nitrogen atoms of the 2,1,3-benzoxadiazole
ring system in20 are far less competent hydrogen bond

properties of4 (Table 2) suggested the potential for a high acceptors than are those in the corresponding benzothiadiazole

degree of CYRgpromoted oxidative metabolism in this chemi-

ring system, lending credence to our hypothesis that one or both

cal series, as predicted by incubation with pooled human liver of the nitrogen atoms of compounds such4asake important
microsome and S9 and rat and dog S9 preparations. Measurellydrogen bond accepting interactions with the human CCK-2

ment of log D (pH 7.4) and permeability through Caco-2
monolayers suggested good Gl absorption (1.8 anst 286
cm s, respectively) and that active efflux should not be
important (Caco-2 B,B—A/A—B ~ 0.8). Similar results were

observed for compoun8 (not shown).

receptor.

We have also measured an increase in the acidity of the
sulfonamide NH group in compoun@0 (pK, = 6.18) with
respect to compoundl (pK, = 5.47)26 which further highlights
distinct physicochemical differences between these two ring
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(d) piperidine, HATU, DIPEA, MeCN, 18 h, rt.

Table 2. Preliminary ADME and PK Parameters for Compouhd

caco-2 protein binding
log D2 HLM®P HS9 RS® DS9 (cms™® (% bound)
2.1 (pH 7.4) 19 (3.9) 69 (51) 78 (62) 78 (59) 2XT7107°5(0.8) 7®
>99.8
>99.5

aMeasured partition coefficient between water-saturated 1-octanol and buffer at the indicatetability in the presence of human liver microsomes
(HLM) or human, rat, or dog S9 liver fractions. Data indicate percentagerefnaining at 15 min (and 30 miny Apparent apical (A) to basolateral (B)
permeability Papp through caco-2 epithelial cell layers. Number in parenthesBgyjsatio B—A/A—B. ¢ a-Glycoprotein.® Human plasma Human serum
albumin.

Table 3. Human CCK-1 and CCK-2 Receptor Binding Affinities: loss in activity for each compared #oand5, respectively. The
Effect of Benzothiadiazole Sulfonamide Group Variation greater CCK-2 receptor affinity of quinolin-5-yl analog@gc
Q 4 (pK; = 6.1) over the related quinolin-8-y22b (pK;, < 5)—
QN 5 CEN\X assuming only a small contribution to the difference in receptor
HN AR‘ =\ affinity as a result of the different anthranilic ring halogen
&0 7 atoms—points to a unequal contribution toward overall receptor
RS affinity of the heterocyclic sulfonamide nitrogen atoms %of

inasmuch as they each represent the contributions to receptor

compd A X 4 5 6 7 CCK'lF: Hi®  CCK-2R KA binding of the individual nitrogen atoms of the 2,1,3-benzothia-
igg E; g :y: '\H/'e ;‘ ’\F/'Ie jgh ;-8 diazole parent. The low binding affinity observed for compound
19c Br S _§| H H Br <5b 68 22cis redu_ced even fu_r_ther t_)y tra_nspo;itiop of the nitrogen atom
199d Br S -yl F H H <5P 7.4 to the adjacent position (i.e., isoquinoli®2a pK, < 5).
20 G o yH HH jgs >, Removal of all heteroatoms from the sulfonamide bicyclic ring
y system (e.g., 1-naphthyl), as expected from the above discussion,
|a Nle?aéi‘;e 'Ogte;]”thm of th? e;ntagonisp egutilib(;@un: dissgg?g%”chgStam results in a compoun@®®6 with no measurable receptor affinity
Calculatea Trom the concentration required to displace - e
(pICs0) by the method of Cheng and PrussHffall values are+0.3 log under our assay conditions (Table 4)' )
units, unless otherwise statédAffinity (K;) greater than 1@M. We hypothesized from these series of studies that (1) both
Table 4. H CCK.1 and CCK.2 R vor Binding Affinit nitrogen atoms of the 2,1,3-benzothiadiazole ring system are
aple 4. Auman -1 an - eceptor binding Inities: ; H o _ H H G
Effect of Carbocyclic and Heterocyclic Sulfonamide Group Variation irr?(?ll:ilgesde];(i)ershilg?lieglflelglgeggrlf dngft tc);r??fl:ggl;)(E\zs)icri?;i?i?}rearﬁl?ggen
o] > " o
S 4 atom lone pairs, and (3) the 4-position connectivity of the
O re © N sulfonamide moiety to the 2,1,3-benzothiadiazole ring is specif-
HN A H Nl ically required for the proper positioning of presumptive
g 570 H hydrogen bond acceptor atoms. Subsequent structural studies
o using NMR and X-ray diffraction techniques further supported
compd A X Y Z 5 6 CCK-IRK? CCK-2RKa this hypothesis and presented us with an interesting pharma-
22a Br CH N CH u H pr= pr= cophore model, one involving a ground state/solution state
22b Cl CH CH N -yl H <5b <5b conformation of the compounds in this series, consisting of a
22c Br N CH CH -yl H <52 6.1 three-centered hydrogen bonding array between the amide
22d Br N CH N -yl H =9 7.2 carbonyl, the sulfonamide NH, and the N3 of the 2,1,3-

22e Br CH CH CH -yl H <5P <5p

benzothiadiazole ring.
a Negative logarithm of the antagonist equilibrium dissociation constant - . . . .
calculated from the concentration required to displace 38%CCK-8S With this preliminary model in mind, we postulated that the

(pICs0) by the method of Cheng and PrussHffall values are+0.3 log quinoxaline-5-sulfonamido ring system would be a potentially
units, unless otherwise stateédaffinity ( K;) greater than 1&M. useful heterocyclic replacement to the 2,1,3-benzothiadiazole-
4-sulfonamido system in that the steric and electronic require-

systems that may provide an explanation for the observed ments of our pharmacophore hypothesis would largely be met.

differences in receptor affinities. |nd89d, substitution of the 2,1,S-benZOthiadiaZOle-4-SU|f0namidO
A more detailed analysis of the SAR around this ring system group of 5 by the novel quinoxaline-5-sulfonamido group

further demonstrated the exquisite sensitivity of binding affinity resulted in a compound®d) displaying a ; of 7.2 for the

to alteration in this region (Table 4). Replacement of the sulfur CCK-2 receptor (Table 4), with only a 2.5-fold lower affinity

atom and one of the nitrogen atoms of the 2,1,3-benzothiadiazolefor this receptor compared @

ring system by a CHCHCH group provided quinolin-8-yl and Attention was turned to the analysis of substituent require-

quinolin-5-yl analogues2b and22¢), displaying over 50-fold ments around the central anthranilic ring (Table 5). We knew
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Table 5. Human CCK-1 and CCK-2 Receptor Binding Affinities:
Effect of Anthranilic Ring Substitution

N-§
compd A CCK-1R K2 CCK-2R K2
23a 3-chloro <5p <gp
23b 3-methyl <Bb <gb
23c 6-chloro <gP 6.0
23d 4-(N-benzylamino) <gb 5.9
23e 4-methoxy <gb 6.2
23f 4-cyclopentyloxy <gb 6.8
23g 4-amino <gb 5.1
23h 4-dimethylamino <gb 6.5
23i 4-(1-pyrrolo) <Bb 6.3
23 4-thiomethyl <gb 7.0
23k 4-ethyl <gb 6.6
23| 4-isopropyl <gb 6.5
23m 4-phenyl <gb 6.8
23n  4-(2-furyl) <gp 6.9
230 4,5-(—CHCHCHCH-) <gb 6.9
23p 4-(N-benzoylamino) 5.6 5.1
23q 4-(N-acetylamino) <gb <gb
23r 4,5-dichloro <gb 7.8
23s 4,5-dibromo <5b 8.0
23t 4,5-dimethoxy <gb 5.6
23u 4-chloro-5-methoxy <gb 6.3
23v 4-fluoro 6.0
23w 4-iodo <gb 8.3
23x 4-trifluoromethyl <gb 7.2
23y 4-nitro <gb 6.8
23z 4-carboxy <gb <gb

2 Negative logarithm of the antagonist equilibrium dissociation constant
calculated from the concentration required to displace 38%CCK-8S
(pICso) by the method of Cheng and Prusstffall values are+0.3 log
units, unless otherwise stateédaffinity (K;) greater than 1&M.

from our earlier investigations that leaving this ring unsubstituted
resulted in very poor CCK-2R binding affinity (2, Table 1).
Placing a substituent at the 3-position of the anthranilic ring
(23aand 23b) eliminates receptor binding affinity p < 5),
while the 6-Cl analogue2@c) shows low but measurable activity
(pK; = 6.0). We, therefore, focused on substitution at the 4-
and 5-position. A variety of substituents are tolerated at the
4-position withsr-electron-donating substituents (metho2gé,
cyclopentyloxy 23f), dimethylamino 23h), 1-pyrrolo @3i)),
o-electron-donating groups (thiomethyR3j), ethyl @3K),
isopropyl @3l), and 2-furyl @3n)), as well as inductively
electron-withdrawing groups (GF(23X) and nitro @3y)),
imparting higher binding affinity to the CCK-2 receptor than
the unsubstituted pareft Fusing a benzene ring to the 4- and
5-position provides a naphthane analog8g| with a ~100

nM K value. Notable exceptions are highly polar groups such
as amino 23¢g), amide-substituted compounda3f and 23q),

and carboxy 232 that show very low receptor affinity.
Comparing23h and 23, the isosteric, but not isoelectronic,
dimethylamino and isopropyl analogues, it is clear that, while
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considerations discussed above, the effect of increasing binding
affinity following the trend F— CI — Br — | is not likely a
function of decreasing electronegativity, but rather of increasing
atomic radii (i.e., steric factors). Such steric effects on binding
affinity have been observed with other cholecystokinin inhibitor
classe#® Disubstitution at the 4- and 5-position, such as dichloro
(23r) and dibromo 239, suggests additive effects on binding
(pKi = 7.8 and 8.0, respectively). However, disubstitution
involving a methoxy group (4,5-dimethox23t, and 4-chloro-
5-methoxy,23u) resulted in either unimproved or decreased
receptor affinity with respect to either the 4-methoxy or 4-chloro
substitution alone.

We also undertook a preliminary exploration of the SAR for
CCK-2R binding of cyclic amides in comparison with compound
4 (Table 6). There is a clear trend of increasing receptor affinity
with ring size @4a—24d, cf., 4). Receptor binding is intolerant
of charge 246 and other polarityZ4f, 24i, 24m, 24n, and240)
in this region, however, lipophilic groups are tolerat@dl,
24|, and24q). The methylated piperidine amidezAk and24j)
reveal the steric limits of added lipophilicity in this region; while
methylation at the C2 position acts to improve binding affinity
(24k), 3,5-dimethylation is detrimental4j). To underscore
these observations, we found a modest correlation of compounds
in Table 2 R = 0.76) of CCK-2R affinity with clogP at pH 2.
The loss in receptor affinity observed by substituting a benzyl
amide for the piperidine-based amides of approximately 100-
fold (i.e., 24q) is reversed byN-methylation (i.e 24r).2°

We were intrigued by the good CCK-2R affinity observed
for morpholine amide4p, as we anticipated that the addition
of the oxygen atom to the piperidine ring (4f for example)
would help diminish any amide ring metabolic oxidation that
could explain the relatively high hepatic clearance of compounds
in this series (e.g5). We, therefore, examined optimizing the
activity in the morpholine amide series.

Table 7 shows more clearly the effect that halogen size at
the anthranilic C4 position has on binding for compounds in
this series. In these examples, both benzothiadia2sle(25d)
and quinoxalineZ6a—26d) sulfonamides show improvements
in binding affinity of about 10-fold in progressing from 4-F to
4-Cl and 2.5 4-fold further increases in progressing from
chlorine to bromine to iodine. With respect to the parent
morpholine amide46b), the addition of an$-methyl group
at the morpholine C2 positior26e has the effect of lowering
receptor affinity (fK; = 6.1 vs 6.5), while the opposite effect
of similar magnitude is observed for thg){configuration 26f).
With respect t®26¢ the addition of a second(-methyl group
at C6 (i.e, 26¢) dramatically lowers affinity (g, = 5.3 vs 6.1).
Comparison with themesedimethyl analogue26h, C6 (R)-
methylation (allowing C2 of thenesering to be ), i.e., 266
has little effect on binding affinity (§ = 6.2 vs 6.1). However,
comparison of the samaeseanalogue, this time constraining
C2 to be in the R)-configuration, results in a significant decrease
in affinity (pK, = 6.2 vs 6.8).

As is shown in Tables-17, compounds in the series disclosed
in the present work display little to no measurable affinity for
the recombinant human CCK-1 receptor at concentrations up

neither is superior to a simple halogen substituent at the to 10xM. Indeed, the highest affinity CCK-2 receptor antago-

4-position, the binding affinities are identical, suggesting the
lack of strong electronic preference for substituents at this
position.

Further examination of anthranilic ring halogenation dem-

nists display greater than 1000-fold selectivity for this receptor
over the CCK-1 receptor. Evaluation 6fagainst a panel of
over 50 cloned receptors, ion channels, and enzymes showed
no affinity of this compound for any of these selected

onstrates the effect of increasing receptor affinity in progressing pPharmaceutical loci.

from 4-F 23v, pK, = 6.0) to 4-Cl @, pK, = 7.4), 4-Br 6, pK,
= 7.6), and 5-1 23w, pK, = 8.3). Based on the electronic

During the course of this work, researchers from the
University of Trieste disclosed a related series of anthranilic
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Table 6. Human CCK-1 and CCK-2 Receptor Binding Affinities:
Effect of Heterocyclic Amide Variation

compd R CCK-1R pK;* CCK-2R pK;*
24a Q <5° 5.8
N
24b @, <5® 6.6
24c SN <5 7.1
N
24d O <5° 7.2
24e HO (0] <5b <5b
E”
24f¢ C <s® <5®
N
&”
24g <5 6.7
E§~
(meso) .
24h @ <5 6.0
24i N <s® 5.9
HOMQ
24j \Q\l <s® 5.9
24k <s® 7.5
C”
241 ©/© <sb 7.2
24m YN <5 <s®
HNJ .
24n (\ <5 5.6
N
/N\) b b
240 O <5 <5
@
24p (\N <5 6.5
o X
24q ©ANH <5 5.6
24r <s® 7.5

3

aNegative logarithm of the antagonist equilibrium dissociation constant
calculated from the concentration required to displace 38CCK-8S
(pICs0) by the method of Cheng and PrusstffAll values are+0.3 log
units, unless otherwise stateédaffinity (K;) greater than 1&M.
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Table 7. Human CCK-1 and CCK-2 Receptor Binding Affinities:
Effect of Anthranilic Ring Halogenation and Alkylation of Morpholine

Amides

R

—~ 0
iy
RH'Tl A
s=0
\Y

;\ °N

N-X
compd R R A X CCKIRpK? CCK-2R Kz
25a H H H S <5b <5b
25b H H F S <5b 5.4
24p H H cl s <gb 6.5
25c H H Br S <gb 6.9
25d H H | S <5 7.5
26a H H F CHCH <5p 5.4
26b H H Cl CHCH <gb 6.5
26¢ H H Br CHCH <5b 7.2
26d H H | CHCH <5b 7.5
26e  (S-Me H Cl CHCH <gb 6.1
26f  (R-Me H Cl CHCH <gp 6.8
26g (9-Me (9-Me Cl CHCH <gb 5.3
26h mese2,6-di-Me ClI CHCH <5b 6.2

a Negative logarithm of the antagonist equilibrium dissociation constant
calculated from the concentration required to displace 38%CCK-8S
(pICsq) by the method of Cheng and PrusstffAll values are+0.3 log
units, unless otherwise statedffinity (K) greater than 1@M.

Table 8. Human CCK-1 and CCK-2 Receptor Binding Affinities of
Indole-2-sulfonamide and 2,1,3-Benzothiadiazole-4-carboxamide
Analogues

compd CCK-1R 2 CCK-2R (K2
33 75 <gp
34 55 5.3
35 6.7 5.7
36 5.1 <8P
37 5.7 5.7
38 <5b <P

a Negative logarithm of the antagonist equilibrium dissociation constant
calculated from the concentration required to displace 38%CCK-8S
(pICso) by the method of Cheng and Prusstffall values are+0.3 log
units, unless otherwise statedffinity (K;) greater than 1@M.

preparationg®32 We confirmed the activity of the lead
compound33 (Figure 4) and also found it to be highly selective
for the human CCK-1 receptor (Table 8). The reported SAR
analysis of compounds such 88 suggests the importance of
an intramolecular hydrogen bond between the anthranilic amide
carbonyl and the anthranilic NH grodp.We independently
identified the presence of this hydrogen bond in our sulfonamide
series through X-ray, NMR, and molecular modeling stuéfes.
The 2-indolyl amide ring system was identified as a so-called
“needle” moiety that was found to be uniquely capable of
imparting high affinity CCK-1 receptor binding in this series
due to its postulated hydrogen bond donating capd&it§The
authors prepared 1-naphthyl carboxamide and 1- and 2-naphthyl
sulfonamide analogues &3%*2 and found them to have no
affinity for the CCK-1 receptor and weak affinity for the CCK-2
receptor, with little difference between carboxamide and sul-
fonamide affinities (CCK-2R, I ~ 5.2). We found that
replacing the sulfonamide group of compouily a carboxa-
mide group led to complete loss in binding affinity for the
CCK-2 receptor38, Table 8, Figure 4). To investigate whether
an indole ring could act as a replacement group for our

amides that were demonstrated to be highly selective for the benthothiadiazole and quinoxaline sulfonamides, we prepared

CCK-1 receptor over the CCK-2 receptor in rat tissue

a number of chimeric compound34-37).
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Table 9. Activities of Compound€} and5 in Guinea Pig Fresh Tissue
CCK-1R and CCK-2R Functional Assays

compd GPGB Kg? GPGSM [KgP
4 <5¢ 8.49+ 0.09
5 <5¢ 8.80+ 0.10

a|solated CCK-8S-stimulated guinea pig gall bladder smooth muscle
contraction? Isolated penta-gastrin stimulated guinea pig gastric smooth
muscle contraction. Ks values determined via Schild analysig\ffinity
(Kg) greater than 1@M.

Table 10. Liver Microsome Stability of Selected Compounds

compd HLMR (%) RLMP (%)

1 16 9
5 15 8
24d 11 2
24k 14 3
23r 8 8
22d 21 8
24r 2.2

26d 60 46

aPercent remaining after 30 min in the presence of pooled human liver
microsome preparations & 20). ® Percent remaining after 30 min in the
presence of pooled rat liver microsome preparations=(20). Standard

Allison et al.

Human and rat liver microsome stability was assessed as a
predictor of in vivo pharmacokinetic clearance. Table 10 shows
that rapid degradation in vitro is observed for all of the
compounds evaluated in the benzothiadiazole sulfonamide series
(1, 5, 244, 24k, 23r, and24r). Human and rat liver microsomes
correlate in their prediction of a high degree of oxidative
metabolism in both species. Neither the size of the heterocyclic
amide ring nor its degree of substitution appears to protect
against CYRso-mediated degradation in this preparati@4dd
and24k), nor does the nature and extent of halogenation of the
anthranilic ring , 5, and23r). If anything, replacement of the
cyclic amide by acyclic substitution (i,e24r) results in even
greater oxidative instability. In earlier studies (vide supra), we
found that the benzothiadiazole ring df was specifically
oxidized in the presence of liver microsomes. While replacement
of this ring system by a quinoxaline ring system per se did not
impart greater resistance to degradation.(e28d), this ring
system, when combined with a morpholine amide, results in a
compound 26d) showing modest, but significantly improved,
stability in the presence of both human and rat liver microsomes
with respect the other compounds evaluated (assuming, as

deviation: £15%. Compounds were evaluated using the same microsomal discussed above, little effect of anthranilic ring halogenation

preparations under identical assay conditions on the same day.

In the event, replacement of the benzothiadiazole ring systems

of 2 and5 by the 2-indolyl group resulted in compounds with
low affinity for both the CCK-1 and the CCK-2 recept@§
and 37, Table 8). Converting the Varnavas indole ami@8)(
into a sulfonamide resulted 84 (note that this compound as
well as35are derived from-Phe and nob/L-Phe), which again
showed little measurable CCK-2 receptor binding(p= 5.3,
Table 8). Interestingly, the addition of a 4-bromo substituent to
the anthranilic ring of34 resulted in a compound3®) with
submicromolar CCK-1R affinity (i = 6.7, Table 8), with 10-
fold selectivity over the CCK-2 receptor. One would anticipate,
if the principle of additivity were operable, that 4-position
halogenation of compounds such3&would result in greatly
improved CCK receptor binding. Overall, these investigations
indicate that, despite the superficial structural similarity of our
CCK-2 receptor-selective anthranilic sulfonamides to the CCK-1

on changes in metabolic stability).

These structural changes effecting in vitro oxidative stability
in human liver microsome preparations translate to some degree
to pharmacokinetic clearance and half-life in the rat (Table 11).
While oral bioavailability appears good for all compounds
evaluated, plasma half-lives are low for compounds containing
the piperidine amide or benzothiadiazole sulfonamide groups
(entries +-4). Half-lives, as well as clearance, are seen to
improve by factors of 2 to 3 as a result of the enhanced
metabolic stability imparted by a morpholino group replacing
the piperidine ring coupled with inclusion of the quinoxaline
heterocycle. Human liver microsome stabilities (Tables 2 and
10) predict for the reduced clearance and slightly improved
plasma half-life in the rat gained by replacing a chlorine atom
at C4 by a bromine atom (i.e., comparing compoufhasd>5).
Predictably, half-lives are improved in the dog (entries 4 and
5), with a significantly reduced plasma clearance in this species
for entry 5. Oral bioavailability in the dog is also good for

receptor-selective anthranilic amides, the two series remain €Ompoundss and26d (Table 11).

largely distinct, with significantly divergent SAR, suggesting
differing receptor binding modes.

Compounds in this series were found to be effective in vivo
in rat models of gastric acid secretion. Thus, gastric acid

To determine if compounds in this series behave as sur- secretion, as quantified by total acid output, stimulated by iv

mountable competitive antagonists of CCK-2 receptors, activity

infusion of pentagastrin (100 nmol/kg/h, producing a near-

was measured in an isolated guinea pig gastric smooth musclemaximal effect) in the anesthetized Ghosh and Séhitelt

assay?* Inhibition of pentagastrin-stimulated contraction was
associated withlgg values of 8.5 fod and 8.8 forb, determined
via Schild analysis (Table 9). In addition, evaluation of these

preparation, was reversed in a dose-dependent manner by iv
infusions of compound. A plot of percent increase in pH of
intralumenal perfusate versus iv infusion rate (Figure 5A)

compounds in the CCK-8S-stimulated guinea pig gall bladder revealed an EE of 0.6 mg/kg/h in this preparation. Pharma-

contraction ass&y (a CCK-1 receptor-mediated effect) dem-
onstrated no antagonism at concentrations up taM({Table
9).

cokinetic/pharmacodynamic analysis (data not shown) indicated
this effect to be associated with a plasma concentrationlo8
uM.

Table 11. Pharmacokinetic Parameters in the Rat and Dog for Selected Compounds

rat dogf
entry compd Cls(L/kg/h) Tuz2 (h) % F Cles(L/kg/h) Ta2 (h) % F
1 1 0.42+0.01 0.35+ 0.03
2 22d 0.83+0.27 0.34+0.11 50+ 16
3 4 1.25+ 0.26 0.164+ 0.03 42+ 7
4 5 0.70+ 0.06 0.26+ 0.03 68+ 8 0.7£0.2 0.424+0.03 33+ 2
5 26d 0.36+ 0.05 0.62+ 0.06 55+ 13 0.097+ 0.02 1.5+ 0.3 51+ 14

aCalculated from at least three animals. Clearance values)(@hd half-lives T12) measured from iv doses of 2mol/kg for rat and dog. Relative

fraction absorbed (% F) measured fromuol/kg (rat) and 2Qumol/kg (dog)

po doses.
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Figure 5. (A) Inhibition of pentagastrin-stimulated gastric acid

secretion as a function of increasing iv infusion rates of compdund
in the rat Ghosh and Schild model of acid hypersecretion. Theg ED
was measured to be 0.6 mg/kg/h. (B) Inhibition of pentagastrin-
stimulated gastric acid secretion in the rat by compoRéd after po
administration. Compoun@6d was dosed orally as a solution, and
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good absorption from the oral dose in vivo, and pharmacokinetic
studies in the rat and dog have borne this out. However, we
found that stability toward liver microsome preparations of the
compounds in the benzothiadiazole series predicts a high degree
of phase | metabolism. This was supported by in vivo pharma-
cokinetic studies in the rat revealing relatively high clearance
rates. Improvements in both in vivo clearance and half-life were
achieved by replacing the benzothiadiazole and piperidine rings
and varying the nature of the halogenation of compo&ird

give 26d. These compounds were shown to be potent inhibitors
of gastric acid secretion in the rat when dosed via either
intravenous (compouris) or oral 26d) routes of administration.
Further in vivo studies investigating reversal of the trophic
actions of gastrin by compounds in this series are currently
underway.

Structural studies of this series of compounds using X-ray,
NMR, molecular modeling, and synthetic analysis have been
undertaken and are the subjects of future disclosures from our
laboratories, as are the results of further optimization toward
reducing oxidative metabolism and in vivo efficacy studies.

Experimental Section

General. Except where indicated, materials and reagents were
used as supplied. Reaction monitoring was performed with EMD
Silica Gel 60 ks4 250 um precoated TLC plates and visualized
with UV light. Routine chromatographic purifications were per-
formed via semiautomated MPLC, using prepacked RediSep 35
60 um silica gel columns on ISCO Sg100 systems with UV peak
detection. Semipreparative HPLC purification was performed on a
Gilson automated HPLC system running Gilson Unipoint LC

gastric acid was collected via a chronic stainless steel fistula. For both Software with UV peak detection at 220 nm and fitted with a reverse

oral and intraveneous dosing6d was freshly prepared in a 5% (v/v)
pharmasolve in 20% HB-cyclodextrin solution. (*= p < 0.05).

Compound26d was evaluated for efficacy from the oral dose
in a conscious, chronic gastric fistula rat moéfei® Thus, oral
administration of solutions &6d were found to potently reverse
pentagastrin-stimulated (30 nmol/kg, administered via subcu-
taneous injectio 2 h after dosing 026d) gastric acid secretion

phase YMC-Pack ODS-A 25& 30 mm column; mobile-phase
gradients consisted of mixtures of MeCN and water with 0.05%
TFA and flow rates of 1620 mL/min. Analytical LC spectra were
collected on an Agilent/HP1100 LC system with diode array UV
(220 and 254 nm) detection and either on a MeCN/water/0.1%
HCOOH solvent gradient running on an Agilent Eclipse XDB-C8
5 um column (HPLC-A) or on a Phenomenex Gemini, 5 mg C
4.6 x 150 mm column runnig a 1 to 99%gradient of MeCN and

20 mM aqueous NEDH over 7 min at 1.5 mL/min (HPLC-B).

in a dose-dependent manner in rats fitted with chronic stainless\js and LCMS spectra were recorded on a system identical to
steel fistulae for the collection and quantification of gaStriC acid HPLC-A Coup|ed with Agi|ent Sing|e quadrup0|e e|ectrogpray MSD
(Figure 5B). The total acid collected over 120 min was plotted mass detection. Proton NMR spectra were recorded at either 400
versus basal acid secretion (white bar), control pentagastrinor 500 MHz using Bruker DPX-400 and DPX-500 spectrometers

(black bar), and escalating doses26d (0.30, 1.0, 3.0, and 10
umol/kg, gray bars). The oral Elpwas calculated to be 0.57
mg/kg (1.1umol/kg). Thus, compound6d was found to be a
potent inhibitor of gastric acid secretion in the rat when dosed
orally.

Conclusion

We have described the identification and preliminary struc-
tural optimization of a novel series of highly selective chole-

cystokinin-2 receptor antagonists based on an anthranilic

sulfonamide core. High affinity for the human CCK-2 receptor
was shown to require a heterocyclic sulfonamide ring system
possessing two nitrogen atomputative hydrogen bond ac-
cepting groupssituatedortho and metaaround a phenylsul-
fonamide ring (e.g., 2,1,3-benzothiadiazole-4-sulfonyl or qui-
noxaline-5-sulfonyl ring systems).

Additionally, extensive SAR studies showed the importance
of anthranilic ring halogenation and lipophilicity of the amide
moiety to achieve high CCK-2 receptor affinity. Little to no
affinity of these compounds for the related CCK-1 receptor was

and were taken in CDght ambient temperature unless otherwise
noted. High-resolution mass spectra (HRMS) were determined on
a Bruker microTOF instrument with internal calibration based on
sodium formate ion clusters. Melting point determinations were
made using a Stanford Research Systems OptiMelt system and are
uncorrected. Combustion analyses were performed by NuMega
Resonance Labs, Inc., San Diego, CA. Bioanalytical quantitation
was performed via mass spectrometry using either a Finnigan
Quantum Ultra system (Thermo Electron Corp.) or an API-4000
system (Applied Biosystems).

General Procedure for the Preparation of Anthranilic Piperi-
dine Amides 11 from Isatoic Anhydrides 18.To a stirred solution
of isatoic anhydride X8; 1 equiv) in 5:1 THF and DMF (0.2 M
final concentration) was added DMAP (0.1 equiv) and piperidine
(1 equiv). The reaction mixture was stirred at room temperature
for 16 h. Ethyl acetate was added, and the organic layer was washed
with H,O (2x), dried (MgSQy), filtered, and concentrated in vacuo
to yield crude anthranilic piperidine amidel and used directly
without further purification.

General Procedure for Sulfonamide Formation, Method A:
Purification by Silica Gel Chromatography. The sulfonyl chloride
(1 equiv) was added to a solution of anthranilic piperidine amide

observed. In vitro measures of membrane permeability and log 11 (1 equiv) and pyridine (1.1 equiv) in DCM or DCE (0.1 M final
D predict that compounds in this series are expected to haveconcentration). The mixture was left standing overnight at ambient
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temperature. Then the volatiles were stripped in vacuo, and the provide the title sulfonamide as an amorphous solid (30 mg, 0.062

resulting oil was taken up in EtOAc and washedhwit N HCI.
The organic layer was dried (Mg3)Qfiltered, concentrated, and
purified on silica gel (MPLC, hexanes/EtOAc) to provide sulfona-
mides.

General Procedure for Sulfonamide Formation, Method B:
Purification by Resin Capture. To a solution of the aniliné1 (1
equiv) in DCM (0.2 M) and pyridine (5 equiv) was added
arylsulfonyl chloride (2 equiv) in a 20 mL vial, and the sealed

mmol, 25%). HPLC:tg = 9.67 min (-99%). MS (ESI): m/z 481
[M + H]*, 503 [M + Na]*. *H NMR (400 MHz, CDC}; rotameric
broadening)o 8.67 (s, 1H), 8.23 (dd] = 8.8, 1.1 Hz, 1H), 8.21
(dd,J=7.0, 1.1 Hz, 1H), 7.67 (dd]l = 8.8, 7.0 Hz, 1H), 7.53 (d,
J = 8.8 Hz, 1H), 7.40 (ddJ = 8.8, 2.3 Hz, 1H), 7.17 (d) = 2.3
Hz, 1H), 3.75-2.65 (br m, 4H), 1.961.30 (br m, 6H). Anal.
(C13H17BFN403SZ) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-

reaction mixture was shaken at room temperature for several hourszoyl]-piperidine (4). Compound4 was prepared frorh1d (59 mg,

until the reaction was complete, as indicated by TLC analysis.
Excess sulfonyl chloride was removed by the addition of 5 equiv
of PS-trisamine resin (tris-(2-aminoethyl)-amine polystyrene; 3.0
mmol/g; Biotage AB, Sweden), shaking for 1 h, followed by
filtration to remove resin. The crude sulfonamide was purified by
the addition of 5 equiv of TBD-methyl polystyrene resin (1,5,7-
triazabicyclo[4.4.0]dec-5-ene polystyrene; Merck Biosciences AG;
2—3 mmol/g) in DCM, agitation for 1 h, filtration and washing of
the resin with DCM (X), and finally release of the purified
sulfonamide product by treating the resin with a 10% trifluoroacetic
acid solution in DCM for 30 min, followed by filtration and removal
of solvent under reduced pressure.

General Procedure for HATU-Mediated Amide Bond For-
mation: Conversion of Benzoic Acids 16 and 17 to Sulfonamides
24—26.To a solution of carboxylic acid6 or 17 in DMF (0.1—

0.2 M) were added pyridine (3 equiv) and HATU (2 equiv). If the
amine was in a salt form, DIPEA (2 equiv) was also added. The
mixture was agitated fol h on ashaker. The desired amine (2
equiv) was then added. Agitation was continued for 1 h. After
quenching with trifluoroacetic acid, the mixture was diluted with
DMF and purified by preparative reversed-phase HPLC.

General Procedure for the Reduction of Nitroarenes to
Anilines. A solution of the nitroarene (1 equiv) in EtOAc/DCM
(3:1, 0.1 M) was treated with solid Sn&2H,0O (5 equiv). The

0.25 mmol), pyridine (0.030 mL, 0.38 mmol), and 2,1,3-benzothia-
diazole-4-sulfonyl chloride (61 mg, 0.26 mmol), as described in
the general procedure for sulfonamide formation, method A. The
product was further purified by preparative reversed-phase HPLC
(acetonitrile/water, 0.05% trifluoroacetic acid (TFA)) to provitle
as a solid (31 mg, 0.071, 28%). Mp 14245°C. HPLC-A: tr =
9.63 min (-99%). MS (ESI): V2437 [M + H]*, 459 [M+ NaJ*.
IH NMR (400 MHz, CDC}; rotameric broadening}i 9.01 (s, 1H),
8.17 (dd,J = 7.0, 1.0 Hz, 1H), 8.13 (dd) = 8.8, 1.0 Hz, 1H),
7.59 (dd,J = 8.8, 7.0 Hz, 1H), 7.56 (dd) = 1.5, 0.6 Hz, 1H),
6.89 (abx,J = 8.0, 1.5, 0.6 Hz, 2H), 3.762.70 (br s, 4H), 1.76
1.30 (br m, 6H). Anal. (GH17CIN4OsS,) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-bromoben-
zoyl]-piperidine (5). Compound was prepared from 4-bromo-2-
aminobenzoic acid piperidine amidélEe 145 mg, 0.51 mmol),
pyridine (0.062 mL, 0.76 mmol), and 2,1,3-benzothiadiazole-4-
sulfonyl chloride (129 mg, 0.55 mmol), as described in the general
procedure for sulfonamide formation to provide the title sulfonamide
as an off-white solid (180 mg, 0.37 mmol, 74%). HPLC-t =
9.68 min ¢99%). MS (ESI): n/z 481/483 [M+ H]*, 503 [M +
Na]*; negative ionm/z 479/481 [M— H]~. IH NMR (400 MHz,
CDCls; rotameric broadening)) 8.95 (s, 1H), 8.25 (dd) = 7.0,
1.0 Hz, 1H), 8.21 (ddJ = 8.8, 1.0 Hz, 1H), 7.80 (d] = 1.8 Hz,
1H), 7.68 (dd,J = 8.8, 7.0 Hz, 1H), 7.14 (dd] = 8.2, 1.8 Hz,

mixture was stirred at ambient temperature for 12 h and then poured1H), 6.90 (d,J = 8.2 Hz, 1H), 3.76-2.70 (br m, 4H), 1.86-1.30

cautiously into saturated aqueous NaHCThe resulting gelatinous
emulsion was filtered through a pad of Celite, and the biphasic
filtrate was extracted with DCM (%). The combined organic
extracts were dried (N80O,) and concentrated in vacuo, affording
the anilines that were purified by silica gel chromatography (MPLC,
EtOAc in hexanes, gradient).
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-5-chloroben-
zoyl]-piperidine (1). The preparation from 1-(2-amino-5-chlo-
robenzoyl)piperidine)1a 60 mg, 0.25 mmol) and 2,1,3-benzothi-
adiazole-4-sulfonyl chloride (61 mg, 0.26 mmol), as described in
the general procedure for sulfonamide formation, method A,
provided the product (41 mg, 0.094 mmol, 38%). MS (ESt)z
437/439 [M+ H]*, 459/461 [M+ Na]*. HPLC-A: tg = 9.56 min
(>99%). IH NMR (400 MHz, CDC}; rotameric broadening)d
8.68 (s, 1H), 8.25 (dd] = 8.8, 1.0 Hz, 1H), 8.22 (dd} = 7.1, 1.2
Hz, 1H), 7.69 (ddJ = 8.8, 7.1 Hz, 1H), 7.61 (d] = 8.8 Hz, 1H),
7.28 (dd,J = 8.8, 2.4 Hz, 1H), 7.04 (d] = 2.4 Hz, 1H), 3.6-2.8
(br m, 4H), 1.60 (br s, 2H), 1.45 (br m, 4H). Anal. (&~
CIN4OsS;) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-benzoyl]-pi-
peridine (2). Compound was prepared from 1-(2-aminobenzoyl)-
piperidine (1b; 51 mg, 0.25 mmol) and 2,1,3-benzothiadiazole-
4-sulfonyl chloride (61 mg, 0.26 mmol) in 1.5 mL DCE, as

(br m, 6H) Anal. (Q8H17BrN403&) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)methylamino]-4-bro-
mobenzoyl]-piperidine (6).To a solution o6 (24 mg, 0.050 mmol)
in DMF (1 mL) was added GE€0Os (33 mg, 0.12 mmol) and Mel
(0.01 mL, 0.16 mmol). The mixture was stid€ h atambient
temperature, poured into aqueol N HCI, and extracted twice
with EtOAc. The combined organic layers were dried {8(@,)
and concentrated to provide the crude product as a white paste.
The crude material was triturated with cold MeOH to g&v€16
mg, 0.032 mmol, 64%) as a white powder, which was collected by
suction filtration and air-dried. HPLC-Atg = 9.40 min (=99%).
MS (ESI): m/z 496 [M + H]*. 'H NMR (400 MHz, CDC};
rotameric broadening} 8.30 (dd,J = 8.8, 1.0 Hz, 1H), 8.18 (dd,
J=7.1, 1.0 Hz, 1H), 7.72 (dd] = 8.8, 7.1 Hz, 1H), 7.47 (dd]
= 8.2, 1.9 Hz, 1H), 7.14 (d) = 8.2 Hz, 1H), 7.02 (dJ = 1.9 Hz,
1H), 3.94-3.85 (br m, 1H), 3.47 (s, 3H), 3.43.20 (br m, 3H),
3.43-3.20 (br m, 3H), 1.761.53 (br m, 5H), 1.521.39 (br m,
1H) Anal. (CinggBrN40382) C, H, N.
1-[3-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-piperidine (7). To a stirred solution of 3-amino-4-chloroben-
zoic acid (0.5 g, 2.91 mmol) in acetonitrile (10 mL) and DMF (10
mL) was added EDC (0.67 g, 3.50 mmol) and piperidine (0.34 mL,
3.50 mmol). The reaction mixture was stirred at room temperature

described in the general procedure for sulfonamide formation (26 for 16 h. NaOH (1 M) was added, and the aqueous layer was

mg, 0.065 mmol; 26%). MS (ESI)m/z 403.2 [M + H]*, 425.2
[M + Na]*. HPLC-A: tr = 8.93 min (96%)*H NMR (400 MHz,
CDCl;; rotameric broadening)) 8.84 (s, 1H), 8.20 (dd) = 4.0,
1.0 Hz, 1H), 8.19 (ddJ = 5.8, 1.0 Hz, 1H), 7.64 (ddl= 7.0, 8.8
Hz, 1H), 7.60 (dJ = 8.2 Hz, 1H), 7.27 (m, 2H), 7.01 (m, 2H),
3.6-2.8 (br m, 4H), 1.57 (m, 2H), 1.42 (br s, 4H). Anal.
(C1H18N403S;) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-5-bromoben-
zoyl]-piperidine (3). Compound3 was prepared frorilc(71 mg,
0.25 mmol), pyridine (0.031 mL, 0.38 mmol), and 2,1,3-benzothia-
diazole-4-sulfonyl chloride (61 mg, 0.26 mmol), as described in
the general procedure for sulfonamide formation, method A, to

extracted with EtOAc. The organic layer was washed witl©OH
(2x), dried (MgSQy), filtered, and concentrated in vacuo. The
resulting oil was purified on silica gel to provide 1-(3-amino-4-
chlorobenzoyl)-piperidine (0.31 g, 1.3 mmol, 45%). MS (EStyz
239 [M + H]*, 261 [M + Na]t. 'H NMR (400 MHz, CDC};
rotameric broadening)} 7.24 (d,J = 8.1 Hz, 1H), 6.79 (dJ =
1.9 Hz, 1H), 6.67 (ddJ = 8.1, 1.9 Hz, 1H), 4.13 (br s, 2H), 3.67
(br s, 2H), 3.34 (br s, 2H), 1.66 (br s, 4H), 1.50 (br s, 2H).

The title compound?) was prepared from 2,1,3-benzothiadia-
zole-4-sulfonyl chloride (300 mg, 1.30 mmol) and 3-amino-4-
chlorobenzoic acid piperidine amide (0.31 g, 1.3 mmol) and
purified, as decribed in the general procedure for sulfonamide
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preparation, method A, to provide the product as an amorphous benzothiadiazole-4-sulfonyl chloride (69 mg, 0.31 mmol) and

solid (220 mg, 0.50 mmol, 38%). HPLC-Bg = 3.72 min ¢99%).
MS (ESI): m/z 437 [M + H]*, 459 [M + Na]*. 'H NMR (400
MHz, CDCl; rotameric broadening)) 8.26-8.22 (m, 2H), 7.91
(s, 1H), 7.71 (dJ = 1.9 Hz, 1H), 7.66 (ddJ = 8.8, 7.0 Hz, 1H),
7.20 (d,J = 8.2 Hz, 1H), 7.01 (ddJ = 8.2, 1.8 Hz, 1H), 3.67 (br
s, 2H), 3.27 (br s, 2H), 1.69 (br s, 4H), 1.53 (br s, 2H). HRMS
(ESI): calcd for GgH17N4OsS,Cl [M + H]*, 437.0503; found,
437.0503.
1-[4-Bromo-2-[5-methyl(2,1,3-benzothiadiazol-4-ylsulfonyl)-
amino]-benzoyl]-piperidine (19a). Compoundl9awas prepared
from 11e (150 mg, 0.53 mmol), 5-methylbenzo[2,1,3]thiadiazole-
4-sulfonyl chloride (130 mg, 0.53 mmol), and pyridine (0.22 mL,

purified as described in the general procedure for sulfonamide

formation, method A, to provide the product as a yellow oil, which

solidified upon standing (90 mg, 0.21 mmol, 71%). HPLC-#:

= 9.69 min >99%). MS (ESI): m/z 421 [M + H]*, 443 [M +

NaJ*. IH NMR (400 MHz, CDC}): 6 9.01 (br s, 1H), 8.04 (dd]

= 2.9, 0.7 Hz, 1H), 8.02 (dd] = 5.2, 0.8 Hz, 1H), 7.68 (dd] =

1.7, 0.5 Hz, 1H), 7.48 (dd] = 9.1, 6.8 Hz, 1H), 7.0£6.95 (m,

2H), 3.36-3.00 (m, 4H), 1.62-1.54 (m, 2H), 1.471.34 (m, 4H).

Anal. (CgH17CIN4O,S-0.1GH14) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-5-ylsulfonyl)amino]-4-bromoben-

zoyl]-piperidine (21). Compound21 was prepared fromi1e (50

mg, 0.18 mmol), 2,1,3-benzothiadiazole-5-sulfonyl chloride (85 mg,

0.22 mmol), as described in the general procedure for sulfonamide 353 mmol), and pyridine (0.10 mL, 1.2 mmol) and purified as

preparation, method A. This material was further purified by
trituration with E$O to providel9aas a colorless solid (130 mg,
0.26 mmol, 49%)H NMR (400 MHz, CDC}; rotameric broaden-
ing): 6 9.09 (s, 1H), 8.05 (dJ = 7.2 Hz, 1H), 7.78 (dJ = 1.5 Hz,
1H), 7.50 (dJ = 7.2 Hz, 1H), 7.14 (dd) = 6.5, 1.5 Hz, 1H), 6.93
(d,J= 6.5 Hz, 1H), 3.6-3.8 (br m, 4H), 2.93 (s, 3H), 1.441.65
(br m, 6H). MS (ESI):m/z496.3 (MH)". Anal. (CigH19BrN4O3S;)
C, H, N.
1-[4-Bromo-2-[7-methyl(2,1,3-benzothiadiazol-4-ylsulfonyl)-
amino]-benzoyl]-piperidine (19b). Compoundl9b was prepared
from 7-methylbenzo[2,1,3]thiadiazole-4-sulfonyl chlofi€130
mg, 0.53 mmol) and 1e(150 mg, 0.53 mmol), as described in the

described in the general procedure for sulfonamide formation,
method B, to yiel®21 as an amorphous solid (20 mg, 0.042 mmol,
24%). MS (ESI):m/z481 [M + H] ', 503 [M + Na]. HPLC-A: tg
= 9.69 min ¢#99%). HPLC-B: tr = 4.07 min (-99%).H NMR
(400 MHz, CDC}; rotameric broadening)® 9.01 (s, 1H), 8.58
(d,J= 1.8 Hz, 1H), 8.10 (dJ = 9.2 Hz, 1H), 7.98 (ddJ = 9.2,
1.8 Hz, 1H), 7.91 (dJ = 1.8 Hz, 1H), 7.23 (ddJ = 8.2, 1.8 Hz,
1H), 6.96 (d,J = 8.2 Hz, 1H), 3.15 (br s, 4H), 1.571.51 (br m,
6H). HRMS (ESI): calcd for GH1sBrN,OsS; [M + H]*, 480.9998;
found, 480.9981.
1-[4-Bromo-2-[(isoquinolin-5-ylsulfonyl)amino]-benzoyl]-pi-
peridine (22a). Compound22awas prepared fromi1e (100 mg,

general procedure for sulfonamide preparation, method A. The 0.35 mmol), pyridine (0.14 mL, 1.8 mmol), and isoquinoline-5-

product was further purified by trituration with ether providibgb
as a light yellow solid (200 mg, 0.40 mmol, 75%). Mp 16B65
°C. ™H NMR (500 MHz, CDC}; rotameric broadening) 8.92
(s, 1H), 8.18 (dJ = 7.2 Hz, 1H), 7.82 (dJ = 1.8 Hz, 1H), 7.42
(dd,J=7.2, 1.0 Hz, 1H), 7.14 (dd] = 8.2, 1.8 Hz, 1H), 6.92 (d,
J = 8.2 Hz, 1H), 3.72.8 (br m, 4H), 2.80 (dJ = 1.0 Hz, 3H),
1.8-1.2 (br m, 6H). MS (ESI):m/z 496 (MH)". Anal. (GHzo
BrNs;OsS) C, H, N.
1-[2-[7-Bromo(2,1,3-benzothiadiazol-4-ylsulfonyl)amino]-4-
bromobenzoyl]-piperidine (19¢). Compound19c was prepared
from 7-bromobenzo[2,1,3]thiadiazole-4-sulfonyl chlofiti®.28 g,
0.91 mmol) andL1e(0.26 g, 0.91 mmol) and purified as described
in the general procedure for sulfonamide preparation, method A,
affording 19¢ (120 mg, 0.21 mmol, 23%)H NMR (500 MHz,
CDCl;; rotameric broadening)) 9.02 (s, 1H), 8.23 (dJ = 7.6
Hz, 1H), 7.95 (dJ = 7.6 Hz, 1H), 7.81 (dJ = 1.8 Hz, 1H), 7.18
(dd,J = 8.2, 1.8 Hz, 1H), 6.93 (d) = 8.2 Hz, 1H), 2.8-3.7 (br
m, 4H), 1.58-1.65 (br m, 2H), 1.351.57 (br m, 4H). MS (ESI):
m/z 560.8 (I\/lH)+ Anal. (ClngeBr2N40352) C,H, N.
1-[4-Bromo-2-[5-fluoro(2,1,3-benzothiadiazol-4-ylsulfonyl)-
amino]-benzoyl]-piperidine (19d). A solution of 5-fluorobenzo-
[2,1,3]thiadiazole (1.0 g, 6.5 mmol) and chlorosulfonic acid (2 mL)
was heated to 14€C for 2 h. The dark mixture was then allowed
to cool to 23°C and was carefully poured over crushed ice. The
resulting precipitate was collected and recrystallized from EtOAc/
hexanes to provide 5-fluoro[2,1,3]thiadiazole-4-sulfonyl chloride
as a tan solid (250 mg, 15%).

The sulfonyl chloride (0.15 g, 0.60 mmol) was immediately
treated with11e(0.16 g, 0.57 mmol) and purified as described in
the general procedure for sulfonamide formation, method A. The
product was then triturated with 3 to providel9d as a colorless
solid (180 mg, 0.35 mmol, 62%). Mp 164.65°C. 'H NMR (500
MHz, CDCl;; rotameric broadening) 9.24 (s, 1H), 8.20 (dd] =
7.6, 3.7 Hz, 1H), 7.87 (dJ = 1.8 Hz, 1H), 7.53 (tJ = 9.9 Hz,
1H), 7.16 (dd,J = 8.2, 1.8 Hz, 1H), 6.98 (dJ = 8.2 Hz, 1H),
3.00-3.70 (br m, 4H), 1.451.70 (br m, 6H)*3C NMR (100 MHz,
CDCl): 6 167.1, 162.7, 160.5, 151.8, 150.1, 136.7, 128.9, 127.7,

sulfonyl chloride (160 mg, 0.70 mmol; prepared from isoquinoline-
5-sulfonyl chloride hydrochloride, 0.18 g, and aqueous NaglCO
followed by extraction with DCM) and purified as described in
the general procedure for the preparation of sulfonamides, method
A, providing 22a as a colorless solid (13 mg, 0.027 mmol, 8%).
Mp 196-197°C. 'H NMR (500 MHz, CDC}; rotameric broaden-
ing): 6 9.34 (s, 1H), 9.21 (br s, 1H), 8.75 (@= 4.9 Hz, 1H), 8.42
(d,J=6.0 Hz, 1H), 8.37 (d) = 7.2 Hz, 1H), 8.17 (dJ = 7.9 Hz,
1H), 7.87 (d,J = 1.3 Hz, 1H), 7.64 (tJ = 7.6 Hz, 1H), 7.16 (d,
J = 7.3 Hz, 1H), 6.86 (dJ = 8.0 Hz, 1H), 3.21 (br s, 2H), 2.53
(br s, 2H), 1.46-1.55 (br m, 3H), 0.961.15 (br m, 3H). MS
(ESI): m'z 475.3 (MH)". Anal. (GH20BrNsOsS) C, H, N.
1-[4-Chloro-2-[(quinolin-8-ylsulfonyl)amino]-benzoyl]-piperi-
dine Trifluoroacetic Acid Salt (22b). Compound22b prepared
from 11d (50 mg, 0.21 mmol), pyridine (1.3 mmol, 0.10 mL), and
quinoline-8-sulfonyl chloride (95 mg, 0.42 mmol), as described in
the general procedure for sulfonamide formation, method B, to
provide the title compound as a TFA salt (71 mg, 0.17 mmol, 80%).
HPLC-A: tg = 9.69 min (¢97%). HPLC-B: tr = 4.87 min
(>99%). MS (ESI): m/z 430 [M + H]*. *H NMR (400 MHz,
CDCls; rotameric broadening)) 10.70 (br s, NH+ TFA), 9.39
(d,J=4.1Hz, 1H), 8.88 (dJ = 8.2 Hz, 1H), 8.47 (dJ = 7.2 Hz,
1H), 8.31 (d,J = 8.2, 1H), 8.02 (ddJ = 5.0, 8.0 Hz, 1H), 7.83
(tapp J = 7.8 Hz, 1H), 7.53 (br s, 1H), 7.15 (d,= 7.5 Hz, 1H),
7.01 (d,J = 8.2 Hz, 1H), 3.42 (br s, 2H), 3.16 (br s, 2H), 6.2
(m, 6H). HRMS (ESI): calcd for §H2oCIN3O3S [M + H],
430.0987; found, 430.0980.
1-[4-Bromo-2-[(quinolin-5-ylsulfonyl)amino]-benzoyl]-piperi-
dine (22c).Compound22cprepared fromile(0.17 g, 0.69 mmol)
and 32 (0.17 g, 0.76 mmol) and purified following the general
procedure for the preparation of sulfonamides, method A, to afford
22cas a colorless solid (260 mg, 0.55 mmol, 80%). Mp 1882
°C.H NMR (500 MHz, CDC}; rotameric broadening)) 8.98—
9.10 (m, 3H), 8.29 (dJ = 8.5 Hz, 1H), 8.21 (ddJ = 7.3, 0.8 Hz,
1H), 7.88 (dJ = 1.6 Hz, 1H), 7.16 () = 7.9 Hz, 1H), 7.59-7.64
(m, 1H), 7.18 (ddJ = 8.1, 1.2 Hz, 1H), 6.86 (d] = 8.2 Hz, 1H),
2.30-3.30 (br m, 4H), 1.051.55 (br m, 6H). MS (ESI)m/z475.9

127.6,126.9, 124.8, 123.8, 123.6, 121.8, 121.6, 116.8, 116.7, 26.0,(MH)*. Anal. (G1H20BrN3O5S) C, H, N.

24.3. HPLC-A: tg = 9.45, >99%. HPLC-B: tg = 4.08, >99%.
HRMS (ESI): calcd for GgH17/BrFN,O3S; [M + H]*, 498.9904;
found, 498.9884.
1-[2-[(2,1,3-Benzooxadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-piperidine (20). Compound20 was prepared fromi1d (72
mg, 0.30 mmol), pyridine (0.036 mL, 0.45 mmol), and 2,1,3-

1-[4-Bromo-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-piperi-
dine (22d). Compound22d was prepared fron29 (0.15 g, 0.64
mmol) and11e (180 mg, 0.64 mmol) and purified as described in
the general procedure for sulfonamide formation, method A, to
provide22d as a pale yellow solid (0.049 g, 0.10 mmol, 16%;.
NMR (500 MHz, CDC}; rotameric broadening)) 9.07 (d,J =
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1.8 Hz, 1H), 9.05 (br s, 1H), 9.00 (d,= 1.8 Hz, 1H), 8.49 (dd,
J=7.0, 1.5 Hz, 1H), 8.34 (dd] = 8.4, 1.4 Hz, 1H), 7.87 (dd]
= 8.4, 7.4 Hz, 1H), 7.84 (dJ = 1.5 Hz, 1H), 7.15 (ddJ = 8.0,
1.6 Hz, 1H), 6.89 (dJ = 8.0 Hz, 1H), 3.31 (br m, 2H), 2.86 (br
m, 2H), 1.41 (br m, 6H). MS (ESI)mVz 475.3 (MH)", 497 (M +
Na)*. Anal. (ConlgBrN403$) C,H, N.
1-[4-Bromo-2-[[naphthalen-1-ylsulfonyllamino]benzoyl]-pi-
peridine (22e). Compound22e was prepared fronile (50 mg,
0.35 mmol), naphthalene-1-sulfonyl chloride (79 mg, 0.35 mmol),
and pyridine (0.50Q«L, 6.0 mmol) and purified as described in
the general procedure for sulfonamide formation, method B, to yield
22eas an amorphous solid (52 mg, 0.11 mmol, 31%). MS (ESI):
m/z 473 [M + H]*, 495 [M + Na] *. HPLC-A: tg = 10.26 min
(>99%). HPLC-B: tr = 4.36 min -99%).'H NMR (400 MHz,
CDCl;; rotameric broadening)) 9.01 (s, 1H), 8.65 (dJ = 8.6
Hz, 1H), 8.18 (ddJ = 7.3, 1.0 Hz, 1H), 8.09 (d] = 8.2 Hz, 1H),
7.93-7.92 (m, 2H), 7.72 (dty = 7.0, 1.2 Hz, 1H), 7.61 () = 7.2
Hz, 1H), 7.46 (tJ = 7.8 Hz, 1H), 7.14 (dd, 1H]) = 8.2, 1.8 Hz),
6.82 (d,J = 8.2, 1H), 3.14 (br s, 2H), 2.40 (br s, 2H), 141.07
(br m, 6H). Anal. Calcd for gH»1BrN,OsS (C, H, N): C, 55.82;
H, 4.47; N, 5.92. Found: C, 55.45; H, 4.66; N, 6.11. HRMS
(ESI): caled for GoHz:BrN,OsS [M + H]*, 473.0529; found,
473.0529.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-3-chloroben-
zoyl]-piperidine (23a). Compound23awas prepared from aniline
111 (0.25 mmol, 60 mg), pyridine (0.031 mL, 22 mg), and 2,1,3-
benzothiadiazole-4-sulfonyl chloride (0.26 mmol, 61 mg) and
purified as described in the general procedure for sulfonamide
formation, method B, to prove2Dacontaminated with about 10%
of 111 (2.9 mg, 0.0066 mmol, 3%). HPLC-Ar = 8.29 min (90%).
HPLC-B: tg = 3.58 min (91%). MS (ESI):m/z 437 [M + H]*,
459 [M + NaJ*. *H NMR (400 MHz, CDC}): ¢ 8.32 (dd,J =
8.83, 1.05 Hz, 1H), 8.20 (dd, = 7.02, 1.04 Hz, 1H), 7.75 (br s,
1H), 7.43 (d,J = 1.86 Hz, 1H), 7.41 (dJ = 1.86 Hz, 1H), 7.3%+
7.26 (m, 1H), 4.03-3.13 (m, 5H), 1.931.50 (m, 6H). HRMS
(ESI): calcd for GgH17CIN4O3S, [M + H]*, 437.0503; found,
437.0506.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-3-methylben-
zoyl]-piperidine (23b). Compound23bwas prepared from aniline
11m (55 mg, 0.25 mmol), pyridine (0.031 mL, 22 mg), and 2,1,3-
benzothiadiazole-4-sulfonyl chloride (61 mg, 0.26 mmol) and
purified as described in the general procedure for sulfonamide
formation, method B, to provide the title compound (21 mg, 0.050
mmol, 20%). HPLC-A: tr = 8.59 min ¢#99%). HPLC-B: tr =
3.94 min (98%). MS (ESI):m/z 417 [M + H]*, 439 [M + Nal*,
855 [2M + Na]*. *H NMR (400 MHz, CDC}): 6 8.24 (dd,J =
8.82, 1.06 Hz, 1H), 8.08 (dd, = 6.99, 1.07 Hz, 1H), 8.06 (br s,
1H), 7.68 (dd,J = 8.81, 7.01 Hz, 1H), 7.30 (d}, = 1.06 Hz, 1H),
7.16 (t,J = 7.61, 7.61 Hz, 1H), 6.92 (dd,= 7.52, 1.01 Hz, 1H),
3.6-3.0 (m, 4H), 2.41 (s, 3H), 1.721.49 (m, 2H), 1.451.28 (m,
4H). HRMS (ESI): calcd for GH20N4O3S; [M + H]*, 417.1050;
found, 417.1052.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-6-chloroben-
zoyl]-piperidine (23c). To a solution of 2-amino-6-chlorobenzoic
acid (1.2 g, 7.0 mmol) in acetonitrile (17 mL) was added piperidine
(0.63 mL, 6.3 mmol), followed by EDC (1.46 g, 7.6 mmol) and
DMF (21 mL). The mixture was stirred at ambient temperature
overnight. An additional 20 mol % piperidine and EDC was added,
and the reaction mixture was stirred 3 h. The mixture was diluted
with EtOAc and washed repeatedly tvit N NaOH and then brine.
The organic layer was dried (M&Qy), filtered, and purified on
silica gel (MPLC, hexanes/EtOAc, ¥50%) to providellk as a
white solid (0.21 g), which was used directly.

The title compound was prepared from amidik (60 mg, 0.25
mmol), 2,1,3-benzothiadiazole-4-sulfonyl chloride (61 mg, 0.26
mmol), and pyridine (0.031 mL, 0.38 mmol) and purified as
described in the general procedure for sulfonamide formation,
method A, to provide the title sulfonamide as an off-white solid (3
mg, 0.007 mmol, 3%). HPLC-Aitg = 9.15 min ¢99%). MS
(ESI): mz437 [M + H]*, 459 [M + Na]*. 'H NMR (400 MHz,
CDClg; rotameric broadening)) 8.24 (dd,J = 3.3, 1.0 Hz, 1H),
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8.23 (dd,J=1.6, 1.0 Hz, 1H), 7.71 (s, 1H), 7.68 (d#l= 8.7, 7.2
Hz, 1H), 7.31 (ddJ = 8.1, 1.0 Hz, 1H), 7.16 (dd} = 8.1, 8.1 Hz,
1H), 7.10 (dd,J = 8.1, 1.0 Hz, 1H), 3.67 (m, 1H), 3.54 (m, 1H),
3.16 (m, 1H), 3.02 (m, 1H), 1.65 (m, 5H), 1.48 (m, 1H). HRMS
(ESI) calcd for GgH17N4CIOsS, [M + H]+, 437.0503; found,
437.0518.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(benzyl-
amino)benzoyl]-piperidine (23d).To a stirred solution 023g (50
mg, 0.12 mmol) in DCM (2 mL) was added benzaldehydey L8
0.18 mmaol), acetic acid (28L, 0.48 mmol), and sodium triac-
etoxyborohydride (51 mg, 0.24 mmol). The reaction mixture was
stirred at room temperature for 16 h. Saturated Naki€@ution
was added, and the aqueous layer was extracted with EtOAc (3
The organic layer was removed, dried, and purified by preparative
reversed-phase HPLC (acetonitrile/water, 0.05% TFA) to afford the
titte compound (26 mg, 0.051 mmol, 43%). Mp 16870 °C.
HPLC-A: tg = 7.67 min ¢99%). MS (ESI): m/z508 [M + H]*.
IH NMR (500 MHz, CDC}; rotameric broadening}i 9.61 (s, 1H),
8.15 (d,J = 8.0 Hz, 1H), 8.01 (dJ = 7.0 Hz, 1H), 7.55 (ddJ =
8.7, 7.1 Hz, 1H), 7.37#7.31 (m, 5H), 6.92 (dJ = 1.8 Hz, 1H),
6.85 (d,J = 8.4 Hz, 1H), 6.20 (m, 1H), 4.33 (s, 2H), 3.18 (br s,
4H), 1.55 (br m, 3H), 1.42 (br s, 4H). Anal. £61,5Ns05S;) C, H,
N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-methoxy-
benzoyl]-piperidine (23e).Compound10r (70 mg, 0.27 mmol)
was reduced with SngPH,O (300 mg, 1.32 mmol) as described
in the general procedure for nitroarene reduction to afford crude
11r (49 mg, 0.21 mmol; MS (ESI)m/z235 [M + H]*, 257 [M +
Na]"), which was used directly in the next step. The title compound
was prepared from1r (49 mg, 0.21 mmol), pyridine (0.034 mL,
0.32 mmol), and 2,1,3-benzothiadiazole-4-sulfonyl chloride (61 mg,
0.26 mmol), as described in the general procedure for the prepara-
tion of sulfonamides, method A, to gi#8eas a white solid (40
mg, 0.093 mmol, 44%). Mp 164167 °C. MS (ESI): mz433 [M
+ H]*, 455 [M + Na]". HPLC-A: tg = 9.08 min (-99%). 'H
NMR (400 MHz, CDC}; rotameric broadening)) 9.34 (s, 1H),
8.23 (dd,J = 7.0, 1.0 Hz, 2H), 7.66 (m, 1H), 7.22 (dd,= 5.5,
2.5 Hz, 1H), 6.98 (dJ = 12 Hz, 1H), 6.53 (ddJ = 8.6, 2.5 Hz,
1H), 3.79 (s, 3H), 3.263.10 (br s, 4H), 1.631.58 (m, 2H), 1.43
(br S, 4H) Anal. (G9H20N40432) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(cyclopen-
tyloxy)benzoyl]-piperidine (23f). Compound10s (60 mg, 0.19
mmol) in 1:1 DCM/EtOAc (8 mL), was reduced with Sp€H,0
(210 mg, 0.94 mmol) as described in the general procedure for
nitroarene reduction to provide crudli#s(40 mg, 0.14 mmol, 73%).
This material was used directly in the subsequent reaction. The
title compound was prepared frofirls (40 mg, 0.14 mmol) and
2,1,3-benzothiadiazole-4-sulfonyl chloride (40 mg, 0.17 mmol) and
purified as described in the general preparation of sulfonamides,
method A, to give23fas an amorphous solid (10 mg, 0.020 mmol,
15%). HPLC-A: tg = 10.45 min ¢99%). HPLC-B: tr = 4.46
min (>99%). MS (ESI): 'z 487 [M + H]*, 509 [M + Na]*. *H
NMR (400 MHz, CDC}; rotameric broadening)) 9.35 (s, 1H),
8.22 (dd,J = 7.0, 1.0 Hz, 2H), 7.66 (m, 1H), 7.18 (4= 2.5 Hz,
1H), 6.93 (d,J = 12 Hz, 1H), 6.48 (ddJ = 8.6, 2.5 Hz, 1H),
4.73-4.69 (m, 1H), 3.16 (br s, 4H), 2.04 (m, 2H), 1.76 (m, 4H),
1.60 (m, 4H), 1.42 (m, 4H). HRMS (ESI): calcd fopdEl6N4O1S,
[M + H]*, 487.1468; found, 487.1475.
1-[4-Amino-2-[(2,1,3-benzothiadiazol-4-ylsulfonyl)amino]-
benzoyl]-piperidine (23g). Compound 23g was prepared via
reduction of23y (0.99 g, 2.2 mmol) with SnGi2H,0 (2.5 g, 11.1
mmol) and purified as described in the general procedure for
the reduction of nitroarenes to provi@3g (0.67 g, 1.61 mmol,
73%). MS (ESI): m/z 418 [M + H]*, 440 [M + Na]*. HPLC-A:
tr = 8.15 min -99%). HPLC-B: tr = 3.42 min (-99%).'H NMR
(400 MHz, CDC¥; rotameric broadening)d 9.80 (s, 1H), 8.40
(dd, J = 8.8, 1.0 Hz, 1H), 8.15 (dd) = 7.0, 1.0 Hz, 1H), 7.82
(dd,J = 8.8, 1.0 Hz, 1H), 6.77 (d) = 8.4 Hz, 1H), 6.74 (dJ =
2.2 Hz, 1H), 6.19 (ddJ = 8.4, 2.3 Hz, 1H), 5.75 (dJ = 2.3 Hz,
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2H), 2.96 (br s, 4H), 1.45 (br s, 2H), 1.24 (br s, 4H). HRMS
(ESI): calcd for GgHi1oNsO:S, [M + H]*, 418.1002; found,
418.0999.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(dimethyl-
amino)benzoyl]-piperidine (23h).To a stirred solution 023g(50
mg, 0.12 mmol) in DCM (2 mL) was added formaldehyde (37 wt
% in water; 0.45 mL, 6.0 mmol), sodium cyanoborohydride (1.0
Min THF; 1.8 mL, 1.8 mmol), and acetic acid (&8). The reaction dine amide 1{1h; 0.217 g, 0.882 mmol) was coupled with 2,1,3-
mixture was stirred fo3 h atroom temperature. NaOH (1 M) was  benzothiadiazole-4-sulfonyl chloride (0.248 g, 1.06 mmol) and
added until the solution became basic. The mixture was taken uppyridine (0.105 g, 1.32 mmol), and the product was purified as
in DCM and washed with water and brine. The organic layer was described in the general procedure for sulfonamide formation,
removed, dried, and purified by preparative reversed-phase HPLC method A, to provide the title sulfonamide as a solid, which was

MHz, CDCls; rotameric broadening 8.95 (s, 1H), 8.21 (m, 2H),
7.65 (dd,J = 8.8, 7.0 Hz, 1H), 7.47 (d) = 1.3 Hz, 1H), 6.95 (d,
J= 7.8 Hz, 1H), 6.85 (ddJ = 7.9, 1.6 Hz, 1H), 3.14 (br s, 4H),
2.60 (m, 2H), 1.61 (m, 2H), 1.43 (br s, 4H), 1.17 Jt= 7.6 Hz,
SH) Anal. (CQ()H22N403SQ) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(2-propyl)-
benzoyl]-piperidine (23l). 4-Isopropyl-2-nitrobenzoic acid piperi-

(acetonitrile/water, 0.05% TFA) to afford the title compoualf)
as an amorphous solid (31 mg, 0.070 mmol, 58%). MS (EB8Ix
446 [M + H]*, 468 [M + Na]*. HPLC-A: tg = 9.14 min (-99%).
1H NMR (400 MHz, CDC}; rotameric broadening 9.61 (s, 1H),
8.22 (dd,J = 7.0, 1.0 Hz, 1H), 8.18 (ddj = 8.8, 1.0 Hz, 1H),
7.63 (dd,J = 8.8, 7.0 Hz, 1H), 6.95 (d] = 2.5, 7.0 Hz, 1H), 6.90
(d,J=8.7 Hz, 1H), 6.26 (dd, 8.7, 2.5 Hz, 1H), 3.16 (s, 4H), 2.95
(s, 6H), 1.56 (m, 2H), 1.42 (m, 4H). Anal. §#123Ns0sS,) C, H,
N.

1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(1-pyrrolo)-
benzoyl]-piperidine (23i). To a stirred solution oR23g (25 mg,
0.060 mmol) in glacial acetic acid (3 mL) was added 2,5-
dimethoxytetrahydrofuran (8L, 0.06 mmol). The reaction mixture
was heated to 12TC for 45 min after which it was cooled to room
temperature. The mixture was taken up in 4 mL of DCM and

recrystallized from absolute ethanol (227 mg, 0.511 mmol, 60%).
Mp 125-127°C. MS (ESI): m/z445 [M + H]*, 467 [M + Na]*,
911 [2M + Na]*. 'H NMR (400 MHz, CDC}; rotameric broaden-
ing): 0 8.22 (dd,J = 7.0, 1.0 Hz, 1H), 8.20 (dd] = 8.0, 1.0 Hz,
1H), 7.65 (dd,J = 8.8, 7.0 Hz, 1H), 7.49 (d] = 1.5 Hz, 1H), 6.96
(d,J = 7.9 Hz, 1H), 6.87 (ddJ = 7.9, 1.5 Hz, 1H), 3.38 (br s,
4H), 2.84 (m, 1H), 1.57 (m, 3H), 1.44 (m, 3H), 1.18 (U= 6.9
Hz, 6H) Anal. (Q1H24N403SZ) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-phenylben-
zoyl]-piperidine (23m). Compound10n (60 mg, 0.19 mmol) in
1:1 DCM/EtOAc (8 mL) was reduced with Sn2H,0 (218 mg,
0.97 mmol) as described in the general procedure for nitroarene
reduction to providd.1n (60 mg, 0.21 mmol), which was then taken
directly to next step without further purification. The title compound
was prepared from crudé&ln (60 mg, 0.21 mmol) and 2,1,3-

washed with water. The organic layer was removed, dried, and benzothiadiazole-4-sulfonyl chloride (50 mg, 0.21 mmol) and

purified by preparative reversed-phase HPLC (acetonitrile/water,

0.05% TFA) to afford the title compound as an amorphous solid
(12 mg, 0.026 mmol, 43%). MS (ESI)ynz 468 [M + H]*, 490
[M + NaJ*. HPLC-A: tr = 9.71 min ¢99%). HPLC-B: tgr =
4.15 min ¢99%).*H NMR (400 MHz, CDC}; rotameric broaden-
ing): 0 9.15 (s, 1H), 8.26 (dd] = 7.0, 1.0 Hz, 1H), 8.22 (dd] =
8.8, 1.0 Hz, 1H), 7.74 (d) = 2.1 Hz, 1H), 7.67 (dd) = 8.8, 7.0
Hz, 1H), 7.10 (dJ = 8.3 Hz, 1H), 7.05 (m, 3H), 6.35 ( = 2.2
Hz, 2H), 3.23 (br s, 4H), 1.61 (m, 2H), 1.48 (br s, 4H). HRMS
(ESI): caled for G,HxNsO3S, [M + H]*, 468.1159; found,
468.1138.

1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-thiometh-
ylbenzoyl]-piperidine (23]). CompoundlOu (35 mg, 0.13 mmol)
in 1:1 DCM/EtOAc (6 mL) was reduced with Sn&2H,0 (141

purified as described in the general procedure for sulfonamide
formation, method A, to provid@3m as a white solid (81 mg,
0.17 mmol, 80.%). Mp 174177 °C. MS (ESI): m'z 479 [M +
H]*, 501 [M + Na]*. HPLC-A: tg = 10.02 min &99%).'H NMR
(400 MHz, CDC}; rotameric broadening) 9.00 (s, 1H), 8.22 (m,
2H), 7.89 (d,J = 1.61 Hz, 1H), 7.65 (ddJ = 8.8, 7.0 Hz, 1H),
7.52 (m, 2H), 7.44 (m, 2H), 7.37 (m, 1H), 7.25 (m, 1H), 7.11 (d,
J = 8.0 Hz, 1H), 3.22 (br s, 4H), 1.60 (m, 2H), 1.47 (br s, 4H).
Anal. (Q4H22N40352) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(2-furyl)-
benzoyl]-piperidine (23n). Compoundl0o (20 mg, 0.066 mmol)
was reduced with SngPH,0 as described in the general procedure
for nitroarene reduction to providelo (17 mg, 0.063 mmol). This
material was used directly in the subsequent reaction. The title

mg, 0.62 mmol) as described in the general procedure for the compound was prepared from crutito (17 mg, 0.063 mmol) and

reduction of nitroarenes to provide crutieu (30 mg, 0.12 mmol).

2,1,3-benzothiadiazole-4-sulfonyl chloride (30 mg, 0.11 mmol) and

This material was used directly in the subsequent reaction. The purified as decribed in the general procedure for sulfonamide
titte compound was prepared from 2,1,3-benzothiadiazole-4-sulfonyl preparation to provid@3n as an amorphous solid (12 mg, 0.026,

chloride (45 mg, 0.19 mmol) and crudd.u (30 mg, 0.12 mmol)

41%). HPLC-A: tg = 9.65 min (-99%). HPLC-B: tr = 4.17 min

and purified as described in the general procedure for sulfonamide (> 99%). MS (ESI): m/z469 [M + H]*, 491 [M + Na]*. 'H NMR

formation, method A, to provid@3j as an amorphous solid (22
mg, 0.050 mmol, 42%). MS (ESI)m/z449 [M + H]*, 471 [M +
NaJ*. HPLC-A: tg = 9.42 min (¢99%).'H NMR (400 MHz,
CDClg; rotameric broadening)i 9.13 (s, 1H), 8.22 (m, 2H), 7.66
(dd,J = 8.8, 7.0 Hz, 1H), 7.50 (dJ = 1.8 Hz, 1H), 6.94 (dJ =
8.2 Hz, 1H), 6.85 (ddJ = 8.2, 1.8 Hz, 1H), 3.17 (br s, 4H), 2.45
(s, 3H), 1.61 (m, 2H), 1.43 (br s, 4H). Anal. {§£1,0N40:S3) C, H,

N

1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-ethylben-
zoyl]-piperidine (23Kk). To a stirred solution of.Op (98 mg, 0.39
mmol) and methanol (15 mL) was added Pd on carbon (10 wt %,
25 mg). The reaction mixture was maintained unddr atm H
and stirred for 12 h. The mixture was filtered through Celite and
concentrated in vacuo to yielddq, which was immediately reduced
with SnCh-2H,0 as described in the general procedure for
nitroarene reduction to provide aniliddqgas a yellow oil (90 mg,

(400 MHz, CDCE; rotameric broadening) 9.01 (s, 1H), 8.26 (d,
J = 7.0 Hz, 1H), 8.20 (dJ = 8.8 Hz, 1H), 7.96 (s, 1H), 7.66 (t,
J=7.6 Hz, 1H), 7.49 (s, 1H), 7.32 (d,= 8.0, 1H), 7.05 (dJ =
8.0 Hz, 1H), 6.71 (dJ = 3.2 Hz, 1H), 6.48 (s, 1H), 3.14 (br s,
4H), 1.59 (m, 2H), 1.45 (br s, 4H). HRMS (ESI): calcd for
CoH20N4O4S, [M + H] T, 469.0999; found, 469.1029.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]naphthoyl]-
piperidine (230). Compound23owas prepared frorilw (263 mg,
1.03 mmol), 2,1,3-benzothiadiazole-4-sulfonyl chloride (295 mg,
1.24 mmol), and pyridine (0.242 mL, 3 mmol) and purified as
described in the general procedure for sulfonamide preparation,
method A, to provid®3oas an orange solid. Trituration and stirring
with methanol at ambient temperature overnight provig@das a
white powder (310 mg, 0.68 mmol, 66%). MS (ESHvz 453 [M
+ H]*, 475 [M+ NaJ". HPLC-A: tr = 9.7 min (> 99%).'H NMR
(400 MHz, CDC¥; rotameric broadening}i 8.88 (s, 1H), 8.26 (dd,

0.39 mmol). This material was used directly in the subsequent J=7.0, 1.0 Hz, 1H), 8.19 (dd] = 8.8, 1.0 Hz, 1H), 8.04 (s, 1H),

reaction. The title compound was prepared from crLitig(90 mg,
0.39 mmol) and 2,1,3-benzothiadiazole-4-sulfonyl chloride (180 mg,

7.76 (d,J = 8.2 Hz, 1H), 7.67 (dJ = 8.0 Hz, 1H), 7.64 (ddJ) =
8.8, 7.0 Hz, 1H), 7.49 (arom m, 1H), 7.41 (arom m, 1H), 7.26 (s,

0.78 mmol) and purified as decribed in the general procedure for 1H), 3.70—-2.70 (br m, 4H), 1.861.30 (br m, 6H). Anal.

sulfonamide formation, method A, to provi@8k as an amorphous
solid (120 mg, 0.28 mmol, 72%). MS (ESI)iVz 431 [M + H],
453 [M + Na]". HPLC-A: tg = 9.52 min (-99%).'H NMR (400

(Ca2H20N403S;) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-(benzoyl-
amino)benzoyl]-piperidine (23p).To a stirred solution 023g (40
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mg, 0.096 mmol) in DCM (2 mL) was added benzoyl chloride (22
ul, 0.19 mmol) and pyridine (1&L, 0.19 mmol). The reaction
mixture was stirred at room temperature for 16 h. Saturated

Allison et al.

method A, to provide3t (3 mg, 0.007 mmol, 4%) as a colorless
solid. MS (ESI): m/z 461 [M — H]~. HPLC-A: tz = 8.53 min
(>99%). HPLC-B: tg = 3.65 min (-99%).H NMR (400 MHz,

NaHCGQO; solution was added, and the aqueous solution was CDCl; rotameric broadening)) 8.75 (s, 1H), 8.21 (dd) = 8.8,

extracted with DCM (X). The organic layer was removed, dried,

1.1 Hz, 1H), 8.13 (ddJ = 7.0, 1.0 Hz, 1H), 7.63 (dd] = 8.8, 7.0

and purified by preparative reversed-phase HPLC (acetonitrile/ Hz, 1H), 7.27 (s, 1H), 6.47 (s, 1H), 3.91 (s, 3H), 3.75 (s, 3H),

water, 0.05% TFA) to afford the title compound as an amorphous
solid (28 mg, 0.054, 56%). HPLC-Atgr = 9.16 min ¢99%). MS
(ESI): m/z522 [M + H]*, 544 [M + Na]". 'H NMR (400 MHz,
CDClg; rotameric broadening)) 9.23 (s, 1H), 8.28 (dd] = 7.0,
1.0 Hz, 1H), 8.21 (ddJ = 8.8, 1.0 Hz, 1H), 7.85 (m, 2H), 7.75 (d,
J = 2.0 Hz, 1H), 7.69-7.64 (m, 2H), 7.587.56 (m, 1H), 7.53
7.49 (m, 2H), 7.07 (dJ = 8.4 Hz, 1H), 3.15 (br s, 4H), 1.58 (br
s, 2H), 1.43 (br s, 4H). Anal. (8H23Ns04,S;) C, H, N.
1-[4-Acetylamino-2-[(2,1,3-benzothiadiazol-4-ylsulfonyl)ami-
no]benzoyl]-piperidine (23q).To a stirred solution 023g(30 mg,
0.072 mmol) in DCM (5 mL) was added acetyl chloride (@0,
0.14 mmol) and pyridine (12L, 0.14 mmol). The reaction mixture
was stirred at room temperature for 16 h. Saturated NaHCO

3.15-2.85 (br m, 4H), 1.66-1.52 (br m, 2H), 1.421.33 (br m,
4H). HRMS (ESI): calcd for GH2:N40sS, [M + H]t, 463.1104;
found, 463.1121.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloro-5-
methoxybenzoyl]-piperidine (23u).Compound23uwas prepared
from 11j (0.11 g, 0.40 mmol), pyridine (0.070 mL, 0.60 mmol),
and 2,1,3-benzothiadiazole-4-sulfonyl chloride (0.11 g, 0.48 mmol)
and purified as described in the general procedure for the preparation
of sulfonamides, method A, to provi@3u as a tan solid (0.090 g,
0.19 mmol, 48%). MS (ESI)m/z 467 [M + H]*. *H NMR (400
MHz, CDCL): ¢ 8.31 (s, 1H), 8.23 (dd) = 8.81, 0.84 Hz, 1H),
8.18 (dd,J = 6.98, 0.85 Hz, 1H), 7.7967.64 (m, 2H), 6.55 (s,
1H), 3.78 (s, 3H), 3.662.45 (m, 4H), 1.681.30 (m, 6H). Anal.

solution was added, and the aqueous solution was extracted with(C;9H19CIN4,O,4S;:1/4H,0) C, H, N.

DCM (3x). The organic layer was removed, dried, and purified

1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-fluoroben-

by preparative reversed-phase HPLC (acetonitrile/water, 0.05% zoyl]-piperidine (23v). Compound23vwas prepared frori1g (56

TFA) to afford the title compound as an amorphous solid (9 mg,
0.020 mmol, 27%). HPLC-Aitr = 7.87 min ¢99%). HPLC-B:
tr = 3.39 min (-99%). MS (ESI): m/z 460 [M + H]*, 482 [M +
Na]*. 'H NMR (400 MHz, CDC}; rotameric broadening)) 9.19
(s, 1H), 8.278.20 (m, 2H), 7.68 (ddJ = 8.8, 7.0 Hz, 1H), 7.59
(d,J=2.0 Hz, 1H), 7.48 (dJ = 8.4 Hz, 1H), 7.01 (dJ = 8.4 Hz,
1H), 3.13 (br s, 4H), 2.18 (s, 3H), 1.57 (br s, 2H), 1.36 (br s, 4H).
HRMS (ESI): calcd for GoH21NsO4S, [M + H] T, 460.1108; found,
460.1101.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4,5-dichlo-
robenzoyl]-piperidine (23r). Prepared from anilinellz (5:1
mixture with 2-amino-4-chloro-5-(1-piperidino)benzoyl piperidine;
174 mg, 0.637 mmol), pyridine (0.10 mL, 0.955 mmol), and 2,1,3-
benzothiadiazole-4-sulfonyl chloride (0.179 g, 0.765 mmol) as
described in the general procedure for sulfonamide formation,
method A, to provide the title sulfonamide as a light yellow solid
(0.115 g, 0.244 mmol, 25%, two steps). Mp 7879 °C. MS
(ESI): miz ~471 [M + H]*, ~493 [M + Na]". 'H NMR (400
MHz, DMSO-ds; rotameric broadening)) 10.12 (br s, 1H), 8.41
(dd,J=18.8, 1.0 Hz, 1H), 8.17 (dd} = 8.8, 1.0 Hz, 1H), 7.83 (dd,
J=8.8, 7.0 Hz, 1H), 7.53 (s, 1H), 7.46 (s, 1H), 3.35 (br s, 2H),
2.88 (br s, 2H), 1.49 (m, 3H), 1.38L.31 (m, 3H). Anal. (GH1e
CI,N4OsS) C, H, N, S, CL.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4,5-dibro-
mobenzoyl]-piperidine (23s).[4,5-Dibromo-2-(piperidine-1-car-
bonyl)-phenyl]-carbamic acitért-butyl ester N-Boc-11y;, 150 mg,
0.32 mmol) was dissolved in TFA (2 mL) and allowed to stand at

mg, 0.25 mmol), pyridine (0.031 mL, 0.38 mmol), and 2,1,3-
benzothiadiazole-4-sulfonyl chloride (61 mg, 0.26 mmol) as
described in the general procedure for sulfonamide formation,
method A, to provide the title sulfonamide as an off-white solid
(23 mg, 0.054 mmol, 22%). HPLC-Atzr = 9.30 min (99%).
MS (ESI): m/z 421 [M + H]*, 443 [M + Na]*. *H NMR (400
MHz, CDCl; rotameric broadening)) 9.18 (br s, 1H), 8.29 (dd,
J=7.0,1.0 Hz, 1H), 8.23 (dd = 8.8, 1.0 Hz, 1H), 7.70 (dd] =
8.8, 7.0 Hz, 1H), 7.41 (dd] = 10.8, 2.5 Hz, 1H), 7.05 (dd]l =
8.6, 6.1 Hz, 1H), 6.71 (dd] = 8.6, 7.0, 2.5 Hz, 1H), 3.263.22
(br s, 4H), 1.62-1.57 (m, 2H), 1.47 (br s, 4H). Anal. (€H:~
FN.OsS) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-iodobenzoyl]-
piperidine (23w). Compound23w was prepared fromi1lf (190
mg, 0.58 mmol), pyridine (0.141 mL, 1.74 mmol), and 2,1,3-
benzothiadiazole-4-sulfonyl chloride (153 mg, 0.64 mmol) and
purified as described in the general preparation of sulfonamides to
provide 23w as a white solid (230 mg, 0.43 mmol, 75%). HPLC-
A: tr=9.79 min 99%). MS (ESI): V2529 [M + H]*, 551 [M
+ NaJ*. 'H NMR (400 MHz, CDC}; rotameric broadening))
8.90 (s, 1H), 8.27 (dd] = 7.0, 1.0 Hz, 1H), 8.24 (dd}= 8.8, 1.0
Hz, 1H), 8.02 (dJ = 1.6 Hz, 1H), 7.71 (dd) = 8.8, 7.0 Hz, 1H),
7.38 (dd,J = 8.0, 1.6 Hz, 1H), 6.76 (dJ = 8.0 Hz, 1H), 3.76-
2.70 (br m, 4H), 1.751.30 (br m, 6H). Anal. (GH17IN4OsS;) C,
H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-trifluoro-
methylbenzoyl]-piperidine (23x). Compound23x was prepared

ambient temperature for 1 h. The TFA was removed in vacuo, and from 2,1,3-benzothiadiazole-4-sulfonyl chloride (63 mg, 0.27
the resulting oil was taken up in DCM and washed with 5% aqueous mmol), 11i (70 mg, 0.26 mmol), and pyridine (0.030 mL, 0.36
NaHCG;. The organic layer was dried (MgQ) filtered, and mmol) and purified as described in the general procedure for the
concentrated to give the aniline as a crude oil, which was used preparation of sulfonamides, method A, to afford the title compound
directly without purification. as a white foam (46 mg, 0.098 mmol, 36%). MS (ESi}z 471
The crude aniline was coupled with 2,1,3-benzothiadiazole-4- [M + H]*, 493 [M+ NaJ*. *H NMR (400 MHz, CDC}; rotameric
sulfonyl chloride (91 mg, 0.39 mmol) and pyridine (0.16 mmol, broadening):d 8.86 (br s, 1H), 8.28 (dd]) = 7.0, 1.0 Hz, 1H),
20 uL) and purified as described in the general procedure for 8.24 (ddJ = 8.8, 1.0 Hz, 1H), 7.93 (s, 1H), 7.70 (ddi= 8.8, 7.0
sulfonamide formation, method A, to provi@8sas an amorphous Hz, 1H), 7.30 (m, 1H), 7.18 (d] = 8.0 Hz, 1H), 3.49-3.44 (br s,
solid (34 mg, 0.061 mmol, 19%, two steps). HPLC-#:= 10.15 2H), 3.02-2.96 (br s, 2H), 1.62 (br s, 2H), 1.53.25 (br s, 4H).
min (>99%). HPLC-B: tg = 4.28 min (-99%). MS (ESI): m/z Anal. (CigH17F3N4OsS;) C, H, N.
558/561/562 [M+ H]*, 581/582/584 [M+ Na]*. IH NMR (400 1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-nitroben-
MHz, CDCls; rotameric broadening 8.81 (s, 1H), 8.27 (dd] = zoyl]-piperidine (23y). Compound23ywas prepared frorily (840
4.1,1.0 Hz, 1H), 8.25 (ddl = 6.0, 1.0 Hz, 1H), 7.95 (s, 1H), 7.71  mg, 3.37 mmol), pyridine (0.41 mL, 5.06 mmol), and 2,1,3-
(dd,J = 8.8, 7.0 Hz, 1H), 7.28 (s, 1H), 3:2.8 (br s, 4H), 1.72 benzothiadiazole-4-sulfonyl chloride (1.02 g, 4.38 mmol) and
(m, 3H), 1.47 (m, 3H). HRMS (ESI): calcd for;gH;6BroN4OsS; purified as described in the general procedure for the preparation
[M + H]*, 558.9103; found, 558.9102. of sulfonamides to provide the product as a solid (990 mg, 2.2
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4,5-dimethoxy- mmol, 66%). HPLC-A:tg = 9.11 min ¢99%). HPLC-B: tr =
benzoyl]-piperidine (23t). Compoun®3t was prepared frorhlaa 3.93 min ¢99%). MS (ESI): mVz448 [M + H]*, 470 [M + Na]J*.
(49 mg, 0.18 mmol), 2,1,3-benzothiadiazole-4-sulfonyl chloride (47 H NMR (400 MHz, CDC}; rotameric broadening}i 8.90 (s, 1H),
mg, 0.2 mmol), and pyridine (0.06 mL, 0.74 mmol) and purified 8.48 (d,J = 2.2 Hz, 1H), 8.38 (ddJ = 7.0, 1.0 Hz, 1H), 8.27 (dd
as described in the general procedure for sulfonamide preparation,J = 8.8, 1.0 Hz, 1H), 7.88 (dd] = 8.4, 2.2 Hz, 1H), 7.75 (dd]
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= 8.8, 7.0 Hz, 1H), 7.25 (d] = 8.4 Hz, 1H), 3.86-3.30 (m, 2H),
3.30-2.80 (m, 2H), 1.751.40 (m, 6H). HRMS (ESI): calcd
CigH17NsOsS, [M + H]*, 448.0744; found, 448.0735.

1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-carboxy-
benzoyl]-piperidine (23z).To a stirred solution of 1,4-dihydro-
2,4-dioxo2H-3,1-benzoxazine-7-carboxylic acidgf; 3.0 g, 14.5
mmol) in THF (100 mL) and DMF (20 mL) was added DMAP
(0.18 g, 1.45 mmol) and piperidine (1.44 mL, 14.5 mmol). The
reaction mixture was stirred at room temperature for 16 h. EtOAc
was added, and the organic layer was washed wit (2x ), dried
(Mg.SQy), filtered, and concentrated in vacuo to yield crude
3-amino-4-(piperidine-1-carbonyl)-benzoic acidl, 0.63 g) and
taken directly to next step without further purification.

The title compound was prepared from crude (630 mg, 2.54
mmol), pyridine (0.31 mL, 3.81 mmol), and 2,1,3-benzothiadiazole-
4-sulfonyl chloride (590 mg, 2.54 mmol) and purified as described
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peptide coupling using6d (50 mg, 0.14 mmol), pyridine (0.033
mL, 0.41 mmol), HATU (106 mg, 0.28 mmol), hexahydrbi-l
azepine (0.032 mL, 0.28 mmol), and DMF (0.4 mL) to gikéd
(15 mg, 0.033 mmol, 24%). MS (ESI)Vz449 [M — H]~. HPLC-
Al tr = 9.79 min ¢99%). HPLC-B: tr = 4.14 min ¢-99%).'H
NMR (400 MHz, CDC}; rotameric broadening)) 8.85 (s, 1H),
8.30 (dd,J= 7.0, 1.0 Hz, 1H), 8.24 (d] = 8.8 Hz, 1H), 7.71 (dd,
J=28.8,7.0 Hz, 1H), 7.64 (s, 1H), 7.01 (s, 2H), 3.47 (s, 2H), 2.99
(s, 2H), 1.75 (s, 2H), 1.57 (s, 2H), 1.49 (s, 4H). HRMS (ESI): calcd
for C1gH19CIN4OsS; [M + H]*, 451.0660; found, 451.0667
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-proline (24e). This compound was prepared and purified
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol),9-prolinetert-butyl ester
(0.048 mL, 0.28 mmol), pyridine (0.033 mL, 0.41 mmol), HATU
(106 mg, 0.28 mmol), and DMF (0.4 mL). Thert-butyl ester of

in the general procedure for the preparation of sulfonamides, method24ewas isolated as a white solid (25 mg, 0.048 mmol, 34%).

A, to provide 23z as an amorphous solid (130 mg, 0.30 mmol,
2.1%, two steps). HPLC-Atg = 7.92 min ¢99%). HPLC-B: tr
= 2.64 min (¢99%). MS (ESI): m/z 447 [M + H]*, 469 [M +
Na]*. IH NMR (400 MHz, DMSOdg; rotameric broadening))
9.90 (s, 1H), 8.39 (dJ = 8.8 Hz, 1H), 8.12 (dJ = 7.0 Hz, 1H),
7,83-7.79 (m, 2H), 7.71 (ddJ = 8.0, 1.2 Hz, 1H), 7.26 (d] =
8.0 Hz, 1H), 3.23 (br s, 2H), 2.88 (br s, 2H), 1.50 (br s, 2H), 1.39
(brs, 2H), 1.29 (br s, 2H). HRMS (ESI): calcd fordE;sN4OsS,

[M + H]*, 447.0791; found, 447.0798.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-azetidine (24a).This compound was prepared and purified
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), azetidine hydrochloride (26
mg, 0.28 mmol), DIPEA (0.049 mL, 0.28 mmol), and DMF (0.4

mL) to provide24a (38 mg, 0.093 mmol, 66%). MS (ESIm/z
407 [M — H]~. HPLC-A: tg = 9.12 min ¢99%). HPLC-B: tr =
3.77 min &99%)."H NMR (500 MHz, CDC}; rotameric broaden-
ing): 0 10.97 (s, 1H), 8.34 (dd] = 7.0, 1.0 Hz, 1H), 8.24 (dd]
= 8.8, 1.0 Hz, 1H), 7.72 (dd] = 8.8, 7.1 Hz, 1H), 7.70 (d) =
2.0 Hz, 1H), 7.11 (dJ = 8.3 Hz, 1H), 6.93 (ddJ = 8.4, 2.0 Hz,
1H), 4.2-3.95 (br m, 4H), 2.28 (quint) = 7.8 Hz, 2H). HRMS
(ESI): calcd for GeH13CIN4O3S, [M + H]*, 409.0190; found,
409.0189.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-pyrrolidine (24b). This compound was prepared and purified
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), pyrrolidine (0.023 mL, 0.28
mmol), and DMF (0.4 mL) to provide the title compound as an oil
(32 mg, 0.076 mmol, 54%). MS (ESI)Vz421 [M — H] . HPLC-
A: tg = 9.15 min ¢99%). HPLC-B: tr = 3.8 min (>99%).H
NMR (400 MHz, CDC¥; rotameric broadening)) 9.81 (s, 1H),
8.31 (dd,J = 7.0, 1.0 Hz, 1H), 8.24 (dd) = 8.8, 1.0 Hz, 1H),
7.71 (dd,J = 8.8, 7.0, 1H), 7.66 (d) = 8.8, 7.0 Hz, 1H), 7.14 (d,
J=11.2 Hz, 1H), 6.98 (ddJ = 8.4, 2.0 Hz, 1H), 3.47 (m, 2H),
3.12 (m, 2H), 1.90 (m, 2H), 1.65 (m, 2H). HRMS (ESI): calcd for
C17H15CIN4OsS; [M + H]*, 423.0347; found, 423.0341.
3-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-thiazolidine (24c).This compound was prepared and purified
according to the general procedure for HATU-mediated peptide
coupling usingl6d (30 mg, 0.08 mmol), pyridine (0.020 mL, 0.17
mmol), HATU (62 mg, 0.17 mmol), thiazolidine (0.014 mL, 0.16
mmol), and DMF (0.6 mL) to giv@4c (20 mg, 0.045 mmol, 56%).
MS (ESI): m/z 441 [M + H]*, 463 [M + Na]t. HPLC-A: tr =
9.24 min ¢99%). HPLC-B: tr = 3.96 min ¢99%).'H NMR
(400 MHz, CDC}; rotameric broadening)d 9.52 (s, 1H), 8.31
(d,J=7.0,1H), 8.26 (dJ = 8.8 Hz, 1H), 7.72 (m, 2H), 7.13 (d,
J= 8.3 Hz, 1H), 7.01 (ddJ = 1.8, 8.3 Hz, 1H), 4.56 (br s, 1H),
4.21 (br s, 1H), 3.68 (br s, 2H), 2.84 (br s, 2H). HRMS (ESI):
calcd for GeH13CIN4O3S; [M + H], 440.9911; found, 440.9907.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyllhexahydro-1H-azepine (24d).This compound was prepared
and purified according to the general procedure for HATU-mediated

Thetert-butyl ester (22 mg, 0.042 mmol) was stirred in a mixture
of DCM (5 mL) and TFA (0.5 mL) at room temperature for 8 h.
The mixture was concentrated in vacuo, and the residue was purified
by preparative reversed-phase HPLC to provddeas a white solid
(10 mg, 0.021 mmol, 50%). MS (ESI)Vz 465 [M — H]~. HPLC-

A: tg = 8.39 min ¢#99%). HPLC-B: tg = 3.05 min ¢99%).H
NMR (400 MHz, DMSO#g; rotameric broadening)i 12.79 (br s,
1H), 10.04 (br s, 1H), 8.42 (dl = 8.7 Hz, 1H), 8.29 (dJ = 7.0
Hz, 1H), 7.86 (ddJ = 8.6, 7.2 Hz, 1H), 7.41 (d] = 1.7 Hz, 1H),
7.35-7.25 (m, 1H), 7.257.15 (m, 1H), 4.17 (dd) = 8.0, 5.5 Hz,
1 H), 3.27-3.16 (br m, 1H), 3.09-2.98 (br m, 1H), 2.26:2.13 (br
m, 1H), 1.96-1.70 (br m, 2H), 1.691.55 (br m, 1H). HRMS
(ESI): calcd for GgH1sCIN4OsS, [M + H]*, 467.0245; found,
467.0244.

(9)-1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chlo-
robenzoyl]-2-[1-pyrrolidinylmethyl]pyrrolidine HCI Salt (24f).

This compound was prepared according to the general procedure
for HATU-mediated peptide coupling using6d (50 mg, 0.14
mmol), pyridine (0.033 mL, 0.41 mmol), HATU (106 mg, 0.28
mmol), (§-1-(2-pyrrolidinomethyl)pyrrolidine (0.046 mL, 0.28
mmol), and DMF (0.4 mL). The HCl salt was prepared by treatment
of the purified product wh 2 M HCI in Et,O and concentration in
vacuo (4x) to provide the title compound (10 mg, 0.018 mmol,
13%). MS (ESI): m/z 504 [M — H]~. HPLC-A: tz = 7.46 min
(>99%). HPLC-B: tg = 4.40 min ¢99%).H NMR (500 MHz,
CDCls; rotameric broadening)) 11.61 (br s, 1H), 9.969.70 (br
m, 1H), 8.42-8.30 (br m, 1H), 8.27 (bd) = 7.8 Hz, 1H), 8.15
7.98 (br m, 1H), 7.767.60 (br m, 1H), 7.557.37 (br m, 2H),
7.15-6.97 (br m, 1H), 4.654.40 (br m, 1H), 4.26:3.90 (br m,
2H), 3.90-3.75 (m, 3H), 3.753.45 (br m, 3H), 3.46-2.80 (br m,
3H), 2.50-1.80 (br m, 4H), 1.651.05 (br m, 4H). HRMS (ESI):
calcd for G,H,5CINsO3S, [M + H]*, 506.1082; found, 506.1108.
cis-1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chlo-
robenzoyl]-2,5-dihydro-2,5-dimethyl-H-pyrrole (24g). The title
compound was prepared according to the general procedure for
HATU-mediated peptide coupling usirigd (50 mg, 0.14 mmol),
pyridine (0.033 mL, 0.41 mmol), HATU (106 mg, 0.28 mmol),
cis-2,5-dihydro-2,5-dimethyl-Hi-pyrrole, (27 mg, 0.28 mmol), and
DMF (0.4 mL) to give24g(10 mg, 0.024 mmol, 17%). MS (ESI):
m/z 447 [M — H]~. HPLC-A: tg = 10.00 min &99%). HPLC-B:
tr = 4.19 min ¢#99%).H NMR (400 MHz, CDC}; rotameric
broadening)o 9.75 (s, 1H), 8.33 (dd] = 7.0, 1.0 Hz, 1H), 8.20
(dd,J = 8.8, 1.0 Hz, 1H), 7.78 (d] = 2.0 Hz, 1H), 7.69 (dd) =
8.8, 7.0 Hz, 1H), 7.23 (d] = 8.3 Hz, 1H), 6.97 (ddJ = 8.2, 2.0
Hz, 1H), 5.70 (dJ = 6.4 Hz, 1H), 5.42 (d) = 4.6 Hz, 1H), 4.97
(m, 1H), 4.60 (m, 1H), 1.40 (d] = 6.4 Hz, 3H), 0.11 (dJ = 6.4
Hz, 3H). HRMS (ESI): calcd for @H17CIN4OsS; [M + H]*,
449.0503; found, 449.0519.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-1,2,3,4-tetrahydroisoquinoline (24h).The title compound
was prepared according to the general procedure for HATU-
mediated peptide coupling usidéd (30 mg, 0.08 mmol), pyridine
(0.020 mL, 0.17 mmol), HATU (62 mg, 0.17 mmol), 1,2,3,4-
tetrahydroisoquinoline (0.018 mL, 0.16 mmol), and DMF (0.6 mL)



6386 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 21

to give 24h (23 mg, 0.047 mmol, 59%). MS (ESI)Wz 485 [M +
H]*. HPLC-A: tr = 9.93 min ¢99%). HPLC-B: tg = 4.34 min
(>99%). IH NMR (400 MHz, CDC}; rotameric broadening)d
9.24 (s, 1H), 8.28 (d) = 7.0 Hz, 1H), 8.23-8.03 (br m, 1H), 7.74
(d, 3= 1.6 Hz, 1H), 7.72-7.00 (br m, 1H), 7.256.99 (m, 6H),
4,90-4.00 (br m, 2H), 4.06-3.10 (br m, 2H), 3.162.40 (br m,
2H). HRMS (ESI): calcd for H17CINJOsS; [M + H] T, 485.0503;
found, 485.0518.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-4-piperidinemethanol (24i). The title compound was pre-
pared according to the general procedure for HATU-mediated
peptide coupling usindg6d (50 mg, 0.14 mmol), pyridine (0.033
mL, 0.41 mmol), HATU (106 mg, 0.28 mmol), 4-hydroxymeth-
ylpiperidine (32 mg, 0.28 mmol), and DMF (0.4 mL) to affa?di
(14 mg, 0.030 mmol, 21%). MS (ESI)1Vz465 [M — H]~. HPLC-
A tg = 7.99 min ¢99%). HPLC-B: tg = 3.65 min 99%).H
NMR (400 MHz, CDC}; rotameric broadening3i 9.00 (br s, 1H),
8.28 (dd,J = 7.0, 1.0 Hz, 1H), 8.24 (ddJ = 8.8, 1.0 Hz, 1H),
7.71 (dd,J=8.8, 7.0 Hz, 1H), 7.6%#7.64 (m, 1H), 7.03-6.97 (m,
2H), 3.52 (br dJ = 5.4 Hz, 2H), 2.6%-2.48 (m, 2H), 1.881.63
(br m, 3H), 1.63-1.42 (br m, 2H), 1.19-0.98 (br m, 2H). Anal.
(C1H1CINLO4S;) C, H, N.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-3,5-dimethylpiperidine (24j). Compound24j was prepared
according to the general procedure for HATU-mediated peptide
coupling usingl6d (30 mg, 0.08 mmol), pyridine (0.020 mL, 0.17
mmol), HATU (62 mg, 0.17 mmol), 3,5-dimethylpiperdine (0.023
mL, 0.16 mmol), and DMF (0.6 mL) to provide the title compound
(27 mg, 0.085 mmol, 72%) as a 4:1 mixture of diastereomers. MS
(ESI): m/z 463 [M — H]~. HPLC-A: tg = 10.23 min (minor
diastereomer), 10.34 min (major diastereomer). HPLGB= 4.32
min (>99%). Major diastereomerH NMR (400 MHz, CDC};
rotameric broadening) 9.02 (br s, 1H), 8.29 (d] = 7.0 Hz, 1H),
8.24 (d,J = 8.8 Hz, 1H), 7.71 (ddJ = 8.8, 7.1 Hz, 1H), 7.67 (d,
J=1.6 Hz, 1H), 7.03-6.94 (m, 2H), 4.86-3.80 (br m, 1H), 3.76
2.90 (br m, 1H), 2.151.90 (br m, 2H), 1.831.73 (br m, 1H),
1.60-1.25 (br m, 2H), 1.160.60 (br m, 7H). Minor diastere-
omer: 'H NMR (400 MHz, CDC}; rotameric broadening) 8.98
(brs, 1H), 8.31 (dJ = 7.1 Hz, 1H), 8.24 (dJ = 8.8 Hz, 1H), 7.72
(dd,J = 8.8, 7.1 Hz, 1H), 7.63 (d) = 1.4 Hz, 1H), 7.03-6.94
(m, 2H), 3.76-2.90 (br m, 2H), 2.962.50 (br m, 1H), 2.151.9
(br m, 2H), 1.83-1.73 (br m, 1H), 1.66-1.25 (br m, 2H), 1.16
0.60 (br m, 7H). HRMS (ESI): calcd for £H,:CIN,OsS; [M +
H]*, 465.0816; found, 465.0821.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-2-methylpiperidine (24k). The title compound was prepared
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), 2-methylpiperidine (0.032
mL, 0.28 mmol), and DMF (0.4 mL) to give4k (21 mg, 0.047
mmol, 33%). MS (ESI):m/z449 [M — H]~. HPLC-A: tg = 9.88
min (>99%). HPLC-B: tg = 4.16 min (-99%).'H NMR (500
MHz, CDCl; rotameric broadening)) 8.89 (s, 1H), 8.33 (d) =
7.0 Hz, 1H), 8.24 (dJ = 8.8 Hz, 1H), 7.72 (ddJ = 8.8, 7.0 Hz,
1H), 7.62 (s, 1H), 7.00 (m, 2H), 4.45 (s, 1H), 3.49 (s, 1H), 2.89
(m, 1H), 1.64-1.54 (m, 5H), 1.26 (s, 1H), 1.16 (s, 3H). HRMS
(ESI): calcd for GoH1oCIN4O3S, [M + H]*, 451.0660; found,
473.0521.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-4-phenylpiperidine (24l). The title compound was prepared
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), 4-phenylpiperidine (45 mg,
0.28 mmol), and DMF (0.4 mL) to give4l (5 mg, 0.01 mmol,
7%). MS (ESI): mz 511 [M — H]~. HPLC-A: tg = 10.31 min
(>99%). HPLC-B: tr = 4.63 min ¢-99%).'H NMR (500 MHz,
CDCl;; rotameric broadening)) 9.02 (s, 1H), 8.30 (dd) = 7.0,
1.0 Hz, 1H), 8.24 (dd) = 8.8, 1.0 Hz, 1H), 7.71 (dd] = 8.8, 7.1
Hz, 1H), 7.66 (dJ = 1.7 Hz, 1H), 7.33 (tJ = 7.4 Hz, 2H), 7.23
(m, 1H), 7.20 (m, 2H), 7.03 (m, 2H), 2.72.67 (m, 2H), 1.86 (br
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s, 2H), 1.59 (br s, 4H). HRMS (ESI): calcd forfEl;;1CINJOsS,

[M + H]*, 513.0816; found, 513.0815.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-3-methylpiperazine (24m).This compound was prepared
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), 2-methylpiperazine (28 mg,
0.28 mmol), and DMF (0.4 mL). The HCI salt was prepared by

treatment of the purified product wit2 M HCI in ELO and
concentration in vacuox4 to provide the title compound (12 mg,
0.027 mmol, 19%). MS (ESI)m/z 450 [M — H]~. HPLC-A: tr
= 6.76 min (-99%). HPLC-B: tr = 3.61 min ¢99%).'H NMR
(500 MHz, MeOHd,; rotameric broadening) 8.35 (dd,J = 8.8,
1.0 Hz, 1H), 8.25 (ddJ = 7.0, 1.0 Hz, 1H), 7.82 (dd] = 8.8, 7.0
Hz, 1H), 7.37 (dJ = 8.2 Hz, 1H), 7.28 (ddJ = 8.3, 2.0 Hz, 2H),
6.81 (brs, 1H), 4.864.30 (br m, 1H), 4.16-3.70 (br m, 1H), 3.62
3.35 (br m, 3H), 3.362.90 (br m, 2H), 1.561.20 (br m, 4H).
HRMS (ESI): calcd for GgH1sCINsOsS, [M + H]*, 452.0612;
found, 452.0617.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-4-methylpiperazine (24n). The compound was prepared
according to the general procedure for HATU-mediated peptide
coupling usingl6d (50 mg, 0.14 mmol), pyridine (0.033 mL, 0.41
mmol), HATU (106 mg, 0.28 mmol), 1-methylpiperazine (0.031
mL, 0.28 mmol), and DMF (0.4 mL) to giv@4n (23 mg, 0.051
mmol, 36%). MS (ESI):m/z450 [M — H] . HPLC-A: tr = 6.74
min (>99%). HPLC-B: tg = 3.70 min 99%).'H NMR (400
MHz, CDCl; rotameric broadening) 8.57 (br s, 1H), 8.33 (br d,
J = 8.8 Hz, 1H), 8.32 (br dJ = 6.5 Hz, 1H), 7.78 (ddJ = 8.7,
7.1 Hz, 1H), 7.2%#7.23 (m, 1H), 7.17 (d) = 0.6 Hz, 2H), 4.56-
3.30 (br m, 6H), 3.162.92 (br m, 2H), 2.90 (s, 3H). HRMS
(ESI): calcd for GgH1gCINsOsS, [M + H]*, 452.0612; found,
452.0607.
1-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-4-(1-piperidinyl)piperidine (240). The compound was pre-
pared according to the general procedure for HATU-mediated
peptide coupling usind6d (50 mg, 0.14 mmol), pyridine (0.033
mL, 0.41 mmol), HATU (106 mg, 0.28 mmol), 4-(1-piperidinyl)-
piperidine (48 mg, 0.28 mmol), and DMF (0.4 mL). The HCI salt
was prepared by treatment of the purified productwvdtM HCI
in Et,O and concentration in vacuox4to provide the title
compound (22 mg, 0.042 mmol, 30.%). MS (EShyz 518 [M —
H]~. HPLC-A: tg = 7.02 min ¢99%). HPLC-B: tr = 4.21 min
(>99%).H NMR (400 MHz, MeOHgé,; rotameric broadening):
0 8.34 (dd,J = 8.8, 1.0 Hz, 1H), 8.24 (dd] = 7.1, 1.0 Hz, 1H),
7.80 (dd,J=8.8, 7.1 Hz, 1H), 7.29 (d] = 8.3 Hz, 1H), 7.24 (dd,
J=8.2,1.9 Hz, 1H), 7.01 (br s, 1H), 3.9®.55 (br m, 1H), 3.55
3.40 (br m, 3H), 3.152.10 (br m, 4H), 2.36:1.72 (br m, 10H),
1.60-1.45 (br m, 1H). HRMS (ESI): calcd for gH26CINsO3S,

[M + H]*, 520.1238; found, 520.1233.
4-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chloroben-
zoyl]-morpholine (24p). The compound was prepared according
to the general procedure for HATU-mediated peptide coupling using
16d (30 mg, 0.08 mmol), pyridine (0.020 mL, 0.17 mmol), HATU
(62 mg, 0.17 mmol), morpholine (0.015 mL, 0.16 mmol), and DMF

(0.6 mL) to give24p (24 mg, 0.055 mmol, 68%). MS (ESIz
439 [M + H]*. HPLC-A: tgr = 8.49 min ¢-99%). HPLC-B: tr =
3.72 min ¢99%).'H NMR (500 MHz, CDC}; rotameric broaden-
ing): 0 9.04 (s, 1H), 8.32 (dd] = 7.0, 1.0 Hz, 1H), 8.26 (dd] =
8.8, 1.0 Hz, 1H), 7.73 (ddl = 8.8, 7.0 Hz, 1H), 7.63 (s, 1H), 7.01
(m, 1H), 3.49 (m, 8H). HRMS (ESI): calcd for;@4,5CIN,O4S;

[M + H]*, 439.0296; found, 439.0296.
2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chlordN-(phen-
ylmethyl)-benzamide (24q).The compound was prepared accord-
ing to the general procedure for HATU-mediated peptide coupling
using 16d (30 mg, 0.08 mmol), pyridine (0.020 mL, 0.17 mmol),
HATU (62 mg, 0.17 mmol), benzylamine (0.019 mL, 0.16 mmol),
and DMF (0.6 mL) to give24q (30 mg, 0.065 mmol, 82%). MS
(ESI): m/z 457 [M — H]~. HPLC-A: tg = 9.92 min (>99%).

HPLC-B: tg = 4.23 min (-99%).'H NMR (400 MHz, CDC};
rotameric broadening)} 11.67 (s, 1H), 8.37 (d] = 7.2 Hz, 1H),
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8.22 (d,J = 8.8 Hz, 1H), 7.75 (dJ = 1.9 Hz, 1H), 7.72 (ddJ =
8.7, 7.3 Hz, 1H), 7.427.27 (m, 5H), 7.23 (dJ = 8.5 Hz, 1H),
6.92 (dd,J = 8.4, 1.7 Hz, 1H), 6.266.17 (br m, 1H), 4.56 (dJ
= 5.6 Hz, 2H). Anal. (GoH1sCIN4OsS;) C, H, N.
2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-chlordN-meth-
yl-N-(phenylmethyl)-benzamide (24r).The compound was pre-
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4-[4-Fluoro-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-mor-
pholine (26a). The compound was prepared from morpholine (12
uL, 0.14 mmol),17g (24 mg, 0.07 mmol), HATU (53 mg, 0.14
mmol), pyridine (17uL, 0.21 mmol), and DMF (40QuL) as
described in the general procedure for the HATU-mediated prepara-
tion of amides to give26a as a white amorphous solid (15 mg,

pared according to the general procedure for HATU-mediated 0.036 mmol, 52%). HPLC-A:tg = 7.76 min (99%). HPLC-B:

peptide coupling usind6d (18 mg, 0.05 mmol), pyridine (0.012
mL, 0.15 mmol), HATU (38 mg, 0.1 mmolN-methylbenzylamine
(0.013 mL, 0.1 mmol), and DMF (0.4 mL) to gix&4r (8 mg, 0.02
mmol, 30%). HPLC-A: tg = 9.94 min ¢99%). HPLC-B: tr =
4.33 min (-99%). MS (ESI): Mz 471 [M — H]~. *H NMR (400
MHz, CDCl; rotameric broadeningi 9.15 (br s, 1H), 8.32 (br d,
J = 6.8 Hz, 1H), 8.29-8.18 (br m, 1H), 7.797.63 (br m, 2H),
7.48-7.26 (br m, 4H), 7.156.83 (br m, 2H), 7.02 (br dJ = 8.2
Hz, 1H), 4.65-4.37 (br s, 1.3H), 4.374.00 (br s, 0.7H), 3.15
2.70 (br s, 1.1H), 2.7962.35 (br s, 1.9H). HRMS (ESI): calcd for
C21H17CIN4OsS; [M + H]*, 473.0503; found, 473.0529.
4-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]benzoyl]-mor-
pholine (25a).The compound was prepared from morpholine (18
mL, 0.20 mmol), 2-(benzo[1,2,5]thiadiazole-4-sulfonylamino)-
benzoic acid 16b; Fluorchem, Ltd., U.K.; 38 mg, 0.10 mmol),
HATU (76 mg, 0.20 mmol), pyridine (24 mL, 0.30 mmol), and
DMF (700 mL) as described in the general procedure for HATU-
mediated amide preparation to gi2éa as a white solid (20 mg,
0.049 mmol, 49%). Mp 150154 °C. HPLC-A: tg = 7.66 min
(>99%). HPLC-B: tg = 3.33 min (-99%). MS (ESI): m/z 405
[M + H]*, 427 [M+ NaJ". *H NMR (400 MHz, CDC¥; rotameric
broadening):d 8.67 (s, 1H), 8.2#8.24 (m, 2H), 7.70 (ddJ =
8.8, 7.0 Hz, 1H), 7.47 (d) = 8.2 Hz, 1H), 7.3+7.27 (m, 1H),
7.10-7.08 (m, 2H), 3.63 (br s, 8H). HRMS (ESI): calcd for
C1/H17N4O4S, [M + H]+, 405.0686; found, 405.0716.
4-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-fluoroben-
zoyl]-morpholine (25b). The compound was prepared from mor-
pholine (18u«L, 0.20 mmol),16g (35 mg, 0.10 mmol), HATU (76
mg, 0.20 mmol), pyridine (24L, 0.30 mmol), and DMF (70@L)
and purified as described in the general procedure for HATU-
mediated amide preparation to gi2&b as a white solid (25 mg,
0.059 mmol, 59%). Mp 165168 °C. HPLC-A: tg = 8.14 min
(>99%). MS (ESI):mVz423 [M + H] T, 445 [M + Na]*. 'H NMR
(400 MHz, CDC¥; rotameric broadeningg 9.21 (s, 1H), 8.33 (dd,
J=7.0, 1.0 Hz, 1H), 8.26 (dd] = 8.4, 1.0 Hz, 1H), 7.73 (dd]
= 8.8, 7.0 Hz, 1H), 7.37 (dd] = 10.6, 2.4 Hz, 1H), 7.097.05
(m, 1H), 6.75-6.71 (m, 1H), 3.61 (br s, 4H), 3.42 (br s, 4H). Anal.
(Ci7H1sFN4O4S,) C, H, N.
4-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-bromoben-
zoyl]-morpholine (25c¢). The compound was prepared from mor-
pholine (18«L, 0.20 mmol),16e(41 mg, 0.10 mmol), HATU (76
mg, 0.20 mmol), pyridine (24L, 0.30 mmol), and DMF (70@L)
and purified as described in the general procedure for HATU-
mediated amide preparation to gi2&c as a white solid (23 mg,
0.048 mmol, 48%). Mp 185188 °C. HPLC-A: tg = 8.43 min
(>99%). MS (ESI): m/z 483/484/485 [M+ H]*. 'H NMR (400
MHz, CDCls; rotameric broadening 8.97 (s, 1H), 8.32 (dd] =
7.0, 1.0 Hz, 1H), 8.27 (dd] = 8.8, 1.0 Hz, 1H), 7.78 (d) = 1.8
Hz, 1H), 7.74 (ddJ) = 8.8, 7.0 Hz, 1H), 7.18 (dd] = 8.2, 1.8 Hz,
1H), 6.94 (dJ = 8.2 Hz, 1H), 3.73.18 (br m, 8H). Anal. (&H:5
BrN404SZ) C,H, N.
4-[2-[(2,1,3-Benzothiadiazol-4-ylsulfonyl)amino]-4-iodobenzoyl]-
morpholine (25d). The compound was prepared from morpholine
(9 uL, 0.05 mmol),16f (23 mg, 0.05 mmol), HATU (38 mg, 0.10
mmol), pyridine (12uL), and DMF (400uL) and purified as

tr = 3.32 min ¢99%). MS (ESI): Mz 417 [M + H]*, 439 [M +
Na]. *H NMR (400 MHz, CDC}; rotameric broadening)} 9.22
(s, 1H), 9.07 (dJ = 1.8 Hz, 1H), 9.01 (dJ = 1.8 Hz, 1H), 8.53
(dd,J=7.3, 1.4 Hz, 1H), 8.37 (ddl = 8.5, 1.4 Hz, 1H), 7.90 (dd,
J=8.5, 7.4 Hz, 1H), 7.35 (dd] = 10.7, 2.4 Hz, 1H), 7.05 (dd}
= 8.5, 6.1 Hz, 1H), 6.746.69 (m, 1H), 3.66-3.39 (br m, 8H).
HRMS (ESI): calcd for GH1gFN4sO4S [M + H], 417.1027; found,
417.1048.
4-[4-Chloro-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-mor-
pholine (26b). The compound was prepared according to the
general procedure for HATU-mediated peptide coupling u&ing)
(17 mg, 0.050 mmol), pyridine (0.012 mL, 0.15 mmol), HATU
(38 mg, 0.1 mmol), morpholine (0.009 mL, 0.1 mmol), and DMF
(0.4 mL) to provide26b (20 mg, 0.046 mmol, 92%). MS (ESI):
m/z431 [M — H]~. HPLC-A: tg = 8.14 min. HPLC-B:tg = 3.52
min. *H NMR (500 MHz, CDC}; rotameric broadening)) 9.11
(brs, 1H), 9.06 (dJ = 1.8 Hz, 1H), 9.01 (dJ = 1.8 Hz, 1H), 8.52
(dd,J=7.0, 1.5 Hz, 1H), 8.37 (dd} = 8.4, 1.4 Hz, 1H), 7.90 (dd,
J=8.4,7.4Hz, 1H), 7.63 (d] = 1.5 Hz, 1H), 7.00 (m, 2H), 3.55
(br m, 6H), 3.22 (br m, 2H). Anal. (GH17CIN4O,S) C, H, N.
4-[4-Bromo-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-mor-
pholine (26¢).The compound was prepared according to the general
procedure for HATU-mediated peptide coupling usiiig(21 mg,
0.051 mmol), pyridine (0.012 mL, 0.15 mmol), HATU (38 mg,
0.1 mmol), morpholine (0.009 mL, 0.1 mmol), and DMF (0.4 mL)
to provide26¢ (22 mg, 0.046 mmol, 92%). MS (ESI)mwz 475/
477 [M — H]~. HPLC-A: tg = 8.23 min. HPLC-B: tg = 3.58
min. IH NMR (500 MHz, CDC}; rotameric broadening)) 9.08
(brs, 1H), 9.06 (dJ = 1.8 Hz, 1H), 9.01 (dJ = 1.8 Hz, 1H), 8.52
(dd,J=7.0, 1.5 Hz, 1H), 8.37 (dd} = 8.4, 1.4 Hz, 1H), 7.90 (dd,
J=18.4,7.4 Hz, 1H), 7.79 (d] = 1.5 Hz, 1H), 7.17 (ddJ = 8.0,
1.6 Hz, 1H), 6.92 (dJ = 8.0 Hz, 1H), 3.55 (br m, 6H), 3.22 (br
m, 2H) Anal. (Q9H17BrN404S) C, H, N.
4-[4-lodo-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-morpho-
line (26d). The compound was prepared according to the general
procedure for HATU-mediated peptide coupling usirid (23 mg,
0.050 mmol), pyridine (0.012 mL, 0.15 mmol), HATU (38 mg,
0.1 mmol), morpholine (0.009 mL, 0.1 mmol), and DMF (0.4 mL)
to give26d (22 mg, 0.042 mmol, 84%). MS (ESIWz 523 [M —
H]~. HPLC-A: tr = 8.32 min.'H NMR (500 MHz, CDC};
rotameric broadening)) 9.06 (d,J = 1.8 Hz, 1H), 9.02 (dJ =
1.8 Hz, 1H), 9.01 (br s, 1H), 8.51 (dd,= 7.0, 1.5 Hz, 1H), 8.37
(dd,J=8.4, 1.4 Hz, 1H), 7.96 (d] = 1.5 Hz, 1H), 7.90 (ddJ =
8.4, 7.4 Hz, 1H), 7.38 (dd] = 8.0, 1.6 Hz, 1H), 6.76 (d] = 8.0
Hz, 1H), 3.50 (br m, 6H), 3.15 (br m, 2H). Anal. {§1:71N40,4S)

C, H, N.
(S)-4-[4-Chloro-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-3-
methylmorpholine (26e). The title compound was prepared ac-
cording to the general procedure for HATU-mediated peptide
coupling usingl7d (18 mg, 0.050 mmol), pyridine (0.012 mL, 0.15
mmol), HATU (38 mg, 0.1 mmol),$-3-methylmorpholin& (0.010
mL, 0.1 mmol), and DMF (0.4 mL) to giv@6e(5 mg, 0.01 mmol,
20%). MS (ESI): mz 445 [M — H]~. HPLC-A: tg = 8.44 min
(>99%). HPLC-B: tg = 3.60 min ¢99%).'H NMR (400 MHz,
CDCl;; rotameric broadening)d 9.05 (br s, 1H), 9.05 (dJ = 1.8
Hz, 1H), 9.00 (dJ = 1.8 Hz, 1H), 8.56 (ddJ = 7.3, 1.3 Hz, 1H),

described in the general procedure HATU-mediated amide prepara-8.37 (dd,J = 8.5, 1.3 Hz, 1H), 7.91 (ddjJ = 8.5, 7.3 Hz, 1H),

tion to give25d as a white amorphous solid (13 mg, 0.025 mmol,
50%). HPLC-A: tr = 8.50 min ¢99%). MS (ESI): m/z 531 [M

-+ H]*, 553 [M + NaJ". *H NMR (400 MHz, CDC}; rotameric
broadening)s 8.91 (s, 1H), 8.31 (ddJ = 7.0, 0.9 Hz, 1H), 8.27
(dd,J = 8.8, 0.9 Hz, 1H), 7.97 (d] = 1.5 Hz, 1H), 7.74 (ddJ =
8.8, 7.0 Hz, 1H), 7.41 (dd] = 8.1, 1.6 Hz, 1H), 6.78 (dJ = 8.1
Hz, 1H), 3.75-3.0 (br m, 8H). Anal. (gH15IN4O4S;) C, H, N.

7.57 (s, 1H), 7.036.98 (m, 2H), 4.76-3.40 (br m, 2H), 3.92
3.80 (br m, 1H), 3.753.58 (br m, 1H), 3.51 (dd) = 11.7, 2.8
Hz, 1H), 3.40-3.15 (br m, 2H), 1.351.15 (br m, 3H). HRMS
(ESI): calcd for GoH1sCINJOsS [M + H]*, 447.0888; found,
447.0893.
(R)-4-[4-Chloro-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]-3-
methylmorpholine (26f). The title compound was prepared ac-
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cording to the general procedure for HATU-mediated peptide mg, 0.075 mmol, 50%). MS (ESI)m/z 462 [M — H]". HPLC-A:
coupling usingl7d (18 mg, 0.050 mmol), pyridine (0.012 mL, 0.15  tg = 9.1 min (>99%). HPLC-B: tr = 6.7 min (+99%).'H NMR
mmol), HATU (38 mg, 0.1 mmol),R)-3-methylmorpholin€ (0.010 (400 MHz, CDC} + CDsOD): 6 7.74 (d,J = 7.8 Hz, 1H), 7.63
mL, 0.1 mmol), and DMF (0.4 mL) to give6f (10 mg, 0.022 mmol, (d,J= 7.8 Hz, 1H), 7.457.41 (arom m, 2H), 7.4 (s, 1H), 7.32
45%). MS (ESI): m/z 445 [M — H]~. HPLC-A: tr = 8.54 min. 7.28 (arom m, 5H), 7.1#7.13 (m, 3H), 7.1 (br s, 1H), 7.067.04
HPLC-B: tz = 3.73 min (-99%).H NMR (500 MHz, CDC}; (t, J = 7.2 Hz, 1H), 4.83 (tJ = 6.6 Hz, 1H), 3.29 (dd) = 14.4,
rotameric broadening 9.05 (d,J = 1.8 Hz, 1H), 9.04 (br s, 1H), 5.4 Hz, 1H), 3.18 (dd) = 14.4, 6.6 Hz, 1H). Anal. (&H2:N30sS
9.00 (d,J = 1.8 Hz, 1H), 8.56 (ddJ = 7.0, 1.5 Hz, 1H), 8.37 (dd, 1/3H,0) C, H, N, S.
J=8.4,14Hz 1H), 7.91 (dd] = 8.4, 7.4 Hz, 1H), 7.56 (br m, (S)-N-[4-Bromo-2-[(1H-indol-2-ylsulfonyl)amino]benzoyl]-
1H), 6.99 (m, 2H), 6.93 (d] = 8.1 Hz, 1H), 4.30 (br m, 1H), 3.85  phenylalanine (35).The compound was prepared fref8 (57 mg,
(m, 1H), 3.64 (m, 1H), 3.51 (ddl = 11.5, 2.7 Hz, 1H), 3.30 (m, 0.14 mmol), phenylalanine methyl ester hydrochloride (62 mg, 0.29
3H), 1.23 (br m, 3H). HRMS (ESI): calcd for,gH:9CIN,O,S [M mmol), DIPEA (126uL, 0.72 mmol), and HATU (99 mg, 0.26
+ H]*, 447.0888; found, 447.0883. mmol) as described in the general procedure for HATU-mediated
(3S,59)-4-[4-Chloro-2-[(5-quinoxalinylsulfonyl)amino]benzoyl]- amide bond formation to afford the methyl ester of the title
3,5-dimethylmorpholine (26g).A suspension 017d (50 mg, 0.14 compound (65 mg, 0.12 mmol, 86%). MS (ESHVz 554 [M —
mmol) in thionyl chloride (5 mL) was heated at reflux for 30 min. H]*. HPLC-A: tg = 10.3 min ¢99%). 'H NMR (400 MHz,
The resulting homogeneous yellow mixture was cooled to room CDCl): 6 10.72 (s, 1H), 9.30 (s, 1H), 7.93 (d,= 1.8 Hz, 1H),
temperature and concentrated in vacuo. Final traces of thionyl 7.6 (d,J = 7.8 Hz, 1H), 7.33 (dJ = 8.4 Hz, 1H), 7.28-7.23 (arom
chloride were removed by adding an aliquot of toluene to the crude m, 4H), 7.13-7.10 (arom m, 2H), 7.01 (arom m, 1H), 7:68.98
acid chloride and concentrating in vacuo three times. To a solution (m, 3H), 6.47 (dJ = 7.2 Hz, 1H), 4.83 (gJ = 6.0 Hz, 1H), 3.78

of the acid chloride in toluene (5 mL) was adde8H-3,5-
dimethylmorpholin& (50 mg, 0.43 mmol). The reaction was heated
at 90°C for 1 h, poured ird 1 N HCI, and extracted three times
with DCM. The combined organic extracts were dried {81@,)

(s, 3H), 3.14 (dd,J = 13.8, 5.4 Hz, 1H), 3.10 (dd] = 13.8, 6.0
Hz, 1H).

The methyl ester (60 mg, 0.11 mmol) in 1:1 THF/water (4 mL)
was treated with LiOFH,O (14 mg, 0.33 mmol) as described in

and concentrated in vacuo. The crude residue was purified by flashthe preparation 084 to afford 35 as a white solid (35 mg, 0.064
chromatography (4 g ISCO silica gel cartridge, EtOAc/hexanes mmol, 59%). MS (ESI):m/z 540 [M—H]*. HPLC-A: tr = 9.7

gradient) to provide the title amid#6g (32 mg, 0.069 mmol, 49%)
as a white solid. MS (ESI)m/z 459 [M — H]~. HPLC-A: tr =
9.07 min ¢99%). HPLC-B: tg = 3.71 min ¢99%). *H NMR
(400 MHz, CDC}; rotameric broadening)i 9.49 (br s, 1H), 9.04
(d,J = 1.8 Hz, 1H), 8.98 (dJ = 1.8 Hz, 1H), 8.60 (ddJ = 7.4,
1.4 Hz, 1H), 8.36 (dd) = 8.5, 1.4 Hz, 1H), 7.91 (dd]= 8.4, 7.4
Hz, 1H), 7.64 (dJ = 1.9 Hz, 1H), 7.17 (dJ = 8.2 Hz, 1H), 6.96
(dd,J=8.3, 2.0 Hz, 1H), 3.863.72 (m, 4H), 3.44 (ddj = 11.3,
5.5 Hz, 2H), 1.16 (dJ = 6.3 Hz, 6H). HRMS (ESI): calcd for
C21H21CIN,O4S [M + H]*, 461.1045; found, 461.1044.
(3R,59)-rel-4-[4-Chloro-2-[(5-quinoxalinylsulfonyl)amino]ben-
zoyl]-3,5-dimethylmorpholine (26h).The compound was prepared
from 17d (50 mg, 0.14 mmol), thionyl chloride (5 mL), an8R)-
mese3,5-dimethylmorpholin® (50 mg, 0.43 mmol) as described
for 26g to provide the title amid€6h as a white solid (32 mg,
0.069 mmol, 49%). MS (ESI)m/z 459 [M — H]~. HPLC-A: tg
= 8.61 min (-99%). HPLC-B: tr = 3.83 min (-99%).H NMR
(400 MHz, CDC}; rotameric broadening) 9.04 (d,J = 1.8 Hz,
1H), 9.00 (d,J = 1.8 Hz, 1H), 8.66 (br s, 1H), 8.57 (dd,= 7.3,
1.4 Hz, 1H), 8.38 (ddJ = 8.5, 1.4 Hz, 1H), 7.93 (dd] = 8.5, 7.3
Hz, 1H), 7.49 (dJ = 1.7 Hz, 1H), 7.06 (dJ = 8.2 Hz, 1H), 7.02
(dd,J=8.2, 1.8 Hz, 1H), 4.183.98 (br m, 2H), 3.75 (dJ = 11.7
Hz, 2H), 3.58 (ddJ = 11.7, 3.6 Hz, 2H), 1.35 (d) = 7.0 Hz,
6H). HRMS (ESI): calcd for gH»1CIN4O,S [M + H]*, 461.1045;
found, 461.1058.
N-[2-[(1H-Indol-2-ylsulfonyl)amino]benzoyl]-phenylalanine (34).
The methyl ester of the title compound was prepared #@r(v3.0
mg, 0.23 mmol), HATU (158 mg, 0.42 mmol), phenylalanine
methyl ester hydrochloride (90 mg, 0.42 mmol), and DIPEA (0.20

min (>99%). HPLC-B: tg = 7.1 min (>99%).'H NMR (400
MHz, CDCl; + CDsOD): ¢ 7.91 (d,J = 1.8 Hz, 1H), 7.62 (dJ
= 8.4 Hz, 1H), 7.3%7.32 (arom m, 1H), 7.297.23 (arom m, 8H),
7.13-7.05 (arom m, 6H), 4.77 (g1 = 6 Hz, 1H), 3.25 (dd,) =
13.8, 5.4 Hz, 1H), 3.13 (dd] = 13.8, 6.6 Hz, 1H). HRMS calcd
for CogH20BrNzOsS, 540.0234 [M— H]*; found, 540.0238. Anal.
(C24H20BrN3OsS 1H,0) C, H, N, S.
1-[2-[(1H-Indol-2-ylsulfonyl)amino]benzoyl]-piperidine (36).
The compound was prepared freta (54.7 mg, 0.17 mmol), HATU
(79 mg, 0.21 mmol), piperidine (34L, 0.34 mmol), DIPEA (90
uL, 0.52 mmol) as described in the general procedure for HATU-
mediated amide formation to affoi®b (36 mg, 42%) as a white
solid. MS (ESI): m'z 384 [M + H]*, 406 [M + Na]". HPLC-A:
tr = 9.5 min (>99%). HPLC-B: tg = 6.8 min (>99%).'H NMR
(400 MHz, DMSOdg; rotameric broadening)d 12.15 (s, 1H), 9.5
(s, 1H), 7.62 (d) = 7.8 Hz, 1H), 7.44 (dJ = 8.4 Hz, 1H), 7.38
7.32 (arom m, 2H), 7.287.26 (arom m, 1H), 7.237.19 (arom m,
2H), 7.11-7.08 (t,J = 7.8 Hz, 1H), 6.92 (s, 1H), 3.46 (br m, 2H),
2.84 (br m, 2H), 1.49 (br m, 4H), 1.18 (br m, 2H). HRMS calcd
for CyoH21N305S, 382.1231 [M— H]*; found, 382.1240. Anal.
(C20H21N305S1/3H,0) C, H, N, S.
1-[4-Bromo-2-[(1H-indol-2-ylsulfonyl)amino]benzoyl]-piperi-
dine (37). The compound was prepared fro#3 (44 mg, 0.17
mmol), HATU (76 mg, 0.21 mmol), piperidine (2&-, 0.22 mmol),
and DIPEA (97uL, 0.56 mmol) and purified as described in the
general procedure for HATU-mediated amide bond formation to
afford 37 as a white solid (23 mg, 0.050 mmol, 29%). MS (ESI):
m/'z 460 [M — H]*. HPLC-A: tg = 10.1 min ¢99%). HPLC-B:
tr = 7.3 min (>99%).H NMR (400 MHz, DMSO#; rotameric

mL, 1.15 mmol) and purified as described in the general procedure broadening):d 12.13 (s, 1H), 9.7 (s, 1H), 7.59 (d,= 7.8 Hz,

for HATU-mediated amide preparation (95 mg, 0.20 mmol, 86%).
MS (ESI): m'z 476 [M — H]*. HPLC-A (reversed-phase)r =
9.8 min (>99%).H NMR (400 MHz, CDC}): ¢ 10.6 (s, 1H),
9.36 (s, 1H), 7.74 (dJ = 7.6 Hz, 1H), 7.55 (dJ = 8.0 Hz, 1H),
7.41-7.32 (arom m, 2H), 7.267.17 (arom m, 5H), 7.10 (1] =
8.0 Hz, 1H), 7.6-6.98 (m, 4H), 6.49 (dJ = 7.2 Hz, 1H), 4.8 (q,
J = 5.6 Hz, 1H), 3.7 (s, 3H), 3:23.09 (m, 2H).

To the methyl ester (70 mg, 0.15 mmol) in 1:1 THF/water (4
mL) was added LiOFH,0 (19 mg, 0.44 mmol), and the mixture

1H), 7.40 (dJ = 1.8 Hz, 1H), 7.38 (dd) = 7.8, 0.6 Hz, 1H), 7.35

(dd,J = 8.4, 2.4 Hz, 1H), 7.237.21 (arom m, 1H), 7.14 (dl =

8.4 Hz, 1H), 7.06-7.03 (m, 1H), 6.9 (dJ = 1.2 Hz, 1H), 3.39 (br

m, 2H), 2.78 (br m, 2H), 1.421.40 (br m, 4H), 1.12 (br m, 2H).

HRMS calcd for GoH20BrNsOsS, 460.0336 [M— H]*; found,

460.0337. Anal. (@H20BrN;O3S1/3H,0) C, H, N, S.
1-[2-[(2,1,3-Benzothiadiazol-4-ylcarbonyl)amino]-4-bromoben-

zoyl]-piperidine (38). To a dry, one-necked round-bottom flask

was added benzo[1,2,5]thiadiazole-4-carboxylic acid (31 mg, 0.17

was stirred for 5 h. The reaction mixture was quenched with 10% umol), followed by thionyl chloride (10 mL). The contents were
HCI (10 mL), and the aqueous layer was extracted with EtOAc (3 heated at reflux overnight, then excess thionyl chloride was removed
x 25 mL). The combined organic extracts were washed with brine under reduced pressure, and the resulting oil was repeatedly stripped
(25 mL), dried (NaSQy), and concentrated under reduced pressure. from toluene (3). The crude acid chloride was taken up into dry
The crude product was purified by preparative reversed-phase HPLCDCM (10 mL) to which was added pyridine (48, 0.50 mmol)
(acetonitrile/water, 0.05% TFA) to affor84 as a white solid (35 and11e(57 mg, 0.20 mmol), and the reaction mixture was stirred
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for 3 h, quenched with water, transferred to a separatory funnel, esophagus was ligated to prevent back flow of the mucosal solution.
and washed with water and aqueous NaCl. The organic layer wasCare was taken not to damage the vagus nerve during the surgical
dried (M@:SQy), filtered, and concentrated in vacuo. The resulting procedure. For the whole period of the experiment, mucosal solution
oil was purified on silica gel (MPLC, hexanes/EtOAc) to afford was continuously perfused through the stomach at the rate of 1
38 as a solid (15 mg, 0.033 mmol, 17%). MS (EShvz 467 [M mL/min using a Carter multichannel precision pump (Manostat,
+ NaJ*. HPLC-A: tg = 9.78 min (¢99%). HPLC-B: tg = 7.81 IL). The perfusate was then passed over a pH electrode system
min (>99%).'H NMR (400 MHz, CDC}; rotameric broadening): (Beckman Instrument, Inc., CA) linked to a computer via a signal
0 8.77 (d,J = 1.8 Hz, 1H), 8.68 (ddJ = 7.1, 1.1 Hz, 1H), 8.24 amplifier (ADinstruments, CO). The pH of the effluent was
(dd,J=18.8,1.1 Hz, 1H), 7.81 (ddl = 8.8, 7.1 Hz, 1H), 7.35 (dd, continuously monitored and recorded as a function of time.

J=8.1,1.8Hz, 1H), 7.17 (d) = 8.1, 1H), 3.78 (br s, 4H), 1.63 Inhibition of Penta-Gastrin Stimulated Gastric Acid Secretion
1.46 (br m, 6H). HRMS (ESI): calcd for 6H1gBrN4O,S [M + in the Conscious Gastric Fistula Rat.The protocol of Pare et
H]*, 445.0328; found, 445.0329. . o al 3" was followed with some modifications. Male Spraguzawley
Human CCK-1 and Human CCK-2 Radioligand Binding  rats f = 9), weighing 256-300 g at the start of experiment, were
Assays.The human CCK-1R and CCK-2R radioligand binding each fitted with a stainless steel cannula, which resembled a small
assays, the results of which are presented in Tables 1 a8d 3  spool, measuring 12 mm long with outer flanges 12 mm in diameter
were identical to those previously descrizéc? and an outside diameter 6f7.5 mm. A 12x 12 mm square piece
Guinea Pig Gallbladder and Gastric Smooth Muscle Func-  of monofilament knitted polypropylene mesh was attached midway
tional Assays.Assays to measure the antagonism by compounds between the flanges to the barrel of the cannula with tissue glue
4 and5 (Table 9) of CCK-8S-stimulated guinea pig gallbladder (vetbound, MN). The inner bore of the cannula was threaded to
contraction and penta-gastrin stimulated guinea pig gastric smoothaccept a screw-type plug, which functioned as an obturator. When
muscle contraction were perfomed as previously descfb&d. gastric collections were made, the plugging screw was removed
Pharmacokinetics in the Rat and Dog.Compounds for iv and replaced with a female luer joint (Instech, PA), which slipped
administration (2«mol/kg rat and dog) were freshly prepared as over a small bushing with outside treads. The threaded bushing
5% (viv) pharmasolve in 20% HP-beta-CD (cyclodextrin) solutions could be screwed into the cannula after the plugging screw has
and adjusted to pH 9 by the additioh®N NaOH. For oral dosing  been removed. The female luer joint was connected to tubing
(2 umol/kg rat and 2Qemol/kg dog), the cyclodextrin vehicle was  (Manostat, IL) that drained the gastric secretion by gravity when
replaced by TPGS/PG/water (2:6:2). the animal was placed in the metabolic cage. A 10 mL volumetric
Rat PK. The pharmacokinetic profiles were assessed in male cylinder was placed underneath each cage as a collection vessel
Sprague-Dawley rats (236-350 g). The concentration of the for the gastric juice owea 2 hperiod. The test compound was
compound in the plasma was determined at various time points dosed orally as a solution at time 0, followed 2 h by a
after dosing in the La Jolla Bioanalytical group using a liquid subcutaneous injection of 30 nmol/kg pentagastrin. Gastric juice
chromatographic-triple quadrupole mass spectrometer assay prowas collected by free drainage through the fistula in 30 min fractions
cedure with a lower limit of quantification of-510 ng/mL. Rats over the nek2 h into a volumetric cylinder.
in the oral dosing group were fasted 18 h prior to dosing, while

those in the intravenous dosing group were not fasted. All animals  Acknowledgment. The authors thank Dr. Jiejun Wu, Ms.
were allowed water ad libitum, and fasted rats in the oral group yeather McAllister, and Mr. David Tognarelli for analytical

were fa 4 h following dosing. Blood samples (250) were su ; ;
. a9 . pport and Ms. Veronica Moreno and Ms. Jayashree Pyati for
obtained from the tail vein before dosing and at 0.5, 1, 2, 4, 6, 8, assistance with assay development.

24, and 26 h thereafter. Samples were stored on @0 (min)

until such time that the plasma could be collected by centrifugation ) . . ) .

(10 min at 10 000 rpm). Plasma was collected and frozen2t Supporting Information Available: Experimental details of

or —80 °C until bioanalysis. the synthesis of noncommercially available intermediates as well
Dog PK. Male beagle dogs (6.1 to 8.0 kg at dose initiation) were &S & table of combustion analysis/HRMS data. This material is

dosed either via the iv or oral routes with compound solutions, as available free of charge via the Internet at http://pubs.acs.org.
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