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Abstract: Structure-activity studies on lead cyclobutenedioBéed

to the discovery of4 (SCH 527123), a potent, orally bioavailable
CXCR2/CXCR1 receptor antagonist with excellent cell-based activity.
Compound4 displayed good oral bioavailability in rat and may be a
potential therapeutic agent for the treatment of various inflammatory
diseases.

IL-82 (CXCL8) is a member of the CXC chemokine family
that plays a role in the trafficking of neutrophils to the site of
inflammation?! In 1990, two chemokine G-protein-coupled,
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Figure 1. CXCR2-selective and CXCR2/CXCRL1 receptor antagonists.

YR 7
S S O
hvd

4

in a number of neutrophil animal modélResearchers at Pfizer
reported a series of quinoxalines represented layhich showed
inhibition of CXCL8 receptor binding and CXCL8-mediated
neutrophil chemotaxi%Since these initial disclosures, several
other classes of small-molecule CXCR2 antagonists have been
disclosed, and this area has been recently reviewed in 8epth.

Herein, we report the culmination of our ongoing efforts in
the synthesis and SAR development of a series of novel of 3,4-
diamino-3-cyclobutene-1,2-dione CXCR2 receptor antagoHists.
Preliminary studi¢'d identified the 3,4-diamino-3-cyclobutene-
1,2-dione motif to be central to the development of potent
CXCR2 receptor antagonists as represente8. ly this Letter,
we disclose the design, synthesis, and SAR development of the
3,4-diamino-3-cyclobutene-1,2-dione derivatives from our early
lead compound, which led to the discovery of, a potent
CXCR2/CXCR1 receptor antagonist (Figured A report3 has
appeared recently on the ability 4fto inhibit smoke-induced
pulmonary neutrophilia in mice, using the designation SCH-N.

The preparation of the 3,4-diamino-3-cyclobutene-1,2-dione
derivatives began with the preparation of the requisite optically

seven-transmembrane receptors (CXCR1 and CXCR2) werepure amine fragments utilizing a diastereoselective chiral

cloned and identified and are activated by CXCt8While
CXCR2 binds with high affinity to CXCL8 and other ELLR
chemokines such as GCP-2 (CXCL6), ENA-78 (CXCL5), and
Gro-o. (CXCL1), CXCRL1 is less promiscuous and binds only
CXCL8 and CXCL6 with high affinity When CXCLS interacts
with CXCR2 and CXCR1 on neutrophils, an intracellular

addition routé* (Scheme 1). Condensation of substituted aryl
or heteroaryl aldehydesa—f with R-valinol in the presence of
MgSO, followed by TMS protection afforded the protected
imines 6a—f. Treatment of iminea—f with commercially
available organolithiumi{PrLi andt-BuLi) or in situ generated
species (EtLi and cyclopropylLi) afforded the diastereoselective

response occurs, including calcium flux, degranulation, and addition products5 which were directly subjected to oxidative

subsequent chemotaxin addition, elevated levels of CXCL8

cleavage conditions to provide amiri&s-j. Nitrosalicyclic acid

and CXCL1 have been observed in humans with arthritis, 8 was converted to the dimethylamide adduct, which upon
asthma, and COPD, suggestive of the critical role that these hydroreduction afforded aniling@ (Scheme 2). Coupling o9
CXC chemokines may play in such proceszes. with diethyl squarate in EtOH affordei®, which upon treatment
Owing to the relevance of CXCL8 and related chemokines with commercially available or prepared aminéa|) afforded
in a wide range of inflammatory diseases, CXCR2 and CXCRL the final products3, 4, and11—24 as depicted in Tables 1 and
antagonists have attracted attention as targets for small-molecule,
drug discovery. In 1998, Widdowson and co-workers reported  The in vitro affinities of these compounds for the CXCR2
the first small-molecule CXCR2 selective antagonists repre- ang CXCR1 receptors were determined by a membrane binding
sented by ured (Figure 1)7 Analogues in this structural class  gssayi617while the functional activity was assessed in a human
have been reported to be potent, selective CXCR2 receptorpeytrophil ("\PMN) chemotaxis assay in the presence of various
antagonists that possess good bioavailability and in vivo activity chemoattractants (CXCL8 or CXCL1§.The blood levels in

Town p o idbe add o 908720 4478rats after oral administration were determined according to a
0 whom correspondence should be addressed. Phone: -740- ; At
Fax: 908-740-7152. E-mail: michael.dwyer@spcorp.com. rapid rat pharmacokinetic screéh.
T Schering-Plough Research Institute.
§ Pharmacopeia Drug Discovery, Inc.

With our initial early lead compound in hand, we focused

*Current address: Alantos Pharmaceuticals, 840 Memorial Drive,
Cambridge, Massachusetts 02139.

a Abbreviations: IL-8, interleukin-8; COPD, chronic obstructive pul-
monary disease; CXC, cysteine (C)-X-C motif; EtRglutamic acid-
leucine-arginine; GCP-2, human granulocyte chemotactic protein-2; ENA-
78, epithelial-derived neutrophil attractant-78; @Gragrowth-related protein-

o; hPMN, human polymorphonuclear leukocyte; AUC, area under curve;
HPBCD, hydroxypropy|s-cyclodextrin.

10.1021/jm0609622 CCC: $33.50

our discovery program upon improving the in vitro potencies
for the chemokine receptors, functional activity, and oral
bioavailability in rat of this class of compounds. Initial SAR
studied! in this structural series established the importance of
the three key H-bonding elements (twd\NH and one—OH)

and the dimethylamide phenol aniline Bas essential for
CXCR2 receptor affinity. While displayed reasonable affinity
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Scheme 1.Preparation of Chiral Aminega—;j? Table 1. Aryl and Heteroaryl Derivative8, 4, and11-20
\; O, o}
~ POH=(
Q ™so” N /NYQ\N R
ab
HJ\R - H)I\R 0 oH M
5a; R = 3-fluoropheny! 6a; R = 3-fluorophenyl 1Cs, for 1C5 for Rat AUC
5b; R = 3,4-methylenedioxyphenyl 6b; R = 3,4-methylenedioxyphenyl compd R CXCR2 CXCRI1 (PO)
5¢; R = 2-furyl 6c¢; R = 2-furyl a 2 2
53; R= 2—tlrj1irgnyl sg; R= z-tlrjnirgnyl (nM) (nM) (uMh)**
5e; R = 2-(5-methylthienyl) 6e} R_= 2-(5-methylthienyl)
5f; R = 2-(5-methylfuryl) 6f; R = 2-(5-methylfuryl) 3 f\N/K/ 15+ 1 910 + 66 6.4
H
7a; R = 3-fluorophenyl; R, = Et 1 g\N 236+ 10 b
7b; R = 3,4-methylenedioxyphenyl; Ry = Et H - na -
NH 7c; R = 2-furyl, Ry = Et
cd 2 7d; R = 2-thienyl, R, = Et 8
— = R”R 7e; R = 2-(5-methylthienyl); R, = Et 12 N 244 £ 19 na°
7f; R = 2-(5-methylfuryl); R, = Et H
7g; R = 2-(5-methylfuryl); R, = Me -
7h; R = 2-(5-methylfuryl); Ry = Cp ?_é :
7i; R = 2-(5-methylfuryl); R, = i-Pr 13 N 17 1 3058 +313
7j; R = 2-(5-methylfuryl); R, = t-Bu H
aReagents and conditions: @)valinol, MgSQ, CH,Cl; (b) TMSCI,
EtzN (90% two steps); (c) Ri, Et,O, —40 °C; (d) HslOs, MeNH, (40% 14 ,:é\N 234 + 20 na® 1.0
in H20) or Pd(OACc). H
. _ . ~
Scheme 2.Preparation of 3,4-Diamino-3-cyclobutene-1,2-dione 2 H
Derivatives3, 4, 11—-242 15 \u/\© 6.8+ 12 254+ 4 17.4
o O, e A, e £
NO, : 16 SN F 9% 0. * 183
T, o oH HAQ/ 49+ 0.7 197+ 17
8 9 _
o) 0 ° ° £ H o
A ¢ ' pmg 17 Hﬁ Y 50+12 145+ 13 317
- N OEt N N R o
O OH 10 O OH H
3,4,11-24 -
a@Reagents and conditions: (a) (COCIPMF, then HNMe, 93%; (b) 18 f\N S 6.0x 0.2 81 5 2.5
Pd/C (10%), H (40 psi), 97%; (c) diethyl squarate, EtOH, room temp, 70%; H |
(d) 7a—j, EtOH, room temp or reflux, 4196%. ~
. . 19 S0 3.8+ 02 26+ 2 14
for the CXCR2 receptor, functional activity,and modest oral N T p
bioavailability in rat (Table 1), additional SAR work focused P
upon optimization of the diethylamino fragment3ifo improve 20 & ‘S 53+ 0.2 235+ 2 14.1
the biological profile of this series of compounds. Toward this H/U
end, initial incorporation of a benzylic functionality was not -
impressive {1-13); however, a trend in terms of preferred 4 E\N O 26+ 03 36+ 5 49.0
stereochemistry was observed (Table 1). While benzylic deriva- H/\E/)/

tive (11) and the e”""”?"’me”a'm‘?my' derivatives 12 and aValues reported are the meanrange ( = 2) excep#d (meant SEM,
13) showed reduced binding affinity to the CXCR2 receptor |, _ 4).>na= not active at>10000 nM.

versus the branched alkyl derivati the ethyl-substituted

derivatives 14 and 15) revealed a significant difference in the ~ Table 2. 5-Methylfuryl Derivatives4 and21-24

overall biological profile between th&J]- and §)-enantiomers | N g
with respect to both chemokine receptor affinity (CXCR2 and _N N:tﬁN Z_O
CXCR1) and rat pharmacokinetics (Table 1). Compousd 0 on M H/\U/

demonstrated an improvement in affinity for the CXCR2 and 1Confor [Confor ot AUC
CXCR1 receptor and improved oral exposure in rat versus lead ¢omnd R CXCR2 ("MP  CXCRL(MMP  (po) (¢M-h)®
compound3. In addition, the correspondin@)fenantiomer 14)

showed a reduced a_ffini;y for the_ CXCR2 receptor and very 2 gte g:gi é:g Zgi 27 23:8
poor rat pharmacokinetics. Having established the critical 22 Cp 3.6+ 0.5 55+ 3 1.4
importance of theR)-ethyl derivative side chain for improved 23 i-Pr 6.2+ 1.4 34+ 2 3.2
CXCR2 and CXCR1 receptor affinity and rat pharmacokinetics, 24 t-Bu 3.8+0.4 11£1 2.6
a brief survey of substitution around the phenyl motif 1&f aValues reported are the mesrange 6 = 2) except4 (mean+ SEM,

was conducted. Incorporation of electron-withdrawifh) @nd n=4).

electron-donating substituents7j on the phenyl ring displayed

affinities comparable to those of the CXCR2 receptor and displayed excellent affinity for the CXCR2 and CXCR1
CXCR1 receptor while maintaining reasonable oral drug receptors, poor oral bioavailability in rat limited their utility
exposure in rat (Table 1). Bioisosteric replacement of the phenyl (Table 1). Because of concerns about the metabolic liability of
ring of 15 with a 2-thienyl (8) or 2-furyl (19) motif yielded the 5-H substitution in8 and 19, a 5-methyl substituent was
derivatives with improved CXCR2 and CXCR1 receptor af- introduced to provide thiopherg® and furyl derivativet. These
finities compared tol5. While these heteroaryl derivatives derivatives displayed comparable affinity for the CXCR2
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Table 3. hPMN Chemotaxis Assay fof, 21, and15 pharmacokinetics in rat. This compound should be appropriate
chemotaxis inhibition 16 (NM);2 n = 2 for exploring the role of these receptors in human disease.
CXcLs cXct1 Acknowledgment. We thank Dr. John Piwinski and Dr.
compd mean range mean range Robert Aslanian for insightful suggestions and comments and
4 16 15 <1.0 Dr. Jesse Wong, Dr. Jianshe Kong, Dr. Mark Liang, and Tao
21 251 14 2.4 12 Meng for scale-up of intermediates.
15 398 1.2 48 1.6

a Derived by testing the effect of increasing concentrations of compound  Supporting Information Available: Experimental procedures

on the chemotaxis AUC in response to CXCL8 (G-38 nM) or CXCL1 and characterization data f8r-24. This material is available free
(0.1-100 nM). Therefore, 16 is the compound concentration (nM) at which ¢ charge via the Internet at http://pubs.acs.org.
the chemotaxis AUC was inhibited 50%.

receptor as the 5-H analogues in addition to a slightly decreasedReferences

affinity for the CXCRL1 receptor (Table 1). More importantly, (1) Murphy, P. M. Neutrophil receptors for interleukin-8 and related CXC
20 and4 displayed vastly improved rat plasma levels after oral @ CHhO‘ng‘éi”\?vsssmi_née"'%maéﬂggglV?ﬁJﬂ}qﬁg% . Wood. W. |
administration compared _to the 5-H analogi8and19 (Table Structure and ftjnctioﬁal.éxpresgibn of a human interleukin-8 fecebtbr.
1). The 5-methylfuryl derivativé emerged from these efforts Sciencel991 253 1278-1280.

possessing excellent affinity for the CXCR2 and CXCR1  (3) Murphy, P. M Tiffany, H. L. Cloning of complementary DNA

receptors and having excellent oral exposure in the rapid rat encoding a functional human interleukin recep@riencel 991, 253

. . 1280-1282.
pharm_aCOKm?t'(_? screen. _ _ ) (4) (a) Walz, A.; Burgener, R.; Carr, B.; Baggiolini, M.; Kunkel, S. L.;
Having optimized the heterocyclic portion of this class of Strieter, R. M. Structure and neutrophil-activating properties of a
mol | monstr in furvl derivat ntion turn novel inflammatory peptide (ENA-78) with homology to interleukin-8
t 0 eC(;J est.as.det. 0 S]E ;ted id u yh qe ?ﬁvaﬂe dt? tut ed J. Exp. Med1991 174, 1355-1362. (b) Wolf, M.; Delgado, M. B.;
oward optimizauon ol the-side chain with regard 10 potency Jones, S. A.; Dewald, B.; Clark-Lewis, B.; Baggiolini, M. Granu-
and pharmacokinetics. Since SAR work in the 3,4-diamino-3- locyte chemotactic protein 2 act via both IL-8 receptors, CXCR1
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; P ; ; a) Walz, A.; Dewald, B.; von Tscharner, V.; Baggiolini, M. Effects
ance fpr polar fupctlonallty in the side chain reg%@ fo,CUSEd of the neutrophil-activating peptide NAP-2, platelet basic protein,
effort incorporating alkyl and branched alkyl derivatives was connective tissue-activating peptide Il and platelet factor 4 on human

undertaken. The synthesis of these analogues was performed  neutrophils.J. Exp. Med.1989 170, 1745-1750. (b) Thelen, M.;

according to the routes in Schemes 1 and 2 and is summarized ~ Péveri. P.; von Tsharaner. V.; Walz, A.; Baggiolini, M. Mechanism
of neutrophil activation by NAF, a novel monocyte-derived peptide

in Table 2. Thex-methyl deriyativéZl showed excelle.nF affinity agonist.FASEB J.1988 2, 2702-2706.

for the CXCR2 receptor with over 100-fold selectivity versus  (6) Keatings, V. M.; Collins, P. D.; Scott, D. M.; Barnes, P. J. Differences
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: H H H H H riswolid, D. kE.; Sarau, H. . laentrication or a potent, selective
r‘?ceptor?’ was malmamed with increasifigoranching of the non-peptide CXCR2 antagonist that inhibits interleukin-8-induced
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at the expense of oral rat exposure (Table 2). Having achieved Podolin, P. L.; Bolognese, B. J.; Foley, J. J.; Schmidt, D. B.; Buckley,
i H ) i P. T.; Widdowson, K. L.; Jin, Q.; White, J. R.; Lee, J. M.; Goodman,
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blocking CXCL1 and CXCL8 binding (and receptor signaling) E.; Heilig, D. J.; Yang, W.; Qin, S.; Hunt, S. Synthesis and strueture
in CXCR2 recombinants (data not shown). Experiments with activity relationship of 2-amino-3-heteroaryl-quinoxalines as non-
. R peptide, small-molecule antagonists for the interleukin-8 receptor.
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activity. Su.bse.quent Optlm.lzatlon .Of receptor affmltle.s a.nd Chao, J.; Taveras, A. Synthesis and structaetivity relationships
pharmacokinetics resulted in the discovery of furyl derivative of 3,4-diaminocyclobut-3-ene-1,2-dione CXCR2 antagongitsorg.

4, a potent inhibitor of human neutrophil chemotaxis with good Med. Chem. Lett2006 16, 4107-4110.
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are found in Supporting Information.
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