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AbstractÐSynthesis of an arylsulfone hydroxamate lead optimization library is presented. Biological activity of representative
examples is given to demonstrate the value of this approach for lead optimization. # 2000 Elsevier Science Ltd. All rights reserved.

Introduction

The solid-phase synthesis and biological activity of an
arylsulfone hydroxamate library is described. The goal
of this work was to develop a solid-phase route to the
arylsulfone hydroxamate chemical series1 to facilitate
optimization of this lead series. The preliminary SAR on a
b-arylsulfone hydroxamate sca�old capable of inhibiting
either MMPs or PDE4 has recently been disclosed. These
targets are of considerable interest as anti-in¯ammatory
agents.1,2 As part of this study a general synthetic route
for chemical libraries of carboxylic and hydroxamic
acids was designed and carried to fruition. In this report
we wish to disclose this solid-phase synthesis and the
resulting SAR required for potent, selective MMP or
PDE4 inhibitors.

Chemistry

A ®ve-step solution route to the arylsulfone inhibitors
(compound 8; Scheme 2), had been developed prior to
starting this project.1 However, this route involved
chromatographic puri®cation after each synthetic step.

A robust solid-phase route would facilitate puri®cation
and thus make the entire process more e�cient. A solid-
phase synthesis of the carboxylic acid sulfone was
developed (Scheme 1).3 This synthesis was ¯exible
enough to allow for the isolation and screening of all the
carboxylic acid intermediates. A resin bound hydroxyl-
amine was employed to transform the carboxylic acid into
the hydroxamic acid4 (Scheme 2). Typically, the reaction
products displayed >80% purity as determined by
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Scheme 1. Reagents. (a) Phosphonoacetic acid (3 equiv), 2,6-dichlorobenzoylchloride (3.2 equiv), anhydrous pyridine (6.4 equiv), DMF, 25 �C, 8 h; (b)
Lithium bis(trimethylsilyl)amide (5 equiv), THF, 0 �C to 25 �C, 60 min then ®lter under argon, add R1CHO (4 equiv), 60% cyclohexane in THF 25 �C 24±
48 h; (c) HSR2 (5 equiv), THF, nBuLi (0.1 equiv), 25 �C, 12 h; (d) mCPBA (5 equiv), dioxane, 25 �C, 12h; (e) 30% TFA in CH2Cl2 (excess), 25

�C, 1 h.
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Table 1. Structure±activity relationships for PDE4 activitya

Compound R1 R2 PDE4 IC50

nMb

9 -(CH2)4-Ph -C6H3-4-OMe-3-OcC5H9 6.9
10d -(CH2)4-Ph -C6H3-4-OMe-3-OMe 1.3

11 -C6H3-4-OMe-3-OcC5H9 11

12 -C6H3-4-OMe-3-OMe 6.4

13c,d -(CH2)3-Ph -C6H3-4-OMe-3-OMe 14
14 -(CH2)2-Ph -C6H3-4-OMe-3-OcC5H9 31
15 -(CH2)2-Ph -C6H3-4-OMe-3-OMe 3030
16c -Ph -C6H3-4-OMe-3-OMe 580
17 -C6H4-4-OBn -C6H3-4-OMe-3-OcC5H9 21
18 -C6H4-3-OBn -C6H3-4-OMe-3-OcC5H9 89
19 -C6H4-2-OBn -C6H3-4-OMe-3-OcC5H9 1500
20 -(CH2)2-C6H4-4-OBn -C6H3-4-OMe-3-OcC5H9 63
21 -(CH2)2-C6H4-4-OBn -C6H3-4-OMe-3-OMe 64
22 -(CH2)2-C6H4-4-OPh -C6H3-4-OMe-3-OcC5H9 32
23 -C6H4-3-OPh -C6H3-4-OMe-3-OcC5H9 260
24 -C6H4-3-O-C6H4-4-OMe -C6H3-4-OMe-3-OcC5H9 49
25 -(CH2)5CH3 -C6H3-4-OMe-3-OcC5H9 9.5
26 -(CH2)2CH3 -C6H3-4-OMe-3-OcC5H9 55
27 -(CH2)2CH3 -C6H3-4-OMe-3-OMe 5250
28 -CH2CH(CH3)2 -C6H3-4-OMe-3-OcC5H9 102
29 -CH2CH(CH3)2 -C6H3-4-OMe-3-OMe >10,000

30 -C6H3-4-OMe-3-OcC5H9 16

31 -C6H3-4-OMe-3-OMe 564

32 -C6H3-4-OMe-3-OcC5H9 36

33 -C6H3-4-OMe-3-OMe 295

34 -(CH2)3-Phthalimide -C6H3-4-OMe-3-OcC5H9 32
35 -(CH2)3-CON(CH3)Ph -C6H3-4-OMe-3-OcC5H9 118
36 -(CH2)2-CON(CH3)Ph -C6H3-4-OMe-3-OcC5H9 50
37 -(CH2)2-OCON(CH3)Ph -C6H3-4-OMe-3-OcC5H9 140
38 -(CH2)2-N(CH3)COPh -C6H3-4-OMe-3-OcC5H9 1040
39 -CH2-N(CH3)COPh -C6H3-4-OMe-3-OcC5H9 974
40 -(CH2)2-N(CH3)CO2Bn -C6H3-4-OMe-3-OcC5H9 460

aMMP IC50s are all >10,000 nM, see ref 7.
bSee ref 6.
cSee ref 8; Compound 13 inhibits TNF a IC50=9 nM; Compound 16 inhibits TNF a IC50=450 nM.
dPuri®ed analogues.

Scheme 2. Reagents. (a) EDC (3 equiv), DMF, Hydroxylamine resin, DMF, 25 �C 4 h; (b) 30% TFA in CH2Cl2 (excess), 25
�C, 1 h.
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HPLC/MS using UV220 detection. This purity was su�-
cient for biological evaluation and generation of struc-
ture±activity relationships. To con®rm that the observed
activity was derived from the expected compound, several
analogues in the library were puri®ed and re-screened.

Biological Results

Presented in Tables 1 and 2 are representative biological
data to highlight this chemical library as a tool for gen-
erating SAR data rapidly. Carboxylic acid intermediates
were screened but showed minimal activity at 10 mM
concentration and therefore are not presented in the
tables. The purpose of this study was to develop PDE4
SAR for the arylsulfonehydroxamate series. Screening
against the various MMPs was performed mainly as a
selectivity screen. Screening results indicate that a 3,4-dia-
lkoxy-substituted moiety in R2 such as 3,4-dimethoxy-
phenyl group provided inhibitors of PDE4 e�ective at
nanomolar concentrations while suppressing activity
against MMPs (Table 1). The use of the 3-O-cyclopentyl-
4-O-methyl-benzenemoiety forR2 in some cases enhanced
PDE4 activity in this series5 (compounds 14±15, 26±27,
28±29, 30±31 and 32±33). A variety of R1 groups were
tolerated and reveal interesting SAR. The length of the
alkyl sidechain is important for activity (compounds 25
and 26). Importantly polar R1 substituents were toler-
ated with only a 10 to 20 fold loss in activity (compounds
30 and 40). Polar R1 substituents may enhance the water
solubility of the analogues, thus giving a handle to bal-
ance the pharmokinetic pro®le within the series.

Potent, selective MMP-2 inhibitors were found in the
library. Due to the focus towards PDE4 inhibitors in
this study only three R2 groups were examined. Only the
R2=4-methoxy-phenyl analogues showed activity for
the MMPs from this set of analogues. Variation in the
R1 position revealed interesting results. For example,
alkyl groups werewell tolerated, a cyclohexyl is better than
a phenyl moiety (47 vs 53). Note the 10-fold increase
in potency in the 3-carbethoxy-cyclohexyl analogue, (53
versus 54), resulting in a sub-nanomolar inhibitor
against MMP-2 for this series.

Conclusion

In summary, a novel seven-step, solid-phase synthesis of
potent MMP and PDE4 inhibitors has been accom-
plished. Both carboxylic and hydroxamic acids are
available for screening from this synthetic route. This
type of lead optimization library demonstrates the utility
and the potential to accelerate the optimization process.
Biological data could be generated directly from library
compounds without any special puri®cation. Selective
compounds were shown to speci®cally inhibit several
related enzymes and structure±activity relationships
were easily extracted from the library.
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Table 2. Structure±activity relationships for MMP activity

Compound R1 TNF a
IC50 nM

d
PDE4

IC50 nM
a,b

MMP-1,
Ki (nM)c

MMP-2,
Ki (nM)c

MMP-3,
Ki (nM)c

41 -(CH2)4-Ph >10,000 NA 5000 20 700
42 -(CH2)3-Ph 5000 NA 2580 44 1390
43 -CH2-O-CH2-Ph >10,000 NA >10,000 38 1430
44 -(CH2)2-Ph >10,000 NA 2160 43 350
45 -(CH2)2-Cyclohexyl >10,000 NA 400 36 590
46 -CH-(CH3)Ph >10,000 NA 1710 8 300
47e -Ph >10,000 4600 >10,000 270 3300
48 -C6H4-4-CO2Me >10,000 NA 1900 88 4420
49 -C6H4-4-OBn 1200 520 >10,000 >10,000 >10,000
50 -C6H4-4-OPh 730 280 >10,000 >10,000 >10,000
51 -C6H4-O-isoPropyl >10,000 NA >10,000 >10,000 >10,000
52 -C6H4-4-C6H4 4400 3600 >10,000 >10,000 >10,000
53 -cyclo-C6H11 >10,000 NA 1710 8 86
54 -cyclo-C6H10-3-CO2Et 4600 NA 1010 0.8 60
55 -(CH2)5CH3 1400 NA 9590 31 734
56 -CH(Et)(CH2)3CH3 >10,000 NA 357 4 184
57 -CH2CH(CH3)CH2C(CH3)3 8000 NA 1720 27 676
58 -(CH2)3CH3 >10,000 NA 4170 30 404

aNA=data not available.
bSee ref 6.
cSee ref 7.
dSee ref 8.
ePuri®ed analogues.
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