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The synthesis of 1,3-disubstituted pyrrolidines 2 and their activities as type IV phosphodi-
esterase (PDE) inhibitors are described. Various groups were appended to the nitrogen of the
pyrrolidine nucleus to enable structure—activity relationships to be assessed. Groups which
render the pyrrolidine nitrogen of 2 nonbasic yielded potent PDE-IV inhibitors. Analogs of
amides, carbamates, and ureas of 2 were synthesized to determine the effects that substitution
on these functional groups had on PDE-IV inhibitor potency. The structural requirements for
PDE-IV inhibitor potency differed among the three classes. A representative amide, carbamate,
and urea (2¢,d,h) were shown to be >50-fold selective for inhibiting PDE-IV versus representa-
tive PDEs from families I-III and V. Furthermore, these same three inhibitors demonstrated
potent functional activity (ICsp < 1 uM) by inhibiting tumor necrosis factor-a (TNF-o) release
from lipopolysaccharide (LPS)-activated purified human peripheral blood monocytes and mouse
peritoneal macrophages. These compounds were also tested orally in LPS-injected mice and

demonstrated dose-dependent inhibition of serum TNF-a levels.

Cyclic adenosine 3',5-monophosphate (cAMP) and
cyclic guanosine 3’,5-monophosphate (¢cGMP) are ubig-
uitous cellular second messengers that mediate the
biologic responses of cells to a wide range of extracel-
lular stimuli. The actions of these agents are termi-
nated by the superfamily of enzymes termed cyclic
nucleotide phosphodiesterases (PDE) that hydrolyze
cAMP and ¢cGMP to their corresponding 5’-monophos-
phates, 5-AMP and 5-GMP, respectively. Human
PDEs consist of at least five different families (isotypes),
and in some cases there are several enzymes (isoforms)
within an isotype.! PDE isotypes differ in their tissue
distribution and regulation. Therefore, selective inhibi-
tion of PDE isotypes or isoforms should selectively
increase levels of cAMP or cGMP in a nonrandom, tissue
selective fashion.?

Numerous studies have demonstrated that elevated
levels of cAMP in human lymphoid and myeloid lineage
cells result in suppression of cell activation.’ Recently,
it has been shown that of the five families of PDE, the
type IV PDE (PDE-IV) is the predominant PDE isotype
in these cells. PDE-IV is characterized as a cAMP-
specific, calcium- and cGMP-insensitive enzyme that is
selectively inhibited by rolipram (1) ((R,S)-4-(3-cyclo-
pentoxy-4-methoxyphenyl)-2-pyrrolidinone).* Inhibiting
PDE-IV with rolipram can cause an elevation of cAMP
in these proinflammatory cells and suppress their
activation.® For example, it is known that in vitro
rolipram inhibits the production and/or release of proin-
flammatory cytokines in activated human monocytes,®
prevents activation and proliferation of human T-
lymphocytes,” and inhibits human polymorphonuclear
leukocyte® and guinea pig eosinophil® respiratory burst.
Since sites of inflammation, such as those that occur in
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asthma and rheumatoid arthritis, are characterized by
the presence and activation of multiple types of inflam-
matory cells, a potent selective PDE-IV inhibitor could
be useful for treating chronic and acute inflammatory
diseases.®

Although rolipram is the prototype selective PDE-IV
inhibitor, its potency is not ideal. Thus, we and several
other groups have used rolipram as a scaffold to
generate related, highly potent PDE-IV inhibitors.1%1!
In this report we describe results demonstrating that
PDE-IV inhibitors with severalfold increased potency
relative to rolipram can be obtained by reducing rolip-
ram to the 3-substituted pyrrolidine 2a (R = H) followed
by N-acylation to give pyrrolidines of general structure
2.

Chemistry

Synthesis of pyrrolidines 2 from rolipram was un-
eventful utilizing 2a as the pivotal intermediate. Re-
duction of rolipram using LiAlH, in tetrahydrofuran
(THF) at reflux for 2 h yielded 2a as an oil in 76% yield.
Refluxing the secondary amine with ethyl formate gave
2b (R = CHO) in 67% yield. All of the amides (2, R =
COR’) were synthesized by reacting 2a with the requi-
site acid chlorides or anhydrides and triethylamine
(TEA) in either acetonitrile or dichloromethane (CHo,-
Cly) at 0—23 °C. The carbamates (2, R = COsalkyl,
phenyl), except for the tert-butyl carbamate, were
prepared by reacting pyrrolidine 2a with the appropri-
ate chloroformate and TEA in CH2Cl,. The tert-butyl
carbamate 2p (R = COstBu) was synthesized by treating
2a with di-tert-butyl dicarbonate in CHCly at 23 °C.
The disubstituted urea 2h (R = CONHy) and thiourea
2i (R = CSNH,) were made by reacting pyrrolidine 2a
with trimethylsilyl isocyanate or trimethylsilyl isothio-
cyanate, respectively, and 4-(dimethylamino)pyridine in
CH,Cl, at 23 °C. The trisubstituted ureas (2, R =
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Scheme 1. Synthesis of Pyrrolidines 2 from Rolipram
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CONHR’) were obtained by reacting 2a with the ap-
propriate isocyanate in acetonitrile or CH2Cl; at 23 °C.
The tetrasubstituted urea 2w (R = CONMe;) was
prepared in 49% yield by reacting 2a with N,N-dimeth-
ylcarbamoyl chloride and TEA in CHyCly at 0 °C.
Pyrrolidine 2a reacted with methanesulfonyl chloride
and TEA in CHxCl; at 0 °C to give the sulfonamide 2e
(R = SO,CH3) in 34% yield. The highly enantioenriched
carbamates 2ee,ff, and ureas 2gg.hh were obtained
from (R)- and (S)-rolipram using the chemistry outlined
above for the racemic series.!>!® Table 1 contains all
of the compounds of general structure 2 synthesized,
along with some of their physical and biological data.

Biology

It has recently been disclosed that there are four
genes encoding type IV PDEs in humans.'* Further-
more, the diversity of the gene products encoded by the
four human loci is augmented by alternative mRNA
splicing. In this study, all of the compounds in Table 1
were tested for their ability to inhibit cAMP hydrolysis
of the human PDE-IV protein termed PDE type IVb
(PDE type IVb is the human homolog of the rat PDE-
IV termed dpde4). This protein was recently cloned
from a human frontal cortex ¢cDNA library, expressed
in the yeast Saccharomyces cerevisice, and purified to
functional purity.’®> Selected compounds from Table 1,
2¢,d,h, were tested for inhibition of enzymes from other
PDE families. These proteins were purified to func-
tional purity from canine lung® (Table 2). Functional
purity indicates that no other PDE activity could be
detected in the preparation following purification. All
three of the pyrrolidines were tested against PDE-I
(£ Ca?*/calmodulin), PDE-II (+ ¢cGMP), PDE-III, and
PDE-V. In order to assess the functional effects of these
representative PDE-IV inhibitors, they were tested for
their ability to inhibit the production of tumor necrosis
factor-a. (TNF-a) from lipopolysaccharide (LPS)-stimu-
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lated human peripheral blood monocytes® (HPBM) and
mouse peritoneal macrophages. Furthermore, all three
of these compounds were tested orally in LPS-injected
mice to determine whether they reduced serum TNF-o
levels relative to sham-treated animals (murine serum
TNF-a assay). The functional data are tabulated in
Table 3. See the Experimental Section for details on
how the assays were conducted.

Results and Discussion

The primary structure—activity relationships (SAR)
obtained for the compounds synthesized was potency of
inhibition of PDE type IVb cAMP hydrolysis by the test
compounds. Our goal was to discover compounds with
significantly increased potency relative to rolipram in
the enzyme, cellular, and murine serum TNF-a assays.

Early in our studies we found that acetylation of
rolipram to give 4 generated a PDE-IV inhibitor with
potency comparable to that of rolipram (pK; = 6.65 +
0.24, n = 9 for rolipram; pK; = 6.64 4+ 0.10, n = 3 for 4).
Surprisingly, removal of the pyrrolidinone carbonyl from
4 to give 2¢ (pK; = 7.05 + 0.09, n = 3) demonstrated
that the pyrrolidinone carbonyl was unnecessary and
actually decreased the potency of this class of inhibitors
(Figure 1). Therefore, we synthesized various pyrro-
lidines of general structure 2 to determine what effect
changing the functional group R would have on the
ability of these compounds to inhibit human PDE-IV.
See Table 1.

We surveyed a number of different functional groups
(entries 1-10) appended to the pyrrolidine nitrogen of
2, and all of the pyrrolidines, except for 2g, demon-
strated equivalent or increased potency relative to
rolipram. The poor activity of the secondary amine 21
(oxalate salt of 2a) suggests that the pyrrolidine nitro-
gen must be substituted with a group that renders the
nitrogen nonbasic in order to be a potent PDE-IV
inhibitor.

On the basis of these data, we explored the effects
that substituted carbamates, ureas, and amides have
on PDE-IV inhibition. As evident from Table 1 (entries
12—17), the ability of the carbamates to inhibit PDE-
IV generally increases with increased lipophilicity.
Indeed, the tert-butyl carbamate 2p and the phenyl
carbamate 2q are the two most potent PDE-IV inhibi-
tors of all of the compounds tested in this class. Unlike
the carbamates, increased lipophilicity on the trisub-
stituted ureas (entries 18—21) did not increase the PDE-
IV inhibitor potency relative to disubstituted urea 2h.
Interestingly, unlike trisubstituted urea 2s, tetrasub-
stituted urea 2w is approximately 2-fold more potent
than rolipram and equipotent to the disubstituted urea
2h. The amides (entries 23—29) show a trend similar
to that of the ureas. Increased aliphatic lipophilicity
decreases PDE-IV potency relative to the simplest
amide, formamide 2b; however, in general, the aryl
amides were equal or slightly more potent than the
formamide (entries 25—29).

The enantiomers of methyl carbamate 2d and urea
2h were synthesized to determine the effect absolute
stereochemistry has on PDE-IV inhibition.2® The (S)-
carbamate 2ff tested as the more potent antipode,
although the stereoselectivity is not outstanding. In-
terestingly, the (R)-urea 2gg is more potent that the
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Table 1. Physical and PDE Inhibitory Data on Various Substituted 1,3-Disubstituted Pyrrolidine 2

CH#£

A

N
R
entry comp no. Re formula® mp (°C) pKy £ SD? (ny
1 2b CHO C17H3NOg3 oil 7.04 £0.06 (4)
2 2¢ COMe C1sHg5NO3 58—-60 7.05 £ 0.09
3 2d COzMe C18H25NO4 98-99 6.96 +£ 0.18 (4)
4 2e SOoMe C17H2sNO4S oil 6.55 + 0.11 (4)
4 2f COC2Me C19H25NO;5 78—-79 6.71 £ 0.08
6 2g COCHCOoMe Co0H27NOs5 oil 6.23 £ 0.07
7 2h CONH; C17H24N203 161-162 6.74 + 0.24
8 2i CSNH: C17H24sN2028 135—136 6.81 + 0.24 (4)
9 2j COCONH, C18H24N204 107—-109 6.8 +£0.17
10 2k CN C17H32N202 61-61 7.05 £ 0.06 (4)
11 21 H C16H23NO2C2oH04 141—-142 5.23 £ 0.07
12 2m COqEt C1gH27NOy oil 7.15 + 0.15
13 2n COgnPr CgooH2gNOy oil 7.34 +£ 0.1
14 20 COgiPr CgooH2gNOy oil 7.19 £ 0.09 (4)
15 2p COstBu C21H3:NO4 oil 7.52 £ 0.16
16 2q CO2Ph CasHa7NO, oil 747 +£ 0.3 (4)
17 . 2r CO2Bn CasH2gNOy oil 7.22+0.24)
18 2s CONHMe C18H26N203 oil 6.12 + 0.09
19 2t CONH(iPr) CooH3oN20O3 88—89 6.13 £ 0.14 (4)
20 2u CONHPh Ca3H2sN2O3 127—-128 6.37 £ 0.13
21 2v CONHBn C24H29N2305 111-112 6.8 +£ 0.17
22 2w CONMe; C19H2gN203 62—63 6.84 £ 0.15
23 2x COnPr CooHygNO3 oil 6.57 £ 0.12
24 2y COiPr CooHg9NO3 oil 6.5 + 0.04
25 2z COPh Ca3Ha7NO3 109-111 717 £0.12
26 2aa CO(2-thienyl) Co1HgosNO3S 104—106 7.15 £ 0.16 (4)
27 2bb CO(2-indolyl) CosHosN2O3 176—-177 6.74 £ 0.1(4)
28 2¢cc CO(1-Me-2-pyrrolyl) Ca1H2gN2O3 oil 7.25 £ 0.26 (4)
29 2dd CO(2,3-di-Me-4-isoxazolyl) CooH2gN20y oil 6.1+0.2(4)
30 2ee (R)-COz2Me C1sHg5NO4 81-82 6.73 £ 0.25 (5)
31 2ff (8)-COzMe C1sHasNOy 81-83 7.23 +£ 0.07
32 2gg (R)-CONH, C17H24N203 141-143 7+ 0.02
33 2hh (S)-CONH; C17H24N203 140—-142 6.37 £ 0.13
34 1 (rolipram) C16H2:NO3 131-132 6.65 + 0.24 (9)

e All compounds are racemic except where designated. ® Analytical data for all compounds (C, H, N analyses) were within +0.4% of the
theoretical values except entry 28 for which the following was obtained. C: caled, 72.5; found, 71.9. ¢ pK; = —log K; (M). ¢ SD is the
standard deviation of pK.. ¢ n is the number of experiments. In all cases n = 3 unless otherwise designated.

Table 2. Phosphodiesterase Enzyme Selectivity Data on a Representative Carbamate, Urea, and Amide of Pyrrolidine 22

A

CH30.

R
% inh at 10 yum % inh at 50 uM
compd no. R I(+ Ca?*/calm) I(— Ca?*/calm) II (+ cGMP) II (- cGMP) 111 \%
2d COzMe 4 0 16 39 5 57
2h CONH; 46 4 11 32 0 50
2¢ COMe 2 0 15 26 0 36
1 (rolipram) 8 5 14¢

@ Concentrations of Ca?*/calmodulin and ¢cGMP used in preparations are given in the Experimental Section. ® A single experiment was
conducted in duplicate to obtain the percent inhibition values. ¢ Tested at 10 xM.

S-enantiomer. The difference in the SAR of the car-
bamate versus the urea of pyrrolidines coupled with
their opposite stereospecificities of inhibition is note-
worthy, yet not understood.

Three of the compounds from Table 1, 2¢,d,h, repre-
senting three different structural classes, amides, car-
bamates, and ureas, were tested for PDE family selec-
tivity, cellular activity, and in vivo efficacy (Tables 2



1508 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 9 Feldman et al.

Table 3. Cellular and in vivo Data on a Representative Carbamate, Urea, and Amide of Pyrrolidine 2

A

CH30,

% inh of serum TNF-a. £ SEM? (n)

compd no. R ECso for TNF-o inh? + SEM? (nm) (n ) 3 mg/kg po 10 mg/kg po?
2d CO2Me 435 + 204 (4) 32+ 6(3) 46 + 4 (4)
2h CONH: 504 + 138 (4) 51 +9(3) 68+ 1(2)
2¢ COMe 356 +£ 130 (4) 7+19(2) 23+ 8(3)
1 (rolipram) 320 + 204 (10) 55 + 16 (2) 68 £ 8 (10)

@ ECsp values for TNF-a inhibition in lipopolysaccharide-stimulated human monocytes. » SEM is the standard error of the mean. ¢ Number

of experiments. ¢ Percent inhibition of serum TNF-o from lipopolysaccharide-injected mice.
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Figure 1. Progression from rolipram to pyrrolidines 2.

and 3). All three compounds showed very good selectiv-
ity, approximately 50-fold or better, for inhibiting PDE-
IV versus PDEs I-III and V. See Table 2. The same
three compounds were also tested for their ability to
inhibit LPS-induced TNF-a secretion from purified
human peripheral blood monocytes. All three com-
pounds demonstrated functional activity with ICsgs
below 1 uM. In order to evaluate the potential of these
compounds as anti-inflammatory agents, they were
tested orally for their ability to reduce murine serum
TNF-a levels. An initial in vitro experiment using an
LPS-induced mouse peritoneal macrophage TNF-a pro-
duction assay was conducted and confirmed that all
three pyrrolidines and rolipram were active in the
murine system (>65% inhibition at 1 xM). When tested
in vivo, all three of the compounds inhibited serum
TNF-a production in a dose-responsive manner. The
potency of inhibition for amide 2h (ED;, approximately
3 mg/kg) was equivalent to that of rolipram (Table 3).

In summary, we have synthesized a new class of PDE-

IV inhibitors based on the prototype inhibitor rolipram.
In general, this class of compounds demonstrates equiva-
lent or greater potency at inhibiting PDE-IV relative
to rolipram. The best PDE-IV inhibitors, 2p,q, are
approximately 10-fold more potent at inhibiting human
PDE-IV than rolipram. Furthermore, three representa-
tive inhibitors, 2¢,d,h, of the amide, carbamate, and
urea structural classes (Table 1) demonstrated good,
dose-responsive functional activity in vitro and in vivo
(po). The functional activity manifested by this class
of inhibitors makes them promising medicinal chemistry
lead structures for treating acute and chronic inflam-
matory disorders via PDE-IV inhibition.

Experimental Section

Representative examples of experimental procedures used
to synthesize all of the compounds listed in Table 1 are given.
All of the final synthesized products were characterized by
obtaining melting points when appropriate (uncorrected), !H
NMR spectra, and C, H, N elemental analyses. 'H NMR
spectra were determined using a Varian spectrometer (300
MHz superconducting, FT instrument), with CDCl; as the
solvent, and are expressed in ppm downfield from internal
tetramethylsilane. Elemental analyses were performed by
Atlantic Microlab Inc., Norcross, GA. Reagents were used as
received from commercial suppliers. Concentration of the
reaction mixtures was performed by using a rotary evaporator
at approximately water aspirator pressures. Flash silica gel
chromatography was conducted with 230—400 mesh EM
Science silica gel.

1-Formyl-3-(3-cyclopentoxy-4-methoxyphenyl)pyrro-
lidine (2b). To 3-(3-cyclopentoxy-4-methoxyphenyl)pyrroli-
dine (2a) (330 mg, 1.26 mmol) was added ethyl formate. The
solution was heated at 48 °C for 24 h. The volatiles were
removed, and the residue was chromatographed on silica gel
(1/1 hexanes/EtOAc) to give 1-formyl-3-(3-cyclopentoxy-4-
methoxyphenyl)pyrrolidine (2b) as a clear, colorless oil: yield
243 mg (67%). Anal. (C;sH53NO3) C, H, N.

1-Acetyl-3-(3-cyclopentoxy-4-methoxyphenyl)pyrroli-
dine (2¢). To a 23 °C solution of 2a (295 mg, 1.13 mmol) in
acetonitrile (4 mL) were added acetic anhydride (0.16 mL, 1.69
mmol, 150 mol %) and TEA (0.24 mL, 1.69 mmol, 150 mol %).
The reaction mixture was stirred at 23 °C for 1 h. The reaction
mixture was diluted with 1 M HsPO, and EtOAc. The organics
were washed with 1 M H3POy,, saturated NaHCOg, and brine.
The organics were dried over MgSO, and then concentrated.
The residue was chromatographed on silica gel (EtOAc) to give
1-acetyl-3-(3-cyclopentoxy-4-methoxyphenyl)pyrrolidine (2¢) as
a solid: yield 115 mg (34%); mp 58—60 °C. Anal. (CisHas-
NO;) C, H, N.

1-Ureido-3-cyclopentoxy-4-methoxyphenyl)pyrroli-
dine (2h). To a 23 °C solution of 2a (730 mg, 2.79 mmol) and
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4-(dimethylamino)pyridine (380 mg, 3.11 mmol, 110 mol %)
in dichloromethane (CH2Cly; 5 mL) was added trimethylsilyl
isocyanate (0.37 mL, 2.73 mmol, 98 mol %). The reaction was
stirred at 23 °C for 18 h. The reaction mixture was diluted
with 1 M H3;PO, and CH,Cl,. The organics were washed with
brine and then dried (MgSO,) and concentrated to give a solid.
The solid was recrystallized from EtOAc to give 1-ureido-3-
(3-cyclopentoxy-4-methoxyphenyl)pyrrolidine (2h) as a white
solid: yield 297 mg (35%); mp 156—157 °C. Anal. (Cy7H24N205)
C,H,N.
1-Cyano-3-(3-cyclopentoxy-4-methoxyphenyl)pyrroli-
dine (2k). To a 23 °C solution of 2a (570 mg, 2.18 mmol) and
KCOj3 (452 mg, 3.27 mmol, 150 mol %) in acetonitrile (5 mL)
was added CNBr (277 mg, 2.62 mmol, 120 mol %), and the
reaction mixture was stirred for 16 h. The reaction mixture
was diluted with water and EtOAc. The organics were washed
with brine and then dried (MgSO,) and concentrated to give
an oil. The oil was chromatographed on silica gel (3/1 hexanes/
EtOAc), and upon concentration 1-cyano-3-(3-cyclopentoxy-4-
methoxyphenyl)pyrrolidine (2k) was isolated as a solid: yield
240 mg (38%); mp 61-62 °C. Anal. (C17H22N202) C, H, N.
1-(Phenylureido)-3-(3-cyclopentoxy-4-methoxyphenyl)-
pyrrolidine (2u). To a 0 °C solution of 2a (300 mg, 1.15
mmol) in CH»Cl2 (2 mL) was added phenyl isocyanate (0.12
mL, 1.15 mmol, 100 mol %). The reaction mixture was stirred
at 0 °C for 1 h and then diluted with H;O and extracted with
CH;Cl;. The combined organics were washed with 20%
aqueous NH,OH. The organics were then dried (MgSO,4) and
concentrated, and the residue was chromatographed on silica
gel (1/1 hexanes/EtOAc) to give 1-(phenylureido)-3-(3-cyclo-
pentoxy-4-methoxyphenyl)pyrrolidine (2u) as an oil which
solidified to a white solid upon trituration with hexanes: yield
70 mg (39%); mp 127—-128 °C. Anal. (Cy3HzsN203) C, H, N,
1-(N’,N’-Dimethylureido)-3-(3-cyclopentoxy-4-meth-
oxyphenyl)pyrrolidine (2w). To a 0 °C solution of 2a (200
mg, 0.765 mmol) and dimethylcarbamoyl chloride (70 4L, 0.765
mmol, 100 mol %) in CH:Cl; (3 mL) was added TEA (0.2 mL,
1.53 mmol, 200 mol %). The reaction mixture was stirred for
1 h and then diluted with CHCl; and 1 N NaOH. The
organics were washed with 1 N NaOH, 1 M H;PO,, and brine.
The organics were dried (MgSO,) concentrated, and then
chromatographed on silica gel (EtOAc) to give 1-(V'.N'-
dimethylureido)-3-(3-cyclopentoxy-4-methoxyphenyl)pyrroli-
dine (2w) as an oil which solidified upon standing: yield 125
mg (49%); mp 62—63 °C. Anal. (Ci19H2sN203) C, H, N.
PDE Type IVb Activity Assay and Assay for PDE
Inhibition. Yeast-expressed PDE type IVb was assayed using

a modified version of the coupled enzyme protocol previously .

described.!® In this assay, the PDE type IVb hydrolyzes [*H]-
cAMP to [*HJAMP. The [*H]AMP is subsequently converted
to [*H]adenosine by excess 5’-nucleotidase. The amount of [*H]-
adenosine liberated is directly proportional to the hrPDE-IV
activity. [!*C]Adenosine is used as an internal control. This
assay is performed at 23 °C in a 100 uL reaction mixture
containing 1 mM Tris (pH 7.5), 1 mM MgCl,, 0.2 mM EDTA,
0.2 mM DTT, 0.05% n-octyl 8-p-glucopyranoside, 0.5 mg/mL
BSA, 1 ug of 5'-nucleotidase, 0.1 uM [*HJcAMP, 1 uM [“C]-
adenosine, 50 nM PDE type IVDb stock solution, and the desired
concentration of test compound. Isotype specificity assays used
either canine lung PDE-I + 2 mM CaCl; and 1 4M calmodulin,
PDE-II + 10 4M ¢cGMP, PDE-III, or PDE-V at 50 nM in place
of yeast-expressed PDE type IVb. The PDE reactions were
stopped with 200 uL of a slurry containing 50% Sephadex A-25
and 5 mM CAPS (pH 10). The mixture of [*H]adenosine and
[*Cladenosine was eluted batchwise from the slurry, the
amount of radioactivity was determined, and the PDE type
IVDb activity was calculated. Isotype specificities are expressed
as percent inhibition against each canine enzyme and are set
forth in Table 2.

The pK;s and —log Kis (M) of compounds set forth in the
Tables were determined by measuring the inhibition, inh, of
cAMP hydrolysis as a function of the concentration of the test
compound, [D], over the range of 0.5 nM-100 uM. Each
compound was tested at least three times, and the average
and the standard deviation of the pKis of the molar dissociation
constant are set forth in the Table 1.
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(D]

max X K+ mi +inh

inh = inh min

The type of inhibition (competitive, noncompetitive, or
uncompetitive) was determined for the subset of compounds
2¢,p,ff by measuring the rate of cAMP hydrolysis as a function
of both the concentration of the test compound (0, 3 x K;, 10
x Kj, and 30 x K;) and the concentration of cAMP (0.1 x K,
1 x K, 10 x Ky, and 50 x K,,, where the K, = 2.75 uM for
yeast-expressed PDE type IVb). The data were fit to each of
the models shown below using RS/1 (BBN Software Products),
and in all cases, the compounds showed strictly competitive
behavior.

Vmaxx%?—]

[S], M
1+R—+E

m 1

competitive: rate =

noncompetitive: rate =

[S] (1]
(1 +R—) X (1 + E)

m 1

Voax x%—s—]

m

SRR

uncompetitive: rate =

Km Ki

Assay for Inhibition of TNF-a Release from Murine
Macrophages. C3H/HedJ female mice were injected ip with
2 mL of 5 mM NalO,. Five days later, mice were euthanized
and peritioneal exudate cells collected into cold PBS. Eryth-
rocytes were lysed with ammonium chloride if necessary. Cells
were plated at 5 x 105 cells/well in a 24-well tissue culture
plate and allowed to adhere for 1.5 h. Nonadherent cells were
removed, and test PDE-IV inhibitors were added in RPMI
medium with 1% fetal bovine serum. LPS (Escherichia coli
serotype 0111:B4, Sigma Chemical Co.; 2.5 ng/mL final
concentration) was then added, and cultures were incubated
for 24 h at 37 °C. TNF-a protein was quantified in the
supernatant fluids by a commercial TNF-a ELISA kit (Gen-
zyme Co.).

Assay for Inhibition of TNF-a Release from Human
Peripheral Blood Monocytes. Mononuclear cells were
separated from heparinized venous blood from normal volun-
teers by Ficoll-Hypaque density centrifugation. Adhesion to
plastic (96-well microtiter plates) was used to enrich for
monocytes (80—85% purity). Cells were cultured under stan-
dard conditions in RPMI 1640 medium containing 2.5% heat-
inactivated pooled human serum (Gibco). Compounds were
added 15 min prior to stimulation of cells with LPS (10 ng/
mL). Supernatants were collected 16 h later, and TNF-a was
quantified with the help of commercial ELISA kits (Cistron)
for human TNF-a.

Assay for Inhibition of Serum TNF-u Levels in Mice.
Female C3H/Hen mice, 20—25 g body weight, were fasted
overnight in preparation for oral dosing. Test compounds were
suspended in 0.01% methyl cellulose and ground in a tissue
homogenizer. Compounds were dosed 30 min prior to LPS
injection. Five micrograms of LPS was then injected intra-
peritoneally into each mouse. Exactly 90 min after LPS
injection, mice were bled from the heart. Blood was allowed
to clot overnight at 4 °C. Samples were centrifuged for 10 min
in a microcentrifuge, and the serum was removed and stored
at —20 °C until analysis. Serum levels of TNF-a were
subsequently measured using a commercially available mouse
TNF-a ELISA kit (Genzyme), diluting the sample 1:5 and
following the protocol enclosed in the kit. The percent inhibi-
tion of serum TNF-a levels caused by the compound was
determined relative to serum TNF-a levels in control mice
receiving vehicle alone.
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