
Bioorganic & Medicinal Chemistry Letters 14 (2004) 4267–4272
The development of novel inhibitors of tumor necrosis
factor-a (TNF-a) production based on substituted
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Abstract—Novel substituted [5,5]-bicyclic pyrzazolones are presented as inhibitors of tumor necrosis factor-a (TNF-a) production.
Many of these compounds show low nanomolar activity against lipopolysaccaride (LPS)-induced TNF-a production in THP-1 cells.
This class of molecules was co-crystallized with mutated p38, and several analogs showed good oral bioavailability in the rat. Oral
activity of these compounds in the rat iodoacetate model for osteoarthritis is discussed.
� 2004 Elsevier Ltd. All rights reserved.
The overexpression of cytokines, such as TNF-a and IL-
1b, has been implicated in a number of serious inflam-
matory disorders.1 Consequently, agents that inhibit the
production of TNF-a can decrease levels of these pro-
inflammatory cytokines, and thereby reduce inflamma-
tion and prevent further tissue destruction in diseases
such as rheumatoid arthritis (RA),2 osteoarthritis
(OA),3 and Crohn’s disease.4 Thus, reduction of these
cytokine levels has become an attractive goal in our
efforts to discover disease modifying treatments for
inflammatory disorders such as osteoarthritis. It is well
documented that inhibition of p38 MAP kinase disrupts
the cytokine synthesis pathway and results in decreased
levels of pro-inflammatory cytokines leading to reduced
inflammation and pain.1 Early inhibitors of p38
(SB203580)5 typically contained a vicinal aryl-pyridinyl
pharmacophore and were found to bind competitively
with ATP in the p38 active site. It is known, however,
that a number of homologous kinases, including c-jun
N-terminal kinases (JNK’s), disrupt this pathway as well
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leading to similar therapeutic effects.6 With this in mind,
our primary screening assay has involved measuring the
level of TNF-a release from lipopolysaccharide (LPS)-
induced THP-1 cells followed by second tier pharmaco-
kinetic and in vivo studies.7 Herein we wish to report the
development of a new class of [5,5]-bicyclic pyrazolones
that inhibit the production of TNF-a. Studies have led
to a series of orally active substituted bicyclic pyrazol-
ones, 1 and 2, useful in the inhibition of LPS induced
TNF-a in THP-1 cells (Fig. 1).

Synthesis of the initial substituted bicyclic pyrazolones
was accomplished in thirteen steps starting with t-Boc
protection of benzyl carbazate (Scheme 1). Reaction
with 3-chloro-2-chloromethylpropene followed by
ozonolysis with reductive workup gave ketone 4.
Reduction with borane dimethylsulfide complex gave
the hydroxy pyrazolidine. Alternatively, reductive
amination with an amine leads to final compounds
containing amine substituents (compound 11d). Methyl-
ation of the hydroxyl followed by removal of the t-Boc
protecting group under acidic conditions and acylation
with 4-fluorophenylacetyl chloride gave intermediate 5.
Hydrogenolysis followed by acylation with 2-meth-
ylsulfanyl-pyrimidine-4-carbonyl chloride yielded the
bis-acylated pyrazolidine 6. Ring closure proceeded
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Figure 1. Selected inhibitors of TNF-a production.
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Scheme 1. Reagents and conditions: (a) (Boc)2O, N(Et)3, CH2Cl2, 99%; (b) NaH, 3-chloro-2-chloromethylpropene, DMF, 96%; (c) O3, CH2Cl2,

DMS, 56%; (d) BH3, DMS, 93%; (e) MeI, NaH, 97%; (f) MeOH, SOCl2, 99%; (g) 4-fluorophenylacetyl chloride, CH2Cl2, H2O, NaOH; (h) H2, Pd/C,

MeOH; (i) 2-methylsulfanyl-pyrimidine-4-carbonyl chloride, CH2Cl2, H2O, NaOH, 83%, three steps; (j) NaH, DMF, )5 �C, 57%; (k) m-CPBA,

CH2Cl2; (l) 2-methoxy-1-(S)-methylethyl amine, toluene, 90 �C, 45%, two steps.

4268 M. J. Laufersweiler et al. / Bioorg. Med. Chem. Lett. 14 (2004) 4267–4272
through an intramolecular cyclocondensation to form
the pyrazolone. This was followed by oxidation of the
methyl sulfide and subsequent displacement with an
appropriate nucleophile to give the final compounds
(e.g., 1).

All compounds were tested for the inhibition of TNF-a
production using (LPS)-stimulated human monocytic
cells (THP-1).8 Table 1 summarizes the potency of se-
lected substituted bicyclic pyrazolones. A wide variety of
substituents attached to the second ring of the bicyclic
pyrazolones were well tolerated and compared favorably
with previously published unsubstituted pyrazolones.7

Examination of the compounds with phenoxy substitu-
tion on the pyrimidine (11d–i) ring revealed no signifi-
cant changes in potency with small changes in
substitution on the bicyclic pyrazolone. This data sug-
gests that there is no significant enzyme interaction with
this portion of the molecules indicating that the sub-
stituents are solvent exposed in the enzyme pocket. This
was confirmed by enzyme–inhibitor co-crystallization
experiments discussed later.

The diastereomers formed in this route were separable
after the final step via chiral HPLC. It is interesting to
note that in the case of compounds 1, 11a, and 11b the
absolute stereochemistry of the methoxy substituent
seemed to make little difference, with the activity of the
racemate being equal to that of the individual diastere-
omers. This is believed to be due to the substituent being
solvent exposed within the enzyme active site. In an
effort to eliminate chiral centers in the molecules we
turned our focus to the spiroketal [5,5]-bicyclic pyrazo-
lones.

Synthesis of the spiroketal compounds was performed in
nine steps from the pyrazolidine intermediate 7 (Scheme
2). Removal of the t-Boc protecting group followed by
acylation with 4-fluorophenylacetyl chloride and sub-
sequent ozonolysis gave key intermediate 8. Ketal for-
mation proceeded smoothly from the ketone with the
appropriate diol under Dean–Stark conditions. This was
followed by removal of the Cbz protecting group and
acylation with 2-methylsulfanyl-pyrimidine-4-carbonyl
chloride. Base mediated cyclocondensation, oxidation of
the methyl sulfide and nucleophilic displacement yielded
the final spiroketal [5,5]-bicyclic pyrazolones (e.g., 2).

Potency of selected spiroketal [5,5]-bicyclic pyrazolones
is summarized in Table 2. Examination of the data
revealed that the potency seen in the five-membered
dioxolane spirocyclic compounds was preserved in the
six-membered dioxane spirocyclic compounds. Phenoxy
pyrimidine substituents as well as amine substituents
showed good activity, however the most active com-
pounds (2, 12c, 12j) contained amine substituents on the
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Scheme 2. Reagents and conditions: (a) MeOH, SOCl2, 98%; (b) 4-fluorophenylacetyl chloride, CH2Cl2, H2O, NaOH, 91%; (c) O3, CH2Cl2, DMS,

78%; (d) ethylene glycol, p-TSA, toluene, reflux, 75%; (e) H2, Pd/C, MeOH, 90%; (f) 2-methylsulfanyl-pyrimidine-4-carbonyl chloride, CH2Cl2, H2O,

NaOH, 82%; (g) NaH, DMF, )5 �C, 41%; (h) m-CPBA, CH2Cl2, 95%; (i) (S)-methylbenzyl amine, toluene, 90 �C, 98%.

Table 1. Substituted bicyclic pyrazolones

N
N

O

N N

F

XR2

R1

11

Compound R1 XR2 TNF-a IC50 (nM)a ;b

1 –OMe (rac) 2-Methoxy-1-(S)-methylethylamino 15

11a –OMe (R) 2-Methoxy-1-(S)-methylethylamino 20

11b –OMe (S) 2-Methoxy-1-(S)-methylethylamino 13

11c –OH (S)-())-a-Methylbenzylamino 5

11d –N(Me)2 Phenoxy 177

11e Phenoxy 297

11f Phenoxy 327

11g Phenoxy 313

11h Phenoxy 500

11i Phenoxy 181

a Standard deviations for whole cell assays were typically ±30% of the mean or less.
bCell viabilities were typically >90% at the IC50.
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pyrimidine ring. a-Methyl substitution on the amine
substituents also tended to further improve the potency.
However the benzylamine substituent (12c) maintained
activity not typically seen without the chiral a-methyl
substitution. This observation was further explored.

A summary of SAR developed around the benzylamine
substituent on the pyrimidine ring is shown in Table 3.
Substitution around the phenyl ring on the benzyl amine
substituents had a significant impact on the activity of
the molecules in the whole cell assay. A comparison of
the fluoro substituted rings (12e, 13a–b) reveals a trend
in which activity increases from para substituted to meta
substituted with ortho substitution showing the greatest
potency. This trend was consistent among all substitu-
ents investigated. Comparison of the 2-fluoro, 2-triflu-
oromethyl, and 2-methyl substituents (13b, 13e, 13h)
shows that the activity of these compounds remains
fairly constant. This suggests that there is no significant
electronic effect involved with substitution at this
position and that the increased activity seen with the
ortho substituted compounds is due to favorable steric



Table 2. Comparative activity of selected spiroketal [5,5]-bicyclic pyrazolone

N
N

O

N N

F

XR

O

O

(  )n
12

Compound XR n TNF-a IC50 (nM)a ;b

12a Phenoxy 1 38

12b Phenoxy 2 69

12c Benzylamino 1 11

12d Benzylamino 2 31

12e 4-Fluorobenzylamino 1 290

12f 4-Fluorobenzylamino 2 630

2 (S)-())-a-Methylbenzylamino 1 2

12g (S)-())-a-Methylbenzylamino 2 12

12h 2-Methoxy-1-(S)-methylethylamino 1 36

12i 2-Methoxy-1-(S)-methylethylamino 2 36

12j 2-Hydroxy-1,2-dimethyl-(S)-propylamino 1 9

a Standard deviations for whole cell assays were typically ±30% of the mean or less.
b Cell viabilities were typically >90% at the IC50.

Table 3. Comparative activity of selected benzylamino pyrimidine

spiroketal [5,5]-bicyclic pyrazolones

N
N

O

N N

F

XR

O

O

13

Compound XR TNF-a IC50

(nM)a ;b

12c Benzylamino 11

12e 4-Fluorobenzylamino 290

13a 3-Fluorobenzylamino 13

13b 2-Fluorobenzylamino 8

13c 4-Trifluoromethylbenzylamino 1000

13d 3-Trifluoromethylbenzylamino 197

13e 2-Trifluoromethylbenzylamino 17

13f 4-Methylbenzylamino 293

13g 3-Methylbenzylamino 40

13h 2-Methylbenzylamino 19

13i 4-Aminobenzylamino 161

13j 2-Aminobenzylamino 101

13k (Pyridin-4-ylmethyl)-amino 1000

13l (Pyridin-3-ylmethyl)-amino 427

13m (Pyridin-2-ylmethyl)-amino 148

a Standard deviations for whole cell assays were typically ±30% of the

mean or less.
b Cell viabilities were typically >90% at the IC50.

Figure 2. Compound 12h bound in the active site of mutated p38.
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interactions. Hydrophilic substituents placed in the
ortho position, such as compound 13j, lower activity.
Additionally the 4-aminobenzylamine (13i) is more ac-
tive than the corresponding 4-substituted benzylamines.
Replacement of the phenyl ring with a pyridine ring
(13k–m) also seems to have a negative effect on the
whole cell activity of these compounds.
Co-crystallization of compound 12h with mutated p38
showed how these compounds bind in the enzyme active
site (Fig. 2).11 A hydrogen bond between the backbone
amide N–H of Met-109 and the pyrimidine ring was
observed as well as a second hydrogen bond between the
N–H of the amine substituent and the backbone car-
bonyl of Met-109. This second hydrogen bond may
account for the increased potency seen with amine
substituted pyrimidine rings within this series. The
pyrazolone carbonyl forms a third hydrogen bond with
Lys-53 while the fluorophenyl ring resides in the Thr-106
hydrophobic pocket. As discussed earlier, the sub-
stituent on the bicyclic pyrazolone is solvent exposed.
This allowed for optimization of the physical and



Table 4. Pharmacokinetic properties and in vivo data of selected

compounds

TNF-a IC50

(nM)

Solubility

(mg/mL)

t1=2 (h) %F RIA (%

reduction)a

1 15 1.6 1.2 52.2 28

2 2 0.04 0.7 17.2 27

12h 36 0.7 1.4 22.4 17

12j 9 0.81 2.1 22.3 18

a Percent reduction in joint damage as compared to vehicle control at a

dose of 25mg/kg. Statistically significant at P < 0:05.
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pharmacokinetic properties of these molecules without
sacrificing potency.

Examination of the pharmacokinetics of selected com-
pounds prompted in vivo testing of three compounds
(Table 4). Compound 1 showed excellent solubility with
good bioavailability and an acceptable half-life in the
rat. Compound 2 was one of the most active compounds
tested, however it had very poor solubility, a fairly short
half-life, and only moderate bioavailablility. Compound
12h showed significant improvement in solubility, half-
life, and bioavailability however it was less active than
other compounds. Finally, compound 12j had excellent
whole cell activity (IC50 ¼ 9 nM), good solubility, the
longest half-life among the compounds tested, and
acceptable bioavailability. Compounds 1, 2, 12j, and 12h
were tested in the rat iodoacetate (RIA) model for
osteoarthritis15 and showed positive oral efficacy at a
dose of 25mg/kg.

In summary, we have reported a novel series of substi-
tuted bicyclic pyrazolones that inhibit the release of
TNF-a in monocytic cells (THP-1). Efforts to eliminate
the chiral center in the substituted bicyclic pyrazolones
led to the development of spiroketal analogs. Excellent
potency was observed in both the dioxolane spiroketal
and the dioxane spiroketal with the dioxolane com-
pounds showing slightly higher potency. The potency
was preserved with benzyl amine substituents on the
pyrimidine ring even when no a-methyl chiral center was
present. We observed good oral bioavailability within
the series and described four compounds that displayed
oral efficacy (25mg/kg) in the rat iodoacetate in vivo
model for osteoarthritis.
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