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AbstractÐA series of arylpiperazine derivatives was synthesized to obtain agents showing apparent therapeutic e�ects in a chronic
in¯ammatory animal model, starting from a lead possessing potent dual cytokine regulatory activity in vivo. We found a pyr-
imidylpiperazine derivative 17c showing the dual regulatory activity and an excellent therapeutic e�ect in an adjuvant-induced
arthritis model. # 2000 Elsevier Science Ltd. All rights reserved.

Rheumatoid arthritis (RA) is a chronic and systemic
autoimmune in¯ammatory disease, where immunological
e�ects play a critical role in its pathogenesis. Recently,
tumor necrosis factor-a (TNF-a), an in¯ammatory cyto-
kine, has been suggested to be deeply associated with the
development of RA.1 Nonsteroidal anti-in¯ammatory
drugs (NSAIDs) have been used as the primary drug for
the treatment of RA but can provide only a sympto-
matic relief; therefore, disease-modifying anti-rheumatic
drugs (DMARDs) that directly and selectively act on
the abnormal immune system have been desired.2 We
have studied the development of DMARDs on the basis
of a new dual cytokine regulation concept that sup-
pression of TNF-a and augmentation of interleukin-10
(IL-10), an anti-in¯ammatory cytokine having anti-
TNF-a activity as well, synergistically e�ect on TNF-a
associated diseases. We have reported that studies based
on this concept led to 2,4-di¯uorophenylpiperazine
derivative 3 (Fig. 1) that had potent dual cytokine

regulatory activity and demonstrated remarkable
protective e�ects against shock where TNF-a is thought
to be one of the major pathogenic factors.3 Herein we
describe further synthetic investigation aimed at the
development of novel DMARDs.

Our ®rst attempt to generate a lead 2 from the seed com-
pound 1 that showed moderate dual cytokine regulatory
activity but possessed high binding a�nities for the
central nervous system (CNS) receptors was performed
aimed both at increase of the activity and reduction of
the a�nities for the receptors.3 Thus, it proved that the
aminothiazole moiety of 1 could be replaced by a more
simpli®ed group (i.e. acetoamido group); one methylene
group was the most preferable for the distance between
the acetamido group and the middle benzene group; and
that one methylene length between the middle benzene
group and the piperazine ring was critical for the dele-
tion of the a�nities for CNS receptors.
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Figure 1. Phenylpiperazine derivatives having dual cytokine regulatory activity.3
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On the basis of information mentioned above, we per-
formed further modi®cations starting from the lead 2
focusing on the following two parts: 1. replacement of
the methylene group between the acetamido group and
the middle benzene group by other substituted methylene
groups, 2. replacement of the terminal benzene group by
other heteroaryl groups. Eventually we found a pyr-
imidylpiperazine derivative 17c showing not only potent
dual cytokine regulatory activity in lipopolysaccharide
(LPS)-stimulated mice but also an excellent therapeutic
e�ect in a rat adjuvant-induced arthritis model.

Chemistry

Arylpiperazine derivatives 4a±h (see Table 1) were syn-
thesized via a similar synthetic route to that reported in
our previous paper.3 Heteroarylpiperazine derivatives
8a±d, 11, 12a±d, 13 and 17a, were synthesized as shown
in Schemes 1±3.4 N-(4-Methoxycarbonylphenylethyl)
acetamide (6) synthesized from racemic phenylethyl-
amine (5) by acetylation, Friedel±Crafts reaction,

haloform reaction, and esteri®cation was converted into
benzylchloride 7 by reduction and chlorination. The
benzylchloride 7 was led to the heteroarylpiperazines
8a±d in racemic form (Scheme 1). Benzylchloride (10a)
prepared from 4-chloromethylbenzoylchloride (9) by
substitution of one equivalent of Grignard reagent in
the presence of a catalytic amount of Fe(acac)3, sodium
borohydride reduction, and Ritter reaction was con-
verted into racemic 11. Similarly compounds 12a±d and
13 were prepared from 10b which was synthesized from
9 by Grignard reaction and Ritter reaction (Scheme 2).
1-Phenyl-1-cyclopropanecarboxylic acid (14) was sub-
jected to Curtius rearrangement followed by acetylation
to a�ord acetamide 15. Compound 15 was treated with
chloromethyl methyl ether in the presence of TiCl4 to
a�ord benzylchoride 16, which was converted into the
heteroarylpiperazines 17a±d (Scheme 3).

Biological assay

The e�ects of the synthesized compounds on the produc-
tion of cytokines (TNF-a and IL-10) in LPS-stimulated

Scheme 1. Reagents and conditions: (a) Ac2O, Et3N, CH2Cl2, 0
�C±rt (87%); (b) AcCl, AlCl3, dichloroethane, rt (40±51%); (c) Br2, NaOH, dioxane/

H2O (44±75%); (d) cH2SO4, MeOH, re¯ux (52±68%); (e) LiAlH4, THF 0 �C±rt (70±76%); (f) SOCl2, CHCl3, re¯ux (73±100%); (g) arylpiperazines,
K2CO3, DMF, 80 �C (45±55%).

Scheme 2. Reagents and conditions: (a) EtMgBr (1.0 equiv), Fe(acac)3 (0.03 equiv), THF, 0 �C (25%); (b) NaBH4, MeOH, 0 �C (63%); (c) H2SO4,
CH3CN, rt (21±82%); (d) arylpiperazines, K2CO3, DMF, 80 �C (44±85%); (e) RMgBr, THF, 0 �C (26±27%).

Scheme 3. Reagents and conditions: (a) Curtius rearrangements (58±67%); (b) Ac2O, Et3N, CH2Cl2, 0 �C±rt (68±82%); (c) MOM-Cl, TiCl4,
dichloroethane, rt (38±65%); (d) arylpiperazines, K2CO3, DMF, 80 �C (35±64%).
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mice were evaluated according to our reported method.3

Anti-in¯ammatory e�ects in adjuvant arthritis were
evaluated as follows. Brie¯y, male Lewis rats were sen-
sitized by injecting Freund's complete adjuvant intra-
dermally at the tail head on day 0. A test compound was
orally administered once a day from day 15 up to day
20. The volumes of both hind paws were measured at
days 15 and 21. The therapeutic e�ects were calculated
as follows: 100�[(hind paws volume on day 21 (con-
trol)-hind paws volume on day 21 (experimental))/(hind
paws volume on day 21-hind paws volume on day 15
(control))].

Results and Discussion

As reported in the preceding paper, a phenylpiperazine
derivative 2 showed good dual cytokine regulatory
activity in LPS-stimulated mice.3 Compound 2, how-
ever, does not have a signi®cant therapeutic e�ect in a
chronic in¯ammatory animal model using adjuvant
arthritic rats presumably due to its metabolic instability.
In order to obtain agents that have an apparent ther-
apeutic e�ect in the chronic in¯ammatory model, we
investigated chemical modi®cations of 2. First, to inves-
tigate the e�ects of the substituent(s) at the methylene
group between the acetamido group and the middle
benzene group, ®ve phenylpiperazine derivatives (8a, 11,
12a, 13, 17a) were synthesized. Monomethyl, dimethyl,
and ethylene derivatives retained the activity although
the activity of monoethyl and diethyl derivatives
decreased, suggesting that the substituent(s) at this
position may be sterically restricted to some extent for
the activity. Secondly, acetamidomethyl derivatives

(R1=R2=H) having various heteroaryl groups were
synthesized. Only pyridin-2-yl, pyrimidin-2-yl, and
thiazol-2-yl derivatives showed comparable activity to 2.
The activity of the other derivatives 4b, 4c, 4f and 4h
decreased presumably due to their low absorption pre-
dicted based on their lower calculated log P value (0.49,
0.51, ÿ0.09 and 0.67, respectively) compared with that
of 4a, 4d and 4g (0.88, 1.45 and 1.23, respectively).5,6

The log P value of a pyrimidylpiperazine derivative 4e is
very low (0.40); in fact, the bioavailability of 4e at a
dose of 30 mg/kg in rats was estimated to be 17%.7

Nonetheless, 4a retained the activity probably because
its intrinsic activity might be very high. Finally, nine
derivatives (8b±d, 12b±d, 17b±d) having a monomethyl,
dimethyl, or ethylene group(s) at the methylene group
between the acetamido group and the middle benzene
group and a 6-¯uoropyridin-2-yl, pyrimidin-2-yl, or
thiazol-2-yl group for the terminal phenyl ring of 2 were
synthesized. Almost all the compounds retained the
activity except 8c and 12c.

Next we selected 13 compounds showing high dual
cytokine regulatory activity in vivo in the above-men-
tioned screening system and evaluated their therapeutic
e�ects in a chronic in¯ammatory animal model (Table
2). Phenylpiperazine derivatives 2 and 12a showed only
a poor therapeutic e�ect presumably due to ease of
oxidative metabolism at their terminal phenyl ring.
Fluoropyridine derivative 4d was much more e�ective
than 4a probably because 4d (log P=1.45) is absorbed
more e�ciently than 4a (log P=0.88) and/or 4d is meta-
bolically more stable than 4a (prevention of the oxidative
metabolism of the pyridine ring of 4d by the ¯uorine
atom). In the thiazolylpiperazine series (4g, 8d and 12d),

Table 1. E�ect of synthesized compounds on the production of cytokines in LPS-stimulated mice (10 mg/kg, po)

% Inhibition % of control % Inhibition % of control

R1 R2 Ar TNF-a IL-10 Log P5 R1 R2 Ar TNF-a IL-10 Log P5

2 H H Ph 89 376 1.55 4f H H G 76 334 ÿ0.09
3 H H A 91 2293 1.83 4g H H J 85 1150 1.23
8a Me H Ph 87 270 2.08 4h H H K 62 747 0.67
11 Et H Ph 82 222 2.59 8b8 Me H E 82 404 1.99
12a Me Me Ph 88 561 2.83 8c Me H F 78 298 0.93
13 Et Et Ph 81 321 3.35 8d Me H J 84 621 1.76
17a ±CH2CH2Ð Ph 90 712 1.90 12b Me Me E 88 579 2.24
4a H H B 88 642 0.88 12c Me Me F 77 200 1.18
4b H H C 61 236 0.49 12d Me Me J 85 712 2.01
4c h H D 40 198 0.51 17b ±CH2CH2Ð E 84 454 1.80
4d H H E 85 973 1.45 17c ±CH2CH2Ð F 88 419 0.75
4e H H F 82 713 0.40 17d ±CH2CH2Ð J 84 646 1.58
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therapeutic e�ectiveness increased upon increasing the log
P values (1.23, 1.76, and 2.01, respectively). Compound
17c, a cyclopropyl derivative of compound 4e, shows a
good therapeutic e�ect, suggesting that the modi®cation
of the methylene group between the acetamido group
and the middle benzene group with the cyclopropyl
group led to a signi®cant increase in therapeutic e�ec-
tiveness. The improved log P value (0.75) of 17c com-
pared with that of 4e re¯ects its good bioavailability
(76% at a dose of 30 mg/kg in rats). Compounds 8b,
12b and 17d also demonstrated an excellent therapeutic
e�ect in the model.

We chose compound 17c for further pharmacological
examination because it possessed the most favorable
toxicological pro®le among the compounds (3, 4g, 12b,
12d, 17c and 17d) that had shown a good therapeutic
e�ect.9 Compound 17c was evaluated for its therapeutic
e�ect in the above-mentioned model at three doses (3,
10 and 30 mg/kg, po) along with prednisolone (1 mg/kg,
po)10 as the positive control (Fig. 2). Compound 17c
signi®cantly reduced the increased volumes of both hind
paws of sensitized rats in a dose-dependent manner.

Conclusion

Our synthetic investigation to obtain anti-in¯ammatory
agents e�ective in the chronic in¯ammatory animal
model led to the discovery of the pyrimidylpiperazine
derivative 17c, which showed dual cytokine regulatory
activity (TNF-a suppression and IL-10 augmentation)
in LPS-stimulated mice and an excellent therapeutic
e�ect in the adjuvant arthritis model. Compound 17c is
expected to be a promising drug candidate for the
treatment of TNF-a associated diseases including RA.
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Figure 2. Dose-dependent therapeutic e�ect of 17c in adjuvant
arthritis.

Table 2. Therapeutic e�ects of selected compounds in adjuvant

arthritis

Dose
(mg/kg)

Therapeutic
e�ect (%)

Dose
(mg/kg)

Therapeutic
e�ect (%)

2 30 35 8b 10 173
3 30 173 8d 10 101
12a 30 80 12b 10 142
17b 10 55 12d 10 131
4a 10 62 17b 10 55
4d 10 144 17c 10 163
4e 10 46 17d 10 133
4g 10 80
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