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AbstractÐPhenylpiperazine derivatives were synthesized as dual cytokine regulators with TNF-a suppressing and IL-10 augment-
ing activity. Lead optimization led to compound 5k having the potent regulatory activity and demonstrating remarkable protective
e�ects against the lethal challenge of LPS in mice, suggesting that 5k would be a promising drug candidate for the treatment of
TNF-a associated diseases including septic shock. # 2000 Elsevier Science Ltd. All rights reserved.

Tumor necrosis factor-a (TNF-a) is an in¯ammatory
cytokine with a multitude of biological activities linked
to pathology of autoimmune diseases such as rheuma-
toid arthritis (RA),1 Crohn's disease,2 systemic lupus
erythematosus,3 and multiple sclerosis;4 septic shock;5

and AIDS.6 Clinical studies have shown that an anti-
TNF-a chimera antibody is e�ective for the treatment
of RA and Crohn's disease.7 Low molecular weight
compounds such as thalidomide derivatives,8 imidazole
derivatives,9 adenosine derivatives,10 and phosphodies-
terase type IV (PDE-IV) inhibitors11 are known to
inhibit the production of TNF-a. On the other hand,
interleukin-10 (IL-10) is an anti-in¯ammatory cytokine
having various biological activities.12 A recombinant
human IL-10 has been reported to be clinically e�ective
for steroid-resistant Crohn's disease and RA.13 IL-10 is
also known to suppress the production of TNF-a;14

therefore, it was expected that agents capable of reg-
ulating both TNF-a and IL-10 at the same time would
have a synergistic e�ect in the treatment of TNF-a
associated diseases. Herein we describe the synthesis
and biological evaluation of novel phenylpiperazine
derivatives having oral potential to suppress TNF-a
production as well as to augment IL-10 production.

Initially we screened our library compounds that had
proved to have anti-in¯ammatory activity for their
ability to regulate the cytokines (TNF-a and IL-10) in
lipopolysaccharide (LPS)-stimulated mice in vivo to ®nd
a lead compound 1 possessing modest dual cytokine
regulatory activity; however, 1 showed high a�nities
for receptors of central nervous system (CNS) because
of its being originally synthesized for a CNS agent
(Fig. 1).
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Figure 1. Cytokine regulatory activities (10 mg/kg, po) and CNS receptor binding a�nities15 of 1.
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Structural optimization of the lead compound 1 was
aimed both at increase of the dual cytokine regulatory
activity and at reduction of the binding a�nities for
CNS receptors in order to avoid CNS side e�ects, lead-
ing to the optimized compound 5k showing potent dual
cytokine regulatory activity without any signi®cant
binding a�nities for CNS receptors.

Chemistry

Phenylpiperazine derivatives 5a±k and 7a±c (m=2, 3, 4)
were synthesized as shown in Schemes 1 and 2.16 Phe-
nylalkylchlorides 4a±f were synthesized from phenyl-
alkylamines 3 by acetylation, Friedel±Crafts reaction,
and reduction of ketone. Condensation of 4a±f with
phenylpiperazine gave the target phenylpiperazine deri-
vatives 5a±f. Other derivatives (thiourea 7a, urea 7b,
and guanidine 7c) were prepared from amine 6 obtained
by acidic hydrolysis of 5a (Scheme 1). Benzylpiperazine
derivatives 5g±k were synthesized from 4-(aminomethyl)
benzoic acid 8 as shown in Scheme 2. Thus, the methyl
benzoate 9 was prepared from the 4-amino-
methylbenzoic acid 8 by acetylation and esteri®cation.
Subsequently, the benzoate 9 was converted to the
chloride derivative 4g by reduction of ester and chlor-
ination. The benzyl chloride 4g was led to the target
arylpiperazine derivatives 5g±k.

Biological assay

The e�ects of the synthesized compounds on the pro-
duction of cytokines (TNF-a and IL-10) were evaluated

according to a literature method.17 Brie¯y, test com-
pounds (1, 3, or 10 mg/kg) were orally administered to
female BALB/c mice 30 min prior to LPS (Escherichia
coli 0111:B4) injection (0.5 mg/kg, ip). Blood samples
were collected 90 min after LPS injection and analyzed
by enzyme-linked immunosorbent-assay (ELISA) for
TNF-a and IL-10.18 The potencies of TNF-a inhibition
were expressed as percent inhibition calculated as fol-
lows: 100�(1-(TNF-a (experimental)/TNF-a (con-
trol))). The potencies of IL-10 augmentation were
expressed as percent of control calculated as follows:
100�(IL-10 (experimental)/IL-10 (control)).

Results and Discussion

Optimization of 1 started with modi®cation of the ami-
nothiazole moiety (Table 1). Complete removal of the
moiety resulted in a moderate loss of the activity (2).19

Ring-opening of the thiazole ring led to thiourea deri-
vative 7a, which narrowly retained the activity. Repla-
cement of the sulfur atom of the thiourea moiety in 7a
with oxygen and nitrogen gave urea derivative 7b and
guanidine derivative 7c, respectively. The latter almost
lost the activity although the former displayed compar-
able activity to 1. Conversion of the ureidomethyl group
into the acetamidomethyl group dramatically enhanced
the activity. The amide proton of the acetamidomethyl
group in 5a seems to be critical for the activity because
N-methylacetamidomethyl and ethylaminomethyl deri-
vatives showed no activity (data not shown). For opti-
mization of the distance between the acetamide group
and the middle benzene group, another three 5a analo-
gues (5b, 5c and 5d) were synthesized. Compound 5a

Scheme 2. Reagents and conditions: (a) Ac2O, NaOH, H2O, rt (87%); (b) cH2SO4, MeOH, re¯ux (72%); (c) LiAlH4, THF, 0 �C±rt (98%); (d)
SOCl2, CHCl3, re¯ux (91%); (e) arylpiperazines, K2CO3, DMF, 80 �C (49±58%).

Scheme 1. Reagents and conditions: (a) AcCl, NaOH, CH2Cl2/H2O, rt (92%); (b) o-chloroaliphatic acid chlorides, AlCl3, dichloroethane, rt (17±
79%); (c) Et3SiH, TFA, 40 �C (63±95%); (d) phenylpiperazine, K2CO3, DMF, 80 �C (49±58%); (e) 10% HCl re¯ux (95%); (f) EtOCONCS, acetone,
re¯ux, then NaOH, EtOH/H2O, re¯ux (63%, 2 steps); (g) urea, cHCl/H2O/AcOH re¯ux (44%); (h) MeSC(=NZ)NHZ, MeOH, rt, then HBr/AcOH,
rt (30%, 2 steps).
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showed the most potent activity among them, suggest-
ing that the acetamidomethyl group is the most suitable
as a substituent on the benzene ring.

Next, we synthesized 5a analogues (5e, 5f and 5g) to
optimize the methylene length of the central linker
between the piperazine group and the middle benzene
group (Table 2). The analogues demonstrated compar-
able activity to 5a. On the other hand, the binding a�-
nities of 5g for CNS receptors dramatically decreased
while those of the others did not change signi®cantly,
suggesting that the middle benzene group of 5g may be
much more e�ective in interrupting the interaction
between G-protein coupled receptors (GPCRs)20 and
the piperazine group than that of the others.

Finally we investigated the e�ects of substituent(s) on
the terminal benzene ring. Four derivatives (5h±k) with
only one methylene unit as the central linker were syn-
thesized. As expected, none of the derivatives (5h±k)
showed binding a�nities for CNS receptors. 2,4-
Di¯uorophenylpiperazine derivative 5k21 showed the
most potent activity among them. Compound 5k inhib-
ited TNF-a production and enhanced IL-10 production
in a dose-dependent manner in LPS-stimulated mice
(Fig. 2).

Compound 5k was tested for its ability to protect mice
from lethal challenge of LPS (Fig. 3).22 Compound 5k
dose-dependently protected mice from death. Surpris-
ingly, it almost perfectly prevented mice from shock
death at a dose of 10 mg/kg, po; 8 out of 10 mice sur-
vived while all the control mice died at day 3.

Pharmacokinetics of 5k was also investigated using
female rats.23 Compound 5k proved to have good
pharmacokinetic properties: an excellent oral bioavail-
ability (95.5%) was observed at a dose of 30 mg/kg.

Table 1. E�ect of 2, 5a±d and 7a±c on the production of cytokines in

LPS-stimulated mice (10 mg/kg, po)

TNF-a IL-10
Compound R % inhibition % of control

2 H 77 337
7a H2N(CS)NHCH2- 69 129
7b H2N(CO)NHCH2- 85 253
7c H2N(CNH)NHCH2- 39 124
5a AcNHCH2- 94 1337
5b AcNH- 88 585
5c AcNH(CH2)2- 76 292
5d AcNH(CH2)3- 68 146

Table 2. E�ects of 5a and 5e±k on the production of cytokines in

LPS-stimulated mice and binding a�nities for CNS receptors

10 mg/kg, po Binding a�nity Ki (nM)

Compound n R1 R2 TNF-a IL-10 D2 5-HT1A 5-HT2 a1

5a 4 H H 94 1337 49 6 48 4.6
5e 3 H H 97 1805 340 33 160 6.4
5f 2 H H 96 2784 170 2.9 130 69
5g 1 H H 89 376 >1000 140 >1000 >1000
5h 1 H F 87 1494 >1000 >1000 >1000 >1000
5i 1 H Cl 65 361 >1000 >1000 >1000 >1000
5j 1 H OMe 74 449 >1000 >1000 >1000 >1000
5k 1 F F 91 2293 >1000 >1000 >1000 >1000

Figure 2. Dose-dependent cytokine regulation 5k in LPS-stimulated mice.
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Conclusion

Optimization of the lead compound 1 having modest
dual cytokine regulatory activity but showing CNS
receptor binding a�nities led to a potent dual cytokine
regulator 5k without showing any signi®cant a�nities
for the receptors.24 The compound 5k dose-dependently
regulated both TNF-a and IL-10 production in LPS-
stimulated mice. Furthermore, 5k demonstrated potent
protective e�ects against the lethal challenge of LPS in
mice, suggesting that 5k would be a promising drug can-
didate for the treatment of TNF-a associated diseases
including septic shock.
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