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t,4-Diarylpiperazines are readily prepared, generally in good yields, by the reaction of
substituted aromatic amines with two thirds of an equivalent of tris(2-chloroethyl)phosphate.
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Results and Discussion

1,4-Diarylpiperazines are of interest for several med-
icinal applications (1-3). They are generally prepared by
one of four methods: 1) condensation of aryl amines
with ethylene dibromide (3-7); 2) alkylation of piperazine
with an aromatic or heterocyclic halide (1,8-10); 3)
dehydration of an aryl bisthydroxyethyl)amine (11); or
4) thermal decomposition of a bis(2-aminoethyl)phenyl-
phosphonite (12,13), an azirdine (14), or an N-aryl-
formimino chloroethyl ether (15). This report describes
another simple one-step procedure for making many of
these interesting piperazine derivatives.

Alkyl phosphates readily react with aromatic amines
to produce alkylarylamines (16-19); the chlorine of tris-
(2-chloroethyl)phosphate is also reactive towards amines.
Thus, heating an aromatic amine with 0.67 equivalents
of this phosphate results in the formation, generally in
good vyields, of symmetrical |,4-diarylpiperazines. The
experimental procedure is simple and the products can
usually be purified by simple recrystallization. The
reaction fails with amines that are substituted with
electron withdrawing groups (e.g., 0-, m-, or p-nitroaniline)
or with amines substituted with groups that could react
with phosphoric acid (e.g., m-aminophenol, p-amino-
benzoic acid, or p-aminoacetophenone). o-Phenylenedi-
amines should yield 1,2,3 4-tetrahydro-1 ,4-naphthyridines
and polymers, and m- and p-phenylenediamines should
yield polymers. Otherwise the reaction appears to be
quite general. The compounds that have been prepared
by this method are given in the experimental section.
Two of these, 1,4-bis(2-fluorophenyl)piperazine and 1,4-
bis(3-bromophenyl)piperazine, have not been reported
previously.

EXPERIMENTAL

Nuclear magnetic resonance (nmr) spectra were obtained in
carbon tetrachloride solutions on a Varian EM360 instrument
(20). In the nmr listings, S = singlet, M = a complex multiplet

centered at the & indicated, T = triplet, Q = quartet. Shifts are
measured relative to internal tetramethylsilane and are given in
ppm. The number in parentheses is the relative area. Melting
points were taken on a Mettler FPI at a heating rate of 2°/minute
and are corrected. Microchemical analyses were performed by
Midwest Microlab Ltd., Indianapolis, Indiana.

1,4-Diphenylpiperazine.

Aniline (9.3 g., 0.1 mole) and tris(2-chloroethyl)phosphate
(19.1 g, 0.067 mole) were heated together under reflux for 10
hours. The reaction mixture was poured with good stirring into
300 ml. of 0.8N aqueous sodium hydroxide. The precipitated
solid was filtered off, washed with 95% ethanol, and dried under
vacuum at room temperature. The yield was 8.9 g. (74%). After
one recrystallization from ethanol, the solid melted at 164.3°

(lit. (7) 164°); nmr: & (CH,) 3.26 S (8); & (ArH) 7.05 M (10).

1,4-Bis( 3-methoxyphenyl)piperazine.

m-Anisidine (12.3 g., 0.1 mole) was treated as above. The
yield of crude product was 10.9 g. (73%). Recrystallization from
ethanol gave pure material melting at 143.7° (lit. (10) 142°);
nmr: 8§ (CH;) 3.28 S (8); 8 (OCH3) 3.77 S (6); 5 (ArH) 6.4 M
(6), 7.1 M (2).

1,4-Bis(2-ethoxyphenyl)piperazine.

Treatment of 13.7 g. (0.1 mole) of o-phenetidine as above gave
14.8 g. (91%) of crude product, which, after two recrystallizations
from ethanol, melted at 161.8° (lit. (11) 160°); nmr: & (CHj)
1.48 T (6), ] = 8; 8 (CHy) 3.20 S(8), 4.06 Q (4),]) = 8; 6§ (ArH)
6.82 S (8).

1,4-Bis(2-fluorophenyl)-piperazine.

2-Fluoroaniline by the above procedure yielded 88% of the
2-fluoro derivative, which after three recrystallizations from
ethanol followed by sublimation at 150° and 10 u pressure,
melted at 162.4°; nmr: & (CH,) 3.25 S (8); & (ArH) 6.90 S,
7.00 S (8).

Anal. Caled. for CigHgFaNy: C, 70.06; H, 5.58; N, 10.21.
Found: C, 69.84; H, 5.86; N, 10.62.

1,4-Bis(4-fluorophenyl)piperazine.

4-Fluoroaniline by the above procedure yielded 71% of the
4-fluoro derivative, m.p. 175.0° (lit. (15) 174-175°); nmr: &
(CH,) 3.20 S(8); 5 (ArH) 6.85 S, 6.98 S (8).

1,4-Bis(2-methylphenyl)piperazine.
o-Toluidine yielded 81% of the 2-methyl derivative, m.p.
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174.5° (lit. (11) 174%); nmr: & (CH3) 2.32 S(6); 6 (CHz) 3.05
S(8); & (ArH) 7.08 M (8).

1,4-Bis(3-methylphenyl)piperazine.

m-Toluidine yielded 65% of the 3-methyl derivative, which was
recrystallized from aqueous ethanol, m.p. 126.2° (lit. (11) 126°).
This derivative was more soluble in ethanol than the others, and
the lower yield may be a result of losses occurring during the
washing of the crude product with 95% ethanol; nmr: & (CH3)
2.30 S (6); & (CHy) 3.25 S (8); 6 (ArH) 6.68 M (6), 7.05 M (2).

1,4-Bis(4-methylphenyl)piperazine.

p-Toluidine yielded 79% of the 4-methyl derivative, m.p.
189.3° (lit. (11) 190°); nmr: & (CH3) 2.30 S(6); & (CH;) 3.22
S (8); & (ArH) 6.88 M (8).

1,4-Bis( 3-bromophenyl)piperazine.

m-Bromoaniline, treated as above, gave a black tarry product,
which was separated from the aqueous base by decantation and
recrystallized from 93% ethanol. The yield was only 9% due in
large part to the difficulty of purification, m.p. 122.4°; nmr:
5 (CH;) 3.30 S(8); 8 (ArH) 6.85 M (8).

Anal. Caled. for C{gH1¢NyBry: C, 48.51; H, 4.07; N, 7.07.
Found: C, 48.80; H, 4.02; N, 6.91.
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