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Sequential mono-N-arylation of piperazine nitrogens.
Part 1: A simplified method and its application to the preparation
of a key N,N’-biaryl piperazine antifungal intermediate
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Abstract

A simple sequential N-arylation of piperazine without the use of a protecting group, catalyst, specialized
equipment or a large excess of piperazine, and its application towards the preparation of the key differentially N,N’-
biarylated piperazine antifungal intermediate N-(4-hydroxyphenyl)-N’-(4-aminophenyl)piperazine, 6, is described.
© 1999 Elsevier Science Ltd. All rights reserved.

Mono- and biarylated piperazines are key moieties of a variety of biologically active compounds
such as cholesterol ester transfer protein inhibitors (1),! 5-HTp receptor agonists (2),2 GPIIb/IlIa
antagonist (3),32 serotonin-3 antagonists (4),>>° and triazole antifungals (5).* These triazoles belong
to the class of orally active broad-spectrum antifungals that contain an unsymmetrically N,N’-biarylated
piperazine moiety. Members of this class are, for instance, Sch 51048, Sch 56592, itraconazole, and
hydroxyitraconazole.4 b
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Sch 51048, X =F, Y= CHy, R=CHy, R's H
Sch 56502, X »F, Y= CH,  R= CH,, R’ = OH

k ) fAraconazole, X = Cl,Y=O, RsH,R' = H
Hydroxyitraconazole, X =Cl, Y n O,R=H, R’ a OH

Classical synthetic routes to these differentially N,N’'-biaryl substituted piperazines encompass the
reaction of anilines with carcinogenic bis(2-chloroethyl)amine directly,>’ or generated in situ from
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diethanolamine,®? or ethylene oxide plus ammonia under high pressure/temperature and specialized
catalyst conditions!? to the monoaryl substituted piperazines which are then reacted with appropriate
aryl halides as described below. Alternatively, these differentially substituted piperazines are made via
an SNAr reaction of piperazine with aryl halides containing electron-withdrawing groups. The SyAr
reaction requires a large excess of piperazine and harsh reaction conditions!! or protection of one of the
two nucleophilic nitrogens, usually as a carbamate, to avoid a mixture of mono-, di-, and unsubstituted
piperazines which require chromatographic purifications.!>"!> Selective arylation of one nitrogen of
piperazine at a time under mild laboratory conditions could overcome issues associated with the above
preparations.

During the development work towards a novel, more practical and scaleable synthesis of the com-
mon intermediate 6 (Scheme 1) of the above triazole based antifungals, from commerciaily available
chemicals, we observed that when 1.0 equivalent of either 4-bromo- or 4-chloronitrobenzene in dimeth-
ylsulfoxide (DMSO) was heated to 120°C for 12 h with 1.3 equivalents of piperazine, 1.5 equivalents of
potassium carbonate, and 0.01 equivalent of tetra-N-butylammonium iodide (TBAI), only one piperazine
nitrogen displaced the halide leading to 1-(4-nitrophenyl)piperazine 14. After extractive acid—base work-
up and without chromatographic purification, isolated yields consistently over 90% were achieved for
this reaction. The same reactions worked fairly well without the use of TBAI as a phase transfer catalyst,
with a 10-15% lower yield. No N,N’-biarylated piperazine could be detected in these reactions.
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Scheme 1.

Further experiments showed that the reactivity of the aromatic halides towards piperazine (Table 1)
depended on the electron density of the aromatic ring. Electron rich aromatic halide 11 does not react
under these conditions. The yields for compounds 14 to 17 directly reflect the electron-withdrawing
influences of the aromatic rings of the substrates 7-12, respectively. Again, none of the N,N’-biarylated
products were observed during the preparation of 14-17. Interestingly, all deliberate attempts to arylate
both piperazine nitrogens with 4-chloronitrobenzene either in one flask or in two separate steps with a
large excess of aryl halide and/or extended reaction times, did not form the symmetrically N,N’-biaryl
substituted piperazine 21. A potential protonation of the secondary nitrogen of piperazine before the
second arylation was ruled out by running a control experiment with 10 equivalents of base for an

extended time. This experiment again yielded only compound 14 and none of 21.
DMSO, K,C0,
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7-12 14-17
Table 1
Mono-N-arylated piperazines

Compound R X Product
(Yield)*

7 NO, Br 14 (98)

8 NO, 14 (91)

9 NO, NO, 14 (76)"
10 CN a 15 (80)
11 COMe Q1 16 (49)
12 OMe Br 17 (O)

13 © a 18 49!

*isolated yield. ® Without TBAL © N-benzyl-2-chloro-
benzimidazole. ¢ See note with ref. 3c. c
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Scheme 2.

An electron relay theory!® was postulated to explain the apparent lack of N’-arylation of the above
N-arylpiperazines for the preparation of N,N’-biaryl substituted piperazines. Based on this theory the
following strategy was undertaken to facilitate N'-arylation of N-aryl substituted piperazines. When
compound 14 was reduced to 1-(4-aminophenyl)piperazine 19 (Scheme 2), the more basic piperazine
nitrogen of 19 underwent a facile N'-arylation with either 4-bromo- or 4-chloronitrobenzene under the
above conditions to form 23 in good yields (Table 2). By extending this theory, we discovered that, in
general, N’ -arylation proceeded fairly well if the N-arylpiperazine contained either an electron-donating
group (19 and 20) or a moderately strong electron-withdrawing group (15 and 16). With the strong
electron-withdrawing nitro group in the para position, as in 14, the second arylation failed. This was
confirmed by the following observations: (i) compound 21 was not formed when piperazine was exposed
to an excess of 4-chloronitrobenzene under the above conditions, and (ii) compound 22, can be formed
by the reaction of 15 with 4-chloronitrobenzene but not by the reaction of 13 with 4-chlorobenzonitrile.
Also consistent with the electron relay theory, the o-nitro group of 31 readily facilitated the N’ -arylation
to form compound 32.16

&—{}CNW F@—Y%”“—sﬁ%‘&» R‘-O—NCN—O—Y
14-16,19,20 2125

Table 2
N’-Arylation of N-aryl piperazines

Compound R, X Y Product

(yield)*

14 NO, C NO, 21(0)

14 NO, C OCN 22(0)
15 CN C NO, 2281
16 COMe CI  NO, 23 (76)
19 NH, Br NO, 24(85)
19 NH, C NO, 24(17
20° OMe Br NO, 25(77)

*isolated yield. ®available from Janssen Chimica.

As for the synthesis of the key N,N’-heteroaryl piperazine antifungal intermediate 6, our initial strategy
to convert 23 into 6 (outlined in Scheme 3) encountered difficulties at the Bayer-Villiger oxidation step.
Under the conditions investigated (acidic to basic pH; for CF3CO3H, CH3COsH, m-CPBA, or H,0,;
with or without catalyst), essentially no desired reaction was seen with either the nitrophenyl piperazine
23 or the aminophenyl piperazine 26. Two alternate approaches were successful, however. In the first
approach, the nitroaniline 24 was diazotized and converted to the nitrophenol 29, in situ, by the use of
copper salts in aqueous solution.!” This approach was not optimized for the preparation of 29. Compound
29 was readily reduced to the desired intermediate 6. In the second approach, which was based on
mechanistic considerations,!® compound 14 was arylated to 30 with a readily available copper catalyst
in DMSO.!# Although the crude yields were high, difficulty in the purification led to an isolated yield
of 45%. This was then converted into 6 as shown in Scheme 3. Compounds 29, 30 and 6 thus prepared
were indistinguishable from the ones obtained via alternate chemical routes. The use of 6 via a selective
O-alkylation in the presence of amine for the preparation of triazolone antifungals has been described
elsewhere.!?
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Scheme 3.

In summary, a new, simple, synthetic method for the sequential mono-N-arylation of piperazine
nitrogens from commercially available inexpensive raw materials without the use of protecting groups,
high pressure/temperature equipment, chromatographic purification or specialized metal catalysis has
been developed and applied to the preparation of a key differentially N,N’-biaryl substituted piperazine
antifungal intermediate. A mechanism for mono-N -arylation of unprotected piperazines has been propos-

ed.
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As a working hypothesis, it was postulated that in compounds such as 14, N’-arylation is difficult due to a diminished
nucleophilicity of the 2°-amine nitrogen, resulting from a lack of participation of the arylated nitrogen in hydrogen bonding
(electron relay, or charge stabilization) as shown below. N’-Arylation was improved by either: (i) electron donating groups
on the aryl group (e.g. 19 and 20); (ii) weaker (than NO,) electron withdrawing groups on the aryl group (e.g. 15 and
16); (iii) improving the hydrogen bonding capacity as shown in the following article in this issue (Eckert, J.; Chan, T.-M.;
Gala, D. Tetrahedron Lett. 1999, 40, 5661); or (iv) by enhancing the electrophilicity of the reacting species, as in the case

of formation of 30 (via metal catalysis).
O,N
U N H\

N
14 th

Cohen, T.; Dietz Jr., A. G.; Miser, J. R. J. Org. Chem. 1977, 42, 2053.

Similar arylations of nitrogen containing compounds were recently reported (see Chan, D. M. T.; Monaco, K. L.; Wang,
R.-P.; Winters, M. P. Tetrahedron Lett. 1998, 39, 2933); however, this is the first example of a piperazine derivative. Also,
the use of DMSO as solvent was contraindicated in the reference, but for our example, it was the best solvent used.
Andrews, D. R.; Gala, D.; Gosteli, J.; Gunter, F.; Mergelsberg, I.; Sudhakar, A. US Patent 5625064: Process for the

Preparation of Triazolones, April 29, 1997.
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