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ABSTRACT
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A concise, modular approach for the synthesis of [1,2,4]triazolo[4,3-

deficient chloromethyloxadiazoles.
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a]piperazines via condensation of highly reactive chloromethyloxadiazoles
with ethylenediamines is described. NMR studies of this reaction provide evidence that suggests a novel activation mechanism for electron-

[1,2,4]Triazolo[4,3e]piperazines are interesting heterocyclic
building blocks for the synthesis of bioactive molecifles.

The method of Pottsvas initially used for the preparation
of triazolo[4,3-a]pyrazines (route A in Scheme 1). Triazole

We recently required a method for the preparation of lawas obtained by reduction of the pyrazine ring withl H
heterocyclela, an intermediate in the synthesis of drug Pd, which, in turn, was prepared by trifluoroacetylation of
2-hydrazidopyrazine, followed by cyclization. The formation

candidates for the pharmaceutical industry.

Most synthetic efforts toward the preparation of these

heterocyclic systems have focused on benzene-fused piperjji R NN

azine analogues and involve condensation of an appropriate g.peme 1. 3-Trifluoromethyl-[1,2,4]triazolo[4,3-a]piperazine

pyrazinone with hydrazine, followed by acylation of the

terminal nitrogen and dehydration to form the triazole ring
systen? The only preparation of triazolopiperazines such

as1 reported involved the addition of acetylhydrazide to a
piperazinoimidate as the key step, followed by cyclodehy-

dration to form the triazole ring.
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of 2-hydrazidopyrazine by addition of hydrazine to 2-chioro- || N RN NG

pyrazine involved the use of a large excess of hydrazine and
a tedious extractive workup. Furthermore, 2-chloropyrazine

T

able 1. Use of Different Dehydrating Agents for the
Formation of Oxadiazolés

is known to decompose under the reaction conditions. Thus,
a different synthetic approach was desired for scale-up.

An alternative synthetic methédeading to benzo-fused
cases (route B, Scheme 1) involved the condensation of a
chloromethyloxadiazole with 1,2-phenylenediamine to afford
the desired benzene-fused [1,2,4]triazolo[4,3-o]piperazines
directly. The reaction conditions were rather harsh, and the
yields reported were low, which can be attributed to the poor
nucleophilicity of 1,2-phenylenediamine. The application of
this approach to the synthesis td would result in milder
reaction conditions due to the enhanced nucleophilicity of
ethylenediamine and the electron-withdrawing nature of the
trifluoromethyf group.

The key intermediate chloromethyloxadiazd3a was
prepared in two steps from commercially available materials
as shown in Scheme 2. Bishydrazidla was prepared in a

Scheme 2. Preparation of Oxadiazolga
1) CF,COOQEt, 25 °C

Dehydration reagent Yield

POCI; 79%
(CH;S0,),0/DMAP Slow Reaction
CH;SO,CI/DMAP Slow Reaction

0.5 eq of POCI,/DMAP
(o]

m)H(C' /DMF

79%, slow react.

No Reaction
o
SOCI,/DMAP 55%
4.1 eq of SOCI, 56%
<:>—N=C=NO Decomposition

2%

88%

2 All reactions were run under reflux in acetonitrile.

2) NaOH, CICH,COCI 9 9
2 2 . kw 1 a
2a, 97%
1 eq. POCl,
” 80 °C, 17h FsC\(k,(_)E/\C'
3a, 79%

one-pot procedure by reaction of 35% aqueous hydrazine
with ethyl trifluoroacetate in acetonitrile and subsequent
addition of an acyl chloride and base. This procedure affords
the unsymmetrical bis(hydrazid2a, which can be isolated
by crystallization in higher than 95% yield.

Dehydration of2a to obtain the desired oxadiazoBef

The dehydration reaction can be run with a substoichio-
metric amount of phosphorus oxychloride using a catalytic
amount of DMAP. Comparable yields were obtained, albeit
in much longer reaction times. Lower yields or more
impurities were obtained when other dehydrating agents were
used.

Under the optimized condition8a is obtained in 7#
80% vyield after aqueous workup. WhiBa can be isolated
by distillation, it was used directly in the next step following
removal of solvent.

When oxadiazol8a was added to a solution of 2 equiv
of ethylenediamine in methanol at @, a new species

can be accomplished using a variety of known reagents. Theg,meq that was found to crystallize from the reaction

results for the preparation of oxadiaz@aare summarized
in Table 1.

Although the best yield was obtained using phenylphos-
phonic dichloride (88%), the use of phosphorus oxychloride
was overall more desirable because of the comparable yield
lower cost, and more benign waste streams.

(4) Nelson, P. J.; Potts, K. T. Org. Chem1962,27, 3243—3248.

(5) Makino, T.; Kato, T. JP06128261(A), 1994.

(6) Perfluoroalkyl-substituted oxadiazoles are known to react readily with
ammonia at room temperature to produce triazoles. (a) Brown, H. C.; Cheng,
M. T. J. Org. Chem1962,27, 3240—3243. (b) Brown, H. C.; Cheng, M.
T.; Parcell, L. J.J. Org. Chem1961, 26, 4407—4409. (c) Reitz, D. B.;
Finkes, M. J.J. Heterocycl. Cheml989,26, 225—230. (d) Reitz, D. B.;
Finkes, M. JJ. Org. Chem1989 54, 17606-1762. (e) Barlow, M. C.; Bell,

D.; O'Reilly, N. J.; Tipping, A. E.J. Fluorine Chem1983,23, 293—299.

(7) A nonexplosive form of hydrazine is used as the limiting reagent.

Hydrazine is completely consumed after the addition of trifluoroacetate. In

mixture at room temperature. This solid was isolated and
identified as the amidinda. Refluxing4a in methanol for
4 h afforded the desired triazola (Scheme 3).

Scheme 3. Preparation of Triazolda
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this manner, no hazardous waste containing hydrazine is generated.
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2630. (b) Tashtoush, H.; Al-Talib, M.; Odeh, Rnn. Chem1992,1992,
291. (c) Al-Talib, M.; Tashtoush, H.; Odeh, ISynth. Commuri990, 20,
1811—1817. (d) Shi, W.; Qian, X.; Song, G.; Zhang, R.; LiJRFluorine
Chem.2000,106, 173—179. (e) Mogilaiah, K.; Chowdary, D. S.; Rao, R.
B. Indian J. Chem. Sect. B001,40, 43-48.
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Further investigation of this reaction revealed that the
amidine formed readily at40 °C. At temperatures higher
than 5°C, the intermediate amidinéa slowly cyclizes to
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form triazolela. An excess of ethylenediamine was neces- the heterocycle. During experiments aimed at identifying
sary to neutralize the HCI generated and drive the reactionbyproducts generated during the reaction, two new species
to completion. We found that complete reaction conversion 6 and7a (Scheme 4) were detected in small amounts from
can be achieved using 1.7 equiv of ethylenediamine. Underthe onset of the reaction and were almost completely
these conditions, a mixture of ethylenediamine hydrochloride consumed upon its completion. This suggests @ratd7a

and dihydrochloride is generated as a byproduct of the are intermediates in the formation 4&, and a mechanism
reaction. The ethylenediamine dihydrochloride, however, hasthat explains their formation is proposed in Schedne

low solubility in methanol and crystallizes contaminatingthe A molecule of solverf acting as a nucleophile could
product. This can be avoided using a larger excess ofattack on the more electrophilic C3, as expected from
ethylenediamine (2.8 equiv or more), which prevents the literature precedenfsi! Because of the presence of the
formation of ethylenediamine dihydrochloride by Schlenk leaving group, this would result in the elimination of chloride
equilibrium. Best yields were achieved-a20 °C, using 2.8 and formation of6. This species is likely to function as a
equiv of ethylenediamine. Under these reaction conditions, Michael-type acceptor and react with ethylenediamine to

4awas isolated in 74% yield. generate7a. Elimination of methanol to regenerate the
While the two-step transformation froBa to 1a can be heterocycle would result in the formation 5&.
carried out in a one-pot procedure, the isolationlafby A simplified system was studied under the same reaction

crystallization from the reaction mixture containing excess conditions, using 2 equiv dfl,N-di-n-butylamine instead of

ethylenediamine and its hydrochlorides proved to be trouble- ethylenediamine. As expecte8a cleanly underwent the

some. The amidinda on the other hand can be isolated in chloride displacement to afforsb.

high purity from the reaction mixture, and thus a two-step  After optimizing reaction conditions for the preparation

process was preferred. of 4a and 1a, the use of other substrates in the synthesis
The final cyclodehydration can be carried out thermally was investigated. Three chloromethyloxadiazolgs—d)

or by acid or base catalysis. Sinta was best isolated as were prepared in two steps from commercially available

its HCI salt, the reaction was run by addition of 1 equiv of materials as shown in Table 2. Bishydraziddsc were

concentrated HCI to a slurry of amidirga at reflux in

methanol, Under optimized conditions, riazaeis isolated |
o . ) o i
by filtration of the rea_ctl(_)n _slurr_y at @C in 92% yleld. . Table 2. Preparation of bishydrazidésand oxadiazole8
In an attempt to gain insight into the mechanism of this

transformation, the reaction was examined by NMR at low 1) R"COOE, 25 °C

(o] (o]
temperature. At-40°C in CD:0D, oxadiazolawas found , _ DNaOH. cieHRACOC AL AN
to quickly disappear to form a new intermediate species that o AR R
slowly converted to amidinda. 13C NMR data obtained for 183‘1'0'3?%3 Re  2bd
the intermediate species were consistent with an oxadiazole %»d — R1\<O, <l
ring, where the chloride atom had been displaced by an amine NN
nucleophile, and thus it was assigned3a (Scheme 4). 3b-d
entry R! R2 2 (%) 3 (%)
| , oF, . o -
Scheme 4. Proposed Mechanism for the Formation4af ¢ CF3 Ph 95 65
d Ph H 70 80
OCH, -
N L L | |
N-N CH,OH, R prepared in a one-pot procedure by reaction of 35% aqueous
3a -40°C 5a, 5b hydrazine with ethyl trifluoroacetate in acetonitrile and
subsequent addition of an acyl chloride and base. Bis-
c@ - CH,0H (hydrazide) 2d was prepared by treatment of the com-
R mercially available benzoylhydrazide with chloroacetyl
"Ez‘o o & Mg *;3‘;\0 o chloride and base in acetonitrile. These procedures afforded
’ \\,/FN\ﬁ - K_E/\QI/RS the unsymmetrical bis(hydrazidep—d, which could be
i R crystallized or, in most cases, carried through as an aceto-
7a R“= H, R%= (CH,),NH,
7b R*= R°= n-Bu (9) The other two possible structures resulting from nucleophilic attack
on the heterocycle:
H HN/\/NH2 HZN\/\NH H
Neither of the two other possible intermediates resulting from O N2 FSCJ\\N N\EO
nucleophilic attack on the heterocycle could be detected by ¢ 0 al
NMR analysis of the reaction mixturés. (10) When a nonnucleophilic solvent was used (acetonitrile), all the

The observed fast nucleophilic displacement of the chlo- oxadiazole was consumed but only traces of amidine were observed.
. . - (11) Similar reactivity has been reported on furans: (a) Divald, S.; Chun,
ride of 3a was unexpected even when considering the ,, C.. Joullie, M. M.J. Org. Chem1976 41, 2835-2846. (b) Yamamoto,

activation of this primary chloride by the inductive effect of K.; Tanaka, A. J. Heterocycl. Chert979,16, 1293—1294.
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nitrile solution and dehydrated using PQQb obtain the || NGNS

desired oxadiazole3b—d (Table 2)? Scheme 6. Preparation of Substituted Triazolés,f
Oxadiazoles3b and 3c having substitution on C7 and H
bearing the electron-withdrawing trifluoromethyl group [N‘W o WY
reacted smoothly at low temperature with ethylenediamine FsC\gop/\a NH, o N_N/)\/N\Ra
to afford amidines4b and 4c in 68 and 54% yields, NN MeOH T oW
respectively, after unoptimized crystallization from the 3a -20°C 4f: R®=CH,, 74%
reaction mixturé? The cyclodehydration reactions occurred 4g: R®=Bn, 67%
in a few minutes at room temperature in the presence of HCI
. ) o . MeOH
to afford the hydrochlorides ofb,c in quantitative yield H 50 °C
(Scheme 5). [Nw .
Ph\(ob/\u N N\//JN\/N
Scheme 5. Preparation of Substituted Triazoléb,c 3d s0°C 4 R'=Ph, R%=CHj, 51%
o K ~NH, o 1e: R'=Ph, R*=Bn, 54%
POy, PN )iy /)\(NH 1f: R'=CF,, R3=CH,, 97%
N-N MeOH, 20 °C. FC™ TN-N it 1g: R'=CF;, R%=Bn, 99%
- R2= . )
z: 22;5: ’ 12;' Sfé‘,’ diamines reacted regioselectively wahto afford amidines
MeOH FiG hel 4f,g in good yields. Oxadiazol8d also reacted regioselec-
HCl 25°C /N tively with N-alkylethylenediamines at 5. The resulting
NN amidines spontaneously cyclized to afford triazdlésein
R? moderate yields.
1b: 99% - :
1c: 97% In summary, we have developed an efficient synthesis for

[1,2,4]triazolo[4,3-a]piperazines using a novel, modular
approach that involves as a key step the reaction of a
Not surprisingly, when we attempted the reaction using chloromethyloxadia_zole with ethylenediamine. We_ .also
oxadiazole3d, which lacks the electron-withdrawing tri- Propose a mechanism that explains the high reactivity of
fluoromethyl group, the reaction was not observed to occur electron-deficient chloromethyloxadiazoles in this reaction.
at low temperatures. Warming the reaction mixtures to 50
°C for 8 h was required to facilitate the reaction. Under these
conditions, however, other byproducts were generated that
made purification of the desired compounds difficult. This
problem can be overcome by using unsymmetrical diamines
as nucleophiles in the reaction (Scheme 6), which leads to
cleaner reactions and compounds than can be easily purified  gypporting Information Available: Experimental details
by chromatography. Both-methyl andN-benzyl ethylene-  and characterization for all new compounds. This material
is available free of charge via the Internet at http://pubs.acs.org.
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