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Abstract: An effective 1,3-dipolar cycloaddition for the synthesis
of 1,3,5-trisubstituted 1,2,4-triazole derivatives was developed by
reacting oximes with hydrazonoyl hydrochlorides using triethyl-
amine as a base. The desired 1,3,5-trisubstituted 1,2,4-triazoles
were obtained in good yields and the reaction was applicable to
aliphatic, cyclic aliphatic, aromatic and heterocyclic oxime sub-
strates.
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1,2,4-Triazole is an important class of heterocyclic com-
pounds responsible for the biological activity of many
pharmaceutically active compounds that show signifi-
cant antifungal,"3 .zmtiviral,4 anti-inﬂammatory,5 anti-
asthmatic,6 antiprolife:rative,7’8 hypotonic activities,9
antibacterial, and antihelmintic activities.'"” Some mole-
cules based on triazole moiety also act as potent agonist
or antagonist receptor ligands,'"'* and the more selective
alkylating agents for the anticancer drugs.” Recently,
they were developed as mimics'*'* or isosteres'® of the
amide bond in attempts to increase bioavailability of the
parent bioactive molecules.'”  Furthermore, triazole-
based agonists or antagonists targeting different recep-
tors were described,'®" especially construction mole-
cules based on the 1,3,5-trisubstituted 1,2,4-triazole
scaffold.”**

The conventional method for the preparation of triazole
rings contains the dehydrative condensation and the
cyclization of an acylamidrazone intermediate two
steps.22 In the dehydrative condensation, the neat thermal
fusion was performed between hydrazides and nitriles, or
the activated nitriles including an imidate (Pinner reac-
tion) or a thioamide (Pellizzari reaction) to form the
acylamidrazone intermediates.” The subsequent cycliza-
tion of the acylamidrazone intermediate was carried out
at the high temperature.25 The typically procedures often
involve high reaction temperatures and long reaction
times but give the product in low yield. 2

Different approaches have been reported by using the
amidine reactants to replace nitriles. However, only ace-
tamidine and benzamidine substrates are able to achive
good yields.27 In this paper, we expanded the effective
nitrilimine cycloaddition28 for synthesis of 1,3,5-
trisubstituted 1,2,4-triazole derivatives by reacting oxi-
mes with hydrazonoyl hydrochlorides using triethyl-
amine as a base. The new developed method is applica-
ble to aliphatic, cyclic aliphatic, aromatic and heterocyc-
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lic oxime substrates to provide 1,3,5-trisubstituted 1,2,4-
triazoles in good yields.

Most of the oxime hydrochlorides 1-10 were plrepared29
by reacting the corresponding aldehydes with hydroxyl-
amine hydrochloride, expect for the commercially avail-
able acetaloxime 1 and benzaloxime 7. It is well known
that in situ generation of nitrilimines from hydrazonoyl
chlorides occurs in homogeneous system by base treat-
ment. Since, hydrazonoyl chlorides were often consid-
ered as the precursor for nitritimines in 1,3-dipolar
cycloaddition. 831 Compounds 11-18 were synthesized
by the treatment of various anilines with NaNO,/HCl,*
and then the resulting diazonium salts were reacted with
methyl 2-chloroacetoacetate to give hydrazonoyl chlo-
rides 11-18.”'

X
e OH-HC! N{cu—m NEt,
‘ + N= T T— N.
H*H NH  COMe toluene, at reflux, 3 h R~ N
N

COMe

1-10 11-18 19-35

Scheme 1

Scheme 1 illustrated the typical reaction condition for
the new effective synthesis of 1,3,5-trisubstituted 1,2,4-
triazoles. It involves a 1,3-diploar cycloaddition of
oxime with hydrazonoyl hydrochloride. The hydrazonoyl
hydrochloride is behaved like a nitrilimine as a 1,3-
dipole species by base treatment and the potonation
oxime is used as electron poor dipolarophile to promote
the cycloaddition reaction. 5 The reliable procedure is
to add 2.0 equiv of NEt; to a toluene solution of oximes
and hydrazonoyl hydrochloride in a two-necked flask
and reflux for ~2.0 h. After the reaction was completed,
the reaction was extracted with CH,Cl,, workup, and
purified with silica gel column chromatography. The
desired 1,3,5-trisubstituted 1,2,4-triazole was often iso-
lated in solid form (see Scheme 1, Table 2, Chart 1, and
Chart 2).

To search for the suitable basic agent, we chose aceta-
loxime 1 as the model to seek for the best reaction condi-
tion and concentration of base for the new method (see
Scheme 1). When hydrazon0§{1 hydrochloride 11 was
treated with various of base, ™' including potassium
carbonate (K,COy), diethylamine, N,N-
diisopropylethylamin, 4-dimethylaminopyridine
(DMAP), and triethylamine, the nitrilimine intermediate
was formed in situ and reacted with acetaloxime 1 sub-
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sequently The desired 1,3,5-trisubstituted 1,2,4-triazoles
11 was obtained through the standard procedure and the
results were depicted in Table 1. We found that the use
of 2.0 equivalent of triethylamine gave compound 11 in
better isolated yield (89%, see the Table 1). When the
concentration of triethylamine was increased from 2.0 to
3.0 equivalent (entry 8) or the reaction time was pro-
longed to about 3 h (entry 9), however, the isolated
yields of compound 11 was dramatic reducing from 89%
to in 81% and 87%, respectively (see entries 8-9 in Ta-
ble 1).

Table 1. The Study of Base Promoted 1,3-Diploar Cyc-
loaddition of Acetaloxime 1 with Hydrazonoyl Hydrochlo-
ride 11.

Base 1,3,5-

Entry - RT. trisubstituted

Base qull (h) 1,2,4-triazole

M 19 Yields (%)

1 - - >4  Non-detectable
2 K,CO5 1.0 2 52
3 Diethylamine 1.0 2 5
4 N ,N—Dusop.ropyl— 1.0 ) 48
ethylamine
Dimethylamino-

> pyridine (DMAP) 1.0 2 23
6 Triethylamine 1.0 2 75
7 Triethylamine 2.0 2 89
8 Triethylamine 3.0 2 81
9 Triethylamine 2.0 3 87

3pased on the equivalent of acetaloxime 1.
Furthermore, we investigated the effect of substituent on
the phenyl ring of the hydrazonoyl hydrochlorides 12—18
on the reactivity of the reaction. Acetaloxime 1 as the
dipolarophile substrates to react with aromatic hydrazo-
noyl hydrochlorides 12-18 bearing various substituents
including F, Cl, Br, CF;, and OMe at ortho or meta or
para position to the nitrilimine group, the reaction gave
the corresponding 1,3,5-trisubstituted 1,2,4-triazole
products 20-26 in good yields (73-92%, see the entries
1-8 in Table 2). Whatever, the results in Table 2 demon-
strated that various substituents on the phenyl ring of the
hydrazonoyl hydrochlorides were suitable for the newly
developed method. Compounds 19-26 were also fully
characterized by spectroscopic methods.” Served as an
example, compound 19 possessed two characteristic
P}eaks at 153.62 and 154.03 ppm, which represented the
°C in triazole rin(ig. The IR absorptions of 19 showed
peaks at 1740 cm™ for the stretching of the -C=0(OMe)
carbonyl group. The assignment data of the correspond-
ing product 19 was consistent with the literature data.’”*

Table 2. An Effective Synthesis of 1,3,5-trisubstituted
1,2,4-Triazoles by using Oxime Hydrochlorides with Hy-
drazonoyl Hydrochlorides
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En- Oxime Hydrochlo— Hydrazoge 1,2,4- Yiel
rides Hydrochlorides  Tyia-

try b
R No X No roles (%)
1 Methyl 1 H 1 19 89
2 Methyl 1 p-F 12 20 92
3 Methyl 1 p-Cl 13 21 86
4 Methyl 1 p-OMe 14 22 83
5 Methyl 1 p-CF; 15 23 87
6 Methyl 1 m-Br 16 24 92
7 Methyl 1 m-CF; 17 25 83

8 Methyl
9 Ethyl

1 0-CF; 18 26 80
2

10 i-Propyl 3
4

pF 12 271 91
pF 12 28 90

11 Cyclopentyl p-F 12 29 88

12 Cyclohexyl 5 p-F 12 30 86

13 Phenyl

6 p-F 12 31 33
14 2-Naphthyl 7

8

9

p-F 12 32 28
15 3-Furyl p-F 12 33 62
16  3-Thienyl p-F 12 34 57

17 2-Pyrrolyl 10 p-F 12 35 41

aCompound 19 were reported previously,”' and our spectro-
scopic data (19) isconsistent with published data in the
literature. bNEt3 (2 equiv) was used as the base agent.

s o Q.

N

Me. < N Me < N Me. q N
N4 N4 N—
CO,Me CO,Me CO,Me
19.X=H,20.X=F, 21. X=Cl 24. X =Br, 23. X=CF3 26

22. X = OMe, 23. X = CF,

F F F F
N ‘ N N
Et 4 \/N /—Pr\< /N Q\« \/N Q\(N\N
N4 N4 N4 N4
COMe COMe COMe COMe
27 28 29 30
Chart 1

When p-fluorophenylchlorohydrazone 12 and triethyl-
amine reacted with aliphatic propionaloxime 2, i-
butyloxime 3, and aliphatic cyclic oxime hydrochlorides
including cyclopentanecarboxaldoxime 4 and cyclohex-
anecarbaldoxime S5, the 1,3-dipolar cycloaddition also
proceeded to provide the corresponding 1,3,5-
trisubstituted 1,2,4-triazole products 27-30 in 86-91%
yields (see the entries 9-12 of Table 2). Sterically hin-
dered oximes do not appear to hamper the reaction. More
specifically, application of the same procedure by using
benzaloxime 7 and B-naphthaldoxime 8 gave the poor
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results (28—-33%, see the entries 13—14 of Table 2). For
the further demonstration of the reactivity of aromatic
dipolarophiles, various heterocyclic oxime hydrochlo-
rides involving B-furaldoxime 8, 3-
thiophenecarboxaldoxime 9, and 2-
pyrrolecarboxaldoxime 10 were reacted toward p-
fluorophenylchlorohydrazone 12 under the same basic
condition. The moderate yields were also achieved using
these substrates (41-62%, see Table 2). Due to the elec-
tronic contributions, aromatic and heterocyclic oxime
hydrochlorides 6—10 own a planar or nearly planar imin-
ium bond configuration to delocalize the electron-density
of —C=N" on oxime moieties and reduce the reactivity of
dipolarphile reactants.”® The experimental result was
consistent with the literature data, the cycloaddition
outcome was usually satisfactory with alkyl substituted
oximes (R = Me, Et, i-propyl, cyclopentyl, and cyclo-
hexyl).”™™ As a result, the lower cycloadduct yields were
observed in these electron-rich aromatic and heterocyclic
oxime dipolarophiles. However, all of the desired 1,3,5-
trisubstituted 1,2,4-triazole products 27-35 were fully
characterized by spectroscopic methods to confirm the
structure (see Chart 1 and Chart 2).35

33 34 35
Chart 2

Scheme 2 illustrated the plausible mechanism for the
effective 1,3-dipolar cycloaddition for synthesis of 1,3,5-
trisubstituted 1,2,4-triazoles. Acetaloxime 1 was reacted
with 1.0 equivalent of hydrazonoyl hydrochloride 11 and
2.0 equivalent of triethylamine in toluene at reflux with-
in 1-2 h. In the initially step, hydrazonoyl hydrochloride
11 was successfully converted to a nitrilimine species 37,
behaving like 1,3-dipole in the presence of triethylamine.
The requisite 1,3-dipolar cycloadduct dihydrotriazole 38
was in situ formed by treating nitrilimine intermediates
37 with dipolarophile oxime 1. Furthermore, the subse-
quent dehydration condensation was completed, the
corresponding 1,3,5-trisubstituted 1,2,4-triazole product
19 was achieved in high yield (93%, see Scheme 3).
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Scheme 2

In conclusion, we have successfully developed an effec-
tive 1,3-dipolar cycloaddition for synthesis of 1,3,5-
trisubstituted 1,2,4-triazoles by reacting oxime hydro-
chlorides with hydrazonoyl hydrochlorides. The newly
development methodology is applicable to aliphatic,
cyclic aliphatic, aromatic and heterocyclic oxime sub-
strates and the corresponding 1,2,4-triazole products
could be obtained in good yields. More specially, ali-
phatic or cyclic aliphatic oxime hydrochlorides were
appropriate dipolarophile reactants.
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(35) 27: light yellow solid; mp 102-103 °C; 'H NMR
(CDCls, 200 MHz) & 1.27 (t, 3 H, J = 7.54 Hz,
CH3), 2.77 (g, 2 H, J = 7.54 Hz, CH,), 3.93 (s, 3
H, CHy), 7.12-7.21 (m, 2 H, ArH), 7.37-7.44 (m,
2 H, ArH); °C NMR (CDCls, 50 MHz) & 11.85,
19.97, 52.63, 116.27 (*C-CF), 116.73 (*C-CF),
127.11 (*C=C-CF), 127.29 (*C=C-CF), 132.59,
153.67, 159.02 (*CF), 160.20, 165.25; IR (diffuse
reflectance) 2986 (m), 1740 (s, C=0), 1520 (m),
1373 (m), 1204 (m), 1018 (m), 964 (m), 853 (m),
607 (m) cm™'; MS (ESI) m/z: 249 (M* + 1); Anal.

Template for SYNLETT and SYNTHESIS © Thieme Stuttgart - New York 2011-03-22 page 5 of 5



