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Abstrat. A general method for the synthesis of 1,3,5-trisubstituted 1,2,4-triazoles has been developed from
reaction of amidrazones with ethyl azodicarboxylate and EtsN (Mitsunobu reagent) in EtOH. This highly
regioselective one-pot process provides rapid access to highly diverse triazoles. The reaction was
explained, based on Mitsunobu reagent oxidizing ethanol to acetaldehyde, which would then react with
amidrazones to give the substituted 3-methyltriazoles. A [2+3] cycloaddition reaction between two
oxidized forms of amidrazones produced the second type of triazoles. X-ray structure analyses proved the
structure of each type of product.
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1. Introduction

Triazoles can easily bind with a variety of enzymes and receptors in biological systems via diverse non-
covalent interactions [1]. Therefore, triazoles display widespread biological activities. Hence, many triazole
derivatives serve as medicinal drugs [2]. Triazoles also have antifungal activities [3]. More specifically,
compounds having the 1,2,4-triazole moiety have shown various biological activities, such as antimicrobial
[4], antitubercular [5], anticancer [6], anticonvulsant [7], hypoglycemic [8], anti-inflammatory and
analgesic activities [9]. The Mitsunobu reaction is the dehydrative coupling of a primary or secondary alcohol
(occasionally, tertiary alcohols have been used) to a pronucleophile (NuH), which is mediated by the reaction
between a dialkyl azodicarboxylate and a trialkyl- or triarylphosphine [10,11]. Aly et al. reported on the

syntheses of various heterocycles such as pyrazoles [12a-c], 1,2,4-triazoles [12d-f], tetrazoles [12g], 2,5,6-

2


mailto:ashrafaly63@yahoo.com

triphenylpyrimidin-4(3H)-ones [12h], triazines [12i], indazoles and naphthotriazines [12j], naphtho[2,3-f]-
1,2,4-triazepines [12k], and cyclopenta[e][1,3,4]-oxadiazepines [121], from the reaction of amidrazones with
n-deficient compounds. In this paper, we undertook to investigate the mechanism of the effect of
Mitsunobu reagent on amidrazones la—f, hoping to obtain heterocyclic compounds that might have
biological and/or pharmaceutical applications.

2. Results and Discussion

Refluxing equimolar amounts of N*-arylamidrazones la-f with diethyl azodicarboxylate (2) in dry EtOH,
catalyzed by a few drops of triethylamine, led to the formation of 4-aryl-5-methyl-3-phenyl-1,2 4-triazoles
3a-f in 68-75% vyields and 4-aryl-3,5-diphenyl-1,2,4-triazoles 4a-f in 13-20% yields, together with traces of
diethyl hydrazine-1,2-dicarboxylate (5) (Scheme 1). The products were separated by preparative TLC;
compounds 4 tended to co-elute with additional 5, which was removed by recrystallization. To confirm the
structures of all the obtained products, elemental analyses, IR, NMR (*H, C, 2D NMR, '°N) and mass
spectra were performed; these and elemental analyses were in good agreement with the assigned structures.
We chose different substituted amidrazones la—f having aryl groups with electron donating and
withdrawing substituents on the benzene ring, in order to examine their reactivity. Elemental analyses and
mass spectra of compounds 3a-f clearly their formulae to correspond to amidrazones 1a-f plus one C(CHa)
group. The triazole skeleton in compounds 3a-f showed absorption bands in the IR spectra at v = 1640—
1610 and 1540—1520 cm™ from C=N and C=C groups, respectively (see the experimental section). To
illustrate the NMR assignments of 3a-f (for numbering, see Figure 1): in the *H spectra of 3c (Table 1), the
3H singlet must be H-3a, while its attached carbon appears at ¢ 10.8. H-3a gives HMBC correlation with a
carbon at 8¢ 152.1, assigned as C-3, and with both visible nitrogen signals; the sp? nitrogen (Sn 310.1) is
assigned as N-2, and the nitrogen farther upfield (6n 177.5) is assigned as N-4. N-4 also gives HMBC
correlation with the downfield aromatic protons. Of these, the broad singlet at 6+ 7.68 is assigned as H-2’,
and the “triplet” at on 7.56 is assigned as H-5’; the attached carbons appear at 6c 127.6 (C-2’) and 131.4 (C-
5%). The broad doublet at dn 7.63 is assigned as H-4’, because it lacks HMBC correlation with N-1, and the
signal at dn 7.42-7.34 gives such correlation; therefore H-6’ is assigned as being in that signal. H-4" gives

HSQC correlation with its attached carbon at 5¢c 129.7; H-4’, H-5, and H-6" give HMBC correlation with
3
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the carbons at d¢ 136.0 and 133.9, assigned on chemical-shift grounds as C-3” and C-1’ in that order. The

protons at 8y 7.42-7.34 give HSQC correlation with short *C lines at ¢ 129.5 and 126.6, assigned as C-p
and C-6’, and with tall lines at 6c 128.5 and 128.0, assigned as C-o and C-m. The remaining non-protonated
carbons at &¢ 152.9 and 127.0 are assigned, on chemical-shift grounds, as C-5 and C-i respectively. The
remaining nitrogen, N-1, is four bonds from the nearest protons and is not observed. Most indicative in 3e
was the appearance of two methyl carbon signals in the 3C NMR at § = 10.1 for CHs-C-5 and at § = 17.1

for the 2,6-dimethyl carbon signals. The structure of 3f was confirmed by X-ray structure analysis (Figure

2).
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Scheme 1. Reaction of the Mitsunobu reagent 2 on amidrazones la-f

The reaction presumably begins like the Mitsunobu reaction, in which the Lewis base first attacks the N=N
bond of 2 to form zwitterion 6. Abstraction of a proton from amidrazone 1 would lead to the formation of
salt 7, which would lose a molecule of EtsN to form the stable salt 8. We suggest that salt 8 would be
stabilized due to the formation of five-member rings as shown in Scheme 2. The salt 8 would then
dissociate into the isolated compound 5 and hydrazine-enamine 9 (Scheme 2). Repeating the former
process in presence of a molecule of EtsN, the reaction would form salt 10. Elimination of triethylamine
and a nitrogen molecule from 10 would give the expected imine compound 11 and reproduce the starting
material 2 (Scheme 2). Since, it is well known that azomethine imines undergo 1,3-dipolar cycloaddition
reactions with various alkenes [13], mechanistically, compound 4 would be formed via [2+3] cycloaddition

reaction between 10 and 11 to give intermediate 12 (Scheme 2). Elimination of substituted anilines from 12
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would give 4 (Scheme 2). Oxidation of ethanol by 2 was previously known to give acetaldehyde [14]
together with compound 5 (Scheme 2). Thus, the reaction between compound 1 and acetaldehyde would
occur in situ to give 3 via intermediate 13, accompanied by elimination of water. The mechanism is

supported by isolation of 5, indicating oxidation by 2 (Scheme 2).
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Figure 1. Structures and numbering of compounds 3c and 4e

The reaction was supported on the basis that Mitsunobu reaction is a versatile and widely used method for
the dehydrative coupling of an alcohol with an acid/pronucleophile by using a combination of an oxidizing

azo reagent, most commonly diethyl azodicarboxylate (DEAD), and a Lewis base such as
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triphenylphosphine (TPP), under mild and virtually neutral reaction conditions [15]. Moreover, this

reaction yielded besides the desired coupled product, a hydrazide such as diethyl hydrazinedicarboxylate
(DEAD-H2) from DEAD as by-products [15].

Table 1. NMR signals, correlations, and assignments of compound 3c. a: Bold-faced
chemical shifts indicate lines taller than others. b: Italicized correlations are weak.

'H NMR: 'H-'H COSY: | Assignment:
7.68 (bs; 1H) 7.63, 7.56, 7.42] H-2’

7.63 (bd, J=8.3; 7.68, 7.56 H-4°

7.56 (“t”,J =17.9] 7.68, 7.63, 7.421 H-5’
7.42-7.34 (m; 6H 7.68, 7.56 H-6’,0, m, p
2.26 (s; 3H) H-3a

13C NMR:2 HS( HMBC: Assignment:
152.9 7.42-7.34 C-5

152.1 2.26 C-3

136.0 7.63, 7.56, 7.421 C-3’

133.9 7.63, 7.56, 7.421 C-1’

131.4 7.56 C-5°

129.7 7.63| 7.68, 7.56, 7.42{ C-4°

129.5 7.42 7.42-7.34 C-p/6’
128.5,128.0 7.42 7.42-7.34 C-o,m
127.6 7.68| 7.42-7.34 C-2

127.0 7.42-7.34 C-i

126.6 7.42 7.42-7.34 C-6’/p

10.8 2.26 C-3a

N NMR: HS( HMBC:" Assignment:
310.1 2.26 N-2

177.5 7.68, 7.56, 7.42| N-4

indicate lines taller than others.

Table 2. NMR signals, correlations, and assignments of compound 4e. a: Bold-faced chemical shifts

H NMR: 'H-IHCOSY: | Assignment:
7.43 (m; 3H) 7.36, 7.28 H-4" p

7.36 (m; 8H) 7.43,7.28 H-0, m

7.28 (d, J=17.6; 2H) 7.43,7.36,1.85 | H-3’

1.85 (s; 6H) 7.28 H-2a’

13C NMR:? HSQC: | HMBC: Assignment:
153.1 7.36 C-3

135.2 7.43, 1.85 Cc-2’

133.0 7.28, 1.85 C-1’

130.3 7.43 7.36 C-p

130.0 7.43 7.28, 1.85 c-4

129.3 7.28 7.28, 1.85 C-3’

128.8 7.36 7.36 C-m

126.9 7.36 7.43,7.36 C-o

126.8 7.43,7.36 C-i

17.3 1.85 7.28 C-a
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Figure 3. Molecular structure of 4e (displacement parameters are drawn at 50 % probability level).
Dehydrogenations by diethyl azodicarboxylate have been described. To explore the course of the reaction
in the absence of ethanol, we carried out reactions between la-f with 2 in toluene and we successfully
obtained compounds 4a-f in 75-85% vyields, together with 5 (2%) and arylamines (5%) (Scheme 1). The
structures of compounds 4a-f were established on the basis of mass, IR, *H NMR and *C NMR spectra as

well as elemental analyses. Compounds 4a — f show IR absorptions for the C=N and C=C groups at v =
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1632 — 1620 and 1550-1530 cm™; the NMR spectra of 4a-f are illustrated by 4e (Table 2). The most

distinctive proton signal of 4e is the methyl singlet at on 1.85, assigned as H-2a’; its attached carbon
appears at 6c 17.3. H-2a’ gives HMBC correlation with two non-protonated carbons at d¢ 135.2 and 133.0.
The upfield of these also gives HMBC correlation with the 2H doublet at 64 7.28; since the doublet is
assigned as H-3’, the carbon at d¢c 133.0 is assigned as C-1’. Therefore, the carbon at 6c 135.2 must be C-
2’; it gives HMBC correlation with the 3H signal at o1 7.43, which thus must contain H-4’. On chemical-
shift grounds, the carbon at dc 153.1 is assigned as C-3; it gives HMBC correlation with the 8H signal at
Sn 7.36, which thus must contain H-0. The two tall *C lines at 8¢ 128.8 and 127.0 give HSQC correlation
with the signal at 6+ 7.36 and are assigned as C-m and C-o in that order, partly on differences in correlation
(which are not definitive) but partly also on chemical-shift grounds. The proton signal at o+ 7.43 is not a
clean triplet and requires two more H, so it must also contain H-p. The structure of 4e (Figure 1) was
ultimately confirmed by X-ray structure analysis as shown in Figure 3.

Factors affect the reactivity of Mitsunobu reaction

2.1.1. Type of alcohols

Cao and Grée reported that the combination of diethyl azodicarboxylate (DEAD) and a catalytic amount of
ZnBr; is an efficient system for the dehydrogenation of 1° 2° and 3°-alcohols to the corresponding
carbonyl compounds [16].

2.1.2. Electronic effect of substitution on reaction reactivity
In our present investigation, it is interesting to mention that the presence of electron-withdrawing groups in
aryl amidrazones such chlorine atom increased the yields of either products 3 or 4. Moreover p-substituted
of aryl amidrazones relatively increased the yields of the products compared with its m-aryl substituents.
The o-substituted electron donating decreased the yield percentages of the products as compared with the
p-aryl substituents, which might be attributed due to the presence of steric effect.

2.1.3. Effect of solvents on Mitsunobu reaction
It was previously reported that Mitsunobu reaction preferred polar solvents compared to other ones [17].

2.1.4. Effect of basicity on Mitsunobu reaction



It was reported that the high efficiency of Mitsunobu reaction is increased when the pKa of the mediator
like disubstituted azodicarboxylate/Lewis acids (e.g. PhsP or as here EtsN) would be between 11-12
[18,19].

3. Conclusion
As previously mentioned that alcohols could be oxidized into their corresponding aldehydes and ketones
by azodicarboxylate in presence of catalysts that easily abstracts hydrogen proton [15], we encourage to do
more work and repeating the reaction of amidrazones with alcohols under the aforementioned condition of
azodicarboxylate in presence of triethylamine, so as to obtain various new derivatives of 3-substituted
1,2,4-triazoles.
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5. Experimental
Melting points were determined using open glass capillaries on a Gallenkamp melting point apparatus
(Weiss-Gallenkamp, Loughborough, UK), and are uncorrected. The IR spectra were recorded from
potassium bromide disks with a FT device, Minia University NMR spectra were measured on a Bruker AV-
400 spectrometer (400 MHz for 'H, 100 MHz for 3C, and 40.55 MHz for ®N); chemical shifts are
expressed in & (ppm), versus internal tetramethylsilane (TMS) = 0 for *H and **C, and external liquid
ammonia = 0 for ®N. Coupling constants are stated in Hz. Correlations were established using *H-'H
COSY, and *H-1C and 'H-*N HSQC and HMBC experiments. Mass spectra were recorded on a Finnigan
Fab 70 eV, Institute of Organic Chemistry, Karlsruhe University, Karlsruhe, Germany. TLC was performed
on analytical Merck 9385 silica aluminum sheets (Kieselgel 60) with Pfzs4 indicator; TLC's were viewed at
Amax = 254 nm. Elemental analyses were carried out at National Research Center, Al Doki, Egypt.

Starting materials
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Amidrazones 1a—f were prepared according to [20].

Reactions of amidrazones 1a-f with diethyl azodicarboxylate (2) in EtOH/EtzN
A mixture of amidrazones 1a-f (1 mmol) and 2 (0.348 g, 2 mmol) in 50 mL of absolute ethanol and 0.5
mL of EtsN was refluxed for 10-15 h. The reaction was followed up by TLC analysis. The mixture was
then concentrated on vacuum and the resulting solid was separated by preparative TLC using toluene:
ethyl acetate (2:1). The fastest migrating zone was separated as compounds 4a-f, which was followed by
3a-f; the slowest migrating zone was identified as compound 5. The formed product was then
recrystallized from stated solvents.
3-Methyl-4,5-diphenyl-4H-1,2 4-triazole (3a). Yield 165 mg (70%), white crystals (EtOH), mp 159-161
°C (lit [21] mp = 158-161 °C). IR (KBr): v = 3050-3010 (Ar-CH), 2980-2840 (Aliph-CH), 1630, 1610
(C=N), 1540 (C=C), 769 cm. H NMR (CDCls): 7.53-7.50 (m, 3H), 7.44-7.42 (m, 2H), 7.35-7.32 (m,
3H), 7.22-7.20 (m, 2H), 2.36 (s, 3H, CH3). 23C NMR (CDCls): 154.0 (N=C-Ph), 153.0 (N=C-CHs3), 134.6,
131.0 (Ar-C), 129.4, 129.2, 128.8, 128.5 (Ar-2CH), 127.2, 127.0 (Ar-CH-p), 11.2 (CHs). MS (70 eV, %):
m/z = 235 (M*, 100), 176 (17), 154 (27), 153 (100). Anal. Calcd. For CisH13Ns (235.29): C, 76.57; H,
5.57; N, 17.86. Found: C, 76.65; H, 5.65; N, 17.75.
4-(4'-Chlorophenyl)-3-methyl-5-phenyl-4H-1,2,4-triazole (3b). Yield 202 mg (75%), white crystals
(EtOH), mp 234-236 °C. IR (KBr): v = 3040-3008 (Ar-CH), 2970-2930 (Aliph-CH), 1625, 1610 (C=N),
1540 (C=C), 769 cm . 'H NMR (DMSO-ds): 7.62 (d, J = 8.5, 2H; H-3"), 7.48 (d, J = 8.5, 2H; H-2"), 7.37
(m, 5H; H-0,m,p), 2.25 (s, 3H; CH3). 3C NMR (DMSO-ds): 153.0, 152.2 (C-3,5), 134.2, 133.5 (C-1°,4"),
130.0 (C-3°), 129.5 (C-2°), 128.64 (C-p), 128.55, 128.0 (C-o,m), 127.1 (C-i), 14.4 (CHs). 5N NMR
(DMSO-dg): 309.8 (N-2), 177.6 (N-4); N-1 not observed. MS (70 eV, %): m/z = 270 (M*%, 32), 269 (100).
Anal. Calcd. For C15H12CIN3 (269.73): C, 66.79; H, 4.48; N, 15.58. Found: C, 76.65; H, 4.55; N, 15.60.
4-(3'-Chlorophenyl)-3-methyl-5-phenyl-4H-1,2 4-triazole (3c). Yield 196 mg (73%), white crystals
(EtOH), mp 233-235 °C. IR (KBr): v = 3060-3012 (Ar-CH), 2975-2870 (Aliph-CH), 1615 (C=N), 1520
(C=C), 780 cm™. NMR (DMSO-dg): Table 1. MS (70 eV, %): m/z = 271 (M*%, 34), 269 (100). Anal.

Calcd. For C1sH12CIN3 (269.73): C, 66.79; H, 4.48; N, 15.58. Found: C, 76.72; H, 4.50; N, 15.62.
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3-Methyl-4-(4'-methylphenyl)-5-phenyl-4H-1,2,4-triazole (3d). Yield 172 mg (69%), white crystals
(CH3CN), mp 161 °C (lit. [20] mp 159-161 °C). IR (KBr): v = 3050-3010 (Ar-CH), 2980-2960 (Aliph-
CH), 1625, 1610 (C=N), 1530 (C=C), 769 cm*. 'H NMR (CDCl): 7.44 (dd, 2H, J = 1.2, 0.8 Hz), 7.36—
7.28 (m, 5H), 7.10 (dd, 2H, J = 1.2, 0.8 Hz), 2.50 (s, 3H, CHs), 2.35 (s, 3H, CHs). *C NMR (CDCls):
154.0 (N=C-Ar), 152.4 (N=C-CHs), 138.2, 132.5, 131.0 (Ar-C), 129.5, 128.4, 127.6, 126.8 (Ar-2CH),
127.0 (Ar-CH-p), 22.0 (CHs-Ar), 10.6 (CH3). MS (70 eV, %): m/z = 249 (100). Anal. Calcd. For C16H1sN3
(249.32): C, 77.08; H, 6.06; N, 16.85. Found: C, 76.95; H, 5.58; N, 16.80.
4-(2°,6’-Dimethylphenyl)-3-Methyl-5-phenyl-4H-1,2,4-triazole (3e). Yield 179 mg (68%), white
crystals (CHaCN), mp 180-182 °C. IR (KBr): v = 3090-3030 (Ar-CH), 2970-2840 (Aliph-CH), 1625, 1610
(C=N), 1540 (C=C), 770 cm*. *H NMR (DMSO-de): 7.43-7.36 (m, 2H; H-p,4’), 7.34-7.31 (m, 6H; Ar-H),
2.12 (s, 3H; H-3a), 1.89 (s, 6H; 2CHs-Ar); *C NMR (DMSO-ds): 151.9 (C-5), 151.6 (C-3), 135.2 (C-2"),
132.7 (C-1°), 130.0, 129.7 (C-p,4°), 129.1, 128.8 (Ar-2CH), 127.2 (C-i), 126.2 (Ar-2CH), 17.1 (2CHz-Ar),
10.1 (CHa-triazole). >N NMR (DMSO-dg): 313.0 (N-2), 172.8 (N-4); N-1 not observed. MS (70 eV, %):
m/z = 263 (100). Anal. Calcd. For Ci7H17N3 (263.34): C, 77.54; H, 6.51; N, 15.96. Found: C, 77.60; H,
6.48; N, 16.00.
3-Methyl-4-(2'-methylphenyl)-5-phenyl-4H-1,2,4-triazole (3f). Yield 164 mg (66%), white crystals
(EtOH), mp 130-132 °C. IR (KBr): v = 3090-3012 (Ar-CH), 2940-2850 (Aliph-CH), 1640, 1610 (C=N),
1535 (C=C), 770 cm*. 'H NMR (DMSO-ds): 7.49 (“t”, J = 7.0; 2H), 7.44 (bs, 2H; H-3,4°5°6"), 7.34 (m,
5H; H-0,m,p), 2.16 (s, 3H; H-3a), 1.83 (s, 3H; CH3-Ar). 3C NMR (DMSO-ds): 152.6 (C-5), 152.0 (C-3),
134.9, 133.6 (C-1°,2°) 131.5 (C-3°), 130.2 (C-6), 129.5 (C-p), 128.6 (Ar-2CH), 128.2 (C-4’), 127.7 (C-
5%), 127.3 (C-i), 127.0 (Ar-2CH), 16.7 (CHs-Ar), 10.5 (CHa-triazole). N NMR (DMSO-ds): 310.7 (N-2),
176.6 (N-4). N-1 not observed. MS (70 eV, %): m/z = 249 (100). Anal. Calcd. For C16H15N3 (249.32): C,
77.08; H, 6.06; N, 16.85. Found: C, 77.20; H, 6.12; N, 16.90.
3,4,5-Triphenyl-4H-triazole (4a). Yield: 48 mg (16%); off-white solid (EtOH); mp 287-289 °C (lit. [22]
mp = 287-289 °C). IR (KBr): v = 3060-3045 (Ar-CH), 1632 (C=N), 1530 (C=C), 769 cm™. 'H NMR

(CDCls): 7.40-7.33 (m, 6H), 7.30-7.19 (m, 7H), 7.09-7.06 (m, 2H). 3C NMR (CDCls): 154.6 (C-3, C-5),
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135.1 (Ar-2C), 129.4 (N-Ph-C), 129.2 (Ar-2CH-p), 128.4, 128.6 (Ar-4CH), 128.0, 127.6 (Ar-2CH),

126.2 (Ar-CH). MS (70 eV, %): m/z = 297 (M*, 98), 176 (17), 154 (27), 153 (100). Anal. Calcd. For
C20H15N3 (297.36): C, 80.78; H, 5.08; N, 14.13. Found: C, 80.60; H, 4.98; N, 14.10.
4-(4-Chlorophenyl)-3,5-diphenyl-4H-1,2,4-triazole (4b). Yield: 66 mg (20%); white solid (CH3CN); mp
266-267 °C (lit. [23] mp = 266-267 °C). IR (KBr): v = 3085-3035 (Ar-CH), 1630 (C=N), 1550 (C=C), 769
cm ™. 'H NMR (CDCls): 7.60-7.57 (dd, 2H, J = 1.0, 0.6 Hz), 7.45-7.38 (m, 6H), 7.25-7.20 (m, 4H), 6.98—
6.96 (dd, 2H, J = 1.0, 0.6 Hz). 3C NMR (CDCls): 155.0 (C-3, C-5), 135.0 (Ar-2C), 134.2 (N-Ph-C), 129.4
(Ar-C), 128.6, 128.4 (Ar-4CH), 128.0, 127.6 (Ar-2CH), 126.2 (Ar-2CH-p). MS (70 eV, %): m/z = 332
(M*1, 34), 331 (M*, 100), 156 (80). Anal. Calcd. For CaH14CIN3 (331.80): C, 72.40; H, 4.25; N, 12.66.
Found: C, 72.55; H, 4.30; N, 12.50.

4-(3-Chlorophenyl)-3,5-diphenyl-4H-1,2,4-triazole (4c). Yield: 62 mg (19%); white solid (CH3CN); mp:
278-280 °C (lit. [22] 278-280 °C); *H NMR (CDCls): 7.50-7.32 (m, 12H), 7.12 (t, J = 4.0 Hz, 1H), 7.10-
7.06 (m, 1H); 3C NMR (CDCls): 154.6 (C-3, C-5), 136.3 (Ar-2C), 135.5 (Ar-N-C), 130.8 (Ar-C-Cl),
129.9, 129.0 (Ar-4CH), 128.8, 128.5, 128.0, 127.4 (Ar-CH), 126.1 (Ar-2CH-p); MS (70 eV, %): m/z = 333
(IM+1]*; 34), 331 (M*, 100). Anal. Calcd for C20H14CIN3 (330.40) C, 72.40; H, 4.25; N, 12.66. Found: C,
72.50; H, 4.15; N, 12.64.

3,5-Diphenyl-4-(4’-methylphenyl)-4H-1,2,4-triazole (4d). Yield 50 mg (16%), white crystals (EtOH), mp
267-269 °C (lit. [24] 267-269 °C); 'H NMR (CDCls): 7.55 (dd, 2H, J = 1.4, 7.0 Hz). 7.40-7.37 (m, 6H),
7.30-7.24 (m, 4H), 7.00 (dd, 2H, J = 1.6, 1.6 Hz), 2.15 (s, 3H, CH3); 13C NMR (CDCls): 154.5 (C-3, C-5),
134.1 (Ar-C-CHs), 133.1 (Ar-2C), 129.7 (Ar-N-C), 129.2, 128.8 (Ar-4CH), 128.5, 126.5 (Ar-2CH), 123.5
(Ar-2CH-p), 22.5 (CHs-Ar).

4-(2',6'-Dimethylphenyl)-3,5-diphenyl-4H-1,2,4-triazole (4e). Yield: 42 mg (13%); white solid (EtOH);
mp 270-272 °C. IR (KBr): v = 3400 (OH), 3230 (NH), 3090-3040 (Ar-CH), 2980-2890 (Aliph-CH), 1620
(C=N), 1550 (C=C) cm*. NMR (DMSO-dg): Table 2. MS (70 eV, %): m/z = 325 (M*, 100). Anal. Calcd.

For C22H19N3 (325.42): C, 81.20; H, 5.89; N, 12.91. Found: C, 81.30; H, 5.94; N, 13.10.

12



3,5-Diphenyl-4-(2’-methylphenyl)-4H-1,2,4-triazole (4f). Yield: 46 mg (15%); white solid (MeOH); mp
265-267°C. IR (KBr): v = 3070-3050 (Ar-CH), 1620 (C=N), 1530 (C=C), 769 cm*. *H NMR (CDCls):
7.62-7.55 (m, 6H, Ar-H), 7.50-7.45 (m, 4H, Ar-H), 7.34-7.26 (m, 4H, Ar-H), 1.90 (s, 3H, CH3-Ar). 3C
NMR (CDCls): 153.0 (N=C-Ar), 135.2 (Ar-2C), 134.5 (Ar-C-CHs), 134.0 (N-Ar-C), 131.0, 130.0 (Ar-
ACH), 128.6, 128.2, 127.8, 127.6 (Ar-CH), 126.0 (Ar-2CH-p), 18.9 (CHs-Ar). MS (70 eV, %): m/z = 311
(M*, 100). Anal. Calcd. For Ca1H17N3 (311.39): C, 81.00; H, 5.50; N, 13.49. Found: C, 80.92; H, 5.62; N,
13.54.

Reactions of amidrazones 1la-f with diethyl azodicarboxylate (2) in toluene/EtsN

On applying the aforementioned procedure, a mixture of amidrazones la-f (1 mmol) and 2 (0.348 g, 2
mmol) in 30 mL of dry toluene and 0.5 mL of EtsN was refluxed for 10-15 h. The reaction was followed up
by TLC analysis. The mixture was then concentrated on vacuum and the resulting solid was applied on
plates chromatography using toluene: ethyl acetate (2:1). The fastest migrating zone was separated as
compounds 4a-f, which followed by compound 5 then followed by arylamines. The formed product was
then recrystallized from stated solvents as shown before. The arylamines were identified by comparison
their TLC with authentic samples.

Crystal Structure Determinations of 3f and 4e

The single-crystal X-ray diffraction studies were carried out on a Bruker D8 Venture diffractometer with
Photon100 detector at 123(2) K using Cu-Ka radiation (1 = 1.54178 A). dual space methods (SHELXT)
[25] were used for structure solution and refinement was carried out using SHELXL-2014 (full-matrix
least-squares on F?) [26] Hydrogen atoms were localized by difference electron density determination and
refined using a riding model (H(O) free). Semi-empirical absorption corrections were applied. For 4e an
extinction correction was applied.

3f: colourless crystals, CisH1sN3, My = 249.31, crystal size 0.40 x 0.20 x 0.10 mm, monoclinic, space
group P2i/c (No. 14), a = 6.7135(2) A, b = 16.7918(5) A, ¢ = 12.0654(4) A, g = 101.435(1)°, V =

1333.15(7) A%, Z = 4, p = 1.242 Mg/m™3, p(Cu-Ky) = 0.590 mmt, F(000) = 528, 2fnax = 144.4°, 15794
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reflections, of which 2630 were independent (Rint = 0.029), 174 parameters, Ry = 0.037 (for 2443 | >

26(I)), wR2 = 0.094 (all data), S = 1.03, largest diff. peak / hole = 0.177 / -0.224 e A3,

4e: colourless crystals, C22H1aN3 - H2O, M, = 343.42, crystal size 0.1223% 0.16 x 0.10 mm, monoclinic,
space group P2:/c (No. 14), a = 10.3387(2) A, b = 8.8218(2) A, ¢ = 20.1630(4) A, p =99.092(1)°, V =
1815.88(7) A3, Z = 4, p = 1.256 Mg/m™3, p(Cu-K,) = 0.620 mm™, F(000) = 728, 26max = 144.4°, 13965
reflections, of which 3566 were independent (Rint = 0.029), 244 parameters, 3 restraints, R1 = 0.036 (for
3116 1> 25(I)), wR2 = 0.088 (all data), S = 1.02, largest diff. peak / hole = 0.229 / -0.204 e A3,

CCDC 1837197 (3f) and 1837196 (4e) contain the supplementary crystallographic data for this paper.
These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.
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