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Abstract- A convenient new synthetic approach to 3-aryl-}{Bakoles has been
developed. Chloralamides were obtained by highdyrebctions between benzamides
and chloral hydrate. These reacted with a phosghgentachloride/phosphorus
oxychloride mixture undergoing a near quantitatigenversion to N-(1,2,2,2-
tetrachloroethyl)benzimidoyl chlorides, which wedreated with hydrazine hydrate to
directly give 3-aryl-1,2,4-triazoles in high to quiative yields. The formation of these
products involves a double condensation procesoweld by a spontaneoug-
elimination of chloroform. The molecular structud 1-(4-chlorobenzoyl)-3-(4-
methoxyphenyl)-1,2,4-triazole was determined byaX-crystallographyTheoretical
computational studies on aromatization of 3-aryti&hloromethyl-1,2,4-triazolines via
chloroform elimination and to determine relativalslities of 3-phenyl-1,2,4-triazole
tautomers were performed using ab initio, densityctional (B3LYP), Moller-Plesset
(MP2), and the thermochemical recipe T1.

1. Introduction

The synthesis and properties of 1,2 4-triazolesehbgen thoroughly reviewéd?

showing that the presence of a triazole nucleusssential for a wide assortment of
biological activities and pharmacological applioas. It should also be noted that 3-
aryl-1,2,4-triazoles are currently being used dsrmediates in a variety of chemical

and medicinal chemistry works3® Regarding the synthesis of these substances, the



first preparatiori®

of the parent compound, 3-phenyl-1,2,4-triazolas warried out by
oxidation of 2-benzylidene-1-methylhydrazinecarboide to 5-hydroxy-1-methyl-3-
phenyl-1,2,4-triazole, which was treated with phHuasps pentasulfide to give the final
product in a very unsatisfactory yield.Reactions between benzoylhydrazides and
formamide or between formylhydrazide and benzamider® also found to be of little
synthetic utility®” 3-Phenyl-1,2,4-triazole and some other similarsomere obtained
through a fairly efficient procedure involving réaas of aroylisothiocyanates with
hydrazines to give the corresponding 3-aryl-1,8ak0l-5-thioles, which were
subjected to desulfuration with Raney nickel legdito the targeted products.
Reactions of benzamides with N,N-dimethylformamidienethyl acetal gave N'’-
benzoyl-N,N-dimethylamidines, whose treatment whlgdrazines led to isolable
intermediates that when they were subjected to teghperature cyclized giving the
corresponding triazoles in better yiefds? In this paper we report a new, high-yield
synthetic approach to 3-aryl-1,2,4-triazoles stgrtifrom chloral, which is an
inexpensive multipurpose starting material for migaynthesi§®

On studying reactions of trichloroethylideneacetapines with benzamidines, we
noticed the formation of isolable 2,4-diaryl-6-tricromethyl-1,6-dihidropyrimidines,
whose treatment with potassium tert-butoxide pr@au@romatization processes ya
elimination of chloroform to give 2,4-diarylpyrimiites in high vyield$>*? These
successful results strongly suggested continuirgggtomising line of work. Thus, we
envisioned a new preparative methodology for 3-&r®l4-triazoles based on
chloralamides2, which are available by facile near quantitatieaation&>** between
chloral and carboxamides(Scheme 1). First, compounésvould be converted thl-
(1,2,2,2-tetrachloroethyl)benzamid@dy treatment with phosphorous pentachlofitie.
Secondly reactions of compoun8svith hydrazine were found to be unsuccessful for
generating trichloromethyltriazolinegs neither aryltriazoles, leading to a complex
mixture of unidentified products. Alternatively, tenmediates2 were efficiently
transformed to N-(1-chloro-2,2,2-trichloroethyl)lzémidoyl chlorides4, which reacted
with hydrazine directly yielding 3-aryl-1,2,4-tri@les6 in whose formation undetected

3-aryl-5-trichloromethyl-2-triazolines intermediates would participate.
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Scheme 1Synthesis of compoun@s4 and6.
2. Results and discussion

Chloralbenzamide® and N-(1,2,2,2-tetrachloroethyl)benzamidesvere sequentially
synthesized in high yields as previously repdiftdsy heating of benzamides and
chloral hydrate mixtures followed by treatment bé tobtained reaction adducts with
phosphorous pentachloride. In an earlier work, \ad recognized that compounds
undergo clean and efficient reactions with primamnyines leading to N-(1-amino-2,2,2-
trichloroethyl)benzamide®. On the other hand, it was take into account thatral
cyclodehydration of N-(2-aminoethyl)benzamidesalyke to produce the corresponding
2-arylimidazoline$® Therefore, one would expect that reactions of ammpls3 with
hydrazine might provide 3-aryl-5-trichloromethyR}-triazolines5 (Scheme 1, route
A), whose chemical behaviour could be expectedetsimilar to that we observed in
the synthesis of 2,4-diarylpyrimidin&s* in this case chloroform eliminations giving
3-aryl-1,2,4-triazole®. Nevertheless, this possibility of conversion wiacarded since
experiments led to a complex mixture of unidentifieeaction products. These

disappointing results could perhaps be caused f@yasively low electrophilic activity



at the carbonyl centre, thus offering an opportufdat adverse competitive reactions. In
order to overcome this difficulty we designed ameraative synthesis (route B),
involving more active electrophilic that a carborgfnide group, such as imidoyl
chloride  function. Focusing the work on preparing -(IN2,2,2-
tetrachloroethyl)benzimidoyl chlorides reaction of chloralamide® with phosphorus
pentachloride carried out in carbon tetrachlorideitions has been the only reported
preparing method’ In spite of the attractive structure of compourds clearly
favourable to undergo reactions with dienucleoghite close heterocyclic rings, these
reagents remain scarcely exploited, perhaps duthdolack of a good preparative
procedure for them. Low to moderate yields, gemnanadf impurities, and difficulty of
purification were the main problems we found wheorking with this method.
However, we improved it by treatment of compou@dsith a mixture of phosphorus
pentachloride and phosphorus oxychloride in theemts of carbon tetrachloride.
Fortunately, this more active chlorinating agentswaund to be able to obtain the
targeted compounds in high to near quantitativédgi€Table 1). Advantageously, a
simple extraction allows the isolation of intermads4 in a high pure state, sufficient

for use without needing any purification.

Table 1 Productst,6 and yields.

entry Ar 4(%) 6 (%)
a CsHs 98 82
b 2-CICgH, 98 87
c 3-O,NCgH4 95 95
d 3,5-(O:N),CgH3 91 75
e 2-CHsCgH4 81 95
f 3-FGH4 86 84
g 4-CH;0CgH4 93 77
h 4-O,NCgH4 94 86
[ 4-CHCgH4 88 79
j 4-CICgH,4 90 93

When compoundgl were treated with hydrazine hydrate at room temipee the
progressive formation of single products was olegtiv all cases. After isolation and
purification they were identified as the correspagd3-aryl-1,2,4-triazole$ instead of

the expected triazolindgs Yields ranged from high to near quantitative (€ab). As far



as we know, this is the first time that triazoless/é been synthesized starting from
chloral. Single crystals suitable for an X-ray wdhfftion analysis of any of the prepared
aryltriazoles 6 could not be obtained despite intensive effortstdad, we were
successful in analyzing a 4-chlorobenzoyl derivatof 6g. The molecular structure

determined corresponds to 1-(4-chlorobenzoyl)-Bagthoxyphenyl)-1,2,4-triazol&
(Fig. 1).

Figure 1. Thermal ellipsoid plot (50% level) of compoundh the crystal.

It should be noted that in a previous work we regabrthat reactions of
trichloroethylideneacetophenones with benzamidieiewed by dehydration lead to
isolable 2,4-diaryl-6-trichloromethyl-1,6-dihidropsidines, which needed treatment
with a strong base, such as potassitHoutoxide, to promote aromatization by

chloroform eliminatiorf

“2 However, 3-aryl-5-trichloromethyl-1,2,4-triazol®B were
non detectable intermediates in the direct synthmticess of triazolesdescribed here.
This contrast evidences a greater proclivity toargd loss of chloroform frord than
from trichloromethyldihidropyrimidines. This experental observation has been found
to be fully consistent with a comparative theo@tidFT computational stud§carried
out at the B3LYP/6-311++G(d,p) level, where arometion by chloroform elimination
from 5a is a more exothermic process (-15.77 kcal/mointfram 2,4-diphenyl-6-

trichloromethyl-1,6-dihidropyrimidine (-9.24 kcalot).
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Scheme 2Tautomeric forms of 3-aryl-1,2,4-triazolés

In order to gain further insights into the struetand relative populations of tautomers
(Scheme 2) in samples of triazol@ssubjected to NMR spectroscopy, computational
calculation&® were carried out on the parent compowa(Ar= Ph) using different
methods: ab initio (HF), density functional (B3LYRloller-Plesset (MP2), and the
thermochemical recipe T1l. Two basis sets of differsizes, 6-31G(d) and 6-
311++G(d,p), were applied. All procedures gave lsimiesults, showing completely
planar structures for the three tautomeric forms, With significant differences in
stability. Thus, at the B3LYP/6-311++G(d,p) levgd(1) is the most stable tautomer
(rel. E= 0 kcal/mol) exhibiting a relative stabjlivery close to 6a(2) (rel. E= 0.2
kcal/mol), wherea$a(3) is the most unstable tautomer (rel. E= 7.17 kaall). From
the Boltzmann distribution law it can be concludkdt, at room temperature, isomers
6a(1) and6a(2) would be in a comparable ratio (about 58% and AR%pectively),
whereas the presence#(3) would be negligible.

Finally, the accuracy of the above computationalthméology was checked by
comparing the molecular structure obtained by X-caystallography of7 (Figure 1)
and the corresponding calculated molecular stractin excellent agreement for bond
lengths and bond angles was found, as is showalheT2.

Table 2 Selected bond lengths and bond angles of crysthtaltulated structures in crystal structure of
compound/

Bond Calculated(A) | Crystal®(R) | Angle Calculated(®) | Crystal’(9)
N1-C8 1.371 1.367 C9-N2-N1 103.19 102.79
N1-N2 1.370 1.328 C8-N3-C9 103.72 102.85
N1-C7 1.426 1.415 C14-01-C17 118.79 116.71
N2-C9 1.322 1.310 02-C7-C1 117.49 117.99
N3-C8 1.303 1.305 02-C7-C1 122.85 122.42
N3-C9 1.384 1.392 N1-C7-C1 119.67 119.58
Cl1-C4 1.754 1.739 N3-C8-N1 110.39 110.78
01-C14 1.361 1.367 N2-C9-N3 113.89 114.75
0O1-C17 1.423 1.430 N2-C9-C11 123.49 122.67
02-C7 1.212 1.209 C6-C1-C2 119.15 119.28
C1l-C17 1.426 1.415 01-C14-C15 124.68 123.98
C9-C11 1.463 1.467 01-C14-C13 115.70 116.01

a) Geometry optimized at the B3LYP/6-311++G(d,pEleb) Crystal structure



3. Conclusions

To conclude, an excellent new synthetic method,@Mitriazole chemistry is reported.
Versatility, good yields, easy availability of diag materials, mildness and a simple
experimental procedure are noteworthy advantagékiofapproach. The development
of syntheses for some other classes of heterochgiegplying a similar strategy also

appears feasible.

4. Experimental Section

4.1. General

NMR spectra were determined on Bruker AV-200, Bruk¥-300 or Bruker AV-400
with tetramethylsilane as internal reference. Higboelution mass spectra (HRMS) were
obtained using a time-of-flight (TOF) instrumentugiped with electrospray ionization
(ESI). IR spectra were recorded on a Nicolet Impgd@ Spectrometer. Microanalyses
were performed on a Carlo Erba EA- 1108 analyzesiting points were determined on
a Buchi Melting point B-540, and are uncorrecteldlo@albenzamideg and N-(1,2,2,2-
tetrachloroethyl)benzamid&swere prepared as previously descrifed.

All computations were performed with the Spartanfatkage prografff. The most
stable conformers were determined with the MMFFeaoolar mechanics method. Next,
these conformers were used as input for ab initiWeoular orbital and density
functional theory calculations of geometry optintiaas at the HF, B3LYP, and MP2
levels of theory with the 6-31G(d) and 6-311++Gjdhasis sets. There were no

significant differences between the results obthingh the different procedures.

4.2. General procedure for the synthesis of N-(122-tetrachloroethyl)benzimidoyl
chlorides 4

To a solution of compoun? (16 mmol) in phosphorus oxychloride (25 mL) phaspis
pentachloride (39 mmol) was added in small portiohke reaction mixture was
refluxed for 2 h, cooled, and carefully added tasted ice-water (300 mL). Then,
chloroform (300 mL) was added and the mixture wigerously stirred for 5 min, the
organic layer was separated, dried, and evaporateter low pressure, leaving

compound4 as a highly pure pale green oil.



4.2.1. N-(1,2,2,2-tetrachloroethyl)benzimidoyl chloriqda). CoHgClsN (305.42). 'H
NMR & (CDCk, 200 MHz): 6.17 (s, 1H), 7.44-7.64 (m, 3H), 8.148(m, 2H);C
NMR & (CDCl, 50.4 MHz): 83.30 (CH), 99.87 (C), 128.73 (CH)9130 (CH), 133.46
(CH), 134.39 (C), 153.61 (C); MS (El) m/z (%): 268" -Cl, 7), 198 (26), 188 (43),
186 (42), 149 (25), 104 (100); IR (Nujol): 1642,484 1306, 1225, 1065, 1030, 904,
832, 767, 749, 685, 665, 623, 542°tm

4.2.2. N-(1,2,2,2-tetrachloroethyl)-3-chlorobenzimidoyl lafide (4b). CoHsClgN
(339.86)."H NMR & (CDCl, 200 MHz): 6.14 (s, 1H), 7.34-7.49 (m, 3H), 7.5827(m,
1H); °C NMR § (CDCk, 50.4 MHz): 83.03 (CH), 99.22 (C), 126.90 (CH),01%
(CH), 130.77 (CH), 132.15 (CH), 132.27 (C), 135(@), 151.25 (C); MS (EIl) m/z (%):
302 (M -Cl, 3), 270 (21), 268 (16), 232 (19), 222 (56)7116), 138 (100); IR (Nujol):
1660, 1590, 1471, 1438, 1304, 1269, 1224, 10583,19Q5, 831, 756, 727, 709, 647

cm™.

4.2.3. N-(1,2,2,2-tetrachloroethyl)-3-nitrobenzimidoyl ohte (4c). CgHsCIsN2O,
(350.41).*H NMR & (CDCl, 200 MHz): 6.15 (s, 1H), 7.68-7.75 (m, 1H), 8.4838(m,
2H), 8.95-8.97 (m, 1H)**C NMR 6 (CDCl, 50.4 MHz): 82.86 (CH), 99.39 (C), 124.73
(CH), 127.72 (CH), 129.98 (CH), 135.08 (CH), 136(Q9, 148.46 (C), 151.26 (C); MS
(El) m/z (%): 313 (M -Cl, 8), 243 (19), 231 (100), 197 (23), 149 (8B; (Nujol):
1645, 1612, 1577, 1532, 1473, 1348, 1223, 1067, 8%, 835, 751, 705, 676, 649 cm
1

4.2.4.N-(1,2,2,2-tetrachloroethyl)-3,5-dinitrobenzimidogtloride (4d). CgH4ClsN3O4
(395.41).*H NMR & (CDCl;, 200 MHz): 6.16 (s, 1H), 9.26 (s, 3HJC NMR & (CDCl,
50.4 MHz): 82.59 (CH), 98.98 (C), 122.48 (CH), I?B(CH), 137.78 (C), 148.83 (C),
149.21 (C); MS (EI) m/z (%): 358 (M-CI, 7), 280 (18), 278 (91), 276 (99), 196 (15),
167 (40); IR (Nujol): 1647, 1593, 1546, 1343, 130944, 1118, 1071, 994, 918, 834,
753, 732, 715, 669, 545 ¢m

4.2.5. N-(1,2,2,2-tetrachloroethyl)-2-methylbenzimidoyl loclie (4e). CioHgCIsN
(319.44)."H NMR & (CDCl, 300 MHz): 2.54 (s, 3H), 6.07 (s, 1H), 7.17-7.29 QH),
7.21-7.29 (m, 1H), 7.33 (dd, 1H, J= 7.4, J= 1.4 Hz); *C NMR & (CDCh, 75.4
MHz): 21.86 (CH), 83.57 (CH), 99.49 (C), 125.93 (CH), 130.54 (CH31.57 (CH),
134.89 (C), 138.37 (C), 153.19 (C); MS (El) m/z (#92 (M -Cl, 19), 166.8 (26), 149



(59), 118 (100); IR (Nujol): 1646, 1569, 1457, 130222, 1069, 1025, 898, 830, 762,
750, 717, 658, 629, 573 ¢n

4.2.6. N-(1,2,2,2-tetrachloroethyl)-3-fluorobenzimidoy! latide (4f). CgHsClsFN
(323.41).*H NMR & (CDCl, 300 MHz): 6.11 (s, 1H), 7.24-7.47 (m, 2H), 7.8947(m,
2H); 13C NMR § (CDCk, 75.4 MHz): 83.07 (CH), 99.68 (C), 116.716 (CHJd,24.4
Hz), 120.49 (CH, d, J= 21.3 Hz), 125.63 (CH, d2J)Hz), 130.31 (CH, d, J= 8.0 Hz),
136.46 (C, d, J= 8.0 Hz), 152.22 (C, d, J= 3.4 HBY.63 (C, d, J= 247.5 Hz); MS (El)
m/z (%): 286 (M -Cl, 19), 218 (15), 216 (25), 204 (100), 167 (1I22 (66); IR
(Nujol): 1697, 1644, 1588, 1483, 1439, 1311, 122%1, 1172, 1151, 1066, 1032, 967,
879, 833, 803, 750, 684, 661 ¢m

4.2.7. N-(1,2,2,2-tetrachloroethyl)-4-methoxybenzimidoylodde (4g). Ci0HsCIsNO
(335.44):*H NMR $ (CDCl;, 300 MHz): 3.89 (s, 3H), 6.16 (s, 1H), 6.96 (d, 2 9.1
Hz), 8.12 (d, 2H, J= 9.1 HZ)*C NMR & (CDCl;, 75.4 MHz): 55.69 (CH), 83.65 (CH),
100.10 (C), 114.04 (CH), 126.82 (C), 132.01 (CH2.90 (C), 163.97 (C); MS (EI)
m/z (%): 298 (M -Cl, 32), 230 (26), 228 (42), 219 (18), 165 (1435 (36), 134 (100),
119 (18), 90 (27); IR (Nujol): 1633, 1598, 15066041441, 1310, 1269, 1169, 1062,
1026, 905, 822, 750, 664, 608, 544 tm

4.2.8. N-(1,2,2,2-tetrachloroethyl)-4-nitrobenzimidoyl chbe (4h). CgHsClsN2O,
(350,41)'H NMR & (CDChk, 200 MHz): 6.12 (s, 1H), 8.30 (br s, 4HC NMR
(CDCls, 75.4 MHz): 82.71 (CH), 99.32 (C), 123.73 (CH),014L (CH), 139.42 (C),
150.49 (C), 151.42 (C); MS (El) m/z (%): 313 (MCI, 3), 243 (45), 231 (100), 197
(35), 150 (84); IR (Nujol): 3453, 3101, 2947, 164610, 1573, 1529, 1443, 1310,
1229, 1062, 1030, 909, 831, 751, 644, 630, 558.cm

4.2.9. N-(1,2,2,2-tetrachloroethyl)-4-methylbenzimidoyl loclde (4i). Ci0HsCIsN
(319.44);*H NMR & (CDCl;, 400 MHz): 2.43 (s, 3H), 6.16 (s, 1H), 7.25-7.29 QH),
8.03-806 (m, 2H)>*C NMR & (CDCl, 100.8 MHz): 21.70 (Ch), 83.48 (CH), 100.00
(C), 129.45 (CH), 129.95 (CH), 131.77 (C), 144.@5,(153.53 (C), MS (El) m/z (%):
282 (M" - Cl, 3), 182 (13), 149 (29), 119 (100), 65(53); (IRBr): 3269, 1630, 1525,
1503, 1247, 1182, 1069, 1034, 905, 821, 786, 738, 621, 612, 586 ch



4.2.10. N-(1,2,2,2-tetrachloroethyl)-4-chlorobenzimidoyl laide (4j). CoHsClgN
(339,86):'H NMR & (CDCh, 200 MHz): 6.16 (s, 1H), 7.44 (d, 2H, J= 8.7 H&)8 (d,
2H, J= 8.7 Hz)!*C NMR & (CDCh, 75.4 MHz): 83.09 (CH), 99.64 (C), 128.97 (CH),
131.01 (CH), 132.69 (C), 139.99 (C), 152.31 (C), KD m/z (%): 302 (M -Cl, 3),
270 (21), 268 (16), 232 (19), 222 (56), 167 (168 1100); IR (KBr): 3070, 2938,
1661, 1590, 1471, 1438, 1304, 1269, 1224, 10583,19Q5, 831, 727, 709, 647,558
cm’,
4.3. General procedure for the synthesis 3-aryl-1,2-triazoles6

A mixture of compound 4 (10 mmol) and hydrazine rayel (50-60%, 5.0 mL), in
chloroform (25 mL), was stirred at room temperatime24 h and washed twice with
water (50 mL). The organic solvent was removed uhol& pressure, leaving crude
product6 as a solid residue, which was purified by crystation from the appropriate

solvent.

4.3.1. 3-Phenyl-1,2,4-triazolg6a). CgH;N3 (145.16).Crystallization from isopropanol
gave white needles; mp 118 °C {jtmp 118.5-119 °C}H NMR & (CDCk, 400 MHz):
7.36-7.43 (m, 3H), 7.98-8.02 (m, 2H), 8.23 (s, 1#},48 (br s, 1H)*C NMR &
(CDCls, 50.4 MHz): 126.50 (CH), 128.36 (C), 128.89 (CH3}0.11 (CH), 147.51 (CH),
158.74 (C); IR (Nujol): 3445, 2918, 2776, 2724, 356474, 1407, 1272, 1112, 964,
866, 715, 687, 663, 495 EmMHRMS (ESI) calcd for gHgNs (M+H)*: 146.0713. Found
146.0712.

4.3.2.3-(3-Chlorophenyl)-1,2,4-triazolésb). CgHsCIN3 (179.61). Crystallization from
acetonitrile/toluene gave a beige powder; mp 158905 'H NMR § (DMSO-d;, 70 °C,
300 MHz): 7.42-7.57 (m, 3H), 7.80-7.83 (m, 1H), B3, 1H), 13.95 (br s, 1H}*C
NMR & (DMSO-d;, 70 °C, 100.8MHz): 126.60 (CH), 129.18 (C), 129(8%1), 130.03
(CH), 130.89 (CH), 131.36 (C), 145.62 (CH), 156(6%; IR (Nujol): 3054, 2898, 2751,
2704, 1609, 1571, 1492, 1459, 1399, 1273, 11946,11@36, 997, 909, 767, 744, 671,
458 cmt. HRMS (ESI) calcd for gH;CIN3 (M+H)*: 180.0323. Found 180.0322.

4.3.3. 3-(3-Nitrophenyl)-1,2,4-triazolg6c). CgHgN4O, (190.16). Crystallization from

methanol gave pale yellow needles; mp 214'PONMR & (DMSO-ds, 200 MHz): 7.74
(t, 1H, J= 8.0 Hz), 8.23 (d, 1H, J=7.8 Hz), 8.243(m, 1H), 8.73 (s, 2H), 14.36 (br s,

10



1H); *C NMR & (DMSO-d;, 50.4MHz): 120.09 (CH), 123.51 (CH), 130.56 (CH),
131.89 (CH), 132.85(C), 145.14 (CH), 148.18 (C)9.18 (C); IR (Nujol): 3318, 3132,
1534, 1508 1349, 1274, 1117, 1089, 981, 874, 723, 872, 618, 463 cmMHRMS
(ESI) calcd for GHsN4O, (M-H)": 189.0418. Found 189.0409.

4.3.4. 3-(3,5-Dinitrophenyl)-1,2,4-triazole(6d). CgHsNsO4 (235.16). Crystallization
from methanol gave brown prisms; mp 252-254%CNMR & (DMSO-d; + TFA-d, 70
°C, 400 MHz): 7.54-7.55 (m, 1H), 7.75-7.76 (m, 1Bl))3-8.04 (m, 1H), 8.56 (s, 1H);
3C NMR § (DMSO-¢ + TFA-d, 70 °C, 100.8 MHz): 109.15 (CH), 109.34H)C
118.05 (CH), 131.72 (C), 145.62 (CH), 148.40 (@9.20 (C), 157.62 (I IR (Nujol):
3456, 3375, 3219, 3113, 1629, 1617, 1528, 15024,14846, 1266, 1013, 975, 861,
737, 662, 577, 452 ¢ HRMS (ESI) calcd for §HisNsO4 (M-H): 234.0269. Found
234.0261.

4.3.5. 3-(2-Methylphenyl)-1,2,4-triazolé6e). CoHgN3 (159.19). Crystallization from
isopropanol gave a pale yellow powder; mp 158-16019 NMR & (Pyr-d + D-O, 90
°C, 200 MHz): 4.15 (s, 3H), 8.67-8.76 (m, 3H), 9%%6 (m, 1H), 9.97 (s, 1H}’C
NMR 8 (DMSO-d& + TFA-d, 90 °C, 100.8 MHz): 20.40 (GH 125.79 (CH), 127.21
(C), 129.45 (CH), 129.75 (CH), 131.02 (CH), 136(@4, 144.86 (CH), 156.58 (C); IR
(Nujol): 3090, 1611, 1565, 1534, 1516, 1456, 140835, 1169, 955, 870, 772, 729,
627, 631, 449 cth HRMS (ESI) calcd for 6HioN; (M+H)": 160.0869. Found
160.0876.

4.3.6. 3-(3-Fluorophenyl)-1,2,4-triazol€6f). CgHgFN3 (163.15). Crystallization from
isopropanol gave a beige powder; mp 111-113'PCNMR & (DMSO-d; 70 °C, 200
MHz): 7.17-7.56 (m, 2H), 7.72-7.89 (m, 2H), 8.40 {#); °C NMR § (DMSO-a,
100.8 MHz): 112.93 (CH, d, J= 23.0 Hz), 116.21 (GHJ= 21.0 Hz), 122.41 (CH),
131.22 (CH, d, J= 8.0 Hz), 133.24 (C), 146.90 (CIp8.51 (C), 162.9 (C, d, J= 244.0
Hz); IR (Nujol): 3441, 3059, 2815, 2759, 1559, 150463, 1386, 1280, 1226, 1189,
1097, 1006, 860, 799, 738, 665, 527, 454'cRMS (ESI) calcd for gH;FNs
(M+H)": 164.0619. Found 164.0621.
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4.3.7.3-(4-Methoxyphenyl)-1,2,4-triazol(€g). CoHgN3O (175.19). Crystallization from
isopropanol gave white needles; mp 186 °C {Linp 186 °C).'H NMR & (DMSO-c
90 °C, 400 MHz): 3.82 (s, 3H), 7.03 (d, 2H J= 98,H.95 (d, 2H J= 9.2 Hz), 8.22 (s,
1H), 9.97 (br s, 1H**C NMR 5 (DMSO-c 90 °C, 100.8 MHz): 54.85 (G} 113.86
(CH), 122.08 (C), 127.09 (CH), 146.62 (CH), 157(C), 159.98 (C); IR (Nujol): 3442,
2998, 2932, 2836, 2664, 1614, 1512, 1474, 14279,12356, 1177, 1115, 1026, 991,
963, 836, 748, 613, 530 EmHRMS (ESI) calcd for gHigN:O (M+H)": 176.0818.
Found 176.0819.

4.3.8. 3-(4-Nitrophenyl)-1,2,4-triazolg6h). CgHgN4O, (190,16). Crystallization from
ethanol gave a yellow powder; mp 226-229 °C {imp 228-229 °C)!H NMR &
(DMSO-d; 90 °C, 300 MHz): 8.27 (br, 4H), 8.54 (s, 1HC NMR 5 (DMSO-di, 90
°C, 75.4 MHz): 123.42 (CH), 126.40 (CH), 136.15,(@Q}¥5.62 (CH), 147.31 (C),
157.57 (C); IR(KBr): 3354, 3318, 2940, 1602, 151314, 1436, 1337, 1317, 1097,
1066, 900, 865, 855, 778, 716, 696, 682'cHIRMS (ESI) calcd foCgHsN4O, (M-H)™:
189.0418. Found 189.0416.

4.3.9. 3-(4-Methylphenyl)-1,2,4-triazol€6i). CoHgN3 (159,19). Crystallization from
isopropanol gave a light grey powder; mp 169-171'PCNMR & (DMSO-d;, 90 °C,
400 MHz): 2.34 (s, 3H), 7.26 (d, 2H, J= 8.0 HzRU/(d, 2H, J= 8.0 Hz), 8.24 (s, 1H);
3C NMR § (DMSO-d; 90 °C, 100.8 MHz): 20.26 (Gl 125.51 (CH), 126.68 (C),
128.70 (CH), 138.31 (C), 146.64 (CH), 157.60 (®;(KBr): 3152, 3094, 2769, 2653,
1732, 1615, 1569, 1510, 1470, 1422, 1397, 12712,1P011, 992, 963, 821, 737, 701,
663 cm*. HRMS (ESI) calcd for §H1oN3 (M+H)*: 160.0869. Found 160.0873.

4.3.9. 3-(4-Chlorophenyl)-1,2,4-triazol€6]). CsHsCIN3 (179,61). Crystallization from
chloroform/petroleum ether gave a white powder; 180-181 °C (Lit° mp 182 °C).
'H NMR & (DMSO-d; 90 °C, 400 MHz): 7.51 (d, 2H J= 8.4 Hz), 8.024H,J= 8.4 Hz),
8.49 (s, 1H)*C NMR & (DMSO-d; 90 °C, 100.8 MHz): 127.07 (CH), 127.96 (CH),
128.67 (C), 133.31 (C), 145.77 (CH), 157.34 (C);(K®Br): 3431, 3085, 3043,2905,
2766, 2650, 1610, 1495, 1472, 1424, 1406, 127%6,11094,1013, 993, 960, 878, 830,
741, 698, 664 cih HRMS (ESI) calcd for gH,CINs (M+H)": 180.0323. Found
180.0321.
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4.4. Preparation of 1-(4-chlorobenzoyl)-3-(4-methgsphenyl)-1,2,4-triazole 7

To a stirred solution of 3-(4-methoxyphenyl)-1,&izole 6g (0.57 mmol) and
triethylamine (0.93 mmol) in dichloromethane (1 nda.)solution of p-chlorobenzoyl
chloride (1.2 mmol) in dichloromethane (1 mL) wakled. After 16 h the solvent was
removed under reduced pressure leaving a residatewhs washed with aqueous
solution of sodium bicarbonate and crystallizedrfrethanol. (92%), white needles; mp
125-126 °C'H NMR & (CDCls, 400 MHz): 3.82 (s, 3H), 6.95 (m, 2H), 7.50 (m,)2H
8.07 (m, 2H), 8.28 (m, 2H), 9.03 (s, IHJC NMR & (CDCk, 100.8 MHz): 55.46,
114.24, 122.02, 128.62, 128.75, 128.93, 133.42,.9640146.52, 161.61, 163.64,
164.16; MS (El) m/z (%): 313 (M 35), 141 (63), 139 (100), 119 (9), 113 (20), 111
(53), 76 (11), 75 (18); IR (Nujol): 3121, 2972, 283703, 1614, 1507, 1372, 1249,
1170, 1092, 909, 838, 744, 657, 594, 516, 482 cm-1.

4.5. X-ray structure determination of compound 7

C16H12CIN3O,, M = 313.74, orthorhombica = 17.567(2) A,b = 20.530(3) A,c =
3.9152(5) A« = 90.00°,8 = 90.00°,y = 90.00°,V = 1412.0(3) & T = 100(2) K, space
groupPna2(1), Z = 4, 9038 reflections measured, 2980 independsdigctions Ry =
0.0296).Data collection A colourless needle 0.480.12x 0.08 mm was mounted in
inert oil on a glass fibre and transferred to tbéd @as stream of the diffractometer
(Bruker SMART APEX). Measurements were performe@tig.x 52° with
monochromated Mdca radiation. Of 9038 measured reflections, 2980 warnEgue

(Rint = 0.0296) and were used for all calculatioBBucture refinemenfThe structures

were refined anisotropically agairf&® (program SHELXL-97§° Hydrogen atoms were
included with a riding model. The finalR(F?) values were 0.0927 for all data and 200
parameters, with a fin&, value of 0.0395I(> 25(1)). Ar 0.431 e/R, S1.125. Complete
crystallographic data (excluding structure factdvaye been deposited at the Cambridge
Crystallographic Data Centre under the number C@R8675. Copies of the data can
be obtained, free of charge, on application to CCDZUnion Road, Cambridge CB2
1EZ, UK [fax: +44 (0)1223 336033 or e-mail: dep@tcdc.cam.ac.uk].
Acknowledgements

We gratefully acknowledge the financial support tbé Fundacion Séneca of the
Comunidad Autonoma de la Region de Murcia (pral©&49/P1/14).

13



References and notes

=

© N

10.

11.

12.
13.

14.

15.

16.

17.

18.
19.

20.
21.
22.
23.

24.
25.

26.
27.

Potts, K. TChem. ReVv1961, 61, 87-127.

Temple, C.The Chemistry of Heterocyclic Compounds, Triazdlgs4 John
Wiley: New York, 1981; Vol. 37.

Polya, J. B. IlComprehensive Heterocyclic ChemistKatritzky, A. R.; Rees,
C. W.; Potts, K. T. Eds.; Pergaman Press: Oxfdd841pp. 733-790.
Balasubramanian, M.; Keay, J. G.; Scriven, EVFHeterocycles1994 37,
1951-1975.

Houben, J.; Weyl, T. IiMethoden der Organischen Chemie (Houben-Weyl)
Schumann, E. Ed.; Thieme: Stuttgart, 1994; pp. 398-

Garrat, P. J. IComprehensive Heterocyclic Chemistry Matritzky, A. R.;
Rees, C. W.; Scriven, E. F. V.; Storr, R. C. E&dsevier Science Ltd.: Oxford,
1996; pp. 127-163.

Curtis, A. B. M.Sci. Synth2004 13, 603-639.

Curtis, A. D. M.; Jennings, N. IG@omprehensive Heterocyclic Chemistry lll;
Katritzky, A. R.; Ramsden, C. A.; Scriven, E. F; Yaylor, R. J. K.; Zhdankin,
V. V. Eds.; Pergamon: Oxford, 2008; pp. 159-205.

Moulin, A.; Bibian, M.; Blayo, A.-L.; El HabnounS.; Martinez, J.; Fehrentz,
J.-A.Chem. Rev201Q 110, 1809-1827.

Kharb, R.; Chander Sharma, P.; Shahar YarJ.MEnzym. Inhib. Med. Chem.
2011 26, 1-21.

Sharma, V.; Shrivastava, B.; Bhatia, R.; Badahwsl.; Khandelwal, R.; Ameta,
J.Pharmacologyonlin@011, 1, 1192-1222.

Wabhi, A. K.; Singh, AAsian J. Biochem. Pharm. R&811 1, 193-205.
Kumudha, D.; Reddy, R. R.; Kalavathi, ht. J. Pharm. Sci. Re012 3,
4562-4572.

Subhas, S.; Veliyath, S. K.; Mahendra KumarBCInt. J. Res. Pharm. Sci.
2012 3, 326-333.

Maddila, S.; Pagadala, R.; Jonnalagadda, &e®. Org. Chem2013 10, 693-
714.

Kumar, R.; Yar, M. S.; Chaturvedi, S.; SrivastaA. Int. J. PharmTech Res.
2013 5, 1844-1869.

Zhang, H.-Z.; Damu, G. L. V.; Cai, G.-X.; ZhdD,-H. Curr. Org. Chem2014
18, 359-406.

Khatak, M.; Verma, P. KNorld J. Pharm. Pharm. S&014 3, 388-409.

Martin, A.; Martin, R.Int. J. Life Sci. Biotechnol. Pharma R&Q14 3, 323-
329.

Martin, A.; Martin, RIndian Res. J. Pharm. S@014 1, 106-116.

Singh, R.; Chouhan, AVorld J. Pharm. Pharm. S@014 3, 874-906.
Mansoory, J. H.; Rajput, S.I8t. J. Pharm. Pharm. S&015 7, 20-32.

Keri, R. S.; Patil, S. A.; Budagumpi, S.; Nagay B. M.Chem. Biol. Drug Des.
2015 86, 410-423.

Diaz-Ortiz, A.; Prieto, P.; Carrillo, J. R.; Kia, R.; Torres, ICurr. Org. Chem.
2015 19, 568-584.

Potts, K. T.; Murphy, P. M.; Kuehnling, W. R.Org. Chem1988 53, 2889-98.
Horvath, ATetrahedron Lett1996 37, 4423-4426.

Lyga, J. W.; Patera, R. NI. Fluorine Chem1998 92, 141-145.

14



28.
29.

30.

31.

32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44,

45.

46.

47.
48.
49.

Jorgensen, K. B.; Olsen, R. B.; Carlsen, Rl.Mlolecules200]1, 6, 481-495.
Lewis, J. C.; Wu, J. Y.; Bergman, R. G.; EllmdnA. Angew. Chem., Int. Ed.
2006 45, 1589-1591.

Van Neck, T.; Pannecouque, C.; Vanstreels,Seyvens, M.; Dehaen, W.;
Daelemans, DBioorg. Med. Chen008,16, 9487-9497.

Guillemont, J.; Benjahad, A.; Oumouch, S.; @Beer, L.; Palandjian, P.; Vernier,
D.; Queguiner, L.; Andries, K.; de Bethune, M.-Rertogs, K.; Grierson, D. S.;
Nguyen, C. HJ. Med. Chen2009 52, 7473-7487.

Roman, G.; Rahman, M. N.; Vukomanovic, D.; Zia,Nakatsu, K.; Szarek, W.
A. Chem. Biol. Drug De201Q 75, 68-90.

Marchenko, A. P.; Koidan, H. N.; Zarudnitsléi, V.; Hurieva, A. N.; Kirilchuk,
A. A.; Yurchenko, A. A.; Biffis, A.; Kostyuk, A. NOrganometallic2012 31,
8257-8264.

Young, G.; Oates, W. H. Chem. Soc., Tran$901, 79, 659-668.

Young, GJ. Chem. Soc., Tran$905 87, 625-628.

Hoggarth, EJ. Chem. Sod 949 1160-1163.

Pellizzari, GGazz. Chim. Ital1911, 41, 20-42.

Lin, Y.-I.; Lang, S. A.; Lovell, M. F.; Perkiog, N. A.J. Org. Chem1979 44,
4160-4164.

Eastwood, P.; Gonzélez, J.; Gomez, E.; Catdla,Aguilar, N.; Mir, M.;
Aiguadé, J.; Matassa, V.; Balagué, C.; Orellang, Bominguez, M.Bioorg.
Med. Chem. LetR011 21, 6253-6257.

Luknitskii, F. 1.Chem. Rev1975 75, 259-289.

Guirado, A.; Alarcon, E.; Vicente, Y.; AndreR, Tetrahedron Lett2013 54,
5115-5117.

Guirado, A.; Alarcén, E.; Vicente, Y.; BautistA.; Galvez, J.Tetrahedron
2016 72, 3922-3929.

Meldrum, A.; Bhojraj, MJ. Indian Chem. So4936 13, 185-186.

Guirado, A.; Andreu, R.; Cerezo, A.; GalvezTétrahedron200], 57, 4925-
4931.

Guirado, A.; Andreu, R.; Zapata, A.; Cerezq,Bautista, D.Tetrahedror2002
58, 5087-5092.

Nguyen, K. T.; Claiborne, C. F.; McCauley, J; Bibby, B. E.; Claremon, D.
A.; Bednar, R. A.; Mosser, S. D.; Gaul, S. L.; Coltyy T. M.; Condra, C. L.;
Bednar, B.; Stump, G. L.; Lynch, J. J.; Koblan, &, Liverton, N. JBioorg.
Med. Chem. LetR007, 17, 3997-4000.

Beck, G.; Heitzer, H.; Holtschmidt, H.: DE P2458823A1, 1976.

Spartan'l4; Wavefunction: Irvine, C., 2014.

Sheldrick, G. MActa Crystallogr2008 A64, 112-122.

15



