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Marudai Balasubramanian, James G. Keay, and Eric F.V. Scriven®

Reilly Industries, Inc., 1500 S. Tibbs Avenue, Indianapolis, Indiana, IN 46242, USA.
Navayath Shobana

Department of Chemistry, University of Florida, Gainesville, Florida, FL 32611-2406,
USA.

Abstract- This review summarizes the main methods currently available for the synthesis

of 1-substituted 1,2, 4-triazoles.
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1. INTRODUCTION

Two major reviews are available that cover all aspects of 1,2,4-triazole chemistry. One by Temple! covers
the period to 1981 and the other by Polya? to 1984. This brief review is focussed on recent methods that have
been used to achieve regiospecific 1-alkylation chiefly of the parent system. Much of the work in this area has
been driven by the need to synthesize 1-substituted 1,2,4-triazoles which are of interest for their biological

activity.

The alkylation of a specific ring nitrogen atom in the 1,2,4-triazole system continues to pose a challenge to
the heterocyclic chemist. This difficulty can in principle be circumvented by introduction of an alkyl group
before ring closure, however few convenient routes are known. Direct alkylation of 1,2,4-triazole usually
affords a mixture of isomeric products.!'? Ratios vary with the nature of the a]kyléting agent and the
conditions employed, but range from 70:30 to 90:10.3 The separation of 1- from 4-substituted 1,2,4-triazoles

is important as usually only the 1-isomer is desired for its biological activity.

Many 1-substituted 1,2,4-triazoles have found use* as antimycotic agents, agricultural fungicides, plant
growth regulators or aromatase inhibitors. As fungicides and anﬁmycogics they have set new standards in
medicine and agriculture with respect to efficacy and range of disease control. The primary mode of action is
by supression of cytochrome P-450 activity which is required in the demethylation of 14a-methylsterols to
ergosterol biosynthesis.> These materials are termed Ergosterol Biosynthesis Inhibitors (EBI). The 1-isomer is

much more active than the 4-isomer.

- Examples of some biologically active molecules containing the 1,2,4-triazole moiety are given (Scheme 1).
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2. METHODS OF SYNTHESIS
2.1. Direct Alkylation of 1,2,4-Triazole

2.1.1. With Alkyl/Aryl Halides: In many instances the synthesis of 1-alkyl-1,2,4-trinzoles has been
accomplished by the direct alkylation of 1,2,4-triazole (Scheme 2). Invariably the 1l-isomer is accompanied
by the undesired 4-isomer (0 - 30%). The exact ratio depends on the nature of the alkylating agent and the
conditions employed (Table 1). Usually bases such as sodium ethoxide®’ and sodium hydroxide®? are used
to form triazolyl anions before reaction with alkylating agents, usually alkyl or aryl halides.
1-Methyl-1,2,4-triazoles® can be isolated in 65% yield from 1,2,4-triazole and methyl iodidé in the presence
of sodium methoxide. Nmr measurements showed 6.5 : 1 mixture of the 1- : 4-isomer.® On the other hand,
use of trimethyloxonium flqoroborama8 in nitromethane, for the alkylation of triazole yielded 1-methyl- (16%),
4-methyl- (31%) and unreacted 1,2,4-triazole. Various research groups!© - 12 have attempted the alkylation of
1,2,4-triazole using activated aryl halides. Conditions (Table 1) include the Ullmann reaction in the presence
of CuO/potassium carbonate and heating!!> 12 in an autoclave at 180 to 190 °C. Unactivated aryl halides
failed to arylate 1,2,4-triazole under Ullmann conditions. Katritzky and coworkers!* have exploited the use
of sodium hydroxide in DMF as a base for the alkylation of 1,2,4-triazole. This procedure affords superior
yields when compared to those reported from procedures using sodium alkoxide or sodium hydride. Mainly
I-substituted triazoles were obtained except in alkylations involving benzyl bromide and

chlorotriphenylmethane, where a mixture of 1- and 4-substituted products was formed.

ﬁ] R'X N ’N\
rd ' ” N
N'N ﬁ N\ \ _—  » N\ ) + \\_7
v L L
9 10 11

Scheme 2
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Table 1. Alkylation and Arylation of 1,2,4-Triazole.

1955

Entry Conditions Alkylating % Alkyltriazole Ratio Ref,
Agent (yield) i-:4-

1 Na,MeOH, 120 °C Mel 782 - 6

2 Na, EtOH, 1 h, reflux CgH;CH Cl(excess) 70 - 7

3 K,CO,, Cu0, Py 1-Cl-2-NO,-benzene 68° - 10
reflux, 16 h

4 K,CO,, CuO, Py, 1-C1-2-NOy-benzene 100 - 10
reflux, 165 h

5 autoclave, 190 °C 2-Cl-pyridine 6? - 11

6 NaOH/DMF, 25°C Prl 65 100:0 14

7 NaOH/DMF, 25 °C CsHsCH,Cl 88 94:6 14

8 K,CO, EtOAc, BuBr 992 - 16
reflux, 5 h, 18-C-6

9 K,CO5 EtOAc, 5h sec-C4HoBr 272 - 16
reflux, PEG 600

10 n-BuyN*Br, KOH, PhCH,Cl 88 85:15 15
K,CO4, 20 h, reflux

11 -do- (Ph);CC1 57 100:0 15

12 KOH, ultrasound, 4-F-1-NO,-benzene 532 4:1 18
BBDECI

a = isolated yieid.

The wse!® - 17 of phase transfer catalysts (liquid-liquid or solid-solid) has made available another procedure

for synthesis (Entries 8 - 12, Table 1).

The most commonly used phase transfer catalysts are
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tetrabutylammonium bromide and bisulfate (xylene solvent), poyethylene glycol (PEG) in the presence of
potassium carbonate, as acid binding agent and 18-Crown-6. Studies indicate that 18-Crown-6 is the best
catalyst. ﬂowgver, this technique is not suvitable for alkyl halides with side chains. Recently, Elguero and
coworkers!® claimed the use of phase transfer catalysts such as TBAB {(tetrabutylammonium bromide),
TDA-1 [tris(3,6-dioxaheptyl}amine] and BBDEC] [1,5-bis-(N-benzyl-N,N-diethylammonium)diethyl ether

dichloride] without solvent for the arylation of 1,2,4-triazole (Entry 12, Table 1).

It should be noted that where high temperature conditions were employed (Table 1) some interconversion of

4- to 1-substituted triazoles may have occurred (see Section 2.4).

The quarternary ammonium salt (17) of one of the interesting!® 1-substituted triazoles,
1B-aminoethyl-1,2,4-triazole (14), which was speculated to have biological activity, was synthesized from
1,2,4-triazole and 2-bromoethylphthalimide (15, Scheme 3). An attempt to synthesize the compound (14)

from 1,2,4-triazole and ethyl bromoacetate failed, as the amide (13) could not be reduced to the amine (14).

H N N N_
N Na/EOH ¢ NH; -, S » ¢ 0
7 Scmcoom <N JN o
N-N 2 COOEt CONH, NH,
9 12 3 14
0
N\/Br
15 O
O A
N
-
N\/\ N-NH
N HC > i 201
NN “ NH,
16 17

Scheme 3

N-(1-Triazol-1-yl-2,2,2-trichloroethyl)benzamide  (18) was synthesized?® by stirring N-(1,2,2,2-tetra-

chloroethyl)-2-chlorobenzamide with 1,2,4-triazole in benzene at room temperature.
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The bactericide and medicinal fungicide (19) was prepared?! by the alkylation of 1,2,4-triazole with a

2-bromomethyl-1,3-dioxolane derivative in the presence of potassium carbonate.
3 0
\_k 7\ /=N
o N N N\/ N Me
— A
L

2.1.2. With Alkyl Phosphates: A new method 2 for N-alkylation of 1,2,4-triazole consists of the use of
trialkyl phosphates as alkylating agents (Scheme 4). Trimethyl, triethyl and tributyl phosphates are effective
for alkylation, though the activity decreases in the order, methyl> ethyl > butyl. The yields ranged from 45 -
90%, with the N-1 isomer predominant. A by-product of this reacton was speculated to be a quarternary salt
(20), which could not be isolated due to its oily and hygroscopic nature. The yield of the N-1 isomer increased
considerably when the reaction was carried out in the presence of a tertiary amine, probably because the

added base was effective in suppressing the formation of the salt (20).

R
N i ] N
§ Y +oPOR);, ___ ¢ TP — 3 ¢ 3 + HpPO,
N-Ny N-N N-Ng
R
20
Scheme 4

2.1.3. With Aldehydes and Derivatives: A recently discovered® general and regiospecific approach to the

synthesis of 1-substituted 1,2,4-triazoles (21} involves the reaction of 1,2.4-triazoles with aldehydes and
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various acid chlorides (Scheme 5). Alkylation could be accomplished with a wide variety of aliphatic
aldehydes, including sterically hindered ones. It was alsc found to work with aromatic aldehydes. Acylating

agents such as pivaloyl chloride and benzoyl chloride could be used as trapping agents.

o Rl ©

N 1. R'CHO Aot R2
N > » N N

9 3. R2COCI

21
21a: R!=Ph, R?=Me (46%)
21b: R2=R!=Me (82%)

21c: RI=Et, RZ=Me (72%)
Scheme 5

The same group has very recently found®® that further reaction at the functionalized ¢-position of 22 led to a
regiospecific synthesis of 23 (Scheme 6). The reaction between aliphatic aldehydes or glyoxals and
1,2 4-triazole followed by addition of mesyl chloride gives o-mesylates of 1-alkyl-1,2,4-iriazole (22)
regiospecifically. Mesylate ion is readily displaced by alkoxide, aryloxide, alkylthiolate or arylthiolate
nucleophiles to give the corresponding o-functionalised 1-alkyl-1,2,4-triazoles (23) in good yield. In the case
of 23 (R!=Et, XR?=SPh), 'H and 1*C nmr spectra confirmed the regiochemical purity of the biologically

active substituted 1,2,4-triazole isomers obtained. There was no evidence for the presence of the inactive

4-isomer.
OMs 1
R2ZX
H RICHO R2X
N’N —_— ,N/\Rl —_— \l‘q/k
/ Et;N, MsCl N° X=0or$ N’
LN ? . 12 I
9 n 23
Scheme 6

2.1.4. With o-Haloketones: The synthesis of 1,2,4-triazolyl-1-phenoxyacylmethane (26) by reaction of a
dihaloketone (25), 1,2.4-triazole and a phenol (24) in the presence of a base (Scheme 7) has been claimed for

a large number of phenols.?% 26
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2.1.5. With Oxiranes: 1-Triazolylethy] ether derivatives?’-28 such as 30 have been synthesized conveniently
in moderate yield (Scheme 8) by reaction of an oxirane (27) at temperatures of ca. 100 °C, in the presence of
an acid condensation agent, with an alcohof (28) to give a glycol monoether (29), which is subsequenily

reacted with 1,2,4-triazole in the presence of methane sulfonyl chloride.

Clo cl pr

O-
c1©_? * MelCH),0H  ——* CH,OH
Et 28 Et
27 »
cl
Pr
O Aﬂiuole
cl ,
EE N7\
N

Q/N

30 (54.8%) Scheme 8

2.2 Vinylation of 1,2,4-Triazole

The synthesis of 1-vinyl-1,2,4-iriazoles (in 95.5% yield) may be achieved by heating 1,2,4-wriazole with
acetylene at 180 - 220 °C both in the absence and presence of a strong base.?® 2% A novel route to
l-vinyl-1,2 4-triazoles (34) has been established®® by the fluoride-catalyzed Peterson reaction of
1-[bis{ trimethylsilyl jmethyl]-1,2,4-triazole (31) with carbonyl compounds {Scheme 9). The reaction occurs
with aromatic aldehydes and ketones and yields of vinyl triazoles (34) range between 80 - 9G%. In the case of
B-tetralone, which has the most enolizable carbonyl group, no product was obtained and P-tetralone was

recovered (97.5%}) due to the formation of the enolate anion by proton transfer to the anion (32).
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2.3 Alkylation of a Substituted Triazole

2.3.1. By Substitution of I-Substituted 12,4-Triazole: The regiospecific synthesis of 1-alkylated
1,2, 4-triazoles has aftracted a lot of attention in the recent years. 1-Trimethylsilyl- and
trimethylstannyltriazoles readily undergo alkylation at the carbon adjacent to the silicon and tin functions®!
which are then eliminated. Trimethylstannyl compounds are usually less reactive than the corresponding
silicon derivatives.’? The reactivities of organostannylamines®® and organosilicylamines®* of 1,2,4-triazoles
towards alkyl and acyl halides permits a highly regiospecific method for the synthesis of 1-alkyl- and
l-acyl-1,2,4-triazoles (Scheme 10). Primary halides give the N-alkylated heterocycles in quantitative yield.
Reactivity decreases with secondary and tertiary halides (Table 2).

N Nﬁ-b\g
a N RSN
N, Y + X ——» \ R-X R ' + XMBu,
MBuj, N=
MBuj, a:M=358n 16
b:M=8i

35 ' Scheme 10
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Table 2. Reaction of trimethylstannyl- and trimethylsilyltriazoles with alkyl halides.

Entry Starting Alkylating/ Condition % Ref.

Material Acylating Agent Temp/Time 1-Substituted

35 (°C, h) triazole
1 a CgH;CH,Br 100, 3 97 33
2 a CH,=CH-CH,Br 120, 4 87 33
3 a BuBr 100, 12 94 33
4 a EtCH(Br)Me 110, 18 35 33
5 a i-PrBr 100, 24 12 33
6 b C¢H;CH,Br 120, 10 92 34
7 b CH,=CHCH,Br 120, 10 92 34
8 b EtCH(BriMe 100, 45 34 34
9 b AcCl distillation 95 34
10 b MeCOCH,Ci 100, 1 100 34

The trimethylsilyl derivative of s-iriazole (35) has been made use® of for the synthesis of o-benzoyl
derivative of 1-(B-D-ribofuranosyl}-1,2.4-triazole (37) by reaction with 2,3,4-tri-0-benzoyl-p-ribofuranosyl-

bromide.

N =
HOHL I‘f\:N

k¥
OH OH
1-Benzenesulfonyl-1,2,4-triazole (38) recently has been found*® with sodium salts of alcohols to give

i-alkyl-1,2,4-triazoles (39). The mechanism (Scheme 11) involves a nucleophilic attack by the alkoxide on
the sulfur atom of 38 leading to alkyl benzenesulfonate (41), which further undergoes nucleophilic

substitution by sodivm triazolate (40) to give the alkylated triazoie (39).
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1-Substituted triazoles such as 44, have been synthesized?® from sulfonyl derivative (42) by reaction with

bis-rers-butylacyloin (43, Scheme 12).

H
! N N
N —_— = -
N » + 80Cl, 4‘7}‘]\ Ne /) + 2HCL
LN N“Thsr TN
9 0
42
‘BuCOCH(OH)CBu'
M C Me Me
W 43
Me
M
Me N\
« N
N
4 Scheme 12

2.3.2. From Alkylation of 4-Substituted 1,2,4-Triazole: Over the years several modifications have been
attempted in order to synthesize regiospecifically the 1-substituted 1,2,4-triazoles. One idea was to block the
4-position of 1,2,4-triazole to bring about a regiospecific 1-alkylation. The amino group was considered to be

best suited for this purpose as 4-amino-1,24-triazole (45) can easily be prepared®’ from hydrazine and
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derivatives of formic acid (Scheme 13). There has been several papers®® ~#! in the literature devoted to this

concept.
N
N ~
p-toluenesulfonic acid I
ONH,NH, + 2HCOOH > N, + 40
NI,
45 (93%)

Scheme 13

4-Amino-1,2 4-triazole (45) readily reacts with alkyl halides to form quarternary salts, which on subsequent
deamination with nitrous acid yield exclusively the 1-substituted product (Table 3). Calculations show that
the electron density on the 4-amino group is so greatly reduced by the strongly electrophilic triazole ring that
alkylation occurs on one of the amidine nitrogen atoms. Timpe et al.3® have alkylated a number of triazoles
using this technique. They followed a two-step procedure in which the triazolium salis (45a) were first
isolated and then later on treated with nitrous acid for deamination. This procedure has been made3® use of,

for the synthesis of N-chloroethyl-1,2 4-triazole (Table 3, Entry 2).

Table 3.
Entry Alkylating Agent Two-step Yield One pot yield Ref.
R X 45a 10 10
1 Me OTs 88 72 - 38
2 CICH,CH, Cl - - 52 40
3 PhCOCH, Cl 76 89 76 40
4 sec-Bu Br 59 85 84 40

The above procedure may be carried out by performing the alkylation and deamination reactions in one pot in

good yield without isolating the aminotriazolium salt (45a) (Scheme 14).39 -4
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This reaction sequence is useful for alkylating agents as unreactive as primary alkyl chlorides as well as for
more reactive benzylic and phenacyl halides. The mild non basic conditions employed are particularly suited
to alkylating agents that bear base sensitive groups, which contrast with the strongly basic conditions used in
direct alkylations. This work provides the first example of a fairly general high yield regiospecific one-pot
synthesis of 1-substituted 1,2,4-triazoles from 4-amino-1,2,4-triazole. In the case of phenacyl triazole*!
[Table 3, Entry 3}, the use of too great an excess of nitrous acid led to reaction at an active methylene group
and therefore other methods of deamination?! (such as reductive deamination and oxidative deamination)

were investigated.

2.4. Alkylation Involving Rearrangement

Lately the isomerisation®? - 46 of 4-substituted 1,2 4-trjazoles (11) to 1-substituted 1,2.4-triazoles (10) has

become an important method of synthesis of 1-substituted 1,2 4-triazoles. Rearrangements occur when:

1) 4H-isomers such as 4-benzyl- and 4-phenacyl-1,2 4-triazoles are heated to temperatures above 150 °C in

the presence of a catalytic amount of the corresponding alkyl halides (Table 4),42 -4

2) Alcohols such as 46 are heated in the presence of a base such as sodium hydroxide and essentially in the

absence of a polar aprotic solvent.* 46

In the former isomerization®? - 43 the mechanism is speculated to involve the formation of a quarternary

ammonium salt (45a) that undergoes elimination of the alkyl group from the 4-position (Scheme 14).
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Table 4. Isomerization of 4-substituted 1,2 4-triazoles.

Entry 4H-triazole Alkylating Conditions Conversion Ref.
R Agent Temp, Time to 1H isomer
°C,h
1 PhCH, PhCH,Br 180, 5 >38 1 <2 43,45
2 PhCHMe PhCH(Br)Me 160, 22 >97: <3 45
3 4-BrC;H,COCH,  4-BrC¢H,COCH,Br 160, 3 >99: <1 45

The isomerization may be performed in the presence of the isomeric 1H-substituted 1,2,4-triazole, which
generally being more thermodynamically stable than the 4H-isomer, remains unchanged in the reaction
mixture. This technique is of value in converting the relatively minor proportion, generally around 15% or
below, of the Iess desirable 4H-substituted 1,2,4-iriazole, which accompanies the 1H-isomer during alkylation

of 1,2, 4-triazole.

Alternatively, the 1H isomer can be obtained regiospecifically by direct alkylation of 1,2,4-triazole at

elevated temperatures with a slight excess of the alkylating agent.

The transformation* 48 of a 4H-B-hydroxyethyl-1,2,4-triazole derivative (46) into the 1H isomer {49) has
been explained as involving a nucleophilic attack of the base such as hydroxide ion, with the formation of an
oxirane intermediate (48) and triazole anion (40),% The nucleophilic ring opening of the oxirane (48} by the

triazole anion {(40) leads to the 1-isomer (50, Scheme 15).
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According to a literature report, treatment of 1-trimethylsilyl-1,2,4-triazole (35b) with benzyl bromide at
120 9C after 10 h, gives 1-benzyl-1,2,4-triazole (52). Repetition of this reaction®> by Smith er al., yielded
only 20% of the expected triazole (52). The major product was the quarternary salt (51) (Scheme 16).

. CH,Ph
SiMe 2
N 3 2PhCH,Br Nt CHaPh
N’ —_— N\ ‘7 —_— N’N7
0, 1 /
i N 120 °C N, CH,Ph 60°C . Y
35b 51 ' 52
Scheme 16

The authors®* isolated the 1-benzyl product (52) from the mixture by distillation, which was responsibile for
the conversion of the salt (51) to the desired benzyl derivative (52). Smith ez al® found that the same benzyl
derivative (52) could be obtained by merely heating 1,2,4-triazole and benzyl bromide at 110°C obviating the

necessity for involvement of the trimethylsilyl group.
2.5. Substituent Modification

Sometimes a substituent already attached to the 1-position of a substituted 1,2,4-triazole is subjected to
modification with a view to synthesize new l-alkylated 1,2,4-triazoles. One versatile intermediate that has
atiracted”- 48 considerable atiention is 1-(trimethylsilylmethyl)1,2,4-triazole (53). Fluoride or alkoxide
induced reaction®” of 53 with carbonyl compounds has provided synthetic routes to

(1,2,4-triazol-1-yDethanols (56) which may or may not be accompanied by small quantities of
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{1-methyl- 1,2 4-triazol-5-yl}methanols (57) after acid catalyzed hydrolysis (Scheme 17).

N
Cl@— CHO ,  MesSi" N Y
\=n

l TBAF
53
Cl Cl
al Cl
aq . HCH
aq HCI + Me —™ Mf
Me,S
Heo -— 37N Me;Si._ Nt HO™ N oy
o N -
N N=/ N=/
L0 g 55 57
N-N N-N
54
56 (80 %) Scheme 17

Extension®® of this method to include the potassium rer-butoxide induced reaction of
1-[trimethylsilylmethyl]-1,2,4-triazole (53) with imine (58) to yield (triazo!-1-yljethylamine (59) (Scheme 18)

was explored. The byproduct of this reaction is the isomeric triazole derivative (60).

N  Buo NHR Mew ns
Me 58i N\:E + RIRZC=NR? _PT0 Rl)g\ N~ R + RY:N
EN R? NHR?
53 58

59 60

a:R!'=4-F-C¢H;,.R? =H, R3=24Cl, -C¢H; 59a(49%) + 60a (10%)
b: R'=R? = R} =4-CIC{H, 59b (5%) + 60b (53%)

Scheme 18

The formation of isomeric triazole derivative (60b) (53%) may be explained as due to the weaker reactivity of
ketimine (58b) when compared to 58a. In this case the methyl anion generated, acts as a base rather than a
nucleophile to remove the proton from position 5 of the triazole ring in 53 and the resulting triazol-5-yl anion

(53a} reacts with imine (58) yielding triazolylmethylamine (60} after subsequent desilylation (Scheme 19),
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CH-N" % =
) 53a
\=N
RIR2C=N-R3
58
N
N N +-BuOK
Mcgsl f N » 60
1 3 H+
R R
RZNH
53b
Scheme 19

According to another possible mechanism, the triazol-5-yi anion (53a) may be generated directly from 53 by
a deprotonation at the 5-carbon of 53 by +BuOK (Scheme 19). By a mechanism similar to the previous one*”
4% phenylthio-, methylthio- and methoxy-substituted silylmethyl-1,2,4-triazoles which act as substituted
N-azolylmethylanion equivalents,” were prepared and made to react with carbonyl compounds in the
presence of flouride anion to obtain 2-phenylthio-, 2-methylthio and 2-methoxy substiuted (1,2,4-

triazol-1-yl)ethanols (61).

=N

61: R3=SPh, SMe or OMe

The most convenient synthesis>® of 1-alkyl-1-aryl-2-triazolylethanols (63) (with fong chain alkyl groups} is to
react carbonyl derivatives of 1,2,4-triazole (62) and bromo esters BrCH,COOR (R'=nCgH5, nC,,H,s) in
ether in the presence of activated zinc (Reformatsky reaction) (Scheme 20). The yields of 63 range from 50 -

83%.
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X NW 1. Zn/eth [ o
N + BrZnCH,COOR! _°~memer _N
X =N 2 ———— X N \>
Y 2.H,0 COORIIQN
62 Scheme 20 63

1-(2,4-Dichlorophenyl)-2-(1,2 4-triazol-1-yl)ethyl ether (67) has been synthesizedS' (Scheme 21) from the
appropriafe triazolyl alcohols (66) by reaction with alkyl halides. The alcohol (66) is synthesized from

1,2,4-triazole by reaction with a-bromoketones (64) in the presence of a base, followed by subsequent

reduction with NaBH,.
N
‘s
a ¢
Br cl N-N
+ Bty K,CO,
Cl o \=n MeCN Cl X
64 65
NaBH, | 60%
N N

o 7 o 7

] ¢

Cl <N—N Cl N=N

RX
Cl ¢ Cl
OR OH
67 66
RX =2 4-dichlorophenylmethyl chloride
RX =ally] bromide
Scheme 21
2.6. Ring Synthesis

One of the oldest methods of synthesis®? >* of 1-alkyl (10) (R = alkyl) and 1-aryl-1,2 4-triazoles(10XR = aryl)
the Pellizari reaction, involves the reaction of either 1-substituted hydrazines (68) or the corresponding formyl
derivatives (69) with formamide at high temperatures (>200°C) (Scheme 22). The products are generally

isolated in low yields because separation of the by-product is often difficult.
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HCONH OH(I: NHZCHO (/ ND
RNHNH, HCI HCONH; | RNHNHCHO 2 R/N,I:I,CHO —Z 5 C
PaN R’
69 H
* 70 10
Scheme 22

An amidrazone intermediate3* (72) is thought to be involved in the acid catalysed condensation of the
appropriate hydrazine (68) with s-triazine (71) in ethanol at reflux (Scheme 23). 1-Methyl- and
1-phenyl-triazole are formed in high yields (>80%) by this method.

4\.
N®™N - N
! + RNHNH,HCI —p <\N 2 — ¢ %
N - NNHR gN-N
71 68 ” 10 : R=Me, Ph

Scheme 23

The reaction of the imino ether (73) and methyl hydrazine in ether to give a mixture of dihydrotetrazine

{(38%) and 1-methyl-1,2,4-triazole (27%) was also found to involve an amidrazone intermediate (Scheme 24).

+ - N
< NH,CI MeNHNH, (1 h
d ———’
N-N
OEi Mo
73
Scheme 24 10

Another example of ring synthesis®® %7 is the treatment of 2,4,6-trichloro-s-triazine (74) with DMF to give the
reactive "Gold's Reagent" (75), which is condensed with substituted hydrazines to give good yields of

1-substituted triazoles (10) (Scheme 25).
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N
A RNHNH 2
NZ N Me,NCHO \ A 2 ¢
~ ) /N “‘-//N ~=No R-N- N
CI” N7 Tal Cl
10
74 75
R=Ph (77%)

Scheme 25 R = Et,NCH,CH, (50%})

2.7. Miscellaneous

Another method®® *° for the preparation of l-aryl-12,4-triazole is illustrated by the treatment of the

triazolinone (76} with P,S; to remove the oxo function (Scheme 26).

N _o P,S N
¢ \F 235 gg
N-NH Ph

Ph
10
76 Scheme 26

Apparently this reaction is limited to N-aryliriazoles and N-unsubstituted triazoles since removal of both the

oxo and 1-methyl groups in 1-methyltriazolinone has been reported.

3. Choice of Synthetic Reagents

From the above it can be seen that a number of methods have been utilized for the synthesis of 1-substituted
1,2 4-triazoles. The method of choice, however, will depend upon a number of factors including the

complexity and sensitivity of the molecule to be synthesized.

In the case of simple primary alkyl triazoles eg. 1-benzyl-1,2 4-triazole merely heating (typically, in the range
150-180 °C) 1,2,4-triazole with a slight excess of alky! hatide will produce a high yield of the desired product.
Mechanistically, this may involve rearrangement of the concomitantly produced 4-isomer under the

conditions of the reaction or during the purification procedure.*> With secondary alkyl halides elimination
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products will typically be formed in addition to the desired product,

4-Amino-1,2,4-triazole, a protected, directing synthetic equivalent of 1,2,4-triazole can be utilized®™# in

cases where regiospecificity under mild conditions is required. Deamination of the intermediate triazolium

salt may be achieved readily with nitrous acid.

Alkylation with epoxides®® ! has been used when the introduction of chirality or a hydroxyalkyl function is

required. The reaction of 1,2,4-triazole with a specific hindered epoxide has been utilised to give rise to

specific enantiomers of biological active racemates (Scheme 27).

Cl Cl
Ct
1,2, 4-triazole ) 1. reduction -
4] —_—_— 0 Me —_—"" 0 LOH
Me Base , 2. resolution ﬁ)\'(Me
OW)J\( Me MC Me
S “Me N Me N, Me
Cl Me « N ‘T N
NY N-4
7 o 7% ‘Triadimenol
78 Triadimefon threo, highest activity
o Cl
oA 2t Y
Br Nfe Me tgy * O
Q\ 81
80 N
N9
\=N
Scheme 27
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