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Abstract: A general method for the synthesis of N,N-disubstituted
3-amino-1,2,4-triazoles 5 from di(benzotriazolyl)methanimines 1
and 1’, hydrazine and substituted hydrazines is devel oped. The de-
sired compounds were prepared regioselectively under mild condi-
tions by simple proceduresin yields of up to 95%.
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Aminotriazole derivatives are well known to be biologi-
cally active: 3-amino-1,2,4-triazole inhibits the synthesis
of catalase,! amajor detoxification enzyme against active
oxygen species, such as hydrogen peroxides. 3-Amino-
1,2,4-triazole was also used as an inhibitor of histidine
biosynthesis in the cloning of argl gene.? Several 3-ami-
notriazole derivatives are effective in eosinophiliamodels
for the treatment of chronic bronchia asthma.® Benzopy-
rans with triazolylamino substituents were patented* as
potassium channel activators for the treatment of disor-
ders associated with smooth muscle contraction. Sufoti-
dine bismuth citrate, an aminotriazole,® is a histamine H,-
receptor antagonist which is used in the treatment of
duodenal and gastric ulceration and other conditions
where histamine is a known mediator. 3-Amino-1,2,4-tri-
azoles were also evaluated for herbicide activity.

Most previously described syntheses of the 1,5-disubsti-
tuted-3-amino-1,2,4-triazoles 5 are based on reactions of
aminoguanidines with carboxylic acids.”*® An enhanced
synthetic route utilizing reactions of aminoguanidine with
methyl benzoates was developed by Mullican et al.” to
synthesize 3-amino-5-aryl-1,2,4-triazoles under relatively
mild conditions (reflux in MeOH, 18 h) in high yields.
Arylcarbohydrazides are transformed into 2-aroyl-1-hy-
drazinecarboximidamides and cyclized in a sealed tube at
220 °C.™ Aminoguanidine smoothly reacts with ketones
to form hydrazones: cyclization of these derivatives al-
lows variation of the substituents at 1-nitrogen of the
1,2,4-triazole ring.” Less general synthetic routesto tria-
zoles 5 are reactions of amidrazones with carbodiimides®
and of N-cyanoazomethines with hydrazines.®*® Most of
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the previously known methods do not allow the direct
synthesis of triazoles 5 bearing a substituted 3-amino
group; however, reaction of 1-benzoyl-S-methylisothi-
osemicarbazide with dimethylamine in a sedled tube at
100 °C leads to 3-dimethylamino-5-phenyl-1,2,4-triazole
(53%) accompanied by 2-amino-5-phenyl-1,3,4-oxadiaz-
ole and 3-methylthio-5-phenyl-1,2,4-triazole.* 3-Mono-
substituted-amino-1,2,4-triazoles can be prepared by
reductive amination of unsubstituted analogs.®¢ 3(5)-
Dimethylamino-1,2,4-triazole was prepared from dimeth-
ylcyanamide and formyl hydrazine at 140 °C.%

Now we report a regiospecific, mild and convenient syn-
thesis of 3-(N,N-disubstituted)amino-5-substituted- 1H-
1,2,4-triazoles and 3-(N,N-disubstituted)amino-1,5-dis-
ubstituted-1H-1,2,4-triazoles.

Recently we reported a convenient method for the prepa-
ration of benzotriazole-1-carboximidamides 2 from
di(benzotriazolyl)methanimine 1 and various primary and
secondary amines.'® Two examples suggested that com-
pounds 2 could easily betransformed into acyl derivatives
3, promising precursors for the synthesis of triazoles 5.1%
We have now prepared further acyl derivatives 3a—g
(Scheme 1, Table 1) and reacted them with hydrazines
(Scheme 2).

Cyclization of acyl derivatives 3a—g with unsubstituted,
methyl, phenyl and benzyl hydrazines lead to the desired
3-amino-1,2,4-triazoles 5a—k (Scheme 2, Table2). Al-
though reaction of 3 with substituted hydrazines could
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Tablel Preparation of Acyl Derivatives of Benzotriazol e-1-carboximidamides 3a—g

Entry Compound 2 Compound 3 R! R? RS Yield of
Compound 3 (%)
1 2a 3a C,Hs C,Hs (CH,)C 62
2 2b 3 Allyl Allyl CeHs 74
3 2c 3c -(CH,),0(CH,),- Naphthalen-1-yl 94
4 2c 3d -(CH,),0(CH,),- CeHs 93
5 2c 3e -(CH,),O(CH,),- Thiophen-2-yI 64
6 2d 3f CH(CH,), CH(CH,), CeHs 83
7 2c 3g -(CH,),0(CH,),- C,Hs 91

lead to mixtures of 3-amino-5-substituted and 3-substitut-
ed-5-amino isomers, the final products were obtained as
single isomers 5a—k (Scheme 2).

The position of the substituents was confirmed by X-ray
crystallography for compound 5g (Figure, Tables 3, 4)
and other structures were assigned by analogy and by
spectral comparison.

The analysis of structure 5g suggests the following mech-
anism of the cyclization reaction: first, the unsubstituted
nitrogen atom in the hydrazine displaces the benzotriaz-
olyl moiety, and then cyclization at the carbony! group in
the acyl fragment takes place (Scheme 2).

Phenyl and benzyl hydrazine, in contrast to unsubstituted
hydrazine and methylhydrazine, react with acyl deriva-
tives 3a,c,e,f with the competitive formation of 3-amino-
triazoles5b,e f,j and 3-Bt-substituted triazoles 6b,ef,j (Bt
= benzotriazole). The lower the el ectron-donating charac-
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Scheme 2

ter of the substituent R* of the hydrazine, the more of the
side product 6b,e,f,j isformed (Scheme 2, Table 2). How-
ever, more experiments are needed to compl etely rational -
ize the influence of the R* group. The nature of the
substituents R*-R2in the amino and acyl groups seems not
to affect the yield and selectivity of the cyclization. In
analogy to similar known reactions, competitive displace-
ment of the dialkylamino group rather then benzotriazole
moiety in the reaction of 3a,c,e,f with phenyl and benzyl-
hydrazine is unexpected. Indeed, selective substitution of
the benzotriazole moiety rather than the dialkylamino
group in the reaction of compounds of the type
R,NC=(O,NH)Bt with amines R:,NH proceeds with the
formation of the derivatives R,NC=(O,NH)NR?, and no
symmetrical product is formed.1°

An attempt to synthesize compound 6k by reacting 1, 1’
with benzoic hydrazide gave only oxadiazole 7 in quanti-
tative yield (Scheme 3).

In summary, we have developed a general procedure for
the preparation of 3-(N,N-disubstituted)amino-5-substi-
tuted-1,2,4-triazoles 5a—k utilizing di(benzotriazolyl)-
methanimines 1 and 1’ as intermediates. The reaction se-
guence was performed under mild conditions with simple
purification of the intermediates and final products.

Figure Perspective view and atom labeling of one of the two inde-
pendent molecules in the X-ray crystal structure of 5g
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able2 Preparation of 3-(N,N-Diakyl)amino-1,2,4-triazoles 5a—k

+6 3 R? R? R® R* Yield of Yield of
Compound 5 Compound 6 (%)
(%)
3a C,Hs C,Hs (CH.)C CH, 75 0
3a C,Hs C,Hs (CH,).C CeHsCH, 36 30
3b Allyl Allyl CeHs H 72 0
3b Allyl Allyl CeHs CH; 84 0
3c -(CH,),0(CH,),- Naphthalen-1-yl CH, 90 0
3c -(CH,),O(CH,),- Naphthalen-1-yl C¢HsCH, 45 17
3c -(CH,),O(CH,),- C,Hs CH, 82 0
3e -(CH,),0O(CH,) - Thiophen-2-yl Ce¢HsCH, 42 29
3f CH(CH>), CH(CHa), CeHs CH, 95 0
3f CH(CHy), CH(CH,), CgHs CeHs 25 13
3c -(CH,),0(CH,),- CeHs H 84 0
Table3 Bond Lengths[A] for 59
Atom Atom Distance Atom Atom Distance
N(1) c() 1.329(2) N(1) c() 1.328(3)
N(1) N(2) 1.387(2) N(1) N(2) 1.381(2)
N(1) c(11) 1.441(3) N(1) c(11) 1.443(3)
N(2) c(d) 1.317(3) N(2) C(3) 1.318(2)
ok) N(4) 1.365(2) c(3) N(4) 1.370(2)
cE) N(31) 1.394(2) c@3) N(31) 1.387(2)
N(4) c(5) 1.327(2) N(4) C(5) 1.326(2)
c(5) C(51) 1.503(3) c(5) C(51) 1.497(3)
N(31) Cc@32) 1.456(3) N(31) C(32) 1.460(2)
N(31) C(36) 1.472(2) N(31) C(36) 1.469(2)
c(32) C(33) 1.509(3) C(32) C(33) 1.511(3)
C(33) 0(34) 1.427(2) C(33) 0(34) 1.431(2)
0(34) C(35) 1.416(2) o(34) C(35) 1.419(2)
C(35) C(36) 1.509(3) C(35) C(36) 1.519(3)
C(51) C(52) 1.496(3) C(51) C(52) 1.502(3)

Melting points were determined using a capillary melting point ap-
paratus equipped with a digital thermometer and were uncorrected.
'H and *3C NMR spectra were recorded on a Varian GEMINI-300
MHz spectrometer (300 MHz and 75 MHz respectively) using
CDCIl; or DMSO-d, (compound 7) as solvents with tetramethylsi-
laneasinternal standard. THF was distilled under nitrogen immedi-
ately before use from sodium/benzophenone. All other reagents
were of reagent grade and were used without purification. Column
chromatography was conducted with silica gel 230400 mesh.
Di(1H-benzotriazol-1-yl)methanimine (1) and 1H-benzotriazol-1-

yl(2H-benzotriazol-2-yl)methanimine (1), (utilized as a 2:1 mix-
ture of isomers) were prepared and characterized according to the
previously published procedure.1%

Preparation of Benzotriazole-1-carboximidamides 2; General
Procedure

Di(benzotriazolyl)methanimines 1 and 1' (500 mg, 2 mmol) was
suspended in dry THF (20 mL) under inert atmosphere. The appro-
priate amine (2 mmol, 1 equiv) was added dropwise, and the result-
ing mixture was alowed to react for 8-12 h until complete
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able4 Bond Angles[°] for 5g

tom Atom Atom Angle Atom Atom Atom Angle

(5) N(1) N(2) 110.19(17) c() N(L) N(2) 110.78(17)
(5) N(1) c(11) 129.38(19) c(5) N(L) C(11) 128.27(19)
) N(1) C(11) 120.21(17) N(2) N(L) c(11) 120.70(17)
3) N(2) N(1) 101.06(14) c@3) N(2) N(L) 101.21(15)
) c@) N(4) 115.85(17) N(2) c@) N(4) 115.18(16)
) c(d) N(31) 122.41(16) N(2) c@3) N(31) 122.77(16)
(4 c@) N(31) 121.71(18) N(4) c@) N(31) 122.02(17)
(5) N(4) c@3) 102.43(17) c() N(4') c@3) 102.95(16)
@) C(5) N(1) 110.46(18) N(4') C(5) N(L') 109.85(18)
(4 C(5) C(51) 126.52(18) N(4) C(5) C(51) 126.42(18)
1) C(5) C(51) 122.90(18) N(L) C(5) C(51) 123.64(19)
©) N(31) C(32) 114.43(15) c(3) N(31) C(32) 114.81(15)
) N(31) C(36) 115.18(15) c@3) N(31) C(36) 115.79(16)
(32) N(31) C(36) 111.55(15) C(32) N(31) C(36) 112.43(15)
(31) c(32) C(33) 109.65(16) N(31) C(32) C(33) 109.00(17)
(34) C(33) C(32) 111.67(17) 0(34) C(33) C(32) 111.80(17)
(35) 0(34) C(33) 109.71(16) C(35) o(34) C(33) 109.74(16)
(34) C(35) C(36) 111.87(16) 0(34) C(35) C(36) 111.40(16)
(31) C(36) C(35) 109.73(16) N(31) C(36) C(35) 109.19(16)
(52) C(51) c(5) 113.24(17) c(5) C(51) C(52) 113.42(18)

IHNMR: 3=1.24(t, 6H,J = 7.1Hz), 3.36 (q, 4H, J = 7.1Hz), 6.64
(br's, 1H), 7.45 (t, 1H, J = 7.5 Hz), 7.59 (t, 1H, J = 8.1 HZ), 7.72
o (br's, 1H), 8.11 (d, 1H, J = 8.3 Hz).

N/NHz
H N—N
8 ! »\
141 —_— o NH
THF
7

reflux

Scheme 3

conversion of 1, as monitored by TLC. The mixture was then con-
centrated in vacuo and dissolved in CH,CI, (20 mL). The organic
layer was washed twice with aqueous Na,CO4(10%), dried over
MgSO,, and the solvent removed under reduced pressure to afford
compounds 2a—d with analytical purity. The preparation and char-
acterization of compounds 2c,d were described previously in our
earlier work.10a

N,N-Diethyl-1H-benzotriazol e-1-carboximidamide (2a)
Yellow oil, yield 95%.

BC NMR: 5 = 12.9, 43.0, 110.8, 120.0, 124.7, 128.8, 132.0, 145.3,
150.7.

This compound was used as crude product without isolation and pu-
rification for further transformation. See compound 3a.

N,N-Didlyl-1H-benzotriazol e-1-carboximidamide (2b)
Colorless ail, yield 86%.

IH NMR: § = 3.95-3.93 (d, 4H, J = 5.9 Hz), 5.23-5.17 (m, 4H),
5.97-5.84 (m, 2H), 7.4 (t, 1H, J = 7.7 Hz), 7.58 (t, 1H, J = 7.2
Hz), 7.75 (d, 1H, J = 8.2 Hz), 8.10 (d, 1H, J = 8.1 Hz).

BCNMR: 3 =50.8, 111.3,118.3, 120.0, 124.7, 128.9, 132.1, 132.5,
145.4,151.2.

Anal. Cacd for Ci3HisNs: C, 64.71; H, 6.27; N, 29.02. Found: C,
64.33; H, 6.40; N, 29.22.

Preparation of Acyl Derivatives of 1H-Benzotriazol-1-
carboximidamides 3a—g; General Procedure

Compound 2 (1 equiv) was dissolved in chloroform and acyl chlo-
ride (1equiv) was added followed by addition of triethylamine
(1 equiv). The mixture was allowed to react for 2—4 h at ambient
temperature. The completion of the reaction was monitored by
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TLC. Then the chloroform solution was washed with water to re-
move triethylamine hydrochloride. The chloroform layer was sepa
rated, dried and concentrated under reduced pressure. The residue
was purified by column chromatography on silica gel with ethyl ac-
etate—hexanes (1:1) as eluent for compounds 3b,e or by recrystalli-
zation for compounds 3a.cd,g The preparation and
characterization of compound 3f was described previously in our
earlier work.1%2

N-[1H-Benzotriazol - 1-yl (diethylamino)methylidene] -2,2-dimeth-
ylpropanamide (3a)
White prisms, mp 106-108 °C, yield 62%.

IH NMR: & = 1.15 (s, 9H), 1.27 (t, 6H, J = 7.1 Hz), 3.49 (g, 4H,
J = 6.8 Hz), 7.38-7.44 (m, 1H), 7.54 (s, 2H), 8.08 (d, 1H, J = 8.3
Hz).

13C NMR: 8 = 13.1, 27.4, 41.2, 43.6, 110.2, 120.4, 124.6, 128.8,
133.3, 144.9, 145.2, 189.3.

Anal. Calcd for C;gH3NsO: C, 63.76; H, 7.69; N, 23.24. Found: C,
64.06; H, 8.07; N, 23.35.

N-[1H-Benzotriazol-1-yl (diallylamino)methylidene] benzamide
(3b)
White prisms, mp 87-88 °C, yield 74%.

IH NMR: & = 4.13 (d, 4H, J = 6.0 Hz), 5.31-5.26 (m, 4H), 6.06—
5.93 (m, 2H), 7.40-7.26 (m, 5H), 7.51~7.46 (m, 1H), 8.08-7.99 (m,
3H).

BBCNMR: § =51.5,110.4, 119.6, 120.4, 124.8, 128.0, 129.1, 129.5,
1315, 132.2, 132.6, 135.3, 145.1, 147.3, 174.5.

Anal. Calcd for C,H,gNsO: C, 69.55; H, 5.54; N, 20.28. Found: C,
69.56; H, 5.85; N, 20.25.

N-[1H-Benzotriazol-1-yl (morpholino)methylidene] - 1-naphth-
amide (3c)
White prisms, mp 153-154 °C, yield 94%.

IH NMR: § = 3.67-3.70 (m, 4H), 3.88-3.92 (M, 4H), 7.36-7.55 (m,
6H), 7.80 (dd, 1H, J = 7.6 Hz, J = 1.7 Hz), 7.93 (d, 1H, J = 8.2
Hz), 8.05-8.08 (m, 1H), 8.25 (dd, 1H, J = 7.3Hz, J = 1.3Hz), 8.47
(dd, 1H, J = 8.2 Hz, J = 1.3 H).

13C NMR: § = 47.9, 66.3, 110.8, 120.4, 124.3, 125.1, 125.9, 126.0,
127.3,128.2,129.5,130.4, 131.0, 132.4, 132.5, 132.8, 133.7, 145.4,
146.0, 177.0.

Anal. Calcd for C,,HgNsO,: C, 68.56; H, 4.97; N, 18.17. Found: C,
68.78; H, 5.00; N, 18.38.

N-[1H-Benzotriazol - 1-yl(morpholino)methylidene]benzamide (3d)
White prisms, mp 183-184 °C, yield 93%.

IH NMR: & = 3.65-3.68 (m, 4H), 3.89-3.92 (m, 4H), 7.37-7.53
(m, 6H), 8.01-8.10 (m, 3H).

13C NMR: § = 48.0, 66.3, 110.9, 120.5, 125.1, 128.1, 129.4, 129.6,
132.4,132.5, 135.2, 145.5, 147.0, 174.9.

Anal. Calcd for C;gH,;NsO,: C, 64.47; H, 5.11; N, 20.88. Found: C,
64.63; H, 5.51; N, 21.05.

N-[1H-Benzotriazol - 1-yl (morpholino)methylidene]-2-thio-
phenecarboxamide (3€)

White prisms, mp 148-150 °C, yield 64%.

IH NMR: 3 = 3.68-3.71 (m, 4H), 3.91-3.94 (m, 4H), 7.08 (t, 1H,
J = 43 Hz), 7.40-7.55 (m, 4H), 7.71 (d, 1H, J = 3.4 Hz), 8.11 (d,
1H,J = 8.1 Hz).

3C NMR: § = 48.2, 66.3, 111.0, 120.5, 125.2, 128.0, 129.6, 132.4,
1325, 141.2, 145.5, 147.4, 169.1.

Anal. Cdcd for CigH1sNsO,S: C, 56.29; H, 4.43; N, 20.51. Found:
C, 56.30; H, 4.39; N, 20.49.

N-[1H-Benzotriazol - 1-yl (morpholino)methylidene] propanamide
(39)

White prisms, mp 56-57 °C, yield 91%.

H NMR: & = 1.01 (t, 3H, J = 7.2 Hz), 2.44 (q, 2H, J = 7.2 H2),
3.46-3.51 (m, 4H), 3.82-3.85 (m, 4H), 7.42—7.48 (m, 1H), 7.60—
7.62 (m, 2H), 8.10 (d, 1H, J = 7.6 HZ).

13C NMR: & = 8.9, 32.6, 47.4, 66.1, 110.5, 120.6, 125.2, 129.5,
132.4,143.9, 145.4, 185.0

Anal. Calcd for C,H,;N5O,: C, 58.52; H, 5.96. Found: C, 58.37; H,
5.88.

Preparation of 3-(N,N-Dialkyl)amino-1,5-disubstituted
Triazoles5 and 6; General Procedure

Compound 3 (1 equiv) was dissolved in chloroform and hydrazine
4 (1 equiv) was added. The completion of the reaction was moni-
tored by TLC. The mixture was concentrated under reduced pres-
sure. Separation and purification of compounds 5 and 6 were
performed by column chromatography using a mixture of ethyl ac-
etate/hexanes (1:1) as eluent for compounds 5a—d,j,k and 6b,g;
CHCI-MeOH (19:1) for compounds 5e,i,g,h, 6h; CH,Cl—Et,O
(9:1) for compounds 5f, 6f.

5-(tert-Butyl)-N,N-diethyl-1-methyl-1H-1,2,4-triazol-3-amine (5a)
Colorless ail, yield 75%.
H NMR: & = 1.13 (t, 6H, J = 7.1 Hz), 1.39 (s, 9H), 3.39 (q, 4H,
J=7.0Hz), 3.78 (s, 3H).

BC NMR: § =12.8, 28.9, 32.2, 37.1, 41.7, 160.6, 162.7.

Anal. Caled for CyH,,N,: C, 62.82; H, 10.54; N, 26.64. Found: C,
62.75; H, 10.83; N, 26.89.

1-Benzyl-5-(tert-butyl)-N,N-diethyl-1H-1,2,4-triazol -3-amine (5b)
Colorless ail, yield 36%.

IH NMR: § = 115 (t, 6H, J = 7.1 Hz), 1.32 (s, 9H), 3.43 (q, 4H,
J=7.1Hz), 533 (s, 2H), 7.07 (d, 2H, J = 7.1 Hz), 7.22-7.29 (m,
3H).

13C NMR: § = 12.7, 29.5, 32.6, 41.8, 52.6, 126.1, 127.1, 128.4,
137.5, 161.4, 163.0.

Anal. Calcd for Cj;H,N,: N, 19.56. Found: N, 19.39.

N,N-Diallyl-N-(5-phenyl-1H-1,2,4-triazol-3-yl)amine (5¢)

White microcrystals, mp 116117 °C, yield 72%.

H NMR: & = 4.04 (d, 4H, J = 5.5 Hz), 5.16-5.25 (m, 4H), 5.78—
5.87 (m, 2H), 7.26-7.36 (m, 3H), 7.80 (br s, 1H), 7.94-7.98 (m,
2H).

3CNMR: 8 =51.1,117.7, 126.4, 128.5, 129.4, 129.8, 133.1, 158.2,
159.5.

Anal. Calcd for C,,H;gN,: C, 69.97; H, 6.71; N, 23.31. Found: C,
70.27; H, 7.00; N, 23.55.

N,N-Diallyl-N-(3-methyl-5-phenyl-1H-1,2,4-triazol-3-yl)amine
(5d)

Colorless ail, yield 84%.

H NMR: § = 3.78 (s, 3H), 4.06 (d, 4H, J = 5.8 Hz), 5.14-5.24 (m,
4H), 5.83-5.96 (m, 2H), 7.43-7.48 (m, 3H), 7.60-7.63 (m, 2H).

BC NMR: 5 = 36.2, 49.7, 116.6, 128.4, 128.5, 128.6, 129.6, 134.3,
153.8, 164.2.

Anal. Calcd for C;sH;gN,: C, 70.84; H, 7.13; N, 22.03. Found: C,
70.53; H, 7.17; N, 22.45.
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4-[1-Methyl-5-(1-naphthyl)-1H-1,2,4-triazol -3-ylmorpholine (5€)
White prisms, mp 115-117 °C, yield 90%.

IH NMR: § = 3.49-3.51 (m, 4H), 3.60 (s, 3H), 3.84-3.88 (M, 4H),
7.52-7.58 (m, 4H), 7.76-7.78 (m, 1H), 7.90-7.93 (m, 1H), 7.96—
8.00 (m, 1H).

13C NMR: § = 35.7, 46.9, 66.5, 124.9, 125.0, 125.6, 126.5, 127.3,
128.3, 128.4, 130.5, 131.5, 133.5, 153.2, 165.4.

Anal. Calcd for C;;H,gN,O: N, 19.03. Found: N, 19.04.

4-[1-Benzyl-5-(1-naphthyl)-1H-1,2,4-triazol-3-ylJmorpholine (5f)
Off-white microcrystals, mp 125-127 °C, yield 45%.

IH NMR: § = 3.50-3.53 (m, 4H), 3.83-3.86 (M, 4H), 5.02 (s, 2H),
7.00-7.03 (m, 2H), 7.19-7.24 (m, 3H), 7.44-7.55 (m, 4H), 7.75 (dd,
1H,J = 65Hz, J = 1.5Hz), 7.89 (dd, 1H, J = 5.3 Hz, J = 1.8 Hz),
7.96 (dd, 1H, J = 5.0 Hz, J = 2.2 Hz).

13C NMR: § = 46.9, 52.2, 66.5, 124.8, 125.1, 125.6, 126.5, 127.2,
127.3,127.7,128.2, 128.3, 128.4, 130.6, 131.6, 133.5, 135.9, 153.3,
165.5.

Anal. Calcd for Cz3H,,N,O: N, 15.12. Found: N, 14.92.

4-(5-Ethyl-1-methyl-1H-1,2,4-triazol -3-yl)morpholine (5g)
White prisms, mp 8789 °C, yield 82%.

IH NMR: 3 = 1.29 (t, 3H, J = 7.6 Hz), 2.66 (q, 2H, J = 7.5 H2),
3.34-3.37 (M, 4H), 3.67 (s, 3H), 3.78-3.81 (M, 4H).

BC NMR: § =11.9, 19.3, 34.4, 46.9, 66.4, 156.1, 164.6

Anal. Calcd for CgH,¢N,O: C, 55.08; H, 8.82; N, 28.55. Found: C,
55.24; H, 8.82; N, 28.27.

Crystal data for 5g: CgH,;sN,O, MW 196.26, monoclinic, P2,
a=68622) A, b=1520605 A, c=102454) A,
f=109.482(4)°, V =1007.7(6) A3 Z=4, T=-110°C,

p (MoKa) = 0.089 mm™, D yeq = 1.294 gem3, 20, 53° (SMART
CCD area detector), wR(F?) = 0.0903 (all 3839 data), R = 0.0375
(3193 datawith | > 201).

4-[1-Benzyl-5-(2-thienyl)-1H-1,2,4-triazol-3-ylJmorpholine (5h)
Greenish microcrystals, mp 114-116 °C, yield 42%.

H NMR: & = 3.45-3.48 (m, 4H), 3.80-3.83 (m, 4H), 5.40 (s, 2H),
7.04 (t, 1H, J = 3.8 Hz), 7.17-7.37 (m, 6H), 7.42 (d, 1H, J = 4.9
Hz).

13C NMR: & = 46.8, 52.4, 66.5, 126.4, 127.7, 127.8, 128.0, 128.4,
128.8, 129.1, 135.9, 148.6, 165.1.

Anal. Calcd for C;;H;gN,OS: C, 62.55; H, 5.56. Found: C, 62.48; H,
5.59.

N,N-Diisopropyl-1-methyl-5-phenyl-1H-1,2,4-triazol-3-amine (5i)
Off-white prisms, mp 4143 °C, yield 95%.
'HNMR: § =1.33(d, 12H, J = 6.7 Hz), 3.78 (s, 3H), 4.02-4.15 (m,
2H), 7.39-7.48 (m, 3H), 7.60-7.65 (m, 2H).

13C NMR: § = 20.7, 36.2, 46.3, 128.5, 128.6, 128.9, 129.3, 152.7,
162.9.

Ana. Cacd for C;sH,N,: C, 69.73; H, 8.58; N, 21.68. Found: C,
69.59; H, 8.67, N, 22.02.

N,N-Diisopropyl-1,5-diphenyl-1H-1,2,4-triazol-3-amine (5))
White prisms, mp 188-189 °C, yield 25%.

'H NMR: § = 1.37 (d, 12H, J = 6.8 Hz), 4.11-4.19 (m, 2H), 7.26—
7.33 (m, 8H), 7.44-7.48 (m, 2H).

1BC NMR: § = 20.7, 46.4, 124.9, 127.4, 128.3, 128.8, 128.9, 129.1,
129.2,138.7, 151.5, 163.3.

Anal. Cacd for C,yHuN,: C, 74.97; H, 7.55; N, 17.48. Found: C,
74.96; H, 7.97, N, 17.52.

4-(5-Phenyl-1H-1,2,4-triazol-3-yl)morpholine (5k)
White microcrystals, mp 128-129 °C, yield 84%.

IH NMR: § = 3.32-3.35 (m, 4H), 3.63-3.66 (m, 4H), 7.34-7.36
(m, 3H), 7.85-7.88 (m, 2H), 9.22 (br s, 1H).

13C NMR: & = 46.6, 66.0, 126.2, 128.7, 129.0, 129.8, 157.7, 162.4.

Anal. Calcd for C,,H,,N,O: C, 62.59; H, 6.13; N, 24.33. Found: C,
62.26; H, 6.49, N, 23.94.

1-[1-Benzyl-5-(tert-butyl)-1H-1,2 4-triazol-3-yl]-1H-benzotriazole
(6b)
White prisms, mp 134135 °C, yield 30%.

IH NMR: § = 1.51 (s, 9H), 5.63 (s, 2H), 7.22 (d, 2H, J = 6.6 Hz),
7.31-7.36 (m, 3H), 7.4 (t, 1H, J = 7.1 Hz), 7.59 (t, 1H, J = 7.1
Hz), 8.13 (d, 1H, J = 8.3 Hz), 8.28 (d, 1H, J = 8.3 Hz).

13C NMR: § = 29.4, 33.3, 54.1, 112.9, 119.9, 124.7, 126.5, 128.0,
128.7, 128.8, 131.6, 135.5, 145.9, 153.9, 163.8.

Anal. Calcd for CygH,oNg: C, 68.29; H, 6.06; N, 25.28. Found: C,
68.29; H, 6.46, N, 24.98.

1-[1-Benzyl-5-(1-naphthyl)-1H-1,2,4-triazol-3-yl]- 1H-benzo-
triazole (6f)
Yellow ail, yield 17%.

IH NMR: § = 5.31 (s, 2H), 7.10-7.13 (m, 2H), 7.24-7.26 (m, 3H),
7.47-7.64 (m, 6H), 7.77 (d, 1H, J = 7.6 Hz), 7.98 (d, 1H, J = 8.1
Hz), 8.05-8.10 (m, 1H), 8.17 (dtt, 1H, J = 8.3 Hz, J = 1.0Hz), 8.36
(dt, 1H, J = 8.3 Hz, J = 1.0 H).

13C NMR: § =534, 98.1, 113.0, 120.0, 124.3, 124.8, 124.9, 124.9,
126.8,127.7,127.8,128.4,128.6, 128.7, 128.8, 129.0, 131.4, 131.5,
131.7,133.5, 134.7, 146.0, 154.9.

Anal. HRMS (FAB) Calcd for CpeH;oNg (M + 1): 403.1671. Found:
403.1666.

1-[1-Benzyl-5-(2-thienyl)-1H-1,2 4-triazol-3-yl]-1H-benzotriazole
(6h)
Off-white solid, mp 148-150 °C, yield 29%.

IH NMR: 8 = 5.63 (s, 2H), 7.07 (t, 1H, J = 3.7 Hz), 7.22-7.58 (m,
9H), 8.08 (d, 1H, J = 8.4 Hz), 8.28 (d, 1H, J = 8.5 Hz).

BBCNMR: § =53.5,112.9,120.0, 124.9, 126.7,127.7,128.1, 128.4,
129.0, 129.1, 129.6, 129.8, 131.6, 134.7, 146.0, 150.4, 155.3.

Anal. Calcd for C;gH,4Ng: C, 63.67; H, 3.94. Found: C, 63.58; H,
4.19.

1-(1,5-Diphenyl-1H-1,2,4-triazol-3-yl)-1H-benzotriazol e (6])
White prisms, mp 170-180 °C, yield 13%.

IH NMR: § = 7.38-7.51 (m, 9H), 7.62-7.67 (m, 3H), 8.18 (dd, 1H,
J=0.8Hz J=7.6Hz),842(dd, 1H,J = 0.8 Hz, J = 7.6 H2).

1BC NMR: § = 1129, 120.1, 124.9, 125.6, 126.7, 128.7, 129.0,
129.1, 129.5, 129.6, 130.7, 131.6, 137.6, 146.0, 154.7, 156.0.

Anal. Cacd for C,0H4Ng: C, 70.99; H, 4.17; N, 24.84. Found: C,
70.98; H, 4.45, N, 24.78.

Preparation of 5-Phenyl-1,3,4-oxadiazol-2-ylamine 7

Compound 1 (0.5g, 1.9 mmol) and benzoic hydrazide (0.29 g,
1.9 mmol) were dissolved in THF (25 mL) and heated under reflux
for 3 h. Compound 7 precipitated after cooling of the reaction mix-
ture. The precipitate was filtered off and washed with cold THF to
give compound 7 as white needles 0.575 g (94%); mp 240-241 °C.

IH NMR: § = 7.30 (s, 2H), 7.53-7.58 (m, 3H), 7.81-7.84 (m, 2H).
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Synthesis of N,N-Disubstituted 3-Amino-1,2,4-triazoles 903

BC NMR: § =124.4, 125.0, 129.2, 130.4, 157.4, 163.9.

Anal. Calcd for CgH;N;O: C, 59.62; H, 4.38; N, 26.07. Found: C,
59.61, H, 4.26, N, 26.26.
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