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Transition metal-free steric controlled one - pot synthesis of highly substituted

N-amino 1, 2, 3-triazole derivatives via diazo transfer reaction from p-keto

esters
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An efficient, simple protocol for the one- pot synthesis of N-amino 1, 2, 3 —triazole from B-keto

esters has been described. This method involves diazo transfer reaction into in situ generated

hydrazones using imidazole sulfonyl azide as the nitrogen source. This protocol does not involve

any transition metal and can be regarded as general method for the synthesis of N-amino 1, 2, 3 —

triazole from hydrazones.
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1, 2, 3-triazoles and their derivatives have recently received a considerable interest in organic
synthesis and drug discovery.! They find applications in various fields such as optical
brighteners,” dyes,? ‘active pharmaceutical ingredients,* agrochemicals,® etc. Several 1, 2, 3-
triazole derivatives have been found to possess biological activities such as anti-HIV, anti-
microbial, -anti-allergic, anti-fungal, anti-convulsant, etc.® Recently, N-amino 1,2,3-triazole
derived ionic liquids had been studied for their use as high energy material.” After the discovery
of regio selective 1,3 dipolar cycloaddition (Huigen’s cycloaddition) of organic azide with
alkynes or their precursors in the presence of catalyst to get 1,2,3-triazole,® one of the most
studied click reactions, a large number of triazoles had been synthesized and screened for their
potential applications. In spite of this click reaction being considered as a versatile method to
obtain 1-alkyl or aryl 1, 2, 3-triazoles, this method cannot be employed to obtain N-amino 1, 2,

3-triazoles. And also, the reaction of azides with internal alkynes is less explored and results in



two regio isomers.” This poor regioselectivity limits the application of Huisgen’s reaction to
apply for the synthesis of 4, 5-disubstituted 1,2,3-triazoles.’

N-amino 1,2,3-triazoles, a relatively less explored class of triazoles mainly due to lack of
practical method to access them, may be of greater interest as the functionalization would be
easier and the extra N-H group would be expected to form hydrogen bonding with biological
systems. As far our knowledge, direct introduction of nitrogen atom to the 1-position of 1, 2, 3-
triazole (N-N bond formation) has not been reported till date. The most convenient method for
the synthesis of N-amino 1, 2, 3-triazole involves MnO, mediated oxidation of glyoxal derived
dihydrazones (Fig.1)."® However, this method is not convincing- for substituted triazole
derivatives as the product selectivity is poor in non-symmetrical 1,2-dicarbonyl compounds,
which limits the substrate scope of this method.** Another approach that involves spontaneous
1,5 electro cyclization of o-diazo hydrazones of a-diazo semicarbazones prepared via
condensation of diazo compounds with hydrazines or semicarbazides respectively have also been
reported.’>™ Hence, the search for a simple practical method to obtain 1, 2, 3-triazole with
nitrogen heteroatom at 1-position would be appreciated. In this communication we report the
synthesis of highly substituted N-amino 1, 2, 3-triazole derivatives via diazo transfer reaction to

B-keto ester derived hydrazones in one pot process.
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Fig. 1: Synthesis of N-amino 1, 2, 3- triazole

Recently, we found that diazo transfer reaction in oxime ethers results in N-alkoxy 1, 2, 3-
triazoles as the minor product and the corresponding diazo compound in major quantity.*® We
envisaged that introduction of a bulkier group on nitrogen atom of imine may control the product
selectivity and result in N-hetro atom substituted 1,2,3-triazole exclusively or as major product.
Accordingly, when the hydrazone 2 derived from ethyl acetoacetate (1) by reacting with
NH,;NH-Boc, was treated with imidazole sulfonyl azide in the presence of DBU in CH3;CN:

Toluene (1:1) gave the corresponding N-amino 1, 2, 3- triazole derivative 3 as the only product



in 72% vyield after column purification (Scheme 1). Unlike our earlier observation, o-diazo
hydrazone 4 was not observed.
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Scheme-1: Synthesis of N-amino 1,2,3-triazole
In order to optimize the reaction condition, we carried out the reaction with several sulfonyl
azides and bases in different solvent system and the results are tabulated (Table-1). Hydrazone
was prepared by reacting ethyl acetoacetate with NH,NHBoc in toluene and found to be unstable
and got converted back to p-keto ester when toluene was removed under rotary evaporator. To
overcome this problem, 4° molecular sieves was added and the reaction mixture was directly

taken to the next step without workup.

Among the sulfonyl azides, both 4-toluene sulfonyl azide and imidazole sulfonyl azide gave
comparable yields (Entryl and 5; Table-1). Yet, we prefered imidazole sulfonyl azide as diazo
transfer reagent since the by-product is water soluble. Equal volume of toluene and CH3CN was
found to be the best reaction medium. When toluene was employed as the only solvent the yield
was poor (Entry 8).-Removal of toluene under reduced pressure partially hydrolyzed the C=N
bond and resulted -in_considerable amount of ethyl 2-diazo acetoacetate upon diazo transfer
reaction (Entry 7; Table-1). Among the bases screened for the diazo transfer reaction, DBU was

found to give better yield than EtsN and N,N-diisopropylethylamine.

Table-1: Screening of sulfonyl azides, bases and solvent for diazo transfer reaction®

i) NHoNHBoc, Toluene,  EtO,C
4° MS, 60 °C for 3 h, N

M 25 °C for 21 h /NfN
OEt |
i) imid-SO,Ns, DBU, NHBoc
; CH4CN ,

-20°C-25°C,3h



Entry | Sulfonyl azide Base Solvent Yield(%)°
1 TsNs EtsN CH3CN: Toluene 63
2 MsN3 EtsN CHCIz: Toluene 42°
3 4-NO,PhSO;N3 EtsN CH3CN: Toluene 40
4 Imid-SO;2N3 EtsN CH3CN: Toluene 58
5 Imid-SO,N3 DBU CH3CN: Toluene 72
6 Imid-SO;,N3 DIPEA CH3CN: Toluene 32
7 Imid-SO,Ns3 DBU CH3sCN 25(21)"
8 Imid-SO2N3 DBU Toluene 19

®Reaction condition: i) NH,NHBoc (3 mmol), substrate (3 mmol), 4° MS (1 g), Toluene (10
ml), 60 °C for 3 h then 25 °C for 21 h. ii) sulfonyl azide (3.6 mmol), base (3.6 mmol), solvent
(20 ml). "Yield refers to isolated yield by column chromatography. °Freshly prepared from
MsCl was used. “Yield of the ethyl 2-diazo acetoacetate.

In order to study the substrate scope of this method, ** several B-keto esters were subjected to this
reaction and the results are given in table 2. From the table, we can find that B-keto esters gave
the desired product in good. yields irrespective of the ester groups (Entry a-c; table 2). It is
surprising to observe that conformationally locked cyclic B-keto lactones gave better yields
(Entry g-j; Table- 2) than non-cyclic B-keto esters. B-keto lactones were found to be stable under
the reaction condition and the ring opening was not observed. Not only B-keto esters, but also

cyclic 1, 3-diones (Entry e and f; Table-2) underwent this transformation in good yield.

However, non-cyclic 1, 3 dione such as acetyl acetone failed to give the desired product.

Table-2: Synthesis of N- amino 1, 2, 3-triazole via diazo transfer reaction®

Entry Substrate Product (3) Yield (%)°
a O O RO.C_ N R= Et; 68
b OR I,\;N R=Bn; 72
c NHBoc R=Me; 65
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# Reaction condition: i) B Keto ester (3 mmol), NH,NHBoc (3 mmol), Toluene (9 ml), 4°

MS, 60 °C, 3 h then rt for 21 h; ii) imidazole sulfonyl azide (3.3 mmol) Toluene:CH;CN
(1:1), DBU (3.3 mmol) 2 h; "isolated yield from column chromatography.

Cunha, A.C et.'® al have followed a different approach to synthesize N aryl-amino-1, 2, 3-
triazole derivatives 7 that involves hydrazone formation between aryl hydrazine and ethyl 2-

diazo acetoacetate (5) and its 1,5-electro cyclization (Route A, Scheme-2). However, in the case



of NH,NHBoc, contrary to many aryl hydrazines,™ this route did not lead to Boc protected N-
amino 1,2,3-triazole 7 even after reacting and diazo compound 5 in MeOH for 24 h. Moreover
the yield of triazoles 7 decreased when electron deficient aryl hydrazine' was employed and

completely failed to give triazole with 2, 4-dinitro phenyl hydrazine.

On the other hand, we were able to extend our present protocol for the synthesis of N-aryl
amino 1, 2, 3-triazole derivatives more conveniently with improved yields. Accordingly, the
hydrazone 6 was prepared from ethyl acetoacetate (1) and aryl hydrazine in quantitative yields
and subjected to diazo transfer reaction using imidazole sulfonyl azide and DBU in acetonitrile
to get 7 in excellent yields (Route B; Scheme-2). However, this route cannot be used with
phenyl hydrazine as the condensation with ethyl acetoacetate does lead to a subsequent
cyclization to give 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one:

O O

RSO,N; imine formation
———— OEt

base N NH,NHR

Route A 2 70%
O O R RHN
M NN
OEt L N
=~
1
3 CO,Et
HN\N o
Route B
m /”\)J\OEt diazo transfer 7
DBU, RSO,N;
6 95%
Yield (%) of 7

RNHNH; Route A Route B
(7a) R=Ph 70% - 16
(7 b) R =2,4-(NO),Ph  No reaction 90
(3a) R=Boc No reaction 68

Scheme-2: Synthetic approaches to N aryl-amino-1, 2, 3-triazole



Mechanistically, it is very clear that the diazo compound 6 formed in the reaction was unstable
and underwent spontaneous 1, 5-electro cyclization®’ triggered by the lone pair of electron on
imine nitrogen (Fig-2). Resonance effect of diazo group destroys the stereo chemistry of the
hydrozones and result in triazole as the only product.
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Fig 2: Plausible Mechanism

In conclusion we have developed a simple method for the synthesis of N-amino 1, 2, 3-
triazole derivatives via steric controlled diazo transfer reaction. These derivatives can readily be
functionalized and can be screened for their biological activities. This method is free from
transition metal and can be referred as general procedure for the synthesis of N-amino-1, 2, 3-

triazole from hydrazones.
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Highlights:

1) One pot synthesis of N-amino 1, 2, 3-triazole derivatives.
2) Transition metal free protocol.
3) It involves different approach from usual azide alkyne cyclization.



