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N-Substituted 1,2,3-triazoles have aroused considerable re-
search interests in recent years and have widespread applica-
tions in biological science [1-4], material chemistry [5-9] and
medicinal chemistry [10-13]. Nl-substituted 1,2,3-triazoles
could be prepared either by a thermo- or by metal-mediated
[14-17] (Cu(I)-catalyzed for 1,4-disubstituted [15,18-20] and
Ru(Il)-catalyzed for 1,5-disubstituted [21,22]) 1,3-dipolar cy-
cloaddition reaction, whereas the synthesis of N2-substituted
1,2,3-triazoles has been far less explored to date. Many recent
efforts have been made to prepare N2-aryl [23-25] and N2-allyl
[26-29] 1,2,3-triazoles with high N2-selectivity through a palla-
dium catalyzed coupling reaction by using suitable bulky
phosphine ligands [25,29]. However, N2-alkyl-1,2,3-triazoles
can only be obtained by the conversion of non-substituted

NH-triazoles with appropriate electrophiles through nucleo-
philic substitution [30-33].

Recently, some researchers reported the synthesis of
N2-alkyl 1,2,3-triazoles through the nucleophilic reaction of
alkyl halides with bulky C-4- and C-5-disubstituted
NH-1,2,3-triazoles [30-32], in which, the synthetic utilities
were therefore restricted by the substrate’s steric require-
ments (Scheme 1, Eq. (1)). A general, simple and scalable
method for the synthesis of the N2-alkyl 1,2,3-triazoles, espe-
cially for 4-monosubstituted or 4,5-unsubstituted 1,2,3-tria-
zoles is still not available. In the course of our research on tria-
zole chemistry [34,35], we were wondering if N2-substituted
triazoles could be synthesized from their N!-substituted iso-
mers with the incorporation of labile N-substitutents (Scheme
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Scheme 1. Nucleophilic reaction of the bulky NH-1,2,3-triazole or
N'-substituted 1,2,3-triazole to provide N2-substituted 1,2,3-triazole.

1, Eq. (2)). Because the preparation of N!-substituted 1,2,3-
triazoles has been well documented in previous research, we
envisioned that this new strategy would be flexible and im-
prove the ability to construct N2-susbstituted 1,2,3-triazoles.

Bronsted acid-mediated alkene addition is one of the basic
organic transformations in synthetic chemistry, and has been
widely utilized for the functionalization of olefins. However, the
addition of NH-1,2,3-triazole to olefins has been seldom ex-
plored before except an example of michael addition of
NH-1,2,3-triazole onto a,f-unsaturated ester to provide
N1-alkyl triazole products [36]. Herein, we report the synthesis
of Nz-alkyl 1,2,3-triazole with high N2-selectivity through acid
mediated addition of NH-1,2,3-triazole to olefins.

In a preliminary trial, Ni-substituted 1,2,3-triazole 1a with
different substitution patterns was chosen as the substrate for
our initial investigation. As shown in Table 1, the reaction of
1aH (R=H) with 4-tertbutyl styrene 2a in the presence of 1
equivalent of toluenesulfonic acid (TsOH) in CH2Cl> gave no
desired transformation at room temperature (Table 1, entry 1).
However, when the reaction temperature was increased to 65
°C in chloroform, the desired N2-substituted coupling adduct 3a

Table 1
Bronsted acid catalyzed N2-selective addition of NH-1,2,3-triazole 1a to
4-tertbutyl styrene 2a.

tBu
Ph
N=N ACId \(_
JNNR : 1 H R=H
al =]
Ph 1aM, R=Ms

N 1aT, R=Ts
1a 2a  1aB, R=1,1-dimethylbenzyl 3a

Entry R Acid (Equiv.) 1a/2a Yield® (%)
1a H TsOH(1) 1/2 0

2 H TsOH(1) 1/2 30
3 Ms TsOH(1) 1/2 24
4 Ts TsOH(1) 1/2 47
5 1,1-dimethyl benzyl ~ TsOH(1) 1/2 <5%
6 Ts TfOH(1) 1/2 Trace
7 Ts Con. HCI(1) 1/2 <5%
8 Ts HOAc (1) 1/2 ND
9 Ts TsOH(1) 1/4 54
10 Ts TsOH(1) 1/6 77
11 Ts TsOH(1) 1/8 74
12 Ts TsOH(2) 1/6 80
13 Ts BF3-Et20 1/6 ND
14 Ts AuCls 1/6 Trace

Fig. 1. ORTEP picture of compound 3a with the displacement ellipsoid
drawn at 30% probability.

was obtained in 30% yield with N2/N1 = 3/1. The structure of
3a was confirmed by X-ray chromatography, as shown in Fig. 1,
which shows that the triazole group connects with the alkyl
group at the N-2 nitrogen atom. In previously reported exam-
ples, including acetylation [37], Michael addition [38] and Sn2
substitution reaction for the conversion of unsubstituted
NH-triazoles [9], the N!-substituted triazoles were usually the
dominant products. Therefore, this result was very interesting.
Various R substituents were then evaluated (Table 1, entries
3-5), in which the toluenesulfonyl (Ts) group performed much
better than the other counterparts. The labile 1,1-dime-
thylbenzyl group gave only a trace amount of 3a. Other
Bronsted acid catalysts were also tested. It was found that
TsOH performed much better than CF3SOsH, concentrated HCI
and CH3COOH (Table 1, entries 6-8). Increasing the equivalents
of 2a and TsOH enhanced the yield of 3a (Table 1, entries
9-12). In the control experiments, the Lewis acid BF3-Et20 and
the metal catalyst AuCls gave no desired transformation (Table
1, entries 13 and 14).

With the optimized reaction conditions in hand (Table 1,
entry 12), we then examined the scope of this transformation
by synthesizing a variety of N2-alkyl 1,2,3- triazole derivatives.
As shown in Table 2, a series of 1,2,3-triazole substrates were

Table 2
TsOH mediated N2-selective addition of various NH-1,2,3-triazoles to

4-tertbutyl styrene 2a.
z =N,
Ly
TsOH pH N
CHCl3, 65 °C
tBu
3a

g o,

3f, R=F, 80% (N)N'=9/1)

)

tBu
3a, R =H, 85% (N?/N' = 18/1)
3b, R = Et, 85% (N?N'=7/1)
3¢, R = nBu, 67% (N?N" = 14/1)

3g, R =Cl, 84% (N?N' =10/1)
3d, R = OMe, 34% (N¥N' > 20/1)
3e, R=Br, 82% (N?N' = 10/1)

tBu tBu tBu
3i, 72% (N?/N" =34/1) 3], 62% (N?N" =10/1) 3k, 63% (N?N' = 4/1)

3h, 72% (N?/N" = 35/1)

Reactions conditions: 0.1 mmol scale, solvent CHCls 2 mL, 65 °C.
aRoom temperature, solvent CHzClz. *Isolated yield.

Reaction conditions: 0.1 mmol scale, CHClz 2 mL, 65 °C, 1/2a = 1:6,
TsOH 2 equiv.
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examined by using 4-tertbutyl styrene 2a as the coupling part-
ner. At first, several phenyl triazoles with different substitution
patterns were tested, in which substrates with electron-rich
substituents (Table 2, 3a-c) performed better than their elec-
tron-poor counterparts (Table 2, 3e-h). p-Methoxy phenyl
triazole 1d gave 3d in only 34% yield (Table 2, 3d). The reac-
tion of thiophenyl triazole 1i went smoothly, affording 3i in
moderate yields with a high N2-selectivity. Unsubstituted
NH-1,2,3-triazole 1j worked very well, providing 3j in moder-
ate yield with a good N2-selectivity. Notably, the benzotriazole
coupling adduct 3k was obtained with good N2-selectivity
(N2/Nt = 4/1). Compared with the low N2-selectivities obtained
in previous reports, this result significantly improves the po-
tential application of the acid mediated reaction [21,22]. Be-
cause of its instability, the N1-Ts alkyl substrates were not ex-
plored.

The TsOH mediated reaction of 1aT with a variety of olefins
was explored, wherein, aromatic olefins and diene substrates
worked very well. As shown in Table 3, N2-alkyl 1,2,3-triazoles
4b and 4c were obtained in good yields with high
N2-selectivities from the reactions of substituted styrene 2b
and 2c. In the reactions of the bulky 2-vinylnaphthalene and
2,4,6-trimethyl styrene, the substrate’s steric hindrance affect-
ed the yields of 4d and 4e (Table 3, 4d and 4e). Moreover, a
low N2/N1-selectivity was observed in the 4f (Table 3, 4f). This
might be because of the formation of a stabilized carbon cation
intermediate. Similarly, trisubstituted olefin 2g, which would
lead to a stabilized trisubstituted carbon cation intermediate,
gave 4g with a low N2-selectivity (N2/N! = 3.1/1). Cyclohexa-
diene was also tested, providing 4h in 88% yield with a N2/N! =
8/1. The reactions of the aliphatic olefins were unsuccessful,
owing to the poor regioselectivity of the olefins.

Next, we explored the TsOH mediated reactions of vinyl es-
ter 5. As shown in Table 4, a series of N2-substituted
1,2,3-triazole derivatives were obtained in moderate to good
yields. Notably, only N2-isomers were obtained in these reac-
tions. No obvious electronic effect or site preference was ob-
served, and the N2-substituted p-methoxy phenyl triazole 6d

Table 3
TsOH mediated N2-selective addition of NH-1,2,3-triazole 1aT to vari-
ous olefin 2.
N Rl TsOH R?
Ph‘&/r'\j.Ts + \—.,—RZ ~CHCl, 6550 L ) _(_

R', RZ = H, aryl, alkyl
or vinyl group

Lb £4~

o (N2 1=
4b, R=H, 77% (N°/IN" = 16/1) 4d, 30% (N2/N1>20/1)

4c, R =Me, 76% (N2N' = 11/1)
49, 60% (N?/N' = 3.1/1)

4f, 45% (N2/N' = 1. 5/1)

Reaction conditions: 0.1 mmol scale, CHCl32 mL, 65 °C, 1aT/2 = 1/6,
TsOH 2 equiv.

4

-

4e, 68% (N?/N' = 6/1)

/N\
J; 'N_Q
P N

4h, 88% (N?IN" = 8/1)

Table 4

TsOH mediated N2-selective addition of various NH-1,2,3-triazole 1 to
R 4{‘/:';1 . O_0 __TsOH _
\ N \(_/V’ CHCl, 65°C

vinyl ester 5.
1

L Qi*f

6b, R =Et, 70%
6¢c, R = nBu, 75%

N =N '\ o N
2 . o
F Y |
F S

6e, 86% 6f, 79% 6g, 80%

Reaction conditions: 0.1 mmol scale, CHCl32 mL, 65 °C, 1/5 = 1:6, TsOH
2 equiv.

6a, 90% 6d, 51%

Fig. 2. ORTEP picture of compound 6f with the displacement ellipsoid
drawn at 30% probability.

was obtained in a low yield. The structure of 6f was determined
by X-ray chromatography, as shown in Fig. 2.

As depicted in Eq. (2) in Scheme 1, the Ts protecting group
in the N1-Ts triazole substrates would act as the leaving group,
which should be trapped by the trace amount of water in CHCls.
To elucidate the detailed reaction mechanism, two equivalents
of ethanol were added in the reaction of 1a and 2a (Scheme 2,
Eq. (3)). It was found that the desired N2-coupling adduct 3a
was obtained in 65% yield, together with the formation of
CH3CH20Ts 7 in 62% yield. The reaction of TsOH with ethanol
was performed in CHCls at 65 °C as the control experiment
(Scheme 2, Eq. (4)), in which no p-toluenesulfonyl ester 7 was
detected.

A plausible mechanism was then proposed based on these
observations. As shown in Scheme 3, a carbon cation interme-
diate is generated from the styrene with the addition of a pro-
ton, which is then attacked by the internal nitrogen of the N1-Ts
triazole substrate to give the desired N2-alkyl 1,2,3-triazole
product. At the same time, the leaving Ts group is trapped by

1aT +2a+ EtOH —2SQUV-TSOH + CHsCH,0Ts  (3)
s CHCl3, 65 " CHCly, 65°C
(1:6:2) 7,62%
tBu
3a, 65% (N?/N'=18/1)
CHCI
TsOH + EtOH 5—0(3:> No reaction (4)

(1:1)
Scheme 2. Trapping the leaving Ts group with ethanol.
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Scheme 3. A plausible mechanism for the acid-mediated substitution
reaction of N!-Ts triazole with olefins.

the trace amount of water in CHCls to give TsOH as the side
product. The low reactivity of 1-(p-methoxyphenyl) triazole
can be rationalized by the instability of its Ts protection group
under the reaction conditions (3d in Table 2, 6d in Table 4).
The low N2/N1 selectivities of 4f and 4g can be explained by the
reversible elimination of these N2-alkyl triazole products, ow-
ing to the improved stability of the corresponding carbon cati-
on intermediates.

In summary, a new efficient method was developed to syn-
thesize N2-alkyl 1,2,3-triazole products through the TsOH cata-
lyzed addition of N!-Ts substituted 1,2,3-triazoles to olefins.
Monosubstituted and unsubstituted triazole substrates and
various olefins, including vinyl esters, worked very well in this
reaction. Considering the easy availability of N!-substituted
1,2,3-triazoles using the previously reported methods, the re-
action reported in this paper provides a simple method to con-
struct various types of N2-substituted triazoles.
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