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Abstract A facile route for the synthesis of a diverse range of N-acyl-
benzotriazole derivatives from the corresponding carboxylic acids has
been established through a carbonyl activation pathway. In this meth-
od, trichloroacetonitrile is performed as an effective reagent for an easy
access of N-acylbenzotriazoles which was simply proceeded through the
activation of carboxylic acids via in situ imidate formation in anhydrous
1,2-dichloroethane followed by addition of 1H-benzotriazole at 80 °C
for 3–4 h. Easy handling, one-pot, and metal-free conditions demon-
strate the notable merits of the devised protocol.

Keywords N-acylbenzotriazole, benzotriazole, coupling reaction, imi-
date, trichloroacetonitrile

The benzotriazole methodology successfully offers a
versatile synthetic protocol in organic synthesis for the rap-
id construction of a diverse range of molecular architec-
tures having robust applications in chemistry, biology, and
material science.1,2 The notable advantages, such as the
nontoxic, inexpensive, and high stability nature of ben-
zotriazole make it a useful synthetic auxiliary. Toward this
end, numerous benzotriazole-based reagents, ligands, and
intermediates have received attention in several organic
transformations, mainly because of their special chemical
behavior during the course of reaction.3–5 Various reports
have been documented for the synthesis of esters and am-
ides,6 thioesters,7 acyl azides,8 peptides,9 diketones,10 -ke-
tonitriles,11 sulfones,12 oxazolines, and thiazolines,13 using
N-acylbenzotriazoles through N-, O-, S-, and C-acylations
under ambient conditions.14 Furthermore, benzotriazole

ring cleavage (BtRC) methodology enables the synthesis of
N-phenylamides,15 benzoxazoles,16 and benzothiazoles,17

significantly by utilizing the respective N-acylbenzotri-
azoles. In addition, carbamates, ureas, and thiocarbamates
have been successfully prepared through Curtius rearrange-
ment in good-to-excellent yields.18 Therefore, development
of novel and common routes for an easy access of N-acyl-
benzotriazoles is a highly promising area.

The formation of N-acylbenzotriazoles involves the key
transformation of carboxylic acids in organic synthesis.
Therefore, efforts have been devoted to develop robust pro-
tocols for easy access to N-acylbenzotriazoles (Scheme 1).
The approaches are commonly characterized by two arche-
typal pathways. The first involves carbonyl activation
(where BtH is added to activated carboxylate), which main-
ly comprises activators such as I2/PPh3, NBS/PPh3, or
TCT/PPh3;19–22 EDC or DCC23 along with tosyl chloride24 and
BtH with or without base. Alternatively, activation of ben-
zotriazole involves a carboxylic acid being added to the ac-
tivated BtH. Surprisingly, very few reports are available for
the BtH activation process. For example, 1-(methane sulfo-
nyl)benzotriazole has been shown to be electrophilic
enough to react with carboxylic acids in the presence of
Et3N,25a and the reaction of thionyl chloride with BtH (3–4
equiv.) accomplished the acylation of benzotriazole.25b In-
vestigations of suitable reagents that proceed through BtH
activation has received less attention because of the side
products generated from the loss of the leaving group are
reactive towards sensitive functionalities. Moreover, the
carbonyl activation pathway has been explored, mainly be-
cause this process avoids the use of strong acids and bases
which makes the transformation more convenient and
practical. We have recently reported a new approach using
2,2′-dipyridyl disulfide/PPh3

26 and further extended this
with the aid of TCICA/PPh3

27 for easy access to diverse N-ac-
ylbenzotriazoles from the corresponding acids through a
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carbonyl activation pathway in high-to-excellent yields. In
the context of carbonyl activation, a report is well docu-
mented for the conversion of carboxylic acids into respec-
tive amides (via acid chloride formation) using the combi-
nation of the activators trichloroacetonitrile (TCA) and
PPh3.

28 However, the disclosed protocol was limited to the
synthesis of benzamides, rather than acylation of benzotri-
azole.28

Scheme 1  Established tactics for synthesis of N-acylbenzotriazoles 
from the corresponding carboxylic acids.

Functionalization of various groups via imidate forma-
tion is well known, and they are the important class of in-
termediates to introduce different groups,29 as well as act-
ing as a directing group.30 Different imidate-based com-
plexes of gold31 and palladium32 are also known for use in
catalysis. Among which, trichloroacetimidates are known to
be powerful leaving groups in glycoscience33–36 and have
been extensively explored as glycosyl donors in glycosyla-
tion reactions with various acceptors in the presence of a
suitable promoter.37 Numerous reports have demonstrated
the formation of O/N-glycosides with glycosyl trichloroace-
timidates that do not require the addition of a promoter.38

Thus, in continuation of our previous studies into N-ac-
ylbenzotriazole synthesis, we have continued investigating
the activation of carboxylic acids via trichloroacetimidates
and have established that these act as effective reagents for
easy access to N-acylbenzotriazoles, the results of which we
wish to report herein.

Our investigation commenced with a model reaction of
1-naphthoic acid (1.0 equiv.) with trichloroacetonitrile
(CCl3CN, 1.0 equiv.) and 4-dimethylaminopyridine (DMAP,
0.5 equiv.) in dichloromethane (DCM) at 60 °C for 2.0 h to
afford (1H-benzo[d][1,2,3]triazol-1-yl)(napthalen-1-yl)-
methanone (2q) in moderate yield (Table 1, entry 1). After
establishing CCl3CN as suitable reagent, we proceeded to
improve the reaction yield. The types of base and CCl3CN in
various ratios and solvents were investigated at different
temperatures and for the different time intervals. The yield
was seen to be enhanced when 1.0 equivalent of base is
used at 80 °C for 3 h under the established reaction condi-
tions (Table 1, entry 2). In continuation, the conversion was
improved when the molar ratio of CCl3CN was doubled at
80 °C for 3 h in DCE, resulting in 80% yield of compound 2q
(Table 1, entry 4). Increasing the amount of CCl3CN up to

4.0 equivalents did not result in a better outcome in terms
of reaction yield (Table 1 entry 5). However, no product was
detected when the reaction was carried without CCl3CN
(Table 1, entry 6), confirming that CCl3CN is essential. To-
wards optimization, we examined the reaction by varying
the solvents such as toluene, CHCl3, and DMF (Table 1, en-
tries 7–9), although these were found to be less efficient
than DCE. Water was also taken examined, but no conver-
sion was observed (Table 1, entry 10). Different bases such
as Et3N, DBU, and K2CO3 were considered, but no reasonable
improvement in the yield was detected. Among these only
DBU was found to be efficient, which showed approximate-
ly the same result as DMAP (Table 1, entry 12). The reaction
was also carried out without base (Table 1, entry 14), but
only traces of product were detected, which confirms that
base is necessary. At room temperature, low conversion was
observed (Table 1, entry 15), but conversion increases with
increasing temperature up to 80 °C (Table 1, entry 4) and a
notable reduction in yield was observed when the reaction
was carried out at higher temperature (Table 1, entries 16
and 17). From the above investigations we concluded that
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(a) PySSPy, PPh3, BtH, DCM
(b) TCICA, PPh3, BtH, DCM,
(c) NBS, PPh3, BtH, DCM 
(d) I2, PPh3, BtH,  Et3N, DCM
(e) EDC or DCC, BtH, DCM

Previous Methods

CCl3CN, BtH, DCE, 80 °C

Method 2
(c) BtH/SOCl2 (4:1), DCM
(d) BtSO2R, Et3N,THF, refluxThis Work aryl, alkyl

Table 1  Reaction Optimization Study for N-Acylbenzotriazole Synthe-
sis via Trichloroacetimidate Intermediates

Entrya CCl3CN 
(equiv.)

Temp 
(°C)

Base (equiv.) Solventb Time 
(h)

Yield 
(%)c

1 1.0 60 DMAP (0.5) DCM 2 45

2 1.0 80 DMAP (1.0) DCM 3 50

3 1.0 80 DMAP (1.0) DCE 3 58

4 2.0 80 DMAP (1.0) DCE 3 80

5 4.0 80 DMAP (1.0) DCE 3 78

6 – 80 DMAP (1.0) DCE 3 NIL

7 2.0 80 DMAP (1.0) toluene 3 70

8 2.0 80 DMAP (1.0) DMF 3 45

9 2.0 80 DMAP (1.0) CHCl3 3 52

10 2.0 80 DMAP (1.0) H2O 8 NIL

11 2.0 80 Et3N (1.0) DCE 3 42

12 2.0 80 DBU (1.0) DCE 3 70

13 2.0 80 K2CO3 (1.0) DCE 3 48

14 2.0 80 – DCE 3 40

15 2.0 r.t DMAP (1.0) DCE 3 trace

16 2.0 120 DMAP (1.0) DCE 3 78

17 2.0 150 DMAP (1.0) DCE 3 72
a Reactions carried out at reflux under argon atmosphere.
b Dry solvents were used.
c Yields reported after column chromatography (SiO2).
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optimal conditions involved CCl3CN (2.0 equiv.) and DMAP
(1.0 equiv.) in DCE, followed by the addition of 1H-benzotri-
azole at 80 °C for 3 h. Under these conditions, compound 2q
was isolated in 80% yield after column chromatography (Ta-
ble 1, entry 4).

Subsequently the optimized protocol was applied to
construct a library of diverse N-acylbenzotriazole deriva-
tives 2a–t by incorporation of various substituents on the
benzene ring of the carboxylic acids (Scheme 2). Further-
more, we investigated the effect of substituents on the ben-

zene ring of the carboxylic acids and found that the rings
substituted with electron-withdrawing groups afforded the
compounds 2i,j,k,s in slightly lower yield compared to sub-
strates having electron-donating groups 2m,n,p.

The reaction also proceeded well with polynuclear aro-
matic precursors. For example, the reaction of -naphthoic
acid under the optimized conditions furnished a good yield
of the respective 1H-benzo[d][1,2,3]triazol-1-yl)(naptha-
len-1-yl)methanone (2q). The ,-unsaturated acid, cin-
namic acid, also reacted well to afford (E)-1-{1H-ben-
zo[d][1,2,3]triazol-1-yl}-3-phenylprop-2-en-1-one (2t) af-
ter column chromatography.

To explore the scope of the protocol, we considered the
reaction with different aliphatic carboxylic acid derivatives
under optimized conditions, where the respective N-acyl-
benzotriazoles 3a–d were isolated after column chromatog-
raphy in moderate to good yields (Scheme 3). The reaction
was also carried out with short-chain aliphatic carboxylic
acids such as acetic acid under optimized reaction protocol;
unfortunately, no reaction was observed.

Scheme 3  Molar ratios: N-acylbenzotriazoles (1, 1.0 equiv.), CCl3CN 
(2.0 equiv.), DMAP (1.0 equiv.), BtH (1.0 equiv.). Yields reported after 
column chromatography (SiO2).

Trichloroacetimidate as an electrophile has been uti-
lized for esterification reactions under mild reaction condi-
tions.39 This method involves activation of the alcohol,39

rather than activation of the carboxylic acid via trichloro-
acetimidate as described herein.

A possible mechanism for the preparation of 2 is pro-
posed in Scheme 4 for which carboxylic acid 1 initially re-
acts with trichloroacetonitrile to give the corresponding tri-
chloroacetimidic anhydride intermediate I. Subsequent, ad-
dition of benzotriazole to the intermediate II results in
formation of final product 2 with the loss of trichloroacet-
amide III.

Scheme 2  Molar ratios: substituted benzoic acids 1 (1.0 equiv.), 
CCl3CN (2.0 equiv.), DMAP (1.0 equiv.), BtH (1.0 equiv.). Yields reported 
after column chromatography (SiO2).
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Scheme 4  Proposed mechanism for the synthesis of N-acylbenzotri-
azole 2 via an intermediate imidate.

In conclusion, we report a facile route for the synthesis
of N-acylbenzotriazole derivatives by activation of different
aromatic and aliphatic carboxylic acid derivatives with tri-
chloroacetonitrile (CCl3CN). The reaction is proposed to
proceed through the formation of the corresponding imi-
date intermediates leading to the formation of respective
N-acylbenzotriazole derivatives. The methodology is a one-
pot protocol with broad substrate scope.

All chemicals and solvents were of analytical grade. Thin-layer chro-
matography (TLC) was performed on 60 F254 silica gel, pre-coated on
aluminium plates, and seen under a UV lamp (max = 254 nm). Sol-
vents were condensed under low pressure at temperature < 55°C. Col-
umn chromatography was subjected to silica gel (100–200 mesh,
230–400 mesh, Merck). Ethyl acetate and n-hexane were distilled be-
fore column chromatography. 1H, 13C, and 19F NMR spectra were re-
corded at 500, 125, and 470 MHz, respectively. Chemical shifts were
recorded in ppm downfield from internal TMS, J values in Hz. Mass
spectra were recorded using SCIEX X500r Q-TOF, ahigh-resolution
mass spectrometer (HRMS).

Typical Experimental Procedure for the Synthesis of N-Acylben-
zotriazoles 2
To a solution of carboxylic acid (1.0 equiv.) 1,2 dichloroethane, tri-
chloroacetonitrile (2.0 equiv.), and DMAP (1.0 equiv.) were added.
Then, the reaction mixture was shaken for 10 min at room tempera-
ture, followed by addition of 1H-benzotriazole. The reaction was left
at 80 °C for 3–4 h. After the completion of reaction (monitored by
TLC), the resulting reaction mixture was evaporated under reduced
pressure. The residue was subjected to column chromatography (2–
10% ethyl acetate/n-hexane) to afford the desired N-acylbenzotri-
azoles.

Physical Data for Aromatic and Aliphatic N-Acylbenzotriazoles 
2a–t and 3a–d

(1H-Benzo[d][1,2,3]triazol-1-yl)(4-chlorophenyl)methanone 
(2a)27,40

White solid, yield 0.230 g (70%); mp 134–137 °C; Rf = 0.5 (10% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.38 (d, J = 9.0 Hz, 1 H), 8.22–8.17 (m, 3
H), 7.73–7.70 (m, 1 H), 7.57–7.55 (m, 3 H) ppm.

13C NMR (125 MHz, CDCl3):  = 165.5, 145.7, 140.4, 133.1, 132.2,
130.5, 129.7, 128.8, 126.4, 120.2, 114.7 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2-chlorophenyl)methanone 
(2b)27

White solid, yield 0.223 g (68%); mp 80–84 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.39 (d, J = 8.0 Hz, 1 H), 8.13 (d, J = 9.5
Hz, 1 H), 7.71 (t, J = 8.0 Hz, 1 H), 7.65 (d, J = 7.0 Hz, 1 H), 7.56–7.52 (m,
3 H), 7.45–7.42 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.7, 146.1, 132.7, 132.4, 132.2,
131.1, 130.5, 130.05, 130.02, 126.6, 126.5, 120.2, 114.3 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(3-chlorophenyl)methanone 
(2c)27,40

White solid, yield 0.230 g (70%); mp 122–123 °C. Rf = 0.5 (5% ethyl ac-
etate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.40 (d, J = 8.5 Hz, 1 H), 8.20 (t, J = 8.5
Hz, 2 H), 8.13 (d, J = 7.5 Hz, 1 H), 7.75–7.72 (m, 1 H), 7.67 (d, J = 7.5 Hz,
1 H), 7.59–7.51 (m, 2 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.4, 145.8, 134.6, 133.6, 133.1,
132.2, 131.5, 130.6, 129.8, 129.7, 126.5, 120.3, 114.7 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2,3-dichlorophenyl)methanone 
(2d)27

White solid, yield 0.173 g (57%); mp 135–136 °C; Rf = 0.55 (15% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.41 (d, J = 8.0 Hz, 1 H), 8.17 (d, J = 9.0
Hz, 1 H), 7.77–7.70 (m, 2 H), 7.60–7.58 (m, 1 H), 7.53 (d, J = 6.5 Hz, 1
H), 7.41 (t, J = 8.0 Hz, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.0, 146.2, 135.0, 134.1, 133.0,
131.1, 130.8, 130.6, 127.7, 127.5, 126.8, 120.5, 114.4 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(4-bromophenyl)methanone 
(2e)27

Off-white solid, yield 0.204 g (68%); mp 130–135 °C; Rf = 0.5 (5% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.38 (d, J = 8.0 Hz, 1 H), 8.17–8.10 (m, 3
H), 7.73–7.69 (m, 3 H), 7.56 (t, J = 8.0 Hz, 1 H), 7.53 (d, J = 6.5 Hz, 1 H),
7.41 (t, J = 8.0 Hz, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 166.0, 145.7, 133.4, 132.5, 132.1,
130.8, 130.4, 129.4, 126.7, 120.5, 115.0 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(3-bromophenyl)methanone 
(2f)27

White solid, yield 0.195 g (65%); mp 160–161 °C; Rf = 0.6 (5% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.38–8.35 (m, 2 H), 8.18–8.16 (m, 2 H),
7.81 (d, J = 8.5 Hz, 1 H), 7.73–7.70 (m, 1 H), 7.56 (t, J = 7.5 Hz, 1 H),
7.47–7.44 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.3, 145.8, 136.6, 134.4, 133.3,
132.2, 130.7, 130.3, 130.0, 126.6, 122.5, 120.3, 114.8 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2-bromophenyl)methanone 
(2g)16

White solid, yield 0.201 g (67%); Rf = 0.7 (5% ethyl acetate/n-hexane).
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1H NMR (500 MHz, CDCl3):  = 8.41 (d, J = 8.5 Hz, 1 H), 8.16 (d, J = 8.0
Hz, 1 H), 7.75–7.71 (m, 2 H), 7.62–7.55 (m, 2 H), 7.51–7.45 (m, 2 H)
ppm.
13C NMR (125 MHz, CDCl3):  = 166.4, 146.2, 135.0, 133.2, 132.5,
131.2, 130.6, 130.0, 127.2, 126.6, 120.5, 120.3, 114.4 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2,5-dibromophenyl)methanone 
(2h)18

White solid, yield 0.163 g (60%); mp 163–165 °C; Rf = 0.5 (10% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.39 (d, J = 8.5 Hz, 1 H), 8.17 (d, J = 8.5
Hz, 1 H), 7.76–7.72 (m, 2 H), 7.60–7.57 (m, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 164.9, 146.3, 136.7, 135.4, 134.6,
132.6, 131.1, 130.8, 126.8, 121.2, 120.5, 119.1, 114.3 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(3-fluorophenyl)methanone 
(2i)16,40

White solid, yield 0.196 g (57%); mp 100–103 °C; Rf = 0.5 (5% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.39 (d, J = 7.5 Hz, 1 H), 8.18 (d, J = 8.5
Hz, 1 H), 8.05 (d, J = 8.5 Hz, 1 H), 7.95 (d, J = 9.5 Hz, 1 H), 7.74–7.71 (m,
1 H), 7.59–7.54 (m, 2 H), 7.42–7.39 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.4, 163.3, 161.3, 145.8, 133.4 (d,
JC–F = 31.9 Hz), 132.3, 130.7, 130.2 (d, JC–F = 26.8 Hz), 127.6 (d, JC–F =
10.8 Hz), 126.6, 120.8 (d, JC–F = 81.3 Hz), 120.4, 118.8, 118.6, 114.8
ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2-fluorophenyl)methanone (2j)18

White solid, yield 0.179 g (52%); mp 96–98 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.38 (d, J = 7.5 Hz, 1 H), 8.15 (d, J = 8.5
Hz, 1 H), 7.78 (t, J = 6.5 Hz, 1 H), 7.73–7.70 (m, 1 H), 7.65–7.61 (dd, J =
6.5, 7.0 Hz, 1 H), 7.55 (t, J = 7.5 Hz 1 H), 7.35–7.32 (m, 1 H), 7.26–7.23
(m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 164.2, 161.4, 159.3, 146.1, 134.5 (d,
JC–F = 31.9 Hz), 131.3 (d, JC–F = 94.5 Hz), 130.5, 126.5, 124.2 (d, JC–F = 8.9
Hz), 121.4 (d, JC–F = 49.3 Hz), 120.3, 116.6, 116.4, 114.4 ppm.

3-(1H-Benzo[d][1,2,3]triazol-1-carbonyl)benzonitrile (2k)
White solid, yield 0.209 g (62%); mp ≥180 °C; Rf = 0.3 (10% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.55 (s, 1 H), 8.48 (d, J = 8.0 Hz 1 H),
8.41 (d, J = 9.5 Hz,1 H), 8.20 (d, J = 8.0 Hz 1 H), 7.97 (d, J = 8.0 Hz, 1 H),
7.77–7.72 (m, 2 H), 7.62–7.58(m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 164.6, 145.8, 136.4, 135.9, 132.7,
132.0, 130.9, 129.4, 126.8, 120.4, 117.6, 114.7, 113.1 ppm.
HRMS (ESI+): m/z [M + NH4

+] calcd for C14H12N5O+: 266.1036; found:
266.9487.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2-iodophenyl)methanone (2l)26,27

White solid, yield 0.199 g (71%); mp 80–83 °C; Rf = 0.6 (10% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.40 (d, J = 7.5 Hz, 1 H), 8.16 (d, J = 8.0
Hz, 1 H), 7.97 (d, J = 8.0 Hz, 1 H), 7.75–7.72 (m, 1 H), 7.58–7.51 (m, 3
H), 7.30–7.26 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 167.5, 146.2, 139.6, 138.8, 132.3,
131.3, 130.6, 129.8, 127.7, 126.6, 120.3, 114.4, 93.3 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(m-tolyl)methanone (2m)16,40

White solid, yield 0.243 g (70%); mp 65–66 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.38 (d, J = 8.0 Hz, 1 H), 8.17 (d, J = 8.5
Hz, 1 H), 8.01 (d, J = 6.5 Hz, 2 H), 7.72–7.69 (m, 1 H), 7.56–7.53 (m, 1
H), 7.51–7.44 (m, 2 H), 2.48 (s, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 166.9, 145.7, 138.3, 134.4, 132.3,
132.0, 131.4, 130.3, 128.9, 128.2, 126.2, 120.1, 114.7, 21.3 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(3,5-dimethylphenyl)methanone 
(2n)18

White solid, yield 0.230 g (69%); mp 68–70 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.37 (d, J = 8.0 Hz, 1 H), 8.16 (d, J = 8.0
Hz, 1 H), 7.78 (s, 2 H), 7.72–7.67 (m, 1 H), 7.55–7.52 (m, 1 H), 7.31 (s, 1
H) ppm.
13C NMR (125 MHz, CDCl3):  = 167.1, 145.6, 138.1, 135.4, 132.3,
131.3, 130.2, 129.2, 127.8, 126.2, 125.9, 120.0, 114.7, 21.2 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(2-methoxyphenyl)methanone 
(2o)27

White solid, yield 0.236 g (71%); mp 92–94 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.39 (d, J = 8.5 Hz, 1 H), 8.13 (d, J = 7.5
Hz, 1 H), 7.71–7.68 (m, 1 H), 7.62–7.51 (m, 3 H), 7.13–7.06 (m, 2 H),
3.77 (s, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 166.9, 157.8, 146.0, 133.5, 131.4,
130.2, 130.1, 126.1, 122.7, 120.4, 120.0, 114.4, 111.4, 55.7 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(phenyl)methanone (2p)26

White solid, yield 0.274 g (75%); mp 110–112 °C; Rf = 0.6 (5% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.40 (d, J = 8.0 Hz, 1 H), 8.23–8.17 (m, 3
H), 7.73–7.68 (dd, J = 15.5, 8.0 Hz, 2 H), 7.60–7.54 (m, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 166.7, 145.7, 133.6, 132.3, 131.7,
131.4, 130.4, 128.4, 126.3, 120.1, 114.7 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(napthalen-1-yl)methanone (2q)27

White solid, yield 0.253 g (80%); mp 137–140 °C; Rf = 0.7 (5% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.50 (d, J = 8.0 Hz, 1 H), 8.19–8.12 (m, 3
H), 7.98–7.94 (m, 2 H), 7.81–7.75 (m, 1 H), 7.63–7.57 (m, 4 H) ppm.
13C NMR (125 MHz, CDCl3):  = 167.6, 146.1, 133.5, 132.9, 132.0,
131.0, 130.4, 130.1, 129.3, 128.7, 127.9, 126.7, 126.4, 124.7, 124.2,
120.3, 114.7 ppm.

(1H-Benzo[d][1,2,3]triazol-1-yl)(furan-2-yl)methanone (2r)26

White solid, yield 0.239 g (63%); mp 168–170 °C; Rf = 0.8 (10% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.41 (d, J = 8.5 Hz, 1 H), 8.17–8.14 (m, 2
H), 7.87–7.85 (m, 1 H), 7.70–7.67 (m, 1 H), 7.55–7.52 (m, 1 H), 6.73–
6.72 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 155.1, 149.0, 145.6, 144.7, 132.2,
130.6, 126.4, 124.8, 120.3, 114.8, 113.0 ppm.
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(1H-Benzo[d][1,2,3]triazol-1-yl)(trifluoromethyl)phenyl)metha-
none (2s)19,27

White solid, yield 0.150 g (49%); mp 55–58 °C; Rf = 0.7 (10% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.49 (s, 1 H), 8.44 (d, J = 7.5 Hz, 1 H),
8.38 (d, J = 9.0 Hz, 1 H), 8.17 (d, J = 8.5 Hz, 1 H), 7.95 (d, J = 7.5 Hz, 1 H),
7.74–7.71 (m, 2 H), 7.58–7.55 (m, 1 H) ppm.
13C NMR (125 MHz, CDCl3):  = 165.3, 145.7, 134.8, 132.1 (d, JC–F = 87.4
Hz), 131.1 (d, JC–F = 119.0 Hz), 130.7, 130.04 (d, JC–F = 12.7 Hz), 129.0,
128.5 (d, JC–F = 12.2 Hz), 126.6, 124.5, 120.3, 114.7 ppm.

(E)-1-(1H-Benzo[d][1,2,3]triazol-1-yl)-3-phenylprop-2-en-1-one 
(2t)41

White solid, yield 0.198 g (59%); mp 150–151 °C; Rf = 0.5 (50% ethyl
acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.43 (d, J = 8.0 Hz, 1 H), 8.16–8.15 (m, 3
H), 7.77–7.75 (m, 2 H), 7.69 (t, J = 8.0 Hz, 1 H), 7.55–7.52 (m, 1 H),
7.48–7.47 (m, 3 H) ppm,
13C NMR (125 MHz, CDCl3):  = 163.9, 148.7, 146.3, 134.1, 131.4,
130.3, 129.1, 129.0, 126.2, 120.1, 116.0, 114.8 ppm.

1-(1H-Benzo[d][1,2,3]triazol-1-yl)heptan-1-one (3a)42

Light yellow semisolid, yield 0.241 g (68%); Rf = 0.5 (5% ethyl ace-
tate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.28 (d, J = 8.0 Hz, 1 H), 8.10 (d, J = 8.0
Hz, 1 H), 7.63 (t, J = 8.0 Hz, 1 H), 7.50–7.47 (m, 1 H), 3.42–3.39 (m, 2
H), 1.92–1.86 (m, 2 H), 1.50–1.44 (m, 2 H), 1.38–1.31 (m, 4 H), 0.90–
0.88 (m, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 172.6, 146.0, 131.0, 130.2, 125.9,
120.0, 114.3, 35.4, 31.4, 28.7, 24.3, 22.4, 13.9 ppm.

1-(1H-Benzo[d][1,2,3]triazol-1-yl)decan-1-one (3b)
Colorless oil, yield 0.199 g (63%); Rf = 0.5 (5% ethyl acetate/n-hexane).
1H NMR (500 MHz, CDCl3):  = 8.28 (d, J = 9.0 Hz, 1 H), 8.11 (d, J = 8.0
Hz, 1 H), 7.63 (t, J = 8.0 Hz, 1 H), 7.48 (t, J = 8.0 Hz, 1 H), 3.40 (t, J = 8.0
Hz, 2 H), 1.92–1.85 (m, 2 H), 1.49–1.43 (m, 2 H), 1.39–1.25 (m, 10 H),
0.86 (t, J = 6.5 Hz, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 172.6, 146.1, 131,0, 130.2, 125.9,120.0,
114.4, 35.4, 31.8, 29.3, 29.25, 29.20, 29.0, 24.4, 22.6, 14.0 ppm.
HRMS (ESI+): m/z [M + Na] calcd for C16H23N3NaO: 296.1739; found:
296.1745.

1-(1H-Benzo[d][1,2,3]triazol-1-yl)tetradecan-1-one (3c)43

Yellowish solid, yield 0.158 g (55%); mp 40-42 °C; Rf = 0.5 (5% ethyl
acetate/n-hexane);
1H NMR (500 MHz, CDCl3):  = 8.30 (d, J = 8.0 Hz, 1 H), 8.12 (d, J = 8.0
Hz, 1 H), 7.65 (t, J = 8.0 Hz, 1 H), 7.50 (t, J = 8.0 Hz, 1 H), 3.43–3.40 (m,
2 H), 1.94–1.87 (m, 2 H), 1.51–1.45 (m, 2 H), 1.39–1.25 (m, 18 H),
0.89–0.86 (m, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 172.7, 146.2, 131.1, 130.3, 126.0,
120.1, 114.4, 35.5, 31.9, 29.65, 29.62, 29.5, 29.4, 29.3, 29.2, 29.1, 29.0,
24.4, 22.6, 14.1 ppm.

1-(1H-Benzo[d][1,2,3]triazol-1-yl)hexadecan-1-one (3d)44

White solid, yield 0.136 g (49%); mp 48–50 °C; Rf = 0.5 (5% ethyl ace-
tate/n-hexane).

1H NMR (500 MHz, CDCl3):  = 8.30 (d, J = 8.0 Hz, 1 H), 8.12 (d, J = 8.0
Hz, 1 H), 7.66–7.63 (m, 1 H), 7.50 (t, J = 8.0 Hz, 1 H), 3.43–3.40 (m, 2
H), 1.93–1.87 (m, 2 H), 1.49–1.44 (m, 2 H), 1.40–1.25 (m, 22 H), 0.88–
0.86 (m, 3 H) ppm.
13C NMR (125 MHz, CDCl3):  = 172.7, 146.1, 131.1, 130.3, 126.0,
120.1, 114.4, 35.5, 31.9, 29.6, 29.5, 29.4, 29.3, 29.2, 29.1, 29.0, 24.4,
22.6, 14.1 ppm.
HRMS (ESI+): m/z [M + H] calcd for C22H36N3O: 358.2858; found:
358.2875.
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