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Synthesis of 2-(1,2,3-Triazolyl)benzamide Derivatives via
Copper(l)-Catalyzed Multicomponent Reaction

Abdulhakim Hayeebueraheng, Benyapa Kaewmee, Vatcharin Rukachaisirikul

and Juthanat Kaeobamrung*

Dedication ((optional))

Abstract: The copper-catalyzed multicomponent reaction of 2-  Zhang groups acl ted 1,2,3-triazoles in a
iodobenzamides, NaN; and terminal alkynes for the synthesis of 2-  short period of re -step reaction process
(1,2,3,-triazolyl)benzamide derivatives was achieved in a one-step lied on the combination
process and short period of time under mild reaction condition. The : @ of aryliodides, NaN; and
transformations consisted of C(aryl)-N bond formation and azide-
alkyne cycloadditon. The absence of an external base was found to

be crucial in determining the preferred reaction pathway. S8l pathways of copper-catalyzed MCR

Introduction

Multicomponent reactions (MCRs) have been received a great
attention from synthetic chemists because they allow us to
access to both diversity and complexity of organic molecules
from simple starting materials in a single reaction step. Wjth
adequate reaction designs, a very high level of efficiency ca
obtained while avoiding isolation and purification of re
intermediates. Moreover, unstable reactive intermediate can
also be incorporated in MCRs."

1,4-Disubstituted 1,2,3-triazoles are one of the
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isoindolinones triazoles

heterocyclic molecules. They show a vast spectru

properties.? Furthermore, they also display uniqu pper-catalyzed MCR of aryliodides, NaN; and terminal

es for the synthesis of 1,4-disubstituted 1,2,3-triazoles with
-step reaction in short period of time still remained a
allenge task. Therefore, we alternatively envision that 2-
iodobenzamides would serve as a good aryliodide for the
copper-catalyzed MCR with NaN3 and terminal alkynes. The 2-
iodobenzamides have often been used in copper-catalyzed
coupling reactions with various coupling partners because the
secondary amide moiety functions as a directing group,
coordinating to the copper catalyst and allowing the coupling to
occur smoothly and rapidly.® Significantly, 2-iodobenzamides
were also known to react efficiently with terminal alkynes via
copper-catalyzed domino process to form the corresponding
isoindolinones® (Scheme 1, pathway A). We wish to explore
whether we could develop the copper-catalyzed MCR in which
2-iodobenzamides first reacted with NaN; to form the arylazide
intermediates. With the terminal alkynes remaining in the
case, pure products were oS@Mned from filtration. However, eaction, CUAAC followed to achieve 1,4-disubstituted 1,2,3-
triazoles (Scheme 1, pathway B). Herein, we demonstrate a
copper-catalyzed multicomponent domino reaction of 2-
iodobenzamides, NaN; and terminal alkynes to obtain 2-(1,2,3-
a] istry and Center of Excellence for Innovation in triazolyl)benzamides under simple preparation and mild
reaction condition.

utilities, the methodologies in synthesis of

multicomponent reactions for the sy
1,2,3-triazoles have been reported

NaN3; and terminal to construct the
triazolophenanthridine der mild reaction
conditions. Fokin an thesis of 1,4-

disubstituted 1,2,3-triazo

stirring reaction uired. Recently, Jiang and

ng, Hat-Yai, Songkhla 90112, Thailand
E-mail: juthanat.

Results and Discussion

Supporting information for this article is given via a link at the end of
the document.((Please delete this text if not appropriate)) ) o ) )
We began our investigation by selecting the reaction of N-
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benzyl-2-iodobenzamide, NaN; and phenylacetylene as our
reaction model.

Table 1. Optimization reactions of triazole formation®

NaNj 0 o

: iu\o .Bn (j/// “(;:(fizi @\)‘\N'Bn _
N + —_ H + N-Bn
| " & ot E:}—Ph \ on
1a 2a 3a 4

entry Cu ligand base solvent yield®
1 CuBr DMEDA Cs,CO; DMSO trace®
2 CuBr 1,10-phenanthroline Cs,CO3; DMSO trace
3 CuBr 1,2- Cs,CO; DMSO 359(52)°

diaminocyclohexane
4  CuBr L-proline Cs,CO3; DMSO 44 (39)
5 CuBr 2,2’-bipyridine Cs,CO; DMSO trace
6 CuBr picolinic acid Cs,CO; DMSO trace
7 CuBr - Cs,CO; DMSO trace
8 CuBr L-proline KsPOg4 DMSO 32 (38)
9 CuBr L-proline K2CO3 DMSO 43 (31)
10 CuBr L-proline NaHCO; DMSO 66 (22)
11 CuBr L-proline - DMSO 66 (12)
12 Cul L-proline - DMSO 61 (14)
13 Cu0O L-proline - DMSO 53 (9)
14 Cu(OAc), L-proline - DMSO 49 (10
15 CuBr L-proline - DMF 57 (
16 CuBr L-proline - MeCN 39
17 CuBr L-proline - DMSO:H,0
(2:1)

18 CuBr L-proline - DMSO:H,Q,
19 CuBr L-proline -
20 CuBr L-proline -

(1:1) (1.0M)
“Reaction conditions: all reactions were performed with 0.5 mmol of 1a, 2

mol % of Cu salt, 1.5 equiv. of sodium azide and 1.5 equiv. of 2a in 0.2 {1 of

A variety of common ligands, such
phenanthroline,  1,2-diaminocyclohexane,
bipyridine, picolinic acid and n

for the reaction. Next, we tried

isoindolinone byproduct.
reaction pathways for the
ndesired isoindolinone 4

to reduce th
Therefore, we

to be decreased. The second was
idation. With these in mind, we

hypothesized that the of Cu(l) acetylene complex
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could be slowed by using weak base, resulting in the decrease
of ri. Consequently, a variety of k bases, such as K3PO,,

gave 3a and 4 in 32% and 38% (entr
found with K,COs3, 43% and 31% of 3a
9). Delightfully, the yield of
6% of 3a and 22% of 4
the reaction occurred
and the yield of 4
Its suggested that
was greatly decreased,
he common copper salt
20 and Cu(OAc), were
resulting the triazole in
(entries 12-14). Others

smoothly to give the
was diminished to
with no base the i
allowing the azida
was also one of 0
individually syl
61%, 53%

(entry 16). rease the rate of azidation reaction
by increasing a solubili aNs (Scheme 1). We found that the
yield of triazole significantly increased to 73% with 2:1 ratio of
(entry 17). The yield was slightly increased to
increased the molarity of reaction to 0.4 M (entry
However, with 1.0 M of reaction concentration the yield
ished to 70% (entry 19). An attempt to increase product
ith high concentration by changing the ratio of solvents to
O failed. These results suggested that the solubility
ur reaction. This condition led to 63% yield of the
triazole (en®y 20). It is worth noting that 20 mol % of CuBr was
required in order to give the best product yield and avoid the
formation of aniline byproduct.
ur established optimal conditions, we next explored the
of 2-iodobenzamides and terminal alkynes for the
esis of 2-(1,2,3-triazolyl)benzamide derivatives (Table 2). It
s found that 2-iodobenzamides bearing both electron-
onating and electron-withdrawing groups were applicable in
this reaction. However, the reaction of benzamides bearing two
methoxy substituents gave a moderate yield, 60% (3b). Different
result was found with one methoxy substituent. The reaction of
2-iodo-5-methoxybenzamide resulted in an excellent yield, 90%
(3c). Likewise, the triazole was obtained in 93% from 2-iodo-4-
methoxybenzamide (3d). These results suggested that the level
of electron density of 2-iodobenzamides partially impacted the
reaction. Having another amide functionality on the benzamide
provided high yield, 92% (3e). 2-lodobenzamides with halide
atom were also compatible with the reaction yielding the
triazoles in 70% and 73% yields from chlorine and bromine
respectively (3f and 3g). Steric environment near the iodine
atom affected the reaction, resulting product in 71% yield from 2-
iodo-3-methylbenzamide (3h). Other substituents on nitrogen of
amides were also subjected into our substrate scope. With alkyl
substituents, the reactions provided good to excellent yields of
triazoles (3a, 3i, 3j and 3k). The yield was significantly
diminished to 68% when the N-phenyl benzamides was used
(3l). On the other hand, increasing electron density by
introducing a methoxy substituent resulted in the product yield of
80% for the reaction of N-(4-methoxyphenyl)benzamide (3m).
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Based on these results, the Lewis basicity of nitrogen amide
must have played a role in the reaction. The excellent yield of
triazole, 90%, was obtained from the reaction of naked amide
(3n).

Table 2. The synthesis of 2-(1,2,3-triazolyl)benzamide derivatives"

1.5 equiv. of NaN3

(0] 20 mol % CuBr
R2 20 mol % L-proline
Rif X - + 4 e
T H R3 0.2-0.4 M DMSO:H,0 (2:1) N
| 90°C, 1.5-2.0 h R3
1 2

*N N *N
3a, 82% 3b, 60% 3¢, 90%
o 0 0

" >—Ph N —pn " H—Ph
=N N:N =N
3d, 93% 3e, 92% 3f, 70%
(0] (0] (0] /O
Br N,Bn N,Bn N
H H H
N pn N/\>7Ph NN pn
Ny Me Nz N
3g, 73% 3h, 71% 3i, 90%
o

N—Ph NN
N N

3j, 96% 3k, 81%

o]
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ethynylcyclopropane (3q). Satisfactorily, the reaction of
unprotected alcohol gave desired tgmeole in good yield, 67% (3r).
High to excellent yields of triazole btained from bromo,

methoxy and nitro substituents (3s, 3t a n short a broad
range of substituents of phenylacetyl
reaction.
Interestingly, we found that
when the reaction was carried
one-pot manner

iodobenzamide was,
layer chromatogra
aryl azide deco
presence of cop
undergoing C

riazole was not obtained

e two-step procedure in
after 2-
monitoring by thin
ested that the generated
onding amine in the
tion condition prior to
e (Scheme 2).

a
(o)
N,Bn
H
NH,

1a 5

20 mol % CuBr
mol % L-proline

SO:H,0 (2:1)
o

Scheme 2. Two-step process reaction in one-pot manner

genera& of aniline from NaNs and aryl halide derivatives
e presence of copper salt have been reported by several
ch groups; for example, Li and Chen research groups took
enomenon to synthesize quinazolinones' from 2-
i NaN; and aldehydes. Singh and co-worker
utilized -situ generated 2-aminobenzaldehydes from 2-
bromobenz¥ldehydes and NaN; followed by condensation
reaction to achieve the corresponding quinolines in
multicomponent manner." Our finding emphasized one of the
Mest aspects of multicomponent reactions: the utilization of

ble 3. 1,2,3-Triazoles formation from other directing groups®

1.5 equiv. of NaN3
20 mol % CuBr X

20 mol % L-proline
N
N\/\B*Ph

X ~ .
@ N i
| Ph 0.2-0.4 M DMSO:H,0 (2:1)

aryl or alkyl. It is worth to note that
nes (2-thiophene and 2-pyridine
helds, 96% and 93%, respectively

(30 and 3p). Good yield 0 ole, 71%, was obtained from

90°C, 1.5-2.0 h =N
6 7
o
Me N N_Me
E\ N‘Me l ¥ H
N
= A NN
N ! Ph Ph
NP e e
N
7a, no reaction 7b, 28%° 7c, 95%
(0] (0] (0]

(iﬁkH dom (iﬁj\OH
ZINA N Z N
N:N

Ph NN —ph " H—Ph
Nz Ny

7d, 63% 7e, 87% 7§, 47%
“Reaction conditions: 0.5 mmol of 6 and 1.5 equiv. of phenylacetylene under

air in a sealed tube. “Isolated yield.

Next, we explored other functional groups ortho to the iodine
(Table 3). Although we did not exhaustively explore all the
functionalities, we have found that the directing group
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significantly affected our copper-catalyzed multicomponent
reaction. Firstly, when we modified the 2-iodobenzamide from
secondary amide to tertiary amide, no reaction occurred. We
observed only the amide starting material from the 'H NMR
spectrum of the crude reaction mixture (7a). Presumably, the
weaker coordination ability and steric hindrance of the tertiary
amide obstructed our reaction. Without any directing group, the
reaction of iodobenzene provided the triazole in low yield, 28%
(7b). An excellent yield, 95%, was obtained when having
secondary amine as directing group (7c). The aldehyde
functionality was also applicable to the reaction. The reaction of
2-iodobenzaldehye gave moderate yield, 63% (7d). Fortunately,
the ester group provided a high yield of the corresponding
triazole in 87% (7e). These results significantly suggested that
the level of Lewis basicity crucially impacted the multicomponent
reaction. On the other hand, having the acid functionality
diminished the yield of product to 47% (7).

Conclusions

We have demonstrated a simple and efficient protocol to
synthesize 2-(1,2,3-triazolyl)benzamides under mild reaction
condition and in short period of time. Our multicomponent
catalytic procedure offers an alternative tool for utilizing aryl
azides to form corresponding triazoles via a one-pot cli
reaction without the need of purification of the intermediary,
semi-stable aryl azides. The solubility of sodium azide and™also
the absence of an external base tremendously shift the geaction

rate of copper-catalyzed azide coupling over that
alkyne coupling. Furthermore, the concentration of]

the click-reaction over the generation of side-
amines from the in situ generated azides.

Experimental Section

General Information. Commercially avail
reactions, analytical reagent (AR.) grade
from commercial source. Solvents for

Thin-layer chromatography (TLC)
(Merck) and were visualized by f|
Column chromatography
Mesh). "H NMR (300 M recorded on a
300 MHz Bruker FT i trometer  using
tetramethylsilane (TMS) as
expressed in parts per million (
coupling constants are reported

indicated as follo ; i
High-resolution mas:
TOF mass spectrom
Perkin Elmer Spectrum

downfield from TMS (6 0.00) and
ertz (Hz). Splitting patterns are
d, doublet; t, triplet; m, multiplet.
recorded in ESI mode using
IR) were measured on a
T-IR system and recorded on wavenumber

. 2-lodobenzamides were prepared

according to the literature proce '3 A flame-dried round bottom flask
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was charged with 1.0 equiv of 2- iodobenzoic acid in CH,Cl, (0.3 M) and
DMF (2 drops), followed by the addition gf 1.25 equiv of oxalyl chloride at
0 °C. The reaction mixture was allowe t room temperature for 4 h.
After that, the mixture was evaporated to . The prepared acid
chloride was dissolved in CH,Cl, (0.3 M). T of benzylamine

mixture was quenched with sat.
organic extracts were washed with brl
filtered and concentrat
chromatography.

extracted with CH,Cl,. The
ed over anhydrous Na,SO,,
urified by column

General Procedure
derivatives. A dried
mmol), commergially

the Synthesis o
k was charged wj

(1,2,3-triazolyl)benzamide
2-iodobenzamide (1a) (0.5
lene (0.75 mmol), sodium

hh saturated NH,4Cl, extracted with EtOAc and
ic layer was dried over anhydrous Na,SO4
ord crude residue. The desired product
atography over silica gel using ethyl

temperature. Quenchel
washed 2 ine. The
and conc

was isolated by colum
acetate/hexanes as eluent.

and *C S"al Data of the new 2-iodobenzamides.

zyl-2-iodo-5-methoxybenzamide (1c). Prepared according to the
is of starting material. Yield: 75%. "H NMR (300 MHz, CDCl3) &
= 4.4 Hz, 1H), 7.42-7.30 (m, 5H), 7.00 (d, J = 1.5 Hz, 1H), 6.69
z, 1H), 6.03 (brs, 1H), 4.65 (d, J = 2.8 Hz, 2H), 3.79 (s,
5 MHz, DMSO-ds) d 169.0, 159.6, 144.1, 140.5, 139.5,
128.7, 127.9W127.3, 117.4, 114.7, 82.3, 56.0, 43.0; IR (thin film) v 3855,
3736, 2958, 2862, 2343, 1698, 1522, 1053 cm™. HRMS (ESI) [M+Na]"
calcd. for C4sH14INO, 389.9967, found 390.0021.

/58 (d, J = 3.0 Hz, 1H), 8.34 (d, J = 3.0 Hz, 1H), 8.26 (s, 1H), 7.83 (d,
= 9.0 Hz), 7.36 (d, J = 9.0 Hz), 2.76-2.73 (m, 6H); *C NMR (75 MHz,
MSO-ds) 5 169.4, 165.0, 145.8, 137.9, 136.5, 128.2, 127.2, 94.0, 26.8,
26.5; IR (thin film) v 3850, 3736, 3275, 2963, 2343, 1648, 1542 cm™.
HRMS (ESI) [M+Na]" calcd. For C1oH11IN2O, 340.9763, found 340.9762.

tert-Butyl-2-(2-iodobenzamido)ethylcarbamate (1j)- Prepared
according to the synthesis of starting material. Yield: 88%. 'H NMR (300
MHz, CDCl3) 6 7.83 (d, J = 7.9 Hz, 1H), 7.37-7.27 (m, 2H), 7.10-7.05 (m,
1H), 6.59 (brs, 1H), 5.11 (brs, 1H), 3.58-3.52 (m, 2H), 3.41-3.38 (m, 2H),
1.42 (s, 9H); ®C NMR (75 MHz, CDCls) & 170.0, 156.8, 142.0, 139.8,
131.1, 128.1, 128.0, 92.5, 79.8, 40.9, 40.1, 28.4; IR (thin film) v 3318,
2976, 2930, 1693, 1640, 1253, 1015, 751 cm™; HRMS (ES|) m/z:
[M+Na]" calcd. for C14H19IN,O3 413.0338, found 413.0338.

'H and "*C Spectral Data of the Products.

N-Benzyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3a). Prepared
according to general procedure from N-benzyl-2-iodobenzamide' (1a)
and phenylacetylene (2a). Yield 145.3 mg (82%) as light yellow solid. 'H
NMR (300 MHz, DMSO-de) d 8.93 (t, J = 5.8 Hz, 1H), 8.70 (s, 1H), 7.79
(d, J = 8.0 Hz, 2H), 7.59-7.52 (m, 4H), 7.37 (t, J = 7.5 Hz, 2H), 7.26 (t, J
= 7.1 Hz, 1H), 7.11-7.06 (m, 5H), 4.23 (d, J = 5.8 Hz, 2H); "*C NMR (75
MHz, DMSO-dg) 5 166.6, 146.9, 139.4, 134.6, 133.5, 131.2, 130.9, 130.1,
129.4, 129.3, 128.6 (128.64), 128.6 (128.56), 127.2, 126.1, 125.8, 123.2,
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42.9; IR (thin film) v 3409, 2940, 2838, 1654, 1644, 1414, 1022 cm™.
HRMS (ESI) [M+H]" calcd. for Cz2H1sNsO 355.1559, found 355.1558.

N-Benzyl-4,5-dimethoxy-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide
(3b). Prepared according to general procedure from N-benzyl-2-iodo-4,5-
dimethoxybenzamide®® (1b) and phenylacetylene (2a). Yield 124.3 mg
(60%) as light yellow solid. 'H NMR (300 MHz, DMSO-d) & 8.82 (t, J =
5.7 Hz, 1H), 8.74 (s, 1H), 7.89 (d, J = 7.7 Hz, 2H), 7.48 (t, J = 7.5 Hz, 2H),
7.39-7.34 (m, 1H), 7.25-7.20 (m, 7H), 4.31 (d, J = 5.7 Hz, 2H), 3.90 (s,
3H), 3.86 (s, 3H); "*C NMR (75 MHz, DMSO-d¢) & 166.3, 150.3, 149.3,
146.6, 139.3, 130.8, 129.4, 128.6 (128.64), 128.6 (128.55), 128.0, 127.5,
127.2,125.7, 125.5, 123.5, 111.7, 110.1, 56.6, 56.5, 43.0; IR (thin film) v
3775, 3033, 2892, 2746, 1588, 1039, 956 cm”. HRMS (ESI) [M+H]*
calcd. for Cp4H22N4O3 415.1770, found 415.1770.

N-Benzyl-5-methoxy-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3c).
Prepared according to general procedure from N-benzyl-2-iodo-5-
methoxybenzamide (1¢) and phenylacetylene (2a). Yield 172.9 mg (90%)
as white solid. '"H NMR (300 MHz, DMSO-ds) 5 9.01 (t, J = 5.8 Hz, 1H),
8.73 (s, 1H), 7.89 (d, J = 8.6 Hz, 2H), 7.61 (d, J = 8.6 Hz, 1H), 7.49 (t, J =
7.3 Hz, 2H), 7.37 (t, J = 7.3 Hz, 1H), 7.26-7.18 (m, 7H), 4.33 (d, J = 5.8
Hz, 2H), 3.90 (s, 3H); ®*C NMR (75 MHz, DMSO-ds) 5 166.2, 160.0,
146.6, 139.3, 134.8, 131.0, 129.4, 128.6, 128.5, 127.9, 127.7, 127.5,
127.2,125.7, 123.5, 116.1, 114.4, 56.4, 42.9; IR (thin film) v 3775, 3072,
2758, 1588, 1179, 1039, 957 cm”. HRMS (ESI) [M+Na]" calcd. for
C23H20N4O, 407.1484, found 407.1484.

N-Benzyl-4-methoxy-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3d).
Prepared according to general procedure from N-benzyl-2-iod
methoxybenzamide' (1d) and phenylacetylene (2a). 178.8 mg (93%

135.2, 130.9, 129.9, 128.9, 128.6, 128.5, 127.8, 127.5,
1221, 115.9, 111.7, 55.9, 44.3; IR (thin film) v 3288, 16

found 407.1485.

N',N*-Dimethyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)terephthalami
Prepared according to general procedure from N’ N*-dimethyl-
iodoterephthalamide (1e) and phenylacetylene (2a). Yield 154.
(92%) as yellow solid. "H NMR (300 MHz, DYISO-d¢) 5 8.95 (s, 1H),

(d, J = 4.4 Hz, 1H), 8.51 (d, J = 4.4 Hz, 1H) J
= 7.7 Hz, 2H), 7.73 (d, J = 7.9 Hz, 1H), 7. 36
(m, 1H), 2.82 (d, J = 4.4 Hz, 3H), 2.65 (d, J = R (75
MHz, DMSO-ds) 5 166.5, 165.2, 147.0, 136.8, 135. , 129.6,
129.5, 128.7, 128.5, 125.8, 124.5, 128.0, 26.8, 26.5; IR ) v 3776,

3073, 2884, 2746, 1588, 1169, 9
C18H17N502 336.1460, found 336/

. HRMS (ESI) [W+H]" calcd.

N-Benzyl-4-chloro-2-(4-p
Prepared according to gen
iodobenzamide®® (1f) and pheny
light yellow solid. 'H NMR (300 M
8.91 (s, 1H), 7.9
2H), 7.41-7.36 (m,
NMR (75 MHz, DM

|-1H-1,2,3-tria nzamide  (3f).
procedure from benzyl-4-chloro-2-
tylene (2a). Yield 136.1 mg (70%) as
MSO-ds) 8 9.08 (t, J = 5.8 Hz, 1H),
69 (m, 2H), 7.50 (t, J = 7.7 Hz,
4.33 (d, J = 5.8 Hz, 2H); *C
: 39.0, 135.5, 135.3, 132.0,
128.7, 127.6, 127.3, 125.8, 123.1, 43.0; IR
2883, 1587, 1118, 951 cm™. HRMS (ESI)

[M+H]" 9.1169, found 389.1169.

10.1002/ejoc.201701316
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N-Benzyl-5-bromo-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3g).
Prepared according to general procegure from N-benzyl-5-bromo-2-
iodobenzamide® (1g) and phenylacet a). Yield 158.1 mg (73%)
as white solid. '"H NMR (300 MHz, DMSO- (t, J = 5.8 Hz, 1H),
8.84 (s, 1H), 7.95-7.88 (m, 4H), 7.68 (d, J = 749 (t, J=7.6
Hz, 2H), 7.40-7.35 (m, 1H), 7.22-7.18 (m,
*C NMR (75 MHz, DMSO-d)
131.9, 130.4, 129.5, 128.8, 125"
122.9, 43.1; IR (thin film)
HRMS (ESI) [M+H]" calcd

127.6, 127.3, 125.8, 123.0,
9, 1599, 1128, 956 cm™.

N-Benzyl-3-methyl-2
Prepared according
methylbenzamide® (
as light yellow sqjid.

zol-1-yl)benzamide (3h).
from N-benzyl-2-iodo-3-
(2a). Yield 130.8 mg (71%)
I3) 8 7.96 (s, 1H), 7.89-7.86

general proce
nd phenylacetyle|
R (300 MHz,

7.10 (m, 3H), 7.0
2.10 (s, 3H); **C
135.0, 133.0, 132.8,

" calcd. for Cp3HooN4O 391.1535, found

Cyclohexyl-g@-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3i).
pared aﬁng to general procedure from N-cyclohexyl-2-
enzamide ° (1i) and phenylacetylene (2a). Yield 155.9 mg (90%) as
solid. '"H NMR (300 MHz, CDCl3) 5 8.13 (s, 1H), 7.85 (d, J = 7.7
, 7.70-7.68 (m, 1H), 7.58-7.53 (m, 3H), 7.47-7.42 (m, 2H), 7.39-
1H), 5.97 (d, J = 7.6 Hz, 1H), 3.77-3.74 (m, 1H), 1.75-1.71 (m,
, 2H), 1.31-1.19 (m, 3H), 1.09-0.91 (m, 3H); "*C NMR
5 165.4, 148.1, 133.8, 133.4, 130.8, 130.1, 130.0, 129.3,
26.2, 125.9, 122.1, 48.9, 32.4, 25.3, 24.6; IR (thin film) v
3776, 3697, 3073, 2888, 1588, 1162, 956 cm”. HRMS (ESI) [M+H]*
calcd. for Cp1H22N4O 347.1872, found 347.1872.

yl-2-(2-(4-phenyl-1H-1,2,3-triazol-1-

zamido)ethylcarbamate (3j). Prepared according to general
edure from tert-butyl 2-(2-iodobenzamido)ethylcarbamate (1j) and
enylacetylene (2a). Yield 195.6 mg (96%) as yellow solid. 'H NMR
300 MHz, DMSO-d;) & 8.87 (s, 1H), 8.52 (brs, 1H), 7.92 (d, J = 7.6 Hz,
2H), 7.67-7.64 (m, 4H), 7.47 (t, J = 7.6 Hz, 2H), 7.38-7.33 (m, 1H), 6.78
(brs, 1H), 3.13-3.09 (m, 2H), 3.00-2.98 (m, 2H), 1.35 (s, 9H); *C NMR
(75 MHz, DMSO-ds) & 166.6, 156.1, 146.9, 134.6, 133.3, 131.2, 130.9,
129.9, 129.4, 128.5, 125.9, 125.8, 123.1, 78.2, 28.8; IR (thin film) v 3776,
3158, 2840, 1598, 1111, 964 cm™. HRMS (ESI) [M+Na]" calcd. for
C22H25N50, 430.1855, found 430.2070.

N-(4-Methoxybenzyl)-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide
(3k). Prepared according to general procedure from 2-iodo-N-(4-
methoxybenzyl)benzamide'® (1k) and phenylacetylene (2a). Yield 155.7
mg (81%) as pale solid. '"H NMR (300 MHz, DMSO-d) 5 8.94 (t, J = 5.7
Hz, 1H), 8.77 (s, 1H), 7.88 (d, J = 7.6 Hz, 2H), 7.68-7.65 (m, 4H), 7.48 (t,
J =7.4 Hz, 2H), 7.39-7.36 (m, 1H), 7.09 (d, J = 8.4 Hz, 2H), 6.73 (d, J =
8.4 Hz, 2H), 4.24 (d, J = 5.7 Hz, 2H), 3.65 (s, 3H); *C NMR (75 MHz,
CDCl;) 6 166.1, 159.0, 148.1, 133.9, 132.9, 131.1, 130.1, 130.0, 129.3,
129.1, 128.9, 128.5, 126.3, 125.9, 122.0, 114.0, 55.1, 43.7; IR (thin film)
v 3775, 3073, 2888, 1588, 1162, 1040, 956 cm”. HRMS (ESI) [M+H]*
calcd. For Cz3H20N4O, 385.1665, found 385.1664.

N-Phenyl-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide (3l). Prepared
according to general procedure from 2-iodo-N-phenylbenzamide®® (11)
and phenylacetylene (2a). Yield 115.7 mg (68%) as white solid. '"H NMR
(300 MHz, CDCI3) d 8.20 (brs, 1H), 8.13 (s, 1H), 7.85-7.78 (m, 3H),
7.61-7.58 (m, 2H), 7.55-7.50 (m, 1H), 7.44-7.34 (m, 5H), 7.27-7.22 (m,
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2H), 7.10-7.05 (m, 1H); "*C NMR (75 MHz, CDCl;) 5 164.9, 138.2, 134.2,
133.0, 130.7, 130.1, 129.5, 129.1, 128.7, 125.7, 125.4, 124.3, 121.6,
120.3; IR (thin film) v 3776, 3639, 3074, 2884, 1588, 1118, 964 cm™.
HRMS (ESI) [M+H]" calcd. For Ca1H16N4O 341.1402, found 341.1402.

N-(4-Methoxyphenyl)-2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzamide
(3m). Prepared according to general procedure from 2-iodo-N-(4-
methoxyphenyl)benzamide'” (1m) and phenylacetylene (2a). Yield 148.2
mg (80%) as white solid. "H NMR (300 MHz, CDCl3) 5 8.16 (s, 1H), 7.93—
7.83 (m, 4H), 7.67-7.57 (m, 3H), 7.48-7.43 (m, 2H), 7.40-7.30 (m, 3H),
6.81 (d, J = 9.0 Hz, 2H), 3.78 (s, 3H); "*C NMR (75 MHz, CDCl) 5 164.4,
156.7, 148.2, 133.9, 132.8, 131.2, 130.5, 129.9, 129.4, 128.9, 128.5,
125.9, 122.3, 121.9, 114.0, 55.4; IR (thin film) v 3736, 2343, 1648, 1603,
1509, 1234, 1032 cm”. HRMS (ESI) [M+Na]" calcd. For CyH1gN4O;
393.1327, found 393.1425.

2-(4-Phenyl-1H-1,2,3-triazol-1-yl)benzamide (3n). Prepared according
to general procedure from 2-iodobenzamide®® (1n) and phenylacetylene
(2a). Yield 118.9 mg (90%) as light yellow solid. '"H NMR (300 MHz,
CDCl;) d 8.14 (s, 1H), 7.90-7.88 (m, 2H), 7.82-7.79 (m, 1H), 7.65-7.60
(m, 2H), 7.57-7.54 (m, 1H), 7.48-7.43 (m, 2H), 7.40-7.35 (m, 1H), 6.00
(brs, 1H), 5.69 (brs, 1H); *C NMR (75 MHz, CDCl;) 5 168.4, 148.2,
134.0, 132.0, 131.5, 129.8, 129.4, 129.0, 128.6, 126.3, 125.9, 122.0; IR
(thin film) v 3775, 3663, 3073, 2884, 1588, 1161, 956 cm™'. HRMS (ESI)
[M+H]" calcd. for C45H12N4O 265.1089, found 265.1089.

2-(4-(Thiophen-2-yl)-1H-1,2,3-triazol-1-yl)benzamide (30). Prepared
according to general procedure from 2-iodobenzamide (1n) and
commercially available 2-ethynylthiophene. Yield 129.7 mg (96%)
brown solid. 'H NMR (300 MHz, DMSO-d¢) 5 8.75 (s, 1H), 7.92 (brs
7.67-7.65 (m, 4H), 7.56 (d, J = 5.0 Hz, 1H), 7.49 (d, J = 3.5 Hz, 1 i
(brs, 1H), 7.16-7.14 (m, 1H); *C NMR (75 MHz, DMSO-ds) 3 168.3,
142.2, 134.3, 133.8, 133.1, 131.1, 130.2, 129.2, 128.4, 12
122.5; IR (thin film) v 3775, 3696, 3072, 2892, 2746, 158
HRMS (ESI) [M+Na]" calcd. for C13H1oN4OS 293.0473, fou

N-Benzyl-2-(4-(pyridin-2-yl)-1H-1,2,3-triazol-1-yl)ben
Prepared according to general procedure from
iodobenzamide (1a) and commercially available 2-ethynylp
165.2 mg (93%) as brown solid. "H NMR (300 MHz, DMSO-ds) d
J=5.8Hz, 1H), 8.82 (s, 1H), 8.64 (d, J=4.1 Hz, 1H), 8.12(d, J=7.8
1H), 7.95 (t, J = 7.5 Hz, 1H), 7.73-7.67 (m, 4H), 7.40 (t, J = 5.1 Hz, 1H),
7.18-7.15 (m, 5H), 4.33 (d, J = 5.8 Hz, 2H);,"*C NMR (75 MHz, D
ds) © 166.6, 150.2, 150.1, 147.8, 139.3, 1374134 .4, 133.5, 131.2,
129.3, 128.6, 127.6, 127.2, 126.3, 124.9,
v 3775, 3697, 3052, 2884, 2760, 1588, 956
calcd. for C,1H17NsO 378.1331, found 378.1332.

3.
from  N-benzyl-2-
thynylpyridine. Yield
0O-ds) 6 8.96 (t, J
.20 (m, 5H), 4.32

Prepared according ure
iodobenzamide (1a) and
113.0 mg (71%) as whité s
= 5.7 Hz, 1H), 8.01 (s, 1H),

129.9, 129.3, 12
film) v 3724 2966

, 122.2, 442, 8.0, 6.6, IR (thin
1053 1031cm™. HRMS (ESI)

N-Benzy| 1)-1H-1,2,3-triazol-1-yl)benzamide (3r).
Prepar eral procedure from N-benzyl-2-
iodob cially available prop-2-yn-1-ol. Yield

103.3 mg (67%) as light y . "H NMR (300 MHz, DMSO-dp) &
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8.90 (t, J = 5.8 Hz, 1H), 8.17 (s, 1H), 7.68-7.59 (m, 4H), 7.33-7.28 (m,
2H), 7.25-7.21 (m, 3H), 5.32 (t, J = 5.6 jlz, 1H), 4.57 (d, J = 5.5 Hz, 2H),
4.33 (d, J = 5.8 Hz, 2H); "*C NMR (75 Cl; + DMSO-ds) & 166.7,
148.6, 139.2, 134.6, 133.3, 130.8, 129.5, 128.5, 127.7, 1271,
125.7, 124.0, 55.5, 43.1; IR (thin film) v 377 73, 2883, 1588,
1161, 956 cm™. HRMS (ESI) [M+Na]" calc
found 331.1172.

Prepared according
iodobenzamide  (1a)
ethynylbenzene. Yiel
(300 MHz, DMSO-dg
9.0 Hz, 2H), 7.72-7.
2H); *C NMR (75 M

N-benzyl-2-
1-bromo-4-
light yellow solid. '"H NMR
), 8.90 (s, 1H), 7.87 (d, J =
, 5H), 4.34 (d, J = 5.8 Hz,
145.8, 139.4, 134.5, 133.5,

132.4, 1312, 127.7, 127.6, 127.2, 126.2,
121.5,42.9; IR (t )V 073, 2883, 1588, 1159, 956 cm’
. HRMS (ESI) [ |' caled. for CpHi/BrN,O 455.0483, found
455.0484.

2-(4-(4-Me -triazol-1-yl)benzamide (3t). Prepared
according to general proce: rom N-benzyl-2-iodobenzamide (1a) and
commercially available 1-ethynyl-4-methoxybenzene. Yield 157.6 mg
%) as yello lid. "H NMR (300 MHz, DMSO-dg) 5 9.02 (t, J = 5.8 Hz,
, 8.69 (s, , 7.80 (d, J = 8.4 Hz, 2H), 7.67-7.63 (m, 4H), 7.20-7.17
H), 7.04 (d, J = 8.4 Hz, 2H), 4.32 (d, J = 5.8 Hz, 2H), 3.80 (s, 3H);
R (75 MHz, DMSO-dg) 8 166.7, 159.6, 146.8, 139.4, 134.7, 133.5,
130.0, 129.3, 128.7, 127.6, 127.2, 126.0, 123.4, 122.2, 114.8,
; IR (thin film) v 3780, 3696, 3073, 2879, 1586, 1162, 956 cm™".
+Na]" calcd. for Ca3H0N4O, 407.1484, found 407.1484.

N-benzyl-2-(¥-(4-nitrophenyl)-1H-1,2,3-triazol-1-yl)benzamide  (3u).
Prepared according to general procedure from N-benzyl-2-
iodobenzamide (1a) and commercially available 1-ethynyl-4-nitrobenzene.
189.7 mg (95%) as light yellow solid. "H NMR (300 MHz, DMSO-dp)
s, 1H), 9.08 (t, J = 5.8 Hz, 1H), 8.37 (d, J = 8.7 Hz, 2H), 8.18 (d, J
z, 2H), 7.72-7.70 (m, 4H), 7.26-7.17 (m, 5H), 4.34 (d, J = 5.8 Hz,
®C NMR (75 MHz, DMSO-ds) 5 166.4, 147.2, 144.9, 139.4, 137.3,
4.4, 133.5, 131.3, 130.4, 129.4, 128.6, 127.6, 127.2, 126.6, 126.3,
25.4, 124.9, 42.9; IR (thin film) v 3784, 3696, 3072, 2884, 1586, 1039,
956 cm™. HRMS (ESI) [M+Na]" calcd. for CyyHi7NsO3 422.1229, found
422.1276.

1,4-Diphenyl-1H-1,2,3-triazole (7b). Prepared according to general
procedure  from commercially  available  iodobenzene  and
phenylacetylene (2a). Yield 31.0 mg (28%) as light yellow solid. '"H NMR
(300 MHz, CDCl3) 6 8.22 (s, 1H), 7.93 (d, J= 7.5 Hz, 2H), 7.81 (d, J= 7.8
Hz, 2H), 7.57 (t, J= 7.5 Hz, 2H), 7.48 (t, J= 7.8 Hz, 4H), 7.39 (t, J= 7.5
Hz, 2H); *C NMR (75 MHz, CDCl3) & 129.8, 129.0, 128.8, 128.5, 125.9,
120.6, 117.6. Other data was identical to the literature values.'®

N-Methyl-1-(2-(4-phenyl-1H-1,2,3-triazol-1-yl)phenyl)methanamine
(7c). Prepared according to general procedure from 1-(2-iodophenyl)-N-
methylmethanamine'® and phenylacetylene. Yield 125.6 mg (95%) as
yellow solid. '"H NMR (300 MHz, CDCl) & 8.32 (s, 1H), 7.92 (d, J = 7.3,
2H), 7.59 (d, J = 7.2 Hz, 1H), 7.54-7.52 (m, 2H), 7.51-7.47 (m, 4H),
7.40-7.35 (m, 1H) 3.61 (s, 2H), 2.44 (s, 3H); *C NMR (75 MHz, CDCl3) &
147.9, 136.4, 132.9, 131.9, 130.1, 129.9, 129.0, 128.9, 128.7, 128.5,
125.8, 125.4, 121.7, 50.9, 35.1; IR (thin film) v 1498, 1228, 1033, 989,
763,689 cm”. HRMS (ESI) [M+H]" calcd. for C1sH1sN, 265.1453, found
265.1453.
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2-(4-Phenyl-1H-1,2,3-triazol-1-yl)benzaldehyde (7d). Prepared
according to general procedure from 2-iodobenzaldehyde and
phenylacetylene. Yield 78.5 mg (63%) as yellow solid. "H NMR (300 MHz,
CDCl3) 8 9.99 (s, 1H), 8.20 (s, 1H), 8.13 (dd, J = 6.2, 1.5 Hz, 1H), 7.94—
7.91 (m, 2H), 7.83-7.77 (m, 1H), 7.71-7.66 (m, 1H), 7.61-7.58 (m, 1H),
7.51-7.48 (m, 2H), 7.46-7.42 (m, 1H); *C NMR (75 MHz, CDCls) &
188.5, 134.7, 130.1, 129.6, 129.1, 128.8, 125.4, 121.5; IR (thin film) v
3776, 3700, 3072, 2888, 1586, 1039, 957 cm™'. HRMS (ESI) [M+Na]*
calcd. For C45H11N30 272.0800, found 272.0800.

Methyl 2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzoate (7e). Prepared
according to general procedure from methyl 2-iodobenzoate and
phenylacetylene. Yield 121.5 mg (87%) as white solid. "H NMR (300 MHz,
CDClI;) 5 8.06 (s, 1H), 8.02 (dd, J = 7.5, 1.5, 1H), 7.92 (dd, J = 8.4, 1.2
Hz, 2H), 7.70-7.59 (m, 2H), 7.55 (dd, J=7.8,0.9 Hz, 1H), 7.46 (t, J=7.2

Hz, 2H), 7.38 (d, J = 7.5 Hz, 1H), 3.72 (s, 3H); "*C NMR (75 MHz, CDCl;) ~ (3)
5 165.8, 147.6, 136.1, 132.8, 131.3, 130.3, 129.9, 128.9, 128.4, 127.6,
126.6, 126.1, 125.9, 121.4, 52.7; IR (thin film) v 3560, 3134, 2949, 1731,
1489, 1294, 1268, 1125 cm”. HRMS (ESI) [M+Na]' calcd. for
C1sH13N30, 302.0905, found 302.0905. (4)

2-(4-phenyl-1H-1,2,3-triazol-1-yl)benzoic acid (7f). Prepared according
to general procedure from 2-iodobenzoic acid and phenylacetylene. Yield
62.3 mg (47%) as white solid. "H NMR (300 MHz, DMSO-dg) & 12.31 (brs,
1H). 9.00 (s, 1H), 7.94 (m, 3H), 7.78 (m, 1H), 7.70 (t, J = 3.8 Hz, 2H),
7.48 (t, J = 3.8 Hz, 2H), 7.37 (m, Hz, 1H), "*C NMR (75 MHz, DMSO-ds)
5 167.0, 146.8, 136.0, 133.0, 131.0, 130.9, 130.5, 129.5, 129.1, 128.5,
127.8, 125.4, 123.5. Other data was identical to the literature values.'®
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The synthesis of 2-(1,2,3-triazolyl)benzamides was accomplished via copper(
catalyzed multicomponent reaction of 2-iodobenzamides, NaN; and termina
alkynes in short period of time. One-step reaction process in one-pot manner was
required. No addition of base was crucial in determining the preferred pathway.
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