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The regioselective syntheses of N' and N2 substituted triazoles
through a 1,6-addition reaction of 1,2,3-NH triazoles to p-quinone
methide were achieved under mild reaction conditions. The
present reactions showed superior results in terms of selectivity,
mild reaction conditions, short reaction time and broad substrate
scope with good functional-group compatibility. Considering the
high synthetic value of N'- and N2-substituted compounds and
p-QM related research, the present strategy will greatly benefit
researchers in various fields.

Since the development of p-quinone methides (p-QMs) as valu-
able Michael acceptors, these compounds have received
massive attention from chemists for the annulations' and
variety of nucleophilic 1,6-addition reactions employing
acids,” bases,’ metal catalysts* or other catalysts (Scheme 1a).”
Moreover, such addition reactions to p-QMs are characteristic
of step and atom economy. Recently, some reviews® empha-
sized the synthesis of structurally diverse molecules through
1,6-additions and annulation reactions of p-QMs. Similarly,
p-QMs proved to be suitable precursors to construct a wide
range of 2,4,6-trisubstituted phenols and substituted triaryl-
methane derivatives. Particularly, heterocyclic triaryl methane
molecules have shown diverse biological applications.’

Among a variety of heterocyclic systems, N-substituted
1,2,3-triazoles and their derivatives have exhibited tremendous
applications in the fields of biological science,® material chem-
istry,” medicinal chemistry,'"® synthetic organic chemistry'*
and other fields.' It is seen in the literature that, both N* and
N? functionalized triazoles'® have shown different properties™*
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1,6-Addition of 1,2,3-NH triazoles to para-quinone
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N2 substituted triazoles+
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and even totally opposite properties’® in some cases. Due to
this uniqueness of N-substituted triazoles, their synthesis has
attracted a wide by variety of research groups. Thus, the
growing research in this area has led to a strong desire for the
effective syntheses of substituted triazoles, especially those
that provide good regio-selectivity. It is well known that the
synthesis of regioselective N* over N functionalization is chal-
lenging.'® Most of the synthetic routes provide N* functiona-
lized triazole products."”” However, several methods have also
been reported for the synthesis of N*-substituted molecules'®
employing metal catalysts'® and metal free conditions.*
Nevertheless, the attempts in improving N' and N? regio-
selectivity in triazoles for identical functionalizations have
found very limited success. The research groups of B. Zhang
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Scheme 1 Regioselective N* and N2 functionalization of 1,2,3-triazoles.
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and K. Sun reported organoselenium-catalyzed N'- and N*-
selective aza-Wacker reactions of triazoles by carrying out the
coupling of benzotriazoles with alkenes®' at elevated tempera-
tures for 12 h (Scheme 1b). In 2014, B. Breit’s>* group devel-
oped Rh(1)-DPEphos/JoSPOphos catalyzed N'- and N*-selective
coupling of benzotriazoles with allenes. The authors did
these coupling reactions under thermal conditions for 18 h
(Scheme 1c). Recently, the research groups of Zhao and Wei
disclosed the copper-catalyzed three-component reaction of
alkynes, TMSN; and ethers for the synthesis of N'- and N*-oxy-
alkylated 1,2,3-triazoles.>® The authors carried out these reac-
tions under thermal conditions for 16 h (Scheme 1d). Despite
the progress made towards the regioselective synthesis of N>-
substituted triazoles, these strategies suffer from significant
limitations. For examples, regioselectivity is highly controlled
by the bulky groups at the C4 and C5 positions of triazoles,>*
the reaction conditions are harsh, reaction times are long’
and toxic and expensive metal catalysts are used.>” Thus, the
development of protocols for the regioselective synthesis of N'-
and N>-substituted 1,2,3-triazoles using readily available start-
ing materials under environmentally benign conditions is still
desirable. In this context, we envisaged that the coupling of
p-QMs and 1,2,3-triazoles; the two biologically important pre-
cursors, would furnish new interesting structural features,
which would be potential candidates with some desired
pharmacological activity. Additionally, to the best of our
knowledge, there is no literature report on the 1,6-addition of
triazoles to p-QMs to date. In a continuation of our research
towards developing new methodologies for the synthesis of
functionalized organic molecules,® we herein presenting an
unprecedented highly regio-selective synthesis of N'- and N>-
functionalized triazoles through the 1,6-addition of triazoles to
p-QMs.

The initial experiments were directed towards identifying
the optimized reaction conditions by employing p-QM (1a) and
1,2,3-triazole (2a) under various reaction conditions and the
results are summarized in Table 1. The reactions of 1a with 2a
in the presence of methanesulfonic acid in acetonitrile at
room temperature gave N'-functionalized triazole 3a and N>-
functionalized triazole 4a products in 38% and 50% yields
respectively (Table 1, entry 1). Subsequently, a series of
Bronsted acids were examined in acetonitrile to improve the
yield and selectivity (Table 1, entries 2-8). Among them, chlor-
oacetic acid was found to be the best and showed very good
regio-selectively in affording triazole 4a as the major product
and 3a as the minor product with 78% and 18% yields respect-
ively (Table 1, entry 3). Similarly, several Lewis acids were also
examined for the present addition reactions in acetonitrile.
However, the regio-selectivity was not fruitful and yields of pro-
ducts were also moderate (Table 1, entries 9-14). We then
explored the effect of different solvents for the present study
using chloroacetic acid as the reagent. Accordingly, reactions
in polar solvents, such as DMF and MeOH, did not proceed.
Very low yields & selectivity were observed in these reactions
(Table 1, entries 15 and 16). Reactions in relatively less polar
solvents, like DCM, THF and Toluene proceeded moderately in
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Table 1 Optimization studies towards 1,6 addition reaction of 1,2,3 tri-
azole to p-QM?

OH OH
9 t+Bu t+Bu tBu tBu
tBu t+Bu f Reagent /
N Additive
’ 'il‘\m ?tm:;';ut P NN + \(/\N Ph
; \ Ph ph )
1a " 2 3a NJ N=N 4q

Reagent Additive 3a’® 4a®
Entry (1 equiv.) (0.3 equiv.)  Solvent (%) (%)
1 MsOH — MeCN 38 50
2 AcOH — MeCN NR 41
3 CICH,CO,H — MeCN 18 78
4 C1,CCO,H — MeCN 30 56
5 TFA — MeCN 20 40
6 PTSA — MeCN 31 40
7 Anisic acid® — MeCN NR NR
8 Benzoic acid® — MeCN NR NR
9 Cu(OAc), — MeCN 09 14
10 Cu(OTf), — MeCN 25 55
11 CuCl, — MeCN 36 57
12 AlCl, — MeCN 44 46
13 FeCl; — MeCN 20 62
14 BF;(OEt), — MeCN 15 63
15 CICH,CO,H — DMF NR 20
16 CICH,CO,H — MeOH 12 35
17 CICH,CO,H — DCM 14 28
18 CICH,CO,H — THF 16 53
19 CICH,CO,H — Toluene 26 22
20 DABCO — MeCN 30 42
21 DBU — MeCN 30 38
22 Et;N° — MeCN Trace  Trace
23 K,CO,4 — THF-H,0 42 15
24 Na,COs — THF-H,0 62 15
25 NaOAc — THF-H,O 06 10
26 Na,CO; TBAB THF-H,0 74 16
27 Na,CO, TBAB DCM-H,0 45 40
28 Na,COs TBAB MeCN-H,0 45 38
29 Na,CO, TBAB AcOH-H,0 NR 12
30¢ Na,COs TBAB THF-H,0 48 32

¢ All the reactions were carried out using 1a (1 equiv., 0.339 mmol) and
2a (1 equiv., 0.339 mmol) at room temperature. ”Isolated yields.
¢ Products were formed in very low yields and more than 90% starting
materials were isolated back. “ Reaction carried out at 50 °C.

terms of yields and the regio-selectivity was very low (Table 1,
entries 17-19). We then turned our attention towards using
basic reagents. Reactions of 1a and 2a using organic bases like
DABCO, DBU and Et;N produced the isomeric products in
moderate to low yields and low selectivity (Table 1, entries
20-22).

Subsequent reactions using K,CO; and Na,CO; in aqueous
acetonitrile (1:1) produced interesting results. Although the
yields were low, the regio-selectivity was reversed, i.e. product
3a was observed as the major and 4a as the minor product
(Table 1, entries 23 and 24).

The above two reactions encouraged us to optimize the
reaction conditions further. NaOAc was found to be inefficient
for the present regioselectivity and the products obtained in
very low yields (Table 1, entry 25). Subsequently, we performed
several reactions in aq. organic solvents (1: 1) using Na,COj; as
the base and TBAB as an additive (Table 1, entries 26-29). We
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were delighted to see both regioselectivity and yields were
enhanced when the reaction was carried out in aq. THF
(Table 1, entry 26). The regioselectivity was dropped when the
above reaction was performed at a slightly higher temperature
(Table 1, entry 30).

Under the optimal reaction conditions, initially we investi-
gated the substrate scope for the synthesis of various N” substi-
tuted triazoles and the results are tabulated in Table 2.
Halogen substituted phenyl 1,2,3-triazoles reacted well with 1a
affording the desired products 3b-3d in good yields. Triazole
with a strong electron withdrawing group (-NO,) also reacted
smoothly to furnish the product 3e with good yield. Similarly,
naphthyl substituted triazole afforded the corresponding
product 3f in very good yield. Next, we explored the reactivity
of substituted p-QMs under the optimized conditions.
Accordingly, OEt, Br and NO, substituted substrates reacted
well with 4-phenyl-1,2,3-triazole (2a) to furnish the desired pro-
ducts 3g-3i in very good yields. Furthermore, we also used
differently substituted starting materials for the present study.
Thus, several substituted 1a and 2a molecules underwent
smooth 1,6 addition reactions and furnished the corres-
ponding products 3j to 3u with good yields.

On the other hand, various N' substituted triazoles were
also synthesized under the optimized conditions and the
results are summarized in Table 3. Triazoles with halogen sub-
stitution reacted with 1a to afford the desired products 4b-4d
in 72-81% yields. Notably, a strong electron withdrawing nitro

Table 2 Preparation of N2 substituted triazoles?

0 oH
£Bu A\ _tBu R #Bu_A_t8u
Na;COs |
\‘j/ + M TBAB X
N~
N THF:H,0, it
L8
XN, 2 H A N
1 \U U \]/ NN R
. A3 N=
JOH OH OH OH
meTY‘v tBu  tBu /J\ _tBu (AEU\/;L 8u 8u 8y
J J T

L

NN
PR NT
y\Ph J’Q

3d, 720/ (4d,14%) F

NN

j‘@yv o N o
|
N=

3a, 74%, (4- 16‘/-) 3b, 81% (4b 10%) 3¢, 74% (4c u-/.)

tBu /;‘Bu

\[/ 1su\fkﬂ/,5u tBu i _tBu #Bu. \[/\\/zsu
N x 9.
J\ ,N l N 7 N Bis /x
Ph” PR N7y Naph ( \ Ph M\ \ Ph
N= /‘\ N =
3e, 70% (u, 1a-/.) 3, xsx (4f, 9%) 0" 3g, 85% (4g, 10%) = 3n, 75'/. (4h, 12%)
OH OH
FBU\L/)E/LEH +Bu. J/zsu tBu T/ H/xau fBu\‘ JNJ Ll
Lo I P Ao
B N,
O RO O -0
o \/ - /\ = N= 7 N=
o 3, 72% (4i, 17%) 3j, 87% (4j, 10%) 3k, 81% (4k 12%) 31, 78"/- (41, 14%)

oH
B //k _tBu zau fj/:su rEu\/%k]/ +Bu
X
Br,

LT\[ ) Eﬁ )

3m, 7ux (4m, 16%) 3n, 80% (4n 15%) 30,76% (44: 14‘/.) Br 3, 82% (4p, 10%) 5,

OH OH OH OH
TP T,mu #Bu N tBu t8u \/‘\ _tBu H;u\T/ﬁ\¢eru t8u v//‘\]/l—Bu
kL‘ J KJ
9 O Bro_ o
ot N’N P j)/@ \J/@Br Pn/\ww X \N>4<
N\ s N\ N= N o LS N= Ph

3r, 74% (4r, 16%) 3s, 80% (4s, 13%) 3t, 73% (4t, 16%) 3u, 72% (4u, 18%)

3q, 7% (4q, 16%)5"
“Reaction conditions: 1 (1 equiv., 0.339 mmol), 2 (1 equiv.,,
0.339 mmol), Na,CO; (1 equiv., 0339 mmol) and TBAB (0.2 equiv.,
0.067 mmol) in THF : H,O (1:1, 2.0 mL) at room temperature for 2 h.
Yields in the parenthesis are of the corresponding minor isomers.
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Table 3 Preparation of N substituted triazoles?

0
R +Bu tBu
cleHCoH
H N
MeCN, t,2h
=N
H

r g RN P
N=N
OH
tBu = ‘ t-Bu
NS
Ph—(\N C'\W
N=N =
42, 78% (3a, 18%) 4b, 819

OH
tBu

F
et
N=N

4d, 73% (3d, 19%)

N=N

4e,71% (Ge 21%)

OH

OH
t»Bu Bu t-Bu
Br
Navh‘f N e ”a""‘f v 4 5‘ D
N?N N —

4i, 71% (3i, 19%) ;n% @i, 21"/-)

“3 +8u ] +Bu
Br
>\(/\N
;N \=N

4n, 72% (3n, 16%)

4h, 74% (3h, 18%)

ifﬁ

N’N
4K, 73% (3K, 18%)

41, 79% (31, 15%) 4m, 72% (3m, 19%)

“Reaction conditions: 1 (1 equiv., 0.339 mmol), 2 (1 equiv.,
0.339 mmol) and CICH,CO,H (1 equiv., 0339 mmol) in MeCN (2.0 mL)
at room temperature for 2 h. Yields in the parenthesis are of the corres-
ponding minor isomers.

group also underwent a smooth reaction and led to the for-
mation of 4e in a good yield. Similarly, p-QM also showed
good functional group tolerance under the present reaction
conditions and produced the desired products 4f-4i with good
yields. Apart from this, both 1a and 2a with different substi-
tutions also reacted smoothly and the corresponding products
4j-4n were obtained in good yields.

We also extended this protocol to other aza-heterocyclic
compounds, such as isatin and morpholine. We got the corres-
ponding 1,6-addition products 6a and 6b with very good yields
(Scheme 2).

t-Bu t-Bu
‘ o NaCOs
HN TBAB

THF:H,0, rt

6a, 94% © 0]

0 OH
t-Bu t-Bu t-Bu t-Bu
0 Na,CO3
+ [ j TBAB
‘ N THF:H,0, rt

H
1a 5b N/ﬁ
Lo
6b, 92%

Scheme 2 1,6-Addition of isatin and morpholine to p-QM.
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To examine the scale up feasibility of the present reactions,
we performed reactions using a 1 g quantity of starting
material 1a under the standard conditions. We selected 1a and
2a to react under both the optimized reaction conditions. To
our delight, the yield of the corresponding products remained
reasonable, with 73% of 3a and 68% of 4a.

We also performed crystallization of both regioselective pro-
ducts. Interestingly, structures of both products 3a and 4a were
confirmed by X-ray single crystal analysis (diffraction analysis)
and the corresponding crystal structures are shown in
Scheme 3 (CCDC 2103494 and 2103495%).

As per a literature report,>® we attempted to remove the
t-butyl group from the product using an excess amount of
AICl;. However, to our surprise, N substituted triazole 4a was
isomerized into N substituted triazole 3a when treated with
an excess amount of AICl; in toluene at room temperature with
82% yield (Scheme 4). Interestingly, such an isomerization is
known for N> to N' substituted triazole®” using catalytic Zn
(OTf), but not the reverse. We expect such isomerization
might be proceeding via a retro aza-Michael addition reaction.

In order to understand the reaction mechanism, we per-
formed a few control experiments and the results are depicted
in Scheme 5. When we used N-methyl triazole (2a’), the reac-
tion did not proceed, which indicates the important role of the
N-H moiety. Similarly, when reactions were performed in the
absence of base and acid under the optimized reaction con-
ditions, the corresponding products were not formed. Both the
starting materials were isolated unaffected (Scheme 5c).

Based on the control experimental results and previous
reports,* tentative mechanisms for 1,6 additions of 1,2,3-NH
triazoles to p-QM are shown in Scheme 6. In the base mediated

? o<
t-Bi t-Bi . X
u u NasCO, )n?/‘\"
" "L“ \y _TBAB g‘(/b ,\r
v TTHRHO
R t2h & bﬁ*\

Ph 5 Ph &’
3 3a N 3a
9 1.08g, 73%
o OH ¢ g
tBu tBu Ph Bu Bu t} > (}x
N CICH,CO,H T e ‘TA »
# ’U N MeCN, rt, 2 h (R’,«,{»
~N L Q
1a Eh 2a & Ph / ’}\‘ P Lh
=N 4a -
19 N 01g, 68% = B
Scheme 3 Large scale reactions.
OH

t-Bu t-Bu
AICl; (10 equiv.) O
Toluene

Scheme 4 Conversion of N* to N2 substituted triazole.
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N ™ No reaction
N THF:H,0
2a' \ ,2h

CICH,CO,H
No reaction
MeCN, rt, 2 h
P 1y Hzo
'}“ A\ No reaction
N MeCN, rt, 2 h
=N
H

Ph

Scheme 5 Control experiments.

a) Base mediated

NG Na,CO; N

/ Ul
\—< T8AB  N- 7
H 2a

MeCN, rt

Scheme 6 Tentative reaction mechanism.

reaction, deprotonation of the triazole in the presence of base
forms the stable N* anion. Nucleophilic attack of the N* anion
of triazole to p-QM 1a leads to the formation of A.
Subsequently, A under the reaction conditions converts into
the desired N” substituted product 3a. In the acid mediated
reaction, p-QM 1a undergoes protonation in the presence of
chloroacetic acid to give B. The N atom of 1,2,3-NH triazole 2a
acts as a nucleophile and attacks the protonated form of p-QM
(B) to produce N' substituted product 4a under the reaction
conditions.

We have successfully demonstrated practical protocols
towards the regioselective synthesis of N' and N> substituted
triazoles via 1,6 addition reactions with p-QMs under mild
reaction conditions. The present reactions showed superior
results in terms of selectivity, reaction time, good functional-
group compatibility and broad substrate scope. Interestingly,
isomerization of the N' to N” substituted product was also
studied employing AICl;. Investigations on the asymmetric

This journal is © The Royal Society of Chemistry 2021


https://doi.org/10.1039/d1ob01717a

Published on 15 December 2021. Downloaded by Goa University on 12/17/2021 6:23:22 AM.

Organic & Biomolecular Chemistry

transformations and similar regioselective functionalizations
are currently underway in our laboratory. Additionally, consid-
ering the extremely fast growth of 1,2,3-NH triazole and p-QM
related research, we believe our strategy will greatly benefit
researchers in various field.

Conflicts of interest

There are no conflicts of interest.

Acknowledgements

The authors thank DST-INSPIRE (DST/INSPIRE Fellowship/
2017/IF70456), New Delhi, India for financial support. The
authors also thank Dr Apurba L. Koner, IISER Bhopal for
support and encouragements.

References

1 (@) X. Z. Zhang, J. Y. Du, Y. H. Deng, W. D. Chu, X. Yan,
K. Y. Yu and C. A. Fan, J. Org. Chem., 2016, 81, 2598;
(b) S. H. Li, Y. Y. Liu, B. Huang, T. Zhou, H. M. Tao,
Y. J. Xiao, L. Liu and J. L. Zhang, ACS Catal., 2017, 7, 2805;
(¢) K. Zhao, Y. Zhi, A. Wang and D. Enders, ACS Catal.,
2016, 6, 657; (d) X. Z. Zhang, Y. H. Deng, X. Yan, K. Y. Yu,
F. X. Wang, X. Y. Ma and C. A. Fan, J. Org. Chem., 2016, 81,
5655; (€) S. R. Angle and D. O. Arnaiz, J. Org. Chem., 1990,
55, 3708; (f) K. Zhao, Y. Zhi, T. Shu, A. Valkonen,
K. Rissanen and D. Enders, Angew. Chem., Int. Ed., 2016,
55, 12104; (g) E. Amoah and R. K. Dieter, J. Org. Chem.,
2017, 82, 2870; (h) G. Singh, R. Pandey, Y. A. Pankhade,
S. Fatma and R. V. Anand, Chem. Rec., 2021, 21, 1.

2 (a) S. Gao, X. Y. Xu, Z. B. Yuan, H. P. Zhou, H. Q. Yao and
A. J. Lin, Eur. J. Org. Chem., 2016, 3006; (b) C. Lin,
Y. Y. Shen, B. Huang, Y. Liu and S. L. Cui, J. Org. Chem.,
2017, 82, 3950; (¢) N. Dong, Z. P. Zhang, X. S. Xue, X. Li and
J. P. Cheng, Angew. Chem., Int. Ed., 2016, 55, 1460.

3 (@) L. Ge, X. H. Lu, C. Cheng, J. Chen, W. G. Cao, X. Y. Wu
and G. Zhao, J. Org. Chem., 2016, 81, 9315; (b) W. D. Chu,
L. F. Zhang, X. Bao, X. H. Zhao, C. Zeng, J. Y. Du,
G. B. Zhang, F. X. Wang, X. Y. Ma and C. A. Fan, Angew.
Chem., Int. Ed., 2013, 52, 9229.

4 (a) V. Reddy and R. V. Anand, Org. Lett., 2015, 17, 3390;
(b) Z. B. Yuan, W. W. Wei, A. ]. Lin and H. Q. Yao, Org. Lett.,
2016, 18, 3370; (c) A. Loopez, A. Parra, C. J. Barrera and
M. Tortosa, Chem. Commun., 2015, 51, 17684; (d) Y. Z. Lou,
P. Cao, T. Jia, Y. L. Zhang, M. Wang and ]J. Liao, Angew.
Chem., Int. Ed., 2015, 54, 12134; (e) M. Ke and Q. Song, Adv.
Synth. Catal., 2017, 359, 384; (f) Y. Y. Shen, J. F. Qi
Z. J. Mao and S. L. Cui, Org. Lett., 2016, 18, 2722;
(g) C. Yang, S. Gao, H. Q. Yao and A. J. Lin, J. Org. Chem.,
2016, 81, 11956.

5 (a) P. Arde and R. V. Anand, Org. Biomol. Chem., 2016, 14,
5550; (b) P. W. Goswami, G. Singh and R. V. Anand, Org.

This journal is © The Royal Society of Chemistry 2021

View Article Online

Communication

Lett., 2017, 19, 1982; (¢) Z. B. Yuan, X. X. Fang, X. Y. Li,
J. Wu, H. Q. Yao and A. ]J. Lin, J. Org. Chem., 2015, 80,
11123; (d) X. Y. Li, X. Y. Xu, W. W. Wei, A. L. Lin and
H. Q. Yao, Org. Lett., 2016, 18, 428.

(@) B. Jiang, J. Wang, W. Hao and S. Tu, Org. Chem. Front.,
2020, 7, 1743; (b) C. G. S. Lima, F. P. Pauli, D. C. S. Costa,
A. S. de Souza, L. S. M. Forezi, V. F. Ferreira and F. C. Silva,
Eur. J. Org. Chem., 2020, 2650; (c) P. K. Ranga, F. Ahmad,
P. Nager, P. S. Rana and R. V. Anand, J. Org. Chem., 2021,
86, 4994.

(@ P. M. Wood, L. W. L. Woo, J. R. Labrosse,
M. N. Trusselle, S. Abbate, G. Longhi, E. Castiglioni,
F. Lebon, A. Purohit, M. J. Reed and B. V. L. Potter, J. Med.
Chem., 2008, 51, 4226; (b) M. Shiri, M. A. Zolfigol,
H. G. Kruger and Z. Tanbakouchian, Chem. Rev., 2010, 110,
22505 (¢) Q. L. He, F. L. Sun, X. J. Zheng and S. L. You,
Synlett, 2009, 1111; (d) S. Mondal and G. Panda, RSC Adv.,
2014, 4, 28317; (e) S. D. Cho, K. Yoon, S. Chintharlapalli,
M. Abdelrahim and P. Lei, Cancer Res., 2007, 67, 674;
(f) S. Antus, Tetrahedron, 1982, 38, 133; (g) D. F. Duxbury,
Chem. Rev., 1993, 93, 381; (h) X. Li, X. Xu, W. Wei, A. Lin
and H. Yao, Org. Lett., 2016, 18, 428; (i) P. Arde and
R. V. Anand, RSC Adv., 2016, 6, 77111; (j) C. W. Whitehead
and C. A. Whitesitt, /. Med. Chem., 1974, 17, 1298;
(k) M. Recanatini, A. Cavalli and P. Valenti, Med. Res. Rev.,
2002, 22, 282.

(@) M. G. Finn and V. V. Fokin, Chem. Soc. Rev., 2010, 39,
1223; (b) M. D. Best, M. M. Rowl and H. E. Bostic, Acc.
Chem. Res., 2011, 44, 686; (¢) ]J. Zhang, ]J. Kemmink,
D. T. S. Rijkers and R. M. J. Liskamp, Org. Lett., 2011, 13,
3438; (d) M. Baumann, I. R. Baxendale, S. V. Ley and
N. B. Nikbin, J. Org. Chem., 2011, 7, 442; (e) S. G. Agalave, S.
R. Maujan and V. S. Pore, Chem. — Asian J., 2011, 6, 2696;
(f) F. Amblard, J. H. Cho and R. F. Schinazi, Chem. Rev.,
2009, 109, 4207; (2) L. V. Lee, M. L. Mitchell, S. J. Huang,
V. V. Fokin, K. B. Sharpless and C. H. Wong, J. Am. Chem.
Soc., 2003, 125, 9588; (k) Y. Xia, Y. Liu and J. Wan, J. Med.
Chem., 2009, 52, 6083; (7) J. M. Holub and K. Kirshenbaum,
Chem. Soc. Rev., 2010, 39, 1325; (j) V. K. Tiwari,
B. B. Mishra, K. B. Mishra, N. Mishra, A. S. Singh and
X. Chen, Chem. Rev., 2016, 116, 3086; (k) A. B. Lopes,
P. Wagner and R. Souza, J. Org. Chem., 2016, 81, 4540.

(@) M. Juricek, P. H. Kouwer and A. E. Rowan, Chem.
Commun., 2011, 47, 8740; (b) F. Yan, M. Lartey, K. Jariwala,
S. Bowser, K. Damodaran, E. Albenze, D. R. Luebke,
H. B. Nulwala, B. Smit and M. Haranczyk, J. Phys. Chem.,
2014, 118, 13609; (¢) S. Kantheti, R. Narayan and
K. V. S. N. Raju, RSC Adv., 2015, 5, 3687; (d) P. Liang, Z. Li,
Y. Mi, Z. Yang, D. Wang, H. Cao, W. He and H. J. Yang,
Electron. Mater., 2015, 44, 2883; (e) R. Sood, A. Donnadio,
S. Giancola, A. Kreisz, D. J. Jones and S. Cavaliere, ACS
Appl. Mater. Interfaces, 2016, 8, 16897; (f) D. A. Reed,
D. J. Xiao, M. L. Gonzalez, L. E. Darago, Z. R. Herm,
F. Grandjean and J. R. Long, J. Am. Chem. Soc., 2016, 138,
5594; (g) C. Chu and R. Liu, Chem. Soc. Rev., 2011, 40,
2177; (k) Y. H. Lau, P. J. Rutledge and M. H. Todd, Chem.

Org. Biomol. Chem.


https://doi.org/10.1039/d1ob01717a

Published on 15 December 2021. Downloaded by Goa University on 12/17/2021 6:23:22 AM.

Communication

10

11

12

13

Soc. Rev., 2011, 40, 2848; (i) D. Astruc, L. Liang and A. Ruiz,
Acc. Chem. Res., 2012, 45, 630.

(@) H. C. Kolb and K. B. Sharpless, Drug Discovery Today,
2003, 8, 1128; (b) J. E. Moses and A. D. Moorhouse, Chem.
Soc. Rev., 2007, 36, 1249; (c) C. D. Cox, M. ]. Breslin,
D. B. Whitman, J. D. Schreier, G. B. Gaughey,
M. J. Bogusky, A. J. Roecker, S. P. Mercer, R. A. Bednar,
W. Lemaire, J. G. Bruno, D. R. Reiss, C. M. Harrell,
K. L. Murphy, S. L. Garson, S. M. Doran,
T. Prueksaritanont, W. B. Anderson, C. Tang, S. Roller,
T. D. Cabalu, D. Cui, G. D. Hartman, S. D. Young,
K. S. Koblan, C. J. Winrow, J. J. Renger and P. J. Coleman,
J. Med. Chem., 2010, 53, 5320; (d) C. A. Baxter, E. Cleator,
K. M. J. Brands, ]J. S. Edwards, R. A. Reamer, F. J. Sheen,
G. W. Stewart, N. A. Strotman and D. ]J. Wallace, Org.
Process Res. Dev., 2011, 15, 367; (e) T. Watanabe,
Y. Umezawa, Y. Takahashi and Y. Akamatsu, Bioorg. Med.
Chem. Lett.,, 2010, 20, 5807; (f) S. A. Bakunov,
S. M. Bakunova, T. Wenzler, M. Ghebru, K. A. Werbovetz,
R. Brun and R. R. Tidwell, J. Med. Chem., 2010, 53, 254;
(2) S. G. Agalave, S. R. Maujan and V. S. Pore, Chem. — Asian
J., 2011, 6, 2696; (h) H. Y. Hsieh, W. C. Lee, G. C. Senadi,
W. P. Hu, J. J. Liang, T. R. Tsai, Y. W. Chou, K. K. Kuo,
C. Y. Chen and J. Wang, J. Med. Chem., 2013, 56, 5422;
(i) I. Mohammed, I. R. Kummetha, G. Singh, N. Sharova,
G. Lichinchi, J. Dang, M. Stevenson and T. M. Rana, J. Med.
Chem., 2016, 59, 7677; (j) A. Massarotti, S. Aprile,
V. Mercalli, E. D. Grosso, G. Grosa, G. Sorba and
G. C. Tron, ChemMedChem, 2014, 9, 2497; (k) H. Bai,
P. Zhu, W. Wu, J. Li, Z. Ma, W. Zhang, Y. Cheng, L. Du and
M. Li, MedChemComm, 2015, 6, 418; (I) R. S. Bohacek,
C. Martin and W. C. Guida, Med. Res. Rev., 1996, 16, 3;
(m) J. E. Moses and A. D. Moorhouse, Chem. Soc. Rev.,
2007, 36, 1249; (n) C. Sheng and W. Zhang, Curr. Med.
Chem., 2011, 18, 733; (0) P. Thirumurugan, D. Matosiuk
and K. Jozwiak, Chem. Rev., 2013, 113, 4905.

(a) B. Chattopadhyay and V. Gevorgyan, Angew. Chem., Int.
Ed., 2012, 51, 862; (b) T. C. Johnson, W. G. Totty and
M. Wills, Org. Lett., 2012, 14, 5230; (¢) N. Selander,
B. T. Worrell, S. Chuprakov, S. Velaparthi and V. V. Fokin,
J. Am. Chem. Soc., 2012, 134, 14670; (d) S. Liu, J. Sawicki
and T. G. Driver, Org. Lett., 2012, 14, 3744; (e) ]J. E. Spangler
and H. M. L. Davies, J. Am. Chem. Soc., 2013, 135, 6802;
(f) Y. Xing, G. Sheng, J. Wang, P. Lu and Y. Wang, Org.
Lett., 2014, 16, 1244; (g) Y. Su, J. L. Petersen, T. L. Gregg
and X. Shi, Org. Lett., 2015, 17, 1208; (h) T. C. Johnson,
W. G. Totty and M. Wills, Org. Lett., 2012, 14, 5230.

(@) J. E. Moses and A. D. Moorhouse, Chem. Soc. Rev., 2007,
36, 1249; (b) W. P. Heal, S. R. Wickramasinghe,
R. J. Leatherbarrow and E. W. Tate, Org. Biomol. Chem.,
2008, 6, 2308; (¢) G. Schneider, Nat. Rev. Drug Discovery,
2010, 9, 273.

(@) M. Bretner, A. Baier, K. Kopanska, A. Najda, A. Schoof,
M. Reinholz, A. Lipniacki, A. Piasek, T. Kulikowski and
P. Borowski, Antiviral Chem. Chemother., 2005, 16, 315;
(b)) M. H. Paluchowska, R. Bugno, S. C. Minol,

Org. Biomol. Chem.

14

15

16

17

18

19

View Article Online

Organic & Biomolecular Chemistry

A. J. Bojarski, E. Tatarczynska and E. C. Wojcik, Arch.
Pharm., 2006, 339, 498; (c) S. R. Vankadari, D. Mandala,
J. Pochampalli, P. Tigulla, A. Valeru and R. Thampu, Med.
Chem. Res., 2013, 22, 5912; (d) C. D. Cox, M. ]. Breslin,
D. B. Whitman, J. D. Schreier, G. B. M. Gaughey,
M. J. Bogusky, A. J. Roecker, S. P. Mercer, R. A. Bednar and
W. Lemaire, J. Med. Chem., 2010, 53, 5320; (e) L. Revesz,
F. E. Di Padova, T. Buhl, R. Feifel, H. Gram, P. Hiestand,
U. Manning, R. Wolf and A. G. Zimmerlin, Bioorg. Med.
Chem. Lett., 2002, 12, 2109; (f) D. K. Kim, J. Kim and
H. J. Park, Bioorg. Med. Chem. Lett., 2004, 14, 2401.

(@) Y. Chen, D. Wang, J. L. Petersen, N. G. Akhmedov and
X. Shi, Chem. Commun., 2010, 46, 6147; (b) D. Wang, X. Ye
and X. Shi, Org. Lett., 2010, 12, 2088; (c¢) Y. Chen, W. Yan,
N. G. Akhmedov and X. Shi, Org. Lett., 2010, 12, 344;
(d) H. Duan, S. Sengupta, J. L. Petersen, N. G. Akhmedov
and X. Shi, J. Am. Chem. Soc., 2009, 131, 12100;
(e) H. Duan, S. Sengupta, J. L. Petersen and X. Shi,
Organometallics, 2009, 28, 2352; (f) W. Liao, Y. Chen,
H. Duan, Y. Liu, J. L. Petersen and X. Shi, Chem. Commun.,
2009, 42, 6436.

W. Yan, Q. Wang, Q. Lin, M. Li, J. L. Peterse and X. Shi,
Chem. - Eur. J., 2011, 17, 5011.

(@) F. Tomas, J. L. M. Abboud, J. Laynez, R. Notario,
L. Santos, S. O. Nilsson, J. Catalan, R. M. Claramunt and
J. Elguero, J. Am. Chem. Soc., 1989, 111, 7348;
(b) A. R. Katritzky, K. Yannakopoulou, E. Anders, J. Stevens
and M. Szafran, J. Org. Chem., 1990, 55, 5683; (c) J. Catalan
and P. Perez, Chem. Phys. Lett., 2005, 404, 304;
(d) J. Poznanski, A. Najda, M. Bretner and D. Shugar,
J. Phys. Chem., 2007, 111, 6501; (e¢) K. Xu, N. Thieme and
B. Breit, Angew. Chem., Int. Ed., 2014, 53, 7268.

(@) R. Huisgen, in 1,3-Dipolar Cycloaddition Chemistry, ed.
A. Padwa, Wiley, New York, 1984, p. 1; (b) V. V. Rostovtsev,
L. G. Green, V. V. Fokin and K. B. Sharpless, Angew. Chem.,
Int. Ed., 2002, 41, 2596; (¢) C. W. Tornoe, C. Christensen
and M. Meldal, J. Org. Chem., 2002, 67, 3057; (d) L. Zhang,
X. Chen, P. Xue, H. H. Y. Sun, I. D. Williams,
K. B. Sharpless, V. V. Fokin and G. Jia, J. Am. Chem. Soc.,
2005, 127, 15998; (e) M. M. Majireck and S. M. Weinreb,
J. Org. Chem., 2006, 71, 8680.

(@) S. Kamijo, T. Jin, Z. Huo and Y. Yamamoto, J. Am. Chem.
Soc., 2003, 125, 7786; (b) ]J. Kalisiak, K. B. Sharpless and
V. V. Fokin, Org. Lett., 2008, 10, 3171; (¢) Y. Zhang, X. Li,
J. Li, J. Chen, X. Meng, M. Zhao and B. Chen, Org. Lett.,
2012, 14, 26; (d) K. Wang, P. Chen, D. Ji, X. Zhang, G. Xu
and J. Sun, Angew. Chem., Int. Ed., 2018, 57, 12489;
(e) L. L. Zhu, L. Tian, H. Zhang, L. Xiao, W. Luo, B. Cali,
H. Wang, C. Wang, G. Liu, C. Pei and Y. Wang, Adv. Synth.
Catal., 2018, 361, 1117.

(@) M. Taillefer, N. Xia and A. Ouali, Angew. Chem., Int. Ed.,
2007, 46, 934; (b) K. S. Balachandran, I. Hiryakkanavar and
M. V. George, Tetrahedron, 1975, 31, 1171; (¢) Y. Liu,
W. Yan, Y. Chen, J. L. Petersen and X. Shi, Org. Lett., 2008,
10, 5389; (d) X. J. Wang, L. Zhang, H. Lee, N. Haddad,
D. Krishnamurthy and C. H. Senanayake, Org. Lett., 2009,

This journal is © The Royal Society of Chemistry 2021


https://doi.org/10.1039/d1ob01717a

Published on 15 December 2021. Downloaded by Goa University on 12/17/2021 6:23:22 AM.

Organic & Biomolecular Chemistry

20

21

22

23

24

11, 5026; (e) U. Satoshi, S. Mingjuan, L. Stephen and
S. L. Buchwald, Angew. Chem., 2011, 123, 9106.

(@) Y. Wuming, L. Tao, T. Odbadrakh, Z. Cheng, L. J. Petersen
and S. Xiaodong, Chem. — Asian J., 2011, 6, 2720; (b) R. Sahar,
J. L. Maiko, R. Golam, S. M. R. Daniel, C. S. Suresh and
G. K. Surya Prakash, Org. Lett., 2019, 21, 6255.

W. Xin, Q. Wang, Y. Xue, K. Sun, L. Wu and B. Zhang,
Chem. Commun., 2020, 56, 4436.

K. Xu, N. Thieme and B. Breit, Angew. Chem., Int. Ed., 2014,
53, 7268.

P. Bao, H. Yue, N. Meng, X. Zhao, J. Li and W. Wei, Org.
Lett., 2019, 21, 7218.

(@) S. W. Kwok, J. E. Hein, V. V. Fokin and K. B. Sharpless,
Heterocycles, 2008, 76, 1141; (b) X. J. Wang, L. Zhang,
D. Krishnamurthy, C. H. Senanayake and P. Wipf, Org.
Lett., 2010, 12, 4632; (c) Y. Chen, Y. Liu, ]J. L. Petersen and
X. Shi, Chem. Commun., 2008, 28, 3254; (d) L. Zhang, Z. Li,
X. Wang, N. Yee and C. H. Senanayake, Synlett, 2012, 23,

This journal is © The Royal Society of Chemistry 2021

25

26

27

View Article Online

Communication

1052; (e) V. A. Motornov, A. A. Tabolin, R. A. Novikov,
Y. V. Nelyubina, S. L. Ioffe, I. V. Smolyar and
V. G. Nenajdenko, Eur. J. Org. Chem., 2017, 6851.

K. B. Ujjawal, Kamaluddin and K. P. Rama, Tetrahedron
Lett., 2017, 58, 298.

(@) G. S. Sorabad and M. R. Maddani, New J. Chem., 2019,
43, 6563; (b) G. S. Sorabad and M. R. Maddani,
New J. Chem., 2019, 43, 5996; (c) G. S. Sorabad and
M. R. Maddani, New J. Chem., 2020, 44, 2222;
(d) G. S. Sorabad and M. R. Maddani, Asian J. Org. Chem.,
2019, 8, 1336; (e) V. Rai, G. S. Sorabad and M. R. Maddani,
ChemistrySelect, 2020, 5, 6565; (f) V. Rai, G. S. Sorabad and
M. R. Maddani, New J. Chem., 2021, 45, 1109; (g) V. Rai,
G. S. Sorabad and M. R. Maddani, New J. Chem., 2021, 45,
3969; (k) V. Rai, G. S. Sorabad and M. R. Maddani,
ChemistrySelect, 2021, 6, 6468.

S. Guin, H. K. Saha, A. K. Patel, S. K. Gudimella, S. Biswas
and S. Samatha, Tetrahedron, 2020, 76, 131338.

Org. Biomol. Chem.


https://doi.org/10.1039/d1ob01717a

	Button 1: 


