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: Click reaction has the characteristics of high yield, good

regiospecificity and easy product purification. It is
widely used in vary fields such as materials science,
combinatorial chemistry, chemical biology and medicinal
chemistry, and copper(l) catalyzed azide-alkyne
cycloaddition reaction (CuAAC) is a classical reaction
thereof. However, CuAAC reaction has drawbacks such as
necessary to add special additives, use highly toxic
organic solvents to speed the reaction, or the catalyst is
not easy to recover after the reaction. This research uses
the Bronsted-Lewis diacidic ionic liquids 3a-31 which have
developed in our previous work as the catalyst for the
azide-alkyne cycloaddition reaction. It reveals the yield
of 1-benzyl-4-phenyl-1H-1, 2, 3- triazole over 3f reached 98%
in 3 hr at room temperature. Catalytic 3f 1s stable in
water and air, and the highest catalytic activity could
still be maintained after 4 cycles.

Ionic liquid, Click reaction, Copper(l) catalyzed azide-
alkyne cycloaddition reaction
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Abstract

Click reaction has the characteristics of high yield, good regiospecificity and easy product purification. It
is widely used in vary fields such as materials science, combinatorial chemistry, chemical biology and
medicinal chemistry, and copper(I) catalyzed azide-alkyne cycloaddition reaction (CuAAC) is a classical
reaction thereof. However, CUAAC reaction has drawbacks such as necessary to add special additives, use
highly toxic organic solvents to speed the reaction, or the catalyst is not easy to recover after the reaction. This
research uses the Bronsted-Lewis diacidic ionic liquids 3a-31 which have developed in our previous work as
the catalyst for the azide-alkyne cycloaddition reaction. It reveals the yield of 1-benzyl-4-phenyl-1H-1,2,3-
triazole over 3f reached 98% in 3 hr at room temperature. Catalytic 3f is stable in water and air, and the

highest catalytic activity could still be maintained after 4 cycles.

Key words: Ionic liquid, Click reaction, Copper(I) catalyzed azide-alkyne cycloaddition reaction
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Bl 8 7§ -2 Ak 0 Husigen 1,3-% &3k 40 =0 & i (1,3-dipolar cycloaddition)pF » 3 & ek i pF &
BROFREREEFRERFFE AL 1440 1,5-2 Bz § kR £ 4 o Sharpless 3 I * Cu(I) it
e § - A TR 4 & K i (copper-catalyzed azide-alkyne cycloadditions, f#§ #£ % CuAAC): &% ™ & ik
JETT EER A F Y = & — [(regiospecificity) P 1,4-2 Bo ik 1 123-Z F ek A dr o LB F e (7
Jolo S R- i 8 I it g okeni s - |
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Pallapothulai® & o-;% LA ~ fp § i 40 & F ¢ “(phenylacetylene) 7k it 4 (D v ™ 2 (7 F (R
) BB B A § 1 & (B-ketoazides) s A F P A1 oAk~ p F 1 4 R (in-situ)
B TEAAL S BT CEFETAS SR FAETL 140 R 123-2 § e A P
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Tang4| * Cul “fqﬁ“ ** Amberlyst A-2 15 cACul@A-21 181 F| » & (7 dp § A LB R &
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Entry solvent Ratio IL/H20 Yield (%)
1 IL/H20 1:1 89
2 IL/H20 2:1 80
3 IL/H20 1:2 58
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Plodedet > S olB B LARAIEREFREF B RS RHE2EHY 2T R T LT
B HEFL2z 40 2t p()E RS L pLiE 7% & & R&(combination reaction) > B

FNI2AAEF L PR S LR ORTR AT R W 3a-31(F ) 0 pAR M S LR R X
%+ Yuan Kou #% J1 e j2 » DA% vleg S 344 F 0 10 vh ARG Rp) T35 R 8 3a-31 0?1 P 4
b M o AERFATFENT R TR %;&i%fr;fﬁi']'ﬁ LR fE-ER S LR S R A 3a-3] G

A A A R TR S F R R

e e
\—/

1

Bl= £ Bronsted-Lewis &4 7 ik

i

CUX2_

X
+ +
H—NANOR o H—N%N—< )—R
\—/ \—/

2

3
R =H, CHs, OCHj, NO,
X =Cl, Br, |,
CU|2 -
+
O
\—/
3i
CU|2 -
PN
\—/
3j
CU|2 )
NN
H-N* NOOCHg,
\—/
3k
CU|2 -
NN
H-N? NONOZ
\—/
3l

& %8 3a-31 & =



2.1, 3B RBARA

2.1.1 ¥+ #& % 3# ik (Nuclear Magnetic Resonance Spectrometer » NMR) :

g REAG S Agilent MR-400 P £ LK - P F =B * §4&7 > HE =5 ppme B & ¥ ¥k
(coupling constant) ' J % 7+ » H = 5 Hz o sz & %] (splitting patterns) = ;% s % H *# (singlet) ~ d # B
if (doublet) ~ t & = & *# (triplet) ~ q % = & % (quartet) ~ m % % £ & (multiplet) -

2.1.2 B f&47 ¥ # & (High Resolution Mass Spectrometer * HRMS) :
% * &k ®A5L 5 JEOL/ JIMS-700 %) 5 +# & o

2.1.3 3 BB %tk
i % ix BA15. % Electrothermal 1101D Mel-Temp Digital Melting Point Apparatus

22, oy AT F BT

221 1,4-2 B~ 8-123-2 §rkit £ L2 F i ¢

WE ALY EH A 2§ 1 & F4a-4f (0.75 mmole) ~ F ¢ A(0.71 mmole) ~ -k (2mL)E F L P F-EL
LRSS R L %(3a-31(0.02mmole) » fr (AT EE TR B3 o F BRI 0 AF BFLY
fer T Fg P G A ORI RS AP U BRI R ot T RE]L4-Z B
Ro1,2,3-2 F ek it £ 46a-6f 0 A FAhodk - 2 Bl- T o

1-benzyl-4-phenyl-1H-1,2,3-triazole (6a)

P it i daitit R B (T FA A S 6003 BR1125-130 °Ce sk 3 7L 1 TH NMR (400 MHz, CDCls)
5 7.80 (dd, J= 8.3, 1.2 Hz, 2H), 7.66 (d, J = 1.9 Hz, 1H), 7.45 — 7.24 (m, 8H), 5.58 (s, 2H). 3C NMR (101
MHz, CDCl3) & 148.2, 134.6, 130.5, 129.1, 128.8, 128.1, 128.0, 125.6, 119.5, 94.1, 54.2. ESI-MS [M]" m/z
calcd for CisH13N3: 235.11090, found: 235.10090.

1-(4-bromobenzyl)-4-phenyl-1H-1,2,3-triazole (6b)

N,
0



Bdp§ (L4 4bie 75 Jio 8 FIRE A 4 6bo 3 B 151-155 °Co k3 742 1 TH NMR (400 MHz, CDCls)
§7.81 —7.75 (m, 2H), 7.67 (s, 1 H), 7.53 — 7.47 (m, 2H), 7.42 — 7.35 (m, 2H), 7.31 (ddd, J = 8.6, 4.3, 1.1 Hz,
1H), 7.20 — 7.14 (m, 2H), 5.51 (s, 2H). 3C NMR (101 MHz, CDCls) & 133.5, 132.3, 130.1, 129.7, 128.8,
128.4, 128.1, 125.7, 123.0, 119.5, 53.6.

1-((perfluorophenyl)methyl)-4-phenyl-1H-1,2,3-triazole (6¢)

Bl § &4 A E i (8 EMA #6075 B 161-166 °Co % 3 71 1 TH NMR (400 MHz, CDCl3)
57.85—7.76 (m, 3H), 7.41 (tt, J = 8.4, 1.7 Hz, 2H), 7.37 — 7.30 (m, 1H), 5.67 (t, J = 1.7 Hz, 2H). 3C NMR
(101 MHz, CDCL3) § 148.4, 130.0, 128.8 (2C), 128.4 (2C), 125.8 (2C), 119.6, 94.0, 40.9.

1-(naphthalen-2-ylmethyl)-4-phenyl-1H-1,2,3-triazole (6d)
7z N\

Bl § L4 4diE AR o @AM A 6d0 4 201332137 °Co 3 742 1 'H NMR (400 MHz, CDCl3)
§7.90 — 7.77 (m, 4H), 7.70 (d, J = 1.7 Hz, 1H), 7.53 (ddd, J = 6.0, 3.4, 1.6 Hz, 2H), 7.44 — 7.36 (m, 2H),
7.35—7.28 (m, 1H), 5.74 (d, J= 1.7 Hz, 2H). 3C NMR (101 MHz, CDCl3) 5 133.2, 129.2, 128.8 (2C), 128.3,
127.9 (20), 127.8 (2C), 127.4, 126.8 (2C), 125.7 (2C), 125.3, 119.7, 54.6.

1-(2-bromobenzyl)-4-phenyl-1H-1,2,3-triazole (6e)

Bl § 54 de it (7 F o B EHA F 66 Bh1141-146 °Co % 3 71 1 TH NMR (400 MHz, CDCls)
57.82 (d,J=7.3 Hz, 2H), 7.74 (d, J = 4.5 Hz, 1H), 7.38 (dt, J = 16.4, 7.3 Hz, 5H), 7.28 (s, 1H), 5.57 (s, 2H).
13C NMR (101 MHz, CDCls) & 148.2, 134.8, 133.1, 130.2 (2C), 129.3, 129.3, 128.8, 128.3 (2C), 125.7, 119.5,
53.5.



1-(4-chlorobenzyl)-4-phenyl-1H-1,2,3-triazole (6f)

Befp§ 1t & 4AfiE 7R o 9 FIREA J5 6 5 BE 1 133-137 °C sk 3% 744 1 'H NMR (400 MHz, CDCls)
87.79 (d, J= 7.5 Hz, 2H), 7.67 (s, 1H), 7.43 — 7.28 (m, SH), 7.22 (s, 1H), 5.53 (s, 2H). 3C NMR (101 MHz,
CDCls) & 148.2, 134.9, 133.0, 130.1, 129.4 (2C), 128.8, 128.4, 125.8, 119.54, 53.6.

2.2.2 LIt A g AR [HEE

B EORFLY E#E 4~ T A HF (3.76 mmole) ~ F ¢ A(3.85 mmole) ~ -k (10mL)¥? 35 e kg g ik FH|
3f(0.72 mmole) > 4e {6 FIET F 3 BFoF B R {6 Wk BE 0 £ 2 220 ®F 142 Bo-123-
W
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3.1 -;'i”ﬁ LR, LR R AR g AR F BT

X CuAAC F 5T % § 3% 5 BBk X2 Rilenfo® EF 8 A FE 0L F i
CINEIPE U & V- RN IS W PR ﬁ;ﬁd 2 4o *éw,%\mg]wcaﬁsq S r A ERGE g IR B
ARAFBER K EF BT o d MR IPHPEPSF B ESF LG L FOFRE T L P
@ iREE o PRt o AR B L P Ao b L RS R R 3a-31 5 LIV R 0 FEHE A T A
WFEFO NP E R AR R F o FRMOREBA D AR 0.02F B ECHFETF I
B o4 A - A 4-FA-123-2 F vk (6a)F 5 5 12%-98%(F - ) o

foo PERAILAES AL 3231 BT T A E (da) ¥ e (5) 17 CuAAC F LR

N,
( ) N ( j Catalyst N "N
ft, T aew \_b
6a

4a 5

¥ =X L A 2% (%)
L CuCl p
2 3a 60
3 3b o
4 3c 56
5 3d 45
6 CuBr 15
7 3e 79
8 3f o3
) 3¢ 73
10 3h -
1 Cul 37
12 3 >
13 3 >
14 K -
15 3l >




BB AN R 3a-31Y o 7 Rl LA F L AR Z BT AT B AT ch
PoRTS TR BB HEC T AR S F B A 4 P o & CUAAC F RESHEY 0 F
ool g A b L pA; 2 Cu(l) acetylide » B471s » R &2 dp§ * 43807 13-%&,1‘&.&;%1;\1}; R o
BT LRSI R B R L4z e g B e b L AL HE
BB o $HF Bt Rl e T i =¢m%m'r+,gg+-,wﬁ 3a-31 ¢ > FpldS R Al 3f£7§
Sl Ty N AT Y S IR IV i T U ey
A X7 B:iE 98% -

Bk A BRI R S BT B S A E A4 dbdf g Y e K T AT
F R PRSI 5 14 1232 A () -

o~ Ne
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F
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BEFRBRAT L A PE R AT A A A E R AT S F R A%
AF s Fo sz BRI nr R Au s 110202 2R T 0 F B3P Sr EAFR%D 0 1-
FRAF 1232 FoL6a)A F 0T ETI83% 0 A EP AT E(WN) L R AR E L F

100
90
80
70
60
’3— 50
T 40
30
20
10
0

1 2 3 4
T h#Es%k = i

B~ G 3 A sk S &

33 2%
ALY LB L P R L MRS R e A TR A F R

Fo RHT MBS FRAEY 0 450 kIR YT RHMRA PR €A BETS
ff oF N EF A AR SR g ko AR R 3 Y R S LT RS &5
= Cu(D) acetylide ® 4 > - *h g in® & L @ HIT § i@ FR P By enfis it 5 o R
BHA S e fe s SRR AE RSP 14 PRz AP 0§ ARk S F RS - g
MTHFALG ARG H O A SN2 F AP EG VEOAFRFERS o 0 AR 2 ERALRS R
R BT §F R 2 e SRS 0 T B i R

P

10



24

b=

© N o »

10.
11.
12.
13.
14.

15.
16.
17.
18.

V. V. Rostovtsev, L. G. Green, V. V. Fokin, K. B. Sharpless, Angew. Chem. Int. Ed., 2002, 41, 2596
H. C. Kolb, M. G. Finn, K. B. Sharpless, Angew. Chem. Int. Ed., 2001, 40, 2004.

R. J. Pounder, M. J. Stanford, P. Brooks, S. P. Richards, A. P. Dove, Chem. Commun., 2008, 5158.

J. Vantikommu, S. Palle, P. S. Reddy, V. Ramanatham, M. Khagga, V. R. Pallapothula, Eur. J. Med.
Chem., 2010, 45, 5044.

H. Wu, H. Li, R. T. K. Kwok, E. Zhao, J. Z. Sun, A. Qin, B. Z. Tang, Sci. Rep., 2014, 4, 5107.

Y. M. A. Yamada, S. M. Sarkar, Y. Uozumi, J. Am. Chem. Soc., 2012, 134, 9285.

M. Javaherian, F. Kazemi, M. Ghaemi, Chin. Chem. Lett., 2014, 25, 1643.

D. Raut, K. Wankhede, V. Vaidya, S. Bhilare, N. Darwatkar, A. Deorukhkar, G. Trivedi, M. Salunkhe,
Catal. Commun., 2009, 10, 1240.

R. D. Rogers, K. R. Seddon, lonic Liquids: Industrial Applications to Green Chemistry; American
Chemical Society: Washington, DC, 2002.

N. V. Plechkova, K. R. Seddon, Chem. Soc. Rev., 2008, 37, 123.

A.J. Carmichael, M. J. Earle, J. D. Holbrey, P. B. McCormac, K. R. Seddon, Org. Lett., 1999, 1, 997.
J.-C. Chang, C.-H. Yang, [-W. Sun, W.-Y. Ho, T.-Y. Wu, Materials, 2018, 11, 2539.

C.-H. Yang, J.-C. Chang, T.-Y. Wu , I-W. Sun, J.-H. Wu, W.-Y. Ho, 4ppl. Sci., 2019, 9, 4743.

Y.-J. Lin, Y.-P. Wu, M. Thul, M.-W. Hung, S.-H. Chou, W.-T. Chen, W. Lin, M. Lin, D. M. Reddy, H.-R.
Wu, W.-Y. Ho, S.-Y. Luo, Molecules, 2020, 25, 352.

Y.-l. Yang, Y. Kou, Chem. Commun., 2004, 226.

W. H. Binder, R. Sachsenhofer, Macromol. Rapid Commun., 2008, 29, 952.

K. New, M. W. Brechbiel, Cancer Biother. Radiopharm., 2009, 24, 289.

C. Shao, X. Wang, J. Xu, J. Zhao, Q. Zhang, Y. Hu, J. Org. Chem., 2010, 75, 7002.

11



HIFRBRFTFH 5 REZ

éLiig& T 1Y

[ L1

111-2221-E-041-001-

Ph L RREAT R S b

B RO 3 (1D

=~ % I8 p

H >

]

o
(P @ &4 X %I EI i nfl:_pﬁ?#"
P _;,r.ﬂp:n | R BB
TR FEE..E)

dn
s AT

;}jpmj;ﬁ?

o
3N

B

L3

5 et

=5

AEwe

iR 2

(el Nen il Nenlll Nl K=}
o

@

E:CN - T

2022# » ¥
[774899%L -

FARLI HFPF

E}lejgéa':?

Bt g

2002& » £4EA
w3t €, M5

0 F

3 RN =

>

%é—pm’]?

PR 2

I |

#u

5
3N

)
=

4

e | e

s

N
i)

\L
|

e

lL

T

g
&
o+

Lz LR

L% 4

S~ ‘““\\; ‘\E‘- \\\?{r

Y

g

2k A

BElesmy AR

L x4 R

[kl Nen il Nan il Nl Neoll Nan il Reo il R B K= Bl == Nenll Ran i Ne)

Hu A%

o2 2 K doyerd B e
CERER CERRELET L AER
LA 2 H o e g RPN B 2 B
P F FIEE Y FAUHE ] o)

(Ei2 g




