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: Copper(l) catalyzed azide-alkynyl cycloaddition reaction is

an i1mportant reaction in click chemistry because of the
characteristics such as high yield, good regiospecificity
and product is easy to isolate, has been wide applications
in drug synthesis, materials science, and biological
chemistry. Ionic liquids have the advantages of good
solubility for inorganic or organic compounds and can be
recycled, this research has synthesized 12 novel dual
Brensted-Lewis acid ionic liquid with aryl-imidazolium
structure. These ionic liquids are soluble in polar
solvents such as dimethyl sulfoxide and dimethylformamide
and stable in water and air, and the acidity of Brensted-
Lewis diacid ionic liquid can be adjusted by the
substituents on the cationic benzene ring or type of anion.
We expect these dual Bronsted-Lewis acid ionic liquid can
be further applied to click reaction in the future.

: Click reaction, Copper(l) catalyzed azide-alkynyl

cycloaddition reaction, Ionic liquid
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Abstract

Copper(l) catalyzed azide-alkynyl cycloaddition reaction is an important reaction in click chemistry
because of the characteristics such as high yield, good regiospecificity and product is easy to isolate, has been
wide applications in drug synthesis, materials science, and biological chemistry. lonic liquids have the
advantages of good solubility for inorganic or organic compounds and can be recycled, this research has
synthesized 12 novel dual Brensted-Lewis acid ionic liquid with aryl-imidazolium structure. These ionic
liquids are soluble in polar solvents such as dimethyl sulfoxide and dimethylformamide and stable in water
and air, and the acidity of Brensted-Lewis diacid ionic liquid can be adjusted by the substituents on the
cationic benzene ring or type of anion. We expect these dual Bronsted-Lewis acid ionic liquid can be further

applied to click reaction in the future.

Key words: Click reaction, Copper(I) catalyzed azide-alkynyl cycloaddition reaction, Ionic liquid
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2L i B (Click chemistry) 5 ¥ ®#% £ # i & #£17 2 K. B. Sharpless 2001 & #74% 1} 037 & = %
& Lipr -8 r ),T%,T&%Irﬂ? BLAF R g (7 0 B4 f§ B - P 2 § skt | o Sharpless 3 A
Cu( I )it crdfp § -4 ATk v = & Jis(copper-catalysed azide-alkyne cycloadditions, f§ #i % CuAAC) > &
BTRERB)E T EEFAIECE L - B4R 1232 kA b o )R RIEETEL D
$LiE 7 Huisgen = 1,3-1% &3k 4 = & J&(1,3-dipolar cycloaddition) P » /f % ek B &R 22 £ chk i &
B2 F gt S 140 1,5-2 B chz § ekl & 4 cndd B(F]- )

Click reaction

+
NN N-Re N
Cu(l) RZ\N/ \\N
+ \:<
1
Husigen reaction
+
-N.”_R
N N2 A Rz\N’N\‘N RZ\N/N‘\N

B
A

Rl prm— Rl Rl
ca.1: 1

Bl—- Husigen¥ &£ Click* J& 't #i&

R P P ARG e (DRSS F R QRPERF b Q) REAF & 2 (RS
e A F o Gl F Y UCUAACK BfFitd & S 44 25 b ipic® - orn

R——H C
N N g [cu]
=y cul » R—=——=—H & H+
R H
H+
[Cu]
N//N\"N"‘R' R—=— cu
R 'Cul Wk Ny—R'
. R’
[Cul R S
Pl 'L”” ~—w[Cu]
N Vucu) T 11 -
o N-‘—\
R>_<['c:u] R—=—=—Cu

Bl= CuAACF i
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Bl= CuAACK BIRAB* & % H| 8

-+ % W (ionic liquid » H 5 IL) 5 %3 B/ »2 100°C e+ it &4 » HE 5 &7 %~ & F L EL
8T R g > Tt 4 R | rmﬁwi “ Bop s a3 aMawTg + > BB ArinkekBR
R s TR R e A R R IR S !
(electron-withdrawing / donating groups) » € %]¢ 4 >z i(mesomeric effect) > @ 2 B4+ R hpe ~ i1
oo Pt o S ekt (D) 5 Aded o F B AR [Cu(OACh]hiit T » A ul& 83 3 kg s T3 T A
%W@%¢2&%EG%QF@M’E%&$ﬁﬂ%iﬁﬂksp*éﬁﬁﬁmié%@ﬁﬁk‘%i
#-F Ahefek it £ 3a-3e kA2 BEHCDHM 2 F i 4(FeCly)it i7 % & F J&(combination reaction) s > ¥
S g R R ERTA A F A ek i 425 R 4 Sa-Se (Rl ) Dohspzdrdn L B2 32z v

LB R E R e & 1T MU AE A4S R A 2 54 R * % Friedel-Crafts 2 i* & & '° « Friedel-Crafts fig it
F@”~%&A+mlb%w5@“\%%&ﬁﬁﬂﬁ@9£P2°



ON Cu(OACc),, Cs,CO
N NH o+ |©—R S NAN@*R
\=/ DMSO, 110 °C \—/

1 2a:R=H 3a: R = H (96%)
2b: R = CHa 3b: R = CH3 (99%)
2¢c: R = OCHg 3c: R = OCHj3 (84%)
2d: R = NO, 3d: R = NO, (88%)
2e:R=CN 3e: R =CN (94%)
+ FeCI3 +
Hel HNANOR HNANOR
EtOH, 0 °C \=/ EtOH, r.t. \—/
cl FeCl,
4a: R = H (94%) 5a: R = H (88%)
4b: R = CH3 (93%) 5b: R = CH3 (88%)
4c: R = OCHj3 (81%) 5¢: R = OCHjz (92%)
4d: R = NO, (95%) 5d: R = NO, (99%)
4e: R = CN (97%) 5e: R = CN (95%)

Ble B Epenf ook g3 A & &

&@L,"*\“'Tﬂ ,%}g_" RMAFTERY L B AR LB R LAt H o iR R E R }]%%f
LB PRI 50 M RAMA B ST r e v b AR RHMBHY ¥R AR

a2 #rﬁ&mzk\ [~ 2 AFEI L T F PPN A A TR S B R R Ry BL
AFHE R DE R AFE TP AN TR F TS 2 ORS RMA M 5 AR B AT

Beh LR A RS S S DB PEE O N A R H Y N F NS E
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20, LB RERA

2.1.1 %8 4% k3 iR (Nuclear Magnetic Resonance Spectrometer > NMR) :
# % %R B8 L Agilent MR-400 ¥ £ J& k38 & o

2.1.2 B f&47 ¥ # & (High Resolution Mass Spectrometer * HRMS) :
%% ik ® 3505 JEOL/ JMS-700 2] B 3# & -

2.1.3 & = ¥ # ¢ = ¢ sk k¥ & (Fourier Transform Infrared Spectrometer » FT-IR) :
i * hik B35 5 Bruker/Tensor 27 & 49(KBr) @ » (T 5 F § & > £ ¥ Sf it o g 2 4
7R R 0 (k3 # B 5 200 cm ' ~4000cm™

2.1.4 # & & +7 R (Thermogravimetric Analyzer » TGA) :
i * &R ® A5 % Thermogravimetry analyzer Q500 A1 # € A~ 47 & > E AR EHFF 5 2E L 750TC -
W BT E FTRE T 0 00 5°C/min b BiE R DR 0 Bk A end B8 LA .

2.1.5 % BLip] %k
it % kB35 5 Holliston/BOX 6402 3% BLip] %_ik

22, I aL 2
2.2.1 3-phenyl-1H-imidazolium dichlorocuprate(I) (6a)s7 & = :

*F & 7 0 # CuCl(124mg, 1.25 mmole)*r » 3-phenyl-1H-imidazolium chloride(225mg, 1.25mmole)
he fE (A5Sml)pied > MR ERRNFTETRE R IFRIEF GBS T EAMALY 62 %
B
found: 132.8676

\

: ESI-MS [M]+ m/z calcd for CoHyN,: 145.0766 > found: 145.0765, [M] m/z calcd for Cl,Cu: 132.8673;

2.2.2  3-(4-methylphenyl)-1H-imidazolium dichlorocuprate(I) (6b)s7 & = :

21 £ % 6aAp e 9§ % 3 0 B~ 3-(4-methyphenyl)-1H-imidazolium chloride i& 17 & & » % FI48 & 4~
6b o k¥ 75k ¢ ESI-MS [M]" m/z calcd for CioH;Na: 159.0922 » found: 159.0920, [M] m/z caled for Cl,Cu:
132.8673; found: 132.8676



2.2.3  3-(4-methoxyphenyl)-1H-imidazolium dichlorocuprate(l) (6¢)s7 & = :

¢ & % 6aip e inf & 3R 0 P 3-(4-methoxyphenyl)-1H-imidazolium chloride i& {7 & Ji& » ¥ F48 &
F= 6C o kT ¢ ESI-MS [M]+ m/z calcd for C1o0H;1N,O: 175.0871 > found: 175.0872, [M] m/z calcd for
Cl,Cu: 132.8673; found: 132.8704

2.2.4  3-(4-nitrophenyl)-1H-imidazolium dichlorocuprate(I) (6d) & = :

B L S Bap e e f RS % » P~ 3-(4-nitrophenyl)-1H-imidazolium chloride :& {7 * J& - ¥ HA8 A 4~ 6d - sk
B F'ﬁ #L o ESI-MS [M]+ m/z calcd for CoHgN30;: 190.0617 » found: 190.0606, [M] m/z calcd for Cl,Cu:
132.8673; found: 132.8678

2.2.5 3-phenyl-1H-imidazolium dibromocuprate(l) (6e)s71 & = :

B LA Batp e e f &N ¢ > B~ 3-phenyl-1H-imidazolium bromide & {7 & & > i# FEE A Beo KT
ESI-MS [M]" m/z caled for CoHoN,: 145.0766 > found: 145.0764, [M] m/z caled for Br,Cu: 220.7663; found:
220.7661

2.2.6 3-(4-methylphenyl)-1H-imidazolium dibromocuprate(I) (6f)e & = :

& £ & 6a4p e P f % F > P~ 3-(4-methylphenyl)-1H-imidazolium bromide i& {7 & J& » ¥ F48 & 4+ 6f
% 3% 7K ¢ ESI-MS [M]" m/z caled for C1oH;1N,: 159.0922 » found: 159.0923, [M] m/z caled for Br,Cu:
220.7663; found: 220.7661

2.2.7 3-(4-methoxyphenyl)-1H-imidazolium dibromocuprate(I) (69):7 & = :

¥ £ = 6a4p IF 0§ % > B~ 3-(4-methoxyphenyl)- 1H-imidazolium bromide i& {7 # Ji& - ¥ 74 & # 6 °
3% 78 - ESI-MS [M]+ m/z caled for C1oH;1N,O: 175.0871 > found: 175.0871, [M] m/z calcd for Br,Cu:
220.7663; found: 220.7664

2.2.8 3-(4-nitrophenyl)-1H-imidazolium dibromocuprate(I) (6h)= & = :

B L S Bap e e f S % » P~ 3-(4-nitrophenyl)-1H-imidazolium bromide & {7 * J& - ¥ H48 & # 6h -
& ¥ F'ﬁ Lo ESI-MS [M]+ m/z calcd for CoHgN30;: 190.0617 > found: 190.0604, [M] m/z calcd for Br,Cu:
220.7663; found: 220.7660

2.2.9 3-phenyl-1H-imidazolium diiodocuprate(I) (6i): & = :
2 £ & 6a4p e ihF % 3 > P~ 3-phenyl-1H-imidazolium iodide & {7 ¥ Ji& » ¥ F4 & = 6i o 6 3¥ TR
ESI-MS [M]" m/z caled for CoHoN,: 145.0766 > found: 145.0766, [M] m/z caled for Cul,: 316.7385; found:



316.7393

2.2.10  3-(4-methylphenyl)-1H-imidazolium diiodocuprate(I) (6j)s7& = :

¢ & & 6atp ke 0 S ¥ Z > B 3-(4-methylphenyl)-1H-imidazolium iodide i& {7 ¥ Jix » ¥ FI4E A 4 6] - %
3% 7L L ESI-MS [M]" m/z caled for CoH;1N2: 159.0922 > found: 159.0922, [M] m/z caled for Cul,: 316.7385;
found: 316.7398

2.2.11 3-(4-methoxyphenyl)-1H-imidazolium diiodocuprate(I) (6K)=7 & = :

¢ & & 6atp ke 0 S ¥ F > B~ 3-(4-methoxyphenyl)-1H-imidazolium iodide & {7 ¥ J& » ¥ F %8 A 4~ 6K -
% 3% 7K ¢ ESI-MS [M]" m/z caled for C1oH;1N,0: 175.0871 > found: 175.0877, [M] m/z caled for Culy:
316.7385; found: 316.7393

2.2.12  3-(4-nitrophenyl)-1H-imidazolium diiodocuprate(I) (6l)e7 & = :

¥ & = 6a4p e 0F S F 0 B 3-(4-nitrophenyl)-1H-imidazolium iodide i& {7 ¥ Ji » 17 F 48 A 4~ 6l - k¥
? Lo ESI-MS [M]+ m/z calcd for CoHgN3O,: 190.0617 > found: 190.0609, [M] m/z calcd for Cul,: 316.7385;
found: 316.7392
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Fleinfeffb 23 4%

CuCl,

|
e
\—/
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(DATFT A Bt dfs R4 & &

BEEEE ()

R R el R U

£ Bronsted-Lewis #p& 2 ¢

~ N 1—}:3(2)% 7T

Rl R L B

7 3o~ 457 3 B~ 1% A (electron-withdrawing / donating groups) ¥ sk wf ek i

& LF(HBrR & ol pr(HDE (7 itk £ o St a4 51~

Ardr(D it (D) E R
& = 12 &4 & Bronsted-Lewis B4 |2 st
* o 100% °

Al A A R

7% & F J&(combination

Wi 4| 6a-6I(F 1)

L5 pLiE

g CuX,
+ X .
N A~
H-N* N@R &» H-N? N@R
— \—/
4 6
R =H, CH3, OCH3, NO2
X=Cl,Br, |,
CuBr, Cul,
N +
oD O
— \—/
6e
CuBr, Cul,
N NN
H_N:_ﬂ_{<:3>_CH3 H-N" N—<<:j>—CH3
— \—/
6f 6i
CuBr, Cul,
TN PN
H_\:_ﬂ_{<:3>_OCH3 H-N" N—<<:j>—OCH3
— \—/
69 6k
CuBr, Cul,
N NN
H_\:_r_{<:3>_NOZ H-N" N‘*<:j>—N02
— \—/
6h 6

IRTAR A 4 2R A
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R AT R R & R iEARY B A dadl > S 'H iz BC P s dr kg BH o AiE
+ % %8 6a-6l FléF ~ F R £2 APEE #%40\3& R = P e L %"ﬂ&‘ RR R Y
(electrospray ionization, ESI)i& {7 it & 4 6a-6l » + £ gzt E{H FHRNE T f RS > A 5
HAF?P BRI U IEPEI LI REFLAIT  TEBRIZIEREIT LI ERFREBPFEERE ; M
RIS A 62 5 bH T (CoHoN, )iF Bt (m/z) g Rl 5 145.0765 m/z # &3+ X & 145.0766 ;
A e+ (CuCly) s vl iRl 5 132.8676 £13+- & & 132.8673 4piT (B =) -

Relative Intensity

80 4 cation
] 145.0765
60
40 H
20 4
D_ I 1 I & [l 1 |l 1 i .k I ! il o I ] h
L] L] L] T L] 1 T L] L] T L] L]
130.0 140.0 150.0
m/z
Relative Intensity
] anion
40 132.8676
20
O it ot nae it ban o ianana e s B Y v P
T L] T L] T L] I T T L] T 1 T T L]
120 0 130 0 1400
m/z

= BEFL AL % 4 6a 1 ¥ F

32 ATAR A RS T R AL 2~ T LR S
32,1 BfER
A -it & 4 626l 4 BB~ = 7 A L A(DMSO) s = 7 A T fER(DME) ~ 2 5 (ACN) ~ 3 fif (Acetone) »
B ",%(DCM) & vkvd (THF) ~ ¢ fe o ﬁq(EA)'*’ 2 %2(Hex)? i3 A1 > %Eﬁi%ffi&: IR R
A kA A3 ¥ B @ (dielectric constant, €)% > @ B F|Kd 2 3 LA o &% &7 6a6l ¢ ¥

)

Bl e 152 #40 DMSO 2 DMF ¥ » & 2 3 3 iR che s e o gt 4 .t @#n 6a-61 ¥ Hin
ﬁﬁ&‘:iﬁ” Epgrkm v oo



L- EEFRILAET A 6a-6l AP A A2 B R Bl

L&t DMSO DMF Acetone DCM THF EA Hex
€ 46.7 36.7 20.7 893 7.58 6.02 1.88
6a + + + + + - -
6b + + + + + - -
6c + + + + + - -
6d + + + + + - -
6e + + + + + - -
6f + + + + + - -
69 + + + + + - -
6h + + + + + - -
6i + + + + + + -
6j + + + + + + -
ok + + + + + + -
6l + + + + + + -

+ : soluble, +: soluble on heating, -: insoluble

322 #% T pl

AP BE A TREFATE SRR R ORT LA SIS G R4 A 180°C =+
ERAEHNfE Lt EHOBhPRREL G HSNEZFAER S 189°C % - B & AR EMANIR A
180°C 7] 330°C > d £ R4 4 F3wip] > b 5 B+ R WIS 07 205 BiLR+ o & BB g ekl d
ERFEFF o 23 HBr A3 dfdgisa g S g 2452 710 425 Al 6h B £ A 47 B4 T 417 (]
= ):

100 -

Weight(%)
o )
[—] [—]
1 ]

4
]
i

(]
]
i

———r——r——— T
0 100 200 300 400 500 600 700 800

Temperature (°C)

Bl- # g oh L 17H



323 A

Yuan Kou ] * & 3 gieteg 5 45 454 F 0 02 S o S0 32 KOp) 2 383 % 48 o9 Bronsted/Lewis fi& 12 2,
Weler G AF AR T o Meleg b 2 F R e 0h kR R(FTHIR) Y 1437 om™ € B m B A foiE o @ e
v fie i (coordinated) T # % L f ¥ > & FT-IR 3 b 1450 cm™ 3T .‘i EIEE A P S R ot
PEFLF A& ete gt (pyridinium ions) > B & FT-IR %2 1540 cm™ AT B I AT T o gt AR
FHF ML R B B 0 B B AR TE ¢ /L F hik Bi(wave number) i #5 o

A 24 Yuan Kou #!t Jen= gk s Meter AR AL F EFRIFRE S 0 I E 2 b kR
REZ A 1400-1700 cm™ it 0 B FF RS LEBA T L P BEfortetF BTA 4 AT .34
Lgrh TR E R PR LEA T L PR o RS R 6a-d RIS B FT-IR %3 4o~
ST o e L IFAEA T B0 £ 4 6a-6l i (TR R PR 0 FTIR 63 ok o BB Ao d 2 9T o

- # \ '.\ ;_.
6b :
! & b
T |
ol
A
T ‘H"\\\ /." B \\ ;/'\ .)/-_\'II _./'/ - —— -
6d ~— / \ /\/ | / \ /
— — 4 {
N / VST / v
A\ / \f | \ /
5 /"‘\v/ = B 2/
o 2 =/

B~ B aET 8 6a-d FT-IR 4 fiors foid & 34

o F S S B o 45 %4 6a-61 & FT-IR =k 3 @] 1439 cm'-1449 cm™ 2 1515 ecm™-1528 em™ % =% >

Emetegfe =T B 5 LRI R e 2 H L P BRE A S e g DO TR o BT R R F S Dl

FRMPFE R IMEE L IEMME o S BT R L RA L PR TR
Pl Bk A R g Al e B e hAp B AT BT o B b LE A GV E IR CuCl>
CuBr, = Cul, sr4%%% > 4o 6b(1447 cm™)>6f(1443 cm™)>6j(1440 cm™) » @ v ez 2 33 % 48 6a-61 & B2 =
PLEAE T AR TR R 0 P R LPRRBASIB RS FASR A AT R M 0 ¥
AP A e H L P HEA B R CH:>OMe>NO>H 484 > 6l4otdp b e CuBry A 35 & > wlegdp 5 3
P g et #ie 6f(1528 em)>6g(1522 cm™)>6h(1517 cm™)>6e(1515 cm™) -

10



% = 35 %A 6a-61 FT-IR 3k 3 43 o fc i

v FT-IR 3k 3§ 5 fces fc % (cm™)
Lewis Acid Site Bronsted Acid Site
6a 1447 1518
6b 1447 1524
6c 1449 1522
6d 1448 1521
6e 1440 1515
of 1443 1528
69 1442 1522
6h 1439 1517
6i 1441 1515
6j 1440 1524
6k 1437 1521
6l 1440 1515

33 &%

AT L F ek L A LAt AR E A Rt LB RELEE RS S H LD 124
AFAAE L PR Ll R A F R P R AT DA B ESHRDR
1 F32E 100% o 76 NPT R AR BT RN T ATAZE -7 AT BRIRE B RO B3
Al 2 ERE T R DV R BT PRGOS AR > AR
B F LOPFRASE S LA ARy REFE AR BER B2 B AEY L E Rk §
BB o

11
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