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S S 0 B T AR T B LB TR A0 & BB B AL SE
XS kAR Fwm E R RARY

(CBERIT TR AR EE 742500)
CPALITYE Kb s Tt b BB A SR B A s s iR E s PR E AR 22M 730070)

WE GRS REET 1Nk 3K 5L T Jor S A% 0L BH 25 1 R8T 2 R TH BE AL, Brosted FRME B3 T34 1-[4-(4-TTR
T N bR I -3 [3-(4- TR TR T 2 )R M PR 6 (R BRI TR ) 2R { A, [(C4SO;H)m(C,SO;H)iIp(OTH), )~ 1-[4-(4-THER T 55)
el W 5 -3-[3-(4- T R T 25 ) WK W B 1 P ot IR IR L 4h (B, [(C4SO;H)m(C4SO;H)iJp(HSOy), ) 22 1-[4-(4-Tii R T 4k ) N wk ik -
3-[3-(4-HEMR T 36K M3 R b IR S £R{C, [(C4SOsH)mM(C,SO;H)i]p(H,PO,),}. H 45 H4 FT-IR. MS. NMR 55\,
PRI, R R BT R Th R AL B VR N R, DR H R 530 Ol 2 A1 A8 X Aldol 48& M %52 T HoAE b
W, ) Hammett 77750058 7 HEME, SCORah R, 6 i =FoSU iR ThAE Ak 55101 IO AE A0 RE ) LSRR T e
B FR R i, HERIEIRT S AR A — 3. b, BIESF8 =5 R BE IR AR I 25 R 44 %) 18 Ft Aldol 4 & v
VA WATRERVE, AT MR, PR EIE 90%, EEEIH 10 UG, Th IR R T

KEE  CRERIhARAL B TR, ARG MEARTEE; Hammett 7772 A8 X Aldol 45 & e v, A

Synthesis and Catalytic Activity of Novel Heternuclear Dication
Bragnsted Acidic lonic Liquids

Cui, Wenhui**“? Zhang, Youming® Jia, Ruyan“ Wang, Yu* Wei, Taibao™?”
(“ Department of Biology & Chemistry, Longnan Normal College, Chengxian 742500)
(®Key Laboratory of Eco-Environment-Related Polymer Materials, Ministry of Education of China, Key Laboratory of
Polymer Materials of Gansu Province, College of Chemistry and Chemical Engineering, Northwest Normal University,
Lanzhou 730070)

Abstract Three new Brosted-acidic task-specfic ionic liquids (TSILS) that bear two butane sulfonic acid groups based on
1-(morpholinyl-4-yl)-3-(imidazolyl-1-yl)propane (mip) heternuclear dication: 1-[4-(4-sulfobutyl)morpholinium-4-yl]-3-[3-(4-
sulfobutyl)-1H-imidazolium-1-yl|propane bis(trifluoromethane sulfonate) {A, [(C4SO;H)m(C4,SO;H)ilp(OTf),}, 1-[4-(sul-
fobutyl)morpholinium-4-yl1]-3-[3-(4-sulfobutyl)-1 H-imidazolium-1-yl]propane bis(hydrogen sulfate) {B, [(C4SO;H)m(C4SO3-
H)i]p(HSO,),} and 1-[4-(4-sulfobutyl)morpholinium-4-yl]-3-[3-(4-sulfobutyl)-1H-imidazolium-1-yl]propane bis(bihydrogen
phosphate) {C, [(C4SO;H)m(C4SOs;H)i]p(H,PO,),} were synthesized and characterized by NMR and FT-IR. The imidazoli-
um-based and morpholinium-based single-SO;H functionalized acidic ionic liquids were used for comparison. Their catalytic
activities were investigated in crossed-aldol condensation between cycloalkanone and various aromatic aldehydes. Hammett
method has been used to determine the acidity order of these ionic liquids (ILs). The experiment results have shown that the
catalytic activities of the three bi-SO;H-functionalized ILs were stronger than those of single SO;H functionalized ILs. Their
acidity orders were consistent with their catalytic activities. Good adaptability to the reaction substrate and maximum product
yield of 90% was observed when [(C4SO;H)m(C4SO;H)i]p(OTf), was used as catalyst and the catalyst can be reused at least
ten times without obvious activity loss.

Keywords bi-SO;H-functionalized ionic liquids; synthesis; catalytic activity; crossed aldol reaction; Hammett method; re-
usability
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AR R — R B BURIR T 2 WSt
BABH S 4L a0, DR L BT A R . R S ke
A E M R R EE A S 5T R T R AR 1 9 B 2
T2, BeINIE A N SR A TR AT P e R
FEYD Gy oy B HORTIEIMMVE AR L, BEFE R SR SR,
5 IR 5 B 0 A WL R A AL RO AR L 2, SRR &
A4 oAb TTREIMRINESK, BT B A
ANFEIIBF AR, G iR S AR E AR, L R
G EA R AR E T, A FARAE AL Suzuki 2
IR Cr(I)-AlLO; SCE AL AL B S b Il 4 5-5%
FEREIS B ST TR Sy YAl BURK R B A R H AR T
T, A R e N 4R (R s MRS, AR D BB R A
LB D ) R T, R KB v T IR S A,
MR G 7 A A R R G it “RRBET
TR A B A T TR A i RO AH €1 [ 5 AR I 22
FLERA R, WA R HPLC 7 B A =R
L B IRAARAE SRR 43T £ IR THT BN IR A9,
AT XA R 53T S Fe 45 K AU A v B ) e B R i)
VEF, BRI T K o B i A i el 12 B
R AR 7] 3 7900 R R AKORA A R A — s B I Y 2
Friedel-Crafts Sz U it 58 & 7 8 1 i i F T4k
Claisen-Schmidt 45 & e WM, DL K 7 754 ] 8k 2L i ek 85
TR T AL Henry SOBiU225 . bl T RRME AL S B AEAL 2
Tk 5 oy BB AL, I ] DA AR R 1
B AR AR 5T Gt 1 A 45 R e A 5 B A
P BE IR ORANE. AR TRV B A JE s ) — AN
B0, REIR D) RE AR I B A B e AR, L2002 4 HH
Cole Z5V g VAR A 6 T IR P R = 2 35 8 A A% 1) s g
DR VE B A bR &, 2007 4F, SCHR[1414R1E T
VLA —BAE 75 4 PO FEI R F406 001, #FF 1 R
DR B TR R 1 5 e i YEZ TR 8 &L SR
[ISILARI =B 75 5 FAS A BH B 1 B VE & i
%21 FH BT 458 S Brosted B 14 X A A0 376 14 PO 52 1)
P AR T A TE M S R MR T A — 3, I
H YA A E M BT B B T 45i8. 2012 45,
SCHR[ 16]F 38 XU R 5 D) B A0 R 14 B8 T VAR IR R 1 5 T
AT B D) Re AR It B VAR, I IR ME S s 1t
— 3. XL I TR R B SRR R E T
(¢ 2, S8 Ines e 4k H At gl s L Re 1k, g hn 1
AL AT A AT REHE i fE A i 1. SR, B2 B AT L,
O LR T 0 il I 25 ) B A R P 5 1 A 0 4 2 T ik
Ml = e i) 2 nb b LR el k20045 B B R 3
PARe LT =0 2,3 P00 w220tk e R,
w241 i L ST ORI 5 Th R AL R M B8 PR AE I, 8K
YT R A LS B W AZ A A P B R R
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DhREtl, BOMZIR, SRR ISR, Rk, TR
R RR P B8 1A ) T R A AR K e = ).

75 BRI BE R 2 18] ) Aldol 456 [ B =2 il % ap R
TR B BV B RN, H W) o0~ ZHURIE R 2
IRIGE R A FLAT VB AL AR T I W i T AR P I B R A, [
AR 125 24 A R 1 rh )AL B T4k Aldol
SRR, MERAIAS AT W R ER . wRbl. B G
T ERIENK @R BT, BAT[E i E R A
FH ) 017 [ 3 A AL A (KF/CaY -MS)2 7, SR 1 b1 B 1
2 e A BE Amberlyst 1528 0 B & W & 1 B R
(NKC-9)P1 3% o ¢ [ 3 OB R, Fe R 4K 28 S8
JRTFERPIAE. BRFRARR £, SR, fEIX LTk,
TEEE AT &R R 2 AN K. AR .
A E A IREUR D AN E . 2003 4, BT IRAKIE R
FeCly6H,OPH A SmI, P a7, B ¥ T4k Aldol 2
R 2007 55 T4 B B AR IR A R )
F T iz BPY, H R IE BIX LR B T G
s R AN &, B AR R EE R B A bR
K, BEEREEM A KEE D, TERBATEEHRIE T 2K
T IR I 28 B8 T VAR 5 B TR O IC AT 3R A S ) R 6
e ra 2k RO 1 SR LR RE R T & JE /K i RT DA
P R R R 2 BRI R P RO B
WA T, AR SR A R AR s R e, 7Rk
TAERIEEAL b, R BT T AR PR R H ARk
IR ER T I S22 P, i kiR S A i 2z )
PRI SFEAZ B S LA W WA SC AR AE KR ER |, AR 1 —Fof
Wi 2 BARMEY R IEAE, HHS 1,4-T belig M s
KA = L5 A5 B RS R D R Ak B R BT AR S =R
FRGERETR « Bl I R S5 45 6 AR B T — S 2 S A% 0L
B FHARR I EAL Brosted XUERTE B8 FIA: 1-[4-(4-F8TR
T N R A -3-[3-(4- TR R T A ) DK M T PR b — (=
FEEFR) EE{ A, [(C4SO;H)m(C4SO;H)ilp(OTh),} 1-[4-(4-
Tt T ) P Ik 356 - 3-[ 3-(4- T R T 2% ) O Mo 66 1 . — (Wi
FRE)E (B, [(C4SOsH)m(C4SOsH)i]p(HSO,),} 2 1-[4-(4-
TR R T ) P Ik 35 - 3-[ 3-(4- Tt T 25 ) PO el 66 1 . — (il
M2 — &) # {C, [(CiSOsH)M(C4SOsH)ilp(H.PO,),}
(Scheme 1). H45#)4 FT-IR. MS. NMR 256\, %5
4-(4-TE TR T 25 M ik — 5 FR e iR (D, (C4SO3Hnhm)OTH]
FT1- FF R 3-(4- TR TR ) WK MR =GR FH ot il IR (E:
[C4SO;Hmim]OTf} | Hfitf 5 2 T g Ab B8 7 WA S xof R
2H, A Hammett 7735 E T HERMRF, DLOKFE S
Ol Z 8158 X Aldol 466 R M58 T HARAL TS 1. B
FARRY], XS R EA iR, R
WORGF, BEPEIAMEH 10 IREL RS0 A
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Scheme 1 Synthetic route of bi-SO;H-functionalized ionic liquids A~C

1 GR5vHe
1.1 BFiRIELER

wWE 1 N, A By Fl C WA SCH & UK =Fh 1
Wik, D F1E N C L SCHR[40, 23 1450 1 5 A BB R 3 Ty
BEALTR M 2 IR, TR 5 3T B 1WA EL A 20 AR TR ) &5
¥, A HAE R, DA RERR ThAE S s H 5
TR K AEAL 1S T 2 TR) 96 AR

o
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N
) )
Hoss/\/\/N\/N\/\/X\/\/\SO y
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X = OTf (A), HSO, (B), H,PO, (C)
()
N CF3S0;
H
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SNON CF3S0;

B1 Ermkmaiissl

Figure 1 Structure diagram of ionic liquids used in this paper

1.2 BT RIFHERME

HI Hammett 77 72000 7€ G145 2 Ffox B8 20 25 5 WA FE N
(K1 5 s TRIIIRYE, 225 CHR[411RIEI T ik, %
Korbied® A-fHEIRONTE R, DLZRIRACONTEST, BoH
J% 5 mg/L R, FERANRT LG TEACNS Al 4-
it 22 IR R ) B KPR MO K (A =380 ). 2R
FRECHIES TR EEAH 2T 25 mmol/L, 4-FfHE A ik
FEMET 5 mg/ll MIFE/R7S B T RAARIR SV L W
TINBRNE S TR, — ik im0 7 40n 1
e, HRGR KR, AT PR T4 145 7 74
Amax ARSI E . BRIk, WTSE I I 1A A R
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R VR A T 8 7 R AE S R IR K (e =380
) A0 R PR S5 A PR v AR S5 R i 7 7R o A R R
£, HR4E Hammett 7782 Hy=pK(1)sq+log([1)/[IH ) iT-5
R FIR R Hammett BEL Hy PIEAME, M 8]
i S B H B B VAR 26 B T RE D, 15 30 L ER PEAR
XFomggZE R AR, B 2 N 4R A A R B Tk
7K A 58 Ah—mT LIRS 1. AR T A 3R 7R 71 1)
WG RBVNRERN: E>D>C>B>A. % 1 AR
[F] 25 AR ) Hammett BRECE, THESE SRR S P+
WA R Hammett FRPE X TN A>B>C>D~E. [{—H
BT AL By C =B IR S50 E TR 78 71 4-fi 2k
% PRI ' FEE 2 i 22 031 L B A, (BB 8 R TR D
T D A E KIS 4-Til 5 25 1 (RO B 5 i A
R, 1K LT S I B S R B TR A (1 R M 1 S
AR,

0.6 4
—DBlank
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Figure 2  Absorbance spectra of 4-nitroanline for various
SO;H-functionlized ILs in distilled water

1.3 BT RIFMELR R FHRRIL
FERIRII SRS, BATELACEI(S mmol) A4
(12 mmol) M. BT A A JHEALFIZEA T IR
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F 1 ARFEEFRARK Hammett 5 5{H

Table 1 Hammett function values of various acidic ionic liquids

in water
Tonic liquid Apax [11/% [TH'1/% H,
No IL 0.5485 100 0 —
A 0.3515 64.1 35.9 1.24
B 0.3725 67.9 32.1 1.31
C 0.4292 78.3 21.7 1.55
D 0.4364 79.6 20.4 1.58
E 0.4401 80.2 19.8 1.60

Indicator: 4-nitroanline (5 mg/L, pK(I),q=pKa=0.99), IL (25 mmol/L).

VENBERR, AT RIS AF TR G, B H 5T RN
JE o AT RRSERMAEAL 77 TN B R opa- —IE R FEIA O
RS A RE R, HLsls 45 3R L3R 2.

R 2RSS TR S RS ¢
Table2 Effect of different temperature and dose of catalyst on
the reaction

Entry Catalyst Catalyst loading/% Temp./’C Time/hYield“/%

1 A 5 80 2 90
2 B 5 80 3 78
3 C 5 80 4 70
4 D 5 80 4 65
5 E 5 80 4 61
6° — 0 80 6  Trace
7 A 10 80 2 90
8 A 15 80 2 89
9 A 20 80 2 88
10 A 6 60 2 68
11 A 6 70 2 73
12 A 6 90 2 91
13 A 6 100 2 91

“ Reaction conditions: cyclohexanone (5 mmol), benzaldehyde (12 mmol),
solvent free.  Catalyst free. ©isolated yield.

o, FRATHE L T AR S R ISR S
53 A L =X BR T ek & TR A By C LK fil
PARER T BEAY B TR D A E M AL, AR R
FZK F i 2 8] )58 X Aldol 4 & [ MN.(3R 2, Entries 1~5),
SHG S5 AR, =POSURE IR ) e A B TV AR 1 A
o1 T P R R R T R AL S TR A P AT A — b, HL
Be A4 BH B8 2 — 3 H R R AR (O T ) I A SR I H TE 5 1
ALY, ISR 5H Hammett BRYEIRF(A>B>
C>D~E)H—5, AU, w1 % e, 49N
IMNAR AT (F 2, Entries 6), RAERER HAirL
GV 3a AL BT ORFE L T A H EXHZ R N B
Wi, 4r5ILL 10, 15, 20 mol% A NHEALF, EFELE 80 C,
TCIEFNAAT R AT SN (% 2, Entries 7~9), H¥FrP=#ik
R HIN 90%, 89%A1 88%. S AMEHEL T IR ENHZ X
N FRISEIE 43 FI4E 60, 70, 90 A1 100 C, 27k & 5
mol%, Jx B H [A]#RFR 5EAE 2 h Z N (3R 2, Entries 10~13),
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FH S B P23 )R 76.8%, 88.0%, 90.2%F1 91%. 4
HULESER, RIS SR A AT,
HHAENT 5~10 mol% [H], LS 70~80 Ci
.
14 BFRAEECFINTFERAMERE < BAIRZX
Aldol 4 & K LAY IE R 1%
TERMAHIZAE T, AR 2 Fh U 1) 28 H AN
IR CUR B A 13 B X6 12 A A 750 11 34 58 PR REAT T B 5T (Bq.
1), G530 NR 3 s, IWSEIRZE BAr DI, &k A
Xt 9 i 2 F S AT AE 05 B8 A K B T 7 b A e i
V) FAD SR80 5B R AE . & R 2L 2 1011 e I R
BRI A A, IE DL R AF IR A 3 BB YIGER 3,
Entries 1~18). 7% ¥ _FEUAR IS [ B T R0RL% Jse S B (1] ()
SN IR, ERAR 22 Fh B o H - SE RN FRL T ) 5 R H RE 52
BAE X Aldol 4 & [N, (HAINTI S, &AW T 5
J5 N KA, PR AR L X AT e TR T
FEFRAK T 2R IR 1 BT 2 8 5 300 T 2 e 81 s o s D
THIE R BTN, AITES 5 8 R -5 53 1 5
RN RSN B B 33047, 3% 5 SCRR[25 1T AR — 2

(0]

Ar O Ar
[(C4SO3H)M(C4SO3H)IP(OTS), =
+ ArCHO (1)
b g solvent free or EtOH )
1 n
n=0,1 3a~3r

1.5 BRI ELT R EYSF A
DAFA IR M 48 F R 2 ) R 32 S Aldol 4 45 S S A A5
B, FE GRS AT R EAT WSO TR AL SESS. ML SE R
J&, RIDREE YA E 2 = iR B N A, IMNA L
K OB, ik, B DA @rr= i, IBREER
WA G, TSR OCHT /B R, TS B A
TE N 5 B BUBCEAE B T 90 CIRE H 2814
2hJE, EEMAEREAT N —4 8,y #H AR
HOLE 3 PR, S AR E A 10 T B BT
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Figure 3 Reusabilities of the catalyst
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F£3 RREZKMET aa- TR LEEIRTAEY AR
Table 3 Synthesis of substituted a,a"-bis(benzylidene)cycloanones under different condition

Entry Ar n Product 3 Time/h Yield*/% m.p./C

Found Report
1 CeHs 1 3a 2 90 116~118 116~118>%
2 4-CH;0CgH, 1 3b 6 81 164~165 160~1612%
3 4-CH;C¢H,4 1 3¢ 6 80 171~173 171~1728%
4 4-HOCgH, 1 3d 8 83 >300 >3001%%
5 4-(CH;),NCgH, 1 3e 8 78 256~259 >25014%
6 4-NO,CgH, 1 3f 4 90 200~202 160~161%%
7 4-FC¢H, 1 3g 4 81 158~160 155~15743
8 3-NO,C¢H,4 1 3h 4 85 195~197 179~181%%
9 2,4-CLC4Hs; 1 3i 4 80 163~165 163~165%%
10 CHs 0 3j 4 88 197~199 188~1891
11 4-CH;0CgH, 0 3k 6 83 222~224 211~2128%
12 4-CH;C¢H,4 0 31 4 81 224~226 225~2261
13 4-HOCgH, 0 3m 8 91 >300 =300
14 4-(CH;),NCgH, 0 3n 8 80 297~299 >25014%
15 4-NO,CgH, 0 30 4 80 261~263 248~2501%
16 4-FC4H, 0 3p 4 89 237~239
17 3-NO,CgH, 0 3q 4 92 229~231 225~2261
18 2,4-CLC4Hs; 0 3r 6 81 225~227 206~208"%

“Reaction conditions: cyclohexanone (5 mmol), benzaldehyde (12 mmol), solvent free; b isolated yield.

2 #ig

T AR S i 2 T P 1 A AR e R i i A
SCERAEKIEIR |, AR T — P I 2 B A A P ]
W, T2 FERPERFREMEZ, 8T sk
TR T REFE IR SO A A, FHIEAR 3 T — 288 B XU PH 25 1
LR B85 T K L5 5 N RS % IR P B (1) BT g
T 1 5 A R0 B PR £ e 2 L AR S R R 2 T 1) 22
X Alodl 45& M, B RBFEY a,o- I RFEIR S
P, ] LG HOB A BT B T AR AL S R B R A
. AR, M Hammett 77325300 (0 R4 VRO AR SE 1 7
PR T e B8 -V R T i A TS M 5 20 7 4 ) e I R
HAEZEVIRR. BERENSEYZ, MR T M6
AL SR T AT, 5 E 0 SRR E I T
Aldol 465 [N LRSS TR b, R IR s 2 ]
Y R A 20k 10 RULE, HEFRES 5. 6% 77
AW N SRR S5 2, A Aldol i
SNESRAE T Tl 1 €8 S S SR RAT 28 3 T v

3 SEEESs
3.1 UES5HF

¥ b AL R i 4. INOVAG60OMHz (Agilent (Vari-
an)), & FBFFEIEAL: Esquire6000, AF]HA8 #2141 1
1X: JeTi 77 360-FT-IR; {RALAF)E A, vario EL cube G &
14X, Shimaduz UV-2550 4G RE(; FA2004 7Y Hi 1
SR X-4 B BAUE G Jbstdv. iR
e E it E 2 BR A m IR T, T A Al

894 http://sioc-journal.cn/
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3.2 Sk

3.2.1  WEAR 1-"Gok K -3-mkedk X 7 ke (mip) 69 ) &

ZMOCHR[38, 39HRIE I J77%, £ 100 mL B L
I 4.08 g (61 mmol)kik, 8.42 g (61 mmol) /K
K,CO; J&, MU 30 mL ZEMH/KAEFET, 15 BP0 i
J&, FRIINN 9.92 g (61 mmol)3-5L ALk, 0.06 g
KI, 1.12 g PEG400. 7E Rl &1 T RN, i E o
(TLC)ER ¥R R MR, RS H G, el 78k b 25 B
REHIIK, SRR, FMATGK 5%
V&, BRELEARA BV TCHLEE, DERE e 25 % [l FH g
W JE, R BECH ™ )R - =S R - r=
1D 60)EMRBEF, FE g7 A0, Ok ™Y
mip, Y% 83.21%. "H NMR (600 MHz, CDCls) 6: 7.48 (s,
1H, NCH=N), 7.03 (d, J=4.8 Hz, 1H, NCH=CHN),
6.92 (t, J=3.0 Hz, IH, NCH=CHN), 4.01~4.04 (m, 2H,
CH,CH,CH;N), 3.70 (d, J=3.6 Hz, 4H, O(CH,CH,),N),
2.27 (t, J=4.8 Hz, 4H, O(CH,CH,),N), 2.26 (t, J=4.2 Hz,
2H, NCH,CH,CH,N=), 1.91~1.95 (m, 2H, CH,CH,-
CH,); “C NMR (150 MHz, CDCl3) 6: 137.1, 129.1, 118.6,
66.6, 54.4, 53.2, 44.1, 27.4; IR (KBr) v: 3388, 3108, 2953,
2854, 2661, 2566, 1670, 1509, 1447, 1360, 1274, 1115,
1076, 753 cm™'; EI-MS (70 V) m/z: 195 (M, 2.51).
322 BFIRARITRE SRR

Z I SCHRR(1313RE 1 777, 1) 100 mL [ Be ) o
A 11.76 g (60 mmol) 1-MEIbREE-3-IKIEEL PR K (mip). 30
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mL ZZ1E7KF 20.50 g (150.57 mmol) 1,4- ] kehilg i fig,
IASERERNRL) 36 h. WURZERRKE, 2B, T
IK LTk I 18 O G eBR AR R ST A WL, 1530 HME S T
1-[4-(4-FE PR T 5 N PR FE-3-[ 3-(4- R iR ] 25 Ik M 32 1 e
P ER[(C,SO 5 )m ' (C,SO 5 )it Ip. A4k, W& 78%.
'H NMR (600 MHz, D,0) §: 8.77 (s, 1H, NCH=N), 7.44
(d, J=6.0 Hz, 2H, CH=CH), 4.2 (t, J=6.0 Hz, 2H,
CH,N-Im), 4.13 (t, J=6.0 Hz, 2H, Im-N-CH,), 3.88 (d,
J=6.0 Hz, 4H, CH,-N-CH,), 3.40 (s, 8H, CH,-O-CH,,
CH,SO3 ), 2.76~2.82 (m, 4H, CH,-N-CH,), 2.25 (s, 2H,
CH,CH,CH,), 1.89 (t, J=6.0 Hz, 2H, Im-CH,CH,SO3 ),
1.68 (t, J=6.0 Hz, 4H, 2CH,CH,CH,- SO7 ), 1.58 (t, J=
6.0 Hz, 2H, Mo-CH,CH,CH,CH,SO3 ); *C NMR (150
MHz, D,0) d: 138.2, 125.5, 124.8, 62.5, 60.1, 58.2, 52.4,
52.1, 51.6, 48.4, 30.4, 24.4, 23.4, 23.3, 22.0; IR (KBr) v:
3481, 3391, 3109, 2948, 2877, 2732, 2218, 1655, 1568,
1464, 1381, 1183, 1038, 603 cm™'. Anal. calcd for C;gHzs-
N;0,S, C 46.24, H 7.11, N 8.99; found C 45.89, H 7.05, N
8.39.
323 BTFiRK A~C 894 ik

DL 1-[4-(4-THTR T 65 ) Ny bR S -3-[3-(4- TR iR T 26k ) ke
B BT (= O b R ) £h {A, [(C4SOsH)m-
(C4SOsH)ilp(OTh),} & BRI, 2 BB SCHR[20]4RE 1 77
%, F 100 mL BJERGEHEH N — & & B TR AR N £h
ATAR[(C4SO5 )m ' (C,SO 5 )i Ip, B RE I3 I — 54 )5k
15 1) = 9 R e R, WSS B NN 20 mL Z&TEUK,
80 CRHEH: 8 h, FEWIEIEZERRK, LR LBEPEE (20
mLX3), 90 ‘CEZ T 6 h, BRI A, NEHTIE
HPRSHVR. "H NMR (600 MHz, D,0) d: 8.80 (s, 1H,
N-CH=N), 7.47 (d, J=6.0 Hz, 2H, CH=CH), 4.23 (t, J=
6.0 Hz, 2H, CH,N-Im), 4.17 (t, J=6.0 Hz, 2H, Im-N-CH,),
3.91 (d, J=13.2 Hz, 4H, CH,-N-CH,), 3.41 (s, 8H, CH,-O-
CH,, 2CH,SO;H), 2.81~2.85 (m, 4H, CH,-N-CH,), 2.27
(t, 2H, CH,CH,CH>), 1.92 (t, J=6.0 Hz, 2H, Im-CH,CH,-
CH,SO3 ), 1.70~1.75 (m, 4H, 2CH,CH,CH,SO3 ), 1.60
(t, J=6.0 Hz, 2H, Mo-CH,CH,CH,CH,SO3 ); *C NMR
(150 MHz, D,0) ¢: 135.7, 122.9, 122.2, 59.9, 58.3, 57.6,
55.7,49.9, 49.6, 49.1, 45.9, 27.8, 21.9, 20.9, 20.8, 19.4; IR
(KBr) v: 3436, 3154, 3117, 2951, 2881, 1654, 1567, 1464,
1377, 1277, 1178, 1033, 602 cm ' Anal. caled for
C,oH35FgN3013S4: C 31.29, H 4.60, N 5.47; found C 31.08,
H 4.68,N 5.27.

1-[4-(4-TH R T FE ) My bk 36 -3-[3-(4- T iR T 3L ) Kk 3 )
P e R ER A £ (B, [(C4SO;H)m(C,4SO;H)iJp(HSO,),}:
TR OB PR RR. "TH NMR (600 MHz, D,0) d: 8.80
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(s, 1H, N-CH=N), 7.47 (d, J=6.0 Hz, 2H, CH=CH),
4.22 (t, J=6.0 Hz, 2H, CH,N-Im), 4.14 (t, 2H, Im-N-CH.,),
3.90 (d, J=13.2 Hz, 4H, CH,-N-CH,), 3.40 (s, 8H,
CH,-O-CH,, 2CH,SO;H), 2.79~2.85 (m, J=6.0 Hz, 4H,
CH,-N-CH,), 2.28 (s, 2H, CH,CH,CH,), 1.92 (t, J=6.0
Hz, 2H, Im- CH,CH,SO; ), 1.71 (t, J=6.0 Hz, 4H,
2CH,CH,CH,- SO 5 ), 1.60 (t, J= 6.0 Hz 2H,
Mo-CH,CH,CH,CH,- SO73 ); IR (KBr) v: 3481, 3391,
3109, 3001, 2948, 2877, 1655, 1568, 1489, 1464, 1381,
1282, 1183, 1038, 603 cm ' Anal. caled for
Ci1sH37N3045S4 C 32.57, H 5.62, N 6.33; found C 32.48, H
4.79,N 6.28.

1-[4-(4-FE PR T 36 ) N bR L - 3-[ 3-(4- Rl iR ]2k ) K I 3 |
W OkE B R — A R {C, [(C4SOsH)m(C4SOsH)i]p-
(H,POy),}: T4l (3B WIREF/K. '"H NMR (600 MHz,
D,0) 5: 8.80 (s, 1H, N-CH=N), 7.48 (d, J=6.0 Hz, 2H,
CH=CH), 4.23 (t, J=6.0 Hz, 2H, CH,N-Im), 4.16 (t, J=
6.0 Hz, 2H, Im-N-CH,), 3.92 (d, J=13.2 Hz, 4H,
CH,-N-CH,), 3.43 (s, 8H, CH,-O-CH,, 2CH,SO;H), 2.81
(t, J=6.0 Hz, 4H, CH,-N-CH,), 2.28 (s, 2H, CH,CH,CH.,),
1.92 (t, J=6.0 Hz, 2H, Im-CH,CH,SO73 ), 1.72 (t, J=6.0
Hz, 4H, 2CH,CH,CH,SO3 ), 1.60 (t, J=6.0 Hz, 2H,
Mo-CH,CH,CH,CH,S0;"); IR (KBr) v: 3441, 3146, 3109,
2952, 2881, 1655, 1568, 1485, 1464, 1419, 1373, 1282,
1183, 1033, 603 cm™'. Anal. caled for CisH;oN;0,5P,S,: C
32.58, H 5.92, N 6.33; found C 32.16, H 5.85, N 6.14.
324 3R HFiRIK D Ao E 495 %

4-(4- T B T A ) ok = & A B R (D,
(C4SO;Hnhm)Otf] Al 1- F 3 -3-(4-fif R 1 3 ) Ik ek — 3,
Bl R [E, (C4SOsHmim)Of] P i 5 A 112 T e Ak 28 1)
PRIIE RS BSCHR40, 23] 775

D #ifkN 2E C,SO3 nhm™: "H NMR (600 MHz, D,0)
8: 3.97 (s, 2H), 3.68 (s, 2H), 3.39 (s, 2H, NCH,CH,CH,),
3.06 ~3.09 (m, 4H, O(CH,),), 2.80 ~2.83 (m, 2H,
CH,SO3 ), 1.74~1.79 (m, 2H, CH,CH,CH,), 1.66 (q, J=
6.6 Hz, 2H, NCH,CH,CH,); *C NMR (150 MHz, D,0) §:
66.3 (2C), 59.1, 54.1 (2C), 52.5, 24.4, 23.7. Anal. calcd for
CgH7NO,S: C 43.03, H 7.67, N 6.27; found C 43.40, H
6.95, N 6.39.

(C4SO;Hnhm)OTf (D): '"H NMR (600 MHz, D,0) ¢:
3.95 (q, J=4.2 Hz, 2H, NCH,), 3.63 (q, J=2.4 Hz, 2H,
NCH,), 3.36 (d, J=7.2 Hz, 2H, NCH,CH,CH,), 3.00~
3.07 (m, 4H, O(CH,),), 2.78 (t, J=1.8 Hz, 2H, CH,SO3 ),
1.74~1.77 (m, 2H, CH,CH,CH,), 1.65~1.74 (m, 2H,
NCH,CH,CH,). Anal. calcd for CoH;3F;NO-S,: C 28.95, H

http://sioc-journal.cn/ 895
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4.86, N 3.75; found C 28.33, H 4.79, N 3.68.

E FifAAE C,SO5 mim ™ 'TH NMR (600 MHz,
D,0) J: 8.59 (s, 1H, N-CH=N), 7.35 (s, 1H, CH=CH),
7.29 (s, 1H, CH=CH), 4.10 (t, J=7.2 Hz, 2H, CH,N-im),
3.74 (s, 3H, CHs), 2.79 (t, J=7.2 Hz, 2H, CH,SO;H),
1.85~1.90 (m, 2H, NCH,CH,CH,), 1.57~1.62 (m, 2H,
CH,CH,SO;H); *C NMR (150 MHz, D,0) ¢: 138.4,
126.1, 124.6, 52.5, 51.4, 38.1, 30.6, 23.4.

[C4SO;Hmim]OTS (E)*: '"H NMR (600 MHz, D,0)
d: 8.51 (s, 1H, N-CH=N), 7.28 (s, 1H, CH=CH), 7.23 (s,
1H, CH=CH), 4.02 (t, J=7.8 Hz, 2H, CH,N-im), 3.68 (s,
3H, CH3), 2.72 (t, J=7.8 Hz, 2H, CH,SO;H), 1.79~1.84
(m, 2H, NCH,CH,CH,), 1.54~1.57 (m, 2H, CH,CH,-
SO;H).

325 aa-=IF K IFIREALT A A 68 A il ik

76 25 mL BRI IMA 0.49 g (5 mmol)3F L
1.27 g (12 mmol)ZKF &, FLM 0.24 g (4 6 mol%)
[(C4SO;H)m(C4SOsH)i]p(OTh),, ¥ FIZ&HET, 80 Chn
PgiPE, TLC WM PR, Fr B SERE, %42 =i,
SNIRA YRGS NIER, IR TEK CBEDEE -
M B2 45 S P i, IR R IR, BT
HEb a5 a2 LT TR o,o- SRR
Fiil, AMUCNEE B E AR, R 90%, mp. 116~118 C. 1k
B NFRAEE R 5 SCHR[25]4IE— . '"H NMR (600 MHz,
CDCl;) 0: 1.71~1.73 (m, 2H, CH,CH,CH,), 2.90 (t, J=
6.0 Hz, 4H, CH,CH,CH,), 7.38 (t, J=7.2 Hz, 2H, Ph-H),
745 (t, J=7.2 Hz, 4H, Ph-H), 7.54 (d, J=6.0 Hz, 4H,
Ph-H), 7.63 (s, 2H, CH=); IR (KBr) v: 1654, 1604, 1567,
1501, 1535, 1269, 933, 767 cm "

4 BT KL (Supporting Information)  H /A& Fi{A. A~
E 5 f B AR IR, MS, 'H NMR, PC NMR # 5. ix
LL kRl ] DL 4 9% A T R 3k (http://sioc-journal.cn/) | R
#.
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