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WAZ B F R B & R R B3 BE 10 B 2 B 1L S8 1
RO JUEM O BEE %k B EEEY

(CITAERH R A2 2 TR A% FE 050018)
CHFIFENERGRIUTAR %KL 050031)

WE ST R-(3- T EE-1-BR M) E T FEX06) B AR 2 (Im-PTSA)« -(3- T 5E- 1-BR M) F T FE XU R S 3 (Im-HS O4)
SL-(1-E ) T HE XS H At 1R 6 (Py-PTSA) R-(1-MHEIE)E T FE WU R S 25 (Py-HS O,) 2% 4 Fh h e AL WUAZ B8 T k. 4
BIR AL (FT-IR) AZ AR A ("TH NMR)XT & 80 85 BAEA T 450 i SRR (TG MR T 85 I A 1) 44
FesetE; BRAN, BT BT BRIEAEMYE. DUT R QREMBRL R N 58T 4 s FI iR e in b, 45 1%
B: 24 n(C4HgO,) : n(C,HsOH)=1 : 3, L5 Im-PTSA & B E 1 1.90%, KNI 70 C, RN H 2.5h, BiR
Alik 93.6%, EFEIEIS 100%, HE ARSI HRE G 8 Ik, fAbimthiA H B kR, DLBRKA316 L AHHA
WEE, BT AL IhREAL B IR RS ik kS VRARBRIEAT X b, HOG AR A I R AN BB IR 10 1/10. LAR-(3-F
BE-1-WR P T B X6 F R #h (Im-PTSA) R AL 1), 58 T — e A HLBRRI — oA WU S RYIREMIBEAL Y, 3k
BRI ERCR AR R, RIVEE RS A A3 a2, BT 23, BB — A R R BRI .
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Synthesis of Binuclear lonic Liquids and Their Catalytic Activity for
Esterification

Zhao, Dishun™“ Liu, Mengshuai“ Ge, Jingjing” Zhang, Juan“ Ren, Peibing™’
(“ College of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang 050018)
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Abstract A series of functional binuclear ionic liquids based on bis-(3-methyl-1-imidazole)butylidene double P-toluene sul-
fonic acid salt (Im-PTSA), bis-(3-methyl-1-imidazole)butylidene double bisulfate (Im-HSO,), bis-(1-pyridine)butylidene dou-
ble p-toluene sulfonic acid salt (Py-PTSA), bis-(1-pyridine)butylidene double bisulfate (Py-HSO,) were synthesized by a
two-step proceeding and their structures were characterized by FT-IR and '"H NMR spectra. Their thermal stabilities were
characterized by TG. In addition, the acidity and solubility of functional binuclear ionic liquids were also studied. The catalytic
activity of the binuclear ionic liquids for the esterification of succinic acid with ethanol was measured. The results show that
under the optimized conditions of n(succinic acid) . n(ethanol)=1 : 3, catalyst used dosage 1.90% (wt), 70 ‘C and 2.5 h, the
yield of diethyl succinate reached 93.6% and the selectivity was near up to 100%. Im-PTSA was reused at least § times with-
out significant decrease in activity after drying under vacuum. Austenitic stainless steel 316L was used for conducting the cor-
rosion test under the above esterificaion condition, the corrosion rates of the steel plates dipped in the systems with these ionic
liquids were less than one tenth of that with sulfuric acid. Fischer esterification of monocarboxylic acids and dicarboxylic ac-
ids with different alcohols was observed on using Im-PTSA as catalyst which gave high product yield and selectivity. Use of
such a reaction catalyst should be appreciated for its convenient separation.

Keywords binuclear ionic liquid; esterification; catalyst; diethyl succinate; corrosion
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WA HURBRBE K [, 38 R T IRBERER, Bk A
AL RR. BEAE XA Z R, LT A4 o
B2 AW S R LA 2 s PRk BH 2 A e g 5
2 PPIE A A, AF 3 A A PR A 5 PG SR B
Gy i RSO HME S L, BT LNV . B IR AR
H Mo B SR AT, 7EAR 2 IR SN T R
RS REER ) Deng 25UV SR ARE T4t e SRR R
B T IAAE AN T BR A6 R N, 5 T3 K
MzES A RGE, mlgt it B SCE KR4, BRI T I .
Fraga-Dubreuil %5 "B 5% T i /K R 2 1 44 [Bmim]-
[HSO,], [Hmim][HSO,], [Bmim][H,PO,], [Heemim]-
[HSOLJTEREAL SN (R AL TG 2, RIS B 1) fre A
RE, SSH R RS9, (KM & T A S EA R,
ARk, 2002 4F, Cole 25!y seihl# th T HA
5% Bronsted [ (17 [ 55 1)) BB AX. 1 DK s 6 FH 2 858 6 125
TR WIFFC s SR E, BRI R 23k e R il
MR U Befk B Tk, H Brensted MRYESHRER JLT-AHY,
A IO el v R PR R PR, B T s B i e e A
BeE PR — KA. oS B 1 N
R o ) B A, I R AR T e 1) B g
TR 57 AR T 9 i

FLHT, 08 T XU D BeAK 5 - A4 (LL) PR A S AR
B SRR — Rt e, Bl
(088 TR, R 2 (R XU 3 7 1% 5 e R L/ HLER B &
TAEH, v LA TEHUA DR A R . XU B 1
PN T BRSO AT, 7 A iy, R
WA B, BARERLS TED. JRATTHIAE T 4
BT T XUAZ B B 1 B 1 AR X -(3- F - 1- K ) 7. ] XL
X F A £R (Im-PTSA) . W-(3- FFHE-1-k ) V. T~ HE XL
BRI Sh(Im-HSOy)« XL-(1-HERE )TV | HERUn} FF SR R £h
(Py-PTSA). R-(1-MLHe ) T JE BUAT R &L £k (Py-HSO,).
4 Bl IR I S5 A R IER e PR AT T ERAE, e T
FERR AN vk, R T E AN AR SR Ll
BV AR, FERT BRI A EAT T A4k, [R5 %%
T ~(3- FF - 1- K ) Y. T 35 U0} FE 2R 2 25 (Im-PTSA)
X 2A e A NURIEES . oA NURIRES S K, FI
HAER I AR RE, vo IR T AR G AR A IR R,
O T HERVEAHUE R, &5 T A=k, BT
e AR, BT R N R S
1 ZR51HE
1.1 BFRIERZER

XFHTA L) 4 B H sk S0 Es Fin B DT RAE.

KURZ K 2R B K FT-IR (KBr J)7)i% & WK 2.
3101 em ' A4 N IR =C—H 45 IREhE, 2970,
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2882 em ' T HIL T CH; b C—H [ EXHFRAI B fif
FEPRENIE, 1573.71 F1 1396.03 cm™ ' KR MEER C=N {145
Pezh, 1487 cm ™" BT H B AR S I 6] I - CHL, 125 i 3R
31, 756.06 cm ' JyBKMEIRES R shig, HSO, Al SO;H
71900 cm™ ' PHUTFT 1150~1050 em ™' &b PIAN SRR I
I, 650~575 cm™ ' AbA7 AR IE. "H NMR (D,0, 500
MHz) 6: 1.78 (m, 4H, CH,), 3.75 (s, 6H, CHs), 4.11 (t, J=
4.6 Hz, 4H, CH,), 7.32 (d, J=2.0 Hz, 2H), 7.36 (d, J=1.9
Hz, 2H), 8.60 (s, 2H). IR Al "H NMR 1L 45 S 5 B 70
BT B FiAh B b=

N/T\N /N/T\N 2HSO;
HiC™ N T (CHE Y CH,
Im-HSO,
S0;
NN NN
HiC™ N NCHp)p Y NcH, 2
Im-PTSA CH,
S0;
X X X X
| + | +] 2Hs0; | + |+ ] 2
N N~ N N
S(CHa)T S(CH2)T
CH,
Py-HSO, Py-PTSA

B1 ErmEmasanEE
Figure 1 Structure of binuclear ionic liquids

WU IE 2 B AR 1) FT-IR (KBr J& )i B L&
2. 7 3136.16 cm ' AR b C—H (4RSI IE,
3069.15, 1585.03, 1635.95 cm™ ' FHUT 451 4 75 B3R _E1
C=C—H, C=N, C=C {h4i#k3hik, 1489.89 cm ' ibf
CH, 4 i, 780.11 cm ™' AbHIEBEIR | C=C 25
PRBhE, 1122 om™ " Ak A0S B R 5 AN ) R A 4
1034, 1011 cm™ " A fry s W AT e A2 sk R 5 F1 5o R 47 06
'H NMR (D,0, 500 MHz) J: 2.06 (s, 4H), 4.65 (s, 4H),
8.01 (t, J=4.9 Hz, 4H), 8.51 (t, J=3.8 Hz, 2H), 8.78 (d,
J=2.6 Hz, 4H); IR A1 '"H NMR 1L 45 1 5 Fr 1 8 1
WA K HbRr=4.
1.2 BFRIARHRIEEMS

HI 1 3 0%, 4 BN D ReAb s A AE 250 C LA
TILFEARKE, T—RIREENR R N (<150
TV P HAE AR EE. Bt 4 Ptk
FRUA R ZERAK, ¥R 275 CAita; & Pk
Tt K K T R T A (DTG ay ) 25 B K, Py-HSOy,,
Py-PTSA, Im-HSO,4 Al Im-PTSA [£] DTG pax 185 3 51 4 280,
303, 325 1 324 “C. B -FHH A BRI E 2577 A4
DTGnay b N-FFEDK M 550 AR, W] RE 2 Tt E 2y
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Figure 2 IR spectra of ionic liquids
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Figure 3 TG curves of ionic liquids
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Figure 4 Effects of molar ratio of acid to alcohol on the yield of
esterification

Reaction conditions: n(succinic acid)=0.05 mol, mass fraction of catalyst
1.88%, T=80 ‘C,t=2h

B2 /LB IV el 1 ¢3RN NN TS = G A R
N, AEZ A RE A By o3 s AR 5 AN R B 1
(1T P 2 8 A T FAER R PR SR BN [ PR A, R A
TR B FATEE P 23 0l 52 B 2% S 3R S 1 Z A L )
NI D7 -2 T D R BR R, 4R 7 U
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H 28 10 9 128 7 10 45 AL R s D) A o,
1.3 BFRARIERE

1 AR B (5T 53 250 B B - AR B TR R 1)
K pHAE. v LAEH, ARREE T, & m g
PR 4 : H,SO,4 > Im-HSO4 > Py-HSO4 > Im-PTSA >
Py-PTSA. M]# 54 HSO4 MIXUZ ) REAL 2§ WU IR It
W5 T 170 PTSA M FHAAK, TEIKRER 1%
/K, Im-HSO,, Py-HSO, ] pH {H73 51k 1.49 FI
1.54, KIS Bronsted MRPE. 248 TR B B
T AR, RURZ K IS B Y050 A TR 1P s 5 XUAZ ML i 28
B, SLBH B S5 RN B 1A 1Y) Brensted IR YERE
WA/, BHE 7 IR YE RS, L Bronsted PRI RIS, 4
BH S AR RIS, 91 735 PR 5 HSO,> PTSA, iX
HWE R FEENR AR, Ko 5Taa,
W PR A, T AL PO ) R R4S, UL B Xt
K2 D) REA B8 1A TR ER IR sZ A K.

K1 BT

Table 1 Acidity of various ionic liquids in water

Ionic liquid pH
1% 2% 3% 4% 5%
Py-HSO, 1.54 1.31 1.12 0.98 0.91
Py-PTSA 1.85 1.61 1.38 1.18 1.03
Im-HSO, 1.49 1.23 1.04 0.90 0.81
Im-PTSA 1.60 1.32 1.13 1.00 0.94
H,SO, 0.96 0.75 0.58 0.44 0.35

© 2012 Chinese Chemical Society & SIOC, CAS

“ Test condition: 7=20 C.
1.4 BFRERARME

BT VAR TR A e A LA A T e ) — T
TEVE, KEEN 2 mL & A, EER P IR, =
i Pitk, T ANFRUZ IR A B T4 B W
HHUE AR, 2R WK 2.

B A TS A A R AR, R B v R
W, B PR N Z R A BB AL . R 2 B,
B T AR E T A E Y K, Py-HSO,, Py-PTSA,
Im-PTSA 5L R G B, 5 AR I35 H
T ANE IS, R W2 AR AT AR 21
VRS BRI AR T e T %28 B RIS B A R AR
N T A HLE U N, o] LR A B R RN T
TARA B SY , AEAEATR DSOS, i HL
AR RN AT
1.5 BFRERIBE R

JEE A R B AR ) — AN TR, AEAR KRR
R T T A A A SN R I 2 A e R
PEISL 2% 3 BT 316L ANHANHLE B T AR IR BT R
AL IR R R B b e, A7 380 o s A
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Table 2 Solubility of various acidic ionic liquids

Solubility of solvent

Tonic liquid

Water Acetone Ether Ethanol Dichloromethane Cyclohexane
Py-HSO, Soluble Insoluble Insoluble Insoluble Insoluble Insoluble
Py-PTSA Soluble Soluble Insoluble Soluble Insoluble Insoluble
Im-HSO, Soluble Insoluble Insoluble Insoluble Insoluble Insoluble
Im-PTSA Soluble Insoluble Insoluble Soluble Insoluble Insoluble
H,SO, Soluble Reaction Reaction Reaction Soluble Soluble

T Solubility of solvent

Ionic liquid . . 7

Benzol Methylbenzene Acetonitrile n-Hexane Trichloromethane Acetic ether
Py-HSO, Insoluble Insoluble Soluble Insoluble Insoluble Insoluble
Py-PTSA Insoluble Insoluble Soluble Insoluble Insoluble Insoluble
Im-HSOy4 Insoluble Insoluble Insoluble Insoluble Insoluble Insoluble
Im-PTSA Insoluble Insoluble Soluble Insoluble Insoluble Insoluble
H,SO, Reaction Soluble Reaction Insoluble Insoluble Soluble

“ Test conditions: V(solvent)=35 mL, m(IL)=0.25 g, m(H,S04)=0.25 g, r.t.
R3ETWAARRE

Table 3 Corrosion of ILs for Austenitic stainless steel 316 after immersion

Entry Ionic liquid m(Ionic liquid)/g th T/C Mass loss/g Corrosion rate/(gem 2sh™")
1 Py-HSO, 1.00 12 80 0.0217 2.15
2 Py-PTSA 1.00 12 80 0.0173 1.72
3 Im-HSO, 1.00 12 80 0.0240 2.38
4 Im-PTSA 1.00 12 80 0.0170 1.69
5 H,SO, 1.00 12 80 0.1774 17.60

Test conditions: n(ethanol)=0.6 mol, n(succinic acid)=0.2 mol, mass fraction of catalyst 1.92%

REJFE 1.92%, Bi5fE Py-HSO,, Im-HSO,, H,SO,
AR RTE 316 L ANBRBGAFER A I E H,
B H,SO, A AR Z 11 S 3 B0 % W S BL B8 U A4 Ak
RZRRIZY, 21512 h G PR I E IR, A5 2
7B Tk Py-PTSA, Im-PTSA fALA4K 5 o A M 525
WS ROV IS, B R R T A B AR, R
HUAMERL. WGE 3 FafLEH, BIET 0 HSO,
()38 T IR E A A s 0 3l e v o 4% % 1 J5 e P 9 A 5
TRHE T4 PTSA W& 7, JRRIBR T B 5
JEU IR A3 1] 5 BH B8 17 A A R b R A Kk e e,
BH 57 [ A PTSA IR K M 25 - A5 ML B 25 Vi
PTG Pk SEAG, B AN BIRER IRV 1/10, Wi WA RUZ )
FIE A DK M 24 23 7 Y804k LU XU ML e 288 25 7 98044 6] 7K (1 B
58 PR AR,
1.6 BFRAERELESE

TEARTA R AN, 20l 255¢ 4 POosUZ Dhee b i+
WARTE N AT T M OB R NA KT R &
EEHI S0, 4558 W3R 4 T Entries 1~4. {EXFEE, [FA
5T BN TR RIRORRRVE N AL 7, 76 IR ) o
LR 3 01, ARGk SN A 2R R TR 1Y) 2%
380, RVITE 3 h, ROV 80°C 4 F X = flieR
M52, W& 4 7 Entries 5~9.
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Table 4 Effect of different catalysts on results of esterification

Molar

Entry Ionic liquid ratio w(IL)/% t/h T/°C Yield/%Select./%

1 Py-HSO, 3:1 20 3 80 80.2 98.4
2 Py-PTSA 3:1 20 3 80 70.4 97.6
3 Im-HSO, 3:1 20 3 80 83.2 99.3
4 Im-PTSA 3:1 20 3 80 79.9 99.9
5 [BPyJHSO, 3:1 2.0 3 80 72.1 98.4
6 [BPy]PTSA 3:1 2.0 3 80 60.7 97.1
7 [Bmim]HSO, 3:1 2.0 3 80 73.6 98.9
8 [Bmim]PTSA3:1 20 3 80 66.0 97.8
9 H,SO, 3:1 20 3 80 80.1 95.8

H# 4 v W XUZ DI Re Al B 5 AR RN FRA% B8 1 A
X1 R AN AR AT IR A, BRI L
W HySOy . XL Dy BEA B 1 WA AR AL 7 it WAL It
j: Im-HSO,>Py-HSO,>Im-PTSA >Py-PTSA, iX5E
ATTFRTTR S 9 381 5 R — 580, 1T 20 VA PR T M i
55952 BIBS T3 MR, DI & Ui s R e 1 es 1
T mERCRTL BAh, RN SRR B A RS
FeanliE B8 =, AU T R N AR, T H AT TR
AR N TE 7 T EAT, 3 A B A AL 7 T AN e LAY
). 1T Im-HSO,, Py-HSO, )% Im-PTSA,
Py-PTSA #iRZ, MHEMSRAZEA KR, B, ATk
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PR TR b 2 1 (1) — o R 2R R AR X -(3-
FH - 1-I0K ) ] 5 50) PR R 12 6 (Im-PTS A) 1 4y I 4k
SN FIEA TS, DA HE— 20 2 58 ) N 45 1) T
SN 5.
1.7 EMEEHEHNMEE
1.7.1 BEBRHR 693 tuxt B M & 69 %k

K 4 LR L ERCR R . i ]
UL, MR EEY R ELL 2 01 B, PR RRCRCA
78.8%. FtAE n(LIE) @ n(T ZER)MERIHE N, 7= S zH
VERETE W] AR U n(Z8D) © n(T ZR)=3 I, Helk#
KB, EFRTERET 100%, T RGE. XA
A N N BT N, S I EORE S RER R, AR TR AL R
N J) A BB R 7 10 #2 8), AST RIS R BEME R 0. 4k &
WK /BR LG, — 7T, AR &R R AN AL AR
WREE R B, ROV R TANF], 5 SRR IR R B 2
NBE; S J I, SRERE EOR 2 B0 RIS AR . TR,
PRI B W IR Y R R LR 30 1.
1.7.2 AEALT) A Z 4T B E 69 %0

Bl S g fEAL 7 Im-PTSA IS0 7 f i (1 5 . ]
DLEH, BT Im-PTSA X T =18 — Z B84 L
A RS T, B AR S 30, ERR
WIS, MEEWE T RE, EFENE=96%, BN,
RIS 1.90%H, 77 5hIBCR SRR 2 iis 3
93.3%F199.8%, FE—LHIMAEILFIFIH &, = MSEEF
TEREE VIR FRE R AT, G55 25 187 TSR I 4 5%
PE, HEALFIT R 1.90% 0 B, FWIZE TR A2
— TP B TR T A
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Figure 5 Effects of amount of catalyst on the yield of esterifi-
cation

Reaction conditions: n(succinic acid)=0.05 mol, n(ethanol) : n(succinic
acid)=3,7=80 C,r=2h

1.7.3 BN i% 3T BRI E 64 %A
Kl 6 52T AR s Wit A BRI R . ] LAE
M, B TE R, TR 2 MR R R B
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Hass, R AT, B 4E Im-PTSA R
K, SRS A FIAS 2 70 o3 4o, W RETH iy, B
TWAREERAR, o F@ghmi, RN T R 5.
MRS E] 70 CHE, P2 RICRIAE] 91.4%, EF
PEBRE 100%. 4REETh i OV, 7= il RN 4
JE PR A2 B A S5 N2 A JBCIR AT 396 s I, il R ek e AN s
W IE T A E), o™ GRS TR A %8, L8
BAERMAEE S 70 C. SAEGT5EAMLL, DRt &1
WA Im-PTSA X' ] 5 OREGRT IR = LI R
N B AR S ARSI, 7R A ) 45 2 T BT A 3 g
1 N IR AS

| /. S .
/ D
80 . L
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Bl 6 S B Bk B S 1H 5
Figure 6 Effects of reaction temperature on the yield of esteri-

fication
Reaction conditions: n(succinic acid)=0.05 mol, n(ethanol) : n(succinic
acid)=3, mass fraction of catalyst 1.88%, =2 h

1.7.4 R B 18] & Bl & 6 85 oR)

Bl 7 28T ANTR] SN I TR BRSO I e . m LA
Wb, B BN TR R SR, AR S S N S A T R
HIEH, RN =98%. YR MR DA 2 h i, 7= Sfies
RIAL 5] 83.1%, EFEIEIL 98.8%. 124 5 I i) i K-
% 2.5 h B, FRARNVIEEATE R VA, PR ICR KR
93.6%, EFEMEILE] 100%. JF PR T3 Al T
SN AE SRR, 6 S N AT HES AR . Ak 3 K e W s
|, —J71f, BEFEREIG K, o5 —J7m, Mo anBE T RE S K
D RKE, SRR TR, B, 255 B
OIS TR 2.5 he 5464 T 2B 3~4 h AL,
SN (1 BT /b
1.7.5 FEALH) & S AL A8

B TR E BT 1 Ol T2 44
T, BIERE ARG ¢ 3, AL Im-PTSA & 5 &MV
YRR 1.90%, 70 CA&AF R Y. 2.5 h, RNV EEH G
B AS E R A B4 2, SR T R S AR FR R )
SEIUAEAL A D, B T 48 B0 T Bk A 1 S
SR TEL, SR0E 8. nLAEH, B TFHRAEES
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Figure 7 Effects of reaction time on the yield of esterification
Reaction conditions: n(succinic acid)=0.05 mol, n(ethanol) : n(succinic
acid)=3, mass fraction of catalyst 1.88%, 7=70 C.
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Figure 8 Recycling ability tests of IL

Reaction conditions: n(succinic acid)=0.05 mol, n(ethanol) : n(succinic
acid)=3, mass fraction of catalyst 1.88%, 7=70 C,t=2.5h
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IREE AU (4) B I P Lk HoSOL MK, il b,
BA5 IR, sa AR T 28 7 IR A e (1) 1) 7, b
TR S, e T VR, L, RUZIh etk B
TR SE ELAT TV AT R R AR A 7).

3 XEIH
31 E5IRT

N-FRIEBR IR (o BT 2t, SR 2591 1)), 1bme (o
Mraf, R R RIFA PR A A, 1,4- T %e(r
Brati, W24 Bl A R, X R R
(g, R AR RA SR R L), IRERER (BT
at, A ERR) R s AR (A, 1H 2541
EERFIH A A, LR LB Hral, Kk ki

RS ETWAMEALERRTIEE
Table 5 Results of esterification of different alcohols and acids with IM-PTSA

Entry Acid Alcohol Molar ratio 17/°C w(IL)/% t/h Yield/%

1 HOAc Ethanol 1:1.2 40 3.36 2 91.7

2 HOAc n-Propanol 1:13 60 2.82 2 90.8

3 HOAc 1-Butanol 1:1.5 70 2.29 4 93.3

4 Succinic acid ~ Methyl alcohol 1:3.0 80 4.46 3 83.8

5 Succinic acid  n-Propanol 1:3.0 80 3.25 3 88.1

6 Succinic acid  iso-Propyl alcohol 1:4.0 90 2.72 4 87.5
“Reaction conditions: HOAc=acetic acid; n(HOAc)=0.25 mol; n(succinic acid)=0.10 mol; ionic liquid=1 g.
Chin. J. Org. Chem. 2012, 32, 2382~2389 © 2012 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2387
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LA PR AT, WEI(ATal, AT AR X 202K
AT, T BT all, T AR KA 2= R A R R,
LA at, T AR 2= A BR A 7).

FTS-135 BUM# 7 A e 21 A i A (36 [ BIO-RAD
/vH]); Bruker Avance MR H4EHRIX (B - BRUKER 2
A]); TG209 T 73 #1{% (45 [ Netzsch 2 7]); GC7890-
I RS AR B A (B R EREAIR AR A R); X4 B
H7 R B R A (A 5 R v AR AT B A D),
PHS-25 ¢ pH (RS B2 A R A A).

3.2 ZWAHE
32,1 BAZB FIRAR T FAR-(3-F 2h-1-2Krd) 2 T
Pl I LIRS

FRE N-FIEEBkmE 821 g (0.1 mol), 1,4- R T Ht
10.80 g (0.05 mol) T — HEe A, MABFI LN 80
mL, A Ny (R4, 80 CAPF FAREMIL 24 h. s H
W7, PIEPESS 3 7Kk, 80 “C N E4%(0.005 MPa) T4 6 h,
A5 B [ AARON-(3- S - - )P T 2 Rk 17.4 g, IR
K 91.4%. N M Eq. 1. R FFER T, HIF0-(1-
MHERE )Y T —yR Eh o (44, 2R SCHR[18).

2 [T\ (B A NN 28 (1)
HiC™ N CHCN  HaC U S(CHp)y Y CH,

322 B FRKR(3-F H-1-2Ke) B T A F R
AR 3 6Bk

FREGZ R EE 5.7 g (0.015 mol), XJ FH KRR 5.16 g
(0.030 mol)# T~ 100 mL ZEM/K, 4t 3.48 g
Ag,0 (0.015 mol), #EEENV 8 h, JTFUEFRZ: AgBr UTIE.
LR CEEDER 3 1K, 80 C EHZ%(0.005 MPa) T4 12 h, 14
1) 12 2 8 Yl PRI A X -(3- - 1- K ) T T R 000 FF R
R EE 7.0 g, 7% 89.8%. MW A Eq. 2 Fiow, idfE
Im-PTSA. R FIFERI 7156 BT W3- F - 1-K e ) 7
THRERGRIRE R . X -(1-MERE) WP T 3000 FE 2RI R &
B-(1-MEEBE )M T 0 g & &R, 20 i id A Im-HSO,,
Py-PTSA, Py-HSO4. m.p. 73Jllh—5, —15, 40, —12
C.

N/T\N K S \ 28r C7HgO3S, Ag,0
HiC™ N S(CHpy Y “CHy H,0
— /:\ -
_N +/N * N 2C;H;SO; + AgBr (2)

HaC™ N (CHp Y CHg

3.3 ERMNE

FH TR IR AR B3R 4 B XU Sh e AL B8 1
WARRRER IR, B B RE DD BN 1%, 2%, 3%,
4%, S%I7K ¥, F pH 1l pH {A.
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3.4 EELRN

FEATA RE SR« [RIA A BEET B = BRI Ak v
NT R K GEE. B REA s T AR ), 1
R R L 1003, AR 03 g (N RRER
2.27%), 80 CL&AF it 2 h, =ElFE; WikH
R, LIEAERM, FENE T, 2w BEE
IG5 SR NaCOs ¥ LR NaCl vk, A
K MgSO, T4, ik, BezEf3 B4 =1y, & FHiks
TAf B PRUE HEZE(80 °C ILZFJE 0.098 MPa)lR7K Ab £ 5
HEAEA.
35 fEUFISFEMRERIE

N R VAL AW S (4 X N O R A = SR L
7= b EREEAT IR MAR(KBr R 7); fER RS PRA Fdb AT 2
TWARGHEFIA D,0) K= iR (7 DMSO) 'H
NMR 55 Rl 22 $h- I I 403 W OGRS 25 1
AR H T e PEGAE T 4008 FHEE % 10 C/
min, ¥ NEIAES 40 mL/min); B R &
P2 SR R L
36 EimEsR

SR B AR 316 L ANEEANAE A ik e 40 Af
(EiEFAEER], 20 mmX 20 mm X 0.5 mm), #%%HAE 4
b XA By B A 28 - 900 A 1 A 50 1 TR A Ak 2R P g 9
PRIV ik, JE 5k HoSO, (AR ZE AT LRI, 3R
FERZ AT G (AL BE 2 B [ bR GB/T 4334.6-2000 (ANVEE4AN
5%l R B i k) AT, SER 4 78 100 mL
B = B R 23 5N 0.2 mol T 2. 0.6 mol ZHI
—E AR, 80 CAE MR BERE 12 h, 13RS
BRSNS R 2. ARSIl PR S 45 IR, 6 ok
H[g/(m*h)]i% I Eq. 3 THH:

_— 3
o = e ©

b W i AR R, g 7 AR e R
g S T BRE BT, m?; ¢ B E], h
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