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B A EME TR & R BB MHERBE (LT 53
wE xAE EEf E o4 KRAET KHES

(R R TREEBE FAT 210037)

WE NSRBI R IO JF R, G T 4 BB R T Re b AT BATRFBR 1R B8 T4 2K nae R At R & 36 ([HBth) -
HSO,). K FHMEMEREIR — A 25([HBth]H,PO,) 2 3 MM i SR 2E([HBth]CI0,) - MEMERY R £k ((HBth]NOs), 454
FT-IR. HRMS. NMR EAFFEIHIN. HET 4 PN S TR TE EIRRIER N 2 8 T BE(EGBE)Fa b OB H AL VS
T, H5 DIURTRER B AR RARKT IR, SRR Y n(BERHER) @ n(Z 2B TEH=1: 1.15, BRI MELST]
FE AN B MRMER E R0 2%, RMIEE 90 °C, MEE 5 h, BELRTTIA 98.8%, B FREMALFIZ A T E S H
10 JE, MEEREIEAENE. B35 T DKM ER S Eh 0 AL AL B i 22 51 B JRR P B2 — o I Tk 5 AR 4 4 I
FAmREE, kB TR EIEE, BB TR S5t~ E s, S~EGEMBREILELH L, 28 TR
P b B A A P A RGBSR A, 5E 4T DL AL G A I R 14 1 8 JRR Vi B T A I V.

BRI DRIJRMEME, BT, ERRINER, Beib SO AL TETE

Synthesis of Novel Benzothiazolium lonic Liquids and Research on
Their Catalytic Esterification for Ricinoleic Acid

Zhang, Haifei Liu, Dongmei Kang, Tingting Wang, Ye
Zhang, Xiaoxiang™ Zhu, Xinbao*
(College of Chemical Engineering, Nanjing Forestry University, Nanjing 210037)

Abstract Four new task-specfic benzothiazolium ionic liquids (ILs) [HBth]HSO4 [HBth]H,PO,, [HBth]C1O,, [HBth]NO;
were synthesized and characterized by NMR and FT-IR, which bear the proton acid groups based on low price benzothiazole
as raw material. The catalytic activities of these acidic ionic liquids were investigated by the esterification of ricinoleic acid
with ethanol ethylene glycol monobutyl ether (EGBE) and were compared with concentrated sulfuric acid. The results showed
that under the optimized conditions: n(Ricinoleic acid) : n (EGBE)=1 : 1.15, catalyst dosage 2% (wt) of ricinoleic acid, reac-
tion temperature 90 ‘C and reaction time 5 h, esterification yield was up to 98.8%. The ionic liquids dried in vacuum till re-
mained high activity after reused for 10 times. Finally, the yields of series of ricinoleic acid binary alcohol ether ester and
short-chain fatty acids ester were also high with [HBth]HSO, as catalyst, and the ionic liquids can form split-phases with ester
product. Compared with the traditional sulfuric acid catalytic esterification, catalytic esterification of such ionic liquid has the
advantages of low production cost, clean process, low corrosion rate, reusable, and has the potential of replacing the traditional
sulfuric acid in catalytic esterification reaction of ricinoleic acid.

Keywords benzothiazolium; ionic liquids; ricinoleic acid; esterification; catalytic activity
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TEVITR Y B Bk AGTT. AHLE R PR 2%
SRR T Tz BRI B A A S — R A
(R BAR B8 A L BRI A AN B AREAX TR, 2 [ B 4 TR A
P T S IS e D ] R ) S 3 R A e i 11181, i L
Hy TS5 MRt BA R v, AR 5
B, AFRE M. BT A AT A R AR, BK
I TR0 b e e S A G B A2 S ARSI T
(122 AN R, R T 45 2R A s 202 g 3 T
BF R EARICR, H 21X B B A R K 2 B Pk bl s —
S AT R AR P BB B, AR R R R I
B O, MRS A% FHRERL
AP DA A 70 2 T A e A TR P 7 A 1 S —
PO SR b B IR I R R, A2
TELE BB IR I ERE, AN A I fIC T mR e Atk g, AR
P B AR AT BT, AT DA R A SR R B R
MR A L B9 TR AR

ARSI REAR B PE /NI 2R Wy S5 R} 5 DU A G
WUBRZE S BB T 4 Tl 28 110 2 5 A e I 1 25 - A
(Eq. 1, B 1), AF4HE 3 Sk, R G PR WARIE.
52 T HARAA O RIER £ I T Tk 1) A v
HXF TR SN S AR AT T ARk, B i 52 T IR
i 0 BRI — B VAT 2R ) B BRIk R o I T T 1
& IR PERT T, 25 RR W AR R . %8
TR TR T AR G AL A B i O B T
R, PR T W& A, ARERB LSRR, B
A RE AR A 5T,

S HX S
CL) 2~ ULy« o
N w
H
s s
©[+/> HS0; @E/} H,PO;
N N

H H
[HBth]HSO,4 [HBth]H,PO,
L1 IL2

s s
@E) clo; @[H) NO;
N N

H H
[HBth]CIO, [HBth]NO4
IL3 IL4

B ks n g

Figure 1 Structures of ionic liquids
1 HBR5WE

1.1 BB — TEe B EER S BUARBE L R R
FERA PR . 70 /KGRI BEE MR L T ) =
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B AR VI 29.8 g (0.1 mol) [T B FRIHER . 13.5 g
(0.115 mol) 2 ¥ T Tk 0.6 g (B BRI B2 B 211 2%) 7K FF
M I B YR AP AL TR RN R e 50 mL, A |l 970 45 /K &
R 5 h, HEKAFAEBRGEAH, RAEMR GB1668-81
e 2 SR AR IR AE, BRI R M A X~ BrR:

Figfb 2 = (1 — S B Ji ¥ VR P R 1) o 2t/ S N RV T

HHR 1) )5 ) X 100%

RER G, S Hd J8 B A, AR mRIR
AR, o AEVUE, AOKRBRET S, diEE
PR =W A7 D8R 7508, 19 2 B RRIH IR £ R T REiE

(Eq. 1).

M HO CAT

2 A s OH * \/b”vA\fE*
OH o

X&)xAVAW%VAVQ/\/ ™

I SRARLTT V& B E AR 51 BRI R — o I Tk I A
LB A i PR T
1.2 BFRIFHERME S

A B TR AN B A AR BR 0 e S BT AR L, T
H R BEARR A R M. BRI S A BR AL AT 33
SN,

FoBLHEAT AR R 5 AL T A R 1 5 590 ELIE Y
RER, NTRBPTE RIS TR R S
R R &R, T T AN R E (5 70 B0 0 B 1
PR LR R R KV V) pH AE, S5 R InEE 1.

R AT KRR ¢
Table 1 The acidity of various ionic liquids in water
pH
1% 2% 3% 4% 5%
HBth]JHSO, 1.33 1.28 1.05 0.80 0.68
HBth]H,PO, 1.58 1.43 1.37 1.11 0.89
]
]

IL

HBth]CIO, 1.38 1.31 1.24 0.89 0.70
HBth]NO; 1.41 1.35 1.27 0.96 0.83
H,SO, 1.32 1.26 1.02 0.80 0.65

[
[
[
[

© 2016 Chinese Chemical Society & SIOC, CAS

EH 1 AT, X [E—Fhia v, pH (E b5 T SR EE
PG KT ARG, PR R 7K e (R A FEL S 0 DL AR 9 1) 5 88
TR &7 R BRE 77, A R g 29 2 )
IREIREEAR, BT A [HBth|HSO, IR BR 1) 7K 15 W
1) pH EAHIE, BERZES TR TR0 55 5 B R S5 )
B IR AE s YA BH B 5020 A R R 25
A, o pH BV FBE T8 (10 SR A0 R IR 2 P 48 2 i ek
/I, {H[HBth]CIO4 ] pH {E KX T [HBth]JHSO,, 1X/&H T
[HBth]HSO, B & F#4> HSO; HLE 4 HY, 98 T FR
PE, 143 pH {EJk/DS, U6 E I I BR M 52 BB BH B
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TR (I FE R R M. 3 3 %o B VR A B i DA,
R JE S AT A M RE IO A FU R0 T BRIk R,
1.2 FREMMR

FIF STD-2960 7Y 2 FA—Hi 1 F #44 Hr A0k 25
TG e, ERARY FHRERSN 10 T/
min A FIGE T 4 Fg ik Agae i, 8580
2.

P 2 7T, 100~230 CH/bREAE, X&H TR
Al R KIE B, B TRARTE iR, A IR ECFIA, 4
Tl 2 - M A B - AR 1 0 T B KT 250 °C, B
il 2% 10 B PR LR e . B VAR B o IR RS L
WF B BT ER I REAR S & KE, 1E
TR, EoKEB/N, S FRasize. mRHERTRE
HREA TR S L A R I, BT A TR A LR
AR, VLI BT ] B TR AR IR Al BE A S N — MR
KT 250 CZ&AF AT, MUA RLIRIIX 4 Fli Y 48 1k 77 e
SETEERIL R MR R PR B ARAE, FERIFEMAIE, Rz
PR T A4 SR B AR — AN K P B A L i
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£
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1.3 RBMNE

SRILOK. . 8. ERE. &0 OB, IE
Ot OFR CHRLA K ANV, B850 1R HVE iR
PEIGIL, VoA e An AR b [ 245 1) 2010 RRCR 5
VB VAL A LB BN E R IR 2 R AEANR]
R s RERE, SRR 2.

R2 H TR L
Table 2 Solubility of the ionic liquids®

sl IL1 1L2 IL3 IL4 H,SO,
Water fs fs fs fs fs
Methanol fs fs fs fs f.s
Ethanol fs f.s f.s f.s f.s
Isopropanol s s ] s S
Trichloromethane s S S S i
Ether i i i i S
Cyclohexane i i i i i
Ethyl acetate i i i i S
Methanylbenzene i i i i i

“Test conditions: Vgovene=>5 mL, m(IL or H;SO4)=0.2 g, fs: freely soluble, s:
soluble, s.s: slightly soluble, i: insoluble.

©
E
g z
2 3
= [
®
[0}
T
1 T T T T T T T
100 200 300 400 500
Temperature/°C
@
E
=
£
E
o
[
®
[0}
T
-0.2

T T T T T T T T
100 200 300 400 500

Temperature/°C

B 2 BTk (a) [HBth]JHSO,. (b) [HBth]H,PO,. (c) [HBth]ClO, #1(d) [HBth]NO; ff] TG-DSC &
Figure 2 TG-DSC of ionic liquids [HBth]HSO, (a), [HBth]H,PO, (b), [HBth]ClO, (c) and [HBth]NO; (d)

1106 http://sioc-journal.cn/

© 2016 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2016, 36, 1104~1110



Chinese Journal of Organic Chemistry

NOTE

SRR, BT ARSI RIS AR, S8
IR PEIA R B, B TR ETSE, R, fE
Ji5ik, BRI TS, V2 A MU H
KO RUT R VE e, Bevs K 78 Fo A R AR Ak DU EE o)
RE. B TR O A S R A KN AR & R 5 AR
Froe e i), SRmEAFE, RS PRI E T AN
BIREGR, RMNEFRE, eSS WEs 83042, ik
Al AN TR, e S it By 2 AL A P 7S, AME
T R A B AL HRAE, T ELD TR A B IE RS
e, B WK VA L RE OB 9 N B TR AE HE AL R 1k
P A S O AR B e Y PN @

1.4 ELFIELENE

T HCEEA R AR R B A S B R AR TS %, AR
WAt T — RA)L5. LR ERRINIR S 4 1 T A
RN ERE, FERNRE 90 °C, n(EREMER) @ n(Z 1%
TEO=1: 115, EFIHENEMRBROTER 2
wt%, [IFE] 6 h BRI T, FHEEARIR B+
TARLs) X s N R AR IR 52, SE56 45 R L3 3.

R3S

Table 3  Effect of different catalysts on results of esterification”

Entry ILs Yield®/%
1 [HBth]HSO, 99
2 [HBth]H,PO, 97
3 [HBth]CIO, 98
4 [HBth]NO, 98
5 H,S0, 98

“ Reaction conditions: n(ricinoleic acid) : n(EGBE)=1 : 1.15; w(IL or
H,S04)=2% of ricinoleic acid; Temperature=90 °C; Time=5 h; * Esterifica-
tion yield.

ERRIM IR 5 2, T Tk S B A2 SR ) TR 1 Ak R AL
SNE, AT PRI 1 % S B A AR RS I, A [) 8 TR
AL TR BR M SR 55 2 ASAH IR, AR B AL RE S th A 2
Al FEAHFI R BN R, BEATA BUH I 4 FhoRJFuE
W iR P 0 VR AR S S B PR A 1 B, T S5 AR G TEL
PR B HEAT X e, 45 3 [HBthJHSO, &2 T4 % fig
b B B T SR ER R AR EE SO AL TR, BT a4
ANE TR, [HBthJHSO, B TR 4 i i,
XSS R I — R AR A, AR LR
TR ST H 352, AUHRIT~FA 1 8 IE 7
AT, (EREERIL B R AR, B R N ER AL R T L
TR T o B, 48 25 PR R R A BT 7 AR K R IR K
VRSB, Wb 7 X IR R iE Y. dabh, 1L
PEFIHRIR 2 A8 S S P= ) PR R, A 2 I P I
W%, TS IRAREREAL, TSI SN P B R
Bk,
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1.5 IEAR LI E R[HBth]HSO, MESYS R &84 00
ARSI =K YRR AT IEAC 525, DU A&
YRS . SR TE] S AR . R 1
wE, BAERER 3 ANKE. TR TEAR Y B R0 ER 1)
Metk 3, % F AL 77 N [HBth]HS Oy, BT A IEAZ S256
IR -7KFR (G 4) RIERE SR 545 R (5L 5).
®4 ELRBEEKTE

Table 4 Levels and factors for orthogonal experiment

ase . w(ricinoleic n(EGBE) :

Level Temp. ¢ Time/h acid)/% n(ricinoleic acid)
1 80 4 1 1.10 = 1
2 85 5 2 1.15:1
3 90 6 3 1.20 0 1

RS IEZERESER

Table 5 Results of orthogonal experiment

w(ricinoleic  n(EGBE) :

o T - 14b
Factor Temp./'C Time/h SN diesilondd) Yield”/%
1 80 4 1 1.10 - 1 85
2 80 5 2 .15 1 92
3 80 6 3 1.20 0 1 84
4 85 4 2 1.20 0 1 92
5 85 5 3 1.10 . 1 98
6 85 6 1 1151 95
7 90 4 3 1151 98
8 90 5 2 1.20 0 1 98
9 90 6 1 1.10 - 1 96

K1 86.65 9142 91.74 92.60 —
K2 9480 95.80  93.80 94.80 —
K3 9723 9146  93.10 91.21 —
R 10.58  4.38 2.06 3.59 —
Optimal conditions” A3 B2 C2 D2

© 2016 Chinese Chemical Society & SIOC, CAS

“ A: Temperature, B: Time, C: w(ricinoleic acid); D: n(EGBE) : n(ricinoleic
acid); ® Esterification yield.

HR 4T LUE H, 758 PR HBthJHSO, ML & Ak
BERRVHIR £, T T Tk 1 SR AIF Fe DU IR 2 06) R
TR IS A 235 5o, SN2 I A2 R A A0 R 1 B K
RIZR, FUOA NI [ AT R 5 6 L, A7)
S R Z R e /0S. BRA S RE A AT R AR B, AN
TN, T s B A S AT 1 A B T TR RS
31, DRI e R A s e MR A B ) E R R AR B )
SO R ZR, A TR A T R R RLIE R, R R RESF
A ARG, BT B R RIS, B IR E
SM /N, AR R SIS 25 A M Rl N, B TR A4 [HBth]-
HSO, AL A B FRIHR £ — B T Bk ie i B e L 2 464
N BERMIR S 4 W T RV R R 1 115,
TEACTR o B B BRI R 1) 2%, RSZET[E] 5 h, R
AN 90 C. fEML T2, ERRMER & —1F T ik
B IUS 2 AT IA 98.8%.
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1.6 BFRANESFERMELE

B A I A G AT 1) S5 25 A 2 AT DA PA
F, RILEEHR G & A S =t A sh i 2, B
KRB T IR R 28 TR R TR G AT L 2 IR E EAE
H, B RIFMEACR. TERNEE 90 °C, n(E K
%) : n(Z - THER)=1 : 1.15, 447 [HBth]HSO, N E
ORI R EE R 1) 2%, JOMIFRFIR] S h (B EE OB R R,
WE WA E S R, AR K 3.

100 1
801

60+

Yield/%
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0_
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Recycle times
B3 AR S RE

Figure 3 Reusability results of ionic liquids

I3 TTDAE B S T T B
I, ERRINER 5 2 R T AL I LIRS AL % R A
FWe. Bk E R, B R B RS 2 1O (AR
SRS 10 Y BS TR TR AL HE S HEAT R AL, 36
LT S 8 o B AL e 5 0 B T 450
ORIV A ) &, SRR AT B, R i
AT BT A BT AR . D B T AR (i
fLiE R, B BLAF TS TR, T ELL AR M R
fase, [T .

17 BT RS R RIS = TR
HE RS B BA T

LLFF B oK, 35 7V P [HBthHSO, AL
), WL RMER SR 5 2, B 2B 2 ERE. 7
“REZRE. TR 7T T REET - RAIREILR
Bi, I T 93BG, B R A T
ZOVEHE RS TIEG, 4R LR 2 IR TR PR
RS T =W — 2B DKE R, S TS, A
BRALSHEAT T LRI oE, 45 s 6.

12 6 T, B8 TR AL 5 i AL CRAT
TR, Hrb 2 2 50 BRI R — e RS I
RS2 412 959 L I, - R S 0 A 5 I ) i
24 L SRR 1 6 P2 AL 79 A G AL 26 g 0299,
5B AR O T D, BRI T 8, R
iR, BTk S AL R SR P i 3 2
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K6 E TS RS E R R ol
Table 6 Esterification results for various binary alcohol ether
acids with ricinoleic acid in [HBth]HSO,

Entry Product Yield”/%
1 2-Ethoxyethanyl ricinoleate 98
2 2-Propoxyethanyl ricinoleate 99
3 1-Ethoxy-2-propanyl ricinoleate 98
4 1-Propoxy-2-propanyl ricinoleate 98
5 1-Butoxy-2-propanyl ricinoleate 97
6 Butyl acrylate 95
7 n-Pentyl acetate 97
8 Diethyl succinate 90
9 Diethyl maleate 99
10 Butyl isovalerate 93

© 2016 Chinese Chemical Society & SIOC, CAS

“ Temperature =90 C, w(ricinoleic acid) = 2%, n(EGBE) . n(ricinoleic
acid)=1.15 : 1; ® Esterification yield.

JZ, JEALERTR L, AT CARIAE. SRS M T

2 #ig

BT WA — R B AR A HLRH B 5 RUJE AL 88 5Pk
oy, B BHES 7 R] DO 7 B AT e A e AN R PR
SR L PR S VR, A P LR S Vi A AT AR R
M58 AT DL 5 i Btk AR G0 TR iEAL T, BAR
YT REFR CRACEE . AR BTV AT i (s A, A
FRIFEREE N B T80y, RIS R 7 IR 1F e
PUH B 7885y, ST — R PRI HEME 7k, I
Bl JE . ZLANKILHEAT 1A HERAE, X HRIE. I
R AR ENE IR SR B BTEEAT T RGBT, 3K
157 LA E R, BRI B R R AL 1
Ji, FTUAR I EE LA R 7 aife 5E 2 AU, LAk,
M) FH 2 9 i A S A R R ) B BRI R £
TEEBREEAT TR TE. S AR GURBRRR AL R AL AR LE,
A RIEA AT BRI A MITAR B, sAd
B, e 1o = g R RV RT SIS A S P
AR, AP I, FCRA B I EAE T,
BB IR ] LUA B R, BT DA A
P P R MRS YA Pk LR R R A, iy L
A F. Cl Br SRR AT, AP ETE s e 175
Ge; A MRS T WAL R AE R, AR S,
JUPTER R, AL T &SRRtk 2Rk
FTid, ZMEAGTTE TER i, AR, BEF D, T2
B RIBHECD, RIS, SRS e BANE il
e, R TSR BT A R 2 . SR
JES e AT P KSR, A7 SR A SRR AL 7F S
TEEA R BIEFE, RISkl 2 TR T ]
FE AL, FA 0 L N A
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3 IS
3.1 X5

RE-2000B 2 i 4% 7% Jx 2% (L W 2R AE A AN 2% ) )
DF-101S T4 A TE 5 I v 70 Bk # 2 (KR 57
PR 2~ 7]); FTS-135 24 37 AR e 21 41 6 15 A (36 [H
BIO-RAD A #]); STD-2960 4 ## /3 #7143 (1 [E] Netzsch
AT, PHS-25 Y pH 1H( Lk &R A TR A R));
STD-2960 % AL (ERE TA A7), 'H
NMR 1 °C NMR (W5 TMS, %58 D,0O)f# A
Bruker Ascend 400 MHz i IEHROGN 52 ; HRMS fi ]
Agilent 6540 UHD Q-TOF LC/MS B =43 3% 5 1 A3l 52 .

IRFEHERE, IRERER[ AT all, KOS (R il 5
FRAF; mARRGral, Kt TRMH R A R);
BERR (B 4l, KT R TAHRAR); B[4k,
AR FNCRE) A R A R, LEE(Hraf, R
AR ), BRI ER (T al, B 254 AL A
FRA D), FHAbAT RGBT R T35 AR R
3.2 FHIEMEFRIAHIHIZ

IR MEME B AR 2y S IR OSCER[34 ~36], FH R4
TEA R

FERCA MU RER) 250 mL = LB N 13.5 g
(0.10 mol) 7 H-MEMEFI TS /K 2.1 50 mL, K = B E T
VKK, B EIZE 0~5 C, ERIZIHEEET 30 min P2
183 1 11.0 g (0.11 mol) 1)) 57 £ 98% I FRIA W, S8
JEAEZEUR PR 3 h ZERRIEH, SRRV L8 LBE(10
mL X 3) Pk, ToK OBEE L, WEIR 0 °C, FIAE KW
ik g, FEDEECE T A R A B AR AR R
I B R & AL ((HBth]HSO,, IL1), At IR Sk, P2
96%. m.p. 130.2~130.8 ‘C; '"H NMR (D,0, 400 MHz) ¢:
731 (t, J=7.2 Hz, 1H), 7.37 (t, J=7.2 Hz, 1H), 7.62 (d,
J=8.0 Hz, 1H), 7.74 (d, J=8.0 Hz, 1H), 9.72 (s, 1H); "*C
NMR (D,O, 100 MHz) ¢: 118.1, 123.1, 127.9, 129.0,
130.5, 141.2, 160.6; FT-IR (KBr) v: 3419, 3091, 3052,
2817, 2408, 1606, 1587, 1530, 1493, 1469, 1250, 1239,
765 cm '; HRMS (ESI) caled for C;HNS [M—HSO0,] "
136.0221, found 136.0222.

FERCA WU RER 250 mL = DB 13.5 g
(0.1 mol)ZKFFMEMAFITE/K ZBE 50 mL, ¥ = EfiE T
KoK, BEIZE S C, FERZIEET 30 min PN
12.6 g (0.11mol) )it & 43 HH 85% I IRIA R, IRIGE=
NN 3 hZ&BRVE, FRARPIH LR CER(10 mL X 3)
ek, LK OEEESE S, AWHE o C, FA Kt
Y T 5 A T e I T i RS T A O e
MR — A 2h([HBth]H,PO,, TL2), A AR FEEK, Wi
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# 80%. m.p. 120.2~120.9 ‘C; '"H NMR (D,0, 400 MHz)
8:7.43 (t, J=7.2 Hz, 1H), 7.51 (t, J=7.2 Hz, 1H), 7.83 (d,
J=8.0 Hz, 1H), 7.91 (d, J=8.0 Hz, 1H), 9.60 (s, 1H); °C
NMR (D,O, 100 MHz) d: 119.3, 123.0, 127.4, 128.4,
131.4, 144.1, 159.7; FT-IR (KBr) v: 3446, 3136, 3069,
2970, 2882, 1748, 1645, 1563, 1543, 1491, 1489, 1041,
791 em'; HRMS (ESI) caled for C;HNS  [M—H,PO,]
:136.0221, found 136.0209.

FEEA HUSBERERT 250 mL =B8R inAN 13.5 g
(0.1 mol) A FFHEMEAITE /K % 50 mL, K = B E T
ORI, WEIR 5 C, fERIZIEHET 30 min PN
15.7 g (0.11 mol)¥1 i B0 R 70% = BRI, SR G 1E
FElm TR 3 he ZABRIEN, BRRYH KR B0
mL X 3) ek, JoK LEEELE A, WEIFE 0 °C, FAm KN
Sk g TS SR R e I fE RIS R AR
I gE I = SR £ ([HBth]ClO,, TL3), H ¥ AR [F 44,
FEE 95%. m.p. 138.2~138.8 ‘C; 'H NMR (D,0, 400
MHz) d: 7.58 (t, J=7.2 Hz, 1H), 7.67 (t, J=7.2 Hz, 1H),
7.93 (d, J=8.0 Hz, 1H), 8.04 (d, J=8.0 Hz, 1H), 9.93 (s,
1H); *C NMR (D,0, 100 MHz) ¢: 118.4, 123.4, 128.1,
129.2, 130.8, 141.6, 160.8; FT-IR (KBr) v: 3426, 3081,
3069, 2970, 2882, 1629, 1585, 1571, 1464, 1429, 1384,
788, 489 cm”'; HRMS (ESI) caled for C;HgNS [M —
Cl0O,]": 136.0221, found 136.0220.

FEEA HUSBERERT 250 mL =B8R inAN 13.5 g
(0.1 mol) A FFHEMEAITE /K 8% 50 mL, K = B E T
oK, WEIR S C, fERIZIEHET 30 min PN
11.6 g (0.11 mol)[¥1 i E 0 R 60% R IE W, RIGTE=E
T TN 3 he 2RI, BRI QR CFE(10 mL X 3)
Yok, K CFEESE S, AHE 0 C, Ff KR
YT R VA T e B T i RIS TR A e
SR 35 ([HBth]NO;, TL4), AR ARE A, 7% 97%.
m.p. 132.3~132.5 “C; '"H NMR (D,0, 400 MHz) 6: 7.40
(t, J=7.2 Hz, 1H), 7.46 (t, J=7.2 Hz, 1H), 7.71 (d, J=
8.0 Hz, 1H), 7.83 (d, J=8.0 Hz, 1H), 9.51 (s, 1H); "*C
NMR (D,O, 100 MHz) J: 118.4, 123.1, 127.8, 128.9,
130.8, 142.0, 160.4; FT-IR (KBr) v: 3432, 3136, 3074,
2970, 1676, 1573, 1568, 1491, 1976, 1384, 1144, 1118,
1087, 1036, 918, 785, 679 cm '; HRMS (ESI) caled for
C;H,NS [M—NOs]": 136.0221, found 136.0221.

#HBh#1 Bl (Supporting Information) 7 Jf & I 5 1Y
&) "H NMR. °C NMR. HRMS. FT-IR fJJE G IER]. X
e 6l mT PA B B A AS T 199 355 (http://siocjournal.cn/) | R
#.
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