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EERIZF IR TR IEN AR
Xt B R R B FRBR S AL v- T MBS

TRmW Y EHREC RAET BAEY THEC
(H BRI RFNE S ST TRE%E FH 266042)
CHREH T ERAME T E R B s08es K%E 116024)
BB LERE 5 266042)

WE DL L-EmE. 4-HRE-5-0 SRMEM . 2RI A BN JRURl, BTt i — 2 20 1 W Mk R ol 2 - 1k 125
IR, HER I T A s K PR A A AR R I R O R IR PR IR 1) S B, SR IR BV 5 1 T A P A TR L 1)
B - T WBR. R AR e Re, A R VAR R g AT, v DUEBR AR B A I 8OR, SEILAEAL G
Pl . PR R RS A THF/IE RS (AR R 2.5 1 2). BL 1,8- & JeXUFR[5,4,0]+—%-7-4% (DBU) K Bt 71,
FEAEACTRF 18 S M JEURE 10 mol%, [ NAREE S 35 °C, OB R 16 h K4, [ IAERS (LR 95.4%, y-
T HERIERNE D 80.4%, IS LA 3.3 11, H ee fHA AN 21.3%F1 16.1%. F 5T HEALFIMPEIE A MERE, 45 %
R ATEIRE A 4 I, HAATE AR AL,

RERE B WA A RO REERE; - T A ER

Synthesis of y-Butyrolactone from trans-Cinnamaldehyde and
Methyl p-Formylbenzoate Catalyzed by Thermoregulated Thi-
azolium Chiral lonic Liquid

Yu, Fengli*” Dou, Youtao* Zhao, Dongmei’ Xie, Congxia™“ Yu, Shitao®
(“ College of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, Qingdao 266042)
(® State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024)
(“ College of Chemical Engineering, Qingdao University of Science and Technology, Qingdao 266042)

Abstract From L-menthol, 5-(2-hydroxyethyl)-4-methylthiazole, paraformaldehyde and epoxyethane, a novel thermoregu-
lated thiazolium chiral ionic liquid was synthesized and used for catalyzing the reaction of #rans-cinnamaldehyde with methyl
p-formylbenzoate to stereoselectively synthesize y-butyrolactones with two chiral centres. By using the thermoregulation of
the catalyst, the catalytic reaction in the thermoregulated solvent had the feature of “Thermoregulated Phase-separable Cataly-
sis”, and the recycling of the ionic liquid catalyst was easily achieved. THF/n-hexane (V' : =2.5 ! 2) mixed solvent was se-
lected as the thermoregulated solvent. Under the conditions of 1,8-diazabicyclo[5,4,0]Jundec-7-ene (DBU) as the alkaline re-
agent, the quantity of catalyst 10 mol%, the reaction temperature 35 C, and the reaction time 16 h, the conversion of
trans-cinnamaldehyde could reach 95.4%, and the selectivity of y-butyrolactones was 80.4%. The ratio of cis/trans product
was 3.3, and the ee values of cis-product and trans-product were 21.3% and 16.1%, respectively. The recycling efficiency of
the ionic liquid catalyst was investigated. During the recycles of 4 times, the catalytic activity of the ionic liquid was nearly
unchanged.

Keywords ionic liquid; thermoregulated phase-separable catalysis; frans-cinnamaldehyde; y-butyrolactone
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y- T NERIISLAR L — PG BT RS T 4% AL 2 KA 2527
FIOT 2 I BT SCERIRIE Y - T A EEAT A
A BB BCRAR, LARE SRS RS
ﬁ){/ﬂ_i[“wl“].

AR 2 A SR R AT BT, AR B TR T
B REM, SEHLE WA DIREA, LU A2 E 7
SR, A BRI, B A A
AT 55 S SR RSP B BRAE ) S AR R N, i
AN 8 TR B BN SRR — A, RN SRS T
WAR S P ) AW AH, RGBT “ mrlh B S
I, ARIELAR 53 25 7 1o H I, SEBRR N - 43 B — AR,
SRFERE T LLSEELEI A S (K i Ak, SOnT S22 A
MEACIRIEAL 7 55 23 B [ISORIAIE FA A

AU 2 530 K T R R 1 5 LN B W M e o 5 1 45
Frf, Sl T — SRR B Ak, R IEH T
A 5 2 PRI 1 1 5 3R B R PO ) R A 1
PEFEAEH], SN AT SEARGEFEE, A FRA R T H
A y- T AR, R TR R T 5 TN BB I 1 25 1~ 4 5 4y
T, AR T R AT IR ML 2 RAK, AL
T S A PAERERNAS [ IR 1) S L, ANKERR &t T 2%
FHEARIE p- T AR, AR AR T oo R P A A B
JE(PEG )L 5 I N BIWEMERL B 5 1 45 K v, A et —
FEBr Y PR WE MR 1 TR B A, DRI T S
2 PR AN P PR R PR 1) e . ) P A A 771
(R PR RE, Al N AR A R T 3EAT, W] US4
o> B, JLAEA AR BT “ mnt AT N, IRt P
B Bk e, BISEIL T S Ni—70 88— A4k LR AL 511

:/<OH HCHO, HCl _<:§
7 s \/Z‘g CHa(CHz)iCHg
o HO s

NaOH

H(OCH,CH, )nO/\I 3 /\

f1 ] A5 [l Wi A B SR A .

1 HR5i+HE
1.1 BT SR

B 28 s U 47 T R B A R A R R A D R
4n Scheme 1 fTzr. 156, VABEIY S 150 L-3 17 I 4 F0E
U, AR U R 2 B S N, AR L-5
FERTIERECH, HR, 4- PRS- 30 2 LM R4 2 b R
RGN, IR B ICPEG B, AE )k PEG i
MIMEME L [RIA, I )5, & PEG #E 1 MEMESE R fA L L-
S L AT S I A ZR A N, {EEMEER B NTFE
s, A R B S 1) W M R A T A
R A B A N, B A R — R VAR B
0 IR M 5 T B A, SRR RN TP IR
BRI, AT A ARG FE(n R e AL i
3T B AR, n (WIS PG E A
1.2 fEHFIeIE e

B BT YT 2 - W M g s T M B AR T
A I X PR A e ARG FE 9 25 R FH IR FH R ) S Y (B 1).
SIS KR, TR WAL T, 24
B A AT PO AR p- TR, SN HAT S AKIE
Pk, 182 (cis)F 2 2 (trans) RV y- T W BEFS
.

T — AN LR e e R PR AL D R, AL fEE AL AL
HF 2004 4FH Glorius S48 12 fEGRIESLAE T, BEm:
S N =7 v SN O N (/e SR S W A L e 2373
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s
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FAE, kiR 143t e, B ol ke
FRIEN) B AL R SR I IE R A R F s SRS, f
PES B A0S F BRI R R R IR et de)m, RZE
AR, et sme s, AR »- T N ERF=4). nf
B AT ) 5 0 4 sz X PRI B D 1) 5 B s Y s S PR A
RS RS0 PR K R PR R 1) B RS I e R i
N F PR [ 5 Stetter S8 DA Sz X A RE RS R0
F 3 25 Y FF R A S Sttetter 2 )W),

DAV s 38 45 TV WA (n = 16) A AL R, %
KT SR EGER B AR R RNV
S5 N B TR 250 ) %o s I R 5 . Ay a2 e PR A T 1) 1
I B 5 B B N, J5 2 PR AR TS R P 356 24 R P 1)
W EZ E R 1 1.2, R T 244N
LA THF #5771, DBU AR, (A0 5 4 s b JsUk
(1) 10 mol%, JMRJE K 30 C, [N INE N 16 h. £E8%
M TELRMT, RAAERBEEN 98.4%, - T W
BRI R 90.2%, 7734 88.7%, r=HrIi i Lt A
2.7 01 ¥ p- T B ST R, e gl 2
=) ee fH A 16.6%, LLBRARIE L X5 &A™
Y ee 1M 18.9%, LL(3RAS)KIE K .

1.3 RITETIRYIEE

BRAE TR IE B3 ) b SN n AR A3 58 1 i

R, AR AMR K B SR AT T R VAR R, Tk

BEAT IR AT, R SR 4 S OG(PEG BE) I i
MR IR PERE, TP G KRR P, AR W AE
WG AT, WAL 1 s R 7 A 20 s 1
. AER T SR AL RE I, B A ZR pe— A1, AT R]
DAREAT B AL SO s S B R f, B2 i, e A4
AN EBN AR, PR EAR S SR “ ity
MRV, ARG AR 7> B 7 (e, T BASEELS N =73 5 —
PR LR AR 77 P 5 88 [ AR B A2 A1

e illibpust s e SN e A N L AT PSR
PRS00 /2 (R A A A RIE L P i R A A
— NG SRR, AR R I AR 8 A AN TR P
M, ARG SRR L L, P I sg e . 5Eht
T T ANIR R B P IR0 8 1 I A M A AR 5 T ) B
Hh B AL IR IR R RE, SRR 1 PR, ik 1]
S, ARPEAH G B, B AR (KR R B 2R A T 1
SISO, SRR A AR, fEIE R
W, B TR RR VR REA]E, BRI &
R ER IR 1.

B B T IO AE S IR AT v 8 A AN ROV R L
FE WA i 58 A AT AW, ALSGR SR, A RE
AR RA TG IR SR, RS B AR =R e A
il SE AR VAR AR 1 g, A a=16 KT
AR T AL BCAT 5 IR EORTR A, Tk (=

S+0s §+0s S P P+ 0s P +Os
C C C+Os Cc C
‘it KT S e il F SNk AN Tl S AR UL i
B 1 RS R
Figure 1 The principle of thermoregulated phase-separable catalysis
S: reactant; Os: thermoregulated solvent; C: catalyst; P: production
R BT IARTE R R Ik b
Table 1 Dissolution of ionic liquids in different solvents
e e IL (n=16) IL (n=24 IL (n=42
ahER mb B C — - (n=29) (n=12)
e P L s R
A v Pk 0.01 30~60 is is is is is is
ECkE 0.06 69 is is is is is is
Yk 1.6 77 ps ps is ps is is
R 2.4 111 ps ps is ps is ps
A 34 40 ps ps ps ps is is
DU &R IR 4.2 66 s s ps s ps ps
i 44 61 s s ps s ps s
A 5.4 57 s s ps s ps s
I 6.2 82 s s ps s ps S

¢ AL RN E AR 0.1 mmol YT 5 mL AHLEF; F3: 20 °C; ik IRTWARIIWE R s: AFRIEME; ps: VA is: NS
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16)7E 5 L A1 il T AR 58 AN IR0 A i kA I E &
o, TEZ AN Sk e AR I FIAT THE . &5 IR
RN, 25 8204 e G007 R A Rk s A, DA &
CIEMFEEANT R, PRI IE 8 DU SRR A E ke 4%
REWR]. 8T ETFHRAO=16)EAFB LA THF/
IE OB A EE R IR S A iR e, SIS 25 TR 2.
R 2 I, 75 THF/IE CREARFILEA 2.5 02 RAH
I, BT WA= 16)4A7E— G S iRl 32 C.
FIRN, BTRAANETRGER, 9EE KT 32 C
B, BFWRAE RS TIREEN, MR, 8k
NNIREHE RIS, KRR AZ) 5 AP, Bk, ik
PO ALy 2.5 ¢ 2 (1) THF/IE 2b¢.

F2 BETHMEM=16){E THF/IF Gl S5 i (K fe

Table 2  Dissolution of the ionic liquid (» = 16) in
THF/n-hexane mixed solvent
V(THF) : V(iE C\41) i PR
1:2 is is
1.5:2 is is
2:2 is ps
25:2 is s(>32 C)
3:2 ps s(>27 C)

REAC BTG BT 0.1 mmol ¥ T- 5 mL AV ik 20 C; fiikl: fE€
T50 C;s: AHRBEMAE; ps: TR, is: A,
14 BITHSBEL

1F PR E PR A T, S TR =16) 1]
Tt Sz o PR AR A R SG FE I JE 2 FP R YRR 1) S . T
(PR VAR E R 35 °C, EIm S L 32 "C UL L. S
SERRW, MR RN, B2 TWE 1 PR
R AR SN, AR AR A3 7 IR, ST T AR
Sy, UL DBU SBRARFI, £ A 50 &k SO R
EHE 10 mol%, W ITE N 16 h [4E T, Sl kR
(A2 95.4%, y- 1 MR ITEREE N 80.4%, i Lt
3.3 01, Hoee fHA MM 21.3%F1 16.1%.

FEL T R R NI, S5 HILER 3.l 3 T4,
TEIG FUR AR LU R (25 °C) NI, PARERES (R Ak 4%
%, e A i i UL B35 C) VT, SR
Fhi, W DT m ROV IR E @S C), RN RAR L
K. UEIATE I AV AR B LA b, SEIL T BAR A

R3S RNV

Table 3 Effect of temperature on the reaction

WIEIC BT Y% PR Y% RIS U Y%
25 82.6 84.3 22:1 69.6
35 95.4 80.4 33:1 76.7
45 96.1 77.8 27:1 74.7

TR B PR R AL L T SRS - 1 P BRI AT A R I o
A HILLHI;© R GC W5 ¢ FRIBUR »- 1 B2, R GC IlSE.

1 BB WA T, 8T 8T ISR A AR
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AL 22 5, SRR 4 s, 920 45 R FRERAE T
HA n=16 & PRSI T EAAH 2 S . 7EAH [H
MRV AAE T, n=16 [ TG PR 1 n=
42 [P ES TR TS TR B, IX VT RE LD n=42 (1Y
FRARAE THF/IE OB 2.5 © 2 TR A i
i S e /N SR, S A AR I 2 T AR AN R T A
SN
R4 BT WRES XS SOV 5 m

Table 4 Effect of polymerization degree on the reaction

n g% P BUREE %
16 95.4 80.4 3311 76.7
24 84.2 84.7 281 71.3
42 76.5 82.6 3501 63.2

© 2014 Chinese Chemical Society & SIOC, CAS

1.5 fELFIBIERER
FE_LIRIRARVE ) BN A A, 558 T AR
IMEFTERE, 25 R 2 s, B2 v 5, A2
IMEH] 4 K, MG PEREARGREF AN, (HAESE 5 IROEH
RIS, (AR TS PRI 45 W s B, X B R AL R T 4R i
SRJVHEL REMMEA] 6 KGRI, BEAT T R
Ja, RIBEAFIEIR T 6.3%. #MIN 6.3%MHET, =%
AJ R 5 (75.2%). ) LU A AR B A A A S
LLANRRZAUARAE, SR 45 70 R e A AR Ak
100 -
90

80
| - n
70 ] T~

60- \\\
50

40
30
20
10
o

Yield/%

Cycle

B2 ARG e
Figure 2 Recycling efficiency of the catalyst

2 it

R UL 45 R B T AN T o S [ 5 LN 30 W I
BT AR, AR T SR MR 7 T B TR,
IR 1% 18 A RS A i o ] A e K PR R T R X
BERE A PR PP R K BN, 5 1 07 5 A S T R PR R
QO y- T R, ARG PERE, AR NAE IR P
FURREAT, SCOL T AR > EAEAL, AR T AL R AT
(ISR A8 T A H Y. 36t B HRR 47 570 - THEF/
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IECBEARFILE R 2.5 ¢ 2). L DBU Afigdksl, £EmAL7)
P ROV JECRHE 10 mol%, RNIEE A 35 C, RN
B 16 h A PE T, X REERE 136030 95.4%, 9-
T ERIEREE N 80.4%, PG LA 3.3 01, H oee
fE 53124 21.3%F1 16.1%. HEALFI T IEIE 4 Ik, Hopi
HTE PR A R AR,

3 XWEH

3.1 UESIKFH

L-T A, bRk A R A A, DBU, Lifgsh
AR TN R AR AR, RaCREERE . X BRI
RS, LR Al R A ], 4-FIE-5-58 4
LMy W TIG R YLARAL T .

i LR AX, Brucker AV500 B4(TMS 4 I Fx), [
Brucker 27 ; Agilent 7000B < i I 41X, DB-35ms E 41
BOIEMEGO mX0.25 mmX0.25 um), FEEZFE AT,
GC-920 AR WEAL, b g it ik i A 28 A B 2 A
OV-101 B4 IEFE(60 mX0.32 mmX0.25 pm); &
OB, Waters 600 controller(ZE Ml #%), Waters
B AR AD-H FHAES pm, 4.6 mm X250 mm),
RIEBE AT IR A, g s WZZ-2S A3 ea1L.
3.2 HMAMEMEBEFHEFRIKNEK

UL far LT DL LA e . 22 SR 55 0 Ukl
225 R[22 5 1. MERIFAREL 2.3 g (16 mmol)4-FiFE-5-
P2 CHEBEMERN 15 mL 1E O TR VST, A% 2 h
J&, IO 20 mL FRAE ZBE A 3 mmol S AN, B2,
Ny B R4k ZilRA2h)5E, £80~90 CF,
REL N 12 he RV SEEE, W R NS 2 e,
LB ERE, PR 2B AR N A e 1E Ot
Hl T 2 1 o R A E MR B R (). G VAU n=
16. [ RIFA B 1) 100 mL = HHEEF A 10
mmol MEMEELE P b HfA, 10 mmol G F 3 i fay Bk A1
30 mL O, AEEE B A EAL TR, 85 Clnlui
SN 24 h. [NSEHE, WURZE O, T OB R 4
Y, TresfEE, IS5, Ak ER L. ol
—19.15 (¢ 0.0083, CH;0H); '"H NMR (500 MHz, CDCl5)
5:9.30 (s, 1H), 4.72~4.85 (m, 2H), 3.50~3.76 (m, 66H),
3.40~3.52 (m, 1H), 2.85 (t, J=7.0 Hz, 2H), 2.63 (s, 3H),
2.25~2.31 (m, 1H), 2.06 (s, 1H), 1.82~1.92 (m, 1H),
1.54~1.62 (m, 2H), 1.12~1.23 (m, 1H), 0.92~1.03 (m,
1H), 0.72~0.90 (m, 9H), 0.60 (d, J=7.0 Hz, 3H); "*C
NMR (125 MHz, CDCl;) 6: 152.36, 144.05, 131.40, 93.74,
67.67~72.39, 66.67, 61.24, 49.81, 44.92, 34.36, 31.38,
26.66, 25.53, 25.09, 22.97, 22.03, 20.84, 15.89; IR (KBr)
v: 3445,3074, 2869, 1958, 1716, 1646, 1455, 1349, 1295,
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1249, 1107, 950, 845, 714 cm ™.
3.3 EEIpEN R

N, RN, 7E TR 25 mL =R I 1
mmol & ZAIAERE. 1.2 mmol %] HBEHL A R . 0.1
mmol WE M BETE 5 -1 B 3 A4 AL 771 . 0.2 mmol DBU.
5 mL THF/IECKRESW RV 1 V=2.5:2), 35 CTx
N 16 h. RVSERE, Wi B2 RNV, R A
I EAEE AT, N BRI R N AT 28 AL EE, 2K
TR, TR EHH TS 5 W s 2 T 43 e 4l
P (AT 2R W8, Vo V=8 1). /] GC-MS HI
NMR %587 =#I 54, GC M r=wiies, H HPLC
Al Chiralpak AD-H FHEAEME =911 ee {H.

iz »- T A fE: "H NMR (500 MHz, CDCls) &: 7.80
(d, J=6.5 Hz, 2H), 7.09~7.12 (m, 3H), 7.00 (d, J=8.0
Hz, 2H), 6.81~6.83 (m, 2H), 5.87 (d, J=7.0 Hz, 1H),
4.09~4.11 (m, 1H), 3.87 (s, 3H), 3.10 (dd, J=17.0, 8.0
Hz, 1H), 2.95 (dd, J=17.0, 5.5 Hz, 1H); >C NMR (125
MHz, CDCls) d: 176.2, 166.6, 140.7, 136.4, 129.7, 129.3,
128.6, 127.8, 127.6, 125.7, 84.1, 52.1, 46.8, 35.2; MS (70
eV) m/z (%): 296 (M, 6), 265 (8), 104 (100), 78 (10), 51
(4), 30 (2).

& y- T WBE: "H NMR (500 MHz, CDCl5) J: 8.05
(d, J=8.0 Hz, 2H), 7.37~7.43 (m, 3H), 7.27~7.30 (m,
2H), 7.20~7.22 (m, 2H), 5.51 (d, J=9.0 Hz, 1H), 3.96 (s,
3H), 3.57~3.59 (m, 1H), 3.12 (dd, J=17.5, 8.5 Hz, 1H),
3.00 (dd, J=17.5, 11.5 Hz, 1H); *C NMR (125 MHz,
CDCly) 6: 175.2, 165.6, 140.2, 135.6, 129.8, 129.7, 128.7,
128.0, 127.8, 126.2, 85.2, 52.5, 47.2, 37.0; MS (70 eV) m/z
(%): 296 (M, 3), 265 (5), 104 (100), 78 (5), 51 (2), 29 (8).
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