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CO; and Allyl Glycidyl Ether
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Abstract: 4-Allyloxymethyl-1,3-dioxolan-2-one (AGC) was prepared via a coupling reaction of allyl
glycidyl ether (AGE) and CO, by using 3-bromo-1,1,1-trifluoro-2-propanol (BTFP) as activator in the
presence of a catalytic amount of tetrabutylammonium bromide (TBAB). The types of quaternary
ammonium salts and activators were screened. In addition, the effects of reaction temperature, activator
BTFP and catalyzer TBAB dosage, reaction pressure, and reaction time on the yield of product were
investigated. A possible reaction mechanism was also proposed. The target product was characterized by
gas chromatography coupled to mass spectrometry (GC-MS), Fourier transform infrared spectroscopy
(FTIR), and nuclear magnetic resonance (NMR). The results demonstrated that the yield of AGC could
reach 96.5% when BTFP dosage was 2.0%(based on the molar mass of AGE,the same below). TBAB
dosage was 2.0% (based on the molar mass of AGE,the same below) at 90 °C for 18 h with 0. 5 MPa CO,
without any solvent.
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1.1 RKFE5NE
SR, IEAEE., W7 HEEME (TBAC) |

PUTREAbEE (TBAB) . U1 3Emifkéz (TBAT) ,
AR, BUHTIRMRAL TR 3,3,3- = H A NEE .
2-1R-3,3,3- =9~ 1-P9 B 3-1R-1,1,1- = 9-2- A 8, CP,
FHREATARAA; MmN EAKHmEE, AR,
R T AR E A e, RFEL99.9%,
VY% RIESIARA BR A H]

Avater-360 Ui L A5 4 21 SO A, S
Nicolet {X##/2F]; Bruker500 AZBEILIRILTENL, &
[ Bruker /A ] ; Z4E(E GC-7820 RIS MG i%AX, 3
€ Agilent AW . SAHETE ST 450F . FID #0045,
DB-5 E4045 (4354 (30 m x 0.320 mm x 0.25 pm ) ,
HERESHIR L 250 °C, R ERiR AL 280 °C, HAEFET
THi . EIRIEEE 50 °C, 10 °C/min THE £ 200 °C,
{58 5 min; #EEEE 0.06 uL, R AIE—1bik
PEAT43 738 . Thermo ScientificITQ700 &[S
FH-BREIE AN, B R R A R AT FR A ] o BTk
AT S PR B (ED B 1R, IR 220 °C,
HF#dEE 70 eV Biiatids: BB
1.2 CO,5 AGE WBEX K M

TEFCA G SRR 25 mL A58 TR 28 Rk ik
TG F 45 K H Bk 4.57 g( 40 mmol )., 3-1R-1,1,1-
ZH-2-TAEE 154.4 mg (0.8 mmol ), DU T F&IR k%%
257.9 mg (0.8 mmol ), K] CO, R} Sz b 42 & 4 W 1k
J&, PRI E 90 'C, FHELLE A 0.5 MPa
) CO, U 18 ho FENSEMUE, WHEER, %18
HE 2 30 CO, SR, OV GE i AR TS 73 b, M
PG K H i BEFE LR N 99.3%, 4-45 TN 5 3k-1,3-
TERIR-2-F B R 98% , AU EZEIE (5 kPa ),
BRI 6.1 g, Bk 4-0mTH A H E-1,3-—54UK
FR-2-H, WeEHN 96.5%., GC-MS, m/Z: 158 ([M]").
117 ([C4H504]" ). 101 ([C4H505]" ). 87 ( [C3H;305] ).
71 ([C,H,077). 57 ([C5HsOT"). 41 ([CsHs]Y). 27
([CH;1"); IR(KBr), viem™': 1785, 1160, 1039,
771; '"HNMR (500 MHz, CDCly), J: 3.66 (ddd,
J=38.3. 11.0. 3.8 Hz, 2H). 4.02~4.11(m, 2H).
4.40 (dd, J=8.4, 6.4Hz 1H). 4.51 (t, J=8.4 Hz,
1H). 4.83 (ddt, J=8.0, 6.1, 3.8 Hz, 1H), 5.20 ~
5.32 (m,2H).5.83 ~ 5.92 (m, 1H); "CNMR( 125 MHz,
CDCl;) , J:66.30, 68.87. 72.61, 75.06, 117.93,
133.69., 154.9,

2 HR5H®
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ZE T eV T 2 F 44+ ( TBAC, TBAB. TBAI)
FTET, COy SRR LG K H kAR BN, 7RItk
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AR AR R . LRTTER 1.2 1, ek
AR5 K B ilEE 40 mmol, VU T 3RZ44ER 0.8 mmol,
%4k 0.8 mmol, 7E 70 °C. 0.5 MPa CO, &1 F )i
18h, 4R 1 PR,

# 1 AGE 5 CO, Ik Wik Rt

Table 1 Screening for coupling reaction systems of AGE
and CO,

e R 5 e RO iE Acl
1 TBAC 19.2 99
2 TBAB 29.6 99
3 TBAI 26.1 98
4 CH;CHOHCH;/TBAB 43.6 99
5 CH;CH,CH,OH/TBAB 49.3 98
6 CH,FCH,CH,OH/TBAB 51.5 98
7 CF;CH,CH,OH/TBAB 53.4 98
8 CF;CHOHCH,Br/TBAB 77.9 98
9 CF;CHBrCH,OH/TBAB 65.6 99

10 CF;CHOHCH,Br It —

T —RR RN R PR PEEAT 20T . AGC HYHE AL A AL
PR SO @ SMR R BT T

1A, ERFER RN AT, ANAZEe
LRI AR B OB, PO T I AR 1 S N T
PN A : TBAB>TBAI>TBAC, TBAB TG MR 5 ,
FIRE AGC BIFEALZ N 29.6%. X Al HE S i < % BH B
TRz [ B [FAE TS, )R BB 1
SRR RN ZS [ BEGF 34 4« T>Br> CLI, 7EDY T 5
ZEEh 2 50 A bk 5 S ALY BRI N
— 7 T B R B B AR R A M, RO B AT
Jy— 5, A AR /N, 2R B R A A
Y e g iRk 7, PE S FEIVE RS TBAB
HI AR Fe Y

S AR 5 N AT RS A SR I AR L Tl I
MAKZR G A—L35407], BV TBAB 515 1k5) 36
R 2H A B S N AR 2R . #E TBAB 5414 I i 2=
A1 V&M, S IERNEE (n-PrOH) 1E
WAL (55 5), MRS 49.3%, i 2{f
H5HEE (i-PrOH ) B (J55 4), RN AL 30
RZE 43.6%; 4iE AL 0y &R 8 U HUE,
R DL 5 SRR is AL I, By e AR AT T v
M7 HLBE A U 20 H B35 2, 3-5NBE(FP) .
3,3,3- = HNEE (TFP ) HHX I S0 5 Ak 2R 43 1) ok
51.5%. 53.4% (J¥5 6. 7); DL 2-1R-3,3,3- =5~ 1-
PIBE/DU T 56 1R A0 B 20 B S I AR ZR I, S g B Ak SR B
WIS, WINE 65.6% (J¥%5 9), XnRe&H TIH
gitgrhEe S = m P R SR E T, WEEFEEH
SRR HAh, ACRMEER 3-1R-1,1,1-=5-2-T9 %

A, B NJLEAREELE (JF5 10), T Lk
gEEL D ERE 31,1, 1- = -2-INEEE i), 5
TBAB Ft&ffi .
2.2 RRGREXHEEK R ARSI

T R R A (IR S N Y SC R 2, 2 CO, 1)
AR BE L SONE IS PR Rk BR M o 1812 AGE 40 mmol,
BTFP 0.8 mmol, TBAB 0.8 mmol, 7F 0.5 MPa CO,
SRR 18 h, ZETHEREX AGE 5 CO, {HEk
BRI, SERS T vRIE] 1.2 75, Z5R L3 2.

T2 NIRRT AGC WEE 5
Table 2 Effect of reaction temperature on the yield of AGC

0/°C
50 70 80 90 100
AGC YR /% 55.4 76.1 90.3 96.5 97.1

M 2 AT, SN R X RN Rk SR 2 A A
S, 1E 50 ~ 100 'CH, AGC BYCR B B I B
BTt AR R, B 50 ‘CHFY 55.4%42 55 % 100 C
A EY 97.1%. X AT RE A R 4 & (IR A #F AGE
FIIEAL, MTAR E T SR AT o 24 S I N
90 ‘CH}, AGC MICRIEE] 96.5%, [H4E—£ TR
RN ER, AGE WORIFEA B w3, ik, &
7 i B BEE 90 C M H .

23 EHFE TBAB AEXHMBEE K K HI M0

1E AGE FiHk 40 mmol, 2 iEJE A 90 °C, CO,
JEJ1°4 0.5 MPa, JehiAf[E] 18 h (ST, 5T
BTFP ffli . TBAB & ( A AGE #5191 A JE i,
TR ) RIS N s, SR ANER 3 B .

%3 BTFP. TBAB fil& LX) AGC YR AYFE R
Table 3  Effect of dosage of BTFP and TBAB on the yield

of AGC
BTFP FH&/% 0.5 1.0 2.0 3.0 5.0
TBAB H&/% 0.5 1.0 2.0 3.0 5.0

AGC YR /% 64.4 90.8 96.5 97.0 97.7

H 2% 3 nJ A1, B G465 BTFP Ll & TBAB H]
TGN, 7Y AGC IR KT & . 2 BTFP Fl1
TBAB H&t i AGE ¥ B 1Y 0.5% 24 1.0%H,
AGC M 64.4%38ME] 90.8%; SR, 4kLki
I A, W e R I R A, Y
BTFP il TBAB FHH M 2.0%M4 1% 5.0%Hf, AGC
MRS T 1.2%. Hik, #E# BTFP. TBAB iy

H 1N 2.0 %1 2.0%58: 4
2.4 CO, RN JE BB R KA S50

KRG R e TR AHFNE AT CO, 1Y

WRBE o MRV RS B, SAHFBEA H CO, 1)



%6 M o,

S 3-0R-1,1,1- = -2- TN B B CO, 5503 7R 6400 /K H il Tt 50K 52 7

* 1075 ¢

W B S BZ 3G N, X BN R AR R, 7 AGE
J&°~ 40 mmol, BTFP 0.8 mmol, TBAB 0.8 mmol,
JHEE D 90 °C, SRR 18 h M, H5
T AR CO, FE 3 X IBE 2 B fA) s M), SIE 36 7 i [A) 1.2
W, SRR 4 PR

K4 CO NI % AGC W 52
Table 4 Effect of CO, pressure on the yield of AGC

S 1 /MPa
0.1 0.2 0.5 1.0 2.0
AGC /% 86.1 94.3 96.5 96.9 97.2

M 4 ATUEL, MR RGEEIIH 0.1 MPa
HEM 2 0.2 MPa i, 2 i ISC% i 86. 1% =5 28 94.3%,
MR 18 0.5 MPa i}, AGC Y3k 96.5%, #H#—H
HOMETT, FEYBeRitm B S %, X TR T
CO, fRtt, WA R, X COo, B EIHA
el , WEER CO,—HRE(/ B, 1EH
XHEE RS EIN,, CO, FE 7 Y3 & 3G 25 3 B0k
AR P CO, TR IE AR, A R T N A
B, IR & BN A3 o 1 e AR X 1)
CO, KT, —Jrim, WA CO, 5T U &
B S0—Jrid, WPk CO, Stk AP g
B [ Bt 2 55 A0 16 AR 70 5 SR SR AR B T VR A, i
SEIAEAD A REA PG, RS E] Y
R g 5 e B BRI R B M, OV R Sk B
0.5 MPa }'H .

2.5 & Rz iE) X {8 Bk & 5L i 2 N

IR R — R A NAR R, AR LR
B B S g BB RCAIG I A5 S 2 i s o B[] 1y
54k, 7F AGE JH#°~ 40 mmol, BTFP i & AGE
YRR 2.0%, TBAB F& A~ AGE ¥ K E Y
2.0%, VR A 90 °C, K f1° 0.5 MPa FU 5T,
T RIS AGE 5 CO, I I b i 520
LW 1.2 7, g5 S iR,

K5 NI AGC WA A5
Table 5 Effect of reaction time on the yield of AGC
S I I 6] /b
6 9 12 18 24
AGC /% 65.2 87.5 93.3 96.5 97.4

% S LA, (ISR = ISR Bl 4 R
B[R ) S TG . 24 S R [E] R 6 h B, AGC [
WFEH 65.2%, TR AIER ZE 9 h B, AGC
BRI L = = 87.5%; MW IEIZE 9~24 h
BF, SO IR S ARG Y RN ETEY 18 h
I, AGE HIHRE A 96.5%, HE— 3K i i ]
F 24 h, WCRCHWA RN, 256 % 8RR

KT, ROV AR 18 h AL,
26 BERMNHIEIRE

FE G PR 77 B 0 e 2 R v & B, 24 PR BTFP
W, BN EARANGE KA, MM TBAB A
WAL Dt AP E R (29.6% ), 1K & [F] s
R, SO iR B, FE 70 °CHY R 1k %
PR 77.9%, Wil 48.3% (% 1, JFF5 2. 8. 10),
X BTFP 5 TBAB W [0 47 76 B 8. 9 U [RIAE
TG4 BTFP 5| ABENS W 35 $2 THE G S M AR
XA . FARIEESS A, X AT RESE T BTFP 45
Fag v [] BRF 5 A o W H, 3 A = R SR T, il
RIS B4 &, N5 T 5 AGE Z4EAE
i, BEFIF AGE W36k, 25 1m0 (2 2E B S b 1 &
A HERE BTFP fERB N HArER, R4 b
JEIEXT BTFP ., AN[FEY)E A4 L) AGE 5 BTFP LA
N AGE 47 T 3RAE, 455K 1 iR,

a

— T

338
e
3387,
i I
3425
3500 3000 2500 2000 1500 1000 500

v/iem™
a— AGE; b—n(AGE) : n(BTFP)=5 : 1; c¢— n(AGE) :
n(BTFP)=1 : 1; d—n(AGE) : n(BTFP)=1 : 5; ¢—BTFP
1 RFEYBUY R L AGE 5 BTFP IZL4ME K
Fig. 1 FTIR spectra of AGE and BTFP with different
molar ratio

HIE 1 ATLLE H, BTFP 7E 3 425 cm ™' AbH T3
F B 40 JR s A7 e B SR O R AE WG I, 24 ] BTFP
A —E H ) AGE Ji , W MSC g A 0 1o 4G ok %507
msh, FHBE 3384 cm', MMiJEE AGE 7EiZAL
WA FFAEM I, X FRB] BTFP el IS
AGE 1EA], mIRE/RIE A2l Beoh, ek
"HNMR %) AR 12 1 89 AGE-BTFP EAEH}
HIRELF] , BTFP #23k S A A= 07 F8 B 8 ) I3 %5 o)
(1 628 %% §3.3), XKW BTFP H32IL A AE
figim i Ak S AGE /EM .

455 CHRIE , 75 CO, 5 ALY B A I S
t, SSgEHAR T R R AR TR S A T g
SR A AR TG AR PR A AR B, AR T RS
FF L EAFGEEs R, $EHE T 0T FrR B P R AL
MALEL, 5, BTFP R EREH @ L S S
AGE HWEIRFIEM, 1% AGE ) C—0 K4k
fb, 5BLEAT, TBAB F7R & F#E X AGE 175 [H]
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(1) #EAWLITFRNAZR BTFP/TBAB 1, 5C
T CO, 545N 28 7K H b Bk AR IBE )2 R, 38 35 X%
OV . 1R BTFP 4L TBAB & . &
o 3 R0 B ) 45 2R IR AL, A5 3 e S g 2517 -
BTFP H& "~ AGE ¥ it )&= 1) 2.0%, TBAB &N
AGE =) 2.0%, 1E 90 °C . 0.5 MPa CO, [ 7]
TR 18 h, MARERFRER =9 AGC WIWCE T Ik

96.5%. A M AGC 5 /szmﬂ Ly —& k& )m
25K, THEANSOL5HE, NS M.

(2) RHAAMEARXT BTFP f £ CO,5 AGE 1§

105 S o7 H VR AL 1 T T%%ﬁ T AT RERY
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