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Co(NO;),*6H,0/E Z Fr B ELIE{L CO,
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HE: HRREEERSYRAIE R, SIS ZTER T ZN A, NEE. FiES e A
Y, BT LEEPEREMILIAR . R Co(NO,),»6H0/ZE ZHiPHH (L1) FE AR ML ALY S CO, b, &
T RPVARIRER . LVEAIR MRS COy RV, 884 B AR ey g i R N i BRI 3 677 T Ak, 5056
SRR TSR, PRI T ATREM R AL, S5RFTW, EEMR LN 1.0 mmol. CO, 24 0.1 MPa, Co(NO;),*6H,0
9 0.05 mmol, L1 5 0.10 mmol, PUT 344 (TBAB) 4 0.02 mmol. SRR 100 °C. SSATIE] 6 h By
FESRMT, RIER LGB 2R ] 35 84%., IZFR AR RIE W TR . FRH R K 2,4- Vsl — R )& 5o
L1 Fl Gt S5 X S Eh B AR s & WiE (LR E Ak, JTE TBAB 1ERI R ARG Skt s, i S CO,
KR, G257 F NIE SN A5 B R R TS

KHEIA: PRBRIRNR; s TAUbER; RO PRy RSdRiE TR A

HESZES: X701; TO235 XEkPRIRED: A XEHS: 1003-5214 (2025) 11-2528-07

Co(NO3),*6H,0/levetiracetam for catalytic conversion of CO,

WU Fengtian, LIU Jianwei, FENG Yinghan, CHEN Jingxuan, CAO Menghan, ZHANG Yunxiu
(Jiangxi Province Key Laboratory of Functional Organic Polymers, East China University of Technology, Nanchang
330013, Jiangxi, China )

Abstract: Cyclic carbonates are widely used in numerous fields, such as polymers, organic synthesis,
lithium batteries. To achieve more efficient and concise synthesis of cyclic carbonate compounds, it is
urgent to develop high-performance catalytic systems. In this research, a series of cyclic carbonates were
synthesized from reaction between epoxides and CO, catalyzed by combined system of Co(NO;),*6H,0
and levetiracetam (L1), with the influencing factors optimized through a univariate method taking the
reaction between styrene oxide and CO, as template, and possible reaction mechanism proposed based on
the experimental results and literature reference. The results showed that under the optimal conditions of
styrene oxide 1.0 mmol, CO, 0.1 MPa, Co(NOs),*6H,0 0.05 mmol, L1 0.10 mmol, tetrabutylammonium
bromide (TBAB) 0.02 mmol, reaction temperature 100 °C, and reaction time 6 h, the yield of carbonic acid
1-phenylethylene ester could reach 84%. This coupling system could also be used for the synthesis of
phenylpropionic acid, benzoic acid and 2,4-quinazolinone. L1 could form a complex with cobalt salts
through hydrogen bonding and coordination to activate epoxides, which could be easily converted to
transition state under the action of TBAB, and then react with CO,, undergoing an intramolecular
cyclization reaction to obtain cyclic carbonate.
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I A ML AL R T T 0 i 2 45 0F RIS L Bk 5
CO, BRI, RAE ZRE s AT fiEfk cOo, 5
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Wioc M, KB A 3 (OH ) Al S
AR E AT COy i, i PR A LA
JEF ] 55 4 T R BC A A e 7 PO ph O T R
TR (HEREL) LEWAIOTE Ak, ©
AR (88 548 REAIE R4 &Ytk
WA EYE COy KN . BEM- IR 259 22 £ 174
H (L) &8 EMEA (NHy) K54 8 Arm
O. N JEFRY ) fifi HHAT Sl B AR g . R,
L1 A AT SRR IR TG 04 R8T I A B, i Lok T
IR BT A T B L2 4 O B A TR

AU, — L m] {EA IR E AL AL £y, IFE L1
A AT HRAEREIEGY S CO, ZIMPHEL, L0
Ve, B IRIAEAL IS PE R A A B R /L1 A RE, R
HABR Z A4k, SRR NAE &M, s
T, SEATEYARE . DLEE R OT Y RS

1 LIS

11 KFI S5

AR (Ta), WAEEK (1b), AET
it ((Te), ENLE ( Td), (FEIEPR) HEL
i ( Te), AREGAKHMBE (1), KR . 1,8-
TR ARUIA(5,4,0)-7-F —Hkd (DBU ), 4T AL
£ ( TBAB ). ¥EhW2 ( HCI, 4340 37% ). CoSO4.
AR (L3). KB (L4), T &b
( TBAC )., Ak, 2R ME. MU T 3 pl Ak 2%
(TBAI), —HIEWMK (DMSO), JbiftiadlkH

HIRAT; FIEGKHME (1g). HmNELEKH
Wk ( [Th), WENERAKHME ( 1), %A
SALEC i) A C Tk, ikt L),
L1, RO ( ITm), SBEFERHER ( 1Tn), 60
2 ( 1 o). Co(NO3),*6H,0, CoCl,, KBr, N,N-_H
KW BER (DMF ), N-HIEmEg e (L2), EFigg
HEE B AR A HE]; CO,, B E EIRAAAEA RA
Ao FTHRIY R ortral, B,

AVANCE 1400 MHz BURZREICIR GG, Hit:
Bruker /A H] ; Element [T 5 43 FE 5 vy BN & 45 B 114
s, & Agilent 23],

12 FHik
1.2.1  BRB%BR B 69 6%,

IRk PR R 119 B BB 26 0 R BT s
Co(NO,),*6H,0, L1 O)Okoi 0 HN
100°c,6h,TBABPh)—’ N—.

Ma ' L1

PIRRER S C0lR (Ma) A& B, T 15 mL
WO 4 (—SZ D co, 5k, Bl 0.1 MPa)
FR K INA 120 mg (1.0 mmol ) [a. 14.6 mg
(0.05 mmol ) Co(NO3),*6H,0. 17 mg (0.10 mmol )
L1. 6.5 mg (0.02 mmol ) TBAB. % &t 3 Ik
CO,Ji, T 100 CFHFE 6 ho JeNisEss, F 5 mL
LR OBEFEI 3 W, GIFANUAHE, JCKBLRR N T8
30 min, ¥4, ZRER EIEAESEAL [ VCAmEE) « (&
R ZME)=5: 1), 19 138.6 mg F@AEA, B Ma,

BEOR T a By T o~ [ o, %88 FiRETRH &
Mb~Mo.

Mal?, P23 84%, #54.: 56~57 °C, '"HNMR
(400 MHz, DMSO-dq, 25 °C), d: 7.52~7.43 (m, 5H),
5.91~5.85 (m, 1H), 4.93~4.88 (m, 1H), 4.46~4.40 (m,
1H), HRMS, m/Z: [CoHsO5+H] Bt 1A 165.0552,
RME 165.0555,

WRFR PR (b ): Wik, 73.4 mg, 7=
K 72%., "HNMR (400 MHz, DMSO-d;, 25 °C), §:
4.94~4.87 (m, 1H), 4.58 (t, J=6.0 Hz, 1H), 4.07 (t, J=
6.0 Hz, 1H), 1.38 (d, J=6.4 Hz, 3H). HRMS, m/Z:
[C,HeOs+H] HE{E 103.0395, K {H 103.0392,

WeER T HMliE (Mc) P2, K@mik, 77.7 mg,
73K 67%., 'HNMR (400 MHz, DMSO-dg, 25 °C), 6
4.78~4.69 (m, 1H), 4.59~4.53 (m, 1H), 4.16~4.11 (m,
1H), 1.76~1.67 (m, 2H), 0.93 (t, J = 10.0 Hz, 3H).,
HRMS, m/Z: [CsHgOs+H] FEISE 117.0552, Ml (H
117.0556,

MR AT (Td) ™. L4k, 78.0 mg,
3K 60%, 'HNMR (400 MHz, DMSO-dg, 25 °C), 6
4.82~4.77 (m, 1H), 4.59~4.56 (m, 1H), 4.14~4.11 (m,

o
PhA + CO,
Ia Ma
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1H), 1.74~1.61 (m, 2H), 1.46~1.28 (m, 2H), 0.92 (t,
J= 6.4 Hz, 3H), HRMS, m/Z: [C¢H,,O5+H] Bt {H
131.0708, MiX{A 131.0705,

4-(H A L R 0 )-1,3- 48R -2- (e ) 122,
TCEBAK, 85.8 mg, 7= H K 65%. 'HNMR (400 MHz,
DMSO-ds, 25 °C), J: 4.94~4.90 (m, 1H), 4.54~4.51
(m, 1H), 4.28~4.25 (m, 1H), 3.62~3.59 (m, 1H),
3.54~3.51 (m, 1H), 3.33 (s, 3H). HRMS, m/Z:
[CsHO4+H] HE1E 133.0501, MHA{H 133.0505,

A-(HEAE L J)-1,3- R -2-f (Mf) B,
Tk, 153.3 mg, 7= %4 78%. 'HNMR (400 MHz,
DMSO-d,, 25 °C), d: 7.38~7.32 (m, 2H), 7.04~6.99
(m, 3H), 5.23~5.16 (m, 1H), 4.70~4.64 (m, 1H),
4.46~4.41 (m, H), 4.34~4.21 (m, 2H), HRMS, m/Z:
[CioH 00,+H] FHIE(E 195.0657, MIiA{H 195.0652,

4o L JE)-1,3- AR IR-2-H7 (Tg) Y,
A, 172.6 mg, 77 2R K 83% ., ' HNMR (400 MHz,
DMSO-ds, 25 °C), d: 7.41~7.31 (m, 5H), 5.01~4.94
(m, 1H), 4.61~4.57 (m, 2H), 4.55~4.52 (m, 1H),
4.33~4.29 (m, 1H), 3.75~3.70 (m, 1H), 3.65~3.60 (m,
1H), HRMS, m/Z: [C,H,0,+H] HiE (il 209.0814,
M1 209.0811,

A-(JFS TR A L TP L) -1,3- AR FR -2 ( TTh ) 2°7,
TCEBAK, 128.0 mg, 7R A 84% ., 'HNMR (400 MHz,
DMSO-dg, 25 °C), d: 5.95~5.82 (m, 1H), 5.30~5.15
(m, 2H), 4.97~4.90 (m, 1H), 4.56~4.50 (m, 1H),
4.32~4.25 (m, 1H), 4.03~4.00 (m, 2H), 3.69~3.53 (m,
2H), HRMS, m/Z: [C;H,,0,+H] S (E 159.0657,
MR 159.0652,

4-( 3 79 0 i 0L R ik )-1,3- ARG A -2- i
(i )P L4, 150.4 mg, 723 Jy 80% ., 'HNMR
(400 MHz, DMSO-d;, 25 °C), d: 6.05 (s, 1H), 5.75 (s,
1H), 5.12~5.11 (m, 1H), 4.62~4.58 (m, 1H), 4.41~4.30
(m, 3H), 1.89 (s, 3H). HRMS, m/Z: [CsH,,Os+H] F
WAH 187.0606, MiX{E 187.0603

S AR (TG ) PO ek,
106.1 mg, /=% 78%. "HNMR (400 MHz, DMSO-dj,
25 °C), 6: 5.15~5.11 (m, 1H), 4.62~4.59 (m, 1H),
4.31~4.28 (m, 1H), 4.03~4.00 (m, 1H), 3.95~3.92 (m,
1H). HRMS, m/Z: [C,HsClO5+H] BB {E 137.0005,
MRAE 137.0002,

ANERI[DI[1,3] " FURIF-2-F1 (TMk) PO &
iR, 68.2mg, FEFN 48%. 'HNMR (400 MHz,
DMSO-d,, 25 °C), d: 7.74~7.66 (m, 1H), 4.25~4.14
(m, 1H), 1.70~1.34 (m, 1H), 1.44~1.04 (m, 4H),
0.94~0.86 (m, 3H), HRMS, m/Z: [C;H,,Os+H] Bt
{H 143.0708, MIIAME 143.0705.

P2 Ok AR ERER (L) PO Rk,
47.2 mg, F*F N 40%. "HNMR (400 MHz, DMSO-d;,

25 °C), 6: 5.26~5.24 (m, 1H), 4.79~4.77 (m, 1H),
4.50~4.46 (m, 1H), 4.31~4.28 (m, 1H), 3.73~3.67 (m,
1H), 3.57~3.50 (m, 1H), HRMS, m/Z: [CsHsO4+H]"
FRIBH 119.0344, fl{H 119.0340,

AR (Tm) P9 [EEEk, 993 mg, 7=
%H 68%, FAk: 136~137 °C. 'HNMR (400 MHz,
DMSO-d;, 25 °C), 6: 13.85 (s, 1H), 7.64~7.63 (m,
2H), 7.57~7.54 (m, 1H), 7.49~7.46 (m, 2H), HRMS,
m/Z: [CoHgO,+H] FRISE 147.0446, MIER{H 147.0442,

2,4-WE etk R ( Mn )™ (EREA, 116.6 mg,
FEER 2%, 1505 : 289~300 °C . 'HNMR (400 MHz,
DMSO-ds, 25 °C), 6: 11.30 (s, 1H), 11.16 (s, 1H),
7.90~7.88 (m, 1H), 7.65~7.62 (m, 1H), 7.19~7.16 (m,
2H), HRMS, m/Z: [CsHN,O.+H] BiE{H 163.0508, 1l
R 163.0504,

R (Mo) PY. A@EMA, 952 mg, =%
g 78%., M. 121~123 °C., 'HNMR (400 MHz,
DMSO-d,, 25 °C), d: 12.99 (s, 1H), 7.97~7.95 (m,
2H), 7.63~7.60 (m, 1H), 7.51~7.48 (m, 2H), HRMS,
m/Z: [C-HsO,+H] FRIE(H 123.0446, MHR{H 123.0448,
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Effect of cobalt salts on productllla yield

M 1 AAL, JeehEREE, Ma P23 <50%; 24
NESERRT, Ma =R TbE, UlPA SRR Y R A
nEREL A B Ma, HF Co(NO3),*6H,0 1[5 L1
TE R 0 S G e A, AR TE MR T CoCly J
CoSO40 ML, HeHE Co(NOs),*6H0 JiZ S SR
2,12 BekAt Lt lla = F 6% 0H

HAth 25 EH 2.1.1 95, A Co(NO3),*6H,0 Jyfiifk,
F, HEAFE BT Ma PRGN, 4558 ILE 2,

Fig. 1
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Fig. 3 Effect of additives on productllla yield

HE 3 ATH, Emyet, Ma 7= 28408405 o
AR RS, Ma =R F7, SRS
TAEARPERR, A8 1 Ot A, ARHE T ROV T .
F T TBAB H1[H &+ XR & 1 G id i aife 7y, il
I REUS A b M 5 I A A A B A, AT T
T TBAC. TBAI J KBr, £ FJfif, %+t TBAB
SR A 18 B 05
214 BEXFHlla = Fey3a

HAtb kR 2.1.3 45, L TBAB NEEM#H, %
BT SN BEXT Ma P2 3R A 520, 455 LA 4,

4w, a7 22 EE A BN i BE A T i
P MIRE>100 °Cla, Ma = FmAHE, 4
TRI2EFARRE . WNTRE R & MEHE, EH
100 °C Ry Al i .

1R AE/C
Bl 4 X Ma 7= 230 % 00
Fig. 4 Effect of time on productllla yield
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Fig. 5 Effect of time on productlll a yield
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Fig. 6 Effect of molar ratio of Co(NO3),*6H,0 to L1 on
productllla yield
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HE 6 AT, Ta ;=R 1 P 0 i it L
AT ML R X ECAR A 435 A 0.05 mmol
0.10 mmol B, Ma F= R 5 HEH4515 0.10 mmol .
0.20 mmol B AHZE AN K T & &, Bl 2D 24 S IR 2%
3 0.05 mmol. 0.10 mmol 4k Eh K& Bl .

Zr LR, BN B A AR EAER S
5 (1.0 mmol ). CO, (0.1 MPa). L1 (0.10 mmol ).
Co(NO3),*6H,0 ( 0.05 mmol ). TBAB ( 0.02 mmol ),
SR 100 °C . SRR E] 6 he
22 REHREN

W BHAR A e AL, HEAT T RS S, 4
VNS

mE 7 TR, fEAEAET, 1R EE-12-4 2
BE (La') Al COy A a, ™3 62%; &
TBAB B}, RN AHLT (Kl 7a), HEW T a A2

1.6510 L1
00@03

o # TBAB
Ph

diE ik, TBAB nl ek 1 affb hr=y; ks, H
1R 2- TR AEE (1) B Ta (B 7b), Ma Yy
FEFRN 57%. G54 SCHR[201 25 5, AT HEm T bk &)
FEY, SRR A N ERS, SR AR

0
OH Co(NO;),*6H,0, L1 o)ko
a A+ COpmee—— 5
P ol 100 °C, 6 h, TBAB py,
I ', 0.5 mmol Ma, 62%
G TBAB, 0
OH Co(NO;),*6H,0, L1 O)J\O
b /L_\ + C02 (N 3)2 2
Ph Br 100°C,6h  pp
I a’, 0.5 mmol Ma, 57%

B 8o, TR
P75 S B RO, i e T
Schematic diagram of reaction route of control
experiment

Fig. 7

L
[CoL1] L\\
Y 4;/ COo, j)\/ +
Br
Cco
2 o B sy
b <Nlo }/INJ\\\ H,0
AN 2
[CoL1] H,0 \3’ /Co\o <Nj [CoL1]
o J g OH
2
LB [Col.1] B

K8 AIRERY B HILIE /R R

Fig. 8 Schematic diagram of proposed reaction mechanism

FF LRSS R, B R N Y A BEHLEE R B
& 8 Ffi7k . L1 5 Co(NO3),*6H,0 Bt i 1 i [CoL 1],
1€ TBAB fEAI T, HiGfk [ a Fib i3S TSI,
BT, TS1 Pdshibk TS2, 5 CO, R MIERL TS3,
A 1R L2 O A . TS3 i 4+ N R
RO A i Ma, [AE, L1l S 851k 1 a ik
A TS1', F-7F TBAB MBI FIE AL TS2', TS24k
%7 TS3', MifF, 5 CO, fir”i?ﬂcjb TS4', HfEf

HIL2-PRAC 2B . TS4' 8 i 4T N SR A% S0
éEEJZ]]Iao

23 RMEYWHEEMSE

TEAE SRR, XN A3 PR AT T 45
R, RME 9 FR,

M & 9 WAL, BRGSO B G A AL A P R
5 COy KAERNL, R Ma~11, Hr, Mo~
M A7 B TR B IR A Tk . i
AU | 5k DA R SRR T4 B R A IS L v A
R A (Me~T0j ). o TAIBH M, %
A CHES COy RINALLL 48%)7 2455 A I
[D[1,3]1 % -2-F (k). 45K HimTs Co,
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L e T DN m e
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R N N :
o 0 0] 0
w2 b
Ma, 84% b, 72% M, 67% md, 60% N ©\)L
0 Co, > ’
0 Co(NO;)z'GHzO L1 PN
™o o o)ko \\\b DBU, 120 °C, 12 h
Mo P /OJ_/ DMF, TBAB I[[n,72%
e, 65%  Tf, 8% ]]Ig, 83% I, 84”’ c Ph —IB(OH)Z
0 0 0 s
0 > Ph—COOH
s o0y o tho K, D
oj_/ c1f H 12 h, TBAB; @ HCI
1, 80% 1j, 78% Mk, 48% 11, 40%

Ko RV RIS,

Fig. 9 Experiment results of extend substrate scope

24 FHiEHWENA
DSE{aR N Ay e [T (N S
YR A R, AR ILE 10,
f & 10 7], 7E Co(NOs),*6H,0 il L1 (B4

FORE T H A&

Bl 10 J5ikn R
Fig. 10 Extended application of the method

25 kb

53 JUEA REBCA Y (BB ) fEfRIR 4
k5 CO, I RIEP> U (R 1, 5 1~6 ) ML,
A (R, 5 7) FIRBAERE . CO, R ITEAL .

MAME T, CO, S5 ( Tm) B AERBERR  JROEEES . HA—EIH.
®1 HIELEK
Table I Method comparison
=2 e & 4 B s 44 T2 % 27 3k
1 BEIEDESE RS . 48 h. 1 MPa. 5 NEY 66.7~84.7 [26]
2 GRS EL . 100 °C. 2h, 1.6 MPa, 1 MEY) 96.6 [27]
3 &5 MOF 442k . 80 °C. 3h, 1 MPa., 3 PMEY 85~97 [28]
4 SR 5 -Salen FL& 9. 90 °C. >24h, 0.1 MPa, 8 MEY) 58~96.5 [29]
5 Pincer BB AT HEAC A . 90 °C. 12h, 0.1 MPa, 20 MM E#) 25~98 [30]
6 FAAks-Salen BLAH . 100 °C. 9h, 0.8 MPa, 13 MKW 30~99 [31]
7 Co(NO3),*6H,0/L1, 100 °C, 6h, 0.1 MPa, 12 K% 40~84 AL
3 %t CO, i,

(1)Co(NOs),*6H,0 Fil L1 #4514 2 1l =3k
WEY S CO, B AN, 155 12 FhIA Bk #2 e
FKY .

(2) i FRATRLE, SRN &Eh: AfboR
2N 1.0 mmol . CO, K 0.1 MPa, Co(NO;),*6H,0
>4 0.05 mmol.L1( 0.10 mmol ). TBAB >4 0.02 mmol.
mo%?&ﬁﬁh TEBLAAMET, SEBL T RN

R K 2,41 s Bk — 45 i P 1o B B o

(3) HLEEWFFE R, L1 il 5 Co(NO;),*6H,0

T BB W B s 3 SR I L AR ik, RS

PR T g R TR T A s A0 IRt e A Al S
PORZH#

S 3k
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