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Preparation of organic urea compounds by efficient conver sion of
amines and CO, catalyzed by cesium carbonate

XIONG Nanni, WANG Chunrong, CHEN Yang', ZHOU Mingdong"
( School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, Liaoning, China )

Abstract: Organic urea compounds were prepared directly from CO, and organic amines without any
dehydrating agent participating in the reaction process. With regulation of factors such as temperature,
pressure, reactant concentration, time, solvent, type and dosage of catalysts and additives, the optimal
reaction conditions were obtained as follows: temperature of 190 °C, carbon dioxide pressure of 4.5 MPa,
inorganic salt Cs,COj as catalyst, n-BuyNBr as additive, and N-methyl pyrrolidone (NMP) as solvent, amine
of 6.67 mol/L, reaction time of 6 h (certain reaction 24 h), 15 symmetric organic urea compounds with
different alkyl or aryl substitutions prepared under the optimal reaction conditions exhibited separation
yields ranging from 42% to 80%. The compounds obtained were then characterized by 'HNMR and
PCNMR, and analyzed for possible reaction mechanism exploration. This method showed characteristics of
convenience, efficiency, environmental friendliness, and atomic economy.

Key words: carbon dioxide; organic amines; inorganic salt cesium carbonate; symmetric organic ureas;
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G110, R CO, iR = M HE L TR A &
J Ty o200 SEAER, LATCHLARE A AL A L5 Y
KRR ZRZ R T AMTAKE . KONG ZPURFSE T
KOH/®Z, % (PEG) 1000 HM3t[RMEILH T HAHL
fie 55 CO, A A MUK BN , e 35 i 1) B A 6y
40%~84%, FHNAHUIR =PI 33%~82%, H
R NAR R NG 2 2R, JFRAEZR R T
REHA N . CHOL 2P 58 T N-H 3 it i Jo il
(NMP ) H1 K;PO, Xkl 5 CO, A 1,3-Zhe 5%
HIMEAEMERE , KON R B K IBCR T IR 87%, SR,
Bl a& AN Rl BE SR A SR AR 22 R H AR A b, 7
PRI T LI AT, CsOH MEALMIE TS
CO, Bl NN-Z T HMRAG R, SRR L AR ] 3k
94%, {HARIF=Y N-T I LBeRA R, HR Nk R I
75 B2 LA Ao JEE DR 1) 35 35 P R A A 350 1 Tl s R
REN Z524(f 1A HLOR 1,8- & Je BB FR[5.4.0]
—-7-%% (DBU) Afifbil, %47 DBU X ARG
Bideie 5 CO, A 5 bR HUIRBIRE I, 20 A
REA B BRYREE =R, R EMAGR
A, —60 °CHY Ry i BE BRI T iZ M R i Tl Ak i
Fi.ZHAO P A ML 1,5,7- =B F X [4.4.0]%5-5-
I (TBD) ML, #EAAVIES CO, VA A
BUBK, IZR AR R T 55 S For SE R ol A A
FEPISCR R AF, R RN, i EA MR 4
JE IR Bt e B T A7) %) [ DSOR

A @ T CCUS Sl +48 , Hrb CO, b HA%A
o RIFJE COp sk, WML AL SR . A
S IME RS AR 2R A, LA CO, R HLK A ERE, TG
PLERERIRAS ( Cs,COs ) MBRMEMEALT], S aL T SmA
USRS b o XN 56T T4k, THE T
ANTRIBEIE K 55 SER AT ML R BEAR R s, 25
T AL RGP FHMERE , 30T T 5B Y Al REBLEE
S AR AN AATARI KT, K R E— A R =40
ZTAEA BB RES R SRR LML 12, R
B N A BILBR S 7™ 5 T 3 B B AR T 4 — AR Tl 3 AR
CO, P27 7k [ 22 BT s A% o

1 LIS

11 KFENEE

IET e IESHE . IESERE, RS X R
M. HALEN (NaF ), BRIREN ( Na,COs ). Bk iR 8
(K,CO; ). EAEMH (KOH), Cs,COs, ZrHrad,
Bl IR I3 DL (B ) fb2Ail A BR A /5 IE T 0,
Gyirel, Lk T AR e A IRA L IE B
e, e, DEE/RICEREARARA A, OhE.
WEWRRE . IECHE., WAk, ACHE., Kk, &

Hle . PR IE A . NMP. =338 ( PPhy ). 4-
T E ( DMAP ), PO IF T %k & 1k B
(n-BugNCI), PUIE T 3R 10E (n-Bu,NBr), PUIE
T I A (n-BuNI ), 4A 2370, 40bral, i
2 i MRAE AL B A7 BR A T 5 NV, N- 0 H 3 i e
( DMF ), U4k ( THF ), ZJif (CH;CN), —H
FEH (DMSO ), 1,4- 5N, Zbral, K
HIERBAME TARAF; CROER. A, 28
afi, REE X% E R A RA R CO, (K
FUE99.99% ), PRI 24HEA BRA Ao

AUY 120 BIH,F K-, HZR Shimadzu 23 7 5 A60
ST, WA F YZPR-100 8955 R P47
RNZE, A TEAR /AR, DZ-2BCIV H.25 T8
R, RHEET IR A BR A H] 5 AVANCE 1T 400
MHz B AR 3% 4, 755 Bruker 23 7] 5 SR 80-2
BEOHL, H N ERAESA FR A
12 Ak
1.2.1 sHRAFIRELESS () 696 m

BT PR

(0]
Cs,CO;, n-Bu,NBr, NMP Il
aNR o+ co, et ¢ > R\N/C\N/R
2 190 °C, 6 h, 4.5 MPa
H H
I I

R=Z.% (a), IETAE (b), ET# (o),
ERFE(), EC I (¢), EBE (),
1E3FEH(g), IETEE (h), IESE (1),
FEEG), AT EFE ), FFERE ),
FH (m), 4-AHE ), 4-FEHEE (0)

] 100 mL & RSN A FARIRIMA 0.326 ¢
( 1.0 mmol) Cs,CO;. 0.323 g ( 1 mmol) #n-BuyNBr,
HHUE T (60 mmol), NMP 9 mL, Hr, HHLIRE
NMP CEFTH 4A 43F iRk, R S 42 5 i
AB TR COo, I BN =R, A THEE
190 °C, ] 6 ho RN ZEHG, B &R 2R 5
EEl . BENBIABA 500 mL B, A
200 mL &K UCRE, A HEEANTE, ik,
A 40 CEZ TP TR 1 h, 833 @E A=Y
Ma~k. KM ZERIE, 28 A 28T (Ve
W VOAREE) : V(CFRZER)=5 = 1] 4/ Es4ifk, 5
PR I l~o, KRN SERIFR T 202
Br ORI : V(G hEE) : W(ZRR =1 : 1) )5k
e, #2220 (1) RN g =% (Y), #%
X (2) AR T R (R):
SRS B Y 2 0 R

Y/ %= 100 1

T R (1)
SRR I R T

R/ %= x 100 2
N (2)

1.2.2 &AABEEH M4
ABELBONDED AB-5 (A48, 4FH 235059~
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5% 1A i B Rk AR e 1 95 %Ay — I SR SR ik ARk, BUAR
4 30 mx0.25 mmx0.25 pm; A HNAS; T
Ao BAERH D E R 5.2 mL/min; FHE :
WA E 80 °C, f£4% 1 min, JTHEM % 20 °C/min,
2 250 °C, P8R 1 ming VARTEEE N 230 °C; £
WELEE R 230 °C5 Kl 2% S KA B ekl 45 ;
HERERA 1 L M i A ARSI
1.2.3 ABAH ek 5 1 5 A

Fie 1.2.1 99098, DUIE T ReR JERE, RES 2=
ERBNFIR SR T AT RO, SR R A A
e, MR, Bk ERMERR, ¥R
N LA 1000 r/min 47 B0, WA E LW, K DT
B4R FH NMP P34 5 dF 22 70 A1 R 36 T 0,
SAZERAE 3 WG, BHEAFIA 100 CHZS T1E4E
B 3 h EEGE, T NRER . SR E LT
H1200 mL 2 & F/KUIRE S, 78 40 CHZS TRF
P 1h, BRIAAEKRY, JFHEE,
1.2.4 =4 Ma~o ¢9RAESHT

1,3-Z 3% (a): AMREK2.54¢g, 5787
# 73%; '"HNMR (CDCls, 400 MHz), 6: 5.21 (br, s, 2H,
NH), 3.20 (d, J = 6.8 Hz, 4H, CH,), 1.12 (td, J=7.2.
1.7 Hz, 6H, CH;); "CNMR (CDCl;, 100 MHz), §:
160.0, 35.0, 15.5,

13-k (TTb): FEEEK 3.37 g, /8™
% 78%; '"HNMR (CDCls, 400 MHz), J: 5.24 (br, s, 2H,
NH), 3.11 (d, J = 5.9 Hz, 4H, NHCH), 1.60~1.39 (m,
4H, CH,), 0.91 (ddd, J=7.5. 5.5. 3.7 Hz, 6H, CH;);
BCNMR (CDCl;, 100 MHz), o: 159.1, 42.1, 23.5,
11.4,

1,3-2 T3k (Te): HERIK4.13 g, 75"
% 80%; 'HNMR (CDCl;, 400 MHz), J: 4.35 (br, s, 2H,
NH), 3.16 (td, J = 7.0, 5.8 Hz, 4H, NHCH,),
1.54~1.42 (m, 4H, CH,CH,), 1.41~1.28 (m, 4H,
CH,CH,), 0.92 (t, J = 7.2 Hz, 6H, CH3); “CNMR
(CDCls, 100 MHz), J: 158.6, 40.2, 32.4, 20.0, 13.8,

1,3-Z 038k ( 1Td): Ak 4.63 g, 538"
% 77%; "HNMR (CDCls, 400 MHz), 4.45 (br, s, 2H,
NH), 3.15 (dt, J = 12.9. 6.5 Hz, 4H, NHCH,),
1.56~1.41 (m, 4H, CH,C;H;), 1.39~1.21 (m, 8H,
CH,CH,CHj3), 0.89 (t, J = 6.8 Hz, 6H, CH3); "CNMR
(CDCls, 100 MHz), 6: 158.4, 40.6, 30.0, 29.1, 22.4,
14.0,

1,3-Z0 30k (Te): HERIELS14g, /3B~
& 75%; '"HNMR (CDCl;, 400 MHz), J: 4.35 (br, s, 2H,
NH), 3.26~3.12 ( m, 4H, NHCH,), 1.56~1.41 (m, 4H,
CH,C4Hy), 1.35~1.25 (m, 12H, CH,CH,CH,CH;),
0.88 (t, J = 6.8 Hz, 6H, CH;); "CNMR (CDCls,
100 MHz), §: 158.3, 40.7, 31.5, 30.2, 26.6, 22.6, 14.0,,

1,3-Z B3R (1F): HEaEEs77g, 587
% 75%; 'HNMR (CDCls, 400 MHz), 4.35 (br, s, 2H,
NH), 3.14 (td, J= 7.2, 5.7 Hz, 4H, NHCH,), 1.48 (q,
J=17.1Hz, 4H, CH,C;sH,,), 1.30 [ dp, J=10.4, 4.5,
3.5 Hz, 16H, (CH),CH;5) , 0.89 (t, J = 6.8 Hz, 6H,
CH;); ""CNMR (CDCl;, 100 MHz), 6: 158.3, 40.7,
31.8,30.3, 29.0, 26.9, 22.6, 14.1,

1,3-ZoF 3k (MTg): AR 631 g, /3™
% 74%; "HNMR (CDCls, 400 MHz), 6: 4.32 (br, s, 2H,
NH), 3.14 (td, J= 7.2, 5.7 Hz, 4H, NHCH,), 1.48 (q,
J= 7.1 Hz, 4H, CH,C¢H,;), 1.33~1.21 [ m, 20H,
(CH»)sCH; J , 0.89 (t, J = 6.8 Hz, 6H, CH;); “CNMR
(CDCls, 100 MHz), 6: 158.3, 40.7, 31.8, 30.3, 29.3,
29.2,26.9,22.6, 14.1,

1L3-ZTHMk ( Th): HEREEK 6.56 ¢, /™
% 70%; "HNMR (CDCls, 400 MHz), 6: 4.32 (br, s, 2H,
NH), 3.14 (td, J = 7.2, 5.7 Hz, 4H, NHCH,), 1.48 (t,
J= 7.1 Hz, 4H, CH,C;H;s5), 1.35~1.21 [ m, 24H,
(CH2)¢CH; ] , 0.88 (t, J= 6.8 Hz, 6H, CH;); "CNMR
(CDCl;, 100 MHz), J: 158.3, 40.7, 31.9, 30.2, 29.5,
29.4,29.3,26.9,22.7, 14.1,

13-k (11): HERER 736g, /387
% 72%; "HNMR (CDCls, 400 MHz), 6: 4.32 (br, s, 2H,
NH), 3.14 (td, J = 7.2, 5.7 Hz, 4H, NHCH,),
1.50~1.42 (m, 4H, CH,CgH;7), 1.36~1.20 [ m, 28H,
(CH,),CH; ) , 0.88 (t, J= 6.8 Hz, 6H, CH;); “CNMR
(CDCl;, 100 MHz), d: 158.3, 42.3, 40.7, 33.9, 31.9,
30.3,29.6, 29.3, 26.9, 22.7, 14.1,

13- HEMR (1) AasRihk 417 g,
IYETER 62%; 'HNMR (MeOH-d;, 400 MHz), o:
3.48~3.41 (m, 2H, NH), 3.31~3.29 (m, 2H, NH-H-Cy),
1.89~1.55 (m, 10H, Cy), 1.43~1.05 (m, 10H, Cy);
PCNMR (MeOH-d,, 100 MHz), J: 156.8, 49.2, 39.6,
30.7,26.9,

13-WEACFEF IR ( Tk): HEREEK4.39 g,
JYESTRE 58%; 'HNMR (DMSO-ds, 400 MHz), 6:
5.72 (t, J = 5.9 Hz, 2H, NH), 2.81 (t, J = 6.3 Hz, 4H,
NHCH,), 1.73~1.54 (m, 10H, Cy), 1.33~1.09 (m, 8H,
Cy), 0.92~0.74 (m, 4H, Cy); “CNMR (DMSO-d;,
100 MHz), §: 158.7, 46.0, 38.7, 30.1, 26.6, 25.9.,

13- X HRIENR (). Ak 4.04g, 53
B R 45%; "HNMR (DMSO-dq, 400 MHz), J: 8.48
(s, 2H, NH), 7.32 (d, J = 8.5 Hz, 4H, ArH), 7.07 (d,
J = 8.1 Hz, 4H, ArH), 2.23 (s, 6H, CH;); *CNMR
(DMSO-d,, 100 MHz), §: 153.1, 137.7, 130.9, 129.6,
118.7,20.8,

13- 2R3k ( Tm): AEFER 3.76 g, 58
773 47%; "HNMR (DMSO-ds, 400 MHz), J: 8.64 (s,
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2H, NH), 7.48~7.41 (m, 4H, ArH), 7.27 (dd, J = 8.6,
7.3 Hz, 4H, ArH), 6.96 (t, J = 7.3 Hz, 2H, ArH);
CNMR (DMSO-dg, 100 MHz), d: 153.0, 140.2, 129.2,
122.3, 118.6,

1,3-W(4-F R (Tn): AEREEK 464 ¢,
ETER 42%; 'HNMR (DMSO-ds, 400 MHz), 6:
8.82 (s, 2H, NH), 7.48 (d, J = 8.9 Hz, 4H, ArH), 7.32
(d, J = 8.9 Hz, 4H, ArH); *CNMR (DMSO-ds, 100
MHz), 6: 152.8, 139.0, 129.1, 126.0, 120.3,

1,3- X (4-FEFERFHIR ( TTo): HEREIK 4.66 ¢,
ETEHR 46%; 'HNMR (DMSO-ds, 400 MHz), 6:
8.35 (s, 2H, NH), 7.34 (d, J = 9.0 Hz, 4H, ArH), 6.85
(d, J=9.0 Hz, 4H, ArH), 3.71 (s, 6H, OCH3); >*CNMR
(DMSO-d,, 100 MHz), §: 154.8, 153.4, 133.4, 120.4,
114.4, 55.6,

2 HR5FiTH

21 REEFHFHMRK
2.1.1 BALA AP L6y 55 ik

LI 9 mL NMP A% 5], 4.388 g (60 mmol ) 1ET
e M JERE, HHEE N 6.67 mol/L, AL & N
1.0 mmol, 7E 170 °C. CO, JE 1M 2.5 MPa., L7
Z 5T 4 h, FBEEARMEATINT BN 52, 45
R 1,

1 RN Y

Table 1 Selection of catalyst types

b HEALFH) GC 77 3%/%

1 — 29.3

2 NaF 13.9

3 Na,CO; 27.8

4 K,CO; 29.2

5 KOH 30.1

6 Cs,COs 50.2
T =" AERE.

2 1, EREARNRET, e
FIFAE (29.3% ); HHAMFAMFIR, TCHLENER
5 R XA RN R I I ks s {H Cs,COs
YE ARS8 AU, K5 50.2%, X Af
REEH T Cs"M R R AR K, mil T IHAE NMP
B Ry, vl LIRE E AL B HLIE S CO, A4 K
FILFRERLEFIEA, I+5 Cs,COs FEATE T35 He,
i H AL R E S P R s, (ks g ik — R Ak
I, e Cs,COs 1E Ak 2 a7 17 5 4
SR o
2.1.2  ABALH A E 3R G %A

YeFH Cs,CO5 WAHEALT, $8 2.1.1 15 IR 25 A1F,
AL FH X S L AR, S5 SRR 2,

2 AT AR X RO A4 R R
Table 2  Effect of catalyst dosage on reaction

5 14k 5 FH £2/mmol GC 77 %/%
1 0.5 414
2 1.0 50.2
3 2.0 48.7
4 3.0 48.7

2 i UE M40 5 &0 1.0 mmol B,
SN PR B, A 50.2%, FR4RLEiE AL ) FH A,
IR T R W D T AR R
0.5 mmol ff, JN =R E N, HiL, 1z ik
A BRI 2SS 1.0 mmol,
2.1.3  Bh A R R 69 h

Hoftl S 07 25 A4 1R 2.1.1 15, % 1.0 mmol Cs,CO;
AR, VR R A B, Hodr, LR
SRR E A 11, BEORE BhFIX I
HIsEIE, S5RF 3 PR,

3 BRI RN B R

Table 3  Effect of additives on reaction

75 il GC =% /%
1 PPh; 52.8
2 DMAP 57.7
3 n-BuyNClI 62.1
4 n-Bu,NBr 68.2
5 1-Bu,NI 64.9

M 2% 3 %0, [ R i A B AR T B A e
VIR P=3. . PPhy AE MBI, F=G irite, E3F
ANHIE ; DMAP fERMBhRIET, P22 57.7%;
M A B WE R BRI, PR a i — 20
PTF, HXF R A n-BuyNBr (68.2% ) >
n-BuyNI (64.9% ) > n-BuyNCl ( 62.1% ), iX A S
HT, B AYHA - FRIZE M, AL
AR A TR BB G, RENE B 47 MRS S S B 3k
PR A NS CO, 7= A 1 2 3 R £k 28 v [ {4
(RNHCOO ). [Hitt, LA R n-Bu,NBr Jg ) i B
2.1.4 BACH] L B4 2k B A R0 B He 3t BB B v

Hofth 2 4 E 6 2.1.3 35, m R AR R ImA
n-BuyNBr B, 25 %< 5 407009 ot i £ LU X B iz
A5 , 25 R ILER 4,

4 RS n-BuNBr )5 IR HOX O 5
Table 4 Effect of molar ratio of catalyst to n-BuyNBr on

reaction
s n(fEALH) = n(BFD) GC /%
1 1:0.33 68.2
2 1:0.50 68.2
3 1:2.00 46.3
4 1:3.00 46.3
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He 4 v, SRR b X R R R
ToIR A, X g5 R E R 2 LA R
EPE, 2B Z2 i 1 Ak 700 0 B v s g =R I JC B g
R s M BRI R, ROV R TR
T Z BT RN AH, X ATRE R Tt 2
BleEh BRI A 2 52 L S AR R Z [ AL
ML TN TE SO o 7 v B B VR BERRAIG, 9 T fiEfk
X I H PR BRI TP R ik, SRR T
Mo B, RS BIREAED R EE S 1 1,
2.1.5 ER R A

TE2.1.4 TR, AR S Bl B e T
w11, i RN AR R TR I ACAS R R
ZELE RIS SO 52, 5 R a3 5 PR,

5 RN RN

Table 5 Effect of solvents on reaction

5 el GC =% /%
1 DMSO 11.1
2 CH,;CN 34.9
3 LA4-Z 5 36.2
4 THF 373
5 DMF 40.3
6 NMP 68.2

i3 5 AJ 1, DMSO. CH;CN, 14-—F 3%,
THF & DMF {E#% B 50 %08 I AN AR &, fif
NMP &R 7= W)= R o X2 T NMP 76 1% 0
R EATE, SRR E, B TR
DA CO, A1, iR BENS AR AT MRS e i 2 Hh = A
S T A TR, 64 NMIP Sy S5 o 9 B A 591
2.1.6 BB ENFREGF

HAb Z& AR 2.1.4 77, mRAERZRFIMA 1.0
mmol [ n-Bu,NBr B, 5% 5 W i B X R R 5%
i, Z5RILE 6.

6 SO X BN R R

Table 6 Effect of reaction temperature on reaction

5 SV R EE /°C GC 77 %/%
1 150 30.8
2 160 52.4
3 170 68.2
4 180 70.3
5 190 74.2
6 200 62.9

R 6 nIN, FhE RN, ;= A e
o 7E 190 °CHY, F=%ik %] 74.2%, HFE 200 °CHY,
PR B I R . 3 ] BE TR T i S R R HL A T
ZWIELRE, A RT3k R R Rl i A S
fb, FEE R T % AR T R R — e R

AR E, FEBUSF TR, HIk, B i
{ERE A 190 °C,
2.1.7  BEJE NI B R

Hofls 5 B Z5 R TR] 2.1.6 WARAE, IR E A
190 °C, HEEARI] I R R 76 B 52, 45 5 4n
27N,

T X O S

Table 7 Effect of reaction pressure on reaction

75 I JE 3 /MPa GC 7" %/%
1 2.5 742
2 3.5 77.8
3 4.5 81.3
4 5.5 81.3

R 7 WAL, FHERNE ST, 7R
WL YN R S 4.5 MPa B, PEERERR, N 81.3%,
JRIRFE T, N R AT RERE I T CO, 78 5 v {4
R RIR IR, A BT A MU SN AR R R R
ERrp A, kLTt R TR ROV R IF R R, X
ATRESE T CO, FER R A M T IR M T, 4ksk
T i85 T o 28 B R Eh v B AR i AR W T e 1, 7
FIF R L BOERR 4.5 MPa 1E R M I ERAEE T,
2.1.8 B MR ESF R T

RN ETT R 4.5 MPa, HABSRFR 2.1.7 7, 2K
ARIE T Rkl i, 5 SR BEXT RN I RE IR, 45
UL 8.

F 8 LA RS S 4 )

Table 8 Effect of reaction concentration on reaction

75 2N 4y e B /(mol /L) GC =R /%
1 10.00 50.1
2 8.00 67.9
3 6.67 81.3
4 5.00 71.4
5 4.00 75.3

e 8 T, MRk E (> 6.67 mol/L ),
FRE PR B B RRAG, X 2 T4 R R R vk 5
i) JERFE AR 2R P I i, T BOUR N FE AL BOR BRAIR 5
AR SN ) E (< 6.67 mol/L), SR =445 mg
B, BRI OTRELE T SN PR B RS, RN AR
N 2 B) 1 S 0, R AR 7, B UR N R R
%o FrLL, O YIEAEREE N 6.67 mol/L,

2.1.9 R B R A F R F s

HAB LA 2.1.7 1, F5EE I 0L A [R]X] SN ) 5%
M, 2550 9,

9 Al %0, RANEHEIA 2 h, P77 RN
38.9%, ThiHBH I N IS (B0, 2 g A 2R PN 454 I =2 ]
KRAF R ATIR G A, AR P d b, SRR
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SRS 6 h, £545] 83.2%K)7 %, kS K
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Table 9 Effect of reaction time on reaction
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Table 10 Investigation of substrate universality
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Fig. 1 Recycling property of catalyst
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