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Preparation and application of carbamate or ganocatalyst
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Abstract: A carbamate organocatalyst (TEPA-EC) for the synthesis of methyl ethyl carbonate (EMC) was
synthesized from addition reaction of tetraethylenepentamine (TEPA) and ethylene carbonate (EC), then
characterized by FTIR and NMR, and further analyzed for its catalytic mechanism. The influence of
synthesis and application conditions on the catalytic activity and transesterification efficiency of TEPA-EC
were investigated, followed by assessment on its stability and water resistance. The results showed that the
hydroxyethyl zert-aminoformate group in TEPA-EC could facilitate the transesterification between
dimethyl carbonate (DMC) and ethyl alcohol (EtOH) via synergistic hydrogen bonds. The TEPA-EC with
high catalytic activity could be obtained under reaction conditions of n(EC) : n(TEPA)=5 : 1, temperature
140 °C and reaction time 2 h. The conversion of EtOH and selectivity of EMC reached 59.50% and
83.77%, respectively, when DMC reacted with EtOH (4.60 g) by a molar ratioof 2: 1 at 78 °C for 7 h
with 1% (based on the total mass of raw materials, the same below) TEPA-EC. The TEPA-EC displayed
comparable catalytic efficiency to that of sodium ethoxide used in industrial application. When 3%
TEPA-EC was recycled 8 times alone and 14 times with water, the conversion of EtOH and the selectivity
of EMC fluctuated around 62.35%, 86.03% and 57.33%, 87.91%, respectively, demonstrating much better
stability and water resistance than sodium ethoxide.

Key words. methyl ethyl carbonate; tetraethylenepentamine; synthesis, carbamate; organocatalysts;
hydrogen bonds; transesterification
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Fig. 7 Effect of different synthesis temperature on TEPA-
EC catalytic performances

100 | 4100
A\A/A/A A——A
80 150
§ 60 B ') 60 °\\°
160 &
> / \. x
WOF o e
T—o 40
20
420
1 1 1 1

1 1 1
%5 10 15 20 25 30 35 40
HEALF & AR TR] /b

B8 RIRA et [E] % TEPA-EC i fk 14 RE 11 52 i
Fig. 8 Effect of different synthesis time on TEPA-EC catalytic
performances

Zx I, TEPA-EC M4k ML L& 4R
n(EC) : n(TEPA) =5 : 1, 140 °CJZJii 2 h, PLF¥5x}
TEZAME R AL & TEPA-EC Bl FH 41 Fil ke
FEVESFHATHIGY
24 BUFIMKAIE

1E n(DMC) : n(EtOH) =2 : 1, TEPA-EC JTl&& N
2.26 g (5 RL AR 10% ) RN 2 h BA1ET,
HEE T WRACHR S N TR X X RN S B, 25 S an &
9 /N ; TERAER YRR . RV IR EE N 78 CRYAR
P, %2857 g S it i) % TEPA-EC LSRR
Wi, ZESR AN 10 iR .

i &L 9 FIHT, YR A H IR EE <70 °CHY, X<10%.



- 2702 -

A% @m & T FINE CHEMICALS

S PRHFTE 100.00%; “YEEACHL IR BE>T70 °C, X Fifi 5 L
HEJE T E R s, 7 78 CHFikEIE AR, A
54.51%. S W T % 85.64%, [H Ak & A F]T
EMC %1k DECP?, Mgz i ) >78 °Cif, £
SR OREZE RS K, F8 X FL. [FEF DMC
5 EtOH 2 [ 1) F A2 4 5 7 I e i s 128 3t v
B S i FE AR F T S S, Rt TEPA-EC 3 B /Y
IR A 78 °Co ME 10 AT WL, FE4K A fa]
X B, £ 7hiks & (62.98%); #t—F
FER IS E] 5 REURH A = R R £, X
I3 B X F1 S K. R, TEPA-EC [ Bl 6
J&E R R] 43 51k 78 °CHT 7 he

o S

‘\A 100
80 - Nala
- 80
X 60~ °
< ~e160
>< 40 [~ / “
p —40
20
X . o/ =20
ol —
1 1 1 1 0

Il 1 1
50 55 60 65 70 75 80
RAZHL S BLIR BE/°C

PO ANIR) 7 it X il A2 488 S52 P 552 Wi
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100 - S
A 4 1100
80+ /‘/ 180
A
w60 ° 460 &
§ / \ “
o
40 .\.\X 140
L ]
20+ 420
0

1 1 1 1 1
1:1  2:1  3:1  4:1 5:1°
A(DMC) : n(EtOH)

K12 K[ n(DMC) : n(EtOH)X g 58 5 7 () 5 i
Fig. 12 Effect of different n(DMC) : n(EtOH) on transesterification

M 12 Af 0L, AEXFF X, DMC & InE A
AT S; 24 n(DMC) : n(EtOH)M 2 : 1 FT+5 4 :
1A, X M 5 {H 59.50%0% %2 35.66%, S U M\ 83.77%
- 7+%1] 100.00%, 1568 & ) DMC & i &l X
FEAK. XJEH T, SERER DMC RARGE
Hififi EtOH ¥4k EMC, {Hi& it ## DMC & EMC
#2x 5 i R OV Y EtOH TRt Y, 1 i EtOH
EMC i H iR R R P52 fifi X RRA. N, Bod e
(%) n(DMC) : n(EtOH)=2 : 1.,

Zi b, TEPA-EC Myi& B A 45100 . RN IR
N JFORE BT R 1%, n(DMC) : n(EtOH) =2 : 1, fig
A4 S50 ik BE R[] 53 50 78 °CHI 7 he 7EX—4%
' TEPA-EC MfEfLBCR (X, §) 53CHR[12]4k &
FRI BRI 25 TR [Bmim] Br i L7776 F 4 DMC Jfi
1% 2%, n(DMC) : n(EtOH) = 2 : 1. BEAHa [ v it
JE R ] 435008 90 °C Al 12 h 544 F AL SR AR
VT, BRI, 7E 2.3, 2.4 T IOEE A S0
gorh, TR ROVAR R EIGHPIRE, 3] TEPA-EC
R AS 4 S5 g A R AR A R AF o
25 {ELFIMTEE MG K E

XI5 3%0 TEPA-EC. Z B4k G 2
SEPERT IS BN & 13 frn., ME 13 WL, &
B A IR P10 AR PR 2, UL AESE 3 Ik



o512 T, A5

A P R TG 2R A AL R0 B o 6 B 1o

- 2703 -

it FH BF B 8 KO BERRAIG, 2055 5 kEE X R E
7.34%. {CHRIR A I ) 12.5%, i TEPA-EC )
PEER AR E M WA T Wl 7E 8 WRAG I
T X, S 4 alTES A 4E 62.35%. 86.03%ff
VTN R B, 58 TEPA-EC AL 1Y & 2 4 e
EMEMR R . X EATLUIES], YN 3%, [
PR 2S48 S B 25 A7F T, WDkl I TEPA-EC 1Y X
S 43518 59.89%711 82.33%, fij L EEAMY X, S 4>
S 58.71%. 85.14%; 1il] TEPA-EC H LA AL
3RS Tl AR FH 1) 2 BE A AR AL A

N > 100
100 s . S
[ ) DRI <R 180
80 - . -

o
el Koo - . 760 ¢
$60[ »ox e ¢ &

a0k --o- 3% TEPA-EC |0
\ . - 20,
ol . >- 3% Z.BE4H 120
R
I I 1 L L ; L
T2 3 4 5 6 7 38°
REALFAE PRV EUR

Kl 13 & 3%0 TEPA-EC 5 £ Wi & &2 AR M
Fig.13 Repeatability of 3% TEPA-EC and sodium ethanol

HHE 1%, 3%I1 TEPA-EC FlH & 3%I1 2 FEéh
TR A PRI 25 SR 1R 14 FTi

100 - ot o S S S S S S B 1)
sl f{fé{f_’_;9:_:a;_:f:_:f:_fj_:g'___.-_--.\._ﬂ._,_m....
! --P--3%ZE4H ---®--- 3% TEPA-EC 80
X o0 - oD - I%TEPAEC R
© 60 - ’za \‘-._,,."". ..."1"-.;‘ 909 ,. é
£ “oq 160 4
~ I N ]
40 - \\‘u‘ . d,' "o o ’,'D\ 4o
20 SR ,ﬁ PR
e - -
S-S
or I I I 1 I I

0 2 4 6 8 10 12 14 16
AL B

El 14 2P TEPA-EC f#4b 7 1 i 7K 4
Fig. 14 Water resistance test for sodium ethoxide and
TEPA-EC

ME 14 FTAT, BN ARG PRI AL 16 1 T %
AR DL, 2 2 WA KEFR, X BRIk IEK
i FHINHY 58.71% R f& A 22.56%; S M 85.14% I Tt
9 98.11%; FHHIINEIAREL, X 4kEL TR, S W4k
F57r 100.00% (X5 TEPA-EC Z:4b5IM0 X ThiE
Dhg | S FEAG AR X MR PEBEA = S AL — 20 );
CFEERZE T 14 WOk KE G, X B % 5.25%, fi#fk
TEEILF2e50 8 5 1 3% ZBHNAHEL, T 1%
1) TEPA-EC FEFRRIC/K I %) X B (59.50% );

WoKMEA MR, HAE R s AT, EF
Wi B 4 L BN 5 IF FOPATXT HURY, TEPA-EC 7E
R REAIE PR OB A4 AL 6 PR IH S T B, %
BT — Mtk 4% TEPA-EC A3l
300}, i AKMERIGE R, A KIEHT,
X. S o WTES HEYE 57.33%., 87.91%F /MG
Rl sh, R T ILFFJoKEEH R (& 13)
— R E T, LI TEPA-EC Ak i it Ak e 1
T LN

3 #Hit

(1) TEPA-EC " & i 5k F iR ¥4 2 JE g AR
JHe 3 IR 5 £ TR S AT, G rp U 3 W R 52 £ T 35
A% EtOH 5 DMC (118 38 4 s A fEAAE T 5

(2) TEPA 5 EC # 8 n(EC) : n(TEPA)=5": 1,
TE 140 °CJ i 2 h i B TEPA-EC B 45 i 1 i
feisitk, HARESOR S Tl Ak ) 2 B R 1k 57
AR

(3)DMC 5 EtOH ¥y itk 2« 176 78 °C
TR 7h, TEPA-EC HIt 0 5Ok G & 1%, %8
TSI X, S Al 430353 59.50% ., 83.77%; i
JFURL M B i 3% TEPA-EC 7 8 Y & ffi 11 f 14
UK IERE SR, X 5 S 43 5I7E 62.35%.,
86.03%71 57.33%. 87.91%F} T 5 ;

(4) TEPA-EC Wy EE & fli AR e Mk | Wik 5
FR AR R AR A F e, H ) & T ik i
JFURHBE Y 2 15, FE R3S e A5 i EMC S LA 8k T
W) ) IO P A 5

S 30k :

[1]]  WANG P X, LIU SM, MA X Y, et al. Binary Mg-Fe oxide as a
highly active and magnetically separable catalyst for the synthesis of
ethyl methyl carbonate[J]. RSC Advances, 2015, 5(33): 25849- 25856.

[2] WANGHF WANGY Y, LIUW R, et al. Amorphous magnesium
substituted mesoporous aluminophosphate: An acid-base sites
synergistic catalysis for transesterification of diethyl carbonate and
dimethyl carbonate in fixed-bed reactor[J. Microporous and
Mesoporous Materials, 2020, 292: 109757.

[8] SHIL (A#), YUY (TH), WANG J Y (E75), et al. Recent
advances of studies in ethyl methyl carbonate synthesis via
transesterification process[J]. Journal of Fuel Chemistry and
Technology (JARME2#2£4]), 2019, 47(12): 1504-1521.

[4 DESIDERY L, CHAEMCHEUN S, YUSUBOV M, et al. Dimethyl
carbonate transesterification with EtOH over MOFs. Basicity and
synergic effect of basic and acid active sites[J]. Catalysis
Communications, 2018, 104: 82-85.

[5] LV JH, CAI HH, GUOY, et al. Selective synthesis of ethyl methyl
carbonate via catalytic reactive distillation over heterogeneous
MgO/HZSM-5[J]. Chemistryselect, 2019, 4(24): 7366-7370.

[6] ZIELINSKA-NADOLSKA |, WARMUZINSKI K, WARMUZINSKI
K. Zeolite and other heterogeneous cataysts for the transesterification
reaction of dimethyl carbonate with ethanol[J]. Catalysis Today,
2006, 114: 226-230.

[7 MEI F M, CHEN E X, LI G X. Lanthanum nitrate as an efficient and



- 2704 -

A% @m & T FINE CHEMICALS

5 40 4%

8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17

[18]

recoverable homogeneous catalyst for the transesterification of
dimethyl carbonate with ethanol[J]. Reaction Kinetics and Catalysis
Letters, 2009, 96(1): 27-33.

WANG H X (E4T &), LI HY (@EfE5), ZHANG X (5k4), et al.
Reaction kinetics of trans-esterification between dimethyl carbonate
and ethanol[J]. Journal of Chemical Engineering of Chinese
Universities (R {22 TRE2£HR), 2014(3): 580-585.

DENG W J, SHI L, YAO J, et al. A review on transesterification of
propylene carbonate and methanol for dimethyl carbonate synthesigJ].
Carbon Resources Conversion, 2019, 2(3): 198-212.

YUY, SHI L, GUO JJ, et al. In-depth understanding of soluble base
deactivation during the carbonate transesterification process[J]. Fuel,
2021, 285: 119201.

YAO J (Iki%), WANG G Y (L)), Study on cataysts in
transesterification of dimethyl carbonate and ethanol to diethyl
carbonate[J]. Chemical Engineering of Oil & Gas (11l 5 KRS AL
T7), 2003, 32(5): 267-268, 259.

Ql H (JT8), XUE B (B£7K), XU J (F7), et al. lonic liquids as
efficient catalysts for the synthesis of ethyl methyl carbonate via
transesterification of dimethyl carbonate and ethanol[J]. Industry
Catalysis (Tl fifk), 2013, 21(2): 58-62.

LIU J (W1%4), SHI L (fi%%), CHEN F (%K), er al. Thermostable
strong alkalinity ionic liquid using for synthesis of dimethyl
carbonateJ]. Fine Chemicals (K54l fk. T°), 2020, 37(7): 1438-1446.
ZHANG D W, JARDEL D, PERUCH F, ef al. Azaphosphatranes as
hydrogen-bonding organocatalysts for the activation of carbonyl
groups: Investigation of lactide ring-opening polymerization[J].
European Journal of Organic Chemistry, 2016, (8): 1619-1624.
JARDEL D, DAVIES C, PERUCH F, e al. Protonated phosphazenes:
Structures and hydrogen-bonding organocatalysts for carbonyl bond
activation[J]. Advanced Synthesis and Cataysis, 2016, 358(7):
1110-1118.

OSAKI M, TAKASHIMA Y, YAMAGUCHI H, et al. Switching of
polymerization activity of cinnamoyl-apha-cyclodextrin[J]. Organic
& Biomolecular Chemistry, 2009, 7(8): 1646-1651.

SAMUILOV A Y, SAMUILOV Y D. Theoretica study of
transesterification of diethyl carbonate with methanol catalyzed by
base and Lewisacid[J]. Theoretical Chemistry Accounts, 2019, 138(2): 24.
CLEMENTS J H. Reactive application of cyclic akylene carbonates]J].

(19]

[20]

[21]

(22

(23]

[24]

[29]

[26]

[27]

(28]

[29]

Industrial & Engineering Chemistry Research, 2003, 42(4): 663-674.
PRETSCH E, BUHLMANN P, BADERTSCHER M. Structure
determination of organic compounds tables of spectra data[M].
RONG G B (5% [#3i), Trandation. Beijing: Science Press (F}2# 1 it
1), 2013: 269-335.

WENG S F (F5iF1), XU Y Z (R1AJE). Interpretation of FTIR
Spctra[M]. Beijing: Chemical Industry Press (fb2f Tl i fiiit:),
2016: 287-450.

NING Y C (‘T7kJi). Interpretation of organic spectra[M]. Beijing:
Science Press (B2 iiit:), 2010: 1-43.

KAMBER N E, JEONG W, WAYMOUTH R M, et al. Organocataytic
ring-opening polymerization[J]. Chemical Reviews, 2007, 107(12):
5813-5840.

CROCELLA V, CERRATO G MAGNACCA G, ef al. Adsorption of
acetone on nonporous and mesoporous silica[J]. Journal of Physical
Chemistry C, 2009, 113(37): 16517-16529.

CROCELLA V, TABANELLI T, VITILLO J G et al. A multi-
technique approach to disclose the reaction mechanism of dimethyl
carbonate synthesis over amino-modified SBA-15 catalysts[J].
Applied Catalysis B: Environmental, 2017, 211: 323-336.

LYNCH D E, REEVES C R. Statistical analysis of the effect of a
single OH hydrogen-bonding interaction on carbonyl bond
lengths[J]. Journal of Molecular Structure, 2019, 1180: 158-162.
KASHID S M, BAGCHI S. Experimental determination of the
electrostatic nature of carbonyl hydrogen-bonding interactions using
IR-NMR correlations[J]. Journal of Physical Chemistry Letters,
2014, 5(18): 3211-3215.

UNNIKRISHNAN P, SRINIVAS D. Highly active and reusable
ternary oxide catalyst for dialkyl carbonates synthesis[J]. Journal of
Molecular CatalysisA: Chemical, 2015, 398: 42-49.

KELLER T, HOLTBRUEGGE J, NIESBACH A, et al
Transesterification of dimethyl carbonate with ethanol to form ethyl
methyl carbonate and diethyl carbonate: A comprehensive study on
chemica equilibrium and reaction kineticg[J]. Industrid & Engineering
Chemistry Research, 2011, 50(19): 11073-11086.

ME!I F M, CHEN E X, LI G X. Effective and recoverable homogeneous
catalysts for the transesterification of dimethyl carbonate with
ethanol: Lanthanide triflates[J]. Kinetics and Catalysis, 2009, 50(5):
666-670.

( L35 2695 1 )

[10]

[11]

[12]

[13]

[14

[15]

[16]

SERRA M, SALAGRE P, CESTEROSY, et al. Evolution of several
Ni and Ni-MgO catalysts during the hydrogenation reaction of
adiponitrile[J]. Applied CatalysisA General, 2004, 272(1):353-362.

LIU S H (xIPH4k). Study on the process of hydrogenation of
adiponitrile and nitrocyclohexane[D]. Xiangtan: Xiangtan University
(HATRR2#), 2015.

ALINI S, BOTTINO A, CAPANNELLI G et al. Preparation ADN
characterisation of Rh/AI,O; catalysts and their application in the
adiponitrile partial hydrogenation ADN styrene hydroformylation[J].
Applied CatalysisA General, 2005, 292: 105-112.

CHATTERJEE M, SATO M, KAWANAMI H, ef al. An efficient
hydrogenation of dinitrile to aminonitrile in supercritical carbon
dioxide[J]. Advanced Synthesis & Catalysis, 2010, 352(14/15): 23%4-
2398.

LYU J K (B4:R). Preparation of supported nickel and skeletal
ruthenium catalysts for the transformation of biomass-derived levulinic
acid[D]. Dalian: Dalian University of Technology (JoZER Tok2%), 2018.
LIU D N (XIZ:4B), GUO F (3877), RONG Z M (5:3%H), et al.
Selective catalytic hydrogenation of styrene-isoprene-styrene block
copolymer[J]. Fine Chemicals (41ifk T-), 2021, 38(6): 1183-1191.
PUTRO W S, KOJMA T, HARA T, et al. Selective hydrogenation of
unsaturated carbonyls by Ni-Fe-based aloy catalysts[J]. Catalysis

(17]

(18]

[19]

[20]

[21]

[22]

Science & Technology, 2017, 7(16): 3637-3646.

FENG P, HUANG K, XU Q, et al. Ni supported on the CaO
modified attapulgite as cataysts for hydrogen production from
glycerol steam reforming[J]. International Journal of Hydrogen
Energy, 2020, 45(15): 8223-8233.

YU W C (TfE), LI S J (ZP7), LUO J J (B¥5i), et al.
Ni-based catalysts for basic-free hydrogenation of adiponitrile to
1,6-hexamethylenediamine: A comparative study on synthesis
method [J]. Molecular Catalysis (43 Ffk), 2021, 35(3): 252-262.
ZHANG C X, LUO JJ, ZHOU Y N, et al. Metd oxide sub-nanoclusters
decorated Ni catalyst for selective hydrogenation of adiponitrile to
hexamethylenediamine[J]. Journa of Catalysis, 2019, 381: 14-25.
ASHOK J, KATHIRASER Y, ANG M L, ef al. Bi-functional
hydrotalcite-derived NiO-CaO-Al,0;5 catalysts for steam reforming
of biomass and/or tar model compound at low steam-to-carbon
conditiong[J]. Applied Catalysis B Environmental, 2015, 172/173:
116-128.

HUYNH H L, ZHU J, ZHANG G H, et al. Promoting effect of Fe on
supported Ni catalysts in CO, methanation by in situ DRIFTS and
DFT study[J]. Journal of Catalysis, 2020, 392: 266-277.

DENG Q Y (F/F#), LIU L (Xjd), DENG H M (XRZf#), et al.
Spectral analysis tutoria[M]. Beijing: Beijing Science Press (AL 5t Rk
2 iAt), 2007.



