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Graphite Oxide-Catalyzed Esterification and Transesterification

Ma, Ning®  Sun, Feifei*

(Department of Chemistry, School of Science, Tianjin University, Tianjin 300072)

Qi, Junmei Xu, Yuelong

Abstract Graphite oxide (GO) was involved in the esterification of carboxylic acids with alcohols or phenols and the trans-
esterification of esters with alcohols. Three types of GO prepared by different methods were screened and GO by modified
Hummers method was found superior to the others. The esterification of primary and secondary alcohols afforded the corre-
sponding esters in moderate to excellent yields under mild conditions. GO-catalyzed esterification of tertiary alcohols and
phenols took place hardly. Moreover, GO showed highly catalytic activity for the transesterification. As a weakly acidic solid
catalyst, GO is easily available, cheap, environmentally benign, and well tolerant to various functional groups. Only catalyzed
by GO, the esterification of long-chain carboxylic acids and the transesterification of the glycerol ester of long-chain carbox-
ylic acids underwent steadily. As such, GO-catalyzed esterification and transesterification could be used in the biodiesel prep-

aration potentially.

Keywords graphite oxide; catalyst; esterification; transesterification; biodiesel
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N %5 o f-ANERA YN aza-Michael AL H4AAT
A I (R T IR S5 LSO FRATT A R T
SAAAT B 5 0 4 A T RN 1) 0 R B Ak O BRI
AT, 2011 4F, XIANAEUSHR Y T 4k A st 4 2k
gk CaO ALK Tl HRE I BE RS e S W, SCHIA
ARG CaO (M2 M RL, S AT S5 T fEL AR CaO
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A SN () R G IR DRI, A SORSE R JUR AN [F 7
S R AT B TR A SO, LR IRt A 5
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L GF v 2% g P T i 1 1 T R 4 s I A 8 v AR Ak
TR, DRLHCARHIE TS AT AR 00 5 1) o) 46 Al A TR H v
FE N FANAE. T N I A A S5 400 FT-IR,
XRD, XPS PLRIe s WA T di kI RAE. & I EeRAL
S B s, 43 'TH NMR #i1 °C NMR (50 #r %
fiE.

1 &R5it1iE
1.1 ELFIFERMILIERE

BATCAFA Ot R 5 FHBE I S N R B, L ARAN ]
R FMBEA I AL GR 1), R 1 T ASLREE 1,
Entry )" AT, HALR A 9%, DLRSRA SR
1, Entry 5) AL, AR AT 6%. H1%4: Hummers
LI AT B5(GO-1) LA A Tour 3245145 4L AT
F(GOMEMMEA, AR 01 51%A1 77%. H
gdt Hummers 7254045 FIEAL A 55 (GOME A HEAL R, #%
W EE 99%, EFRIEEET 100%. K, Fedi 1k H ook
Hummers 75145 1K) GO 15 by e NAE AL 7).

R 1 HROHEFRS FEEFIBEL WY ¢

Table 1 Esterification of cyclohexanoic acid with methanol

Entry Catalyst Conv.”/% Select./%
1 GO 99 >99
2 GO-1¢ 51 97
3 GO-2° 77 99
4 — 9 97
5 Graphite 6 99

“Reaction conditions: 1 mmol of acid, 2 mmol of alcohol, 10 wt% or 0 wt%
catalyst (based on acid), conducted in a sealed tube. ® Conversion of acid,
determined by 'H NMR; ° Selectivity determined by "H NMR. ¢ Prepared by
original Hummers method. ¢ Prepared by Tour method.

1.2 SAENEMRIE

2432t Hummers 32:" %4619 GO ] IR, XRD, XPS
FITCE T IAT S5/ R AE. IR 3% KI(& 2) %, 3400 (OH),
1739 (C=0), 1227 (C—0—C) }% 1056 (C—O0) cm' Z54F
FEVE TR R W) T A1 S5 %4k, XRD % EI(8 3) T 7E
11.46 &b 5E0E A GO MFFIENE. TG T4 1 B GO
FIRRAE Aol 111, XR s E I 7E
~, GO &5 &E T KESEEREM. XPS i E (& 4)
IR S E BRI AE A

B R s A SRR AT SR 4 R R Y

Figure 1 The schematic model of GO monolayer (graphene oxide)
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Figure 4 The Cls XPS spectrum of graphite oxide
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Table 2  Esterification of carboxylic acids with alcohols and phenols
1
SO e R-oH TR I
O
1 2 3
Entry 1 2 1:2(equiv.)  Temp./C Product Yield®/%
i i
1 OH ﬁ 1:4 100 o 97
HO
3a
OMe OM%
2 P MeOH 1:4 Reflux @%OM 67
e
OH 3b
0 O5N i
2 N
3 02N\©)LQH Ho 1:4 Reflux \Q)ko 93
3c
o (0]
A~
4 /d%H HO " 1:4 Reflux Q)% 94
OoN
OyN 2 3d
1) (0]
N
5 ﬁ OH Ho 1:4 Reflux Q)LO 90
cl cl 3e
o (0]
6 O)LOH MeOH 114 Reflux OAOMG 61
3f
i P
7 O)LOH ﬁ 1:4 100 O)ko 93
HO
39
0 (0]
X . X
8 MOH MeOH 1:4 Reflux w OMe 74
3h
O O
9 on MeOH 1:4 Reflux w OMe 88
3i

1842 http://sioc-journal.cn/ © 2013 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2013, 33, 1839~1846



Chinese Journal of Organic Chemistry

Entry 1 2 1:2(equiv.)  Temp./C Product Yield”/%
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11 0 MeOH 1:4 Reflux O OMe 90
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0
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12 471 80 80
)kOH HO 7
3l
WOMe
oH 16
o)
13 M@f MeOH 1:4 Reflux 95
(@]
3m

OEt
Al
o}

WOH
14 6 EtOH 1:4 Reflux 98

3n

MeO OMe
MeOH : 4
15 y OM on e 1:8 Reflux 73

30

0 O
16 )LOH Q 3:1 80 62

o>:0
O

o}
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17 )LOH HOJ\MVS 3:1 80 60°
3q
(0]
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18 t-BuOH — Reflux O,N <5?
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O,N
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Entry 1 2 1 : 2 (equiv.) Temp/'C Product Yield”/%

o) OH 0
20 AOH — Reflux )ko)@ NR

0.
: - oY
21 )k /©/ — Reflux MeO 7°
OH MeO

3t

“The amount of GO is 10 wt% of the limiting reactant. ®Isolated yield. ¢ Reaction time: 12 h 43 mmol of 1,1 mLof2,0.1 gof4 AMS, 12 h. ° 1 mL of 1, 3 mmol of
2,12 h.

AL, FEAp S A= =4, JC T B ER (E 4 i TR AR IR AS He =) A B, R S840 A 58 HAT i e AR AR
Y 2% A ) S IX — R AR KR VB AE N AN . H.
EF ALK (R 3, Entry 6), H LR ABES 2-2K 4%

F3 WEEEIEEA N

Table 3 Transesterification of esters with alcohols

Entry Ester 4 Alcohol 5 Product Condition” Yield"/%

o)
Q OH N@
! bl " e
2 7
AOEt A how A 79

9 (j/V o iOMC

3 Mom A 88
3v
O O OMe
4 %O/\/\OM MeOH %0( B 74
Oj(ﬁ\
i 16 im
o o OBu-n
5 %O/\O/\OM‘; n-BuOH /@QOT C 83
T

o) 3w

. 9 o 1 O b .

3v

“ Condition A: 30 mmol of 4, 3 mmol of 5, GO (10 wt% of 5), reflux, 9 h; Condition B: 0.3 mmol of 4, 9 mmol of 5, GO (10 wt% of 4), 120 °C, 12 h, performed in a
pressure tube; Condition C: 0.3 mmol of 4, 9 mmol of 5, GO (10 wt% of 4), reflux, 12 h; Condition D: without GO under condition A. ®Isolated yield.
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et Hummers V5§11 25 (PS8 A4 S8 PR IE A
BRI R N A, AR =D, R, Bel
ZREREIIAS, OVIRIERIE, Pt alf e ny 4
W, 0 B AT IR S B AR, AR R AT 4 e 3 R A
T B A TE P, RO BURE . T TR Ak S N AfE AL
R AE. A AT SR A R — B R 110 [ A 95 1R M A 1
A, BAERL G By AL Y e

I A .

3 EESHS
31 XESIRKH

%t Bruker 72 7] AVANCE III (400 MHz)#% i St 9%
(TMS 1E W #x, CDCly fE# 7)), #8[E Bruker 2
ALPHA LA REAC(KBr & ), dbai KA )
BDX-3300 %Y X S & fiT51%, 1% [E Elementar /A &) Vario
Micro cube BICZE ML, HA PHI A+ 5000 Ver-
saProbe % X B}k L FRETEAX.

sk b T R AR (T =99.99%); KMnOs,
HCI, H,SO4, NaNOs, 30% H,0, A i AR 4l ], e
WA T AT al. AEEHTEH 200~300 H LR,
32 WHE
32.1 BAbm BeH &

HPE e Hummers 3RV &S84 40 88, WK &1
T, Kk Hy,SO4 (69 mL)ZEME 241 55(3.0 g)t5 NaNO;
(1.5 g REE R D, PUHHE T, MR N AR R ot
I KMnOy (9.0 g), Byl AR R gL 20 C, 35
C R 7 h Ja, fRNVARRE S =EIF R MA
KMnO, (9.0 g), 35 C M 12 h. RNIERUGE, 2 %R,
PR NARRBIN 420 mL LB T/KT, 18N 3 mL
30% H,0,, R A se B Ifa k. g, ik
52 200 mL 30% HCIL, 200 mL 2= 55 1 /K YEs 4k, B
RYEM pH Ny 6~7. FLUEM, WEMAE T AT
R AR TR, TR S R IR AR R ACIR [ 44
322 BSALRRL BT ik

HEE BRI L. ) 25 mL BERIH P A 3
mmol 1, 12 mmol 8% 24 mmol 2, GO (1 &[T 10%), &
NEAETR B B e R R HERE 9 he OV R s, g,
CH,CL, (10 mLX2)J% GO, &8, ek 4hL
WHRY) 3a~3Kk, 3m A 3n. S EIN DA EHTR
44, 31 Al 3o (1) J Ab B[] i

PP (RS AL VL. 18 25 mL BB P oA 3
mmol 2, 9 mmol 1, GO (2 JFUE ] 10%), 80 C FHiFE 12
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h. MR EIENE, H CHLCL (10 mL X 2)WEE GO, &
HUEW, A NaHCO;5 (6 mL X 2)¥EH:, 40, LA
FE7K NaSO, . HEZ5 kR L1540 i 3p 1 3q.

U I EEAIE YL, 17 25 mL BB P IIA 3
mmol 1, 1 mL 2, GO (1 ik ¥ 10%), 0.1 g 4 A 73 17,
PEFERIA 12 he i ALSRAMATRE, 1940 5 3r F 3s.

Wy B A L. 1) 25 mL [BESSEF A 1 mL 1, 3
mmol 2, GO (2 R 10%),HEFEMIE 12 h. 5 A B [ 4
i,  ZRERCAEE N4l i 3t
323 BEERIRR GG E T ik

XF-3u, 31, 3v, [7] 50 mL 1) & B I 3 mmol
5,30 mmol 4, GO (5 TR 10%), HEFEIFIA 9 h. [V &5
W5, g, F CH.CL, (10 mLX2)PE% GO, W IE,
EZERR LR A2 . 3u T REI R S HT 34t

T 3m A 3w, 1] 50 mL () REBSHRGm 5200
I TR O 0.3 mmol 4, 9 mmol 5, GO (4 JF & 1)
10%), 120 Chn#ife 12 h. N4, T 210
mL X 2)PE¥ GO, & IFIEM, MBI Eh/K(6 mL X 2)3k
v, AHUHAE/K NaSO, T8, leZ&RR 215 el

=)
]|

B P= s o Atk &4, Himak '"H NMR Al PC
NMR RAE, WS 5 SO E BE A AF. s
I P IAL AR T

Okt FIR-2-7K 4.1 (3g)!"™: "H NMR (CDCls, 400
MHz) d: 1.15~1.30 (m, 3H), 1.36~1.45 (m, 2H), 1.59~
1.62 (m, 1H), 1.72 (d, J=10.6 Hz, 2H), 1.85 (d, J=12.6
Hz, 2H), 2.26 (tt, J=3.5, 11.2 Hz, 1H), 2.92 (t, J=7.0 Hz,
2H), 4.27 (t, J=7.0 Hz, 2H), 7.19~7.22 (m, 3H), 7.27~
7.30 (m, 2H); *C NMR (CDCls, 100 MHz) 8: 25.29 (2C),
25.67, 28.85 (2C), 35.06, 42.96, 64.38, 126.33, 128.28
(20), 128.75 (2C), 137.81, 175.57.

RS FEEE(3h)! ™ 'TH NMR (CDCls, 400 MHz) 6:
3.81 (s, 3H), 6.44 (d, J=16.0 Hz, 1H), 7.37~7.39 (m,
3H), 7.51~7.53 (m, 2H), 7.70 (d, J=16.0 Hz, 1H); "*C
NMR (CDCl;, 100 MHz) §: 51.75, 117.89, 128.15 (2C),
128.96 (2C), 130.37, 134.47, 144.94, 167.48.

HAE LR TR 'TH NMR (CDCls, 400 MHz)
5: 3.74 (s, 3H), 4.58 (s, 2H), 6.88 (d, J=7.9 Hz, 2H), 6.96
(t, J=7.4 Hz, 1H), 7.26 (t, J=8.0 Hz, 2H); “C NMR
(CDCls, 100 MHz) 6: 51.98, 65.10, 114.52 (2C), 121.62,
129.46 (2C), 157.72, 169.27.

1-Z5 2 FEE3K)!™: "H NMR (CDCls, 400 MHz)
8: 3.73 (s, 3H), 4.14 (s, 2H), 7.47~7.63 (m, 4H), 7.86 (d,
J=17.6 Hz, 1H), 7.93 (d, J=8.0 Hz, 1H), 8.09 (d, J=8.3
Hz, 1H); C NMR (CDCl;, 100 MHz) §: 38.90, 51.96,

http://sioc-journal.cn/ 1845
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123.72, 125.42, 125.72, 126.33, 127.94, 128.02, 128.68,
130.50, 132.07, 133.79, 171.88.

ZIEMFEEGM: 'TH NMR (CDCls, 400 MHz) 6
0.87 (t, J=6.5 Hz, 3H), 1.19 (d, J=6.3 Hz, 3H), 1.26~
132 (m, 8H), 1.41~1.48 (m, 1H), 1.53~1.58 (m, 1H),
2.01 (s, 3H), 4.83~4.91 (m, 1H); °C NMR (CDCl, 100
MHz) d: 14.17, 20.08, 21.50, 22.70, 25.49, 29.25, 31.87,
36.06, 71.20, 170.91.

4-THHEEZE IR RUR R 3s)™: 'TH NMR (CDCls, 400
MHz) d: 0.98 (t, J=7.5 Hz, 3H), 1.59 (s, 6H), 1.94 (q, J=
7.4 Hz, 2H), 8.15 (d, J=8.8 Hz, 2H), 8.26 (d, J=8.9 Hz,
2H); °C NMR (CDCls, 100 MHz) §: 8.47, 25.68, 33.75,
85.26, 123.54, 130.61, 137.57, 150.40, 163.79.

LIR-4- A LR R (365 '"H NMR (CDCls, 400
MHz) §: 2.28 (s, 3H), 3.80 (s, 3H), 6.89 (d, J=9.1 Hz,
2H), 7.00 (d, J=9.0 Hz, 2H); *C NMR (CDCl;, 100 MHz)
8:21.20, 55.70, 114.58, 122.44, 144.29, 157.37, 170.06.

R -2- 4 205 3u)"™Y: '"H NMR (CDCls, 400 MHz)
d: 2.93 (t, J=7.0 Hz, 2H), 4.35 (t, J=7.0 Hz, 2H), 7.19~
7.30 (m, 5H), 7.97 (s, 1H); >C NMR (CDCl;, 100 MHz) ¢
34.86, 64.23, 126.65, 128.51 (2C), 128.82 (2C), 137.42,
160.84.

TR T Ee3w)!'™: '"H NMR (CDCls;, 400 MHz) o:
0.87 (t, J=6.7 Hz, 3H), 0.92 (t, J=7.4 Hz, 3H), 1.24~
1.27 (m, 28 H), 1.32~1.42 (m, 2H), 1.56~1.63 (m, 4H),
2.27 (t, J=17.5 Hz, 2H), 4.06 (t, J=6.7 Hz, 2H); *C NMR
(CDCls, 100 MHz) &: 13.62, 14.02, 19.17, 22.70, 25.02,
29.19, 29.31, 29.41, 29.51, 29.64, 29.74, 30.79, 31.97,
34.30, 63.91, 173.60.
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