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bstract
Novel and efficient organic catalysts of quaternary onium tribromide and the related metal-containing catalysts of SalenCoX/PTAT were developed
o catalyze the coupling reaction of carbon dioxide and epoxides generating relevant cyclic carbonates including chiral propylene carbonate under
xtremely mild condition.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Carbon dioxide fixation has received much attention in
ecades by reason of carbon dioxide is the most inexpensive
nd infinite carbon resource [1]. The cyclic carbonates are
mportant products of carbon dioxide fixation and are widely
sed as organic synthesis and pharmaceutical intermediates,
protic solvents, and raw materials for plastics [2–5]. Various
atalyst systems were developed for the coupling reaction
f carbon dioxide with epoxides in the so-called carbon
ioxide fixation process [6–15]. Without metal involving, the
oupling reaction of carbon dioxide and epoxides catalyzed
y organic catalyst was rare reported [16–18]. We report,
erein, a convenient method of cyclic carbonates synthesis
rom coupling of carbon dioxide and epoxides utilizing
ovel and efficient organic catalysts of quaternary onium
ribromide (QOTB) and the related metal-containing catalysts
f SalenCoX/phenyltrimethylammonium tribromide (PTAT,
ne of QOTB compounds) under extremely mild condition
Scheme 1).
∗ Corresponding author. Tel.: +86 931 891 2585; fax: +86 931 891 2582.
E-mail address: hwjing@lzu.edu.cn (H. Jing).
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ion; Chiral propylene carbonate

. Experimental

.1. Materials and facilities

1H and 13C NMR spectra were recorded on a Bruker AM-
00, AM-300, AM-200 spectrometer using TMS as an internal
tandard. Elemental analyses were determined with a Carioel
lemental analyzer. MS spectra were measured with a ZAB-HS
pectrometer. Melting points were determined on a XT-4 melt-
ng point apparatus without calibration. GC analyses of cyclic
arbonates were carried out on Varian CP 3800 gas chromato-
raph equipped with FID detectors. For the determination of
nantiomeric excess, Supelco-DEX series (225) chiral columns
ere used.
All known compounds were identified by comparison of their

hysical and spectral data with those presents in the literatures.
ropylene oxide was distilled from CaH2. Other epoxides and
TAT were purchased from Aldrich and used without further
urification. QOTB 4 and 6 were prepared by using literature
ethod [19,20].

.2. Syntheses of QOTB 2, 3 and 5
.2.1. Preparation of N-benzyl(4-dimethylamino)
yridinium tribromide (2)

A solution of 1.22 g of 4-(dimethylamino)pyridine (DMAP)
10 mmol) and 1.20 mL of benzyl bromide (10 mmol) in 10 mL

mailto:hwjing@lzu.edu.cn
dx.doi.org/10.1016/j.molcata.2006.08.089
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Scheme 1. Catalytic syntheses of cyclic carbonates.

thanol was heated to reflux for 10 h. After being cooled, the
eaction mixture was poured into diethyl ether. The brown pre-
ipitates were filtered and washed thoroughly with ether and
ried in vacuo. This crude bromide salt 1.5 g was obtained with-
ut further purification. Yield = 70.4%.

A solution of 1.5 g of above bromide salt (7 mmol) and
.36 mL of bromine (7 mmol) in 10 mL water was stirred for
h at room temperature. The yellow solid of tribromide 2.3 g
as obtained. Yield = 99%, m.p. = 119–120 ◦C.

1H NMR (acetone-d6): δ (ppm) = 3.31 (s, 6 H), 5.62 (s, 2
), 7.13 (d, J = 7.8 Hz, 2 H), 7.35 (dd, J = 4.8 Hz, 2.2 Hz, 3 H),
.44 (d, J = 4.8 Hz, 2 H), 8.57 (d, J = 7.8 Hz, 2 H). 13C NMR
acetone-d6): δ (ppm) = 39.8, 60.3, 108.2, 128.4, 128.5, 128.8,
28.9, 129.2, 142.2. MS(FAB): m/z [M]+ calcd. for C14H17N2:
13.14; found: 213.1. Anal. calcd. for C14H17N2Br3: C, 37.12;
, 3.78; N, 6.18. Found: C, 36.86; H, 3.81; N, 6.00.

.2.2. Preparation of N-methyl(4-dimethylamino)
yridinium tribromide (3)

To a solution of DMAP (2.44 g, 20 mmol) in 20 mL toluene,
fresh distilled dimethylsulfate (1.9 mL, 20 mmol) was added

ropwise within 20 min at 40 ◦C under stirring condition. The
eaction temperature was held constant for 1.5 h and then rose
o 100 ◦C for another 1 h. After being cooled, the product was
ltered, washed with 20 mL toluene, and dried in vacuo to give
white solid (8.6 g).

To a solution of above white solid (8.6 g) and 10 mL 40%
queous hydrobromic acid in 10 mL water, bromine (2.15 mL,
1.8 mmol) was added dropwise within 10 min. The mixture was
tirred for 1 h at room temperature. A yellow solid of tribromide
2.5 g was obtained. Yield = 83.6%, m.p. = 122–124 ◦C.

1H NMR (acetone-d6): δ (ppm) = 3.32 (s, 6 H), 4.12 (s, 3
), 7.12 (d, J = 4.2 Hz, 2 H), 8.34 (s, J = 4.2 Hz, 2 H). 13C
MR (acetone-d6): δ (ppm) = 39.7, 44.4, 107.9, 143.1, 153.5.
S(FAB): m/z [M]+ calcd. for C8H13N2: 137.11; found: 137.3.
nal. calcd. for C8H13N2Br3: C, 25.49; H, 3.48; N, 7.43. Found:
, 25.79; H, 3.26; N, 7.55.

.2.3. Preparation of P-benzyltriphenylphosphonium
ribromide (5)

To a solution of triphenylphosphine (3.93 g, 15 mmol) in
0 mL toluene, 1.80 mL of benzyl bromide (15 mmol) was added
ropwise within 20 min at room temperature. The mixture was
hen heated to reflux for 2 h. After being cooled, the product was

ltered, washed with 20 mL toluene, and dried in vacuo to give
white solid (6.6 g).

To a solution of above white solid (1.2 g) in 10 mL CH2Cl2,
romine (0.13 mL, 2.5 mmol) was added. The mixture was

n
a
i
p

ysis A: Chemical 264 (2007) 241–247

tirred for 1 h at room temperature. A yellow solid of tribro-
ide 1.35 g was obtained. Yield = 84.4%, m.p. = 142.5–145 ◦C.

1H NMR (CDCl3): δ = 7.84–7.56 (m, 16 H), 7.27–7.20 (m,
H), 7.10–6.96 (m, 2 H), 4.87 (d, 2 H). 13C NMR (CDCl3):
= 135.5, 134.2, 131.2, 130.6, 129.2, 128.9, 117.9, 116.2, 59.2.
S(FAB): m/z [M]+ calcd. for C25H22P+: 353.15; found: 353.1.

.3. General procedure for coupling reaction of CO2 and
poxide catalyzed by QOTB

A solution of quaternary onium tribromide in epoxide
100 mmol) was introduced into a 250 mL stainless steel auto-
lave. It was purged three times with carbon dioxide, and then
lled CO2 to 100 psi, stirred, and heated to 50 ◦C. When the
ressure of CO2 fell down to 0–15 psi, the reactor was cooled
nd was then vented. The remained mixture was distilled under
educed pressure or recrystallized with ethanol to obtain the pure
yclic carbonate.

.4. General procedure for cyclic carbonates synthesis
sing SalenCoX/PTAT as catalyst

A solution of fresh-made SalenCo(III)X (0.1 mmol) and
6 mg of PTAT (0.2 mmol) in 100 mmol of epoxide was intro-
uced into a 250 mL stainless steel autoclave. It was purged
hree times with carbon dioxide, and then filled CO2 to 100 psi,
tirred at 25 ◦C. After a proper time, the reactor was vented.
he generated carbonate was distilled under reduced pressure
r recrystallized from ethanol.

.5. Characterization of bis((2-oxo-1,3-dioxolan-4-yl)
ethyl)cyclohex-4-ene-1,2-di carboxylate (13)

A pale yellow oil. 1H NMR (CDCl3): δ = 2.38–2.47 (s, 4 H)
.16 (s, 2 H), 4.2–4.5 (m, 6 H), 4.61(t, 2 H), 5.03(t, 2 H), 5.71(s,
H). 13C NMR (CDCl3): δ = 25.2, 39.4, 63.1, 65.8, 73.8, 124.7,
54.5, 172.8. MS(FAB): m/z [M]+ calcd. for C16H18O10: 370.09;
ound: 370.9.

. Results and discussion

We have previous reported that the SalenSn complexes can be
sed as efficient catalysts for coupling reaction of carbon dioxide
nd epoxides in the presence of DMAP [21]. On the other hand,
any salts have been used as catalysts in this coupling reac-

ion including inorganic salts, organic salts, ionic liquid, etc.
22–27]. These investigations reveal that the mechanism of cou-
ling reaction of epoxides and CO2 must involve two catalytic
enter, Lewis acid and Lewis base center [28–30]. The salts,
eing make up of two parts: cation (Lewis acid, electrophile) and
nion (Lewis base, nucleophile), have catalytic activity under a
enerally harsh condition. Taking notice of Caló’s results [16],
t can be seen that tetrabutylammonium chloride (TBAC) has

o activity because a tight ion pair cannot release cation to be
catalytic center of Lewis acid, and that tetrabutylammonium

odide (TBAI) is a good catalyst by reason of an incompact ion
air in which the cation can acts as a Lewis acidic center and the
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arge anion I− acts as a Lewis base center simultaneously. Very
ecently, Lau and coworkers reported their coupling results of
poxides and CO2 using the organic salts (PPh3)2N+X− as effi-
ient catalyst in which the large cation act as a Lewis acid center
18]. Accordingly, we envisioned that QOTB salts would provide
he synergistic combination of the activation of carbon dioxide
nd epoxides under mild condition since these are incompact
on pairs too.

.1. The effect of cation of QOTB in the coupling reaction
f propylene oxide and CO2

As prediction, when the tetrabutylammonium tribromide
TBATB, Table 1, entry 4) was only used as catalyst instead
f tetrabutylammonium bromide (TBAB, entry 7), the coupling
eaction of carbon dioxide and propylene oxide (PO) took place
ery well in more mild condition. To test this procedure, the
cope of the reaction was then investigated with various syn-
hesized QOTB salts. It can be seen that PTAT give the best
atalytic result under this reaction condition (entry 1), and that
yH+Br3

− and TBAB salts (entries 6 and 7) have lowest cat-
lytic activity due to the less Lewis acidity of smaller radius of
ations.

.2. The cyclic carbonates synthesis from various epoxides
nd CO2 catalyzed by PTAT

To further extend the scope of the reaction, several other
poxides were utilized as substrates in the coupling reac-

ion using PTAT as catalyst. The results were summarized in
able 2. It can be seen that the cyclic carbonates were pre-
ared with moderate to excellent yield. Some polymerization
ensitive epoxides can also reacted very well (entries 4 and 7)

i
g
C

able 1
ation effect of QOTB in the coupling reaction of PO and CO2

a

ntry Organic catalyst Tim

1 6,

2 6,

3 6,

n-Bu4
+NBr3

− 4 6,

Bn+PPh3Br3
− 5 6,

6 6,

n-Bu4
+NBr− 6,

a Reaction condition: catalyst (0.5 mmol), epoxide (5.8 g, 100 mmol), CO2 (100 psi
b Isolated yield.
c Catalyst (5 mmol).
ysis A: Chemical 264 (2007) 241–247 243

ith carbon dioxide under this reaction condition to yield the
orresponding cyclic carbonates with a little brominated by-
roduct. The glycidyl methacrylate (GMA) was converted into
he cyclic carbonate in 15 h without polymerization (entry 4).
omparing with the literature results, our new organic cata-

ysts of QOTB have higher activity and can catalyze the cou-
ling reaction of carbon dioxide and epoxides under more mild
ondition.

.3. The co-catalyst effect of SalenCo(III)X on synthesis of
ropylene carbonate

Very recently, bifunctional catalyst systems of
o(Salen)X/Bu4NY [8,31,32] were found to be the most
fficient catalyst systems for this coupling reaction. To extend
he scope of PTAT catalyst, the SalenCo(III)X complexes
Scheme 2) and PTAT were used as a new bifunctional catalyst
n the coupling reaction of carbon dioxide and PO at room
emperature. The results were summarized in Table 3. The
creening of ratio of SalenCo(OAc)/PTAT was also achieved
nd showed that the best ratio is 1/2 (entries 1–4). The catalyst
alenCo(Cl3CCO2)(1g)/PTAT gave the high yield and highest
OF (706 mol/mol h, entry 9) within 1 h. In contrast, the
g/TBAB catalyst can only get the lower yield (49%) and TOF
alue (245 mol/mol h, entry 10) in literature.

.4. The anion effect of SalenCo(III)X on synthesis of
ropylene carbonate
To optimize and select the best catalyst, the screen-
ng of counterion of catalysts SalenCo(III)X was investi-
ated. The order of activity is as follows: X = Cl3CCO2

− >
l− > OAc− > Br− > (NO2)3C6H2O− > OTs− (Table 4).

e (h) Yield (%)b TON

1.5c 90, 83.1 180, 16.6

1.5c 77, 81.4 154, 16.3

1.5c 69, 64.7 137, 12.9

1.5c 51, 61 103, 12.2

1.5c 37, 78.4 74, 15.7

1.5c 0, 24.3 0, 4.9

1.5c 0, 13.2 0, 2.6

), 50 ◦C.
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Table 2
The coupling results of various epoxides and CO2 catalyzed by PTATa

Entry Substrate Time (h) Product Yield (%)b

1 6 7 90

2 2, 6 8 52, 62

3c 10 9 53

4d 15 10 60

5e 1.5, 3.5 11 50, 76

6 20 12 86

7e 5 13 74

a Reaction conditions: PTAT (188 mg, 0.5 mmol), epoxide (100 mmol), CO2 (100 psi), 50 ◦C.
b

3
p

s

d

Isolated yield.
c A 10 ml DMF was added as solvent.
d A little brominated by-product were detected by GC–MS.
e A 20 ml acetone was added as solvent.

.5. The framework effect of SalenCo(OAc) on synthesis of

ropylene carbonate

To optimize the effect of framework of SalenCo(OAc),
everal SalenCo(OAc) complexes with different backbone/or

i
T
s
6

Scheme 2. SalenCo(III)X
ifferent substituted groups were synthesized [33,34], character-

zed, and used to the coupling reaction of PO and CO2 (Table 5).
he catalysts containing ethylene backbone with different sub-
tituted groups have various catalytic activities (entries 1, 2, 5,
): the catalyst 1k with electron withdrawing group has lower

complex catalyst.
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Table 3
The co-catalyst effect of SalenCo(III)X on synthesis of propylene carbonatea

Entry Catalyst Co-catalyst/equivalent Time (h) Yield (%)b TOF (h−1)

1 SalenCo(OAc) (1d) PTAT/1 4 91.2 228
2 SalenCo(OAc) (1d) PTAT/2 4 >99 250
3 SalenCo(OAc) (1d) PTAT/4 4 93.1 233
4 SalenCo(OAc) (1d) PTAT/8 4 92.2 230
5 SalenCo(OAc) (1d) PTAT/2 1.5 50.7 338
6c SalenCo(OAc) (1d) Bu4NBr/1 2.5 52.4 210
7 SalenCo(Cl3CCO2) PTAT/2 4 >99 250
8 SalenCo(Cl3CCO2) PTAT/2 1.5 90.2 611
9 SalenCo(Cl3CCO2) PTAT/2 1 70.6 706

10c SalenCo(Cl3CCO2) Bu4NBr/1 2 49 245

a Reaction conditions: SalenCo(III)X (0.1 mmol), PTAT (76 mg, 0.2 mmol), epoxid
b Isolated yield.
c Result of Ref. [9].

Table 4
The anion effect of SalenCo(III)X on synthesis of propylene carbonatea

Entry Catalyst Time (h) Yield (%)b TOF (h−1)

1 1d 4 >99 250
2 1d 1.5 50.7 338
3 1e 4 >99 250
4 1e 1.5 55.7 371
5 1f 4 88.2 221
6 1g 4 >99 250
7 1g 1.5 90.2 611
8 1h 4 84.3 211
9 1i 4 64.7 162

a

e

a
g
m
1
t
b
w
1
g
(
b
(

T
T

E

1
2
3
4
5
6

0

3
a

i
p
T
c
e
t
(
t
b
a

3
C

r
t
(
a
s
p

Reaction conditions: SalenCo(III)X (0.1 mmol), PTAT (76 mg, 0.2 mmol),
poxide (100 mmol), T = 25 ◦C, CO2 (100 psi).
b Isolated yield.

ctivity (entry 6), the catalyst 1b with more electron donating
roups has higher activity (entry 2). The catalyst 1j with
ethoxy groups (EDG) has less activity than that of catalyst

a without substituted group (entry 1). We might conclude that
he activity of catalyst is affected not only by electron effect of
ackbone but also by steric effect of backbone. This conclusion
ould be supported by the following investigations: the catalyst
c containing phenyl backbone with tert-butyl substituted
roups has good catalytic activity (entry 3), and the catalyst 1d

Jacobsen catalyst) containing cyclohexane backbone with tert-
utyl substituted groups (EDG) has the highest catalytic activity
entry 4).

able 5
he framework effect of SalenCo(OAc) on synthesis of propylene carbonatea

ntry Catalyst Time (h) Yield (%)b TOF (h−1)

1a 4 20.6 51.5
1b 4 90 225
1c 4 90.2 225
1d 4 >99 250
1j 4 11.8 29.5
1k 4 7.8 19.5

a Reaction conditions: SalenCo(III)(OAc) (0.1 mmol), PTAT (76 mg,
.2 mmol), epoxide (100 mmol), T = 25 ◦C, CO2 (100 psi).
b Isolated yield.

3
a

t
s
t
a
b
g
e
c
p
s
a

e (100 mmol), T = 25 ◦C, CO2 (100 psi).

.6. The cyclic carbonates synthesis from various epoxides
nd CO2 catalyzed by SalenCo(Cl3CCO2)PTAT

To further extend the scope of the reaction, several other epox-
des were utilized as substrates in the coupling reaction in the
resence of the best catalyst system SalenCo(Cl3CCO2)/PTAT.
he results were summarized in Table 6. It can be seen that the
yclic carbonates were synthesized with the yields from mod-
rate to excellent except GMA carbonate (entry 5). To enhance
he yields of high viscousness (9) or solid cyclic carbonates
11–13), some diluting solvent was added in the reaction mix-
ure. 3-Chloropropylene oxide having higher boiling point had
een run in a three-neck flask under atmospheric pressure to give
reasonable yield within 4h (entry 3).

.7. The chiral propylene carbonate synthesis from PO and
O2

To further extend the scope of the catalysts, several chi-
al catalysts, (R,R)-1,2-cyclohexanediamino-N,N′-bis(3,5-di-
ert-butylsalicylidene)Co(III)X (X = OAc (1d′), (NO2)3C6H2O
1h′), p-MeC6H4SO3 (1i′)), were utilized as catalyst in the
symmetric coupling reaction of PO and CO2. The results were
ummarized in Table 7. It can be seen that the ee values of chiral
ropylene carbonate are similar to that of Lu’s result [9].

.8. The proposed mechanism for coupling reaction of PO
nd CO2

Jacobsen and coworkers have demonstrated that coordina-
ion of the epoxide to the SalenCr(III) complex is a necessary
tep to activate the former toward nucleophilic ring opening by
he SalenCr(III)–azide complex [35]. Considering the mech-
nisms of coupling reaction of epoxide and CO2 described
y Lu and Lau in literatures [9,18], respectively, a proposed
eneral mechanism is illustrated in Scheme 3, in which the
poxide be activated by coordinating firstly to a Lewis acidic

enter, and then be attacked by nucleophilic reagent Br3

− to
roduce the requisite metal/heteroatom alkoxide intermediates
uffering insertion of CO2 to lead cyclic carbonates. This mech-
nism insists that both Lewis acidic center and Lewis base
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Table 6
The coupling results of various epoxides and CO2 catalyzed by SalenCo(Cl3CCO2)/PTATa

Entry Substrate Time (h) Product Yield (%)b TOF (h−1)

1 1.5 7 90.2 611

2 4 8 57 143

3c 4 8 25.2 63

4d 10 9 72.8 73

5 5 10 29 58

6d 3 11 98 327

7d 10 12 67 67

8e 3 13 72.7 242

a Reaction conditions: SalenCo(III) (Cl3CCO2) (0.1 mmol), PTAT (76 mg, 0.2 mmol), epoxide (100 mmol), T = 25 ◦C, CO2 (100 psi).
b Isolated yield.
c CO2 atmospheric pressure.
d A 1 mL DMF was added to dissolved the product.

c
t
S
l
a
i
e
[

T
T

E

1
2
3
4

e

e A 10 mL acetone was used to dilute the substrate.

enter have the same importance when the coupling reaction
akes place. The higher activity of these catalytic systems,
alenCoX/PTAT, is attributed to both good nucleophilicity and

eaving group of large anion Br3
− except for their appropri-

te Lewis acidity. The PTAT is a good organic catalyst since

t can release both Lewis acid and Lewis base centers in the
poxide solution, which is consistent with the Lau’s result
18].

able 7
he asymmetric coupling reaction of CO2 and propylene oxidea

ntry Catalyst Time (h) Yield (%)b ee %

c 1d′/2TBAB 4 45.1 34.1
1d′/2PTAT 10 57.7 30.2
1h′/2PTAT 15 31.4 45.5
1i′/2PTAT 10 43.1 48.7

a Reaction conditions: (Salen)CoX (0.1 mmol), PTAT(76 mg, 0.2 mmol),
poxide (100 mmol), CO2 (100 psi), T = − 5 ◦C.
b Isolated yield.
c T = 25 ◦C. Scheme 3. Proposed mechanism.
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. Conclusions

In conclusion, this methodology investigation for synthesis
f cyclic carbonates shows that SalenCo(III)(Cl3CCO2)/PTAT
s an excellent catalyst system for the coupling of carbon dioxide
ith various epoxides to yield cyclic carbonates under extremely
ild condition. The PTAT itself can also act as an efficient

rganic catalyst in this coupling reaction under atmospheric
ressure at 50 ◦C.
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16] V. Caló, A. Nacci, A. Monopoli, A. Fanizzi, Org. Lett. 4 (2002) 2561.
17] X. Lu, X. Feng, R. He, Appl. Catal. Part A: Gen. 234 (2002) 25.
18] W.N. Sit, S.M. Ng, K.Y. Kwong, C.P. Lau, J. Org. Chem. 70 (2005) 8583.
19] J. Berthelot, C. Guette, P.L. Desbene, J.J. Basselier, Synth. Commun. 16

(1986) 1641.
20] L.F. Fieser, Experiments in Organic Chemistry, 3rd ed. rev., DC Heath,

Boston, 1957, p. 65.
21] H. Jing, K.E. Smita, J. Gibbs, C. Stern, H. Zhou, S.T. Nguyen, Inorg. Chem.

43 (2004) 4315.
22] H.S. Kim, J.J. Kim, H.N. Kwon, M.J. Chung, B.G. Lee, H.G. Jang, J. Catal.

205 (2002) 226.
23] T. Zwasaki, N. Kihara, T. Endo, Bull. Chem. Soc. Jpn. (2000) 713.
24] J.-W. Huang, M. Shi, J. Org. Chem. 68 (2003) 6705.
25] N. Kihara, N. Hara, T. Endo, J. Org. Chem. 58 (1993) 6198.
26] T. Nishikubo, A. Kameyama, J. Yamashita, M. Tomoi, W. Fukuda, J. Polym.

Sci. A: Polym. Chem. 31 (1993) 939.
27] Y. Deng, J. Peng, New J. Chem. 25 (2001) 639.
28] D.J. Darensbourg, J.L. Rodgers, C.C. Fang, Inorg. Chem. 42 (2003) 4498.
29] D.R. Moore, M. Cheng, E.B. Lobkovsky, G.W. Coates, Angew. Chem., Int.

Ed. 41 (2002) 2599.
30] K. Yamaguchi, K. Ebitani, T. Yoshida, H. Yoshida, K. Kaneda, J. Am.

Chem. Soc. 121 (1999) 4526.
31] X.-B. Lu, Y.-J. Zhang, K. Jin, L.-M. Luo, H. Wang, J. Catal. 227 (2004)

537.
32] X.-B. Lu, Y.-J. Zhang, B. Liang, X. Li, H. Wang, J. Mol. Catal. A: Chem.

210 (2004) 31.

33] A.K.-S. Tse, K.W. Mak, K.S. Chan, Organometallics 17 (1998) 2651.
34] T. Sakuai, K. Yamamoto, H. Naito, N. Nakamoto, Bull. Chem. Soc. Jpn.

49 (1976) 3042.
35] K.B. Hansen, J.L. Leighton, E.N. Jacobsen, J. Am. Chem. Soc. 118 (1996)

10924.


	Quaternary onium tribromide catalyzed cyclic carbonate synthesis from carbon dioxide and epoxides
	Introduction
	Experimental
	Materials and facilities
	Syntheses of QOTB 2, 3 and 5
	Preparation of N-benzyl(4-dimethylamino)pyridinium tribromide (2)
	Preparation of N-methyl(4-dimethylamino)pyridinium tribromide (3)
	Preparation of P-benzyltriphenylphosphonium tribromide (5)

	General procedure for coupling reaction of CO2 and epoxide catalyzed by QOTB
	General procedure for cyclic carbonates synthesis using SalenCoX/PTAT as catalyst
	Characterization of bis((2-oxo-1,3-dioxolan-4-yl)methyl)cyclohex-4-ene-1,2-di carboxylate (13)

	Results and discussion
	The effect of cation of QOTB in the coupling reaction of propylene oxide and CO2
	The cyclic carbonates synthesis from various epoxides and CO2 catalyzed by PTAT
	The co-catalyst effect of SalenCo(III)X on synthesis of propylene carbonate
	The anion effect of SalenCo(III)X on synthesis of propylene carbonate
	The framework effect of SalenCo(OAc) on synthesis of propylene carbonate
	The cyclic carbonates synthesis from various epoxides and CO2 catalyzed by SalenCo(Cl3CCO2)PTAT
	The chiral propylene carbonate synthesis from PO and CO2
	The proposed mechanism for coupling reaction of PO and CO2

	Conclusions
	Acknowledgments
	References


