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Developing methods for the chemical conversion of CO,
to valuable organic compounds is considered one of the
methods for reducing the level of CO, in the atmosphere
and expanding the industrial utilization of CO,-conversion
products.  Cyclic carbonates, which are common
CO,-conversion products, are extensively used in polymeri-
zation? and Li-ion batteries;3 therefore, tremendous effort
has been devoted to preparing these products from CO,
under environmentally benign and economical reaction
conditions. Heterogeneous catalysts, such as metal
oxides, zeolites, and metal complexes, along with homoge-
neous metal-free conditions have been used to promote
the coupling of diols to CO, for producing industrially
useful carbonates.*” The metal- and ammonium/phospho-
nium-catalyzed addition of CO, to epoxides produces
five-membered  cyclic  carbonates  with  various
substituents.*%’

In addition to the use of metal-free conditions through
ammonium/phosphonium catalysis, reactive CO, activators
like amidines and guanidines are also used for carbonate
synthesis,® wherein the nitrogen in these compounds reacts
with CO, to form a zwitterionic carbamate as a key inter-
mediate for further CO, conversion reactions.” Further-
more, the protonation of amidines and guanidines facilitates
the reaction between CO, and epoxides, because the cati-
onic tertiary nitrogen of the protonated amidines and guani-
dines forms a hydrogen bond with the oxygen of the
epoxide, resulting in facile ring-opening of epoxides for
carbonate formation. Protonated 1,8-diazabicyclo[5.4.0]
undec-7-ene (DBU) and 1,5,7-triazabicyclo[4.4.0]dec-5-ene
(TBD) have been used for this purpose. In this study, we
present the TBD-catalyzed coupling of CO, and epoxides
in the presence of catalytic amounts of alkyl halides. Com-
pared with previous studies, no acid is required to form
protonated TBD. Furthermore, the TBD/alkyl halide-
catalyzed reaction is carried out under mild reaction condi-
tions (1 atm of CO,) in modest to good yields.

The optimization of the synthesis of 1b is summarized in
Table 1. The reaction of styrene oxide 1la with CO, (1 atm)
was carried out in the presence of TBD (10 mol%) and 1-
iodooctane (10 mol%) in dioxane at 100 °C to afford cyclic
carbonate 1b in 52% yield (entry 1). By increasing the
amount of iodooctane to 20 and 30 mol%, the yield was
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increased up to 79% (entries 2 and 3). Besides dioxane,
we also screened other solvents (entries 4-6). Toluene,
N,N-dimethylformamide (DMF), and N,N-
dimethylacetamdie (DMAc) afforded 1b in 78% yield, 51%
yield, and trace amounts, respectively. Next, various guani-
dines, amidines, and amines were evaluated. 7-Methyl-
1,5,7-triazabicyclo[4.4.0]dec-5-ene (Me-TBD) catalyzed the
reaction to give 1b in 82% yield (entry 7), which is compa-
rable with the TBD-catalyzed reaction. 1,1,3,3-
Tetramethylguanidine (TMG) formed 1b in trace amounts
(entry 8). Other amidine catalysts, DBU and 1,5-diazabicy-
clo[4.3.0]non-5-ene (DBN) were used to form 1b in 77 and
42% yield, respectively (entries 9 and 10). N-Methylbenzy-
lamine, 1,4-diazabicyclo[2.2.2]octane (DABCO), and N,N-
dimethylaminopyridine (DMAP) catalyzed the desired
cyclic carbonate formation, albeit in low yields compared
with TBD and DBU (entries 11-13). Instead of 1-iodooc-
tane, 1-bromooctane was applied to give a similar yield of
1b, while iodocyclohexane decreased the yield to 58%
(entries 14 and 15). Tetra-n-butylammonium iodide (TBAI)
is known to catalyze the reaction of CO, with epoxides to
afford cyclic carbonates at high temperature and pressure’™
e’h’i; thus, TBAI was applied instead of the combination of
1-iodooctane and strong organic bases, but only a trace
amount of 1b was formed under 1 atm of CO, (entry 16).
The combination of TBD and TBAI provided 1b in lower
yield compared with the reaction using 1-iodooctane and
TBD (entries 4 and 17). In the absence of an alkyl halide,
neither TBD nor Me-TBD promoted the desired cyclic car-
bonate formation under 1 atm of CO, (entry 18).

Using these optimized conditions (Table 1, entry 4), vari-
ous epoxides were examined to afford the corresponding
cyclic carbonates (Figure 1). 2-Methoxy- and 3-methoxy-
substituted styrene oxides afforded 2b and 3b in 64 and
68% yield, respectively. Halogen (F, Cl, and Br)-
substituted styrene oxides participated in the reaction to
form the desired products in good yield (85, 58, and 70%
yield). Aliphatic oxiranes were also tested. Chloro-
substituted cyclic carbonate 7b was formed in 52% yield,
and fert-butoxy methylene- and alkyl-substituted carbonates
(8b, 9b, and 10b) were formed in good yields.

A reaction mechanism for this transformation is proposed
in Scheme 1. The role of 1-iodooctane is that of a halide
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Table 1. Synthesis of cyclic carbonate 1b

amine (10 mol%) o]
0 alkyl halide
— >~ oo
L\Ph CO, (1 atm)
1a solvent (1.0 M) 1b Ph
100 °C, 18 h
Entry Alkyl halide Amine Solvent Yield®
1 1-Iodooctane (10 mol%) TBD Dioxane 52%
2 1-Iodooctane (20 mol%) TBD Dioxane 70%
3 1-Todooctane (30 mol%) TBD Dioxane 79%
4 1-Iodooctane (30 mol%) TBD Toluene 78%
5 1-Iodooctane (30 mol%) TBD DMF 51%
6 1-Iodooctane (30 mol%) TBD DMACc Trace
7 1-Iodooctane (30 mol%) Me-TBD Dioxane 82%
8 1-Iodooctane (30 mol%) TMG Dioxane Trace
9 1-Iodooctane (30 mol%) DBU Dioxane 77%
10 1-Iodooctane (30 mol%) DBN Dioxane 42%
11 1-Iodooctane (30 mol%) N-methylbenzylamine Dioxane 3%
12 1-Todooctane (30 mol%) DABCO Dioxane 39%
13 1-Iodooctane (30 mol%) DMAP Dioxane 43%
14 1-Bromooctane (30 mol%) TBD Dioxane 77%
15 Iodocyclohexane (30 mol%) TBD Dioxane 58%
16 TBAI (30 mol%) — Dioxane Trace
17 TBAI (30 mol%) TBD Dioxane 53%
18 — TBD (Me-TBD) Dioxane N.R.
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Figure 1. Synthesis of various carbonates from CO,. Ph ?v o

source for the ring-opening of the epoxide. A cationic
ammonium iodide I is generated by the reaction of TBD
and iodooctane (RI),'° wherein the protonated amine forms
a hydrogen bond with epoxide 1a and the proximal iodide
anion is added to 1a. Intermediate III reacts with the zwit-
terionic TBD—CO, IV complex to provide V, which under-
goes intramolecular substitution to afford the desired
product 1b and regenerate 1.

In summary, a combination of TBD and alkyl halide
(iodooctane) was found to produce cyclic carbonates from
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Scheme 1. Plausible catalytic cycle.

CO,; and epoxides. The role of halide ions in the cyclic car-
bonate synthesis is already known, but previously reported
ammonium halide-catalyzed carbonate syntheses required
harsh reaction conditions; most reactions are carried out
above 10 atm of CO,. In this study, without using strong
acid, the catalytically competent ammonium halides were
generated in situ by mixing TBD and an alkyl halide. The
activated TBD-alkyl halide complex was used to synthe-
size various cyclic carbonates in modest to good yields.
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Experimental

Representative procedure for the synthesis of carbonates:
styrene oxide (57 pl, 0.5 mmol) and TBD (7 mg,
0.05 mmol) was added to a solution of 1-iodooctane (27 pl,
0.15 mmol) in 1,4-dioxane (1.0 M, 0.5 ml). A slow stream
of CO, was passed through this solution for 1 min. Then,
the reaction mixture was stirred at 100 °C for 18 h under
CO, atmosphere. The solvent was evaporated, and the resi-
due was purified by flash silica gel column chromatography
(20% ether/hexane) to afford 4-phenyl-1,3-dioxolan-2-one
1b (64.5 mg, 79 %). Compounds 1b-10b were previously
reported.®'!
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