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Abstract: Electrochemically activated CO; reacts, under mild conditions, with primary and secondary
alcohols bearing a leaving group at the a-position affording the corresponding cyclic carbonates in
high yields; unsubstituted alcohols are converted, after addition of Etl, into the corresponding
unsymmetrical ethyl carbonates in moderate to good yields. Tertiary alcohols and phenols are stable to
the reagent. © 1997 Published by Elsevier Science Ltd.

Organic carbonates constitute an important and versatile class of compounds. Recently, the synthetic
methodologies as well as the possible utilisation have been amply reviewed and discussed.! They have
widespread application as solvents for a variety of processes and as efficient protecting groups for alcohols and
diols.2 Moreover carbonic esters are widely used in industrial chemistry as monomers for several types of
polymers and in the synthesis of pharmaceutical and agricultural chemicals.1.3

The most relevant known syntheses of organic carbonates involve the direct or indirect use of phosgene,
with all the remarkable drawbacks that the use of such a toxic and corrosive reagent entails. Recently, the
replacement of phosgene with carbon dioxide in the synthesis of carbonates, starting from hydroxy compounds,
has been proposed by several authors.* Owing to its thermodynamic stability and relative kinetic inertness,
preliminary activation of COj is required, and electrochemical techniques provide solutions to the problem .36
Recently, we proposed the 02*/CO; system (formed by electrochemical one-electron reduction of dioxygen in
dipolar aprotic solvents in the presence of CO;) as a mild and safe carboxylating reagent for the synthesis of
organic carbonates.”

In a previous paper,® we reported that electrochemically activated CO; reacts with amines and Etl, under
mild reaction conditions, affording the corresponding ethyl carbamates in high to excellent yields. We now
wish to report that this method can be extended to the synthesis of cyclic and linear unsymmetrical carbonates
starting from the corresponding alcohols.

In a typical procedure®, a solution of MeCN-Et,NClO4 (0.1 mol dm-3), with continuous CO; bubbling, was
electrolysed (divided cell, Pt anode, 0°C) over a Cu cathode at a potential (-2.1 V vs. SCE) that allows the
reduction of CO, to CO;*. At the end of the electrolysis, after bubbling Nj, the alcohol was added and the

reaction mixture was allowed to stand at room temperature for the appropriate time before adding, if
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necessary, a fivefold excess of Etl. Removal of solvent gave a residue which was extracted with Et,O. The
solvent was evaporated and the residue chromatographed on silica gel to afford the corresponding carbonate.

The behaviour of a number of alcohols and phenols was investigated. Aliphatic alcohols bearing a leaving
group at the a position were readily converted into the corresponding 2-oxo-1,3-dioxolane in high yields (1.5 F
mol! of substrate were required). The results are reported in Table 1.

Table 1. Carboxylation of Alcohols Bearing a Leaving Group?

Entry Substrate Product? Yield (%)¢
OH y /0
1 )\/Br 0= 90
o
1
2
OH o
2 . ‘::E =0 86
"OTs O
3 4

2 Divided cell, Cu cathode, Pt anode, 0°C; ® Analyses after 1.5 F mol” of
substrate, no addition of EtI was required, reaction time 6 hours; ¢ Yields, based
on the starting alcohol, refer to the isolated carbonate.

Table 2. Carboxylation of Alcohol 5 Under Different Reaction Conditions

Ph "o — Ph7 " 0CO;E

5 6
Entry Reaction conditions? Yield of 6 (%)°
1 2.0 F mol! of §; rt; 90 min¢; Et] 55
2 2.0 F mol! of 5; reflux; 90 min; EtI 27
3 2.0 F mol! of §; rt; 90 min; MS 4A4; Etl 69¢
4 5.0 F mol-! of 5; rt; 90 min; MS 4A; EtI 71
5 2.0 F mol! of §; rt; 2 days; MS 4A; Etl 68

4 MeCN-Et,NCIO; 0.1 mol dm? (20mL), § (1.0 mmol), Etl (5.0 mmol), divided cell, Cu
cathode, Pt anode, 0°C; ® Yields are determined by GC analysis; ¢ Time before the addition of
Etl; 9 Molecular sieves were activated by heating at 400°C for 24 hours; ¢ Carbonate was also
isolated in 67% yield.
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When the reaction was carried out with 3-phenyl-1-propanol S the corresponding ethyl carbonate 6,
formed after addition of EtI (90 min) to the electrolysis mixture, was obtained in 55% yield.
Several attempts were made in order to improve this value. The results are summarized in Table 2.

Table 3. Reaction of Alcohols and Phenols with Electrochemically Reduced CO42

Entry Substrate Product Yield?
OH 0CO, Et
] 54
7 8
OH OCO, Et
9 10
OH 0CO, Et
11 12
! @XOH 13 92
13
OH OEt
5
R, R, R, R,
R, R,
14a: R,=R;=CH;; Ry=H 15a: 1;1 =Ry=CHy; Ry=H 12¢
l4b: R] =R3=H, R2=OCH3 15b. 1_R3 —H, RZ—OCH3 9d
(CH,),0H (CH,);0CO, Et
6 50
OH OH
16 17e

a Reactions were carried out as described in Table 2 entry 5; ® Yields based on the starting alcohols and
phenols refer to the isolated product; © Phenol 14a (78%) was also recovered; 4 Phenol 14b (76%) was also
recovered; ¢ Ethylated phenol 17 (21 %) and ethylated phenol 16 (13 %) were also recovered.
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Raising the temperature to the reflux temperature results in a lowering of the amount of carbonate recovered
(Table 2, entry 2). Better results were obtained when activated 4 A molecular sieves were added to the system.
Ethyl-3-phenylpropy! carbonate 6 was isolated in 69 % of yield (Table 2, entry 3). No further increase of the
yield was observed when a larger amount of electricity than 2.0 F mol-! of substrate was used or when long
reaction times (2 days) before the addition of EtI were allowed to pass (Table 2, entries 4 and 5).

The methodology with the optimised conditions was extended to other hydroxylated substrates. As
shown in table 3, primary alcohols furnished better yields of carbonates with respect to secondary ones (Table
3 entries 2 and 3). A tertiary alcohol was stable to the reagent (Table 3, entry 4), while phenols were only
ethylated in poor yields (Table 3, entry 5). Furthermore the stability of phenolic hydroxy groups allows the
selective carboxylation of polyhydroxylated compounds (Table 3, entry 6).

The overall mechanism of the reaction is now under study.
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