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An expedient synthetic procedure of benzil derivatives from aryl bromides was developed using vinylene
carbonate as a glyoxal equivalent in a palladium-catalyzed reaction. The reaction involved a sequential
diarylation of vinylene carbonate to form 4,5-diaryl-1,3-dioxol-2-one, ring-opening to benzoin derivative,
and an oxidation process.

� 2011 Elsevier Ltd. All rights reserved.
1,2-Diketones are very important structural moieties in numer-
ous biologically interesting compounds and are broadly utilized for
construction of complex structures in organic synthesis.1 Among
the numerous 1,2-diketones, benzil derivatives have received a
special attention. Usually benzil derivatives have been synthesized
by oxidation of alkynes,2 acyloin condensation of aldehydes and a
subsequent oxidation,3 coupling of acyl cyanide,4 Pd-catalyzed ary-
lation of arylglyoxals with arylboronic acids,5a and other meth-
ods.5b–f To the best of our knowledge, there is no precedent
synthetic method of benzils from haloarenes.

We reasoned that vinylene carbonate (2) could be used as a
two-carbon unit, a glyoxal equivalent, in a Pd-catalyzed Heck type
reaction with bromobenzene (1a) to form 4,5-diphenyl-1,3-dioxol-
2-one (4a) or benzil (5a), as shown in Scheme 1. The most impor-
tant point in our rationale is that a Heck reaction between PhPdBr
and vinylene carbonate could occur via a formal anti-elimination of
HPdBr presumably via a facile formation of an oxonium ion inter-
mediate II (vide infra).6,7

Thus, we examined the reaction of 1a and 2 under various con-
ditions as shown in Table 1. At the outset of our studies we used
ll rights reserved.
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K2CO3 in DMF at 90 �C (entry 1); however, benzil (5a) was produced
in low yield (5%). The use of Cs2CO3 in refluxing CH3CN increased
the yield of 5a to 15% (entry 2). The reaction under DMF/Cs2CO3

conditions raised the yield of 5a to 46% (entry 3). Increasing the
amount of a palladium catalyst (entry 4) provided a good yield
(74%) of 5a. Finally, the yield of 5a was improved to 81% at 120 �C
(entry 5) within short time (30 min).8 Reducing the amount of bro-
mobenzene (entries 6 and 7) decreased the yield of 5a. The yield of
5a was similar with that of entry 5 when we used excess amounts of
bromobenzene (entry 8). Thus we chose entry 5 as the optimum
conditions. Interestingly, 4-phenyl-1,3-dioxol-2-one (3a) was iso-
lated in low yield (entry 9) when we used Et3N in DMF (vide infra).
The use of iodobenzene produced low yield of 5a (entry 10). In this
case, reductive dimerization to biphenyl was the major pathway.
The reaction with chlorobenzene failed completely (entry 11).

Encouraged by the successful results, we examined the reaction
with various aryl bromides 1a–j and the results are summarized in
Table 2. The reactions with p-bromotoluene (1b), o-bromotoluene
(1c), p-bromoanisole (1d), m-bromoanisole (1e), 1-bromo-4-chlo-
robenzene (1f), 2-bromonaphthalene (1g), 1-bromonaphthalene
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Table 2
Synthesis of benzil derivatives 5a-j
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aArBr (1a–j, 3.0 equiv), vinlyene carbonate (2, 1.0 equiv), Pd(OAc)2 (10 mol %), PPh3

(20 mol %), Cs2CO3 (2.2 equiv), DMF, 120 �C, 1 h.
bReaction time is 30 min.
cMixed benzil derivative was formed in trace amounts (<5%).
dMixed benzil 7 was isolated in 12% (see Scheme 2).

Table 1
Optimization of reaction conditions for the synthesis of benzil (5a) from bromobenzene (1a)

Entry Conditionsa 5ab (%)

1 1a (3.0 equiv), Pd(OAc)2 (5 mol %), PPh3 (10 mol %), K2CO3 (2.2 equiv), DMF, 90 �C, 1 h 5
2 1a (3.0 equiv), Pd(OAc)2 (5 mol %), PPh3 (10 mol %), Cs2CO3 (2.2 equiv), CH3CN, reflux, 2 h 15
3 1a (3.0 equiv), Pd(OAc)2 (5 mol %), PPh3 (10 mol %), Cs2CO3 (2.2 equiv), DMF, 90 �C, 1 h 46
4 1a (3.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (2.2 equiv), DMF, 90 �C, 1 h 74
5 1a (3.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (2.2 equiv), DMF, 120 �C, 30 min 81
6 1a (2.2 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (2.2 equiv), DMF, 120 �C, 30 min 55
7 1a (1.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (1.0 equiv), DMF, 120 �C, 30 min 60c

8 1a (4.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (3.0 equiv), DMF, 120 �C, 30 min 79
9 1a (3.0 equiv), Pd(OAc)2 (10 mol %), Et3N (3.0 equiv), DMF, 120 �C, 30 min 0d

10 Iodobenzene (3.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (2.2 equiv), DMF, 120 �C, 30 min 36
11 Chlorobenzene (3.0 equiv), Pd(OAc)2 (10 mol %), PPh3 (20 mol %), Cs2CO3 (2.2 equiv), DMF, 120 �C, 1 h 0

a Vinylene carbonate (2, 1.0 equiv) is common.
b Isolated yield based on 2, and appreciable amounts of biphenyl were observed.
c Yield based on 1a.
d 4-Phenyl-1,3-dioxol-2-one (3a) was isolated in 27%.
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(1h), methyl 3-bromobenzoate (1i), and methyl 4-bromobenzoate
(1j) were examined. The corresponding benzil derivatives 5b–i
were obtained in good to moderate yields (55–78%) except 5j
(41%). In all entries, the corresponding biaryl derivatives (24–46%
based on 1a–j) and arenes (0–7%) were formed as side products.
The reactions with aryl bromides having an electron-withdrawing
substituent showed a sluggish reactivity in the reaction. As exam-
ples, we could not obtain the corresponding benzils in appreciable
amounts for the reactions of 2-bromobenzaldehyde and 2-
bromopyridine.

It is interesting to note that appreciable amounts of aryl–aryl
interchange reaction of ArPdL2Br (L = PPh3) complexes9 has been
observed when we used aryl bromides having a methoxy group
such as 1d and 1e. As an example, mixed benzil 7 (12%) and mixed
biaryl 8 (6%) were formed together when we used p-bromoanisole
(1d), as shown in Scheme 2.10

In order to prepare an unsymmetrical benzil derivative such as
9 (Scheme 3), we examined the synthesis of 4-phenyl-1,3-dioxol-
2-one (3a). As stated above (entry 9 in Table 1), compound 3a
was isolated in 27% when Et3N was used as a base. After a few trials
we could increase the yield of 3a to 45% when we used DABCO as a
base.11 With this 3a in our hands, compound 9 was synthesized in
high yield (90%) by the reaction with 2-bromonaphthalene (1g).

The mechanism for the formation of benzil (5a) could be postu-
lated as shown in Scheme 4. Syn-carbopalladation of PhPdBr to
vinylene carbonate (2) produced an intermediate I. The intermedi-
ate has no syn-b-hydrogen atom with respect to -PdBr moiety,
thus compound 3a cannot be formed by usual b-H elimination.
Instead, 3a could be formed via a facile deprotonation of the oxo-
nium ion intermediate II that produced via an SN1 type solvolysis
process.6,12 A subsequent arylation of 3a produced 4a by following
the same mechanism. Compound 4a might be ring-opened to pro-
duce benzoin III presumably by the moisture in the basic reaction
mixture.11 The oxidation of III to 5a could be conducted, in part, by
a base-mediated aerobic oxidation.3a,13 In another part, a Pd0/1a-
mediated redox process14 could convert III to 5a as well as 1a to
biphenyl (6a) at the same time. Biphenyl (6a) was isolated in
28% (based on 1a) along with 5a (81%, based on 2) under the typ-
ical reaction conditions (entry 5 in Table 1), while the reaction of
1a without vinylene carbonate (2) produced 6a in only 5%. The re-
sults stated that the presence of III increased the yield of 6a, and a
redox process is obviously contributing to the formation of 5a and
6a.

In summary, a facile synthetic procedure of benzil derivatives
from aryl bromides was developed using vinylene carbonate as a
glyoxal equivalent in a palladium-catalyzed reaction. The reaction
involved a sequential diarylation of vinylene carbonate to form
4,5-diaryl-1,3-dioxol-2-ones, ring-opening to benzoin derivatives,
and an oxidation process.
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