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ABSTRACT: A green, environmentally friendly, and nontoxic
method was developed to synthesize carboxylic anhydrides
(NCAs) from γ-benzyl-L-glutamate (BLG) and dimethyl
carbonate (DMC) though two steps: synthesis of N-methox-
ycarbonyl-γ-benzyl-L-glutamate intermediate (NOM-BLG) and
cyclization. The highest yields of NOM-BLG (up to 83.7%) and
NCA-BLG (up to 66.7%) were obtained. Most importantly, the
use of DMC will open an innovative door to synthesize NCAs.

With the development of protein-directed evolution
technology,1 the diversity of polypeptides and proteins

from ring-opening polymerization2,3 of carboxylic anhydrides
(NCAs) has been increasingly investigated for various
chemical and biomedical applications,4−6 such as drug delivery,
artificial tissues, etc.7,8 Therefore, it is extremely indispensable
to give more attention to the preparation of NCAs, which are
highly useful monomers for preparing polypeptides.9,10

The original synthesis methods of NCAs and their
applications in the construction of polypeptides were reported
by Leuchs11 in 1906. Subsequently, different synthetic
methods using amino acid derivatives and halogenating agents
(SOCl2, PBr3, PCl3) were developed.12 Other researchers13,14

made a breakthrough on direct NCA synthesis through the
reaction of amino acids with phosgene, triphosgene, or
diphosgene,15 and the various NCAs and well-defined
polypeptides can be obtained from amino acids and phosgene
compounds. However, those methods have many disadvan-
tages and limitations because of their lethal toxicity and highly
corrosive byproduct, HCl.16,17 In some other synthetic routes
to NCA, methyl chloroformate,18 NO/O2,

19 and bis(2,4-
dinitrophenyl) carbonate (DNPC)20 were considered as good
cyclization reagents, but they also suffered from the similar
toxicity problems.21 In summary, plenty of restrictions on the
NCA synthetic process still exist, incluing being operationally
difficult, harmful to the human body, incapable of large-scale
production, difficult to obtain high purity products, and so on.
Therefore, it is especially necessary to develop an environ-
mentally friendly22 and nontoxic NCA synthetic route, which
will strongly benefit the technological development of
polypeptides and protein engineering.
Dimethyl carbonate (DMC) is a suitable and desirable

candidate as an alternative to phosgene,23 and it is completely

qualified as an environmental compound to synthesize various
chemicals such as polycarbonate,24 methyl benzoate, furazoli-
done,25 etc. DMC can also be considered as an effective
carbonylation reagent due to the following advantages
compared with bisarylcarbonates, methyl chloroformate, and
phosgene.26,27 (1) The structure of DMC contains some high
reactivity functional groups, such as −CH3, CH3O−, and
−CO, which are easy to synthesize intermediate products
with amino acid derivatives.28 (2) When the active center site
on the carbonyl group is attacked by a nucleophilic substance,
−CO will be broken and then recombine to a new
substance. After DMC carbonylation, the decomposition
byproduct methanol is convenient to handle.20,29 (3) DMC
is nontoxic, much more economical, safely stored, and utilized.
Therefore, the employment of DMC will open an innovative
door to the synthesis of NCAs.
Herein, we report our preliminary investigation on the

synthesis of NCAs of γ-benzyl-L-glutamate 1 from DMC in
tetrahydrofuran (THF), and a unique NCA synthetic method
that consisted of two steps (Scheme 1) was developed: The
first step is the synthesis of intermediate N-methoxycarbonyl-γ-
benzyl-L-glutamate 3, and then the pure intermediate was
obtained through extraction with hexane or petroleum ether.
The influences of various solvents, different temperatures, and
DMC/amino acids ratios on the yields of the intermediate
were investigated. The second step is the preparation of
corresponding NCA from the cyclization of the intermediate.
It turned out that THF was a good solvent for the following
cyclization reaction due to the poor solubility of NCAs and its
extreme sensitivity to water.
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The characterized results of 1H NMR, 13C NMR, and
elemental analysis (Supporting Information) were extremely
consistent with the molecular structure of compound 3, which
indicated that the intermediate was successfully synthesized,
and it would be applied to carry out the cyclization reaction to
synthesize NCA. During the conversion process of DMC, there
was the formation of other byproducts from the esterification
reaction of the carboxyl group, the methylation of the nitrogen
atom, and both (Scheme 2), which resulted in a relatively low
yield of the intermediate.

As shown in Figure 1, there was no intermediate formation
in three solvents when the temperature was less than 70 °C.
The maximum yield reached 83.7, 73.4, and 60.3% in DMF,

DMSO, and THF, respectively. However, there was a
downward trend of the intermediate yield with an increase in
temperature. This tendency was consistent with the reactivity
of DMC functional groups (−CO, −CH3) at different
temperatures. Namely, carbonylation took place when a
nucleophilic substance mainly attacked the carbonyl carbon
of DMC at low temperature, whereas methylation occurred
when the nucleophilic reagent primarily attacked the methyl
group at high temperature (greater than 90 °C). The highest
reactivity of carbonyl carbon appeared at 100 °C, which was
conducive for reacting with the nitrogen atom in compound 1.
The relationship between intermediate yield and BLG/

DMC mole ratios is listed in Figure 2. When the BLG/DMC

molar ratio was 1:2, the highest yields achieved were 83.7 and
74.6% in DMF and DMSO, respectively. The slightly excess of
DMC was indispensable because it would partially volatilize at
100 °C (boiling point 90 °C). Theoretically, there was a
competitive reaction between methylation and carbonylation
of the nitrogen atom in compound 1. The electrophilicity of
carbonyl groups was much higher than that of methyl group;
therefore, the carbonyl groups had advantages to react with the
nitrogen atom. On the other hand, excess DMC probably
reacted with the carboxyl group in compound 1 to form the
corresponding ester, but it was detrimental to the cyclization
reaction in the next step. In addition, the unfavorable water
byproduct would cause the hydrolysis of DMC and BLG,
resulting in significant reduction in the yield of the
intermediate. Therefore, it turned out that the optimum
BLG/DMC mole ratio was 1:2.
The influence of various solvents on the intermediate yield

was investigated, as indicated in Table 1. The different reaction
effects were attributed to the consequence of solvent polarities
and solubility of compound 1. The order of the solvents’
polarity strength is as follows: DMSO, DMF, 1,4-dioxane,
THF, cyclohexanone, ethyl acetate, dichloromethane and
cyclohexane. The strongly polar DMF and DMSO could
significantly improve the solubility of compound 1 at the same
reaction temperature and time. The formation of a
homogeneous solution system promoted the formation of an
intermediate. However, compound 1 did not dissolve in these
solvents with lower polarity during the reaction, which resulted
in no intermediate being obtained in reaction systems. The

Scheme 1. Reaction Process

Scheme 2. Products in the Reaction

Figure 1. Relationship between the isolated yield (%) and
temperature (°C) of compound 3 in three solvents.

Figure 2. Relationship between the isolated yield (%) and BLG/
DMC mole ratios of compound 3 in two solvents.
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compound 3 formation reaction was significantly dependent
on the properties of solvents, and the weak tendency of the
self-transfer proton and the strong ability of dissolution would
improve the yield of compound 3.
The same peak positions and molecular fragments of NCA-

BLG 4 were detected in the reaction solution, which were
perfectly consistent with the standard sample. Therefore, it
could be confirmed that compound 4 has been successfully
prepared. Other peaks at 5.136 min were attributed to the
benzyl alcohol formation from the hydrolysis of compound 3,
which was further confirmed by mass spectrometry (Support-
ing Information).
To obtain the pure product compound 4, it was quite

essential to strictly control the reaction conditions. Some
challenges existed during the synthesis process, such as the
immense difficulties preparing a stable cyclic compound, the
extreme sensitivity to aqueous environments, and the strong
probability of ring-opening polymerization.
As described in Figure 3, the effect of different temperatures

on the efficiency of the cyclization reaction has been

investigated. The results indicated that both low temperature
and high temperature were not conducive to the cyclization
reaction, and there was almost no compound 4 formation
under low-temperature and high-temperature conditions. After
8 h reaction at 90 °C, a maximum yield of 66.7% was detected.
There was a downward tendency as the reaction time
increased. The cyclization reaction was limited at low
temperature, whereas the ring-opening polymerization reaction
was prone to occur at high temperature due to the extreme

instability of compound 4. In addition, the benzyl ester
underwent hydrolysis, resulting in the formation of benzyl
alcohol byproduct.
A novel NCA synthetic technology has been developed by

employing DMC instead of phosgene as carbonyl reagent, and
this method was environmentally friendly and effortless to
operate. The new NCA synthetic method from DMC and
amino acid consisted of two steps.
For the carbonylation of DMC with amino acid, the

optimized synthesis conditions played a key role in the
intermediate product selectivity. When the ratio of BLG and
DMC was equal to 1:2, the reaction was carried out at 100 °C
for 5 h in aprotic polar solvents, in which the highest yield of
83.7% for compound 3 was obtained in DMF. In the
cyclization reaction of compound 3, glacial acetic acid was
employed as cyclization reagent to synthesize compound 4,
and a maximum yield of 66.7% was obtained after cyclization at
90 °C for 8 h.
Although there are still some disadvantages to this process,

such as low yield of intermediate and NCA, formation of some
byproducts, requirement of an anhydrous environment, etc.,
this method was indeed highly innovative. Furthermore, the
employment of DMC will open an innovative door to the
synthesis of NCAs. The power of this synthetic method may be
applicable to polypeptide preparation and protein evolution in
the near future.
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