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Abstract

The efficient synthesis of N-(diphenylmethylene) glycine alkyl esters was achieved for the first microwave irradiation under
solvent-free condition, using PEG or quaternary ammonium salts as phase transfer catalysts (PTCs). Under the optimum conditions,
N-(diphenylmethylene) glycine alkyl esters were obtained in excellent yields in most cases.
© 2009 Sheng Yong Zhang. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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Since the past three decades, N-(diphenylmethylene) glycine esters have received considerable attention due to
their wide use to make biologically active substances [1]. For instance, they served as good substrates for asymmetric
alkylation, Mannich-type reaction and aldol reaction to make all kinds of natural and unnatural a-amino acids [2].
Several methods have been reported to prepare N-(diphenylmethylene) glycine alkyl esters [3—6]. Due to it’s attractive
as an industry process, we are interested in Eils et al.’s route [7], in which benzophenone imine directly reacted with «-
substituted acetate esters. However, this methodology has some limitations such as not high yields, tedious aqueous
workup and toxic solvents (N-methylpyrrolidone, CH;CN, DMF, or DMSO). As far as green chemistry concerned,
there is a rapid need to develop a simple and efficient method for the synthesis of these compounds.

Recently the use of microwave irradiation has become an increasingly popular and useful technique to accomplish
various organic reaction types including nucleophilic substitution, cycloaddition, and organometallic reaction in an
efficient way. One of the most popular application is to form C-N bond [8]. Many studies have reported the N-
alkylation of amines [9], however, to our best knowledge, the N-alkylation of imines under microwave irradiation
condition has not been reported. Herein, we report an environment-friendly solvent-free method with high efficiency
to synthesize N-(diphenylmethylene) glycine alkyl esters using microwave irradiation.

In the initial experiment, we investigated the nucleophilic reaction of #-butyl chloroacetate and benzophenone
imine (Scheme 1). Under solvent-free condition, when Et;N was used as base, although it was a homogeneous
reaction, the conversion was low after oil bath heating of 24 h at 90 °C. When K,COj3 was used, as a heterogeneous

* Corresponding author.
E-mail address: syzhang@fmmu.edu.cn (S.Y. Zhang).

1001-8417/$ —see front matter © 2009 Sheng Yong Zhang. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
doi:10.1016/j.cclet.2009.06.019


mailto:syzhang@fmmu.edu.cn
http://dx.doi.org/10.1016/j.cclet.2009.06.019

1406 Q.J. Wang et al./Chinese Chemical Letters 20 (2009) 1405-1407

Ph Base Ph
DENH Ol _COyBu ————————> )=N<_CO,Bu
Ph Oil bath heating Ph

Scheme 1. The nucleophilic reaction under oil bath heating.

reaction, PTC was needed. With the help of PEG-400, 44% yield was obtained after 24 h oil bath heating at 130 °C.
Considering that long-time heating was not efficient, we introduced the microwave irradiation into this transformation.
It was found that the yield could be improved to 90% under solvent-free condition by microwave irradiation for 30 min
at 650 W. Inspired by this result, we screened several parameters such as microwave power, temperature and reaction
time. It was found that 700 W, 120 °C and irradiating for 20 min were the optimal conditions. When the reaction time
was longer than 20 min, trace of benzophenone was detected; given stronger irradiation or higher temperature, deeper
color appeared and the yields decreased.

With optimized conditions in hand, we further assessed several PTCs and attempted to probe their roles in this kind
of reaction. The results are summarized in Table 1. It was found that the heterogeneous reaction could not occur
without PTC (Table 1, entry 7). Quaternary ammonium salts have also been tested to be effective PTCs in this
transformation, although the yields were slightly lower than those obtained by using PEG-400 (entries 3—-6). With the
increase of the molecular weight of PEG, the yields decreased dramatically (entry 1 vs entry 2). PEG-400 is the best
catalyst in this kind of microwave irradiation solvent-free N-alkylation reaction.

To probe the generality of the methodology, a number of a-halogen esters were examined with benzophenone imine
under optimal conditions. With use of the general procedure, a variety of N-(diphenylmethylene) glycine esters were
easily prepared (Table 2, entries 1-6 and 9). The yield decreased when R* was phenyl group (entry 7). Not surprisingly,
corresponding product yields decreased when disubstituted esters were used, which could be attributed to steric
hindrance (entry 8). The influence of the substituent X (Cl, Br) was also studied and change from chloride to bromide
did not have obvious impact on the yields of the products.

All the products were characterized by comparing their physical and spectral ('H NMR) data [10]with those of the
authentic compounds reported in literature. Compounds 1 and 2 were prepared respectively according to Ref. [11].

In conclusion, a fast and efficient method for the preparation of N-(diphenylmethylene) glycine esters has been
developed via solvent-free microwave-promoted N-alkylation of benzophenone imine. Shorter reaction time,
environment benign and excellent yields are some advantages compared the conventional heating. Moreover, it
represents the first successful synthesis of N-alkylation of imine using microwave irradiation to date.

Table 1
The effect of PTCs on N-alkylation of imine and 7-butyl chloroacetate under using microwave irradiation®

Ph PO, Ph

>=NH + Ch_-CO,'Bu M.. >:N____/C02]Bll.
Ph K;CO;, PTC  py
Entry Catalyst® Yield® (%)
1 PEG-400 98
2 PEG-1000 78
3 TBAB 90
4 TMAI %0
5 BTEAC 85
6 CTAB 47
7 - NR?

# Reaction conditions: z-butyl chloroacetate (5 mmol), benzophenone imine (5 mmol), K,CO; (6 mmol), quaternary ammonium salts (0.5 mmol)
or PEG (0.5 mmol), 700 W, 120 °C, 20 min.

® PEG: polyethylene glycol; TBAB: tetrabutyl ammonium bromide; TMALI: tetramethyl ammonium iodide; BTEAC: benzyltriethyl ammonium
chloride; CTAB: cetyltrimethyl ammonium bromide.

¢ Isolated yields.

4 No reaction.
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Table 2
N-Alkylation of imine and a-halogen esters using microwave irradiation®

2
Ph R 3 Microwave Ph R?

>=NH + X\kCOZR —_—_— >:N+C02R3
pi bl K,COs, PEG-400  py ¢ .

1 2 3

Entry Product X R' R? R’ Yield® (%)
1 3a Cl H H Me 97
2 3a Br H H Me 98
3 3b Cl H H Et 94
4 3c Cl H H i-Pr 93
5 3d Cl H H n-Bu 91
6 3e Cl H H t-Bu 98
7 3f Br H H Ph 80
8 3g Cl H Ph Et 69
9 3h Br H Me Et 93

# Reaction conditions: 1 (5 mmol), 2 (5 mmol), K,CO3 (6 mmol), PEG-400 (0.5 mmol), 700 W, 120 °C, 20 min.
® Isolated yields.
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