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Synthesis of A~Carboxy Alanine Anhydride from Alanine and Dimethyl
Carbonate over NaZnPO, in One—pot

Jia, Xiaoyan Li, Zhenhuan*
(School of Materials Science and Engineering, Tiangong University, Tianjin 300387)

Abstract In this paper, the environmentally friendly synthesis of N-carboxy alanine anhydride (Ala-NCA) from alanine and
dimethyl carbonate (DMC) over NaZnPO, was carried out in one-pot, and the NaZnPO, catalyst with the acid-base double
active sites was prepared by the solid phase synthesis method. The X-ray diffraction spectrometer (XRD) was used to char-
acterize the structure of NaZnPQ,, and the reaction products were analyzed by the high performance liquid chromatography
(HPLC) with evaporative light scattering detector (ELSD). The GC-MS characterized result of obtained Ala-NCA was ex-
tremely consistent with that of the standard sample, which indicated that Ala-NCA was synthesized successfully. When the
reaction was carried out at 150 ‘C for 8 h, the maximum 46.84% yield of Ala-NCA can be obtained in DMF solvent. As the
reaction temperature increased to 160 ‘C, Ala-NCA yield significantly declined because of the instability of Ala-NCA at
higher temperature. However, there was no Ala-NCA formation without catalyst existence because DMC is not easy to un-
dergo carboxymethylation with amino acids. NaZnPO, could be recycled, but Ala-NCA yield declined to 38.62% after the
fifth cycle. The reasons for that were attributed to the catalyst surface area reduction and the active site loss of Na-O and
Zn*". The reaction between DMC and amino acids over NaZnPO, were characterized by TG-MS-IR, and the possible cata-
lytic mechanism was provided. Namely, Zn?>" and Na-O in NaZnPO, perform an effective acid-base synergistic catalysis, on
the one hand the basic Na-O active sites play an key role on amino group deprotonation, which promotes the carboxymethyl-
ation of amino acids with DMC, on the other hand the acid active sites of Zn*>* can well catalyze the cyclization of interme-
diate into Ala-NCA. In this cyclization process, NaZnPO, also can transfer the trapped protons to carboxymethylation inter-
mediate to facile the formation of target compounds.

Keywords N-carboxy alanine anhydride; dimethyl carbonate; carboxymethylation; acid-base coordination catalysis; cy-
clization
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Figure 1 XRD spectra of catalysts. (A: uncalcined catalyst, B: the cal-
cined catalyst at 500 C)
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Figure 2 Effect of catalysts at different calcination temperatures and
reaction time on the yield of Ala-NCA
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Figure 7 Nitrogen adsorption and desorption isotherms of NaZnPO, with the reaction cycles (a: before reaction; b, c: number of cycles: 2, 4)
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Figure 8 Curves pore size distribution of NaZnPO, with the reaction cycles (a: before reaction; b, ¢: number of cycles: 2, 4)
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Table 1 Pore structure properties of NaZnPO,4 with the reaction cycles

Sample Total pore volume/ BET surface area/
(NaZnPOy) (em’eg ) (mPeg Y
SRR 0.0124 7.285
& 2 X 0.0074 3.731
&3 4 X 0.0070 3.650
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Figure 9 (A) XPS spectra of NaZnPO, with the reaction cycles; (B) the relationship between N content and reaction cycles; (C) the element content of
Zn and Na with the reaction cycles (a: before reaction; b, c: number of cycles: 2, 4)
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0.6 mL/min, Z L2858 E JJREFTE 300 kPa, R E IR
FE#EL 100 C. HIRFZYMIE S S heeE—FE, H
NMR FIZLAMGE S — 330 Ala-NCA RIh & L.
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