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Synthesis and Mechanism Studies
on Amide Bond Formation by
Hexamethylphosphoramide (HMIPA)

Jianbo Hou,! Tongjian Wang,! Kan Lin,! Guo Tang,!

and Yufen Zhao!?

Department of Chemistry, The Key Laboratory for Chemical Biology
of Fujian Province, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen, P. R. China

2The Key Laboratory of Bioorganic Phosphorus Chemistry, Department
of Chemistry, School of Life Science and Engineering, Tsinghua
University, Beijing, P. R. China

In this paper, hexamethylphosphoramide (HMPA) was used as the organic phos-
phorus coupling reagent for the synthesis of amide bond. The reaction mechanism
was tracked and investigated through 1P NMR.

Keywords Hexamethylphosphoramide (HMPA); mechanism; triphosgene

Protein and peptide with the amide bond backbone play important role
in the organism. For the production of the amide bond, there are several
known methods, such as Yasutsugu Shimonishi method,! N-carboxyl
anhydride (NCA) method,? and DCC-HOSu method.?

Appel had applied the organic phosphorous coupling reagents (e.g.,
triphenylphosphine) for the synthesis of peptide derivatives.*~7 In this
article HMPA was used as amide bond coupling reagent, and the mech-
anism was studied.

The reaction was traced by 3'P NMR (Figure 1).

Triphosgene was dissolved in solvent (anhydrous dichloromethane)
and was dropwised to a stirred carboxylic acid and HMPA (a) in an-
hydrous dichloromethane at 0°C, the phosphinic carboxylic mixed an-
hydride (b) was formed. And then the above solution was dropwised to
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FIGURE 1 The Stack 3'P NMR Spectra for the Synthesis of amide bond.
a: Hexamethylphosphoramide and b: phosphinic carboxylic mixed anhydride.

the amine in anhydrous dichloromethane at 0°C. The amide bond was
formed. After extraction, HMPA could be reused (Scheme 1).

0

0 0
I -C- 0 R,NH 0 1
NN RiICOOH &g AR® o T RNHCR R FHO
/| /
A b a R, =-CHj, -CgH;
R, = -CH,CH,CH,CHj3, -C¢Hs, -CH,C¢Hs
SCHEME 1
REFERENCES

[1] Y. Shimonishi, S. Sakakibara, and S. Akaborn, Bull. Chem. Soc., 1962, 35 (1966).

[2] M. Hinrich, W. Siegfried, H. Hors, and G. Karl, Patent, DE 3206784A1, WO
83/02390A1.

[3] K. Toshihisa and K. Masahiko, Patent, U.S. 5,032,675, EP. 0,311,057A2.

[4] R. Appel and M. Roland, Chem. Ber., 110, 2385 (1977).

[5] R. Appel and S. Heinfried, Chem. Ber., 110, 2382 (1977).

[6] G.Tang and Y. F. Zhao, Chin. Chem. Lett., 16(3), 385-388 (2005).

[7] Y. F. Zhao, G. Tang, and N. Zhou, Patent, PCT/CN03/00417, WO 03/106481 A1l.



