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 In the presence of diphosphorus tetraiodide, a variety of weak 

carboxylic acids readily react with amines to form the corresponding 

amides in high yields.

 Dehydrative condensation of weak carboxylic acids with amines is too slow to 

serve as a practical process for amide synthesis.1) Thus the activation of carbox-

yl function is necessary to facilitate the reaction through the intermediate forma-
tion of reactive esters, acid anhydrides, or acyl-onium compounds. The reagents 

introduced for such purposes include carbodiimide,2) phosphines,3) phosphonates,4) 

boranes,5) metal or pseudometal halides,6) 2-halopyridinium salts,7) activated acet-

ylenes,8) and azole derivatives. 9) However, many of these are not free from some 

drawbacks such as limited availability, by-product formation, inconvenient handling, 

high costs, competing side-reactions, or low stability.

 Diphosphorus tetraiodide (P214) is an easily prepared and handled dehydrating 

agent,10) which can effect the conversion of aldoximes, 11) amides,12) and nitroal-

kanes13) into nitriles under mild conditions. On continuing our research on the 

reactivity of P2I4, we report herein a mild coupling reaction of a variety of weak 

carboxylic acids with amines in the presence of P2I4.

 A general procedure is as follows; amine (1.0mmol) and 2,6-lutidine (1.0mmol) 

are added to a suspension of P214 (1.0mmol) in dry carbon tetrachloride (10ml) and 

the mixture is stirred for several minutes to form a white precipitate. A solution 

of carboxylic acid (1.0mmol) in dichloromethane (10ml) is then added with stirring. 

The precipitate goes into solution to give a yellow homogeneous mixture, which is 

heated under gentle reflux for several hours. After cooling, the mixture is quench-

ed with 1M-hydrochloric acid, the organic phase is separated, washed with 5%-sodium
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Table 1 Amides Obtained from the P214-assisted Condensajion 

 of Carboxylic Acids with Amines

carbonate solution, dried with sodium sulfate, and evaporated to leave the expected 

amide as a sole product, which is further recrystallized from methanol. Yields of 

products range from 85 to 100%. The reaction can be carried out at room tempera-

ture, but it usually takes much longer time for completion. As apparent from the 

Table, the present method is especially attractive for converting weak or hindered 

amines into amides. 

 The reagent may also be used for the synthesis of some peptides. Thus N-ace-

tyl- and N-benzyloxycarbonyl-D,L-phenylalanylglycine ethyl esters were obtained in
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467, and 53% yields, respectively from the corresponding N-protected D,L-phenylala-

nine and glycine ethyl esters. 

 The use of P214 as a coupling agent for the amide synthesis has some distinct 

advantages; commercial availability, ease of handling (crystalline solid with no 

fuming property), simple work-up (oxygen-containing phosphorus by-products are wa-

ter-soluble), mild reaction conditions (neutral and non-aqueous media; temperature

below ea. 50℃),  compatibility with various functionalities, and high purity of

products. 

References 

 1) For a general survey, see: B.C. Challis and A.R. Butler, in "The Chemistry 

of the Amino Group", S.Patai, ed., Interscience, London, p. 277 (1968); 
"The Chemistry of Amides"

, J.Zabicky, ed., Interscience, London (1970); 

N. Kato, in "Shin-jikken Kagaku Koza", Vol. 14-II, Maruzen, Tokyo, p.1134 

 (1977). 

 2) DicycZohexylcarbodiimide (DCC): W.A. Bonner and P.I. McNamee, J. Org. Chem.,

26, 2554 (1961); for a recent review of carbodiimide chemistry, see: A. 

Williams and I.T. Ibrahim, Chem. Rev., 81, 589 (1981). 

 3) TriphenyZphosphine/carbon tetrachloride L.E. Barstow and V.J. Hruby, J. 

 Org. Chem., 36, 1305 (1971). 

Tris(dimethylamino)phosphine/carbon tetrachloride: B. Castro and J.R. 

Dormoy, Bull. Soc. Chim. Fr., 1971, 3034. 

TriphenyZphosphine/cupric chloride/p,p'-dichZorodiphenyZ disulfide: R. 

Matsueda, H. Maruyama, M. Ueki, and T. Mukaiyama, Bull. Chem. Soc. Jpn., 

 44, 1373 (1971). 

TriphenyZphosphine ditrifZate: J.B. Hendrickson and S.M. Schwartzman, 

Tetrahedron Lett., 1975, 277. 

 4) DiphenyZ phosphonate/pyridine: N. Yamazaki and F. Higashi, Tetrahedron 

 Lett., 1972, 5047. 

Diphenyl phosphorocyanidate: S.I. Yamada, Y. Kasai, and T. Shioiri, Tetra-

hedron Lett., 1973, 1595. 

DiphenyZ phosphorobromidate: A. Gorecka, M. Leplawy, J. Zabrocki, and A. 

Zwierzak, Synthesis, 1978, 475. 

 5) TrimethyZ borate: A. Pelter, T.E. Levitt, and P. Nelson, Tetrahedron, 26, 

 1539 (1970). 

Boron trifZuoride etherate: J. Tani, T Oine, and I. Inoue, Synthesis, 

 1975, 715. 

CatechoZborane: D.B. Collum, S.C. Chen, and B. Ganem, J. Org. Chem., 43, 

 4393 (1978). 

 6) Silicon tetrachloride: T.H. Chan and L.T.L. Wong, J. Org. Chem., 34, 2776 

 (1969). -

Titanium tetrachloride: J.D. Wilson and H. Weingarten, Can J. Chem., 48, 

 983 (1970). 

 7) 2-Iodopyridinium iodide: J.K. Sutherland and D.A, Widdowson, J. Chem. Soc., 

 1964, 4650.



452 Chemistry Letters, 1983

 2-Fluoropyridinium iodide: T. Mukaiyama, Y. Aikawa, and S. Kobayashi, Chem. 

 Lett., 1976, 57. 

 8) Dimethylpropargylsulfonium bromide: G.D. Appleyard and C.J.M. Stirling, J. 

 Chem. Soc., C, 1969, 1904. 

3-Dimethylamino-l-phenyl-2-propyn-l-one: M. Neuenschwander, U. Lienhard, H. 

 P. Fahrni, and B. Hurni, Helv. Chim. Acta, 61, 2428 (1978). 

 9) 6-Chloro-1-(p-chlorobenzenesulfonyloxy)benzotriazoZe: M. Itoh, H. Nojima, 

 J. Notani, D. Hasegawa, and K. Takai, Tetrahedron Lett., 1974, 3089. 

 2-Chloro-N-methylbenzothiazolium triflate: F. Souto-Bachiller, G.S. Bates, 

and S. Masamune, J.C.S. Chem. Commun., 1976, 719. 

10) N.G. Feshchenko and A.V. Kirsanov, Zh. Obshch. Khim., 30, 3041 (1960); H. 

 Suzuki and T. Fuchita, Nippon Kagaku Kaishi, 1977, 1679. Now available 

 from the Aldrich Chemical Co., and Fluka AG. 

11) H. Suzuki, T. Fuchita, A. Iwasa, and T. Mishina, Synthesis, 1978, 905; J. 

 N. Denis, R.Magnane, M. Van Eenoo, and A. Krief, Nouveau J. Chim., 3, 705 

 (1979). 

12) H. Suzuki and N. Sato, Nippon Kagaku Kaishi, 1981, 121. 

13) J.N. Denis and A. Krief, Tetrahedron Lett., 1979, 3995. 

(Received January 13, 1983)


