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THE CONDENSATION REACTION BETWEEN ISOCYANATES AND CARBOXYLIC ACIDS. 

A PRACTICAL SYNTHESIS OF SUBSTITUTED AMIDES AND ANILIDES. 

Ian S. Blagbrough, Neil E. Mackenzie: Claudio Ortiz and A. Ian Scott 

Department of Chemistry, Texas A&M University, College Station, Texas 77843 

Summag: Addition of a carboxylic acid to an isocyanate initially .yields the mixed 
acid-atihydride, decarboxylation of which leads to the N-substituted amide. The 
conversion of acid into amide was shown to proceed similarly for both aliphatic and 
aromatic carboxylic acids with a range of substituted isocyanates. 

The conversion of the carboxylic acid functional-group into the corresponding carboxylic 

amide (peptide) is a transformation of paramount importance in bioorganic chemistry and the 

methods available to achieve this transformation are legion. 1,2 The preparation of amides 

accomplished by the addition of a carboxylic acid to an isocyanate3 has received little 

attention, although the reaction conditions are mild and the yields are frequently good. 
4 

The reaction does not require any activation of the carboxylic acid functionality (3., 

mixed anhydride or acyl azide), the problem of racemisation of an optically active amide, 

when HCl is a product of the reaction, is absent and the need for dehydrating agents (e.g., - 

DCC or EEDQ) is also obviateds5 In this Letter we summarise our observations on the ___- 

synthetic utility of this approa;,, ,~h to N-substituted amides (see Scheme 1). 

0 
5; 

R 
A +i 

OH 
N\R, 

- R&,R' 

H 

Scheme 1 ---- 

Aliphatic isocyanates react readily with carboxylic acids, presumably by addition of the 

carboxylate salt to the electropositive sp carbon of the isocyanate. The intermediate mixed 

anhydride is not isolated, indeed it is not stable under the conditions of tk? reaction. 

Carbon dioxide is evolved and this, together with the disappearance of the N=C=O stretch in 

the infrared spectrum ( v 2260 cm-'), allows the progress of the reaction to be monitored. 
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We have found that dry aromatic hydrocarbons are very convenient solvents for the reaction 

and the pure product can generally be obtained following one recrystallisation of the residue 

which remains after the solvent has been removed. As with all reactions of isocyanates, the 

exclusion of atmospheric moisture is essential if hydrolysis is to be avoided. 

In a typical procedure, a solution of chloroacetic acid (1) (ZOO mg, 2.1 mM), Z-chloroethyl 

isocyanate (2) (446 mg, 4.2 mM) and dry triethylamine (10 mg, 0.05 equiv.) in dry toluene (2 ml) 

was heated to 60°C in an argon atmosphere for 2 h, when no more CO2 was evolved. The cooled 

solution was concentrated in vacua and the residue was recrystallised from hexane which gave the -- 

desired (N-2-chloroethyl)-2-chloroacetamide (3) (82%). 3-Phenylpropanoic acid was likewise 

converted into the amide (4) (73% after chromatography on Si02 gel, eluant hexane:EtOAc 3:2). 

Similarly, phenylacetic acid and benzoic acid gave the N-alkyl amides (5) and (6) in good yields 

(47% and 53% respectively). 

Aromatic isocyanates do not react as efficiently as the aliphatic isocyanates in the 

preparation of amides. Phenyl isocyanate (7) gave only the urea (8) (carbanilide) (48%) when 

treated with benzoic acid; the anilide (9) (31%) was prepared, as well as carbanilide (50%), 

from phenylacetic acid and the isocyanate (7). The biochemically important e-nitroanilides are 

often difficult or impossible to prepare from e-nitroaniline. 
6 

However, e-nitrophenylisocyanate 

(10) can be utilised efficiently in the synthesis of such compounds without any prior activation 

of the carboxylic acid, 7 The nitroanilide (11) (59%) was obtained from benzoic acid although 

the reaction was faster than with aliphatic isocyanates (30 mins at 60°C). 

N-Chloromethyl amides are a highly reactive class of compounds which have so far received 

little attention. In a representative procedure* for their formation, the carboxylic acid is 

converted into the unsubstituted amide which is then treated with aqueous formaldehyde and the 

isolated N-hydroxymethyl amide is exposed to PC15 (Scheme 2). Chloromethyl isocyanate (12) is 

an efficient reagent for achieving all the transformations depicted in Scheme 2 in a "one-pot" 

and essentially one-step reaction. The N-haloalkyl amides have a reactivity similar to that of 

acid chlorides; 
9 

there is a large contribution from the mesoisomerism of the nitrogen lone pair 

and the methylidene iminium (Mannich-type) salt lo is an electrophilic species. Not surprisingly, 

therefore, the N-haloalkyl amides undergo facile hydrolysis. However, the product of the 

hydrolysis of amide (13) was benzoic acid and not benzamide; this is in contrast to the amide 

(15), derived from chlorosulphonyl isocyanate (14), the hydrolysis of which is known to yield 

the primary amide (16).l' 

No mechanism for the decarboxylation step has been presented above; we 12 and others13'14 

have shown that the carbon atom which is lost is the sp carbon of the isocyanate, but the 

detailed mechanism is not yet known. Nonetheless, isocyanates deserve full consideration as 

reagents for the synthesis of amides. 



1253 

(4) C’ 

OCN 

(6) 6 

(6) (9) 

H 

OCNmNo2 RNm 
0 

(IO) (II) No2 

RCOOH - RCONH, - RCONHCH,OH + RCONHCH,CI 

Scheme 2 

cl-NC0 
0 

Itf-CI 
(12) H 

03) 

(14) (15) (16) 



1254 

Acknowledgements 

We thank the National Institutes of Health (AM32034) for financial support. 

References 

1. A. L. J. Beckwith in "The Chemistry of Amides", Ed. J. Zabicky, Interscience, 1970, 

pp. 73-185; B. C. Challis and J. A. Challis in "Comprehensive Organic Chemistry", Eds. 

D. H. R. Barton and W. D. Ollis, Pergamon Press, 1979, Vol. 2, pp. 958-86; for a 

comprehensive summary of synthetic routes to amides, see: J. March, "Advanced 

Organic Chemistry", 3rd Ed., John Wiley and Sons, Inc., 1985, p. 1152. 

2. J. P. Greenstein and M. Winitz, "Chemistry of the Amino Acids", John Wiley and Sons, 

Inc., 1961, pp. 763-1295; Y. S. Klausner and M. Bodansky, Synthesis, 1972, 453 and 

1974, 549; M. Bodansky, Y. S. Klausner and M. A. Ondetti, "Peptide Synthesis", 2nd Ed., 

John Wiley and Sons, Inc., 1976; H. Dugas and C. Penney, "Bioorganic Chemistry", 

Springer-Verlag, 1981, pp. 54-81. 

3. A. Wurtz, Annalen, 1849, II, 326; C. Naegeli and A. Tyabji, Helv. Chim. Acta, 1934, 17, 

931 and 1935, 18, 142; P. A. S. Smith, w. React., 1946, 3_, 337 (377). 

4. S. Goldschmidt and M. Wick, Annalen, 1952, 575, 217; M. Chorev, E. Rubini, C. Gilon, 

U. Wormser and Z. Selinger, 2. Med. 3., 1983, a, 129. 

5. For a more complete discussion of the problems associated with the preparation of 

peptides see ref. 2. 

6. N. Nishi, S. Tokura and J. Noguchi, Bull. Chem. Sot. Japan, 1970, 43, 2900; C. J. Gray, --- 

J. Boukouvalas and S. A. Barker, Tetrahedron, 1982, 3&, 1465. 

7. _. cf N. E. Mackenzie, J. P. G. Malthouse and A. I. Scott, Biochem. J., 1985, 226, 601. ___- 

8. H. Bohme, R. Broese and F. Eiden, Chem. Ber., 1959, 2, 1258. -- 

9. H. Hellmann in "Newer Methods of Preparative Organic Chemistry", Ed. W. Foerst, Academic 

Press, 1963, Vol. 2, 277 (286). 

10. H. Bohme and M. Haake in "Advances in Organic Chemistry", Eds. H. Bohme and H. G. Viehe, 

John Wiley and Sons, Inc., 1976, Vol. 9i, pp. 107-223. 

11. R. Graf, m. fi., 1956, 50, 7861a. 

12. Following the procedure detailed in ref. 7 [13C-amido]-L-carbobenzyloxylysine e-nitro- 

anilide was prepared from [13C02H]-L-lysine. 

13. A. Fry, 2. Amer. Chem. z., 1953, 75, 2686. 

14. cf. F. Krafft and H. Karstens, Chem. Ber., 1892, 25, 452; B. Pawlewski, ibid., -- - 

1899, 32, 1425; H. Wittmann, 0. Sobhi and K. Dehghani, z. Naturforsch., 1974, s, 414; 

R. N. Ram, R. Ashare and A. K. Mukerjee, m. E., 1983, 569. 

(Received in USA 8 November 1985) 


