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-4 2 g. sample of the mono-acid-amide I11 readily dissolved 
in cold dilute potassium hydroxide solution. On refluxing 
this solution for 3 hr., ammonia was evolved, and there was 
obtained, on acidification of the cooled solution, 1.6 g. 
(80%) of diacid 11, m.p. 216-217'. This melting point was 
not depressc,d on admixture with diacid I1 prepared from 
the conjugate addition of phenylacetic acid and ethyl 
cinnamate as described above. A mixed melting point with 
the mono-acid-amide I11 was depressed to 185-190'. 

Conjugate addition of ethyl phenylacetate with ethyl cin- 
namate. To mi stirred solvtion of 0.1 mole of sodium amide in 
300 ml. of Liquid ammonia was added 16.4 g. (0.1 mole) 
of ethyl phenylacetate in an equal volume of ether, and the 
resulting solution stirred for 15 min. 4 solution of 17.6 g. 
(0.1 mole) of ethyl cinnamate in an equal volume of ether 
was added, and the ammonia was replaced by ether. The 
resulting ether suspension was refluxed on the steam bath 
for 30 min. cooled, and decomposed with ice water. The 
ethereal layer (with which was combined three ether ex- 
tracts of the aqueous layer) was dried over Drierite, and the 
solvent removed. The residue was distilled tn uacuo to give 
6.5 g. of recovered ethyl cinnamate, leaving a residue that 
solidified afler standing a t  room temperature for one day. 
This solid ivas recrystallized from ethanol to give 22 g. 
(65%) of white diester IV, m.p. 76-77' (lit. m.p. T5-75.5').7 
The higher melting isomer of diester IV is reported to 
melt at 92-'33°.17 

.A 6 g. sample of diester I V  was refluxed 6 hr. nith an 

(17) W. Eorsche, Ber., 42, 449i (1909). 

aqueous solution of potassium hydroxide containing ap- 
proximately an equimolar amount of this base. After cooling 
and removing a small amount of gummy residue, the alka- 
line solution was acidified with iced hydrochloric acid. The 
resulting white precipitate was recrystallized from a mix- 
ture of ether and petroleum ether (b.p. 3G60") to give 2.5 
g. (50%) of diacid 11, m.p. 193-196". This melting point 
was not depressed on admixture with a sample of diacid 11. 

Cyclization of diacid ZZ. A solution of 5 g. of diacid I1 
in 150 g. of liquid hydrogen fluoride contained in a poly- 
ethylene bottle was allowed t'o stand in a hood at  room tem- 
perature overnight, during ;r-hich time the hydrogen fluoride 
had evaporated. The result'ing gummy residue was dissolved 
in ether, and the yellow solution was poured into dilute 
potassium hydroxide. The two layers were separated. The 
orange-red aqueous alkaline layer was cooled in an ice bath 
and acidified with iced hydrochloric acid to precipitate 4.5 g. 
of a n-hite semi-solid which was presumably hydrindone V. 
This product resisted crystallization from the usual organic 
solvents, but it readily gave a yellow-orange 2,4-dinitro- 
phenylhydrazone in 48oj, over-all yield. After two recrystal- 
lizations from ethanol, this derivative melted at 262-263' 
(softened at  258") in agreement with t'he melting point, 
reported for it when hydrindone V x a s  prepared by the 
cyclization of the anhydride of I1 by means of aluminum 
chloride. 8 

Anal. Calcd. for C23HI806SI: C, 61.88; H, 4.06; X, 12.55. 
Found: C, 61.66; H, 4.17; S, 12.75. 
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Preparation of a considerable number of mixed csrbosylic-carbonic anhydrides shows that they are mor e stable than 
previously suppxed. Some are stable crystalline solids, and many of the liquid ones can he distilled without decomposition. 
They have b ?en charact3rizod by anitlvsis, except in the case of some liquids which could not be distilled, and by the prep- 
aration of solid derivatives. 

The mixed carboxylic-carbonic anhydrides, 
RCOOCOOR, have been widely used for the prepa- 
ration of amide and particularly of peptide link- 
a g e ~ . ~ , ~  It has also been found that they can be used 
for numerous acylation reactions on carbon, such 
as acylation of malonic and acetoacetic esterJ4 the 
formation of ketones from organocadmium com- 
p o u n d ~ , ~  2nd preparation of diazoketones from 

(1) Uonsanto Fellow, 1956-5i. 
(2)  J. R. Vaughan, Jr . ,  J .  .4m. Chem. SOC., 73, 3547 

(1951); R. A. Boissonnas, Helv. Chim. Bcta, 34, 874 (1951); 
T. Wieland and H. Bernhard, Ann., 572, 190 (1951) 

(3)  E.g., J .  R. Vaughan, Jr., and R. L. Osato, J .  -47%. 
Chem. SOC., 73, 5553 (1951); 74, 6 i6  (1952); J .  R.  Vaughan, 
Jr., and J. A .  Eichler, J .  Am. Chem. Soc., 75, 5556 (1953); 
76, 2-174 (1954); V. du Vigneaud, C. Ressler, J. XI. Swan, 
C. W, Roberts, P. G. Katsogannis and S. Gordon, J .  Am. 
Chern. Soc., 75, 4879 (1953); 76, 3107 (1954); B. R. Baker, 
J. P. Joseph, R. E. Schaub, and J. H. Williams, J .  Org. 
Chem., 19, 1786 (1954). 

(4 )  D. S. 'rarbell and J .  A. Price, J .  Org. Chem., 22, 245 
(195i).  

d i a ~ o m e t h a n e . ~ ~ ~  In the recent work in which the 
mixed anhydrides mere generally no 
attempts were made t o  isolate them, and the impres- 
sion is given that they are unstable compounds.2s3 
In early workJ6 several mixed anhydrides were pre- 
pared from the acid aiid ethyl chlorocarbonate; 
they were described as unstable oils and were not 
characterized suitably. More recently, the mixed 
anhydride has been isolated from benzylpenicillin 
in the form of a rather unstable gum.' Small yields 
of the mixed anhydrides I11 and IV have been ob- 
tained by oxidation of a-keto esters I and I1 by 

(5 )  B. R. Baker, F. J. McEvoy, R. E. Schaub, J. P. 
Joseph, and J. H. Williams, J .  Org. Chem., 18, 161 (1953). 

(6)  Knoll and Co., German Patent 117,267 [Chem. Zentr., 
72, 347 (1901); Friedlander, VI, 1461. 

( 7 )  R. L. Barnden, R.  M. Evans, J. C. Hamlet, B. A. 
Hems, A. B. A. Jensen, M. E. Trevelt, and G. B. Webb, J .  
Chem. Soc., 3733 (1953); D. A. Johnson, J .  Am. Chem. SOC., 
75, 3636 (1953). 
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peracids; the products were purified by fractional 
distillation, and showed satisfactory analyses.8 

R'COaH 
RCOCOOEt -+ RCOOCOOEt 

I, R = C6Hb 111, R = CQH, 
IV, R = CH, 11, R = CH', 

Cyclic anhydrides, of the Type T', derived from 
salicylic or glycolic acid, have been prepared, and 
show reasonable ~ tab i l i t y .~  Pr'evertheless, as far 
as we have been able to  discover, there was 110 

8 v 
crystalline mixed anhydride of the type 111-ITT 
known, and only the examples mentioned above 
appear to  have been obtained pure. 

We were therefore surprised to  iso1ate'O a 
stable crystalline compound, whose analysis, in- 
frared spectrum, and conversion to the amide 
showed that it had the structure VI. This compound 
was ohlained from an attempt to  regenerate funia- 
gillin methyl e\tw by an esterification using the 
mixed rtnhydride TI and the alcohol moiety of 
fumagillin. The mixed anhydride TI IT-as pre- 

F 8  
C I ~ H ~ ~ O ~ O H  + CzHj0 -0- (CH=CH)aCOOCHa --+ 

VI 
0 

1 1  
CI~HZ,O~-O-C( CH=CH)aCOOCHz + COL + CzH60H 

pared in the usual way from methyl hydrogen 
decatetraenedioate" and m-as uqed in situ; the 
mixed anhydride was iqohted from the reaction 
mixture 

This result suggested that mixed anhydrides 
derived from high-melting carboxylic acids might 
be stable compounds. Furthermore, the availability 
of stable pure mixed anhydrides would permit the 
investig:ttion of a number of problems of both 

(8) P. Karrer and F. Haab, Helv. Chim. t ic ta ,  32, 950 
(1949). 

(9)  L. 4. Dupont, French Patent 771,653 [Chem. Abstr., 
29, 816 (1935)]; A. E. Chichibabin, Compt. rend., 213, 355 
(1941); ITr. H. Davies, J .  Chem. SOC., 1357 (1951). A cyclic 
anhydridti similar to V has been obtained by D. Burn and 
W. Rigby, J .  Chem. Soc , 2967 (1957) by degradation of 
marrubiin. 

(10) We are indebted to Dr. John A. Price for this 
experiment. 

(11 )  For studies on the structure of fumagillin, see J. R. 
Schenck, 31. P. Hargie, and A. Isarasena, J .  Am. Chem. 
SOC., 77, 5606 (1955); D. S. Tarbell, P. Hoffman, H. R. 
Al-Kazimi, G. [A. Page, J. M. Ross, H. R. Vogt and B. 
Wargotz, J .  Am Chem. SOC., 77, 5610 (1955); J. M. Ross, 
D. S. Tarbell, R. E. Lovett and A. D. Cross, J .  Am. Chem. 
SOC., 78, 4675 (1956). 

(12) C. J. Brown and J. K. Landquist, Chena. and I n d .  
(London) ,  973 (1!%53) 

~- 

synthetic and mechanistic character, which would 
increase our knowledge of the chemistry of this 
class. We have therefoie undertaken a survey of 
the preparation of representative mixed anhydrides, 
the results of which are shown in Table I. 

The assignment of the mixed carbonic-carboxylic 
anhydride structures to  these materials is based on 
the elementary analysis, the typical anhydride 
double peaks (separated by about 60 cni.-l) in the 
carbonyl region of the infrared, and, in a number of 
cases, the preparation of solid derivatives. The 
mixed anhydrides can decompose by the following 
paths 

0 

R 8 8  -0- -O-C2H, ---it R il -0CzHs + COz (A) 

+ R 8 8  -0- 

'i 
0 
I1 + C~H~OC-OC~HE + C01 (B) 

The occurrence of either of these modes of reaction 
in our samples would be apparent from the elemen- 
tary analysis, since both paths i\, and B involve 
elimination of carbon dioxide; furthermore, A 
yield5 the ester RCOOCZH,, and B gives the di- 
alkyl carbonate C2H50-COOCzHj Thece types 
have normal ester carbonyl absorption in the in- 
frared, and their abieuce in the mixed anhydride 
sample< is clear from the infrared spectra of the.e 
samples. 

The method of preparation of the mixed anhy- 
drides involved washing with aqueous bicarbonate 
solution, and it is apparent that this treatment does 
not decompose the anhydrides. The mixed anhy- 
dride5 can therefore be made at room temperature 
and without particular regard to  the exclusion of 
water. This was demoiistrtaed hy the preparation of 
the propionic anhydride, in refluxing ether and with 
undried iindistilled reagents. The product prepared 
under these conditions gave the same yield of pro- 
pionanilide as the product prepared at  0' under 
anhydrous conditions. 

It is possible, of course, that mixed anhydrides 
derived from acylaniinoacids, which are the ones 
most carefully investigated heret o f ~ r e , ~ , ~  are more 
unstable than the unaniinated typez described here. 

EXPERIMENTAL 

Preparation and isolation of carboxylic-carbonic anhy- 
drides. A dry ethereal solution of equimolar quantities of the 

(13) J. Herzog, Ber., 42, 2557 (1909); A. Einhorn, Ber., 
42, p. 2772; T. Wieland and H. Bernhard, Ann., 572, 190 
(1951). 

(14) Melting points are uncorrected. Microanalyses are 
by Miss Annette Smith and Microtech Laboratories. 
Yields are based on starting materials taken and do not 
take into account any recovered starting material, 
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pure acid and freshly distilled triethylamine was cooled to 
0” in an ice bath. With stirring, an equivalent amount of 
ethyl chlorocarbonate was slowly added so that the tem- 
perature remained near 0’. The mixture was stirred an 
additional 1.5 hr. during which time it  slowly warmed to 
room temperature. The amine salt was filtered (nearly 
quantitative yield in every case) and washed with ether. 
The combined filtrate was washed with sodium bicarbonate 
solution and water, and after drying over magnesium sul- 
fate was evaporated under vacuum a t  room temperature. 
The crystalline mixed anhydrides were recrystallized for 
analysis from ether-petroleum ether or benzene-petroleum 
ether. 

Methb 1 hydrogen decatetraene-dioate was prepared12 by the 
action of methanolic sodium hydroxide on fumagillin and 
melted :It 209-210’; the reportedI2 value is 217-218”. 

Methb 1 hydrogen decatetraene-dioic acid chloride and amide. 

A mixture of 0.50 p. of methyl hydrogen decatetraenedioate, 
0.6 g. of phosphorus pentachloride, and 10 cc. of petroleum 
ether was refluxed for 1.75 hr. The solvent and phosphorus 
oxychloride were removed under reduced pressure, yielding 
0.28 g. of product, m.p. 151-154’ with decomposition. 

Anal .  Calcd. for C11H11C103: C, 58.28; H, 4.90. Found: 
C, 58.32; H, 5.05. 

Treatment of a chloroform solution of the ester acid 
chloride above with ammonia gas gave a white precipitate 
of the corresponding amide, m.p. 209-210’ after recrystal- 
lization from aqueous methanol. This product gave no de- 
pression on mixed melting point with the amide prepared 
by action of ammonia gas on the mixed anhydride VI. 

Anal .  Calcd. for CllHI3NO3: C, 63.75; H, 6.32. Found: 
C, 63.33; H, 6.50. 

ROCHESTER, K. Y. 
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The action of a series of ten secondary amines on benzoic-carbonic anhydride leads in each case to urethan formation in 
addition to amide formation, with urethan predominating in most cases. Increasing the steric hindrance around the amino 
nitrogen increases the ratio of urethan to amide. A series of mixed anhydrides in which the carboxylic acid component 
was varied was treated with n‘-methylaniline. Pivalic acid and aromatic acids gave more urethan than amide; other acids, 
without alkyl or aryl substitution on the a-carbon, gave more amide than urethan. The results are discussed in the light of 
other work on reactions of unsymmetrical anhydrides. 

It has been shown that mixed carboxylic-carbonic 
anhydrides are very useful for acylation of primary 
amines to  form amides,’ and for formation of 
phthalimides from phthalamic acids,3 as well as for 
various acylations on carbon. lt4 We were therefore 
surprised t o  find that an attempt to  prepare the bis- 
amide from AT-methylandine and a phthalic acid 
derivative gave a very unsatisfactory result. A study 
of the action of N-methylaniline on benzoic- 
carbonic anhydride showed that the main product 
was N-methyl-N-phenylcarbamate, instead of the 

expected Ar-methylanilide. The action of a series of 
representative secondary amines on this mixed 
anhydride mas therefore studied, as well as the 
action of N-methylaniline on a series of mixed an- 
hydrides in which the carboxylic acid component 
was varied. The results show that secondary amines 
usually react with mixed carbonic anhydrides t o  
form a mixture of urethan and amide; the former 
may predominate, depending on the compounds in- 
volved. These results may be useful in considering the 
mixed carbonic anhydrides for synthetic operations. 

( 1 )  Previous papers in this field: ( a )  D. S. Tarbell and 
J. A. Price, J .  Org. Chem., 22, 245 (1957); ( b )  D. S.  Tarbell 
and N. A. Leister, J .  Org. Chem., 23, 1149 (1958). Reference 
Ib contains adequate references to  the earlier literature. 

(3)  B. R. Baker, J. P. Joseph, R. E. Schaub, and J. H. 

(4) J. A. Price and D. S. Tarbell, Org. Syntheses, 37, 20 
Williams, J .  Org. Chem., 19, 1786 (1954). 

(2)  Monsanto Fellow, 1956-1957. (1957). 


