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nitrogen atmosphere had been maintained; thereafter, the re- 
action products were handled in air without special precau- 
tions. The cthcr layer was mixed with L50 cc. of water and 
the et.her removed a t  reduced pressure. A whit,e precipitate 
of aminoethyl ester separated as the ether distilled. This 
niat,erial, after drying in a vacuum desiccator melted a t  128- 
138" and weighed 19.9 g. (83'3). The first crystallization 
from toluene gave a 9G';i, recovery of ester melting a t  139.5- 
14l0, arid the second recrystallization an 80y0 recovery of 
ester (over-all yield of purified material, 64%), n1.p. 141- 
142"; neutralization equivalent, determined by titration with 
standard hydrochloric acid, 242; calcd. for ClbH13BOX, 239. 

To prove the presence of the benzyl group in the molecule 
a 0.539-g. sample of the ester was oxidized with 2.5 g. of 
potassium permanganate in 50 cc. of water made alkaline 
with potassium hydroxide. After the initial exothermic reac- 
tion, an additional 2.5 g. of permanganate was added and 
the mixture Farmed on a steam bath for 15 min. It was 
then cooled, decolorized with et,hylene glycol, acidified, 
cleared of manganese dioxide with sodium hydrogen sulfite, 
and extracted with ether. The mixture of acids isolated from 
the ether wits separated by sublimation to give benzoic 
acid (sublimate) m.p. 121-122", 0.217 g. (80%); and ben- 
zencboronic wid (residne) as the oxide, m.p. (193-197'), 

In another degradation 1.00 g. of ester was shaken with 
33' hydrochloric acid and ether for several seconds to effect 
hydrolysis. The ether layer was evaporated on a steam bath 
to leave an 07.1 which was warmed with 10 cc. of 5y0 potas- 
sium hydroxide solution. Air was passed through the solu- 
tion for an hour then the mixture separated into neutral 
and organic acid products. From the acid portion was ob- 
tained 0.358 g. (70yo) of benzeneboronic acid (m.p. 222- 
223'), proving bhe presence of a phenyl-horon linkage in the 
aminoethyl ester; and from the neutral fraction was isolated, 
following treatment with 3,5-dinitrobenzoyl chloride, 0.08 g. 
of benzyl 3,5-dinitroberizoate, m.p. 111-113" (undepressed 
on mixture ni th  an authentic sample). 

Aminoethyl butylphenylborinate. By the procedure de- 
scribed for the benzyl compound 13.8 g. (71%) of aniino- 
ethyl butylphenylborinate m.p. 104-107', Tvas obtained 
from 0.103 mde of dibutyl henzeneboronate and 0.103 mole 
of n-butylmagnesium hromide. One recrystallization from 
toluene-hexane raised the melting point to 106-107" (12.2 
g., 60y0 yield 1, and a subsequent recrystallization raised the 
melting point to 108-108.5'. As expected, aromatic C-H 
absorption w s  m a k  in the infrared whereas aliphatic C-H 
absorption TYas st.rong. 

Anal. Calctl. for C12H?oBON; C, 70.26; H, 9.83; N, 6.83; 
neut. equiv., 205. Found: C, 69.97; H, 9.42; iS, 7.18; neut. 
equiv., 206 (C!, H, and N analyses by H. Beck). 

Mercuric ckiloride in ethanol cleaved 1.241 g. of the amino- 
ethyl ester in ethanol to give 1.8 g. (957,) of phenylmercuric 
chloride. In  imot~her experiment, 0.92 g. of ester was hy- 
drolyzed with hydrochloric acid, the reaction products 
taken up in ether and the ether evaporated. Sufficient oxi- 
dation had occurred that 0.2 g. (37oj,) of benzeneboronic 
acid coiild be isolated from the residue. 

Aminoethyl 1-methylheptylphenylbo~~nate. By the above 
procedure 23.5 g. of crude est,er, m.p. 85-92', was isolated 
from a reaction of 0.090 mole of dibutyl benzeneboronate 
with 0.090 mole of l-methylhept~.lmagnesium bromide. Re- 
crystallization from hexane that contained a small amount 
of benzene yielded 12.83 g. (5570) of the aminoethyl ester, 
m.p. 93-95", neut. equiv. 2%; calcd. for ClsHgSBON, 261. 
Acid hydrolysis of the aminoethyl ester in the presence of 
air yielded, :ts in the case of the butylphenylborinate, 
benzeneboronic acid, 0.153 g. (64y0). The ease of oxidation 
of this mixed horinic acid points up the value of ethanol- 
amine as a tocd for worlting with this class of compounds. 

0.079 g. (29%). 
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Although it has beeii demonstrated by several 
workers that amides can be acetylated with ketene, 
the number of such esamples is rather limited. Rice 
and co-workers* prepared N-phenyldincetamide by 
passing ketene into acetanilide at  140". They sug- 
gested that N-acetylbenzamide was formed simi- 
larly from benzamide a t  180" but that it decom- 
posed into benzonitrile as the reaction progressed. 
Later, Padgham and Polya? isolated N-ncetylbenx- 
amide and diacetamide by passing ketene into 
molten benzamide and acetamide, respectively. 
The use of sulfuric acid as a catalyst in the forma- 
tion of N-phenyldiacetamide from ketene and 
molten acetanilide was reported by Sniirnova3 and 
others. 

In  this present study seven amides, namely: 
acrylamide, methacrylamide, cyanoacetamide, p-  
toluamide, formamide, acetamide, and benzamide, 
have been successfully acetylated by ketene. Of 
these, the first four were treated n ith ketene for the 
first time. These reactions were carried out in a 
suitable solvent and in some cases in the presence of 
catalytic amounts of sulfuric acid. When sulfuric 
acid was used it was necessary to mash it from the 
reaction mixture as sooii as possible after the re- 
action was completed. Continued contact with the 
catalyst in most instances caused decoinposition of 
the acetylated product with a proportional de- 
crease in yield. Monoacetyl derivatives were formed 
with the exception that formamide yielded A -  
formyldiacetamide. This triacylated ammonia is 
crystalline, a fact of interest in connection nith 
Smirnova's3 statement that triacetylammonia is a 
liquid. N-Ace tylacrylamide and N-ace tylmet h- 
acrylamide, prepared in the present study, are two 
additional new compounds reported for the first 
time, and their melting points are recorded. The 
melting point of cyanoacetamide is also recorded, 
as well as that of N-formyldiacetamide. The carbon, 
hydrogen, and nitrogen content of the latter is also 
reported in support of its identity. 

EXPERIMENTAL 

The ketene used was generated by the pyrolysis of acetone 
using the lamp previously de~cribed.~ The amides were each 
individually placed in the gas absorption apparatus designed 
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TrlBLE I 
KETENE ACETYLATION PRODUCTS OF AMIDES 

A rnide 
Cata- Wl’., “C. _.__ Mol. ___- w t .  -__ sc;: Recyst. 

Solvent lvst Obs. Lit. Found Calctl. Found C‘:tlcd. Solvent 

-\cetaniide Ligroin HgSOa 
Acrylamide Ether CUSOc 
Benzamide Benzene H2SO4 
Formamide‘ Ether + ethanol H2SOa 
Methacrylamide Ether None 

p-Toluvmide Benzene Hi304 
Cyano:tcetamide Benzene HzSO4 

79 78-79’ 100 101 . . .  . . . Acetone 
200 . . .  . . .  . . .  12.8 12.4 Insol. 
114 115* 162 163 . . .  . . , Ethanol 
10T . . .  130 120 10.5 10 .8  Water 

Dec. a t  . . . . . .  . . .  11.1 11.0 Ether 
300 
145 147d 179 177 . . .  . . . .hetone-H?O 
115 . . .  126 126 22.0 22.2 .Acet,one 

‘ W. Hentschel, Ber., 23, 2394 (1890). * C. E. Colby and F 
diacetyl formamide. Anal. Calcd. for C S H ~ N O ~ :  C, 46.5; H, 
2650 (1888). 

by Bolstad and DunbarJ6 together with a suitable solvent, 
and an acetylation catalyst3 or a polymerization6 inhibitor 
in one instance. 

B typical acetylation is that of benzamide, which is de- 
scribed in detail. Exceptions to this procedure for other 
amides will be noted. A suspension of 3.6 g. (0.03 mole) 
benzamide and two drops of concentrated sulfuric acid in 
70 ml. of benzene was agitated with a magnetic stirrer a t  
room temperature while 0.03 mole of ketene was passed 
through the suspension. Care was taken to avoid any appre- 
ciable excess of ketene. The resulting product was soluble 
in the solvent. ilt the end of the run the solution was washed 
with 25-ml. portions of water until the washings were neu- 
tral to litmus, and the solvent was then allowed to evaporate 
a t  room temperature. The resulting product was recrystal- 
lized from a minimum amount of 9570 ethanol. Yields were 
essentially quantitative except for mechanical loss in han- 
dling and recrystallizing the product. The molecular weights 
were determined by the Rast method? using camphor as 
the solvent. The nitrogen content was determined by the 
micro-Kjeldahl method.* Physical constants and other sig- 
nificant data are recorded in Table I. 

Concvntrated sulfuric acid proved to be a satisfactory 
catalyst for most of these acetylations. The unsaturated 
amides, however, when acetylated in the presence of sulfuric 
acid, formed gelatinous polymeric products. Methacryl- 
amide was acetylated satisfactorily without any catalyst, 
but acrylamide had to be stabilized with copper sulfate. 
When acetamide was acetylated in hot ligroin it formed an 
oily insoluble product that was isolated with a separatory 
funnel, jolidified at - 5 ” ,  and was recrystallized from ace- 
tone. The diacetamide, contrary to most of the reaction 
products, was relatively stable a t  elevated temperatures. 

Formamide was so insoluble in most inert organic solvents 
as to make acetylation nearly impossible even when the sus- 
pension was vigorously agitated. However, when the forma- 
mide was dissolved in an equal volume of ethanol, the re- 
sulting inivture mas then found to be soluble in ether and 
the sarnt’ could then be successfully acetylated. For this p r e p  
aration 1.35 g. of formamide was, therefore, dissolved in 3 
ml. of 9570 ethanol and 70 ml. of anhydrous ether was then 
added, Ketene was then passed into the solution until two 
equivalents had been provided on the assumption that the 
ethanol would react with an equal amount of ketene. How- 
ever, a t  the end of this period, the ketene was being ab- 

( 5 )  I,. L. Bolstad and R. E. Dunbar, Z n d .  Eng. Chem., 
Anal. Ed., 15, 498 (1943). 

(6) “Technical Bulletin Acrylamide,” American Cyana- 
mide Co., Petrochemical Department, Yew York, N. Y. 
(1956). 

( 7 )  A. SteyermarK, Quantitatioe Organic Microanalysis, 
McGraa-Hill Publishing Co., New York, 1951, p. 82. 

(8) T. S. M a  and G. Zuazaga, Ind. Eng. Chem., Anal. Ed., 
14,280 (1942). 

D. Dodge, Am. Chem. J . ,  13, 1 (1891). 
5.42. Found: C, 47.2% and H 5.50%. 

Product isolated was 
G. Glock, Ber., 21, 

sorbed so completely and readily that a third equivalent was 
provided. The crystalline product was isolated by permit- 
ting the solvent to evaporate a t  room temperature, and add- 
ing water to the femaining liquid. Bccording to Smirnova and 
co-workersJ3 the literature regarding acetylated amides is 
“erroneous and contradictory. ” They report that triacetyl- 
ammonia is a liquid a t  room temperature and leave the 
reader with the impression that this is the case with all 
similarly trisubstituted ammonias. It has been found, how- 
ever, that treatment of formamide with excess ketene 
yielded a solid product with a molecular weight of 130 cor- 
responding to the diacetyl derivative and a nitrogen con- 
tent of 10.57,, also corresponding to the diacetyl deriv- 
ative. Their conclusion is supported only by a nitrogen 
determination while this study reports not only the nitrogen 
percentage, but percentages of carbon and hydrogen, as well 
as molecular weight. 
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Sodium diphenylmethide prepared from di- 
phenylmethane and sodium amide in liquid 
ammonia has recently? been alkylated TTith alkyl 
halides in this medium t o  form hydrocarbons of the 
type (CeH&CHR, where R is an alkyl group or a 
phenyl-substituted alkyl group. 

This reagent has nom been alkylated similarly 
with P-diethylaminoethyl chloride to form ter- 
tiary amine I in 83y0 yield (Equation 1). 

KaiYHz ClCHrCH2N(CzHs)z 

l iq .  NHI 
(C8H&CH2 --+ (CGKS)&HNa P 

~~ 

(1) Supported by the Duke University Research Council. 
( 2 )  C. R. Hauser and I’. J. Hamrick, ,Jr., J .  Am. Chem. 

floc., 79, 3142 (1957). 


