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[ CONTRIBUTIOX FROM THE h L L Y  RESEARCH LABORATORIES] 

Studies on Imidazoles. 11. The Synthesis of 5-Imidazolecarboxylates from Glycine 
and Substituted Glycine Esters 

BY REUBEN G. JONES 

A number of biologically important derivatives 
of imidazole including histamine, histidine, meth- 
ylhistidine and pilocarpine have substituents at- 
tached to the 4- or 5-position of the imidazole ring. 
Although methods of synthesizing these com- 
pounds have been rather thoroughly investigated, 
the methods generally involve many tedious steps 
and low yields. Therefore, i t  was of interest to in- 
vestigate more simple and direct ways of prepar- 
ing imidazoles with suitable substituents in the 
4(0r 5)- and 1,5-positions. 

This paper describes the synthesis of 5-imida- 

This reaction takes place smoothly when the acyl 
group (-COR') of A is formyl or acetyl but not 
when the acyl group is benzoyl. It was surprising 
to find that a pre-hydrolysis of A to form the in- 
termediate, RNHCH(CHO)COOCHs, was unnec- 
essary. The reactions were best carried out by 
adding acid and thiocyanate simultaneously to a 
water or water-alcohol solution of A and heating. 
Under these conditions the N-acyl group appeared 
to be rapidly cleaved. A number of 2-mercapto-5- 
imidazolecarboxylates prepared in this way are 
presented in Table I. 

TABLE I 
R 

I 
<h-f-COOR' 

'N-CH 
2-MERCAPTO-5-IMIDAZOLECARBOXYLATESz HS-C 

Empirical 
formula Yield, %a ' M.p., OC. 

Analyses, b 70 
(C and H or N) 

Calcd. Found R R' 
H CH3 CE.HENOZS 50 190-191 (dec.) 17.70 17.24 
H CzH6 CeHsN20zS 50-60 184 41 .84 ,4 ,68  42,03,4.99 
CHs CHs CEHBNZOZS 72-77 193-194 16.27 16.43 
(CHs)zCH CHs CsHizNzOzS 93 148-149 13.99 13.61 
C6HIlC CHs CiiH1&20zS 90 171-172 11.66 11.56 
CeHsCHz CHI CizHizNz02S 97 174-175d 58 .04 ,4 .87  58 .00 ,4 .88  
C E H ~  CH3 CiiHioNz02S 86 224-225 (dec.) 11.95 11.96 
CEH5 CzHs Ci2HizNzOzS 91 188-190 11.28 11.43 

5 Yields are based on the N-formylglycine esters (Table 111) as starting materials. Analytical samples were recrys- 
A second crystalline modification of this compound was also obtained 

When this melt was seeded with the higher melting form, it resolidified and then melted 
tallized from water or alcohol. 
which melted a t  146-147". 
again a t  174-175". 

Cyclohexyl. 

zolecarboxylates from glycine and N-substituted 
glycine derivatives. It is known that N-acylated 
glycine esters may be fonnylated by the Claisen 
method to give the sodium enolate salts of N-acyl- 
C-formylglycine esters,' [A]. 

R-N-CHz-COOCHa 4- HCOOCHs - R 
I I 

The mercaptoimidazoles of Table I were oxi- 
dized by the well-known nitric acid method3 to 
form the imidazoles listed in Table 11. This nitric 
acid oxidation was modified in that lower tempera- 

NaOCHa TABLE I1 

COR' HC<N-f--COOR' 
R-N-C-COOCHI 5-IMIDAZOLECARBOXYLATES 

'N-CH 
Nitrogen 

II I CHONa 
COR' 
A 

Empirical Yield, M.p., analyses," Yo 
R R' formula To OC. Calcd. Found 

H CzHs CaHsNzOzb 80-86 157-158 20.00c 19.70  
It has now been found that the sodium enolate C H ~  CHs CeHaNzOx 82-86 56-57d 20.00 19.81 
salts (A) may be treated with acid and thiocya- (CHa)zCH C H ~  CSHIZNZO~ 72 liquid' 16.66 16.34 
nate to yield 2-mercapto-5-imidazolecarboxylic gz E':: 13;45 l 3  .j7 

acid esters,2 (B). C6Hs C2H5 CnH1oNzOz 98 80-81 12.96 13.21 T1 R 
I a Samdes for analvses were recrvstallized from water 

h-C-COOCHs and/or 'alcohol. P>eviously prepared by a different 
method, see ref. 8. c A n a l .  Calcd.: C, 51.42; H, 5.75. 
Found: C, 51.47: H, 5.53. d B .  p. 115" (8mm.).  OB.?. 

R 129-131" (13 mm.). f Cyclohexyl. r Analyzed as the ni- 

A + 2HC1+ KSCN -+ HS-C< 11 
'N-CH 
I 

trate, see Experimental. 
(1) Erlenmeyer and Stoop, A n n . ,  331, 236 (1904). 
( 2 )  When the substituent, R ,  is hydrogen the compound must be (3) Marckwald, B o .  26, 2'354 (1892); Pyman, J. Chcm. Foc., 99, 

designated as a 4(or 5)-imidazolecarboxylate. 668 (1911). 
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tures and more concentrated nitric acid were used. 
It was observed that the oxidation of mercapto- 
imidazoles even in hot nitric acid did not take 
place unless oxides of nitrogen were present. 
However, by adding a little sodium nitrite to ini- 
tiate the oxidation, i t  was possible to carry out the 
reaction a t  25 or 30') and under these conditions 
there was no significant hydrolysis of the ester 
groups. 

Starting with the readily available glycine ethyl 
ester hydrochloride, the p;esent imidazole synthe- 
sis constitutes an excellent method for the prepa- 
ration of imidazole itself. By the following se- 
quence of reactions, imidazole has been obtained 
in over-all yields of 35 to 40% 

HCOOKa 

HCOOH 
HzNCH2COOCzHs.HCl ____f 

HCOOCzHs 
HCONHCH2COOCzHs _____f 

NaOCH3 
H C1 

HCONHCCOOC2Hs - 
I I  KSCN 
CHONa 

H 
I HNO, 

<S-i-COOCsHs - 
HS-C 

'N-CH 
H .  

H H 

The condensation of the sodium enolate salts 
A with cyanate took place less satisfactorily than 
with thiocyanate, and only moderate yields of 
1- substituted-2-hydroxy- 5 - imidazolecarboxylates 
were obtained. 

HCI 
HCONR-CCOOCHa - I I  NaOCN 

CHONa 
R 
I 
N-C-COOCHa 

I t  has been found that the carbalkoxy groups in 
imidazoles such as those of Table I1 can be read- 
ily converted to aldehyde, ketone, hydroxymethyl 
and other groups valuable for the synthesis of im- 
portant imidazole derivatives. This work will be 
the subject of a separate publication. 

Acknowledgment.-The writer expresses his 
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Experimental 
N-Formyl-N-substituted-glycine Esters.-These com- 

pounds, listed in Table 111, were prepared from the appro- 
priate amine hydrochlorides by the method4 illustrated in 
the following typical example. 

A mixture of 272 g. (2.0 moles) of cyclohexylamine hy- 
drochloride, 250 ml. of 40% formalin, and 100 ml. of 
water, in a flask provided with a stirrer, was cooled in an 
ice-bath, and with continuous stirring a cold concen- 
trated, aqueous solution of 130 g. (2.0 moles) of potassium 
cyanide was added in portions over a Beriod of two hours. 
The temperature was held below 10 , and a little solid 
carbon dioxide was added from time to time to maintain a 
carbon dioxide atmosphere. The mixture was stirred for 
one additional hour and then extracted with two 500-ml. 
portions of ether. After drying the solution over calcium 
oxide, the ether was removed by gentle warming, finally 
under vacuum. The crude cyclohexylaminoacetonitrile 
was dissolved in 2.5 1. of dry methanol which had been 
saturated in the cold with hydrogen chloride. This solu- 
tion was allowed to stand overnight a t  room temperature 
and then heated under reflux for four hours. The ammo- 
nium chloride which had separated was removed by filtra- 
tion. The filtrate was evaporated on the steam-bath 
under vacuum to a volume of about 800 ml. and again 
filtered through a pad of filter cell. Evaporation of this 
filtrate under vacuum left a residue of 340 g. of crude N- 
cyclohexylglycine methyl ester hydrochloride. 

The crude ester hydrochloride was dissolved by warming 
in 250 ml. of 98% formic acid. To this solution was 
added a hot solution of 150 g. of sodium formate in 200 
ml. of 9870 formic acid. After the mixture had stood for 
one hour, the precipitated sodium chloride was removed by 
filtration through a layer of filter-cel, and 450 ml. of acetic 
anhydride was added in portions. When the vigorous 
reaction had subsided the mixture was heated on the steam- 
bath for one-half hour and then evaporated under vacuum 
to remove the formic and acetic acids. The residual liquid 
was taken into 1 1. of acetone whereupon a quantity of 
sodium chloride separated. The solution was filtered, 
the acetone distilled and, finally, the residual material was 
distilled under vacuum to yield pure N-formyl-N-cyclo- 
hexylglycine methyl ester as a colorless somewhat viscous 
liquid. 

In the same way, N-formylglycine ethyl ester and methyl 
ester were prepared from glycine ethyl ester and methyl 
ester hydrochlorides respectively; and the N-formyl-N- 

TABLE I11 
R 

1 
N-FORMYLGLYCINE ESTERS HCONCH2COOCHI 

B.p .  OC. Nitrogen, 
Empirical Yield,Q (115 analyses, o/G 

R formula 5% mm.) n p 5 ~  Calcd. Found 
H CiHiNOa 86* 110-112 1.4555 11.96 11.31 
CHI CaHaNO; 39 97-100' 1.4473 10.69 10.34 
(CHa)zCH CiHiaNOi 22 91-92 1.4503 8 . 8 0  8 . 6 7  
CsHiid CiaHirNOa 40 138-140 1.4808 7 . 0 5  7 .35  
CaHsCHa CiiHitNOa 39 144-145 1.5296 6 . 7 6  6 .83  
CeHs CioHiiN086 7tie 140-142 

a Yields are for the over-all process and are based on the 
amine hydrochloride used. b This yield is based on glycine 
methyl ester hydrochloride. The corresponding N-formyl- 
glycine ethyl ester, b. p. 110' ( I  mm.) was prepared in 92% 
yield from glycine ethyl ester hydrochloride. This boil- 
ing point is a t  4 mm. pressure. The compound was first 
prepared by Dr. Q. F. Soper. Cyclohexyl. e This yield 
is based on N-phenylglycine methyl ester hydrochloride. 
The corresponding N-formyl-N-phenylglycine ethyl e ~ t e r , ~  
b. p. 157-159" (7 mm.), was obtained in 90% yield from 
N-phenylglycine ethyl ester. 

(4) The preparation of the substituted glycine ester hydrochlorides 
from amine hydrochlorides, formaldehyde and cyanide reported here 
is a modification of Staudt's method for the synthesis of sarcosint,: 
See StalJdt. z. phvsiol. Chrm.,  146, 286 f192,5), 
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phenylglycine ethyl and methyl esters6 were prepared 
from the corresponding ethyl and methyl ester hydro- 
chlorides of N-phenylglycine. 

Condensation of N-Formylglycine Esters with Methyl 
Formate.-One example will suffice to illustrate the 
method by which the N-formylglycine esters of Table I11 
were condensed with methyl formate. 

In a three-necked flask provided with a stirrer and 
thermometer was placed 106 g. (0.67 mole) of N-formyl- 
N-isopropylglycine methyl ester and 120 g. (2.0 mole) of 
dry methyl formate. The flask was surrounded with an 
ice-bath and, with continuous stirring, a suspension of 
40 g. (0.74 mole) of sodium methoxideo in 150 ml. of dry 
benzene was added in five portions during a period of 
one-half to one hour. The temperature of the reaction 
mixture was maintained below 15", and stirring was con- 
tinued for one hour after all of the sodium methoxide had 
been added. The mixture was then placed in the re- 
frigerator and allowed to stand for twenty-four hours. 

If it was desired to isolate the sodium enolate salt, dry 
ether was added to  the reaction mixture, and the solid was 
collected on a filter, washed with dry ether and dried in 
vacuum. 

2-Mercapto-5-i1nidazolecarboxylates.-The following 
example of the preparation of ethyl 2-mercapto 4(or 5 ) -  
imidazolecarboxylate shows the method by which the com- 
pounds of Table I were prepared. 

The reaction mixture of 411 g. (3.12 moles) of N-for- 
mylglycine ethyl ester, 700 g. of ethyl formate, 700 ml. of 
benzene and 183 g. (3.4 moles) of sodium methoxide, car- 
ried out as described above, was shaken with 11. of water. 
When all solid had dissolved, the aqueous solution was 
separated, cooled in an ice-bath and stirred while 565 ml. 
(6.8 moles) of 12 N hydrochloric acid was added slowly. 
To the resulting solution was added 350 g. (3.6 moles) 
of crystalline potassium thiocyanate. The mixture was 
warmed on the steam-bath a t  50-70" for two hours, al- 
lowed to stand overnight and finally cooled in an ice-bath. 
The crystalline ethyl 2-mercapto-4(or 5) -imidazolecar- 
boxylate was collected on a filter, washed with a little 
water and air dried. The yield was 304 g. Yields for a 
number of experiments varied from 50 to 60% based on N- 
formylglycine ethyl ester. 

N-Acetylglycine ethyl ester' (58 g., 0.4 mole) was con- 
densed with 100 ml. of ethyl formate and 24 g. (0.44 mole) 
of sodium methoxide in 115 ml. of benzene by the proce- 
dure described above. The mixture was extracted with 
200 ml. of water, 42 g. of potassium thiocyanate and 75 ml. 
of 12 N hydrochloric acid were added to the aqueous solu- 
tion, and it was heated on the steam-bath for two hours. 
There was thus obtained 31 g. (43% yield) of ethyl 2- 
mercapto-4 (or 5) -imidazolecarboxylate, identified by melt- 
ing point and mixed melting point. 

N-Benzoyl-C-formylglycine ethyl ester, when treated 
with thiocyanate under the same conditions as described 
above for the formyl and acetyl analogs, gave no imi- 
dazole compound. 

The reactions of thiocyanate with the formyl-N-cyclo- 
hexyl, K-benzyl and N-phenylglycine derivatives were 
carried out in 50% alcohol. In most cases, after acidify- 
ing the sodium enolate solutions with two equivalents of 
hydrochloric acid it was not necessary to immediately add 
the thiocyanate. For example, 25.7 g. (0.10 mole) of the 
dry sodium enolate salt of N-formyl-N-benzyl-C-formyl- 
glycine methyl ester was dissolved in 100 ml. of 50% alco- 
hol and 19 ml. (0.23 mole) of 12 N hydrochloric acid was 
added. After standing for twenty hours a t  room tempera- 
ture, 15 g. (0.155 mole) of potassium thiocyanate was 
added and the mixture was heated on the steam-bath until 
most of the alcohol had evaporated. The methyl 1- 
benzyl-2-mercapto-5-imidazolecarboxylate was collected 
by filtration, washed with water and air dried. The 

(5) Paal and Otten, Bcr., PS, 2.587 (1890). 
(6) Commercial sodium methoxide of good quality was satisfac- 

tory. 
(7) Curtius, Bcv., 17, 1663 (1884); J .  p r a k f .  Chem., [Z] 94, 116 

(1915). 

yield was 24.0 g. (97%). A similar experiment, in which 
the thiocyanate was added immediately after the hydro- 
chloric acid, yielded 90% of the desired imidazole. 

In the case of N-formyl-N-phenyl-C-formylglycine es- 
ters it was necessary to add the thiocyanate simultane- 
ously with the acid in order to get a good yield of the mer- 
captoimidazole. When acidified solutions were allowed to 
stand without the addition of thiocyanate a sparingly 
soluble crystalline substance was deposited, the nature of 
which has not as yet been determined. For example, from 
24.3 g. (0.10 mole) of the sodium enolate salt of N-formyl- 
N-phenyl-C-formylglycine methyl ester and 19 ml. of 12 
N hydrochloric acid in 100 ml. of 50% alcohol, there was 
obtained, after twelve hours, 12 g. of crystalline precipi- 
tate, m. p. 145-146" (from alcohol). 

Anal. Found: C, 66.53; H, 5.79; N, 5.79. 
Oxidation of 2-Mercapto-5-imidazolecarboxylates. 5-  

1midazolecarboxylates.-A solution of 330 ml. of concen- 
trated nitric acid in 950 ml. of water in a large beaker was 
mechanically stirred, and 2 g. of sodium nitrite was added. 
The beaker was then surrounded with an ice-bath, and 
with continuous stirring 300 g. (1.75 mole) of crude methyl 
l-methyl-2-mercapto-5-imidazolecarboxylate was added 
portionwise at  such a rate that the temperature of the 
mixture remained at about 25-35". After all material 
had been added the solution was stirred for about ten 
minutes or until the evolution of nitrogen oxides had com- 
pletely stopped. An excess of solid sodium carbonate was 
added carefully and with stirring. The mixture was ex- 
tracted with four 200-ml. portions of chloroform; the 
extract was dried, the chloroform removed and the re- 
sidual liquid distilled in vacuum. The distillate immedi- 
ately crystallized. 

By the same method the other compounds listed in Table 
I1 were prepared from the corresponding 2-mercapto com- 
pounds. The 1-isopropyl compound was purified by dis- 
tillation. The 1-cyclohexyl and 1-'phenyl compounds 
separated as crystalline solids and were purified by re- 
crystallization from chloroform-petroleum ether. 

Methyl 1-benzyl-5-imidazolecarboxylate separated 
from the oxidation mixture as the nitrate which did not de- 
compose in the presence of cold excess sodium carbonat:. 
A sample was recrystallized from alcohol; m. p. 170-171 . 

Anal. Calcd. for C12H12N20~.HN03: C, 51.60; H, 
4.76; N, 15.04. Found: C,51.72; H,4.52; N, 14.89. 

The nitrate was boiled with sodium carbonate solution 
to  liberate methyl 1-benzyl-5-imidazolecarboxylate. 

The solution resulting from the oxidation of ethyl 2- 
mercapto-4 (or 5 )  -imidazolecarboxylate was made basic 
with ammonium hydroxide (instead of sodium carbonate), 
chilled to 10" and the precipitated product collected and 
air dried. 

Imidazole-4(or 5) -carboxylic Acid.8-Into 500 ml. of 6 
N sodium'hydroxide solution was stirred 250 g. (1.78 
moles) of ethyl 4(or 5) -imidazolecarboxylate. The re- 
sulting solution was heated on the steam-bath for three 
hours and then cooled and acidified to pH 2.0 with con- 
centrated hydrochloric acid. After standing for two hours 
the mixture was chilled to 0" and the white crystalline 
solid was collected on a filter. The product was stirred to  
a paste with 250 ml. of cold distilled water, filtered and 
washed on the filter with 200 ml. of alcohol followed by 
200 ml. of ether. The yield of air dried product was 180 g. 
(84%); m.p.271" (dec.) (lit.*275'). 

Anal. Calcd. for C4H4Nz02: N, 25.00. Found: N, 
24.75. 

Imidazole.-In a 200-ml. round-bottom flask carrying 
an eighteen-inch Vigreux column and a condenser set for 
distillation was placed 50 g. (0.45 mole) of 4(or 5)-imida- 
zolecarboxylic acid. The flask was heated with a small 
flame and decarboxylation took place smoothly. The 
product was distilled undez vacuum to yield 28.5 g. (94%) 
of pureimidazole, m.p. 90 . 

l-Phenyl-2-rnercapto-5-imidazolecarboxylic Acid.-A 
solution of 5 g. (0.02 mole) of ethyl 1-phenyl-2-mer- 

(8) Pyman, J .  Chem. Soc. ,  109, 186 (1916). 
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capto-5-imidazolecarboxylate in 12 ml. of 6 N sodium 
hydroxide solution was allowed to stand for forty-eight 
hours. The solution was aridified with acetic acid but 
nothing precipitated; therefore, hydrochloric acid was 
added whrreupon a white precipitate of the desired acid 
seperated. The yield was 4.2 g. (95%). A sample was 
recrystallized from water for analysis; m.p. 198-200' 
(dec.). 

.4naZ. Calcd. for CloHaN~02S: N, 12.72. Found: 
S,  12.71. 

l-Methyl-2-mcrcapto-5-imidazolecarboxylic Acid.- 
This was prepared from the methyl ester in the same way 
as described above for the corresponding phenyl compound 
m.p. 207-208'. 

Anal. Calcd. for CbHsN202S: N, 17.71. Found: 
N, 17.55. 
N -Formyl -C -formylglycine Ethyl Ester .-The dry 

sodium enolate salt from the condensation of 1.5 mole of 
N-formylglycine ethyl ester with ethyl formate was ground 
to  a fine powder and added in one portion with stirring to a 
freshly prepared mixture of 135 ml. of 12 N hydrochloric 
acid and 200 g. of cracked-ice. AS soon as all the salt 
had dissolved the solution was extracted with twenty 100- 
ml. portions of chloroform. The chloroform solution was 
dried with magnesium sulfate and evaporated in vacuum 
leaving 177 g. of crystalline residue. This was taken up 
in 1500 ml. of dry ether. The solution was decanted from 
a little insoluble gum, dried with magnesium sulfate, 
filtered and evaporated leaving i47 g. (62% yield) of 
white crystalline solid; m.p. 68-69 . 

Anal. Calcd. for CBHSNO~: C, 45.27; H, 5.70; IT, 
8.80. Found: C,45.38; H,6.32; N,9.07. 

The compound appeared to be somewhat hygroscopic; 
it  was very soluble in alcohol or water, and slowly under- 
went decomposition a t  room temperature but could be 
kept for reasonably long periods of time a t  ice-box tem- 
peratures. 

The corresponding methyl ester was also isolated but in 
lower yield because it was more water soluble and conse- 
quently more difficult to extract with ch1:roform. It was 
stable and not hygroscopic; m.p. 108-109 . 

Anal. Calcd. for CbH,NOr : N, 9.65. Found : N, 9.78. 
1 -Substituted-2-hydroxy-5-imidazolecarboxylates.-A 

solution of 20.9 g. (0.10 mole) of the sodium enolate salt 
of N-formyl-N-isopropyl-C-formylglycine methyl ester 
in 100 ml. of water was treated with 19 ml. of 12 N hy- 
drochloric acid. The solution was allowed to stand for 
four hours then 9 g. of sodium cyanate was added. Ef- 
fervescence took place. Gradually, a white crystalline 
precipitate of methyl l-isopropyl-2-hydroxy-5-imida- 
zolecarboxylate separated. After seven days the yield 
was 6.0 g. (32%). An analytical sample was recrystal- 
lized from alcohol; m.p. 174-175'. 

Anal. Calcd. for C~H12N203: N, 15.21. Found: N, 
14.87. 

Methyl l-cyclohexyl-2-hydroxy-5-imidazolecarboxylate 
was obtained in 22% vield from the sodium enolate salt 
of N-formyl-N-cyckdhhexyl-C-formylglycine methyl ester. 
I t  melted a t  230-232". 

Anal. Calcd. for C11Hl6NzO3: N, 12.50. Found: 
N, 12.61. 

Methyl 1 -benzyl-2-hydroxy-5-imidazolecarboxylate was 
obtained in 8.6% yield from the sodium enolate salt of N- 
formyl-N-ezyl-C-formyglycine methyl ester. It melted 
at160-161 . 

Anal. Calcd. for C12H~N203: N, 12.07. Found: 
h-, 12.20. 

Ethyl 2-hydroxy-4-(or 5) -imidazolecarboxylate, ob- 
tained in 14% yield from the sodium enolate salt of N- 
formyl-C-formylglycine ethyl ester melted a t  243-245'. 

Anal. Calcd. for CeHsNzOl: N, 17.95. Found: N, 
18.46. 

Summary 
A method for the preparation of l-substituted- 

5-imidazolecarboxylates and 4(0r 5)-imidazole- 
carboxylates from glycine derivatives is described. 
This method has also been shown to be a conven- 
ient synthesis of imidazole. 
INDIANAPOLIS, INDIANA RECEIVED SEPTEMBER 24, 1948 

[CONTRIBUTION FROM THE EASTERN REGIONAL RESEARCH LABORATORY,~ PHILADELPHIA 18, PENNSYLVANIA] 

Preparation of N-Alkyl Acrylamides and Methacrylamides by Pyrolysis of the 
Corresponding Acetoxy Amides 

BY WILLIAM P. RATCHFORD, J. H. LENGEL AND C. H. FISHER 

In a previous paper2 i t  was shown that N,N-di- 
methylacrylamide (11) and acetic acid are ob- 
tained in high yields in the thermal decomposition 
of N,N-dimethyl-a-acetoxypropionamide ('I). The 
present paper describes the preparation of certain 
acrylamides and methacrylamides (IV) by pyroly- 
sis of appropriate acetoxy amides, and outlines 
some of the limitations of this method of making 
unsaturated amides. 

520' 
CHaCOOCH(CHa)CON(CH3)2 

I 
CH?CHCON(CHj)2 + CHaCOOH (1) 

I1 
(1) One of the  laboratories of t he  Bureau of Agricultural and  

Industrial Chemistry, Agricultural Research Administration, United 
States  Department  of Agriculture. Article not  copyrighted. 

(2) Ratchford and  Fisher, THIS JOURNAL, 69, 1911 (1947). 

CHaCOOC (CH3)2CONHCHa --t 
I11 

CH~=C(CHS)CONHCH~ + CHaCOOH (2) 
IV 

N-Methyllactamide and N-methyl-a-hydroxy- 
isobutyramide were made conveniently by allow- 
ing methyl lactate and methyl-a-hydroxyisobu- 
tyrate, respectively, to  stand with methylamine 
a t  room temperature. N,N-Diethyllactamide, 
N,N-dibutyllactamide, and N,N-dimethylhy- 
droxyisobutyramide could not be prepared satis- 
factorily by this method because of excessively 
low reaction rates. Diethylamine reacted slowly 
with polyactic acid3 and with the methyl ester of 
polyactic acid, a moderate yield of N,N-diethyl- 
lactamide being obtained. 

(3) Filachione and  Fisher, Ind. Eng. Chcm., 56, 223 (1944). 


