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Unsaturated N-methylolamides, a new class of compounds, have been prepared. The syntheses of N-methylolmeth- 
acrylamide, N-methylolacrylamide and N,N’-bis-( methylo1)-fumaramide as well as some of their derivatives are reported 
Upon heating, N-methylolmethacrylamide and N-methylolacrylamide have been converted to infusible polymers which are 
insoluble in common organic solvents. A new method of preparing N,N’-methylenebismethacrylamide and N,N’-methyl- 
enebisacrylamide has also been devised. 

Unsaturated N-methylolamides such as N- 
methylolacrylamide (I) and N-methylolmethacryl- 
amide (11) have been postulated as intermediates in 
a number of patents4-’ in the reaction of the corre- 
sponding amides with formaldehyde leading to 
polymers. However, these N-methylolamides had 
never been isolated or identified prior to this in- 
vestigation. 

The preparation of I1 was first attempted using 
procedures by which saturated N-methylolamides 
had been successfully prepared. Following the 
method of Chwala,8 methacrylamide was heated 
with paraformaldehyde in the presence of a cat- 
alytic amount of concentrated base. However, 
the amide polymerized and the paraformaldehyde 
was recovered. A polymer was again formed when 
the amide was heated in the presence of base with 
formalin. When this procedure8 was modified by 
the addition of a small amount of powdered copper 
to inhibit polymerization, an oil was isolated from 
the reaction mixture, which polymerized on stand- 
ing. This oil was found to contain some of com- 
pound 11, for its ethylene chloride solution reacted 
with anhydrous calcium chloride upon warming to 
yield a calcium chloride molecular complex of I1 
in low yield. This complex, a white crystalline, 
hygroscopic solid is decomposed in cold water and 
gives a positive test for chloride ions. No method 
of purification for the complex could be found. 
The data obtained from elementary analysis agree 
best with a composition of two formula weights of 
I1 and one of calcium chloride. 

Compound I1 is obtained in crystalline form and 
in good yields by treating methacrylamide in dry 
carbon tetrachloride solution with paraformalde- 
hyde in the presence of catalytic amounts of 
colloidal sodium. The success of this synthesis is 
primarily due to the right choice of solvent. It is 
well established1° that the reaction between an 
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amide and formaldehyde is reversible. It can, 
however, be forced to completion if the N-methylol 
compound is removed from the reaction mixture as 
it is formed. This is achieved by using carbon 
tetrachloride in which I1 is insoluble. Compound 
I is prepared by the same procedure except that 
ethylene chloride is used as the solvent. 

Compounds I and I1 are stable, white crystalline 
solids which are readily soluble in water. They 
give a negative Tollens test a t  25’; however, a t  
45’ a positive test for formaldehyde is obtained. 
Upon heating in the presence of acids they are 
rapidly polymerized in aqueous solution to in- 
fusible resins. In organic solvents they are not 
polymerized at  25’ in the presence of catalysts such 
as boron trifluoride etherate or methyl amyl per- 
oxide; a t  45”, however, they are converted to in- 
soluble polymers. 

N,N’-Bis-(methylol) -fumaramide (111) cannot be 
prepared by the method devised for the synthesis of 
compounds I and I1 because no organic solvent was 
found in which fumaramide is appreciably soluble. 
It can be prepared from formalin and fumaramide 
in either acidic or slightly basic solutions (PH 
8-9). Above a $H value of 9, fumaramide is hy- 
drolyzed with the evolution of ammonia. The 
use of acidic catalysts is preferred because better 
yields are obtained. 

Unlike fumaramide, methacrylamide and acryl- 
amide react with paraformaldehyde in the presence 
of acid catalysts to yield the corresponding N,N’- 
methylenebisamides. These compounds have been 
reported by Lundbergll and were synthesized from 
the corresponding amide and formalin in the pres- 
ence of acidic catalysts. Recently12 methylene- 
bisacrylamide was prepared by the reaction of 
acrylonitrile with formaldehyde. It was found 
possible to prepare these compounds in somewhat 
better yields by a modification of the procedure 
used for the preparation of the N-methylolamides, 
substituting concentrated hydrochloric acid for 
colloidal sodium as the catalyst. Compounds I 
and I1 are also converted to the corresponding 
N,N’-methylenebisamides in the presence of cat- 
alytic amounts of acid. 

The structures of the unsaturated N-methylol 
compounds were established by the preparation of 
various derivatives. 

Compounds I and I11 react with bromine to  
yield the expected addition products N-methylol- 
2,3-dibromopropionamide (IV) and N,N’-bis-(meth- 
ylol)-2,3-dibromosuccinamide (V), respectively. 

(11) L. Lundberg, U. S. Patent 2,475,846 (1949). 
(12) E. F. Magat, et  ol., THIS JOURNAL, 78, 1028 (1951). 
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Brz 
(R)CH=C(R')-CONHCHIOH --f 

I , R  = R' = H 
111, R CONHCHzOH, R' = H 

(R)CHBr-CBr( R')-CONHCHzOH 
IV, R = R' = H 
V, R = CONHCH20H, R' I H 

The reaction of N-methylolmethacrylamide (XI) 
With bromine in the presence or absence of solvents 
takes a different course.l* Instead of the expected 
N-methylol-2,3-dibromoisobutyramide,N,N'-meth- 
ylenebis- (2,3-dibromoisobutyramide) (VI) is ob- 
tained, The structure of this compound is indi- 
cated by elemental analysis and by a mixed melting 
point determination with an authentic sample of 
VI which is prepared by the addition of bromine to 
N,N'-methylenebismethacrylamide (VII). 
HsC-C( CH8)CONHCHnOH 

I1 Bra 
--f (HZCBrC( CH8)BrCONH)aCHz 

(H:C=C( CHa)CONH)gCHa VI 
VI1 

The esterification of these N-methylol compounds 
was found to be extremely difficult and the esters 
once formed were hydrolyzed readily by water. 
This is a t  variance with the observations of Ha- 
worth" who reported that N-aoetoxymethylphenyl- 
acetamide is not rapidly decomposed by boiling 
water. N, "-Elis- (acetoxymethyl) -fumaramide is 
prepared by treating the corresponding methylol 
compound with acetyl chloride in the presence of 
pyridine. The acetate esters of I and I1 could not 
be prepared by this method; only water-soluble 
products were obtained. However, all three meth- 
ylol compounds give the corresponding benzoate 
esters by treatment with benzoyl chloride in pyri- 
dine solution. 

Treatment of a suspension of compound 111 in 
moist ether with aluminum amalgam a t  25' gives 
the known compound N,N'-bis-(methylo1)-succin- 
amide. In aqueous solution a t  6C-6Oo reduction 
and demethylolation takes place and the product 
is succinamide. Compounds I and I1 polymerize 
in the presence of aluminum amalgam. 

Experimental16 
N-Msthylolmethacrylamide (II).-Methacrylamide (42 

g., 0.6 mole), paraformaldehyde (15.0 g., 0.9 mole) and 600 
ml. of dry carbon tetrachloride were placed in a 500-ml. 
three-necked flask fitted with stirrer, thermometer and a 
calcium chloride drying tube. The mixture was basified 
with colloidal sodium dispersed in xylene1@ and was then 
heated to 60' for 0.5 hour. The oil which formed during 
this time and which was then atered through a coarse sin- 
tered glass fungel, solidified on cooling. The product was 
recrystallized tAce by dissolving it  in warm ethyl acetate 
and cooling the filtered solution to -70". A 70% yield 
was obtained, m.p. 53.6-54". 

Anal. Calcd. for CeHgNOz: C, 52.16; H, 7.88; N, 12.17. 
Found: C, 52.35; H, 7.76; N, 12.41. 

Calcium Chloride Complex of R-Methylolmethacrylamide . 
--In a 500-ml. three-necked flask fitted with stirrer, ther- 
mometer and a calcium chloride drying tube were placed 21.5 

cussed in a forthcoming publication. 
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(14) R. D. Haworth, D. H. Peacock, W. R. Smith and R. Mac- 

(16) All melting points are uncorrected. 
(16) Ordinary sodium, sodium amide or sodfum ethoxide can also be 

employed. 

g. (0.26 mole) of methagrlemide, 7.5 g. (0.26 mole) of para- 
formaldehyde, 200 ml. of dry ethylene chloride and 1 ml. of 
colloidal sodium In xylene. The temperature of the reaction 
mixture was maintained a t  50" for 0.5 hour. A small 
amount of an insoluble material formed which was removed 
by filtration. To the clear filtrate was added 14 g. (0.12 
mole) of anhydrous calcium chloride and the suspension was 
vigorously stirred for 24 hours. After filtration and drying, 
the complex was obtained as a crystalline product, m.p. 155', 
vield 9291,. - Anal, '"Calcd. for CloHlaNIO&aCb: C, 35.16; S, 5.28; 
Ca, 11.72. Found: C, 38.0: H, 5.72: Ca, 10.2. 

N-Methylolacrylamide (1)Y-The same experimental pro- 
cedure was followed as in the preparation of N-methylol- 
methacrylamide except that dry ethylene chloride was used 
as the solvent. The yield of the product was 700J0, m.p. 
74-75O. 

Afial. Calcd. for CIHINO~: C, 47.62; H, 6.98; N, 
13.86. Found: C, 47.47; H, 6.84; N, 13.91. 
N,N'-Bis-(methylo1)-fumarmide (III . (a) Basic Cata- 

lysis.-Fumaramide 17,2 g., 0.15 mole] was added to 48.8 
g. (0.30 mole) of 870$0 formalin solution, and the PH of the 
suspension was adjusted to  8-9 by the dmpwise addition 
of a base such as concentrated ammonium hydroxide. This 
pH was maintained by the periodic additiQn of base while 
the mixture was heated a t  90-95' for 0.5 hour. Because 
all of the amide had not dissolved at the end of this time, an 
additional 32 ml. of formalin and 32 ml, of water were added, 
and the H was again adjusted to  8-0. After heating the 
mixture for an additional ten minutes, all of the amide dis- 
solved. Upon cooling, a white solid precipitated which was 
recrystatlieed from boiling water. The product obtained 
with 497 'eld, did not melt below 360°, but slowly charred 
above 27@? 
(b) Acid Catalysis.-To 80 ml. of water containing about 

1 ml. of concentrated hydrochloric acid were added 13.2 g. 
(0.12 mole) of fumaramide and 22 g. (0.27 mole) of 37% 
formalin solution. The suspension was boiled for 1.5 hours, 
after which time all the amide had dissolved and a small 
amount of an amorphous solid appeared which was filtered 
off through a preheated coarse sintered glass filter. Cooling 
of the filtrate gave 83% of product. 

Anal. Calcd. for C&oN~O,: C, 41.38; H, 5.79; N, 
16.09. Found: C, 41.36; H, 8.83; N, 16.83. 

N , N ' - M a t h y l e n s b i ~ ~ ~ i & ,  (a) With NhMethylol- 
acrglpmide .-N-Methylolacrylamide (4.04 g . , 0.04 mole) 
was added to 30 ml. of ethylene chloride along with three 
drops of concentrated hydrochloric acid. The mixture was 
rduxed until all the oil had dissolved, which required 30 
minutes. An amorphous solid (0.67 8.)  was filtered from 
the hot solution. Upon evaporating the filtrate to one- 
third of its volume and cooling, 2.16 g. (67% yield) of N,N'- 
methylenebisacrylamide, m.p. 181-182', lit. value" 184- 
185', crystallized from solution. A mixed melting point 
with an authentic sam le was found to be 182". 

(b) With Acryld&.-In a 100-ml. round-bottom flask 
fitted with a reflux condenser, were placed 7.1 g. (0.10 mole) 
of acrylamide, 1.5 g. of paraformaldehyde (0.05 mole CHaO), 
30 ml. of ethylene chloride and three drops of concentrated 
hydrochloric acid. The mixture was heated for 20 minutes 
at reflux, after which time a solid began to crystallize from 
the previously clear solution. Cooling yielded 0.00 g. of 
product and an additional 1 g. of crystals was obtained on 
evaporating the mother liquor to one-third of its original 
volume. The total yield was 8 9 7 ,  '9. . 181-182'. 

a,N'-Msthylensbiemsthacrp&mlat (VII).  (a) With 
Methacrylamide .-The experimental procedure was the 
same as for the preparation of N,N'-methylenebisacryla- 
mide. A 70% yield of yoduct  was obtained, m.p. 160- 
161', lit. value" 164-165 . A mixed melting point with an 
authentic sample was found to  be 163'. The melting point 
of this material should be taken by inserting the sample in 
the heating bath just a few degrees below its melting point, 
otherwise the compound will polymerize without melting. 

(b) With N-Methy1olmethacryfamide.-To 20 ml. of 
ethylene chloride containing two drops of concentrated hy- 
drochloric acid were added 2.30 g. (0.02 mole) of N-methybl- 
methacrylamide and 1.6 g. (0.02 mole) of methacrylamide; 
the mixture was refluxed for 30 minutes. The hot solution 
(17) N-Methylolacrylamide did not form a complex with anhydtous 

calcium chloride. 
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was filtered and 0.17 g. of an amorphous solid was retained. 
Cooling of the filtrate and evaporation of the mother liquor 
gave a total of 3 g. (80% yield), of product, m.p. 162-163'. 

N,N'-Methylenebismethacrylamide was also obtained 
in 67% yield by heating N-methylolmethacrylamide in the 
presence of a catalytic amount of concentrated hydrochloric 
acid. 

N-Methylol-2,3-dibromopropionamide (N) .-Bromine 
was added dropwise with cooling to 1 g. (0.01 mole) of N- 
methylolacrylamide dissolved in carbon tetrachloride, until 
the color of bromine remained. Upon cooling, 2.5 g. (96%) 
of product was obtained which after recrystallization from 
aqueous ethanol melted at 161-162'. 

Anal. Calcd. for CIH1NO2Br2: C, 18.30; H, 2.68; N, 
5.36; Br, 61.30. Found: C, 18.46; H, 2.70; N, 5.17; 
Br, 61.0. 

N,N'-Bis-(methylol)-2,3-dibromosuccinamide (V).-N,- 
N'-Bis-(methylo1)-fumaramide (1.86 g., 0.01 mole) was dis- 
solved in 15 ml. of hot water, and 1.66 g. (0.02 mole) of bro- 
mine was added. The mixture was stirred until the color 
of bromine had almost disappeared. From the cooled solu- 
tion, 1.3 g. (27%) of the adduct precipitated. It was re- 
crystallized several times from boiling water. The com- 
pound did not melt but charred above 250'. 

Anal. Calcd. for CeHloNeO,Bra: C, 21.55; H, 2.96; N, 
8.38. Found: C,21.0; H,2.83; N, 8.51. 

N,N'-Methylenebis-(2,3-dibromoisobutyramide) (VI). 
a) With N,N'-Methylenebismethacrylamide.-To 0.22 g. I 1.2 mmoles) of N,N'-methylenebismethacrylamide was 

added a solution of bromine in CCl4 until the color of the 
bromine remained. The reaction mixture was gently 
warmed to remove the excess bromine, and upon cooling 
0.58 g. (88%) of product was obtained. After recrystalliza- 
tion from absolute ethanol, 0.40 g. of needle-like crystals, 
m.p. 206-206.5', was isolated. 

Anal. Calcd. for C0Hl4N2O2Br~: C, 21.51; H, 2.78; N, 
5.57. Found: C,21.58; H, 2.85; N,5.42. 

(b) With N-Methylohnethacrylamide .-In 6 ml. of dry 
ethylene chloride w a s  dissolved 0.58 g. (5.0 mmoles) of N- 
methylolmethacrylamide. The solution was cooled in an 
ice-bath and liquid bromine was added dropwise until the 
color of the bromine remained. The solvent was then 
evaporated in an air stream, and the semi-solid residue was 
crystallized from absolute ethanol, yielding 0.80 g. (40%) of 
N,N'-methylenebis-(2,3-dibromoisobutyramide), m.p. 2 0 6  
205'. A mixed melting point determination with an au- 
thentic sample was found to be 205'. 

N-Benzoxymethacrylamide .-N-Methylolacrylamide ( 10 
g., 0.09 mole) was dissolved in 50 ml. of pyridine, and 14.3 
g. (0.10 mole) of benzoyl chloride was added dropwise with 
cooling. The reaction mixture was allowed to stand a t  25' 
for 0.5 hour before being poured into ice-water. The in- 
soluble soli: obtained weighed 14.5 g. (73%) and melted 
a t  104-106 . After recrystallization from 30% aqueous 
ethanol the m.p. was raised to 110.5'. 

Anal. Calcd. for CllHllNOI: C, 64.38; H, 5.40; N, 
6.83. Found: C,64.39; H, 5.42; N, 6.84. 

N-Benzoxymethylmethacry1amide.-The experimental 
procedure was the same as for the preparation of N-benzoxy- 

methylacrylamide. The ester was recrystallized from pe- 
troleum ether. The yield was 48%, m.p. 88.5-89". 

Anal. Calcd. for CIZHI~NO~: C, 65.74; H, 6.98; N, 
6.39. Found: C,65.69; H, 5.84; N, 6.35. 

N,N'-Bis-( benzoxymethy1)-fumaramide .-The procedure 
for the preparation of N-benzoxymethylacrylamide was 
followed. Recrystallization from nitromethane gave the 
ester in a yield of 54%, m.p. 224' dec. To observe this 
melting point, it  is necessary to insert the sample just below 
224'. 

Anal. Calcd. for C2~Hl8N2O8: C, 62.82; H, 4.75; N, 
7.33. Found: C, 62.02; H, 4.87; N, 7.38. 

N,N'-Bis-(acetoxymethy1)-fumaramide.-To 1 g. (5.7 
mmoles) of N,N'-bis-(methylo1)-fumaramide suspended in 
10 ml. of pyridine was slowly added 1.0 g. (13 mmoles) of 
acetyl chloride. An exothermic reaction occurred and the 
methylol compound dissolved slowly. The reaction mix- 
ture was then allowed to stand a t  25' for 0.5 hour before 
being poured into ice-water. A 50% yield of the ester was 
obtained for which no suitable solvent for recrystallization 
could be found. The ester did not melt up to 360'. 

Anal. Calcd. for CIOHI~NZOE: C, 46.51; H, 5.47; N, 
10.85. Found: C,46.22; H, 5.45; N, 11.01. 

Reduction of N,N'-Bis-(methylolj-fumaramide. (a) With 
Wet Ether .-N ,N'-Bis-(methylo1)-fumaramide (0.15 g., 
0.7 mmole) was suspended in 100 ml. of diethyl ether con- 
taining a few drops of water. 

Aluminum amalgam was prepared as follows: 3 g. of 
granulated aluminum was washed with a 10% sodium hy- 
droxide solution until hydrogen was evolved vigorously. 
The metal was thoroughly washed with distilled water and 
then treated for five seconds with a 1% solution of mercuric 
chloride. The amalgam was then washed with distilled 
water, ethanol and finally with ether. 

Without exposure to the air, the amalgam was transferred 
to the reaction vessel containing the ethereal suspension of 
the methylol derivative and the mixture was allowed to stand 
a t  25' for 24 hours. The ether was then allowed to evap- 
orate, and the residue was extracted with boiling ethanol. 
Evaporation of the solvent left 80 mg. of a white solid which 
melted a t  145-165'. Recrystallization from hot water 
raised the melting point to 165-167'. N,N'-Bis-(methylo1)- 
succinamide has been reported9 to melt a t  167'. 

(b) With Water.-Ten grams of aluminum amalgam was 
placed in 25 ml. of distilled water. One gram (5.7 mmoles) 
of N,N'-bis-(methylo1)-fumaramide was added and the mix- 
ture was heated at 50-60" for five hours. Extraction of the 
dry residue with boiling ethanol and evaporation of the sol- 
vent gave 0.15 g. of product which after recrystallization 
from hot water melted a t  251-252'. A mixed melting point 
determination with an authentic sample of succinamide was 
25Q-252'. 
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