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Anal. Calcd. for C2C1$2: S, 21.2; mol. wt., 301. Found: 
S, 20.6; mol. wt., 290. 

The distillation residue contained methyl dodecanedioate. 
12.3 g. (19.5%). 

Reaction of Cyclohexanone Peroxide with o-Nitrobenzene- 
sulfenyl Chloride.-To a 500-ml. reaction flask was charged 
50 g. (0.18 mole) of powdered ferrous sulfate, 75 ml. of 
methanol, and 7 ml. of coned. sulfuric acid. At -20” a 
solution containing 200 ml. of ether, 37 g. (0.19 mole) cf o- 
nitrobenzenesulfenyl chloride, and 22.8 g. (0.17 mole) of 
commercial cyclohexanone peroxide was added to  the ferrous 
sulfate mixture with stirring. After stirring the reaction 
product an additional 15 min., 100 ml. of water was added. 

Crystalline o-nitrophenyl disulfide 6.7 g. (25%) was 
separated by filtration. The melting point and mixed melt- 
ing point showed the material to  be o-nitrophenyl disulfide. 

The ether phase was evaporated and the residue esterified 
with methanol and distilled: methyl a-chlorccaproate, 
5.5 g. (20%); methyl dodecanedioate, 1.9 g. (10%). 

Preparation of Methyl Methy1mercaptocaproate.-The 
procedure was similar to that used for the reaction of car- 
bon tetrachloride and cyclohexanone peroxide. To the 
peroxide solution (0.49 mole) was added 25.7 g. (0.535 mole) 
of methyl mercaptan followed by the dropwise addition of 
ferrous salt solution. Following the esterification procedure, 
the reaction product was distilled through a 12-in. Vigreux 
column. No attempt was made to  isolate the methyl di- 
sulfide which may have been present. Crude methyl capro- 
ate 16.6 g. (26.1%) was collected a t  145-149’. At 117 to 
129’/15 mm., 9.1 g. (11.5%) of methyl methylmercapto- 
caproate was collected. 

Anal. Calcd. for C ~ H M O ~ :  S, 18.1; mol. wt., 176; 
sapon. equiv., 176. Found: S, 18.6; mol. wt., 172; sapon. 
equiv., 185. 

To confirm the location of the methylmercapto group in 
the terminal position, the methyl methylmercaptocaproate 
was hydrolyzed and the free acid converted to  the phenyl- 
hydrazide derivative,’* m.p. 78”. A mixed melting point 
with the phenylhydrazide prepared from the reaction prod- 
uct of sodium methyl mercaptide and w-chlorocaproic acid 
waa not depressed. 

Methyl dodecanedioate was isolated in 21% yield. 
Reduction of Cyclohexanone Peroxide in the Presence of 

BenzenethioL-Ferrous salt reduction of 0.49 mole of cyclo- 
hexanone peroxide in the presence of benzenethiol (0.53 
mole) was carried out. Filtration of the reaction mixture 
gave 25.4 g. (46.6%) of phenyl disulfide. After recrystalli- 
zation from ethanol this material did not depress the melting 
point of a known sample of phenyl disulfide. 

Isolation of the other reaction products was carried out by 
esterification and distillation: methyl caproate, 6.3 g. (9.7 
%); methyl phenylmercaptocaproate, (3.2’%,) collected a t  
98-102’ a t  0.01 mm. Hydrolysis of this ester gave phenyl- 
mercaptocaproic acid. 

Anal. Calcd. for C12H1802S: S, 14.3; neut. equiv., 224. 
Found: S, 12.7; neut. equiv., 216. 

Methyl dodecanedioate, 22.0 g. (34.170). 

(13) R. L. Shriner and R. C. Fuson, “The Systematic Identification 
of Organic Compounds,” 3rd ed., John Wiley and Sons, New York, 
1950, p. 158. 
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Various formamides and acetamides of the general structures RCONHZ, RCOXHR’, and RCONH-X-”COR, where 
X = alkylene or substituted alkylene, were treated with an excess of formaldehyde to produce the N-methylol deriva- 
tives. Contrary to previous 
reports, methylolation of N-substituted amides goes to  50-100% of completion in many of the casea studied. Methylola- 
tion is more nearly complete with the bisformamides than with the bisacetamides. Five new bisamides were synthesized 
by the reaction of diamines with esters. 

The extent of the reaction was determined by titration of the unchanged formaldehyde. 

The industrial uses of amide-formaldehyde re- 
action products in textile treating, resin manufac- 
turing, etc., are widespread. Methylolation (or 
hydroxymethylation) of an unsubstituted amide 
can theoretically proceed through the following 
steps: 

0 0 0 
HCHO HCHO 

RljNHz p= RANHCHzOH -=e RAx(CHz0H)2 
I 
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or in case of substituted amide: 

0 0 
HCHO 

Rlh-HR’ RbNR’CHzOH (2)  
I11 IV 

Extensive work by Einhorn and co-m~orker~~a~b 
in the early 1900’s indicated that reaction 1 
generally proceeds only to the mono derivative 
and reaction 2, where R’ = alkyl, generally fails to 
occur. A later reriem by Walker4 presented 
substantiation of this earlier work, but melamine 
and some cyclic ureas were shown to  be exceptions 
and could be fully methylolated. Textile finishing 
in the wash-wear field would scarcely have pro- 

(3) (a) A. Einhorn et al., Ann., 343, 207 (1905); (3) (b) ibid., 361, 

(4) J. F. Walker, “Formaldehyde,” 2nd ed., Reinbold Publishing 
113 (1908). 

Corp., New York, N. Y., 1953, p. 290. 
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gressed to its present point,j if cyclic ureas, a 
substituted amide type, could not be methylolated 
as shown in equation 2 .  In general, the S- 
methylol derivatives of the amide types discussed 
above are unstable products which release formal- 
dehyde on heating, whereas the ethers of these 
derivatives are more stable. 

The exceptions noted by Walker are quite 
different from the aliphatic] linear amides used 
by Einhorn in his studies. However, in recent 

at this Laboratory cellulose ethers of 
aliphatic, linear methylolamides have been formed, 
i.e., a dicellulose ether of bis(hydroxymethy1)form- 
amide and monocellulose ethers of N-methylol 
derivatives of N-methylacetamide and N-methyl- 
formamide. In order to form these ethers ef- 
ficiently, complete methylolation, as illustrated by 
I1 and IV, is required. Other workers8 in a con- 
current publication also disputed Einhorn's con- 
clusion by reporting the reaction of formaldehyde 
with -V-alkylamides to form products (postulated as 
the N-methylol derivative) which were converted 
into S-alkyl-S-chloromethyl amides. 

In this work the extent of the reaction in alka- 
line solution of formaldehyde with formamides and 
acetamides has been studied. The compounds 
include bisformamides and bisacetamides of the 
type. 

I 1  1 1  
RCSH-X-XHCR 

v 
The amides needed for this work (see Table I), 

some of which were not readily available, were 
prepared by react'ions run at at'mospheric  pressure^.^ 
Five bisamides of type V, believed to be new com- 
pounds, and their properties are shown in Table 
11. ,411 are stable, water-soluble materials and 
were prepared by the acylat'ion of the diamine with 
an excess of the required ester. 

These acylations are generally considered to be 
initiated by att,ack of the nucleophilic nitrogen 
on the carbonyl carbon at'om. Thus, it was not 
unexpectedlo to find that the formic esters were 
more reactive with a given diamine than were the 
acetic esters. 

The large differences noted, however, in several 
comparable syntheses are interesting, psrt'icularly 
since the reaction mixtures containing excess est'er 
were able to reflux a t  higher temperatures when the 

( 3 )  11. Tovcy, Teztile Research .I., 31, 21g (1901). 
(C;) S. L. Vail, J.  G. Frick, Jr . .  P. J.  Murphy, J r . ,  and .J. 1). R c i d ,  

A m .  Dyestzlf R e p t r . ,  10, 437 (1961). 
(7) W. A. Reeves, S. L. Vail, J. 6. >-ri?k, J r . ,  presented a t  the 

Tenth  Chemical Finishing Conference, Washington, I). C., Pioveiiiber 
8-9, 1961. 

(8) H. Bohme, 4 .  Dick, and G. Dreisen, Be?. ,  94, 1879 (1961). 
(9) Although a large number of amides have been prepared from 

diamines there appears to  be a surprising absence of studies of the 
chemistry of these syntheses. See C. L. .&$re, G. I)inga, and R. 
Pflaiiin, .J .  O r g .  Chern.. 21, 501 (195ti). 

(10) 31. Gordon, J. G .  Miller, and  A.  R. Day,  .I.  Am. Ciiern. Suc., 
7 0 ,  1910 (I!l48). 

TABLE I 
Y I E L U ~  FROV PREPARATION OF AMIDES A N D  EXTENT or 

HCHO REACTION 
Reaction 

Ratio,  0 
11 H 

Yield Method' HCHO/NHb i\Ionoamides: RC--NR' 
R R '  

H H 
H CHI 
CH, H . . .  
CH, CH: . .  

0 0 
I I H  H I 1  

Bisforinaniides: HC-N-X--N-CH 
h 

CH, 
CH,CHI 
CHzCHCHI 
CHZCHZCH? 
CHzCHOHCHp 
HCOS( CHgCHpCHZ)A 

0 
1 1  H 

Bisacetainides: CH8C-N- 

CHz 
X 

CHCHi 
CHCZHS 
CHzCH, 
CHZCHACHn 

0 84 
0 63 
0 73 
0 79 

0 96 
1 00 
0 86 
0 95 
0 85 
0 97 

0 50 
0 32 
0 20 
0 50 
0 48 

a ill reaction of the suitable diamine with methyl formate 
or ethyl acetate; B, refluxing of the suitable aldehyde with 
forniamide or acetamide. \-dues represent HCHO re- 
acted for each amido hydrogen theoretically replaceable 
(as in equations 1 and 2 ) .  Precision considered t o  be 
within 10.05. Acylation of ethylenediamine with form- 
aniidr produced a 72% yield. Acvlation with ethyl 
formate increased the yield to 3 . e Renzylidenebis- 
acetamide prepared in 17% yield s not methylolated 
because of insolubility. f Acylation of ethylenediamine 
with acetamide produced a 5970 yield. 

solvent-reactant was ethyl acetate rather than 
methyl formate (Ab.p. = 46"). For example, 
ethylene- and 1,3-propanebisformamide mere pre- 
pared from methyl formate and the required 
diamine in almost quantitative yield, whereas 
ethylene- and 1,3-propanebisacetamide (from ethyl 
acetate and the same diamines) were prepared in 
yields of only 11% aiid 20%, respectively. Simi- 
larly, propylenebisformamide was isolated from 
refluxing propylenediamine aiid methyl formate 
(12% yield) or ethyl formate (30y0 yield), but pro- 
pylenebisacetamide was not isolated from refluxing 
propylenediamine and ethyl acetate. 

The amides in Table I were treated with an excess 
of formaldehyde in an attempt to force complete 
methylolation. The extent of the reaction was 
determined by titrating a t  equilibrium the un- 
reacted or free formaldehyde according i o  an uc- 
cepted procedure.ll Isolation of mcthylol deriva- 
tires  vas attempted and is also discussed. 

Methylolation (see Table I) of N-alkyl substi- 
tuted amides (equation 2) is shown to occur, inagree- 
ment with recent findings.6-8 In two of these three 
examples the equilibrium is such that more Iv is 
present than 111. Thc methylolation of formamide 

(11) .I. C. AIoiatli and .J. T. M ' W J ~ ~ ,  . l ~ d .  Cirem., 30, 1437 (10R8). 
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TABLE I1 

0 0 

RC-S-X-1- R 

PROPERTIES OF BISkl.IIDES 

'I H y 
--Mol. W t  __- -- Nitrogen, %- 

R X 3I.P. Calcd. Found Calcd. Found 

H CHzCHCHa 70-72 O 130 131 21 53 21.52 
H CHzCHzCHz Oil 130 130 21.53 21 36 
H CHiCHOHCHi Oil 146 142 19 17 19 29 
H HCON( CHzCHzCHz)? Oil 215 215 19 52 19 26 
CH, CHzCHzCHi 102-105 158 158 17.71 17 69 

and acetamide appears to proceed to I1 in equation 
1 and provides further examples of dimethylolation 
of an unsubstituted amide. 

The methylolation (see Table I) of the bisamides 
(V) is considered to be another example of equa- 
tion 2 .  The data in Table I indicate that bis- 
formamides as a class react with two moles of form- 
aldehyde, whrreas the bisacetamides react with 
only one. Substitution on the alkylene group of the 
bisamides decreases the degree of methylolation 
slightly. The contrast between the behavior of 
the bisformamides and the bisacetamides is quite 
striking, particularly when compared with that of 
the monoamides. 

Crowe and I,ynch12 have conducted kinetic 
studies of formaldehyde addition to acetamide and 
benzamide. These workers propose a mechanism 
whereby the unhydrated formaldehyde combines 
with the anion of the amide. An electron-donating 
group (such as methyl) causes decreased proton 
dissociation and anion formation affecting the rate 
of the reaction but not the equilibrium. In a simi- 
lar manner, other workers13 studied the reaction 
of other amides with formaldehyde and came to the 
same conclusion. 

Accordingly, formamides should be more reactive 
than acetamides, but this does not fully explain 
why only one molar equivalent or less of formalde- 
hyde adds to a bisacetamide when there are theore- 
tically two sites for the reaction. Extension of the 
unsubstituted alkylene portion of the bisamides 
from one to three carbons had essentially no effect 
on the extent of formaldehyde addition. Thus, 
inductive effects of the N-substituents are negligible 
for the formaldehyde addition. The same conclu- 
sion is drawn from the data concerning the methylo- 
lation of the four selected monoamides. 

For mcthylolation of the monoamides, steric 
factors appear to be negligible. However, with the 
bisformamidcs a slight but significant decrease in 
formaldehyde addition is noted in the two cases 
where the alkylene group was substituted. For 
methylolation of the bisacetamides, steric factors 
introduced by substitution of the alkylene group 
appear to contribute to the reduction of the extent 
of formaldehyde addition. Thus, it  is concluded 

(12) G. .4. Crowe, Jr . ,  and C. C. Lynch, J .  Am. Chem. Soc., 72, 

(13) J. Ugelstad and  J. do Jongc, Rec. trou. chim., 76, 010 (1Q37). 
3022 (1950). 

that steric factors are affecting the reaction when 
the alkylene portion of the bisamide is substituted. 

The larger effect noted in the formaldehyde addi- 
tion to the bisamides, that is, the addition of only 
one molar equivalent or less of formaldehyde to the 
bisacetamide, is not readily explainable. The sub- 
stitution of the methyl in the acyl group can the- 
oretically decrease the reactivity of the amide 
through both steric and electronic effects. How- 
ever, this combined effect is not apparent in the 
monoamides. Also, hydrogen bonding of the amide 
or methylolated amide may be a factor. N-Sub- 
stituted amides are known14r15 to  form relatively 
stable hydrogen bonds. In a similar case Kogon16 
has suggested that because of intramolecular hy- 
drogen bonding, the allophanate molecule is un- 
reactive to phenyl isocyanate. 

As shown by the data in Table I, ethylenebis- 
formamide (VI) adds tn-o moles of formaldehyde, 
whereas ethylenebisacetamide (VII) adds one. The 
infrared spectra of these methylol derivatives were 
examined and compared to those of the bisamides 
to establish more fully their structures. The pres- 
ence of the N,N'-bis(hydroxymethy1) derivative 
of VI was indicated by several factors: (a) a sharp 
?;H band at 3.07 p in VI was changed to a sharp 
OH band at  3.10 p ;  (b) the amide I1 band of TI at 
6.46 p disappeared; and (c) the OH bendiiig band 
at 9.36 p was present only in the formaldehyde ad- 
duct. Similarly, presence of the N-hydroxymethyl 
derivative of T'II was indicated by (a) combined OH 
and K H  bands at  3.05 and 3.08 p, whereas T'II had 
a sharp XH band at 3.05 p :  (h) amide I1 band a t  
6.40 p of VI1 significantly decreased in intensity; 
and (e) OH band at 9.47 1.1 present only in the form- 
aldehyde adduct. At least one band of TTI and TI1 
was not present in the spectra of the methylolated 
products, indicating an equilibrium far to the right. 

E~perirnental'~ 
Methylenebisformamide,18 n1.p. 141-144', \+ab prepared 

Greatly in 3276 yield from formaldehyde arid forina~nide. 

(14) S. Glasstone, "Textbook of Physical Chemistry," 2nd ed., 

(15) S. L. Shapiro, I. M. Rose, E. Roskin, and  L. Freedman, 

(10) I. C. Kogon, J .  Am. CiLem. Soc., 79, 2253 (1957). 
(17) All melting points are uncorrected. Infrared spectra were 

obtained from potassium hroinide disks with a Perkin-Elmer sgectro- 
pbotonieter, Nodel 21. 

D. Van Nostrand Co., Inc., New York, N. Y., 1946, p. 115. 

J .  Org.  Chem., 26, 2343 (1961). 

(18) P. Knudsen, Ber., 47, 2GYS (1914). 
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improved yields are noted in a recent publication19 where 
hexamethylenetetramine was the source of formaldehyde 
and the mother liquor was reused as solvent; li t . ,18 m.p. 

Methylenebisacetamide, m.p. 196-198' in yield of IS%, 
ethylidenebisacetamide, m.p. 178-182' in yield of 38%, 
propylidenebisacetamide, m.p. 191-194" in yield of %yo, and 
benzylidenebisacetamide, m.p. 235-239" in yield of 17y0, 
were prepared" by refluxing 1 mole of the required aldehyde 
with 2 moles of acetamide and 0.2 mole of acetic acid for 
about 4 hr. The products were recrystallized from a 1:l 
ethanol-acetone mixture. 

Bisamides from the Reaction of Diamines and Esters.- 
As a general procedure, the diamine was added slowly to an 
excess of the ester cooled in ice. The solution was refluxed 
for 6-10 hr. and, after standing overnight, the products were 
isolated by filtration or evaporation of volatile materials 
with heat and vacuum. 

Ethylenebisformamide (VI) was prepared in 95% yield by 
refluxing ethylenediamine and methyl formate. The solids 
obtained by filtration were recrystallized from ethyl acetate 
or ethyl alcohol; m.p. 108-110"; 

Propylenebisformamide was prepared in only 12% yield 
by refluxing propylenediamine and methyl formate. With 
ethyl formate the yield was increased to 300/0. The filtered 
product was recrystallized from ethyl alcohol and melted 
a t  70-72'. 

Anal. Calcd. for C~HIONZO~: C, 46.14; H, 7.74; N, 
21.53; mol. ut., 130. Found: C, 46.11: H, 7.64; N, 21.52; 
mol. wt (by osmometer), 131. 

1,3-Propanebisformamide (VIII) was prepared in 92% 
yield by refluxing 1,3-propanediamine and methyl formate. 
Product was isolated as the residue in a vacuum distillation 
with a maximum pot temperature of 175" ( 5  mm.). The 
product was a yellowish oil. 

Anal. Calcd. for C~H10NZ02: N, 21.53; mol. wt., 130. 
Found: K, 21.36; mol. at. (by osmometer), 130. 
N,N-Bis(3-formamidopropyl)formamide was prepared in 

1 0 0 ~ o  yield by refluxing 3,3'-iminobispropylamine and 
methyl formate. Isolation procedure was the same as for 
VIII. 

Anal. Calcd. for C$H1,N8Oa: N, 19.52; mol. wt., 215. 
Found: N, 19.26; mol. wt. (by osmometer), 215. 

1,3-Diformamidopropanol-2 was prepared in 95% yield 
by refluxing 1,8-diaminopropanol-2 and methyl formate. 
Isolation was the same as for VIII. 

Anal. Calcd. for CsHloN~O~: N, 19.17; mol. a%., 146. 
Found: N, 19.29; mol. wt. (by osmometer), 142. 

Ethylenebisacetamide (VII) was prepared in 11% yield 
by refluxing ethylenediamine with ethyl acetate. On evap- 
oration to near dryness a crystalline product was isolated. 
Recrystallization was from ethyl alcohol; m.p. 172-174" 
lit.,Pa m.p. 175'. 

Attempted Preparation of Propy1enebisacetamide.-To 
220 g. (2.5 moles) of ethyl acetate was added 74 g. (1.0 mole) 
of propylenediamine. The solution was refluxed for about 
15 hr. with no change in the pot temperature. After chilling 
or evaporation the desired product could not be isolated. 
Evaporation produced an oil, the nitrogen content of which 
was too high for diacetylation and slightly low for mono- 
acetylation. 

l13-Propanebisacetamide was prepared in 20% yield by 
refluxing l,3-propanediamine and ethyl acetate for 20 hr. 
About half of the solvent was removed by distillation and 

142-143'. 

m.p. 110-111'. 

(19) C. W. Sauer and R. J. Bruni, J .  Am. Chem. Soc., 77, 2559 

(20) W. A. Noyes and D. B. Forman. ibid.. 56, 3493 (1933). 
(21) F. F. Blioke and  C.-J. Lu, ibid., 74, 3933 (1952). 
(22) A. J. Hill and S. R. Aspinall, ibid., 61, 822 (1939). 

(1955). 

the residue chilled. The white crystalline product waa fil- 
tered and recrystallized from a l : l ethyl alcohol and acetone 
solution; m.p. 102-105'. 

Anal. Calcd. for C;H14N20~: C, 53.14; H, 8.92; N, 
17.71; mol. wt., 158. Found: C, 52.78; H, 8.61; N, 17.69; 
mol. wt. (by osmometer), 158. 

Bisamides from the Reaction of Diamines and Amides.- 
Ethylenediamine was diacylated with both formamide and 
acetamide by heating under reflux a slight excess of the 
amide with the ethylenediamine for about 5 hr. at 100-200'. 
Ethylenebisformamide waa obtained in 72% yield by heating 
to 150°, although lower temperatures gave almost as high a 
yield. Ethylenebisacetamide was obtained in 59% yield 
by heating to 200'. This is the preferred synthesis of ethyl- 
enebisacetamide. Care must be taken in both of these 
preparations to avoid decomposition by overheating. 

Methylolation of Amides and Free Formaldehyde Titra- 
tion.-To each amide in Table I was added enough 20% 
formaldehyde (freshly prepared by heating paraformalde- 
hyde in water a t  pH 8-9) to have a 50y0 excess of formalde- 
hyde over that quantity required for complete methylolation. 
The amide generally dissolved rapidly as the mixture xvas 
placed in a water bath maintained a t  60 i 1'. Weighed 
portions in duplicate were removed from the solutions after 
0.5 hr. and 2.5 hr. Each portion was titrated a t  4' accord- 
ing to the procedure suggested by Morath and Woods11 for 
"free fornialdehyde." In this procedure the base liberated 
by the reaction of free formaldehyde with sodium sulfite is 
neutralized with excess 1 N hydrochloric acid. The excess 
acid is then back-titrated with 1 N sodium hydroxide. In 
all cases the equilibrium mas established before 0.5 hr. Dur- 
ing the 2.5-hr. reaction period the pH of the solutions de- 
creased only slightly. A pH of 7 or higher was maintained 
by the solutions. 

Methylolation of Ethylenebisamides for Infrared Spectra. 
-E thylenebisformamide (VI) and ethylenebisacetamide 
(VII) were treated in alkaline solutions with two and one 
molar equivalents of formaldehyde, respectively. The 
solutions were then evaporated to dryness under vacuum a t  
room temperature over calcium chloride. The products 
obtained were white solids with a slight odor of formalde- 
hyde. 

Anal. Calcd. for C,He-hjZO2-2CH~0: N, 15.90. Found: 

Anal. Calcd. for CsH1&20~.1CH~0: N, 16.08. Found: 
N, 16.08. 

The infrared spectrum of VI had bands of interest a t  3.07, 
6.46, 10.19, and 11.90 p, and no bands from 8.2-9.6 p. The 
infrared spectrum of VI after methylolation had new bands 
of interest a t  3.10, 8.01, 9.36, and 12.95 p. The bands from 
VI mentioned above were not present in the spectrum of the 
methylolated VI. 

The infrared spectrum of VI1 had bands of interest a t  
3.05, 6.40, and 10.02 p. The infrared spectrum of VI1 after 
methylolation had new bands of interest a t  3.08, 8.00, and 
12.81 1.1. The band from VI1 a t  3.05 p was still present, but 
was combined with the new band a t  3.08 p. The band a t  
6.40 p from VI1 was decreased in intensity. The 10.02-p 
band from VI1 had disappeared in the spectrum of methylo- 
lated VII. Unchanged paraformaldehyde was not present 
in the methylolated bisamides as indicated by absence of 
absorption bands of paraformaldehyde in the infrared 
spectra of these products. 
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