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ABSTRACT 

The reaction of formaldehyde and diamides of 
1,2-diamines in acetic acid containing a trace of 
hydrochloric acid was found to give t ,3-diacyl deriva- 
tives of imidazolidine in high yield. The similar 
reaction of formaldehyde and diamides of 1,3- 
propylenediamine gave high yields of 1,3-diacylhexa- 
hydropyrimidines. Attempts to extend this reaction 
to other aldehydes than formaldehyde failed, as did 
attempts to condense formaldehyde with a diamide 
which would give a four-membered or seven-mem- 
bered ring system, the diamide being recovered 
unchanged in each instance. Twenty-two new com- 
pounds were prepared and characterized. 

INTRODUCTION 

Substituted hexahydropyrimidines are readily prepared 
by the reaction of aldehydes or ketones with 1,3-diamines 
(1-3). A similar reaction employing 1,2-diamines yields the 
analogous imidazolidines (4,5). A variety of uses have been 
claimed for substituted derivatives containing either of 
these two ring systems including corrosion inhibition (6-8), 
antimicrobial activity (8,9), fuel oil additives (6 ,10 )and  
insecticidal activity and insect repeUency (11). Several 
substituted hexahydropyrimidines have exhibited anti- 
tumor activity (12-14). Substituted imidazolidines have 
been used to improve the crease resistance of cotton fabric 
(15,16). 

In the course of attempting to develop a procedure for 
the preparation of N,N'-dimethylol derivatives of N,N'- 
diamides of ethylene-diamine for testing as crosslinking 
agents for cotton fabric, high yields of 1,3-diacyl imida- 
zolidines were inadvertently obtained: 

COR 
N " ' /  

HOAc CH2 / ~ CH 2 
(RCONHCH2) 2 + HCHO = [ / 

HC1 CH 2 N ~ COR 

1,3-Diacyl hexahydropyrimidines were obtained when the 
procedure was carried out employing diamides of 1,3-di- 
amines. Since 1,3-diacyl derivatives of imidazolidine and 
hexahydropyrimidine have received no significant attention 
in the literature, a number of compounds in each series 
were prepared for study. 

EXPERIMENTAL PROCEDURES 

Materials 
All of the materials were of reagent grade and were 

purchased from commercial sources. 

Procedures for Diamides 

M e t h o d  A. N,N'-Ethylenebisoleamide and N,N'-propy- 
lenebisoleamide were prepared by adding dropwise with 
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stirring two molar proportions of oleoyl chloride to one 
molar proportion of the respective diamines in the presence 
of 2.1 molar proportions of pyridine using benzene as a 
solvent. After filtration employing a Buchner funnel, the 
filtrate was washed with dilute hydrochloric acid, followed 
by water, then was dried over anhydrous sodium sulfate, 
filtered and stripped. The diamides were recrystallized 
twice from acetone. 

M e t h o d  B. N,N'-Ethylenebisacetamide, N,N'-ethylenebis- 
butyramide, N,N'-propylenebisacetamide and N,N'-propy- 
lenebisbutyramide were prepared by the procedure 
described in Method A except that after filtration, the 
filtrate was discarded and the solid on the filter was 
dissolved in water, neutralized with dilute NaOH and 
stripped. Absolute ethyl alcohol was added to the solid 
mixture, after which the insoluble portion was removed by 
filtration and then the solvent was removed by stripping. 
The diamide was recrystallized from methanol and dried in 
a vacuum desiccator over phosphorus pentoxide. 

M e t h o d  C. The remaining diamides were prepared by the 
procedure described in Method A except that after filtra- 
tion the filtrate was discarded and the solid on the filter 
was placed in a Soxhlet and extracted with hot water to 
remove the pyridine hydrochloride. The product was 
recrystallized from ethanol and dried in a vacuum desicca- 
tor over phosphorus pentoxide. 

IR spectra confirmed the preparation of the diamides 
and exctuded the presence of the monoamide and free acid 
by showing absorption bands at 3.05hi and 6.45/3 (NH), and 
at 6.10/~ (amide carbonyl), and the absence of absorption 
bands at 2.85/3 and 3.02/.t (amino group), and at 5.89/.t (acid 
carbonyl). 

Procedures for Ring Closure 

M e t h o d  1. 1,3-Diacetytimidazolidine (I) was prepared 
from N,N'-ethylenebisacetamide (4 g, 0.028 mole) and 
formaldehyde solution (36.8%, 4.4 g, 0.053 mole) in acetic 
acid (25 ml) containing a catalytic amount (0.3 ml) of 37% 
hydrochloric acid. These materials were placed in a flask 
and stirred by means of a magnetic stirring bar while the 
temperature was raised to 50 C and held at this temperature 
for 2 hr. Then the acetic acid, excess formaldehyde solution 
and hydrochloric acid were removed by distillation at 
reduced pressure. The product was recrystallized twice 
from absolute ethyl alcohol and dried in a vacuum 
desiccator over phosphorus pentoxide. 

This procedure was also followed in the preparation of 
1,3-dibutyryl- and 1,3-dipentanoylimidazolidine. 

1,3-Diacetylhexahydropyrimidine and 1,3-dibutyryl- 
hexahydropyrimidine were also prepared by the procedure 
used for I from the respective N,N'-propylenebisamides and 
formaldehyde solution. However, no further purification 
was required for these products after removal of the acetic 
acid, formaldehyde solution and hydrochloric acid at 
reduced pressure. 

M e t h o d  2. The remaining 1,3-diacylimidazolidines were 
prepared by the procedure described for I except that after 
the heating period cold water was added to precipitate the 
product. The precipitated product was removed by filtra- 
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Compound 

%C %H %N 

Yield, Density N 30 
% 30 C D mp C a Exp. Theory Exp. Theory Exp. Theory 

1,3-Dia cetylimidazolidine 
1,3-Dibut yrylimdazolidine 
1,3-Dipent anoylimidazolidine 
1,3-Dihexanoylimidazolidine 
1,3-Diheptanoylimidazolidine 
1,3-Dio et anoylimidazolidine 
1,3-Din onanoylimidazolidine 
1,3-Dide canoy limidazolidine 
1,3-Dipaimitoylimidazolidine 
1,3-Distearoylimidazolidine 
1,3-Dioleoylimidazolidin e 
1,3-Dipalmitoyl-4-methylimidazolidine 
1,3-Diaeetylhexahy dropyrimidine 
1,3-Dibutyrylhexahy dropyrimidine 
1,3-Dipentanoylhexahydropyrimidine 
1,3-Dihexanoylhexahydropyrimidine 
1,3-Diheptanoylhexahydropyrimidine 
1,3-Dio ctanoylhexahy dropyrimidine 
1,3-Dinonan oylhex ahy dropyrimidine 
1,3-Didecanoylhexahy dr opyrimidine 
1,3-Dipalmit oylhexahy dropyrimidine 
1,3-Distearoylhexahy dropyrimidine 
1,3-Dioleoylhexahydropyrimidine 

80 90-92 53.73 53.83 7.77 7.75 17.91 17.94 
78 84-86 62.35 62.23 9.77 9.50 13.10 13.20 
90 89-91 65.61 64.95 10.13 10.06 11.75 11.66 
90 91-93 67.25 67.13 10.54 10.52 10.47 10.44 
90 92-94 69.33 68.87 10.97 10.88 9.38 9.45 
90 93-95 70.14 70.31 11.25 11.18 8.63 8.63 
90 97-99 71.92 71.55 11.55 11.44 7.73 7.94 
90 100-102 72.52 72.59 11.67 11.65 7.25 7.36 
89 108-110 76.85 76.30 12.50 12.44 5.04 5.09 
90 108-110 77.85 77.41 12.79 12.66 4.75 4.63 
90 50-52 77.43 77.87 12.01 12.41 4.66 4.66 
90 58-60 77.34 76.80 12.93 12.53 5.15 4.98 
b 1.1378 1.4911 56.21 56.48 8.44 8.35 16.44 16.47 
b 1.0454 1.4847 63.66 63.71 9.93 9.80 12.47 12.38 

90 1.0244 1.4814 65.50 66.11 10.31 10.31 10.81 11.02 
94 0.9779 1.4797 67.92 68.06 10.77 10.71 9.96 9.92 
84 0.9843 1.4768 68.88 69.64 10.96 11.04 8.97 9.02 
90 0.9673 1.4774 70.59 70.96 11.35 11.32 8.34 8.28 
92 0.9576 1.4760 71.57 72.08 11.33 11.55 7.72 7.64 
90 28-30 73.27 73.06 11.91 11.75 7.14 7.10 
90 64-66 76.65 76.81 12.58 12.54 4.90 4.98 
90 66-68 78.05 77.73 13.36 12.72 4.37 4.53 
88 0.9183 77.75 77.98 11.95 12.44 4.54 4.55 

aUncorrected, 
bThe yield was quantitative. 

t i on ,  washed  w i th  water ,  recrys ta l l ized twice  f rom abso lu t e  
e thy l  a lcohol  and  dried in a v a c u u m  des icca tor  over  
p h o s p h o r u s  p e n t o x i d e .  

Method  3. 1 , 3 - D i p e n t a n o y l h e x a h y d r o p y r i m i d i n e  (II)  
was  p repa red  by  the  p rocedu re  descr ibed  for  I excep t  t ha t  
a f te r  the  hea t ing  per iod  the  m i x t u r e  was d i lu ted  w i t h  cold 
w a t e r  and  e x t r a c t e d  w i t h  d i e thy l  e ther .  The  ex t r ac t  was 
washed  w i t h  water ,  dr ied over  a n h y d r o u s  sod ium sulfate  
and  s t r ipped  u n d e r  r educed  pressure.  

The  r ema in ing  1 ,3 -d i acy lhexahydropy r imid ines  were  
p repa red  as descr ibed  for  II excep t  t h a t  b e n z e n e  was used 
in t he  e x t r a c t i o n  ins tead  of  d ie thy l  e the r .  

Densi t ies  were d e t e r m i n e d  p y c n o m e t r i c a l l y  in a t h e r m o -  
s t a t ed  b a t h  at  3 0 -  + 0.1 C. The  ref rac t ive  indices  were 
d e t e r m i n e d  at 30 C wi th  a prec is ion  Bausch  and  L o m b  
r e f r a c t o m e t e r  using the  D sod ium line.  The  mel t ing  po in t s  
were  d e t e r m i n e d  on  a F i she r - Johns  appa ra tus  and  are 
u n c o r r e c t e d .  NMR spectra  were d e t e r m i n e d  in deu te ro-  
c h l o r o f o r m  so lu t ion  w i th  a Var ian-A-60-A s p e c t r o m e t e r ,  
us ing t e t r a m e t h y l s i l a n e  as an  in t e rna l  re fe rence .  

RESULTS AND DISCUSSION 

The  p r o d u c t s  o b t a i n e d  f rom the  ac id-ca ta lyzed  reac t ion  
of  f o r m a l d e h y d e  and  N,N ' -d iamides  of  e t h y l e n e d i a m i n e  
were  e x p e c t e d  t o  be N ,N ' - d i m e t hy l o l  derivat ives of  the  
d iamides .  The  c o m p o u n d s  i sola ted ,  however ,  d id  n o t  
ana lyze  proper ly  for  t he  d i m e t h y l o l  der ivat ives  and  did n o t  
show the  expec t ed  h y d r o x y l  band  at  2.9 p in  the  IR 
spect ra .  The  NMR spect ra  revealed an  isola ted m e t h y l e n e  
g roup  in these  mater ia l s  w h i c h  suggested t h a t  cyc l i za t ion  
had  occurred .  C o m p a r i s o n  of  t he  p r o d u c t  o b t a i n e d  f rom 
the  r eac t ion  of  f o r m a l d e h y d e  and  N ,N ' - e thy leneb i sace t -  
amide  w i t h  an  a u t h e n t i c  sample  of  1 ,3-diacety l imida-  
zol id ine  p repa red  by  the  r e d u c t i o n  o f  imidazole  in acet ic  
a n h y d r i d e  (17)  es tab l i shed  the  p resence  of  the  imi- 
dazo l id ine  r ing in the  r eac t ion  p roduc t .  The  mixed  mel t ing  
p o i n t  o f  the  two  mater ia l s  was n o t  depressed ,  and  b o t h  gave 
iden t i ca l  NMR spectra ,  showing  sharp  singlets  at  4 .93  p p m  
( two  h y d r o g e n s )  and  2.11 p p m  (six h y d r o g e n s )  and  a b r o a d  
singlet  a t  3 .79 p p m  ( four  hydrogens ) .  

The  r eac t ion  of  f o r m a l d e h y d e  and  N,N ' -d iamides  of  

1 ,3 -p ropy lened iamine  in acet ic  acid c o n t a i n i n g  a t race  of  
h y d r o c h l o r i c  acid readi ly  y ie lded 1 ,3 -d iacy lhexahydro -  
pyr imid ines .  The  NMR spect ra  of  these  mater ia l s  showed  
the  i so la ted  m e t h y l e n e  g roup  as a sharp  singlet  at  5 .10  ppm.  
T h a t  t he  r eac t i on  is c lean-cut  and  c o m p l e t e  is revealed b y  
the  fac t  t ha t  two o f  these  c o m p o u n d s ,  the  d iace ty l  and  
d i b u t y r y l  derivat ives,  l iquids  at  r o o m  t e m p e r a t u r e ,  were  
isola ted in quan t i t a t i ve  yield a f te r  t he  r e a c t i o n  b y  r emova l  
of  so lvent  and  excess  f o r m a l d e h y d e  and  gave su i tab le  
e l emen ta l  analyses  w i t h o u t  f u r t h e r  pur i f i ca t ion .  The i r  IR 
and  NMR spect ra  revealed no  s ignif icant  impur i t i es .  

The  1 ,3-d iacyl imidazol id ines  and  1 ,3 -d i acy lhexahydro -  
py r imid ines  p repa red  in th is  work  are l is ted in Table  I, 
a long w i t h  the i r  phys ica l  p roper t i e s  and  e l emen ta l  analyses.  
Besides,  1 ,3-d iace ty l imidazol id ine ,  m e n t i o n e d  above ,  t he  
on ly  o t h e r  c o m p o u n d  in these  two  series w h i c h  appears  to  
be  descr ibed  in the  l i t e ra tu re  is 1 , 3 - d i b e n z o y l h e x a h y d r o -  
py r imid ine ,  p repa red  by  r eac t i on  of  b e n z o y l  ch lor ide  w i t h  
the  m i x t u r e  o b t a i n e d  f r o m  the  r eac t i on  o f  f o r m a l d e h y d e  
and  1 ,3 -p ropy lened iamine  (18) .  The  m e t h o d  of  p repar ing  
1 , 3 - d i a c y l i m i d a z o l i d i n e s  a n d  1 ,3 -d iacy lhexahydro -  
py r imid ine s  descr ibed  in the  p resen t  w o r k  is s impler  and  
m o r e  c o n v e n i e n t  to  carry ou t  in the  l a b o r a t o r y  t h a n  e i the r  
of  the  p rocedure s  (19 ,20 )  descr ibed  in the  l i t e ra ture .  
A t t e m p t s  to  e x t e n d  th is  p rocedu re  to  t he  p r e p a r a t i o n  of  
2 - subs t i t u t ed  der ivat ives  by  condens ing  a c e t a l d e h y d e ,  
b u t y r a l d e h y d e ,  and  b e n z a t d e h y d e  w i t h  N ,N ' -e thy leneb i s -  
p a l m i t a m i d e  fai led and  the  d iamide  was recovered  un-  
changed  in each  ins tance .  Likewise,  a t t e m p t s  to  p repare  
f o u r - m e m b e r e d  or  s even -membered  r ing sys tems by  con-  
dens ing  f o r m a l d e h y d e  w i t h  N , N ' - m e t h y l e n e b i s p a h n i t a m i d e  
or N , N ' - ( 1 , 4 - b u t y l e n e ) b i s p a l m i t a m i d e  b y  th is  p r o c e d u r e  
also fai led and  the  d iamides  were r ecovered  u n c h a n g e d .  
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