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Mechanistic Studies in the Chemistry of Urea. Reactions of 
1.2-Diaminoethane and Related Compounds with Urea and N-Alkylated 
U reas 

Part 9.1 

By Anthony R. Butler * and lshtiaq Hussain, Department of Chemistry, The University, St. Andrews, Fife 
KY16 9ST 

Reaction of urea with 1,2-diaminoethane results in formation of imidazolidin-2-one (1 ) .  Isotopic labelling and a 
study of the reactions of N-alkylated 1,2-diaminoethane indicate that the reaction mechanism involves an isocyanate 
intermediate. 1,3- Diaminopropane gives a similar product. 

I ~ ~ I D A Z O : ~ I ~ I N - ~ - O N B ,  or ethyleneurea ( l) ,  is a substance 
of sonie industrial importance as i t  is used to render 
cotton fabrics crease resistant. It can be svnthesised 
by reaction of several substances with 1,2-diaxiiinoetliane, 
c.g. diethvl carbonate,2 p h ~ s g e n e , ~  and urea. The last 
reaction is tlie subject of this study. This preparation 
was first reported by Hansen but a yield of 100/, was 
obtained. However, Schweitzer discovered that,  if 
water is added, the yield increases to 98%. 

RESULTS AND DISCUSSIOX 

Tlie amnionia liberated by tlie rcaction ii: Sclicmc> 1 
coulcl come either from tlie urca or from tlie (liaiiiino- 
ethane. Wlieri the urea used was labelled with nitrogen- 
15 we found none of this isotope in the imidazolidiii-2-ont~ 
formed. However, the ammonia evolved, wliicli wa i  
trapped as aninionium chloride, did contain nitrogcn-15. 
Thus, i t  is tlie carbon-nitrogen bond of urea which is 
broken during the course of the reaction. 

There are several possible nieclianisnis €or this react ion ,  
the most probable of which are given in Sclieiiie 2. 
(a) Reaction occurs hy simultaneous nuclcopliilic 
attack of botli ends of the diaiiiinc molecule with con- 
ccrtcd elirninat ion ot two molecules of arnnionia in a 

(1,) 1~orin;itioii ot the intermcdiatc 
(2) is followed by intramolecular nucleopliilic attack on 

. 

H 

>O  4 [,">o -k 2NH3 
H2N + 
H2N H 

(1)  

S C H E h l b  1 

t I i c b  rl )oily1 j i i l ) ,  witli vliiiii iiat i o i i  ( ) I  ; i i i i i i i o n i ; i .  

(c) J ~~~~~~iiiccliatc (2) is cwnvcrted into ;ti1 isocpiiate ( 3 ) ,  
with loss of ;1111111oii in, nii(1 subsequent cyclisation of (3 )  
givcs ( I ) .  

Similar consicitrations liavc l w n  al)plicd by I Icgarty 
aiid Frost to the hydrolysis of [~-nitropliciiyl LY- 
l)licnylcarbamate arid tl ie co~iversio~i of /~niti-ophe~iyl 
N -  (%am inophcn yl) carbaniat e in to o-plienyleneurca. 
1'1icy found evitlcnce for the intcrnicdiacy of an iso- 
cyaiiate and so, (A f i ~ i o r i ,  (c) is tlie favoured route. 

Hegarty and Frost trapped an isocyanate inter- 
mediate in the hydrolysis of p-nitrophenyl N-phenyl- 

carbaina te by reaction in the presence of p-cliloroaniline 
and isolated iY-phcnyl-N'-(~-clhrophcnylurea). We 
carried out a siniilar experiment by heating a rnixture of 
urea, dianiinoethane, water, and p-chloroaniline but the 

H 

+ H,NCONH, ---D 
NH2 

NH, 
H INH3 (1 1 

NHCONH, 

/- 

SC'HEhIE 2 

l x h t  of t l w e  wah recovcrecl uncliaiipxl, a i i c l  we found no 
trace of (4), which could have been formed by reaction of 
(3) with p-chloroaniline. However, this negative result 
does not disprove the intermediacy of (3) as intra- 
inolccular reaction, to form ( l ) ,  may well proceed inorc 
readily than intermolecular reaction with p-chloro- 
ani i i ne. 

Water does not appear to play a chemical role in tlie 
reaction and acts only as a moderator. We tried toluene 
in place of water. React ion does occur, as evicleiicctl 
by tlrc amnmnia cvoivt:tl, but the solid product al)pears 
to be a polymer, pro'bably of the linear type (5 ) .  If 1.1 is 

H,NCO-[NHCH,CH2NHC01n -NH, r NHCoN HC6H4C' 
L NH, 

( 4 )  ( 5 )  

1;trgc tlicn tlic chktneiital analysis of (6) is aliiivst the 
same as that of (1). Also, many of the spectral properties 
will be identical. However, the m.p. of the product 
(191.) is very different from that of (1) (130"). Although 
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the main fragment in the mass spectrum is a t  mlc 86, 
M +  for ( I ) ,  there are many smaller peaks of higher m/e. 
The appearance of the spectrum is characteristic of a 
polymer. I t  would appear, then, that water is a specific 
moderator for the formation of (1) .  

As both carbon-nitrogen bonds of the urea are broken 
during reaction, iniidazolidin-2-one (1) should be 
obtained by reaction of 1-methylurea, 1,1-dimethylurea, 
and 1,3-dimethylurea with I ,2-diaminoethane. These 
bonds were broken in the case with the first two but, 
instead of (1 ), polymeric material was obtained although 
the experimental conditions were the same as those 
which produced the monomer on reaction with urea. 
There was no evidence, in the lH n.m.r. spectra of tlic 
polymers, for the presence of N-methyl groups. The gas 
evolved during reaction was a mixture of metliylaiiiine, 
or dimethylamine, and ammonia. 

No reaction occurred with 1,3-dimethylurea and tlik 
suggests that  formation of the intermediate (2) is blocked. 
With urea formation of (2) must parallel the biuret 
reaction ,’ where diaminoethane replaces the second 

hylurea does molecule of urea (Scheme 3). 1,3-Dime 

H,NCONH, - HN=C=O 

H2N CON H 2 1 
H,NCONHCONH, 

SCHEME 3 

NH3 

not appear to undergo a simple biuret reaction and 1,s- 
dimethylbiuret is made by the reaction of 1-methylurea 
with methyl isocyanate.8 Therefore, 1,3-diinethylurea 
does not react with diaminoethane in a manner parallel 
to that  shown in Scheme 3 and is recovered unchanged 
from the reaction mixture. 

We now consider the effect of N-niethylation of the 
diamine upon the course of the reaction. The iso- 
cyanate intermediate (3) cannot form from 1,2-bis- 
(methy1amino)ethane and so reaction with urea should 
give a different type of product. In  fact, (6) was 
obtained. This compound was identified by elemental 
analysis, spectral data, reaction with nitrous acid (which 
gave CO,), and alkaline hydrolysis (which gave NH,). 
This result is inconsistent with routes (a) and (b) (Scheme 
2),  but supports formation of an isocyanate intermediate. 

However, our result appears to be inconsistent with 
the work of Lien and his co-workers who obtained 1,3- 
dialkylimidazolidin-%ones by reaction of 1 ,Z-dialkyl- 
aminoethanes with urea. The experimental conditions 
they used were very similar to ours, except that  they 
used no moderator and heated for a longer period. We 
were able to resolve this inconsistency. The action of 
heat (ca. 300”) on (6) resulted in formation of a paste, 
most of which was soluble in chloroform, and the evolu- 
tion of ammonia. On cooling the solution crystals were 
deposited which we identified, by spectral means, as the 
cyclic biuret (7). Removal of solvent from the filtrate 

left an oil, 1,3-dimethylimidazolidin-2-one (8) ,lo which 
is the product expected from Lien’s work. The material 
insoluble in chloroform was cyanuric acid. It was 
identified by comparison with an authentic sample. 
Thus it woulf appear that bisureas like (6) are inter- 
mediate in Lien’s synthesis of dialkylimidazolidin-2-ones. 
What is not clear is whether (6) decomposes into (7 )  
and (8) concurrently, or to (7) first, which reacts further 
to give (8). We favour the latter as conversion of (6) 
into (8) involves the simultaneous elimination of ammo- 
nia and cyanic acid while, if reaction proceeds with the 

intermediacy of ( 7 ) ,  these processes occur in a stepwise 
manner. The fact that (7 )  can be isolated supports this 
view. 

The same product (6) was obtained by reaction of 
1 ,d-bis(methy1amino)ethane with 1-methylurea and with 
1,1-dimethylurea. With 1 ,3-dimethylurea there was 
no reaction. 

Keact ion of 1 -dimet hylamino-2-aminuethane with 
urea gave yet another type of product, an N-substituted 
urea (9). We can readily rationalise this as cyclisation 
of the isocyanate intermediate (10) is not possible, and 
so it reacts with a second molecule of the diamine to give 

Me2NCH, CH,NH N=C=O 

Me;NCH,CH,NH’ I,,., ‘c=o 

(9) (10) 

H 

ti 
(11) 

(9). This is further evidence to support the isocyanate 
intermediate. 

We found that a parallel reaction occurs when 1,2- 
diaminoethane was replaced by 1,3-diaminopropane. 
The solid products obtained on reaction with urea and 
with 1-methylurea was a mixture of (11) and polymeric 
material. 

EXPERIMENTAL 

Reaction of Urea and 1,2-Diai?zinoetlLane.-A mixture of 
urea (6 g, 0.1 mol), diaminoethane (6  g, 0.1 mol), and water 
(3 .6  ml) was refluxed for 3 h and the gas evolved passed 
into aqueous HC1. After 3 h the mixture became a paste 
but, during the next hour, turned into a pale liquid and, on 
cooling, solidified. The material was recrystallised from 
chloroform to give imidazolidin-2-one (1) (6.5 g,  75y0), 
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m.p.  130" (1it.,l1 13l0), m/e 86 ( M + ) ,  aH (CF,CO,H) 3.64, 
6~ (H,O) 43.4 and 169.4 p.p.m. Ammonium chloride was 
isolated from the solution through which the evolved gas 
had passed. 

The above experiment was repeated using urea containing 
3"4 nitrogen- 1.5. The mass spectrum of the imidazolidin-2- 
one obtained was identical with tha t  obtained above but in 
the mass spectrum of the ammonium chloride isolated there 
was a peak a t  in/e 29 (l4N-l5N) which is not found in iso- 
topically normal aniinonium chloride. 

When toluene was used as the moderator a material was 
obtained, m.p. 1!)2", in 60% yield, ths spectral properties 
of which were identical \Tit11 those of ( I ) ,  except tha t  the 
mass spectrum had only a small peak a t  m / e  86 and many 
small peaks a t  higher values. 

The first experiment described above was repeated using 
l-inethylurea instead of urea. The product, obtained in 
707; yield, had the following properties : m.p. (decomp.) 
280", in/e 86 (large) and small peaks a t  higher values, 611 
(CF,CO,H) 3.58, 6~ (CF,,CO,H) 42.5, 42.8, and 163.6 p.p.m. 
(Found: C, 41.0; H, 7.1;  N, 32.3. Cnlc. for C,H,N,O: 
C, 41.9; H, 7.0;  N, 32.5%). The material appears t o  a 
polymer of  (1 ) .  

IVith 1 ,  l-tlimetliylurea another product (60% ; also a 
polymer) was obtained, n1.p. 184", m/e 86 (Mt) (large) and 
small pealis a t  higher values, BH (CE',CO,H) 3.63 p.p.m. 

Reaction of Uvea with lI2-Bis(methylainZno)etleane.-The 
same procedure was used to  give 1,l'-dimethyl-1,l'-dimethyl- 
snebisurea (6) (9574), m.p. 262", n%/e 174 (Mf) ,  v , , , ~ ~ .  (mull) 
3 400, 3 190 (NH), and 1 655 cm-l ( G O ) ,  8H (CF,CO,H) 3.20 
(6  H ,  s), and 3.80 (4 HI s), Sc (CF,CO,H) 36.6 (q), 48.8 (t), 
and 162.4 (sj p.p.ni. (Found: C, 41.3; H ,  8.65; N,  33.0. 
C,H,,N,O, requires C, 41.35; H ,  8.1; X, 32.150,:,). The 
stnie protfuct was obtained when urea was replaced by  1- 
niethylurea or 1 , 1'-cliniethylurea. 

The action of heat of (6) resulted in tne evolution of 
ammonia and production of a white solid 1 ,li-dinzethyl- 
1,5-dimetJ6ylenehiuret (7)  (50%), ni.p. 190°, nz/e 157 (M' ) ,  
SlI ([2H6]13MSO) 2.87 (6 H,  s ) ,  3.45 (4 H, s ) ,  and 8.25 ( 1  H, 
s) (Found: C, 45.85; H, 6.9;  N, 26.5. C,H,,N,O, requires 
C, 45.85; H ,  7.05; N, 26.75%). The other product of 
reaction isolated was a liquid 1 3-dimetJiylimidasolidin-2-one 

(8) lo (35%), m/e 114 (M+) ,  (CDC1,) 2.75 (6 H, s) and 3.27 
( 4  H ,  s ) ,  6~ (CHCl,) 29.5, 43.3, and 160.1 p.p.m. 

Reaction of Urea with l-Dimetlzylamino-2-aminoethane .- 
A mixture of the dianiine (8.8 g, 0.1 niol), urea (6 g, 0.1 mol), 
and water (3.6 ml) was refluxed for 4 h. The ammonia 
evolved was passed into aqueous HC1 and recovered as 
NH,Cl. The contents of the flask were cooled, diluted with 
chloroform, and filtered. The solvents were removed and 
the residue dried (molecular sieve) t o  give a viscous oil, 
1,3-bis(dimethyZaminoetJz~yl)urea (9) (8.8 g, 85: / , ) ,  ni/e 87 
(1Lle,NCH,CH,NH) and 115 (Me,NCH,CH,NHCO) , vmah. 
(mull) 3 330 (NH) and 1 660 cm-l ( G O ) ,  aIi (CI)Cl,) 2.18 
(12 H, s), 2.40 (4 H ,  t), 3.23 (4 H, q), and 6.52 (2 H, t) 
(addition of JI20 resulted in disappearance of triplet a t  
6.52 and the quartet a t  3.23 changed into a triplet), 8~ 
(CHC1,) 37.7, 46.0, 59.0, and 160.5 p.p.m. (Found: C, 53.35; 
H, 11.15; N, 27.7. C,H2,N40 requires C, 53.45; I-I, 10.95; 
N, 27.7%). 

Reaction of 1,3-Diuminofimpane with Urea.-'The normal 
procedure was repeated using 1,3-diaminopropane. Acetone 
was added to  the product and the insoluble material filtered 
off. This material was extracted with chloroform and, on 
removal of solvent, gave trimethyleneurea (1 1) (40%), 
1n.p. 262" (lit.,11 ZSOO),  rn/e 100 ( M + ) ,  vl,,,,. (mull) 3 240 
(NH) and 1 680 cm-l ( G O ) ,  (D,O) 1.83 ( 2  H, i n )  and 
3.23 (4 H ,  t) ,  6c (H,O) 21.1, 40.3, and 159.6 p.p.m. The 
material insoluble in chloroforni was polymeric. 
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