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The infrared spectra of seven monoacylureas and their NN'-deuterated compounds have been

measured in the region between 3600 and 450cm-1. A number of characteristic absorption

bands of the -CONHCONH2 and -CONDCOND2 groups have been found and assigned by

referring to the infrared spectra of related compounds and the isotopic frequency shifts. Partial

deuteration by mixtures of water and heavy water has been made to distinguish the absorptions

due to the NH and NH2 groups from each other. The features of infrared spectra of monoacylureas

can be explained by regarding them as composite spectra of aliphatic imides and urea. From the

effect of the alkyl frame-work vibrations for the imide III frequency, it is suggested that the

RCONH- group of monoacylureas takes the trans conformation.

The infrared spectra of monosubstituted amides
and related compounds have been the subject of
a large number of systematic investigation.1) The
coupling between the CN stretching vibration and
the NH in-plane deformation vibration of mono-
substituted amides has been proved to be related
closely to the conformation of the -CONH- group.
The amide II and III bands arising from this
coupling are observed only for the trans conforma-
tion.2) A similar effect of the structure on the
vibrational coupling has been reported for the
aliphatic imides in which two C=0 bonds are
connected to a NH bond.3) It is desirable to extend
the analysis of the amide type vibrational coupling
to more complicated combinations of the C=0
and NH bonds, since they are involved in many
biologically important compounds.
The present paper deals with the infrared spectra
of seven monoacylureas, RCONHCONH2[R=CH3,
C2H5, n-C3H7, i-C3H7, n-C4H9, i-C4H9, (C2H5)2CH]
and their NN'-deuterated derivatives. The as-
signment of the characteristic frequencies of the
-CONHCONH2 and -CONDCOND2 groups was

given on the basis of the spectral change on deutera-
tion and comparison with related compounds such
as urea,4) monosubstituted amides5) and aliphatic
imides.6)

Experimental

Acetylurea7) and propionylurea8) were prepared by
heating a mixture of corresponding acid, acid anhydride,
urea and trace sulfuric acid. The usual method of
acylation with acyl chloride in dry benzene was used
for preparing n-butyryl, i-butyryl-, n-valeryl, i-valeryl
and diethylacetyl ureas.8) These acylureas were recrys-
tallized several times from ethyl alcohol. The NN'-
deuterated compounds were prepared by recrystalliza-
tion from a mixture of dioxane and heavy water, and
partially deuterated compounds from a mixture of
dioxane, water and heavy water.
The infrared spectra were recorded on a Koken DS
301 infrared spectrophotometer equipped with NaCl
(4000-700cm-1) and KBr (700-450cm-1) prisms.
The samples were subjected to the measurement in
the form of solid dispersed in Nujol and H.C.B. (hexa-
chlorobutadiene). The absorption frequencies are listed
in Tables 1 and 2.

Results and Discussion

The Region above 2000cm-1. Acylureas have
both the NH2 and NH groups, and three absorption
bands due to the stretching vibrations of these groups
are observed near 3430, 3320 and 3230cm-1.
Watson et al. assigned the bands near 3420 and
3320cm-1 to the NH2 antisymmetric and symmetric
stretching vibrations, respectively, and the band
near 3230cm-1 to the NH stretching vibration.9)
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We investigated the infrared spectra of partially
deuterated samples obtained by exchange reaction
with the mixture of water and heavy water in
various proportions, and interchanged Watson et
al.'s assignments of the bands near 3320 and 3230
cm-1 on the basis of the intensity change of these
bands on the progress of deuteration. One may
assume that the isotopic change on the NH2 and
NH groups hardly affects the vibrational frequencies
of each other, and that the intensities of the NH2
and the NH stretching bands are determined by
the total concentration of the molecules involving
the corresponding group. The concentration of the
NH2 group in the partially deuterated samples
decreases more steeply than that of the NH group
as the concentration of heavy water in the mixed
solvent increases, since the former has two ex-
changeable protons while the latter has one. Such
difference in the rate of concentration changes is
expected to give rise to the difference in the rate of
intensity changes between the NH2 and the NH

Fig. 1. Infrared spectra of propionylurea(―),

partially deuterated propionylurea from 25% D2O

(---) and partially dueterated propionylurea

from 75% D2O (―-―-).

* the band due to the NH
2 species.

stretching bands, although one must be careful in
taking account of the interference of bands due to
the NHD group.
In Fig. 1, the infrared spectra of partially deu-
terated propionylureas between 3800 and 2200cm-1
are shown. The intensities of the bands at 3424
and 3252cm-1 (labeled*) decrease more rapidly
than the intensity of the band at 3342cm-1 on the

progress of deuteration. This result suggests that
the bands at 3424 and 3252cm-1 are due to the
NH2 antisymmetric and symmetric stretching vibra-
tions, respectively, and that the band at 3342cm-1
is due to the NH stretching vibration. Similarly,
for the deuterated compounds the bands at 2550
and 2390cm-1 are assigned to the ND2 antisym-
metric and symmetric stretching vibrations, respec-
tively, and the band at 2466cm-1 to the ND
stretching vibration. The intensity changes of these
bands on successive deuteration are just what are
expected from the concentration changes of the
ND2 and the ND groups. The bands at 3370
and 3278cm-1 are observed only for the partially
deuterated samples. They are attributed to the
NH stretching vibrations of the NHD group, and
their contributions to the peak intensities of the NH2
and the NH stretching bands are estimated to be
small. The presence of two NH stretching bands
of the NHD group may be due to the presence of
the NH bonds in traps and cis conformations
against the C=0 bond. The partially deuterated
samples show also the ND stretching bands of the
NHD group at 2475 and 2413cm-1.
The Region between 2000 and 1500cm-1.
Figures 2-8 show the representative infrared
spectra of seven monoacylureas and their NN'-
deuterated compounds in the region between 1900
and 400cm-1. The infrared spectra between 1800
and 1500cm-1 of the presently investigated acyl-
ureas may be classified into two types distinguish-
able from each other by the feature of the C=0
stretching and the NH2 bending absorptions. The
type I spectra are shown by acetyl-, propionyl-,
i-butyryl- and diethylacetylureas, and the type II
spectra by n-valeryl-, n-butyryl- and i-valerylureas.

Fig. 2. Infrared spectra of acetylurea (solid line) and acetylurea-d3 (broken line).
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Fig. 3. Infrared spetra of propionylurea (solid line) and propionylurea-d3 (broken line).

Fig. 4. Infrared spectra of n-butyrylurea (solid line) and n-butyrylurea-d3 (broken line).

Fig. 5. Infrared spectra of i-butyrylurea (solid line) and i-butyrylurea-d3 (broken line).

Fig. 6. Infrared spectra of n-valerylurea (solid line) and n-valerylurea-d3 (broken line).
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Fig. 7. Infrared spectra of i-valerylurea (solid line) and i-valerylurea-d3 (broken line).

Fig. 8. Infrared spectra of diethylacetylurea (solid line) and diethylacetylurea-d3 (broken line).

In the type II spectra, the C=0 stretching absorp-

tions, observed as a sharp and strong band near

1690cm-1 and its shoulder near 1705cm-1, are

separated clearly from the NH2 bending absorption

near 1590cm-1 which disappears on NN'-deutera-

tion. In the type I spectra, on the other hand, the

C=0 stretching and the NH2 bending absorptions

overlap with each other and give rise to a strong

composite band with three peaks near 1710, 1680

and 1620cm-1. The spectral change on NN'-

deuteration gives no definite clue to identify the

absorption due to the NH2 bending vibration. We

tentatively assigned the 1620cm-1 peak to this

vibration from analogy to the type II spectra.

The difference between the type I and II spectra

may result from the difference in the scheme of

hydrogen bonds involving the C=0 and the NH2

groups. Although this spectral difference is rather

empirical at the present stage, it should be noted

that a preliminary survey of infrared spectra of a

number of α-brominated acylureas has also shown

the presence of the two types I and II. The C=0

stretching absorption of the NN'-deuterated acyl-

ureas splits mostly into two distinct peaks, around

1680 and 1640cm-1 for the type I and around

1690 and 1665 for the type II. Only diethyl-

acetylurea shows a single peak at 1681cm-1.

The Region between 1500 and 850cm-1. The

spectral change on NN'-deuteration is complicated

in this region since many deformation vibrations
of the NH2, NH, ND2 and ND groups show their
frequencies in this region and they couple often
with other vibrations. Acetylurea shows a medium
band at 1485cm-1 and two sharp and fairly strong
bands at 1260 and 1098cm-1, all of which disappear
on NN'-deuteration. The 1485cm-1 and the
1098cm-1 bands persist in the spectra of other
acylureas, but the 1260cm-1 band is replaced by
a similar band near 1200cm-1 on the change of
the acyl group From acetyl to the others. In some
cases involving large acyl groups, the presence of
the 1480cm-1 is obscured by the overlap of the
CH3 and CH2 deformation absorptions, and is
confirmed only by the comparison with the corre-
sponding NN'-deuterated compounds. Instead of
these bands, the NN'-deuterated acylureas show
commonly four weak to medium bands around
1330, 1170, 1050 and 900cm-1. We assigned the
1100cm-1 band of the undeuterated compounds
to the NH2 rocking vibration from analogy to
acetamide,10) urea4) and biuret,11)a nd the 1170
cm-1 band and the 900cm-1 band of NN'-deu-
terated compounds to the ND2 bending and ND2
rocking vibrations, respectively, from analogy to

10) I. Suzuki, This Bulletin, 35, 1279 (1962).
11) M. Takimoto, Nippon Kagaku Zasshi (J. Chem.
Soc. Japan, Pure Chem. Sect.), 85, 168 (1964).
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acetamide-d210) and urea-d4.4) The remaining
deuteration sensitive absorption frequencies are

quite analogous to those reported for aliphatic
acylic imides, RCONHCOR' (R, R'=alkyl), and
their N-deuterated derivatives.6) The imide II
band near 1500cm-1 and the imide III band
between 1240 and 1180cm-1 of aliphatic acylic
imides are replaced on deuteration by the imide
II' band near 1330cm-1 and the imide III' band
near 1000cm-1. By the normal coordinate analysis
of diacetamide,3) it has been confirmed that the
imide II and III bands arise from the coupling
between the NH in-plane deformation vibration
and the CN stretching vibrations of the -CONHCO-

group, just as in the well known case of the amide
II and III bands of monosubstituted amides. The
imide II' band of the deuterated acylic imides is
mainly due to the CN stretching vibration and
the imide III' band due to the ND in-plane deforma-
tion vibration. From the structural analogy be-
tween acylureas and acylic imides, the 1480cm-1
band of the presently investigated acylureas is
identified immediately as the imide II band and
the 1260cm-1 of acetylurea and the 1200cm-1 band
of the other acylureas as the imide III band. The
1330cm-1 and the 1050cm-1 bands of the NN'-
deuterated acylureas correspond probably to the
imide II' and III' bands, respectively. These
empirical assignmengs of the deuteration sensitive
bands of acylureas are given support to by the
infrared spectra of the partially deuterated samples.
On the increase of the relative amount of heavy
water in the solvent for the exchange reaction,
the 1100cm-1 band shows faster intensity decrease
than the 1480cm-1 band and the 1200cm-1 band

(1280cm-1 for acetylurea), whereas the 1170cm-1
and the 900cm-1 bands show slower intensity
increase than the 1330cm-1 and the 1050cm-1
bands. The partially deuterated samples show only
a few additional absorptions appearing as satellite

peaks of the above mentioned bands, although
these samples are mixtures of many isotopic mo-
lecules with respect to the number and positions
of deuterium atoms.
For aliphatic acylic imides it has been reported
that the vibrations of alkyl groups contribute to
the imide III band through the coupling with the
CN stretching vibrations, and this coupling gives
rise to the low frequency shift of the imide III
frequency of aliphatic acylic imides from 1240cm-1
to 1180cm-1 on the change of alkyl frameworks
from methyl to ethyl and larger alkyl groups.
Similarly, the effect of the alkyl framework on the
imide III frequency of acylureas presently observed
indicates that the CN stretching vibration of the
RCONH- group of acylureas couples with the NH
in-plane deformation vibration as well as with the
vibrations of the alkyl framework. It is well known
that the coupling between the CN stretching and
the NH in-plane deformation vibrations occurs

only for the trans-CONH-group.2) Accordingiy,
the RCONH-group of acylureas is probably in the
trans conformation.
Besides the CN stretching vibration of RCONH-

group participating in the imide II and III bands,
acylureas have two more degrees of freedom for
those arising from the-NHCONH2 group. We
assigned the weak or medium band near 950cm-1
observed commonly for the presently investigated
acylureas and their NN'-deuterated compounds to
one of these two CN stertching vibrations. This
absorption frequency is comparable with the CN
symmetric stretching frequency of urea itself at
1000cm-1.4) The remaining CN stretching band
is then supposed to appear around 1450cm-1 by
analogy with the CN antisymmetric stretching
frequency of urea (1660cm-1).4) The interference
of the CH deformation bands of alkyl groups makes
it difficult, however, to identify this band. The
strong bands near 1410cm-1 for acylureas and near
1440cm-1 for the NN'-deuterated compounds were
tentatively assigned to this CN stretching vibration.
The Region between 850 and 450cm-1. For
the undeuterated acylureas, four bands around
810,700,680 and 570cm-1 are commonly observed
between 850 and 450cm-1. Referring to the C=0
out-of-plane deformation frequency of urea, we
assigned the slightly broad band near 810cm-1 of
undeuterated acylureas to the corresponding vibra-
tion of the -NHCONH2 group. On NN'-deutera-
tion, this band is replaced by the sharp band at 770
cm-1, the frequency being almost independent of the
alkyl group. The broad bands around 700 and 680
cm-1 of acylureas disappear on deuteration and
are assigned to the NH2 wagging and the NH out-
of-plane deformation, vibration respectively, from
analogy with urea and aliphatic imides. For the
NN'-deuterated compounds, the corresponding ND2
wagging and the ND out-of-plane deformation bands
are found near 550 and 500cm-1, respectively.
These assignments were given support to again by
the change in the relative intensities on partial
NN'-deuteration.
The group frequencies so far left unassigned in
this region are the C=0 in-plane and out-of-plane
deformation vibrations of the RCONH- group and
the C=0 in-plane deformation vibration of the
-NHCONH2 group. By comparison with the
available data for monosubstituted amides,5) imides6)
and urea,4) these vibrations are expected to have
their frequencies around 600cm-1. The strong
band near 570cm-1 of acylureas may therefore
be taken as an overlapped absorption contributed
by these vibrations. The corresponding band for
NN'-deuterated compounds is observed around
530cm-1.

Thanks are due to the members of the Micro-
analytical Center of Kyoto University for elemental
analysis.


