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In a previous paper, 1) p-tolylthio-3-alkylureas and the corresponding sulfonyl com-

pounds were prepared and the comparison of these pharmacological activity was re-

ported. In the present paper, the infrared spectra of these compounds are measured,
and the difference between the thio and sulfonyl derivatives is discussed, treating

mainly with the frequencies due to phenyl group and ureido group.

Frequencies due to Phenyl Group

The ring double bond stretching vibrations are normally observed as three bands
at 1600, 1580, and 1500 cm-1 in benzene derivatives. All of these compounds now studied
show two bands near 1600 and 1500 cm-1.

The band near 1600 cm-1 for sulfonyl derivatives is stronger in its intensity than
that for thio derivatives. On the other hand, the band near 1500 cm-1 for sulfonyl

derivatives is weaker in its intensity than that for thio derivatives. The intensities of
these bands can probably be correlated with the electronic nature of S- and SO2

groups. Katritzky et al. 2) suggested that for para disubstituted benzenes the intensity
of the band near 1600 cm-1 can directly vary as the algebraic difference of the elect-

ronic effects of the substituents, and one of the band near 1500 cm-1 is always high for
electron donor substituents and weak or absent where these are not present. Accord-

ingly, our result is presumedly explained by the electron-donor character of CH3 and
-S- groups and the electron-attracting character of SO 2 group.

All of these compounds now studied show a strong and sharp band at near 800 cm-1.

This is clearly due to C-H out of plane deformation mode. The spectral results are
summarized in Table I.

TABLE I. C-H Out of Plane Deformation Frequency

*1 Part II: Yakugaku Zasshi , 82, 967 (1962).
*2 Takataminami-cho, Toshima-ku, Tokyo(新 田義 博 ,安 藤 憲 章).

1) Y. Nitta, N. Ando, Y. Ikeda, M. Koizumi, A. Shioya Yakugaku Zasshi, 82, 191 (1962).
2) A. R. Katritzky, et al.: Quart. Revs. (London) 13, 353 (1959).
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   A sulfonyl group causes a frequency increase of the C-H out of plane deformation 

mode by about 10  cm-1. This is probably due to the strong electron-attracting effect of 
the SO2 group. It is well known that the frequency and intensity of absorption due 

to C-H out of plane deformation mode for benzene ring are changed by various
reasons,andstrongelectron-attractingsubstituentsdecreasetheπ-electrondensityof

ring to cause the frequency increase in the mode. 

Frequencies due to Ureido Group 

a) NH Stretching Frequencies

TheNHstretchingfrequenciesareexpectedtooccurat3500～3200cm-1.Com-

pounds of  R=H show four bands near 3400, 3300, 3270, and 3200 cm-1, respectively, in 
the solid state. These bands may be due to the asymmetrical and symmetrical N-H
stretching　 mode.　 N-Alkylated　 compounds　 show　 two　 or　 more　 bands　 at　3500～3100　 cm-1

in the solid or solution state. These results are summarized in Table  R.

Inthespectrainthesolutionstate,thioderivativesshowasharpbandat3390～

3365cm-1(3377±6cm-1),an-dinadditiontothisbandalsoshowarelativelyweakband

at3190～3170cm-1(3180±5cm-1)whichdisapPearsupondilution.Theformerband

remains unchanged upon dilution. These results suggest that the band at about 3180 
 cm-1 is due to the associated molecules, whereas the other at about 3377 cm-1 is due to 

the monomeric molecules. In these compounds, unassociated NH stretching vibration 
is expected to show absorptions at two frequencies different from each other, because 
N-alkylated compounds have two NH groups, N1H group adjacent to the thio group 
and another N3H group. However, the unexpected occurrence of only one free NH 
band in these compounds may be explained as that the two NH groups give absorption 
at the same frequency. 

   On the other hand, sulfonyl derivatives in the solution state also show a sharp band
at3375～3355cm-1(3368±6cm-1),andanadditionalweakbandapPearsbroadlyat3200～

3120  cm-1. However, both bands does not vary upon dilution, the reason of this beha-
vior being noteworthy to study further. A sulfonyl group causes a frequency lowering 
of the free NH stretching mode by ca. 10 cm-1. The N1-H bond will be weaker than 
the N1--H bond in the thio derivatives because of the electron migration towards the 
adjacent sulfonyl group, which causes a great acidity increase of NH group. This 
seems to be the reason why the free NH frequency of the sulfonyl derivatives is lower 
than that of the thio derivatives.

Inthesolidspectra,threebandsappear.Thefirstbandappearsat3340～3295cm-1

(3313±8cm-1)forthioderivatives,andat3360～3290cm-1(3341±17cm-1)forsulfonyl

derivatives.ThesecondbandapPearsat3285～3240cm-1(3261±9cm-1)forthioderiva-

tives,andat3235～3145cm-1(3183±22cm-1)forsulfon-ylderivatives.Thethirdband

appearsat3125～3040cm-1(3090±16cm-1)forthioderivatives,andat3140～3060cm-1

(3091±18cm-1)forsulfon-ylderivatives.Thedifferenceinthespectralpositionbetween

the first and second bands is approximately 50  cm-' for the thio derivatives, and 160 
cm' for sulfonyl derivatives. The third band which may include the absorption due to 
benzene ring occurs in the same position in both derivatives. From the above result, 
it is clear that the second band for sulfonyl derivatives shows a greater shift to lower 
frequency than that for thio derivatives. This fact may be explained by considering 
that sulfonyl derivatives possess hydrogen bonding to a larger extent than thio deriva-
tives, because of the strongly electron-attracting nature of the sulfonyl group. 

   An additional evidence for the explanation is the fact that the free NH vibration 
of sulfonyl derivatives also absorb at appreciable lower frequencies than that of thio 
derivatives in the solution spectra, as described above.
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TABLE II. Absorption Frequencies due to NH Group

s: strong w: weak sh: shoulder m: medium v: very b-: broad

TABLE III. Absorption Frequencies due to Ureido Group

b) Amide I and II Bands

The spectra of all compounds show a very strong absorption at 1700～1650 cm-1, the

region normally regarded as characteristic for the carbonyl vibration in ureido com-

pounds. In addition to this absorption, they show a strong band at 1600～1500 cm-1

which is assigned to ureido absorption (amide II band). These results are summarized
in Table III.

The positions of these bands can be expected to correlate with the electronic nature
of S- and SO2 groups. Variations in the ureido-alkyl group have little effect on the
position and intensity of the carbonyl and Amide Jr band, except that in several series
of compounds the methyl derivatives absorbs at appreciably higher frequencies than
the others in Amide II. The Amide I band for sulfonyl derivatives was observed at
a higher frequency than for thio derivatives. This result can be explained as due to
the difference between the thio and sulfonyl derivatives in the electronic state of the
urea structure. Although more work is necessary in this field, it is assumed that the
structure of thio derivatives involve resonance between three structures of (1), (2), and

(3), as shown in Chart 1, which are not essentially different from that of simple urea.
In the case of sulfonyl derivatives, the polar structure of (3) must make little con-

tribution to the resonance hybrid, because of the migration of lone pair of nitrogen
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Chart 1.

atom to the adjacent SO2 group. Accordingly, the increase in the bond order of the
carbonyl linkage of sulfonyl derivatives is explained from the consideration described
above. The Amide I and II bands considerably change their positions in the spectra
according to the state of aggregation in which the substance is measured. These
changes can be explained as due to the changes in hydrogen bonding and in the elect-
ronic state of the urea structure. Amide I band for thio derivatives in the solution
state has been displaced to high frequency by ca. 25cm-1 when compared with the
values in the solid state. And this is accompanied by decrease of ca. 40cm-1 in
frequency of Amide II absorption. This is explained from the fact that the cont-
ribution of the polar resonance structure described above increases on going from
solution to solid state. This spectral change from solid to solution state is in good
agreement with the assignment to the amide bands, as well known. Furthermore, this
fact and the data observed for the N-H vibration described above certainly conclude
that the molecular association of 1-p-tolylthio-3-alkylureas are caused through the hy-
drogen bond (NH...O=C). However, it is interesting to find that Amide I band for

sulfonyl derivatives in the solution state is displaced upwards by ca. 20cm-1 when com-
pared with that in solid state, whereas there is no appreciable change of Amide II
frequencies in both states. The change of Amide I band is similarly explained from
the change in contribution of various structures (i. e., mainly (1) and (2)). However, the
reason for no change of Amide II band is not clear.

Comparing the Amide I and II absorptions of the thio derivatives the effects pro-
duced by their N-substituents appear closely parallel to the effects produced by similar
substituents in the sulfonyl derivatives.

Experimental

All the IR spectral studies were performed in a Hitachi EPI-2 Spectrophotometer using sodium
chloride optics. All the samples were measured in 5～7% solutionin CHCl3 and in KBr discs .

The experimental details of the preparation of these compounds were reported in the previous

paper. 1)

The authors wish to thank Professor T. Shimanouchi and Professor T. Momose for their kind

interest and valuable suggestions and are indebted to Mr. G. Tatui, the Manager of this Laboratory,

for his encouragement and to Miss. R. Tomii for infrared measurement.

Summary

The infrared absorption spectra of eleven 1-p-tolylthio-3-alkylureas and the cor-
responding sulfonyl compounds were recorded. Comparison of the thio and sulfonyl

derivatives is made with respect to the influence exerted by the S or SO2 group on
their respective frequencies due to phenyl and ureido groups. The variations of the
absorption positions depend on the electronic nature of each groups. The nature of

the alkyl group has relatively little effect on the position of these bands.
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