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The Electronic Spectra of Thioamides and Thiohydrazides
Part II *. N-Acetylthioamides

JAN SANDSTROM

Department of Organic Chemistry, University of Lund, Lund, Sweden

The ultraviolet absorption spectra of a number of simple N-
acetylthioamides have been recorded in solvents of different polarity.
A long-wavelength, weak absorption maximum is assigned toan - n *
transition, and a stronger absorption maximum at shorter wavelength
to a m —» 7 * transition. Both maxima are shifted towards longer
wavelengths with respect to the same maxima in the corresponding
unacetylated thioamides. This behaviour is in good agreement with
the results of a simple LCAO —MO calculation. The effect of methyl
substitution is discussed in relation to the change in 7 electron distri-
bution caused by excitation to the lowest antibonding s orbital.
The dependence of the n - n * bands on solvent polarity is found to
be abnormal, and a possible explanation is discussed.

n Part I, the long-wavelength strong absorption maximum in thicacetamide

was assigned to a m — s * transition with reference to the bathochromic
shift caused by conjugation of the thioamide group with a benzene ring.
The simple LCAO—MO method proposed by Janssen! was shown to give a
qualitatively correct picture of the changes in the energy levels on conjugation.
It was considered to be of interest to test the applicability of this method of
calculation to other similar systems, and to investigate further the effect of
conjugation on the absorption spectrum of the thioamide group. The simple
N-acetylthioamides (I a—h) were chosen as suitable objects of investigation.
Goerdeler and Horstmann 2,3 have recently prepared a series of acylated thio-
benzamides, and Horstmann 4 has discussed their ultraviolet spectra. He
showed that the low-intensity (n - = *) band of thiobenzamide is subject to
successive redshifts when first one and then two acyl groups are introduced.
Most of the N-acetylthioamides used in the present investigation have been
described before. Walter 3 has given a brief description of the ultraviolet
spectrum of acetylthioacetamide, Potter ¢, in an investigation of the ultra-
violet spectra of rhodanine derivatives, has also recorded the spectrum of

* Part I. Acta Chem. Scand. 16 (1962) 1616.
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680 JAN SANDSTROM

ethyl N-acetyldithiocarbamate, and Zahradnik ? has recorded the strong
absorption bands of N-acetylthiourea and N,N’-diacetylthiourea in water
solution.

Ultraviolet spectra. In Table 1 the absorption maxima and log ¢ values of
the simple thioamides and their N-acetyl derivatives are given. The values
for the simple thioamides are to a great extent taken from the work of Janssen 8.
Several of the same spectra have also been recorded by the present author,
and in all cases the agreement is good.

It can be seen that the two long-wavelength maxima in the spectra of
the parent compounds in general undergo considerable redshifts on acetyla-
tion. The low-intensity bands of acetylthioacetamide (I a) and the acetyldithio-
carbamates (I d, e) extend into the visible region, and these compounds have
a clear yellow colour.

R, a, Ry =CH,, R, = H b, R, = CH,0, R, = H
R 1~C—N/ ¢, R, = CH,0, R, = CH, d, R, = CH,S, R, = H
g \C—Cﬂa e, R, = CH,S, R, = CH, f, R, = H,N, R, = H
o/ g R, = (CHy),N, =R, = H h, R, = CH,CONH, R, = H
1

In the simple thioamides N-methyl substitution and increasing solvent
polarity cause hypsochromic shifts of the two long-wavelength bands. In
the case of the n - = * bands the shifts are of considerable magnitude. The
effect on the spectra of the N-acetyl derivatives is rather different. Both
solvent and substituent effects are small, and in most cases bathochromic
shifts are observed. In 95 9, sulphuric acid the compounds are decomposed
with varying rate, and no reliable spectra could be measured. Methyl N-acetyl-
dithiocarbamate (I d) showed the greatest stability. Its low-intensity band
did not disappear on dissolution but showed up at the same place as a shoulder
on the broadened neighbouring band. The N-methyl analogue (I e) also gave
a yellow solution, which faded much more rapidly, and acetylthioacetamide
(I a) was decomposed immediately.

LCAO—MO calculations. The Coulomb and resonance integrals are found
in Table 2. The parameters for the thioamide group are the same as proposed
by Janssen ! and used in Part I. The Coulomb integral for the carbonyl carbon
atom was derived from the differences in electronegativity between oxygen
and carbon ®. The value for the ether oxygen atom was shown by Janssen ! to
give the closest fit to a linear relation between calculated and experimental
n = z * transition energies for simple thioamides, and the same is true for
the fc_o value. For Bc_o the values 1.6 8, 1.8 B, and 2.0 B were tried *, and
though all gave qualitatively similar results, the value 1.8 § was preferred,
since it gave a closer numerical agreement for the n - & * transitions. On the
whole, the resonance integrals have higher values than what is becoming
common practice 12, but this should not affect the reliability of the results, as
long as the comparisons are restricted to a group of closely related compounds.

* ¢f. Refs. 19,1t
Acta Chem. Scand. 17 (1963) No. 3
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Table 2. Coulomb and resonance integrals.

Heteroatom X Coulomb integral Resonance integral for C—X
AN
; N N~ a+ 15 1.28
0 = a+ 1.1p 1.88
—0— a-t+ 38 ) 1.48
: S =8 a+ 0.58 0.68
! —S— a + 1.08

The results of the calculations are shown in Table 3 and in Figure 1.

For comparison the » - n* and x - # * transition energies for the
corresponding simple thioamides, 4E’, are given below those of the acetyl-
thioamides in Table 3. The values are taken from Ref.! except those for the
thioncarbamate which have been recalculated with a¢; = a + 3.0 § and
Bceo=148

As before, the final Coulomb integral of the sulphur atom is taken as an
approximate value for the energy of the lone pair electrons, the nonbonding
orbital. The energy of the oxygen lone pair electrons is far lower, and their
n = m * transition will be overlapped by the stronger = — z * transition.

Table 3. Energy levels and transition energies for N-acetylthioamides.

! CH,CSNHAc |CH;0.CS.NHAc | CH S.CS.NHAc | H,N.CS.NHAc | (AcNH),CS
Antibonding a — 2.6088
orbitals a — 2.5018 a — 2.5278 a — 2.5098 a — 2.5308 a— 2.4318

I a — 1.0818 a — 1.4208 a — 1.2028 a — 1.4818 a — 1.3598

' Nonbonding

i orbitals a + 0.0778 a — 0.0878 a + 0.0068 a — 0.1258 a — 0.0908

a + 0.4598 a + 0.204p8 a + 0.3203 a + 0.1248 a + 0.1748
Bonding a + 2.3378 a + 1.9638 a + 1.2058 a + 1.6388 a + 1.5738
orbitals a + 3.8858 | a -+ 3.5638 a 4 2.4038 a+ 29058 | a-+ 2.5898
a + 4.3168 a + 3.884f a + 3.9458 | a + 3.6708
a 4 4.0938
AEy 5z —1.1588 —1.3338 —1.2088 —1.3568 —1.2698
AE' y 7 —1.24480 —1.4398 —1.2958% —1.4698% —1.469 g0
ABn>x —1.5408 —1.6248 —1.5228 —1.6058 —1.5338
BE'n >7® —1.5998% —1.7118 —1.592° —1.7018 —1.7018b

a) Value for the parent compound.

Acta Chem. Scand. 17 (1963) No. 3
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Fig. 1. n Electron distribution and bond orders in ground and excited states of N-acetyl-
thioamides.
DISCUSSION

The results in Table 3 show that acetylation can be expected to lead to
lower transition energies for both the n - n* and n - =* transitions. There-
fore, the long-wavelength, low-intensity bands in all the investigated com-
pounds are confidently ascribed to n — =z * transitions, and the first strong

Acta Chem. Scand. 17 (1963) No. 3
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Table 4. AE'[AE in non-hydroxylic solvent.

683

n-—>mn* w—>na*

R1 (Rg:H)

cale. found calc. found
CH, 1.07 1.16 1.04 1.04
CH,0 1.08 1.13 1.05 1.06
CH,S 1.07 1.11 1.05 1.09
NH, 1.08 — 1.06 1.14
CH,CONH 1.16 — 1.11 1.21

bands to = - a* transitions. The numerical agreement can be tested by a
graphic procedure, since the calculated transition energies and the wave
numbers of the experimental absorption maxima shall show a linear relation-
ship. As is seen from Fig. 2, the values for the n - = * bands show a reason-
able linearity, whereas for the # - #n* bands the agreement is less satisfactory.
From the slope of the best straight line for the » - n* bands a spectroscopic
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Fig. 2. Plots of calculated transition energies versus wave numbers of absorption maxima
for n > n * and 7 - 7 * transitions of N-acetylthioamides.
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684 JAN SANDSTROM

B value of 37 000 cm™ can be derived, in moderate agreement with the values
between 23 000 and 32000 em™ given by Platt 13, The agreement between calcu-
lated and experimental transition energies is often better, when each parent
thioamide is compared with its N-acetyl derivative (Table 4).

When a methyl group is introduced on the acetylated nitrogen atom in
(I b) and (I d), bathochromiec shifts of both the » - n * and = - a* bands
result. The shifts of the latter bands may at least partly be explained as an
inductive substituent effect. Coulson 4 has shown that if a substituent can
be regarded as changing the Coulomb integral of the substituted atom r by
a quantity de,, the change in # — = * transition energy is given by (2)

d(8n+1— n) = (Czr,n-i-l_'czr,n)dar (2)

&n+, is the energy of the lowest antibonding = orbital and ¢, that of the
highest bonding one. ¢, 41 and c¢,, are the corresponding LCAO coefficients
for the atom r. It can be seen from Fig. 1 that (c% ,.+1—c%,,) is negative
for the nitrogen atom in (I b) and (I d), since its charge is diminished by
the # — = * transition. Since de, is positive for-I substituents such as methyl
groups, d(e,+,—&,) is negative, i.e. the transition energy is lowered. How-
ever, the change in charge distribution is small, and it is probable that other
effects, in the first hand hyperconjugation, must be invoked to explain the
shifts. The bathochromic shifts of the » - = * bands on methylation cannot
be explained by the model used for this work. A calculation was performed
for N-acetyldithiocarbamate with ay changed from « + 1.5 f to a + 1.4 B,
and it was found that the nonbonding and lowest antibonding orbitals were
raised by nearly the same small amounts of energy. Hyperconjugation is
probably of importance also in this case, as it has been shown to be for the
n = z * bands in simple thioamides by Janssen et al.l®, though there the shifts
are hypsochromiec.

The effect of solvent polarity is at first rather surprising, particularly regard-
ing the » — n * bands, which, with one exception, undergo redshifts with
increasing solvent polarity and do not disappear in acid solution. Previously 16
the “’negative solvatochromy”, i.e. the blue shift on increasing solvent polarity,
was regarded as one of the main evidences for the assignation of weak absorp-
tion bands to n - & * transitions. The blue shift is generally explained by
the assumption that the ground state is more stabilized by increasing solvent
polarity and in particular by hydrogen bonding than the excited state.
Bayliss1? has shown that increasing solvent polarisability gives a general
red shift due to the “assistance” of the transition by the moments induced
by the solute transition moment in the solvent molecules. This red shift
is always superimposed on the shifts caused by differences in energy of
solvation in the ground and excited state, and it may at least partly be
responsible for the red shifts observed in the spectra of the N-acetyl-
thioamides. In any case the absence of a blue shift requires that the total
energy of solvation of the molecule is only slightly changed by the
transition. To explain this, it can be assumed that solvation and in particular
hydrogen bonding occur mainly at the carbonyl group, and that the energy
of solvation lost on excitation at the thiocarbonyl group is nearly balanced
by the gain at the carbonyl group. A comparison of the base strengths of

Acta Chem. Scand. 17 (1963) No. 3
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Table 5. van’t Hoff ¢ factors for methyl N-acetyldithiocarbamate in 100 9%, sulphuric acid.

|
m 1 4°C I 7 |
| |
0.0244 ’ 0.304 203 |
0.0340 0.443 2.12 |
0.0419 ’ 0.591 2.29 ;
acetamide (pK, = + 0.371%) and thioacetamide (pK, = —1.761%) indicates

that the first assumption is correct. The difference of two powers of ten in
K, must reflect a considerable difference in strength of hydrogen bonding.
A cryoscopic determination of the van’t Hoff ¢-factor in 100 9, sulphuric acid
(Table 5) shows that methyl N-acetyldithiocarbamate (I d) is monoprotonated
in this solvent, and it is rather probable that the proton is attached to the
oxygen atom. According to the calculations on acetylthioacetamide, excita-
tion increases the m electron density on the oxygen atom by 0.06 electronic
units and on the carbonyl carbon atom by only about 0.03 units. This should
increase both polarity of the carbonyl group and basicity of the oxygen atom
with increasing energy of solvation and particularly of hydrogen bonding as
results. Obviously the red shifts of the # - # * bands can be explained along
the same lines. The n - & * band of monoacetylthiourea (I f) and the n > 7 *
and « - 7 * bands of N,N-dimethyl-N’-acetylthiourea (I g) all undergo small
blue shifts when going from heptane as solvent to ethanol. This may be
ascribed to the greater basicity of the sulphur atom in thiourea. Janssen 2°
has determined pK, values for thiourea (—1.19) and tetramethylthiourea
(—1.0), and Zahradnik 7 obtained a similar value (—1.26) for thiourea. The
appearance of a n - & * band in the spectrum of (I g) but not in that of the
simple acetylthiourea (I f) can probably be explained by a steric hindrance to
coplanarity, similar to the one Janssen ® has proposed for tetramethylthiourea.
It is apparent that both for tetramethylthiourea and (I g) the n - = * band
is considerably stronger than for the compounds where coplanarity is possible.
This can be explained by a mixing of the » and z orbitals, made possible by
the deviation from coplanarity. (See part I for a discussion of a similar case
with references.)

However, it is clear that these arguments count rather heavily upon the
reliability of the naive calculations, and a definite conclusion about the cause
of the redshifts of the » - =z * bands necessitates a better knowledge of the
cybotactic conditions around the molecule.

The origin of the absorption bands at shorter wavelengths is less clear.
The band at 2120 A in the spectrum of acetylthioacetamide is probably due to
a similar transition as the band at 2310 A of thioacetamide. It may be ascribed
to a m — o * transition on the following grounds. Since the » — o * transi-
tion is localized in the thiocarbonyl group, it cannot be expected to increase
the energy of solvation of the carbonyl group, whereas that of the thiocarbonyl
group is certainly lowered. The result of increasing the solvent polarity will
therefore be to increase the transition energy. The expected blueshift actually
also occurs, since no absorption maximum is found above 2000 A in ethanol

Acta Chem. Scand. 17 (1963) No. 3
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solution. Furthermore, the o * level can be expected to be only slightly affected
by acetylation. On the other hand, the nonbonding level on the sulphur
atom is lowered from e + 0.029 B to ¢ + 0.077 B, and consequently acetyla-
tion should result in a hypsochromic shift of a » - ¢ * band. The calculated
shift is 1200 cm™ and the experimental one is 3900 em™ in heptane. Rosen-
gren 2 in his recent investigation of the ultraviolet spectra of simple aliphatic
thials and thions finds evidence for n - ¢ * bands between 2200 and 2300 A,
and he also proposes that the 2310 A band in thioacetamide is due to a n —» o *
transition. The second strong bands of the other acetylthioamides in general
show an opposite kind of solvent dependence, and they may be due to higher
n - gz * transitions.
The infrared spectra in chloroform show no absorption bands that can be
aseribed to S—H or C=N stretching vibrations, and therefore the possible
tautomers (II) and (III) need not be considered. The same conclusion can be

drawn from the similarity of the spectra of the N-methyl derivatives with
those of the N-unsubstituted compounds.

R;,—C=N-COCH,

l R,—CS—N=C—-CH,
SH

bu
II III
The acetylthioamides are considerably stronger acids than the simple
thioamides. This can be explained in a qualitative way by the action of two

Acta Chem. Scand. 17 (1963) No. 3
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electron-withdrawing groups on the NH group. In harmony with this, the
LCAO—MO calculations give n electron densities around the nitrogen atoms
that are 0.05—0.10 electronic units lower than in the corresponding simple
thioamides.

EXPERIMENTAL

N -Acetylthioacetamide (I a). Thioacetamide (30 g) and acetic anhydride (150 ml)
were heated on a boiling water bath until hydrogen sulphide began to appear. The solu-
tion was evaporated in vacuo at 80° and the residue (20.5 g) crystallized on cooling. It
was purified by vacuum sublimation at 50° and 1 mm and crystallized from benzene-
light petroleum as bright yellow rods, m.p. 62—62.5°. The yield of sublimed product
was 41 9,. (Found: C 41.0; H 5.95; N 12.0; S 27.4. C;H,NOS (117.17) requires C 41.0;
H 6.02; N 12.0; S 27.4). This compound has previously been described by Walter ¢ and
by Goerdeler and Porrmann 2.

Methyl N-acetylthioncarbamate (I b) was prepared according to Wheeler and Johnson 23.
(Found: N 10.4; S 24.2. C,H,NO,S (133.17) requires N 10.5; S 24.1.) M.p. 79 —80°, in
agreement with Ref.?

Methyl N -acetyl-N -methyl-thioncarbamate (1c). O-Methyl-S-carboxymethylthionthiolcar-
bonate 2* (83 g) in 2 N NaOH (400 ml) was added to a solution of methylammonium
chloride (40 g) in water (100 ml). A colourless oil separated and was taken up in ether,
dried and distilled. A fraction was obtained, b.p.; mm: 70—71° (35 g, 67 9, yield), which
consisted of methyl N-methylthioncarbamate. (Found: C 34.1; H 6.49. C;H,NOS (105.17)

requires C 34.2; H 6.73.) nﬁ: 1.5355. This compound has previously been prepared by

Delépine and Schwing ?*, who give no data.

Attempts to acetylate this amide with acetic anhydride led to incomplete reaction,
and due to the similar boiling points of the starting material and the product, no effi-
cient separation could be achieved by distillation. However, acetylation with acetyl chlori-
de in pyridine gave a better result. The ester (21 g) was dissolved in absolute ether (250
ml) and pyridine (32 ml), and acetyl chloride (16 g) in absolute ether (50 ml) was added
dropwise with stirring. The temperature was kept below - 10° by external cooling.
When the addition of acetyl chloride was completed, the mixture was refluxed for one
hour and then poured onto ice. The ether layer was separated, dried, and distilled. A
pale yellow liquid was obtained, b.p. 6 mm: 83° (15 g, 50 9, yield), consisting of the desired
acetyl derivative (I ¢). (Found: C 41.0; H 6.28; N 9.60; S 22.0. C;H,NO,S (147.19) requires

C 40.8; H 6.15; N 9.52; S 21.8.) np) 1.5085.

Methyl N -acetyldithiocarbamate (I d). This compound was prepared according to
Delépine 26,

Methyl N-acetyl-N-methyldithiocarbamate (I e). This compound has previously been
prepared by Delépine (Ref.?, p. 59), who did not get a pure specimen. When the prepara-
tion was performed as described for (I ¢) a good yield (90 9%,) of a pure product was ob-
tained. The crude product crystallized when the ether was evaporated, and purification
was effected by distillation at 3 mm in a vacuum sublimation apparatus. The product
crystallized from benzene-petroleum ether as bright yellow plates, m.p. 39 —40°. (Found:
C 37.0; H 5.65; N 8.56; S 39.6. C,H,NOS, (163.25) requires C 36.8; H 5.55; N 8.58; S 39.3.)

Mono-acetylthiourea (I f) and N,N’-diacetylthiourea (I h) were prepared according
to the directions of Kohlmann 2.

N,N-Dimethyl-N’-acetylthiourea (I g). Methyl N-acetyldithiocarbamate (Id, 3.0 g) was
dissolved in ethanol (25 ml), and dimethylamine (1.5 g) in water (5 ml) was added. After
10 h the solution was evaporated, and a residue of colourless, rhombic prisms was obtained
(2.9 g = 100 9%, yield), m.p. 100—101° after recrystallization from toluene-heptane.
(Found: C 41.5; H 7.06; N 19.0; S 21.8. C,H;,N,0OS (146.21) requires C 41.1; H 6.90;
N 19.2; S 21.9.)

Solvents. Heptane was shaken first with concentrated sulphuric acid and then with
water, dried with Drierite, and distilled through a 60 cm Vigreux column. The distillate
was allowed to flow through a column of silica, activated at 350°. Ethanol was treated as
described in Part I.

Acta Chem. Scand. 17 (1963) No. 3
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Spectra. The ultraviolet spectra down to 2200 A were recorded with a Beckman DU
spectrophotometer with photomultiplier attachment. Between 2000 and 2200 A the
spectra were recorded with a Perkin-Elmer Model 137 recording spectrophotometer.

The cryoscopic measurements were performed as described in Part I. The deviation
from 2 in the later ¢ values is probably due to decomposition, since the depression of
the freezing point was found to increase with time. Since it was necessary to change the
temperature during the experiment, no attempt was made to correct for the decomposi-
tion. When a fresh solution of (I d) in 100 9%, sulphuric acid was poured into water, the
compound was recovered in good yield.

alculations. The calculations were performed on the electronic digital computor
”SMIL” at the Department of Numerical Analysis of the University of Lund. The pro-
gram for the calculations was changed in order to avoid divergent results in some cases.
From the first and second sets of parameters the arithmetic means were formed and used
in the following calculation. In the subsequent steps the mean values of the parameters
obtained in the last calculation and the previous set of mean values were used. This led
to a much more rapid convergency, and a complete agreement was obtained with the con-
vergent results from previous calculations. For acetylthiourea divergent results were ob-
tained with the original program, whereas with the mean value technique convergency
was achieved.

Acknowledgements. The author thanks the Swedish Natural Science Research Council
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