SEMICARBAZONES AND THIOSEMICARBAZONES
OF THE HETEROCYCLIC SERIES
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Isatin 8 -thiosemicarbazone and its alkyl derivatives containing a hydrogen atom attached
to Niyry exist primarily in the form of the syn isomer stabilized by intramolecular hydro-
gen bonding in solutions and in the crystalline state. The strength of this hydrogen bond
increases when both hydrogen atoms in the primary thicamide group are replaced by alkyl
groups.,

Isatin 8 -thiosemicarbazones (D) and N-methylisatin 8 ~-thiosemicarbazones (IT) ("methisazone") can
exist as syn (a) and anti (b) isomers
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To solve the problem of the structures of T and II we compared them with III-IV, in which an intra-
molecular hydrogen bond (IHB) is excluded by substitution of the hydrogen atom attached to N(z1)- We also
studied derivatives V-XIV, which are substituted at N,y (Table 1).
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According to the results of thin-layer chromatography (TLC) (Table 1), II-1V, IX, XIII, and XIV, even
after repeated recrystallization, are mixtures of two substances with close Ry values. We were unable to
separate these substances, inasmuch as they are readily interconverted. Aocording to the data in [2], T and
IT are anti isomers in polar solvents. This conclusion is based on the fact that the chemical shifts of the
2'-H proton and the proton attached to the indole nitrogen in the PMR spectra in dimethyl sulfoxide (DMSO)
depend on the concentration, and 2'-H consequently participates in the formation of an intermolecular hydro-
gen bond rather than an intramolecular hydrogen bond. To verify this, we recorded the PMR spectra of I
and II in solutions with concentrations ranging from 3.5 to 20% and, for comparison with them, the PMR
spectra of benzaldehyde thiosemicarbazone (XV) [7], acetone thiosemicarbazone (XVI) [8], and benzaldehyde

*See [1] for Communication XX VI,
T Deceased.
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4,4-dimethylthiosemicarbazone (XVID) [9] as models
in which participation of 2'-H in the formation of an
IHB is excluded (Table 2).
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TABLE 2. Chemical Shifts of the Protons Attached to the Nitrogen
Atoms in Dimethyl Sulfoxide Solutions

c NH (8, ppm)
d Temp., ™
Compoun Cone,, P . - I o
1 2 12,58 11,20 9,04 864
13,8 59 12,55 11,04 61
81 12,56 1093 8,55
6,9 2% 12,58 11,20 9,03 864
35 2 12,58 11,23 9,03 8,64
1 13 2 12,43 - 890 8,60
81 12,46 — :
6,5 2% 12.44 - 9,04 865
38 2 12,44 — 9,041 867
11 11 26 1 -— 10,90 870 838
v 18 2 | — — 874 840
v 12,2 2 12,65 11,22 )
VI 4 26 12,55 — 9,17 9,10
Vil 14 26 13,40 11,23 —
VIl 39 26 13,44 —
X 145 26 13,62 11,27 —
XV 2% 11,51 8,1
20 59 130 — 7.9
8l ©1L20 — 7.8
10 26 11,47 — 8,1
5 2% 11,44 8,1
XvI 2 9,89 — 7,94 751
14,1 59 9,66 - 7,
81 9,58 — 7,50
9,4 1 2 - 990 | — 7,96 752
47 26 | 990 — 7,96 752
XVII 2 I % Lo | — —
i : | i
Xvir |12 2 ; — 950 8,30 7,83
XIX 8,6 | 26 ! — i — | 8.1—68 (+Ar)

'
t

TABLE 3. Positions and Intensities of the Absorption Maxima in
the UV Spectra of Isatin § -Thiosemicarbazones in Alcohol

om |

Compound Amaxs RM loge Compound Apraxs I loge
2475 410 246; 2573 | 423; 4,22
[ 274 4,03 IX 278 | 3.84
' 370 4,31 361 ! 4,33
2425 3,96 245 4,24
1l 277 3,99 X 2825 4,02
367 4,31 353 4,2
255 4,28 247,5; 253 4,30; 4.30; 4,25
11 309 3.81 259
393 4,08 X1 291 3,90
385 4,03
248 433 i
v 303 358 XII 246,5: 254 I 4,33; 4,32
393 3.95 390 X
242, 248 4,11; 412
v 279 3.97 X1 9255 4,41
370 4,37 410 3,81
240 391
VI 281 3,85 X1V 260 442
368 4,19 400 3,80
240 4,17 |
Vil 277, 279 3,95; 393 XVIII 250 ; 4,21
352 4,18 360 § 4,32
240 119 }
VIII 280, 287 4,01: 401 XIX 2565 | 4,05
355 421 364 ; 4,30
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TABLE 4, Absorption Frequencies of the C=0 and N—H Groups in
the IR Spectra of Isatin 8 -Thiosemicarbazones

CO, cmu~la NH, NHz, cut
in the crystal-
o ; in solutions
CO‘Ed line state ' in mineral | in KBr
po in mineral |in KBr in DMSO in chlore- | °il pellets
o0il . pellets n form
1684 1694 1710 3149,
3189, 3239,
I . . 3420
1682, 1710 | 1674, 1699C 1694 1710 3180, 3158, 3262,
3274, 3327, 3418
3346,
3428, 3530
11 1686 1679 1686 1698 3158, 3258, | 3145, 3249
i v 3430 3423
11 1787 179 1734 d 3170, 3354 | 3167, 3243
3336
v 1710, 1750 | 1689, 1740e| 1701, 1737 | 1714, 1722 3220, 3380 | 3328, 3449
3505

v 1671, 1693 1694 1706 3236

V1 1692 1685 1693 3223
vl 1707 1694 1694 1701 -_ 3167,

3193
VIII 1715 1692 1684 1684 — —_

IX 1682, 1695 1694 1706 3153

X 1689 1683 1689 —

X1 1685, 1711 1729 1725 3140, 3357
XIilL 1688, 1733 | 1701, [723e 1715 3361
X1l 1697, 1725 1727 1738 3297
X1v 1701, 1730e| 1702, 1731 1703, 1722 —

XVIII 1715 1704 1711 d 3148, 3266,
. 3387
. XIX 1729 1712 1700 1692 3473

aThe frequencies of the more intense bands are singled out by bold-
face numbers. PFor a sample with mp 255°. CFor a sample with
mp 250°. dThe substance did not dissolve in chloroform. ©The band
is of low intensity and appears as a shoulder.

carbonyl band is detected only for 2'-methyl derivatives, in which, according to data fromthree-dimensional
models, the grouping attached to N(y1) hinders the formation of the anti isomer. Hence, it can be assumed
that this splitting is caused by the presence of conformers that possibly differ by rotation about the N1~
N{g') bond.

The structure of thiosemicarbazones I and II in the crystalline state also had to be reliably ascer-
tained. The participation of the NH groups in the hydrogen bonds, according to the IR spectral data (Table
3), increases in the order 1-NH < 4'-NH, < 2'=-NH. The syn form is probably also characteristic in the crys-
talline state for compounds in which the hydrogen atom in the 2' position is not substituted.

We have previously detected the presence of two carbonyl bands in the IR spectrum of I in the crys-
talline state [4]. However, a sample displaying only one carbonyl band was obtained under different crys-
tallization conditions [2]. On the basis of these data, the first sample was considered to be a mixture of
syn and anti isomers (a, b} [2, 11], and the second sample was considered to be the pure syn isomer (a) [2].
We have shown that, depending on the rate of crystallization, I and VII can be isolated as two samples that
differ with respect to melting point and IR spectra in the crystalline state but are identical in solutions.
Splitting of the carbonyl band is also observed in the crystalline state for 1V, V, IX, and XI-XIII. A com-
parison of all the presented data makes it possible to assume that the presence of two carbonyl bands in the
solid state is due not to isomerism but rather to the peculiarities of the crystal lattice and the formation of
intermolecular hydrogen bonds. The decrease in the melting point when the hydrogen atoms in the NH
groups are replaced by methyl groups also attests to the presence of these bonds.

In a previous study of the tautomerism of thiosemicarbazones I and II we used their S-methyl deriva-
tives, XVIII and XIX, which are capable of existing in two tautomeric forms ¢ and d, as fixed thiol forms.
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At the same time, the spectral characteristics of I-XIV make it possible to solve the problem of the
tautomerism of XVIII and XIX when they are compared with the corresponding characteristics of the latter,
Since the signal of the 2'-H proton at weak field is absent in the PMR spectra of the S-methyl derivatives
in DMSO (Table 2), but the spectra do contain signals characteristic for the 4'-NH, group, structure ¢ is
more likely, When the polarity of the solvent decreases, the UV spectrum of XIX, in contrast to the spectra
of I-X1IV, undergoes a hypsochromic shift; this is possibly due to the formation of form d.

The presence in the IR spectrum of crystalline XIX of a distinct band above 3400 cm™!, which. accord-
ing to our data. is characteristic for the primary thioamide group of the thiosemicarbazone chain, makes it
possible to assume that XIX exists in form ¢ under these conditions.

EXPERIMENTAL

The PMR spectra of solutions of the compounds in DMSO were recorded with a C-60 HI spectrometer
with hexamethyldisiloxane (HMDS) as the external standard. The chemical shifts were measured on the §
scale with an accuracy up to 0.01 ppm. The IR spectra of 0.1 M solutions in DMSQO (layer thickness 0.07
mm) and of 3-107* M solutions in chloroform (layer thickness 14.4 mm) were recorded with a UR-10 spec-
trometer; in both cases, compensation was made for the absorption of the solvent. The DMSQO was purified
according to the specifications in [12], and its homogeneity was monitored by PMR spectroscopy. The UV
spectra of alcohol solutions were recorded with an SF-8 spectrophotometer.

4-Methylthiosemicarbazide [13] and 2,4~dimethylthiosemicarbazide [13] were obtained from methyl
methyldithiocarbamate [14], while 2,4,4~trimethylthiosemicarbazide [13] was obtained from tetramethyl-
thiuramdisulfide [15].

Benzaldehyde 4,4-Dimethylthiosemicarbazone (XVID). A solution of 1.4 g (12 mmole) of 4,4~-dimethyl-
thiosemicarbazide [14] in 11 ml of 1 N HCl was added to a solution of 1.47 g (12 mmole) of benzaldehyde in
11 ml of alcohol. A greenish-white precipitate formed, and the temperature rose to 33°, After 0.5 h, the
mixture was filtered, washed with 50% aqueous alcohol (three 1.5-ml portions), and dried at 105° to give
65.5% of silvery-white needles with mp 159° (from 40% agueous alcohol) (mp 162° [9]).

Isatin § ~Thiosemicarbazones. The synthesis of I, IT [16], V [5], VII-X [6], and XVIII [5, 4, 11] was
previously described; we presented the method for the preparation of ITI, IV, and XIX in [4] (also see [11]).
Depending on the conditions of crystallization from agueous alcohol, compound I was obtained as cotton-
like crystals with mp 255° or needles with mp 250°. According to the IR spectra (KBr pellets), the two
samples were identical to those described in [2]. Compound VII was similarly obtained as crystals with
mp 230 or 217°,

N-Methylisatin 4~-Methylthiosemicarbazone (VI), Isatin and N-Methylisatin 2,4-Dimethylthiosemi-
carbazones (XI, XID), and Isatin and N-Methylisatin 2,2,4-Trimethylthiosemicarbazones (XIII, XIV). These
compounds were obtained via the following method. Aqueous solutions of equimolecular amounts of isatin
{or N-methylisatin) and the appropriate thiosemicarbazide derivatives were mixed while boiling, 0.1 NHCI
(0.08-0,31 ml per gram of diketone) was added, and heating was continued for 10-15 min, The mixtures
were filtered, and the precipitates were washed with water and dried at 105°. The results of elementary
analysis and the Ry values are presented in Table 1.
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