Tetrahedron. Vol. 30, pp. 701 to 704. Pergamon Press 1974. Printed in Great Britain

NMR STUDY OF SOME DERIVATIVES OF

MITIITNAADD AT

AMNTIO

DI1IINIVUCUCARDALIU ALULLYD

D. GATTEGNO and A. M. GIULIANI
Laboratorio di teoria e struttura elettronica e comportamento spettrochimico dei composti di
coordinazione del C.N.R., Istituto di Chimica Generale, Universita di Roma—Roma, Italy

(Received in UK 4 June 1973; Accepted for publication 16 August 1973)

Abstract—The NMR spectra of a series of methyl and phenyl derivatives of dithiocarbazic acid have
been examined. The value of the chemical shift of the S-Me group is found to be 2-:3-2-6 ppm, while
for N>-Me and N>-Me$ is in the range 3:4-3-6 ppm, and 2-4-2-7 ppm, respectively.

Present data suggest that the rotation about the SC-N and SC-S bonds is sterically hindered.

INTRODUCTION

An extended research programme on metal com-
plexes of dithiocarbazic acid and its derivatives has
been reported since 1970."° The ligands and the
complexes have been characterized by elemental
analysis, molecular weight, conductivity measure-
ments, electronic and vibrational spectra and deter-
mination of magnetic moments.

More recently some Ni(II) complexes and the
corresponding methyl esters of the ligands have
been studied by means of X-ray photoelectron
spectroscopy.*

On the other hand, very little is known about the
NMR characteristics of both the ligands and the
complexes. Values of chemical shift of some Me-
substituted dithiocarbazic acids or sulfides are re-
ported by Anthoni et al. The isomerism of N,N-
diisopropyldithiocarbazic esters has been investi-
gated by NMR spectroscopy.” As far as complexes
are concerned as only the NMR spectrum of
Ni(I)-bis (2-methyl) dithiocarbazate is reported,’
we have undertaken a systematic PMR study of
these ligands and complexes. In this paper we re-
port the results obtained for the free ligands.

EXPERIMENTAL

Compounds 1, 2, 3, 4, 8, and 10 of Table 1, have been
prepared following literature procedures.*"'

Compounds 8, 6, 7, 9 although not yet reported have
been a kind gift from Drs A. Monaci and F. Tarli.”* The
formula 11 has been confirmed by elemental analysis, de-
termination of molecular weight and IR spectra.

Deuterated Merck UVASOL solvents have been used
for NMR measurements. TMS has always been added as
reference and for field stabilization. The PMR spectra
have been recorded with a Bruker HX-90 spectrometer, A
scale expansion of 20 Hz/cm has been generally used in
recording the spectra and the uncertainty on the fre-
quency determination has been cstimated +2Hz, except

*The S-Me resonance of 1 in DMSO is also split under
these conditions.

in the case of broad resonances, when the uncertainty is
obviously larger (and reported in the Table).

RESULTS AND DISCUSSION
Several derivatives of dithiocarbazic acid have
been examined. The position of the substituents on
the acid skeleton will be indicated following the
IUPAC convention:

S
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The NMR data relative to the compounds ex-
amined are reported in the Table.

From the data, it may be noted that the chemical
shift of the S-Me group is essentially constant and
independent of the rest of the molecule (6 =245+
0:15 ppm in DMSO and in chloroform solutions).

The type of compound under investigation can
exhibit conformational isomerism, due to hindered
rotation about the partially double SC-N and SC-S
bonds.

Four planar conformers can be expected

i o
N S N S
R.R.N” \ﬁ/ “CH, RR;N” \ﬁ/
S S
cis-cis A cis-trans B
ITRIR, TR,R, iHa
R/N\C/S\CH, R/N\C/
[ Il
S S
trans-cis C trans-trans D

As in compounds 1 and 2, the spectra show a
splitting of the NH, resonance even at room
temperature,* we have recorded variable tempera-
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Table 1. PMR spectra of dithiocarbazic acid derivatives (magnet temperature; TMS internal reference, v, = 90 MHz)

*_R (R=CH,, C.H,) N-H N-R (R=H or CH;) S-CH, (or S-H) N°-CH,
Compound Solvent 8 (ppm) 8 (ppm) 8 (ppm) 8§ (ppm) & (ppm)
H.NNHCSSCH, cDCl, 500£0-15 4-5+0-1 8-97+0-09 2-60
1 DMSO 7802 52202 10-74 239 232
T
H,N—N—CSSCH, cDCl, 552 437 3.55 2-57
2 DMSO 5-54 .59 3.33
(CH,),NNHCSSCH, cDCl, 263 871 £0-03 2-54
3 DMSO 2-50 10-81 236
(CH,),NNHCSS HN—(CH.),
|
NH, DMSO 2-43 7-67° 272
4
CH,
CH,NH—N—CSSCH, DMSO 2514 571° 3.51 2.33
5
=
CH,—NHN—CSSK DMSO 2-40° 7-40° 3.46
6
™
CH,NHNCSS"NH,CH, DMSO 244 4-96° 3.47 264
|
NHCH,
7
@NHNHCSSCH, cDCl, 7.04° £ 0-04 6-03 8:70 +0-04 2.58
8 DMSO
@#,NNHCSSCH, cDCl, 7.20° 9.52 2.53
9 DMSO 721 112 2-46
@.NNHCSSH cDCl, 7:20 926 40+02
10 DMSO 7-22 12:70 +0-03 *
CH’S\C=N=N=C/ cnal, 252 245
e ~
CH,S
u DMSO 2-46 243

* = all NH protons + HOD; ® = doublet; © = center of multiplet; *** = shoulder to high field; * = quartet; *exchanges with water
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NMR study of some derivatives of dithiocarbazic acids

ture NMR spectra of these and similar compounds
to investigate their conformational equilibria. The
results of the complete kinetic study based on total
line-shape analysis will be given in detail in a subse-
quent paper. We anticipate here only one main con-
clusion, i.e. that only two isomers of 1 and 2 can be
detected in chloroform solutions even at low temp-
erature (220°K).*

The isomer ratio changes somewhat with temper-
ature, but oscillates around 50: 50 for both 1 and 2.

We tentatively assigned the two signals to con-
formers A and C, by analogy with similar com-
pounds, like thioureas” and especially thiocarba-
mate esters;' the experimental results relative to
these latter compounds" suggest that the O-Me
group is always cis to the thioamide S atom.t The
question, however, needs further discussion and we
are presently interested in the semiempirical
quantum-mechanical calculations of the most
stable conformations of our esters.

The NMR spectrum of the compound
[H.N-N(CH;)-CSS], is reported in the literature®
(chemical shifts in DMSO solutions: N>-CH,
3-60 ppm, N*-H 5-58 ppm). The chemical shifts are
in good agreement with the values found for 2, but
the authors® do not mention any splitting of the re-
sonances due to conformational isomerism in solu-
tion.

The room temperature spectra of 11 also show
two sharp singlets for the Me groups both in
chloroform and DMSO solutions. The chemical
shift of these resonances corresponds to the values
found for S-Me groups, thus ruling out structures
like

Me Me
SMe

~ -
¢C—N—N—C%S

MeS
S

which should exhibit the N-Me resonance at ca
3-5-3-6 ppm.

The C=N—N=C skeleton should be planar be-
cause of delocalization of 7 electrons. Space-filling
models show that only the trans isomer is sterically
permitted and, even in this form, free rotation of
the four-SMe groups about the C-~-SMe bond is
impossible. Two-SMe groups, indicated in the for-
mula below as b can rotate freely, while the a
groups are in fixed positions relative to and slightly
out of the C=N—N===C plane to allow free rotation
of the -Me group.

This steric arrangement accounts for the two re-
sonances found in the NMR spectrum. We may
tentatively assign the resonance at § = 2-52 ppm in
CDCl; to the freely rotating groups, by comparison

*Indeed, all the resonances of 1 and 2 are split in two
in the low temperature region.

tWe assume then that the same conclusion holds in the
case of our S-Me esters.
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with the values obtained for similar groups (Table
1).

From the & values reported in Table 1, it appears
that N’-H is less screened than N°-H. This finding
is in agreement with the results obtained for some
dithiocarbazic esters by ESCA studies;* in fact, the
experimental data suggest a higher negative charge
on N’ than on N? and this finding is supported by
semiempirical quantum-mechanical calculations of
the charge distribution in the molecules examined.
The shift to lower field observed for the N*~H pro-
ton in compounds 1 and 3, going from chloroform
to DMSO solutions, can safely be ascribed to H-
bonding to the solvent.

In the case of hydrazinium salts 4 and 7, all the
NH protons, together with the HOD present in the
solvent, give rise to only one broad resonance; a
fast exchange of protons among the different sites
may be supposed.

According to the data reported by Evans and
Kynaston" on the protonation of hydrazine deriva-
tives, we may assume that in the case of 4 protona-
tion occurs on the substituted N atom of the hyd-
razinium cation, while the two N atoms are undis-
tinguishable in the case of 7. A shift to low field is to
be expected for the N-Me resonance upon proto-
nation at the N atom, by analogy with the behavior
of methylamine.'*"” Moreover, the chemical shift of
the N-Me group of 1,2-dimethylhydrazine in
DMSO solution is 2:37 ppm, whereas the corres-
ponding hydrochloride has the Me resonance at
2-64 ppm. We may therefore assign, with reasona-
ble confidence, the resonance at 2:72 ppm to the

HNMe; group in 4 and the signal at 2-64 ppm to the
*NH:Me group in 7. This resonance has an integ-
rated intensity of 2 relative to the other two Me
resonances (integrated intensities 1:1). A possible
explanation is that, given the equivalence of the
two N atoms of the cation moiety, the proton ex-
changes rapidly its position between the two sites
giving rise to only one resonance.

Compounds 5 and 6 give rise to very simple and
clear-cut spectra. The N°’-Me resonance is a sharp
doublet with a coupling constant to the N°-H pro-
ton of 5:7+0-1Hz, in the case of §, and 6-1 =
0-1 Hz for 6. The N’-H resonance appears as a
clear quartet slightly broadened by the quadrupole
effect of nitrogen. The N’-Me peak is a sharp sing-
let, as is the resonance of the S-Me of 5.

In the paper by Anthoni et al.® the NMR spec-
trum of (MeNH-N(CH;)CSS), is reported. They
give the following values for 8§ in DMSO: 3-52 for
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N-Me, 2-65 for N-Me and 6:1 for N°-H; they
give also a value for Jcyny of 6:0 Hz. The agree-
ment between their data and ours for the very simi-
lar compounds 5 and 6 seems rather satisfactory.
The differences in the N°~H chemical shift are not
surprising since this resonance should be tempera-
ture and concentration dependent, because the pro-
ton is certainly involved in H-bonding to the sol-
vent.

Compounds 8 and 9 show complex resonances in
the aromatic region. In the case of 3-phenyl-S-
methyldithiocarbazate (8), the phenyl resonance
appears as one multiplet centered around 7-26 ppm
and another centered around 6-87 ppm, of relative
integrated intensities 2:3. The low-field group of
resonances may be assigned to the ortho protons,
while the second group is ascribable to meta and
para protons. For compound 9 such a distinction is
not possible.

Compound 10, in DMSO solution, shows a shift
to low field of the N’-H resonance relative to the
ester 9; otherwise the signals are essentially in the
same position, both in chloroform and in DMSO,
though somewhat broadened. The frequency of the
SH resonance is undefined in DMSO, because there
is an immediate and very fast exchange with the
water present in the solvent. The —-SH resonance is
very broad also in CDCI; solution.
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