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The *'c NMR of pyridine N-oxidez have been inveztigated by
several sclentists [1-8] who concentrated on monosubzstituted
derivatives of pyridine N-oxddes. The examinations of % NMR
of Lhe subject compounds provided valuable informstion on their
structure. Within extensive investigations on the reactivity of
pyridine N-oxide derivatives performed in this laboratory (8-
11], 2-thiol derivatives represent a considerable contribution.

Experimental

The **c NMR spectra ware recorded on Tezla BS B89 spectrome-
ter at 25 142 MHz. Typical conditions were spectral width 7800
Hz, 8 K data points, pulse argle 90° €13 > and rapaetition
time 2 s. These conditions resulted in digital resolutien of
1.22 Hz (1.e. O0.05 ppm D>. All spectra were proton decoupled.
Samples were ca 10 % in CDC‘.la. and the centreszs of the (.'.DCl3
peaks (77.11 ppm D were used 2% an internal reference. The
assignements were carried out on the basis of previcus litera-
ture [1-8), model studies, additivity rules. single resocnance
spectra and on the basis of comparison chemical shifts and
coupling constant of protons of picoline N-oxides, 2-halo-4-
nitropicoline N-oxides [(11) and picoline-2,4-dithiol N-oxides
(H5 - &8.85 ppm, H& - 7.60 ppm, Cl-l3 - 2.65 ppm, OH - 13.1 ppnm,
J - 10 Hz~- for 3-methylpyridine-2,4-dithiol N-oxide, H3 -

5,6
7,85 ppm, HB — 8,20 ppm, CH3 - 2,30 ppm, OH - 12,18 ppm -~ for
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S5-methylpyridine-2,4-dithiol N-oxide, H3 - 8,80 ppm, HS - 7.8B0
ppm, Cl-l3 - 2.25 ppm, OH - 11.30 ppn, ‘T3.5 - % Hz - for
S-methylpyridine-2,4-dithiol N-oxided.

The *’C NMR chemical shifts were calculated on the basis of
additivity rules and the effects of substituents for picoline-
2-thiecl N-oxides (the chemical shifts for the picoline N-oxides
carbons were taken from the literature (11 ,Lhe substituent
effect of 2-SH group was taken from the literature as the
difference 6Pyr_:_lh,mn nom " 6"r No) [25,28) and for
plcoline-2,4~dithiocl N-oxides C(the substituent effect of 2-SH
group was used in the same way as for picoline 2-thiol N-oxide,
but the effect of 4-SH group was estimated as: 6'yr_‘_‘" -6”'
£27,26). C(In the literature there is no '"C NMR data of
pyridine-3-thiol N-oxide.

The picoline-2-thiol N-oxides and picoline-2,4-dithiol
N-oxides used in the study were syntesized by the previously
deseribed methods (9,10].

The IR spectra recorded on a Specord IR 78 (Zeiss, Jenad
spectrophotometer as nujol mulls.

The absorption of the titled compounds were recorded on a
UV-VIS spectrometer, using a quartz cell of 0.007 em thickness.
Samples were approximately 10_4 mt:nl.o/dlﬂ3 in ethanol.

Results and discussion

'H NMR spectra of picoline-2,4-dithicl N-oxides were recor-
ded 1in order to facilitate the assignements of the chemical
shift of carbons of examined compounds. The spactra 3-picoline-
2,4-dithiol N-oxide and B8-picoline-2,4-dithiol N-oxide were
studied a= being on AB and AX type respectively. Similarly to
‘H NMR of 2~halo-S-methyl ~4~nitropiceolina N-oxidezs [11] only
singles were obtained in the spactra of S-picoline-2,4-dithiol
N-oxide. This fact testifies to the lack of splitting in this
case comparable with a natural width of the line. The introdu-
cing of three substituents to pyridine N-oxide Cthe thiocl
group in position 2 and 4 and methyl group into position 3 O
causes the change of coupling constant J from 6.8 Hz [28)

5.8
to 10 Hz according to the influence of electronegativity of
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substituent on vicinal coupling constant., Conversion from
picoline N-oxides [(28) to picoline-2,4-dithiol N-oxides causes
the greatest change of deshielding of the proton adjacent to
the thioel group. The observed daeshielding effect of two thiol
groups oscillate from 0.8 to 1.8 ppm. The occurrence of the
frequency signals at 11.3+13.1 ppm COH) proves that picoline-
2,4-dithiol N-oxddes existance in the thione form. On compari-
son the carbon signals of the mathyl groups in 3-picoline N-
oxide {281 and 3-picoline~2,4-dithiol N-oxide it 1is clear that
fi-effect of two thiol groups has ghiffed this signal by about
0.4 ppm.

The transition from pyridine N-oxide to picoline N-oxdde (1)
provides the largest change in the "ipso" carbon rescnance fre-
quency according to the substantial paramagnetic effect speci-
fic to the methyl group. The "ipso' carbon deshielding in
plcoline N-oxides varlies between Q.74 and 11.09 pom. The chemi -
cal shifts of other carbons do not vary or undergo only very
slight changes if they are in a close neighbourhocd of a methyl
group.

The great paramagnetic a effect the thiol group on carbon in
position @ (30.3 ppmd and in position 4 (%0.4 ppm) in pyridine
ring [(27) undergoces the significant decreasze on N-oxidation
[25) (28.0 ppm and 14 ppm respectivelyd). The introduction of
the thiol group into position 2 of picoline N-oxide gives a
deshielding effect at C-2 (27.21+28.87 ppmd according to a
paramagnetic action of a thiol substituant on the ‘'ipso”
carbon.

At the transition from picolina N-oxides to picoline-2-
thiol N-oxides, the chemical shifts of the methyl group carbons
undergo slight changes (17.78420.20 ppm — 17.084+20.00 ppmd.
But the thiol group situated in eortho position to the methyl
group in 3-methyl derivatives has the greatest influence. The
introduction of the thiol group into position 4 to picoline-2-
thiol N-oxides causes the largest change in the chamical shift
of the "“ipso" carbon, according to the paramagnetic effect
characteristic for the thiol group Ca effectd). The value of the
deshielding effect of the thiol group at C-4 in picoline-2,4-
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dithiol N-oxides ranges from -21.01 + 26.70 ppm. The complete
disagreement between the experimental and calculated chemical
shift of carbons (if the effect of SH group was is taken from
benzene derivative (2910 points out on Epecial interaction in

mol ecyl as studied compounds.
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The geod agreement between exporimental and ocHu.culnted che-
mical shift of C-2 and C-4 if the effect of 8- and 4-SH groups
are calculated from the equations:

SCs =C & - & J) (25,2861

2-8H Pyr-2-thien NOH Pyr NO
scs ) -6 ) [27,2a8e)

4-SH= ¢ Pyr-4«-88 NO Pyr NO

prove the conclusion that 2-thiol group is responsible for
creating the thione form not only in picoline—-2-thiol N-oxides
but alse in picoline-2,4-dithiol N-oxddes. Calculation of these
effects by using an average value of substituent affect both 2-

and 4-SH group from equation

5Cs = 1.2 6 Pyr-2-thion NOX - 6')"‘ NO v e Pyr-4-smM-No
- 6Pyr wo 0 t18C 6ryr-:-sn No 6Pyr No 7
6Pyr-d-lhi.on NoM 6Pyl' NO)

[25.26,27) gives no agreemant.The difference betwesen the axpe-—
rimental chemical shifts and thogre calculated is a measure of
inner interaction substituents with each other as well as their
interaction with the ring. Bigger differences may also result
from no taking inte consideration of 4-thiol effect on all
carbons except ‘ipso" carbon. These calculations do not take
into consideration mutual interaction of the thiol group in
position 2 with the thiol group in position 4 and the methyl
group and N-oxide group.

The results of ‘"c NMR spectra provide correct qualitative
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predictions concerning the equilibrium compositions, but they

cannot afford any quantitative information since the differen-

ces Iin the shifts of the correszsponding carbon atomzs in the

model compounds are small.
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TABLE 1

43¢ NMR chemical shifts experimental and calculated /ppms 7in parentheses/
and SCS of thiol group for picoline-2«thiol N-oxides and picoline-2, 4-dithiol

N-oxides

Compounds Cc-2 c-3 Cc-4
3-methylpyridine 138.23 137.59 126. 82
N-oxide
3-methylpyridine~- 26.14 12.19 5. 08
2=thiocl N-oxide 728.20/ 74.8/ 77.20/
4-methylpyridine 139. 40 128.00 136.79
N-oxide

4-methylpyridine- 27.19 2.80 8. 36
2-thiol N-oxide ‘
Semethylpyridine 138.23 127.48 126. 82
N-oxide

S5-methyl pyridine- 25. 60 4.20 3.67
2-thiol N-oxide

6~-methylpyridine 139. 52 125.07 124.30
N-oxide

6-methylpyridine- 27.74 4.55 S. 30

&-thiol N-oxide

c-5
126.02

-12.50

/=12.107

128. 40

-11.886

138. 29

-14.18

127.98

-13.58

C-6
136.57

-8, 80

7=5. 40/

139.10

-6. 90

139.23

~4.18

149.14

16.58

c-ci

22.03

17.94

Lit
Pe V4

~1r
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3-methylpyridine-
2, 4-dithiol
N=-oxide

S=-methylpyridine-
2, 4~dithiol
N-oxide

G-methylpyridine-
2, 4=dithiol
N-oxide

168.10
27.74
7e8. 27
165,54
28. 87

167.90
27.21

3-methylpyridine=2, 4-dithiol N-oxide
3-mathylpyridine N-oxide

SCS, ™S
SCS ‘_Sl_{ml

138. 860 150. 80 119. 00 121.00 16. 80
23.908
reg2. 27

131.58 147.83 124. 31 124. 30 17.34
21.01

144.03 151.00 117.81 128, 00 17.46
18.99 26.70

The example of calculation of chemical shift for carbons for
[ c-3 c~4 C~5 c-6
139.23 137.50 126. 62 120.02 136.57
28. 20 4. 80 7.20 -12.10 ~5. 40
15.00
167. 43 142.39 149.02 114.82 131.17

3-mathylpyridine-2, 4-di-

thiol N-oxide



