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The *SC NMR of pyridine N-oxides Save been i n v e s t i g a t e d by

several s c i e n t i s t s [ l -O] who concentrated on monosubstituted

d e r i v a t i v e s of pyridine N-oxides. Th« examinations of C NMR

of the subject compounds provided valuable information on t h e i r

structure. Within extensive investigations on the reactivity of

pyridine N-oxide derivatives perforated in this laboratory [5-

11], 2-thiol derivatives represent a considerable contribution.

Experi mental

The 19C NMR spectra were recorded on T*2la BS 989 spectrome-

ter at 35.142 MHz. Typical conditions were spectral width 76OO

Hz, 8 K data points, pulse angle SO° CIS s3 and repetition

time 2 s. These conditions resulted In digital resolution of

1.22 Hz Ci.e. O. 05 ppm 3. All spectra were proton decoupled.

Samples were ca 10 X in CDC1_, and the centres of the CDC1_

peaks C77. 11 ppm 5 were used as an internal reference. The

assignements were carried out on the basis of previous l i tera-

ture Cl-6], model studies, additlvity rules, single resonance

spectra and on the basis of comparison chemical shifts and

coupling constant of protons of picoline N-oxides. 2-halo-4-

nltroplcollne N-oxides [11] and plcollne-2,4-dlthlol N-oxides

CHS - 6.85 ppm, HO - 7. ©O ppan, CH_ - 2.65 ppm, OH - 13.1 ppm,

J5 e - 10 Hz- for 3-methylpyridine-2.4-dithiol N-oxide, H3 -

7.85 ppm. HB - 8.2O ppm, CHg - 2,30 ppm, OH - 12,15 ppra - for



5-methylpyridine-2.4-dithl.ol N-oxide. H3 - 8.00 ppm. HS - 7.80

ppm. ChU - 2. 23 ppra, OH - 11.30 ppm, J_ _ - S Hz - for

6-methyl pyr i di ne -2. 4 -di t hi ol N -oxi de3 .

The 1SC NMR chemical shif ts war* calculated on the basis of

addltivity rules and the effects of substltuents for picol ine-

2-thiol N-oxlde= Cthe chemical shi f ts for the picoline N-oxides

carbons were taken from the l i terature til .the substituent

effect of 2-SH group was taken from the l i terature as the

difference 6 - 6 3 [23,363 and for
Fyr-1-lhi.on NOH Pyr NO

pieoline-2,4-dithiol N-oxides Cthe substituent effect of 2-SH

group was used in the same way as for picoline 2-thloL N-oxide.

but the effect of 4-SH group was estimated as: 6 -6
" ryr-a-SH Fyr

C27.2S]. CIn the literature thare i s no "c NMR data of

pyridine-3-thiol N-oxide3.

The picoline-2-thiol N-oxides and picoline-2,4-dithiol

N-oxides used in the study were syntesized by the previously

described methods ta.lO].

The IR spectra recorded on a Specord IR 73 CZeiss, Jens)

spectrophotometer as nujol mulls.

The absorption of the t i t led compounds were recorded on a

UV-VIS spectrometer, using » quartz cell of 0.OO7 em thickness.

Samples were approximately 10 mole/dm in ethanol.

Results and discussion

'H NMR spectra of plcoline-2,4-dithiol N-oxidas ware recor-

ded in order to facil itate the assignsments of the chemical

shift of carbons of examined compounds. The spactra 3-plcollne-

a,4-dlthiol N-oxlde and 6-plcolin«-2,4-dlthiol N-oxide were

studied as being on AB and AX type respectively. Similarly to

*H NMR of 2-halo-S-methyl-4-nitropicolin« N-oxides t i l 3 only

singles were obtained in the spectra of 3-picoline-2,4-dithiol

N-oxide. This fact test i f ies 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-oxid* Cthe thiol

group in position 2 and 4 and methyl group into position 3 3

causes the change of coupling constant J_ Q from 6.8 Hi [26)

to 1O Hz according to the influence of electronegati vity of



substituent on vicinal coupling constant. Conversion from

picollne N-oxides C28] to picoline-2,4-dithiol N-oxides cnuscrs

the greatest change of deshiaiding of the proton Adjacent to

the- thiol group. The observed dashieldlng 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 COH5 proves that picoline-

2,4-dithlol N-oxides existance in the thlone form. On compari-

son the carbon signals of the methyl groups in 3-pieoline N-

oxide 128] and 3-pieoline-2,4-dithiol N-oxide It i s clear that

/^-effect of two thiol groups has chlffed this signal by about

0. 4 ppm.

The transition from pyridlne N-oxide to picoline N-oxide Cll

provides the largest change in the "ipso" carbon resonance fre-

quency according to the substantial paramagnetic effect speci-

fic to the methyl group. The "Ipso" carbon deshielding in

picoline N-oxides varies between S. 74 and 11. OS ppm. The chemi-

cal shifts of other carbons do not vary or undergo only very

slight changes if they are in a close neighbourhood of a methyl

group.

The great paramagnetic a effect the thiol group on carbon in

position 2 C30.3 ppnO and in position 4 C50.4 ppnO in pyridlne

ring C27J undergoes the significant decrease on N—oxidation

[25] CSa.O ppm and 14 ppm respectively?. The introduction of

the thiol group into position 2 of picollne N-oxide gives a

deshielding effect at C-2 C27.21+28.8? ppnO according to a

paramagnetic action of a thiol substituent on the "ipso"

carbon.

At the transition from picollne N-oxides to pieoline-2-

thiol N—oxides, the chemical shifts of the methyl group carbons

undergo slight changes C17.7B+20.20 ppm —» 17.84.+20.00 ppnO.

But the thiol group situated in ortho 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-oxldes causes the largest change in the chemical shift

of the "ipso" carbon, according to the paramagnetic effect

characteristic for the thiol group Ca effect}. The value of the

deshlelding effect of the thiol group at C-4 in picoline-2,4-



d i t h i o l N-oxides ranges from 81 .M + 20.70 ppm. The complete
disagreement between the experimental And ca lcu la ted chemical
s h i f t of carbons Cif the e f f e c t of SH group was I s taken from
benzene der iva t ive [2033 po ints out on spec ia l i n t e r a c t i o n i n
molecules g£ studied compounds.

OH

i- i.
The good agreement between experimental and calculated che-

mical shift of C-2 and C-4 i f the effect of 3- and 4-SH groups
are calculated from the equations:

SCS * C 6 - o 3 C3S.28J
2-SH Pyr-2-thlon NOH Pyr NO

SCS * C o - 6 3 [27.26]
4-SH pyr-4-en NO Pyr NO

prove the conclusion that 2-thlol group Is responsible for
creating the thlone form not only In picoline-2-thiol N-oxldes
but also in picolin«-2,4-dlthiol N-oxldes. Calculation of these
effects by using an average value of substltuent effect both 2-
and 4-SH group from equation

SCS • 1/2 Ci - * + <5
Pyr-2-thien NOR Pyr NO Pyr-4-SM-NO

- 6 5 + 1 / 2 C 6 - * •
Pyr NO Pyr-I-SH No Pyr NO

6 - 6 "3
Fyr-«-thion NOM Pyr NO

[25.26,87] gives no agreement.The difference between the expe-
rimental chemical shifts and those calculated Is a measure of
inner interaction substituents with *aeh othar as well as their
Interaction with the ring. Bigger differences may also result
from no taking into consideration of 4-thlol effect on all
carbons except "ipso" carbon. These calculations do not take
into consideration mutual interaction of the thlol group in
position 2 with the thlol group in position A and the methyl
group and N-oxide group.

The results of C NMR spectra provide correct qualitative



p r e d i c t i o n s concerning the equilibrium composi t ions , but they
cannot af ford any quant i ta t ive Information s i n c e the d i f f eren -
c e s in the s h i f t s of the corresponding carbon atoms i n the
mod«l compounds are small.
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TABLE 1

*3C NNK chemical s h i f t s experimental and ca lculated Xppm' / I n parentheses/'

and SCS at t h i o l group for p l c o l i n e - 2 - t h i o l N-oxides and p i c o l i n e - 2 , 4 - d i t h l o l

N-oxides

Compounds C-2 C-3 C-4 C-5 C-6 C~CH3 L l t

3-nethylpyrldlne 138.23 137.59 128.82 128.92 136.57 ^1^

M-oxlde

3-nethylpyrldine- 28.14 12.1O S.O8 -12.SO -8.8O 22.O3

2-thlol M-oxide SZ&.ZOS S4.BS ST.2OS /-12.1O/ X-5.AOX

A-nethylpyridine 130.4O 128.OO 13O. TO 128.40 139.1O S\S

N-oxlde

4-methylpyridlne- 27.19 2.8O 8.38 -11.88 -6.9O 21.16

2-thiol N-oxlde

5-methylpyrldlne 138.23 127.48 126.82 138.29 139.23 sts

N-oxide

5-methylpyrldine- 25.60 4.20 3.67 -14.18 -4.18 17.94

2-thiol N-oxide

6-methylpyrldlne 139.52 125.O7 124. 3O 127.98 149.14

N-oxlde

e-methylpyridir«- 27.74 4.55 5.3O -13.58 16.59

2-thlol N-oxlde



168. 1 O

27.74

•28. 2X

165. 54

28.87

167. 9O

27.21

138.

131.

144.

8 0

5 8

O3

18. 99

150. 8O

23.98

•22. ZS

1 47. 83

21.01

151. 00

20.70

119.

124.

117.

OO

31

8 1

121. OO

124. 3O

128.OO

3-methylpyridine- 168.1O 138.80 15O.8O 119.OO 121. OO IB. 80

2,4-dlthiol

N-oxide

5-«ethylpyridine- 165.54 131.58 147.83 124.31 124.3O 17.34

2, 4-dlthiol

N-oxlde

6-methylpyridine- 167.9O 144.O3 151.00 117.81 12&.OO 17.48

2, 4-dithlol

M-oxlde

The exanple of calculation of chemical shift for carbons for

3-aethylpyrldlne-2,4-dlthiol M-oxlde

3-mthylpyridlne N-oxld* C-2 C-3 C-4 C-5 C-6

130.23 137.59 126.82 120.62 13O. 57

28.2O 4.8O 7.2O -12.1O -5.4O

15. OO

3-mthylpyridlne-2 ,4-dl - 107.43 142.39 149.02 114.82 131.17

thlol M-oxlde


