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The '3C NMR signals for some 2-
ethylthio-,  2-ethylsulphinyl- and 2-
ethylsulphonyi-4'-substituted aceto-
phenones were assigned. The carbonyl
carbons exhibit a progressive upfield shift
on going from the ketosulphides to the
ketosulphoxides and to the ketosulphones.
The a-methylene carbons for the three
classes of compounds are shielded by
almost the same amount in relation to the
corresponding  calculated values. The
chemical shifts of the aromatic ring
carbons are in close agreement with those
calculated using substituent chemical
shifts.
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substituted acetophenones

INTRODUCTION

The *C NMR data for the methylene and
carbonyl carbons (—CH,CO—) of 2-
ethylthio-4’-substituted  acetophenones (I}
have already been published.! Here we report
the *C NMR data for 2-ethyisulphinyi- (II)
and 2-ethylsulphonyl-4'-substituted acetophe-
nones (111} together with the data for the aro-
matic carbons for the compounds of series I.
The aim of this work was to optimize the
preparative conditions for the new aromatic
ketosulphoxides and ketosulphones and to
record their IR, 'H and '3C NMR spectra
for their full characterization.

RESULTS AND DISCUSSION

13C NMR spectra

The '3C NMR experimental and calculated
chemical shifts of the 2-ethylthio-, 2-
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ethylsulphinyl- and 2-ethylsulphonyl-4'-sub-
stituted acetophenones are given in Table 1.
The signals of the aromatic carbons were
assigned by single-frequency off-resonance
decoupling (SFORD) and known chemical
shift rules.? The substituent chemical shifts
were taken from the tabulation of Ewing®
and, for —C(O)CH,SEt, —C(O)CH,S{O)Et
and —C(O)CH,S(0O),Et groups, were esti-
mated from the chemical shifts of the
unsubstituted 2-ethylthio- 1), 2-
ethylsulphinyl- (8) and 2-ethylsulphonyl-ace-
tophenones (15). Good agreement between
both data sets is obtained (Table 1), indicat-
ing that the assignments are correct.

The computed chemical shifts for the «-
methylene carbon for the I, I and III series
were obtained through the equation

o, = — 23+ ap + 0y )

where ay is the a-effect of the —SO,Et (n = 0,
1 and 2) substituents [estimated from the a-
methylene carbon chemical shifts of diethyl
sulphide, diethyl sulphoxide and diethyl sul-
phone (Table 2)}, a, is that of the para-
substituted phenacyl group (estimated from
the o«-methyl chemical shift of para-
substituted acetophenones') and —2.3 is the
chemical shift for the methane carbon atom.?

The calculated methylene chemical shift for
2-ethylsulphinyl- (8-14) and 2-ethylsul-
phonyl-acetones (15-21) deviate from the
experimental values by ca. 7 ppm for both
series (Table 1), similar to the 2-ethylthio-4'-
substituted  acetophenones. This  non-
additivity effect has been attributed® to an
interplay of n20/6¢_so, and mo/08 o, orbital
interactions which should occur in the
C(O)CH,SO,Et (n = 0, 1 and 2) systems.

The carbonyl carbon exhibits a progressive
upfield shift on going from the ethylthio-
{1-7) to the ethylsulphinyl- (8-14) and to the
ethylsulphonyl-acetophenones (15-21) (Table
1), which can be mainly ascribed to the
increasing inductive effect of the respective
substituents, ie. [oyse, = 0.25, 0ysory = 0.50
and 6y5q,g, = 0.60].

'H NMR Spectra

The *H NMR spectra were intended mainly
for identification purposes only. However, it
should be mentioned that the a-methylene
protons [C(O)YCH,S] for the ketosulphoxides
correspond to an AB system (8-12), which
closely approaches the A, case for the spectra
of 13 and 14, where the centre lines lie so
close to one another that the spectial
resolution was not sufficient to separate
them. The S-ethyl methylene proton signals
for 8-14 are a complex multiplet (AB part of
an ABX, system) for the spectra at 60 MHz.
It was possible to record the spectra of 9 and
12 at 200 MHz, which allowed the observa-

tion of a doublet of quartets for each dia-
stereotopic methylene proton of the S-ethyl
group (Table 3).

EXPERIMENTAL

Physical data

All the 4'-substituted aromatic ketosulphox-
ides and ketosulphones are new compounds
and were identified by the physical and spec-
tral data given in Tables 3 and 4. The
unsubstituted sulphoxide 8 was previously
obtained by Nokami et al.® but was not
characterized. The melting point for the
unsubstituted sulphone 15 given by Bohme
and Krause® (110°C) was in disagreement
with that obtained here (58-59°C). The ele-
mental analyses for 8 and 15 were therefore
also included in Table 4, to confirm their
identification. Sulphoxides 8-14 are very
hygroscopic and do not exhibit sharp melting
points; compounds 8-21 had to be kept in a
freezer owing to their lack of stability at
room temperature.

Compounds

The 2-ethylsulphinyl-4'-substituted acetophe-
nones (8-14) were obtained from an adapta-
tion of the method of Leonard and
Johnson,'® ie. by the reaction of the corre-
sponding 2-ethylthio-4'-substituted acetophe-
nones,' in acetonitrile solution, with an
equimolar agueous solution (0.5 M) of sodium
metaperiodate at room temperature for 4-§
h. The reaction was followed by thin-layer
chromatography on silica gel, using chloro-
form as the eluent. The crude product was
recrystallized from chloroform—hexane.

The 2-ethyisulphonyi-4'-substituted ace-
tophenones (15-21) were prepared essentially
by the method of Drabowicz et al.,*! ie. from
a methanolic solution of the corresponding 2-
ethylthio-4'-substituted acetophenones corn-
taining selenium dioxide and hydrogen
peroxide (35%) in a molar ratio of 1:1:5 at
15°C for ca. 3 h. Ethyl sulphone {m.p. 68—
69°C; lit.!? m.p. 70°C) was prepared from
ethyl sulphide following the same method.’ !

Ethyl sulphoxide (b.p. 82-83°C/7 Torr;
lit.’ b.p. 88-89 °C/15 Torr) was prepared by
the method of Drabowicz and Mikol-
ajezyk,'* ie. from an equimolar methanolic
solution of ethyl sulphide, seleniurn dicxide
and hydrogen peroxide (30%} at room tem-
perature.

The physical constants of &-21, their ele-
mental analyses and their [R data are given
in Table 4.

Spectra

The '*C NMR spectra for 0.5 M solutions in
CDCl,, in 5 mm o.d. sample tubes, were
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Table 1. '3C  chemical shifts® of 2-ethylthio-|X¢C(O)CH,SC,H,} (1-7), 2-ethylsulphinyl-
[X¢C(O)CH,S(O)C,Hs] (8-14) and 2-ethyl sulphonyl-4’-substituted acetophenones
[X¢C(O)YCH,S(0),C,H,] (15-21) in CDCI,

S-Ethyl Other
Substituent Acetyl carbons Aromatic carbons carbons carbons
Compound X CH, c=0 c-v c-28 c-35 c-4 CH, CH, C(X)
1 H 36.6 194.3 135.2 128.6 128.4 133.0 26.2 14.0
46.2°
2 OMe 36.5 193.2 128.2 130.8 113.6 163.5 26.2 14.0 55.2
459 127.4 129.6 114.0 164.4
3 Me 36.6 1941 132.7 128.1 129.1 143.9 26.2 14.0 214
46.1 1321 128.5 1291 1423
4 Cl 36.6 1931 1335 130.6 130.2 1395 26.1 138
46.2 133.2 130.0 128.8 139.3
5 Br 36.5 193.2 1338  130.1 131.8 128.2 26.2 139
46.1 133.6 130.2 132.0 127.2
6 CN 36.6 1926 138.2 129.0 132.2 117.6 26.1 138 116.2
46.3 139.4 129.3 132.0 117.3
7 NO, 36.8 192.0 139.3 129.2 1231 149.6 26.2 14.0
46.6 141.2 129.5 1235 152.9
8 H 59.3 191.8 135.9 128.7 128.7 134.0 46.1 6.2
65.5
9 OMe 59.1 190.0 129.0 131.0 1139 164.2 459 6.2 45.9
65.2 128.2 129.7 114.2 165.4
10 Me 59.4 1914 133.7 1284 129.5 145.3 46.2 6.2 215
65.4 1329 128.6 129.3 1433
11 Cl 59.0 190.8 134.4 1301 129.0 140.8 46.1 6.3
65.5 134.0 130.1 1291 140.3
12 Br 59.0 191.0 1348 130.2 132.0 129.5 4861 6.4
65.4 1343 1303 131.9 128.2
13 CN 58.8 191.1 1388 129.2 1324 1171 46.1 6.4 1174
65.6 140.2 1294 132.3 118.3
14 NO, 59.0 191.0 140.4 129.9 123.7 150.6 46.2 6.4
65.9 142.0 129.6 123.8 153.9
15 H 58.8 189.0 135.8 129.1 128.7 134.3 482 6.4
66.8
16 OMe 58.8 187.2 128.9 131.8 1141 164.6 481 6.3 55.4
66.5 128.0 130.1 114.3 165.7
17 Me 58.8 188.6 1334 1295 129.3 145.6 481 6.4 215
66.6 132.7 129.0 1294 1435
18 Cl 59.0 188.0 134.2 130.8 129.1 141.1 48.2 6.4
66.7 133.9 130.5 1291 140.6
19 Br 58.9 188.2 1345 130.6 1321 130.0 48.2 6.4
66.6 134.2 130.7 1319 1285
20 CN 59.0 188.1 1385 12986 1326 117.7 48.3 6.5 17.7
66.9 1401 1298 132.3 118.6
21 NO, 59.3 188.0 140.0 130.3 1239 151.0 48.5 6.4
67.1 141.9 130.0 123.8 154.2

? In ppm relative to TMS.

® The second entrigs throughout are those calculated using substituent chemical shifts.

recorded at 20 MHz on a Bruker AC-80
spectrometer in the Fourier transform (FT)
mode. The conditions were as follows: deute-
rium of CDCl; as both internal lock and
internal reference fixed at the centre of the
triplet (76.89 ppm); temperature, ca. 32°C;
pulse width, 5.6 ps; flip angle, 90°; acquisi-
tion time, 1.6 s; spectral width, 5000 Hz;
pulse repetition time, 6.6 s; number of tran-
sients, 30000: and 16K data points. Spectra
were recorded both in the proton-noise and
in the single-frequency off-resonance decou-
pled modes.

The IR spectrometer was a Perkin-Elmer
Mode! 283 and the 'H NMR data were

obtained on a Varian T-60 spectrometer for
all compounds except 9 and 12, for which a
Bruker AC-200 spectrometer in the FT mode
was used, using 5 mm o.d. sample tubes.

Acknowledgements

The authors thank the Fundagdo de Amparo
a Pesquisa do Estado de Sdo Paulo
(FAPESP) for financial support to (P. R. O.
and R. R) and the Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico
(CNPq) for a scholarship (to E. B.) and for a
grant to P. R. O. and R. R}

Table 2. '3C chemical shifts*
of (CH,CH,),SO,

compounds
n CH, CH,
0 255 14.8
1 448 6.4
2 46.0° 6.2

®In ppm relative to TMS, for
CDCI, solutions.

® A wrong value (40.4 ppm) was
quoted by Breitmaier and
Voelter? for the chemical shift of
the «-methylene carbon of
diethyl sulphone (see Ref. 4).
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Table 3. 'H NMR data® for 2-ethylsulphinyl-, X¢C(O)CH,S(O)C,H, (8-14), and 2-
ethylsulphonyl-4'-substituted acetophenones X$C(O)YCH,S(0),C,H, (15-21)

Aromatic Acetyl® Ethyl

Compound® §-2.6 4-3'.5 S-H, §-H, 2y &8-CH ° 2y $-CH, 3y
8 7.40-8.22(m)¢ 4.27 4.32 14.0 2.85 1.38 7.0
9 7.83 6.83 417 4.28 140 2.80, 2.88 13.2 1.30 75
10 7.70 7.20 4.20 4.34 146 2.87 1.40 7.8
11 7.74 6.80 419 429 15.2 279 1.44 7.2
12 7.87 7.66 4.25 4.34 14.0 2.83, 2.97 13.2 1.40 74
13 8.04 7.76 4.30 4.30 — 2.92 1.40 7.6
14 8.22 8.35 4.30 4.30 — 297 1.44 7.2
15 7.20-8.12(m)? 457 3.20 144 74
16 7.80 6.93 4.43 3.20 1.43 75
17 7.90 7.20 443 317 1.38 7.3
18 7.96 7.55 4.45 3.20 1.44 7.3
19 7.7 7.73 453 3.26 1.46 7.2
20 8.15 7.9 494 3.44 1.54 7.6
21 8.28 8.40 4.60 3.23 1.47 7.0

* 'H chemical shifts in ppm relative to TMS and coupling constants in Hz, for CDCI, solutions.
® For the numbering of the compounds, see Table 1.

< See text for the discussion of signal mutticiplicities.

9m = multiplet.

Table 4. Physical, infrared® and elemental analysis data for the 2-ethylsulphinyl-, X¢C(O)CH,S(O)C,H,,
and 2-ethylsulphonyl-4’-substituted acetophenones, X¢C(O)CH,S(0),C,H,

Molecular Analysis (%)
Compound® M.p. (°C)° Ve (6m-T) Vson (€m-1)4 formula [ H N
8 74-85 1676 1052, 1023 C,oH120,S Calc. 61.20 6.12
Found 61.01 5.92
9 78-81 1666 1047, 1027 C,,H,,0,S Calc. 58.39 6.23
Found 58.11 6.49
10 94-97 1671 1051, 1020 C,,H,,0,8 Calc. 62.84 6.71
Found 62.93 6.61
11 78-83 1677 1093, 1053 C,oH,,Ci0,S Calc. 52.05 4.80
Found 51.89 464
12 84-90 1678 1074, 1054 C,oH,,Br0S Calc. 43.65 4.03
Found 44.00 417
13 67-75 1683 1057, 1022 C,,H,,NOS Calc. 59.72 5.01 6.33
Found 59.71 5.07 6.72
14 91-98 1686 1059, 1051 C,oH.,NQ,S Calc. 49,78 459 5.81
Found 49.72 455 5.51
15 58-59 1679 1324, 1144 C,o,H.,05S Calc. 56.66 5.66
Found 56.60 5.60
16 103-104 1668 1321, 11456 C,H,,0,S Calc. 54.54 5.81
Found 54.35 5.84
17 68-70 1673 1323, 1144 C,H,,0;8 Calc. 58.40 6.25
Found 58.56 6.24
18 94--96 1680 1325, 1146 C,oH,,CIO,S Calc. 48.70 4.49
Found 49.14 472
19 91-95 1679 1323, 1144 C,oH,,BrO,8 Calc. 41.25 3.80
' Found 41.20 3.77
20 130-139 1686 1325, 1145 C,,H,,NO,S Calc. 55.70 4.67 5.90
Found 55.63 4.65 6.16
21 105-108 1690 1324, 1145 C,oH;;NO,S Calc. 46.70 3.00 5.40

Found 46.79 3.23 5.65

#In CHCI,.

® For the numbering of the compounds, see Table 1.

¢ Compounds 8-14 were recrystallized from chloroform-hexane, 15, 16 and 21 from benzene and 17-20 from
toluene.

“For 16-21, the higher frequency band corresponds to the vy, , asymmetric vibration and the lower frequency to
the symmetric vibration.
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Dehydrogenation of 2,5-dihydro-1,2,3,5-
thiatriazole 1-oxides with thermally formed
bis(4-methylphenyl)aminy! generated 2,3-
dihydro - 1 - oxo-144,2,3,5 - thiatriazol - 3-yl
radicals. ESR, ENDOR and triple resonance
studies in combination with 'SN labeliing
yielded the magnitude and assignment of
all "H and N hyperfine coupling (HFC)
constants. The radicals have a basic five-zn-
electron amidrazon-2-y! structure with the
highest spin density at N-2.

xey worbs ESR  Nitrogen-centred rad-
icals 2,3-Dihydro-1-0%0-14%,2,3,5-
thiatriazot-3-y! radicals

INTRODUCTION

We have recently teported! studies of 2,5-
dibydro-1,2,3,5-thistriazol-5-y!  radicals (1),
which combine the basic structural features
of 1,2.3,5-dithiadiazolyl and tetrazolinyl rad-
icals, ie. the thiozminyl and the hydrazyl
moiety, in a five-membered cyclic n-electron
system. S-Oxidation should have a pro-
nounced effect on the properties of these rad-
icals. Replacement of —5— by —SO— is
expected to disconnect the cyclic conjugation
and may lead to a five-n-electron amidrazon-
2-yl moiety as the basic structural element.
Related radicals are known, e.g. the stable
4,5-dihydro-1H-1,2,4-triazolyl radicals (2).?
Hydrogen abstraction from the parent
2,5-dihydro-1,2,3,5-thiatriazole  1-oxides (3}
should lead to the formation of 2,3-dihydro-
1-ox0-14%2,3,5-thiatriazol-3-y] radicals (4).

\ @ N 1
2
H
\ 5
Vg - ~ el
4 /N\ i’ ,.[H} 4 4/,N S
R ——  R-C/, 1.
\N““N\RZ éq-a’N\Rz
3z 4a--€
a: R?=R*=C.H,
b: R?=R*=C.D,
¢ R?=CgH,, R* = C,D,
d: 3-N,R?=R*=C.H,
e: 35'°N,,R*=R¢= C.H;,

RESULTS AND DISCUSSION

Reaction of 3a-e with thermally formed
bis(4-methylphenyl)aminyl generated the rad-
icals 4a—e. Only radicals with aryl substit-
uents in positions 2 and 4 are persisient.
Attempts to detect radicals with alkyl groups
in these positions by ESR in the liquid phase
were not successfui.

ENDOR studies of 4a and d (Fig. 1) clearly
revealed all 'H HFC constants and the
largest '*N splitting and, in addition, general
triple experiments® provided the relative
signs. The multiplicities of different sets of
equivalent protons were derived from the
ESR spectra, which were sufficiently resolved
and are all well simulated using the data
given in Table 1. Examples are shown in
Figs. 2 and 3.

5N labelling gave an unambiguous assign-

ment of all N HFC constanis. The simulation
of the 300 K ESR spectra of 4¢ and e vielded
&P N-3) = 6.2 and a(**N-3) = 344 . Conse-
quently the large ritrogen spitiiog of ca. 8 G
must stem from N-2. a(N-2) and aN-3
clearly decrease with decreasing tempecature
{sece Table 1). All "N HFC constants are
considered to be positive as for §* and 2.7 A
comparison of the proton HFC data of 4¢
with those of 4d reveals that the larger 'H
splittings [4c (230 K): —2.58 {1H), --2.29
(2H) and +0.74 (G (2H)] belong to the 2-
phenyl protons. Their further assignment to
specific positions is based on the relative
signs and the number of equivalent protens.
This pattern corresponds to that found for
the N-phenyt protons in 1 {25-dihvdro-2.4-
diphenyl-1.2,3,5-thiatriazol-3-vi,!  ENDOR,
dimethoxyethane, 220 K: a{™N-2) = 761, a(N-
3 =412, a(N-5) = 508, oH- 248 = 179



