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1-Oxides and 1,1-Dioxides

ABSTRACT Four 2r-aryl-6¢c-phenylthian-4-ones 1b—1e and their 1-oxides
2b—2e and 1,1-dioxides 3b—3e have been newly synthesized. 'H and '°C
NMR spectra have been recorded for all these compounds and 2r,6¢-diphe-
nylthian-4-one 1-oxide 2a. '>C NMR spectrum has been recorded for the sul-
fone 3a of 1a. For selected compounds 'H-'H COSY, HSQC, HMBC, and
NOESY spectra have been recorded. The vicinal proton—proton coupling
constants suggest that in all these compounds, the heterocyclic ring adopts
chair conformation with equatorial orientations of the aryl and phenyl
groups. Proton and carbon chemical shifts suggest that in the sulfoxides,
the S=O bond is axial and enhances the /,, value by some special effect.
The S=0O bond causes a significant upfield shift even on carbons without
hydrogens. Significant solvent shifts also were observed.

KEYWORDS '3C NMR, "H NMR, thian-4-one 1,1-dioxides, thian-4-one 1-
oxides, thian-4-ones

INTRODUCTION

Nuclear magnetic resonance spectral study of organic compounds is of
constant and continuous interest." %' From the 'H NMR spectral study of
2r,6¢-diphenylthian-4-one 1a and its sulfone 3a, it has been found that
the SO, function has a special influence on the vicinal diaxial coupling,
apart from the general known electronegativity effect.'?’ However, in this
StU.dY[lZ]
whether axial or equatorial SO bond is responsible for the special effect.

Furthermore, '>C chemical shifts of sulfones have not been reported in this
[12]

the sulfoxide 2a was not included, and it could not be known

study.

In the case of 27,6¢-diarylpiperidin-4-ones, the effects of o-substituents on
the chemical shifts of the protons and carbons of the piperidine ring have
been determined by comparing 27,6¢-di(o-substituted)phenylpiperidin-4-
ones with the corresponding 27,6¢-diphenylpiperidin-4-ones.>* The effects
of o-substituents are considerable,®* due to the steric interaction between
the ortho-substituents with the nearby C—H bonds of the heterocyclic ring.
However, a meta or para aromatic substituent can influence the chemical
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shifts of the protons and carbons of the ring only by
the electrical charge placed on the ipso carbon by the
mesomeric and inductive effect of the substituent,
and such an effect has been found to be small in aryl-
substituted compounds.™”® Such small effects could
be investigated more reliably by studying heterocyc-
lic compounds with a substituted phenyl group at
C-2 and a phenyl group at C-6. The difference
between the chemical shift of a carbon or proton
in the phenyl side and that of the corresponding
nucleus in the substituted phenyl side can be deter-
mined reliably. This paper reports the 'H and
13C NMR spectral study of four 2r-aryl-6¢-phe-
nylthian-4-ones 1b—1e, their 1-oxides 2b—2e and
1,1-dioxides 3b—3e, where aryl is a m- or p-substi-
tuted phenyl group. For the sake of comparison,
2r,6¢-diphenylthian-4-one 1-oxide (2a) and its 1,1-
dioxide (3a) have also been included.

MATERIALS AND METHODS

Preparation of Compounds

Compounds 1b—1e were prepared from the
appropriate arylidenebenzalacetone following the
13 ysed for the preparation of
1la. Compounds 2 and 3 were prepared following
the literature procedure.™?

literature procedure

Recording of Spectra

'H and '*C NMR spectra of 2b in CDCl; and 3b in
DMSO-d were recorded on a Bruker DRX 500 NMR
spectrometer operating at 500.03MHz for 'H and
125.75 MHz for *C. For all the other compounds, 'H
and 'C NMR spectra were recorded on a Bruker
AMX 400 spectrometer (Sophisticated Instrument
Facility, Indian Institute of Science, Bangalore, India)
operating at 400.13 MHz for 'H and 100.62 MHz for '°C.

The following spectral parameters were used. 'H:
acquisition time=around 3.0s, number of
scans = 100, number of data points = 32K, and spec-
tral width=35000Hz. '’C: acquisition time = around
0.5 s, number of scans = around 1000, number of data
points = 32K, and spectral width = around 30,000 Hz.

'H-'H COSY, phase-sensitive NOESY, HSQC, and
HMBC spectra were recorded on a Bruker DRX 500
NMR spectrometer using standard parameters. The
number of data points was 1K. For NOESY spec-
trum, mixing time was 1000 ms.

D. Devanathan and K. Pandiarajan

All NMR measurements were made using 5-mm
tubes. For recording 'H NMR spectra, solutions were
prepared by dissolving about 10 mg of the compounds
in 0.5 mL of the solvent. For recording **C and 2D NMR
spectra, solutions were prepared by dissolving about
50 mg of the compound in 0.5 mL of the solvent.

Elemental analyses were performed on an
Elementar Vario EL III CHNS/O analyzer (Sophisti-
cated Analytical Instrument Facility, Central Drug
Research Institute, Lucknow, India).

RESULTS AND DISCUSSION

The compounds were synthesized using the
reactions shown in Scheme 1. The numbering of
the carbons of the thiane ring is also shown in
Scheme 1. The carbons of the substitutedphenyl
group are numbered as C-1', C-2/, C-3', C-4/, C-5/,
and C-6/. The carbons of the phenyl group are
numbered as C-1", C-2", C-3", C-4", C-5”, and C-6".
Protons also are numbered accordingly.

Elemental analysis has been done for 1b, 2d, and
3b. The physical data of the synthesized compounds
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SCHEME 1 Synthesis of thian-4-ones, their 1-oxides and
1,1-dioxides.
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TABLE 1 Physical Data for Compounds 1-3

IR band Melting
Compound (C=0) (cm™") point (°C) Yield (%)
1a 1699 112 75
1b 1705 124 76
1c 1704 118 72
1d 1706 83 73
1e 1706 98 68
2a 1716 195 70
2b 1716 148 68
2c 1716 144 70
2d 1713 163 66
2e 1717 157 72
3a 1730 234 80
3b 1723 237 85
3c 1723 247 87
3d 1723 206 83
3e 1723 265 82

are given in Table 1, and the results of elemental ana-
lysis are given in Table 2. From X-ray crystallo-
graphic study,"¥ it was found that 2e adopts chair
conformation 2eC with the SO group axial and the
p-fluorophenyl and phenyl groups in the equatorial
positions.

For 2c, 2d, and 2e, the NMR spectra were
recorded in DMSO-ds as they are not soluble in
CDCl;. For 2a and 3a, the spectra were recorded in
a mixture of CH,Cl, and CDCls. For all the other
compounds, the spectra were recorded in CDCls.
For the sake of comparison, the spectra of 2b and
3b were recorded in DMSO-dj also.

For 1b, chemical shifts of the four methylene pro-
tons (two axial and two equatorial) and the various
proton—proton coupling constants could be deter-
mined by second-order analysis. However, for
1c-1e, the multiplet for the methylene protons was
more complex and could not be analyzed.

For sulfoxides and sulfones, the various proton
chemical shifts and proton—proton coupling

TABLE 2 Results of Elemental Analysis of Typical Compounds
1b, 2d, and 3b

Calculated for the

Experimental molecular formula

Compound % C %H % C % H
1b 76.62 5.85 76.59 6.38
2d 63.54 4.90 64.15 4.71
3b 68.31 6.01 68.78 5.73
149

constants could be determined by first-order analy-
sis. In the case of unsymmetric sulfones, long-range
coupling was observed between the two equatorial
protons.

For all the unsymmetric compounds, separate sig-
nals were observed for the two benzylic carbons and
the two methylene carbons. Separate signals were
observed for chemically different aromatic carbons.
From the observed correlations in the HMBC spectra
of 1e, 2b (in CDCly), 2e, and 3b (in DMSO-dy), the
signals for aromatic and benzylic carbons in these
compounds could be assigned unambiguously.

The assignments are explained taking 2b as an
example. In the "H NMR spectrum of 2b, the aro-
matic protons of the p-tolyl group appeared as an
AB quartet (instead of expected more complex
AA'BB’ spectrum) and the phenyl protons appeared
as a broad singlet at 7.38 ppm. The other proton sig-
nals were assigned based on positions and multipli-
cities. In the >C NMR spectrum of 2b, there were
four weak signals at 205.0, 139.0, 135.5, and
132.4 ppm. In the HMBC spectrum of 2b, the signal
at 205.0 ppm showed correlation with the axial and
equatorial methylene protons only. Based on its
position and the observed correlation, this signal
could be readily assigned to the carbonyl carbon.
The signal at 139.0 ppm alone showed correlation
with the methyl protons and should be due to C-4'.
The signal at 135.5ppm showed correlation with
the phenyl protons and should be due to C-1". The
signal at 132.4ppm showed correlation with one
set of protons of the p-tolyl group at 7.19 ppm and
should be due to C-1'. There were five signals for
the other aromatic carbons at 129.9, 129.1, 128.9,
128.0, and 127.9 ppm. Based on intensity, the signal
at 128.9 ppm was assigned to C-4".

The signal at 129.9 ppm showed correlation with
the methyl protons and should be due to C-3” and
C-5". The signal at 129.1 ppm could, therefore, be
assigned to C-3’ and C-5'. The signal at 127.9 ppm
showed correlation with the protons of the p-tolyl
group and should be due to C-2” and C-6". The sig-
nal at 128.0 ppm was, therefore, assigned to C-2" and
C-60'. Among the two signals for the benzylic carbons
that at 62.8 ppm showed correlation with the aro-
matic protons of the p-tolyl group whereas that at
63.0ppm showed correlation with the protons of
the phenyl group. Hence, the signals 62.8 and 63.0
ppm were assigned to C-2 and C-6, respectively.

Study of 2r-Aryl-6c-phenylthian-4-ones
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It was found that in all these cases (1e, 2b, 3e, and
3b), C-1’ has a lower chemical shift than C-1” and C-
2 has a lower chemical shift than C-6. This can be
attributed to the electron-releasing mesomeric effect
of p-F or p-CHj substituent. Because C-1" and C-2 are
shielded by this electron-releasing effect, it should be
expected that C-3 should have a lower chemical shift
than C-5 in these compounds.

In all these cases, the assignments for the aromatic
carbons were in accord with the known substituent
effects."> For example, the chemical shifts of C-1,
C-2/, C-3, and C-4 were computed by adding the

effects'*”

of the methyl group to those of the corre-
sponding carbons of the phenyl group as 132.6,
127.8, 129.8, and 138.2 ppm, respectively. These are
in good agreement with the observed values. Hence,
the signals of the aromatic carbons in all the other
compounds were assigned based on substituent
effects"™ The chemical shifts of the aromatic
carbons are listed in Table 3.

In the m-chlorophenyl compounds, C-1" has a
higher chemical shift than C-1”. This is because
the resonance effect of the chlorine atom can put
negative charge on C-2/, C-4’, and C-6' but not on
C-1'. Only electron-withdrawing inductive effect of

the chlorine atom can influence the chemical shift
of C-1'. Hence, in 1d, 2d, and 3d C-2 should have
a higher chemical shift than C-6 and C-3 should have
a higher chemical shift than C-5. The chemical shifts
of benzylic carbons and methylene carbons were
assigned based on these principles. The chemical
shifts of carbons other than the aromatic carbons
are listed in Table 4.

It was found that the chemical shift of H-2 is lower
than that of H-6 in 1e but higher than that of H-6 in
2e. However, in 2b (in CDCl3) H-2 was found to
have a lower chemical shift than H-6. From the
NOESY spectrum, it was found that H-2 has a lower
chemical shift than H-6 in 3b. Hence, taking 2e as an
exceptional case, in the p-tolyl, p-fluoro, and
p-chloro compounds H-2 should have a lower
chemical shift than H-6. Also in the m-chlorophenyl
compounds, H-2 should have a higher chemical shift
than H-6.

In the 'H-'"H COSY spectrum of 3b (in DMSO-d;)
and 3d, the benzylic proton with a higher chemical
shift (H-6 for 3b and H-2 for 3d) correlated with
methylene protons having higher chemical shifts.
Also in the 'H-'H COSY spectrum of 2e, H-2
correlated with the axial methylene proton having

TABLE 3 '3C Chemical Shifts (5, ppm) of Aromatic Carbons of 1, 2, and 3°

Compound c-v c-1” c-2/ c-2" C-3 c-3” c-4 c-4”
1a 139.1 139.1 126.8 126.8 128.4 128.4 127.6 127.6
1b 137.8 139.4 127.0 127.2 129.5 128.8 136.4 128.0
1c 137.9 139.1 128.5 127.2 129.0 128.9 133.9 128.2
1d° 141.3 139.1 127.4 127.1 134.7 128.9 128.2 128.3
1e 135.2 139.2 128.9 127.1 115.8 Jeg=21.4Hz 128.8 162.3 Jcg=247Hz 128.2
2a 138.5 138.5 130.7 130.7 131.7 131.7 131.5 131.5
2b 132.4 135.5 127.9 128.0 129.9 129.1 139.0 128.9
2b° 133.4 136.5 127.8 128.0 129.2 128.7 137.6 128.2
2c¢ 135.4 136.2 128.7 128.0 129.8 128.7 133.0 128.3
2d>¢ 138.2 136.2 126.8 128.0 133.3 128.7 128.3 128.3
2¢e° 133.2 136.7 130.6 128.6 116.1 Jeg=21.3Hz 129.3 162.5 Jog=241Hz 128.8
3b 125.3 128.5 128.9 129.3 129.7 129.5 139.9 129.7
3b° 127.7 130.8 128.6 129.2 129.6 129.8 138.6 129.0
3c 126.9 128.1 130.7 129.0 129.5 129.2 136.0 129.9
3d° 130.3 128.1 129.6 129.0 134.9 129.5 130.1 129.9
3e 124.2 128.2 131.3 129.0 116.1 Jeg=21.5Hz 129.5 163.5 Jcg=250Hz 129.9
4a° 142.6 142.6 126.4 126.4 128.6 128.6 127.7 127.7
5a° 140.6 140.6 125.4 125.4 128.1 128.1 128.0 128.0

°For 3a only two signals were observed at 132.3 and 131.6 ppm.

’The chemical shifts of C-5/, C-6' for 1d, 2d, and 3d are (130.1, 125.4; 1d), (130.6, 127.8; 2d), and (130.2, 127.7; 3d).
“Values in DMSO-dg.

“Data taken from Ref. 2.

®Data taken from Ref. 1.

D. Devanathan and K. Pandiarajan 150
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TABLE 4 '3C Chemical Shifts (5, ppm) of Carbons other than
Aromatic Carbons of 1, 2, and 3

Compound C-2 Cc-3 C-4 C-5 C-6 Me

1a 482 50.2 2068 50.2 482 —
1b 482 50.5 207.5 50.6 484 21.0
1c 477 503 207.2 504 495 —
1d 485 504 207.2 502 479 —
1e 477 504 207.6 50.6 485 —
2a 65.5 405 207.1 405 655 —
2b 62.8 38.0 2050 382 630 21.2
2b? 599 37.1 2047 37.2 60.1 206
2¢? 60.6 37.7 2044 375 599 —
2d° 60.2 369 2043 367 596 —
2¢° 599 375 2050 378 606 —
3a 673 485 2044 485 673
3b 643 458 2022 458 644 211
3b’ 61.6 433 2043 433 617 20.7
3c 63.8 456 2015 456 645 —
3d 64.6 457 201.4 456 638
3e 63.8 457 201.6 457 645 —
4ab 61.0 502 207.8 502 61.0 —
5a° 786 495 2052 495 786 —

?Values in DMSO-dg.
PData taken from Ref. 2.
‘Data taken from Ref. 1.

TABLE 5 Proton Chemical Shifts (5, ppm) of 1, 2, and 3

a lower chemical shift. In all these cases, the chemi-
cal shifts of the methylene protons of C-3 are in
accord with the electronic effect of the aromatic sub-
stituents. However, in the case of 2d, H-2 (benzylic
proton with lower chemical shift) correlated with
axial methylene proton having higher chemical shift.
Considering this as an exceptional case, the chemical
shifts of the methylene protons at C-3 should be in
accord with the electronic effect of the aromatic
substituents on C-1'. The signals for benzylic protons
and methylene protons were assigned based on
these principles. The proton chemical shifts are listed
in Table 5. The various proton-proton coupling
constants are listed in Table 6. For the sake of
comparison, the spectral data for 2r,6¢c-diphenylpi-
peridin-4-one (4a) and 2r,6¢-diphenyloxan-4-one
(5a) are also given in Tables 3, 4, 5, and 6.

The vicinal coupling constants of all the com-
pounds are in accord with chair conformation for
the thiane ring with equatorial orientations of the aryl
and phenyl groups. The chemical shifts of the
benzylic protons, methylene protons, benzylic car-
bons, and methylene carbons in 2b (in DMSO-dp),
2c, and 2d are very close to those in 2e. Also the

Compound H-2 Hs, Hse Hs, Hse H-6 Me Aromatic

1a 430 3.02 2.94 3.02 294 430 — 7.22-7.39

1b 429 3.02 2.93 3.02 294 431 233 7.28 (H-2, H-6) 7.17, (H-3/, H-5'), 7.30-7.40 (others)
1c 434 2.90-3.10 4.36 — 7.30-7.42

1d 4.31 2.91-3.06 4.28 — 7.26-7.34

1e 4.30 2.91-3.06 4.31 — 7.04 (H-3', H-5'), 7.26-7.37 (others)

2a 4.14  3.77 2.70 3.77 270 4.14 — 7.34-7.50

2b 409 3.74 2.67 3.75 2,67 410 234 7.26 (H-2/, H-6'), 7.19 (H-3/, H-5), 7.38 (others)

2b? 4.70 3.52 2.45 3.53 2.45 4.73 2.29 7.25 (H-2/, H-6"), 7.21 (H-3', H-5'), 7.36-7.42 (others)
2c¢? 474 3.50 2.50 3.53 2.50 4.78 — 7.37-7.49

2d°? 4.81 3.55 2.55 3.55 2.55 4.75 — 7.36-7.47

2¢? 4.79 3.52 2.61 3.54 2.61 4.74 — 7.25 (H-3', H-5'), 7.35-7.50 (others)

3a 4.56 3.73 2.95 3.73 2.95 4.56 — 7.37-7.41

3b 453 3.74 2.96 3.75 2.98 454 2.36 7.34 (H-2/, H-6"), 7.23 (H-3', H-5'), 7.40-7.50 (others)
3b° 5.03 3.60 2.96 3.63 2.99 5.06 229 7.23 (H-2/, H-¢'), 7.22 (H-3, H-5), 7.37 (others)

3c 4,54 3.70 2.97 3.75 2.99 4.56 — 7.38-7.44

3d 456  3.75 3.00 3.70 297 452 — 7.35-7.45

3e 4.55 3.70 2.98 3.75 298 455 — 7.12 (H-3', H-5'), 7.26-7.44 (others)

4a° 4.09 2.60—-2.70 2.60-2.70 4.70 — 7.26-7.49

5a“ 4.84 2.73 2.69 2.73 2.69 4.84 — 7.32-7.47

“Values in DMSO-d.
bData taken from Ref. 4.
‘Data taken from Ref. 27.
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TABLE 6 Proton—Proton Coupling Constants (Hz) of 1, 2, and 3

Compound J2a,3a j2a,3e jSa,Ga jSe,Ga jSa,Se J3a,3e

1a 12.40 2.80 1240 2.80 1320 13.20
1b 1259 274 12.61 278 13.80 13.86
1c? 11.83 3.63 1212 326 — —

1d? 1198 3.58 1241 327 —

1e° 1167 370 1211 347  — —

2a 13.80 230 13.80 2.30 1454 14.54
2b 14.03 274 13.94 2.83 1451 14.44
2h° 14.00 3.00 14.00 3.00 1450 14.50
2¢ 1425 293 1418 293 —

2d? 13.75 296 13.80 2.89 1330 13.30
2e? 13.91 286 13.92 294 1470 14.38
3a 1410 3.00 14.10 3.00 14.58 14.58
3h° 14.14 313 1415 3.08 14.60 14.43
3b>? 1150 3.50 11.70 3.70 13.00 13.00
3c¢ 1420 3.39 14.19 3.32 1454 14.60
3d° 14.06 3.30 14.00 3.30 1453 14.70
3e 14.08 3.09 14.08 3.09 — —

5a° 1170 256 11.70 256 1420 14.20

°Reporting coupling constants are apparent value.

bvalues in DMSO-d.

“The long range coupling constant for 3b, 3¢, and 3d are (3.08; 3b),
(3.29; 3c), (3.22; 3d).

%The lines were broad and error in the coupling constants may be
15-20%.

Data from Ref. 27.

chemical shifts of the benzylic protons, methylene
protons, benzylic carbons, and methylene carbons
in 2a are close to those in 2b (in CDClz). Hence, in
all the sulfoxides, S=0O should be axial. The confor-
mations of all the compounds are shown in Fig. 1.
The conformation of S=O bond has been investi-
gated in various six-membered saturated heterocyc-
lic compounds.[16_2” Generally, in six-membered
cyclic sulfoxides, S=0 is axial.'® However, replace-
ment of a methylene group at the f-position by a
heteroatom or the replacement of a f-axial hydrogen
by a methyl group increases the population of the
S=0 equatorial conformation."”'¥ The replacement

Ar = CgHg 1aC 2aC 3aC
Ar=p-MeCH, 1bC 2bC 3bC
Ar=p-CICH, 1cC 2cC 3cC
Ar=m-CICH, 1dC 2dc 3dC
Ar=p-FCH, 1eC 2eC 3eC

FIGURE 1 cConformations of thian-4-ones, their 1-oxides and
1,1-dioxides.

D. Devanathan and K. Pandiarajan

of a-methylene group by sulfur results in a greater
predominance of the S=O axial conformation."?~2"
In the current case, the S=O equatorial conformation
2C' will have the phenyl and aryl groups in the axial
positions. Hence, this cannot make a significant
contribution to 2 in solution.

From Tables 3, 4, and 5, it is seen that the chemical
shifts of the carbons and protons of the thiane ring
are influenced by the meta- and para-substituents
in the aromatic ring.

From Table 4, it is seen that the chemical shifts of
the benzylic carbon increase in the order 1la <4a
<2a <3a <5a. Lambert et al.*? have found that
in pentamethyleneheterocycles 6, the chemical shifts
of the a-carbon increases steeply with increase in the
electronegativity of the heteroatom X. A similar effect
is reflected in the trend 1a < 4a < 5a. The observed
chemical shifts of the benzylic carbons suggest that
the electronegativities of SO and SO, groups are
slightly higher than that of nitrogen but much lower
than that of oxygen.

However, the chemical shifts of the benzylic pro-
tons increase in the order 4a <2a <1a < 3a <5a.
This order is not consistent with the order of electro-
negativity. The chemical shift of the benzylic proton
in 1a is higher than that expected based on electro-
negativity alone. The observed trend suggests that
the benzylic protons are deshielded by the magnetic
anisotropic effect to a greater extent by the C—S
bond than by the C—N bond. Also, the axial SO bond
may shield the benzylic proton by its magnetic aniso-
tropic effect.

Lambert et al.”*?' have found that the chemical shift
of the f-carbon in 6 is not significantly affected by
the electronegativity of the heteroatom X. A similar
observation is made for 1a, 4a, and 5a. However,
in 2a the methylene carbon (f-carbon) is signifi-
cantly shielded. Also, the axial methylene proton is
significantly deshielded in 2a compared with that
in 1a, whereas the equatorial methylene proton in
2a is shielded relative to that in 1a. These observa-
tions can be explained as follows: The S=O bond
interacts with the axial C-H bonds at C-3 and C-5
inducing a polarization in them. A partial positive
charge is placed on the axial hydrogens, and an
equivalent negative charge is placed on the methy-
lene carbon. This causes a significant deshielding
on the axial proton and a shielding on the methylene
carbon. This is a y-gauche effect of the oxygen atom
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on the methylene carbon. The partial negative
charge on the methylene carbon induces a shielding
on the equatorial methylene proton.

In 3a, the shielding on the methylene carbon is
only small. However, the axial methylene protons
in 2a and 3a have almost the same chemical shift.
Also, the equatorial methylene proton in 3a is
deshielded relative to that in 1a and 2a. The small
shielding on the methylene carbon in 3a suggests that
the interaction between the axial S=O bond and the
axial C-H bonds at C-3 and C-5 is much less than that
in 2a. Perhaps due to dipolar interaction between the
two S=O bonds in 3a, the polarity of the axial S=0O
bond is significantly decreased. Also, the magnetic
anisotropy of the CSO, function may have a deshield-
ing effect on both the methylene protons.

It is interesting to note that in the sulfoxides and
sulfones of 3-arylidene-1-thioflavan-4-one epoxides,
an axial proton at C-3 has almost the same chemical
shift in sulfoxides (with S=O axial) and sulfones,
whereas an equatorial proton at C-3 has a higher
chemical shift in the sulfone than in the correspond-
ing sulfoxide.” These observations have been corro-
borated with ab initio calculations of the anisotropic
effects of the oxirane ring and the SO and SO,
groups in these compounds.”

Comparison of the chemical shifts of the ipso
carbons in 1b, 2b, and 3b suggest that S=O bond
significantly shields the #pso carbons. This may be a
y-gauche effect of the oxygen atom on the ipso
carbons. However, such y-gauche effect on carbon
without hydrogen is generally much less. For exam-
ple, in 4b the ipso carbon of the phenyl group at C-2
is shielded relative to that of the phenyl group at C-6
only by 0.9ppm.”” In 5b, such a shielding is only
1.0 ppm." Probably the oxygen on the sulfur exer-
cises a significant y-gauche effect on carbons by a
mechanism apart from inducing a polarization of a
C—H bond.

It has been found by Karplus??' by valence bond
calculations that the wvicinal coupling constant
between two protons will have a maximum value
for any system when the torsional angle between
them is 180°. Karplus also has pointed out that the
vicinal coupling constants should decrease with
increase in the electronegativities of the substituents
in the C—C segment.

The J,, values of 1a and 5a are in accord with
the electronegativities of S and O atoms. Based on
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electronegativity effect, the J,, values in 2a and 3a
should be expected to be lower than that in 1a.
However, the J,, values in 2a and 3a are significantly
higher than that in 1a. Haasaunt and co-workers®*!
have proposed a general equation for calculating
the vicinal coupling constant for any torsional angle
using the appropriate electronegativities of various
substituents on the C-C segment. Using this equation,
the J,, values in 1a and 3a have been calculated as
12.2 and 11.5Hz, respectively."? Such a calculation
was not done for 2a due to the unavailability of sui-
table electronegativity of value the axial SO group.
However, such a calculated value should be in
between 11.5 and 12.2Hz. The observed J,, value
is much higher than the probable calculated value.
Hence, it is obvious that the axial S=O bond
enhances the J,, value by a special effect.

Heydenreich et al.”” by using theoretical calcula-
tions and experimental measurements have found
that the */(C,H) coupling constants via —-S—, —SO—,
and —SO,— groups increase in the order SO, < SO
<S. In the current work, the vicinal coupling does
not occur through the sulfur function. It is interesting
to note that the SO and SO, functions on the C-C
segment increases the vicinal coupling constant J,,
but has little influence on J,..

Abraham et al.*® have measured the 'H chemical
shifts of 124 compounds in DMSO-ds and CDCls.
They have determined the 'H solvent shift
AS[6(DMSO-dg)—3(CDCly)] for all these cases. They
have also calculated the "H solvent shifts by theore-
tical methods. The solvent effects have been dis-
cussed in terms of solvent-solute interactions. It has
been found that for protic hydrogens, hydrogen
bonding is the dominant interaction, and for the
remaining protons, solvent anisotropy and electric
field effects are the major factors. However, in this
study no sulfoxide or sulfone has been included.
The 'H and '>C solvent shifts for 2b and 3b are listed
in Tables 7 and 8.

TABLE 7 'H Solvent Shifts for 2b and 3b

A8, S(DMSO-dg)—3(CDCl3)

Compound H-2 H-3a H-3e H-5a H-5e H-6 CHs

2b 0.61 -0.22 -0.22 -0.22 -0.22 0.63 —-0.05
3b 0.50 -0.14 0.00 -0.12 0.01 0.32 -0.07

Study of 2r-Aryl-6c-phenylthian-4-ones
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TABLE 8 '3C Solvent Shifts for 2b and 3b

Ad, 6(DMSO-dg)—d(CDCl3)

Compound C-2 Cc-3 C-4 C-5 C-6 CHs

2b -29 -09 -03 -10 -29 -06
3b -2.7 =25 21 =25 =27 -04

The benzylic carbon is shielded and the benzylic
proton is deshielded in DMSO-ds; compound with
that in CDCls. This can be explained as follows: In
the sulfoxides and sulfones, the benzylic protons
should be slightly Because this, the
C(benzylic)—H bond should be polar to some extent
so that the benzylic carbon gets a partial negative
charge and the benzylic proton gets a partial positive
charge. This polarity is probably increased in DMSO-
dg compound with that in CDCI; resulting in a shield-
ing of the benzylic carbon and a deshielding of the
benzylic hydrogen.

The methylene carbons also are shielded in
DMSO-ds compared with that in CDCls. This shows
that the C(methylene)—H bonds also are polarized
to a greater extent in DMSO-d; than in CDCl;. How-
ever, the 'H solvent shifts in the methylene protons
are either small or slightly negative. This may be
due to a magnetic anisotropic effect of the surround-
ing solvent molecules.

The current study shows that meta- and para-
substituents in the aromatic ring of 2r-aryl-6¢-
phenylthians induce measurable change on the
chemical shifts of carbons and protons of the thiane
ring. This study also reveals some special effects of
SO and SO, groups. This study also shows the use
of NMR in studying molecules with nuclei differing
in their chemical shifts by very small magnitude.

acidic.
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