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Abstraet—The *C NMR spectra have been determined of:
(i) aliphatic compounds having at one end a functionalized sulphur
atom (-SH, -S-, -SMe, -S(O)Me, -SO,Me and -S*Me,) and
(iiy saturated sulphur heterocycles variously substituted at the
S-atom (\S, >SO, >SOZ and >S *Me). The results are discussed
in terms of the familiar deshielding effects for a- and f-carbons
and shielding effects for y-carbons, exerted by the sulphur atom
itself and/or by the atoms or groups of which the sulpbur function
is made up. The y-effect of the S-atom appears to be nearly
independent of the nature of the S-function and of comparable
magnitude to that of an aliphatic carbon (—2-5+ —3-0 ppm).
Surprisingly, however, a S—CH; group shields the carbon in y
position with respect to CH, by an amount (—5-4 ppm) which
is more than twice that (—2-5 ppm) exerted by the aliphatic
y-carbon on the S-CH, carbon itself. As to the cyclic compounds,
the shieldings of the «- and f-carbons can be rationalized in terms
of the conformational orientation of the substituent at sulphur,
and the equilibrium distribution of the conformers. The results
confirm the great value of *C NMR for configurational and
conformational assignment of S-heterocycles.

WitH the exception of a recent paper by Buchanan and
collaborators, dealing with aryl methyl sulphides,
sulphoxides and sulphones,' only scattered information
is available in the literature on the **C chemical shifts
of sulphur-containing organic compounds. The present
report contributes some systematic observations on the
effect of such sulphur functions as: thiol, -SH, the

thiolate anion, —S—, sulphide, —-S—, sulphoxide, \S——O,

sulphone, S0, and the sulphonium cation, >S F—R,
on the BC chemical shifts of typical aliphatic and
S-heterocyclic structures.

The main purpose of this work was to derive empirical
criteria (additivity rules) to be used as groundwork for
the conformational analysis of saturated sulphur
heterocycles. The more numerous and systematic
observations concern sulphoxides and sulphonium
cations. We particularly concentrated on these functions
since they are known to be pyramidal and configuration-
ally stable. Therefore, when an integral part of a ring,
they were expected to produce characteristic 3C
chemical shift effects that, while permitting facile
configurational assignment, would also greatly aid the
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conformational assignment. Indeed, the few cyclic
derivatives studied here fully confirm this expectation.{

Assignments are based on well established criteria,
such as: (i) the signal multiplicity; (i) the magnitude
of the one-bond *C—H coupling, which is significantly
larger for C-atoms bound to sulphur [YV(**C—H) =
150 to 140 Hz]; (iif) the additivity of deshielding effects
produced by atoms at the «- or f-position, and shielding
effects produced by atoms at the y-position. In the same
way as for other heteroatoms,* these substituent effects
have also been found to act through the sulphur atom.

RESULTS

The results are collected in Tables 1, 3, 4 and 5.
Table 1 reports the *C shieldings of aliphatic structures
carrying at one end a sulphur atom which may be bound
to other atoms or groups. In this Table the entire
sulphur function is considered as a single unit and the
shieldings are compared to those of the corresponding
hydrocarbon. The results are summarised in Table 2
in the familiar form of -, f-, y- and d-effects of the
various sulphur functions. Table 3 reports the 13C
shieldings of aliphatic and cyclic sulphides as compared,
in the form of «-, f- and y-effects, to the corresponding
aliphatic or alicyclic hydrocarbon where CH, replaces
the heteroatom. Table 4 reports the '3C shieldings
of aliphatic and cyclic sulphoxides, sulphones and
S-methyl sulphonium ions, in which the S-function is
located at a non terminal position. The shieldings are
compared to those of the corresponding sulphides, in the
form of B-, y- and d-effects by the substituents at the
sulphur atom.

Finally, Table 5 reports and compares the *C shifts
of a conformationally anchored 6-membered sulphide,
4-isopropylthiane, and its isomeric cis and trans 1-oxides
and 1-methylsulphonium cations.

T When this part of our work was completed, two communica-
tions appeared dealing with the *C NMR of isomeric, cis and
trans, 6-membered sulphoxides? and S-methyl sulphonium cations®
conformationally anchored by a 4--butyl group. These results®?
very closely match our own which have been obtained using the
isopropyl as an anchoring group (see below).
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TABLE 1. 3C CHEMICAL SHIFTS OF ORGANIC COMPOUNDS HAVING A SULPHUR-CONTAINING FUNCTION AT ONE END OF AN ALIPHATIC

STRUCTURE
(a) Thiols, R—SH: CD,OD solvent
C-1 C-2 C-3 C-4 S—CH,
R (STMS o (STMS ﬁa 6TMS fya 6T!\[S 6a (STMS
n-CgH, 26-4 +10-8 27-6 +11-5 12:6 —3:0
n-CyH, 24-6 11-4 371 12-1 22-3 —-2-7 13-9 +07
(b) Thiolate anions, R——S—: CDZ;OD solvent
n-C;H, 27-5 +11-9 30-2 +14-1 13-6 —2:0
n-C,H, 24-7 +11-5 33-8 +-13-8 22-5 —2:5 13-6 +04
(c) Methyl sulphides, R—SMe: CDCI; solvent
CH,® 193 +21-6
n-C,H, 341 209 314 +6-4 22:0 —3-0 13-7 +0-5 15-5
(d) Methyl sulphoxides, R—S(O)Me: CDCI, solvent
CH,o 40-1 +42-4
n-C;H, 585 429 161 00 133 —2-3 386
n-C,H, 54-4 412 24-5 —-05 22:0 —-30 13-7 38-6
(e) Methyl sulphones, R—SO,Me: CDCl; solvent
CH;6 42-6 +44-9
n-CgH, 56-3 +40-7 163 +02 13:0 —2-6 403
n-C;H, 54-5 41-3 244 —06 217 —33 13-5 +0-3 40-4
+
(f) Dimethylsulphonium cations, R—SMe,: D,O solvent.c
CH,6 275 +29-8
n-C.Hj; 382 +32-5 83 +2-6 24-3
n-CgH, 454 -+29-5 177 +1-6 12-7 —27 24-8
n-CyHy 43-2 +30-2 25-7 +0-9 21-4 —34 13-7 +0-7 253
i-C3H; 47-5 +31:4 17-2 +1-6 22:2
i-C,H, 52-3 +-28-0 252 0-0 215 —2-8 260
t-C,H, 54-8 +29-6 24-6 -0-3 206

* Chemical shift difference from the same carbon of the corresponding alkane.*” A positive sign indicates a downfield shift

and vice versa.
® Neat. Ref. 44.

¢ The d-values were converted to TMS as reference using the value 6™% = —[-8 ppm for the CH,- resonance of
(CH,),SiCD,CD,COONa. The latter was used as internal standard in D,O solvent.

TABLE 2. SHIELDING EFFECTS (PPM) OF SULPHUR FUNCTIONS
IN 1-SUBSTITUTED ALKANES (R—X)

Carbon position

X o Ii] v 0
-S- +11-7 4-14-0 —23 +0-4
-SH +-11-1 4118 —2-9 +0-7
—-SMe +21-2 +64 —3-0 +05
—S+Me, +30-1 +1-1 —30 +0-7
-SOMe +41-8 —0-3 —27 +0-5
-S0,Me 410 —02 —29 403

8

7 T
[ ’ ’ w\\
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(28 X=0 (38) X=0
% (2b) X=CH, (3b) X=CH,
DISCUSSION

In analysing the shielding effects it is important to
keep in mind that, when complex substituents are
considered, the effect of the whole function is the
combination of «-, -, -, effects of the various atoms
of which the substituent function is itself made up.
Thus, for example, the effect of the —S(O)Me function

at C-1 («-effect) comprises, beside the «-effect of the
S-atom, the f-effects at C-1 of both the oxygen atom
and the methyl group. In turn the effect at C-2 (S-effect)
comprises the y-effect of these same atoms and groups,
etc.t On this basis we will see that the various shielding
effects may, on the whole, be satisfactorily understood.

Let us first consider the data concerning terminal
sulphur functions (Table 1) as summarized for conven-
ience of analysis in Table 2. The effects of a S-atom
on the '*C chemical shifts of an alkyl chain is best
evinced by the shieldings of thiols and thiolate anions.
The a-, f-, y- and é-effects appear to be very close to
those of a carbon atom.”® The ionization of thiols to
thiolates causes only minor deshielding effects, the larger
effect being experienced by C-f, -}-2-2 ppm. These
deshielding effects are difficult to rationalize also because
of the dearth of systematic knowledge in the literature

T What in this context we call §-, -, - - - effects of oxygen are the
shifts experienced by the f-, y-, - - - carbon caused by replacement,
at the sulphur atom, of a lone pair by a bonding pair to oxygen,
which is not an exact definition for f-, y-, - - - effects. These would
be the shifts of the §-, -, - - - carbon caused by replacement of a
bonding pair to hydrogen by a bonding pair to oxygen. The
difference amounts to the f-, -, - - - effects of a lone pair with
respect to a bonding pair to hydrogen. We will see below that the
latter are quite small and can for a first approximation be neglected.
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TABLE 3. ¥C CHEMICAL SHIFTS OF DIALKYL SULPHIDES, about 10 ppm. This effect can be viewed as a f-effect

R—S—R, v CDCls of the Me group being transmitted through the S-atom

C.2d C_3d C-4d and having about the same magnitude as in alkanes

\ (p-effect = 4+-9-4 ppm).® 1t is interesting to observe

R aTHS - gn OTHS = OIS g0 that further methylation of the sulphide is accompanied

C.H, 25-5 +2:9 148 11 by a further increase of the a-effect, again by 10 ppm,

nCH, 343  +19 232 +02 137 02 in agreement with the above interpretation and with

S(CHy, (17" +52 (312" +47 the additivity rules.®* A much larger a-effect is caused by
——— b h . - . .

S(CHy; (91"  +1:3 (27-8) 00 266 12 oxidation of sulphide to sulphoxide (+20ppm). If

O(CH,), 686 +421 267 102 this has to be simply viewed as a f-effect of the oxygen

atom, it appears to be unusually large (for instance the

O(CH,);¢ 697 +41-9 279 +01 251 27
(CH) B-effect of OH is only about +10 ppm).” However, in

@ Chemical shift difference from the same carbon in the this case, further substitution (oxidation) of the sulphur
alkane in which the heteroatom is replaced by ~CH,~. A + atom, sulphoxide — sulphone, surprisingly causes no
sign indicates a downfield shift and vice versa. further deshielding of C-1. Indeed, the a-effect of

» Values in parentheses could be interchanged. s g ) i .

¢ Ref. 5b, p. 270. sulphone is just about the same as that of sulphoxide.

@ The numbering of carbon atoms is that normally used for This unexpected behaviour cannot be simply explained;
heterocycles, i.e. number one is given to the heteroatom. it is, however, a dramatic demonstration of how very

different are the properties of S—O bonds in sulphoxides

about the effect of putting a localized negative charge on
and sulphones.}

a heteroatom.}

Functionalization of the S-atom causes an increase of t In contrast with this trend of 3C shieldings, the «-proton
the a-effect. Thus methylation, to give the methyl shieldings vary in accordance with the effective electronegativity
sulphide R—SMe, causes an increase of the a-effect by of the S-atom. For example, in the series Me,S, Me,SO, Me,SO,,

Me,;S*, the d-values are 2:00, 2:49, 2:94, 2-94 ppm, respectively,

1 Although carboxylic acids are not strictly comparable, as the and a similar sequence has been found by Allegra, Wilson and
negative charge in the anion is delocalized, ionization also appears co-workers for the corresponding derivatives of tetrahydrothio-
to have a deshielding effect, though of greater magnitude, on phene.® The sequence also reflects the chemical behaviour (kinetic
@-, f-, y- and d-carbons.® acidity) of the respective protons.®

TABLE 4. 13C CHEMICAL SHIFTS OF DIALKYL SULPHOXIDES, SULPHONES AND S-METHYL SULPHONIUM CATIONS, R—X—R
(X = S0, SO,, StMe) N CDCl,

C-2¢ C-3¢
-S0- —S0,- S*Me® -S0- -50,~ S*Me?

R HTMS ﬂb SIS ﬂb SIMS ﬁh ’ §TMS yb STMS ,},b STMS ,yb
C,H; 44-9 +19:4 462 +20-7 382 +12-7 68 —80 6:6 -82 83 —6'5
n-C;H, 54-4 4191 54:5 +20-3 435 +92 163 —~69 155 —77 17-9 —53
X(CH,), 54-3 +22:6 51-1 +20-4 46-5 -+14-9 25-4 —58 227 —85 29-0 —22
X(CHy)s 48-2 +19:1 522 +23-1 375 +8-4 185 ~93 24-3 —35 204 —74

C-4¢ S—CH,*
-S0- ~S0,- StMe? S*Me

R §TMS &° STMS 5P B STMS §° HIMS
C,H; 215
n-C;H, 13-4 -0-1 132 —03 12:9 —06 227
—

X(CH,), 264
X(CHy)s 245 —21 239 27 22:4 —42 222
a For the sulphonium cations the d-values were converted to TMS as reference using the value 6™ = --1-8 ppm for the CH, resonance

of (CH,);SiCD,CD,COONa. The latter was used as internal standard in D,O solvent.

® Chemical shift difference from the same carbon of the corresponding sulphide (values in Table 3). A -+ sign indicates a downfield shift
and vice versa. The Greek letters indicate the position of the C-atom with respect to the substituent at the S-atom.

¢ The numbering of carbon atoms is that normally used for heterocycles, i.e. number one is given to the heteroatom.

TABLE 5. 13C CHEMICAL SHIFTS (0™5) OF 4-ISOPROPYLTHIANE DERIVATIVES

C-2,C6 C-3,C5 C-4 C-7 C-8 S$+-CH,
Compound STHS ge STHS ya STMS 58 STHS SIS TS
(¢)) 301 31-8 44-4 33-8 199
(2a)° 467 1166 191 127 430 —14 328 192
(3a)® 523 1222 26:0 —58 428 —~16 318 199
(2b)° 356 +355 212 —10-6 40-5 -39 312 197 17-4
(3b)e 41-2 +11-1 269 —4-9 41-5 —29 326 19-4 257

& Chemical shift difference from the same carbon in 4-isopropylthiane. A - sign indicates a downfield shift and vice versa.
The Greek letters indicate the position with respect to the substituent at the S-atom.

® CD(], solvent.

¢ The d-values were converted to TMS as reference using 6™5 — —1-8 for the CHj resonance of (CH;),SiCD,CD;COONa.
The latter was used as internal standard in D,O.
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As to the f-effects, they may be viewed mainly as
y-effects of the groups bound to the S-atom. In this
interpretation one S—Me group appears to have a
y-effect of —54 ppm (RSH — RSMe) and two S—Me
groups exactly twice as much, —10-7 ppm (RSH —
RS*Me,). This y-effect by a Me group bound to sulphur
is large when compared to those observed inhydrocarbons
(—2-5ppm).* On the other hand, it is extremely
interesting that the y-effects produced on the S—CH,
group by the y-carbons of the aliphatic chain are instead
quite normal, of the order of —2-5 to —3-0 ppm (Table
1,last columns, R—S*Me, cations). Thisimplies that the
y-effect is transmitted through the S-atom to the S-CH;
group just as in a hydrocarbon chain, and the difference
between the two types of y-effects is related to the
different nature of the C-atom exerting the y-effect.
This finding obviously rules out any interpretation of
the y-effect based wholly on steric grounds,' but is
consistent with certain aspects of the y-effect by electro-
negative atoms, which are becoming more and more
documented in the recent literature.!t"*> This point
will be more extensively discussed below in relation to
6-membered ring compounds.

The very small f-effect of the S(O)Me function
(—0-3 ppm, compared to +6-4 of SMe) when viewed
as a y-effect of the S—O oxygen appears to be consistent
with the generally greater y-effect of electronegative
heteroatoms with respect to carbon? Thus, the
y-effect of sulphoxide oxygen amounts to —6'7 ppm.
Surprisingly, however, further oxidation does not
produce any further change of the y-carbon shielding,
and the two sulphone oxygens exert very nearly the same
y-effect as the single sulphoxide oxygen. This cannot
be directly related to the different S~——O bond length
in sulphones and sulphoxides (1-44 against 1-:51 A)™3
because the shorter sulphone bond would actually
decrease the C-y—H ---O distance, thus increasing
the y-effect.’t Evidently the different y-eftect per oxygen
atom must be related to the nature of the polar effect
exerted through space by the two types of oxygen.

Examining now the shieldings of the C-atoms y to the
S-atom, the data of Table 2 show a surprising regularity:
independently of the nature and the number of atoms
bound to sulphur, the y-effect of the S-atom remains
remarkably constant at about —3 ppm. This is surprising
in view of the observation, discussed above, that the
y-effect of a given atomic species depends on its chemical
nature. However, we will see later that in thiane
derivatives the y-effect by sulphur appears to depend
on its chemical combination (Table 4). Since in the
6-ring derivatives the y-carbon can only be antiperiplanar
to the S-atom, it is possible that the regularity observed
in the acyclic compounds arises from the y-effects of the
various conformations averaging out accidentally to
about the same value.

Before analysing the effects of the various sulphur
functions at a non terminal position, itis useful to compare
first the effects of substituting —S— for -CHy- in an
alkane or cycloalkane. This comparison is shown in
Table 3 which also includes some literature data on
cyclic ethers. The «-, - and y-effects (S relative to
CH,) appear to be quite small in acyclic compounds
and in the 6-membered sulphide, with only the
exception of a significantly greater y-effect in the latter

(—1-2 against —02 ppm).f On the other hand, the
5-membered cyclic sulphide shows, with respect to
thiane, relatively large deviations for both the «- and
B-carbon, whose resonances appear to be shifted to
significantly lower fields (~4 ppm). It is interesting to
observe that, contrary to the cyclic sulphides, cyclic
ethers (last two entries in Table 3) do not exhibit
appreciable changes in «- and f-effects on changing
ring size. This different behaviour might be related to
the much greater degree of puckering allowed in thiolane
with respect to oxolane or cyclopentane,’® (due to the
much longer C—S8 than C—O or C—C bond lengths
and the smaller C—S—C bond angle)®!® and the
correspondingly different hybridization of the thiolane
carbons, which may reflect itself in the '*C chemical
shift.

We will now examine the effects of functionalizing the
S-atom of an alkyl or cycloalkyl sulphide. These are
shown in Table 4 which is divided into three parts
reporting, respectively, the shieldings, 073, of C-1,
C-2 and C-3, together with the differential shieldings
with respect to the corresponding sulphides. The
differential shieldings with respect to the corresponding
hydrocarbon can be readily obtained by combining the
data of Table 4 with those of Table 3. It is important
to observe that the Greek letters in the column headings
of Table 4 indicate the positions of the carbon atom
from the substituent at sulphur.

An analysis of the data in Table 4 brings to light
certain differences between acyclic and cyclic systems
and, within the latter, between 5- and 6-membered
rings. These differences are likely to reflect confor-
mational factors insofar as, while the cyclic systems
are conformationally more restricted, 5- and 6-membered
rings may adopt quite different conformations. Thus,
any analysis of the chemical shifts would require a
detailed knowledge of the conformer population for
both cyclic and acyclic compounds, which, except for the
6-rings, is largely unavailable at the present time.

The 6-membered cyclic derivatives can be examined
in detail, however. The 6-ring sulphone, like the sulphide,
is conformationally homogeneous insofar as the two
chair conformations are equivalent; however, both
sulphoxide and the S-methylsulphonium cation exist as
mixtures of axial (a) and equatorial (¢) conformers in
rapid equilibrium. For thiane 1-oxide the axial conformer
has been reported to be slightly favoured at equilibrium
(629, at —90°)'® while for the S-Me cation the equatorial
conformer is slightly favoured (609, at 100°).® Thus,
the shieldings observed are weighted averages of those
pertaining to the individual conformers. The data
of Table 5 illustrate the effects of the conformational
orientation of the substituent (O or CH,) at the S-atom
on the *3C shifts of the proximate carbons, and fully
confirm the observations of Eliel and co-workers® and
of Buchanan and Durst.? Thus, as observed for all
6-membered carbo- and heterocycles so far reported,'?
an axial substituent causes a smaller downfield shift

1 Since in the 6-ring sulphide only chair conformations can
be populated, in which the p-carbon is antiperiplanar to the
S-atom, this is likely to be a manifestation of the ansi y-effect by
a heteroatom, as recently discussed by Eliel er al.’* However,
although these workers also reported an anti y-effect of —1-2 ppm
for thiane, their conclusion, based also on other data, was that
sulphur does not cause an appreciable anti y-shift.1?



112 G. BARBARELLA, P. DemMBECH, A. GARBESI and A. Fava

(B-effect) at C-2,C-6 and a greater upfield shift (y-effect)
at C-3,C-5 than the same substituent oriented equa-
torially.t The following differential shieldings in ppm,
Ad = 8, — J,, can be obtained from the data in Table 5
{the corresponding Ad values for 4-z-butylthiane deriv-
atives are given in parentheses). For sulphoxide:
Ay = —56 (—55),%2 Adeg = —6'9 (—7-5).2 For the
S-methylsulphonium ion: Ad, = —56, Adey = —57
(—61),° Adggy, = —83 (—89).2

These differential shieldings are quite large and hence
quite useful for structural assignment.§ Moreover, they
can be applied to conformationally mobile systems to
derive useful conformational information. For example,
from the shifts of the conformationally fixed sulphide and
sulphoxides (Table 5) and those of thiane and thiane
1-oxide (Table 4) the proportion of axial conformer
in the latter can be estimated to be 62 or 517 according
to whether the shifts of C-2,C-6 or C-3,C-5 are con-
sidered. This is in good agreement with the known
conformer distribution (~609,).1¢

Beside their use for structural and conformational
analysis, data such as those of Table 5 have other
interesting features. One such feature is the large
upfield shift of C-3,C-5 caused by functionalization
of the S-atom. Foraxial isomers thisis of course expected,
in view of the y gauche interaction between C-3,C-5
and the substituent itself. An upfield shift could also
have been expected for an equatorial oxygen substituent
(anti y shift by an electronegative atom),'® but it was
quite unexpected that an equatorial CH, group should
cause an upfield shift of —49 ppm. Clearly the positive
charge developed at the S-atom plays an important
role, either acting inductively or through space. Another
way of looking at it could be that, when bound to a
positively charged centre, the methyl carbon behaves as
if it were an electronegative heteroatom and exerts a
sizeable anti y shift. Independently of which view one
chooses to describe this phenomenon, however, it gives
rise to an interesting anomaly. That is, the incremental
upfield shift of oxygen with respect to methyl on the
gauche y-carbon (axial isomers) is greater (by 1-2 ppm)
than the incremental upfield shift of the anti y-carbon
(equatorial isomers), contrary to what is normally
found.t?

The data of Tables 4 and 5 bring to light another
peculiarity. Functionalization of the S-atom is seen to
cause little effect at C-4 (the carbon ¢ to the substituent
at sulphur) in the acyclic derivatives, while producing
sizeable upfield shifts in the 6-ring compounds. This
behaviour is not without precedent. Thus, d-effects are
mildly deshielding in alkanes (+-0-5 ppm), while in the
cyclohexane series a shielding effect is observed with
all substituents (up to —2ppm).l* Similarly, for
organic phosphorous compounds, Quin and co-workers

+ In their paper,® Buchanan and Durst apply an electrostatic
approach based on the S—O bond dipole, to afford an explanation
of the differential shieldings of C-2,C-6 in the axial and equatorial
isomeric sulphoxides. The purely electrostatic approach, however,
fails to recognize the generality of the phenomenon, which is
also applicable when no dipolar bonds are involved. For exgmple,
in methylcyclohexanes, C-2,C-6 is some 3-7 ppm upfield in the
axial with respect to the equatorial isomer (conformer)*’® and
yet the bond dipoles must be negligible.

§ These differential shifts have proven to be an invaluable aid
in the identification of stereoisomers of mono- and dimethyl
substituted thiane 1-oxides and 1-methylthianium cations.!®

have observed a mildly deshielding d-effect by sub-
stituents at the P-atom in acyclic structures,® but a
shielding effect in phosphorinane derivatives.'”® Anal-
ogous effects have also been reported in the piperidine
series.?® In the thiane series it appears to be the magnitude
of the shielding which is unprecedented, reaching
—4-2 ppm in the thianium cation. In analysing the
origin of these &-effects, it should be observed that,
because of the chair conformation prevalent in the
6-ring heterocyclics, the heteroatom can only be anti
to the carbon. It may then be suggested that these
apparent d-effects should be viewed as changes of the
anti y-effect by the heteroatom attendant on functionaliz-
ation of the latter. From this viewpoint it is remarkable

that the effect increases along the series >S, >SO,
>SOZ, >S+~Me and parallels the effective electro-

negativity of (and positive charge on) the S-atom. This
suggests the important factor in determining the anti
y-effect may not be the presence of lone pairs on the
heteroatom (indeed the sulphone sulphur has no lone
pair), as recently suggested.!? An interpretation should
perhaps be sought based on eléctrostatics, probably
a field effect.202t

For the 5-ring systems the available conformational
information is scanty; henceforth the analysis of their
BC NMR parameters is necessarily less detailed.
However, the S-methylthiolanium cation, like thiolane
itself,1*** appears to exist as a pair of rapidly equi-
librating half-chair ring conformations (A, B below)
in which the S*—CH; group is ‘quasi-equatorial.?®

'Y\/S/KCH,, /——J
(B) ©

This conformational situation veflects itself in some
remarkably consistent **C NMR eflects: (i) the a-carbon
resonates at an exceptionally low field, resulting in a
very large f-effect by CH; bound to sulphur (4149
ppm); (ii) the B-carbon also resonates much further
downfield than expected, resulting in a very small
y-effect by S+—CH; [—2-2 ppm, against —7-4 in the
conformationally mobile 6-ring sulphonium cation and
against an average of —35-3 ppm in acyclic sulphonium
cations (Table 2)}; (iii) the St¥—CH; resonance also
appears at very low field (26-4 ppm) very near that
observed for equatorial S*—CHj in the 6-ring cation
(257 ppm; Table 5). These observations are all con-
sistent with the quasi-equatorial orientation of the
S-methyl group aund anticipate the great value of C
NMR in the conformational analysis of the thiolane
ring.24

As to the 5-ring sulphoxide no definite conformational
information is available. However, recent data fromthese
laboratories have disclosed that 3,3-dimethylthiolane
1-oxide exists preferentially in an envelope conformation
with the S-atom at the tip and the oxygen function
quasi-axial.?> Since the geminal methyls at C-3 are
expected to favour, if anything, an increase of the
torsional angle at C-3, C-4, one should conclude «
Jortiori that the parent ring sulphoxide also adopts the
envelope conformation. 1If this analysis is correct,
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and the conformation of thiolane 1-oxide is different
from that of thiolane itself (half-chair)'* the rationaliza-
tion of the chemical shift differences of corresponding
carbons in the two compounds becomes difficult if
not impossible. Nevertheless, it is interesting to observe
that in the sulphoxide, C-3, the carbon y to oxygen,
is 58 ppm upfield with respect to thiolane, a shift
considerably smaller than that observed for the con-
formationally mobile 6-membered sulphoxide (—9-3
ppm). This difference is not unexpected and is account-
able in terms of lesser puckering of thiolane with
respect to thiane.}

A few concluding remarks on cyclic sulphones appear
to be in order. No information being available about
the conformation of the 5-ring sulphone, no sound
comment can be made about its **C shieldings, which,
however, compare closely to those of acyclic sulphones.
On the other hand, the 6-ring sulphone appears to
behave rather anomalously insofar as the C-3 and C-4
shieldings occur at an unexpectedly low field, giving
rise to a larger than normal p-effect (4-23-1 ppm)
and a smaller than normal upfield y-effect (—3-5 against
about —8&-0 ppm in acyclic sulphones). The latter is
particularly striking and has no simple explanation.
However, a conformational factor may, in part at
least, be responsible for this anomaly: in either chair
conformation of the 6-ring sulphone, one oxygen is
gauche and the other is anti to C-y (C and D below).
Conformation E, where both oxygens are gauche to
C-» cannot be achieved in the cyclic compound, while

o] C

(e} C O | (¢}
C-y C-vy
D) (E)

it is likely to be the more populated in the acyclic
sulphones. Investigations on the temperature effect
on the 3C chemical shifts of suitable aliphatic sulphones
appear to be desirable in this connection.

-

EXPERIMENTAL

Proton noise decoupled *C NMR spectra were recorded at
252 MHz on a Varian XL-100-15 spectrometer by the Fourier
transform technique. The chemical shifts reported are within
0-2 ppm. Single frequency off-centre decoupled spectra were
obtained by irradiating with a continuous wave frequency at about
—44 in the proton spectrum. The spectra were usually obtained
from | to 2 M solutions; CDCl; solvent was used for sulphides,
sulphoxides and sulphones; CD;OD was used for thiols and
thiolate anions. The latter were obtained by adding excess
CD,O-Nat to the thiol solutions. In these solvents TMS was used
as internal standard.

+ This effect is particularly evident in the **C NMR of cyclo-
pentanes with respect to cyclohexanes.*®

The sulphonium cations were measured in D,0 using (CH,),
SiCD,CD,COO~Na* as internal standard. The methyl resonance
of the latter occurs at 1-8 -+ 0-2 ppm upfield with respect to TMS.
This value was obtained in various solvent mixtures of D,0,
acetone-d;, DMSO-d; and dioxane.

Materials

The following were commercial samples (Fluka or Aldrich)
purified by fractional distillation: n-C,;H,SH, n-C,H;SH, dimethyl
sulphide, dimethyl sulphoxide, dimethyl sulphone, thiolane,
thiolane 1-oxide and thiolane 1,1-dioxide.

Most other products used in this work were known compounds
and have been prepared by standard procedures: diethyl sulphide,?”
di-n-propyl sulphide,?” n-butyl methyl sulphide,* thiane,*® methyl
n-propyl sulphoxide®® n-butyl methyl sulphoxide,** diethyl sulphox-
ide,*” di-n-propyl sulphoxide,* thiane 1-oxide,'® diethyl sulphone,
di-n-propyl sulphone,®” methyl #n-propyl sulphone,®  n-butyl
methyl sulphone,®? thiane 1,1-dioxide, trimethylsulphonium
iodide,** ethyldimethylsulphonium iodide,**  dimethyl-n-pro-
pylsulphonium iodide,® r-butyldimethylsulphonium iodide,*
dimethylisopropylsulphonium iodide,** dimethylisobutylsulpho-
nium iodide,* diethylmethylsulphonium iodide,> methyldi-n-
propylsulphonium iodide,*® I-methylthiolanium iodide,* 1-
methylthianium iodide.*®

tert-Butyldimethylsulphonium  fluoborate, m.p. 196 to 197 °C,
was prepared by methylation of s-butyl methyl sulphide with
trimethyloxonium fluoborate in dichloromethane at 0 *C.

4-Isopropylthiane was prepared according to the reaction scheme
reported in the literature for the preparation of 4-r-butylthiane:*?
(1) Reduction (LiAlH,, Et,0) of commercial diethyl 2-isopropyl-
malonate gave 2-isopropyl-1,3-propanediol (80%;, b.p. 130°C,
1Smm; Lit.*»® 133°C, 18mm). (2) Conversion (MeSO,Cl,
pyridine) of the diol to the dimesylate (9577, m.p. 84 to 85°C);
(3) Cyanidation (NaCN, 709 aq. EtOH, reflux, 50 h) of the
dimesylate afforded 3-isopropylglutaronitrile (7097, b.p. 125 to
126 °C, 2 mm); (4) Saponification of the dinitrile (40%, agq.
sulphuric acid, reflux, 12 h) gave 3-isopropylglutaric acid (859,

“m.p. 102 °C, Lit.*® 101 to 102 °C); (5) Reduction (LiAlH,, Et,0)

of the acid gave 3-isopropyl-1,5-pentanediol, (b.p. 146 °C, 15 mm;
Lit.%° 147 to 148 °C, 15 mm) which was converted to a low melting
dimesylate (95%); (6) Cyclization of the dimesylate with Na,S
in EtOH according to standard procedure® afforded 4-isopropyl-
thiane (609, b.p. 210 °C, 760 mm, 84 to 85 °C, 15 mm). The over-
all yield of the entire sequence was about 20%;.

cis- and trans-4-Isopropylthiane 1-oxides were obtained in
a 30/70 mixture by oxidation of the sulphide with H,0, in acetone,"
b.p. 172 to 173 °C, 15 mm. The mixture was used as such to
obtain the *C shifts. The assignment of the trans configuration
to the major isomer was based (beside the *C NMR spectrum
itself) on the 250 MHz proton NMR spectrum® and applying
the well established criteria for assigning the configuration of
sulphoxides (aromatic solvent shifts, lanthanide induced shifts,
geminal coupling constants of «-methylene protons).1

cis- and trans-4-Isopropyl-1-methylthianium fiuoborates were
obtained as a 15/85 mixture by methylation of the sulphide with
trimethylexonium fluoborate in dichloromethane. The mixture
was a low melting very hygroscopic semisolid and separation
of the two isomers by fractional crystallisation was not achieved.
Anal. Calc. for CoH,,SBF,: C, 43-92; H, 7-78; S, 13-03. Found:
C, 4405; H, 7-84; S, 12:95. The assignment of the trans con-
figuration to the major isomer was based on the **C shifts themselves
and was supported by a 250 MHz proton NMR study.?* Heating
the aqueous solution at 100 °C for 60 h led to equilibration of the
isomers.*? Careful integration (at 250 MHz) of the S'-—Me
signals led to an equilibrium constant, fransfcis = 1-32 at 100 °C,
in excellent agreement with that reported by Eliel and co-workers.*
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