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A carbon-13 nuclear magnetic resonance study was carried out  on a series of 2-substi tuted derivatives of 1,3-di- 
thiane 1-oxide (2a). T h e  series included seven trans and f ive cis 2-monosubstituted 1,3-dithiane 1-oxides (2b-h and 
3b-d,f,h) and three 2,2-disubstituted 1,3-dithiane 1-oxides. In the monosubsti tuted compounds C(6) experiences 
a larger downfield sh i f t  than  C(2) o n  oxidation o f  a 1,3-dithiane. The I3C shifts o f  C(2), C(5), and C(6) are a t  higher 
f ie ld  in an axial oxide than a n  equatorial oxide. T h e  results are discussed w i t h  respect to: (a) assignment o f  stereo- 
chemistry to, l ,3-dithiane 1-oxides; (b) relat ion of 13C shifts t o  structure; and (c) r ing  deformation in 2,2-disubsti- 
tu ted 1,3-dithiane 1-oxides. Assignments o f  sulfoxide stereochemistry can be made w i t h  confidence by I3C NMR. 
T h e  preferred conformation of 1,3,5-trithiane 1-oxide was determined t o  have oxygen equatorial. Comparison of  
chemical shif ts w i t h  structural parameters available f rom x-ray crystallography allowed theories of chemical shifts 
t o  be evaluated; electric f ie ld  effects m a y  be impor tant .  Twis t  conformations appear t o  be significant in 2,2-disub- 
s t i tu ted 1,3dithiane 1-oxides. 

Carbon-13 nuclear inagnetic resonance spectroscopy has 
developed rapidly as a structural probe to where it has become 
a powerful addition to those techniques employed as a matter 
of routine in stereochemical studies1 In the course of a de- 
tailed investigation into the stereochemical features of 
ground-state properties and chemical reactivity of sulfoxides 
derived from 1,3-dithiane ( la),2 many derivatives of rigorously 
established structure have become available, presenting an 
opportunity to extend and complement recent systematic 13C 
NMR studies reported on sulfur-containing  heterocycle^.^,^ 
It was felt that such an extension would be appropriate, since 
numerous examples have already appeared which relate 13C 
chemical shifts to stereochemistry at  tricoordinate sulfur.P12 
Further, because precise structural parameters have been 
determined for several key c o m p o u n d ~ , ~ ~ J ~  we hoped that 
structural features which might be considered as potentially 
significant in influencing 13C shieldings could be examined 
explicitly. 

Results 
Three groups of 2-substituted 1,3-dithiane 1-oxides (trans, 

cis, and 2,2-disubstituted) form the basis of the present study. 
X-ray crystallographic methods have shown that the chair 
conformation of the dithiane ring is adopted in the solid state 
for both the trans and cis series of 2-substituted derivati- 
~ e s . 2 ~ 9 ~ 3  The sulfoxide oxygen is equatorial in the trans and 
axial in the cis. I t  will be seen from analysis of the 13C NMR 
data that the 2,2-disubstituted 1,3-dithiane 1-oxides are 

0022-3263/78/1943-0096$01.00/0 

subject to a distortion which causes them to be conforma- 
tionally distinct from the monosubstituted series. These will 
be treated separately in the Discussion. The structures of four 
of the oxides (2d, 2g, 3d, and 3h) have been rigorously estab- 
lished by x-ray crystallographic m e t h o d ~ ~ ~ J ~ ~ 3 ~  and the others, 
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R 2  R2 R2 

1 2 2 
o-; R, = H 

a R, = H 
b R, = CH, 
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R, = C6H5 d R, 3 , 4 , 5 - ( C h 3 O ) 3 C , H 2  

R, = (C,H,) ,CtOH) 
R, = (C,H5I3SI 

2 I R, R, = = R 2  &OH = C H 3  

R, = CpH5, R, = C H 3  1 
R, = CH, , R2 = C 6 H 5  rs 
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Table I. I3C Chemical Shifts of 1,3-Dithianes 

Compd 
l ab  
l b b  
l cb  

l d b  
l e  
If 
1 g  

l h  

Flegistr:y no. R, 
H 
CH, 
(CH,),C 

C 6 H 5  

57009-70-8 3,4,5-(CH,O),C,H, 
5849-23-0 ( C 6 H 5 ) 2 C ( 0 H )  

13433-53-9 ( C 6 H 5 ) 3 S i  

Y 

&OH 

63949-54-2 

-* 

l i  6007-22-3 CH, 
Ij 63 31-22-2 C 6 H 5  

R2 
H 
H 
H 

H 
H 
H 
H 

H 

C( 2) 
32.0 
42.2 
61.8 

51.3 
51.4 
58.5 
32.5 

61.3 

Chemical shift, 6 

29.9 
30.9 
31.2 

31.9 
31.8 
30.4 
31.7 

(30.1) 
(30.5) 

26.6 
25.5 
26.0 

25.0 
24.7 
25.1 
25.7 

25.4 

Other 

CH, 21.1 
4 "C 35.7 
CH, 27.8 

CH, 45.0 27.0 25.2 CH, 30.8 
CH, 53.7 27.9 24.5 CH, 32.6 

a Because of symmetry, C(4) = C(6) in all cases, except l h .  The chemical shifts of C(4) and C(6) in l h  could not be un- 
iquely assigned. b Data of E. L. Eliel, V. S. Rao, and F. G. Riddell, J. Am. Chem. SOC., 98, 3583 (1976). 

Table 11. 13C Chemical Shifts of 2-Substituted 1,3-Dithiane 1-Oxides 
__- 

Chemical shift, 6 

Compd Registry n o .  Rl R* M a  C ( 2 )  C(4) C(5) C(6) Other 
-- 

2a (3a) 
2a (3a) 
2a (3a) 

2b 
2c 

2d 
2e 
2f 
2g 

2h 

3b 
3c 

3d 
3f 

3h 

2i (3i) 
Z j  (3k) 
2k (3j) 

164 8 7- 10-8 

60:349-89-5 

6 0 34 9 - 7 5-9 
41893-04 -3 

60349-7 E;-0 
63833-56-7 
60349-77-1 
63 3 8 3 -5 ?I ~ 6 

6 3 9 4 9 -9 " -  3 

60349-78-2 
4 18 9 3-0!j .4 

6 0 3 4 9 - 7!3 - 3 
6 0 3 49 - 8 0 - 6 

41893-06-5 
60349-92-0 
60349-93-1 

H 
H 
D 

H 1.00 49.9 26.6 
H 0.10 50.3 27.1 
D 1.02 26.5 

Trans 2-Substituted (Equatorial Oxygen) 
H 1.02 59.8 29.3b 
H 1.00 76.8 29.8b 

CH, 
(CH,),C 

C6H5 H 1.00 69.2 29.2 
3,4,5-(CH,0),C6H, H 1.05 69.3 29.0b 
( C 6 H ; ) 2 C ( 0 H )  H 0.44 74.1 29.4 

H 0.18 52.0 29.4b 

H 17.9 28.9b 

Cis 2-Substituted (Axial Oxygen) 
H 1.05 52.3 24.6 
H 0.18 73.8 29.7 

H 1.00 63.9 29.5 
H 0.13 68.0 28.5 

H 70.4 28.2 

2,2-Disubstituted 
CH, 1.00 57.0 27.8 
CH, 1.01 64.3 22.6 
C,H, 0.57 65.5 28.4 

27.8 52.3 
28.2 52.8 
27.7 52.2 

29.8b 53.2 CH, 14.9 
30.2b 55.4 4 ° C  35.9 

CH, 28.3 
31.0 54.4 
30.96 54.2 
31.9 
30.7b 

30.4b 

21.2 
14.4 

13.2 
14.4 

13.9 

25.1 
26.2 
27.3 

54.4 
55.4 

54.0 

44.9 CH, 11.8 
47.7 4 "C 36.0 

CH, 28.3 
46.8 
47.0 

47.8" 

46.1 CH, 16.0, 25.1 
45.0 CH, 18.6 
47.0 CH, 27.8 

aConcentration (mol/L) in CDCl,. b Assignment of signals to C(4) and C(5) may be reversed. CThe chemical shift of this 
carbon may be 47.4 ppm. There are two signals in this region one of which is due to C(6) of the dithiane ring, and the other 
to C(3) of the isoborneol portion of the molecule. For the 13C NMR spectrum of borneol, see: J. Briggs, F. A. Hart, G. P. 
Moss, and E. W. Randall, J.  Chem. SOC. D. 364 (1971). 

with the exception of 2h, assigned on the basis of analogous 
methods of synthesis and physical correlations described 
earlier.2b The stereochemistry of 2h was not known inde- 
pendently but its 13C NMR spectrum allows its assignment 
to be made with confidence. 

The thorough study by Eliel, Rao, and Riddell38 has pro- 
vided an extensive compilation of chemical-shift data which, 
taken together with relative intensities, allows peak assign- 
ments to be made for the parent 1,3-dithianes. The 13C shifts 
for the 1,3-dithianes used in this study (la-1) are presented 
in Table I.14 Chemncal-shift data for the trans 1-oxides, cis 

1-oxides, and 2,2-disubstituted 1-oxides appear in Table 11. 
Differential shifts (A6 values)l5 relating 13C shifts of the oxides 
to the corresponding 1,3-dithianes are collected in Table 111. 
Peak assignments for the oxides were made on the basis of the 
following criteria. The two lowest field signals for sp3 carbons 
were assigned to C(2) and C(6), since oxidation of sulfur to 
sulfoxide substantially deshields the CY carbons.4 Off-reso- 
nance decoupling served to distinguish between primary, 
secondary, tertiary, and quaternary carbons in questionable 
cases. The signal for C(2) in 1,3-dithiane 1-oxide (2a) was 
identified by comparing its 13C NMR spectrum with that of 
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Table 111. 'T-Shift Effects (A6) of Oxygen Orientation 
in 1,3-l)ithiane 1-Oxides 

- 

Shift effect, A6 a __-____-____ 
Compd R, R, C (2)  C(4) C ( 5 )  C ( 6 )  
2a (3a) H H 17.9 -3.3 1 . 2  22.4 

Trans 2-Substituted (Equatorial Oxygen) 
2b CH, H 17.6 -1.6 4.3 22.3 
2c (CH,),C H 15.0 -1.4 4.2 24.2 
2d C,H, H 17.9 -2.7 6.0 22.5 
2e (CH,O),C,H, H 17.9 -2.8 6.2 22.4 
2f (C,H,),C(OH) H 15.6 -1.0 6.8 24.0 
2g (C,H,),Si H 19.5 -2.3 5.0 23.7 

Y 
H 16.6 -1.2 5.0 23.5 2h 

L 

Average 17.2 -1.9 5.4 23.3 
i1 .2  i0 .6  i0 .8  iO.7 

Cis 2-Sutistituted (Axial Oxygen) 
3b CH, H 10.1 -6.3 -4.3 14.0 
3c (CH,),C H 12.0 -1.5 -11.6 16.5 
3d C,H, H 12.6 -2.4 -11.8 14.9 
3f (C,H,),C(OH) H 9.5 -1.9 -10.7 16.6 

9.1 -1.9 -11.4 16.9 
3h 

Average 10.7 -2.4 -10.0 15.8 
i1.3 i 1 . 2  i2 .2  il.1 

2,2-Disubstituted 
2i (3i) CH, CH, 12.0 0.8 0.1 19.1 
2j C6H5 CH, 10.6 -5.3 1.7 17.1 
2k CH, C,H, 11.8 0.5 2.8 19.1 

aA6  = (6oxide - Bparent dlthiane). A positive value indi- 
cates the carbon atom of the substituted 1,3-dithiane 1- 
oxide appears at lower field (deshielded) than the carbon of 
the corresponding 1,3-dithiane derivative. A negative sign 
is indicative of an upfield shift (shielding) on oxidation. 

its 2,2-dideuterio analogue. The signal which was absent in 
the spectrum of the dicleuterated compound was assigned to 
C(2) of 2a. In order to distinguish between C(4) and C(5) in 
2a, the trans oxides 2d and 2f, and in the 2,2-disubstituted 
oxides 2i-k, gated decoupling was employed. The signal with 
the greater multiplicity was assigned to C(5) and was the more 
deshielded in 2a, d, and f. Accordingly, the lower field signal 
in the other trans 2-monosubstituted oxides 2b,c,e,g, and h 
was also assigned to C(5). In the cis oxides the signal appearing 
at  highest field was assigned to C(5), since an axial oxygen 
substituent on sulfur is known to exert a significant shielding 
effect on carbons oriented synclinal to it.4-9 

The solvent was CD1C13 and concentrations were 1 M in 
most cases. In order to ensure that concentration effects were 
not large, since we were sometimes sample or solubility lim- 
ited, the I3C NMR spectrum of 2a was determined at 0.10 and 
1.0 M. The chemical shifts differed by ca. 0.5 ppm in the two 
runs. As is evident from the tables, this variation is small 
compared with differences resulting from structural fac- 
tors. 

Discussion 
(A) Assignment of Stereochemistry to 1,3-Dithiane 

1 -Oxides. We have previously described proton NMR cor- 
relations which were helpful in deducing whether a particular 
2-substituted 1,3-dithiane 1-oxide diastereomer belonged to 
the cis or trans serim2b The present study supersedes that 
work and clearly establishes that I3C NMR is the method of 
choice for making such assignments. The chemical shifts of 

Table IV. 13Chemical Shifts and A6 Values 
of Thiane 1-Oxides a 

Compd C(2) C(3) C(4) Ref 

Equatorial Oxides 
Unsubstitutedb 52.1 (22.8) 23.3 (-4.9) 24.7 (-2.2) 4a 
trans-4-Methyl 50.7 30.0 30.5 10a 
trans-4-Isopro- 52.3 (22.2) 26.0 (-5.8) 42.8 (-1.6) 4b 

trans-4-tert- 52.4 24.4 48.0 7b 

Axial Oxides 
Unsubstitutedb 45.1 (15.8) 15.5 (-12.7) 24.7 (-4.9) 4a 
cis-4-Methyl 45.7 23.7 30.9 loa 
cis-4-Isopropyl 46.7 19.1 (-12.7) 43.0 (-1.4) 4b 
cis-4-tert-Buty146.9 16.9 47.3 7b 

perature spectrum. 

PYl 

Butyl 

a A6 Values are in parentheses. Determined from low-tem- 

C(2), C(5), and C(6) are each sensitive to the stereochemistry 
of the sulfoxide group. In all of the 2-monosubstituted com- 
pounds where direct comparison of diastereomers is possible 
(b,c,d,f), C(2) and C(6) are more shielded in the cis isomer 
(axial oxygen) than in the trans isomer (equatorial oxygen). 
The 13C shifts of C(6) can be used to determine stereochem- 
istry, even if only one diastereomer is available. The seven 
trans oxides 2b-h all had their C(6) signals in the range 
53.2-55.4 ppm, while the corresponding signals for the five cis 
oxides 3b-d,f,h were 44.9-47.8 ppm. The A6 values for C(6) 
in each series (Table 111) were also diagnostic of sulfoxide 
stereochemistry. The cis oxides had A6 values in the range 
14.0-16.9 ppm and the trans 22.3-24.2 ppm. The chemical 
shifts and A6 values for C(6) correspond quite well to pub- 
lished data for the cy carbon [C(2)] of thiane 1-oxide and its 
derivatives (Table IV). The chemical shifts and A6 values for 
C( 2) of 1,3-dithiane 1-oxides are significantly smaller than 
those for C(6) or for the cy carbons of thiane oxides. The C(2) 
A6 values for the cis (9.1-12.6 ppm) and trans (15.0-19.5 ppm) 
series are free of overlaps and are sufficiently different from 
each other to again permit stereochemical assignments to be 
made with confidence. 

The carbon which is p to the sulfoxide group in dithiane 
oxides is C(5) and its pattern of A6 values is different for the 
cis and trans series. The cis series, in which oxygen is axial, 
appears to be normal in that large upfield shifts are found 
relative to the parent dithianes. These A6 values average -10.0 
ppm and, with the exception of 3b, are very similar to those 
observed for the p carbons C(3) and C(5) of thiane oxide 
(Table IV).'5 Interestingly, C(5) in the trans series has been 
shifted downfield relative to the dithianes. This effect is op- 
posite to that which occurs in equatorial thiane oxides where 
A6 values of ca. -5.0 ppm have been observed. 

The signal for C(4) shifts upfield by about 2 ppm when ei- 
ther an axial or equatorial oxygen is attached to sulfur and is 
not useful for assigning sulfoxide stereochemistry. 

Dynamic proton NMR studies have established that the 
equatorial oxide conformation of 2a is 0.6 kcal/mol more stable 
than the axial oxide conformation.2aJ6 Qualitatively, we see 
from I3C NMR that the chemical shifts and 1 6  values are close 
to those exhibited by the trans series and indicative of an 
equatorial oxide. In the case of 1,3,5-trithiane 1-oxide (4), 
low-temperature proton NMR detected the presence of only 
a single conformation which was assumed to be the equatorial 
oxide by analogy with 2a.2a The 13C NMR results for 4 

,S-S+ 
S d  

3 2  2w 5 2  6 

4 - 
c 
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0- Thiane Oxide 

Figure 1. Proposed interaction of sulfoxide 3p orbital with u* orbitals 
of C(5)-C(6) and C(Z)-S(3) fragments is better when the lone pair is 
equatorial and the oxygen is axial. 

strongly support this assertion. The cy carbons of the oxide 
have chemical shifts which are 17.2 ppm downfield from 
1,3,5-trithiane ( 5 ) .  The environment of C(2) in 4 resembles 
the environment of C(2) in dithiane oxides and the A6 value 
of 17.2 ppm is exactly the same as the average of the seven 
trans oxides in Table 111. 

(B) Relation of Chemical Shifts to Structure.lT In at- 
tempting to understand the increased shielding of the cy car- 
bon in an axial sulfoxide compared to an equatorial one, 
structural relationships between the diastereomeric pair 
trans- (2d) and cis-Z-pheny1-1,3-dithiane 1-oxide (3d) were 
examined. A simple explanation for decreased shielding in the 
equatorial oxides would be available if the electronegativity 
of an equatorially oriented sulfoxide group exceeded that of 
an axial one. Conceivably, this would be reflected in the 
C(2)-S(l)-C(6) valence angles and in the S(l)-O bond lengths. 
A larger C-S-(2 valence angle would indicate an increased 
amount of s character in the orbitals used by S(1) to bond to 
C(6) and C(2), ~deshielding the cy carbon by shifting the center 
of electron density away from carbon and toward sulfur. A 
longer S-0 distance would indicate more single bond char- 
acter and more positive charge a t  sulfur. The anticipated 
greater electron-withdrawing effect of this group would lead 
to decreased :.hielding of the cy carbon. Neither of these 
structural effects was evident. The C(2)-S( 1)-C(6) valence 
angles are similar: 98.2' in the equatorial oxide 2d and 98.7' 
in the axial oxide 3d.:id The small difference is, in fact, in the 
wrong direction to provide an explanation for the chemical 
shifts. The S-0 distances in 2d and 3d, after correcting for a 
pronounced thermal anisotropy, are virtually identical: 1.512 
%, in 2d, and 1.509 8, in 3d.sd 

A second possibility lies in an interaction of the sulfur 
lone-pair orbital with the u* orbitals associated with C(5)-C(6) 
and C(2)-S(3). Assuming directional properties for the sulfur 
3p orbital,18 interaction with the u* orbitals will be effective 
only when the sulfoxide oxygen is axial (lone pair equatorial) 
(Figure 1). Electron release from the sulfur lone pair will po- 
pulate the antibonding orbitals, weaken the C(5)-C(6) and 
C(2)-S( 3) bonds, and increase the electron density at  carbons 
2,5,  and 6 in the axial oxides. Again, this is not borne out by 
the structural twidence. The C(2)-S(3) bond in the axial oxide 
3d is shorter, not longer, than in the equatorial oxide 2d (1.797 
vs. 1.814 A). The C(5)--C(6) distances in 2d and 3d (1.519 and 
1.512 8,) are not, significantly different from each other.2d 

A semiquantitative rationalization of this question in terms 
of an electric-field effect has been presented by Buchanan and 
D ~ r s t . ~ ~  The sulfoxide oxygen is considered a point charge 
which polarizw the electron distribution in all the bonds to 
the n carbon. The shielding effect is a function of the spatial 
orientation (dktance. angle) of these bonds with respect to the 
perturbing oxygen and their longitudinal polarizability. 
Qualitatively, the difference in shielding may be attributed 
to the S-0 bond existing in a gauche relationship to the C,-Co 
bonds in the axial oxide (anti in the equatorial oxide) com- 
pared with a gauche relationship between s-0 and the C,-H, 
bond in the equatorial oxide (Figure 2). Since the longitudinal 
polarizability of a C--C bond is ca. 50% greater than that of a 
C-H bond,Ig the shift of electron density toward the a carbon 
is greater in the axial oxide.*O 

(a! 0 (b! 

1,3 - Dithiane 1-Ox idc 

(a ) 9- tJ) & f+o- + "ST 
Figure 2. Bonds to cy carbons subject to most pronounced polarization 
by electric-field associated with oxygen are thickened. 

The electric-field explanation is consistent with the de- 
creased sensitivity of the C(2) shifts to oxidation a t  sulfur in 
the 1,3-dithiane system. In the axial oxide, the most significant 
polarizations would involve C(5)-C(6) and C(2)-S(3). The 
greater polarizability of the C(2)-S(3) bond leads to increased 
shielding of C(2) relative to C(6) and smaller values of A& 
However, since the differential C(2) shifts are smaller than 
the C(6) shifts in the equatorial oxides as well, this cannot be 
the only factor. The interaction of an equatorial oxygen with 
the C(2)-S(3) bond must be small because of their antiperi- 
planar relationship.*l What is probably a more important 
contributor to the decreased sensitivity of C(2) to oxidation 
at  sulfur is its attachment to S(3). Since C(2) is already bonded 
to an electronegative substituent,21 the inductive electron 
withdrawal by the sulfoxide group will be attenuated. 

Gorenstein2* has analyzed 13C, 31P, and 19F chemical shifts 
in V-X-Y-Z systems where V, X, and Y are component atoms 
of a six-membered ring and Z is an axial or equatorial sub- 
stituent. He notes that torsional relationships and bond angles 
are not independent and proposes that atoms belonging to a 
gauche array (Z axial) are more shielded than when part of an 
anti array (Z equatorial) because the ring valence angles 
around the atoms are larger in the gauche. Downfield shifts 
are associated with increases in C-X-C bond angles. The 
proposal apparently applies to all the atoms in the array even 
though presented as an alternative to the steric polarization 
suggested by Grant and C h e n e ~ ~ ~  which is often used to ra- 
tionalize the upfield shift of the cy carbons in axially substi- 
tuted six-membered rings, including C(3) of thiane oxides.24 
The 13C and structural data for 2d and 3d provide an oppor- 
tunity to test Gorenstein's proposal. Indeed, the signal for C(2) 
in the equatorial oxide 2d appears at  5.3 ppm lower field than 
in the axial oxide 3d, and the S(l)-C(2)-S(3) angle is smaller 
in the equatorial oxide (109.6') than in the axial (112.9°).2d 
At C(6) the equatorial 13C shift is 7.6 ppm to lower field than 
the axial, but the C(5)-C(6)-S(l) angle is now only slightly 
smaller in the equatorial (114.0 f 0.2') than in the axial oxide 
(114.6 f 0.2'). The largest difference in chemical shift involves 
C(5) which is y to the oxygen substituent. Here the signal for 
C(5) is 17.8 ppm to lower field in the equatorial than in the 
axial oxide, yet the C(4)-C(5)-C(6) valence angles are not 
significantly different, being 113.3 f 0.2' in 2d vs. 113.0 f 0.3' 
in 3d. 

(C) Ring Deformation in 22-Disubstituted 1,3-Dithiane 
1-Oxides. Equilibration of diastereomeric alkyl derivatives 
of 1,3-dithiane has provided evidence that the free-energy 
difference between chair and twist forms lies in the range 
1.8-2.6 kcal/m01.~~ Since this is comparable to the confor- 
mational energy of a C(2)-axial methyl group (1.8 k~al/mol),*~ 
2,2-disubstituted 1,3-dithianes and their oxides might be 
anticipated to contain significant amounts of twist confor- 
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mations. A proton NMR study of trans-2-tert- butyl-cis- 2- 
methyl-1,3-dithiane I -oxide in which conformational dis- 
tortion in the C(4)-C(5)-C(6) portion of the ring was probed 
by analysis of vicinal FI-H coupling constants did not provide 
evidence capable of distinguishing between a flattened chair 
form or the presence of twist forms.26 As was noted, however, 
in a previous paper b r  the same this method is in- 
sensitive to distortions occurring in the S( 1)-C(2)-S(3) por- 
tion of the ring. The 13C NMR spectra of the 2,2-disubstituted 
oxides 2i-k provides complementary information and clearly 
indicates important contributions from twist conforma- 
t iom2* 

The pattern of 13C shifts and Ab values in the three 2,2- 
disubstituted l,:3-dithiCane 1-oxides 2i-k is different from that 
of both the trans and cis 2-monosubstituted series. For C(2), 
Ab values range from 10.6 to 12.0 ppm and resemble axial 
oxides. The Ab values for C(6) are intermediate between those 
of axial and equatorial oxides. Since, however, the ca. 11 ppm 
upfield shift of C(5) characteristic of axial oxides is not ob- 
served in any of the three, including the diastereomeric pair 
2j,k, oxygen cannot he axial. Thebe data point to the in- 
volvement of the twist form A in which the sulfoxide oxygen 
occupies an isoclina12$'site and the substituents a t  C(2) are 
pseudoaxial or pseudoequatorial. As seen from a model, the 
geometric relationship of oxygen to the C(2)-S bond in A is 
similar to that of an axial oxide (see part B for discussion of 
electric-field effects on 13C shifts), yet antiperiplanar rather 
than synclinal to C(5), consistent with the 13C NMR re- 
sults. 

In 2,2-dimethyl-1,3-dithiane 1-oxide (2i) the diastereotopic 
methyl groups have much different chemical shifts. One is at  
16.0 ppm ( A b  -14.8 ppm) and the other at  25.1 ppm (A6 -5.7 
ppm). The signal at  higher field is assigned to the methyl 
group cis to the sulfoxide oxygen based on the premise that 
the torsional relationship between these groups would lead 
to a larger y-gauche upfield shift than that experienced by the 
methyl trans to oxygen.6aJ2 The diastereomeric pair 2j,k have 
similar shifts for the ring carbons but the methyl signal of 2j 
which is cis to oxygen is more shielded (18.6 ppm, Ab -14.0 
ppm) than that of 2k which is trans to oxygen (27.8 ppm, Ab 
-4.8 ppm). 

An alternative twist conformation B seems sterically as 
reasonable as A but does not fit the 13C NMR results as well. 
A more detailed analysis of the conformations of these systems 
must await the results of dynamic I3C NMR studies and x-ray 
crystallographic analysis of the putative twist forms. 

A -. E 

Experimental Section 
Carbon-13 NMR spectra were recorded using a JEOL-PSlOOP/ 

EC-100 Fourier t ransform spectrometer. Measurements were made 
a t  25.2 M H z  w i t h  a probe temperature o f  23 "C using a 5-KHz rf 
crystal filter. Typical ly, a ,45' pulse w id th  was used (10 s) w i t h  a pulse 
repet i t ion rate o f  I s; 8K l a t a  po ints  were employed in the  t ime do- 
main. Carbon-13 chemical shifts were referenced t o  the center of the 
CDC13 mul t ip le t  using a value o f  h e r s ,  = ~ C D C I ~  + 76.91 ppm.30 

T h e  preparation o f  oxides Za,b,d,f,i-k and 3b,d,f have been de- 
scribed previously"bc as have 2c and 3c.31 Oxides 2g, Zh, and 3h were 
available f rom another s ixdy  and w i l l  be reported ~epara te1y . l~  2- 
(3',4',5'-Trimethoxyphenyl)-1,3-dithiane and i ts  oxide were obtained 
f rom Dr. 0. Hernandez.3z The parent dithianes lfFb lg,33 lh,13b and 
1 j S 4  have been reported. l'rithiane 1-oxide was available f rom a pre- 
vious study.2a 
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Two mesityl thienyl sulfones (5-mesitylsulfonyl-2-methylthiophene and 2-mesitylsulfonylthiophene) undergo 
the Truce--Smiles rearrangement. However, the thienyl unit (in contrast to the previously studied naphthyl and 
suhstitutetl phenyl groups) migrates with a change in orientation regardless of the baseholvent system used. The 
chemistry of 2-mesitylsulfonylthiophene is complicated by the acidity of the open ct position, with 2 equiv of base 
being required for rearrangement. (The monometalated species, on the other hand, slowly decomposes to give mes- 
itylenesulfinic acid as the only isolable product.) A modified Michael addition-&elimination mechanism has been 
proposed to explain these results. 

Aryl sulfones containing an ortho methyl group rearrange 
to o-benzylbenzenesulfinic acids when treated with n-butyl- 
lithium in ether2 or potassium tert-butoxide in M ~ z S O . ~  The 
three isomeric mesityl tolyl sulfones all give sulfinic acids with 
retained tolyl orientation regardless of which of these two 
baseholvent systems is used. In contrast to this, mesityl a- 
naphthyl sulfone can be caused to rearrange via two different 
pathways. In ri - butyllithium/ether, rearrangement proceeds 
via direct displacement and retained naphthyl orientation. 
However, in potassium tert- butoxidehie2SO an addition- 
&elimination sequence occurs, resulting in 2-(2'-naphthyl- 
methyl)-4,6-dimethylbenzenesulfinic acid.4 

Results and  Discussion 
It has now been found that treatment of 5-mesitylsul- 

fonyl-2-methylthiophene (1) with either n-butyllithium/ether 
or potassium i'ert- butoxide/MezSO yields sulfinic acid 2 via 
an addition-elimination sequence. 

1 

n-IluLi /ether 
or 

Bu-t-OK/Me,SO 

--__, 

SO,H 

I 

CH, 
2 

That the same sulfinic acid is produced in both baseholvent 
systems was shown by the identity of IR and NMR spectra as 
well as the melting point and mixture melting point of their 
2-hydroxy-3,!i-dichlorobenzyl sulfone derivative. The struc- 
ture proposed for 2 is supported by the following series of re- 
actions. Sulfinic acid 2 was treated with Raney nickel to reduce 
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the thiophene ring to a saturated hydrocarbon unit, and to 
remove the sulfinate moiety. The two possible hydrocarbon 
products, 1 - (3,5-dimethylphenyl) hexane (3) and 1 - (3,5- 
dimethylphenyl)-2-methylpentane (4), were alternatively 
synthesized from 3,5-dimethylbenzyl bromide by treatment 
with the appropriate organometallic compounds. The Raney 
nickel reduction product had physical and spectral properties 
which matched those of hydrocarbon 4. The spectral prop- 
erties of 3 did not correlate, thus confirming 2 as the correct 
structure for the sulfinic acid product. 

2-Mesitylsulfonylthiophene (5) has been found to rearrange 

CH, 

1 equiv of n-BuLi 
ether I 

7 

i 

S0,Na 
I 

11. H+ 2. H+ \ 9 4 2.  NaOH 

,CH3 

6 \ 
CH, 

8 
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