
4024 J. Org. Chem., Vol. 42, No. 25, 1977 Vierhapper and Willer 

Configuration and Conformational Equilibria of 
Methyl-Substituted trans- and cis- 1 -Thiadecalins 

Friedrich W. Vierhapper* 

Organisch-Chemisches Znstitut, Universitat Wien, Austria 

Rodney L. Willer 

W. R. Kenan, Jr. Laboratories, University of North Carolina, Chapel Hill, North Carolina 

Received May 4,1977 

13C and lH NMR spectra of a number of methyl-substituted trans- and cis-1-thiadecalins have been recorded. 
Assignment of signals was made by off-resonance decoupling, parametrization of substituent effects, and compari- 
son with carbon and nitrogen analogues; at the same time, the configuration of the compounds was established. The 
conformational equilibria of the conformationally heterogeneous parent, 3P-methyl-, 8/3-methyl-, and 10-methyl- 
cis- 1-thiadecalins were determined by low-temperature 13C NMR. 

In the last few years the chemistry of saturated sulfur- 
containing heterocycles and their S-substituted derivatives 
have been the subject of a fair amount of interest.’ In order 
to further our investigations of the conformational and con- 
figurational preferences and the rearrangement reactions of 
thiane- and 1,3-dithiane-l-imides2 a conformationally rigid 
system offering the possibility of biasing the conformational 
preferences of substituents on sulfur and on the adjacent 
carbon atoms was needed. trans- 1-Thiadecalin (1) provides 
such a system: ring inversion is prohibited for reasons of strain, 
and substitution a t  certain positions will bias the site of a new 
substituent on S-1 or C-2 through syn-axial interactions. 
Suitable substitution of cis- 1-thiadecalin (1 1) also leads to 
conformationally homogeneous compounds with similar 
properties. Finally, the conformational preferences of mobile 
cis- 1-thiadecalins of the sulfimides derived from them 
promised to be interesting. 

A number of methyl-substituted trans- and cis- l-thiade- 
calins (Schemes I and 11) were accordingly ~ r e p a r e d , ~  and 
their 13C and lH NMR spectra were recorded at room tem- 
perature (Tables I and IV). When compounds proved to be 
conformationally heterogeneous at  room temperature (1 1,12, 
14, and 17), the low temperature 13C NMR spectra were re- 
corded and the proportion of conformers determined by in- 
tegration of appropriate signals. In the sequel, the spectral 
assignments and, a t  the same time, the configuration and 
conformation of the 17 compounds investigated are discussed, 
and the conformational equilibria of the four mobile com- 
pounds are rationalized. 

l3C NMR Spectra. The noise-decoupled room temperature 

Scheme I 

R = H unless indicated 

1, all R’s = H 
2, R, = CH, ( ~ c Y - C H , )  
3, R, = CH, (30-CH3) 
4,  R, = CH, (Ba-CH,) 
5, R, = CH, (4p-CH,) 

6, R, = CH, (5a-CH3)  
7, R, = CH, (6a-CH,)  
8, R; = CH, ( ~ c Y - C H , )  
9, Ra = CH, (80-CH,) 

10 ,  R, = CH, (9-CH3) 

13C spectrum of trans-1-thiadecalin (1) shows the expected 
nine sharp lines. The most downfield signals appear as dou- 
blets in the off resonance decoupled spectrum and are thus 
identified as C-9 and C-10. Comparison of the spectra of thi- 
ane5*v6 and c y ~ l o h e x a n e ~ ~ ~  shows that carbon atoms cy and p 
to sulfur experience downfield shifts of 2.9 and 0.6 ppm, re- 
spectively. The most downfield doublet is accordingly assigned 
to C-9, the more upfield one to C-10. 

The three signals at  next higher field belong to carbon 
atoms 4,5, and 8, which have two a and three /3  substituent^.^ 
Replacement of CH2 by sulfur has nearly no influence a t  the 
exocyclic y position (compare the CH3 shifts of cis-3,5-di- 
m e t h ~ l t h i a n e ~ ~  with the CH3 shifts in cis- 1,3-dimethylcy- 
clohexane7) and the most downfield signal of the three is 
therefore assigned to C-5 (the corresponding shift in trans- 
decalin is 34.4@). C-4 is “doubly y” to the sulfur atom, which 
in thiane leads to an upfield shift of 0.7 ppm compared to cy- 
clohexane; the signal at  34.40 consequently must be C-4. C-8 
is in a position analogous to that of the CHs(2) group in cis- 
2 ,4-d imeth~l th iane~~ which is shifted upfield by 1.2 ppm 
compared to cis-3,5-dimethylcyclohexane; the signal at  32.58 
ppm comes closest to the value computed from the shift in 
trans-decalin (34.48 - 1.2 = 33.28). 

The four most upfield signals belong to C-2, C-3, C-6 and 
C-7, which have only two a and two /3  substituent^.^ C - 2  is 
shifted downfield (similar to C-9) from the corresponding 

Scheme I1 

P 
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Compdb 

Parent, 1 
3a-CH3, 2 
3P-CH3, 3 
4a-CH3, 4 
CP-CH,, 5 
Sa-CH,, 6 
60-CH,, 7 
8a-CH3, 8 
8P-CH3, 9 
9-CH3, 10 

Parent, 11 

Table I. Chemical Shifts0 of trans- and cis-1-Thiadecalins 
Registry no. Tempc C-2 C-3 C-4 c-5 C-6 C-7 C-8 

trans- 1 -Thiadecalin 
54340-73-7 +30 30.04 28.23 34.40 34.56 26.34 26.76 32.58 
63702-90-9 +30 36.76 34.22 43.26 34.51 26.23 26.78 32.06 
63730-12-1 +30 36.21 28.10 40.27 34.76 26.45 26.83 32.34 
63730-13-2 +30 23.10 35.30 32.44 31.99 26.73 26.73 33.23 
63730-14-3 +30 29.28 37.38 37.72 30.21 26.57 26.57 32.75 
63730-91-0 +30 29.83 28.69 31.73 34.14 33.77 20.54 33.12 
6i3702-92-1 +30 30.03 28.14 34.34 43.29 (32.58) 35.22 (32.50) 
63702-93-2 +30 29.96 28.10 34.66 34.87 25.70 36.19 37.23 
68730-15-4 +30 30.09 28.19 35.25 35.16 20.14 33.77 32.43 
68702-94-3 +30 26.46 28.85 29.13 30.67 26.88 22.15 40.46 

Parent, l l A e  
Parent, l l B e  
30-CH,, 1 2  
3P-CH3, 1 2  
3P-CH3, 12Af 
3a-CH3, 13(B) 
lO-CH,, 14 
IO-CH,, 14  
lO-CH,, 14Ag 
lO-CH,, 14Bg 
Ga-CH,, 15  (A) 
8Q-CH3, 16 (A) 
8P-CH3, 17  
8P-CH3, 17  
80-CH3, 17Ah 
8P-CH3, 17Bh 

57259-80-0 +30 
+60 

-7 0 
-70 

63730-16-5 +30 
+55 
-68 

63730-17-6 +30 
63702-95-4 +30 

+55 
-6 8 
-6 8 

63730-18-7 +30 
63730-19-8 +30 
63,730-20-1 +30 

+55 
-68 
-6 8 

27.45 
27.62 
29.92 
23.59 
36.63 
36.71 
36.60 
30.70 

d 
26.15 
30.03 
23.38 
30.07 
29.53 
24.95 
25.17 
29.79 
23.23 

cis-1-Thiadecalin 
d d d 

24.59 30.04 29.00 
21.10 32.50 24.40 
28.28 24.92 34.22 
27.07 41.45 26.01 
27.24 41.52 26.33 
26.72 41.40 25.14 

23.59 d d 
23.74 34.59 37.83 
23.34 41.35 28.28 
23.34 29.82 42.55 

22.28 33.03 24.32 

28.15 27.29 32.84 
i 32.12 24.63 

28.27 25.89 34.51 

34.85 (34.28) (34.46) 

21.42 32.76 (33.61) 

27.86 27.31 32.90 

d 
23.87 
26.69 
19.61 
26.74 
26.77 
26.72 
19.93 
21.79 
21.95 

21.33 

26.79 

21.31 

20.77 

21.87 

(33.56) 

21.19 

2 

d 
24.23 
20.88 
28.28 
21.40 
21.62 
20.83 
28.56 

d 
25.19 
20.55 
27.53 
29.68 
29-09 

d 

26.38 
34.43 

35.88 

30.69 
30.94 

27.34 
31.45 
31.57 
31.24 
27.50 
29.14 

27.01 
29.30 
32.09 
38.14 
30.67 
30.91 

29.31 

31.86 

29.26 

33.36 

c -9  

47.01 
46.38 
47.65 
38.50 
46.44 
40.57 
46.65 
54.64 
51.41 
43.96 

42.15 

43.11 
40.41 
42.78 
42.93 
42.67 
40.01 
47.09 

47.05 
46.53 
42.61 
50.75 
49.05 
49.22 
47.82 
48.64 

42.46 

47.33 

c-10 

44.27 

37.72 
47.20 
50.39 
46.81 

44.03 
36.71 

44.54 

43.93 

47.37 

36.75 
37.10 
36.01 
36.75 
37.42 

37.15 
37.81 
32.85 
32.98 
32.70 
32.70 
36.53 
37.50 
36.77 
36.84 
30.21 

37.59 

37.76 

CH, 

- 
22.78 
17.37 
12.32 

13.07 
22.51 

13.81 

20.10 

20.36 

18.19 

22.50 
22.38 
22.85 
23.10 
28.20 
28.25 
27.32 
28.39 
22.68 

20.95 
18.39 
21.74 

20.03 
21.02 

Q In CDCl,, from internal Me&. Parentheses indicate that assignments are not unambiguous. b trans- or cis-1-Thiadecalin. 
C-9 and (2-10 are used instead of C-8a and C-4a to allow unambiguous use of “a” for axial. “CY” means the substituent is on 
the opposite ring side as the hydrogen at (3-10; ‘‘0’’ means on the same side of the ring as this hydrogen. For conformations 
A and B, see formula schemes in text. C’C. Only when compounds were found to be conformationally inhomogeneous at 
room temperature, low and high temperature NMR spectra were recorded. dSignals were broad to very broad due to 
slow ring inversion at this temperature and could not be measured accurately. e 58% A, 42% B. We are grateful to Professor 
W. v. Philipsborn, Universitat Zurich, for measuring spectra of this compound at a number of temperatures. f>95% A; no 
signals of B could be detected. g 33% A, 67% B. h 17% A. 83% B. iNot observed because either overlaid by a signal of the 
major component or too small to be discerned. 

signal (26.99 ppm) in t ~ a n s - d e c a l i n , ~ ~  and is found a t  30.04. 
C-3, like C-10, is also shifted slightly downfield, and the re- 
maining, most upfield two signals are carbon atoms 6 and 7. 
Comparison of the spectra of ethylcy~lohexane~c and methyl 
cyclohexyl sulfide5b shows that the C-atom “doubly 6” to the 
sulfur (C-4) is shifted slightly more upfield than the one y to 
it (C-3,5). The most upfield signal in trans- 1-thiadecalin is 
consequently assigned to (2-6. 

The positions of methyl substitution in compounds 2-10 
follow from the synthetic procedures;3 the 13C spectra (and 
to a lesser extent, the proton spectra) indicate the configura- 
tion ( a  or 0; see footnote b,  Table I) of the methyl groups and 
the trans character of the ring fusion. The signals of axial 
methyl groups (in 3, 4, and 9) are invariably at  higher field 
than the corresponding equatorial signals (2,5, and 8); when 
only one isomer was isolated, the position of the methyl group 
was still evident by comparison with signals of analogously 
orientated methyl groups (6 with 4; 7 with 2). Shift changes 
in carbon atoms near the methyl substituent (a ,  p, and y) were 
in agreement with values calculated using the parameters 
developed for methylcyc l~hexanes~~~ and methyldecahydro- 
 quinoline^.*^^ Chemical shifts of carbon atoms remote (>y) 
from the site of methyl substitution were generally close to 
corresponding shifts in the parent compound 1, which allowed 
unambiguous assignment of trans ring fusion in 2-10. To fa- 
cilitate assignments in 10, where most of the signals were 
substantially shifted compared to 1, 9-methyl-trans- l-thi- 
adecalin-2,2-d~ (10-dz) was ~ r e p a r e d , ~  in which the signal due 
to C-2 disappears through loss of NOE and by coupling with 

the deuterium C-3 is shifted palpably upfield (-0.18 ppm), 
and C-4 is noticeably broadened. 

The noise-decoupled room temperature l3C spectrum of 
cis-1-thiadecalin (11) shows only four sharp signals; the re- 
maining five signals are broad to very broad depending on the 
chemical shifts of the corresponding carbon atoms in con- 
formation A and B. Ring inversion therefore is already slow 
a t  +30 “C. Elevation of the probe temperature to +60 “C re- 
sults in sharpening of all nine signals due to fast inversion 
between A and B. Lowering the temperature stepwise to -70 
“C leads through coalescence (ca. -20 “C) to two sets of sharp 
signals which can be assigned to conformers A and B because 
of their unequal proportion (ratio 58% A, 42% B). 

Assignment of the signals of each conformer to the various 
ring atoms is based on a combination of off resonance decou- 
pling, comparison with chemical shifts in the low-temperature 
spectrum of cis-decalin& corrected for the replacement of C-1 

Scheme I11 

11A 11B 
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Scheme IV 
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Scheme VI 

12A 12B 14A 14B 

Scheme V 

P 
l3A 13B 

by S, effects of methyl substitution (in compounds 12-17), and 
shift changes of corresponding signals in A and B upon raising 
the temperature. The two most downfield signals in 11A and 
1 l B  are clearly C-9 and C-10; the remaining signals can be 
split into four groups for each conformer depending on the 
number of a,  (3, and y effects4they encounter. Thus, 11A has 
C-4 and C-8 (two a,  three 0, no ya) next to C-9 and C-10; C-8, 
in an analogous position relative to S-1 as in 1, must resonate 
at  higher field. Next come C-2 and C-6 (two a,  two 0, no ya), 
with C-2, adjacent to the sulfur atom, shifted more downfield. 
C-5 (two a,  three (3, one ya) is a t  next higher field. The two 
most upfield signals belong to C-3 and C-7 (two a,  two (3, one 
ya) with C-3, 0 to the sulfur atom, the more downfield signal. 
The signals of 11B can be assigned in an entirely analogous 
way. C-5 (two a,  three 0, no -ya) and C-3 and C-7 (two a ,  two 
0, no ya) are the three most downfield signals next to C-9 and 
C-10. C-8 and C-4 are analogously substituted (two a,  three 
(3, one ya), but here C-8 is more downfield shifted by the sulfur 
0 to it. The two most upfield signals are C-2 and C-6. Assign- 
ment of the spectrum of 11 at +60 "C follows from the spectra 
of the two frozen conformers, taking into account a downfield 
shifting of the signals of -0.8 ppm upon raising the temper- 
ature by -100 "C. 

A number of signals in the room-temperature 13C spectrum 
of 30-methyl-cis- 1-thiadecalin (12) are slightly broadened, 
the biasing influence of the methyl group being insufficient 
to make 12A the exclusive conformation. At +55 "C the signals 
are sharp, as a t  -68 "C; only the signals due to 12A can be 
detected a t  low temperature, indicating that this conformer 
predominates to >95%. Chemical shifts of C atoms close to the 
site of the methyl substituent show the expected ae, be and ye 
effects compared with 11A, whereas C-6, C-7, and C-8 show 
only very minor changes. The configuration and conformation 
of 12(A) are thus established. 

All signals in the room-temperature spectrum of 3a- 
methyl-cis-1-thiadecalin (13), on the other hand, are sharp, 
and no changes except the usual temperature dependence of 
13C shifts are observed upon variation of the probe tempera- 
ture. 13 must be conformationally homogeneous (13B), since 
a severe syn-axial interaction exists between CHs and C-5 in 
conformation A. As in the case of 12(A), the signals next to the 
methyl substituent show the expected shift changes (ae, P,), 
while C-6, (2-7, and C-8 are in good agreement with their 
values in 11B. 

Scneme VI1 

15B 

15A 

Compound 14, 10-methyl-cis- 1-thiadecalin (see footnote 
b ,  Table I), like the parent compound 11, is conformationally 
heterogeneous, as indicated by the broad signals for C-2, C-4, 
C-5, and C-7 in the r t  13C spectrum. Once more the signals 
become sharp a t  +55 "C, and two sets of signals (ratio 33% A, 
67% B) are observed at -68 "C. 

Replacement of H by CH3 on C-10 is known in cis-decalin4c 
and cis-decahydroq~inoline~ to bring about considerable shift 
changes in most of the carbon atoms compared to the parent 
compound. Only C-2 and C-7 in both 14A and 14B are ex- 
pected to be shifted by less than 1 ppm, relative to 11A and 
11B. However, assignment was complicated since 8 signals 
(four of each conformer) appear between 30 and 27 ppm. To 
aid the decision which of the two conformers was the minor 
and which the major one, the room- and low-temperature 
spectra of 14-2,2-d2 were therefore recorded. Here the signals 
due to C-2 disappear through loss of the NOE and through 
being split into quintets. This makes possible the assignment 
of C-2 a t  30.03 (minor) and 23.38 ppm (major) in the undeu- 
terated analogues at  low temperature. Since C-2 in confor- 
mation B (one ya) resonates at  much higher field than in A (no 
ya), the major set of signals can be assigned unambiguously 
to 14B and the minor one to 14A. The rest of the signals are 
matched to the carbon atoms by the same criteria as listed for 
11. 

The signals of 15 (6a-methyl-cis- 1-thiadecalin) are sharp 
a t  room temperature, since conformation 15B is prohibited 
because of the syn-axial CH3K-4 interaction. The signals in 
the thiane ring ((2-2, C-3, C-4) are in excellent agreement with 
11 A, which confirms the configurational and conformational 
assignment. Signals of (2-6, C-5, and C-7 show the expected 
downfield shifts due to ae and (3, effects. 

In 16, conformation B is excluded because of the two syn- 
axial interactions of the methyl group with c -2  and c-4 ,  op- 
posed by only one additional gauche interaction between CH3 
and S in 16A. This consideration is verified by the sharpness 
of the signals of 16A a t  room temperature, which does not 
change upon lowering the temperature. The strain imposed 
upon the molecule by the CH& interaction manifests itself 
in less good agreement of signals remote from the site of 
substitution (C-3, C-4) compared to 11A or 15A. The carbon 
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Scheme VI11 

P 
16A 16R 

Scheme IX 

dH, 

17A 17B 

atoms close to the methyl group show shift effects similar to 
the ones observed in the corresponding 8a-methyl-cis-dec- 
ahydroquinoline.9 

In compound 17, finally, the effect of two syn-axial CH$H 
interactions in 17A is set against one gauche CH3/S in 17B. 
The compound is conformationally heterogeneous, as indi- 
cated by the broadened signals of the rt spectrum. At -69 "C 
the two conformers appear in a ratio of 17:83, with confor- 
mation 17B predominating. Assignment of the signals is 
straightforward for the major conformer, using the criteria 
listed for 11; it is less easy for 17A, since two of the signals (C-3 
and C-6) are not observed and off-resonance decoupling could 
not be performed on the rest. Comparison with the shift ef- 
fects reported for the corresponding conformers of 8p- 
methyl-cis- decahydroq~inoline,~ however, leaves no doubt 
as to the correctness of the conformational assignments. 

Comparison with Carbocyclic Analogues and  Shift  
Effects Produced by Methyl Substitution. Comparison 
with carbocyclic analogues for which 13C data have been re- 
ported allows calculation of a set of increments for replace- 
ment of CH2 by s. These data have been compiled in Table 
I1 for trans-1-thiadecalin and for the two conformers of cis- 
1-thiadecalin, A and B. 

As in the case of the corresponding parameters for re- 
placement of CH2 with NH,8 the standard deviations of the 
values are relatively large, indicating differences in geometry 
between individual pairs of methyl-substituted decalins and 
1-thiadecalins. This reduces the worth of such averaged pa- 
rameters and makes the calculation of chemical shifts with two 
parameters (one multiplicative and one additive), which has 
been suggested in other heterocyclic systems14 fruitless, since 
deviations between values calculated and found are far larger 
than between values calculated with or without the multi- 
plicative parameter which is always close to unity. For this 
reason, 10 and its matching decalin have not been used for the 
calculation of the values in Table 11, since geometrical dif- 
ferences to the other compounds in the corresponding series 
seem very pronounced. Generally the effects of replacing CH2 
by S are small with the exception of the a carbons, but they 
are still noticeable on positions four bonds removed ((3-6; 
"double 6"). 

Comparison of the chemical shifts of the three parent 
compounds 1, 11A, and 11B with the methyl-substituted 
thiadecalins allows the calculation of effects of methyl sub- 
stitution. The results are similar to the values found for 

Table 11. Shift Differences A60 between 1 -Thiadecalins 
(X = S)  and Decalinsb (X = CH,) 

Shift differences C 
atom Effect Transc Cis Ad Cis B e  
c-2 0 +2.4 i 0.8 +2.2 i 0.2 +1.3 i 0.8 
c -3  p +0.9 i 0 .4  +0.1 i 0.5 +0.5 t 0.1 
C-4 dy -0.3 i 0.4 -0.7 i 0 . 2  -1.2 t 0.6  
c -5  y +0.2 i 0.5 -1.9 i 0.3 +0.8 i 0.5 
C-6 d6 -0.8 i 0 .2  -0.8 i 0.3 -1.7 i 0.4  

-0.5 f 0.3 -0.8 F 0.3 +0.,3 i 0.6 E:: -1.9 i 0.5 -1.1 i 0.4 +1.1 i 0.3 
c-9 ff +3.2  i 0.6 +6.4 i 1.0 +3.9 i 0.3 
c-10 p +0.3 i 0.5 -0.3 i 0.5 +0.1 i 0.6 

a In parts per million. A plus sign indicates that the signal 
in the S compound is downfield from the signal in the CH, 
analogue. The differences reported are averages for the 
pairs of compounds considered (see footnotes c, d, and e )  
with their standard deviations. b I3C chemical shifts of trans- 
decalin in CDCl, are reported in this paper; the other deca- 
lin values are from ref 4c, but values of C-l and C-10 of 
cis-syn-1-methyldecalin and of C-3 and C-7 of trans-anti-1- 
methyldecalin have been reversed. CCompounds 1, 2, 5, 7 ,  
and 8 and the corresponding decalins were used for the cal- 
culation. d Compounds 11A (-68 "C),  14A (-68 "C), 15A, 
and 16A and the corresponding decalins were used for the 
calculation. eCompounds 11B (-68 "C), 14B (-68 "C), and 
13B and the corresponding decalins were used for the calcu- 
lation. 

Table 111. Conformational Equilibria in Mobile 
cis- 1 -Thiadecalins" 

AGO 
Compd A, 96 B, % K (kcal/mol) 

Parent, 11 58 42 1.4 $0.14 

10-CH3, 14 33 67 0.49 -0.29 
8P-CH3,17 17 83 0.20 -0.65 

3P-CH3,12 >95 <5 >19 >+1.2 

a In CDCl3 at -68 "C (205 K). For enumeration of signals used 
in integration, see Experimental Section. 

methyl decal in^^ and methyldecahydroquinolines,8~g and for 
me thy l th i ane~ .~ ,~  Individual a, p, etc. values, however, once 
more differ quite strongly, especially for carbon atoms close 
to sulfur. The worth of averaged methyl-substitution pa- 
rameters with (large) standard deviations, therefore, is rather 
low; as in similar cases it seems more opportune to calculate 
individual parameters from the shift data as needed. 

Conformation of cis-1-Thiadecalins. The room-tem- 
perature 13C NMR spectra of 11, 12, 14, and 17 showed the 
presence of the two conformers in these compounds. Inversion 
was frozen out at  -70 "C and the signal areas of corresponding 
carbon atoms (see Experimental Section) could then be in- 
tegrated. Nuclear Overhauser enhancement and T-1's of such 
carbon atoms have been reported to be nearly equal in other 
heterocyclic systems.1° The resulting equilibrium constants 
and conformational free-energy differences are summarized 
in Table 111. 

Conformation A in cis- 1-thiadecalin (11) is preferred by 
0.14 kcal/mol. This is in reasonable, if not complete, agreement 
with the value calculated by a force-field methodll (0.32 
kcal/mol); a comparison of the experimental with the calcu- 
lated AGO values in the methylthiane however, leads 
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Table IV. Pertinent lH Chemical Shiftsn of trans- and cis-l-Thiadecalinsb 

Compd HZe Hza 
Trans 

Parent, 1 2.48-2.89, not resolved 
3a-CH3,2 2.15-2.55, not resolved 
3/3-CH3,3 
4n-CH3,4 

4/J'-CH3,5 

5a-CH3,6 2.30-2.93, not resolved 
6a-CH3,7 2.48-2.89, not resolved 
8a-CH3,8 -2.64, not resolved 
8/J'-CH3,9 2.43-2.87, not resolved 
9-CH3, 10 2.39 (d, 14, oft ,  3.5) 

2.21 (d, 13, of d, 3) 
2.21 (d, 13, oft ,  4) 

2.47 (d, 13, o f t ,  4) 

3.03 (d, 13, of d, 3) 
2.97 (d, 13, of d, 10.5 

2.97 (d, 13, of d, 11, 
of d, 2.5) 

of d, 3) 

2.89 (d, 14, of d, 
12,  of d, 3.5) 

Cis 
Parent, 11 (A I= B) 
3a-CH3,12B 2.18-2.44, not resolved 
3/J'-CH3,13A 2.08-2.62, overlap w Hsn 
10-CH3,14 (A =-= R) 2.24-2.82, overlap w Hg 
6a-CH3,15A -2.63, not resolved 
8a-CH3,16A -2.57, not resolved 
8B-CH3,17 (A == B) 

-2.55, not resolved 

2.26 - 2.78, not resolved 

-2.40 (br m) 
-2.43 (br m) 0.92 (d, 6) 

1.19 (d, 7.5) 
-2.97 (br) 0.86 (d, 7) 

-2.45 (br) 0.92 (d, 5) 

0.89 (d, 7) 
0.87 (d, 6.5) 
0.99 (d, 6) 
1.01 (d, 7) 
1.36 (s) 

overlap H z ~ ,  Hza 

2.34 (br m) 
2.16 (t, 10) 

2.97 (ha!f-width 13) 
2.57 (d, 12, oft, 4) 
3.15 (half-width 9) 
2.46c (d, 6 of d, 3) 
3.25 (half-width 8) 
3.20 (half-width 7) 

0.95 (d, 6) 
0.84 (d, 6) 
1.16 (s) 
0.94 (d, 5.5) 
0.97 (d, 7) 
1.11 (d, 6) 

In ppm, from Me4Si; the reported shift values are centers of groups of signals in the spectra. The parenthesized data are multiplicity 
For preferred conformations of cis-1-thiadecalins, see Schemes 111-IX. and coupling constants in Hz. From 14-2,2-d2. 

to the conclusion that this agreement may be coincidental. 
Assuming additivity of conformational free energies and using 
the values from the methylthianes? one would predict con- 
formation A to be the more favored, as indeed it is. In cis- 
2,3-dimethylthiane, the 2-CH3-e-3-CH3-a conformer is fa- 
vored by 0.16 kcal/mol compared to 0.02 kcal/mol calculated 
with the values from the mon~methyl th ianes .~~ If the exper- 
imental value of cis- 2,3-dimethylthiane is used as a basis for 
calculation, conformation 11B differs from the 2-CH3-a-3- 
CH3-e form of this molecule by a gauche interaction between 
C-4 and C-6, and conformation 11A from 2-CH3-e-3-CH3-a 
by a gauche interaction between S-1 and C-7. With a C-C- 
C-C gauche interaction from methylcyclohexane12 (0.87 
kcal/mol) and a C-C-C-S interaction similar to the one be- 
tween CH3 and S in 17B (see below; 0.95 kcal/mol) one obtains 
a calculated preference of 0.08 kcal/mol for conformation A, 
reasonably close to the experimental value. 

Introduction of a methyl group instead of a proton at  (2-10 
in 11 (compound 14) leads to a marked preference of con- 
former B (67%). In addition to the situation in 11, one has to 
offset the AGO in methylcyclohexane (-1.74 kcal/mo112b) 
against 3-methylthiane (-1.40 kcal/m01~~), giving a preference 
of 1 lB  of 0.14 -- 1.74 - (-1.40) = -0.20 kcal/mol, in good 
agreement with the experimental result of -0.29 kcal/mol. 
Closer agreement can hardly be expected, since the second 
ring obviously changes the opportunities of the axial methyl 
group in both conformations for reducing sterical strain by 
bending outward, and the change is not likely to be identical 
for the two conformers. 

The sizeable changes in chemical shift upon cooling of 12 
indicate a nonnegligible proportion of conformation B at room 
temperature. However, at  -68 "C there is less than 5% of this 
conformation, since no signals of the minor conformer are 
detected. The slight preference for A in 11 is enhanced in 12 
by 1.40 kcal/mol (the preference of the methyl group in 3- 
methylthiane for the equatorial position) to 0.14 t 1.40 = 1.54 
kcal/mol. This corresponds to 2% of B at  -68 "C, which is too 
little to he detected by 13C NMR. 

Compound 17, finally, exists predominantly (AGO205 = 0.65 
kcal/mol) in conformation B. Here the preference of a methyl 
group in methylcyclohexane for the equatorial position is 
opposed by the CH3/S gauche interaction, which can thus be 

estimated as -0.65 = 0.14 - 1.74 t x ;  x = -0.65 t -0.14 + 
1.74 = 0.95 kcal/mol. This value is slightly larger than the 
gauche-butane interaction found in methylcyclohexane, and 
rather larger than the value deduced for a CH3-C-C-S in- 
teraction from the experimental data of 3-methylthiane, 5- 
methyl-1,3-dithiane, and cyclohexyl methyl sulfide5" (-0.6 
kcal/mol). Obviously, the deviation of the bond angles from 
tetrahedral geometry due to the sulfur atoms are such that 
CH3 in 17 (and C-7 in the A conformation of cis- 1-thiadecal- 
ins, generally; see above) are closer to the sulfur than axial CH3 
in 3-methylthiane, and a different C/S gauche interaction 
must be used. Similar reasoning may apply in the case of cis- 
decahydroquinolines, where a similar difference between C/N 
gauche interactions was o b ~ e r v e d . ~  

The remaining compounds are conformationally homoge- 
neous either because trans ring fusion forbids inversion, or 
because of severe C/C syn-axial interections in the alternative 
conformations. 

'H NMR Spectra. Since only the protons on the C atoms 
adjacent to sulfur are resolved, and since the shift difference 
is less pronounced than in other heterocyclic systems (e.g., the 
decahydroquinolinesg), even 100-MHz lH NMR spectra offer 
only limited information regarding the configurational and 
conformational properties of the trans- and cis- 1-thiadecalins. 
The apparent chemical shifts and coupling constants of the 
protons at  C-2 (H2e, Hza) and C-9 (Hg) and of the methyl 
groups, if any, of the compounds 1-17 are collected in Table 
IV. 

The most telling lH signal is the one due to Hg: in cis-1- 
thiadecalins preferentially in conformation A this proton is 
coupled to three protons which are all gauche positioned, and 
the signal appears as a broad singlet with a half-width of -8 
Hz (13,15). If conformation B is preferred, a large anti cou- 
pling with HB" occurs and the signal appears as a doublet ( J  
= 12 Hz) of triplets. If the conformational equilibrium allows 
for comparable amounts of conformations A and B, the half- 
width of the signal is intermediate (11, 14). Another aid in 
structural assignment is the apparent coupling constant of the 
methyl groups in the tram- 1-thiadecalin series which is larger 
(-7 Hz) for axial CH3 (3,4,6,9) than for equatorial (-6 Hz; 
5,7,8). Thus, the limited information that could be extracted 
from the 'H spectra of 1-17 confirms the conclusions from the 



Bromination of trans -2-Thiahydrindan 2-Oxide J. Org. Chem., Vol. 42, No. 25, I977 4029 

13C spectra which proved considerably more valuable in the 
structural analysis of 1-thiadecalins. 

Experimental Section 
Synthesis and analytical data of the compounds investigated are 

described in detail e l s e ~ h e r e . ~  
NMR spectra were recorded on a Varian XL-100 pulsed Fourier 

transform nuclear magnetic resonance spectrometer. lH NMR spectra 
were recorded in the Cu '  mode, in 5-mm 0.d. tubes. 13C spectra were 
measured at  25.16 MHz, in the pulsed mode, in 10-mm 0.d. tubes. 
Solvent in both cases w , ~  CDC13, with 2-5% Me&i admixed as in- 
ternal reference; the deuterium of the solvent provided the internal 
lock signal. Integration of corresponding signals in the low-temper- 
ature spectra was effected by counting squares of the signal areas, and 
by multiplication of signal height with half-width, after expanding 
electronically as much as resolution and noise level permitted. The 
following signals (numbers refer to position of carbon atoms) were 
integrated and gave the following (parenthesized) percentages (only 
one conformer of each pair is reported): 11A 2 (60), 4 (58), 5 (58),6 
(59), 9 (58), 10 (58); 14A 4 (32),6 (34),9 (33); 17A 5 (14),9 (171, CH3 
(19). Error limits are estimated to be of the same size as reported in 
ref 13, that is, f 2 %  (in favorable cases of K 1) to f10% (in unfa- 
vorable cases of K = 20). The resulting errors for the AGO values in 
Table I1 are f0.06 kcalimol or better. 
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The stereochemistry of bromination of the title compound with bromine in the presence of pyridine to give the 
a-bromo sulfoxide has been studied by 1H NMR and stereospecific deuterium labeling methods. The reaction ap- 
pears to be completely regio- and stereospecific and involves inversion of configuration a t  both sulfur and a carbon. 
This result is discussed on the basis of various possible halogenation mechanisms. However, no clear-cut mechanis- 
tic choice appears to be possible. 

The stereochemistry of LY halogenation of sulfoxides by 
halogens or halogen sources (X2) in the presence of base (B:)l 
has been extensively investigated in recent years. 

RS(0)CHRlRs 2 RS(O)CXRlR2 
E: 

The reaction is normally found to be stereospecific, and 
occasionally highly so, a t  both sulfur and LY carbon.7 The re- 
sults, however, are puzzling, as the actual steric course appears 
to depend rather unpredictably both on sulfoxide structure 
(open chain7 or cyclic,&l1 type and nature of the substituent 
a t  Ca7J2) and reaction conditions (halogenating agent, pres- 
ence or absence of an electrophile such as AgN03).7 Thus, if 
it is reasonable to suppose that a single fundamental mecha- 
nism is operating in every case, it  has been nevertheless im- 

possible to fit all the results in a coherent framework. Ap- 
parently, the factors which ultimately control the stereo- 
chemistry are incompletely understood. 

It has been suggested that the conformational flexibility of 
the substrate and/or reactive intermediates formed along the 
reaction path may play a key role in determining the steric 
course,11J2 yet no comprehensive study has been reported on 
the halogenation of conformationally rigid s~1foxides.l~ In this 
paper we report on the stereochemistry of bromination of 
truns-2-thiahydrindan 2-oxide (la), a system which, by virtue 
of the trans ring fusion, cannot undergo appreciable skeletal 
deformation a t  the reaction centers.14 This system is partic- 
ularly advantageous, since the four LY protons are all stereo- 
chemically different, either because of their relation to the 
S-0 bond or the ring fusion, and can be readily identified in 


