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SUMMARY: The conformational study of the title compounds is reported. The configurational 
assignment of the epimeric sulfoxides was based on the relationship between the 
stereochemistry of the sulfinyl group and the chemical shifts of the neighboring nuclei. The 
values of the (Z/Y)gsuche interactions have been estimated in different solvents from GQ 
values measured in low temperature 13C-nmr spectra. 

INTRODUCTION 

In previous publications we have reported the conformational properties of acyclic 

compounds bearing sulfur functions (in different oxidation states) and oxygen,’ nitrogen* or 

halogen3 functions on adjacent carbon atoms. In these papers, the conformational analysis of 

the substrates had to be based on qualitative considerations , since the energy values for the 

gauche interactions between the heteroatomic functions were unknown. The widespread 

occurrence of the fragment Z-C-C-heteroatom in natural and synthetic products of biological 

interest prompted us to extend our studies to cyclic models in order to obtain the magnitudes 

of the Z/heteroatoe interactions. In this conection, we have reported the values of some 

these substrates is restricted since one of them is always endocyclic. Therefore, the 

conclusions established must be accepted with caution. 

Scheme 1 

In the present study we report the stereochemical and conformational study of trans- 

1,2-disubstituted cyclohexanes shown in Scheme 1. Here, both heteroatoaic functions are 

exocycl ic and their relative spatial arrangements are less restricted than in the 

heterocyclic compounds mentioned above. This fact permits, in the case of the oxygenated 

substrates, to check the validity of the magnitude of the Z/O interactions previously 

established. Moreover, some of these compounds exhibit Z/halogen interactions, whose 
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magnitude can thus be determined. To the best of our knowledge, the only earlier paper 

related to this topic refers to 3,3,6,6_tetradeuterated derivatives of corpounds 1, 2, 4 and 

57 where the magnitude of the SMe/Y (Y = OMe, Cl, Br) interactions was estimated. 

There is another question which confers additional interest on the spectroscopic study of 

these compounds. This question relates to the influence of the spatial arrangement of the 

sulfur substituents in sulfoxides and sulfones on the chemical shifts of the neighboring 

nuclei which has been established from substrates bearing the sulfur atom in an endocyclic 

acyclic position,sps but scarcely used in stereochenical studies of carlmcyclic or 

thioderivatives, due to their conformational mobility, The study of the 13C and IH-nrr 

spectra of the compounds in Schene 1 allows us to determine the scope and the limitations of 

these effects in structural studies of non-heterocyclic substrates. 

SYNTHESI 3 and NMR-SPECTROSCOPY 

Compounds l-16 were prepared by standard methods, as shown in Scheme 2. The formation of 

compound 1, from cyclohexene bromhydrin (tranp2-brorocyclohexanol)l* can be explained by 

anchimeric assistance of the hydroxy group. Similarly, the syntheses of 4 and 5 from 1 and 

those of 2, 3 and 6 from 5, all of them involving retention of the configuration at C-l, are 

baaed on the high degree of neigboring group participation of the SMe group.11 As a result, 

the total yield in the sequence 1 -542 (76%) is higher than that in the direct 0-methylation 

l-2 (62%). The 1 ow stability of iodothioether 6 (its spectroscopical study is based on 

samples generated in situ in the nmr tube) precluded the synthesis of the iodosulfoxides and 

iodosulfone. 

viii 
I viii 

8 (n=l) 

13 (n=2) 

9 (n=l) 

14 In=21 

11 (n=l) 

16 (n=2) 

*viii a SMe I 

10 (n=l) 4 7 (n=l) 6 
15 (n=2) 12 (n=2) 

i NaSMe/MeOH; ii NaH/MeI/EtzO; iii HCl(g)/CHzClz; iv HBr(g)/CHzClz; 
v AgF/HeCN; vi NaI/acetone; vii MeOH; viii NaIO4 or MCPBA 

Scheme 2 
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Sulfoxides (7-11) and sulfones (12-16) were prepared by oxidation of the corresponding 

thioethers. The sulfoxides were obtained as mixtures of diastereoisomers, epimeric at sulfur, 

whose chromatographic separation allowed us to isolate only 78 and all a epimers as 

diastereomerically pure compounds. The independent 0-methylation of 7a and 78 yielded 8a and 

88 respectively. The spectroscopic parameters of 9B, 109 and 11s were determined from a+B 

mixtures of sulfoxides enriched in the 13 epimers. 

Table 1. Low temperature 13C-nar chemical shifts (ppa) of compounds l-16 in acetone-ds. 

Diaxial .CC;onfPtmat ion 

T(K) C(1) C(2) C(3) C(4) C(5) C(6) S-Me C(1) C(2) C(3) C(4) C(5) C(6) S-Me 
--~ 

I 183 73.5 52.5 32.2 26.6 25.1 36.0 13.1 67.7 49.3 25.2 21.6 20.1 26.7 15.6 
2a) 183 85.2 50.3 31.1 26.2 24.3 32.3 15.1 77.0 45.4 24.8 21,0”)20.3”‘25.5 15.0 
3 183 97.9 49.6 31.6 25.8 24.1 33.3 15.2 90.2 45.9 =) 20.5 =) C’ 15.3 

d) 175.3 16.9 6.8 1.4 11.6 18.5 3.6 173.2 21.8 0.0 0.0 
4 183 65.1 52.3 33.9 26.2 26.2 38.5 13.2 61.3 49.5 26.1 20.2 21.4 28.4 15.4 
5 183 58.7 52.3 34.3 26.2 27.3 39.7 12.7 56.4 50.0 26.8 21.1 21.5 29.0 15.5 
6 183 38.6 52.5 33.5 26.3 28.4 41.6 11.7 38.5 51.1 27.5 21.4 22.4 29.8 15.3 
7a 183 67.9 64.9 19.9 24.9 24.6 34.1 36.4 
79 183 70.4 64.2 22.2 25.2 24.5 32.8 36.3 
8aa ) 183 77.6 63.1 20.0 24.9 24.0 30.5 34.6 
8BB ) 183 78.6 62.9 21.8 25.5 24.3 30.8 31.9 
9a 183 90.2 62.2 19.0 24.1 23.6 32.6 33.9 

d) 174.5 15.3 6.2 0.0 11.5 17.9 0.0 
98 183 88.6 60.5 25.8 24.8 =’ 32.5 36.1 

db 173,5 16.4 6.5 0.0 18.1 6.9 
10a 178 59.9 64.6 20.4 24.2 25.9 37.8 33.8 
108 178 59.7 64.2 21.0 24.7 26.4 38.4 29.7 58.0 65.3 19.8 21.9 21.0 c) 37.5 
Ila 183 53.1 64.8 21.3 24.4 27.1 39.0 34.1 
118 178 51,4 64.1 21.H 24.8 27.1 39.5 29.2 51.9 65.8 20.6 21.9 21.6 30.3 37.5 
12 183 70.1 66.2 22.5 24.8 24.5 36.0 44.0 
13*)178 79.7 65.0 22.9 25.0 24.0 30.0 44.1 
14 193 92.8 64.6 22.1 24.2 23.8 32.0 43.1 

d) 174.4 17.4 6.2 0.0 11.3 18.2 8.0 
15 183 59.1 66.9 25.8 24.4 25.8 37.7 44.0 55.9 62.2 19.4 19.7 20.8 39,6 39.6 
16 183 50.3 67.2 26.5 24.7 27.0 39.2 43.4 49.1 62.8 20.0 20.4 21.0 C) 39.6 

---_~__ 
a) Values of 6-O&; 2: 56.2 (diequatorial) and 55.6 (diaxial); 8a: 56.3; 80: 55.3; 13 : 56.0 
b, These assignments may have to he intttrchanged. c) Hidden signals. dl Values of coupling 

constants JF, C‘ 

The 13C-nmr c*hemic:al shifts for compounds l-16, obtained in ac.etone-ds tit temper-at IIRS 

below the coalescence are listed in Table 1.12 In order to facilitate comparisons, the ring 

carbons have been Identically numbered in at1 substrates, beginnIng wi! h t.hr carbon 

supporting the function Y. The flssignment of the ring carhotis were successful 1,~ made usitlg 

t.he chemical shifts obtained for ckclohexane t hloderlvat ivesI ns model and assuming the t the 

effects of the Y substituents c,n t.he c~yclcrhc~xantr rings14 are additive. Important deviations 

betwetsrl experimenta and calculated chcamical shifts werP observed for C-2 in all dicyrrat+or1nl 

conformat ions (A+1-9 ppm, illr.rrasinq wit.h the atomic number of the hcteroatom Y). 

The ‘3r-nmr chemical sh i fts observed a room temperatures are 1 isted in t~able 2. The 

assignments were: c:asils effectA based on the values in table I. Evidently, there are some 

changes j n <‘hem i c-n1 sh i f ts WII i t It temperature, even for subst rat.ps cxhi bi t inq 

monoconfornaitiona I behav i or. 
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Table 2. Room temperature 13C-nmr chemical shifts of compounds 1-16 in acetone-&. 

Comp. C(1) C(2) C(3) C(4) C(5) C(6) SMe OMe 

1 72.8 53.2 31.9 26.3 24.0 35.1 13.0 
2 83.6 50.1 30.4 25.3 23.9 31.2 15.1 56.6 
3 96.1 49.9 31.1 25.2 2307 32.4 14.9 
a) 176.1 18.2 5.2 0.0 9.4 19.4 2.2 

4 6381 52.3 31,2 24.1 24.4 35.0 14.6 
5 57.5 52.3 30.8 24.1 24.4 34.9 14.7 
6 38.5 53,5 31.1 23.2 24.3 34.6 14.6 
7a 69.4 66.2 22.1 24.1 24.5 35.4 36.4 
70 71.9 66.5 24.4 25.5 24.6 35.7 37.1 
8a 78.8 65.1 21.5 25.2 24.5 31.5 37.2 56.4 
89 77.4 63.2 23.9 25.3 24.0 30.7 35.1 55.7 
9a 90.7 64.0 20.6 24.4 23.8 32.9 36.2 

n1 174.9 15.9 6.4 0.0 11.2 18.2 2.5 
98 88.7 62.0 25.5 24.8 23.6 32.5 36.7 

a) 174.7 18.4 5.6 0.0 13.5 16.8 5.3 
10a 59.8 66.2 21.2 24.4 25.9 37.9 35.6 
109 58.7 65.8 22.4 24.1 24.3 36.1 34.0 
110 52.7 66.3 21.9 24.4 26.8 38.8 35.8 
1lB 51.1 66.5 22.9 24.0 24.9 36.3 34.4 
12 70.2 68.0 23.6 24.8 25.2 36.1 43.5 
13 80.0 66.4 23.4 25.3 24.5 30.7 44.4 56.4 
14 92.1 65.4 23.6 24.3 23.9 32.2 43.2 

al li5. I 17.1 s.5 0.0 11.6 18.6 8.1 
15 58.2 67.8 24.8 24.0 24.8 36.7 43.5 
16 49.3 67.3 26.5 23.4 26.5 36.2 42.6 
a) Values of coupling constants Jr,c 

Table 3. Kooro and low temperature IH-nmr values of compounds l-16 in acetone-&. 
Room Temp. Low Temp. 

Diequatorial conform, Diaxial conforrn.a) 
Camp. 61{(l) 6H(2) JI,Z GSMe W(l) 6H(2) Jl,z GSMe 6H( 1) 6H(2) GSMe 

---.. 

I 3.35 2.31 9.9 3.35 2.34 9.9 
2 3.07 2.57 8.5 2.08 2.86b’ 10. lb) 2.08b’ 3.27”) 2.77b) 2.03b) 
3 4.39 2.69 8.9 2.1H 4.40 2.67 10.2 2.20 4.87 3.04 
4 4.09 2.77 7.7 2.16 3.99 2.67 11.1 2.14 4.62 3.07 2.25 
5 9,3R 2.93 7.0 2.16 4.18 2.78 11.4 2.13 4.89 3.20 2.27 
6 4.60 2.98 6.8 2.15 4.28 2.78 11.7 2.09 s. 10 3.28 2.27 
7a 3,70 2.14 9.9 2.56 3.63 2.41 II ,tl 2.61 
7R 3.90 2.68 9,9 2.66 3.74 2.8k-l 2.69 
8a 3.26 2.#10 10.2 2.49 3.22 2.45 2.56 
80 :1 . 4 3 2.72 9.0 2.59 3.31 2.92 2.54 
9a ‘l.ti2 2.70 IO.4 2.56 4.56 2.70 10.6 2 55 \ 
90 2.65 4 I 94 3.02 2:65 
10a 3 * 09 2.ti4 10.8 2,51 4.11 2.75 1 I.1 2.60 
1013 4. :I0 3.06 8.9 2.51 4.11 3.27 2.52 4.84 2.69 
1 la .I.25 2.7H 10.H X.51 ?.i!Ij 2.86 11.8 2.59 
I1U *I . 4 9 3.14 7.8 2.54 .I.25 3.40 11.6 2.51 5.04 Z.R5 
12 3.78 2.90 9.9 3.02 3.75 3.04 3.16 
13 :1 . 3 6 2.9f-i 10.2 2.95 
14 1.74 3. 30 IO. :i 2.95 4.72 3.43 to.3 3.04 
15 3.31 :1.*10 R.H 3.11 4.23 3.57 3.28 5. IR 3.76 
16 4.66 3,5.1 7.6 3.12 4.30 3.70 3.32 5.X, 3.81 3.32 

-- --F_---_..- _. .__ . .-.--.--.-. .-.__. _._ .__- _ __- I .-_.-_- -__ -.-_ 

a) ,11 ,2 could not be rbLr-rmined in any ~nse, b1 In CS2 
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In table 3 are listed “H-nmr data,in acetone-&,for compounds 1-16, obtained at room 

and low temperature. The values of Jl,z were obtained by first order analysis. Here also, the 

chemical shifts and coupling constants change slightly with temperature, even in those 

compounds which exhibit monoconforaational behavior. In these cases, the observed changes 

must be due to the different population of the rotamers around the C-S bond. 

STEREOCHEMICAL AND CONFIGURATIONAL STUDIES 

The configurational assignment of the sulfoxide epimers can be made taking into 

account, , the ~-gauche effects of the sulfur substituents on C(1) and C(3). The magnitude of 

these effects, strongly dependent on configuration, was determined in cyclic substrates.s The 

oxidation of thioethers to sulfoxides leads to additional shielding of the carbons in a- 

position with respect to the sulfur atom, which is greater (11-13 ppm) when there is an anti 

relationship between the lone electron pair at the sulfinylic sulfur and the pertinent carbon 

than in any other relative stereochemical position (4-6 ppm).b 

Table 4. Lou temperature values of A6 f= Gsone(or 6so,ne) - Gsnej for C( 1), C(3) and Me(S) in 
compounds 7- 16, 

Y Comp. AK(l) ASC(3) AGMe(S) Camp. A&Z(l) A&Z(3) AGMe(S) 
_ _._-- -. 

OH 7a (78) -5.6(-341) -12.3(-10.0) 23.3(23.2) 12 -3.4 -9.7 30.9 
F 9a (9D) -7.7(-9.3) -12.6 (-5.8) 18.7f20.9) 14 -5.1 -9.5 27,9 
OMe Ba (8l3) -7.6(-6,s) -11.1 (-9.3) 19.5( 16.8) 13 -5.5 -8.2 29.0 
Cl lOa( IOD) -5.2(-5.4) -13.5(-12.9) ZO.S(l6.5) 15 -6.0 -8.1 30.8 
Br lla(1113) -5.6(-7.3) -13.0(-1205) 21.4(16.5) 16 -8.4 -7.8 30.7 

____ _-- --... ______ 

Table 4 shows the value uf A6 (fisulfoxlde - bhloether) f’or C(1) and C(3) in the 

diequatorial conformation of the sulfoxides. As can be seen, A6-C(3) is q arkedly greater than 

A&C’( 1) in all compounds (except 981, This indicates thaL the lone pair adopts mainly the 

1,3-parallrl arrangement. with respect to Y ((*onformations A in Fig. 1) and therefore an anfi 

:. t4 e 

. . 

BB 
0 

Ci3 

Fig. 1. Rottimers :lrolrtul LIIc, c’-S t~onri for dicqualnriul ronformations t)l’ sulfoxides 7-11. 

In the eplmeric pairs of’ 
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suggesting that the upfield shifting steric compression effect on the sulfinyl methyl group 

is larger in the latter. Taking into account the geometry of the A conformation, depicted in 

figure 1 for each epimer, the configuration assigned to the B epimers must be that placing 

the methyl group in 1,3-parallel arrangement with respect to the axial hydrogens on C(1) and 

C(3) [the a epimers only exhibit one (Me/H)1,3-p.r.lle> interaction]. 

The difference between the values of 6-H(2) observed for a and B epimeric sulfoxides 

(table 3) is in agreement with this assignment. H(2) is more deshielded (0.5-0.6 ppm) in the 

I3 epiners than in the a ones. Taking into account the results obtained by Lett and Market,g 

the oxidation of thioethers to sulfoxides should induce a strong deshielding effect on H(2) 

only when its stereochemistry is similar to that of conformations Ba and A6 (fig. 1). In any 

other arrangement (antiperiplanar to the oxygen or to the lone electron pair at sulfur) this 

proton should undergo a slight shielding effect. According to the 13C-nar data discussed 

above, in the a epimers of sulfoxides 8, 10 and 11, the Aa rotaners must be predominant, 

whereas in 0 diastereoisoaers the conformation favored is AB, and therefore the latter 

isomers must exhibit a greater deshielding effect for H(2). 

In the case of fluorosulfoxides 9a and 99, the values of ~JF,H of S-Me, which are 

strongly distance dependent,15 may be used to confirm the configurational assignments 

established from the 13C-nmr parameters. Here, the relative values of A&C(3) and AS-C( 1) 

(table 4) suggested that Aa must be the favored conformation for 9a, whereas for 98, the only 

compound in table 4 exhibiting a larger upfield shift value forA&C(l) than for A&C(3), the 

most populated rotamer must be BB (see above). The high value of 5J~,~ of SMe for 98 (6.9 Hz) 

suggest a close distance between the two coupled atoms, which is only possible when they 

adopt an 1,3-parallel arrangement as in B8. By the contrary, the value of the long range 

coupling constant for 9a is scarce or none, suggesting a large distance between the coupled 

nuclei, which is in agreement with major participation of the Aa conformation (fig. 1). The 

fact that only epimer 9(3 exhibits a high population of the rotaaer with (Me/Y )I ,3-p 

interaction, can be explained in terms of the smaller size and higher electronic density of 

the fluorine atom, which leads to a lower steric repulsion and a higher electrostatic 

attrnction16 in its interaction with the methyl group. 

Since A6-SMe is identical for both hydroxysulfoxides 7a and 7l3, (probably due to the 

effect of hydrogen bonding on the chemical shifts) the configurational assignment of these 

compounds cannot be established using the above approach. In this case, the relationship 

between the relative configuration of hydroxysulfoxides and their trend to form inter or 

intramolecular hydrogen bonds, may be used to make the assignment. In table 5 are shown the 

values of &H(l), 6H(2), 6-OH and J~,oH at different concentrations in CDC13 at room 

temperature. Thtb fact that the values of &OH and J~,oH observed for 713 reaain almost 

constnnts with dilution and the low value of this coupling constant, are characteristic of 

strong intramolecular hydrogen bonding. 1 7 In contrast, the decrease of &-OH with dilution, 

observed for 7a, aild its higher value of J~,oH’? suggest the existence of intermolecular 

hydrogpn bonds (which disappear with dilution) in this epiaer. The same behavior has been 

fouled jr, other ryimeric pairs of acyclic hydroxysulfoxides previously studied.I& In those 
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compounds it was clearly demonstrated that intramolecular hydrogen bonding take place in 

those diastereoisomers that have different configurations at the hydroxyl carbon and sulfur 

atoms (R’S* ) , whereas the intermolecular association was characteristic of the epirers with 

the same relative configuration of both chiral centers (R*R*). The same rationale, applied to 

the cyclic coapounds 7a and 78, gives the configurational assignment shown in figure 1. The 

configurational correlation established by chemical methods between the hydroxysulfoxides, 7a 

and 7D, and their corresponding q ethoxy derivatives, 8a and 80, reinforces the assignments 

made by applying, in each case, of one of the two mentioned criteria. 

Table 5. Influence of dilution on the ‘H-nnr parameters (6 in ppm and J in Hz) of 7a and 713 

102.c 7a 78 
(mol 1-I) 

6-H( 1) 6-H( 2) 6-SOMe &OH J~,oH 6-H(1) 6-H(2) 6-SOMe &OH JI ,OH 

50 3.87 2.50 2.63 4.72 4.1 4.05 2.64 2.70 4.98 1.5 
15 3.98 2.57 2.63 4.26 3.5 4.08 2.66 2.70 4.95 1.2 
3 4.01 2.63 2.63 3.92 2.9 4.09 2.66 2.70 4.95 1.2 
0.3 4.08 2.70 2.64 3.67 2.6 4.09 2.66 2.70 4.95 1.1 
0.05 4.08 2.68 2.64 3.63 2.5 4008 2.65 2.70 4.95 1.2 

It is interesting to note that the favored conformation of 7a is Aa, in which 

intramolecular hydrogen bonding is not possible. The predominance of this conformation may be 

explained in t,erns of the r-G(Y) -do(S) stabilizing donor-acceptor interaction proposed in 

previous studies,qslg This interaction may be responsible for the greater participation of 

the Aa conformation in all the a epimers, as compared with that of A6 conformation in the 6 

epimers, and hence for the higher value of AS-C(3) observed for the former (see Table 41. 

Fig. 2. Rot.amers ;iround the C-S bond for the dieyuatorial conformations of sulfones 12-16. 

The l”C-nmr data of sulfones provided useful information about the conformational 

equ i 1 i bris mound the C-S bond. The T-SOz effect is always shielding, but, iLs value is 

markedly higher t 10 ppm) when the carbon nucleus under consideration [C(l) or C(3) 1 is in R 

gaurhe arrangement, with respect to both sulfonyl oxygens. III any other possible arrangement 

this shielding is lower (3-5 ppm), as has been reported for cyc 1 ic compounds. & Taking in to 

account. this criterion and the dnLa of‘ table 4, one can deduce that conformation A’ is morcb 

populous than R’ ( f iq 2) i n al 1 sul fonrs except. the bromosu I fone 16. 4s shown in table 4, t.he 

values of AS-C(l) Increase and those of A6-C(3) decrease as Y changes in the series F, UMe, 

Cl, Br. This behavior is reasonable taking into accolult. that Lhe electrostfit,l<* reyltlsion (Yb- 

/Oh- 1, wh i (:I1 destabi 1 i zes B’ , decrease in the sense of the above series and that, the 

IMc/Ylr.3-p interaction, preschnt In A’, is larger when the van der Waals radius of Y 



1 3 

2 

3 

4 

5 

6 

3 
2 
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4 
7 
4 
4 
2 
1 
2 
6 
4 
3 
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7 
7 
6 
7 
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6 
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1.27 + 0.01 
>1.50 

1.40 f 0.01 
1.13 2 0.01 
0.47 + 0.04 (0.43 t 0.17)*, 
1.08 f 0.05 
0.62 2 0.09 
0.51 ? 0.01 
0.82 + 0.04 
1.43 f 0.04 

1.24 
1.15 f 0.08 

-0.22 + 0.04 (-0,03 ? O,OE)*) 
0.36 2 0.01 
0.08 f 0.01 
0.13 2 0.01 

-0.61 -I 0.06 (-0.28 2 0.09)eJ 
0.07 ? 0.02 

-0.23 2 0.03 
-0.21 ? 0.03 
-0.68 2 0.03 
-0.01 ? 0.04 
-0.26 ? 0.01 

,1,50 
>I.50 
>1.50 
>I,50 
>1.50 
>1,50 

B,C,Df ) 188 >1.50 
B 188 0.64 + 0.03 
C 183 0.83 + 0.02 
D 178 0.58 f 0.01 
B,8’C,D IHS > 1150 
B 188 0.38 k 0.01 
(:’ 183 0.59 + 0.115 
0 178 0.36 + 0.01 
I\,(-,I) 178 >I.50 
B,(‘,D 178 >I.50 
8 * c: , I> 193 >1.50 
H 1HH >I.50 
(.’ 1 H3 1.52 2 0.10 
D 183 1.15 + II.05 
H 1 H3 0.92 * 0.W 
c 183 0.32 + 0,OH 
I) 1 H3 0.00 ? 0.02 

..__ -- .._. --.--__. -- _ --..-_ ..- _ - -- - ---- ------ 
a) Sol~c~nt A is C-G2; H, (‘Ik(:lz; (‘, CDJOD; D, tics-Lone-&. bJ Number of SI$II>LI pairs irl Lhlb 

L:j(~‘-rrmr spwt.rum usvtl to evnli~~t~ K. (‘ ) Dt~fincd tis IdieyuRtoriHll:I(tiR~ii~l 1. d, Dlaxial 
wr8form;itioh is trot. observed. C 1 DiitIl from ref(~rence 7. f, Solvent D, ‘T=L’7SK. 8’ S~>Ivwrt 13, 

I’= 1 H8 K . hlt’rcj~wrt ion of thc~ axr~l c:orlfornat IOII too low to obtain a more re11nl)le val~le TOI+ K. 

7a 
70 
8a 
80 
9a 
90 
10a 
108 

A 
B 
C 
D 
A 
8 
C 
D 
A 
6 
c 
D 
A 
B 
C 
D 
A 
B 
c 
D 
A 
B 
D 
C , D 
C,D 
D 
D 
D 
1) 

183 
183 
183 
183 
183 
183 
188 
178 
183 
188 
188 
188 
183 
183 
188 
183 
183 
183 
188 
183 
183 
183 
183 
183 
183 
183 
183 
183 
183 

lla 
11s 

12 
13 
14 
15 

16 

29.07 f 0.72 
dJ 

45099 2 1.64 
21.92 f 0.59 

3.59 & 0.42 
19.24 f 1.60 

5.60 i 1.36 
4.20 2 0.15 
9.00 ? 1.23 

50.08 + 5.28 
27.0 

21.47 2 4.41 
0.54 2 0.06 
2+66 2 0.09 
1.24 2 0.05 
1.41 + 0.05 
0.19 2 0.03 
1.22 2 0.06 
0.54 ? 0.05 
0.57 * 0.0.5 
0.16 ? 0.01 
0.98 2 0.13 
0.49 ? 0.02 

d) 
d) 
d) 
d) 
dl 
d) 

dl 

5.53 ? 0.38 
9.52 ? 0.60 
5.18 2 0.05 

d) 
2.74 f 0.05 
5.00 + 0.63 
2.74 2 0.10 

d) 

d) 

dJ 

d) 

65.10 ? 18.5” 
23.37 ? 3.00 
11.72. + 2.34 
2.42 + 0.55 
1.00 * 0.04 
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increases. Therefore, conformation A’ should be most populated in fluorosulfone 14. The high 

value of ~JF,H of S-Me observed in I4 (8.0 Hz), confirms that the two coupled atoms are very 

close in the major conformation (A’). 

Table 6. Conformational free energy of the compounds 1-16 

- __. - ----- 
Signals 

Camp. So1v.a) T(K) measuredb) KC ’ -AGo (kcal/aol) 
-..- 
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Finally, it should be noted that 6- 13C values which lay be deduced from Table 2 (room 

temperature) are much lower than those of Table 4 (low temperature). This should be the 

result of averaging rotation around the C-S bond with increasing temperature. Therefore, the 

conclusions drawn in this work from the study of cyclic sulfoxides may be applied to related 

acyclic substrates if, and only if, they are studied at temperatures close to 173K. 

Otherwise, the conformational analysis would be less satisfactory. 

CONFORMATIONAL STUDIES 

Equilibrium constants and free energies for the conformational equilibria of compounds 

l-16 in different solvents are given in table 6. They were obtained by integration of the two 

signals corresponding to each carbon nucleus in the ‘SC-nmr spectra recorded at temperatures 

below coalescence. The K value listed in table 6 is the arithmetic mean of the values 

obtained for each one of the pair of signals that could be used for each compound. The number 

of carbon studied20 and the standard deviation respect to the arithmetic mean are also 

indicated in the table. 

The reliability of this method used to calculate K is satisfactory for values of K<50 

@Go<-1.5 Kcal/mol), The low solubility of sulfoxides and sulfones in CSz has precluded the 

use of this solvent. Taking into account that the K value in acetone-d6 is always smaller 

than in CDzClz and CDaOD, substrates in which the diaxial conformation could not be detected 

in the former solvent, were not studied in the two latter. 

The values of OG” in CSz for compound 2, 4 and 5 had been reported below.7 Only in the 

case of compound 2 is there good agreement between the data previously reported and those of 

table 6. In order to determine the reliability of our data, obtained by integration of the 

13C-nnr signals at low temperature, we recorded the ‘H-nmr spectra of compounds 4 and 5 at 

the same temperature in acetone-d6. The integration of signals corresponding to H(1) and 

H(2), gave values of Go almost identical to those shown in table 6 (AGO{ 4)=-0.12 f 0.01; 

AGa (5)=-O. 22 f 0.01). The disagreement between our data and those of Zef irov’ may be due to 

the fact that the coupling constants J1,2 (the basis of the Zefirov study) are slightly 

temperature dependent (vide supra), probably due to the influence of the temperature on the 

composition of the conformational equilibrium around the C-S bond. This fact, observed in 

some of our compounds which are n onoconformational, as far as the cyclohexane moiety 

concerned, would introduce small errors in the values of AC0 estimated by Zefirov. 

Table 7. A values for the Y and Z groups of compounds 1-16 

A value(kcal/mol) Ref. A value(kcal/aol) Ref. 
---. 
OH 0.92 f 0.05 21,22 Br 0.48 2 0.03 21,22 

(1.04 in CD30D) 21 I 0.45 f 0.03 21,22 
OMe 0.57 2 0*03 21,22 SMe 1.00 f 0.05 13 
F 0.26 + 0.03 21,22 SOMe 1.20 f 0.05 13 
Cl 0.52 + 0.03 21,22 SO2Me 2.50 + 0.05 13 

is 

The A values (-AGO) for the Y and Z groups supported by coapounds 1-16 are collected in 

table 7. For OMe, F, Cl, Br and I we have use the A values reported in reference 21, which in 



5658 
hf. c. CARRENO et al. 

agreement with those published by Hirsch l ** In the case of OH, in which the agreement of both 

reportsZ1*22 is less than good, we have used the Hirsch’s values.22 Ae a results of this 

disagreement, the validity of the conclusion obtained for alcohols is lower. For the sulfur 

functions, we have used the values adduced by Eliel .13 Although it has been postulated21 that 

in the case of halogens the A value is not solvent dependent, we consider that it may be 

modified to sane extent by the great ability of CDsOD to solvate all the groups presents in 

our compounds. Therefore, the data obtained using this solvent must be accepted with caution. 

From the values of ACO(table 6) and A (table 7) it is possible to estimate the value of 

the (Z/Y)gaucba interactions, using the equation shown in table 8. The term AGO(Z/Y) must 

contain steric and electrostatic components. The latter should reflect the differences 

between dipolar interactions of both groups in gauche (diequatorial conformation) and anti 

(diaxial conformation) arrangements. 

The data of table 8 show the strong influence of the solvent on the value of the 

(SMe/Y)gfluche interactions. These data do not allowed to establish a good correlation between 

such influence and the polarity of the solvent. One of the factors that must contribute to 

the destabilization of the heteroatomic functions in gauche arrangement is the repulsion 

between the dipolar moments C +Y and C-4, which should be greater in sulfoxides and sulfones 

than in thioethers. Such repulsion ought to diminish with increasing dielectric constant of 

the solvent and thus produce a decrease in the AG’value for the corresponding interaction. 

With very few exceptions, this behavior is observed when the data obtained in CS2, acetone-& 

and CD3OD are compared. However, the data in CDzCl2 show anomalous behavior, since the 

(SMe/Y)pPuche and the (SOzMe/Y)g l ucb. interactions are markedly lower than those observed in 

other, more polar solvents. Since the influence of CD2Cl2 on the A values of the groups 

involved in the interactions should be negligible, the equation shown in table 8 suggests 

existence of a specific stabilizing interaction between this solvent and the gauche 

arrangement of the groups in the diequatorial conformation of the cyclohexane ringezs 

Comparison among the values obtained for the (SMe/halogen)gauche interactions, shows 

that they increase when the size of the halogen increases (steric effect). However, there is 

a large difference between the values for F and Cl, which suggest the presence, in the 

chlorothioether, of a destabilizing factor which does not exists in the fluoroderivative. The 

lone pair/lone pair repulsion between the occupied orbital9 of chlorine and sulfur 

constitutes a good explanation for this additional destabilization which, because of the 

small size of the fluorine p-orbitals, should be absent in the case of fluorothioether 3. 

This effect between large heteroatoms has been previously formulated by Zefirov as the basis 

of the repulsive gauche effect.’ On the other hand, it is also reasonable to assure the 

presence, in the fluorothioether, of an attractive gauche effect, related to that observed 

for the (F/I)aa~che interaction,’ which would stabilize the (F/SMe) gauche disposition and 

thus, would explain the small AGo value observed for 3, which actually becomes negative in 

CDzCl2 l This effect, plus the repulsive gauche effect postulated for the (MeO/SMe) 

interaction7124 can explain the large observed differences (0.65-0.95 kcal/mol) between the 

(We/F) and (SMe/OMe) interactions. These differences are larger than what one would expect 

based on steric considerations alone. 
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day be easily explained 

only in the former when 

obtained from Eq. fll 

The differences between hydroxy and aethoxythioethers (I and 2) 

on the basis of stabilizing intramolecular hydrogen bonding, possible 

CS2 and CD2Clz are used as solvents. 

Table 8, Values of the fZ/Y)a auche interaction [ ~~(2~Y~ in kcal/aolJ 

I. 

LIZ&L-,., 
Y 

AG*(exp) = 4C”{Z/Y) - Ay - AZ Equation 111 

. . . ___.- - --.- ---.- _. 

2 Y CSi! ketOIIe*d6 CD3OD CDzCl2 

SMe OH 0.68 f: 0.16 0.82 ?: 0.16 0.55 ? 0.16 ( 0.45 
F cl.44 + 0.14 0.11 !: 0.14 0.02 i 0.18 -0.17 + 0.11 
OMe 1.11 23.14 1.06 + 0.09 0.95 t 0.21 0.49 + 0.13 
Cl 1.75 t 0.15 1.40 f; 0.10 1.44 f 0.10 1.16 f 0.10 
Br 2.09 ?z 0.18 1.69 r: 0.12 1.71 + 0.13 1.41 f 0.12 
I 2.13 rt: 0.12 1.74 +‘o*lo 1.46 ? 0.14 

SOMe OH < 0.65 c 0.65 
F <-0.04 
OMe < 0.27 
c;I < 0.22 ( 0.22 
3r < 0.18 < 0.18 < 0.18 

SOMe OH < 0.65 < 0.65 
F <-0,04 
OMe ( 0.27 
Cl 1.14 + 0.09 0.89 * 0.11 1.08 + 0.11 
Br 1.32 + 0.09 1.09 + 0.14 1.31 2 0.09 

so2 He OH ( 1.95 < 1.95 < 1.95 
F < 1.26 < 1.26 < 1.26 
OMe < 1.57 c 1.57 < 1.57 
Cl 1.87 t 0.12 1.50 -+ 0.18 < 1.52 
Br 2.98 + 0.10 2.69 ? 0.17 2.03 2 0.15 

- ___ ..- --- -_..-...---- 

In those suifoxides where the gauche interaction can be assessed (Y=Cl or BrJ , R 

relationship between the relative configuration at sulfur and the magnitude of the 

(SOMe/Y)gauchc interaction is evident. In the other sulfoxldes, this relationship, if extant, 

cannot be seen because the compounds in quest ion are mon~~;olIformat ionaf in both SO 

configurations. d similar relationship has been previously found in acyclic compounds and 

explained in terms of the stabilizing 112-d O donor-acceptor interactions between the occupied 

p-orbitals of the heteroatom and the unoccupied d-orbitaks on sulfur, which are suitably 

orjentqad only in the case of the Q epimera.4*i9 However, in none of these cases had the 

nngnitude of such interacetions been determined. From the data of table 8 it can be computed 

that the value is >0.92 kcal/mol for chlorosulfoxides and P1.14 kcal/tnol for bromosulfoxides 

{both in acetone-& ). [The values cannot be determined more accurately because the a epimcrs 
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are q onoconformational}. A lower value (0.3 kcal/mol) was found for this interaction in the 

case of l&oxygenated sulfoxides (3-•ethylsulfinyloxanes4). This is in agreement with the fact 

that the interaction should be stronger when the energies of the orbitals involved (~2 on Y 

and da on sulfur) are aore closely matched. 

Comparison of the AGO values of thioethers and sulfoxides shows that the (SOMe/Y) 

interaction is less destabilizing that the (SMe/Y). The two values become closer as the size 

of Y increases (In acetone-&, AGo >O.79 kcal/nol for Y=OMe , while AGo = 0.3 kcal/mol for Y 

= Cl and Br). This result agrees with the existence of a electrostatic attraction between Y 

and the electron deficient sulfinylic sulfur (postulated by Eliel in the case of O-oxygenated 

sulfoxides16) that does not exist in thioethers. In addition, the repulsive gauche effect is 

lower in sul fox ides than in thioethers, as a consequence of the smaller size of the 

sulfinylic sulfur orbital containing the unshared electron pair, 

Finally, the chloro and bromosulfones have an appreciable population of the diaxial 

conformation (table 6), presumably as a consequence of the high value of the (SOzMe/Y)gauche 

interaction when Y = Cl and Br (table 8). When the heteroatom is 0 or F, the results obtained 

in other series314 indicate that the (SOzMe/Y) interaction is less destabilizing than 

(SMe/Y), despite the larger size of the SOzMe group compared to SMe. The electrostatic 

attraction between Y and the sulfnnyl sulfur (the two atoms bear electronic charges of 

opposite sign) nay explain this behavior. In those compounds in which Y = 0 or F, the methyl 

group, which may delocalize some of the positive charge on the sulfonylic sulfur,t6 adopts a 

l,3-par,qllel arrangement in relation to the heteroatom. In chlorosulfone 15 the large size of 

chlorine makes this arrangement. is less favorable. in this case, AG”(SOzMe/C1) becomes 

greater than AG”(SMe/Cl). However this difference is small enough to suggest that 

electrostatic attraction almost compensates for steric destabilization. Finally, in the 

bromosulfone 16, the methyl group cannot adopt a 1,3-paraIlel arrangement with respect to the 

bromine atom, since the distance between both groups would be lower than the sum of their Van 

der Waa t 9 rad i i . Thus, the (SOzMe/Rr) interaction is markedly larger than the (SMe/Br) one 

(see table 8). 

r*ount.erweight , to al low IJS to complete the evaluation of the Z/Y interactions. 

presently study i ng cyclohexane derivatives containing an effective 

EX PEKI MENTAL 
Gr*neral. Si I ica gel used in chrwaatography was MercK F-254 (TLC) or 60 (70-230 mesh) (flash 
c*hromat+ography ) , Mel t.ing points were determined on a Btichi 594392 type S apparatus in open 
capi 11 m-y tubes and are uncorrected. Eleaent.al microanalyses were performed by the lnstituto 
& Qulmic*n OrgAnica (CSIC) in Madrid kit.h a Perkin Elmer model 240 analyzer. IR spectra were 
ohtain~d under the c:nndi Lions spec’ified for each compound on a Pyr Unicam SP-1100 or Phil iys 
P11 !)700 spectrometcars. Mass spectra were rlacorded on a Hewlett Packard 5985 spectrometer with 
electron impact (70 eV1 (‘tr c*ttemical ionization (Cl, methane as ionizing reagent) ionization 
modtas, Mass t1nt.n are rtzport rrl irl mass unit (m/z) and the values in brackets indicate the 
lnt.ens I t.y reLat.ivrs to the base peak (as 100%). Proton and c;irhon NMR spectra were recorded on 
?I Hrllket WP-ZOO-S\i irist rtrmclit a11d s11 i f t s are report.ed in ppm downfield from internal 
tetrnmtat.hyIsi I;~II(~. Diaslf?ryomrr ratios were PstabI ished from thr ‘H-NMR spectra of the crude 
reacI.ioII mitlurr,s by infegral.iorl of wt)ll scsyarated signals of each isomer (CHX or CH3S). Data 
ot’ Ej-lsomrbrs of’ 9, 10 atid 11 wrre oht_nirlf:d from at13 mixtures. Ouldation of thioethers l-5 to 
su I 1‘1)x i tlrs 01‘ Sll 1 fT~lI~‘S W(‘T6’ (.nrried out Kit h sod i urn met.:lperlodate (Method A) or m- 

r.tll(~rollt,rc)x?.IJenzr,i(: ~(:id (Mel.hod R) folIowing t hc llroct>durcs previously describpd.4 125 
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trans-2-Methylthiocyclohexanol (1) 
To a solution of 20 g (110 mmol) of trans-2-bronocyclohexanol in 60 ml of dry methanol 

52.11 g (130 q aol) of a 18% methanolic solution of sodium rethylsulfide were slowly added. 
The reaction mixture was stirred overnight at room temperature , quenched with 300 ml of water 
and extracted with methylene chloride. The extracts were dried and concentrated to dryness 
and the resulting material was distilled at reduced pressure (63%). Physical constants and 
spectroscopic data agreed with those previously reported.*0p26 

trans-l-Methoxy-2-methylthiocyclohexane (2) 
A solution of 2.1 g (10 mmol) of 5 in 5 ml of dry methanol was stirred at room 

temperature for 2 h, The solvent was evaporated and the residue distilled at reduced pressure 
to afford 1.5 g (93%) of compound 2, bp f38-900/2 mmHg. Spectroscopic data agreed with those 
previously described?. Compound 2 was also obtained from 1 (62% yield) by reaction with 
methyl iodide/sodium hydride in diethyl ether following Kondo’s procedure.z7 

tram-l-Fluoro-l-methylthiocyclohexane (3) 
To a solution of 2 g (9.61 anal) of 5 in 5 ml of dry acetonitrile 1.3 g (lo.2 mmol) of 

silver fluoride were added. The mixture was stirred at room temperature for 2. h and 
concentrated t,o dryness. The resulting material was extracted several times with hexane and 
the extracts were concentrated to afford 1.3 g (93%) of 3 as a colorless oil which was 
purified by bulb to bulb distillation. Distillation temperature 95-1000/18 nmHg. m/z 150 
(4.1), 148 (74.2), 100 (55,6), 87 (loo), 85 (56.3), 81 (79.41, 80 (75.71, 79 (38.11, 72 
(52.8), 59 (62.1); 6 (CDC13) 4.43 (ddt, IH, 49.0, 4.3 and 9.1 Hz), 2.78 (m,lH), 2.33 (d,3H, 
1Hz), 2.30-1.20 (m, HH); 0.a~ (film) 2965, 2880, 1455, 1370, 1035 and 960 cm-l. 

tram-2-kthylthlo-Z-chlorocyclohexane (4) 
To a solution of 2 g (1.7 mmol) of I in 20 ml of methylene chloride, 3.26 g (26 mmol) of 

thionyl chloride was added dropwise. The resulting mixture was stirred for 30 q in and then 
washed with 10 ml of cold water. The organic layer was dried and evaporated to dryness to 
yield 2.OR g (93%) of 4. Physical constants and spectroscopic data are in agreement, with 
those described.?*1° 

A stream of hydrogen bromide was bubbled through a solution of 4 g (26 mnol) of 1 in 50 
ml of q ethylene chloride unti 1 the starting product disappeared (tic). The hydrogen bromide 
was neutralized wi t.h sol id sodium hydrogen carbonate. The reaction mixture was filtered, 
dried and evaporated to dryness affording 4.7 g (82%) of spectroscopically pure 5. 
Spectroscopic data agrccfd with those previously rlest*ribed.7 

To an ice cooled solut.ion of 3I) mg (0.14 mmol) of 5 in I ml of acetoni>-& 25 mg of 
sodium iodide were added. Tht! mixture was st,irrod at O” for .i min and flltered. It decomposes 
rapidly on standing at, room temperature. 6 (acetone-rlc) 4,61 (dl,, ltt, 3.7 and 7.0 Hz), 2.98 
(dt, 1H, 3.7 and 6.4 Hz), 2.15 (s,311), 2.40-1.30 (m,8H). 

It was obtained from 1. Method A: 91% yield, 7a/7U ratlo 55/45. Method B: 75% yield, 
7a/7D rat. io 15/85, Chromatographic separation of both diastereoisomers was achieved using 
chloroform/methanol 10/l as pluent. More polar isomer (7a): white solid, mp 98-W” (from 
toluene), m/z 162 (5.0), 145 (1.8), 99 (:U.2), 81 (100); 6 (CIH:LJ) 4.72 (d,lH, 4.1 Hz), 3.H7 
(m,lH), 2.63 (s,ZH), 2.50 (m,lHI, :!.21)-1.20 (m,8H); 9 l ax(ku~ol I 32H0, 1130, 1070, 1010 and 
965 cm- I. LPSS polar diastcbrcisomer (7lJ): while solId, mp 5U-52O ( f ram Lolrlene-ethy 1 
iicetate). m/z Iti2 (5.i)), 145 (5.41, 9Y 1:‘(5..;1, H1 (100); 6(c’I)C’13) 4.95 (ti,tH, I,:! Hz), J.O’i 
(m, lH), 2.71 (s,3H), 2.67 (m, ]I{), 2.2fl-l.‘lu (m,HH);3 max(NIIJoi) :+.itifl, ll:j(), 1080, 102(1 and 
960 cm-‘. 
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tram-I-Methoxy-Z-methylsulfinylcyclohexane (8a and 86) 
Oxidation of thioether 2 with sodium n etaperiodate (method A) afforded an equiaolecular 

mixture of 8a and 88 in quantitative yield. Separation of 8a and 88 was not possible, 
Diastereonerically pure 8a and 80 were obtained from 7a and 78 respectively as follows: 
To a solution of 160 mg (0.98 amol) of hydroxy compound, 250 rg (2.00 mmol) of dimethyl 
sulfate and 25 n g (0.07 n mol) of tetrabutylammoniur iodide in 4 ~1 of l ethylene chloride 0.5 
ml of an 50% aqueous solution of sodium hydroxide were added.The resulting two-phases system 
was vigorously stirred at roolt temperature for 4 h and then 1 ml of ammonium hydroxide 
solution (20%) was added+ Stirring was extended for 30 min. The resulting mixture was diluted 
with 30 ml of methylene chloride and washed with water (2 x 10 ml). The organic layer was 
dried and evaporated to give the corresponding 8a or 86 as a colorless oil. 
Diastereoisomer 8a: 87% yield. a/z 113 (27.1), 81 (loo), 45 (87.6); 6 (acetone-ds) 3.34 
(s,3H), 3.26 (dt, lH, 4.1 and 10.3 Hz), 2.49 (s,3H), 2.40 (ddd, lH, 4.2, 10.2 and 11.8 Hz), 
2.10-1.04 (a, 8H); Q.ax (film) 2950, 2880, 2840, 1460, 1200, 1120, 1100 and 1040 cm-l * 
Diastereoisoner 86: 79% yield. m/z (CI) 177 (loo), 145 (5.0), 113 (43.7); G(acetone-ds) 3.43 
(dt, lH, 4.5 and 9.3 Hz), 3.31 (s,3H), 2.73 (ddd, lH, 4.0, 9.2 and 11.0 Hz), 2.53 (s,3H), 
2.20-1.10 (m,8H);3.,, (film) 2940, 2860, 2830, 1450, 1190, 1115, 1095, 1035 and 930 cwl. 

Pans-1-Fluoro-2-methylsulfinylcyclohexane (9a and 913) 
The fluoro-sulfoxide was obtained from 3 (method B) as a mixture of 9a and 96 in a 

SO/SO ratio (quantitative yield). Flash column chromatography (eluent nethylene 
chloride/methanol 10/l) allowed the isolation of diastereomerically pure 9a (colorless oil). 
93 was contaminated with a 30% of 9a. Diastereoisoaer 9a: a/z 166(0.8), 164 (10.4), 149 
(6,8), 101 (7.1) 100 (3.7), 99 (13.3), 81 (loo), 63 (7.8), 59 (20.9); G(CDCI3) 4.64 (ddt, 
lH, 48.3, 4.8 and 10.3 Hz), 2.64 (d, 3H, 0.8 Hz), 2.60 (m, lH), 2.40-1.20 (a,8H); Q.rx(film) 
2940, 2860, 1455, 1365, 1205, 1195, 1135, 1115, 1055-1020 and 950 cm -I. Diastereoisomer 98 
(with a 30% of 9a). m/z 166 (1.7), 164 (21.0), 101 (11.3), 81 (loo), 63 (37.4), 59 (25.0); 6 
(CDC13) 4.97 (ddt, lH, 48.6, 5.1 and 9.8 Hz), 2.71 (d, 3H, 1.5 Hz), 2.68 (m, lH), 2.20-1.10 
(a,8H);‘3ma~(film) 2940, 2860, 1455, 1025 and 955 cm-l. 

tram-I-Chloru-Z-methy1suIfinylcyclohexane (10a and 108) 
The isomeric mixture was obtained from 4 (method B) in 98% yield (a/B 61/39) + Isomer 

10a was separated as a white solid by crystallization from hexane, rap 85-87O. Evaporation of 
the mother liquors and column chromatography (eluent aethylene chloride/methanol 10/l) of the 
residue afforded a 60/40 mixture of 108 and 10a (colorless oil). Diastereoisomer 10a: m/z 182 
(2.2), 180 (5.81, 117 (4.0), 81 (loo), 79 (26.2), 64 (10.81, 63 (5.0); 6 (CDCl3) 4.09 (dt, 
lH, 4.4 and 10.8 Hz), 2.58 (s,3H), 2.54 (m,lH), 2.15-1.30 (m,8H); 9.a~ (KBr) 2990, 2960, 
2930, 2850, 1445, 1430, 1410, 1310, 1030, 980, 965 and 735 cm-l. Diastereoisomer lOI (with 
40% of 10a): m/z 182 (3.0), 180 (8.5), 117 (6.51, 81 (loo), 79 (53.11, 64 (11.8), 63 (43.3); 
6 (CDCl3) 4.10 (m,lH), 3.10 (m,lH), 2.58 (s,3H), 2.45-1.30 (m, 8H) 

trans-I-Bromo-2-methylsulfiny~cyc~ohexane (lla and 119) 
Oxidation of thioether 5 (method B) afforded a 62/38 mixture of lla and 118 in 93% 

yield. Crystallization of the mixture from hexane afforded a white solid which was 
chnracterized as pure lla, mp 47-50°. Evaporation of mother liquors and crystallization of 
the residue from hexane lead to a mixture of llB/lla in a 37/63 ratio. Diastereoisomer lla: 
m/z 226 (1.5), 221 (1.6), I63 (4.6), 161 (4.9), 121 (3.0), 119 (3.6), 81 (1001, 63 (4.6); 6 
(CDC13) 4.23 (dt, lH, 4.4 and 10.9 Hz), 2.64 (dt, lH, 4.1 and 10.8 Hz), 2.57 (s,3H), 2.20- 
1.30 (m, HH); Q.ax(KBr) 3000, 2940, 2920, 2860, 1440, 1425, 1325, 1180, 1030 and 680 cm-l. 
Diastereoisomer IlB (with 37% of lla): m/z 226 (1.01, 224 (l.l), 163 (4.6), 161 (4.2), 121 
(2.9), 113 (:J.Z), 81 (1001, 63 (25.8); 6 (CDCl3) 4.35 (dt, lH, 3.8 and 7.4 Hz), 3.20 (m, lH), 
2.56 (s, 3H), Z.4H-I .:I5 tm, 8H); 9 raax(film) 2940, 2860, 1450, 1045 and 685 cm-*. 

trans-Z-Met h.vlsul fo,u,lc.,~,clohrsallol ( 12 1 
Oxidat 1011 ot’ thioether 1 yielded 60% (method A) or 52% [method 8) of sulfone 12. It was 

crystiill lzctl from light petroleum HS a white solid, mp 95-96O. m/z 178 (3.5), 107 (22.2), 99 
t26.6), 81 (100); 6 (CDC.13) 3.97 (m, lH), 3.33 (d, lH, 2.5 Hz), 3.02 (s, 3H), 2.87 (ddd, lH, 
:l.Y, 9.8 rtnti 12.5 hz), ‘r.33-1,22 (m, 8HJ; d,,.(Nujol) 3500, 1290, 1275, 1265, 1130, 1065, 940 
rknct 760 cm - 1 . 
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tram-l-Methoxy-Z-methylsulfonylcyclohexane (13) 
This compound was obtained from thioether 2 (method B) as a white solid, 65% yield, ap 

46-470. m/z 192 (2.9), 113 (15.0), 81 (100) 45 (48.5); 6 (CDCl3) 3.46 (B, lH), 3.40 (s, 3H)+ 
3.05 (s, 3H), 2.84 (ddd, lH, 3.9, 10.0 and 12.6 He), 2.25-1.03 (m, 8H); 9.~ (Nujol) 1370, 
1330, 1300, 1270, 1190, 1130, 1110, IlOO, 970 and 940 cm -i. 

trans-I-Fluoro-2-aethylsulfonylcyclohexane (14) 
Oxidation of thioether 3 yielded compound 14 (68%) which was purified by column 

chromatography (eluent n ethylene chloride/methanol 10/l). The colorless syrup so obtained 
solidified on standing, mp 47-490. m/e 180 (0.4), 101 (8.5), 81 (loo), 79 (33.1); 6 (CDC13) 
4.85 (ddt, lH, 48.5, 5.0 and 10.5 Hz), 3.08 (a,lH), 3.05 (d, 3H, 2.0 Hz), 2.50-1.20 (8, 8H); 
4 .px (KBr) 3040, 3010, 2950, 2930, 1460, 1415, 1375, 1325, 1305, 1285, 1270, 1130, 1115, 
1025, 945, 870 and 770 cm-‘. 

tram-1-Chloro-Z-aethylsulfonylcyclohexane (15) 
Oxidation of thioether 4 (method B) afforded 15 as a white solid in 70% yield. 

Crystallized from light petroleum, rp 34-36’~. Found C 42.72, H 6.66, Cl 18.02, S 16.29. 
C7H13ClOzS requires C 42.54, H 6.97, Cl 18,44, S 16.58. m/z 161 (0.2), 117 (6.0), 81 (100) 
and 41 (11.3). 6 (CDC13) 4.24 (ddd, IH, 4.5, 9.5 and 10.6 He), 3.17 (s, 3H), 3.13 (ddd, IH, 
4.3, 9.5 and 11.5 Hz), 2.54-1.28(m, 8H); 9 .Pr(Nujol) 1305, 1280, 1140, 1100, 1100, 990, 940, 
755 cm-‘. 

tram-l-Bromo-2-sethylsulfonylcyclohexane (16) 
Thioether 5 was oxidized (method B) to yield 82% of 16 as a white solid which 

crystallized from light petroleum, ap. 47-480. m/z 242 (0.2), 240 (0.3), 163 (7.9), 161 
(8.7), 81 (100); 6 (CDC13) 4.49 (ddd, lH, 4.3, 8.0 and 9.4 He), 3.29 (ddd, lH, 4.7, 8.0 and 
9.4 Hz), 3.16 (s, 3H), 2.45-1.44 (m, 8H);3 l pr(Nujol) 1310, 1285, 1145 and 750 cm-l. 
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