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Abistract. SyntherJier of cola- and Irans-iY_msthoxycarbu~yl-2,3- 
d~~ethyl-~*~-th~~~u~ho~~n8 and their S-oxides and S,S-dioxides 
by intramolecular reaction of the corresponding Z-methoxy- 
carbonylaminoalkyl-2'-chlorosthyl thioethers, aulfoxides and 
auffones with eodium hydride in d~~~thy~fo~~~ide at room 
temperature is reported. Cyclization of chforothioethers and - 
sulfonss ie etereoapecifie although, in the case of mlfonm, 
the farmed ~,~-th~a~o~pho~~ne~ S,S-dioxides 8pimerriz8 at C(2) 
after lon'g reactfon timers. In chloroauffoxides, elimination of 
HCl is previous to cyclfzation which also resulted 
stereoapecific except in the case of the acyclic starting 
material of R*s,S*I,S*a configuration, where epimerization at 
sulfur takes place. 

In previous work we have reparttd on the synthesicr and conformat&onal 

analyaie, of thianes and oxzmee with exocycfic &heteroatomic functfona.1 We am 

now interested in the corresponding 1,4-dihetaracyclohaxanms~ of which there are 

no examples in the literature concerning the preparation 

thiamorpho1ines.s Despite the ueefulneas 

of 2,3 -dfafkyl-1,4- 

of the inGetmolecular nucleophific 

addftion tu vinyl sulfaxides,~ the carresponding infraniolecular resection has 

scarcsly been used to build sulfur-containing heteroeyclic rings, For instants, 

cyclization of S-(I-alkenyX)-L-cysteine S-oxide gave the corresponding 3-(5 

alkyd-~~~-thia~orphol~~~~arboxy~ic acid& but yields were 1UW and the 

stereochemistry of the reaction wae not studied in detail.5 In contra&t, we 

cyclfzed #3-hydroxyalkyl B'-haloalkyl malfoxides to give 2,3-dimethyl-1,4- 

oxathitams in good yield.6 Th%Ls reaction reerulted stereoapecific except in the 

cause of the starting material of R*s,S*r,S*o coniiguration in which 

epimerization at sulfur was somewhat surprisingly observed.8 We were fntereated 

in extending this method to the syntherpis of other eulfur-containing 

haterocycles a~ wall as. checking whether epimerization at sulfur was nucleophile 
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dependent, Thuer, we have carried out, rend hereby report, the preparation of 1,4- 

thiamorpholine S-oxides 8 ahown fn Scheme I by cyclisation of B-chlorueulfoxides 

3, via the vinyl aulfoxides 6, Cyclization of the corresponding vinyl sulfides 

and rsulfones fe aleo discussed. Cunfiguration and preferred conformation of the 

resulting X,4-thiamorpholPnes is determined by 1% and IW-nmr spectroscopy. 

3 

Scheme I 

Preparation of starting materiah 2, 3 and 4 is outlined in Scheme II. 

Aziridines I-cis and X-franb were stereospecifrcally obtained in high yield from 

thrleo- and erythro-f-methyl-Z-l~doprupyl isocyanate, reepectively, by treatment 

with sodium methoxide.7 Reaction of sodium 2-hydroxyethyfsulffde with atziridines 

1-cis and 1-trend, followed by treatment of the resulting alcohol with thionyl 

chloride at OOC, yielded respectively compounds 28 and 2e.8 The structure_s of 

these compounds were assigned assuming a SN2 process for the opening of the 

three-membered ring. Chlorosulfides 2e and 2% were oxidized to a mixture of 

diastereomeric chlorusulfoxides epimera at sulfur /3fe(af + seta> and 3$(a) + 

3t(a,gl 027 to sulfones 40 and 4t by treatment, respectively, with one mole of 

sodium metaperiodate or excess of ~~hlorop8rben~u~~ acid (HCPBA). The arythra- 

sulfoxides [3e(a) + 3e(P)3 were separated and purified by crystallization and 

flaeh ~hro~~t~~r~phy. However, we w6re only able to purify 3itfa) from the 

corresponding mixture of Lhreo isomers (see Experimental Section). 

2 3 (n=l), 4 (n=2) 

Rfi'= 
= Ii, Ra = Ma: l-cl@, 
Me, Rz = H: 1-tranb, 

2*, 3t (a + D), 4t 
26, 3s (a + a), 4cr 

Scheme II 

Chlorosulfoxides 3@(a), 3s(j3) and 3t(a) - which were obtained pure - and 

the mixture 3tfaf + 3t(@) react at room temperature with sodium hydride in 

dimethylformamide (NaH/DMF) to give, respectively, Ci6-8ax1 clrr-8ep , tram-@as 

and (trans-Bar + tr&ns-8ap)ro (Scheme III] whose relatfve configurations and 
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preferred conformation were determined fram their ZH- and I3C-nmr spectra (Table 

I; 666! below) I The reaction was therefore stereospecific for 3e(all 3s(p1) and 

3t(ff) suggesting that no place in these cases. Under thies 

assumption, we have aserigned back tha atart ing 

chlorosulfoxides fScheme III] which consistent, concerning the 

stereocentere C(Z) and C(3), with the assumed iiN2 upening af azirtdinees (see 

abave) . 

36(D) cis-8sp ww franS-BsQ 

we were unable to follow the stereochemical court?le of 3t(fi> since this isomer 

could not be purified in our hands. Nevertheless, if the cyclization reaction is 

quenched after a certain period of time (la and 60 min respectively for the 

erythro and thr@o isomera) , we obtlrerved by IN-NMR that the major constituent of 

the re&ulting mixtures are vinyl syffoxides 6 suggesting that the latter 

compounds are intermediates as shown in Scheme I. Fortunately, the mixture 6t(a) 

+ 6ttf3, could be resolved by flash chromatography and a &mall amount of pure 

6t(Q) was thus obtained and finally cyclized in NaH/WF yielding a 6:f mixture 

of trans-6tq + trans-8ax. This shows that sulfur does in fact apimerize in the 

isomer of R*s,5*3,S*2 configuration regardless of nucleophile, ME&&C-N- or O-, 

# since a L:f. mixture of ~~3-d~~ethyl-1~4-ox~thi~ne S-oxides epimers at sulfur was 

obtained from the corresponding hydroxyalkylvinyl su1foxide.g A plausible 

explanation for thie; behavior may be competition between attack of nucleophile 

to the double bond or to aulfinyl sulfur (Scheme IV). Epimerization of the 

latter atom would take place in the sulfuram-like intermediate (Scheme 1vt 

whose formation. appears to be only favorable starting from ts$t;(O), pretzlulaably due 

to steric! reasons. We are gathering more evidence concerning this point whfch 

will be the subject of a future paper. 
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Nu = O- or lWl$N- 

+ 
1.4~heterathiane S-oxide 

Scheme IV 

Thiosthera 2 in NaHfDMF give a mixture of 2,3-dimethyl-l,+thiamorpholine (If 

and the corresponding vinylsulffde 5 (Scheme V). NMR spectra of the final 

products (see below) indicate that the stereocenters remained unchanged after 

cyclization. It should be noted that the sulfides of similar structure and 

conffguration with hydraxyl fnstead of ~~CU~Me group did not cyclize at all in 

similar conditions and quantitatively afforded vinyleulfidee.6 This different 

behavfor Etuggests that the elimination of HCl on one hand, and the substitution 

of the halogen on the other, should be two intrzsmolecular proceesee in 

competition, and that the vinyl thioether, once it is formed, cannot evolve intu 

the cyclic substrate. The lower basicity and higher nucleophility of R-N--COzMe 

compared to RO- may explain why the 

part, and why the hydroxyderivatives 

Y e 

carbamates are abI.e to cyclize, at least in 

are nut. 

Me 

NtiCO,Me Me&C 

Me 

0 w 
Me 

+ 

Me 

es $ NHCO*Ms 

Me 

3t txBns-7 (50%) 5t; (50%) 

Scheme V 

Finally, tretltment of sulfones &(s and 4t (Scheme VI) with NaHfDMF at room 

temperature gave respectfvely the desired cyclic sulfones cfs-9 and trans-9. We 

WClXV3 unable to find out whether the corresponding vinyl sulfunee are 

intermediates for the reaction is much faeter than in the c~13;e of sulfoxidee 3 

(see above).. On the other hand, if the reaction is not quickly quenched, a 

mixture of cirs- and trans-9 is obtained whoere composition after a lung time (2 h 
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for Jt and cu. 10 h for 4e) is ea. 1:1. Cyclization ia therefore stereospecific 

but, once it has proceeded, resulting CYCliC Cifa- trans-eulfonee 

equilibrate presumably by epimcrization at CC% the 1:l ratio resulting from 

the similar stability of &s-S and tt-ans-9 which haa been deduced from the 

conformational analysis of fY_alkoxyearbonyl-2-methyl-1,4-thiamorphollne s, s- 

dioxide.11 In this compound, the methyl group at C(2) prefers to be equatorial 

by 0.74 kcal/mol in a number of solvents (CD2C12, acetone-de or methanol-dr). 

NaH/DMF 

NHCQMe - 5 min 

trans-9 

Scheme VI 

However, equatorial preference of Me-C(2) exactly 

counterpoieed in cis-9 by [Me-C(2)/Me-C(3)laauchs interaction 

kcal/moflz).bGQ for the equilibrium cfs-S/tram-9 is therefore estimated to be 

0.13 kcal/mol which gives a 1:1.2 ci~/trans ratio at temperature, 

reasonable agreement with the observed one (1:l; see above). On the other hand, 

we have mentioned that the cfs-9/trans-9 equilibrium in reached faster when one 

&arts from 4t (ca. 2 h) than from de (ca. 10 hl, suggesting that tram-9 

epimerizes faster than its cis-isomer and that C(2)-H ie thus more acidic in 

equatorial than axial arrangement. In order to check these assumptions, 

cyclic sulfones were independently treated with NaH/DMF at room temperature and 

the evolution followed by IH-NMR. Compound trans-9 transformed in CLP. 2 h in a 

1:I mixture of trans-9 + cis-9 whereas a much longer reaction time (ca. 8 h) wae 

necessary to obtain the came result starting from cfs-9. 

Configurational assignment of sulfoxides 8 and the preferred conformation of 

all cyclic substrates have established IaC-nmr 

parameters (Table I) of which we discuss the most important ones for the sake of 

brevity. The finding of a high coupling constant (10.5-13.0 Hzf in the C(5)-C(6) 

fragment, assigned to Jsa,Ba in Table I, suggests that the studied compounds are 

conformationally homogeneous. On the other hand, the chemical shifts displayed 
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Prrbla I,- Fimt-order proton chslaical EJhffts (ppatl, proton-proton couplinjg 
coniirtant8 (Hz) and carbon-13 cheanbal shifts (ppm) of thiamcrpholinee 7-9. 

I 

Compound R2 

Me 

H 

3.14 

4.43 

4.19 

3.09 

2.38 

2*?5 

3.70 

l,ll 

1.22 
l t . 

Jz,ns{z, 7.1 

Js,ners) 8,8 

J2,s 3.4 

JSa,Be 2*6 

J5?%,8a 3,O 

JSe,lle 2.7 

35,5a - 

32,6a - 

JSa,iE)a 12.5 

-55,5 13.8 

46,s 13.3 

&;a; * 40:2 

6~~s) 51.0 

6ccii) 38-8 

~C(SI 28,6 

6xe(21 18.0 

6ne~st IO.3 

6neo 52,6 

&CC? 155.7 

MI3 

H 

0 

2.38 

4.52 

4.20 

3.66 

3.02 

2.65 

3.14 

I.46 

1.49 
l * t . 

7.3 

7.3 

4.9 

2.1 

4.0 

3.0 

12.5 

X4,? 

14.2 

&3‘ 

50.9 

27.9 

45-6 

14.2 

r3,r 

52.9 

155.4 

I * 

Me 

H 

f 
l 

0 

2.76 

4.61 

4.44 

3.26 

3.42 

2*68 

3.74 

l"48 

1.23 

'7:l' 

7.3 

3.8 

2.0 

3.7 

3-7 

I.4 

Me 

w 

0 

0 

3.20 

4.72 

4.47 

3.62 

3.02 

3.10 

3.75 

1.38 

1.37 
. * * 

7.1 

7,2 

5.0 

4.5 

3.9 

3.3 

I*9 

13.0 IO.5 

15.1. 15*0 

12.0 13.9 

@kz. 'ski 

52.5 51.9 

36.0 37.X 

51.4 51.4 

13.1 7.4 

l2,9 10.8 

53.1 53.3 

155.2 155.0 

H 

M0 

” 
* 

. 
1) 

2.54 

4.35 

4.20 

3.19 

2.23 

2.93 

3.71 

1.47 

1,40 

'7X 

6.8 

2.6 

2.7 

3.3 

2.6 

0.8 

12"5 

13.7 

13,2 

&3:2* 

52.0 

39.5 

22.5 

20.0 

17.3 

52,6 

156.5 

H 

Me 

0 

* 

2.98 

4.46 

4.20 

3.93 

2.72 

2.64 

3.74 

I,15 

1.63 

’ i.i ’ 

7.2 

2.1 

3.4 

4.2 

3.4 

1.5 

11.4 

f4*6 

14.2 

'5i.6 * 

51.2 

26.6 

40,6 

13.5 

16.0 

52.9 

156,2 

If 

Me 

* . 

0 

3.20 

4.69 

4.39 

3.25 

3.02 

2*62 

3.74 

1.33 

1.39 
l s m 

7.0 

7.3 

3.3 

2.7 

4.0 

4.0 

1.4 

1.5 

12.5 

15.2 

12.5 

‘5ii.i 

51.9 

35.7 

43.3 

7.0 

17.0 

53,l 

fS5.9 

* I 

. . 

H 

Me 

0 

0 

2.85 

4.66 

4.42 

3.63 

2.80 

3.14 

3.73 

1.44 

1.53 

'712' 

7.2 

2.6 

2.6 

4.4 

3*3 

1.8 

12.3 

14.9 

14.1 

iB:5’ 

53.2 

37.5 

47.6 

14.6 

16*9 

53.3 

155.9 
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by H(3) (4.35-4.72 ppm; cf. Table I), very similar to thorse of H(5t) (4.19-4.47 

ppm; cf. Table I), suggest that H(3) is equatorial, and hence, #e-C(3) is axial 

in all compounda. Thie ier not surprising since Me-C(Z) of N-acyl-Z- 

methylpiperidines haa been also reported to be axial,13 a finding which was 

explained assuming an allylie-strain-like effect of awl group on Me-C(B).14 

Nontheless, the magnitude of this effect is unexpectedly high since Me-C{31 

remains axial in the trans isomers of Bar and 9 even though these compounda 

share strong steric interactions.ls The trans {axial) or cfs (equatorial) 

arrangement of Me-C(Z) is, in turn, eaeily confirmed by IsC-nmr. Z'rans isomers 

display a value of Gets) 3.8 to 6.9 ppm (see Table I) lower than that of their 

cis counterparts, which irs in agreement with the expected effect of steric 

compression of axial Me-Cc21 on C(6). Arrangement of sulfinyl oxygen may be 

determined by the shielding16 and deahieldingl' effects exerted, respectively, 

on &Z(S) and 6~t5a) by axial. S-O. Thue, the 8ax isomere display values for 6c(5) 

and 6~(5a) (Table I) which are, respectively, lower [by 8.1 (Cls-sax) or 7.1 ppm 

(trams-8ax)] and higher [by 0.60 (cFs-8axf or 0.68 ppm (trans-8ax)] than their 

8ea epimera. 

1H- (200 MHz) and IsC-NMR (50 MHz) spectra (CDCls solutions) were recorded in 
the FT mode on a Bruker WP-200-SY instrument coupled to an ASPRCT 2000 computer, 
transforming 16R data points. Double resonance, DEPT and/or 1H/lsC 21) 
experiments were performed to assigning proton and carbon signals of the studied 
1,4-thiamorpholines, The NMR spectra of the latter compounda were recorded at 
ca. 5OQC in order to simplify them by averaging the restricted rotation around 
the N-CO bond which cauaea line broadening at room temperature. Both chemical 
ehifts (ppm downfield from internal tetramcthylsilane) and coupling constants 
(Hz) were obtained by firat order analysis of apin patterna, Mase spectra were 
recorded on a Hewlett-Packard 5985 spectrometer at electron impact (70 eV1. Mass 
data are reported in maaa units (m/z) and the values in brackets regard the 
relative intensity from baee peak (as 100%). IR spectra were recorded on a 
Nicolet FT-5DX spectrometer. Microanalyses were performed by the Institute de 
Quimfca Orghica del CSIC {Madrid, Spain) with a Perkin-Elmer 240 analyzer. 
Melting points are uncorrected. The silica-gel used in chromatography was Merck 
PR-254 (TLC) or Kiesegel 60 (flash). 

Cfs- and trams-N-aetboxycarbl-2,3_d~thylaziridine (1). To a suspension of 
0.54 g (10 mmol) of sodium methoxide in 10 mL of dry acetone was added dropwise 
at OOC 2.25 g (10 mm011 of eryt;hro- or three-l-methyl-2-iodopropyl isocyanatel* 
in 25 mL of acetonitrile. The mixture was stirred for 30 m at OOC and 1 h at 
room temperature, quenched with 50 mL of water and the resulting solution 
extracted with methylene chloride. Uaual work-up of the extract6 yielded a 
yellow oil which was used without further purification. Yields 85% for trams-1 
(from erythro- isocyanate) and 77% for cfs-l (from three-isocyanate]. Their 
spectroscopic data agreed with those previously reported.lQ 

Grythm- and th~~-l,2-di~thyl-Z-retho~ycar~~y~~~~thyl-Z'-chloraethyl 
sulfide (2). To a au&pension of 0.49 g (17 mmol) of sodium hydride in 5 mL of 
acetonitrile wae added dropwise 1.0 g (13 mmol) of 2-mercaptoethanol (Aldrich 
Co.) in 10 mL of acetonitrile at OOC under N2 and the mixture was stirred for 30 
m at room temperature. It was then added 1.29 g (10 mm011 of cfa- or trans-N- 
methoxycarbonyl-2,3_dimethylaziridine (1) in 20 mL of acetonitrile and the 
solution was refluxed for 3 h. The reaction was quenched with 50 QL of water and 
extracted with chloroform. Work up of the extracts afforded the crude product 
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(CHaCls/CHsOH 40~1) [6t(#3), colcrrless ail], IR 6*(a) (KBr) 3304, 1700, 1541, 
1062, 1041, 669 cm-l; IR 6tfD) (film) 3281, 1699, 1536, 1261, 1036, 978 cm-i; 1H 
NMR $&(a) [CIXXsj 6 1.20 (d, 3H, J=6.8 H2r, CXsCS), 1.45 (d, 3H, J--6,8 Hz, 
CHsCN), 2.74 fm, lH, J=4.7 Hz, C&SO), 3.66 (s, 3H, CHsO), 4.15 (m, lH, CHN), 
5.52 (d broad) lH, NH), 6.06 (d, lH, J=B.4 Hz), 6,07 (d, lH, J=16.6 Hz), 6.46 
(dd, IH, 3=9.4, l6,6 Hz). 1H NP3R st(iS) (CIXXs) 6 I.19 (d, 3H, 3=7.t Ha, Cr;rjcSO), 
I.213 (d, 3H, 5=6.6 Hz, CHKN), 2.95 (q, IH, J=7,1, 7.2 Hz, CBEW), 3.66 (8, 3H, 
CH$O), 3.93 (m, lH, C&N), 4.94 (d broad, lH, NH), 6.07 (d, lH, J-9.Q Hz), 6.11 
(d, lH, J=l6.5 Hz), 6.75 (dd, lH, J=9.9, 16.5 Hz). MS [6t{B)3: 205 M+ (3.61, 
130 (IOU), 96 (20.41, 67 (X6.0), 71 fI6,0), 59 (25.6). Anal. Calcd. for 
CaHtsOsNS: C, 46.63, H, 7.32, N, 6.83, S, 15.61, Found {6t(a)]: C, 46.68, H, 
7.42, N, 6.94, S, 15,45. 

N-ilathorgcarbonp1-2,3-di~thyl-l,4-thi~~hul~e Li-oxfdee WL They WeIT 

prepared from 3 folowing the general procedure dascribad above and purified by 
flaeh chromatography (CH~Cf2/CHaQH 40:1) aer colorksa aila. The efs-80p itllomer 
(R*s,R*l,S*z) W(IICI obtained from 3&D)* Reactiun time 2 h. Yield 80%. The clrr-flax 
ieomer (S*8,R*l,S*a) waa obtained fram 3e(a). Reaction time 4 h. Yield 72%. The 
trams-bax isomer (S*s,S*t,S*z) wars obtained from 3tla). Reaction time 4 h. Yield 
76%. The tram--8ep isomer (S*s,R+r,S*s) W66 obtained from S*(D) as a 6~1 mixture 
of trans-8s~ + trans-6&x, Reaction tfme 24 h, Yield 50% after separation of the 
isomers by flash chromatography. IR (cfs-8ao) (film): 1694, 1292, 1193, 1034, 
885 cm-~; IR (cfa-8ax) {film): 1697, 1294, 1187, 1019, 881 cm-t; IR (trans-8sql 
(fih2: 1698, 1190, 1041, 691 cm-t; IR (tmne4ar) (film): 1696, 1167, 1029, 867 
cm-l; 1H NMR (8CN-9 Table I); MS (cfs-6sp) 205 M+ (lOU), 188 (51.5)s 142 (46.11, 
128 (49.91, 114 (49.11, 70 (61.6); MS (cfs-8ax) 205 M+ (88.1), 188 (40.9), 149 
(lOO), 128 (62.9), 114 (61.11, 70 (77.7), 56 (90.2); MS (trans-Be~) 205 M+ 
(lOO), 108 (33.7), 142 (47.U), 126 (65,9), 114 (50.8f, 70 (69.2); MS (trans-61x1 
205 M* (75.91, 186 (15.6), 142 (27.71, 126 (42.51, 114 (27,8), 59 (100). Anal. 
Calcd. for CsHtsOaNS: C, 46.83, H, 7.32, N, 6.83. Found (tranB-8ax): C, 46.56, 
H, 7.60, N, 6,70. 

~~~tho~ccrrr~~~~-Z,3-dirathyl-l,4-thi~rpho~ines (71 and l,%dirathyl-Z- 
~tho~~ar'tranplarr~thylvin~l eulfidela WI Were obtained together when 
chlorueuffidas 2 were treated with NaH (36 mat 1.5 mmof) fn DMF following the 
general procedure deacribud above. Reaction time 4 h. In the case of 2t, a 1~2 
mixture of 5e + cis-7 wae obtained, whereas in the ca1cIc, of 26 the composition of 
tha 5t + trans-7 mixture was l:l, Campounds 5 and 7 were separated from the 
cxxrespoadfng mixtures by flash chromatography (ethyl acetate/hexane 1:5). IR 
(~2~7) (film) 1702, 1196, 1105, 884 cm-l; IR (lb-aae-7) (film) 1701, 1194, 1099, 
892 cm-l; IR f5e) (film) 3325, 1699, 1528, 1246, 1194, 1090, 965 cm-l; 1R (561 
(film) 3310, 1699, 1528, 1254, 1187, 1098, 1009 cm-t; 1H NMR (cfs- and trans-71 
ccet Table I; IH NMR (fief (CDCls) 6 1.16 fd, 3H, J=6.6 Hz, CXsCN), 1.33 cd, 3H, 
J=7.1 Hz, CHsCS), 3.25 (dq, lH, J-4.1, 7.1 Hz, C&S), 3.67 (a, 3H, CHaO), 3.93 
(m, lH, CHN), 5,05 (d broads 1H, NH), 5.23 (d, lH, J=B.9 Hz), 5.27 (d, lH, 
J=l6.7 Hz), 6.38 (dd, lH, 3=9.9, 16.7 Hz;); tH NMR (St) (GDCfs) Es 1.20 fd, 3H, 
J=6.8 Hz, CHaCN), 1.27 (d, 3H, 3=7.1 Hz, CHaCS), 3.20 (dq, lH, J=3.7, 7.1 Hz, 
Cm), 3.67 (a, 3H, CHaO), 3.96 (m, lH, CHN), 4.76 (d broad, lH, Nm, 5.24 (d, 
lH, J=9.9 Hz), 5.34 fd, lH, 3=16.7 Hz), 6,39 (dd, lH, J=9.9, 16.7 Hz): MS (eis- 
71 *189 M+ (7.7), 160 (15.7)s 129 (11.6), 114 (30.7), 102 (17.31, 86 (32.11, 70 
(94.0), 59 (67.01, 42 (100); MS (trms-7) 189 M+ (53.21, 160 (95.1)s 129 
(47.71, 114 (83.0), 102 (39.21, 88 (59.01, 70 (1001, 59 (40.1 ), 42 (55.3); MS 
(5s) 189 M+ {25.9), 102 (1001, 87 (22.41, 59 (17.6); MS (5$) 189 M+ (6.139 
102 (IOU)) 67 (9.31, 59 (46.4); Anal, Calcd, for CaHrsOsNS: C, 50.79, H, 7,94* 
N, 7.41. Found (tram-?): C, 50.58, H, 7.64, N, 7.60. 

N-M~thsxrca~~nyl-2,3-d~thiarorpha S,S-dioxides (9) were obtafnad 
$n 80% yiald by treatment of chlorotsulfonea 4 with NaH (60 ma, 2.5 mmol) in DMF 
following the general procedure daecribed above. Reaction timer 5 main (see 
Reaults and Diacuasion), The crude products cfs-9 (from 4e) and tran~-9 (frum 
ItI were purified as colorlees oils by flaeh chromatography (ethyl 
acetate/hexane 1:2). IR (tics-9) (film) 2959, 1697, 1456, 1322, 1126, 900, 769 
cm-l; IR (trans-9) (film) 2946, 1699, 1450, 1342, 1137, 897, 768 cm-l; 1H HMR 
(see Table It; MS (cfs-E)) 221 M+ (6.01, 206 (16.61, 142 (23.7)s 127 (10.8), 
114 (18.3), 84 (22.7), 70 (51.81, 59 (50,4), 56 (65.91, 42 (100); MS (trms-91 
221 M+ (35.2), 206 (100)s 162 (20.9), 142 (70.3), 127 (40.6), 114 (45.21, 101 
(31.41, 82 (35.7), 70 (91,7), 56 (60.8), 42 (97.9); Anal. Calod, for CaHrsOdNS: 
C, 43.44, If, 6.79, N, 6.33. Found (cfs-91: C, 43.18, H, 6.93, N, 6.11. 
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