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Abstract : The stereoselective preparation of EE I-benzenesulfonyl-1,3-dienes 
is described. Michael addition and Diels-Alder cycloaddition of these 
compounds are reported. 

In connection with a study of allylic l,l-disulfones, 1.2 we investigated basic elimination 

of a sulfonyl moiety from these compounds to furnish 1,3-dienes functionalized by the 

benzenesulfonyl group. Our prelimlnary results showed that this reaction is regiospecific3. A new 

preparation of Z olefins, 4.596 recently described, is based on the stereospecific reduction of the 

sulfonyl moiety of E vinylsulfones with sodium dithionite5 or with Grignard reagents under 

transition -metal catalysis6. Full details of the stereoselective preparation of 

1-benzenesulfonyl-1,3-dienes are given here as well as soma aspects of their reactivity. In the 

next paper7 the preparation of 2-benzenesulfonyl-1,3- and -1,4- dienes is described and in the 

third one8 the stereospecific reduction of the sulfonyl group of these 1,3- and 1,4- dienes is 

reported. 

The methods recoaanended for the synthesis of 1,3-dienes functionalized by the sulfonyl 

group were not satisfactory for our purposes. Either the starting materials were not readily 

available 9a-h 
or the stereoselectivity of the method had not been studied "-j. The first 

technique we investigated was basic elimination of benzenesulflnic acid from readlly available 

allylic 1,1-disulfones'. Although elimination from allylic substrates is known to be 

regioselective, this reaction is generally not stereoselective lo. However in the related SN2' 

type reaction of allylic 1,1-disulfones, formation of Y-functionalized E vinylsulfones was highly 

stereoselective2. In the present case, the E configuration for the double-bond bearing the 

sulfonyl group and an E/Z mixture for the other double bond could be anticipated. 

Various conditions recommended for eliminating benzenesulfinic acid 11 were tried. Best 

results were obtained upon heating the allylic disulfones with 2 equivalents of powdered sodium 

hydroxide in a l/l mixture of t-8uOH and toluene (benzene) in the presence of molecular sieves, 

Table 1. In the case of 1 the product contained 65 % of a single isomer identified by 'H NMR as 1 

as well as 23 % of starting disulfone 1, entry 1. Prolonged reaction led to polymer formation, 

entry 2. Two isomers were obtained from 2, entry 4. in 77 % total yield along with 23 5, of 

unchanged starting material. Structures 4 EE and 4 EZ were attributed by 'li NMR and the isomer 

ratio, 72/28 EE/EZ. was confirmed by hplc. In the case of 2, entry 5, heating at 105°C for lh 

furnished 17 % of a 5/10/2 mixture of three dienesulfones which were separated by preparative hplc 

and identified by 'H NMR as compounds 6 EE, 6 EZ and 7 respectively. It might be preferable to - - 
accept incomplete conversion since isomerisation to the more stable 12 allylic 2,4-diene sulfones 

increases with longer reaction times, entries 5 and 6. Equilibration of the EE/EZ mixtures of both 
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2 and 2 with iodlne as described by de Waard and ~011. gd led to mlxtures containing 85 X of the 

EE isomer and only 15 X of the EZ derlvative. 

As higher oleflnic purity was required we next investigated 1,2-elimination of benrene- 

sulfinic acid from readlly available pure E hanoallyllc l,l-disulfones 13, Table 2. The most 

satisfactory results, 38 X of 4, were obtalned by stirring a heterogeneous mixture of 

l,l-dlsulfone S in toluene with two equlvalents of t-BuOK for 15 minutes at room temperature. 

entry 5. Longer reaction times did not increase the yield of 4 probably due to anionic 

polymarisation l4 of the product, entry 6. This time the EE/EZ isomer ratio determined by hplc and 

'H RHR was 98.5/1.5. Since our prelimfnary report BackvEll and ~011.'~ have described a 

stereoselective synthesis of 1.3-dlenesulfones from 1,3-dienes. 
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TABLE 1 : 

lR=H 

iR=Me 

5 R = nBu 

1,4-Ellmination of benzenesulfinic acid from allylic l,l-dlsulfones lwith sodium 
hydroxide 

2 NaOH 
Recovered 

> 
R ROH Substrate +'vR 

(cosolvent) 

Entry Subs- Temp Timea Recovered 
trate "C h. Substrate 

Yield 

1 1 80 B 23 

2 I 80 15 I 27 I 
3 i 100 1 63 

4 9 100 4 23 

5 !i 105 1 78 6 I 105 7 I 17 I 

bl.3-0ien;:~;n;atio c Other 
Yield products b % 
% EE % EZ % 

265 

2 41 d 

4_ 36 a7 13 

4 77 72 28 

6 15 32 68 1 2 

6 31 41 59 1 36 

a cosolvent-benzene (entries l-2) or toluene (entries 3-6) ; 0.3 g of molecular sieves (3 A") per 

nsnol of substrate ; b purified product ; ’ ‘Ii NMR ; d polymers 

TABLE 2 : 1.2-Elimination of benzenesulfinic acid from homoallylic l.l-disulfone B 

Entry 

8 4EE 

Base 
(equiv.) 

Solvent Conditions 

Temp "C Time h 

DBU (1) 
b 

TrltonB(l! 

TrltonB(1) 

NaOH (2) 

t-BuOK (2: 

t-BuOK (2) 

CH2C12 

YeOH 

Toluene/ 
tBuOH (l/l) 

loluene/ 
tBuOH (l/l) 

Toluene 

20 48 

65 48 

100 0.75 

97 0.25 

25 0.25 

25 0.5 

90 I 76 24 

32 a2 ia 

38 98.5 1.5 

21 99 1 
I 

!I 

Yield % 

aa 

a2 

63 

28 

29 

a hplc and 'H NMR ; b see ref. 11 i ; ' see ref. 11 f ; d see ref. 13 

Michael addition to 1-arene (or alkane) sulfonyl 1.3-butadienes has been studied 15. 

1-Sulfonyl 2-methyl 1,3-butadienes undergo reglo and stereoselectlve 1.4-addltlon with various 

nucleophiles to give the E olefin gf. The results obtained by the addition of various nucleophiles 

to sulfone 2 are collected In Table 3. In the case of soft nucleophiles such as sodium 

thiophenoxide, entry 1. or sodio ethylacetoacetate, entry 2. the expected SE and 10E 1.4-adducts - 
were formed in 100 % and 62 % yields respectively. However harder nucleophiles such as piperidine, 

entry 3. sodium sulfinate, entry 4. and sodium ethoxlde. entry 5. led to mixtures of Isomers which 

were separated by preparative hplc and tic In the latter two cases and Identified as 3.4-adducts 
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(11. 12 and 13) and 1,4-products (14, 15 and 16) by 'H NMR. In the run with sodium ethoxide. entry - - - 
5, 31 X of unchanged 2 was also recovered. It is noteworthy that the least stable regioiscmer is 

the major product in this reaction. Dienesulfone 2 polymerises under basic conditions which would 

explain the moderate overall yields observed in certain runs. When dlenic sulfone 1 was treated 

with 5 equivalents of sodium sulfinate in boiling ethanol 16,15b,9g a ?2/14/13 mixture of products 

was obtained in 96% yield. After separation by preparative hplc the products were identified by 'H 

NMR as the 17EE, 17EZ and lisomers. This same product ratio was obtained when a 93/6/l mixture of -- 
sulfones 17EE. 17EZ and 2 were treated in a similar way. This equilibration reaction, first 

describedby Julia and Lave gg is thought to proceed by an addition-elimination mechanism. 

TABLE 3 : Michael addition of various nucleophiles to dienic sulfone 2 

Entry Nu (eq.1 Solvent and/or Temp Time I 6 
catalyst "C h Yield % Yield % 

1 PhSH (1) EtOH t Na (0.5) 25 3 2 100 

, 
2 CH2NCDOEt COCH3 (1) EtOH + Na (1) 80 7 11 62 

3 piperldine MeDH 65 3 ua 12 Mb 70 

4 CNa (5) DMF, HNEt3Br (1.2) 100 24 ub 26 1Ab 39 

5 EtONa EtOH t NaOH (10) 25 22 13" 31 l$ 9 

a) isomer ratio determined by 'H NMR 
preparative tic ; also 31 X of 2 

; b) separated by preparative hplc ; cl separated by 

[2+2] n cycloaddition of E R=R'=H wjth ynamines has been described by Eisch 'j but to 

our knowledge only one case of [4+2] 1 

has been reported17. However, 

cyloadd1tion of 1-sulfonyl-1.3-dienes with dienophiles 

benzenesulfonylcyclohexenes have been prepared from various 

1,3-dienes using benzenesulfonylethylene as the dienophile ". Heating diene sulfone 2 in toluene 

(D.5M) with cyclopentadiene at 110" for 38 hours led to 55 % of a 55/45 mixture of products which 

were separated by tic. By comparison of their 'H NMR spectra with those of related compounds l9 it 

was possible to attribute the 19 exo and 19 endo structures to the major and minor components. - - 
Under similar conditions (xylene, 150",5d) but this time with 1 as the diene and methylvinylketone 

as the dienophile, no cycloaddition products were obtained. However, heating a 59/11/30 mixture of 

" EE, 17 EZ and 2, 0.5M in toluene with methylvinylketone for 96 h yielded 49 X of adducts 20A - -' 
208 and E, and 38 X of starting 17. The major cycloaddition product, 20C obtained pure by tic in 

42 % yield with respect to transformed ", ' 
- 

was identified by H NMR as the endo isomer. 

Considering that starting 11 contained 16 X of the EZ isomer the stereoselectivity of the 

reaction, 66 X, is fair. M.D. theory predicts low selectivity for dienes with electron-attracting 

substituents in the 1 position 20 . 

In conclusion, 1-benzenesulfonyl-1.3 dienes have been prepared as a B5/15 mixture of EE and 

EZ isomers from allylic l,l-disulfones or pure (>gB X EE) from horoallylic l,l-dlsulfones in 

mediocre yield. Reaction of these compounds with nucleophiles leads to 1,4-adducts In the case of 

soft nucleophiles and mixtures of 3.4- and 1.4 adducts in the case of hard ones. 1,3-Dienesulfones 

react both as dienophiles and as dienes in 14+2] v cycloaddition reactions. In the latter 

reaction, better yields should be obtained with electron-rich dienophiles. 
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Experimental Section 

Elemental analyses (C H S tndlcates C,H.S?0.3 X) were conducted at Paris VI, Centre de 
Spectrochimie. Analytical 'Bn8 breparative thin-layer chromatography (tic) were performed on Merck 
PF 254 silica gel using eluent A (cyclohexane/dichloromethane/ethylacetate : 5t#5/5) unless 
stated otherwise. A pentane /ether gradient was used for vacuum chromatography (Merck 60H 
silica gel). Analytlcal hplc was conducted on a Du Pont 850 Liquid Chrcmatograph equipped with a 
Du Pont 8 1500 Zorbax Sil. (4.6 mn x 25 cm) column. 

Spectra were ryorded on the following : Bruker HP-80, Varian EM 390 or Cameca 250 for 'H NMR, 
Bruker WH-90 for 
m/z. 

C NMR, Perkin-Elmer 599 for IR and Varian-Mat CH7 or Riber Nermag RlO-10/B for 

After workup all organic layers were dried over anhydrous magnesium sulfate. All solvents were 
distilled over appropriate reagents : benzophenone-sodium (THF.ether), P 0 (pentane, cyclohexane, 
DMF), calcium hydride (CH Cl .CHCl 1. n-89llithium was titrated with s 51N solution of benzylic 
alcohol In toluene using s,22-biqu?noline 
under a positive pressure of dry nitrogen. 

as the indicator prior to use. All reactions were run 

Preparation of Allylic l,l-Disulfones 

Primary allylic l.l-disulfones. were obtained by condensation of bisphenylsulfonylmethane with 
the appropriate aldehyde in the presence of piperidine acetate and molecular sieves . Substituted 
compounds were prepared by ytallation of the primary allylic l,l-disulfones (NaH,DMF) followed by 
reaction with alkyliodides . 

Preparation of I-benrenesulfonyl-1,3-dienes by 1.4-elimination of benzenesulfinic acid from 
nylic l,l-dissulfones 

0.40 g (2 equiv.) of freshly-ground NaOH were added portionwise at regular intervals over a 5h 
period to a stirred suspension of disulfone 1 (1.75 g, 5mnol) and molecular sieves (0.5 g ; 3 A") 
in a mlxture of tertiobutanol (25ml) and-benzene (or toluene ; 25 ml) at 80°C. A gradual 
precipitation of sodium benzenesulfinate was observed. 
After heating a total of 7h the mixture was cooled, diluted with dichloromethane, filtered over 
Celite washed with water until neutral and dried. Affpr evaporation of the solvents in vacua the 
residual oil was purified by vacuum chromatography (pentane-ether) to yield 0.68 g (65%) of 
(l-methyl 1,3-butadienyl) sulfonyl benzene, 2E and 0.49 of 1(23X). 

Spectral data for I-benzenesulfonyl-1,3-inenes are collected in Table 4. These compounds 
should be stored in dilute solutions at low temperature (-4O'C). The other I-bGzenesulfonyl-1,3- 
dienes were prepared in a similar way according to the parameters indicated in Table 1 -- 

Equilibration of I-benzenesulfonyl-1,3-dienes with Iodine gd 

50 mg ( 0.19 mnol) of an 88/12 mixture of 6 (EE/EZ : 32/68) and 7, 24 mg of iodine (0.5 
equiv.) and 8 ml of ether were stirred at room teiiiperature for 0.5h. Thexixture was washed twice 
with a saturated solution of aqueous sodium thiosulfate followed by brine. Workup was cpmpleted as 
above to furnish 47 mg (94%) of an 86/14 mixture of 6 (EE/EZ,85/15) and 7 according to H NMR (250 
MHz) and hplc analysis. All iodine-catalysed equillbFations were conductzd in a similar manner. 

Michael Additions to (l-methyl 1,3-butadienyl) sulfonyl benzene 2E 

10 ml of a 0.05 M solution of 2E in dichloromethane were evaporated just prior to use followed 
by addition of 0.5 ml of benzene Gr all reactions of dienic sulfones. 

(l-Methyl 4-phenylthio E-butenyl) sulfonyl benzene 9, X=SPh. 

An ethanolic solution of sodium thiophenoxide (2.7 equiv. ; 0.15 ml of benzenethiol. 2ml of a 
0.125 N sodium ethoxide in ethanol) was syphoned under nitrogen pressure Into a stirred solution 
of 2E in a mixture of 3 ml of ethanol and 0.5 ml of benzene. Stirring was continued for 3h at room 
temi?erature, the solution was diluted with ether and washed twice with aqueous 5% NaOH followed by 
water. The organic layer was dried, filtered and the solvents were evaporated. The residual oil 
was purified by preparative tic (eluent A) to yield 160 mg (100%) of 2 X=SPh F. 49.5-5OY. 

Spectral data for addition products are collected in Table 5. 

E-Acetyl 6-benzenesulfonyl-4-ethylheptenoate 10, X=CH(COCH,)CO,Et - 

To a stirred solution of 0.125M sodium ethoxide in ethanol (4ml) were added 65mg (0.5mnol) of 
ethyl acetylacetonate followed by 0.5 mnol of diene 2E in a mixture of lml of ethanol and 0.5 ml 
of benzene. The mixture was heated at 80°C for 7hs diluted with ether, washed with water and 
treated as above to furnish 105mg (62%) of 10 X=CH(COCH3)C02Et. - 

4-Benzenesulfonyl-1-piperidino-2-pentene 14, X=- 
4-Benzenesulfonyl-1-plperidlno-3-pentene E, X= 

and 

5 mnol of compound 2E in 0.5 ml of benzene, 50 ul of piperidine and 3ml of ethanol were 
stirred at 65°C for 3h. firkup followed vy preparative tic yielded 12Omg (82%) of a 15/85 mlxture 
of 11 and 14 Xppiperidinyl according to H NW analysls. -- 
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TABLE 4 : Spectral data of 1-benzenesulfonyl-1.3-dienes and 2.4-diene 1. 

1.96 (b,3~), 5.~ (WJHJO), 5.74 (Ixd,IH,l6.5), 6.59 ~~~~.J,==~.J,~ 

J,dO), 7.31 (W.IH.ll), 7.5 b 7.7 (m.31). 7.66 t0 7.52 (ma) 

1.90 (2 h:l/3:BI), 6.04 to 6.34 (m.Zlil), 7.33 (~,o.7wo 7.52 to 7.72 (mg3- 

xi). 7.86 to 7.96 (m,N 

0.94 (t,a,7), 1.3 ti 1.6 (m&t), 1.92 (tra.31). 2.37 (G%7), 5.95 +a~ 6-l (mf 

w, J&l.2), 6.1 to 6.35 (m,lH), 7.54 to 7.74 (m.40, 7.9 b 7.98 (m.m) 

0.93 (t,a,7), 1.2 to 1.5 (m.a), 1.92 (h%fi),2.~ (G&6.7), 6.3 (m& 

J&5.6), 7.36 (W&10.3), 7.54 b 7-z (m,~), 7.g tr, 7a3 (m82H) 

1.66 (d,a,6.2), 6.14 (txdd,lH,Jl=15,J2=10.5), 6.24 b 6.44 WXJ,&), 7.5! 

to 7.m (m.Si), 7.91 to 7.99 (m,Z+O 

0.88 (t,a,7.5), 1.14 to 1.64 (m, 7~), 1.88 t0 2.4 (m,%=tzdnhs *t2--$ 

1.41,7), 3.56 to 3.92 (m,WccntaMrg at 3.75-t, 0.X&7.5), 5.06 (m,O.F-W, 

5.4 to 5.91 (m,m), 5.91 to 6.38 (m.ZH), 7.4 to 7.78 (mea), 7.86 +ZJ 8s24(msm: 

a CllH1202S ; b C12H1402S ; ’ separated by hplc (eluant : dichloromethane/ethylacetate : 90/10) 

tR gEZ(tR CEE :>90 % isomeric purity, C15H2002S ; e wavelength used for UV detection during hplc 

analysts (eluent : ethylacetate / 2,2,4-trimethylpentane : 5/95) ; d chemical purity&85 X. 

TABLE 5 : Spectral Data of Michael Adducts 

II7 m/z $m~(~5~~)incDQ3:~=Oppnfcr~,J~~ 

1 zksh*'d l~x),uso m,m,ln, 1.~6 (d&7), 3.41 kkWIl,J1*,J2=L% 3.58 (b cpMwlet,lH,7), 5.46 bJ 

l&$w,l35, 5.72 (m,2H,JAB=15), 7.l8 t0 7.44 (m,%), 7.46 ti 7.66 ha), 7.7 +ZI 7-76 

109 (m,N 

y2Fztb,e lm,lm 336,298,197 l.a3(l+31,7), 1.41 (d&7), 2.24 (s.30, 2.56 ha), 3.46 (t,w7.2). 3.7 (h 

_pGcwxrb) lJx),llxl ~w&,IH,~), 4.26 (q&7), 5.42 to 5.64 (m.m), 7.54 to 8.04 (m,W 

gx&f lJx),lEo 293,1=,96 1.32 to 1.66 (m,8.WH,antainsd at1.47:d,2.4(,7), 1.84 (b, O.%), 2.CE +JD 

M.YFV 972 2.56 (m,4.%), 2.8 to 3 (m, Zli), 6.96 (h-t, 0.13&6.6), 7.48 to 8 (mea) 

E%E lJX),l.lY) 

12_ " I 

3xQce 1.33 (d&7), 3.73 (qubt&et,lH,7), 3.83 b-d,2%5.8), 5.5l t-0 5.89 (m,N, 

g9Kl 7.43 to 8.03 (m&X) 

1.86 (b,a), 2.68 (1q,a+,7.5), 3.33 (h-t.ai,7.5). 6.83 (h-W&7.5), 7.5 IZJ 

8,l (m&X) 

Isx=cEP 301,256,227, 0.9 to 1.W (m,10.7H cat 1.42:d,2.lH,7.5). 3.14 to 4.34 (m,6.W, 

209,199,lej, 5.33 to 5.87 (m&W), 7.43 to 8.a (m,W 

149,l43,14l, 

13l,lzs,ll3 

13 " lJx),- a,aO,ls, 1.19 (t,zti,7), 1.66 (hg,c+i), 2.49 (~,~,7). 3.54 (dq,W7), 6.98 (*SW, 

1UXl 169,161,143, J1=7.5,J2=l), 7.5 to 6 (m,m) 

141.125 

a 13C NMR~COC13-75.6,77.0.78.4~13.6,26.2,35.6,36.O,63.2,l25.8,l26.3,l28.2,l28.6,l28.9,l3O.O,l32.7. 

133.3,134.9,136.6 ; b '3CNMR(COC13-75.6,77.O,78.4)13.3,l3.6.14.2,29.O,29.3,29.8,3O.8,58.7,6l.5,63.3 
125.6,127.8,128.6.128.9,132.9.133.3,133.6,136.7,168.3,201.3 ; ’ chemical purity45 % d C17H1802S 

e Cl7H2205S ; f C16H2302S ; ’ C17H1804S2 ; h Cl3HT803S 
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l.l'- [(l-Methyl-t-butene-1,4-diyl)bissulfonyl] bisbenzene 15, X-C and 
.- - Methyl-1-butene-1,4-dlyl)bissulfonyl] blsbenzene 12, X- 

410 
bromhydra::, 

. m f odi benzenesulfl t 110 1.2 equiv.) of triethylamine 
0.5 azaol of &l$ne i: and 5 ml of & e&re stized at 100°C for 24h according to 

Bordwell and collaborators' DrEcedure. Workuo and oreoarative tic led to 112 ma (64 X) of a 
32/68 mixture of disulfones 12 and 15, X=C.' Both 'isbmers were obtained 
preparative hplc (eluent A). TGmajorTsomer 15 crystallized, F. 168-9°C. 

) >O-% pure by 

l-Ethoxy-4-benzenesulfonyl-3-pentene 13. X=OEt?nd 
l-Ethoxy-4-bentenesulfonyl-Z-pentene 16. X-OEt 

1 
hydroxE 

1 f If 2E 0 5 1 f benzene and 5 ml of a 2M ethanolic solution of sodium 
w&e 's"tirorns ;t' robm !eGerature for 22 h. Workup and preparative tic led to 65 mg 

(31 X) of sulfone 2E, 79 mg (31 X) of 13, X-OEt and 28 mg of a mixture of E6. X=OEt (59 X) and an 
unidentified sulfoiie. 
Reaction of I-benzenesulfonyl-1,3-dienes with sodium benzenesulfinate 

1 mnol of sulfone 2 dissolved in 0.5 ml of benzene. D.820 a (5 azoo of sodium 
benzenesulfinate and 5 ml %f ethanol were stirred at 80°C for-24 h. Workup furnished 0.200 g 
(96 XI of a 14/14/72 mixture of 3 sulfones according to hplc analysis (eluent : dichloromethane/ 
hexane : 90/10 ; decreasing R ) 

The first canpound was id%ntified as being unchanged 2 and tpe major component obtained 93 X 
pure by preparative hplc (same eluent) was identified as l7EE by Ii NHR analysis. 
Diels-Alder Reactions of Sulfone 2 with cyclopentadiene - 

600 mg of cyclopentadiene (depolymerized according to ref.231 lnanol of sulfone 2E dissolved in 
2 ml of toluene and a few crystals of hydroquinone were heated in a sealed tube at TlOOC for 38 h. 
Workup and preparative tic (eluent : cyclohexane/ethylacetate : 9O/lD-7 elutions) yielded 
(decreasing R ) 80 mg (29 %I of (2'-benzenesulfonyl)-I-propene-2-yl-bicyclo- [2.2.1]-5-heptene 
19 exo and 70 hg (24 Xl of (2'-benzenesulfonyll-1-propene-2-yl-bicycle [2.2.1]-5-heptene 19 endo, 
K88-SOY. 

- 

Spectral data for Diels-Alder adducts are collected in Table 2. 
with methylvinylketone 

1 rmnol of a 59n1/30 mixture of sulfones 17EE, 17EZ and 2. 5 ml of toluene, 1 ml of 
methylvinylketone and a few crystals of hydroquino= were-heated $llOY in a sealed tube for 4 
y$ssnrrkup and purification first by vacuum chromatography followed by preparative tic 

: cyclohexane/dichlorothane/ethylacetate : 70/30/5-4 elutions 
102.4 mg (50 XI of sulfones 2 (47/53 : 

; decreasing R ) led to 
2/17), 25 mg (13 %) of a l/l mixture of add& 20A and 

208, 15 mg of 208 (&characterTstic-0.79 tih2.06)( 8 XI and 55 mg of (2-methyl-5-benzenesuionyl) 
Gclohex-3ene Kthylketone 2DC F.lDQ-104.5"C (petroleum ether). - 

TABLE 6 : Spectral Data of Diels-Alder Adducts H, c 

19 end0 
20 c 

1.40 to 1.54 (m,Ui), 1.84 (d,Si,l.Z), 2.22 (m,lH,J#.5), 2.89 (b,M), 2*98 

(~,IH), 6.1 to 6.2 (m,Z?i), 6.91 (W,IH,J&3.5), 7.5 b 7.97 (m,m) 

0.88 (W,HA,Jtill.5), 1.31 (trd,lH,8.2), 1.49(W,W8.2). 1.87 (-9 31). 

2.~6 (m,tjq,J&.l.5), 2.63 to 2.97 (m&2.9 : l&,J&O)p 6.07 (w,JKJl**E 

J2'3), 6.30 (hdd,lH,J15.5,J2S), 6.51 (W.+J&C& 7.52 'KJ 7.S3 (mvw) 

c 0.79 to 3.04 (m,la coltainirlg at 0.79 (d,1.3&7), at 0.94 (d,l.%7), at 

2.06 (6,l.m) ad at 2.4 (s,l.si) , 3.41 (m,o.W), 4.4 (m,O.w), 5.51 to 6.17 

(m,2ii), 7.61 to 8.14 (m,W 

0.54 (d.QSB,6.8), 1.74 (kq, H6,-IX4 SW&&~. Ja-,==' Jwd4)1 

2.05 (kdd,~,J,~,J,=6,J,-2.5), 2.12 (8,s)~ 2.62 to 2.78 (meH4 d 

~3). 3.89 (m.H7,J7a=12,J7@), 5.91 0m~,~,J~_2=ll.J~_~~1-5). 6.06 (m+ 

J2_&J2_+5), 7.66 to 7.94 (m,m) 

a Elemental analysis (C,H,St0.3%) of exo/endo mixture C,6H18D2S ; b unstable under elemental 
analysis conditions ; ’ 'H NMR at 8DMliz 
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Table 7 : Elemental Analysis 

T. CUVIGNY et ai. 

Compound Molecular Calculated % Observed % 
Formulae C H S C H S 

f EE + EZ Cll"1202S 
C12H1402S C15H2002S 

63.46 64.86 6.31 5.77 15.38 14.41 63.53 64.83 5.94 6.33 15.40 14.21 
6 68.18 7.58 12.12 68.28 7.76 12.02 
9 X = SPh C17H1802S 64.15 5.66 20.13 64.23 5.75 19.85 

C17H2205S 60.35 6.51 9.46 60.18 6.70 9.37 

;16/23y5' 
c17H1804s2 

65.53 58.28 7.85 5.14 10.92 18.28 65.58 58.06 7.93 5.29 10.83 18.27 
12X = OEt 

C13H1803S 
61.42 7.09 12.60 61.37 7.04 12.48 

lqendo + exo 16 18 2 70.07 6.57 11.68 70.02 6.77 11.75 

Financial help from the LA32 and A.T.P. "Messagers Chimiques" is gratefully acknowledged. We 
thank Miss Michon, Miss Oerouet and Mrs Morin for recording NMR and glc-mass spectra. 
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