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Simple. three step synthesis of a new fluorine containing dienc. 3-chloro-3-Huorothi~)phcnc- I. I -dioxide ( 4 1. from commercially a\,ailable 
3-sulpholene (1) has been developed. The synthetic value of compound 4 ah a Dielx-Alder diene has been demonstrated by its reactions with 

various type of dienophiles: acetylenes. alkenea, furan$, quinone and anthracene. The reactions proceed with high regioselectivity to give 
gcbod yields of 3-fluoro-4-chloro substituted aromatics or cyclic chlorofluorodienea. In reactions with alkeneh, immediate aromatisation often 

(II curs. In some instances, when reacted with a diene, compound 4 behaves as a dienophile. 0 IYYX Elhcrler Science S.A. All rights 

rc \erved 
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1. Introduction 

The Diels-Alder cycloaddition is one of the most funda- 

mental and useful reactions in synthetic organic chemistry 

bllt only limited number of such reactions with Ruorinated 

dienes have been reported till now. Highly fluorinated dienes 

z11c better known for their [ 2 + 2 ] reactions, rather then Diels- 

Aider type condensations. Exceptions are perfluorocyclopen- 

tadiene [ 1 ] and a few trifluoromethylated diencj [ 2 ] and 

hL>terocycles [ 3 ] ; the latter are particularly prone IO inverse- 

electron-demand Diels-Alder reactions with electron rich 

dlcnophiles. Dienes with low fluorine contents, ,uch as 7- 

fluoro- 1.3-butadiene and 2-fluoro-3-methyl- 1,3 butadiene 

Ncre reported to readily undergo 14 t 21 cycloadditions (4 1 

bllt they are available only with difficulty. 

On the other hand, it has been reported that di- and tetra- 

clllorosubstituted thiophene- I. 1 -dioxides casil) undergo 

c\‘cloadditions with a variety of dienophiles, followed by loss 

oi sulphur dioxide, to give high yields of haloaromatic and 

ciirbo- and heterocycles [ 5--7 1. Linsubstituted thiophene 

dioxide is known to be very unstable so that it could not be 

is,)lated in a pure state but in a solution it readily dimerise 

with the liberation of SO?, even at low temperatul-e [ X-IO]. 

Tile presence of halogen atoms \tabilises the thiophcnc diox- 

ide molecule sufficiently to allow halosubstituted analogues 

tc: be isolated and stored but they still retain theil reactivity 

a! diene components in Diels-Alder reactions. 

-- 
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In the present work, we descrihc synthesis of the first flu- 

orine containing thiophene dioxide. 3-chloro-4-tluorothio- 

phene- I, I -dioxide (4). from the inexpensive commercially 

available precursor, 3-sulpholene ( 1 ) and demonstrate its 

applicability as a diene (in somr: instances also as a dieno- 

phile) in Diels-Alder type cycloadditions leading to chloro- 

Huorosubrtituted aromatics, heterocyclics and alicyclics. 

2. Results and discussion 

The synthetic route to 3-chloro-4-fluorothiophene- I, I - 

dioxide 14) is straightforward and involves three steps: 

chlorofluorination of 3-sulpholenc (1) to 3-chloro-4- 

Huorosulpholane (2 ), photochemical chlorination of 2 to 

3.3.4trichloro--Lfluorosulpholane t 3) and dehydro-chlori- 

nation of the latter: 
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Heating of sulpholene ( 1). like many other alkenes [ I I 1. 
with anhydrous hydrogen fluoride and a source of halogen 
cation, i.e., N-chlorosuccinimide, resulted in 4 rrclns-addition 
of F-Cl to form rra~~.F-3-ch)oro-l-fluorosulph~)lune (2) which 
was easily purified from unconverted reagents simply by 
washing with water. Substitutive chlorinationc of compound 
2 to 3 proceeds in rcfluxing CCI, under effic,icnt UV irradi- 
ation as described for the chlorination (1f3.J-~iichlorosuIpllo- 
lene [ -51: trichlorofluorosulpholane 3 was. separated by 
crystallisation from methanol. The final step. scllective dehy- 
drochlorination of 3, was conveniently carried out in dry 
acetone with triethylamine as the base: the amine hydrochlo- 
ride formed as the side product was removed hy filtration and 
evaporation of the solvent, followed by rec;‘ystullis~ltion of 
the residue from toluene, to give compound 4 sufficiently 
pure for investigation of its cycloaddition n*actions. Anhy- 
drous conditions during the dehydrohalogenation are essen- 
tial for quantitative removal of solid Et,N . HC‘I. 

3-Chloro-4fluorothiophene I, 1 -dioxide I 4) ia a white 
solid stable up to at least 100°C; it melts at ca. 110°C with 
darkening indicating decomposition. Compound 4. when 
heated in toluene in the absence ofdienophile. climerises with 
the simultaneous loss of one molecule of sulphur dioxide and 
one molecule of hydrogen chloride to give in one step an 
aromatic product, .5-chloro-.3,6-diflui~r(~-b~tlzothiophene- 
l,l-dioxide (5): 

Annelation of alkynes with compound 4 gave reasonable 
yields of r,vfho-chlorofluoro aromatics 68 but usually these 
reactions were not fast enough to prevent concurrent self 
annelation leading to benzothiophene dioxide 5. Cycloaddi- 
tions of 4 to alkynes proceeded with full regioselectivity in 
such a way that in the resultant aromatic cornpounds the 
alkyne substituent R was always placed par-tr to the chlorine 
atom. Thus, the reactions with phenylacetylenc, 3-butyn- l- 
ol and propargyl bromide gave. respectively.4-chloro-3-fluo- 
robiphenyl ( 6). 3-c 4-chloro-3-Ruoro)- 1 -propanol ( 7) and 
4-chloro-3-fluorobenzyl bromide (8) as the only aromatic 
compounds: 

F 

yj I + ;I * 

4 

5 

R = phenyl: 6 (57%) 
R = CH$H,OH: 7 (38%) 11% 
R = CH2Br:- 8 ( 4 5 %) 14% 

-SO, -HCI 

5 (57%) 

Theabovereaction indicates thatthiophenedioxideilcould 
act either as a diene and a dienophile and suggests that the 
reactivity of 4 is between that of unsubstituted thiophene 
dioxide which dimerises spontaneously and that of tetra- 
chloro-substituted analogues for which no such behaviour 
was reported. Interestingly, in this particular case, only the 
-C=C-CI bond plays the role of a dienophile. Also, the 
cycloaddition proceeds with high regioselcctivity; no 6- 
chloro-3,5-ditluoro isomer was formed. It has been reported 
that the structural analog of 4. 3,4-dichlorothiophene- I. I - 
dioxide, under analogous conditions gives a mixture of the 
dimeric and trimeric product. the latter t-eaulting from 
cycloadditions to both --C=C--CI bonds [ 5 1, ‘l’he structure of 
compound 5 has been shown by its ‘H and “C NMR data 
(Table 2) the most characteristic feature of which are two 
proton-to-fluorine couplings constants for H-4 proton i”J,,, ) 
and only one for H-7 proton ( ‘JtlF): two small carbon-to- 
fluorine coupling constants ( ‘J,-[;) for C-X carbon atom and 
one large coupling (‘.I,., I for C-9 carbon atorn 

Reactions of 4 with alkencs proceeded with lower regio- 
selectivity as compared to reactions with alkynes: thus, allyl 
alcohol and ally] bromide gave approximately 3: 1 mixtures 
ofisomeric cyclohexadieneh c)a. 9b and 10a. lob. In the lal:ter 
case a considerable amount trt aromatic compound 8 was also 
formed. It seems that the tendency to oxidative aromatisation 
of the initially formed cycloadducts increases with increased 
polarity of the reactant alkelles. Under standard reaction con- 
ditions methyl acrylate gake methyl 4-chloro-3-lluoroben- 
zoate ( 12) as the main product with only a small amount of 
diene 11. however, shortening the reaction time from 20 to 
3.5 h resulted in the formation of isomeric dienes 1 la ml 

1 lb as the main products. Thus, it is likely that aromatic 
products are formed as the rt.sult of slow thermal dehydro- 
genation of initially formed adducts: the rate of dehydro- 
genation probably increase\ in the presence of electron with- 
drawing substituents such ax an ester group. 

R = CH,OH: 9a (60%) 
R = i:H,Br: 10a (35%) 
R = (‘O&H, 1 la (6%) 

1.5 h 1 la (58%) 

9b(24%) 
lob (10%) 

llb(19~~) 

8 (23%) 

12 (63%) 
12 (7%) 



I ,4-Benzoquinone underwent double annelation with 4 to 

give high yield of a I : I mixture of isomeric dichloro-difluo- 

roanthraquinones 13a and 13b. This reaction proceeded with 

spontaneous dehydrogenenation of the initial DIeIs-Alder 

atlduct; the latter was not detected in the reaction mixture. It 

has been earlier suggested for the similar reaction of benzo- 

quinone with 3,4-dichlorothiophene- I. I -dioxide that the 

dtbhydrogenation (aromatisation ) mechanism involves eno- 

isation of the adduct to hydroquinone followed by oxidation 

ol‘the latter with an excess of benzoquinone [ 5 1. 

0 
(I F toluene 

2/\+1 pg-- 

“0, 
SO, 

4 ii 

13a (I : 1, total 86%) 13b 

Maleic anhydride reacted with 4 to give a 2: I adduct 14 as 

the only isolable product; apparently the initially termed I : I 

atlduct is a more reactive diene than compound 4: 

Cl 

In reactions with furan and anthracene. thiophenc dioxide 

4 behaves as a dienophile rather than as a diene: in both cases 

good yields of I : 1 adducts 15 and 16 were obtained Similarly 

to the self-condensation of 4 leading to 5, described ahove. 

the diene attacks predominantly the -C=C-Cl bond to give 

m‘tinly isomers 15a and 16a with chlorine atom in a bridge- 

head position. Isomers 15b and 16b formed by antlelation of 

th,: -C=C-F bond were only minor products: 

(‘I 
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I 
/ \ 

SO? 
4 

Cl 

H 

I 

I \ 

so, 

4 

4 

16a (65%) 16b (13’4 

In contrast to furan. 2-methylluran possesses strong dien- 

ophilic affinity towards 4. The reaction, similarly to reactions 

of substituted furans with di- and retrachloro analogues of 4 

[ 71. proceeded with the furan ring opening and rearrange- 

ment of the primary adduct to yield methyl 3-chlort+- 

huorohenzyl ketone ( 17) almost cluantitatively: 

Structures of’ aromatic compounds 6-8. 12 and 17 have 

been assigned by comparison ot‘ their “C and ‘H NMR data 

( Table I ) with those reported for unsubstituted orrho-chloro- 

fluorobenzene [ 12, I3 1. The ’ ‘c‘ c,hemical shifts and coupling 

constants of five aromatic carbon atoms. i.c.. or.rlro to CF 

( C-2 ) and ortlro and mrtc~ to <‘Cl t C-S and C-h ) for our 

compounds are almost identical with those for the model 

compound. The only ‘-‘C chemical shift which varies with the 

variation of a substitucnt R IS th;it l’or a carbon atom /IUYU to 

CCI group (C- 1 ) and. therefore. ,r,signs the R group on this 

carbon atom, i.e.. /NW to CC’I and (l~lro to CF groups. Chcn- 

ical shifts and coupling constants c:f aromatic protons i‘or OUI 

compounds closely resemble tho\c in the model compound. 

Assignments of chlorine and tluortnc atoms positions in 

the henzcno ring of primary cyd,loadducts Y- 11 ha\e been 
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H-t: X.033 (d. l,,, = 8.h) 
H-4: 8.6X Cd. ‘J,,, =7.01 
F: 103.x ldd. j_l (/ =x.tx’.r,,, =7.01 

H-1:3.7J(\):II .!andH-3:3.lil I\) 
H-J: 3.50 (cl. ‘J <, = Ii. I ) 
F-S: lOS.-l , d, ‘I,, = 13. I) 

c-1:4.1.8 (\):(-Z:-lS I ,‘;I:<‘-3 .I.l.c)(d. ‘I,., =I 9) 
(‘-4: 3Y.1 Cd. ‘J, , ~~x7):cs: l.74.S (d. ‘.I,., 286.6) 
C-h: I0h.X , d. I/ -X.O):C‘O: 171.0 I\) and 171.1 (\I 

H-26.11 (dd. ‘I,,, = I LJ. ‘I,,),- I I 
H-4: 5.57 (hroa 1 \ ) 
H-5 and H-h: h.117 and 6.70 (AN. J,,, = 1.5) 

H-7: 5.2.t f hrrxel \ 1: b1-8: 3.3 I 1. J - I I 
F-3: I12.(1 Id. <.I;,, =2, 
c-2: I IA.7 , d. ‘I<, = Il..i):c‘-3 Ihl.hfd.‘Jc, =?‘Pi.h) 

c-4: 71.6 Cd. ‘I,, :- I .h 1: (‘-5 and C‘-0: I35 .+l and 136.3 f \ ) 

(‘-7:X1.‘(\):< x 13.i.X,d.‘J,,=3.5) 
C-0: 6’). 1 , 11. I, , = 25.0 I 

H-2: not iuund: +-! 5.5.l ( hroatl \ i 
H-5 and H-h: 6. f> ;md h 7X j 4H. J \,< = I .X t 

H-7: 5. I I) f h!-oclki \ 1: 
H-X: 3.11) f&l. “,{, = t 1.5. J - I I 

F-9: t 50.: cd. ‘J ,, = I I .5 ) 

FI-2: S.YX (dd. ‘.I,,/ = 2.1. J,,,, = t .(I I 
H-j: 3.X’) (,.‘.t,, , ~=?.I,: H-6: 3 01 Cm): H-7: -1.75 f.\, 

H-AK 7.17.7.51) , irnnplc~ 1 
F-3: I I5 0 Id. J ,{, = 1 -b) 
c-1: 113.2 Id. ‘_I , = t2..i).(‘-3 lIh.O(d.‘J~, =‘OS.hi 
c-4: 70.5 id. :.t, ‘2.‘J,: (‘-5: 75.2 f\): (‘-6: 15.1 c\) 
C-7:SL’J I\):<’ A. 111.1: 12-1-t: 176.9: 127.-l 127.8: 117.9: l%.ft: l.?5,0: I \-‘.X. 137.0: t.?XX 

16a 



16b 

made on the basis of relative magnitudes of the ‘J,,, and ‘.I,,, 

coupling constants and multiplicities of the H-2 and H-S 

protons (dd and dt. respectively ) as well as on the appearance 

of’ ‘Jc.F couplings for C-l in the isomers a and for ( ‘-6 in the 

iacimers b (Table 2) 

I4olecular compositions of all products 5-17 have hcen 

c+lfirmed by precise masses of their molecular icln\ in the 

HRMS (Table 3). 

In conclusion, ~-chloro-~-lluorc,thiophene- 1. i -dioxide 

(4) is a new fluorinated Diels--Alder reaction cclnlponcnt 

wi h numerous potential applications. both ;I$ a dL.nc and a 

dit nophile. which provide an easy access to ;I \ ariety 01 

chlorofluoroaromatics and chlorotluorocarb(~cyclic.,. 

3. Experimental details 

Melting points were determined in capillaries and arc 

un$:orrected. ‘H. “‘F and “C NMR spectra u’cre rer:ordcd in 

CL01 or acetone-& as indicated. with a Varian Gr nlini 200 

sprctrometer at 100. I88 and SO MH/. respectively. (‘hemical 

shi Its are quoted in ppm relative to Internal TMS for- proton> 

anti carbon nuclei (poaitivc downlicld) and relative, to intcr- 

nal CFCI, for fluorine nuclei (positive upheld ). (K--MS 

an; lyses were performed with a Hewlett-Packard S?,(X) appo- 

ratits (70 cV) using a 30 m capillary column coatt4 with ii 

HP5 oil. High resolution mass spectra were ohtaine,.l with an 

AIlD-604 spectrometer. 

!iulpholene ( 1) (23 g. 0.2 mol ) and N-chlorosuccinimide 

(30 g, 0.225 mol) were placed in a 200 ml stainless steel 

autoclave equipped with a needle valve, the autoclave was 

immersed in a dry ice-acetone bath then anhydrous Ilydrogen 

fluoride (42 g. L. ? I mol) was condensed into it. After v\ arming 

up IO ambient temperature. the autoclave W;I~ plan t:d in an 

rocking furnace and heated at 7SWW for approxinlately 33 

h. While the autoclave was still hot, the excess 01 HF WI\ 

gently released by stepwise opellirlg of the \.alvc. then the 

vale was closed, connected by ;I ilevible tube with a water 

container ( ca. 200 ml ) and then. Litter cooling the autoclave 

to ca. 5°C. opening the valve caused sucking of water Into 

the autoclave. After opening, the G:ontents of’ the autoclave 

were transferred into apolyethylel~ container. the watcrlayer 

CL as decanted and the remaining b( Ilid material waj washed 

once with cold water ( removal c.1‘ unreacted \ubstratcs and 

\uccinimide ). filter-cd. dried at rol)rn tcmperaturc and tinally 

rccrystalli\ed from ethanol to gin* Ilure rrctrl.~-?-chloro-4- 

Huorosulpholanc (2 j ( 17.5 g.. 0. I 11101 ) as colourlesx crystals. 

Y ietd: 50.7%. M.p. I .36--l 38Y’. :\nalysis: Found: C‘. 2X.05: 

H. 3.75: (‘I. X.7: F, 10.0: S. I X.4(; C,H,CIFO,S require\: 

(‘. 27.X: 1-l. 3.5: Cl. 20.5: I’. II .O !>. I X.6%. ‘H NMR I ac’e- 

tone-c/,,) : IBM and ABMX system: 3 3.55 I dd. ‘J,,,, 7 11.6 

Ii/. ‘.I,,,, 7 3.84 Hz. IH. ?-CH,): 3.82 (dd. ‘J,,I,= 14.6 tf/., 

‘./,,,,==~a. 5.5 Hz, IH . 3-C’H, ); 3.G 1 ddm, ‘.I,,,, = 11.05 HL, 

‘.I,,,.= 21.0 HL. IH. S-CH?): 3.7’) id&id. ‘.I,,,,= l3.W Hx. 

‘./,,, =-?I.5 Hz. ‘./,,,,=:5,2Hz, ‘.I~ 0.6Hr.. tH.S-CH!‘~;5.63 

I dm. ‘I,,, =4X.-l Hz., IH. (‘HF): ?l.OS (complex. I H. (‘HC’I) 

ppm. “‘I; NMR (acetone-r/,,) 6: I ;’ I 1 I dddd. -!.I, I, =4h.3 tlz, 

‘.I, I, = 3 I .5 H/. ‘,I ,,,, =z 2 I .O HT. ‘J, ,I IO.3 H/.. CHF I ppm. 

‘C NMR i acetone-d, ) 6: SS.‘7 t cl. . II !  == 31.0 HL, C-5 !: S5.X 

11. :I ,(r -3C).hH/.C-i):S7.0(~, (‘-3):93.7 ~tl. ‘,/(, 7~1 IX6 

I IL. C-4) ppm. MS nrl: [relative !  0lcnsity. ion 1 : 17-I. I7:! 

2.6!/r. \I’ 1; I.37 (l.(M--(‘lr I: 100. I07 1.7. 9. 

I4 -~ SO !H I ’ 1: 63. 6-3 [ 30. W C’,H,(‘I ’ 1: 1-I 1 I(K). 

‘>11F 1. 

A 4ution ofr~-~,r~s-3-chlor~)-~-tlL~ol.~~~ulphola~~c ( 2) ( 7 1 .7 

g. 0. 126 mol ) in Ccl, ( 700 nil I u ;I\ placed in a 1000 ml 

photochemical rractoriitted with ;:I? internal LV lamp. reilux 

c,onden\cr capillq c ’ “;I\ inlet and ;, rnamelic Uirring bar-. The . 
solution M;I~ irradiated and strrrc.tl lor Z-4 h while a blow 

atream 01‘ dry chlol-ine WI’\ cont~~1~1ou4y introduced to the 

bottom of’ the reactor. The rcactic~~l tcmpcraturc was main- 

t;lined auti)thcrmally at gentle: bolls np. After complctlon (11 
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the reaction. the solution (logether uith partially c’cposited 

product) was evaporated to dryness and the solid restduc \~a\ 

recrystallised from methanol 10 gi\r: 3.3,4-triclllor.)--I-tluo- 

rosulpholane (3) as colourless cryslals. Yield: IS.2 q, I 0.061 

mol, 50%). M.p. l41-142°C. Analysis: Found: C. 10.0: H. 

I .Y. Cl. 43.8: F. 7.X; S, 13.0% c‘,H ,CI ,FO,S requires: C, 

19.X9; H. 1.67: Cl. 44.04: F. 7.87: S. 13.28%. ‘H NMR (500 

Mklz, acetone-d,): AR and ABX syslcms: Fi l..iZ tddd. 

‘J,,,,=l3.6Hz, +&=2.9Hz.~‘./ ,,,, ~=0.75 Hr. IH. :! (‘II,): 

4.6\ (dt, ‘./,,,=14.6 Hz, ‘./ ,,,, =O.L) Hz. IH. L(‘tl-1; 4.3X 

( dtld, ‘.I,,, = 14.8 Hz. ‘<1,,, ==30..1 HL. ‘.I ,,,, =-0.‘) t-l/. IH. 

S-<‘Hz) 4.52 ( td. ‘J,,,, = ‘.I,,, = 13.X Hr. -‘J ,,,, -0.7’ tlL. IH. 

5-C H,) ppm. “‘F NMR ( acelonc-l/,,) (S: 104. I ( ddd, 

‘J,:,, =X).3 Hz. ‘J ,.,, = 14.8 H;I. ‘./t,,, =2.0 Hy) Fptn. ‘C 

NhlR (acetone-t/,) 6: 67.5 (d. -‘,I,., = 24. I HT. (‘- 5 i: 76.2 

(a.~:‘-2)~86.7(d,~./,-,.=18.0H/.(’-~~;11.3..1(d.‘./, , -2.53 

Hz C-4) ppm. M.S m/z [ rclarivc intensity. ton 1 : I-lh. 734. 

24:‘. 240 [ < I%, M’ 1: 209. 107. 105 [ < I, CM (‘I) 1: 

IX:‘. 180. 178. 176 [ max I?‘%. lbl-SO,)+]. 14s. l-13. l-&l 

[3. 30. 48. (M-SO,CI)’ 1: l.il. 129. I77 1.3. -45. 51. 

C,Il,CI,F’ 1; 107. 105 IX, 13. (‘,H;(‘IF’ 1; 100. 9X ‘)6 1 10. 

60. 100. ( CHI=CCI,) + 1: X7. X5 [ 6. IX. Ct’.CI ’ : X7. X0 

[ I(!. 30. (CHZ=CFCI) ’ 1. 

f\nhydrous triethylaminc (35 g. 0.35 rnol) u; s added 

dropwisc to a stirred solution of sulpholanc 3 (35 g. 0. I45 

mo:) in anhydroua acetone ( 200 ml I at 0°C. The stirring was 

continued for half an hour then the precipitate of EI $V. HCI 

wa:, filtered off. washed with acelonc, and the cotnhtnt’d ;K:c‘- 

ton > solutions were evaporatc~d oti a rotary ev;tporalor. 

Ret rystallisation of the solid trcsidue from lolucnc g?;t~r’ .V 

chlllro---fluorothiophene- I. I -dioxide (4) as ycllow~~l~ CI.\;S- 

tals Yield:215g (0.127mol.XX% I. ic1.p. 109-I I I (‘1 slibht 

dec!>mposition), The analytical ~nple was obtatt~zd after 

chr, matography on silica-gel using CIH,CI, ;I\ :tt, </u<‘nl. 

An;ilysis: Found: C. 1X.50; H. I .20 (‘I. 31.01: F. i 1.27: S. 

19.1 I?‘%. C,H,CIFOIS requircl\: C‘. 2X.3; H. I. I : Cl. 2 I .?: F. 

I I..!; S. 1X.9%. ‘H NMR (acetone-cl,. I ii: 7.00 (dd. ‘./ ,,,, = .i.O 

and 0.8 Hz, 2-W): 7.44 (dd. ‘.I ,!, :=-I.3 HL, ‘.I ,,,, x .:.O H/.. 

S-C H) ppm, “‘F NMR ( acetone-tl,) S: 122.6 ( tl. ‘.i ,.,, == 1.3 

Hz ppm. ’ ‘C NMR ( acetone-c/,,) Ti: 158.3 ( d. ‘.I, , = 291 tk 

C-4 1: 1.32.X (d. ‘./,.,.=32.X HL. C--3 J: 1.31.4 (s. C-2. ~~ontlc- 

coupled spectrum: ‘.I,.,, =201 H/j: 110.7(d. ‘./<,,=~ V.-kII/. 

C-5. nondecoupled spectrum: .I, ,, =- 199.7 tI/. ) 171,111. M.S 

!72/: I relative intensity, ion I : 170. ItiX I 13. .i6. M 1: I-1 I. 

I39 [IO. 30. (M-CHO) 1; I.?. I20 13 ;. IOO. 

(M -SO) + ] : I 13. I I I [ 13. 30. (‘,H(‘IFOI I: 9.3. 0 I I 13. 

30.C,HCIF’ I:69 170.(M-S0,1(‘I) I:57 135,(’ tl,F’ I. 

SO j 38. C,HI ’ 1, HRMS: Found: I6~7.03470. C,I1,C I ’ ‘WO, 

reclttires: 167.9~478. 

Thiophenc dioxide 4 ( I g, h nrn~l) in toluene i 20 ml) 

was heated in a sealed ampoule at 100°C for 20 h after which 

time the solvent was removed under reduced pressure and the 

oily residue was chromatographetl on silica-gel with jr-hex- 

anc/CH,CI, ( 9: I ). The solid prodttct obtained wah tzcryc- 

tallised frcim methanol to give cotnl~ound 5 (0.4 g. 57% ) as 

colourless crystals. Spectral and ph! :sical properties are listed 

in Tables 2 and .3. 

Thiophene dioxide 4 ( I g, 6 tnmol) and an excess ot 

freshly distilled dienophile (20 ml I ( in cases of solid rca- 

gents tolucne was added as a solvrn~ ) were sealed in a glass 

lube and heated on an oil bath at I I’W I 10°C for 20 h. After 

completion of‘ the reaction an C’XUL’S\ of the dienophilc and 

~hc solvent v.ere removed on a rotary evaporator and the 

residue W;IS subjected to column ~.:Ili-omatography on silica 

(TL’I uxing rl-heaane or /I-hexane!(‘l-t Cl, (0: I ) as the cluent. LL 
Solid product\ were additionally pttritied by crystallization 

(rr vacuum sublimation. Yields. i\n)lation methods. physical 

propcrtic5. MS and HRMS data for thu adducts are gi\:en in 

I‘ahll. 3. ‘t-1. “‘F and “C NMR d,~ta for aromatic products 

6 -8. 12 antI 17 at-c listed in Table .inci for product5 5. %I 1 
and 13--~16 in Table 2. 
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