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l-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine, isomeric with the corresponding pyrrole, was prepared. The 
The structure of the diene key step involves the SO2 extrusion of a bicyclic sulfolene under reduced pressure. 

was confirmed by its spectral data as well as by conversion t o  a dimer and two Diels-Alder adducts. 

The synthesis and characteristics of the reactive dou- 
ble bond isomer of o-xylene, 4,5-dimethylenecyclohex- 
ene, have been reported.' Among the corresponding 
isomers of the five-membered oxygen, sulfur, and nitro- 
gen heterocycles, only 3,4-dimethylenetetrahydrofuran 
has been accessible to date.2 The present article de- 
scribes the preparation and characteristics of l - ( ~ -  
chlorophenyl)-3,4-dimethylenepyrrolidine, a new dou- 
ble bond isomer of 3,4-dimethylpyrrole. 

A rather effective way of masking a diene is its cyclo- 
addition t o  sulfur dioxide. This ~heletropic,~ reversible 
reaction has found great synthetic utility not only for 
the preparation of sulfones4 but in particular for stereo- 
specific syntheses and protection of dienes and poly- 
e n e ~ . ~ - ~  
3,4-Bis(bromomethyl)-2,5-dihydrothiophene 1,l-di- 

oxide (l), which is easily obtained by brominating 
the cycloaddition product of 2,3-dimethyl-lj3-butadi- 
ene and sulfur d i ~ x i d e , ~  seemed to be an attractive pre- 
cursor for a masked 3,4-dimethylenepyrrolidine (2). 
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R- 
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However, reaction of the dibromide 1 with various pri- 
mary amines under very mild conditions in either pro- 
tic or nonprotic solvents produced only intractable mix- 
tures. A possible explanation for these results would 
be that the strongly acidic character of the sulfolene 
protons toward the amines strongly favors proton ab- 
straction and thus virtually suppresses the nucleo- 
philicity of the amines. 

A lJ4-HBr elimination from 1 would then yield rather 
reactive dienes, prone to undergo secondary reactions. 
By reacting 1 with a weakly basic amine, such as p -  
chloroaniline (pK, 3.97), in either a protic or a nonpro- 
tic solvent, the bicyclic sulfolene 2a (R = p-C1-CsH4) 
was obtained in moderate yield. Its nmr spectrum 
with singlets at 6 4.03 and 4.16 ppm, respectively, each 
accounting for 4 protons, leaves no doubt about the 
symmetry of the structure. In  trifluoroacetic acid, 
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the signals of the hydrogens adjacent t o  the now- 
protonated N shift to lower field (4.97 ppm). A low- 
temperature mass spectrum (100') exhibits the molec- 
ular ion at  269 as well as m/e 205, the reaction product 
of the sulfur dioxide extrusion. Catalytic reduction 
of 2a produces a nicely crystalline dihydro derivative 3. 
2a is stable in its crystalline state at  room temperature 
over extended periods of time. In solution, however, 
it is slowly oxidized to the pyrrole 4, a reaction which 
preparatively and reproducibly can be achieved (60%) 
by stirring a solution of 2a in CH4.312 with an excess of 
an ethanolic solution of (NH4)2Ce(N03), for a short 
period of time. The assignment of the pyrrole struc- 
ture 4 as opposed to the possible alternative (thiophene 
1,l-dioxide) is corroborated as follows. (a) The uv 
[Ama, 263 mp ( E  20,400) ] and ir spectra'O are compatible 
with 1-p-chlorophenyl pyrrole. (b) The pyrrole pro- 
tons in the nmr shift from 6 6.95 (CDC13) t o  11.4 ppm 
(2 H) in CFaCOOH, whereas the sulfolene hydrogens 
remain virtually in the same area (4.20 and 4.42 ppm, 
respectively). (c) The properties of 4 would not be 
compatible with the reportedl1Il2 instability of thio- 
phene 1,l-dioxides. 

Thermolysis of 2a leads to rapid and clean SO2 
extrusion. Upon heating 2a beyond its decomposition 
point (148-155"), the material resolidifies. An nmr 
spectrum of this crude and rather insoluble material 
(CF3COOD) agrees quite well with the Diels- 
Alder adduct 6 of the initially formed diene 5 .  At 6 
2.1-2.8 there are the signals (broad) for two allylic 
CH2 groups: a t  4.1 the peak of the nonallylic CH2 
adjacent to the N, at  4 .64.9 the absorption for 3 
allylic CH2's adjacent to iY, at 5.5 the geminal vinyl 
protons, and finally at  7.6 ppm the 8 aromatic hy- 
drogens. A mass spectrum of this material at  205" 
clearly reveals it to be a dimer (;\I+ 410). The next 
major fragment is m/e 204, Le., one mass unit short of 
the monomer 5 and thus probably not a molecular ion. 
Further confirmation of structure 6 is obtained by 
observing a spectrum a t  300"; it still reveals M+ 410 
(dimer 6 )  as well as some trimeric material (M+ 615) 
and now a relatively strong M+ at 205, attributable to 
the thermal retro-Diels-Alder r ea~ t i0n . l~  

Practical preparation of the diene 5 is brought about 
simply by subliming the bicyclic sulfolene 2 at 135- 
138" (0.1 mm); the crystalline diene can be collected 
in 79% yield. The residue again is dimeric and tri- 
meric material. 5 is a relatively stable compound and 
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can be stored in its crystalline state. By warming a 
solution of the diene, polymeric material is formed quite 
readily. The most evident proof for structure 5 is 
obtained by its nmr spectrum. The methylene hydro- 
gens adjacent to  the N appear as an apparent triplet 
a t  4.05 ppm with an allylic coupling of J 2 2 Hz. Each 
pair of equivalent vinyl protons exhibits a triplet ( J  = 
2 Hz) a t  5.05 (ex0 proton) and at  5.52 ppm (J = 2 Ha) 
(endo proton). Finally, the aromatic hydrogens show 
the expected AB system, centered at  6 6.5 and 7.55 ppm, 
respectively ( J  = 9 Hz). The spectrum of 5 is thus in 
good agreement with the one reported for tetrahydro- 
3,4-dimethylenef~ran,~ 

The isomerization of the diene 5 into the aromatic 
pyrrole has not been observed, either thermally (only 
oligomeric products formed) or by acid catalysis. The 
stability of 5 toward acids is demonstrated by observing 
its nmr spectrum in CF3COOD: except for a down- 
field shift of the aliphatic and vinyl protons, the very 
characteristic pattern remains unchanged. The ir 
spectrum of the diene 5 has a strong band a t  890 cm-1 
(out of plane deformation frequency) and at 810 cm-l. 
The ultraviolet spectrum of 5 reflects the superimposed 
absorptions of the diene and p-chlaroaniline chromo- 
phores with a Amp, at  253 mp ( e  25,800) and 306 (4400). 
By subtracting the spectrum of p-chloro-N,N-dimethyl- 
aniline14 one obtains a A,,, in the area of 240-260 mp 
with an extinction coefficient of 9000, a result which is 
compatible with the A,,, 244 mk ( E  9820) reported2 
for tetrahydro-3,4-dimethylenefuran. The mass spec- 
trum of the diene once again reveals its thertnal re- 
actions: at 265' the most intense molecular ion is a t  
410 (dimer), whereas M +  205 is only a minor peak. 
Again, m/e 204 is attributed to  a fpagmentation of the 
dimer, rather than to  a M - 1 loss of the monomeric 
diene 5. At 50" the spectrum shows no dimer and the 

fragmentation pattern of 5 can be observed 
with peaks at  ILI+ 205 and m/e 190,154,138,111. 

Some chemical evidence was gained by forming the 
Diels-Alder adduct 7 of the diene with dimethyl acetyl- 
enedicarboxylate. The Diels-Alder reaction can be 
carried out directly on the masked diene 2 as has been 
shown by heating equimolar amounts of 2 and N-phenyl- 
maleimide in refluxing xylene. The adduct 8 was ob- 
tained in a considerably higher yield than by the step- 

(14) p-Chloro-N,N-dimethylaniline, Xmax 280 mp ( e  16,900): P.r Gam- 
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wise procedure 2a + 5 + 7. This is an appealing pre- 
parative aspect in the reaction of dienophiles with 
rather unstable lJ3-dienes, as had been demonstrated 
by other investigators.l6I1e 

Experimental Section17 
5-(p-Chlorophenyl)-l,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2- 

Dioxide (2a).-The dibromo sulfone 1 (12 g, 40 mmol) and 5.1 g 
(40 mmol) of p-chloroaniline were stirred in 250 ml of CHzClz 
with 8.45 g of anhydrous NazCOa for 3 days at  room temperature. 
After filtration from the inorganic solid, the solvent was removed 
in vacuo. The crude residue (15.45 g) was boiled in ethanol, 
and after cooling two crops of the bicyclic product 2a (4.2 and 
0.9 g, dec pt 147-149") were obtained (47%). From the mother 
liquors 1.85 g of Ihc unrcacled dibromo sulfone 1 (12%) could 
be recovered. An analytical sample was obtained by washing 
the bicyclic sulfone with hot ethanol or by recrystallizing it from 
CHzClz: both operations raised the decomposition point t o  
153'; Y:::"' 1600, 1800, 1370, 1290, 1187, 1110, 1085, 770 cm-'; 
nmr (CF,COOD) 6 4.22 (s, 4 H), 4.97 (s, 4 H), 7.62 pprn (s, 4 H); 
nmr (DMFA-ds) 4.03 (s, 4 H), 4.16 (s, 4 H), 6.55 and 7.22 ppm 
(AB, J = 9 Hz, 4 H); mass spectrum (100') M+ 269, na/e 205, 
138, 111. 
Anal. Calcd for ClzHd2lNOzS: C, 53.44; H, 4.49; N,  5.19. 

Found: C, 53.13; H,4.59; N,4 .91 .  
5-(p-Chlorophenyl)-l,3,3a,4,6,6a-hexahydrothieno [3,4-c] - 

pyrrole 2,P-Dioxide (3).-A solution of 4 g (16 mmol) of bicyclic 
sulfone in 200 ml of ethanol was hydrogenated over 800 mg of 
10% P d / c  at  30 lb of hydrogen pressure for 2 hr. After filtration 
and removal of some ethanol, the product crystallized: 2.6 g 
(65%); mp 174-178'; p:::' 1600, 1500, 1375, 1310, 1305, 1130, 
1110, 800 cm-1: nmr (CDClnl 6 2.9-3.7 (m, 10 H),  6.53 and 7.2 
ppm'(AB, J := 9 Hz, 4 H). 

- '  

Anal. Calcd for C1zH&lNOzS: C, 53.08; H, 5.20; N ,  5.16. 
Found: C, B2.80; H, 5.24; N, 5.05. 

5-(p-Chlorophenyl)-l ,a-dihydrothieno [3,4-c] pyrrole 2 ,Z-Diox- 
ide (4).-To a solution of 600 mg (2.23 mmol) of bicyclic sulfone 
Pa in 30 ml of CHzClz was added a freshly prepared solution of 2.5 
g of (NH&Ce(NOS)6 in 60ml of ethanol. After the mixture was 
stirred for 30 min at  room temperature the solvent was removed, 
and the residue was taken up in CHZCl2 and washed with water. 
After drying over NazSOl and removal of the solvent, the residue 
was filtered through a column of 24 g of silica gel, using CHCL. 
The first fraction of 150 ml was evaporated and its residue (400 
mg) crystallized from CHtCla-ether to yield 360 mg of product 
(60%), mp 176-177", as white cr stals: Y ~ ~ ~ '  1520, 1500, 1310, 
1200, 1130, 825, 790 cm-1; 263 mp (e  20,400); nmr 
(CDCla) 6 4.20 ( s ,4  H), 6.95 (s, 2 H), 7.35 ppm (AB, J = 9 Hz, 

(15) I. L. Klundt, Chem. Rev . ,  70,471 (1970). 
(16) L. F. Hatch and D. Peter, Chem. Commun., 1499 (1968). 
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apparatus and are uncorrected. Nmr spectra were recorded on a Varian 
A-80 instrument, ir spectre on a Perkin-Elmer 621, and uv curves on a Cary 
Model 14. The mam spectra mere recorded on an AEI MS 902 by direct 
insertion. 
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4 H); nmr (CF3COOD) 4.42 (s, 4 H), 7.35 (AB, J = 9 He, 4 H), 
11.4 ppm (s, 2 H). 

Anal. Calcdfor ClzH&lNOzS: C, 53.84; H, 3.76; N, 5.23. 
Found: 
l-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine @).-The sul- 

fone 2a (500 mg) was left under vacuum (0.1 mm) and 135-138' 
overnight. The diene sublimed and was collected (300 mg, 
79%). The crystalline residue (dimer) amounted to 80 mg 
(21%). The sublimed diene was virtually pure, the only im- 
purities being traces of dimeric and polymeric material. The 300 
mg were recrystallized from ether-hexane (without excessive 
heating) to give a first crop of 110 mg (melting point not detect- 
able due t o  dimerization upon heating): v2;:OL 1600, 1500, 1100, 
900, 890, 810 cm-'; 253 mp (e 25,780), 306 (4420); nmr 

5.52 (t, J = 2 Hz, 2 H), 6.5 and 7.18 (AB, J = 9 Hz, 4 H ) ;  
nmr (CF3COOD) 4.7 (m, broad, 4 H), 5.43 (m, broad, 2 H),  
5.93 (m, broad, 2 H), 7.55 ppm (s, 4 H);  mass spectrum (50') 
Mt205,m/e 190, 168,154,138,111. 

Anal. Calcd for C1zH&lN: C, 70.08; H ,  5.88; N ,  6.81. 
Found: C, 70.18; H, 5.94; N, 6.57. 

Dimer of l-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine 6.- 
The dimer of 5 was obtained as a side product in the preparation 
of 5 (see above). By heating the sulfolene 2a for 5 min in an oil 
bath of 170", a complete conversion into crude 6 is observed (dec 
220'). Owing to very poor solubility, purification of the dimer 6 
was not feasible: nmr (CF3COOD) 6 2-2.8 (m, 6 H), 4.1 (m, 
2 H), 4.6-4.9 (m, 6 H), 5.5 (m, 2 H),  7.6 (m, 8 H); mass spec- 
trum (205') hl+ 410, m/e 204, 140, 138, 111; mass spectrum 
(300") M' 613, 410, 205, m/e 270, 242, 218, 204, 190, 140, 138, 
125,111. 

Diels-Alder Adduct with Dimethyl Acetylenedicarboxylate (7). 
-A solution of 860 mg (4.2 mmol) sublimed diene 5 and 1.5 ml 

C, 53.52; H, 3.97; N, 5.25. 

(CDC13) 6 4.05 (4, J = 2 He, 4 H), 5.05 ( 4 ,  J = 2 Hz,  2 H), 

(12 mmol) of dimethyl acetylenedicarboxylate in 10 ml of dry 
toluene was refluxed for 20 hr. After evaporation of the solvent 
the residue is crystallized from ether to give 720 mg of diester 
(mp 189-191') (50%). Recrystallization of 500 mg thereof from 
CH&12-ether gave 350 mg (mp 189-191'): v:::" 1740, 1720, 
1705, 1650, 1500, 1280, 1060,810 cm-1; 260 mp (e 24,890), 
315 (2490); nmr (CDCl,) 6 3.05 (6, 4 H), 3.76 (s, 6 H),  3.94 
(s, 4 H),  6.35 and 7.13 (AB, J = 9 Hz, 4 H). 

Anal. Calcd for C18HlsClNOI: C, 62.21; H, 5.22; N, 4.04. 
Found: 

Diels-Alder Adduct with N-Phenylmaleimide (8) .-A solution 
of 269 mg (1  mmol) of sulfone 2a and 173 mg (1 mmol) of N -  
phenylmaleimide in 2.5 ml of xylene was refluxed under nitrogen 
for 3 hr. The mixture was then cooled and diluted with some 
benzene, and the product Crystallized out: 250 mg; mp 204- 
206' (66%); v:::"' 1708, 1390, 795 cm-'; nmr (CDCla) 6 2.7 
(broad s, 4 H), 3.4 (m, 2 H), 4.04 (9, 4 H),  6.4 and 7.2 (AB, 
J = 9 Ha, 4 H), 7.4 (m, 5 H);  mass spectrum 378 (M+), 230, 
204,190,138,111. 

Anal. Calcd for CzzH19ClNzOZ: C, 69.76; H, 5.05; N, 7.34. 
Found: C,70.10; H,,5.13; N, 7.29. 

C, 62.54; H, 5.35; N,4.08. 

Registry No.-2a, 32515-66-5; 3, 32515-67-6; 4, 
32515-68-7; 5, 32515-69-8; 6, 32515-70-1; 7, 32515- 
71-2; 8, 32515-72-3. 
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Tosylhydrazones 1, 2, and 3 undergo fragmentation on treatment with 2 equiv of butyllithium tgform allenic 
alcohols 4, 5, and 6 .  Mechanistic pathways and structural restrictions on the reaction are discussed. 

We describe here the fragmentation of three a-alk- 
oxytosylhydrazones to form the related allenes. In  
each case the tosylhydrazone reacted with 2 equiv of 
butyllithium in ether-hexane to give an allenic alcohol 
in 48-58% yield, 1, 2, and 3 leading to 4, 5 ,  and 6 as 
indicated. These products were characterized by ir 

Q? - HodC=CH2 5 
N N H T ~  
2 

QNNHTS ----t +c< 
OH 

6 3 

and nmr spectroscopy; in addition, 4 was reduced 
over platinum to the saturated alcohol 7, which was 
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identical with an authentic sample.2 Excess base fa- 
vored partial isomerization of 5 to the terminal acetyl- 
ene 8, and both 1 and 3 yielded a small amount of ole- 
finic ether (9 and 10, respectively) in addition to al- 
lenes. 

h 7 HO- 8 

9 10 

Closely related transformations suggest two possi- 
ble pathways for these fragmentations. A mecha- 
nism considered3 for the base-catalyzed decomposition 
of a,P-epoxytosylhydrazones is reproduced in eq 1 and 
involves carbon-oxygen bond cleavage in the first step. 
The reaction of simple tosylhydrazones with butyl- 

(2) Authentic 7 was prepared by reaction of isopentylmagnesium bromide 
with acetone: L. R. C. Barclay and J. W. Hilchie, J .  Om. Chem., 22, 633 
(1957). 
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(1967); M .  Tanabe, D. F. Crowe, R.  1,. Dehn, and G. Detre, Tetrahedron 
Lett., 3739 (1967). 


