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Abstract. Thiepins are intercepted before desulfurization can occur when 3-(l-pyrrolidinyl)thio- 
phens are reacted with excess of DHAD. The structure of one of the reaction products was estab- 
lished by single-crystal X-ray analysis. 

Previously 1,2 we have reported that 3-(l-pyrrolidinyl)thiophens (l_) react with 

dimethyl acetylenedicarboxylate (DMAD) to give 1:l reaction products. The products 

are 2-thiabicyclo[3,2,0]hepta-3,6-dienes (2) when the reactions are carried out in - 
apolar solvents and 6,7,7a,8-tetrahydro-SH-thieno[3,2-b]pyrrolizines (2) when the 

reactions take place in methanol. In both reactions we use the "enamine" type of 

reactivity of 1. The reactions in apolar solvents are of particular interest to us 

because 2-thiabycyclo[3,2,0]hepta-3,6-dienes (2) are the bicyclic isomers of thie- 

pins. These an-electron heterocycles have hitherto not been isolated although sev- 

eral years ago we have shown that thiepins are formed by valence isomerization of 

S-(l-pyrrolidinyl)-2-thiabicyclo[3,2,0]hepta-3,6-dienes at -3OOC. However, these 

thiepins (4) eliminate sulfur under reaction conditions and the corresponding ben- 

zene derivatives (5_) were obtained. 

As part of our programme aimed at the synthesis of more stable thiepins we have 

investigated the possible conversion of 2-phenyl- and 2,3-bis(methoxycarbonyl)-4- 

(l-pyrrolidinyl)thiophens (la and lb) with DMAD into the corresponding thiepins3. - - 
Wen 2-phenyl-4-(l-pyrrolidinyl)thiophen (la) was reacted with DMAD in various - 
solvents we found that a rapid conversion took place even at room temperature. 
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The products formed (see table) varied with the solvent polarity. In benzene 3,4- 

bis(methoxycarbonyl)-5-(l-pyrrolidinyl)biphenyl (5a) was formed in 40% yield, - 

m.p. 117-118°, 'H NMR 6 (CHC13) : 7.10 (s, H6), 7.3-7.7 (m, 6H, Harem.). This reac- 

tion does not differ from those of other 3-(l-pyrrolidiny1)thiophen.s' and it in- 

dicates that in apolar solvents 5,6-bis(methoxycarbonyl)-2-phenyl-4-(l-pyrrolidi- 

nyllthiepin (4a) has a similar stability to that of the other thiepins obtained - 

previouslyl. With nitromethane as solvent the thieno[3,2_b]pyrrolizine (3a)2 was - 

obtained in 76% yield, but a reaction in acetonitrile yielded a mixture of 3a and - 

two other products in a ratio strongly dependant upon reaction temperature and 

the ratio of la and DMAD. - Mass spectrometry showed that these compounds were iso- 

merit 1:2 reaction products; M+ 513.148 (C26H27~~8~). The compounds were partial- 

ly separated by column chromatography and TLC resp. (Si02, CHC13). The first was 

a pure crystalline compound, m.p. 184 -185O. IR(KBr): 1710 cm-' and 1580 cm 
-1 

(C=O). 'H NMR 6 (CDC13): 5.30 (s, lH, C=C-H), 6.78 (s, lH, H6). 13C NMR G(CDC13): 

106.3 (s) and 114.2 (d) (C=C), 163.9 (s), 165.1 (s), 167.3 (s) and 167.6 (s) (C=O) 

The other isomer was obtained as an oil. 'H NMR 6 (CDC13): 6.16 (s, 

6.74 (s, lH, H6). 13C NMR G(CDC13): 

lH, C=C-H), 

112.3 (s) and 119.8 (d) (C=C), 164.0 (s), 

164.7 (s), 167.7 (s) and 167.9 (s) (C=O). Single-crystal X-ray analysis showed 

that the crystalline compound was the E-isomer of the biphenyl derivative 6 -* 

The crystal structure deter- 

mination was based on 2497 

reflections with a net in- 

tensity greater than the 

standard deviation from 

counting statistics. These 

reflections have been meas- 

ured on an automatic single 

crystal diffractometer (Phi- 

lips PWllOO, CuKu radiation, 

graphite monochromator, w/28 

scan mode, 2.5<w<60°). The 

space group was P21/n. The 

cell constants are : a=11.585 cl), b=28.555 (2), C=8.183 (1) 8; B=108.41 (1)'; 2=4.. 

The structure was solved by direct methods and refined in the usual way7_ The fi- 

nal R factor after refinement including the non-hydrogen atoms with anisotropic 

temperature factors was 8.5g8. The molecular structure is visualized in the accom- 

panying figure. 

Similar types of 1:2 reaction products were formed when 2,3-bis(methoxycarbon- 

yl)-4-(l-pyrrolidinyl)thiophen (lb) was reacted with DMAD in nitromethane at 1OOOC. - 

From the reaction product we isolated a mixture of E+Z isomers 6b in a yield of - 

10% m.p. 158-164O. MS: M+ 553.124 (C24H27N012S). %I NMR 6 (CDC13) : 5.40 (s, lH, 

C=C-H, E-isomer), 6.50 (s, lH, C=C-H, Z-isomer). The major product obtained from 

this reaction however was 2,3,5,7,8-pentakis(methoxycarbonyl)-6-(l-pyrrolidinyl) 
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-4H-1-benzothiopyran-4-on (7) in 40% yield. - The orange-red crystals, m.p. 205- 

206.5O, had a molecular composition of C23H23NOllS (PI+ 521.101). UV': XiiiH 230 

(log FL=4.33), 265(log ~=4.21) and 361(log E = 3.89). IR(KBr): 1740 cm-1 and 1630 
-1 

cm (C=O). 'H NMR G(CDC13): 3.91, 3.95, 3.99 (OCH3). 13C NMR G(CDC13): 129.4, 

130.0, 132 3, 133.6, 139.1, 139.9, 140.2, 145.1 (s, Carom ), 161.5, 164.4, 164.6, . 
166.3, 167.5, 176.4 (C=O). 

The reaction of lb with DllAD in toluene at 100° - gave 1,2,4,5-tetrakis(methoxy- 

carbonyl)-3-(l-pyrrolidinyl)benzene 5b as main product in 35% yield, m.p. 168.5- - 

170.5O. MS: M+ 379.125. (C,8H21N08). IR(KBr): 1735 cm-l (C=O). 'H NMR G(CDC13): 

3.94 (s, 0CH3), 8.46 (s, lH, Harem ). 13C NMR &(CDC13): 128.3 (d), 129.3 (s), 

141.4 (s), 145.4 (s) (Carom ), 16413 and 167.5 (C=O). Reaction of lb in n-butanol - . 
gave a mixture of 5b (20%) together with 5H-thieno[3,2-blpyrrolizine 3b which was - 

isolated in a yield of 60%, m.p. 96.5-98O. M+ 411.100 (C18H21 N08S). % NMR 

6 (CDC13): 3.75, 3.85 and 3.93 (OCH3), 4.70 (dd, IH, H7a, J(7-7a)=6+1 and 

Table. Reactions of (1-pyrrolidinyl)thiophens with DMAD 

Reactant Solvent Mol.Ratio Temp Product isolated (0s) 

DMAD/l Oc 2 15 7 

la 
- c6H6 

11 2oa 40 - - 

la CH3CN 2.0 20" - 34 26' - 

la CH3CN 5.0 2oa - 20 47c - 

la CH3CN 5.0 -30a - 46 14' - 

la CH3N02 1.1 20a - 76 - - 

la CH30H 1.1 20a - 63 - - 

lb 
'gHgCH3 

1.1 100 b 35 - - - 
- 
lb CH3N02 4.0 100 b _ _ 10c 40 

lb - n-C4HgOH 1.1 100 b 20 60 - 

a Reaction time 16 h. 
b 

Reaction time 2 h. c Mixture of two 

lO+lHs) _ - 

isomers 

From this result we conclude that the ester groups in thiepin 4b provide in- - 
sufficient stability to prevent desulphurization at 100' in toluene or n-butanol. - 
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The thiepin 4b cannot be synthesized by this method at lower temperature because - 

the ester groups in lb lower the "enamine" reactivity 11 . - Obviously in our approach 

the desired effect of the ester groups in the thiepin conflicts with the necessary 

reactivity of the thiophen in the (2+2)-cycloaddition with DMAD in apolar solvents 

Formation of 5 and 1 in polar aprotic solvents can be rationalized as the initial 

interception of the thiepin (4a or 4b) before elimination of sulphur can occur. -- 

The S-alkylation of 4 by a second molecule of DMAD or alternatively S-alkylation 

of the corresponding thianorcaradiene followed by proton transfer and aromatizati- 

on gives 5 (E+Z). In the reaction of lb (R1=R2=COOCH3) there are two competing - 

pathways in operation, one to give 6b (E+Z) and a second which proceeds via a nu- - 
cleophilic attack at the ester group (R2) adjacent to sulphur. Elimination of metha- 

nol yields the 1-benzothiopyran-4-on (L). 

S-alkylation by DMAD has been reported recently by Kobayashi and Mutai 12 for 

2,5-diphenyl-1,4-dithiin-l,l-dioxide. In addition Hofmann and Molnar 
13 

have repor- 

ted that S-methyl-1-benzothiepinium salts rearrange to the corresponding methyl- 

thionaphthalenes at higher temperatures through intermediacy of the S-methylthia- 

norcaradienes. 

The formation of 5 and 1 are the first examples of reactions in which thiepin 

intermediates are captured before desulphurization 14 . This behaviour of thiepins 

is completely analogous to that of 1-benzothiepins for which both desulphurization 

and rearrangement without the loss of sulfur has been reported 16,17 . 

Acknowledgement: The authors wish to express their gratitude to Mrs. J.L.M. Klop-Vrielink and Miss 
J.M. Visser for recording the tQ!R spectra and Mr. T.W. Stevens for recording the mass spectra and 
Dr. R. Visser for discussion of the~spectroscapic prqerties of the new campounds. 
One of us (G.O., present address University of Ankara, Turkey) thanks the Dutch Ministry of Educa- 
tion for financial support. 

1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 

D.N. Reinhoudt and C.G. Kouwenhoven, Tetrahedron 30, 2093 (1974). 
D.N. Reinhoudt, W.P. Trcqenaars and J. Geevers, Tetrahedron Lett., 4777 (1976). 
These particular 2- and 2,3-substituted thiophens' were selected because in the car 
thiepins a substituent adjacent to sulphur is expected to enhance the thermal SF 
addition, electron withdrawing substituents (coo2H3) might have the same effect . 
D.N. Reinhoudt, W.P. Trcqenaars and J. Gsevers, Synthesis, 368 (1978). 
J.M. Hofm and R.H. Schlessinger, J. Am. Chem. Sot., 92, 5263 (1970). 
B.A. Hess, L.J. Schaad and D.N. Reirhoudt, Tetrahedron, 2, 2683 (1977). 
S. Harkenm and R.J. Gaymans, Acta Crystall. B33, 3609 (1977). 
All relevant crystallographic data are deposm at the Cambridge Crystallographic 
(C.C.D.C.). - 

9. 
10. 
11. 

12. 
13. 
14,. 

For a caqarison with the UV Spectra of 2-substituted 4H-1-benzothiopyran-4-on, see ref. 10. 
J. Schmutz, H. Lauener, R. Hirt and M. Sanz, Helv. Chim. Acta, 34, 767 (1951). 
The lmer "enamine" 
proton (H-2) in &; 

reactivity is also reflected in the chemical shiff; of the "enamine" 
S(ClXl ) 6.38 canpared with a value of 5.74 in & . 

K. Kobayashi and K. Mutai, 3T etrahedron L&t., 905 (1978). 
H. Hoiirenn and A. Molnar, Tetrahedron L&t., 1985 (1977). 
Vogel et al '5 have trapped the thianorcaradiene valence iscner of a thiepin by means of a 
Diels Alder reaction. 

15. E. Vogel, E. Schmidbauer and H.J. Altenbach, Angew. Chem., 86, 818 (1974). 
16. H. Hofmann, H. Westemacher and H.3. Haberstroh, Chem. Ber., 102, 2595 (1969). 
17. D.N. Reinhoudt and C.G. Kouwenhoven, Tetrahedron, 30, 2431 (1974). 

References and notes 

responding 
lity". In 

Data Centre 

(Received in UK 14 February 1979) 

0 


