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Abstract: The reaction of 3,4-di-tert-butylthiophene (2) with N-[(p-tolylsulfonyl)imino]- 
phenyliodinane (TsN=IPh) in the presence of Cu(MeCN)4PF6 in MeCN at room temperature 
provided 3,4-di-tert-butyl- l -[ (p-tolylsulfonyl )imino ]- l , l -dihydrothiophene (3), 3 ,4-di-tert-butyl- 
1, l-bis[(p-tolylsulfonyl)imino]- 1, l-dihydrothiophene (4), and 1-(p-tolylsulfonyl)-3,4-di-tert- 
butylpyrrole (5) as the principal products. The use of 2 in a large excess gave 3 in a better yield of 
61%. Results of the X-ray crystallographic analyses of 3 and 4 are also reported. 
© 1999 ELsevier Science Ltd. All rights reserved. 

The chemistry of sulfilimines and sulfone diimines, where the oxygen atom(s) of sulfoxides and sulfones 
. . . . .  [ . , . 

are replaced by amino group(s), has been studied m some detad. Attention bemg gaven to the sulfur atom of 
. . . . . .  2 ¢  th~ophenes, the chemistry of thlophene 1-oxides ~s a matter of recent much interest and that ofthlophene 1,1- 

dioxides has been fully established, 2a'b but l-imino and 1,1-diimino derivatives of thiophenes (sulfilimines and 
sulfone diimines, respectively) have been scarcely studied. 3 Particularly, the latter species still remain to be 
synthesized. Compounds 1, which were obtained by thermolyses of azides in tetrachlorothiophene, are the only 
reported example of sulfilimines derived from monocyclic thiophenes. 3a'b The successful synthesis of 1 is 
exceptional since replacement of one or two chlorine atoms of tetrachlorothiophene by other substituents failed to 
provide the corresponding sulfilimines by this method. 3a'b Other thermolysis studies of azides in thiophenes also 
failed to give sulfilimines. 4-6 This would be attributed to the probable thermal instability of the sulfilimines and 
the forcing conditions required for the thermolysis of azides (130-150 °C).3-6 Sulfilimines and sulfone diimines 
of thiophenes would be stabilized by introduction of bulky substituents into the double bond part of the ring as so 
with thiophene l-oxides 7 and thiophene sulfoximides. 8 We therefore examined their preparation by reaction of 
sterically congested 3,4-di-tert-butylthiophene (2) 9 with N-[(p-tolylsulfonyl)imino]phenyliodinane (TsN=IPh) ~° 
that generates the tosyl nitrene or its equivalent at lower temperature in the presence of a Cu(I or II) catalyst? I 
This led to not only the successful synthesis of the sulfilimine 3 but also synthesis of the first sulfone diimine 4. 

Thus, 2 and TsN=IPh of varying molar ratios were allowed to react in the presence of 5 mmol% of 
Cu(CH3CN)aPF6 [(Cu(I)]12 or Cu(OTf)2 [Cu(II)] in acetonitrile. The reaction took place at room temperature 
smoothly. Purification of the mixture provided the expected sulfilimine 3 ~3"14 with unexpected formation of the 
sulfone diimine 41314 and the pyrrole 55 (Table 1). Compounds 6, 7, and TsNH2 were also isolated in small 
amounts. 13'14 Structures of 3, 4, and 7 were determined by X-ray crystallographic analysis, t5'16 Better results 
were attained by using Cu(I) as the catalyst rather than Cu(II). The yield of 3 increased with an increasing molar 
ratio of 2; a satisfactory yield of 61% was attained by use of 20 molar amounts of 2. Both 3 and 4 are thermally 
stable and melted at 130.0-131.0 and 155.0-155.5 °C, respectively, without decomposition. 
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Table 1. Reactions of 2 with TsN=IPh under a Variety of Conditions. 

Molar Ratio Catalyst b 
Entry 2ffsN=IPh 

Isolated Yield (%)a 

3 4 5 6 7 

1 2.5 Cu(1) 23 9 9 2 +c 

2 5.0 Cu(I) 38 18 10 3 +c 

3 5.0 Cu(II) 32 8 4 3 3 

4 7.5 Cu(I) 50 9 10 4 +c 

5 20 Cu(1) 61 7 5 3 4 

a Based on TsN=IPh. b Cu(1) = Cu(CH3CN)4PF 6, Cu(II) = Cu(OTf)2. c No effort was made to 
isolate 7 (detected by tic) 

~ Ts 
T s N ~ N T s  

7 

Most probably, the sulfone diimine 4 would be formed by further reaction of 3 with TsN=IPh. A separate 
reaction of 3 with TsN=IPh in the presence of 5 mmol% of Cu(I) gave 4 in low yield (10%) with recovery of 3 
in 48% yield. The pyrrole 5 (18%) and TsNH2 (43%) were also formed. To our knowledge, the formation of 
sulfone diimines by reaction of sulfides with TsN=IPh is unprecedented. We previously reported that the pyrrole 
5 was formed, though in a low yield, by thermolysis of tosyl azide in 2 (150 °C). 5 It is noteworthy that 5 was 
formed even at room temperature by reactions of 2 and 3 with TsN=IPh. The sulfilimine 3 is not converted to 5 
thermally; 3 was recovered when heated at 160 °C in benzene in a sealed tube for 3 h. Also, the conversion of 3 
to 5 was not brought about by the action of the Cu(I) catalyst at room temperature. Apparently, an unknown 
catalytic mechanism that promotes the conversion of 3 to 5 exists. A clear-cut mechanism for the formation of 6 
and 7 is not available currently, though many tentative explanations are possible. 

PhI=NTs 
i t  

Cu(CH3CN)4PF 6 
CH3CN, RT 

3(48%) + 4(10%) +5(18%) + TsNH2(43% ) 

ORTEP drawing structures of 3 and 4 are given in Figures 1 and 2, respectively, along with the relevant 
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bond lengths and angles data. t6 In both compounds, although the four carbon atoms of the thiophene ring form a 
quasi-plane, their C2-C3 (1.53-1.54/~) and C1-C2 (C3-C4) bond lengths (1,33-1.34 ./t) are almost equal to the 
common single and double bond lengths, respectively, indicating the presence of bond alternation, that is, the 
loss of the aromaticity of the thiophene ring. On the whole, the ~eometry of sulfilimine 3 is similar to that of 

• • 7 b , c  • • - .  . - -  , thiophene 1-oxides with a pyramidal configuration of the sulfur atom and with the S-N bond length of !.60 
A. The pyramidal sulfur geometry and the bond lengths data lead to the conclusion that 3 is not aromatic. On the 
other hand, in the sulfone diimine 4, the thiophene ring is nearly planar as so with most thiophene 1,1- 
dioxides, i7 The S-NI and S-N2 bond lengths of 4 are 1.55/~ and are nearly e~ual to the bond length (1.54 A) 
of the common S-N bonds that are conventionally expressed by a double bond. 

.y. <c,, <c3, y 

S 

NTs 

-S" 11"13° ~ 1.74" ~ 1  
- / -  -d~-  Cl C27~'3.1(8)* S . ~  Cl C2 .5(7)* 
NTs (C4) (C3) - - 7 (C4) (C3) 

NTs 

Figure 1. ORTEP diagram of 3. Selected bond lengths: 
S-N, 1.595(7); S-C1, 1.744(7); S-C4, 1.742(8); CI-C2, 
1.332(11); C2-C3, 1.535(10); C3-C4, 1.329(10)A. 
Bond angles: C1-S-C4, 90.7(4); S-CI-C2, 113.6(6); 
CI-C2-C3, 109.9(7); C2-C3-C4, l I 1.7(7); C3-C4-S, 
I 12.6(6) °. 

Figure 2. ORTEP diagram of 4. Selected bond lengths: 
S-NI, 1.551(6); S-N2, 1.557(5); S-C1, 1.737(7); S-C4, 
1.728(7); CI-C2, 1.339(10); C2-C3, 1.524(I I); C3-C4, 
1.343(9) A. Bond angles: NI-S-N2, 121.5(3); C1-S-C4, 
93.1(4); S-C1-C2, 111.7(5); C2-C3-C4, 111.7(6); C3-C4 
-S, I 11.7(5)". 

In conclusion, we have succeeded in the preparation of the sulfilimine and sulfone diimine derivatives of 
3,4-di-tert-butylthiophene and their X-ray crystallographic analyses. We are currently investigating the 
detosylation of 3 and 4 in order to obtain the N-unsubstituted parent compounds 19 and the application of the 
present reaction to other thiophenes. 

This work was supported by Grants-in-Aid for Scientific Research from the Ministry of Education, 
Science, Sports and Culture, Japan (Nos. 10133206 and 09440213). 
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