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A New Rearrangement Reaction of 2-Phenyl Substituted 
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  Mechanism of the Reaction and Structure of the Product 
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Abstract: 2,3-Dihydro-2-phenyl-4-(4-methoxyphenyl)-1,5-benzothiazepine reacts with 
ethoxy-carbonyl carbene to give an unexpected compound 2,3-disubstituted-4H-1,4-benzothiazine 
III. It was found to be a new rearrangement reaction and the structure of the product was 
confirmed by IR, NMR, MS . 
 
Keywords: Benzothiazepine, ethoxycarbonyl carbene, rearrangement reaction. 
 
 
In the previous articles1-2 we have reported that the reaction of benzodiazepine with 
ethoxycarbonyl carbene may obtain normal [2+1] cycloaddition products regardless the 
2-substituent is methyl or phenyl. However under the same conditions the reaction of 
benzothiazepine with ethoxycarbonyl carbene underwent rearrangement reaction.  For 
example, when the 2-substituent is methyl, the reaction of benzothiazepine with 
ethoxycarbonyl carbene give a ring-opening product II at room or high temperature3 . 
 

              I                                        II 
When the 2-substituent is phenyl, we unexpectedly found another new 

rearrangement reaction. For example, 
2,3-dihydro-2-phenyl-4-(4-methoxyphenyl)-1,5-benzothiazepine  reacts with 
ethoxycarbonyl carbene to give a white crystal together with the starting material. The 
new product was in 17.4% yield, m.p. 104℃. The IR, NMR, MS spectrum showed that 
the new product is neither ring-opening reaction A, nor [2+1] cycloadduct. It is a new 
product with structure III.   
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                                      III 
The NMR spectra are as follows: 

 
Table 1 The 1H NMR and 13C NMR spectra for compound III [In CDCl3, 400 Hz, δ (ppm)] 

 
Position δH δCa 

1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

   12,13,15, 
   16,18-21 

 
   11,14, 
   17,22 

 

3.38 
 

1.15 
 

4.05 
 
 
 
 
 
 
 

4.14 
 
 
 

3.94 
 

0.95 
 

6.77-7.16 

s 
 

t, J=6.76Hz 
 

q, J=6.76Hz 
 
 
 
 
 
 
 
s 
 
 
 

q, J=7.12Hz 
 

t, J=7.16Hz 
 

m 

3H 
 

3H 
 

2H 
 
 
 
 
 
 
 

2H 
 
 
 

2H 
 

3H 
 

8H 

55.316

14.019

60.558

169.126

160.618

143,903

61.400

163.976

51.826

13.875

113-125

113-125

q 
 

q 
 
t 
 

sb 
 

sb 
 

sb 
 

q 
 

sb 
 

q 
 

q 
 

d 
 
 
s 

      a: s=C, d=CH, t=CH2, q=CH3 
      b: Type of carbon by DEPT method 

The 1H NMR spectrum gave 23 hydrogen signals, consistent with the structure of 
compound III. The 13C NMR spectrum gave 18 carbon signals. C4, C5, C6 and C8, the 
four quaternary carbons, were determined by DEPT method. 

The structure of compound III was also supported by MS analysis. The FAB-MS 
gave the peak of molecular ion of compound III at m/z 413 (M±), indicating molecular 
formula C22H23NO5S. Its fragments are as follows: 
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Since the reaction gives a new rearrangement product, it is obvious that the reaction 

follows a different mechanism from that reported earlier3. We think that the presence of 
phenyl group at the 2-position leads to change of the reaction. We propose a possible 
mechanism as follows: 

 
 
2,3-Dihydro-2-phenyl-4-(4-methoxyphenyl)-1,5-benzothiazepine reacts with 

etho-xycarbonyl carbene to form nitrogen ylide and sulfur ylide V. Stevens 
rearrangement4 of the sulfur ylide gives an eight-numbered cyclic intermediate VI. 
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However for the compound 
2.3-dihydro-2-methyl-4-(4-methoxyphenyl)-1.5-benzothiazepine in which the 
2-substitution is methyl, the Stevens Rearrangement can not take place, and thus the 
eight-numbered cyclic intermediate can not be generated . 

Then the carbanion of the nitrogen ylide VI reacts with the H atom at the 2-position 
and the C atom of the 2-position attacks the C atom of the 5-position which forms 
intermediate VII. The intermediate VII has a four-numbered cycle ring with high strain 
which is unstable and undergoes decomposition to form compound III and one molecule 
of styrene. 

This result is very similar with our research on the reaction of 2-substitued phenyl 
benzothiazepine with dichlorocarbene5: 
                                                   

 
                                                      VIII 
 

Compound VIII was observed only when R1 is phenyl while there was no VIII 
when  R1 is a methyl group6. Because there is no H atom at the 2-position of compound 
VIII, the compound VIII can not form the cyclic intermediate like VII, so the reaction 
can not go further from VIII to the product like III. 
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