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CHEMISTRY OF THE PHENOXATHIINS VII. 

A RE-EXAMINATION OF THE MAUTHNER SYSTHESIS OF 

1,3-DINITROPHENOXATHIIN FOR THE POSSIBLE 

OCCURRENCE OF A SMILES REARRANGEMENT. 
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ABSTRACT 

The preparation of 1,3-dinitrophenoxathiin represents the 

first reported synthesis of the phenoxathiin ring system. 

on known relative nucleophilicities either an unprecedented 

reversal of nucleophilicities or the occurrence of a Smiles 

Rearrangement would be required to account for the reported 

substituent locations. The re-examination of this synthesis 

with confirmation of actual substituent locations by 13C-nmr and 

the correction of the original literature is described. 

Based 
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682 TuRtEY- AND MARTIN 

The first synthesis of an analog of the phenoxathiin ring 
1 system was reported by Mauthner . His procedure utilized the 

condensation of picryl chloride with the disodium salt of O- 

mercaptophenol to yield the corresponding dinitrophenoxathiin 

product. The compound he reported was the 1,3-dinitrophenoxa- 

thiia, using the numbering scheme shown by 1. 
system was also employed by Beilstein but was later changed 

with the fourth decennial index of Chemical Abstracts to conform 

to the numbering of PattersonZs3 shown by 2. 
nomenclature, the compound reported by Mauthner should be named 

the 2,4-dinitrophenoxathiin. 

This numbering 

Thus, by modern 

Based on the known relative nucleophilicities of the pheno- 

late and thioplienolate anions4, to obtain the substitution 

reported by Mauthner' in a direct cyclization, an unprecedented 

reversal of relative nucleophilicities would be required. 

Another alternative, however, which would lead to the reported 

substitution requires the occurrence of a Smiles Rearrangement 

which is shown in Scheme I. 
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CHEMISTRY OF THE PHENOXATHIINS. VII 683 

Recent work on the synthesis of [1,4]benzoxathiino[3,2-b] 

pyridine6 and a variety of analogs7-’ has shown that Smiles Re- 

arrangements have not occured in this closely related synthesis. 

In addition, the synthesis of the [1,4]benzoxathiino[2,3-c] 

pyridine ring system”, which employed a pathway virtually 

idential to that used by Mauthner , also did not exhibit any 1 

sign of a Smiles Rearranged product. These results have thus 

prompted the re-examination of the Mauthner synthesis. 

As shown in Scheme I, the disodium salt of o-mercapto- 
7 phenol was prepared by the general procedure of Martin . 

Isolation of this salt followed by reaction with a molar equi- 

valent of picryl chloride in ethanol was observed to yield a 

reddish-orange crystalline material, exactly as was reported 

by Mauthner. 

by 100 MHz FT- H-nmr in hexadeuteriodimethylsulfoxide gave 

results which were consistent with either isomeric product, 

but which could not unequivocally be assigned to either isomer. 

Preliminary examination of the isolated product 
1 

The unequivocal establishment of the nitro-substitution 

positions was however achieved by 13C-nmr. The assignment of 

the resonances shown in Figure 1 to the 1,3-dinitrophenoxathiin 

(1) isomer was based on the correlation of the calculated 
chemical shifts of both possible isomers With the observed 

spectral data, as shown in Table 1. 
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684 TURLEy AND MARTIN 

Scheme I 

Calculation of the 13C-nmr chemical shifts was based the 

available shift data for phenoxathiin" t o  which were then added 

the appropriate additivity parameters for both nitro-substitution 

patterns12. 

shown in Figure 1 and Table 1 were confirmed by gated decoupling 

techniques13, the spectrum shown in Figure 2 .  With the distinct 

Preliminary assignment of -the carbon resonances 
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T 

8 

Fi u. 1 - 25.1  5 8  MHz decounled 13C-nmr saectrum of the aromatic 

8 

Fi u. 1 - 25.1  5 8  MHz decounled 13C-nmr saectrum of the aromatic 

c 
exception of the a-carbon resonance, relatively good agreement 

was obtained between calculated and observed chemical shifts 

associated with I . 14 

The sizeable deviation between the calculated and observed 

chemical shifts for the a-carbon merits further explanation. 

The location of the sulfur atom ortho to the nitro-group at 

the 1-position facilitates the occurrence of an interaction 

between these structural components which was first observed 

in X-ray crystallographic studies 15-17. 

b'enzoxathiino[ 3,2-b]pyridine system, which contains an analo- 

gous placement of the sulfur and nitro components, was examined 

by 13C-nmr, a pronounced downfield shift of 7.0 ppm was observed 

When the 9-nitro[l,4] 
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CHEMISTRY OF THE PHENOXATHIINS. VII 

.- 
Fig. 2 .  
of 1,3-dinitrophenoxathiin (1). 

Gated decoupled "C-nmr spectrum of the aromatic region 

8 for the a-carbon resonance . This behavior, which is consistant 

with that observed for the substitution of 1, thus provides a 
valuable means of discriminating between the two isomers. 

The gated decoupled spectrum shown in Figure 2 was essen- 

tially first order and nearly all coupling constants could be 

directly obtained from this spectrum. The overlap of the spin 

multiplets associated with resonances for carbons 2 and 4 did 

however preclude direct measurement of the coupling constants 

for these two carbons. This problem was however conveniently 

solved by the utilization of the selective excitation procedure 

of Bodenhausen, Freeman and Morris . In this fashion, the set 18 
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688 T"RLN AND MARTIN 

of spectra for the individual resonances involved, shown in 

Figure 3 was obtained, allowing the coupling constants for both 

of these resonances to also be accurately measured. (See Table 2). 

Fig. 3. Selectively excited resonances of 1.3-dinitropheno- 
xathiin (1): A. normal decoupled spectral segment; B. gated 
decoupled spectral segment; C. selectively excited spectrum of 
the resonance assigned to C-4; D. selectively excited spectrum 
of the resonance assigned to C-2 - note also the simultaneous 
excitation of the a-carbon resonance. 
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Carbon 

a 

8 
1 

CL 

8' 

1 
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4 

6 

7 

8 

9 

BY 

TABLE 2. 

Observed 13C-1H Coupling Constants 
for 1,3-Dinitrophenoxathiin (1). 

lJCH 
2 
CH 

= 4.79 
Jc BH4 - 

JC8'H6 - 2.39 
- - 

= 177.75 - 
JCZHZ 

+4H4 

- - 
= 173.30 - 

- = 165.01 

- 165.84 JC7H6 = 2.39 
JC6H6 

JC8H8 = 165.40 

= 163.80 

a. may be permuted. 

3JCH 
= 11.74 

JCaH4 
- 

J CCL'H6 = 8.66a 
J CCL'H8 = 5.66a 

= 6.08a JC 'H 
JC8'Hg = 8.0Za 

= 4.85 
"ZH4 

JC4H2 = 4.89 

= 6.91 
"gH8 

= 8.32 
JC7H9 

= 8.36 

= 7.39 
JC8H6 

the application of 13C-nmr spectroscopy, it has thus 

been shown that the initial reported synthesis of the phgnoxa- 

thiins was in error, so far as nitro-substituent location is 
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690 TURLN AND MARTIN 

concerned. Fu r the r ,  t h e  g e n e r a l i t y  of t h e  i n t e r a c t i o n  between 

t h e  s u l f u r  and an  o r tho -n i t ro  group and i ts  u t i l i t y  f o r  purposes 

of isomer d i sc r imina t ion  i n  s e l e c t e d  cases  h a s  a l s o  been demon- 

s t r a t e d .  F i n a l l y ,  t h e  need t o  c l o s e l y  examine t h e  n a t u r e  of 

t h e  p roduc t ( s )  r epor t ed  i n  t h e  e a r l y  l i t e r a t u r e ,  where va r ious  

isomers are p o s s i b l e ,  i s  c l e a r l y  demonstrated. 

A l l  13C-nmr s p e c t r a  were obta ined  on a Varian XL-100 spec t -  

tometer o p e r a t i n g  a t  25.158 MHz i n  t h e  f o u r i e r  t ransform mode. 

The spec t rometer  was equipped wi th  a Nico le t  TT-100 d a t a  system 

and a Nico le t  NT-440 Mult i -nuc le i  frequency s y n t h e s i z e r .  

Typica l ly ,  a 8K spectrum cover ing  200 ppm was acqui red  w i t h  a 

pu l se  wid th  of 4 microseconds (20' f l i p ) ,  10  second de lay  and 

an a c q u i s i t i o n  time of  1.6384 seconds. All samples were pre- 

pared as s a t u r a t e d  s o l u t i o n s  i n  d -DMSO a t  90°,  wi th  adequate 6 

s i g n a l  t o  n o i s e  g e n e r a l l y  obta ined  in 1000 a c q u i s i t i o n s  f o r  

decoupled s p e c t r a  and 10,000 a c q u i s i t i o n s  f o r  ga ted  decoupled 

s p e c t r a .  
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