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Skeletal Rearrangements in 2,4-Dinltrophenyl-4'-Substituted 

Phony1 sulfides and Sulfones Upon Electron Impact 

Esmat F.Saad, Ezzat A.Hamed and Ali A.El-Bardan 

Chemistry Department, Faculty of Science, 
Alexandria University, Moharrem Bey. 

Alexandria. Egypt. 

Abmtract 

The mass spectral fragmentation patterns of a various 

2,4-dinitrophenyl-4'-substituted phenyl sulfides and sul- 

fones help define the role of substituent effects under 

electron impact, and subsequently determines the appearance 

of the base peak. These substituent effects correlated well 

with the Hammettw-values. The mass spectral features arise 

from the elimination of the sulfur atom with recombination 

of the terminal end groups or with scission across 4 ' -  

substituted phenyl ring in sulfides, whereas in sulfones 

the most abundant ion is formed through the sci-ssion of 

the rearranged aryl sulfinate ester. A comparison between 

the spectra of the two types is discussed. The results 

* This paper was represented at the 9u IUPAC conference 
on Physical Organic Chemistry, F.R.G (1988). 
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414 S A A D ,  HAMED, AND EL-BAKDAN 

auggeat that the skeletal rearrangement of the niolecular 

ion occurring in thege S-bridged compounds is a sensitive 

diagonstic tool in structure elucidation. 

Introduction 

In connection with a program devoted to synthesis of a 

number of aryl benzyl sulfur derivatives*.3, the title 

compounds have not been studied previously with regard to 

their mass spectrometric behaviour, but closely related 

substituted diaryl, aryl pyridyl, aryl thiadiazole sulfides 

and unsubstituted diaryl sulfones have bean examined4--lo. 

This paper describis the decomposition pattern upon 

electron impact of 2,4-dinitrophonyl-4'-substituted phenyl 

sulfides 1-6 and the corresponding sulfones 7-12. 

1 -  6 7 -  12 

1,7, R - H ; 2,8, R - OCH3 ; 3.9. R - CH3 ; 4,lO. R - Br 
5,11. R C1 ; 6.12, R - NHa 

Results and Discueslon 

The general rationalc for the electron-impact induced 

mass spectral fragmentation of the sulfides 1-6 and sulfones 

7-12 is shown in scheme I and 11. Additional spectral 

features arising from the decomposition of the rearranged 

2(2'-nitroso-4-nitrophenyl) phenol are shown in scheme 1 1 1 .  
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416 SAAD, HAMED, AND EL-BARDAN 

Table (1) partial Mass Spectra o f  2.4-Dinitrophen~l 4‘-Substltuted Pher,yI 

Sulphides. 

Comp . I on 1 2 3 4 5 6 

n.wt 276 306 290 354 310 251 ________________________________________----------------------------------- 
Relative Abundance 

m/z  
322 
278 
274 
259 
258 
244 
227 
212 
199 
198 
187 
182 
171 
167 
155 
153 
148 
139 
124 
123 
111 
109 
108 
92 
91 
77 

23.0 

5 . 0  

3.0 
8.0 

16.0 
14.0 
100.0 

3.0 

1 4 . 0  

37.0 

5 0 . 0  

9.0 

3.0 
55.0 
8.0 
8.0 
45.0 

100.0 
36.0 
4.0 

26.0 

20.0 

14 .0  

60.0 

5.0 
2.0 
10.0 
11.0 
2.0 
37.0 

100. u 
10.0 
6.0 

26.0 

16.0 

28.0 
12.0 

42.0 
4.0 

4 . 0  

10.0 
9.0 

100.0 
10.0 
24.0 
16.0 
66. 0 
12.0 
47.0 

14.0 

2 1 . 0  

21.0 

9.0 

2.0 

22.0 
10.0 
100.0 

18.0 
17.0 
31.0 

12.0 
9.0 

13.0 

44.u 

1.0 

2.0 

2.0 
16.0 

90.0 
25.0 
5.u 

24.0 

14.0 

100.0 
7.0 

6.0 

N.B.: Decimal va lues  approximated to zero. 

Selected ions and their relative abundances are listed in 

tables ( 1 )  and ( 2 ) .  

Sul t ides 

The identification o t  the sulfides 1-6 from tlirii- mass 

spectra is not a simple matter. These sulfides are sensitive 

not only to molecular weight but also to structural differe- 

nces in 4’-substituents. That such sensitivity and differ- 

entiation is possible implies that 4’-substitutlon p l a y s  an 

important role in its ionic decomposition. 
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SKELETAL REARRANGEMENTS IN SULFIDES AND SULFONES 41 7 

Table (21:Partial Mass Spectra of 2.4-Dinitrophenyl 4’-substituted Phznyl 

Sulphones. 

COmP . Ion 7 8 9 10 11 12 

n.wt . 308 338 322 386 342 3.23 ........................................................................... 
Relative Abundance 

m/z P+‘ 2.0 3.0 3.0 5 . 0  9.0 0 . U  
2 1 9  Br-CaH4-S0. 6 . 0  
2 1 5  (NO.) .-CaH1-SO1’ 1 7 . 0  2.0 2.0 5 . 0  8.0 10.u 
1 7 5  CI-CIH~-SOZ 12.0 
1 7 1  OCHs-CaH4-80. 3 . 0  
177 Br-C.H.-O]+ 100 .0  
156 NHa-CaH4-SOa 8.0 
155 Br-CaH41+ 50.0 

1 4 3  Br-CsH41 * 1 4 . 0  
1 4 1  CaHs-50. 2 4 . 0  
1 2 7  C l - C ~ H 4 - O ’ +  100 .0  
123 OCHs-CaHaI+ 100.0 

CHs-CsHa-SOa 6.0 

74.0 
100.0 

88.0 
100.0 

2 7 . 0  
100.0 

6 6 . 0  
77 CaHs” 7 0 . 0  1 2 . 0  14.0 36.D 32.0 44.u 

The sulfides 1-6 eliminate the sulfur atcm and the 

terminal groups then combine to give ion a , (NOa)a-CsHs- 

CbH4-R-p7i This ion fragments further by loss or R ;  to give 

ion b,this undergoes successive loss of oxygen , nitrogen 

oxide and nitrogen dioxide1%. The molecular ion of the 

sulfides is not the base peak; it occurs at lower masses, 

and represented at m/z 198 for 4 . 5  or m/z 182 for 3 . 4 .  Peaks 

associated with the fission across the 4’-suhstituted phenyl 

ring are of medium t o  low intensity. These t i s s i o r l s  are 

illustrated in schema I .  

The spectra of the sulfides 1-6 axhibit through a 

different fragmention route ion c .  corresponding t o  the loss 
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1- of (NOaIa-CsHa from the mo 

b is comparatively low. It 

d and the complimentary i 

SAAD, HAMED, AND EL-BARUAN 

ecular ion, the 111trnsity of ion 

fragments further to produce ion 

n e .  Ion d occ' i~rs with medium 

intensity in compounds 1 and 3, while ion e is the source of 

the base peak in 6 .  

Ion f arises by loss of R-CsH4S" from the parent ion, 

it is of variable intensity, and represents the base peak in 

1 and occurs with medium intensity in 4 and 5 ,  Table ( 1 ) .  

The prominant peak at m/z 171 observed in the spectra 

of compound 1 through sequential loss of two nralecules or (30 

followed by oxygen radical from the rearranged form of ion b 

[2(2'-nitroso-4-nitrophenyl) phenol] t-esanibles closely the 

reported loss of two CO from 2-nitrobiphen~l~~. 

Su 1 ionerr 

In the spectra of 2,4-dinitrophenyl-4'-substituted 

phenyl sulfones 7-12, which are very similar (scheme 1 1 1 ) .  

the most abundant ion g is the same through 7-12 compounds, 

which fromed through the scission of the rearranged aryl 

sulfinate ester and in a manner different from that 

envisaged earlier4. This ion g fragments further with loss 

of 0. radical and CO. Fragmentation of  the nroleculat- ion 

produces (NOa)a-CaHs-SO'+, h . all other peaks in the 

spectra are small. 

It is of some interest to note that in oui '  r a s e ,  

scission of the sulfones, followed by the rupture of the S -  

OAr bond does not gives peaks corresponding to (NO,),- 

CsH30]+ and R-CsH&O1+ ions . However, the absence o t  

certain peaks corresponding to a process is n o t  a pi-oof that 
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1.0- 

1.0 

2 1.6 
0 

a ' 1.4-  
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- 

CI - 

".t 
0 0  I I I 

.1 - 2  - 1  0 I 2 1 

:Homm.ll 

this scission does not occur. O n  t h e  o t l ~ e r  hrlird. ri-ag- 

mentation does occur in which neutral R-CsH4SOa is formed 

but observed at low abundance (table 2). 

The ion (NOa)-CeH3S01+ is also detected, but: i t  is c ~ r  

much reduced abundance in sulfones. It is suggested that the 

function group-NHa assumes a certain georiieti-y, i t s  i-uptu1.c 

leads to most abundant peak. 

en the 1 s  1 fi - 

The mass spectra o r  sulfides 1-6 and aulrones 7-12 a1.e 

strikingly different. That of the sulfides being +M, + I  , 

and are characterized by abundant parent ions, a l l  othei- 

peaks, except the base peak, in the spectra are intermediate 

to small. While in the case of sulfones 7-12 I-M.-I), the 
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SAAD, HAMED, AND EL-BARDAN 

intensity of the parent ions is small and assume a new frag- 

mentation pattern The ( N O a ) a - C s H 3 - C s & R l *  radical cation 

generally formed through elimination of sulfur radical in 

sulfides and would have assumed to he present i n  the spectra 

of the sulfones through elimination of 502 was not 

detected". The sulfides cleavage showed a iiiarhed dapandance, 

upon the nature or the substituents whereas in decoiaposit 

of the sulfones, this was not affected. 

Similar to alkyl sulfides13-14, a substituent airect 

present from the mass spectra of the twelve sulfides 1-6 

on 

IS 

nd 

sulfones 7-12 and correlated with the Hammstt q - v a l u e s  

(isotopic peaks are accounted for Bi-.Cl). Such plots of the 

logarithmic abundance of the SC6HsRI+ ions in the sulfides 

1-6 and the CsH4-R'* ions i n  the sulfones versus tl~e Q -  

values are given in figure (I). This seems reasonable and 

can be rationalized i n  teims of inductive effect. 

Experimental 

The mass spectral ana 

measured on Varian MAT CH7, 

method at 250OC. 

ysis ( e  

70 eV., 

ectron impact 1 were 

using direct probe 

2 , 4 - D i n i t r o p h e n y l - 4 ' - s u t s t l t u t e d  phenyl sulfides 1-6 

were obtained through nuclaophi 1 ic di~placement react ions 

starting from 2.4-dinitrochloro benzene and scrdium salt or 

4-substituted thiophenols in alcohollo. All the corresponding 

2,4-dinitro-4'-substituted phenyl sulfones 7-12 ware pre- 

pared by oxidising the sulfides with excess amount l i t  

HaOa(30%), in glacial acetic acidl5. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



S K E L E T A L  REARRANGEMENTS I N  S U L F I D E S  AND S U L F O N E S  421 

References 

1- A .  Kassern, and A. El-Bardan, J. Chem. Ensn. Data, 198d  
,31(4), 496. 

2- A Kassern, A .  A .  El-Bardan, arid S .  Mansour, ibid, 1987 
, 3 2 ( 4 ) ,  483. 

,34, 133. 
3- A .  A .  El-Bardan, E. A .  Hamed and E.F. Saad, ibld, 1984 

4- S ,  Meyerson, H. Drews and E. K. Fields, Anal. C h e m . ,  
1964 , 36(7), 1294. 

5- G. Madsen, J. C. Nolde, S. 0. Lawesson and G .  Sclsroll, 
Tetrahedron Lett, 1965 , 49, 4377. 

6- G.Madsen, J .  C. Nolde, S .  0. Lawesscln and G .  Schorll, 
ibid. 1965 , 50, 473b; S .  Meyerson, P .  N. Rylander, E. 
L. Eilel and J . D .  McCollum, J. An). Chem, S o c . .  1959 , 
81, 2606 

7- G. Schroll and S .  0 ,  Lawesson, Sulphur in [Jt-ganic 
Chemistry and Inorganic Chemistry, 1972.  Vol.Z.Ch.17, p .  
186, Marcel Dekker. New York. 

8- F. Bottino, R. Fradullo and S .  Pappalai-do, Ory. Mass 
Spectrom., 1981 , 16(4), 190. 

9- F.Bottino, H .  Fradullo and S. Pappalardo, ibid, 1981 , 
16(7),289. 

10- F. Bottino, R. Fradullo S .  Caccamese and S. P a p p a l a i . d o .  
ibid, 1982 , 17(7), 335. 

11- S .  Meyerson, I .  Puskas and E .  K. Fields. J. Airi .  Cheni. 
SOC., 1966, 88, 4974. 

12- H. Drews, E. K. Fields and S .  Meyerson. c'heiii. I r i i l . ,  
1961 , 1403. 

13- M. M. Bursey and . W .  McLaiterty, J .  Ani. ( ; I ICIL  . S a c . ,  
1967 , 89, 1. 

14- D. H. Williams, Mass S p e c t r a  o f  i l r y a n i c  ~ ~ o m p n u i - i ~ s .  1407 
p.33, p . 1 6 2 ,  Holden Day Sari Francisico 1967 . 

15- A. M. Ahmed, E. A .  Harned. A .  A .  El-Bardan aiid E. f .  
Saad, Alex. Eng. J . ,  1989 , 2 8 ( 2 ) ,  5 7 7 .  

D a t e  R e c e i v e d :  10/03/90 - 

D a t e  Accep ted  : 11/26/90- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


