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The m a s s  s p e c t r a  of 2 ,3-dichlorothianaphthene,  2-phenylthianaphthene,  2,3- diphenylthianaph- 
thene, 3-chlorothianaphthene 1,1-dioxide,  2 ,3-dichlorothianaphthene 1,1-dioxide, 2 -phenyl -  
thianaphthene 1,1-dioxide, 3-phenylthianaphthene 1,1-dioxide; and 2,3-diphenylthianaphthene 
1,1-dioxide were  studied. The fundamental  m e c h a n i s m s  of f ragmenta t ion  of molecu les  of 
these compounds under  the influence of e l ec t ron  impact  a re  examined.  

The fundamental  paths for  the f ragmenta t ion  of molecu les  of thianaphthene, phenylthianaphthenes,  and 
thianaphthene t , l - d i o x i d e  were  es tab l i shed  during a study of the d is in tegra t ion  of molecu les  of these  c o m -  
pounds under  the influence of e lect ron~impact  [1,2]. However,  a fu r the r  m a s s  s p e c t r o m e t r i c  invest igat ion 
of thianaphthene de r iva t ives  and the i r  sulfones is n e c e s s a r y  both for  elucidation of the effect  of subs t i t uen t s  
on the f ragmenta t ion  during e lec t ron  impac t  and to obtain a more  comple te  p ic ture  of the d issoc ia t ive  p r o -  
c e s s e s  during ionizat ion of these  molecu les .  

We have studied the m a s s  s p e c t r a  of some  compounds of this type,  which were  obtained with an MKh- 
13-03 m a s s  s p e c t r o m e t e r  under  s tandard  conditions in an ion sou rce .  The m a s s  spec t r a  of all of the c o m -  
pounds except  2-phenylthianaphthene were  obtained for  the f i r s t  t ime .  A c o m p a r i s o n  of the m a s s  sp ec t r a  
that  we obtained fo r  2-phenylthianaphthene with that  in [1] indicates  s a t i s f ac to ry  ag reemen t  in the d i s t r ibu-  
tion of the in tens i t ies  of the m a j o r  m a s s  l ines in the m a s s  spec t r a .  The only substant ia l  d i f ference  is that 
our  m a s s  spec t r um  of 2-phenylthianaphthene lacks  a m a s s  line with m / e  145 (which co r r e sponds  to the loss  
of a CsH 5 group).  

The mo lecu l a r  ion l ines have the m a x i m u m  intensi t ies  in the m a s s  spec t r a  of the thianaphthenes 
[2,3-dichlorothianaphthene (I), 2-phenylthianaphthene (II), and 2,3-diphenylthianaphthene (lH) ]. 

The m a s s  s p e c t r u m  of 2 ,3-dichlorothianaphthene is e x t r e m e l y  s imple :  the de tachment  of one chlor ine  
a tom is obse rved  (peak with a m a s s  of 167 and 25% re la t ive  intensity);  the r emova l  of two chlorine a toms 
gives  a line with m / e  132 (15%). El iminat ion of a SCC1 group f o r m s  ions with m / e  123, the subsequent  loss  
of CC1CH by which r e su l t s  in a line of m a s s  63. 

Scheme 1 
--CCICH 
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The line with a m a s s  of 166 c o r r e s p o n d s  to spl i t t ing out of HC1 f rom the mo lecu l a r  ion, while the s imu l t ane -  
ous loss  of HC1 and SCC1 gives  ions with m / e  87. 

The m a s s  s p e c t r u m  of 2-phenylthianaphthene (II) fal ls  into the scheme  for  m o l e c u l a r  ion d i s in t eg ra -  
tion p roposed  by P o r t e r  [1]. The eject ion of CHS and CHC6H 5 groups f o r m s  ions,  whose dis in tegra t ion (like 
the d is in tegra t ion  of the 2 ,3-dichlorothianaphthene ion with m / e  123) gives ion peaks  with a m a s s  of 63. 
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~ - - P h  d~]e 165 m/e S~ 

In con t r a s t  to 2 ,3-dichlorothianaphthene,  one obse rve s  r e m o v a l  of a sulfur  atom and H2S to f o r m  ions 
with m / e  178 and 176. Ions with m / e  178 (Ib, Scheme 1) in turn  lose  C2H 2 and are  conver ted  to ions with 
m / e  152 (the line with m a s s  number  152 in the m a s s  s p e c t r u m  of ]1 has an intensi ty  of l e s s  than 1%), the 
a s sumed  s t ruc tu re  of which is  given in Scheme 2. 

Scheme 2 
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The d i r ec t  expuls ion of C2H 2 f r o m  the m o l e c u l a r  ion f o r m s  dibenzothiophene ions ( m / e  184, 1.4% 
re la t ive  intensi ty) ,  while the ion peaks  with m a s s e s  139 and 115 c o r r e s p o n d  to the loss  of SC3H 3 and SCsH 3 
by the m o l e c u l a r  ion. Judging f rom the m a s s  s p e c t r a  of dibenzothiophenes,  the d is in tegra t ion  of ion Ig 
c r e a t e s  peaks  with m a s s e s  of 159, 139, 115, and 63, so that  ions Ic,  Ie,  and If can a r i se  by dif ferent  d i s -  
socia t ion paths .  The ion peak with m / e  69 o bse rved  in the spec t rum of I is  c h a r a c t e r i s t i c  for  the sp ec t r a  
of benzothiophene and dibenzothiophenes .  It  contains a su l fur  a tom in i ts  s t ruc tu re ;  i .e . ,  the fo rmula  of this 

/ c  
SC3H + ion is s = c ( i  ? or  s\c@c,.  The absence  of p r o c e s s e s  involving the r e m o v a l  of S and SC6H 5 is  c h a r a c -  

t e r i s t i c  for  the f ragmenta t ion  of 2,3-diphenylthianaphthene.  P e a k s  with m a s s e s  of 165,139,  115, and 63 are  
t he re fo re  absent  in the m a s s  s p e c t r u m .  

The p r e s e n c e  of two phenyl subst i tuents  in the molecule  d i r ec t s  the d is in tegra t ion  of the mo lecu l a r  
ion toward the fo rmat ion  of condensed s y s t e m s  (Scheme 3). Energe t ica l ly  favorable  condensat ion p r o c e s s e s  
p reva i l  ove r  all o ther  poss ib le  f ragmenta t ion  p r o c e s s e s .  

S c h e m e  3 

W \ p h |  ~ 

rn/r 282 - -  4 
l i e  

The s e v e n - m e m b e r e d  r ing ion C7H7 +, whose fo rmat ion  may  be the r e su l t  of all of the d is in tegra t ion  
paths p resen ted ,  m a y  c o r r e s p o n d  to the line of m a s s  91 which is obse rved  in the m a s s  spec t rum of II .  

According to [1], the d issoc ia t ion  of the m o l e c u l a r  ion of thianaphthene 1,1-dioxide is de te rmined  by 
its r e a r r a n g e m e n t  - by expansion of the f i v e - m e m b e r e d  r ing to a s i x - m e m b e r e d  r ing with the fo rmat ion  of 
a C - O  bond. 

A c o m p a r i s o n  of the m a s s  s pec t r a  that we obtained for  the 1,1-dioxides of cMoro and phenyl d e r i v a -  
t ives  of thionaphthene makes  it poss ib le  to i so la te  s e v e r a l  p r i m a r y  paths of d issoc ia t ion  of the s t a r t ing  ion - 
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T A B L E  1 .  I n t e n s i t y  D i s t r i b u t i o n  i n  t h e  M a s s  S p e c t r a  o f  t h e  I n v e s -  
t i g a t e d  C o m p o u n d s  

elm ~ 

63 
64 
69 
74 
75 
76 77 
84 
85 
86 
87 
88 
89 
91 
92 
97 
98 
99 

101 
105 
106 
108 
109 
l l0 
l l l  
l l3 
115 
120 
121 
123 
124 
125 
126 

I 2 

129 
132 
133 
134 
135 
136 
137 
138 
139 
141 
142 
143 
145 
150 
151 
152 
155 
158 
163 
164 
165 
166 
167 
168 
169 
170 
171 
r172 
173 
174 
176 
177 
178 
179 
184 
185 
186 

194 

2,0 

4,7 

7,8 

I0,0 

16,5 

15,0 

25,1 
3,81 
9,7 

J ~ J 

II  I l l  

3 4 

2,8 
2,4 
6.9 3,3 

4,5 3,1 

IV V 

5 6 

VI 

7 

10,4 
3,2 
4,2 

7,8 
25,5 
30,7 

4,4 
7,64 

10,8 
3,0 
4,0 

_ _ /  

V I I  VI I I  

8 

4,7 
14.6 

4,06 
5,7 

2,27 

3,08 

9.43 

2,43 

3,9 

2,14 
5,9 2,88 
5,9 

2,44, 
2,38 

4,2 

4,88 
6,0 
3,11 

19,2 4,65 
8 1 3,2 
8,5 4,8 

27,3 18,1 
35,8 10,5 

7,26 3,29 
6,83 5.65 
3.85 4,85 
2,56 9,59 
2,9 5,66 

3,84 

30,7 

3,85 5,0 
7,26 7,27 
7,7 233,3 

16,6 

47,4 4:,6 
19,2 1 .1 
3,8 . ,0 
2,13 1 ,1 

2,13 ,63 
6,98 
2,56 1 ,0 
3,8~ 

,66 

2,1 
2,1 3,4 

14,5 
50,4 52,7 

9,8 9,9 
2,5 2,5 

32,2 21,8 
8,1 7,9 

5,9 
2.1 4,0 

3,43 

~,8 

1,6 

12,1 
IC ~ 100 

',,I I0,0 
3 1,5 38,9 

!,4 3,1 

2,2 

100 
6,5 
2,2 

16.7 

2,3 
3,2 

3,0 

10,0 

23,7 
2,2 

11,4 

7;4 
16,6 
3,7 

3,3 

~,5 
6,6 
3,7 

2,6 
2,2 
3,3 

2,2 

3,7 

3,7 

2,6 

18,5 
2,6 
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TABLE 1 (continued) 

107 
199 
200 
201 
202' 
203 
204 
2O5 
206 
2O8 
209 
210 

,:211 
213 
214 
215 
224 
226 
234 
�9 
236 
237 
239 
242 
243 
25O 
251 
252 
253 
254 
258 
271 
282 
283 
284 
285 
286 
287 
288 
318 
319 
320 

I �9 

3: 
11,4 

100 
13,0 

3s 

12,t 
6,4 

4,4 
14,~ 
7,, ~ 
6,~ 

34,{ 
34,1 

I00.( 
19.: 

5,1 

3 , 4  �84 
33,0 
4,3 

13,2 

40;8 
3,8 

31,7 
2,4 

2,6 

7,3 

~0 
53 
5,s 

2,~ 

100 
15,7 
6,6 
2,6 
4,4 

13,7 
6,6 

46,6 
21,8 

9,25 
3,3 

10,7 
'5,9 

5,5 
23,7 
23,7 
66,6 
14,8 
4,4 

50,0 
11,1 
3,7 

TABLE 2. Mass Spectrum of Dissociative Electron Capture by 
2,3-Dichlorothianaphthene Molecules 

:ton 

( M - H ) -  
( M - 3 ) -  
( M - C l ) -  

CC1- 
C1- 
CI2- 

Half-height width, eV 

0,15 

7,5 
12,6 
4,3 

120 
1000 

8 
0,5 

eV 

4,1 

19,3 

1T 
30 

6,6 

6,9 

2,6 

17 

1,8 
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splitting out of OCR 1 (R~ is a hydrogen, chlorine,  or  phenyl radical  attached to C2) , O2, SO2, and SO (Scheme 
4). 

Scheme 4 
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The elimination of OCR 1 is the mos t  probable p rocess  for all of the sulfones investigated. The peaks 
of maximum intensity are  those of mass  171 in the spec t ra  of the 1,1-dioxides of the chloro-subst i tu ted  
thianaphthenes (IV and V) and those of mass  213 in the spect ra  of the 1,1-dioxides of 3-phenylthianaphthene 
(VII) and 2,3-diphenylthianaphthene (VIII). The peak of the OCC6H5 + ion (m/e  105) has the maximum in- 
tensi ty in the m a s s  spec t rum of 2-phenylthianaphthene 1,1-dioxide (VI); the line of the ions formed by r e -  
moval of OCR 1 ( m / e  137) has an intensity of 78% of the maximum. Both lines cor respond  to ions formed 
by the same disintegrat ion p rocess  - removal  of OCR~ (OCCeH57 - but in one case the charge is concen-  
t ra ted  on the sulfur  atom or  in the s i x -m embered  naphthene ring while, however,  the charge is concen-  
t ra ted  on the oxygen atom and phenyl group during the formation of OCC6H5 + ions.  

The expulsion of carbon monoxide f rom IIIc and IIId gives intense peaks of mass  143 in IV and V 
(31.2 and 21.8%) and an ion peak with m / e  109 (16.7%) in VI. Ions with m / e  185, which are  formed in 
sma l l e r  amounts (6.3 and 2.6%) than in the other  sulfones, cor respond  to the expulsion of CO from VII and 
VIII. Ions with m / e  185 (IIIf and IIIg, where R 2 is a phenyl radical) are  apparently readily converted with 
the loss of hydrogen to dibenzothiophene ions (m/e  184) Ig. This explains the low intensity (as compared  
with the other  thionaphthene 1,1-dioxides) of the line of the IIIf and IIIg ions and the relat ively high yields 
of ions with m / e  184 03.6% in VII and 18.5% in VIII, as compared  with 2.3% in VI and 1.4% in II, where the 
dibenzothiophene ions are  formed only via other  disintegration channels).  

Ions with m / e  108 {IIIh and IIIi) can be formed by the removal  of substituent R 2 f rom IIIf and IIIg, and 
the format ion of IIIh and IIIi through ions with m / e  136 by success ive  cleavage of R 2 and CO is also pos-  
sible.  In fact, the lines of mass  108 are  of considerable  intensity (47.4 and 42.6%) in the mass  spec t ra  of 
the chloro-subs t i tu ted  sulfones, but high intensity of the lines of mass  136 (50 and 52%) is charac te r i s t i c  
for them. 

The intensity of the peak with mass  136 in the mass  spec t rum of VI is 2.6%, while that of the peak 
with m a s s  108 is 2.2%; both of these peaks are  absent in the spec t rum of VH. 

Dissociat ion of the molecular  ion initiated by elimination of SO is repor ted  for  thianaphthene 1,1- 
dioxide [1]. This sor t  of p rocess  does not occur  in the case of VII and VIII: a phenyl substituent in the 3-  
position c loses  this channel for  dis integrat ion.  The spec t ra  of VII and VIII do not contain lines co r re spond-  
ing to ions of s t ruc tu res  IIIj and IIIi. Fur the r  disintegrat ion of III also gives ions with mass  numbers  123 
and 89 (IV), 123 (V), and 165 and 89 (VI) and ions with m / e  63. 

Ions IIII, IIIm, and IIIn are  observed in the spec t ra  of VII and VIII; i .e. ,  during the ionization of the 
sulfones,  ions of these s t ruc tu res  are  formed by other  paths of dissociation,  both through expulsion of SO 2 
and through expulsion of 02 . 

304 



The removal  of O 2 leads to the format ion of the molecular  ion of the corresponding thianaphthene 
(lIIu); the disintegrat ion of IIIu c rea tes  the mass  spec t rum of th ianaphthene.  All of the lines observed in 
the spec t rum of 2-phenylthianaphthene and 2,3-diphenylthianaphthene are also present  in the spec t ra  of the 

corresponding sulfones.  

Ion IIIu is not fo rmed during the ionization of 2,3-dichlorothianaphthene 1,1-dioxide, i.e., the channel 
of dis integrat ion initiated by the removal  of 02 is closed.  Lines cha rac te r i s t i c  for the spec t ra  of I (peaks 
with m a s s e s  of 167,166,  and 132) are  correspondingly  absent in the mass  spect rum of 2 ,3-dichlorothia-  
naphthene 1,1-dioxide.  

An ion peak with a mass  of 123 (III1 and IIIm) is observed in the spec t rum of 2,3-dichlorothianaph- 
thene and in the spec t rum of 2,3-dichlorothianaphthene 1,1-dioxide. Direc t  expulsion of an SCC1 group f rom 
the molecu la r  ion occurs  in the f i r s t  case ,  while in the second case the formation proceeds  via the de- 
scr ibed  channel of success ive  splitting out of SO, CO, and C1 and also via the disintegrat ion channel, the f i rs t  
step of which is the expulsion of SO 2 . 

The splitting out of an SO 2 group is an independent p rocess  and not a second step after  the removal  of 
SO or O 2. Lines which cor respond  to the s t ruc ture  of ion IIIo are observed in the spec t ra  of all of the in- 
vest igated sulfones and in the spec t ra  of VII and VIII (where the channel for the el imination of SO is closed) 
and in the s p e c t r u m o f V ,  where ions IIIu are  not formed.  The dis integrat ion of ions of the IIIo s t ruc ture  
via the direct ions  indicated in scheme 4 (expulsion of CRCH and CRC2H2) also occurs  during the ionization 
of 2-phenylthianaphthene molecules  (ions Ib); expulsion of a sulfur atom to form ions IIIo does not occur  
during the ionization of 2,3-dichlorothianaphthene molecules ;  lines for  ions with m / e  110 (IIIq) and 97 (IIIs) 
are absent in the spec t rum of I. 

The elimination of O2CR 1 and O2CR 2 is represen ted  in Scheme 4 by a separate  p rocess .  Ions IIIv and 
IIIw are not observed in the mass  spec t ra  of thianaphthenes, so that it is possible to ass ign them as being 
due to fur ther  dis integrat ion of ions IIIu only if ions IIIu are formed during dissociat ive ionization ~of thia-  
naphthene 1,1-dioxides with higher  excitation energies  than the molecular  ions of thianaphthenes during the 
ionization of thianaphthenes.  

This p rocess  of elimination of O2CR does not occur  in the case  of VIII, although the line of ions IIIu 
amounts to 66% relat ive intensity. At the same time, it is observed in the spect rum of 2 ,3-dichlorothia-  
naphthene 1,1-dioxide ( m / e  155). 

A pecul iar i ty  of the fragmentat ion of molecules  of chloro-subst i tu ted thianaphthene 1,1-dioxides is 
the ease of splitting off of a chlorine atom f rom the molecular  ion (peaks of mass  165 and 199 in the spec t ra  
of V and VI) and f rom the ions of s t ruc ture  IIIo (peaks of mass  101 and 135). 

Lines of ions of condensed s t ruc tu res  (Scheme 3), which are  formed after  the expulsion of O 2 and 
SO2, occupy a high specific weight in the mass  spec t rum of 2,3-diphenylthianaphthene 1,1-dioxide. Ions 
which do not contain a sulfur  atom in their  s t ruc tures  (m/e  254, 250, and 239) are observed in large quanti- 
t ies during the  ionization of 2,3-diphenylthianaphthene 1,1-dioxide. The ratio is just the opposite ( m / e  
284, 271, 258, and 2887 for  ions which do contain sulfur atoms.  In the f i rs t  case there are two paths for  the 
dis integrat ion of molecular  ion Vh expulsion of SO~ with subsequent condensation, and expulsion of O 2 with 
subsequent elimination of H2S and H4S (Scheme 3). In the second case  there is one channel which coincides 
wits the channel for the dis integrat ion of 2,3-diphenylthianaphthene ions. 

Data on the formation of negative ions by the interaction of molecules  with slow elect rons  are p r e -  
sented in Table 2. Depending on the energy  of the lat ter ,  one observes  three peaks for the formation of the 
negative molecular  ion, the resul t  of the disintegrat ion of which is the mass  spec t rum presented in Table 2. 
It is cha rac t e r i s t i c  that the capture of e lec t rons  with energies  close to zero  leads to the formation of 
SCCI-,  Cl2, and (M-3)- ions which are  not observed during the fragmentat ion of higher energy quasisteady 
states (M-J*. 

The format ion of S- and SH- ions, whose lines are  the most  intense in the mass  spec t ra  of negative 
alkylthiophene ions [3], does not occur .  The presence  of the more  e lectronegat ive chlorine atoms apparent-  
ly d i rec ts  the dis integrat ion of (M-')* via another path. 
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