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E l e c t r o n  I m p a c t  S t u d i e s  IV.  E x p u l s i o n  of  
M e t h y l e n e  U n d e r  E l e c t r o n  I m p a c t  

Ring expansion and contraction under electron impact  
are well documented in the li terature 1,~. The classical 
Work of M~YERSON et al. x showed tha t  the tropylium ion 
is formed by the ring expansion of the benzene ring 
leading to the insertion of a methylene group. Similar 
rlng expansions have been postulated for the furfuryl and 
thenyl ions formed by fragmentation of alkylfurans 3 and 
alkyl thiophenes 4 

Ring contraction by the expulsion of carbon monoxide 
has been reported by BEYNON etal. 5 in the fragmentat ion 
of cyclic ketones and quinones. WlLLHALM et  al. l proposed 
the expulsion of methylene to explain the formation of 
the fragment with m/e 119 from the M-1 species in the 
mass spectral fragmentation of chroman. They observed 
a metastable peak corresponding to this rearrangement.  
No labelling experiments were carried out. 

The expulsion of a methylene is a very rare process in 
mass spectrometry. Recently we have initiated work on 
the electron impact  fragmentat ion of some sulphur com- 
pounds. In  the course of this investigation we have 
observed fragmentation modes involving the extrusion 
of a methylene under electron impact.  

An analysis of the mass spectra of tetratin and thio- 
chroman showed tha t  the molecular ion readily loses 1 
hydrogen atom. The M-1 species then loses methylene to 
give very stable ions a t  m/e 117 (24%) and m/e 135 
(20%) in the fragmentation of tetral in and thiachroman 
respectively. The following mechanism is proposed to 
explain the expulsion of a methylene from the M-1 species 
Under electron impact. 

X ~ CH v S or O 

This observation led us to examine the mass spectra of 
a few sulphur compounds in which we expected the loss 
of a methylene from the molecular ion. The mass spectra 
of thioxanthene (I), thieno-(2,3-b)-benzothiopyran (II) 
and 2,2-dimethylthiachroman (III) were recorded. The 
loss of a hydrogen a tom from the molecular ion is found 
to be very significant. The peaks observed at m/e 184 
(62%), m/e 190 (50%) and m/e 164 (40%) in the spectra 
of I, I I  and I I I  respectively can only be explained by 

[0 sJO] 
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m/e 184 

II MW 204 IV m/e 190 

III  MW 178 m/e 164 

assuming the expulsion of methylene from the molecular 
ion. A comparison of the mass spectra of I I  and IV s 
showed great similarity which indicates tha t  in the 
fragmentation of II,  IV is a probable intermediate. 

The dideuterated analogues of compounds I and I I  
were prepared from the corresponding ketones by Clem- 
mensen reduction using zinc amalgam and deuterated 
hydrochloric acidL In  the mass spectra of these di- 
deuterated compounds peaks were observed corresponding 
to the loss of dideuterated methylene (:CD,) from the 
molecular ion. This observation supports the proposed 
fragmentation mode which involves the expulsion of a 
methylene. Metastable peaks were also recorded which 
further supports the above observations. In the mass 
spectra of 2, 2-dimethylthiachroman, peaks are observed 
which correspond to the loss of a methylene from frag- 
ment  ions; e.g. m/e 162 - : C H  2 m/e 148 (fragment with 
mass 162 is formed by the loss of 16 mass units (M-CH4) 
from the molecular ion of (III)). 

The expulsion of methylene appears to resemble the 
expulsion of carbon monoxide from cyclic ketones and 
quinones. The driving force for this fragmentation mode 
seems to be the stabili ty of the fragment formed as a 
result of the loss of a methylene. This break-down pat tern 
is therefore likely to operate only in specific aromatic 
systems of the type illustrated above where the fragment 
left after loss of methylene is stable s. 

Zusammen[assung.  Es wird gezeigt, dass bei geeigneten 
Verbindungen die Ausstossung der Methylengruppe im 
Massenspektrum eine bevorzugte Reaktionsweise dar- 
stellt. Diese Reaktionsweise gleicht derjenigen der Ab- 
gabe von Kohlenmonoxyd aus cyclischen Ketonen oder 
Chinonen. 
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