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A b s t r a c t  

The mss s p e c t r a  of  d imethy l -  and e t h y l s u b s t i t u t e d  t h i e t a n e s  

( t o t a l l y  s i x  isomers)  have been i n v e s t i g a t e d .  They a l l  show 

f r a g m e n t a t i o n s  due t o  f o u r  c e n t e r  c leavage ,  s p e c i f i c  r e a r r e n -  

gements and l o s s  of s u b s t i t u e n t ( s 1 .  The f r a g m e n t a t i o n  p a t t e r n s  

d i v i d e  them i n t o  t h r e e  d i f f e r e n t  g roups ,  each  group w i t h  i t s  

own c h a r a c t e r i s t i c s :  one group w i t h  2- and 3 e t h y l t h i e t a n e ,  

a second group w i t h  2 ,2-dimethyl-  and 3 , 3 - d i m e t h y l t h i e t a n e  

and a t h i r d  group w i t h  2 ,3-dimethyl-  and 2 , 4 - d i m e t h y l t h i e t a n e .  

The resemblance between- t h e  s p e c t r a  i n  each  group is e v i d e n t ,  

but  each  o f  t h e  s i x  isomers  has  a unique mass spectrum.  
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I N T R O D U C T I O N  

A v a r i e t y  of  methods t o  syn thes i ze  t h i e t a n e s  has been given i n  

a  revue a r t i c l e  by Tmst e t  a l . '  I. We have chosen t h e  method de- 

s c r i b e d  by S e a r l e s  e t  a l .  2 p 3 )  t o  syn thes i ze  t h e  dimethyl- and e- 

t h y l t h i e t a n e s .  

Only a  few mass s p e c t r a l  a n a l y s i s  of t h i e t a n e  and s u b s t i t u t e d  

t h i e t a n e s  have been made prev ious ly  ' J~ J . The d a t a  presented 

here  is t h e  f i r s t  sy s t ema t i ca l  s tudy of  a l l  t h i e t a n e  isomers 

wi th  t h e  molecular formula C5H,,0S. Scala  and colon4)  have pre-  

sen ted  a  f o u r  c e n t e r  c leavage f o r  t h e  t h i e t a n e  r i n g  (m/z = 74) 

based upon e a r l i e r  knowledge of f ragmentat ion of fourmanbered 

r i n g  organic  compounds. I n  the  ca se  of ou r  t h i e t a n e  isomers 

(m/z = 102) t h e  descr ibed f o u r  c e n t e r  c leavage g ives  rise t o  

dominant peaks,  though not always t o  t h e  base peak ( s e e  below). 

The molecules s tud i ed  were: 3 - e thy l th i e t ane ,  2 - e thy l th i e t ane ,  

t a n e  and 2 ,2-d imethyl th ie tane ,  a l l  wi th  t h e  a n p r i c a l  formula 

C5HIOS (miz = 102) .  The mass s p e c t r a  of Z,4-dimethyl thietane 1 )  

and 2, 2 -d imethyl th ie tanebJ  have been presented e a r l i e r .  A com- 

par i son  with t h e  mass s p e c t r a  of methylsubs t i tu ted  t e t r ahydro -  

thiophene and th i ane ,  which a l s o  have t h e  empir ica l  formula 

6 1 C H S,  has been made observing e a r l i e r  presented d a t a  . 5 10 

The reason t o  i n v e s t i g a t e  t h e  t h i e t a n e s  was r a i s e d  when obser -  

ving mass s p e c t r a  from GC-MS i n v e s t i g a t i o n s  of ana l  gland sec-  

r e t i o n s  from s p e c i e s  of t h e  Mustelidae family ( D r  Gdr-an Odham, 

Univers i ty  of Lund, Sweden, personal  comnunicationl.  Severa l  

n a t u r a l  occur r ing  subs tances  showed i n  s e v e r a l  c a s e s  mass spec-  

5 )  t r a  s i m i l a r  t o  t h a t  of 2 ,2-d imethyl th ie tane ,  but not  i d e n t i c a l  . 
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RESULTS AND DISCUSSION 

I t  is ev ident  from Figures  '1-6 t h a t  t h e  fragmentat ion p a t t e r n s  

of t h e  isomers can be d iv ided  i n t o  t h r e e  s e p a r a t e  groups each 

with two isomers.  The p re sen t a t i on  0 - F  t h e  d a t a  w i l l  t h e r e f o r e  

fo l l ow  accord ingly .  

E thy l subs t i t u t ed  t h i e t a n e s :  Four c e n t e r  c leavage,  l o s s  of methyl 

and e t h y l  r a d i c a l s  a r e  t h e  dominating fragmentat ion modes. The 

o t h e r  peaks i n  t h e  s p e c t r a  can be explained by l o s s  of a l k y l ,  a l -  

kenyl and s u l f u r  conta in ing  r a d i c a l s  from t h e  rearranged molecular  

ion  o r  by l o s s  of hydrogen s u l f i d e ,  e thene  and propene ( s e e  Schemes 

and Figures  1 and 21. 

2,4- and 2 ,3-d imethyl th ie tane :  Also here  t h e  f o u r  c e n t e r  c leavage 

is t h e  dominating fragmentat ion mode and most of t h e  ion c u r r e n t  

is c a r r i e d  by t h e  fragments  conta in ing  t h e  s u l f u r  atom. Losses of 

a  methyl r a d i c a l  and, a f t e r  rearrangement,  a l k y l ,  a lkeny l  and s u l -  

f u r  conta in ing  r a d i c a l s  a r e  observed. In  both mass s p e c t r a  t he  

m/z = 60 is t h e  base peak ( s e e  Schemes and Figures  3  and 41. The 

mass s p e c t r a  of  ZJ4-d imethyl th ie tane  and 2 ,3-d imethyl th ie tane  have 

been taken on a  mixture  of isomers ( o p t i c a l  isomers and c i s - t r a n s  

isomers 1 . The c i s  arid t r a n s  i.sornr?r-r, n f  2.4-d irnt?t:hyl. t h i e t a n e  have 

1 )  been shown t o  be superirnpossible i n  MS . 

3,3-  and 2 ,2-d imethyl th ie tane :  Four c e n t e r  c leavage is s t i l l  t h e  

most important f ragmentat ion mode, but here  only a  l im i t ed  p a r t  

of t h e  ion c u r r e n t  is c a r r i e d  by t h e  s u l f u r  conta in ing  fragment.  

The l imi t ed  p o s s i b i l i t i e s  f o r  rearrangement of 3 ,3-dimethyl thie-  

t ane  s t rong ly  c o n t r i b u t e s  t o  t h e  d i s s i m i l a r i t i e s  i n  t h e  mass spec- 
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t r a  o f  these two cornpuunds. As i n  the case w i t h  the o the r  t h i s tanes  

a l so  these loose a  methyl  r a d i c a l  f rorn the  mo l-ecular ion.  The r e -  

arranged molecular  i o n  fragmentates bo th  by l o s s  o f  a l k y l  and XI- 

f u r  conta in ing  r a d i c a l s .  Fragrnen ta  t i o n  o f  hydrogen su l f  i d e  and 

ethene occurs on l y  f rom 2,Z-dimethylthietane (see Schemes and F i -  

gures 5 and 6). 

I d e n t i f i c a t i o n  o f  the mass spectra w i t h i n  each group: As o u t l i n e d  

above, there  a re  s t r i k i n g  ressmblance between the  mass spectra 

w i t h i n  each group. S t i l l  each isomer has a  unique mass spectrum. 

The eas ies t  way t o  con f i rm  t h i s  i s  t o  study the  d i f f e rences  i n  

f o u r  cen te r  cleavage between each p a i r  o f  isomers (belanging t o  

t h e  same group). Only 2 -e thy l t h ie tane  and 2,2-dimethylthietane 

have the  fragment o f  m/z = 74 i n  the  mass spectra, due t o  l oss  

o f  ethene. The fragment m/z = 56 i s  seen i n  t h e  mass spectrum 

o f  2,3-dimethylthietane b u t  not  i n  the  case o f  2,4-dimethylthie- 

tane due t o  the  c o n f i g u r a t i o n a l  d i f f e rences .  Also o the r  fragments 

can be used t o  d i s t i n g u i s h  between the isomers i n  each group, but  

these a re  the most obvious and i n f a l l i b l e .  

L i t t l e  attempts have been made to  exp la in  the  s t ruc tu res  o f  t he  

fragments between m/z = 40 and m/z = 59 as the re  a re  severa l  s t ruc -  

t u r e  p o s s i b i l i t i e s  f o r  each fragments. 

EXPERIMENTAL 

The methods t o  syn the t i ze  the  compounds discussed i n  t h i s  work 

a re  known i n  the  l i t t e r a t u r e Z p 3 ) .  I n  s p i t e  o f  the  low y i e l d  i n  

some cases, we have chosen t o  syn thet ize  the th ie tanes s t a r t i n g  

f rom the corresponding saturated f i ve-carbon d i a l s  t o  make sub- 

s t i t u t e d  1,3-dioxans-2-ones w i t h  dimethylcarbonate fo l lowed by 
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t r e a t m e n t  w i t h  d r y  KSCN under  a s low s t r e a m  o f  n i t r o g e n  g i v i n g  

t h e  t h i e t a n e .  An o t h e r  method w i t h  h i g h e r  y i e l d  has  been p r e s e n -  

t e d  r e c e n t l y  7 '81 s t a r t i n g  w i t h  di i la l  i d e s  ( co r respond ing  i:o t h e  

d i o l s  above] .  However we found i t  more r:onvenient t o  us9 t h e  d i o l 3  

a s  t h e y  were cheaper  t o  b jy  o r  e a s i e r  t o  s y n t h e t i z e .  

The p u r i t y  of t h e  t h i e t a n e s  was checked on GC (12 OV-'17, column 

0 t a n p e r a t u r e  40 C ) ,  and i n  s i n g l e  c a s e s  a l s o  by NNF? ( JEOL C -60 EL) 

a c c o r d i n g  t o  t h e  d a t a  g iven  by T r o s t  e t  a l .  1 )  

When i n v e s t i g a t i n g  t h e  t h i e t a n e s  d e s c r i b e d  above on c a p i l l a r y  G C ,  

t h e  v a l u e s  of t h e  r e t e n t i o n  t irnes f o r  a l l  i somers ,  e x c e p t  t h e  e -  

t h y l  s u b s t i t u t e d  t h i e t a n e s ,  a r e  c l o s e  t o  each o t h e r .  The v a l u e s  

o f  t h e  r e t e n t i o n  t imes  o f  t h e  e t h y l  s u b s t i t u t e d  t h i e t a n e s  a r e  

a l s o  c l o s e  t o  each o t h e r  b u t  w e l l  s e p a r a t e d  from t h e  other-  i s o -  

mers ( l o n g e r  r e t e n t i o n  t i m e s ) .  

Mass s p e c t r a l  a n a l y s i s  was rnade on a Var ian  MAT, model 112 GC-MS 

equipped w i t h  a  SCOT column 34 m I . D .  0 .5  mn w i t h  SE -30 a s  s t a -  

0 
t i o n a r y  phase.(Colurnn t e m p e r a t u r e  60 C. )  Ion  s o u r c e  t e m p e r a t u r e  

was 240 'C and t empera tu re  i n  separat:or  and i n t e r f a c e  230 'C. A l l  

t h e  mass s p e c t r a  wers r ecorded  a t  70 eV. 

The background s p e c t r a  from column and g a s  i n  MS has  been s u b t r a c -  

t e d  i n  a l l  c a s e s .  l-lowever, some s m a l l  peaks  due t o  i r n p u r i t i o s  can 

s t i l l  be s e e n  between m/z = 00 anrl rn/z = ' l@ll i n  t h e  c a s e  o f  2-e- 

t h y l t t i i e t a n e .  T h i s  was c a t ~ s ~ r j  by i non-s t~ l fu r .  c o n t a i n i n g  conipound 

l y i n g  c l o s e  t o  2 - e t h y l t h i e t a n e  i n  GC-MS. 
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