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Abstract--The chemica l  i o n i z a t i o n  s p e c t r a  o f  twenty p r o t o n a t e d  syd-  

n o n e s  were measured by u s i n g  methane a s  a r e a g e n t  g a s .  The i n t e n s e  

f r a g m e n t a t i o n  r e a c t i o n  t a k e s  p l a c e  from t h e  r u p t u r e  o f  t h e  sydnone 

r i n g  by l o s i n g  of  HNO and CO m o l e c u l e s  e x c e p t  f o r  3-benzylsydnones.  

The henzylsydnones  y i e l d  t h e  b e n z y l i c  ( t r a p y l i u m )  c a t i o n s  a s  t h e  

base peak .  The ITH; p r o t o n a t e d  3-phenylsydnone r e s u l t s  i n  [ M+1 ]+  
[ U+H+NH3 1' and [ M+H+2NH3 ]+ a s  t h e  p r i n c i p a l  peaks  w i t h o u t  any 

s i g n i f i c a n t  f r a g m e n t a t i o n s .  

Dur ing  t h e  r e c e n t  d e c a d e s ,  t h e  c h e m i s t r y  of t h e  sydnone h a s  been s t u d i e d  i n  some 

e x t e n t ,  s u c h  a s  n u c l e o p h i l i c  s u b s t i t u t i o n 1 ,  m e t a l a t i o n 2 ,  f u n c t i o n a l i z a t i o n  v i a  

m e t a l a t i ~ n . ~  Among t h o s e ,  t h e  r e a c t i o n s  a r e  t a k i n g  p l a c e  a t  t h e  p o s i t i o n  4 

( carbon  atom 1. T h i s  s u g g e s t s  p o s i t i o n  4  is b e a r i n g  a p a r t i a l  n e g a t i v e  charge  

and is ready  f o r  t h o s e  r e a c t i o n s  o c c u r r i n g .  The work d e a l i n g  w i t h  EI-MS h a s  been 

a l s o  c a r r i e d  o u t . 4  in g e n e r a l ,  t h e  m a j o r  f r a g m e n t a t i o n  r o u t e  is t h e  e l i m i n a t i o n  

of an NO and a  CO m o l e c u l e s  from sydnone r i n g s  e x c e p t  f o r  t h e  series of 3-benzyl- 

s y d n a n e s ,  where t h e  h e n z y l i c  ( t r o p y l i u m  ) i o n s  a r e  t h e  b a s e  peak .  On t h e  o t h e r  

hand ,  t h e  t h e o r e t i c a l  c a l c u l a t i o n 5  and t h e  a c i d  h y d r o l y s i s 6  p r o v i d e  a n o t h e r  i n f o r -  

mat ion  t o  s u p p o r t  p o s i t i o n  2 ( n i t r o g e n  atom b e a r i n g  p a r t i a l  n e g a t i v e  c h a r g e .  

Both of p r o p o s a l s  a r e  w e l l  s u p p o r t e d  by t h e  e x p e r i m e n t a l  r e s u l t s .  I n  t h e  p r e s e n t  
+ 

S t u d y ,  we used  CH4 g a s  under  e l e c t r o n  impact  p roduc ing  CH5 a s  t h e  r e a g e n t  to pro- 

t o n a t e  a  series of  sydnones.  T h i s  p r o t o n a t i o n  method always t a k e s  p l a c e  a t  

s t r o n g e r  b a s i c  atom w i t h  h i g h e r  p r o t o n  a f f i n i t y . ?  I t  can b e  a s e n s i t i v e  and easy 

way t o  d e t e c t  t h e  p r o t o n a t i o n  s i te  from t h e  f ragment  i o n s  b e c a u s e  of  t h e  l a c k  of 

t h e  Yolvent  e f f e c t  i n  t h e  g a s  p h a s e .  From t h i s  work, we e x p e c t  t o  p r o v i d e  more 

a c c u r a t e  i n f o r m a t i o n  f o r  t h e  c h a r g e  d i s t r i b u ' t i o n  on t h e  sydnone r i n g s .  

RESULTS AND DISCUSSION 

The reactions g e n e r a l l y  o c c u r i n g  i n  t h e  CI-MS i n c l u d e  t h e  p r o t o n a t i o n ,  t h e  proton-  

a b s t r a c t i o n  and t h e  a l k y l a t i a n .  I n  t h i s  work, t h e  p r o t o n a t i o n  p r o d u c t s  a r e  t h e  

most i m p o r t a n t  and t h e i r  f r a g m e n t a t i o n  p r o d u c t s  dominate  t h e  s p e c t r a .  The s i t e  o f  

p r o t o n a t i o n  is de te rmined  by t h e  n a t u r e  of a toms o r  f u n c t i o n a l  g r o u p s  i n  t h e  mole- 
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Table I. Chemical Ionization Mass Spectra of Compounds I-XX.~ 

I. 143(73)(M+l) 87(26) 57(100). 

11. 169(100)(M+l) 87(38) 83(59). 

111. 144(100)(M+l) 116(11) 114(5) 85(28). 

IV. 191(3)(M+l) 105(100). 

V. 222(-)(M+l) 194(29) 175(3) 174(6) 163(6) 136(100). 

VI. 195(2)(M+l) 125(100). 

VII. 163(100)(M+l) 135(4) 131(9) 103(25) 85(19) 77(7). 

VIII. 177(100)(M+l) 147(7) 146(3) 119(32) 118(13) 91(16). 

~ 1 1 1 . ~  211(7) 194(100) 177(22) 163(5). 

IX. 207(100)(M+l) 179(4) 177(3) 176(6) 149(13) 148(15) 121(3). 

X. 197(100)(M+l) 169(10) 167(4) 139(12) 138(11). 

XI. 241(100)(M+1) 210(5) 183(11) 182(15). 

XII. 164(100)(M+1) 136(6) 134(11) 133(4) 106(10) 105(19). 

XIII. 197(100)(M+l) 139(10) 138(37) 105(10) 77(19) 69(14). 

XIV. 241(100)(L+l) 211(3) 210(4) 182(32) 106(33) 105(10) 77(27). 

XV. 289(100)(M+l) 259(5) 230(44) 162(9) 132(11) 77(10). 

XVI. 177(100)(M+l) 119(11) 118(83) 106(6) 77(4). 

XVII. 191(100)(M+l) 133(93) 120(8) 91(10). 

X V I I . ~  225(6) 208(100) 191(4) 149(4) 132(5). 
XVIII. 193(39)(b1+1) 175(100) 135(39) 134(19) 117(9) 106(6) 77(3). 

XIX. 271(100)(M+l) 253(21) 212(53) 195(28) 183(22) 182(11) 77(4). 

XX. 329(3)(M+l) 270(20) 269(100) 195(5) 182(3). 

a. methane reagent gas was used. 

b. ammonia reagent gas was used. 
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cule, such as their proton affinity. This meso-ionic compound, sydnones, contains 

more than one active site which could be protonated. The result from the competi- 

tive protonation will be deducted from their fragment ions based on the infor- 

mation obtained from EI-MS of the similar compounds. The CI-MS of twenty com- 

pounds, sumarized in Table I, were measured. In order to discuss fragmentation 

of those compounds, they are divided into three classes as 3-alkylsydnones, 

3-arylsydnones and 3-phenyl-4-substituted sydnones. 

3-Alkylsydnones: 

The characteristic ion in the CH4 CI-MS of an extensive series of alkanes has 

been reported as abundent [ M-1 ]+  ions because of hydride abstraction is more 

feasible rather than protonation.' The protonation of 3-cyclohexyl- and 3-t-butyl- 
+ sydnones (I, 11) results in [ M+l ] , [ M+2-H ]+  and H+ ions with the absence of 

I M-1 ] +  ions. By comparison of this data with the general trend of alkanes, it 

is presumed that the protonation is occurring at sydnane rings. The fragmentation 

leading to lose of an HNO molecule suggests that the protonation site is at posi- 

tion 2 ( nitrogen atom ). The protonation of position 2 and following fragmenta- 

tion can be depicted in Scheme I. The formation of [ M+2-R l + ,  5 ,  must involve 
the cleavage of R-N bond with the positive charge retained at the ring accompanied 

by a hydrogen atom transfer from the alkyl group to the sydnane ring (I-ii). This 

cleavage also results in alkyl cation b (I-iii). A weaker peak of cyclohexyl ion 

could be accounted for by the formation of less stable secondary cation. 
Scheme I 

Il--N--C--" 

The functionalized alkylsydnones (111-VI) contain an additional site for protona- 

tion. This can complicate the spectra in some extent. The intensities of the 

protonated benzylsydnone ion [ M+1 ] +  are very weak. The major reaction channel 

primarily leads to henzylic type ion 2 (11-ii) as in the case of the simple alkyl- 

benzene.' The protonation can take place either at phenyl ring or at sydnone ring. 

However, there is only one way to produce benzylic cation, i.e. sydnone 

=ins with heterolytic cleavage. 

Although the nitro group is the fragmentation center in the nitro-compounds,10 it 

is also expected to complicate the spectrnm of protonated compound V. The major 

fragment ions can also be rationalized as previous compounds in Scheme 11. The 

formation of mlz 194, d, (29%) must involve a process with rupture of a CO mole- 
cule. Loss of a CO molecule to initiate the fragmentaion is the first ohser- 

vation from CI-MS as well as El-!,lS in the series of sydnones. In order to lose 



co from [ M+1 ]+ i o n ,  t h e  p r o t o n a t i o n  s i t e  s h o u l d  b e  d i f f e r e n t ,  I f  t h e  phenyl  

r i n g  a c c e p t s  a p r o t o n  from CH;, t h e  f r a e m e n t a t i o n  of  sydnone r i n g  s h o u l d  f o l l o w  

t h e  EI mode by l o s i n g  of NO p r i o r  t o  CO. T h e r e f o r e ,  t h e  a l t e r n a t i v e  p r o c e s s  must 

t a k e  p l a c e  where p r o t o n a t i o n  a t  p o s i t i o n  4 f o l l o w e d  by t h e  loss  of  CO r e s u l t e d  i n  

t h e  p o s i t i v e  c h a r g e  a t  n i t r o g e n  atom ( 1 1 - i i i ) .  The r e s u l t a n t  c a t i o n  can  b e  s t a -  

b i l i z e d  by t h e  l o n e  p a i r  e l e c t r o n s  on t h e  n i t r o g e n  atom t o  form i o n  e a s  i l l u -  

s t r a t e d  i n  Scheme 11. 
Scheme 1 1  

3-Arylsydnones:  

I n  t h e  CI-MS of  t h e  a r o m a t i c  m o l e c u l e s ,  i n c l u d i n g  p o l y c y c l i c  a r o m a t i c s  show o n l y  

[ M+1 I+.' According t o  t h i s ,  t h e  p r o t o n a t e d  phenyl  r i n g  of  3 - a r y l s y d n o n e s  would 

g i v e  no c o m p e t i t i v e  f r a g m e n t a t i o n  r e a c t i o n  between p r o t o n a t e d  phenyl  r i n g  and t h e  

sydnone r i n g s .  However, t h e  c h e m i s t r y  o f  p r o t o n a t e d  s u b s t i t u e n t s  on t h e  phenyl  

r i n g  depends  upon t h e i r  n a t u r e .  I n  g e n e r a l ,  s p l i t t i n g  between two r i n g s  o c c u r s  

o n l y  i n  a  s m a l l  e x t e n t  b e c a u s e  of s t r o n g  bonding energy between two a r o m a t i c  r i n g s  
+ r e s u l t i n g  i n  [ M+l ]  peaks  w i t h  modera te  i n t e n s i t i e s ,  and t h e r e f o r e ,  t h e  loss of 

EN0 and CO m o l e c u l e s  i s  stil l  a major  r e a c t i o n  pathway. 

The c o m p e t i t i o n  between phenyl  r i n g  and sydnone r i n g  t o  a c c e p t  a p r o t o n  from CH; 

can  b e  d e d u c t e d  from t h e  CI-MS of 3 -a ry l sydnone .  The p r o t o n a t e d  sydnone r i n g  w i l l  

r e s u l t  i n  l o s i n g  an  HNO and a CO m o l e c u l e s  ( v i d e  s u p r a ) .  On t h e  o t h e r  h a n d ,  p ro-  

t o n a t e d  phenyl  r i n g  d o e s n ' t  l e a d  t o  t h e  f r a g m e n t a t i o n  of phenyl  r i n g ,  b u t  t o  t h e  

c l e a v a g e  of sydnone r i n g  w i t h  l o s s  o f  an N O  and a  CO m o l e c u l e s  a s  i n  t h e  EI f r a g -  

m e n t a t i o n  mode. A c t u a l l y ,  t h e  l o s s  of an  HNO and a  CO is t h e  major  f r a g m e n t a t i o n  

pathways i n  t h i s  s e r i e s  o f  compounds. T h i s  s u g g e s t s  t h a t  t h e  p r o t o n a t i o n  a t  syd- 

none r i n g  i s  predominant  and t h e  l o s s  o f  a CO molecu le  p r i o r  t o  t h e  e l i m i n a t i o n  

of an  EN0 is observed  i n  t h e  CI-MS of t h i s  series of compounds. The f i s s i o n  of  
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two r i n g s  can b e  e i t h e r  h o m a l y t i c  p r o c e s s  t o  y i e l d  f ( 1 9 % )  o r  a h e t e r a l y t i c  

p r o c e s s  t o  y i e l d  phenyl  c a t i o n  g ( 7 % )  as shown i n  Scheme 111. 

The m i g r a t i o n  of t h e  phenyl  r i n g  from p o s i t i o n  3  t o  p o s i t i o n  4 was s u g g e s t e d  under 

a c i d  h y d r o l y s i s . 6  I n  t h e  gas-phase r e a c t i o n  t h e  p r o t o n a t i o n  is b e l i e v e d  t o  be 

a t  p o s i t i o n  2 ,  which l e a d s  t o  t h e  atom i n  t h e  p o s i t i o n  4  b e a r i n g  t h e  p o s i t i v e  

c h a r g e .  The phenyl  r i n g  can a l s o  undergo a p o s s i b l e  m i g r a t i o n .  However, t h e r e  

is no c l e a r  e v i d e n c e  t o  s u p p o r t  t h i s .  
+ 

I n  t h e  e l e c t r o n - r e l e a s i n g  s u b s t i t u t e d  phenylsydnones t h e  r u p t u r e  of  [ M+l I by 

t h e  loss  of  CO and NO m o l e c u l e s  is  e q u a l l y  i m p o r t a n t  as t h e  l o s s  o f  HNO and CO 

m o l e c u l e s .  P r o t o n a t e d  phenyl  a l k y l  e t h e r  is s u g g e s t e d  t o  e l i m i n a t e  a l k e n e  forming 

t h e  p r o t o n a t e d  phenol  ion.'' The CI-MS of 3-(p-ethoxypheny1)sydnone ( 1 x 1  d i s p l a y s  

t h e  s m a l l  [ H+l-28 ]+ ( 4 % )  f ragment  i o n .  The l o s s  of 28 amu c a n  b e  due t o  l o s s  o f  

e i t h e r  of C2H4 o r  CO m o l e c u l e .  I f  t h e  loss  of 28 amu i n v o l v e s  t h e  e l i m i n a t i o n  of 

e t h y l e n e ,  t h e r e  w i l l  b e  an a d d i t i o n a l  l o s s  of 28 amu f o r  t h e  f r a g m e n t a t i o n  p r o c e s s  

of t h e  sydnone r i n g .  The l a c k  of  s u c h  f r a g m e n t a t i o n  s u g g e s t s  t h a t  t h e  fragment  

i o n  of [ M+1-28 ] +  r e s u l t s  f rom t h e  f r a g m e n t a t i o n  of t h e  sydnone r i n g  r a t h e r  than 

from t h e  e t h o x y l  g roup .  

The s p e c t r a  of p r o t o n a t e d  a r y l s y d n a n e s  c o n t a i n i n g  t h e  e l e c t r o n - a t t r a c t i n g  group 

( i . e .  C 1 ,  Br) are s i m i l a r  t o  o t h e r  a r y l s y d n o n e s  e x c e p t  f o r  t h e  r e l a t i v e  i n t e n -  

s i t y  o f  [ M+1-28 ] +  i o n s .  The f r a g m e n t a t i o n  c e n t e r  is  t h e  sydnone r i n g  r a t h e r  

t h a n  t h e  halogen atoms. The impor tance  of l o s s  o f  CO molecu le  s u g g e s t s  t h a t  the  

p r o t o n a t i o n  s i t e  a t  p o s i t i o n  4 becomes s i g n i f i c a n t  by t h e  i n f l u e n c e  of t h e  elec-  

t r o n - a t t r a c t i n g  groups .  

The f r a g m e n t a t i o n  mode of  p r o t o n a t e d  3-pyr idy lsydnone  ( X I I )  is  t h e  same a s  t h a t  of  

3-phenylsydnone ( V I I ) .  



4 - S u b s t i t u t e d  3-phenylsydnones:  

From t h e  p r e v i o u s  d i s c u s s i o n ,  we a l r e a d y  know t h a t  t h e  phenyl  r i n g  t e n d s  t o  k e e p  

i n t a c t  i n  t h e  CI-MS. But i t  i s  e x p e c t e d  t h a t  t h e r e  are more f r a g m e n t a t i o n s  f o r  

t h e  t h i r d  s e r i e s  o f  compounds b e c a u s e  s u b s t i t u e n t s  a t  p o s i t i o n  4 o f  t h e  sydnone  

r i n g  c o n t a i n  t h e  h e t e r o a t o m  b e a r i n g  l o n e  p a i r  e l e c t r o n s .  I n  some c a s e s  t h o s e  

h e t e r o a t o m s  a re  o f  h i g h  p r o t o n  a f f i n i t y 1 4  and a r e  s u g g e s t e d  t o  a b s t r a c t  p r o t o n  

from CH; r e s u l t i n g  i n  s i g n i f i c a n t  [ M + 1  1' i o n .  

The c l e a v a g e  of C-X (X=Cl,  B r ,  I )  bond from 4-halo-3-phenylsydnones t a k e s  p l a c e  + 
o n l y  i n  C  H N"2-X i o n  h ( I V - i )  r a t h e r  t h a n  i n  t h e  sydnone r i n g  d i r e c t l y .  The 6 5  + . 
i n t e n s i t i e s  o f  t h e  r e s u l t a n t  C6H5N=C depend upon t h e  bonding  energy  o f  C-X. 

+' 
The r e l a t i v e  i n t e n s i t i e s  of C  H N=C are  I S % ,  1 0 2 ,  and 4% i n  4-1 (XV), 4-Br (XIV), 6  5 
and 4-C1 ( X I I I ) ,  r e s p e c t i v e l y .  The weak c a r b o n - i o d i n e  bond y i e l d s  [ M+l-I ]+ 

i o n  J ( 9 % )  (Scheme IV).  Both  r e a c t i o n  pa thways  i n  Scheme IV a r e  some of  t h e  f e w  

examples  of f o r m a t i o n  o f  an  o d d - e l e c t r o n  p r o d u c t  i n  t h e  p r o t o n  t r a n s f e r  c h e m i c a l  

i o n i z a t i o n .  

The p r o t o n a t e d  4-hydraxyrnethylenesydnones (XVII I ,  XIX) behave  l i k e  t h e  combina t ion  

o f  an a l c o h o l  and  t h e  sydnone r i n g .  The s i g n i f i c a n t  [ M+1-18 ] +  i o n  s u g g e s t s  t h a t  

t h e  d e h y d r a t i o n  t a k e s  p l a c e  a t  t h e  p r o t o n a t e d  h y d r o x y l  g r o u p ,  b u t  n o t  a t  sydnone 

r i n g .  The methy lene  c a t i o n  & r e s u l t i n g  from t h e  d e h y d r a t i o n  of p r o t o n a t e d  XVIII 

and XIX i s  b e l i e v e d  t o  h e  s t a b i l i z e d  by t h e  meso- ion ic  r i n g  as i n  t h e  b e n z y l i c  
+ 

system. The r e l a t i v e  i n t e n s i t i e s  of [ P t l - 1 8  ] s i g n i f i c a n t l y  change  from com- 

pound XVIII t o  XIX (Scheme V). T h i s  r e a c t i o n  i s  c o n t r o l l e d  by t h e  s u b s t i t u e n t  on 

phenyl  r i n g .  The b romine  atom d e s t a b i l i z e s  t h e  m e t h y l e n e  c a t i o n  t h r o u g h  t h e  

r e s o n a n c e  e f f e c t  r e s u l t i n g  i n  low p o p l ~ l a t i o n  of i o n  k. 
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Scheme Y 

A c e t y l a t i o n  of compound XIX s a v e  compound XX.  The f r a g m e n t a t i o n  of p r o t o n a t e d  

compound XX r e s u l t e d  i n  l o s s  of CH3COOH a s  t h e  t h e  b a s e  peak .  T h i s  is  due t o  

h i g h e r  p r o t o n  a f f i n i t y  of a c e t o x y l  g roup .  Bromine atom d o e s  n o t  r e d u c e  t h e  

i n t e n s i t y  o f  t h e  f ragment  i o n  k a s  i n  t h e  c a s e  of hydroxymethyla ted  compounds 

(XVIII ,  XIX) (Scheme V) .  The e l i m i n a t i o n  of a c a r b o x y l  g roup  became p o s s i b l e  and 

e n e r g e t i c a l l y  f e a s i b l e  b e c a u s e  t h e  p r o t o n a t i o n  s t e p  i s  s u f f i c i e n t l y  exo thermic  
+ 1 3  

l e a d i n g  t o  f u r t h e r  f r a g m e n t a t i o n  t o  y i e l d  [ M+1-60 I . , 

The i n t e n s e  f r a g m e n t a t i o n  of CH CI-MS s u g g e s t s  t h a t  t h e  p r o t o n  t r a n s f e r  p r o c e s s  4 
i s  a h i g h l y  exo thermic  r e a c t i o n .  QJe i n v e s t i g a t e d  t h e  f r a g m e n t a t i o n  of NH3 CI-MS. 

+ 
The NH3 CI-MS d i s p l a y s  major  p e a k s  [ M+l ] , [ M+18 ] +  as  w e l l  a s  [ M+35 1' 
w i t h o u t  f u r t h e r  s i g n i f i c a n t  f r a g m e n t a t i o n .  The h i g h  p r o t o n  a f f i n i t y  of ammonia 

+ 
r e s u l t s  i n  r e l a t i v e l y  low exothermic  r e a c t i o n .  The i n t e n s e  [ M+1 I or NH3 

adduc t  i o n s  wi thout  f r a g m e n t a t i o n  i n d i c a t e  t h e  h i g h  p r o t o n  a f f i n i t y  ( @  846 

KJImol ) of t h e  sydnone r i n g s .  

CONCLUSION 

The p r o t o n a t i o n  i n  t h e  gas -phase  might  be  b e t t e r  way t o  s t u d y  t h e  n a t u r e  of t h e s e  

meso ion ic  compounds. From o u r  s t u d y  of p r o t o n a t i o n  of sydnones  i n  t h e  gas -phase ,  

based  on t h e  f r a g m e n t a t i o n  p a t t e r n s ,  we b e l i e v e  t h a t  t h e  major  p r o t o n a t i n g  s i t e  

is  a t  p o s i t i o n  2  ( n i t r o g e n  atom) and t h e  minor i s  a t  p o s i t i o n  4 (ca rbon  a tom) .  

I n  most c a s e s ,  t h e  n e g a t i v e  c h a r g e  i s  more l i k e l y  t o  l o c a t e  a t  p o s i t i o n  2. The 

e l e c t r o n - a t t r a c t i n g  s u b s t i t u e n t  of a p h e n y l r i n g  e n h a n c e s  t h e  drawing  t h e  e l e c t r o n  

away from t h e  n i t r o g e n  atom and f u r t h e r  d e c r e a s e s  t h e  e l e c t r o n  d e n s i t y  on t h a t  

n i t r o g e n  atom ( p o s i t i o n  2 ) .  T h i s  o b s e r v a t i o n  i s  c o n s i s t e n t  w i t h  t h e o r e t i c a l  c a l -  

c u l a t i o n s  and s u p p o r t s  t h e  p roposed  mechanisms of t h e  a c i d  h y d r o l y s i s  a s  w e l l .  

That  c o n f i r m s  t h e  d u a l  p r o p e r t i e s  of t h i s  meso ion ic  compounds. 

The m i g r a t i o n  of t h e  p h e n y l  r i n g  from p o s i t i o n  3  t o  4 i n  t h e  a c i d  h y d r o l y s i s  of 

phenylsydnone had been s u g g e s t e d .  But  n o  ev idence  f o r  t h i s  was o b s e r v e d .  T h i s  

f o r b i d d e n  process might  b e  c a u s e d  by t h e  r i g i d  p l a n a r  c h a r a c t e r  of sydnone r i n g  

t h a t  p r e v e n t s  t h e  i n t e r a c t i o n  pf p  (phenyl ) -P*(carbon  c a t i o n )  i n  t h e  r e a c t i o n  

i n t e r m e d i a t e  o r  by a l t e r n a t i n g  e l e c t r o n  d i s t r i b u t i o n  of  phenyl  r i n g  between p o s i -  

t i o n s  2 and 4 th rough  a  h y p e r c o n j u g a t i v e  r e s o n a n c e .  
+ 

The CI-MS o f t e n  g i v e s  a s t a b l e  m o l e c u l a r  p r o t o n a t e d  i o n  [ M+1 ] . The l a b i l e  



sydnone ring undergoes intense fragmentation in CI-MS under substantial influence 

of the substituent of the sydnone rings. Those features can be useful for the 

identification of the compound. The substantial fragmentation in the CH CI-MS 
4 

could be due to high exothermic reaction during the proton transfer process. 

Only [ M+1 I + ,  1 M+18 1' and [ M+35 1' were observed in the NH CI-MS which 3 
Suggests the high proton affinity of the sydnone rings. This evidence further 

+ supports the suggestion that the protonation site of this series by CH5will be 

at sydnone ring rather than on the substituents. 

EXPERIMENTAL 

The CI mass spectra were obtained on a JEOL model JMS-DX 300 double focusing mass 

spectrometer. Samples were introduced via a direct insertion probe; source tem- 

perature was kept at 75'C. The trap current for the 220 eV CI mass spectra was 

regulated at 300 P A  while the accelerating voltage was maintained at 3 kV. A 

variable leak inlet was used to regulate a methane or an ammonia reagent gas pre- 

ssure of 5.0 x torr. 

Previously published procedures were used for the preparation of 3-t-hutylsydnone 

1;'' 3-cyclohexylsydnone II;15 3-(aminocarboxymethy1)sydnone III;24-3-(g-methyl- 
15 

henzy1)sydnone IV;" 3 - ( p - n i t r o b e n z y 1 ) s y d n o n e  v;~' 3-(p-chlorobenzy1)sydnone VI; 

3-phenylsydnone VII;16 3-p-tolylsydnone VIII;15 3-(p-ethoxypheny1)sydnone IX; 17 

3-(p-chloropheny1)sydnone x;15 3-(p-bromopheny1)sydnane XI;'' 3-pyridylsydnone 

~ 1 1 1 ~ ~  3-phenyl-4-chlorosydnone XIII;lb 3-phenyl-4-bromosydnone x1v;lb 3-phenyl- 

4-iodosydnone XV;'~ 3-phenyl-4-methylsydnone X V I ; ~ ~  3-(p-toly1)-4-methylsydnone 

XVII;23 3-phenyl-4-hydroxymethylsydnone ~ ~ 1 1 1 ; ~ ~  3-(,r-bromopheny1)-4-hydroxyrnethyl- 

sydnone XIX;'~ and 3-phenylsydnonylmethyl acetate XX. 26 

ACKNOWLEDGEMENTS 

The research was supported by the National Science Council of the ROC. 



HETEROCYCLFS, V o l  29, No. I, I989 

REFERENCES 

1. a, H. Ka to  and M.  O h t a ,  B u l l .  Chem. Soc. J p n . ,  1 9 5 9 ,  32, 282;  h ,  H .  J .  T i e n ,  

M .  Y .  Yeh and C.  Y .  Hung, J. Chin .  Chem. S o c . ,  1985 ,  32, 461;  c, H .  Ka to  and 

M .  Ohta ,  H u l l .  Chem. Soc. J p n . ,  1962 ,  35, 1418;  d ,  W. B a k e r ,  W. D. O l l i s ,  and 

V .  D. P o a l e ,  J .  Chem. Soc . ,  1950 ,  1542;  e, H. J. T i e n  and  M .  O h t a ,  B u l l .  Chem. 

Soc. Jpn., 1972 ,  3, 2944; f, M. Y .  Yeh, H .  J .  T i e n ,  J. T. Chou and T. Nonaka, - 
B u l l .  Chem. Soc.  J p n . ,  1981 ,  3, 947.  -- 

2. K .  Nakahara and  M. O h t a ,  Nippon Kagaku Z a s s h i ,  1956 ,  77, 1306; g 1 9 5 9 ,  53,5251.  

3 .  a ,  C. V.  Greco,  M. P e s c e ,  and  J .  M .  F r a n c e ,  J. H e t e r o c y c l i c  m., 1966,  3, 391;  

b ,  H .  Kato and  M .  Ohta ,  H u l l .  Chem. Soc.  J p n . ,  1959 ,  32, 282;  c ,  N .  S u c i u  and 

G. Miha i ,  T e t r a h e d r o n ,  1969 ,  2, 37;  d ,  T. Fuch igami ,  C. S. Chen, T. Nonaka, 

M .  Y .  Yeh, and H .  3. T i e n ,  B u l l .  Chem. *. JJJ., 1 9 8 6 ,  59, 483. 

4. a, J. H .  Bowie, R. A .  Eade,  and J. C. E a r l ,  Aus t .  J. Chem., 1968 ,  21, 1665; b ,  

R .  S .  Goudie and  P.  N. P r e s t o n ,  a. Mass Spec t rom. ,  1969 ,  2 ,  9 5 3 ;  c ,  M .  S. 

Hwang, S. L .  Lu, L .  C. L i n ,  and H .  J. T i e n ,  Hwa-Shea(Chemistry1, 1978 ,  8 3 .  

5 .  W. Schuher t  and  W .  E l l e n r i e d e r ,  J.  Chem. Res. ( S ) ,  1984 ,  256 ;  J. Chem. Hes. 

(MI, 1984 ,  2343. 

6 .  J. C .  E a r l ,  Rec. T r a v .  Chem., 1956 ,  75, 1080 .  

7. Y .  K .  Lau and P .  K e b a r l e ,  J .  &. Chem. S a c . ,  1 9 7 6 ,  98, 7452. 

8 .  F. H. F i e l d ,  M. S. H. Munson, and  D. A .  B e c k e r ,  &&. g. w., 1966,  58, 167. 

9. hl. S. B. Munson and  F .  H. F i e l d ,  J. Am. Chem. S o c . ,  1 9 6 7 ,  89, 1047. 

l o .  A .  G. H a r r i s o n  and  R .  K .  h l .  R. K a l l u r y ,  9. Mass Spc t rom. ,  1 9 8 0 ,  2, 284. 

11. F.  M.  B e n o i t  and A .  G. H a r r i s o n ,  9. Mass S p e c t r o m . ,  1976,  11, 599.  

12. a, F.  H. F i e l d ,  J. Am. Chem. S o c . ,  1970 ,  92, 2672;  b ,  H. I ch ikawa  and  A .  G .  

H a r r i s o n ,  &. Mass Spec t rom. ,  1978 ,  l3, 389.  

13 .  J .  A. Herman and  A .  G. H a r r i s o n ,  Can. J .  -., 1 9 8 1 ,  59, 2133. 

1 4 .  B. K. Lemont and  D .  D e v i n d r a ,  J .  P h a r m a c e u t i c a l  g., 1962 .  51, 1058 .  

15. W. Baker ,  W. D. O l l i s ,  and  V .  D. P o o l e ,  J .  Chem. S o c . ,  1 9 4 9 ,  307.  

1 6 .  C. T.  Thoman and  D. J .  Voaden, 9. Synth., 1965 ,  45. 96.  

17 .  V. G. Y a s h u n s k i i ,  V. F. V a s i l e v a ,  and Y .  N .  S h e i n k e r ,  Zh. Ohshch K l i m . ,  1959, 

29 ,  2712; z., 1960,  54, 10999 .  - 
18 .  R. A .  Eade and  J .  C. E a r l ,  J.  Chem. Soc . ,  1948 ,  2307. 

1 9 .  J .  M .  T ien  and  I .  M. H u n s b e r g e r ,  J .  Am. Chem. Soc . ,  1 9 5 5 ,  77, 6604.  

20. C.  V.  Greco ,  W. H .  Nyherg,  and  C. C. Cheng, J .  Med. Pharm. Chem., 1962 ,  5 ,  861.  

21.  J .  M .  T i e n  and I .  M .  H u n s b e r g e r ,  J .  Chin .  Chem. Soc . ,  1 9 6 8 ,  15, 163 .  

22. J .  C. E a r l  and  A .  W. Mackney, J .  Chem. S o c . ,  1935 ,  8 9 9 .  

23. D. L. Hammick and  D. J .  Voaden, J. Chem. S a c . ,  1961 ,  3303. 

24.  Y. S a i t o  and T. K a m i t a n i ,  =. 70 21507(Ju ly  21 ,  1 9 7 0 ) ;  g. 1970 ,  73, 8 7 9 2 3 ~ .  

25. M .  Ohta  and H. K a t o ,  Nippon Kagaku w, 1957,  3, 1653;  @. 1960 ,  54, 1503. 

26. M. Y .  Yeh, H. J .  T i e n ,  J .  T.  Chau, and T. Nonaka, B u l l .  Chem. Soc.  a,, 1981 ,  

5 4 ,  947.  - 

Rece ived ,  3 1 s t  ~ u g u s t ,  1988 


