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Abstract - The mass spectrometric behaviour of two 3-azabicyclo[3.3.~- 

-1 -octene-2.4-d~ones, 3-aza-6,8-dicarboxybicyclo C3.3.4 octane-2,4-dione, 

three gi-bicyclo b. 2 .d heptene-2.3-dicarboximides, @-bicyclo[2.2. 
heptane-2,3-dicarboximide and spiro Lbicyclo k.  2. ij hept-2,3-ene-2,3 '-pir- 
rolidin-2',5'-dione] is discussed in detail with the aid of exact mass 

measurements and E, B linked scans for metastable data collection. No 

general pattern was possible to propose, being the E. I. induced frag- 

mentatxons strongly affected by structural differences and substituent 

effects. 

INTRODUCTION 

The first paper concerning the mass spectrometric behaviour of cyclic imides was 

1 published in 1965 : the fragmentation pattern of n-propyl and n-butylsuccinimides 

Were discussed in detail with the aid of exact mass measurements and deuterium la- 

belling experiments; the most abundant fragments were proved to involve a double 

hydrogen transfer from the alkyl chain. 



In these fifteen years many other papers have appeared about cyclic imides mass 

~ ~ e c t r m t ~ ~ - ~ .  The most of are concerning the C 0 2  loss mechanism, due 

to the E. I. induced imide-isoimide interconversion, observed for maleimide, N-me- 

4 and 2-phthalimidobiphenyl . I. E. and A. E. measurements and netastable intensi- 
ties suggested that the C 0 2  loss does not proceed through the ground state of the 

corresponding isoimide and the possibility of an electronically excited state me- 

2 chanism was discussed . 
>lo example of this C 0 7  loss has been observed in the mass spectra of a large va- - 

riety of imides3 which lack the d,P unsaturated bond, also when the imidic system 

is connected to a rigid alicyclic system. 

More recent papers, regarding the mass spectrometric behaviour of a large number 

of maleimides, isomalezmides, e-maleimides, bis-isomaleimides5, N-substituted 

8 cyclohexene-1 ,2-dicarboximides6,substitued succinimides7 and phthaloylamino-acids , 

confirm the previously reported general results. The fragmentation pattern of Ma- 

leimycinl? a bicyclic malemide antibiotic, follows the above considerations, but 

it shows an unusual primary NH3 loss, never observed in the E. I. mass spectrome- 

try of cyclic imides. 

In the present paper we discuss in detail the mass spectrometric behaviour of 3- 

azabicyclo [3.3.01-1-octene-2,4-dione (1) , 3-aza-6-bromo-bicyclo L3.3.4 -1-octene- 
-2,4-dione (2 )  , 3-aza-6 ,8-dicarboxybicyc1o[3. 3.4 octane-2,4-dione (3) . e - h i c y c l o -  
[z. 2. heptane-2,3-dicarboximide (4) , &-bicyclo C2.2. -5-heptene-2.3-dicarboximi- 

de (2) , 2-methyl-*-bicyclo r2.2 .d -5-heptene-2,3-dicarboxirnide ( , e - b i c y c l c -  

k.2. fl -2-heptene-2,3-dicarboximide (7- , and spiro bicyclo[2.2.1] hept-2,3-ene-2,3'- 

pirrolidin-2',5'-dione) (21, whose mass spectra are reported in figures 1 to 8, 
with the aid of exact mass measurements and linked scans1' for metastable ions data 

collection. 

W N H  H O ~ N H  NNH 
1: R = H ," HOOC 3 0 

?d 
4 0 - 
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The mass s p e c t r a  were o b t a l n e d  w i t h  an H i t a c h l  mu-6D s i n g l e  f o c u s i n g  i n s t r u m e n t  

o p e r a t i n g  a t  70 e V  ( 8 0 p A  ) .  Samples were in t roduced  d i r e c t l y  i n t o  t h e  i o n  so- 

u r c e ,  hea ted  a t  150-200 O C .  M e t a s t a b l e  t r a n s i t i o n s  were d e t e c t e d  w i t h  E/B and E/B 2 

l i n k e d  scans1 'on a  Var ian  MAT 112 S i n s t r u m e n t .  Exact  mass measurements were pe r -  

formed w i t h  t h e  peak matching t echn ique  a t  6000 r e s o l v i n g  power ( 10% v a l l e y  d e f i -  

n i t i o n  ) .  For compounds 2 ,  4 ,  5 a n d ?  e x a c t  masses of a l l  t h e  i o n i c  s p e c i e s  were 

measured w i t h  an AEI MS 9025 mass s p e c t r o m e t e r  o p e r a t i n g  a t  10000 r e s o l v i n g  power 

( 10% v a l l e y  d e f i n i t i o n  ) connected w i t h  a  DS 30 d a t a  a c q u i s i t i o n  sys tem.  

100 

Rel. 
ab .  % 

50 

FIG. 1: ? las s  spect rum of compound 1  * 
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FIG. 3: Mass spectrum of compound 3 - 
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F I G .  5 :  Mass spect rum of  compound 5 

F I G .  6 :  Mass spect rum of compound 5 

F I G .  7 :  Mass spect rum of  compound 7 - 



F I G .  8: Mass spect rum of compound 8 

Compounds 2 and : 3 ,  2 and 21 were s y n t h e t i z e d  accord ing  t o  t h e  i l t e r a t u r e :  

w h e r e a s  6 ,  and 8 were prepared a s  d e s c r i b e d  below. 
u 

2 - M e t h y l - ~ - b ~ c y l o [ 2 . 2 . 1 ] - 5 - h e p t e n e - 2 , 3 - d i c a r b o i m i d e  5: 
a 20% ammonium hydroxyde s o l u t i o n  (15 m l )  was added dropwlse  w i t h  s t i r r i n g  and 

cooling i n  an i c e  b a t h  t o  2-methyl-&-bicyclo [ 2 . 2 .  I ]  -5-heptene-2,3-dicarboxy- 

anhyiir ide15. i'he mix tu re  was k e p t  i n  refrigerator o v e r ~ i i g h t  a d  then  t h e  w a t e r  

was evapora ted  under  reduced p r e s s u r e .  The s o l i d  r e s i d u e  was me l t ed  i n  an o i l  

u a t h  and ma in ta ined  two h r s  a t  1 8 0 ~ ~ .  A c r y s t a l l i z a t i o n  from benzene gave t h e  

pure  lrnide (m.p. 1 8 0 ' ~ )  i n  a  80% y ~ e l d .  

iJMR (90  M H z ,  C D C l  ) .  b 1 . 5 0  (3H,s)  ; 1 . 8 0  (211. s ) ;  2 . 8 5  (2H. m ) ;  3 .33  ( IH,  s ) ;  3 ' 

6.25 2 m 8 .78 (IM, broad s ) .  

I R  ( n u j o l ) :  1710, 1760 & I .  

Hicyclo  [ 2 . 2 .  I ]-2-hePtene-2,  3-dicarboximide z: 
t o  1 . 0  g of  b lcyc lo [2 .2 .1 ]  - 2 - h e p t e n e - 2 , 3 - d i c a r b o x y a n h Y d i d 6 ,  1 0  m l  o f  a  32% 

ammonxum hydroxyde s o l u t i o n  were added w i t h  s t i r r i n g  and c o o l i n g .  The mix tu re  

was s t i r r e d  1 0  minu tes  and t h e n  e v a p o r a t e d  under  reduced p r e s s u r e .  The r e s i d u e  

was d i s s o l v e d  i n  t h e  minimum amount of w a t e r  and t h e  s o l u t i o n  a c i d i f i e d  w i t h  

n y d r o c h l o r i c  a c i d .  The s e p a r a t e d  s o l l d  was c o l l e c t e d  and ,  a f t e r  d r y i n g  i n  vacuo. 

was d i s s o l v e d  i n  1 0  m l  of t r i f l u o r o a c e t i c  anhydr ide  and r e f l u x e d  f o r  16 h r s .  The 

t r i f l u o r o P c e t i c  anhydr ide  was evapora ted  under  reduced p r e s s u r e  and t h e  r e s i d u e  
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dissolved in ethylacetate. The solutlon was washed with a 5% NaHC03 solution 

with brine and dried over Na2S04. After evaporation of the solvent and crystal- 

lization from ethylacetate-hexane, the pure imide, obtained in 80% yield, melted 

at 123'~. 

NMR (90 MHz, CDC13) : b 1.10-1.65 (2H, m); 1.95 (4H, m); 3.40 (2H, s ) ;  7.40 (lH, 

broad s ) .  

IR (nu3ol) 1710, 1750 cn-l. 

Spiro [bicyclo [2.2.1 ]hept-2, 3-ene-2,3' -pirrol~din-2', 5'-dione] &: 

this compound was obtained in a 75% yield from spiro[bicyclo[2. 2. l]hept-2, 3- 

-ene-2,3'-dihydro-2 ' ,5' -furandionelq5 by the method used to make the hide z. 
After crlstallization from benzene, it melted at 156'~. 

NMR (90 MHz, CDCl ) .  b 1.05-1.55 (2H, m); 2.27 (ZH, m); 2.50 (2H, d J = 9 H z ) ;  3 ' 

2.97 (2H, s ) ;  6.20 (lH, m); 6.40 (lH, m); 9.10 (lH, broad s). 

IR (nujol): 1690, 1'770 cn-l. 

RESULTS AIqD DISCUSSION 

The mass spectrum of compound 1 (figure 1) shows three intense peaks at m/z 137 - 
([MI"), m/z 94 ( [M-CONH]" ) and m/z 66 ( [C~H~]" and [C~H~O]+' in the ratio 1 :I). 

By means of exact mass measurements and metastable ions data collection the fol- 

lowing fragrnentatlon pattern has been obtalned (scheme 1). In this case the iml- 

de-lsolmide interconversion3 does not result to be a predominant process, belng 

the [~-~0J+'moiet~, whlch may originate only from the iso~mide structure of 

the molecule ion, particularly scarce (m/z 93 (0.5%)). The presence Of a keto- 

imidic tautomerism, as indicated in scheme 1, is sugqested by the primary losses 

of CHO., H20 and C BO' The [M-CONHI+' (m/z 94) specles further decomposes with 
2 2 '  

losses of CO and ~ ~ 1 1 ~  giving rlse to the mass spectrum base ~eak.An other minor 

+ fragmentation ;Iroceas leads to the LC~H~NO] species, whlch losses CO (m/z 81 (2%) 1 .  

The presence of a Bromine atom in position 6 (compound 2) strongly modifies the 
fragmentation pattern. As it can be observed (figure 2 and scheme 2), a very 



[c, H,NO]+. 
SCHEME I m/z  419 (2%) 

* -H1O T 

SCHEME 2 
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s c a r c e  molecu la r  i o n  (m/z 215 ( 0 . 5 % ) )  l o s s e s  ~ r '  g i v i n g  rise t o  t h e  [ c , H ~ N o ~ ]  + 

moiety  ( l o o % ) ,  which f u r t h e r  decomposes w i t h  subsequen t  l o s s e s  o f  CONH and CO 

l e a d i n g  t o  [c6H50]+ and [ c 5 ~ J +  i o n s  r e s p e c t i v e l y .  No pathways due t o  rmide- 

i s o i m i d e  i n t e r c o n v e r s i o n  and/or  t o  ke to - imid ic  tautomerism have been i n  t h i s  

c a s e  obse rved .  

For compound 3  ( f i g u r e  3) t h e  p resence  o f  c a r b o x y l i c  groups  i n  p o s i t i o n  6  and 8  
d 

and t h e  s a t u r a t i o n  of  t h e  1-5 doub le  bond l e a d  t o  a n o t h e r  d i f f e r e n t  fragmenta- 

t i o n  p a t t e r n  (scheme 3 ) ,  be ing  t h e  most o f  t h e  t o t a l  i o n  c u r r e n t  due  t o  f r a g -  

ments o r i g i n a t i n g  from CO, CO and COOH'seguential l o s s e s .  I t  i s  t o  obse rve  t h e  
2 

p r e s e n c e  o f  a ma le imid ic  r a d i c a l  i o n ,  comple te ly  a b s e n t  i n  t h e  mass spect rum of 

1 ,  due t o  t h e  lower I . P .  o f  an  i m i d i c  sys t em w i t h  r e s p e c t  t o  c a r b o x y l ~ c  one 4 -. 
( f o r  example,  t h e  I . P .  v a l u e  o f  henzo ic  a c i d  i s  9.73 eV, w h i l e  t h e  a c e t a n i l i d e  

one  is 8.39 . T I q 7 ) .  T h i s  behav iour  f o l l o w s  t h e  S t e v e n s o n ' s  r u l e 1 * ,  which m d i -  

c a t e s  a s  t h e  more f a v o r i t e  f r agmenta t ion  pathways t h o s e  l e a d i n g  t o  i o n x  spe-  

c i e s  w i t h  lower I . P .  v a l u e .  

The mass s p e c t r o m e t r i c  behav iour  of compound 2 (set!  f i g u r e  4 and scheme 4 )  i n -  

d i c a t e s  a s  t h e  more f a v o u r i t e  p r o c e s s e s  t h o s e  l e a d i n g  t o  hydrocarbon sys tems ,  

which r e t a i n  t h e  most o f  t h e  t o t a l  i o n  c u r r e n t .  The b a s e  peak i s  however due 

t o  succ in imide  r a d i , z a l  i o n  (m/z 99) .  w h i l e  t h e  u s u a l  p r imary  l o s s e s  o f  CO,  CONH, 

CO and CHO' a r e  i n  t h i s  c a s e  s t r o n g l y  suppressed .  The p resence  o f  peaks  co r -  
2 2 

r e spond ing  t o  [ C ~ H , ] '  and [ c ~ H ~ ] +  s p e c i e s  i n d i c a t e s  t h e  occur rence  of s k e l e t a l  

r ea r rangement s .  

For compound 5 ( f i g u r e  5 ) ,  whose mass spect rum h a s  been a l r e a d y  p u b l i s h e d 6 ,  we 
d 

have n o t  found any oh  loss, w h i l e  t h e  fo rma t ion  o f  no rbornad iene  was proved by 

l i n k e d  s c a n s  t o  be  a  pr imary decomposi t ion  p r o c e s s .  Then we g i v e  f o r  compound 

5  t h e  f r a g m e n t a t i o n  p a t t e r n  r e p o r t e d  i n  scheme 5. The b a s e  peak i s  due t o  a  
N 

r e t r o  Die ls-Alder  t y p e  r e a c t i o n  on t h e  molecu la r  ion .  The p r e s e n c e  o f  a  methyl  

g roup  i n  p o s i t i o n  2 (compound 6 )  does  n o t  a f f e c t  t h e  f r a g m e n t a t i o n  p a t t e r n  ( s e e  .., 
f i g u r e  6  and scheme 6 ) .  Again t h e  base  peak co r responds  t o  t h e  r e t r o  Die ls-Alder  

f r agment ,  w h i l e  t h e  ma le imid ic  f ragment  i s  s h i f t e d ,  f o r  t h e  p resence  o f  t h e  me- 

t h y l  g roup ,  a t  m/z 111-112. On t h e  c o n t r a r y , t h e  p resence  o f  a  s i n g l e  bond i n  



m/z 484 (31 %) 

['7'6 03]+' 
-H20 - COOH' 
* 

m/z 138(2?%) * 
COOH 
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SCHEME 4 



SCHEME 7 
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5-6 position introduces large differences. In the mass spectrum of compound3 

(figure 7 ) ,  the base peak corresponds to norbornadiene radical ion, while ma- 

leimidic ions are completely absent. Primary losses of CO and CONH are more 

abundant than in compound5 and the cyclopentadienyl ions become very scarce 

(scheme 7 ) .  Finally compound 8 (figure 8 and scheme 8!, an isomeric compound of 
4 

6, exibits a fragmentation pattern very similar to that of 2 ,  the only differen- 
ces consisting in thm? relative abundance ratio between m/z 112 and 1 1 1  species. 
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