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The dissociat ive ionization of benzopyridofulvenes that differ with respect  to the position of the 
ni trogen atom in the azafluorene ring and the position and cha rac te r  of the substituents in the 
molecule was investigated. It is shown that the cha rac te r i s t i c  peculiari t ies  of the f ragmenta-  
tion of these compounds can be explained by cycl izat ion p rocesses  in the step involving the for -  
mation of [M - R] + ions, where R =CH 3 and CGH 5 and are  the substituents attached to the e• 
cyclic carbon atom. Calculations of the ~-bond energies  of the molecular  ion and the fragments  
by the P a r i s e r - P a r r - P o p l e  method confi rm the energ ic  favorabil i ty of the formation of rings 
in the [M - R] + ions. 

The possibi l i ty of the format ion of cyclic s t ruc tures  in the fragment  ions was noted in a study of the m a s s -  
spec t ra l  behavior of alkyl- and aryl -subst i tu ted  fulvenes [1]. The probabili ty of cyclization p rocesses  was also 
pointed out in an investigation of the fragmentat ion under e lec t ron  impact of some dibenzofulvenes [2]. It follows 
f rom an analysis  of the l i terature  data on the mass spect ra  of fulvenes [1-3] that the principal fragmentat ion 
pathways of these compounds depend chiefly on the type of substituent attached to the exocycl ic  carbon atom. 
The dissociat ive ionization of fulvenes that contain he terocycl ic  f ragments  has not been previously examined. 
In the present  r e s e a r c h  we investigated the fragmentat ion of benzopyridofulvenes - derivat ives of 1-, 2-, and 4- 
azafluorenes - in o rde r  to establish the effect  of the position of the nitrogen atom, as well as the cha rac te r  and 
position of the substituents in the azafluorene ring and attached to the exocycl ic  C10 atom, on the dissociat ive 
ionization of compounds of this ser ies .  The mass spec t ra  of the following compounds were studied: 

II ] 
C C R 2 C R -~ 

I I I ,  IV, Yl,  V l l l  I l l ,  V, VII '  

II ~I=C6H.5, R~=R3=H; III RI=C6Hs, RZ=H; R3=CH3; IV RI=H, R2=R3=C6Hs; V RI=H, 
I~2=Ra=C~Hs; VI, VII RI=R2=R3=C6Hs; VIII R'=CH3, R2=R3=CsH5 

The mass  spec t ra  are  completely identical for the Z and E i somers  of I-HI, and data only for the Z forms are 
therefore  presented in Table 1. The identical  cha rac t e r  of the mass spect ra  of the geometr ica l  i somers  can be 
explained by the relat ively low energy  ba r r i e r  in the convers ion of the molecular  ion of one isomer to the molec-  
ular  ion of the other [4]. 

The mass  spec t ra  of benzopyridofulvenes I-VIII (Table 1) are  charac te r ized  by high-intensi ty peaks of 
ions in the range of the m/z  value of the molecular  ion (M +) and by intense peaks of the corresponding doubly 
charged fragments.  The appearance of intense peaks of [M - R']  + ions is also observed in the fragmentat ion of 
some of the compounds (VI-VIII) (Table 2). The stabil i ty of the molecular  ions of I-VIII (see the WMvalues  in 
Table 2) is lower by a factor  of 1.5-2 than the stabili ty of the molecular  ions formed in the fragmentat ion of 
azomethines of the azafluorene ser ies  [5]. It is apparent  f rom a compar ison of the W M values of the i somer ic  
(with respec t  to the pos i t ionof  the nitrogen atom) I-III,  IV and V, VI, and VII that the stability of the molecular  
ions has its g rea tes t  value for 4-azaf luorene derivat ives.  A s imi la r  dependence was previously observed in the 
fragmentat ion of other der ivat ives  of 2- and 4-azaf luorenes  [6]. These data indicate that the e lec t ronic  s t ruc -  
tures  of the molecular  ions depend on the position of the nitrogen atom in the azafluorene ring. 
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T A B L E  1. M a s s  S p e c t r a  of B e n z o p y r i d o f u l v e n e s  I - X I  

Compound 
m/z  values (relative intensities of the peaks in 
percent of the maximum peak)* 

9-Benzylidene-l-azafluorene, 
cis and trans forms (I) 

9-Benzylidene-4-azafluorene, 
eis and tram forms (II) 

9 - Benzylidene -3-methyl -2 - 
azafluorene, cis and trans 
forms (III) 

9-Methylene-l,3-diphenyl-4- 
azafluorene (IV) 

9-Methylene-l,3-diphenyl-2- 
azafluorene (V) 

9- Benzy_lidene -1,3 -diphenyl - 
4-azaflourene (VI) 

9-Benzylidene-l,3 -diphenyl- 
2-azafluorene (VII) 

9-Ethylidene-1, 3-diphenyl- 
2-azafluorene (VIII) 

256 (4,9), 255 (30,8), 254 (I00), 253 (8,3), 252 (6,8), 
251 (3,5), 227 (2,9), 226 (5,4), 225 (2,2), 224 (2,0) 

256 (18,1), 255 (96,0), 254 (I00), 253 (22,1), 252 (8,3), 
251 (7,0), 229 (1,3), 228 (7,1), 227 (6,4), 226 (15,8), 
225 (4,7), 224 (4,0), 201 (2,5), 200 (3,0), 
o (20,6), 269 (I00), 268 (87,1), 267 (13,0), 266 

27(6,3), 265 (2,5), 264 (2,7), 257 (2,7), 256 (3,6), 255 
(3,2), 254 (12,8), 253 (8,7), 252 (4,3), 251 (4,1), 241 
(3,4), 240 (5,4), 239 (10,9), 238 (2,0), 237 (2,2), 228 
(5,4), 227 (5,4), 226 (11,3), 225 (3,1), 224 (2,9), 215 
(2,9), 213 (2,5), 202 (2,5) 

332 (25,1), 331 (I00), 330 (84,3), 329 (8,8), 328 (9,6), 
327 (5,6), 326 (3,2), 302 (2,9), 300 (2,3), 254 (4~5), 
253 (6,1), 252 (12,8), 251 (9,6), 250 (2,3), 229 (5,1), 
228 (20,0), 227 (2,7), 226 (6,4), 225 (3,2), 224 (2,4) 

332 (21,4), 331 (74,2), 330 (IO0), 329 (27,1), 328 
(12,4), 327 (5,8), 326 (3,5), 325 (2,0), 302 (2,8), 301 
(2,3), 300 (2,8), 254 (3,8), 253 (6,2), 252 (17,3), 251 
(12,0), 250 (2,7), 229 (2,0), 228 (4,6), 227 (3,4), 226 
(8,8), 225 (4,6), 224 (3,6), 84 (2,6) 

408 (31,5), 407 (I00), 406 (31,I), 405 (4,6), 404 (4,5), 
331 (8,2), 330 (29,0), 329 (19,1),328 (13,3),327 (9,0), 
326 (4,3), 325 (3,2), 318 (2,5), 305 (2,8), 304 (9,6), 
303 (2,5), 302 (4,3), 301 (3,0), 300 (4,3), 252 (5,4), 
251 (3,6), 226 (2,1) 

408 (31,8), 407 (I00), 406 (70,4), 405 (13,1), 404 
(8,0), 334 (5,2), 333 (14,4), 332 (10,6), 331 (27,2), 
330 (96,1), 329 (17,6), 328 (14,4), 327 (11,2), 326 
(6,2), 325 (5,0), 320 (2,0), 319 (7,8), 318 (11,4), 
317 (2,0), 304 (3,0), 303 (2,4), 302 (6,1), 301 (4,6), 
300 (7,2), 299 (2,0), 276 (2,0), 253 (4,2), 252 (14,4), 
251 (9,21), 250 (2,4), 227 (2,1), 226 (5,4), 225 (2,8), 
224 (2,0) 

346 (27,5), 345 (I00), 344 (31,5), 343 (9,3), 342 (7,7), 
341 (3,8), 340 (2,8), 331 (22,8), 330 (84,5), 329 
(8,1), 328 (9,3), 327 (4,6), 326 (2,0), 319 (2,6), 318 
(5,0), 317 (3,6), 316 (3,5), 315 (3,5), 314 (2,3), 302 
(2,0), 268 (2,0), 267 (2,8), 266 (5,1), 265 (3,2), 264 
(3,9), 253 (3,5), 252 (9,3), 251 (5,0), 242 (7,8), 241 
(2,5), 240 (3,0), 239 (5,2), 226 (2,9), 83 (2,8) 

* The  peaks  wi th  i n t e n s i t i e s  >-2% a r e  p r e s e n t e d .  

A p e c u l i a r i t y  of the  d i s s o c i a t i v e  i o n i z a t i o n  of I -VI I I  i s  the  f o r m a t i o n  of i n t e n s e  p e a k s  of [ M -  H] + ions  
(Table  1); t h e i r  i n t e n s i t y  depends  on  both the p o s i t i o n  of the n i t r o g e n  a t o m  and the c h a r a c t e r  and p o s i t i o n  of the  
s u b s t i t u e n t s .  The h igh  p r o b a b i l i t y  of the  a p p e a r a n c e  of an [M - HI + ion  p e a k  in  the m a s s  s p e c t r u m  of I (Table  2) 
can  be e x p l a i n e d  by c y c l i z a t i o n  of the  pheny l  g r o u p  a t t ached  to  the  C10 a t o m  with  the  a z a f l u o r e n e  r ing ,  which 
l e a d s  to  the f o r m a t i o n  in  the  l a t t e r  of a q u a t e r n i z e d  n i t r o g e n  a t o m  (Scheme 1). In th i s  c a se  the  pheny l  g roup  
can  f o r m  a r i n g  both wi th  the  n i t r o g e n  a t o m  (Scheme 1, pa thway  A) and with  the o~-ca rbon  a t o m  of the a z a -  
f l uo rene  f r a g m e n t  of the  m o l e c u l e  (Scheme 1, pa thway  B). The a b s e n c e  of an  [M - CGHs] + ion  p e a k  in  the m a s s  
s p e c t r u m  of I i s  an  i n d i r e c t  c o n f i r m a t i o n  of the  p a r t i c i p a t i o n  of the  phenyl  g roup  in the f o r m a t i o n  of  a new r ing.  
The c o n s i d e r a b l y  h i g h e r  i n t e n s i t y  of the  p e a k  of the double  c h a r g e d  [ M -  H] 2+ ion  a s  c o m p a r e d  with  the  i n t e n s i t y  
of the  p e a k  of the  M 2+ ion  [7] m a y  s e r v e  as  a d d i t i o n a l  e v i d e n c e  for  the  f o r m a t i o n  of an  a r o m a t i c  condensed  s t r u c -  
t u r e  in the [ M -  HI + ion  in  the  f r a g m e n t a t i o n  of  I due to  c yc l i z a t i on .  The e n e r g i c  f a v o r a b i l i t y  of the  f o r m a t i o n  
of a new r i n g  in  the  [ M - - H I  + ion  is  c o n f i r m e d  by c a l c u l a t i o n  of the  ~r-bond ene rgy*  of the  I m o l e c u l e  ( -3436.969  
k J / m o l e ) ,  the M + m o l e c u l a r  ion ( -2560 .944  k J / m o l e ) ,  and the [ M -  H] + ion  (Scheme 1) in  the  a fo rm  ( -3105 .645  
k J / m o l e ) ,  as  w e l l  a s  in  the  b f o r m  ( -  3091.470 k J / m o l e ) .  F r o m  the da t a  p r e s e n t e d  above  i t  is  a p p a r e n t  t ha t  in  
the  c a s e  of the f o r m a t i o n  of a c y c l i c  s t r u c t u r e  in  the [M--  HI + ion  i t s  s t a b i l i t y  i s  c o n s i d e r a b l y  h i g h e r  than  in  the  
c a s e  of the  m o l e c u l a r  ion. The d a t a  a l s o  show tha t  of the  two a l t e r n a t i v e  c y c l i z a t i o n  pa thways  in the f o r m a t i o n  
of an  [ M -  H] + ion  the  f o r m a t i o n  of a r i n g  be tween  the e x o c y c l i c  pheny l  g roup  and the  n i t r o g e n  a t o m  (Scheme 1, 
pa t hway  A) l e a d s  to  a s o m e w h a t  m o r e  s t a b l e  s t r u c t u r e  than  in  the ca se  of c y c l i z a t i o n  with the  pheny lene  r i n g  of 
the  a z a f l u o r e n e  f r a g m e n t  (Scheme 1, pa thway  B). 

* The  e n e r g i c  f a v o r a b i l i t y  in  the  7 r -e l ec t ron  a p p r o x i m a t i o n  i s  e s t i m a t e d  f r o m  the 7r-bond e n e r g i e s ,  which  a r e  
de f i ned  as  the  d i f f e r e n c e s  be tween  the 7 r - e l ec t ron  e n e r g i e s  of the m o l e c u l e  and the e n e r g i e s  of the  i s o l a t e d  
a t o m s  of which  i t  i s  c o m p o s e d  [8]. The ~r-bond e n e r g i e s  of the  m o l e c u l e s  and the ions  we re  c a l c u l a t e d  in  the  
e l e c t r o n  a p p r o x i m a t i o n  by the  P a r i s e r - P a r r - P o p l e  method  in the  " v a r i a b l e  fi" a p p r o x i m a t i o n  [9]. 
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Scheme I ~ 
+. 

b, 2sl ~ h m + 2s~ a, 254 

228 227 325 

As in the case  of I, the f ragmenta t ion  of benzopyr idofulvenes  II-V is de t e rmined  by the appearance  of a 
h igh - in t ens i ty  [ M -  H] + ion peak and the absence of [ M -  C6H5] + ion peaks (or the appearance  of the l a t t e r  peaks 
with e x t r e m e l y  low in tens i t i es )  (Table 2). These data  make it poss ib le  to a s sume  that  the phenyl  group of the 
benzyl idene grouping of the ci ted compounds pa r t i c i pa t e s  in the cyc l iza t ion  p r o c e s s e s  in the format ion  of [ M -  
H] + ions. The h igher  in tens i ty  of the peaks of the doubly charged [M - H] 2+ ions as  compared  with the M 2+ ion 
peak  in I -V (Table 2) a l so  const i tu tes  i nd i r ec t  evidence foi~ the ex i s t ence  of a more  condensed s t ruc tu re  in the 
[M - H] + ions as compared  with the m o l e c u l a r  ions. The fo rmat ion  of a r ing with the n i t rogen a tom is i m p o s -  
s ib le  in the d i s soc i a t i ve  ioniza t ion  of II and III. The high in tens i ty  of the [M - H] + ion peaks in this  case can be 
expla ined  by cyc l i za t ion  of the phenyl group with the C t and C 8 a toms,  which is accompanied  by migra t ion  of a 
hydrogen a tom to the n i t rogen atom, as in the f ragmenta t ion  of d ipyr idy l s  [10] (Scheme 2). 

Scheme 2 

d, 254 II, M + 25s 

H+ 

C 254 

It follows f rom a compa r i son  of the 7r-bond ene rg i e s  for  II (-3435.889 kJ /mole) ,  i ts  m o l e c u l a r  ion IV[ + 
(-2562.535 kJ/rn ole), and for  two poss ib le  s t r uc t u r e s  of the [M - HI + ion in the c fo rm (-- 3144.318 kJ /mole )  and 
i n t h e  d f o r m  (-3143.669 kJ /mole )  that  in the case of the fo rmat ion  of a condensed s t ruc tu re  in the [M - HI + ion 
this  f ragment  is  more  s table  than the m o l e c u l a r  ion. The v i r t ua l l y  equal  7r- bond e n e r g i e s  for  the c and d s t r u c -  
t u r e s  of the [M - HI + ion of II ev ident ly  const i tute evidence that  cyc l iza t ion  in this  case  can be r e a l i z e d  with 
both the pyr id ine  r ing  and the phenylene r ing.  The p robab i l i ty  of the format ion  of such r ings  was p rev ious ly  
noted [2] in an inves t iga t ion  of the mass  s p e c t r a  of de r iva t ives  of 9 -benzyl idenef luorenes ,  viz. ,  benzazo analogs 
of I-III .  It  should be emphas i zed  that  in the f ragmenta t ion  of benzopyr idofulvenes  I-III  cyc l iza t ion  is r e a l i z e d  
in the s tep  involving the fo rmat ion  of the [ M -  HI + ion, whereas  dibenzofulvenes fo rm s i m i l a r  r ings  only in the 
[M - 2H] + ion. This  conclusion is conf i rmed by the s ignif icant ly  g r e a t e r  in tens i ty  of the peak  of the doubly 
charged  [M - 2H] 2+ ion as compared  with the peaks of M 2§ and [ M -  HI 2+ ions in the mass  s p e c t r u m  of 9 -benzy l -  
idene f luorene [2]. 

In the case  of the d i s soc ia t ive  ion iza t ionof  benzopyridofulvenes  IV and V, which do not contain a phenyl 
subs t i tuent  a t tached to  the exocyc l i c  carbon  atom, the high in tens i ty  of the [M - HI + ion peak can be explained by 
cyc l i za t ion  in the l a t t e r  of the phenyl group in the C1 posi t ion with the exocyc l ic  Ci0 a tom (Scheme 3, pathway 
E). This p r o c e s s  is  a l so  accompanied  by the fo rmat ion  of a qua tern ized  ni t rogen atom. A c o m p a r i s o n  of the 
in t ens i t i e s  of the peaks  of the double charged [ M -  H] ~+ and M 2+ ions in the mass  s p e c t r a  of IV and V (Table 2) 
i nd i r ec t l y  conf i rms  the fo rmat ion  of an addi t ional  s y s t e m  of conjugated 7r bonds in the [M -- HI + ion. It should 
be noted that  in the i s o m e r i c  (with r e s p e c t  to the pos i t ion  of the n i t rogen atom) IV and V the fo rmat ion  of an 
[ M -  HI + ion t akes  p lace  with a d i f fe ren t  probabili%y. This r e su l t  can be explained if  it  is  a s s um e d  that  the 

* In the s chemes  the numbers  that  c h a r a c t e r i z e  the ions a r e  the m a s s - t o - c h a r g e  ra t ios  (m/z).  
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Scheme 3 

e, 330 ~ , ' ~  V, hi + 331 
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~ . ~ .  f, 330 

g, aao 

f o r m a t i o n  of a r i n g  be tween  the  o - p h e n y l  s u b s t i t u e n t  and the n i t r o g e n  a t o m  (Scheme 3, pa thways  F and G) m a y  
be r e a l i z e d  in  a d d i t i o n  to  c y c l i z a t i o n  v i a  pa thway  E (Scheme 3). I t  has  been  e s t a b l i s h e d  [11] tha t  a s i m i l a r  
p r o c e s s  i s  e n e r g i c a l l y  f a v o r a b l e  in the  f r a g m e n t a t i o n  of 2 ( 6 ) - p h e n y l p y r i d i n e s .  Our  c a l c u l a t i o n s  of  the ~ -bond  
e n e r g i e s  of  the  V m o l e c u l e  ( -4456 .363  k J / m o l e ) ,  i t s  m o l e c u l a r  i o n l M + ( - 3 5 8 0 . 8 3 6  k J / m o l e ) ,  and the [ M -  H] + 
ion  in the  e f o r m  (Scheme 3, - 4 1 8 7 . 9 1 8  k J / m o l e ) ,  in  the  f f o r m  ( - 4 1 3 1 . 5 7 5 k J / m o l e )  , and  i n t h e  g f o r m  ( -4126 .745  
l~ I /mole )  show tha t  both c y c l i z a t i o n  with  the  p a r t i c i p a t i o n  of the  e x o c y e l i c  c a r b o n  a t o m  and r i n g  f o r m a t i o n  b e -  
t w e e n  the o - p h e n y l  g r o u p  and the n i t r o g e n  a t o m  of  the  a z a f l u o r e n e  f r a g m e n t  a r e  r e s p o n s i b l e  fo r  the  g r e a t e r  
s t a b i l i t y  of the  [M - H] + as  c o m p a r e d  with  the  M+ ion, H o w e v e r ,  in the  f r a g m e n t a t i o n  of IV c y c l i z a t i o n  pa thway  
g i n d i c a t e d  in  Scheme  3 cannot  be r e a l i z e d  b e c a u s e  of  the  p r e s e n c e  of only  one pheny l  g r o u p  in the o r tho  p o s i -  
t ion  r e l a t i v e  to  the  n i t r o g e n  a tom.  The l a t t e r  fact  e v i d e n t l y  a l s o  e x p l a i n s  the  l o w e r  i n t e n s i t y  of  the [M - H] + 
ion  peak  in the  m a s s  s p e c t r u m  of IV. 

The  f r a g m e n t a t i o n  of  VI -VI I I  i s  c h a r a c t e r i z e d  by an a p p r e c i a b l e  d e c r e a s e  in  the  r e l a t i v e  i n t e n s i t y  of the 
[M - H] + ion  p e a k  a s  c o m p a r e d  with  I -V.  The s i m u l t a n e o u s  p r e s e n c e  of bu lky  s u b s t i t u e n t s  a t t a c h e d  to the  
e x o c y c l i c  C10 a t o m  and in the a , a '  p o s i t i o n s  r e l a t i v e  to  the n i t r o g e n  a t o m  i s  r e s p o n s i b l e  fo r  s t e r i c  h i n d r a n c e  
to  the  f o r m a t i o n  of a new r i n g  in  the  [M - H] + ion. The low i n t e n s i t y  of the  peaks  of doubly  c h a r g e d  [M - HI 2+ 
ions  a l s o  i n d i c a t e s  the  a b s e n c e  of c y c l i z a t i o n  p r o c e s s e s  in  the  [ M -  H] + ions  in  the c a s e  of VI -VII I  (Table  2). 

T A B L E  2. S t a b i l i t i e s  (W M) of  the  M o l e c u l a r  Ions  and R e l a t i v e  I n -  
t e n s i t i e s  of the  P e a k s  of  the C h a r a c t e r i s t i c  F r a g m e n t s  (in p e r c e n t  
of  the  t o t a l  c u r r e n t ,  ~50) in the  M a s s  S p e c t r a  of B e n z o p y r i d o f u l -  
venes 

Compound 

I 

(cis and 
tr ans 
forms) 

II 
(cis and 

trans 
forms) 

III 
(eis and 

trans 
forms) 

IV 
V 
VI 

VII 
VIII 

w~ 

14,1 

24,2 

21,0 

20,3 
12,1 
24,3 
14,2 
15,3 

:M- H] § 

45,4 

25,0 

18,1 

17,1 
16,4 
7,6 

10,0 
4,8 

y3+ [M - H] 2+ 

2,3 5,1 

1,8 4,1 

1,1 1,~ 

1,1 1,~ 
1,3 t j  
- -  0 , ~  

0,3 0,~ 
1,1 0,~ 

IM-R*]+ 

0,10 

0,9 
0,6 
7,1 

13,7 
13,1 

[M R*] "~* 

0,8 
t,0 
3,2 

[M-HCN] + 

1,3 

1,8 

0,3 

0,1 
0,1 

[M- C6HsCN] + 

4,1 
0,7 
2,3 
0,4 
1,2 

* F o r  a s u b s t i t u e n t  (not h y d r o g e n )  a t t a c h e d  to  the  e x o c y c l i c  Cto a tom.  
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In the fragmentation of the isomeric (with respect to the position of the nitrogen atom) VI and VII con- 
siderably higher intensity of the [M- H] + ion peak is observed for 2-azafluorene delivative VII. This result is 
evidently associated with the possibility of cyclization in the [M - HI + ion in the ease of Vll of one of the phenyl 
groups in the oz,oz, positions of the pyridine fragment with the nitrogen atom of the azafluorene ring (Scheme 4, 

pathways I and J). In the case of the fragmentation of VI the probability of this process, which is due to the 
presence of one phenyl substituent in the or~ho position relative to the nitrogen atom, is considerably lower. 
In contrast to benzopyridofulvenes I-V, high-intensity [M - R'] + ion peaks, where R ~ is the substituent attached 
to the exocyclic carbon are recorded in the mass spectra of VI-VIII (Table 2). Steric hindrance to the formation 
of a new ring in the [M - R'] + ion is evidently removed in the elimination of a bulky substituent (a phenyl or 
methyl group) by the molecular ions of VI and VII, and in this case one can assume the formation of a ring be- 
tween the phenyl group attached to the C i atom with the exocyelic Ci0 atom (Scheme 4). This assumption is 
confirmed by the formation of relatively high-intensity [l~'I - R'] + ion peaks in the mass spectra of VI-VIII. The 
more facile formation of the [M- R'] + ion in the fragmentation of VII can be explained, as in the case of other 
2-azafluorene derivatives, by the increased stability of the [M - R~] + ion due to the additional possibilities of 
cyclization of the two c~,~,-phenyl groups of the azafluorene ring with the nitrogen atom. 

Scheme 4 

+ --11~ 

J I 

j ,  ~Otl VII, M] 407 i ,  40~ 

~ N H  .~N + 

aot :~ao 38O 

The elimination of an RCN particle by the molecular ions that is characteristic for azafluorene derivatives 
[5] is retained in the dissociative ionization of benzopyridofulvenes I-VIII (Table 2). The magnitude of the [M- 
RCN] + ion peak in the mass spectra of the isomeric (with respect to the position of the nitrogen atom) I and II, 
I'V and V, and VI and VII is inversely dependent on the probability of the occurrence of cyclization processes in 
the fragmentation of these compounds: the higher the probability of cy.clization with the formation of a quater- 
nized nitrogen atom in the azafluorene ring (I, V, and VII), the lower the intensity of the [M- RCN] + ion peak. 

EXPERIMENTAL 

The mass  spec t ra  of I-VIII were measured  with an MKh-1303 spec t rome te r  equipped with a sys t em for 
d i rec t  introduction of the samples  into the ion source at an ionizing voltage of 70 V and an admiss ion  t empera -  
ture  of 50~ The compounds were synthesized by the method in [12]. The pur i ty  and individuality of the com-  
pounds were monitored by means of data f r o m  TLC and IR, UV, and PMR spect roscopy.  

LITERATURE CITED 

i. Y. Kitahara, 1. Murata, and K. Shikanata, Bull. Chem. Soc. Jpn., 39, 629 (1966). 
2. C. Lifshitz, E. D. Bergman, M. Rabinovitz, and I. Arganat, J. Chem. Soc., B, 723 (1968). 
3. M. Neuenschwander, R. VSgelL H. P. Fahrni, H. Lehman, and J. P. Ruder, Helv. Chim. Acta, 60, 1073 

(1977). 
4. H.O. Kalinovski and H. Kessler, Topics in Stereochemistry, 7, 299 (1973). 
5. V.K. Shev~sov, P. I. Zakharov, V. P. Zvolinskii, V. G. Pleshakov, T. S. Seitembetov, and N. S. Prostakov, 

Khim. Geterotsikl. Soedin., No. 3, 397 (1979). 
6. P.I. Zakharov, V. P. Zvolinskii, V. K. Shevtsov, V. G. Pleshakov, T. S. Seitembetov, A. V. Varlamov, 

and N. S. Prostakov, Khim. Geterotsikl. Soedin., No. 1, 89 (1979). 
7. F.W. McLaffer~y and M. M. Bursey, Chem. Comnaun., No. II, 535 (1967). 

289 



8. A . L .  Chung and M. J. S. Dewar,  J.  Chem. Phys. ,  42, 756 (1965). 
9. K. Nishimoto and L. S. F o r s t e r ,  Theor .  Chim. Acta, 3, 407 (1965); 4, 155 (1966). 

10. R . A .  Khmel 'n i t sk i i ,  N. A. Klyuev, and P. B. Te ren t ' ev ,  Zh. Org. Khim.,  7, 395 (1971). 
11. P . B .  Te ren t ' ev ,  R. A. Khmel 'n i t sk i i ,  I. S. Khromov,  A. N. Kost, I. P. Gloriozov,  and M. I s lam,  Zh. Org. 

Khim.,  6, 606 (1970). 
12. N.S .  Pros takov ,  S. S. Moiz, A. T. Soldatenkov, V. P. Zvolinskii ,  and G. I. Cherenkova,  Khim. Geterc ts ik l .  

Soedin., No. 10, 1398 (1971). 

S Y N T H E S I S  A N D  I N V E S T I G A T I O N  O F  I M I D A Z O [ 1 , 2 - a ] I M I D A Z O L E  

D E R I V A T I V E S  

A.  V. I v a s h c h e n k o ,  V.  T .  L a z a r e v a ,  
L.  V.  S h m e l e v ,  a n d  R.  V.  P o p o n o v a  UDC 547.785.5.07 

The reduct ion of 1 -benzy l ideneamino-2 ,5 -d ia lky l -3 ,6 -d ipheny l imidazo[1 ,2 -a ] imidazo les  with 
zinc in acet ic  acid gave the cor responding  1H- imidazo[1 ,2 -a ] imidazo les ,  which a re  oxidized by 
a i r  oxygen or  by i r r ad ia t ion  with UV light to give 1H- imidazo[1 ,2-a ] imidazo le  7-oxides.  The 
la t t e r  were  a lso  obtained by the act ion of ni t r ic  acid on 1 -amino-2 ,5 -d ia lky l -3 ,G-d ipheny l -  
imidazo[1 ,2-a] imidazoles .  The UV, IR, PMR, mass ,  and x - r a y  e l ec t ron  s p e c t r a  of the synthe-  
s ized compounds were  studied. 

In a continuation of the synthes is  and study of l (7 )H- imidazo[1 ,2 -a ] imidazo le  de r iva t ives  [1, 2] we obtained 
new der iva t ives  of this s e r i e s  of compounds and inves t igated the i r  s t ruc tu re .  The reduct ion of 1-benzyl idene-  
aminoimidazo[1 ,2-a ] imidazo les  (I, II) with zinc in ace t ic  acid gave l (7 )H- imidazo[1 ,2 -a ] imidazo les  (Ill, W), which 
during isola t ion f r o m  the reac t ion  mixture  undergo pa r t i a l  convers ion  to the cor responding  N-oxides (V, VI). 
The la t t e r  a re  a lso  fo rmed when ]II and IV a re  heated in va r ious  organic  solvents ,  viz. ,  ethanol, benzene, chloro-  
form,  and dimethyl  sulfoxide (DMSO), and when they a re  i r r ad ia t ed  with UV light. 

N=CHC6Hj 0 -  
[ tt H + /  
N .--...r~N-- . N - - ~ N .  . N ~ N .  

CcH 5 R C~Hb R C61t 5 R 

I, II III, IV V, VI 

I, III,V R=CH3; II, IV, VI R=C3H I 

The composi t ions  and s t ruc tu r e s  of the synthes ized  III and VI were  conf i rmed by the r e su l t s  of e l e m e n t a r y  
ana lys i s  and data f r o m  the e lect ronic ,  IR, x - r a y  e lec t ron ,  PMR, and m a s s  spec t ra .  

Like the e lec t ron ic  s pec t r a  of the known imidazo[1 ,2 -a ] imidazo les  [3, 4], the e lec t ron ic  spec t r a  of III and 
iV contain two absorp t ion  bands in the UV region, and an addit ional  band with a m a x i m u m  at 392 nm appea r s  in 
the spec t r a  of t he i r  N-oxides (V, VI). The IR spec t r a  of dilute solutions of III and IV contain a diffuse ab so rp -  
t ion band at 2450-3500 cm -l ,  which is c h a r a c t e r i s t i c  for  a s soc ia ted  N - H  bonds. 

N-Oxides V and VI can be desc r ibed  by s t r u c t u r e s  A-D: 

. +~o- . o  o- /oH \ +  H 
N ~ N  " . N ~ N ,  .N ~'~.,,i" N ~  

7 - " ' - (  7-I"---C 
C6H 5 R C6H5 R C6H 5 R CBH 5 R 

A B C D 
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