
Twice-dist i l led water was used. The hydrochloric  acid concentrat ion was established by means of 4-amino-  
pyridine [8]. The ethanol was purified by the method in [6], and the concentrat ions of the alcohol solutions were 
established with a pycnometer .  The general  method for the investigation was as follows. The necessary  con-  
centrat ions of the solvent and the investigated compounds were created in a volumetr ic  flask. The absorption 
spec t ra  of the protonated and deprotonated part icle  were recorded,  and the analytical wavelength (kan) was 
determined [7]. The optical densities at kan were determined for solutions containing various amounts of 
hydrochloric acid. The molar  absorption coefficients for the par t ic les  were determined from the ]3ouguer-  
L a m b e r t - B e e r  law, and the o and pK values were calculated f rom the formula presented above. The data were 
t reated s tat is t ical ly by the usual method [9] with fixed reliabil i ty c~=0.95 for no less than seven experiments.  
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MASS SPECTROMETRIC STUDY OF 2-AZAFLUORENES 

V. P .  Z v o l i n s k i i ,  P .  I .  Z a k h a r o v ,  
V.  K. S h e v t s o v ,  V.  G. P l e s h a k o v ,  
A.  V.  V a r l a m o v ,  G. A.  V a s i l ' e v ,  
K. I .  F u r n a r i s ,  and  N. S. P r o s t a k o v  

UDC 543.51 : 547;834 

The fragmentat ion of 2-azaf tuorene and its methyl-  and phenyl-substituted derivatives was studied. 
It is shown that ejection of an RCN fragment  (R = CH3, C6H 5) by the molecular  ions leads to a more 
intense peak if R is in the 3 position of the azafluorene ring~ It was established that, in contras t  
to the dissociat ive ionization of fluorene, all of the ions of which are formed from the (M - H) + 
fragment ,  the fragmentat ion of 2-azaf luorene and its derivative also takes place from the molecu-  
lar  ion. Randomization of the deuterium atoms attached to C 9 with the remaining hydrogen atoms 
was observed.  

The mass spec t ra l  behavior of many c lasses  of nitrogen-containing heterocyclic compounds is current ly  
being studied quite adequately [t ,  2]. However, the dissociat ive ionization of 2-azaf luorenes has not been p re -  
viously examined in the l i terature,  although the fragmentation of fluorene, the hydrocarbon analog of the com-  
pounds studied in the present  r e sea rch ,  has been subjected to a quite detailed study [3, 4]. 

The present  paper is devoted to the establishment of the fundamental regular i t ies  in the fragmention of 
2-azaf luorenes  under the influence of electron impact, to the study of the dependence of their dissociative 
ionization on the position and charac te r  of the substituents in the pyridine and benzene rings of the molecules of 
these substances,  and to an examination of the problem of exchange of hydrogen and deuterium atoms in the 
molecular  ion of 9,9- D2-2-azafluorene~ 
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Fig. 1. Mass  spec t r a  of 2 -aza f luorene  (I), 3 - m e t h y l - 2 - a z a -  
f luorene (II), 1 ,4 ,6 - t r ime thy l -2 -aza f luo rene  (iII), and 1,4,7- 
t r ime thy l -2 - aza f l uo rene  (IV) recorded at 70 ev. 
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Fig. 2. Mass spec t r a  of 1 -pheny l -3 -me thy l -2 -  
azaf luorene  (V), 1 ,3-d iphenyl -2-azaf luorene  (-VI), 
and 9 ,9-D2-2-azaf luorene  (VII) recorded  at 70 eV. 

To solve this p rob lem we invest igated the mass  spec t r a  of seven compounds of the 2-azaf luorene  s e r i e s  
(see Figs.  1 and 2). 

The mass  spec t r a  of I -VII  a re  cha rac t e r i zed  by molecu la r  ion peaks with max imum intensi t ies .  The 
s tabi l i t ies  (WM) of the M + ions with r e s p e c t  to f ragmenta t ion  a re  given in Table 1. The W M value is lowered 
apprec iably  (II-IV) when methyl  subst i tuents  a re  introduced in the 2-azaf luorene  ring. Rep lacement  of the 
methyl  subst i tuent  by a phenyl subst i tuent  in the 1 position leads to an inc rease  in the W M value for  V as c o m -  
pared  with methyl -subs t i tu ted  II-IV. The introduction of a second phenyl subst i tuent  in the 3 posit ion (V1) lowers  
the W M value.  
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T A B L E  1. S t a b i l i t i e s  of  the  M o l e c u l a r  Ions wi th  R e s p e c t  to F r a g -  
m e n t a t i o n  and R e l a t i v e  I n t e n s i t i e s  (%) of Some F r a g m e n t s  in the  
M a s s  S p e c t r a  of 2 - A z a f l u o r e n e s  (Ui = 70 V) 

o 

E 
o 

§ 
Z 
u 

2 

I 
II 

III  
IV 
V 

VI 

0,42 17,4 
0,21 35 
0,29 20 
0,31 15 
0,37 12 
0,27 11 

12,8 
14  2,5 
18 0,3 
18 0,2 
1,3 

21 
12,5 
0,7 
0,7 

tY 
1,8 
1,8 
0,66 

17 
3,7 
3,5 
3,6 

3,6 

q 

7 

The f o r m a t i o n  of (M - H) + and (M - 2H) +" ions  in the  m a s s  s p e c t r a  of  I I - IV is ev iden t l y  due to the  lo s s  of 
a h y d r o g e n  a tom by the  m e t h y l e n e  and m e t h y l  g r o u p s ,  s i n c e  the  l a t t e r  con ta in  hydrogen  a t o m s  tha t  a r e  s i m i l a r  
to t h o s e  of  the  benzy l  g r o u p i n g  [5]. The  p r e s e n c e  of the  (M - H) + ion and the  a b s e n c e  of an (M - 2H) +" ion of 
a p p r e c i a b l e  i n t ens i t y  in the  m a s s  s p e c t r u m  of 2 - a z a f l u o r e n e  m a y  s e r v e  as  a c o n f i r m a t i o n  of t h i s .  Th is  p r o c e s s  
can be r e p r e s e n t e d  by s c h e m e  i in the  c a s e  of 3 - m e t h y l - 2 - a z a f l u o r e n e .  The  m a s s  s p e c t r a  of  V and VI con ta in ,  

add i t ion  to (M - H) + and (M " 2H) +" ions ,  (M - 3H) +, (M - 4H) + ' ,  and (M - 5H) + f r a g m e n t s .  Th i s  fac t  is  
c h a r a c t e r i s t i c  for  f r a g m e n t a t i o n  under  the  in f luence  of  e l e c t r o n  i m p a c t  of p h e n y l - s u b s t i t u t e d  p y r i d i n e s  [6]. 

The  a p p e a r a n c e  of the  (M - 15) + ion in the  m a s s  s p e c t r a  of I I -V is due to the  p r e s e n c e  of a m e t h y l  g roup  
in the  m o l e c u l e s  of t h e s e  c o m p o u n d s ,  s i n c e  a peak  of th i s  s o r t  of ion is not o b s e r v e d  in the  m a s s  s p e c t r a  of I 
and VI. It is  s e e n  f r o m  the  d a t a  in T a b l e  1 that  the  i n t r o d u c t i o n  of a s econd  and t h i r d  m e t h y l  g roup  in the  
m o l e c u l e  g ives  r i s e  to an i n c r e a s e  in the  i n t ens i t y  of the  p e a k s  of the  (M - 15) + ions .  

Scheme 1 

~ N  
H H 

M +, m/e 181  

m/e 17. ~) 

m/e ]~0 

l', ]!( :1', )1 ~ N  

m/e 179 

Thi s  m a k e s  it p o s s i b l e  to m a k e  an a s s u m p t i o n  r e g a r d i n g  the l o s s  of a CH 3 f r a g m e n t  both f r o m  the  p y r i d i n e  r i n g  
and f r o m  the benzene  r i n g  of the  m o l e c u l a r  ions  of I I I a n d I V .  The  p r e s e n c e  of a pheny l  g roup  in the  1 p o s i t i o n  
l e a d s  to a s h a r p  d e c r e a s e  in the  i n t ens i t y  of the (M - 15) + ion. Th i s  fac t  is  a p p a r e n t l y  a s s o c i a t e d  with  s t a b i l i z a -  
t ion of the  m o l e c u l a r  ion by th i s  g roup ,  which g ives  r i s e  to a d e c r e a s e  in the  p r o b a b i l i t y  of the  f r a g m e n t a t i o n  of 
m o l e c u l a r  ion M + due to s p l i t t i n g  out of the  CH 3 r a d i c a l .  

Yet  a n o t h e r  pa thway  fo r  f r a g m e n t a t i o n  of the  m o l e c u l a r  ions  of I -VI  is  due to e l i m i n a t i o n  of HCN, CH3CN , 
and C6HsCN f r a g m e n t s .  The  fac t  that  e j e c t i o n o f a n  HCN m o l e c u l e  is  o b s e r v e d  p r i m a r i l y  f r o m  the m o l e c u l a r  ion 
in the  c a s e  of  u n s u b s t i t u t e d  2 - a z a f l u o r e n e ,  w h e r e a s  lo s s  of an HCN m o l e c u l e  o c c u r s  p r i m a r i l y  f r o m  the (M - H) + 
ion fo r  m e t h y l - s u b s t i t u t e d  2 - a z a f l u o r e n e s  (Table  1) is  i n t e r e s t i n g .  Th i s  p r o c e s s  can  be r e p r e s e n t e d  by s c h e m e  
2 in the  c a s e  of 3 - m e t h y l - 2 - a z a f l u o r e n e .  

Scheme 2 
4"- -~4-. 

~ . . A . j . . . ~  N �9 " cIt a 
H It 

M +, m/e ISJ m]e 154 

N mle ]52 

m]e 180 m/e 153 
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The empir ica l  formulas  (C12H 9 and CI2H 8) of the ions with m/e 153 and 152 formed in this case are confirmed 
by their  masses  (153.0715 and 152.0605) obtained from the high-resolution spectrum. As seen f rom Table 1, 
the loss of an HCN molecule including the CH s t ruc tura l  fragment f rom the 1 position of the azafluorene ring 
gives a more  intense ion than in the case of elimination of this molecule f rom this group f rom the 3 position. 

In cont ras t  to the ejection of an HCN molecule, the loss of neutral CH3CN and C6HsCN part icles  is observed 
p r imar i ly  f rom the molecular  ion. In this case elimination of a CH3CN part icle  for the methyl-substi tuted c o m -  
pounds leads to the formation of a more intense peak when the CH 3 group is in the 3 position ra ther  than the 1 
position of the 2-azaf luorene r ing (see Table 1). For  molecules containing a phenyl group the intensity of the 
(M - H - C6HsCN) + ion peak is higher when this group is also in the 3 position ra ther  than in the 1 position of 
the azafluorene ring. It should be noted that the loss of a neutral  RCN fragment  (R=H, CH3, Cells) leads to a 
more intense ion as the number of atoms in radica l  R increases .  This process  can be represented by scheme 
3 for 3-methyl -2-azaf luorene .  

+ .  

N +, role 181 

Scheme 3 

H H 

m/e 140 m/e 139 

The empir ica l  formulas  (CllH 8 and CllH7) of the ions with m/e 140 and 139 are confirmed by their  masses  
(140.9585 and 139.0579) obtained from the high-resolut ion mass spectrum. The subsequent fragmentation of the 
n i t rogen-f ree  fragment  proceeds via the pathway charac te r i s t i c  for ions of the same composition in the mass 
spect ra  of phenyl-substi tuted pyridines [6] through the loss of C2H2, C2H , or CR (R=CH3, C6H5) par t ic les ;  this 
l eads to  the appearance of ions with m/e 128, 127, 126, 115, 114, and 113. 

Thus the dissociat ive ionization of methyl-  and phenyl-substituted 2-azaf luorenes  is due to the loss by 
their  molecular  ions and (M - H) + ions of the CH 3 group and HCN, CH3CN , and C6HsCN molecules,  whereas 
fragmentat ion of fluorene under the influence of e lectron impact occurs  exclusively from the (M - H) + ion due to 
the loss of C2H2, C4H2, and C6H 4 par t ic les .  

A study of the mass  spedtrum of 9,9-D2-2-azafluorene showed that both (M - D) + and (M - H) + ions are  
formed in the fragmentation of this compound and that there is a par t ia l  shift of two units of the (M - HCN) + ion. 
The complete replacement  of the hydrogen atoms of the methylene group by deuterium in the deuteration of 2- 
azafluorene was established from the PMR spectrum of VII, and the appearance of an intense (M - H) + fragment  
in the mass spect rum of VII can therefore  be explained only by exchange between the deuterium atoms of the 
methylene group in the molecular  ion of VII and the remaining hydrogen atom of the azafluorene ring. 

E X P E R I M E N T A L  

The low-resolut ion mass spec t ra  of the compounds were recorded with an MKh-1303 spec t romete r  equipped 
with a sys tem equipped for di rect  introduction of the samples into the ionization chamber.  The spectra  
were obtained at ionizing voltages of 70 and 30 V and an admission tempera ture  of 30 ~ The high-resolution 
mass spectrum of 3-methyl -2-azaf luorene  was recorded with a JMS-01 CG-2 spec t rometer  with an automatic 
sy s t em for information processing.  

The synthesis and purification of II, V, and VI were ca r r i ed  out by the methods described in [7, 8]. Com- 
pounds I-III  were synthesized by a s imi la r  method. Compound VII was obtained by heating 2-azaf luorene with 
excess CH3OD in the presence  of CH3ONa on a boil ing-water bath for 10 h. At the end of the reaction,  the 
excess CH3OD was removed by vacuum distillation. The purity and individuality of the compounds were moni- 
tored by th in- layer  chromatography and the IR and PMR spect ra l  data. 
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D I P O L E  M O M E N T S  A N D  S T R U C T U R E S  

OF 1 , 5 - D I P H E N Y L - 3 - A R Y L - 2 - P Y R A Z O L I N E S  A N D  T H E I R  

F O R M Y L  D E R I V A T I V E S  

V .  D .  O r l o v ,  L .  A .  K u t u l y a ,  
A.  E .  S h e v c h e n k o ,  a n d  S.  N.  G o n c h a r o v  

UDC 543.52 : 547.778 : 541.67 

The dipole moments  of 1 ,5 -d ipheny l -3 -a ry l -  and 1 - ( p - f o r m y l p h e n y l ) - 3 - a r y l - 5 - p h e n y l - 2 - p y r a z o l i n e s  
were  measu red  in benzene solut ions at 25~ and were  es t imated  theore t ica l ly  by a combination of 
quan tum-chemica l  calculat ions by the se l f -cons i s t en t - f i e ld  MO method within the P a r i s e r - P a r r -  
Pople  approximat ion  and the vec to r -add i t ive  scheme.  It is shown that  polar iza t ion  of the N1-N2, 
Nl- -Car  , and C = N bonds makes  a s ignif icant  contr ibution to the resu l t ing  moment  of 1 ,3 ,5 - t r i -  
pheny l -2 -pyrazo l ine .  The introduction of an e l ec t ron -accep to r  aldehyde group in the p a r a  posit ion 
of the N-phenyl  r ing changes the polar iza t ion  of these  bonds substant ia l ly  and leads to the appea r -  
ance of cons iderab le  # interact ion.  When e lec t ron-donor  subst i tuents  a re  introduced into the 3- 
a ry l  grouping, one obse rved  a s i m i l a r  but weaker  effect  that changes regu la r ly  as the e l ec t ron -  
donor p r o p e r t i e s  of the subst i tuents  increase~ 

The pola r i ty  of molecules  containing a pyrazol ine  r ing has a l ready been the subject  of a number  of 
studies [1-5]. However,  the data on the moment  of the C =N bond in this sy s t em have been ex t r eme ly  con t r a -  
d ic tory up to now. No a t tempts  have been made to take into account the a s y m m e t r y  of the N1-N 2 bond. In [2, 
3] the applicat ion of a vec to r -add i t ive  scheme  for  the calculat ion of the dipole moments  of 5 - a r y l -  and 5 -he ta ry l  
der iva t ives  of 1 ,3 -d iphenyl -2-pyrazo l ine ,  based on the assumpt ion  of the coplanar i ty  of the en t i re  molecule ,  
cont rad ic t s  the r ea l  geomet ry  of these  s y s t e m s  (sp 3 hybridization of the he teror ing  5-C atom). A more  accura te  
idea of the po la r i ty  of t r i a r y l - 2 - p y r a z o l i n e s  and the fac tors  that de te rmine  it would be ex t r eme ly  useful for the 
elucidation of the c h a r a c t e r  of the e lec t ron  interact ions in such s y s t e m s  and its effect  on the phys icochemica l  
p r o p e r t i e s ,  and, pa r t i cu la r ly ,  the s pec t r a l - l uminescence  p rope r t i e s  of these  compounds.  

In the p r e sen t  r e s e a r c h  we at tempted to ref ine  and expand concepts  r egard ing  the e lec t ronic  s t ruc tu re s  of 
t r i a r y l - 2 - p y r a z o l i n e s .  For  this we measu red  the dipole moments  (Pexp) in benzene of two sys temat ic  s e r i e s  of 
compounds of this c l a s s  (see Table  1) and also es t imated  them theore t ica l ly  (Pcalc) by a combinat ion of a v e c t o r -  
additive scheme  with the quan tum-chemica l  calcula t ions  of some  of the molecules  by the se l f -cons i s t en t - f i e ld  
(SCF) MO method within the P a r i s e r - P a r r - P o p l e  (PPP) ~r-electron approximat ion (see Fig. 1, d i ag rams  a and 

b). 

In prev ious  calculat ions [2, 3] of the dipole moments  of 2 -pyrazo l ines  it was assumed  a p r i o r i  that the 
value of the r ing is de te rmined  p r i m a r i l y  by the momen t ' o f  the C =N bond, thereby ignoring the fact  that the 
conjugation of the amine ni t rogen a tom with the azomethine group should weaken the polar iza t ion  of the la t ter .  
At the same  t ime,  the polar iza t ion  of the C =N group i tself  was compIete ly  ignored in [6, 7] during an i n t e r p r e -  
tation of the s p e c t r a l - l u m i n e s c e n c e  p r o p e r t i e s  of t r i a r y l - 2 - p y r a z o l i n e s .  
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