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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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TABLE I. Dipole Moments of 2 -Pyrazo l ines  of the General  Formula  
RL 

H2c--CH 
C6H~ 

Com- 
pound 

I 
II 

IIl 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 

CHO 

R' 

H 
CH3 
OCHa 
N(CH3)2 
CI 
NO2 
H 
CH.~ 
OCHa 
N (CHa) 2 
CI 
NO~ 
Phenyt 
Styryl'~ 

73 
12,8 0,61 
17,5 0,90 

42,9 174 
52,7 1,17 
55,9 1,10 
62,3 1,41 
86,7 1,15 
42,2 1,42 
44,5 1,80 
46,1 1,50 
53,9 0,63 

MR1), 
C ITI 3 

98,2 
99,8 

106,7 

99,2 
98,2 

102,8 
104,4 
111,36 
103,0 
103,8 
122,4 
106,9 

P~, 
ClT1:3 

217,8 
281,4 
345,3 

706,4 
849,8 
903,7 
993,7 

1364,6 
699,69 
725,5 
768,6 
893,2 

~exp 

2,58" 
~,42 
2,98 
3,41 
3,39* 
5,45 
6,06 
6,25 
6,59 
7,82 
5,39 
5,5l 
5,62 
6,20 

tlcalc 

2,60 
2,52 
2,81 
2,71 
3,4i 
5,34 
5,86 
6,03 
6,15 
6,59 
5,42 
5,62 

* Data from [2]. 
The aryl  group in the 3 position of the pyrazoline ring was r e -  

placed by a s tyryl  group. 

A 1 000 1 008 b 1~001 1,000 

0 990 0 ) 9 7 1 1 ~  , 948 2,992 I ~,042 11089 

0)703 380 

F i g .  1. 7 r -E lec t ron  d i s t r i b u t i o n  in: 
a) 1 , 3 , 5 - t r i p h e n y l p y r a z o l i n e  (1), ~ = 
2.6 D, c~ = 70~ b) 1 - ( p - f o r m y l p h e n y l ) -  
3 , 5 - d i p h e n y l - 2 - p y r a z o l i n e  (VII), Pt = 
6.74 D, f i=55~ #2=4.82 D, T=20~ 

Our  c a l c u l a t i o n  of the  ~ - e l e c t r o n  d i s t r i b u t i o n  in the  con juga t ed  p l a n a r  [8] f r a g m e n t  of the  1 , 3 , 5 - t r i p h e n y l -  
2 - p y r a z o l i n e  (TPP)  m o l e c u l e  (see '  F ig .  1, d i a g r a m  a) c l e a r l y  shows tha t  the  f a c t o r s  i nd i ca t ed  above  p l ay  an 
e x t r e m e l y  i m p o r t a n t  r o l e .  M o r e o v e r ,  as  e x p e c t e d ,  the  ~ - e l e c t r o n  p o l a r i z a t i o n  of  the  N t - C a r  and N I - N  2 bonds ,  
which  was  p r e v i o u s l y  d i s r e g a r d e d  by e v e r y o n e ,  is  e x t r e m e l y  s i g n i f i c a n t .  The  7r componen t  of the  d ipo le  m o m e n t  
of T P P  was  found to be 1.63 D with the  v e c t o r  d i r e c t e d  at  an angle  of 68 ~ to the  N 1 - C a r  ax i s  (the Y ax i s ) .  A l -  
lowance  for  the  ~ c o m p o n e n t  was  made  by v e c t o r  add i t i on  of the  bond m o m e n t s  t aken  f r o m  [9]. The  to t a l  va lue  
was  2.3 D, which  is  ~ 0.3 D l o w e r  than #exp of  T P P .  C o n s i d e r i n g  tha t  the  p o r b i t a l  of the  N 2 a tom l i e s  in the  
p l a n e  of the  h e t e r o r i n g ,  one may  a s s u m e  the  d e v e l o p m e n t  of i t s  a s y m m e t r y  and,  as  a c o n s e q u e n c e ,  the  a p p e a r -  

ance  of  e l e c t r i c a l  m o m e n t  pp. We t h e r e f o r e  a s s u m e d  a Vector  d i f f e r e n c e  ~texp- ( ~ t a + ~ )  = p p = 0 . 3  D. 

D i a g r a m  a in F ig .  1 a l so  shows tha t ,  d e s p i t e  the  c o n s i d e r a b l e  d e l o c a l i z a t i o n  of the  p e l e c t r o n s  of the  a m i n e  

n i t r o g e n  a t o m s  in the  N t - C  3 d i r e c t i o n ,  the  p o l a r i z a t i o n  of the  C =N bond r e m a i n s  s i g n i f i c a n t  (PC = N  = 0.97 D). 
The  m o m e n t  of the  C =N bond is  much  l o w e r  than the  va lue  a s s u m e d  in [2, 3] fo r  the  c a l c u l a t i o n  of the  p v a l u e s  
of T P P  d e r i v a t i v e s  ( ~ C = N = 2 . 4 - 2 . 4 7  D) and s o m e w h a t  l o w e r  than  the PC =N va lue  (1.5 D) used  in [10] for  the  
c a l c u l a t i o n  of  the  m o m e n t s  of  a h y d r a z o n e  s t r u c t u r e .  The  m o m e n t  of the  N I - N  2 bond (p~), which  we  ob ta ined  
f r o m  the  d a t a  in the  m o l e c u l a r  d i a g r a m ,  is  2.22 D, as  c o m p a r e d  wi th  1.8 D fo r  the  N 1 - C a r  bond (Pv) .  Thus  
t h e s e  two bonds  a r e  m a x i m a l l y  p o l a r i z e d  in the  T P P  m o l e c u l e .  The  t o t a l  m o m e n t  of T P P  was found to be 
d i r e c t e d  at  an angle  a of - 70 ~ to  the  Y ax i s  ( see  F ig .  1, d i a g r a m  a). 
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Thus the # vector ,  at least  in the T P P  molecule,  is actually close in direction to the axis of the C = N 
bond; however, this is not responsible  for the predominant contribution of the moment of this bond but ra ther  
is the resul t  of the addition of severa l  dipoles, p r imar i ly ,  N ~ - C a r  , NI--N2, and C =N. 

It should be noted that the calculation of the p values of 3 -a ry l  derivatives of TPP  by the vector-addi t ive  
scheme with the application of the p values of TPP  and the 2 -a ry l  grouping (II-VI, Table 1) confirms the 
co r rec tnes s  of the calculated p components and the orientation of the resul t ing vector .  The introduction of 
substituents with a weakly expressed electronic effect (CH3, OCH3, CI) has little effect on the electron dis tr ibu-  
tion in the pyrazol ine ring, a consequence of which is the good agreement  between Pexp and Pcalc" The 
dimethylamino group (IV) enters  into s t rong conjugation with the C = N bond, intensifying the polarization of the 
la t ter ;  this is ref lected in the significant interaction moment (pint = 0.85 D). On the other hand, the counter -  
polarization effect of the nitro group (VI) with respec t  to the C = N bond determines the relat ive autonomy of the 
nitrophenyl grouping and the absence of a substantial difference in the Pcalc and Pexp values.  

The data obtained on the electronic interactions in the TPP  derivatives are in good agreement  with their  
chemical  proper t ies .  Thus formylat ion is directed s t r ic t ly  to the para  position of the N-phenyl group [11], and 
even the introduction of a ni tro group in the 3-phenyl r ing (VI) does not lead to substantial deactivation of the 
molecule in this react ion (XII was obtained by di rec t  formylation of VI). The impossibili ty of the introduction of 
a formyl  group in the benzene r ing in the 3 position of the pyrazol ine ring, which was noted in [12], is due to the 
deactivating effect of the azomethine grouping. 

It might have been expected that the introduction of an e lec t ron-accep tor  aldehyde group, which is capable 
of entering into direct  polar  conjugation with the amine nitrogen atom of the heteroring [11, 13], in the N-phenyl 
radical  of the investigated molecules would substantially affect the e lec t r ica l  a symmet ry  of the pyrazoline ring. 
As seen from Table 1, formyl-subst i tu ted TPP  (VII) is an ext remely  polar compound (Pexp = 6.06 D). The Pcalc 
value of VII, calculated by the additive scheme on the basis of the p value of TPP  (2.6 D) and the p value of CHO 
(2.96 D [9]), is 4.45 D, i.e., considerably lower than #exp" In this case Pint for VII (2.02 D) was found to be even 
lower than gint ofp-dimethylaminobenzaldehyde (1.53 D [9]), which, in our opinion, is due to the more  complex 
charac te r  of the electronic sys tem of 2-pyrazol ine  derivat ives.  In the investigated formyl  derivat ives,  in 
addition to the direct  polar conjugation of the amine nitrogen atom with the aldehyde group, which is responsible 
for the Pint value of p-dimethylaminobenzaldehyde,  weakening of the ~-electron delocalization in the N~ ~C 3 
direction and an increase  in the dipole of the C =N bond are also important;  this affects #int in nonexplicit form. 

We were able to take this set of effects into account by quantum-chemical  calculation of the ~-electron 
distribution in the VII molecule (Fig. 1, diagram b}. The ~ component of the moment of this molecule was found 
to be 4.4 D (both planar orientations of the formyl  group were assumed to be equally likely in the calculation*).  
The contribution of #~ (1.34 D} and pp (0.3 D) makes it possible to est imate the Pcalc value of VII to be 5.86 D, 
which is in good agreement  with #exp, i.e., the combination of vector-addi t ive and quantum-chemical  calcula-  
tions in this case  also makes it possible to rel iably est imate the polari ty of the compounds. 

As seen from the data in Table 1, the Pcalc value is in good agreement  with the Pexp value for  3 -a ry l  
derivatives VII (VIII-XII) if the moments of VII and the corresponding aryl  group are  used in the vector-addi t ive 
calculations.  In this case the regular i ty  typical for conjugated sys tems is observed:  Whenan e lec t ron-accep tor  
formyl  group is present ,  the introduction of e lec t ron-donor  substituents leads to an increase  of A~= ~exp - Pcalc. 
As in the c a s e  of IV, in this se r ies  of compounds one should speak of re inforcement  of the polarization of the 
arylazomethine f ragment  r a the r  than charge t ransfer  f rom the 3 -a ry l  group to the 1 -a ry l  group. However, 
there  is no doubt that the presence  of an e lec t ron-aceeptor  aldehyde group in the 1-phenyl group promotes  
polarizat ion of the phenylazomethine grouping by e lec t ron-donor  substituents (for example, compare  the ~p 
values of IV and X). The introduction of an e lec t ron-acc#ptor  nitro group in the 3-phenyl group of the formyl  
derivative of TPP ,  as in the case of VI, does not lead to a substantial  change in the electron distribution in the 
s tar t ing molecule. 

Lengthening of the conjugation chain by introduction of a s tyryl  group in the 3 position of the pyrazoline 
ring (XIV), in conformity  with principle,  increases  the p value, whereas lengthening of this chain by introduction 
of a diphenylyl grouping gives r i se  to a decrease  in the p value. The latter is most likely a consequence of the 
effect of s ter ic  factors  due to disruption of the planari ty of the diphenylyl grouping itself. 

Thus the e lectron distribution in the pyrazoline ring is subject to considerable perturbation under the 
influence of e lec t ron-accep tor  substituents in the 1-phenyl r ing or of s t rong e lec t ron-donor  groups in the 3- 

* The dipole moments (#1 and P2) of both conformers  due to the different orientations of the formyl  group are 
presented in diagram b in Fig. 1. 
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phenyI r ing or when both of these subst i tuents  a re  p re sen t  in the molecule.  At the s ame  t ime,  e l ec t ron -  
aceep tor  subst i tuents  in the 3-phenyl  r ing do not in terac t  substant ia l ly  with the pyrazol ine  ring. R follows f rom 
this that  the s t ronge r  effect  of e t e c t r o n - a c c e p t o r  subst i tuents  in the 3-phenyl  r ing,  as compared  with the 1- 
phenyl r ing,  on the s p e c t r a l  c h a r a c t e r i s t i c s ,  which was noted, for example ,  in [7], is not associa ted  with a 
cor responding  change in the e lec t ron  dis tr ibut ion in the ground state  in the molecules .  

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

The dipole moments  were  measured  by the method descr ibed in [14] at 25 • 0.0t ~ in dilute solutions in 
benzene.  

The ~-e lec t ron  distr ibution in the conjugated f ragment  of the T P P  molecule  was calculated by the SCF 
MO method within the P P P  T-e lec t ron  approximat ion f rom the p r o g r a m  in [15]. The following s e m i e m p i r i e a I  
p a r a m e t e r s  were  used [16]. P b e n z = - 2 . 4  eV,/~C-C = - 2 . 1  eV, ~C = 0  = - 3 . 3  eV, tiC = ~ = - 3 - 0  eV flC_~ = - 2 . 5  eV, 
B~_1<I=--2.5 eV;1, C = 11.13 eV, YO = 15o23 eV, y1~=13 eV, y ~ = 1 3  eV; W ~ = - t t . 1 6  eV, W ~ ) = - 1 7 . 7  eV, W ~ = -  
14 eV, W~ = -  20 eV. The bond lengths and valence angles f rom data f rom the x - r a y  diffract ion analys is  of 1,3- 
d iphenyl -2 -pyrazo l ine  [8] were  used in the calculat ions.  

Compounds II and III were  obtained by the method in [17] and purif ied by two rec rys t a l l i za t ions  f rom 
h e x a n e - b e n z e n e  with a luminum oxide. The mel t ing points were ,  respect ive~% 151.5-152 ~ and 139-140 ~ imp 
154 and 141 ~ (from acetic  acid) [17]]. Compound VI was obtained by refluxing equimolar  amounts of 4 -n i t r o -  
chatcone and phenylhydrazine hydrochtoride in ethanol for  12 h and had mp 177-178 ~ (from ethanol) (mp 177 ~ 
[18]). 

The synthes is  of IV, VII-XI,  XIII, and XIV was descr ibed  in [11, i f ,  19]. 

1 - (p -Fo rmylpheny l ) -2 - (p -n i t ropheny l ) -5 -pheny l -2 -py razo l ine  (XII). This  compound was obtained in 59% 
yield by formyla t ion  of VI with d imethy l fo rmamide  in the p r e s e n c e  of phosphorus  oxychloride by the method 
descr ibed  in [11]. The reac t ion  product  was purif ied by chromatography  of a benzene solution on aluminum 
oxide, a f te r  which it was conver ted  to the bisulfi te der iva t ive ,  which was washed with alcohol and decomposed 
by refluxing with 10% sodium carbonate  solution. The resul t ing  XII was obtained as b r igh t - r ed  c rys t a l s  with 
mp 181-182 ~ af ter  two r cc rys t a l l i z a t i ons  f rom isopropyl  alcohol. Ill spec t rum:  ~C =O 1680, ~C = N 1600 cm -1, 
and other  cha r ac t e r i s t i c  bands in conformi ty  with [20]. Found: N 9.61%. C22H17N303. Calculated:  N 10.13%. 

The authors  thank A. A. Sukhorukov for his a s s i s t ance  in the quan tum-chemica l  calculat ions.  
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R E S E A R C H  ON I M I D A Z O [ 1 , 2 - a ] B E N Z I M I D A Z O L E  D E R I V A T I V E S  

XV.* 2-ACYL-SUBSTITUTED IMIDAZO[1,2-a]BENZIMIDAZOLES 

Y u .  V .  K o s h e h i e n k o ,  G .  M.  S u v o r o v a ,  
a n d  A .  M.  S i m o n o v  

UDC 547.785.5.07 

2 -Acy l - subs t i tu t ed  3-methy l (phenyl ) -9-methy l imidazo[1 ,2-a ]benz imidazo les  were  synthesized by 
th ree  methods:  by the reac t ion  of a -h a lo  ketones with 3 - b e n z o y l - 2 - i m i n o - l - m e t h y l b e n z i m i -  
dazoline,  by react ion  of acet ic  anhydride or  acetyl  b romide  with 1 -me thy t -2 -phenacy l aminobenz -  
imidazole ,  andby acylat ion of 3-subst i tu ted  imidazo[1 ,2-a]benzimidazoles .  Some of the p rope r t i e s  
of the resu l t ing  2 -acy l - subs t i tu ted  compounds were  studied. 

The synthes is  of 2 -acy l - subs t i tu t ed  imidazo[1 ,2-a]benzimidazoles  (III) by heating 3 - b e n z o y l - 2 - i m i n o - 1 -  
methylbenzimidazol ine  (I) with a -ha l o  ketones in d imethy l fo rmamide  (DMF) at 80-90 ~ for 16-20 h was descr ibed  
in [2]. 

COC~fl s 

i N "  

e l t  3 

COC~H 5 
-HBr 

Br CII2COR ~ I ~ N  CH~ COR - ~ '~N---7" fcBd~ J H | h 

[ [ 
CH3 CH 3 

I1 a,  b I l ia,  b 

II, I I I a  R=Ctl3; b R=C6ti s 

As shown in the scheme  above,  the synthes is  of 2 - acy l  der iva t ives  of imidazo[1,2-a]benzimidazole  (lid 
p roceeds  through a step involving the format ion  of N-(acylmethyl ) imine  sal ts  (II). The la t ter  can be obtained by 
the action of a -ha lo  ketones on imine I in absolute DMF at room t e m p e r a t u r e .  Incorporat ion of the phenacyl 
grouping in the imino group was conf i rmed by convers ion  of hydrobromide Ilb to 1 -me thy t -2 -phenacy lamino-  
benzimidazole  (X) by t r e a t m e n t  with dilute sodium carbonate  solution. 

The IR s p e c t r a  of IIIa and IIIb contain a dist inct  v C =O band at 1619 and 1690 cm -1, r e spec t ive ly .  The 
s ignals  of protons of the COCH 3 and N - C H  a groups in the PMR spec t rum of 2 -acc ty l  der iva t ive  IIIa show up in 
the fo rm of s ingtets  with identical  Intensi t ies  at 2.1 and 3.77 ppm. The signal of the protons of the N-methyl  
group of 2-benzoyl  der iva t ive  IIIb is observed  at 3.7 ppm. In addition to the chief  reac t ion  products  III, thei r  
i s o m e r s  (VI), which hinder purif icat ion of the final product ,  a re  formed in 5-10% yield.  The format ion of 
i somer i c  3 -acy l  der iva t ives  of imidazo[1 ,2-a]benzimidazole  (VD is due to pa r t i a l  i somer iza t ion  of imine I [3] to 
2-benzamido  der iva t ive  IV during the reac t ion ;  the la t ter  on reac t ion  with c~-halo ketones undergoes qua te rn iza-  
tion at the r ing ni t rogen atom to give sa l t s  V, which a re  subsequently conver ted  to the previous ly  d e s c r i b e d  [4] 
VI. 

* See [1] for communication XIV. 
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