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A number  of p -n i t rophenylhydrazones  of chalcones and 1-(p-ni t rophenyl) -  and 1 - (p - amino -  
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  synthesized,  and their  UV and IR spec t r a  were  
measu red .  It is shown that  the direct ion of polar iza t ion  in the v s y s t e m  of the ground and 
f i r s t  exci ted s ta tes  of the pyrazoI ines  depends substant ia l ly  on the c h a r a c t e r  and posit ion of 
the subst i tuents  introduced;  the exper imenta l  data  a re  compared  with the resu l t s  of ca lcu la -  
tion of the e lec t ronic  s ta tes  of the molecules  by the P a r i s e r - P a r r - P o p l e  (PPP) method. 
It was es tabl ished that the ni t ro compounds have luminescence  p rope r t i e s  and that their  
absorpt ion s pec t r a  in iner t  solvents have a v ibra t iona l  s t ruc ture .  
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One of the impor tan t  p rob l ems  in the c h e m i s t r y  of pyrazol ines  is the p rob lem of the par t ic ipat ion of the 
1- and 3 - a ry l  r ings  in conjugation with the hydrazone f ragment .  Despite the la rge  number  of publications on 
this p rob lem,  r e s e a r c h  (mainly spec t r a l  studies) in this d i rect ion is continuing. In our opinion, this is to a 
cons iderab le  extent  due to the ambigui ty  in the in te rpre ta t ion  of the chromophore  s y s t e m  of a ry l - subs t i tu ted  
ALpyrazo l ines .  A rev iew of some points of view with r e spec t  to this p rob l em was presented  in [1]. To sup-  
p lement  this,  it should be emphasized  that  in their  analys is  of the UV spec t ra  (par t icular ly  the long-wave 
absorption} r e s e a r c h e r s  mos t  often have in mind the 2 p z - V  interact ion of the hydrazone f r agmen t  [2-4]. 
Recent ly  in [5] it was shown by the Hiickel molecu la r  orb i ta l  (HMO) method that the t e r t i a ry  ni t rogen a tom is 
an e lec t ron donor both with r e s p e c t  to the 1 -a ry l  group and the azomethine group; however,  in this case  also 
the ent i re  attention of the r e s e a r c h e r s  is concentra ted  on polar iza t ion  of the hydrazone f ragment .  

In an a t tempt  to make a definite contr ibution to the development  of these concepts ,  we invest igated 
t r i a ry lpyrazo l ines  containing subst i tuents  with c l ea r ly  expressed  e lec t ronic  c h a r a c t e r  [for example ,  ni tro or 
amino groups (II and III, r e spec t ive ly ,  Table 1)] in the N-phenyl ring. For compar i son  we studied p - n i t r o -  
phenylhydrazones I, which a r e  i s o m e r s  of pyrazol ines  II. 

The long-wave absorpt ion is the mos t  sens i t ive  to the e lec t ronic  effect  of subst i tuents  in I - I I I ;  the in t ro-  
duction of a subst i tuent  in both the 1- and 3-phenyl  r ings  is re f lec ted  substant ia l ly  in the spec t ra .  

NO2. NH 2 

I a - f  II a - f  III a-d, :[ 

I - I I I  a R:H ; b R:Ct"I 3 ; c R:N(CH3) 2 ; ~ R=CI ; 6 R=NQ~ 

~" R=__CH=CH-- C6H5 

In the p r e s e n t  paper  we will d i rec t  pr inc ipa l  attention to p r e c i s e l y  the long-wave absorpt ion band. For  an 
understanding of its nature  it  is e x t r e m e l y  essen t i a l  that the t r i a ry lpyrazo l ine  molecules  are  c ross -con juga ted  
s y s t e m s ,  since the N(1 ) a tom is conjugated with the two v sy s t ems .  
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T A B L E  1. C h a r a c t e r i s t i c s  of the S y n t h e s i z e d  Compounds  

Corn- N found, N calc., Yield, 
pound rap, ~ % Empirical formula % olo 

Ia 
I[5 
Ic 
Id 
Ie 
If * 

lla 
lib 
Ilc 
IId 
II e 
tlf* 

I l l a  
l l lb 
IIIC 
IIId 
!llf* 

* With 

149--150 
148--149 

132 
141--142 

250 
164--165 

178 
167,5--168 

211--212 
174 

192--193 
202--203 
173--174 
153--154 
177--178 
164--165 
172--173 

12,3 
11,7 
14,6 
11,0 
14,5 
11,6 
12,2 
tl,8 
14,5 
11,2 
14,5 
l 1,4 
13,1 
12,9 
15,8 
12,1 
12,4 

a s t y r y l  r a t h e r  than an a r y l  

C21HIvN302 
Cu~HIgNsO2 
C2sH~2N402 
C21HI6CIN~02 
C2~H16N404 
C23HIgNaO2 
C~IHIvNaO2 
C22HIgN~O~ 
C23H22N40~ 
C2~H~6C1N~O2 
C21H[6N4O4 
C23HIgN~O2 
C21HIgN3 
C2~H21N3 
C23H24N3 
C21HIsClN3 
C23H~IN3 

subs t i t ue n t .  

12,2 
11,8 
14,5 
ll,l 
14,4 
11,4 
12,2 
l 1,8 
14,5 
ll,i 
14,4 
11.4 

12,9 
12,8 
15,7 
12,1 
12,4 

42 
40 
45 
60 
43 
69 

100 
100 
100 
100 
100 
100 
40 
38 
32 
35 
42 

A p e c u l i a r i t y  of c r o s s - c o n j u g a t e d  m o l e c u l e s  is  s t r o n g  i n t e r a c t i o n  of  the c h r o m o p h o r i c  s u b s y s t e m s  a and 
b with one a n o t h e r ,  which m a k e s  i t  p o s s i b l e  to i n t e r p r e t  the band under  d i s c u s s i o n  as  the a b s o r p t i o n  of the 
e n t i r e  con juga t ed  s y s t e m .  The c o n t r i b u t i o n  of  c h r o m o p h o r e s  a and b to the l o n g - w a v e  a b s o r p t i o n  depends  on 
t h e i r  p o l a r i z a t i o n  in the  g round  and e x c i t e d  s t a t e s  and t h e r e f o r e  depends  s u b s t a n t i a l l y  on the e l e c t r o n i c  c h a r a c -  
t e r  of  s u b s t i t u e n t s  R and R ' .  

An L~ v a l u e ,  which  c h a r a c t e r i z e s  the l o c a l i z a t i o n  of the e x c i t a t i o n  on the e h r o m o p h o r e  f r a g m e n t s  and 
can  a l so  be  u s e f u l  in  the  c a s e  of  A 2 - p y r a z o l i n e s ,  was  p r o p o s e d  in [6]. F o r  i t s  e v a l u a t i o n ,  the  m o l e c u l a r  d i a g r a m  
of  d i p h e n y l p y r a z o l i n e  in the g round  (2) and f i r s t  e x c i t e d  (3) s t a t e s  was c a l c u l a t e d  by the s t a n d a r d  P a r i s e r -  
P a r r - P o p l e  (PPP)  method  as  in [7]. 

I I ] I ~ N - - N = C ~  (3} ~ N  N C ~  (2) 
~ , / +  0/, 8/-, -0~ -0~0z,5 ~ ~+0~862 -0~381-0,00] 

The r e s u l t s , *  which have  to do p r i m a r i l y  with the e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  in the ground  and e x c i t e d  
s t a t e s ,  d i f f e r  s u b s t a n t i a l l y  f r o m  the d a t a  in [3, 4]. Both c a l c u l a t i o n s  a r e  in a g r e e m e n t  in the i n t e r p r e t a t i o n  of  
the c h a r a c t e r  of  the  l o n g - w a v e  a b s o r p t i o n ,  s i n c e ,  a s  s e e n  f r o m  d i a g r a m s  3 and 2, the v - ~ *  t r a n s i t i o n  unde r  
d i s c u s s i o n  i s  a c c o m p a n i e d  by d e l o c a l i z a t i o n  of the  e l e c t r o n  d e n s i t y  in two d i r e c t i o n s  in a c c o r d a n c e  with s c h e m e  
1 above .  A c c o r d i n g  to o u r  c a l c u l a t i o n s ,  the  d e g r e e  of  l o c a l i z a t i o n  on c h r o m o p h o r e s  a and b i s  ~ 3 0  and ~ 70%. 
The w ide ly  p r e v a i l i n g  c o n c l u s i o n  r e g a r d i n g  the p r e d o m i n a n t  sh i f t  of  the e l e c t r o n  d e n s i t y  in the N(1 ) --* C(3 ) 
d i r e c t i o n  in  1 , 3 - d i p h e n y l - A 2 - p y r a z o l i n e  i t s e l f  (or  in i t s  5 - a r y l - s u b s t i t u t e d  d e r i v a t i v e s )  is  c o n f i r m e d  by t h e s e  
da t a .  

U n f o r t u n a t e l y ,  the f a c t  of  the  sh i f t  of  the e l e c t r o n  d e n s i t y  f r o m  N0) to the a r y l  g roup  in the 1 p o s i t i o n  is  
f r e q u e n t l y  i g n o r e d ,  a l though i t  is  no t  d i f f i cu l t  to i m a g i n e  tha t  the  i n t r o d u c t i o n  of e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  
in th is  a r o m a t i c  r i n g  shou ld  s u b s t a n t i a l l y  i n t e n s i f y  p o l a r i z a t i o n  of  a n i l i ne  f r a g m e n t  a. This  is  r e f l e c t e d  in the 

UV s p e c t r a  of  II. Thus the i n t r o d u c t i o n  of  a n i t r o  g roup  in the  1 - p h e n y l  s u b s t i t u e n t  g i v e s  r i s e  to a 60 n m  
b a t h o c h r o m i c  sh i f t  of )~max of  the  l o n g - w a v e  a b s o r p t i o n  (kma  x 358 nm for 1 , 3 , 5 - t r i a r y l - A 2 - p y r a z o l i n e )  [8]). A 
Xma x v a l u e  of such  magn i tude  canno t  be  e x p l a i n e d  on the b a s i s  of concep t s  invo lv ing  the  p r e d o m i n a n t  p o l a r i z a -  
t ion in the d i r e c t i o n  of  the a z o m e t h i n e  g roup .  The c o m p l e x  c h a r a c t e r  of  the i n t e r a c t i o n  of c h r o m o p h o r e s  a and 
b is  we l l  i l l u s t r a t e d  by the UV s p e c t r a  of  o t h e r  compounds  of th is  s e r i e s  (Tab le  2): s u b s t i t u e n t s  with any 
type  of e l e c t r o n i c  c h a r a c t e r  g ive  r i s e  to a b a t h o c h r o m i c  sh i f t  o f  the  l o n g - w a v e  a b s o r p t i o n  band.  

/ / . _% 
+ 0 . 1 8 2 ~ §  0,305 - 0:224 + 0.023 ~ = /  r 0 , 2 6 9 ~ + 0 , 5 5 2  -0.417 - 0~037 ~ /  

The a m i n o  g roup  in the 4 p o s i t i o n  of the  1 - p h e n y l  s u b s t i t u e n t  (III) s h a r p l y  r e d u c e s  the  p o l a r i z a t i o n  of  th is  
c h r o m o p h o r i c  r i n g ;  th is  i s  we l l  i l l u s t r a t e d  by m o l e c u l a r  d i a g r a m s  4 and 5. 

As  s e e n  f r o m  t h e s e  d i a g r a m s ,  the  c h a r a c t e r  o f  the e l e c t r o n  d i s t r i b u t i o n ,  which  is  s i m i l a r  to the c h a r a c t e r  
of  the  d i s t r i b u t i o n  in 1 , 3 - d i p h e n y l - A 2 - p y r a z o l i n e ,  i s  r e t a i n e d  in the ground  s t a t e ,  but  in the f i r s t  exc i t ed  s t a t e  

*We thank A. A. Sukhorukov  and M. R e i n k h a r d t  fo r  t h e i r  a s s i s t a n c e  in the c a l c u l a t i o n s .  
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TABLE 2. 
Spec t r a  

L, o m -  [ 

pound 

la 

Ib 

lc 

Id 

If 

IIa 

IIb 

llc 

IId 

IIe. 

II f 

III a 

III b 

III c 

Illd 

lIlf 

E l e c t r o n i c  (Absorp t ion  and Luminescence ) .  and IR 

UV spectra 
a d s  

Xmax, nm (s "10 "~) 

in isooctane in ethanol 

405,385,333, 
304,245,237 
408,388,333, 
307,257,245 

460,294 

411, 391, 372* 
337, 309, 248, 

235 
434, 414, 385* 

317 
425, 401, 381" 

330, 300 
376, 305*, 252 

374, 305*, 255 

384, 370, 294, 
26O 

386, 335*, 256 

405, 273 

417 (38,8), 332* 
27O (15,4}, 
248 (14,3) 

425 (38,3), 340* 
275 (15,4}, 250* 

284 (12,5), 
247 (10,3), 

406, 308, 270 
420 (42,9), 
280 (23,3), 
245 (14,6) 

424, 322, 268 
433 (47,6), 
304 (18,3), 
240 (16,1) 

418, 339, 309, 
265*, 230 

422, 337. 310, 
265, 237 

452, 348, 322, 
272* 

421, 343*, 311. 
269*, 245", 235 

438, 332 

432, 342, 301, 
275, 247 

373, 337, 252 

372, 335*, 253 

370, 334,302*, 
258 

383, 335* 

403, 275 

k e r n  n m  
r f lax)  

in iso- 
octane 

i n  
ethanol 

IR spectra, v, cm "-r- 

NIl C=N DO:, NO~, 
as  s 

1325 

1330 

1320 

1330 

1320 
1320 

1320 

1310 

1320 

1315 

1310 

1310 

1520 t 

1520 t 

1525 r 

1520 T 

1520~ 

*Shoulder .  

t T h i s  is  the band of de f o r ma t i on  v i b r a t i o n s  of the NH 2 group.  

the e n t i r e  p h e n y l e n e d i a m i n e  f r a g m e n t  ac t s  as an e l e c t r o n  donor  with r e s p e c t  to the r e m a i n i n g  ~r s y s t e m .  This  
is  undoubted ly  due to the fac t  that  the d e g r e e  of the e l e c t r o n i c  effect  of the amino  group is  of the s a m e  o rde r  of 
magn i t ude  as in  the ca se  of the N(0 a tom of the molecu le .  The conc lu s ion  that  cha rge  is t r a n s f e r r e d  f rom the 
a r o m a t i c  r i n g  in  the 1 pos i t i on  to the r i n g  in  the 3 pos i t ion  is va l id  in  this  case .  Hence i t  becomes  c o m p r e -  
hens ib l e  why e l e c t r o n - d o n o r  s u b s t i t u e n t s  (IIIb, c) give r i s e  to a hypsoch romic  shif t :  they c o u n t e r a c t  the g iven  
p o l a r i z a t i o n  of the m o l e c u l e ,  as is  p a r t i c u l a r l y  g r a ph i c a l l y  d i sp layed  in  the c a s e  of d i m e t h y l a m i n e  d e r i v a t i v e  
HIc (Table  2). E l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  and l eng then ing  of the chain  (IIId, f) favor  the g iven  p o l a r i z a t i o n ;  
hence  one  o b s e r v e s  a r ed  sh i f t  in the band.  

On the ba s i s  of the above i t  can  be conc luded  that  the 1 ,3 -d ipheny lhydrazone  g roup ing  is a c r o s s - c o n j u -  
gated s y s t e m ,  both po r t i ons  of which,  b e c a u s e  of s t r o n g  i n t e r a c t i o n ,  a r e  r e s p o n s i b l e  to a c o n s i d e r a b l e  ex ten t  
for  the l ong -wave  abso rp t ion .  In this  s e n s e  one can  ca l l  this g rouping  the p r i n c i p a l  c h r o m o p h o r e  s y s t e m  of 
a r o m a t i c  h y d r a z o n e s  and p y r a z o l i n e s .  However ,  i t  should  a l so  follow f r o m  this that  such use fu l  concepts  as 
~charge  t r a n s f e r  f r o m  the 1 - a r y l  s u b s t i t u e n t  to the 3 - a r y l  s u b s t i t u e n t  n [1] o r  in the oppos i te  d i r e c t i on  a r e  va l id  
only  in  excep t iona l  c a se s  in  which the ef fec t  of  the s u b s t i t u e n t s  in t roduced  is  c o m p a r a b l e  to the e l e c t r o n i c  effect  
of the N0) a tom.  

Although in the p r e s e n t  r e s e a r c h  the p r i n c i p a l  e m p h a s i s  in  the ca l cu l a t i on  was p laced  on A 2 - p y r a z o l i n e s ,  
the above c o n c l u s i o n  appl ies  to an equa l  ex ten t  to the i s o m e r i c  a r y l h y d r a z o n e s .  A c e r t a i n  c o r r e c t i o n  should be 
in t roduced  by taking  into accoun t  the p r e s e n c e  in the hyd razones  of another  c e n t e r  of c r o s s - c o n j u g a t i o n  of the 
c a r b o n  a tom of the a z o m e t h i n e  group.  In addi t ion,  the g e o m e t r i e s  and r i g id i t i e s  of hydrazone  and p y r a z o l i n e  
m o l e c u l e s  a r e  s o m e w h a t  d i f f e ren t ;  in  the c a s e  of p y r a z o l i n e s  the hydrogen  a tom of the amino  group is s u b s t i -  
tuted by an a r a l k y l  g rouping ,  and this  should a lso  r e i n f o r c e  i ts  e l e c t r o n - d o n o r  p r o p e r t i e s .  As s een  f r o m  the 
da ta  in  Tab le  2, t hese  effects  a r e  on the whole i n s i g n i f i c a n t  and give r i s e  to only s m a l l  f luc tua t ions  in  the Xma x 
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Fig. 1. 

2;o 3~o s~o ,oo ,so~,~rn 

Absorption spect ra  of 1 - (4 -n i t rophenyl ) -3 -a ry l -5 -  
phenyl-A2-pyrazolines (H) in isooctane. 

values of the long-wave bands of compounds of the two ser ies .  At the same time, the shor t -wave regions of the 
UV spect ra  of hydrazones and pyrazolines differ to such an extent that in a number of cases  they can serve  as 
a basis for the identification of the class of compounds. 

On passing f rom isooctane to alcohol, a slight hypsochromic shift of kma x of the long-wave band is 
observed.  This fact contradicts the well-known c r i t e r i a  for the identification of ~ - ~ *  bands [9], but one should 
bear in mind the part icipation of the 2pz electrons of the N(1 ) atom in conjugation; alcohol, which forms in ter -  
molecular  hydrogen bond, weakens their interact ion with the 7r sys tem and thereby increases  the energy of the 
corresponding electron transition. This is confirmed by data according to which protonation of this atom com-  
pletely changes the charac te r  of the absorption. 

An interest ing pecul iar i ty  of 1- (4-n i t rophenyl ) -3-ary l -5-phenyl -A2-pyrazol ines  (IIa-f) that has not been 
previously  noted [5, 10] is the appearance of a vibrat ional  s t ruc ture  in the spect ra  of solutions in a nonpolar 
solvent (Fig. 1). The smal les t  t races  of mois ture  (up to the concentrat ion permiss ib le  in solvents provided by 
industry) level out this type of s t ructure .  This proper ty  is absent in the case of I and III. The overal l  half- 
width of the long-wave absorption (~ 4000 cm -1) and its position confi rm the validity of the conclusion regarding  
the appearance of a vibrational  s t ruc ture .  The difference in the frequencies of the maxima of the individual 
peaks (1280 cm -1) probably corresponds  to the frequencies of the stretching vibrations of the NO 2 group (Table 
2), the absorption bands of which in the IR spec t ra  have the maximum intensities.  

A second pecul iar i ty  of II is the fact that they have f luorescent  proper t ies  (Table 2) ; this also has not 
been observed previously [5, 10]. In addition, a basis for the reasons for the absence of f luorescence in the 
case  of pyrazol ines  containing a 1-nitrophenyl g roupwas  presented in [10]. The presence  in the nitro group of 
a aonradiat ive predissoc ia t ioa  t rans i t ion  at 5000 A, which was previously noted in [11, 12], was cons idered  
to be the principal  r eason  for quenching of the luminescence,  Without reject ing this conclusion in principle,  
we would like to d i rec t  attention to the fact that the luminescence bands of I Ia-f  lie at 490-510 nm, i.e.,  in the 
same region as for the 3-(nitrophenyl) derivative discussed in [10], which has luminescence proper t ies .  The 
rat io of the energies of the n - v *  and v - v *  levels consequently corresponds  to the requirements  that determine 
the f luorescence;  in other words,  the energies  of the n - v *  levels in I Ia-f  are  higher than the energies of the 
~r-Tr* levels.  

Pyrazol ines  I I Ia-f  (Table 2) also display luminescence proper t ies .  A pecul iar i ty  of the luminescence 
spec t ra  of solutions of these compounds in ethanol is the appearance of a vibrational  s t ructure .  The effect of 
the substituent in these spec t ra  is subject to the same principles as in the case  of the absorption spectra.  

The relat ive quantum yields were measured  for III (with 1,3,5-tr iphenylpyrazoline as the standard);  they 
were found to be re la t ively low, ranging f rom 0.21 to 0.25. 

The band of the s t re tching vibrations of the C = N group is one of the most  intense bands in the IR spec t ra  
of I and II, whereas its re la t ive  intensity is very  low in the spec t ra  of pyrazol ines  IIIa-f. This is probably due 
to the fact  that the nitro group promotes  polar izat ion of the C = N group, during which the moment of the t rans i -  
tion and the intensity of the band increase ,  whereas an amino group introduced into the 1 -a ry l  substituent has 
the opposite effect. 

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

The electronic  spec t ra  were measured  with a Specord spectrophotometer ,  the luminescence spec t ra  were 
measured  with a Hitachi MPF-2A spec t rof luor imeter ,  and the IR spec t ra  were measured with a UR-20 spec-  
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t r o m e t e r .  The r e su l t s  of e l e m e n t a r y  ana lys i s ,  the melt ing points,  and the yields of the compounds obtained 
a r e  p resen ted  in Tables  1 and 2. 

4 - R ' - C h a l c o n e  p -Ni t ropheny lhydrazones  (Ia-f}. These compounds were  obtained by the usual  method [13]. 

1 - ( p - N i t r o 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  (IIa-f).  Nitrophenyt hydrazones I a - f  were  cycl ized to 
pyrazo l ines  I I a - f  by the method in [14]. 

1 - ( p - A m i n o 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  (IIIa-f).  A 0 .01-mole  sample  of 1 - (p-n i t rophenyl ) -3-  
a r y l - 5 - p h e n y l - 2 - p y r a z o l i n e  (IIa-f) was dissolved by heating in 90 ml  of ethylene glycol in a th ree -necked  f lask 
equipped with a s t i r r e r ,  dropping funnel, and condenser ,  and ammonium hydroxide was added to the resul t ing 
solut ion to pH 8-9 (~ 10.5 ml). A solution of sodium hydrosulf i te  (14 g in 45 ml  of water) was added slowly 
dropwise  with s t i r r ing  at  110-125 deg C until  the mix tu re  turned lemon-yel low.  It  was then heated for another  
30 rain, a f t e r  which i t  was f i l te red,  and the f i l t ra te  was diluted with dilute ammon ium hydroxide until the mix-  
ture  was weakly alkaline.  Boiling water  was then added until the mix ture  became  turbid. The mix tu re  was 
cooled, and the resu l t ing  prec ip i ta te  was r emoved  by f i l t rat ion,  dr ied,  and chromatographed  on A1203 (elution 
with benzene).  The f rac t ion  with l uminescence  in UV light was col lected,  the solvent  was removed  with a 
r o t a r y  e v a p o r a t e r ,  and the res idue  was c rys t a l l i zed  f r o m  benzene.  
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