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It was demonst ra ted  by means  of the IR and PMR spec t ra  that 1 -pheny l -3 ,5 -d ia ry l -2 -pyrazo l ines  
that contain a grouping with a s t rong e lec t ron-accep tor  effect, viz. a 4-nitrophenyl or  4-naph-  
thalanhydride group or a 1,8-naphthoylene-lV,2t-beuzimidazole f ragment ,  in the 3 position under-  
go Vi lsmeier  formylat iou,  like unsubstituted 1 ,3 ,5- t r iphenyl -2-pyrazol ine ,  in the para  position 
of the 1-phenyl r ing.  An investigation of the spec t ra l - luminescence  proper t ies  of the synthesized 
1- (4T-formylphenyl ) -3 ,5-d iary l -2-pyrazol ines  showed that the introduction in the 1-phenyl ring 
of an e l ec t ron-accep to r  aldehyde group, which is infer ior  with respec t  to its acceptor  effect to 
the groupings in the 3 position of the heteror ing,  does not change the  nature of the long-wave 
absorption band. Substantial hypsochromic  and hypsofluoric effects as compared with the co r -  
responding 1-phenyl-unsubst i tuted compounds are  noted in the e lec t ronic  spec t ra  of these com-  
pounds. 

1 ,5 -Diphenyl -3-a ry l -2 -pyrazo l ines  that contain an e lec t ron-donor  substituent in the 3 -a ry l  group readily 
undergo Vi lsmeier  formylat ion in the para  position of the 1-phenyl r ing [1-3]. The activation of the N-phenyl 
group of these compounds is explained [1, 2] by its s t rong interaction with the e lec t ron pair  of the N 1 atom. 

In the present  r e s e a r c h  we studied the possibi l i ty of formylat ion of 1 -phenyl -3 ,5 -d ia ry l -2 -pyrazo l ines  
(I) that contain groupings with a s t rong e lec t ron-accep tor  effect in the posit ion: 

il~tl \~N ,C~ -C TM (CII~):NCHO, POCI 3 N ,~H_~Ar 
R/\N/ R \N / 

I CHO 

I- I I  a Ar=4-NO~CI~H4, R=%H~; II 

�9 ~-~_c ~~ 
R =4-CFI30 C6HA ' 

An intense absorpt ion band at 1680 and 1689 cm -1, respect ively ,  which can be assigned to the s tretching 
vibrations of the C ---- O bond of an aldehyde group, is observed in the IR spec t ra  of the products isolated in the 
react ion of In, b with dimethylformamide (DMF) in the presence  of phosphorus oxychloride.  In addition to this 
band, absorption corresponding to the s t re tching vibrations of a C -- N bond at 1600 cm -I and a number of other 
bands that are  cha rac te r i s t i c  for 1 ,3 -d ia ry l -2 -pyrazo l ines  [4] appear in the spect ra .  

The PMR spec t rum of the product of formylat ion of pyrazol iue la contains quartets  of nonequivalent p r o -  
tons of the 4 position {3.21 and 3.90 ppm, J g ~ = 1 7 . 4 ,  J45=6.1 and 12.4 Hz [5-8]), a 5-H quartet  {5.47 ppm), a 
singlet of a formyl  proton at 9.68 ppm, and~=~ult iplet  of phenyl protons (6.7-7.7 ppm). This constitutes evi -  
dence that under the conditions of the Vi lsmeier  react ion an aldehyde group is not introduced in the 4 position 
of the pyrazol ine r ing as assumed in [ 9] but ra ther  in the pa ra  position of the 1-phenyl ring, as in the case of 
other 1 ,5 -d ipheny l -3 -a ry l -2 -pyrazo l ines  [1-3]. Compounds Ib, c behave in the same way, although in the IR 
spec t ra  of the product of formylat ion of lc in both the solid state and in chloroform we were unable to clear ly 
observe an absorpt ion band of an aldehyde C = O  bond, which is ewdently overlapped by the C = O  band of the 
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TABLE 1. Charac te r i s t i c s  of I and [I 

C o m -  
p o u n d  

la 
Ib 
I c a 
I I a ,  

form A 

lla, 
form B 

Ilb 

~lle 

z 

181-- 9,( 
182 

185-- 9,(. 
186 

201 - - 6/ 
202 
283--- 9}, 
284 

~- Empirical 
formula 

a 

z 

C22HITNaOa ~0,i 

CntI tTNaOa 0, I 

C2s}lIsN204 6,3 ] 

C.35H~4N40~ 0,2 

Absorption in 
~-~ toluene 

Xma x, nm 

-- 445 
- -  495, 345 [19] 
- -  510, 340 [13] 
6C 435, 336, 

422; 317. 
327 b 

6C 435, 33d, 
422; 317. 

327 n 
5(: 482, 342 

83 497, 35O 

s �9 I0-4, 1 
liters' mole" �9 
c m  -1 

'2,16 
1,20; 1,58 [19] 
3,02; 1,9o [13] 
3,20; 2,30 

3,2o; 2,33 

2,68; 2,42 

2,74; 2,1o 

Fluorescence in 
toluene 

Xmax, ~uantum 
nm deld 

- - i i 6 /  . . . . . . . . .  2 _  

585 [19] 0,30 
600 [13] 0,90 [18] 
540 

! 

540 

i 

555 O,80 
1 
570 0,76 

[ 

aThe industrial ly produced luminophore with red luminescence,  
which is a mixture  of the 4-  and 5-substi tuted i somers ,  the spec t r a l -  
luminescence charac te r i s t i c s  of which a re  virtually the same [20]. 
The product (IIc) of formylat ton of this luminophore is also the same 
mixture of 4-  and 5-substi tuted i somer s ,  bData in isooctane.  

1 ,8 -naph thoy lene- l ' , 2 ' -benz imidazo le  grouping (at 1705 and 1694 cm -1 in KBr and in chloroform,  respect ively) .  
However, the analogy in the change in the e lec t ronic  absorption and f luorescence spec t ra  of II as compared with 
s tar t ing I for all eases  (see Table 1) makes  it possible to assume that they have a s imi lar  s t ruc ture .  

In various exper iments  under virtually unchanged conditions of synthesis we isolated [Ia in two fo rms :  
A br igh t - red  finely crysta l l ine  powder with mp 181-182~ (form A) and br ight -orange  acicular  c rys ta ls  with 
mp 185-186~ (form B). The IR spec t ra  of these fo rms  in the solid phase give coincident principal  bands that 
a re  cha rac te r i s t i c  for 1 ,3-diaryl -subs t i tu ted  2-pyrazol ines  but differ somewhat with respec t  to the relat ive 
intensities of the peaks at 700-900 em -1. Forms  A and B are  identical insolut ions and give identical absorp-  
tion and f luorescence spectra ,  as well as identical PMR spec t ra .  It may  be assumed that forms A and B are 
polymorphic  modif icat ions.  Polymorphie  forms are also charac te r i s t i c  for 1 ,3-diphenyl-5-(p-ehlorophenyl)-  
2-pyrazol ine  [10]. 

1bus we have established that the introduction of groupings with a s t rong e lee t ron-accep tor  effect in the 
3 posit ion of the pyrazol ine  ring does not change the specif ici ty of the formylat ion of l - p h e n y l - 3 , 5 - d i a r y l - 2 -  
pyrazol tnes .  Consequently,  in the ground state of these molecules  interaction of the e lec t ron  pair  of the N 1 
atom with the 7r-electron sys tem of the N-phenyl group is more  substantial than interact ion with the e lec t ron-  
acceptor  grouping in the 3 position. 

A compar i son  of the spec t ra l - luminescence  charae ter i t ies  of I Ia-c  with the data for the analogous I (see 
Table 1) shows that introduction of an aldehyde group in the para  position of the l -phenyl  r ing in Ia -c  gives 
r i se  to hypsochromic  and hypsofluoric  effects .  This principle is in agreement  with the concept [11-13] that 
the long-wave absorpt ion band of 1 ,3 ,5- t r iphenyl -2-pyrazol ine  and Ia -c  is due to in t ramoleeular  t r ans f e r  of 
charge f rom the C6Hs--N ~ grouping to the - N = C - A r  group. The aldehyde group substantial ly reduces  
the e lec t ron-donor  p roper t i es  of the aniline f ragment  of the investigated molecules ,  which somewhat hinders 
the indicated in t ramolecular  charge t r ans fe r  on passing to the excited state and is ref lected in the increase  
in the energy of the S0--S*l  t ransi t ion.  Thus the introduction of a second weaker  e l ee t ron-accep to r  substituent 
in the 1-phenyl ring in 2-pyrazol ine  der ivat ives  Ia-e,  which contain groupings with a strong e lec t ron-accep tor  
effect tn the 3 posit ion is not accompanied by a change in the charac te r  of the So ~ S * l  t rans i t ion  and the c o r r e -  
sponding long-wave absorpt ion band. This pr inciple  differs qualitatively f rom that observed [14] when an alde-  
hyde or other e l ec t ron-accep to r  group is introduced in the l -phenyl  ring of 1 ,3 ,5- t r iphenyl -2-pyrazol ine  or sub-  
stituted 1 ,3 ,5- t r iphenyl -2-pyrazo l ines  that contain substituents with a re la t ively  weakly expressed e lec t ronic  
effect in the 3-phenyl r ing.  In these eases  the nature of the S o --*S* t t rans i t ion  changes,  and this is responsible  
for the specific pecul iar i t ies  in the spec t ra l - luminescence  proper t ies  of compounds of this type.  

The effect of e l ec t ron-aceep to r  aryl  groupings in the 3 posit ion of the pyrazol ine ring on absorption and 
f luorescence  Xma x bands of I Ia -c  does not differ qualitatively f rom the effect in the Ia -c  se r i e s .  It should be 
noted that the conclusions regard ing  the cha rac t e r  of the in t ramolecular  e lec t ron interact ions in t r i a r y l - 2 -  
pyrazol ines  that we drew in this paper  and in previous communicat ions [1, 2, 15] make it possible to prec ise ly  
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Fig. 1. Absorpt ion s p e c t r a  in toluene:  1) IIa; 2) [a; 3) IIc. 

de t e rmine  the r ea sons  for  the significant ba thochromic  and bathofluoric  effects  due to e l ec t ron -accep to r  sub-  
s t i tuents  introduced in the 3-phenyl  r ing.  We cannot agree  with the a s sumpt ion  [11] that this pr inciple  is due 
to the cooperat ion of the e l e c t r o n - a c c e p t o r  subst i tuents  in the 3-phenyl r ing and polar iza t ion  of the c h r o m o -  
phore  s y s t e m  of the molecule  in the ground s ta te ,  it follows f r o m  [1, 2, 14, 15] that  the predominant  e lec t ron ic  
shifts in the 1 ,3 ,5 - t r ipheny l -2 -pyrazo l ine  molecule  in the ground (to the 1-phenyl ring) and excited (to the 3-  
phenyl ring) s ta tes  p roceed  in opposite d i rec t ions ;  accord ing  to the r e su l t s  obtained in the p resen t  r e s e a r c h ,  
e l e c t r o n - a c c e p t o r  subst i tuents  in the 3-phenyl  r ing do not substant ia l ly  change the c h a r a c t e r  of the e lec t ronic  
in terac t ions  in the ground s ta te .  The above- indica ted  s t rong  effect  of such subst i tuents  on ~-max of the long-  
wave absorp t ion  band and the f luorescence  band should t he re fo re  be a sc r ibed  to the fact that they p romote  the 
e lec t ron ic  shifts  that  a r e  c h a r a c t e r i s t i c  for  the exci ted S* t s ta te  ( in t ramolecular  t r a n s f e r  of charge  f r o m  the 
aniline f r agmen t  to the a ry lazometh ine  group) by lower ing the energy  of this s ta te .  

The weak in terac t ion  of the c ro s s - con j ug a t ed  aniline and hydrazone f r agmen t s  of the I Ia -c  molecu les  due 
to the eounterpolar iz ing  effects  of the e l e c t r o n - a c c e p t o r  groupings in both f r agmen t s  in the ground s ta te  may  
be mani fes ted  in an inc rease  in the probabi l i ty  of the e lec t ron  t r a n s i t i o n s  cor responding  to local  excitat ion.  
Thus,  in cont ras t  to [a, a second band of comparab le  intensi ty appea r s  in the spec t rum of IIa, in addition to 
the long-wave absorp t ion  band (see Fig. 1). With r e spec t  to its c h a r a c t e r i s t i c s  (position, intensity,  and the 
development  of a vibrat ional  s t ruc tu re  in isooctane) it is s im i l a r  to the long-wave ~,~* band of p -d ime thy l -  
aminobenzaldehyde (Xma x 320 nm in isooetane [14]). Consequently,  the t r ans i t ion  cor responding  to this band 
is local ized p r i m a r i l y  in the fo rmy l - subs t i t u t ed  aniline f r agmen t  and is cha rac t e r i zed  by a shift of the e lec t ron  
densi ty  f rom the he t e ro r ing  N 1 a tom to the aldehyde group.  A s i m i l a r  band, which, however ,  is shifted batho-  
chromica l ly  somewhat  as compared  with the band of IIa, is Mso obse rved  in the absorp t ion  spec t r a  of a lde-  
hydes IIb, c (Fig. 1), although in these  cases  absorp t ion  in the s p e c t r a  of the s ta r t ing  2 -pyrazo l ines  Ib, e (see 
Table 1), which is evidently assoc ia ted  with local  exci ta t ion of the a ry l  grouping in the 3 posi t ion,  is a lso  p r e s -  
ent in the s a m e  region.  

Compounds lib, c, which f luoresce  in the yel low and orange regions  of the spec t rum,  r e spec t ive ly ,  with 
high quantum yie lds ,  may  find appl icat ion as organic  ]uminophores  for  coloring p o l y m e r i c  m a t e r i a l s ,  in c o m -  
posi t ions  for  luminescence  defeetoscopy,  etc.  [ 16]. Aldehyde IIa is cha r ac t e r i z ed  by re la t ive ly  w e a k l u m i n e s -  
eenee; this  is in a g r e e m e n t  with the concept [17] of the quenching effect of a ni t ro  group in a roma t i c  compounds.  

Compound IIb, which contains an anhydride grouping, d i sso lves  in a lkal is  to give the cor responding  sal ts  
of 4 - [1 - (p - fo rmy lpheny l ) -5 -pheny l -2 -py razo l i n -3 -y l ]  naph tha l ene - l , 8 -d i ca rboxy l i c  acid.  These sa l t s  a r e  soluble 
in wa te r  and f luoresce  intensely in a s h o r t e r - w a v e  region of the s p e c t r u m  as compared  with anhydride IIb (for 
example ,  the f luorescence  kma x of the sodium sal t  in wa te r  is 510 rim). The sho r t -wave  shift of the f l u o r e s -  
cence spec t rum of the salt  as compared  with the spec t rum of Ilb is evidently a consequence of the weaker  e l e c -  
t r o n - a c c e p t o r  p r o p e r t i e s  of the naph tha l ene - l , 8 -d i ea rboxyHc  acid dianion grouping as compared  with the napth-  
thalanhydride  group.  These sa l ts  can be used as w a t e r - s o h b l e  organic luminophores  with ye l low-green  l u min es -  
cence.  

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

The IR s p e c t r a  of the synthesized compounds at 700-3800 cm -t  (NaC1 and LiF p r i s m s )  were  r eco rded  
wi~h a UR-20 s p e c t r o m e t e r .  The PI~TR s pec t r a  of solutions of the compounds in CDC13 were  r eco rded  with a 
Tes la  BS-487 s p e c t r o m e t e r  (80 MHz) with t e t r ame thy l s i l ane  as the internal  s tandard .  The absorpt ion  and 
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f luorescence  spec t r a  were  r eco rded  by the method in [2]. The f luorescence  quantum yields  were  de te rmined  
by the equa l - abso rp t ion  method re la t ive  to 4 - (1 ,5 -d ipheny l -2 -pyrazo l in -3 -y l ) -N-pheny lnaph tha l imide  (quantum 

yield 0.7) [18]. 

1 - ( p - F o r m y l p h e n y l ) - 3 - ( p - n i t r o p h e n y l ) - 5 - p h e n y l - 2 - p y r a z o l i n e  (IIa). This compound was obtained by 
fo rmyla t ion  of Ia [ 8] with d ime thy l fo rmamide  (DMF) in the p r e sence  of phosphorus  oxychloride by the method 
in [9]. The yield was 60%. The reac t ion  product  was purif ied by ch romatography  of a benzene solution on 
a luminum oxide with subsequent  r e c ry s t a l l i z a t i on  f r o m  tsopropyl  alcohol.  In var ious  expe r imen t s  we obtained 
f o r m  A as  a b r i g h t - r e d  finely c rys ta l l ine  powder with nap 181-182~ and f o r m  B as b r igh t -o range  ac icu la r  
c r y s t a l s  with mp 185-186~ 

4- [1 -  ( p -Fo r m y l pheny l ) -5 -pheny l -2 -py razo l i n -3 -y l ]naph tha l i c  Anhydride (IIb) and 4 (5)-[ ! -  ( p - F o r m y l -  
p h e n y l ) - 5 - a n i s y l - 2 - p y r a z o l i n - 3 - y l ] - l , 8 - n a p h t h o y l e n e - l T  ,2V-benzimidazole (gc). These  compounds were  ob- 
tained in the s ame  way as IIa by fo rmyla t ion  of, r e spec t ive ly ,  Ib [19] and Ic (the industr ia l ly  produced lumino-  
phore  with red luminescence) .  The reac t ion  product  a f te r  hydro lys i s  of the in te rmedia te  complex was r e -  
moved by f i l t ra t ion,  washed with wa te r  until the wash wa t e r s  were  neut ra l ,  and dr ied .  The products  were  
purif ied by ch roma tog raphy  of the benzene solutions on a luminum oxide with subsequent  r ec ry s t a l l i z a t i on  
f r o m  e t h a n o l - c h l o r o b e n z e n e  (10 : 1). The c h a r a c t e r i s t i c s  of the products  a re  p resen ted  in Table 1. 

The authors  thank I. D. Kal ikhman for  r ecord ing  the PMR spec t r a .  
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