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The existence of an ortho effect in 1-phenyl-5-subst i tu ted pyrazoles is proved by analyzing the UV and 
fluorescent spectra of a number of 1-phenylpyrazoles .  The effect leads to destruction of the coplanari ty  of 
the phenyl and pyrazole rings. 

The UV spectra of 1-phenylpyrazoles  substituted a t  position 5 differ markedly from those substituted at position 3 
or 4, by their  absorption max imum being more on the short wave side (Tab le  1). As a chromophore,  pyrazole i tself  a b -  
sorbs in the region 210 mE, lg s 3 .9  [1]. Substitution at position I by a phenyl substituent leads to conjugation of the 
~r e lect ron systems, and this naturally shows itself  by a marked bathochromic shift of the max imum and a considerable 
increase in intensity of absorption(Xma x 281 mE, lg ~ 4.41 [2 ] ) .  When there is any substitution at position 3 or 4 in the 
1-phenylpyrazole  ring, the spectrum changes in just the same way that the spectrum of benzene [8, 4] or pyridine [5] 
changes on substitution. The values for the bathochromic shifts (Tab le  2) are close to those for benzene compounds. 

Table  1 
UV Spectra of 1-Phenylpyrazoles (in Methanol) 
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4.41 
4.4O 
4.25 
4.15 
4.01 
4.28 
4.21 
4.10 
4.32 
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4.20 
4.32 
4.16 
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4.09 
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* A wel l -def ined  max imum was not found in the region invest igated.  
See [10] regarding the possibili ty of using data  of that kind for c a l c u l a -  

tions. 

In the case of 5-substituted 1-phenylpyrazoles ,  introduction of e lec t ron-donat ing  and of e l ec t ron-accep t ing  sub- 

stituents at position 5 led to shift of the absorption max imum to the shortwave side, with a hypsochromic effect  (for 1 -  
pheny l -5 -ca rboxy l i c  acid lg s 3 .90,  while for 1-phenylpyrazole  i tself  lg s 4 .41) .  This can be at tr ibuted to the d i sp l ace -  

*For Part LII see [19]. 
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merit of the benezene ring from coplanarity (ortho effect) by the substituent. 
of 2-substituted 1-phenylpyrroles [6]. 

Table 2 

Value of the Bathochromic Shift in m~ 
for Different Substituents at Positions 3 
and 4 in the Pyrazole Ring of 1-Phenyl-  

pyrazole 

S ubstituent 
Position 

CHa +5 
C1 +5 

COOH + 12 
OH +20 

NHCOCHa +23 
CsHs + 27 
NH~ + 33 

+9 
-+11 
+25 
+24 

+31 

This kind of effect is known in the case 

Usually the departure of aromatic systems from coplanarity is assessed 
by the intensity of the hypsochromic effect (Braude equation) [5, 9]; 

~--- = cos  2 0 
8 ~ 

Angles | have been calculated from the data of Table 1 for various 5-sub- 
stituted 1-phenylpyrazoles (Table  3). The starting point when calculating 
was the planarity of the 1-phenylpyrazole molecule in methanol solution. 
Despite the general acceptabilRy of this assumption, it is necessary to bear 
in mind the results of a paper [7] where it is maintained that, for example, 
in solution, the phenyl rings in diphenyl are displaced through an angle of 
23~ also [8]).  

In the present case calculations using the Braude equation assume that 
the phenyl substituent rotates solely around the bond between the two rings, 
and that like the valence angle of the substituent at position 5, the valence 
angle for this inter-ring bond does not depart from standard. Finally, the 
starting point for the calculation is that the change in spectrum is due only 
to the ortho effect. Subject to the conditions mentioned above, it is justi- 

f/able to determine in this way the steric effect of a substituent. It has been shown that the present e values are c o m -  
parable with those obtained by other authors, including those obtained by other computing methods for o-substRnted di-  
methylanilines [5, 7, 10], and that the general sequence of groups in order of increasing steric effect is 

C 6 H s < O H ~ N H ~ < C I <  

NHCOCHa<CHa<COOH . 

Table 3 

Value of the Angle O Defined by the Deviation from Co-  
planarity of the Phenyl Ring of 5-Substituted 1-Phenylpyrazoles 

(According to Braude's Equation) 

Expt 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

R~ 

H 
NHCOCH~ 

C6H5 
H2 

I ! . . . . . . . .  

R a  l g  8 - - 1 g  8 ~ t g  C o s O  

--0.15 
--0.16 

CHH~ -0.19 
--0.21 

H -0.23 
--0.31 

H -0,32 
-0.40 
-0.40 
--0.51 

0 
--0,075 
- 0 08 
- 0,095 
-0,105 
--0,115 
--0,155 
--0,16 
--0.20 

OH 
H2 
CI 

NHCOCH3 
CHs 
CH3 C~a 

COOH i 

- -  0,20 
-0,255 

o 

0 
33 ~ 
33 ~ 
36 ~ 
38 ~ 
40 ~ 
45 ~ 
46 ~ 
51 ~ 
51 ~ 
56 ~ 

Fluorescent spectra also confirm the presence of an ortho-effect in 5-substituted l-phenylpyrazoles, as fluorescence 

is often determined by coplanarity of conjugated aromatic rings [Ii]. Actually I-phenyl-4-amino- and l-phenyl-3- 
aminopyrazol e are strongly fluorescent, and have maxima at 880 and 860 m~ respectively, while l-phenyl-5-amino- 
and l-phenyl-8-methyl-5-aminopyrazole, which are isomeric with them, are not fluorescent. The same obtains for the 
corresponding l-phenyl-x-hydroxypyrazoles (3- and 4-substituted ones fluoresced, the 5-substituted ones did not). 

If a geometric model is built for the l-phenyl-5-substi tuted pyrazole, the ortho effect becomes clear, even for 
the hydroxyl group ( minimum volume). 
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Experimental 

The UV spectra were measured in methanol, with a SF-4 instrument. Fluorescent spectra were measured with a 

Geometric model of 1-phenyl-5-hydroxypyrazole,  dis- 
tances in 7~. 

In the pyrazole ring: 

(N l-N2) = 1.8612; (N 2 -Cz) = 1. 341z; (C s-C 4) = 1.33Iz; 
(C4-Cs) = 1.41I~; (Ca-N 1) = 1. 3112; angle N2N1C i 118 ~ 
15' IS; (N I_C i ) = (CI_C,1) in diphenyl = 1.48 Is. 

In the phenyl ring: 

(C 1-C2) = 1. 39714" 1~ (C_H)__ 1. 08414,15. Bond C - O ;  
C = O  (CH20) = 1. 2116; C=O (HCONH2) = 1. 2517; C--O 
(CH3OH) = 1.4318. 

SE-4 registering spectrophotometer equipped with a diffraction grating, and adapter for measuring fluorescence, made 
by the firm of Optica (Italy).* The filter transmitted the 813 mg Hg line. 
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* The spectra were determined in the bioenergetie laboratory (head:  Prof. L. A. Tummermaa)  of the Institute 

of Radiation and Physicochemical Biology of the AS USSR by V. I. Vanov, whom the authors wish to thank. 
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