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Abstract - Two series of 1-awl-3-ethoxycarbonyl-4-hydroxy- 
pyrazoles (I.) and 1-(m-chloropheqy1)-3-ethoxycarbonyl-4-hydroxy- 

5-~rylazopyrazoles (2) have been prepared and their acidities 
determined spectrophotometrically at 25'~ and ionic strength of 

0.1 in 60 vo1.S ethanol-water medium. The pKa data were correla- 

ted with the simple and extended Hammett equations. The regression 

lines are: = 9.34 - 0.794 O j f  ; &Xa(I.) = 9.78 - 0.794 
N YcgH4 ; PKa(2) = 7.49 - 1.158 Oj; ; and p~,(2) = 7.49 -1.245 

qgX - 1.075 Oilpx . It is concluded that such linear relations 
exclude the presence of the keto taratomera (LA) and ( A )  in 

equilibrium with the hydroxy tautomers (LB) and (2B) respectively, 

in agreement with the spectral data of the compounds investi- 

gated. The electrical effect,E, of vnlue 0.86 determined for 

series (2) indicates that such compounds exist in the cis- 
chelated hydroxyazo structure (9). 

INTRODUCTION 

The applicability of the Hammett equation to the effective ionization constants, 

pKa, of tautomeric substances has been investigatedlv2. The results indicate 

that a good linear dependence of pKa on substituent constent, D/X, ia observed 

when the tautomeric equilibrium is shifted toward one of the forms. When at 

particular OJX values the second tautomeric form makes its appearance in equili- 
brium to a noticeable extent, one observes deviation from linearity. 

In the present report, the simple and extended Bammett equations [ll and 

[2] respectively Were used to investigate the keto-en01 tautomerism of l-sub- 

stituted phenyl-3-ethoxycarbonyl-4-pyrazolanes (I.), and the azo-hydrazone 

tautomerism of their 5-arylazo derivatives (2) (Scheme 1). The tautomerism of 



(I.) and (2 )  is less studied than the corresponding derivatives of 3- and 5- 
pyraeolones3. Suavely and coworkers4f5 have reported that 4-hydroxy-5-phenylazo- 

1-phenyl-3-ethorycarboqylpyrazole (I.. Ar = Arl = C6H5) exists as such on the 

6 basis of spectral data. Rye and Tang reported that 3,5-diphenyl- and l-methyl- 

C1l Sa = rOi; + pK0 

[?I PKa = o r O f , ~ +  O%,X +*o 

3,54ipheqvl- derivatives of 4-pyrseolone exist predominantly in the enolic 

7 form. As the tautomeric equilibrium of some heterocyclic compounds and azo- 
8 phenols has been reported to be affected by substituents, it was thought 

interesting to examine the substituent effects on the acid dissociation 

constants of (1) and (2 )  in order to obtain further insight into this substituent 
effect on their tautomeric structures. 
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RESULTS AND DISCUSSION 

The react ion sequence followed in synthesis  of the  two s e r i e s  examined is shown 

in Scheme 1. I n  agreement with l i t e r a t u r e  report on lmethyl-3.5-diphe-4- 

hydroxypyrazole6 , the  compounds in s e r i e s  (1) appear t o  ex i s t  mainly in the  

hydroxy s t ruc ture  (18). This conclusion is baaed on the  following spec t r a l  data. 

The u l t r av io l e t  spectra  of ( i ) (Table  1) a re  t yp i ca l  of pyrazole der ivat ives  
6 exhibit-  two intense maxima near  300 and 250 nm . Their in f ra red  spectra  in 

the  s o l i d  s t a t e  o r  in chlorofom so lu t ion  reveal  only one carbonyl band near  

1700 om-' assignable t o  the  4-ethoxycarbonyl group. Both f ree  and bonded OH 

bands were observed near  3450 and 3210 cm-' respect ively in the  so lu t ion  phase 

whereas only bands due t o  bonded OH group appear in the spec t ra  of the  s o l i d  

samples. The ketonic band near  1680 om-' cha r ac t e r i s t i c  of  the f ixed keto 

s t ruc ture  (118 was absent in the  apectra  of (1). The pnr spec t ra  of (1)  exhibi t  

one exchangable proton s i gna l  in the region 7.5 - 8.5 ppm. 

The 4-hydroxypyrazoles (La-Lg) prepared behave a s  weak ac ids  in 60 vol.  per 

cent ethanol-water medium. The u l t r a v i o l e t  absorption maxima sh i f ted  by ca. 45 

nm tow- longer wavelengths on anion formation. This bathochromic s h i f t  is 

9 s imi la r  t o  t h a t  in case of 4-hydroxypyrazole but  is  considerable g rea te r  than 

t h a t  encountered f o r  most phenolalO. Spectra recorded f o r  (1) a t  d i f fe ren t  pH 

values showed, i n  each case, two i sobes t ic  points near  315 and 275 nm. A t yp i ca l  

spectrophotometric t i t r a t i o n  curve is shown in Fig. 1. The pKa values of (La-%) 

a t  ion ic  s t reng th  of 0.1 and 25'~, determined from such t i t r a t i o n  curves are  

listed in Table 2. 

The #Ia da ta  obtained show that the  ac id i t y  of (1) is influenced t o  some 

extent  by the  subs t i tuen t  in the 1-phenylmoiety. Two ways were followed in 

cor re la t ing  these pKa Values with the  simple Hammett equation [I] . In the  

first case, t pe  PKa values were p lo t ted  versus the  Hammett subst i tuent  constant ,  

, (Fig. 2 j ,  whereas i n  the  second, we include the  phenyl group with the  

subst i tuent  and c o r r e l ~ t e d  t he  pKa values with the  polar  subs t i tuen t  constant,  

0$c6R4 f o r  the  subs t i tu ted  phenyl group11. The regression l i n e s  expressing 

such correlat ions follow equations [3] and [4] respectively. 

131 PKa = 9.34 - 0.794 % ; r = 0.996 ; s = 2 0.031 

C41 *a = 9.78 - 0.794 c $ : ~ ~ ~  ; r = 0.956 ; s = 2 0.140 



Fig. 1. Spectrophotometric t i t r a t i o n  curves 

of (Lb) a t  335 nm (A) and (2a)  a t  480 nm 

in 60 vo1.P ethanol-water medium a t  25 '~  

and ion ic  s t reng th  of 0.1 . 

Prom the values of the cor re la t ion  coeff ic ient  ,r, and the standard deviation, 

s, it 1s obvious t ha t  the pKa values of (1) a r e  b e t t e r  correlated by the Hammett 

subst i tuent  constant,  % , r a t he r  than the  inductive e f fec t ,  0&IH of the  
6 4 

subst i tuted phenyl ~ o u p .  T h i s  observation indicates  the  involvement of the  lone 

p a i r  of e lectrons on the ni t rogen atom i n  the transmission of the  subst i tuent  

effects.  Both l i n e a r  r e l a t i ons  subs tan t ia te ,  however, the previous conclusion 

t h a t  the compounds in  s e r i e s  (1) ex i s t  predominantly in  one tautomeric form, 



Fig. '2. Correl.ations of pKa of 1-awl-3-ethowcarboru.1-4-hydroxywrazoles 

(1) ,0, and of l-(m-chlorophe~1)-3-ethoxycarboqyl-4-~dro~-5-a~lazo- 

pyrazolea (g),., with Hammett substituent constant, Oj; . 



Table 1. 1-Awl-3-ethowcarbong.1-4-hydro~~~razoles (I.). 

Compound 1-Ar Mp'* Molecular Ne% 
110. OC folrrmla Found Calcd. 

Lit. ~ p .  84-850c23 . 
Table 2.t Acid Dissociation constante, pKa, of (I.) and (2) in 

60 vo1.P ethanol-water at ionic strength of 0.1 and 25O~, and 

substituent constants used in their correlation. 

* 
Compound pKa Compound pKa % ?,x %,x %c6H4 

no. no. 

la - 9.61 - 28 1.18 -0.27 0.27 -0.54 0.36 

lb - 9.47 - 2b 7-65 -0.17 -0.04 -0.13 0.46 

lc - 9.13 - 2c 7.11 0.23 0.46 -0.23 0.75 

la - 9.05 - 26 7.02 0.37 0.46 -0.09 0.85 

le - 8.80 - 2e 6.68 0.71 0.51 0.18 1.09 

If - 8-13 - 2f 6.54 0.78 0.64 0.14 1.50 

9 9.30 3 7.50 0.00 0.00 0.00 0.58 

lh - 9.12 - 2h 7.14 0.23 0.44 -0.21 0.14 

t Standard deviation in pKa 5.02 - 0.04 . 
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namely, the  hydroxy tautomer (LB) regardless  the  nature  of the subst i tuent  on 

the  1-aryl group. I f  the  keto form (LA) e x i s t s  in equilibrium with the hydroxy 

l,1? form, a good cor re la t ion  would not be observed between pKa and Oj; o r  OjfC 6 4 
This is because f o r  such an equilibrium (Scheme 2), the  overa l l  acid dissocia- 

t i o n  constant Ka is r e l a t ed  t o  the d i ssoc ia t ion  constants K1 and K2 of the  keto 

and hydroxy tautomers respeot ively and t he  tautomeric equilibrium constant KT 

by the  equations: 

[5I ga = K ~ / O  + r T )  

[6 I Ka = KT K1 / ( 1  + 

According t o  these r e l a t i ons ,  a l i n e a r  r e l a t i on  between pKa and subst i tuent  

constant would be observed only i f  Kl = K2 . I n  general case, the  values of 

Kl and K2 constants are  d i f fe ren t .  

The spec t r a l  data  of the  coupling product. (2 )  (Table 3) a r .  compatible 

with the  hydroxyazo s t r uc tu r e  (p ) .  Thus, the  in f ra red  s p c t r a  of the  compounds 

prepared exhib i t  in each case only one carbonyl band near 1700 cm-I and a 

broad band due t o  bonded OH group i n  t he  region 3600 - 3400 cm-l, both in  s o l i d  

and in chloroform solution. The keto-hydrazone s t ruc ture  ( A )  requires  the 

presence of two CO banda and weak NH band. The pnr spectra  of (2 )  in deuterated 

chloroform a r e  a l so  in  favor  of s t r uc tu r e  (ZB). A l l  compounds exhibi t  a low- 

f i e l d  absorption in  the  region 6 9.0 - 9.4 ppn, assignable t o  intramolecularly 

hydrogen bonded OH proton resollance. The NH chemical s h i f t  of the  keto-hydrazone 

s t r uc tu r e s  of type (4) appears a t  6 13.3 - 13.5 ppn4. 

s c m  2. 

EtOOC : + H+ 



Table 3. 1-(m-Chlorophewl)-3-ethowcarbongl-4--1- 

azopyrazoles (2 ) .  

Compound 1-Ax" Mp., Molecular N,% hEtOH m, (log e )  
no. OC formula Found Calcd. 
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The u l t r av io l e t  spec t ra  of ( 2 )  in aqueous-ethanol so lu t ion  v w  with 

increase in the  pH of t he  medium..At pH ( 3 each compound exhib i t s  an intense 

7T - T T *  band near  375 urn and in a lka l ine  medium the  ambident anion absorbs in 

the  region 420 - 550 m. Spectra recorded a t  d i f f e r en t  pH values showed two iso- 

b e s t i c  points near  420 and 525 nm. The absorbance values of f resh ly  prepared 

solut ions measured a t  Am, of the  anion, plot ted against  pH showed a dependence 

in the  shape of a d i ssoc ia t ion  m e  of a monobasic acid (Pig. 1) .  From the  

@-absorbance data ,  the  ove ra l l  @,values  f o r  (2a - g ~ )  were determined. The 

r e s u l t s  are  l i s t e d  in Table 2. I n s p c t i o n  of these data  reveals  t ha t  both 

inductive and conjugative e f f ec t s  of the  subst i tuents  examined are  operative. 

Por a deeper ins igh t ,  the  f i t ne s s  of  t he  data  in the  simple and extended 

Hammett equations [l] and [ 2 ]  respect ively w a s  tes ted.  

The ma data  f o r  (2)  agree with the simple Hammett equation [l] (Pig.2). 

The equation of the  s t r a i g h t  l i ne  obtained follows equation [7] : 

[7 I pKa = 7.49 - 1.158 Oif ; r = 0.995 ; s = 2 0.036 

Pollowing the foregoing arguement, the  l i n e a r i t y  obsemed between pK, values 

and Oj; constants can be taken as an evidence t h a t  the  diazonium coupling 

products (2)  e x i s t  in one tautomeric s t ruc ture  namely (2B). The value of the  

react ion constant,  , of -1.158 is s imi la r  t o  -1.223 found f o r  the acid disso- P 
c i a t i on  of 2-arylaaophenols (2)  in 50% ethanol-water medium13. This s im i l a r i t y  

suggests t h a t  the  transmission of e lec t ron ic  e f f ec t s  i n  (2B) , l i k e  in (>), 

occurs through the  hydrogen bond, and i n  the  mean time subs tan t ia tes  the  assign- 

ment of the  o-hydroxyazo s t r uc tu r e  (ZB). 

Next , the  ionizat ion constants f o r  (2)  were correlated with the 

extended Hammett equation [ 2 1  using multiple regression analysis14. The data 

used i n  the  cor re la t ion  a r e  given in Table 2. For the  para subs t i tuen ts ,  the  

were ttaken from the  co l lec t ion  of Taft and coworkera15; the  C$,= constants 

were obtained from the  relat ion:  

[8 I 
I 

%,x = %-x - %,x 
For the meta-substituenta, the  0' constants were estimated by the  method of 

R J  
charton16 using the  re la t ion :  

C ~ I  %,x = 0.25 %x 
The O.&X and wmmX constants were taken from the copi la t ion of Ritchie and 

sager17. The r e s u l t s  of the  cor re la t ion  with e w t i o n  [2] a r e  presented i n  



Table 4. The value of t h e  mul t ip le  c o r r e l a t i o n  c o e f f i c i e n t  of 0.991 ind ica tes  

an excel lent  corre la t ion.  The Values of o( and fl , thus  obtained, ind ica te  

t h a t  f o r  s e r i e s  (2 )  t h e  composition of the  e l e c t r i c a l  e f f e c t ,  E, defined as 

t h e  r a t i o  fl/s has a value of 0.86. This value subs tan t i a tes  the  c is-  

chelated s t r u c t u r e  ( g ) .  This is because f o r  r eac t ion  s e r i e s  i n  which t h e  

substi tuent.X has anti conf igurat ion (5). t h e  B value is 0.37, whereas f o r  

1 8  s e r i e s  with wyn-configuration (z), t h e  E value is close  t o  u n i t y  . 
t a b l e  4. Results of c o r r e l a t i o n  with Eq. [2] . 
Parameter Value Parameter Value 

a ,  Multiple c o r r e l a t i o n  coef f i c ien t .  

b,  Standard e r r o r s  of t h e  es t imates  : d , fl and pKo 

n ,  number of po in t s  

Melting points  a re  uncorrected. In f ra red  and e l e c t r o n i c  absorpt ion s p e c t r a  were 

recorded on Unicam SPlOOO and Unicam SP8000 spectrophotometers respect ively .  

Proton magnetic resonance spec t ra  were obtained on Varian T60A spectrometer 

wi th  t e t rane thy l s i l ane  as an i n t e r n a l  reference. 

E t W l  2,3-dioxobutyrate 2-arylhydrazones were prepared by coupling e t h y l  

acetoaceta te  with diazot ized a n i l i n e s  a s  previously described19. Conversion of 

these  coupling products i n t o  e t h y l  4-bromo-2,3-dioxobutyrate 2-arylhydrazones 

20 was effected by bromination in  e t h e r  following t h e  method of Garg and Sing . 
The physical constants of both s e r i e s  of compounds agreed with  l i t e r a t u r e  

values19*20. 

l-Aryl-3-ethoxycarbonyl-4-~droxypyrazoles (I). General Procedure - A 

mixture of the  appropriate 4-bromo-2,3-dioxobutyrate 2-arylhydrazone (0.005 

mole) and sodium ace ta te  (3.0 g )  in 40 ml ethanol was ref luxed f o r  2-3 hr.  then 
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cooled. The product separated was co l l ec ted ,  washed wlth water and c r y s t a l l i z e d  

from ethanol.  The compounds prepared toge ther  with t h e i r  physical  constants  a re  

given in Table 1. 

1 - ( m - C h l o r o p h e n y 1 ) - 3 - e t h o x y c a r b o n y l - 4 - h y z o l e s  ( 2 ) .  
General Procedure - A mixture of ( I d )  (0.8 g ,  0.003 mole) and sodium a c e t a t e  

( 1  g.) i n  e thanol  (50 ml) w a s  cooled t o  O'C. To t h i s  was added portionwise t h e  

appropr ia te  arenediazonium chlor ide  (0.003 mole) over a period of 30 min. while 

s t i r r i n g .  The s o l i d  t h a t  separated was co l l ec ted ,  washed with water and crysta-  

l l i z e d  f r o m  e thanol  o r  a c e t i c  ac id  t o  give (2 )  in 60-75% y i e l d ,  Table 3. 

Determination of pKa - The a c i d  d i s s o c i a t i o n  constants  of (1) and (2) 

were determined spectrophotometrically in 60 vo1.6 ethanol-water medium a t  2 5 ' ~  

and an ion ic  s t reng th  of 0.10 . A Radiometer pH type 63 f i t t e d  with a combined 

g l a s s  e lect rode type GK2310C was used t o  record t h e  pH values. The pE meter 

reading cor rec t ion  f a c t o r  ( l o g  u ~ ) ~ ~  i n  60vo1.$ ethanol-water medium was -0.25. 

The procedure followed in t h e  determination of t h e  pKa constants and t h e i r  

ca lcu la t ion  from the absorbance-pH d a t a  has a l ready been described21. Typical 

t i t r a t i o n  curves a re  given in Fig. 1 . The pKa values  obtained were reproducible 

t o  wi thin  0 . 0 3  pK, unit. The r e s u l t s  a r e  summarized in Table 2. 
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