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A method for  the p repa ra t ion  of phenyliodonium der iva t ives  of pyrazo les  was developed.  The 
reac t ion  of pyrazole  and 3 ,5-d imethyl -  and 3 ,5-diphenylpyrazoles  with phenyl iodosoacetate  
in the p re sence  of p-toluenesulfo~iic acid gives pyrazole-4-phenyl iodonium tosy la tes ,  which 
are  conver ted  to pyrazole-4-phenyl iodonium betaines  on t r ea tmen t  with alkali .  The tosyla tes  
are  conver ted  to pyrazole-4-phenyl iodonium chlor ides ,  .bromides, and iodides by exchange 
reac t ions ,  and pyrazole-4-phenyl iodonium f luorides  and borof luor ides  are obtained by r e a c -  
t ion of the betaines with hydrof luor ic  and fluoboric acids .  The ionization constants  for  a num- 
be r  of phenyliodonium der iva t ives  of pyrazo les  were  calculated on the basis  of the e lec t ronic  
absorpt ion s pec t r a .  The 4-phenyliodonium grouping inc reases  the acidity of pyrazo les  by 
4.5-5 o rde r s  of magnitude.  

Up until now, mainly  aryl iodonium der iva t ives  of/3 -d icarbonyl  compounds have been studied in inves-  
t igat ions of the aryliodonation of an active methylene group [1]. Since s e v e r a l  groups of he te rocyc l ic  c o m -  
pounds - py r ro le ,  indole, pyrazo le ,  imidazole,  t r i azo le ,  and others  - are analogs of enol e the r s  and enamines  
of ~ -d i ca rbony l  compounds,  we have a s sumed  that they may  be suitable nucleophlic components  in aryl  
iodonation r eac t ions .  

In the p resen t  s tudy we have invest igated the poss ibi l i ty  of the product ion of aryl iodonium der iva t ives  
of py razo l e s .  As demons t ra t ed  in [2], one of the l imit ing fac tors  of the aryliodonation reac t ion  is the in-  
sufficient nucleophil ici ty of the ca rbon  atom, which can be cha r ac t e r i z ed  by the densi ty  of the f rontal  e l ec -  
t rons  on this a tom: the higher  this density,  the e a s i e r  the fo rmat ion  of a c a r b o n - i o d i n e  bond. Calculat ions 
by the Hiickel MO LCAO method have demons t ra ted  that there  is an e x t r e m e l y  high density of f r o n t a l v e l e c -  
t rons  in pyrazole  on the carbon a tom in the 4 posit ion [2]. This makes  it a ve ry  r eac t ive  component  in the 
reac t ion  with aryl iodoso compounds.  
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We have invest igated the phenyliodonation of pyrazole  and 3 ,5 -d imethy l -  and 3 ,5-d iphenylpyrazoles .  
We found that these compounds are  v e r y  read i ly  phenyliodonated by phenyl iodosoacetate  in the p resence  of 
p- toluenesulfonic  acid to give the cor responding  pyrazole-4-phenyl iodonium tosy la tes  (Ia-c,  Table 1). 
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TABLE 1. Pyrazole-4-phenyliodonium Salts 
Found,% Calc.,% Comp, x R mp (dec.):, Empirical formula ____:__ ~ _ _  

�9 ~ N | I  N i l  

[a 
Ib 
Ic 

ila 
lib 
IIc 
IId 
Iie 
IIf 

TsO 
TsO 
TsO 
CI 
Br 
I 
CI 
Br 
I 
CI 

H 209--210a,Cl 
CH3 118--120e I 
CsH~ 222--224 a I 
H 210--211c I 
H 200--201 a [ 
H 173--174 a / 
CH~ 218--220 e 
CH8 203--204 c 
CH3 174--176 a 

198--199 a 

CIsH15IN203S b 
CtsHIgPN208S a 
CzsH~3IN~O~S e 
CgHsCIlN2 
CgHsBrlN2 
CgHsI2N2 
CatHIaCIIN2 
CI~H~2BrIN2 
CHHIzlzN2 
C2IHI6CIIN2 �9 H20 

6,4 28,6 
5,5 26,9 
4,7 21,4 
9,2 41,6 
7,9 36,3 
6,8 64,0 
8,1 38,1 
7,4 33,6 
6,5 59,5 
5,9 26,6 
5,3 
4,6 

6,3 28,7 
5,9 27,0 
4,7 21,4 
9,1 41,4 
82 36,2 
7,0 63,8 
8,4 38,0 
7,4 33,6 
6,6 59,6 
5,9 26,6 
5,6 
5,1 

C6Hs 
III~ Br C6HC6H: 193--195 ~ C2~Ht6BrI~N~ 25g 25,2 
IIi I 159--160 a C~[HlsI2N2 46,0i 46,1 
llj F 158--160f CvHsFIN~ 43,6 43,7 
Ilk F CHa 146--148f CnHI2FIiN2 39,8 39,9 
111 F CGHs 162--163~ C2~HI6FIN~ 28,8i 28,7 
IIm BF4 CHz 205--2081 CnH~2BF4IN2 33 1 I 
II n BF4 C6Hs 223--224f C~IHI6BF4IN2 2417 I 

aFrom ethanol, bFound,%: S 7.2. Calculated,%: S 7.2. CFrom water. 
dFound,%: S 6.1. Calculated,%: S 6.8. eFound,%: $5.3. Calculated,%: 
S 5.4. fFrom ethanol-ether. 

Yield, 

7O 
94 
75 
77 
63 
93 
90 
98 
97 
87 
6O 
91 
5t 
83 
84 

32,9 97 
24,9 77 

T A B L E  2.  pK a V a l u e s  of  P y r a z o l e  D e r i v a t i v e s  

Compound 

3, 5-Dimethylpyrazote-4-p.henyliodonium beraine (tlIb) 
3,5-Dimethylpyrazole-4-phenyliodonium chloride (IId) 
3, 5-Dimethylpyrazole-4-phenyliodonium tosylate fib) 
~ra~-ole-4-phenyliodordum chloride (IIa) 
3,5-Diphepy.lpyrazole-4-phenyliodonium bromide (IIh) 
4-Bromo- 3, 5-dimethylpyrazoIe 
Pyrazole 
3, 5- Dimethylpyrazole 
3, 5-DiphenyllSyrazole 

water 

10,79• 
10,88 • 0,07 

12,92• 
147, 8 

PKa 

50 % ethanol 

11,04 • 0,06 
ii,11• 
11,02• 
lO,OO• 
9,31 • 

13,70• 
N14,7 
N 15,7 

14,0 

The r e a c t i o n  with 3 , 5 - d i m e t h y l -  and 3 , 5 - d i p h e n y l p y r a z o l e s  p roceeds  at r o o m  t e m p e r a t u r e  in  a few 
m i n u t e s ,  but  b r i e f  hea t ing  of the r e a c t i o n  m i x t u r e  is r e q u i r e d  to a c c e l e r a t e  the r e a c t i o n  with u n s u b s t i t u t e d  
p y r a z o l e .  

A n u m b e r  of o ther  p y r a z o l e - 4 - p h e n y l i o d o n i u m  sa l t s  - c h l o r i d e s ,  b r o m i d e s ,  and iodides  (I ia- i)  - w e r e  
ob ta ined  by r e a c t i o n  of t o sy l a t e s  I a - c  wi th  a lka l i  m e t a l  s a l t s .  

T r e a t m e n t  of t o s y l a t e s  I a - c  with a lka l i  so lu t ion  r e a d i l y  g ives  compounds  of the i n n e r  sa l t  type - 
p y r a z o l e - 4 - p h e n y l i o d o n i u m  b e t a i n e s  (IIIa-c) - as c o l o r l e s s  c r y s t a l l i n e  s u b s t a n c e s  with r a t h e r  high d e c o m -  
pos i t i on  t e m p e r a t u r e s .  These  compounds  a re ,  however ,  l e s s  s tab le  than  p y r a z o l e - 4 - p h e n y l i o d o n i u m  sa l t s ;  
they  g r a d u a l l y  b e c o m e  r o s e - c o l o r e d  on p ro longed  s t o r a ge  in  l ight .  Compounds  III a re  e x t r e m e l y  t h e r m a l l y  
s t ab le  - they can  be c r y s t a l l i z e d  f r o m  hot wa t e r  or e thano l .  

P y r a z o l e - 4 - p h e n y l i o d o n i u m  f l uo r ide s  and f luobora t e s  (IIj-n) were  obta ined f r o m  III by r e a c t i o n  with 
h y d r o f l u o r i c  and f luobor ic  ac ids .  P y r a z o l e - 4 - p h e n y l i o d o n i u m  f l u o r o b r a t e  could  not be i so la ted  in  c r y s t a l -  
l ine f o r m ,  s ince  it is v e r y  h y g r o s c o p i c .  The c h a r a c t e r i s t i c s  of I, II, and III a re  g iven  in  Tab le  1. 

The iodon ium d e r i v a t i v e s  of the p y r a z o l e s  were  c h a r a c t e r i z e d  by the e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of 
aqueous  and aqueous e thano l  so lu t ions  at v a r i o u s  pH va lues  (F igs .  1-3) .  The l i t e r a t u r e  [3-6] con ta ins  da ta  
on the e l e c t r o n i c  a b s o r p t i o n  s p e c t r a  of s e v e r a l  o the r  p y r a z o l e  d e r i v a t i v e s .  The i n t r o d u c t i o n  of a p h e n y l -  
iodon ium group ing  into the 4 pos i t i on  of p y r a z o l e  and 3 , 5 - d i m e t h y l p y r a z o l e  i n c r e a s e s  the abso rp t i on  i n t e n -  
s i ty  and c a u s e s  a b a t h o c h r o m i e  shif t  (F igs .  1 and 2). In the c a s e  of 3 , 5 - d i p h e n y l p y r a z o l e ,  the pheny l -  
i odon ium g roup ing  c a u s e s  a h y p s o e h r o m i c  shif t  of the chief  a b s o r p t i o n  m a x i m u m  (Fig.  3). The ion i za t ion  
c o n s t a n t s  for  a n u m b e r  of iodon ium d e r i v a t i v e s  of p y r a z o l e s  (Table  2) were  c a l c u l a t e d  on the ba s i s  of the 
e l e c t r o n i c  a b s o r p t i o n  s p e c t r a .  T h e r e  a re  no a c c u r a t e  da ta  in  the l i t e r a t u r e  r e g a r d i n g  the ac id i ty  of p y r a z o l e  
i t s e l f  in  aqueous  and aqueous  e thano l  m e d i a  [7, 8]. T h e r e  a re  some data  [5, 6] on the pK va lues  of acyl  
d e r i v a t i v e s  of p y r a z o l e s .  Because  of the weak ac id i ty  of p y r a z o l e s ,  we were  able to a c c u r a t e l y  d e t e r m i n e  
the pK va lue  only  for  3 , 5 - d i p h e n y l p y r a z o l e .  F r o m  the r e s u l t s ,  one c a n  judge that  the i n t r o d u c t i o n  of a 
pheny l iodon ium group ing  into the 4 p o s i t i o n  of p y r a z o l e s  i n c r e a s e s  the ac id i ty  of the l a t t e r  by about 4 .7 -5  
o r d e r s  of m a g n i t u d e .  Th i s  s o r t  of l a rge  effect  of the pheny l iodon ium group ing  a l so  is  e x e r t e d  on the OH 
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Fig.  1. UV s p e c t r a  in 50% ethanol: 1) 3 ,5-d imethylpyrazole-4-phenyl iodonium be t -  
aine (IIIb) in 0.1 N KOH; 2) IIIb in acidic medium; 3) 3 ,5 -d imethy lpyrazo le .  

Fig.  2. UV s p e c t r a  of pyrazole?4-phenyl iodonium chloride (IIa) in 50% ethanol: 1) 
in 0.25 N KOH; 2) pH 3. 

Fig.  3. UV s pec t r a  in 50% ethanol: 1) 3 ,5-diphenylpyrazole-4-phenyl iodonium b r o -  
mide ([Ih) in0.25 NKOH; 2) IIh in acidic medium (pH ~ 5) ; 3) 3 ,5-diphenylpyrazole .  

acidity of ~ -d icarbonyl  compounds [9]. The acidity constants  of pyrazole  i t se l f  and dimethylpyrazole  in 
50% ethanol can be approx imate ly  es tab l i shed  f rom the pK values of the iodonium der iva t ives  of pyrazole  
and d imethy lpyrazo le .  

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

Pyrazo le  [10], 3 ,5-d imethylpyrazole  [11], 3 ,5-diphenylpyrazole  [12], and phenyl iodosoacetate  [13] 
were  synthes ized by methods descr ibed  in the l i t e r a t u r e .  

The spec t roscopic  m e a s u r e m e n t s  were  made with an SFD-2 s p e c t r o m e t e r .  The acidity constants  
were  de te rmined  by a spec t rophotomet r ic  method [14]. The pH values of buffer solutions were  m e a s u r e d  
with an LPM-60M pH m e t e r  by means  of a g lass  e lec t rode  coupled with a f low-type s i l v e r - s i l v e r  chloride 
e lec t rode .  : 

Pyrazo le -4-phenyl iodonium Tosy la tes  (Ia-c) .  A 0.01-mole sample  of the appropr ia te  pyrazole  was 
added to a solution of 1.9 g (0.01 mole) of p- toluenesulfonic acid monohydrate  in 10 ml  of ethanol, af ter  
which 0.01 mole of phenyliodosoacetate  was added gradual ly  with s t i r r ing .  The mixture  was allowed to 
stand at r o o m  t e m p e r a t u r e  for  30 rain, af ter  which, in the case  of Ia, the mixture  was ref luxed for  5 rain, 
the hot solution was f i l tered,  and the f i l t ra te  was allowed to stand for  c rys ta l l i za t ion .  In the case  of Ib, the 
solution was diluted with 50 ml  of e ther  and allowed to stand for  c rys ta l l i za t ion .  In the case  of Ic, the mix-  
ture  was heated to the boiling point, the hot solution was f i l tered,  and the f i l t ra te  was allowed to stand for 
c rys ta l l i za t ion .  

Tosy la tes  I a -c  were  co lo r l e s s ,  s table,  c rys ta l l ine  subs tances  that were  modera te ly  soluble in wa te r  
and ethanol.  

Pyrazo le -4 -pheny l iodon ium Betaine (IIIa). A total  of 35 ml  of 15% aqueous sodium hydroxide solution 
was added to a hot solution of 4.4 g (0.01 mole) of Ia  in 20 ml  of wa te r ,  The mixture  was then cooled, and 
the prec ip i ta ted  HIa was r emoved  by f i l t ra t ion to give a product  with mp 144-147 ~ (from water)  in 90~ yield.  
Found,%: I 46.8; N 10.7. CgHTIN 2. Calculated,%: I 47.0; N 10.4. 

3 ,5-Dimethylpyrazole-4-phenyl iodonium Betaine (IIIb). A 4.7-g (0.01 mole) sample  of Ib was added 
to 35 ml  of 15% aqueous sodium hydroxide,  and the mixture  was allowed to stand at r o o m  t e m p e r a t u r e  for  
1 h and then at 0-5 ~ for  2 h. The prec ip i ta ted  IIIb was r emoved  by f i l t ra t ion to give a product  with mp 170- 
172 ~ (dec., f r om e t h a n o l - e t h e r )  in 90% yield. Found,%: I 42.4; N 8.0. CItHIIIN 2. Calculated,Z:  I 42.6; 
N 9.4. 

3 ,5-Diphenylpyrazole-4-phenyl iodonium Betaine (IIIc). A hot solution of 2.2 g (0.05 mole) of sodium 
hydroxide in 50 ml  of ethanol and 15 ml  of water  was added to a hot solution of 5.9 g (0.01 mole) of Ic in 120 
ml  of ethanol .  Co lor less  c r y s t a l s  of IIIc began to prec ip i ta te  immedia te ly .  The mixture  was cooled, and 
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the c r y s t a l s  were  r e m o v e d  by f i l t ra t ion to give a product  with mp 196-199 ~ (dec.) in 94~ yield.  Found,%: 
128.9;  N 6.3. C21HisIN 2. Calculated,~c: 128.7;  N 6.6. 

py razo le -4 -pheny l iodon ium Fluor ides  (IIj-1). A 0.01-mole sample  of I I Ia -c  was dissolved at room 
t e m p e r a t u r e  in 20 ml of a 41~ solution of hydrochlor ic  acid in ethanol (1 : 100). After  0.5 h, the solution 
was diluted with 100 ml  of e ther ,  and the prec ip i ta ted  fluoride was r emoved  by f i l t ra t ion.  

Py razo le -4 -pheny l iodon ium Fluobora tes  (IIm, n). A 0.001-mole sample  of IIIb,c was dissolved at 
r o o m  t e m p e r a t u r e  in 3 ml  of a 1 N solution of f luoboric acid in ethanol (prepared  f rom 19 g of 4]% hyd ro -  
f luoric  acid and 6 gof  boric  acid in 100 ml of ethanol), and the mixture  was allowed to stand at r oom t e m -  
pe ra tu re  for  30 min, a f ter  which it was diluted with 10 ml  of e the r  and allowed to stand at 0-5 ~ for  c r y s t a l -  
l izat ion.  

Pyrazo le -4 -pheny l iodon ium Chloride,  Bromide ,  and Iodide (IIa-c) (Table 1). A 0.001-mole sample  of 
Ia  was d isso lved  in 5 ml  of hot ethanol,  and a solution of 0.002 mole of sodium chlor ide ,  sodium bromide ,  
or  po tass ium iodide in 2 ml  of wa te r  was added. The mix ture  was cooled, and I I a -c  were  r emoved  by f i l t r a -  
t ion.  

3 ,5 -Dimethy lpyrazo le -4 -pheny l iodon inm Chloride,  Bromide,  and Iodide (IId-f) (Table 1). These  c o m -  
pounds were  p r e p a r e d  by the method used for  I I a -c ,  but 3 ml  of acet ic  acid at r o o m  t e m p e r a t u r e  was taken 
as the solvent  for  Ib. 

3 ,5-Diphenylpyrazole-4-phenyl iodonium Chloride,  Bromide ,  and Iodide (IIg-i) (Table 1). These c o m -  
pounds were  p r e p a r e d  by the method used  for I I e - f  but hot acet ic  acid was used as the solvenT. 
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