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The a lkyla t ion  of 4 - o x o - 3 , 6 , 6 - t r i m e t h y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e  with a lkyl  ha l ides  f o r m s  mix tu re s  of 1- 
a lkyl  and 2 -a lky l  d e r i v a t i v e s  which have been s e p a r a t e d  by f r ac t iona l  c r y s t a l l i z a t i o n  f rom n-hexane .  The 4-  
o x o - l - a l k y l - ,  - 1 - a r y l - ,  and - 1 - a c y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  have c h a r a c t e r i s t i c  f r equenc ies  in t h e i r  IR 
s p e c t r a  at  1540-1530 cm ~1, and the co r r e spo nd ing  2 - subs t i t u t e d  d e r i v a t i v e s  have f r equenc ies  at  1565-1555 
cm -1. The in t roduct ion  of an a lkyl  subs t i tuen t  a t  a n i t rogen  a tom d e c r e a s e s  the b a s i c i t y  of 4 , 5 , 6 , 7 - t e t r a h y -  
d ro indazo le  by 0.6 o r d e r s  of magni tude ,  the 1 -a lky l  i s o m e r s  being somewhat  s t r o n g e r  b a s e s  than the 2 - a lky l  
i s o m e r s .  

Continuing p r e v i o u s  inves t iga t ions  [1, 2] we have s tudied the a lky la t ion  of 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - ,  3 - m e t h y l - 4 -  
o x o - 6 - p h e n y l - ,  and 6 - ( ~ - f u r y l ) - 3 - m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  (II). In the a lkyla t ion  of II with a lky l  ha l ides  
in e thanol ic  solut ion in the p r e s e n c e  of sodium ethoxide,  m i x t u r e s  of the 1-  and 2 - a lky l  d e r i v a t i v e s  III and IV were  ob -  
ta ined ,  and these  we re  s e p a r a t e d  by f r ac t iona l  c r y s t a l l i z a t i o n  f rom n-hexane .  The methyla t ion  of II with methyl  iodide 
gave the s a m e  methyl  d e r i v a t i v e s  as  we re  obtained by the r e a c t i o n  of I with methyl  hydraz ine .  

�9 r,,, / o .  r \,.,..-,N~ n. c H3 \ , . . ~ N ~ N _  R c tl3 \,..,..N2~N 

r~ I !l [ !l P 
O ~H 3 O Ctl 3 O CH 3 O CH 3 

l a - e  I l a - c  I l l a - d  IVa -d  

c u3 . . . / . . . . . __  n_ c "s r.. , j . . .  ~ c,3~ n - r  \ . - " ~ - - ~ n  - ,  

I ~1 I 
O CH z O CH 3 b CH 3 O CH 3 

V V l a - c  Yl la -  d V H l a -  d 
I, I1 a R =  R ' :  GH3; b R =  II, R ' =  CGtl~; c R ~ t t ,  R ' = a - f u r y l ;  II1, IV, VII, VIII a R = C t l a ; b R = C 2 H ~ :  
c R = C 3 H r - n ;  d R ~ C H 2 - - C H = C H 2 ;  VI a R = R ' = C H ~ ,  X ~ B r ;  b R = H ,  R ' ~ C 6 H  5, X = [ ;  B R~=H. 

r ' =  a - f u r y l  x = I 

The e thy la t ion  of IIIb and IVb gave the s ame  p r o d u c t -  1 , 2 - d i e t h y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a i n d a z o l i u m  
iodide (V). The sa l t  V is soluble  in w a t e r  and the aqueous solut ion conta ins  the iodide ion. 

When II was boi led  with 1 ,3 -d i iodopropane  and with 1 ,3 -d ib romopropane  in equ imo la r  r a t i o s  in e thanol ic  solut ion 
in the p r e s e n c e  of p o t a s s i u m  ca rbona te ,  4 - o x o - l , 2 - t r i m e t h y l e n e - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l i u m  ha l ides  (V1), r e a d i l y  so l -  
uble  in wa te r ,  we re  obtained.  Hal ide ions we re  de tec ted  in the aqueous solut ions .  

When t h e i r  so lu t ions  in abso lu te  d ie thyl  e the r  we re  s a t u r a t e d  with d r y  hydrogen  ch lo r ide ,  the a lkyl  d e r i v a t i v e s  m 
and IV gave the c o l o r l e s s  c r y s t a l l i n e  h y d r o c h l o r i d e s  VII and VIII, r e a d i l y  hydro lyz ing  in aqueous solut ions  but comple t e ly  
s t ab le  in the a i r .  

Since we succeeded  in obtaining the c h r o m a t o g r a p h i c a l l y  pu re  i s o m e r s  IH and IV, we s tudied the i r  IR and UV s p e c -  
t r a .  In the 1800-1480 cm -1 r eg ion  (Fig .  1) the abso rp t ion  of the i s o m e r s  HI co inc ides  with the abso rp t ion  of 3 , 6 , 6 - t r i -  
m e t h y l - 4 - o x o - l - p h e n y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e ,  the s t r u c t u r e  of which we have p roved  [1]. In the [R s p e c t r a  of the 
1-phenyl  d e r i v a t i v e  and the 1 -a lky l  d e r i v a t i v e s  HI, the f r equency  of the  carbonyl  group a p p e a r s  at  1665-1654 cm -1 and 
the abso rp t ion  max imum of the p y r a z o l e  r ing  at  1543-1532 and 1510-1485 cm -1. The abso rp t ion  of the i s o m e r s  IV is 
c h a r a c t e r i z e d  by a ca rbony l  f r equency  i n c r e a s e d  by 10-15 c m  -1 and by a s t rong  ma x imum at  1561-1555 cm -1 (Fig.  1). 
The i n c r e a s e  in the f requency  of the ca rbonyl  group of HI as  c o m p a r e d  with IV c o r r e s p o n d s  to the ru le  [3] acco rd ing  to 
which when the ca rbonyl  and the double bond in an ~ , f i -unsa tu ra t ed  ketone have the S - c i s -  a r r a n g e m e n t ,  the ca rbony l  
f requency  is h igher  than with the t r a n s  a r r a n g e m e n t .  

The f r equenc ies  of the p y r a z o l e  r ing  in the IR s p e c t r a  of the N - a c y l - 3 - m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  
a p p e a r  in the 1575-1560 and 1510-1485 cm -1 r eg ions .  We a s s i g n  these  d e r i v a t i v e s  to the 2 - s u b s t i t u t e d  s e r i e s ,  which 
c o r r e s p o n d s  to l i t e r a t u r e  in format ion  [4, 5]. 
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Fig .  1. IR s p e c t r a :  1) 3 , 6 , 6 -  
t r i m e t h y l - 4 - o x o - 2 - n - p r o p y l -  
4 , 5 , 6 , 7 - t e t r a hyd ro  indazole  (IVc); 
2) 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - l - p  he-  
nyl-4,5,  6 ,7 - t e t r ahydro indazo le ;  
3) 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - l - n -  
p ropy1 -4 ,5 ,6 ,7 - t e t r a hyd ro  ind- 
azo le  (IIIc). 

In our  opinion,  the IR s p e c t r a  can be used  s u c c e s s f u l l y  to d i s t inguish  between the 1-  and 2 - subs t i t u t e d  4 - o x o - 4 , 5 , -  
6 , 7 - t e t r a h y d r o i n d a z o l e s .  

In the UV s p e c t r a ,  the abso rp t ion  max ima  of the N-a lky l  d e r i v a t i v e s  III and IV a r e  shif ted ba thoc h roma t i ca l l y  by 
3-6 nm as  c o m p a r e d  with II (Table 1) w h i c h i s  in ha rmony  with G r a n d b e r g ' s  r e s u l t s  [6]. At  the s a m e  t ime ,  the abso rp t ion  
m a x i m a  of a l l  the 2 - a lky l  i s o m e r s ,  IV, a r e  shi f ted  b a t h o c h r o m i c a l l y  in c o m p a r i s o n  with the 1-a lkyl  d e r i v a t i v e s ,  III, 
which is a l so  in h a r m o n y  with l i t e r a t u r e  in format ion  [7], 

The va lues  of PKBH+(Table 1) for  III and IV a r e  0 .5-0.6  uni ts  lower  than for  II. Consequently,  N-a lky la t ion  causes  
an i n c r e a s e  in the b a s i c i t y  of the 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s .  This  is in ha rmony  with the ru le  r e p o r t e d  p r e v i o u s l y  [8]. 
Compounds HI a r e  s t r o n g e r  b a s e s  than IV (table).  The r a t i o  of the b a s i c i t i e s  of III and IV a g r e e s  with the s a m e  c h a r a c -  
t e r i s t i c s  in the p y r a z o l e  s e r i e s  [9, 10]. 

Since at  pH-> 3 the s a l t s  VII  and VIII a r e  hydro lyzed  a l m o s t  comple te ly ,  only the UV abso rp t ion  s p e c t r a  taken in 
s t rong ly  ac id  media  (5.5 M HC1) can be used  to c h a r a c t e r i z e  the h y d r o c h l o r i d e s  of the 1 - a l k y l -  and 2 - a l k y l - 3 , 6 , 6 - t r i -  
m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s .  The UV absorp t ion  of the ca t ionic  f o r m s  is shif ted h y p s o c h r o m i c a l l y  by about 
20 nm as  c o m p a r e d  with the f r ee  b a s e s  and the s p e c t r a  a r e  s i m i l a r  to those  of the 1 ,2 -d i a lky l - subs t i t u t e d  ca t ions  V and 
VI ( Tab le  1). 

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

1 , 3 , 6 , 6 - T e t r a m e t h y l - 4 - o x o -  and 2 , 3 , 6 , 6 - t e t r a m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  {IIIa and IVa). A) A mix -  
t u r e  of 0.9 g (5 raM) of 2 - a c e t y l d i m e d o n e ,  15 ml of abso lu te  e thanol ,  0.7 g (5 raM) of methy lhydraz ine  sulfa te ,  and 0.7 g 
(5 mM) of anhydrous  p o t a s s i u m  ca rbona te  was bo i led  unt i l  the evolut ion of ca rbon  dioxide had ceased .  Then it was f i l -  
t e r e d ,  the e thanol  was d i s t i l l ed  off in vacuum,  and the r e s i d u e  was t r e a t e d  with 10 ml of 5% aqueous NaOH. The oil  
l i b e r a t e d  was e x t r a c t e d  with d ie thyl  e t h e r  (3 • 10 ml).  The e t h e r e a l  e x t r a c t s  we re  d r i e d  ove r  anhydrous  sodium sulfa te .  
The e the r  was d i s t i l l ed  off, and the r e s i n o u s  p roduc t ,  cons i s t ing  of I l ia  and IVa, was d i s so lved  in 15 ml of n -hexane  with 
heat ing.  A f t e r  the solut ion had s tood at  0~ for  3-4 hr ,  c o l o r l e s s  c r y s t a l s  of IIIa depos i t ed  f rom the solut ion,  while 
yel low p r i s m s  of IVa s e p a r a t e d  out only a f t e r  the solut ion had s tood at  -15~  (-20~ for  10 hr .  Af t e r  r e c r y s t a l l i z a t i o n  
f rom n-hexane ,  the IIIa was obta ined with a y ie ld  of 31% and the IVa with a y ie ld  of 23%. Mp of I l ia ,  75-78~ Found %: 
N 14.72. CiIHi6N20. Ca lcu la ted  %: N 14.57. Mp of IVa, 45-48~ Found %: N 14.53. 

B) The sodium ethoxide obtained f rom 0.28 g (0.012 g-a tom)  of Na and 20 ml of abso lu te  ethanol  was boi led  with 
2.12 g (0.012 mole) of Ha and 2.24 ml {0.036 mole) of methyl  iodide unt i l  the r e a c t i o n  was neu t ra l  (1 hr) .  The ethanol  
was d i s t i l l ed  off in vacuum and the r e s i d u e  was t r e a t e d  as  in method (A) to give IIIa and IVa, showing no d e p r e s s i o n  of 
the mp with the compounds obtained by method (A). 

1 - E t h y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o -  (IIIb), 2 - e t h y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - ( I V b ) ,  3 , 6 , 6 - t r i m e t h y l - 4 - o x o - l - n - p r o p y l -  
(IIIc), 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 2 - n - p r o p y l -  (IVc), and 1 - a l l y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e  (IIId) we re  
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Fig .  2 F ig .  3 

F ig .  2. UV s p e c t r a  of so lu t ions  of 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - l - n -  
p r o p y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e  (IIIc): 1) in H20; 2) in HC1 
(pH 2); 3) in 0.24 M HC1; 4) in 0.32 M HC1; 5) in 0.40 M HC1; 6) 
in 7.5 M HC1. 

Fig .  3. UV s p e c t r a  of so lu t ions  of 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 2 - n -  
p r o p y l - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e  (IVc): 1) in H20; 2) In 0.20 M 
HC1, 3) in 0.25 M HC1; 4) in 0.40 M HC1; 5) in 7.5 M HC1. 

obta ined  by method (B) by a lky la t ing  IIa with ethyl  iodide,  p ropy l  b romide ,  and a l ly l  b romide ,  r e s p e c t i v e l y .  The so lu -  
b i l i t i e s  of the 1 -e thy l  and the 1 - n - p r o p y l  d e r i v a t i v e s  in n -hexane  a r e  lower  than those  of the 2 -e thy l  and 2 - n - p r o p y l  de -  
r i v a t i v e s .  The a l l y l a t i on  of IIa with a l l y l  b r o m i d e  gave only IIId. F o r  the y ie lds ,  m p ' s ,  and e l e m e n t a r y  ana lyse s  of c o m -  
pounds III and IV, see  Table 1. 

C h r o m a t o g r a p h y  of the 1 - a l k y l -  and 2 - a l k y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  was c a r r i e d  out in 
a thin nonfixed l a y e r  of a lumina  (ac t iv i ty  g r a d e  II1) as  d e s c r i b e d  by Mis t rykov  [12]. When the c h r o m a t o g r a m s  were  
i r r a d i a t e d  by means  of an u l t r a c h e m i s c o p e  (BUV-15 l amps ,  UFS-1 fi l ter} d a r k e r  spots  could be seen  on a l ight  zone. 

Using c h l o r o f o r m  as  the eluent ,  the 1 -a lky l  d e r i v a t i v e s  (TII) had Rf 0.30-0.35,  and the 2 -a lky l  de r iva t i ve s  (IV) had 
Rf 0.49-0.58 (Table 1). 

The h y d r o c h l o r i d e s  of the 1 - a l k y l -  and the 2 - a l k y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  (VII and 
VIII respec t ive ly}  were  obtained by pa s s ing  d ry  hydrogen ch lor ide  through solut ions  of the a p p r o p r i a t e  compounds TII 
and IV in abso lu te  d ie thyl  e the r .  They were  r e c r y s t a l l i z e d  f rom abso lu te  ethanol .  The c r y s t a l s  a r e  s tab le  to the a i r ,  
but  hyd ro lyze  in aqueous so lu t ions  Tab le  1. 

1 , 2 - D i e t h y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l i u m  iodide (V). A solut ion of 1.5 g (7raM) of IIIb in 
3 ml (0.04 mole) of ethyl  iodide was hea ted  for  15 h r  in a s t ee l  tube at  120-130~ A f t e r  the cooled mix ture  had been 
washed  with abso lu te  e the r ,  an o range  p roduc t  was obtained which c r y s t a l l i z e d  f rom abso lu t e  e thanol  in the fo rm of 
c o l o r l e s s  c r y s t a l s  with mp 167-169~ The s a m e  p roduc t  was obta ined s i m i l a r l y  f rom IVb and ethyl  iodide (Table 1). 

3 , 6 , 6 - T r i m e t h y l - 4 - o x o - l , 2 - t r i m e t h y l e n e - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l i u m  b romide  (Via). A solut ion of 0.53 g (3 raM) 
of IIa in 20 ml of ethanol  was boi led  for  5 h r  with 0.6 ml (6 raM} of 1 ,3 -d ib romopropane  and 0.41 g (3 raM) of anhydrous  
p o t a s s i u m  ca rbona te .  The mix tu re  was f i l t e r ed ,  15 ml of ethanol  was d i s t i l l ed  off, and the r e s idue  was di luted with 
abso lu te  d ie thyl  e the r .  The oi l  that  s e p a r a t e d  out so l id i f ied  on t r i t u r a t i on .  Compound Via c r y s t a l l i z e d  in the fo rm of 
c o l o r l e s s  need les  f rom abso lu te  e thanol  a f t e r  the di lut ion of i ts solut ion with d ry  die thyl  e the r .  It is r e a d i l y  soluble  
in w a t e r  and the b r o m i d e  ion can be de tec ted  in the aqueous solut ion (Table  1). 

3 - M e t h y l - 4 - o x o  - 6 -pheny l -  1 , 2 - t r i  me thy lene-4 ,5 ,6 ,7  - t e t r a h y d r o i n d a z o l i u m  iodide (vlb} and 6 - (~- fury l )  - 3 - me thy l -  
4 - o x o - l , 2 - t r i m e t h y l e n e - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l i u m  iodide (VIc) we re  obtained f rom IIb and IIc, r e s p e c t i v e l y ,  and 1 ,3-  
d i iodopropane  in a s i m i l a r  manner  to Via (Table 1). 
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Dete rmina t i on  of the PKBH+ va lues  of the N - a l k y l - 3 , 6 , 6 - t r i m e t h y l - 4 - o x o - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d a z o l e s  III and IV 
(Figs .  2 and 3,(Table 1). The UV s p e c t r a  of 5 x 10-5-3 • 10-5 M solut ions  of III-IV were  r e c o r d e d  and the pKBH + va lues  of 
the compounds were  ca l cu la t ed  by a publ i shed  method [2]. Solutions of the subs tances  in 5.5 M HC1 (H 0 = - 1 . 9 3 )  s e r v e d  
as  s t anda rds  for  the abso rp t ion  of the ca t ionic  f o r m s .  The s p e c t r a  of aqueous solut ions  of III and IV were  used  as  
s t anda rds  for  the abso rp t ion  of the f r ee  b a s e s .  The ext inc t ions  of so lu t ions  of HI and IV were  a l so  m e a s u r e d  in 0 .16-  
0.50 M h y d r o c h l o r i c  ac id  a t  250 ,255 ,  and 260 nm. The a c i d i t i e s  of these  solu t ions  e x p r e s s e d  in H 0 units  [11] we re  b e -  
tween + 0.76 and + 0.31. The dev ia t ions  of the ca l cu la t ed  va lues  of PKBH + f rom the mean did not exceed • 0.01 pK uni ts  
for  IIIc and IVc and =~ 0.02 pK units  for  IIIa and b and IVa and b. 
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