
carbonate solution, and extracted with chloroform.  The solvent was removed by distillation, and the res idue 
was ree rys ta l l i zed  f rom ethanol to give 1.01 g (35.5%) of a product with mp 193-196~ 

C) A mixture  of 3 g (14 mmole) of 2-benzylidene-3-oxoquinuelidine,  1.52 g 04  mmole) of phenylhydrazine,  
and 30 ml of toluene was refluxed for 8 h with removal  of the water  by azeotropic  distil lation in the presence  
of a catalytic amount of p-toluenesulfontc acid. It was then cooled, and the precipi ta te  was removed by f i l t ra -  
tion and washed with toluene to give 1.42 g (33%) of a product with mp 193-196~ (from ethanol). The sub- 
s tances obtained by the three  methods were  identical with respect  to the i r  IR spect ra .  

2 - ( 4 '  -Methoxybenzylidene)-3-oxoquinuclidine Phenylhydrazone (Vb). This compound was synthesized 
in the same way as phenylhydrazone Va by method A; the react ion t ime was 8 h. Workup gave a product with 
nap 176-178~ (from isopropyl alcohol) in 36%yield. Found: C 75.8; H 7.3; N 12.596. C21H23N30. Calculated:  
C 75.6; H 7.0; N 12.6~. 
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SYNTHESIS AND PROPERTIES OF SUBSTITUTED 

10-PHE NYL-10-HYDROXY- 10H-PYRIDO[2,3-b]CHROMENES 

V. IV[. Petrichenko and M. E. Konshin UDC 547.83'814.07 : 541.124.7 

It is shown that 2-ary loxy-3-benzoyl -6-nae thylpyr id ines  undergo cyclizat ion to the cor respond-  
ing der ivat ives  of 10-phenyl-10-hydroxy-10H-pyr ido[2 ,3-b]chromenes  under the influence of 
concentrated sulfuric acid in glacial acetic acid. The pK~+ values of the products ,  which range 
f rom - 6 . 2 8  to -9 .27  and cor re la te  with the 0 0 ~ �9 Crp and cr R naeta substttuent constants,  depending 
on the posit ion of the substituent, were determined by speetrophotonaetry.  

In previous papers  [1, 2] we studied[he a c i d - b a s e  t ransformat ions  of 10-a ry l -10-hydroxy-pyr ido[2 ,3 -b ] -  
chromenes .  In order  to extend these studies to ascer ta in  the t r ansmiss ion  of e lect ronic  effects we used a 
previously descr ibed method [1] to synthesize 10-phenyl-10-hydroxy-10H-pyrido[2,3-b]ehronaenes  with sub- 
stituents in both the benzene and pyridine rings of this he te rocycl ic  sys tem and determined their  ionization 
constants.  We used 2-ary loxy-3-benzoyl -6-nae thylpyr id ines  (Ia-g) as the s tar t ing substances [3]. 

6B5 HO C6H 5 r " l ~ ' c=~  . ~  .-. 

C H3/~qN/\O--C6 H~ --R' C 113/k~'N ;k~()/k~/~J 
,a-g .a-g 

Under the influence of concentrated sulfuric acid in glacial acetic acid ketones Ia-g undergo eyclization 
to give substituted 10~phenyl-10-hydroxy-10H-pyrido[2,3-b]chronaenes (IIa-g; Table 1). The ra te  of cyelization 
depends on the substituents in both the pyridine ring and in the phenoxy group Ia-g.  Compounds IIa-g are  co lo r -  
less  crys ta l l ine  substances .  Their  s t ruc ture  was confirmed by their  IR spect ra ,  in which bands at 3590 cm -i 
(vOH) are  observed,  and, in contrast  to the spec t ra  of s tar t ing ketones Ia-g,  a band of a earbonyl group is 
absent.  The UV spec t ra  of alcohol solutions of I Ia-g contain maxima at 270 and 292 nm and an absorption band 
at 220 rim. As in the case of previously descr ibed analogous compounds, in sulfuric  acid they undergo s tep-  
wise convers ion with the formation of III ions and IV tons, which is accompanied initially by a bathoehronaie 
shift of the spec t rum and then by the appearance of maxima  at 374-392 and 480 nm. 

Perm State Pharmaceut ica l  Institute, P e r m  614600. Translated f rom Khtmiya Geterotsiklieheskikh 
Soedinenii, No. 6, pp. 798-800, June, 1982. Original ar t ic le  submitted March 10, 1981[ 
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T A B L E  1. 2 - R - 3 - M e t h y l - 8 - R t - 1 0 - p h e n y l - 1 0 - h y d r o x y - 1 0 H - p y r i d o  - 

[2,3-b] c h r o m e n e s  (IIa-g)  

C o1-11 - 

p o u n d  R R' 

i i > 
IIb 

IId 

IIf  
II:g 

rap, ~ 

229--230 
237--239 

255 ~ec. ) 
217--219 
219--220 
216--217 
224--225 

Found, % 

Br CI N 

21,8 4,8 10,7 4,4 
4,0 
4,8 
4,8 

21,7 3,9 
10,8 4,4 

Empirical 
formula 

C2oHI7NO2 a 
CIgHI4C1NO2 
CIgHI4BrNO2 
C~gH14FNg~ 
C2oHITNO2 
CIgHI4BrNO~ 
C19HiaCINQ 

Calculated, % 

B r l C l l N  

4,6 
10,9 4,3 

21,7 3,8 
4,5 
4,6 

21,7 3,8 
10,9 4,3 

Yield 
7o 

71 
63 
67 
61 
50 
40 
78 

a F o u n d :  C 79.0; H 5.4%. C a l c u l a t e d :  C 79.2; H 5~ b F o u n d :  C 

79.3; H 5.5%. C a l c u l a t e d :  C 79.2; H 5.6%. 

T A B L E  2. P a r a m e t e r s  of the  C o r r e l a t i o n  of the  L o g a r i t h m s  of the  In-  
d i c a t o r  R a t i o s  wi th  H R and PKR+ of  2 - R - 3 - M e t h y l - 8 - R ' - 1 0 - p h e n y l - 1 0 -  
h y d r o x y - 1 0 H - p y r i d o [ 2 , 3 - b ]  c h r o m e n e s  

Reac- 1 
tion ] Com- 
series I pound 

1 I Ia  
1 I I b  
1 I I c  
1 lid 
2 IIe 
2 Ilf 
2 Ilg 

CH3 
Br 
CI H 

384 
387 
392 
377 
382 
391 
387 

Ig8 

4,54 
4,59 
4,56 
4,53 
4,51 
4,4I 
4,43 

H R range 

5,56--6,90 
8,14--10,53 
8,14--10,53 
7,72--10,02 
6,40--7,28 
5,56--7,06 
5,56--6,90 

-pKb. r s 

6,28• 0,999 0,009 
9,27• 0,997 0,043 
9,24• 0,997 0,043 
8,91 ---0,20 0,998 0,032 
6,81 • 0,996 0,013 
6,31 • 0,995 0,027 
6.34• 0,997 0,017 

a D a t a  fo r  s o l u t i o n s  of p y r i d i n i u m - b e n z o p y r y l i u m  s a l t s  of the  IV type  in 
96% s u l f u r i c  a c i d  a r e  p r e s e n t e d ,  bThe  PKR+ va lue  of 3 - m e t h y l - 1 0 - p h e n y l -  
1 0 - h y d r o x y - 1 0 H - p y r i d o [ 2 , 3 - b ] c h r o m e n e ,  which  i s  - 7 . 1 3  [ 1], was  t a k e n  into 
accoun t  in t he  c o r r e l a t i o n  wi th  the  s u b s t i t u e n t  c o n s t a n t s  in both r e a c t i o n  

series. 

H + 
II a-g 

C~H5 
ttO,,,,/C~ H~ ~ tl + R'- ~ / R '  

It H 
II1 IV 

A s t u d y  of t he  H I : I V  e q u i l i b r i u m  in t he  s u l f u r i c  a c i d - w a t e r  s y s t e m  by m e a n s  of  the  UV s p e c t r a  showed 
tha t  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  the  l o g a r i t h m s  of t he  i n d i c a t o r  r a t i o s  [ log( IV/IH)]  and the  a c i d i t y  of the  m e -  
d ium,  which  was  e s t i m a t e d  with  r e s p e c t  to  the  H R s c a l e  [5], is  o b s e r v e d .  The s l o p e s  of t h i s  d e p e n d e n c e ,  j u s t  
as  in the  c a s e  of  o t h e r  s i m i l a r  r e a c t i o n  s e r i e s  [1, 2], d i f f e r  f r o m  uni ty  and r a n g e  f r o m  0.57 to  0.67. Th i s  is  
p r o b a b l y  a s s o c i a t e d  with  the  fac t  t ha t  the  IV ions  a r e  doub ly  c h a r g e d  s p e c i e s  tha t  conl a in  both p y r [ d i n i u m  and 
c h r o m e n y l i u m  r i n g s  and the  s o l v a t i o n  e f f ec t s  f o r  t h e m  d i f f e r  f r o m  t h o s e  f o r  t r i a r y l c a r b i n o l s ,  with r e s p e c t  to  
which  the  H R s c a l e w a s  c a l i b r a t e d .  The  PKR+ v a l u e s  tha t  characte~vize  the  I I I ~  IV e q u i l i b r i u m  (Table 2) fo r  
the  c o m p o u n d s  of the  f i r s t  r e a c t i o n  s e r i e s  c o r r e l a t e  wi th  the  ~p0 s u b s t i t u e n t  c o n s t a n t s  [6] (p = - 7 . 5 ,  r =0 .990,  
pK ~ . = - 7 . 3 3 ,  and s =0 .172) .  The  c o r r e l a t i o n  p a r a m e t e r s  c o n s t i t u t e  e v i d e n c e  tha t  the  e l e c t r o n i c  e f fec t s  

ca l  of t~e sUCbstituents in the  8 p o s i t i o n  of t he  h e t e r o e y c l i c  s y s t e m  a r e  r e a d i l y  t r a n s m i t t e d  to  the  r e a c t i o n  c e n t e r  

p r i m a r i l y  v i a  an i nduc t i ve  m e c h a n i s m .  

The PKR+ v a l u e s  of I I e - g  (second r e a c t i o n  s e r i e s )  c o r r e l a t e  wi th  the  ~}{ m e t a  s u b s t i t u e n t  c o n s t a n t s  [6] 
(p = - 4 . 1 9 ,  r =0 .990 ,  p K ~  c a l c  = - 7 . 1 6 ,  and s =0 .047) .  The c o r r e l a t i o n  wi th  t he  r e s o n a n c e  c o n s t a n t s  d e m o n -  
s t r a t e s  t he  a b i l i t y  of the  s u b s t i t u e n t s  of t he  c o m p o u n d s  of t he  s e c o n d  s e r i e s  to  e n t e r  into con juga t ion  with  the  
p y r i d i n i u m  r i n g ,  which  b e a r s  c o n s i d e r a b l e  p o s i t i v e  c h a r g e .  The e l e c t r o n i c  e f f ec t s  f r o m  the  l a t t e r  a r e  t r a n s -  
m i t t e d  to  the  r e a c t i o n  c e n t e r ,  p r o b a b l y  v ia  an  i nduc t i ve  m e c h a n i s m .  The  r e a c t i o n  cons t an t  in t h i s  c a s e  is  
l o w e r  by  a f a c t o r  of a l m o s t  two  than  in t he  f i r s t  r e a c t i o n  s e r i e s .  The  7r e l e c t r o n s  of t he  p r o t o n a t e d  p y r i d i n e  
r i n g  e v i d e n t l y  cannot  p a r t i c i p a t e  in d e l o c a l i z a t i o n  of t he  c h a r g e  on the  c h r o m e n y l i u m  s y s t e m ,  and,  in t h i s  con -  
nec t i on ,  t r a n s m i s s i o n  of t he  e l e c t r o n i c  e f f ec t s  by  t h i s  r i n g  is  r e a l i z e d  to  a l e s s e r  ex ten t  t han  t r a n s m i s s i o n  by 

the  benzene  r i n g .  
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E X P E R I M E N T A L  

The IR spec t ra  of solutions of I Ia-g in ch loroform were recorded  with a UR-20 spec t romete r .  The UV 
spec t ra  were r ecorded  with a Spectromom-202 spec t rophotometer .  The ionization constants in the sulfuric 
a c i d - w a t e r  sys tem were determined by spec t rophotometry  with the same spect rophotometer  for 2 �9 10 -5 M 
solutions at 20 :~1~ The analytical wavelength corresponded to the maximum at 374-392 nm. The equation 
PKR+= H R +log  ([IV]/[III]) was used to find the PKR+ values. The PKR+ value was found f rom seven points 
with a predesignated rel iabil i ty of 0.98. The resul t s  were t rea ted  by the method of least  squares .  

2 -R-3 -Methy l -8 -R ' -10 -pheny l -10 -hydroxy-10H-pyr ido [2 ,3 -b ]ch romenes  (IIa-g). A 20-ml sample of con- 
centrated sulfuric  acid was added to a solution of 3.5 mmole  of Ia-g in 10 ml of acet ic  acid, and the mixture 
was heated on a water  bath for 1-6 h. It was then poured into water ,  and the aqueous mixture  was neutralized 
with sodium carbonate.  The precipi ta te  was removed by fi l trat ion and crysta l l ized f rom ethanol. This method 
was used to obtain IIa-g.  

1. 
2. 
3. 
4. 
5. 
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6 -  A M I N O - 5 - C Y A  N O - 1 H , 4 H - P Y R A Z  O L O [ 3 , 4 - b ]  P Y R A  NS 

L .  G.  S h a r a n i n a ,  V. K .  P r o m o n e n k o v ,  
V. P .  M a r s h t u p a ,  A.  V. P a s h e h e n k o ,  
V. V. P u z a n o v a ,  Y u .  A. S h a r a n i n ,  
N. A.  K l y u e v ,  L .  F .  G u s e v ,  
a n d  A. P. G n a t u s i n a  

UDC 547.775'779.1 '813'461.3'  
052.2.07 : 543.422.51 

The react ion of 3 -me thy l - l - pheny l -5 -py razo l ene  with aryl ideneamino nitr i les in alcohol leads 
to the formati  on of 3-methyl -4  ( 1 -a ry l -2 ,2 -d i  cyanoethyl) -5-pyrazolones ,  whi ch are  readily 
cyclized in the presence  of bases to the corresponding 6 - a m i n o - 5 - c y a n o - 3 - m e t h y l - 4 - a r y l -  
1H,4H-pyrazolo[3,4-b]pyrans .  The s t ruc tu res  of the intermediate  and final products were 
confirmed bythe  IR, UV, PMR, and mass  spec t ra .  

Some derivat ives of 2-amtnopyrans  [1], as well as condensed 2 -amino-3-cyanopyrans  [2], are  pha rma-  
cologically active compounds. They have been tested as pest icides [3] and have been proposed as medicinal 
prepara t ions  that have ant ial lergenic and ant iasthmatic  activity [2]. 2-Aminopyrans  obtained on the basis of 
1,3-dicarbonyl  compounds and unsaturated ni tr i les  with an active double bond are  known [4]. However, very 
little study has thus far  been devoted to 6-aminopyrazolo[3 ,4-b]pyrans .  A single representa t ive  of this se r ies ,  
viz., 6 - amino - l -pheny l -4 ,4 ,5 - t r i cyano - lH ,4H-pyrazo lo [3 ,4 -b ]py ran ,  which wax obtained by the react ion of 
3 - m e t h y l - l - p h e n y l - 5 - p y r a z o l o n e  with te t racyanoethylene by heating the components in Mcohol, has been de- 
scr ibed in the l i t e ra tu re  [5]. However , the  method does not make it possibIe to vary the substituents in var i -  
ous posit ions of the pyran ring. The scope of the method have been extended substantially by a recent ly  pub- 
lished paper [3] in which the addition of malononitr i le  to 4 - a ry l i dene -3 -me thy l - l - pheny l -5 -py razo l i ne s  was 
studied~ 

We have developed a simple convenient method for the preparation of 6-amino-5-cyano-3-methyl-]H,4H- 
pyrazolo[3,4-b]pyrans that consists in the reaction of 3-methy]-l-phenyl-5-pyrazolone with arylidene-malono- 
nitriles (method A). It can be recommended for preparative purposes. 
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Khimiya Geterotsiklteheskikh Soedinenii, No. 6, pp. 801-806, June, 1982. Original ar t ic le  submitted May 26, 
1980; revis ion submitted October 28, 1981. 
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