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Abstract - Some novel reactions o f  indole-2.3-dione 111 w i t h  pyrazolone 121 under 

thermal and photochemical condi t ions have been studied. Under thermal 

condit ions, a v a r i e t y  o f  novel compounds v i r .  1,3-dihydr0-3-[13'-methyl-5'-oxo- 

l ' -phenylpyrazoIidene)]-2~-indol-2-one 131, 3.5-dimethyl-1.7-diphenylspiro- 

[ d i p y r a z o l o l 3 , 4 - ~ ; 9 , 3 - ~ ) p y r a n - 4 1 4 H ) , 3 ' ~ 3 H l i n d o l l - 2 ' l 1 1 H l - o n e  (4). and 5-fluoro- 

3,3-bis(3'-methyi-5'-oxo-1'-phenyIpyrazol-4'-yi)indol-2[1H)-one151 weie obtained. 

The photochemical i r r ad ia t i on  a f fo rded other compounds l i k e  3-methyl-4.5-dioxo-l- 

phenylpyrarolo[3,4-blbenzapine (6).  and 3-[2'-~1"-carbaxy-2"-oxoethyl1-4'-fluoro- 

phenyll-5-fiuoroindai-2-one 171 in  add i t ion  t o  thermal products 13) and 141 ar  151. 

In continuation t o  o u r  interest  i n  the  chemistry o f  indale-2.3-dione d e r i v a t i v e s l z 2  and 

synthesis of s p i r o i n d o l i n e ~ , ~ ' ~  we have recent ly repor ted that  the react ion of indole-2.3- 

d i m e  w i t h  1.3-cyclohexanedione a f fo rds  s p i r o  c ~ m p o u n d s . ~  We also noted that  the reaction of 

indole-2.3,-dione (1) w i t h  py ram lone  12) has not been exp lo red  ex tens ive ly .  There i s  only 

6 
one repo r t  i n  the  l i t e ra tu re  concerning t h i s  reaction under Pf i tz inger  condi t ions and report ing 

the formation of nonspiro compounds l i k e  pyrazaioquinolinecarboxylic acids. We were 

interested in  t h i s  react ion as a w ide spectrum of b io log ica l  a c t i v i t i e s  are associated w i th  

7-9 
indole de r i va t i ves  and besides, pyraza le  nucleus i s  also we l l  recognised for  i t s  

pharmacological p roper t ies .  10'11 Thus, a system incorporat ing these two moieties i s  l i k e l y  to 

resu l t  in  the  formation o f  some interesting b ioact ive  compounds. Therefore, we have 

investigated the react ion o f  indole-2.3-dime l i s a t i n l  I11  w i t h  pyrazolone 121 under thermal 

condit ions. Besides, keeping in  v iew the observations o f  Haucke fi *.I2 that under 

photochemical condit ions, i sa t in  may react through var ious intermediates, and considering that 

pyrazolone also ex i s t s  in d i f f e ren t  tautomeric forms and may also react in  more than one 

manner, we were prompted to  exp io re  t h i s  reaction under photochemical condit ions as we l l .  

The reaction of i r a t i n  ( l a  and l b l  w i t h  pyrazolone (2) was ca r r i ed  out in  the molar ra t io  

1:2 in  re f lux ing ethanol. The react ion o f  i sa t in  ( l a 1  w i t h  pyrazolone 121 a f fo rded compounds 

1,3-dihydr~-3-[(3'-methyl-5'-oxo-l'-phenylpyrazolidine)]-2~-indol-2-one 13a. 12% y i e l d )  and 
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spire compound 3,5-dimethyI-1,7-diphenylspiro[dipyrazolo(3,4-~;4,3-~)pyran-4(4H),3'(3H)indol]-  

2'[11H1-one (4. 80%). l r a t i n  ( l b l  w i t h  pyrazolone (21 gave compounds (3b. 6%) and 5-fluora- 

3,3-bir(3'-methyl-5'-oxo-l'-phenylpyra~ol-4'-yi)indol-2[1H]-one (5, 85%) (Scheme). 

The formation of compounds (31 and (5) may be exp la ined b y  reaction of i r a t i n  w i t h  act ive 

methylene graup of pyrarolane i n  1 : l  or 1:2 equivalents whereas compound (4) may ar ise  b y  

cyc l i r a t i on  of enol form of compound (5) .  To check the reac t i v i t y  and enolisation o f  

pyrazolene (21, we have ca r r i ed  out the  reactions o f  i sa t in  ( l a  and l b )  w i t h  pyrazolone ( 2 )  

i n  1 : l  molar r a t i o  under neutral condit ions and i t  gave compounds (3a and 3b) exc lus ive ly  i n  

80% y i e l d  support ing the  existence of pyrazoione in  the  keto form. Thus, it i s  evident from 

these observat ions tha t  under neutral conditions, ( i l  there  i s  no decomposition of isat in t o  

isa t ic  ac id  (2-aminaphenylglyoxalic acid), and li i l there  is no signi f icant enolisation o f  

pyrazolone as  react ive  methylene group takes p a r t  i n  t h e  reaction. These observations a re  i n  

6 
contrast t o  e a r l i e r  r epo r t  b y  Seshadri st whereby weak basic condit ions ( p h  10-11) are  

to be r e q u i r d  t o  prevent  the enolisation o f  pyrazolone. Furthermore, these workers  have 

repor ted the formation of pyraroioquinolineca*baxylic acids instead of compounds (3)-(51 as 

observed b y  us. The structure of compounds (31-(51 was unambiguously establ ished b y  t h e i r  

special data. Ih the  ir spectrum of  compounds (3).  charac ter is t ic  absorpt ion bands were 

observed a t  1710 and 1680 cm-l ,  assignable t o  two conjugated carbonyl  groups. The exocycl ic 

C=C absorpt ion band war observed a t  1620 cm-'. Regarding the stereochemistry o f  compounds 

(3a l  and (3bI.  i t  appears f rom making models t ha t  both  these compounds would be more 

stable i n  the  anti form as shown i n  the  scheme. Compound (41 d isp layed only one carbonyl  

absorpt ion a t  1680 cm-' (NHCOI along w i t h  (NHI absorpt ion in  the  region 3320-3150 cm-' 

suggesting the involvement o f  3-carbonyl group o f  i sa t in  in  the reaction. The exacyc l ic  C=C 

-1 
absorpt ion band was not observed and instead, pyran-ether l inkage was noticed a t  1180 cm . 
Compound (5). showed three d i s t i nc t  carbony i  absorpt ions a t  1730, 1700, 1690 cm-' along 

1 
w i t h  (NH) absorp t ion  a t  3350 cm-' indicat ing the  presence o f  two pyrazolone uni ts.  I n  the H 

nmr spectrum of  a l l  these products (3-51, signals corresponding to  the ac t ive  methylene 

protons of pyrazolone (21 were absent i n  the region 6 4.14, whereas methyl, aromatic, and 

imino protons were present in  the  requ i red regions (Table Ill. The structure o f  a l l  these 

products was fu r the r  establ ished b y  elemental analyses (Table I1  as wel l  as b y  appearance 

of molecular ion peak (M'I of  compound (3a) : m i r  303 (100%): compound (4) : m l z  459 

(18%); compound (5) : m l z  495 (12%) in  t h e i r  mess spectra. 

When the same react ion was ca r r i ed  out under photochemical i r r ad ia t i on  using isa t in  ( l a )  and 

pyrarolane (2).  the  thermal products (3) and (4) were obtained only in  small amounts, 7% 
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and 9% respect ive ly ;  ident i f ied  by  comparison w i t h  compounds obtained i n  thermal reaction. 

The major product, however, war character ised as 3-methyl-4.5-dioxo-1-phenylpyrazoio[3,4- 

blbenzapine (6) i n  32% y ie ld .  The react ion of i sa t in  (1) w i t h  pyrazolane (2) on i r r ad ia t i on  - 
produced thermal products (3b)  and (5) i n  7% and 13% respect ive ly  whereas the major 

compound i n  t h i s  case was i den t i f i ed  as 3- [2 ' - (1"-carboxy-2~' -0~0ethyl ) -4 ' - f luoro~hen~l ] -5-  

fluoro-indol-2-one 17) in  42% y ie ld .  The formation of compound (61 seems to occur f rom the 

react ion of i sa t ic  acid12 resul t ing from t h e  decomposit ion of i sa t in  (1) and the enolic form of 

pyrazolone (2) and hence it may be suggested that  there  i s  greater enol isat ion o f  pyrazolone 

under photochemical condit ions. The structure of a l l  the photo products was also ascertained 

b y  t h e i r  spectral  data. 

Compound (61 d isp layed charac ter is t ic  in f rared absorpt ion bands a t  3230, 1760, and 1740 cm-l 

expected from an imino group and carbony l  groups of an a-diketone respect ive ly .  In the  'H 

nmr spectrum, a s inglet  was observed a t  6 2.1 for  the  me thy l  protons and a mu l t i p l e t  a t 6  7.2 

for  aromatic protons. A singlet  a t  6 9.35 was associated w i t h  imino proton. Further,  in  the  

mass spectrum, the  molecular ion peak was observed a t  m l z  303 (8%). Compound (7) gave 

infrared absorpt ion band a t  3480 (COOH), 3180 (NH) and 1770, 1750, 1720 (C -0 )  cm-I. The 'H 

nmr spectrum showed only aromatic and imina protons a t  6 7.15 and 6 9.4 ppm respect ive ly  

whereas the region between 6 1.5-2.5 ppm was clear,  thereby inoicat ing t ha t  methyl  protons 

are absent wh ich  means that  pyrazolane un i t  i s  not involved. Further,  i n  i t s  mass spectrum, 

the molecular ion peak was observed a t  m l r  330 (29%) suggesting the presence o f  even 

numbered nitrogen atoms. Moreover, the  1 9 ~  nmr spectrum showed two signals a t  6 -118.9 and 

6 - 119.6 ppm indicat ing t ha t  two f luor ine  atoms are present i n  t h i s  compound and in  

d i f f e ren t  environment. Molecular model indicates t ha t  t h i s  compound also would be more 

stable i n  the  form as dep ic ted i n  the  scheme. A l l  these photoproducts also gave sat is-  

fac tory  elemental analyses (Table I )  conf i rming the assigned structure.  

EXPERIMENTAL 

Melt ing points were determined i n  open glass c a p i l l a r y  and are uncorrected. The ir spectra 

were recorded on Perkin-Elmer model 577 i n  KBr pel lets.  The 'H nmr spectra were recorded 

on JEOL FX-900 model a t  89.55 MHz w i t h  TMS as internal  standard. Chemical sh i f ts  are  g iven 

i n  S ppm. Mass spectra were recorded Kratos 30 and 50 mass spectrometers. Elemental 

analyses were performed b y  Coleman C, H, and N analyser-29. Photochemical i r r ad ia t i on  was 

conducted under nitrogen atmosphere b y  Hanavia I I Photochemical reactor equipped w i t h  

medium pressure arc .  A l l  compounds were homogeneous on t l c  in  var ious solvent systems. 
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5-Fiuoraindoie-2,3-dione was prepared b y  l i t e ra tu re  method. 
13 

&era1 Procedure fo r  t h e  Thermal Reaction of l sa t i n  I11  w i t h  Pyrarolone (21 i n  t h e  Molar 

Ratio 1:2 - A m ix tu re  of i sa t in  (0.01 mo l l  and pyrazolone (3.48 g, 0.02 mo l l  in  absolute 

ethanol 1100 m l l  was re f luxed f o r  6 h.  On cooling, a coioured product separated which was 

f i l te red.  T l c  o f  the  f i l t r a t e  indicated on ly  the  presence o f  unreacted reactants and hence was 

rejected, whereas t l c  of the  crude s o l i d  showed two d i s t i nc t  spats. The crude so l i d  was 

t r i tua ted w i t h  benzene, and from benzene solution a v i o l e t  coloured compound wasobtained i n  

small amount (6.12% y i e l d )  and character ised as 1,3-dihydro-3-[(3'-methyi-5'-oxo-l'-phenyi- 

pyrazolidine]l-2~-indai-2-one l3a. 3b l .  The benzene insoluble por t ion  was fur ther  

rec rys ta i l i sed  from ethanol and af forded a wh i te  c r ys ta l l i ne  so l id  in  80% y i e l d .  it was 

character ised as 3,5-dimethyI-1,7-diphenylspiro[dipyrazolo(3,4-~;4,3-~1pyran-414H1,3'l3H)indoi1- 

2'11'Hl-one I41 i n  case o f  the react ion  of i s a t i n  ( l a )  w i t h  pyrazoione 121. However, i n  case 

of the reac t i on  of i s a t i n  IIbI w i t h  Wrazoiane (21, the ethanol r e c r y s t a i l i s e d  product was 

i d e n t i f  ied as 5-fiuoro-3.3-bis-(3'methyI-5'-oxo-l'-phenyi~razol-4'-yI] indai-211Hl-one (5). 

General Procedure fo r  t h e  Photochemical Reaction o f  l sa t in  111 w i t h  Pyrarolone I21 i n  t h e  

Molar Ratio 1:2 - A mix ture  o f  i sa t in  10.01 mo l l  and pyrazolane (3.48 g, 0.02 moi) in  d r y  

te t rahydro furan 1150 m l ]  was i r r ad ia ted  w i t h  u l t r av io le t  l i g h t  o f  medium pressure a rc  w i t h  

constant s t i r r i n g  a t  room temperature under nitrogen atmosphere for 20 h. The progress o f  

the reaction was monitored through t i c .  Af ter  completion of the  reaction, as indicated b y  

disappearance o f  i sa t in  spot i n  t l c .  a wh i te  s o l i d  mass separated which was f i l t e red .  Both, 

the wh i te  powder and the f i l t r a t e  showed several  spots on t l c  and therefore, were subjected 

to  column chromatography separately. The whi te  powder was subjected to  column 

chromatography aver  s i l i c a  gel and eluted w i t h  solvents o f  r i s i ng  po la r i t y .  The f i r s t  

compound was separated from fract ion benzene : e t h y l  acetate 14 : l l  as an orange c rys ta l l i ne  

powder ident i f ied  as 3-methyI-4.5-dioxo-l-phenyipyrazolo13.4-blbenzapine - 161 (32%. mp 

186°C] i n  case of i ~ a t i n  l l a l .  However, in  case o f  i sa t in  ( l b l ,  compound I71 was obtained 

from the f rac t ion  benrene:ethyl acetate (1:4) as ye l low brown c rys ta l s  and character ised as 

'3-[2'-(1"-carbaxy-2"-oxoethy1)-4'fluorophenyl]-5-fluoroindol-2-one (7), i n  42% y ie id ,  mp 

206°C. 

The second compound was obtained from the f rac t ion  e t h y l  acetate:methanol 14 : l l  as wh i te  

c r ys ta l l i ne  powder i n  10% y ie ld ,  and i den t i f i ed  as thermal product  (41 o r  (51 in  case of 

i sa t in  ( l a ]  o r  ( l b l  respect ive ly  b y  comparison w i t h  authentic samples and spectral  studies. 

The f i l t r a te ,  was concentrated under vacua t o  a f f o rd  a yel low-brown gum and subjected to  
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column chromatography b y  using so lven ts  of increasing p o l a r i t y .  

The f r ac t i on  f rom benzene:ethyl acetate (1:l) was i den t i f i ed  as thermal  p roduc t  (3) i n  7% 

y i e l d ,  m p  218OC. an t h e  bas is  of m i x e d  mp and spec t ra l  studies. 

The p h y s i c a l  and spec t ra l  da ta  of a l l  t h e  above produc ts  (3-71 are summarised i n  Tables I 

and II. 

One o f  t h e  au thors  (A. DANDIA) i s  thank fu l  t o  t h e  DST, New De lh i  f o r  f inancia l  assistance. 
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