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Abstract - This rer iew a r t i c l e  covers t h e  synthesis ,  r eac t ions  and uses  

of sp i ro  indoles  wi th  C-3 a s  sp i ro  atom. 

INTRODUCTION 

The spiro  carbon i s  a carbon atom shared by two r i n g  systems. In this review, 

emphasis h a s  bean given only t o  those  compounds in which C-3 of t h e  indole  r i n g  

i s  t h e  sp i ro  atom. This C 3  atom i s  shared by t h e  indo le  r i n g  and one another 

r i n g  and the re fo re ,  l e a d s  t o  a T a r i e t y  of heterocycl ic  systems at tached a t  C 3  

o f  t h e  indc le  r ing.  These sp i ro  compounds have been inves t iga ted  f o r  var ious  

r e a s o n s  r i e  : 

( i )  Various c l a s s e s  of these  compounds may d i sp lay  d i f f e r e n t  types  of biologi- 

c a l  a c t i v i t i e s .  Recently, Fredricamycin A has  been discovered which i s  an an t i -  

tumor-ant ibiot ic  agent. Fredricamyoin A wi th  a spiro  system i s  expected t o  

p r o r i d e  a l ead  t o  a new family ,of drugs. 

( i i )  There a re  va r ious  indo le  a lka lo ids  wi th  a C 3  s p i r o  atom, and a r e  

synthesised from some simpler sp i ro  indo les  a s  r e a c t i o n  intermediates  

( i i i )  The unexpected formation of sp i ro  indo les  i s  a l s o  obserred during some 

c y c l i z a t i o n  and rearrangement react ions .  

I n  this review a r t i c l e ,  we descr ibe  t h e  synthesis ,  r e a c t i o n s  and uses  of sp i ro  

i n d o l e s  wi th  CJ a s  sp i ro  atom. The t e x t  has been c l a s s i f i e d  i n  terms of various 

r i n g  systems attached a t  C-3 of indole  r ing .  W r  t h e  present ,  n a t u r a l l y  occu- 

r r i n g  indole  a lka lo ids  have n o t  been covered. 

1. ONE RING SYSTMS 

1-1 ) With No Heteroatom 

1-1.1 ) Cyclopropane 

The base-induoed a lky la t ion  of 5-unsubstituted oxindoles wi th  1-bromo-2-chloro- 



ethane o r  1.2-dibromoethane r e s u l t s  i n  t h e  formation of s p i r o  [cyclopropane-1 ,3'- 

[3H] indol] -2'(11H)-ones (1: R , R ~ = R ~ = R ~ = R ~ = H ) ~ - ~ .  3-3romoethylindoles c y c l i z e  i n  

a similar manner i n  t h e  presence of potassium carbonate t o  give  s p i r o ~ y c l o -  

propane-l,3'-indolines] (2; R=H, C O O M ~ ) ~ .  

The t i t l e  compounds of t h e  type(1)  have a l s o  been obtained by ( i )  the  pho to lys i s  
1 2  of 1-methyl-Fdiazooxindoles in hexane (%Me, R =R =Ph; ; ( i i )  t h e  

thermolysis  of t h e  pmduct  obtained by r e a c t i o n  of Imethyl-7-phenyl-2-oxindoles 
7 w i t h  diazomethane6, o r  of i n d o l y l  t o s y l a t e  w i t h  potassium m - b u t o x i d e ;  

( i i i  ) t h e  pyro lys i s  of s p i r o  [3H-indole-3,j'-pyrazolines] (R=H, morpholinomethyl; 
1 2 3 4  R = COOEt; R =R =R =HI' and ( i v )  t h e  t reatment  of Lphenylmethyleneindol-2-ones 

+ 1 9 w i t h  PhCOCHSMe2 (R=Ac, Me; R = COPh; R2=R4=H; R~ = s u b s t i t u t e d  phenyl) . 
Tryptamine nethiodj.de, on treatment wi th  l i th ium in ammonia1' and var ious  i n d a l e  

a l k a l o i d s ,  on vacuum d i s t i l l a t i o n  with  calcium oxide, z inc  dust and palladium, 
11 a l s o  y i e l d  spiro  [cyclopropane-1 ,3'- L3 H] indole! d e r i v a t i v e s  . 

H COOMe wge gp (&+JdPh 

COOMe 

COOMe COOMe N 0 
H Me R 

Spiro [cyclopropane-1 ,2 ' -  [ZH] indol] ->'(I  'H)-ones undergo Fr iede l  Cra f t s  r e a c t i o n  

w i t h  a c e t i c  acid and t r i f l u o m a c e t i c  anhydride g iv ing  spiro[cyclopropane-1,3'- 

1 2 3 4  12 [3H]indol]-2'(11H)-ones (1; X=H, Ac; R =R =R =R =H)  a s  a minor product . 
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I r  spec t ra l  studies13 and ant i tubercular  ac t iv i ty14  have been reported in some 

cases ;  some compounds have been found useful  a s  basic  dyes 15,16 

1-1.2) Cyclobutane 

3-Carboxymethyleneindole derivat ives(>)  photodimerizes t o  give spiro [cyclobutane- 

1 ,3'- [3 H ]  indole] derivatives(4)17. 
1 The spiro compounds&; R=Me, Et;  R =H,Me; C= Piperidino, pyrrol idino)  have also 

been obtained by 1.2-cycloaddition react ion of N-alwl subst i tuted F o x i n d o l i d m e  
18-20 acetophenones with enamines . 

2- ( 2 - 0 x o - ~ i n d o l i n ~ l ) ~ l ~ o x a l a t e s  (6; R = Me, Et, CHZPh) undergo intramolecular 

C l a i sm  condensation with ace t ic  anhydride in the  presence of pyridine t o  y i e ld  
21,22 sp i ro  ~yc lobu t ane - l  ,3'-[3 H] indo14 der ivat ive(1)  used a s  a purple p i p e n t  . 

1-1.3) Cyclopentane 

Base catalysed alkylat ion of 3ansubs t i t u t ed  indol2-one with 1,4-dibromobutane 
2 a f fo rd s  spiro[cyclopentme-1 , 3 ' - [ 3 ~ ]  indoll-2'(1 'H)-one (8; R = Me; R', R =H; 

x , 0 ) ~ 3 * ~ 4 .  

The following cyc l iea t ion  reac t ions  have also been found t o  lead to t he  formation 

o f  the  spiro compounds(8) vie; 3-(Fcarboxypropy1)-l,2-dimethylindole with tri- 
1 2  f luoroace t ic  anhydride (R = Me; R R = 0: X = CHCOCP Iz5, cyclopentanecarboxylic 3 

1 2  a c i d  phenylhydrazide with 20% hydrochloric a c i d ( R = ~  =R =H; x , . o ) ~ ~ ;  photocycliea- 
1 2  t i o n  of N-arylenamines (R=R =R =H; X = H ,  C O O E ~ ) ~ ~ ;  4,4dialkylhomophthalimide 

w i th  sodium hypochlorite i n  a lka l ine  medium 28-m and cyc l iza t ion  of 

P ~ N R N H C O C H C ~ ~ .  

Reactions of tetrahydrocarbazole der ivat ives  with W E  o r  P P A ~ ~ ,  arene sulphonyl- 

a z ide s  3FB, Grignard's reagent4', oxidation with sodium metaperiodate"', 

tha l l ium diethylmalonatee and methanolic sodium also give r i s e  

t o  the above spiro derivatives.  

The conversion of  4-(3-indoly1)-I-butmol i n to  spiro products with potassium 

t e r t - b ~ t o x i d e " ~  and BF3.~2046  has also been reported. ~~iro[c~clo~entane-l,2'- 

yindoxylq with Grignard's reagent produce spiro[cyclopentane-1 ,3'-iyindoxyl] 

 derivative^“^. W i n g  dimerization of (E)-2-0~0-3-indolinylideneacetone, t h e  

formation of spiro cyclopentanes i s  also indicated47. 

Various reac t ions  l i k e  rearrangements48-50, a ~ e t ~ l a t i o n ~ ~ ' " "  and 

oxidat ion in presence of mercuxy lamp5' of t i t l e  compounds a r e  reported in  t he  

l i t e r a t u r e .  The c ry s t a l  and molecular s t ruc ture  of 1 '-methyl-2-(p-toluene- 

sulfonamido )-2 '- (p-toluenesulfonylimho )spire [oyclopentane-1 ,3'- [>HI indole] 52 



and some o ther  de r iva t ives  of t h i s  type 53'54 have been s tud ied  by v a r i o u s  

workers. 

Some of t h e  compounds have been used a s  bas ic  dyes I 5 ' l 6  and b io log ica l  a c t i v i t i e s  

l i k e  antiinflammatory3', a n t i d e p r e ~ s a n t ~ ~  and antihypertensive4'  have been 

repor ted  t o  be associa ted wi th  these  s t ruc tu res .  

1-1.4) Cyclohexane 

Spiro  [cyclohexane-1.3'- [)HI indole] de r iva t ives (1 )  have been synthesized using 

v a r i o u s  c y c l i e a t i o n  r e a c t i o n s ,  v i e ;  ( i )  Treatment of 1-phenylindol-2-one wi th  

methyl a c r y l a t e  followed by c y ~ l i z a t i o n ~ ~ ,  ( i i )  Fischer indole  c y c l i e a t i o n  of 

phenyl hydrazone of acetylhexane wi th  z inc  chloride57, ( i i i )  Cyclieation of 

1-methyl-3,Fdi( (3-carbethoxyethy1)cxindole with  potassium in toluene5', 

( i v )  Alkylaticn of 2-cxindoles wi th  1 ,5-diiodopentane i n  presence of b u t y l  

lithium5', (v)  Diels-Alder reac t ion  of Fmethcxycarbonylmethyleneindol-?-ones 

w i t h  RCH=CH-CH=CH2(R=Me, ( v i )  Cycl ieat ion of cyc loh~xane  carbchydrazide 

w i t h  calcium oxide and hydrochloric acid26v61, ( v i i )  Reaction of subs t i tu ted  

phenyl isocyanide wi th  cyclohexanona i n  presence of BF3 o r  BF3 etherate62-64, 

65 ( v i i i )  Cyclization of I-phenyl-2-acylhydrazine with  phosphorus oxychloride , 
(ix) Reaction of tetracyanoethylene w i t h  t h e  c y c l i c  adduot obtained by treatment 

o f  F o x i n d o l i d m e  acetophenone wi th  e n a r n ~ n e s ~ ~ ,  (x)  Reaction of 4.4-diallqlhomc- 

phthalimide wi th  sodium ethoxide in a l k a l i n e  medium28-30, and (xi) Cyclieation of 

P~NRNHCOCHC~H::. 



HETEROCYCLES, Yo1 23, No. 4, 1985 

Hexahydrocycloheptaindoles(~) on treatment with pchlorobenzenesulphonyl azide 

g ive  spiro [cyclohexane-I ,3'- 13~1  i n d ~ l a + ( l J ) ~ ' ~ ~ ~ ~ ~ .  

Some reac t ions  of the  t i t l e  compounds have a l so  bean studiedW. 

A number of compounds have been used a s  analgesics56,  fungicide^^^-^', an t i -  

31  depressant^^^ and antiinflammatory agents . 
Furthermore, var ious der iva t ives  are  usefu l  a s  ba s i c  dyes15116, as  dye developers 

73  f o r  photographic diffusion t rans fe r  system72 and a s  photochromic agents . Some 

dyes of t h i s  s e r i e s  (merocyanine-rhodamines) have bean s tudied with respect  t o  the 

changee i n  absorption, fluorescence, diohroism and bir i f r ingence i n  s ta ined giant  
74 axon8 . 

1-1.5) Cycloheptane 

Hexahydrotclylsulphony1aminocyclooct [b] indole  obtained by the  react ion of hex* 

hydrocyclooctindole with tosylazide on shaking with platinum black i n  ace t ic  acid 

67 y ie lded  2-p-tolyl-sulphonylaminospim[cycloheptane-I ,3'- [ 3 ~ ]  indole] . 
1-21 With One Heteroatom 

1-2.1 ) Oxirene 

The syntheses of spiro[3~-indole-3,2'-oxiran]-?(l ) -ones(c )  have been car r ied  out 

i n  various ways from i s a t i n  and i t s  der ivat ives  : 

( i ) By the  reac t ion  of i s a t i n  with diazomethane o r  diaryldia~omethane(ph2CN~) 
1 2  (2; R=H,Me.Pb; R ,H .H,H; Ph,Ph; R ~ . H ) ~ ~ * ~ ~ .  

( i i )  Epoxidation of 5 d i s u b s t i t u t e d  methyleneoxindoles with hydrogen peroxide 
1 2 i n  presence of bas ic  c a t a ly s t  (12; H=H,Me; R =Me.Ph; H =Me,Ph; &Pr, 4-3; 

,3=,)77-81. 

( i i i )  By the  reac t ion  of  hydrogen peroxide on Faro~lmethyleneindol-2-ones o r  
1 2 indolo[2,>c]pyridazines (2: R=H.Me; R =H; R =subst i tuted benzoyl; 

R3=H,  OM^)^^'^^. 
1 3  ( i v ;  By the  reac t ion  of isatir .  w i t h  2-nitmbenzyl chlor ide (12; R=X =R =H; 

2 R ~ ~ - n i t r o b e n z y l ) ~ ~ .  

The react ion of 2-(methy1thic)indolin-a-ones with diazomethane affords  2-methyl- 

thio-spiro [3H-indole-3.2 ' - o x i r a n e s 1 ( 1 1 ) ~ ~ ' ~ ~ .  Sulphur yli des also produce these 

87 comwunds with i s a t i n  . 
Some react ions of these indc les  and t h e i r  rearrangements i n t o  2,)-disubstituted 

77 2 i ndo l e s  have been described by Anthony . Tne compounds (12; H =benzoyl) r e a c t  

w i th  hydrazine der iva t ives  affording spiro[~~-indole-3,3'-pgrazolidine] der iva t i -  

v e s  82.83.88- 



The b io log ica l  a c t i v i t i e s  such a s  d i u r e t i c ,  t r anqu i l i z ing ,  ant iconvulsant ,  

transaminase i n h i b i t i n g ,  blood p l a t e l e t  agregation, fungicidal and b a c t e r i c i d a l  

a r e  associa ted wi th  these  compounds 78,80,81,83,89. 

1-2.2) Azets 

Hassan and c o - ~ o r k e r s ~ ~ - ~ ~  have repor ted  t h e  synthesis  of apiro [aeetidine-2,3'- 

[ 3 ~ ]  indol] -2' ,4(1 'H)-diones (3) by the  r e a c t i o n  of F i s a t y l i d e n e  a n i l  d e r i v a  

t i v e s ( g )  wi th  phthalylglycyl  ch lo r ide  o r  chloroacetyl  ch lo r ide  and t h e  compounds 

have  been f'urther subjected t o  d i f fe ren t  react ions .  

The formation of these  p-lactams has  a l s o  been shown on t l c  p l a t e s  us ing t h e  same 

9 5 r e a c t a n t s  . 
1-2.3) Oxete 

The thermal 2+2 cycloaddi t ion o f  (Me0)2C:CH2 t o  2-ethoxy-%indolone (16) a t  4 0 ' ~  

h a s  r e s u l t e d  in  t h e  reg iospec i f i c  formation of 2-ethov-4',4'-dhethoxy-spiro 
96 [3H indole-3,2'-oxetan+l7-) . 

R = A r y l  , heterocycle 

1-2.4) Pyrrole  

Spiro  [3~-indole-3,3'-~yrrolidines] (2) were f i r s t  prepared from tryptamine/ 

t ryptophan der iva t ives  and few examples e r e  c i t e d  here : 

( i )  Pictet-Spengler type condensation of 3-(2-aminoethyl)-2-oxindole with  

appropr ia te  ddehyde97-99. 
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( i i )  The r e a c t i o n  of F(2-aminoethy1)indole wi th  aldehyde o r  N B S ~ ~ ~ * ~ ~ ~ .  

( i i i )  The condensation of 2-hydroxytryptamine hydmchlor ide  w i t h  hemiacetale of 
102 tetrahydropyran-2-01 i n  presence of sodium a c e t a t e  . 

( i v )  The condensation of 2-hydroxytqptamine hydrochloride wi th  Foxobutanol 

e thyleneketal  in b a s i c  aqueous ethanollo3. 

( v )  The reac t ion  of methyltryptophan with  excess formaldehyde and H i o n s  i n  

104 t h e  presence of Raney n i c k e l  o r  5% Pd/C . 
The t reatment  of melatonin der ivat ives(%) with pentafluoropropionic anhydride 

a f f o r d s  sp i ro  p r o d t ~ o t s ( ~ ) ~ ~ ~ .  

The formation of sp i rc -pyr ro l id ines  h a s  been repor ted during t h e  treatment of 

Mannich bases  of indo les  wi th  H C 1  followed by hydrogenolysis106. 

Me omlCH212 NHCOR 

COOEt 

6 0 ~ ~ e  

(24) 
R * Ac , COOEt 

R =  Ac , COOEt 



I n  another approach, 1-substituted i s a t i n s  have been condensed with cyanoethyl 

e s t e r  followed by the  react ion of XCN/HCN t o  give spiro products and 

22 107,108 - 
Tetrahydro- $-carbolines have a l so  been succassml ly  converted i n to  corresponding 

s p i m  pmducte with d i f f e r en t  reagents,  e.g. ( i )  fer t -butyl  hypochlorite and 

methanolic sodium hydroxide109v110, ( i i )  arenesulphonyl azides  111-113 and 

( i i i )  osmium t e t r a o ~ i d e ~ ~ .  

Copper catalyeed decomposition of diazonium salt of compounds (2) has been 

reported t o  give spiro indolines(%) 114,115. 

During t he  cyol izat ion of benzylidene trgptamFnes i n to  tetrahydro- P-carbolines,  

t h e  formation of spiro[indoline-313'-pyrrolidines] has been found a s  i n t e r -  
116 mediate . 

The syntheses of some spec i f ic  compounds of this s e r i e s  such a s  (3) from 

2 ,  5-c1(OMe)C6H4NH2 and NC-CH=CH-COOH v i a  a complex of (Ph3P)3Ni and aFyl 

halide117, (26) by the photccyclization of ~ - a r ~ l e n a m i n e s ~ ~ ,  (7) and (2) from 

3- ( 2 - ~ n o ~ y l ) - I - b e n z y l p y r r o l i d i n e - 2 ,  F d i o n e s  in t he  presence of c a t a l y t i c  

amount of alkoxide 118*119 and ( ~ 9 ) ' ~ ~  - have been reported by various workers. 

100 A number of spiro [indole-pyrrolidines] exh ib i t  l oca l  anesthet ic  a c t i v i t y  , 

- 9 6 4  - 
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ant iconvulsant  activity108, binding a f f i n i t y  t o  glycine receptors log and o the r  

111 pharmacological a c t i v i t i e s  . 
1-2.5) m r a n  

~~ircLaran-2,3'-[3~]indod -2 ' ( lVi i ) -one d e r i v a t i v e s ( 2 )  have been synthesized from 

indole-3-propanols lZ1* lz2  o r  Indole->propionic a c i d s  2371 24 by t h e i r  r eac t ion  

w i t h  NBS/NCS. Indole-3-propionic ac ids  can a l so  be cycl ized wi th  thallium(111) 

n i t r a t e  t o  give sinilar compounds1 25. 2- (2-Witrophenylsulphonyl )indole-3- 
I26 propionic  ac id  wi th  NBS g i v e s  sp i ro  i n d o l i n e ( 2 )  . 

Dipept ides  of indo le  wi th  NRS a l s o  give s imi la r  compounds127. Various tr~rptophan 

d e r i v a t i v e s  a r e  f requent ly  oxidized t o  sp i ro  mans, e.g. ( i )  oxide of 2-trypto- 

phan with  Me3CCOOH i n  presence of f e r rous  s u l p h a t e ( 2 ;  R=I%, ~ 0 ) ~ ~ ' .  ( i i )  t ry -  

ptophan on oxidation wi th  DIJSO-HIh. and chromium t r i ~ x i d e l ~ ~ * ~ ~ ~ ,  ( i i i )  N-A-ocetyl- 

t ryptophan with  NBS and m - b u t a n o l  (2; R=NHAc, JL0)l3l and ( i v )  N-phthaloyltry- 

ptophan w i t h  NBS and s t b u t a n 0 1  (30; R=phthaloyl. L O )  129.132 

1-Methylisatin on condensation wi th  BrCH2C(:CH2)C02Et g i v e s  ( x ) 1 3 3  and with  

g lyoxa lb i su lph i t e  and sodium cyanide i n  aqueous sodium carbonate gives  (z) 134. 

Acetyla t ion of compound (z) followed by r i n g  opening and subsequent cyc l i za t ion  

a f f o r d s  pyranoindoles . Compounds (2) have exh ib i t ed  a n t i  P-338 lymphocytic 

leukemia activity133 and some o ther  s p i r o - m a n s  are  a c t i v e  a s  antiinflammatory 132, 

41 CNS' 32*136 and ant ihyper tensive  drugs . 
1-2.6) Thiophene 

Hino e t  al. 121*122 have r e p o r t e d  t h e  synthesis  of 4' ,5'-dihgdro-spiro [3H-indole- 

3,2'(3'~)-thiophenel-2(11i)-one (2) by t h e  act ion of NBS/NCS on indole-3- 

propanethiol.  

3-(2-Substi tuted indo ly1) th ioacry la tes  (z) undergo cyc l i za t ion  i n  t h e  presence 

o f  HC1-MeOH t o  give spiro-thiophenes (6) 137. 

Reaction of 1,3,4,5-tetrahydro-5-methylthiopyrano [4 ,~-b] indo le  wi th  arene 

sulphonyl az ides  y i e l d s  3-iminoindolin-2-spiro-thiacyclopentane and 2-imino- 

indolin-3-spiro-thiacycl~pentane~ ~. 
Treatment of F(3-methyl-2-oxobuty1)-Fhy&oxgoxindole with  th iony l  chlor ide  gave 

an unexpected product i d e n t i f i e d  a s  3'-chloro-5 ' $5'-dimethyl-spiro [3~-indole-3.2' 

139 (3'H)-thiophenel-2.4' (lH.5.H)-dione-1 '-oxide (37) . 
1-2.7) Fyridine 

2-Oxindoles, when t r e a t e d  w i t h  sodamide end RN(CI$CH2C1)2, produced t h e  corres- 



133 

X =  H2,0 

R = H,NHAc ,NH2, phtholql 

ponding spiro[~indole-3,4'-~i~eridin]-2(1~)-onea (%)l4'. A l a r g e  number of 

v a r i o u s  de r iva t ives  of this type possessing b io log ica l  a c t i v i t y  have been 

synthesized 141-143. Daring t h e  Fischer indole  cyc i i ea t ion  of phenylhydrazone of 
57 4-acetylpiper idine  wi th  z inc  ch lo r ide ,  sp i ro  indo l ines  a r e  f requent ly  obtained . 

The condensation of t h e  d e r i v a t i v e  of phenacyl cyanide wi th  ( C ~ C H ~ C H ~ ) ~ N M ~  

followed by cyc l i ea t ion  a f fo rds  sp i ro  [ 3 ~ - i n d o l e - 3 , 4 ' - ~ i ~ e r i ~ e s ]  (2) 144-148. 

Kornet and l'hiol'' have prepared sp~o[3~indole-3.2'-piperidhe]-2(1~)-ones 

from ~ ( ~ 3 m i n o p m p y l ) - 2 - o x i n d o l e  and NBS. A few spiro[3~-indole-3,3'-piperidines] 

have been repor ted from 3-(3-aminopropyl)indole and an aldehyde1''. Cyano der iva .  

t i v e  of 2-oxindoles (s), on reac t ion  w i t h  hydroxylamine hydrochloride,  a f f o r d s  

1 49 t h e  sp i ro  de r iva t ive  (41) . 
Some spiro-dihydropyridines have been obtaLned from acy la t ion  of Frnines15' and 

naphthyridines15' wi th  4-pyridine-carbonyl chloride.  Spiro-piperidines (42; 
2 R = arylsulphonyl) a re  a l s o  obtained by t h e  r e a c t i o n  of arene sulphonyl ae ides  on 
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tetrahydrocarbolines (g)%. 

These compounds are of great biological importance and have shown anticonvulsant, 

antidepressant, tranquilizing, central nerve inhibiting, analgesic, antihyperten- 

sive, antirheumatic, local anesthetic. hypotensive, antiinflammatory and ganglion 

blocking activities 100,141-148.152 

R : Subs. phenyl olkyl, olkyl, phenoxyolkyl, 
benzoylolkyl phenyl , phenylolkenyl, e t c .  

R'= H ,  ~h , o~koxy , c ~ - ~  o ~ k y ~ ,  e t c .  

R = H , olkyl, cyanoolkyl, COOPh, phenylolkyl 

R ' =  H r olkvl 

R ~ , R ~ = I S O ~ ~  o r  different)H , holo, OH, NH2, 

CF, ,NO2 , NHAc , olkyl , ory l  

R4; H , holo,  OH, olkyl , olkoxy 



1-2.8) Pyran 

5-Bromo-4' ,5'-dihydro-spiro [3H-indole-3,2'- [ZH] pyran] -2,6' (1H,3'H)-dione (9) has  

been obtained during t h e  r e a c t i o n  of indo le -Fbu tyr ic  acid  wi th  NBS 153. 

Spiro[3~-indole-3.4'-  [4~]pyran]-2(1H)-ones ($) a r e  synthesieed by Michael conden- 

s a t i o n  of Fcyano-indol-2-one o r  Fcarbethoxymethyleneindol-2-one with 1 ,F 

dike tone^'^^ and ($1 by t h e  r e a c t i o n  of t h e  Michael adduct of acetophenone/acetone 

w i t h  3-cyanomethyleneoxindoles followed by reac t ion  with  NaBH 1 49 
4 .  

The r e a c t i o n  of compound (47) with  i s o n i c o t i n i c  acid  through var ious  s t e p s  has  

afforded t h e  spiro  product (g) which i s  hypnotic and muscle relaxant155. 

Some of t h e s e  compounds, use fu l  a s  antiinflammatory agents ,  have a lso  been 
141 synthesized . 

1-3)  With Two Heteroatoms 

1-3.1) M a z i r i n e  

The i r r a d i a t i o n  of 3-diazoindol-Lone (49) a t  h>29O nm in methanol, i n  the e a r l y  

(44) (421 

R  = Me , Ph , COOMe 

R 1 =  H, Ac,  Br,COOEt 

R ~ =  CN COOEt 

(21 
R = H ,  Me,  R ' = M ~ , P ~  
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s tages ,  h a s  produced sp i ro  [3H-diazirine-3,~'-  [311]indol]-2' (1 '8)-one (3) 156. 

The k i n e t i c s  of t h e  valence isomerizat ion of (3) t o  (x) were deteoted at  18.5- 

53.4' and a c t i v a t i o n  parameters have been reported. Theoret ical  paths  o f  r i n g  

c l o s W e  and ring opening have a l so  been discussed157. 

I- 3.2) Oxazirine 

m r i n g  t h e  pho to lys i s  of n i t r o n e s  of i s a t i n  (2) apiro [TH-indole-3,3'-0xaziridin]- 

Z(1H)-ones (52) a r e  repor ted t o  have been formed15'. 

1-3.3) Pyraeole 

Various i s a t i n  de r iva t ives  such a s  spiro[2-oxindole-3,2'-(3-substituted)oxte~ 

( D ) ~ ~ ' ~ ~ ~ ~ ,  butenol ides  (2) obtained from i s a t i n  and p-aroylpropionic ac ids  1 59 
l 

and 3-aroylmethyleneindol-2-ones (z)94*160p161 cyc l i ze  wi th  hydrazine hydrate  to 

a f f o r d  spiro[3~indole-3,3'-pyrazolin]-2-ones. 

Various F s u b s t i t u t e d  2-oxindoles wi th  diaeomethane f requent ly  give sp i ro  [ 3 ~ -  

indole- 3.3 '-pyrazolinl-Zones (55 and 6 8 . 1 7 .  

A n  attempted synthesis  of t i t l e  compounda from n i t r i l e  subs t i tu ted  indol ine  

3 161 A. -d -ac ry la tes  and diazoalkanes was unsuccessful . 

(551 (551 (El 
R=H,Me,Ac R = H ,  Me,Ac 

R=H,Me 1 2. R , R -Me,N02iH,COOEt R: R 2  =Me, N02,H,COOEt 

IN ' h H  

~&.*e 

COOH m e  

I=) (591 



A t r i c a r b o x y l i c  ac id  de r iva t ive  (s), obtained from pyruvic ac id  and a n t h r a n i l i c  
17 a c i d ,  on treatment wi th  diazomethane, afforded spiro-pyrazoline (2) . 

These compounde have been found useful  a s  analgesics8, antiphologistics8 and blood 

p l a t e l e t  a g g r e g a t o r ~ ~ ~ .  

1-3.4) Imtdazole 

The syn thes i s  of spiro  [imidazolidine-4.3'- [3~]indole]-?.2',5(1 'H) - t r ionea(gf  h a s  

been repor ted from t h e  corresponding i s a t i n ,  potassium cyanide and ammonium 

carbonate  and t h e  compounds have been used in t r e a t i n g  complications of d iabe tes  

o r  galactcsemia 162-164 

1-3.5) Oxazole and Iscxazcle 

Dioxindole-3-carbcxyureides (x), on add i t ion  of 50% aqueous potassium hydroxide, 

l i b e r a t e  ammonia and produce apiro [3~-indole-3,2 '-oxazolidinel-2,3' ,5' (1H)- 

t r i o n e s  (2). The e lky la t ion  of (&) af fo rds  N-alkylated d e r i ~ a t i v e s ' ~ ~ .  

The condensation of Faroylmethyleneindol-2-ones with benzaldoximes has  yie lded 
1 spire [ 3 ~ i n d o l e - 3 , 5 ' -  [2 ] isoxazolin]-2-ones (s; R=H,Me; R = subs t i tu ted  phenyl; 

2 R = s u b s t i t u t e d  benzoyl)166 and Fmethylene e s t e r  of indol-2-one produces (63; 
1 2 8 R=H.Me; R =Ph; R =C02Et) wi th  phenyl cyanate . 

Synthesis  and p r o p e r t i e s  of some polymers containing s p i m  [indoline-isoxazoline] 
168 system have a l s o  been repor ted . 

These compounds a r e  use fu l  a s  CNS drugs166, antiinflammatory agents166 and blood 

89 p l a t e l e t  agmegators . 
1-3.6) Tbiazole 

The synthesis  o f  spiro[3~indole-3,2'-tM~01idine]-2,4'(1~)-diones (3) has  been 

c a r r i e d  ou t  by the  condensation of isa t in-7-ani ls  wi th  mercaptoacetic 

acid90-931169. The compounds have a l so  been d i r e c t l y  obtained from isat in ,amines  

and mercaptoacetic acid  without i s o l a t i o n  of i s a t i n - ~ a n i l s ~ ~ ~ ' ~ ~ ~ .  The compounds 

have successful ly  undergone ace ty la t ion ,  chloroacetyla t ion and Mannich 

reaction170. The condensation of i s a t i n  wi th  p e r c a p t o e t h y l a m i n e  hydrochloride 

a l s o  a f fo rds  t h e  same sp i ro  products 172,173. Direct  condensation of i s a t i n  wi th  

N- (2-thiophenylmethyl)-1 , F t h i a z o l i d i n e - ? d o n e  produces t h e  s p i m  product, 

174 3'-(2-thiophenylmethyl)-spiro [3H-indole-?, 5 '- thiazolidine] -2,2 ' ,4 '(1H)-trione . 
Rovnyak e t  have prepared t h e  sp i ro  compound (66) from oxindole and chloro- 

e t h y l  i sothiccyanate  i n  glyme containing sodium hydride. 
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R 2 = H  j ~ ~ = H , O H ~ N 0 ~ , h a l o ,  clkyl R , R ' =  H or Me 

X = H ,  F, CF3; A r  = Subs.phenyl 

R = H,alkyl, acyll morpholinomethyl 

These products a re  use fu l  a s  pharmaceuticals, antiinflammatory agents  
173,175 

172 fxng i s ta t i c l  74, b a c t e r i o s t a t i ~ l ~ ~  and a n t i r a d i a t o r s  . 
1-3.7) 1.3-Dioxole 

The synthesis  of apiro [1 , >dioxolane-2,3'- [TH] indol l -2  ' (1 'H)-ones(z)  involves  

t h e  condensation of i s a t i n  wi th  1 ,2-dia ls  i n  t h e  Presence of p-tcluenesulphonic 

a c i d  o r  o x a l i c  acid  176*177. Same o ther  d e r i v a t i v e s  ( ~ = ~ - p r o p y n y l ) " l ~  and 

(x=5-1)17' have a l so  been prepared. 

Mass s p e c t r a l  c h a r a c t e r i s t i c s  have been repor ted by Zhungietu e t  al.180. Spiro- 

[dioxolane-indolines]can e a s i l y  b e  a l w l a t e d  a t  n i t rogen atom 181p182. 2'-Oxo- 

sp i ro [ l  ,Fdioxolane-2,3'-  an indo dole]-1 ' -p rop ion i t r i l e  (g), on reduct ion w i t h  
183 Raney n icke l  followed by thermal cyc l i za t ion  gave t h e  condensed p r o d u c t ( 2 )  . 



I 1.3-Oxathiole 

I s a t i n ,  on condensation w i t h  mercaptodiphenylacetic ac id ,  a f fo rds  4'  ,4'-diphenyl- 

s p i r o  [ 3 ~ - i n d o l e - 3 , ~ ' -  [1,3]oxathiolane]-2,5'(1H)-dione (70) i n  presence of 

p-toluenesulphonic acid and desulphuriaat ion of t h e  compound has  a l so  been c a r r i e d  

o u t  184. 

1-3.9) l , 3 - M t h i o l e  

spirO[l ,%dithiolane-2,3'-  [ 3 ~ ] i n d o l ] ~ 2 '  (1 'H)-one (71) prepared from i s a t i n  and 

1.2-ethanedithiol has  undergone d i f f e r e n t  desulphurizat ion r e a c t i o n s  185. 

1-3.10) FyrimidFne 

The synthesis  of 6'-amino-l-benzyl-%',4'-dihydro-2-oxo-spiro~3~indole-3,4(3'~)~ 

pyrimidlnel-5'-carbonitrile (z) has  been repor ted  from 1-benzyl-%bicyanomethyl- 

eneindol-?-one and C6H5C(:NH)%.HC1 i n  a lka l ine  methanolle6. Zkoylmethylene-  

indol-2-ones a l s o  affords sp i ro  products (12) on reac t ing  with  thiourea94. 

Splro~3~indole-3,6'-[6~-1,3]oxazin]-2(1H)-ones (14) are obtalned by t h e  c a t a l y t i c  

r educ t ion  of Focetonyloxindole  oxime in  e thano l ic  hydrochloric acid over 

1 platinum oxide,  followed by  treatment w i t h  ketonesle7 and compound (24; B.H,R =Me) 

can a l so  be prepared by cyclocondensation of Lhydroxy-F(~-methy lam~noe th~ l ) -z -  
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1 88 oxindole  wi th  acetaldehyde . 
1-3.12) 1 ,J-Dioxine 

The sgntheats  of sp i ro  [1 ,7-dioxane-2,3'-[3~]indol]-2'(1 'H)-onea(B) h a s  r e c e n t l y  

been repor ted by u s  f r o m  i s a t i n  and 1 , F d i o l s  i n  presence of oxal ic  acid  and 

177 compounds can be acylated e a s i l y  a t  n i t rogen atom . 
1-3.1 3) 1 ,3-Thiazine 

Spiro  [3H-indole-3,~'-[ZH-1 ,3]thiazin]-2(1H)-ones (76) have been prepared from 

i s a t i n ,  Fmercaptopropylamine hydrochloride and potassium cyanate and m e  reported 

189 t o  possess antiinflammatory, analgesic  and anticonvulsant a c t i v i t i e s  . 
1-3.14) 1 ,&Diazepine 

Indo ly l  ca rb ino l s  (77) have afforded 2 , 3 , 5 r 6 - t e t r ~ d r o s ~ i r o [ 5 ~ - 1  ,4-diazepine- 

5,3 '-  [3H]indol]-2' (1 'HI-ones (78) on reac t ing  w i t h  ethylenediamine190*191. 

1-4) With Three Heteroatoms 

1-4.1 ) Triazole 

Spiro  [3H-indole-3, 4'- [ 4 ~ - l , 2 , 3 ]  t r i azo l l -2 (  1HLones (79) a r e  prepared by t r e a t i n g  

i s a t i n - 7 - m i l s  wi th  diazomethane in e t h e r  a t  OOC f o r  21 days192. 

(L71 (781 

R - H ,Me i ~ l = ~ h ,  p-tolyl 

(76) 
R - H ,  Me, Ph, COMe 

R'. H , COMe , Corbomoyl 

N-R 

. . 
H 

1 2 )  
R  - oryl , thienyl, 

5-bmmothienyl,ferrocenyl 



1-4.2) Oxadiaeole 

Spiro  [3Lindole-3,5' (2'H)- [1,2,4] oxadiazol] -2 (1~) -ones  (80) are  produced from 
8 i s a t i n - % m i l s  and phenyl cyanate . 

1-4.3) l 'hiadiazole 

The condensation of i s a t i n  wi th  phenylthiocarbohydrazide in a c e t i c  acid  containing 

conc. hydrochloric acid  f o r  3 h h a s  produced t h e  sp i ro  d e r i v a t i v e  (3) 133. 

The cyc l i za t ion  of isatin-3-thiobenzoylhydrazones a l so  a f fo rds  sp i ro  [3Lindole-  

7.2'- [1,3,4]t~adiaol]-2(lH)-ones (g) 194,195. 

1-4.4) Tr iazine  

The reac t ion  of arylbiguanides (aryl=Ph, LMePh, 4-OMePh, 4-ClPh) and N-amidino- 

o-alkyl isoureas  wi th  i s a t i n  o r  1-methylisatin y i e l d s  4'-amino-6'-arylamino-spiro 

[3~-indole-3.2'  (1 'H)- [I ,3,5] t r i az in l -2 (1  HI-ones (3) and 6 '-almxy- 4'-amino-spiro 

196 [3~-indole-3.2'(1 'HI- [I ,3,5] t r i az in ]  -2(1H)- ones  (84) , respec t i re ly  . 

R = H ,  M e ,  R = H ,  Me 

R ' =  H ,  Me ,OMe,CI ~ ' = a l k ~ l  

11. TWO FLING SYSTEMS 

I I- 1 ) With NO Heteroatom 

11-1 . l )  ~icycloheptane/octane 

3-Nitromethylene-?-oxindole with  cyc lohexa l  , % d i m e  g i v e s  a 4: 1 mixture of t h e  

adducts,  ?+nitro-spiro[bicyclc [2.2.1] hep'c-5-ene-2.3'- [ 3 ~ ] i n d o l ]  -2 '(1 'E)-one (85; 

R=N02) and 3-nitro-spiro [bicycle [2.2.2] oct-5-ene-2.3'- [3~] indo l ] -2  ' (1 'If)-oxe(0b; 



HETEROCYCLES, Vol 23, No 4, 1985 

R=N02 ) lg7. Other F s u b s t i t u t e d  methylene-2-oxindoles a l so  produce a mixture of 

two stereoisomers of (%) and (@) (R=C001de, COMe, COPh) wi th  cyclopentadiene o r  

oyclohexadiene'98-200. %5,7-Dichlorooxindolylidene-chlomcetonitrile a f f o r d s  

two isomeric sp i ro  compounds 87 and 88 with  cyclopentadiene201. Phc tc lys i s  of 

1-methyl-Xdiazcoxindole i n  cyclohexene has  been repor ted t o  produce t h e  spiro- 

5 bicycloheptenes  . A spi ro  product (a) i s  obtained on i r r a d i a t i o n  of 2 , 3 , T t r i -  
202 phenylindoline In cycloocteme . 

11-1.2) Indan 

Spiro [indan-2,3'-[3~]indcle]-1,2'(1'H)-dicnes (92) are  produced by t h e  c y c l i z a  

t i o n  of compounds (g) o r  (a) with PPA 203'204. These compounds have a l so  been 

found t o  be  formed a s  in termediate  during t h e  cyc l i za t ion  of F(2-hydroxymethyl- 

20 5 benz$l) indcle  i n t o  1,4-dihydro-2,>benzccarbazole with  phosphorus pentoxide . 
11-1.3) Naphthalene 

The c y c l i z a t i o n  of Fbenzyl-2-0x0-indolin-3-acetic ac id  (s) with PPA y i e l d s  
204 2 ' ,3'-dihydro-spiro [ 3 ~ i n d o l e - 3 . 1  '(4'~)-naphthalene]-2,4' (1H)-diones (94) . 

11-1 -4) Tridecamethylene benzene 

Spiro [3,~-indole-3,~'-p-tridecamethylene benzene]-2(1~)-one (95) h a s  been formed 

b y  t h e  r e a c t i o n  of p-(7-hydroxy-8-cxotetradecamethy1ene)benzene with phenyl- 



11-2) With One Heteroatom 

11-2.1 ) ~yclopropane [2 ,%c] p y r m l e  

3-Diazoindole, when heated with  N-arylmaleimJdes, a f f o r d s  corresponding 2'-0x0-N- 

a r y l - s p i m  [cyclopropane-1 , ? I -  [3~]indole]-2,rdicarboximide (%)'O7. 

11-2.2) Indole 

Oxindole r e a c t s  wi th  2-nitrobenzyl chlor ide  producFng 4'-methyl-spiro [ZH-indole- 

2,J1- [3H]indol]-2'-01 (z)'~. 

11-2.3) Pyrindene 

I r r a d i a t i o n  of t h e  indoles  (2) i n  ethanol g ives  1,1',2,2',3',7'a-hexahydro-1'- 

methyl-spiro [3H-indole--3,7'- [7H-1'1 pyrindenel-6'-carbonitrile ( B ) ~ ~ ~ .  Xrw 
209 c rys ta l lograph ic  s tud ies  of this compound has  a l s o  been c a r r i e d  out . 

11-2.4) Chinoline and Isoquinol ine  

The reac t ion  of 2-(3,4dimethcxyphengl)ethylanine with i s a t i n  i n  hydrochloric 

a c i d  a f fo rds  6'.7'-dimethoxy-1 ' ,2 '  .3 ' ,4 '- tetrahydro-spiro [3H-indole-3,l'- 

i soquinolin] -2 (1~) -one  (w)~". F S e n z y l - F  (2-oxocyclohexyl)-I-methylindol-2- 

one (m) r e a c t s  wi th  primary amines and affords  t h e  sp i ro  derivative(-) which 
21 1 i s  ueePul a s  an antiinflammatory drug . 
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Fischer  cyc l i za t ion  of quinol ine  hydrazone (m) with  HC1-MeOH has  been repor ted 
212 t o  give  a  sp i ro  product (104) . 

l-Methyl-3-~arboethoxy-F(~-nitmbenzyl)-in~l-2-one on reduct ion wi th  P ~ / C  also 

a f f o r d s  sp i ro  quinol ines  21 3. 

11-2.5) Pyr ro l i z ine  

Spiro [3H-indole-3,1'- [IH] pyrrolizine] d e r i v a t i v e s  (mi R=Me, n.3) have been 

prepared by t h e  r e a c t i o n  of chlorobutraldehyde With 2-hydroxytryptamine hydro- 

c h l o r i d e  214,215. 

The r e a c t i o n  of condensed indole  de r iva t ives  (106) with sodium/ethanol a f f o r d s  

2 '  ,3'-dihydro-7 '-(l-pyrrolidinyl)-spiro [YE-indole-3, 1  '- [ l ~ ] p y r m l i z i n e ]  -2 ,5 '  

( lH.7'HLdicnes (107) which a re  use fu l  a s  inflammation i n h i b i t o r s  and u t e r u s  

s t i m u l a t o r s  216,217 



11-2.6) Indol iz ine 

Spiro [3ILindol-3,1 ' (5 '~) - indol iz ine]  der iva t ives  (m; n=4) have been obtained by 

va r i ous  react ions,  viz: 

( i  ) By the  react ion of 5-chlorovaleraldehyde with 2-hydroxytrgptamine 

hydrochloride (m; R=H, n4)214*215. 

( i i )  Hydrogenation of 3-(2-piperidylmethy1ene)-2-oxindole followed by treatment 

w i t h  formaldehyde (105; R=H, n.4)"'. 

( i i i )  The treatment of p-nitrophenyl-Findole acetate  with H ~ N ( C I $ ) ~ C H ( O E ~ ) ~  

followed by hydrolysis and cyc l iza t ion  with sodium hydroxide(=; %CHo, 

219 n=4) . 
The indoline der ivat ive (108) has been pmduced by t r e a t i n g  6, p'-disubstituted 

oxindoles with Et30BF4 followed by neu t ra l iza t ion  with aqueous 5 ~ 0 ~ ~ ~ ' .  

The s p i m  compounds 110 and a r e  obtained from condensed indole der ivat i -  

v e s  (2) on treatment with ace t ic  acid, potassium hydroxide and methanol221. 

u 
R,R ' ,R~=H,H,E~ ,  H,Me, Me, 

7-Me,H,Mei5-OMe,H,Me 

& OMe 
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The oxidation of 3-oxotabursonine with potassium permanganate afforded a s imilar  
222 compand . 

Mass spec t ra l  fragmentations of t he  compounds have a l so  been 

11-2.7) Benzopyran 

1-Methyl-3-(2-oxocyclohexyl)-7-phenacyloxindole, when refluxed i n  methanolic HC1, 

a f fords  spiro [4~-henzop~ran-4,3'- [ 3 ~ ]  indol] -2' (1 'H)-one (111) which displayed 

antiinflammatory action1 41. %mcyanomethyleneindol-2-one, with 1 ,Tcyclohexane 

154 dione, gives  t h e  spiro product (11)) . 
11-2.8) Thiochroman 

Benzothiepinoindoles (m) on treatment with HC1 ,  give spiro [3~-indole-3,4'- 

thioohroman]-2(1H)-ones (-1. The former compounds a r e  obtained from 5-0x0- 

2,3,4,Ftetrahydrobenzo[b] t h i ep in  and phenylhydrazine hydrochloride. The 

R-N-N 

H 

("1 

R=H,  Ac,  Mej R ' = H , N O ~  

Ff2=1, 4-dibutoxy, l,4-heptylay 



compounds have been used t o  i n h i b i t  the  g a s t r i c  acid sec re t ion  in r a t s  
224-227 

11-31 With Two Hete roa tms  

11-3.1 ) Benzimidaeole 

1 ,3-Mhydro-spiFo [ZH-benzimidazcle-2,3'- [3~] indo l ]  -2'(1 'HLones (3) have been 

prepared by re f lux ing  t h e  corresponding 1.2-phenylenediamine wi th  appropr ia te  

i n d o l e 2 , ~ d i o n e ~ ~ ~ - ~ ~ ~ .  

P c l p e r s  of these  compounds a re  obtained when polycondensation of b i i s a t y l s  i s  
231 c a r r i e d  ou t  wi th  aromatic te t ramines  i n  po la r  organic so lven t s  . 

11-3.2) Benzpyrazole 

The cyclccondenaation of hydrazine d e r i v a t i v e s  w i t h  Fa lky lene indo l -Lone  (x) 
a f f o r d s  5.6,7,8-tetrahy&o-spiro[benzpyrazole3,3'-[3~]indol]-2'(1'H)-ones ( l3JIg4.  

11-3.3) Benzothiazole 

Jackson e t  al. have repor ted t h e  air oxidat ion of indolobenzothiazine (119) i n t o  

1 '-methyl-spiro [benzothiaecle-2 (3H), 3'- [ 3 ~ ] i n d o l ]  -2' (1 ' H ) - o n e ( m )  i n  ethanolz3'. 

11-3.4) Quinazoline 

The spiro  s t r u c t u r e  (m) was assigned t o  isamic a c i d  obtained by t h e  r e a c t i o n  of 

i s a t i n  wi th  ammonia which has  been confirmed by var ious  s p e c t r a l  ~ t u d i e s ~ ~ ~ ' ~ ~ ~ .  

Quinazoline carboxamides (122) on thermal cyc l i za t ion  have afforded a p i r o [ 3 ~ -  
235 indcle-3,4'(1'H)-quinazoline]-2,2'(1H,3'H)-diones (m) . 

11-3.5) W n o x a l i n e  

Quinoxaline carboxani l ides  ( E 4 )  i i s o e r i z e  t o  spirc[3~~-indole-3,2'(3'H)- 
1 quinoxaline]-2,3'(1H)-diones (3; R=same o r  d i f f e r e n t  C 1 ,  H ,  MeO, Me; R 311, Ac. 

2 Me; R =Me, H) i n  t h e  preaence of concentrated sulphuric  ac id  a t  OOC o r  ho t  

e thano l ic  hydrochloric acid. If F? i a  an e l e c t r o n  withdrawing s o u p ,  t h e  reac t ion  

does  not  take place  w i t h  sulphuric  acid236-240. 

11-3.6) Benzoxazine 

Diebold and Wolf ref luxed i s a t i n  wi th  +NH2c6H4CH(OH)Ph i n  xylene i n  presence of 

z i n c  chlor ide  t o  o b t d n  6-chloro-l,4-bihydrc-4-phenyl-spiro[2~-3,l-benzox~ine- 

2,3'-  [3~] indol]  -2' (1 %)-one (s) which has  been found t o  possess b a c t e r i c i d a ;  

and CNS depressant activityz4' .  

11-3.7) Beneodiaeepine 

Indo ly l  carbinole  afford spiro[2~-1,5-beneodiaeepine-2,3'-[3~]indcle]derivatives 

(127) on treatment wi th  1.2-phenylenebiamines 190,191. 
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11-4) With Three and More Than Three Heteroetoms 

11-4.1 ) Imidazo [4,5-b] pyr idine  

R1=Ph, - p-tdyl 

The condensation of 1,2-diaminopyridine wi th  i s a t h  and N-acetyl isa t in  y i e l d s  

1 ,  Fdihydro-spiro  [2~-imidazo[4,5-b] pyridine-2,3'- [%HI indol]-2'(l ' H ) - o n e s ( ~ ) ~ @ .  

11-4.2) Pyrano[2,3-c]pyrazole 

Spiro  [ 3 ~ i n d o l e - 3 , 4 ' ( 1  '~)-~yrano[2,3-0]  pyrazoles] (m) are  produced from 3- 
154 

dicyanometbylene-2-oxindole and Fmetbyl-1-phenyl-5-pyrazolone . 
11-4.3) F'yrano[2,3-dlpyrimidine 

3-Dicyanamethylene-2-oxindole, wben t r e a t e d  wi th  b a r b i t u r i c  acid ,  forms 7'-amino- 

1.1 ' , 2 , 2 ' , j 1  ,4'-hexahydro-2 ,2 ' ,  4'-trioxo-spiro [TH-indole3,5'-  [5H]pyrano [2,3-d] 
154 pyrimidine] -6 ' - ca rbon i t r i l e  (2) . 



I 1-4.4) Imidazo [4,5-d] p~rr imidine 

I s a t i n  and 4,5-disminopyrinidine produce 1 ,>dihydro-spiro [2H-imidazo [4,5-d] 

pyrimidine-2,3'-[3~]indol] -2' ( I  %)-ones (LZI)~~~. 

111. THREE RING S Y S m S  

111-1 ) With No Heteroatom 

111-1 .I ) Fluorene 

Rapoport e t  have synthesized spirn[fluorene9,3'-[3H]indol]-2'(1'H)-one 

(B) by t h e  reac t ion  of 9-(_o-ethoxycarbonyl&ophenyl)fluorene with  sodium and 

9- (2-azidocarbonylphenyl)fluorene with KOH. The syn thes i s  of 2-phenyl- apiro  

[ f luorme-9 ,~ ' - indo l ine ]  (m) h a s  been repor ted by ~ a v i n ~ ~ ~  through t h e  c y c l i z a  

t i o n  of 9-benzoylfluorene wi th  phenylhydrazine. 

111-2) With One Heteroatom 

111-2.1 ) ~ ~ c l o p e n t a [ 2 , % b ]  indole  

Michael addi t ion of indo les  t o  2-oxlndolin-Sylidene ketones r e s u l t s  i n  t h e  

formation of sp i ro  [cyclopente[2 ,%b ] indole-1,3'- [3H]indol] -2' (1 'E)-one d e r i v a  

2 45 t i v e s  (114 and a) a s  minor products . 
111-2.2) Iminoethanoindan 

The treatment of compound (B) with  methanolic potassium hydroxide h a s  given 
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r i s e  t o  4.5,6,7-tetrahydro-l O-methyl-spiro [3a~-3,7&iminoethanoindan-l ,ye-indole] 

(m)2"6-2-248. 

I I 1-2.3) m r o l o  [I ,z-c] i soquincl ine  

The react ion of 2-oxoindolylethylmine hydrochloride with 3,4dimethoxyphenyl- 

acetaldehyde gave s p i m  h indo dole-3.1 '-pyrrolo [I ,2-c] isoquinoline] derivat ive  

(=)g7. 



I 11-2.4) Indeno [l,2-b] pyran 

1 '-Acetyl-2-ethoxy-2,3-dihydro-spiro [indmo [I ,2-b] pyran.4(5~) ,3'-[3~]indo1-$2' ,5 

(1 'E)-dione (s) is obtained when compound (m) is treated with E~ocH=cH~'~~. 
I 11-2.5 ) Xanthene 

The condensation of isatin with phenol or cresol at 2~-240'~ or in the presence 

of aulphuric acid at 80°c gives spiro [3ILindole-3.9'- [9H] xanthene] derivatives 

(141)250-252. 1,3-Cyclohexanedione derivatives also condense in the same way 
yielding 3',4',6',7'-tetrahy&o-spiro[3H-indole-3,9'-[9~]xanthene]-1',2,8'(1~, 

2'H,5'H)-trione 253. 

111-3) With Two Heteroatoms 

I 11-3.1 ) Pyrrolo [1 ,z-~] quinoxaline 
Tetrahydro-splro [JH-indole-3.4' (5.H)-pyrrolo [1 ,2-a]quinoxalin]-2(1~)-one (144) 
is obtained by the treatment of either anil or tetrahydropyrrole[l,~-a] 

beneirddazole (x) with acid or 

111-3.2) Pyrmlo [I ,2-a][ 1,4]benzodiazepine 
The cyclizetion of N-(o-aminomet~lphenyl)pyrrole hydrochloride with isatin in 

DYF affords 5,6-dihydro-spiro [3ILindol3,4'- [4H] pyrrolo [I ,2-a] [I ,4]benzodiaeepin] 

-2(1H)-one (146)256. 
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111-3.3) mm [3,4b] indole 

spire [ fwo  [3,4-b] indole-1,3'- [3~]indol]-2 ' (1  'E)-ones have been obtained on 

heat ing I-rnetwl-L(Findoly1)-dioxindole with ace t ic  anhydride-acetic acid 
257. 

MISCELLANEOUS 

The condensation of i s a t i n  with&-naphthol gave t he  ap im  product (x) 250,258 and 

w i th  indan-1 ,Fd ione  i n  122 r a t i o  (s) was obtained which on ref luxing with 

ammonium ace ta te  or  an i l ine  gave 259. 

The react ion product of i s a t i n  with ace t i c  anhydride and pyridine has  been shown 

t o  be  ( B ) ~ ~ ~ .  

Oxindolylidene-acetone ha s  been shown t o  reac t  with a va r i e t y  of acetylenic 
26 1 

d ienopNles  t o  y i e ld  var ious der ivat ives  of naphthostyrila . 
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