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Abstract - This review article covers the synthesis, resotlions and uses
of spiro indoles with C-3 as spiro atom.

INTRODUCTION

The splro carbon is a carbon atom ghared by two ring systems. In this review,
emphasis has been given only to those compounds in which C-3 of the indole ring
is the spiro atom. This (-3 atom is shared by the indole ring and one another
ring and therefore, leads to a variety of heterocyclic systeme attached at C.3
of the indole ring., These spire compounds have been investligated for varlous

reasons viz :

(1) Various classes of these compounds may display different types of blologi-
cal activities. HRecently, Fredricamycin 4 has been digcovered which Iis an anti-
tumor-antibiotic agent. Fredricamycin A with a spiro system is expected to
provide a lead to a new family of drugs.

(54} There are various indole alksloids with a -3 spiro atom, =nd are
aynthesised from some simpler spiro indoles as reaction intermediates

(ii1) The unexpected formation of spiro indoles is alsoc observed during some

eyclization and rearrangement reactions.

In +this review article, we describe the synthesis, reactions and uses of spiro
indoles with C.% as spiro atom. The text has been clagsified in terms of various
ring systems attached at C-3 of indole ring. For the present, naturally cccu-

rring indole alkaloids have not been covered.

I. ONE RING SYSTEMS

I-1)} With No Hetercsztonm

I.1.1) Cyclopropane

The base-induced alkylation of 3-unsubstituted oxindoles with 1-bromo.2-chlore-
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ethane or 1,2-dibromoethane results in the formation of spiro [cyclopropane-‘l,}'-

[31-1] indol] -2'{1'H)-ones (1; R=R'=R%=R7=r%=H)1-3. 3.Bromoethylindoles cyclize in
a similar manner in the presence of poiassium carbonate to give spiro [cyclo_

propene-1,3'-indolines} (2; R=H, coome ),

The title compounds of the type{(1) have also been obtaired by (i) the photolysis
of 1_methyl-3_diazooxindoles in hexane (R=Me, R'=R°:Ph; RO=R%=H)? ; (ii) the
thermolysis of the product obtained by reaction of Jmethyl-3phenyl-2-oxindoles
with diazomethanes, or of indolyl ‘tosyla.te7 with potagsium tert-butoxide;

(11i) the pyrolysis of spiro [BH-ind01e—3,3'-Pyrazolines] {R=H, morpholinomethyl;
&Y = c00Et; BZ=R°=r%=H)® and (iv) the treatment of 3-phenylmethyleneindol-2-ones
with PhCOCHEMeQ (R=Ac, Me; R' = COPh; R%=R%H; R” - substituted phenyl)°.

Tryptamine methiodide, on treatment with 1ithium in ammonia1o and various indole

alkaloids, on vacuum distillation with calcium oxide, zine dust and palladium,

also yleld spiro|cyclopropane-1,3'- [3 H] indole] derivatives' '.

IZ ==z
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Spiro [cyclopropane—1 22" [_2H] indol] ~3'(1'H)-ones undergo Friedel Crafts rsaction

with acetic acid and triflueroacetic anhydride giving spire [cyclopropane-‘l,'j'_

1

[3H]indol] -2* (1'H)-ones (1; R=H, Ac; R'=R°=R°=R*:H) as a minor product 2,
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Ir spectiral s‘l;udj.ts:s13 and antltubsercular activi'[:y14 have been TYeporied in some

cases; some compounds have been found useful as basic dyes15'16.

I-1.2) Cyclobutane

3-Carboxymethyleneindole derivatives(3) photodimerizes to give gpiro [cyclobu‘ta‘ne_
1,3'- [5H]indole] derivatives(4)'".

The spiro compounds(5; R=Me, E%; R1=H,Me; C: piperidino, pyrrolidino) have alse

been obtained by 1,2-cycloaddition reaction of N.glkyl substituted 3.oxindolidene-

acetophenones with enamines18'20.

2-{2-0x0-3-indolinyl )glyoxalates (6; R = Me, Et, CH,Ph) undergo intramolecular
Claisen condensation with acetic anhydride in the presence of pyridine to yield
spiro [cyclobutane-1,3‘-[3 H] indole;] derivative(7) used as a purple pig&nent21 22,

I-143) Cyclopentane

Base catalysed alkylation of 3-unsubstituted indol-2-one with 1, 4-dibromobutane

affords spiro [cyclopen‘taneJ ,3'-[311] indol] ~2'(1'H)-one (8; R = Me; 7', R2=H;

X=0)23'24.

The following cyclization reactions have also been found to lead to the formation

of the spiro compounds{(8) viz; 3-(3-carboxypropyl)-1,2-dimethylindele with tri-

2

fluorcacetic anhydride (R = Me; R} B =0; X= GHCOCFB)ES, cyclopentanecarboxylic

acid phenylhydrazide with 20% hydrochloric acid(R=R'=RZ-4; %=0)26, photocycliza-

tion of N-arylenamines (R=R'=R°=H; X = H, COOEt)°7; 4,4-dielkylhomophthalimide

28-30

with sodium hypochlorite in alkaline medium and cyclization of

31
PhNRNHCOCHG5H9 .

Reactions of tetrahydrocarbazole derivatives with PPE or PPA32, arene sulphonyl-

33-39 41

azides y Grignard's reagent4o, oxidation with sodium metaperiodate” ,

thallium d:i.e't.}:x;y'lmalonza‘be4’2 and methanolic sodium 1'1yd1'oxide43’44 also give rise
to the sbove spiro derivatives.

The conversion of 4-{3-indolyl)-1-butancl into spiro products with potassium
3.E-l'.2046 has also been reported. Spiro[cyclopentane-1,2'-
yindoxylq with Grignard's reagent produce spiro[cyclopen'taneJ ,3‘-windoxyl]

derivatives?C, During dimerization of {E)-2-0x0-3-indolinylidensacetone, %he

tert-butoxide?® and BF

formation of spirec cyclopentanes 1s also indica‘ted47.
48-50

51

43,44 43,44 o

Various reactions like rearrangements y reduction sy acetylation

oxidation in presence of mercury lamp” of title compounds are reported in the
literature. The erystal and molecular structure of 1'-methyl-2-(p-toluene-

sulfonamide }-2"'-(p-toluenesul fonylimine Jepire [oyclopen% ane-1,3'- [}H] mdole] 52
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and some other derivatives of this 'ty-pe53’54 have been studied by various

workers.

15,16 and biological activities

41

Some of the compounds have been used as basic dyes

55

like antiinflammatory31, antidepressant and antihypertensive”™ have been

reported to be assoclated with these structures.

I-1.4) Cyclohexane
Spiro [ecyclohexane.1,3'- [3H] indole] derivatives(3d) have been synthesized using
vardious cyclization reactions, viz; (i) Treafment of 1-phenylindol-2-one with

methyl acrylate followed by cyclizetionse, (i1) Fischer jindole cyclization of

57, {iii) Cyeclization of

1-methyl.3,3.di( p -carbethoxyethyl Joxindole with potassiwm in toluene’,

phenyl hydrazone of acetylhexane with zine chloride

{iv) Mkylation of 2-oxindeles with 1,5-dilodopentene in presence of butyl

1ithium59, (v) Diels-Alder reaction of 3-methoxycarbonylmethyleneindol-2-ones

)60

with RCH:CH-GH:CHZ(R=ME, OAc)””, (vi) Cyclization of cyclohexane carbohydrazide

d26’61, (vii) Reaction of substituted
62-64
’

with calclum oxide and hydrochloric aci
phenyl lsocyanide with cyclohexanone in presence of BF3 or BF3 etherate
{viii) Cyclization of 1-phenyl-Z-acylhydrazine with phosphorus oxychluridees,

{1x) Reaction of tetracyanoethylene with the cyclic adduct obtained by treatment
of 3~oxindolidene acetophenone with enaminesss, {x) Reaction of 4,4-dialkylhomo-

phthalinide with sodium ethoxide in alkaline medium®o- ", and (xi) Cyclization of
PLNRNHCOCHC, H2) .
61111
X
2
Ny R N
R H
(8) (o)
g2
gl
N N~ NNG,S eI
Me Me
R' R2
(10} (n
R'= OH , R%H; R'=RZ=H R'=0Hy REH , R'=R%=H
R'=RZ=0H ; R'=NHp y RZH R1=R2=0H ; R'=NH, ,RZ H
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Hexahydrocycloheptalndoles(10) on treatment with p-chlerobenzenesulphenyl azide
give spiro [cyclohexane-’l 23 [31-1] indoles](l'l_)%’m’ss.
Some reagctions of the title compounds have also been studied58.

A number of compounds have been used as analgesics56, ﬁ;ngicidessg'71 y antl-

55 31

depressants end antiinflammgtory agents” .

15'16, as dye developers

and as photochromic agents73.

Furthermore, various derivatives are useful as basic dyes

72 Some

for photographic diffusion transfer systen
dyes of this series {merocyenine-rhodamines) have been astudied with respect to the
changea in absorption, fluorescence, dichroism and birifringence in stained giant

axons7 4-

I-1+5) Cycloheptane

Hexahydrotolylsulphonylaminocyclooct [b] indole obtained by the reaction of hexa-
hydroeyclooetindole with tosylazide on shaking with platinum black In acetic acia
yielded 2-p-tolyl-sulphonylaminospiro [eycloheptane—-‘l 23~ [3H} :Lndole] 67,

I-2) With One Heteroatom

I-2.1) Oxirene

The symtheses of spiro [3H—indole-3,2'-oxiran]-z(‘l)-0nes(1_2_) have been carried out
in various ways from isatin and 1ts derivatives :

(i) By the reaction of isatin with diazomethane or diaz'yldiazomethane(Ph20N2)
(12; R=H,Me,Ph; R’
{ii) Epoxidation of 3-disubstituied methyleneoxindoles with hydrogen peroxide

,R°=H,H; Ph,Ph; RO=H)72+78,

in presence of basic catalyst {12; R=H,Me; R1=Me.Ph; 32=Me,Ph; i-Pr, 4 Py;
Ro=m) 7 1781,

{1ii) By the reaction of hydrogen peroxide on 3-aroylmethyleneindol-2-ones or
indolo[2,3-c] pyridazines (12; ReH,Me; R1=H; R =substi tuted benzoyl;
R>-H, 0Me )82 +83,

(iv) By the reaction of isatin with o-nitrobenzyl chlorids (12; R:R1 =R3=H;
Reag-n itrobenzyl B4,

The reaction of 2-{(methylthio)indolin-3-ones with diazomethane affords 2-methyl-

thio-spiro [3H—indole—3,2‘-—ox1ranes] (12)85’86. Sulphur ylides also produce these

compounds with isa‘tinBT.

Some reactions of these indoles and thelr rearrangements into 2,3-disubstituted

indoles have been described by Antho 77. The compounds (12; R2=benzoy1) react

with hydrazine derivatives affording spiro[3H-indole-3,3'-pyrazolidine} derivati.
82,83,88
ves .
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The biological activities such as diuretic, tranquilizing, anticonvulsant,
transsminase inhibiting, blood platelet asgregation, fungicidal and bactericldal-

are associasted with these compomd378’80’81 »83,89.

I.2.2) Azete

Eagsan and co-workersgo'

% nave reported the synthesis of spiro[azetidine-2,3'-
[31{] indol]-Q',ﬂ,(‘l'H)-dionas {15) by the reaction of 3-isatylidene anil deriva-
tives(14) with phthalylglyeyl chloride or ohlorovacetyl chloride and the compounds
have been further subjected to different reactions.

The formation of these p-lac'tams has also been shown on tle plates using the same

reactantsgs.

I-2.3) Oxete

The thermal 2+2 cycloaddition of (!ﬁteO)QG:CH2 4o 2-ethoxy-3.indolone (16) at 40%C
has resulted in the regiospecific formation of 2-ethoxy-4',4'-dimethoxy-spiro
[3H indole-3,2"-oxetand(17)%.

0
2 -
R N-R
N0 r N7 SMe N0
R H

(12) (13) (14)

R =Aryl , heterocycle

20

oM

u/§‘° NZ “OEt N 0kt )
(15) (16) (7)

R= Aryl,heterocycie
R'= Phthalyl , CI ,NHy

I-2.4) Pyrrole

Spire [BH_indole—B,3'-Py1‘rolid1nes] {18) were first prepared from tryptamine/
tryptophan derivatives and few examples are cited here s

(1) Pictet-Spengler type condensation of 3-(2_aminoethyl)-2-oxindole with

appropriate aldehyde ~27,
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(i1) The reaction of 3-(2-aminoethyl)indole with aldehyde or NBS 90»101,

(iii) The condensation of 2.hydroxytryptamine hydrochloride with hemiacetals of

tetrahydropyran-2-0l in presence of sodium a,cetate102.

(iv)  The condensation of 2-hydroxytryptamine hydrochloride with 3_oxobutancl

ethyleneketal in basic adueous e'thanol103.

(v} The reaction of methyltryptophan with excess formaldehyde and E ions in

the presence of Raney nickel or 5% Pd/C1 04,

The treatment of melatonin derivatives{19) with pentaflucropropionic anhydride
affords spiro products(29)105.

The formation of spiro.pyrrolidines has been reported during the treatment of

Mannich bases of indoles with HCL fellowed by hydrogenolysisms.
NR'
R2 Me O (CHz), NHCOR
\ [:] ]
N X
R N
(18} (19)
R = H, CHa0H , CHy0Ac,CH,0B2 ; R=Me, Pr, CHMe,
R'=H, Bz, Ac ,COC Mey ;
R%sH, Et ,Pr,3,4(0Me),CeHy,
3-0H,4-OMe CgHy
X = H,,0
EtQQC p
0
N-COC,F; Y—NH NH
MeO \/j\
CRR! S %
- N e o
]
{20}
= (20 (22)
R= R » Me
R= H,R'=Me
R = H,R'=Et
R~ Me
NH, R Me
Ol e O s
N(SO, Me) CHy” N~ COOEt N
H I

(24)

R=Ac, COOE! R* Ac , COOEY
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In snother approach, 1-substituted isatins have been condensed with cyanoethyl

ester followed by the reactien of KCN/HCF to give spire products 21 and
02 107,108.

Tetrahydro- §-carbolines have also been suecessfully converted into corresponding

spiro products with different reagents, e.g. (i) teri-buityl hypochlorite and

111-113

methanolic sodium hydroxidemg'"o, {ii) arenesulphonyl azides and

(1ii) osmium ‘tetraoxid834.

Copper catalysed decomposition of diazonium salt of compounds {23} has been
reported to give spiro indolines(g_&)”d"ﬂs.
During the cyclization of benzylidene tryptamines into tetrahydro- p-carbolines,

the formation of sp:l.ro[indoline-3,5'-pyrrulid:l_nes] has been found as inter.

mediate1 16.

The syntheses of some specific compounds of this series such as {(25) from
2,5-01(0Me)CH 4NH, and NC-CH=CH~COOH via a complex of (Ph.jP).jﬂi and aryl
halide117, {26) by the photocyclization of N-arylenaminesg'?, (27) and (28) from
F-{2-aminoaryl ).1-benzylpyrrolidine.2,5-diones in the presence of catalytic

amounit of alkoxide' 18,119 na (g2)120 have been reported by various workers.

NH
CHaCHMe,
HO N \0
t2s) (26)
0 0
N-CHzPh N-CH,Ph
g o
N ~
N R u R
{(27) (28)

R=Ph, p-OMeCgH,yPr 4 2-pyrrolyl, Me;C ,efc.

100

A& number of spiro [indole—pyrrolidines] exhibit local anesthetic activity
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io8 109

anticonvulsant activity ', binding affinity to glycine receptors and other

pharmacological activitiea'' .

1-295) Furan

Spiro l—_:mran_2,3'_[3H] indOJ.] -2'{1'H)-one derivatives(30) have been synthesized from

121,122

indole-3-propanols or indole-3-propionic acids1 23,124 by their reaction

with NBS/NCS. Indole-3-propionic acids can also be ecyclized with thallium{IIT)

nitrate to give similar compounds125. 2-(2-Nitrophenylsulphonyl )indole-3.-

propionic acid with NBS gives spiro indoline(}_]_)126.

Dipeptides of indole with NBS also give similar compound31 27. Various tryptophan
derivatives are frequently oxidized to spiro furans, e.g. (1) oxide of 2-trypto-
128 (41) 4ry-

{11i) N-eC-acetyl-

phan with MeBC-GOOH in presence of ferrous mlpha‘l‘.e(.}_g; R=NH2, X=0)
ptophan on oxidation with DUSO_HEr and chromium trioxtde!20+170,

131

tryptophan with ¥BS and teri-butanol (30; R=NHAc, =0) and (iv) N-phthaloyltry-

ptophan with NBS and tert-butancl {30; R=phthaleyl, x=0)129:132
1-Methylisatin on condensation with BrOH,C(:CH,)00,Et gives (32)'77 and with
glyoxalbisulphite and sodium cyanide in aqueous sodium carbonate gives (_3_’):)134.
Acetylation of compound {33) followed by ring opening and subsequent cyclization
affords p};'I'a:no:l.r).dr:.vleaa1 35. Compounds (32) have exhibited anti P-338 lymphoecytic

leukemia ac'tivi'ty1 33 and some pther spiro-furans are active as antiinﬂamma'tory1 32,

CNS‘I 32,136 and emtihypertensive drugs“.

I.2.6) Thiophene

Hino et a1.'21+'22 hove reported the synthesis of 4',5'-dihydro-spiro [3H-indole-
3,2'(3'H)-‘thiophene]_2(11{)-0119 (34) by the action of NBS/NCS on indole-3-
propanethiol.

3. {2-8ubstituted indolyl)thioacrylates (35} undergo cyclization in the presence
of HCL-MeOH to give spiro-thiophenes (3_6)137.

Reaction of 1,3, 4,5-tetrahydro-5-methylthiopyrano [4,3_b]indole with arene
sulphonyl azides yields 3-iminoindolin-2.spiro-thiacyclopentane and 2.imino-
indolin-3-spiro-thi acyclopentans1 38.

Treatment of 3-(3-methyl-2.oxobutyl)-3-hydroxyoxindole with thionyl chloride gave
an unexpected product identified as 3'-chloro.5',5'-dimethyl-spiro [3H-indole-3,2‘
(3'H)-thiophene]-2,4' (1,5 'H).dione-1'-oxide (37)1%.

I-2.7) Pyridine
2-0xindoles, when treated with sodamide and RN(CH2CJHZCl)2, produced the corres-
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NS N7 NS CgHyNO,(0) N-"N0

H ° Me
{30) {31} (32)
X= Hp ,0 R=H;1

HO~, CH ‘
SC(SMel=CICNICOR
oY e
N/k N YO N R
H

Me H
(35)
(33) (34)
- R=H,Me,Ph
R'=0Me,NH2,NHNH2,NHCH2@
o}
HNx COR' L
I CHy
Es SMe CH3
N# R N oo
H
(36} (37)
ponding spire [BH_indole-E,4'-piperid.in]-2(1H)-ones (2)140. A large number of

various derivetives of {thies type possessing blological activity have been
syn‘hhesized1 41'143. During the Fischer indole cyclization of phenylhydrazone of
4-acetylpiperidine with zine chloride, splro indolines are frequently obta.i.ned57.
The condensation of the derivative of phenacyl cyanide with (CLGH,CH,),NMe
followed by cyclization affords spiro [3H-indole-3,4'-piperidines] (39)144-148,
Kornet and Thio' °C have prepared spiro[3H_indole..3,2'..piperidine] -2{1H)-ones

from 3.{3-aminopropyl)-2-oxindole and NES. A few spiro[SH-indole-j,3'-piperidines]
have been reported from 3-(3.aminopropyl)indole and an ax.'Ln:ieh,y’éle1 0, Cyano deriva-
tive of 2.oxindoles (40), on reaction with hydroxylamine hydrochloride, affords
the spivo derivative (41)4%,

Some spirg-dihydropyrldines have beem obtailned from acylation of j.m.‘j.ner;;f 50 and

151

naphthyridines with 4-pyridine-carbonyl chloride. Spiro-piperidines (43;

R%= arylsulphonyl) are aleo obtained by the reaction of arene sulphonyl azides on
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tetrahydrocarbolines (i2_)38.
These compounds are of great blologieal importance and have shown anticonvulsant,

antidepressant, tranquilizing, eentral nerve inhibiting, analgesic, antlhyperten-

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

blocking activities 00r141-148,152

N—R
R= Subs. pheny! olkyl, alkyl, pheroxyalky!,
benzoylatkyl s phenyl , phenylolkenyl, etc.
%
g, 0 R'=H, Ph, okoxy ,Cy_4 alkyl, efc.

(38)

N—R R = H, atkyl, cyanoalkyl, COOPh, phenylatkyl
A R'=H, alkyi
R @E;Rp RZ,R3=(Same or differentiH , halo, OH , NHa,
@ CFy yNO3 y NHAC 5 alkyl 5 oryl
R2
R

R*:H; halo, OH, alkyl , alkoxy

(39)
NH
CN 2
HC<CN HaNCO__2~ 4y
CH-COMe
’ e £ Me
NN
o © N“T0
(40) (a1)
R R
NMe
::N: ;H N~ RNRE
MeR r' Me
(42) (43)
R=R'=H
RR'=0
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I_-2.8) Pyran
5. Bromo-4',5*'-dihydro-spiro [3H_indole_3,2'.. [QH] pyran] -2,6"(1H,3'H)-dione (44) has

been obtained during the reasction of indole-3-butyrie acid with NBS153.

Spire [3H-.‘..ndole-3,4'_ [4H} pyran]-E(‘iH)-ones (45) are symthesized by Michael conden-
sation of 3-cyano-indol-2.one or 3-carbethoxymethylene-indol-2-one with 1,3~
diketones154 and ( 46) by the reaction of the Michael asdduct of acetophenone/acetone
with 3_cyenomethyleneoxindoles followed by reaction with NaBH41 a9,

The reactlon of compound (47) with isenicotinic acid through various steps has
afforded the spiro product (48) which is hypnoitle and muscle relaxant °”,

Some of these compounds, useful as antiinflammatory agents, have also been

aynthesi zed.l 41 .

I-3) With Twoe Heteroatoms

I-3.1) Diazirine
The irradiation of 3-diazoindol-Z.cne (49} at A>290 nm in methanol, in the early

0 R o
|
0 RNZ g NG
Br
& NH, R
R Rr2 .
N 0 N N o}
H H H
(44) (45) (46)
R = Ph,C
Me , ’ OO0Me R = Me , Ph
R'= H, Ac, Bz,COOEt
RZ2= CN, COOEt
-
NHCH,,Ph N~ X0
H
(47) (49)
Rl
: ,u
N | \
\N #N-R 0
(IN::\O ::N:;O N-N0
H R R
(50) (st (52)

R=H, Me; R'=MesPn
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stages, has produced spiro [3H-diszirine-3,3'- [3H]1indol].2*(1'H)-one (50)*°C.
The kinetics of the valence isomerization of (49} to (50) were detected at 18.5-
53.4% and activation parameters have been reported. Theoretical paths of ring
¢losure and ring opening have also been discuased157.

I-3.2) Oxazirine
During the photolysis of nitrones of isatin (31) apiro [3H-indole—3,3'_oxaziridin]_

2(1H)-ones {(52) are reported to have been formed 198,

1-%.3) Pyrazole

Various isatin derivatives such ag spiro[?-oxindole..B,Z'—(3-substituted)oxiranesI
(_5_2)82’83'88, butenolides (54) obtained from isatin and p-aroylpropionic acids' "’
and 3.aroylmethyleneindol-2-ones (55)°%*160+161 (01306 with nydrazine hydrate to
afford spiro|3H.indole-3,3 "-pyrazolin]-2-ones.

Various 3-substituted 2-oxindoles with dlazomethane frequently give spiro [:SH_
indole-3,3'-pyrazolin]-2.ones (56 and _5_?_)6’8'17.

An attempted synthesis of tifle compounds from nitrile subsgiituted indoline

A?-o(-.a.crylates and diszoalkenes was unsuccassf‘ul161.

0
OO
=0

N
R
5

o

(53)

R=H,Me; R'=H, Br, CI,0Me;
RZ:= H, Me ,OMe

g NN
[ : /jCH'C*Ar - Rl
N3 R
0 N-"=q N 0
R

N
R R
(59 (s6) (57)
R=H,;Me, Ac R=H, Me, Ac
R=H,Me ’
! R, R%=Me, NO,; H, COOEE R',R2 =Me, N0, ;H,COOEL
N
a%
CHCOOH COOMe
COOH N COOMe
H Me H Me
COOH COOMe
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A tricerboxylic scid derivative (58), obtained from pyruvic acid and anthranilie
acid, on treatment with diazomethane, afforded spiro-pyrazoline (22)17.
These compounds have been found useful as a.nalgesicaa, an't;:l.pholog:l.aa'l’.ir.‘.88 and blood

platelet aggrega‘horasg .

I-3.,4) Imtdazole

The synthesis of spiro[imidazolidine-4,3'- [3H]indole]-2,2",5(1'H)-triones(60) has
been reported from the corresponding isatin, potassium cyenide and ammonium
carbonate and the compounds have been used in treating complications of disbetes

or galacto semia1 62- 164.

I-3.5) Oxazole and Isoxazole

Dioxindole-F_carboxyureides {(61), on addition of 50% agueous potassium hydroxide,'
liberate ammenia and produce spiro [SH..indole_3,2'—oxazolidine]_E,T,5'(1H)_
triones (62). The alkylation of (62) affords N-alkylated derivatives 07,

The condensation of 3-aroylmethyleneindol-2-ones with benzaldoximes has yielded
spiro [5H-indole-3,5'-[2 ] 1soxazolin]-2-ones {(63; R=H,Me; R1= subgtituted phenyl;
R2= subatituted benzoyl)166 and 3.methylene esier of indol-2-one produces (63;

1

R=H,Me; R =Ph; R2=002E'b) with phenyl cyanates.

Synthesis agnd properties of some polymers containing spiro [_indolj_ne_isoxazoline]

system have algo been reported168.

166 66

These compounds are useful as CNS drugs s antiinflammatory agents1 and blood

platelet .agg:t'ega.‘l‘.t::.‘t‘aa9 .

I-%.6) Thiazole

The synthesis of spiro[3H-indole_3,2'_thiaz.olidj_ne]_2,4'(‘FH)-diones {65) has been
carried out by the condenaation of isatin-3-anils with mercaptoacetic
acid90'93’169. The compounds have also been directly obtained from isatin,seines
and mercaptoacetic acid without isolation of :1.sa‘t‘.:i.n.-}-:mils1 70’171. The compounds
have suecessfully undergone acetylation, chlorcacetylation and Mannich

react ion1 70.

The condensation of isatin with ?,-mercap‘toeth;ylamine hydrochloride
alaso affords the same spiro products1 72'173. Direct condensation of lsatin with
¥_ (2-thiophenylmethyl )-1,3_thiazolidine-2,4-dione produces the spire product,

3'-{(2-thiophenylmethyl )-spiro [3H-indole_3, 5'-th.1.azolidine] =2,2',4" (1I-I)-'t'.:!:‘f:.oru-:‘I 4,
Rovnyek e a.]_.175 have prepared the gpirc compound {66) from oxindole and chloro-

ethyl isothiocyanate in glyme containing sedium hydride.
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OH
R CONHCONH
R N0
(60)
R=H, alkyl,CHyPh,aryl, R'=H,Me (6l)
RZ=H ; R®=H, OH,NO, ,halo , alkyl R, R'=H or Me
0
0)\NH 0N R 0
R 2 h{—R
=0 R
R N~ S0 N70 N0
H R H
{62} {63) (64)

R=Ph,4-Cl C6H4:4‘M62N'C6H4

N:>
oy Cww
—Ar N =p

X BE SAN
R /
(65) (66)
X=HyF, CF35 Ar = Subs. phenyl
R = H,alkyl, acyl ; morpholinomethyl

These products are useful as pharmaceuticals, antiinflammatory agen‘ts173’175,

174 172

fungi ste.tic1 7 4, bacteriostatic and antiradiators '“.

I-%.,7) 1,3-Dioxole
The synthesis of spiro[1,3-dloxolane-2,3'- [3H]indo1}-2"'(1"H)-ones(67) involves

the condensation of isatin with 1,2-diols in the presence of p-toluenesulphonic
acid or oxalie acid176'177. Some other derivatives (R=2-propynyl)178 and
(%=5-1)"79 have also been prepared.

Mass spectral characteristics have been reporteé by Zhungletu et a1.180. Spiro.

[dioxolane-indolines]can easily be alkylated at nitrogen a‘bom181’182. 2'-0xo-

spirof 1,3-dioxolane-2,3'- [3H]indole]_1 ' _propionitrile (68), on reduction with

Raney nickel followed by thermal cyclization gave the condensed product(ﬂ)m}.
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I.3.8) 1,3-0Oxathiole

Isatin, on condensation with mercaptodiphenylacetic acid, affords 4',4'-diphenyl.
spir0[3H—ind016-3,2'-[1,3]oxaﬁhiolan8]—2,5'(1H)udione (70) in presence of
p-toluenesulphonic acid and deswlphurization of the compound has also been carried
out184.

I.%.9) 1,3-Dithicle

spiro[1 .3.d1thiolane_2,3'_[3H]indol],.2'(1'H)-one (71) prepared from isatin and

1,2-ethanedithiol has undergone different desulphurizaticn reactions185.

I-%.10) Pyrimidine

The synthesis of 6'-amino~1_benzy1_3'.4‘~dihydro-2-oxn-spiro[}H_indole-3,4(3'H)_

pyrimidine]_5'-carbonitri1e {72) has been reported from i.benzyl-3-dicyanomethyl-
eneindel-2-one and CSHSG(:NH)NHZ.H01 in alkaline methanol186. 3~Aroylmethylene-

indol-2-ones alae affords spirc preducts (73} on reacting with thioureag4.

R
m)? vy Y
X © °
- e S
CHoCH,CN l\)
(67) 2

(68)
= 69)
R= H, Me,CDy ,COCHs ,CHpCOAr (89
Ry RZ=H,Me, X=H, F,CF3
o
{ PR HoN N§W/Ph ?
0 HN
Ph NC
OLL “ ’“2
I
N-0 N \0 N
H éHZPh H
(70) (71) (72) (73)

R, RZ = H,Me 5 Ph

I-3.11) 1,3-0xazine

Spiro[3H.indole-3.6'—[6H_1,3]0xazin}-2(1H)-ones (74) are obtained by the catalytic
reduction of 3-acetonyloxindole oxime in ethanolie hydrochloric acid over
platinum oxide, followed by treatment with ketones187 and compound {74; R=H,R1=Me)

can also be prepared by cyclocondensation of 3 hydroxy-3.(N-methylaminoethyl)-2-
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oxindole with ace'haldehyde188.

I-3.12) 1,3-Dioxine
The synthesis of spiro [1 ,3—dioxane-2,3'-—[3HJindol]..2‘(1'H)-ones(lS_) has recently
been reported by us from isatin and 1,3-diols in presence of oxalic acid and

compounds can be acylated easily at nitrogen a‘l‘.om177.

I-3.13) 1,3.Thiazine
Spiro [3H-indole-3,2'- [21—1_1 ,'5]thiazin]-2(‘lH)-ones (76) have been prepared from
isatin, 3-mercaptopropylamine hydrochloride and potassium cyanate and are reported

to possess antiinflsmmatory, analgesic and anticonvulsant ac-tivities189.

I-.3.14) 1,4 Dlazepine
Indolyl carbinels (77) have afforded 2.3.5,6-te‘brah,ydrospiro[5H-1.4—diazepine_

5,3'- [3]1ndo1]-2" (1'H)-ones (78) on reacting with ethylenediamine °07197,

I-4) With Three Heteroatoms

I-4,1) Triazole

Spiroe [3E-indole-3,4'- [4H-1 +2,3]triazol]-2(1H)-ones (79) are prepared by treating
isatin.3-anils with diazomethane in ether at 0°¢ for 21 days 92.

Me R P
SN @\ )
S
N 0 N0 .
H R g 0
(74) (75) {76}
R =H, Me, Ph R‘H,COCH3 R’HlMe,Ph,COMe
1
R'= H, Me X=H,F R= H; COMe ; Carbamoy]|
X= M, 5-Cl, 4-C1,5,7-diCl,
5-Br; 5-1, 5-F,5-Me,etc.
4 . N
' HN N Sy
CH{OH)COR I !
N0 N0 N0
R R H
(27) (78) (79)

R = aryl, thienyl,

R =H,Me ;R'=Ph, p-toly! )
S-bromothienyl ferrocenyl



I-4.2) Oxadlazole
Spiro [3H..indole_3,5' (2'H)- [1 ,2,4] oxadiazol] -2(1H)-cnes (80) are produced frem

isatin-3.anils and phenyl cyanatea.

I.4,3) Thisdiazole

The condensation of isatin with phenylthiocarbohydrazlde in acetic acid containing
cone. hydrochlorie acid for 3 h has produced the spire derivative (§1)193.

The cyclization of isatin-3-thiobenzoylhydrazones alse affords spiro [3H..indole-
3,2'-[1,3,4] thiadiazol]-2(1H)-ones (g2)'%4195,

I-4.4) Triazine

The reaction of arylbiguanides (aryl=Fh, 4.MePh, 4-OMePh, 4-ClPh) and N-amidino-
g-alkylisoureas with isatin or l-methylisatin ylelds 4'-amine-6'-arylamino-spiro
[3H-indole-3,2'(1'H)-[1,3,5] triazin]-2(1H)-ones (83) and 6'-alkoxy-4.amino-spire

[3H-1ndole-3.2 Y1tH). [1 ,3,5] 't.riazin] -2{1H)-~ ones (84),respectively196.

w
o >,Ph HN~—N
Eé]\—t _<§>’R’ [:I—i /lLN*N
Ra N 5 H _
R R R
(80) (81
R=H, Me; R'=H, F, R%=H,F,Me,NO, R = H, Me, pentyl

1
NH@R' OR
H H)%N

J\ N™ Ny
S Ph @iNANHZ N/ NHo
=0 N g \0

N

R R g
(82) (83) {84)
R=H}MG,E' R=H, Me, RfH,Me
R'=Hs Me,OMe,Cl R'=alkyl

II. W0 RING SYSTEMS

I1-1) With No Heteroatom

II-1.1) Bieycloheptane/cctene

3-Nitromethylene~2-oxindole with cyclohexa.1,3-diene gives a 4:1 mixture of the
adducts, }nitro-.spiro[bicyclo [2.2.1] hept.S.ene-2,3"'- [3H]indol]-2'(1 "H)..one {(85;
R=N0,) and 3-nitro-spiro(bicyclo [2.2.2] oct-5.ene-2,3'- [SH] indol]-2"(1'H)-one(86;
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R:NOE)197. Other 3-substituted methylene-2-oxindoles alse produce a mixturs of
two stereoisomers of (85) and (86) (R=COOMe, COMe, COPh) with cyeclopentadiens or
cyclohexadiene1 98-200, E-5,7-Dichlercoxindolylidene~chloroacetonitrile affords
two isomeric spiro compounds B7 and 88 with cyclopen‘tadienazm. Photolysis of
1-methyl-3.diazooxindosle in eyclohexene has been reported to produce the spiro-
bicycloheptenes’. A spiro product (89) Ls obtained on irradiation of 2,3,3-tri-

phenylindoline in cyolooc'benezoz.

(87)

X= Cl, CONHyp ; Y=CN,OH

I1I-1.2) Inden
Spiro [indan-?,‘j'-[}ﬂ] indolej-1,2'(1'H)-diones (92) are produced by the cycliza-

A203’204.

tion of compounds (90) or (91) with PP These compounds have also been

found to be formed as intermediste during the eyclization of 3-(o-hydroxymethyl-

benzyl)indole into 1,4-dihydro-2,3-benzocarbazole with phosphorus pentoxide®C>,

I1I-1.3) Naphthalene
The cyclization of 3-benzyl-Z-oxo-indolin-3-acetic acid (93) with PPA yields

2',3'-dihydro-spiro[3H indole-3,1' (4'H).naphthalene]-2,4' (1H)-diones (24204,

I1-1.4) Tridecamethylene benzene
Spiro [3H-indole-3,7'-p—tridecamethylene benzene]-EUH)..one {95) has been formed

by the reaction of p-{(7-hydroxy-8-oxotetradecamethylene)benzene with phenyl-
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206

hydrazing
@ CH OOH
o
N O N
R R
(90 (o)
R=H, Me
S . (CHZ, ~0)
O+ aE)
N 0
R H
(93) (94) (95)
R=H, Me

I1-2) With One Hetercatom
I1-2.1) Cyclopropane[E,B-c]pyrrole
3-Diazoindole, when heated with N-arylmgpleimides, affords corresponding 2'-oxo-N-

aryl_spiro[cyclopropane_ '3 -[BH]indole]-L,B-dlcarboximlde Qi_)207.

II1.2.2) Indole
Oxindole reacts with o-nitrobenzyl chloride producing 4'—methyl—spiro[2H-indole-
2,3'- [3H)indo1]-2'-01 (97)%%.

II.2.%) Pyrindene
Irradiation of the indoles (98) in ethanol gives 1,1',2,2%,3',7'a-hexahydro-1'-

)208

methyl-spiro [3H-indole-3,7'-[7H-1'] pyrindene]-6'-carbonitrile (99 . Xray

crystallographic studies of this compound has alse been carried ou‘t209.

I1I.2.4) Quinoline and Isoguinoline

The reaction of 2-(3,4-dimethoxyphenyl)eihylamine with isatin in hydrechlorie
acld affords 6',7'-dimethoxy-1',2',3",4'-tetrahydro-spiro [3H-indole~3,1'-
isoquinolin]_E(‘IH)-one (1_Q_Q)210. 3-Benzyl-3-{2-oxccyclohexyl)-T-methylindol-2-
ong (101) reacts with primary smines and affords the spirvo derivative(102) which

is useful as an antiinflammatory dru3211
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Fischer oyclization of guinoline hydrazone (3103) with HC1-MeOH has been reported

to give a spiro product (1Q&)212.

NC

Y 0

o) Y ok
Me ~0 N~ S0

N N
H H Me
{(99) (100) {101
CH=NNH Ph
= “NH
\/ Ph
N0 N
Me Ac
{102} (103}

1-Methyl-3_carboethoxy-3- (g-nitrobenzyl )-indol-2.one on reduction with Pd/C also

affords spiro Quinoline3213.

I1-2.5) Pyrrolizine

Spiro [3H-indole-3,1'- [1H] pyrrolizine] dersvatives (105; R=Me, n=3) have been
prepared by the reaction of chlorobutraldehyde with 2-hydroxytryptamine hydro-
chloride? 41215,

The reection of condensed indole derivatives (106) with sodium/ethanol affords
2",3'-dihydro-7 '-(1-pyrrolidinyl)-spiro [3H-indole-3,1'- [1H]pyrrolizine] -2,5'
(1H,7'H).diones {107) whichk are useful ag inflammation inhibitors and uterus

stimilators® 62217

— 977 —




I11.2.6) Indolizine

Spiro[3H-indol-3,1 "(5'H)-1indolizine]derivatives (105; n=4) have been obtained by

various reactions, viz: .

(1) By the reaction of 5.chloroveleraldehyde with 2-hydroxytryptamine
hydrochloride (105; ReH, n=4)214r215,

(11) Hydrogenration of 3.(2-piperidylmethylene)-2-oxindole followed by treatment
with formsldehyde (105; ReH, n=4)2'8,

(111) The treatment of p-nitrophenyl-3-indole acetate with HEN(GH2)4CH(OE1‘.)2
followed by hydrolysis and cyclization with sodium hydroxide(105; R=CHO,
n=4)219.

The indoline derivative (108) has been produced by treating Be p'_disubstituted

oxindoles with Pu;0BF, followed by neutralizstion with agueous K,00;220,

The spiro compounds 110 and 111 are obitained from condensed indole derivati—

ves (109) on treatment with acetic acid, potassium hydroxide and metheno122'.

N N /O
{CHo)y, A
/
R N
N-"~OH N7 S0 Q
R R2
(105) (106) (N (107)
R,R'yRE=H,HaE1; H,Me , Me 4
7-Me,;H, Me;5-OMe,H,Me
ol
N 0
NF N Nw_ -0
H
CH
(108} Me R
T (109) g
R=H,E'
)
|
N
N "o
Et” “Et
N \oMe Et ﬁ =0
{110) (1
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The oxidation of 3-oxotabursonine with potassium permanganate afforded a similar

c ompound222.

Mass specirazl fragmentations of the compounds have also been described223.

II-2.7) Benzopyran
1-Methyl-3.(2-cxocyclohexyl )~ 3-phenacylexindole, when refluxed in methenolic HCL,

affords spiro [&Lbenzopyran—!f-. 30 [31'1] indol] —2'(1'H)~one (112} which displayed

141. I Dicyanomethyleneindol-2-one, with 1,3-cyclohexane

154

antliinflammatory action
dione, gives the spire product (11%)
II1-2.8) Thiochroman
Benzothiepinoindoles (114} on treasiment with HCl, give spiro [3B-indole-3,4'_
thiochroman]_z(1H)_ones (115). The former compounds are cbtained from 5-oxo-
2,5, 4,5-tetrahydrobenzo [b:l thiepin and phenylhydrazine hydrochloride. The

~ 0
© O L ¥
N-"Sp N
: 1)
{12) (13 (114)
R=H’ Me R=CH2_CH2CN,CH2CH2COOH’
CHoCHo COOEY
R2
0
s | HN D
R
© AN ©)
N~ NS N0
R R H
(115) (1) (17
R=H, Acy Me; R'sH,NO,
R2=1, 4 -dibutoxy |, 4-heptyloxy
R—N—N
| H Y
N
CLL©o O Lo :
= S N =
n . ue Me
(18) (n9) {120)
R=H’ Ph
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224—227.

compounds have been used to inhibit the gastric acid secretion in rats

II-3) With Two Heteroatoms

II.3.1) Benzimidazole

1,3-DMhydro-spiro [QH-benzinlidazole-E,3'- [BH]iLndol] -2'(1'H)-onea (116) have been
prepared by refluxing the corresponding 1,2-phenylenediamine with appropriate
indole-?,',’v-dione228"230.

Polymers of these compounds are obiained when polycondensation of biisatyls 1s

carried out with aromatic tetramines in polar orgesnic solven‘ts‘?31.

11-35.2) Benzpyrazole
The eyclocondensation of hydrazine derivatives with 3-alkyleneindol-2-ome (117)
affords 5,6,7,B8-tetrahydro.spiro [benzpyrazole-'i, 3'—[31{] indol] -2"(1'%)-—ones (_]_‘]_Q)gé.

I1I-3.%) Benzathiazole
Jackson et 2l. have reported the air oxidaetion of indolobenzothiszine (119} inte
1*_methyl-spire [benzothiazole-2(3H), 3'-[3H]indol]-2*(1'H)-one{120) in ethanol®?2.

I1I1.3,4) Quinazoline

The spiro structure (121) was assigned to isamic acid obtained by the reaction of
isatin with gmmonia which has been confirmed by various spectral studie9233'234.
Quinazoline carboxamides (122) on thermal cyclization have afforded spiro [SH._

indole-3,4' (1'H)-quinazoline]-2,2' (1K,3'H)-dicnes (123)%%,

I11.3.5) Quinoxaline

Quinoxaline carboxanilides (124) isomerize to spiro[3i-indole-3,2'(3'H)-
quinoxaline]_E,S'(1H)-diones (125; Re=same or differemt C1, H, Meld, Me; R1=H, Ac,
Me; R°=Me, H) in the presence of concentrated sulphuric acid at 0°C ox hot
ethanolic hydrechleric acid, If Rz is an electron withdrawing group, the reaction

does not take place with sulphuric ac16236"240.

I1-3.6) Benzoxazine

Dlebold and Wolf refluxed isatin with g..NH206H4CH(OH)Ph in xylene in presence of
zine ohloride to obtain 6-chlore-1,4-dthydro-4-phenyl-spire [2H-%,1-benzoxazine-
2,3"- [3H]4ndol] -2 (1'H)-one (126) which has been found to possess bactericidal

and CNS depressant ac't.ivi'by241.

I1I-3.7) Benzodiazepine
Indolyl carbinols afford spiro[2H-1,5-benzodiazepine-2,3'-[3H]indole]derivatives

(127) on treatment with t ,2_phenylenediaminea1 90,191,
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COOH @
NH
NF RE

cor'
O by \ Ow e
R
N \OH N/L\O N
H R R
(2 {i22) (123)

R=Me,Ph; R'= NHPh,NHNHBzZ;
RZ=0H ; RO=H,Me

RI
R Os "
R 0 N R
R N~ CONREPh N \OH
Re

(124 (125)
Ph o
00 ol
N R
NSO NS
H R ©
(127)
(@) R'-'H’Me—
RI=Ph, p-tolyl

1I-4) With Three and More Than Three Heteroatoms

11-4,1) Imidazo[4,5-b] pyridine

The condensation of 1,2.diaminopyridine with isatin and N-acetylisatin yields

1, 3-dihydro-spiro [2H-imidazo[4,5-b] pyridine-2,3'- [3H] indo1]~2* (1 "H)-ones(128)7 42,

11-4.2) Pyrano[2,3-c)pyragole
Spiro [BH..indo:Le..S,A,' (1 'H)_pyrano[2,3—c] pyra.zcles] {129) are produced from 3.

dicyanomethylene-2-oxindole and 3—me+.hy1_1..pheny1_5-pyra.zolone154.

1I-4.3) Pyrano{2,3-4]pyrimidine

3.Dicyanomethylene-2-oxindole, when treated with barbituric acid, forms 7'-amine-
1,1%,2,2',3",4'-hexahydro-2,2',4’~trioxo-spire [ 3H-indole-3,5 "'~ 5H] pyrano [2 »3-4]
pyrimidine] ~6'-carbonitrile (12)1 o4
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1I-4.4) Inidazo[4,5-d]pyrinidine
Isatin and 4,5-dieminopyrimidine produce 1,3 dihydro-spiro|2H-imidazo[4,5-d]
pyrimidine-2,3'-3H]indol]-2* (1'H)-ones (131)242,

I1I, THREE RING SYSTEMS

III.1) With No Hetercatom

I1I-1.1) Fiuorene

Rapoport et a1.24% have synthesized spiro[fluorens-9,3'-[3H]indol]-2'(1'H)-one
{132) by the reaction of 9-{g-ethoxyecerbonylaminophenyl)fluorene with sodium and
9_{g-azidocarbonylphenyl )fluorene with KOH. The synthesis of 2-phenyl-spiro
[fluorene-9,3'-indol:l.ne] (133) has been reported by BavinZ 44 through the eycliza-
tion of 9.benzoylfluorene with phenylhydrazine.

0
/@ Me /N\ ¢ R'N)LNR'
HN N & 0 0 2l
N~ SN SN

N N
R R R
(128) (129) (130)
R= Hy COCHy R= Hy Me R,R'= H, Me
& © ©
T ® 5
H oL ©
N-"q Nq N#ph
R H
(131) (132) (133)
R=H, COCH3

III-.2) With One Hetercatom

I11-2,1) Cyclopenta[2,3-b]indole

Michael addition of indoles to 2-oxindolin.3-ylidene ketones resulis in the
formation of spire [cyclopenta[2,3-b] indole-1 ,3'-[3}{]1111101]_2'(1 'E)-one deriva~
tives (134 and 135) as minor products® .

I11-2.2) Iminoethanoindan

The treatment of compound (_1_2) with methanolic potassium hydroxide has giw.;en
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rise to 4,5,6,7-tetrahydro.ilumethyl-spiro [35}1- 3,Ta~-imincethanoindan.1,3"'-indo le]
(137)246-248,

111-2.3) Pyrrolo[1,2-c]isoquincline

The reactlon of 2-oxoindolylethylamine hydrochloride with 3, 4-dimethoxyphenyl-

acetaldehyde gave spiro [3H-indole-3,1'-pyrrolo (1,2-¢] isoquinoline] derivative
(138)°7.
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I1I-2,4) Indeno(1,2-b]pyran
1'-Acetyl-2-ethoxy-2,3-dihydro-spiro [1ndeno [1 ,2—‘0] Pyran-4{54),3 '_[BH] indola-Z .5
(1'H)-dione (140) is obtained when compound (139) is treated with BtOCH=CH,?4,

I111-2.5) ZXanthene

The condensation of isatin with phenol or cresol at 200-240°C or in the presence
of sulphuric acid at 80°C gives spiro[3H-indole—3.9'-[9H] xanthene] derivatives
(1_11)250_252- 143-Cyclohexanedione derivatives also condense in the same way
yielding 3',4',6',7'-tetrahydro-apiro (3H.1ndole_3,9'-[9H]xan1-.hena]_1 t,2,8{1H,
2' ﬁ,5'H)_+,rion9253.

II1-3) With Two Heteroatoms

I31-3.1) Pyrrolo[1,2- a]quinoxaline

Tetrahydro-spiro [3H-indole-3,4' (5'H)-pyrrolo [1,2- a]quinoxalin]-2(1H)-one (144)
is obtained by the treatment of either anil (142) or tetrshydropyrrole [1,2-a]
benzimidazole (143) with acid or ethane12741255,

131-3.2) Pyrrolo[1,2-a}][1,4]|benzodiazepine

The cyclization of N-(g-aminomethylphenyl)pyrrole hydrochloride with isatin in
DEF affords 5,6-dihydro.spiro|[3H-indol-3,4'- [4H]pyrrolo [1,2-a](1,4]venzodiazepin]
-2(1H)-one (146)°°,

=N H H
N
v () @ 1
(142) .
_— HOS R 1
=
B 1O 5 110
N O 1
ue H HCl N 0
Me
{144) (145 R= Me(;li;n)
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I11-3.3) Furo[3,4-b] indole

Spiro [:f.‘uro [3,4-'0] indole-1,3'- [SH]indol]..z'(‘l'H)-onas (146) have been obtained on
heating 1-methyl-3-(%indolyl)-dioxindole with acetic anhydride-acetic ac1a®7,
MISCELLANEOTUS

The condensation of isatin with L-naphthol gave the spiro product (,1_4-1)250'258 and
with indan-1,%dione in 1:2 ratio (148) was obtained which on refluxing with
ammonium acetate or aniline gave ( _15&)259.

The reaction product of isatin with acetic anhydride and pyridine has been shown
to be (150)260,

R = H, COCH3
R'=H,y Ph

Oxindolylidene-acetone has been shown to react with a variety of acetylenic

dienophiles to yield various derivatives of naphthostyrils®®!.
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