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ABSTRACT

This review summarizes the methods for preparing spirocyclic oxoindole derivatives in the past years until 2012
which are divided into several groups according to ring size of the fused spiroindoles.
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INTRODUCTION

Spirocyclic system containing one sp3 carbon atom common to two rings are structurally interesting M The a
symmetrlc structure of the molecule due to the chiral spiro carbon atom is one of the important criteria of the brologlcal
activities #°. The presence of the sterrcaII){ constrained spiro structure in various natural products also adds to the interest
in the investigations of spiro compounds Similarly, functionalized spirocycloalkyl oxoindoles are found in a variety of
natural products and bioactive molecules . 6]

Hence, a number of synthetic methods have been developed for expedition of these structural frame works [7-25],
Moreover, some indolines, spiro-annulated with heterocycles in the position 3, have shown high biological activity

Ei zjlzgysr]lerefore a number of methods have been reported for the preparation of spirooxoindole fused heterocycles

A) SPIRO[THREE-MEMBERED RING]OXOINDOLES
i. Spirocyclopropane oxoindole derivatives

Oxindolylacrylates 1 react with diazomethane in a regioselective manner, depending on the substituent attached to

the carbon atom a to the ester carbonyl group. In non-substituted acrylates, the 1,3-dipolar cycloaddition occurs furnishing

ethyl-2-oxo0-4',5'- drhydrosprro[mdolrne 3 3' -pyrazole]-4'-carboxylate 2 which, upon heating, losses N. to give a spiro
cyclopropane indolinone derivative 3l (Scheme 1)
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Scheme 1: synthesis of spirocyclopropane oxoindole derivative 3

Similary, N- protected isatin derivative 4 when treated with diazomethane afforded the spirocyclopropane

indolinone derivative 5 '
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A facile, high yield stereoselective synthesis of functionalized diastereomeric 3-spirocyclopropane-2-indolones 9,

10 from the |somer|sed bromo derivatives of Baylis-Hillman adducts of isatin 7, 8 by reductive cyclization with sodium
borohydride is reported (Scheme 2,3)
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Scheme 2. Generality of the cyclopropanation. a) 4 equiv. 46% HBr, silica gel, pw, 750 W, 3 min; b) 2 equiv. NaBH.,
THF, 0.5 h.
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Scheme 3. A plausible mechanism for cyclopropanation.
A novel magnesium iodide mediated unusual dimerization-spirocyclopropanation of bromo isomerised Morita-
Baylis-Hillman adducts of isatin afforded highly functionalized 3-spirocyclopropane-2-oxindole derivatives 11, 12 as

regioisomers in good combined yield. It has been observed that the regioselectivity is dependent on the nature of electron
withdrawing group at the activated position. A plausible mechanism involving organomagnesium reagent has been

proposed[ 1 (Scheme 4, 5)
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Scheme 4. Synthesis of spirocyclopropane derivatives of oxindole 11 and 12 from Z and E isomers.
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Scheme 5. Proposed mechanism for the formation of 11 and 12.
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ii. Spirooxirane oxoindole derivatives

Reaction of isatin with phenacyl bromide, either under conventional heating or in the MW promoted reaction,
leads to N-substituted derivative 13 in acceptable yields, although the MW procedure provided the best results. Variable
amounts of spirooxirane oxoindole 14, resulting from addition of the halomethylketone anion A onto the isatin 3-carbonyl
and further cyclization were obtained as a side product 2], (Scheme 6)
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Scheme 6. Probable mechanism for the synthesis of epoxide.

The o-methylether of isatin 15 reacts with diazomethane to furnish a quinoline derivative as the major product,
together with a spirooxirane derivative 16 *%. (Scheme 7)
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Scheme 7
iii. Spiroaziridine oxoindoles

1-(4-Aryl thiazol-2-yl)spiro aziridine-2,3'-indolin-2'-one 18 was synthesized from the reaction of 3-(4-aryl thiazol-2-
yl imino)indolin-2-one 17 with diazomethane 84,

7 (18)
B) SPIRO[FOUR-MEMBERED RING]OXOINDOLES
i. Spirocyclobutane oxoindole derivative

Spiro cyclobutane oxoindole 19 was obtained by treatment of 1-methyl-3-(2-oxopropylidene)indolin-2-one 4 with
ethylene diamine derivative (85) (40-97%).
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ii. Spirooxetane oxoindoles

2-Ethoxy-3-indolone 20 suffers a thermal [2+2] cycloaddition with 1,1-dimethoxyethene, leading to an 2-ethoxy-
4' 4-dimethoxy spiro[indole-3,2'-oxetane] 21 .

Meo. OMe
MeO
@\/g—oa —_— ) —OEt
N N

(20) (21)

MeO OMe
O
(0}
N
|
Et

The spiro-fused 2-azetidinones constitute a scarce class of compounds. There are only a few reports in the
literature on the synthesis, reactivity and biological activity of such 2-azetidinones 24, New 1-alkyl/cyclohexyl-3,3-diaryl-
1'-methyl spiro[azetidine-2,3'-indoline]-2',4-diones 24 have been synthesized from the reaction of the 2-diazo-1,2-diaryl
ethanones 22 with 1-methyl-3-(alkyl/cyclohexyl imino)indoline-2-ones 23 under thermal condition [***%!. (Scheme 8)

iii. Spiroazitidine oxoindoles
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Scheme 8. Mechanism of formation of compounds 24.

Condensation of N-substituted isatin with aromatic amines then acyl chloride yielded the spiroazetidine

derivatives 25 3107
O
0 Ry N-Ar
1) ArNH
N 2) R,CH,COCI N
R R

(25)
2-Amino-11-hydronaptho[2,1:5,6]pyrano[4,3-d]thiazole 26 on treatment with isatin, chloroacetyl chloride affords

corresponding N-[naphtha[1,2-b]pyrano[3,4-d] thiazol-8-yl]spiro[3H-indole(1H,2H)3,4-(2H)3-chloroazetidine-2,2-diones 27
(108109 (Scheme 9)

Cl

Scheme 9
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C) SPIRO[FIVE-MEMBERED RING]OXOINDOLES
i. Spirocyclobutane oxoindole derivative

Recently, ™' it was reported a novel phosphorus-containing lewis base catalyzed highly geometric selective

[3+2] annulation of isatin derived a,B-unsaturated diesters 28, 29 with a-allenic ester 30, 31 affording functionalized spiro
cyclopentane indolinone derivatives 32-35. (Scheme 10)
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Scheme 10

2-(2-Oxoindolin-3-ylidene)acetic acid 36 under Friedel-Craft's conditions with benzene in anhydrous aluminium
chloride afforded spiro[indene-1,3'-indoline]-2',3-(2H)dione 37 2.

/COOH @ 5
@ @ @’
N
H

(36) (37)
(60%)

ii. Spirofurane oxoindole

Oxindoles functionalised at C3 as spirolactones, [L13-116] spirocyclicethers and spirocarbo- and heterocyclics are

elegant targets in organic synthesis due to their significant biological activities 7!

The reaction of Morita-Baylis-Hillman adduct of N-methylisatin 6 with excess of trimethyl orthoformate and
montmorillonite K10 clay ™°*?¥ catalyst at 110 °C for 0.5 h afforded a 1:3 mixture of E- and Z-isomer 40 and 41 with
overall yield (75%) ™%, (Scheme 11)
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Scheme 11. Synthesis of 3-spiro-a-methylene-y-butyrolactone-N-methyl oxindoles 40 and 41. a) CH(OMe)s/Mont.
K10, neat, 110 °C, 30 min; b) aqg. HCHO, DABCO, r.t., acetone, 1.5 h; c) PTSA/benzene, 30 min.

Novel phosphorus-containing lewis bases catalyzed [3+2] annulation of isatin 42 with but-3- ¥n -2-one 43 giving
the corresponding spiro[furan-2,3'-indoline]2',4-(5H)dione 44 in excellent yields under mild conditions . Moreover, the
reaction of 42 with ethyl-2-bromomethylacrylate with zinc under Refrrmatisky type reaction gave the spiro[furan-2,3'-
indoline]2',5-(4H)dione 45 %!, (Scheme 12)
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Sodium 1,2-dihydroxyethane-1,2-disulfonate 46 was reacted with N-alkyl isatin 42 in the presence of KCN and
yielded 3,4-dihydroxy-5-imino spiro[furan-2,3'-indolin]-2'-one a7

NaO3S OH
HO /
NaO3S OH RL
(42) (47)
(37-73%)
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iii. Spiropyrrolidine oxoindoles

Splrogpglrrolldlne 2,3-oxindoles] 50 were synthesized from the reaction of isatin 42 with aminoacids 48 and
chalcones 49 261 (Scheme 13)
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3-Aryl-4-nitro-5'-phenyl  spiro[indoline-3,2'-pyrrolidin]-2-ones 53 were synthesized as pure region and
stereoselectlve by heating a mixture of 2-nitrovinyl benzene or 1-methoxy-4-(2-nitrovinyl)benzene 51, isatin and phenyl
glycine 52 * (Scheme 14)

HoN COCH

Ar
A NO, + __MeOH
reflux
40 min
(51) (52) (53)
(37-73%)
Ar= CgHg
= 4-MeOC6H4
Scheme 14

Three components condensation of isatin, L-phenyl alanine 54 and 1,4-naphthoquinone 55 afforded 3'-benzyl-
2,3"-dihydro-1H-spiro[indole-3,1'-naphtho|[2,3-c]pyrrole]-2,4',9trione 56 ™. (Scheme 15)

e *

H
(54) (55) (56)
Scheme 15

2-Arylidene-Il-cyclopentanones 57 and 58  readily underwent 1,3-dipolar cycloaddition reactions with the non-
stabilised ylide generated in situ by the decarboxylative condensation of isatin and sarcosine 48 to afford
dispiropyrrolidinyl oxindole derivatives 59 and 60 in a highly regioselective manner (Scheme 16). The reactions were
carried out in a microwave oven for a period of 10 min under neat condltlons The results were compared with those
obtained from the conventional method of refluxing with aqueous methanol
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A series_of disg)irogyrrolidine bisoxindoles 62, 63 were synthesized via a multicomponent 1,3-dipolar cyclo
addition reaction 131131331440 o jsatin  sarcosine 48 and isatylidene malononitrile 61 in refluxing methanol (Scheme 17),
also, a series of spiropyrrolidine oxindoles 66 and spiroindan-1,3-diones 67 were synthesized using 2-(1H-indole-3-
carbonyl)-3-phenyl acrylonitrile 64 and 2-(1,3-dioxo-indan-2-ylidene)malononitrile 65 as dipolarophiles, respectively.
(Scheme 17,18)
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Scheme 17. Synthesis of dispiropyrrolidine oxindoles 62.
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Scheme 18. Synthesis of spiroindane-1,3-diones 66 and spiropyrrolidine oxindoles 67.

One-pot three-component domino reactions of cyclic mono ketones, isatin and sarcosine/phenylglycine furnishing
highly functionalised dispiropyrrolidines 68-71 in moderate yields are described. The reaction when performed with cyclic
amino acid, proline resulted in the dimerization of azomethine ylides. These compounds show high activity against
mycobacterium tuberculosis **¥!, (Scheme 19)
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Similarly, the reaction of isatin, sarcosine and tetralone afforded the desired dispiropyrrolidine 72 2441,
4 1\
0
. e
oD (O
N
H
+ N-Me
~ MeOH, reflux o
2 HoOC™ "N N
H
& J (72)
Scheme 20
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A facile synthesis of novel spiropyrrolidine, pyrrolizine oxoindoles 73-76 via the one-pot three component
condensation of azomethine ylides (generated in situ from sarcosine or proline and aromatic aldehyde) with the
Kndevenagel adduct 2-oxo(3H)indole-3-ylidine malonitrile derived from the reaction of 2-oxo-(3H)indole with malononitrile
261451 (Scheme 21)
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Secondary amines react with isatin to give 1:1 adduct as a result of nucleophilic attack of the amine at position C-3 [148],

Pipecolic acid 77 and proline 78 (a cyclic amino acid) when reacted with isatin suffers decarboxylation gave an
azomethine ylid 79, 80, which reacts with dipolarophiles such as fumaronitrile 81 to yield spiro derivatives 82 1474,
(Scheme 22)
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(82)

Scheme 22

Ethyl-2-(2-oxoindolin-3-ylidene)acetate 83 with N-methyI-N-meth}lIene (phenyl)methanaminium 84 undergo 1,3-
dipolar cycloaddition and gave the spiropyrrolidine oxoindole derivative 85 ™. (Scheme 23)

q B
/ R z (’%\@ Rl

84 A\

N

H N

(83) (85)
R= NO,, CO,Me ")
Scheme 23

iv. Spiro 1,3-dioxolane and dithiolane oxoindoles

Spiro[1,3-dioxolane-2,3'-indolin]-2'-ones 87 (cyclic ketals) were obtained using conventional proceduers which
consisted in the use of one diol (ethylene %chol for dioxolane group or 1,3-propanediol for dioxane group), isatin 86, p-
TSA as catalyst in toluene or benzene *°***I (Scheme 24)

1
R? 7\ R? 0
0 HO OH o
—_—
R3 H D'TSA R3
R4

(86) ®87)

Iz

Scheme 24

The dioxolane ketals of isatin and 5-chloroisatin were prepared using an efficient and cleaner procedure than the
usual synthetic routes. Keggin heteropolyacids, namely, heteropolyphosphotungstic acid (HPW), HPW/SiO, and
Cs22HPW, have proven to be useful catalysts, allowing to the fast, selective and solvent-less preparation of ketals, with
high yields and 100% selectivity ™**. (Scheme 25)

Scheme 25. Synthesis of 90. Reagents and conditions: a) ethylene glycol, p-TSA (cat.), toluene, reflux (Dean and
Stark conditions) 24 h, 43%; b) ICI, MeOH, reflux, 5 h, 19%.

[155.156] 157 with thiols yield isatin thioketals 91. (Scheme 26)

The reaction of isatins and 1-alkyl isatins
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v. Spirodiazolidene oxoindole

The reaction of isatin with N,N'-dimethylethylenediamine in water yields the spirodiazolaneoxindole 92 1461, (Scheme 27)

(92)
Scheme 27

Moreover, the reaction of isatins with o-phenylenediamines 93 was reported to give three products, the proportion
between them being affected mostly by the solvent polarity, one of these product identified as spirobenzimidazolines
oxoindole derivative 95 **¥. (Scheme 28)

o ; NH, ()
HO
" ka NN
N A
H H
(93) (94) (95)
Scheme 28

When the reaction is carried out with 1-acylisatin 96, ring opened product 97 was formed using benzene, acetic
acid or ethanol as the solvent "3 However, it has been reported that with the latter two solvents a spirobenzimidazole
derivative 98 is also formed ™. (Scheme 29)

NH,
O H
0 N
HN
NH; NH
= O + (:[ —_— 2 + (6]
NH, NH N
O)\ o O)\
(96) (93) 97) (98)
Scheme 29

A simple and facil procedure for the synthesis of pyrazolophthalazinyl spiro oxindoles through one-pot three
component reaction of isatin, malononitrile or cyanoacetic ester and phthalhydrazide 99 catalyzed by NiCl; in polyethylene
glycol (PEG 600) had been described 2,

RZ
\
R
R? o] o N
|
R
N CN NH  NiCl, (20 mol.%) N
O + < + | > !
“ NH  PEG 600, 100°C N/ “xR!
RI O o 0 NH,

(99) (100)
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A possible mechanism for the one-pot reaction to give 100 was described. (Scheme 30)
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N N
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N N - NiCl
| CN l CN 2
©<::NH\1 =T Nandilh  —S— el (109
Il
N) 0 (NH NiCl
_ ®

Scheme 30

A series of spiro[indoline-3,1'-pyrazolo[1,2-b]phthalazine] derivatives were synthesized via three-component
reaction of phthalhydrazide, isatin and malononitrile (cyanoacetic ester) catalyzed by piperidine [165]

i (0]
’I\lH . X_Q . <R Plperldlne
NH o on  CHCN, 48n
H reflux
(0}

(99) (101)
The proposed mechanism for the synthesis of spirooxindole derivatives 101 is described in Scheme 31. The
process represents a typical cascade reaction in which the isatin first condenses with malononitrile to afford isatylidene

malononitrile derivative A. Then, A is attacked via 1,4-conjugate addition of phthalhydrazide to give the intermediate B
followed by cyclization affords the corresponding product 101.

o
NC NH
o] ) CN NH
CN Pip (99) O
O + —— _—
N CN -H0 N
(A)
o) O

(101)

z
o
A
Tz ‘\
T
o) z-Z
(@]
z
T
Q 4
=
o z-z
(@]

(B) ©)
Scheme 31
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vi. Spirooxazole oxoindoles

Two equivalent of isatin reacted with one equivalent of ammonia to afford the intermediate 102 which suffers
lactonization to give the spiro compounds 103 . (Scheme 32)

HO

0
0
/\“ NH, <j\/lg=0
NH, N
0O —> Of —8 M —
N N
H H

"
o)( N OHZN
HO /S :
N ol Ln
H N
(102) (103)

T

Scheme 32

The reaction of isatin with N,N-dimethylethylenediamine when performed by azeotropic distillation in toluene
yielded the unusual 2:1 adduct 105 as the result of the addition of an unstable azomethine ylide 104 to isatin

(Scheme 33)
~ @
H H N o
_i 0l ) no® N )

i — I
\ / N\ N\
1 Tol 0 ——
oluene, A 0
i NH, NH

Isatin

Scheme 33

vii. Spiroisoxazolidine oxoindoles

Spiro-[indoline-isoxazolidines] were synthesized by the cycloaddition reaction between ethyl (3-indolylidene)-
acetate 1 *®" and various substituted a,N-diphenylnitrones 106 (Scheme 34). The nitrones ™" were prepared by the
condensation of appropriately substituted aromatic aldehydes with phenylhydroxylamine in ethanol at room temperature.
Though, spiro compounds 107 and 108 have been prepared just by irradiatinlg] the mixture of ethyl(3-indolylidene)acetate 1
and the a,N-diphenylnitrones 106 in the absence of any solvent for 4-5 min (el
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EtOOC /\(Aﬁ@
C /i H—*
\+/4
N 0 1
H R?2 R
Rl
(1) (106)

TSI
Scheme 34

The spiro[indole-pyrazoles] 113, spiro[indole-isoxazoles] 114 were synthesized through conventional, microwave
solution phase and microwave solid phase reactions of 3-aroyl methylene-indole-2-ones 112 with hydrazine hydrate and
hydroxyl amine hydrochloride 3, (Scheme 35)

ot do oo

H
(109) (110)

ArOH-HCI

NH,NH,-HCI X_O B Q{

neutral alumina

(112)

NH,0OH-HCI
basic alumina
MW

(114)

Scheme 35

1-Alkyl (or Aryl)-3-(2-oxopropylidene)indolin-2-one 4 reacted with hydrazine hydrate, phenP/I h)]/drazine, phenyl
thiourea and/or hydroxyl amine hydrochloride gave spiropyrazole- and spiroisoxazole oxoindoles 115 74278,
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5 R
=N
|
/ "o 0
NH,OH
o]
N N
H H
)] (115)
(35-66%)

viii. Spirothiazolidine oxoindoles

Isatin-3-N-arylamines 116 react with mercaptoacetic acid to yield spirothiazolidinones 11
further acylated or submitted to a Mannich reaction giving substitution product at the oxoindole nitrogen atom 118

(Scheme 36)
(0}
~ ~

7 B \which can be

[178]

~Ar
N S\ N~ R S N~ar
4 A~ | Ar HN_

HS™ ~COOH R o

oO— > 0O — — » N

N (40-70%) N CH,0
H H L .R
N\
(116) (117) (118)
Scheme 36

The synthesis of 3'-[(4-substituted phenyl-1-N-ethoxyphthalimido-6'-pyridin-2-yl]-3,3a'-dihydro-6'H-spiro[indole-
3,5'-[1,3]-thiazolo[4,5-c]isoxazol]-2(1H)-ones 124 is carried out through a five step pathway starting from acid catalyzed
condensation of 2-aminopyridine with isatin yielding 3-(pyridine-2-ylimino)-1,3-dihydro-2H-indol-2-one 119 which on
reaction with thioacetic acid in the presence of anhydrous ZnCl; give 3'-pyridin-2-yl-4'H-spiro[indole-3,2'-[1,3]thiazolidine]-
2,4'(1H)-dione 120. Reaction of 120 with various araldehydes 121 affords the corresponding 5-[(4-[indole-3,2"-
[1,3]thiazolidine]-2,4'(1H)-diones 122. These chalcones are further cyclized with hydroxylamine hydrochloride to furnish 3'-
(4-substituted phenyl)-6'-pyridin-2-yl-3,3a'-dihydro-6'H-spiro[indole-3,5'-[1,3]thiazolo [4,5-c]isoxazo|]—2$1H)-ones 123 which
are subsequently condensed with w-bromoethoxyphthalimide to yield the targeted compounds 124 [l (Scheme 37)
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o)
H
200 o N
7 | H / \
N MeOH/AcOH . \s Z
N NH, COR T Ac NN

(119)
@X@ ne—_)-x
H
N
AcONa / AcOH =N~ N
A8

X
(122) (120)

ZnCly/ AcOH | Hs” >COOH

AcONa / AcOH
NH,OH-HClI

\
0 NaH / DMF

74 \O ’\ll/l
N\%
(0]
X
X

(123) (124)
Scheme 37
2-[2,4'-dioxospiroindole-3,2'-thiazolidin-3'- Ylalkanmc acids 127 have been prepared by reacting 2-indolone-3-yl
imino alkanoic acid 126 with mercapto acetic acid ¢ . (Scheme 38)
CH)—COOH
@&o + H N*(CH)—COOH gEREL MeQI, O\/S:
(125) (126)
A PN
dioxane| HS COOH
—~
J N—((I:H)—nCOOH
R
O
N
H
(127)
Scheme 38
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The hydrazide 128 condensed with isatin to give the desired condensation product 129 which when treated with
thloglycollc acid afforded 2,4-(dioxospiro [indoline-3,2-thiazolidine]-3'-yl)-2-methyl-1,8-naphthylidine-3-carboxamide 130
(181" (Scheme 39)

N_ _N
z A
H,N—NH 0 ~ | P
O\/g: __NaOH/MeOH N=N
r @\/&:
(128) (129)
Hs” >COOoH
0
O
S N-NH \ / N
\
=~
o}
N
H
(130)
Scheme 39

1-Methyl isatin reacts with 2-mercaptoaniline only at reflux furnishing solely the spiro[indole-3,2'-
[1,3]benzothiazole-2(1H)one 131 2. (Scheme 40)

0 HN
NH, S
N SH N
Me Me
(131)

Scheme 40

iX. Spiro 1,3-oxathiolane oxoindoles

Spiro[indoline-3,2'-[1,3]-oxathiolane]2, 5 dlone 132 was synthesized by the reaction of isatin with mercaptoacetic
acid in the presence of P-toluene sulphonic acid ™

Ir=z io
o
I
?m
2 [
3
(@]
Tlo
o)
T
/
pd
o
o

(132)

X. Spirotriazole oxoindoles

The indole ring, linked to other heterocyclic system through the spiro carbon atom at C-3, are of mterest In
addition, varied pharmacological properties are associated with 1,2,4- trlazollnes [a4-1 Splro [3H-indole-3,3'- [A -1-2-4]-
triazoline]-2-ones 135 were obtained by the reaction of isatin imines 116 % with C- acetyl nitrile imine 134, generated in
situ from the corresponding hydrazinoyl bromide 133. (Scheme 41)
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(116) (133)

Anhydrous CHCl3
dry EtzN
stirred at r.t. 2h

HsC QL
\O\_ N<fCOCHy A
- \C
N 2- 3h

COCH3

Scheme 41

1-Alkyl-3'-aryl-3',5'-dihydrospiro[indoline-3,4'-[1,2, 31tr|azol] -2-one 136 was prepared via the condensation of N-
alkyl isatine with aromatic amine followed by diazomethane *9*9%

(0]
N Ar
1) ArNH
o __ DANH, _
N T )cHN, N,
R

(136)

xi. Spiro[1,3,4]thiadiazole oxoindoles

Spiro[indoline-3,2'-[1,3,4]thiadiazole 137 was obtained upon treatment of isatin with thiobenzoyl hydrazine [193.194]

| >\ N
_ PHCSNHNH,
0
N
|
R

(137)

N-Substituted isatin when reacted with thioxodihydrazide in acetic acid with HCI afforded the
spiro[1,3,4]thiadiazole oxoindole derivative 138 *°

2

S 0
PhNHNHCSNHNH,
0 > N—-NH
N ACOH / HCl )
R 0
N

(138)
(95-99%)

Isatin thiosemicarbazone was reacted with freshely distilled acetic anhydride yielded N-(1,3'-diacetyl-2-oxo-3'H-
spiro[indoline-3,2"-[1,3,4]thiazole]-5'"-yl]acetamide 139
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S AcHN
N_N)LNHZ SN
H -
U Ac,0 N-Ac
(0] —_— (0]
N N
(0]
(139)

xii.Spiro[1,3,4]oxadiazole oxoindoles

5-spiro(isatin)2(N-acetyl hydrazine)-4-(N-acetyI)-A2-1,3,4-oxadiazo|ine 140 was formed by oxidative cyclization of
isatin-3-carbohydrazone with freshly distilled acetic anhydride 7.

ACHNHN
N-NH, o N
/ -
ACzo N=Ac
0 —— » 0
N N
H H
(140)

D) SPIRO[SIX-MEMBERED RING]OXOINDOLES
i. Spiro cyclohexane-1,3'-indoline

A new synthetic pathway to spiro[cyclohexane-1,3'-indoline]-2',4-diones 146, 147 was found starting from 3-
chloromethylene-2-indolones 141 and Danishefsky's diene 142. Their synthesis consist of several steps involving the
formation of the cycloadducts, the 6-chloro-4-trimethylsilyloxy-2-methoxyspiro[cyclohex-3-en-1,3"-indolin]-2'-one 143
derivatives, transformed into spiro[cyclohexa-2,5-dien-1,3"-indoline]-2',4-diones 145 via 6-chloro-spiro[cyclohex-2-en-1,3'-
indoline]-2',4-dione 144 intermediates. The reduction of spiro[cyclohexa-2,5-dien-1,3"-indoline]-2',4-diones 145 gave
spiro[cyclohexane-1,3-indoline]-2',4-diones 146,147. "% (Scheme 42)

Cl
Yo OSiMe,
o « A OMe _toluene
N reflux
|
CO,Et
141 142
(141) (142) orell (143)
reflux
column
chromatography

(146) : R= CO,Et (57%) (145)

lEtOH, NaOH, 0°C

(147) : R= H (88%)

Scheme 42

The reaction of isatin and acetic anhydride in the presence of pyridine afforded the spiro cyclohexane oxoindole
149 together with other polycyclic product 148 ™992°%,
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(148) (149)

Ethyl 2-(2-oxoindolin-3- ylldene)acetate 1 was reacted with cisoid diene in anhydrous aluminium chloride to give
the spiro cyclohexene oxoindole derivative 150

COOEt
cooa
AICI3

(150)
(92%)

ii. Spiro pyridine oxoindole

The synthesis of spirooxy indole system based on the condensation of isatins with dimedone %% and substituted
6-aminouracils ?°® resulting in~ spiro[indoline-3,9'-xantene]trione and spiro[PB/rimido[4,5-b]quinolone 5,5'-pyrrole[2,3-
dlpyrimidine] pentone derivatives, respectively, have been described “%*?°% The synthesis of 1,7-dihydro
spiro[pyrazolo[3,4-b]pyridine-4,3' |ndoIe]26(1H5H)d|ones based on a three-component condensation of 5-

aminopyrazole derivatives 154, isatin and Meldrum's acid . (Scheme 43)
COOEt COONa COOH
/ -
I NaOH I AcOH N/_g\ 5 co,
*n” “NH;  EtOH/H,0 N~ NH N 2
R R R
(151) (152) (153)

0_0
I\ X
N\N NH, o) >
R @\/&O R
N
(154) R" (155)

Scheme 43

It was assumed that the reaction occurs according to one of two most probable paths (Scheme 44). Thus, isatin
can first add to 5-aminopyrazole 154 giving the adduct 156, which further reacts with Meldrum's acid to form unstable
intermediate 157, which eliminates CO- and acetone (path A) affording the final product 155. An alternative scheme of the
process includes the Michael addition of 5-aminopyrazole 154 to oxoindolylidene derivative of Meldrum's acid 158
followed by the intermolecular cyclization (path B).
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(155)
Scheme 44

A one-pot, pseudo four-component, and simple synthesis of spiro[diindenopyridine-indoline]triones 160 via the
reaction of 1,3-indandione 159, aromatic amines and isatins using a 'Grindstone Chemistry' method is reported
(Scheme 45,46)

p- TSA
3-4 min

\Q\//gzo + ArNH, + 2©E§ Grindstone

(159)

Scheme 45. One-pot synthesis of spirodiindenopyridine-indolines 160
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(162) (163) (160)

Scheme 46. Proposed mechanism for the synthesis of spirodiindenopyridine-indoles 160.

The synthesis of spiro[benzo[h]pyrazolo[3,4-b][1,6] naphthyridine-7,3'-indoline]-2',6(5H)diones 166 and spiro
[chromeno[4,3-b]pyrazolo[4,3-e]pyridine-7,3"-indoline]-2',6 (6aH,10H)diones 168 via a one-pot, three-component reaction
of 4-hydroxy-1-methyl quinolin-2(1H)-one 164, or 4-hydroxy coumarin 167, isatin and 1H-pyrazol-5-amines in water was
reported ?°°. (Scheme 47,48)

Ar
I
OH o Ph
~ X [\< H20 (Reflux) s
" O+ HNT~-N p-TSA Y.
N o N | 24h
Me R Ar
R
(164) (165) (166)

-H,0

Product (166)

Scheme 47

1208 |Page January 24, 2014



&) ISSN 2321-807X

N X [\<N H,0 (Reflux)
. O+ H,N N p-TSA
N I 24h
o o R Ar
(167) (165)
/
(169)
Scheme 48

The synthesis of spiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-2,6'(1'H)-diones 170 by the reaction of 4-
hydroxycoumarin, isatins and 1H-pyrazol-5-amines in water under ultrasonic irradiation is reported. The advantages of this
method are the use of an inexpensive and readily available catalyst easy work-up, good yields, and the use of water as a
solvent that is considered to be relatively environmentally benlgn 20¢] . (Scheme 49)

RZ

[< H,0 60°C, US
O+ H,N p- TSA

(167) R
R = H, Br, NO,, Me
R!=H, Me, Et, CH,Ph R2
2 R
R"=H, NO, (165) (170)
Scheme 49

Exact mechanism for the formation of spiro[indoline-3,4'-pyrazolo[3,4-b]pyridine]-2,6'(1'H)-diones 170, however,
two reasonable possibilities are indicated in (Scheme 50). Addition of 4-hydroxycumarin to isatin leads to highly reactive
intermediate A via standard nucleophilic addition. Interception of A by 1H-pyrazol-5-amines 165 and followed by
cyclization produces the corresponding spirooxindole 170 (Pathway A). Isatin and 1H-pyrazol-5-amines 165 would
react to produce highly reactive intermediate B, followed by a nucleophilic addition with 4-hydroxycoumarin and cyclization
to afford spirooxindole 170 (Pathway B) . (Scheme 50)
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(165) > N P (170)
N NH,
R? ®)
Scheme 50

2'-Hydroxy-6'-mercapto-2-oxo-1H-spiro[indolin-3,4'-pyridine]3,5-dicarbonitrile 171 was prepared from the reaction
of isatin with malononitrile followed by cyanothioacetamide in presence of piperidine in refluxing ethanol

HS H
/N OH
NC
R 2 CH,(CN), R /
0 ~ 0
N EtOH / piperidine N
H H

(171)
(55-65%)

2-Oxoindol-3-ylidene malononitrile 172 (X= CN, COEt) when react with cyclohexanone in anhydrous ammonium
acetate afforded the spiropyridine oxoindole derivative 173

% H,N_ _N

) CN (o] x| ,
R
0O ———— > o]

N NH4OAC N

H H
(172) (173)

(65-83%)

2-(2-oxoindolin-3-yliden)acrylic acid was converted to spiropyridine oxoindole derivative 174 via the reaction with
HBr, aromatic amine and trifluoromethyl sulphonic acid

COOH
/ 1) HBr
__DANH,
\ O T3Crsot
H

(174)

3-(2-oxopropylidene)indolin-2-one 12 reacted with 3-amino-1-phenyl pyrazole-5-one 175 to give the spiro[indolin-
3,4'-pyrazolo[3,4-b]pyridine]2,3' (2'H)dione 176 whereas, the reaction of 12 with pyrazolone 177 in P4Sio, ammonium
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acetate and/or P>Os/H3PO, yielded spirothiine-, spiropyridine-, and spiropyrane oxoindoles derivative 178 respectively
(210211 (Scheme 51)

Ar N
[ "o )
. —O N ) (74-77%)
i s o
177) N
2P0y  (X=S)

NH,O0Ac (X =NH)
P205/ H3PO4 (X = O)

Scheme 51

iii. Spiropyrane oxoindoles

Three-component condensation of isatins with malononitrile or ethyl cyanoacetate and cyclic 1,3-diketone,
cyclohexane-1,3-dione 179 or dimedone 180, on heating for a short time in ethanol in the presence of an equimolar
amount of tris(2-hydroxyethyl)amine gave the corresponding 2-amino-3-R-5,6,7,8-tetrahydrospiro[chromene-4,3"-indole]-
2'5(1'H,4H)-diones 181 or 2-amino-3-R-7,7-dimethyl-5,6,7,8-tetrahydrospiro[chromene-4,3'-indole]-2',5(1'H,4H)-diones
182. (Scheme 52)

Replacement of cyclic 1,3-diketones by acetylacetone in the condensation with isatin and malononitrile or ethyl
cyanoacetate in the presence of tris(2-hydroxyethyl)amine in ethanol (short heating or reflux for 2 h) also resulted in 2'-
amino-2-ox0-3'-R-1,2-dihydrospiro[indole-3,4'-pyran] derivatives 183 and 184. (Scheme 52)

When 2-(2-oxoindol-3-ylidene)malononitriles or ethyl 2-(2-oxoindol-3-ylidene)cyanoacetate derivatives 185 were
used as a-cyanoethylene component in the Michael reactions with 1,3-dicarbonyl compounds in the presence of a
catalytic amount of tris(2-hydroxyethyl)amine, yielded the same fused 4H-pyran derivatives 181-184. Obviously,
compounds are key intermediates in the three-component condensation of isatins with CH-active nitriles and 1,3-
diketones, which is consistent with the generally accepted mechanism of such reactions [ach

o
3] Rs OH
(179, 180)
(181, 182)
(179, 180)
O
R>
O + R,4CH,CN
N
1
Ry
42)
(@) (0]
Me)J\/ILMe
(183, 184)
Scheme 52
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It has been reported that sharing of the indole-3-carbon atom during the formation of spiroindoline derivatives
enhances the biological activity highly 626732132141

Reaction of 2-hydroxynaphthalene-1,4-dione 186 and isatins in the presence of a catalytic amount of p-
toluenesulfonic acid (p-TSA) as an inexpensive and readily available catalyst proceeded smoothly in water at reflux for 24
h to produce spiro[dibenzo[b,i]-xanthene-13,3"-indoline]-2',5,7,12,14-pentaones 187 in 75-82% yields (Scheme 53).
Without p-TSA, for long periods of time (60 h), the yields of products were low (<30%).

It is thought that compounds 187 result from initial addition of 2-hydroxynaphthalene-1,4-dione 186 to the isatin to
yield intermediates A, which react further with another molecule of 186. Finally, cyclization afforded the corresponding
products 187. (Scheme 54)

OH X p -TSA / 24h

(186)
Scheme 53

NR
X
0 % o}
A (186) OH H* (186)
Q—> —_—
N H+ -Hzo
R OH

0
(A)

(187)

Scheme 54

5-Fluoroisatin 188 reacted with ethyl cyanoacetate and substituted ketones affording the spiropyrane oxoindole
derivative 189 which shows anticonvulsant act|V|ty

PhOC
\@\/@( ) NC>COOEt COOEt
||) Ph

(188) (189)

Scheme 55

Novel nitrogen and phosphorus-containing lewis bases catalyzed [4+2]annulation of isatin with but-3-yn-2-one
giving the corresponding spiro[indoline-3',2'-pyran]-2,4'-(3'H)dione 219 2l . (Scheme 56)

= 0
o)
@\/gﬁ DABCO (100 mol %) _
o+ —< o

N
(190) R! m2

(191)
(64-98%)

Scheme 56

The reaction of 2-oxoindol-3- ¥I|dene malononitrile with ethyl acetoacetate [216] , cyclohexanone, cyclohexan-1,3-

dione ®*" and/or 4- hydroxycoumann in the refluxing ethanol in the presence of plpendlne afforded the corresponding
spiropyrane oxoindole derivatives 192-195, respectively. (Scheme 57)
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o
M cookt

EtOH / pip.
ioﬁ
NC EtOH / pip.
CN R
/ (193)
Z—O (67-86%)
R o]
N
Rl

(84-88%)

Scheme 57

Isatin reacted with N-substituted pyrrolidin-2-one ?**! 190 and/or with cyclohexan-1,3-dione ?*°!

spiro pyrane oxoindole derivatives 196 and 197, respectively. (Scheme 58)

and yielded the

0
goz
0 N
R. 0 0
’Iﬁ/
R
. R 0 0
N_ _O_ _N ,
|
0
N
H
(196) (197)
(70-80%) (63-88%)
Scheme 58

iv. Spiropyridazine oxoindole

3-Cyanomethylidene oxoindole 198 derivatives were prepared in excellent yields utilizing DBU-promoted
Knoevenagel condensation of isatin derivatives with active methylene reagents. The isolated products were then reacted
with azaenamines 199 via a DBU-promoted Michael addition to yield spirocyclic 2-oxoindole derivatives 200,201
incorporated with 6-amino-4H-pyridazines %, (Scheme 59)
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X
0 CN
(oo
(0] > o)
N a, X=CN
\ b, X=COOC,Hs N
R ¢, X=benzthiazol-2-yl R
(198)
0
we
N"}‘H
(199) PN
(A)l >l<(3)
_ _ _ o _
Ph ?/Me
HN
A\
CN N CN N
)/ X
2 © N~pp
0 Me (o)
) i
I
R R
(201)
Scheme 59

Similarly azaenamine 202 reacted with 3-cyano methylidene-2-oxoindole 198 to yield the spiro compound 204
through the intermediate ?®! 203. (Scheme 60)

O

A

N.
NH (198)
CoOOMe — >

79%
—_—

COOM¢

(202) (203) (204)
Scheme 60. Synthesis of compound 204.

v. Spiropyrimidine oxoindoles

3-Aroyl methylene-indole-2-ones 108 was synthesized and reacted with phenyl thiourea via conventional,
microwave solution phase and microwave solid phase reactions to give the spyropyrimidine oxoindoles 1731 205. (Scheme
61)
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o 3O ——-GQ

H (106)

(107)
ArOH-HCI
(0]
1
PhHN NH, / Q
- O -
N Y
H
(205) (108)
X =H, 4-NO,
Y =Br, Cl, CN, OMe
Scheme 61

Isatin when reacted with diamine 206 afforded spiro benzopyrimidine oxoindole derivative ??%?%! 207. Moreover,
[Zzé%é)e?ropylidene indolin-2-one 4 reacted with N-substituted thiourea gave the spiropyrimidine oxoindoles derivatives 208

Ry
Ry
NH, HN NH
- (>
N
H

(207)

S

Ry yN
S \—R;

[ o J N

H,N” ~NHR,
0] > )
N KzCOg [I\j
|
RZ RZ
© (208)

vi. Spiro 1,3-thiazine oxoindole

The reaction of isatin with aromatic amine followed by 3-mercaptopropionic acid 209 afforded spiro 1,3-thiazine
oxoindole derivative 210 %272’ (Scheme 62)

//»40
9 S

R N~
1) ArNH, 2 Ph
0 > o)
N N

) 2) pg ™~ COOH )
1 1
(209) (210)

Rz

Scheme 62

A reaction of 1-amino-1H-benzimidazole-2-thiol 211 with 4-nitrobenzyl bromide yielded 1-amino-2-[(4-
nitrobenzyl)thio]-1H-benzimidazole 212, which underwent base-catalyzed cyclization with isatins 213 to give the
corresponding spirocyclic [1,3,4]thiadiazino[3,2-a]benzimidazoles 214. (Scheme 63)

A similar transformation in the base-catalyzed condensation of 4-amino-3-[(4-nitrobenzyl)thio]-4H-1,2,4-triazoles
215 with alkylisatins afforded spirocyclic triazolo [3,4-b][1,3,4]thiadiazines 217 (Scheme 64).
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Triazolothiadiazine 217 was also obtained by an independent synthesis from N-triazolyl imine 218 and 4-
nitrobenzyl bromide in the presence of NaOH (2 equiv.). In both cases, the reaction obviously proceeds through the
formation of the corresponding acyclic N-benzylthiotriazolyl imine 216 (230

N N R R" HN
BrCH,CqH,NO,-4 (213) Ar
\>—SH e e > O: \>—S > o]
N N A NaOH / MeOH N
NH, NH, R R
(211) (212) (214)
Scheme 63
— e _
o -
N-N R N -
I\ l
R/QN)\S N 0 —NOH N oV
\ EtOH \
! Ar N
NH, 1
(215) R N~
N-N (216)
\
R/QN)\SH
|
N
N P BrCH,CgHNO,-4
N NaOH / EtOH
Ph
(218)

Scheme 64

Spiro 1,3,5-triazine oxoindole 219, spiro 1,3,5-oxathiazine oxoindole 220 and spiro 1,2,3,4-tetrazine 221 were
synthesized by treatln% isatin with urea, ethoxy thiocarbonyl cyanate and/or thioxodihydrazide followed by chloroacetic
acid, respectlvely . (Scheme 65)

o O>\/ o
5 Vs

s
0
S._O
Eto)J\N=c=o
o) o
N
N H

(220)
51
e

i) H,NHN ™ NHNH, HN S NH
= 0

i) cI”” >CoOEt N

(221)

Scheme 65
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