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Abstract- Indole-2,3-dione (1) was treated with malonic acid in a mixture of 

ethanollpyridine tb afford 1-[3-(2-oxoindolinylidene]acetic acid (5). Compound (5) 

reacted with arenes in the presence of aluminium chloride as catalyst to yield 

spiro[indoline-3,3'-indanl-2,l'-dione derivatives (6a-e). 

The synthesis and photochromism of indolinospirochromenes containing condensed fragments in the 

indoline part of the molecule was achieved.' Photochromic spiro[2H-l,4-benwxazine-2,2'-inoline] 

derivatives and photochromic spiro[indolinenaphthoxaz~ne] derivatives with reddish purple colors and 

durability were prepared.24 

As an extension of our previous ~o rks ,5 - ' ~  the synthesis of spiro[indoline-3.3'-indanl-2,l'-dione derivatives 

is reported. 

The synthesis was carried out by the reaction of indole-2,3-dione (1) with malonic acid in an 

ethanollpyridine mixture to yield (Z)-1-[3-(2-oxoindolinylidene]acetic acid (5). The formation of compound 

5 was based on the reactivity of the carbonyl group at C, of indole ring which underwent the condensation 

reactions in preferable manner than the amidic carbonyl at C, of indole moiety." 

The reaction of acid (5) with arenes in the presence of aluminium chloride gave the spiro[indolme-3,3'- 



indanl-2,l'-dione derivatives (6ae) (Scheme 1). 

In a typical run, I-[3-(2-oxoindolinylidene)]acetic acid (5) was added portionwise over 1 h to a mixture 

of aluminium chloride in dry arene. Thus, benzene afforded spiro[indoline-3.3'-indanl-2,l'-dione (6a) in 

60% yield; similarly toluene gave 6'-methyspiro[indoline-3.3'-indanl-2.1'-dione (6b) in 67% yield. Anisole 

and bromobenzene yielded 6'-methoxyspiro[indoline-3.3'-indanl-2,l'-dione (6c) and 6'-bromospiro[indo- 

line-3.3'-indanl-2,l'-dione (6d) in 55% and 50% yield respectively. p-Xylene gave 4',7'-dimethylspiro- 

[indoline-3,3'-indanl-2,l'-dione (6e) in 69% yield. 

Arena; Benzene, Toluene, Anisole, Bmmobenzene endpxylene 

Scheme 1 

The structure of compound (5) was established from its elemental analysis and spectroscopic data. The 

ir (u, cm-' ) spectrum of compound (5) showed a characteristic broad absorption band at 2600- 3400 

corresponding to the stretching vibrations for hydroxyl group of the carboxyl group, 3150 for NH group 

of indoline moiety and a broad absorption at 1705-1725 for the carbonyl group of indole ring and the 
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carbonyl group of carboxylic acid residue.I2 Literature survey revealed that ethyl 2-oxo-3- 

indolinylidenecyanoacetates were formed in EIZ mixture." In our case the Z form is favored and its 

formation could be explained as shown in Scheme 1 through the intermediates (3) and (4) which included 

intramolecular hydrogen bonding.I4 

The formation of 6 a e  can be rationalized as shown in Scheme 2. 

Reaction of 5 (2) with the AICI, catalyst in the presence of traces of water gives the carbocation (7) 

which can alkylate the pam position of the arenes used or the position 2 in the case ofp-xylene15 to afford 

compounds (Sae). Compounds (Sae) cyclize under the reaction conditions to yield mixture (6ae). 

6a-e 9 

Scheme 2 

The structures of compounds (6ae) were elaborated on the basis of their elemental analyses and 

spectroscopic data. The ir (u, cm-' ) spectrum of compound (6a) showed a characteristic strong absorption 

band at 3170 corresponding to the stretching vibrations of the NH group of indole ring, 1740 for the 

carbonyl group of the indanone moiety and 1705 for the carbonyl group of the indole ring. The nmr (6, 

ppm) spectrum of 6a (CDCI,) showed the following signals: 3.90 (ZH, s), the methylene protons of the 

indanone ring, 7.00- 7.50 (SH, m) the aromatic protons of indanone and indole ring and 10.00 (IH, s) for 



2478 HETEROCYCLES, Vol. 41, No. 11, 1995 

the NH proton in indole moiety. 

EXPERIMENTAL 

The time required for completion of reaction was monitored by thin layer chromatography (tlc)..Melting 

points are uncorrected. Nmr (6, ppm) spectra were measured on EM-360 90-MHz spectrometer using TMS 

as internal standard. Ir (u, cm" ) spectra were recorded as KBr pellets on a Pye-Unicam Sp2OO-G 

spectrophotometer. Elemental analyses were determined on a Perkin-Elmer 240C microanalyser. 

Svnthesis of 1-13-(2-oxoindolinvlidene~lacetic acid (5) 

A mixture of isatin (14.7 g, 0.1 mol) and malonic acid (10.4 g, 0.1 mol) in ethanol-pyridine mixture (150 

ml, 4:l) was refluxed for 48 h. The reaction mixture was cooled to room temperature and the solvents 

were removed by distillation to afford the crude product. The crude product was recrystallized from water 

to give 14.7 g (78% yield) of the pure compound (5). mp 262-264 'C. Anal. Calcd for C&,NO,: C, 

63.49; H, 3.70; N, 7.40. Found: C, 63.32; H, 3.52; N, 7.20. Ir (u, cm'l ) (KBr), 2600- 3400 (OH), 3150 

(NH), and 1705- 1725 (C=O); nmr (6, ppm) (DMSO-4): 6.65 (lH, s), 7.00- 7.50 (4H, m), 9.60 (lH, s), 

10.20 (lH, s). 

Reaction of 1-13-(2-oxoindolinvlidene~lacetic acid (5) with arenes in the oresence of aluminium chloride 

catalvst: Svnthesis of soirolindoline-3.3'-indanl-2.1'-dione derivatives (6a-el 

General orocedure: 

A mixture of compound (3) (0.01 mol) and aluminium chloride (7.92 g, 0.06 mol) in the appropriate arene 

(25 ml) was stirred under reflux for 6 h. The reaction mixture was cooled to room temperature, 

decomposed with 10% hydrochloric acid, and extracted with chloroform. The extract was washed with 

water, 10% sodium carbonate solution, and again with water and then dried over anhydrous magnesium 

sulfate. The solvent and the unreacted arene were removed by distillation to afford the title crude products 

(6ae). 
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Suirolindoline-3.3'-indan1-2.l'-dione (6a): 

This compound was prepared (60% yield) according to the above general procedure and it was purified 

by recrystallization from CH,CIJpetroleum ether (bp: 80-100 T ;  1:3), mp 110-112 'C. Anal. Calcd for 

C,,H,,NO,: C, 77.10; H, 4.41; N, 5.62. Found: C, 77.00; H, 4.32; N, 5.30. Ir (u, cm-' ) (KBr): 3 170 (NH), 

1740, 1705 (GO);  nmr (6, ppm) (CDC1,EMS): 3.85 (2H, s), 6.85-8.00 (8H, m), 10.00 (lH, s). 

6'-Methvls~irolindoline-3.3'-indanl-2.1'-dione (6b): 

It was purified by the recrystallization from CH,Cl,/petroleum ether (bp: 80-100 "C 1:3), mp 115-1 17 "C 

(67% yield). Anal. Calcd for C,,H,,NO,: C, 77.56; H, 4.94; N, 5.32. Found: C, 77.56; H, 4.72; N, 5.20. 

Ir (u, cm-' ) (KBr): 3150 (NH), 1705, 1740 (C=O); nmr (6, ppm) (CDCI,EMS): 2.30 (3H, s), 3.85 (2H, 

s), 6.85-8.00 (7H, m), 10.00 (1s. s). 

6'-Methoxvsuirolindoline-3.3'-indanl-2.1'-dione (6~):  

It was recrystallized from CHCl,/hexane (1:3), mp 225-227 OC (55% yield). Anal. Calcd for C,,H,,NO,: 

C, 73.11; H, 4.65; N, 5.01. Found: C, 73.00; H, 4.42; N, 5.00. Ir (u, cm? ) (KBr): 3 160 (NH), 1705, 1740 

(C=O); nmr (6, ppm) (CDCI,/TMS): 3.20 (3H. s), 3.90 (2H. s), 6.90-8.10 (7H, m), 10.10 (IH, s). 

6'-Bromosuirolindoline-3.3'-indanl-2.1'-dione (6d): 

It was purified by recrystallization from CHCl,/hexane (1:3), mp 160-162 "C (50% yield). Anal. Calcd 

for C,,H,,NO,Br: C, 58.71; H, 3.05; N, 4.28. Found C, 58.65; H, 3.00; N, 4.10. Ir (u, cm-' ) (KBr): 3150 

(NH), 1705, 1740 (C=O); nmr (6, ppm) (DMSO-d,): 3.90 (2H, s), 7.00-7.90 (7H, m), 10.10 (IH, s). 

4'.7'-Dimethvls~irolindoline-3.3'-indanl-2.1'-dione (6e): 

It was recrystallized from CH,ClJhexane (1:3), mp 170-172 "C (69% yield). Anal. Calcd for C,,H,,NO,: 

C, 77.97; H, 5.41; N, 5.05. Found: C, 77.80; H, 5.20; N, 5.00. Ir (u, cm'l ) (KBr): 3160 (NH), 1705, 1740 

(C=O); nmr (6, ppm) (DMSO-d,): 2.30 (6H, s), 3.95 (2H, s), 7.00-8.10 (6H, m), 10.10 (IH, s). 
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