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-BROMO-1,3-indandione was treated with different nucleophilic

reagents under phase transfer catalysis (PTC) conditions to get
directly the corresponding fused indenohterocycles or 2-substituted-
1,3-indandione derivatives which were allowed to cyclize affording
the corresponding cyclized compounds. Spiro(1,3-indandione)
derivatives were obtained by treating 2,2-dibromo-1,3-indandione
with some bidentate reagents. All the synthesized compounds were
investigated by *H-NMR, IR and elemental analyses.
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Phase transfer catalysis and Spiro (1,3-indandione).

The great importance of 1,3-indandione derivatives can be referred to a wide
range of their biological and medical effects as anti-inflammatory drugs®?,
antitumor agents, acetylcholinesterase inhibitors®, anticoagulant activity®,
in embryotoxic and teratogenic activities”, inhibitors of tyrosine kinase®,
antimalarial activity®, antiallergic activity™® and antimicrobial activity 2.
1,3-Indandione, as well as, its derivatives serve as a synthon for the preparation
of more structurally complex compounds, via condensation, decomposition,
reduction, cyclization and rearrangements due to the presence of S-dicarbonyl
moiety. These features prompted us to use 1,3-indandione derivatives for the
synthesis of some new fused and spiro heterocyclic systems. In continuation of
our previous work which had dealt with PTC conditions in synthesis of
heterocycles™**, we report here synthesis of fused and spiro indenoheterocylic
compounds via PTC.

Results and Discussion

2-Bromo-1,3-indandione®™ 2 was allowed to react with different
nuocleophilic reagents. Thus treatment of compound 2 with diamines namely
ethylenediamine and o-phenylenediamine gave 2,3,4,9-Tetrahydro-1H-indeno
[1,2-b] pyrazin-9-one 4 and 10,11-dihydro-5H-indeno[1,2-b] [1,4] quinoxalin-
10-one 5. The structure of these two products was established on basis of their
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spectral and analytical data, whereas "HNMR spectrum of compound 4 revealed
two singlet signals at & 9.45 and 8.35 assignable to two N—H protons. IR
spectrum showed the existence of two stretching vibrations at v 3200 and 3155
cm™ due to two NH of pyrazine nucleus. "HNMR spectrum of compound 5
showed a broad signal at § 8.25 assignable to two N—H protons. IR spectrum
showed the existence of stretching vibration at v 3280 cm™ due to two NH
groups. The reaction was performed under phase transfer catalysis conditions
using solid-liquid phase system [dioxin/K,COa/tetrabutyl ammonium bromide
(TBAB)], where the reactants in dioxane formed the organic phase in which
potassium carbonate was suspended. The reaction was catalyzed with
tetrabutylammonium bromide (TBAB). The reaction mechanism involves two
successive catalytic cycles, the first one namely proton abstraction of the
nucleophile, takes place on the surface of solid carbonate. The formed anion
then migrates as an ion pair with the catalytic cation into the organic phase,
where the second step concerned with the substitution reaction was occurred.
The two cycles occur again to give the final cyclized product (cf. Fig. 1).

0 o)

Q"N Organic Phase

Solid K,CO3 Phase
QBr

Fig. 1. Reaction mechanism of 2-Bromo-1,3-indandione with nucleophiles under
phase transfer catalysis conditions .

Reaction of compound 2 with ethyl glycinate hydrochloride, guanidine
hydrochloride, o-aminothiophenol or cystamine hydrochloride was carried out
at the hope of obtaining indanones annulated to oxazine, imidazole,
benzothiazin or thiazine as in case of ethylenediamine and o-phenylenediamine.
Remarkably, the reaction with these four reagents gave the open chain products
2-(2-Ethoxy-2-oxoethylamino) -1,3-indandione 6, (1,3-Dioxoindan -2-yl)
guanidine 7, 2-(o-Aminophenylthio)-1,3-indandione 8 or 2-(2-Aminoethylthio)-
1,3-indandione 9, respectively. The structure of these four products was
established on basis of their spectral and analytical data (cf. experimental).
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On refluxing compounds 6, 7 or 8 in ethanol in the presence of a catalytic
amount of piperidine gave the corresponding cyclized products 3,4-
Dihydroindeno [1,2-b] [1,4] oxazine-2,5-dione 10, 2-Amino-3H-indeno [1,2-b]
imidazol-8-one 11 or 6,11-Dihydrobenzo[b]indeno[1,2-e][1,4]thiazine-6-one
12, respectively (cf. Scheme 1). The structure of these three products was
confirmed by their spectral and analytical data (cf. Experimental). Also,
compound 2 was allowed to react with p-aminobenzoic acid, p-aminophenol or
hydroquinone under PTC conditions to give the corresponding products 2-(p-
Carboxyphenylamino) -1,3-indandione 13a, 2-(p-Hydroxyphenylamino) -1,3-
indandione 13b or 2-(p-Hydroxyphenyloxo)-1,3-indandione 13c, respectively.
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Scheme 1. Reaction of 2-Bromo-1,3-indandione (2) with ethylenediamine, o-
phenylenediamine, ethyl glycinate hydrochloride, guanidine
hydrochloride, o-aminothiophenol, cystamine hydrochloride, p-
aminobenzoic acid, p-aminophenol or hydroquinone.
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2,2-Dibromo-1,3-indandione™® (3) is a building block for the synthesis of
spiro heterocyclic systems attached to indandione moiety. Where it was treated
with  ethylenediamine, ethanolamine, cystamine, 2-mercaptoethanol, o-
phenylenediamine, o-aminophenol, o-aminothiophenol or catechol under phase
transfer catalysis conditions [dioxane / K,CO3;/(TBAB)] to give the corresponding
spiro indandione derivatives 14a-d and 15a-d, respectively (cf. Scheme 2).

XH

[ 0
. 0 vH X
PTC
2Br,/CHC, Y
o}

|
Q 14a-d
14a; X=Y=NH
N Br 14b; X=NH, Y=0
14c; X=NH, Y=S
G Br 14d; X=S, Y=0

0
X
YH
PTC
Y
0

15a-d

15a; X=Y=NH
15b; X=NH, Y=0
15¢; X=NH, Y=S
15d; X=Y=0

Scheme 2. Reaction of 2,2-dibromo-1,3-indandione 3 with ethylenediamine,
ethanolamine, cystamine, 2-mercaptoethanol, o-phenylenediamine, o-
aminophenol, o-aminothiophenol or catechol.

\)

Y

Moreover, 2,2-dibromo-1,3-indandione 3 was allowed to react with
dipotassium 2,2-dicyanoethene-1,1-bis (thiolate) or dipotassium 2-cyano-3-
ethoxy-3-oxoprop-1-ene-1,1-bis(thiolate) under PTC conditions [CHCIs/
K,COy/ TBAB] to afford 16a,b (cf. Scheme 3).
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16a; X = CN, 16b; X = COOEt
Scheme 3. Reaction of 2,2-dibromo-1,3-indandione 3 with dipotassium 2,2-
dicyanoethene-1,1-bis(thiolate) or dipotassium 2-cyano-3-ethoxy-3-
oxoprop-1-ene-1,1-bis(thiolate).

Experimental

All melting points were determined on a Koffler melting point apparatus and
are uncorrected. 'H-NMR spectra were recorded on a Bruker 300 MHz
spectrometer using TMS as internal reference (chemical shifts in 8, ppm), and
IR spectra were obtained on a Nicolet FT-IR 710 spectrophotometer at Faculty
of Science, Sohag University (KBr, v in cm™). Elemental analyses were carried
out at the Microanalytical Center of Cairo University.

Synthesis of 2-substituted-1,3-indandione 4-9 and 13a-c (General procedure)

A mixture of anhydrous potassium carbonate (3 gm), 30 ml dry dioxane,
compound 2 (0.01 mol), ethylenediamine, o-phenylenediamine, ethyl glycinate
hydrochloride, guanidine hydrochloride, o-aminothiophenol, cystamine
hydrochloride, p-aminobenzoic acid, p-aminophenol or hydroquinone (0.01
mol) and a catalytic amount of tetrabutyl ammonium bromide (TBAB) was
stirred for 5 hr at 70 °C. The reaction mixture was filtered off and the filtrate
was evaporated in vacuo to give the solid product which was washed, dried and
recrystallized from the appropriate solvent.

2,3,4,9-Tetrahydro-1H-indeno[1,2-b]pyrazin-9-one (4)

M.p. 150°C (dioxane), yield: 74%. IR (KBr): 3200, 3155 (2NH); 3000 (CH-
arom.); 2938 (CH-aliph.); 1700 (C=0).'H NMR (DMSO0): & 9.45 (s, 1H, NH);
8.35 (s, 1H, NH); 7.50-7.30 (m, 4H, arom); 3.70-3.20 (m, 4H, 2CH,). Anal.
Calcd. for Ci;HyoN,O (186.21): C, 70.95%; H, 5.41%; N, 15.04%. Found: C,
70.98; H, 5.38; N, 14.97%.

10,11-Dihydro-5H-indeno[1,2-b][1,4]quinoxalin-10-one (5)

M.p. 160°C (methanol), yield: 82%. IR (KBr): 3280 (2NH), 3054 (CH-
arom.);2924(CH-aliph.); 1708 (C=0). '"H NMR (DMSO): & 8.50-8.00 (b, 2H,
2NH); 7.80-7.40 (m, 8H, arom). Anal. Calcd. for C;sH;gN,O (234.26): C,
76.91%; H, 4.30%; N, 11.96%. Found: C, 76.98; H, 4.37; N, 11.87%.
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2-(2-Ethoxy-2-oxoethylamino)-1,3-indandione (6)

M.p. 104°C (benzene), yield: 65%. IR (KBr): 3320 (NH); 3070 (CH-arom.),
2998, 2910 (CH-aliph.), 1740 (C=Opser); 1720 (C=0).'H NMR (DMSO): & 7.80-
7.40 (m, 4H, arom); 8.81 (s, 1H , NH); 4.50 (s, 1H, CH); 4.10-3.90 (g, 2H, CH,
ester); 3-70 (S, 2H, CH,); 1.00-0.70 (t, 3H, CHsester). Anal. Calcd. for C13H;3NO,
(247.25): C, 63.15%; H, 5.30%; N, 5.67%. Found: C, 63.23; H, 5.24; N, 5.61%.

(1,3-Dioxoindan-2-yl)guanidine (7)

M.p. 152°C (methanol), yield: 85%. IR (KBr): 3373, 3300, 3200 (2 NHy);
3000 (CH-arom.); 2954 (CH-aliph.); 1720 (C=0). '"H NMR (DMSO0): & 7.80-
7.50 (m, 4H, arom); 5.60-5.20 (br, 4H, 2NH); 4.3 (s, 1H, CH). Anal. Calcd. for
C10HoN30, (203.20): C, 59.11%; H, 4.46%; N, 20.68%. Found: C, 59.02; H,
4.52; N, 20.59%.

2-(0-Aminophenylthio)-1,3-indandione (8)

M.p. 150°C (benzene), yield: 74%. IR (KBr): 3287, 3160 (NH,); 3006 (CH-
arom.); 2928 (CH-aliph.); 1707 (C=0). *H NMR (DMSO):  8.20-7.70 (m, 8H,
arom); 5.95-5.30 (br, 2H, NH,); 3.50 (s, 1H, CH). Anal. Calcd. for C;5sH;;NO,S
(269.32): C, 66.89%; H, 4.12%; N, 5.20; S, 11.91%. Found: C, 66.82; H, 4.19;
N, 5.29%; S, 11.96%.

2-(2-Aminoethylthio)-1,3-indandione (9)

M.p. 170°C (methanol), yield: 80%. IR (KBr): 3400, 3250 (NH,); 3030
(CH-arom.); 2900 (CH-aliph.); 1720 (C=0). 'H NMR (DMSO): & 8.00-7.50
(m, 4H, arom H); 4.30 (s, 1H, CH); 3.90-3.50 (br, 2H, NH,); 2.80 (t, 2H, CH,);
2.30 (t, 2H, CH,). Anal. Calcd. for C;;H1;NO,S (221.27): C, 59.71%; H, 5.01%;
N, 6.33%; S, 14.49%. Found: C, 59.62; H, 5.11; N, 6.38%; S, 14.41%.

2-(p-Carboxyphenylamino)-1,3-indandione (13a)

M.p. 180°C (DMF), yield: 70%. IR (KBr): 3431(OH); 3380 (NH); 3067
(CH-arom.); 2919 (CH-aliph.); 1710(C=0). *H NMR (DMSO0): & 10.80 (s, 1H,
COOH); 9.10 (s, 1H, NH); 7.50-7.00 (m, 8H, arom); 3.76 (s, 1H, CH). Anal.
Calcd. for CyH;31NO,4 (281.26): C, 68.32%; H, 3.94%; N, 4.98. Found: C,
68.72; H, 4.02; N, 4.93%.

2-(p-Hydroxyphenylamino)-1,3-indandione (13b)

M.p. 200°C (ethanol), yield: 80%. IR (KBr): 3436 (OH); 3220 (NH); 3050
(CH-arom.); 2958 (CH-aliph.); 1713 (C=0). *H NMR (DMSO0): & 10.00 (s, 1H,
OH); 9.60 (s, 1H, NH); 8.10-7.60 (m, 8H, arom); 4.30 (s, 1H, CH). Anal. Calcd.
for CisH11NO; (253.25): C, 71.14%; H, 4.38%; N, 5.53. Found: C, 71.19; H,
4.32; N, 5.58%.

2-(p-Hydroxyphenyloxo)-1,3-indandione (13c)

M.p. 157°C (chloroform), yield: 83%. IR (KBr): 3436 (OH); 3010 (CH-
arom.); 2933 (CH-aliph.); 1716 (C=0). *H NMR (DMSO0): & 9.90 (s, 1H, OH);
7.55-7.15 (m, 8H, arom); 3.90 (s, 1H, CH). Anal. Calcd. for C15H1q04 (254.24):
C, 70.86%; H, 3.96%. Found: C, 70.78; H, 4.05.
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Synthesis of compounds 10-12 (General procedure)

Compound 6, 8 or 10 (0.01 mol) was refluxed for 3 hr in 30 ml ethanol
using a catalytic amount of piperidine. After cooling, the resulting solid was
collected by filtration, dried and recrystallized from the suitable solvent.

3,4-Dihydroindeno[1,2-b][1,4]oxazine-2,5-dione (10)

M.p. 145°C (benzene), yield: 60%. IR (KBr): 3300 (NH); 3071 (CH-arom.);
2932 (CH-aliph.); 1714(C=0). *H NMR (DMSO): & 9.25 (s, 1H, NH); 7.50-
7.20 (m, 4H, arom); 3.90 (s, 2H, CH,). Anal. Calcd. for C;;H;NO; (201.18): C,
65.67%; H, 3.51%; N, 6.96%. Found: C, 65.74; H, 3.43; N, 7.03%.

2-Amino-3H-indeno[1,2-b]imidazol-8-one (11)

M.p. 165°C (DMF), yield: 72%. IR (KBr): 3416, 3200, 3100 (NH, NH,);
3025 (CH-arom.); 1705 (C=0). *H NMR (DMSO): 5 8.70 (s, H, NH); 7.50-7.30
(m, 4H, arom); 5.85-5.25 (b, 2H, NH,). Anal. Calcd. for C,oH;N3O (185.18): C,
64.86%; H, 3.81%; N, 22.69%. Found: C, 64.55; H, 3.78; N, 22.38%.

6,11-Dihydrobenzo[b]indeno[1,2-e][1,4]thiazine-6-one (12)

M.p. 183°C (benzene), yield: 69%. IR (KBr): 3300 (NH); 3061 (CH-arom.);
1701 (C=0). 'H NMR (DMSO): & 8.6 (s, 1H, NH); 7.8-7.3 (m, 8H, arom).
Anal. Calcd. for C;sHgNOS (251.30): C, 71.69%; H, 3.61%; N, 5.57; S,
12.76%. Found: C, 71.31; H, 4.00; N, 5.60%; S, 12.62%.

Synthesis of compounds 14a-d and 15a-d (General procedure)

An equimolar mixture (0.01 mol) of 2,2-dibromo-1,3- indandione 3 and
ethylenediamine, ethanolamine, cystamine hydrochloride, 2-mercaptoethanol,
o0-phenylenediamine, o-aminophenol, o-aminothiophenol or catechol (0.01 mol),
30 ml dry dioxane, anhydrous potassium carbonate (3 gm) and a catalytic
amount of tetrabutylammonium bromide (TBAB) was stirred for 4 hr at 70 °C.
The reaction mixture was filtered off and the filtrate was evaporated in vacuo to
give the solid product which was washed with water, dried and recrystallized
from the appropriate solvent.

Spiro[perhydroimidazole-2,2-(1’,3~-dihydro-5H-inden)]- 1/,3"-dione (14a)

M.p.290°C (chloroform), yield: 68%. IR (KBr): 3179 (2NH); 3000 (CH-
arom.); 2939 (CH-aliph.); 1700 (C=0). 'H NMR (DMSO): & 9.9-9.7 (br, 2H,
2NH); 7.4-7.1 (m, 4H, arom); 3.0-2.6 (br, 4H, 2CH,). Anal. Calcd. for
C11H10N,0, (202.21): C, 65.34%; H, 4.98%; N, 13.85%. Found: C, 65.39; H,
4.93; N, 13.82%.

Spiro 1,3-dihydroindene-2,2"-perhydro [1,3] oxazolidene]- 1,3-dione(14b)

M.p. 156°C (benzene), yield: 60%. IR (KBr): 3395(NH); 2999 (CH-arom.);
2932 (CH-aliph.) ; 1698 (C=0)."H NMR (DMSO): & 11.5 (s, H, NH); 7.7-7.2 (m,
4H, arom); 3.1 (t, 2H, O-CH,); 2.4 (t, 2H, N-CH,). Anal. Calcd. for Cy;HgNO;
(203.20): C, 65.02%; H, 4.46%; N, 6.89%. Found: C, 64.96; H, 4.50; N, 6.95%.
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Spiro[1,3-dihydroindene-2,2-perhydro[1,3]thiazolidene] - 1,3-dione (14c)

M.p. 146°C (pet. ether), yield: 72%. IR (KBr): 3250 (NH); 3010 (CH-
arom.); 2938 (CH-aliph.); 1712 (C=0). *H NMR (DMSO0): & 11.4 (s, H, NH);
8.05-7.3 (m,4H, arom); 2.25-1.80 (m,4H, 2CH,). Anal. Calcd. for C;;HsNO,S
(219.26): C, 60.26%; H, 4.14%; N, 6.39%; S, 14.62%. Found: C, 60.30; H,
4.20; N, 6.34%; S, 14.58%.

Spiro[1,3-dihydroindene-2,2"-perhydro[1,3]oxathiolane]- 1,3-dione (14d)

M.p. 120°C (ethanol), yield: 65%. IR (KBr): 3073 (CH-arom.); 2933 (CH-
aliph.); 1736 (C=0). 'H NMR (DMSO): & 7.80-7.50 (m, 4H, arom); 1.20-0.80
(m, 4H, 2CH,). Anal. Calcd. for C1;HgO3S (220.24): C, 59.99%; H, 3.66%); S,
14.56%. Found: C, 59.94; H, 3.72; S, 14.59%.

Spiro[1,3-dihydroindene-2,2"-(1,3- dihydrobenzo[d]imidazole)]- 1,3-dione (15a)

M.p. 142°C (benzene), yield: 87%. IR (KBr): 3200 (2NH); 3064 (CH-
arom.); 1718 (C=0). *H NMR (DMSO0): & 9.80-9.50 (br, 2H, 2NH); 7.50-6.80
(m, 8H, arom). Anal. Calcd. for C15H1oN,0, (250.26): C, 71.99%; H, 4.03%; N,
11.19%. Found: C, 72.08%; H, 4.09%; N, 11.12%.

Spiro[1,3-dihydroindene-2,2*-(1,3- dihydrobenzo[d]thiazole)]- 1,3-dione (15b)

M.p. 172°C (benzene), yield: 75%. IR (KBr): 3375 (NH); 3072 (CH-arom.);
1710 (C=0).'H NMR (DMSO): & 9.50 (s, 1H, NH); 7.50-7.00 (m, 8H, arom).
Anal. Calcd. for C;sHgNO; (251.24): C, 71.71%; H, 3.61%; N, 5.58%. Found:
C, 71.83%; H, 3.66%; N, 5.44%.

Spiro[1,3-dihydroindene-2,2-(1,3- dihydrobenzo[d]oxazole)]- 1,3-dione (15c¢)

M.p. 124°C (ethanol/ benzene), yield: 67%. IR (KBr): 3200(NH); 3054
(CH-arom.); 1711 (C=0). *H NMR (DMSO): 5 9.70 (s, 1H, NH); 7.70-7.10 (m,
8H, arom). Anal. Calcd. for C;sHgNO,S (267.30): C, 67.40%; H, 3.39%; N,
5.24%); S, 12.00%. Found: C, 67.28; H, 3.48; N, 5.38% S, 12.09%.

Spiro[1,3-dihydroindene-2,2”-(1,3- dihydrobenzo[d]dioxzal)]- 1,3-dione (15d)

M.p. 130°C (chloroform), yield: 67%. IR (KBr): 3060 (CH-arom.); 1709
(C=0). 'H NMR (DMSO): & 8.10- 7.50 (m, 8H, arom). Anal. Calcd. for
CisHgO4 (252.22): C, 71.43%; H, 3.20%. Found: C, 71.34%; H, 3.32%.

Synthesis of compounds 16a,b

A mixture of anhydrous potassium carbonate (3 gm), 20 ml dry
chloroform, malononitrile or ethyl cyanoacetate (0.01 mol), carbon disulphide
(0.01 mol) and a catalytic amount of tetrabutylammonium bromide (TBAB)
was stirred for 1 hr at room temperature. To the reaction mixture 2,2-dibromo-
1,3-indandione 3 (0.01 mol) was added. The reaction mixture was stirred for 2
hr. The reaction mixture was filtered off and the filtrate was evaporated to
give the solid product which was washed with water, dried and recrystallized
from the suitable solvent.
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1,3-DioxoSpiro [1,3-dihydroindene- 2,2-perhydro- 1’,3-dithietane] -4-
ylidenmalononitrile (16a)

M.p. 130°C (chloroform), yield: 56%. IR (KBr): 3080 (CH-arom.); 2212
(CN); 1722 (C=0).'H NMR (DMSO): & 7.50-7.10 (m, 4H, arom). Anal. Calcd.
for C13H4N,0,S; (284.31): C, 54.92%; H, 1.42%; N, 9.85%; S, 22.55%. Found:
C,54.98; H, 1.54; N, 9.72% S, 22.49%.

1,3-DioxoSpiro[1,3-dihydroindene- 2,2- perhydro- 1/,3-dithietane]- 4-
yliden (2-ethoxycarbonylethannitrile) (16b)

M.p. 100°C (methanol), yield: 55%. IR (KBr): 3090 (CH-arom.); 2970 (CH-
aliph.); 2210 (CN); 1720 (C=O,gr); 1700(C=0). *H NMR (DMSO): & 7.80-7.60
(m, 4H, arom.); 4.30 (q, 2H, CH,); 1.30 (t, 3H, CH3). Anal. Calcd. for
CisHgNO,4S, (331.36): C, 54.37%; H, 2.74%; N, 4.23%; S, 19.35%. Found: C,
54.52; H, 2.63; N, 4.31% S, 19.24%.
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