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6-(o-Hydroxy-o-aryl/naphthyl)methyl-3,4-dihydro-2,5-benzodiazocin-
1(2H)-ones and diphenylmethanes from C-2 arylated 1,3-indanediones

Sandip Kumar Kundu, Suven Das and Animesh Pramanik*
Department of Chemistry, University of Calcutta, 92 Acharya Prafulla Chandra Road, Kolkata-700 009, India

Stirring 2-hydroxy-2-aryl-1,3-indanediones in ethylenediamine at room temperature for 1-2 h produces 6-(c-hydroxy-
a-aryl/naphthyl)methyl-3,4-dihydro-2,5-benzodiazocin-1(2H)-ones in high yields. Under similar reaction conditions

2,2-diaryl-1,3-indanediones furnish diphenylmethanes.
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The nitrogenous heterocycles of the benzodiazocine type are
generally biologically active and are widely used as day-time
sedatives, tranquilisers, anticonvulsants and bactericides, efc.!
There are therefore numerous reports of the synthesis of
various substituted benzodiazocines.'®%3 Generally, 6-aryl-
3,4-dihydro-2,5-benzodiazocin-1(2H)-ones are synthesised by
condensation of 2-acylbenzoic acids with ethylenediamine.?
However, this method is not suitable for synthesis of
compounds such as 6-(o-hydroxy-o-aryl/naphthyl)methyl-
3,4-dihydro-2,5-benzodiazocin-1(2H)-ones, since the required
starting materials, viz. the corresponding 2-acylbenzoic acids,
are not easily obtained by conventional synthesis. Therefore,
it becomes pertinent to develop suitable and efficient routes
to prepare these potentially bioactive benzodiazocines from
readily available materials.

Starting from the easily accessible ninhydrin, we have
developed a general and efficient synthetic route toward 6-(0-
hydroxy-o.-aryl/naphthyl)methyl-3,4-dihydro-2,5-benzodiaz-
ocin-1(2H)-ones. It was thought that the chemical reaction
of 2-hydroxy-2-aryl-1,3-indanediones with ethylenediamine
might be similar to that of 2-acylbenzoic acids. Accordingly,
a series of 2-hydroxy-2-aryl-1,3-indanediones (la-g,
Scheme 1) were prepared by condensation of ninhydrin
with o-naphthol, B—naphthol, o-cresol, p-cresol, phenol, 4-
methoxyphenol, p-chloro-m-cresol, etc., in acetic acid.* It is
known that ninhydrin adducts of phenols exist predominantly
in the cyclic hemiketal form (2a-g).’

In accordance with our expectation, the adducts la-g
underwent condensation with ethylenediamine (99%) by
stirring at room temperature for 1-2 hr to furnish the eight-
membered nitrogenous heterocycles 6-(o-hydroxy-o-aryl/
naphthyl)methyl-3,4-dihydro-2,5-benzodiazocin-1(2H)-ones
3a-g in high yields (Table 1). The solid products were
isolated by filtration of the acidified reaction mixtures and
thorough washing with cold water. Due to the presence of
a chiral substituent at position 6, the 2,5-benzodiazocin-
1(2H)-ones 3a-g are formed as racemic mixtures. The
formation of products 3a—g allows the ready incorporation
of a side chain containing an o-aryl group at position 6 of 2,
5-benzodiazocin-1(2H)-ones.

Products 3a—g were thoroughly characterised by IR, 'H and
13C NMR studies and confirmed for 3e by two dimensional
I3C-H correlation studies optimized for one-bond and long
range couplings. The 'H NMR (in DMSO-d,) spectrum
of 3a shows signals at § 3.61-3.49 (4H, m) for CH,—CH,
of the ethylenediamine moiety. In '3C NMR, the appearance
of two methylene peaks at & 38.5 and 38.0 further confirms
the presence of a CH,—CH, moiety in 3a. Two characteristic
proton signals at 6 9.02 (1H, t,J = 7.1 Hz) and 6 5.91 (1H, d,
J =8.7 Hz) correspond to the amide N-H and a-H respectively.
A further two sets of proton signals, at & 8.24 (1H, m) and
4 7.78 (3H, m) from the benzene moiety of 3a, indicate an
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Scheme 1

Table 1 Preparation of 6-(a-hydroxy-a-aryl/naphthyl)methyl-
3,4-dihydro-2,5-benzodiazocin-1(2H)-ones 3a-g from 2-hydroxy-
2-aryl-1,3-indanediones 2a-g

Entry Substrate Product Reaction Yield/%? M.p./°C
time/h

a 2a 3a 1.5 85 180-181
b 2b 3b 2.0 82 204-205
c 2c 3c 1.7 85 142-143
d 2d 3d 2.0 87 98-99

e 2e 3e 1.7 90 110-111
f 2f 3f 2.0 85 175-176
g 2g 3g 2.0 80 202-203

aYields refer to pure isolated products.

unsymmetrical molecular structure. Other 2,5-benzodiazocin-
1(2H)-ones 3b—-g possess spectral ("H and '3C) characteristics
similar to those of 3a, except for the changes expected
on account of the substituents.

In an attempt to extend the scope of the reactions, a series of 2,
2-diaryl-1,3-indanediones (1h-o) (Scheme 2) were
derived by acid catalyzed condensation of benzene,
halobenzenes, methoxy-benzenes, efc., with ninhydrin,
following the reported procedure.® The substrate 2-(2,3,4-
trimethoxyphenyl)-2-(4-methoxyphenyl)-1,3-indanedione
lo, where the two aryl groups are different, was
prepared following a slightly modified technique:®® initial
arylation of ninhydrin with 1,2,3-trimethoxybenzene in acid
medium produces the stable monoarylated adduct 2-(2,3,
4-trimethoxyphenyl)-2-hydroxy-1,3-indanedione which on
further arylation with anisole affords 1o.

Unexpectedly, it was found that the 2,2-diaryl-1,3-
indanediones 1h-m on stirring with ethylenediamine (99%)
all furnished the elimination products 4,4'-disubstituted
diphenylmethanes 4h—m corresponding to the diaryl groups at
the C-2 position of the indanediones, in high yields (Table 2).
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Table 2 Preparation of diphenylmethanes (4h-o0) from 2,2-
diaryl-1,3-indanediones (1h-o0)

Entry Substrate Product Yield/%?2 M.p./°C
C.M.b M.W.c observed Iit.8

h 1h 4h 83 85 liquid 25-26
i 1i 4i 87 88 liquid 29-30
j 1j 4j 87 90 52-53  54-56
k 1k 4k 90 88 63-64 63-64
| 1 4] 86 88 92-93 91-94
m Tm 4m 89 91 45-46 -

n 1n 4n 81 83 54-55 -

o 10 40 80 85 60-61 -

aYields refer to pure isolated products; ® conventional method;
°microwave heating.

By heating under reflux the same reaction takes about 30
min for completion. It was also observed that the reaction
also takes place under microwave irradiation’ of the reaction
mixture of 2,2-diaryl-1,3-indanediones 1h-m in ethylene-
diamine to produce diphenylmethanes 4h-m within 2 min in
yields comparable to those from the above reaction conditions.
The substrates 1n and 1o (Scheme 2) react with ethylenedi-
amine in a similar way, to produce 2,2',4,4'-tetramethoxy- and
2,3,4,4'-tetramethoxy-diphenylmethanes4n and4orespectively
(Table 2). The solid products 4j—o were isolated by filtration
of the acidified reaction mixtures and thorough washing with
cold water. The diphenylmethanes 4h—o were characterised by
'H and 13C NMR studies in CDCl;. Compounds 4j-I prepared
by the present methodology have similar melting points to
those reported in the literature.®

Scheme 3 presents a possible mechanism for the reactions.
Nucleophilic attack by ethylenediamine at one of the cabonyl
groups of the 2,2-diaryl-1,3-indanediones (1h-o) produces
the open-chain amides 6h—o, which undergo a subsequent
intramolecular nucleophilic attack on the other carbonyl
group to eliminate diphenylmethanes 4h—o and form the
side product 2-(2-aminoethyl)-1H-isoindole-1,3(2H)-dione
(N-(2-aminoethyl)phthalimide, 5). On the other hand, because
of the lesser leaving aptitude of an o-hydroxy-o-(aryl/
naphthyl)methyl group, the amides 6a—g (Scheme 3) undergo
intramolecular nuleophilic attack by the free NH, on the other
carbonyl group, followed by dehydration to produce the eight
membered ring products 3a-g.

In conclusion, we have developed an efficient method
for converting the readily available 2-hydroxy-2-aryl/
naphthyl-1,3-indanediones into the potentially bioactive 6-(0-
hydroxy-o.-aryl/naphthyl)methyl-3,4-dihydro-2,5-benzodiazo-
cin-1 (2H)-ones simply by stirring in ethylenediamine. Under
similar reaction conditions 2,2-diaryl-1,3-indanediones furnish
diphenylmethanes.

Experimental

IR spectra were examined in KBr disc on a Perkin Elmer-782
spectrophotometer. NMR ('H and '3C) spectra were recorded on a
Bruker AM 300L supercon spectrometer.
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2-Hydroxy-2-(1-hydroxy-2-naphthyl)-1,3-indanedione (la; exists as
the hemiketal 2a)

Ninhydrin (0.25 g, 1.4 mmol) and o-naphthol (0.60 g, 4.2 mmol)
were stirred in acetic acid (10 ml) for 30 min. The solid product
which separated was filtered off and washed thoroughly with acetic
acid and then with water. The product was purified by silica-gel
column chromatography using acetone as the eluent. Further purifica-
tion by crystallisation from acetone-petroleum ether afforded 1la
(0.32 g, 75%); m. p. 216-217 °C. IR (KBr) v, 3370, 1709, 1600,
1467, 1383 cm'l. 'H NMR (acetone-dg): 8y 8.09 (1H, d, J = 6.6 Hz),
7.95 (1H, apparent d, J = 5.4 Hz), 7.84-7.79 (2H, m), 7.72 (1H, d,
J = 6.6 Hz), 7.55 (2H, m), 7.44 (3H, m). 13C NMR (acetone-dg):
d¢ 200.1, 155.2, 150.9, 138.3 (d), 137.6, 136.6, 132.9 (d), 130.0 (d),
129.1 (d), 127.7 (d), 127.0 (d), 124.9 (d), 123.8 (d), 123.4 (d), 123.3
(d), 122.4, 120.4, 85.5. Anal. Calcd for CoH,04: C, 74.99; H, 3.97.
Found: C, 75.12; H, 3.85 %.

2-Hydroxy-2-(2-hydroxy-1-naphthyl)-1,3-indanedione (1b; exists
as the hemi-ketal 2b)

Ninhydrin (0.25 g, 1.4 mmol) and B-naphthol (0.60 g, 4.2 mmol)
were stirred in acetic acid (10 ml) for 30 min. Usual work-up and
purification furnished 1b (0.33 g, 78%), m.p. 225-226 °C. IR (KBr)
Vinax 3489, 1712, 1629, 1519, 1460 cm'!. 'TH NMR (acetone-dg): 8y
8.60 (1H, d,J=8.4 Hz), 8.03 (1H,d,J=8.2Hz),7.84 (1H,t,J =7.3
Hz), 7.80 (1H, d, J/ = 9.0 Hz), 7.77 (1H, d, J = 9.0 Hz), 7.71 (1H, d,
J=9.0Hz),7.56 (1H, t,J =7.3 Hz), 7.53 (1H, t,J =7.5 Hz), 7.31 (1H,
t,J =7.5Hz),7.04 (1H, d, J = 8.9 Hz), 7.04 (1H, d, J = 8.9 Hz), 3.30
(br.s, 2 x OH). 13C NMR (acetone-dg): 8¢ 199.9, 157.4, 150.5, 138.4
(d), 136.7, 134.8 (d), 132.9 (d), 131.8 (d), 130.4, 129.1 (d), 127.0 (d),
126.1 (d). 125.5 (d), 125.0 (d), 117.8, 114.2 (d), 112.0, 87.1. Anal.
Calcd for C;gH;,04: C, 74.99; H, 3.97. Found: C, 74.90; H, 4.09 %.

Ninhydrin adducts lc—g were prepared following the reported
procedure.*

General procedure for preparation of 6-(o-hydroxy-o-aryl/
naphthyl)methyl-3 4-dihydro-2,5-benzodiazocin-1(2H)-ones (3a—g)

The appropriate substrate 1/2a-g (1.4 mmol) was added to
ethylenediamine (10ml, 99%) and the mixture was stirred at room
temperature for ca 1-2 h. Then the reaction mixture was acidified with
6 N HCl to pH 6. The solid products 3a—g were isolated by filtration
and thorough washing with cold water. Then column chromatography
with hexane-EtOAc afforded pure 3a—g as solid (Table 1). The pure
solid products were crystallised from acetone—petroleum ether.

6-[a-Hydroxy-o-(1-hydroxy-2-naphthyl)]methyl-3 ,4-dihydro-2,
5-benzodiazocin-1(2H)-one (3a): IR (KBr) v, 3432, 3184, 1656,
1624, 1432 cm’!'; 'TH NMR (DMSO-dg): 8y 9.02 (N-H, t, J = 7.1
Hz), 8.24 (1H, m), 7.78 (3H, m), 7.62-7.46 (6H, m), 6.61 (1H, d,
J =8.7Hz), 591 (14, d, J = 8.7 Hz), 3.61-3.49 (4H, m); 3C NMR
(DMSO-dg): 8¢ 170.8, 166.6, 159.7, 145.3, 135.9, 132.0 (d), 131.7,
129.3 (d), 128.9 (d), 127.5 (d), 125.8 (d), 124.8, 123.6 (d), 123.1 (d),
122.6 (d), 122.4 (d), 117.7 (d), 107.2, 81.2 (d), 38.5 (t), 38.0 (t); Anal.
Calcd for Cy;HgN,O5: C 72.82; H 5.24; N 8.09. Found: C, 72.73;
H, 5.16; N, 8.15 %.

6-[o-Hydroxy-o.-(2-hydroxy-1-naphthyl)methyl-3 4-dihydro-2,5-
benzodiazocin-1(2H)-one (3b): IR (KBr) v,.« 3432, 3184, 1656,
1609, 1551 cm’!; 'TH NMR (DMSO-dg): 8y 8.93 (N-H, t,J = 7.5 Hz),
8.01-7.33 (10H, m), 6.03 (1H, d,/ =9.0 Hz), 5.60 (1H, d, J/ = 9.0 Hz),
3.93-3.75 (4H, m); Anal. Calcd for C,;HgN,O5: C, 72.82; H, 5.24;
N, 8.09. Found: C, 72.76; H, 5.14; N, 8.12 %.

6-[a-Hydroxy-o-(2-hydroxy-3-methylphenyl) Jmethyl-3 4-dihydro-
2,5-benzodiazocin-1(2H)-one (3c): IR (KBr): v, 3313, 1696, 1630,



1590, 1548 cm’!; 'H NMR (acetone-dg): 8y 13.02 (1H, s), 8.48 (1H,
s, N-H), 7.68-7.51 (4H, m), 7.25 (1H, d, J = 7.2Hz), 6.72 (1H, t,
J =17.THz), 6.03 (1H, d, J = 6.0 Hz), 5.86 (1H, br. s), 3.95-3.68 (4H,
m), 2.38 (3H, s); 13C NMR (acetone-dg): 8¢ 171.8, 168.5, 161.0,
146.1, 135.4 (d), 132.9 (d), 132.8, 130.2 (d), 127.5, 124.9 (d), 124.3
(d), 123.5 (d), 118.6 (d), 114.7, 83.2 (d), 40.3 (1), 40.1 (1), 15.6 (q);
Anal. Calcd for CigHgN,O5: C, 69.65; H, 5.85; N, 9.02. Found: C,
69.57; H, 5.91; N, 8.95 %.
6-[a-Hydroxy-o-(2-hydroxy-5-methylphenyl) Jmethyl-3 4-dihydro-
2,5-benzodiazocin-1(2H)-one (3d): IR (KBr) v, 3325, 1690, 1620,
1547 cm’!; 'TH NMR (acetone-dg): 0y 12.38 (1H, s), 8.44 (1H, s,
N-H), 7.66-7.60 (4H, m), 7.50 (1H, m), 7.18 (1H, dd, J = 8.5 Hz),
6.75 (1H, d, J = 8.5 Hz), 6.02 (1H, d, J = 9.2 Hz), 5.83 (1H, d,
J =9.2 Hz), 3.87-3.68 (4H, m), 2.30 (3H, s); '*C NMR (acetone-dg):
O¢c 171.4, 168.4, 160.4, 146.1, 135.4 (d), 132.9 (d), 132.8, 130.2 (d),
128.3, 127.5 (d), 124.3 (d), 123.5 (d), 118.5 (d), 115.2, 83.1 (d), 40.2
(1), 39.9 (1), 20.5 (q); Anal. Calcd for CgHgN,0;5: C, 69.66; H, 5.85;
N, 9.01. Found: C, 69.72; H, 5.79; N, 9.13 %.
6-[a-Hydroxy-o.-(2-hydroxyphenyl)]methyl-3,4-dihydro-2,
5-benzodiazocin-1(2H)-one (3e): IR (KBr) v, 3345, 1687, 1635,
1590, 1430 cm.”'; 'TH NMR (acetone-dg): 8 12.66 (1H, br. s, N-H),
7.72-7.60 (4H, m), 7.52-7.50 (1H, m), 7.39-7.34 (1H, m), 6.87-6.82
(2H, m), 6.02 (1H, d, J = 9.0 Hz), 5.86 (1H, d, J = 9.0 Hz), 3.87-3.69
(4H, m); 13C NMR (acetone-dg): ¢ 171.3, 168.5, 162.6, 146.0, 134.7
(d), 132.9 (d), 132.8 (d), 130.2 (d), 127.5 (d), 124.3 (d), 123.4 (d),
119.3 (d), 118.7 (d), 115.6, 83.2 (d), 40.3 (t), 40.1 (t); Anal. Calcd for
Cy7H¢N,05: C, 68.90; H, 5.44; N, 9.46. Found: C, 68.97; H, 5.53;
N, 9.54 %.
6-[a-Hydroxy-o-(2-hydroxy-5-methoxyphenyl)]methyl-3,4-
dihydro-2,5-benzodiazocin-1(2H)-one (3f): IR (KBr) vp.. 3355,
1686, 1565 cm’!; 'H NMR (DMSO-dq): &y 11.89 (1H, s), 8.87 (1H,
s, N-H), 7.62-7.49 (4H, m), 7.29 (1H, br. s), 6.98 (1H, d, J = 9.6
Hz), 6.78 (1H, d, J = 8.8 Hz), 6.61 (1H, d, J = 8.8 Hz), 5.88 (1H, d,
J=7.8Hz),3.79-3.74 (2H, m), 3.71 (3H, s), 3.59-3.48 (2H, m); Anal.
Calcd for CgH 3N,O,: C, 66.24; H, 5.56; N, 8.59. Found: C, 66.30;
H, 5.65; N, 8.68 %.
6-[a-Hydroxy-o.-(2-hydroxy-5-chloro-4-methylphenyl)]methyl-
3,4-dihydro-2,5-benzodiazocin-1(2H)-one (3g): IR (KBr) v« 3357,
1686, 1614, 1562 cm™!; 'TH NMR (DMSO-dg): & 12.41 (1H, s), 8.88
(1H, s, N-H), 7.79 (1H, s), 7.62-7.49 (4H, m), 6.86 (1H, s), 6.59
(1H, d, J = 9.1 Hz), 5.87 (1H, d, J = 9.1 Hz), 6.61 (1H, d, J = 8.8
Hz), 3.81-3.74 (2H, m), 3.60-3.45 (2H, m), 2.23 (3H, s); Anal. Calcd
for C;gH;CIN,03: C, 62.69; H, 4.97; N, 8.13; Cl, 10.29. Found:
C, 62.75; H, 5.08; N, 8.21; Cl, 10.37 %.

The ninhydrin adducts 2,2-diaryl-1,3-indanediones 1h-o were
prepared following the reported procedure.®

General procedures for preparation of diphenylmethanes 4h-o:
Conventional Method: The appropriate substrate 1h—o (1.4 mol) was
added to ethylenediamine (10 ml, 99%) and the mixture was stirred
for ca 1 h at room temperature (the reaction takes ca 30 min for
completion by reflux). Then the reaction mixture was acidified with
6N HCI to pH 6. The solid product 4h-o separated was extracted
with CHCI; and worked up as usual. The residue from the CHCl;
layer was purified by column chromatography over silica gel and
CHCI; eluate fractions afforded pure solid products 4h-o, which were
crystallised from CHCl;—petroleum ether (Table 2).

Under microwave irradiation: The reaction mixture containing
appropriate substrate 1h-o (1.4 mmol) and ethylenediamine
(10 ml, 99%) in a 25 ml Erlenmeyer flask was placed in side of a BPL-
SANYO domestic microwave oven (2454 MHz) which was operated
at full power (1200 W) for 2 min. Then the cooled reaction mixture
was acidified with 6N HCI to pH 6. The solid product 4h—o separated
was extracted with CHCl; and worked up as usual. The residue from
the CHCl; layer was purified by column chromatography over silica
gel and CHCI; eluate fractions afforded pure solid products 4h—o
(Table 2), which were crystallised from CHCl;-petroleum ether.

4,4'-Dimethoxydiphenylmethane (4m): IR (KBr) v, 1609, 1509,
1458, 1244, 1028, 809, 751 cm’'; '"H NMR (CDCls): 8y 7.11 (4H,
d, J = 8.4 Hz), 6.84 (4H, d, J = 8.4 Hz), 3.90 (2H, s), 3.80 (6H, s);
13C NMR (CDCl;): 8¢ 158.1 (2C), 133.8 (2C), 129.7 (d, 4C), 114.0
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(d, 4C), 55.3 (q, 2C), 40.2 (t); Anal. Calcd for C;sH;40,: C, 78.92;
H, 7.06. Found: C, 78.99; H, 7.18 %.

2,2’ 4 4"-Tetramethoxydiphenylmethane (4n): IR (KBr) v .. 1605,
1503, 1450, 1020, 859, 780 cm’!; '"H NMR (CDCl3): &y 7.24 (2H,
d, J = 8.7 Hz), 6.25 (2H, dd, J = 8.7 Hz), 6.01 (2H, d, J = 2.1 Hz),
3.89 (2H, s), 3.27 (6H, s), 3.25 (6H, s); Anal. Calcd for C;7H,¢0,:
C, 70.81; H, 6.99. Found: C, 70.93; H, 7.09 %.

2,3 4 4"~ Tetramethoxydiphenylmethane (40): IR (KBr) v, 1614,
1507, 1448, 1233, 862, 783 cm’!; 'TH NMR (CDCl,): 8y 7.49 (1H, d,
J=8.7Hz), 732 (1H, d, J = 8.7 Hz), 7.01 (2H, d, J = 8.4 Hz), 6.84
(2H, d, J = 8.4 Hz), 3.90 (2H, s), 3.80 (12H, s); '3C NMR (CDCl,):
d¢c 160.0, 158.6, 152.9, 149.2, 133.3, 131.0, 130.2 (d, 2C), 125.1 (d),
114.0 (d, 2C), 107.2 (d), 60.7 (q), 56.9 (q), 55.7 (q), 55.1 (q), 39.9
(t); Anal. Calcd for C{7H,yOy4: C, 70.81; H, 6.99. Found: C, 70.90;
H,7.11 %.
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