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The question concerning the synthesis of the 1,4-dihydro-3(2H)cinnolinone was solved and

some new tetracyelic derivatives are described.

The structure and the synthesis of the two

isomers 2-(2-carbomethoxymethylphenyl)phthalazine-1(2H),4(3H)dione and 1-(2-carbomethoxy-

henzoyl)-1,2-dihydrocinnolin-3(41one are discussed. -

The noteworthy antiinflammatory activity displayed
by the phthalazino[2,3-b |phthalazine5(14H),12(7Ilione
(Diftalone-Aladione ® (1) (1) synthesized in our lab-
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oratories by Bellasio, et al., (2), prompted us Lo prepare a
number of structurally related tetracyclic compounds
(11-1V).

As we looked for a method to prepare the starting
tetrahydrocinnolin-3-one (VI), we found that it had been
first synthesized by Neber’s student Bossel (3) who, having
hydrogenated the cinnolinol V with zine and sulphuric
acid, obtatned a material melting at 166° to which he
aseribed the formula VI
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Later on Neber (4) corrected the melting point indi-
cating the value of 126°. Baumgarten and et al. (5,0)
repeating the reduction of cinnolinol with zine and sul-
phuric acid in boiling ethanol, obtained the same material
(n.p. 126-127°) but demonstrated the structure to be that
of the N-aminolactam VII. Since VII very likely origin-
ated from the intermediate VI through a rearrangement
which could or could not take place, depending on the
reaction conditions, we tried the reduction of cinnolinol
(7) in a two phase system and at room temperature. In
such a way the tetrahydrocinnolinone (VI), whose mere
existence had been questioned, was obtained in 78% yield.
The melting point (166-167°) corresponded to that origin-
ally reported by Bossel; the absorption in the ir (v CO;
1640 cm™ ') (nujol mull) markedly differed from that of
“Neber’s lactam™ VI (V\CO: 1720 ¢m™ ') and was in
agreement with the value expected for an amidic carbonyl
in a six membered ring. In the nmr spectrum (DMSO-dg ),
the methylene hydrogens of VI were at § 3.42 and two
separale signals at 8 8.04 and 10.05 indicated two dif-
ferent exchangeable protons.  The N-amino-2-indoline
(VID), on the other hand, showed a singlet at § 3.5 due Lo
the Cll, and asinglet at § 5.1 attributed to the hydrogens
of the amino group.

In order to establish the conditions under which the
rearrangement ol cinnoline (V1) occurred, we treated it
with base (ammonium or sodium hydroxide) without
noticeable results. On the contrary, boiling VI with |
equivalent of dilute hydrochloric acid for a short period,
gave the rearranged compound VII nearly quantitatively.
Hydrolysis and recondensation or a rearrangement of the
type reported in Scheme | can be invoked as possible
mechanisms in the formation of compound VI, The
cinnolinone (V1) was further characterized as the mono-
acetate (VIa) and diacetate (VIb).
Vle and VId were synthesized by conventional methods.

The intermediates
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Compound Vle, when heated with copper powder in
pyridine, gave the indazolo]2,1«] cinnoline(7TH)-0,13-
-dione (1), although in poor yields. The cinnolino[2,14]-
cinnoline-0(7H), 13(14H)dione (i) was prepared from
VId in the same way. Better yields of phthalazino|2 3« |-
cinnoline-0(5H), 13(8HNdione (IVa) were obtained when
2-bromomethylbenzoyl chloride was reacted with VI in
the presence of tricthylamine. In a similar manner phthal-
azino| 2,3-a [cinnoline-|5(11) ],0,8,1 3trione (IVD) was ob-
tained starting from phthaloy!l dichloride. When [Vh was
heated in methanol in the presence of catalytic amount of
sulfuric acid, a higher melting, less soluble compound was
wwolated in nearly quantitative yield. Microanalytical data
as well as ir absorption, ¥ YCO) 1725 em ™', were in favour
ol a methanolysis of 1Vh with formation of an ester.

Two structures, namely VI and X, arising from the
ring opening between the atoms 7.8 or 6-7, seemed much
more likely than the one originating (rom the opening of
the amide linkage between the atoms 13 and 14 (Scheme
. A further structure X1b could not be rejected a priori,
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recalling the rearrangement of VI to VII. The structure of
the 2-(2-carbomethoxymethylphenylyphthalazine-2(211) 4-
(31D dione (X) was assigned to this compound on the
basis of the following evidences. In the ir spectrum besides
the already mentioned peak at 1725 ¢m=1 (ester carbon-
yD), a broad band at 3300-2400 cm-1 » (NIT* assoc.), a small
band at 1630 em™! » (CO) and a strong broad band at
1550 ecm™ ' » (C=C) coupled withv (C-N), indicate that
in the solid state, X is present in a zwitlterionic intra-
molecularly associated form (8). Saponification of this
ester gave an acid, v (CO) 1710 em™'
a broad band at 3400-2300 ¢cm~!,

at 1650 em~ ! and a strong absorption at 1575 e~

, which again showed
a small v (C=0) band
i
For direct comparison of the ir spectra, the known 2-
phenylphthalazine-1(2H),4(3H)dione (X111) (9) was syn-
thesized. Strong association bands appeared also in the v
(N”+) region of the spectrum of X1 (3300-2200 ¢m~1),
the v (€=0) absorption was again of weak intensity at
1650 em~ ! and a strong peak at 1570-1550 cm~!
observed as in the case of Xand XI. A more correct
formulation for X, XI and XIHI in the solid state should

therefore be the following:

was

N H’
S0

o]

As a further support to the attribution of structure X, we
prepared the isomeric 1(2-carbomethoxybenzoyl)-1,2-di-
hydrocinnolin-3(4H)one (VHI) and the corresponding acid
IX reacting the tetrahydrocinnolinone (V1) with phthaloyl
monochloride monomethylester in dioxane and triethyl-
amine or with phthalic anhydride in pyridine, respectively.
The ester (VII) showed a peak in the v (N ) region at
3200 em~1, a peak at 1720 em~! assigned to the ester car-
bonyl and two more bands at 1690 ¢m~! and 1650 em™!
in the v (C=0) region. The acid IX shows a sharp peak at
3300 em~ ! in the » (N-1I) region, a broad band (3200-
2500 ¢cm~ 1) in the v (O-11) region, a peak at 1720 cm~!
(carboxylic acid) and a band due to the two amidic car-
bonyls at 1050 em~1. In order to exclude the structure
X1Ib, the acid Xlla was prepared from N-amino-2-indolin-
one (VII) and phthalic anhydride and was shown to be
different from both 1X and XI. The v (N -1) signal
appears as a sharp peak at 3320 em~! and in the v (C=0)
region three peaks at 1715, 1695 and 1655 em~! indicate
the carbonyl band in a five membered lactam, the car-
boxylic acid carbonyl and the hydrazidic carbonyl, respect-
ively. It is interesting to mention that the ester VII
readily rearranges to the more stable isomer X on heating
in methanol and mineral acid as well as under mild basic

conditions.
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Analogous rearrangements have been observed in related
heteroeyelic compounds presently under investigation.,

EXPERIMENTAL,

Melting points were determined in open capillary tubes and
are uncorrected. Nmr specira were determined on a Varian A/00
spectrometer using TMS as the internal reference (6~ 0.0 ppm).
Ir spectra were determined in nujol mull.

Tetrahydrocinnolin-3-one (VI).

To a solution of V (7) (50 g., 0.342 mole) in a two phase
system of 10% sulfuric acid (1500 ml.) and ethyl acetate (1500
ml.), powdered zinc (75 g.) was added portionwise under vigorous
stirring at 25°. After 45 minutes the organie layer was separated
and repeated extractions were carried out with ethyl acetate. The
solvent was dried and evaporated under reduced pressure to a
small volume. Sufficiently pure tetrahydrocinnolin-3-one (39.5 ¢.,
78%) was collected, m.p. 160-167°.  An analytical sample was
erystallized from waler, m.p. 167-168°; ir: 3210 and 3160 (NH),
1640 (CO) em~1; nmr (DMSO-dg): 6 3.42 (s, 2H, CH>), 8.04 (s,
LH, NH-Ar), 10.05 (s, L1, NH-CO).

Anal. Caled. for CgHgN,O: €, 64.85;
Found: C, 64.98; 11, 5.55; N, 18.86.

I-Amino-2-indolinone (Vi) (5).

H, 5.44; N, 18.91.

Tetrahydrocinnolin-3-one (VI) (2 g., 13.5 mmoles) in 0%
hydrochloric acid (5 ml.) was heated on a boiling water bath for
15 minutes. After cooling pure |-amino-2-indolinone (VII) (1.7
g., 85%) m.p. 126-127° was collected; ir: 3280 and 2180 (NH),
1720 (CO) em~1; nmr (DMSO-dg): § 3.5 (s, 2H, CHy), 5.08 (s,
2H, NHy).

1 -Acetyltetrahydrocinnolin-3-one (VIa).

Tetrahydrocinnolin-3-one (VI) (0.5 g., 3.38 mmoles) in pyri-
dine (2 ml.) was treated at 10° with acetic anhydride (0.316 ml.,
3.38 mmoles). After 5 hours at 10° the mixture was poured in
ice-cold water containing concentrated hydrochlorie acid (2 ml.)
and extracted with ethyl acetate. Usual work up gave a gum
which was purified on a silica gel column (11 g.) eluting with
chloroform-methanol mixtures. The monoacetyleinnolinone (Vla)
(014 g., 22%) was crystallized from ethyl acetate, m.p. 146-147°;
ir: 3150 (NH), 1680 (CO) em~1; nmr (deuteriochloroform):
& 2.36 (s, 3, CHy), 3.56 (s, 2H, CHy), 9.8 (broad, 111, NH).

Anal. Caled. for C1gHgN2O5: €, 6315, H,5.30; N, 14.73.
Found: €, 62.96: H, 5.60: N, 14.70.

{,2-Diacetyltetrahydrocinnolin-3-one (VIb).

Tetrahydrocinnolin-3-one (V1) (3 g., 20.2 mmoles) in acetic
anhydride (20 ml.) was left overnight at room temperature and
then poured in ice-cold water. The solid was collected, dried and
crystallized from ethanol, 2.8 g. of VIb (59.6%), m.p. 116-117°;
ir: 1725 and 1690 (CO) em~1'; nmr (deuteriochloroform): &
2,17 (s, 3H, 1-COCH3), 2.52 (s, 3H, 2-COCHl3), 3.06 (s, 2H, CH,).

Anal. Caled. for C,H{,N2O3: C, 62.06; H,5.21: N, 12.00.
Found: C, 61.85; H, 5.20; N, 11.93.

1 (2-Bromobenzoytetrahydrocinnolin-3-one (Vlc¢).

Tetrahydrocinnolin-3-one (VI) (5 g., 33.8 mmoles) dissolved
in hot dioxane (160 ml.) was cooled to 15° and added first with
2-bromobenzoyl chloride (7.8 g., 35.5 mmoles) dissolved in di-
oxane (50 ml.) and then, dropwise, with triethylamine (3.42 g,
33.8 mmoles). Stirring was continued for 2 hours at room temp-
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erature and the mixture diluted with water and extracted with
ethyl acetate. The crude Vle was purified with benzene-ether and
crystallized from methanol (7.6 g., 68%), m.p. 207-208°; ir: 3150
(NH), 1675 (CO) em~1,

1(4-BromophenylacetyDtetrahydrocinnolin-3-one (VId).

Tetrahydrocinnolin-3-one (V1) (5 g., 33.8 mmoles) was treated
exactly as above with 2-bromophenylacetyl chloride (8.3 ¢., 35.5
mmoles) and reacted for 15 minutes at 20°. Work up as for Vie
and crystallization from methanol gave VId (8.85 g., 76%), m.p.
192-193° ir: 3200 and 3120 (NH), 1700 and 1670 (CO) em-1.

Anal. Caled. for € ¢H{3BrN,O,: €, 55.60; H, 3.80; N, 8.11;
Br, 23.15. Found: €, 55.46: H, 4.00; N, 7.88; Br, 22.88.

Indazolo] 2,1 Jeinnoline{7)-6.1 3dione (11).

A solution of VIc (10 g., 30 mmoles) in pyridine (150 ml.) was
stirred at reflux temperature with copper powder (5.1 g., 80
mmoles) for 3 hours. The reaction mixture was cooled, filtered
and poured into ice-water (1 1) containing concentrated hydro-
chloric acid (150 ml.). Extraction with chloroform and crystal-
lization from ethanol gave pure Il (2.05 g.). Chromatography of
the second crops on silica gel (chloroform) gave, after crystalliza-
tion, a further quantity of pure Il (1.3 g.). Total yield: 44.3%,
m.p. 208-209°; ir: 1690 (CO) cm—1; nmr (deuteriochloroform).
5 3.94 (s, 2H, CH,).

Anal. Caled. for Cys11oNoOy: €, 71.99; H, 4.03; N, 11.20.
Found: €, 71.78; H, 4.26; N, 10.90.

Cinnolino[ 2,1« |einnoline-6(7H),1 3(1 4H)dione (111).

A mixture of VId (7.1 g., 20.5 mmoles) and copper powder
(7.1 g., L1l mmoles) in pyridine (70 ml.) was stirred at reflux for
8 hours. Work up as described above, chromatography and crystal-
lization from methanol gave compound I (1.27 g., 28.3%), m.p.
249-250°; ir: 1680 (COYcm~!; nmr (DMSO-dg): 6 3.91 (s, 4H,
2 CHy).  Starting material (1.25 g.) was recovered from the
chromatography.

Anal, Caled. for CyglyaN, Oy €, 72,71 H, 4.58;
Found: C, 72.50: H, 4.63; N, 10.59.

Phthalazino|2.3-a | cinnoline-6(511),13(81D)dione (1Va).

Compound VI (4.4 ¢, 29.7 mmoles) was dissolved in hot
dioxane (145 ml.) and then cooled to 10°. 2-Bromomethylbenz-
oyl chloride (7.2 g., 30.9 mmoles) dissolved in dioxane (35 ml.)
was added under stirring, followed by dropwise addition of tri-
ethylamine (6.3 g., 62 mmoles) while cooling. Stirring was con-
tinued at 20° far M minutes and for 2 hours at 70°. Dilution
with water and extraction with ethyl acetate gave crude [Va (8 g.)
which was erystallized from ethanol. Pure [Va was obtained
(4.54 g¢., 57.8%), m.p. 206-207° ir: 1675 (CO) em~!; nmr
(deuteriochloroform): 8 3.63 (s, 2H, CH,C0O), 513 (s, 21,
CI,-N).

Anal. Caled. for CygH 3Ny Oy €, 72,715 H,4.58; N, 10.60.
Found: €, 72.39. H,4.45; N, 10.45.

Phthalazino| 2,34 | cinnoline-5(11)-6 8,1 3-trione (1Vh).

N, 10.60.

To a stirred solution of VI (14.4 ¢g., 97.2 mmoles) in dioxane
(430 ml.) at 20°, phthaloyl dichloride (22 g., 108 mmoles) in
dioxane (140 ml.)) was added dropwise. At the same rate tri-
ethylamine (22 g., 217 mmoles) in dioxane (140 ml.) was added
from a second dropping funnel. After | hour at 20°, the temper-
ature was raised 1o 60° and maintained for one hour. The
suspension was filtered hot and the filtrate was taken to dryness
in vacuo. The residue was dissolved in methylene chloride (200
ml.) and ethanol (150 ml.) was added. Evaporation of the methyl-
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ene chloride gave pure 1Vh (18.8 g., 69.5%), m.p. 223-226°; ir:
1775 and 1700 (CO-N-CO), 1680 (CO) em~1; nmr (deuterio-
chloroform): & 3.84 (s, 2H, CHy).

Anal. Caled. for €y ¢l oN2O3: €, 69.05; H,3.63; N, 10.06.
Found: C, 68.97; H, 3.80; N.9.60.

I (2-Carbomethoxybenzoyltetrahydrocinnolin-3-one (V.

To a stirred solution of VI (30 g., 203 mmoles) in dioxane
(800 ml.) at 20°, phthaloy! monochloride monoethylester (44
., 220 mmoles) in dioxane (200 ml.) was added dropwise over a
75 minute period while, at a slightly lower rate, tricthylamine
(204 g., 220 mmoles) in dioxane (150 ml.) was added from a
second dropping funnel. After an additional 2 hours at 20°, tri-
ethylamine hydrochloride was filtered off and the solvent was
removed in vacuo. Crystallization from acetone gave VIIL(51.7 g,
$2%, m.p. 170-179°). An analytical sample melted at 180-182°
(methanol); ir: 3200 (NH), 1720 (CO, ester), 1690 and 1650
(COY em™1; nmr (DMSOdg): 8 3.68 (s, 2H, CHy), 3.72 (s, 3H
CH3), 9.5-12 (broad, L H, NH).

Anal. Caled. for Cy7H4N204: C, 6579, H, 4.55; N, 9.03.
Found: C, 65.44; tl,4.87; N, 8.80.

1(2-Carboxybenzoytetrahydrocinnolin-3-one (IX).

A stirred mixture of VI (5 g., 33.8 mmoles) and phthalic
anhydride (5 g., 33.8 mmoles) in pyridine (20 ml) was kept at
room temperature with the aid of an ice-bath until solution
oceurred.  After a further 15 hours the reaction mixture was
poured into ice-water (150 ml)) containing concentrated hydro-
chloric acid (20 ml.). Compound 1X (9 g., 90%) m.p. 191-194°
was obtained. Crystallization from ethanol (95%) gave an analyt-
ical sample:  m.p. 192-193°; ir: 3300 (NH), 3200-2500 (OH),
1720 (CO, acid), 1650 (CO) em~1; nmr (DMSO-dg): 6 3.60
and 3.70 (2 s, 21, CHy), 9-12 (broad, 1 H, OH).

Anal. Caled. for CpgllaNyOg: C, 64805 11, 4.08; N, 9.46.
Found: C, 64.94; H, 4.27; N, 94l.

2(2_CarbomethoxymethylphenyDtetrahydrophthalazineyl,4-dione
(X).
a) From Vb,

Compound 1Vb (8 g., 28.8 mmoles) in methanol (300 ml.)
was treated with concentrated sulfuric acid (0.5 ml.) and refluxed
for 3 hours. The final suspension was neutralized with 4% sodium
hydroxide and most of the solvent evaporated in vacuo. Dilution
with water, filtration of the solid and crystallization from meth-
anol gave X (6.0 g., 67.2%), m.p. 258-260°%, ir:  3300-2400
(NH', assoc.), 1725 (€O, ester), 1630 (CO), 1550 (C=C) em~1;
nmr (DMSO-dg): 8 3.40 (s, 311, CH30), 3.68 (s, 21, CHy), 10-13
(broad, 111, NH).

Anal. Caled. for C)7H14N204: €, 05790 H, 4550 N,9.03.
Found: €, 65.56; H, 4.76; N,8.85.

b) from VI with Acid.

Ester VIII (300 mg.) in methanol (10 ml.) containing traces of
sulfuric acid was refluxed for 90 minutes, cooled and neutralized
with agqueous sodium hydrogen carbonate solution. The solvent
was removed until crystallization occurred.  Compound X was
collected: m.p. 257-260°. Undepressed mixed melting point with
X prepared as described above and idenlical ir spectrum,

G. Winters, V. Aresi and . Nathansohn

Vol. 11

¢) From VIII with Base.

Ester VIII (300 mg.) in methanol (10 ml.) was treated with
20% polassium hydrogen carbonate (1 ml) and refluxed for 7
hours. Concentration to a small volume, dilution with water and
acidification with acetic acid gave crystalline X, m.p. 235-247°;
ir and nmr spectra identical with those obtained under a) and b).

2-(2-Carboxymet hylphenyl)tetrahydrophthalazine-1 JA-dione (XI).

To a suspension of X (300 mg., 0.97 mmole) in methanol
(10 ml.), a 12% aqueous solution of potassium hydrate (1 ml.) was
added and the resulting solution was refluxed for 1 hour. Cooling,
evaporation of the methanol, dilution with water and acidification
with dilute hydrochloric acid, gave XI (0.26 g., 90%) m.p. 239-
246°, which was purified by solution in aqueous sodium hydrogen
carbonate and precipitation with hydrochlorie acid, m.p. 246-
247° ir: 3400-2300 (NIIF, assoc.), 1710 (CO, acid), 1650 (CO),
1575 (C=C) em=1; nmr (DMSOdg): 8 3.58 (s, 2H, CHy),
9.2-12.5 (broad, 2H, OH and NH).

Anal. Caled. for CygH12N204: €, 64.86; U, 4.08; N,9.45.
Found: C, 65.14; H, 4.33; N,9.28.

1{2-Carboxybenzoylamino)indolin-2-one (XIIa).

A mixture of VII (500 mg., 3.38 mmoles) and phthalic anhyd-
ride (500 mg., 3.38 mmoles) in pyridine (2.5 ml.) was heated on
a boiling water bath for 30 minutes and left overnight at room
temperature. The mixture was poured into water and the insoluble
| -phthalimidoindolin-2-one (400 mg.) was filtered off. Acidifica-
tion of the filtrate with hydrochloric acid and crystallization
from aqueous 30% ethanol, gave X1la (220 mg., 22%), m.p. 271-
274° ir: 3300 (NH), 1720 (CO, cyclic), 1695 (CO, acid), 1655
(CO) em=1; nmr (DMSO-dg): & 3.73 (s, 2H, CHy), 7.0-8.05
(m, 9H, aromatic and NH), 11.05 (s, 1H, OH).

Anal. Caled. for C16H12N204: €, 64.86: H, 4.08; N, 9.46.
Found: C, 64.71; H, 4.18; N,9.56.
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