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Formation of Fused Azetinones by Photolysis and Pyrolysis of Triazinones.
N-Aminonaphth[2,3-b]azet-2(1H)-one and N-1-Adamantylbenzazet-2-
(1H)-one

By Naz Bashir and Thomas L. Gilchrist,” Chemistry Department, The University, Leicester LE1 7RH and The
Robert Robinson Laboratories, University of Liverpool, P.O. Box 147, Liverpool L69 3BX

N-Aminonaphth[2.3-b]azet-2(1H)-one (4b) has been isolated as a labile crystalline solid from the photolysis of
3-aminonaphtho[2.3-d]-v-triazin-4(3H)-one (3b) in acetonitrile. When heated or when treated with acetic
acid. the azetinone is converted into benz[f]indazol-3(2+)-one (7). Oxidation of (4b) by lead tetra-acetate gives
2-naphthoic acid. Photolysis or pyrolysis of 3-amino-1.2,3-benzotriazin-4(3H)-one (1a) gives the indazolinone
(6) directly. 3-(1-Adamantyl)-1,2,3-benzotriazin-4(3H)-one (1b) is resistant to photochemical cleavage. but

at 600° in the vapour phase it undergoes two competing fragmentations. N-1-Adamantylbenzazetinone (2b) is
formed in the major reaction, and adamantyl isocyanate and biphenylene are produced in the minor reaction.

PuororLysis of 3-substituted benzotriazinones (1) has
been shown to lead to the formation of the azetinones (2)
in the cases where R = aryl and R = benzoyl.»? The
azetinones could not be isolated but their presence in
solution was shown by spectroscopic means and by their
interception with added nucleophiles. By applying the
reaction to the naphthotriazinone (3a), Ege was able to
isolate N-phenylnaphth{2,3-blazet-2(1H)-one (4a) as a
labile crystalline solid.3 Thermolysis of benzotriazinone
has also been observed to lead to extrusion of nitrogen,

1 E. M. Burgess and G. Milne, Tetrahedron Letters, 1966, 93.

2 G. Ege, Chem. Ber., 1968, 101, 3079; G. Ege and F.
Pasedach, :bid., p. 3089.

3 G. Ege and E. Beisiegel, Angew. Chem. Internat. Edn., 1968,
7. 303.

with the formation of a formal dimer of benzazetinone.*

The present work was undertaken with the object of
isolating other benz- and naphth-azetones by photolysis
or pyrolysis of the corresponding triazinones, particu-
larly N-amino-azetinones which were required for
studies of their oxidation. During the course of the
work, Olofson and his co-workers reported an elegant
synthesis of N-alkylbenzazetones which involved the
reaction of N-alkylanthranilium salts (5) with triethyl-
amine.’ By this means N-t-butylbenzazet-2(1H)-one

4 R. K. Smalley and H. Suschitzky, Tetrahedron Letters, 1966,
3465.

5 R. A. Olofson, R. K. Vander Meer, and S. Stournas, J.
Amer. Chem. Soc., 1971, 98, 1543.
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(2a) was isolated as a stable liquid. The present work
has produced two more examples of isolable azetinone
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derivatives, namely N-aminonaphth(2,3-blazet-2(1H)-
one (4b) and N-1-adamantylbenzazet-2(1H)-one (2b).
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3-Aminobenzotriazinone (la) and 3-aminonaphthotri-
azinone (3b) were available from earlier work.® Photo-
lysis of 3-aminobenzotriazinone in acetonitrile (Pyrex
filter) resulted in the rapid evolution of nitrogen and the
formation of a precipitate, which was shown to be
indazolin-3-one (6) by comparison with an authentic
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specimen. When the photolysis was stopped before all
the nitrogen had been evolved, only the starting material
and indazolinone were detected; there was no evidence
for the presence of an azetinone.

Similar photolysis of 3-aminonaphthotriazinone (3b)
also resulted in the evolution of nitrogen. When
nitrogen evolution ceased the solution was evaporated
to small bulk; yellow crystals separated and were
identified as N-aminonaphth(2,3-b]azet-2(1H)-one (4b)
from analytical and spectral data. The crystals decom-
posed without melting above 220° and lost their yellow
lustre on exposure to air. Treatment of the azetinone
with acetic acid at room temperature, or by heating,
alone or in a solvent, converted it into benz[f]indazol-
3(2H)-one (7); the indazolinone was also formed on
attempted deamination of the azetinone with pentyl
nitrite or with nitrous acid. Prolonged irradiation of

¢ J. Adamson, D. L. Forster, T. L. Gilchrist, and C. W. Rees,
J. Chem. Soc. (C), 1971, 981.
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3-aminonaphthotriazinone also gave the indazolinone
(7). The reactions are summarised in Scheme 1.

Two reactions of the azetinone were observed which
did not cause rearrangement to the indazolinone (7).
One was the reaction with methanol, which resulted in
ring opening to methyl 3-hydrazino-2-naphthoate (iso-
lated as its isopropylidene derivative). The other was
its oxidation by lead tetra-acetate in the presence of
dimethyl sulphoxide. In this reaction, a gas was
evolved on adding the oxidant, and 2-naphthoic acid was
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(7)
ScHEME 1

isolated after an aqueous work-up. The amino-azetin-
one therefore belongs to the group of amino-lactams
which undergo fragmentation on oxidation,” and there
is no evidence for interception of an intermediate by
dimethyl sulphoxide. The possibility that the oxidant
catalyses a rearrangement of the azetinone to the indazol-
inone (7), and that this is then oxidised, was rendered
unlikely by the results of investigating the oxidation of
the indazolinone independently. Oxidation by lead
tetra-acetate was slow and no 2-naphthoic acid was
detected in the product mixture. Possible mechanisms
for the formation of 2-naphthoic acid from the azetinone
are shown in Scheme 2.
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SCHEME 2

3-(1-Adamantyl)benzotriazinone was prepared in order
to test whether the azetinone synthesis could be extended
to the benzo-series if a sufficiently inert blocking sub-
stituent were employed. The 1l-adamantyl group has
been successfully used before to stabilise strained hetero-

7 D. J. Anderson, T. L. Gilchrist, D. C. Horwell, and C. W.
Rees, J. Chem. Soc. (C), 1970, 576.



870

cyclic ring systems,® and has the advantage over the
t-butyl group that its derivatives are usually crystalline
solids, and so easier to handle on a small scale. 3-(1-
Adamantyl)benzotriazinone was readily prepared by
condensation of 1-aminoadamantane with 2-nitrobenzoyl
chloride, followed by reduction of the nitro-group and
diazotisation.

3-(1-Adamantyl)benzotriazinone was found to be
stable under the conditions used for the photolysis of the
aminotriazinones. Ege has also observed that 3-alkyl-
benzotriazinones are resistant to photolysis,? and the
contrast in photochemical reactivity between the alkyl
derivatives and the amino- or aryl derivatives is re-
markable. Because of the photochemical stability of
the adamantyl derivative, an alternative method of
extrusion of nitrogen was tried. Vapour-phase pyrolysis,
which has been used successfully for the extrusion of
nitrogen from triazoles ? and triazines,® was also found
to be effective in this case. The viability of the method
was demonstrated by the pyrolysis of 3-aminobenzo-
triazinone at 500° and 0-05 mmHg, the product being
indazolinone (6), as in the photochemical decomposition.

Pyrolysis of 3-adamantylbenzotriazinone at 600° and
0-05 mmHg gave a yellow solid product in which three
components could be detected. The major component
was isolated by washing the product mixture with
petroleum and subliming the residue, giving a yellow
crystalline solid (30—509%,) which melted at 98—99°
after recrystallisation from heptane. The solid was
identified as N-l-adamantylbenzazet-2(1H)-one from
its elemental analysis and from its spectra, the ir.
spectrum of the solid showing a strong absorption band
at 1790 cm™. The other two products, which were
isolated in low yield (5—109,) by preparative layer
chromatography, were identified as biphenylene and
adamantyl isocyanate by comparison with authentic
specimens.

N-Adamantylbenzazet-2(1H)-oneshowedgreat thermal
stability. It was recovered quantitatively after vapour
phase pyrolysis at 600°, showing that there was no
fragmentation of the four-membered ring under these
conditions. The retro [2 - 2] addition to give benzyne
and adamantyl isocyanate does not occur, despite the
fact that it can formally be regarded as an allowed
reaction; neither is there any evidence for such a
fragmentation in the mass spectrometer. On the other
hand these products can apparently be formed directly
in the pyrolysis of 3-adamantylbenzotriazinone, in a
minor reaction competing with the major fragmentation
to give the azetinone. The reactions are summarised in
Scheme 3.

Although it is thermally stable, N-adamantylbenz-
azetone is very susceptible to nucleophilic attack: for

* N-l1-Adamantylbenzazetone has also been prepared by the
action of triethylamine on N-adamantylanthranilium perchlorate
(R. A. Olofson and R. K. Vander Meer, unpublished observ-
ations). We have carried out this reaction and shown that the
product is identical with that from the triazole pyrolysis. We
thank these workers for discussion, and for communication of
their results before publication.
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example, an ethereal solution of the azetinone containing
traces of moisture started to deposit crystals of the
anhydride (8) after a few hours at room temperature.

0
AdNCO
Cet.  —— QO
(Ad = 1- adamantyl) O-O
SCHEME 3

Brief warming of the azetinone with methanol gave the
ring-opened ester, methyl 2-(1-adamantylamino)benzo-

ate (9).
C0-0-CO CO,Me
NHAd Ad \© NHAd

After publication of the work by Olofson and his co-
workers, the corresponding pyrolysis of 3-t-butyl-
benzotriazinone (1c) was investigated briefly in order to
attempt a direct comparison of the alternative methods
of synthesis of N-t-butylbenzazet-2(1H)-one. Although
the pyrolysis gave an oil which clearly contained the
azetinone, according to its i.r. spectrum, the azetinone
could not be obtained free from other products. The
triazole pyrolysis thus appears to be less useful than the
anthranilium salt reaction as a synthetic route to N-alkyl-
benzazetones.*

EXPERIMENTAL

Petroleum refers to the fraction of b.p. 60—80°. Aceto-
nitrile was distilled from phosphorus pentoxide. IL.r.
spectra were recorded for Nujol mulls except where indi-
cated otherwise; azetinone spectra were recorded for potas-
sium bromide discs on a Perkin-Elmer 125 spectrometer.
Vapour-phase pyrolyses were performed in an apparatus
described earlier.1?

Preparation of Triazinones.—The aminotriazinones (la)
and (3b) were prepared as described earlier.®

3-(1-Adamantyl)-1,2,3-benzotriazin-4(3H)-one (1b). (a) 2-
Nitrobenzoyl chloride (56 g) and l-aminoadamantane
(5-0 g) in dry benzene (100 ml) gave N-(1-adamantyl)-2-nitro-

8 K. Bott, Angew. Chem. Internat. Edn., 1967, 6, 946; E. R.
Talaty and A. E. Dupuy, Chem. Comm., 1968, 790.

® T. L. Gilchrist, G. E. Gymer, and C. W. Rees, J.C.S.
Perkin I, 1973, 555.

10 S, Bradbury, M. Keating, C. W. Rees, and R. C. Storr,
Chem. Comm., 1971, 827.

11 D. J. Anderson, T. L. Gilchrist, D. C. Horwell, C. W. Rees,
and E. Stanton, J.C.S. Perkin I, 1972, 1317.
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benzamide (869,), m.p. >300° (from dichloromethane)
(Found: C, 68-2; H, 6-9; N, 94. C,,H,;,N,O4 requires C,
68-0; H, 6:7; N, 9:3%); vp,, 3250 and 1650 cm™,

() The nitro-amide (5-0 g) was hydrogenated over Pd-
charcoal in ethanol, to give N-(l-adamantyl)-2-aminobenz-
amide (95%), m.p. 151—152° (from heptane) (Found: C,
75-6; H, 8-2; N, 10-3. C,;H,,N,O requires C, 75-5; H,
8-2; N, 10-4%); v, 3300, 3250, 1600, 1560, and 720 cm™.

(¢) To the amino-amide (5-0 g) in hydrochloric acid (15
ml) and water (15 ml) at 5° was added sodium nitrite (0-9 g).
The mixture was neutralised with sodium carbonate and
the precipitate filtered off and recrystallised to give 3-(1-
adamantyl)-1,2,3-benzotviazin-4(3H)-one (60%), m.p. 116—
117° (from methanol) (Found: C, 72-3; H, 6-8; N, 14-9.
C,,H,N,O requires C, 72:6; H, 6-8; N, 14-9%); v, 1680,
1620, 1590, and 780 cm™.

3-t-Butyl-1,2,3-benzotriazin-4(3H)-one (1c). (a) 2-Nitro-
benzoyl chloride (56 g) and t-butylamine (6-0 g) in dry
ether (100 ml) gave 2-witro-N-t-butylbenzamide (60%), m.p.
102° (Found: C, 59-8; H, 6-3; N, 12-8. C,;H;,N,O4 re-
quires C, 59-45; H, 6-3; N, 12-6%); v, 3250, 1650,
1570, and 1540 cm™.

(b) The nitroamide (3-0 g) was hydrogenated over 59,
palladium—charcoal (0-2 g) to give 2-amino-N-t-butylbenz-
amide (95%), m.p. 126—127° (from petroleum) (Found:
C, 68-9; H, 84; N, 14-5. C,;H,;N,O requires C, 68-7; H,
8-4; N, 14:6%); v, 3400, 3250, 1640, and 1590 cm™.

(¢) To the amino-amide (2:0 g) in hydrochloric acid (15
ml) and water (15 ml) was added sodium nitrite (0-8 g).
After 10 min the mixture was neutralised with ammonia
and the precipitate filtered off. Recrystallisation gave

3-t-butyl-1,2,3-benzotriazin-4(3H)-one (60%), m.p. 69—
70° (from ethanol) (Found: C, 65-3; H, 6-7; N, 20-6.
C,;H;3NgO requires C, 65-0; H, 6:45; N, 20:7%); v,

1700, 1600, 1620, and 780 cm™.

Photolysis of Aminotriazinones.—(a) 3-Amino-1,2,3-benzo-
triazin-4(3H)-one. The triazinone (0-550 g) in acetonitrile
(100 ml) was irradiated (Hanovia 300 W medium-pressure
immersion lamp, Pyrex filter) until gas evolution ceased
(3-5 h). A precipitate (0-280 g) was filtered off and identi-
fied as indazolin-3-one, m.p. and mixed m.p. 248—250°,
Voax 1649 and 1625 cm™. A further crop (0-084 g) was
obtained by evaporating the filtrate to small bulk (total
0-364 g, 85%).

(b) 3-Aminonaphtho[2,3-d]-v-triazin-4(3H)-one. (i) The
triazinone (0-220 g) in acetonitrile (80 ml) was irradiated
until gas evolution ceased (2 h). The mixture was filtered
and the filtrate evaporated to dryness below 35°. The
residue, a yellow solid, was recrystallised from ether—
petroleum (1:1) below 30° to give yellow crystals of 1-
aminonaphth[2,3-blazet-2(1H)-one (4b) (0-108 g, 579%,), m.p.
220—230° (decomp.) (Found: C, 72-1; H, 4-6; N, 14-6.
C,,HgN,O requires C, 71-7; H, 44; N, 15:2%); v,
(KBr) 3340 and 3260w (NH), 1802 and 1792 (C=0), 1645,
1450, 1050, 945, 839, and 740 cm™, m/e 184, 155, 149, and
127. The solid was stored for several weeks at 0° without
change, but darkened within a few hours when exposed to
air and light at room temperature. Spontaneously or on
mild heating the azetinone gave benz[f]indazol-3(2H)-one
(7),® m.p. 320° (decomp.), v, 3100, 1640, 1582, and 1502
cm™.

(ii) The triazinone (3b) (0-260 g) in acetonitrile (100 ml)
was irradiated for 6 h. Evaporation to small bulk gave
yellow crystals of benz{f]indazol-3(2H)-one (0-140 g, 629%,).
Evaporation of the filtrate gave a brown solid, v, 3100,
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1640, 1582, and 1502 cm™, the spectrum being identical to
that of benz[f]indazol-3(2H)-one.

Pyrolysis of Triazinones.—(a) 3-Amino-1,2,3-benzotriazin-
4(3H)-one. The triazinone (100 mg) was pyrolysed by
sublimation and passage of the vapour through a tube at
500° and 0-05 mmHg to give indazolin-3-one (809,), m.p.
248—250°.

(b) 3-(1-Adamantyl)-1,2,3-benzotriazin-4(3H)-one. (i)
Heating at 500° and 0-005 mmHg resulted in recovery of the
starting material; adamantyl isocyanate (v, 2270 cm™)
was detected as a minor contaminant.

(ii) The triazinone (290 mg) was pyrolysed by sublimation
at 150° and 0-05 mmHg, the vapour being passed through a
tube (20 X 1cm) heated to 600°, and condensed on a surface
cooled to —78°. The condensate was a yellow solid (210
mg), vp,. (Nujol) 2270 and 1795 cm™. The solid was
dissolved in ether and applied to a chromatography plate
(silica, 20 X 20 X 0-1 cm). The plate was developed with
petroleum. A yellow band was observed which decomposed
during development. A colourless solid (12 mg) was
isolated from a band of Ry 0-7; v, 2270 cm™. The solid
contained two components which were identified as bi-
phenylene and adamantyl isocyanate by comparison of u.v.
and ir. spectra and g.l.c. retention times with those of
authentic specimens.

(iif) The pyrolysis was repeated and the condensate tri-
turated briefly with petroleum (2 ml). The residue was
sublimed and the sublimate recrystallised to give N-1-
adamantylbenzazet-2(1H)-one (30%), m.p. 98—99° (from
heptane) (Found: C, 80-4; H, 7-4; N, 56. C,;H,,)NO
requires C, 80-6; H, 7-6; N, 5:5%); v, (KBr) 1790, 1600,
and 740 cm™; m/e 253, 238, 210, 196, 159 (base), and 135.

(c) 3-t-Butyl-1,2,3-benzotriazin-4(3H)-one. The triazin-
one (100 mg) was pyrolysed at 600° and 0-05 mmHg. The
pyrolysate, a yellow oil, showed a strong band at v, 1800
cm™.  T.lLc. indicated the presence of several components,
but decomposition of the yellow component was observed
during attempted isolation.

Reactions of 1-Aminonaphth[2,3-blazet-2(1H)-one.—(a)
With methanol in the presence of acetome. The azetinone
(50 mg) was heated in methanol (2 ml) containing acetone
(0-5 ml) at 50° for 2 min. The mixture was applied to a
chromatography plate (silica; ether—petroleum, 1:1) and a
yellow band was extracted from the plate. Recrystallis-
ation of the solid so obtained gave methyl 3-(isopropylidene-
hydvazino)-2-naphthoate (20 mg, 29%), m.p. 112° (from
ether—petroleum) (Found: C, 70-1; H, 6-4%; m/e 256.
C,sH,N,0, requires C, 70-3; H, 6-3%,; M, 256).

(b) Oxidation. The azetinone (47 mg) was dissolved in
dimethyl sulphoxide (3 ml) and lead tetra-acetate was
added. A gaswas evolved immediately. The solution was
poured into water and the mixture extracted with ether
(20 ml). The ethereal solution was evaporated and the
residue purified by sublimation, giving 2-naphthoic acid
(5 mg, 11%), m.p. and mixed m.p. 182—184°.

(c) Attempted deamination. The azetinone (30 mg) was
dissolved in acetonitrile (5 ml) and pentyl nitrite (0-5 ml)
was added. After 12 h the mixture was evaporated to
dryness. The residue was benz[f)indazol-3(2H)-one (i.r.).

(d) Reaction with acetic acid. To the azetinone (9 mg)
acetic acid (1 ml) was added. There was an exothermic
reaction, and benz[f]indazol-3(2H)-one was formed (i.r.).

Reactions of N-1-Adamantylbenzoazet-2(1H)-one.—(a) At-
tempted pyvolysis. The azetinone (50 mg) was heated at
85° and 0-05 mmHg and the vapour passed through a tube
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at 600°. The condensate (45 mg), m.p. 92—94°, was the
unchanged azetinone (i.r.).

(b) Hydrolysis in moist ether. The azetinone (50 mg) was
dissolved in ether (10 ml) containing traces of water, and the
solution kept at 20° for 36 h. Crystals appeared after 12 h.
The crystals were filtered off and identified as 2-(1-adamant-
ylamino)benzoic anhydride (20 mg), m.p. 244—246° (Found:
C, 77-9; H, 7-65; N, 5459%; mfe 524. C43H,;,N,0, re-
quires C, 77-8; H, 7-7; N, 53%; M, 524); v, . (Nujol)
3320 (NH) and 1720 and 1680 (C=O) cm™. The anhydride
(50 mg) was heated under reflux with potassium hydroxide
(100 mg) in aqueous dioxan (5 ml) for 2 h. The solution
was neutralised and gave 2-(1-adamantylamino)benzoic acid
(35 mg, 68%), m.p. 205—206° (from ether—petroleum)
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(Found: C, 74-8; H, 7-9; N, 5:1. C,;H,,NO, requires C,
75-25; H, 7-8; N, 5:2%); v, (Nujol) 3300 (NH) and 1660
(C=0) ecm™.

(c) Reaction with methanol. The azetinone (30 mg) was
heated under reflux in methanol (5 ml) for 0-5h. Evapora-
tion of the solution gave methyl 2-(1-adamantylamino)-
benzoate (33%), m.p. 110—111° (from petroleum) (Found: C,
75-4; H, 8-29,; mfe 285. C,sH,;NO, requires C, 75-8; H,
8-1%; M, 285); v ,. 3250, 1685, 1620, and 1600 cm™,
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