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Rearrangement under acidic conditions of the pyrrolylbenzotriazinone 7 afforded the pyrrolylbenzamides
10 and 11. By thermal rearrangement instead, the first fully aromatic derivative of the pyrrolo[3,4-clisoquino-

line ring system 9 was obtained.
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The occurrence of the isoquinoline nucleus in com-
pounds of biological interest, either from natural or syn-
thetic sources, is indicated by the large number of reports
dealing with their pharmaceutical properties. In fact, for
example, they have antimicrobial activity [1], cardiovascu-
lar effects [2], and diuretic properties [3]. Because of the
pharmaceutical interest of this class of compounds, several
studies on the ability of isoquinoline derivatives to inhibit
enzymes such as human monoamino oxidase [4], protein
kinase [5], and angiotensin converting enzyme [6] are also
reported.

In particular isoquinolin-3-ones and isoquinolinones of
type 1 (X = O, S) have shown antiallergic activity [7], are
herbicides [8)], plant growth regulators [9], and antitumor
agents against HeLa and Ehlrich ascite carcinoma [10].
Moreover condensed isoquinoline derivatives show en-
hanced biological properties. Thus compounds of type 2,
annelated on the 3,4-positions of the isoquinoline nucleus,
such as pancratistatine, crinasiadine and lycoricidine,
isolated from roots and bulbs of Amaryllidaceae, possess
antineoplastic activity [11]. Derivatives of type 2 con-
densed with heterocyclic moieties such as indole, indazole
and pyrazole are active against fungi and bacteria [12] or
show antiinflammatory or antihypertensive activities [13].

Therefore, in connection with our researches on biologi-
cally active polycondensed nitrogen heterocycles contain-
ing a pyrrole moiety, we became interested in the synthe-
sis of pyrrolo[3,4-clisoquinolinone derivatives. Actually
this pyrroloisoquinoline ring system has been already syn-
thesized, but the compounds of this series have been inci-

dentally prepared as a result of cycloaddition or cyclocon-
densation reactions and all of them are polyhydrogenated
[14-17).

Thus to obtain fully aromatic derivatives, the aminopyr-
role 3 was condensed with 2-nitrobenzoyl chloride 4 to
give in excellent yield the 2-nitrobenzamido derivatives 5.
Catalytic reduction of the nitro group of 3 led, in 95%
yield, to the corresponding amino derivative 6. The
Pschorr reaction of compound 6 would give rise to the
polycondensed pyrroloisoquinoline derivative 9 through a
cyclization reaction leading to the formation of the C-4/C-
4a bond of the isoquinoline nucleus. The competitive cy-
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clization reaction with the amido nitrogen, leading to the
pyrrolylbenzotriazinone 7, could be avoided carrying out
the diazotization reaction at high temperature (60-80°) in
order to favour the dediazoniation reaction. Therefore the
amine 6 was diazotized in acetone with sodium nitrite and
2N sulfuric acid at 60°. From the reaction mixture it was
possible to isolate the triazinone derivative 7 (50% yield),
together with compound 8 (20% yield).

Evidently the pyrroloisoquinoline 9 was not formed
even under these experimental conditions because the in-
termediate diazonium salt is so reactive that the intramo-
lecular coupling reaction takes place before it can be de-
composed. The structure 7 was assigned on the basis of
the spectroscopic data. The mass spectrum showed a mo-
lecular ion in agreement with retention of nitrogen and a
fragmentation pattern, involving sequential loss of nitro-
gen and carbon monoxide, which is usual for benzotriazi-
none derivatives [18-19]. Furthermore in the 'H nmr spec-
trum, the presence of a doublet at 6.90 6 (J = 1.5 Hz), that
became a singlet upon exchange with deuterium oxide, at-
tributable to the pyrrole S-proton allowed to discard the
isomeric pyrrolobenzotriazocine structure which could be
obtained by intramolecular coupling reaction with the 3-
position of the pyrrole nucleus.

The formation of derivative 8 was due to the condensa-
tion of the unreacted amino compound 6 with acetone fol-
lowed by ring closure of the ketimino carbon with the
amide nitrogen. The structure 8 was assigned essentially
on the basis of the *C nmr spectrum in which the carbon
atom bearing the two methyl groups is found at 72.46 ppm
whereas the isomeric open-chain Schiff’s base should have
the corresponding signal at about 155-160 ppm.

Considering that it was impossible to avoid the forma-
tion of the pyrrolylbenzotriazinone derivative 7, we
thought to optimize the yield of this compound because it
could be useful as key intermediate to obtain the pyrrolo-
isoquinolinone 9 since it is well recognized that 3-substi-
tuted benzotriazinones behave as masked diazonium salts
under opportune reaction conditions. In fact 3-arylbenzo-
triazin-4-ones show a remarkable thermal stability, but
undergo ring scission between N-2 and N-3 to generate
the diazonium species which rearrange with loss of nitro-
gen [20]. The same type of conversion can be achieved
under milder conditions using acidic media [21]. Thus the
diazotization reaction of the amino derivative 6, carried
out at room temperature in acetic acid, led to 7 in quanti-
tative yield. The benzotriazinone 7 was heated in absolute
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ethanol saturated with hydrogen chloride. From the reac-
tion mixture, it was possible to isolate the pyrrole deriva-
tives 10 and 11 in 27% and 10% yields respectively.

Probably the cyclization reaction to pyrroloisoquinoline
did not occur since the ethylation of the pyrrole nucleus
preceded the decomposition of the diazonium ion. There-
fore typical reactions of diazonium salts leading either to
the chloro compound 10 and to the corresponding dedi-
azoniated derivative 11 were observed. The structure of
these compounds was assigned on the basis of spectroscop-
ic data. In fact besides the appearence of an additional
band in the range 3356-3410 e¢m™' due to the amide NH
stretching vibrations in the ir spectra, the 'H nmr spectra
showed a lack of signals attributable to pyrrole B-proton
and the presence of triplet-quartet signals (J] = 6.0 Hz)
centered at 1.11-1.18 § and 2.32-2.49 6 respectively, typical
of an ethyl group bound to an aromatic carbon. In the **C
nmr spectra the corresponding signals were found at
15.12-15.41 ppm and 17.06-17.18 ppm respectively.

Because of the failure of the rearrangement in acidic
medium, the thermal rearrangement was undertaken.
Thus the benzotriazinone 7 was thermolyzed at 220° for 6
hours, but only unreacted starting material was recovered.
Therefore the thermolysis was carried out at 250°. After 3
hours the benzotriazinone was completely decomposed
and a tarry, gummy residue was obtained from which it
was possible to isolate only one identifiable compound.
The analytical and spectroscopic data are in agreement
with the pyrrolo[3,4-clisoquinolinone structure 9 assigned
to the product of thermolysis (25% yield). In particular,
the ir spectrum had two absorption bands at 3380 and
3200 cm ! attributable to the NHs and a band at 1640 cm™!
due to the carbonyl stretching. The 'H nmr spectrum
showed two broad peaks at 8.27 and 10.69 6 attributable to
the two iminic protons whereas in the *>C nmr spectrum
the presence of a peak at 161.59 ppm due to the carbonyl
carbon atom is in agreement with the reported values for
the C-~2 of pyridin-2-one derivatives [22].

In conclusion, this procedure represents the first
method to prepare fully aromatic pyrrolo[3,4-clisoquino-
line derivatives although in low yields. Probably better
yields could be obtained by using alternative syntheses, as
for example the decomposition of suitable arylnitrenium
ions.

EXPERIMENTAL

All melting points were taken on a Buchi-Tottoli capillary ap-
paratus and are uncorrected; ir spectra were determined in
bromoform with a Jasco FT/IR 5300 spectrophotometer; 'H and
3C nmr spectra were measured at 100 and 25 MHz respectively
in DMSO-d, solution, unless otherwise specified, using a JEOL
FX-100 spectrometer (TMS as internal reference); mass spectra
were obtained with a JEOL JMS-01 SG-2 double focusing mass
spectrometer operating with an electron beam energy of 75 eV
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and 10 Kv accelerating voltage. Column chromatography was
performed with Merck silica gel 230-400 Mesh ASTM.

Preparation of 2,5-Diphenyl-3{2-nitrobenzamido)pyrrole (5).

To an ice cooled and stirred solution of 3-amino-2,5-diphenyl-
pyrrole (3) [23] (4.68 g, 20 mmoles) and triethylamine (20 mmoles)
in anhydrous dichloromethane (100 ml), a solution of 2-nitroben-
zoyl chloride (4) (3.7 g, 20 mmoles) in anhydrous dichlorometh-
ane (20 ml) was added dropwise. The reaction mixture was al-
lowed to reach room temperature and after 4 hours the solvent
was evaporated under reduced pressure. The residue was shaken
for 30 minutes with water (200 ml), added with few drops of hy-
drochloric acid, filtered, and the solid was washed with a saturat-
ed aqueous solution of sodium hydrogen carbonate. The dried
solid residue was recrystallized from benzene/ethanol 1:1 (yield
92%), mp 209°; ir: 3440, 3380 (NH), 1665 (CO) cm"*; ‘H nmr
(acetone-ds): & 7.04 (1H, d (J = 2.0 Hz), singlet upon exchange
with deuterium oxide pyrrole H-4), 7.19-7.45 (6H, m, ArH),
7.67-7.87 (6H, m, ArH), 7.99-8.10 (2H, m, ArH), 9.25 (1H, bs, ex-
changeable NH), 10.46 (1H, bs, exchangeable NH); ms: m/z M* =
383.

Anal. Caled. for C,H N0, C, 72.05; H, 4.47; N, 10.96.
Found: C, 72.01; H, 4.52; N, 10.89.

Preparation of 3-(2-Aminobenzamido}-2,5-Diphenylpyrrole (6).

The nitro derivative 5 (10 mmoles) dissolved in ethanol (100
ml) was reduced with 10% Pd on charcoal in a Parr apparatus at
45 psi for 12 hours at room temperature. The catalyst was filtered
off and the concentrate solution was allowed to crystallize (yield
95%), mp 196-197°; ir: 3470, 3380 and 3280 (broad) (NH, and
NH), 1660 (CO) cm™; 'H nmr: § 6.42 (2H, s, exchangeable NH,),
6.54-6.67 (2H, m, ArH), 6.76 (1H, d (J = 2.0 Hz), singlet upon ex-
change with deuterium oxide, pyrrole H-4), 7.10-7.46 (7H, m,
ArH), 7.66-7.81 (5H, m, ArH), 9.49 (1H, s, exchangeable CONH),
11.17 (1H, bs, exchangeable pyrrole NH); ms: m/z M* = 353.

Anal. Caled. for C,,H,,N,0: C, 78.16; H, 5.42; N, 11.89. Found:
C, 78.24; H, 5.50; N, 11.69.

Diazotization of 3{2-Aminobenzamido)-2,5-diphenylpyrrole.
Method A. Diazotization in Sulfuric Acid.

The amine 6 (5 mmoles) was dissolved in the minimum volume
of acetone and sulfuric acid (2/V, 30 ml) was added. The reaction
mixture was heated at 60° and sodium nitrite (5§ mmoles) in water
(3 ml) was added. The mixture was kept at the same temperature
for 1 hour and then the acetone was evaporated. After cooling,
aqueous sodium hydroxide (1) was added until the pH was ad-
justed to ca 7. The solid precipitate was filtered off and dried.
The crude product was chromatographed using dichloromethane
as eluant, The first product eluted was the 342,5-diphenylpyrrole-
3-ybenzotriazin-4-one (7) (vield 50%), mp 209°; ir: 3335 (NH),
1684 (CO) cm™; *H nmr: 6 6.90 (1H, d (J = 1.5 Hz), singlet upon
exchange with deuterium oxide, pyrrole H-4), 7.21-7.59 (10H, m,
ArH), 7.83-8.43 (4H, m, ArH), 11.79 (1H, bs, exchangeable NH);
ms: m/z (relative intensity) 364 (M*, 20), 336 (80), 308 (25), 256
(50), 149 (100), 105 (70), 77 (55).

Anal. Calcd. for C,,H,,N,0: C, 75.81; H, 4.43; N, 15.38. Found:
C, 75.77; H, 4.41; N, 15.29.

Further elution gave 2,2-dimethyl-342,5-diphenylpyrrole-3-
yl}2,3-dihydro-1 H-quinazolin-4-one (8) (yield 20%), mp 270°; ir:
3380 and 3260 (NH), 1680 (CO) cm™*; *H nmr: § 1.11 (3H, s, CH,),
1.54 (3H, s, CH;), 6.60 (1H, d (J = 2.3 Hz), singlet upon exchange
with deuterium oxide, pyrrole H-4), 6.71.6.77 (2H, m, ArH), 6.86
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(1H, s, exchangeable NH), 7.16-7.42 (7TH, m, ArH), 7.65-7.84 (SH,
m, ArH), 11.36 (1H, bs, exchangeable NH); **C nmr: § 26.52 (q),
27.09 (q), 72.46 (s), 107.94 (d), 114.51 (s), 114.99 (d), 116.90 (d),
120.22 (s), 123.85 (d), 125.85 (s), 125.95 (d), 126.21 (s), 127.85 (s),
128.15 (d), 128.46 (d), 128.68 (d), 130.48 (d), 131.82 (d), 132.17 (s),
133.15 (s), 146.66 (d), 163.27 (s); ms: m/z M* = 393,

Anal. Caled. for C,;H,,N,0: C, 79.36; H, 5.90; N, 10.68. Found:
C, 79.42; H, 5.79; N, 10.70.

Method B. Diazotization in Acetic Acid.

The amine 6 (5 mmoles) was dissolved in glacial acetic acid (25
ml) and sodium nitrite (5 mmoles) dissolved in water (3 ml) was
added dropwise under stirring at room temperature. The reac-
tion mixture was stirred for 1 hour and then poured onto crushed
ice. The solid precipitate was collected and recrystallized to give
the benzotriazinone derivative 7 in quantitative yield.

Decomposition of the Pyrrolylbenzotriazinone 7 in Ethanolic Hy-
drogen Chloride.

Benzotriazinone (7) (2 mmoles) was refluxed in absolute
ethanol saturated with gaseous hydrogen chloride (30 ml) until no
starting material was detected by tlc (2 hours). The solvent was
evaporated under reduced pressure and the solid residue was
triturated with water and the pH adjusted to 7 with aqueous
sodium bicarbonate. The solid was collected, air dried and
chromatographed using dichloromethane as eluant. The first
product eluted was 3-(2-chlorobenzamido)-2,5-diphenyl-4-ethyl-
pyrrole (10) (yield 27%), mp 221°; ir: 3356 and 3212 (NH), 1663
(CO)em ' *H nmr: 6 1.18 (3H, t, CH,), 2.49 (2H, q, CH,), 7.35-7.80
(14H, m, 2 x C¢Hs and C.H,), 9.68 (1H, s, exchangeable NH),
11.07 (1H, s, exchangeable NH); *C nmr: 8 15.51 (q), 17.06 (1),
117.89 (s), 121.83 (s), 126.24 (d), 126.89 (d), 127.13 (d), 127.30 (d),
128.36 (d), 128.60 (d), 129.83 (s), 130.01 (s), 130.83 (s), 132.01 (s),
133.30 (s), 137.60 (s), 167.00 (s); ms: m/z (relative intensity) 400
(M*, 83), 385 (15), 365 (16), 262 (31), 261 (99), 260 (52), 259 (37),
258 (10), 246 (32), 245 (80), 244 (52), 243 (37), 242 (16), 233 (36),
232 (99), 231 (24), 230 (21), 218 (19), 217 (26), 216 (11), 204 (13),
156 (15), 154 (13), 144 (22), 142 (18), 141 (98), 140 (39), 139 (99),
131 (15), 130 (28), 129 (48), 128 (51), 127 (30), 117 (16), 116 (33),
115 (98), 114 (16), 112 (19), 111 (99), 105 (30), 104 (99), 103 (24),
102 (26), 91 (26), 89 (30), 85 (13), 78 (23), 77 (100).

Anal. Caled. for C,H,,CIN,O: C, 74.90; H, 5.28; N, 6.99.
Found: C, 74.81; H, 5.33; N, 7.04.

The second product eluted was 3-benzamido-2,5-diphenyl-4-
ethylpyrrole (11) (yield 10%); ir: 3410 and 3289 (NH), 1657 (CO)
em™Y; 'H nmr: 6 1.11 (3H, t, CH,), 2.32 (2H, q, CH,), 7.26-8.03
(15H, m, 3 x C.H;), 9.67 (1H, s, exchangeable NH), 11.05 (1H, bs,
exchangeable NH); *C nmr: § 15.12 (q), 17.18 (1), 118.89 (s},
121.89 (s), 125.89 (d), 126.13 (d), 126.89 (d), 127.13 (s), 127.60 (d),
128.36 (d), 128.48 (d), 128.60 (d), 131.42 (s), 132.18 (s), 133.36 (s),
134.83 (s), 166.95 (s); ms: m/z (relative intensity): 366 (M*, 33), 261
(23), 245 (9), 232 (11), 149 (16), 129 (23), 112 (10), 105 (15), 77 (10).

Anal. Caled. for C,,H,,N,0: C, 81.94; H, 6.05; N, 7.65. Found:
C, 81.85; H, 6.00; N, 7.77.

Thermal Decomposition of the Pyrrolylbenzotriazinone 7.

The benzotriazinone 7 (2 mmoles) was heated, in a silicon oil
bath, at 250° until the gas evolution ceased (3 hours). After cool-
ing, the residue was dissolved in dichloromethane and chromato-
graphed using dichloromethane:ethyl acetate 95:5 as eluant. The
only product eluted was 1,3-diphenyl-2H-pyrrolo[3,4-clisoquino-
lin-5-one (9) (yield 25%), mp 260-262°; ir: 3380 and 3200 (NH),
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1640 (CO) cm™*; 'H nmr: § 7.41-7.63 (14H, m, ArH), 8.27 (1H, bs,
exchangeable NH), 10.69 (1H, bs, exchangeable NH); **C nmr: §
113.34 (s), 114.76 (s), 121.00 (d), 121.43 (s), 124.70 (d), 125.57 (d),
125.83 (d), 128.02 (d), 128.36 (d), 129.06 (d), 129.55 (d), 131.64 (d),
132.74 (d), 135.24 (s), 137.62 (s), 139.05 (s), 139.52 (s), 141.90 (s),
161.59 (s); ms: m/z (relative intensity): 336 (M*, 100), 335 (4), 334
(4), 307 (5), 306 (6), 232 (10), 205 (4), 204 (9), 178 (6), 177 (4), 176
(4), 153 (4), 104 (5), 77 (12).

Anal. Caled. for C,,H,(N,0: C, 82.12; H, 4.79; N, 8.33. Found:
C, 82.21; H, 4.83; N, 8.41.
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