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Catalytic hydrogenation of variously substituted l-arylisoquinolin-3(2H)-ones 1 gave, depending on the
substituents, 5,6,7,8-tetrahydroisoquinolin-3(2H)-ones (2) and/or the corresponding 1,4-dihydro derivatives 3.
Saturation of the compounds fused with benzene ring furnished as the main products the 9,10-dihydro- (4
and 5) and 5,6-dihydroisoquinolin-3(2H)-ones (6) in the case of benzo[f] and benzo[k] anellation, respectively,
in addition to the 1,4-dihydro compounds detected or isolated as by-products.

J. Heterocyclic Chem., 26, 609 (1989).

In a previous communication [1] we reported on the hy-
drogenation of 1,4-disubstituted isoquinolin-3(2H)-ones
(3-isoquinolinols) prepared in our laboratory. In the course
of a study of the hydrogenation of compounds of type 1
(R! = Ph; R? = Me, i-Pr, Ph; R* = R* = R* = R®* = H)it
was found that the main products were - except for the
case of R? = i-Pr - the 5,6,7,8-tetrahydro derivatives 2; as
by-products the 1,4-dihydro compounds 3 were isolated
whose steric structures were also established.

In the present work the hydrogenation experiments
have been extended to isoquinolin-3(2H)-one derivatives 1
containing different substituents (Scheme 1).

Of the methoxy-substituted compounds, first the hydro-
genation of 6,7-dimethoxy-4-benzyl-1-phenylisoquinolin-
3(2H)-one (1a) [2] was investigated. It was found that even
at elevated pressures and temperatures only the unchang-
ed starting material could be recovered from the reaction
mixture; neither the 5,6,7,8-tetrahydro- 2a, nor the 1,4-
dihydroisoquinolinone 3a could be detected among the
products.

In order to examine the effect of the presence of meth-
oxy groups, 4-veratryl-1-phenylisoquinolin-3(2H)-one (1b)
was also prepared using the method described by us earli-
er [2,3]. This compound could be hydrogenated under the
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given conditions, i.e. in acetic acid solution, in the
presence of palladium-on-charcoal catalyst, at atmospheric
pressure and ambient temperature, to give the 5,6,7,8-
tetrahydro derivative 2b and the 1,4-dihydro compound
3b in 53% and 19% yield, respectively.

The hydrogenation of compounds containing no substi-
tuent at position 4 was also studied; the compound avail-
able for this examination was the 5-methyl derivative lc.
In this experiment the main product was the 1,4-dihydro-
isoquinolinone 3¢ that was in all respects identical with
the compound synthesized earlier [4] from o-methylbenzyl
cyanide and benzaldehyde by cyclization in polyphospho-
ric acid. Workup of the reaction mixture gave the 1-phen-
yl-5-methyl-5,6,7,8-tetrahydroisoquinolin-3(2H)-one (2¢) in
20% yield.

Hydrogenation of the 1,4{N-heterocyclic), i.e. pyridine-
ring-containing compound, 4-(4-picolinyl)-1-(4-pyridyl)-
isoquinolin-3(2H)-one (1d) gave a number of uniden-
tifiable decomposition products also; only the 1,4-dihydro
compound 3d could be isolated in the pure state from the
reaction mixture.

Re R®
AO° A N°
SUNH NH

R! R

4R'=CeHs, RZ=H 6 R' = CgHs, R? = CH,CeHs

5 R'= CgHg, R? = CH,CgHs

In the hydrogenation of isoquinolin-3(2H)-ones fused
with benzene ring, such as 1-phenylbenzo[flisoquinolin-
3(2H)-one (le), the main product was the 9,10-dihydro de-
rivative 4 accompanied by a smaller amount of the 1,4-di-
hydro compound 3e; the latter had been prepared by us
earlier by a definitive synthesis from l-naphthylacetoni-
trile and benzaldehyde in polyphosphoric acid [5]. Reduc-
tion of the 4-benzyl-subsitututed compound 1f gave a
similar result; the 9,10-dihydro derivative 5 was isolated as
a pure substance, but the by-product 1,4-dihydro com-
pound 3f could not be obtained as a homogeneous pro-
duct, hence its structure and yield were established by nmr
spectroscopy. In the case of the benzo[h] derivative 1g the
main product 5,6-dihydroisoquinolinone 6 was isolated in
a good yield, but the minor product 3g could only be
detected and its structure identified owing to separation
problems similar to the case of 3f.

On the basis of the above experiments it can be stated
that the hydrogenation of the benzo derivatives le,f,g
takes place - as expected on the analogy of previous ex-
perience - at the 9,10-position, 4, 5, in the benzo[f] com-
pounds, and at the 5,6-position, 6, in the benzo[Alisoquino-
linones. The formation of derivatives hydrogenated in the
aromatic ring was not detected. Although no data for the
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energies of mesomerism are available from the literature,
we assume that the energy loss of the mesomerism due to
the cessation of the azaphenanthrene-lactam structure in
le, £, and g which exist mainly in the quinoidal form [2,6)
is the circumstance which allows the formation of the main
products 4, 5, and 6 and allows the formation of the by-
products 3e, f, and g. In the first case an aromatic
benzene ring beside the pyridone ring is produced and in
the second instance a naphthalene structure is produced.
Thus under the given reaction conditions the saturation of
the aromatic ring would not have been expected.

EXPERIMENTAL

Melting points were determined on a Biichi-Tottoli apparatus
and are uncorrected. The ir spectra were taken with a Perkin-
Elmer 457 spectrometer. The 'H nmr spectra were recorded on a
JEOL FX-100 instrument. Mass spectra were obtained with an
AEI MS-902 spectrometer (70 eV, direct insertion, 165°).

4-Verairyl-1-phenylisoquinolin-3(2H}-one (1b).

1-Phenyl-1,4-dihydroisoquinolin-3(2H)-one (3, R* = Ph, R? =
R* = R* = R® = R® = H)(4.46 g, 20 mmoles)[7] was dissolved at
60°, under a stream of nitrogen, in dry toluene (300 ml). Sodium
hydride (1.2 g, 22 mmoles; 50% dispersion in mineral oil) was ad-
ded and the mixture was stirred for 30 minutes. A solution of
3,4-dimethoxybenzaldehyde (3.32 g, 20 mmoles) in toluene (15
ml) was then added dropwise. The mixture was stirred 15 hours at
100°. After cooling, it was poured into water (400 ml), allowed to
stand overnight, and the precipitated product was filtered off and
dried to give 5.2 g (70%) of 1b, mp 182° (from benzene); ir (po-
tassium bromide): » C=N 1620, » OH 3540 cm™.

Anal. Caled. for C,,H, NO,: 77.61; H, 5.70; N, 3.77. Found: C,
77.74; H, 5.78; N, 3.93.

Hydrogenation of 4-Veratryl-1-phenylisoquinolin-3(2H)-one (1b).

Compound 1b (18.7 g, 50 mmoles) was hydrogenated in 95%
acetic acid (200 ml) in the presence of 10% palladium-on-
charcoal (Engelhardt) catalyst (2 g) until the absorption of
hydrogen ceased. The catalyst was removed by filiration, the
filtrate was evaporated to dryness and the residue dissolved in
acetone. Storage of the solution in a freezer resulted in the
separation of the greater part (8 g) of the 5,6,7,8-tetrahydro deriv-
ative 2b, which was filtered off and dried. The acetonic filtrate
was evaporated to dryness and the residual oil rubbed with dilute
(1:1) ammonium hydroxide. The resulting solid was chromatog-
raphed on a column of aluminum oxide, using chloroform as
eluent. In this way an additional amount (2 g) of 2b and the
1,4-dihydro derivative 3b (3.49 g) were isolated. The data for the
products are the following:

4-Veratryl-1-phenyl-5,6,7,8-tetrahydroisoquinolin-3(2H)-one (Zb).

This compound was obtained in a yield of 53% (10 g), mp
197-199° (from butanol); ir (potassium bromide): » C=0 1625
em™; *H nmr (deuteriochloroform). 8 CH,(CH,),CH, 2.44 1 (2),
1.4-1.9 m (4), 2.70 £ (2), MeO 3.80 5 (3), 3.83 5 (3), ArCH, 3.86 s (2),
ArH 6.73 m (2), 6.90 s (1), Ph-1 7.39 m (5); **C nmr: § CH, 22.3,
22.5, 26.4, 21.5, 30.9, MeO (2x) 55.9, veratryl CH 111.1, 1124,
120.3, Ph-1 Corhoy Comere 129.1, 1284, C,... 129.0, C,,,, 140.8,
C(=0) 163.0, C-1 150.0 quaternary carbons 114.3, 127.2, 133.1,
134.2, 147.2, 148.8.
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Anal. Caled. for C, ,H,,NO,: C, 76.77; H, 6.71; N, 3.73. Found:
C, 76.64; H, 6.75; N, 4.00.

4-Veratryl-1-pheny)-1,4-dihydroisoquinolin-3(2H)-one (3b).

This compound was obtained in a yield of 19% (3.49 g), mp
135-137°; ir (potassium bromide): » C=0 1660 cm™; 'H nmr
(deuteriochloroform): 8§ CH,CH 3.22 m (2), (ABX-type), 3.89 t (1),
MeO 3.54 5(3), 3.83 5 (3), H-1 5.59 m (1), ArH 6.33 d (1) (J ~ 2 Hz),
6.44 dd (~8.5 Hz, 2 Hz), 6.6-6.8 m (3), 6.9-7.4 m (7).

Anal. Caled. for C,,H,,NO,: C, 77.19; H, 6.21; N, 3.75. Found:
C, 77.51; H, 6.21; N, 4.18.

Hydrogenation of 5-Methyl-1-phenylisoquinolin-3(2H)}-one (lc).

A solution of 1¢ (2.25 g, 9.6 mmoles) [6] in 99.5% acetic acid
(130 ml) was hydrogenated in the presence of 10% palladium-on-
charcoal (Engelhardt) catalyst (0.8 g) until the absorption of
hydrogen ceased. The catalyst was removed by filtration and the
filtrate evaporated to dryness. Rubbing of the residual oil with
dilute (1:1) ammonium hydroxide gave a solid. It was filtered off,
dried and the components were separated on a column of
aluminum oxide, using chloroform and chloroform-methanol (9:1)
as the eluents. The products were:

5-Methyl-1.phenyl-1,4-dihydroisoquinolin-3(2H)one (3c).

Compound 3¢ was obtained upon elution with chloroform,
yield 1.55 g (68%), mp 177-178° (from ethyl acetate) (lit (4] mp
177°).

5-Methyl-1-phenyl-5,6,7,8-tetrahydroisoquinolin-3(2H)-one (2c).

Compound 2¢ was obtained upon elution with chloroform-
methanol (9:1), yield 0.45 g (20%), mp 178-179° (from ethyl
acetate); ir (potassium bromide): ¥ C=0 1650 cm™*; 'H nmr (deu-
teriochloroform): MeCH(CH,),CH, 1.28 d (3), 2.77 sextet (1),
1.3-20 m (4), 241 t1(2), =CH 6.38d (1), ‘] = 1.2 Hz, ArH 742 s
(5), NH 10.96 (broad) (1).

Anal. Caled. for C;H,,NO: C, 80.30; H, 7.16; N, 5.85. Found:
C, 80.38; H, 7.18; N, 5.89.

4{4-Picolinyl)- 14(4-pyridyl)}1,4-dihydroisequinolin-3(2H)-one (3d).

4{(4-Picolinyl)}1{4-pyridyl}-isoquinolin-3(2H}one (1d) (7.4 g,
23.6 mmoles) [8] was dissolved in 99.5% acetic acid (170 ml).
Engelhardt’s catalyst (10% palladium-on-charcoal) (2 g) was add-
ed and the mixture was hydrogenated until the absorption of
hydrogen stopped. After removal of the catalyst, the filtrate was
evaporated to dryness and the residue rubbed with acetone to
give homogeneous 3d (1.5 g, 29%), mp 195-197° (from ethanol);
ir (potassium bromide): ¥ C=0 1670 cm™; ms: m/z (I%) 315
(100), M.

Anal. Caled. for C,;H,,N,0: C, 76.15; H, 5.43; N, 13.32. Found:
C, 76.14; H, 5.60; N, 13.49.

Hydrogenation 1-Phenylbenzolflisoquinolin-3(2H)-one (1e).

A solution of 1e (0.6 g, 2.2 mmoles) [6] in acetic acid (100 ml)
was hydrogenated in the presence of 10% palladium-on-charcoal
(Engelhardt) catalyst (0.2 g) until no more hydrogen was absorb-
ed. After removal of the catalyst, the filtrate was evaporated to
dryness and the residual oil was rubbed with acetone to give pro-
duct 4 (0.35 g, 58%), mp 259-260°; ir (potassium bromide): »
C=0 1640 cm™; 'H nmr (deuteriochloroform): 6 CH,CH, 2.68 m
(4), H-4, 6.88 s (1), H-5 7.75 m (1), ArH 7.1-7.4 m (3), Ph-1 749 s

).
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Anal. Caled. for C, H,;NO: C, 83.49; H, 5.53; N, 5.12. Found:
C, 83.33; H, 5.58; N, 5.17.

The acetone mother liquor was evaporated to dryness and the
residue was chromatographed on a column of alumina. Elution
with chloroform gave 0.1 g (17%) of the 1,4-dihydro derivative
3e, mp 220-221° (lit [5] mp 223-225°).

Hydrogenation of 1-Phenyl-4-benzylbenzo[flisoquinolin-3(2H)-
one (1f).

Compound 1f (0.3 g, 0.83 mmole) [6] was hydrogenated in
99.5% acetic acid (100 ml) in the presence of 10% palladium-on-
charcoal (Engelhardt) catalyst (0.1 g) until the absorption of
hydrogen had ceased. The catalyst was removed and the filtrate
evaporated to dryness. Rubbing of the residue with acetone gave
a solid that was filtered off and dried to yield 0.15 g (50%) of the
9,10-dihydro compound 5, mp 217-219°; ir (potassium bromide):
» C=0 1635 cm™; 'H nmr (deuteriochloroform): § CH,CH, 2.62
m (4), ArCH; 4.18 s (2), ArH 7.0-7.6 m (14).

Aral. Caled. for C,H, NO: C, 85.92; H, 5.82; N, 3.85. Found:
C, 85.55; H, 5.86; N, 3.55.

The acetone mother liquor was evaporated to dryness and the
residue rubbed with dilute (1:1) ammonium hydroxide. The
resulting solid was a mixture of 5 and 3f that could not be
separated either by crystallization or chromatography. The pres-
ence of the 1,4-dihydro derivative 3f occurring together with 5
was supported by the » C=0 1665 cm™ ir band besides the v
C=0 1635 cm™ band of 5. Further evidence was supplied by the
'H nmr data; in addition to the ArCH, and (CH,), signals at 4.21
and 2.62 ppm, respectively, of compound 5, there were also the
lines of CH,CH at 3.34 m (2) and 4.58 t (1), indicating the
presence of 3f. On the basis of these signals the yield of 3f was
21%.

Hydrogenation of 4-Benzyl-1-phenylbenzo[hlisoquinolin-3(2H)-
one (1g).

A solution of 1g (3.25 g, 8.9 mmoles) [6] in 99.5% acetic acid
(200 ml) was hydrogenated in the presence of 10% palladium-on-
charcoal (Engelhardt) catalyst (0.75 g) until no more hydrogen
was absorbed. After removal of the catalyst, the filtrate was evap-
orated to dryness and the residue rubbed with acetone. The re-
sulting solid was filtered off and dried to give 2.2 g (67.3%) of the
5,6-dihydro derivative 6, mp 261-263° (from ethyl acetate); ir
{potassium bromide): » C=0 1630 cm™; 'H nmr (deuteriochloro-
form): 6 CH,CH, 2.86 s (4), ArCH, 4.03 s (2), ArH 6.70 dd (1) (the
Ph-1 group is nearly perpendicular to the aromatic ring), 6.98 td
(1), 6.76 td (1) and ArH 7.0-7.5 m (11).

Anal. Caled. for C,;H,,NO: C, 85.92; H, 5.82; N, 3.85. Found:
C, 85.80; H, 6.01; N, 3.70.

The acetone mother liquor was evaporated to dryness. The
residue was rubbed with dilute (1:1) ammonium hydroxide, and
the resulting solid was filtered off. In this way a mixture of 6 and
3g was obtained that could be separated neither by crystalliza-
tion, nor by chromatographic methods. The presence of 3g was
supported by the ir spectrum; besides the » C=0 1630 cm™*
band of 6, also the » C=0 1660 cm™ band, characteristic of
1,4-dihydroisoquinolin-3(2H)-ones was seen. Further, in the 'H
nmr spectrum, in addition to the ArCH, 4.07 and CH,CH, 2.75 m
signals due to 6, also the H-peri (6.30 d) and H-1 (5.67) lines could
be well identified and assigned to 3g. Their evaluation shows that
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the yield of 3g was 10%.
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