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Isoquinoline alkaloids show a great variety of pharma-
cological action and therefore have always been of great
interest to synthetic as well as pharmaceutical organic
chemists [1]. More recently, synthetic isoquinoline deriva-
tives have been introduced as pharmaceutical agents, e.g.
nomifensine (1), a non-tricyclic antidepressant which ex-
hibits its effects mainly through inhibition of the neuronal
reuptake of both dopamine and norepinephrine {2]. Pera-
fensine (2, HR 459) is a structurally similar compound
bearing a piperazine-side chain in position 3 of the isoqui-
noline nucleus which shows antidepressant properties bas-
ed upon the selective inhibition of the neuronal reuptake
of norepinephrine [3]. HR375 (3) lacks the phenyl substi-
tuent present in 1 and 2 and is substituted on the piper-
azine-side chain, which changes its pharmacological acti-
vity to a neuroleptic profile [4]. Given these results, it was
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thought that isoquinoline derivatives alkylated on the ben-
zene nucleus would show interesting psychotropic proper-
ties. We therefore started a project to synthesize di- and
tetraalkyl-3-piperazinoisoquinolines, which to our know-
ledge have not yet been described in the literature, and in-
vestigated their pharmacological profile.

As a general method applicable to all patterns of substi-
tution which we envisaged, we chose a reaction sequence
starting from the corresponding 1-indanones 4 (Scheme 1).
Nitrosation of the 1-indanones 4a-j by ethyl nitrite or amyl
nitrite in ether or ether/ethanol under acid catalysis led to
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the 2-oximino-l-indanone derivatives Sa-j in good yield.
These were submitted to a modified Beckmann rearrange-
ment using excess phosphorus pentachloride in phos-
phorus oxychloride as solvent saturated with gaseous hy-
drogen chloride [5] leading to the 1,3-dichloroisoquinoline
derivatives 6a-j. Selective hydrogenolytic removal of the
l-chloro substituent was achieved by treatment with hy-
driodic aicd and red phosphorus in glacial acetic acid at
reflux {6]. Finally, the resulting 3-chloroisoquinoline deri-
vatives 7a-j were reacted with excess piperazine in reflux-
ing diglyme to yield the final products 8a-j. The reaction
sequence leading from the 1-indanones 4a-j to the isoqui-
noline derivatives 8a-j was accomplished without any puri-



678 W. Bartmann, E. Konz and W. Riiger

fication of the intermediates. Compounds 3a-j, 6a-j and
7a-j were always used as raw materials. The final products
8a-j were obtained as analytically pure samples after col-
umn chromatography and conversion into their water-so-
luble hydrochlorides which were submitted to pharmacolo-
gical testing.

To obtain some information about the importance of
the piperazine substituent, we extended our study to some
related compounds 9a-m available by an analogous pro-
cedure from the corresponding 3-chloroisoquinolines 7
and the corresponding amines. The following compounds
were synthesized (Table 1): The starting compounds 4a-j

Table 1
R4
RS,
N

R
9 R R2 R? R* R®
a CH, H H CH, 3-methylpiperazino
b CH, H H CH, 2-methylpiperazino
c CH, H H CH, 3,5-dimethylpiperazino
d CH, H H CH, 4-methylpiperazino
e CH, H H CH, 2-{(diethylamino)ethylamino
f CH, H H CH, homopiperazino
g CH, H H CH, 4-(2-hydroxyethyl)piperazino
h H H CH, CH, 4-methylpiperazino
i H H CH, CH, 4-(2-hydroxyethyl)piperazino
j H H CH, CH, 4-ethoxycarbonylpiperazino
k H H CH, CH, piperidino
1 H H CH, CH, 2-(dimethylamino)ethylamino
m H H CH, CH, homopiperazino

have previously been prepared by a great number of dif-
ferent synthetic approaches [7]. We chose to use one of the
following generally applicable routes (Scheme 2):

Route A: A substituted benzene derivative 10 was acy-
lated under Friedel-Crafts conditions with 3-chloropropio-
nyl chloride to yield 11 which was then cyclised in concen-
trated sulfuric acid to indanone 4. This route was chosen
to prepare 4c, d, e, g, h, 1 and j.

Route B: A substituted benzaldehyde 12 was condensed
with malonic acid under Knoevenagel conditions to yield
the cinnamic acid 13. This was hydrogenated to 14, trans-
formed into the acid chloride 15 and then cyclised under
Friedel-Crafts conditions to the indanone 4. Alternatively,
the acid 14 was cyclised directly by polyphosphoric acid.
This route was chosen to prepare 4a, b and f.
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Typical procedures for each route are outlined in the ex-
perimental. Again, the intemediates were in general used
without purification.

Both routes meet with difficulties when used for the syn-
thesis of 5,6-disubstituted 1-indanones, e.g. 4d, as they
lead to isomeric mixtures which are often difficult to sepa-
rate [15-17]. Qur own efforts focused on the synthesis of
4d. Whereas treatment of 11d with concentrated sulfuric
acid (90°, 4 hours) led to a 85% yield of a 67:33 mixture of
4d and 4a in accordance with literature data [15], route B
did not lead to higher regioselectivities: Cyclisation of 15d
with aluminum chloride [16] or zinc chloride [17] both led
10 65:35 mixtures of 4d and 4f, and direct treatment of the
precursor acid 14d with polyphosphoric acid (90°, 3
hours) or anhydrous hydrogen fluoride gave 52:48 and
58:42 mixtures of 4d and 4f, respectively. However, 4d
and 4f could be separated by column chromatography and
were gained in sufficient quantities to be used for further
reactions.

In principle, the same problems arose during the prepa-
ration of 4i and j [16). In these cases, the isomers were
separated by extensive recrystallization.

We were, however, able to develop an unambiguous syn-
thesis of 4f which so far had only been the minor by-pro-
duct during the preparation of 4d. This was achieved by
two independent methods (Scheme 3). The first made use
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of bromine as an easily removable blocking group on the
aromatic nucleus [26]. 3-(2,3-Dimethylphenyl)propionic
acid 14d was regioselectively brominated to 16, then cy-
clised to 17 by polyphosphoric acid, and the bromine atom
substituted by hydrogen through hydrogenation over pal-
ladium at room temperature without reduction of the car-
bonyl group. The second way was based upon the Friedel-
Crafts acylation of ethylene [27]. 2,3-Dimethylbenzoyl-
chloride 18 [28] was added to ethylene under aluminium
chloride catalysis, and the resulting 11f then cyclised to 4f
by the normal procedure. Most of the isoquinoline deriva-
tives 8 and 9 showed interesting psychotropic, especially
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antidepressant activities. The most potent compounds
were 8¢ and 8f which both exhibited considerable antide-
pressant action in different animal models based upon the
selective inhibition of the neuronal reuptake of serotonin.
They are currently under detailed pharmalogical evalua-
tion. Details of the biological results will be reported else-
where.

EXPERIMENTAL

All meiting points were determined in open capillary tubes on a Biichi
melting point apparatus (Dr. Tottoli) and are uncorrected. The 'H-nmr
spectra were taken on a ® Varian T 60, ® Bruker WP 60 or ® Hitachi-
Perkin-Elmer R-24 B spectrometer at 60 MHz. All 'H shifts are reported
in ppm relative to tetramethylsilane as an internal standard. Mass spec-
tra (electron impact ionisation at 70 eV) were recorded on a ® Kratos MS
30 or ® Kratos MS 902 S spectrometer. Gas-chromatographic analyses
were carried out on a OV 101-2 capillary column at temperatures be-
tween 120 and 190°.

Route A, Typical Procedure: Synthesis of 5,6-Dimethyl-1-indanone (4d).
a) w-Chloro-3,4-dimethylpropiophenone (11d).
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A mixture of 58.0 g (0.546 mole) o-xylene and 69.6 g (0.548 mole)
3-chloropropionylchloride was added dropwise to 164 g (1.23 moles) of
anhydrous aluminium chloride in 550 ml of nitromethane over a period
of one hour. The reaction was stirred five hours at room temperature and
poured into a mixture of 100 ml of concentrated hydrochloric acid and
500 g of ice. The organic phase was separated, the ageuous phase ex-
tracted twice with ether and the combined organic phases washed twice
with 2N hydrochloric acid, once with a saturated aqueous solution of so-
dium chloride, cleared by treating with activated carbon, dried over mag-
nesium sulfate and evaporated, leaving 102 g (95%) of raw 11d. Recrys-
tallisation of a sample from petroleum ether led to pure product, mp
69-70° (lit [15] mp 72-72.5°).

b)5,6-Dimethyl-1-indanone (4d).

To 900 ml of concentrated sulfuric acid 213 g (1.08 moles) of raw
w-chloro-3,4-dimethylpropiophenone (11d) were added in portions and
heated at 90° for 4 hours. The cooled reaction mixture was poured onto
an excess of ice and extracted twice with toluene. The combined organic
phases were washed twice with saturated aqueous sodium bicarbonate
and once with saturated aqueous sodium chloride, cleared by treating
with activated carbon, dried over magnesium sulfate and evaporated.
The raw material (148,2 g, 85%) contained about 33% of the undesired
isomer 4a (gc) and was recrystallized from 2000 ml of petroleum ether
(40-60°) at room temperature giving 54 g of a first crop, 92% pure (gc). A
second recrystallisation under identical conditions left 19.0 g of 5,6-di-
methyl-l-indanone (4d), mp 85-86°, 99.5% pure (gc) (lit [15] mp 87-88°).

The same procedure was applied to the synthesis of the following 1-in-
danones:

4,7-Dimethyl-1-indanone (4c).

This compound was obtained as colorless crystals, mp 74-75° (lit [13]
mp 78-79°).
5,7-Dimethyl-1-indanone (4e).

This compound was obtained as colorless needles, mp 74-76° (lit [18]
mp 76-77°).
4,5,6,7-Tetramethyl-1-indanone (4g).

This compound was obtained as colorless crystals, mp 152-154° (lit [14]
mp 152-153°).
4,7-Diethyl-1-indanone (4h).

This compound was obtained as a colorless oil, (lit [22] bp 96-98°/0.1
mm).
3,5,6,7-Tetrahydro-s-indacen-1(2H)-one (4i).

This compound was obtained as white crystals, mp 78-80° (lit [24] mp
80-81°).
2,3,5,6,7,8-Hexahydro-1 H-benz[f]inden-1-one (4j).

This compound was obtained as colorless crystals, mp 50-52° (lit {25]
mp 47°).

Route B, Typical Procedure: Synthesis of 5,6-Dimethyl-1-indanone (4d).
a) 3,4-Dimethylcinnamic Acid (13d).

To a solution of 85.3 g (0.643 mole) of 3,4-dimethylbenzaldehyde (12d)
in 250 ml pyridine, 92.9 g (0.893 mole) of malonic acid and 5.4 ml of
piperidine were added subsequently and the reaction mixture heated to
reflux for 6 hours. After cooling, the pH was adjusted to 1 by addition of
concentrated hydrochloric acid, the precipitate collected by filtration,

washed extensively with water and dried in vacuo at 80°, yield, 92.3 g
(82.4%) of white crystalline 13d, mp 171°, (lit [17) mp 155-157°).

b) 3{3,4-Dimethylphenyl)propionic Acid (14d).

3,4-Dimethylcinnamic acid (13d) (92.3 g, 0.524 mole) was dissolved in
1500 ml of ethanol, 75 ml of ethanolic hydrochloric acid and 3.0 g of pal-
ladium on charcoal (10%) were added and hydrogenated in an autoclave
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at 120° and 100 bars for 20 hours. After cooling, the catalyst was filtered
off and the solution evaporated. The oily residue was dissolved in 250 ml
of ethanol, a solution of 65.6 g of sodium hydroxide in 250 ml of water
was added and the reaction mixture refluxed for one hour. After evapora-
tion of the ethanol, more water was added and the solution acidified to
pH 1 by addition of concentrated hydrochloric acid. The precipitated
product was collected, washed with water and dried in vacuo at 60° over
phosphorus pentoxide, yield, 92.2 g (99%) of white crystalline 14d, mp
81° (lit [17] mp 80-82°).

¢) 5,6-Dimethyl-1-indanone (4d) and 6,7-Dimethyl-1-indanone (4f).

Phosphoric acid (85%, 500 ml) was warmed up to 60°. 800 g of phos-
phorus pentoxide were added in portions leading to a temperature rise
up to 150°. After cooling to 90°, 87.5 g (0.491 mole) of 3{3,4-dimethyl-
phenyl)propionic acid (14d) was added and the mixture held at that tem-
perature for three hours. The reaction mixture was then hydrolysed by
pouring onto excess ice and extracted twice with methylene chloride. The
organic extracts were washed with water, dried over magnesium sulfate
and evaporated leaving 81.1 g of raw material containing a 52:48-mixture
of 4d and 4f.

These were separated by column chromatography on 1500 g of silica-
gel eluting with cyclohexanelethyl acetate 9:1 yielding 31.9 g (41%) of
6,7-dimethyl-1-indanone (4f), mp 47-50° (lit [16] mp 45.5°) as the first
fraction, and 39.2 g (50%) of 5,6-dimethyl-1-indanone (4d), mp 85-86° (lit
[15] mp 87-88°), identical in every respect to the above described pro-
duct, as the second fraction.

The same procedure was applied to the synthesis of the following 1-in-
danones:

4,5-Dimethyl-1-indanone (4a).

This compound was obtained as colorless needles, mp 96-98° (lit [8] mp
99°).

4,6-Dimethyl-1-indanone (4b).

This compound was obtained as white crystals, mp 119-121° (lit [10]
mp 121°).

Synthesis of 6,7-Dimethyl-1-indanone (4f) According to Scheme 3.
a) 3{2-Bromo-4,5-dimethylphenyl)propionic Acid (16).

To a solution of 121.3 g (0.681 mole) of 3{3,4-dimethylphenyl)propio-
nic acid (14d) in 360 ml of methylene chloride, 2.4 g of iron powder was
added and a solution of 108.9 g (1.36 moles) of bromine in 120 ml of
methylene chloride added dropwise. After addition of the first drops the
reaction was started by some crystals of iodine and heating to 40°. The
reaction mixture was then refluxed overnight, cooled, extracted with
1000 ml of saturated aqueous sodium hydrogensulfite, washed with
water, dried over magnesium sulfate and evaporated leaving 169.6 g
(97%) of raw grey 16, mp 83°.

Recrystallisation from petroleum ether yielded analytically pure pro-
duct; nmr (deuteriochloroform): 2.16 (s, 6H), 2.2-3.2 (m, 4H), 6.92 (s, 1H),
7.20 (s, 1H), 10.8 (br s, 1H); ms: (m/e) 258, 256, 199, 197, 177, 150, 135,
105.

Anal. Caled. for C,,H,;BrO,: C, 51.38; H, 5.09; Br, 31.07. Found: C,
51.12; H, 5.24; Br, 30.75.

b) 4-Bromo-6,7-dimethyl-1-indanone (17).

To 300 ml phosphoric acid (85%), warmed up to 60°, 500 g of phos-
phorus pentoxide were added in portions. After cooling, 50.0 g (0.195
mole) of 3{2-bromo-4,5-dimethylphenyl)propionic acid (16) was added at
90° and the mixture held at that temperature for 2 hours. Hydrolysis was
accomplished by pouring on 1000 g of ice and stirring up for one hour.
The solution was extracted with methylene chloride, the extracts were
washed with water, dried over magnesium sulfate and evaporated, yield
46.2 g (99%) of yellowish 17, mp 144°. A sample was recrystallised to
analytical purity from n-hexane; nmr (deuteriochloroform): 2.29 (s, 3H),
2.54 (s, 3H), 2.5-3.1 (m, 4H), 7.40 (s, 1H).

Anal. Caled. for C, H,,BrO: C, 55.25; H, 4.64; Br, 33.42. Found: C,
55.52; H, 4.85; Br, 33.10.

Vol. 24

c) 6,7-Dimethyl-1-indanone (4f).

To a solution of 8.81 g (36.8 mmoles) of 4-bromo-6,7-dimethyl-1-inda-
none in 360 ml of absolute ethanol, 6.3 ml (36.8 mmoles) of ethyldiisopro-
pylamine and subsequently 1.7 g of palladium on charcoal (10%) were
added and the mixture hydrogenated at room temperature and normal
pressure during 10 minutes. After filtration of the catalyst the solution
was evaporated, the residue dissolved in methylene chloride, washed with
diluted hydrochloric acid and water, dried over magnesium sulfate and
evaporated, yield, 5.70 g (96 %) of raw 4f showing some minor impurities
on tlc. Recrystallisation from n-pentane led to colorless crystals, mp
43-45° (lit [16] mp 45.5°).

Independent Synthesis of 6,7-Dimethyl-1-indanone (4f).

To 40.0 g (0.30 mole) of anhydrous aluminium chloride in 1000 ml of
1,2-dichloroethane, 50.4 g (0.30 mole) of 2,3-dimethylbenzoylchloride
(18) [28] was added all at once. During 5 hours, gaseous ethylene was bub-
bled through this solution at 10-20° and the reaction mixture left over-
night. It was then poured on 1000 ml of 4 N hydrochloric acid and stirred
vigorously for five minutes. The organic phase was separated, the
aqueous phase extracted with 300 ml of ether and the combined organic
phases washed with saturated aqueous sodium hydrogencarbonate and
with water, dried over magnesium sulfate and evaporated. The raw
242,3-dimethylbenzoyl)ethyl chloride (11f) (60.7 g) contained some di-
chloroethane and some 4f (tlc) and was used without further purification.

This was added to 250 m! of concentrated sulfuric acid and stirred at
80-90° during 30 minutes. After cooling to room temperature the solu-
tion was poured into 1000 ml of ice and extracted several times with
ether. The organic phases were washed with saturated aqueous sodium
hydrogencarbonate and water, dried over magnesium sulfate and evapo-
rated. The oily product (39.6 g) crystallized on standing yielding 29.9 g
(69%) of 4, identical in all respects to the above described product.

Typical Procedure for the Preparation of Isoquinoline Derivatives 8 and

9.
a) 5,6-Dimethyl-2-0ximino-1-indanone (5d).

To a solution of 18.0 g (0.112 mole) of 5,6-dimethyl-1-indanone (4d) in
270 ml ether, first 4.5 ml of saturated ethanolic hydrogen chloride and
then 100 ml of a 15% ethanolic solution of ethyl nitrite were added drop-
wise at 0°. After 30 minutes at 0° the precipitated product was collected
by filtration, washed with ether and dried yielding 19,5 g (92%) of raw
Sd, mp 240-242°; nmr (dimethylsulfoxide-dg): 2.29 (s, 6H), 3.61 (s, 2H),
7.28 (s, 1H), 7.41 (s, 1H).

b) 1,3-Dichloro-6,7-dimethylisoquinoline (6d).

To a suspension of 19.0 g (0.100 mole) of 5,6-dimethyl-2-oximino-1-in-
danone (5d) in 600 ml of phosphorus oxychloride, 23.6 g (0.113 mole) of
phosphorus pentachloride was added at 0-5°. Then gaseous hydrogen
chloride was introduced until the solution was saturated and the reaction
stirred at 60° during four hours. Then again 8.0 g (0.038 mole) of phos-
phorus pentachloride was added and stirring was continued for two
hours at 80°. After evaporating the solvent the residue was slowly hy-
drolysed by addition of water, the precipitate collected by filtration,
washed extensively with water and dried, yield 22.0 g (97%) of crude 6d,
mp 135-136°; nmr (deuteriochloroform): 2.33 (s, 6H), 7.17 (s, 2H), 7.64 (s,
1H).

¢) 3-Chloro-6,7-dimethylisoquinoline (7d).

A mixture of 21.0 g (92.9 mmoles) of 1,3-dichloro-6,7-dimethylisoquino-
line (6d), 6.9 g of red phosphorus, 100 m] of glacial acetic acid and 42 ml
of hydriodic acid (57%) was refluxed for eight horus. The hot reaction
mixture was filtered, evaporated, the residue dissolved in water and basi-
fied by addition of concentrated aqueous sodium hydroxide. The precipi-
tate was collected by filtration, dissolved in methylene chloride, washed
once with saturated aqueous sodium chloride, cleared by treating with
activated carbon, dried over magnesium sulfate and evaporated. The res-
idue (12.4 g) was purified by column chromatography (250 g of silicagel,
elution with methylene chloride/ethyl acetate 9:1), yield 11.6 g (65%) of
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crude 7d, mp 114-117°; nmr (deuteriochloroform): 2.35 (s, 6H), 7.2-7.5
(m, 3H), 8.79 (s, 1H).

d) 6,7-Dimethyl-3-piperazinoisoquinoline (8d).

To a solution of 5.74 g (30.0 mmeoles) 3-chloro-6,7-dimethylisoquinoline
(7d) in 50 ml diglyme, 39 g (450 mmoles) of piperazine were added and
stirred at 150° for 72 hours. After cooling the reaction mixture was di-
stributed between toluene and water, the organic phase was separated,
washed several times with water and extracted with 2 NV hydrochloric acid
three times. The acidic extracts were basified by addition of potassium
carbonate, extracted with methylene chloride, the organic extracts dried
over magnesium sulfate, evaporated and chromatographed on 250 g of
silicagel, eluting with methylene chloride/methanol 9:1, yield, 5.0 g
(69%) of 8d, nmr (deuteriochloroform): 1.78 (s, 1H), 2.40 (s, 6H), 2.9-3.2
(m, 4H), 3.4-3.7 (m, 4H), 6.70 (s, 1H), 7.37 (s, 1H), 7.54 (s, 1 H), 8.85 (s, 1H);
ms: (m/e) 241 (M*), 226, 211, 199, 185, 172, 156, 56.

Compound 8d was dissolved in acetone and the hydrochloride precipi-
tated by addition of one equivalent of saturated ethanolic hydrogen
chloride, yield, 4.1 g of 8d-hydrochloride, mp 272-276°.

Anal. Caled. for C,,H,CIN;: C, 64.86; H, 7.26; N, 15.13; Cl, 12.76.
Found: C, 64.59; H, 7.50; N, 14.92; Cl, 12.80.

According to the typical procedure and by applying the appropriate
l-indanone derivatives and amines the following compounds have been
prepared:

5,6-Dimethyl-3-piperazinoisoquinoline (8a).

This compound was obtained in 69% yield; nmr (deuteriochioroform):
2.45 (s, 6H), 2.9-3.7 (m, 3H), 6.80 (s, LH), 7.08 (d, ] = 7 Hz, 1H), 7.56 (d, ]
= 7 Hz, 1H), 8.85 (s, 1H); ms: (m/e) 241 (M*), 199, 191, 185, 172, 59;
8a-hydrochloride, mp >260°.

Anal. Caled. for C,,H,,CIN,: C, 64.86; H, 7.26; N, 15.13; Cl, 12.76.
Found: C, 65.05; H, 7.55; N, 14.97; Cl, 12.48.

5,7-Dimethyl-3-piperazinoisoquinoline (8b).

This compound was obtained in 83% yield; nmr (deuteriochloroform):
2.42 (s, 3H), 2.55 (s, 3H), 3.0-3.3 (m, 4H), 3.4-3.8 (m, SH), 6.76 (s, 1H), 7.22
(s, 1H), 7.42 (s, 1H), 8.86 (s, 1H); ms: (m/e) 241 (M*) 211, 199, 191, 185,
172, 156; 8b-dihydrochloride, mp >260°.

Anal. Caled. for C, H,,CL,N,: C, 57.33; H, 6.74; N, 13.37; Cl, 22.56.
Found: C, 57.25; H, 7.00; N, 13.10; Cl, 22.20.

5,8-Dimethyl-3-piperazinoisoquinoline (8c).

This compound was obtained in 86% yield, mp 91-92° (from n-hep-
tane); nmr (deuteriochloroform): 2.46 (s, 1H), 2.53 (s, 3H), 2.66 (s, 3H),
3.0-3.3 (m, 4H), 3.4-3.8 (m, 4H), 6.80 (s, 1H), 6.8-7.3 (AB, ] = 7 Hg, 2H),
9.14 (s, 1H); ms: (m/e) 241 (M*), 226, 211, 199, 185, 172, 157, 128, 56;
8c-hydrochloride; mp > 260°.

Anal. Caled. for C;H,,CIN,: C, 64.83; H, 7.26; N, 15.13; Cl, 12.76.
Found: C, 64.71; H, 7.44; N, 14.88; CI, 12.99.

6,8-Dimethyl-3-piperazinoisoquinoline (8e).

This compound was obtained in 89% yield, 8e-hydrochloride, mp
214-217°; nmr (deuteriochloroform): 2.43 (s, 3H), 2.65 (s, 3H), 3.2-4.1 (m,
8H), 6.78 (s, 1H), 6.96 (s, 1H), 7.25 (s, 1H), 9.05 (s, 1H), 10.0 (br s, 1H); ms:
(m/e) 241 (M*), 211, 199, 185, 172, 157.

Anal. Caled. for C;H,,CIN,: C, 64.83; H, 7.26; N, 15.13; Cl, 12.76.
Found: C, 65.10; H, 7.31; N, 14.79; Cl, 12.60.

7,8-Dimethyl-3-piperazinoisoquinoline (8f).

This compound was obtained in 60% yield; nmr (deuteriochloroform):
1.76 (s, 1H), 2.40 (s, 3H), 2.60 (s, 3H), 2.9-3.7 (m, 8H), 6.72 (s, 1H), 7.31 (s,
2H), 9.55 (s, 1H); ms: (m/e) 241 (M*), 226, 211, 199, 185, 173, 157, 128, 56;
8f-hydrochloride, mp 250° dec.

Anal. Caled. for C,H,,CIN,: C, 64.83; H, 7.26; N, 15.13; Cl, 12.76.
Found: C, 64.45; H, 6.98; N, 14.85; Cl, 12.85.

5,6,7,8-Tetramethyl-3-piperazinoisoquinoline (8g).

This compound was obtained in 46% yield, 8g-hydrochloride, mp
>260°; nmr (deuteriochloroform): 2.36 (s, 3H), 2.41 (s, 3H), 2.50 (s, 3H),
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2.63 (s, 3H), 3.0-4.0 (m, 8H), 6.92 (s, 1H), 9.14 (s, 1H), 9.9 (br s, 1H); ms:
(m/e) 269 (M*), 239, 227, 213, 200, 138.

Anal. Caled. for C,;H,,CIN;: C, 66.76; H, 7.91; N, 13.74; Cl, 11.59.
Found: C, 66.52; H, 8.11; N, 13.52; CI, 11.54.

5,8-Diethyl-3-piperazinoisoquinoline (8h).

This compound was obtained in 89% yield, 8h-hydrochloride, mp
160-163°; nmr (dimethylsulfoxide-de): 1.55 (1, J = 7 Hz, 6H), 2.7-4.0 (m,
12H),7.06 (d,J] = 7 Hz, 1H), 7.35(d,J = 7 Hz, 1H), 9.18 (s, 1H), 9.3 (br s,
2H); ms: (m/e): 269 (M*), 239, 227, 213, 200.

Anal. Caled. for C,;H,,CIN,: C, 66.76; H, 7.91; N, 13.74; Cl, 11.59.
Found: C, 66.77; H, 8.10; N, 14.01; CI, 11.63.

7,8-Dihydro-3-piperazino-6H-cyclopentalelisoquinoline (8i).

This compound was obtained in 67% yield, mp 114-120°; nmr (deu-
teriochloroform): 2.10 (quint, J = 7 Hz, 2H), 2.7-3.2 (m, 8H), 3.3-3.7 (m,
4H), 6.71 (s, 1H), 7.40 (s, 1H), 7.57 (s, 1H), 8.85 (s, 1 H); ms: (m/e): 253 (M*),
223, 211, 197, 184, 168, 140, 112, 56; 8i-hydrochloride, mp > 260°.

Anal. Caled. for C,;H,,CIN,: C, 66.31; H, 6.96; N, 14.50; Cl, 12.23.
Found: C, 65.95; H, 7.30; N, 14.24; Cl, 12.60.

6,7,8,9-Tetrahydro-3-piperazinocyclohexalejisoquinoline (8j).

This compound was obtained in 53% yield; nmr (deuteriochloroform):
1.6-2.0 (m, 4H), 2.7-3.4 (m, 9H), 3.5-3.9 (m, 4H), 6.76 (s, 1H), 7.27 (s, 1H),
7.47 (s, 1H), 8.85 (s, 1H); ms: (m/e): 267 (M*), 252, 237, 225, 211, 198, 183,
168, 155, 45; 8j-hydrochloride, mp 236-239°.

Anal. Calcd. for C,,H,,CIN;: C, 67.20; H, 7.30; N, 13.83; Cl, 11.67.
Found: C, 66.88; H, 7.40; N, 13.52; Cl, 11.50.

5,8-Dimethyl-3{3-methylpiperazino)isoquinoline (9a).

This compound was obtained in 49% yield; nmr (deuteriochloroform):
1.23 (d, J = 6 Hz, 3H), 2.55 (s, 3H), 2.67 (s, 3H), 2.3-4.4 (m, 8H), 6.80 (s,
1H), 6.95 (d,J] = 7 Hz, 1H), 7.23(d, ] = 7 Hg, 1H), 9.15 (s, 1H); ms: (m/e)
255 (M*), 240, 225, 211, 199, 185, 172, 157, 128, 56; 9a-hydrochloride, mp
246-248°.

Anal. Calcd. for C, ,H,,CIN,: C, 65.85; H, 7.60; N, 14.40; CI, 12.15.
Found: C, 65.48; H, 7.50; N, 14.28; Cl, 11.83.

5,8-Dimethyl-3{2-methylpiperazino)isoquinoline (9b).

This compound was obtained in 31 % yield as a byproduct during the
preparation of 9a. The two isomers could be separated by column chro-
matography (silica gel; methylene chloride/methanol 95:5); nmr (deu-
teriochloroform): 1.62 (d, J = 6 Hz, 3H), 2.53 (s, 3H), 2.67 (s, 3H), 2.9-4.6
(m, 8H), 6.85 (s, 1H), 7.00 (d, ] = 7 Hz, 1H), 7.30(d, ] = 7 Hz, 1H), 9.11
(s, LH); ms: (m/e) 255 (M*), 240, 225, 211, 199, 185, 172, 157, 128, 115, 56;
9b-hydrochloride, mp 246-247°.

Anal. Caled. for C,(H,CIN;: C, 65.85; H, 7.60; N, 14.40; Cl, 12.15.
Found: C, 65.70; H, 7.41; N, 14.57; Cl, 11.78.

343,5-Dimethylpiperazino)}-5,8-dimethylisoquinoline (9c).

This compound was obtained in 41 % yield; nmr (deuteriochloroform):
1.25 (d, ] = 6 Hz, 6H), 2.55 (s, 3H), 2.66 (s, 3H), 2.3-4.5 (m, 7H), 6.79 (s,
1H), 6.95 (d, J = 7 Hz, 1H), 7.22(d, ] = 7 Hz, 1H), 9.13 (s, 1 H); ms: (m/e)
269 (M%), 248, 211, 199, 185; 9c-hydrochloride; mp >260°.

Anal. Caled. for C,;H,,CIN,: C, 66.76; H, 7.91; N, 13.74; Cl, 11.59.
Found: C, 66.38; H, 8.05; N, 13.39; Cl, 11.85.

5,8-Dimethyl-3{4-methylpiperazino)isoquinoline (9d).

This compound was obtained in 86% yield; nmr (deuteriochloroform):
2.40 (s, 3H), 2.51 (s, 3H), 2.64 (s, 3H), 2.5-2.8 (m, SH), 3.5-3.8 (m, 4H), 6.78
(s, 1H), 691 (d, ] = 7 Hz, 1H), 7.20(d, ] = 7 Hz, 1H), 9.10 (s, 1H); ms:
(m/e) 255 (M*), 240, 211, 185, 172, 157, 128, 71; $d-hydrochloride; mp
>260°.

Anal. Caled. for C,H,,CIN,: C, 65.85; H, 7.60; N, 14.40; Cl, 12.15.
Found: C, 65.60; H, 7.40; N, 14.44; Cl, 11.92.

3-[2{(Diethylamino)ethylamino}-5,8-dimethylisoquinoline (Je).

This compound was obtained in 41 % yield; nmr (deuteriochloroform):
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1.08 (1, ] = 7 Hz, 6H), 2.49 (s, 3H), 2.61 (s, 3H), 2.5-3.0 (m, 7H), 3.41 (q,
2H), 5.25 (br s, 1H), 6.56 (s, 1H), 6.83 (d, ] = 7 Hz, 1H), 7.15(d, J = 7 Hg,
1H), 9.00 (s, 1H); ms: (m/e) 271 (M*), 254, 191, 176, 172, 156, 100, 99, 86;
9e-dihydrochloride, mp 208-210°.

Anal. Caled. for C,,H,,CIN,: C, 59.30, H, 7.90; N, 12.20; Cl, 20.59.
Found: C, 58.96; H, 7.75; N, 11.95; Cl, 20.30.

3-Homopiperazine-5,8-dimethylisoquinoline (9f).

This compound was obtained in 86% yield, 9f-hydrochloride, mp
201-202°; nmr (deuteriochloroform): 2.50 (s, 3H), 2.65 (s, 3H), ~2.5 (m,
2H), 3.1-3.6 (m, 4H), 3.85 (t, ] = 7 He, 2H), 4.1-4.3 (m, 2H), 6.66 (s, 1H),
6.91 (d,J] = 7 Hz, 1H), 7.12(d, J = 7 Hz, 1H), 9.08 (s, 1H), 9.8 (br s, 2H);
ms: (m/e) 255 (M*), 240, 225, 213, 199, 186, 173, 157.

Anal. Caled. for C, H,,CIN,: C, 65.85; H, 7.60; N, 14.40; Cl, 12.15.
Found: C, 65.45; H, 7.52; N, 14.31; Cl, 12.00.

3{442-Hydroxyethyl)piperazinol}-5,8-dimethylisoquinoline (9g).

This compound was obtained in 80% yield, 9g-hydrochloride, mp
255-258°; nmr (deuteriochloroform): 2.50 (s, 3H), 2.66 (s, 3H), 3.0-3.7 (m,
6H), 3.9-4.3 (m, 6H), 4.9 (br s, 1H), 6.86 (s, 1H), 6.96 (d, ] = 7 Hz, 1H),
7.08(d,J = 7 Hz, 1H), 9.10 (s, 1H); ms: (m/e): 285 (M*), 270, 254, 225, 211,
199, 185, 172, 157, 101.

Anal. Caled. for C,H,,CIN,O: C, 63.44; H, 7.52; N, 13.06; CI, 11.01.
Found: C, 63.33; H, 7.30; N, 12.92; CI, 10.76.

7,8-Dimethyl-3<4-methylpiperazino)isoquinoline (9h).

This compound was obtained in 42% yield as yellow crystals, mp
86-88°; nmr (deuteriochloroform): 2.37 (s, 3H), 2.40 (s, 3H), 2.60 (s, 3H),
2.60 (t, ] = 6 Hz, 4H), 3.60 (1, ] = 6 Hz, 4H), 6.73 (s, LH), 7.32 (s, 2H),
9.18 (s, 1H); ms: (m/e) 255 (M*), 240, 211, 197, 185, 172, 157, 71; 9h-hydro-
chloride; mp 254-256° dec.

Anal. Caled. for C; H,,CIN;: C, 65.85; H, 7.60; N, 14.40; Cl, 12.15.
Found: C, 65.55; H, 7.70; N, 14.25; Cl, 12.50.

3-{4-(2-Hydroxyethyl)piperazino]-7,8-dimethylisoquinoline (9i).

This compound was obtained in 52% yield as yellow crystals, mp
108-110°; nmr (deuteriochloroform): 2.40 (s, 3H), 2.58 (s, 3H), 2.5-2.9 (m,
7H), 3.5-3.8 (m, 6H), 6.73 (s, 1H), 7.32 (s, 2H), 9.18 (s, 1H); ms: (m/e) 285
(M*), 270, 254, 225, 211, 185, 172, 157, 101; 9i-malenate, mp 126-128°.

Anal. Caled. for C,H,,N,0,: C, 62.83; H, 6.78; N, 10.47. Found: C,
62.55; H, 6.80; N, 10.30.

3-(4-Ethoxycarbonylpiperazino}-7,8-dimethylisoquinoline (9j).

This compound was obtained in 39% yield, mp 77-80°; nmr (deuterio-
chioroform): 1.25 (t, ] = 7 Hz, 3H), 2.40 (s, 3H), 2.59 (s, 3H), 2.5-2.7 (m,
8H),4.14(q,] = 7 Hz, 2H), 6.73 (s, 1H), 7.33 (s, 2H), 9.17 (s, 1 H); ms: (m/e)
313 (M), 298, 268, 240, 211, 197, 185, 172, 157; 9j-oxalate (salt with 1.5
equivalents of oxalic acid), mp 154-155°.

Anal. Caled. for C, H,N,0,: C, 56.24; H, 5.84; N, 9.37. Found: C,
56.15; H, 5.90; N, 9.20.

7,8-Dimethyl-3-piperidinoisoquinoline (9k).

This compound was obtained in 48% yield, mp 72-75°; nmr (deuterio-
chloroformy): 1.6-1.9 (m, 6H), 2.40 (s, 3H), 2.58 (s, 3H), 3.4-3.7 (m, 4H), 6.71
(s, 1H), 7.28 (s, 2H), 9.17 (s, 1H); ms: (m/e) 240 (M), 225, 211, 197, 172,
157, 84; 9k-hydrochloride, mp 196-205°.

Anal. Caled. for C, H,,CIN,: C, 69.42; H, 7.65; N, 10.12; CI, 12.81.
Found: C, 69.12; H, 7.65; N, 9.75; Cl, 13.04.

3{2{Dimethylamino)ethylamino}-7,8-dimethylisoquinoline (91).

This compound was obtained in 37% yield; nmr (deuteriochloroform):
2.33 (s, 6H), 2.38 (s, 3H), 2.57 (s, 3H), 2.3-4.0 (m, 5H), 6.50 (s, 1H), 7.28 (s,
2H), 9.05 (s, 1H); ms: (m/e) 243 (M"), 199, 185, 172, 157, 156, 145, 58;
91-dioxalate, mp 182-184°.

Anal. Caled. for C;H,(N,0,: C, 53.90; H, 5.95; N, 9.92. Found: C,
53.52; H, 6.01; N, 9.78.

3-Homopiperazino-7,8-dimethylisoquinoline (9m).
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This compound was obtained in 47% yield; nmr (deuteriochloroform):
2.03 (m, 2H), 2.39 (s, 3H), 2.58 (s, 3H), 2.7-4.0 (m, 9H), 6.55 (s, 1H), 7.27 (s,
2H), 9.11 (s, 1H); ms: (m/e) 255 (M*), 240, 225, 213, 211, 199, 186, 173,
157; 9m-hydrochloride, mp 184°.

Anal. Calcd. for C,(H,,CIN,: C, 65.85; H, 7.60; N, 14.40; Cl, 12.15.
Found; C, 65.66; H, 7.52; N, 14.21; Cl, 12.50.
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