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SYNTHESIS AND REACTIONS OF ISOQUINOLINE DERIVATIVES V.
SYNTHESIS AND REACTIONS OF 3—CHLOROISOQUINOLINE-4-CARBOXYLIC ACIDS

Wilhelm Bartmann, Elmar Konz, and Wolfgang Riiger*
Hoechst AG, D-6230 Frankfurt/Main B0, Federal Republic of Germany

Abstract - Derivatives of 3-chloroiscquincline—4~carboxylic acid are easily accessible
by potassium permanganate oxidation of the corresponding aldehydes. C(onditions have
been developed for selective reduction, substitution and decarboxylation reactions
leading to 3-substituted isoquinoline derivatives with interesting pharmacological

properties.

In continuation of our efforts toc define easily accessibkle routes to isoquinoline derivatives
with special substitution patterns L and interesting pharmacclogical properties we directed
our attention to the synthesis of 3-substituted isoquinoline-4-carboxylic acids. We have
already reported that 3-chloroisoquinoline-4-carbaldehydes 1 are oxidized in good yield to the
corresponding 3—chloroiscquinoline-4~carboxylic acids 2 by the action of potassium permangana-

te in acetone/water at pH 7 2'3.
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As the aldehydes 1 are easily accessible from 1,4-dihydro-3(2H}-iso—quinclinones 2, the
carboxylic acids 2 constitute very versatile starting materials for further elaboration. Scheme
1 illustrates same of the opportunities starting from 3-chlorco-1-phenylisoquinoline-4-carboxy-

lic acid 2a.
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Catalytic reduction of 2a over palladium in methanolic ammonia leads to the dehalogenated acid
3 in a very sluggish reaction. Under harsher conditions 1-phenyl~1,2, 3, 4-tetrahydroisoquinoline
4 is formed as the main product. However, 3 is accessible by another route : Hydrogenation
of the ester 5 which is obtained from 2a by esterification with diazomethane, leads to the
dehalogenated ester 6 in & very clean and uniform reaction; & can be saponified to 3 after-

wards.

Reaction of 2a with thionyl chloride to the intermediate carboxylic acid chloride followed by
treatment with amines gives access to the amides 7 which in turn can be catalytically dehaloge-
nated to the amides §. Campounds § are alsc cbtained by an altexnate sequence of reactions
starting from the acid 3 by treatment with first thionyl chloride and theh amines. The amide
function in position 4 is activating the neighbouring chlorine atom towards nuclecphilic
displacement as is demonstrated by the formation of 9 with amines under relatively mild condi-
tions ( t = 100 - 120 °C ). In contrast, the direct treatwent of 2a with amines in diglyme as
solvent needs temperatures of about 140 °C, and the nuclecphilic substitution is accampanied by
decarboxylation leading to 3-—amino-l-phenylisoguinoline derivatives 11 -6 Nucleophilic
displacement by alcohols or thicls, however, does allow the isolation of the carboxylic acids

10 which lose carbon dioxide only at temperatures of about 200 -~ 250 °C.

This difference in reactivity between amines con the one hand vs. alcohwls and thicls on the
cther hand can be interpreted by assuming aminc acids 12 as intermediates: 12 can be protcnated
at position 4 by ammonium compounds present in the reaction mixture thereby facilitating the
elimination of carbon dicxide accampanied by rearamatization. This protonation/decarboxyla-
tion sequence is not as efficiently favored with oxygen or sulfur substituents in position 3.

Thus the acids 10f-i are isclable.
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Table 1: Isoquinoline-4-carboxylic Acid Derivatives

Product g g yiela® mpb) Molecular Ms (70 eV)d) N (CDCIS/TMS)E)
%) (°C) formaal’ niz (4, %) &, 7 )
2a 73 214-216 C, gy S 1ND,, 283 {100) 7.20-8.30 (m,9H,amm+COOH)f)
2b 2-CH, H 87 170-180 G H, LCINO,, 256 (-1, 6) 2.11 (s,34,CH,); 7.00-8.20 (m,8H,arom);
8.73 (s,1H,CO0H)
2c 2-F H a7 193-196 G, &HgC1FNG,, 301 (100} 6.90-8.30 (m,8H,arom+CO0H)
2d 3-NO, H 69 237-229 €, gHCIN0, 328 {12) §.74 (s,1H,COCH); 7.30-8.80 (m,8H,arom)
2e 4-CF, H 51 256-260  C, HCIF.NO, 351 )] 7.20-8.20 (m,8,arom); 9.00 (s,1H,CO0H)
2f 2-F, 6-C1 H 75 106-110 €, H.CLFNO, 335 (100) £.80-8.20 (m,?H,arom+cooz—1)”
2z H 5-CH, 65 226-228 €, H, CINO, 297 (100} 2,82 (S,SH,CHS); 7.10-8.10 (m,8H,arcm+
COOH)
2h H 6-CHy 78 268-272 C, S, SCINO, 297 (100) 2.45 (S,SH,CHS); 6.40 (s,1H,C00H);
6.90-8.05 (m,8H,arom)
2i H 6-Cl 30 268-271 €, gHeCLNO, 317 {M-H,100) 5.65 {s,1H,CO0H}; 7.20-7.80 (m,6H,
arom}; 7.95 (s,1H,H-5); 8.05% (d4,M=6.0,
1H,H-8)
23 H 6,7-ai-CHy0 58 235-237 €, gHy 4C1NO, 343 (100) 3.84 (s,36,CH.0); 4.02 (s,3H,CH0);
6.60-7.90 (m,7H, arcm+CO0H)
2k 2-CH, 6-Cl1 85 258-260 C, M, ;CLNO, 331 (100} 2.07 (s,SH,CHS); 7.00-7.90 (m,6H,arom);
5.04 (m,2H,H-5+C0O0H)
21 2-F 6-F 74 232-234 € gRaC1F,NO, 319 {100) 6.95-8.10 {m,7H,arcm}; 8,75 (s,1H,CO0H)
14 a8 251-253 € HeCINO, 207 (100} 7.60-8.50 {m,dH,arom}; 9.30 (s.lH,H—l)f)
17 24 205-209 G, gH) AC1N0, 287 {70} 1.50-2.10 (m,4H,CH,}; 2.40-3.10 (m,4H,
CHy); 4.40 (s,1H,C00H); 7.45 (s,5H,arom)
2) vields not optimized, isolated pure products. ¢} Obtained on an Varian T 60 or Bruker WP 60
b) Spectrometer at 60 MHz.

Uncorrected, measured on a Blchi melting point apparatus (Dr. Tottoli).

) )
c) Satisfactory microanalyses obtained: C + 0.40; H + 0.30; N + 0.30; €1 + 0.40 Spectrum recorded in DMSO*de‘

4 Recorded on a Kratos M3 30 or Kratos 902 S5 Spectrometer.
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The above interpretation is supported by several experimental results :

a} Acidic cleavage of 3-butoxy~l-phenylisoquinoline-4~carboxylic acid 10f with pyridine hydro-
chloride at 170 °C is accompanied by decarboxylation leading to 11 in good yield 7.

b} 117 upon treatment with phosphorus oxychloride at 230 °C gives access to 11k. In contrast to
2a, the substitution of the chloro substituent by amines in 1llk needs much higher temperatu-—

8,9

res and longer reaction times . Therefore, 1lk does not seem to be an intermediate on

the way fram 2a to 11.

Scheme 2 illustrates that the methods described above are also applicable to l-unsubstituted
and partially hydrogenated isoquinoline derivatives : 3-chlorcisoquinoline-4-carboxylic acid
14 and 3-chloro-l-phenyl-5,6,7,8~tetrahydroisoquinoline—4-carboxylic acid 17 are easily
cbtained by potassium permanganate oxidation of the corresponding aldehydes 13 and 1l6 2
Reaction with amines, e.g. piperazine, leads to substitution and decarboxylation products 15

and 18, respectively.

Scheme 2
HN NH
=N KMnO, =N — ~N
| —_— | . —_— " | -
“Sa al N/\|
CHO COOH k/ NH
13 14 15
Ph Ph Ph
™
<N KMnO, Ty HNON Ty
| —_ i R ——
o =
— o a N/\\
CHO COOH k/ NH
] 1 18
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In summary, 3-chloroisoquinoline-4—carboxylic acid derivatives prove to be easily accessible

and versatile intermediates for the creation of 3-substituted isoguinolines with interesting

phamacological properties 3,10-12 )
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EXPERIMENTAL

Typical procedure:

3=Chloro-l-phenylisoquinoline—4-carboxylic acid (2a).

To a suspension of 3-chloro-l-phenylisogquinoline—4-carbaldehyde 2 (53.3g, 0.2 mol) in acetone
(1500 ml} and phosphate buffer (500 ml, pH 7) at 40 °C potassium permanganate (40.0 g, 0.25
mol) is added in portions during 2 h. The reaction mixture is stirred at 40 °C for further 2 h,
cooled and sodium hydrogen sulfite (10 g} added. The precipitate is filtered off, the remaining
solution concentrated by evaporation and acidified by addition of hydrochloric acid. 2a is
collected by filtration and recrystallized from ethanol. Yield : 41,1 g (73 %), mp 214 - 216

°C.

Methyl 3-chlorc-1-phenylisoquinoline-4-carboxylate {5).

A suspension of 2a (28.4 g, 0.1 mol} in methylene chloride (250 ml} is treated with excess
diazomethane in ether in an ice bath. After 4 h at roau temperature the remaining diazomethane
is destroyed by addition of glacial acetic acid, the organic phase extracted with saturated
aqueous sodium hydrogen carbonate and water, dried and evaporated. Yield : 29.1 g (98 %), mo

110 -~ 113 °cC.

Methyl l-phenylisoquincline-4-carboxylate (6) and l-phenylisoquinoline- d-carboxylic acid (3).

A mixture of 5 (10.0 g, 0.033 mcl) and triethylamine (20 ml) in methanol (250 ml) is hydroge-
nated over palladium on charcoal (10 %, 0.8 g) at room temperature under normal pressure during

5 h. The catalyst is filtered off, the remaining solution washed with water, dried and evapo-
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rated, yielding oily 6 (8.1 g, 91 %). Saponification with sodium hydroxide in methanol and

usval work-up gives the acid 3, mp 244 - 247 °C.

Typical procedure:

1~ (3—Chlorc-1-phenylisoquincline-4~-carbonyl) ~4-methylpiperazine (7a).

A mixture of 2a (10.6 g, 0,0375 mol} and thicnyl chloride (300 ml) is heated to reflux for 4 h.
Excess thionyl chloride is distilled off and the crude acid chloride dissolved in chloroform
(75 ml}. This solution is added dropwise to a solution of N-methylpiperazine (11.3 g, 0.113
mol) in chloroform (100 ml} at room temperature, The reaction mixture is stirred overnight, the
solvent is evaporated, the residue treated with water, collected by filtration, triturated in
saturated agueous sodium hydrogen carbonate (2000 ml), again cocllected by filtration, washed

with water and dried. Yield : 13.3 g (96 %), mp 164 — 167 °C; hydrochloride, mp 255 — 256 °C.

Typical proceduret

1-Phenyl-3-phenylthioisoquinoline~4-carboxylic acid (10h).

A mixture of 2a (28,3 g, 0.1 mol), sodium carbonate (41.5 g, 0.3 meol} and thiophenol (13.2 g,
0.12 mol) in dimethylformamide (200 ml) is heated to reflux during 20 h. After cooling water
and toluene are added, the aquecus phase is separated, acidified by addition of hydrcchloric
acid, the product collected by filtration and recrystallized from ethancl. Yield : 1%.3 g {55

%), mp 238 - 240 °C (dec.).

3-Hydroxy-1-phenylisoquinoline-4~carboxylic acid {107]).

A mixture of 2a {85.0 g, 0.3 mel) and sodium hydroxide {300 g) in n-butanol (600 ml) is heated
at 100 °C during 2 h. After cooling the solution is diluted with ether (500 ml] and the preci-
pitate collected by filtration. This crude material is dissolved in water (20 1) and acidified
to pH 2 by addition of hydrochloric acid. A new precipitate is formed which is again collected
by filtration (55 g}. 3-Butoxy-l-phenylisoquinoline-d-carboxylic acid 10f (1.8 g, mp 119 - 121
*C from methancl} is extracted fram the crude product by stirring with methanol, the residue is
purified by recrystallization from dimethylformamide. Yield : 36.6 g (46 %), mp 220 - 222 °C

(dec.).

— 716 —
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Typical procedure:

3- (4-Methylpiperazin-1-yl)-1l-phenylisoquinoline {1la).

A mixture of 2a (30,0 g, 0.116 mol} and N-methylpiperazine (90 ml) is heated to 150 °C during 6
h. After cooling toluene and water are added, the organic phase is separated, washed several
times with water, dried and evaporated, leaving 32.0 g of a brownish oil, which is pure on tlc
{methancl/chloroform 2/8, Rf = 0.5). Dissolution in acetcne and treatment with ethanolic

hydrogen chloride gives lla-hydrochloride (31.8 g, 81 %), mp 278 - 281 °C.

Typical procedure:
3-Hydroxy-1-phenylisoquinoline (113§).
Carboxylic acid 10j (36.6 g, 0.138 mol) is slowly heated to 220 °C and retained 1 h at that

temperature. After cooling the residue is treated with little ethyl acetate leaving 29.9 g (97
%) of 113, mp 207 - 209 °C. 1llj is also cbtained from 1-phenyi-1, 4-dihydro-3 (2H) -iscquinclinone

13 by treatment with palladium on charcoal in 1,4~diisopropylbenzene at 175 °C in 16 % yield.

3-(2-Dimethy laminoethoxy) -1=-phenyliscquincline (11i).

Sodium {4.6 g, 0.2 mol} is dissolved in 2-dimethylamincethancl (80 ml} and 1lk (4.8 g, 0.02
mol) is added at 50 °C. The reaction mixture is heated at 140 °C during 3 h. After usual
work-up with toluene and water 1li is obtained as an yellowish cil {5.6 g, 35 %) ; hydrochlori-

de mp 202 - 204 °C.

3—Chloro-l-phenylisoquinoline (1ik).

A mixture of 11 (40.0 g, 0.18 mol} and phosphorus oxychloride (340 ml) is heated to 230 °C in
an autoclave during 24 h, Excess reagent is distilled off and the residue hydrolyzed by cau-
ticus addition of ice-water. llk is extracted with toluene. Yield 42.3 g (98 %}, mp 85 — 97

°C.

3~ (Piperazin-1-vl) isoquincline (15).

A mixture of 14 (2.0 g, 0.01 mol} and piperazine (20 g) in diglyme (100 ml) is heated to reflux
during 4 h. The solvent is distilled off in vacuc and the residue treated with water and
extracted with toluene. 15 is isolated from the tcluene phase (1.8 g, 85 %), mp 95 - 96 °C;

hydrochloride mp 276 - 277 °C.

— 717 —




1~Fhenyl-3-(piperazin-1-y1)-5,6,7,8-tetrahydroisoquincline (18).

This compound is dbtained fram 17 by the procedure described above for the synthesis of 15.

Yield : 41 % oily product, hydrochloride mp 240 - 243 °C,
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