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SYNTHESIS AND REACTIONS OF ISOQUINOLINES IV. 1
REACTIONS CF 3—CHLOROISOQUINOLINE-4-CARBAIDEHYDES

*
Elmar Konz and Wolfgang Riiger
Hoechst AG, D-6230 Frankfurt/Main 80, Federal Republic of Germany

Dedicated to Prof. Wilhelm Bartmann on the cccasion of his 60th birthday

Abstract - 3-Chloroiscquinoline-4-carbaldenydes 2 are versatile intermediates for
various functional manipulations as e.q. oxidation or reduction of the formyl group
or micleophilic substitution of the chleoro substituent leading to products with

interesting pharmacological properties.

After a century of research on isoquinoline chemistry mainiy derived from the interest in the

alkaloid field 273

carmpounds with special substitution patterns are still a matter of concern
for synthetic as well as pharmaceutical chemists. 3-Chloroisoquincline-4-carbaldehydes 2 have
been almpst unknown in the literature with just one excepticn 4. Recently we develcoped a
convenient and versatile synthesis of these derivatives fram 1,4-dihydro-3(2H)-isoquinclinones
1 by a two-step procedure involving a Vilsmeier-Haack reaction followed by subsequent oxidation
with potassium permanganate under acidic conditions 5_7. Formally the aldehydes 2 are vinylo-
gous acid chlorides and as such amenable to various synthetic transformaticns 8. The incorpo-

ration of the B-chlorovinylaldehyde element into an heteroaromatic ring system increases its

stability and attenuates its reactivity towards nucleophilic reagents at the B-carbon.
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Scheme 1 illustrates the synthetic opportunities starting e.g, fram 3-chlorc-l-phenylisoquine-

line—-4-carbaldehyde 2a:
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Za is reduced by sodium borohydride to the alcohol 3 which can be dehydrogenated to 4 by
catalytic hydrogenation over palladium on charcoal. Dehalogenated aldehyde 5 is accessible fram
2a by protection, catalytic hydrogenaticn and deprotection. Treatment of 2a with hydroxyl-
amine yields oxime € which can be further transformed either to nitrile 7 by dehydration with
phosphorus oxychloride in pyridine or to the amines 8 and 9 by stepwise catalytic hydrogenation

(see Table 1 for physical data).

The chlorc substituent of 2a can be substituted by a lot of different nucleophiles, e.g. by
heating with excess aleohol, phenol, thiophenol or amine in toluene or dimethylformamide in the
presence of sodium carbonate, leading to 3-substituted isoguinoline-4-carbaldehydes 10. Even
primary amines give clean substitution products because intermediate Schiff bases are hydro-

lyzed upon work-up (see Table 2 for examples and physical data}.

The 3-substituted isoquinoline-4-carbaldehydes 10 are very versatile intermediates for further

elaboration as illustrated by the examples shown in Scheme 2 and Table 3:

The formyl function can be reduced tc an alcohol 11 by sodium borohydride or oxidized to the
acid 1l2c {Nu = O-Ph) by potassium pemmanganate. With Mu = amine these oxidation conditions lead
to decamposition. Moreover, the formyl group can be transformed to a nitrile via the interme-
diate oxime or reduced to the primary amine as exemplified in the Scheme. Nitrile 14f is alsc
cbtained by nucleophilic substitution with N-methylpiperazine fram 7. Hydrolysis of 14f to the
amide 16f is easily acconplished by reaction with concentrated sulfuric acid in excellent
yield. Finally, Wittig-Horner reaction of 10f and subsequent reduction with DIRAL leads to the
vinylogous aldehyde 17f, whereas Wolff-Kishner reduction provides the 4-methyl derivative 18f.
Most of the nucleophilic substitution reactions of 2a need temperatures above 100°C. In
contrast, the reactivity of the 1,2-dihydroisoquinoline derivative 19 > is so high that the
analogous reaction leading to 20 takes place even at roam temperature (see Table 4}. Scheme 3
contains two more exanples demonstrating that these reactions are also applicable to l-unsub-

stituted (2b, R = H} and partially hydrogenated 3-chloroisoquinoline-4-carbaldehydes (22) 5.
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COOH KMnO4
Nu =
see
-OCgH
12¢ e text 17t
| NaSH, NgH 4 KCH
= ~N NU = ~N
“ { Pt ] i
2 ) —N NCH, P
| Nu ~ N/\|
CILOH CHs; K/N\
i 181 CHs
NU =
Yy
HoNGH | =N N-CH,
A—
131
POCH Hz/Pd
T S
- N P

NG §
T N N

oo
o
—-
p
]
¢}
pa

)
E
;

HaS04

16F - R=CCNHp o

— 694 —



-epTJIOTUICIpPAY suy3 Jo du (5

*DobGT-EGT du TT "3 (3

"7 09 1B J218ucaioads 09 M J3nad I0 09 L UeTJeA B Uo pSUTelal

HETEROCYCLES, Val. 29, No. 4, 1989

caomouoaloads § 206 SO1eIY J0 Of SW SOIBIN B UC pebJooey (p
‘0eT0 FID ‘OZCO0FN ‘OO FH ‘OpTOT O TPAULElqo SOSATEUROIDI TN AIONDBISTIIRS

(o
S( 1703201 Jd) arnedudde qutod U IBU TYDNE B UO DaAINSESI ‘P37 0aII00UN (@
‘gyonpoad sund palrR{oST ‘PSTIWIRCO 30U SPI3TA (e
{(e-H'H1'S) 99°8
(wowe He W) Oprg-0f L t(CHO'HZ'S) oty ((CHN‘HE'S) o5z (Ov ) pez W gove-eee 86 &
fwoae ‘HE Wy Oy g-08" L mhmIU,Em,nv G :mIZ.Im.mV a7 T (ez ) 89¢ sz_” @Hu E0T-T01 59 8
(wors‘Hs‘w) 05°8-08'4 {001 (H-W)Ege “Nio*?ln 261-6aT 9% Z
{(S-H'0'22'0"g=I"PP) SR8 (=HD
HI‘s) 9'8 {(HO'HI'S) 9v'8 SwoaeHg ‘W) ORTe-0ETL (05 ) o8¢ 0 7:@: m,.ﬁ FST1-2ST LL 9
{OHD'HI'S) Ob-0T (S-H'O'e#®
‘Ora =CtppYy 086 H(E-H'HT'S) 9678 f(uoae ‘HE ‘W) OpTe-02 L (8L ) £re OZHHIEU ammemﬁ ag g
(E-HHI'S) €5°8§
f{uoae‘HE ‘W) OF 807 L mﬁmzu,:m,mv 60°G f(HO'HI'S) S9°¢2 (G2 ) SET OZmHIan BIT-L11 99 [
(uouR B W) 00°6-02° 4 H(HOHI'S) 270 (%H0'HE's) €o'v  (001) 592 ontot il 25T-061 06 g
(z) r ‘f (% ') /U (ol (Do) (%)
Amﬂmzm_\maguv _EZ\EH :uf.,m 04} SH JBETNODTON EaE hmﬁ;w; A100poag

eg onAUspTEGIed-{—auT outnbos T TAusd- [-0JIO [UD-E WoLT padedald S8ATABATIS] aurtoutnbosT 1 2TURL

— 69 —



{OHD‘HI‘S)
PO 1T H(G-H'HI'O'T7°0°6 » PP}
L0°6 '(GHHI'O 1>'0°g~r'0n)
4178 f(WeIB'HZT'W) OT'8-01°2 ( OF) e 69T SON'HCD  grT-921 08 @.m| 30T
(OHD*HT*®)
S6°01 {({S-H'HT*0'1>'0'gR [ pPD)
£0°6 {8H'HT'O 108~ 0p)
ogtg {wode'Hs'u) ORTe-02° 4
HSCHD'HR' 0 L0 3) BsTE (NS HE HO
‘0rra0'a) otz H(CHO'HO'S) ez (L0 ) 9ee acor  sotNFHFn  cot-s6 Sp “Win%o-s-  por
{CHD*HT'S) S6°'0T
HS-H'HU'O 1?*¢ g =0 pp)
LE'6 H{8-H'HI'D 70’8 ~['DD)
OT'g *(uode'HgT‘w) OE°8-08°9 ( 82) g2g S9aT
{OHD'HI's)
L8'0T H{GH'HI'O T>'0"g =L ED)
L£°6 f(woas*HE‘w) 02 80T 4
CO%HD HZ 0 920Y) L27F F(NCHDHE HD
‘0'9xr*3) etz H(EImHe‘s) ez ( €1) (HW)12E 8191 e T St 2L 9 /zlmmomzo|o| T
(OHO'HI'S) S8°01 $(5-H ‘HT'0" 1> &y
‘OTg0PR) 86 f{8-H'HT
0T 1208 =r'DD) S0'8 f{WOIeHL
‘wy 00'8-0T'Z '(O°HD'He*0°92r3)

|24 Km:om:ummonmh,su 01°2-08'C ( 59) S0E 2991

o'y ge1-t8T o8

g
— 696 —

<.

% gs e a HWoo- 0T

(2H) r *°F (% ‘W) z/u (
(AS0L) SH

nc_ououu ) BTIIIO] {0a) (%)

?mUGLH ,mmgum;oz Q.: DISTA T 10NPoIg
(3 (a (e

T

nmhmzimaaov JUN-H (P

1

ez apAUep [eqIed—t~auL [ouTrnbes T TAuayl- 1-0IoTUD-§ WoJT patedar] SspAysp [BQIRI-F-sUTTOUTnbos TTAUSU4-T pajnirisane-¢ @z aTqel




HETEROCYCLES, Vol 29, No. 4, 1989

- Ja1amonoydoa1oadg pereIul €89 JSW[I-UTHISG B UO Papdodsy (3

‘OFTOT S ‘020FN 'ORTOF H ‘OO ¥ ipauTelqo sagATruscIoTw AI0308IST1ES (o

*T 9Tqel UuT a‘p'a'e 01 SI9ISY

(a‘p'a‘e

(OHD'HI'S) Q20T *(wore HG u)
08 4-0T" 4 S(HN-HO‘HZT'W) Trp—2°1
{(OHO'HI'S) pe 01l (S-H'HI'Q I#
‘T8 AreR) $OT6 f(T-HHI'S)
00°6 f(woae‘Hg'w} 00°8-02 4
SNCHDHE O £a0t) 227 (NCHD'HP
‘OTLxEfLf1) BGE fTHO'HE'S) LRvE
(CHO'HT's) #8°0T '(HN'HI'S) 00'01
f(S-H'HT'O" 108 »'PD) 62'8
H{woae‘Hg‘w) O0T8-00"L :zmzo
‘HZ'Q £*0'1) 487 ¢ (OHD *Ho *w)
o6 z-01'2 ((PHO'HO O LA'A) LO°T
(OHD

‘HT's) 08'0T (G-H'HU'O'IT>'0'8=C
'PR) 0276 (woJe‘Hgtu) 02°8-01°L
:mxohzﬂo.?w.ﬁ [0S :mmu
HEOTL*Y) f0E P(HNTHT'S) S4° 1
(QHD

'HI'S) OE°0T (S-H'HL'O 10’6 ~l
‘pp} 026 f(woTe‘Ha'w) QT'8-0E" L
S o ety sete (CHDHY
Oruzmrta) 090z H(CHD'HE'S) 872

(870 )

)

{ 8%)

Tee

T4

LpE

L1e

Tee

OmZm.NION o

OmZb HIm._,.o

€91 Dm.ZmNINmU

0991 szm P2y

gsot  OFNTRo

110

Tto

FL —2L

[ A Arat

FG1-cs1

Se

S

et

31

fhom’ -
o or

psnuUTIUO] ¢ RIO=d

— 697 —



Table 3: Compounds  Prepared from 3-Substituted 1-Phenylisogquinoline-4-carbaldehydes 10

1 . e)
Product R (pos.d) Nu Yielda)mpb) Moleculg s (70 evyd) f-Ner (CDCL.,/TMS )
(%) (oC) formula m/z (MY, %) 5, J (Hz)
aa ﬂ
1nf CH,OH S st 98 153-158 Oy HouNg0 333 {100 ) 2.35 (%,34,CH,); 2.40-2.90 (m,

4H,CHN); 3.10-3.60 {m, 4H,CH,N);
5.29 (5,2H,CH20); 5.76 {s,1H,
OH}; 7.20-8.20 {m,94,arom)

1ic CH,,0H -0@ 97 131-136 CoH, MO, 327 (100 ) 2.03 (t,Jx6.0,1H,0H); 5.24 (d,
Jr¢6.o,2H,CH20); 65.80-8.00 (m,
12H,arom); 8.10 (dd,J=7.6,%2.0,
1H,H-8}; 8.23 (dd,J= 7.6,22.0,

1H,H-5)
! 11h CH,OH ~NH-(CH,,) 5 -N{C,H ) g2 109-111 CouHarN 0 349 (2 1.00 (t,J:G.B,GH,-(,‘l-IS); 2,20-2,90
o (m,6H,CH2N); 3.66 (t,J%7.0,7H,
& CHN); 5.06 (s,2H,CH,0);
| 5.5 {s,1H,NH}: 6.90-8.10 (ni,SH,
arom)
12¢ GO H -o-@ 29 195-197 € y0H; SN0 341 (58 ) 6.90-8,00 (m,12H,arom); &.06

(dd,J= 6.0,%2.0,1H,4-8); 8.18
(dd,J= 6,0,%2.0,1H,H-5)

131 CH=NCH —NCN—CH o8 234-235 CppHouN 10 346 ( 0.1 )f) 2.82 (s,3H,CHy); 3.00-3.90 (m,
8H,CH2N); 7.30-8.20 (m,8H,arom};
8.48 {s,1H,CH=N); 8.90 (dd,J
%8.0,41.0,1H,H-5); 11.20 (s,1H,

N Mi'Y; 11,57 (s, 18,007
14f o N BecH 52 143-145  C,H, N 328 (22 ) 2.36 (s,3H,CH.); 2,57 (£,0%7.0,4H,

2172074
CHzN); 4.02 (t,J%'?.O,ilH,CHzN);
7.10-8,10 (m,9H,arcm)
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In sumnary, our results prove that 3-chloroiscquinoline-4-carbaldehydes 2 are versatile inter-
mediates for various functional manipulations leading to products with interesting pharmacolo-

gical properties % 10.
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EXPERIMENTAL

3-~Chloro-4-hydroxymethylene-1-phenylisoquincline (3).

To a suspension of 3-chloro-l-phenylisoquinoline~é-carbaldehyde 2a (26.8 g, 0.1 mol) in tetra-
hydrofuran (300 ml) and water (300 mi) at 0°C sodium borohydride (3.8 g, 0.1 mel} is added in
portions. The reaction mixture is stirred at room temperature 3 h, the solvent evaporated and
the residue crystallized fram water. 3 is filtered off and recrystallized from ethanol; yield
20.6 g, mp 150-152°C. Another 3.6 g, mp 149-152°C is recovered fram the mother liguor. Total

yield: 24.2 g (90 %).

4-Hydroxymethylene-1-phenylisoquinoline (4).

To a suspension of 2a (5.4 g, 0.02 mel} in ethanol {200 ml) sedium hydroxide (1.6 g, 0.04 mol)
in water (4 ml} and palladium on charcoal (10 %, 1.0 g} are added. Hydrogenation takes place at
room temperature under normal pressure during 2 h. The catalyst is filtered off, the filtrate
distributed between ethyl acetate and saturated agueous sodium chloride, the organic phase is

separated, dried and evaporated to yield 3.1 g (66%) of 4, mp 117-119°C.

1-Phenylisoquinoline-4-carbaldehyde (5) .

A mixture of 2a (13.4 g, 0.04 mol), ethylene glycol (12.4 g, €¢.2 mel) and boron trifluoride
diethyl ether complex (1.5 ml) is heated to reflux 5 h and the water distilled off. The solu-
tion is then extracted with agueous sodium hydrogen carbonate, dried, evaporated to dryness and
the residue hydrogenated at roam temperature in methanol (300 ml)/ methanclic ameonia (2 N, 100
ml) over palladium on charccal (10 &, 0.5 gj. After filtration and the usual work-up the
intermediate acetal is hydrolyzed with dilute sulfuric acid. The product is collected by

filtration, yielding 8.3 g (71 %), mp 153-155°C (lit. '% 154-155°C).

3—Chlorco-l-phenyliseoquinoline—4-aldoxime (6).

To a solution of 2a (53,6 g, 0.2 mol) in pyridine (150 ml) at 0°C hydroxylamine hydrochloride

{55.6 g, 0.8 mol} is added and the reaction stirred 1 h at 0°C and one h at roam temperature.
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The pyridine is evaporated in vacuo and the residue distributed between toluene and water.
Evaporation of the toluene phase gives 60 g of brownish crude material which is crystallized

from diisopropyl ether, Yield : 43.2 g (77 %), mp 152-1534°C.

3-Chloro-4—cyano-1-phenylisoguincline (7).

To & solution of § (7.6 g, 0.027 mol) in pyridine (10¢ ml} phosphorus oxychloride (10.3 g,
0.067 mol) is added dropwise at 0°C. After 14 h at room temperature a precipitate has formed.
The reaction mixture is hydrolyzed by addition of water and the precipitate ccllected hy fil-

tration. Yield 6.9 g (96 %), mp 191-193°C (from ethanol).

4=Ami nomethylene—3~chloro—1~phenylisoquinoline {8) and 4-aminomethylene=1-phenylisoquinoline

M.

Aldoxime & {40.0 g, 0.14 mel) is dissolved in dimethylformamide (25¢ ml) and methanclic ammonia
{2 N, 250 ml) and shortly hydrogehated (20 min) at rocm temperature over Raney nickel (30 gl.
The catalyst is filtered off, the remaining solution evaporated in vacuc and the residue
crystallized as hydrochloride from ethanolic hydrogen chloride, After transformation to the
free bases the mixture of 8 and 9 (5:1, 35g) is separated by chromatography on silica gel
(chloroform/methanol 8/2). Yield: 24.8 g (65 %) of & mp 101-103°C, hydrochloride mp 295°C
(dec.) and 2.7 g {12 %) of 9, oily, hydrochloride mp 238-240°C. The aldoxime can be reduced tc

pure 9 by longer exposure to hydrogen (yield 98 %).

Typical procedure:

3-{4-Methylpiperazin~1-y1) ~1-phenylisoquinoline~4-carbaldehyde (10f).

A mixture of 2a {(20.0 g, 0,075 mol) and N-methylpiperazine (22.5 g, 0.214 wol] in toluene (200
ml) is heated to reflux for 4 h. The solution is washed with water, dried and evaporated in
vacuo. The residue is treated with diiscpropyl ether and the crystalline 10f collected by
filtration, Yield : 20.9 g (84 %), mp 152-154°C, hydrochloride mp 220-230°C (dec.). For reasons
of better solubility dimethylformamide can also be used as solvent. Sodium carbeonate is added
to the reaction mixtures with alcchols and thiols. In the case of 10h 2 N sulfuric acid is
added to the reaction mixture, stirring continued at room temperature for 2 h and the interme-

diate Schiff base hydrolyzed subsequently.
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4-Hydroxymethylene=3-(4=methylpiperazin-1-y1) =l1=phenvlisoquinoline (11f).

This campound is obtained from 10f (10.0 g, 0.03 mol) according to the procedure described for

the production of 3. Yield 9.8 g (98 %), mp 153~155°C, hydrochloride mp 223-225°C {dec.}.

3~Phenoxy-1-phenylisoquinoline-4—carboxylic acid (12c}.
To a solution of 1l0c (13.4 g, 0.04 rol) in acetone (300 ml} and agueous buffer (pH 7, 100 mll

at 40°C potassium permanganate {18.0 g, 0.076 mol) is added in portions. After 4 h sodium
hydrogen sulfite (5 g} is added, the solution filtrated and concentrated to a volume of about
100 ml. This solution is diluted with water (200 ml} and adjusted to pH 4 by addition of
hydrochloiric acid. The solution is extracted with ethyl acetate, the organic phase dried and

evaporated. Yield : 3.9 g {29 %), mp 195-197°C {dec.).

3-(4=-Methylpiperazin-1-y1)~l-phenyliscquincline-4-aldoxime (13f).

This campound is obtained from 10f (16.6 g, 0.05 mol) according to the procedure described for

the production of 6. Yield 17.2 g (99 %}, mp 234-235°C (dec.}: hydrochloride mp 235°C (dec.).

4~Cyano-3-{4-methylpiperazin-1-yl} ~1-phenylisoiquinoline (14f}.

This compound is cbtained fram 7 (21.1 g, 0.08 mol) according to the procedure described for

the production of 10f. Yield 24.2 g (92 %), mp 143-145°C,

4-Aminomethylene-3-(4-methylpiperazin-1-yl) -I-phenylisoquinoline (15f}.

A solutiun of 13f (9.8 g, 0.028 mol) in methanclic ammonia (2 W, 600 ml) is hydrogenated over
Raney nickel (2g) at roam temperature under normal pressure, The catalyst is filtered off, the
solution evaporated and the residue crystallized. Yield 8.35 g (90 %), mp 122-125°C; hydro-

chloride mp 250-251°C {dec.}.

3-{4-¥Methylpiperazin-1-y1)=1-phenylisoquinoline-4—carboxamide (16f).

To concentrated sulfuric acid {150 ml) 14f (16.3 g, 0.05 moi) is slowly added and heated to
80°C for 5 h. After cooling the reaction mixture is poured onto ice (2000 ml) and sodium
hydroxide added until the pH is basic. 16f is collected by filtration and recrystallized from

ethanol. Yield 15.6 g(90 %}, mp 187-188°C; dihydrochloride mp 148-150°C (dec.).
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3-[3- (4-Methylpiperazin-1-y1) ~1~phenyligoquincline-4-yl]-2-propenal (17f).

The phosphonate anion derived fram sodium hydride (0.6 g, 0.025 mole, 55 %) and diethyl cyano-
methylenephosphonate (4.43 g, 0.025 mole} in dimethoxyethane (75 ml) is treated at room tempera=
ture with a solution of 10f (8.3 g, 0.025 mole) in dimethoxyethane (100 ml). After 12 h at rocm
temperature water is added for hydrolysis and the reaction mixture extracted with toluene
(200 ml). The toluene phase is dried rigorously and a solution of diisobutylaluminium hydride
(20 %, 22 ml}is added at 0°C. After 1 h at 0°C water is added for hydrolysis, the toluene phase

separated, dried over sodium suiphate and evaporated to give 6.8 g (78 %) of 17f, mp 130-133°C,

4-Methyl-3~(4-methylpiperazin-1-yl)-1-phenylisoxquinoline {18£).

A mixture of 10f (1.65 g, 0.005 mole), hydrazine hydrate (98 %, 0.75 g, 0.015 mole) and potas-
sium hydroxide (1.12 g, 0.02 mole) in triethyleneglycol (10 ml) is heated to 170°C for 3 h.
After cooling toluene and water are added, the organic phase is separated, dried over sodium
sulphate and evaporated. The residue is crystallized from ether. Yield 0.95 g (60 %}, mp

112-114°C; hydrochloride mp 273-275°C (dec.).

Typical procedure:

2-Methyl=I=phenyl-3-phenyithic-1, Z—dihydroisoquincl ine=4=carbaldehyde (20c).

A mixture of 2a (42.5 g, 0.15 mole), thiophenol (18.2 g, 0.165 mple) and potassium carbonate
(22.8 g, 0.165 mole) in toluene (300 ml) is stirred at roam temperature overnight. The toluene
phase is extracted several times with water, dried over sodium sulphate, filtrated and eva-

porated. The residue is crystallized by treatment with ether. Yield 26.4 g (50 %), mp 162-164°C.
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