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Abstract - 3ihloroisoquinol&-4-~arbald~des 2 are versatile intermediates for 

various functional nanipulations as e . g .  oxidation or reduction of the f o w l  group 

or nucleophilic substitution of the chlarn substituent leading to products with 

interesting ph-mlogical properties. 

After a century of research on iscquinoline hemistry minly derived f m  the interest m the 

aUalaid field 2'3 c~pounds  with special substitution patterns are still a matter of concern 

for synthetic as well as ph-ceutical chemists. 3dloroisoquinoline-4sarbaldehydes have 

been a h s t  whnm ix the literature with just one exception 4 .  Recently we develow a 

convenient and versatile synthesis of ttiese derivatives fran 1,4~ydro-3(2H)-is~olinones 

1 by a *step procedure involving a Vil-ier-Haa& reaction follcnved by subsequent oxidation - 
with potassium penranganate under acidic conditions 5-7. Fo-lly tile aldehydes 2 are vhyl0- 

qous acid chlorides and as such a n a b l e  to various synthetic transfomntions '. The incorpo- 

ration of the 8-chlornvinylaldehyde e l m t  into an heternarmtic ring system increases its 

stability and attenuates its reactivity w a r d s  nucleophilic reagents at the 8-carbon. 

'-I. I 
NM-7 CHO 

1 - 2 - 

Sch- 1 illustrates the synthetic opportunities starting e.g. f m  3-chlo-l-phenylisaquino- 

line-4-carbaldehyde 2: 



Scheme 1 
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>a i s  reduced by d m  borohydride to the alcohol 1 which can be dehydrogenated to Q by - 
catalytic hydrqenation over palladium on charcoal. Dehalogenated aldehyde 5 i s  accessible f r m  

2a by protection, catalytic t1ydrqcmtiun and deprotection. Treatment of 2 with hydroxyl- - 

mine yields oxiw 5 which can be further t r a n s f o d  either t o  n i t r i l e  hy dehydration with 

phosphorus mychloride in pyridine or to the mines 8 and 9 by stepvise catalytic hydrogenation 

(see Table 1 for physical data). 

The chloro substituent of & can be substituted by a l o t  of different nucle@iiles, e.g. by 

heating with excess alcohol, phenol, thiophenol or mine in toluene or dimthylformamide in the 

presence of sodim carbonate, leading to 3-substituted isoquinoline-4sarbaldehydes 2. men 

prlrrary amines give clean substitution products because inteme3iate Schiff bases are hydro- 

lyzed u p  work-up Isre Table 2 for examples and physical data). 

'It= 3-substituted isoquinoline-4-cubaldehydes are very versatile intemediates for fur ther  

elaboration as  illustrated by the exmples s i m  in Sch- 2 and Table 3: 

1Ae f o w l  function can be reduced to an alcohol 11 by s d m  bodydr ide  or oxidized to the 

acid % (Nu = C-Phl by p t a s s i m  pemganate .  With Mi = amine these oxidation conditions lead 

to demqmsition. Moreover, the £0-1 gmup can be transforxed to a n i t r i le  via the in t e rn -  

diate ox- or  reduced to the pr* amine as exanplified in the Scherre. Nitrile 14f i s  also 

obtained by nucleophilic substitution with N-thylpiperazine £ran 2. Hydmlysis of 14f to the 

mide 16f is easily acmnplished by reaction with concentrated sulfuric acid m excellent 

yield. Finally, Wittig-Homer reaction of i(if and subsequent reduction w i t h  DIBRZ, leads to the 

vinylqous aldehyde 17f, whereas Wolff-Kishner reduction provides the 4mthy l  derivative 18f. 

Most of the nucleophilic substitution reactions of 3 need t a p r a t u r e s  above 100°C. In 

contrast, the reactivity of the 1.2dihydroisoquinoline derivative 2 i s  so high that the 

analogous reaction leading t o  g takes place even a t  m tenperature (see Table 41 .  Scheme 3 

contains t m  mre exanples demnstrating that these reactions are also applicable to l-unsub- 

5 stituted I&, R = H) and partially hydrogenated 3-cNomisoquinoline-4-carbaldehydes (22) . 
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Table 3: Canpounds Prepared from 3-Substituted 1-Pher~ylisoquinoline-4-carbaldehydes 10 

\ 

llf - LR20H -N~N-CH3 98 153-155 C21H23N30 

llh CH20H -PN-(Cd2)2-N(C2H5)2 82 109-111 C22H271Yj0 
I 

01 
a 
m 

I 

333 (100 ) 2.35 (s,SH,CH3); 2.40-2.90 (m, 

4H,CH N); 3.10-3.60 (m,4H,CH2Ni; 
2 

5.29 (s.2H,CH20i; 5.76 (s,lH, 

OH); 7.20-8.20 (rn,9H,ammi 

321 (100) 2.03 (t,JZ6.0,lH,OH); 5.24 (d, 

Jd6,0,2H,CH 0); 6.80-8.00 (m, 2 
12ii,arnrn); 8.10 (dd,J=7.6,*2.0, 

1H,H-81; 8.23 (dd,J= 7.6,c2.0, 

lH,%5)  

349 ( 2 ) 1.00 (t,J=6.8,6H,M ) ;  2.20-2.90 3 
(m,6H,CH,N); 3.66 (t,J17.0,2H, 

2 
LT2N); 5.06 (s,2H,CH20); 

5.56 (s,lH,NH); 6.90-8.10 (n1,9H, 

arorn) 

341 ( 58 1 6.90-8.W (rn,lZH,ar?mi; 6.m 
(dd,J*6.0,u2.0,1H,i-8); 8.18 

(dd,Ja 6.0,n2.0,1H,H-5) 

346 ( 0.1) f, 2.82 (s,3H,CH31; 3.00-3.90 (m, 

8H,CH2N); 7.30-8.20 (m,8H,arum); 

8.46 (s,lH,CH=N); 8.90 (dd,J 

h8.0,~1.0,1H,H-5); 11.20 (s,lH, 
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CHO 

22 - 

In  swmuy, our results pmve that 3-chloroisoquinoline-4-carbaldehydes 2 are versatile inter- 

d a t e s  for various functional mipula t ions  leading t o  products w i t h  interesting Fhanrnrnlo- 

9.10 qical properties . 



A- 

We thank Mrs. S. Granata and K.  Wagner f o r  their exper inenta l  ass is tance .  

3410-4-hy-thylwe-1-phenylis~inoi (3) . 
m a suspension o f  3-chloro-1-phenylis~inoline-4-caybald- & (26.8 g ,  0.1 ml) in tetra- 

hydrofuran (300 mll and water (300 ml) a t  0°C sadium borohydride (3.8 g ,  0.1 ml) is added in 

~ o r t i o n s .  T k  react ion  mixture i s  s t i r r e d  a t  mm t-rature 3 h,  the solvent  evaporated and 

the res idue  c r y s t a l l i z e d  f m  water. 3 is f i l t e r e d  o f f  and r e c r y s t a l l i z e d  f m  ethanol;  y i e l d  

20.6 g ,  n@ 150-152°C. Another 3.6 g, mp 149-15Z0C is recovered from t h e  mther l iquor .  Tota l  

y ie ld :  24.2 g (90 %).  

4 - H ~ ~ U 1 y l e n e - l - p h e n v l i s ~ o l i n e  ( 4 ) .  

'Ib a suspension of  & (5.4 g ,  0.02 m l )  i n  ethanol (200 ml) sodium hydmxide (1.6 g ,  0.04 m11 

in water (4 ml) and palladium on cha rma1  (10 8 ,  1.0 g) are added. Hydrogenation takes place  a t  

rmm temperature under "0-1 pressure during 2 h.  The c a t a l y s t  i s  f i l t e r e d  o f f ,  the f i l t r a t e  

d i s t r i b u t e d  htween e t h y l  ace t a t e  and sa tu ra t ed  aqueous sodium chlor ide ,  the organic phase is 

separated,  d r i ed  and evaporated to y i e l d  3.1 g (66%) o f 4 ,  mp 117-119'C. 

1-Phenyli-inoline-4sarbaldehyde ( 5 ) .  

A mixture of & (13.4 g ,  0.04 ml) , ethylene g lycol  (12.4 g ,  0.2 ml) and boron t r i f l u o r i d e  

d i e thy l  ether q l e x  (1.5 ml) is heated t o  r e f l u x  5 ti  and the  water d i s t i l l e d  off .  The solu- 

t i o n  is then ext rac ted  with aqueous s o d i m  hydrogen c ~ b o n a t e ,  d r i ed ,  evaporated t o  dryness Kd 

res idue  hydrogenated a t  rmm t-rature in methanol (300 ml)/  ~ t h a n o l i c  cwronia (2 N, 100 

ml) over palladium on charcoal (10 8 ,  0.5 g ) .  Af ter  f i l t r a t i o n  and the usual  wrk-up the  

i n t e r m d i a t e  a c e t a l  is hydrolyzed w i t h  d i l u t e  s u l f u r i c  ac id .  The product i s  co l l ec t ed  by 

f i l t r a t i o n ,  y ie ld ing 8 . 3  g (71  %),  "$0 153-155°C (lit. l1 154-155°C). 

3 ~ l l o r o - l - p h e n y l i ~ o l i n e - 4 - a l d o x ~  (6) . 
Ib a so lu t ion  of  & (53.6 g ,  0.2 moll i n  pyr id ine  (150 m l )  a t  ODC hydroxylamine hydrachloride 

(55.6 g ,  0.8 ml) i s  added and t h e  react ion  s t i r r e d  1 h a t  0-C and one h a t  rocm t e q e r a t u r e .  
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The pyridlne i s  evaporated i n  vacuo and the residue d i s t r ibu ted  between toluene and water. 

Liaporation of the toluene phase gives 60 g of brownish crude m t e r i a l  which is c rys ta l l i zed  

from d i i sapmpyl  e ther .  Yield : 43.2 g (77 8 ) ,  mp 152-154-C. 

3Wilom-4-cyan-l-phenylisaquinoline (7) .  

To a solut ion of 6 (7.6 g, 0.027 ml) i n  pyridine (100 ml) phosphorus oxyciiloride (10.3 g, 

0.067 ml) i s  added dropwise a t  0°C. After 14 h a t  rcom temperature a p rec ip i t a t e  has f o d .  

me react ion mixture is hydmlyzed by addi t ion of water and the prec ip i t a t e  col lected by £11- 

t r a t m n .  Yield 6.9 g (96 % ) ,  mp 191-193'C (from ethanol) .  

4-Aminorrethylene-3-ch1o-l-phenylis~ino1ine (8) and 4 - ~ m t h y l e n e - l - p h e n y l i s o q u i n o l h e  

( 9 ) .  - 
A l d o x k  5 (40.0 g, 0.14 ml) i s  dissolved in dlnethylfolmimide (250 ml) and methanolic m n i a  

(2 N, 250 ml) and shor t ly  hydrogenated (20 nin) a t  rccm temperature over h i e y  nickel  (30 g l .  

The c a t a l y s t  is f i l t e r e d  o f f ,  t h e  remaining solution evaporated in vacuo and t h e  residue 

c rys ta l l i zed  as hydrochloride from ethanol ic  hydragen chloride. After  t r a n s f o m t i o n  to the 

f r ee  bases the mixture o f  8 and 9 (5:1, 359) is separated by chmMtography on s i l i c a  gel 

(ddorofom/rrethanol 8 /2 ) .  Yield: 24.8 g (65 8) o f g ,  n~ 101-10330C, hydrochloride mp 295'C 

(dec.) and 2.7 g (12 % )  of  9, o i l y ,  hydrochloride mp 238-240°C. The a ldox im can be reduced to  

pure 2 by longer expos- to hydrogen (y ie ld  98 8 ) .  

Typical prccedure: 

3-(4~et~lpiperazin-l-yl)-l-phenylis~noline-4-carhaldehvde (10f) .  

A mixture of & (20.0 g, 0,075 ml) and N - ~ t h y l ~ i p r a z i n e  (22.5 g, 0.214 m11 i n  toluene (200 

ml) is heated t o  ref lux f o r  4 h. me solution is washed with water, dr ied and evaporated in 

vacua. m e  residue is t r ea ted  w i t h  diisopropyl e ther  and the c r y s t a l l i n e  10f col lected by 

f i l t r a t i o n .  Yield : 20.9 g (84 % I ,  mp 152-154'C, hydrachloride mp 220-23C°C (dec.). For reasons 

of b e t t e r  so lub i l i ty  dlmthylfonwmide can a l s o  he used as solvent.  Sodium carbanate is added 

t o  the reaction mixtures witki alcohols and t h i o l s .  In  the case of  2 N s u l f u r i c  ac id  i s  

added t o  tkie reaction murture, s t i r r i n g  continued a t  room t-rature f o r  2 h and the intenre- 

d i a t e  Schiff base hydmlyzed subsequently. 



4 - H ~ ~ t h ~ l e n e - 3 - ~ 4 - n ~ t h y l ~ i ~ r a z i n - l - ~ l l - l - p h e n y l i s c q u i n o l i n e  ( I l f l  . 

This cawund i s  obtained f m  10f (10.0 g, 0.03 ml) acmrdinq to t h e  pmcedure described f o r  

the pmduction o f ? .  Yield 9.8 q (98 % I ,  mp 153-155'C, hydrochloride mp 223-225'C (dec.). 

3-Phenw-l-phwylisoquinoline-4-C-1 acid ( 1 2 ~ ) .  

To a solut ion of @ (13.4 q ,  0.04 no11 in acetone (300 ml) and aqueous buffer (pH 7. 100 mli 

a t  40°C potassium p e m g a n a t e  (18.0 g, 0.076 mll i s  added i n  portions. After 4 h sodium 

h y d r q m  s u l f i t e  (5  g) i s  added, the  solution f i l t r a t e d  and concentrated to a ~ 1 -  of abclt 

100 ml. This solution is d i lu ted  with water (200 ml) and adjusted t o  pH 4 by addi t ion of 

l??dxochloiic acid.  me solut ion i s  extracted with e t h y l  ace ta t e ,  the o q m ~ i c  phase d r i e d  and 

evaporated. Yield : 3.9 g (29 %) , mp 195-197'C (dec.1. 

3-(4-Methylpi~azin-l-yl)-l-phenyli~oline-4-ald~ L13f). 

This v u n d  i s  obtained f- 10f (16.6 g, 0.05 no11 a c m r d i q  to the procedure described for  

the pmduction o f 6 .  Yield 17.2 g (99 %), np, 234-235'C ( d e . ) ;  h-iloride rp 235'C (dec.). 

4-Cyano-3- (4-mthylpiperazin-l-sl) -1-pheny1isoiqui"oline (14f) . 
Vlis w u n d  i s  obtained f r a o  1 (21.1 g ,  0.08 ml) according to the p-e described f o r  

the  pmduction o f = .  Yield 24.2 g (92 $1 ,  mp 143-14S°C. 

4-Ami~thylene-3-(4-l iethylpiperazin-l-yl- l-phenylis~aline (15f) . 
A solut iun of 13f (9.8 g ,  0.028 m l )  i n  r r~ thano l i c  Emnonia (2 N,  600 ml) i s  hydmgenated over 

Raney nickel  (29) a t  rcom t-ature under m m l  pressure. The c a t a l y s t  is f i l t e r e d  o f f ,  the 

solut ion evaporated and the r e s i b  c rys ta l l i zed .  Yield 8.35 q (90 % I ,  122-125°C: hydro- 

chloride np 250-251°C (dec.).  

3-(4-Methylpiprazin-lyl)-l-phenyli~inol~e-4--ta~boxamide (16fl .  

TO cmcentra ted sulfur ic  ac id  1150 ml) 14f (16.3 g, 0.05 ml) is slowly added and heated t o  

80'12 f o r  5 h. After  cooling t h e  reaction mixture is poured onto i c e  (2000 mll and sodium 

hydroxide added u n t i l  the  p~ is basic .  16f is col lected by f i l t r a t i o n  and rec rys ta l l i zed  fmm 

ethanol. Yield 15.6 q(90 %), mp 187-188°C; dihydrochlaride mp 148-150°C (dec.).  
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3-13- (4-Methylpiperazin-l-yl) -l-llhenylis~quinoline-4-~l]-2-~ropenal (17f).  

The phosphonate anion derived f ron sodium hydride (0.6 g, 0.025 m l e ,  55 %) and d ie thy l  cyano- 

nethyleneptmsphwate (4.43 g ,  0.025 m l e )  in dim?thoqethme (75 ml) 1s  V e a t e d  a t  r m  t-ra- 

ture with a solution o f =  18.3 g, 0.025 m l e )  i n  dimtkmyethane (100 d l .  After 12 h a t  rm 

t v a t u r e  water is added f o r  hydrolysis and t h e  react ion mixture extracted with toluene 

1200 ml).  The toluene phase is dr ied rigorously and a solution o f  d i i sohu ty la lmin iun  hydride 

(20 8 ,  22 m l ) i s  added a t  O'C. After  1 h at ODC water is added fo r  hydrolysis, t h e  toluene phase 

separated, d r i ed  aver  sodium sulphate and evaporated t o  give 6.8 g (78 8) o f  17f, mp 130-133'C. 

444thyl-3- 14-mthylpiperazin-I-yl) -1-phenyliscquinoline (18f).  

A mixture of 10f (1.65 g, 0.005 m l e ) ,  hydrazine hydrate 198 8 ,  0.75 g, 0.015 m l e )  and potas- 

sim hydroxide (1.12 g, 0.02 m l e )  in triethyleneglycol (10 ml) i s  heated to 170°C f o r  3 h. 

After  c m l i n g  toluene and water are added, t h e  organic phase is separated, dried over d m  

sulphate and evaporated. The residue i s  c rys ta l l i zed  fmm ether .  Yield 0.95 g (60 8 ) .  q~ 

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

Typical p-edwe: 

2-Eleff~yl-1-phenyl-3-pbeny1thio-l.2-dihydroi~oline-4~arbaldeh~e ( 2 0 ~ ) .  

A mixture of 2 (42.5 g ,  0.15 m l e )  , ttiiophenol (18.2 g,  0.165 m l e )  and potassium carbonate 

(22.8 g,  0.165 m l e )  i n  toluene (300 mll i s  s t i r r e d  a t  r- t - r a t m  overnight. ?he toluene 

phase is extracted several t-s with water, dr ied over sodium sulphate,  f i l t r a t e d  and eva- 

porated. nie residue is c rys ta l l i zed  by treatment with e ther .  Yield 26.4 g (50 81, mp 162-164% 
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