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SYNTFESIS AND REACTIONS OF ISCQUINOLINE DEmTIVES V. 
SYNTHESIS AND REACPIONS OF 3mROISCQUINOLINE-4-CWEOXYLIC ACIDS 

Wiltelm Bartrmm, E k  Kom, and Wolfgang Kiiqer* 
Hechst AG, D-6230 FrankfurtIMain 80, Federal Republic of G e m y  

Abstract - Derivatives of 3-~Noro~scquinoline-4-car-lic acid are easily accessible 

by potassium pmmnganate oxidation of the corresponding aldehydes. Conditions have 

been developed for selective reduction, substitution and decar!mxylation reactions 

leading ta 3-substituted iscqnkoline derivatives with, interesting pharmacological 

pmputies . 

m continuation of our efforts to define easily accessible routes to isoqulnoline derivatives 

with special substitution patterns and interesting phamcological properties we directed 

our attention to the synthesis of 3-substituted isaquinoline-4-carboxylic acids. We have 

already reported that 3-chlomisoquinoline-4-carbaldehydes 1 are oxidized in good yield to the 

corresponding 3-chlomisoquinoline-4-carboxylic acids 2 by the action of potassium pemgana- 

te in acetone/water at pH 7 2'3. 

As the aldehydes 1 are easily accessible f m  1 , 4 ~ y d r 0 - 3 ( 2 ~ ) - i s o ~ o l i n o n e s  2 ,  the 

c ~ b q l i c  acids 2 constitute very versatile s M i n g  materials for further elaboration. Schene 

1 illustrates xme of the oppartunities starting fron 3-cNoro-l-phenylisoquinoline-4-carw- 

lic acid &. 
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Catalytic reduction of over pillladim in mthanolic ainmnia leads to ttie dehalogenated acid 

3 in a very sluggish reaction. Under harsher conditions l-phenyl-1,2,3,4-tetrahydroisoquino1ine - 
4 is f a d  as the min  product. Hcwever, 3 is accessible by another route : tiydrcqenation - 

of the ester 5 which i s  obtained from a by esterification with diazmthane, leads to the 

dehalogenated ester 6 in a very clean and uniform reaction; 6 can be saponified to 3 after- 

wards. 

Reaction of & with thionyl chloride to the i n t e e a t e  carboxylic acid chloride f a l l 4  by 

t reatnwt with mines  gives access t o  the -des 2 h i c h  in tum can be catalytically dehaloge- 

rlated to the amides 8. Cmpunds 8 are also obtained by an alternate sequence of reactions 

starting from the acid 3 by treatment with f i r s t  thionyl chloride and then amines. The amide 

function in position 4 is activating the neighbowlng chlorine a t m  towards nucleophilic 

a i s p l a c e n t  as i s  demnstrated by the f o m t i o n  of 9 with amines under relatively mild condi- 

tions I t = 100 - 120 'C ) .  In contrast, the direct treabnent of 2 with amines in  a i g l p  as 

solvent needs terperatwes of about 140 'C, and the nucleophilic substitution i s  acmnpnied by 

decarboxylation leading to 3-amino-l-phenylisqmoline derivatives 11 4-6. Mlcleoptulic 

displacwent by alcohols or  thiols, harever, does allaw the isolation of the carbaxylic acids 

10 which lose carbon dioxide only a t  tfnperatures of about 200 - 250 'C. - 

This difference in reactivity hetween amines on the one hand vs. alcohols Kid thiols on the 

other hand can be interpreted by asslrming amino acids 12 as i n t e d i a t e s :  12 can be protonated 

a t  position 4 by m n i m  w u n d s  present in the reaction mixtue thereby facilitating the 

elimination of carbon dioxide acmopanied by rear-tization. This protonationldecarboxyla- 

tion sequence i s  not as efficiently favored with oxygen or  sulfur substituents i n  position 3. 

Thus the acids are isolable. 



Table I: Isoquinoline-4-carbowlic Acid Derivatives 

Pmduct R' yielda) mp b)  Molecular M s  (70 .!I)*' (cDc~~/TMs)~) 

(5) (OC) formulac' m/z (M', %) A ,  J (Hz) 

2h - H 6-CH3 78 268-272 CI7Hl2C1NO2 297 (100) 2.45 (s,3H,CH3); 6.40 (s,lH,COOM); 

I 
6.90-8.05 (m,iiH,amm) 

2i - H 641 33 268-771 C16H9C12N02 317 (&~,100) 5.65 (s,lH,COOH); 7.20-7.80 (m,6H, 
2 
o aram); 7.95 (s.1H.H-5); 8.05 (d,J-6.0, 
I lH,H-8) 

2J - H 6.7-di-CH30 58 235-237 CI8Hl4C1NOq 343 (100) 3.84 (s,3H,C%0); 4.02 (s,3H,CH30); 

6.60-7.90 (rn,7H,amwCCOH) 

W - 2-05 6-C1 85 258-260 C17H11C12N02 331 (100) 2.07 (s,3H,C?I3); 7.00-7.90 (m,6H,arom); 

8.04 (m,2H,H-S+COOH) 

21 - 2-F 6-F 74 232-234 CI6H8C1F2NO2 319 (100) 6.95-8.10 (m,7H,amm); 8.75 (s,lH,COOH) 

14 - 38 251-253 C10H6CIN02 207 (133) 7.60-8.50 (m,4H,arnn); 9.30 (s.1H.H-1) f) 

17 - 34 205-209 CI6Hl4C1N0:, 287 ( 70) 1.50-2.10 (m,4H,M2); 2.40-3.10 (m,4H, 

LX2); 4.40 (s,lH,COOH); 7.45 (s,SH,mrn) 

a) Yields not optimized, isolated pure pmd~dcts. e ,  Obtained on an Varian T 60 or Bruker WP 60 

b, Uncorrected, ~masured on a &chi melting point qparatus (Dr. Tottoli). Spectmmter at 60 mz' 

Satisfactory microanalyses obtained: C 2 0.40; H 0.30; N i 0.30; C1 + 0 . 2  Spectnvn in 6' 

d, Recorded on a Kratos M S  30 or. Kratos 902 S Spectmr~ter. 
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The interpretation is supported by several e x p e r k t a l  results : 

a) Acidic cleavage of 3-butq-l-phenyliscquin01ine-4-~arboxylic acid 10f with pyridine hydm- 

7 chloride a t  170 'C is accmpmied by decarbovylation leading t o  a in g d  yield . 
b) 111 upon trea'awnt with phosphorus oxychloride a t  230 'C gives access to 2. In contrast to 

2.3, the substitution of the chlom substituent by mines in needs much higher tmpratu-  - 
res and longer reaction t i m s  8'9. Therefore, 2 does not seem t o  he an i n t e d i a t e  on 

the way fmn & to 11. 

Schene 2 i l lustrates that the mthods described above are also applicable to 1-unsubstituted 

and partially hydragenated iscquinoline derivatives : 3-d~lomiscquinoline-4-carbovylic acid 

14 and 3-&lom-l-~yl-5,6,7,8-tetr~droi5~o1ine-4-~~bovylic acid 2 are easily - 
2 obtained by potassium pammganate oxidation of the corresponding aldehydes 13 and 16 . 

Reaction with anines, e.g. piperazine, leads to substitution and decarbovylation products 15 

and 18, respectively. 
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In s-, 3-chloroisoquinoline-4--carboxylic acid derivatives prove t o  be easily accessible 

and versatile intetmdiates for the creation of 3-substituted isoquinolines with interesting 

phmcological  properties 3,10-12. 

we thvlk Mrs. S. Granata and K. Wagner for their experimental assistance. 

Typical procedure: 

3-ollom-l-phenylisoyminoline-4-car-1 acid (2a). 

To a suspension of 3-chloro- l -phenyl isoqu~ol ine-4-ca~bald~ (53.39, 0.2 m l )  i n  acetone 

(1500 ml) and phosphate buffer 1500 ml, pH 7) a t  40 'C potassium pemmganate (40.0 g, 0.25 

ml) is added i n  portions during 2 h. The reaction mixture i s  stirred a t  40 'C for M e r  2 h, 

-led and d m  hydrqen sul f i te  (10 g) added. T h e  precipitate i s  f i l tered off, the r-ining 

solution cancentrated by evaporation and acidified by addition of hydrachloric acid. a is  

collected by fi l trat ion and recrystallized f r m  ethanol. Yield : 41.1 g (73 8 ) .  mp 214 - 216 

-c . 

Methyl 3-chloro-l-phenyliswinoline-4-carboxVSate (51. 

A suspension of & (28.4 g, 0.1 no11 in methylene chloride (250 ml) i s  treated with excess 

diazmthane in ether i n  an ice bath. After 4 h a t  rmn tmpzrature the remining diazamthme 

i s  destroyed by addition of glacial acetic acid, the organic phase extracted w i t h  saturated 

aqueous sodim hydrogen carbonate and water, dried and evaporated. Yield : 29.1 g (98 %), np 

110 - 113 'C. 

Methyl l-phenyli&noline-4-carbowSate (6) and l-phenyliswoholine- 4-carboxylic acid (3). 

A mixt- a£ 2 (10.0 g, 0.033 ml) and Viethylamine (20 ml) in mthanol 1250 ml) is hydrcqe- 

nated over palladiwn on charcoal (10 8 ,  0.8 g) a t  ram temperature under n o m l  pressure during 

5 h. The catalyst is fi l tered off, the r-ining solution washed with water, dried and e v a p  



rated, yielding oily 5 18.1 g, 91 %).  Saponification with saiium hydroxide in mthanol and 

m a 1  mrk-up gives the acid 3, mp 244 - 247 OC. 

Typical procedure: 

1-~3-Chlom-1-phenyli~oline-4-carbonyl-4-methylpiperazine (7.3). 

A mixture of 2 (10.6 g, 0.0375 ml) and thionyl chloride (300 ml) is heated t o  reflux for 4 h. 

Excess thionyl chloride is distr l led off and the crude acid chloride dissolved in chlomfom 

(75 ml). This  solution i s  added dropwise to a solution of N-nethylpiperazine (11.3 g, 0.113 

m l l  in chlomfom 1100 ml) a t  roao tarpzature.  The reaction mixture is stirred overnight, de 

solvent is evaprated, the residue treated with water, mllected by fi l trat ion,  triturated in 

saturated aqueous sodium h y m e n  carbonate (2000 ml), again collected by fi l trat ion,  washed 

with water and dried. Yield : 13.3 q (96 81, nq 164 - 167 'C; hydmchloride, xp 255 - 256 "C.  

Typical procedure: 

1 -P t1eny l -3 -pheny l t h io i soqu ino l i ne -4~ l i c  acid (10h). 

A mixture of 2 128.3 g, 0.1 ml) , scdim carbonate (41.5 g, 0.3 ml) and thiophenol (13.2 g, 

0.12 m l )  in dimthylfomwtide (200 ml) is heated t o  reflux during 20 h. After ccoling water 

and toluene are added, the aqueous phase is separated, acidified by addition of t~yclrwhloric 

acid, the product mllected by fi l trat ion and recrystallized tram ethanol. Yield : 19.5 g 155 

% ) ,  mp 238 - 240 'C (dec.). 

3-HyW-l-phenylisaquinoline-4-carboxyli acid (IOj) . 
A mixture of 2 (85.0 g, 0.3 m l )  and sodium hydroxide (300 g )  in n-butanol (600 ml) is heated 

a t  100 'C during 2 h. A £ t e r  -ling the solution i s  diluted with ether (500 mll and the p r e n -  

pitate collected by fi l trat ion.  This crude mter i a l  is dissolved in water (20 1) and acidified 

t o  pH 2 by addition of hydrochloric acid. A new precipitate is f o d  wfiich is again collected 

by fi l trat ion (55 q) .  3-Butoxy-l-phenylis-line-4-carboqlic acid 10f (1.8 g, mp 119 - I21 

"C f m  mthanol) is extracted f m  the crude product by st irr ing with mthanol, the residue i s  

Purified by recrystallization fmm d i n ~ t k y l f o d d e .  Yield : 36.6 g (46 % ) ,  mp 220 - 222 'C 

(dec. . 
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Typical procedure: 

3- (4+thylpiperazin-l-yl) -1-phenyliscquinoline ( l l a )  . 
A mixture o f 2  (30.0 g,  0.116 ml) and N-methylpiperazine (90 ml) i s  heated t o  150 "C during 6 

h. After -ling toluene and water are added, the organic phase i s  separated, washed several 

tims with water, dr ied and evaporated, leaving 32.0 g o f  a brownish o i l ,  which i s  pure on t l c  

( m e t l m o l / c h l o m f m  218, Rf = 0.5) .  Dissolution i n  acetone and treatrrent with ethanolic 

hydragen d l lo r ide  gives  ~ - t 1 y d r & 1 l o r i d e  (31.8 g,  81 % I ,  mp 278 - 281 'C. 

Typical procedure: 

3 - H y ~ - l - p h e n y l i ~ a q u i m l i n e  ( l l j )  . 
Car!mxylic acid  (36.6 g,  0.138 ml) is s l w l y  heated to 220 'C and re ta ined 1 11 a t  t h a t  

t-rature. After ccaling the residue is t r ea ted  with l i t t l e  e t h y l  ace ta t e  leaving 29.9 g (97 

%) of x, mp 207 - 209 "C. 3 is a l s o  obtained f m  l -phenyl -1 ,4 -d ihydro-3(2H)- i~o l inone  

l3 by t r e a t r e n t  with palladium on charcoal i n  1,4&isopropylbenzene a t  175 OC i n  16 % yield .  

3- (2-Dimthylaminettmxy) -1-phenyliscquimline (lli) . 
S d i m  (4.6 g ,  0.2 m l l  is dissolved in 2 ~ i r r e t h y l a m i n ~ t h a n o l  (80 ml) and 2 (4.8 g, 0.02 

ml) is added a t  50 'C. The react ion mixture i s  heated a t  140 "C during 3 h. After usual 

work-up wirh toluene and water 2 i s  obtained as an yellowish o i l  (5.6 g,  95 % )  ; hydrochlori- 

de mp 202 - 204 'C. 

3Glom-l-phenyli-inoline ( I l k ) .  

A mixture of a (40.0 g,  0.18 moll and phosp t~rus  mychloride (340 ml) is heat& to 230 OC ir 

an autoclave during 24 h. Excess reagent i s  d i s t i l l e d  o f f  and the residue hydrolyzed by cau- 

t i ous  addi t ion of ice-water. 2 is extracted with toluene. Yield 42.3 g (98 81, mp 85 - 97 

OC. 

3- (Piperazin-l-yl) isoquinoline (15) . 
A mixture of 14 (2.0 g ,  0.01 ml) and piperazine (20 gl i n  d ig lym (100 ml) i s  heated t o  r e f l w  

during 4 h. The solvent is d i s t i l l e d  off  in vamo and the residue t reated with wate r  aral 

extracted with toluene. g is i so la t ed  f m  the toluene phase (1.8 g,  85 8). mp 95 - 96 "C; 

h y M o r i d e  mp 276 - 277 'C. 



1. Part I V  : E. Konz and W. Niger, Hetercqcles, pzeeding paper i? this issue. 

2. W. Bar tnwn,  E. Konz, and W. Niger, Synthesis, 1988, 680. 

3.  W. H m  and E. Konz, e n m n  Patent M S  2818423, Om. Abstr., 1980, 9 2 ,  110874~ .  

4. J.L. Neweyer, K.K. Weinhardt, R.A. Carrano, and D.H. McCurdy, J. Med. ma., 1973, 3, 
808. 

5 .  T. Okano, S. Goya, and Y. Tsuda, Y h g a k u  Zasshi, 1966, 86, 544 ; Chem. Abstr., 1966, 65, 

15319f. 

6. A.J. Liepa,  Aust. J. Chen., 1982, 35, 1391. 

7. D.W. Jones, J.  Chem. Sm. (C), 1969, 1729. 

8. A.R. O h m ,  K. Schof ie ld ,  and L.N. Shod, 3. Qlm. Sm., 1956, 4191. 

9. R.D. Haworth and S. Robinson, J. Chem. Sm., 1948, 777. 

10. W. Bamwmn, E. Konz, and H.M. Geyer, G e m  Patent DOS 2818403, Chem. Abstr., 1980, 2, 

94262m. 

11. E. Konz, H. b s e ,  and F. Hock, G e m  Patent a)S 3227741, &em. Abstr., 1984, 12, 

174683~ .  

12. E. Konz and J. Kaiser ,  G e m  Patent M S  3233424, olen. Abstr., 1984, 101, 3836h .  

13. G. k a k ,  K. Gall-Istok, L. Hazai, and L. Sterk, Swthesis, 1975, 393. 

Received, 2 4 t h  October, 1 9 8 8  

l-Phenyl-3-Ipi~razin-l-yl)-5,6,7,8-tetrahvdmi-inoline ( 18 ) .  

Tkis c a p u n d  is Obtained frm by the procedure described above for the synthesis o f  g. 
Yield : 41 % o i l y  product. hydnchloride mp 240 - 243 "C. 
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