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smmy 
3-Benzylamino-8,9-dimethoxy-5,6-dihydro-imidazo- 

b, 1-a] isoquinoline hydrochloride was labelled with 
14C in two different positions: In one case the 14C 
was built into the position 2 of the imidazole ring, 
in the other case into the position 3 of the iso- 
quinoline ring. In the first case the mechanism of 
the halogen-cyano exchange reaction of l-chloromethyl- 
-5,6-dimethoxy-3,4-dihydro-isoquinoline was inves- 
tigated by tracer experiments. 
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ms cuss I ON 
In the course of investigations of isoquinoline derivatives as 

possible drugs against heart diseases, 3-benzylmino-8,9-dimeth- 

oxy-5,6-dihydro-imidazo [5,1-a] isoquinoline hydrochloride (1) 
proved to be an antiarrhitmic and hypotensive agent’. For further 

pharmacological investigation radioactive 1 was required. In the - 
first case the 14C atom was built into the position 2 of 

imidazole ring (&a>, but metabolic investigations showed -- 
~ 
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opening of the imidazole ring2 therefore the labelled 

to be built into the isoquinoline ring (Lb). -- 
atom had 

Scheme 1. 

CH,O K C I ? ~  
J I 

YH2 
c1 

- 2 x- = c1- 
2 X- = CN- 

Step 

c1 CH30 Pd/H2 

c H 3 0 q : ~ I ? = C H a  

la 8s -- a= 

The synthesis of & (see Scheme 1) atasted f rom l-chloromethyl- 

5,6-dimethoxy-3,4-dihydro-isoquinoline hydrochloride (g). The re- 
action between 2 and KCN (step &) results in an adduct ($) which 

in the presence of KCN is transformed to l-cyanomethyl-5,6-dimeth- 
- - 

oqy-3,4-dihydro-isoquinoline (2) by refluxing in ethanol 3 

(step 21, Investigations (see Table 1) showed that in the step 2 
there is a nearly unlimited interchange between the cyanide ions 

and the cyan0 group of 4. The assumption o f  an equilibrium in 

aqueous medium between 4 and its ionic form (2 )  can explain our  

experimental data (similarly to diazocyanide and its ionic form, 

- 
- - 

diazonium cyanide 4 1. 

Active or inactive KCN was used according to Table 1 and 2. 
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Table 1. 

KCN Measured Calculated 
in step ,A in step 2 activity activity" 

1. active active 5.90~10 5 dpm - 
2. active inactive 1.92~10~ dpm 1.97~10 5 dpm 
3. inactive active 3.72x105 dpm 3.94x105 dpm 

* In calculating of activity one must take into consideration that 
both steps of the reaction were carried out with two moles of KCN. 
Detailed descriptions see in experimental. 

In further investigations (see Table 2 )  to optiiiaze the radio- 

active yield of the reaction the molar ratio of KCN was varied in 

both steps, In this optimization we were assisted by recognizing 

that step can  be carried out a l s o  with XOH. Thus on using the 

molar ratio of reaction 5, inactive 4 in the presence of K14CN 

was converted into l-~yano[~~CImethyl-5,6-dimethoxy-3 ,4-dihydro- 

-isoquinoline ( 5 ~ )  with 63 % radiochemical yield 

- 

-- 
Table 2. 

AIolar ratios of ICCM Chemical Radiochemical 
in step ,A in step 2 yield yield 

1. 1.0" 1.0 - - 
2. 2.0 1.0 62 % 20.6 % 
3. 1.0 2.0 70 % 23.3 % 
4. 1.0 1.0 65 % 32.2 % 
5. 1.0 0.2% 76 % 63.3 % 
6. 1.0 0. o* 41 7i 41.0 % 
7. 1.0 0.04" 41 % 41.0 % 

1 mole KOH was also added. 

Then the cymo group of 5s was transformed into amidoxime ($3)  

and it gave with acetic anhydride - via a Beckmann rearrangement 
and followed by a ring closure - 3-amino-8,9-dimethoxy-5,6-dihydro- 
-imidaz0-2-~~C[ 5,l-a]isoquinoline (xg) -- which was converted into 

its benzyl derivative (&_a) by the reduction of a Schiff base inter- 

mediate (8s). The radiochemical yield of la ,  -- based on K14CIT was 
21.6 %. 

-- -- 

-- 
-- 
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Scheme 2. 
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64cN MeO-@ CH2-I4CN N e O O  0 CH2-14CH2-NH2 
Me0 * Me0 - Me0 

2 

CH2-14CH2-NH-CO- CH2 - CN 
__c - Me0 Me0 

I 
IL 
t l  CH2- CN 

22 

In the second case the synthesis of  2. w a s  longer (see Scheme -- 
2 le Hom~veratronitrile-l-~~C (2 )  - was prepared from veratryl 
chloride and 64CN using [6lcrown-18 as phase transfer catalyst 5 

Then 2 w a s  reduced to homo~eratrylamine-l-~~C (&I.) by Egli's 

method and coupled with cyanoacetic acid in the presence of 

dicyclohexylcarbodiimide to N-homoveratryl-cyanoacetamide (&L).  
This was cyclized by Bischler-Napieralski's method to l-cyano- 

methyl-5,6-dimethoxy-3,4-dihydro-is0quinoline-3-~~C (5b -- 1. Then 

5b was converted into _1& in the same way as 5a. The application 

of slight modifications came as a consequence of the smaller 

amounts of the material. The total radiochemiccl yield was 5.3 %o 

-- - 
6 

-- 

-- -a -- -- 

EXPER IMEIIPT AL 

Melting points are uncorrected. Thin layer chromatography was 

carried out on 5 x 20 cm plates using Kieselgel PF254+366 (KSRCK). 

The radioactivity was measured by a Paclsard T R I - C U B  l i q u i d  acin- 

t illat i o n  system. 
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General method f o r  t r a c e r  experiments: 

To ,2 (1.38 g, 5 mnoles) i n  water (13.5 ml) HCI? (0.65 g, 10 

m o l e s )  w a s  added i n  water (3.5 m l ) .  The mixture containing pre- 

c i p i t a t e s  w a s  s t i r r e d  f o r  one hour, then f i l t e r e d  o f f ,  ax.d t h e  

cake w a s  washed with water. The s o l i d  ( 4 )  without drying was dis-  

solved i n  ethanol  (9  m l )  and another  por t ion  o f  KCN (0.65 g ,  10 

m o l e s )  i n  water (3.5 m l )  w a s  added t o  the  so lu t ion .  It w a s  kept 

under r e f l u x  f o r  30 minutes and then f o r  24 hours i n  r e f r i g e r a t o r .  

The c r y s t a l s  ( 5 )  were separated from ethanol by f i l t r a t i o n ,  

washed with ethanol  and dried.  Pale  yellow needles  were obtained 

with a melting point a t  169-17O0CO After  r e c r y s t a l l i z a t i o n  from 

50 % ethanol  (30  m l )  0.865 g (3.76 m o l e s ,  75 $1 of a l m o s t  col- 

o u r l e s s  2 were obtained. ILp. 172-173OC. 

- 

- 

- 
To f i n d  out t h e  optimum of the  incorporated r a d i o a c t i v i t y  i n  

some experiments the  molar r a t i o s  i n  both s t e p s  were var ied accord- 

i n g  t o  Table 2. 

1-Cyano [ l 4 C  ]methyl-6, "-dime thorrs-3,4-dih..dro-isoquinoline ( 5 ~ )  -- 
I n a c t i v e  w a s  prepared from 2 (2.76 g, 10  m o l e s )  as described - - 

at t r a c e r  experiments. Then i t  w a s  ref luxed with 0.132 g 

( 2  m o l e s ,  73 m C i )  of K14CIp i n  a mixture o f  ethanol (36 m l )  and 

1 N  KOH (10 m l )  f o r  30 m u t e s .  After  s tanding overnight i n  r e f r i g -  

e r a t o r  t h e  p r e c i p i t a t e d  5_a w a s  f i l t e r e d  o f f ,  washed with ethanol  

and d r i e d  t o  y i e l d  1.79 g (7.8 m o l e s )  of pale  yellow needles  mop. 

170-173°C. I n  t h e  f i l t r a t e  i n a c t i v e  5 - (0.46 g ,  2 m o l e s )  w a s  d i s -  

solved and c r y s t a l l i z e d  by s tanding overnight. The t o t a l  amount of 

t h e  obtained product w a s  2.42 g (10.5 m o l e s ) .  R e c r y s t a l l i z a t i o n  

from 50 % ethanol  (50 m l )  gave 2.004 g (8.7 mmoles) colour less  

c r y s t a l s .  M.p. 173-174'C. Tota l  a c t i v i t y :  41.2 m C i .  L lo la r  a c t i v i t y  

was 4.74 mCi/mmoles, c lose  t o  the  ca lcu la ted  one (5.22 mCi/mmoles)o 

-- 

' Active o r  i n a c t i v e  KCX was used according t o  T a b l e  1 and 2. 

K14CN w a s  prepared by B h f i p s  method7 
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~6,7-dimethoxy-3,4-dihydro-l-isoquinolinyl)-acet amid~xime-l-'~C 

---- (6a) _--- 
2s (2.004 g, 8.7 moles, 41,2 mCi) was dissolved in ethanol 

(50 m l )  and a solution of hydroqrlamine hydrochloride (1.21 g ,  

17.4 moles) and XaHC03 (1.78 g ,  1.2 moles) in water (3.5 ml) 

was added. It was refluxed for 22 hours, the ethanol was evaporated 

and the residue was suspended with water (10 ml), filtered off 

and washed with water. 1.84 g (7.0 moles) of $_a were obtained 

as a reddish powder. bLp. 133-14OoC. Yield 80 %. 

-- 

-- 

~-Amino-8,9-dimetho~-5,6-dih~dro-imidazo[5,l-a]isoquinoline- 

-2-% ( 1 ~ 1  - ---- 
fj_a (1,84 g, 7.0 moles, 33.2 mCi) was suspended in water (15 -- 

m l )  and acetic anhydride (0.8 ml, 0.865 g, 8.5 moles) was added 

dropwise, then the mixture was stirred for 15 minutes at room 

temperature and for 3 hours at 70-80°C. Then the hot solution 

was filtered, cooled and the pH was made alkaline (pH 10) with 

40 % NaOH. It was keptin refrigerator overnight, filtered off 

and washed with water. 1,447 g (5.9 moles) of 2s was obtained 
as pale brownish crystals. M.p. 214-222OC. Yield 84.3 %. 

-- 

~-Benxglideneamino-8,~-dirnetho8;y-5,6-di~dro-imid~zo[~,~-a~ 

isoquino~ne-2-~4~ igg l  ---- 

-- 7a (1.35 g ,  5.5 mmoles, 26.0 mCi) and freshly distilled bena- -- 
aldehyde (0.7 m l ,  0.69 g, 6.5 moles) and n-butanol (2  m l )  were 

stirred at 120-125OC for 45 minutes, then it was kept in refrig- 
erator for 3 hours. The product filtered off, washed with cold 

ethanol (3x1 ml) and 1.41 g (4.25 moles) of 8g were obtained as 

pale yellow crystals. M.p. 176-18OoC. Yield: 77 22. 

3-~enzylamino-8,9-dimethoqv-5,6-imidazo [ 5,1-a]i~osuinoline-2-~~C- 

-hydrochloride ( L g j  

-- 

---- 
8a (1041 Q ,  20.1 mCi) was hydrogenated in ethanol ( 1 5  ml) with == 

a palladiun-charcoal catalyst. 77 ml (3.5 moles) of hydrogen 
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were absoi-bed. The catalyst was filtered off, the solution was 

acidified by H C 1  in ethanol. It was kept in refrigerator over- 

night and the precipitated white crystals were filtered off and 

washed with cold ethanol. After recrystallization from ethanol 

(25 ml) 1.15 g (3.11 mmoles) of &-& -- were obtained, m.pe 234-242OC. 

Yield 73 %. Total activity 14.7 mCi, specific activity 4.74 mCi/ 
mmole, The mstterial showed only one spot by TLC (benzene-EtOH- 

-conc. NH OH 86:30:4) and proved to be identical to the authentic 

product in e l l  respects except radioactivity. 

Hom~veratronitrile-l-~~C 123 --- 

4 

Homoveratryl chloride (1.40 g, 7.5 mmoles) was dissolved in 

acetonitrile (15 ml) and [G]Crown-18 (0.135 g) and K14CM (0.120 g, 

1.8 mmolcs, 70.3 mCi) and inactive ICCN (0.375 g,  5.7 mmoles) were 

added and the mixture was stirred for 24 hours at room temperatu- 

res. Then K C 1  was filtered o f f ,  washed with acetonitrile (2x2 ml) 

and the filtrate was evaporated in vacuo. The residue (1.337 g, 
more than 100 %) a light brown oil, solidified slowly. It showed 
only one spot (Rf 0.4) by TLC (benzene-ethyl acetate 8:2). 

~omoveratrs~mine-l-~4~ ~ZKL.~ ---- 
2 (7.5 mmoles) was dissolved in methanol (25 m l )  and Raney Ni 

(about 1 g> was added. To the well-stirred mixture NaBH4 (2.0 g) 

in 8 N NaOH (10 ml) was added dropwise in a 90 minutes period at 

room temperature. The stirring was continued for 30 minutes (till 

the gas evolution stopped), Raney Ni was separated by filtration 

and washed with methanol (3x10 ml), the filtrate was evaporated 

by a rotating evaporator. The thick residue was diluted with water 

(30 m l )  and extracted with chloroform (3x20 ml). The collected 

extracts were washed with water (20 ml) and dried over MgSO The 

solvent was evaporated and 20 (852 mg, 4-72 mmoles) was obtained 
as e pale yellow oil in 68 % yield. The material contained about 

5 7; of unreacted 9 - by TLC (butanol-acetic acid-water 4:4:1; 

- 

4' 
-- 
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= 0.3, Rf (2 )  = 0.61, and it  was chemically i d e n t i c a l  
Rf -- - 
w i t h  au thent ic  i n a c t i v e  mater ia l .  

IT-Homoveratryl- ( l - 1 4 C  )-cyanoacetaxide LLI-2 ---- 
20 (852 me;, 4.72 m o l e s ,  47.8 m C i )  cyanoacetic acid (440 mg, 

5 m o l e s )  and dicyclohexyl-carbodiimide (1.13 g ,  6.0 m o l e s )  were 

ref luxed i n  dry benzene (25 m l )  under s t i r r i n g  f o r  1 hour. Then 

t h e  hot mixture w a s  f i l t e r e d  f r o m  dicyclohexyl-urea and washed 

with hot benzene (10 m l ) .  It w a s  cooled t o  5 O C  and l e f t  t o  s tand 

overnight;  t h e  p r e c i p i t a t e d  white c r y s t a l s  were separated by 

f i l t r a t i o n  and washed wi th  benzene (2 m l )  and petroleum e t h e r  

(3x5 m l ) ;  920 mg o f  21 -- were obteined. M.p. 1 2 5 - 1 2 7 O C .  S p e c i f i c  

a c t i v i t y :  41.39 mCi/g, t o t a l  a c t i v i t y :  38.57 m C i .  A second crop 

(307 mg> w a s  obtained by evaporating t h e  so lvent  of the  mother 

l i q u o r  and t h e  res idue  w a s  p u r i f i e d  on a Kieselgel  column (e luent  

C H C l  1. The o v e r a l l  y i e l d  w a s  n e a r l y  q u a n t i t a t i v e  (1.159 g ,  

99 %I.  Both crops showed only one spot  on a TLC p l a t e  ( e t h y l  

ace ta te ;  Rf = 0.45). 

l-Cyanomethyl-6,7-dirnethom-3,4-dihydro-isoquinoline-3-14C 15bJ -___ 

-- 

3 

11 (1.159 g )  w a s  dissolved i n  C H C l  ( 6  ml) and f r e s h l y  d i s t i l -  3 -- 
l e d  P0Cl3 (2 m l )  w a s  added during 10 minutes. Then t h e  mixture 

w a s  refluxed f o r  2 hours. The s o l u t i o n  became dark. The solvent 

w a s  evaporated and t h e  res idue  w a s  ref luxed i n  15 m l  o f  d i l u t e  

H C l  (1:fO) f o r  10 minutes. Then t h e  pH w a s  made a l k a l i n e  with 

s o l i d  ma CO and a f t e r  cooling t h e  product was ext rac ted  with 

CHCl  (3x20 ml), t h e  co l lec ted  e x t r a c t s  were washed wi th  water, 

d r i e d  over iQS04 and t h e  solvent  w a s  evaporated. A d a r k  powder 

(1.03 g) w a s  obtained which w a s  p u r i f i e d  by column chromatography 

(Kieselgel ,  e luent  CHC13).  448 mg of zi -- w a s  obtained as yellow 

crys ta l s .  Yield 42 $, t o t a l  a c t i v i t y :  19.9 m C i .  The m a t e r i a l  

contained contamination i n  t r a c e s  by TLC ( e t h y l  a c e t a t e ;  

Rf = 0.55). 

2 3  

3 
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6,7-Dimethoxy-3,4-di~ydro-l-isosuinolinyl-3-14C-acetamidoxime (6fhJ ---- 
The reaction was caxried out as described for 53; Gh (306 mg, 

1.16 moles, 1 L 9  mCi) was prepared from 448 mg (1.94 moles, 
19.9 mCi) of zg in 60 % yield. The material was chemically identi- 

cal with authentic inactive material by TLC (CHC1 methanol 1:l; 

-- -- 

3- 
Rf = 0.4). 

~-Amino-8.9-dimetho~-5,6-dih..dro-imidazo[ 5,l-aIisos~inoline-5-~~C 
mi 

131 mg of -- was obtained from 306 mg (1.16 moles ,  11.9 m C i )  

of 69 as described at 1‘. Nl.p. 21O-22O0C. A second crop was ob- 

tained by the extraction of the filtrate with CHC13 and it was 

purified by column chromatography (solvent : CHC13-methanol 9: 1 1. 

The total yield was 171 mg (0,69 moles, 7.16 mCi, 60 %) of 2;. 
Both materials showed only one spot on a TLC plate (CHC13-ethanol 

1:l; Rf = 0.4). 

~-Benzilidene~no-8.9-dimethoxy-5,6-di~dro-imidazo[5,l-a]iso- 

quinoline-5-’4~ ---3 1gb I 

-- -- 

2 (171 mg, 0.7 moles, 7.16 mCi) was dissolved in butanol 

(5 ml) and freshly distilled benzaldehyde (1 m l )  was added. The 

mixture was heated to 105OC during 15 minutes, then it was 

stirred at 100-llO°C for 45 minutes. After cooling the butanol 
was evaporated in vacuo at 8OoC (oil pump) and the residue 

(a dark brown oil) was purified by column chromatography (solvent 

CHCl 1; 192 mg (0.57 moles, 83 %, 5.98 mCi) of  Sb -- were obtained 
as yellow powder. M.p. 176-18OoC. The material showed one spot by 

TLC (chloroform-methanol 9:l; Rf = 0.5). 

3-Benzylamino-8,9-dimethoxy-5,6-dihydro[ 5,1-a]iso~uinoline-5-~~C 

hydrochloride (igl 

3 

--_- 
2 (192 ng, 0.57 mmoles, 5.98 mCi) was hydrogenated in 20 ml of 

ethanol with a Palladium-charcoal catalyst at 6OoC. The reaction 

was very rapid, it finished in 5 minutes. Then the catalyst was 

filtered off and the solvent was evaporated. A colourless oil 



822 G. Zolyomi et al. 

(168 m g )  w a s  obtained. It w a s  dissolved i n  2 m l  of 20 74 ethanol- 

-HC1 and 30 ml of abs ,  e t h e r  w a s  added. The p r e c i p i t a t e d  white 

c r y s t a l s  were separated by f i l t r a t i o n  and washed with ether.  133 

m g  (0.36 m o l e s ,  63 %, 3.76 m C i )  of ,l& were obtained w i t h  28.37 

mCi/g s p e c i f i c  a c t i v i t y .  Mop. 21O-22O0C. The m a t e r i a l  showed only 

one spot by TLC ( e t h y l  a c e t a t e  Rf = 0.5) and i t  w a s  chemically 

i d e n t i c a l  with au thent ic  i n a c t i v e  2. Radiochemical y ie ld :  5.3 $. 

-- 

- 
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