
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXW, No. 11 

SYNTHESIS OF 1- [( 1,4-BENZODIOXAN-2-YLMETHYL)AMINO] -3- 
-( 3-PYRIDAZINON-2-YL) - [3-14C] PROPANE HYDROCHLORIDE 

(GYKI-127431, A NEVf ANTIHYPERTENSIVE AGENT 

E. B i rkBs-Fa ig l ,  G. Z6lyomi, N. Makk and E. Kasz t re ine r  
I n s t i t u t e  f o r  Drug Research, H-1325 Budapest, 
P.O. Box 82, Hungary 

SUMMARY 

A new an t ihyper tens i ve  agent, GYKI-12743, has been 
l a b e l l e d  w i t h  carbon-14 v i a  a s i x -s tep  synthesis.  The 
l a b e l  was i n t roduced  b y  cha in  e l o n g a t i o n  o f  an 
approp r ia te  p recursor  us ing  potassium [14C] cyanide as 
r a d i o a c t i v e  s t a r t i n g  mater ia l .  A s a t i s f a c t o r y  o v e r a l l  
y i e l d ,  44.7 %, r e l a t i v e  t o  KCN was achieved. 
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INTRODUCTION 

1- [( 1,4-Benzodioxan-2-ylmethyl) amino] -3-( 3 -pyr idar inon-2-y l )  - 
-propane hyd roch lo r i de  (GYKI-12743; . HC1) i s  one o f  t h o  

compounds o f  genera l  formula & prepared i n  our l a b o r a t o r i e s  (1) 

search ing  f o r  new substances f o r  t h e  t reatment o f  ca rd iovascu la r  

diseases. Resu l ts  o f  animal s t u d i e s  have proved GYKI-12743 t o  be 

a po ten t  cX1-adrenoceptor and ca lc ium antagon is t  e x h i b i t i n g  

an t i hype r tens i ve  a c t i v i t y .  I n  order  t o  f u r t h e r  exp lo re  the  

p o s s i b i l i t i e s  o f  t he  u t i l i z a t i o n  o f  t h e  p u t a t i v e  the rapeu t i c  

va lue  o f  t h i s  compound, t h e  syn thes i s  o f  a r a d i o i s o t o p i c a l l y  

l a b e l l e d  analogue, s u i t e d  f o r  metabo l ic  and pharmacokinet ic 

e v a l u a t i o n  was required. 
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DISCUSSION 

I n  compound &, t h e  t r ime thy lene  cha in  was considered as meta- 

b o l i c a l l y  s t a b l e  p o s i t i o n ,  and thus, s u i t a b l e  f o r  l a b e l l i n g .  

Al though we had e labora ted  t h e  p r e p a r a t i o n  o f  a ca rbon- labe l l ed  

b i f u n c t i o n a l  1,3-propylene 

p r o p y l  p - to luenesu l fonate  (2), i n  t h i s  case a cha in  e longa t ion  

was thought t o  be a more advantageous s y n t h e t i c  approach f o r  

i n t r o d u c i n g  carbon-14 i n t o  the  propylene moiety. For t h i s  purpose 

a s u i t a b l e  p recu rso r  (2) had t o  be synthesized and, subsequently, 

t h e  s y n t h e t i c  r o u t e  o u t l i n e d  i n  the  scheme was c a r r i e d  out. 

d e r i v a t i v e ,  i.e. 3 -ch lo ro  [1-14C]- 

The r e a c t i o n  o f  2- [( 1,4-benzodioxan-2-ylmethyl) amino] -ethanol, 

prepared as descr ibed b y  M a r i n i - B e t t o l o  e t  a l .  (3), w i t h  b e n t y l  

c h l o r i d e  i n  t h e  presence o f  phase t r a n s f e r  c a t a l y s t  gave t h e  cor re -  

sponding N-benzyl d e r i v a t i v e  which was then t r e a t e d  w i t h  t h i o n y l  

c h l o r i d e  t o  o b t a i n  2. By r e a c t i n g  w i t h  K%N t h i s  compound served 

as s t a r t i n g  m a t e r i a l  f o r  t h e  p r e p a r a t i o n  o f  t h e  l a b e l l e d  i n te rmed ia te  

3. The n i t r i l e  was p u r i f i e d  b y  chromatography, t hen  converted i n t o  

e s t e r  i n  one s tep  and t h e  crude produc t  was f i r s t  reduced w i t h  

LiA1H4, t h e r e a f t e r  c h l o r i n a t e d  w i t h  t h i o n y l  c h l o r i d e  and f i n a l l y  

condensed w i t h  3-pyr idazinone b y  means o f  phase t r a n s f e r  c a t a l y s t .  

A l l  these r e a c t i o n  s teps  cou ld  be c a r r i e d  ou t  w i t h o u t  p u r i f i c a t i o n ,  

which was f o r t u n a t e  because the  produc ts  were l i q u i d ;  however the  

l a s t  p roduc t  had t o  be c a r e f u l l y  p u r i f i e d  b y  chromatography, 

because, according t o  t h e  r e s u l t s  o f  "co ld"  runs, debenzy la t ion  o f  

t h e  crude z b y  hydrogeno lys is  took p l a c e  v e r y  s l o w l y  r e s u l t i n g  i n  

a m ix tu re  o f  & and i t s  d ihyd ro  d e r i v a t i v e ,  which cou ld  n o t  be 

e a s i l y  separated. For t h i s  reason, t h e  compound z had t o  be exposed 

t o  hydrogen over Pd c a t a l y s t  o n l y  f o r  a r e l a t i v e l y  s h o r t  p e r i o d  

(no t  more than 2 hours) and t h e  hydrogen consumption d u r i n g  

depro tec t i on  should no t  exceed t h e  c a l c u l a t e d  one. I n  t h i s  manner 

t h e  l a s t  s tep  o f  t h e  syn thes i s  a f f o r d e d  pure  2 t h a t  was i s o l a t e d  

as hyd roch lo r i de  i n  an o v e r a l l  rad iochemica l  y i e l d  o f  44.7 % 
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c a l c u l a t e d  r e l a t i v e  t o  K CN. 14 

The progress  o f  each r e a c t i o n  s t e p  as w e l l  as t h e  chemical  and 

rad iochemica l  p u r i t y  o f  t he  f i n a l  p roduc t  were moni tored b y  t h i n -  

- l a y e r  chromatography fo l l owed  b y  r a d i o m e t r i c  scanning. 

EXPERIMENTAL 

The m e l t i n g  p o i n t s  were determined on a Boe t ius  h o t  s tage and 

a r e  uncorrected. R a d i o a c t i v i t y  was measured by l i q u i d  s c i n t i l l a t i o n  

technique u s i n g  a Packard TRI-CARB Model 2660 spectrometer. I R  

spec t ra  were recorded w i t h  a Bruker  Model IFS 85 spectrometer. 

TLC was c a r r i e d  ou t  on precoated  s i l i c a  g e l  60 F254 sheets (Merck) 

and a B e r t h o l d  TLC scanner Model LB-2723 was used f o r  eva lua t ion .  

K CN was prepared i n  ou r  l a b o r a t o r i e s  (4). A l l  evapora t ions  were 

c a r r i e d  ou t  under reduced pressure. 

2-[Benz~l(l,4-benzodioxan-2-ylmethyl)amino~ e t h y l  c h l o r i d e  

hyd roch lo r i de  (2. HC1) 

A m i x t u r e  o f  2- (1,4-benzodioxan-2-yImethyl)amino e thano l  

14 

(10.46 g; 50 mmol), sodium i o d i d e  (0.76 g) ,  tetrabutylammonium 

bromide (TBAB) (0.76 g) ,  anhydrous potass ium carbonate (21.0 g) 

and b e n z y l  c h l o r i d e  (7.00 g; 55 mmol) was s t i r r e d  i n  h o t  to luene 

(100 m l )  f o r  3 hours. A f t e r  coo l i ng ,  t h e  m i x t u r e  was f i l t e r e d  and 

t h e  f i l t r a t e  was washed w i t h  water  (2  x 25 m l )  and e x t r a c t e d  w i t h  

1 N HC1 (2 x 30 ml). The combined e x t r a c t s  were made a l k a l i n e  t o  

pH 9 w i t h  1 N NaOH and e x t r a c t e d  aga in  w i t h  d ich loromethane 

( 3  x 20 ml). The combined o rgan ic  l a y e r s  were d r i e d  over  anhydrous 

Na2S04 and evaporated t o  g i v e  8.15 g o f  a ye l l ow  o i l  t h a t  was 

red i sso l ved  i n  d ich loromethane ( 3 0  m l )  and, a f t e r  a d d i t i o n  o f  

t h i o n y l  c h l o r i d e  (3.24 g; 1.96 m l ;  27.0 mmol), r e f l u x e d  f o r  4 hours. 

A f t e r  a l l o w i n g  t o  s tand i n  a r e f r i g e r a t o r  ove rn igh t ,  t h e  c r y s t a l s  

w e r e  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  from acetone t o  a f f o r d  Z.HC1 

(6.50 g t  36.7 %). M.p. 134-136OC. The compound found t o  be pure 

by TLC (benzene/methanol 8:2) was i d e n t i f i e d  b y  I R  spectrum. 
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3- [BenzvU 1,4-benzodioxan-2-ylmeth~l)amino 1 ~ y a n o - ~ ~ C ] p r o p , i o -  

n i t r i l e  (2) 

A m ix tu re  of  2 ( f r e s h l y  prepared from 5.5 mmol, 1.95 g o f  2 , H C l  

by d i s s o l v i n g  i t  i n  water, adding excess NaOH t o  t h e  s o l u t i o n ,  
e x t r a c t i n g  the  base w i t h  e t h e r  and evapora t ing  the  e x t r a c t ) ,  K 14 CN 

(0.326 gs 5.00 mmol ;  5.27 GBq: 1.054 GBq/mmol), 98 % e thano l  

(18 m l )  and a c a t a l y t i c  amount o f  KI was heated a t  90°C f o r  4 hours 

and evaporated. The res idue was mixed w i t h  water (10 m l )  and 

e x t r a c t e d  w i t h  benzene (5  x 10 ml). The combined organ ic  l a y e r s  

were d r i e d  over anhydrous Na2S04 and evaporated t o  an o i l  which 

was chromatographed on a s i l i c a  g e l  column us ing  benzene as e l u t i n g  

solvent.  Evapora t ion  o f  the approp r ia te  f r a c t i o n s  gave a p a l e  

ye l l ow  homogeneous o i l  (1.570 g) (TLC: benzene). 

E t h y l  3- [ benzy l l  1,4-bentodioxan-2-ylmethvl) amino] [ ~ a r b o x y l - ~ ~ C ]  - 
prop ionate  (4) 

The above n i t r i l e  was d i sso l ved  i n  95 % e thano l  (3.2 m l )  and 

a f t e r  dropwise a d d i t i o n  o f  conc. H2S04 (1.35 ml) t he  m ix tu re  was 

heated a t  90°C f o r  3 hours, then cooled t o  room temperature and 

d i l u t e d  w i t h  water (15 ml). Ether  (25 m l )  was l aye red  over  t h e  

s o l u t i o n  and the  pH was ad jus ted  t o  8 w i t h  Na2C03. A f t e r  shaking, 

t h e  l a y e r s  were separated and t h e  aqueous phase was ex t rac ted  

w i t h  a d d i t i o n a l  p o r t i o n s  o f  e the r  ( 3  x 10 ml). The combined 

e x t r a c t s  d r i e d  over anhydrous Na2S04 were evaporated t o  a f f o r d  4 
as a p a l e  ye l l ow  oil (1.70 9). The main r a d i o a c t i v e  spot de tec ted  

b y  TLC (benzene/acetic a c i d  9:l; bu tano l /ace t i c  acid/water 4:l: l )  

i n  t h e  crude produc t  accounted f o r  approximately 90 X o f  the  

r a d i o a c t i v i t y .  

3- [Benzyl( 1,4-benzodioxan-2-ylmethyl)amino] -1- [1-14C) propy l  

c h l o r i d e  (5) 

The crude e s t e r  and L iA1H4 (0.50 g) i n  d r y  e t h e r  (30  ml) were 
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heated under r e f l u x  f o r  2 hours. Then, w h i l e  c o o l i n g  the  f l a s k  

i n  an ice-bath,  excess LiA1H4 was des t royed by dropwise a d d i t i o n  

o f  10 % aqueous Se igne t te  s a l t  s o l u t i o n  (1.6 m l ) .  The coagulated 

s o l i d  was f i l t e r e d  o f f ,  t he  f i l t r a t e  was d r i e d  over anhydrous 

Na2S04 and evaporated t o  g i v e  a c o l o u r l e s s  o i l  (1.60 g) which 

was subsequently reac ted  w i t h  t h i o n y l  c h l o r i d e  (0.66 g; 0.4 m l )  

i n  h o t  dichloromethane f o r  4 hours. A f t e r  coo l ing ,  t h e  r e a c t i o n  

m ix tu re  was mixed w i t h  water (10 m l )  and i t s  pH was ad jus ted  t o  

8-9 b y  the  a d d i t i o n  o f  Na2C03. The separated aqueous phase was 

ex t rac ted  w i t h  dichloromethane ( 3  x 10 m l ) ,  t h e  combined organ ic  

l a y e r s  were d r i e d  over Na2S04 and evaporated, The residue, 1.60 g 

o f  a ye l l ow  o i l ,  was found t o  be pure  enough b y  TLC (benzene/ 

methanol 8:2) f o r  t h e  nex t  step. 

1-[Benryl( 1,4-benzodioxan-2-ylmethyl)amino] -3-( 3-pyr idazinon- 

-2 -y l ) -  [3-14~]  propane (z) 
A s o l u t i o n  o f  3-pyr idazinone (0.721 g; 7.5 mtnol) i n  d r y  methanol 

(10 m l )  c o n t a i n i n g  a s t o i c h i o m e t r i c  amount o f  KOH (0.420 g; 7.5 

mmol) was s t i r r e d  a t  2OoC f o r  30 minutes and evaporated t o  

dryness, The l a s t  t r a c e  o f  mo is tu re  was removed b y  azeo t rop i c  

d i s t i l l a t i o n  w i t h  toluene. About h a l f  o f  t he  res idue  as w e l l  as 

TBAB (0.34 g) were added t o  the  above r a d i o a c t i v e  i n te rmed ia te  

d i sso l ved  i n  to luene (26 m l ) .  A f t e r  r e f l u x a t i o n  f o r  4 hours, t he  

remaining 3-pyr idazinone potassium s a l t  was added and r e f l u x i n g  

was cont inued f o r  an a d d i t i o n a l  3 hour per iod.  The r e a c t i o n  

m ix tu re  was then coo led  and washed success i ve l y  w i t h  2 N NaOH 

( 2  x 10 m l ) ,  sa tu ra ted  NaHC03 (10 m l )  and water (10 ml). Removing 

the  so l ven t  b y  evapora t ion  a f fo rded  a brown o i l  which was a p p l i e d  

t o  a s i l i c a  g e l  column and e l u t e d  w i t h  e t h y l  acetate. The 

approp r ia te  f r a c t i o n s  were evaporated t o  constant weight y i e l d i n g  

1.47 g (3.76 mmol) of a y e l l o w i s h  o i l .  
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1- [( 1,4-Benzodioxan-2-ylmet hy l )  amino] -3-( 3-pyr idazinon- 

2 -y l )  - [3-14C]propane hyd roch lo r i de  (&.HCl) 

1323 
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The above produc t  (Zj 1.47 91 3.76 mmol) d i s s o l v e d  i n  a m ix tu re  

o f  e thano l  (10 m l ) ,  d i s t i l l e d  water  (1.3 e l )  and conc. HC1 

(0.6 m l )  was hydrogenated over 10 % Pd/C c a t a l y s t  (0.24 g) u n t i l  

hydrogen consumption a t t a i n e d  the  c a l c u l a t e d  one (90 m 1  a t  room 

temperature). The m ix tu re  was then f i l t e r e d ,  n e u t r a l i z e d  w i t h  

NaOH and evaporated. Water (10 m l )  was added t o  the  residue, t h e  

s o l u t i o n  was made a l k a l i n e  t o  pH 9 and the  o i l  t h a t  separated was 

ex t rac ted  w i t h  ch lo ro fo rm ( 5  x 15 ml). The o rgan ic  l a y e r s  were 

combined, d r i e d  over  K2C03 and evaporated t o  g i v e  a ye l l ow  o i l y  

res idue  (1.08 9) which was d i s s o l v e d  i n  e t h y l  ace ta te  (4  m l )  and 

a c i d i f i e d  t o  pH 3 w i t h  a l c o h o l i c  HC1. A f t e r  be ing  kept  i n  a 

r e f r i g e r a t o r  overn igh t ,  t h e  c r y s t a l s  were f i l t e r e d  off  and 

r e c r y s t a l l i z e d  from ethanol. The w h i t e  c r y s t a l l i n e  substance 

a f t e r  d r y i n g  i n  a vacuum d e s i c c a t o r  over P205 and KOH weighed 

0.774 g (2.29 mmol) and proved t o  be i d e n t i c a l  i n  every  respec t  

except r a d i o a c t i v i t y  w i t h  an a u t h e n t i c  sample of &.HCl. No 

r a d i o a c t i v e  contaminants cou ld  be de tec ted  b y  TLC ( e t h y l  acetate/  

methanol/conc. NH40H/water 80:20:5 :S). Mop. 125-27'C. Radio- 

a c t i v i t y :  2.358 GBq (3.047 GBq/g; 1.029 GBq/mmol). O v e r a l l  r ad io -  

chemical  y i e l d :  44.7 %. 
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