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Summary 

The synthesis of 14C-labelled metoprolol, a new antihypertensive 

drug is described. 

E-methoxyphenylethyl alcohol was prepared by the following sequence of reac- 

tions: MeO-C H -Br--> MeO-CbH4-14COOH __d MeO-C H -14CH20H-> 
MeO-C H - 14 CH2C1.-> MeU-C H - 14 CH2-CN +MeO-CbH4-14CH2-COOH.----., 

14 MeO-C H - CH2-CH20H. 

ethyl bromide which on treatment with methanol under alkaline condition was 

converted into L14C]-~-hydroxyphenylethyl methyl ether. 

epichlorhydrin followed by isopropylamine gave [14C]-metoprolol. 

Starting from E-bromoanisole and 14C02, 14C-labelled 

6 4  6 4  

6 4  6 4  

6 4  Heating with 47% HBr gave [14C]-l-hydroxyphenyl- 

Reaction with 

14 14 KEY WORDS: [ C1-Metoprolol, [ C]-E-Hydroxyphenylethyl bromide, 

lYl-l)ideutero-2-p-methoxyphenylethyl alcohol. 
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INTKODUCTION 
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Metoprolol (I) i s  a new a d r e n e r g i c   receptor blocking 

agent  (1-3). 

t o r s ,  metoprolol  p r e f e r e n t i a l l y  an tagon izes  t h e  a c t i o n  of sympathomimetic 

amines on B1-receptors and is  t h e r e f o r e  c a r d i o s e l e c t i v e .  

t a r t r a t e  sa l t  of me topro lo l  has  r e c e n t l y  been in t roduced  f o r  t h e  t r ea tmen t  

of hypertension.  The drug i s  e x t e n s i v e l y  me tabo l i sed  i n  man, dog and rat 

(4-5). These me tabo l i c  s t u d i e s ,  which were carriea out  w i t h  t r i t i u m  

l a b e l l e d  metoprolol  (L) having t h e  l a b e l  a t t a c h e d  t o  t h e  carbon bea r ing  

t h e  hydroxyl group could not show i f  any metabolism occur red  by O-dealkyla- 

t i o n  as shown i n  Fig. 1 because t h e  m e t a b o l i t e s  which would be para- 

s u b s t i t u t e d  pheno l i c  compounds of t ype  2 would not  be r a d i o l a b e l l e d .  

o r d e r  t o  s tudy t h i s ,  w e  syn thes i zed  metoprolol  l a b e l l e d  wi th  14C (16) 
having t h e  l a b e l  i n  t h e  methoxyethyl s i d e  c h a i n  and r e p o r t  t h e  d e t a i l s  of 

t h e  s y n t h e s i s  i n  t h i s  paper. 

Unlike p roprano lo l  which b locks  bo th  61 and ~ ~ - r e c e p -  

The L (+) 

I n  

OH 

CHZ-CHZ-OCH3 

OH 0 R 

2 - 1 - 
*indicates the position of the label 

Fig. 1 
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The reaction sequence used for  the syr 
metoprolol (16) i s  shown i n  Scheme 1. 

Scheme 1. 

Br 14 coo H 

hes i of 14C-label 

14CH1 OH 0 Z O 2  * 0 B 1 H 6  * (J 
OCH3 OCH, OCH, 

3 5 - 4 - - 

l H C I  
I4CH2 -COOH I4CH1 -CN ’“CHl CI 

OCH, 

b . 6 1  - 8 

‘“CH2 -CH2 -OH 0 H B r  * 

OCH, 

9 - 

~ - c H ~ C H - C H ~  
I 
NH-CH <::: 

14 - 

OCH, 

7 - 

I4CH2 -CH, Br 
1 

OH 

10 

6 C H 3  

6 - 

CH3OH 1 
‘‘CHl-’4CHz-OCH, “CH,-I4CH1 -OCH3 

ClCHz -CH-CHl 

O-CH,-C\H-CHl OH 

12 13 
0’ 

- - 



1276 N.K. Chaudhuri and T.J. Ball 

The s t a r t i n g  material, 2-bromoanisole (2) w a s  conve r t ed  i n  a 

s t r a i g h t f o r w a r d  manner by means of known r e a c t i o n s  t o  14C-label led 

p n e t h o x y p h e n y l a c e t i c  a c i d  (5). 
from 2 was 72% based on barium carbonate-14C. 

borane gave t h e  a l c o h o l ?  which was t h e n  hea ted  wi th  47% hydrobromic a c i d  

( 6 )  t o  g ive  t h e  pheno l i c  bromide lo. 

under a l k a l i n e  c o n d i t i o n  by a known method ( 7 )  gave 14C-labelled E- 

hydroxyphenylethyl methyl e t h e r  (g).  
shown t h a t  t h e  above r e a c t i o n  proceeds through t h e  i n t e r m e d i a t e  dienone 

- 11, t h e  14C-label i n  t h e  s i d e  cha in  would be scrambled and t h u s  both 

t h e  methylene carbon atoms of t h e  methoxyethyl s i d e  c h a i n  of 12 would be 

l a b e l l e d .  To confirm t h i s ,  we t r e a t e d  t h e  deuter ium l a b e l l e d  pheno l i c  

bromide wi th  methanol under similar a l k a l i n e  c o n d i t i o n  and t h e  product 

was found by n u c l e a r  magnetic resonance spec t roscopy  t o  be a mix tu re  of 

equa l  amounts of two d e u t e r a t e d  compounds 16 and 2. 
resonance spectrum showed two peaks of e q u a l  i n t e n s i t y  at 2 . 7  and 3.5 ppm 

due t o  t h e  methylene protons of 

The o v e r a l l  y i e l d  of 5 i n  f i v e  s t e p s  

Reduction of 8 wi th  

The r e a c t i o n  of lo wi th  methanol 

Since Winstein and Baird ( 7 )  have 

The n u c l e a r  magnetic 

and 17 r e s p e c t i v e l y .  

The phenol ic  e t h e r  12 w a s  condensed w i t h  e p i c h l o r h y d r i n  t o  g i v e  

t h e  epoxy compound 2 which w a s  t h e n  r e a c t e d  wi th  isopropylamine t o  o b t a i n  

14C-labelled metoprolol  (z). The L ( + ) - t a r t r a t e  sa l t ,  prepared accord- 

i n g  t o  t h e  pub l i shed  procedure (5)  w a s  98% rad iochemica l ly  pure and 

t h e  o v e r a l l  y i e l d  from barium carbonate-14C w a s  about 16.8%. 
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Experimental  

Melting p o i n t s  are uncorrected.  Nuclear magnetic resonance 

(nmr) s p e c t r a l  da t a  are repor t ed  i n  ppm desh ie lded  wi th  respect  t o  

t e t r a m e t h y l  s i l a n e .  Thin l a y e r  chromatography ( t l c )  w a s  c a r r i e d  out on 

s i l i c  g e l  60 F-254 p l a t e s  of 0.5 mm l a y e r  t h i ckness .  Ba CO w a s  pur- 

chased from New England Nuclear Corporat ion of Boston, Massachusetts,  USA. 

14 
3 

14 [ C]-1-Methoxybenzoic a c i d  (2). A s o l u t i o n  of p-methoxyphenyl 

magnesium bromide was prepared by h e a t i n g  2.8 g of E-methoxybromobenzene 

and 0.36 g of magnesium i n  15  mL of t e t r ahydro fu ran .  

d i l u t e d  wi th  15 mL of e t h e r  and t h e  r e a c t i o n  f l a s k  w a s  connected t o  a high 

vacuum l i n e  and carbonated by s t anda rd  procedure with 1 4 C 0  

from 1.58 g of Ba14C03 (40 mCi). After s t anda rd  work up, 1-10 g of t h e  

a c i d  (91% y i e l d )  was ob ta ined  as a c r y s t a l l i n e  s o l i d ,  m.p. 181-83', unde- 

pressed on admixture wi th  an  a u t h e n t i c  sample of c o l d  material. 

The s o l u t i o n  w a s  t h e n  

generated 2 

14 [ C]-1-Methoxybenzyl a l c o h o l  (A). To a s o l u t i o n  of 1.1 g of 4 

i n  10 mL of t e t r ahydro fu ran  was added 35 mL of 1 molar s o l u t i o n  of borane 

i n  t e t r ahydro fu ran  and t h e  mixture  w a s  heated under r e f l u x  f o r  one hour. 

The s o l u t i o n  w a s  t h e n  t r e a t e d  w i t h  3 mL of water followed by 4 mL of NaHCO 

s o l u t i o n  and evaporated t o  dryness  i n  a r o t a r y  evaporator  under reduced 

pressure.  The r e s idue  was t r e a t e d  wi th  3 mL of N a C l  s o l u t i o n  and e x t r a c t e d  

with e the r .  Af t e r  drying wi th  MgSO t h e  e t h e r  s o l u t i o n  was evaporated 4 

t o  dryness  t o  g ive  0.9 g of 2 (90% y i e l d )  as a c o l o r l e s s  o i l  which on t l c  

i n  e t h y l  a c e t a t e  showed only spo t  i d e n t i c a l  t o  t h a t  of an  a u t h e n t i c  sample 

of p n e t h o x y b e n z y l  a lcohol .  

3 

14 [ C1-E-Methoxyphenylacetic a c i d  (s>. The above o i l  (0.9 g) w a s  

s t i r r e d  a t  room temperature  wi th  20 mL of conc. HC1 s o l u t i o n  f o r  f o u r  hours.  

A f t e r  d i l u t i n g  wi th  water, t h e  r e a c t i o n  mixture  was e x t r a c t e d  wi th  e the r .  

The product obtained a f t e r  removal of e t h e r  w a s  d i s so lved  i n  25 mL of 
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ace tone  and 0.78 g of potassium cyanide and 0.1 g of potassium i o d i d e  

were added t o  t h e  ace tone  s o l u t i o n  which w a s  t h e n  r e f l u x e d  f o r  20 hours.  

The r e s i d u e  ob ta ined  a f t e r  removal of ace tone  w a s  t r e a t e d  w i t h  water and 

e x t r a c t e d  wi th  e t h e r  and t h e  product ob ta ined  a f t e r  removal of e t h e r  was 

d i s so lved  i n  a mixture  of 10 mL of e t h a n o l  and 10 mL of 50% KOH s o l u t i o n  

was added t o  it. The mixture  was hea ted  under r e f l u x  f o r  18 hours.  

Ethanol  was removed by evapora t ion  and t h e  r e s i d u e  d i s s o l v e d  i n  water. 

The aqueous s o l u t i o n  was a c i d i f i e d  by a d d i t i o n  of conc. HC1 s o h  and t h e  

a c i d i c  material e x t r a c t e d  wi th  e t h e r .  

e t h e r  s o l u t i o n  was evaporated t o  dryness  t o  g i v e  0.96 g (89% y i e l d )  of a 

white  s o l i d ,  m.p. 85-86', undepressed on admixture  wi th  a n  a u t h e n t i c  sam-  

p l e  of g-methoxyphenylacet ic  ac id .  

A f t e r  d ry ing  wi th  &SO4, t h e  

14 [ C]-2-~-Methoxyphenylethyl a l c o h o l  (9). The above a c i d  

(0.96 g )  was d i s so lved  i n  5 mL of t e t r a h y d r o f u r a n  and 15 mL of 1 molar 

s o l u t i o n  of borane i n  t e t r a h y d r o f u r a n  w a s  added t o  i t .  The s o l u t i o n  was 

t h e n  hea ted  under r e f l u x  f o r  3 hours.  A f t e r  coo l ing ,  t h e  s o l u t i o n  w a s  

t r e a t e d  wi th  1 mL of conc. H C 1  s o l u t i o n  and evaporated t o  dryness.  The 

r e s i d u e  was t r e a t e d  wi th  5 mL of N a C l  s o l u t i o n  and e x t r a c t e d  wi th  e t h e r .  

A f t e r  drying wi th  %SO4, t h e  e t h e r  s o l u t i o n  was evapora t ed  t o  dryness  

t o  g i v e  0.82 g (93% of y i e l d )  of an  o i l .  

l e t  a t  3.6 ppm ( -Oz3) ,  a t r i p l e t  at 3.75 ppm (-CH2-g2-OH) and an- 

o t h e r  t r i p l e t  at 2.65 ppm (-CH,CH2-OH) i n  t h e  a l i p h a t i c  region. 

The nmr spectrum showed a s ing-  

14 [ C]-2-2-Hydroxyphenylethyl bromide (g). The above o i l  

(0.82 g )  was re f luxed  w i t h  25 mL of 47% HBr s o l u t i o n  f o r  12 hours.  A f t e r  

coo l ing ,  t h e  r e a c t i o n  mixture  w a s  d i l u t e d  wi th  water and e x t r a c t e d  w i t h  

e t h e r .  The e t h e r  e x t r a c t  w a s  washed wi th  NaHCO s o l u t i o n ,  d r i e d  w i t h  

%SO4 and evaporated t o  dryness  t o  g i v e  0.9 g (83% y i e l d )  of a n  orange 

o i l  which on t l c  i n  chloroform showed only one spo t  i d e n t i c a l  t o  t h a t  of 

a n  a u t h e n t i c  sample of p-hydroxyphenylethyl bromide. 

3 
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t i o n  of 3 g of E-methoxyphenylacetic a c i d  i n  15 mL of te t rahydrofuran 

w a s  added 50 mL of 1 M s o l u t i o n  of deutera ted  borane i n  te t rahydrofuran.  

The s o l u t i o n  w a s  then  ref luxed f o r  3 hours and then worked up as descr ibed 

above f o r  t h e  prepara t ion  of 2 t o  get 2.4 g of l,l-dideuter0-2-~-methoxy- 

phenylethyl a lcohol .  The nmr spectrum showed a s i n g l e t  a t  3.65 ppm 

(-OCH3) and a s i n g l e t  at 2.65 ppm (-G2-CD2-OH). 

then  heated with 40 m l  of 47% HBr s o l u t i o n  and worked up as descr ibed above 

f o r  t h e  prepara t ion  of 2 t o  get  2.5 g of 

spectrum showed a s i n g l e t  a t  3.1 ppm (-CH -CD,-Br). 

The a lcohol  w a s  

a s  an  orange o i l .  The nmr 

-2 L 

Reaction of l,l-dideutero-2-~-hydroxyphenylethyl bromide with 

methanol and sodium hydroxide. A s o l u t i o n  of 1 g of 2 i n  5 mL of methanol 

was added t o  a s o l u t i o n  of 4 g of sodium hydroxide i n  40 mL of methanol and 

t h e  so lu t ion  was ref luxed f o r  3 hours. Methanol was removed by evapora- 

t i o n  and water was added t o  t h e  res idue  which was then  ex t rac ted  with e t h e r  

and t h e  e t h e r  e x t r a c t  discarded. The aqueous s o l u t i o n  was then a c i d i f i e d  

with conc. H C 1  s o l u t i o n  and ex t rac ted  with ether .  The e t h e r  s o l u t i o n  was 

dr ied  with MgSO 

low o i l .  The nmr spectrum showed t h r e e  s i n g l e t s  i n  t h e  a l i p h a t i c  region 

a t  2.7 (-C&-CD2-OCH3) , 3.5 (-CD2-CH2-OCH3) and 3.3 ppm ( - O g 3 > .  

and evaporated t o  dryness t o  give 0.5 g of a l i g h t  yel- 4 

14 [ C]-2-p-Hydroxyphenylethyl methyl e t h e r  (12). A s o l u t i o n  of 

0.9 g of t h e  bromo compound 

of 3 g of sodium hydroxide i n  30 mL of methanol and t h e  s o l u t i o n  w a s  ref luxed 

f o r  3 hours. After  working up i n  t h e  same way a s  descr ibed above f o r  t h e  

deuterium compound 0.465 g ( 6 8 %  y i e l d )  of a l i g h t  yellow o i l  w a s  obtained 

which on t l c  i n  chloroform showed only spot i d e n t i c a l  t o  t h a t  of a cold 

sample of 2-p-hydroxyphenylethyl methyl e ther .  

i n  5 mL of methanol was added t o  a s o l u t i o n  
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14 
[ C]-3-(~-2-Methoxyethylphenoxy)-1,2-epoxypropane (2). A 

mixture of 0.465 g of t h e  above o i l ,  0.83 g of potassium ca rbona te  and 1 

mL of e p i c h l o r h y d r i n  i n  20 mL of ace tone  was r e f l u x e d  f o r  18 hours.  The 

mixture  w a s  t h e n  evaporated t o  dryness  and t h e  r e s i d u e  t r e a t e d  wi th  water. 

The o rgan ic  matter was e x t r a c t e d  wi th  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  

with MgS04 and then  evaporated t o  dryness  t o  g i v e  0.568 g (89% y i e l d )  of 

a yellow o i l  which on t l c  i n  ch lo ro fo rm/ to luene  (1:l by v o l )  showed only 

spo t .  

14 [ C]-l-Isopropylamino-3-(~-2~ethoxyethylphenoxy)-propanol-2 

(16). 
isopropylamine w a s  added t o  t h e  s o l u t i o n  which w a s  t h e n  hea ted  under re- 

f l u x  f o r  3 hours.  The r e a c t i o n  mixture  w a s  t h e n  evapora t ed  t o  dryness  

and t h e  r e s i d u e  chromatographed on a column of s i l i c a  g e l  u s i n g  e t h y l  

acetate a s  e luan t .  After t h e  i m p u r i t i e s  were e l u t e d  wi th  e t h y l  acetate, 

t h e  product w a s  e l u t e d  wi th  e t h y l  ace t a t e -me thano l  (1/1 by vo l ) .  Evapora- 

t i o n  of t h e  so lven t  gave 370 mg (51%) of a l i g h t  yel low o i l  which on t h i n  

l a y e r  chromatography i n  e t h y l  ace t a t e -me thano l  (1/1 by v o l )  showed only 

one spo t  i d e n t i c a l  w i th  t h a t  of a n  a u t h e n t i c  sample of c o l d  material. 

The above o i l  was d i s s o l v e d  i n  20 mL of i sop ropano l  and 1 mL of 

14 [ C]-Metoprolol tar t ra te .  The above o i l  (370 mg) w a s  d i s -  

solved i n  10 mL of ace tone  and t r e a t e d  at 50' w i t h  100 mg of L ( + ) - t a r t a r i c  

a c i d  and al lowed t o  c r y s t a l l i z e  a t  room tempera tu re  overnight .  The s o l i d  

(466 mg) was ob ta ined  by f i l t r a t i o n  and d r i e d  i n  vacuo. The mr and mass 

s p e c t r a  conformed t o  t h o s e  of an  a u t h e n t i c  sample of c o l d  me topro lo l  tar- 

trate.  The radiochemical  p u r i t y  w a s  checked by t h i n  l a y e r  chromatography 

fol lowed by r ad ioscann ing  of t h e  t l c  p l a t e  and autoradiography.  The com- 

pound w a s  found t o  be at least 98% r ad iochemica l ly  pure. 
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