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SUMMARY 

Two c a r d i o s e l e c t i v e  beta-adrenoceptor antagonis ts :  dl-acetanilide- 

4'- [ 3-(isopropylamino)-2-hydroxypropoxy] (I'practolol' ') , and dl-chloroacetanilide- 

4'-[3-(isopropylamino) -2-hydroxypropoxy] ("chloropractolol") , l abe led  u i th  
tritium a t  pos i t ions  3' and 5 '  of the aromatic r i n g  were prepared. The s t a r t i n g  

materials f o r  t h e  synthesis of t h e  aryloxypropanolamines was 2,6-di- H-4-acetamido 

phenol, prepared by c a t a l y t i c  dehalogenation of 2,6-dibromo-4-acetamido-phenol, 
employing tritium gas. 

epichlorohydrin,  followed by epoxide r i n g  opening w i t h  isopropylamine yielded 

3' ,5'-di- H-acetanilide-4'-[3-~sopropylamino)-2-hydroxypropoxy], (3' ,5'-di- H- 
3 prac to lo l ) .  Deacetylation of 3',5'-di- H-practolol followed by selective z-N 

chloroacetylat ion of the  r e s u l t i n g  1-(2',6'-di- H-4'-amino)-phenoxy-3-isopropylaminot 

propan-2-01, gave 3',5'-di-H-chloropractolol w i t h  a s p e c i f i c  a c t i v i t y  of 

750 mCi/mmol. 

3 

Condensation of 2,6-di&-4-acetamido-phenol with 

3 3 

3 
3 
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INTRODUCr I ON 

dl-Chloroacetani l ide-4 ' - [3-( isoprop~lamino)~-hydroxypropo~] ("chloro- 

practolol")  i s  a new, s e l e c t i v e  and i r r e v e r s i b l e  myocardial (beta-1) 

adrenoceptor antagonist(1). 

a l k y l a t i n g  funct ion i n t o  the chemical s t r u c t u r e  of a c l i n i c a l l y  useful  

It was prepared by incorporat ing an 

* This work forms p a r t  of t h e  Ph.D. t h e s i s  t o  be submitted by 

PI. Erez t o  the  T e l  Aviv University. 

01977 by John Witey & S O m ,  Ltd. 
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drug - "p rac to lo l " ,  w i t h  the i n t e n t i o n  of producing a s i t e - d i r e c t e d ,  

covalent ly  bound l a b e l  of the beta-1 adrenoceptor ' l)  . 
(dl-acetanil ide-4'-[  3-(~sopropylamino)-2-hydroxypropoxy]) i t s e l f ,  i s  a 

competi t ive beta-adrenoceptor a n t a g o n i s t ,  s e l e c t i v e l y  b lock ing  beta-1 

(2) (myocardial) adrenoceptors  sub-type . "Prac to lo l "  i s  used t o  t r e a t  

p a t i e n t s  w i th  angina p e c t ~ r i s ' ~ ) ,  and i t s  p rope r ty  of s e l e c t i v e l y  blocking 

beta-1 adrenoceptors  has  been claimed t o  reduce t h e  inc idence  of bronchospasm 

i n  p a t i e n t s  w i t h  b r o n c h i a l  asthma and o b s t r u c t i v e  pulmonary d i s e a s e  

"P rac to lo l "  

(4) . 
The nex t  s t e p  towards .d i r ec t  l a b e l i n g  of  t h e  beta-1 adrenoceptor  i n  

i t s  n a t i v e  s t a t e ,  was t o  p repa re  a h i g h l y  r a d i o a c t i v e  "chloropractotol" .  

The d e t a i l e d  s y n t h e t i c  procedures  l e a d i n g  t o  3'5'-di-3H-chloropractolol (V) 

are reported.  

Scheme I, w a s  designed t o  i n c o r p o r a t e  tritium i n  p o s i t i o n s  3'-and 5'-  

of t h e  aromatic  r i n g ,  thus a s s u r i n g  r e t e n t i o n  o f  t n e  l a b e l  du r ing  subsequent 

b i o l o g i c a l  s t u d i e s .  The gene ra l  s y n t h e t i c  approach a l s o  al lows f o r  the 

handl ing of r a d i o a c t i v e  m a t e r i a l s  i n  sma l l  q u a n t i t i e s  i n  conven t iona l  

apparatus .  The r e a c t i o n  between phenols  and ep ich lo rohydr in  under mild 

b a s i c  cond i t ions  t o  g ive  t h e  corresponding 3-phenoxy-l,2-epoxypropanes, 

proceeds smoothly and i n  good y i e l d s .  

excess  o f  ep ich lo rohydr ine  so as t o  avoid t h e  formation of bis-l ,3-aryloxypropan- 

2-0ls'~). 

isopropylamine, a l s o  proceeds under mild cond i t ions  t o  g ive  t h e  d e s i r e d  

aryloxypropanol amine i n  good y i e l d .  

of one of t h e  r e a c t a n t s  t h e  primary amine, shou ld  be used t o  suppres s  

f u r t h e r  r e a c t i o n  of t h e  secondary amino-alcohol product w i t h  another  

molecule of t h e  epoxide(6).  

by ac id  hydro lys i s  was p r a c t i c a l l y  completed a f t e r  two hours  of g e n t l e  

r e f l u x i n g  i n  EtOH-HC1. 

amino phenoxy)-3-isopropy~amino-propan-2-o~ (IV) - w a s  c h l o r o a c e t y l a t e d  

a t  a l o w  temperature ,  and w i t h  e f f i c i e n t  s t i r r i n g ,  by an excess  of 

ch lo roace ty l ch lo r ide ,  i n  a phosphate b u f f e r  a t  a pH range of 6.0-6.5. 

t hese  r e a c t i o n  cond i t ions  e x c l u s i v e  a c e t y l a t i o n  of t h e  a n i l i n o  n i t r o g e n  

The s y n t h e s i s  of 3' ,5'-di-'H-chloropractolol (V) , shown i n  

Care shou ld  b e  t aken  t o  employ an 

Subsequent opening of t h e  epoxide r i n g  wi th  a l a r g e  excess  of 

I n  t h i s  s t e p  again,  a l a r g e  excess  

3 Deace ty la t ion  of 3' ,5'-di- H-practolol  (111) 

The d e a c e t y l a t i o n  product-(dl)-l-(Z' ,6'-di-3H-4'- 

Under 
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occurred,  i n  good y ie ld .  T r i t i u m  l a b e l e d  i n t e m e d i a t e s  and f i n a l  product 

(I-V) are s t a b l e  and remain chemically and radiochemical ly  pure a f t e r  cold 

s t o r a g e  (4'C) for  a t  least severalmonths i n  d i l u t e ,  (2 mC/ml), aqueous 

s o l u t i o n .  

I n  conclusion,  a s imple,  m u l t i s t e p  procedure f o r  p repa r ing  

aryloxypropanolamine type of beta-adrenoceptor blocking agen t s ,  t r i t i a t e d  

i n  s p e c i f i c  p o s i t i o n s  of t h e  aromatic  nuc leus ,  is o u t l i n e .  The s y n t h e t i c  

procedures are s u i t a b l e  f o r  either l a rge - sca l e ,  o r  ul t ra-high s p e c i f i c  

a c t i v i t y  p repa ra t ions .  

Syn the t i c  scheme : 

EXPERIMENTAL 

Melt ing p o i n t s  were determined on a Thomas-Hoover c a p i l l a r y  me l t ing  p o i n t  

apparatus  and are corrected.  

on a Perkin-Elmer g r a t i n g  i n f r a  r e d  spectrophotometer Model 257. 

I n f r a  r ed  s p e c t r a  w e r e  recorded i n  KBr d i s c s  

W e p e c t r a  
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were recorded i n  0.M phosphate b u f f e r ,  pH 7.60, on a v a r i a n  Techtron UV- 

V i s  spectrophotometer ,  Model 635. TLC's were performed on aluminum oxide 

precoated p l a t e s ,  con ta in ing  f l u o r e s c e n t  i n d i c a t o r  (AL F, 0.25mmy Riedel-  

De Haen AG, Germany). 

1 )  Chloroform - methanol (5:95 v /v ) .  

2) Chloroform - methanol (15:85 v/v) .  

3) 

Spots were de tec t ed .by  W l i g h t  a t  254 nm, and by exposure t o  I2 vapor. 

Radiochemical p u r i t y  w a s  checked b o t h  by radiochromatogram s c a n  of t h e  

TLC p l a t e s  (Berthold LB 2722 Dunnschicht Scanner II), and by r eve r se  

d i l u t i o n  a n a l y s i s .  To ta l  and s p e c i f i c  a c t i v i t i e s  of t h e  t r i t i a t e d  compounds 

were measured by l i q u i d  s c i n t i l l a t i o n  (Packard Tri-Carb l i q u i d  s c i n t i l l a t i o n  

spec t romete r ,  Model 3375). Ana ly t i ca l  r e s u l t s  f o r  C ,  H ,  N were w i t h i n  5 0.2% 

of t h e  t h e o r e t i c a l  va lues  f o r  a l l  new compounds (11-V). W and I R  s p e c t r a  of  

t r i t i a t e d  compounds were matched w i t h  those  of a u t h e n t i c  samples,  and were 

found i d e n t i c a l .  Mixed m.p.'s of t r i t i a t e d  and corresponding n o n - t r i t i a t e d  

compounds were unchanged. 

2,6-Dibromo-4-acetamidophenol: This compound w a s  prepared according t o  H e l l e r  and 

S ~ l d n e r ' ~ ) ,  by d i r e c t  bromination of 4-acetamidophenol i n  g l a c i a l  a c e t i c  acid.  

M.p. = 188" (H20) ( l i t . ( 7 )  m.p. = 188'). 

2,6-Di-%-4-acetamidophenol ( I )  : 

P l a t e s  were developed i n  t h e  fo l lowing  s o l v e n t  systems: 

n-BuOH-AcOH-H20 (4 : 2 : 1 v/v)  . 

To 50 mg (0.16 mmol) of  2,6-dibromo-4-acetamidophenol i n  0.5 ml of methanol, 

were added 17.4 mg Pd /c . ( lO%)  and 50 p l i t  of t r i e thy lamine .  The suspension 

w a s  s t i r r e d  a t  room temp. and 40 C i  of tritium gas were in t roduced  i n t o  t h e  

r e a c t i o n  v e s s e l .  The c a t a l y t i c a l l y  induced tritium displacement of t h e  two 

bromine atoms w a s  completed a f t e r  

of 22 C i  of tritium. A t  the end of t h e  r e a c t i o n ,  t h e  system was cooled 

(N2), excess  of tritium-removed, and t h e  system w a s  then allowed t o  

r e t u r n  t o  room temp. The s o l v e n t  w a s  evaporated and the r e a c t i o n  mixture  

w a s  washed twice wi th  methanol t o  remove l a b i l e  tritium. F i n a l l y ,  t h e  

suspension w a s  f i l t e r e d  and the f i l t r a t e  evaporated under reduced p res su re .  

The re s idue  - 2,6-di- H-4-acetamido-phenol (21.7 mg, 0.14 m o l y  s p e c i f i c  

1 
/2hr . ,  r e s u l t i n g  i n  t h e  abso rp t ion  

3 
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a c t i v i t y :  

radiochemical ly  pu re ,  and w a s  t h e r e f o r e  used without  f u r t h e r  p u r i f i c a t i o n .  

Chemical y i e l d :  86%,Rf: 0.84 ( so lven t  system-1). 

dl-l-(4'-Acetamid04',6'-di- H-phenoxy)-2,3-epoxy-propane (11): 

20.7 Ci/mmol), w a s  found t o  be over  95% cbemically and 

3 

The t r i t i a t e d  4-acetamidophenol (I) (21.7 mg), w a s  d i l u t e d  w i t h  "cold" 

4-acetamidophenol (400.3 mg), and t h e  r e s u l t i n g  mixture  (422 mg, 2.79 m o l ,  

spec.  ac t . :  1.04 C / m 1 )  w a s  d i s so lved  i n  10 m l  NaOH (0.5 N ) ,  at room 

temp. The s l i g h t l y  t u r b i d  s o l u t i o n  w a s  f i l t e r e d  and the fi l trate,  added 

dropwise,  a t  room temp. i n t o  a s t i r r e d ,  methanol ic  s o l u t i o n  (15 m l  methanol) 

of ep ich lo rohydr in  (100 mmol). 

and fo l lowing  a drop i n  the pH from an i n i t i a l  v a l u e  of >11 t o  ca.6, the 

r e a c t i o n  mixture  was evaporated i n  vacuo t o  remove the methanol and excess 

of epichlorohydrin.  The r e s i d u e  was taken i n t o  e t h y l a c e t a t e ,  and the e x t r a c t  

washed wi th  H20 and d r i e d  (MgS04). 

t r i t u r a t i o n  of t h e  r e s u l t i n g  o i l y  r e s idue  wi th  ether gave 1-(4'-acetamido- 

2'  ,6'-di-3H-phenoxy)-2,3-epoxypropane (368 mg, 1.78 mmol) , chemically and 

radiochemical ly  over  98% pure.  M.p. = 115-116". 

Chemical y i e l d :  64%. C r y s t a l l i z a t i o n  of a test sample from i sopropano l ,  r a i s e d  

t h e  m.p. of theproduct  t o  118". Rf: 0.78 ( so lven t  system-2). 

dl-Acetanilide-3'.5'-di- H-4'-[3-(isopropylamino)-2-hydroxypropoxy~; 

3' ,5'-Di-3H-practolol (111) : 

A f t e r  ove rn igh t  s t i r r i n g  a t  room temp. 

Evaporat ion of the d r i e d  axtract and 

3 

dl-1-( 4 '-Acetamido-2' ,6 '-di-3H-phenoxy) -2,3-epoxypropane CII) 

(350 mg, 1.69 mmol. >98% pure)  d i s so lved  i n  isopropanol  (35 ml) , was  added 

s lowly i n t o  a l a r g e  excess of isopropylamine (ca. 400 mmol), w h i l e  s t i r r i n g ,  

a t  room temp. 

t o  dryness  i n  vacuo. 

w a s  chemical ly  and radiochemical ly  ove r  98% pure. 

Chemical y i e l d :  89%. C r y s t a l l i z a t i o n  o f  a test sample from methyl-ethyl- 

ketone r a i s e d  the m.p. of the product  t o  138.5 - 140". ( l i t . ( 6 )  m.p. = 

142 -143"). Rf: 0.76 ( so lven t  system-3). 

d1-l-(4'-Amino-Z1,6'-di- H-phenoxy)-3-isopropylamino-propan-2-ol ( I V L :  

The r e a c t i o n  mixture  was l e f t  overnight  and then evaporated 

The r e s u l t i n g  3' ,5'-di-3H-practolol (400 mg, 1.5 

M.p. = 134.5 - 137". 

mmol) , 

3 

Deace ty l a t ion  of 3' ,5'-di-3H-practolol (370 mg, 1.39 mmol, >98% pure ) ,  

63 
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w a s  c a r r i e d  out  i n  EtoH (12 ml)-HClconc. (6 ml) mixture,  under g e n t l e  r e f lux .  

Witnin 1 hr .  ca. 80% of t h e  p r a c t o l o l  were d e a c e t y l a t e d  and a f t e r  2 hrs. t h e  

r e a c t i o n  w a s  completed, as judged b o t h  by th in - l aye r  cnromatography and by 

I R  spectrometry (complete disappearance of the t y p i c a l  C = 0 s t r e t c h i n g  band 

of sec. amide a t  1,660 cm-'). 

and t im  re s idue  washed w i t h  a s m a l l  volume of E tOH, f i l t e r ed ,  and f i n a l l y  

The r e a c t i o n  mixture  w a s  evaporated i n  vacuo 

washed w i t h  dry e t h e r .  The r e s u l t i n g  product  1-(4'-amino-Z;6'-di- 3 H-phenoxy)- 

3-isopropylamino-propan-2-01, di-HC1, (331 mg, 1.11 mmol), was chemically 

and radiochemical ly  ove r  99% pure.  M.p. = 225-228'. Chemical y i e l d :  80%. 

C r y s t a l l i z a t i o n  of a test sample from EtOH-AcOEt, r a i s e d  t h e  m.p. of t h e  

product t o  230-232'. Rf: 0.65 ( so lven t  system-3). 

dl-Chloroacetanilide-3',5'-di- 3 H-4'-[3-(isopropylamino)-2-hydroxypropoxy~; 

3 3' ,5'-Di- H-chloropractolol  (V) : 

S e l e c t i v e  c h l o r o a c e t y l a t i o n  of t h e  a n i l i n o  func t ion  of 1-(4'-amino-2',6'- 

3 di-  H-phenoxy)-3-isopropylamino-propan-2-o~, di-HC1 (297 mg, 

>99% pure )  ,was  c a r r i e d  out  i n  phosphate b u f f e r  (0.J M ,  pH = 6.5, 25 ml) , at  a 

temp. range of 5-1ODC (ice-water coo l ing ) ,  by dropwise a d d i t i o n  of 

ch lo roace ty l ch lo r ide  ( t e c h n i c a l  grade,  1 ml) , and e f f i c i e n t  s t i r r i n g .  The 

pH of t h e  r e a c t i o n  mixture  which drops t o  ca. 1, is subsequent ly  brought up 

t o  6.5 by the a d d i t i o n  of NaOH-3N. 

1.0 m o l ;  

The c h l o r o a c e t y l a t i o n  procedure is  r epea ted  once more, and the r e a c t i o n  

mixture is  then l e f t  a t  PH = 6 . 5  , 

and an a d d i t i o n a l  kour a t  room temp. 

mixture ,  t h e  cooled f i l t r a t e  is  a l k a l i n i z e d  by NaOH-3N t o  pH of about 10-11. 

The a l k a l i n e  s o l u t i o n  i s  then l e f t  i n  an i c e  b a t h  f o r  ca. 15 min 

time t h e  ch lo roace ty l a t ed  product  has completely c r y s t a l l i z e d  out  as c o l o r l e s s  

g l i s t e r i n g  p l a t e s .  

q u a n t i t y  of cold w a t e r ,  and d r i e d  at room temp. i n  vacuo. 

(224 mg, 0.75 m o l ;  M.p. = 118-120°; >98% chemical ly  and radiochemical ly  pure;  

chemical y i e l d :  

and t h e  s o l v e n t  is then removed by evapora t ion  under reduced p res su re .  

r e s i d u e ,  t h e  H C 1  sa l t  of 3'  ,5'-di-3H-chloropractolol is c r y s t a l l i z e d  t o  a 

while be ing  s t i r r e d  f o r  1 h r  a t  5-10", 

A f t e r  f i l t r a t i o n  of the r e a c t i o n  

by which 

T'ne c r y s t a l l i n e  product  i s  f i l t e r e d ,  washed w i t h  a small 

The d r i e d  product 

74.5%), is d i s so lved  in e t h a n o l  s a t u r a t e d  w i t h  H C 1  (10 ml), 

The 
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cons tan t  s p e c i f i c  a c t i v i t y  ( twice)  from a mixture  of e t h a n o l ,  ace ton ,  and 

e t h e r .  

(106 mg, 0.35 m o l ;  chemical y i e l d :  31.5%) is over 99% pure chemically and 

radiochemical ly .  

Rf: 0.72 ( so lven t  system-3). w: Amax 247 nm (E = 9,900). 

S p e c i f i c  a c t i v i t y :  750 mCi/mol.  Overa l l  chemical y i e l d  ( s t a r t i n g  from 2,6-di-3H- 

4-acetamidophenol) : 14%. 

The f i n a l  product  - dl-3'5'-di-3H-chloropractolol hydrochlor ide 

M.p. = 147-149" (lit.") m.p. = 147-148.5'C). 
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