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ORGANIC PREPARATIONS AND PROCEDURES INT. 21(2 ) ,  173-178 (1989) 

SYNTHESIS OF ANALOGS OF PROPRANOLOL HYDROCHLORIDE 

James S. Farina*, Steven A. Jackson, Corbin L. Cummings 

Chemical Development Division 
Ayerst Laboratories, Inc. 

Rouses Point, New York 12979 

Propranolol hydrochloride (1) is amongst the major 8-adrenergic re- 
ceptor antagonists used in the treatment of certain cardiovascular dis- 
orders. 
hydrochloride (1) have been prepared for various biological and chemical 
studies. However, few reports of the synthesis of its regioisomer3 or 
ketone derivative have been published. We report herein a synthesis 
(Table I) of the ketone analog (2) of propranolol hydrochloride and a 
one-pot route to the 2-isomer (3) of 1 from 2-naphthol. 

Consequently, many analogs' and metabol ities 2 of propranolol 

4 

Scheme I 

1 NaOHS_ woAo 6 - P r N H  - 
9 

OH OH 

10 3 

5 In i ti a1 efforts at synt hes i zi ng 1 - i sop ropy1 ami no-3 - ( 1 -nap h t hoxy ) - 2 - 
propanone (2) focused on oxidizing propranolol base (4) directly. 
treating 4 with varying amounts of Jones reagent in several solvents, the 
starting material was consumed, several products were formed, and none o f  

Upon 
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F A R I N A ,  JACKSON AND CUMMINGS 

t h e  d e s i r e d  ketone cou ld  be i s o l a t e d .  S i m i l a r  r e s u l t s  were r e a l i z e d  w i t h  

t h e  m i l d e r  C o l l i n s  reagent ,  p y r i d i n i u m  ch lo rochromate  (PCC),  and po tass ium 
permanganate. Consequently, t h e  o x i d a t i o n  o f  N -p ro tec ted  d e r i v a t i v e s  o f  4 
were examined (Tab le  I ) .  

1, R = H.HC1 2, R = H.HC1 

4, R = H  6, R = C02Me 
5, R = C02Me 
7, R = C02t-Bu 

8, R = CO2&-Bu 

Table I 
E n t r y  Carbamate Ox idant  % Y i e l d  

1 5 KMn04 No Rxn 

2 5 PCC 25 

4 7 KMn04 No Rxn 
3 5 CrO3-  2Pyr 90 

5 7 Cr03* 2Pyr 95 

Methy l  carbamate 5 was r e a d i l y  prepared i n  58% y i e l d  by a l l o w i n g  a 

CH2C12 s o l u t i o n  o f  p r o p r a n o l o l  base (4) t o  r e a c t  w i t h  methyl  ch lo ro fo rma te  

i n  t h e  presence o f  potassium carbonate.  
KMn04 i n  acetone, no r e a c t i o n  occur red  ( e n t r y  1, Tab le  I ) ,  w h i l e  p a r t i a l  
o x i d a t i o n  t o  6 was observed ( e n t r y  2, Tab le  I )  when PCC was employed. 

p r o t e c t e d  ke tone 6 was i s o l a t e d  i n  90% y i e l d  ( e n t r y  3 )  when a l coho l  5 was 

t r e a t e d  w i t h  f r e s h l y  p repared Cr03* 2Pyr. 
The 1 - b u t y l  carbamate (7) o f  4 was syn thes ized i n  q u a n t i t a t i v e  y i e l d  

by r e a c t i n g  a methylene c h l o r i d e  s o l u t i o n  o f  p r o p r a n o l o l  (4)  w i t h  d i - 1 -  
b u t y l  d i ca rbona te  i n  t h e  presence o f  potassium carbonate.  
w i t h  methy l  carbamate 5, 1 - b u t y l  carbamate 7 was u n a f f e c t e d  by KMn04 ( e n t r y  

4 ) ,  b u t  was r e a d i l y  o x i d i z e d  w i t h  excess Cr03*2Pyr t o  g i v e  k e t o  carbamate 

8 i n  95% y i e l d  ( e n t r y  5,  Tab le  I ) .  

Upon t r e a t i n g  carbamate 5 w i t h  

The 

As was t h e  case 

Having s u c c e s s f u l l y  o x i d i z e d  t h e  2' a l coho l  o f  p r o p r a n o l o l ,  i t  then  
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S Y N T H E S I S  OF ANALOGS OF PROPRANOLOL HYDROCHLORIDE 

remained to remove the N-protecting groups. Treatment of keto methyl car- 
bamate 6 with potassium hydroxide, hydrochloric acid, acetic acid, tri- 
fluoroacetic acid, lithium chloride, sodium iodide, or potassium iodide 
under various conditions of time, temperature, and solvent did not afford 
any desired ketone 2 or its free base.6 Equally disappointing results 
were obtained when keto 1-butyl carbamate 8 was treated with trifluoro- 

7 acetic acetic acid in CH2C12. However, l-isopropylamino-3-(l-naphthoxy)- 
2-propanone hydrochloride (2) was isolated in 90.6% yield when the depro- 
tection-protonation sequence was conducted in one pot. Thus, keto 1-butyl 
carbamate 8 was dissolved in n-PrOH and allowed to react at room temper- 
ature with 1.5 equivalents of anhydrous hydrogen chloride dissolved in 
- n-PrOH. 
consistent with its structure. 

The product (2) was a white solid and gave an NMR and IR spectrum 

The synthesis of 8-propranolol-HC1 ( 3 ) ,  the 2-regioisomer of 1, was 
straightforward and could be accomplished without isolation or purifica- 
tion of the intermediates (Scheme I). Thus, 2-naphthol was dissolved in 
warm epichlorohydrin and treated with 1.5 equivalents of aqueous sodium 
hydroxide. After the reaction was completed (TLC), the unreacted epi- 
chlorohydrin was removed by distillation and the resulting aqueous sus- 
pension of epoxide 9 allowed to react with excess isopropylamine. Upon 
workup and recrystall ization, pure 8-propranolol (10) was obtained in 74% 
yield. Alternatively, crude 10 was converted directly to its hydrochlor- 
ide salt (3) with anhydrous hydrogen chloride in n-propanol in 86% yield. 

ti ties of 1-i sopropyl amino-3- (1-naphthoxy) -2-propanone hydrochloride (2) 
and I-i sopropyl amino-3- (2-naphthoxy) -2-propanol hydrochloride ( 3 ) ,  analogs 
of the 8-adrenergic blocking agent propranolol hydrochloride (1), have 
been presented. 

In summary, practical processes for synthesizing preparative quan- 

EXPERIMENTAL SECTION 

1 - (N- t -Butoxvcarbonv 1 -N- i S O D ~ O D Y  1 ami no) -3- ( 1 -na~hthoxv) - 2 - DroDanol (7  1. - 
To 15.2 g (58.6 mmoles) of propranolol (4) dissolved in methylene chloride 
(65 ml) was added 4.0 g (28.9 mmoles) of potassium carbonate, followed by 
dropwise addition of di-t-butyl dicarbonate (14 ml, 60.1 mmoles) in methy- 
lene chloride (10 ml). After stirring at 25 i 5'C for 3.5 hrs, the react- 
ion mixture was diluted with methylene chloride (75 ml), poured into water 
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(75 ml), extracted with methylene chloride (2 x 35 ml) and washed with 
water (2 x 30 ml). The combined organic extracts were washed with dilute 
HC1 (2.5%, 40 ml), water (30 ml), and dried over anhydrous sodium sulfate. 
Filtration and removal of the solvent in vacuo gave 7 in quantitative 
yield. 
step without purification. 
l - ~ N - t - B u t o x ~ c a r b o n v l - N - i s o ~ r o ~ v l a m i n o ~ - 3 - ~ l - n a ~ h t h o x v ~ - 2 - ~ r o ~ a n o n e  (81.- 
To 30.4 g (117.8 mmoles) of chromium trioxide-pyridine complex suspended 
in methylene chloride (300 ml) at 18 f 3'C, was added 5.25 g (14.6 mmoles) 
of alcohol 7 dissolved in methylene chloride (50 ml). The reaction mix- 
ture was then diluted with 100 ml of methylene chloride and stirred at 
18 f 3'C. After 1.25 hrs the heterogeneous mixture was filtered through 
Celite, rinsed with methylene chloride (100 ml), diluted with ether (450 
ml), stirred at room temperature, and refiltered through Celite. The 
clear filtrate was washed with 20% sodium citrate solution (2 x 120 ml), 
3% hydrochloric acid (2 x 50 ml), brine, and dried over anhydrous sodium 
sulfate. 
duct 8. IR (neat) 1743, 1690 m-'. 
step without purification. 
l-Iso~ro~vlamino-3-(l-na~hthox~)- 2 - ~ r o ~ a n o n e  Hvdrochloride (21 . -  To 3.91 g 
(10.9 mmoles) of carbamate 8 dissolved in n-propanol (25 ml) was added 
0.59 g (16.3 mmoles) of anhydrous hydrogen chloride dissolved in n-pro- 
panol (3.5 ml). 
temperature for 1 hr, filtered, and the crystals washed with cold acetone 
(25 ml). Upon drying at 45'C in vacuo, 2.04 g (63%) of product 2, mp. 
154.7-155.5.C (dec.) was obtained as a white solid. IR (KBr) 2800-2400, 
1740 cm-'; NMR (60 MHz, DMSO-d6) 6 9.22 (bs, 2H), 8.05 (m, lH), 7.65 (m, 
lH), 7.48-7.12 (m, 4H), 6.76 (dd, lH, J = 6, 2 Hz), 5.05 ( s ,  2H), 4.i8 
(bs, 2H), 3.11 (m, lH), 1.11 (d, 6H, 3 = 6 Hz). 
I - I s o ~ r o ~ ~ l a m i n o - 3 - ( 2 - n a ~ h t h o x ~ ~ - 2 - ~ r o ~ a n o l  (101.- To 376 g (2.61 moles) 
of 2-naphthol dissolved in 482.8 g (5.22 moles) of epichlorohydrin at 60°C 
was added, over a period of 30 minutes, 784 g (3.93 moles) of 20% aqueous 
NaOH. 
2'C, then cooled to less than 35'C. Vacuum distillation removed the un- 
reacted epichlorohydrin and left a brown, heterogeneous mixture that was 
diluted with water (135 ml) and treated with 627 g (10.6 moles) of isopro- 

IR (neat) 3408, 1690 crn-'. This material was used in the next 

Filtration and concentration in vacuo gave 4.94 g (95%) of pro- 
This material was used in the next 

The resulting heterogeneous mixture was stirred at room 

The resulting heterogeneous mixture was stirred for 1 hr at 62 f 
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SYNTHESIS OF ANALOGS OF PROPRANOLOL HYDROCHLORIDE 

pylamine w h i l e  m a i n t a i n i n g  t h e  temperature a t  34 f 2'C. A f t e r  s t i r r i n g  
f o r  2 h r s  a t  34 f 2'C, t h e  r e a c t i o n  m i x t u r e  was coo led  t o  room tempera- 
tu re ,  s t i r r e d  ove rn igh t ,  then concent ra ted  v i a  atmospher ic d i s t i l l a t i o n .  
The remain ing  concen t ra te  was s l u r r i e d  w i t h  water  (470 m l )  and t o l u e n e  
(434 m l ) ,  cooled, f i l t e r e d ,  and t h e  c r y s t a l s  washed w i t h  c o l d  to luene  (2 x 
200 m l ) .  Upon d r y i n g  i n  vacuo a t  60'C, 522.4 g (77%) o f  c rude 10 was i s o -  
l a t e d  as a w h i t e  s o l i d .  NMR (60 MHz, CDC13) 6 7.85-7.0 (m, 7H), 4.05 (bs, 
3H), 3.03-2.5 (m, 5H), 1.08 (d, 6H, J = 6Hz). The c rude m a t e r i a l  was used 
i n  t h e  n e x t  s tep  w i t h o u t  p u r i f i c a t i o n .  
l-ISODrODYlaminO-3-~2-naDhthOX~)-2-DrODanOl Hydroch lo r ide  ( 3 ) .  - To a sus- 
pens ion  o f  520 g (2.01 moles) o f  10 i n  1,658 m l  o f  n -propano l  a t  33 f 2'C 
was added 73.2 g (2.01 moles) o f  anhydrous hydrogen c h l o r i d e  d i s s o l v e d  i n  
- n-propanol  (675.4 m l ) .  The r e a c t i o n  m i x t u r e  was heated t o  92 f 2"C, t r e a -  
t e d  w i t h  N o r i t  A (4.2 g), c l a r i f i e d  and washed (n-PrOH, 300 m l ) .  The 

c l e a r ,  h o t  f i l t r a t e  was then coo led  t o  O'C w i t h  v igorous  s t i r r i n g ,  then 
s t i r r e d  a t  0°C o v e r n i g h t .  

t i o n ,  washing w i th  acetone (2 x 210 m l ) ,  and d r y i n g  i n  vacuo a t  60"C, 
513.1 g (86%) o f  w h i t e  3 was obta ined;  m.p. 147.7-149°C. 'H NMR (400 MHz, 
DMSO-d6) 6 9.08 (bs, l H ) ,  8.68 (bs, lH) ,  7.82 (m,  3H), 7.46 (m, l H ) ,  7.34 
(m, 2H), 7.19 (dd, l H ,  J = 8.9, 2.5 Hz), 5.95 (d, l H ,  J = 4.9 Hz), 4.3 (m, 
lH) ,  4.1 (d, 2H, J = 5.3 Hz), 3.37 (m, lH) ,  3.15 (m, l H ) ,  3.0 (m, lH ) ,  

Upon i s o l a t i n g  t h e  produc t  by s u c t i o n  f i l t r a -  

d, 3H, J = 6.3 Hz); 1 3 C  NMR (100 MHz, 
128.6, 127.5, 126.7, 126.4, 123.7, 118.6, 
8.6, 18.2; MS m/e 259, 244, 215, 144, 127, 

1.27 (d, 3H, J = 6.3 Hz), 1.26 
DMSO-d6) 6 156.2, 134.2, 129.3, 
106.9, 69.9, 65.1, 49.8, 46.9, 
115, 72 (base).  
- Anal. Calcd f o r  C12H22C1N02: C, 

Found: C, 
64.97; H, 7.50; N, 4.73 
64.80; H, 7.58; N, 4.82 
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We subsequent ly found t h e  f r e e  base o f  2 t o  be a 
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