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Carbon-13 Nuclear Magnetic Resonance of  
Some New R-Blockers - P a r t  I*. 

Hassan Y .  Aboul-Enein**, Mahmoud M.A. Hassan and Ahmad I. Jado 

Department o f  Pharmaceutical  Chemistry, College of  Pharmacy, 
King Saud Unive r s i ty ,  Riyadh, Saudi Arabia.  

A b s t r a c t :  

The assignment of t h e  Carbon - l3NMR resonances 
o f  Penbutolol ,  T i m o l o l ,  P indo lo l  and Nadolol,  new 
and non-cardioselect ive R-adrenergic b locke r s ,  i n  
deut  erat ed chloroform or deut  erat ed dimethylsulfoxide 
has  been made. The assignments were made using model 
compounds, chemical s h i f t  arguments,  peak i n t e n s i t i e s  
and s i g n a l  m u l t i p l i c i t i e s  o b s e r v e d i n  t h e  s ing le -  
frequency off-resonance decoupled (SFORD) s p e c t r a .  
From’ t h e  13C-NMR chemical s h i f t s  it can be  concluded 
t h a t  t h e  aromatic r i n g  systems i n  t h e s e  compounds 
have n e g l i g i b l e  e f f e c t s  on t h e  2-propanol s ide-chain 
which i s  e s s e n t i a l  f o r  t h e  b i o l o g i c a l  a c t i v i t y  o f  
6-adrenergic b locke r s .  

I n t r o d u c t i o n :  

Seve ra l  new B-adrenergic b locke r s  which a r e  mainly used f o r  t h e  

t r ea tmen t  o f  e s s e n t i a l  hype r t ens ion  and ang ina  p e c t o r i s  among o t h e r  

cond i t ions  ( l ) ,  have been marketed r e c e n t l y .  I n  conjunct ion wi th  

work on t h e  de t e rmina t ion  and development of  new a n a l y t i c a l  procedures  

f o r  some newly in t roduced  f3-blockers ( 2 ,  3, 4, 5 ) ,  we undertook a I3C-  

NMR s tudy  o f  some o f  t h e s e  compounds. 

* 
Presented at  183rd ACS Na t iona l  Meeting, L a s  Vegas, Nevada, 

March 28- A p r i l  2 ,  1982. 
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152 ABOUL-ENEIN, HASSAN, AND JADO 

The 6-adrenergic blockers s tudied a r e :  

Penbutolol ( I )  : l-(tert-butylamino)-3-(o-cyclo penty1phenoxy)- 

2-propanol 

Timolol (11) : (S)-1-[ (l,l-dimethylethyl)amino]-3-[ [4-(4-morpho- 

l i n y l ) l ,  2 ,  5-thiadiazol-3yl] oxy] -2-psopanol 

Pindolol (111 ) : 1-( indol-4-yloxy)-3-( isopropylamino)-2- 

propanol 

Nadolol ( I V ) :  l-(tert-butylamino)-3- [(5,6,7,8-tetrahydro- 

cis-6-, ~-dihydroxy-l-naphthlyl)oxy]-2-propanol. 

The aim of t h i s  work i s  t o  study 13C-chemical s h i f t s  f o r  t h e  

aforementioned new 8-blockers a n d  t o  inves t iga te  t h e  e f f e c t  of t h e  

d i f f e r e n t  aromatic r ings  on t h e  carobon chemical s h i f t s  of t h e  a l i -  

phat ic  2-propanol s i d e  chain which i s  e s s e n t i a l  f o r  t h e  b io logica l  

a c t i v i t y .  

The chemical s h i f t  da ta  presented i n  t h i s  repor t  could be 

applied t o  ass ign carbon chemical s h i f t s  of similar compounds and 

hence t h e i r  s t r u c t u r a l  e lucidat ion.  

Results and Discussion: 

The 13C-NMR chemical shifts of penbutolol , t imolo l  , pindolol  

and nadolol a r e  p r e s e n t e d i n  t a b l e s  1-4 respec t ive ly .  

A) 

B) 

C) 

D) 

The carbon resonances have been assigned i n  accordance with: 

Chemical s h i f t  considerat ions ( 6 ) ,  p a r t i c u l a r l y  about subs t i -  

tuent  e f f e c t s  i n  t h e  benzene s e r i e s  ( 7 ) .  

Signal  m u l t i p l i c i t e s  determined from off-resonance decoupling. 

Peak i n t e n s i t i e s .  

Comparison of chemical s h i f t s  fo r  model compounds s t r u c t u r a l l y  

r e l a t e d  t o  t h e  @blockers under study and c o r r e l a t i o n  of unsub- 

s t i t u t e d  and some subs t i tu ted  benzene, indole  and te t rahydro-  
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SOME NEW B-BLOCKERS. I 153 

13C-N?W o f  Penbutolol ( C D C 1 3 )  - Table 1. 

Carbon No. Chemical S h i f t  Carbon No. Chemical S h i f t  
( PPrn ) ( mrn ) 

c-1 126.54 ( d )  C-a 70.81 (t) 

c-2 156.30 

c-3 126.25 

C-4 120 .71  

c-5 111.56 

S )  C-b 63.96 (d) 

d )  c-c 44.94 (t) 

d )  C-d 50.19 ( s )  

C-e 7 a )  

c-10 

c-11 I 29.67 ( t )  

s = s i n g l e t ,  a = doublet ,  t = t r i p l e t ,  q = quar te t  
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154 ABOUL-ENEIN, HASSAN, AND SAD0 

13C-NFR of  Timolol i n  C D C l  - Table 2 3 

Carbon No. Chemical S h i f t  Carbon No. Chemical S h i f t  
( ppm ) (ppm) 

c-1 66.47 ( t )  C-a 72.90 ( t )  

c-2 

c- 3 

47.95 (t,) C-b 68.32 (d) 

47.95 ( t . )  c-c w J . 5 3  ( t )  

s = s i n ~ l e t ,  d = d o u b l e t ,  t = t r i p l e t ,  o = o u o r t e t  

naphthalene r i n g s  t o  penbu to lo l ,  p indo lo l ,  and nado lo l  respec-  

t i v e l y ( 8 )  . 
Furthermore,  t h e  13C-NMR chemical s h i f t s  f o r  t h e  2-propanol s i d e  

chain are shown i n  Table  5. It can g e n e r a l l y  be pointed out  t h a t  t h e  

aromatic  r i n g  carbons have l i t , t l e  e f f e c t  on t h e  carbon chemical s h i f t  

of  t h e  methylene group -CaH2- of  t h e  s i d e  cha in  a8 seen i n  nado lo l .  

Deshielding effect  for  t h e  methylene group -CcH2 - i n  t i m o l o l  

and p indo lo l  i s  a l s o  expected due t o  s t rong  r i n g  c u r r e n t  of 1,2,5 - 

t h i a d i a z o l e  and indole r i n g  system induced by  t h e  benzene r i n g  as 

seen i n  penbutolol .  
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SOME NEW 8-BLOCKERS. I 155 

13C-NMR of  P indo lo l  i n  (DMS@-d6) - Table 3 

OCII -CII-CH -NH-C-E 
a 2 '  0 ii c 2  d \  

f CH3 

Carbon No. Chemical S h i f t  Carbon No. Chemical S h i f t  
( PPm 1 ( PPm ) 

c-1 123.19 ( d )  C-a 70.81 ( t )  

c-2 104.77 

c-3 152.13 

c-4 98.34 

c-5 100.19 

d )  C-b 68.51 ( d )  

S )  c-c 48.05 ( t )  

d )  C-d 50.10 ( d )  

C-e 1 22.90 (9) 
d )  

C-6 121.53 ( d )  C-f 

c-7 137.32 ( s )  

C-8 118.51 

s = s i n g l e t ,  d = doub le t ,  t = t r i n l e t ,  q = q u a r t e t .  

However, t h e r e  i s  a c l o s e  r e l a t i o n s h i p  between t h e  chemical 

s h i f t s  o f  t h e s e  @-blockers s t u d i e d .  

Experimental  : 

Authent ic  samples o f  @-blockers were k ind ly  donated from t h e  

manufacturers  as l i s t e d :  

P indo lo l ,  Sandoz Ltd. ,  Basle, Switzer land.  

Penbutolol ,  Hoechst, Frankfurt-Main, West Germany. 

Timolol,  Merck Sharpe & Dohme, Pahway, N . J . ,  U.S.A. 

Nadolol,  Squibb & Sons I n c . ,  New Brunswick, N . J . ,  U.S.A., 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
1
4
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



156 

Carbon No. 

c-1 

c-2 

c-3 

c-4 

c-5 

c-6 

c-7 

C-8 

c-9 

c-10 

ABOUL-ENEIN, HASSAN, AND JADO 

13C-NMR of Nadolol i n  DMSO-d6 - Table 4 

:I&KH; 1 0  

0CH2-CH2-NH-C-CH 
a b  c \ 3  

Chemical S h i f t  Ckrbon No. 
( PPm ) 

34.40 (t.) C-a 

69.04 ((1) C-b 

69.0b ( d )  c-c 

70.57 ((1) 

125.87 ( c t )  

C-f 
108.14 (d) 

120.71 ( 6 )  

135.50 ( s )  

156.28 ( s )  

Chemical  S h i f t  
( m m  ) 

67.98 

45.32 

49.43 

28.88 (9) 

s = s i n g l e t ,  d = doublet;, t = t r i p l e t ,  q = quartet. 
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158 ABOUL-ENEIN, HASSAN, AND JADO 

through Squibb Middle East,S.A. 

13C-NMR spec t ra  were recorded on Jeol FX-100 and Varian FT-80 

Fourier transform spectrornetersoperating a t  25 Mllz and 20 MHz res-  

pect ively f o r  carbon spec t ra .  The compounds were studied as so lu tes  

i n  C D C l  or DMSO-d as indicated using 10 mm s m p l e  tubes at  24 2 O C .  3 6 
All chemical s h i f t s  were measured r e l a t i v e  t o  t h e  t r i m e t h y l s i l y l  

group of  te t ramethyls i lane (TMS). In a l l  cases ,  both proton noise  

decoupled and s ingle  frequency off-resonance spec t ra  were obtained. 

Accumulation of t r a n s i e n t s  made a t  a spec t ra l  width of 5000 Hz; 
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