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Carbon-13 Nuclear Magnetic Resonance of
Some New R-Blockers - Part I¥.

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

Department of Pharmaceutical Chemistry, College of Pharmacy,
King Saud University, Riyadh, Saudi Arabia.

Abstract:

The assignment of the Carbon - 13NMR resonances
of Penbutolol, Timolol, Pindolol and Nadolol, new
and non-cardioselective B-adrenergic blockers, in
deuterated chloroform or deuterated dimethylsulfoxide
has been made. The assignments were made using model
compounds, chemical shift arguments, peak intensities
and signal multiplicities observe d in the single-
frequency off-resonance decoupled (SFORD) spectra.
From the 13C-NMR chemical shifts it can be concluded
that the aromatic ring systems in these compounds
have negligible effects on the 2-propanol side-chain
which is essential for the biological activity of
B-adrenergic blockers.

Introduction:

Several new B-adrenergic blockers which are mainly used for the
treatment of essential hypertension and angina pectoris among other
conditions (1), have been marketed recently. In conjunction with
work on the determination and development of new analytical procedures

13

for some newly introduced R-blockers (2, 3, 4, 5), we undertook a ~~C-

NMR study of some of these compounds.
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The f-adrenergic blockers studied are:

Penbutolol (I) : 1-(tert-butylamino)-3-(o-cyclo pentylphenoxy)-
2-propanol

Timolol (TII):{S)-1-[(1,l-dimethylethyl)amino]-3~[[k-{k-morpho-
1inyl)1l, 2,. 5-thiadiazol-3yl] oxy] -2-propanol

Pindolol (IIT): 1-(indol-Y4-yloxy)-3-(isopropylamino)-2-
propanol

Nadolol (IV): 1-(tert-butylamino)-3- [(5,6,7,8-tetrahydro-
cis-6-, T-dihydroxy-l-naphthlyl)oxy]-2-propanol.

The aim of this work is to study 13C-chemical shifts for the
aforementioned new R-blockers and to investigate the effect of the
different aromatic rings on the carobon chemical shifts of the ali-
phatic 2-propanol side chain which is essential for the biological
activity.

The chemical shift data presented in this report could be
applied to assign carbon chemical shifts of similar compounds and
hence their structural elucidation.

Results and Discussion:

The 13C—NMR chemical shifts of penbutolol, timolol, pindolol

and nadolol are presented in tables 1l-4 respectively.
The carbon resonances have been assigned in accordance with:

A) Chemical shift considerations (6), particularly about substi-
tuent effects in the benzene series (7).

B) Signal multiplicites determined from off-resonance decoupling.

c) Peak intensities.

D) Comparison of chemical shifts for model compounds structurally
related to the B-blockers under study and correlation of unsub-

stituted and some substituted benzene, indole and tetrahydro-
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Carbon No.

-3
-k
c-5

c-6

c-8

13

I

C-KEMR of Penbutolol (CDClB) - Table 1.

(ppm)
126.5h
156.30
126.25
120.71
111.56
13k.52

39.29

29.67

Chemical Shift

(a)
(s)
(a)
(d)
()
(s)
(d)

(t)

a b ¢ a/f
OCHZ-CH—CHO—NH—C—CH
=

OR

osa
3

3

CH3

153

Carbon No. Chemical Shift
(ppm)

C-a 70.81 (%)
C-b 68.96 (4)
C-c Lok (%)
c-a 50.19 (s)
C-e

c-f 29.08 (q)
C-g

s = singlet,

d = doublet,

t = triplet,

a = quartet
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13C-NMR of Timolol in CDCl3 - Table 2

S
12 N/ Ny ‘ong
\ __/ b /v
- n O-CHQ—CH-Che—\IH-c\—C}{3
R 2 op © d By
3
Carbon No. Chemical Shift Carbon No. Chemical Shift
(ppm) {ppm)
c-1 66,47 (1) C-a 72.90 {(t)
c-2 hr.95 (%) C-b 68.32 (d)
c-3 h1.95 (1) C-c 43.53 (t)
C-4 66.47  (t) C-d 50.39 (s)
C~5 149.89 (s) C-e
C-6 153.79 (s) C-f 29.0L  (q)
C-g
s = singlet, d = doublet, t = triplet, a = quartet

naphthalene rings to penbutolol, pindolol, and nadolol respec-

tively(R) .

Furthermore, the 13C—NMR chemical shifts for the 2-propanol side
chain are shown in Table 5. It can generally be pointed out that the
aromatic ring carbons have little effect on the carbon chemical shift
of the methylene group —CaH2- of the side chain as seen in nadolol.

Deshielding effect for the methylene group -CCH2 ~ in timolol
and pindolol is also expected due to strong ring current of 1,2,5 -

thiadiazole and indole ring system induced by the benzene ring as

seen in penbutolol.
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Carbon No.

c-1
c-2
c-3
C-k
¢-5
c-6
c-7

c-8

13

e
CH
s

T — =N
OCh2 CII CH2 HH-C-E
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C-NMR of Pindolol in (DMSO-d6) - Table 3

Chemical Shift

a " gy d \CH
£773
Chemical Shift Carbon No.
(ppm)
123.19 (4) C-a
0877 () c-b
152.13 (s) C-c
98.3% (a) c-a
100.19 {4d) C-e
121.53 (4) c-f
137.32 (s)
118.51

(ppm)
70.81 (t)
68.51 (4)
48.05 (t)
50.10 (4)
22.90 (a)

s = singlet,

da = doublet, t = trinlet,

q = quartet.

However, there is a close relationship between the chemical

shifts of these B-blockers studied.

Experimental:

Authentic samples of R-blockers were kindly donated from the

manufacturers as listed:

Pindolol, Sandoz Ltd., Basle, Switzerland.

Penbutolol, Hoechst, Frankfurt-Main, West Germany.

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

Nadolol, Squibb & Sons Inc., New Brunswick, N.J., U.S.A.,
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13C—NMR of Nadolol in DMSO—d6 - Table 4

2
OCH,-CH,-NH-C~CH

NG
£CH,
Carbon Ko. Chemical Shift Carbon No. Chemical Shift
ppm) (ppm)

c-1 3.0 (1) C-a 67.98 (t)
c-2 69.04 (4a) C-b ks.32  (t)
c-3 69.04 () C-c 49.43  (s)
c-h 70.57 {ad) c-d
c-5 125,87 (4) C-e 28.88 (q)
c-6 c-f

108.1k  (4)
-7
c-8 120.71 (&)
€-9 135.50 (s)
C-10 156.28 (s)

5 = singlet, d = doublet, t = triplet, a = quartet.
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through Squibb Middle East, S.A.

13

C-NMR spectra were recorded on Jeol FX-100 and Varian FT-80

Fourier transform spectrometersoperating at 25 MHz and 20 MHz res-

pectively for carbon spectra. The compounds were studied as solutes

in CDCl3 or DMSO—d6 as indicated using 10 mm sample tubes at 24 2 °C.

All chemical shifts were measured relative to the trimethylsilyl

group of tetramethylsilane (TMS). 1In all cases, both proton noise

decoupled and single frequency off-resonance spectra were obtained.

Accumulation of transients made at a spectral width of 5000 Hz;
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