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Abstract : The propranolol hydrochloride molccule compnises of two parts ; one part
being substituted napthalene while the other is an aliphatic chain of 2 propanol-1-1-(1-methyl
cthyl amino) group. The assignment of the observed frequencies for the molecule is based on this
partitioned structure. The molecule has C ¢ point group of symmetry.
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1. Introduction

Blood pressure is the pressure cxerted on the walls of the vessels by the circulating blood
and this depends upon the aclivity of the vasoconstrictor and vasodilator nervcs and scveral
other factors. The two main factors are the cardiac output and peripheral resistance. The
cardiac output is responsible for the systolic pressure while the peripheral resistance is
reflected in the diastolic pressure. Both the cardiac output and ‘the peripheral resistance are
under the control of the nervous system, chiefly the vagus and vasomalor centres so that the
brain can always adjust the blood pressure as may be necessary. These two centves are
rcgulated by reflexes from Carotid sinus and Aortic arch. They are also inﬂuencodiby drugs
called the antihypertensives which act through the autonomic nervous system (petiphmlly)
The antihypertensives come under two categorm. the Ganghon blockers and the Receptor
blockers commonly called Beta blockers Itke pmpmotol 'mese dms cm9 vasedilation
and are used in the treatment ofhypeﬁenm Pmprawld i WMMW;M,: gt which
is currently recwving alot qf attention in the tresgment and managesnent af W"

{51996 IACS



https://core.ac.uk/display/158962396?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

506 J Marshell and S Gunasekaran

hypertension. The structure of propranolol hydrochloride is given in Figure 1. The
vibrations of the molecule can be viewed as separately comprising of a substituted

ocnzg O, NH CH(CH,),

oo

Figure 1. Structure of propranolol hydrochloride.

napthalene group and a chain aliphatic structure of 2 propanol-1-(1-methyl ethyl amino)
group.
2. Experimental

The infrared spectrum was recorded on a Perkin Elmer 640 spectrometer [in the
range 4000 - 625 cm™! is presented in Figure 2. The Raman spectrum was recorde\d on a
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Figure 2. IR spectrum of propranolol hydrochloride.

DILOR Z 24 spectrometer in the range 4000-10 cm™! is presented in Figure 3. The
sampling technique was KBr pellet in both cases. The probable assignments for the
molecule is given in Table 1.

3. Result and discussion
3.1. Skeleton vibrations :

The assignment of various modes of vibration for the mono-subsitiuted napthalene part of
the molecule is based on the previous works undertaken in this field [1-8). The C-C ring
stretching vibration occurs in the range 1266 — 1615 cm~!. The C—C ring'stretches for the
napthalene molecule are the by, (1624 cm™), by, (1601 cm™"), a, (1579 cm™'), by, (1508
cm™'), the b,,(1268 cm™'). All of these modes have been identified for the present molecule
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to occur at 1630, 1590, 1532, 1512 and 1270 cm™! in the infrared spectrum while the a,
(1579 cm-') mode is found to occur at 1583 cm™! in the Raman spectrum. All C-C ring
stretching vibrations belong to a’ species in C; symmetry. In napthalene the out-of-plane
skeletal deformations are the by, (780 cm™') and the a, (740-cm™') modes. The frequencies
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Figure 3. Raman spectrum of propranolol hydrochloride.

at 775 cm! and the doublet at about 732 cm™! in infrared spectrum and at 735 cm™! in
Raman spectrum are assigned to these modes of vibration. The in-planc skeletal
deformations, the b, (506 cm) and the by, (618 cm™') modes in napthalene occur without
much shifting in the spectrum at 505 cm-! and 607 cm~! respectively. The skeletal cut-of-
plane dcformation vibrations belong to the a” species while the in-plane deformation
vibrations belong to a’ species of symmetry of the molecule.

The C-H in-plane bending modes of napthalene are b,,(810 cm™), by, (1010 cm),
ug(1025 e, by, (1099 cm!), ag (1144 cm™') and by, (1144 cm") and the b3, (1240 cm™).
Though substitutions may cause small modifications in frequencies, all of these modes
have been identified in IR spectrum at 830 cm~!, 1010 cm-', 1023 cm~’, 1038 cm~!,
1100 cm~', 1150 cm~' and 1245 cm™' respectively. Raman frequencies at 832 cm™,
988 cm!, 1013 cm™' and 1125 cm-!, have been assigned to the C-H in-planc bending
modes. The C—H out-of-plane bending vibrations are the 868 cm', 878 cm~!, 936 cm™!
and 965 cm-! corresponding to the a,(860 cm™), byy(875 cm™), b,(937 cm™) and
«,(965 cm™') modes of napthalene respectively. No out-of-plane bending vibrations occur
in the Raman spectrum of the donipaund. All ip-plane beli'ding modes belong to a’ species
and the out-of-plane benting mddes fo 4™ gpeties of the C; point group of symmetry of the
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molecule. The symmetrical ring breathing mode in napthalene occurs at 760 cm~! [1], but it
has been assigned to the frequency at 805 cm™! in IR and 802 cm~! in Raman spectra of the
molecule. However, it has been observed that the ring breathing mode in benzene is
strongly affected by substitution. The shift in frequency is attributed to its interaction with
the C-C—C in-plane bending mode, both modes belong to the same species in C; symmetry
[9,10]. The aromatic C-H stretching occur in the range 3100-3000 cm™! [11]. In napthalene
there are two C-H stretching modes corresponding to a, (3004 cm!) and (3055 cm™!) of
which a very strong absorption at 3048 cm~! corresponding to C-H mode, is seen in the
Raman spectra of the molecule.

Table 1. Vibrational assignment of propranolol hydrochloride.

Raman Infrared Assignment
frequency (em™h frequency (cm™)
264 (M) C—CHj bending o p
325 (W) C-CH3 bending i.p.
505 (M) Skeletal deformation i.p. |
607 (S) Skeletal deformation i p
640 (M) 1470-830 \
675 (W) 1512-830 |
728 (VS) Skeletal deformation o p. )
735 (M) 738 (VS) Skeletal deformation o p
775 (VS) Skeletal deformation o p
802 (M) 805 (VS) C-C Ring breathing
832 (M) 830 (S) C-H bending i p
868 (M) C-H bending o p
878 (M) C-H bendingop *
908 (S) CH3 Wagging
936 (S) C-H bending o.p.
965 (VS) C-H bending o.p.
988 (VS) C-H bendine i.p
1013 (S) 1010 (S) C-H bending i.p.
1023 (VS) C-H bending i.p.
1038 (VS) C-H bending i.p.
1080 (VS) CHjy rocking
1100 (VS) C-H bending i.p.
1125 (M) 1150 (VS) C-H bending 1.p.
1158 (M) 1161 (S) C-O Stretching
1188 (M) 1184 (VS) C-N Stretching
1220 (S) CHj rocking
1245 (VS) C-H bending i.p.

1270 (VS) C—C ring stretch




The infrared and Raman spectra of propranolol hydrochloride

509

Table 1. (Cont'd.).
:‘my ™) m ) Assignment
1287 (W) CH; twisting

1300 (S) 2 x 1150~1010

1329 (S) 2 x 1150-965

1344 (S) 2 x 11841023

1359 (S) CH; Wagging

1370 (VS) CHj3 Symmetric bending

1405 (VS) CH; Symmetric bending
1434 (W) CHj asymmetric bending

1470 (VS) CHj3 and CH) Asymmetric bending

1512 (VS) C~C ring stretch

1532 (M) C—C ring stretch
1583 (S) 1590 (VS) C~C ring streich

1630 (S) C—C ring stretch

1650 (W) 775 + 878

1680 (W) 738 + 936

1741 M) 2 x 868

1818 (W) 805 + 1023

1850 (W) 830 + 1023

2080 (VW) 805 + 1270

2115 (VW) 965 + 1150

2145 (VW) 738 + 1405

2402 (S) 936 + 1470

2505 (S) 1038 + 1470

2540 (S) 936 + 1590
2878 (M) CH3 Symmetric C-H stretch

2900 (VS) C-H Stretchings
2928 (S) CHj Asymmetric C-H stretch
2969 (M) CHj Asymmetric C-H stretch
3048 (VS) Aromatic C-H stretching
3295 (W) 3300 (VS) O-H Stretching
3359 (W) N-H Stretching

VS-Very Strong,  S-Strong; M-Mediom; W-Weak: VW-Very Weak, i p.~in-plane:
o p -out-of-plane.
3.2. Group vibrations :

The CH; symmetric and asymmetric stretching vibrations appear around a fairly constant
region and they are found to occur at 2878 cm-! and 2969 cm™' respectively, in the present
case |12]. The CH, asymmeltric stretching modes appear at about 2930 cm™' and for

2-10
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propranolol, it appears at 2928 cm™! [13,14]. All C-H stretching vibrations appear as 5 very
strong and broad absorption centred at about 2900 cm™ in the IR spectrum. The CH,
symmetric bending is sensitive to the atom adjacent to the CH; group and occurg at
1370 cm-'. The CH, symmetric bending is placed at 1405 cm™'. The CH, and CH,
asymmetric deformation frequencies lie within the range and is assigned to the intense
absorption at 1470 cm~' [12]. In Raman spectrum, the weak absorption at 1434 cm™! may
be attributed to CH, asymmetric bending vibration. The CH, rocking vibration [13,15] is
assigned to the 1080 cm~! absorption of strong intensity. The frequency at 1220 cm-! js
assigned to CH; rocking vibration. The other group vibrations are the wagging and twisting
modes. The methyl wagging is placed to 908 cm~! while the CH, twisting occurs as a weak
Raman absorption at 1287 cm™! [16). The C-CH, in-plane and C-CH,; out-of-plane bending
occur at 325 cm™! and 264 cm™! respectively.

The other vibrations for the molecule are the C-O stretching which occur at about
1159 cm™! [17] and C-N stretching at about 1186 cm~! [18] in both IR and Raman spectra.
The N-H and O-H stretchings have been assigned to 3359 cm! and 3295 cm™! respectively
[19] while they give rise to a broad band of absorption in the IR spectrum of the molecule.
The region between 1650 cm™! and 2500 cm~! is treated as due to overtor*s and

combinations.

4. Conclusion

The infrared and Raman spcctra for propranolol hydrochloride has been analysed assuming
C, point group symmetry and the observed fundamentals have been assigned to different
normal modes of vibration. The assignment of the fundamental frequencics is made on the
basis of magnitude and relative intensities of the observed bands. A completc vibrational

assignment has been made for thc molecule. .

References

[1] D P Craig, J M Hollas, M F Redies and S C Wait Phil. Trans. Roy. Soc A253 543 (1961)

[2] DPCraigandJ M vliollns Phil. Trans. Roy. Soc. A253 569 (1961)

[3] ) G Hawkins, E R Ward and D H Whiffen Spectrochim. Acta 10 105 (1957)

[4) D B Scully and D H Whiffen Spectrochim. Acta 16 1409 (|_960)

[5] S S Mitraand H J Bemnstein Can. J. Chem. 37 553 (1959)

{61 H Luther and H J Dewitz Z Elektro. Chem. 66 546 (1962)

[7] ER Lippincott and E J OReilly J. Chem. Phys. 23 238 (1955)

[8] W B Person, G C Pimentel and O Schnepp J. Chem. Phys. 23 230 (1955)

[9) L) Bellamy The I.R. Spectra of Complex Molecules (New York : Wiley) p 70 (1959)
[10] D H Whiffen and K Stojigkovic Spectrochim. Acta A12 42 57 (1958) -
[11] G Socrates Infrared Characteristic Group Frequencies (New York : John Wiley) (1980)
[12) H W Thompson and P Torkington J. Chem. Soc. (London) 597 (1944)

[13] G Herzberg Infrared and Raman Spectra of Polyatomic Molecules (New York : D. Van Nostrand)
P 195 (1945)



The infrared and Raman spectra of propranolol hydrochloride

Owen and R E Hestet Spectrochim. Acta 25A 343 (1969)
) A Harsk, ER Lippincort and R K Kbanaa Spectrochim. Acta BA 1111 (19%67)

(g KSPusad] E Kilpetrick Chem. Rev. 39 435,925 (1946)
{7y TMiyazawe, T Shimanouchi and § Mizu Shima J. Chem. Phys. 29 611 (1958)

s NB Colthup J. Opt. Soc. Am. 40397 (1950)
ovek Struct. Bonding 18 177 (1974)

4y NE

(191 AN

st





