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IR SPECTROSCOPIC MANIFESTATIONS OF
H-BONDING INTLRACTION

SpecTROscopiCc  techniques provide powerful tools
for Inwvestigating the nature of H-bcnding., Infrarcd
and Raman spectra reveal the characterist.c frequencics
of molecular vibrations. Such frequencies are fixed
by the masses of the wbrating atoms, the molecular
geom<iry and the restoring forces holding the atcms
in their equilibrium positions in the molecule. Bccause
of molecular interactions, frequcncics of normal vitra-
tional medes of a moiecule are shifted to highcr or
lower wvalues and the integrated intensity of 1he
characteristic vibrational] band is also modified, In
general, the integrated intensity is increased and the
stretching mode and its harmonics are sh:fted to lower
frequencies by H-bond formation. In many systems
the shift 1s 105/ of normal mode of vibraticn. This
effect 1s due to the weakening of the force constant
for the A-H stretching mode caused by the forma-
tion of the H-tond. The shdicd absorrt.on tands
due to the H-bondcd A-H stretching vitrations are
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non-H-bonded A-H group. These¢ spectral varia-
tions correlate very well with important chemical apd
physical propertics of H-bonding systems. The corre-
lation is bascd mainly on the fact that the formation
of H-bond restricts certam rotational and translational
degrees of freedem and forms an equal number of new
vibrational degrees of freedem?.

It is obscrved that there i1s a slight decrease in inte-
grated intcnsity cf the corresponding overtones. This
can be explained on the basis tbat the intensity of
abscrption due to ir active vibrations is dircetly prepor-
tional to the rate of change of the elcctrestatic dipole

moment (dufdr) with internuclear distance. An esti-
ﬁ.

mation of the magnitude of A u, the H-kend inter-
action mcmen{ is possible frem (du/dr) calculation

with ir spectra. In the present study an attempt is
—}
made fo evaluate / p by considering the intcraction

cf phenol + carbenyl systams.

The integrated intensity (A) of the ccmplexcd C=0
can be obtained from the relation derived by Free-
man? Using the integrated intensity values arnd assum-
ing that the carbonyl vibration & a pure sirciching
mode, the change in bond mcment on stretching can
be calculated frcm the relation®,

du 1 1 -2 dy
}?) = [‘;‘ M ';;:J o
c O
and

d 3C 12
f = 4 (f—* A)
dc » i3

where C is the velocity of light and m_ and m, are
the masses of carbon and oxygen atcms, The mean
dipole mement derivatives of the C=0 bond charac-
teristic of the 1:1 and 1: 2 complexes in various phenol
+ carbonyl systems and their frequency shift along

much broader than the corresponding btands of the

TaABLE 1

with the fundamental?

are reported in Table 1.

Frequencies (cm?) (defdr)y,,, (duldr), ...
Voo 1:1 1:2
Complexing system — — - i
free 1:1 1:2 esu cm™!
Phcool + mcthyl acctate 1757 1735 1713 8865 6-503
Phenol -+ cthyl acctate 1749 1731 1714 5-447 4-063
Phenol + isobutyl acctate 1753 1726 1715 7-677 1-781
Phenol 4+ p-amyl acetate 1750 1728 1718 7-706 4:518
Phenol 4 benzyl acotate 1756 1731 1720 8-013 4-199
Phenol + phenyl acetate 1778 1754 1748 8-395 5-913
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(dujdr) for the O-H bonds should naturally be higher.
In the present work, it is not possible to calculate the
exact values from the O-H band intensities, because
of the overlapping bands arising from self-associa-
tion effects and that of two other symmetrical tands
resulting frcm H-bond isomerism as explained by

-
Fritzche’. However, the magnitude of Ay, the inter-
action moment along the O-H---O bond, can be
estimated from the (dp/dr) value for the C=0 bonds
tcported here for the 1:1 complexes.

The value of (du/dr) for 1:1 complexes of the carbo-
nyl systems considered here varies from about 5§ X 1071¢
esu cm! to 8 x 10-19 esu ¢t If one of the oxygtn
Sp 2 hybrid orbitals is almost coliinear with the O-H

-+Q axis, it will be In a most favourable position for
maximum interaction between the O-H bond and
the lone pair forming an atomic dipole, Using mini-
mized distances of 1:03 A and 1:04 A for free and
H-bonded O-H %8, and a maximum displacement of
0-025 A®, along the O:---O distance, one obtains

-.).
a Ap of about 0-10-0-15 D, owing to the polariza-
tion of the C=0 bond. A simlar or slightly higher
value would also be expected for the induced mement

...}
for the O-H bond. So a total Ag of about 0-3-
0-4 D may be explained by considering the vibrations

of the lone pair of electrons together with the vibra-
-3
tions of the O-H bond. The estimation of A pu from

the dielectric polarization mecthod confirms this order
of interaction moment®. In the present study, only
a weak H-bonding interaction is considered. In
many comoslexes such as tricthylamne + hydrobromic
acid, the H-bond:ng interaction is much stronger and
is due to proton-transfer effect. Ratajczak er alll

vy

found that Ap in triethylamine + phenol complexes
in nonpolar solvents changes continuously within a
wide range from 0-30 to about 10-00 D. To account
such high polarity they suggested the possibility of
partial proton-transfer species. In weak H-bended
comolexes, the partial proton transfec is hindred
due to the existence of resonance structure of type
O-- - H-0t,
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SYNTHETIC STUDIES IN 2-ARYLBENZO1 URANS

AMONG the methods employed for the synthesis of
2-arylbenzofurans, the method of Whally and Lloyd
using Pd-C in mild acetic acid medium has greater
applicability on account of 1ts simplicity and gasy
availability of the intermediate desoxybenzoins,
These workers! have, however, reported that the
gcyclization does not proceed well in a few cases.
Dann et al.? have extended the method more success-
fully for the cyclization of many desoxybcnzoins to
2-arylbenzofurans using the demethylation mixture of
aluminium bromide and benzene.

As can be scen, this method has
nam=ly:

(@) The demethylation agent,

(b} The solvent,

With a view to develop a conventent proccdure
and appropriate conditions for the synthesis of
2-arytbenzofurans from desoxybenzoins, a comparative
study of these two variables has been madc using a
few demathylation agents in diffcrent solvents. The
following reagents in the chronological order have
bzen studied: (A) AlCl,-CH,CN, (B) BBr-AcOH, (C)
HI-Ac, 0O, (D} AlC,-CH,NO, and (&} AICL-C,H,.
Using these reagents the following Z-arylbenzofurans
(1) 6-methoxy-2 (27, 4'-dimethoxyphenyl)-benzo-
furan T {(methyl ethter of naturally occurring vigna-
furan®, 11, (i) G-methoxy-2- (2, 3, $-rimcthoxy.
phenyl)-benzofuran 11T (dimethy) ether of nawrally
occurring pterofurant® 1V} and (in) 6-merhovy-2 (27,
4, &-trimethoxyphenyl)-bensofuran V, have beeg
preparcd  from the desoxybenzoins  {i) 2-bydroay-
4-mzthoxyphenyl-2’,  d-dimethoxy bongy! Tetone® VI
(i) 2-hydroxy.d, d-dimethoxypheny-2°, 4-Cimethoxy.
benzyl ketone? Vil and 2-Mydroay-d, b-dimethovy-
phenyi-27, 4'.dimethoxybenzy ! hetone® VIILL

two variables



