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Substituent Effects on Carbonyl Stretching Frequencies in
Substituted Styryl-2-Naphthyl Ketones
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Some substituted styryl-2-naphthyl ketones were prepared and
their carbonyl stretching frequencies (cm ) were recorded and
assigned from IR (KBr, 4000400 cm™ ) spectra. These data are
correlated with Hammett parameter using single and multi-correla-
tions with F and R functions. From the statistical analysis results
the substituent effects on carbonyl group are predicted.
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INTRODUCTION

There is considerable irformation in literature concerning transmission of
electronic effects in molecules undergoing isomer equilibration in ground state.
For example, o,B-unsaturated ketones exist as s-cis and s-trans isomers which
are confirmed by infrared spectroscopy'. Mulliken® investigates the physico-
chemical properties of the above system including those of polyenes and he
observed equilibrium mixtures of almost planar conformers. Several investiga-
tions have shown that the infrared wavenumber shifts of “mass insensitive”
stretches can be correlated with inductive and mesomeric effects®* and other
important physical properties’ including empirical correlation®. Similar study
in substituted styryl-2-naphthyl ketones is not available in literature. Hence the
authors have prepared some substituted styryl 2-naphthyl ketones and recorded
their infrared spectra.with KBr disk with a view to seek structure-parameter
correlations in these ketones.

EXPERIMENTAL

Substituted styryl-2-naphthyl ketones were synthesized by literature
method® '°. Treating a mixture of appropriate amount of benzaldehydes (0.01
mol) in ethanol (50 mL) with 2-acetylnaphthalene (0.01 mol) in presence of 10%
sodium hydroxide solution (5 mL). All the compounds were recrystallised from
ethanol to constant m.p.!"™14,
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Infrared spectra of compounds were recorded using JASCO-700 spectrometer,
(4000400 cm™) range at the Department of Chemistry, Annamalai University,
Annamalai-Nagar, (T.N.).

RESULTS AND DISCUSSION

The compounds chosen for investigation in the present study are o.,f-unsatu-
rated ketones. They can exist in s-cis and s-trans conformations (Fig. 1).
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Fig. 1. X =m" or p~ substituent

The infrared spectra were all run on KBr disk. They were all recorded on the disk
in order to avoid the possibility of one of the conformers in solution'> 16 exhibiting
a very intense band for that conformer, thereby suppressing the existence of the
other conformer producing only shoulders. The formation of less intense shoulders
in solution might, in many cases, escape our attention. These complications are
avoided in the present work by recording IR spectra on XBr disk.

The s-cis conformers exhibit higher frequencies for carbonyl absorption
compared to those exhibited by s-trans conformers. The stretching frequencies
for carbonyl absorptions are assigned based on the assignments made by Hays
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and Timmons!”. These absorption data tabulated in Table-1 are separately
analyzed through various correlation equations. The results of the statistical
analysis'® are presented in Table-2.

TABLE-1

s-cis AND s-trans CARBONYL STRETCHING FREQUENCIES (cm™) OF
SUBSTITUTED STYRYL-2-NAPHTHYL KETONES

Substiuent v(Cgic(icsm“) | v(csc-);n(l:;")
H 1628 1662
m-NHy 1627 1661
p-NH; 1622 1657
m-Br 1624 1659
m-Cl 1622 1663
pCl 1632 1669
p-N(CH3) 1620 1656
p-OH 1625 1666
p-OCH3 1626 1660
p-CHs ' 1625 1661
0-NO, 1635 1670
m-NO, 1630 1676
p-NO, 1626 1666
TABLE-2

RESULTS OF STATISTICAL ANALYSIS OF CARBONYL STRETCHING
FREQUENCIES OF SUBSTITUTED STYRYL-2-NAPHTHYL KETONES

g;;zzg z; Constanl‘ for r I o s Substituent in
correlated correlation styryl part
s-cis c 0958 1663.8 921 8.20 13 H, m-HN,

ot 0.835 16640 537 9.40 13 p-NH,, m-Br

o1 0903 16584 18381 9.00 13 m-Br

OR 0.880 1667.7 14.36 1.95 13 p-Cl, and

p-N(CHs),

s-trans c 0997 16275 793 4.27 13 p-OH,

ot 0.879 16280 4.13 5.00 13 p-CH;,p-CH;

op 0.759 1618.7 26.20 6.57 13 p-CHjs, 0-NO3,

OR 0890 16285 9.10 5.10 13 m-NO,, p-NO,
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The analysis of the data in Table-2 reveals that the substituent effect is good
correlated with Hammett o constants and oy is satisfactory for the s-cis carbonyl
stretching and only ¢ constants for s-trans conformers. The correlations with
o* for these frequencies in s-trans and s-cis are not significant. This demonstrates
that in these conformers there is steric repulsion and the co-planarity between the
styryl and the naphthyl parts is largely affected. However, the expected conjuga-
tion between —CH=CH— and C==0 group is missing in the conformers.
Therefore 6* constants do not produce satisfactory correlation with the carbonyl
frequencies.

In view of the inability of some of the ¢ constants to produce individually
satisfactory correlations, it was thought worth while to seek multiple correlations
involving either o, and oy constants or Swain-Lupton’s'® constants F and R
parameters. The correlation equations are generated in Table-3. From the equa-
tions it is inferred that the correlation is good with o; and oy and F and R
parameters together.

TABLE-3 ,
RESULTS OF STATISTICAL ANALYSIS OF CARBONYL STRETCHING
FREQUENCIES WITH oy & og AND F & R PARAMETERS

Conformers Parameters Correlation Equations Substituents
s-cis o1& og 16642 + 14.220; + 24.3308 H
(11.73)(£2.224)(+4.671) m-NH,
(R =0972n= I3, P> 9%0%) p-NH;
F&R 1668.3 + 15.26F + 19.43R m-Br
(4.721)(£3.270)(£7.490) m-Cl, p-Cl
(R=0920,n = 13, P> 90%) p-(NCHa),
s-trans o1 & Or 1618.32 + 13.22107 + 13.0l0g p-OH
(£7.11)(20.572)(£0.724) p-OCH;
(R=0998,n = 13, P> 90%) p-CH,
F&R 1620.00 + 13.52F + 14.00R 0-NO,
' (£4.521)(43.770)(+4.490) m-NO,
(R=0920,n = 13, P> 90%) p-NO;
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