This article was downloaded by:

On: 30 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Ar IeTarions . Makmwizieary laamat

L NN of ial &
SpCGuosCo

| 4 ™ o] -
| L
L_\" 1.\.\_ "

Exbir: Mok C. Mkl

)N

Vibrational Spectra of 4-Benzoylpiridine and the **O Substituted Derivative
Ts. M. Kolev®; P. Bleckmann®

* Institute of Organic Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria ® Institute of
Chemistry, University of Dortmund, FR G

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Kolev, Ts. M. and Bleckmann, P.(1990) 'Vibrational Spectra of 4-Benzoylpiridine and the *O Substituted
Derivative', Spectroscopy Letters, 23: 3, 391 — 404

To link to this Article: DOI: 10.1080/00387019008054422
URL: http://dx.doi.org/10.1080/00387019008054422

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. conftermns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this nmaterial.



http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019008054422
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04: 01 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 23(3), 391-404 (1990)

VIBRATIONAL SPECTRA OF 4-BENZOYLPIRIDINE AND

THE 18O SUBSTITUTED DERIVATIVE

KEY WORDS: IR spectra; Raman spectra; isotope label-
lin%; 4-benzoylpiridine; 4-benzoylpiridi-
ne-18p; vibrational assignment

Ts.M. Kolev and P. Bleckmann*
Institute of Organic Chemistry, Bulgarian Academy
of Sciences, 1040 Sofia, Bulgaria

*Institute of Chemistry, University of Dortmund,
D-4600 Dortmund 50, F R G

ABSTRACT

Infrared and Raman spectra of 4-benzoylpiridine
(4BP) and its 18
corded in the solid and in the molten state. Polarized

O substituted derivative have been re-

Raman spectra in the molten state have also been measu-
red. The assignment of the vibrational bands is perfor-
med on the basis of isotopic shifts, group vibrational
concept and polarization features of the normal modes.
The previous assignment of the in- and out-of-plane de-
formations of the carbonyl group and the fundamentals
below 700 cm-1 are questioned and corrected.
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INTRODUCTION

The present paper was carried out as a part of

systematic study of the vibrational spectra of some
compounds having structures analogous to the twisted
diphenyl methanone (benzophenone). Our previously pub-
lished studies were on the vibrational spectra of di-2-
pyridyl ketone and Z2-benzoylpiridine 1-2.

A fairly complete assignment of 4-benzoylpiridine
was made by Seth-Paul et a1.3. These authors have per-
formed the assignment on the basis of precisely measu-
red IR and Raman frequencies. Nevertheless, some dis-
crepences in the attributions still remain. The molecu-
lar symmetry of 4-BP is CSS.

4-Benzoylpiridine has found some applications as
a complexation agent although not so igportant as 2-ben-

zoylpiridine and di-Z-pyridyl ketone4_ Dipole moments,

Kerr constants and conformations in solutions of 4-BP
have been determined and calculated7-10.

The subject of this article is the vibrational
assignment of the fundamentals of 4-BP-180 carried out
on the basis of isotopic shifts, vibrational group con-

cept and polarization features of the normal modes.

EXPERIMENTAL

4-Benzoylpyridine, puriss.(EGA Chemie), was puri-

fied by multifold recrystallization from heptane-

m.p. 74-75°C. The 4-BP-180 was prepared according to
Roberts and Urey from H2180 and 4-BP under action of
NaOH in methanolll.
corded in KBr and polyethylene pellets on Brucker-113 v

IR spectra of the ketones were re-

FTIR spectrometer in the 4000-100 c:m-1 region. The re-

ported wavenumbers in Table 1. are believed to be accu-

rate to within %1 cm'l.
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Raman spectra were registrated using a 60 mW exita-
tion with the 514,5 nm line of an Ar’ laser on a Coderg
triple monochromator spectrometer; frequency reproduci-
bility within %1 en L. The spectra, 4000-50 en ! of so-
1id ketones were obtained from crystal powders contai-
ned in sealed capillary tubes. Depolarization ratios
were determined in the molten state.

The isotopic content, determined by mass spectro-

metry, was 71,8 atomic % 18O.

RESULTS AND DISCUSSION
An IR spectrum of solid 4-BP-

18 1

0-1700-600 cm ~ is
shown in Fig.l. The same spectrum between 600 and

100 cm-1 is shown in Fig.2. The Raman spectrum of 4-BP
in solid state is presented in Fig.3 while Figs.4 and 5§
represent the Raman spectra in the molten state, with
parallel and perpendicular exitation respectively.

The wavenumbers (cm_l) of the observed bands assig-
ned to fundamentals in the infrared and Raman spectra
of 4-BP and 4-BP-1%0 are listed in Table 1.

In a molecule with CS symmetry it is possible to
define only a plane symmetry. Thus studied molecule
has 63 fundamentals, 30 (21la” + 9a"") of which belong
to the phenyl and 27 (19a” + 8a”") to the pyridyl
group. The remaining 6 fundamentals can be described
as C(C=0)C vibrations. All vibrations are infrared and
Raman active. Only the fundamentals in the Wilson no-

12

tation of the title compound are given in Table 1

13 for

while the nomenclature of Kohlrausch and Pongrat:z
X-sensitive vibration, further developed in Refs.14 and
15, is used here for description of the vibrational mo-
des. Since pyridyl modes resemble phenyl modes, distinc-

tion is made by means of Ph or Py depending upon whe-
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Table 1. Vibrational assignment of 4-benzoylpiridine
0 in the solid state

and 4-benzoylpiridine-

18

Vi_l 48P 4BP18 Assignment
(cm ) i.r. Raman i.r. Raman
1 3085 3086 3085 3085 20a (Ph)
2 3059 3075 3060 3074 20b (Py)
3 3059 3060 3060 3060 20a (Ph)
4 3059 3060 3060 3060 20b (Py)
5 3045 3036 3044 3036 2 (Ph)
6 3059 3060 3060 3060 2 (Py)
7 3022 3016 3023 3015 7a (Py)
8 3045 3036 3044 3036 7a (Ph)
9 3022 3016 3023 3015 13 (Ph)
10 1657 1662 1624 1629 Vb=o
11 1597 1598 1596 1598 8a (Ph)
12 1597 1596 1597 1596 8a (Py)
13 1576 1570 1577 1571 8b (Ph)
14 1549 1551 1548 1551 8b (Py)
15 1491 1490 1490 1490 19a (Ph)
16 1491 1488 1489 1487 19a (Py)
17 1446 1449 1447 1449 19b (Ph)
18 1409 1412 1409 1411 19b (Py)
19 1330 1331 1331 1332 14 (Ph)
20 1321 1321 14 (Py)
21 1309 1308 3 (Ph)
22 1285 1289 1285 1289 e,
23 1289 1289 3 (Py)
24 1178 1180 1178 1281 9a (Ph)
25 1151 1158 1150 1159 e
26 1108 1109 9a (Py)
27 1075 1071 1075 1071 18a (PY)
28 1063 1071 1063 1071 18b (Ph)
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Table 1. (continued)

29 1063 . 1062 e 18b (Py)
30 1027 1030 1027 1029 18b (PY)
31 1001 1006 1001 1005 1(breath.) (Ph)
32 999 1000 999 1001 1(breath.) (Py)
33 991 990 991 990 5 (Ph)
34 976 976 17a (Py)
35 974sh. 965sh. 974sh. 965sh. 17a (Ph)
36 946 940 946 939 5 (Py)
37 930 930 931 931 d2

38 930 930 10b  (Ph)
39 886 870 885 870 10a (Py)
40 848 853 848 852 10a (Ph)
41 848 850 847 849 11 (Ph)
42 785 786 785 786 11 (Py)
43 747 750 746 751 d1

44 721 725 721 725 dl

45 696 697 4 (Ph)
46 696 697 6a (Ph)
47 663 666 662 666 6a (Py)
48 640 647 639 647 6b (Ph)
49 637 637 6a (Py)
50 616 620 616 621 6b (Py)
51 570 573 562 565 Oc-o

52 447 455 447 455 16a (Ph)
53 437 449 437 449 16a (Py)
54 416 412 415 412 16b (Ph)
55 404 405 404 404 16b (Py)
56 379 381 370 372 )E O

57 288 293 288 292 5(c ,COCyp

58 238 244 238 244 éas(C yC -C h)

59 222 226 222 227 6sym(C§waCph)

60 219 219 7BS(CP§C"CPh)

61 154 156 154 156 75ym(C§&O"CPh)

62 105 105 torsion

63 66 66 torsion
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ther the mode pertains to the phenyl or the pyridyl

ring. The ring stretching vibrations for the phenyl and
pyridyl rings (8a, 8b, 19a, 19b and 14) appeared in the
region 1600-1300 cm !
dine and di-2-pyridyl ketone absorb in the nearly same

. The molecules of 2-benzoylpiri-

frequency interval.

The carbonyl group of 4-benzoylpyridine is conjuga-
ted with the phenyl and pyridyl rings but the molecule
is not planar. The steric repultion between the ortho
hydrogen atoms do not cooperate to attain coplanarity and
thus twisting both pyridyl and phenyl nuclei by 38° 7'19
The new spectral information presented in Table 1 con-

18O. All Dbands
18O

cerns the IR and Raman spectra for BP-
of 4-benzoylpyridine (4-BP) and 4-benzoylpyridine-
(4—BP-180) coincide within 1-2 cm'1 exept for three

bands reffered to the carbonyl group. The 18

0 isotopic
substitution affects only the characteristic carbonyl
frequencies. The carbonyl stretching band of 4-BP ap-
pears at 1657 em” ! (IR) and 1662 em” (Raman). The
180 are observed at 1624
cm'1 and 1629 cm respectively. (Fig.l). The isotopic

shift V., 1gf 33 cm ! is equal to that of di-2-py-
1
0.

corresponding bands for 4-BP-

ridyl ketone- The in-plane deformation vibration
(Fig.2) were found at 570 en L (IR), 573 em L (Raman)
(Fig.3) for 4-BP and at 562 en”1 (IR), 565 em” ! (Raman)
for 4-BP-180. A comparison of the spectra of both iso-

topic isomers shows that 18

O labelling results in a
8 cnl shift of 6C=0‘ In this way the band at 570 cm

in the IR spectrum of 4-BP is unambiguously assigned to

1

6 _n+ The out-of-plane deformation vibration 7'_
C=0 1 -1 C=0
appears at 379 cm (IR) and 381 cm (R) for 4-BP and
at 370 cm } (IR), 372 em L (R) for a-sp-180, Hence, the
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185 isotopic shifts 8 cn™ ! for 6C=O’ 9 cm™t for 7c-0
-1 R .
and 33 cm = for ‘VC=0 confirm the band assignment.

Di-2-pyridyl ketone and 2-benzoylpyridine display
the breathing modes (1) in the frequency range 1000 -
1015 cm'1 while in the spectra of the benzophenone the
same vibration appears at 999 cm'l. Therefore, the bands
at 1001, 999 c:m_1 (IR) and 1006, 1000 cm-1 (R) are due
to pyridyl and phenyl parts respectively.

The X-sensitive vibrations e, and e, are associated
with stretching motions of the carbonyl <carbon atom
against the phenyl and pyridyl rings respectively. The
strong IR band at 1285 cm'1 and very weak Raman band at
1289 cm ! are attributed to e, vibration. In this way
we confirm the assignment of Seth-Paul and coworkerss.
The strong Raman band at 1158 cm—1 and the midle IR one
at 1151 cm'1 can be assigned to e mode. Hence, we cor-
rect the assignment in Ref.3 for this X-sensitive. The
X-sensitive vibration d2 is found at 930 cm'1 in both
IR and Raman spectra of 4-benzoylpyridine. The vibrati-
1 (Ra-
it was shown that

onal mode d, appears at 721 cm ! (IR) and 725 cm’
man). In the case of benzophenone16
this band is practically insensitive to deuteration.Its
high IR intensity also supports the assignment.

The band at 640 c:m_1 (IR) and 647 <:m-l (Raman) pre-
viously assigned as 6C=0 in Ref.3 is most probably
the 6a vibration - in-plane radial ring C-—C deforma-
tion. Normal coordinate analysis predicts a frequency
1 for the 6a vibration and 620-650 cm !
for the 6b vibration. The assignment given in Table 1

range 640-670 cm_

for these modes is in a good agreement with the theory.
We reassign the band at 570 em ! (IR) and 573 em L (Ra-
man) to 6C=0’ which is refered to 6a mode in Ref.3.
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The very weak Raman band at 458 cm_1 is attributed to
16a vibration. The previous assignment of this band to
)&=0 is incorrect, since it is completely insensitive
to O isotopic substitution. The assignment of the
band at 379 cm !
unambiguous assignment 1s 7b=0. As it is shown in ear-

lious papersl’2 the bands between 300 and 100 cm -1 are

(IR) to 6a mode3 is revised here. The

characteristic for the motion of both phenyl and pyri-
dyl planes with respect to the directions of their
neighbouring (Ph-C-PY) bonds.

The results of the present study can be summerized
as follows. All fundamental vibrations of 4-BP are si-
tuated in, or close to, the frequency ranges of the res-
pective ones of benzophenone, 2-benzoylpyridine and di-
-2-pyridyl ketone. The carbonyl stretching band shows
the 180 shift equal to that of di-2-pyridyl ketone. By
means of 18, isotopic substitution in- and out-of-plane
vibration of the carbonyl group were reliably assigned

and some literature assignments. were corrected.
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