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 TN Ml ciainary lsumsl
L W NSO
= |3 S (]
SRCGEHOSCO DA
L4” L5 8
ErMor Robyer® L. Mchel

Infrared Spectral Studies of Quinoline-N-Oxides and Isoquinoline-N-

Oxides

S. Ghersetti*; S. Giorgianni*; M. Minari®; G. Spunta®

2 Department of Organic Chemistry, University of Venice Calle Larga S. Marta, Venezia, Italy ®
Laboratorio dei Composti del Carbonio Contenenti Eteroatomi C.N.R., Ozzano-Emilia, Italy

@ Ty & Frarcis

Sukame 38 Mumtzers 4-% 1005

To cite this Article Ghersetti, S. , Giorgianni, S. , Minari, M. and Spunta, G.(1973) 'Infrared Spectral Studies of Quinoline-
N-Oxides and Isoquinoline-N-Oxides', Spectroscopy Letters, 6: 3, 167 — 176

To link to this Article: DOI: 10.1080/00387017308065444
URL: http://dx.doi.org/10.1080/00387017308065444

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/10.1080/00387017308065444
http://www.informaworld.com/terms-and-conditions-of-access.pdf

04: 30 30 January 2011

Downl oaded At:

SPECTROSCOPY LETTERS, 6(3), 167-176 (1973)

INFRARED SPECTRAL STUDIES OF QUINOLINE-N-OXIDES
AND ISOQUINOLINE-N-OXIDES

S. Ghersetti and S. Giorgianni
Department of Organic Chemistry, University of Vemnice
Calle Larga S. Marta 2137, Venezia (Italy)

M. Minari and G. Spunta
Laboratoric dei Composti del Carbonio Contenenti Eteroatomi
C.N.R., Ozzano-Emilia (Italy)

The infrared characteristics of aromatic-N-oxides and their correla-
tions with other structural properties have been investigated in some de-
tails in monocyclic compounds, especially pyridine-N-oxides. However the
amount of infrared observational data available in more complex systems 1is
rather limited and its interpretation still mostly tentative (1).

In the present work, which is mainly concerned with the spectral featu-
res related to the presence of the N+0 group in quinoline-N-oxides and iso-
quinoline-N-oxides, the spectra of several derivatives were examined and
compared with those of the corresponding quinolines and isoquinolines. For
a better understanding of the infrared behaviour of the N>0 group, some hep-

tadeuterated compounds were also analyzed.

EXPERIMENTAL

Quinoline-N-oxides and isoquinoline-N-oxides were usually obtained from
the corresponding quinclines and isoquinolines (products commercially avai=-
lable or prepared by standard methods) by oxidation with H;0, in acetic acid
(2); only for obtaining 2-Chloro-quinoline-N-oxide, monopermaleic acid was

used (3)., 4-Methoxy-quinoline-N-oxide was prepared from 4-Chloro=-quinoline-
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-N-oxide by replacement (4). Quinoline-N-oxide-d-7 and isoquinoline-N-oxide-
~d-7 were obtained by hydrogen-deuterium exchange in the presence of acidic
and basic catalyst following the results of an investigation of Kawazoe and
Ohnishi (5). Quinoline-d-7 was prepared by reduction with PClz of quinoline-
-N-oxide-d-7. Isoquinoline~d-7 could not be obtained. All the samples were
purified by sublimation in vacuum and/or recrystallization; their melting
points and other physical properties agreed well with published values. Care
was taken in handling these compounds which are known to be very hygroscopic.
Before recording each spectrum, the region 3650-3100 cm_1 was checked; only
samples, in which no absorption due to water was detected, were used.

The infrared measurements were carried out on a Perkin-Elmer 225 Spec-
trophotometer (1.0 mm. matched cells) by using C,Cly and CS; as solvents.
In most of the cases saturated sclutions were employed. The frequency values

. s -1 .
are given within *1 em ~, while the Av__ measurements appear to be accurate

OH
to *6 cm_l. The absorption of CH30H in the range 1400-1100 cm-l (when ter-—
nary solutions were employed) was extinguished by compensation in the sol-

vent cell.

RESULTS AND DISCUSSION

As known (1}, the N»0 stretching vibration of pyridine-N-oxides appears
in the infrared (1200-1300 cm—l) as a very strong band, which shifts toward
lower frequencies (20-40 cm_l) by addition of methanol (1,6). In quinoline-
-N-oxides, however, this vibrational mode has not been clearly assigned yet,
but only the presence of two or more bands in the range 1150-1350 cm'-1 has
been pointed out as typical of all of these compounds (7,8).

Since quinoline-N-oxide (isoquinoline-N-oxide) differs from quinoline
(isoquinoline) only by an extra N»0 bond, while the rings are not modified,

many of the vibrational frequencies of the former compound can be expected

to be very close to those of the latter omne. The vibrational frequencies of
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quinoline and isoquinoline were recently investigated by Wait and McNerney
(9) mainly by comparison with those of naphtalene, for which reasonable re-
sults of normal coordinate analyses are available (10,11,12). It follows
that an examination of the sequence naphtalene/quinoline (isoquinoline)/
quinoline-N-oxide (isoquinoline-N-oxide) should be useful for the interpre-
tation of the vibrational bands of the compounds here investigated. The sa-
me trend is obviocusly expected for the corresponding heptadeuterated com-~
pounds.

As most of the present interest is confined on the N+0 stretching vi-
bration, the range of investigation as in pyridine-N-oxides (6) was limi-
ted between 1000 and 1400 cm ©.

Infrared spectra of quinoline-N-oxide: In table 1 the frequency values of

the following couple of compounds (naphtalene/naphtalene-d—8, quinoline/qui-
noline—d-7, quinoline-N-oxide/quinoline-N-oxide-d-7) were listed also by
using an empirical approach of Lippincott and 0'Reilly (11). From the same
table the existence of a good correspondence both between the spectra of the
hydrogenated and deuterated terms and the spectra of quinoline-bases and the
corresponding N-oxides can be pointed out.

Two strong absorptions at 1233 cm—l and at 1307 cm—1 in quinoline-N-oxi-
de appear of some interest. The band at 1233 cm_1 has been attributed here
to the N+0 stretching vibration: in fact, (i) there is no significant ab-
sorption in the same spectral region of quinoline (a very weak band obser-
ved in liquid by Wait and McNerney was assigned by these authors to a com-—
bination mode (9)) and (ii) this is the only band in this spectral range
which appears to interact with methanol (Av=5 cm_l). The band at 1307 has
been related to the absorption at 1316 cm_l in the spectrum of quinoline
which was assigned to a vibrational motion mainly involving the CN bond (9);
the small shift and the enhancement in intensity observed in quinoline-N-

-oxide can be accounted for to an electronic perturbation on the CN bond
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TABLE 1

Comparison of assigned frequencies (cm™l) for naphtalene, qui-
noline (isoquinoline), quinoline-N-oxide (isoquinoline~N-oxi-

de), and their heptadeuterated derivatives.

2 . . Quinoline Isoqui-| Isoquinoline

Naphtalene Quinoline N-oxide noline N-oxide

ass.}

h-8 d-8 h-7 d-7 h-~7 d-7 h-7 h-7 d-7
vip 1509 1385 1500s 1382w 1509s § 1498s 1492w 1373s
vyio 1460 1381 1468w 1365w 1445m 1347m 1458w 1348w

1450s
vig 1436 1330 1431m 1303m 1440m 1308m 1430w 1315w
1257m
vy 1389 1260 1393m 1237m 1393s 1230m 1382m 1378w 1250m
vyg 1379 1293 1375s 1288m 1370w 8 1375m 1368w 1287w
vig 1361 1318 1316m 1280s 1307s 1330s 1315w 1323s 1330s
vi7 1265 1037 1261w 1033s 1267s 1025m 1271s 1276s 1032m
N0 1233s 1184s 1183s 1211s
vig 1209 1082 1217m 1089s 1213m 1070w 1250m 1254s 1132w
vig 1240 1030 1190w 1010w 1176m 1010m 1175w 1174w 992m
vpo L1144 866 1141m 58875 1142m E 113%m 1144w 905w
872s
voy 1125 885 1119s 870s 1135s 1119w 1126s 881m
voo 1168 929 1094w § 1089m § 1095w § §
vaz 1025 835 1033s 2830m 1054w 2840m 1034m § §
voy 1008 828 1016m 820s 1013m 820m 101l1m 1015w 824y
1068m3 1192m3 1260m3

§ Not found, probably too weak to be detected.

! The assignments for quinoline-h-7, isoquinoline-h~7

are taken from ref. (9).
2 Taken from ref. (10).

3 Unassigned bands observed in the spectra.
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caused by the N»O group. By deuteration the band at 1233 cm—1 in quinoline-~
-N-oxide (described as vNO) moves to 1184 cm_l while its hydrogen bonding
sensitivity increases (Av=14 cm-l). The occurence of a shift of about 50 cm—l
by hydrogen-deuterium substitution is obviously related to a strong vibra-
tional interaction between the N+0 stretching frequency and C-H and/or C-D
in-plane bending modes and may take account for the anomalous behaviour of
the N+0 vibration in these compounds (see below). Incidentally it may be
mentioned here that the N+0 stretching frequencies of pyridine-N-oxide-h-7
(1265 cm_l) and pyridine-N-oxide-d-7 (1224 cm_l) (6) are far apart by about
40 cm_l, although the partecipation of modes other than the N»0 stretching
has been considered not very important here (1l). The band at 1307 cm_1 mo-—
ves to 1330 cm_1 in quinoline-N-oxide-d-7. It seems peculiar that only in
this compound it is sensitive to the addition of methanol (Av=6 cm_l); some
partecipation of the N»0 stretching vibration in such vibrational mode is
probably involved here.

In figure 1 are shown, in schematic form, the spectra of several ring-
substituted quinoline-N-oxides; for comparing, each of those is placed right
above that of the analogous quinoline: a good correspondence is usually pre-
sented. Particularly, the spectral features observed for the bands of the
parent compound at 1233 cm—1 and 1307 cmnl are clearly exhibited also by the
substituted derivatives. Their frequency range is 1200-1240 cm_1 and 1300-
1340 cm_l respectively; as expected these bands do not show any correlation
with the position and the electronic nature of the substituents.

Infrared spectra of isoquinoline-N-oxides: In table 1 are also reported the

infrared bands of isoquinoline-h-7, isoquinoline-N-oxide-h-7 and isoquino-
line-N-oxide-d~7. As in the previous section, the assignments for isoquino-
line-h-7 refer to the work of Wait and McNerney (9). Probably the most re-
levant result achieved here is that the two characteristic strong bands al-

ready seen in quinoline-N-oxides are also present in the spectrum of isoqui-
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Position and Relative Intensity of Absorption Bands of Substituted Quinoli=-
nes and Quinoline-N-oxides in the Range 1400-1000 em™ L.
spectrum of gquinoline-N-oxide lies right above that of the corresponding
quinoline. Dotted lines represent the shifts of the N»O band in the presence
(see text).

FIG. 1

of CH30H; thicker lines represent the band at about 1300 el
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noline-N-oxide. They absorb at 1183 cm—1 and 1323 cm_l respectively. Since
only the band at lower frequencies is sensitive to the methanol (Av=10 cm—l),
its attribution to the N»0 stretching vibration can be easily deduced. Again
it is of interest to note that by deuteration the two bands absorb respecti-
vely at 1211 cm-1 and 1330 cm-_l (the possibility of a misassignment appears
rather scarce since only the first band is affected by the hydrogen bonding

formation (Av=16 cm_l

). It is rather unexpected that by deuteration the N>O
vibration moves toward higher wave numbers; in fact this is just the opposi-
te of the trend observed in quinoline-N-oxide and in pyridine-N-oxide. A
coupling between the N0 stretching frequency and some vibrational motions
other than in the latter compounds is probably responsible for such effect.
This is a further example of the complexity of the vibrational interactions
which take place on gquineline- and isoguinoline-N-oxides.

The results of figure 2, where are drawn the spectra of few ring-substi~
tuted isoquinoline-N-oxides compared with those of the corresponding isoqui-
nolines, appear to clearly support the existence of the two characteristic

absorptions.

Hydrogen bonding interaction with methanol: It is well established that the

magnitude of the shift Av H between the free and the bonded hydroxylic stre-

0
tching vibration provides a measure of the strength of the hydrogen bonding.
In this investigation methanol was used as proton-donor for all the systems;
attempts to use phenol (stronger acid) were unsuccessful since the bonded
hydroxylic bands strongly interfered with the C-H stretching absorptions in
the range 3000-3100 cm_1 and no reliable values could be obtained.

From table 2, where the Av for the compounds investigated are repor-

OH
ted, it appears that the values in quinoline-N-oxide and isoquinoline-N-oxi-
de are almost the same and no change by hydrogen—deuterium substitution is

observed. Being the magnitude of Av 0’ when pyridine-N-oxide is used as pro-—

0
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FIG. 2

Position and Relative Intensity of Absorption Bands of Substituted Isoqui-
nolines and Isoquinoline-N-oxides in the Range 1400-1000 cm~l. For each
couple the spectrum of isoquinoline—N-oxide lies right above that of the
corresponding isoquinoline. Dotted lines represent the shifts of the N0
band in the presence of CH30H; thicker lines represent the band at about
1300 cm™! (see text).

ton—acceptor, very close to the previous values (6), it may be deduced that
the resonance system involving the N+O group is rather similar in these se-
ries of compounds. In accordance to it, like in pyridine-N-oxides, a linear
relationship Av/o has been found for quinoline-N-oxides: for the former

compounds the relation is Av H=285—1200 (for internal consistency of the da-

[¢)
ta, the results were taken from (6)), while for the latter ones is
AvOH=276—17OU. The higher slope of the straight line for quinoline-N-oxides
suggests that the electronic effects of the substituents are slightly more
effective in such compounds than in pyridine-N-oxides.

From the same table, it can be also seen that the capability of the

a-substituents in reducing the hydrogen bonding is higher in quinoline-N-

-~oxides than in isoquinoline-N-oxides.

1Tk
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TABLE 2

AvOH Values (cm_l) of Methanol when Quinoline-N-oxides and Isoquinoline-N-
-oxides are used as Proton-acceptors in C»Cly Solution

Quinoline-N-oxides Isoquinoline-N-oxides
Compound ’ AvOH Compound l AvOH Compound AVOH
h-7 273 4+0CHg~ 324 h-7 274
d~7 273 4eC1- 239 d-7 274
4+CHym 290 2.Cl- 186 3+CHy- 274
3+CHy- 287 3+Br- 210 1+CH3- 287
2+CH3- 247 2,6<CHz— 253 4+Br- 244

In conclusion, there are two very strong absorptions which are charac-
teristic of quinoline-N-oxides and isoquinoline-N-oxides; the one at higher
frequencies (1300-1340 cm_l) seems to be associated to a ring motion mainly
involving the CN bond (in fact it is also present, although with a variable
intensity, in the corresponding quinolines), while the band at lower fre-
quencies (1180-1250 cm_l), is considered mostly related te the N0 stret-
ching mode. The existence of a high number of vibrational modes which absorb
in the same region is probably the main reason for the mechanical interac-
tions involving the NO vibration. Since such coupling is large enough to
mask the electronic effects of the substituents, the magnitude of AvOH seems

to be a more valuable parameter to evaluate the electronic interactions bet-—

ween the NO group and the ring-substituents.
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