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Schifl bases of the type C,H (R)(OH) CH =NC,H ;N(Y)[where R =H, 3-OCH,, 5.6-bcnzo, 3-CHO- -5-CH ,, 5-Cl, 5-Br, -
H, 3-CH,, 4-CH,, 5-CH,, 6-CH,; 4,6-dimethyl and 5-CI} have now been . -
synthesised .md cvidence sought for the clectronic i mlcr.xcuon bctwcen (hc subsmucnts R (in the benzenc ring) and Y (in the
pyridine ring) in the molecule. The effects of substituents R and Y on the strength of hydrogen bond between OH and CH=N,

is coupled to ketoenamine = phenolimine equilibrium. The groups which increase the acidity of the phenolic hydroxyl and the )
basicity of the azomethine nitrogen facilitate quinonoid structures with characteristic visible absorption bands in the region
400-600nm. In those compounds where R = 5,6-benzo, the intensity and the encrgy of band <~400 nm show a correlation with

the clectron releasing tendency of Y. Thus there appears an clectronic communication between the substituents R and Y
causing deviations (rom the generally accepted model for schiff base structurcs. .

5-CH,, 4-CH,, 3-nitro and 5-nitro and Y =

The role of metal complexes of schiff’ bases derived
from heterocyclic amines, in biological processes such
as transamination is well documented'?. Qur earlier
work? indicated that schiff bases derived from 2-
aminopyridines behaved differently in comparison to
thosc: derived from aromatic amines. In the PMR
spectrum, the azomethine proton showed spin-spin
coupling with the proton of the phenolic hydroxyl3.
We also showed that deviations from thé well known
and generally accepted Brocklehurst modef** for schiff
bases were not unlikely in the case of schiff bases
derived from 2-aminopyridines®. Both experimental
and theoretical studies*” have shown that ‘as Brock-
lehurst model would predict that substituents R and Y
in the aromatic rings in 1 do not communicate
clectronically. The amine-ring substituents do not
secm to influence either the electron density or the
bond order of the azomethine group, possibly duc (6
the orbital overlap resulting from the non-planar
arrangement of the molecule 1. However, in the case of

_ 2. which was formed by replacing aniline in 1 by 2-

H

e
N~

OH

aminopyftidine. the clectronic interaction between the
substituents R and Y was possible'*®, We present here

-the synthesis and electronic spectral studies on a series
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~ obtained were found to give single spots on TLC and

.moiety and clectron withdrawing groups in the pheno-

of schiff bases (2), derived from 2-aminopyridine, to .
show that (a)there is an electronic communication
between R and Y in 2 and (b)the déviations from
Brocklehurst model may be more general than orig-
inally believed.

Materials and Methods

Schiff bases of the type (2) were synthesised by the
following general procedurc: Equimolar proportions
of o-hydroxyaldehyde and the required heterocyclic
amine were heated under reflux in methanol for 1 hr,
and the solid obtained was recrystallised from a
methanol-pet ether (40-60°) mixture. The schiff.bascs

were fully characterised by their elemental analyses
and mass spectral data. The clectronic spectra were
recorded using a Pye-Unicam SP 1800D doublc beum
speclropholomctcr. . : N

Results and Discussion

The melting point behaviour of the schiff buses
studied indicated the presence of weak intermolccular -
attractive forces!'®. In the casce of schifl basces of the
type (2), a pyridine nucleus and phenolic moiely may
well form centres for association. Such intcrmolecular
hydrogen bonding between phenols and pyridines has
already becn reported''?. The analysis of the melting
point data of the present serics of compounds revealed--
that the electron donating substituents in the py-idine

lic moiety increase the tendency for intermolecilar
association and therefore the melting points. i atiwr
steric considerations were not a complicating feature.
For example, when Y = H and R = H. 5.6-benzo’ind
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3-nitro. the observed melting points are 70°. 175° and between H ~~-C—N-Ha might be detected. The ob-
193 respectively. On (he other h!and, when R=Hund served magnitude of the “coupling  constant
Y = H. 3-mcthyl, 4-mcthyl, S-methyl, 6-methyl, and (/=6 8Hz) and its dependence on the substitucnts
4.6-dimethyl, the melting points observed are 70°, 78", Y were better discussed in lerms of spin interaction in L
98, 101°, 65° and 92° respectively. The steric influence structures of the type (5) rather than due to any vicinal < .ﬁ
of 6-methy! substituents in the pyridine moiety on the coupling in (3) (ref.3). The formation of both 4 and 5
intermolecular association js evident from the lower involves interaction betwcen phenolic”hydroxyl and
melting points of 6-methyl derivatives. The existence azomethine nitrogen. Thereforc the basicity of the 2-
of intermolecular hydrogen bonlds between pyridine aminopyridine and the acidity of the phenolic hy-
and phenolic centres raises questions as to whether  droxyl in the aldehydic moiety are expected to in-
there could be other intra- and inter-molecular hy-  fluence the easc of formation of 4 and 5. As far as the
drogen bonds. : azomethine proton signal in PMR is concerned, 4 and

Since the schiff bases of the type(2).inadditiontoR, 5 differ only in the strengths of interaction and the
contain yihcnoiic_hydroxyl ortho t9 azomethine group,  observed PMR results do not rule out 4. The electronic
an intramolecular hydrogen bond;ing between pheno-  spectra; on the other hand, are believed (o be uscful
lic hydr()*yl and azomethine ni;[rogen as well as diagnostic toolst3ip dislinguishing bClWCCﬂ structurcs
quinonoid formation wilj have to be considered. Three 4 and's. - S
possible structures (3, 4 and 5) may be visualized The quinonoid compounds, in general, exhibit n — z
especially when R =5.6-benzo. Earlier PMR evid- transition at much lower energics (viz. '400-600 nm)
ence . does point out that ketocnafminc structure (5) compared  to the phenolate  derivatives (330-
predominates such that strong Sp;ii);spin interaction 350 nm)*™_ The UV-visible spectra of schiff bases (2) ¥
: . in chloroform exhibited a sct.of four bands in the

) . : region between 230 and 500 nm. For the purposc of

=) S ! v this discussion, only the lowest energy bands are listed .
C\\N@ S in Tablel. Typically when R =H, two bands at 244
v OH, ' and in the region 260-276 nm were observed. The UV
r 3 o buands for benzene (and jts derivatives). have been -
=) -, Previously's attributed to 00 ' B, and B, type n-n* -

H, < H,
o HC/ S (@Y _g\ = =C/\ Y  transitions.On similar analysis, the bands observed for
* N—~ ’ ‘@ schiff bases (2) in the region 260-276 nm may be
¢ : 5 attributed -t0- z-n* transitions within the aromatic

Tablel —Lowest Energy Eiectrp_m'c Spectral Band in Schiff Bases (2) [Nubers in brackets give molar absorptivity in litre
. mol ~'cm ~1) . L

R e A whenY=

H 3CH, 4CH, 5-CH, 6CH,  d6dimethyl’ 5.0 <.
H 3 382 350 350 350 © 350 0 T 3s6
A (11500) (13700) .. (10900). (12500) (12650) S (129000 - (12150) -
~ 3-OCH, (480) 480 o g0y 480 C 480 480 . 470
(740) (650) ° (805) (750) ©00) . 705) - - .. 310) - .
5.6-Benzo 460 462 | 460 462 462 ...360- T 4e4 .
(15400) (18400) - " (17700) (19800) . (20300) (19000) . (16200)
3-Formy!- 488 488 488 488 4g8" 488 " 488
5-Methyl- (800) . (1200) | (1000) (990) (1250) (880) (690)
5-Cl 362 — - 360 — — : 360
(9200) (10600) - (15000)
$-Br 360 - — 60 - — : — 360
(4250) 360 - (2260) T (2645)
5-CH, 362 - (2620 360 = T 360
(10600) - (12500) S Es000)
4-CH, 354 — - 340 — R Nt EE >
(14500) (10900) . e (12700) 0 T
3-Nitro 446 . — -— — —_ — . —
(1050) ; ‘
3-Nitro 446 . 0 _ : —_ —_ — — —

(930) -
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nucleus. The molar .absorption - coefficients
(1.0 1.3) ~ 10% litre mol -'cm -! are also in keeping
with such an assignment.

The compounds (2) are expected to show sharp
bands in the region of 288-314 nm, possibly due to the
n-n* bands in the pyridine moiety. Although the
electronic spectra of 2 in the region 260-3{4 nm were
expected to be complicated due to the overlapping
m— m* transitions arising from both aromatic and
pyridine nuclei, it was evident that the bands in the
region 288-314 nm were much more influenced by the
nature of the substituent (Y) in the pyridinc moiety.
Therefore, it is tempting to assign the bands in the
region 288-314nm to m— #* transition in pyridine
nucleus. In addition to these bands in the regions 260-
276 nm and 288-314nm, additional shoulders have
been observed between 300 and 326 nm'in the spectra
of all the schifT bases (2) investigated in this study.
It seems reusonably (o assign the shoulders at 300,
326, 314, 320, 322, 320 and 326 nm in the spectra of the
schiff bases with R =H, Y =H, 3-methyl, 4-methyl, 5-
methyl, 6-methyl, 4,6-dimethy! and S-chloro, respec-
tively to n—n* transitions in the phenolic moiety.
Employing usual procedures, the distinction between
n - n* and - n* transitions may be made taking into
account the energy and ‘intensity differences. Never-
theless, the contributions from n — n* on the pyridine
ring and/or symmetry-forbidden transitions from the
aromatic nucleus!?” may not be eusily ruled out.
Further, the schiff bases (2) are expected to show more
than one n—n* transition; the one arising from the

azomethine group is of special interest.

* Ttis gcncrally belicved that the expected bands due
to n— n* transitions of the azomethine group are not
readily observed because these are rclatively weak in
intensity as compared to m— z* type transitions. In
fact, the long wavelength absorption of N-benzyli- .
denealkylamine is a subject of conflicting reports’®.
Therefore; “in the present study, no effort has been
made to identify unambiguously the transition of the
azomethine function. Nevertheless, the band observed
arouitd 400 nm in the visible region is of special interest

and data obtained in the present study in this spectral .

region are included in Tablel. .
Earlier workers'™ have assigned the absorption
band around 400 nm in the quinonoid compounds to

# - * transition. In the case of schiff bases, this band -

centered around 400nm is also presumed to give
information regarding inter- and intra-molecular hy-
drogen bonds. It is. therefore, meaningful to analyse’
the variations in the energy and the intensity of the
corresponding band at 400 nm in the spectra of schiff
buases (2) in terms of possible contributions from
intramolecular hydrogen bonding as well as quinonoid
structures. Electron withdrawing substituents may be

expected to render thc phcnohc hydroxyl group morc¢
acidic ‘such that’ hydrogen. bondmg interactions in
which the phenol is.the conjugite-acid"will be made
more favourable. If suitable substituents arc present in
the aldehydic moiety, ‘the interaction’ will lead to a
ketoenamine=> phenolimine tautomeric equilibrium.
Therefore, the stabilisation of quinonoid structures in

" respect of substituent R, when Y-=H (on the basis of

electron withdrawing effect of 'K), follows the order
5,6-benzo > 5-nitro > 3-nitro > 3-methoxy > 3-formyl-
S5-methyl. On the other hand, -substituents ‘(R)
such as4-methyl and 5-methyl are expected to suppress
quinonoid formation-even with'respect to the unsub-
stituted derivative -due" to*'their “electron 'relcasing
tendency. Therefore; the substituents may be classificd
into - two ‘groups, - viz. those - which -are capahle: of
stabilising quinonoid structures and those which drc
not. The data given in Tablel show that-only when
'R = 5,6-benzo, 5-nitro, 3-nitro, 3-formyl-5-methyl and
3-methoxy, a band in the visible region 400-490 nm is
observed. With R = 5-chloro, 5-bromo, 4-methyl and
H, the lowest energy transition occurs only in the
region 300-360nm. In such cases, on the basis of
electronic spectra, structure represented by 4 scems
more likely since nn — z* transition is observed at lower
energy. For those cases where R is an clectron
withdrawing substituent, the data in Tablel show that
the energy and the intensity of the band around 400 nim
are in the order of their electron withdrawing effects,
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case of formation of .quinonoid structures. In the case nitrogen. ..., AR
¥ ol 3-0CH sand 3-fotmy!~5-mcthy compounds, secon- From the foregoing results it may be concluded that
dary hydrogen bonding between phenolic proton‘and the “electronic. spéctra o Provide:firm eyidence for

the methoxyl or formyl oxygen is likely 1o stgbijise (a)qyipe gigg,r&uc!.u;_es;[grf.'schif{ bases when R=56-

viz. 5,6-benzo >5-nitro >3-nitro. Suggésting greater  viz methoxy or formyl, rather than with azomethine

v

——— e s i f e

bydrogen bonded siructurgg, in v hich azomethine is . benzg, -nitra and.5-pi 10\ O)phenolimine siructures, . %
rtinvolved. Indeéd the azomethine proton in ‘those "évhé' =~—_j$gc‘_hio;o,-'$=brbnlo,.5Ji§i:éft11_' 1, 4-methyl, etc.. -
cises do not show spin j,; teraclion with phenolic (c)in] amoléc;ﬂa;.hygrogen bording between azom- )
h_drogent* yng meaningful onclusions on suck sys-  ethind’ nitrogen and “phenolic hydroxyl and- (dan
tems on the origin of band <400 nm may be difficult, clectronic interaction between the substituents R and

When R . 5,6-benzo, the spectral p!auem intheregion Y when. R =5,6-benzo, indicating :that-vBrQlechurst

0l 400-600 nm is somewhat complex and in view of the  model would need reassessment. in ithe cases of some

virious possible equilibria and isomeric structures,  schill bascs derived from heterocyclic amines such as - .
complexities of (he electronic spectra are not surpris- 2-aminopyridines. . ... .- S

ing. The bands arising from singlet-triplet transitions - . . Tevraap .

are expected in the spectral region around 530 nm for - Aclsnowl_gdggment- et VO 2 N

such compounds, : We thank the UGC, New Delhi, for, the ‘award.of a

The compelling evidence for quitonoid structures,  (cacher. fellowship to one of ‘us (HR) i :

at least when R = 5,6-benzo, is also obtained by the .. - . ... 1 3
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