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Department of Inorganic and Analyticeal Chemistry,
School of Chemistry,
Andhra University
Waltair - 530 0C3
India

and

Dieter Ziessow
Iwan N.Stranski Institut
Technical University, West Berlin
West Germany.

ABSTRACT

The natural abundance 15N-NMR chemical shifts of
1, 10~phenanthroline, pyridazine and 7-~azaindole have
been measured as a function of the nature of the sol-
vent. Hydrogen bonding and protonation result in

upfield shift of both the pyridine type nitrogens in
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1,10-phenanthroline and pyridazine where as in 7-aza-
indole, the effect is larger at the pyridine ring
nitrogen. The chemical shifts due to protonation far
exceeded those from hy-irogen bonding. In addition to
identifying the site of donation, the 15N-NMR data esta-

blishes the mechanism of charge transfer and hydrogen

bonded complex formation.

INTRODUCTION

Nitrogen - 15 NAMR spectroscopyloffers several
advantages over other forms of NMR spectroscopy for the
study of problems connecting nitrogen compounds of bio-
logical interest. Furthermore wunlike carbon and hydro-
gen, nitrogen is very often the donating site in metal
complexes, hydrogen bonding etc., and nitrogen - 15 NMR
spectral study can be expected to be very sensitive
probe for the study of the nature of bonding involving

nitrogen. It has recently been demonstratedln3

15

that it
is possible to obtain N-NMR spectra at natural abun-
dance level of this isotope although the technique is
somewhat complex. The importance of 15N-NMR data in
elucidating the effects of hydrogen bonding and protona-
tion in amines4, diazole5577 has been clearly demonstra-
ted. 1In the case of imidazoles and pyrazoles, the site
of donation for hydrogen bonded complexes and protonatior

is shown to be at the pyridine type nitrogen4’6.



04:10 30 January 2011

Downl oaded At:

NATURAL ABUNDANCE NITROGEN-15 NMR 829

In this laboratory work is in progress9 to study
the donor properties of twin-site donors with the donor
sites N,S,0 under different chemical environments.
Multifunctionality poses many problems such as the nature
and extent of the interaction between sites in the ground
state of the donor and the effect of the complexation
at one site on the reactivity of the uncomplexed sites,
While studying the donor properties of some twin site
donors such as 1,10~phenanthroline and pyridazine using
iodine, phenols and alcohols as acceptors employing UV-
visible and proton NMR techniques, the assignment of
the site of donation was not possible. It was felt

that 1°

N-NMR spectral data would vield useful informa-
tion on this aspect. In this paper, we present our study
of the natural abundance Nitrogen - 15 NMR spectral data

of some selected twin-site donors.

EXPERIMENTAL
The twin-site donors chosen for the study are

a) 1,l0-phenanthroline,
b) pyridazine,
¢) 7-azaindole.

The 15N-NMR spectral data of these three compounds

in non-polar (carbontetrachloride), hydrogen bonding
(ethanol), and protonating (O.1N HCl) solvents were

studied.
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1, 10-Phenanthroline, 7-azaindole and pyridazine
were of Aldrich pure grade. 1,10-Phenanthroline and
7-azaindole were recrystallised from carbontetrachloride
three times, pyridazine was further purified by distil-
lation. Spectrograde carbontetrachloride and ethanol
were dried and distilled. Solutions of C.05M concentra-

tiors were used in all cases.

The 15

N-NMK spectra were taken with Bruker-WM 400
spectrometer operating at 4C.56 KHz. All shifts reported
are relative to Nog in ammonium nitrate dissolved in D2O.
The reference was contained in a 5 mm NMR tube held in
the centre of the sample by means of a Teflon plug. The
deuterium in the reference provided the field frequency
lock signal. Tnhe temperature of the probe was main-
tained at 304°K. Because of the long relaxation times
and small unfavourable nuclear Overhauser effects

(NOE)} of the pyridine ring nitrogens in the compounds
selected for the study, a pulse width of about 20-25 p
sec was used. Proton noise decoupling was done only
during data acquisition with an average of 50C0O scans

at a sweep width of 7 KHz. Spectra were recorded using

the inverse gated decoupling technique and in condi-

tions where the NOE was negative.

RESULTS AND DISGCUSSION

This is the first reported attempt to study the

donor behaviour of twin-site donors based on 15N-NMR
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spectral data. CON-NMK chemical shifts of 1,10-phena-
nthroline, pyridazine and 7-azaindole in carbontetra-
chloride, ethanol and C.lM hydrochloric acid, are
given in Table I. Both 1,1C-phenanthroline and pyri-
dazine show only a single 15N-resonance in all the
solvents, indicating that both the nitrogens are in
the identical chemical environments in all the situe-
tions. The chemical shifts of both the nitrogens in
pyridazine is 92.8 nom dovnficzld fro— that of 1,10~
phenanthroline. Ihis is probably due tc the ~I effcct
of each nitrogen o6n the other. In ethanol, the 15N—
resonances of both the compounds shift upfield to 3

smaller extent, whereas 1in protonating solvents the

shifts are significantly larger (Table II).

fhe nature of the bondinc in the two twin-site

donors can be of two types:

a) donation is only from one nitrogen
b) donation is from both the nitrogens, wherein the
hydrogen is fast exchanging between the two nitrogens

(Fig.Ia,b).

Tt is known7’8 that both the donors form only 1l:1
hydrogen bonded complexes and only monoprotonated
species under these experimental conditions. If only
one nitrogen were donatifhy, we should necessarily get

two l5N—resonances for the two compounds in hydrogen
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TABLE I

1oN-NMA_SPECTRAL DATA IN VARIOUS SOLVENTS

l5N-Chemical shift,in ppm
S.No, Donor Carbon
Tetrachloride Ethanol O.1M HC1
1 1,10-Phenanthroline -61.57 -74.43 ~136,8C
2 Pyridazine +31.31 +14.C1 - 48.43

3 7-4zaindole

Nl-(Pyridine type) -117.36 -119.3C  -210.15
N2—(Pyrrole type) ~237.35 -239.9:2 ~241,68
TA3LE II

 Oo
Ab of Agbof
5.No. Name of the Donor Hydrogen bonding Protonation
(ppm) (ppm)
1 1,10-Phenanthroline 12,86 75.23

2 Pyridazine 17.30 79.74
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bonding and protonating solvents, which is not experi-
mentally observed. Structure I (a,b) can be assumed to

explain the experimental data.

In a previous study in this laboratory, the donor
croperties of 1,l0-phenanthroline and pyridazine have
been studied using iodine, phenols etc., as acceptors
and employing W-visible and protor NMR spectral data.
Structure I (a,b) have been assumed to explain the high
equilibrium constant values compared to 2,2'-bipyridine,
pyrazine etc., and also to explain broad Lewis acid-~OH
peaks appeared in proton NMR spectra of hydrogen bonded
complexes between these two donors and Lewis acids.
Thus, it can be assumed that the two nitrogens are
participating in donation in these two donors. Further,
l5N—NMR spectral studies at low temperatures may confirm

this mechanism.

In contrast, the l5N-NMR spectrum of 7-azaindole,
in carbontetrachloride (Table I) indicates that the
nitrogens (pyrrole and pyridine types) are experien-

cing large downfield shifts from their normal posi-
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tions. This behaviour can be explained on the basis
of the property of dimer formation of this comoound

as sujgected by fluorescence studieslo (Fig.Ila).
rurther, tte differcnce in the chemical si:ifts of both
the nitrogens of 7-azaindole in cerbontetrachloride
and alcohol is small, which could be attributed to the
followina two possibilities.

a) The dimer formed remains undisturbed.

b) The hydrcgen bonded ccmplex of ethancl and 7~aza-

indole is very similar to th. dimer structure (Fig.IIb).

In the case of protone*tion, the pyridine nitrogen
is protonated as is evident from the large up field
shift of the pyridine nitrogen and there is little
effect on pyrrole type nitrogen, which can be explained

by assuming that the uncomplexed pyrrole type donor
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site would stabilize the dative form of the comolex
formed through donation of the pyridine nitrocgen.

The 15N-NMR spectral data of 7-azaindole which is simi-
lar to reported data of N-methylimidazole and N-methyl

pyrazole further confirm this(Fig.IIc).

In this laboratory, work has been donell

on the
donor properties of 7-azaindole with acceptors like
iodine, chloranil etc., and some Lewis acids emplo-
ving UV-visible and proton NMR studies. The data now

obtained conclusively estaklishes that the pyridine

ring nitrogen is the donating site.

ACKNGY LEBGEMERTS

The authors are grateful to Dr. B. Hull, Bruker
Analytische kessetechnik GMBH, Silberstreifen, West

Germany for the 15

N-NMR spectra and Prof.M.N, Sastri
for his encouragement. Financial assistance from UGC,
New Delhi in the form of research project is gratefully

acknowledged.
REFEXENCES

1. Lichter, R.L. and Roberts, J.D., J.Am.Chem.Soc.,
2495, 4904 (1972).

2. Briggs, J.M., Farnell, L.F., and Randall, E.W.,
Chem. Commun., 680, 1602 (197L1).



04:10 30 January 2011

Downl oaded At:

836

11.

RAO ET AL.

Lippmass, E., 3aluvers, T. and Laisasar, S., Chem.
Fhy. Letts., 11, 120 (1971).

outhaler, F.D. and Roberts, J.D., J.Am.Chem.Soc.,
1CC, 4969 {1978).

5chuster, 1.1., Brenzinqer, C.U. and koberts,J.D.,
J .O!‘C_I.Chem. ? ﬁ, 1765 ( 1979 )o

Schuster,I.I., and Koverts,J.D., J. Crg. Chem.,
44, 38¢4 (1979).

Zrand, A.F., Tamras, M., J. Fhys. Chenm.,
74, 2C8 (197C).

Fielding, F.=. and Fe'vre, R.J.Y., J. Chem. Soc.,
p.1811 (1951).

frac, N.S., Rao, G.8. and Ziessow, D. (Communicated).

Ingham, K.C., Ashraf El Bayoumi, M., J. Am. Chem.
30c., 96, 1674 (1974).

Rao, N.S., Rao, G.3. and Das, k.M., {(Communicated).

Received: 06/26/85
Accepted: O0T/31/85



