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Possibilities of multinuclear NMR in the chemistry
of heteroorganic compounds*
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Results of multinuclear NMR studies of some heteroorganic compounds have been

presented.
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NMR spectra can be obtained for ~120 nuclei start-
ing from a proton and reaching to the 25U isotope.1:2
Therefore from a chemist's point of view multinuclear
magnetic resonance spectroscopy is one of the most
useful methods. NMR spectroscopy does not suffer from
the limitations of X-ray structure analysis, such as the
availability of single crystals of good quality or absolute
purity of the compounds under investigation. Moreover,
the behavior of molecules in solution can differ remark-
ably from their characteristics in the crystalline state
and, in these cases, NMR can be an especially useful
method for the study of these dynamic phenomena.

Modern two-dimensional measuring techniques, such
as homo- and heteronuclear chemical shift correlation
spectroscopy based on polarization transfer through bonds
(COSY)3-4 and INADEQUATE? or on the Overhauser
effect (NOESY),5 provide especially useful information
on intra- and intermolecular interactions.

The two-dimensional methods mentioned above have
an enormous number of applications in 'H and 13C
NMR spectroscopy. For isotopes characterized by a
high natural abundance, such as 'H, "B, ¥N, 2Na,
VA1, 3P, WK, %S¢, SV, SSMn, %Co, $3Cu, %Ga, 5As,
9By, ¢Br, $Rb, Y, ¥Nb, ¥Tc, 19Rn, 7Ag, 19Ag,
115]y, 1218, 123Gp, 127] 133Cs, 1390 a, 175Ly, 181Ta, 187Re,
193]r, 197Ay, 205T], and 29°Bi, homonuclear COSY offers
excellent possibilities, as shown in the case of !B NMR
of metallacarboranes® and 5!V NMR of aqueous
molybdovanadates.” High natural abundance is not, how-
ever, absolutely necessary, as shown by Domaille
in 2-D INADEQUATE #3W NMR studies of hetero-
polymetalates® (natural abundance 14.28 %, see Ref. 1,
p. 192).

*According te a report at the conference «Current problems of
organometallic chemistry» (May 8-13,1994, Moscow).

Experimental

All multinuclear magnetic resonance measurements were
performed on a JEOL GSX-270 FT NMR spectrometer at
30 °C unless otherwise stated by using a 10 mm diameter
tunable probehead.

I5N NMR spectra were recorded at 27.3 MHz using an
INEPT pulse sequence to enhance the sensitivity of protonated
nitrogens. In the case of compounds containing NO,-groups,
the pulse repetition rate was kept at at least 30 s to obtain full
relaxation. The spectral resolution was better than 0.5 Hz and
1000—5000 scans were collected for every spectrum. SN
chemical shifts were measured in reference to the signal of
nitromethane measured in a 10 mm NMR tube. All the
I5N NMR parameters have been reported earlier.%-1?

170 NMR spectra were recorded at 36.5 MHz by using a
proton broad band decoupling (BBD) pulse sequence with a
0.1 acquisition time and without any time delay. The spectral
resolution was better than 9 Hz and the number of scans varied
from 50,000 to 500,000 depending on the sample concentra-
tion. 70 chemical shifts were referenced to the signal of a
D,0 capillary tube inserted coaxially inside the 10 mm
sample tube. The 70 NMR parameters have been reported
carlier. 11—19

Sly NMR spectra were recorded at 70.9 MHz without
proton decoupling using a 0.1 s acquisition time without any
pulse delay. The spectral resolution was better than 9 Hz and
the number of scans was 2000, corresponding to 4 min total
measuring time. >V chemical shifts were referenced to the
signal of the main peak of an aqueous sclution of NaVvO,
(1000 mg/L, 30 °C, 10 mm tube).

77Se NMR spectra were recorded at 51.4 MHz using a
proton broad band decoupling (BBD) pulse sequence with a
0.4 s acquisition time and a 3 s pulse delay. The spectral
resolution was 3 Hz and the number of scans was more than
10,000. "7Se chemical shifts were referenced to the signal of a
(CH,),Se measured in a 10 mm NMR tube at 30 °C.

1195y NMR spectra were recorded at 100.6 MHz without
proton decoupling using a 1.5 s acquisition time and a 10 s
pulse delay. The spectral resolution was 3 Hz and the number
of scans varied from 1000 to 10,000 depending on the sample
concentration. !'®Sn chemical shifts were referenced to the
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signal of a (CH,),Sn capillary tube inserted coaxially inside the
10 mm sample tube.

Results and Discussion

In a limited paper it is impossible to cover exhaus-
tively the diverse applications of multinuclear magnetic
resonance spectroscopy. Therefore only some examples
of our investigations using multinuclear NMR are given.

15N NMR. In spite of the low natural abundance of
the 15N isotope N NMR spectroscopy was shown to be
useful in structural studies of various nitrogen contain-
ing organic compounds.2® From this point of view
nitraminopyridines form an interesting group of com-
pounds.?10 The exceptional properties of the nitramino
substituent are explained by the remarkable double bond
character!® of the N—N bond.

170 NMR. During recent years 70 NMR at the
natural abundance of O (0.037 %, see Ref. 1, p. 92)
has received considerable attention.21—23 Environmen-
tally important oxygen-containing chlorinated aromatics
form an interesting topic for investigations by this method.
Therefore chlorinated anisoles,11 veratrols and tri-
methoxybenzenes,!? benz- and salicylaldehydes,13
vanillins™ and protocatechualdehydes!S have been the
subject of our intensive 170 NMR spectroscopic studies.

These works reveal the usefulness of 7O NMR in the
conformational analysis of methoxyl'112 and formyll4
groups, in studying intramolecular hydrogen bonding,13
and in estimating the tautomerism and resonance inter-
actions of substituents with an aromatic ring.!5 In addi-
tion, 70O NMR turned out to be an excellent way to
investigate the keto-enol tautomerism in isomeric
hydroxypyridines.16

Benzylidenemalonaldehydes are an interesting sub-
ject from the point of view of conformational analysis.!?
170 NMR was shown to be useful in estimating the
conformational characteristics of these multirotor com-
pounds.18

In addition to 3C NMR spectroscopy (see Ref. 24),
170 NMR has been used in the field of organometallic
compounds.19:25:26 In the case of mesitylene transition
metal carbonyls,!® 70 NMR spectroscopy showed sur-
prisingly narrow line widths and good sensitivity. There-
fore this method has exceptionally high potential in this
field of chemistry.

51y NMR. The 'V nucleus has properties that make
it the most suitable one for NMR detection among the
transition metals in terms of its detectability (see Ref. 2,
p. 18—58). For example [VO,]*", [HVO,]*", [H,VO,]",
and various polyvanadates can easily be differentiated
and quantified by 3’V NMR spectroscopy.2’

77Se NMR. Selenium can replace sulfur in many
compounds and thus serves as a useful NMR probe
instead of sulfur, which has poor NMR characteristics
(see Ref. 1, p. 105). 77Se NMR spectroscopy has been
used in studying diselenaquinquephenylophanes.?8

11%Sn NMR. Tin has two 1 = 1/2 isotopes, ''7Sn
(natural abundance 7.61 %) and '""Sn (8.58 %). It is
therefore very easy to observe by NMR, and !'Sn is
generally preferred (see Ref. 2, p. 169). Plenty of experi-
menial !"9Sn NMR data have been obtained.2? Our
interest is mainly focused on developing analytical meth-
ods for phenolic compounds by using their TBTO de-
rivatives and 11%Sn NMR.30

® % %

Multinuclear magnetic resonance spectroscopy has
an enormous variety of uses in hetero-organic chemistry
because it is possible to use different nuclei, different
measuring techniques, and even different phases of a
sample. Therefore one can conclude that multinuclear
magnetic resonance spectroscopy is the most versatile
method in this field of chemistry.
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