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In a number of papers dealing with applications of lanthanide shift reagents (1), the pseudocontact inter-
action has been accepted as a main contributor to lanthanide-induced NMR shifts (1,2). Several authors
ascrnibed anomalous 'H shifts induced by some shift reagents to the possible contribution of the contact term
(1,34). Furthemmore, abnormal behaviours that should be attributed to the contact-temn contribution were
observed for YN (5), %P (1,6), ¥C (7-10), and F (10) NMR shifts in various compounds with some
lanthanide reagents. Thus, we wish to report here further evidence for the presence of the contact-term
contribution in the induced shifts observed for TH and '*C NMR spectra of pyridine N-oxide (I} and 1ts alkyl
derivatives (II-VI) complexed with Ln(FOD);, Eu(PTA);, and Ln(DPM); (Ln = Eu and Pr);f having been
prompted by a recent communication (11) which reported 'H NMR results very similar to those presented here.

The variation in TH NMR shifts induced by Ln(FOD); and Eu(PTA), for all protons in compounds I-VI in
CDCly was not linear but very complicated against molar ratios of Ln/substrate, this implies that the
stoichiometry for binding of substrates I-VI to Ln(FOD); and Eu(PTA); is not simple (1,12). On the interaction
of I-VI with Ln(DPM);, the induced-shift variations were almost linear up to 0.8 molar ratios of Ln/substrates.
Thus, Table 1 lists the slopes of imitial and linear parts of the shift curves as S-values

Apparent upfield shifts for 8-H signals in I, II, and V and those for y-Me signals in II, 1V, and V with

1 HFOD, HPTA, and HDPM represent 1,1,1,2,2,3,3-heptafluoro-7,7-dimethyloctane-4,6-dione,
pivaloyltriflucroacetone, and dipivaloylmethane, respectively.
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Eu(FOD); and Eu(PTA); can hardly be explained by the angle dependence in the so-called geometric factor
of the pseudocontact interaction (2). However, these upfield shifts can well be interpreted as resulting from
the contribution of the contact term, Eu3t (PFT) may induce negative (positive) spin density on the oxygen
atom (4), which delocalises onto all atoms in the ring including methy! groups with an alternative change in
sign as shown in FIG. 1. This inference is based on 'H contact-shift studies on several methy! derivatives of
pyridine N-oxide complexed with Ni(AA), (13) and hexakis(y-picoline N-oxide)nickel(ll) perchlorate (14).
Thus, the upfield contact-shift effects exerted on the B-H in 1, II, and V and Y-Me in 11, IV, and V by
Eu(FOD); and Eu(PTA); overcome the downfield pseudocontact shifts to produce the observed upfield shift,

The contact interaction seems weaker with Pr(FOD); than with Eu(FOD);, and also weaker with
Ln(DPM); than with Ln(FOD);, as seen from Table 1. In the latter case this may be due partly to the stronger
Lewis acidity (15) of Ln(FOD); than that of Ln(DPM); (1, 11), because the contact interaction depends on the
degree of covalent character of the metal-ligand bonding {4). However, a loosing of the metal-ligand bond-
ing by steric hindrance (16,17) may also be responsible for the weak contact interaction of Ln(DPM);, which
has two bulky t=butyl groups, whereas Ln(FODY); has one t-butyl. This idea is supported by the fact that g-H
did not show an upfield shift with Eu(FOD); and Eu(PTA); in substrate IV, whose two a-Me groups have a
steric effect on the complex formation. Thus, the results that Eu(PTA); exerts contact effects similar to those
by Eu(FOD);, can be explained by the fact that, although Eu(PTA); has a weaker Lewis acidity, 1t causes
less steric hindrance than Eu(FOD); (15). On the other hand, the S-values observed for p-Me inlll and B-Et
in VI were generally small as relative values, and further, even their signals were shifted upfield by Eu(PTA);
(see Table 1). These results may be due to the angular dependence of the geometric factor (1,2,16)

In order to confirm the above results, we have further examined the 3C NMR spectra of 1 and II com-
plexed with Ln{FOD), and Ni(AA),, since a relatively stronger contact interaction is known to be observed
on carbon atoms (9, 10) and since the sign of 13C contact shift for each carbon atom in pyridine N-oxides is
readily predictable, as indicated in FIG. 1. The results are summarised in Table 2. The feature of the con-
tact interaction expected by a w spin delocalisation mechanism (13,14) was clearly seen with substrate I
complexed with Ni(AA),. With Eu(FOD),, an upfield shift of the a-C signal was observed as expected, but
the Y-C signal still showed a downfield shift. A little surprisingly, Pr(FOD), induced a downfield shift on

v-C, but the a-C signal was still shifted upfield though to a reduced extent. A diamagnehc correction to
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Table 1

Lanthanide-induced 'H Shift (S) Values in
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Table 2. Lanthanide-induced C Shift (S) Values

CDCly (ppm)® in COCly (ppm)?
S-valuve . S-vaive
Compound r::glznf (u-;j\e) (BB -;j\ ) (Y-;j\e) Eoot::\:i res:gl:nt a-C B-C ( Yﬁe)
a- -Me - Y-
Eu(FOD), +4.50 -0.05 +2.40 _
Eu(PTA);  +5.35 =-0.20 +2.25 ) E{:gg)): 20 e us
O Eu(DPM); +14.2 +3.84 +3.84 : ‘ :
Pr(FOD), -11.8  -3.50 -3.50
é Pr(DPM); -19.1  -5.83 546 Eu(FOD); -0.8  +6.5 (Ig 'Z)
® [NiAA),  -1.00 +0.54 7P Gy PFOD), 5.4  -8.1 +10.8
Eu(FOD), +3.20 -0.30 (-0.80) (-2.3)
Eu(PTA); +4.45 -0.60 (-1.00) [Nl(AA)2 +260 -130 +190 ]
O Eu(DPM); +12.5 +2.93 (+1.46) (-70)
l;l Pr(FOD), -9.95 -3.00 (-1.65)
a) (o} Iﬁ(wk -]f.(7)0 ;322 (;f'gg)b 7 Plus sign denotes a downfield shift. Sub-
[Ni(AA), T * -35] strate concentrations were about 1-2 mole/l.
Eu(FOD),  +2.95 (+0.40) +1.95 13C NMR spectra were recorded on a Varian
\@ Eu(PTA); +6.25 (-0.90) +3.30 XL-100 spectrometer in the frequency-swept
N Eu(DPM), +12.1  (+1.87) +3.07 and deuteron-locked mode at ordinary probe
¥ Pr(FOD), -9.40 (-1.95) -2.90 temperature, using an observed frequency of
aimy ©  p(DPM), -15.8  (-2.67) -3 88 25.2 MHz, a C-1024 time-averaging device,
and the proton noise-decoupling technique.
lE.l"?F:"(r)AD))3 g-z gg) I(I);g E:ggg; The assignment of 3C signals was carried out
O EU DPM:; (+7'00) +2'55 (+0'95) by the off-resonance single-frequency decoupl-
PU((FOD)a ( 15'4 ) 3 '40 (=1 '00) ing technique. S-values were obtained in the
) Pr(DPM 3 (—13.6) -4-67 (-2.16 same way with 'H S-values, accuracies, about
av)y © ' Ja (+13.6) : -2.16) 5% or less.
Eu(FOD);  (+4.20) -~0.02 (-0.90)
@\ +2.95 -0.40
N Eu(PTA), (+5.00) +0.10 (-1.05)
) +3.90 -0.45
V) o Eu(DPM); (+5.80) +3.00 (+1 15)
+11.1 +2.40 e °
Eu(FOD); (#5.10) +0.65 +2 40 H H
+5.10  (+0.20, CHy) o
(+0.05, Me) “ 9 H
/\(O\/L Eu(PTA);  (+5.10) +0.50 +2.40 BT O==N O c
N +4.00 (=0.10, CH,) ) ®
5 (-0.30, Me) e @
V1) Eu(DPM);  (#6.15) +2.45 +2.50 FIG. 1. Sign of spin densities on the atoms
+9.95 §+0'36' IC\:AHi) in y-picoline N-oxide induced by Eus* (PP*
+0.45, Me

2 Plus sign denotes a downfield shift. 'H NMR spectra
were taken with a Varian A-60A spectrometer using an
internal TMS standard at 38°C. Substrate concentrations
were about 0.4-0.7 mole/I. Accgracnes for S-values

are about 5% or less (see text)

Relative values taken

from ref., 13.

and NiZ* induce spin densities of opposite
signs; positive spin causes a downfield con-
tact shift).
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the induced shifts, using such a diamagnetic complex as La(FOD);, may be necessary before more detailed
discussion of the above results can be made. However, the presence of the contact-term contribution to
lanthanide-induced shifts observed for pyridine N-oxide derivatives has clearly been established, and we
would suggest that caution be exercised in applications of shift reagents solely using the pseudocontact term.
We have further studied lanthanide-induced 'H and 13C shifts in other aromatic systems, the contact-
shift contribution observed with anilines is very similar to that obtained here with pyridine N-oxides (11),
a fairly small but clearly discernible contribution is seen with phenols; and pyridines show somewhat different
features from those with other aromatic compounds (3,8,9). These results will be published elsewhere, and
further investigations on the problem are now in progress at these laboratories.
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