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In a number of papers dealing with apphcatlons of lanthanide shift reagents(l), the pseudocontact Inter- 

action has been accepted as a maln contributor to lanthanlde-induced NMR shifts (1,2). Several authors 

ascrlbed anomalws ‘H shifts induced by some shift reagents to the possible contribution of the contact ten 

(1,3,4). Furthermore, abnormal behavlwrs that should be attributed to the contact-telm contribution were 

observed for “N (5), 31P (1,6), 13C a-10), and 19F (10) NMR shifts In various compounds with some 

lanthanlde reagents. Thus, we wish to report here further evidence for the presence of the contact-term 

contribution In the induced shtfts observed for ‘H and 13C NMR spectra of pyridine N-oxjde (I) and Its alkyl 

derlvatlves (II-VI) complexed with Ln(FOD),, Eu(PTA),, and Ln(DPM), (Ln = Eu and Pr): having been 

prompted by a recent communlcatton (11) which reported ‘H NMR results very slmllar to there presented here. 

The variation In ‘H NMR shifts Induced by Ln(FOD), and Eu(PTA), for all protons In compounds I-VI in 

CDC13 was not Itnear but very complicated against molar ratios of Ln/substrate, hs lmplles that the 

stolchlcmetry for bIndIng of substrates I-VI to Ln(FOD), and Eu(PTA)3 IS not slmple(l,l2). On the InteractIon 

of I-VI with Ln(DPM),, the Induced-shlftvarlationswere almost llnear up to 0.8 molar ratios of Ln/substrates. 

Thus, Table 1 lists the slopes of Inlhal and linear parts of the shift curves as S-values 

Apparent upfleld shifts for B-H signals In I, II, and V and those for y-Me signals in II, IV, and V with 

t HFOD, HPTA, and HDPM represent 1 ,l, 1,2,2,3,3-heptafluoro-7,7-dimethyloctane~,6-dlone, 

plvaloyltrifluoroacetone, and dipivaloylmethane, respectively. 
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Eu(FOD)~ and Eu(PTA)a can hardly ba explained by the angle dependence rn the so-called geometrtc factor 

of the pseudocontact interactron (2). However, these upfield shifts can well be Interpreted as resultrng from 

the contribution of the contact term, Eu3+(Pp) may induce negatrve (posrttve)sprn densrty on the oxygen 

atom (41, which delocalises onto all atoms rn the ring Including methyl groups wrth an alternatrve change rn 

sign as shown In FIG. 1. This Inference is based on ‘H contact-shaft studres on several methyl derrvatives of 

pyridlne N-oxide complexed with Nr(AA), (13) and hexakts(Y-prcoline N-oxrde)nickel(II) perchlorate (14). 

Thus, the upfteld contact-shift effects exerted on the B-H in I, II, and V and Y-h rn II, IV, and V by 

Eu(FOD), and Eu(PTA)a overcome the downfreld pseudocontact shifts to produce the observed upfreld shift. 

The contact interaction seems weaker with Pr(FOD), than with Eu(FOD),, and also weaker wrth 

Ln(DPM)3 than with Ln(FOD),, as seen from Table 1. In the latter case this may be due partly to the stronger 

Lewis actdity(l5) of Ln(FOD)3 than that of Ln(DPM)a (1, 11), be cause the contact interaction depends on the 

degree of covalent character of the metal-ligand bonding (4). However, a loosing of the metal-lrgand bond- 

rng by steric hindrance(16,17) may also be responsible for the weak contact Interaction of Ln(DPM)3, whrch 

has two bulky t_butyl groups, whereas Ln(FOD)3 has one ‘_butyl. This idea is supported by the fact that P-H 

did not show an upfield shift with Eu(FOD)3 and Eu(PTA), In substrate IV, whose two a-Ma groups have a 

sterrc effect on the complex formation. Thus, the results that Eu(PTA), exerts contact effeck similar to those 

by Eu(FOD)j, can ba explained by the fact that, although Eu(FTA), h as a weaker Lewis acidity, It causes 

less steric hindrance than Eu(FOD)3 (15). On the other hand, the S-values observed for P-Me rnII1 and B-Et 

in VI were generally small as relative values, and further, even their signals were shifted upfield by Eu(PTA)a 

(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 13C NMR spectra of I and II com- 

plexed with Ln(FOD)3 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 shaft for each carbon atom In pyrtdrne N-oxides is 

readrly predictable, as rndrcated in FIG. 1. The resulk are summarised in Table 2. The feature of the con- 

tact interactron expected by a 1 spin delocalisation mechanism (13,14)was clearly seen wrth substrate II 

complexed wrth Nr(AA),. With Eu(FOD)3, an upfield shift of the a-C signal was observed as expected, but 

the Y-C srgna I stt I I showed a downfield shift. A little surprisingly, Pr(FODh induced a downfield shift on 

Y-C, but the a-C srgnal was stall shrfted upfreld though to a reduced extent. A diamagnetrc correctron to 
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Table 1 Lanthanide-induced ‘H Shift (S) Values in 

CD& (ppm)a 

Table 2. Lanthanide-induced 13C Shift (S)Values 

in CDCI3 (ppm)a 

Shrft 
S-value 

Compound 
reagent 

COltl- 
pound 

Shift 

reagent 

S-value 

a-C B-C (yz3) 

Eu(FOD)~ 

Eu(PTA)~ 

Eu(DPM), 

Pr(FOD), 

Pr(DPM)3 

[ Ni(AA), 

Eu(FODh 

Eu(PTA)~ 

Eu(DPM), 

Pr(FODh 

Pr(DPMh 

Eu(FODh 

Eu(PTA), 

I 

(v) O Eu(DPM)~ 

Eu(FODh 

+4.50 -0.05 
+5.35 -0.20 

+14.2 +3.84 

-11.8 -3.50 

-19.1 -5.83 

-1.00 +0.54 

+3.20 -0.30 

i4.45 -0.60 

+12.5 +2.93 

-9.95 -3 .oo 

-15.7 -4.63 

-1 .oo +0.53 

+2.95 (+0.40) 

+6.25 (-0.90) 

+12.1 (+1.87) 

-9.40 (-1.95) 

-15.8 (-2.67) 

(+6.90) +1.15 

(+6.90) +O .80 

(+7 .OO) +2.55 

(-15.4) -3.40 

(-13.6) -4.67 

(i4.20) -0.02 

+2.95 -0.40 

(+5.00) +0.10 

+3.90 -0.45 

(+5.80) +3.00 

+11.1 +2.40 

(+5 . 10) +0.65 

+2.40 

+2.25 

+3.84 

-3.50 

-5.46 

-1 .271b 

(-0.80) 

(-1 .OO) 

(+1.46) 

(-1.65) 

(-2.68) 

+1.351b 

+1.95 

+3.30 

+3.07 

-2.90 

-3 88 

(-0.30) 

(-0.70) 

W.95) 

(-1 JO) 

(-2.16) 

(-0.90) 

(-1 .05) 

(+1 15) 

+2 40 

y 

0 
(VI) 

+5.10 (+0.20, CH*) 

(+0.05, Me) 

Eu(PTA), (+5.10) +0.50 +2.40 

+4.00 (-0.10,cH.J 

(-0.30, Me) 

Eu(DPM)~ (+6.15) +2.45 +2.50 

+9.95 (+0.86, CH,) 

(+O .45, Me) 

a Plus srgn denotes a downfield shift. ‘H NMR spectra 

were taken wrth a Varran A-60A spectrometer usrng an 

Internal TMS standard at 38OC. Substrate concentratrons 

were about 0.4-0.7 mole/l. Act 

are about 5% or less (see text) 6 
racres for S-values 

Relatrve values taken 

from ref. 13. 

(1) 

(II) 

Eu(FODh -2.0 +6.0 +2.3 

R(FODh -12.6 -11 .3 +5.6 

Eu(FODh -0.8 +6.5 +5.3 

(+3.6) 
Pr(FOD), -5.4 -8.1 +10.8 

(-2.3) 

NI(AA), +260 -130 +190 

(-70) 1 

a Plus srgn denotes a downfield shift. Sub- 

strate concentrations were about l-2 mole/l. 

13C NMR spectra were recorded on a Varran 

XL-100 spectrometer in the frequency-swept 

and deuteron-locked mode at ordinary probe 

temperature, usrng an observed frequency of 

25.2 MHz, a C-1024 time-averaging device, 

and the proton noise-decoupling technique. 

The assignment of i3C signals was carried out 

by the off-resonance single-frequency decoupl- 

ing technique. S-values were obtained in the 

same way with ‘H S-values, accuracies, about 

5% or less. 

Q 8 

FIG. 1. Srgn of sprn densities on the atoms 

rn y-picolrne N-oxide Induced by Eu* (P?+ 

and NI* Induce spin densrtres of opposrte 

signs; posrtrve sprn causes a downfreld con- 

tact shift). 
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the induced shifk, usrng such a diamagnetic complex as La(FOD)3, may be necessary before more detailed 

discussion of the above resulk can be made. However, the presence of the contact-term contribution to 

lanthanide-induced shifts observed for pyridine N-oxrde derrvatrves has clearly been established, and we 

17 

would suggest that caution be exercised in applicatrons of shift reagents solely using the pseudocontact term. 

We have further studred 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 pyrrdrne N-oxides(l l), 

a fairly small but clearly discernible contribution is seen with phenols; and pyridines show somewhat drfferent 

features from those with other arcmatic compounds(3,8,9). These results will be pubhshed elsewhere, and 

further investigations on the problem are now in progress at these laboratories. 
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