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There has been a great deal of interest recently in paramagnetic shift
reagents which produce spectral simplifications in the pmr spectra of alcohols
and other lone pair bearing organic molecules."z’3 These reagents are para-
magnetic Egig(dipivalomethanato) lanthanide complexes with an ability to expand
their coordination. We wish now to report the shift characteristics of several
other complexesh conforming to this definition, and in the accompanying
communication to describe some of the important applications made possible by
the more quantitative analyses we have developed elsewhere.5

The table shows (a) the previously unreported resonance positions of
the t-butyl groups of the pure paramagnetic complexes in CClu solution (at
approximately 0.05M concentration), (b) shift power relative to Eu(DPM)3
(positive is downfield, negative is upfield), (c) reported3 relative shifts in
M[OP(NMeZ)B]u(CIOu)B, (d) broadening in Hz/(Hz of shift) as determined for the

methyl resonance of a 0.10M solution of t-butanol in CClh. The chosen complexes

constitute a representative selection of lanthanides in terms of position in
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the periodic table, expected shift power,3

3,6

and expected line broadening
properties. Relative shift powers have been calculated from the gradients
of the straight lines obtained by plotting shift vs molar ratio

[M(DPM)S]/[substrgte].'

Table

Shift Characteristics of some Lanthanide Complexes

Metal (M) t-Butyl ‘Approx. shift Shift in Broadening
in complex resonance power rel. M[OP(N“ez)gju(Clou)a {Hz/ (Hz of
in complex (§) -Eu(‘DPM)3 rel. to M=Eu shift)]
Pr +1 .4 - -1.1 ~2.25 - 0.005
Sm +1.0 - . -0.2 -0.2 0.02
Eu +0.5. +1.,0 +1.0 0.003
Tb (17) -5.5 -14.4 0.1
Ho +5.9 -7 -12.8 0.02
Yb -0.3 +4 +5.0 0.02

The gradiénts are fairly sensitive to change in substrate concentration
and therefore the same concentration of a given substrate was used with each of
the complexgs. Substrates used were benzyl alcohol, h-grbutylcyclohexanone,
dimethyl tetradecandioate and n-pentylamine. While the relative shift powers of
the complexes vary slightly with different substrates (the figures in the table
are typical values), the shift ratios of protons in any given substrate remain
the same whichever lanthanide is used. This implies that the associated
adducts have essentially the same shape and stoicheiometry for all the metals
and that only the afrength and direction of the ion's ﬁagnetic field is
varying. Whichever M(DPM)3 is actually used, all the analyses and discussion
of reference 5 remain valid and results for one complex are readily converted
into those for another complex by the application of the relative shift powers.

The shift of the t-butyl resonance of the pure paramagnetic f-diketone

complexes in €Cl, from the diamagnetic position [La(DPM)3:1.1su] is
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concentration dependent and increases slightly as the concentration is
increased. In the presence of complexing substrates, the t-butyl resonance
is more strongly shifted from the diamagnetic position. The magnitude of the
shift from the diamagnetic position is approximately correlated with the
relative shift power of the complex and is in the opposite direction. For
example, the t-butyl resonance of Eu(DPM)3 occuras at 0.58 in a 0.05M solution
in CClu (Table), but on addition of alcohols or amines (0.1-0.3M) moves to

-1 to -2 §.

The broadening observed with Eu and Pr complexes is such that the
gross multiplet structure frequently remains observable even for relatively
large shifts, but the fine structure is rapidly lost when the other metal
complexes are used. Except for the case of Tb, broadening of non-shifted
resonances is normally very small {provided that all traces of insoluble
oxide have been removed by sublimation). It is noteworthy that the colours
of the anhydrous, freshly sublimed complexes are pale green (Pr), white (Sm,
Tb, Yb), pale yellow (Eu), and pink-yellow (Ho). After the absorption of
atmospheric moisture (detrimentall), the colours of the Pr and Eu complexes
are respectively yellow and white.

Eu(DPM)3 is generally the most useful paramagnetic shift reagent
(P.S.R.) because the t-butyl resonance of the complex appears above TMS
and thus does not interfere. The downfield shifts are more convenient for
locked instruments and reinforce the inductive effect of electronegative

functional groups. Pr(DPM)3 is a useful complement to Eu(DPM) especially

31
for the observation of methyl groups in steroids. However, in the presence
of substrates, the t-butyl resonance of Pr(DPM)3 occurs in the 3—55 range and

can mask resonances of interest in some cases.
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