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Although both distance and angle dependencies of paramagnetic shifts induced by tris(dipivalo-
methanato)complexes of the lanthanides, L{DPM)3, (1,2) are apparent from the McConnell and Robertson
equation for the pseudo-contact shift (3), the latter factor has so far been neglected in studies, except in
those by a British group (2), owing probably to the lack of encounter with actual examples of up- or
downfield shifts due to Eu(DPM); or Pr(DPM);, respectively. Since a few examples of these shifts were
reported quite recently (4), it seems worthwhile to present here some additional examples of upfield
shifts due to Eu(DPM);, which have been experienced in the course of a study of steroidal episulfoxides.

In a previous paper (5), the isomeric bridge~top sulfoxides of a 7-thiabicyclol 2.2, 1] heptane system,
Sa-cholestane-2a,5~syn- and -anti-episulfoxides, were reported to require unusually drastic conditions
for the exchange reaction of their sulfinyl oxygen. Of the two sulfoxides, the isomer thermodynamically
more stable and less mobile on chromatography was assigned the anti-structure (I}, and the less stable
and more mobile one the syn-structure (III). These structures are consistent with the anisotropic shielding
effects of their SO bonds (6) obtained from their PMR spectra (5).

In order to obtain confirmatory evidence for the stereochemistry of the sulfinyl groups, we have used

the paramagnetic shifts induced by Eu(DPM); (7) in their 100-MHz PMR spectra in CDCl;. The spectra of
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5a-cholestane-2a,5-episulfide (I) and its sulfone (IV) were also examined. The results obtained are
shown in the TABLE. The H - and Hlp-signals in the spectra of the compounds examined with various
concentrations of Eu(DPM); were assigned by double resonance experiments where the Hzp signals were
spin-decoupled, and in some cases by triple resonance techniques including spin~tickling. Plotting the
chemical shifts of assignable profons against the molar ratios of Eu(DPM):/substmre gave the S-values,
defined as the difference in chemical shift between the proton resonance without Eu(DPM); and with an
equimolar ratio of Eu(DPM);/substrate 8).

The S=value for Hy, is much larger in Il than in II; those for Hig, Hig, and Hyy are larger in III
than in II. From these results, the configurations of sulfinyl oxygens in Il and III were confirmed un-
ambiguously. No shifts were observed for I, as expected (?). The S-values for sulfone protons were
found to be smaller than those for the corresponding sulfoxides protons, suggesting that the ability of
sulfonyl oxygens to complex with Eu(DPM); is less than that of the sulfinyl oxygen; this relationship
is similar to that between an amine oxide and a nitro group.

The most interesting finding concerns the behavior of the Cyy and Cy5 methyl signals of the syn-
sulfoxide (III). These methyl signals were shifted to higher fields on each addition of Eu(DPM);. This
demonstrates that the angular dependency of lanthanide~induced shifts should not be neglected, and,
further, provides confirmatory evidence for the structure of III, and accordingly, for that of Il. The
hydrocarbon side-chain must be extended towards the back-side direction of sulfinyl oxygen inIII,

3 cos? 9; being smaller than 1 in the McConnell and Robertson equation (3), where 6; is the angle
between the crystal field axis of the complex and the radius vector from the metal to the proton i.

Similar phenomena were also found in the paramagnetic shifts of both Cyg and Cag methyl or the Cys
methyl signals in the 100-MHz spectra of 5a-cholestan-2a,5-epoxide (V) (10), 3B-acetoxycholest-5-
ene (VI), 5-hydroxy-5a-cholest-2-ene (VII) (10), and cholesta-3,5~dien-7-one (VIII), as listed in the
TABLE. It is of considerable interest that the hydrocarbon side-chain signals are shifted upfield in VI,
whereas those for the corresponding alcohol are moved to downfield.

The 100-MHz PMR, PMDR, and PMTR spectra were recorded on a Varian HA-100 spectrometer operat-

ing in the frequency-swept and TMS-locked mode.
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TABLE
Chemical Shifts &, ppm Downfield from Internal TMS) and S-Values by Eu(DPM);
(Plus Sign Denotes a Downfield Shift) in CDCly

Proton signals

Compounds Hia Hip Hp Hy CioMe Cj3-Me Cyp-Me Cy~Me

5 1.8 1.31 3.6 0.92 0.64 0.8 0.85
~0 ~0  0.02 ~0 ~0 ~0 ~0
'\\ 5 1.78 1.29 3.42 1.01  0.66 0.89 0.85
a‘ (-0.07) (-0.02) (~0.19) (+0.09) +0.02) (0.00) (0.00)
> an s 3.3 3.0 5.0 2.3 1.0 0.16 ~0
o
,° ™~ & 2.84 1.79 3.28 1.10  0.67 0.89 0.85
e‘ (+0.99) (+0.48) (-0.33) (+0.18) (+0.03) (0.00) (0.00)
() s 13.0 5.0 5.0 4.0 1.2  -0.45 -0.50
o)
£ 5§ 213 1.4 2.9 1.00 0.67 0.89 0.85
a‘ (+0.28) (+0.13) (-0.69) +0.08) (+0.03) (0.00) (0.00)
y ) S 2.0 1.3 2.5 1.2 1.0 0.06 ~0
o
N 5  1.21  1.29  4.37 0.94 0.64 0.89 0.84
a‘ W s 6.2 6.0 1.0 4.4 0.60 -0.13° -0.21
\\ 5 4.58 1.01 0.67 0.91 0.86
AO D s 12.0 1.2 0.08 -0.12 -0.07
'\\ 5 0.88 0.67 0.89 0.85
C S 5.5 1.5  0.23 -0.18
OH (vII)
He Hg
\\ 5 6.08 5.5 6.15 1.10 0.70 0.92  0.86
C\ Lo ovm S 0.40 11.2  0.40 4.2 4.4 1.5 -0.18

Values in parentheses are shift values due to S-oxidation.
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