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In a recent comnunication by Pirkle and co-workersz, the use of chiral solvents and lanthan-

ide shift reagents to distinguish meso from d or 1 diastereomeric epoxides was described; a dra-
matic difference between the lanthanide induced shift of the methine protons in the meso cis-2,3-
butylene oxide (1) and its d1 trans-isomer (2) was noted. The greater overall shifts displayed
by the protons in the meso isomer were rationalized as a reflection of the fact that one of the
two diastereotopically related faces of this isomer is more readily accessible to the europium
complex than the sterically hindered faces of the corresponding d1 isomers. This phenomenon, in
which steric factors control induced shifts in cyclic ether systems seems readily explainable on
the basis of either unequal populations of the two diastereomeric lanthanide-ether complexes or
closer approach of the europium shift reagent to the unhindered face of the cyclic ethér. both
being due to steric factors.

Similar observations of lanthanide induced diastereotopic proton shift differences in acyclic
systems appear to be less easily predictable and not as well documenteda. In this regard and in
connection with other studies on the stereochemistry of alcohols, we have observed strikingly
different lanthanide induced spectral shifts between diastereotopic protons in acyclic systems.
The alcohols we have investigated include 'I-pheny'l-S;meﬂlyl-s-exo-hydroxynethyl[3.1.0]hexane (1),
its endo-isomer (2), 2-methyl-1-butanol (3), 2-phenyl-1-propanol (4), 2,3-d1mthy1-2¥pénténol (5)
and 2-methy1-2,4-pentandiol (6)4. The results of our europ1um-(fod)3 nmr studies are given in
Table 1 which 1ists the shifts of protons in question vs. the range of europium to alcohol con-
centration ratios used and in Figure 2 in which shift differences between diastereotopic protons
are plotted against molar ratios of Eu-alcohol. Among the most striking features observed are

the dramatic differences in the induced shifts of the diastereotopic a-methylere protons in the
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exo-bicyclic alcohol 1, phenylpropanol 4 and butanol 3. Similar differences are displayed by
the a-methyl and y-methylene protons in the pentanol 5 and by the a-methyl and g-methylene
protons in the pentandiol 6.

The factors that cause these dramatic enhanced differences in the lanthanide shifts between
diastereotopic protons are not totally clear, especially in view of the fact that there appears
to be little relationship between the proximity of the europium to the diastereotopic protons and
the induced shift differences (for example, the induced Av of the y-methylenes in 5 at Eu/Alcohol
ratio of 1.4 is 165 Hz compared to the a-methyl protons Av of 11 Hz). However, it appears that
steric factors would also direct the unsymmetrical positioning of the lanthanide reagent with
respect to the diastereotopic protons in acyclic chiral alcohols since apbroach of the lanthanide
reagent to the diastereotopic non-bonded pairs on oxygen should be of unequal energy as in the
epoxide systems of Pirkle and co-workers and the systems asymmetry should dictate preferred
conformations of the lanthanide about the C-0 bond.6 '

Several other interesting phenomena regarding induced shifts were observed during these
studies. The diastereotopic y-methylene protons in alcohols 3 and 5 as mentioned above show much
greater induced shift differences than their o-methylene and o-methyl counterparts. In addition,
in 2-methylpentan-2,4-diol (6), a much greater lanthanide shift is displayed by the methyl pro-
tons at the tertiary alcohol site than those at the secondary alcohol site. Quite interestingly,
Cockerill and Rackham7 have observed just the opposite effect in the 2-hydroxy-1{2-hydroxyethyl)
adamantane system, in which the o-methyl protons of the primary hydroxyethyl group showed a much
greater induced shift than the methine proton at the secondary alcohol site. It appears that
simple explanations based on proximity of the lanthanide to the non-bonded pairs on oxygen
(expected to be nearer to secondary hydroxyl than tertiary due to steric factors) do not suffice
in diol systems.

In summary, the intriguing observations of dramatic induced shift differences between dia-
stereotopically related protons in chiral alcohol and diol substrates seem general although
prediction of their magnitude on the basis of proximity to the complexing atoms seems difficult
We hope to continue our initial studies in this area in order to clarify some of the guestions

raised by these observations.
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Figure 1. Lanthanide Induced Shift Differences vs.
Eu(fod), - Alcohol Concentration Ratios.
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Table 1. Lanthanide Induced Shifts of Diastereotopic Protons and
Diastereotopic Proton Shift Differences.

Alcohols Eu/Alcohol Protons Avy, ? Av, 9 aav?
Range H Hy
(Hz) {(Hz) _(Hz)
& CHg
H 0-0.75 (a) 716 310 406
Y " CH,0H
“Ph (a)
. CH3
N CH,0H 0-0.60 (a) 1003 1003 0
<:% H (a)
“Ph
(v) gkﬁ (o) 973 994 21
CHy-CHy-CH-CHy(a) | O1-40 (v) 373 626 253
Eh 0-1.40 (
-1. a) 894 961 67
CH,-H-CH (a)
3 2
{v) (a) {a) 704 715 n
CH..-CH, - -(cHy), | 0140 (y) 604 869 165
3772 3/2 : Y
(v) EH (8) QH (o) {a) 281 440 ;5!{
x 0-1.40 8 644 875 3
CHy-CH-CHp=L-(CH3), M 216




