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Lanthanides in Organic Chemistry. 1. Selective
1,2 Reductions of Conjugated Ketones! i
Sir:

Although rare earth complexes have enjoyed considerable
utility as shift reagents in NMR spectroscopy,? there are
limited applications of these elements in synthetic chemistry.
With the exception of cerium?*, which is employed as an ef-
ficient oxidation agent,3 the lanthanides have received only
limited uses as catalysts, in petrochemical reactions,* epoxide
rearrangement,’ or optical resolution,® and an unusual reaction
of secondary amines with acetonitrile.” Recent reports® con-
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Table I
Starting material® Lanthanides Yields \b Allylic < Satutltad
used alcohol % alcohol
none® 100* 89 1n
1 Ce 100 100 o
none 100 o 100
Ce 100 97 3
? Sm 100 94
< *
Bu 100 93 7
none 95* 38 62
sm 96® 96 ‘
3 Ce 100 99 1
none 100 95 5
é’ﬂ L e 92 100 0
4
*
none 100 51 49
Sm 98 93 7
32 Ce 100 >99 traces
none 98* 90 10
% Ce 100 100 o
*
none 98’ %0 10
1 Ce 100 100

“ The following standard procedure was adopted: 1 mmol of starting
material is dissolved in 2.5 mL of the 0.4 M LnCl3-nH;0 methanol solution
and NaBH, (1 mmol) is slowly added (2 min) with stirring. The mixture
is allowed to react for 3-5 min, followed by hydrolysis and extraction with
ether. ¢ Isolated yields except in specified cases (asterisk) in which they
were obtained by VPC (2 m X 2 mm i.d. Carbowax 20M column on
Chromosorb WAW, 15 mL of N3/min Carlo Erba Fractovap 1501
chromatograph). ¢ Identification of these compounds was made by the
usual spectral methods (IR, UV, NMR) and by comparison with authentic
samples. 7 The relative percentage of these reduction compounds and their
identity were ascertained by TLC and/or VPC.

cerning the synthetic potential of lanthanides prompt us to
communicate our preliminary results using rare earth halides
and sodium borohydride for the selective conversion of a,B-
unsaturated ketones to allylic alcohols.

Treatment of an equimolecular amount of a ketone (2-
hexanone, cyclohexanone, acetophenone) and samarium
chloride hexahydrate in ethanol® with sodium borohydride (1
molar equiv) produces an evolution of hydrogen coupled with
a quantitative yield of the corresponding alcohol in 5-10 min.
Application of this procedure (in methanol®) to a,8-unsatu-
rated ketones produced high yields of the corresponding allylic
alcohols, in many cases uncontaminated with the 1,4 reduction
product. Several representative examples are presented in
Table I.

Such selectivity has been noted with other reducing sys-
tems, !0 but the previous methods usually suffer from limita-
tions. Thus, of the recently developed reagents, NaBH;CN, !!
is unreliable with certain cyclic enones, giving mixtures re-
sulting from 1,2 and 1,4 additions. 9-Borabicyclononane (9-
BBN) has a decreased reactivity with sterically hindered
carbonyl groups,!? which requires long reaction times and/or
refluxing solvent for reduction. Diisobutylaluminium hydride
(Dibah) is not selective for carbonyl groups!? and must be used
at low temperature. The last two reagents are expensive and
require anhydrous conditions in an inert atmosphere.

Of the lanthanides tested, samarium and cerium appear to
offer the best combination of yield and selectivity (Table I).
The method evidently offers the following advantages. First,
nearly exclusive selective 1,2 reduction is obtained under
conditions which do not affect carboxylic acids, esters, amides,
halides, and cyano and nitro groups.!4 Even 2-cyclopentenone,
which is especially prone to undergo the 1,4 addition reaction,
can be reduced to 2-cyclopentenol with a selectivity as high as
97%. Furthermore, the reactions may be conducted at room
temperature, without special exclusion of air or moisture, and
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excellent yields of products are obtained within 5 min. Provided
its concentration is <5%, water has little effect on selectivity.
2-Cyclopentenone produces cyclopentenol in 95 and 91% yield,
respectively, when reduced in methanol solution with 10 and
15% water. This allows use of the lanthanide chlorides in the
commercially inexpensive hexahydrate form. Steric hindrance
has no detectable effect on the rate of the reduction: 3-meth-
ylene 2-norbornanone 8 undergoes exclusively the 1,2 reduction
with the same rate as with sodium borohydride, and the PGA,
derivative 9 yields the 9-OH A-10 compounds (91% isolated
yield of the 1:1 mixture of epimers) within minutes. We ob-
tained extremely slow reductions of 8 and 9 with 9-BBN (>24
h at room temperature), and, with NaBH,, 9 yields only sat-
urated alcohols.

Q
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8 9

The mechanism of the reaction process has not yet been
extensively studied, but does not involve a catalytic role for the
lanthanide since reduction of 2-cyclopentenone in the presence
of 0.1 equiv of Sm3* gave a 1:4 mixture of cyclopentenol and
cyclopentanol. A complex reduction scheme via the +2 OXi-
dation state of the rare earth!’ also seems unlikely for in this
state the lanthanides are only slightly reactive with ketones.?
Reduction by a lanthanide borohydride, formed in situ'® (at
least as a transient species), might explain the observed reg-
joselectivity according to the hard and soft acids bases theory.!”
Another possible hypothesis is that a reduction by NaBH4 of
a carbonyl compound-rare earth complex!? is occurring. Al-
though the NMR and UV spectra of cyclohexenone in meth-
anol solution with or without cerium trichloride are quite
similar, this possibility cannot be excluded in the absence of
precise kinetic data. Further investigation of the mechanism
and stereochemistry of the reductions is in progress. Reductions
of various terpenoid, steroid, and prostanoid a-enones will be
published in a next paper.!®
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