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Abstract A regio- and diastereoselective samarium(II)-mediated re-
duction of allylic benzoates is described. Yields for the reactions are
generally high with diastereoselectivities up to 90:10 and in some cases
only a single regioisomer was obtained. The stereoselectivity of the re-
action is proposed to arise from chelation of a hydroxyl-stereocenter
and starting alkene geometry, with protonation occurring intramolecu-
larly by samarium-bound water.

Key words samarium, reduction, stereoselective synthesis, regiose-
lectivity, diastereoselectivity

Samarium diiodide (SmI2) has emerged as one of the
more useful and versatile reductants available to synthetic
chemists,1 capable of controllable (e.g. through the use of
additives like HMPA or H2O)2 and selective reductions of a
wide variety of functional groups.3 Our group recently re-
ported a SmI2-mediated reductive removal of allylic benzo-
ates leading selectively to non-conjugated olefin products of
type 1 (Scheme 1).4 The reaction is proposed to proceed via
an organosamarium intermediate 2, with regioselectivity
controlled by sterics and intramolecular proton delivery
from a samarium-coordinated proton donor (e.g. water or
MeOH).5 This method then featured as part of our synthesis
of the biologically-relevant natural product honokiol, used
to simultaneously install both allyl substituents found in
the target compound.6

As an extension of that work, we began investigating the
reaction applied to trisubstituted alkene substrates. For in-
stance, treatment of allyl benzoate 37 with SmI2/MeOH led
to its rapid and clean conversion to 3-phenyl-1-butene with
complete regioselectivity by 1H NMR analysis (Scheme 2).
We recognized that this reaction generated a new stereo-
center, and were intrigued about the possibility of adapting

this general strategy into a stereoselective process. Herein
we report the development of a regio- and diastereoselec-
tive samarium-mediated allylic benzoate reduction8 using
both Roche ester and lactate derived substrates. The reac-
tion appears to be quite general, affording both aryl and al-
kyl products containing methyl or ethyl stereocenters in
comparable yield and selectivities. Importantly, diastereo-
selectivities were independent of the initial benzoylated
hydroxyl stereochemistry yet stereospecific with regard to
the trisubstituted alkene geometry.

Scheme 2  Reduction of a trisubstituted alkene allylic benzoate and 
formation of a new stereocenter (*)

Our initial investigations began with the PMB-protected
trans-phenyl compound 4, prepared by zirconium-cata-
lyzed carboalumination of phenylacetylene9 and trapping
of the resulting vinylalane with aldehyde (S)-510 (Scheme
3). The stereochemistry of the newly formed hydroxyl in 6
for the major isomer is assumed to be S arising from chela-

Scheme 1  Regioselective SmI2 allyl benzoate reductions
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tion control,11 but was not rigorously determined as this
stereocenter proved unimportant for the subsequent elimi-
nations (vide infra). Benzoylation and treatment with
SmI2/ROH or SmI2/DMPU (followed by quenching with H2O)
at room temperature led to rapid elimination, affording a
mixture of alkene regioisomers generally in favor of the
non-conjugated product 7 (up to 5:1). Careful analysis of
the 1H NMR spectra, however, revealed no appreciable lev-
els of diastereoselectivity for any of the reactions.12 The
highest diastereomeric ratio (d.r.) was obtained when using
tert-butanol (t-BuOH), however, this reaction proceeded
with only modest regioselectivity and produced what we
have tentatively characterized as dimerization products
presumably due to a slower protonation event (similar
products were also observed for the anhydrous DMPU en-
try).13 The SmI2/H2O reaction was much cleaner in this re-
gard (i.e. 5:1 regioselectivity and no dimerization), howev-
er, it was non-diastereoselective (d.r. 1:1).

Scheme 3  Initial screening of compound 4 reductions with SmI2

We surmised that removal of the PMB-protecting group
and performing the reaction with a free hydroxyl at this po-
sition might impart better diastereoselectivity through en-
hanced samarium chelation.14 Indeed after deprotection
with DDQ, samarium reduction of the primary alcohol
compound 9 now proceeded with not only improved regio-
selectivity but also enhanced diastereoselectively (up to
76:24). Table 1 presents results from our investigations into
the impact of different proton sources on the outcome of
the reaction with 9. Interestingly, the highest (and nearly
identical) diastereoselectivities were obtained using either
anhydrous conditions followed by quenching (DMPU, entry
1) or in the presence of water (entry 5),15 suggestive against
an internal protonation by the hydroxyl group per se.16

These reactions produced compound 10 as a 3:1 mixture of
diastereomers and exclusively as the trans isomer. However,
regioselectivity for the DMPU reaction was much lower (2:1
vs 15:1 for H2O). In an attempt to improve the diastereose-
lectivity the reaction was also performed at 0 °C, however
the colder conditions gave the same d.r. and an erosion of
regioselectivity (entry 6).

Table 1  Regio- and Diastereoselective Reduction of Alcohol 9

In order to determine if the stereochemistry of the OBz
stereocenter might impact the stereoselectivity of the reac-
tion, we prepared compound 9 as a ca. 1:1 mixture of dias-
tereomers (compared to the originally obtained ca. 2:1 mix-
ture) using an oxidation/reduction sequence (Scheme 4). As
shown, treatment of this 1:1 mixture with SmI2/H2O gave
product 10 in the same diastereomeric ratio as that ob-
tained when 9 was used as a 70:30 mixture of diastereo-
mers, meaning that there is no memory of chirality associ-
ated with the OBz stereocenter.17 This is attractive from a
synthetic standpoint, in that the stereochemistry of this po-
sition need not be controlled when preparing substrates for
this reaction.

Scheme 4  Examining the impact of compound 9-OBz stereochemistry 
on the stereoselectivity of SmI2-reductions

Table 2 shows optimizations with respect to the equiva-
lents of H2O for the SmI2/H2O reduction of 9. Interestingly,
the d.r. for all of the reactions remained essentially the
same, which is in contrast to an earlier report from Keck de-
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scribing diastereoselective reductions of β-hydroxyketones
by SmI2 wherein higher equivalents of H2O leads to a loss of
diastereoselectivity.18 Our results suggest that irrespective
of H2O equivalents, the hydroxyl group in 9 is able to effec-
tively chelate to samarium. This is consistent with other
studies showing that even high concentrations of H2O do
not lead to complete saturation of Sm(II).19 Regioselectivity
improved at fewer equivalents of H2O, perhaps due to mini-
mizing competing intermolecular protonation (ref. Scheme
1). Yields also tended to increase with decreased H2O with
the exception of one equivalent, where side products (e.g.
possible dimers) were observed leading to a lower isolated
yield of 10 (66% with 1 equiv).

Table 2  Impact of Water Equivalents on Regioselectivity, Diastereose-
lectivity, and Isolated Yield from the SmI2 Reduction of Compound 920

The stereochemistry of the newly formed stereocenter
was determined by ozonolysis of 10 giving aldehyde 12
(Scheme 5). A comparison of the optical activity of 12 to
that previously reported21 revealed that this compound was
enriched in the S-enantiomer, indicating that the major di-
astereomer of 10 had the (2R,5R)-configuration. A potential
model that would explain this outcome is given in Scheme
5, based on the energetics of a fused 5,6-bicyclic intermedi-

ate 13,22 involving hydroxyl chelation of samarium23 fol-
lowed by intramolecular protonation by a coordinated wa-
ter molecule.

The reaction is not limited only to aryl substrates like 9.
For instance, the TBS-protected compound 14 could be ob-
tained with complete regioselectivity and identical diaste-
reoselectivity to that obtained for the phenyl product 10
(ca. 3:1, Scheme 6). At this stage, the stereochemistry of the
newly generated methyl stereocenter is assumed to be anal-
ogous to compound 10 (ref. Scheme 5). Ethyl stereocenters
could also be prepared by this protocol using a similar car-
boalumination (in this case with triethylaluminum)9 fol-
lowed by aldehyde addition for substrate preparation. In
this way, compounds 15 and 16 ultimately were obtained in
81% and 80% yield, respectively and 4:1 d.r.

Scheme 6  Regio- and diastereoselective SmI2/H2O reductions to pro-
duce non-aryl and/or non-methyl products 14–16

In order to examine the role (if any) of alkene geometry
on the stereochemistry of the newly formed stereocenter,
we set out to prepare a mixture of (E)- and (Z)-isomeric
substrates. This was accomplished through first an Evans’
aldol reaction24 with citral (mixture of cis- and trans-iso-
mers) giving E/Z-17 (Scheme 7). Reduction with LiBH4,
monoprotection of the resulting diol, benzoylation, and re-
moval of the TBS protecting group then produced a mixture
of 18 and 19.

Scheme 7  Synthesis of citral-derived isomers trans-18 and cis-19

Compounds 18 and 19 were partially separable by chro-
matography on silica allowing for the isolation of three
roughly equal mass fractions: (1) a sample enriched in the
trans-isomer 18 (87:13 18:19), (2) a sample enriched in the
cis-isomer 19 (16:84 18:19), and (3) a closer to equimolar
mixture of 18 and 19 (42:58 18:19). Each of these mixtures
was then taken separately into the reaction with SmI2/H2O
(Scheme 8). As can be seen from the crude 1H NMR spectra,

H2O (equiv)a 10:11b d.r.b of 10 Yieldc of 10

200  86:14 75:25 30%

100  86:14 76:24 60%

 50  86:14 75:25 75%

 25  91:9 75:25 82%

 15  97:3 75:25 90%

 10  98:2 76:24 76%

  5  98:2 72:28 86%

  1 100:0 72:28 66%
a Relative to SmI2.
b Determined by NMR.
c Isolated yield.
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Scheme 5  Determination of absolute stereochemistry of the major 
stereoisomer of 10 by ozonolysis
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the cis- and trans-isomers gave opposing selectivities (i.e.
major = 20 from 18; major = 21 from 19). Using the starting
18:19 ratio and anticipated diastereoselectivity based on
those previously observed for products 10 and 14 (i.e. 3:1),
we could calculate an expected ratio of products 20:21
from each of the three samples assuming that the reaction
is stereospecific with respect to alkene geometry. As
shown, the actual values obtained were very close to those
predicted.

Scheme 8  Alkene stereospecificity experiments using differentially en-
riched mixtures of 18 and 19. Colored lines are signals for the same col-
ored hydrogens.

We also prepared and investigated the reductive cleav-
age of lactate aldehyde 2225-derived benzoate esters 23–26
(Scheme 9).26 Perhaps unsurprisingly, treatment of PMB-
protected compound 23 with SmI2/H2O led exclusively to β-
elimination. Removal of the PMB protecting group sup-
pressed this competing process to some extent, allowing for
27 to be obtained in 53% yield from 25 when using five
equivalents of water. It was hypothesized that increasing
the amount of water might increase the rate of protonation
relative to elimination thus improving the yields. Indeed,
the use of 100 equivalents of water gave a higher yield (60%
vs 53%).20 Further increasing the amount of water equiva-
lents to 200 equivalents, however, resulted in no additional
yield enhancement. The diastereomeric ratios for com-
pounds 27 and 28 were slightly higher (86:14 and 90:10,
respectively) than those obtained from the related Roche
ester derived compounds (ca. 75:25, see Table 2).

Ozonolysis of product 27 again gave primarily (S)-(+)-
12, indicating that the absolute stereochemistry of the ma-
jor isomer of 27 was (2R,5R) (Scheme 10). A possible model
for this selectivity is given, similar to that previously pro-
posed for the one-carbon homologated samarium interme-
diate 13 but as an η3-complex.27 At this stage, however, ex-
tended hydrogen bonded networks involving multiple wa-
ter molecules28 and/or multiple samariums29 need also be
considered.

Scheme 9  Synthesis and elimination of lactate-derived compounds 
23–26

In sum, SmI2/H2O reductions of allylic benzoates adja-
cent to trisubstituted alkenes and flanked by an alcohol ste-
reocenter occur with high regioselectivity and good diaste-
reoselectivity. The method appears to be quite general in
terms of the types of stereocenters (e.g. methyl, ethyl, etc.)
that may be installed. Selectivity is proposed to arise
through chelation of the hydroxyl group to samarium fol-
lowed by intramolecular protonation by samarium-coordi-
nated water, with stereochemistry controlled by ring-con-
formation considerations and starting alkene geometry.
Current efforts are aimed at further understanding the
mechanism and selectivity of this reaction, as well as ex-
ploring alternative auxiliary groups that may afford better
diastereoselectivities.
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