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Since its introduction to the synthetic community by Kagan, the
one-electron reducing agent samarium(II) iodide (Sml,) has found
widespread use in organic synthesis.! The versatile reagent has
been used to mediate many processes ranging from functional
group interconversions to complex carbon-carbon bond-forming
sequences.! Cyclization reactions mediated by Sml, are valuable
tools for natural product synthesis.'’

We have introduced several stereoselective cyclizations using
the lanthanide reagent. For example, we have developed a 4-exo-
trig cyclization of vy,5-unsaturated aldehydes to give anti-cyclobut-
anols? and have exploited this reaction in the synthesis of the pest-
alotiopsin skeleton.> We have also developed a conjugate
reduction-aldol spirocyclization sequence for the stereoselective
synthesis of oxa- and azaspirocycles? and have used this new
transformation in an approach to stolonidiol.”> Recently, we have
reported a flexible approach to decorated cis-hydrindanes, a motif
found in many biologically active natural products, which exploits
highly diastereoselective Sml,-mediated cyclizations of aldehyde
and halide substrates.® The approach has been applied in the syn-
thesis of the proposed structure of rac-faurinone (Scheme 1).°

In this Letter, we report our preliminary feasibility studies on
the development of dialdehyde cyclization cascades mediated by
Sml,, in which the aldehyde groups undergo stereoselective reac-
tion in a programmed sequence to give complex products.

In 2002, Takahashi and Nakata described a synthesis of mucocin
that involved the Sml,-mediated, aldehyde-alkene cyclization of
dialdehyde 1 to give 2 as the key step in their approach (Scheme
2).7
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Scheme 1. Sml,-mediated cyclizations of aldehyde and halide substrates in an
approach to decorated cis-hydrindanes.

Carbonyl-alkene cyclizations using Sml, are believed to proceed
by reduction of the aldehyde to the ketyl radical-anion followed by
addition to the alkene.!® The transformation of 1 to 2 is, therefore,
remarkable as only one aldehyde reacts while the other survives
the reducing conditions. While the authors did not discuss this
selectivity, they observed that the use of excess Sml, or prolonged
reaction times led to reduction of the second aldehyde and the for-
mation of complex product mixtures. Intrigued by this result, we
speculated that a new class of sequential cyclization mediated by
Sml, might be possible using dialdehyde substrates where each
aldehyde undergoes cyclization in a programmed sequence.

We selected dialdehyde substrates 3 for our study. We envis-
aged that aldehyde group 1 would react first through a facile 5-
exo-trig radical cyclization while aldehyde group 2 waits in line.
After radical cyclization, aldehyde group 2, in samarium enolates
4.° would undergo aldol cyclization to form tricyclic systems 5 con-
taining a cis-hydrindane core (Scheme 3).
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Scheme 2. Takahashi and Nakata’s Sml,-mediated cyclization en route to mucocin.

While an example of a ketyl-olefin cyclization/intermolecular
aldol sequence has been reported by Enholm,'° to our knowledge,
no intramolecular variants have been reported presumably as both
aldehydes in the starting material would be expected to react with
Sml, to give complex product mixtures. If successful, we antici-
pated that the sequential cyclizations of 3, in which four contigu-
ous stereocenters, including one quaternary stereocenter, are
generated, would occur with high diastereocontrol (vide infra).

We began by preparing a range of dialdehyde substrates 3 by
modifying our previously reported route to related substrates.®
Addition of an organocopper to cyclohexanones 6a-c gave vinyl
triflates 7a-f after trapping the intermediate enolates with Comins’
reagent.!! Organocopper addition to cyclohexenone 6b gave 7b
and 7d as a 3:1 mixture of diastereoisomers. Palladium-catalyzed
carbonylation in the presence of propan-1,3-diol gave esters 8a-f
in moderate to good yield. Deprotection and oxidation using the
Dess Martin periodinane'? gave dialdehydes 3a-f (Scheme 4).

With dialdehydes 3a-f in hand, we investigated the proposed
cyclization sequence. Pleasingly, upon treatment with Sml,, dial-
dehydes 3a-e underwent double cyclization to give tricyclic prod-
ucts 5a-e in good yield and with excellent control in the
construction of four stereocenters (Scheme 5).!> The cyclization
of 3b and 3d, 3:1 mixture of diastereoisomers, led to 5b and 5d
as similar diastereoisomeric mixtures that were readily separated
by chromatography. The structure of 5a and 5b was confirmed
by X-ray crystallography (Scheme 5).*

Interestingly, the sequential cyclization of 3f containing a gem-
dimethyl group gave 5f containing the opposite stereochemistry at
the quaternary stereocenter constructed during the aldol stage of
the cascade (Scheme 6). The structure of 5f was confirmed by X-
ray crystallographic analysis.'* We had previously observed a sim-
ilar switch in diastereoselectivity in the protonation of an analo-
gous Sm(Ill)-enolate.® It is likely that this switch is evidence of a
different conformation for the intermediate enolate where the
most accessible face is now the top face.

The highly diastereoselective cascade reactions begin with an
anti-selective ketyl-olefin cyclization through transition structure
9 to give samarium enolates 10.®> We believe that chelation to
Sm(IIl) leads to selective enolate formation and subsequently to
diastereoselective aldol cyclization through six-membered transi-
tion structure 11 on the most open bottom face of enolates 10
(Scheme 7). Substrate 3f is an exception and the aldol cyclization
proceeds through attack on the top face of a Sm(Ill)-enolate in a
different conformation (not shown).

The origin of the selectivity for one aldehyde over the other in
our studies, and in the original reduction reported by Takahashi
and Nakata,” remains unclear. It is thought that the reduction of
carbonyl groups with Sml, is reversible, with the ketyl radical-an-
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Scheme 3. Proposed sequential dialdehyde cyclizations mediated by Sml,.
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Scheme 4. Synthesis of dialdehyde cyclization substrates 3a-f. ¢ 7f was formed by
cuprate addition (82%), followed by triflate formation in a separate step (LDA,
Comins’ reagent, 78%).

0.0
Sml, (2.5 eq)
3a. — H 5a
+BuOH, THF OH
0 °C, 90% OH
0.0
o Smi, (2.5 eq) -
S e
. H >
3:1dr £BuOH, THF OH 3:1dr
0°C, 70% OH

= 0.0
Sml, (2.5 eq)
3k — H 5c
+BuOH, THF OH
0°C, 72%

OH

—

00
Sml, (2.5 eq)

M = HY 55
3:1dr tBuOH, THF OH 3:1dr
0°C, 69% OH

0.0
Smi, (2.5 eq)
3¢ — H Se
t+BuOH, THF OH
0°C, 77% OH

Scheme 5. Sequential dialdehyde cyclizations mediated by Sml,.

ion being drained from the equilibrium by cyclization.!®> As only
aldehyde group 1 in 3 is able to undergo facile cyclization, that
aldehyde is seen to react in the presence of the other. Alternatively,
pre-coordination of samarium to the aldehyde and ester carbonyl
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Scheme 7. Origin of diastereoselectivity in the dialdehyde cyclization sequence.

groups may increase the reactivity of the proximal aldehyde group
1 leading to its selective reduction over the more-remote alde-
hyde.® It is well appreciated that pre-coordination of Lewis acidic
samarium to the carbonyl and unsaturated ester components in
ketyl-olefin additions is important for promoting reaction and con-
trolling the diastereoselectivity of such additions.'®

In summary, we have shown the feasibility of Sml,-mediated,
dialdehyde cyclization cascades in which one aldehyde is reduced
while the other waits in line. In the dialdehyde cyclization cascades
studied here, two rings and four contiguous stereocenters are gen-
erated with high diastereocontrol. We believe that the cascade
reaction of dialdehydes constitutes a new class of Sml,-mediated
sequence.'?
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