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Introduction

The bimetallic reagent Me3SiSnBu3 has found valuable applications in organic
synthesis, since the obtained products containing C-Sn and C-Si bonds can be further
manipulated to intermediates of synthetic interest. Our main attention has been
directed to the stannyl anion generated when Me3SiSnBuj is treated with R4NX, CsF or
TASF [(EtzN)3SSiMe3F2]) in DMF under mild conditions. Among several useful
applications, we rcported a novel cyclization reaction that occurs when the stannyl
anion altacks a vinyl or aryl halide, leading to the formation of a vinyl or aryl anion,
which rcacts intramolecularly with a carbonyl group affording a cyclic compound. This
methodology was applied to the synthesis of the natural products acorone, coniceine
and (-)-cephalotaxine.

A 1,3-cyclodikctone posscsing a suitable vinyl iodide in a tether which, upon
reaction with the stannyl anion generated from silylstannane and CsF, leads to a
bicyclic four-membered intermediate, is presumed to afford products of ring
expansion reaction when the ring junction bond undergoes a Grob fragmentation
reaction.

Herein it will be reported the ring expansion of cycloalkanones via fused 4-
membered rings that underwent this intramolecular cyclizadion promoted by the
stannyl anion. We obtained in this way 7- and 8-membered cycloalkanediones and
cycloalkenones in a onec-pot reaction. The stereospecific mode of this reaction made it
possible to obtain c¢is- and the constrained trans-cyclooctenone selectively.
Furthermore, we succeeded in the synthesis of (+)- and (-)-rrans-cyclooctenones.

I) Ring cxpansion to cycloalkanediones

When 2-methyl-2[(2-10do)-2-propenyl]-1,3-cyclopentadione was treated with
2 eq of Me3SiSnBu3 and 2 eq of CsI in DMF at room temperature for 2 h, although in low
yields, cxpanded 4-methyl-2-methylene-1,5-cycloheptadione and 4-methyl-2-
(methyltributyltin)-1,5-cycloheptadione were obtained in 4% and 15%, respectively.

In the same way, 2-methyl-2{(2-10do)-2-propenyl]-1,3-cyclohexadione
afforded 4-methyl-2-methylene-1,5-cyclooctadione and 4-methyl-2-
(methyltributyltin)-1,5-cyclooctadione in moderate yiclds: 39% and 3%, respectively.

II) Ring expansion to cycloalkenones
We tried next to improve the yields of the ring expandéd products by replacing one of
the keto carbonyls in the starting material by a good

leaving group such as
methanesulfonate.
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II-1) Ring expansion to cycloheptenones and cyclooctenones

o The reduction of the cyclopentadione above with 1| eq of DIBAL-H afforded two
epimeric alcohols in 61% and 10% yields. The major one, with the hydroxy group and
thc_ vinyl iodide containing side chain disposed on the same side of the rin is
designated cis-isomer and its stereochemistry was assigned on the basis of a gl\’IOE
between the methine proton and the methyl group; the minor isomer with these groups
on opposite sides is the trans-isomer. Thecis-alcohol was mesylated reacted with 4 eq
of Me3SiSnBuj and CsF to produce 4-methyl-2(methyltributylstannyl)-4-
cycloheptenone in 25% yield and a product resulting from a substituition of the
mesylate group by the stannyl anion. This same substitution pattern was observed with
the Irgns-mesylate, which afforded the cycloheptenone as the main product (51%). NOE
expertments of thesc 7-membered rings revealed that these
stereospecific with substitution occurring with inversion of configuration.

The reduction of the cyclohexadione was accomplished with NaBHy at 0 °C. The
stereochemistries of the products were delermined by NOE experiments after
mesylation of the epimeric alcohols. :

When the cis-substrate reacted with 3 eq of stannyl anion in DMF at room
temPerature for 3 K, 1,1,6-trimethyl-2—(methytributyltin)—cyclooct-6-en—3-one was
obtained in 86% yield. Change solvent to THF led to the formation of 1 1,6-trimethyl-
2-methylene-cyclooct-6-en-3-one in 70% yield Decrease of thc, ’am0unt of
sillylstannane to 1.5 eq in DMF now resulted in the cis-enone as the main ‘product

(42%). On the other hand, the reaction of frans-substrate with 3 eq of stannyl anion
afforded trans-cyclooctenone in 1% yield together with the cis-Michael adduct in 36% ,
which was not detected when the amount of Me3SiSnBuj was reduced to 1.5 eq (run 5).
In this case, frans-cyclooctenone was obtained in 33% yield. It is quite interesting
that the cyclization/ring expansion reaction for these cyclohexanones is a
stercospecific process. Cis-substrate lecads to the exclusive formation of c¢is-
cyclooctenone while frans-cyclooctenone, the smallest cycloalkene possible to be
isolated at room (emperature, is obtained only from the trans-substrate. The
stereochemistries of products were determined by NOEs.

Other pairs of cis-trans substrates were reacted and it was confirmed the
stereospecificity of this ring expansion reaction.
I1-2) Isomerization of Trans- to Cis-cyclooctenone

The formation of the cis-cyclooctenone from the corresponding frans-
substrate in the prescnce of an excess of silylstannane and CsF was dcmonstrated to be
promoted by the stannyl anion generated in situ, in the reaction of both the trans-
enone and the (rans-Michael adduct with 3 eq of this stanny!l anion. It is not clear if
this mechanism is anionic or radicalic.
I0) Synthesis of (+)- and (-)-frans-cyclooctenone derivatives

We accomplished the synthesis of both enantiomers of trans-cyclooctenones
using Me3SiSnBuj and CsF. The chiral starting materials were obtained after resolution
of the ester derivatives of (R)-(-)-O -acetyimandelic acid and subsequent
transformations. The absolute configuration of the (-)-frans-substrate synthesized was
determined as § by the improved Mosher's method developed by Kusumi and it was
obtained in 89% cc, despite the resolution of the diastereomeric pair in 100% de. The
ring cxpansion of it resulted in optically active frans-cyclooctenone ([a]D27=+292.7 (e
1.17, CHCI3) in 31% yicld.

Similarly, the (+)-frans-substrate was achieved in 87% ee and upon reaction:

with stannyl anion, (-)-trans-cyclooctenone ([a]D28=-285.8 (¢ 0.98, CHCi3) was
obtained in 30% yield.

The values for the optical rotation as well as the sign of the Cotton effects in
the CD spectra undoubtedly confirm the enantiomeric relantionship of the
cyclooctenones synthesized.

reactions were
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IV) Conclusion

Using the stannyl anion generated from Me3SiSnBu3 and CsF under mild
conditions it was possible to perform a tandem cyclization/ring expansion reaction to
obtain medium-sized rings of synthetic value. This reaction proceeds in a

stereospecific way and moreover we succeeded in the synthesis of both enantiomers of
trans-cyclooctenones.
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