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Diastereospecific Synthesis of Spiro[4.5]decan-2-ones as Vetivane Precursor
via Rhodium Catalvsed Claisen
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Abstract: The one-pot combination of Claisen rearrangement of allyl vinyl ethers followed by an intra-

molecular hydroacylation catalysed by RhCl(cod)(dppe) is used as a key step in the synthesis of meso-

dimethyl-1,4-dioxa-dispiro[4.2.4.2]tetradecan-10-one (12). The diastereospecific outcome of the

reaction is discussed. This product is a potential precursor in the synthesis of solavetivone.

© 1998 Elsevier Science Ltd. All rights reserved.
Construction of the spirovetivane carbon-skeleton as found in solavetivone or B-vetivone requires diastereo-
selective construction of the spiro[4.5]decane framework and regiospecific formation of at least one double
bond. Recently we demonstrated the application of a one-pot combination of Claisen rearrangement / hydro-
acylation! in the formal total synthesis of acoradienes?. In this paper we wish to report on the synthesis of a
Cg-symmetrical precursor for solavetivone’, a phytoalexin of the Solanaceae family*. A retrosynthetical

analysis applying our method of spirocyclopentanellation’ is outlined in Scheme 1.
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This route requires cyclisation of pentenal Il via intramolecular hydroacylation. I is derived from allyl vinyl
ether III which can be prepared from an appropiate substituted cyclohexandione. To achieve regioselective
transformation at one of both keto-functionalities in I protection of the cyclohexanone moiety is necessary.
We decided first to test the reaction sequence starting from 2,6-dimethylcylohexanone (1) as a model
compound (Scheme 2).
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Ether 4 was obtained as a mixture of isomers in a cis/trans ratio of 2:1. Upon heating in benzonitrile as a
solvent in the presence of 5Smol% RhCl(cod)(dppe), ether 4 was converted to the corresponding spiroanellated
cyclopentanones § in more than 95% yield as determined by GLCS. During workup and isolation of the pure
material some loss has to be encountered due to the high boiling point of the solvent. Pure 5 is isolated in 42%
yield as a mixture of diastereoisomers’ 5a and Sc in a 4:3-ratio which are readily separated by MPLC.
Noteworthy 6¢,10¢-dimethyi-(57C!)-spiro[{4.5]decan-2-one8 5a is the singie of two possibie products formed
from ether 4 with cis-orientation of the methyl substituents. As shown in Scheme 3 the stereochemistry is
determined during the Claisen rearrangement step of the one-pot procedure.
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Scheme 3

The sigmatropic reaction of cis-4 exclusively takes place under equatorial attack leading to 4-pentenal 6a

instead of 6b. Facial selectivity is also observed by House% and Gilbert? for the rearrangement of com-
parable allyl vinyl ethers with an exocyclic double bond.

To introduce the proper functionality allowing further manipulation directed towards the biologically active

spirovetivanes, a reaction sequence similar to that described above was carried out starting with 7,9-dimethyl-

1,4-dioxa-spiro[4.5]decan-8-one (7)!0. Since Wittig-Horner reaction gave unsatisfactory results, olefination

was achieved by addition of in situ generated lithiumethoxyacetylide!! to the carbonyl compound and acid-

catalyzed re arrangeme nt of the intermediate alcohol. Under these conditions deprotection and equilibration
U ¢ 8 is the sole product obtained, regardless of the cis/trans-ratio of the starting material 7.
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Scheme 4 i: LDA, CICH,CH(OEt),, H*, 60%; ii: CH3(OCH3)3, HOCHCH20H, 92%; iii: DIBAH, Et,0,
68%; iv: EtOCH=CH,, 1.5mol% Hg(OAc)p, 63%; v: A, 10mol% RhCl(cod)(dppe), 35% GLC;

After reprotection of the remaining carbony! function, ester 9 is reduced and the resulting allylic alcohol 10
transvinylated to yield ether 11!2 using Watanabe’s method!3. The one-pot reaction sequence to convert 11 to
spirocyclic pentanone 1214 does not proceed as smoothly as it does in the case of ether 4. Besides cyclo-
pentanone 12 several unidentified byproducts of lower molecular weight are formed. This very likely is due to
the acidic character of the rhodium-species generated during the catalytic process affecting the ketal protection
group, and we are currently investigating other catalytic systems to improve the tolerance towards acid-
sensitive groups. However, 7t,13t-dimethyl-1,4-dioxa-(8rC9)-dispiro[4.2.4.2]tctradecan-10-one (12) was
isolated by preparative TLC. Relative stereochemistry was assigned by NOESY-NMR spectra. A well defined
cross peak between the singlet of C9-H, and the methine protons at C7/C13 clearly establishes the
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7t,131-(8rC9%)-configuration as shown in Scheme 5. No cross peak was observed between the triplets of C11-
H; or C12-H; and the methine signal of C7/C13.
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The relative stereochemistry of this meso product resembles that of solavetivone. Introduction of the internal

double-bond can best be achieved by oxidation of the corresponding silyl-enol-ether with Pd(OAc),!5.

According to described procedures such silyl-enol-ethers can be prepared enantioselectively meso-
16

cyclohexanone moieties with the aid of chiral llthmm amid

achiral meso-compound by means of desymmetrization!”.
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NMR (400MHz, CDCl3): 8[ppm]= 2.30 (d, J=18.3Hz, 1H), 2.24 (brs, 2H), 2.01 (d, J—18.3Hz, 1H), 1.8-
8 3 = - [ | 5 P

( . . 0.87 (d, J=6.8Hz, 3H), *C NMR
(100MHz, CDCls): 5[ppm]= 221.0 C2, 48.2 CH,, 45.7 Cq, 41.8 CH, 41.7 CH, 37.8 CH,, 31.1 CH,, 30.4

o ~r m amTw -

CH,, 26.2 CH,, 20.1 CH,, 16.3 CHj;, 15.3 CH;;
Relative stereochemistry is designated by “c” and “#” to denote a cis or frans relationship to some
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reference ("r") substituent according to Beiistein, E III, Vol. VI, Part7, Springer Verlag, Berlin, 1967, S.
x. See also reference (7).
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18.7 C12, 16.6 2*CHjy;
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