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A Novel Cycloisomerization of Tetraenones: 43 Scheme 1
Trapping of the Nazarov Oxyallyl Intermediate (
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Among the approaches to medium sized rings, cycloadditions 8% =30 (n =2, X = CHO) $oin=2XY=0
stand out for their ability to generate these structures in a single f 2
step from simple fragmentg.For example, [4-3]-cycloadditions —’5156% | NN
employing oxyallyl units and 1,3-dienes offer an attractive route | R

to cycloheptane adducts containing several useful handles for

. o 6a (n=1, R=Me)
further functionalizatio.We® and othershave noted that [#3]- 6b (n=1,R="Ph)
cycloadditions of cyclic oxyallyls provide access to eight- gg 52 = g Sj;"h?)

membered or larger rings via keto-bridged intermediates (eq 1).
a Reagents and conditions: (a),MeOH,—78°C; then TsOH, room
temperature; then NaHGCMe,S; (b) (EtO}P=0)CH,CH=CH,, BuLi,

ANF 0 - THF, —78 °C; then 1a or 1b and HMPA; (c) HCI, THF, room

D Taa ) — y O temperature; (d) CH=C(CH)MgBr, THF, 0°C; (e) DMSO, (CICO),

FI‘ n F|! n o A n CH,Cl,, —78°C; E&N, 0°C; (f) LDA, THF, —60 °C; then RCHO; then
MsCI, E&N; then DBU, THF.

The required precursors (pyran-4-ones or 2-halocyclopentanones . . .
bearing pendant dienes) and the conditions for their conversion Synthesis oba—d. The E-geometry of the trisubstituted alkenes

to the short-lived oxyallyl intermediates (UV irradiation or in 6 was confirmed by the observation of nOe interactions between
treatment with LiCIQ in ether) place some constraints on these

protons of R and the nearest methylene group of the tether in the
approaches. Our recent observations that the oxyallyl cation 2D NOESY NMR spectra.

formed during Nazarov cyclization of cross-conjugated dienones _ Substratesb was exposed to a variety of Lewis acids ¢BF
can be intercepted with a variety of intra- and intermolecular OF® TiCla, SnCh, AICI5, Me;SIOTf) to effect the Nazarov

olefinic nucleophile3prompted us to investigate the viability of ~ €lectrocyclization, and Fegin CH,Cl, at —30 °C was found to
the corresponding-43 trapping with dienes. Here we report the b€ optimal (Scheme 2)Under these conditions, ’d*lg]-cycload- .
preliminary results of these studies, a high-yield entry into ducts7b and8b were obtained in a combined 72% yield (1.3:1

polycyclic products via Lewis acid-catalyzed cycloisomerization 'atio). An identical result %ould be achieved by using as little as
of simple, acyclic tetraenone precursors. 0.2 equiv of Lewis acid® An nOe interaction between the

Preparation of the initially examined tetraenone substrates wasindicated protons in the 2D NOESY spectrum @ provided
straightforward (Scheme 1). Ozonolysis of cyclohexene or cy- strong support for that _relatlye stereochemistry. A5|m||a_1r interac-
cloheptene with the Schreiber prototerovided differentiated =~ tion was not seen with diastereom8b. On this basis, we

dialdehyde synthonga and1b. Homologation to the dienezab tentatively assigned the stereochemistry shown, epimeric at the
was accomplished with hig/Z selectivity by using a variation ~ bridgehead methine. The structure8bfwas confirmed by X-ray
of the Yamamoto methotiAcetal hydrolysi€ Grignard addition, diffraction analysis. Notably, two of the four possible diastere-

oxidation, and an eliminative aldol addition completed the ©meric cycloadducts and10, were not isolated. The observed
product ratio appears to derive from a high diastereofacial
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R
9 10 CHCly; then SiQ; (e) cyclohexenyllithium, THF-78 °C; (f) Dess-

Martin periodinane, CkCl,, NaHCGQ.

this time and merit further study, though preliminary analysis and we were interested in what effect this would have on the
suggests unfavorable interactions between the diene unit and thaliastereoselectivity. In the event, the usual conditions furnished
tether may be significantly different in the endo and exo transition endo and exo cycloadduc? and 8f in a ratio of 1.4:1 and in
states'? near quantitative yield. Thus, substituents at eifh@osition of

Two other examples possessing alternative substitution patternsthe cyclic oxyallyl intermediate exert a powerful bias for approach
were examined (Scheme 3). Subst@decontaining an additional of the diene from the opposite face, but three-carbon tether once
methyl substituent on the 1,3-diene, was prepared from aldehydeagain led to low exo/endo selectivity.
3cin analogous fashion to the previously described route (Scheme We have described a new class of tandem reactions, involving
1). Application of the standard conditions for tandem electrocy- an initial Nazarov-type electrocyclic closure of a 1,4-dien-3-one,

clization/[4+3]-cycloaddition led to three products in a combined
yield of 74%. Exo cycloadducBe was obtained as the major
product along with trace quantities @& An additional product,
13, was also isolated. This formaH2 adduct is presumed to
arise from a stepwise nucleophilic trapping of the oxyallyl,
followed by enolate closure onto the resulting allylic carbocalfon.
Its formation solely fron6emay be a consequence of the greater
nucleophilicity of the substituted diene, as well as the more
sterically demanding [#3] transition state.

Finally, aldehyde3a was converted to tetraenoréd by a

followed by intramolecular [43]-cycloaddition of the resulting
oxyallyl cation with a pendant 1,3-diene. The stereocenter set
during the electrocyclization leads to complete facial selectivity
in the subsequent cycloaddition, and high exo selectivity can be
obtained in the cycloaddition of substrates containing a four-
carbon tether. This process converts acyclic, achiral reactants into
complex, tricyclic products in good to excellent yield, with the
concomitant formation of three new carbecarbon bonds and

up to five new stereocenters. Additional studies of the scope of
this reaction and its application to complex targets containing these

variation on the standard sequence. In this case, an unsubstitutedkeletons will be reported elsewhere.

methylene group was introducédprior to the addition of
cyclohexenyllithium, and the resulting tetraenol was oxidized by
using the DessMartin conditionst® Unlike 6a—e, this substrate
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