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Chemoselective cyclizations of divinyl ketones to cyclohexenones mediated by a sterically demanding Lewis acid and an amine base have
been accomplished under mild reaction conditions. The extension of this methodology to the synthesis of eight-membered rings is also
demonstrated.

Divinyl ketones are valuable building blocks for organic direct cyclizations of divinyl ketones that result in chemo-

synthesis. These substrates have been utilized in-Bidter selective formation of cyclohexenones under mild reaction
reactions, Michael reactiond,and conjugate addition reac- conditions.
tions to prepare various ring systef3he characteristic Recently, we demonstrated the ring expansion reactions

reaction of divinyl ketones is their acid-catalyzed Nazarov of cyclobutenones to cyclohexenones that involved the facile
cyclization leading to cyclopentenonedlthough it was cyclization of intermediate 3-oxidohexatrienes bearing a
postulated that cyclizations of divinyl ketones could poten- strategically positioned electron-withdrawing groufiVe
tially produce cyclohexenonésthis viewpoint was not  realized that the key hexatriene intermediates could alter-
demonstrated experimentafiyin this paper, we describe natively be generated lyenolization of the readily available
divinyl ketones 1) (Scheme 1). Although generation of
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Having established conditions for this cyclization reaction,

Scheme 1. Proposed Cyclization of Divinyl Ketones to we investigated the scope of the process (Table 1). Substrates
Cyclohexenones
_A \ Table 1. Cyclizations of Divinyl Ketones to Cyclohexenofes
T EWG o X7 CEWG —
-NHR; O entry substrate product t,°C vyield? %
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_ S0,Ph ‘SO,Ph
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o La© ek Ph
2 (11) 60 74
5 4 3-E SO,Ph "’S0,Ph
ol 0
enolization of complex had to produce th&-enolate3-E. R/ R (12) 23 ® =92_Bu)
Hence, a study aimed at identification of a competent Lewis
SO,Ph '*SO,Ph 13) 23 0
0

acid/base combination was a logical point of departure.
The initial experiments demonstrated that activation of

dienone8 with a range of oxophilic Lewis acids, such as Ph

Mg(ClQy),, LiClO4, TiCly(O-i-Pr), Zn(OTf),, Sc(OTf}y, or s i@ Ts 14y 23 91

AlICl 3, followed by addition of triethylamine returned the

starting material unchanged. Use of trimethylaluminum,

however, produced the desired cyclohexen®nealbeit in @ H
poor vyield!® During their studies of vinylogous aldol Ph (sp 23 77

(R = n-Bu)

reactions, Yamamoto and co-workers utilized an ATPH/LDA
system for the stereoselective generatiok-olienolates from
o,(-unsaturated carbonyl compourfdd We reasoned that .
a sterically demanding aluminum Lewis acid might increase 62:38 ~ _Ph

the population of the productivE-enolate and result in a j\nj\ /Q (18" 60 92
faster and more efficient cyclization reaction. We were '

pleased to find that treatment 8fwith MAD (2.0 equiv) ©

and NEg (1.1 equiv) in toluene at room temperature  asee the Supporting Information for detailed experimental procedures.

furnished9 in 86% isolated yield (Scheme ®Toluene was b |solated yields® The substrate was isomerized to the corresponding allylic
sulfone.d N-Methylpyrrolidine was utilized as a bastStereochemistry was
established by X-ray crystallographic analysis.

Scheme 2. Cyclization of8 Mediated by MAD/NE$

on ] >=\ Ph bearing a substituent at tlheposition to the carbonyl were
]\ CHO M well tolerated and cyc]lzed to the correspor?dm.g cyclo-
X7 Ts 2. MnO,, CH,Cl, hexenones at 68C (entries 1 and 7): The reaction in entry
nBULi - 6.X=H  61% (over 2 steps) 2 produced a.c.yclohexenoneT bearing a quaternary carbon
-78°C ™ 7,X=Li 8 center. In addition to aromatic groups, tfecarbon ofl
86% l MAD, NEt, could bear a tertiary alkyl group (entry 3). However, the
Phi isomeric substrate possessing a primary alkyl did not form

Ph cyclohexenone 1(3) (entry 4), but rather underwent re-
/@i \/©\ \Q arrangement to the corresponding allylic sulfone.
tBu ® Bu T “Ts The stereochemistry of the process (entriegbwas of
9 particular interest because it could provide insights into the
mechanism of the cyclization step, which could be viewed

found to be the optimal solvent for this cyclization, as (10) Friedel—Crafts acylation of alkenes with,y-unsaturated acid

: : : : chlorides produces, among other products, cyclohexenones. The formation
reactions in stronger coordinating solvents (THF, MeCN) of cyclohexenones was rationalized by electrocyclization of intermediate
resulted in poor reaction conversion. In addition to triethyl- aluminum trienolates: Faure, R.; Pommier, A.; Pons, J. M.; Rajzmann, M.;
amine,N-methylpyrrolidine was a competent base, whereas Sa?l“i')“ AQ"pLeféaQﬁmﬁ?ﬁﬁs‘g 683|1p?1eﬁ3|?;>?1enoxu de).

Hunig’s base gave lower reaction conversion. Notably, N0 (12) (a) Starowieyski, K. B.; Pasynkiewicz, S.; Skowronska-Ptasinska,

cyclization occurred in the absence of a base or in the g/l kJ Orgl\’jlmolilnet %hemré)?i 90, C43— CH44A (b)Cl\ﬂamOl;aag&IStolhloT

i r akural onoshita. amamoto, m em. SO
presence of strc')nlger bases, such as DBU fsid,N',N'- 3588—3597. For a review, see: Saito, S.; YamamotoJ.HChem. Soc.,
tetramethylguanidine. Chem. Commurl997, 1585—1592.
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as either a @-electrocyclic ring closure or an intramolecular sulfone 20 mediated by MAD (1.1 equiv) and NE(1.0
Michael reactiort? Cyclization of the camphor-derived enone equiv) in toluene at room temperature afforded the cyclo-
furnished a single diastereomer of the product (entry 5), octatriene21 in 99% vyield within 5 min (Scheme 4).
whose stereochemistry was consistent with a disrotatery 6
electrocyclization involving the exo face of the intermediate
enolate’ The reaction in entry 6 appeared to be more
complicated and produced a mixture of two diastereomers
in a 78:22 ratio. Apparently, the observed product ratio

reflects the thermodynamic stability of the two diastereomers, | Ph pE e
+

Scheme 4. Synthesis of Cyclooctane Derivatives

as a sample of pureans-15gives rise to the same ratio of —
isomers upon standing in chloroform for 3 days at room S s
temperature (Scheme 3).A reasonable mechanism for

20
- l MAD, NEt,

Scheme 3. Possible Mechanism for Epimerization ©5 Lo
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epimerization at C-4 of5involves the @G-electrocyclic ring
opening of enoll7, which is in equilibrium withtrans-15, Moreover, the type of substitution at theposition was not
followed by the ring closure of intermediate hexatrie@ limited to aromatic groups as demonstrated by the successful

However, transformatiod8 — 19 cannot be explained by a  reaction of22. The formation of the eight-membered rings

thermal 6mz-electrocyclization, which is a stereospecific instead of the six-membered carbocycles provides indirect
disrotatory proces¥. The formation ofcis-15 presumably evidence for the importance of an electrocyclization pathway
involves the addition of an extended enol to the electron- in the ring-forming step. Pericyclic reactions often choose

deficient double bond. to proceed through the symmetry-allowed transition states
It should be noted that triethylamine significantly acceler- involving the longest conjugated chéih.
ates the interconversion afs- andtrans-15, which reach In summary, we demonstrated a new cyclization reaction

equilibrium distribution within 15 min at room temperature. of divinyl ketones that produces cyclohexenones. The insights
In this particular case, the reaction probably proceeds via gained in this study may be used for the synthesis of other
the ammonium enolate df7, as the §-electrocyclic ring ring systems, as we illustrated by the preparation of cyclo-
opening of hexatrienes is known to be charge-acceletéted. gctane derivatives.
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