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Abstract: Functionalized l,n-dicarbanions (n=4,5,6) react with a,a’-methallyl dihalides to 
produce n+3 substituted a-methylenecycloalkanes that are synthetic equivalents of two 
differentiable cycloalkenones. 

Cyclopentenones and cyclohexenones are versatile and easily preparable carbocyclic building 

blocks in organic synthesis. We have become interested in strategic approaches directly to 

larger ring cycloalkenone precursors, especially synthetic equivalents that contain two latent - 
a,B-unsaturated ketone units which can be unveiled individually and utilized as needed. Such 

sequences would be especially valuable for approaching hydroaxulenic natural products and those 

containing 5/8 fused ring systems (cf. 21 - 25 + 27 A 28, Scheme 3). To implement such a - 
strategy, we are investigating tandem reactions of non-equivalent, remote dicarbanions with 

doubly electrophilic trimethylenemethanes. 132 

The structurally-challenging annulation of 1,4-dicarbanion 2 with 3-halo-2-(halomethyl) 

propenes’ (I-Cl,L) to 3 provided an early demonstration of the advantages of ‘Qnechanistic 

symetry” in both C-C bond forming reactions2 (S#2 = SN2’ = SET products). In contrast, reaction 

of 2 with initially symmetric cis-1,4-dihalo-2-butenes leads not to the desired eight-membered - 
ring, compound 2, but rather the product 4 of SN’ closure. 
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It remained to be seen what combinations of carbanion-stabilizing groups (CSGs) would be 

generally compatible with remote dicarbanion formation in less-constrained substrates, as well as 

at the mono-alkylated intermediate stages where side reactions might interfere. 

We began exploratory studies of l,n-disubstituted acyclic model compounds with CSGs 

(corresponding to pKa a 25-35) that could remain as carbon substituents (after reduction) and act - 
as B-leaving groups (e.g. cyano, ester), and with other CSGs that were destined primarily to be 

eliminated, specifically phenylsulfonyl and phenylsulfinyl groups. Under irreversible carbanion- 

forming conditions (addition to excess LDA at -78’). the greater kinetic acidity of the latter 

two groups at a-carbon sites, compared to cyan0 and ester, allowed Dieckmann or Thorpe reactions 

to supercede a second proton transfer, as had been noted previously with alkoxide bases. 3 

Accordingly, to assess the feasibility of forming 7-, 8- and q-membered cycloalkadienone 
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equivalents, we focused initially on a,o-bis-phenylsulfones 4’5 -a,b,c (Scheme 1). Lithiation of 

the latter (2.2 eqs. n-BuLi in hexane-THF, -78”+0”, 0.5h) was followed by gradual addition of 1_ 

g (-78°+250, 4-6h); workup revealed that these ring sixes 

several unexpected results. 
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We hypothesize that the propensity of 6_a (but not 6_b or 6-c) to form two rings5 (I:4 ca. 2:l) 

arises from extra intramolecular coulombic stabilization 
6 of such dilithiated l,&dicarbanions. 

Such dicarbanion triplets’ should react much slower than the intermediate monocarbanion, which 

when formed immediately undergoes more rapid intermolecular reaction7 with a second l-Cl before 

proton transfers and two closures (+‘J). Fortunately, this potentially general complication6 with 

1,3- and l,&dicarbanions can be circumvented by substituting a,a’-methallyl diiodide8 (I_I) for 

l-Cl as the bis-electrophile when necessary. Another less general complication, noted only when 

approaching nine-membered rings (6_c - KJ, is intramolecular proton transfer at the 

monoalkylated stage, which culminates in minor amounts of methylenecyclobutane 11 (identified by - 

cyclobutanone carbonyl absorption at 1800 cm 
-1 in oxonolysis product). With proper attention to 

the choice of alkylating agent, annulations leading to fi (86% with l_I) and 2 (652 with l_c1) 

provide an expeditious and general entry to various tropane and granatane alkaloids, with only 

two further operations required. After oxonolysis, amine-induced elimination, in situ conjugate 

addition and subsequent intramolecular’ closure9 in aqueous methanol gave high yields (60-652) of 

tropinone 10 (a), pseudopelletierine” (3) and N-benxyladaline” (151, the latter from 1,5- 

bis( phenylsulfonyl)decane. 
Schum 2 
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We next turned our attention to more rigid l,&dicarbanion precursors, such as w-1,2- 

disubstituted cyclopentanes, which might resist generating e-fused bicyclo[3.3.0]octane 

intermediates at the monoionized stage, thus allowing competitive deprotonation at the second 
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site. Standard transformations of allylsulfone 16 (beginning with ozonolysis) provided12 cyano- 

sulfone n, mp 116-70, and the corresponding aldehyde and ester. Of these three, only lJ (and 

homolog l& could be dilithiated without self-cyclization; annulation of lJ with 1-I formed the - 
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5/7 trans-fused product5 3 (major isomer, q p 152-so) in 85-902 yields (l-Cl gave 2:1 adduct, as 

with 6a). - Subsequent ozonolysis and triethylamine-induced elimination in aqueous THF (25O/4h) 

gave cyano-enone 20. Unfortunately, the 1,5-cyanosulfone homolog l8, mp 97-8’, cyclised to 22 - 
in only ca. 20-252 yield, undoubtedly a consequence of the small size of -EN, which does not 

promote rotation of the staggered allylic side chain (cf. a, Scheme 3) into a gauche 

arrangement more suitable for cyclization. l3 This prompted replacing the cyan0 CSC in s by the 

more sterically-demanding phenylsulfinyl in 2J, although there arose some apprehension that the 

alkylated sulfoxide oxygen (cf. 23_a) might intramolecularly displace the neighboring halide, in 

competition with the more remote sulfone carbanion. 14 In spite of this concern, the direct 

annulation of dilithiated 2J with l_I was reproducibly high yielding (80-855 of 25 on l-5 g 

scale), proceeding as expected via initial alkylation at the sulfoxide-substituted carbanion 

site.14 
- 

Ozonolysis of 25 proceeded uneventfully and the hoped-for regioselective elimination of 

phenylsulfenic acid was achieved, using triethylamine in aqueous THF (25”, 4h) as acid scavenger. 

The resulting enone-sulfone & (mp 140-l” for major epimer) was shown to undergo conjugate 

addition with lithium dimethylcuprate (a 2J)5 and isopropenylmagnesiu bromide with CuBr 
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catalysis (+ 28)5 without concomitant loss of PhS02H, which subsequently required >5Oh at 25O - 
with triethylamine. HCN also added to 26, thus providing structural correlation with cyano-enone 

21 formed previously via the lower yielding 18-22 path. - - -- 
In conclusion, we have formed seven- and eight-membered latent cycloalkenone precursors in 

high yield and selectively generated individual a,&unsaturated ketone units without significant 

deconjugation. l5 The relative ease of E-elimination is -eSGH > -eS02H >-HCN. We are continuing 

to study the scope and limitations of symmetry-enhanced (n+3) l,n-dicarbanion cyclixations with 

various ring sizes and CSG combinations and will report on these developments in due course. 16 
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