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Abstract: Substituted indenes are prepared from 1,4-dicarbonyl compounds by treatment with base and 

cyclopentadiene. 

Indenes are typically prepared by cyclization reactions that anmrlate the five membered ring onto substituted 

aromatic syatems.l We have found a novel cyclization reaction in which the aromatic system is annulated onto 

cyclopentadiene to generate a variety of substituted inderws and report herein results from our inftial studies. 

Cyclopentadiene and h-e-25-dione (1) were condensed with the intent of preparing small quantities of mono- 

fulvene 2 (Scheme I). The pyrrolidine-catalyzed reaction of the same components haa been reported to provide 

difulvene 3.2 Pyrrolidine catalysts produces rate enhancement in fulvene formation via iminium ion formation3 We 

hoped modest selectivity for the mono-fulvene could be achieved without resorting to protecting group strategiea by 

use of alternative base catalysis. When cyciopentadiene and hexane-2,S-dione (1) were treated with 10 mol% of 

t-BuOK in methanol at room temperature, a yellow color was immediately observed, characteristic of fulvene 

formation.4 Chromatographic analysis indicated the presence of two new mate- a yellow compound, later 

determined to be mono-fulvene 2 by GCMS and NMB analysis, and au unexpected, non-polar UV-active material. 

After 24 h, almost complete consumption of both hexane-2,5-dione (1) and fulvene 2 was observed. The non-polar 

product was isolated by column chromatography and determiuecl to be 4,7-dimethylindene (4) by GCMS and NMR 
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Evidently alkoxide-catalyzed fulvene formation is sufficiently retarded that intramolecular cyclization 

competes, a result not observed in the iminium ion catalyzed reaction. 2 The first condensation of cyclopentadiene to 

form 2 is presumably followed by deprotonation of the mono-fulvene to form the vinylcyclopentadieny1 anion 5.5 

Subsequent intramolecular condensation to fulvene intermediate 6 and tautomerization gives indene 4. When the 

reaction was interrupted after 1.5 h the fulvene 2 was isolated in 10% yield. Treatment of this material with t-BuOK 

(10 mol%) in methanol for 24 h provided 4, supporting the me&an&tic hypothesis proposed here. This 

transformation has features in common with the formation of isoindoles from 2,5-dialkylpyrroles,6 

isobenzothiophenes from 2,5--dialkyl thiophenes,7 carbazoles from indoles, dihydropentalenes from acyclic 

enones9and azulenea from pyndinium and pyrylium ional 
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We have explored the steric demands of the reaction as indicated in the table below. The reaction rate is 

decreased by phenyl or isopropyl substitution (examples 7 and 8). t-Butyl methyl ketone 9 reacts to form the monw 

fulvene which can be isolated. After prolonged exposure to alkoxide, ketone 9 cyclizes to form the t-butyl methyl 

indene which was detected by GCM5 but not isolated (~25% GC yield after 96 h). This method represents a facile 

and practical synthesis of 4,7-dis.ubstituted iudenes from primary or secondary alkyl and aryl substituted diones.*1,12 

dlone R R’ 
IllORb time (h) yield K 

1 CH, CM, 20 24 67 

0 cat. t-BuOK 
MeOH, r.t. 

9” CH, t-Bu 10 96 0 

Trapping of the fulvene-derived vinylcyclopentadienyl anion intermediate (such as 5) by other electrophiles 

offers the possibility of introducing other functional groups. We have found that acyfimidazolides similarly react 

intramolecularly with vinykyclopentadienyl anion to produce 4(7)-hydroxyindenes. Levulinic acid 10 was converted 

to 6-(3-propionyl)-6methylfulvene (11). 3 Treatment with l,l’-carbonyldiimidaaolel5 in methylene chloride 

presumably generated the acybmidazole 12 which was treated with 20 mol% each of 4dfmethylaminopyridine 

@MAP) and 1,8-diaaabicyclo[5.4.O]undec-7-ene (DBU). Two major non-polar products were observed by TLC; after 5 

days at room temperature standard work-up and chromatography provided 13 and 14.16s1’ All attempts to increase 

the rate of the cyclization (solvent, temperature, acyl activating groups) either stop the reaction altogether or 

accelerate Mvene and indene decomposition, generating intractable mixtures. In an effort to avoid non-productive 

acylation by 12, acetic anhydride was added to generate 15: this process effectively competes for the newly formed 

phenol under these conditions and allowed more efficient conversion of 12 to 13. 
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This cyclocondensation reaction has been exaah ed with substihated levulinic acids and found to be a general 

and facile synthesis of substituted indenes. Biphenyl(16 to 17) and fused (18 to 19) systems not easily accessed by 

other means are formed in two steps. W1’ The ease of preparation of the fulvene intermediates and the catalytic 

nature of the cyclization process make this a valuable method for the preparation of a variety of indenes, despite the 

moderate yields and prolonged reaction times. 

13,48%5d 17.41% 5 d IQ, 27% l4d 

The me&a&m of this catalytic conversion mimics the dione examples, although it is necessary to avoid 

hydroxylic base. To this end, acylimidazolides provide a reasonable balance between leaving group abtlity and auto 

catalysis. The pKa of the fulvene allylic proton in 2 and 12 is 22.7. 18 Amidine base (DEW) initiates cyclization ti 

fulvene deprotonation, which after intramolecular cyclization generates imidazole anion (pKa, 14.5) to continue the 

catalytic cycle. Although DMAP used as the sole base promotes cyclization, these conditions are particularly 

sluggish, requiring weeks for substantial reaction to proceed. DBU by itself causes decomposition. The combination 

of DMAI’ as acyl transfer agent and DBU as cyclization initiator has thus far provided the best resulk.lg 
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