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Abstract:

2-Alkyl-6,6-dialkylfulvenes are synthesized by the condensation of monosubstituted 1,3-cyclopentadienes with
carbonyl compounds in the presence of pyrrolidine and converted to the corresponding dialkyl-1,3-
cyclopentadienes by the addition of nucleophilic reagents lithium aluminum hydride or methyllithium.

Article:

The n°-cyclopentadienyl ligand has been one of the most widely used and versatile ligands in organometallic
chemistry.! Recently, interest in substituted cyclopentadienyl ligands, especially the n>-pentamethylcyclo-
pentadienyl ligand has flourished.? Steric constraints and increased electron density at the metal center
contribute to novel stoichiometry and reactivity of their transition metal complexes.® Currently, the number of
disubstituted cyclopentadienes available for the preparation of transition metal complexes is very limited. In this
paper we report our results on the synthesis of sterically congested 1,3-disubstituted-cyclopentadienes from 2-
subsituted-6,6- pentafulvenes.

Table 1

Synthesis of 2-Substituted-6,6-dialkyliulvenes.2,2

Compound R R? R2 Yield, %

2a Cyc  -CH2(CH2)3CHa. 50

2b Mecyc -CHo(CHp)3CHo- 56

2¢ t-Bu  -CH2(CH2)3CHo- 75

2d Cyc Me Me 70

2e Mecyc Me Me 67

2t t-Bu Me Me 93

2gb +Bu  tBu H 34

0 Ry _R?
R H1JLR2 l (a) Cyc = cyclohexyl; Mecyc = 1-(1-methyl)
Pyrrolidine cyclohexyl.(b) Reaction would not proceed at room
1 2 R temperature, reflux was required for 24 h. 1o obtain
Scheme 1 appreciable yields.

Nucleophilic attack on the highly polarized exocyclic double bond of fulvenes followed by hydrolysis to
produce the corresponding monosubstituted-1,3-cyclopentadienes has been known for some time.* We
conceived that the addition of nucleophiles to 2-substituted-6,6-dialkylfulvenes would offer a regioselective
synthesis of sterically congested disubstituted-1,3-cyclopentadienes. 2-Substituted-6,6- pentafulvenes have been
previously synthesized, however a mixture of 1- and 2- positional isomers is often obtained. The condensation
of methylcyclopentadiene with acetone and potassium hydroxide in ethanol generates a mixture of the 1 and 2
substituted fulvenes in a 3:1 ratio.> However, monosubstituted-1,3-cyclopentadienes containing bulky
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substituents afford 2-substituted-6,6-pentafulvenes exclusively. This is exemplified by the previous synthesis of
2-iso-propyl-6,6-pentamethylenefulvene in which the regiochemistry was confirmed via the *H NMR of its
Diels-Alder adduct with methyl propiolate.®

A series of 2-substituted-6,6-dialkylfulvenes has been prepared by the condensation of a monosubstituted-1,3-
cyclopentadiene with carbonyl compounds in the presence of pyrrolidine’ (Scheme 1). The products were
obtained in excellent yields and have been characterized by their ‘H NMR, *C NMR, IR and UV-Vis spectra.?
The results are listed in Table 1.

In order to confirm the position of the substituent in 2a-g, the compounds were converted to their Diels-Alder
adducts gvith tetracyanoethylene. In each case, 2-substitution was confirmed via the *H NMR of the TCNE
adducts.

Nucleophilic addition to the exocyclic double bond of 2substituted-6,6-dialkylfulvenes provides an exceptional
route to disubstituted-1,3-cyclopentadienes with exact regiospecificity. A number of symmetrically and
unsymmetrically disubstitutedcyclopentadienes were prepared by this method as mixtures of double bond
isomers (Scheme 2). These have been characterized by *H NMR, IR and UV-Vis spectroscopies.'® The
synthetic details are listed in Table 2.

Table 2
Synthesis of Disubstituted-1.3-cyclopentadienes®

Fulvene Nucleophilic 1,3-cyclopentadiene,@ Yield, %

Reagent CsH4RR'
2a LiAlH4 3a, R=R'=Cyc 76
2b CHa Li 3b, R =R'=Mecyc 67
2c LiAlH4 3¢, R=1-Bu; R'=Cyc 70
2d LiAlH4 3d, R=Cyc; R =|-Pr 80
R\ R? 2e CHzLi  3c,R=Cyc; R'=1Bu 86
| Nucleophilic H\gﬂ’ of LiAHg 31, R=1Bu; R'=[-Pr 70
Reagent 2g LAHs 39, R=1Bu; R'=CHatBu 70
2 R 3
Scheme 2 a} Cyc = Cyclohexyl; Mecye = 1-(1-methyl)cyclohexyl

Compounds 3a-g were obtained in very good yields, for example: The addition of a diethyl ether solution of 2-
cyclohexyl-6,6-pentamethylenefulvene to lithium aluminum hydride followed by hydrolysis affords 3a in 76%
yield. Compound 3a has been independently synthesized in 35% yield via the method of Neuenschwander et.
al," The preparation of fulvenes followed by nucleophilic addition is a more efficient method for the
generation of disubstituted-1,3- cyclopentadienes.

In summary, we have shown that a relatively new class of fulvenes, 2-substituted-6,6-dialkylfulvenes, can be
prepared in high yield and converted to disubstituted-1,3- cyclopentadienes with exact regiospecificity. These
disubstituted-1,3-cyclopentadienes have been used to form transition metal compounds with novel results.*?
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