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Abstract: This short review covers some useful synthetic transformations mediated by group 6

Fischer alkoxy carbene complexes. Alkenyl carbene complexes derived from (±)-8-phenyl-

menthol are suitable Michael acceptors towards organolithium reagents -alkyllithium and

lithium enolate derivatives-yielding ultimately b-alkyl substituted aldehydes with 80±98%

enantiomeric excess. The reaction of (menthyloxy)aryl carbene complexes with sBuLi and

tBuLi resulted in clean dearomatization leading to 1,4-cyclohexadiene derivatives. If alkynyl

lithium, instead of alkyllithium, compounds are reacted with aryl carbene complexes different

products -furans, propargyl ethers, alkoxyindenes are selectively produced. Enamines derived

from (S)-methoxymethylpyrrolidine and both aldehydes and ketones react with alkenyl

carbenes to afford with very high selectivity [3�2] cycloadducts which are elaborated into

useful, enantiopure 3,4-disubstituted cyclopentanones and 2,3-disubstituted 2-cyclopente-

nones, respectively. The [4�3] carbocyclization occurs from alkenyl carbene complexes and

2-aminobutadiene derivatives, while the analogous heterocyclization can be accomplished

from various types of azabutadienes and both alkenyl and alkynyl derivatives. Ef®cient

structural modi®cations of terpenes can be done using boroxycarbene complexes via C±H

insertion reactions. Finally, representative examples of cyclopropanation of electronically

neutral alkenes with Fischer carbene complexes are provided.

INTRODUCTION

Since their discovery by Fischer & MaasboÈl [1], group 6 Fischer carbene complexes have been

demonstrated as highly valuable building blocks for the construction of organic molecules [2]. For

instance, organotransition-metal compounds, in general, and Fischer carbene complexes, in particular,

offer many interesting possibilities to build carbocyclic and heterocyclic frameworks not readily

accessible through conventional routes. Following, some recent examples are described that re¯ect the

potential of Fischer carbene complexes for making carbon-carbon and carbon-heteroatom bonds. These

processes resulted in the selective formation of various types of acyclic and cyclic molecules.

RESULTS AND DISCUSSION

1. Addition of organolithium derivatives to Fischer alkenyl carbene complexes

We found that chiral, nonracemic chromium carbene complexes derived from (±)-8-phenylmenthol are

suitable substrates for the ef®cient Michael-type addition of organolithium reagents. For instance, alkyl

and aryl lithiums smoothly react with carbene complexes affording the addition compounds with

excellent diastereoselectivity. Removal of the metal fragment leading to enantiopure aldehydes can be

*Lecture presented at the 10th IUPAC Symposium on Organo-Metallic Chemistry Directed Towards Organic

Synthesis (OMCOS 10), Versailles, France, 18±22 July 1999, pp. 1381±1547.

Correspondence: E-mail: barluenga@sauron.quimica.uniovi.es



accomplished via: (i) treatment with HBr, or (ii) formation of the enol ether followed by acid hydrolysis

[3] (Scheme 1).

Interestingly, lithium ketone enolates behaved similarly leading to the corresponding functionalized

adducts as a sole diastereoisomer in most cases [3]. The sequence presented in Scheme 2 illustrates the

Michael addition, methyllithium-to-carbonyl addition and lactone formation. Chemical yields as well as

diastereo and facial selectivity for representative examples are given in the Table.

2. Addition of organolithium derivatives to Fischer aryl carbene complexes

In spite that aryl(methoxy) carbene complexes undergo methoxy displacement processes when reacted

with organolithium compounds, the use of bulky alkoxy groups, e.g. menthyloxy and 8-phenylmenthy-

loxy, resulted in the nucleophilic attack onto the aryl group affording ultimately dearomatized adducts [4]

(Scheme 3). Thus, we found that sBuLi and tBuLi add regioselectively to the phenyl(menthyloxy)carbene

complex of chromium at the para position. The resulting intermediate was regioselectively trapped with

methyl tri¯ate yielding 1,4-cyclohexadiene derivatives after oxidation of the carbene functionality.

Unexpectedly, the reaction followed a different reactivity pattern when lithium acetylides are involved

[5] (Scheme 4). Thus, phenylalkynyllithium is capable to add at low temperature to the carbene function

of the aryl carbene complex forming A. This propargyl carbanion-type intermediate could be
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regioselectively trapped with electrophiles. At ±40 8C this species reacts with benzaldehyde at C-3 giving

ultimately 2,3,5-triphenylfuran (via allene C). Upon warming to 0 8C, the intermediate A suffers [1,3]-

W(CO)5 migration to form the allene carbanion-type intermediate B which could be quenched again with

various electrophiles at C-1 and C-2 to afford propargyl ether D and indene (via F) derivatives, respectively.

3. Reaction of Fischer alkenyl carbene complexes with enamines: [3�2]
carbocyclization

The strong electron-withdrawing character of the M(CO)5 group makes Fischer alkenyl carbene

complexes more suitable substrates to react with much less nucleophilic reagents, e.g. enamines, than

organolithium systems [6]. Aldehyde enamines derived from (S)-2-methoxymethylpyrrolidine were

found to undergo regio-, diastereo- and enantioselective [3�2] cycloaddition furnishing substituted 1-

alkoxy-5-aminocyclopentenes. Enol ether hydrolysis and SmI2-mediated deamination gave 3,4-

disubstituted cyclopentanones with excellent enantiomer excess and good overall yield (Scheme 5).

Regarding the reaction pathway, the whole process involves conjugated addition of the Cb-enamine

followed by ring closure and reductive metal elimination.
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In turn, the ketone enamines analogs provided 1-methoxy-4-aminocyclopentenes on reaction with

(E)-(3-furyl-1-methoxy-2-propenylidene)pentacarbonyltungsten (Scheme 6). In this case, addition of the

Cb-enamine to the carbene carbon followed by [1,2]-W(CO)5 migration-induced cyclization and

reductive metal elimination accounts well for the observed product. Acid hydrolysis readily converted the

cycloadducts thus obtained into 2-cyclopentenones with high enantiomeric purity.

4. [4�3] Carbo- and heterocyclization reactions of Fischer alkenyl carbene complexes

Although a few examples of the [4�3] carbocyclization of alkenyl carbene complexes and 1,3-dienes had

been reported, we brought about in 1994 the ®rst enantioselective version employing homochiral

2-aminodienes [7]. The treatment of (S)-2-methoxymethylpyrrolidine-derived 1,3-butadienes with alkenyl

carbene complexes in acetonitrile at room temperature resulted in the formation of the corresponding

1-amino-6-methoxycycloheptadiene in a totally regio and stereoselective manner. Hydrolysis of the latter

was accomplished by treatment of its solution in THF with 3N HCl (Scheme 7).
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Moreover, the analogous [4�3] heterocyclization has been successfuly effected in our laboratory

starting from either 1-azadiene [8,9] or 2-azadiene derivatives [10]. The cycloaddition of reactive

4-amino-1-aza-1,3-butadienes towards alkenyl carbene complexes went to completion in THF at a

temperature as low as ±40 8C to produce substituted 4,5-dihydro-3H-azepines in 52±91% yield [8].

Monitoring the reaction by NMR allowed to determine various intermediates and to establish the reaction

course outlined in Scheme 8. This mechanism features the following points in the chemistry of Fischer

carbene complexes: (i) the reaction initiates at ±78 8C by nucleophilic 1,2-addition, (ii) the key step

cyclization is triggered by a novel [1,2]-W(CO)5 shift.

Unexpectedly, Fischer alkynyl carbene complexes also were found to react in the same way with

simple 1-azadienes (a,b-unsaturated imines) leading to 2-azepinones after acid hydrolysis [9].

Interestingly, we were able in this case to crystallize the metallated zwitterionic intermediate shown in

Scheme 9 and determine unambiguously its structure by an X-ray analysis.

5. Intramolecular C±H insertion of Fischer-type carbene complexes

Recently we became interested on the behaviour of bimetallic carbene complexes in which the carbene

heteroatom is bound to a second, electron-de®cient, metal [11]. Thus, the treatment of lithium

pentacarbonylmetal acylate intermediates, resulting from addition of organolithium reagents to

hexacarbonylmetal, with chloroborane compounds at ±78 8C gave new boroxycarbene complexes

(Scheme 10). These compounds were then transformed into oxaborolane derivatives which in turn

produced 1,3-diols with acceptable to high yields. Although the diastereoisomeric ratios varied depending

on the structure of the carbene complex and, primarily, on the borane, the combination of (±)-Ipc2-BCl

and alkenyl carbene complexes led to de's higher than 97% in most instances.
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6. Diastereoselective cyclopropanation of unactivated alkenes

Contrary to previous belief, we have reported that electronically neutral alkenes can be ef®ciently

cyclopropanated with Fischer carbene complexes [12]. Although other carbene derivatives are capable of

effecting the [2�1] cycloaddition (2-ferrocenylalkenyl)carbene complexes showed to be superior in

terms of diastereoselectivity (Scheme 11). As a representative example, the cyclopropanation of 1-hexene

with the (methoxy)(2-ferrocenylethenyl)carbene was carried out in DMF at 152 8C to furnish the

corresponding cyclopropane in high yield and 97% de. The ozonolysis of the alkenyl function permitted

to obtain cylopropane aldehydes. Some other cycloadducts prepared are given in Scheme 11.
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