Pure Appl. Chem., Vol. 72, No. 9, pp. 1715-1719, 2000.
© 2000 IUPAC

Titanacyclopropanes as versatile intermediates
for carbon—carbon bond formation in reactions
with unsaturated compounds*
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Abstract: Dialkoxytitanacyclopropane intermediates [or titanium (I1)-olefin complexes] gen-
eratedin situ from ethylmagnesium bromide and titanium (IV) isopropoxide react with
allylic alcohols and allylic ethers to afforg,& allylic ethylation products. The reaction pro-
ceeds with high regioselectivity and with low to htgdns-/cis-stereoselectivity. This obser-
vation and others suggest a reaction mechanism involving an EtMgBr-initiated formation of
titanacyclopentane ate compl&® from titanacyclopropane-olefin compl&xas a key step.
Based on this assumption, a modified mechanism of titanium-mediated cyclopropanation of
esters with Grignard reagents is proposed.

INTRODUCTION

Bis(pentamethylcyclopentadienyl)titanium-etylene complex has been prepared for the first time by
Bercaw and coworkers in 1983 by the reduction d; @I, with sodium amalgam in the presence of
ethylene. The X-ray and reactivity patterns characterize the structure of the compound as an intermedi-
ate between Ti (II) ethylene and Ti (IV) metallacyclopropane limiting structures [1]. Some years ago
[2] we found that the reaction of excess ethylmagnesium bromide with esters in the presence of tita-
nium (V) isopropoxide produces 1-substituted cyclopropatplend the formation of a key diiso-
propoxytitanacyclopropane intermedi&é&om diethyltitanium precursa (Fig. 1) has been postula-
ted.

Titanacyclopropane intermediates substituted at carbon atom can be generated using either
higher homologues of ethylmagnesium bromide [3], or ligand exchange reactions [4].
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*Lecture presented at the Wanternational Conference on Organic Synthesis (ICOS-13), Warsaw, Poland, 1-5 July 2000. Other
presentations are published in this issue, pp. 1577-1797.
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During the last five years, several research groups have performed a number of useful synthetic
transformations based on generation of titanacyclopropane intermediates from Grignard reagents and
titanium (1V) alkoxides. The most important results have been obtained using these reagents in trans-
formations where C-C bonds are formed, for example, in syntheses of aminocyclopropanes [5], inter-
or intramolecular hydroxy- or aminocyclopropanation of alkenes [6,7], olefin or acetylene couplings
[8], as well as in generation of allyltitanium species [9].

ETHYLATION OF ALLYLIC ALCOHOLS AND ETHERS

We have found recently that the interaction of titanacyclopropane reagents with allylic alcohols and
allylic ethers is also accompanied by the C-C bond formation, yielding fog@ap®ducts of dis-
placement of hydroxy or alkoxy leaving group by an alkyl group [10]. This reaction proceeds most
smoothly ify-substituted allylic alcohols are used in reaction with a honsubstituted titanacyclopropane
reagent2. Thus, the treatment of allylic alcohéh with 4 equiv of EtMgBr and 1 equiv of Ti{&Pr),

at room temperature affords a nearly equimolecular mixture of isomisriandtrans alkeness in

87% yield (Fig. 2). The same reaction of etbrwith 3 equiv of EtMgBr and 1 equiv of Ti{cdr),

gives a mixture (30:70) dfis- andtrans-alkenes5, and, in the case of tetrahydropyranyl ethera

more than 90% stereoselectivity in favortiains-alkene5 is observed.

Capsaicin (II) synthesis

The synthetic utility of this highly regioselective and stereoselective carbon—carbon bond-forming reac-
tion is demonstrated by a simple synthesis of capsaici [11}], which we have performed according
to the following scheme (Fig. 3).
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Mechanistic considerations

By analogy with the mechanism of zirconium-catalyzed reactions of organomagnesium compounds
with alkenes [12], the formation of alkeBefrom allylic derivatives4 could be assumed to proceed
through formation of a titanacyclopropane-olefin compgefollowed by rearrangement into titanacy-
clopentane specigsand splitting of vicinal C—Ti and C-O- single bonds, giving an alkenyl titanium
intermediated (Fig. 4). However, all our attempts to trap the organotitanium comp®bydeactions

with various electrophiles 4l O,, PhCHO) were unsuccessful, and only trace amounts of the corre-
sponding products were detected. Moreover, the fact that three or more equivalents of EtMgBr are nec-
essary for a complete consumption of the subs#ragalifficult to account for by this mechanism.

The above-mentioned inconsistencies could be explained by a modified reaction mechanism
including the reaction of titanacyclopropane-olefin comflaith EtMgBr leading to the formation of
titanacyclopentane ate compl&f (Fig. 5). The latter transforms further by intramolecular 1,2-elimi-
nation reaction into an unstable dialkyltitanium derivathdewhich decomposes into titanacyclo-
propane? and alkenéb. If the alkoxide group at titanium is considered to be a 6e ligand, it could be
concluded that the ate complé®, as well as the titanacyclopropane-olefin comptgxare 18e
organometallic species, whereas the titanacyclope@&a 16e organometallic species. We assume
that this circumstance could be a factor favoring the formation of the ate cdlfElexcompared with
titanacyclopentans.
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The intermediate formation of dialkyltitanium species as alkene precursors is confirmed by
obtaining 1,4-dienel? in the reaction of allylic alcohofla with 1 equiv of EtMgBr, 1 equiv of
Ti(Oi-Pr),, and 3 equiv of MeMgl (Fig. 6). It is obvious that the formation of vinylation prob2iot
this reaction is due to the presencgddfydrogen atoms only in alkenyl substituent of dialkyltitanium
intermediatel3.

Modified mechanism of cyclopropanation of esters

Expansion of the assumption on the EtMgBr-initiated formation of titanacyclopentane ate complexes
onto titanium-mediated cyclopropanation of esters with Grignard reagents enabled us to propose a
refinement of the original reaction mechanism. Thus, the formation of oxatitanacyclopentane ate com-
plex 14 could also be initiated by the interaction of EtMgBr with titanacyclopropane-ester cobplex
(Fig. 7). Subsequent rearrangement of oxatitanacyclopefthi/do homoenolate equivaledb by
intramolecular ligand exchange at titanium followed by cyclization gives titanium cycloprogokide
Alkylation of the latter with EtMgBr results in diethyltitanium derivat®eand the catalytic cycle is
completed. After hydrolysis of magnesium alkoxid; the respective 1-substituted cyclopropahis
formed. This refinement, as it seems, provides an explanation of the experimental data that could not
find an adequate interpretation in the framework of the original mechanism. Thus, the necessity of using
3 equiv of Grignard reagent for cyclopropanation of carboxylic esters and dialkylamides in the noncat-
alytic version of this reaction is caused by the consumption of an additional equivalent for the forma-
tion of the ate complek4, which further transforms into the reaction products.

Furthermore, this mechanism explains higher reactivity of titanacyclopropane intermgdimates
comparison with usual alkyltitanium compounds that do not react with carboxylic esters and dial-
kylamides at ambient temperatures.
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