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Carbon-carbon bond-forming reactions of allylic organome-

tallics with electrophiles have been recognized as one of the most

fundamental means in organic synthesis, and a number of
applications for the construction of biologically active molecules
have been reported Normally, allylic organometallics react with
electrophiles at thet- or y-position of a metal center. We have
reported the carboncarbon bond-forming reactions by use of
the allylic and related zirconium species as reactive intermediates.

These zirconium species can be generated by treating allylic ethers

with a zirconocenebutene complex (“CgZr”)® through the
formation of zirconacyclopropane and the followjfiglimination

of the alkoxyl group. Very recently, we reported the preparation
of the y,y-dialkoxyallylic zirconium specie® and its reaction
with aromatic anda,S-unsaturated aldehydes (eg*1)in this
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reaction, addition of the,y-dialkoxyallylic zirconium specieg

to the carbonyl group occurred in SEiode; thus?2 behaved as
ano,S-unsaturated acyl anion equivalent. This zirconium species
2 possibly has two reactive sites: one is thgosition of the
zirconium atom as an allylic zirconium species as reported
previously? and the other is th@-position as a ketene dialkyl
acetaP We found thatunder Lewis acid promoted conditions,
this zirconium specie® reacts with avariety of carbonyl
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Table 1. Reaction ofy,y-Dialkoxyallyliczirconium Species with
Carbonyl Compound under Lewis Acid Promoted Conditions
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aReaction conditions2 (3 mmol based on the ortho estégarbonyl
compound (3.6 mmol), Lewis acid (3.3 mmol), toluene (26 mt}J8
°C to room temperature, 2 h, then NEi(aq).” Relative stereochem-
istries were not determined. Diastereomeric ratio was 1:1 to 2:1.
¢Isolated yield after column chromatography (neutral silica gel).

compounds selectly at thes-position in the first step, followed
by the cyclopropanation reaction to afford the gem-dialkoxycy-
clopropane derniatives4® (eq 2). Furthermore, by treating the
compound with acid (trifluoroacetic acid), thg,y-unsaturated
carboxylic esteb was obtained, which is formally derived when
they,y-dialkoxyallylic zirconium specieg reacts at the-position
of the zirconium atom (eq 3); that i8 can serve as a homoenolate
anion equivalent. We report herein this controlled site-selective
reaction of they,y-dialkoxyallylic zirconium specie? leading
to a new preparative method for tigemdialkoxycyclopropane
derivatives4.

Typical examples are summarized in Table 1. In the presence
of Lewis acid, they,y-diethoxyallylic zirconium specie2,
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prepared from triethyl orthoacrylaté)(with “Cp,Zr”,* smoothly
reacted with aldehydes to afford tgemdiethoxycyclopropane
derivatives4 as a diastereomeric mixtufe The use of Lewis
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7a: R = Phenylethyl, X = H
7b: R = Phenylethyl, X=D
A plausible mechanism for the formation of cyclopropane

derivatives4 is shown in Scheme 1. In the presence of Lewis
acid, the ketene diethyl acetal character overcomes the allylic
zirconium character, and the aldol-type reaction or PateBiehi
reaction of y,y-dialkoxyallylic zirconium specie with the
aldehyde first proceeded at tlfeposition of 2 to afford the
intermediate3.*?> The in situ generated oxocarbenium intermediate

acid brought about a remarkable contrast with respect to not only 8 then smoothly reacts intramolecularly with the alkyl zirconium

the reactivity but also the site-selectivity, sin2etself did not
react with aliphatic aldehydes and the normal allylic zirconium
reaction {-addition) occurred with aromatic er,-unsaturated
aldehydeg. Under the Lewis acid promoted conditions, toluene
was more effective solvent as compared with THF. Regarding
the Lewis acid, when boron trifluoride diethyl ether complex was
employed, the reaction & with 3-phenylpropionaldehyde gave
4ain 75% yield along with a small amount of uncyclized product
7a (entry 1). This result may support the following discussion
for the mechanism of this reaction (vide infra). Trimethylsilyl
trifluoromethanesulfonate (TMSOTf) smoothly promoted the
reaction of2 to afford the compounda in 88% yield without
the formation of7a (entry 3). Similarly, the zirconium speci@s
reacted with not only aliphatic aldehydes but also aromatic
aldehyde to give the cyclopropane derivativéb, (4c, and 4d)
in good vyields (entries 46).° Ketones also reacted with this
reagent to afford the adducté€ 4f), while the adduct was
relatively unstable due to the facile elimination of the hydroxyl
group during the acidic silica gel column chromatography (entries
7 and 8)°

We also examined the reactionigf-dialkoxyallylic zirconium
species2 with a,f-unsaturated carbonyl compounds. Under
TMSOTf-promoted conditions, the 1,4-addition reaction at the
pB-position of 2 with 5-phenylpent-1-en-3-one predominantly
proceeded to afforda in good yield (eq 4} With cycloal-
kenones, 1,4-adduéb and6c were selectively obtained (eq 5).

(8) All new compounds gave satisfactold NMR, *C NMR, IR, and
elemental analysis.

(9) Molecular design of an HMG CoA reductase inhibitor havingea:
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C.; Abeles, R. HJ. Am. Chem. S0d.984 106, 2703.

(10) It would be expected that the ring opening of the compatioan be
Easily promoted by acidic treatment. Indeed, when the compodmead4e
were treated with 50% aqueous trifluoroacetic acid in chloroform at room
temperature, the correspondifig’-unsaturated esteBa (82%, E,Z mixture)
and5e (86%) were obtained, respectively.

(11) In the case ofH)-2-hexenal, a competitive reaction of 1,2-addition
and 1,4-addition was observed in the presence of TMSOTT.

species to form thgemdiethoxycyclopropane derivatives!s

To ascertain the possibility of the existence of the intermediate
8, we examined the deuterium incorporation at the methyl group
in the compound/. Thus, after stirring the,y-diethoxyallylic
zirconium specieg with 3-phenylpropionaldehyde in the presence
of TMSOTf at —78 °C for 5 min, 20% deuterium chloride in
D,0O was added to the reaction mixture. After workup, products
4a and7b were obtained in 44% (diastereomeric ratio, 5:4) and
35% (diastereomeric ratio, 5:3) yield, respectively. Formation
of the compoundrb having a deuterium atom>85%) at the
a-methyl group should support the preexistence of zirconium at
this position, thereby the reaction pathway 4anvolves the
intermediateB.

In summary, we have revealed here the interesting reactivity
of they,y-dialkoxyallylic zirconium specie® in the reaction with
carbonyl compounds. This species reacted with the carbonyl
compound at thg-position of the zirconium atom in the presence
of trimethyl trifluoromethanesulfonate, and themdialkoxycy-
clopropane derivatives could be obtained via the aldol-type or
Paterne-Biichi reaction and the following cyclization. It is
noteworthy that all three carbons in the allylic moiety of this
species can participate in the reaction with the carbonyl com-
pound, and this participation can be controlled by the choice of
reaction conditions.

Supporting Information Available: Experimental details and char-
acterization for all new compounds (7 pages, print/PDF). See any current
masthead page for ordering information and Web access instructions.
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