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ABSTRACT

Acylcyclopropanemethanol tosylates undergo rapid ring opening at room temperature by the action of lithium telluride to produce the enolate
of a homoallylic ketone. The enolate can be protonated to yield the corresponding ketone or treated with benzaldehyde to give the aldol
product with good syn or anti diastereoselectivity depending on the conditions.

The synthetically useful nucleophilic ring openings of
cyclopropanes activated by substitution with electron-
withdrawing groups have been investigated extensively since
the discovery by Perkin and Bone.2,3 While both inter- and
intramolecular nucleophilic reactions of diactivated cyclo-
propanes are common,3,4 those of monoactivated rings are
somewhat rarer, often requiring either a very strong
nucleophile,5-10 electrophilic (Lewis acid) catalysis (carbo-

cations are likely to be involved),11-14 the involvement of
strain or spiroconjugation,7,15 or a facile, intramolecular
process.14,16 Unactivated cyclopropylmethyllithium species
undergo ring opening to allylic alkyllithium intermediates
that are trapped by reaction with electrophiles.17
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Tellurium-triggered rupture of the three-membered rings
of chloromethyloxiranes,18 mesylates or tosylates of oxi-
ranemethanols,19 and aziridinemethanols20 and a related
reaction of 5-hydroxymethyl-2-oxazolidinone derivatives21

provide syntheses of allylic alcohols and amines (Scheme
1). These reactions exemplify the use of nontoxic22 elemental

tellurium to create the equivalent of a nucleophilic carbanion
exocyclic to an oxirane, aziridine, or oxazolidinone ring
without the requirement of a silicon or organolithium
exocyclic functional group. A bonus is the recovery and reuse
of the key tellurium reagent.

We reasoned that this process, designated “nucleophilic
reduction”,19c could also be applied to cyclopropanemethanol
derivatives. In fact, nucleophilic ring-opening of a cyclo-
propane ring was observed upon treatment of thep-
toluenesulfonate of 1-[2-(hydroxymethyl)cyclopropyl]-2,2-
dimethyl-1-propanone (2a) and related compounds with
lithium telluride, prepared by reduction of tellurium powder
with lithium triethylborohydride,23 to give the enolates of
homoallylic ketones3a-d (Scheme 2, Table 1).

This telluride-triggered generation of enolates of alkyl or
aryl 3-butenyl ketones does not require a strong base (e.g.,

LDA) or, as with silylmethylcyclopropyl ketones, an elec-
trophile such as titanium tetrachloride.14 The byproducts
are elemental tellurium (reusable) and lithium tosylate.
Enolates have been obtained also fromR-halocarbonyl
compounds and various tellurides;24 the acylcyclopropane-
methanol tosylates2a-d may be considered as “cyclo-
propanalogues”,25 similar to vinylogues ofR-haloketones in
which the carbon-carbon double bond (C2H2) of a vinylog
is replaced by the cyclopropane ring (C3H4).
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Scheme 1. Allylic Alcohols and Amines by Telluride-Induced
Nucleophilic Reduction

Scheme 2. Nucleophilic Reduction of2a-d with Telluride
Ion

Table 1. Nucleophilic Reduction of Cyclopropanemethanol
Tosylates by Lithium Telluridea

a All reactions were performed at room temperature on a 0.5 mmol scale
with the use of 1.1 equiv of lithium telluride.b Isolated yields unless
otherwise noted. All yields are based on the alcohols1a-f. See Supporting
Information for details.c Yield determined by GC-MS analysis of the crude
reaction mixture.d As evidenced by the1H NMR spectrum of the crude
reaction mixture.
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The spirocyclopentadienyl derivative2e (Table 1, entry
5) underwent ring opening to give a mixture of 1- and 2-allyl-
1,3-cyclopentadienes5a,b.26 The 600 MHz1H NMR spec-
trum of the mixture allowed sufficient separation of the
chemical shifts of the two isomers for determination of the
isomer ratio of about 60:40 in favor of 2-allylcyclopenta-
diene.26 The facile ring-opening of the spirocyclopentadiene
is attributed to the stability of the cyclopentadienyl anion.
The reaction of (2-phenylcyclopropyl)methanol tosylate2f
with telluride ion is different, yielding mainly unstable
telluride 7 (84%) with perhaps a trace of the ring-opened
product, 3-butenylbenzene6 (Table 1, entry 6). The forma-
tion of a relatively less stable benzyl anion apparently is not
favored.

The use of other reducing agents for tellurium gave lower
yields of3aand often required longer reaction times: sodium
borohydride-water-benzene phase transfer catalyst (PTC),20b

2 h (17% plus isomers from migration of the double bond);
rongalite-NaOH-water-benzene PTC,19d 3 h (15-17%
plus products of double-bond migration); sodium hydride-
DMF,27 12 h (20%, complicated by reaction of Na2Te with
DMF27,28); sodium naphthalenide-THF,29 20 min (44%). We
have previously reported that the method of reduction of
tellurium could alter the outcome of some tellurium-triggered
reactions.19c Catalytic amounts (10 mol %) of tellurium with
stoichiometric LiEt3BH may be used, but the reaction is
slower (12 h) and the yield of3a is lower (50%). The
presence of the Lewis acids, lithium ion, and triethylborane
(a byproduct in the reduction of tellurium) apparently is
helpful since the reaction seems to be somewhat inhibited
by the Lewis base, fluoride ion. The reaction of2a with
lithium telluride in the presence of tetrabutylammonium
fluoride was slower and gave a lower yield of3a (60% for
15 h vs 90% for 25 min, Table 1, entry 1). This result also
may be caused by some depletion of the telluride ion by
reaction with the quaternary salt.

The reaction pathway for the nucleophilic ring opening
may be rationalized by initial substitution of the tosylate

group by telluride ion to give the monoalkyltelluride ion8
(which in the case of2f leads to telluride7). Then, 8
undergoes intramolecular nucleophilic attack on the cyclo-
propane ring to give the unstable epitelluride intermediate
9, which readily eliminates elemental tellurium to form
enolate10, which is protonated during workup (Scheme 3).

The enolate from2a can be trapped by reaction with
benzaldehyde to givesyn-andanti-aldol products11a14 and
11b,30 respectively, in 75-91% yield. Diastereoselectivity
of this aldol reaction varies depending on the temperature
and reaction time. The highly diastereoselective formation
of the syn-aldol11a is kinetically controlled and observed
at low temperature, whereas the thermodynamically favored
anti-aldol 11b, resulting from a slow equilibration through
a retroaldol reaction, is formed at higher temperature, also
with a high degree of diastereoselectivity (Scheme 4). This

behavior closely resembles the aldol reaction oftert-butyl
n-butyl ketone with benzaldehyde reported by Heathcock and
Lampe.31 The aldol products11a,balso have been obtained
by treatment of trimethylsilylmethylcyclopropyltert-butyl
ketone and benzaldehyde with titanium tetrachloride at-78
°C (70%, anti/syn) 1:11), with BF3‚Et2O (34%, anti/syn)
1.7:1), and with SnCl4 (40%, anti/syn) 1:2).14

No reaction is observed under the conditions shown in
Scheme 2 if the acylcyclopropanemethanol1b is used instead
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Scheme 3. Mechanism for the Telluride-Triggered
Nucleophilic Ring Opening of Cyclopropanes

Scheme 4. Aldol Reaction of the Enolate Generated from2a
with Telluride Ion
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of the tosylate2b. This observation eliminates the possibility
that ring-opening occurs by one-electron transfer from
telluride ion to the carbonyl group to form a ketyl, but
it does not rule out intramolecular electron transfer
(Scheme 5). No significant difference in reactivity between

cis- and trans-cyclopropane isomers in a mixture of both
(mainly cis-isomer) was observed under the reaction condi-
tions used.

In conclusion, a novel nucleophilic intramolecular cyclo-
propane ring opening triggered by telluride ion has been
observed. The key reagent, elemental tellurium, is recovered
and can be reused. In addition, this reaction illustrates a
method of enolate generation without the use of strong bases
or strong Lewis acids. Further studies on the scope and
limitations of this method are currently underway.
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Scheme 5. Possible One-Electron Transfer Mechanism
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