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Synthesis and reactivity of 1-hydroxyspiro[2.5]cyclooct-4-en-3-ones
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Abstract—The first 1-hydroxyspiro[2.5]cyclooct-4-en-3-ones were prepared by cyclization of free and masked 1,3-dicarbonyl dia-
nions with 1,1-diacetylcyclopropane. 1-Hydroxyspiro[2.5]cyclooct-4-en-3-ones represent precursors of unstable spiro[5.2]cycloocta-
4,7-dien-6-ones and reactions with a number of nucleophiles were studied. The reactions are enhanced by dynamic spiro-activation.
� 2004 Elsevier Ltd. All rights reserved.
Acceptor substituted cyclopropanes represent important
building blocks in homo Michael reactions with various
nucleophiles.1;2 In this context, spiro[2.5]cycloocta-4,7-
dien-6-ones are of considerable interest; they can be
regarded as vinylogous ketone substituted cyclopro-
panes. The rather unstable parent compound has been
previously prepared, however, in only 2–4% yield.3b;4c

In contrast, ether solutions (10�3 M) proved to be
more stable and reactions with HBr, LiAlH4 or NaOMe
have been reported to give phenols.3 A number of
substituted spiro[2.5]cycloocta-4,7-dien-6-one have been
reported,4a;b which have been used for photochemical,4c

electrochemical and other transformations.4d This in-
cludes mainly kinetically stabilized, sterically hindered
compounds.4c;d;5 Derivatives with aromatic rings fused
to the double bonds represent an interesting subclass of
spiro[2.5]cycloocta-4,7-dien-6-ones, which have been
used during the synthesis of natural products, such as
CC-1065 or duocarmycin SA.6 In fact, the spiro[2.5]cy-
cloocta-4,7-dien-6-one moiety plays an important role
for the strong antitumour activity of these compounds.
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We have recently reported the TiCl4 mediated cycliza-
tion of 1,3-bis-silyl enol ethers with 1,1-diacetylcyclo-
propane.7 This reaction proceeds by TiCl4 mediated
cyclization, subsequent TiCl4 mediated cyclopropylcar-
binylfi homoallyl rearrangement to give phenols with
chlorinated side chain. Herein we report the synthesis of
1-hydroxyspiro[2.5]cyclooct-4-en-3-ones by cyclization
of free and masked 1,3-dicarbonyl dianions with
1,1-diacetylcyclopropane.The reactionof1-hydroxyspiro-
[2.5]cyclooct-4-en-3-ones, which represent stable pre-
cursors of (unstable) acceptor-substituted spiro[2.5]cy-
cloocta-4,7-dien-6-ones, with a variety of nucleophiles
was studied. The products, functionalized salicylates,
are of considerable pharmacological relevance and occur in
a variety of natural products and their analogues (e.g.,
salicylic acids, esters and glycosides) and in synthetic
drugs (e.g., aspirin�).8 These products are mostly not
available by direct cyclization of bis-silyl enol ethers
with 1,1-diacylcyclopropanes. The work reported herein
offers a convenient approach to functionalized
spiro[2.5]cyclooct-4-en-3-ones and represents a signifi-
cant extension of known syntheses of functionalized
salicylates.

The cyclization of the dianions of methyl acetoacetate
and acetylacetone, generated by LDA,9 with 1,1-di-
acetylcyclopropane (3)10 afforded the 1-hydroxy-
spiro[5.2]cyclooct-4-en-3-ones 4b and 4d, respectively.
During the optimization, the use of an excess of the
dianion (2 equiv) proved to be an important parameter.
The application of 1,3-bis-silyl enol ethers 2, which can
be regarded as masked dianions,11;12 was studied next.
The cyclization of 2a with 3 in the presence of TiCl4
(0.3–0.5 equiv) allowed the synthesis of 1-hydroxy-
spiro[5.2]cyclooct-4-en-3-one 4a in 50% yield.13 The use
of more than 0.5 equiv of TiCl4 resulted in cleavage of
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Table 1. Reactions of spiro[5.2]cyclooctenones 4

5 R1 R2 Conditions % (5)a

a OiPr O2CCF3 TFA, CH2Cl2 95

b OMe F TiF4, CH2Cl2 26

c OEt F Bu4NF, CH2Cl2,

BF3ÆOEt2

0

d OiPr Cl TiCl4, CH2Cl2 53

e OEt Cl Bu4NCl, CH2Cl2,

BF3ÆOEt2

84

f OEt Br TiBr4 94

f OEt Br Bu4NBr, CH2Cl2,

BF3ÆOEt2

96

g OiPr I TiI4, CH2Cl2 47

h OMe I Et4NI, CH2Cl2,

BF3ÆOEt2

96

i OEt OTos TsOH, CH2Cl2 61

j OEt OAc AcOH, CH2Cl2,

BF3ÆOEt2

79

k OMe OH H2SO4, MeOH 40

l OiPr OEt BF3ÆOEt2, EtOH 61

m OMe OPh PhOH, TFA,

CH2Cl2

57

n OiPr SPh PhSH, TFA 70

o OEt CH@CH2 BrMgCH@CH2,

THF, BF3 ÆOEt2,

CH2Cl2

33

aYield of isolated product.
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Scheme 3. Synthesis of functionalized salicylates 5.
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the cyclopropane moiety and formation of salicylate 5d
(vide infra). The yield significantly decreased when less
than 0.3 equiv of TiCl4 or a different Lewis acid was
employed. Spiro[5.2]cyclooctenones 4b and 4c were
prepared in 55% and 57% yield, respectively. The acet-
ylacetone derived product 4d was obtained in 15% yield.
Our preliminary results show that the use of dianions is
particularly useful for 1,3-diketones whereas the use of
bis-silyl enol ethers are more suitable for b-ketoesters
(Scheme 1).

Treatment of 4a with trifluoroacetic acid (TFA) resulted
in formation of the trifluoroacetate 5a.14 The formation
of 5a can be explained by elimination of water to give a
spiro[2.5]cycloocta-4,7-dien-6-one, followed by attack of
TFA onto the cyclopropane moiety (Scheme 2). Despite
the poor nucleophilicity of TFA, 5a was isolated in 95%
yield. All attempts to directly prepare 5a by TFA-med-
iated cyclization of 2a with 3 were unsuccessful and
resulted in the formation of complex mixtures.

The reaction of 1-hydroxyspiro[2.5]cyclooct-4-en-3-ones
4 with other nucleophiles was studied (Scheme 3, Table
1). Treatment of a CH2Cl2 solution of 4b with TiF4

afforded the fluoride 5b. Likewise, treatment of 4a with
TiCl4 afforded the chloride 5d in moderate yield. The
reaction of 4c and 4a with TiBr4 and TiI4 afforded the
halides 5f and 5h, respectively. The chlorination of 4c
with Bu4NCl in the presence of calalytic amount of
BF3ÆOEt2 afforded 5e in very good yield. Likewise, the
reaction of 4c and 4b with Bu4NBr and Bu4NI afforded
5f and 5h in high yields, respectively. The reaction of 4c
with Bu4NF in presence of BF3ÆOEt2, however, failed to
give the desired product 5c. Treatment of a CH2Cl2
solution of 4c with p-toluenesulfonic acid (TsOH)
O
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Scheme 2. Reaction of 4a with TFA; (i) TFA, CH2Cl2, 20 �C, 4 h.
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Scheme 1. Synthesis of 1-hydroxyspiro[2.5]cyclooct-4-en-3-ones; (i) 1

(2 equiv), 3 (1 equiv), THF, �78fi 20 �C, 12 h, 20 �C, 12 h, yields: 4b
(R¼OMe): 16%, 4d (R¼Me): 36%; (ii) TiCl4 (0.3 equiv), CH2Cl2,

molecular sieves (4�A), �78fi 20 �C, 12 h, yields: 4a (R¼OiPr): 50%,

4b (R¼OMe): 55%, 4c (R¼OEt): 57%, 4d (R¼Me): 15%.
afforded the tosylate 5i. The reaction of 4c with glacial
acetic acid (AcOH) afforded the acetate 5j. The addition
of BF3ÆOEt2 was required, presumably due to the rela-
tively low acidity of AcOH. The reaction of a methanol
solution of 4b with sulfuric acid afforded the alcohol 5k
rather than the expected methyl ether. In contrast, the
ethyl ether 5l was obtained by reaction of 4a with eth-
anol in the presence of BF3ÆOEt2. The replacement of
the latter by TFA resulted in formation of 5l, however,
in low yield. In contrast, the TFA-mediated reaction of
4b with hydroxybenzene gave the ether 5m. Likewise,
the TFA-mediated reaction of 4a with thiohydroxy-
benzene afforded the sulfide 5n. The BF3ÆOEt2 mediated
O
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O
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reaction of 4c with vinyl magnesium bromide afforded
5o.

Reactions of acceptor substituted cyclopropanes have
been discussed by Danishefsky in terms of ‘strictly
nucleophilic ring openings’, ‘electrophilically assisted
ring openings’ and ‘spiro-activation’.2 According to
Zefirov et al.15 the reactions reported herein can be
classified as being enhanced by ‘dynamic spiro-activa-
tion’, which allows a rationale of the unusually15 mild
cyclopropane ring opening.
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