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Abstract—Spirocyclic butenolides were efficiently prepared by a ring closing metathesis strategy.
� 2007 Elsevier Ltd. All rights reserved.

1. Introduction

Spirocyclic butenolides are of biological relevance and are
present in a variety of pharmacologically relevant natural
products, such as chlorotricolide,1a,b hydnuferruginine2 or
andirolactone (Fig. 1).3 A general synthetic approach to
spirobutenolides relies on the addition of lithium (Z)-3-
lithioacrylates to aldehydes and ketones.4 Other syntheses
of spirobutenolides, such as andirolactone, rely on the appli-
cation of radical cyclisations,5 the propynoate/cuprate
method,6 palladium-catalysed cyclisations7 and other
methods.8 Mark�o and Maulide reported the synthesis of
spirocyclic butenolides based on the use of 2-(trimethylsilyl-
oxy)furan as a dianion equivalent.9 The ring closing meta-
thesis (RCM) reaction has found widespread applications
in the synthesis of oxygen and nitrogen heterocycles.10 In
this context, the synthesis of pyrans11 and butenolides was
reported.12,13 Some years ago, we reported the first applica-
tion of RCM to the synthesis of spirocyclic butenolides.14

Recently, Li et al. reported15 a potent synthesis of andirolac-
tone using RCM. Herein, we report full details of our studies.

2. Results and discussion

The reaction of cyclohexanone, cyclopentanone, cyclohep-
tanone, cyclooctanone, cyclodecanone and cyclododeca-
none with vinylmagnesium bromide afforded the alcohols
2a–f, which were transformed, by treatment with acrylic
acid chloride, into the esters 3a–f (Scheme 1, Table 1).16

Ring closing metathesis, using Grubbs’ generation I catalyst

(4) in the presence of catalytic amounts of Ti(OiPr)4

(F€urstner conditions),17 afforded the spirocyclic butenolides
5a–f. The reaction of vinylmagnesium bromide with 2-meth-
ylcyclohexanone afforded the known18 alcohol 2g with very
good diastereoselectivity. The latter was transformed, via ac-
rylate 3g, into butenolide 5g. Acrylate 3h was prepared from
4-phenylcyclohexanone in one step by reaction of the latter
with vinylmagnesium bromide and subsequent addition of
acrylic acid chloride to the reaction mixture. Ring closing
metathesis afforded butenolide 5h as a diastereomeric mix-
ture (dr¼3:1). Acrylate 3i was prepared in one step from
2,6-dimethylcyclohexanone. However, the ring closing me-
tathesis proved to be unsuccessful, presumably due to steric
effects. Starting with adamantanone, acrylate 3j was pre-
pared and transformed into the known19 butenolide 5j
(Scheme 2). Butenolide 5k was prepared from a-tetralone
(Scheme 3).20 Starting with fluorenone, acrylate 3l was pre-
pared (Scheme 4). However, the ring closing metathesis
proved to be unsuccessful under a variety of conditions.

In summary, we reported the synthesis of pharmacologically
relevant spirocyclic butenolides. A brief comparison of our
method with the one reported by Caine seems to be appropri-
ate. The reaction of cyclohexanone with 3-bromoacrylic acid
afforded spirobutenolide 5a in 48% yield. This compound is
obtained by our method in only 20% yield over 3 steps. On
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Figure 1. Andirolactone.
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the other hand, the methods reported herein complement
the method of Caine, since a Grignard rather than a (highly
reactive and very basic) dilithio reagent was employed. It
was recently shown by Li et al.15 that spirocyclic butenolides

containing a substituent at the double bond can be prepared.
This is advantageous, since substituted 3-bromoacrylates are
not always readily available.

3. Experimental section

3.1. General procedure for the synthesis
of vinylalcohols 2

To a THF solution of ketone 1 was added vinylmagnesium
bromide (1 M solution in THF). After stirring for 16 h at
20 �C, an aqueous solution of NH4Cl (50 ml, 1 M) was
added. The organic and the aqueous layers were separated
and the latter was extracted with ether (3�50 ml). The com-
bined organic layers were dried (MgSO4), filtered and the
filtrate was concentrated in vacuo. The residue was purified
by chromatography (silica gel, petroleum ether/ether¼10:1).
Due to their unstable nature, compounds 2 had to be used
immediately after their preparation. Elemental analyses
and high-resolution mass data could, in some cases, not be
obtained.

Table 1. Products and yields

n R1 R2 R3 Yielda (%)

2 3 5

a 1 H H H 83 43 57
b 0 H H H 58 48 66
c 2 H H H 66 58 76
d 3 H H H 74 45 78
e 5 H H H 59 42 63
f 7 H H H 80 71 70
g 1 Me H H 45b 30c (85)d 80c

h 1 H Ph H 25e 35e 80f

i 1 Me H Me — 44g 0h

a Isolated yields.
b dr>98:2.
c dr>98:2.
d Sequential addition of H2C]CHMgBr and H2C]CH(CO)Cl to 1g at

0 �C (no isolation of 2g), dr¼10:1.
e Sequential addition of H2C]CHMgBr and H2C]CH(CO)Cl to 1h at

0 �C (no isolation of 2h), dr¼3:1 (assignment arbitrary).
f dr¼3:1 (assignment arbitrary).
g Sequential addition of H2C]CHMgBr and H2C]CH(CO)Cl to 1i at

0 �C (no isolation of 2i), dr¼10:1.
h No conversion, adduct was recovered.

( )n

R3 R1

R2

O

R3 R1

R2

R3 R1

R2

HO

O

O

R3 R1

R2

O

O

Ru
Ph

PCy3

PCy3

Cl
Cl

4

1a-i 2a-i

3a-i5a-h

i

ii

iii

4

( )n

( )n( )n

Scheme 1. Synthesis of butenolides 5a–h. (i) H2C]CHMgBr, THF, 0 �C,
16 h; (ii) H2C]CH(CO)Cl, NEt3, Et2O, 0 �C, 16 h; (iii) 4 (10 mol %),
Ti(OiPr)4 (15 mol %), CH2Cl2, 35 �C, 48 h.
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Scheme 2. Synthesis of butenolide 5j. (i) (1) H2C]CHMgBr, THF, 0 �C,
16 h; (2) H2C]CH(CO)Cl, 0 �C, 16 h; (ii) 4 (10 mol %), Ti(OiPr)4

(15 mol %), CH2Cl2, 35 �C, 48 h.
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Scheme 3. Synthesis of butenolide 5k. (i) H2C]CHMgBr, THF, 0 �C, 16 h;
(ii) H2C]CH(CO)Cl, NEt3, Et2O, 0 �C, 16 h; (iii) 4 (5 mol %), Ti(OiPr)4

(15 mol %), CH2Cl2, 35 �C, 48 h, yield: 61% based on recovered starting
material.
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Scheme 4. Attempted synthesis of butenolide 5l. (i) H2C]CHMgBr, THF,
0 �C, 16 h; (ii) H2C]CH(CO)Cl, NEt3, Et2O, 0 �C, 16 h; (iii) 4 (5 mol %),
Ti(OiPr)4 (15 mol %), CH2Cl2, 35 �C, 48 h.
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