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Abstract—Lewis-acid catalysed ring-opening of functionalised (cyclopropyl)methylstannane 10, in the presence of aldehydes or
ketones, was found to afford the corresponding aldol adducts in high yields. Subsequent lactonisation under acid catalysis led quan-
titatively to substituted exo-methylene-d-valerolactones, some of them possessing a unique spirocyclic structure.

© 2005 Elsevier Ltd. All rights reserved.

exo-Methylene lactones are ubiquitous fragments in a
wide range of natural products possessing interesting
biological properties. Consequently, a large amount of
research has been devoted towards the efficient synthesis
of such fragments, more specifically towards exo-methyl-
ene-y-butyrolactones and exo-methylene-6-valerolac-
tones.! For example, both of these units are embedded
in the skeleton of vernolepine, a sesquiterpene isolated
from Vernonia hymenolepis and displaying antitumoral
activities (Scheme 1).% In this letter, we wish to disclose
our first results in the development of a new synthetic
strategy leading to exo-methylene-d-valerolactone
subunits.

Recently, we have reported a new homoallylation meth-
odology involving (cyclopropyl)methylstannanes such
as 1 (Scheme 2).3 In the presence of Lewis acids, such
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as TiCly, and carbonyl compounds, 1 undergoes regio-
selective ring-opening, followed by aldol condensation,
to afford alcohols 2 in high yields.
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;;Br ;/VS”CIZBr EtO)&S”B% quant. EtOWOEt
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BuMgBr 3 eq. Ph(CH,),CHO O OH
83 % 0 12)2
PN THF, rt TiCly 2 eq.
N#~ “COOEt Et,0 EtO Ph
[Rh(OAc)z], COOEt
) SI"IBU3 % SnBu
EtO 10 9% ° 10 Temperature Yield 12-syn/12-anti
9
cis/trans:1/1.7 trans 0°C 88 % 58/ 42
Scheme 4. trans -78 ‘Ctort 76 % 55/45
cis 0°C 76 % 50/50
Scheme 5.
Table 1. One-pot ring-opening/aldol reaction
TiCl, 2 eq. o oH,
o OxOFt 0 Etz0,0C o A
AL s ok :
EtO SnBuz g1 R COOEt
10
Entry Electrophile Product Reaction time Yield (%)* synlanti®
o OH
1 EtOOC 2h 30 min 91 71/29
A~
13 COOEt
OH
(e} EtOOC
2 PR Ph 1h 95 54/46
Ph” H 14 COOEt
0 EtOOC
3 OH 2 h 30 min 90 —
\)J\/ 15 COOEt
(0]
EtOOC
4 OH 2h 79 —
16 COOEt
(0]
5 EtO0C OH Ih 20 .
17 COOEt
)
6 EtO0C OH 1 h 30 min 59 —
18 COOEt

# All yields refer to pure, isolated product.

® Determined by 'H NMR analysis of the crude reaction mixture.
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We envisaged that exo-methylene-6-valerolactones such
as 3 could be obtained by lactonisation of alcohols 4.
These products could in turn result from the one-pot
ring-opening/aldol condensation of substituted (cyclo-
propyl)methylstannane 6 with various aldehydes or
ketones, via the postulated enolate intermediate 5
(Scheme 3).

Accordingly, the synthesis of the key intermediate 10
was investigated. The readily available bromoester 74
was efficiently transformed into the corresponding allyl-
tin derivative 9 according to the protocol developed by
Fouquet et al.’> Subsequent rhodium-catalysed cyclo-

Table 2. Lactonisation of aldol products

propanation of 8 with ethyl diazoacetate afforded
(cyclopropyl)methylstannane 10 as a 1:1.7 mixture of
cis and trans isomers, respectively (Scheme 4).

Having obtained the desired homoallylating reagent 10,
we next turned our attention to its Lewis-acid catalysed
ring-opening. Gratifyingly, upon treatment with tita-
nium tetrachloride, 10 underwent quantitative transfor-
mation into the corresponding bis-ester 11 (Scheme 5).
This reaction was then carried out in the presence of
dihydrocinnamaldehyde and afforded the expected aldol
product 12 in good yields, though with modest diastereo-
selectivities.® The geometry of the cyclopropane or the

Q Rl R? PTSA cat. Q Rl R?
EtO OH Benzene, A g0 0
COOEt
0]
Entry Alcohol Product Reaction time (h) Yield®
OH Ph
1 EtOOC Ph EtOOC o 3 Quant.
12 COOEt
19 o
OH
EtO0C EtOOC
2 o 3 Quant.
13 COOEt 20
0]
OH Ph
EtOOC EtOOC
3 Ph 0 2 Quant.
14 COOEt
21 0
EtOOC EtOOC
4 OH (0] 6 Quant.
15 COOEt 22 o
EtOOC EtOOC
5 OH (0] 2 Quant.
16 COOEt 23
0]
6 EtO0C OH EtOOC o 4 Quant.
17 OOEt 24
c 0]
7 EtOOC OH EtOOC o 3 Quant.
18 COOEt 25 °

# All yields refer to pure, isolated product.
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reaction temperature was found to have negligible influ-
ence on the yield and the diastereoselectivity of the pro-
cess.” Therefore, we decided to pursue our investigations
with the mixture of cis and trans cyclopropanes 10.

In order to determine the scope of this new transforma-
tion, the ring-opening/aldol reaction sequence was car-
ried out in the presence of various aldehydes and
ketones (Table 1). Aliphatic or aromatic aldehydes
proved to be suitable substrates for this transformation
(entries 1-2), as were dialkyl ketones (entry 3). Alcohols
13-15 were obtained in excellent yields. More interest-
ingly, cyclic ketones were found to smoothly undergo al-
dol condensation, providing an entry towards 5-, 6- and
7-membered derivatives 16-18 (entries 4-6).

With various aldol products in hand, the lactonisation
step was finally investigated. Initial attempts under basic
conditions proved unsuccessful. In contrast, treatment
of linear compounds 12-15 with catalytic amounts of
PTSA in refluxing benzene led to the isolation of exo-
methylene-8-valerolactones 19-22 in quantitative yields
after simple basic work-up (Table 2, entries 1-4). Much
to our delight, the lactonisation of cyclic derivatives 16—
18 proved to be equally efficient and gave access to
unique spiro derivatives 23-25, possessing a 5-6, 66
and 7-6 bicyclic structure, respectively (entries 5-7).8

In summary, we have developed an efficient method
for the synthesis of functionalised exo-methylene-3-
valerolactones, involving a one-pot ring-opening/aldol
condensation of a new (cyclopropyl)methylstannane
derivative, followed by an acid-catalysed lactonisation.’
An easy access to new spiro compounds of various ring-
sizes has also been delineated. Current efforts are now
focusing on the application of this methodology to the
synthesis of natural products of biological interest.
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