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Synthesis of a-Methylene-ylactone Fused to Seven, Eight, and Fourteen-membered Carbocycle
through Intramolecular Cyclization of Functionalized Allylsilane with Acid Chloride
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a-Methylene-y-lactone fused to cycloheptane ring was
synthesized by intramolecular cyclization of 8-(ethoxycarbonyl)-
or  8-(acetoxymethyl)-9-(trimethylsilyl)non-7-enoyl  chloride
followed by lactonization. a-Methylene-y-lactone fused to
cyclooctane and cyclotetradecane ring were also synthesized from
9-(acetoxymethyl)-10-(trimethylsilyl)dec-8-enoyl ~ chloride and
15-(acetoxymethyl)-16-(trimethylsilyl)hexadec-14-enoyl chioride,
respectively.

We previously reported that intramolecular Hosomi-Sakurai
reaction of f-(ethoxycarbonyl)allylsilane is an excellent method to
synthesize «-methylene-y-lactone fused to terpenoid-type of
carbocycles. 16 This process includes carbocyclization,
lactonization, and «a-methylenation in a single concept.
However, a problem stays on the yields when this method is
applied to the synthesis of seven-membered carbocycle, which is
one the major class of sesquiterpenes. Thus guaianolide-type of
compounds were obtained in only 10-30% yields.3+ In
contrast, eudesmanolide- or cadinanolide-type of compounds
were obtained in good yields.![:2:5  Nishitani et al. reported that
seven-membered carbocyclization does not proceed at all from
acyclic compound.”  While Majetich et al. obtained seven-
membered ring in good yields by intramolecular cyclization of
non-functionalized allylsilane with unsaturated carbonyl.3-
From this we supposed that the conjugation of ethoxycarbonyl
group to the allylsilane reduces the nucleophilicity. Here we
report that seven-membered carbocyclization from functionalized
allylsilane proceeds in good yield by the use of acid chloride as an
electron acceptor.

The cyclization precursor la was synthesized according to
Scheme 1. Thus to the aldehyde 2a’ was introduced
functionalized allylsilane moiety giving 3a (Z:E=2:1) after
hydrolysis. ~ Swern oxidation followed by chlorite oxidation
afforded 1a. After conversion into acid chloride 4a, cyclization
reaction was carried out with AlCly in refluxing CH,Cl, for 2
h10 giving expected product 5a in 70% yield from 1a (Scheme
2). Ketone Sa was reduced with DIBAL-H giving diol 6a
(73%) as a mixture of cis- and frans-isomers (ratio 6:1). Some
other reducing agents such as L-Selectn'de® or LiAlH4 were used
but unsuccessful. The lactone 7a was then obtained in 80%
yield by oxidation with Mn0211 (cis:trans= 6:1).  Cyclizations
towards eight-, ten-, and fourteen-membered rings were also
examined; these substructures are also found in natural
sesquiterpenes.lz’13 However, the acids 1b-d, prepared from
2b-d, were recovered without cyclization on treatment with
AlCl5.

There were two problems on the above pathway. One is the
limitation of the reducing agents (Sa to 6a) and the other is the
failure of the cyclization towards larger sized rings.  Then,
another route involving reduction of ethoxycarbonyl group prior

SiMeg SiMes
(CHg/)n\CHO i, ii /\L iii, iv
— COEt —
YTOTHP (CHn 7 (CHa) . COoEt
~TN0H - COpH
2a-d 3Ja-d 1a-d

an=3, b n=4, ¢cn=6,dn=10

Scheme 1. Reagents and conditions: i, (EtO),P(O)CH(CO,Et)CH,SiMe3,
NaH, DME, n, 58-58%; ii, HCl, THF aq, rt, 80-91%; iii, (COCl),,
DMSO, EN, CHyCly, -60°C; iv, NaClO,, NaH,POy, 2-methyl-2-butene,
t-BuOH aq, i, 80-93% (two steps).
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Scheme 2. Reagents and conditions: i, (COCl),, CH,Cl», reflux; ii, AICl3,
CH,Cly, reflux; iii, DIBAL-H, Et;O, rt; iv, MnO,, CH,Cly, 1t

to the cyclization was explored, which would result in cyclization
of protected B-(hydroxymethyl)allylsilane. The substrate 8a
was prepared from 3a according to Scheme 3.  Thus after
reduction of ethoxycarbonyl group with LiAlH,, the resultant
hydroxy group was protected as an acetate to give 9a.
Hydrolysis of THP group followed by two-step oxidation gave
carboxylic acid 8a. The cyclization of acid chloride 10a
proceeded at lower temperature (rt, 18 h) than 4a when treated
with AICl;, giving seven-membered carbocycle 11a in 50% yield
from 8a (Scheme 4). Reduction of 11a with DIBAL-H gave the
same mixture of diol 6a (cis:trans=6:1; 90%), while the reduction
with L-Sclcctride® afforded only cis-6a (76%), which could be
converted to cis-7a.

Carbocyclization towards larger sized ring was carried out
using 8b-d as the substrates. On treatment with AlCl, the acid

SiMes SiMes
da-d —t s _ii-v /\):/
R ~TNoTHP M2 Gon
9a-d 8a-d

Scheme 3. Reagents and conditions: i, DIBAL-H, CH,Cl5, 1, 78-93%; i,
Ac,0, pyridine, rt, 88-98%; iii, HCI, THF aq, t, 70-90%; iv, (COCl),,
DMSO, E3N, CH,Cly, -60°C; v, NaClO,, NaH;POj, 2-methyl-2-butene,
+-BuOH aq, rt, 82-91% (two steps).
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Scheme 4. Reagents and conditions: i, (COCl),, CH,Cly, reflux; ii, AlCls,
CHyCly, 1t; iii, L-Selectride, EtyO, rt; iv, MnO,, CH,Cly, 1t.

chlorides 10b and 10d afforded eight- (11b) and fourteen-
membered ring (11d) in 34% and 16% yields, respectively.
However, ten-membered carbocycle was not obtained from 10c¢.
Reduction of 11b and 11d with L-Selectride™ produced 6b
(56%; cis only) and 6d (98%; cis:trans = 3:2), respectively,
which were converted to fused a-methylene-y-lactones 7b (82%)
and 7d (90%).

In conclusion, «-methylene-y-lactones fused to seven-
membered carbocycle was obtained through intramolecular
cyclization of both B-(ethoxycarbonyl)allylsilane (l1a) and B-
(acetoxymethyl)allylsilane (8a). The former afforded the
cyclization product in better yield, but the latter has an advantage
on both lactonization-step and the synthesis of eight- and
fourteen-membered carbocycles.
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