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Development of new synthetic methods in the construction
of cyclic system is an important subject in organic chemistry.
Among a variety of synthetic methodologies for the construction
of cyclic compounds, chemical transformations involving the
use of transition metal catalysts are some of the most attractive
methodologies because reactions can directly construct com-
plex molecules from relatively simple starting materials.' Asa
consequence, many advances in the cyclization mediated by
transition metals have been made through a variety of ways in
synthetic strate gy.2 Of particular interest is a cyclization strategy
between carbonyl and unsaturated bonds to find practical way
of chemical routes for the preparation of lactones mainly be-
cause the chemical process could dominate over the classical
methods in simple trial.” In this regard, an allene has been proven
to be an useful substrate for a variety of transition metal catalytic
reactions, particularly for the cyclizations in the construction of
carbo- and heterocycles.* Recently, we disclosed our discovery
of direct cyclization methods for the synthesis of avenacilolide,’
as a part of the allylic transfer strategy utilizing an allene as sub-
strates or intermediates.’ To extend this protocol, we reported
a cyclization of allenoate-aldehydes 1 mediated by molybdenum
carbonyl in the presence of DMSO to direct access naturally
occurring canadensolide as shown in Scheme 1.” Although the
reaction produced canadensolide and analogues in reasonable
yields, products were always contaminated with diasteremers
in a 3:1 mixture presumably due to a high reaction temperature.

The characteristic features of this protocol in terms of che-
mical efficiency through a three component coupling process
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Scheme 1. General strategy
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and structural features of products have encouraged us to carry
out further investigations to design synthetic routes, which would
improve stereoselectivity and utility of method. As a conse-
quence, we became quite interested in carrying out investiga-
tion with stepwise reaction based on our previous studies™
because it was expected to achieve better diastereoselectivity
due to a lower reaction temperature.

With this issue in mind, several allene-aldehydes were pre-
pared by a method developed by our laboratory.7 As a starting
point, the allenoate-aldehyde 1a (R = n-C4Ho) was selected as
a model substrate because a synthesis of canadensolide was
expected from 1a by the three steps sequence from our labo-
ratory.”

Initial attempts to cyclocarbonylation of 1a under the pre-
vious conditions employed for simple allene-aldehydes indi-
cated that the conversion to the corresponding lactone 2a could
not be satisfied in terms of chemical conversion, although carbo-
cyclization was occurred. Reaction produced the dehydrated
4a as a single product (Table 1, entry 1). After surveying nu-
merous conditions for orienting experiments as summarized
in Table 1, several key findings were emerged as follows: 1)
the desired 2a was not produced under the various conditions
appeared in Table 1; ii) the use of Lewis acid additives such as
BF3-OEt; and TiClsresulted in the decomposition;8 iii) addition
of base i/Pr,NEt turned out to reduced chemical yield; iv) the
use of CH,Cl, was superior to other solvents such as toluene,

Table 1. Preliminary investigations with 1a
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n-C4Hg conditions n-CaHo n-CqHg H
1a 4a 2a
entry  solvent additive ~ T/°C  t/h yield, 4a°
1 CHxCl, none —-40 7 41
2 CH,Cl, BF;-OEt,  -40 7 decomposed
3 CH:Cl, TiCls -40 7 decomposed
4 CHxCl, iProNEt -40 7 23
5 CHxCl, none 20 3 67
6 toluene none 20 7 33
7 ether none 20 7 37
8 CFs;Ph none 20 4 48

“refer to isolated product.
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Scheme 3. Functional group transformations of 4

ether, and CF3Ph in terms of reactivity and chemical yields; v)
reaction performed at 20 °C in CH,Cl resulted in the best che-
mical yield for the synthesis of 4a.

Upon optimal conditions (Table 1, entry 5), the reaction was
conducted by a dropwise addition of a mixture of 1a (1 equiv)
and MesSnSnMes (1.2 equiv) in CH,Cl; for 20 min to a solu-
tion of (m-allyl1)>,Pd>Cl, (3 mol %) at 20 °C in CH,Cl,. After 3 h
at 20 °C, the reaction mixture was quenched by addition of satu-
rated aquous NaHCO:;. After usual workup procedure and then
removal of volatile materials under reduced pressure, final
purification was effected by column chromatography to yield
4ain 67% yield.

We soon realized that the synthesis of finctionalized cyclic
dienes might be useful because the utilization of dienes can be
foreseen for many functional group transformations.”® With the
notion that this approach might lead to a general and efficient
method for the synthesis of a cyclic diene 4, we set out to
determine the scope to produce structurally various products.
Indeed, the method is successful with 1a-d to yield the diene
4a-d as a single adduct, respectively, in moderate to good
yields as shown in Scheme 2.
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Product 4 is readily amenable for further conversion to syn-
thetically useful compounds by functional group transforma-
tions of vinylstannane as depicted in Scheme 3. For example,
compound 4a was converted to 5 by NIS at—78 °C in CH,Cl,.”
Elimination of 5§ with NaHMDS in DMF yielded the enyne 7.
Carbonylation of 6 in the presence of Pd(0) in the presence of
K>COs under CO pressure in MeOH gave 8 in good yield.lo

In summary, this communication describes synthetic routes to
the cyclic diene 4 from allenoate-aldehydes 1 with hexamethyl-
ditin catalyzed by palladium complex in a general and efficient
way which promises to be synthetically useful. Studies are in
progress to incorporate with diene into multi-cyclic compounds
by cycloaddition reaction related to a core skeleton of biologi-
cally active natural products.
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