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Abstract: A new strategy from simple cyclic -ketoesters or amides involving a selective three-component reaction and a ring closing
metathesis or a palladium catalyzed carbocyclization in a sequential fashion to access spiro-heterocycles is reported. This expedient two-
step sequence generates compounds of significant molecular complexity and high synthetic and biological relevance from simple and

readily available starting materials.
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Multicomponent reactions (MCRs),1 combining at least
three different substrates in a one-pot operation, consti-
tute nowadays a central academic and industrial investi-
gation domain® in diversity-oriented synthesis® of func-
tionalized heterocycles. These very efficient atom-* and
step—economic5 transformations also combine increase in
molecular and functional complexity with practical and
environmental concerns,’ approaching quite closely the
concept of an ideal synthesis.7 In recent years, some of
these transformations involving isocyanides have been
combined with specific chemical postcondensation
modifications that allow access to even more functional-
ized and specialized heterocyclic scaffolds.® As part of
our efforts to develop new routes to construct novel het-
erocyclic structures with high synthetic and biological
potential, we have recently reported efficient MCRs
from 1,3—dicarbon}/1 compounds” including B-ketoesters
and P-ketoamides. % In this communication we report on
our efforts on extensions and postmodifications of our
previously developed three-component a,y-
difunctionalization of B-ketoesters and amides'® using
either a ring-closing metathesis (RCM) or a palladium
catalyzed carbocyclization as ultimate step in the se-
quence for the selective elaboration of spiro-heterocycles
(Scheme 1).
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Scheme 1 General method for spiro-heterocycles

Although spiro-bicyclic rings are less represented in
nature compared to other fused systems, they occurr

widely through terrestrial plants, marine organisms or
fungi and therefore have attracted considerable interest
both from theoretical and synthetic points of view."!
More particularly, the spiro-heterocyclic nucleus is pre-
sent in a variety of natural products and biologically
active compounds and can be of importance in the de-
velopment of new medicinally relevant heterocyclic
scaffolds. For example, a new class of marine toxins
isolated from shelfish and dinoflagellate, such as pinna-
toxins'? and pteriatoxin13 exhibits an azaspiro[6,5] sys-
tem responsible for the biological activity. Therefore,
targeting these heterocyclic cores has long been an area
of intense development and still constitutes an active
domain. Although numerous methods have been re-
ported for the synthesis of functionalized spiro-
heterocyclic compounds, our approach constitutes the
first implication of a totally chemo-, regio-, and stereose-
lective MCR coupled with specific postcondensations
and using simple and readily available cyclic (-
ketoesters and amides.'

The success of our methodology rests upon the func-
tional tolerance of the MCR both in the carbocyclic and
heterocyclic series. Therefore, the new properly func-
tionalized precursors for the carbocyclizations, bearing
the required quaternary carbon atom, were readily ob-
tained by varying the 1,3-dicarbonyl compound 1, the
aldehyde 2 and the electrophile 3 components (Scheme
2).
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Scheme 2 MCRs with cyclic 3-ketoesters and amides



Under general experimental conditions (Table 1) consist-
ing in the utilization of DBU as base in MeOH, both -
ketoesters (entries 1, 2), tertiary f-ketoamides (entries 3-
7), and secondary P-ketoamides (entries 8, 9) including
the thioheterocyclic series gave good to excellent re-
sults."” The reaction proceeded smoothly either with allyl
bromide 3a, 2-bromopropenyl bromide 3b or pent-2-

Table I MCRs leading to spiro-heterocyclic precursors.”
Entry Ketoester Aldehyde R’ Halide R®

1 1a 2-Furyl Allyl

2 1b 2-Furyl Allyl

3 1d 2-Furyl Allyl

4 1c 2-Furyl Pent-2-ynyl

5 1d 2-Furyl Pent-2-ynyl

6 1c Phenyl 2-Bromo-propenyl
7 1d Phenyl 2-Bromo-propenyl
8 le 2-Furyl 2-Bromo-propenyl
9 1f Phenyl 2-Bromo-propenyl

* Unless otherwise specified the reactions were run in methanol at reflux.
¢ The reaction was performed at 0°C to prevent transesterification.

ynyl bromide 3¢ as electrophiles allowing the selective
and modular preparation of RCM precursors 4a-e and
vinylic bromides 4f-i required for the palladium carbo-
cyclizations (Table 1). Compounds 4a-h exhibit the E-
configuration of the double bond as we shown in our
previous paper.
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® [solated. ° The reaction was run in THF containing 10% MeOH at RT.



With this selection of new, highly functionalized precur-
sors in hand we started to explore their chemistry taking
advantage of the presence of a quaternary center for the
construction of diverse spiro-structures 6 and 7 (Table
2). We looked first at the RCM starting with diallyl ke-
toester 4a which we found not to be trivial. Indeed, the
RCM turned to be highly catalyst dependent since only
degradation was produced or no conversion was reached
with up to 20 mol% of the first-generation Grubbs cata-
lyst 5a (Figure 1), regardless of the reaction conditions
or after adding various amounts of Ti(OiPr)4 in order to
prevent deactivation of the catalyst.16 Alternatively, a
substantial yield of 59 % was achieved for
spiro[6,4]lactone 6a when 20 mol % of the more active
second-generation Grubbs catalyst Sb was used in re-
fluxing CH,Cl, for 30 hours (Table 2, entry 1).17
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Figure 1 Grubbs Catalysts : first and second generations

On the basis of the success of this model system, the
corresponding sulfur containing spirolactone 6b and
spirolactame 6¢ were obtained in 56 % and 70 % yields,
respectively (entries 2, 3) with surprisingly a much lower
catalyst loading despite the presence of the sulfur atom.
On the other hand, the enyne-RCM of precursors 4d,e
also proceeded smoothly to give the expected spiro-
structures 6d,e bearing a synthetically valuable 1,3-
diene, with acceptable yields (entries 4, 5).

Alternatively, compounds 4f-i are properly functional-
ized to be involved in intramolecular Palladium cata-
lyzed carbocyclizations such as Heck'® reaction and
Buchwald" amidation. To this end, compounds 4f,g
were easily cyclized with a comparable efficiency under
standard conditions using Pd(OAc), and PPh; in the
presence of Et;N in refluxing CH;CN (entries 6, 7).%
The expected spiro[6,4]lactams 7a,b conserved the fea-
ture of a synthetically useful exocyclic cis-fixed 1,3-
diene which reacted with dimethyl acetylenedicarboxy-
late (DMAD) in refluxing benzene to give the tricyclic
skeleton 8 with 93 % yield (Scheme 3).

PhH reflux
93%

7a CO,Me

Co,Me

Scheme 3 Diels-Alder Reaction on spirolactam 7a

Finally, bromoolefins 4h,i were subjected to the standard
catalytic amidation conditions involving the system

Pd(OAc),/DPEphos to give the exo-methylene
spiro[4,4]- and spiro[5,4]amides 7¢,d with 66% and 40%
yield, respectively (entries 8, 9).

Table 2  Spiroheterocycles from compounds 4

Entry MCR  Conditions Product [%]*
S \o
20 mol%, °
1 4a 30H 6a 59
10 mol%,
2 4b 101 6b 56
5 mol%,
3 4c 41 6c 70
10 mol%,
4 4d 121" 6d 59
O SN
5 mol? o
s de move 6e 62
PPh;, Et;N,
6 4f 17 1 7a 73
PPhs, EGN, "
7 4g 17 e b 72
0«%@
K»CO;3,
8 4h 24 b Tc 66
o
I Bicacr e
)

* Isolated. ° All RCM were performed in anhydrous CH,Cl, at reflux
using catalyst 5b. © Heck reactions were performed in refluxing anhy-
drous CH;CN using 5 mol % of Pd(OAc), as catalyst. ¢ Buchwald
amidations were performed in refluxing toluene using the system
Pd(OAc),/DPEphos in the ratio 10/15 mol % as catalyst.

In conclusion, we have shown that the combination of
the three-component a.,,y-difunctionalization of 1,3-
dicarbonyl compounds with diene- and enyne-RCM or
palladium catalyzed carbocyclizations constitutes a new,
easy and modular access to a variety of functionalized
spiro-heterocycles including [4,4], [5,4] and [6,4] lactone
and lactam systems as potential synthetic scaffolds for
the discovery of novel lead structures.
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