
1618 LETTER

Synlett 1999, No. 10, 1618–1620 ISSN 0936-5214 © Thieme Stuttgart · New York

Spiro-Annulation via Ring Closing Metathesis Reaction♣
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Abstract: Various spiro cyclic systems are prepared from b-di-car-
bonyl compounds and active methylene substrates via palladium
catalyzed allylation and ring-closing metathesis (RCM) reaction as
key steps.
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Spiro-annulation has considerable synthetic value be-
cause the spiro-linkage1 is present in many natural prod-
ucts such as acoranes, chamigrenes,2 angularly fused
cyclopentanoids (e.g., isocomene, laurenene)3 and frederi-
camycin 1.4 Among the non-natural products
[5.5.5.5]fenestrane 25 and spiranes6 posses the spiro-link-
age as fundamental unit. Spiro compounds having mutu-
ally perpendicular p-electron systems (“spiro-polyene”)
exhibit new kind of homoconjugation called “spiro conju-
gation”. Apart from these theoretical aspects, spiro-poly-
enes are also of industrial interest. Some hetero-spirenes
act as photochromic systems which can undergo revers-
ible photochemical ring opening and find their utility in
silver-free imaging systems and as memories in data dis-
play devices.7 Construction of spirocyclics is usually
achieved by intramolecular alkylation, cycloaddition re-
action, ring closure in a preformed geminally substituted
derivative or by rearrangements.8 Most of these methods
are restricted to a single substitution pattern.

Figure 1

In this communication we wish to report a simple but ef-
fective methodology involving two-step catalytic proce-
dure for the synthesis of a variety of spiro systems using
ruthenium-based alkylidene complex 3 for key C-C bond
formation reaction.9

Two independent routes for the construction of spiro-link-
age starting from carbonyl compounds and active methyl-
ene substrates are displayed in equations 1-2. In these
routes active methylene compound(s) and /or carbonyl de-
rivative(s) is/are bis-alkylated at the reactive position with

suitable electrophiles and then the resulting alkylated de-
rivative is subjected to RCM reaction to generate the spiro
system (eq 1-2). 

The preparation of the cyclization precursors were
achieved by palladium-catalyzed allylation of the corre-
sponding 1,3-dicarbonyl compounds. Substrates 4, 6, and
8 were prepared by treatment of corresponding diones
with allylacetate in presence of Pd (PPh3)4.

10 Compounds
10 and 14 were prepared by the above said procedure in
presence of base such as DBU.11 (Scheme 1).

Scheme 1

9,9-Diallylfluorene 12 was obtained by reaction of fluo-
rene with allylbromide in presence of potassium metal in
dioxane.12 The progress of the reaction was monitored
with the aid of silica gel TLC plates impregnated with sil-
ver nitrate. RCM reaction of various diallylated substrates
were accomplished by treatment of the corresponding de-
rivatives with catalytic quantities of 3 (5-10 mole %) in ei-
ther CH2Cl2/RT or at toluene reflux.13 All the RCM
products gave consistent spectral and analytical data.

Some of the RCM products deserve special mention. For
example, substrates 9 and 11 constitutes CD and BCD
ring of fredericamycin 1 structure. Since Meldrum’s
acid14 has many interesting applications in heterocyclic
chemistry, substrate 15 may find useful applications in or-
ganic synthesis. Similarly, many of the RCM products re-
ported in the Table are potential precursors to various
unknown fenestrane ring systems.

In conclusion, for the first time we have succeeded in de-
veloping a general and versatile method for the synthesis

Equation 1 and 2
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of several spiro-carbocyclic systems using commercially
available (or easily prepared)  b-diketones as starting ma-
terials. Since RCM method developed here offers very
mild reaction conditions for the formation of spiro-com-
pounds with additional double bond for further synthetic
manipulation; this procedure may find interesting applica-
tions in natural and non-natural product synthesis.
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