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A New Approach to Hydroazulenes via Olefin Metathesis
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Abstract: Several functionalized diolefins cyclize to hydroazulenes (among others) via olefin metathesis
with CH3ReOs. These conversions are regioselective and occur with high diastereoselectivity.

The heterogeneous catalyst system methyltrioxorhenium (MTO) on silica gel/aluminum oxide as a carrier was
developed by Herrmann et al. It presents itself as well-suited for the intermolecular olefin metathesis of various
functionalized olefins. !

We were interested in testing olefin metathesis in connection with an MTO catalyst as a method for the
preparation of functionalized perhydroazulenes. These ring systems occur in many natural products, which are also of
pharmacological interest.

Starting with 1,3-cyclopentanedione derivatives, different perhydroazulene precursors are easily obtained via
standard reactions such as the vinylogous ester trick, Birch reduction, or a-alkylation. The allyl and homoally! chains
of the precursors (i. e. 3, 6, 9) could then be cyclized by olefin metathesis reaction with MTO giving rise to the
hydroazulene ring system.
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a) KOH, H;0, CH,=CHCH,Br b) EtOH, p-TosOH, benzene ¢) CHy=CHCH;CH;MgBr, Et;0, then H30%
d) lig. NHj, Li, t-BuOH, then H20 €) MTO/ASi0;, Al203), 1,1,2-trichlorotrifluoroethane, CH,Cl, f) KH, THF,
CH=CHCH;Br g) MeOH, p-TosOH, benzene h) LDA, THF, CH,=CHCH;Br 2

\\"

U]

W

The precursors 3, 6 and 9 cyclized diastereoselectively to hydroazulenes with satisfactory to very good yields.
The stereochemistry of the precursors 3, 6 and hydroazulenes 4, 7 was determined by NOE - experiments.3 These
successful cyclizations show that intramolecular metathesis reactions of functionalized olefins using MTO as catalyst
are possible and highly useful for the preparation of hydroazulenes,

Further, we were interested in whether other functionalities are tolerated by the catalyst and which other ring
sizes could be achieved. In order to examine this topic 1,8-nonadiene-5-01 4 protected as a silyl ether was subjected to
the conditions of the metathesis. This compound as well as an analagous 1,7-octadiene 5 derivative were cyclizable
with moderate to good yields.
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The successful cyclization of precursors 11 and 12 shows that silylethers are also tolerated in diolefins for the

preparation of functionalized six and seven-membered rings. 1,7-Octadiene could be quantitatively transformed with
visible refease of ethene gas into cyclohexene and in trace amounts to the dimer cyclododecadiene.

In addition, macrocyclic lactone 16 was easily obtainable via the olefin metathesis of

10-dodecenoicacid-5-heptenylester 15 using MTO as catalyst, shown in the scheme below. For this reaction methyl-
substituted double bonds were necessary in order to prevent isomerization of the double bonds during metathesis.
Hydrogenation of this lactone afforded the natural product Exaltolid. Previously, lactone 16 was synthesized by
Villemin through metathesis of a similar precursor. 6
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Cyclization yields (isolated).

Substrate  Product Solvent Mol% cat. Conditions Yield {%)

3 4 CH,Clz 18 RT 51

3 4 CH,Cl; TTE®» 8 refl. 80

6 7 CH,Cl2, TTE 8 refl. 58

6 7 CH,Cl,, TTE 45 RT 9%

9 10 CH,Clz, TTE 13 refl. 67

11 13 CHyCly 6 RT 57

12 14 CH,Clp 4 RT 30

12 14 CH,Cl, TTE 13 RT 79

15 16 CH,Cl; 16 RT 35

a1,1,2-trichlorotrifluoroethane
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