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The INOC Approach to the Hydroazulenone Ring System -
A Potential Entry to the Guaianolides and Pseudoguaianolides.
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Summary: The intramoleculan nitnile oxide cycloaddition reaction has been examined as a method for
preparning the hydroazulene ning system.

In this letter we wish to communicate a new process for generating the hydroazulenone ring
system. We believe that the strategy outlined herein should find important application in the
construction of sescuiterpene natural products of both the cuaianolide and pseudoguaianolide

families.!

guaiane skeleton pseudoguaiane skeleton

As has been discussed recently by lleathcock,? several different topological approaches for the
construction of the hydroazulene skeleton can be discerned. These consist of: (a) the affixation
of a seven-membered ring onto an existing five-membered ring; (b) the reverse of this, i.e., the
affixation of a five-membered onto a functionalized seven-membered ring; (c) the transannular
cyclization of a cyclodecane to hydroazulene; (d) the skeletal rearrangement of a hydronaphthalene
to hydroazulene; and (e) the conversion of an acyclic olefin or diene precursor to a hydroazulene
by way of an intramolecular [3+2] or [3+4] cycloaddition process.>

Of these methods, the first has found the greatest success in the synthesis of the pseudo-
guaianolides. Our method for hydroazulenone synthesis does also belong to this type (a) category,
and it is based on a very simple extension of our previously reported route to carbocyclic ring

systems via the INOC process.L+

To our knowledge, there exists but one example of the preparation of
a seven-membered ring employing such a reaction, and this example consists of the construction of an
oxygen containing ring in but %Z% %%%%.5

It thus became of some immediate interest to ascertain whether we could generate a seven-
membered carbocyclic ring through such dipolar cycloaddition chemistry at all. We chose initially
to carry out the following relatively simple model study. 3-Chlorocyclopent-l-ene, readily avail-

able from the addition of hydrogen chloride to cyclopentadiene,6

was treated with dimethyl sodio-
malonate to furnish %.7 Deprotonation of this malonate derivative with sodium hydride and

alkylation with l-bromo-4-chlorobutane in the presence of HMPA delivered the 4-chlorobutyl
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substituted malonate. The chloro group of the disubstituted malonate was thence converted to a

nitro group by reaction of its derived iodide with silver nitrite.® With the key nitrolefin 2 in
hand, we were now ready to test the crucial ring-forming reaction. The nitro compound was Siaply
boiled in benzene with a trace of triethylamine while phenyl isocyanate in benzene was added drop-

wise from an addition funnel. With this but slight modification of the orginial Mukaiyama condi-
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(a) HC1, ¢CHgz; (b) (Me0,C),CHNa, ¢CH; (74% overall); (c) NaH; C1(CH),Br, THF,
HMPA (93%); (d) NaI, MeCOMe; AgNOZ, Et,0 (64% overall); ¢NCO (2 equiv), Et3N (cat.),
¢H, A (83%); (f) O3, MeOH, -78°C; (g) p-TsOH, MeOH (807 overall).

Examination of the 300 MHz H NMR coupling constants of % confirmed the syn nature of the Cl,
C4 and C5 hydrogens.10 The hydrogen at C5 is coupled equally to the Cl and C4 hydrogens, a fact
consistent with the cis-ring fused structure <+ From model building, it is fairly clear why this

stereochemistry obtains in the INOC process. Considerable non-~bonded interactions must develop in
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the transition state A which leads to the trans-fused product. The steric interactions involving
the C5, C7, C8 triad are avoided in the transition state B which leads to the cis-fused product K2

An x-ray analysis has confirmed independently our NMR-based structural assignment (Figure 1).11

Figure 1. X-ray structure of % with
hydrogen atoms omitted for clarity.

Upon attempting to cleave the isoxazoline ring of 2 to the B-hydroxy ketone & using our
recently reported Raney Ni/A1Clj3 or BCljs procedures12 (or any other hydrogenolytic method), it was
found that dehydration occurred under the reaction conditions, for much of the corresponding
saturated ketone was generated. However, ozonolytic cleavage proceeded in good yield to give
presumably Q which was further converted by p-TsOH promoted dehydration to the enone 2.13

While intermediate % could be converted to a suitable guaianolide precursor by a number of
fairly conventional steps, the incorporation of the extra methyl group required at C4 or C5 for
guaianolide or pseudoguaianolide construction, respectively, at a much earlier stage should allow
for the more efficient buildup of an advanced intermediate. Additionally, the incorporation of a
more suitable carbonyl synthon at Cl0 should further expedite the overall process envisioned.

The contents of this letter again substantiate the importance of isoxazolines generated by the
[3+2] cycloaddition process as alfdel equivalents, but one of the many equivalencies that link

chemically these heterocycles with other functional group pairs.w’15
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