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SYNTHESIS AND REARRANGEMENT OF FUNCTIONALIZED DISPIRO[2.1.3.3]UNDECANES -
PREFERRED C4-C5 OVER C3—C4 RING ENLARGEMENTS
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Summary: The functionalized dispiro[2.1.3.3]undecanes 9 and 8 undergo cascade
rearrangements to yield the bi- and tricyclic systems 10, 11, 12 and
3, respectively. The rearrangements proceed via an initial enlarge-
ment of the four-membered ring.

Within a program devoted to the synthesis of naturally occuring sesquiterpenes
via rearrangement routes we recently described1) the synthesis and rearrangement
of dispiro[3.0.3.3]undecanes 1 and 2. Both systems undergo initial C4—C5 ring en-
largements and thus provide, via two further 1,2-shifts, anew and efficient route
to tricycloundecanes 3 and 4, respectively. Several other dispiroundecanes are
thought 1)to rearrange to 3 and 4 as well, but only with dispiro[2.1.3.3]undecanes
8 and 9 could the initial reaction involve either C3—C4orC4—C5 ring enlargements.
We report here the synthesis and rearrangement of both systems and a pronounced

preference for an initial enlargement of the four-membered ring.
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The synthesis of 8 and 9 was achieved as follows: when spiroketone §_2)was re-
acted with cyclopropylidene triphenylphosphorane, olefin §_3)was obtained in 74%
yield. Subsequent 1,3-dipolar cycloaddition of p-nitrobenzenesulfonic acid azide

proceeded regiospecifically as did the rearrangement of the resulting AE—triazo—
line. A single imide 73'4) arose, and hydrolysis and addition of methyllithium
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then yielded the desired 8 and 9 7', respectively.
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In parallel experiments carbinol 9 (2.8 mmol) was treated with (a) silver tetra-
fluoroborate in methylene chloride (0.3 mmol/10 ml), (b) formic acid in pentane
(10 mmol/5ml), and (c) trifluorocacetic acid in chloroform (10 mmol/5 ml) for 0.5h
(a,c) and 2h (b) at room temperature. Quantitative conversions to the bicyclic
systems ﬂ3 (a) and 23) (c), and preponderant conversion to the novel tricyclic
system 23) (b) were observed. 10 and 12 were identified by means of their spec-

tral data, and 11 by means of a crystal structure analysis of a 3,5-dinitrobenzo-
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Clearly, the formation of 10, 11 and 12 is initiated by protonation and dehy-

dration of carbinol 9, followed by enlargement of the four-membered ring. The
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carbenium ion 13 thus formed then rearranges further to 14, 15 and 16 and thereby
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not only accounts for the formation of 10, but also for that of 11 and 12. An
initial enlargement of the three-membered ring, which would have opened a way to
4,
or 20 could be detected. Even with the formolysis of 9 (b), the yield of unrear-
ranged 9 (10%), 10 (12%) and a formiate analogous of 12 (11%) complemented the yield
of 11 (67%).

must be excluded since neither 4 nor any other product derived from 17,18,19
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3 (21%) 26 25

From the above, it seemed most likely that a rearrangement of ketone 8 would
proceed by the same mechanism as for 9. Formation of a hydroxycarbenium ion 23
could be anticipated but, in contrast to 15, this ion was thought to possibly
avoid ring opening by a 1,3-transposition of its hydroxyl group (23-24-25) un-
der aqueous conditions. Indeed, treatment of ketone 8 (6.0 mmol) with 50 perc.
aqueous sulfuric acid in methylene chloride (1:1, 10 ml) for 16h at room tempe-

rature yielded the [3.3.3]propellane 31’6), albeit in moderate yield (21%).

In summary, both 8 and 9 undergo cascade rearrangements yielding bi- and tri-
cyclic systems (3,10,11,12) via an initial enlargement of their four-membered
rings. This may be explained both by a more favourable align :ment of the cyclo-
butane bonds with respect to the neighbouring cationic center 7)andlnzthe grea-
ter thermodynamic advantage associated with C4-C5 as compared to C3—C4 ring en-

largements8).
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