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DIVERSION OF AN INTRAMOLECULAR [2 + 4] CYCLOADDITION REACTION
INTO A [2+ 2] PATHWAY BY ELECTROPHILIC CATALYSIS.
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Department of Chemistry, Indiana University, Bloomington IN 47405
Kendall N. Houk
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SUMMARY : The intramolecular [2 + 4] cycloaddition process
1 into 2 is diverted to a [2+ 2] process by electrophilic
catalysis, 1 into 4.

The total synthesis of the kopsane indole alkaloids was dependent upon an
intramolecular [2 + 4] cycloaddition reaction that transformed the homoannular

diene 1 into the basic kopsane skeleton 2.°

While the regiochemical mode of
cyclization shown leads to the desired structure 2, the reverse mode, namely 1
into 3, would have resulted in the so-called fruticosane skeleton.? Clearly,
this pathway would have to proceed through a more highly strained transition

state, and as such is not observed.
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In view of the recent exciting developments in both radical-cation® and
proton catalysis" of the Diels-Alder reaction, it was of some considerable

interest to examine the response of 1 to these conditions to see if the "normal’
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regiochemical pathway to 2 could be changed.

Treatment of 1 with (p-Br06H4)3E'SbCZG/CHZCZZ/20°C for 0.5h gave the
cyclobutane adduct 4 (72%), m.p. 262-263° (MeOH). The *H NMR data® enabled the
structural assignment 4 to be made, but in view of its unprecedented nature it
was unambiguously confirmed by single-crystal X-ray analysis.® Similarly, when
1 was treated with trifluoroacetic acid/CH2012/20°C or AgOAc/CH2012/20°C the
cyelobutane adduct 4 was the only detectable product, uncontaminated by either
2 or 3. The cyclobutane derivative 4 was thermally stable to 300°C, and did
not undergo photochemical 1,3-shifts to give the fruticosane skeleton 3. In a
related series of experiments intended to examine the interaction of an acetyl-
ene suspended over the internal face of the homoannular diene moiety, we treated
57 with AgOAc(cat)/AcOH/H,S50,/20°C and isolated the adduct 6 (80%),° m.p. 204-
205° (MeOH). The presence of the imine functionality in 6 was confirmed by
treatment of 6 with TMSCN/CZCOZMe/ZnIZ(cat) to give 7 (97%), m.p. 235-236° (Me
0H),? whose structure was proven by single crystal X-ray analysis.'® The adduct

6 did not undergo thermal or photochemically induced 1,3-shifts.
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The SCHEME 1 depicts a possible mechanistic explanation for the formation of
the cycelobutane adduct 4. It should be noted that the amintum cation-radical
often generates protons.®** Interaction of the homoannular diene 1 with an
electrophile (8% or Ag+) ean produce an iminium ion 8, which is trapped by the
pendant alkene to give 9. The secondary carbonium ion 9 is situated directly
above the cyclohexenyl ring, which allows closure of the cyclobutane ring and
proton loss to give 4.

The formation of 6 is best rationalized by interaction of the acetylene

with Ag+ to give the vinyleation 10, which is trapped by the homoannular diene
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SCHEME 1

1=

SCHEME 2

to give the iminium fon 11. Since 11 cannot lose a proton, nucleophile attack
(presumably by HZO) on the sulfonamide ocecurs, and acid catalyzed regeneration

of Ag+, and protodesilylation results in 6.
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Ortep of 7
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