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Abstract
A ring fragmentation and intramolecular azomethine ylide 1,3-dipolar cycloaddition sequence of
reactions was successfully used in the preparation of a known (±)-cycloclavine precursor in good
overall yield. Results of efforts to incorporate the tetrasubstituted cyclopropane ring present in
cycloclavine are also discussed.
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Cycloclavine, an indole alkaloid first isolated in 1969 from seeds of ipomoea hildebrandtii
by Hofmann and coworkers,1 is a member of the ergot alkaloid family. The unique
tetracyclic core of cycloclavine contains a tetrasubstituted cyclopropane moiety and has
garnered interest from the synthetic community; to date two total syntheses of cycloclavine
have been reported.2 Most recently, Petronijevic and Wipf2b prepared (±)-cycloclavine in 14
linear steps with 1.2% overall yield by an elegant and unconventional approach in which the
aromatic indole portion of the molecule was formed at a late stage in the synthesis by their
intramolecular Diels-Alder cycloaddition of furan (IMDAF reaction) approach.2b Prior to
this synthesis, Szántay and coworkers2a reported a more traditional approach to (±)-
cycloclavine starting from pivalate protected Uhle’s ketone (3)3 (Scheme 1), which was
advanced to tetracycle 4 in 8 steps. Reduction of the ethyl ester of 4 to the corresponding
methyl group and Pd catalyzed cyclopropanation with diazomethane provided the target
molecule. While this is a nice straightforward approach to (±)-cycloclavine, the route to
tetracycle 4 was hampered by several low yielding steps and provided 4 in only 3.5% overall
yield.

We recently reported an efficient synthetic approach to polycyclic 2,5-dihydropyrroles4 that
we have applied in the synthesis of the steroidal alkaloid demissidine.5 This strategy is
based on our report that cyclic γ-siloxy-β-hydroxy-α-diazocarbonyl compounds fragment
when treated with SnCl4 to provide tethered aldehyde ynoates,6 which are excellent
substrates for intramolecular azomethine ylide 1,3-dipolar cycloadditions, which in turn
provide the desired 2,5-dihydropyrrole products. The fragmentation cycloaddition sequence
appears to be fairly general, and we recognized that this reaction sequence might provide an
efficient route to Szántay’s tetracyclic 2,5-dihydropyrrole intermediate 4. In this letter we
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report our results on the formation of 4 and provide details about our efforts to advance 4 to
(±)-cycloclavine.

Our synthetic efforts, shown in Scheme 2, also began with pivalate protected Uhle’s ketone
(3),3 which was converted into the corresponding enoxy silane by treatment with TBSOTf
and Et3N. This enoxy silane proved to be unstable to silica gel chromatography and after
extractive workup it was subjected directly to Rubottom oxidation7 under biphasic
conditions containing aqueous base.8 The oxidation proceeded efficiently but provided the
α-hydroxy ketone as a mixture of the free and silyl protected alcohols. Treating the crude
reaction mixture with TBSCl provided the desired α-silyloxy ketone (7) in 70% yield over
the three steps. Aldol type addition of ethyl lithiodiazoacetate to ketone 7 furnished the
corresponding γ-silyloxy-β-hydroxy-α-diazo ester derivative 6 as an inseparable mixture of
diastereomers in 79% yield. We were pleased to observe that treating the diastereomeric
mixture of 6 with SnCl4 resulted in efficient rupture of the Cβ-Cγ bond to provide tethered
aldehyde ynoate 5 in 80% isolated yield. Reacting aldehyde ynoate 5 with the trimethylsilyl
ester of sarcosine (8) resulted in the expected intramolecular azomethine ylide 1,3-dipolar
cycloaddition to give the tetracyclic core of cycloclavine as 2,5-dihydropyrrole 9 in 65%
yield. We attribute the moderate yield of this reaction to the instability of the sarcosine silyl
ester which tended to dimerize under the reaction conditions. While optimizing this
fragmentation cycloaddition sequence we observed that purifying the fragmentation product
by chromatography prior to cycloaddition was not necessary. In fact, when the crude
fragmentation product was used the overall yield for the two step sequence increased to
62%. We attribute this 10% increase in yield to losses of aldehyde ynoate 5 during
chromatography. DBU mediated pivaloyl cleavage9 from 9 provided tetracycle 4, which
intersects with Szántay’s prior synthesis and thus completes a formal synthesis of
cycloclavine. Overall, this ring fragmentation/cycloaddition approach provided Szántay’s
intermediate in seven steps and 25% overall yield.

With efficient access to protected indole intermediate 9 in place, we assessed various
alternative strategies to incorporate the tetrasubstituted cyclopropane ring present in
cycloclavine. Pyrazolines are well known cyclopropane precursors10 and we envisioned
converting enoate 9 into the corresponding pyrazoline via 1,3-dipolar cycloaddition with
diazomethane. Unfortunately, enoate 9 failed to react with diazomethane even after
prolonged reaction times. We next attempted to incorporate the cyclopropane moiety by a
Corey-Chaykovsky cyclopropanation reaction.11 However, the pivaloyl protecting group
proved to be too labile for these nucleophilic conditions and only N-deprotected indole 4
was returned. To circumvent this problem, we exchanged the pivaloyl group with a more
stable tosyl group via a two-step sequence (Scheme 3).9, 12 Unfortunately, Corey-
Chaykovsky cyclopropanation of tosyl derivative 10 also failed to furnish any cyclopropane
product; only starting material and decomposition products were returned. These results
were surprising to us because Corey-Chaykovsky cyclopropanation of similar systems has
been reported.13

Allylic hydroxyl groups are well known to act as directing groups in metal mediated
cyclopropanation reactions.14 With this in mind we subjected 10 to DIBALH reduction to
generate the corresponding allylic alcohol and subjected this material to various metal
carbenoid cyclopropanation reactions. Unfortunately, cyclopropanation reactions mediated
by Zn,15 Sm,16 Pd,17 Mg18 and Cr19 all failed to provide any of the desired cyclopropane
product. Ultimately, we observed that the gemdizinc carbenoid conditions developed by
Charette and coworkers20 provided the desired cyclopropane (11), albeit in low and variable
yields. For reasons we do not understand, this reaction was only successful when the allylic
alcohol used was crude material isolated from the preceding DIBALH reduction after
aqueous workup, in which case cyclopropane 11 was formed in up to 24% yield over the
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two steps. When the allylic alcohol was purified by chromatography, the cyclopropanation
consistently failed to provide any desired cyclopropane product.

With small quantities of cyclopropane intermediate 11 in hand we were able to complete the
total synthesis of (±)-cycloclavine. This was achieved by mesylation of the primary alcohol
followed by nucleophilic displacement with hydride to give the requisite methyl, and
subsequent hydrolysis of the sulfonamide. Unfortunately, due to limited and inconsistent
access to cyclopropyl intermediate 11 these final steps were not optimized.

In summary, a ring fragmentation/intramolecular azomethine ylide 1,3-dipolar cycloaddition
route to 2,5-dihydropyrroles was successfully used in the preparation of (±)-cycloclavine.
Attempts to incorporate the cyclopropane moiety of cycloclavine through a directed
cyclopropanation reaction were moderately successful, but did not represent an
improvement over Szántay’s prior work. However, this route to known cycloclavine
precursor 4 was significantly higher yielding (25% overall yield) than the published route to
4, and increases the overall yield of the prior synthesis of (±)-cycloclavine to 4%. These
results further highlight the synthetic utility of the fragmentation/cycloaddition sequence for
the construction of polycyclic 2,5-dihydropyrroles in natural product synthesis.
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Scheme 1.
Synthetic approaches to cycloclavine
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Scheme 2.
Formal synthesis of cycloclavine
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Scheme 3.
Synthesis of cycloclavine
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