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ABSTRACT: The rhodium-catalyzed decomposition of fused bicyclic a-diazo-B-hydroxyketone 16 and rearrangement to 17 is
featured in an approach to the bridged bicyclic core of welwistatin. The bicyclic [4.3.1] core of 25 is furnished from a subsequent

cyclopropanation to generate 23, followed by its ring expansion.

The welwitindolinones are a family of indole alkaloids first
isolated from the cyanobacteria Hapalosiphon welwtschii and
Westiella intricata by Moore and coworkers in 1994 (Figure
1)."! Except for welwitindolinone A, all members of the other
subclasses possess a bicyclo[4.3.1]decane core. Probably the
most well-known congener is welwistatin (1), a member of the
welwitindolinones C, because of its potent anti-MDR activity,
effective at a concentration of 10”7 M, a dose 30-fold lower than
its ICso values and 20-100 fold more potent than the reference
MDR-reversing agent, verapamil.

Welwistatin, 1 Welwitindolinone D

Welwitindolinones C

Figure 1. Welwitindolinone family of alkaloids

Due to its fascinating molecular architecture and impressive
bioactivity, welwistatin has been a coveted target that has at-
tracted many synthetic efforts.’> To date, there are three total

syntheses, completed by Rawal’s group and Garg’s group in
2012,*% and Hatakeyama in 2015,% a formal total synthesis by
Martin,” as well as numerous approaches and studies to con-
struct the bridged bicyclic framework of this natural product.®

We have reported a strategy to construct bridged bicyclic ke-
tones via a rhodium-catalyzed decomposition and rearrange-
ment of readily accessible fused bicyclic o-diazo-B-hy-
droxyketones.” Not only is a range of bicyclo[m.n.1]alkanedi-
ones accessible by this reaction, the products are well-decorated
for further applications in synthesis. To continue our studies on
the scope, limitations and applications of this reaction, the rho-
dium (IT) catalyzed decomposition of bicyclic a-diazo-p-hy-
droxyketones was explored as a key step in the synthesis of the
bicyclo[4.3.1]decane framework of welwistatin, 1.

Scheme 1. Rhodium-catalyzed rearrangement of 2
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Our previous work has shown that 3 having a bicy-
clo[4.3.1]decanone framework can be obtained from the rho-
dium-catalyzed decomposition and rearrangement of diazo-
ketone 2 (Scheme 1).° Notably, the welwistatin bicyclic core is
fused to an aromatic backbone, which could alter the confor-
mation, as well as the stereoelectronics of the ring systems and



the migratory aptitudes of the bonds as well. Therefore, the di-
azoketone rearrangement was first studied in the context of an
aromatic platform.

We designed, then synthesized arylated diazoketone 9 as
shown in Scheme 2. Commercially-available o-tetralone 4 was
ethoxycarbonylated under standard conditions in 79% yield.
Alkylation with benzyl 2-bromoacetate generated diester 6.
Subsequently, hydrogenolysis was employed to selectively de-
esterify the benzyl ester in the presence of the ethyl ester. How-
ever, the aryl ketone was also concomitantly reduced under
these conditions. Therefore, the product mixture obtained after
hydrogenation was treated with Dess-Martin periodinane to af-
ford ketoacid 7 over two steps in 75% overall yield. Activation
and treatment with diazomethane generated diazoketone 8,
some of which already underwent cyclization under the basic
reaction conditions to provide 9. Treatment with a catalytic
amount of Rh2(OAc)s in refluxing dichloromethane resulted in
carbene formation and rearrangement leading to bridged bicy-
clic 10 in excellent yield, whose X-ray crystal structure was also
obtained.

Scheme 2. Synthesis and rearrangement of 9
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With this result in hand, we applied this approach as a strategy
towards the bicyclo[4.3.1]decanone core of welwistatin as
shown in Scheme 3. The late stage conversion of a bridgehead
carbonyl to an isocyanate is precedented in the synthesis by
Rawal,* and the substituents on the cyclohexene moiety could
be installed by an Sx2' displacement or a conjugate addition,
retroanalyzing 1 back to A. The three carbon bridge bearing the
vinylic chloride could be obtained from a dichlorocyclopropa-
nation-ring expansion from bicyclic [4.2.1] alkene. A stepwise
assembly of the oxindole as in Funk’s approach retroanalyzes
A back to aniline B.®" The aniline could be derived from a
haloarene by a Buchwald-Hartwig amination,'” and the dime-
thyl substituents could be installed by a-alkylation of the car-
bonyl group of C, which is a benzylic oxidation product of D
after functional group manipulations that convert the carbonyl
group to a double bond in the two carbon bridge. Functional
group interconversions gives key intermediate E, which can be
derived from the rearrangement of the carbene derived from bi-
cyclic [4.3.0] a—diazo-B-hydroxyketone F, a reaction we have
reported previously.’

Scheme 3. Retrosynthetic analysis of 1
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Although 11 is commercially available from specialty chemi-
cal suppliers, it was prepared from dibromotoluene 12 follow-
ing the route published by Johnston (Scheme 4).!! B-Tetralone
11 was then ethoxycarbonylated and alkylated, as in the synthe-
sis of 6. In this case, alkylation provided a somewhat lower
yield of the desired diester 14, due to a competitive O-alkylation
side reaction. Hydrogenolysis was uneventful to yield acid 15
which was activated and treated with diazomethane. Cycliza-
tion occurred concomitantly with diazoketone formation and
provided 16. Its X-ray crystal structure was obtained and af-
firmed its cis-fused relative stereochemistry. Treatment of fused
bicyclic a-diazo-B-hydroxyketone 16 generated bridged bicy-
clic dione 17 in 97% yield, whose X-ray crystal structure con-
firmed its bicyclo[4.2.1]nonane framework.

Scheme 4. Synthesis and rearrangement of 16
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Although 11 is commercially available from specialty chemi-
cal suppliers, it was prepared from dibromotoluene 12 follow-
ing the route published by Johnston (Scheme 4).!! B-Tetralone
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11 was then ethoxycarbonylated and alkylated, as in the synthe-
sis of 6. In this case, alkylation provided a somewhat lower
yield of the desired diester 14, due to a competitive O-alkylation
side reaction. Hydrogenolysis was uneventful to yield acid 15
which was activated and treated with diazomethane. Cycliza-
tion occurred concomitantly with diazoketone formation and
provided 16. Its X-ray crystal structure was obtained and af-
firmed its cis-fused relative stereochemistry. Treatment of fused
bicyclic a-diazo-B-hydroxyketone 16 generated bridged bicy-
clic dione 17 in 97% yield, whose X-ray crystal structure con-
firmed its bicyclo[4.2.1]nonane framework.

Our manipulations of dione 17 quickly revealed that it was
labile to bases or nucleophiles which can initiate retro-
Dieckmann reactions to relieve the ring strain. For example,
when dione 17 was reduced, in addition to diol 18, retro-
Dieckmann product 19 was also obtained (Scheme 5), whose
structure was determined by X-ray crystallographic analysis
(see SI). However, by decreasing the temperature, and ensuring
an excess of NaBH4 to reduce both carbonyl groups, diol 18
could be obtained quantitatively.

Scheme 5. Reduction of dione 17
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Attempted direct dehydration of diol 18 using Martin’s sulfu-
rane or Burgess reagent were not successful.!>!* Towards acti-
vating diol 18 for elimination, mono-mesylation provided 20
selectively (Scheme 6), but treatment of 20 with DBU to induce
elimination led to products derived from a retro-aldol reaction
instead. However, diol 18 could be bis-mesylated to give 21,
where based-induced elimination generated alkene 22 in ac-
ceptable yield.

Scheme 6. Synthesis of 25 with [4.3.1] bicyclic core
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As 22 corresponds to synthon D in our retrosynthetic plan
(Scheme 3), the next transformation to be tackled would be the
installation of the indole. However, we wanted to establish that
the bicyclo[4.3.1]decane core of the natural product could in-
deed be secured from 22, and so we explored the ring-expansion
next.

Dichlorocyclopropanation of 22 turned out to be challenging
and the outcomes were unsatisfactory under many sets of con-
ditions tried, including phase-transfer catalysis.'* Finally, it was
achieved under Regen’s conditions, using NaOH/CHCl; with
heating and sonication, to provide cyclopropane 23 in good
yield (Scheme 6).!° NOE studies of 23 indicated that cyclopro-
panation occurred on the less hindered face, syn with respect to
the one carbon bridge. Silver-promoted electrocyclic ring
opening afforded the desired bicyclo[4.3.1]decene 25 incorpo-
rating the vinylic chloride functional group. The allyl cation
intermediate 24 could have been quenched at either electro-
philic site, but apparently, water attack at the site distal from the
ethoxycarbonyl group, and on the less hindered face, to gener-
ate 25 as a B-alcohol and as the most advanced intermediate to
date.

An alternative and more direct entry to a simpler, bicy-
clo[4.3.1]decane framework could be envisioned via the rho-
dium-catalyzed rearrangement of fused bicyclic a-diazo-B-hy-
droxyketone 26 (Scheme 7), which could be prepared in 3 steps
from 13 (see SI). This approach was also explored. However,
upon treatment of 26 with rhodium, the expected bridged [4.3.1]
bicyclic decane 27 was obtained in only 33% yield as one of the
products. The others were ring-contracted compounds 28 and
29 derived from a Wolff rearrangement of the rhodium car-
bene,'® which remained as a significant or even predominant
pathway in the reaction of 26 over a range of conditions tried
(see SI). This result was surprising because the rhodium-cata-
lyzed reaction of 2 proceeded smoothly to give 3 having the
[4.3.1] bicyclic decane framework, and the successful rhodium-
catalyzed rearrangement of 16 to 17 showed that the bromoaryl
group did not perturb the electronics of the migrating bonds ad-
versely. Rhodium carbenes undergoing Wolff rearrangements
are not very common,'!” and Wolff rearrangements have not
been observed in any of our previous studies on the rhodium-
catalyzed decomposition of a.-diazo-B-hydroxyketones.” More
work will be needed to elucidate the mechanistic details of this
outcome, but we surmise that the peculiar behaviour of this
[4.4.0] bicyclic diazoketone 26 could be due to its altered con-
formation, being fused with the aromatic ring.

Scheme 7. Reaction of 26
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In summary, the synthesis of the bicyclo[4.3.1]decane core of
welwistatin furnished with a vinylic chloride functional group,
has been successfully accomplished by a diazoketone rear-
rangement and ring expansion strategy. The rhodium catalysed
decomposition of fused bicyclic a-diazo-f-hydroxyketone 16
highlighted the use of this rearrangement for the synthesis of
bridged bicyclic natural products. We will report our progress
in the synthesis of welwistatin in due course.
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