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Application of a stereospecific RhCl(PPh3)3

decarbonylation reaction for the total synthesis
of 7-(±)-deoxypancratistatin
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Abstract—A highly efficient total synthesis of 7-deoxypancratistatin is described. The synthesis features the ready preparation of the
phenanthridone skeleton by a Stille-IMDAF cycloaddition cascade. The resulting cycloadduct is converted into a key aldehydic
intermediate, which is then induced to undergo a stereospecific decarbonylation reaction using Wilkinson’s catalyst to set the trans
B–C ring junction of the target molecule.
� 2006 Elsevier Ltd. All rights reserved.
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The potent cytotoxic and antiviral properties associated
with the hydroxylated phenanthridone (+)-pancratista-
tin (1),1 coupled with its limited availability from natural
resources,2 have prompted significant efforts toward its
total synthesis.3 Pettit and co-workers reported the iso-
lation and activity of pancratistatin in 1984,4 but the
low yield of 1 from Hymenocallis litoralis5 has precluded
detailed study of its anticancer activity. Although exten-
sive synthetic work has led to a number of total synthe-
ses of pancratistatin and its congeners,6 the problem of
supply has not been solved. In the case of the structur-
ally related 7-deoxypancratistatin (2),7 this compound
has been shown by in vitro antiviral assays to exhibit
a better therapeutic index than pancratistatin (1), due
to decreased toxicity.8 The main challenge toward
designing any synthetic strategy for 1 or 2 lies in the con-
trol of the trans-fused B–C ring junction (C4a, C10b), and
with the stereocontrolled installation of continuous
hydroxy functionalities located around the perimeter
of the C ring moiety. The trans B–C ring juncture is
believed to be critical for the anticancer activity of these
hydroxylated phenanthridones9, but is more difficult to
generate than the thermodynamically more stable cis
ring junction.10 For example, Rigby and co-workers
had observed a decided preference for the cis fusion in
the related pancratistatin intermediate 4, which was
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readily formed by epimerization of the less stable trans
isomer 3 at room temperature (Scheme 1).11
A few years ago, we developed a synthetic modus ope-
randi toward the preparation of several members of
the lycorine-type Amaryllidaceae alkaloids, by exploi-
ting an extremely facile intramolecular Diels–Alder reac-
tion of 2-amido substituted furans (IMDAF).12 In this
letter, we wish to describe a new total synthesis of
OOMe OOMe

3 (trans) 4 (cis)

Scheme 1.
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7-deoxypancratistatin (2) based on the above IMDAF
strategy. Our plan is outlined in retrosynthetic format
in Scheme 2. In this approach, the trans B–C ring junc-
tion is established by a RhCl(PPh3)3 promoted decarbo-
nylation reaction of aldehyde 8.13 This stereospecific
transformation constitutes a key strategic element of
our synthetic route to the target molecule.

In a previous publication we described a highly efficient
synthesis of Lycoricidine, which featured the rapid
assembly of the ABC skeleton of the alkaloid via a
Stille/IMDAF cycloaddition cascade.14 The resulting
cycloadduct was then used for the stereocontrolled
installation of the other functionality present on the C-
ring of the target molecule. Thus, cycloadduct 7 was
transformed to acetonide 10 by first treating it with
OsO4/NMO, followed by reaction with 2,2-dimethoxy-
propane, and then subjecting the oxabicyclic skeleton
to reduction using Zn(BH4)2 in the presence of TMSOTf
(Scheme 3). We also used a similar sequence of reactions
to convert the related N-benzyl lactam 11 into acetonide
12. Our first efforts to replace the carbomethoxy group
of the model lactam system 12 with a hydrogen atom
to obtain the trans-fused ring junction involved a Barton
radical decarboxylation reaction.15 The methyl ester
functionality present in 12 was converted into the corre-
sponding thiohydroxamic ester 13. Heating a sample of
13 with n-Bu3SnH and AIBN in benzene induced a
smooth radical decarboxylation. However, the only
product isolated from the reaction corresponded to the
cis-fused lactam 14. Evidently, the initially formed ben-
zylic radical preferred to abstract a hydrogen from n-
Bu3SnH to produce the thermodynamically more stable
cis-fused product.

Under the influence of transition metal compounds,
aldehydes are known to undergo ready decarbonylation
to furnish carbon monoxide and the corresponding
saturated hydrocarbons.13 Rhodium complexes, such
as Wilkinson’s catalyst RhCl(PPh3)3 are most often em-
ployed in both stoichiometric and catalytic reactions to
effect the decarbonylation.13,16 The earlier seminal stud-
ies by Walborsky13b demonstrated that the decarbonyla-
tion reaction using Wilkinson’s catalyst proceeds with
retention of configuration, and this finding has been
used by others in complex natural product synthesis.16

With this in mind, we set out to convert the carbome-
thoxy group present in 10 to the corresponding alde-
hyde. Interestingly, the reduction of 10 with DIBAL
did not produce the expected aldehyde (or alcohol),
but instead gave amine 15 in high yield as the exclusive
product (Scheme 4). The increased reactivity of the ami-
do carbonyl group over the ester toward DIBAL reduc-
tion is probably related to a significant decrease in the
strain energy of ring B, by changing the hybridization
from sp2 to sp3 at the C6 position.17 This undesired
reduction could be circumvented by converting the ester
group into the corresponding acid chloride after protect-
ing the free OH group as the benzyl ether. Selective
reduction of the acid chloride with Zn(BH4)2, followed
by a subsequent oxidation of the resulting alcohol using
Ley’s procedure18, afforded the desired aldehyde 16.
When a solution of 16 and RhCl(PPh3)3 was heated in
benzonitrile at reflux, the decarbonylation reaction pro-
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ceeded to give the desired trans-fused lactam 17 in 63%
yield.

With the rapid construction of the trans-fused lactam in
hand, installation of the other functional groups present
on the C-ring with the correct relative stereochemistry
was next investigated. What was required for the end
game was to introduce a C1-hydroxyl group and also
to invert the stereochemistry at the C2-position. To this
end, a transient double bond between C1 and C2 was
installed by carrying out a debenzylation under hydro-
genolysis conditions, followed by a Chugaev elimina-
tion19 of the xanthate ester, which proceeded in 85%
overall yield (Scheme 5). Since the presence of the bulky
acetonide moiety partially blocked the b-face of the
p-bond of 18, dihydroxylation occurred preferentially
from the less hindered a-face to furnish two easily sepa-
rable diol isomers (3:1) in almost quantitative yields. A
subsequent regioselective inversion of the stereochemis-
try at the C1-hydroxyl group of the major diol 19 was
achieved through a three-step sequence.3c

Treatment of diol 19 with thionyl chloride, followed by
oxidation of the resulting sulfite with NaIO4 in the pres-
ence of catalytic RuCl3, furnished sulfate 20 in 82%
yield.20 Reaction of sulfate 20 with cesium benzoate, fol-
lowed by acid hydrolysis, resulted in the formation of
triol 21 in 75% yield. The final ester hydrolysis and
amide deprotection proceeded uneventfully to furnish
7-deoxypancratistatin in 80% yield.

In summary, we have described here a novel and highly
efficient synthesis of (±)-7-deoxypancratistatin, which
features (a) the use of a one-pot Stille/IMDAF cyclo-
addition cascade to construct the ring skeleton, and
(b) a stereospecific decarbonylation reaction using Wil-
kinson’s catalyst to set the trans B–C ring junction of
the target molecule. The application of this approach
to other members of the Amaryllidaceae family of alkal-
oids is currently under investigation, the results of which
will be disclosed in due course.
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