J. Am. Chem. S0d.998,120, 5341-5342

Synthesis of the Antitumor Alkaloid
(+)-Pancratistatin Using the f-Azidonation Reaction
via a Prochiral 4-Arylcyclohexanone Derivative

Philip Magnus* and lyassu K. Sebhat

Department of Chemistry and Biochemistry
University of Texas at Austin, Austin, Texas 78712

Receied February 4, 1998

In 1984 Pettit and co-workers reported the structure of
pancratistatirl, which was isolated from the roots of the Hawaiian
Pancratium littorale Jacy. Subsequently, pancratistatih has
become an important target for total synthesis because of its
increasing potential as a clinically useful antitumor adefithe
supply ofl is limited, and attempts to synthesizérom more

abundant alkaloids such as narciclasine have not been sucéessful.

There are four reported total syntheseslof The synthesis of
the racemate was first reported by Danishefskand three
enantioselective syntheses described by Hudlfckyost® and
Haseltiné rely on enzymatic and catalytic chiral palladium
methodology to introduce the correct absolute stereochemistry.
While there is substantial literature describing the synthesis of
Amaryllidaceaealkaloids in generdl,the more highly function-
alized compounds have proven tenaciously difficult to synthesize
in an efficient and practical manngr.

TheS-azido triisopropylsilyl (TIPS) enol ether functionalization
reaction provides a unique strategy for the synthesis of pancrat-
istatin 1 andAmaryllidaceaealkaloids in general The 4-prochiral
arylcyclohexanone2!' was treated with lithium +)-bis(a-
methylbenzyl)amide in THF containing lithium chloride, followed
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by TIPSOTf to give3 in 95% vyield with an ee o0f>=85%!2
Treatment oB with (PhIO)}/TMSN; in CH,Cl, at —15 °C rapidly
produced4 (95%) as a mixture ofrans and cis-diastereomers
in a 3.5:1 ratio, Scheme 1. Exposure of the mixture to LiBPh
did not improve the ratio by equilibration via a putative enonium
ion but led to decomposition and elimination to diefs.
Consequently, while thdrans/cis-ratio of 4 could not be
improved, the yield of the requirdcans-4 is approximately 75%.
At this stage the stereoisomers could not be separated. Reduction
of 4 using LiAIH4/ELO, followed by treatment with CICD/le/
pyridine gaveb, as a mixture ofrans/cis-diastereomers. On a
large scale X6 g) two crystallizations were sufficient to provide
pure5 (56% from4).

It was anticipated that epoxidation 5fvould proceed by axial

(9) The synthesis of 7-deoxypancratistatin has been achieved by severaladdition, and eventually, after a series of intermediate steps, form
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6.3 Indeed, treatment o with m-chloroperoxybenzoic acid/
CH.Cl,/imidazole gaves in excellent yield. Mild acid hydrolysis
of 6 gave7, which on treatment with KOB(HMPA at 90°C
resulted in complete conversion in8o(91%).

At this stage it was necessary to conv@rinto the derived
o,f-unsaturated ketonkEL.  This proved to be extremely difficult
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to do in an efficient manner, but eventually it was found that
treatment of8 with TMSOTf/E;N gave the bis-TMS addu&
Exposure o to PhSeOCOCkgave the selenide derivativ),
which was oxidized (KD./py) and eliminated to givd1 (85%
overall). Treatment ofl1 under the standard,3-enone epoxi-
dation conditions of KHO,/NaOH/MeOH gavel?2 in low vyield
(25%). It was found that2 was competitively destroyed by the
strongly alkaline reaction conditions. Changing the reaction
conditions to HO,/NaHCQ/MeOH/THF gavel?2 (75%). Reduc-
tion of 12 with L-selectride/THF gavel3 (63% from11) as a
single diastereomer. The diacetate derivativé3ivas character-
ized by X-ray crystallography. Interestingly, solvolysis of this
diacetate in AcOH/AgO/AcONa proceeded with inversion at C2,
presumably through acetoxonium ion participattériTreatment

of 13 with PhCQNa/H,O under the solvolytic conditions
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described by Hudlickygave 14, which on acetylation produced
15 (60% from 13).

Treatment ofL5 under modified BischlerNapieralski reaction
conditions (T§O/DMAP) followed by acid hydrolysis gavi6
(60%) along with a small amount of the product of electrophilic
substitutionortho- to the methylenedioxy groutba(7:1)6 While
16andl16acould not be separated at this stage, it was found that
exposure of the mixture to BBCH,Cl,/—78 to 0°C gavel7?
(73%,16adid not react), which was readily separated frb6a

Finally, removal of the acetate protecting groups frbfiwith
NaOMe/MeOH proceeded cleanly to give pancratistai{@7%),
which was identical with an authentic sample kindly supplied by
Professor Tomas Hudlicky. The optical rotatioh38) closely
matched the literature values (lit. valuest40.9,+48, and+44
seerefs 5, 1, and 6, respectively), thus corroborating the emperical
observations of Simpkins and Kogahat the choice of lithium
(+)-bis(a-methylbenzyl)amide would result in the correct absolute
configuration of3 necessary to synthesize)-1.
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(14) The formation ofl3cis readily explained by acetoxonium idr8b,
and since the acetic acid was wet, an ortho ester intermediate led@8s. to

MeO

13a (X-ray)

(15) Banwell, M. G.; Cowden, C. J.; Gable, R. \l..Chem. Soc., Perkin
Trans 11994 3515.

(16) The Bischlet-Napieralski reaction was not regiospecific and produced
about 10% ofl6a The presence of the C1 acetoxy group appears to improve
this ratio, since in related experiments lacking this functionality the ratio of
the corresponding two lactams was 3:1.




