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The use of Amaryllidaceous plant extracts for medicinal
purposes dates back to at least the fourth century;! in recent
times a large number of atkaloids which possess a wide spectrum
of biological activities have been isolated from these species.
Pancratistatin (1), isolated by Pettit and co-workers,? displays
promising antineoplastic and antiviral activity. The 7-deoxy
structure 2, isolated by Ghosal and co-workers,’ has been shown
in in vitro antiviral assays to exhibit a better therapeutic index
than 1 due to decreased toxicity.* We describe herein a total
synthesis of 2 in which the key strategic element is the use of
a 6-exo cyclization between a benzylic radical and an oxime
ether (note structure 3) to construct the highly functionalized
cyclohexane nucleus found in 1,°° 2, and related substances.’
Although radical cyclizations involving oxime acceptors are
known,? none have been described in such a complex setting.

The synthesis began with diol 4 derived® from D-gulonolac-
tone, which furnishes carbons 4a—10b with the desired absolute
configurations at C;—C4. Conversion of 4 to the bis-TBS
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derivative, followed by DIBAL reduction and O-benzyl oxime
formation afforded the hydroxy oxime § in 90% overall yield
(Scheme 1). Protection of the hydroxyl moiety as a MOM ether
and selective removal of the primary TBS group using HF—
pyridine gave the primary alcohol, from which incorporation
of the aromatic moiety commenced. Although oxidation of the
primary alcohol to the corresponding aldehyde 6 via the method
of Ley'® (TPAP—NMO) was straightforward, additions of
various lithiated aromatic subunits to 6 were problematic.
Further oxidation'! to acid 7 (84%) also occurred readily, but
attempts to add lithiated aromatic subunits to the corresponding
Weinreb amide'? again failed, yielding only recovered starting
material. In view of the difficulties associated with these
intermolecular reactions, use of an intramolecular rearrangement
approach was adopted.!> Mitsunobu esterification'* of acid 7
with alcohol 8 cleanly afforded ester 9. Treatment of 9 with
n-butyllithium, initially at —98 °C with warming to —78 °C,
gave the desired rearranged alcohol which unexpectedly proved
to be quite unstable. Immediate oxidation (TPAP, NMO),
however, afforded the stable aldehyde 10 in 72% overall yield
from 9.

Aldehyde 10 was converted to ketolactone 11 via TBS
deprotection (HF—pyridine) and Dess—Martin oxidation. '
Ketone reduction (NaBH,) and acylation with TCDI!¢ (1,1’-
(thiocarbonyl)diimidazole) provided the desired radical precursor
12. Radical cyclization of 12 (Bu;SnH, AIBN, toluene, 90 °C)
was complicated by competing reduction of the lactone moiety,
and afforded 13 in only 25% isolated yield. However, 13 was
obtained as a single diastereomer in which the desired stereo-
chemical relationships had been established at both Cqp and
C.a, thus establishing the viability of this aspect of the radical
cyclization approach.

In order to circumvent the unanticipated lactone reduction,
ketoaldehyde 10 was converted to the TBS-protected lactol 14.
Ketone reduction and acylation with TCDI as previously
described afforded radical precursor 15, which yielded 16 as a
single stereoisomer (ignoring lactol stereoisomers) upon radical
cyclization (BuiSnH, AIBN, toluene, 90 °C) in 70% isolated
yield.”

The remaining steps to 2 required oxidation of protected lactol
to lactone, lactone to lactam isomerization, and protecting group
removal, and were accomplished as follows.!® Acylation of 16
(TFAA) followed by TBS removal (TBAF) and oxidation
(TPAP—NMO) gave lactone 17. Reductive cleavage of the
N—O bond was effected at this stage using Sml;.' Removal
of the acetonide and cleavage of the MOM ether were
accomplished very cleanly (Dowex H* resin in methanol, 65
°C) to give the desired triol in 88% yield. Finally, cleavage of
the trifluoracetamide with concomitant lactone to lactam
reorganization® proceeded efficiently with K>CO; in dry
methanol, yielding 2.2!

The approach described above clearly demonstrates the
potential of radical—oxime cyclizations in the construction of
Amaryllidaceae alkaloids, and affords 2 in 7% yield from 4.
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“ Reagents: (a) TBSCI, imidazole. (b) DIBAL, —78 °C. (¢) BnONH,—HCI. (d) MOMCI, DIEA. (e) HF—Pyridine. (f) TPAP, NMO. (g) NaClO»,
KH:PO,. (h) Ph;P, DEAD, 4-bromo-5-(hydroxymethyl)- 1,2-(methylenedioxy)benzene (8). (i) NaBH4, MeOH. (j) TCDI, DMAP, 1,2-dichloroethane.

(k) TFAA, pyridine, DMAP. (1) TBAF, THF. (m) TPAP, NMO.

Now that the viability and stereochemistry of the critical
cyclization have been established, efforts toward shorter and
more convergent approaches to radical precursors such as 15
are in progress and will be reported in due course.
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sequence (from 13) involving initial deprotection of the acetonide followed
If:y.lr;arrangement of the resulting dihydroxy O-benzylhydroxylamine also
ailed.

(19) (a) We have found this N—O bond cleavage using Sml; to be a
convenient and high-yielding reaction for cleavage of N—O bonds in a
variety of structures, including O-alkylhydroxylamines and O-alkylhy-
droxamic acids; these studies will be reported separately. (b) With
this pamcular substrate, attempts at reductive cleavage of the N—O
bond & hydrogenolysis'® or by reaction with aluminum'® or
sodium'™ amalgam all failed. (c) Nikam. S. S.. Komberg, B. E.
Johnson, D. R.; Doherty, J. A. Tetrahedron Lerr. 1995, 36, 197. (d)
;(;lck. G. E.; Fleming, S.: Nickell, D.; Weider, P. Svath. Commun, 1979, 9,

(20) (a) For a closely related transformation, see ref 5c. (b) For a dif-
ferent outcome in a similar transformation using the same reagents, see ref

a. :

(21) This material was best characterized after peracetylation with Ac,0—
pyridine. The resulting tetraacetate was spectroscopically indistinguish-
able from that described by Paulsen, and had [a}p +68.4° (¢ 0.5, CHCl3),
in excellent agreement with the literature® value ([a}p +68.4° (¢ 1.0,
CHCly)).



