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The Chinese medicinal plantripterygium wilfordii Hook
(Celastraceae) has provided extracts with antitumor, antiinflam-
matory, and immunosuppressive activitiésind a number of
bioactive compounds, including the antitumor diterpenoids
triptolide and tripdiolid@ and the potent inhibitor of HIV
replication, neotripterifordin (E4 25 nM)*> Neotripterifordin,
which had previously been assigned structlifeis also of

9929

lation and afforded® as the exclusive product in 86% isolated
yield. 2-DH NMR studies (COSY-NOE) of the cyclization
product fully confirmed the structur@ The efficiency of this
process may be associated with bidentate coordination of the
benzyloxy and oxirane oxygens with TiChnd concerted
oxirane C-O cleavage and cyclization, thus minimizing side
reactions such as pinacol-type rearrangement and elimination.
Replacement of the primary hydroxyl group &by hydrogen
(oxidatior? and Wolff—Kishner reduction) followed by oxidative
cleavage of the vinyl group afforded the aldeh@d@&8% overall
yield from 8) which by Pd-C-catalyzed hydrogenation in acidic
methanol provided the bridged eth&0 (98% yield). The
aromatic bridged ethetO was transformed into the,5-enone

11 by Birch reduction and subsequent acid treatment (75%).
Irradiation of thea,3-enonell (medium-pressure Hg lamp) in
the presence of allene in hexane solutior-80 °C for 30 min
afforded as major product the photoaddli2tin 72% yield°

interest as a challenging target for synthesis because of the ©Ozonolysid! of 12in methanol containing NaHC{at —78

combined complexity of pentacyclic topology, stereochemistry,
and functionality. In this paper, we describe an enantioselective
total synthesis of neotripterifordin which dictates revision of
structure froml to 2. The absolute stereochemistry of the
synthetic neotripterifordin was set in place by a combination
of enantioselective catalytic epoxidation and oxirane-initiated
cation—olefin polyannulation.

Wittig coupling of unsaturated ketor&with phosphonium
ylide 4% (1.1 equiv) in 20:1 THFHMPA at —78 °C for 1 h
and then at 23C for 5 h produced th&-olefin 5 stereospe-
cifically in 82% vyield” Conversion of5 to the triene6 was
accomplished in 85% vyield by the following sequence: (1) THP
(tetrahydropyranyl) cleavage (0.1 equiv of pyridinium tosylate
in ethanol at 55C for 4 h); (2) oxidation of the allylic alcohol
(MnO; in hexane at 23C for 1 h); (3) Wittig methylenation
(PhsP=CH, in THF at 23°C); and (4) desilylation (BiNF,
THF, 23°C, 4 h). Katsuki-Sharpless epoxidatfaf the allylic
alcohol subunit o6 (0.09 equiv of ¢)-diethyl tartrate, 0.075
equiv of Ti(Oi-Pr), 3 equiv oft-BuOOH, 4 A molecular sieves,
CHCl,, at —23 °C for 2 h and—12 °C for 15 h) gave the
correspondingR)-a,3-epoxy carbinol of 96% ee in 94% vyield
which was O-benzylated (1.15 equiv of NaH, 1.1 equiv of
benzyl bromide, 0.1 equiv af-BusNI in THF at 23°C for 6 h)
to form the chiral epoxy diene eth@&in 94% yield. Treatment
of 7 with 1.2 equiv of TiC} in CH,CI, at —94 °C for 10 min
effected a remarkably clean and stereoselective double-annu

°C for 10 min followed by treatment with M& and stirring at
23 °C for 15 h effected cleavage of the exocyclic methylene
group and methanolysis of the strained acylcyclobutanone unit
to form a keto ester (88% yield) which was reduced to the
corresponding hydroxy aldehydE3 in 75% yield using di-
isobutylaluminum hydride (2 equiv, toluene;78 °C, 3 h).
Aldehyde 13 was transformed into the hydroxy acetylebhé
(94%) by reaction with 2.5 equiv of GGEOC(N)PO(OMe)
and 3.4 equiv of KCOs; in MeOH at 23°C for 3 h1? The
hydroxy acetylenel4 was converted to the corresponding
xanthate ester (92%) by sequential treatment with sodium
hydride (3.8 equivy-imidazole (0.1 equiv) in THF at reflux for

3 h, then Cg(excess, 0.5 h) and GHexcess, 0.5 h). Reaction
of this xanthate withn-BuzSnH (2 equiv)-AIBN (cat.) in
toluene at reflux for 10 min effected radical formatidand
cyclization to form pentacycl&5in 95% yield. Transformation

of 15 to the target molecul was accomplished by the
following sequence: (1) epoxidation (2.1 equivrafchlorop-
eroxybenzoic acid, 2.5 equiv of NaHG@® CH,Cl, at 0°C for

30 min, 85%); (2) oxirane reduction (with 4.5 equiv of LiAJH

in ether, 23°C, 30 min, 94%); (3) lactol ether cleavage (2:1 3
N HCI-THF, 40°C, 2 h); and (4) DessMartin oxidatior? of
lactol to lactone at 23C for 4 h (80%). Syntheti@ was
compared with authentic neotripteriforéfiiy 'H and3C NMR,

IR, and mass spectroscopies and by optical rotation and thin-
layer chromatography and was found to be idenfitaln
contrast, synthetid (the C(16) diastereomer &) and neo-
tripterifordin were clearly distinguishable by each of the above
comparisons. Synthetid was prepared froml5 by the
following sequence: (1) oxidative cleavage of theeCH, group

of 15 (03, CH3OH, —78 °C, 10 min, 92%); (2) addition of
MeMgl to the resulting ketone (ether, 2&, 1 h, 94%); (3)
lactol ether cleavage (2:3 N HCI-THF, 40°C, 2 h); and (4)
Dess-Martin oxidation of lactol to lactone (809%45. Thus, it
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a2 Reagents: (a) pyridinium tosylate, EtOH, 86, 4 h, 95%; (b) Mn@, hexane, 99%; (c) BR=CH,, THF, —78 to 23°C, 95%; (d) BuNF,
THF, 95%); (e) €)-diethyl tartrate (0.09 equiv), Ti(@Pr) (0.075 equiv)-BuOOH (3.0 equiv)4 A molecular sieves, CiEl,, 94% yield, 96%
ee; (f) NaH, benzyl bromiden-BusNI (cat.), THF, 94%; (g) TiC} (1.2 equiv), CHCI;, —94 °C, 10 min, 86%; (h) DessMartin periodinane,
CH:Cly, 92%; (i) H-NNH,, K,COs;, bis(ethylene glycol), 210C, 94%; (j) OsQ (1.1 equiv),t-BuOH—H-0; (k) NalQ,, dioxane-H,O, 90% (two
steps); () H (balloon), 10% Pe-C (cat.), AcOH (cat.), MeOH, 98%; (m) Li, N (1), THF-t-BuOH; (n) HCI, MeOH, 75% (two steps); (o) allene,
hv (300—-360 nm), hexane;-30 °C, 30 min, 72%,; (p) @ NaHCQ, MeOH, —78 °C; then MeS, 88%; (q) DIBAL-H (2.0 equiv), toluene;78°C,
75%; (r) CHCOC(N,)PO(OMe), K,COs;, MeOH, 94%; (s) NaH, imidazole (cat.), THF, reflux, then LL&en Mel, 92%; (t)n-BusSnH,
azoisobutyronitrile, toluene, 11T, 10 min, 95%; (u)m-chloroperoxybenzoic acid, NaHGOCH,Cl,, 85%; (v) LiAlH4, EtO, 94%; (w) HCI,
THF—H0; (x) Dess-Martin periodinane, 80% (two steps). Abbreviations: THP, tetrahydropyranyl; TBR®Sutyldiphenylsilyl; Bn, benzyl.

is clear that the structure of neotripterifordin should be revised the two-carbon bridge across ring C ©%, and the resultant
from 145 to 2. revision of stereochemistry at C(16).
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