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Total Synthesis of &)-Ginkgolide B Scheme 1
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Ginkgo biloba termed the “living fossil” by Darwin, has
ancestors dating to 230 million B XExtracts ofGinkgo biloba
which have been used as herbal medicines for 5000 years to treat
a variety of conditions such as coughs, asthma, and circulatory
disorders, are currently undergoing clinical evaluation for treat-
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ment of dementid. Ginkgolide B is the most potent platelet SCheme 2

activating factor (PAF) antagonist of the ginkgo extracts, with o ' o L
an 1G of 0.6 uM.® The complex molecular architecture of () 1. £BupCuCNLi; \ ) ME—_
ginkgolide B, which includes six rings, eleven stereogenic centers, 2. i-BuAlH OHC THF, -78 °C

ten oxygenated carbons, and four contiguous fully substituted E0,¢7
carbons, is a daunting challenge for chemical synthesis. The
OgEt

diabolical disposition of functionality dictates that introduction 1. Etgsicl  Et02C
of functional groups be judiciously orchestrated. The ginkgolides \/\)/\) > Bl \/\)/\) ) nou
. . . . . n-puLl, 2

were first characterized in 1967gnd the syntheses of ginkgolides CICO,E

95% overall 5 CMes 97%

A% and B were reported by Corey and co-workers in 1988. The Y CMe; 95% EtssiO CMea 82%

synthesis of the related compound, bilobalide, was also achieved ¢  _\ v _ oy 1. DEAD, PhP, ACOH 7

by the Corey groufas well as by our laboratoyReported herein 6aX=0H,Y=H 2. NaOH 99%, 2 steps

is the total synthesis of ginkgolide B utilizing the zincopper o

homoenolatéand double diastereoselective intramolecularZp Y o SO:E .

photocycloaddition methodologies developed in our laboratéfies. 2 O hv.366nm EtOH, 78 °C
Strategically, the synthesis of ginkgolide B was thought to be 7/ hexanes then PPTS, CgHg

achievable from the pentacyclic precursdbmwhich was to be e S,é CM 100% RO™ “‘CMes

derived from3 by a regioselective cyclobutane fragmentation and 151 es 5% HF 3R = Et3Si

further functionalization. A stereoselective intramolecular photo- 4 MsCl E: 9R=H

cycloaddition of the enone-furahto produce cycloaddu&was o 10R=Ms

anticipated to provide the stereochemical control required to o
construct the congested core of the molecule. Preparation of the
photocycloaddition substratewas to be accomplished through 0

dimethyldioxirane,

o)
PhSeCl, HCI,
then NalO,4 N

. H,0, p-TSA
our homoenolate technology for the construction of carboalkoxy- - 20 P
cyclopentenones. “‘CMes % “oMe, 4%
The synthesis of the photocycloadd@ds illustrated in Scheme 11 (63% overall from 3) 12

2. Ethyl 3-(3-furyl)acrylaté was subjected to the higher order o
cuprate {-Bu,CuCNLi,, TMSCI, EtQ] to incorporate the critical o
tert-butyl group. The resultant ester was reduced wiu,AlH

to provide the corresponding aldehyBen 95% overall yield.
Addition of ethynylmagnesium bromide to aldehyilgave a 1.2:1

o
MeOH, p-TSA, pn—NSO,Ph

2o

CH(OMe)3 t-BuLi,
cat. HNEt,

95% THF, -20 °C
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photosubstratet in 82% vyield? Irradiation of the enonet in Scheme 3

hexanes solution at 366 nm (uranium glass filter) produced the o o

photocycloadduc8 in quantitative yield and>98:2 diastereose- ol ome o 0\},51

lectivity establishing the two contiguous quaternary carbon centers 0 1. HNEt,, +BuLi, THF 0 OMe

of the core skeletoH. z\o Z--‘OMS _ Davis oxaziridine <:3 <o
The closure of the D ring lactone was accomplished (Scheme "‘;0 X 2. (EtCO)20, EtsN ,,'),”OMQ

2) by hydrolysis of the C6 TES eth& mesylation of the resultant "CMes 66%

alcohol9, and solvolysis of the mesylati) in ethanol at reflux 18 CMes
1. CSp, Mel, DBU

° LDA,
2. BuzSnH, AIBN, 60 °C THF, ' 100%

; ; . 14 X = OH
to provide a mixture of the lactong&l and the corresponding

hydroxy-ester. Treatment of the mixture with PPTS in benzene 17X=H

at 80 °C completed the conversion to the crystalline bridged

lactonell in 63% overall yield from3. The stereochemistry of Me . 9
the lactonell was confirmed by single crystal X-ray crystal- HO
lography. Lactonell was transformed in one pot to the enone  MeO,C
12 by selenation of the ketone with PhSeCl and catalytic HCI in N\
EtOACc? followed by in situ oxidation with sodium periodate.
The enol ether ofl2 was selectively oxidized by exposure to
dimethyldioxirane in wet acetorié Addition of catalyticp-TSA ||| MeOH 2R'=Me, R2=H
to the reaction mixture resulted in hydrolysis of the epoxide to MeONa 19R'=H, R =Me
the hemiacetal and subsequent fragmentation of the cyclobutane 50%
producing the triofl3 in 94% vyield directly from12. Treatment

of the bis-hemiacetal3 with p-TSA in methanol provided 82% MeO
of the bis-methyl acetal4 accompanied by 15% of another

78% -78 °C

diastereomer that could be convertedltbby exposure to 6 N Me*" CoHtsCl - Me

HCl in acetone in 92% yield. Hydroxylation of C4 was achieved 85%

using a modified Davis procedut&éExposure ofl4 to stoichio- VO(acac),,tBUOOH
metric t-BuLi and 20 mol % EMNH followed by the Davis CH,Cly, p-TSA
oxaziridine gave excellent yields of the tertiary alcoti6l The HO

81%

use of sub-stoichiometric amounts of amine obviated the use of

X A > T iy o] o
excess oxidant and significantly simplified the purificatiorif o i 1.pMpDO © o°, v H
Attempted closure of the central E ring by treatment of acetal o7 ""CMes = 5 rone Me“,.c o’/ “"CMes
15 with catalytic acid produced hydroxy ketot&in high yield. : f—/ " NaOAG, -
Apparently, an acid-catalyzed closure of the E ring results in the H% oH . Bra, o
formation of an intermediate hydroxy aldehyde that is converted ginkgolide B 52% 22

to 16 by an ene-diol rearrangement. Attempts to close the Fring ¢ ring lactone and refunctionalization of the F ring remained.
by more vigorous conditions led to addition to the enone by either 1o this end, elimination of methanol from the F ring was
the C10 or C11 functional group in a variety of substrates. This accomplished in 85% yield by heating the ac@@in chloroben-
and other related failures to close both the E and F rings led to zene (PPTS, pyridiné)to give the enol etheRl. Selective
the decision to remove the C10 hydroxyl group in an effort to epoxidation of the C+C2 alkene under Sharpless condititins

suppress the enediol rearrangement. . and subsequent addition pfTSA to the reaction mixture led to
Alcohol 14 was converted to the corresponding xantteaad the hexacyclic enol ethe22. Treatment of enol ethe22 with
subsequent Barton deoxygenatfoprovided17 in 78% overall dimethyldioxirane resulted in stereoselective formation of the

yield (Scheme 3). Hydroxylation of C4, as described above, C10-C11 -epoxide as a result of steric shielding by tieet-
followed by DMAP catalyzed acylation of the alcohol with  butyl group. Opening of the epoxide and in situ oxidation,(Br
propionic anhydride gave the propiondin good overall yield. NaOAc, HOAc}® of the resulting hemiacetals led to the exclusive
Exposure of the estéi8to LDA in THF gave 90% of the lactone  formation of @&)-ginkgolide B. Ginkgolide B was obtained in

19 which was isomerized to a 1:1 mixture 2f19 by exposure 52% purified yield for the final two steps. Synthetiek)

to sodium methoxide in methanol. The diastereomers were ginkgolide B was identical in all respects with a natural sample
separated antl9 was isomerized to the same 1:1 mixture2af9 (*H, 3C NMR, IR, TLC).

by further exposure to the isomerization conditions. Treatment
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