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TI.TLE: Conversion of G nkgolide Cto G nkgolide .B DESCRI PTION: The
invention relates to a process for the preparation of ginkgolide B from

gi nkgolide €. G'nkgolides B and C are diterpene | actones which are isol ated™
fromleaves and roots of the ginkgo biloba tree in generally conparable
proportions (the proportions vary according to the naterial and to the
sourc€e: of the same and al so to the extractiolr nethod used). G nkgolide B
has B€en found to be a potent inhi.bitor of PAF-acether (cf for instance US
Pat ent -4734280) whereas ginkgolide Cis less active in this regard. As

gi nkgol i des are BItEicted in general ly conparabl e proportions, it was
interesting to ormmefsﬁorgbfn@gkgamecclmq;lﬁkgﬂngelnde B, insofar that
starting froma Qroduct renders the conversion process definitely
cheaper than the = . The invention provides a process for the
preparation of gi‘hd<gmlendenB;ela]festtm d oprovess BooO ther pieparatidn 6f gginkgolide B
gi nkgol i de C, of h C [err] Cthe process conprising the

fol l owi ng steps: frmtn gn}g&f%ng t he 10- hydroxy group of ginkgolide C by -
conversi on

Ginkgolides B and C are diterpene lactones which are isolated from
leaves and roots of the ginkgo biloba tree .in generally comparable
proportions (the proportions vary according to the ‘material and to the
&/ source of the same and also to the extraction method used). Ginkgolide
B has been found to be a potent inhibitor of PAF-acether (cf for
instance US Patent 4734280) whereas ginkgolide C is less active in this
regard. As ginkgolides are extracted in generally comparable proportions,
it was interesting to convert ginkgolide C into ginkgolide B, insofar that
starting from a costless product renders the conversion process definitely

cheaper than the extraction.

" The invention provxdes a process for the preparatlon of ginkgolide B, of

the formula B
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to an alkyl ester, the reaction being éffected in dinethylformanide at a -
tenperature of from15to [err] for from4 to 10 hours; - activating the
7-hydroxy group of the resultant 10-protected ginkgolide C by conversion
to a (Rythiocarbonyl ester wherein R represents a phenoxy group,'a';r?;
phenoxy group substituted by one or nore hal'ogen aton(s), -or an |n1dazotyl
group; the activation being effected by-treating ‘the 10- protected .
ginkgolide C with phenoxyth|ocarbonyl chloride, the phenoxy group
bei ng opti ofiam| gl%&%@q ertoefdfhﬁ’y S nore hal ogen at on( s), or with 1,
-t hi ocar bonyl di i m dazole in basic condlthgs at a tenperature of. frontO to
[err] for from1 to 24 hours; - deoxygenatfjng the 7-activated group of the
resul tant 10- -protected 7- actlvated glnkg“;lde C by treatlng it mnth .
tributyltin hydride or tris- (trrnethﬁéprl,ﬂ~- yane
in the presence of a free-radi-cal h
a tenperature of fromg 70 to [err] - 'y {5 m nut-es. to-4 hours under
an i'nert atnosphere; aRg.- ¢ eavi pg the proteetsng group. from the . .
10- hydroxy group of the gsulN\e %0- pr gr€ct fgrnkgolrde B. In the fIrSt=:3
step, the G 10 hydroxy gkoup & 1€ (T 'wirg, PS preferably protected
~as an acetyl n- butyryIMor : ';bro ecting.agent for- suoh”'
-C g, n- butyrlc anhydri de- and
n- valerrc anhydrlde Preferdﬂby, ! gg;ﬁgk”hﬁ ~3- ‘carried out at"
tenperature of from20 to-[err] for fr[_fw-*ff;H ours. - The second step |n
t he process of the_|nvent|on is the aot of the N

the process comprising the followmg steps‘n o o e

- protectmg the 10—hydroxy group of gmkgolxde c by conversxon"'
to an alkyli ester, the reaction belng effected in dtmethylformamtde at a' _
temperature of from 15 to 50°C for lfto_m 4 to 10 hours;

- activating the 7-hydroxy group _. of the resultant 10-protected

..-ginkgolide C by conversion to a (R)t'hicrca'rbonyl ester. .wherein R

_represents a. . phenoxy group, a phenoxy group substttuted by one or more .

halogen atom(s), or an imidazolyl group; the activation being effected by_ "

~ treating the 10-protected gtnkgoltde C with a phenoxythiocarbonyl L
chloride, the phenoxy group being opttonally subsututed by one or more '_ \-’ :
halogen atom(s), or with 1,1'~thiocarbonyldiimidazole in basic conditions s
at a temperature of from 0 to 40°€ for from 1 to 24 Rours;

- deoxygenating the 7-activated group of the .resultant 10-
—protected 7-activated gmkgollde C by treatmg it with tnbutyltm hydride.
or tris-(trimethylsilyl)silane, in an aprotic s_o_lvent, in the presence of a
free-radical generator, the .reaction being éffecét'ed at a .t-emperature of
from 70 to 110°C for from 15 minutes to ‘4 hours under an inert
atmosphere; and | - : | I

- cleaving the protecting group from the 10-hydroxy group of | _
the resultant 10-protected ginkgolide B. _ ) o - K

in the first step, the C-10 hydroxy group of- _th_e ginkgolide: C s
preferably protected as an acetyl, n-butyryl or _ri—valeryl ester, the
protecting - agent for such conversion being respectively acetic anhydride,

n-butyric anhydride and n-valeric anhydride. Preferably, the reaction is



7- hydroxy group of ginkgolide 'C. The said 7- hydr.oxy group is converted to a
(R)t hi ocarbonyl ester wherein R preferably represents a phenoxy,

2,4, 6- trlchlorOphenoxy, pent af | uor ophenoxy or im dazolyl group, by treating
it with 1 to 3 equivalents of an activating agent selected from
phenoxyt hi ocar bonyl chloride, 2,4,6-trichlorophenoxythiocarbonyl chloride,
pentafluorophenoxythiOcarbonyI chloride and34,1' -thiocarbonyldiin dazol e.

The helction i s GRABEIGR! o GHAtah dinrduiorh S6b 0L QB 5OUP9 olks.

which is pyridine 1 n an anmount rom1lt y vol ume
acetonitriile containing from 2 to 4 equival ents of 4-(dinmethylam no)-

pyridine. In thQ‘Hehbé&nats%g;? ihhetle pYoddd® dSieeiy GRNEkid) 1§fthEh§ct?va%h' Yflchd

group, the solvent is pref acetonltrll , benzene, toluene or
m xture of two OrbHgNOE¥ §IREP é’cff smlfaﬂ!l epEef e’l‘rheeaaldr 7 clagdrgny geroup g‘én%‘?"élﬁﬁleg

are a, a'- -azqbsab(r %Hafrﬁddyﬁ &ter tiKerbif R hy dz‘f@i%!ﬁxﬂ fesents a0 p‘llenoxy,
equi val ents of. trl’?uty E dride or tris-(trimeth Isng}ﬂ%sHan

suitabl e sol vent&a*@at oxy, peeisSluorephengre oz; ‘flﬁ BFQHRY i e“ie§tmg
sol ubl e in the ggeséticel oto 030lequivalers 1 of &Gl V@étﬁ&&u@f ié‘eﬁ‘xt fsfeﬁ&tédidlfﬁﬁh

enerat or. The,i nert. at npspher b trpogen o e
S on of Cthe pr oBbelSHbRRERRYE e  Rebtrutes bt geaotylo clstide,
group nay be ef mntffmobypmpxmmwmd@had:hltmﬂéodnduahl'afstubcmbnﬁﬂhmwazale.
concentrated a | ut on; to the t actone r
basic conditi onm;ﬁl aC|a§| c‘gt?fgﬁet gly c?ﬁ-l'eﬁie %Ix r#; gi"g} %ﬁ?ﬂegp
an&fkeep t he | actfowbiahi nsg@yuldxmedl sahoalmdulﬁmldfoﬁwom Iln tssor?ﬁ%cbyesqlumte, ier Aot
necessary to ca h rag e inge 4t
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cl eavage may ha en place un e operatl g condi t'i ons
step; when the dwoddingenation is carried out with a trace of
4- (di met hyl am no) pyri di ne (DVAP), deprotected ginkgolide B is obtained

directly wt hout separate performance of the deprotection step.
In the third step, that is the deoxygenation of the 7-activated group, the

solvent is preferably acetonitrile, benzene, toluene or a mixture of two or
mote thereof. The preferred free-radical generators are o, a'-
-azoisbbUtyronitrile and ter-butylhydroperoxide. 2 to 4 equivalents of
tributyltin hydride or tris-(trimethylsilyl)silane in suitable solvents can be
used in proportions wherein the derivative is soluble in the presence of
0.01 to 0.1 equivalent of the free-radical generator. The inert

atmosphere may be nitrogen or argon.

In the fourth step of the process of the invention, the cleavage of the
10-protecting group may be effected by any conventional method such as
treatment by a concentrated ammonia solution; due to the opening of the
_ lactone rings in basic conditions, acidification to a pH below 3 to remove
excess ammonia and keep the lactone rings closed should follow. In
some cases, it is not necessary to cairy out this step as a 'séparate step,
since the desired cleavage may have taken place under the opétating
conditions of the third step; when the deoxygenation is carried out with
a trace of 4-(dimethylamino)pyridine (DMAP), deprotected ginkgolide B is
obtained directly without separate performance of the deprotection step.

The following Examples illustrate the invention.
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The follow ng Exanples illustrate the invention. EXAMPLE 1: Step 1:
preparation of C-10 al kyl ester of ginkgolidee C4.40 g -(10nM of
ginkgolide C was dissolved in 20 m of dinethylformmde (DVF) in a
250 m round bottom flask. 3.77 m (40 mV) of acetic anhydride was added ' -
and the m xture was stirred overnight (16 hours) at room tenperature:. The
conpl etion of the reacti.on was checked4by HPLC. 10 ml of ethanol was Wen

added and the mi xture was evaporated to near dryness under reduced pressure
(<25 mHg, ERAMPLEA3Y: 3| <) on arotary evaporator over -a water bath.at ~ .~
[err]. The f CeI0VARRvIDYstad dfnginkedliene and evaporatlng off :

at about 90%3@6 %ﬁdggg pressu[ra}e Thi s %pe%tlon may. be repeated . -

several ‘times to ensure that all the DVF -has been renpved.. The resi due
~obt ai:ned wagagli sgol(gemM)n 3P rdinkdoliehyt awakatdismiéd hénr ezqul ttﬁht ol utlon.__'_.':

'ﬁ’aﬁei‘iﬁido?&"p%? o8 At SO, P P kel 442 Sl o

preci pi taecknm)toﬂ acéﬂm(mhwmw myadiiedf #nd ehednm jréowas ssumedercedrnyglass e

filter (porggi nd dr| By acupm ( of
'C-10 acet at(celg %‘X‘Q’F%ﬂofﬁ“’d‘é mpﬁ‘rn correspong’\(@i %8'1 ﬁt%e t%e tgor?dg%@ Co
val erate hanheckedarbyp: edil mlt bt ethanolc ovasi thmsachbddeaérth@edmasbm\ﬁe but

acetrc anhylt 8 ?W“H o) P G, Rl plRatiarican ity Reln O

e

C1em
val erate (IB5Fyls) IQ)W!./F!IQEMI evspewgr %?%Bawaﬁfoha@f ac. Ehen%tfwlgﬁﬂr bonyu,: =
ester of ClilQiFana%a;&n&ted by adding toluene and eva.poratmg off at about 90°C

under reduced pressure.. This operatlon may be repeated several tlmes to S

ensure that all the DMF has been removed ' The resxdue obtamed was
dissolved m 20 ml of ethyl acetate and the fesu!tant solunon was added .
dropwise into a beaker- containing 100 ‘ml of n—heptane {or n-hexane or-
petroleum ether) w1th constant stirring. The acetate prec:pltaed out in

floes which - may be filtered off on a smtered glass filter (porosxty 4) and

dried in & vacuum oven to- yield 4.30° g (90%) of €- 10 acetate of

_ gmkgohde C._ ' - '

'_I_‘he correepénding €-10 butyrate and C-10 valema:te have been. prepared in

the same conditions as described above, but using n-butyri¢ anhydride and

n-valeric anhydride respectively instead of acetic .anhydrid'e' (Yields: 4.44
g of C-10 bu_tyrate_ (87%) and 4.88. g of C-10 valerate (93%)).

_ EXAMPLE 2, ER o
teB preparatlon of C-7 phenoxythlocarbonyl ester of C-10 acetate of
gmkgohde c wherem the phenoxy group is optlonally ‘Substituted by one
" or several halogen atom(s). '

482 mg (1 mM) of C-10 acetate of " gmkgohde C and 490 mg (4 mM) of -
4-d1methylam1nopyndme (DMAP) was dlssolved in 9.6 ml of acetomtnle. '
Thereafter_ _276, 1 (2mM) of phenoxythiocarbonyl chioride was added and
the mixture was stirred for 20 minutes. The completion of the reaction -
was checked by HPLC. 20 ml of toluene was then a'dded and the
solution was filtered through 10 g of silica gel (Merck 7734). This
operation removed DMAP which was absorbed on the silica gel. 20 ml of



gi nk'gél i de C wherein the phenoxy group is optionally substituted by one or
several halogen aton(s). 482 ng (1 mV) of G- 10 acetate of ginkgolide C and
490 ng (4 nM :of 4-dinethylaninopyridine (DVAP) was dissolved in 9.6 nm of
acetonitrile. Thereafter 276.6 [err] (2mM of phenoxythi ocarbonyl chloride
was added and the m xture was stirred for 20 m nutes. The conpletion of the
reacti on was checked by HPLC. 20 ml of tolgene was then added and the

sol wdvon was filtered through 10 of silica gel (Merck 7734). This
operation renovaelueppfacateni ﬂﬁasﬁzfﬂsoﬁ"%dadﬂﬁdt Heor s iefutien. ge| Theofiltrats  was

t ol uene/ acet oni te%éd%afgd 3k W8Sn éﬂdﬁgmfegé a‘?x%iuhﬂ) Ofi of Iﬂf‘exfahét(ofi‘t fi-hefftane or

evaporated off to near ryness and hexane heptane“or
petrol eum et hePptigbewm agthear) t wepe eefdnd atoe mxmmépmuehe progget.  The

preci pi tate was pédipfRacs wils\ fifaréd Ght Sdmtaemdsﬁk@éa Iakd e @ndr 4464 iR &
vacuum oven at anbl ent tenperature to yield 405

correspondi ng Yaguum ovep "lf GU‘PFQ”Eh‘]e(S‘PR?'at“feaE‘?dY‘ é@gt‘am@é%b
- phenoxyt hi ocar bonyl esters of C 10 acet ate of gi nkgol i dé* C have been

prepared in the_sane condi tions as cr| b%g bqv but using 2,4
tri-chl or ophenoxﬁ'ﬁl oca‘f?fé?ﬁpﬁ’n@ﬂgorl and n‘fléf'F F¥phendRet hi é’(;e&F‘bft!)‘l‘WP'
chloride res pect—pheiqutﬁiist:a&dnﬂf epdees\mfyt:hmcafdtatylofc lgirlgolide (1 Rhwds bebil 2

719 d 475 { t f
(7198 7S ke 10 R o LA e B, oL
met hod) 1446 nytfishidroptienGxiihicuaebartyt oblogidak gobli gentfivesoplienssythimtairboryl m
ofsgyri di ne: chl %ﬁfbfrﬂfemres(p%c%velgymsygd“' W)phengxﬁ%mcmbongl? ch?&%e\r/ QIY%]&?) 512 f

mg (71%) and 475 mg (67%) respectively).

EXAMPLE 3
gp preparatlon of C- 7 phenoxythmcarbonyl ester of C- 10 acetate of
ginkgolide C (alternative method) -

1446 mg (3mM) of C-10 acetate of gi-nkgqlid.e C was dissolved in 6 ml of
pyridine:chloroform .(8:2 by volume). 0.83 ml (2 equivalents) of
phenoxythiocarbonyl chloride was added, and the mixture was stirred (or
submitted to ultrasonics) until the yellow precipitate had dissolved. The
solution was stood at ambient temperature until TLC showed no trace of
b ginkgolide C acetate (2 to 16 hours). 18 mi of toluene was then added to
the reaction mixture, and the solution was filtered through a bed of 10 g
of silica gel. The product was eluted with 100 ml of toluene:acetone
(7:3 by volume). This removed the red colouration from the product. The
~ filtrate was evaporated to near dryness and the viscous liquid was
redissolved in 5 to 10 ml of toluene. This solution was added dropwise
under stirring to 100 ml of n-hexane, resulting in buff coloured
precipitate in flocs. The product was filtered off, washed with 10 ml of
n-hexane and dried under reduced pressure at ambient temperature to
yield 1.07 g an off-white product (58%).

EXAMPLE 4:

Step 2: preparation of C-7 imidazolylthiocarbonyl ester of C-10 valerate
of ginkgolide C
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phenoxyt hi ocar bonyl chl ori de was added, and tHe mixture was stirred (or
submtted to ultrasonics) until the yeI | ow preci pitate had. di ssol ved. The
sol ution was stood at anbient tenperature until TLC showed no traee. of

gi nkgol i de C acetate (2 to 16 hours). 18 ml of toluene was then added to
the reaction mxture, and the sol utlonvé/vas filtered through a bed of 10.g
of silica gel. The,product was el uted h 100 'm of toluene: acetone ('r"
by vol une). 5Z4insg r(enmaﬁdoﬁ ﬁ.‘eweﬂlmt@mfagmhgnlldwm il 24400higc (2 Ny bil {Tate

was evapora ea She.y S u edi so ved. in 5.
o 16 o b e rsEndSaladb OGRS (BN ok A8 100 BT SRR 100
m of n-hexZ®heteaftes 336 mig (A imM)f otol,dﬂ*tédcqlbmthmedaohenmbomddedTamd

product was{d | ferad. n%wfas Pﬁ?&%d B 119%1{& % o Qﬁxa&‘?néé}gnﬂ 1 ed ’{‘lf.‘éjer

reduced pressure at a enperat ur o vyi el N
product (58edpmplexianroi-the resesforp wasr chrekedi byn HPLCC- 45i mldakcbgﬂenhlwe@r bonyl-

ter of C t £, d ._
val erate of M MHE AR Ik G5 ey TFhaR 6 Bhiohbacke
(DVAP) was (Mstal V&) nThiy ﬂpefeﬂoacfeﬂ"éﬁﬂeﬂrDN@* wmlbafa@ea brosbe: n( phe\) of -
1,1"-thicar B‘H'&X'%@l' 55 0hPoR! 1063 T{}@&ﬁ‘@ﬁttﬁm s W%‘d&@d W8F ehiridd. edTlfné” 2

hours at room erature. e conpl etion of the reaction was checked
by HPLC. 15firats “tamrea@fm ofhdn nrMdedryRREs end %Nt?%ﬁ'm"? of ehed -

through 10 Beftené!dd patflenl Nanel) %Bél)ad&!al ﬁoqneé@wa@@ duR e :ame whl ch,.
was absorbed on theisilica PF dZ {d égl uene/ ?t Or‘kl.tl‘l I e ?3) [
added for e'fr[]?lﬂfﬁmp‘!tﬁée ‘was filtered off on sintered gl ass ilter and dne in

_a ‘vacuum ‘ven at amblent temperature to yleld 45’1 mg (72%)

EXAMPLE 5. :
Step 3: reactlon of C-7 2,4,6- tnchlorophenoxythlocarbonyl ester of C-10
acetate of gmkgohde C with tnbutyltm hydnde _

In 100 fhl cnmp vxaI with teflon-lined septum alumlmum cap was i
dlssolved 360 ‘mg (0 5 mM) of C-7 2,4 6-t:u:htora—phenoxgthiocarbonylf
ester of C 10 acetate of gmkgohde C ~and 2, 5 mg oE R '-f o

—azmsobutyronrtnle (AIBN) in 35 ml of acetomtnle. The solutmn ‘was”
flushed with argon and 0.54 ml (2 mM)’ of tnbutyltin hydnde was added.

O

The vial was cnmped and warmed to 7S°C for 4 hours in an oil bath. _
The mixture was analysed by HPLC; 191 _mg__ of -C-10 acetate of
ginkgolide B:was recovered (yield 82%). :

EXAMPLE 6.
gp 3: reaction of C- 7 1m1dazolylth10carbonyl ester of C 10 valerate of
- ginkgolide C ‘with tns-(tnmethylsxlyl)snlane

The reaction was carried out in the__ conditions described in Exa-mple 5,

but. reacting C-7 imidaiolylthiocdtbohyl estér of C-10 valerate of :
ginkgolide C (191 mg - 0.3 mM) with tns-(tnmethyls:lyl)sﬂane instead of S
tributyltin hydride. 119 mg of C-10 valerate of gmkgohde B was

recovered (yié_id 78%). '
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f1|trate was evaporated of f t o ‘near dryness and 45 m of n- hexane (or n-
hept ane or petroluemether) were added to precipitate out the product. The
pr eci pitate,-vvas'filter-ed offon a &4 sintered glass filter and dried in a
vacuum oven at anbient tenperature to yield 457 ng (72% . EXAVPLE 5: Step
3: reaction of CG7 2,4,6-trichlorophenoxythi ocar bony'I ester of C-10 acetate
of ginkgolide Cwith tributyltin hydride In7t00 mM' crinp vial wth

tefl ®a-1ined septym alugi nium cap was dissolved 360 ng (0.5 nM of C7
2,4,6-trichl oro— NS s ocar bonyl ester of C 10 acetate - of ginkgolide
C and 2.5 ny Step 4:adeprotectiomoreaivitnyobi@-10i deetfvdl B\)ginkgoHderd of
acetonitrile. The solution was flushed with argon and 0.54 m (2 m\) of
tributyltin hydride was added. The vial was crinped and warned to [err] for
4 hours in an oiA Huiph.of TR@% nammonda wedutiom| wee daddedHRoCthé 9teangionf mixGark0

acetate of gin yi E?(giyp

reaction of G 7%5&%?0&3/"&%& gé;r ony%éarstag:ﬁ(ﬂgg gtéqnlo elr_agt‘g thsh ‘Boghlof
Cwith tris-(trispdh§b@img|ofsginkgalidenB weagetcoreredidviekd 7784 out in the
conditions described in Exanple 5, but reacting C7

i m dazol yI't hi ocarbonyl ester of C-10 valerate of ginkgolide C (191 ng -
0.3 M) with tris-(trimethylsilyl)silane instead of tributyltin hydride.

119 ng of C-10 valerate of ginkgolide B was recovered (yield 78%. . -7-
EXAMPLE 7: '

|



Step 4: deprot ectlon reaction of C-10 acetate’ of—gﬁ‘rkgﬁi—r—de—B—A—eLF-op of 305%
amoni a sol ution was added to the reaction nixtu n Exanpl e 5.
After acidification to pH 3 with hydrochl or| c ac[@'@ Blﬂiimuﬁ kgol i de B
was recovered (Vi eld 77%. -8- CLAI

preparation of ginkgolide B, of the fo rrula B from gi nkgollde C, of the.,
formul a C [GitAIMS:he process conprising the foll ovm ng steps - prot ectlgﬁi

the 10- hydroxy gr ol ide C by .conye n ter, the
reaction béing ef %U‘Ecteéﬁ fg’h tggﬁ’éff?ﬁff’?%?rﬂ;r&' ég % fegpg}a fegfrom 15 to
[err] for from4 to 10 hours; - activati-ng the 7-hydroxy group of the .-
resul tant 10-protected gi nkgol I de. C by cénversion to a (R)thiocarbonyl
ester wherein R represents a phenoxy groyp, a phenoxy group substituted by"
‘one or nore hal ogen aton(s), or-an.imdaZdkyl -group; the actlvatlon bei ng
effected by treating the 10- prot ecH.__,' .p_,kgobl de Cwith a .
phenoxyr hi ocar bonyl: ochl oride, the phe RXY gr gup: bei.ng opt | onal l'y
substituted by one !on norg hal ogen at ony, or Wlth 1, 1 -
-thlocarbonyldllmda q#e -|n basi T
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the process c:'Ompr'isi_n'g_. the following steps:

- protecting the 10-hydroxy group of ginkgoh;de C by conversion
to an alkyl ester, t'he_ reaction being effected in di‘_thethyl_formami_de at a
temperature of from 15 to 50°C for from 4 to 10 hours; _ |

- activating the 7-hydroxy group of the resultant 10-protected
ginkgolide C by conversion to a (R)thiocérbonyl ester wherein R
represents a phenoxy group, a phenoxy grdup substituted by one or more
halogen atom(s), or an imidazolyl group; the activation being effected by
treating the 10-protected ginkgolide C with a .phenox_ythiocarbonyl
chloride, .the phenoxy group being optionally substituted by. one oOr

more halogen atom(s), or with 1,1'-thiocarbonyldiimidazole, in basic



>

--deoxygenating the 7- act'i vat ed group in the resultant 10- protected

7 activated ginkgolide C by treating it with tributyltin
tris-(trimethylsilyl)silane, in an aprotic solvent, in thQNﬂ"MI“"tﬂl‘lH'“l
free-radical generator, the reaction being effect ed at a tenperature of *
from70 to [err] for from 15 ni nut es to 4 hours under an inert. atnosphere,
and ¥ ‘cleaving the protecting group fromfhe 10-hydroxy group of the

reS\lIJ;I:VaEt 10kpr<fﬁng&1i¢éﬁ & akwﬂmﬁetdie ol from OAt(DMtl)eeSEdbrahﬁﬁf di ngzuohaiﬁsy m 1
I n I ch gi nkgol i de is, reacted w ydride,, n- utyr nyrlde
or valeric anhydride to deﬁ?‘%@"’é‘ﬁmghénﬁ %Oa?'fyv&?‘é y EHBu o d rﬁ%"@f s

n-butyryl or n-protestgd Bateivatedsginkgdlidel ¢. bp. treatlng\ 1prwnhsmhngtmd|hy@ntde
claim1l1 or claim t, h st step is Latur g
from20 to [err{ %8\,\#{??81%@"1?@1;5 if"?t‘}u’r " apréii S%ﬁ‘%gte’ss ag%og;cpfg o any
precedi ng cl ai nireedrediziah generator,- ti}ajrrea«;tiogr (heplg)feftgcné\tgmltl detélnpsramrw&ft ed
to.a (Rthi ocarﬁﬁn}ylmeﬁrberu r%rn from 15 r&%gfeessggt 3 ou?s umﬂpegﬂXXnert

2,4,6-trichl orophenoxy, pentafl uor ophenoxy or azoI group, by treating
the 10- prot ect eatmpspherel iad C with from 1 to 3 equi vaI ents of

h t hi b | hl 4
phenoxyt hi ocar bonyl ¢ ggéa?@g %}i\e C;ﬁo{édtg%' %&W%%ﬁ%gar bgﬁ*}*‘é’, i m |°qu

pent af | uor ophenoxy- t hi 0 1,1 - azol e.

5. . A proced® rasulBang ﬁ@-mf@t%ﬂiyd[ﬁ'@@wﬂﬁg&cl aim in which the activation

step is effected in a m xed sol vent, one conmponent of which is pyridine in

a armunt of from1l to 90% by vol une, in acetonltﬁlle C Eiﬁgl ni, ng fro 2
equi val entd of 44 reeaskyacsATdieg ﬁ?r‘ilﬂ’i"ﬁel i which ginkg ‘§ &%66?%

to any precedi ngithl fietid Bniyiride, nlBu§@icy eilydifiRdol Rallefie dﬂ@d&‘ﬁﬁnﬁélﬁaté&ep
i's acetonltrlle benzem?1 t'ol uene or ‘a m xture of vvooE m)retti cle
ydroxy group as an acetyl, utyryl or n-valeryl ester

respectively.

3. A process according to claim 1 or claim 2 wherein the first step

is effected at a temperature of from 20 to 40°C for from 7 to 9 hours.

4, A process acecording to any preceding claim wherein the 7-
-hydroxy group of ginkgolide C is converted to a (R)thiocarbonyl ester
wherein R represents a phenoxy, 2,4,6-trichlorophenoxy,
pentafluorophenoxy or imidazolyl group, by treating the 10-protected
s ginkgolide C with fto.m 1 to 3 equivalents of phenoxythiocarbonyl
chloride, 2,4,6-trichlorophenoxythiocarbonyl chloride, pentafluorophenoxy-

thiocarbonyl chloride, or 1,1'-thiocarbonyldiimidazole.

5. A process according to any preceding claim in which the
activation step is effected in a mixed solvent, one component of which is
pyridine in an amount of from 1 to 90% by volume, or in acetonitrile

containing from 2 to 4 equivalents of 4-(dimethylamino)pyridine.

6. A process according to any preceding claim in which the solvent
used in the deoxygenation step is acetonitrile, benzene; toluene or a

mixture of two or more thereof.

7. A process according to any preceding claim in which 2 to 4

equivalents of tributyltin hydride or tris-(trimethylsilyl)silane are used in
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7. A process according tq any precedi ng cré%%%ﬁ_,,mbLeh—2~fo“H
equi val ents of tributyltin hydride or tris-(tri yIS|IyI“

are used
in -10- the oxygenation step. 8. A. proce “m ‘\‘@\‘vﬁg
preceding claimin which the free- radical gener;“lm“ '
deoxygenation step is a, a' -azo- -|s§butyron|tr|ﬂecor e
t - but yl hydr oper oxide. 9. A procéé according to any preceding cI&um
in which ﬂﬁﬁoﬂﬁgmugeﬂa&epn step is effected under nitrogen or argon. 10.
A process according to any preceding claim in whi ch the cl eavage of the
10-protecting group is effected in the presence of concentrated amoni a
sol ution agd is folprovess bycaainy tbcmyi @aededldgeelmhhénlm‘bhnﬂxer ifegs- cl osed,
accordln rein the cleavage of

e 10- pr UGB QPGPS | S8R B obhes | AEPURFERISE &4"& hA 8 e 7FEnar on
of the 7- aag‘bbmi’ﬁﬂl@ﬂeuﬂ t-bUtylhydroperoxnde.

SR
9. A process according to any precedmg elaxm in which " the -
_deoxygenanon step is effected under nitrogen or argon. ' '

10. A process accordmg to any precedmg claJm in which the-_-'

cleavage of. the 10~protecnng group is effected in the presence of
concentrated ammonia solution and is. followed by acldlficatlon to keep

the lactone rings closed.

11. A f)_rocess' 'aec,ording_.to.any of claims 1 to 9 wherein “the
cleavage of the 10-protecting group is effected simultaneously with the

deoxygenation of the 7-activated group.



