-1- TITLE G nkgol i de Deri.vatives DESCRI PTION The invention rel at-eggo\ VBRI

G nkgol i de derivatives, to nethods for their preparation, and to .
phar maceuti cal conpositions containing them The invention provides f:;
1- al koxy and 10-al koxy derivatives, separately or in adm xture, of any one

of the G nkgolides A/B,C,J ..and M The preferred al koxy groups are mnethoxy
and et hoxy groups. The invention also proviges a nethod for the preparation

of 1-al koxy derivatives of G nkgolides ABC] and Mand of 10-al koxy

derivatives of the said G nkgolides, the nethod conprising reacting, in

solution, G nikgaiume A B, C J or Mwith an excess of diazoal kane and

separating the.resulit.ant yi xture. of 1-al koxy-G nkgolide and

10- al koxy-G n%&ggié%iaéquﬁﬁ¥§¥*¥%%‘procedure, the selected G nkgolide is
di ssol ved in dioxan, suitably at a concentration of 1g per 100 m, and the
sel ected di azgp proNli ssolved in diethyl ether. The solution
containing th eis slowy added to that containing the

G nkgol i de, albheniinyendrion sphatesnte Ginkgol idezderkuativeger to methods
equi val ent G [ m (o] TT i [ \S 3 o] ; LNt
tenperature o?fgrf r%ﬂﬁ%tgggpﬁ&?}?ﬁanji e l?i‘?ngaa E}rﬁé)(l?‘tqjhrceé%?léép gom?’t”ﬁ%ﬂq
1- al koxy- G nk§ont@dning,fhemo_ 5| koxy- G nkgol i de. The separation
of the tw products from the remaining non-reacted G nkgolide may
~suitably  be T%%mf36¥%tf%h provides 1-alkoxy and 10-alkoxy derivatives,:

separately or in admixture, of any one of the Ginkgolides

i A,B,C,J .and M. The preferred alkoxy groups are methoxy

and ethoxy groups.

- The invention also provides a method for the preparation of
1-alkoxy derivatives of Ginkgolides A,B.C,J and M and of
10-alkoxy derivatives of the said Ginkgolides, the method
comprising reacting, in solution, Ginkgolide A,B,C.J or M
with an excess of diazoalkane and separating the resultant
mixture of 1-alkoxy-Ginkgolide and 10-alkoxy-Ginkgolide.

In a preferred procedure, the ‘selected Ginkgolide is
dissolved in dioxan, suitabiy at a concentration of 1g per
100 ml, and the selected diazoalkane is dissolved in (.
NIV ‘diethyl ether. . The solution containing the diazoalkane is
slowly added to that containing the Ginkgolide, allowing
ten equivalents of diazoalkane per egquivalent of

Ginkgolide. The mixed solution is stood at ambient
temperature oro from 3 to 8 hours, yielding a mixture of
1-alkoxy-Ginkgolide and  10-alkoxy-Ginkgolide. The

separation of the two products from - the :emaihing
non-reacted Ginkgolide may suitably be achieved by
evaporating off the solvents and eluting the residue
through a silica gel column using ethyl acetate: hexane 1:1
by volume as eluent. The resulting solution is evaporated
off and treated with chloroform “which dissolves



Y .

evaporating off the solvents and eluting the residue through a
silica gel colum, u3|ng ethyl acetate: hexane 1:1 by volune as eluent. The
iegult|ng solution is evaporated off ' and treated W th chl orof orm
Wi ch di ssol'ves -2- the 10-al koxy derivati ve. The sai d 10-al koxy
~derivative is recovered fromthis chloroform c solution and the renaining
~solution is then treated with diethyl ether which gives the 1-al koxy :
derivative. The al koxy-G nkgolides of the ineftion are of interest in. the
treat ment of PAF-Acether induced nal adies, and the invention accordingly

al so provides- a_phar ce tical osi,tion c risi 0XYy {0

10- al koxy deriv&BFv %fdﬁﬁgeé?ﬁV60|id§gB ’%PJ?% %TRP 9%ﬁ¥&ﬁﬁ%¥e
of the 1-a|koxy1&ndréeo&bkeny ¢eomvathies chlore formike saﬂdt@nmkgahﬂde&he
in- - adm xture [ utkcal | p e B

The invention |§eWFFB§PPa53&G%q°5ﬁ§§f%P% wfﬁgsg%gn%ﬁgs dgfkﬁgﬁ %hé%awwf@h
1- Met hoxy- G nkgguwes Bh&nd-QQRNBwhdﬁwmgaﬂQmﬂ ide B To a solution of

G nkgol ide B in di oxan (10g/|) was slowy added 10 equivalents of a

- solution of di ﬁé-&g ,{]ﬁg ’f%’ hﬂh $1Wdes eégerthe invdf@fiof Hr¢ eof"‘@.%tei:témﬂ

at anbient te urs hen separated follqw ng the
preferred  sepdmatthen tremtowaduref PAEskeebeer lageged maladies, and the-

invention accordingly also provides a pharmaceutical .
‘composition comprising a lfalkoxy or l0-alkoxy derivative
, éf one of the Ginkgolides A,B,C,J and M or a mixture of
N . the l-aikoxy and 10-alkoxy derivatives of one of the said
Ginkgolides in admixture with a - pharmaceutically

 acceptable diluent or carrier.
The invention is illustrated by the following examples:

Exaggle 1
' -Methoxy-Glnkgollde B and 10-Methoxy-G1nkg011de ‘B

To a solution of Ginkgolide B in dioxan (10g/1l) was slowly
added 10 equivalents of a solution of diazomethane in
diethyl ether. . The mixture was stood at ambient
' \J. o , temperature for 4 hoﬁrs, and then separated following the
| ' preferre&' sepatation  procedure described above.
.'-methéxy-Ginkgblide B, the structure of which was
confirmed by HPLC, was obtained in 66.1% yield and
- lo-methoxy-Glnkgollde B was obtazned in 24. 45 ‘yield.

1 - ﬁethoxy. 10 - methoiy

Ginkgolide A 56.3 % . | 13.2 %

Ginkgolide C  49.1 % 16.7 %




. 1-met hoxy-G nkgolide B, the structure of which, was confirned by

HPLC, was obtained in 66.1% yield and 10-nethoxy- G nkgolide B was -
obtained in 24.4%yield. 1 - nethoxy - 10 - nethoxy G nkgollde A '7yéf_:
56. 3 13.2 % G nkgolide C 49.1 % 16.7 % . -3-.

Exanpl e 2 1-Et hoxy- G nkgol i de B and 10- Et hoxy- G nkgollde B Fol Il owi ng the
procedure described in Exanple 1, but using diazoethane in place of

di azonet hane, and all owi ng the reactants to, stand for six hour s, o

1- et hoxy- G nkgol i de B was obtained in 63. 2@6y|eld and

10- et hoxy-G nkgollde B was obtained in 25. 7% yield. Proceeding as above

but with G nkqﬂl and C, the foll owing yields were obtained: 1 -
et hoxy 10. - nkgol i de A . 72:8 % . .- 20.1 % G nkgol i de
C 59. 2 %Ethoxy-Gix&mli%de'@g gn&ﬂWﬂﬂm inkgolide Bonpounds of .

the invention has been neasured on mice by the oral raute. No death was
noticed at the maxi mum admi nstration dose. PHARMACOLOGY The phar maceuti cal
i nt er est of-qqﬁgowkmmoghgsprgpegﬁge described in Example 1, but using

- diazoethane in place of dlazomethane. ‘and allowing . the
- reactants to stand for six hours, 1-ethoxy-Ginkgolide B was
. obtained in 63;2% Yield -and 10-ethoxy-Ginkgolide B was
~obtained in 25.7% yield; " o

Proceeding as above, but w1th Ginkgolides A and C, the \«
followxng YIEldS were . obtalned

1 - ethoxy | 10 - ethoxy

Ginkgolide A 72.8 % |  20.1%
Ginkgolide ¢ |  59.2 %  30.4 %
R,
TOXICITY |

The tox1c1ty of the compounds of the invent1on has been
'measured on mice by the oral route. No death was notlced
at the_maxlmum adminstration dose. '

PHARMACOLOGY

The - phatmaceutical interest of _the compounds of the _
‘invention is 'shown by the following pharmaceutical
experiments. | | -



*invention is shown by’ ' the following pharmaceutical experinents.
-4- 1) - .Inhibition of the platel ets aggregati on on New Zeal and rabbits.
- YThe experlnentatlon was conducted on platelets with plasma of New Zeal and
\ﬂébblts Bl ood sanmples were taken fromauricular artery and placed in a
. Citrate buffer (3.8 %; pH 7.4) ; blood was fgurt her centrifugated for 15 m
~at 1200 RPM The tested sanple was prepared in DVMSO then poured on -
platelets rich plasma for 1 nm, then a dose of 2.5 nM of PAF was added. The
“determination 1§ -nEnhibdtion ofr thel plateletsy atigregutiomions NewiZdaland

det er m nes thgr ' m ssion percentage corresponding to the maxinmum
hei ght of the Ore the desaggregation. The percentage of variation
of the |nh|b|t|on mnth respect to the transmission percentage is calcul ated

(control : purep d e
LABORATCRY | NVESTI B Skpafimepearion wd@s%oﬁéé&%&, ey 5 at%%&ﬁéplwgﬁlt plasma
CAZENAVE, Dr. eﬁA@ﬁJES“BERIVERF’-S?E Dr. MED., AND J. FRASER MUSTARD, M

D., "Aggregati omeédngns;sleéﬁé etaklen Fitﬁxeleﬁrfeﬁwat aRger§Clatid iFlaced
|ndependent of 1he FE' Fate buffer (3.8 % : pH 7.4) ; blood was further
' ‘centrifugated for 15 mn at 1200 RPM.. |

The testéd sample was prepared in DMSO, then poured on
 platelets rich plasma for 1 mn, then a dose of 2.5 nM of

PAF was added. - - _
\J . The determinaﬁion' is made on a Cronolog Coultronics
' appatatus which determines the transmission. percentage
'__'qqrrésponding to the maximum height of the peak before the

'desaggregation.

' The ‘percentage of variation of the inhibition with respect
to the transmission percentage is calculated (control :
'-pure DMSO). .
This method was described in detail in LABORATORY
INVESTIGATIONS, Vol. 41, No. 3, p. 275, 1979, JEAN-PIERRE
CAZENAVE, Dr. _MED., JACQUES BENVENISTE, Dr. MED., AND
.. J. FRASER MUSTARD, M. D., "Aggregation of Rabbits Platelets
by Platelét-hctivating Factor is indepehdent of the Release -

-:Reaction and the Arachidonate Pathway and inhibited by
-Membrane-Active Drugs"

The results demonstrate that the compounds inhibit

the aggregation induced by 2.5 nM of PAF. Five tests made

on 5 different rabbits allowed us to calculate the IC,, of
the various compounds using the linear regression test.

The values for IC, on'plateléts have been found as
‘follows : '



Reaction and the Arachidonate Pathmay and. |nh|b|ted by Menbrane-Active
Drugs". The results denpbnstrate that the conpounds inhjbit .the aggregation--.
i nduced by 2.5 nMof PAF. Five tests made on 5 different rabbits allowed Hﬁf,'
to calculate the [err] of the various -conmpounds using the |inear regression .’

test. The values for [err] on platelets have been found as follows : - 5-
G nkgol i de type and substitution. [eLrg _ : [err] position B

1- 6.6 [err] 1.1 [err] B 10- . : :
[err] 7.2 lercl Co e i [ or1] .5
[err] C- " 10 Ginkgoliantype [err] _ 9.3 [err] A -~ 1-

4.6 [err]| and SuBstitutliew(| A  40ocH, 1.3 - oclmyr] - 6.2

[err] 2) - Ang
gui nea- pi g PafSFre=treterorogsSerns] 4 - . ,
were sensitized -by -an intravenous |nject|on (I\O of an antlovalbun1n _
i mrune-serum fabbits ( Coaper Bi omediscal , 1oU SA). 1Tp obigr® | a
sati sfactory gnaphyl act.iic response, 24 hours I%ter,-'the' ' '

lSSIve|y sen5|t|zed

814 5000Q)

B 1o0- T 2.8 7.2 10°%

c - | 4.2 1075' 8.5 107®
¢ 10~ | 3.0 100 | 9.3 107®

A 1- 4.6 1075 8.7 107° o
A 10- | 13 1078 | ez 107 'S’J

2) ~ Anaphylactic bronchoconstriction of a passively
sensitized‘guineafpig

.Male Hartley quineaépigs (400'500g) were sensitized by an

intravenous injection (IV) of an antiovalbumin immune—serum
‘rabbit  (Cooper Biomédical,_._ U.S.A.).. To - obtain a
satisfactory = anaphylactic responsg,f 24 hours  later, the.
following conditions of use were fixed : injectioﬁ intd the
penis of a diluted serum (to. half concentration
0.05 ml/100 g). S

Bronchoconstriction measure

Guinea-pigs were anesthetized with urethan (2 :q/kg IP),
then tracheotomized and ventilated by mean of a resplratory
pump (UGO  BASILE) : .stroke volume 1 ml/100 g,
.60 strokes/mn. ' :



*followi ng conditions of use wgre fixed : injection into the penis of a
diluted serum - (to' half concéntration 0.05 m /100 q). _
Lg;EhchocoQ§Lriction measure Qui nea-pi gs were anesthetized with urethan -(2
grkg I-P"then tracheoton zed and ventilated by nean of a respiratory punp
(UG BASILE)-: : stroke volunme 1 nl/1606 g, 68wstrokes/ m. - 6-
pneunot hor ax- was done to abolish spontaneous respiration. The initial

resi stance was kept constant at 10 cmwater. pressure according to the '
net hod. of KonzetA RiRMmRthoraxwas:denextesabolishr spontanenys mespimation.

with-a bronchospasen tnakduaer résEEtBASE L Nad ORBBE! &SbiPtant/CRtBAD LEn water
recorder "Gemni". The jugul ar I n cat hgherl zed _for 1ntravenqus

ei n. wa )]
injections. The BFEHINTEC ‘F‘E°§‘H¥E‘R 'V&Hsgpﬁdﬂﬁ ofy ofn Kepzekie Afds Ragsdan and
~of 0.75 ng/ Kg ofthet excesyg maSsaie oblama has Measdiediuvith acbror@ihespasn
oral route,. 1 e L GedN C ' QL | Qf y :
wat er “suspernsi on;, a?ﬁ%%édéggi)% kgshhggt'??sq{hlegbégﬁck§§g*§t ﬁ%c :gi?‘: '
i nduced by oval HiGeminkY. cRheciugulan pelvewasgeasheteriized for intravenous .
_bronchoconstri Ct%&ﬁ_&ti’éﬂspy ?ha”paaapahh%w aghdex Thas eIduted by an
reported in the followng table : . : - _
: e intravenocus in?ection of 0.75 mg/kg of heterolog passive of
‘ovalbumine. Products were given by 'o_ral route, 1 hour
before the antigenic stimulation in the form of a gummy

water suspension, at the dose of 25 mg/kg.

.
 -Results
The bronchoconstriction induced by ovalbumin was
~ expressed in percentage of maximal . bronchoconstriction’
given by clamping of the trachea. The results are reporte_d"
in the following table : .
Ginkgolide type :
and substitution - OCH, - OGC,H,
position :
—— — e
o - 3g.;3 ™
- 36.2™*
- 39.8**
' *
- 15.1 NS
‘A 10- -25.2 ' - 12.2 NS

~ NS : Non Significant
* ¢ Significant

. %% 1 Very Significant
kkk o Hitjhly Significant



G nkgol i de type and substltutlon [érgﬂﬁl

[err] p05|t|on -

B 1- - 49, 7*x* - gt B 10- i
54, Qx** - 36.2** C 1-. - - 40.10% I3y 8**"@‘
10- | - 30.6% - - 23.1% A 1- - 32.0%

- 15.1 NS A 10- - 25 2% - 12,2 NS NS :.Non

Significant * : Sign i cant ** : Very Sigi fTcant Hi ghly Significant
-7- POSOLOGY In  human therapy, usual doses for per .as

adm nistration__are 0.5 to 1 g per diem _in tablets or gelatlne capsules |
for one month. BPEOLOGY adninistration, three weekly. injections at 0.05 to

0.2 ¢ in.isotonic solution, for one month are recomended. -8 - .

' Iin human therapy, ' usual ~doses for per -»ss*.
administration are 0.5 to 1 g per. diem, in tablets .or
gelatine capsules for one month. ' '

CIn 1. V. administration, three weekly ‘injections ati

0.05 to 0.2 g in isotonic solution, for one month are
'recommended." '

“



bLAINB 1. A-1- al koxy or,lo-élkoxy derivative of one ef the G nkgolides
YA BC,J or ‘'Mor a nmixture of the 1- al koxy and 10-al koxy derivatives of one

--qf, the sai d G nkgoli des. 2. A G nkgolide derivative accﬂ"l"lgmmn
Nk xt ure of G nkgol i de derivatives according to claim1 i mﬂ”” ,a
al koxy group is a nethoxy or ethoxy .group. 3. A procéss® fbr Mthe =
preparation of - a G nkgolide derivative adfordlng to claim1l or a mxture
of G nkgolide derivatives according to clai t he process conpri sing
reacting one of the G nkgolides ABC,J or Mwith an excess of a di azoal kane
In a sol vent, ggggggiiohally separating the resul t ant m xture of
1- al koxy- G nkg and 10- al koxy- G.nkgolide. 4. ‘A process according to
claim3 in which the diazoal kane i s di azonet hane or di azoet hane. 5. A

process accor dl1n.g tOAclf-LamBony G Wallﬁow C&eewaexwat&fyonjeo of the

eqU|vaIents azoal Kane_ are_enpl oyed, per equival ent of
G nkgol i de. 6. Gjﬂ\‘ BriihgPfoaRE A Bizkwge30fo the Aaikaxy and

di et hyl et her sd4£]hvkyﬁdéﬂuvahfﬁﬁﬁﬂdﬁﬂhméEbfﬂﬁﬁﬁiQ&id‘Ghﬂk#&@ﬁBe§0|Ut'on
of the Gnkgolide and the mixture is allowed to react for from3 to 8

hours at .anbient tenperature. 7. A process according to any of clains 3 ta
6 in which the v xtAuGinkgeldnte atexivat irmprairdingfto tdia iwl Vet ,mizttuieg

‘the residue thEﬁ?@ﬁﬂidﬂlxdEi&H¥16¥¥iugklﬁﬂéﬁk&%ﬂ@”to claim 1 in which the

or each alkoxy group is a methoxy or ethoxy group.

A 3. A- process for the preparation of a Ginkgolide
derivative according to claim 1 or a mixture of Ginkgolide
derivatives according to claim 1, the process cOmprisiné
teacting one of the Ginkgolides A,B,C,J or M with an excess
~of a diazoalkane in a solvent, and optionally separating
the resultant mixture of 1-alkoxy-Ginkgolide - and
10-alkoxy-Ginkgolide. ' :

4. A process.according-to claim 3 in which the diazoalkane
is diazomethane or diazoethane.
| . 5. A process according to claim 3 or claim 4 in which
RO approximately 10 equivalents of the diazoalkane are -
employed per equivalent of Ginkgolide. - '

6. A process according tO'any of claims 3 to 5 in which a
diethyl ether solution of the diazoaikane is mixed with a
dioxan solution of the Ginkgolide and the mixture is
allowed to react  for from 3 to 8 hours at ambient
temperature. ’

7. A pfocess.according to any of claims 3 to 6 in which
the mixture is separated by evaporating off the solvent,
eluting_the residue through a silica gel column using ethyl



acetate: hexane 1:1 by vol ume as el uent, evaporatlng of f the sol-vent from
the eluate, taking up the residue in chloroform__recrysiallising the Qiag
10- alkoxy G nkgolide fromsolution and adding diethyl ether to the

remai ning solution to obtain the 1-al koxy-G nkgolldeUI

the preparation of a G nkgolide derivative accor m, ,l"mluﬂmﬁm

m xture of G nkgolide derivatives. according to clafm¢ 1t #hes pfocess
bei ng substantially as described herein wrt® reference to either of the
Exanpl es. 9." "A pharnaceutical conposition conprising a 1-al koxy or

10- al koxy derivatjve of one of the G nkgolides ABC.J and Mor a m.xture of
the 1-al koxy AREYIES] KBeyaneriLati b¥s Wlupe asf elugat S BVAPW alking | 06E

in adnm xture thet [Bolventar frofut the! leltedt 8akd nd |H§nttlﬂ'§ GRsid¥e in
- . chloroform, recrystallising the 10- alkoxy-Glnkgolide from
' solution and adding diethyl ether to the remalning solution

to obtain the 1-a1koxy-G1nkg011de. '

‘8. A process for ‘the preparation of a Ginkgolide

- deriﬁative according to claim 1 or a mixture of Ginkgolide
derivatives according to claim 1, the process being
substantially as described hereln with reference to either k)
of the Examples.

9. A pharmaceutical composition comprising a 1-alkoxy or-
10-alkoxy derivatiﬁe of one of the Ginkgolides A.B.C.J and
M or a mixture of the 1-alkoxy and lo—alkoxy derivat1ves of
one of theg-sald Ginkgolides in ‘admixture with a
pharmaceutically acceptable diluent or carrier..




