WO 03/ 018069 PCT/ AUO2/ 01083 Preparati on and di abetic use of gibeberellins.
The present invention relates to the use of conpounds of formula (1) 5

(G bberelwonsjiswegl t heir derivatives for the treatnent of pdiraliaeesessits
conplications and associ ated conditions, including obesity, mcro and macro
vascul ar di seases, nephropathy, neuropathy, eye diseases, diabetic

ul cerations and the like, and their use for the preparation of
pharmaceutical conpositions or nedicanents for treatnent of these

condi ti ons. The i nventBreparatiaudrtdsdiaetic ui@ofrgibebetellnst i on of serum gl ucose

| evel and ot her physiological conditions. Field of the invention: The
present invention relates to the application of a group of conpounds known

as G bber el irhgs Péﬁén‘t hRivenfi6h | Mibteketo e BB Bf epamMPbuRds 0bf Jormdia (1)
phar maceuti cal TTFOSI'[IOI’I for the treatnment of diabetes and rel ated

condi ti dns, (@lbbam ings andretheid derivativesit forg theedecaimensdt 9ér diahedes.i diss by
adm ni sterin erellins and/ t hel,r.. phar al accept abl | ts
o esters PEPIGRRSGRcstaGeBey epBuligREr [ERAgHY, B, BIEEhR80 fafBover
this invenyasilardiségses, hephtoprhyf mairopath§neyé Afsdases Odiadefi® tdicepatids f or
treating 20 di abetes and rel ated condi ti ons thereof. Furthernore, the

appl i cat i onaed thedikmens theirdiseder theeprepasatiansef Rhaymasssicall Goynpesitions or
admi ni Stereﬂ)e%rédt;%é(ntsbgorag@gﬁﬁ&h%f t%g&r?&?&lﬁéﬁ@' TR&t ﬁﬁl}%ﬁtlorﬁr ts the

i nhal ati on substi t ut nsul i n”"an ragment

der i vat1W esnemndalidatioifes seruraylidcodel lseel@mibther pagsiologlicd] ceatitiens. or as a
choi ce of conbination therapy with insulin, its 25 fragnent derivatives,

| GF, growth factors or other pharmaceutically conpatible anti-diabetic
agents for Fmdgﬂfﬁ%qﬁ%n pdi abetes and rel ated conditions. Background of
the inventi nven |on relates to a novel application of

G bberel l'ins in Vhegresentyinvatticnneldtesto thedpplication dira grup eildoemnpdureds

thei r Use {BFOWRe 5r AALREFRINE FdiHials. IPMENEPnd b PIRRIAGRS & &
obesi ty12 i Bra e URap e e Rt CBrs HotBles A s,
di seases, dcamditibns,ubsevelt iasna maethachdol trieating these and other condltlons by
administering Gibberellins and/or their pharmaceutically acceptable salts or
esters including glycoside esters, active esters or lactones. Moreover, this
invention relates to the manufacture and the use of a medicament for treating
20 diabetes and related conditions thereof. Furthermore, the application of
Gibberellins and their derivatives especially when administered orally, by
injection, by transdermal patches, or by inhalation, can be used as a substitute
for insulin and/or its fragment derivatives and/or IGFs (insulin-like Growth
Factors) treatment or as a choice of combination therapy with insulin, its
25 fragment derivatives, IGF, growth factors or other pharmaceutically compatible

anti-diabetic agents for the treatment of diabetes and related conditions.

Background of the invention:
This invention relates to a novel application of Gibberellins in veterinary
30 and human medicines. In particular the invention concerns pharmaceutical
formulations containing Gibberellins and their use for the treatment of diabetes
including type 1 and type 2 diabetes and their complications and associated
conditions including obesity, micro and macro vascular diseases, nephropathy,

neuropathy, eye diseases, diabetic ulcerations and the like.



WO 03/ 018069 PCT/ AUO2/ 01083 2 G bberellins are a series of naturally
occurring conpounds, which are known as plant growth regulators with w de
appl i catiwo wnigohe pl ant ki ngdom[1l]. They have al so beemrcrsaloainess3fr om
met abol ites of some mcroorgani sms, such 5 as G bberella fujikuroi [2].

G bberellins, especially G bberellic A€i d (G bberellin A3), and its

m xture wwth G bberellin A4 and/or G bberellin A7 which are commercially
avai |l abl e, have been extensively applied in agriculture to increase the
growt h of sone fGibbeselliss reavbleseries afnuatyrallyesycurridg veayepaindss whiohearees,
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The crude [qpnwomum/nman leg alsOlsalzgidbnaand Btridtursd of Gibbeelih FrbmgMigheri ty
crystalline prod er derivatives of G bberellin can be obtained

by either sRnt séoAgyh@h@m O§er"(?@t d8r26ni1860berel 1in A3 or total synthesis
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(a) P.J. Curtis et al. Chem. & Ind. (London) 1066, (1954).
(b) B.E. Cross, J. Chem. Soc. 4670, (1954).
15  (c) P.W. Brian et al, U.S. 2,842,051.
(d) C.T. Calam et al, U.S. 2,950,288.
(e) AJ. Birch et al, U.S. 2,977,285.
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(a) M. Devlin, Plant Physiology, New York, Reinhold, (1966).
20 (b) P.W. Brian et al, Plant Physiol, 5,669 (1955).
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(d) R.J. Weavor, Adv. Chem. Ser 28, 89 (1961).
(e) F.G. Gustafson, Plant Physical 35, 521 (1960).
(f) Fed. Reg. 25, 2162 (1960).
25
Gibberellin A3z and its mixture of Gibberellin A4 and/or A; can be obtained by
fermentation of microorganisms such as Gibberella fujikuroi. The crude
compounds can be isolated and purified to afford a high purity crystalline
product. The other derivatives of Gibberellin can be obtained by either semi-
30 synthetic route from Gibberellin A; or total synthesis which have been well-
documented [4].
[4] .
(a) The Merck Index, 12, 4426, literatures cited herein.



docunented [4]. [4] (a) The Merck Index, 12, 4426, literatures cited
herein. WO 03/018069 PCT/ AU02/01083 3 (b) Furber M, et at., "New

Synt hesi swBaBlwsygs From G bberellins to Autheridi ogens | ealrat@d/ofsem t he
Fern Genus Anemia", J. of Og. Chem vol 55, No. 15, 4860 4870 (1990) (c)
Mander L N et al., "C 18 hydroxyl ati®dn of G bberellins"

Perkin @ﬁurbér(w ) 9128§|3 Zﬁ%gvr (eﬁymﬂésls( qﬂTatRWé Mer§ Zé(agb)eréﬁt‘f@ hgsi s

of 3, 12- D|h xy-9, 15- Cycl 0 'G I ns et rahedron
13833- 13850 ( 1AgigeridiogenkilsolatedPErom thee Fernt' GeGaa&ramiBt,al. of @rgFGhetheol

li%dng;(gl ﬁ;h?gi@é é?%bésr'éﬁqo 4%}8“@%#@%'53/2& nes! ioofl'et rahedron 54(38),

11637- 11650(dyhq8Rder LI N.Pevrl, M“CBFS ﬁ&droxy@ﬁ@h"@ft Gibbardligs”, Ucteir gl, Fbgh es
on Novel G bberellins®, Pure ' and ed Chem stry 70(2),; 351-354 (1998):

"Synt hes®s of 'Ii@nswr(@ﬂ/2893188@%2 (I)i bberel lins", Tetrahedron Letters

2200 ook N a S & Pl BB S B

Synt hesi s of ‘F@ql—mbh@@g,)eﬁgggy@gm (fo®ghkr epar ati on of G bber eI lins
(+/-)-GA103 and 5+/- - Chem Soc. 119(16), 3828-3829 (1997).

(h) Mander (&), J- Bynehabi sAoGeneraly RrefegolcFep-taprebydraxylationt phre-14 in
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Australian J. of Chemistry 50(4), 289~299 (1997).

15 (g)King G. R. et al,, “A New and Efficient Strategy for the Total Synthesis of
Polycyclic Diterpenoids — The Preparation of Gibberellins (+/-)-GA193 and
(+/-)-GAz3”, J. Am. Chem. Soc. 119(16), 3828~3829 (1997).

(h) Mander L. N., “Synthesis of 12-Hydroxy-C-20-Giebberellin from Gibberellin
A3", Tetrahedron 53(6), 2137~2162 (1997) and literatures cited herein.

20

Furthermore, the extraction and isolation of different Gibberellins from
different plants, shoots, fruits and seeds have also been widely published [5].
[5].

(a) Pearce D.W., et al., Phytochemistry, 59(6), 679~687 (2002).

25 (b)Chang S. T, et al., Physiologia Plantarum, 112(3), 429~432 (2001).

(c) Nakayama M. et al., Phytochemistry, 57(5), 749~758 (2001); 48(4), 587~593

(1998).

(d) Blake P. S., et al., Phytochemistry, 55(8), 887~890 (2000); 53(4), 519~528

(2000).

30 (e) Koshioka M., et al.,, J. of the Japanese Society for Horticultural Science,

' 68(6), 1158~1160 (1999); 67(6), 866~871 (1998).
(f) Mander L. N. et al.,, Phytochemistry, 49(8), 2195~2206 (1998); 49(6),

1509~1515 (1998).

(g) Wynne G. et al., Phytochenistry, 49(7), 1837~1840 (1998).



(1998). (d) Blake P. S., et at., Phytochem stry, 55(8), 887-890 (2000);
53(4), 519-528 (2000). 30 (e) Koshioka M, et at., J. of the Japanese

Soci ety fwo Bongoszul tural Science, 68(6), 1158-1160 (1999CT/ANCM)083866-871
(1998). (f) Mander L. N. et at., Phytochem stry, 49(8), 2195-2206 (1998);
49(6), 1509-1515(1998). (g) Wnne G %t at., Phytochem stry, 49(7),
18371840 (1998). WD 03/018069 PCT/ AU02/ 01083 4 G bberellins have
previously been used for anti-inflammtion, treatnent of prostatitis_and
psoriasis, trEdbaratinsfhaverprevieusly beenusest fairantiisiiammation. ffpatpment of [ 6] .

5387805 1/ 1986ELG AT Payiss, TeRmsse b HBhoaridn dibeh Ak Waped heginy
11/1998 Wi r6f.) U.S. 6121317 9/2000 Wi We have now found application of

G bberellin or its derivatives for the treatnment of diabetes including
type 1 &nd [Bfpe 2 diabetes and their related 15 conditions. Disclosure of

the i nventign;,; &t W hat G bberellins possess manmal i an
growth fac@gp'$sﬁmégl ﬂﬁ%gé"‘ﬁk{ﬁgﬁﬁ properties in our |aboratory. 20 The
exper i ment ab) FesndH 85973301 @4987and 4) suggested that G bberellins, which

are generated b | ants and m crohes, act as broad- spectrum bi nders
bi ndi ng to &) k= g§4%?8%900ﬁd1@95 W¥ receptors. They differ from the growth

factors fo%slu'_gl ggg@@é—p 188986 gMhi ch has a high affinity for a
10 (e) AUS. 695054 11/1998 Wu
(f) U.S.6121317 9/2000 Wu

We have now found application of Gibberellin or its derivatives for the
treatment of diabetes including type 1 and type 2 diabetes and their related

15  conditions.

Disclosure of the invention:
It has now been found that Gibberellins possess mammalian growth
factor (such as IGF, EGF) like properties in our laboratory.
20
The experimental results (examples 3 and 4) suggested that
Gibberellins, which are generated by plants and microbes, act as broad-
spectrum binders binding to a range of growth factor receptors. They differ from
the growth factors found in animals, each of which has a high affinity for a
25  specific receptor. This is the result of evolution. The biological systems of plants
and microbes produce biological substances acting on a broader (less specific)

base than that of the more complex life forms such as animals.

Since Gibberellins are smaller molecules than growth factors, the binding

30 of Gibberellins on the growth factor receptors is probably weaker. In the
presence of low level of growth factors, Gibberellins bind to vacant growth factor
receptors to stimulate cell growth and other functions. Under this condition,
Gibberellins perform the functions of the growth factors. In the presence of

normal level of growth factors, the growth factors bind to their receptors more



25 specific receptor. This is the result of evolution. The biol ogical
systens of plants and m crobes produce biol ogi cal substances acting on a
br oader (Wess/sgeci fic) base than that of the nore conpl exTiAtfoe/niassns such
as animals. Since G bberellins are snmaller nolecules than growh factors,
the binding 30 of G bberellins on thesgrowth factor receptors is probably

weaker. In ﬁéé@ll%paﬁéeﬁﬁ%éﬁfr highet eéfﬁhltwffogrtﬁ%é‘ Fe%@f)ﬂfrssné% btfﬂéebhxéiéalbi nd

to vacant grovvt factor recept ors to stinulate cel grovvt and ot
functi ons. lmui&@ness hofsthesedgravah, fac@rsleaves ings rqzmnf@r Nephéttieurasm @atsthef t he

growthfactors n.th sen nor mal t he

or ot 1 act BeepisrRites gof R FhukreBe oip AT ts Toadied SickRielis bebds s

readily duanbﬁeéﬂw KNH‘érQE%wﬂqf fddtbrisywitRrsuthiciet berimy arffisty afe préserdthinsi cal
bul ki ness of these growh factors |eaves no roomor very little roomat the

recept o si $ufficiest qml@we@ bBBisel meehanism mraddeshias vaskugpedi profile for

G bberellin t t ndi ng
affinity ar§ %ﬁ%@@ﬂ? algﬁﬁé%gué %ﬁ%%@ﬁ{é ‘gugﬁ%ﬁeﬁg%ﬁ?"@“ fg% g%lﬂsc(rfﬁdgﬁé\}eges a
very good psiate|thef presefbdlsf kddsasGistidralingswitl setbiitétfeveewith thenabtrnaler
for gromh factors including |G- since the presence of excess G bberellins
will not |nfﬂJ@ﬁ?'@rﬂ%0Wh9f$etgf@WHbf3@é¢rs functions of these growh factors. 10
Di abetes nellitus is a chronic disorder nmanifested by hyperglycenm a and
altered lipid and protein netabolism According to the American Di abetes
Associ &td on, norPBidbedes hikllitus lis archperipldisdardet manifeStedsioy hyperbtymermaamlt es,

Mnsul i ayalespdsIPoADH BRUAE et GR-cACERFUR dAr ey IRRRED (HapREs
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agents. In addition, growmh factors-are pol ypepti des that regul ate
repl i cati onstrufitefeehomalagy de inadimehas dsi ewi spasificaseceniet, | the typeyl IGF

receptor, through which it elicits a variety of metabolic effects that are similar to
insulin. The discovery of the active region of human growth factor responsible
for the insulin like actions of the molecule has led to the development of new
20 anti-diabetic peptide agents. In addition, growth factors are polypeptides that
regulate the replication, differentiation and metabolic homeostasis cells. They
increase the growth and/or survival of neurons. In pre-clinical testing for the
treatment of various neurological disorders including diabetic neuropathies,
IGF-2 increased the rate of nerve regeneration. Furthermore, elevated
25 intracellular concentrations of c-AMP poténtiate glucose-dependent insulin
secretion from pancreatic p-cells. Gibberellins have been found fo increase the
activity of adenylate and gryanylate cyclase, so that the intracellular
concentfations of c-AMP and ¢c-GMP may be increased by the administration of
Gibberellins to potentiate in turn glucose-dependent insulin secretions from
30 pancreatic B-cells. Gibberellins may thus be seen to have application in the

treatment of diabetes.

The animal experiment results (examples 5 & 6) showed diabetic rats
treated with 5mg/kg of Gibberellin A; or a mixture of A; and A4 or A7 returned



i ncrease the growth and/or survival of neurons. In pre-clinical testing for
the treatnent of various neurol ogical disorders including diabetic

neur opat hwex3/0180@-- 2 i ncreased the rate of nerve regener atPCamuUoBOIGSBEr NDT €,
el evated 25 intracellular concentrations of c-AMP potentiate

gl ucose-dependent insulin secretion frompancreatic Rcells. G bberellins
have been f dlusid stemuimgnme ldvel tacthievnbymalf m@mn atsetrmhd body angightss |t
cycl ase, so.that racel | ul ar concentrat s of c- gﬁ@nd c- GW may

be incr eased!"%ﬂ}at@ﬁetﬁaﬁ%'tbh@?ulﬁ? i Be effectivreind F’ F%atir@nbef Bf% in turn

gl ucose-dependent insulin secretions from30 pancreatic (3-cells.
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G bberellin A3 is extrenely |ow. The acute oral for rats and mce is
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of car ci nogeuyxgity }tle{SZQII (sédcrrblebbrirdzAa6us WHssTiestiont y C ass Table 5 (I east
hazar dous cl ass product, unlikely to present acute hazard in normal use);

EPA ToX@ity’klass | | | (second |east hazardous classification). 10 [7].

NTP Ch
51? % p:// nt pi?ﬁﬁ*"ﬁ‘?ﬁﬁi‘*éﬁ? F%/egos}t%rtydocs/ CHEM H&S/ NTP_CHEM?/ Radi an77-

06-5. htm (b) Fiye/Atpsesvemichs.nib-godhiidcs/GaERI HES/INTY CHEMTEREgNY7-
August 1991. 15 % Gold L. S., Slone T. H, Ares B. N (2001), Pesticide
Resi dues in FoB®r Cancer Risk: A Critical Anal ysis, Publications from

the Carcino : j i i S k 9bbY.
socond Edit ?8}‘1‘&? E@ﬁcﬁlféén&grg,[soﬂgﬁﬁ(?t?odl@ R&V2H_RRIPbf BﬁéHu&\vﬁ?\u&x’é‘t%éiﬁ
15 (c) Gold L. S., Slone T. H., Ames B. N. (2001), Pesticide Residues in Food and

Cancer Risk: A Critical Analysis, Publications from the Carcinogenic Potency

Project, in Handbook of Pesticide Toxicity, Second Edition, (R. Krieger, ed.),

Academic Press.

20 Thus one aspect of this invention relates to use of compounds of
Formula (1) (Gibberellins) or their derivatives for the treatment of diabetes and
its complications and associated conditions including obesity, micro- and
macro-vascular diseases, nephropathy, neuropathy, eye diseases, diabetic
ulcerations and the like. In another aspect of the invention, there is provided a

25 pharmaceutical formulation for the treatment of diabetes and related conditions
including obesity, micro- and macro-vascular diseases, nephropathy,
neuropathy, eye diseases, diabetic ulcerations and the like, said pharmaceutical
formulation including Gibberellins, and/or their pharmaceutically acceptable
salts or esters.

30



Academ ¢ Press. 20 Thus one aspect of this invention relates to use of
conpounds of Fornula (1) (G bberellins) or their derivatives for the
treat mentwofosdisbet es and its conplications and associ at edTeandiolisens

i ncludi ng obesity, mcro- and nacro-vascul ar di seases, nephropat hy,

neur opat hy, eye diseases, diabetic wulcerations and the like. In another
aspect of the invention, there is provided a 25 pharmaceutical fornul ation
for the treatment of diabetes and related conditions including obesity,

m cro- and macro-vascul ar di seasgs, nephropathy, nefropathy, eye diseases,
di abetic ul cerations and the |Ik-, saju pharnaggutlcal formul ati on

I ncl udi ng G bberellins, and/or 8l r gharnaceut C accepffable salts or
esters. 30 WO 03/ 018069 P ‘ 3 11 R 2 10 12

R13 . 358 R3 4 6 14 Rl4 G00R 16716 RO ------- R13
G bberellins have the follo V\/nref_lzen
R
Rl
0 NSE
Gibberellins have the following formula:
Formula (1)

wherein

R' is H or a group ~O-R®, where R?® is H, a glycosylic ether group (glycoside
5 ether), C1-s alkyl group, or R" together with R? or R forms a bond (C+— Cz or

C4-C4o double bond, respectively);

R? is H or a group ~O-R?', where R*" is H, a glycosylic ether group (glycoside
ether), or together with R* forms a bond (lactone) or R? together with R" or R®

10  forms a bond (C4-C; or C2-C3 double bond, respectively);

R is H, =0, or —0-R%, where R? is H or a glycosylic ether group (glycoside
ether), or R® together with R? forms a bond (C2-C3 double bond);

15 R*is OH, or -OR?, where R? is unsubstituted or substituted Cs-2o alkyl, allyl,
aryl, arylalkyl, amidine, -NR?*R? or an unsaturated or saturated ring containing
one or more hetero-atoms selected from the group consisting of nitrogen,
oxygen and sulfur; R** and R? may or may not be the same, are hydrogen, or
C1~20 alkyl, allyl, aryl, arylalkyl or an unsaturated or saturated ring containing

20 one or more hetero-atoms selected from the group consisting of nitrogen,
oxygen and sulphur; or R* together with R*' or R* forms a bond (lactone);

R® is H or a glycosylic ester (glycoside ester) group, or unsubstituted or
substituted (e.g. halogenated) Ci-20 alkyl esters, allyl esters, aryl esters,

25 arylalkyl esters, active esters (such as phenacyl ester, pivaloyl ester);



R is Hor a group -OR20, where R20 is H, a glycosylic ether group
(glycoside 5 ether), Cl-6 al kyl group, or Rl together with R2 or R1O forns
a bond (Gvo 0GR1859 Cl- C10 doubl e bond, respectively); R2 iPSTHwWR/0808gr oup
-OR21, where R21 is H, a glycosylic etgher group (glycoside ether), or
together with R4 fornms a bond (lactone)” or R2 together with R or R3 10
forms a bond (Cl1-C2 or C2-C3 double bond, respectively); R3is H =0 or
-0 R22, vvher%_RZZ is Hor a gl yqoséic et her ‘group (gl ycoside ether), or
R3 t oget her Riiis H eoOHmmogathes mdth(R2farmsow bené (Bond)z dawlgbond);oH, or
-OR23, where R23 is unsubstituted or substituted C1-20 al kyl, ally[, aryl,
aryl al kyl, am di ne, -NR24R25 or an unsaturated or saturated ring containing

one or nor eRieEa 0=l Prs-ORPeGiRstel REMst Heoras Wdﬁﬁn@i@hémgw@b ﬁr?wcmw,
oxygen and sul fur; R24 and R25 rgakty or may not be the same, are hydrogen, or
C1-20 al%kyl ethar) or R" fegatheawith & ormea kand satCue sosklePordk ur at ed ring
containing 20 one or nore hetero-atons selected fromthe group consisting
of nitrogen, oxygen and sul phur; or R4 together with R21 or R28 forns a

ot B g o Py
unsubstituted or  substituted (e.g. hal ogenate - a ers, a
esters, aryHngdbsiityted o5 gp%tj;p‘;@yi? (Y eh%PQﬁB?ﬁe@é és*@@r§|Ik§’gu€|ﬁ’ias"‘%lheﬂ%cgl
ester, piva rH ] ﬁgﬁﬁa ki OH or

t oget her vvl%ﬁxﬂﬁl?%fﬁ?%w&ﬁ%{e?%ﬁé%lgﬁwybo )}Jpgt(ﬁlégéla?léi%r)’or - OR26,
where RIOis Hor a glycosylic ether group (glycoside 5 ether) or R7
together wtl. fo a, bo Cl1l-G12 doubl e d). i,s H hydroxyl,

mer capt an, "FIRE‘ %rgéﬂ"s@ét%gque'(wjﬂ)‘ R afﬁfﬁﬁ,abﬁ’r‘agggﬁmggﬁéi unsubsti t ut ed
or substituted (e.g. halogenated) Cl1_20 al kyl, allyl, aryl, or arylalkyl,

or -OR27, V\,hqre R27 is a@igll ycosylic ether group (glycoside ether); 10 RO is
H or OH, or R'4dethheCHyi tGHELECOBHEomabglydosydie- eater {glyepsidriester) of saids,

or + orzs,  wRQGHREETERY Gr T MhRERTS TR Bh Rideor B R: SR e o

R10 t oges heylapion@) Bt R'otdhetifedRite R @mts 8 bépdhios-ORmbuble bond);
R' is H, or OH or is absent;

R'2 is CHs, CH,OH, COOH or a glycosylic ester (glycoside ester) of said
20 COOH;

R™ is methylene, or a divalent hetero-atom, or NR?®, where R*® is NHR® or
OR®® where R is H, or C1~y alkyl, aryl, alkylaryl; and a double bond is present
between Cys and R™ when R' is absent; or R"™ is H, OH, CHz CHO, CHX,

25 where X is halogen (e.g. F, Cl); CHNR?® where R* is NHR® or OR*® where R*®
is H, or Ci-9 alkyl, aryl, alkylaryl when R'" is H or OH; with the proviso that
where R'" is OH, R™ is not OH

R™is H or OH;
30
R™ is H, or together with R® forms a bond (Cg-C15 bond);

Pharmaceutically acceptable derivatives, including lactones, esters and salts of

compounds of Formula (1), include alkali metal salts (e.g. Na*, K*), alkaline



R11 is H or OHor is absent; R12 is CH3, CH2OH, COOH or a glycosylic ester
(glycoside ester) of said 20 COOH R13 is nethylene, or a divalent

het er o- atwmo3oisobR29, where R29 is NHR30 or OR30 where R¥QTiAUo0RI0138 Cl- 20
al kyl, aryl, alkylaryl; and a double baond is present between Cl6 and R13
when R11 is absent; or RI3 is H, OH C$ CHO, CH2X, 25 where X is hal ogen

(e.g. F, C). ﬁ;l—rlhqig?l%? r pis 1 Qi r enR300131)\S 20
al kyl, aryl ?eag Kyl ar yﬁgﬂ&h@nﬁgf ¥ Sl\hwrm%ﬁ_'a;ﬂ W t htl&it]ﬁ'eznr (iv'?I 3’ taﬁgtﬁ]tv?hcéfr_e
:311 is OH ®iBnorumobrgdhi®bases (stichr aiocadte, RINRERYRUR'Y vhere ' R h Ro
orns a bong 4 Cl15.hond);, Pharmaceuti cally accept abl erivaid ves

i ncl udi ng | ot FhesW Q’r%’ Qﬁgﬁgaﬁ%e@lr no&}ﬁﬁ » 3 E)S&WQPQ’ [:JI)Z,O MM ude
al kal i et ag|k§ﬁ?f§%{}(e|?5%r%2{?+, K+), alkaline WO 03/018069 PCT/ AU02/01083 9

earth netal salt +, Mgt+), netal salts (e.g. Zn2+, Al 3+), and
salts of6 ammonium organi c bases (such as |idocaine, or NRLI6RL7R18R19

where R16, 7, 9. .whic he . o] { .
hydr ogen, Cﬁ?ﬂftt%ame, _Ogﬁﬂ&%fn\gﬁl? q@%?ﬁﬁd ﬁ'ﬁgr@@?&%{hﬁg% %@%Wn@gp g)geet her
wi th the sokijghtblsetivedhCictotf i thted @abbén Bediels raayneEtedsby tied eldttodtameen
two of the three carbon atons connected by the dotted and sol.d linéﬁ)

up.

with the preolicinesiavith taespwsedhat psdaubie hoaddstnairpresent § Ry igyan

10 Since Forpula (1) conplies with normal valence rules, this |leads to the
further prg{'ﬁ%OOS as follows: Rl and R2 cannot forma bond if RLO and Rl
and/or 2 and R3 forma bond; R10 and Rl cannot forma bond if R10O and R23

forma bond; R2 and Rl or R2 and R3 15 cannot forma bond jf R4 and R21
form a bondSince Formula (1) complies with normal valence rules, thllps lsads to%heafuﬂher

provisos as follows:
R' and R? cannot form a bond if R™ and R and/or R? and R® form a bond; R™
and R! cannot form a bond if R'® and R% form a bond; R? and R' or R? and R®

15  cannot form a bond if R* and R?' form a bond.

In the case of Gibberellin As, R’ together with R? forms a bond (C4-C2 double
bond); R® is B-OH, R* together with R?® forms a bond (lactone); R%, R®, R’, and
R? are hydrogen, R® is OH, R"' is absent; R™ is methyl; R' is methylene, a

20  double bond is present between Cqs and R'®; R™ and R are hydrogen.

The most readily available Gibberellins are Gibberellin Az and its mixture
with Gibberellin A; and/or Gibberellin A7 from the fermentation of Gibberella
fujikuroi. Although the methods of isolation and purification of Gibberellins

25 including solvent extraction, and chromatography have been published as
mentioned in the background of the invention, a simple and efficient process
for isolation and purification is still needed. In this invention a practical
process for the large scale production of Gibberellin As; is provided,
comprising the steps of incubating a Gibberellin-producing strain of

30 microorganism in a fermentation broth until the concentration of Gibberellins
reaches about 3000ug/mi broth, followed by:

(a) adjusting the pH of the fermentation broth to pH 6.5 to 7.0 and filtering to

obtain a filter cake of microorganism mycelium, and a filtrate;



In the case of G bberellin A3, Rl together with R2 forns a bond (Cl-C2
double bond); R3 is (3-OH R4 together with R28 forns a bond (| actone);
R5, R6, RFWp m@mdisRO are hydrogen, R8 is OH Rll is absent pcRI2®1038t hyl ;
R13 is nethylene, a 20 double bond is i)gesent bet ween Cl6 and R13; R14 and
R15 are hydrogen. The nost readily available G bberellins are G bberellin

A3 and its ni x$b)rWasmntghth@' tikerelkel withivatedand danmbinmg thetwaghihgowitth fige

fernmentation of G bberella fujikuroi. Al though the nethods of 1solation
and purification Hirats plere an aguesus selutieming sol vent extraction, and

chr omat ogr aphyfcﬁpa%[(gn%gﬁl%éiﬂp%é%ﬁtﬁgoag soﬂm%i oned in the background of the

i nvention, a s i'crent process for isolation and purification
is still neede@) mixitdpitise boueotis eolutionneith ianwrgarpjcmrt]fa@@ t‘ehﬁ)érfalmg@oscal e
production of G bberellin A3 |s proyided,  conprising the steps o
incubatigg a G bbgf%ﬂpiﬁ%-%'ﬂo%m'éﬂm ekl /f Bie mixtieiadesythandlin a

fernmentation brgt hl ; t i 1 N afle ut
3000pg/ M br ot {]eg %‘(‘)Wh theB;ﬁ/mft?gtf qujéﬂgseirlg{r%gﬂitﬁg% @Eﬁﬁéo{uﬁea?%érﬁent ata i @%?
broth to pH 6.5 torganic pnaisd ahd eeinopgingdhe dinstaorganicfpHaser cake of

i i celi and.a filtrate; WO 03/018069 PCIT/ AU02/ 01083 0 (b
rent e i T Y -t 1R, ahupod, Fhadturamngernd WiBnoai SAVERET |

filtrate to form bi ) concentrating the aqueous
M Gtafii 386end BryiniePhate) C

solution; (d) m xing the aqueous solution with an organic solvent at a
t enper al@r e of (g)scambming tharfirsstiandssecand: hegaric phashe andconeenteatirgs $o t han
2.0; (e) allow nge the m xtur arate . .into an aqueous phase and a first

or gani ¢ phase and o[r%gpﬂﬁeqtfpégﬁio?r@%)nlgrsggmog; phase; (f) re-extracting the

aqueous phase (ﬁ?%@ﬂr@ﬂ(é tontératedadrgenRosoanién & 602POT Ford3 I8 Hburs
or gani ¢ phase; 10 ) conbining the first and second organi ¢ phases and

concentrating to Withshming endkiherprecipitationnf solibmatieoaeages; heating the
inti 1 the. prect oG ' cBhralfy Bl subllor’ 18°Hio #diShiré Ak
15 filtering to obtain a precipitate;
(j) washing the precipitate in cold organic solvent and drying to obtain an
off-white solid containing about 80% Gibberellin A;, about 4%
Gibberellin A4 and about 4% Gibberellin A7,

20 Optionally, the invention further comprises the steps of:

(k) dissolving the off-white solid in a mixture of 32.6% methanol, 2.2% water
and 65.2% acetone to obtain a Gibberellin solution;

() diluting the Gibberellin solution with a 10:1 mixture of organic solvent
and water; ‘

25 (m) filtering the diluted Gibberellin solution and concentrating the filtrate by
vacuum evaporation;

(n) heating the concentrate to a temperature of 60 to 80°C for 2 to 3 hours
with stirring , cooling to room temperature and filtering to obtain a solid
crystalline precipitate;

30 washing the precipitate with cold ethyl acetate and drying to obtain
Gibberellin crystals at >95% purity.



(i) cooling the concentrated organic solution to roomtenperature and 15
filtering to obtain a precipitate; (j) washing the precipitate in cold

or gani ¢ swibwanisoand drying to obtain an off-white solid eamationiong3about
80% G bberellin A3, about 4% G bberellin A4 and about 4% G bberellin AT 20
Optionally, the invention further corrpﬂf‘ses the steps of: (k) dissolving

the of f -whi [f)tﬁ‘tl’?é)rlﬂda?eg[}[)cgce%é% ﬁ%@tlﬁ B%a@&ﬁéf?&h iBerefinZ3aehed estitd £6. 2%

acetone to tain ere S tron, (I) diluting the G bberellin
sol uti on widisclasdd: In rparticular,ofheoiimemtionsiniclusies aaprpbogssefor olganipg the

filtering the diluted G bberellin solutjon and concentrating the filtrate
by vacuum @ﬂd‘ﬂ)’@r%?ﬁti an&bgﬁfelh%éiqm@'%‘%{%ﬁtggﬁtoﬁate to a tenperature of 60

to 80C for 2 el iAL i f@tharfgto!l i ng to room tenperature and
filtering to g@t%ls%&grn?o?wg crysltéal | ned&eci pitate; 30 washing the

preci pi Gat e wi(bhadding teh@iblberetlint sokutian iang eguinyYan aguecus beelution rpf
crystals at >950/g rity. WO 03/018069 PCT/ AU02/01083 11 Furthernore,
processes for th& E’fjé%hration of G bberellin salts and esters are

di sclosed. In @Pé&éﬁdfbﬁﬁg R ikt STLiiONs i0'GHEES tobtant asplifl 9esidbeai ni ng
the sodiumsalt ot G bberellin, conprisi n% the steps of: (a). dissolving

G bberel | i n A%d) disselvingibi; residug) inawrten gnd feeezesbying toi ebtats Gibbsrelin Asn
equi nol ar aqueous_sol ution of NaHCGO3; (c) evaporating the m xed sol utions
to dryness to ob?%qg'Hmas@gl id residue; (d) dissolving the residue in water
and fregge drying to obtain G bberellin A3 sodiumsalt. 10 The invention
further includes a Erocess for obtaining the zinc salt of , G hberel Li(r)]F

conpri si ng The mnvenHen &irthes drciudess A viregess bigsr ebiaining s the, &g, Salf «
Gibberellin, comprising the further steps of dissolving Gibberellin As sodium salt
in water, passing the solution through a column loaded with a zinc ion-exchange

resin, washing the column with water, collecting and combining the effluent and

15  washings and removing the water to obtain Gibberellin Az zinc salt.

The invention further includes a process for obtaining the ethyl ester of
Gibberellin, comprising the steps of:
(a) dissolving Gibberellin Azin a 50:1 ratio mixture of acetone to water;
20 (b) mixing the Gibberellin Az solution with equimolar amounts of
triethylamine and ethyl chloroformate, and a one tenth molar amount of
N-methyl morpholine, and stirring at -15°C for 20 minutes;
(c) diluting the resultant mixture with anhydrous ethanol and stirring at room
temperature;
25 (d) evaporating the diluted mixture to dryness and partitioning the residue
between ethyl acetate and water in a 6:1 ratio;
(e) separating the ethyl acetate layer, washing with 2% HCI, followed by
water, followed by 5% NaHCO3, followed by water, and evaporating under
reduced pressure to dryness to give Gibberellin A; ethyl ester.
30
References hereinafter to the compounds of formula (1) include the
compounds of formula (1) and their pharmaceutically acceptable derivatives

including salts, esters and lactones thereof.



in water, passing the solution through a colum |oaded with a zinc

| on-exchange resin, washing the colum with water, collecting and

conbi ni ngwolg/oedobd uent and 15 washi ngs and renovi ng t he warexvozo1mbt ai n
G bberellin A3 zinc salt. The inventi oq further includes a process for
obtaining the ethyl ester of G bberell?n, conprising the steps of: (a)

di ssol ving G bbepghindtedichlly écéébtébfeaédrﬁ?ﬁéiﬁéhﬁ of @le 866ipONAdS @f aineula 20
(b) mxing the G bberellin A3 solution with equinolar amounts of )
triethyl am (@ raay aistyhe dotroedfhyr sampiniaadhamméth eRenOMBIGE @it rActye

N-net hyl marphol.ine, .and stirrin -, f ] L - - di | t he
resul t ant n‘f‘g‘i‘“td’%“qﬁn (fRr aWP'Sué’%é@har{%?“%é‘ﬁ@{esﬁ%r“}rﬁe%g'bg?' r"é%ar{%n tftd%ﬂéé}gt ure;
25 (d) evapgrpldtioes! NGFE) IGFeftagimehty, eglowthr faorss, andther tpharmacegtidaily

resi due between ethyl acetate and water in a 6:1 ratiQ; (e) separating the
ethyl adet scampatile, antirgiabajicnegrntsdeicthe fiseataigd 8l digketer, ap He‘g@@a by
5% NaHCGC3, %CWA*? d by water, and evaporating under reduced pressure to
dryness to dberellin A3 ethyl ester. 30 References hereinafter to

t he conpounds of forrmula (1) include the conpounds of formula (1) and

their pharmaceutically acceptahble derivatives including salts, esters and
| act ones t her eof The\ooTHOYGSEY fpmulad > Peserss 3%?"t¢r?§r'ﬁg‘élgh??a§?§@'nﬁ'ke

accept abl e %&ﬁﬁg% AngBF sBhsilibersSBIRMIIESIREN! OF dubBtes| b dEMpIREBNY @nkior Ted

by conbi nin one or nore ractive 1ngredients, for exanple

i nsul i MO i nssddciated keonaitionze priduwtiisg dbesityi mi¢noagne macrdevasata diseabes:s,

| GF fragnents, growh factors, or other pharmaceutically 5 tibl e

ant i - di abet P@PgRAtNY. ﬂSPrQH?éhY'reé'&‘ﬁﬁﬁ?s _ d_éﬁbg.'& geré\ﬁah%/@pgﬁﬁamﬂﬁgoﬁ%rﬁ ons.
The CO”POU“%%% gfer&r/iﬂléb% (alﬁu{l@%%‘ﬁgécta&ftt‘hé' ihYerftforl, A6 compyifds sTubirulal ke

agoni sts and/ or nsitizers rt treatnent of diabetes, its
conpl i cati offy fandisel @s aas ecitiue dieapatitici aganti incihediragtragrisot diabeites @ngnd

TRcro vasc urle?er\teg | conditions.
15
In a further aspect of the invention there is provided a method of
manufacturing a pharmaceutical composition, comprising combining a
compound of formula (1) and/or its derivatives with a pharmaceutically
acceptable carrier.
20
In a further aspect of the invention, there is provided a method for the
treatment of diabetes and related conditions in animals including humans

comprising administering an effective amount of the compounds of formula (1).

25 There is also provided in a further aspect of the invention, the use of the
compounds of formula (1) for the manufacture of a pharmaceutical composition

for the treatment of diabetes and related conditions.

The amount of the compounds of formula (1) required for use in the

30 treatment of diabetes and related conditions will vary with the rate of
administration, the nature of the condition being treated and the age and
condition of the animal including human patients and will ultimately be at the

discretion of the attendant veterinarian or medical doctor.



nephr opat hy, neuropathy, eye diseases, diabetic ulcerations and the |ike.
There is thus provided in a further aspect of the invention, the conpounds
of fornmulwoogb)sobor use as an active therapeutic agent inpPCTatmeaissaent of
di abetes and related conditions. 15 In_a further aspect of the invention
there is provided a nethod of nanufacﬂﬁring a pharmaceutical conposition,

comprising conbi g Ghéral SOLRA e WK T (d rafgl oF fdh atitR 10/ ves

wi th a pharnmaceu accept a carrier. 20 In"a further aspect of the
i nventi on, 10Gme/kgs ofr budyledemhirepérodiayorpreferablyr dat Hentrange doh RS tand
rel ated cong': ti ﬁ(nzqi n ani mal s i ncludi ng humans conprising adm ni stering an
effective B3 he conpounds of fornula (1). 25 There is al so provided
in a further aspect of the invention, the use of the conpounds of fornula
(1) for the manufacture of a pharnaceutical conposition for the treatnent
of di abé& es and Frelahimedt isoprsiferabhs commenseduafterair atiibedisng sligheies OCeWSII a

(1) required for use in,the. .30 treatpent o | tgs

condi ti ons %“$ |°°O§'P§/ewfh~‘?”t i ds [ngpgegf Hﬁﬁ(ﬂlﬁipg%ggﬁ g’n?'g?ﬂBéﬁéé’?'ﬁ LfséeL SS Phe
condi tion b@irm@(rﬁagsegpmrmbﬁ tegemend condition of the animal including
human patients and'wll ultimately be at the discretion of the attendant

veterinarian or medi cal doctor. WO 03/018069 PCT/ AU0O2/ 01083 13 In general

a suitable dose Wi e ) ; 0m a ; iOf
body wei ght per %b%blgrgém%ﬁy'%?@ggﬂg rja&llg{egsop 8%0%“‘%?’ “3'8‘&8%88?%5@ Isg
Treat mei i gedd&f. cARBINativelENCRE shs@rofousiag 4 himei reteaseatiemudatogutne  and
continues when it is needed. It is also possi?le to use the conpounds of
formul a (1)treatmenimearkeidiven Peee AUATY. 2 days bl ves'eat ment is given 1-4
times daily, and continued when it is 10 needed. Alternatively, in the
case of using a time release fornulation, the

The desired dose may be presented in a single dose or as divided doses

administered at appropriate intervals, for example as two, three, four or more
15  sub-doses per day.

The compounds of formula (1) are conveniently administered in unit
dosage form for example containing 0.1 to 500mg of active ingredient per unit
dosage form. While it is possible that, for use in therapy, the compounds of
formula (1) will be administered as the raw chemical, it is preferable to present

20 the active ingredient as a pharmaceutical formulation.

The invention thus further provides a pharmaceutical formulation
including the compounds of formula (1) or a pharmaceutically acceptable
derivative thereof together with one or more pharmaceutically acceptable

25 carriers therefor and, optionally, other therapeutic and/or prophylactic
ingredients. The carrier(s) must be 'acceptable’ in the sense of being compatible
with the other ingredients of the formulation and not deleterious to the recipient

thereof.

30 Pharmaceutical formulations include those suitable for oral, rectal, nasal,
topical (including buccal and sub-lingual), vaginal or parenteral (including
intramuscular, intradermal, sub-cutaneous and intravenous) administration or in
a form suitable for administration to the gastrointestinal tract, or in a form

suitable for administration to the respiratory tract (including the nasal passages)



treatment may be given once every 2 days to 1 week. The desired dose may be
presented in a single dose or as divided doses admnistered at appropriate
i nt er val swofieisganpl e as two, three, four or nore 15 sulrcdoass/opss day.
The conpounds of fornula (1) are conveniently adm nistered in unit dosage
formfor exanple containing 0.1 to SOOﬁIﬁ’ of active ingredient per unit
dosage forng, V%&e{rﬁ lt g%ﬁ&%ﬁbﬁ'& inBatiatibA oluf? ihfrabiBRhAPYr sUbutaasUENds
of forrrula( ? mnistered as the raw chemical, it is preferable
to present indglantatioacirifoetransderdiat patchs Theghenuabiens iy, Whare@pareRsiate The

I nvention t usfurther prowdsa ha tlcal r t t he
conpounds o P!?rtﬂy)m&ﬁea eﬁ‘nﬁ‘r Brﬁg('-ﬁrfa a0y lé%'£ quﬁbrﬁqu%ep e{}ac%rg@eﬂ'ﬁ
thereof t Ogsﬁiﬂ@ﬁ tié hibtRB8s RhoWRlig tRE AFGIOsHH h@@yl Rlianseptabheuds tisastoper s
therefor and,” optionally, other therapeutic and rophyl actic

i ngr edi ént sof Driagingr intergsspciation the activeegrrappend WiPH Hauiglepargers opdingly

ol ot or ous i, 59 BpftRln ot el B iy AEpaRaRly feufio 398 ePeuct ioto

i ncl ude thOﬁ—% gesitaPiceniutdtiopr al , rectal, nasal, topical (including buccal
and sub-1lingual), vaginal or parenteral (incl udi ng int rarruscul ar

i ntradermal, sub- cut aneous and intravenous) adm nistration or a form
suitable for ad t t S¢i-n t n
suitable for ad %?g%ufg%lt@rﬁwﬂgat}%gg %l(fﬁg g 1tOltrrgllafl |ncq|8t§étlol8 tnﬂa gge'rsnal
passageR) V\Qrébyn@écBO@Q &@Efe@ébﬂhﬂ)s’mélﬂ:h 27 fcapsabesn‘pdm:ﬁa}sn omatlablertsareanh

i nsufflation or for intradernmal or sub- c neous | Il on or é r

t r ansder mal COREMNNG ThPredptarmmedoARoNgY o \Kﬁ%r%ct'éfﬁp'lne %ﬁ‘te as ggowaer or

conveni ent | édéﬁtﬁéserﬁseg éd\ﬁtgrgrt Oﬁ)eqﬁﬁﬁ‘g@r HQ'atns G%l(ﬂEWI@aH\S@ﬁfQ‘?leQMt any

of the meth nown I’ n ar macy. AI ds include“the step 5
of bri ngi ngniay slsadmopiesented ada tmim \&ieﬁuapoumnamt fabietgiadd capsules oor

finely “divided sali both and t h h
proaust. i nt BraAAETRISYABN Y RGN G BPRLRRRIPLIS STt APy B a0t bl o

for orajsadgdsSitdapls, @¥inkyrants, or wetting agents. The tablets may be coated
according to methods well known in the art. Oral liquid preparations may be in

the form of, for example, aqueous or oily suspensions, solutions, emulsions,

syrups or elixirs, or may be presented as a dry product for constitution with

water or other suitable vehicle before use. Such liquid preparations may contain

20 conventional additives such as suspending agents, emulsifying agents, non-

aqueous vehicles (which may include edible oils), or preservatives.

The compounds of formula (1) may also be formulated for parenteral
administration (e.g. by injection, for example bolus injection or continuous

25 infusion) and may be presented in unit dose form in ampoules, pre-filled
syringes, small volume infusion or in multi-dose containers with an added
preservative. The compositions may take such forms as suspensions, solutions,

or emulsions in oily or agueous vehicles, and may contain formulation agents

such as suspending, stabilizing and/or dispersing agents. Alternatively, the

30 active ingredient may be in powder form, obtained by aseptic isolation of sterile
solid or by lyophilisation from solution, for constitution with a suitable vehicle,

e.g. sterile, pyrogen-free water, before use.



10 presented as discrete units such as capsul es, cachets or tablets each
contai ning a predeterm ned anount of the active ingredient; as a powder or
granul es;wav3ai®ed uti on, a' suspension or as an enul si on. PCTAECDHI0SE
ingredient my also be presented as a bolus, electuary or paste. Tablets
and capsules for oral adnministration My contain conventional excipients

such as bi ndi ng [  tol HErdfidstnSis tHé & EQﬁ;,r Bta¥ fohula|ly i ng
agents. The tabIngfqggér%?I %@midd‘éé#%@ tgct@%r%ﬁng tgtﬁ%?ﬁg{s V\n/gll kcr)lov%wiqnythe
art. Oal Inhapbd formprted asrintmentsecreamst drelofionsn @f as Adransdenprepatgueous

il [ , | uti \ | si , el 1 Xi b
pr esent ed_ 48NEMERt GCheRRAMS BV kBTG e TaTEHARed vl 89 agPRel ofBfu ¢
vehi cl e befipre e theuabitbh®tistitBbRARICKehRIRSardNsr GeMhgi dyets. dativrstmanal

Icl s% iéi .
addi tives such as suspendi ng agents, enulsifying agents, non- aqueous

vehi cl e5 (e fonmutated withude agdebus oooily paseangdrwil én genea alsoreeni@iheRfinds
f f la (1 | sp.be f | at.ed .f : : i 1 ' . g.
by i et | 6. etk LarusBies ernt: i Fdling B lf Gk A00Rs shhading -

may be pr es{qétrﬁéi thidkERing, BpesloliARdagBnPOul es, pre-filled syringes, small
vol ume infusion’or in rrgl’ti - dose glggt ainers wwth an added preservative.

The conpositions nmay take such forns as suspensions, solutions, or

o100 11 eSS B el S g Bl Re Bohanecpr

such as suspendi spersing age Al't ernat | Yy,

the 30 1act iy8y iveUORAURME] BBYoRshde’ durmMising active iyredieatiinoy flaseredi base,
isolation of Sterile solid or by lyophilisation fromsoluytion, for,.
constit uti arsuglly hsacreaet andl eacagia odfe fragacgnthstpastiles OMBHEIAYs thee agVer |

before use., WD 03/,018069 P : r | r LS HFAGeRA O
t he epi der g fﬁ%ﬁtég,@gbﬁﬁ&q%éﬁgé%gg%ﬁﬁaﬁg@%%ﬁh gd;]]rr% a?%%'bgg agfa'rc]:{%ﬂ ment s,
creams or |4Hd AduithwastRss eormpAsiag ¢herattiveainghedied intarsuitablafiquidresdrier. nay,

for exanple, be fornulated wth an aqueous or oily base with the addition
of suitable thickening and/or gelling agents. Lotions may 5 be formul ated

With anzaqueous ©f. Qi fasAniiidition he J6MRIAlIoR SaoBediplesdifted ObsITOr €

enul si f}?l ng agents, stabilizing agents, dispersing agents, suspending

agent's, t hipdeyairieg, tamponsploreamsagrsts,s pastes, foams or sprays containing In
addition to the active ingredient such carriers as are known in the art to be

appropriate.

20 For rectal administration, unit dose suppositories wherein the carrier is a
solid are preferred. Suitable carriers include cocoa butter and other materials
commonly used in the art, and the suppositories may be conveniently formed by
admixture of the active compound with the softened or melted carrier(s)

followed by chilling and shaping in moulds.

25
For administraton to the respiratory tract (including intranasal
administration) compounds of formula (1) may be administered by any of the
methods and formulations employed in the art for administration to the
respiratory tract.
30

Thus in general the compounds of formula (1) may be administered in

the form of a solution or a suspension or as a dry powder.



For topical admnistration in the nouth, the conpounds of fornmula (1) 10
may be formul ated as | ozenges conprising active ingredient in a flavored
base, uswalBypi®arrose and acacia or tragacanth; pastill eecropeiosisag t he
active ingredient in an inert base su 8 as gelatin and glycerin or sucrose
and acaci a; and nout hwashes conprising the active ingredient in a suitable

liquid carrier. dqufighs V&AM '&Jsggﬁgibﬂbsﬁvﬂlatﬁré’ﬁéréM? ber ayliébiPrisr rexansie

presented as pessaries, tanpo creans, gels, pastes, foams or sprays
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for admnistration to the respiratory tract. 30 Thys in geperal the
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Solutions or suspensions are applied directly to the nasal cavity by
15 conventional means, for example with a dropper, pipette or spray. The
formulations may be provided in single or multi-dose form. In the latter case a
means of dose metering is desirably provided. In the case of a dropper or
pipette this may be achieved by the patient administering an appropriate,
predetermined volume of the solution or suspension. In the case of a spray this

20 may be achieved for example by means of a metering atomizing spray pump.

An aerosol formulation may also be used for the respiratory tract
administration, in which the compounds of formula (1) are provided in a
pressurized pack with a suitable propellant such as a chlorofluorocarbon (CFC)

25 for example dichlorodifluoromethane, trichlorofluoromethane or
dichlorotetrafluoroethane, carbon dioxide or other suitable gas. The aerosol
may conveniently also contain a surfactant such as lecithin. The dose of drug

may be controlied by provision of a metered valve.

30 Alternatively the compounds of formula (1) may be provided in the form
of a dry powder, for example a powder mix of the compound in a suitable
powder base such as lactose, starch, starch derivatives such as
hydroxypropylmethyl cellulose and polyvinylpyrrolidine (PVP). Conveniently the

powder carrier will form a gel in the nasal cavity. The powder composition may



agents/surfactants such as pol ysorbates (e.g. Tween 80, Span 80,

benzal koni um chl oride), buffers, isotonicity-adjusting agents (for exanple
10 sodi unwohiBorsode) , absorpti on enhancers and vi scosity emaana®es1083
Suspensions may additionally contain suspendi ng agents (for exanple

m crocrystalline cellulose, car boxyrreﬂﬁyl cel lul ose sodium. Solutions or
suspensi ons, 21,6, aRALASH Gl BBLLYoRR HRLERMAL it Rebkhichyor daniapest kagal
means, for exanple wth a dropper, pipette or spraé. The fornul ations may
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dose neteri nfg is desirably provided. In the case of a dropper or pipette
this may b@aﬁfhi'@@&i- by the patient admi nistering an appropri ate,

predet ermi ned vol une of the solution or suspension. In the case of a spray
this 20 may be achi eved for exanple by nmeans of a netering atom zing spray
punp. An aerosoln flomulatiohsnintandesl dor mdnoinisiration t;etheespspitateny t@achct
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dose of drug nay be controlled by provision of a netered valve. 30
Al ternatively the conpounds of formula (1) nay be provided in the form of

a dry pgwder, fofFoex@mmistratidioisitle gastromtettieal derghotheddnmpeurslsi efdbtraula
powder base such as |actose, starch, starch derivative

h
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formfor exgagtrsintestinabsadtes or cartridges of e.g. gelatin or blister

packs from which the powder may be admi nistered by neans of an inhaler. 5
In formulations intended for adm nistration to the respiratory tract,

includipng intrangagd, HRSFYY 2Fdmidatidie aaaprRH S gd lsusnesdirbieabavesr thesnal |

active ingredient may be employed.

The compounds of formula (1) may also be used in combination with

other therapeutic agents, for example anti-diabetic agents such as insulin, IGF,

20 or analgesics, anti-hypertensive agents, sedatives, hypnotics, lipid-lowering
agents, anti-infective agents and so on. The invention thus provides in a further
aspect a combination comprising the compounds of formula (1) or a
pharmaceutically acceptable derivative thereof together with another

therapeutically active agent.

25
The combinations mentioned above may conveniently be presented for
use in the form of a pharmaceutical formulation and thus such formulations
comprising a combination as defined above together with a pharmaceutically
acceptable carrier therefore comprise a further aspect of the invention.
30 The individual components of such combinations may be administered

either sequentially or simultaneously in separate or combined pharmaceutical

formulations.



particle size for exanple of the order of 5 mcrons or less. Such a
particle size may be obtained by neans known in the art, for exanple by

m croni sawioa/018h69 For admi ni stration to the gastroint esti mafr/Atoao1083t he
conpounds of formula (1) or a pharmaceyjically acceptable derivative my
be adm ni stered by any of the nethods d formulations enployed in the art

for adm ni strati QyhéPtid8ompaahdsoRfediuladql) breaGsed hith\iheBcsieb tHierdpeutic
formul ati ons adapted to give sustained release of the active ingredient
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sedatives, bympouhdds ubediatbriedWpprogristeeivses wilhbereadipcappreciagshbs thaoese so
on. The invention thus provides in a further aspect a conbination

conpri sithg eRbedInifAds of formula (1) or a pharnmceutical |y acceptabl e
derivative thereof together with another therapeutically active agent. 25
The conbi nati ons nentioned above may conveniently be presented for use in
the form of a phdheacempouads fafrfonnata ¢h) and theirsplarofedentioall\aticoestable

conprisin combi nati on as defined above together with a pharnaceutj.cal l
ouBnt bl s Bayatbies, FAter STEBRAT 4 BIBuITeIBPIS T o The. FRVER: I 30
The i ndi vi dg?éoeeprgmPp&gﬁggnPayghaﬁggg'bngg{rge@rgay be adm nistered either

sequenti al | sinmultanebusly in separate or conbi ned pharmaceuti cal
formul at@ ons. WO 03/ 018069 PCT/ AU02/ 01083 18 Wen the conpounds of fornula

(1) are used with a second.therapeutjc, agent .active in_treatnent of

(i Aot e and 1el JPBASESAHT IMTLOR, Heluithed ocaBEn B b SulS R XarTPlEs: be
the same aswpictlidré efor f fIQskrathRl pRFRdSY fhyveeR SR6HId RBMRURBnEFued sk & one.
Appropriate doses will be readily appreci‘ated by those 5 skilled in the

art. The colipiatiar obthe ipventien.(1) and their pharnaceutical |y acceptabl e

15  Example 1. Fermentation, isolation and purification of Gibberellins.

(a) Fermentation: Gibberellin Az, A4 and A7 producing strain Gibberella fujikuroi
was inoculated and grown in a medium containing 100g glucose, 100g
sucrose, 2.5g NHsNO3, 0.25g KH,POy4, 0.2g MgSO4, 0.01g FeSO47H,0,

20 0.03g ZnSO47H,0, 0.1g KClI, 10g peptone, 3g CaCO3;, 1000ml H,O, at 28°C
for 3~4 days. It was then transferred into a production medium containing
1000g glucose, 100g peptone, 24g NH4NO;, 100g KHoPO4 20g
MgSO47H20, 20g FeSO47H20, 1.5g Na,B407.10H,0, 8g CuSO47H0,0.7g
(NH4)6Mo70244H,0, 20 liter H2O, at pH 4.5 at 28°C for 8~10 days. When the

25 production of Gibberellins reached to peak (~30000g/ml broth), the

fermentation was stopped.

(b) Isolation: The fermentation broth (18 liter) was adjusted to pH 6.5~7.0 with

10% NaOH, then filtered off. The filter-cake (mycelium) was washed with 4L

30 of H20. The filtrate and washings were combined and vacuum evaporated to
a volume of 2L. The concentrate was stirred at 5~10°C with ethyl acetate

(5L) and adjusted to pH 1.5 with 6NHCI. Then two layers were separated.

The lower aqueous layer was re-extracted with ethyl acetate (2L). The

organic extracts were combined, and washed with water (2L), then



derivatives may be prepared by any nethods known in the art for the
preparation of conpounds of anal ogous structure. 10 The present invention

i s furthewodesesosbed by the foll owi ng exanpl es, which ar@crovvoeokagstrati ve
pur pose only and shoul d not be construe&jas a |imtation of the invention.
15 Exanple 1. Fernmentation, isolation a purification of G bberellins. (a)

Fermentation: &ydpmarld 101468ml. ArhaRendenthatediad Rerrel raid hEhtbeeaeb0270°C
fujikuroi was inoculated and grown in a nedi um contai ning 100g 8I ucose,

100g sucrose, fop. B¢t Reurosntib nesgore-prerpitation opgerd. After gop 071201 20

3.4 days. 11 weanatahry B punvehs R bR R T iRt sRp Pl e "

1000g gl ucose, ethQPgacdtans ane driddaoNioNdSGibberRgIiIKAZ Bod, AZRg miMuS&bs 74l Off- 209
FeSO4- 7TH20, 1.5gitNa25407.10H20, 8g CuSO4' 7H20, 0.7g . (NH4) 6Mb70R4- 4H20, 20

liter H2B, at \hita sglid{43BCThisrmidure ceajains viRBie Are~4% Aw ddictVoh 7 of
G bberellins reached to peak (-30000g/m broth), the fernentation was
stopped. (b) Isolation: The fermentation broth (18 liter) was adjusted to

pH 6. 5- E 8 \(t) ﬁuriﬁdﬁi’gﬂ)ﬂa@#ﬂg 218&1’&3 Eﬁikt%mar@d(}ibbereﬂhe% ir?ndem,@akas(mngﬁd)medﬁ g
was washed with 4L of H20. The fltrat nd washi ngs were conbi ned an
vacuum evapor a2RV& gvas whisehedhin 8 mixiyre egﬂgmftm%%én soutaining ik plL%-SELOC

wth ethyl acesid SorhPlaeebiih, athustadid Wat TufRudh DN B EAG hGtclevers

wer e separ at ed. ower aqueous layer was re-extracted wth
acet at e1Q2L) . ddrdgainingydimt ofXdzQicThse weikkire ovds fikeredadtheviiltrbtedwaist faonaner

(2L), then WO 03/018069, PCT/ AUO2/ Q1083 9 apor.ated to 400nl. e
concentrate walVaRqrategtod yoline _339“666%?“438?'%!%V\f?&ﬁ@%?ﬂ&%@’%r e
preci pi tation QCEOLEPS fof 32T h6QRY, ithigh tBolc@Ad rooPTRENBEIHIEre. Tih{a8 URtREES! ON
was filtered. The solid was washed with cold ethyl acetate and dried to
afford G bber eoff.i Tha3salidi was Avastied with ssldaethylf aceatehiand doed dto( 46gyd
Thi's mixture captal og, A%Oé) R bﬁ%yAaA's gr\}\%ifed'g@s Gl (6.39).

15 MS: 391 (M-1+2Na)” 369 (M+23)" 329 (M+1-H,0)"

Example 2. Preparation of Gibberellin A salts and esters.

(a) Preparation of Gibberellin Az sodium salt: A solution of 346mg (1mmole) of

20 Gibberellin Az was dissolved in 1.5ml of methanol, was added to a solution
of NaHCOj3; (84mg, 1mmole) in 2ml H20O. The whole mixture was evaporated

under reduced pressure to dryness. The residue was then dissolved in water

(2ml) and freeze dried to afford Gibberellin A; sodium salt was a white solid

at quantitative yield.

25
(b) Preparation of Gibberellin A; zinc salt: 100mg of Gibberellin A; sodium salt
was dissolved in 10ml water, then passed through a column (20ml) Dowex
50 Zinc ion form resin. The column was then washed with 30ml H2O. The
effluent and washings were combined and vacuum evaporated to small
30 volume, then freeze dried to afford Gibberellin Az zinc salt as a white solid at

quantitative yield.

(c) Preparation of Gibberellin Az ethyl ester: 346mg (1mmole) of Gibberellin Az
was dissolved in a mixture of acetone (10ml) and water (0.2ml). To the



(c) Purification: 10g of the m xture of G bberellin A3 and A4/ A7, as

menti oned above, was dissolved in a mxture of 15m nethanol containing 1
m H20, wod3®dsuke acet one. The sol ution was diluted w th POGMUoebINSE
acetate 10 containing 10m of H2O The m xture was filtered. The filtrate
was vacuum evaporated to a volunme of #9out 80nl. The mixture was stirred
and heated at,.60:+805C: f 60 h Wl NThictpe t
was filtered tmﬂhré %te gglléd?tv\%@wémﬂéédﬁv@nth cgﬁgﬁg%yl acet'at ferﬁg%@gre: ed
to afford G t(lbemgL |0|1mn®|a)t, eﬂ@;ﬂ%himmfarmaae (%08t dmumgle) atvereeadv@)d r&a VS:

391 (M1 +2Na 32 2 P
G bb((arel I |+n A%u‘;‘r'é‘ 'es %ﬂc? éfie? "(‘%/#aé gﬁa'ﬁ‘éﬂa% ndj'l!)tbtrgﬁewllt' n&?fd
sal t: A sol utigramil (3681 Ths MRLR) was stlﬁQd@tP&tﬁthqgéré’t&ré\@ﬁeﬁilgiﬂOthéﬁ?ﬂ I n

1.5m of nethanol, was added to a solution of NaH mmol e) in
2ml H205 The wavaboeratest ior drymessevidRoresidde wasldhen mrbté@w datwpent efhyl

af Jora G bber ACEIA1SAGTRN i SrET el ey Bl SRR vARDseRRERY e o
25 (b) Prepar afagHedodudeeBBRER/ Witth 246 HOI 18mbalviater(BaiTY 5% NAHDEK €5mil R 23

sodiumsalt was dissolved in 10m water, then passed through a colum
(20m ) Dowex vegter(5rol)i thers @\raﬁqra@idnundm(d,red@«;%ﬁr%yr@ %drmﬁﬁsée affard a3ont

H2O. The efflu re, 2ped to
smal | 30 vol urﬁgJ [%%r?%'ﬁ@bag%ﬁ“ﬁ rﬁggporggg‘@gére in % z@)rilc )s'alt as a
white sygid at quantitative yield. (c) Preparation of G bberellin A3 ethyl
ester: 346%(1 mml e) of G bberellin A3 was dissolved in a mxture of
acetone (10 3wat er (0.2m ). To the WD 03/018069 PCT/ AU0O2/ 01083 20

m xture at -ZOC triethylamne (100ng, Immole), N nethyl norpholine (10nyg,
0.1 mole), ethyl chloroformate (108ng, 1 mmole) were added. The m xture
was sti rred(aatEffe’kﬁﬁfGibb@r@llmAyblesellgrmmthcbdmpMdWDtEEGErihwﬂra)us et hanol
(10m ). The m xture Elrred room.t enper at verni

Human skin cel culture experlments were con ucte by usﬂg Keratlnocytes
15 media. Each well was seeded with 1,500 cells. Incubation was carried out at

37°C for a period of five days. The experiments are shown as follows:
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Experiments 3.1 and 3.3 indicated that EGF (Epidermal Growth Factor) is

essential for cell growth. Experiment 2 indicated that the presence of both

EGF and Gibberellin A; had no additive effect on the rate of cell growth.

Experiment 4 gave an indication that Gibberellin Az alone can stimulate cell

.growth as effectively as EGF.

(b) Effect of Gibberellin A compared to IGF on cell culture growth using IGF-1

replace the EGF for the cell culture experiment, mentioned in (a). The

results were similar to the results in (a).

Example

4.

The effect of a mixture of Gibberellin A; with Gibberellins A4 and/or A; was

compared to that of IGF-1 on the cell growth in vitro. The results were similar to

those in example 3(b).

Example 5. Effect of Gibberellin A; on diabetic rats.



(b) Effect of G bberellin A3 conpared to I G- on cell culture growth using
|GF-1 10 replace the EGF for the cell culture experinent, nmentioned in
(a). The woaswohitso were simlar to the results in (a). Examoireauh2/0183The
effect of a mxture of G bberellin A3 '%h G bberellins A4 and/or A7 was
conpared to that of 1G=1 on the cell \g% wh in vitro. The results were
simlar to Méwagsi n exanple 3(b). Exanple 5. Effect of G bberellin A3 on
di abetic rats. 20 WD 03/018069 PCT/ AU02/ 01083 22 Methods: Ml e Wstar
rats (290g- 34ag) Wistee rats (BRQU~x3700)i were elghad anet lighily enaesihetiseth{dée 2: 1

02/ N20 ' i1y vei

sanpl e, usi fgAPECrat SN, o it R ol BRI £, ReabBled My by
a singl e taitil weiim sample} | wingfa Priceic 0. n%losamet@ronmfab@)es WHsC themas
di ssolved inmmedi ately prior to use in citrate buff OmM citric acid and

50mM t r i 3odilRFHEES: Pmaesmsw tnilsyein Apjegtien A isEgptazetesie (§ff Zgio0mg/ ko Whigh was
injected in saaﬁsmbahﬂgnsﬁaié nglpn%ﬁtté us%omR&frﬁtéNBUﬁecgi’(ﬁﬁlgl blp.c%egpa%d)f
mal n

two during the experinen tenperature al ned at 20C
(20 w th aS0nmMotrsodiughtdittiatek pty dl.®), Aan@quw@ﬂentvmlamel bbeitchté redfenogass to
food and water., Ethjcal roval for all experinents was obtained fromthe
Phar macol ogynJe‘?LtG Aﬁi%ge‘ﬁs)%?*&%g%mltrﬁ . Drug Administration and Daily
Monitoring Protocol: Forty-eight hours after the adm nistration of STZ
(60ny/ kg), a blood glucose 20 sanple was taken and animals with bl ood
gl ucosellev&lais »y6reMhomised mogsouls off tivo blaridg athet iexpeaest.wAnignalhbouse

ueod and G toperatile elaARENeS a8 The i S MR e Eidle: g™

wat er i medirgfseldreldlicWed et 88ceddto food and water.

Ethical approval for all experiments was obtained from the Pharmacology

15  Animal Ethics Commitiee.

Drug Administration and Daily Monitoring Protocol:

Forty-eight hours after the administration of STZ (60mg/kg), a blood glucose
20 sample was taken and animals with blood glucose levels >16mM were

considered to be diabetic. Rats were then randomly divided into groups.

The slow-acting, Lente Monotard insulin was used and Gibberellin sodium salit
was made up as required in distilled water immediately prior to use.

25
Blood glucose readings were obtained two hours or 5 hours after the

administration of drug(s) every three days. The results are shown as follows:

Group Administered Blood glucose level (mM) | Body weight
No. daily after day 20™ change on
2 hours 5 hours the 30" day
1 Insulin 4 unit/rat 4~5 3~5 +8%
(sub-cutaneous)
2 Insulin 2 unit/rat 15~18 14~16. -8%
(sub-cutaneous.)




Bl ood gl ucose readi ngs were obtained two hours or 5 hours after the
adm ni stration of drug(s) every three days. The results are shown as
foll ows: wGreswposem ni stered Bl ood gl ucose | evel (nmV) Bodpoastwhoidds. daily
after day 20th change on 2 hours 5 hours the 30th day 1 Insulin 4
unit/rat 4-5 3-5 +8% (sub cutaneous) 23| nsuI|n 2 umt/rat 15-18 14-16. -8%
(sub- cut anggus—) W :An-'u/ ‘ruuau 83 zf poerer i A3ge,0 NJA.
+10% 5ny/ kg (sub cut aneousgq unit insulin/yat (sub cutlaneous) 4

G bberellin A3 4-5 45mg+l@(§ub5rrg/ kg (intraperitpneal) + 2 ynit insulin/|rat
(sub-cutaneous) 5 (@ bberell| D A3 N. A 4-6 +10% 5ng/ kg (orall) + 2 wunit
i nsulin/rat (sub-cu?‘é@@&ﬁ!s)) Bxanpl e 6. Effect|of G bberelllin A3 and A4/ A7
m xture on| di abetic ﬂﬁ,{msuﬁh@aprotocol of this pxperinent isg the sane as
that in Expanple 5 but G bberelli 5 A3 and A4/ A7 m xture was used i nstead
of G bbere|lin A3. T(wbwaneeus)ere no differepnt fromthose in Exanple p5.

10 WO 03/ 018069 PCH-ALQ2/ 01083

Gibberellin A3 4~5 4~6 +12%
5mg/kg

(intraperitoneal) +
2 unit insulin/rat
(sub-cutaneous)
5 Gibberellin Az N.A. 4~6 +10%
5mg/kg (oral) + 2
unit insulin/rat

(sub-cutaneous.)

Example 6. Effect of Gibberellin Az and A4/A; mixture on diabetic rats.
The protocol of this experiment is the same as that in Example 5 but Gibberellin

5 Az and A4s/A; mixture was used instead of Gibberellin As. The results were no

different from those in Example 5.

10



24 CLAIMS: 1. A nethod of treatnent for diabetes and its conplications and
associ ated conditions, including adhibiting conpounds of Fornula (1)

(G bberelwomspieR R6 R10 15 R 1 11 R 11 2 10 12 R8 RPETRAWI0%86 14 r
COR4 4 11 R1L 1'COX 15 16 RR9 R13 FEornmula (1) wherein 10 Rl is Hor a
group -OR20, where R20 is H, a gl ycos?l"'i c ether group (glycoside ether),
Cl 6 al kyl gf_gbms:or R1 together with R2 or R10 forns a bond (Cl- C2 or
Cl- C10 doubl'e bond, respectively); 15 R2 is Hor a group -OR21, where R21
is H a glycosylic ether group (glycoside ether), or together with R4

forms a bond (| actpne) t ther, wth or .for C1-C2 or
C2- C3 doubl g %H&‘?’fﬁPgs‘Hg@??R%%?fﬁ) Préa?@eﬁ,aﬁsoqor[%%gﬁvﬂgggg&é%g H or
a glycosylic %h@ftio%?lr‘\lél&ﬁkhg’ﬁ@ﬁibﬁmg oIS of Pernitla i PpeSibbereints) R2
forms a bond (C2-C3 double bond); RI is OH or -OR23, where R23 is
unsubsti& uted or substituted C1_20 alkyl, ally[, aryl, arylalkyl, amdine,
-NR24R25 or an unsaturated or saturated ring containing one or nore
het er o-at ons sel ected fromthe group consisting of 25 nitrogen, oxygen and
sul fur; R24 and R25 may or may not be the sane, are hydr ogen, or Ci1-20
alkyl, allyl, aryl, arylalkyl & an unsaturated oR'saturated WO 03/ 018069
PCT/ AU02/ 01083

Formula (1)

wherein

10
R' is H or a group —O-R%, where R® is H, a glycosylic ether group
(glycoside ether), Ci~s alkyl group, or R' together with R? or R forms a
bond (C1— C> or C4-C4o double bond, respectively);

15 R? is H or a group —O-R?', where R* is H, a glycosylic ether group
(glycoside ether), or together with R? forms a bond (lactone) or R? together
with R" or R® forms a bond (C4-C; or C»-C3 double bond, respectively);

R3is H, =0, or —0-R?, where R# is H or a glycosylic ether group (glycoside
20 ether), or R® together with R? forms a bond (C2-C3 double bond);

R* is OH, or —OR?, where R% is unsubstituted or substituted Ci-2 alkyl,
allyl, aryl, arylalkyl, amidine, -NR**R* or an unsaturated or saturated ring
containing one or more hetero-atoms selected from the group consisting of
25 nitrogen, oxygen and sulfur; R* and R may or may not be the same, are

hydrogen, or Cq-2 alkyl, allyl, aryl, arylalkyl or an unsaturated or saturated



25 ring containing one or nore hetero-atons selected fromthe group
consisting of nitrogen, oxygen and sul phur; or R4 together with R21 or R28
forms a bwods/ofdoaxtone); 5 R5 is H or a glycosylic ester (Pgirpamsodssester)
group, or unsubstituted or substituted,Cl 20 al kyl esters, allyl esters,
aryl esters, arylalkyl esters, active sters; R6 is Hor OH or together

with R forns @ Hbofai BirRtéenstbims ddledled ifforithe-§roupy corfSR2m
where R26 is IEFIgr a aglf]%g%i%{:g{géfher grougm(sgl%%osi de _.et h% Lq!{)r R ©

. ) 7
t oget her wi t h dRGiitfagems axygen@andcuipioyz oakkeeethenwith RS arRTiforysiadand
mer capt an, or [éaf%&%%n, am no, azido, NR24R25, 15 unsubstituted or
substituted cil kyl, allyl, aryl, or arylalkyl, or -ORR7, where R27 is
a glycosylic ether group (glycoside ether); RO is Hor OH or together with
R15 forms a bond (C9-C15 bond); 20 R10 is H CH3, CHO, COOH, or a
gl ycosyld c estRY i 41 peasiglysosyliceptest (dwogidecesiar) araup. rerigupsubstistsd Qher e

R28 is H or together widh ar a I o) hgkivs t h
Rl fornms a bor?g’%(;gﬁ’-tﬁnéd?@%% eSg%a) am&%%telré Eﬁ}lgre@&;-! %‘y%@la%ﬁ%t;g&“)% R12
is CH3, CH2OHedt&ygH or a glycosylic ester (glycoside ester) of said COOH

R13 is nethylene, or a divalent hetero-atom or NR29, where R29 is NHR30 or
30 OR30 where R30 is H, or Cl--20 al kyl, aryl, alkylaryl; and a doubl e bond

is present b n i 5. F., @babieSbdhd)OH.  CH3
CHO, CH2X, ﬁ?“%%?@??@ai%ﬁe%ﬁlﬂfg*mfs IR G gbiblehend)Oh B
is H ofgCl_20 alkyl, aryl, alkylaryl when R11 is Hor O4 wth the proviso
it 2 a}_| o\rm(ca]:? Rll% %SSH,O=_|O, Icq)%?ioll%sn\?vhe%_'Rzy\g Iq?’o/roalg yggsﬁgétﬁgp %éo%lpogg?yco%?de R14

ether) or R together with R® forms a bond (C11-C42 double bond);

R® is H, hydroxyl, mercaptan, or halogen, amino, azido, NR*R%,
15 unsubstituted or substituted Ci- alkyl, allyl, aryl, or arylalkyl, or —~OR%,

where R? is a glycosylic ether group (glycoside ether);
R?is H or OH, or together with R" forms a bond (Co-C1s bond);

20 R is H, CHs, CHO, COOH, or a glycosylic ester (glycoside ester) of said
COOH, CH.O-R® or —~OR?, where R?® is H or together with R* forms a bond
(lactone) or R together with R" forms a bond (C4-C+o double bond);

R is H, or OH or is absent;

25
R' is CH3, CH,OH, COOH or a glycosylic ester (glycoside ester) of said
COOH;

R" s methylene, or a divalent hetero-atom, or NR?®, where R*® is NHR® or

30 OR® where R¥ is H, or Ci-0 alkyl, aryl, alkylaryl; and a double bond is
present between Cys and R'when R"" is absent; or R™ is H, OH, CHz CHO,
CH,X, where X is halogen, CHNR? where R?® is NHR® or OR® where R®
is H, or C1-z0 alkyl, aryl, alkylaryl when R' is H or OH; with the proviso that
where R is OH, R is not OH;



R15 is H, or together with RO forns a bond (C9-Cl5 bond); 5 and/or

phar maceutical |y acceptabl e derivatives, including |actones, glycosides,
esters, awbDim®Iswsters and salts thereof, to a patient in megFdvozhessof. 10
2. The nethod of claiml wherein the conplications and associ at ed

condi tions of diabetes are one or nore %8 : obesity, mcro and nmacro
vascul ar di seases, nephropat hy, neuropathy, eye diseases, and diabetic

ul cerations. 3. The nmethod of claim1, wherein the G bberellins are

G bberellin AR™iSHor Ok nethod of claim 1, wherein the G bberellins are a
m xture of G bberellin A3 and G bberellin A4 and/or G bberellin A7. 5. The
nmet hod of claim 1, wherein the pharmaceutically acceptable 20 derivatives

are sal ts | ncltiiag 3rkahéinBPivih RFTbifs bdrdl (Ciecemaryet al salts,  metal

and salts of ammoni um organi ¢ bases. 6. The nethod of claim5, wherein
the orgalhi c bases are lidocaine, or NRI6 R17 R18 R19, where R16, Rl17, R18,

R19, which may t he,sane or,. t the yd or
substituted ord Qﬁghb@@{fnﬁgﬁu ¥0 %‘fqusﬂ%ﬁgl ki%nﬂartl@gg ary % jactopes,.

met hod of cl ai gidosiddier 8t8rd, hactRRALERSS Wrick 2blty thecamwla paﬂ|ent mtmeems are
| act ones, gl ycosides, or esters and active esters. 30 8. A nethod of

treat nent of dhabmfes and related conditions including admnistering an
ef fective amount of a conpound of forrmula (1) (G bberellins) and its
pharmaceutically acceptable derivatives to a patient in need thereof. WO

03/ 018069 PST/ AUGHE0 H§tBod26f Llaifn MEthereit cthedicomplicatidres rar@l, asiseciated t he
G bberellins are G bberellin A3 10. A nethod ac%ordl ng to claim8 L\ﬁgerei n
the G bber elcondiions of liabiesraregtne 5r MeBepleOPEAMAITIAT 2AhHEECH VANC

conditi o bb?is%lfs:egi rﬁggphrééa ﬁ%m %, oeh%oun s of d%é’é@t&ﬂc@ﬂéﬁoh@' ated

condi ti ons |ster|ng c ornu
(G bberellins) or their pharnmaceutically

3. The method of claim 1, wherein the Gibberellins are Gibberellin As.

15
4, The method of claim 1, wherein the Gibberellins are a mixture of
Gibberellin Az and Gibberellin A4 and/or Gibberellin As.

5. The method of claim 1, wherein the pharmaceutically acceptable
20 derivatives are salts including alkali metal salts, alkaline earth metal salts,

metal, and salts of ammonium, or organic bases.

6. The method of claim 5, wherein the organic bases are lidocaine, or NR'®
R'7 R R", where R'®, R", R'®, R'®, which may be the same or not the same,

25  are hydrogen, or substituted or unsubstituted C1-20 alkyl, alkanol, or aryl groups.

7. The method of claim 1, wherein the pharmaceutically acceptable

derivatives are lactones, glycosides, or esters and active esters.

30 8. A method of treatment of diabetes and related conditions including
administering an effective amount of a compound of formula (1) (Gibberellins)

and its pharmaceutically acceptable derivatives to a patient in need thereof.



10 acceptabl e derivatives in conbination with substances selected fromthe
group consisting of insulin, its fragnent derivatives, |IG-s, growh
factors, wod3oidees pharnmaceutically conpatible anti-di abecrawgeniss, or
conmbi nations thereof. 12. A method of treatnent of diabetes and rel ated
condi tions conprising 15 adni nisteringZ2€onpounds of formula (1)

(G bberelling) orabhehbqRaah (A ¥ wABRERYACIGIbOEIINRY bt Bitibrelin

conbi nati on Wi th ot her conpa@gggat erapeut| c agents el ecte romt
group consi sAd.ng of anal gesics, anti-hypertensive agents, sedatives,
hypnotics, |ipid-lowering agents, and anti-infective agents or

conbi nations thereof. 20 13. The nethod according to claiml1, for the

treatnent of1d YPeA ndthBRURBdiRG b Llafm!e: AL RIS IbeRSIind dre ANRARLRAC
according to claiml, for the trTeatnent of type 2 diabetes 25 and its

rel at ed Sondsibberellin A3 anth@ibretdilinl Aa@adfatiGigberellolt Ar.m 1, for the treatnent
of insulin resistant diabetes. 30 16. The nmethod according to claim1, for
the treatnment of diabetic related conplications and associ ated conditions,
i ncludi ng obesity, mcro and nmacro vascul ar di seases, nephropat hy,
neuropat hy, eye di seases, and diabetic wulcerations. WO 03/018069

PCT/ AU02/ 01 28 method phireadiment of diakeiapoand irelated condiions ee@mprsingf

andl or 1t o ot CBBbRn8 Ry A (7L FRe TR infir phfgoaudcaly
phar macegt i calceptans errighticesitr torfbinaliod fvith sittanesesélec’ld fFomppe gr'ogP
according to claim 17, wherein the fornulation is a nedicanent suitable

for adnini stqonsissingwpt insalineids agarent Werivatives Gk @rowdh fadafosand efhearor
the treatne [ . dit10ns %ﬁp j ound of
formula (1) %ahsa?{fﬁ%ggﬁ%}@S(fcﬂﬁgaetr'}tﬁ%%bﬁ%lilgé)c[b O%i&%rﬁg,rom '%hgéﬁgg%dgﬁggl ly
acceptable carriers or excipients, wherein the conposition is a slow
rel ease conpgasition. . . ..
12. A method of treatment of diabetes and related conditions comprising
15  administering compounds of formula (1) (Gibberellins) or their pharmaceutically
acceptable derivatives in combination with other compatible therapeutic agents
selected from the group consisting of analgesics, anti-hypertensive agents,
sedatives, hypnotics, lipid-lowering agents, and anti-infective agents or
combinations thereof.
20
13. The method according to claim 1, for the treatment of type 1 diabetes

and its related conditions.

14. The method according to claim 1, for the treatment of type 2 diabetes

25 and its related conditions.

15.  The method according to claim 1, for the treatment of insulin resistant
diabetes.

30 16. The method according to claim 1, for the treatment of diabetic related
complications and associated conditions, including obesity, micro and macro
vascular diseases, nephropathy, neuropathy, eye diseases, and diabetic
ulcerations.



20. A conposition according to claim 17, wherein the fornmulation is for
oral admnistration. 15 21. A conposition according to claim 17, wherein
t he for mavetsomsoss for inhalation adm nistration. 22. A earpas2onioss
according to claim17, wherein the fornulation is for transdernal

adm ni stration. 20 23. A conposition acSor di ng to claim17, wherein the

f opionton- posttion m . !
ornut-ationg s | ﬁr?%%%ﬁkﬁi cérﬂb@&h?@?or g{_’b tr8afREMOST diaBBtetcand delaged O

claim17, whereihn ormulatron’ 1s topical, rectal, or vaginal
admi ni st r at conditidhs, dompesingcaebmpaiundofpfosinulaotl )aandiptita fertyativgs fearf
clainms 17, 18 or. 19, wherein the derjvative, of, fornul l.s_ sel ected
fromthe gr BGBVQ:B\%‘?@'?PBSO%?tﬂeT ‘A’@P&B@?mﬁqeé'i“g’?lIya?‘%cﬁqt%ggzﬁrh%al ts,

al kaline earth nmetal salts, netal salts, 30 amonium salts and organic
bases. 26. A pharnaceutical conposition according to claim25 wherein the
derivative 118. a fodiharmseetticdl tompasiion1pccovwding/ w1 tEm P WISRID16Es 29

27. A pharmaceutical. conposition ac dj ks [; e
derivative %m&"%'%'ss%ﬁrecﬁ?a”f%’?w"f&‘%ﬁ’ﬁ"%ﬂ@ﬁ”%@ﬁ@? @tﬁg@uﬁ {dell t%ﬂnposi tion
according to claim25 wherein the 5 derivative is a ethyl ester of fornula

(1). 29. Use of a conpound of formula (1) and/or its derjvatives in th
manuf act ur e 16f aAphharmacaiticehroreepiiontipethe dieatrsant g fjl?l’e%ef%ﬁﬂﬁéﬁla&‘?ff

di abetes and rel.ated candjtions. f LI ient
phar naceut i 88[‘8@8%’059{7{]'33#5@%098% g ?‘8 %@W%?Q)cggnp% gctrtn'géc@ él’arll??lg a
conpoungl of tégutAst avithl phandaesutically dreceprible earienstdr exgpients oeeieinlthy
acceptable carrier, 15 31. A Process for .the preparation of G bberellins

i ncl udi ng GeppwasitionisAsslow release composition.

20. A composition according to claim 17, wherein the formulation is for oral
administration.
15 21. A composition according to claim 17, wherein the formulation is for

inhalation administration.

22. A composition according to claim 17, wherein the formulation is for
transdermal administration.

20
23. A composition according to claim 17, wherein the formulation is for

parenteral injection.

24. A composition according to claim 17, wherein the formulation is for

25  topical, rectal, or vaginal administration.

25. A pharmaceutical composition according to any one of claims 17, 18 or
19, wherein the derivative of formula (1) is selected from the group consisting of
lactones, esters, alkali metal salts, alkaline earth metal salts, metal salts,

30 ammonium salts and organic bases.

26. A pharmaceutical composition according to claim 25 wherein the

derivative is a sodium salt of formula (1).



I ncluding the steps of: (a) incubating a G bberellin-producing strain of

m croorganismin a fernentation broth; (b) adjusting the pH of the

f er ment atworslotsssh to pH 6.5 to 7.0 and filtering to 20 @oratv2aldsslter
cake of mcroorganismnycelium and a filtrate; (c) washing the filter cake
wi th water and conbi ni ng the washing wi%h the filtrate to forman aqueous

sol ution; (d) congenpbahbpg il ESHBOsEoR Chéddraing ¢6) chiinti 28 WHdréinuess!s

solution with an organic solvent at a tenperaturée of 5 25 to 10C and

adj ust i ng t heripetivd ist deinc sdlttofdorrouledds t han 2.0; (f) allowing the mixture
to separate into an aqueous phase and a first organic phase and renoving
the first organic phase; (g) re-extracting the aqueous phase fromstep (f)

wi th organi 02(??0' VeNbhafhactiitish cdnesssiish cddtdingPiaselaind026hwhesathi thag
the first and second organi c phases and concentrating to form a

concent r at edlevivgtive is a efhyl iester affgrmmidatihg t he concentrated organic
solution at 60-70C for 3 to 4 hours with stirring, until the precipitation
of solid matter ceases; WO 03/018069 PCT/ AU0O2/01083 30 (j) cooling the

concentr at egor game §olaitddmpdind oeMmfbenmar 41 urandiod itd iddrivatings tia dle ai n
a precipitate; (k) washing the precipitate in cold organic, solvent and
dryi ng to obinanwfagiire oot avpheemaeseutical osAMAPPSItigN a196 S (8, tepealMeNt, CAs,

about 4% G b |Li t 4% G bberellin A7. 32. The process of
claim 31, c%&?%ﬁ&%%&%ﬂ?pﬁ%@% eps of: (1) dissolving the off-white
solid ippa m xture of 32.6% net hanol, 2.2%water and 65.2% acetone to
obtain a G bberellin solution; iluting the G bberellin solution with

10 d .
a 10:1 nixt ik ofA @%@ﬁdcofsﬁi‘la@@fﬁdﬂér_nﬁ%ﬁ avRRASraceyficR ‘FQ'BP?WBO? ReCaIqIg é‘aw
G bberel 1 n sal4'i¥ 0% APAsiAG RoAHiRiRb d\CorhPSurd b fddkfiIP¥ ) and/or its derivatives

with a pharmaceutically acceptable carrier.

15 31. A process for the preparation of Gibberellins including Gibberellin As,
including the steps of:
(a)incubating a Gibberellin-producing strain of microorganism in a
fermentation broth;
(b) adjusting the pH of the fermentation broth to pH 6.5 to 7.0 and filtering to
20 obtain a filter cake of microorganism mycelium, and a filtrate;
(c) washing the filter cake with water and combining the washing with the
filtrate to form an aqueous solution;
(d) concentrating the aqueous solution;
(e) mixing the aqueous solution with an organic solvent at a temperature of 5
25 to 10°C and adjusting the pH of the mixture to less than 2.0;
(f) allowing the mixture to separate into an aqueous phase and a first
organic phase and removing the first organic phase;
(g) re-extracting the aqueous phase from step (f) with organic solvent to
obtain a second organic phase;
30 ~ (h) combining the first and second organic phases and concentrating to form
a concentrated organic solution;
(i) heating the concentrated organic solution at 60-70°C for 3 to 4 hours with

stirring, until the precipitation of solid matter ceases;



vacuum evaporation; (0) heating the concentrate to a tenperature of 60 to
80C for 2 to 3 hours 15 with stirring , cooling to roomtenperature and
filteri ngwDa3oidoad n a solid crystalline precipitate; (p) peastiiongidshe
precipitate with cold organic solvent and drying to obtain G bberellin A3
crystals. 20 33. A process according t ®&l ai m 31 wherein the

G bberel I'i n- prepduchr a| LG SREaRNIsHMtioh @ eene! teanperatukalrsnd 34.
A process acco d:éﬁgm?%stbﬁalbﬁl%%tr%grg@ﬁt e concentration of the '
sol utions in st efiteng taobtajmp precipitheeved usi ng vacuum evaporati on. 25 35.

A process accofding,to ¢claim31 wherein,the arganic.solvent | A
acetate. 36. A(kgm BF%q'Wbavgédncqoé‘ii rgr%@ﬁlﬁ%g,l\@qfﬁ QW%SB{J@%E? c;%tbg%'hv%nnt i's
ethyl 30 acet at gt idite ol esﬁt%ﬁq@@abdtj 80%' Gibberéllih A2, S6OW 4% Gibbehalin
further steps of: (qs di ssol w_ng he G bberellin A3 in nmethanol; WO

03/ 0180685 PCT/ AU#/abdspout3to Gibbaelinkyz.t he G bberellin solution to an

equi nol ar aqueous solution of NaHCO3; (s) evaporating the m xed sol utions
to dryness to obtain a solid residue; (t) dissolving the residue in water

and freeze @pyi ngHeOpRBESS Bf Slalh@1ekbinpriéhg theFodhemnstepsof: 38. A process
according to claim 37, conprisi ng the further steps of disso
&

| vi t he
G bberel I'i n A3k slisseiviegithe pff-whitesolidhinsa migureef 38187 i”@ﬁﬁh?HP'@ggé;% VAEH| urm

| oaded with a zingc Jgn-gx ' [ : olum with 10 water,
col l ecting and ccﬂ%ii %]ﬁg" %E%%%@(égﬁ}ng\rlﬁﬁ%ggﬁmg@ug‘% renoving the water
to obtaip G bbgnRiilliing A% BilitsersfihtsolBRdn Witipackes sniature odbrgartiosolvenhane
conprising the further steps of: (q) dissolving the G bberellin A3 in a
50:1 ratio m xtuMaief; acetone to water;

(n) filtering the diluted Gibberellin solution and concentrating the filtrate by
vacuum evaporation;

(o) heating the concentrate to a temperature of 60 to 80°C for 2 to 3 hours

15 with stirring , cooling to room temperature and filtering to obtain a solid
crystalline precipitate;

(p) washing the precipitate with cold organic solvent and drying to obtain

Gibberellin A3 crystals.

20 33. A process according to claim 31 wherein the Gibberellin-producing strain

of microorganism is Gibberella fujikuroi.

34. A process according to claim 31, wherein the concentration of the
solutions in steps (d) and (h) is achieved using vacuum evaporation.

25
35. A process according to claim 31 wherein the organic solvent is ethyl

acetate.

36. A process according to claim 32 wherein the organic solvent is ethyl

30 acetate.

37. A process according to claim 32 comprising the further steps of:

(q) dissolving the Gibberellin Az in methanol;



15 (r) mxing the G bberellin A3 solution with equinolar amunts of
triethylam ne and ethyl chloroformate, and a one tenth nolar anount of

N- net hyl worophodosme, and stirring at -15C for 20 m nut es; PCI)jAwWRlousBng t he
resultant m xture with anhydrous et hanoé( and stirring at room tenperature;
20 (t) evaporating the diluted m xture b dryness and partitioning the

residue betwegp gHing tRE ERbRrSIE MMRSn ith &n Gduimeldroaqlsdus siphutdn bg t he
et hyl acetate layer, 'washing with 2% HCl, followed by water, followed by

5% NaHCOB, fol | oMeH®Pswat er, and evaporating under reduced pressure to
dryness to gi VFS) gvgggrra%]nlg'tﬂep‘ x84 %&utl‘ﬂcﬁg% 'dr}?r?ess to obtain a solid residue;

(t) dissolving the residue in water and freeze drying to obtain Gibbereliin As

5 sodium salt.

38. A process according to claim 37, comprising the further steps of
dissolving the Gibberellin A; sodium salt in water, passing the solution through
a column loaded with a zinc ion-exchange resin, washing the column with
10  water, collecting and combining the effluent and washings and removing the

water to obtain Gibberellin A3 zinc salt.

39. A process according to claim 32 comprising the further steps of:
(q) dissolving the Gibberellin Azin a 50:1 ratio mixture of acetone to water;
15 (r) mixing the Gibberellin A; solution with equimolar amounts of
triethylamine and ethyl chloroformate, and a oné tenth molar amount of
N-methyl morpholine, and stirring at -15°C for 20 minutes;

(s) diluting the resultant mixture with anhydrous ethanol and stirring at room
temperature;

20 (t) evaporating the diluted mixture to dryness and partitioning the residue
between ethyl acetate and water in a 6:1 ratio;

(u) separating the ethyl acetate layer, washing with 2% HCI, followed by
water, followed by 5% NaHCOs;, followed by water, and evaporating
under reduced pressure to dryness to give Gibberellin Az ethyl ester.

25



