18 JANUARY 2006 1 Preparation and di abetic use of gibbgg ?EﬁYz pllcatlon
of conpounds of formula (1) (G bberellins) and their derlv ives 5 the
preparation of a pharmaceutical conposition or nedi canents for the treatnent
of diabetes, its conplications and assgpci ated conditions, including

obesity, mcro and macro vascul ar di seases, nephropathy, neuropathy, eye

di seases, diabetic ulcerations and the like. The nethod results the

normal i zati on of serum gb,{éggﬁaqldneamj d@adt.@hbgrof@m@ér@hp@ cal conditions. 10
Field of the Invention: The present invention relates to the application of

a group of conpounds known as G bberellins and their derivatives for the
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Furthernore, the application of 20 G bberellins and their derivatives

especial Iy V\H@ﬁaﬁ%ﬁﬂ fliabede e ylasrationy 369 thﬁhj dea.i dme pyetedndaeiital thBat ches,
r aont der hffaiiz6fch Beceifiits? IedPald bitkPonisodipstfontiihey of 1>

fragnent derivatives an Factors) treatment or
as a chol@e of conbination therapy wlth insulin, its fragment derivatives,

| GF, growth pharmaceutical ly corrpatl ble 25 anti-diabetic
agents for tﬁ"%?’gg’fﬂ v%hﬂﬁhdl abetes and related conditions. Background of

the invention: ThTie presentineentioelralates tb thexapplicetiomppi igeatp oficoodpa@indber el | ns
oL O oo LI 55 oL BRI st s SERRIRE, BPTECTTS,
the t_reat rrenpharfnaéeab@u egornpesitish Nfgr t iee tﬂeaamdntt y¢fe dlabsbtedetms mated hei r
\c/ggrgu gr ?gg tgo aﬁ%%ﬁ{u%@aswcrggtﬂloéIfgrn?reapng these ao estherycormltlons jd macro
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
diabetes and related conditions thereof. Furthermore, the application of
20 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
fragment derivatives, IGF, growth factors or other pharmaceutically compatible

25 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
and human medicines. In particular the invention concerns pharmaceutical
30 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.



neuropat hy, eye diseases, diabetic ulcerations and thedjigrar0d\NUARY 2006
WO 03/018069 PCT/ AU02/ 01083 2 Gbberellins are a series of naturally
occurring conpounds, which are known as plant growh regulators with w de
appl i cat i WA 63118092 pI ant kingdom [1]. They have al so beenPCIGAER&HNr om

met abol ites of some m croorgani sns, Su 5 as G bberella fujikuroi [2].

G bberellins, especially G bberell i c AcTd (G bberellin A3), and its mxture
with G bberellin A4 and/or G bberellin A7 which are conmercially avail able,
have been extensively applied in agriculture to increase the growth of sone

fruits (str a\/\/oerqﬁlb@@fﬁlhﬂs gﬁ'@p@s‘)eréﬁﬁdoflégﬁfé‘ﬁy WUF&&@@E&POUWMGB 3iid
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Plants". AdiheyRave af bé8n id8laddd flohy Pidtabbitbs of(s%:)mé’rﬂncrdargbhﬁn@é dlch
Chem & Ind. (London) 1066, &1954 (]b) B.E. Cross, Chem Soc. 4670,

(1954) . 515 axBilbarell@fupiurei [ Gibbsrellinss £spesially (Etbbecaltrc Acid 4Gibhersllin U, s,

2, 950, 288. J. Bir 9/7, Pl ;
PhyS| ol ogy,A@)\Iezﬁréo 'E? rﬁé%%ﬁgfvﬂﬂ% (?@%’@P'F"‘ (§3d'3/9r Vé:ﬁéﬁ é‘ﬁ}‘ K aD%'(m a?lrte ant
Physiol , 5 &ﬁ%ﬂéﬂ&é@ avélﬁiblé\ lfa\D@Bbén%txtéstély a édﬁh éghcﬂituré% LERTY
(d) R J. Weavor, Adv. Ser 28, 89 (1961). e) Gust af son, Pl ant

Physi cal 351he5gmw¢f196@pme (m;tsmeﬂawhegleszand mmest)lmbyege@b@%@mtoeﬁ A3
R O e s b
i sol at a@ argl], pyr Mdckfllliba, adtf aIr disoldtiah apidr BtructirgséRBibberellin From Higher
Plants". Adv. Chem. Ser 28, 18~24, (1961).
[2].
(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) A.J. Birch et al, U.S. 2,977,285.
[3].
(a) M. Devlin, Plant Physiology, New York, Reinhold, (1966).
20 (b) P.W. Brian et al, Plant Physiol, 5,669 (1955).
(c) A.K Mehta et al, J. Hostic Sci 4, 167 (1975).
(d) R.J. Weavor, Adv. Chem. Ser 28, 89 (1961).
(e) F.G. Gustafson, Plant Physical 35, 521 (1960).
() Fed. Reg. 25, 2162 (1960).
25
Gibberellin Az and its mixture of Gibberellin A4 and/or A7 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.



product. The other derivatives of G bberellin can be oRtangagy2gosi t her sem
30 synthetic route from G bberellin A3 or total synthesis which have been
wel | - docunented [4]. [4] (a) The Merck Index, 12, 4426, literatures cited
herein. MO 8XM3MRY 2006 WO 03/ 018069 PCT/ A W02/ 01083 3 (HICTAAPRENORE et
al ., "New Synthesis Pathways From G bbegellins to Autheridiogens |solated
Fromthe Fern Genus Anem a", J. of Org. Chem vol 55, No. 15, 4860-4870
(1990). (c)(bydnnieer LM.N. et edl.,al“New CSyisthbgidr dathaiayen FobnG Gifsbberellinss"to J.
C. S, Perkin Trans. 1 7),, 2893-2894 (2000)., (d). Pour et _.at.,

"Synt hesi s of @?ﬁ%ﬂcﬁpa%%éélazﬁdl o8 1% e ghub ﬁrﬁ#',a : jéétf%il%&'?ﬁmsﬁ?'%),
13833- 13850 ( H2O8k 41kl Lkt . at al., "A CGeneral Protocol For the
Hydr oxyl at i on%(;%f ﬁé—' i@? |4r816g %%Zgéf??(ﬁs Synt hesi s of

14- Bet a- hy dicdMaridgrbler Bl.| ehah “CetShydissylation oflGibberelihetrhnCS5A8.38erkin

11637-11650 (1998). (f) Pour et al., "Synthetic and Structural Studies on
Novel GOober ellrmg"1 Eﬁ)dr 8893?5%%%&2(?%3- Chenistry 70(2), 351-354 (1998);
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15 (g) King GTeRahetira 54(45), N8833AtBESU (1098t Strategy for the Total
Synt hesi s of . Pol %Cl ic Diterpenoids - The Pr epEr ation of G bberellins
(+/-)- GAlo3@hd & +P-etcalzaA Pengral Brrtpcolster thegtydioxyiation :§29-14997) .

(h) Mander L. y t ' -4 _--_-'géeﬂli :

G bberel |in @*’?eﬁeﬂ“&amtﬁﬁ%s%g)W%%?{)é‘?g%g@ég gfﬁﬁ Wéﬁ@%?gtsefci t ed
herei n1020 Furmehahedren 54(88)e%1630+1 1850199850l ation of different

G bberellins from different plants, shoots, fruits and seeds have al so been

wi del y publ (ks iRegr M) et alf, spynthetic and Structural ‘Studies on Novel Gibberellins”, Pure

and Applied Chemistry 70(2), 351~354 (1998); “Synthesis of 12-Hydroxy-
9,15-Cyclo-Gibberellins”, Tetrahedron Letters, 39(14), 1991~1994 (1998);
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 (+/-)-GA13 and
(+-)-GAr3", J. Am. Chem. Soc. 119(16), 3828~3829 (1997).

(h) Mander L. N., “Synthesis of 12-Hydroxy-C-20-Giebberellin from Gibberellin
A", 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].
(51
(a) Pearce D.W., et al., Phytochemistry, 59(6), 679~687 (2002).

25 (b) Chang S. T., et al., Physiologia Pléntarum, 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., Phytochemistry, 49(7), 1837~1840 (1998).



(a) Pearce D.W, et at., Phytochem stry, 59(6), 679-681g {200y 2608 (b) Chang
S. T., et at., Physiologia Plantarum 112(3), 429-432 (2001). (c) Nakayama
M at at., Ph)/t ochem stry, 57(5), 749-758 (2001); 48(4), 587-593 (1998).
(d) Bl akeVPO381806%: 3| |~ phytochemi stry, 55(8), 887-890 (286TAUEGANIAS3,
519-528 (2000). 30 (e) Koshioka M, ety at., J. of the Japanese Society for
Horticultural Science, 68(6),1158-1160 (1999); 67(6), 866-871 (1998). (f)
Mander L. N. et al., Phytochem stry, 49(8), 2195-2206 (1998); 49(6),

1509- 1515 (19 . ) G et t., Phyt hem st. 49(,7), ,1837-184
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(a) U.S. 44g¥232 1/1984 Parkinson (b) French 2597339 10/1987 10 (c) U.S.

54878991/ 1996 Davis (d) U S. 558085712/ 1996 Oden (e) AUS. 69505411/1998 Wi
(f) U s 61813179/ 2000 Wi W have now found application of G bberellin or

its deri vak%)v@ssf&)‘{?_ziﬁ tlf@?grﬁé'llki cmdi abetes including type 1 and type 2
i at ed

di abetes a heir Te conditrons. Disclosure of the invention: It
has now be¢p) Fenuh 2597339 bieM@8l7i ns possess manmal i an growth factor (such

as |G-, EGH)_ |ike Ero erties in our |aboratory.
(€) U.S. 5487899 1/1996 Davis
(d) U.S. 5580857 12/1996 Oden
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



20 The experinmental results (exanples 3 and 4) suggestgdanNiairy Zgodberel lins,
whi ¢h are generated by plants and m crobes, act as broad- spectrum bi nders
binding to a range of growth factor receptors. They differ from the growh
factors fYWR#H0188%%ni mal's, each of which has a high affini tRCEAP0H01983
specific receptor. This is the result @ evolution. The biol ogical systens
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This results in G bberellins being ineffective when growh factors with
suf ficient f%mﬁd?ﬁﬁofaﬂ’\eﬁﬁigwwmgcﬁ?résent in 5 sufficient quantities. This
mechani sm provi des a very good profile for G bberellins acting as a
substitute or sensitizer for growh factors including | G since the
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15 diabetes mellitus. Insulin like growth factor — 1 (IGF-1), a molecule with
structure homology to insulin, has its own specific receptor, the type-1 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 3-cells. Gibberellins have been found to increase the
activity of adenylate and gryanylate cyclase, so that the intracellutar
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 Az and A4 or A; returned
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‘respectively.” In 90-day feeding trials, the no effect level for rats and
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Toxi oty G assFaapssY peashs M gap BRI IC Kb TP RS RE5 S8 g e en
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classification). 10 M -
(b) The Agrochemicals Handbook, Royal Society of Chemistry, August 1991.

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



"provided a 25 pharmaceuti @
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together with RL or R3

(a) NTP Chemical Repository, http://ntpserver.niehs. ni {3 gt/ ditydaes/ CH

EM H&S/ NTP_CHEM// Radi an77- 06-5. htnml (b) The Agrochem cal s Handbook, Royal
Soci ety of Chem stry, August 1991. 15 (c) Gold L. S., Slone T. H, Amres B.
N. (2001)WOP341806% de Resi dues in Food and Cancer Risk: A EET/AUgxP108hal ysi s,
Publ i cations fromthe Carcinogenic Potgncy Project, in Handbook of
Pesticide Toxicity, Second Edition, (R Krieger, ed.), Academc Press. 20
Thus one aspect of this invention relates to use of conpounds of Formula
(1) (G bberellins) or their derivatives for the treatnent of diabetes and
its conplications and associ at ed gtonditions includimj obesity, nicro- and
macr o- vascul ar di seases, nephrop thy,Rmeuropatqys eye di seases, diabetic

ul cerations and the |ike. _bn anotiher aspect of ghe tiphventi o, there is
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03/ 018069 7 G bberellins have t R :
PCT/ AU02/ 01083 wherein R is Hforidaogt oup :
gl ycosylic ether group (glycoside 5 ether)CO@T gsal G@oUp, or Rl together
with R2 or R10 forms a bond (G- C2 or Cl-ClP doubl & bonady mespectivel y);
R2 is Hor a group -OR21, where R21 is H, daglycosylic et hBr gr oup

(gl ycosi de Gibbeezllins have thgefdllewing farnfdaf orns a bond (| actone) or R2

Forqmul a (1)
Mer e R2Qnis H a

Formula (1)
wherein
R' is H or a group ~O-R?°, where R? is H, a glycosylic ether group (glycoside
5 ether), Cy~s alkyl group, or R' together with R? or R'® forms a bond (C1— C5 or
C4-C4p 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 C>-C3 double bond, respectively);

R3 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 (C»-C3 double bond);

15 R*is OH, or —OR?, where R? is unsubstituted or substituted C1-zo 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-z0 alkyl esters, allyl esters, aryl esters,
25 arylalkyl esters, active esters (such as phenacyl ester, pivaloyl ester);.



10 forns a bond (Cl-C2 or C2-C3 doubl e bond, respectrv?gyA)NU bspeH =0 or
--0-R22, where R22 is Hor a glycosylic ether group (glycoside ether) or
R3 together with R2 forns a bond (C2-C3 double bond); 15 R4 is OH or -0OR23,
wher e R23WMOs03/H8WBst i t ut ed or substituted C1_20 al kyl, al | WICT/AG@2001083

aryl al kyl , am di ne, -NR24R25 or an unsajurated or saturated ring containing
one or nore hetero-atons selected fromthe group consisting of nitrogen,
oxygen and sulfur R24 and R25 may or may not be the same, are hydrogen, or
Cl-20 alkyl, ally], aryl, arylalk 0r an unsaturated or saturated ring
cont ai ni ng Rfis ObOH’rﬁT'@ %l’rwli' R rfarmse laeanshi(G ridmztdruble depdonsi sti ng of
nitrogen, oxygen and sul phur; or R4 together with R 21 or R28 forns a bond
(lactone); R5 is Hor a glycosylic ester (glycoside ester) group, or

unsubsti t Ut el i, SERSdd LORSY ot rt?@ﬂ.mﬁaataegtyc%?ﬁ’@eﬂt&y@row osilé ¥)

esters, aryl esters ary esters, active esters (such as phenacyl
ester, pﬁivalediWr)esf%rtg)geth@rMhLé rmbumd(tghemﬂaeubletbmmjzlmoss 8 R6is

H or OH or together with R7 forns a bond (Cl1-Cl2 double bond); R7 is H, =0, -
or -OR26, where R26 is Hor a glycosylic ether group (glycoside 5 ether) or

R7 together pfi shHRf aﬁrxms ﬁe%y?é,cé#hg%gﬁ?@gem@yi)am% %zrdré NR-°-4R25

hydr oxyl , mercaptan; hal o m no, " azid
unsubst i t ut eldlsubstﬁuteﬁrctrutselbs(tm@ﬂ (aagomlmgam)ted:)t Coal &y, allyl,ylaryhryr or

aryl al kyl , or S7 a cosylic, ether gr osr de
cther) R0 Eeviaeh cerCRE vhete R R olveRsia éinet SEoudkavbesidetiSing, . rio
is H G, CHO COOH, or a glycosylic ester (glycoside ester) of said COOH,
CH2O R28 or -CR26 , Where R28 is H or, together with R4 forms a bond 15

(1 act one) oR’Ast on@da-t log togéthir Rithi R Frferras advand (Se-C1Hband)l e bond); RI1 is
H or OHor is absent; R12 is CH3, CH20OH, COOH or a glycosylic ester

(gl ycosi de ester) of sai d 20 COOH, R13 is nethylene, or a divalent

het er o- at omR8ris NR2EHMEHE, RZS 01, BHRBGIosylic ester (glycoside ester) of said
" COOH, CH,0-R%® or —OR% -.where R?® is H or together with R* forms a bond
15  (lactone) or R together with R forms a bond (C+-C1 double bond);

R is H, or OH or is absent:

R'? 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 Cy~z9 alkyl, aryl, alkylaryl; and a double bond is present
between Css and R' when R" is absent; or R" is H, OH, CH3 CHO, CH,X,

25 where X is halogen (e.g. F, Cl); CHNR?® where R? is NHR*® or OR®® where R*°
is H, or Cy-g0 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 (C¢-C15 bond);

Pharmaceutically acceptable derivatives, including lactones, esters and salts of
compounds of Formula (1), include alkali metal salts (e.g. Na*, K*), alkaline



OR30 where R30 is H' or C1_20 alkyl, aryl, alkylaryl; ghshaaudoespe bond is

present between Cl16 and R13 when R11 is absent; or R13 is H, OH CH3 CHQ

CH2X, 25 where X is halogen (e.g. F, d); CHNR29 where R29 is NHR80 or OR30
where RBOWA®/MBOGY, ¢ 20 alkyl, aryl, alkylaryl when R11 PETHAWROEE wit h
the proviso that where R11 is OH R13 bs not OH 30 R14 is Hor OH R15 is

H or together with RO forns a bond (C9~Cl5 bond); Pharmaceutically

accept abl e dafthvmbtalesalts (ggudia?y Megtypnastal %sltsr(e.@nzn%*alAI%*)pbndp@attmuﬁds
of Formula (1), include alkali netal salts (e.g. Na. ,Kay),, alkaline 18
JANUARY 2008MNIDIIENG REganicrzames such asdidocsings of NReRAIR SRt wheee R @t +,

My2), netal 3ali® : 3+ a I r gani ses
(such as Ii 5(3)(:’{1% né%&& l@%&ﬁ%%@%ﬁgpéﬁkﬁsgkﬁw&?@ %ﬁ“@!kﬂhy be
‘the same or alt@hol, eyls &ereofir e hydrogen, Cl-2o0 alkyl, alkanol, aryl)
thereof. 5 The dotted line together with the solid line indicate that a

doubl e Bond may be situated between two of the three carbon atons connected

“by the dott a ' ' © W ovi so ' ot
oresent i1 e didtehfiog fogeBERwitlhg, ol Bist ot 1t 3 ittt BB Ralohel
val ence rul gguatelli SetWRRHSIWE of Hige thideh@arboRl MvhEPEoRgedtet! Bvrie Gbttaahridp
cannot forma bond if R10 and Rl and/or R2 and R3 forma bond, [R10 and Rl
cannot f or nsalibéines; witRitbeaproviepsthiag rartaublenondkis ast prasent IRR angl aR3OHL5
cannot forma bond if R4 and R21 forma bond. In the case of G bberellin A3,
R1 toget her 994" R2 forns a bond (Cl-C2 double bond); R3is a-OH, R4
togethegpw th R28 forns a bond (lactone); R5, R6, R7, and R9 are hydrogen,
R8 is OH R1 is_absent; R12 is nmethyl;" R13 is nethylene, a
: Since Formula (1) complies with ‘normal valence rules, this leads to the further
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 A;, R’ together with R? forms a bond (C4-C> 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 Cys and R'3; R' and R are hydrogen.

The most readily available Gibberellins are Gibberellin Az and its mixture
with Gibberellin A4 and/or Gibberellin A; 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 Az 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:

(@) 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;



20 doubl e bond is present between Cl6 and R13; Rl14 and1 ‘g‘,&%ﬁy%grogen. The
nost readily available G bberellins are G bberellin A3"and its mxture wth
G bberellin A4 and/or G bberellin A7 fromthe fermentation of G bberella
fuji kurolwosbkiwesgh the nmet hods of isolation and purifi cat powAaf02/01083

G bberellins 25 including sol vent ext raaéi on, and chronat ography have been
publ i shed as nentioned in the backgrou of the invention, a sinple and

ef ficient prog SwaEﬁi'hgi 18 Aitdroghi@nditAUvhfer GHd Eﬁﬁbﬁwiﬁ%ithb_\ﬁé@fﬂﬁg-w%ﬁ thei s
invention a practica process tor the |arge scal e production of "G bberellin
A3 is provided, fitrate tosfonmn amaqeeeps solutiontubati ng a G bberel |i n-produci ng

strain of 30 %groor ani ,miH a fernmentation broth until the concentration
of G bberelli ?%%ﬁ@ga'asd  2BEAYS/SAUU bt h, fol I owed by: (a) adjusting

the pH of the r j i ¢ j [ ina -
{1 tor cake of O oead theBaBbons sefuiert Gith abforaic Rl ot S6R BReE 4458 o

03/ 018069 PCT/ AUXRZt® 1083 antiladjbstivegntiia pld dfftlee fiktuee to ddes thiahl2.0at er and
conbi ni ng t he washij i filtrate to forman aqueous sol ution;

ing with the (c)
concentrati ng (@hé‘&y&eeu@%mlﬁwﬁﬁp pepani&iinty aReagueesPhaseuandnawitsh an
or gani ¢ sol vent ; t 3 justing the pH of the
m gt ure to | ess fé}rg%n?@ﬁ%ég%HgﬁFQ{ﬁv@ ?ﬁeﬁ%ﬂg&ﬁyf)@g%%par a'?e i ntg an

aqueous phase (@ndreseftracting thegaueopsgstmasanfronestap (Y witle drgasic soigent ¢o
phase; (f) re-extracting the aqueous phase fromstep (f) with organic
solvent to obt ai PRI BESRANGS CHARNIE AHF88e: 10 (g) conmbining the first and

nt to . L | |
ol uti ofd () GRATTOITHE 68 RENHD: SSid orahiE Ml SR YRR B 4

thours with stirrfong, a gohcénttatedprganigisofution) of solid matter ceases; (i)

cooling the concentrated; organic solution to roomt erature and 15
filter igng to dbi anepgtgxqoﬂ-&ice ggpigated organic solution at 60%70°8 for 3 10 4 hours

with stirring, until the precipitation of solid matter ceases;
(i) cooling the concentrated: organic solution to room temperature and
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 Az, about 4%
Gibberellin A; and about 4% Gibberellin A7

20 Optionally, the invenﬁon further corﬁprises 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.



(j) washing the precipitate in cold organic solvent an j obtain an
off-whité solid containing about 80% G bberellin A3, ag%wg&?y%ber ellin

A4 and about 4% G bberellin A7, 20 Optionally, the invention further
conpr i seswohe/ostoeps of : (k) dissolving the of f-white solidpifyadofhidsyr € of
32. 6% et hanol , 2. 2% water and 65. 2% acetone to obtain a G bberellin
solution; (1) diluting the G bberellin®blution with a 10:1 m xture of

ol uti on_ arfd iswRRer AR GHrseR ot Mle phoddloR ribRertif selts SR BhierS asa. i ng
the concentdigdlesdd & tRarHEuIarUtife Ghvérition ifdlGdé®ra rbeess fouobtaimrigh the
stirring , cooling to roomtenperature and filtering to obtain a solid

crystal | i nsogiwnisgiteitGibbsrelinstomprising the stepsiefate with cold ethyl acetate
-and drying to,Qbtain .G rell.in crystals at >95% purity. 18 JANUARY 2006
WO 03/ 018069 ﬁ%’fi‘%ﬁ@é’f‘@l@%@eﬁdmgﬂﬂ?ﬁﬁtﬁﬁﬁﬂ' processes for the preparation
of G bbrell i {b)idifiq ¥ EibBERIIAT SolliorC koS! eduimBRir! hikbdls doftidreent I on

“includes a process for obtaining the sodiumsalt of G bberellin, conprising,
the steps of: (dakdC&wl ving G bberellin A3 in nethanol; 5 (b) adding the

G bb [l lLuti t i | , ‘ | yti .of CC3:;
evaporati ng ¢ 0 Gapeead fhe ik soioRe S dsess i ctan sl meliuie, (o)
di ssol ving t hgdaroﬁ}ﬁéayiﬁg' ReekRiuedndvateP @A et dnkimy &PbBidn @igasfemm Ay ﬁ?»

sodi um sal t. e 1nvention further includes a process for obtaining the

zinc salt of QGdodiwmldaln, conprising the further steps of dissolving
G bber%l in A3 sodium salt
The invention further includes a process for obtaining the zinc salt of
Gibberellin, comprising the further steps of dissolving Gibberellin Az 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 A; solution with equimolar amounts of
triethylamine and ethyl chioroformate, 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% NaHCOs, followed by water, and evaporating under
reduced pressure to dryness to give Gibberellin Az 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
i on-exchange resin, washing the colum with water, collf&YVARYZH§ conbi nj ng
the effluent and 15 washings and renoving the water to obtain G bberellin

A3 zinc sglolosnidige i nvention further includes a process for t he
ethyl ester of G bberellin, conmprising the steps of: (a) gle?}squo\?%OE%:’

G bberellin A3 in a 50:1 ratio mxtu_re‘lﬁ acetone to water; 20 (b) m xing

the G bberellin A3 sol uti i th | ts.of triethylam d
ethyl chl or of or TeR@TaFRHIFAUN ALERID P TIPOTHSNR Stfte RemBPHYNS AS fRBHFne,

and stirri "(tg?]arhayjaﬁgof@é.fgﬁﬂgﬁnb'* eomBifingdtiethi Wﬂht&%rﬁsﬁdré%th@@d% W th
anhydrous ethanol and stirring at room tenperature; 25 ( evaporating the
di | ut ed m xngredienisdrfpnesxarmpld pasulin;, i insulintliké epolypeptides,batsmian fragmyent
acetate and, water in 6:1 ratio; separ ati t he ethyl acetate | ayer,
washi ng wi td4ervefies, lei5 i@gd}rﬁgm%(xﬁ%eerg |}%F336F’b9f 9&5%!%%@?6?%@#%% by
wat er, and i i\t tyic r@ss r N i

G bberelli n&X@Bée{!tﬂél Qgtslt ér. t% a&%ﬁﬁ?ﬁ@e@éhgﬁgfﬂgpfeﬁ taf);bt %S g%ﬁr{r&r;olherlla sedof )
formul a (1)conaditionde the conpounds of fornmula (1) and their pharmaceutically

acceptabl e derivatives including salts, esters and | actones thereof. 18
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i nsulin-1i kgyamidty pand/breensitinens! fon the dgpatment dediabstes eits cofipticatiéis and
fragnments, growh factors, or other pharmaceutically 5 conpatjble

ant i - dil@betdsgogipted cangitiangeincludipaeriesty. MiakePBd BIATTP sagrdl@r dspases.ons.
The  compouna,bpdlMHeardphtny %y aReaSsd, didbettPulcBRdtdnd AtHd Y. thdrkke

is thus provided in a further aspect of the invention, the compounds of formula
(1) for use as an active therapeutic agent in the treatment of diabetes and

, related 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.



agoni sts and/or sensitizers for the treatnent of diabet ' npl i cations
and 10 associ ated conditions including obesity, mcro éngﬁg’éﬁX%@’gscul ar

di seases, nephropathy, neuropathy, eye di seases, diabetic ulcerations and
the like. There 1is thus provided in a4urther aspect of the invention, the

conpounds of fornul ). f ctl.i I e in.the
treatnent of di agﬁti@e«%aa S%ﬁq??gg%gﬂlgib?i Ihnﬂs48 r%@&f %Pzrld\[ﬂu(répﬁgtr 52&93& of the
i nvention t hed@ng/kg poo\odgdweighet ferddaf, prefersbactinirtheg rangehaf neGeittb cal
conposition, co&grl sing conbining a conpound of formula (1) and/or its
derivatives 44D S/dﬁMar maceutically acceptable carrier. 20 In a further
aspect of the invention, there is provided a nethod for the treatnent of

di abetes and related conditions in aninmals including humans conpri sing

admi ni st éri ng an Teeéiovant vepraferahly comroercedoaftso ndd thef timerdiabbete$ dpcure5 Ther e

i I i ded i further f the i tion, th f ot
compounds. ofiepraiyRs e s ARBSE, I 5 A goBrER Bk hecA TR e Shposi ¢ i on
for the tredbraok (0f aslh absleptiontdatednat ed condi tions. The anmount of the

conpounds of fornmula (1) required for use in the 30 treatnent of diabetes
and related conditions will vary with the rate of adm nistration, the nature

of the condition LB ﬁé@tﬁ%&ﬁ,i?{@%eﬁwh%@%ﬁwé&ngaily?%ﬂgi ddriiRued Wi ang el

i ncl udi n% human patients and w ultinmately beat the discretion of the
at t endardQ veesdedadiitemagiveliredn dbe casetdrusing a ANgARMeag0dorrslatian, geger al a

sui tabl e do i Q& 0.1 pg to 100ng/ kg of body
wei ght per 3%%8#’%’95?’5’%|5{}Jé?‘n‘5’?%g§’re§{%é£§%g€%&§'o 20ng/ kg/ day. 5 Treat nent

is preferably conmrenced after or at the tine diabetes occurs and continues
e It S eyl deskitg %88 5] Rlekeri8a oS olilfe GOIPHAL SR doteqv! @ (1

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)



Suitable treatment is given 1-4 times daily, and continu
needed. Alternatively, in the case of using a tine rel E‘a’g’&’%‘%ﬁ{ﬂ“éu on, the
treatment nay be given once every 2 days to 1 week. The desired dose may be

pr esent edwon3@isegl e dose or as divided doses adnmi ni stergdratyodlepisePri ate
intervals, for exanple as two, three, four or nore 15 sub-doses per day.

The conpounds of fornula (1) are conveni4ant|y admnistered in unit dosage

dosage or noTarsE: By Snfdietioh, P ikl of 3ht Mirddiahi S buB Suatiititas of
formula (1) uﬁblbhta*ﬁ@na&f’fbﬂtr%hgﬂéﬁnélspétbﬁ TMoHARIAGHs mily, WheRs abgfcﬁmlaeet 0

present 20 the active ingredient as a pharmaceutical formul ation.

i nvention tbasdnvententlyppresedted in pimrmcéosagmunftmand mawbe pnaplameld rhy t he
conpounds of forpul a or a phar acc Z’b ative
Chereof ¢ ogeindr B MethheS knoubria Bearhat etemvan ibwedids Meluds i Stee:

t her ef org an n t BRI r

i ngredi ent sgﬁ ?ﬂ @gr Frﬁ;céer SS%H&E’“ tT)Lleé'%acce'fgt6 %e| wﬁﬁﬂg%&eﬁ%reh 01‘S %reﬁrqgly
conpati bl e dividdd sdlid oarrcﬂrrsmrgbmm end sherd, if Imecéssaryl shapimgating product into

del eterious, to,the cip t hereof. 30 Pharmaceutical fornulations

i ncl ude t ho®& @"tﬁ'ﬁeé{ofle iﬁ%%‘ral rectal, nasal, topical (including buccal
and sub-1lingual), vaginal or parent eral (including intranuscular,

i ntradermal , sub-cutaneous and intravenous) admnistration or in a form
suitable for aanhEshaaemmnaltfmrMthgﬂst suitables fornaralt adotinistration mayobe

passagdl) TeFARARYASODIBCR OUNBS BBIY Fisr B 053¢ e Cbr blaHp BBy
I nhal ati on gy pg%&aeﬂgﬁew ol A1 B SR BHERRoY, waeieggsrat' on

or for transder formulations may, e appropria
conveni ent Igrapmmraseal sotutiting & emspermger amarsemndismn.yTbe amtlepangr;edngnt any

of bri ng ny N ARSLE st o BalbR R Ghn. ahatte: 1 abieh i Shuss T
finely oral administration may contain conventional excipients such as binding agents,
| 15 fillers, lubricants, disintegrants, 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 muiti-dose containers with an added
preservative. The compositions may take such forms as suspensions, solutions,

or emuisions 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.



-

di vided solid carriers or both and then, if necessary, i pr oduct
into theé desired fornul ati on. Pharmaceuti cal fornul at }%Wé{}%%ﬂﬂge for oral

adnministration may be 10 presented as discrete units such as capsul es,
cachet s owotoaiokssss each contai ning a predeterm ned anount peTiAR288ishVe
ingredient; as a powder or granules; as a solution, a suspension or as an
enul sion. The active ingredient may alBo be presented as a bolus, electuary

convent  onal  ex EpacEr Bt RaaRin a7 oBERIDI e oriBellBs iR AR
di si nt egr amigy b@fomRulatew agusintrientSherdantd oF fotivhy, be asantie@sdeanar gated. t o
nmet hods well known in the art. Oral |iquid preparations may be in the form

of, for ex&hpinentsqnsboreasts giayy farsxsenieobe formallatadowsh ashmaqde@sor ol r ups

ater o obrse Y 1 ABO BRI BBICHIRRoBS Uflon R Abikal GPRR e,

cont ai n5 20 peo@Kadigted dithed agueeEs Dk olly BastUsREWI iﬂ_@goéﬁﬁ“al Slso&BHtainforeng
agents, non- aqueous vehicles (which may include edible oils), or

pr eser vat i wegnorehemedsifyinghageots, fsbabilizing (ageninydispetsing: ajgents.| suspenting
parenteral _ adm ni.stration .g.. by injection, for exanple bolus injection
or continu@Q?ng%%Wﬁ$%%m8n?réﬁagﬁﬁg%g nh?esented inunit dose formin
anpoul es, pre-filled syringes, small volume infusion or in nulti-dose
containers wth an added preservative. The conpositions may take such forns

as suspensi ons, Feoltapicah@dmioistratiohsinoihe moudh,| theocormgodnds ofefoiraiués (1hnd
may co such as.s and/ or

i <per N ng ma)Che 1o MBS Rydng et g BENE MyeBielin oy %eat PaShoune:

form obt aiygggp%LRPER 1 4nd SRRl B Hagakshih: %aﬁﬂbbdc&hpﬁ%idgy R éd}tlﬁ%t ion

fromsolution, for constitution with a“suitable vehicle, e. sterile,
pyr ogen- f r f@grediest jn befioed hase such agigelatin 200 @lyeerin3eNsgwese RPOT ac#cia01083

15 For topigal m.nipstration.to.the epiderm.s the compqunds. pf formula (1)
mmy be. f or AR vedRHeb By R ibing e et MEETERt N SERSK MEPi terhm
pat ch.
15 For vaginal administration the formulations may be presented as
pessaries, tampons, creams, gels, 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 administration 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.



O ntnments and creans may, for exanple, be fornmul ated wgtjANgRRFPIGPUS OF Oily
base with the addition of suitable thickening and/or gelling agents. Lotions
may 5 be formul ated with an aqueous or oily base and will in general also
contai n SHROYBGr e enul sifying agents, stabilizing agent%C,T/gU%@ﬂ§ff ng
agents, suspending agents, thickeningqgor colouring agents. For topical
admnistration in the nouth, the conpounds of fornmula (1) 10 may be

fornul ated as | Solutiprss andorsuspegsiaasi will iprgfesablynbei aqaebluaviore éxampie

usual | y sucrose d acacja or tragacanth; pastilles conmprisin he active
y ] 1 )
gt ed; ent PIEPARRG THAMWHlgE @leng HOR SXgaIRke istETle @ GIVFegsnTes, Watkr) £ AVAIRT
i a e the ) ) : X >
Frocl d car Bfid R BiRA5I0G0a00 BCptAMle | A sGhbRY fior KA LMo BHGVRHS
present ed glycohesglapoigethyiempglysolscauchras PES 400). past es, foans or sprays

containing in addition to the active ingredient such carriers as are known
inthe@rt to be appropriate. 20 For rectal admnistration, unit dose

suppositories rei ] A i I g i | .
carriers incl u\é\%%goc%%h%%gﬁ Sggée%ﬁci%@? rﬁn& ggﬁgpgaﬂggﬁﬂlﬁ%ﬂﬁg%@ﬁe ﬁse art,

and the sufiposixaprples efyaticesv@uichntdsy Benzaticbriiym ashioridel; esolubllisingict i ve
conpound with the FI;of tpgﬁgd or el 'fgeud carri er(sze fol] owed beg) ng{al in gz;nd
shapi ng i nagetsiairfasiaris, sideh nst rRelyserbales nie-Besginegnor $0¢ r nCi &84 udi ng

i ntranasal L QLSEL akian) €O S 1 : 1 9 d by
any of thebeﬁn@hgh@ﬁngh@@#ﬁzl ;Htaﬁéﬂési’ é%}Pé@Eﬁdﬂ‘ﬁ‘@ @eﬁgrﬁggmg%%ﬁ !%ti on
to thel0r espdiuai ehloridedcabsaptidohumhancgenandlvisdosity @npancdss. Sudpansidms ( 1)
may be admi nistered in the formof a solution otr@ga suspensi on or as a dry

“powder . 18MAXNGARtionAlly Wontain o sesRRNdiRg AQRNtS0 108 3examPisy MicreFRystaline
suspensi ongejiYbde, dtbBkikthyP BeRAUSS Y3 dluh). exanpl e

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 controlled 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
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drug may be) gpRIFHAMREELYicANPYESESADRS dér
(1) may b

prepared fromwater alone (for exanple sterile or pyr O&%‘&ﬁ %(% er) or
wat er and a physiologically acceptabl e co-sol vent (for éxanple et hanol,
propyl ene glycol, and pol yethyl ene glycols such as PEG 400). 5 Such

sol uti onswon3mise@ensi ons may additionally contain other exgitpuedd/srossor
exanpl e preservatives (such as benzal koni um chl oride), sol ubilising
agent s/ surfactants such as pol ysorbated7(e.g. Tween 80, Span 80,

10" ‘soui um &9 BHREREE I i HB5R fol bR aEinka 1 LRSS BE TR RidpeS o 8Y™ ©
Suspensi ongjeldtiy oR Bilster Qaks e WL tise PpNUEr Toapdenadmiristerek dyaheans
m crocrystalline cellulose, carboxynethyl cellul ose sodium. Solutions or

suspensi on®©f@ndnbaleri eddirectly to the nasal cavity by 15 conventional

- means, for exanple with a dropper, pipette or spray. The fornul ati ons may be

provided in single or multi-dose form In the |latter case a neans of dose

metering is desijhafbymiafng Sftendad B6r CRERINMtraticl e@PfHe TespiphfRy t athi S
may be achi eved by the patient adm nistering an appropriate, predeterm ned

vol une of timeludioguintamnasel forpwations,. then compatiade Wit genepalyy hakesa 28mally be
achi eved for eéjarrpl e mean tering atom zi An_.aer osol

b .
formul at i o 3HES)e &4 ee’ﬁ?éﬂa%f @ffrth%h@' Fé?ﬁ%r@f%?f}stof E%SS'% %:Jpg)rpcoffal YA€ in

whi ch the RapgaERitaifbdiy Meahs khbw ifl tRe @, §6dekdmple Hf AfiGUhisaBiBnPack with
a suitable propellant such as a chl orofl uorocarbon (CFC) 25 for exanple

di chl orodi f1 uor onet hane, trichl orofl uoronet hane or

di chi or gt et raf | yor oet han carb di oxi de or her suitable s. . Jhe aerosol

my coldent ent | EEMEGYaLR 1 (e ga3bue St it PESARPRLT e GuTar
i@h@fﬁ@x‘ﬁé HE8miMStefbd Bynany el v

t he conpounds of formula e provided.in the form of a dry powder,

for exanpl éhe mpetheds and formutationsneowinyedim thei arhfoe adsonistatibaste theh as

| act ose, star st.ar rivatives such as hydroxypropyl nethyl cellul ose

h (ih d
and pol yvi Wﬁﬁ?ﬂ%ﬂr&ﬂ ﬁ'@c ‘PVP). Conveniently the powder carrier will forma
gel in the nasal cavity. The powder conposition may 18 JANUARY 2006

15 When desired, formulations adapted to give sustained release of the
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.



WO 03/ 018069 PCT/ AUO2/ 01083 17 be presented in unit dq§§‘%&9r f,05, exanpl e
in capsules or cartridges of e.g. gelatin or blister packs romvf?nich t he
powder nmay be adm nistered by nmeans of an inhaler. 5 In fornulations

intended for admnistration to the respgratory tract, including intranasal

formul-ations, the vgpRipMtbmMduhd8nfirdblay(1haMeusedSWith la sdRBhd itkdrapéitee T or
exanpl e of the order of 5 mcrons or less. Such a particle size nma

be
obt ai ned by raggnsartivewn treatmeet efrdiabdtes ans aelpted epnditions othieseaseod!. 635% For
adm ni strati trointestipal ; fo la (1)
or a phar mcgfé{r?p%gprin %g%{er%? g%ltggﬁgﬁ‘laev% ﬁegﬁ‘fﬁ%@&ﬁéﬁgﬁrﬂm&g? %(rweh nb%/a@ny of
t he met hods amehfoundid asddoaisnes Mpbmyricite doddsavihbe réanfily agprevistéed ayittmset o t he
gast roi nt %sti nﬁll tract. 15 Wen desired, formul ations adapted to give
sust ai ned®r elS§48d i€ ak  active ingredient may be enpl oyed. The conpounds
of fornmula (1) may al so be used in conmbination wwth other therapeutic
agents, for exanple anti-diabetic agents such as insulin, 1G-, 20 or
anal gesi cs, anti - Appecarepnsinde cdddemnga @ ¢dadi thels, phaypaceutoally lacgeptablewer i ng
agents, anti -y IV gent sQ 0 | Lan. oM in a
further aspgg{ﬁcgﬂéegnﬁ}agaﬁgoﬁegg%gr|B¥i %@/ }ﬁghé&c}yrrpq@tgk@s '%pHgogﬁu édﬁ% or a
phar maceut i c@lréparatarept ablppudéds ofvatalogousiséuetafe.t oget her wi t h anot her
therapeuhbcal |y active agent. 25 The conbi nati ons nenti oned above nmay
conveni ently be presented for wuse in the formof a pharnaceuti cal

fornmul ation and tihs (sressnt fiovdtibalis GO8herC@EERFibed By AeCRNIBNNG! éxammiss,def i ned
above together with a pharmaceutically acceptable carrier therefore

conprise a fUfiferradpediustativenauiprseneihyndaghaté Roides i @Ralrueb@Sofent s of
such conbi naliBiodTBYthe MeAfiA.Ni stered either sequentially or

simul taneously in separate or conbi ned pharnmaceutical fornulations.
15
Example 1. Fermentation, isolation and purification of Gibberellins.

(a) Fermentation: Gibberellin As, A4 and A; producing strain Gibberella fujikuroi

was inoculated and grown in a medium containing 100g glucose, 100g

20 sucrose, 2.5g NH4sNO;, 0.25g KH,PO4, 0.2g MgSOQOy4, 0.01g FeSO47H;0,

0.03¢g ZnSO4'7H26, 0.1g KCI, 10g peptone, 3g CaCO3, 1000mI H,0, at 28°C

for 3~4 days. It was then transferred into a production medium containing

1000g glucose, 100g peptone, 24g NH;NOz; 100g KHPO, 20g

MgSO47H;0, 20g FeSO47H,0, 1.5g Na;B40,.10H,0, 8g CuSO,47H,0,0.7g

25 (NH4)6Mo070244H,0, 20 liter H2O, at pH 4.5 at 28°C for 8~10 days. When the

production of Gibberellins reached to peak (~3000ug/mi broth), the
fermentation was stopped.

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

30 10% NaOH, then filtered off. The filter-cake (mycelium) was washed with 4L
of H,O. 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
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18 JANUARY 2006 18 When the conpounds of fornmula (1) ﬁrwi%éh a second
therapeutic agent active in treatnent of diabetes and related conditions,

t he dose of each conpound may either be the same as or differ fromthat

enpl oyed wbesomaech conpound is used al one. Appropriate dosEsAUIN1082
readily appreciated by those 5 skilled in the art. The conpounds of formula
(1) and their pharmaceutically accept abl derivatives may be pr epar ed by
any net hods krh%@o'réreaht% 260ml.orhd BSncé\rtﬁanarvaés Qhirref &m@m&f fecRTeegous
structure. The present 1nvention is further described by the foll owi ng
exanpl es,  whifoh 3avehbors uhtiluso rmpres @recipitation oatyrredd Aftesutaplingt teoom

trued | i mitat f th t le 1. Fer i
Soratfon and BEPETFLER (e SISRENILT Bam HETeq o] hoSIBVAE WFISY I BOP: n

- A3, A4 and A7 de?mdé{%té‘ﬁz 384 BHq Sl diBobiruy ena e MRGIES Anasdl

grown in a ne cont ai ni ng cose 0 sucrose
0. 259 KHRPO4, vehiZgsdligh@sg)OoThisgnikkBeorRins ~80%&32¥Mkﬁﬁd ~(4%Q\7KCI 109

~ pept one, 3g CaC(O3, 1000m H2O at 28C for 3-4 days. It was then transferred

into a production nedium containing 1000g glucose, 100g peptone,

NS 1008 ko g SR P SRR, PR g,

gaysh V\heﬂ th]fabopeodws duohrledanbenadtdlreBsf némmnethanobﬁahta(nlagom_n—mo b oth
t t t t t t t
(18 11t er) wasnd Ahemeaceiongs: e soletion ches Flulesowiten d OQbrEURY Asedeot &
The filfer- Ca‘%%n%flﬁi:f]\g' d'lé)m oY"‘?-F O'eEhe thivutd ﬁlftelﬂaoThEhﬁltrfa d g\{aast %@tﬂﬂn

washi ngs were co and vacuum evapor at e a volu
concent r at e wavapbrateddoa VSMhﬁK:oWabbue&hml 'Etenaxtﬂre&&s)smm adduseatddt o pH

1.5 with 6NHC tBBh%QPbV\ﬁ))rl 2 eﬁéur‘?%hensgggl g tgdr'oom temperature. It was filtered

off. The solid was washed with cold ethyl acetate and dried to afford
Gibberellin A; at >95% purity as a white crystal (6.3g).
15 MS: 391 (M-1+2Na)" 369 (M+23)" 329 (M+1-H,0)"

Example 2. Preparation of Gibberellin A3 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 NaHCO; (84mg, 1mmole) in 2ml H2O. 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 10mi water, then passed through a column (20ml) Dowex
50 Zinc ion form resin. The column was then washed with 30ml H,O. 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 A3 ethyl ester: 346mg (1mmole) of Gibberellin A;
was dissolved in a mixture of acetone (10ml) and water (0.2ml). To the



The | ower aqueous | ayer was re-extracted with ethyl ac Lf%{%ﬂ%The 18
JANUARY 2006 WO 03/018069 PCT/ AU02/ 01083 19 evapor ate

concentrate was stirred and heated at 60-'70C for 3-4 hours until no nore
preci pi t aMo3/038®Ar red. After cooling to room tenperaturePCIURNIEESNSI ON
was filtered. The solid was washed with_cold ethyl acetate and dried to
afford G bberellin A3 and A4/A7 m xture2@s an off 5 white solid (459). This
m xture cont ai 0% A !q@ﬁl‘ 9 i e

m xture of G b 2(}%% |é?1 ?& ahd I%ﬂ}m I%eg(mwgone %j N?M\?gﬁswdﬁggoﬁé%@l n a
m xture of 15n{fiOme, Hhﬂmimmiehtethyl olglomfbrrhﬁﬂ (1%mnlg,3ﬂ)mrﬁnale}:waie addesl. shheit i on
was diluted with, 100m eth

I ntal 0 f  H2 e mxture
was filtered. Mpdure vasast J%@ % MF‘H g(hﬁngé l&@@%ﬁlﬁbfafgwﬁw%om
e s (A R e A BN RIAEST. . -
acet at F ?gdsd;emfgf%sedf ga)rlcﬁyllﬁwéiléotz)ﬁgel desgwmswgmtﬁnfchﬁ%ng ethyl )
crysta + + Exanp| e ,
Prgpar ation gfacﬁt@f‘@eﬁ%ﬁ’w naﬂé watqrs% 6 331%10593’('8) é#?éﬁ’é?ﬁtﬁ‘?ﬁﬁ"@fed 3”4

G bberel lin ellin
A3 was di ssol \%%&%djgﬁ%?ﬁsgwﬁﬁ h%‘%ﬁ-ﬁb%‘inﬁg% 8(-35 @DB% {}%Ho%é 4%&2&3
(84nmy, 1 nmol eyaten (2ml), tixn eVépoM@d endewtadwedmeem%d%essrtdea*ffdrd@ced
pressure to dryness. The residue was then dissalved in nd

an
Preese dri ed (apiaIass:spici GiobeEpiin horeihd bt amo. dasuMan 75 (M1t “at
quantitgfive yield. 25 (b) Preparation of G bberellin A3 zinc salt: 100ng of
G bberellin A3 sodiumsalt was dissolved in 10m water, then passed through
‘a colum (2BrampleBex 50 Zinc ion formresin. The colum was then washed
with 30mLl H2O. The effluent and washi ngs were conbi ned and vacuum
evaporated to small 30 volune, then freeze dried to afford G bberellin A3

zinc salt ag)g=hitiof GIBHERIRE A; on cell growth compared to EGF in vitro.
Human skin cell culture experiments were conducted by using keratinocytes
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:



quantitative yield. (c) Preparation of G bberellin A3 efhyl \B?WO 346ny
(I'mole) of G bberellin A3 was dissolved in a mxture of acéetone ?10n1) and
water (0.2nl). To the 18 JANUARY 2006 WD 03/018069 PCT/ AU02/ 01083 20

m xture at -20C, triethylam ne (100ng, ohmmol e), N-nethyl norpholine (10ng,
0.1 mole), ethyl chloroformate (108ng, 1 mmole) were added. The m xture
was stirred at -15C for 20 m nutes, then diluted with anhydrous et hanol
(10n). The |nExperi e was stirMediaat room tenperature oResuitght, then 5
evapor at ed tjo dryness. The residue was then partitioned between ethyl
acetate (30m1)M wat er (5ml). The or gani c layer was separated and washed
successi vel y 29 T ( xtjer
(5m), then e\\llwzgporat@eé J@%ﬂrngg}ll}% pres >urgb€)&% gséfgldg onr Eft%,a
colorless solid G bdeoretlalnlmg EﬁGF)at hyI est ef 10319ny, 85% M5 375 (M#1)' .| 10
Exampl e 3. (rarsEHeet r?f ”b{‘%f etH-A—A3—0 Vcel. “'W—W in
Vitro. i SR QarerachiNLREOGRE oPIEHLRY b Vanh S0 TbARIED daP bV e =
keratinocytes 15 ﬂf(dbmamﬁ'@(lh vEGF) Waspigeedes) with 1,500 cells. Incubation
was carried|out at for a gerl od of flve days. The experinents areg shown
as fol l ows: |18 JANQ@WDQF@CB'G'AM ES/BEL i Medi aResul ts nent 3. 1Perf ect

kerati nocyt ¢ L growrn rare = (containing
EGF) 100) 3. ZZPgrgg’lect ker)é%rﬁ?: %cyte neré]:(ag?\'}de pb&l Q/g} owh (cell division rate
= (cont ai ni ng EGF) |sontliod nGBsferel | in A3 (5pg/ m ) 3.3Keratinocyte
medi unPoor gt u§,t4h

Keratinocyte medium | Very good growth (cell division rate =
containing no EGF, but|100)
containing Gibberellin Az

(Spg/mi)

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

5 EGF and Gibberellin A3 had no additive effect on the rate of cell growth.
Experiment 4 gave an indication that Gibbereliin A; alone can stimulate cell
growth as effectively as EGF.

(b) Effect of Gibberellin Az compared to IGF on cell culture growth using IGF-1
10 replace the EGF for the cell culture experiment, mentioned in (a). The

results were similar to the results in (a).
Example 4.
15 The effect of a mixture of Gibberellin A; with Gibberellins A; 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 Az on diabetic rats.
20



contai ning no EGF 3. 4Kerati nocyte nedi unVery good gr owgyAnNGElRy fhoyi Si on rate
contai ning no EG-, but100) containing G bberellin A3 (5pg/m) Experinents
3.1 and 3.3 indicated that EG- (Epidermal Growth Factor) is essential for
cell gr O\A)tVIQOi‘Ei(%?é?l ment 2 indicated that the presence of bBtHA3REHS3Nd

G bberellin A3 had no additive effect og the rate of cell grow h.

Experinent 4 gave an indication that G gerel lin A3 alone can stinulate cell
growm h as eMethbdsely as EGF. (b) Effect of G bberellin A3 corrpared to | G-

|1 I wt h - 10 I th GE f th
exper i ment . MR iR s (2500 Tha00) weiR BedBed dnh Yy, anengpace (&% n
() bo ki aindfia 90 SGHEL) 60 tarhithi uBletIAS Sl Eipphtined V'ar%wt "
in vitro. Thail r\@iﬂ”ﬁa&np@r eusihgi daaPréoisnon h@sIeDj glgoarnples. ﬂlhbeteExwasd ¢l1én

Ef fect of G bberellin A3 on di abetic rats. 18 JANUARY_2006 WO 03/018069
PCT/ AU02P010%iced Rehsingle tajlhyeininigcion eft %trqpﬂgé@t@gngswe%mék@h ighd

lightly anag\%shﬁfs%%d( f{(ﬁ]eﬁﬂt&& r}%ﬁ‘? 'tolige %/ch'%% t?t.?ffér%bnﬁx/loﬁﬁllcgéaﬁ q?rl?'d 5

| evel s coul e measured vra veli n sanple, using a Precision )

gl uconet er . 50nNefrisodivms dllﬁet@ PH B edin byquivalent ivelume | ofveitrate miudfet iveas of
streptozotocin (STZ 60ny % whi ch was di ssolved i medi ately prior to use
incitrate BU?@@Q'O@D%Q@%”Q¥¢@dé@ﬂﬁohﬁﬂs 50mMM trisodiumcitrate; pH 4.5). An
equi val ent volunme of citrate buffer was injected into age-matched control
rats. 10 Rats were housed in groups of two during the experinent. Aninal

house 10 Rats were housed in groups of two during the experiment. Animal house
temperature was maintained at 20°C (+2°C) with a 12 hour light/dark cycle, and

rats were allowed free access to 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 salt
was made up as required in distilied 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 (nM) | 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.)




tenperature was mai ntained at 20C (2C) with a 12 hour {kijgRtARRBksCYC!l €, and
rats were allowed free access to food and water.

experinments was obtai ned fromthe Pharnmacol ogy 15 Ani nal
Drug Adnmiwo 83/0106%n and Daily Monitoring Protocol:
the adm nistration of STZ (60ng/kg),

a

ood gl ucose

Et hi cal app

roval for all

5mg/kg (oral) + 2
unit insulin/rat

(sub-cutaneous.)

10

Example 6. Effect of Gibberellin A; and As/A; mixture on diabetic rats.

The protocol of this experiment is the same as that in Example 5 but Gibberellin

Az and A4/A; mixture was used instead of Gibberellin A;. The results were no

different from those in Example 5.

Et hics Conmittee.
Fort y- eREGHAURHUN0S3 af t er
20 sanpl e was taken

ard

and animals with bl ood glucose |evels nmvi were considered to be diabetic.
Rats were [tFien TandoBipbfeih@gd | Nt gr . Th«E sl on.acting, Lentt@%bnot
insulin was used and G bberellin sgdiumsalt was nmade up as| required in
distilled |water inmmeamngitkg (puprior tjo use. 25 Bl pod gl ucose rjeadi ngs were
obt ai ned tjwo hours |or t5 hour.s gfter the admnistration of drug(s) every
t hree days. The resmﬁl{@mﬁ‘?'és)s'h wn as follows: G oupAdn nisteredBl ood gl ugose
<level (nmV)Body wei ghinifNpisdfmAaaf terf day 20thchange on 2 hours5 hoursthe
30th day ljlnsulin 4 uni t/sr at 4- 53- 548% ( sub- cut aneous) 2l nsulfin 2
uni t/rat 15- 1814- 16.|-(8ub{ctdrecusineous. ) 18 JANUARY 2006 WO 03/ 018069
Z PCT/ AU02/ 01083 23] W a j 4-6N-A—+10%-5rgli-kg—{sub—eut-anegys)
unit insullih/rat (suB elHR fus) 4~5 4~6 2%
Smg/kg
(intraperitoneal) +
2 unit insulin/rat
(sub-cutaneous)
5 Gibberellin Az N.A. 4~6 +10%



4G bberel lin A34-54-6+12% 5ng/ kg (intraperitoneal) + 218IMANUARS 0N/ I at
(sub-cut aneous) 5G bberellin A3N. A 4-6+10% 5ng/ kg (oral) + 2 unit
insulin/rat (sub-cutaneous.) Exanple 6. Effect of G bberellin A3 and A4/ A7
m xture on diabetic rats. The protocol of this experinent is the sane as
that in Exanple 5 but G bberellin 5 A 4and AQ A7 m xture was used instead
of G bberellin A3. The results were no “'different fromthose in Exanple 5.
10 18 JANUARY 2006 -24 CLAIMs: 1. Use of conpounds of Formula (1)

(G bbereléi_ﬂm 5 wherein 10 R is Hor a group -0-R20, where R20 is H, a

gl ycosylic-e é‘r group (glycoside ether), Cl1_6 alkyl group, or Rl together
with R or RIO forns a bond (O - C2 or Cl1-Cl0 double bond, respectively);

R2is Ho roup -0-R21, er 1S H,. gl ycosylic ether group

(gl ycosi dL iﬁ%e?f)cfjmpfg’%°&%@P%&%&%'%€rgﬂn‘%orms a bond (lactone) or R2
together with RL or R3 forns a bond (Cl-C2 or C2-C3 doubl e bond,
respectively); R3is H =0 or -0-R22, where R22 is H or a glycosylic ether
group (gl ycoside ether), or R3 together with R2 forns a bond (C2-C3 doubl e
bond); 20 R4 is OH, or -OR23, where R23 is unsubstituted or substituted
Cl_20 alkyl, allyl, aryl, arpilalkyl, amdine, -#R24R25 or an unsaturated or
saturated ring containing onel or o 15

R
z 11 R’

9

R
Rg ------- N R13
Formula (1)
wherein
10 R’ is H or a group —O-R%®, where R® is H, a glycosylic ether group (glycoside ether),

Ci.6 alkyl group, or R together with R? or R'® forms a bond (Cy— C; or C,-C4o double

bond, respectively);

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

(C4-C, or C,-C; double bond, respectively);

R®is H, =0, or —O-R%, where R% is H or a glycosylic ether group (glycoside ether),
or R® together with R? forms a bond (C,-C5 double bond);

20
R* is OH, or —OR®, where R? is unsubstituted or substituted C,.5 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 C;_x alkyl, allyl,

25 aryl, arylalkyl or an unsaturated or saturated ring containing one or more hetero-



more hetero-atons selected fromthe group consisting ofg N A8Ess OXYJeEN and
sul fur; R24 and R25 may or may not be the sane, are hydrogen, or Cl1-20

al kyl, allyl, 25 aryl, arylalkyl or an unsaturated or saturated ring
containing one or nore hetero 18 JANUARY 2006 -25 atons selected fromthe
group consi sting of nitrogen, oxygen and sul phur; or R together with R21 or
R28 forns a bond (lactone); R5 is H or-aglycosylic ester (glycoside ester)
group, or unsubstituted or substituted 5 Cl 20 alkyl esters, ally] esters,
aryl esters, arylalkyl esters, active esters; R6 is Hor OH or together with
R7 forms a batds( lldcted Aratw i @rdupnednsiskhg icd riiffoged, osygenORAG sulpher,eorF@5 is H

or a glycosyli ¥ 8, co ) or to R7 together with R6
forms a bond4°@%f%%g§é Fgogﬁllaze f%onynsﬁ Eb%(lacttaﬁ hydr oxyl , mercaptan, or

hal ogen, am no, azi do, NR24R25, unsubstituted or substituted Cl_2 al kyl,
allyl, aryl, or arylalk | yc | | t her group
(gl ycosi de eﬁhésré;c}/r Ipééoqygc ﬁStgd%?osylé ?Sgﬂgl%ﬁoéﬂp Pﬁs%fg@/eodr ﬁgs@bsﬂ@ﬁ

(C9- C15 bondl;..JRikyliestelrs, aliidsterbi@ryl @SXart, aoylalylgisymesadtive esteter (gl ycosi de

ester) of said COOH, CH2O- R2 or -OR28, where R28 is H or together with R4
forms a bond (lactone) or RID 20 together with RL forns a bond (Cl-Cl10

doubl e bond) R® 814 ot ©Hbr tBetR¥t With R5forBs @ondREA-C.$ detidle bohidPH, COOH or a
gl ycosylic ester (glycoside ester) of said COON, 25 R13 is nethylene, or a

di val ent hetero-atom or NR29, where R29 is NHR30 or OR30 where R30 is H,

or & _20 al kgt js @ra, oraldW“GauK/b(ére 2l HioFiQ c8s @%ér%r&ﬁpﬁ@ﬁ’]&s@@téﬂ?@ﬁor C16
and R13 when Rllls abse or RI3 is H where X 1Is

hal ogéf, CHI\RZ'@Q\%@F@’”R@ fP’émNP-IF@W Gr-ERIPURIRPIB0 is H, or CL 20 al kyl,
aryl, 30 alkylaryl when R11 is Hor OH with the proviso that where Rl1 is
OH, R13 is no Of Rl4 is Hor OH R15 is H or together égnth RO fornms a
bond ( C9- C15H%g§nﬁ) hycjr@xglAm@AcF@ptg@gg halogen, amino, azido, NR** unsubstituted or

substituted Ci.p alkyl, allyl, aryl, or arylalkyl, or —OR?, where R? is a glycosylic
ether group (glycoside ether);

15
R®is H or OH, or together with R'® forms a bond (Cs-C+5 bond);

R is H, CHs, CHO, COOH, or a glycosylic ester (glycoside ester) of said COOH,
CH,0-R? or —OR?®, where R? is H or together with R* forms a bond (lactone) or R™°

20 together with R’ forms a bond (C;-C4, double bond);
R' is H, or OH or is absent;

R'is CHs, CH,OH, COOH or a glycosylic ester (glycoside ester) of said COOH;
25
R™ is methylene, or a divalent hetero-atom, or NR?, where R%® is NHR® or OR*
where R¥ is H, or Cy_y alkyl, aryl, alkylaryl; and a double bond is present between
Css and R when R'' is absent; or R is H, OH, CH; CHO, CH,X, where X is
halogen, CHNR?® where R* is NHR® or OR® where R¥ is H, or Cy_y alkyl, aryl,
30 alkylaryl when R'" is H or OH; with the proviso that where R'" is OH, R'® is not OH;

R"is H or OH;

R is H, or together with R® forms a bond (Ce-C;5 bond);



-26 and/or pharmaceutically acceptabl e derivatives, i ngljudiuatky 264 ones,

gl ycosi des, esters, active esters and salts thereof in the manufacture of
an anti-diabetic agent for wuse in the treatnment of diabetes and its
conplications and associated conditions. 5 2. Use of conpounds according to
claim1 wherein the conplications and ,associated conditions of diabetes are
one or nore of: obesity, micro and nacro vascul ar di seases, nephropat hy,
neur opat hy, eye di seases, and di abetic ulcerations. 10 3. Use of conpounds
according to claim1, wherei n the G bberellins are G bberellin A3 4. Use of
conpounds according to claim1l, wherein the G bberellins are a m xture of

G bber el | i naAd/oanghaEmiabeutehlly racdptahid/ derivG@tivesr Mdlddingﬂadisnés glyeosides,

conmpounds accordl n the arnace utic accep bl e

Gor | vat | ves SSRE ahfeS5this i snle HERedti™ sy R Uah DB S aneit it BrRR 2L o
salts, net ake irathe tiRatrhentef daBBREIanMits @bMPlEAIBHS ahaassociatbd Gonditiensof
conpounds according to claim5, wherein the organic bases are |idocaine, or
NR16 R17 R18 R19, where R16, R17, R18, R19, which may be the sane or not the

same, are hydpegedt, cempsuHsst Iabe@r@mgom WstbSt iviHereie Bk 20nlikatlonsakkanol ,
or aryl groups. 7. Use of conmpounds according to claim 1, wherein the

phar mace Assegrieg COEQ”'%%@W'&‘E#‘SS BES PRAQT V€ Ol PASHK(BIFER ang) MACES Yaseular of
esters armise%%bsVr%pﬁasp%ﬁﬁ n8uroptBy OdyeChsBRES dihdQfialdic MHedatlohk. (G bberel | i ns)
or their pharmaceuticall'y accep%,abl e derivatives in the manufacture of an
anti-di abetic agent for use in the treatnent of diabetes and its
conpljpcatg ons @é@o@&%@&dtﬂﬁ@@cwﬂﬂb% eRsm Whaheidh {HaeGBBeBhfls GREEMbRb IR

cont ai ns substances selected fromthe group consisting of insulin, its
fragment Aerivatives, |GFs, growth factors, and other pharnaceuti cal | y
conpati ble anti- di abeti c agents, or conbi nati ons thereof. 18 JANUARY 2006
-27 9. Use of conpounds of fornmula (1) (G bberellins) or their

phar maceut i calWse ofosweuads acepsding ia ¢loiest.iwhareia theRitece!linsarefa mixture of

anti - di akep) & eRA N anbAibbisiiih A, BR8/or Gibberellin A;.

15
5. Use of compounds according to claim 1, wherein the pharmaceutically
acceptable derivatives are salts including alkali metal salts, alkaline earth metal salts,
metal, and salts of ammonium, or organic bases.

20 6. Use of compounds according to claim 5, wherein the organic bases are lidocaine,

or NR'® R R'™ R, where R'¢, R, R'®, R'®, which may be the same or not the same,

are hydrogen, or substituted or unsubstituted C,.» alkyl, alkanol, or aryl groups.

7. Use of compounds according to claim 1, wherein the pharmaceutically

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

8. Use of compounds of formula (1) (Gibberellins) or their pharmaceutically
acceptable derivatives in the manufacture of an anti-diabetic agent for use in the
treatment of diabetes and its complications and associated conditions wherein the
30 medicament also contains substances selected from the group consisting of insulin, its
fragment derivatives, IGFs, growth factors, and other pharmaceutically compatible anti-

diabetic agents, or combinations thereof.



treatment of diabetes and its conplications and associ qgggNﬁgﬁg%“ons
wherein the nedicanent also contains conpatible therapeutic agents selected
fromthe group 5 consisting of anal gesics, anti-hypertensive agents,
sedatives, hypnotics, lipid-lowering agents, and anti-infective agents or
conbi nations thereof. 10. Use of corrpoungs according to claim1, for the
manuf acture of an anti-di abetic agent f use in the treatnent of type 1

di abetes and its related conditions. 10 11. Use of corrpounds according to
claiml, for th uf act ur e, of t|c gent inth
treatment Of typee Zoqdf:%rﬂg?‘&fjsaﬁ P%“?e“gtg‘% %%ﬁla? i 8h theizphWCS‘f’t'caﬁy

conpounds Ageptabiengefivticédiimtie rh@fufadierenenahasgitidiabetic a@eatntdr déahethe 15
agent for use in the treatnment of insulin resistant diabe ng Use of

conpounds YRABERG AL diabetasapRd dts FYPPRARLORR ANF RSSGFIEtes: cd té\‘?ﬁsl S ihe

agent for Hedicamehthisbr AR cohpatbRb elerépdiat ad RS QRRIct&A o Shé Noup
associ ated conditions, nanely obesity, mcro and nacro vascul ar diseases,

nephr opat Ipnsisting ek @naloasies; qﬁmméeaﬁ'%a%@s 3edatipgs, dmpnotigsabieid-lewatnt
conpri si n%g@nf%ogpﬁ%\ﬂf#nﬁé%i(/@r gﬁtl\@ of &%m@n’ﬂgﬁ&{s thérgor deri vatives as an active

i ngredi ent,” together wt armaceutically acceptable carrier. 25 15. An
anti-di abetic agent according to claim 14, wherein the agent is a nedi carrent

sui tabl e gy a%@&bﬁ%&rﬁéd@%‘%}:@d?ﬂ%%éﬁPrfor the- mARadbte 8f APShtiGiah

conpri sing a comnpoun as an ‘active 1ngredient, together wlth
phar maceutdgeal foy use trepe dlobienardof fype § diabetoccansl ibettedvhendiianst he 30 agent is
a sl v, rel ease conposition. 17. An anti-diabetic agent according to claim
14, vvherel n the agent is for oral admnistration. 18 JANUARY 2006 _2g 18.
An anti - dildbet i ¢seagfecmpminds cdicogrding tolcidinm 1.40r thkemnaiufacthee algananii-diabetic

| nhal at | 00 A OLSETAL kDot ABe Bl AREI I C/AIEDLOARRRET NG to clai m

14, wherei agent m ni s FTon 20, An
anti-di abetic agent according to claim 14, wherein the agent is for
parenter al12 Use of compounds according to claim 1, for the manufacture of an anti-diabetic

15 agent for use in the treatment of insulin resistant diabetes.

13. Use of compounds according to claim 1, for the manufacture of an anti-diabetic
agent for use in the treatment of diabetic related complications and associated
conditions, namely obesity, micro and macro vascular diseases, nephropathy,

20 neuropathy and eye diseases.

14. An anti-diabetic agent comprising a compound of formula (1) and/or its

derivatives as an active ingredient, together with a pharmaceutically acceptable carrier.

25 15. An anti-diabetic agent according to claim 14, wherein the agent is a medicament

suitable for administration with a medicator.

16. An anti-diabetic agent comprising a compound of formula (1) as an active
ingredient, together with pharmaceutically acceptable carriers or excipients, wherein the

30 agent is a slow release composition.

17. An anti-diabetic agent according to claim 14, wherein the agent is for oral

administration.



injection. 10 21. An anti-diabetic agent according toiﬂijﬁ&k§ﬂmpereln t he
agent is for topical, rectal, or vaginal admnistration. 22. An

anti-di abeti c agent accordlng to any one of clainms 14, 15 or 16, wherein the
derivative of formula (1) is selected fromthe group consisting of |actones,
esters, alkali 15 netal salts, alkaline earth netal salts, transition netal
salts, amoniumsalts and organic base®.- 23. An anti-diabetic agent
according to claim 22 wherein the derivative is a sodium salt of fornula
(1). 20 24 An anti-diabetic gent accordlqg to claim?22 wherejn the

derivati vis ANAdiabgtic aggnt aeorrinG Iq ¢ipim 34, Wagreihie-aaeahét 106 infgation

accor di ngadrminfhiatign 22 wherein the derivative is a ethyl 25 ester of formula
(1). 26. A nmethod of manufacturing an anti-di abetic agent according to claim
14, conprising conbining a conpound of fornmula (1) and/or its derivatives

vvlth a pharnma 8" r r

pr epar atl*(;g;\1 ofﬁg%bhgﬁge?f% r?ﬁég?ﬁrj &%@gr{l e%ﬂ?%ﬂkgé ﬁgﬁgfﬁ?rntféé}{w%e st eps
of : (&) iadobistiahen.a G bberel |in- produ0| ng strain of mcroorganismin a
fermentation broth; 18 JANUARY 2006 -29 (b) adjusting the pH of the
fermentation broth to pH 6.5 to 7.0 and filtering to obtain a filter cake
of mcr ooECgani Amanii-cidbetionaganidacgofding toatlaim {4,)whersini theg aiglest isifbt pareot@kad wi t h
wat er di%%r%m ng the washing with the filtrate to form an aqueous

sol ution concentrating the aqueous solution; (e) mxing the aqueous
solution with an organi c solvent at a tenperature of 5 to 10C and adjusting

the F’H of21t.he A% "('roeabe?tc agent taggordmgQ(b claim 14, wherein the agent is for topical,

rectal, or vaginal administration.

22. An anti-diabetic agent according to any one of claims 14, 15 or 16, wherein the
derivative of formula (1) is selected from the group consisting of lactones, esters, alkali
15 metal salts, alkaline earth metal salts, transition metal salts, ammonium salts and

organic bases.

23. An anti-diabetic agent according to claim 22 wherein the derivative is a sodium
salt of formula (1).

20
24 An anti-diabetic agent according to claim 22 wherein the derivative is a zinc salt

of formula (1).

25. An anti-diabetic agent according to claim 22 wherein the derivative is a ethyl

25  ester of formula (1).

26. A method of manufacturing an anti-diabetic agent according to claim 14,
comprising combining a compound of formula (1) and/or its derivatives with a
pharmaceutically acceptable carrier.
30
27. A process for the preparation of Gibberellins including Gibberellin A, including
the steps of:
(a) incubating a Gibberellin-producing strain of microorganism in a fermentation
broth;



(f) allowing the mixture to separate into an aqueous PlRHNERE Fof! I St
organi ¢ phase and renoving the first organic phase; 10 (g) re-extracting

t he agueous phase fromstep (f) with organic solvent to obtain a second
organi ¢ phase; (h) conbining the first and second organi ¢ phases and
concentrating to forma concentrated organic solution; (i) heating the
concentrated organic solution at 60-70'-G%or 3 to 4 hours with stirring, 15
until the precipitation of solid nmatter ceases; (j) cooling the concentrated
organic solution to roomtenperature and filtering to obtain a precipitate;
(k) washi ng tlheagiveiigghe atieofitie teomantstierabioth a6/t toar@iand {iikettpotte oblgiragn an
off-white soli LN % & bb +n, A3, about 4% G bberellin
A4 and about 4oﬁteg89@%@@&&@?@%%&@#@{0@%{)ultrgtseﬁ‘ of claim 27, conprising
t he further ¢¢)ewsstofig the filtedicak® WithneptethandEdmimhingehes atastingrwith thiexfiltuate tof

32. 6% net hanol , ? ZOnA) \A%t er gqg 65. 2% acetone to obtain a G bberellin
solution; 25 (nt)orBiaI N ﬁ& IR t@nbberel lin solution with a 10:1 m xture of
organi ¢ sol vt candninatingrthe agogousidolgiphng t he diluted G bberellin solution

and concentrating.the filtrate by vacuum evaporatjan;, (0 eat | t,he
concent rare 19 BhinBeraepE Sty A HiRiorbEShEh & HsirbraliBrer e  Br ng |
cooling to roonaﬁcﬁgmﬁgta@uhﬁpartmﬁd dntxarréntgleg@;]mtglab;n a solid clryst al l'i ge 30
precipitate; (p). washing the precipitate with co or ganj ¢, sol vent an
rving to onthrHoRm b lEdnkihe Raesnefars T & apse e Sos TS99 5261 PABRS ocess
according to claidneddoviMigheiiiist bhfanfd ghaeeel | i n- produci ng strain of

m croorganismis G bberella fujikuroi. 30. ocess according to claim 27,

. A proce .
wher ei W t he On€enitiasting heopaygaus Rhase ifors siep (TEwih grganieSolRrl {ehebipis a
achi eved usi Nng yeHY B adki on. 31. A process according to claim 31

wherein the organic sol vent is et hyl acetate. _
(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,
15 until the precipitation of solid matter ceases;
(j) cooling the concentrated organic solution to room temperature and filtering to
obtain a precipitate;
(k) washing the precipitate in cold organic solvent and drying to obtain an off-white
, solid containing about 80% Gibberellin Az, about 4% Gibberellin A, and about 4%
20 Gibberellin A;.

28. The process of claim 27, comprising the further steps of:
(I) dissolving the off-white solid in a mixture of 32.6% methanol, 2.2% water and

65.2% acetone to obtain a Gibberellin solution;
25 (m)diluting the Gibberellin solution with a 10:1 mixture of organic solvent and 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 with
stirring , cooling to room temperature and filtering to obtain a solid crystalline
30 precipitate;
(p) washing the precipitate with cold organic solvent and drying to obtain Gibberellin

As crystals.



32. A process according to claim32 wherein the or ganilgnmxﬁ% ¢ ethyl
acetate. 10 33. A process according to claim 32 conprising the ?urther st eps
of: (q) dissolving the G bberellin As in methanol; (r) adding the

G bberellin solution to an equi nol ar aqueous sol ution of NaHCO3; (s)
evaporating the m xed solutions to dryness to obtain a solid residue; 15 (t)
di ssolving the residue in water and freggze drying to obtain G bberellin As
sodium salt. 34. A process according to claim33, conprising the further
steps of dissolving the G bberellin As sodiumsalt in water, passing the

sol ution pbroughprcess WEBolddRARA clirh 318 wHerdih he | @BbEEAIRIIBBULIRS Isfrainves hi ng
the columm with water, collecting and conbining the effluent and washi ngs

and r enovigopiganiza isrGibkerelit &iikirek bberel 1in As zinc salt. 35. A process
according to claim 28 conprising the further steps of: (q) dissolving the
G bberellin As in a 50:1 ratio m xture of acetone to water; 25 (r) mxing
the G bbeB@l | i A precess apcpsingdptdaiddr Wbeegin thhemeneentiation of diensaldianaén and
et hyl ZThl steps ¢d)rendeh) israghieved esing vaeuur ledapaatinmt of N-net hyl nor phol i ne,
and stirring at -15C for 20 mnutes; (s) diluting the resultant m xture

wi th anhydr ous ggstgl oStk r (=N vaporating
the dil ut g(ﬁj m )'?t urEe oacg%jr'@tsté anéﬁ@%agkr/?%rgﬁgh? Eﬂ?g?ﬁesaoﬁ'\%snﬁfu%%%[tc\)?\ggeh et hyl
acetate and water in a 6:1 ratio; (u) separating the ethyl acetate |ayer,
washi ng wBkh 2% pictessfaricbmivettolziaimei2enhereindhé owgadiclspeit Naatiid@cefatd. | owed by
wat er j0 and evaporating under reduced pressure to dryness to give
G bberel | L8, As Ae;;[rggésseasctcgrrd‘mg?’tg claim 32 comprising the further steps of:

(g) dissolving the Gibberellin Azin methanol;

(r) adding the Gibberellin solution to an equimolar aqueous solution of NaHCOg;

(s) evaporating the mixed solutions to dryness to obtain a solid residue;
15 (1) dissolving the residue in water and freeze drying to obtain Gibberellin Az sodium

salt.

34. A process according to claim 33, comprising the further steps of dissolving the
Gibberellin Az sodium salt in water, passing the solution through a column loaded with a
20  zinc ion-exchange resin, washing the column with water, collecting and combining the

effluent and washings and removing the water to obtain Gibberellin A; zinc salt.

35. A process according to claim 28 comprising the further steps of:

(q) dissolving the Gibberellin Azin a 50:1 ratio mixture of acetone to water;

25 (r) 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; '

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

30 (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% NaHCO;, followed by water, and evaporating under reduced
pressure to dryness to give Gibberellin A; ethyl ester.

35



