; EFGHe3ezp6&Tz -1 _ NOVEL PROTElI N TYROSI NE PHOSPHATASE | NHI Bl TOR The
present invention relates to the uﬂﬂ]ﬂ“mmﬁmm yI f ervenul one and

st ruct ur avoyreeizat ed conpounds as Bsi ne phosph@caseAotBTi85
ii~lubitors and 5 their use in the trestoent of diseases or disorders

medi ated by protein tyrosine phosphatases, in particular cancer and type I
di abetes. It also relates to the producttfon of 2-nethylfervenul one and

no, i meric precursors thereto by the fernentation of a novel

m mwﬂm«m@@@ﬂa N, NOVEIOPROTERETYROSEND PEIOSPHAT ASE DYHUBIDORS or

2- ul one. 10 Covalent nodification by tyrosine phosphorylation
is a nmaP6Y* nmechani smfor regulating the functions of proteins involved in

mul tiple aspects of cellular, .physiological d t-hogeni c processes. It is
reversibly contr oflfleeﬂe?er#mﬁﬂu@%ﬁ&%?ﬁgﬁfec“&@? ﬁaﬂgﬁ@?elgﬂ%eﬁ’@yr osi ne

ki nases ( PTKGLoARAPROSRIRARAAM KT okin DR ths e ihiGibhdiaRit or 5 Of
PTKs have beenclﬁgol}glt ed and testecf-ligs l1115 t eregglga‘%{ac Sa ent)s agal nst human
di seases. 5| nheiddsd intthe tredimehtofghisedseser disbydend mediete® bR psatpiartf@sinky and t he
denonstrated rol es of several PTPs as positive regulators of cellular

signal | i ng prosphajases il prticelar ¢anrer and ieps Hidiabgtee st ajsqaplates dathenat t hese

phosphat ase 1,17 Iy ti I atiogn. PTPs
e P S S
phosphohydr ch@fgmenthtiey of@yovee nfiérgbidbsirdiniaad the@ise bame sedaapachson their

structural organisation. Cass | contains the non-receptor nolecul es
possessi ng @redmgs Eorcamathytferveridons. n (f or exanpl e PTP I B, TCPTP, SHP-2).

d |1 dIir RPIP . -] t b . teins. .G |1
cont ai ns TP wi 1FOETSR RsRLafBTRT hhiind eiosnhgh RS ERAL e g 5°°
(HPTP(3) . Cr88fatidd theFRebAs 8f Srofelr involvéd 1B mil B%sgé_d?s-rd?)éellﬁﬁrrpa HPTPs,

DPTP, DLAR and possess two repeated putative catalytic donmains in the

cyt opl asmi ¢ physiotngicd andpathageacigrecesses. Mas rdveesibly oomtcblied dhroogletheexpr essi on
of the receptor-Iike hunan PTPa (HPTPa) r S i n persisten ctivation of
pp60° ~5~" . THYSaRiGAdiang Rreteerytymsn}fdeegwgﬁ’ﬂé ag%@h?ﬂpﬁ%tawﬁi “transiently
i ncreased dug.l o @S I 5 -2 I; ?1}% se. Loss of
cell cycle gﬁ)‘%ﬂ%gﬁse%*d @5%‘@-‘@”@%83?@%%@%%% gtlglbgar%ég %%E@g@ to Phe or
when pp605 " Sherapewrieapentsbgainsthtmapdisyaen M atiditton]thenirgg diversitydf theeBEP WO
02/ 20525 PCT/ CAQ1/ 01285 -zconditions result in cell transformation or

t unour i genesirerfamily and e dgmenstratpsirolsy phsergial Pl Re a3 pesitiye rsgulaestfene. An

i nhi bitor of RTPa_.i . f .U |:n . f.unour

exi ubi 1 ng S PE o8Pk BEaREPy g BBt phitin HsR R Regls Bl 1 o1
may be used gh@spHatdad are alst pRdrHishgl thtigbfsifadthafpattRadsulaeose! of 5 pp60-sr

| ci nase activity. Any tunour which has abnornally active or overactive
pp60~' Sr, w uch rElPsoeanbe mere fullpfermEdas proteinkyresins plarspbate over acti vation in

the tunoyr, may .b reate The t.unpur e a tumour with increased
pp60’ " At FORIPARHTERRES nHsY B SBUAR o Fre HYHE PGLoh AIUTEEC gy ease
in pp60~' S urgdfpdkbn. CUED] EstTRhY the AR UGB HIRIECER! RBseShE b IRBR: ,
r habdomyosar coma, osteogenic 10 sarconma and Ewi ng's sarcona. I'n particul ar

i W bi t ors nwyptabgicudmhin (fot rantpleBTRER; TOPTPUSER-23 oChiss Hand Il diRavdsucdh i s

the tlurd nost conitnon hunman mal i gnancy. The inhibitors may .therefore be
used in the rF?eé’&tngﬁ&tfa&FmEIB ’@P‘é!i’foé?m%a‘ﬁ%ésrﬁCPP@PE:P&]PFW%S‘%ﬂ Bhosphat ases

are al so as i 1 : Ll A I@ﬁ@ii b P%Psdé?r | abet es
Mel l'itus (N%%glg)??){sﬁg?\ﬁg%lé g&gﬁlg Sgg{ ?ﬂghﬁigt 1 )bgqrﬁ%%!r[l@#rﬁa ol | gtL I Sorders
in the i MuLAR HPTBe, HIPTHAS $51PdIPa; HETRE, (P T IOAR and possassewdytspaafiddem as,
at heroscl erosi s, hypertension, cardiovascul ar di sorders and renal

dysf unct i on.Putaiiye sAlabitisIdemaingiin thereytantasnria tegiatef theomolgsuldevel opnent  of

di abetes az~e ti i t he ef L S tered
secretion of ili ?E#?Sngegggarrféﬁgﬁ% °|tv|8rr' PHHES 18%3)?3}?%1% e’r]i)lctf;\/]\n%l.Hi eseqji]?c ude zinc
i ons, vanadgHPTPaY edRulRSindrssqétt B wkibh QY pho@eat EheAbhdbe abthigoflppsosUcH as

. phenyl arsi ne oxi de. These conpoi uzds are, however, fairly toxic. The

present i nvenetibeallyewsidsrangientivincrteses dusing£ell yaitosrrnd reprefsed dwsngahi ch may

have redyced toxicity. | s now been. found that fernent.ati 0 strain
of ' Styeptbudyelbials, Has of ol rRRER iRh shtBeerd HEREBBIPEe TN | <
active in apRERriwHeMBpb®i+Y isassa¥atedRit] ESIyB_ﬁIaaﬁiGHletﬁaﬁﬁg‘enpﬁﬁf‘théééen“ fied as
2-nmet hyl fervenul one, "also referred to hereinafter as conmpound 3. Tl us

conpound and closely related structural anal ogues thereof nmay be used as
i nhi bitors of PTP.



Accordingly the present invention provides the use of a conpound of fornula
(r): WD 02/20S25 -3 ' O~ _~N X ,NROwherein (I} PCT/CA01/ 01285 each
R, whi ch woakbsssane or different, is Hor C--C6 allcyl, mmcXownnss etes a
ring which is a substituted triazine having one of the follow ng formnul ae
(rr)y to (IvV): NN\NNRL NN N~ NN ONOR- NOR (~ 5 wherein R is Hor
C~-C6 alkyl; or an enol tautomer of a cgupound of formula (1) in wuch any
of the groups Ror R is hydrogen in the manufacture of a nedi canent for

oo mont | gl E ARt ficel NARBOMARE dr Elhbubrk PR nail s BB L,
0\\ "N N~N~Ria Ifmaéﬁon e{slaﬂ)on&gehke OA@lMﬁBft&* Jf PR PR tidrefofefase fathe ned above.

PCT/ CA01/ 0128 -C~ al kyl group may be, fox instance, C~-CQ al kyl such
as net hyl, &Batyiept of Do exlnbmmg(apy:leva'&dbm@bf pp60f5h°tlgnhase aetbatyy| or

i fTerent are mPaBaniblioR Samchesat e Bt AP URIENE 1 vt 1 n a

particul arl caf d ) or (la)
is the sgrreﬁp@t’)stﬁ%?%%ecfﬁa yhggg&n&(;‘?qﬁl anlaﬁFg‘%ﬂgn rrgldﬁ{wé &ri%%l&gg%h of R and
R in fornupp6dtt), wikcimahirpe atrérelt o RfBU nEtetesp2ssigi biytb\fewcuaaftl.dnanehe/\hen Xis a

ring of fornula (11) as defined above and is a nmethyl isoner of
2-met | ryl fe'FW’éCHHJ 1BAk bekenek ke Tamrquﬁgwa;fbefa&ﬂmphwetmnmfeaéﬁd m@% as defined

10 above.  Thg SRRUDUE: LOLAMLACK KAy SprdpORRM hELAE M bR iE g 2C Of

R and R |s ervenu

2, 8-di hydr OSQGzlﬁtuﬁIdLﬁé R ﬂluﬁ‘ﬁﬁ oo @bkindna] rhkbdorhybdatcdRia) 6stéogenic
7(6 F-trione. Tautoner ismcan arise when ang of Rand R in formula (1) or
(la) as l@ef sareaina and Ewing’s sarcoma. In particular inhibitors may be used in the treatment

of human colon carcinoma which is the third most common human malignancy. The
inhibitors may therefore be used in the treatment of colorectal cancer.
Protein tyrosine phosphatases are also associated with type II diabetes (Non-
insulin Dependent Diabetes Mellitus (NIDDM)). NIDDM is one of the most
15 common metabolic disorders in the industrial world. Associated with the disorder
are dyslipidemias, atherosclerosis, hypertension, cardiovascular disorders and renal
dysfunction. Two physiological defects that lead to the development of diabetes are
tissue resistance to the effects of insulin and altered secretion of insulin.
Some PTP inhibitors are known. These include zinc ions, vanadates such as
20 sodium orthovanadate and arsenites such as phenylarsine oxide. These compounds
are, however, fairly toxic. The present invention seeks to provide alternative PTP
inhibitors which may have reduced toxicity.
It has now been found that fermentation of a strain of Strepromyces sp. in a
nutrient medium produces a metabolite which is active in a PTP inhibitory assay.
25 The metabolite has been identified as 2-methylfervenulone, also referred to
hereinafter as compound 3. This compound and closely related structural analogues
thereof may be used as inhibitors of PTP.

Accordingly the present invention provides the use of a compound of formula

D:



-~

«naturally occurring conpoundNQhot

above is hydrogen. Thus, when there is an NH group at the a-position
relative to a 15 carbonyl group the conpound can exist as either the Iceto
t aut omer wo othes2enol tautoner. In practice one tautoner tegdscAn/obmssnore
stable than the other and therefore predom nates. Al the chem ca
structures are depicted herein in the Iceto fornl, but the enol tautoners
are also enbraced within the scope of the present invention. 20 The
conpounds of formula | are known conpounds and can be synt hesi sed by

nmet hods described in the literature or by appropriate nodifications of such
synt heses usi ng conventi onal techniques. For instance, the synthesis of
2znet hyl fervenul one and its neﬁh i soners is described by Tayl or and

Sowi nski in Journal of thepAnerjcan Chem cal Society 7969, 91, 2143-2|44.
The 2 WD 02/20525 -5 PCTlQﬁ@

synthetically as described inp thi

1785 net hyl f ervenul one obt ai ned
ddKunentgyas identical with the
\\n_physical properties (nmelting point,

m xture melting point; rufr, , and it spectra; tlc) and in biological
properties. The processes desciy bed by Tayl or and Sow nski may be adapted
by known 5 net hodol ogi es to obtain other conpounds of formula (1) in wuch
R and R are Hor C -C6 alkyl other than nethyl. In the present invention
2-met hyl fervenul one was identified as a PTP inhibitor by |ugh-throughput
screeni ng ofLa% ML Jiionmycete extracts. It was isolated fi~oni an extract of a
m croorgani smwhi ch has been designated I M 2096 and W uch was 10 identified
as a strai neath R, higemeshanreeqridiffyrests isdl of 0g-Rakkiyh aal t he t axonony data
described in the Exanpl e bel ow. The nucrobial strain Str-eptonzyces sp. I M
2096 was depcompieiesyring&vhichds pubsiitued Wiszive birging gne ofdhefollwinggy of 30

Medi cal 0 117609, Singapore, under the Budapest Treaty at

t he Agrlculﬁﬁwﬁﬁkggzg Q?h Service Culture Collection 15 (NRRL), ii

II'linois, USA on 24~"' August 2000. The deposited strain was aSS|gned t he
reference nunmber 3033R. Fe nI ation of um blal strain I M 2096 al so
produces the novel [Compdlild |
4a- (2- am no- 5- 0X0- 4,.5- d| ydr o- 3FL'n19%§ol 4-yl 2,4\\
trimethyl-pyri.m o[ N4 - 1,2 Na r3,577( -MHi one which exists as
two 20 diastereoners, referred to bel owas conpow ds and 2. Conpoiuids 1
and 2 degrade on storage to 2-nethylfei-venul one.®They therefore have
utility as prodrugs o{ 2 et hyl fervenul one and, as such, form anot her
aspect of the presentIDnventlon AGHBr di ngl y, théﬂ@resent i nvention further
provi des 4a-(2-am no-5-0x0-4,5 di hydro-3Hin

udazol -4-yl)-2,4,4a, 8-tetrahydro-2,6,8-trinethyl-pyrimdo[5,4-a] 25
1,2,4-triazuie-3,5 7(6H)-trione or an acid addition salt thereof. Tlus
trione is of formula (V): 30 WO 02/ 20525 -6CH3 O-~T8a ~N~~~CH3 N6 5 4a 4

H3C O H _
wherein R' is H or C,-C; alkyl;

4a,8-tetrahydro-2,6,8

or an enol tautomer of a compound of formula (I) in which any of the groups R or R!

is hydrogen;

in the manufacture of a medicament for use as a protein tyrosine phosphatase (PTP)
10  inhibitor.

In a preferred embodiment the compound has the following formula (Ia):



5°5 - 3NHN-~~/,," NHI H PCT/CA01/ 01285 10 As nenti oned above and

di scussed in the IJxanple wuch follows, formula (V) exists in two

di ast er eonerozrof2er ns. These are conpoi u~ds 1 and 2, whi ch p@ncAet@rgonvert
due to the acidic 4'-H which permts epinerisation to occur easily. As a
result, the two chiral centres 4a and 4' in the above structural formnula
are not assigned. 15 Coinpoiulds 1 arid 2 slowmy deconpose to 2-n

| etl ryl fervenul one, conpound 3. They can therefore be fornulated in a
pharmaceutical conposition and admiustered to a patient as prodrugs of
2-met hyl f ervenul one. Accordi ngly, ®he present invention fiuther provides

the use of a trione of formJIaO(V) | defi ned, above, or an acid addition
salt thereof, as a prodrug for ﬁzmﬁ
ceuti

S
enul one. A pharmaceutical 20
conposition conprising a pharna cally ‘accept afdh)e carrier or diluent and
a trione of formula (V) as defi an acid addition salt thereof,
is also provided. The present Rhve ionl\% urtRer provides a process for the
preparation of a conpound which is/-nethylfervenul one or
4a- ( 2- am no- 5- oxo- 4, 5- di hydr o- 3H
i mdazol -4-yl)-2,4,4a,8-tetrahydro-2,6, 8-trinethyl-pyrimdo[5,4-a]-1,2,4-tr
iazine 25 3,5,7(6H)-trione, W uch process conprises. (i) fernmentuig, in a
source of carbon, nitrogen and inorganic salts, strain Stne~tonayces sp IM
2096 ( NRRL 334) n0r L&, nut ant -t her whi ch produces a said conpound; and
(i1) isolat ?"glare 1ll§aa.|118§{081;$pa vr%{negn?cf%ba%'he fermentation broth. 30 If desired,
4a- (2- am no- 5- oxgr @,-B; Ak {ysbi bk 3t ke, 2 1t &PasBn
t etrahydro-2, 6, 8-t ri et hw@p!;/ﬁr)linﬁlj_%o 5, gﬁ&ﬁ& 1, i 4%a{11r%idggi ne- S?ﬂSI?]L/f%IIXI)l -lt rione
may be  WOPGRYRESRSPRCTLTAQ1/0N235butyl gr 1-bupl dntfenniles @) ami Ga)iRiandidi t i on

o gani o aci e VLR TSI ALGRPR Sl e bRy
preferred. ﬁ?étﬁ?'l‘. (Iﬁtaga‘lrn%ic‘éugh?(;%ﬂfr%ﬁ% eh1'B¥5&i'?ﬁén@E'acﬁ'o?‘R SO 36 Eﬁbggﬁ‘%xe of

mut ants of the 5 abov rgani sm For exanple, those I Cl e obtained
by natural @e)Bche sameorMbiigsefeppblyckack df ByandiR' & inathyhgent s i ncl udi ng
ionising radiation such as_ultraviolet radiation, or chemcal nutagens such
as nitrosoguani diengach abR ang & infernplahys methy! theompund et wit hin t he

anbit of thjs.,i i I nvent i f i | O ically pure
el tur o of EROhRERALORe whIS X PR FmHLLEh Lht B0 Bt AN ERY,
produces 2- f¥iney bf 2avinufepveiduing whan (2is a ring of formula (IIT) or (IV) as defined

am no- 5- oxo- 4, 5-di hydro- 3H-i m dazol -4-yl)-2, 4, 4a, 8-tetrahydro-2, 6, 8-trineth
yl pyr vnil@o[ 8xea]The compownd effprauls () N Brnetinilisaenulsne when aghrf R apdR

substantially f r o her .m cr ni.sns.. ,The invent.i o I provi des a
process f0r1sf18?th§1ﬁﬁf—w§m§ﬁ§g/gg lgg@@égé-g&yd%{f?ﬁé- 111?%%@@’8%?0@4:’%"d mut ant,
whi ch process £empRieses7dnigonaenting Str~eptonyces sp. I M 2096 or a said
nutant thereof in a source of carbon, nitrogen and inorganic salts. Assin

ul abl e sources oflagtametsm can trissgemensany ofiRandR 'sn feynube(Ippofia)ksdlefined ei t her
sinple or canplex, nutrients. Sources . of bon W |l generally..include

gl ucose, naﬁ?tfcl%é? h5_§‘fr8$"dh ?ltlblpy@@eﬂbtﬁgre%%@gggouaé&glpiamosﬁga&rglégye Qirose,
fructosgs CafBoM okdup the compound can exist as either the keto tautomer or the enol

tautomer. In practice one tautomer tends to be more stable than the other and
therefore predominates. All the chemical structures are depicted herein in the keto
form, but the enol tautomers are also embraced within the scope of the present
invention.

20 The compounds of formula I are known compounds and can be synthesised
by methods described in the literature or by appropriate modifications of such
syntheses using conventional techniques. For instance, the synthesis of 2-
methylfervenulone and its methyl isomers is described by Taylor and Sowinski in

Journal of the American Chemical Society 1969, 91, 2143-2144. The 2-



.to control BYOCESE}

20 acids, amno acids, glycerides, alcohols, alkanes and vegetable oils.
Sources of carbon will generally conprise fromO0.5 to 10% by wei ght of the
f er ment atwon2meds um Sources of nitrogen will generally i pgucknisesa bean
meal , corn steep liquors, distillers' solubles, yeast extracts, cottonseed
nmeal , peptones, ground nut neal, malt 25 extract, nolasses, casein, am no
acid m xtures, ammonia (gas or solution)s anunoniumsalts or nitrates. Urea
and ot her am des may al so be used. Sources of nitrogen will generally form

fromO.1 to_1Q% i gh f th Eent ation. i Nut r ient. .m.net al
ol 15 whi oh ey ML atlets b ineh Ak BCRRR R M R P PE R coRihbn el
general 'y usgg tBéthdterafigBadiirfn® bop il brih BPEHy Al ROPEHESI (Wbt pt,um 3 0
iron, magnesiiun, zinc, nickel, cobalt, manganese, vanadi um chrom u~.n,
cal ci um coppeinre meltipp gevnt;umr, bvrand, ir sestpiti) end sbiplogical proherties. dEheand
car bonat e i ons. 02/.20525 PCT/,CA01/Q1285 . g . An aniifoam may be present
R A Rtk Ty e e B f%&lai red.
Fer ment aki op, BR o5l G Rh (ETe PR A : C, pr
ef erably at gg{)g&tﬁ)g 0C, H‘?tor (gﬁéercga ?%)@%%S%Igg@hgrlecg%ﬁ E’ftlngZl(gal}bout 7
days. 5 TheCs€hallaf biher thbn Zretigtl] ryl f er venul one and t he di ast ereoners of
4a-(2-aznino . . ) .
5- 0x0- 4, 5- di hydr B! Bepreseridnyntign Jrpethy ferygnonewasidoitifipdzs @ BIR r i met hyl pyri
m do[ 5, 4-e] : 1,2 hi azhne- W LLOH) -t rd Qr r e fe t.at;l roth
aiid their ibitilpyd ﬂé‘goﬁlrguﬁg‘gf %‘l(f%h%‘ °§48?€‘g°r’1’§y c%)@té‘ﬁ%‘f%’pﬁ%%l‘%&éé@ st |
appl i cat i ona@éxtfdet SNBIMRB6GRRMISM WIHER hayFeh ABSgiitdd TV 20904t wWhicRRRIs0gr aphi c
techni ques and solvent 10 systens. The conpounds in Eure form have thus
been i sdPat signiified asusstieinyof T gpmwiepainices omthe besiy obthe taPROmMylsta oxs. A
bi oassay degnnsgnﬂiugg t he Pkg inhibitory activity of 2-nethylfervenul one
i s descri be@®FHOTHE E¥pneie Riioeh follows. A patient in need of a PTP
i nhi bi tor may th?ﬁ@ﬁf?&r@bi??st?a’i&@ﬁ%ﬂo%éé} sp. 12PN REs &lpobid By Re [Agtitu@r an
enol tautomer thereof, as defined above. The 15 condition of the patient
may t her ebyofielolerplhometiCelABidogh ofj3 3/ Metlivel Drivefingapoypdd V60t Siagapetehod of

treating a patient_ip need of PTIP inhipitor which net h@ﬂﬁgogoﬁ i ses the
admi ni st r at Wkr thedPedapessilrepty pldhe Aericniburrl Besepich Serwiee fE08ECtPNc onpound
of for a . . I 4t fi . 0 dance
o t 0t a5 pr SURES, i NBhoit WS AT MRS 208D, A8l BAIAPGYER whD BEARATNCR
| or enol tagteRhct haheaNRRI deBzsaed above is used to treat a PTP nedi at ed
di sease or disorder. For exanple, a conpound of formula I may be used to
treat a tunour, Fermsatatioe of avcrabialistrain IMi 2096iaksemeediiees thpeovelsompenndi ty.

Exampl es of 1 urs ich & 0 und ed.to.tre her ef ore
i ncl ude hun%aﬁtljclglpglﬁ 'égé?%l T?é%g?grf’%‘%@5@%3@%&#§%§°}%¥%§%9?’g’tgF coma, and
Ewing' s 25 gRk&RyEpyrinlldeBI4-¢1CUD Altriavman, S oeen-teadechmehBxistsAs PR t i cul ar a

conpound of fornmul'a I, or a nedicament containing it, gn;% be used in the
treat medf odiagetcomers: rifereaditodelow 4s ehmgquads 1 ané3nfompd randddegrgde) or a

tautoner thereof, as.defined abopve, be used as.an antifuno agent
according t% %I_O%ﬁ%? %é‘@fﬂ@ﬂ ﬂ?ﬁ‘-‘ﬂ’ﬁ@’ﬁﬁpfh%&e ﬂlfe%f’ﬁfugt,ﬂ%iy ﬁsgﬁoéitr\égﬁ)%r(ﬁ'ngnt t he
I nventlon pra ﬁfgﬁl!ﬂ@néjéﬁi, a{ s&ﬁ?%%@%e?ﬁsﬂe@(ﬁ%@pr@&n( inveRtiort tautomer

t hereof, as defined above, in the manufacture of a medi canent for

adm ni stration i Acowdinglyathequmesant inveuticndtthergavidesh éarii-hairapsoko-d,5gent .
For WO 02] 20525 PC f/ CA01/ 01285 9 instance, the nedicapent can be
admi | ust er e WW%‘G"E%‘PH{&F(P] YWizhAaf sy i bags-tE ‘IE’@SP%‘%&W’CC agent

sel ectedcfr t.axane, e .der i vatj DT - AR i rivatives,
a. uthr aggcl ?’?}}é gi yggél’g(ég?%%&ﬁegd.r ag‘odf}(;cﬁdu ﬁgc?llsr?il%lgergpi ruﬁt@?ﬁé &eét%gposi de,
navel bi ne, formblaa®t)j ne, carboplatin, cisplatin and the |ike, optionally 5
within |iposomal formnulations thereof. In one enbodi nent the nedi canment
itself further conprises the said additional chenotherapeutic agent. The

i nvention also provides a product conprising a conpound of forrmula I and
one or nore chenot herapeutic agents selected fromtaxane, taxane
derivatives, CPT-11, canptothecin derivatives, anthracycline glycosides,

et oposi de, navel bine, 10 vinblastine, carboplatin and cisplatin as a

conbi ned0preparation for sinultaneous, separate or sequenti al

adm nistration in the treatnent of a tunmour. Such a conbilied preparation
may, for instance, be used for treating colorectal cancer. |In another
enbodi nent of the present invention the nmedi canent conprising a conpound of
formula | may be used in the treatnent of type Il diabetes. 15 The

i nvention further provides a nethod of treatnent of cancer which nethod
conprises admnistering to a patient in need thereof an effective anount of
a conmpound of forrmula (1) as defined above. The nethod of treatnent

Y -, o o r 1 - ——




The invention further provides a nethod of treatnent of type Il diabetes
whi ch conps ises admnistering to a patient in need thereof an effective
anotult oWowmenpsasnd of forrmula (1) as defined above. The cegpornhiLss
preferably a compound of formula (la) as defined above, nore preferably
2-met hyl fervenul one or a nethyl 30 isoner thereof. A siutable dosage of a
compound of formula I is typically fiom®.1 to 30 WO 02/ 20525

PCT1CA01/ 01285 -10 ng/l cg bOdMH ight of the subject to be treated per day.
A preferred dosage range is fi on11 to 20 ng/lcg. The conpounds of fornula
| and the 2-methylferve s@h formula V, and the salts thereof,
can be adnministered in a varie osage forns, S e.qg. orally, in the
formof tablets, capsules, Néqg \\lln}coated tablets, liquid solutions
or suspensions; rectal ly, §f suppositor ies; or parenterally,
e. g. intranuscularly, 3r by enous i nj e€¥Y) on or i nfusion. The dosage
regi men for the conpounds andf or coppositions contai ning the above
conpound? is based on a variety actors, including the type, age,

wei ght, 10 sex and nedi cal t1gNHof the patient; the severity of the
condition; the route of adm ni sgrat/,on; and the activity of the particul ar
conpound enpl oyed. Thus the dosgge ggiﬁh may vary wdely. In one

enbodi ment of the invention the said|conpounds are fornul ated for

i ntravenous use. As such, the fornul &ions can be administered to patients
either as a 15 slow injection, e.g. over about 30 mnutes to about 3 hours,
or as a bolus injection, also referred to as IV (intravenous) push. The

parenteral fornulations of the present invention are prepared according to
conventildhal tec h’rsilquémnadidmwcanﬂrdlscmssd pr thedixamipbmwhith fltowsabeumilazal f or ns

for parenter se. cally an r ate amount of a,co nd of
for mFJ)I a i (6 59??5? 52"0 %‘Pﬁ%gﬂ?ﬁﬁgﬁﬁf hlﬁ?e e 5?16‘59‘8615&6‘“1(@? %‘PC %lei t her as
a dry pomeﬁnt%ﬂl\%ﬂde){g@ﬁé‘ﬂcﬁcﬁeq 1ith b&ﬂis%ﬁﬁéﬂ%‘i}lbl{'toaoogﬁ@é V\fe%' cally

acceptabl e so arenteral use. an exanpl e, a conpo

formula | oresﬁh;ﬂmlt\aobﬂwr&i cemtsessolavand 4' in the abioteaintuetuaaidonrla ek et eri | e wat er
or aqueous dextraose solution, e.g. 5% dextrose in water for intravenous
adni ni st r at P¥#ethe above nixture is then stirred, sterilised, and

froeze afi ed for buRBPERa e e EOKR: Rihfhc PRy ERIBhh G608 MEPund 17,

addi tion of Taky capheRpdre &k foratidated irdf pldr mai:duﬁcmroﬁfpommﬂaﬁ@mnmm@e@al
solution for parenteral use enables the preparation of the final

formul at i onta @pasient pj geadsees offemathylfervientlnnel Aecoidivslysthetragsent inventisnepar i ng

hi gh d I t 0 f V. Th
ant't - st r ongt BT Prals isnfie P pdfof e R p e e el ek ar B AR - T
concent r at i gidifbn kd1ethefbr, 48 a§08dhg it} zﬂﬁﬂﬁﬁ‘ewehﬂené tﬁ%hﬁnﬁeﬂ:@uudai WO

02/ 20525 PCT/ CA01/ 01285 -11 courseé, on the filling volume of the vials used

to prepafe tomepdiitial cdoprminga phanna&'ehmcaﬂu agteptable chuiensr didyent et atrione
t oget her wi t the, a und, dil us | act.ose, dext.rose,
sacchar ose. OEITHICS o defiFPeLabsy EiprdP ui oGl SESS SO GOsE g,
silica, talc, st ifesdfifventBEPGBe! PRl frbdMas firY SHefaraddtOf

compound which is 2-methylfervenulone or 4a-(2-amino-5-0x0-4,5-dihydro-3H-

=

imidazol-4-y1)-2,4,4a,8-tetrahydro-2,6,8-trimethyl-pyrimido[5,4-e]-1,2,4-triazine-
25 3,5,7(6H)-trione, which process comprises.
@) fermenting, in a source of carbon, nitrogen and inorganic salts, strain
Streptomyces sp IM 2096 (NRRL 30334) or a mutant thereof which produces
a said compound; and
(i)  isolating a said compound from the fermentation broth.
30 If desired, 4a-(2-amino-5-0x0-4,5-dihydro-3H-imidazol-4-y1)-2,4,4a,8-
tetrahydro-2,6,8-trimethyl-pyrimido[5,4-¢€]-1,2,4-triazine-3,5,7(6H)-trione may be



5 pol yethyl ene glycol s; binding agents, e.g. starches, arabic guns,
gelatilz, methylcellul ose, carboxynethylcellulose or polyvinyl pynolidone;
di saggr ey 02/baF2Rgent s, e.g. a starch, alginic acid, algi rereEAoe01286di um
starch glycol ate, effervescing m xtures; dyestuffs; sweeteners; wetting
agents, such as lecithin, polysorbates, |aurylsul phates; and, in general,
non-t oxi c and‘pharnacologlcally i nactive_substances 10 used in
pharmaceutical fornulations. "aid pliarmaceutical preparations may be

AT 8CH U1 ol KBRS bR PRI Y055 Bl 0B B 2 110

tabl etting, sugar-coa in-coati'ng processes ution
for oral adwithiigérpadit @ﬂoﬂgamctheldseMe trifSorodRstic @dmtxmp@m@gaﬁuﬁlaﬁw ons.
The syrup nay contain as carrier, for exanple, saccharose or 15 saccharose
wi th gl yer cpregereadd/ or ma. nni t ol and/ or sorbitol. The suspensions and the

enmul sions may co tal arrier for e tural a sodi um
. al gi nate, pecti n ‘f?ﬁ??dcgli“? RIESLLInY ?%ﬁ%ﬁmf?gﬁ e, ég‘bg‘tﬁ ?@ AJi nyl

al cohol . sThey SURRRRIOHALES Fidex ?Ieaﬁﬁﬁse mtakl@ébtmnw b? Bﬁmﬁﬁfsax&m%?pound
a 20 pharmaceutically acceptable Carrier .g. coca-butter, polyethylene
gl ycol , a ptioyoppduded ynautating agents Iﬁ1a]n1ﬂmgaomsling$achat1mm1bha$ altaviotet| eci t | un.

The fornul atlons CO%I’ISIH a conpound of fornula I or a rodru? of formul a
@l%

V may opt i offdiationceyirhemicat Butagenngich 3p itresoguaniding oy thedike Sreatmentss 2% pi ent s
for parent eélg‘!’ n%ﬂl@e?'vﬁﬁﬁr?ﬁf %ﬂ}bﬁ o‘i}lh@%vmﬁ{); nst ance, bul ki ng agents, e.g.

| act ose or manni ering agen anti - oxi dant agents,

preservative agemhémvmmrcﬁ:&meﬁpiwﬁwa smmgﬁbamF@ufd deturel @mtwp@ﬁ@%s sgivent i on
is further illustrated in the follow ng EXAMPLE 1: Isol ation and

testing l8f BPMR8P6r oka matant 6weeo®m1@rm@ce52ﬁmthﬂ€mmulque@@édaﬂ& Vo

anal yt | cal PREPCRORr doat hufross b Bis T phRen St PG AP bRt Rl gh

plr epar ?tl Vepagalded, At '2041tr1a§lﬂet§97(6¥{)fmbf(aél\1/;s sdcﬁ)cmtgiga%eoﬁebtdwmzé 4%38 )
cl uomat ogr a was performed w silica rolc an mesh) .
Opt i cal ?ot gbmcmher\ngmmommse dCheiibventiod ABSCOrddtides BOP0ceSs fortfeimehting

Pol arimeter, Infrared spec ) wer e recor with a Perlcin-E nmer 1600
Series FTI Rg’('?ﬁt?’fﬁ"iflg Sk B'éllrl\ﬁgégf Orpg aiqd pytapt, qﬁaﬂp@ﬁeﬁ‘%ﬁﬁn&?ﬁ@r invents for

' H (400513 M&E’O )

obt ai ne on a ru er /K%%%g%é %6?)219%%%&1&%3&?%8%&&&@3%% and H ' sN
2D experi nemt@géﬂ-MaGnOﬂgSﬁleanﬂ HVBC) were run with Z-gradient selection. 'H

and' 3C 10 chem cal shifts are expressed in ppmrelative to internal
t et ramet hyl si | andssimggpl e&eursmmz-y OBhifogen almlmesalmﬁ% bg BEYidsddYf r om 2D

apoot ra wer SOS PR SAIBE b SR g bt ke sl fibe R, PO
Per Sept i ve BaRssiaks, MNacdrole moldshess faxiin, 0améR] sucksse) fruddg| ¥irb&allicHPLC was
perfornmed on a Hewl et t - Packard 1050Ti 15 series equi pped with a diode array

det ect oR0 uasidey aming, asidso glynerides Gib®hidisp alkends, ang vegaiatile ods.6Sourgs®imm and

| inear gradient elution,(flow.r % TFA in
wat er; sol v%?'ﬁl?onBWﬂBgeileB?l I’—;,R“fplr'ise b@@-ﬂl > E%N/Lrli’ty ‘ﬁlg}f’s’fcotfglés%'an?nrt%tfﬂ%% to 60%in
20 min and g,Rghnfrom 60% to 100%in additional 5 mn). 20 Actinoinvcetes
extract: Approximately two thousand different strains of Actinomycetes were
fermented in 6 dScﬁtﬁ‘easmfnlitrwaswiﬂfgenﬁalmy_ilﬂcmqlﬂisdyam1andablcom steapdiqaprs30C.
Each cul tur cells an ernat ant was_extracte addi

equal amun&StmerﬁéﬁwﬁW&W§ﬁqutrﬁﬂﬁr OHeRsE C?PW@I BOR PP Sy ROV g al; agext racts
were fi bger%a@ﬂl&&@eszéasfelﬂ 1 id BRERs da'iﬂrﬁ&u%%a% oﬁ”solﬁhbx?)um s for 1ong
term storage at H gh- 1roug out screens HTS for ii~lzibitory
activity tomramdmuﬁil’ Mswamttmasf QireeahdldtBé aneliés 1ph§aales b¢ hkedc |Sonjces of
Dephosphoryl ati on of the substrate (pNPP) was neasu in 180 ~L 30

react i ons/ wifregemwakgsnerablyrioun fioghg. |“h|1 @Wﬂﬂk@dﬁ%ﬁ'ﬁ&%‘gﬁ%nem%ﬁ% 5),

oo ua o Anflubeit MinktMi Sl Whtch Ha§'&e%coraé}ﬁtealzﬁfofmeeanﬁ%eﬁ@&ﬂpa (0.3

| include the generally used salts capable of yielding sodium, potassium, ammonium,

30 iron, magnesium, zinc, nickel, cobalt, manganese, vanadium, chromium, calcium,

copper, molybdenum, boron, phosphate, sulphate, chloride and carbonate jons.



W O 02/ 20525 -13 PCT/ CA01/ 01285 extracts (5 ~.L in 50% net hanol) were

prei ncubated for 5-10 mn at roomtenperature in a volune of 170 ~, 1.

React i onsypanaodagi tiated by adding 10 ~. L of substrate in gssexoilayddser to a
final concentration of 2 MM For each plate, 6 reference control wells
contai ning PTPa were preincubated with 5 p.L 50% net hanol at the sane tine
5 as the test sanples. As a positive co['st_rol for PTPa inhibition, 1 uM
Na3V04, a potent inhibitor of PTPs, was added to sone wells. Blank wells
contained 5 ~L 50% nethanol , .2 mM pNPP in .assay.buffer an nzyme. For
each set of expe?\%r%tfgal?ﬂ%rﬁeﬁr%segﬁgt%%r?l "1"8?%+V§#§%““@§ﬁpa33§ef% a separate
plate wer aikeRdisak rédifed €nt tinme points to check the linearity of the
reaction. Reactions were stopped with 25 p,L 10 KHZP04 after 45-60 m ns

i ncubati on at rodemertpasratanrbe. conthetqal a tesperstueesasging frome2*@ted§d,n a

mul tilabel counter (Wallac 1420 Victor). The OD45 Of the reference wells
ranged bet wlEic1gbly 21 about 40P Hor ey dayd two weeks, privablyifonakout ¥ §&yssubst r at e

d falls withi i o HE S ubST
Gt m 1"t v PREoAREoPbale R R 0 CRGBNCPP AR f
test- 0D bl agkxop4, 500y dre BHIMibARMKN)-3,4 HAB-teirabla LS naaedy]l- 20 The

expression, purification, quantitation and storage of bacteri al I% expressed
PTPa, PTPE, panedeiRA-diavadtdesnetdsJ(olbktiona fopetheifermentaiion brath andthesr PTPs

d i bed in the text . h fr. | i ol abs.
Dgis)ﬁz)lspﬁor IyP%?P?’%H lg‘%(mlﬁ\fgﬁrﬁ‘el gsroﬁ%eagg’%&ﬁ{lgﬁozﬁ%eﬁgﬁ ar%gﬁ%aﬂogﬁg zont ai ni ng 50
n-i M sodi umcRGalaadgRa{iiRé iactonalbndhitll virffus ChidinatEeraplds fehniBeéy and-selveld

ditluothreitol, and 2 mM pNPP. 25 Reactions with 1PP al so contained 2 mM
Mh2+. Thid RByserns. pEpmt ¢atepovads phpse fomiiaxe ddis bead isobta iatthi? véayuM i n

reactions with PTPa. All reactio we carr.i ed t at 30C and term nated
during the Ii neapoml%oﬁsrm%?ﬁé%éf%ﬁ.HW‘E?-O&L{’(“?E‘S%FY eponsiangfhe

screening d : : 1€ elall i,ﬁﬁg
para-nitr opggﬁg 1%@%‘?81?3? g§ ?%%%@%%ﬂ%%%&%@?@%ﬁ ngg]?r(c 1gpt I de 30
dephosphoi yalawan Dyatierdth ased of @ PP inkibhecihy eeyefofate tesatadaeith 4 r om t he

fermentation broth of I M 2096 reproducibly exerted >60%ii~lubition of PTPa
and on  Woconrpowslnf fpomledD1onzes! taytemst thereabigsdedined abpyentlihy t est ed,

i ncl udi TCPTR. L PTP=~i. .and, PT. dat t.sh .. Jlhi ract was
sor cos ed ofoneta s bl o tnETe ol FRF R A SRR i

acti nonycet ﬁroﬁﬁde@iaﬂnét%@ @Eﬁea‘ﬁn@aq;aﬂér%& géeddest FI inhivgtol %iohtrhétﬁgcﬁnd

taxonom ¢ characterization of the strain I M 2096 were as descri bed by Wang

et al. (I ndoempiises tid adoivistiatioBthetete bl 4 hegpedBally ée¢tdr)anThmt of a
acti.i~,omycete strain | 96, from which 3. wa urified, was isolated
flom a soi | SRR CAPTEHECH oF R e ARH G COTAT B den It s col ony
exhi bi ts proper t s 6RBMaE WahitRd 151%_se‘ﬂf inveAtfN Lhed¥&R8nt QB mipeiing amedi um pl ate.
Both aerial and 10 substrate nycelia were well devel oped. At maturity

st r ai ght20cheompowidtdf fooneat baend Gais@oerahbereef & definedeboe it hedde reala

nmycelium The col our qf the aerial celiumwas white d that of the
substrate Egll?‘iﬂﬁt%&SP?sﬁmgﬁPﬁﬁh.%xﬂPP u%FB‘PBO‘HIdg?éE’Em% 8% dguced on
ISP 2, ISP | SPeft 2R, i : ' .as. T, o Reptidogl ycan
cont ai ned agserrgjtgﬁl egtmun%ﬁg{ﬂlﬁgg}cggg?#g}ﬁ@ﬁ lﬁﬁnlgé%a%@ﬁg ?%%Ylgt?e 15

nucl eoti de EeaupRsef timddre whichIh¢ RWp@ademay bk Ms&DOGreatthettfbre imslunded f or
phyl ogenetic anal ysis. | M 2096 was found to have the closest phyl ogenetic
rel ati onshi pums polap caksiionia, fabdomy esaragana, agiergenic seomaRapd BWHE Sequences
are 97%,dentical . ! the rgani sis 1 ' | ogi cal ,
chenot axjg noﬁ%l?:o%?idpghl\ﬁﬁgg&%Eﬁ%’?ﬁ%@\?ﬁﬁ%ﬁ%}g?& \%}é%létlscpgﬁgg&_ ﬁ%‘%glc i !r;fgﬂr}yﬁ%et e
strain 20 | Mo?2@3fedimnidif cofBiningSt, TmSiHQ¥E §Sthe Miebinidn€ 8f ébreplaP&@di € The
bi oassay active fernentation broth (4 L) was freeze-dried. The solid

resi due was ext r Hcdesidedyia domyiogril pPfognnlax)2y a tevsniap theraef, s defiped 4boxg) and

20% 25 HzO in %emcf]l L x %%_Bat rootmtegirfertat ure. .Tge Qi ogssay eacti ve
extracts wel®YO5MErha LA UBREASEALE g 10 & COPDird SheRP ety Lo8iReBy 35C,
The wet resipgie if &I%)éﬂlbédigleﬂ{ the %eh@é@f)r%)yiggﬂl{ei s lof FE&I%QOI‘MCHT 2f'§1i11|1ﬁlﬁa gel

{70-230 nesh) and freeze-dried then appli on a silica gel (230-400 nesh)
col um. 3Bhe(Ig of a tankorfientherent s déefaredtabove, & themamfgstwe by eredtvemghttfor 4. 5 cm

fine silica [ayer, .6 ¢cm s eluted w .ethy|] acetate 30 in hexanes (0%
250 ni; SOVAUPBEEstFion 1166@/%,\1@1?8@0%1‘&2? ?éfgté@#rfuchm S1EDCHSARAEBIS 3'0R ZL x2;

50% 250 nmL x2; 90% 250 nL x2; 100% 250 nL x 3), 10% HBO in WD 02/ 20525
PCT/ CA01/ 01285 -15 MeOH (250 nL x 2). The active fractions (usually the 10%
to 90% MeCH in CHzZC12} were conbi ned and evaporated bel ow 30C under reduced
pressure. The above residue was further fractionated either by a

sem - preparati ve Waters 600E system equi pped with a 990 phot odi ode array

N T "~~~ A B o ~ N 1 IS~ N - NN N



MeOH water) or by a Waters Delta Prep 4000 system equi pped with a 996

phot odi ode array detector, using Prep Nova-Pak HRC~-B coluinm segnents (6
p.m 25 waox2@39 nnn; flowrate, 21.2 nlihnin; solvent A pcroaisioifs= MeOH;
0-5 mn, 5%B, 5-30 min, 5%to 30%B, |inear gradient, 30-40 mn, 100% B).
Fractions 10 corresponding to different peaks were freeze-dried. Two of
them were found active iii the bioassayg These were |labelled 1 (105 ng,
overall yield fromthe 4 L of fernmentation broth) and 2 (73 ng).

I denti fi cat

unst abl e angﬁcong[ aﬁf ér)l}(le &ng@e %E?E @@ng%&gﬁﬁ%@%g slle‘glﬂ}ﬁgéhla?l er coul d be
renmoved andcliendthérapeuiy a@bﬁf@bﬁécﬁé@ﬁ’@hﬂﬁxdneaﬁﬁm% dﬂﬂvﬁh@ﬂ”@@? 111 and 2 coul d
also be further purified by HPLC (25 nmm x 310 nm col um, flowrate, 20

m_, hni n, Meaximatheringlsnivativesaptioadycling glxposidesge. gedclmeuhlcm'ﬁAemmbucsn The

purif canon aI so row ed a yellow fractjon, &B and a g@bar fraction
20 wl uch vva%OE%Sd 1&5 Wﬁ}ﬁ%@ﬁa‘?ﬁ?ﬂ 1, (1S UAR0BaEht ai ned from
washi ng r W@ﬁn f rative

TLC (sil | ca et : &g%lg%%?%%wa%%ggﬁ%%%&g g\E/Hee %‘%{g@eﬁpge fﬂt o give 3

(12 ng) andfuéthebeorgprised tt&ruhdhﬂttdmﬁbtheﬂxbﬂt@ap@uﬁ@ygaml fur (by M5) or
phosphorous (by 3' P, NVR) aﬁ%&The have the sane. nom nal m)l ecul ar wei ght
(ESI, MrH = 323) Th‘hawﬁﬁﬁi%n Proyiidesa pradysl Gomppsing 2 camnosnd PhEFMUMVR spectra

were very Sé_,LrIH)& &%%ﬁ&%t‘ﬁerai}{th% a?glﬁs 'sélE&bcPfre&[tﬁ&AP%“taggxﬁ\%ﬁ E’&‘e%t ra of 1

(see Table scussed 1n oW n

DVSO- db  sho@eU- f1ouamptetlicein detivhtdues Sandﬂaé}ehﬁé gBc8sifed, etépdiide, Zav‘k%mg 17 and
four non-exchangeable singlets at 8 4.05 (1H), 3.06 (3H), 3. 09 (3H) 30 and

3.12 (3H). vioblestinss cybepletimanrd ¢isplatin asp ecnebig@yrepapiaen fos gimultiheoC NVR and

DEPT t t ed A1 b t. hi
o 0255 D SRR oA U O R,
carbons in ,sxlaﬁmaﬁagaas)ffoemsdsc@uoee&edifopeeét}f@eco%éaarbenéeTabl e 1). The'H'3C

HMQC experinent assigned t CH signals. Coimectivity of the
partial structurh mﬂmeesnﬂ)bdimwlneﬁ tbypfelsentBﬂilehiNmﬂwapahcmmm céroptisingh J= 6
Hz) cross- peaks %HS}&S /C- gﬁ 149. 421 8.5 134.8, weak);
N8- CH3 (8 30%@39 miay] Hseélé ¢ igeaimgn tSbf 8 3.06)/C7 {S

c's (5 Balsy, f@%*l?éﬂt% ﬁl%léfav R R 8%%?3?4 ottt gltd %)
134.8) and dommises adiflinfisteriistotatiatibiivih hééctmhﬁﬁbf anefbdxtiae aduitrodal H asi d' 3C

nucl ei was not enough to 10 provide the entire connectivity,'H'SN HSQC and
HVBC exper icrfaemcgmdé&éolgeﬂ# ar ﬁﬁsdffmtmebqseQ@@@@qﬁlﬂqdaofstﬁ@m@tmerebldss peaks

[H4 (b 7. 46 I\llfsécleréc? cc:]oerapcgznﬂ olt_"l_formu 8)S s de 1{1% abovg8"[% Gor %Ound dp‘% £ helr t Wo

active pr OtO Provi NO CIr 0SsS- pe wer e ?HVBC
experi ment %I@%&éfﬁﬁ%lﬂfn&t@lfeﬁ/eﬂulﬁﬁé oS MsaH mher Qfeeaﬂ eeﬁdess ‘[vlﬂ'cﬂ (S
4.05)/ N-4 ( ); N2-CH3 {8 3.12)/N-1 (87285.3) and N-2 (8 15 130.9);

N8- CH3 2B 3nappe teded gsingthepethadsoithe if'enBomBiclude bupen ealengyrcinogN, peak at 8

285. 3 sugges the existence of i dine-l,i ke nitr Clearly
conpound 1 TS RRER G SieeR sfisBie a5 ESG S iFereh TGP ASTRRACI Ae the
nol ecul ar Vﬂbé}ﬂ{onofhejeohﬁ)oﬁﬁﬂ @f’i%ﬂnﬁ‘lﬁ"m% sv.ﬁ’?ﬁ%%/) ad\ﬁ‘lﬁlﬁtetrélﬁml%@ﬁﬁmhgnf ormul a
suggested to be C'H, 4N6+XOY, only X = 4 satisfies the

requi rerrenttherHRWS/l(lE@I @dditmnaMEnm&ekdpeuMagmmeE@teﬁctaxmt daxahg, 4N804 ( MtH,

m z 323.1222,. cal cd r.C NsO 323.12 The two 'invisib]e"

ni trogen at g1}zﬁ§tC%'g-tléccfagaotq)tﬁectnp]ge1mv%@e$ acyghine 34%%0?14'3? IF@?FS?S‘FG be in
the si dgschalRibiniaind3 Bf 0. Among all the possible
struct urgsesngéerli\llled f{r,]’(ljmatﬁ té;Q,]f{‘,g IF%%%@ gl ycocyam dine (5) is the best
mat ch wi t h r espethe inveiitiva thiér(jﬁtb\adeslzﬂmemdéroftreatﬂmnfd)frtylpd:]ﬂdla‘bbfelslct ure of I,

the TFA salt_of 1 25 was further investigated. The ' '3 Cand ' H' SN HS
QC exper i mewhish GpmpHgespdminigtepingto %Pﬁ&@eﬂkﬁ?ﬁd élleé%s#ze@fﬁe%w%%%at. on

G000 corr el GRIER K SHA0 £ d-EpRTMITR, The Sopling SARRRIAMINEIS S o

showed ver yofl fopfmula gl a@@éﬂxetiabbwmdr@plemhb@i Aty dekverl@ietbrd rhékgl si il ar
NVR spectra and data. 2 is the diastereomer of 1, and they can 30
i nt er coAVerisOmetherepE due to the acidic 4 -H w uch causes epi nerization to

/ 1,CAO1/ 0 hi r al
Centers at C 4a BrTiAts otgs o sPrpotia SBRmte oDl 01 1E30 oo, -

met hanol and wafer, but insoluble in dichloronmethane, chloroform and
hexanes. They are unstabl e in solutions (water, MeOH, DVSO . They slowy
deconpose to a yell ow fl uorescent conpound. After 5 washing the partially
deconposed | and 2 with CHzZClz, the yellow fraction was separated fiom|
and 2. The crude yeIIowfractlon was purlfled by preparatlve TLC to gl ve 3

——r r __ o NES L IS R I NS



WO 02/ 20525 -1 8 PCT/ CA01/01285 187.4 and ~ 173.0 in HVBC spectrum 5 was
purified by HPLC acid converted to its HO salt. The'H and' 3C NVR data of

i sol at ed woio2022s hydrochloric acid salt are identical to prdwssoafi2gshe
synthetic one and conparable to those reported. Wth the structures of two
degradati on products (3 and 5) as additional proof, the structures of , 51
and 2 are determned to be 4a-(2-am no-_$poxo- 4, 5-di hydro-3H i m dazol - 4-yl)
2,4,4a, 8-tetr ahydro 2, 6, 8- trlrrethyl pyri m do [5 -eJ-1,2,4-tr iazine-3,

5 T7(6~-tri [ UGE Ur ‘;neth | -2 7d|h dr o- 5H
i mi dazol 4, 58‘%?&11)(%8} ff‘l% %fs[h '%’J%tgo‘g féeatefgpefégy %: A %‘?’Sﬁge i
i W bi tor~acﬁb);ﬁ 1 Yo StoaRRANds tested include 2-nethyl fervenul one, and sever al

nmet abol i t es obtai ned when 2-net hyl fervenul one was isolated fromIM 2096. In ,
particul ar, the fTbtcompogndsef fornedd bahd tbe Zﬁﬁallymmmtﬂmrewradlugwof ~~:

2 SO oy G M Batet R B Bhidadt %m%ém?‘es?x?%ci@%gre?frﬁéﬁ 2"
00, 1: 6, 97 by SHAL R b RIS RS, Sl SRR idif ' Yooy 1

(KBr) 3380- &ﬂﬁﬁor(stm)suslﬂeﬁﬁﬁns YecAly(, it theferm of Quppositiie®nd parchieddlly, 440, 1382,
1203, 1 139, 1024 cm'; W20 (MeOH H-O 0.1 AFA, PDA) 7~ma~ 295 mm;
Ret enti on tuﬁ@n{%ﬁdﬂﬁzxméy UHF":Y@?O@mlBC%OfZ@WﬂﬁNW dat a, see Tabl e 1 bel ow.

Tt tpann ooy 1HE bR B B otousls Bl eqtipebivint BBy i To0 o

| 30. 83149. 4hse ohindkOi8 bdsed bad vafiefofTactors mcludmg the g/ype age. WCIth
4a60. 660. 45164. 3| 62. 9N6- CH328. 228. 533. 063. 09/ 43. 9 | 42. 02/7206525 19

PCT/ CA0100 1&68(5andonedlmcmmtlomof\tﬂdszpa®ntms¢;vems of the Samdltlml Haswute Fal t d
Base ° Salt =~ 7 6194!\180423023 4309431 110(1§,§1g110748a1348
T35 3 N o AdniistEtan i dhgachyity Of the Tagignlir comipgupdemploge sghez N3
8.02 9.39 8 4.05 4.65 10 5' 182.8 171.1 Measured in
DVSO- d6 at g%sé%;gpeagﬁlétnhagﬁﬁ%pgﬁ ‘are singlets; b Data obtained from HSQC
and HVBC exper i mbnés; embdadimentoftietinvedtionrthé saié compeundd afsafbtmelaftBAosal t; ~
not visible in 1D 3C NVR, obtained from HVBC experinent. 15 {2): TFA salt
The salt co%r&moufrm@ sAf puchs the formpdatiopsican §e aélnznst@e@@ BRtERSPItheRASPLC at

300 93 (b

| 785nm1 %18%%1%@?&{ feg[7 @L%"h{@%ﬁaﬁm “%ﬁe}&g BR%%O}%%{‘ &K‘%@“g §%3%£1 0221 2
cm'; WV (h@gb—lfdfe@éd)tomv&mﬁ%)oug)ma 302 nm Retention tine (anal ytical
HPLC) 13.3 2 0 mn; NMR data, see Table 2 below, HRVMS (ESI) ~/z 323.1219

[calcd for C'H, StBorareMer) forgmintions of the pagsent ipvention3e prApArehecwAlimate f or
(2). 2 5 No,

¢onventional techniques adopted in the preparation of pharmaceutical forms for
parenteral use. Typically an appropriate amount of a compound of formula I or enol

20 tautomer thereof, or a prodrug of formula V either as a dry powder or in a lyophilised
form, is dissolved in a pharmaceutically acceptable solution for parenteral use. As an
example, a compound of formula I or formula V is dissolved in a suitable amount of
sterile water or aqueous dextrose solution, e.g. 5% dextrose in water for intravenous
administration. The above mixture is then stirred, sterilised, and subsequently

25 lyophilised according to conventional techniques. The freeze-dried formulation is
prepared and stored in vials for injection; the addition of an appropriate amount of
sterile water or a physiological solution for parenteral use enables the preparation of
the final formulation to be injected.

The above method is also suitable for preparing high dosage formulations of a
30 compound of formulaI or formula V. The unit-strength of the formulation to be

injected depends on the concentration of the active agent in the solution itself and, of



Base "'3C NVR Salt ' Base "'H NVWR Salt ~''SN Base "NMR L Salt
~N-1279. 8283. 1N2- CH336. 436. 43. 133.13132. 1130. 83150. 3149. 3N4-H7. 418. 0581. 378

. 630 WO 02/20525 PCT/CA01/01285
4a59. 260. 05162. 9161. 9N6- CH328. 228. 63. 013. 09142. 0142. 071 49. 6I 49. 5N8- CH329. 93
0.23.153.17111. 0109. | WD 02/ 20525 PCT/ CA01/ 01285 -20-No.'3C NVR H NVR 15N

NVR LBase Salt ~'Base Salt d Base Sal tl ~0.33333136. 3134. 1IN-1' 10.
602' 172. 6el 60. 12' -NHz7. 179. 45 87. 05 8a7. l85(3I—I)N—3 8.0285. 74' (4. 4b3.54. |
b94. 725’ 183 170.

10, S T 1.4 .
2. 8- Dt hy dr oINS GR e HTPR Pt A, oL Eg IR Rdudation, 615111 one
(2m‘3t hyl f er venul Q‘ﬁ@sdlﬁ])oraM%thiﬂa? Qbhtdin {dﬁefﬂévalt113l5@&tlv§5&§poﬁfH35 3380,
2963, 2935, 1728, 1694 (strong), 1666 (strong), 1615, 1541, 1473, 1437,

1385, 1328, dlllihms embﬁtosaﬁemmrsdcc;ham‘se{ wmw@yrmsmc%bﬁpptmmcnw eX 23
8, 417 nm tention t 5 (analytjcal HPLC) 10.0 m n; The NVR data are
provi ded in@ﬂﬁ%s f%é‘l tg]ﬁos(tqaéﬁl% cgma,gne@éné}r cRlc SRRetPA/ITar (3) at

N 1523 23k R0 PR a e e dt i b A, BT, D0 b
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WD 02/ 20525 PCT/ CA01/ 01285 -21 No. '3C NMR ' H NMR ' SN NVR a_CDO 3 DVBO- db
CDC13 DVBO #5TtspeEa? Bt ging-acid; Algjnafesrorsogiim staish glicakets: eHRivEARRE

t t
T dazol 4, cmuftucps A bhTR Neciefer NGB, such as ecitin. ahvsgrtelts 1 & (111 m
3433, 1767, la{.\ﬁqﬁﬂ hh@Zand] mlgbnefat Glon-td2133nd 5133%1&&@%{&@)“inach@éu@%ﬁlﬂs"'z0/ 0.1
%FA, PDA) meX 260 325 nm Retention tine (anal ytical HPLC) 11.0 mn.

The NMVRI@at tasedme pbarowwdah fnnmalbﬂl@ns4 Yo mmm@eutmmrmmmasmaym Table 4
"H,' 3C and' SN ta for at .295K. PCT/ CA01/ 01285 No. ?I»Cf‘ NVR H NVR SN
NVRCDC! 3DVEB2H IR EXHIRle PygRcass gEmpdng, granulating,

NESCHES0. 83t%bf%§mgﬁ§uzgé@$@£1 g%@%hﬁ%éf} Aﬁl%%eé% 4-231.
94al 50. 2150. 6NS- 025. 33. 373. 16121 8122. 810
61 53. 6153. 8N7- CHBR6liq S sal8tiGu Ror bl laGmir dtedich 33, 83 4yMipEemaulsibosai ned fi om

HVBC experinents. 15 dycocyamdine (5) HCl,salt. To the cSPLC fraction of
gl ycocyai ni%ldrﬁé‘Squéionflﬁ}e WAL BaY somtapl agicawries, fopexample cpecharose phr m {5 ng)

s, "1 . e B g weltylanilorzolh R (065 a) B 1728,
158.5, 48.1;"' H-' Bkt fiMRsBnblard th/eBudsids thay boit@6 abvBEes fof ekafiple, 31 /8 ¢

172. 8, 15 8.5. TFA salt: M SESI) n~lz 122.03 5 8 (calcd for M+Na, |22.03
30), natural gum, agar, sodium a ginate, pectin, methylcellulose, carboxymeﬂlylcellulose

or polyvinyl alcohol.
The suppositories may contain, together with the active compound, a
20 pharmaceutically acceptable carrier, e.g. coca-butter, polyethylene glycol, a
polyoxyethylene sorbitan fatty acid ester surfactant or lecithin.

The formulations comprising a compound of formula I or a prodrug of
formula V may optionally contain additional pharmaceutically acceptable excipients
for parenteral administration such as, for instance, bulking agents, €.g. lactose or

25 mannitol, pH buffering agents, anti-oxidant agents, preservative agents, tonicity
adjusters and the like.

The present invention is further illustrated in the following Example.

EXAMPLE 1: Isolation and testing of 2-methylfervenulone
30

General Experimental Procedure



199. 0951 (calcd for 2MtH, 199.0943, +4.0 ppm, 221.0747 (calcd for 2M+Na,
221 .0763). Its NWR spectra are identical to those of synthetic 5HC

[ obt ai nedvbw2rehs uxi ng t he guaaii di neacetic acid with 6 N HG/CAawo1g8sdays:
"H NVR (DVBO-d6) S 4.14 (s); "C NWR (DVMSO-d6) 8 172.9, 159.0, 48.5] and
conparable wth those 25 reported. Bioassay showed that 3,

2-met hyl fervenul one, is a potent PTP inkhbitor (see below). 1 axed 2 were
much weaker inhibitors, but it was found by HPLC anal ysis that the extracts

fromIM 2096 cont % of 3.
The TFA salts of T%daﬁg‘g Ea}rv{eé‘cpgut]?o Ur (gora?epﬂ:'t f% qgglgch fV#%ung V\n?lgd 0CI z to 3
0 r einove WALepasvididlize®tvith UTHizhE, r;@éﬁhrﬁﬁz'e%hl@'@Aﬁfnth §iliéh, 2 rirhfhickpl t, the

amount of 3 was esti mated bel ow 1 nmol e% by HPLC anal ysis) are inactive, but
becane acti \FéaSIafcplemnmlmmﬁggmphy ovaa gerformed witle biliaa (Mersk, B-230 aesPhsi bl e

for the acti t The effects of tro

ot it oc 4bb ksl Fotialickirions frefs wepe Vi AP s o408 Bt 01585 - 23
super f anig y polfiledS it e&@aogRs welttheBRRed a@tﬁratnﬂqmm&%f NEoEP&Sdsf i ¢ PTPs
which utilize an active SI teine in catalysis, were iInvestigated. The

resul t s ar e FEliR\{film or KBbbellds). b&llcblm 1Pand 2BDNMMR explanb:ehtecfoxa‘lH (40061 3PTPs
tested, wule 4, .a

dd dat i duct, of 3, had | bl
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phosphat s eghmtcalls(blftﬁear@ pxpragped & m pm rﬁwesﬁ@p@ﬁemh{qﬁvmeﬂlymma qué40.55

specificity Sh hat a I osel ? t he.

serinel/thr e&ﬁﬁ% %@;ﬁﬁﬁﬁ?’&e %[ #lge’&bﬁrﬁni‘%v‘ 3&1%3356 f%lb&%tﬁﬂgvé%horyl ate
phosphot yr ogyd, M@Nbewencﬁnéﬂs mezﬁsaﬁ HRRE fhectraivka delf@m@lmh@gt@v@ ClP were
assayed in the pr esénce and absence of conpounds 3 and 4. Wule ~, PP

aﬁtl vity waMicranagh7QHE mbknurnelﬁ(]{%)tnpdi’aParSepMs BiosystemstMaliney TOF As shown by
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protein tyrggfrfg\égﬁ%lgp g'tljlgeélefks]gn 6@?’%10‘6/%’1@%%1@}%02?]8%111?@ t hose whi ch enpl oy
an active site cysteine residue in their catalytic nechanism In

si de-by-side reactions, 3 inhibited the PTPs to al nost the same extent as
the cl as¥i cActinupycatsigsireel vanadate. The results of the 2 5 activity shown

by the proteins i,n the SENne odlurxr

ort hovanadat e ar &P Q?‘P&%ﬂgﬁeﬁ' tﬁgusgngﬁiﬁger?}ﬁrsﬁﬁlﬁP@&cﬂ%ﬁn%)fce Ut ehabl e effects
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their lack of effect on CP. O Table 5. Activities of protein
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4 and sodi um orthovan VWO 02/ 20525 _-24 01/ 012
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W O 02/ 20525 -25CLAIM5S 1. Use of a conmpound of fornmula (1): 5 O~N X ,NR
10 O PCTI CA01/ 01285 wherein each R, which are the same or different, is H
or C~- Co wiblogigs2and X conpletes a ring which is a substit waadcAoioamsne
havi ng one of the following 15 forrmulae (I11) to (IV): NNR~- NN N-NwW ~ w
NONOR NO2OR ) ( wherein R is Hor C--C6 alkyl; 2 5 or an enol
tautonmer of a conpound of formula (1) i.pgwhich airy of the groups Ror R

i s hydrogen; in the manufacture of a nedi canent for use as a protein

tyrosi ne phgsph o C
wherein the corrpo@ﬁ'g‘ 1(UTP5'|6 %rrﬂrfeﬁfhhg ) re pfé%xc%?at{ﬁ?govrm%ﬁg(? 88 tﬁljn?é m%
02/ 20525 - 26 &VolleNfINZ&RpLi Rbactmn@bvaﬂe ifdtiatdd By@ddingr 1€ LIL Rfﬁib@trﬂ'e igre as

defined in claim1l. PCT/CA01/01285 3. Use according to claim1 or 2,
wher ei n t heawsaypelierdo affitabeensentratianof 2 mivk Hidrfeagh/elats) 6m@fe@ncqacqm§phyl i soner

thereof. 5 4. ..Use accorgi tQ _an t ed erein the
. medi cament  PEN Bcfmﬂglélgﬂﬁ;ﬁwgﬁtplr?lﬁﬁ%&fed Ehh{] ”Lgr 0% @i‘erfdmt%h%‘? ai m 4,
wher ei n sheadididasRmsles. SAS @ bosifife LRl !B%TFTP%LQnﬂbthﬁmFrﬁMNaWOCﬁr ci none,
rhabdonyosar coma, ost'eogeni ¢ sarcoma or Ewi ng's sarcona. Usé accor di ng

to any one pd)tantrmhlbltDDoiSPTEshmaeadﬂddhe smmdmﬂsreBtankswdiksrcoaldmedﬁsﬂJﬂi%on in
conbi nation t p I?\I\}?ml? addi t aI hem)t her gpeuti.c a fnt 15 sel ected
from t axane™® ’é‘?‘glné %Kéﬂ nASsay “Q:ﬁWfTE?t QEEAChRsE OF GXperipents _

anthracyc! | g 9Ly RRLHSSFercft &%%eo?sqp %ggfagm e whid dehd @dibiBn AL POP! At | 1

and ci spl atin. accor to c ereln t canment further

conpri ses t peingab dheuttahé lingwity chﬁm&d&ﬁmpﬁeﬁwonﬁ@em:uoﬁﬁd&nhussqdaccor di ng
to any one of claims 1 to 3, wherein the nedicanment is for use in the
t r eat medf oﬁ%@@eaﬁ‘qf 48relminsdncubation at TRRBAPIEPHIEIIG THRPIAPRWETE Iedde precedi ng

claims, whefeh0ubify it amiRleeAURMer'(Waliad 1478 GRYSEOFSe BB, BF&L" at 1 on.

reference wells ranged between 0.7-1.2, which represents <10% conversion of the

substrate and falls within the linear part of the reaction. Percentage inhibition was
determined using the formula:

15 % Inhibition = [{(OD ref-OD blank)-(OD test-OD blank)}/(OD ref-OD blank)] x 100

Phosphatase assay:

20 The expression, purification, quantitation and storage of bacterially expressed
PTPo, PTPe, and PTPp have been described in the literature. All other PTPs
described in the text were purchased from New England Biolabs. Dephosphorylation
of pNPP was measured in 450 pL reactions containing 50 mM sodium acetate (pH
5.5, or pH 7 for CIP), 0.5 mg/mL BSA, 0.5 pM dithiothreitol, and 2 mM pNPP.

25 Reactions with IPP also contained 2 mM Mn?*. The RR-src peptide was
phosphorylated, and used at 2.5 uM in reactions with PTPa. All reactions were
carried out at 30°C and terminated during the linear portion of the reaction.

Microtitre plate-based screening demonstrated that the compounds of formula
(1) inhibited para-nitrophenyl phosphate (pNPP) and phosphotyrosyl RR-src peptide

30 dephosphorylation by >70% and >60%, respectively. One extract from the

fermentation broth of IM 2096 reproducibly exerted >60% inhibition of PTPa and on



WO 02/ 20S25 -27 PCT/ CAU 1/0128S 10. Use according to any one of clains 1 to
8, wherein the nedicanent is for oral admnistration. 11. A product

conpri si ngoazeaszpound of formula (1) or an enol tautoner SpdheAendi2ss
defined in claiml1 and a chenot herapeutic agent selected fi omtaxane,

t axane derivatives, CPT-11, canptothecin derivatives, anthracycline

gl ycosi des, etoposide, navel bine, vinblagtine, carboplatin and cisplatin,
as a conbi ned preparation for sinultaneous, separate or sequenti al

adr 01 St T at bgias bek Bubh SRR O mﬁgﬂgﬁcﬁp ERR, PTERIROPDS, WalSibel S

yl)-2, 4, 4a, Shdver) ahlyﬁmraZt a8 sdlédtetefoh firtley pinifickdibh, 4-a] - 1, 2, 4-tri azine-3, S,
7{ 6H)tr| one or an acid addition salt thereof. 15 13. Use of a conpound as
defined in claim 12 as a prodrug for 2 methylfervenulone. 14. A

phar maceut i eutically acceptable
carrier or Mm 12. 20 15. A nethod

of treatment ofga @%&d&’@éf&tﬁ@ﬂé&gﬁo&é}{m&&ﬁ%ﬁ@ﬂ ?étéﬂ,@a&lbﬁ%fhﬁ Ha t'elnt In

need t hereof an effective anount of a conpound ornu
/' N X, N R DM2006wieee es desesibéd By Wmlgehala(ledﬂdmealslafmdnbl Bidresr BI99, 23,s H or
C -C6 allryl WO 02/ 20525 PCT/ CA01/01285 -28 X conpletes a ring

which is a éZ%???)?Uteeaftmpmf?tﬁétrﬁa\l%%?%n%%*rwlpﬁlé3f\m5|r&%ﬁﬁ§ WasrisRlntsd (| 1)

oo 06 a1 rylomare Ay bbb TR alnl G S O S 1 Sy

of the groupspBties chtirattsriftidsfeprondes dhmthﬁﬂdﬁiﬁcplafﬂ Bbth @ertd] ahdn 15,
wherein the conpound of forrmula (1) has the following fornula (l1a): O- N N~
~ R N (10a) subsirate noy Rlivgse el deyelomda A mRiurhy straightodieing vith morel thimaaL 5.

spores were formed on the aerial mycelium. The colour of the aerial mycelium was
white and that of the substrate mycelium was light brown. No diffusible pigment
was produced on ISP 2, ISP 3, ISP 4 and Bennett medium plates. The cell wall
peptidoglycan contained a major amount of L-diaminopimelic acid. The complete
15 nucleotide sequence of the 16S rRNA gene of IM 2096 was determined for
phylogenetic analysis. IM 2096 was found to have the closest phylogenetic
relationship with Streptomyces albulus, and the 16S rRNA gene sequences are 97%
identical between the two organisms. On the basis of morphological,
chemotaxonomic and phylogenetic evidences, we assigned the actinomycete strain

20 IM 2096 to the genus Streptomyces.

Purification procedure

The bioassay active fermentation broth (4 L) was freeze-dried. The solid
residue was extracted with MeOH (2.5 L x 2), 10% H,0 in MeOH (2 L x2) and 20%
25 H,0in MeOH (1 L x 3) at room temperature. The bioassay active extracts were
combined and concentrated under reduced pressure below 35°C. The wet residue
(about 1/3 of the total) was first mixed with silica gel (70-230 mesh) and freeze-dried
then applied on a silica gel (230-400 mesh) column. The column (internal diameter, 6
cm; sample layer height, 4.5 cm; fine silica layer, 6 cm) was eluted with ethyl acetate
30 in hexanes (0%, 250 mL; 50%, 250 mL; 100%, 250 mL x2), MeOH in CH,Cl, (0%,
250 111L;c2; 50%, 250 mL x2; 90%, 250 mL x2; 100%, 250 mL x 3), 10% H,O in



17. A nmethod according to clainms 15 or 16, wherein the conmpotnd of fornula
(1) is 2-methyl feivenulone or a nethyl isomer thereof. 18. A nethod
accordi ngvoo2asgsof clains 15 to 17, wherein the cancer i $oM&EsI/068Hs0N
carci noma, rhabdonyosarcona, osteogenic sarcona or Ewing's 2 5 sarcona.

WD 02/ 20525 -29 19. PCT/ CA01/ 01285 A nethod according to any of clains 15
to 18, wherein the conpound of fornula_{4.) is adnmi nistered in conbination
therapy with an additional chenotherapeutic agent selected fromtaxane,

taxane deri gy oIEBK %Vgl%gafmtﬁ%h&fs'ms P'tﬂéio% @9@%%&@@&3&' | ne

gl ycosi des, etop |de I ne, 5 vinblast carboplatin and cisplatin.
10 15 20 25CBIQC2})we11é crmuﬁlmﬂmﬁdvam&awéhﬂom3a°¢pmdbi redicdeiressurehi ch et hod

«conprises admnistering to a patient in need thereof an effective anmount of
a conmpound of fUP"n%hOé(e(f‘F%‘dueRV@ tprther fraquignated\eithepbyaseml-preparaivRVaigsich are

e et O GRIeATbguibged e 2 690 phoBite Bl er Ly SABRLE fp8a Prad'9 10!
(1'V) 1 N-B~ RovalPhk R, bblend (&pm,N.&nk x 500 mmeﬂcm fatdR mIgmith, @blvedt C6 al kyl ;

or an enol tautonmer of a conpound of formula (1) in which any of the groups

Ror R is Mﬁ@}ﬂg@wr) or by B2tobela Prp 4009 syen /cquipged with aR%ret hod
? gﬂ)(r)\?v: Rg }@}(ﬁﬁ(ﬁg&% ?réziy H\é}?crtgrl, {]151}1,0? ﬁrep%?va%a‘f( Igf{C]: socroirulljmx se(gnzenga(% um,e25
mm x 310 mm; flow rate, 21.2 mL/min; solvent A = water, B = MeOH; 0-5 min, 5%
B, 5-30 min, 5% to 30% B, linear gradient, 30-40 min, 100% B). Fractions
10  corresponding to different peaks were freeze-dried. Two of them were found active in

the bioassay. These were labelled 1 (105 mg, overall yield from the 4 L of
fermentation broth) and 2 (73 mg).

Identification of compounds extracted
15 The isolated 1 and 2 were unstable and contained ca 6%-10% of 3 by HPLC

analysis. The latter could be removed and isolated by simply washing 1 and 2 with
CH,Cl,. 1 and 2 could also be further purified by HPLC (25 mm x 310 mm column,
flow rate, 20 mL/min, MeOH/Water containing 0.1% TFA) to give their TFA salts.
The purification also provided a yellow fraction (ﬁmnly 3) and a polar fraction

20  which was confirmed as glycocyamidine by MS (ESI).

Crude 3 obtained from washing 1 and 2 with CH,Cl, and HPLC fraction was
purified by preparative TLC (silica, ethyl acetate/MeOH/CH,Cl, = 30:9:1, developed
twice) to give 3 (12 mg) and 4 (5 mg).

1 and 2 did not contain any sulfur (by MS) or phosphorous (by *'P NMR).

25 They have the same nominal molecular weight (ESI, M+H = 323) and this was
further confirmed by LC/MS. Their NMR spectra were very similar, therefore, only
the interpretation of the spectra of 1 (see Table 1) is discussed in the following text.

The "H NMR of 1 in DMSO-d; showed four active proton signals at 8 8.02, 7.85,

7.46, 7.17 and four non-exchangeable singlets at § 4.05 (1H), 3.06 (3H), 3.09 (3H)
30 and 3.12 (3H). No cross peak was found in the COSY experiment. The *C NMR

and DEPT spectra suggested 1 has 11 carbons: 3 methyl groups, one methine, one



O\ /NN-N~R (la) N ' OR Owherein Rand R are as defined in claim15.
5 22. A nethod according to clains 15 or 16, wherein the conpound of

formul a (Wb 028e2snet hyl f ervenul one or a methyl isoner thergef,cadidoizgds et hod
according to airy of clains 15 to 22, wherein 10 admiusteraiion is via the
I ntravenous route. 24. A nethod according to any of clains 15 to 22 wherein
adm nistration is oral adm nistration. 25. A process for producing a
conmpound whi ch is 2-mnethyl fervenul one or 4a- (2 am no-5 -oxo-4, 5-dihydr o-3

H i m dazo | 2,4, 4a g

ri ety - pyibieeey eifo ndorhes qRRKBRY satpoR intoeraner of IS TR ocess
conprises: (ype daBomBITANIE 1, NTi '$RUC mc%é R aﬁ%n%d&ﬁ%‘!—lad}ﬂ ¢gor ganic
salts, strain St~eptor~zyces sp. | M 209 RRL 3033 or a nutant thereof
whi ch produsigsala. @omh@:tsfay@f&mrgamaidtruanrb Was establighedtbylH- @ &IMBICd conpound
fromthe fernmentation broth 26. A process according to claim25 which
fiuther conprpeiBers eRtbnali/gd Habcross-peaks [N2- CH3 (6 3.12)/C-3 (5 149.4), C-8a (8

4a- (2- am _no- 5- 0- 3H i m dazol 4, 4a,8-tetrahydro-2,6,8 2
S r ot By 11398 ety HOAO G BN 716 130 uonsl €25m (814 B NiiEH: i S08HCae ¢

w00t on S0 ) Q2 0% 3, LS R0s, BSTLCRBH O g Ak ow €21 1
e ot USRS S LA AT 8 5% 1 B i A 11

yl pyrim dokge4-€e]-1,2, 4-triazine-3,5 7(6H) -trione. 28. A process for
fermenting strain Sn~ epto nyces sp. I M 2096 (NRRL 30334) or a nutant
thereof as defi Asdhd NMR &ifonn®fipn whiaieddran 6 snd Sifmices svab fof emonghtd ng
strain Streptonyces sp. | M2096 (NRRI, 30334) or a said mutant thereof in a
source df0 cRFYME thy .exml&gc@nn%vﬁaﬂys PIHRQS and SIMBY experimenigveren A9, A:

& AND. A8 ANO.cA ANO-AEHE B0 A, AR, B8 REOE ASE 300 Pk Bl A200. A
H-3' (8 8.02)/N-3' (6 84.7)], the other two active protons provided no cross-peak as
they were too broad. The HMBC experiments (optimal J = 8 and 4 Hz) showed more
cross-peaks [H-4' (8 4.05)/N-4 (8 81.3); N2-CHj, (6 3.12)/N-1 (& 285.3) and N-2 (8

15 130.9); N8-CHj; (8 3.09)/N-8 (8 108.7); N6-CH, (8 3.06)/N-6 (8 143.9). "N peak at §
285.3 suggested the existence of a pyridine-like nitrogen (=N-). Clearly compound 1
has a structure of a two-ring system with a side chain. As the molecular weight of 1
is an even number (322) with the possible formula suggested to be C,;H;4N¢,,0,,
only X =2 with Y = 4 satisfies the requirement. HRMS (ESI) further confirmed the

20 formula C;;H;,N;O, M+H, m/z 323.1222, caled for C;,H;sN;O, 323.1216). The two
"invisible" nitrogen atoms not detected in the NMR spectra are most likely to be in
the side chain, which has the formula C;H,N;O. Among all the possible structures
derived from the formula C,H,N,0, glycocyamidine (5) is the best match with
respect to the NMR data. In order to confirm the structure of 1, the TFA salt of 1

25 was further investigated. The 'H-*C and "H-"*N HSQC experiments of the TFA salt
of 1 gave more connectivity information than that of the free base. With optimal J =
2 Hz, the '"H-'3C HMBC showed good correlation through 4, 5, even 6 bonds; the 'H-
SN HMBC experiments also showed very important correlations through >/ and /.
1 and 2 have similar NMR spectra and data. 2 is the diastereomer of 1, and they can

30 interconvert. This is due to the acidic 4'-H which causes epimerization to occur
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Formation of 5 was also confirmed by NMR. In a DMSO-d, solution of partially
decomposed 1 or 2, free 5 was identified by the appearance of a proton at § 3.60 and

30 it correlates with carbon at § 49.8 (CH,) in HMQC experiment and with carbons at &
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(1): TFA salt. The salt contains TFA salt of 2, the ratio of 1:2 is 90.1:9.9 (by HPLC
at 300 nm): yellow powder, [0]**;-10.5 (¢ 1.0, MeOH); IR (KBr) 3380-3210 (br),
1783, 1724 (strong), 1676 (strong), 1540, 1440, 1382, 1203, 1139, 1024 cm™"; UV

20 (MeOH/H,0/0.1%TFA, PDA) ., 295 mm; Retention time (analytical HPLC) 14.3
min; NMR data, see Table 1 below.

Table 1 'H, "*C and "N NMR Data for (1).”
25 No. BC NMR 'H NMR PNNMR *
Base © Salt ¢ Base © Salt ¢ Base ¢ Salt ¢
N-1 285.3 286.0
N2-CH, 36.4 36.4 3.12 3.12 130.9 130.8
3 149.4 148.9
N4-H 7.46 8.17 81.3 77.4
30 4a 60.6 60.4
5 164.3 162.9

N6-CH, 28.2 28.53 3.06 3.09 143.9 142.7
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“ Measured in DMSO-d; at 295K, all the 'H peaks are singlets; * Data

obtained from HSQC and HMBC experiments; ° Base = neutral or free base; ¢Salt =
TFA salt; © not visible in 1D *C NMR, obtained from HMBC experiment.

5910%4& ()

15
(2): TFA salt. The salt contains TFA salt of 1, the ratio of 1:2 is 32.3:67.7 (by HPLC
at 300 nm):yellow powder, [0]*, +2.8 (¢ 1.0, MeOH); IR (KBr) 3390-3193 (br),
1785, 1724 (strong), 1676 (strong), 1540, 1441, 1382, 1203, 1139, 1024 cm™; UV
(MeOH/H,0/0.1%TFA, PDA) A, 302 nm; Retention time (analytical HPLC) 13.3
20 min; NMR data, see Table 2 below; HRMS (ESI) m/z 323.1219 [calcd for
C,,H,sN;O, (M+H), 323.1216].

Table 2 'H, ®C and "N NMR Data for (2).¢
25 No. BC NMR 'H NMR N NMR *
Base®© Salt ¢ Base © Salt ¢ Base © Salt ¢
N-1 279.8 283.1
N2-CH, 36.4 36.4 3.13 3.13 132.1 130.8
3 150.3 149.3
N4-H 7.41 8.05 81.3 78.6
30 4a 59.2 60.0
5 162.9 161.9
N6-CH, 28.2 28.6 3.01 3.09 142.0 142.0
7 1496 1495

N8-CH; 299 30.2 3.15 3.17 111.0 109.1
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10 @b e de See footnotes of Table 1.

2,8-Dihydro-2,6,8-trimethyl-pyrimido]5,4-e]-1,2,4-triazine-3,5,7(6 H)-trione (2~
methylfervenulone (3): yellow solid; IR (KBr) 3568, 3536, 3435, 3380, 2963, 2935,
1728, 1694 (strong), 1666 (strong), 1615, 1541, 1473, 1437, 1385, 1328, 1312, 1247,
1032 em™; UV (MeOH/H,0/0.1%TFA, PDA) A, 238, 417 nm; Retention time

15 (analytical HPLC) 10.0 min; The NMR data are provided in Table 3 below.

20
Table 3 'H, ®C and "N NMR Data for (3) at 295K.
No. BC NMR '"H NMR SN NMR “
CDCl, DMSO-d, CDCl, DMSO-4, CDCl, DMSO-d,
25 N-1 323.2 314.6
N2-CH, 42.1 41.2 391 3.74 187.3 181.9
3 150.8 152.6
N-4 - -
4a 143.6  145.1
30 5 157.0 157.8
N6-CH, 29.7 28.7 3.51 3.33 155.3 152.6
7 148.9 149.2

N8-CH;  29.6 28.9 3.54 3.34 109.8 110.5
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U&' () -/ KWOW/@Eed0% UL ()-0Y(10% U& ()-0Y(10% U& () - T: +10PCTERA010%285& () -/ K
yWO0Y(10% U& ()-0Y(10% U& ()-0Y(10% U& ()-0Y(10% U& ()-xH. 10Y(10% U& ()-/K
yW OY(10% U& ()-0Y(10% U& ()-0Y(10% U& ()-0Y(10% U& ()-0Y(10%

e bl

U& ()-& e5.1/K ] yW OY(10% U& () - 00Y(10%1U& () - 0Y(10% U& () - 0Y(10%
U& ()-0Y(10% U& ()-')/56789sY)/K ]yWOY(10% U& ()-0Y(10% U& ()-0Y(10%
U& (

) - OY( 109, 5C NMR 'HNMR N NMR *
CDCl, _DMSO-d, CDCl, _ DMSO-d, CDCl, _ DMSO0-d,
8a 137.0___ 1317

“ Data obtained from HMBC experiments.

5 2,5,7-trimethyl-2,7-dihydro-5H-imidazo[4,5-¢])-1,2,4-triazine-3,6-dione (4): pale
yellow solid; IR (film) 3433, 1767, 1679, 1622, 1510, 1465, 1338, 1201, 1020 cm’;
UV (MeOH/H,0/0.1%TFA, PDA) A, 260, 325 nm; Retention time (analytical
HPLC) 11.0 min. The NMR data are provided in Table 4 below.

10



EEEES

<<<
VEEE

Ro

NN NN

)
)
)
)
) -
V4
0
0

-0Y(10% U& ()-0Y(10% U& ()-9>?@JToP)/ K ]yWOY(10% U& ()-0Y(10%

-0Y(10% U& ()-0Y(10% U& ()-0Y(10% U& ()-0Y(10%

- TUWwbgbiex2B* / 0Y(10% U&' () -0Y(10% U& ()-0Y(10% U&' () -KMi(dQ0fr01285

-0Y(10% U& ()-(0Y(10% U& ()-/K JyWijlrxyzsY?*/0Y(10% U& OY(10%
0Y(10% U& ()-0Y(10% U& ()-(0Y(10% U& ()-(0Y(10% U& ()-/K

{ | wX9*/ OY( 10%0Y( 10% U& () - 0Y(10% Uss() - 0Y( 10% U&' () -0Y(10% U& ()-/K

Y(10% U& () - yncX70Y(10% L10%-& ()- 10 U 10 U 10 UOY(10% U& ()-/K

Y( 10%@?@
-# +0l

10

15

20

25

30

e OY( 1068 ki ~TeAC KR e 3@ 109 & ()- 71 O @ 10%

No. BC NMR TH NMR BN NMR *
CDCl, DMSO-d, CDCI, DMSO-d, CDCl, DMSO-
N-1 2933  288.1
N2-CH, 408 399 3.74 3.56 166.7  163.8
3 1544 1535
N-4 ; 231.9
4a 1502 150.6
N5-CH, 260 253 3.37 3.16 121.8  122.8
6 153.6  153.8
N7-CH, 26.1 257 3.34 3.163 1052  106.5
Ta 133.3 1340

¢ Data obtained from HMBC experiments.

Glycocyamidine (5) HCI salt. To the HPLC fraction of giycocyamidine, HCI (IN)
was added to give 5 in the HCI salt form (5 mg): white solid, "H NMR (DMSO-d) 6
12.20 (br s, 1H), 9.49 (s, 1H), 9.04 (br s, 1H), 8.82 (br s, 1H), 4.11 (s, 2H); *C NMR
(DMSO-d) § 172.8, 158.5, 48.1; 'H-BC HMQC & ;;4.11/6 ; 48.1; 'H-®CHMBC & 4
4.11/6 - 172.8, 158.5. TFA salt: MS (ESI) m/z 122.0358 (calcd for M+Na, 122.0330),
199.0951 (caled for 2M+H, 199.0943, +4.0 ppm), 221.0747 (calcd for 2M+Na,
221.0763). Its NMR spectra are identical to those of synthetic 5-HCI [obtained by
refluxing the guanidineacetic acid with 6 N HCI for 6 days: 'H NMR (DMSO-d;) &
4.14 (s); C NMR (DMSO-d,) 8 172.9, 159.0, 48.5] and comparable with those
reported.

Bioassay showed that 3, 2-methylfervenulone, is a potent PTP inhibitor (see
below). 1 and 2 were much weaker inhibitors, but it was found by HPLC analysis
that the extracts from IM 2096 containing 1 and 2 were contaminated with about 6-
10% of 3. The TFA salts of 1 and 2 were further purified by washing with CH,Cl, to
remove trace amounts of 3. The fresh solution of 1 and 2 (TFA salt, the amount of 3
was estimated below 1 mole% by HPLC analysis) are inactive, but became active
after prolonged storage. It is clear that 3 is responsible for the activity of 1 and 2.

The effects of 3 and 4 on the in vitro activities of several members of the PTP
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superfamily, representing receptor and non-receptor tyrosine-specific PTPs which
utilize an active site cysteine in catalysis, were investigated. The results are shown in
Table 5 below. At 1 uM, 3 inhibited all the PTPs tested, while 4, a proposed
degradation product of 3, had negligible effects on PTP activity (Table 5). Although
5 all receptor PTP catalytic domains (€D1D2, CD45, aD1D2, and LAR-D1) were
inhibited to a similar extent (83-85%), the degree of inhibition exerted by 3 on the
non-receptor PTPs tested was more variable, with about 65% inhibition observed for
TC-PTP and 90% for Yop.
To examine whether 3 could inhibit the activity of phosphatases not
10 belonging to the PTP superfamily, APP, a dual specificity phosphatase closely related
to the Type-1 and -2 serine/threonine phosphatases but with the ability also to
dephosphorylate phosphotyrosyl proteins, and the non-specific alkaline phosphatase
CIP were assayed in the presence and absence of compounds 3 and 4. While APP
activity was inhibited about 50% by 3, it was unaffected by 4. As shown by the
15 comparative data in Table 5 below, neither compound had any detectable effect on
the pNPP phosphatase activity of CIP. Reactions with CIP were performed at a
neutral pH instead of a slightly acidic pH used in the measurements of the other
enzymes. At this pH, while 3 has no effects on CIP activity, it continues to behave as
a PTP inhibitor for both Yop and aD1D2 (results not shown), ruling out the
20 possibility that the neutral environment plays a role in nullifying the inhibition by 3
on phosphatase activity. Thus the inhibitory action of 3 is specific to protein tyrosine
phosphatases, but is not exclusive to those which employ an active site cysteine
residue in their catalytic mechanism. In side-by-side reactions, 3 inhibited the PTPs
to almost the same extent as the classical PTP inhibitor vanadate. The results of the
25 activity shown by the proteins in the presence of 3 and 4 compared with sodium
orthovanadate are shown in Table 5. The virtually indistinguishable effects of 3 and

vanadate also extended to the dual specificity APP, as well as to their lack of effect on

CIP.

30 Table 5. Activities of protein phosphatases in the presence of 1uM of

compound 3 (2-methylfervenulone), 4 and sodium orthovanadate.
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Phosphatase [nM] 3 4 Na; VO,
Yop 0.1 10+£1.0 95+4.0 14+1.0
eD1D2 1.0 1740 9+1.0 18%2.0
CD45 1.0 1525 96+ 1.0 14+ 0.5
TCPTP 1.0 344+1.0 99+2.0 31+5.0
aD1D2 5.0 17+ 1.1 98 : 0.5 24+1.5
LAR-D1 5.0 17£2.0 97 £1.5 26+1.0
A\PP 50 4820 10060 4930
CIp 0.5 100+1.0 99+£40 98+3.0

Reactions were carried out as described in the Experimental Section. [nM]
refers to the concentration of phosphatase assayed. The numbers indicate percentage
activities relative to respective control reactions without addition of 3, 4, or Na,VO,.
The numbers represent the average of the activities measured with three separate

enzyme preparations, each of which was assayed in duplicate + S.D.

At 50 uM or 100 uM, 3 showed no antimicrobial activity against
Mycobacterium smegmatis, Staphylococcus aureus, Escherichia coli, Enterococcus
Jfaecalis, Proteus vulgaris, Pseudomonas aeruginosa, Candida albicans, or

Curvualaria sp.
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CLAIMS

L. Use of a compound of formula (I):

o

N N
SO
R” N
10 O

wherein
each R, which are the same or different, is H or C,~C; alky], and
X completes a ring which is a substituted triazine having one of the following

15 formulae (II) to IV):

N. _R N. Na
LA, LA I
X /k\ X /k\
N o N" “or N 7o
Rl

20
(D (I (v
wherein R’ is H or C,-C; alkyl;
25 or an enol tautomer of a compound of formula (I) in which any of the groups R or R'
is hydrogen;
in the manufacture of a medicament for use as a protein tyrosine phosphatase (PTP)
inhibitor.
30 2. Use according to claim 1, wherein the compound of formula I has the

followiﬁg formula (la):
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O\ N /N\N _R'
/K 0
N ~
R/ N O
O
wherein R and R' are as defined in claim 1.

3. Use according to claim 1 or 2, wherein the compound of formula I is

2-methylfervenulone or a methyl isomer thereof.

4. Use according to any one of the preceding claims, wherein the

medicament is for use as an antitimour agent.

5. Use according to claim 4, wherein the medicament is for the treatment
10 of human colon carcinoma, rhabdomyosarcoma, osteogenic sarcoma or Ewing’s

sarcoma.

6. Use according to any one claims 1 to 5, wherein the medicament is for
administration in combination therapy with an additional chemotherapeutic agent
15 selected from taxane, taxane derivatives, CPT-11, camptothecin derivatives,

anthracycline glycosides, etoposide, navelbine, vinblastine, carboplatin and cisplatin.

7. Use according to claim 6, wherein the medicament further comprises
the said additional chemotherapeutic agent.
20
8. Use according to any one of claims 1 to 3, wherein the medicament is

for use in the treatment of type II diabetes.

9. Use according to any one of the preceding claims, wherein the

25 medicament is for intravenous administration.
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10.  Use according to any one of claims 1 to 8, wherein the medicament is

for oral administration.

11. A product comprising a compound of formula (I) or an enol tautomer
5 thereof as defined in claim 1 and a chemotherapeutic agent selected from taxane,
taxane derivatives, CPT-11, camptothecin derivatives, anthracycline glycosides,
etoposide, navelbine, vinblastine, carboplatin and cisplatin, as 2 combined

preparation for simultaneous, separate or sequential administration in the treatment of

cancer.
10
12. A compound which is 4a-(2-amino-5-0x0-4,5-dihydro-3H-imidazol-4-
yl)-2,4,4a,8-tetrahydro-2,6,8-trimethyl-pyrimido[5,4-e]-1,2,4-triazine-3,5,7(6H)-
trione or an acid addition salt thereof.
15 13.  Use of a compound as defined in claim 12 as a prodrug for 2-
methylfervenulone.
14. A pharmaceutical composition which comprises a pharmaceutically
acceptable carrier or diluent and a compound as claimed in claim 12.
20
15. A method of treatment of cancer which method comprises
administering to a patient in need thereof an effective amount of a compound of
formula (I):
25 Ill
0]
Yy
X )
R/N N
o)
30 wherein

each R,'which are the same or different, is H or C,-C, alkyl, and
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X completes a ring which is a substituted triazine having one of the following

formulae (IT) to (IV):
N.. R N Ns
X XX, X
X /L\ )\ /L\
N" "o N" “or N o
Rl
(I ey Iv)
10
wherein R' is H or C,-C; alkyl;
or an enol tautomer of a compound of formula (I) in which any of the groups R or R’
is hydrogen.
15 16. A method according to claim 15, wherein the compound of formula
(D) has the following formula (Ia):
0\ N /N\N _R
/K (Ia)
N X
R’ N 0]
0]
wherein R and R' are as defined in claim 15.
20 17. A method according to claims 15 or 16, wherein the compound of

formula (I) is 2-methylfervenulone or a methyl isomer thereof.

18. A method according to any of claims 15 to 17, wherein the cancer is
human colon carcinoma, rhabdomyosarcoma, osteogenic sarcoma or Ewing’s

25 sarcoma.
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wherein R' is H or C,-C; alkyl;
or an enol tautomer of a compound of formula (I) in which any of the groups R or R’

30 is hydrogen.
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24. A method according to any of claims 15 to 22 wherein administration

1s oral administration.

15 25. A process for producing a compound which is 2-methylfervenulone or
4a-(2-amino-5-ox0-4,5-dihydro-3H-imidazol-4-yl)-2,4 ,4a,8-tetrahydro-2,6,8-
trimethyl-pyrimido[5,4-e]-1,2,4-triazine-3,5,7(6H)-trione, which process comprises:
(1) fermenting in a source of carbon, nitrogen and inorganic salts, strain

Streptomyces sp. IM 2096 (NRRL 30334) or a mutant thereof which produces

20 the said compound; and

(i)  1isolating the said compound from the fermentation broth.

26. A process according to claim 25 which further comprises converting
the 4a-(2-amino-5-0x0-4,5-dihydro-3H-imidazol-4-yl)-2,4,4a,8-tetrahydro-2,6,8-
25 trimethyl-pyrimido[5,4-¢]-1,2,4-triazine-3,5,7(6H)-trione into an acid addition salt
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