- 6 , MAY 2005 WD 02/20525 PCT/ CA01/01285 -1- NOVEL PROTEIN TYROSI NE
PHOSPHATASE | NHI BI TOR The present invention relates to the use of ~ § MAY 05
2-met hyl f ervenul one and structurally rel ated conpounds as protein tyrbé?%@“
phosphat ase (PTP) inhibitors and 5 their use in the treatnent of diseases
or disorders nediated by protein tyrosine phosphatases, in particular
cancer and WP®925dj abetes. It also relates to the prod®ET{CHHI/HRSS

2-met hyl f ervenul one and novel diastereoneric precursors thereto by the
fermentation of a novel mcrobial strain, and to the use of the precursors
as prodrugs for 2-nethylfervenul one. 10 “boval ent nodi fi cati on by tyrosine
phosphoryl ation is nai-ar  aechani.sm £ oyl at i i ons of
proteins invol ved iﬁ" ' ”gﬁ_gjgégg c% (it ,fﬂ%%ggﬁbﬁ ggéal and

pat hogeni ¢ processes. It is reversibly controlled through the dynamc
actions of protein tyrosine kinases (PTKs) and phosphatases (PTPs).

Nurrer ous and specifﬂﬁeP%ﬁﬂbﬁﬂ@ﬁ@n6ﬂﬁP¢K§mh§9éf%@@ﬂwf@@@ﬁ%@ﬁaﬁ%d tested as 15

t herapeutic ag fosdd ' o Ry : iversity
of tho PP anirFuasfi sl foRBi s HBR ey e B S b b B

posi tive redul diednse df the cedtnatal dis¢agesadr ldisnglepahdidimydbyanateintyrognd ai n human

di seases, indicates that. thes hosphat ases. are al so prom sing targets for
t her apeuti ¢ naﬁ&ﬁ@ﬁﬁﬁ?&ﬁ?p mﬁ%Vmb %ﬁﬂfgfaﬁfv?lﬁﬁﬁﬁﬁaﬁﬁéub16tein tyrosi ne
phosphat e 20 p?fbﬂﬁ&ﬂﬂN&Q%@ﬁﬁﬁ:gveﬁﬁ@ﬂe ABY%oPE dthisiéledBidrit peQridl B8eklBsses based
on their structural organisation. Cass | contains the non-receptor

mol ecul es poss éwsempniation pyd roveloaicepbial pteain) apdifothg fsrof BxpngshsoPEP | B, TCPTP,
SHP-2). d ass | 1QE$ Ing receptor-1like transnenbrane proteins.
Cass I conta?%% 5§:§F§§ﬁ§§§%ﬁﬁpg cytoplasm c catalytic domain such as
PTP(3 (HPTH®B). C a€svdidnt nwdifiogion batgrodifephoRfholyMdR]onHPd Rajor kedHakismHEeT P6,
HPTPc, DPTP, DLAR and ssess two r.e eaﬁe%. putative catal ytic domains in
the cytopl asni EEPEERSCIIEHRS Graroddnn By ingulpletProtdotia

OVer - expr essi 0ghafolbdital bRCMORENIL bitBestidMaNs RUE8ibly( ddbiéleeh thesgH the i n

persi stent activation of %960' The ki nase activity of pp601"1 is
dynamic actions of protein tyrosine kinases (PTKs) and phosphatases (PTPs).

Numerous and specific inhibitors of PTKs have been isolated and tested as
15 therapeutic agents against human diseases. In addition, the large diversity of the PTP
superfamily and the demonstrated roles of several PTPs as positive regulators of
cellular signalling pathways and in certain human diseases, indicates that these
phosphatases are also promising targets for therapeutic manipulation.
PTPs may be more fully termed as protein tyrosine phosphate
20 phosphohydrolases. They may be divided into three classes based on their structural
01'ganisation. Class I contains the non-receptor molecules possessing a single
catalytic Idomain (for example PTP IB, TCPTP, SHP-2). Class II and III PTPases are
receptor-like transmembrane proteins. Class II contains PTPs with a single
cytoplasmic catalytic domain such as PTPB (HPTPR). Class III members are LCA,
25 LAR, HPTPa, HPTPy, HPTPS, HPTPe, DPTP, DLAR and possess two repeated
putative catalytic domains in the cytoplasmic region of the molecule.
It has been found that over-expression of the receptor-like human PTPa
(HPTPa) results in persistent activation of pp60°*°. The kinase activity of pp60°=* is
specifically and transiently increased during cell mitosis and repressed during
30 interphase. Loss of cell cycle control of pp60**© occurs upon mutation of Tyr 527 to

Phe or when pp60°** is associated with polyomé middle-T-antigen, and these



specifically and transiently increased during cell mtosis and repressed
during 30 interphase. Loss of cell cycle control of pp60""" occurs upon
mutation of Tyr 527 to Phe or when pp60'-" is associated with pol ydnray 2005
m ddl e- T-anti gen, and these - 6 MAY 20010 WD 02/20525 PCTI CAO /01285 - 2-
conditions result in cell transformation or tunourigenesis. This indicates
that PTPa B9 %% ion as an oncogene. An inhibitor of PPPA/GA1ANKET ef ore of
use in the treatnment of a tunour exhibiting an el evated | evel of pp60"
ki nase activity.. PTP inhibitors may be used to treat a turnour exhibiting an
el evated | evel of 5 pp60c-s'c kinase acfivity. Any tunmour which has
abnormal ly active or overactive ppW1llc, which may be a result of PTPa
overexpre33|oﬂx@ﬁﬂ@V%ﬁﬁ@tﬂwéﬂH@ﬁﬁmﬁmUW@lﬁmwn@@ﬂwﬁayTbéHﬁN@ﬁﬁé@ipmﬁe t-urmour

Ty be a t U W ANRLARIEHCA O cim AGk bYDE X dOLGR FangL, be account ed

for by a proportional 1ncreas nmours include human

col on car ci nongeatméralbflo myosaetibitng aﬁ)?ele&@t@@l&vel ol Ppéar-domBe aniditEw ng' s
sarconma. I n particular nhl bitors iir%)s"fe used in the treatnment of human

col on carci nona whitch RibYeFE maRps dsefBsreat o HmONT RivRiiReAR sigasA sy el ofhe
nhi bi tor s BRY,ihex R1ALNGHSEH ol BRLIRRRIR achRl Aitehal cancer

Protein tyrosi phosphat asés are al so associ ate type I'l diabetes
(Non- i nsul i n pépefidenth JDa)ab@aewlﬂ\ﬁlPﬂ‘Puuserémm)u ovistaDiDMtips inthe of t he nost

15 comon net abol i ¢ _di ordr nthelnd strial ated with the
di sorder are dySt% ﬁaﬁef‘nn%%(?a Ré&w u5fng?’§§Fg‘m%ﬁ'ét;’tmcﬁesased@p%gar di ovascul ar

di sorders and dcewig} whidy Sidochd aammﬁmrmbyqar@oﬁgjnﬂahmeheé acips0thaholgad to the
devel opnment of djabetes are tissue resistance to the effects of insulin and
al tered secr et 4R taroOyHBGufebungs calopepcinAmeRPERdPRY eI ORARMEOEFiese i ncl ude

zi nc ions, 1yanadalesng HethgASsarcdfla SRdaHTLRE LRABRACHE ué’é?lqn c3RAMmiHS Ssuch as
phenyl arsi ne oxi de. These ‘conpounds ™ are, however, "fairly toxic. The present

i nventi on seekd humaproion creciadpmawhiah isvie @T@mOStrﬂqnmom(bP@amabmlanay Have

reduced t oxi Ci. een.found that t|on of a strain of
Strept oi nyces %%brcors 111&9%161? ore% Psed mt% greatme lo E:E;"’ttarr.lf__)1 a OI ite which is

active in a PTP I nmr@bhﬁirysméﬁﬁyphatases are also assoc1ated 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

@



25 The netabolite has been identified as 2-nethyffervenul one, also referred
to hereinafter as conpound 3. This conpound and closely rel ated str@omrals
anal ogues thereof may be used as inhibitors of PTP. Accordingly the present
i nvention provides the use of a conpound of formula (1): - 6 MA) 2005 WO
02/ 20525 PCT/ CA01101285 -3- 0O YNX M R NO wherein each R which are the
same or di fM®ROSSis Hor C-C alcyl, and X conpl etes aPFF@%Hith is a
substituted triazine having one of the following formulae (11) to (1V): N
ITN N, NI N-OR R 5 wherein R~is Bor C-C6 alkyl; or an enol

taut omer of a compound of formula (1) im3which any of the groups Ror R is
hydr ogen; in the manufacture of a nedicanent for use as a protein tyrosine
phosphat ase (PTP) 10 inhibitor. In a preferred enbodi nent the conpound has
the following fornula (la): WO 02/ 20525 PCT/ CAO /01285 -4 O Y~N'rN~-X~ R

o \\Q\/

each R, which are the same or different, is H or C,-C; alkyl, and

wherein

X completes a ring which is a substituted triazine having one of the following

formulae (II) to (IV):
r T
SUDGIDSY
b
(I (I )

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;

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):



0O wherein Rand R are as defined above. A G-C, alkyl group may be, for
instance, Cl-C, ancyl such as nethyl, ethyl, i- propyl, n-propyl, s-Hutyl s
t-butyl, n-butyl or i-butyl. In formulae (1) and (1la) Rand R!', which are
the, sarne or different, are preferably selected from hydrogen, nethyl 5 and
ethyl. In a‘garticularly preferred enbodi nent each of Rand R in fornula
(1) or (1a9LFe same. Most preferably each of R and REFECARYHIS. when
each of Rand R in fornula (1) is nmethyl the conmpound is 2-

met hyl f ervenul one when X is a ring of fornmula (1D as defined above and is a

nmethyl isomer of 2-methylfervenulone whén X is a ring of formula (111) O
(I'V) as defined 10 above. The conpound of formula (1la) is

2- met hyl1f ervenul one when each of Rand R is nethyl. 2-nethylfervenulone is
2,8-dihydi-o-2,6,8-triiiiet|IyI-pyaniido[5,47ej-
1,2,4-triazine-3,5,7(6h)-trioneQ\\ ﬁ&@ﬁﬁcan1arise when any of R and R

in formula (1) or (la) as defined| aboyve i§ hydro@n. Thus, when there is an
NI -1 group at the (L-position relHtiyv Q 15 carbonyl group the conpound
can exist as either the keto taif omdf orNthe%nol tautoner. In practice one
tautomer tends to be nore stable than the other and therefore predom nates.
Al the chem cal structures are depicted herein in the keto form but the
enol tautoners are also enbraced within the scope of the present invention.
20 The conpounds of forrmula | are knovvn conpounds and can be synthesi sed

by nethods described in the literature or by appropriate nodifications of
such synt heseghegsh Rend dhare ps dedined attowehni ques. For i nstance, the synthesis

of 2- rnethylfervenj Joze dits nethyl. isoners.is described Tayl or and
Soninske s 1 Sour ar e gk Rl B A pb SRR S oA RS b BERDYIRY, O 000
The 2 1- 6 Kl Ayopd@QBprop¥l) DRAMABRRy1 REHHAR 1502 88 forbrulaaol) hyd 1€y endil one
obt ai ned synthetically as described in this docunent was identical wth the

natural Iy occdtr Vg &8 Msoame ondtferentnarp Ripdsretdy sect diop drqeseIsthy poi nt |

5 and ethyl. In a particularly preferred embodiment each of R and R’ in formula (I) or
(Ia) is the same. Most preferably each of R and R’ is methyl.

When each of R and R’ in formula (I) is methy] the compound is 2-
methylfervenulone when X is a ring of fofmula I as defined above and is a methyl
isomer of 2-methylfervenulone when X is a ring of formula (IIT) or (IV) as defined

10 above. The compound of formula (Ia) is 2-methylfervenulone when each of R and R’
is methyl. 2-methylfervenulone is 2,8-dihydro-2,6,8-trimethyl-pyrimido[5,4-e]-
1,2,4-tniazine-3,5,7(6H)-trione.

Tautomerism can arise when any of R and R' in formula (I) or (Ja) as defined
above is hydrogen. Thus, when there is an NH group at the a-position relative to a

15 carbonyl group 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

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



m xture nmelting point; nnr, uv, and ir spectra; tlc) and in biol ogical
properties. The processes described by Tayl or and Sow nski may be 2ﬂafp§d
by known 5 net hodol ogi es to obtain other conpounds of formula (1) i« Y.2d6hn
R and X are Hor C, -C6 al kyl other than naethyl. In the present invention
2-met hyLf ervenul one was identified as a PTP inhibitor by high-throughput
screeni ng o 0P ¥idonycete extracts. It was isolated from PQHC_R%REEt of a

m croor gani sm whi ch has been designated I M 2096 and which was 10 identified
as a strain of the genus Strepionyces on_the basis of the taxonony data
described in the Exanpl e bel ow. The i crobial strain Streptonyces sp. I M
2096 was deposited_by the Institute  of Ml|ecular and Cell Biology of 30
Medi cal Dri ve,ln@?ﬁ&a%ewgnmb%w S@ﬁﬁg&@bﬁéewrﬁﬁ@@rtﬁé ﬂemﬁaraléﬂé%@er%%t y at
the Agricul t urgfy tﬁgﬁﬁﬁﬁﬁyoéﬁﬁl\f@%&n%ﬁ%ﬁﬁ lﬁ:ﬁh}lsﬁﬁfﬂi%r%é (&%B?Eéoin’t,n Il1inois,

USA on 24' August 2000. Ric deposited stralin was "assi gned reference
nunmber NTRRLT n8x08 myldng pent nantustdandnr spectra de)abd @l biglbgiadl prapettze.9%hal so
produces the novel c qQur i d .

4a-(2-amilio- grosseseq deabipey %’X/E PRoAd ISP parReAdsRiet by KROWa t ot i al i ydro-2, 6,
8- tlinethyd - pydiudodeiedtodobgin dther, cbnipbin@izionRmaul (IF (:Bwhich Rial ReaefH 6h exi sts
as two 20 diasteregners, referred to bel ow as conpounds | and 2. Conpounds |
and 2 degr ade ©1ém 2pbrthgdbangnghytet hy1f er venul one. They therefore have

utility as prodrugs, @f pRsenfBlBHh IHERNEONSBAdwaRSertitiel as § PPN anot her

aspect of the present invention. Accordingly, the present invention fu rther
provi des 4a- ( 2ahalriton by Bigbxtlrodghput screening of actinomycete extracts. It was isolated from
diliydro-:")Hin-

Yo el o o B AT B LR oyt 1
thereof. TIU S idehtiBétasiaStreih of tHergehsaeybiny0 on tie b ofNMle taxoMhPO@At20525
PCT/CAQL) Olzséles-c?ii)ed 1n the Exampie below.

The microbial strain Strepromyces sp. IM 2096 was deposited by the Institute
of Molecular and Cell Biology of 30 Medical Drive, Singapore 117609, Singapore,
under the Budapest Treaty at the Agricultural Research Service Culture Collection

15 (NRRL), inIllinois, USA on 24™ August 2000. The deposited strain was assigned
the reference number NRRL 30334.

Fermentation of microbial strain IM 2096 also produces the novel compound -
4a—(2-amino—5.—oxo-'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(6 H)-trione which exists as two

20 diastereomers, referred to below as compounds ! and 2. Compounds 1 and 2 degrade
on storage to 2-methylfervenulone. They therefore have utility as prodrugs of 2-
methylfervenulone and, as such, form another aspect of the present invention.

Accordingly, the present invention fuﬁher provides 4a-(2-amino-5-oxo0-4,5-
dihydro-3H-imidazol-4-y1)-2,4,4a,8-tetrahydro-2,6,8-trimethyl-pyrimido[5,4-e]-

25  1,2,4-triazine-3,5,7(6H)-trione or an acid addition salt thereof. This trione is of

formula (V):

30



N6 4al H3C NO O050-13NH N=-4 | NHI H 10 As nentioned above
and di scussed in the Exanple which follows, fornula (V) exists in t~‘."§’ .
di astercoineric forns. These are conpourids | and 2,. which can MAY 2005
interconvert 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 f8PHES%\re not assigned. 15 Conpounds | and ZSIMI)I22conpose
to 2-met hyl fervenul one, conpound 3. They can therefore be formulated in a
pharmaceutical conposition and admnistered to a patient as prodrugs of
2-met hylf erverm one. Accordi ngl t he pr &ent invention further provi des
the use of a trione of forrmla%?) as defined above, or an acid addition
salt thereof, as a prodrugOfor I2- neNhyl f@&krvenul ol i c. A pharmaceutical 20
conposition corriprising a %ﬁgrﬁ% ehgﬁially acceptabl e carrier or diluent

and a trione of formula (V)nas 8efjned above, or an acid addition salt
thereof is also provi ded.HBCThe sEnt “pnvention further provides a Process
for the preparation of a conpo ich'is 2-n@®bhyl f ervenul one or

...... Hy

i mdazol-4-yd)-2,4,4a.8-tetral -iy -2,6,8-triii-iethyl-p'
rimdo[5,4-ej-1,2,4-trjazinc- 5 3NBl 7(61-1)-trione, which process
conprises. (i) fernmenting, in a e of carbon, nitrogen and inorganic

salts, strain Streptomyces sp II\/I'ZO%TI’( RRL 30334) or a nutant thereof
whi ch produces a said conpound; and g

10 As mentioned above and discussed in the Example which follows, formula
(V) exists in two diastereomeric forms. These are compounds 1 and 2, which can
interconvert due to the acidic 4'-H which permits epimerisation to occur easily. Asa
result, the two chiral centres 4a and 4' in the above structural formula are not
assigned.

15 Compounds 1 and 2 slowly decompose to 2-methylfervenulone, compound 3.
They can therefore be formulated in a pharmaceutical composition and administéred
to a patient as prodrugs of 2-methylfervenulone. Accordingly, the present invention
further provides the use of a trione of formula (V) as defined above, or an acid
addition salt thereof, as a prodrug for 2-methylfervenulone. A pharmaceutical

20 composition comprising a pharmaceutically acceptable carrier or diluent and a trione
of formula (V) as defined above, or an acid addition salt thereof, is also provided.

The present invention further provides a process for the preparation of a
compound which is 2-methylfervenulone or 4a-(2-amino-5-ox0-4,5-dihydro-3H-
imidazol-4-y})-2,4,4a,8-tetrahydro-2,6,8-trimethyl-pyrimido[5,4-€]-1,2,4-triazine-

25 3,5,7(6H)-trione, which process cdmprises.

@) fermenting, in a source of carbon, nitrogen and inorganic salts, strain
Streptomyces sp IM 2096 (NRRL 30334) ora 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—’[1'1' azine-3,5,7(6H)-trione may be



(i1) isolating a said conmpound fromthe fernentation broth. 10 O If
desired, 4a-(2-ai-nilio-5-0x0-4,5-dihych-o0-3Hii-nidazol-4-yl)-2, 4,488y 005
tetrahydro-2,6,8-ti-inieflayl-pyiiii-~do[5,4-cl-1,2,
4-triazine-3,5, 7(6H-trione may be - 6 w~ WO (12/20525 PCT/ CAO fO 285 -7-
converted into an acid addition salt thereof. For instance, suitable salts

i ncl ude sal %9 %%#%H i norganic or organic acids. The trifl GOFEAOEIIRS aci d
(TFA) salt is particularly preferred. As indicated, the present invention
al so enbraces the use of nutants of the 5 above m croorgani sm For exanple,

t hose which are obt ai ned by natural sel eckion or those produced by nutating

agents includin i.sing r, t.ion such _as ultraviol adi

chemi cal mutag %dﬂtozfg Fﬂg %E%f?&ﬁ166?‘}%??%“1?%345?&%’5‘? sr"’%éi‘ﬁ@ﬁ??tsare al so
included wi thigid n%rg?amlal offfanichtRs.| THEGREERRecedRid m&%mp@ bdelihgy provides
a biologically pure culture of Streptomyces sp. 209 or of” a nmutant

t her eof whi ch pefsgeées 2-i net hylfervenul one and 4a- (2-

am no- 5- oxo- 4, 5- di hydr

TH i nai dazol - 4yl ) & Gdated the present ipyenton,also eyniyraces, the e of mutagss gfthe 4 5 4 o0
|,2,4~trjaz i5n63b3v5m'7c(r@dhéém§1ﬁ] F@ra:em;ﬁegeﬁbsewhkumb&ﬁz&dwbﬁtmwwﬁby of I ee

fromother m croorganl sps. The invention, alsq provides a process for
fermenting StiPestBARrCEbYHUtaling agepts mofusgdoniingradighon sHep ahtleipieth process
conpnses 15 feraBptd, Bgcﬂrﬁ@aﬂ’hﬁ%X&%ﬁclﬁd% mﬁMoEQz@lﬁiugm%eslﬁ{queMeﬁﬂt arlbhereof in
a source of carbon, nitrogen and inorganic salts. Assim | able sources of
car bon, n|trogaiwmdddqwhw@mﬂsanﬂ?ydﬁénqnnmmhded by elther SI nmpl e or conpl ex
nutrients. Sources fe cva1 n%,: r (g] c}gcaﬁg 1lljld%ul PSE tmmaltos :
starch, glycerol, nold8ses XN PO SHE Fose FUCt oS8 “C8r boxyl i ¢
20 aci ds, ao nov a09eds of gmumt thdeef wlableﬁ:bﬁvdlcss 2ﬂlekﬁjrfeﬁ/eﬁnd1e\mgeh@l e oils.
Sources of carhbon vmll%%glnerall . cornpri ki fromO 5to é%)%by wei ght of the
fermentation, AHBEPIHP PEHe-35 Hdazp o ¥ 2 428 tﬁ%ﬂ@’@%ﬂ? HeEFte soya bean

meal , corn st %1&1&6{5’,@%?—11,2,4—.tr1azme -3,5,7(6H)-trione. Such cultures are substantially free

from other microorganisms. The invention also provides a process for fermenting
Streptomyces sp. strain IM 2096 or a said mutant, which process comprises

15 fermenting Streptomyces sp. IM 2096 or a said mutant thereof in a source of carbon,
nitrogen and inorganic salts.

Assimilable sources of carbon, nitrogen and minerals may be provided by
either simple or complex nutrients. Sources of carbon will generally include glucose,
maltose, starch, glycerol, molasses, dextrin, lactose, sucrose, fructose, carboxylic

20 acids, amino acids, glycerides, alcohols, alkanes and végetable oils. Sources of -
. carbon will generally comprise from 0.5 to 10% by weight of the fermentation
medium.

Sources of nitrogen will generally include soya bean meal, corn steep liquors,
distillers' solubles, yeast extracts, cottonseed meal, peptones, ground nut meal, malt

25 extract, molasses, casein, amino acid mixtures, atnmonia (gas 01; solution),
ammonium salts or nitrates. Urea and other amides may also be used. Sources of
nitrogen will generally form from 0.1 to 10% by weight of the fermentation medium.

Nutrient mineral salts which may be incorporated into the culture medium
include the generally used salts capable of yieldihg sodium, potassium, ammonium,

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

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



distillers solubles, yeast extracts, cottonseed neal, peptones, ground nut
meal , malt 25 extract, nolasses, casein, amno acid mxtures, amupug {gas
or solution), amoniumsalts or nitrates. Urea and other am des may al so be
used. Sources of nitrogen will generally formfromO. 1 to 10% by wei ght of
the fernmentation nedium Nutrient mneral salts which may be i ncorporated
into the cuPyP@'Redi uminclude the generally used salts ad@IBF yi el di ng
sodi um potassium amonium 30 iron, magnesium zinc, nickel, cobalt,
manganese, vanadi um chrom um calcium copper, nolybdenum boron,
phosphat e, sul phate, chloride and carbondte ions. 1 6 roomL Onj'o WD
02120525 PCT/ CA01/01285 An antifoam may be present to control excessive

f oanmi ng and added A anfifgapypay ke pesentde contebexcrsivaterts 61 a88e %e conduct ed

at tenperatur LI rom20'Cto 400C, preferably at about 30'C, for
one day to t\/\glﬁ\?\llrevg{%g%[%rug%cgr ably for about 7 days. 5 The separation of

2- met hy 1f eTvenul on&eamhtdtioe cali lssdoadmted astemperd@rel 2angingfmm 20°C to 40°C,
5-o0x0-4,5-diliydro-3Hin-~ ol-4-y])-2,4,4a,8-tetrahydro-2,6,8-trineth3rl -
pyrinidc)[5, 4PE l?lﬁ_,ah@tfoluf g@%nér %‘}%JZHQNQGWOWQB%%BI T ’_Oﬁéb‘f”é;] 8%t ati on brot h
and their gecover Yhé Sepafdibh 6£0-idthyBvaRIohe Ald B EhdkbRsts Bphal-%vmin&y _
application of chromat ograshl c fractionations with various chronmatographic

t echni ques and-&et4EAtydE- idpapl-4 The. btmbpistiabisire-a, 6 Serimetighb-m have t hus been
isolated in thj e PTP. 1 nhibi . A

bi oassay dermﬁgl?rfla isriéé—eﬁ?\’e’ i ﬁ??f%ﬁéﬁbr{}r%n%aﬁ(@ﬁ @?Ee;fmg-q%{rﬁrﬁr%%@ﬁéfﬁ%xrrvenuI one
i s described rdvovdre ifoaangl @t bhsadtent éxplattvaSollcveddly iappiication afeed of a PTP
inhibitor may therefore be treated with a _conpound. of fornul 1), or an
enol taut omer FRBFEEFP sf?a&g?l?a%’&‘ Bb%?%%%iﬂ%ﬁﬁ??haﬁuﬁ?mgﬁé)v%ti ent
rnay therefy l@ﬁtéﬂﬂ?rﬂl‘é%mp&ﬁ@h%&:\ﬁ@foﬁn hiRenisbéenisbigRd iPhRwiAges a method of
treating a patient in need of PTP inhibitor which nethod conprises the

admi ni strati on t hefemgowfdsgf formpla o areiFd) ipkibiggrs. o bjogasay Apepstrgmedhe conpound
Che. prosent | Bom o e e Bt o P i ml a1 or
enol taut oner fdlleese éf paisnide hegded 2 X8 ghibi®r oep thetefort betrtatad with a
compound of foumﬂa (I), or an enol tautomer thereof, as defined above. The
15 condition of the patient may thereby be improved. Accordingly, the invention
provides a method of ﬁeating a patient in need of PTP inhibitor which method
comprises the administration thereto of a therapeutically effective amount of a
compound of formula (I) or enol tautomer thereof as defined above.
In accordance with the present invention a medicament comprising a
20 compound of formula I or enol tautomer thereof as defined above is used to treat a
PTP mediated disease or disorder. For example, a compound of formula I may be
used to treat a tumour, in particular a tumour with increased pp60°™* activity.
Examples of tumours which the compounds may be used to treat therefore include
human colon carcinoma, rhabdomyosarcoma, osteogenic sarcoma, and Ewing’s
25 sarcoma, in particular human colon carcinoma. In particular a compound of formula
I, or a medicament containing it, may be used in the treatment of colorectal cancer.
If desired, a compound of formula (I) or a tautomer thereof, as defined above,
may be used as an antitumour agent according to a combined chemotherapy regimen.
Thus, in one embodiment the invention provides the use of a compound of formula
30 () or a tautomer thereof, as defined above, in the manufacture of 2 medicament for

administration in combination with an additional chemotherapeutic agent. For



PTP nmedi ated di sease or disorder. For exanple, a conpound of fornula I may
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conprising a conpound of formula and one or nore chenot herapeutic agents
selected fr om zmb«aln@r ntoag@n@owenapmp pgets, sele@PT ﬁomIaxagammam mmyes
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si mul t aneous, viskpsainaf @rloplasie ghtiiplain aadrmﬂbmédﬁbpammmriortshﬁultam&aisnent of a
turnour. Such a conbi ned Ba aration for instance, b$ used.for

treating col or¥BFAI® % St I ERteLAn ﬁffr’r?ﬁtrﬁ agEmee SHSASOMORy ent | on

the nmedi canent e dnShad fR msﬁage@@yﬂ&d@& tle@ifBdofordctdledcie used in the
treatnment of type 11 di abetes. 15 The invention farther provi des a met hod of

treatment of cancerlnahpiber erbofiownt Gokd peseaidsventing e stedichhetcompripag fent in
need ther eof %nﬁ:foﬁlﬁ& bt B3P Hl% bé)\flsef’l1 in the treatment of type II diabetes.

15 The invention further provides 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) as defined above. The method of treatment preferably
administered compound of formula (Ia) as defined above. The compound of formula
(1) is preferably 2-methylfervenulone or a méthyl 1somer thereof. Cancers which

20 may be treated using the method of tﬁe invention include human colon carcinoma,
rhabdomyosarcoma, osteogenic sarcoma or Ewing’s sarcoma. In the method of the
invention, the compound of formula (I} is suitably administered in combination
therapy with an additional chemotherapeutic agents selected taxane, taxane
derivatives CPT-11, camptothecin derivatives, anthracycline glycosides, etoposide,

25 navelbine, vinblastine, carboplatin and cisplatin.

The invention further provides a method of treatment of type II diabetes
which comprises administering to a patient in need thereof an effective amount of
compound of formula (]) as defined above. The compound is preferably a compound
of formula (Ja) as defined above, more preferably 2-methylfervenulone or a methyl

30 isomer thereof.

A suitable dosage of a compound of formula I is typically from 0.1 to 30
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In one embodiment of the invention the said compounds are formulated for

intravenous use. As such, the formulations can be administered to patients either as a
15 slow injection, e.g. over about 30 minutes to about 3 hours, or as a bolus injection,
also referred to as I'V (intravenous) push.

The parenteral formulations of the present invention are prepared according to
conventional 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
exarnple, 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 formula T 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
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The suspensions and the emulsions may contain as carrier, for example, a
natural gum, agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose
or polyvinyl alcohol.

The suppositories may contain, together with the active compound, a

20 pharmaceuntically 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 ﬁlay optionally contain additional pharmaceutically acceptable excipients
for parenteral administration such as, for instance, bulking agents, e.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




ni anufactured in known manner, for exanple by nmeans of m Xxing, granulating,
tabl etting, sugar-coating or filmcoating processes. The liquid sol Blwa’gla_rm or
oral administration may be, e.g., syrups, enulsions and suspensions

syrup may contain as carrier, for exanple, saccharose or 15 saccharose wth
gl yercine and/ or manni tol and/or sorbitol. The suspensi ons and t he enul si ons
may contain WA ier, for exanple, a natural gum agar’, PO gi nat e,
pectin, nictlayleellulose, carboxynetjaylcellulose or polyvinyl alcohol.

The supposi tories may contain, togetlier' Aitli the active conmpound, a 20
pharmaceutically acceptable carrier, e. gl.z‘coca butter, polyethyl ene gl ycol,

a pol yoxyet byl ene rb| tan acid st er rfa nt. gr lLe hi The
formul ati ons conpr i- ﬁmBS‘B'rﬁP}d%‘d“‘E?PatF PlRiGF: e?n‘lld é\? ‘ 16@%6663%166 formula V
nmay optional | ¥, QPEHo@é \nsuaﬁl.gtutmmv hlgﬂtaf)ﬁ?&%%ls‘éﬁé kMdﬁ&Pﬁlﬁ&E@t}hﬁn%@k)P' ents
for parenteral “4dri ni stration such as or instance, bulking agents, e.g.

| act ose or 25 Fiash n@ltnaih ClupHaMfafpb}’ anpq@erntctmﬂaﬂtwa-@&mdaﬁ@ 23yerit280-

preservative 0 diust ers resent invention
is farther il I%gg )egpgcagf%%ofno O R Wﬁ%FEES&g@MEE&?PgHFEOI ati on and

testing of 2- rPBIahml‘feﬁrIMﬁmﬁ @e&raB@Rﬁeﬂe[@brdEakpzﬁhhmmEmE&stles 1. WO
02/ 20525 PCT/ CAQ /01285 C was carried out on precoat ed ?l at es:

anal ytical (MEF é&(fl%f”é%é%é’lelkéb “Pﬂéﬁ’&)m &g gPMNVIRFae s 8F th(40V 18 ght ;

preparative- sm@ BA0i6% MHS) dnbi SR (4b. 5§M{zt)hh8@wereg$tﬁﬁéﬁ &P BARer
chromat ography was perfornmed with silica (Merck, 70-230 and 230- 400 nesh).

Qpti cal rot at FORSNG@ErE0 deialdvdd SRECtieIgtey A @P&BD@D}@?I@PMS Pol ari met er.
(i1 mor K Br CRe oG B AR B e A P 0. 13
MHz) , ' 3C (A OGChddiciVisizifts areaxprdbsed bh jipm fkdriye tolintemial taeareetiphitiBhe) €W @0l55a. Br uker

MH2z) chemical shifts were obta.inéd from 2D experiments and are calibrated with

80% MeNO, in CDCl, as 380.2 ppm. HRMS spectra were determined using a VG

Micromass 7035E instrument (EI) and a PerSeptive Biosystems Mariner TOF

spectrometer (ESI). Analytical HPLC was performed on a Hewlett-Packard 1050Ti

15 series equipped with a diode array detector, using a C,g column (ODS Hypersil, 5

pm, 4.6 x 250 mm) and linear gradient elution (flow rate, 1.0 mL/min; solvent A,

0.1% TFA in water; solvent B, 0.1% TFA in MeOH; solvent B increased from 5% to

60% in 20 min and ﬂlen from 60% to 100% in additional 5 min).

20 Actinomycetes extract:

Approximately two thousand different strains of Actinomycetes were
fermented in 6 different types of 10 mL liquid media for 7 days at 30°C. Each
culture with its cells and supernatant was extracted by adding an equal amount of
100% methanol and incubating overnight at 30°C. The extracts were filtered and the

25 Afltrates freeze dried in 2 mL aliquots for long term storage at -70°C.

High-throughput screens: (HTS)

HTS for inhibitory activity towards PTPa was performed in 96 well plates
(Nunclon). Dephosphorylation of the substrate (pNPP) was measured in 180 pL
30 reactions/well in assay buffer containing 50 mM sodium acetate (pH 5.5), 0.5 mg/mL
BSA and 0.5 mM dithiothreitol. The purified eﬁzyme PTPa (0.3 pg/well) and
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met hanol ) weré prel ncubate Inin at roomte rature 1n a volume
of 170 W Rea&iH,BOsafieers-6D mins iatwbdtidnyat achah tegrp@i@turd. Theplaksibstereade i n assay

buffer to a final .concentration of Z‘WVII E ach ph%t 6 r.ef erence control
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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, PTP¢, 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 uM 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 pM 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 phosphotyrosy! RR-src peptide

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

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



met hanol, 2 rnM pNPP in assay buffer and no enzynme. For each set of
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strain 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,0 in 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,CI, (0%,
250 mL ;{2; 50%, 250 mL x2; 90%, 250 mL x2; 100%, 250 mL x 3), 10% H,0 m



I M 2096 were as described by Wang et a]. (Industrial Mcrobiol. Biotech
1999, 23, 178-18 7) The actinonycete, strain |IM 2096, fromwhich 3 was
purified, was isolated froin a soil sanple collected in the Singap8rét 2005
Botardc Garden. Its colony exhibits properties characteristic of
Streptonyces on ISP 4 nmedium plate. Both aerial and 10 substrate naycelia
were wel | dW@dREHRYH. At maturity straight chains with norBEEHHEROMES spores
were formed on the aerial nycelium Tile colour of the aerial nyceliumwas
white and that of the substrate mycelium Nvas |light brown. No diffusible
pi gmrent was produced on JSP 2, JSP 3, 18P 4 and Bennett nedi um pl ates. The

cell wall pepti | ycari _contai neqd a maj or anmount of |-di am nopinelic acid.
The conpl ete %qq—ggpé 'H%)_'ggﬁ%ﬁé‘ﬁ% aghony éuailég?er MO@’@M@{%W 2096 was

det erm ned fOCHzéﬂy\baG%&ﬁBﬁngd ﬁf&%’vé&:%l-a?ed &Wﬂﬁ@w@éré&e&ﬂn&s@uﬂaave the closest
phyl ogenetic rélationship Afth Streptonyces al bulus, and the 16S r RNA gene
sequences are 97%hejabevd iegidie Wastiuwthen fredtionatedeithenzng sme-preParatifeeWatess s of

nmor phol ogi cal cheni ot axonom.c | agenet | Vi ces _assigned the
act i nor nycet 23 lfr: %Yl‘g{r%m 3PP Rf‘é’&@%%@@éﬁgﬁﬁ? @?‘?Cé’ﬁl(%gn&cggqlg urPfication
procedur e TBheNbvSRSSHRCCacbiue (6 @myestnah ik 300 bingtflow(rdtel2)mivasn, fsoleere- dri ed. The

solid residu extracted wt OH .5 L x 2), 10%1-120 in MeOH (2 L
x2) and 201/ o&e‘@ﬁW@rﬁbioﬁg}%%@? Bﬂ!‘\%r%&ip SY%%F‘@%&P%%“&%% The bi oassay

active extrachgotyBb LRyakeas: e paAlgRC yedemn keAusads pLeESSUr e bel ow
35'C. The wetf)resi due ?gbout %%f%t he total )Hwas fisfésilt m'qxgd with silica

gel (70-230 mawhy 3dhant flewzete 2ol / minsalvapp +edtearP a MaOH; @25 gist, 5¢230- 400
mesh) col um. ;Th | Jdptgrnal. di aneter . . | ayer height, 4.5
cm fine sili %ag]?%)?/nglrl’%mcjr%/g @hlgl%%l%% ed ’\t?\nStLLP’Q ngfl ’r11§?Ir6]7 a%)gtrﬁg%cgm i n hexanes
(0% 250 ni0: &E%spdndbid tortiffeldOpéak2bEe fkezeAyied. NibtoHbitlenCMAC@ind@8Gve iR50 ni L

x2; 50% 250 x22; 90% 250 .100% 250 . X , 10% HOin . 6 W
02/ 20525 MUCAGE Pepssy; Eﬁ#”?rglﬁ"@éfPE 1>£? mgaﬁéragéiﬁl‘%/ég‘flﬂé?&%ﬁs (usual |y the
10% t o 90% Mefbinbdlatidattréeh) andWRIEmeRbi ned and evaporated bel ow 3 O C under

reduced pressure, The above residue was further fractionated either by a
sem -preparative Waters

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 (;nainly 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) o.r 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 & 8.02, 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



600E system equi pped with a 990 phot odi ode array detector (PDA), using a
Prep 5 Nova-Pak HRCI? colum (6 gm 7.8 mmx 300 nun, flow rate 2 mji mngo
solvent MeOH/ water) or by a Waters Delta Prep 4000 system equi pped WI th a

996 photodi ode array detector, using Prep Nova-Pak HRC s col unm segnments (6
~irri, 25 nun x 3 10 rrm row rate, 21.2 niL/mn; solvent A = water, B =
MeOH;, 0-5 nmWR 028513~ 5-30 min, 5%to 30%B, |inear gradP@EHEANIBIRBA0 ni n,
100% B). Fractions 10 corresponding to different peaks were freeze-dried.
Two of themwere found active ill the bioassay. These were | abelled 1 (105
nmy, overall yield fromthe 4 L of fernerdfation broth) and 2 (73 ny).

| dentification of Conpounds extracted 15 The isolated | and 2 were unstable
and cont ai neddedeBewcay9n gfd Bhapy qHBEGaryrdYindhe 1Thge of amideror ewidive be renpved

and isol at ed hya: H%{EX& d al so be
further puri f%ﬁ W%E@? nl%ﬁeonfg n%%engf;{%%&gne% ﬂ%h@Haa “8%%0 i nL/ mn,
MeOH WAt er cosigadlfi Qguwlctivity ¥ thE pirtibletgive vtzehestablﬂéﬁé& IsadH-3C HMBE purification
al so provided a yellow fraction (msu nly )DZY a polar fraction 20 which was

confirned as @FW&W?%(HP Enild = O oNrasspedp 2@%&3 32849 Atk Fotaashi ng 1

and 2 with CH n ur|

(silica, eéhyf %’ §‘? )e%(@%%&e 27 @q?%ﬁg éb%&\/@%é@ﬁ E{L@ﬁéﬁ@& give 3
(12 nmg) and 4 ) f or
phosphor ous (Z))@é/i%é)le\l/I&?Caﬁ@ 8 @{thgég@{)g? @al?;g)é%?nbrggpémp}?gc'\ﬁ)sar ~vci ght
(ESI, MH = 328).3a0®Rat(bil $4.SYasd cf-w(s l5e15);conid 7.080C-By (.34 Gnd Tligi(s NVR
spectra were verg simlar, therefore,, only the interpretation of the
spectra of | @8k Table 1) is discussed in the following text. The 'H NWR

of .1 in DNSO'd S %ﬂ]h&l@% T Eéﬁ/@otaﬁé}ﬂ?&n%gﬂ?’bén@élelava@ng 1012%1314) 7. 46,

7.17 and four non-exchangea e singlets at 8 4. 3.09
(3H 0 and03. m@vidd ke enhie conmstvifye &k’ %HSQGMHMB@ ﬂ@ems ewperl ment. The "C

o oo CEPT SRt Speuica L Loee,y Ssbbon . B b 90uPS,
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 /= 8 and 4 Hz) showed more
cross-peaks [H-4' (6 4.05)/N-4 (& 81.3); N2-CH, (6 3.12)/N-1 (4 285.3) and N-2 (&

15 130.9); N8-CH, (8 3.09)/N-8 (8 108.7); N6-CH, (5 3.06)/N-6 (6 143.9). 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;,Ne,,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;0, 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;HN;O. Among all the possible structures
derived from the formula C;H;N,0O, 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-"*C HMBC showed good correlation through 4, 5, even 6 bonds; the 'H-
>N HMBC experiments also showed very important correlations through >/ and 4J.
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



guat ernary carbon and ot her 6 quater nary car bons in the range of am de or
am dine type carbons (Table 1). The 'H"C HMX experiment assigned, the CH,
and CH signals- Connectivity of the partial structure was establi S&']MQYW
"H"C H-MC experinent (optimal J = 6 Hz) cross-peaks [N12-CH3 (5 3.12)/C 3
(5 149.4), CB8a (5 5 134.8, weak); N8 CH3 (8 3-09)/C7 (8 149.6) and CSa (5
134.8); No_ ¥AP2H28 06)/C 7 (8 149.6) and C-5 (8 164. 3) ; PGHUAL10%285
4.05)/C 5 (5 182.8), CG2'(5 172.9), C5 (5 164.3), CSa (5 134.8) and C4a
(5 60.6); H4 (5 7.46)/C-8a (5 134.8) and C - 4a (8 60.6)_ As the NWR

i nformation obtained fi-orn 'H and "C ntdtei was not enough to 10 provide
the entire connectl vity, "H"N HSQC and HVBC ex%erl nments were perforned-

The HSQC spect®silys HuiaaBeulivie EYoeiraheesiess gt (-4¢ 26 O awypenessignel g13) ~- ~1-T (8

8.02)/N-3' (8 84. 7)(1andiE&%s&hﬂ@'inDN@S@%&%&OI%@%&@ﬁbW&%‘I%@mHO cross-peak as
they were too broad. The HNMC experinents (optimal J ~ 8 and 4 Hz) showed

nmore Cross- pdaqhéor{bwfhﬁn(eschlm@@m mddhe(XEneBlTBgy ard\Ti@tabiedn QCBu‘fibniQ\)'altbl\T 1(8
285. 3 d N 5 5
306 o (5 1A, IVBRP iy oA gbo e RN et Pl cay &

pyridi ne-li%ke wﬁshmggﬁrpal(nﬁn\y alecoﬁb@aﬁhm@ommgclz, thél?élloar ﬁaetcﬁbhcwsre of a
two-ring systemwth a side_chain. As_the nol ecul ar_wei ght of i S an even

nunber (3-42) Sepa¥ed figm haedipike “I“‘B‘?‘Wilawﬁ%fﬁ’éé’faéﬂu%l@dﬁ’éf P@fipa{amﬂ% xOy, only
X=2wthyY 'to%xvé@%@fl.' es the requirenent. HRVS (ESI) further confirmed the
20 formMaC, ,H ,N 04 (MtB, i Ti/z 323.1222, caled for Cl|HL5NEQ4, 323. 1216).

Thetwo "invisi bl éle ﬁqllmrlé)g%h“’éﬁ@nﬁgnm Cald et eHRMS: (BD (W@ab}dect ra are nost

Iikelytobel h r nong al |

t he possible s %8?: urfozléglgzerl ve 6fpr:P %OEE%W@EFSQ [% ﬁgbfgr'ég\"%%yé Yami di ne
(5) is thelbesM+BIIN.0084; Iﬁounﬁgzgzp@cm)t Ots INMER BlRisdBted in TabloB.dRY stiwatweonf i rm t he
structure of e. TFA salt of 1 25 r |H"C and
1H 11N HSQC e%fi‘éuﬁﬂﬁ‘éﬁft‘? ugiHe 1?1&0111*72%@“&&“?%’0% ]%]Ofga\}iq }?‘M@@ﬁﬁg%@‘ ty

| nf or mati on ¢ i hAKEOkyidihices degintEd R RDLh AT, the 1H 11C
HVBC showed good correl ation through 5, even 6 bonds; the IR "N HVBC

experinents al so @hﬂ)ﬁ%ﬁ@iﬂ&/@ﬁ‘ywmoﬁxrmﬂas €D BRMSt(EDdWéW&EQand 4j. 1 and
2 s o 1 b R s O8RS0 ALEBLIGATEL il o ey
epi meri zatioHN'HOPOBMR; 'H- *C HMQC, HMBC and 'H- N HMBC experiments (Table 4
below). The structure of 4 was similar to that of 3 with a C=0 inissing from the C-5
position.
The structures of 1 and 2 are similar to the structure of a known pyroglutamyl
peptidase inhibitor pyrizinostatin. Pyrizinostatin has the same two-ring system
20 (compound 3) but with a ketone side chain. Both 1 and 2 are optically active. Itis
possible that 1 and 2 are enantioselectively synthesized by the microorganism
starting from 3 and 5. Direct analysis of fresh fermentation broth by HPLC showed
that 1 and 2 naturally exist, while 3 was not observed (or below the detectable level).
Upon storage, and during the isolation and purification process, decomposition
25 predominates. The stability experiment showed that after incubating at 52°C for 4 h,
the amounts of 1 and 2 were reduced by 62% and 85%, respectively, in the agueous
solution. The formation of 3 was evidenced by HPLC analysis.
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 8 49.8 (CH,) in HMQC experiment and with carbons at 6



- 6 MAY 2005 WD 02/20525 PCT/ CAO /01285 -17- easily. As a result, the two
chiral centers at G-4a and C4 are not assigned. | and 2 axe sol ubl e §0ay ) '(905
DMSO, net hanol and water, but insoluble in dichloronmethane, chloroforman
hexanes. They are unstable in solutions (water, MOH DVSO). They slowy
deconpose tgQ a_yellow fl uorescent conpound. After 5 washj arti al I y
deconposed %Ooﬁfé%ﬁsWt h CH2A 2, the yellow fraction was B ‘g’g‘F%‘%@&P roni

and 2. The crude yell ow fraction was purified by preparative TLC to gi ve 3
and 4. The formula of 3 was confirned as, CSHON503 by I-IRVMS (EI) (7771z
calcd 223.0705; found 223.0713, -3.6 lr% or by FaMs (ESI) [?7zlz calcd for

CsHI ONS03 10 4.0784: found, 224.078 NM.data is listed in
Table 3. Its S5 hebup I75a e BVRS Sl ﬁwwmﬂ%ﬂ b HRL b G oisC NVR
Jh CHMC RRMIGE ety dhlde NMINMEIGGRIRES TR Srooiloas e offld med o be
2-met hyl f ervenwone, The fornmula of 4 was confirmed as C/149N502 by HRMS (El)
(mMz calcd 19800786 thberuaddhe sm'gﬁleﬁﬂ@@)and tmspamb&q}emnselemﬁedal\gmhéieum dat ed by
a conibination,of 15.1H, HI\/BC "N EEVI BC
xper | ments ( TaBrEesorP st Pebtle R b S e B Tt of 3
wth a C=0 f 95n8g afd @etdiminea t@o@a—@&ﬁmﬁd Saxo-IBalisidae HunaRzelf4-y1)-and 2 are
simlar to the structure of a known pyro | ut anyl eptidase hihjbitor

pyri zi nost at i -+ terrngst-abisntrgdyt Pﬁé“%‘ pre-4t3hd -2t HE= 8§ S e Hz6lopEenpound 3)
but with a ketagalqle%gam@fa@a%z,@@ttﬁanémﬁ% &’mﬁaxs -S@RLkiRb (45 éycltwe It is
possible that | and 2 are enantio sel ective synt hesi zed by 't

m cr oor gani smtriazingr.6-digné.rom 3 and 5 . Di rect anal ysi s of fresh ferrrent ation
broth by HPLC showed that | and 2 naturally exist, while 3 was not observed
(or below the detectable level). Upon storage, and during the isolation and
purificatibh (desttedsr P’ﬁEmblrhsmxs/lammw 25 predom nates. The stability
experinent showed that after 52' C for anounts of |
and 2 were reducedEB’?‘P%‘?’%&ﬁﬁd )6de %&@%W%We P"Hjsteﬁ"éald’d?}%&}?s sol uti on.

The formati on ogfaindd WAEn @‘x’rle@@'ﬂi@ﬁ*@mhb(ne"x‘%s GeoBl fYomh BV 2096. In particular, the
following were tested for PTP inhibitory activity:
4a-(2-Amino-5-0x0-4,5-dihydro-3H-imidazol-4-y})-2,4,4a,8-tetrahydro-2,6,8-

15  trimethyl-pyrimido{S,4-e}-1,2,4-triazine-3,5,7(6)-triones (1 and 2).

(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, [a]**,-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) A, 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. 13C NMR 'H NMR BN NMR ¢
Base © Salt ¢ Base © Salt Base © Salt ¢
N-1 285.3 286.0
N2-CH, 364 36.4 3.12 3.12 1309 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




Formation of 5 was also confirnmed by NVR In a DMSO d6 sol ution of partially
deconposed | or 2, free 5 was identified by the appearance of a prot!ﬁ) @
3.60 and 30 it correlates with carbon at 5 49.8 (Cl42) in HMX expe fredd
and with carbons at 8. 6 NNM"' 2005 WD 02/20525 PCT/ CAO /01285 187.4 and 5
173.0 in HVBC sPectrum 5 was purified by HPLC and converted to its HCL
salt. The 1MOMHd*E NMR data of isolated 5 in its hydrochPOVFRO14H salt are
identical to those of the synthetic one and conparable to those reported.
Wth the structures of two degradation products (3 and 5) as additional

proof, the structures of 5 1 and 2 are deterinined to be
4a- (2- am no- 5-gx0-4,5-dihydro-3-Himdazol -4-yl)-

2,4,4a,8-tet|-§i°i ydro 2.6 g@NMPetllyl-DvrlHrW&S 4-e] - 1B NMRV aziiie-3,5,7
(6H)-trioiies, and th®astTuctale of Bass Salt ? Base * Salt ¢

2.5, 7- tiiinetli7y| 2, 7- dedhygdr o- 444 rni dazo[ 4. 5-el -1, 2, 4- triazine-3, 6-di one.
10 Testing for N%T&’HI i -dbpbitoryyactivistyy Conpgynds telsd,ge;d i nghtde

2-ni et hyl fcrve@ul one, andesever I nmet abolites obtai ned when

2- met hylfervenu?one was™ i soI ate from | M 2096. |In particular, the follow ng
were tested foR"PTP inl-iibitory activity: 1013

4a- ( 2- Ami ho- 5- 8xo- 4, S- d7h¥dr o- BI8-6 i dazoJ-4-yi) -2, 4, 4& S-tetrahydro-2,6,8 15
trimethyl-pyriuNdp [5,4-el -1,2,4-tri7azi ne-39547(6fl)- trionesz(l and 2).
(1): TFA salt. The salt contains TFA sglst of §43the ratio of  1:2 is 90.1:9.9
(by HPLC at 3Q0..-nm): yellow powder gl TD 1 (c Ve | R (KBr)
3380- 3210 (bT), e 17830, 1724 (strong O?676 (g rong) ]84%540 O_%RO 1392,

1203, 1139: 1024 cm 1: 5% 20 @S%s 1 fé)é/o | “68rFA, PDA) km, 295 ran:
Retenti oh0ti me5(anal yt 1858 HPL]@1114 3 rain; NMR data, see Table |_bel ow.
Table I 1H, "1C and "IN NVR Data for (1).u 25 No. '3C NVR 'R NN4R 15NI\ TTVM
b Base c Salt d Badkasusel in IB4S@-deatSAPK, aliNhd 'TPBBkBarp 8iBgiets; ARa@H3 36-4 36. 4

M2 3.12 130.9 o%f%meg ﬁ-omZIIgS(ﬁC ang H%/IBC experiments; ¢ Base = neutral or free base; ¢ Salt =
TFA salt; ¢ not visible in 1D *C NMR, obtained from HMBC experiment.

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, [a]**, +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 THNMR BN NMR ¢
Base ¢ Salt ¢ Base ¢ Salt Base ¢ Salt?
N-1 279.8 283.1
N2-CH, 36.4 364 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

NS-CH, 299 30.2 3.15 3.17 111.0 1091




N4-H 7.46 8.17 81.3 77.4 30 4a 60.6 60.4 5 164.3 162.9 N6-CH3 28.2 28.53
3.06 3.09 143.9 142.7 . WD 02120525 PCT/ CAO /01285 -19- No. ' C NVH MANGIR
15N NVR b Base Salt Base ¢ Salt d Base ¢ Salt d 7 149.6 149.4 N8-CH3 30.2
30.4 3.09 3.17 108.7 107.4 8a 134.8 133.3 N)' 10.13 5 2' 173.Ce 160.6
2--NH2 7.17 WODZ428%B 2 7.85 9.43 N-3' 8.02 9.39 84.7 86. 9PCHTABG128562. 8 4. 05
4.65 10 51 182.8 171.1 'Measured in DMSO-d6 at 295K, all the 'H peaks are
singlets; 'Data_ obtained fiorn HSQC and HVBC experinents; 0 Base = neutral
or free base; d Salt TFA salt; 'not visi®Ble in ID 13C NVB, obtained from
HVBC experinent. (2): TFA salt. The salt contains TFA salt of 1, the ratio
of 1:2 is 32.3:8d.-7 (by | PLECNMR 300 i un):yaNMew powder, SNajMB!, +2.8 (c
1.0, MeQH); IR (KBY) 33:3T93ghPT), patdDd, 1847 (SUIPLaF, l1®@iR(STTong),
11440, 1441~ 1382 338539 Hef v (M OHHH2 O 09 FA—PDA) 7~ |, |
302.nm Retentign, tine (3a'nal ytical HPLC) 13.3. 20 min; NVR data, see Table 2
bel ow;, HRMS (E )1 n7l z 323.1219 [calcd for C [aENBOA (Ml -1), 323.12161.
Table 2 'H, ~CZ%nd "N NVR6Dat alflok (2).' 25 No. “C NMR | H NMR 15N NVR b

2'.NH, 7.17 9.45 87.0
5 7.85 (3H)

N-3' 8.02 85.7

ry 64.4 63.5 4169 472

5 1832 1705

10 ab.ede Qee footnotes of Table 1.

2,8-Dihydro-2,6,8-trimethyl-pyrimido[S,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 .crn‘1 ; 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. . BCNMR 'H NMR N NMR “
CDC,  DMSO-d, CDCI, DMSO-d, CDCl, DMSO-d,
25 N-1 323.2 314.6
N2-CH; 42.1 41.2 3.91 3.74 187.3 181.9
3 150.8 152.6
N-4 - -
da 1436  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




Base ¢ Salt Base Salt d Base ¢ Salt d NI 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 91.3 78.6 30 4ab3my2005
60.0 5 162.9 161.9 N6-CH3 28.2 28.6 3.01 3.09 142.0 142.0 7 149.6 149.5
NS-CH3 29.9 30.2 3.15 3.17 111.0 109.1 - 6 MAY 2905 WD 02/ 20525

PCT/ CAO /01285 -20- No. 13 C NWVR "HNVMR 15 N NVR 6 Base. Salt d Base Salt
Base Salt %R2%4%?3 134.1 N-I' 10.60 2- 172.60 160.1 2' -ReBCYLPI8§ 45 87.0
5 7.85 (31-1) N3 8.02 857 4' 64.4 63.5 4.169 4.72 5' 183.2 170.5 10 h.
4 d. a See footnhotes of Table 1.

2, 8-Di hydro-2, 6, 8-trirnethyl - pyrlmdo[524 el-1,2,4-triazine-3,5,7(6R) -trione
(2 met hy| fer\lanul one 13)_ T;y/n]l | ow—soli-d rl } LI(QJ:\ Q5§8’ 526 §4ur 3380
2063, 2935, 1798 1694 stﬂm 1666 (st rAdYR 1615 15A NMB73" 1437, 1385,
1328, 1312, 1247, 1032 ERCl; UPMI@H G50, 1 DMSGE4,  BiGLh 23®MAA-Fs nm
Retention tinme8d5 (anallgﬁt@ caI IBPLC) 10.0 i-nin; The NNa data are provided in
Tabl e 3 below. 20 . .

“ Data obtained from HMBC experiments.

5 2,5,7-trimethyl-2,7-dihydro-SH-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



Table 3 '"H, 13C and "N NVR Data. for (3) at 295K. No. . 13 C NMR I H NWMR 15N
NVR CDC13 DMSO-d6 CDCI, DVsO-d6 CDCl3 DMSO-d, 25 NI 323.2 314.6. gxlgmggﬁ
42.1 41.2 3.91 3.74 187.3 181.9 3 150.8 152.6 N-4 - - 4a 143.6 145.1 55
157.0 157.8 N6-CH3 29.7 28.7 3.51 3.33 155.3 152.6 7 148.9 149.2 N8-Cl-13
29.6 28.9 3.54 3.34 109.8 110.5 MAY 2005 WD 02/20525 PCTI CAO /01285 -21-
No. '2C NVRYOHRRR?A5N NMR CDC13 DMBO d6 CDCOl's DMBO 46 COXGMCeNB8%d6 8a
137.0 137.7 Data obtai ned fxom HVMBC experi nents. 5

2,5, 7-trinmethyl-2, 7-di bydro-5Hi m dazo[ 4,5-¢e]-1,2,4-triazi ne-3, 6-dione (4):
pale yellowsolid; IR (filn) 3433176728679, 1622, 1510, 1465, 1338, 1201, 1020

cua-'; LTV ( 20/ 0, |; 2 E PDA).. ?, ~~ 260 5 nin; Retention tine
(anal yti cal ﬁ%{{l - & %Cﬁfld%éilﬁﬁ!%tﬂgﬂ édgéﬁ%% ovided in Table, 4 bel ow
1 6 MAY 2005 WD 02/ 20525 !:’CTI CAO /01285 -22- Table 4 "H, "C and "N NNIR

Data for (4) at_295K. No. "C NMR'H NVR "N -S,, TMR CDC13 DVBO d6 CDC13
DVBO- d6 CDC13 BeBO- d6 N 1°g98vB 288. 1 'HNMR "N NMR
CDCl, DMSO-dg CDCI, DMSO-4, CDCl; DMSO-d;
N-1 2933  288.1
5 N2-CH, 408 399 3.74 3.56 166.7  163.8
3 154.4  153.5
N-4 : - 231.9
4a 1502  150.6
N5-CH, 260 253 3.37 3.16 121.8  122.8
10 6 153.6  153.8
N7-CH, 26.1 25.7 334 3.163 1052  106.5
7a 1333 134.0

“ Data obtained from HMBC experiments.
15 .
Glycocyamidine (5) HCI salt. To the HPLC fraction of glycocyamidine, HCI (IN)
was added to give 5 in the HCI salt form (5 mg): white solid, '"H NMR (DMSO-dj) §
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-dg) 8 172.8,158.5, 48.1; "H-2C HMQC 8 ;4.11/8 - 48.1; 'H-"C HMBC & 4
20 4.11/8 ¢ 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-dy) &
4.14 (s); *C NMR (DMSO-d;) 8-172.9, 159.0, 48.5] and comparable with those
25 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 cbntaminated with about 6-
10% of 3. The TFA salts of 1 and 2 were further purified by washing with CH,Cl, to
30 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



5 N2-CH3 40.8 39.9 3.74 3.56 166,7 163.9 3 154.4 153.5 N4 - 231.9 .4a
150.2 150.6 N5-CH3 26.0 25.3 3.37 3.16 121,8 122.8 10 6 15M 153. 8 Np-MA3005
26.1 25.7 3:34 3.163 105.2 106.5 7a 133.3 134.0 'Data obtained fi-orn HVBC
experinments. dycocyarnidine (5 HC salt. To the HPLC fraction of

gl ycocyam di,ne (I'NT) was added to give 5 in the HC |t f (5 ng):
whi t e solid%ﬂazﬁ%%(uvs(}d& 6 12.20 (br s, 11-1), 9.49"‘?@?3‘?1"%& 9. 04

(br s, 1H), 8.82 (br s, 111), 4,11 (s, 2H; “C NVR (DWVBO d6) 8
172.8,158.5,48.1;, "H"C HM)X 5 H 4. 11/52’53 48.1;'H"C IB4BC 8 1, 20 4.11/8 c
172.8,158.5. TFA salt: MS (ESI) nz/z 1220358 (cal cd for M+Na, 122.0330),

199. 0951 (cal 2MeH, 0943, +4.0 221 0747, d.for 2MrNa,
221. 0763). |t§gﬁ5%£%§é1€ eschfs Rator ofd oo PRBor Gi8b ZI%%‘%%@?? et

[ obt ai ned by utiifd arxactige siteeygeianintiatapateivere inestigatet.t Théredhifsielte shown & days: 1H
NVR (DMBO-d.) .5 4.14 (s);. C NVR_(DIN4SO-d6) 6 172.9, 159.0, 48.5] and
conpar abl e wi tTﬁbFﬁo}%e@VQBZ‘?leWr%éﬁ}anﬂ 8 e Ps frstreaviils 4 2 Broposed

2-met hyl f er venil@fion bfoddctRRBEd nBdifz bR kit SOsTH REGity @EbiR 5), pand 2

wer e rruchvveakeré]?nhfog?t org, but intgv\%ﬂé ffggﬁéd&%? HPﬁCtya(tgi%al ygi ‘g)ﬂmtugat t he
extracts Fr omallive2006P o pataliti drgnainsdpld 122,848, g rihbABD Wivtene about 6- 10%

of 3. The TFA.sal. of | .and .2 r & oy r purd.fi. b i ith CH2Cl12
to 30 renove tu?lgéé%e%e{%ﬁlﬁ%l%l %?terﬁ.( -Iﬁez’)f glgs RE'So ildfﬂ?l@%o%gxe}a@ég%lggn-mFFA salt,

t he anobunt of ndn-rav@ptoeBIPItRdt@vizsah@ewiridiiy @vh ByouHRIYC Al otsetsdrved @ri nacti ve,
but becane ac | onged storage. It is clear that -3 is

| ve _after praql
responsi bl e fglp'fﬁ%a%?c%qty?/?"trﬁoﬁf 1 and 2. The effects of 3 and 4 on the in

vitro activities of,seuehakndRadaba1dqhnibite RIR N plRfR 0 M R2/ 20525
PCTI CAO YO1285 - 23- .
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 ata
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.



superfam |y, representing receptor and non-receptor tyrosine-specific PTPs
which wutilize an active site cysteine in catalysis, were investiga@gﬂwzm@e
results are shown in Table 5 below. At | ~M 3 inhibited all the PTPs
tested, while 4, a proposed degradation product of 3, had negligible
effects on PIT activity (Table 5) _ Although 5 all receptor PTP catal ytic
domai ns (EDMBP#*8%5, aDiD2, and LAR-DI) were inhibited Y079 % %3 ar ext ent
(93-85%, the degree of inhibition exerted by 3 on the non-receptor PTPs
tested was nore-variable, w th about 65%&inhibition observed for TC PTP and
90% for Yop. To exam ne whether 3 could™i'nhibit the activity of phosphatases
not 10 belonging to the PTP superfamly, UP,' a dual specificity phosphatase

c L 120'° P
§4®P a9§£ Ify yas o hi bi ted about 50%

by t %cmmg'ivedﬂain1hme5
bel ow, neither conpo C

i éble i o] itﬁg pNPP phosphat ase
activity of ClP. Reactj Te pe d % "~ neutral pHinstead
09 of ¢ D
&

closely related to. |I the Type-I and -2 serine/threoni ne phosphat ases but
with the ability al gposhRatasdephaspha@ Tyl at € phospbot ymasyd, proteins, and the
non-speci fic al kal e gpSPoapgse 1 Pyt €oasSaycu 14 d gsence and

absence of conpounds
by 3~ it s unaffect

of a slightly acidic ed in the Asur e % ther enzynes. At
this pH while 3 hacL -t ¢ pcé-g onl 7 BOact ‘21#%1‘15 it 2p GTQmupg t o behave as

a PTP inhibitor for bdfR Yop afld a8020(redlf £$-thot 42hdkh), ruling out the
20 possiBility that tHdPneut r&P efifi%* bAment 9ptd¥s a% 3¢ in nullifying the
inhibition by 3 on phosphatase activity. Thus the inhibitory action of 3 is
specific to proteig tyrosine hpsphat ases,. . but _i s not cl.usive .to those
whi'ch enpl oy an acP\lea\l? SRS Eaﬁg?ée)?‘%%s éf‘rscer% ,Cﬁﬁpetgf Ex?eﬁ‘éﬁ‘ermagg?céﬂl/t[% mechani sm

I n side-by-si geers @it baitSntralioh BhpHIkIRMAsd 4362yPd PBhe ftuthbalsibditatd fegcentige ext ent
as the classical PTP_.inhibitor vanadate. The results, of the 25 activity
shown by the BFtBERsSHEativS o FrePgsHEemEe! rerctiausawidont 299119508 d: 4nict NGl um

or t hovangglat e T8k GuRhQ¥ R pieBend 8RlaGerdre of M atiiVilittdhda¥ub DB birBOpah@bl e effects
of 3 End vanadate al so” extended to the dual specificity UP, as well as to
their |ack of eedfyingqreperatio Fach30wiiah was gssayad i uplicaie=6fD.pr ot ei n phosphat ases
in the presence of | PMof conmpound 3 (2-niethylfervem|lone), 4 and sodi um
ort hovanadat e.

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

Curvualaria sp.



-- 6 MAY 41005 WO 02/20525 PCT/ CAO /01285 -24- Phosphatase [nM 3 4 Na3V04
Yop 0.1 10 ~-- 1.0 95 =L 4.0 14 1.0 FDID2 1.0 17 --~ 4.099 1.0 IMS%%@ E
CD45 1.0 15 zL 2.5 96 z~ 1.0 14 0.5 TCPTP 1.0 34 1.0 99 2.0 31 5 658
5.0 17~- 1.1 98-+0.5 24 1.5 LAR-DI 5.0 17 2.0 97 1.5 26 1.0 UP 5.0 48 2.0
100-+6.0 49 3.0 10 CIP 0.5 100:L 1.0 99:E 4.0 98 3.0 Reactions were carried
out as described in the Experinental Seébi-on. [nM refers to the
concentration of phosphatase assayed. The nunbers indicate percentage
activities relative to respective control reactions w thout addition of 3,

4, or Na3VO4. 15 The nunbers represent the average of the activities
neasured with tb-Tee separate enzyne n§ ations, each of which was
assayed in duplicate = S.D. At 50 ~u AM 3 showed no anti m crobi al
activity against Mycobaclerium sinegmatis, Staphylococcus aureus,
Escherichia coh, Enterococcus 20 faecalis, Proteus vulgaris, Pseudbnonas
aer ugi nosa, Candildd/ssidbpcampounstof femwa)ari a sp. MAY 2005 -25 CLAIMS 1.
Use of a conpound of fornmula (1): O Ny x (1) Ror fornula (la): R

o 1.
N '
Y X @
R/N N
o -

or formula (Ia):

&
Os N N R
N N /j%
y 0
R/ N
0

wherein
each R, which are the same or different, is H or C, - Cg alkyl, and X completes a ring which

is a substituted triazine having one of the following formulae (II) to (IV):

X
\N/k\o \N/kOR' ITI/L\O
Rl
(I ) Iv)

wherein R' is H or C,-Cj alkyl;



04zz~ N ~R (la) NI 0 O wherein each R, which are the sane or different,
is Hor C, - C6 alkyl, and X conpletes a ring which is a substituted MAY 2005
triazine having one of the following formulae (11) to (IV): NN~R N, NN,
NNIONT'"j~OR N~\O | P wherein Ris Hor C-C6 al kyl; MAY 405, -26
or an enol tautomer of a conpound of forrmula (1) in which any of the Ror R
is hydrogen; or wherein the conpound of®fornula (1) is 2-nethylfervenul one
or a nethyl isomer thereof, in the nmanufacture of a nedi canent for use as a
protein tyrosi ne phosphatase (PTP) inhibitor for use in the treatnent of
type 11 di abetes. 2. A conpound which is

4a- (2- am nQ;.5: - di ro- l19r 33 %0hs . ' .
2,4, 4a, 8-t g%rrgg%égg ot-lrgf-‘%,k g?’?rc{?m (%_Lﬁf}qufgyrl rlr% gz)ﬂ%ﬂl-cg]a%?gfhf-% el gzllsnhgflr(g,gg}’ﬂ 6H)
-trione or amwheadn theadaipburaiofSainiuli (e is@omethglfersml@fe ca acnethydusuha shetefj ned

inclaim2 as a prodrug faor 2-nethylfel-venulone. . 4. A.pharnmaceuti
conposi t i o™ vhf arelgfrfﬂrrf:é&sa@ IR &It Y€ adS § PRRIEEpPART Phap e @?IIP)
di | uent andngbRMBPENRAn A% t6dadhsR O iyPe Bl @ibAeS-

2. 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-¢]-1,2,4-triazine-3,5,7(6H)-trione or an
acid addition salt thereof.

3. Use of a compound as defined in claim 2 as a prodrug for 2-methylfervenulone.

4. A pharmaceutical composition which comprises a pharmaceutically acceptable

carrier or diluent and a compound as claimed in claim 2.



