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WD 2006/ 088315 PCT/ KR2006/ 000531 PHARMACEUTI CAL
COVPCSI TI ON FOR THE TREATMENT OR PREVENTI ON OF
WORGEASEE | NVOLVI NG OBESI TY, DI ABETES, METABQRETIKR2006/000531
SYNDROME, NEURO 5 DEGENERATI VE DI SEASES AND
M TOCHONDRI A DYSFUNCTI ON DI SEASES FI ELD OF THE
I NVENTI ON The present invention relates to a
pharmaceuti cal conposition for the 10 treatnent
and/ or prevention of various diseases involving
obesity, diabetes, netabolic syndrones, degenerative
RHARMA GEUH CALGOVROSITION FQR THEEREATMENT
di seases. BACKGROUND OF THE | NVENTI ON Qbesity, a
cor@R PREVENRION QOF DESEASES IOV OV ING SRESETYy
hi gher than standard body weight, refers to a disease
resul t DEABERES; METABQRICtSYNPROME| XEURO045 in
adi pose tissues of the body when calorie intake is
gr caiREGENERA TIVE PISEASES ANIEMITQEHONDRIAs ed
fromobesity include, for exanple hypertension,
myocardi ac i nf aBDXSBUNCATQNSDISEASESnary enbol i sm
coronary artery di seases, cerebral henorrhage, senile
denmentia, Parkinson's di sease, type 2 diabetes,
hyperlipi dem a, cerebral apopl exy, various cancers
(such as uterine cancer, breast cancer, prostate 20
cancer, colon cancer_and the like), heart diseases,

FIELD OF THEINVENTIONS 5| eep apnea syndrone,

arthritis, infertility, venous ul cer, sudden death,

fatty_ liver, hypert.rophi car di opat .
t hr o#ﬁ’@eﬁff'@?‘?tsy Ve@%‘S’bE‘?&ﬁ?ﬁ 40 %b@%lﬁ%ﬂug&ﬂl( FOC%%?WF% for the
egiReRe AR OO £ VTP AP COY ol i QBSIGalfbels, Rletaboli

sypbpmesfeggncraig diseaisyand sy prhondrish Y esat bnie Bra s

met abol i ¢ disorder resulting fromnultiple

BACKGROUND OF THE INVENTION

Obesity, a condition in which an amount of body fat is abnormally higher than
standard body weight, refers to a disease resulting from accumulation of surplus calories
in adipose tissues of the body when calorie intake is greater than calorie expenditure.
Complications caused from obesity include, for example hypertension, myocardiac
infarction, varicosis, pulmonary embolism, coronary artery diseases, cerebral
hemorrhage, senile dementia, Parkinson’s disease, type 2 diabetes, hyperlipidemia,
cerebral apoplexy, various cancers (such as uterine cancer, breast cancer, prostate
cancer, colon cancer and the like), heart diseases, gall bladder diseases, sleep apnea
syndrome, arthritis, infertility, venous ulcer, sudden death, fatty liver, hypertrophic

cardiomyopathy (HCM), thromboembolism, esophagitis, abdominal wall hernia



10

15

20

environmental and genetic factors, and refers to a
condition characterized by abnormally 5 el evated
whbwedsggiticose | evel s due to absol ute or rel at PEKR2006/000531
deficiency of insulin in the body. Conplications of
di abetes includes, for exanple hypoglycem a,
ket oaci dosi s, hyperosnolar coma, nmacrovascul ar
(Venrg) | Herain), apimarydinabtirience, etidivpsdular, distasdsetdpcrine diseases and
neur opat hy, diabetic nephropathy and the |ike.
thdViltex(@bekicy Rysedrohriesl. 1B 2004 149ndRbhes acconpani ed by
health risk factors 10 such as hypertriglyceridem a,
hypertensi on, glyconetabolism di sorders, bl ood )
coaglliabetesn idi sor sistesniananasdwdict disosderorrgsulang o fiope multiple
ATP Il criteria of the National Cholesterol,
endorunritdranigenatmfadtneER)d 16is$ tosheanditipnxbarpcterized by abnormally
i ndi vidual s are diagnosed w th the nmetabolic syndrone
eldwatetiftdoqt ghensrelenélstduede absolntsrer wlativhelefigieheyiongnsulin in the
conponents: 1) A waistline of 40 inches (102 cm or
bodpr Eofnplicatioms avfddidbetes atvbisles,SBr 1&ampje bypoglyeenfiar ketoacidosis,
wonen (central obesity as neasured by wai st
hyperosmohaer esing) madyovAsculdri gbmpHeatides,| eliabetiabretimofdiby, diabetic
ng/dl, 3) A high density |ipoprotein |evel (HDL) |ess
netifopbthy d@abdicdiephiophthy @hd tHedike. 50 ng/ dl (woren), 4) A
bl ood pressure of 130/85 mm Hg or higher and 5) A
fasting bl ood glucose | evel greater than 110 ng/dl.
| nsulM¢tabelii sndroneesrefeerte syndrameh @ncomepasiedibie hedlth risk factors
even though insulinis 20 normally secreted in the
sublpdys  hgpeppigdycefidghiac ohgpdrtehsionel dlgdonpeatiodisme ddikgrders, blood
insulin does not work properly. Therefore, glucose in
cobfdatidrodidordersnaid ebdsity. Aetdrdingtthuthe e I griteria of the National
hypergl ycem a, and further, cells thensel ves cannot
CliestersINEdwation Pregiahi ICER)hsibtistied ©U@00L 0 imlivilioal$ agediagnosed
gl ucose, leading to the manifestati on of netabolic
witly IY @iRabolid WRIZRE 198the LpreF¥até K2 (& 00Ghat offhige following
degenerative disease is the termderived from
coRoRaH 991 CR IwAidthet BUS0 idchesS(10R )G hbre f6OARhtan@B5 inches (88
whi ch i s acconpani ed by "decreases in consunption of
c ellgl%iie for%&?éﬁf(s?éh%at eta&._itgi%@qﬁ@dsﬁfeuvaz e ameumfeaRe)) 2) A

ysfunction of m'tochondria, which is an organelle

triggﬁgrticgg@féol%ggﬁee zg’(g%%dlyéi)i RAiXIERAy Whbfotit R eLAIDL) leSs than
40 mg/dl (men) or under 50 mg/dl (women), 4) A blood pressure of 130/85 mm Hg or

higher and 5) A fasting blood glucose level greater than 110 mg/dl.

Insulin resistance refers to a phenomenon wherein, even though insulin is
normally secreted in the body, “supply of glucose into cells” performed by insulin does
not work properly. Therefore, glucose in the blood cannot enter cells, thus causing
hyperglycemia, and further, cells themselves cannot perform normal functions thereof

due to a shortage of glucose, leading to the manifestation of metabolic syndrome.
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5 As exanpl es of the degenerative disease, nention nmay
be nmade of neurodegenerative disease such as
w@b@amssses ' s di sease, Parkinson's di sease and PCT/KR2006/000531
Hunti ngton's di sease (Korean Soci ety of Medi cal
Bi ochem stry and Mol ecul ar Bi ol ogy News, 2004, 11(2),
16-22). Diseases arising frommtochondri al
dysf (ihetdegenemativei disdaselts thoteraxderpied, from @athiolagi¢sd fipdings, thus
swel ling due to mtochondrial menbrane potentia
menaidgithe tomatition Whichtis amwampdiisd by &decrehses ncoosunptianaf oxygen”,
stress such as by the action of active oxygen species
andirefetsee o defenadative fliseast ivdreadin diysfondemsofimgottonddaevhich is an
factors, and di seases due to functional deficiency of
orgatiellathay gepdiaepboergy akingroxygeh sudthanthefoetl, snetaggd to senescence.
production of mtochondria. Specific exanples of
Adésagieses fhe\deparediveydisdase, alanion neayt bomade S neurodegenerative
pat hol ogi cal causes, may include nultiple sclerosis,
digaseplicl asmnzabhdiiner's Qiiveade; darkinsuaisc disedse sandpEluntihgtonls disease
neur opat hy, Reye's syndrone, Friedrich's ataxia,
(KOAR Society B Muthcal BibASmistydaral MlechBy Biokigs News, 2004, 11(2),
depression, seizure and denentia, paralytic episode,
16Q§5jc atrophy, optic neuropathy, retinitis pignentosa,
cataract, hyperal dosteronem a, hypoparat hyroi di sm
myopat hy, anyotrophy, nyogl obi nuria, 20 hypotoni a,
myal ghiseasésharislag rfeas enitdchendriali dsfinotien amaye incheleafor example,
tubul opathy, renal failure, hepatic failure, Iiver
mitothehdren) kakllmpe dubepat Miteg@ndrialr ateribranel pétbhtial namilfanction,
(iron- deficiency anem a), neutropenia,

fubdHRAP ARYideRE B to Ok RIafitAE Btreséi duCRUS B! ERPAMtionnd héthle€oxygen
vom ting, dysphagia, constipation, sensorineural

sp@&@s!’ bi'fed RARalsSNHetiond RlidofRSY du cAbtic fRicrE, dati digeases due to
Al zhei mer's di sease, Parkinson's di sease and

ﬁlﬁ&’tf&lhﬁ@éfﬁ:‘i‘en%g Yr@ERive PRBsphbfflation @¥@HRlsthsUSr Raér@Ptproduction
No. 6,183,948, Korean Patent "Lai d-open Publication No.

olegl%léhoﬁlalg&}?%ﬁﬁ! g?:ﬁ]%%lés REHiKRER086R05rd 1y ?mﬁﬂ&z%rmentioned_

Jour na nical 1'hvestigation 111, 303-312, 2003,

p Iog%i&?nge[ds@s 7flha¥(15 égc%idféég.?ti%%?gcg?r.o@_srﬁgetﬁ'bgﬁlﬁﬁ)n%telitis, cerebral

ysica acta
ra@‘l?lg%'trsé gggrﬁﬂhggagg r?gﬁ a?i‘n@g” lgé}%tgets%droﬁﬁf aPQldrfen's ataxia, Alpers
syndrome, MELAS, migraine, psychosis, depression, seizure and dementia, paralytic
episode, optic atrophy, optic neuropathy, retinitis pigmentosa, cataract,
hyperaldosteronemia, hypoparathyroidism, myopathy, amyotrophy, myoglobinuria,
hypotonia, myalgia, the decrease of exercise tolerance, renal tubulopathy, renal failure,
hepatic failure, liver function failure, hepatomega!y, red blood cell anemia (iron-
deficiency anemia), neutropenia, thrombocytopenia, diarrhea, villous atrophy, multiple
vomiting, dysphagia, constipation, sensorineural hearing loss (SNHL), epilepsy, mental

retardation, Alzheimer's disease, Parkinson's disease and Huntington’s disease (see, for

example US Patent No. 6,183,948, Korean Patent Laid-open Publication No. 2004-

3-
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di seases and m tochondria) dysfunction-related
di seases wll be collectively referred to 5 as
WO ciosessses syndrones” hereinafter. At present, PCIEKRR®6/000531
effective way to aneliorate or fight against the
conditions associated with such di sease syndrones is
known to be getting nore exercise and |osin wei ght
708509 J@traalyofadinicabinvestigation 11 he3 033 1ReA003y M‘%‘?@@Pﬁir‘&%ﬂ: 1188-
ways of fighting against the disease s%ndrones have
1109, 2008y Biochindcd etddioplysicataniey 668 €2004) 80-88kner gy
nmet abolism thus 10 resulting in maxi m zed expenditure
of surplus energy in the body |eading o preventiqgn .
of erdeg@box pagd ehesity ﬂ&é@t@@em@?geh?jiswa&f@w, g‘iﬁ?ﬁefaﬁve
surplus energy is considered a nethod for treating
digehses dind anitashendrinl defanctomotettedndisenses will he pellsshivelmreterred to
nost inportant for effective elimnation of surplus
as Ediseayy syroomediierginafppsse, it is essential to achieve
i nhibition of |ipogenesis, inhibition of
e breant Hcisors ket by b Bhya e Fahfagainst o conitons
facilitation of biogenesis of mtochondria which is % .
asgostatedawith sy disease Bdeamssyy knewmbnbs ssiinghporoeEds apd losing
activation of factors involved in nmetabolic . .
weighti end fistary Taatrd. Adl ofcthe cpprently efiestive avys of dightjeg geqigst the
treat the di sease-syndronmes, whereas _nunerous target
digsnsst syindeomns hgee iscammon theviactahatytheyofacilitate engrgy metabolism, thus
i ndi vi dual di seases and 20 therefore there have been
repiltingppedaxd oizedmxpetivird of surples presgiein therbody leading teepigvention
of such diseases via use of the above-nentioned )
of cmergysqromdiilagon. af ffedtivp rexpenditsraof gwhesirpluHongrgieis considered a
there is still a roomfor further significant
méthpd dve rentinge ven diseaser syaidronnds. Fromoting ehehgyl mefiabelaeds most
such as netabolic syndrones including obesity,
inporRatfes effeuive REimihdtion. of Isarpdysi dnergyt Fohthid purpogeh étis assential to
great deal of studies have been conducted on treatnent
acBieve irthiMBor 08 Gip0Sn3dis, IMGIbitkdR2M0LLEHIbIhesid) facilisation of glucose
there are yet no drugs available for the treatnment of

coM@rhstith, ShERRAEES of fat! bkidagon, f facilitatise agsbiogategy dfhinitsehondria
and agi ng. Mdst of diseases including obesity,

wiERRES @entrdlRbaRatus Gf BIGy A& Bbolism and collective activation of factors

involved in metabolic activation.

There is yet little known about targets to treat the disease-syndromes, whereas
numerous target proteins or genes are known only for treating individual diseases and
therefore there have been proposed some methods for the prevention or treatment of
such diseases via use of the above-mentioned corresponding target proteins or genes.
However, there is still a room for further significant improvement even in treatment of
individual diseases such as metabolic syndromes including obesity, diabetes and the

like. In spite of the fact that a great deal of studies have been conducted on treatment of

4-
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degenerati ve di seases and m tochondri al
dysfunction-rel ated di seases, i.e., large 5 nunbers
wo@Roodiosssases i ncl udi ng di sease syndrones, stenPET/BRR2006/000531
i mbal ance of energy netabolism and oxidation-reduction
state. For this reason, the present invention has al so
enpl oyed a nethod of confirmng the presence/ absence i
disshseacthereatre yet mf drgs avalablanor thedrdatraens @f yrdews dissasesarseulting
(AMPK), as the nost fundanental primary test to
fromo efdessenehgyointdre @ad agihgi cacy of conpounds of interest
on di sease syndrones. 10 Meanwhile, once AMPK is
activated, a variety of physiological events are
consdersntofy digepssst daclpding hebemitm s diabgies.of metgpolic  syndromes,
mechani smthereof. In this regard, factors to be |
degaguitiveedisaands exnpt anitochangyivd n drsfactipneelotedy idifsasess ie., large
follows. 1. G yconetabolismIn nuscle tissues and
numpetsaoflidiseases sacoding AdiFtdse sgndromss,nsfem| Somoinbalanceopf energy
15 and thereby facilitates intake of glucose. That is,
meshlRitismcnid\oxidegio®iredicion statei Roubisgeasengtha prasentdnvetion has also
to a plasma nenbrane, regardl ess of insulin action,
empleyedtd mgthiod of iconfiesisg dhaypresase/abyenek of activetiom kffects on AMP-
(Arch. Biochem Biophys. 380, 347-352, 2000, J. Appl.
actttated Prote@lkinAse/ RAMPED, a® @ikl jnostAfuneamental peimiamg test to confirm
gl ucose uptake into cells, AMPK activates hexoki nase,
bidlbgicslefficaes o€ asipourids WX iméreglopaliseaseadyntifommaspr ocesses
and 20 sinul taneously inhibiting gl ycogen synthesis.
It is known that in myocardial tissues under ischemc
condiMeammdjle AMREE AMPK at estivated os phety | oft physiopegiesd sxyents are
of 6- phosphofructo-2-kinase (PFK-2), with consequent
coasdgusritlyi affeatéd dn ned dbwhitccann st dlike mekcbanismghereof. In this regard,
i ncreased flux of glyconetabolism (Curr. Biol. 10,
fadt@rd fo be bdgula2&Dad exipressiob piédoddn6 afBE8¢ided as follows.
PCT/ KR2006/ 000531 addition, it was confirnmed that
activation of AMPK in the liver inhibits rel ease of

| ucose from hepatocytes, and activity of
L&I@ﬁlﬁ%&bﬁ.ﬁyr uvat e car boxyki nase (PEPCK) and
gl ucose- 6- phosphat ase, whi ch are gl uconeogenesi s :

M E T MG T -
anidr‘lhereby facilitates intake of glucose. That is, AMPK activates GLUT 1, or induces
migration of GLUT 4 to a plasma membrane, regardless of insulin action, resulting in
increased glucose uptake into cells (Arch. Biochem. Biophys. 380, 347-352, 2000, J.
Appl. Physiol. 91, 1073-1083, 2001). After increasing glucose uptake into cells, AMPK
activates hexokinase, thereby increasing flux of glycometabolism processes and
simultaneously inhibiting glycogen synthesis. It is known that in myocardial tissues
under ischemic conditions, AMPK activates a phosphorylation process of 6-
phosphofructo-2-kinase (PFK-2), with consequent activation of a metabolic cascade

leading to increased flux of glycometabolism (Curr. Biol. 10, 1247-1255, 2000). In

-5-
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5 regulation of a blood glucose |level via inhibition
of . release of glucose fromthe liver, irrespective
w@boob8s3i n. 2. M tochondrial Biogenesis One i PEDKR20WG/000531
function of mtochondria is to carry out an oxidative
phosphoryl ati on process, which converts energy
produced from fuel netabolites such as 10 gl ucose and
adfisibby itacasdsonfirmed ATR adtivation lofioMPKhét thehbiveminhihdtsciglease of
of disorders in mtochondrial functions is involved in
ghecopafrmndepatocyres; had hetivigyfof\phpsphoendpyrevase aarborykinase (PEPCK)
di seases associ ated with senescence, such as di abetes,
and ghtbsev&phodphntask, vddcese ghRankigenens enzyinse,ds inhabittd by AMPK
senile dementia (Curr. OQpin. Cell Biol. 15, 706-716,
(D2DRR} - 49, B96eI03012008). Hiis (Sheeause AUPK irtdéPeridenly t@k@83part in
have suggested the possibility that 15 deteriorated
reglilitidhefwibloall dluvosé el v iahipitiinadf relepst Gdglooose fean ke liver,
of insulin resistance syndrone, wth reporting that
irréspectate ofénguli@s phor yl ati on functions of mtochondria
wer e weakened by about 40%in the elderly. Lee, et al
(Di abetes Res. din. Pract. 42, 161-167, 1998) have
conf| rmad that a decrease in the content of
2. Mitoshoudsial Biogepe®s i n -t he peripheral blood is
initi at ed from before the incidence of diabetes.
i.s of 20 _mt.ochondrja.in rruscles i S known

Bi ogenes

b O i@RoHEH S etian o dnigherith e o0t o' Dxidative

met abolic activity of oxidative tion
phasphordation precgss, whigh s%V@'eer spér\éﬁp u QP @ﬂ@ﬁ?}' la%tawtt?wch as

and exercise. _Zon et al (Proc Natl Acad. Sci

glgmse pedghity Swirs into oY Hapekpowe Ahat the hl&?lde%r@. A désorders in
transgeni c nouse in which AMPK was genetically,

mﬁtqvé@m?mpétfwtlomrsnnv@wcqu pathogesic meehgrlsanef yagious degenerative
bi ogenesi s in skel etal nuscl e under -6 WO 2006/ 088315

difeaos KRe00IBIdO OB R senesaeticei omsh i #5 whaketese ma@ﬁp&asss F gdiseases,
deprivation was induced. Further, Putman, al_(J

Papkipsnind diseBe andwnﬂaslenmmicmv@pme@ﬂsBMt b 706716, 2003).
hypot hesis that AMPK in association with continuous

Petersmg jes el | (Scienseo B0@d1149- Bir2i ROPBabaveosuggestod e ppopsbility that
vol une.

deteriorated mitochondrial function is a probable pathogenic cause of insulin resistance

syndrome, with reporting that oxidative phosphorylation functions of mitochondria
were weakened by about 40% in the elderly. Lee, et al (Diabetes Res. Clin. Pract. 42,
161-167, 1998) have confirmed that a decrease in the content of mitochondrial DNA in
the peripheral blood is initiated from before the incidence of diabetes. Biogenesis of
mitochondria in muscles is known to be promoted by an adaptive reaction in which
metabolic activity of oxidative phosphorylation of muscle cells is increased by chronic
energy depletion and exercise. Zong, et al (Proc Natl. Acad. Sci. USA 99: 15983-15987,
2002) have revealed that, using a transgenic mouse in which AMPK was genetically

inactivated, AMPK is required for mitochondrial biogenesis in skeletal muscle under

-6-
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5 Meanwhile, it was confirmed that AMPK i ncreases gene
expression of a peroxisone proliferator-activated
WO e@epss3ts ganma coactivator | a(PGC-1a) which i BCT/KROWG/000531
to play an inportant role in mtochondrial biogenesis
(Endocr. Rev. 24, 78-90, 2003). Raynald, et al (Am
J. Physiol. Endocrinol. Mtab. 281, 1340, 2001) have
conditjgesineshich shromiqensrasadentivation wes induped tFurther, Pryferan et al (J.
which is a gene essential for 10 transcription of .
Physiot. efils 465 b78,a2eeB)whave demonsgtatashdhe diypethssis rthalo AMPK in
systemas well as mtochondrial transcription and
assogjaltion awitb ngontinagus  exertispds tiamelvedlie ano inqrease agfe mitochondrial
oxi dation capability in nuscle cells in response to
vohime@ni ¢ energy stress. Therefore, NRF-1 consequently
participates in an increase of mtochondri al
bi ogenesis. In addition, it is known that enzymatic
act i Wieapwiileciitt was econfirmerhshat MMPK figateasssy Lepe -cxpmssion of a
dehydrogenase, known as being increased in conjunction
pewixisonien prodiferaigr-astinatads raseptoUEPmmA eeRcHV#oR A6 o) which is
t hereof and increased mitochondrial volune, is
knowarte gdaydarbimpartant vade immitothondrirl bivgerpris(EsfocrsBey. 24, 78-90,
169-178, 2003). 3. Fat netabolismregul ation and AMPK
200p)p Raymald,cef nhy (Amek Rhyisom Bhdoskipel. fdetabe2Bht 1 3d,12001) have
fat netabolism 20 AMPK i nduces phosphoryl ation of
suggested| thiioA mualehn xgspastery fdveoreloyNREsI)) thivdy isna gene essential for
inhibition of fatty acid synthesis. Therefore, AWK is
traaaipiioh @f fpacteinis tagsoeidtat tvith acmitochoxidalt respiratdyy sybtem as well as
action of decreasing an intracellular concentration of
mitedhendtial Cadnsctip@dn i shdareplichtisnyeplagd enofimpeartdny dé ko increase
synthesis and 1s an inhibitor of carnitine palmtoyl-

oxidfioh rApiBfyame musdERENS Jn rédpdnde ioSclﬁaniel%\Z/%rg? stress. Therefore,

essential for a fatty acid oxidation -7

Nﬁﬁ%k@&%&&&ﬂ?%&ﬂﬁ%&ﬂ&@/ R0QE3 dhcrdak® CSTS mitdRsRiral fsbjehesis. In
m

aci ds enter ochondria and are oxidized, and is

it YRR Riati® hotifity B cRitd seiase lafid 3dididxgacyl-CoA
ad%?/%ﬁﬂits kn&ﬂmm?%elifizhi Gi tcaétyi vVity ofS HI\/[S}eCoA AjdidxgReyl-Co

de{xggﬂ% ’ & l@i&%g%&’ Iﬁﬁﬁ linBBASPHATBnRMYlior WARSIefeASR amounts of

I'nvol ve ynt hesi s of ° chol esterol and

Ué&;—gﬁé‘]’x{f%wp HrRahd RRPSRALHYb&IdnBRal voluik Ak increased by

activation of AMPK (J. Physiol. 551, 169-178, 2003).

3. Fat metabolism regulation and AMPK

Upon reviewing a mechanism of AMPK participating in fat metabolism,
AMPK induces phosphorylation of acetyl-CoA carboxylase, thereby resulting in
inhibition of fatty acid synthesis. Therefore, AMPK is known to facilitate fatty acid
oxidation, by the action of decreasing an intracellular concentration of malonyl-CoA
that is an intermediate of fatty acid synthesis and is an inhibitor of carnitine palmitoyl-

CoA transferase I (CPT I). CPT I is an enzyme essential for a fatty acid oxidation

.-
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5 32577, 2002, J. Appl. Physiol. 92, 2475-2482, 2002).
Meanwhile, it was found that activation of AMPK in the
wo pwenss3mhi bits the activity of pyruvate ki naBel/KRaiob900531
acid synthase and ACC t hrough phosphoryl ati on of
car bohydr at e-r esponse- el enent - bi ndi ng protei n (ChREBP)
(J. Biol. Chem 277, 3829- 3835, 2002). In addition,
prawesd whergindhtty beidoentegitbetondsia andare pridigeddansgis known under the
protein-1 10 (SREBP-1), which plays an inportant role
controldiffrhaomyltGCaA.i larndditioad AR iselenovirstozinkibit dctimity pf HYIG-CoA
by the action of AMPK, which results then in
reduttuis®iand arly@folaphqsphate ecyldirhiséeraset (GRA D). inviolved n eymthesis of
synthesis regulation and AMPK In the protein synthesis
chplesieR$ nd ANBIG1g1nb6rbl, tthroayinphespheryddtionr @t Biels Chem. 213, 32571-
i nhibition of MMOR and p70S6K by activating TSC, or
3260MPK 00D, Bipbk Phiyeiok bat1496-2482.0209a).i on vi a activation
of elongation factor-2 (eEF2) kinase and inactivation
of eEF2 through phosphorylation thereof. It was found
t hat Mé&mRvhidenitswas fowmddihaeattivetin of AMPKoin the\irer(iphibits the
Bi ol . Chem 278, 41970-41976, 2003). As discussed
actibioy ef ppiPHtei lindsepfaityt aiglspythasecamdt AGC thodughi phogpleargiation of
20 netabolism of glucose, protein and fat in vitro and
cafbohydrdte-reiyinse-ckmeat-bintatgupretetr (GhREBB)X Gv Bigl, Chem. 277, 3829-
3(April), 340, 2004) has asserted that AWK and
386) @092). QA addigiopp wstitite oft ategdirsgulatorytdlemente hindéng pobtein-1
met abol i ¢ syndrones, and they have al so stated that
(SR&BPeN Svhiaufpi@@idigirﬁ?@mnﬂ&blabm diffesontidtianres alfpocptes, is also
characterized by insulin resistance, obesity, -8 WO
inKiBR& @3B hES afifell BRAVPKIONAIZA rebypeticAnt dhibition of adipocyte
dysl i pidem a, and dysfunction of pancreatic beta
difsleh@atichype |1 diabetes and manifestation of
arteriosclerosis. It was hypot hesi zed that a conmon
feature linking these nmultiple abnormalities is
yl - CoA energy | evel -
and Aciior k. |t was proposed that
5 alterations in cellular

fatty-acid nmetabolismthat in turn cause abﬂor,mal f at. )
In the protein synthesis process, AMPK inhibits synthesis of proteins via

inhibition of mTOR and p70S6K by activating TSC, or AMPK inhibits translation
elongation via activation of elongation factor-2 (¢EF2) kinase and inactivation of eEF2

through phosphorylation thereof. It was found that eEF2 kinase is a direct substrate for

AMPK (J. Biol. Chem. 278, 41970-41976, 2003).

As discussed above, AMPK is known to play a central role in energy
metabolism of glucose, protein and fat in vitro and in vivo. Neil, et al (Nature drug
discovery, 3(April), 340, 2004) has asserted that AMPK and Malonyl-CoA are possible
targets for the treatment of metabolic syndromes, and they have also stated that patients |

suffering from metabolic syndromes can be characterized by insulin resistance, obesity,

-8-
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accunul ation, cellular dysfunction and ultimtely
di sease. Evidence is also presented that factors
wa@easosising AVPK and/ or reduci ng mal onyl - CoA | BUBEKR2006/000531
m ght reverse these abnormalities and syndromes or
prevent incidence of these diseases. Roger, et a
(Cell, 117, 145-151, 2004) have suggested that AWMPK
hypu‘jcnlsmnadysl@ndwss,l iidedysfargéion tof revereatis bethevsils,ytypy 11 diabetes
| owering activity of hypothal am ¢ AVPK, thereby
anil neméfastation of arenipsti¢rosis. lomkphypotiGsized tlait vemmon feature linking
regul ating appetite for food intake. Lee, et al
thdsblahultiplensishiormakities1 3( dysnepu]atidfOet) Ahrﬁ?lé/l\éalgl@dﬁ@d entrgy level-
al pha-lipoic acid can exert anti-obesity effects by
sefsiiP a8 Sdigihliny padtivatkanit cwaViBkopasdd what ysuch hdssregulation leads to
controlling appetite. They have al so reported that
altatapibas | inp @elulaci fttpracido trestabolisml Share timbairh S vause a abnormal  fat
activation of AMPK in nuscle tissues, not
acbuRElati@], aRlGlar dpsfuadtivhaand blfifiatlydisdases Evidence is also presented
therapeutically effective for the treatnent of obesity
thztt%@blﬁfacﬁ{'at{l%g\MHI@bﬁHor rae¢igy nedqshdioAuleeelsymight reverse these
activating 1, particularly in adipocytes.
abbin@ilitieandyndtonids R PRSVRAt iBSidertBbf Wese dfRB4kes.have
reported that activation of AWK in pancreatic cells
| eads to four-fold increases in expression of the gut
hor mRasgger, 20 apapdll, da 7,Y¥43-e5R @084 phavef sopgespdethat AMPK may be a
control and thus appetite can be regul ated by the
podéiblie Aargef toAMRtfol SbeRith®Y 16Waiesctivithef hiypethalamic AMPK, thereby
hypot hal anus. Nandakurmar, et al (Progress in lipid
inér8Saa £Eorfieht of ﬁﬁi&@ﬁCoA%ﬁ)th&ﬁ%gulaﬁﬁ%mﬁtk foh&dod ihtake.
i schem ¢ heart di seases, AMPK would be a target to
treat ischema reperfusion injuries via regulation of
fat drd, ¢ aldaareaicdiind, 46(Jund), WNDAREL G8ESHEd that alpha-lipoic
PCT/ KR2006/ 000531 M n, et al (Am J. Physiol.
acfdacdn etent agi-obdsite reffbtsshyobuppBssinGhypothaldgdy AMPE activity, thus
reported that AMPK is effective for regul ati on of
coﬁirél‘l’ih@' _/;g)eﬁﬁ:t tPhelyi H@Ve. alsenRporstE thatt alpha-ligoic Bachd . promotes fat
Chem 279, 20767-74, 2004) have reported that

m&ﬁﬁdliéﬁlt ViaNacabatthPss AMFIbllﬁ smaelel tidsties, @bt Bypdthilimey) zydealpha-
that is an inflammtion 5 nmediator in chronic

llﬂg‘ibkfe é(?ctﬁr;%aﬂ@fa}ﬁe&%ﬁy telfRBsveOfor @ROBdMRER sTudekity bévalisedit fatilitates

energy expenditure by activating UCP-1, particularly in adipocytes.

Diraison, et al (Diabetes 53, S84-91, 2004) have reported that activation of
AMPK in pancreatic cells leads to four-fold increases in expression of the gut hormone
peptide YY responsible for appetite control and thus appetite can be regulated by the

action of AMPK in other tissues other than hypothalamus.

Nandakumar, et al (Progress in lipid research 42, 238-256, 2003) have
proposed that, in ischemic heart diseases, AMPK would be a target to treat ischemia

reperfusion injuries via regulation of fat and glucose metabolism.
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rel ated di abetes and thus AMPK wi I | be effective for
devel opi ng new nedi ci nes having a nechani sm capabl e
w@booenssanti ng i nsulin sensitivity. In additi onPCT/R&9006/000531
have reported that inhibition of iNOCS activity is
effected by activation of AMPK, and thus this finding
is clinically applicable to diseases such as
sept Miareagl (@@t ] Rhysisb|@astreingest Fipse Rhyisial 2871 51-6, 2004) have
infarction, inflammatory bowel diseases and pancreatic
repeted tloe AMPBKS$ effedtive for Egwlgtiqr oftpletholit fatyHBSr.Let t er s
443, 285-289, 1999) have reported that AMPK activates
endot hel i al NO synt hase t hrough phos horgl ation, in
t he freosdnce faldd- Biell rﬁi@m.izgi% RO%RH-7he20Afl chave ieporéed that
and nyocardial cells. This represents that AWK is )
aciivgtionceft AMPRK inbibits agtisigpodsan NOGdknaymanigphis an inflammation
pectoris. 15 Javier, et al (Genes & Devel op. 2004
mdibater ire plrohdinflamtmagoryi dondiimns carendetoxix sleelie ihchyding obesity-
[imting utilization of energy and such a prol onged
relaictl eligbates iand datsi AMEK will be efifwtine fortdeaielopinginewyngdicines having
AVP/ ATP ratio is increased and therefore the a2
a medhanisim cfpablaNdikenihancing insatie dedsjtivilyPIn atkditief,othey haveyeported
have suggested that AMPK may function as a sensor to
thatédldbitioh b€ INOB atiivinsBicfebied b activatibe op AMBK | anisthostheanfinding
energy level and 20 insulin-like signal information.
is iAoy beplicablestoedisdaSedl stich a3 depiicentibj majtiphasclbeeis, myocardial
wi dely used as an inportant herbal nedicine in
infedtioh SiafhmAfatcty bBFeDdiSeaSts i pancie iy bdtd-0& bdysfintttios.
wel | -~ known to have excellent effects on prevention
and treatnent of various cardi ovascul ar di seases.
Upon Zingpisigre ab (FERS ( etitrs ad 3§ 285280 1988 peutparted that AMPK
effi cacy of Danshen, the -10 WO 2006/ 088315
aciREé KBRS0 QFS Isynibaye firotigh phodpherypatioagin thepessencenof Ca-
have suggested that main ingredients of Danshen are
cafingRiliB iAeslirhenahsciddls and asyocamid lcellnThis eptesags that AMPK is
various di seases such as obesity, diabetes and
impHEREDIN Kealt \HEhIBScludifg a cforis. see Korean Pat ent
mglgs. 2003- 0099556, 2%3%-%%?57, 2003- 0099657,
2003- 0099658, 2004-0036195, 2004-0036197 5 and
2004-JaEf) 20Q) (Gsndsg&eDetealor. 008y dsentepappd itiearyt lifdspan can be
particul ar, the present inventors
extended by limiting utilization of energy and such a prolonged lifespan is achieved in a

manner that an in vivo AMP/ATP ratio is increased and therefore the o2 subunit of
AMPXK is activated by AMP. Therefore, they have suggested that AMPK may function
as a sensor to detect the relationship between lifespan extension and energy level and

insulin-like signal information.

Meanwhile, Danshen (Salvia miltiorrhiza) has been widely used as an
important herbal medicine in Northeast Asia regions since ancient times, and is well-
known to have excellent effects on prevention and treatment of various cardiovascular

diseases. Upon focusing our attention to such therapeutic efficacy of Danshen, the
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have reveal ed that main principles of Danshen
i ncl udi ng Cryptotanshi none, 15,16- D hydrotanshi none,

waamshsssohe | 1-A and Tanshi none | can treat nRCEHERRI06/000531
syndrone diseases. 0 OO OO0 0- Jt 0- -0-x
crytotanshi none D hydrotanshi none Tanshi none I1-A

Tanshinone | 10 SUVMARY OF THE | NVENTION As a result
inadntaas vAthieqirgsenf invntamshave saggesiedttatanaie ingredienss ofianshen are
experinments based on the facts as descri bed above,
supdre madiemab sebstdnced eapabdes efit tréating ntarions hthseasesesdch as obesity,
confirmed that napht hoqui none-based conpounds such as
didbetes apal mesgbolié, Syrdirdiyel; OFor example, see Korean Patent Nos. 2003-
2, 2-di net hyl - 2H napht ho( 2, 3- b) di hydr opyr an- 7, 8- di one},
0099588, 2063-0099353; 2003%9'%57,12@03-0099658, 2004-0036195, 2004-0036197
2,3,4,5-tetrahydr o- napht ho( 2, 3- b) di hydr of uran-6, 7-di on

an@ RO0A005UDD0OABichéd ® e present applicant. In particular, the present inventors
tirmethyl -2, 3,4, 5-tetrahydro-napht hoF 3-b) di hydr opur a

halle q‘eJeaﬁ:'doﬁﬁ} maﬁl‘i’ﬁﬁfrﬁiﬂl&nﬁf /Bansﬂbﬁcﬁ%ﬂidﬁ%n totanshinone, 15,16-
| antalucratin A ‘lantalucratin B and | anta ucratin C

DiffdtoBhSEnhiR, t98hihdhe HNE RUCVARKInOR PLad LA ﬁ@ﬁbol@cf syndrome
various di séases such as obesity, diabetes, netabolic
romes, degenerative di seases and dlseases
asso'ci ated with mtochondrial 20 dysfunction. -11 WO
2006/ 088315 PCT/ KR2006/ 000531 (3 | apachone is 2

naturly ccurring pla product deriyed fromj
rom-t 0
Lﬁs tlve outh
[ frpmthe Iea es |of |Streptjoca pus dunm
Stk Arer i ca~ZSree anci e
-/these natural fricyclic na hoqui none defrivatives
have been wi dely used as an anti- cancer drug and in

Cl'tgtg)ggﬁ#‘l‘eat nent gﬁdr(%%glaﬁong S?a%&%nml ﬁh s tylﬁﬁs%%olng 1

lém n Sou

SUMMARY OF THE INVENTION

As a result of a variety of extensive and intensive studies and experiments
based on the facts as described above, the inventors of the present invention have newly
confirmed that naphthoquinone-based compounds such as B-lapachone {7,8-dihydro-
2,2-dimethyl-2H-naphtho(2,3-b)dihydropyran-7,8-dione}, dunnione {2,3,3-tirmethyl-
2,3,4,5-tetrahydro-naphtho(2,3-b)dihydrofuran-6,7-dione}, a-dunnione {2,3,3-
tirmethyl-2,3,4,5-tetrahydro-naphtho(2,3-b)dihydrofuran-6,7-dione}, nocardinone A,
nocardinone B, lantalucratin A, lantalucratin B and lantalucratin C can also be used in
the prevention or treatment of various diseases such as obesity, diabetes, metabolic
syndromes, degenerative diseases and diseases associated with mitochondrial

dysfunction.
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Anerica, and are also known to exert excellent
therapeutic effects. In particular, as their

w@b@ssssed ogi cal actions as the anti-cancer drRgI/ER2006/000531
generally known to western countries, these tricyclic
napht hoqui none derivatives have |lately attracted
consi derable 10 attention from people. In fact, as
di sciespathbme ($Sa Patueally NocurSn® et psdustiderivedi E9w| lapachol (a
napht hoqui none derivative conpounds are currently

napletiejuinem) abtamed dronethe lafachotree (Tdnbin avellagedis) wl'aelyls native
research groups and institutions. 0 1OOw 00 OUO0O O

to , St AdnékRa. Dunajvae hamdeo-dunmibnn areaalso . abtaingd fimm the leaves of
nocar di none B However, despite a variety of.

Stﬂeﬁt@@é\f‘zﬁtb elunain faSveit South iAmeidal Bince mméiast timksimBouth America,

e fact that such napht hoqui none conpounds have

thdsB SfafRSUricGclf highmtoquirdne tdefiddtiveg have peey aviddlpised as an anti-
obesity, diabetes, netabolic syndronmes, degenerative

caﬁ!ée‘f %ﬁ%e&dqadh&tréﬁﬁﬁﬁﬁof Cas intAd wWhiéHis iy piegliogdieind in South
dysfunction. Based on the fact that the

Alﬂg@éﬁe afEAE 1200 8Go RARD LRAE Bk RAAR ERBRAUO EEfeSH IR pafticular, as their
| apachone, dunni one, a-dunni one, nocardi none A

phﬂﬂlngéﬁﬂi PecBond 28Tk Uéi{t@&dn@evo‘drugz%é aBhhle Nabwh B western

talucratin C have chem cal” basic structures

coBeD e bogs v oAb VR Juch seced gopeideratle
atl%ﬁt%ﬂ s e[gé%ple {Ilb gac't rh\(sedﬁc‘? 2d%h I}.T'Pat@ﬁ 6% 959 YEN LsuBI tricyclic

ave | nv hei T ar macol ogl ca actions ’as

SRR S PR, b B Qs o
B B T SR oo rone comends

in cells and tissues. Then, in order to exan ne
undly t herapegtic effects of o the conpouwds bHor
SOSyndr orres‘l] i n¢l udi ng obe§]|\tyO di abet gs,
ov degene atT™we .
. dr| aI fun ti I
results hus oKfai

exanPrned’ t her apeut ld:._u A f

8 ~lapachone dunnione o ~dunnione nocardinone B

However, despite a variety of researches and studies, it still remains unknown
the fact that such naphthoquinone compounds have therapeutic efficacy for treating or
preventing obesity, diabetes, metabolic syndromes, degenerative diseases and diseases

associated with mitochondrial dysfunction.

Based on the fact that the above-mentioned naphthoquinone compounds such
as B-lapachone, dunnione, o-dunnione, nocardinone A, nocardinone B, lantalucratin A,

lantalucratin B and lantalucratin C have chemical basic structures similar to those of
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treatnment and/or prevention of disease syndrones
i ncl udi ng obesity, diabetes and 10 netabolic
W@ vdogsses, through various experinments using PGI/ER2006/000531
m ce, a aninmal nodel of obesity caused by decreased
secretion of leptin. Consequently, the present
inventors have confirned that the napht hoqui none
Taashinsendisivatives axanctad denwDahshehethp isemtirs of theepresenh invention
have excellent effects on the treatnent and/or
hapé mestidacsd héir phamamelogioahdetivie as thdiapentie aadiiprophylactic agents
i nvention has been conpl eted based on these findings.
forl eldpeliefs9hdrons. Thiel| tef prdlentpineefoi haviv atténpiedit® ¢xamine
provide a pharmaceutical conposition conprising, as
widfhe ClapH@ o Mabes icempourdisnaP disblosed iwnke @asseot itlentivre activate
is therapeutically effective for the treatnent and

AMPRVBENEIO InPlissibs TRes, if)AdHragegarfine Préfoundly @sdripeutic effects of
I abet es, netabolic syndrones, degenerative di seases

d
th%% JouRGN GBHT * Bdeasd Y hiddgiek® %Eﬁlhﬁ%e Qbeliie agigBetes? Ometabolic
RI EF DESCRI PTI ON OF THE DRAW NGS The above and ot her

syf?&ll)ﬁx%g,_sdeﬁélﬁéﬁstf{ree(ﬁsé% LRk ASNEM AFSBnQfont RS §is&REs based
ion w h

I nvent be nore clearly undefstood fromthe

on{/\rllg%ti%@%ﬁkgoﬁﬁhéd lid P%gecﬁé hwnt @ havé BkERink tlfé?d}igﬁ% EFO8s for the

t € agconﬁany raw ngs, in which: -
A 5 . .

SR ST AP ) O o

val ues accor di t h .
gl SRR bR VBT PR C uRE B SRR e of
orgSRP St B9 REECASATES At ot EpPLERgRl, BBk Woenor
ok oA B s AR LomgBRBEREIL BTl O
. effects of P-I apacfil ne on phosphoryl ati on of . .
inyaRieR heveaexerlieny @ 55 aen st FadmelbRafor piegantiogaof disease
syggp%gtﬁ{;arpeg%n? il;ll(\)/g\rnltino% h%]; ];:Jggnt c?on?gletsc_l Lgsgg %Q?ﬁeese %ngdings.

Therefore, an object of the present invention is to provide a pharmaceutical
composition comprising, as an active ingredient, a naphthoquinone compound which is
therapeutically effective for the treatment and prevention of disease syndromes such as
obesity, diabetes, metabolic syndromes, degenerative diseases and mitochondrial

dysfunction-related diseases.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages of the present
invention will be more clearly understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:
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10 AMPK in C57BL/6 mce; FIG 7 is a photograph
showi ng effects of (3-Iapachone on phosphoryl ati on of
WORMK0883CC i n C57BL/ 6 mice; FIGS. 8A through BEI/ER2006/000531
graphs show ng effects of (3-1apachone on transcript
expression of proteins involved in |lipid netabolism of
C57BL/ 6 mce; 15 FIGS. 9A through 9C are graphs )
showFbgS et fileough Gfar¢ Zraphp abbwing fohdistrihwsioniiptterms of numerical
expression of proteins involved in glucose netabolism
vahies Gaé@idin 1o cach Fr@s of 025 1B1r/61igHep0db/bep ar apérs which were
showi ng effects of (3-lIapachone on transcript
admifkterdi oithoh plisinatasicalnompesitiom ini saotdanck ivaith the present
bi ogenesis of C57BL/6 mce; 20 FIGS. 11A through 11F
in@hBoftl aphs showi ng effects of (3-1apachone on
transcri pt expression of proteins in involved energy
nmet abolismin C57BL/6 mce; -14 WO 2006/ 088315
PCT/ FR30 Q640 @0piRtograplis. shaRing kffects rof1fHapackongr aptrsgulation of
show ng effects of (3-1apachone on transcri pt
phexghioed sticnnofAAMBKRIndr £CEtirdelpy; ot ei ns in C57BL/ 6 mice’;
FIG 13 is a graph showi ng effects of (3-lapachone on
transcript expression of UCP1 and UCP2 genes in .
C57BIFI6. fiiis e;photograph, showingeffects) of Brlapaghensren rinshorylation of
changes in body weight and diet with respect to the
endothelaad @itof okidewynthtedeN&$N ni stration of f -1 apachone
in DO C57BL/6 mce; FIG 15 is a graph conparing
wei ght changes in various organs between the .
t r eati¥68t 64r wueC el geaphs sbewiecrffects o B-lappshonesen agtjvgton of
of (3-lapachone to DIO C57BL/6 10 mce; FIGS. 16A
AMBKoind?d 7B30 ariee; phot ogr aphs showi ng whol e '
| aparotom zed states of aninmals after adm nistration

of (3-lapachone to DIO C57BL/6 mice and results OL o'l |
FIG. 7 is a photograph showing effects of B-lapachone on phosphorylation of

AMPK & ACC in C57BL/6 mice;

FIGS. 8A through 8F are graphs showing effects of B-lapachone on transcript

expression of proteins involved in lipid metabolism of C57BL/6 mice;

FIGS. 9A through 9C are graphs showing effects of B-lapachone on transcript

expression of proteins involved in glucose metabolism of C57BL/6 mice;

FIGS. 10A through 10E are graphs showing effects of [B-lapachone on
transcript expression of proteins involved in mitochondrial biogenesis of CS57BL/6

mice;

FIGS. 11A through 11F are graphs showing effects of B-lapachone on

transcript expression of proteins in involved energy metabolism in C57BL/6 mice;
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red O staining and EM exam nation on fat accunul ation
inliver tissues; FIG 17 is a photograph show ng
W@ oovpass3sdn results of the size of adi pocyte RGI/KR2006/000531
gonadal adi pose tissues after adm nistration of
J3-1 apachone to DIO C57BL/6 mce; FIG 18 is a graph
showi ng changes in concentrations of blood Iipid,
gl uc¥36. E2nl thronglo h2F wictgraplsspewing effectseofifalapachene pn transcript
time after adm nistration of (3-lapachone to DI O
expiegdb 6f $iRAereldfédprokdns in GH7PhdG mgeeaph showi ng
conparison results of H&E staining of 20 brown
adi pose tissues after admi nistration of (3-lapachone
t o DFESChYBL4 graphshowimazffeets ofsP-lapgelnns gndpmsertpsgraggssion of
results of EM exam nation of brown adi pose tissue
UGR anrd WAR? gemssimG5@BLA mic8; | apachone to DI O C57BL/ 6
m ce; -15 WO 2006/ 088315 PCT/ KR2006/ 000531 FIGS. 21A
to 21E are graphs_and phot ographs show ng changes in.. .
di et &IGSi MAkred §4Baey giaphyihowving elianges frzodyueight and diet with
accunmul ation amount of fat, and EM exam nation
respestutot the qfassaigs fdimefafter adminiairaiionaef Briapsehone in DIO C57BL/6
J3-1 apachone to leptin receptor- deficient (ob/ob)
migg;ce; 5 FIG 22 is a graph showi ng effects of
J3-1 apachone on spontaneous | oconotor activity after
adm ni stration of J3-1apachqgne to DIQ C57BL/6 mi ce;
FI G F}G. 13 ina @r@é\wosmmnw%gbtéaaggﬁflna‘@maw%ﬁgewen the
enhancenent of ph%/si cal endurance after
tregtment igsqupandaengpl group afacadstaistration @ fekpaghoge tg PLO C57BL/6
and FIG 24 is a graph show ng effects of J3-lapachone
mig¢i Respiratory Quotient 10 (RQ after adm nistration
of J3-lapachone to DI O C57BL/6 m ce. DETAILED
DESCRI PTI ON OF PREFERRED EMBODI MENTS | n accor dance
wi t h EAGSatp dhroggh { A€ ase phetngraphy ehnwing Whol-lapygtpmizedstates
other objects can be acconplished by the provision of .
of animpely Afierendministratiamefolappelione do Qlﬂé)«(ﬂméétmié%?mbﬁé)ﬂ’& of oil

prevention of disease syndromes such as obesity,
rediDatainiag andriEMA bxdnnipation on fat accumulation in liver tissues;

FIG. 17 is a photograph showing comparison results of the size of adipocyte

in gonadal adipose tissues after administration of B-lapachone to DIO C57BL/6 mice;

FIG. 18 is a graph showing changes in concentrations of blood lipid, glucose
and hormone with respect to the passage of time after administration of B-lapachone to

DIO C57BL/6 mice;

FIG. 19 is a photograph showing comparison results of H&E staining of

brown adipose tissues after administration of B-lapachone to DIO C57BL/6 mice;

FIG. 20 is a photograph showing results of EM examination of brown adipose

tissue after administration of p-lapachone to DIO C57BL/6 mice;
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15 syndrones, degenerative diseases and mitochondri al
dysfunction-rel ated di seases, conprising: (a) a

wo b@cagssut i cal |y ef fective anobunt of a conmpounBCT/KR2006/000531

represented by Forrmula | below O R2 ~r RR8 R7) n
ORG RS R3 R4 (1) -16 WD 2006/ 088315

PCT/ KR2006/ 000531 wherein Rl and R2 are ea_ch o

i ndepEHaent 14 thy2dFoarengrapld auk photagiephy showihgootnges in dietary
| oner alkyl having 1 to 6 carbon atons; R3, R4, R5,

ingke/ grrboghd WREEhA éogiacweiigh‘d epdndentivationdamgen, of fat, and EM
hydroxy, Cl1-C20 5 alkyl, al kene or al koxy,

exapainatignk asulth ef dissusy @fton béministatiph ofrp-kiphetonarty! leptift receptor-
two substituents of R3 to R8 nay be taken together to
defigient folygl) mivest ruct ure which may be saturated or
partially or conpletely unsaturated; and nis 0 or 1,

with proviso that when n is 0, carbon atons adjacent

to n FKimZais agieph shewingeffects ofi falapactioneoh spomeneons lécomotor
pharmaceutically acceptable salt, prodrug, solvate 10
agdivity afgeadninistraton obhrippthiona tp REO G5IBILY6 avdd, Y

acceptable carrier, a diluent or an excipient, or any

[ [ t her eof .
corbi 1'5% Z%r}s a graph showing effects of B-lapachone on enhancement of physical

endurance after administration of B-lapachone to DIO C57BL/6 mice; and

FIG. 24 is a graph showing effectsl of B-lapachone on Respiratory Quotient

(RQ) after administration of B-lapachone to DIO C57BL/6 mice.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In accordance with an aspect of the present invention, the above and other
objects can be accomplished by the provision of a pharmaceutical composition for the
treatment and/or prevention of disease syndromes such as obesity, diabetes, metabolic
syndromes, degenerative diseases and mitochondrial dysfunction-related diseases,
comprising: (a) a therapeutically effective amount of a compound represented by

Formula I below;

O
Rs o
N
R1T Rg
__R7) n
O Rg
X Rs
Rs Rq Q)
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In order to confirmtherapeutic and prophyl actic
effects of the conpound of Fornmula |I on disease
W@ 006088385, t he present inventors, as wll be PCTI/KR2006/000531
illustrated in 15 Experinental Exanples hereinafter,
have neasured activity of the conpound of Forrmula | on
AMPK activity in nyoblast cells (C2C 12) and
suppmdesdion of cellular differentiation in
preadi pocytes (3T3-L1 and F442A cells) and as a
result, have confirned that such a conpound exhibits
supeRiend Ryrre each iindepprgdently hzdrogem hglogem allgxy ohydroxy or lower
effects of adi pocyte differentiation. 20 In addition,
alkyhbaying $ ¢m6 carbopnatomass have further. confirmed that
therapeutic and prophylactic effects of disease
syndrones by the conmpound of Fornula | were exam ned
t hr olghRinRuiReo Rexadr Reaise each, iidapendsnthp hydregen, }yﬁ}%g, Ci-Cao
of obesity, db/db mce, a nodel of obesity/diabetes,
aligyil,Oafkghetorj Alkaxiad cpdealkyly hetareeyclaaliybe dryhyomihgiergagyl, or two
-17 WD 2006/ 088315 PCT/ KR2006/ 000531 di etary .
subssitetintsd o3 toaRaimay bk dakengpgether de formna giklis) stigicture which may be
obesity/ di abetes, and as a result, the conpound of
safugatedibrapartiallysoritiogtplately mosapretedi @ |y ef fect i ve.
Therefore, it is expected that the pharmaceuti cal
conposition in accordance wth the gr esent inpvention
conpri isitner bhwitle orRYEtondabowhe b s Dacarber atgpszadiaogat tosn form a
I ngredient, can treat and prevent a variety of disease
cyshimstrustuse viesa diedet hewtl; on a pharnpseewsicatly amw@hé sgH Rrpdrug, solvate
activation of AMPK. As used herein, the term
or'iswinzar theecenf} arclal | y accept abl e salt" neans a
formul ati on of a conpound that does not cause
significant irritation to an organismto which it is
adni Kbk e arhasmageytierdbys agrsptablsr asre at dilbiept OF G§i gxgipient, or any
activity and properties of 10 the conpound. Exanples
copfbination thesieafaceut i cal salt may include acid addition
salts of the conmpound (1) with acids capable of

form ng a non-toxic_acid addition salt ontajinin
phar facadgeri téﬂ@?%é@@ﬁ?%ceanérﬂreﬂ@’iaq@ref%?%& the chmpound of
i norgani ¢ aci ds such as _hydrochl oric aci d’%iil,m furic .
Foswily, 1 ren dissasec SYndromes pher Preseat i gyerigfar 8brivih oe aidlpgprated in
and
Experimental Examples hereinafter, have measured activity of the compound of
Formula I on AMPK activity in myoblast cells (C2C12) and suppression of cellular
differentiation in preadipocytes (3T3-L1 and F442A cells) and as a result, have
confirmed that such a compound exhibits superior AMPK activation effects and

inhibitory effects of adipocyte differentiation.

In addition, the present inventors have further confirmed that therapeutic and
prophylactic effects of disease syndromes by the compound of Formula I were
examined through in vivo experiments using ob/ob mice, a model of obesity, db/db

mice, a model of obesity/diabetes, DIO (diet-induced obesity) mice, caused by high fat
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hydr oi odi ¢ acid; organic carbonic acids such as
tartaric acid, formc acid, citric acid, 15 acetic
w@eiod/ossg313 chl oroacetic acid, trifluoroacetic aPCTIKR2006/000531
gl uconi c acid, benzoic acid, lactic acid, fumaric
acid, maleic acid and salicylic acid; or sulfonic
aci ds such as nmethanesul fonic acid, ethanesulfonic
dicaary ¢pndieings aed Ahélen ifo/farisda aodelpoftobksitvidishdtéso and as a result, the
acid. Specifically, exanples of pharnaceutically
compoapt allf emubr bwas/hiphlyaérapentibilly effectiveide salts with
al kali nmetals or alkaline earth nmetals such as
l'ithium sodium 20 potassium calcium and nmagnesi um
sal t Theiefdreaitiincxpesitels thati e pharmeegusicalecompesitien ihaccordance
guani dine, salts with organic bases such as
with ehec Ipt:dsenctyimanumm demyeising e gbmpawchef Formula I as an active
tri s(hydroxynet hyl ) net hyl am ne, di et hanoani ne, chol i ne
ingrodieht; cai thadt and pﬁveﬁlﬂaevariequmﬁmdseai’ynﬂ:mxnm laa défined in the present
accordance with the present invention nmay be converted
invention vRadctisatidnasfed¥PKby conventi onal net hods
wel | -known in the art. -18 WO 2006/ 088315
PCT/ KR2006/ 000531 As used herein, the term "prodrug
meansAsamsedjelreinhahe i termo fpkarmeeeutioally taseepsablensalty llilc},)eans a
in vivo. Prodrugs are often useful because, in sone
fominilatidn ofs compeyndnthgt dees roasause signifaeini irritation to Rarprgsnasm to
parent drug. They may, for instance, be bioavail able
wikiyh itds alimadstered sihd @beonot ablrepateathe ﬂ)hﬂogiaalmtivimyayncb properties of
not. The prodrugs nay al so have 5 inproved solubility
thé Borﬁb@ﬁﬂBEﬁakh élof ¢leplesmhbéentisal ok rmdyhimcinde enid afiditipn salts of
An exanpl e a prodrug, without limtation, would be
thé@ ¢oRIfeard d(I)Ofwfélh Qcid espablel o Ehiniag avtioakoxis acid addition salt
adm ni stered as an ester (the "prodrug") to facilitate

cohfaﬁﬂﬁé’%h&m%&ﬁfc%ll? #e8ptatI® Ahioas efor \Mﬁ@ﬂhple inorganic acids such as
water-Solubility is detrinmental to nobility, but which

hyﬁﬂfcgldrﬁ JB4 2hhirieaddi) niftkdhQly ﬁl%’sph&lé Rgidc %Ff@x%tdrm@ acid and

acl the active entity, once Inside the ce where 10

hy &’ﬁcsa S&%qdnﬁc%c&%oﬁ@ %@{15%\1@1{ as arfabiC LR, TEPRRERICRY, Qﬁtrls: acid,

e pro e a short peptide (pol yam no aci d

acQt?{gﬁg &Bhlgpqaggﬂ}égécgg,lg&ﬂd g)ag\égﬁ:lré\jcé& :;kgulw%ﬁi?:t A&iE Buegé(()jlc acid, lactic
ach eﬁl&ﬂncf nglél%? rglgllﬁlcs %lci‘ﬁata‘ﬁd SHRYEC %ackfMBP uﬁﬂlfoﬁfc b0Rls such as
methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid and p-toluenesulfonlc
acid. Specifically, examples of pharmaceutically acceptable carboxylic acid salts
include salts with alkali metals or alkaline earth -metals such as lithium, sodium,
potassium, calcium and magnesium, salts with amino acjds such as arginine, lysine and
guanidine, salts with organic bases such as dicyclohexylamine, N-methyl-D-glucamine,
tris(hydroxymethyl)methylamine, diethanoamine, choline and triethylamine. The

compound of Formula I in accordance with the present invention may be converted into

salts thereof, by conventional methods well-known in the art.

-18-



or a salt thereof, which further includes a
stoichionetric or non-stoichionetric anmount 15 of a
waologestsibound thereto by non-coval ent i nter nDPEDER2006/000531
forces. Preferred solvents are volatile, non-toxic,
and/ or acceptable for admnistration to humans. Were
the solvent is water, the solvate refers to a
hydr af.usgd herginy theeteatri‘pradies’t weans dnsagest thatisaamvarted into the
conmpound of the present invention or a salt thereof,
peigat drg én vive. Brodeugshesrofted usefirl hebauserinrsomesithations, they may be
formula but is 20 optically or sterically different
casirsrte fadovimiston tewsthe tlasnnidsie. Siheg indyedor ins@née @ bioavailable by
"conpound of Fornmula | " is intended to enconpass a
oxab rdoumistrgion, seheransdtha mpivart nmee Wei el IMea@@aﬁ{faq\k;% also have
salt, prodrug, solvate and isomer thereof. -1I9
5 if0eddRBRIhtyPaTHHARAMMOHEH QDdbosiAondIoRE the kit diluBCAn example
term"alkyl" refers to an aliphatic hydrocarbon group.
oflihprodiugy Withoutdinyitation, WouR besdoniRued oPHEWreseBf iBYEhtion which is
whi ch neans that it does not contain any al kene or
adrhikjsegedrad e esisr (1A tpodalchy &) Facilithte tah ABO&EY cdiP¥aembrane
al so be an "unsaturated alkyl" noiety, I ch means
whérat whter-6610bifity13s detrl®@%4l 10ORRLAIKEPE Vhicdl KeReis metabolically
nmoi ety. The 5 term "al kene" noiety refers to a group
j i I : rhan r .
hydolyPddC o ahe | @ASIxyliWOactRr R %égfvgg&tgt?kgl}%(gé 1%52?(32&})1; QR where

car bon- car bon doub! e bo_nd, a I
10 whieh RNl S bORNRIL A PAE uipple @?‘?%?%”%g‘éﬁfiﬁﬁﬁegQéﬁeﬁipepude
i : . g i J t.itut or
el s o RISt PR B v
th&Sct qﬁioiPS,r ein, the term"heterocycl oal kyl" neans a ‘
|

car bocycli'c group in which one or nore ring carbon
atons are substituted with oxygen, nitrogen or sulfur

and V&Y gdadinRfdiidRs terx%o{s?lgf’é@“m&ns ? %mbg'uﬂao(gf tH—: g%etﬁgr% i}l\(/)ention

furan, thiophene, pyrro pyrroliney pyrro

or W@HhEreof W}ﬁ@lphgglreg fﬂcﬂ%g la)e/stoij:l{()q)rggt%%l3531'%3-2969@}89“18?& amount

i m dazol 1 di ne, zol'e, pyrazoline,

15  of iaSSBI\}%h?l;&Jnﬁ’thér@i!oatﬂfoﬁo%’-coalgiegfj fn?e%’l%loﬁebulg}/ FotCes. BYerfei:r%dn s%’lvents are

volatile, non-toxic, and/or acceptable for administration to humans. Where the solvent is

water, the solvate refers to a hydrate.

As used herein, the term “isomer” means a compound of the present invention
or a salt thereof, that has the same chemical formula or molecular formula but is

20  optically or sterically different therefrom.

Unless otherwise specified, the term “compound of Formula I © is intended to
encompass a compound per se, and a pharmaceutically acceptable salt, prodrug, solvate

and isomer thereof.,
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15 pi peridi ne, norpholine, thionorpholine, pyridazine,
pyrim di ne, pyrazine, piperazine and triazine. As

wais@dosssiei n, the term"aryl"” refers to an ar OPEl/K&2006/000531

substituent group which has at |east one ring having
a conjugated pi (tc) electron system and includes both
carbocyclic aryl (for exanple, phenyl) and
het er 86 y¢d berginy the(tbn “alkpkipefers toyani aliphatjc Rdrgecasbgsgroup. The
This termincludes nonocyclic or fused-ring polycyclic
alkyl moiety may de wiisathragddoalleyl” grijupcwhich padans thaf itcaedAGt contain any
at ons) lg(r oups. As used herein, the term"heteroaryl”
alkeieepsalkyneamoitiosred ltarnagivelyp thehalkylanoiesy may aRb Je@mStunsaturated
one heterocyclic ring. -20 WO 2006/ 088315
alRgl?’/ meizG0 6VHd0mB4ns RxnitRbagingfat ddagl oy alRédeeb0akyhe moiety. The
i nclude, but are not |imted to, phenyl, furan,
teppratkengsymbidyst refary ko aigebylp iaRehi¢H atd8ast twddarbbi atoBd foftf at least

R5, R6, R7 and R8 in Fornula | in accordance with the

onr @sbunt-carbory doible bondyand @noRIyaFa hlovetp wereis thu S@up WSich at
substituted, the substituent group(s) 5 is(are) one

least tworcartghaitgras Yorali adl oat leirbendaibad aRpRARR! Yhe alkyl moiety,
sel ected fromcycloal kyl, aryl, heteroaryl,

regediRsoaf ivihethdr it i§%abstited dr KPXYbstitiad, GHdy bgecfrmte&’ linear or
al kylthio, arylthio, cyano, hal ogen, carbonyl,

cycit.ocar bonyl, O-carbanyl, N-carbanyl, O thiocarbanyl,
N-t hi ocar banyl, Cam do, N-am do, S-sulfonam do,
N- sul f onam do, C-carboxy, O carboxy, isocyanato,
t hi ocAsNBdd herefintthé AEMAHREBIOCNIGAIRY” Shéatls a_carbocycli i
tri hal omet hanesul fonyl, 10 angd amgyno [ nclsu%licerl}rgo%cnlg-gmup n

whiohl oélé 08 Wiksit irfrigt @G LBk @é‘gu&ﬁﬁftf‘c‘g Wl?tﬂ %&g 1, aﬁi{régeglr or sulfur

thereof. Anong conpounds of Fornu erre
andOWRRHMNBgIudks, Fk Nexas®Ild, | but LS W 9imlida RE! QWin qgngﬂéﬂédspyrrole
of Forrmula Il are conpounds eretn ni1s an ? ’

py®@lias e HyroBlken o}é"tzglg’ﬁ dﬁ]?‘{%g}regbe iﬁ&o‘fe,%@%&&ﬁneef g fgﬁ{d%%gidine,

ring) via a direct ween’and are o

&B%r,' I, %ZBH @ " - C " . N I
py[‘ fur allﬁl o- o-%émra%bgﬂlmr? bggemggirh?%a?l \E/%ks:"' thiadiazole, pyran, pyridine,
piperidine, morpholine, thiomorpholine, pyridazine, pyrimidine, pyrazine, piperazine

and triazine.

As used herein, the term “aryl” refers to an aromatic substituent group which
has at least one ring having a conjugated pi (x) electron system and includes both
carbocyclic aryl (for example, phenyl) and heterocyclic aryl (for example, pyridine)
groups. This term includes monocyclic or fused-ring polycyclic (i.e., rings which share

adjacent pairs of carbon atoms) groups.

As used herein, the term "heteroaryl" refers to an aromatic group that contains

at least one heterocyclic ring.
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hereinafter. R2 O II1\\" RR R R5 OR4 R3 (I1)

Conpounds of Fornmula IIl are conpounds wherein nis 1
wapweasss1dften referred to as "pyran conmpoundBCT/ER2006/000531

" pyr ano- o- napht hoqui none"” hereinafter. -21 WO

2006/ 088315 PCT/ KR2006/ 000531 O Rz O Rr RS R7 R6

RS RB R4 (I1l) In Formula I, each RL and R2 is

par t iExamates yof prglf @ letérgaryl) ircbiglen butsaro mgt dimdtefltpaphenyl, furan,

conpounds of Formula Il, particularly preferred are
pycangpypidyd spyoimiffplr andlteiadyla wherein Rl, R2 and R4 are

i ndependently hydrogen, or 5 conpounds of Fornmula Ilb

wherein RlL, R2 and R6 are independently hydrogen. 0 O
Ry, Ry, Rs, Ry, Rs, Rg, Ry and Rg in Formula I in"accordance with the present

invention may be optionally substituted. When substituted, the substituent group(s)
is(are) one or more group(s) individually and independently selected from cycloalkyl,
aryl, heteroaryl, heteroalicyclic, hydroxy, alkoxy, aryloxy, mercapto, alkylthio, arylthio,
cyano, halogen, carbonyl, thiocarbonyl, O-carbamyl, N-carbamyl, O-thiocarbamyl,
N-thiocarbamyl, C-amido, N-amido, S-sulfonamido, N-sulfonamido, C-carboxy,
O-carboxy, isocyanato, thiocyanato, isothiocyanato, nitro, silyl, trihalomethanesulfonyl,

and amino including mono- and di-substituted amino, and protected derivatives thereof.

Among compounds of Formula I, preferred are compounds of Formulae II

through IV below.

Compounds of Formula II are compounds wherein n is 0 and adjacent carbon
atoms form a cyclic structure (furan ring) via a direct bond therebetween and are often

referred to as “furan compounds” or “furano-o-naphthoquinone derivatives”

hereinafter.
R» o
PN
R1—I""
S Re
Rs
0 Rs
Rs (I

Compounds of Formula III are compounds wherein n is 1 and are often

referred to as “pyran compounds” or “pyrano-o-naphthoquinone” hereinafter.

21-
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wWEe@hesssexl are

alns
/4

R RS 0- R3(lIla) OR5 OR4A R3 (lIIDb) Further,
anong the pyran conpounds of Fornula Ill, particularly

R2, R5, R6, R7 and R8 are independently 10 hydrogen.
-22 WD 2006/ 088315 PCT/ KR2006/ 000531 O qR4 (ll11a) The
term "pharmaceuti cal conposition"” as used herein neans
a mxtureof a conpound of Fornmula | with other
ckgm cal |conmpopents, such as diluents or carriers.
cal conposition facilitates

the conpound to an 5 organi sm
& 3 s of adm nistering a conpound are
Knowh™ i n™ Rpd include, but are not limted to
oral, injection, aerosol, parenteral and topica
adm ni st r'aty §$‘Bharnaceutical conpositions can al so
be obt ai ned/\y acting conpounds of interest with
aci ds suchrasrhy rochlgﬁbc acid, hydrobrom c acid,
sulfuric acid, nitric acCid, phosphoric acid,
nmet hanesul foni ¢ acid, p-toluenesul fonic acid,
sal i gYFbfmyuid§, Ach R, 3RARL RepariidifarlyfiefetablyThydrogen.
"t herapeutically effective ampunt" means an anount of
an active

Among the furan compounds of Formula II, particularly preferred are
compounds of Formula Ila wherein R;, Ry and Ry are independently hydrogen, or

compounds of Formula IIb wherein R, R; and R are independently hydrogen.

Rs (ITa)

Rs (ITb)

Further, among the pyran compounds of Formula III, particularly preferred are
compounds of Formula IIla wherein Rj, Ra, Rs, Rg, R7 and Ry are independently

hydrogen.

20
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ingredient that is effective to relieve or reduce to
sone extent one or nore of the synptons of the
waele®emss313 n need of treatnent, or to retard i NPCT/KRR2@G/000531
of clinical markers or synptons of a disease in need
of prevention, when the conmpound is adm nistered. 15
Thus, a therapeutically effective anobunt refers to an
anmountQof the active ingredient which exhibit effects
sing the rate of progress of a disease;
ing to some extent further progress of
and/or, (iii) relieving to sone extent
erably, elimnating) one or nore synptomns
ith the di sease. The therapeutically
punt may be enpirically determ ned by
g -23 WD 2006/ 088315 PCT/ KR2006/ 000531
wi th the/sonpounds concerned in known in vivo and in
vitro npgeRgSyst for a disease in need of
treatnment. The term "carrier" means a chem ca
conpound that facilitates the incorporation of a

conPayRQerdnl tphdrflabsutiesl ddnSodRion” a8 us@K BéRinemedtisme iristure of a
sulfoxide 5 (DVMBO) is a commonly utilized carrier as

coln%;o{u?d: hf FOLALGS 1vAeh HiRkAKEnREal BRMpoREAE N Eh a§ ANRHS @B carriers.
Into the cells or tissues of an organism The term
v g . o oS EES . .
e T
. 1 ” olagi oal . .
o PSP LA 8 e P et

oun

. iWlized di | ; ' i e d. .
incfiie. PG 57, e 5C el dRsbionty Berd ol gl iR topical
e ionic¢.strength

o5 A P LT,

H o .solution at | ow concentrations, uffer . .
coffmouin St es} Wi ks 5 FRRGREMDEHE AR, Brtipil sgia guifuric
conpqund.. The coppounds descr)bed herein ma e . .
ackhl MtH¢ a¢idy Rhsphprie %tfﬂﬁ‘}f’ﬂﬁ’é?% 1GAcHd, P1‘8P‘§8?9(*H?nﬁ°r'f‘°{% galicylic

form of pharmaceutical conpositions in which they are
acid apddhe\likes ot her active ingredients, as in
conbi nation therapy, or suitable carriers or

exci pi,ent (s . . » i
lehe tet(m )“therapeutlcally effective amount” means an amount of an active

ingredient that is effective to relieve or reduce to some extent one or more of the
symptoms of the disease in need of treatment, or to retard initiation of clinical markers
or symptoms of a disease in need of prevention, when the compound is administered.
Thus, a therapeutically effective amount refers to an amount of the active ingredient
which exhibit effects of (i) reversing the rate of progress of a disease; (ii) inhibiting to
some extent further progress of the disease; and/or, (iii) relieving to some extent (or,
preferably, eliminating) one or more symptoms associated with the disease. The

therapeutically effective amount may be empirically determined by experimenting
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Techni ques for formul ati on and adm nistration of the
conpounds may be found in "Rem ngton's Pharnmaceutica
w®eioengs3sy * Mack Publishing Co., Easton, PA, I1BCTIKR2006/000531
edition, 1990. 20 In the pharmaceutical conposition in
accordance with the present invention, conpounds of
Formula I, as wll be illustrated hereinafter, can be
wiftl feadedtbdinds conaendd onkhowetimoie kmbim vitro tedehsystems for a
and/ or various processes which are based upon the
digandhdleed eLtrenhegt.es and practices in the organic
chem stry synthesis field. The preparation processes
descri bed bel ow are only exenpl ary. ones and ot her
pr oc @hsesermarf‘cart” WRe20 6! 0888116 POIhKeEED ahan oBglitates  the
al so be enpl oyed. As such, the scope of the instant
indofpyatiérD Bf iaScamyounid nintoe deltsoort tigsued. dfdroaiample rdimethyb sulfoxide
Preparation method 1: Synthesis of |apachol derivative
(DMSO R 8l-comin@dnyy @dliged barriet hoit fa¢Bitdtespthehapiake of many organic
obtained in a relatively small anount fromthe | apacho
cotipBénds ibtothecdRoritiaprs bOhn orgasidmas a raw material for
synt hesi s of 3-lapachone, is obtained in a
considerably | arge anount fromthe | apacho tree.
Ther dferterm & ‘diluent® stefines chgmichle sopaifnds (dlutesh i ates that will
utilizing | apachol was al ready devel oped | ong tine
digglve tihedmpandaf iiterestas wellyas stabilizeRthe bimogieally. acfime form of the
Chem Scoc. 49 (1927), 857, (3-lapachone is obtained
cohipo@ind. rSltatdiseelivid i Bhiffated solutipnsnan iutitizédpadihentsainghe art. One
sulfuric acid and vigorously stirring the 10 resulting
cotfinXdrly Bséd biiff&eohaiteis PhusphaterBuffdied salinei (PBS) because it mimics
napht’hoqui none (pyrano-o- naphthoqui none and

thé Wn@ﬁr&gﬂ%ﬁﬁ%k‘ b AAMIN B6dy Haidi Sidse batfém@ltacan control the pH
relatively sinple chemcal structure are generally

ofSY RbRIESA %?%W%(ﬁl&ﬁkﬁkhy 4 %uh’eﬂ Riéf! €rely anédifitd @Rt bidlogical
using sulfuric acid as a catalyst, as in Reaction

acﬁg 9Ph§?ﬂ¢ﬁﬁngsased on this process, a variety of

oun ormula | can be synthesized. 0 t 'OH
I I S04
The compounds described herein may be administered to a human patient per
se, or in the form of pharmaceutical compositions in which they are mixed with other
active ingredients, as in combination therapy, or suitable carriers or excipient(s).
Techniques for formulation and administration of the compounds may be found in

“Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA, 18th

edition, 1990.

In the pharmaceutical composition in accordance with the present invention,
compounds of Formula I, as will be illustrated hereinafter, can be prepared by
conventional methods known in the art and/or various processes which are based upon
the general technologies and practices in the organic chemistry synthesis field. The

preparation processes described below are only exemplary ones and other processes can
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15 Lapachol P-|apachone Mre specifically, the above
synthesis process may be summarized as follows. -25
wOD0g08B1088315 PCT/ KR2006/ 000531 O Rr O f R (PCI/KR2(RB/000531
(~ OHOgrRR Rs OH ~/" Lill, R3 O 091504 &R O aR
OrRR O OR R 1-125()4p R3 "'2- O0O0O0 OOR2
R R2 R3 Rr R3 That is, when
alsp- ey émployed., As rzsapihtthg@9¢p¢oﬂ%thesmﬁ'@aure@nwrt ks Delr lippited to the
allylic bronmides or equivalents thereof in the
folboveisg pomesses.a base, a C-al kyl ati on product and an
O al kyl ati on product are concurrently obtained. It is
al so possible to synthesize either of 5 two
prd r| vat IV rteact | ongo ‘n tld%n

anot her type of C— aI kyl at ed der| vative through d ai sen

Eglaarg 3 gE ellﬁ obta é’%ﬁllg)%t uen &Eﬁ ‘%ﬂoﬁ}ne ﬂf)?\e{ﬂevﬂbéc‘ﬁs tree,

ghzatlon

Su ene

9%3 B&alg]??}t U tzaawr&\#vgr ' &nggﬁpﬁsﬁs of % larPachone is obtained in a
coa%{ier% Il}ér%g amLElgt ﬁ“g{nat?lﬁ z%pa)ﬁlﬁ %8% There%lo}@,/ a%trc?c%ss for synthesis of

B-lapachone utilizing lapachol was already developed long time ago. That is, as taught
by L. F. Fieser in J. Am. Chem. Scoc. 49 (1927), 857, B-lapachone is obtained in a
relatively high yield by mixing lapachol and sulfuric acid and vigorously stirring the
resulting mixture at room temperature. As such, tricyclic naphthoquinone (pyrano-o-
naphthoquinone and furano-o-naphthoquinone) derivatives having a relatively simple
chemical structure are generally synthesized in a relatively high yield via cyclization
using sulfuric acid as a catalyst, as in Reaction scheme below. Based on this process, a

variety of compounds of Formula I can be synthesized.

(\]\/ T\ S04 ( L\ g/f
N

Lapachol B-lapachone

More specifically, the above synthesis process may be summarized as follows.
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10 subjected to cyclization using sulfuric acid as a
catal yst, thereby being capable of synthesizing
W@00a/088305 napht hoqui none or furano- o- napht hoquPCIR&2006/000531
derivatives anong conpounds of Formula I. Preparation
method 2: Diels-Alder reaction using
3-nethylene-1,2,4- [3 H naphthal enetrione -26 WD
2006/ 088315 PCT/ KR2006§000531 As taught by V. Nair et
al, Tetrahegdron Le o
orted, t hat a v

pr gduced upon XReati ngo2- hydroxy- 1, 4- naphf ke@ui none
and for mal dehyde oHto Diels-Aldery5 reaction
wi th various ol efi ou dsR Thi s net hod
advant ageous i n that vari ousl/ forns of
pyr ano- o- napht ho- qui nofe derFvatives c
synthesized in a relzil@@c( sinmplified marme

conpared to induction cyclization of |apacho
derivatives using _stilfurit acid as a catalyst. OOO
RBR O R\~ CH i O R /I HHRL/

R OOORs
Hal oakyl ati on "a&d

t hyl enel, 2,4-[3H| napht hal Tnet ri one,

C radi cal reaction The
same net hod used i _gynt hesi so ékyptotanshinone and
15, 16-di hydro- tan “jﬁ%ne can &l s be conveniently
enpl oyed for synthe3|s of furano- o- napht hoqui none
derlvatlves That is, as taught by A C Baillie et a

3 haI ogﬁwl re};lldé Qflro}(ﬁ g% 2 t@g}oég qééga%?{/agg' t?r %aﬁog s allylic
br%tgﬁgs éf Fq}lgpaéfenq% ﬁ1§§eolf(ijn %esgf’i‘%eh&%lt lﬂa@@' a’C aaﬁiﬂatlon product and an

reac
O-alkylation product are concurrently obtained. It is also p0551ble to synthesize either of

two derivatives only depending upon reaction conditions. Since O-alkylated derivative
is converted into another type of C-alkylated derivative through Claisen Rearrangement
by refluxing the O-alkylated derivative using a solvent such as toluene or xylene, it is
possible to obtain various types of 3-substitu§ed—2-hydr0xy-1,4-naphthoquinone
derivatives. The various types of C-alkylated derivatives thus obtained may be
subjected to cyclization using sulfuric acid as a catalyst, thereby being capable of
synthesizing pyrano-o-naphthoquinone or furano-o-naphthoquinone derivatives among

compounds of Formula L.

Preparation method 2: Diels-Alder _ reaction  using  3-methylene-1,2.4-

[3H]naphthalenetrione
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1, 4- napht hoqui none to thereby synthesize
3-(2-hal oet hyl or 3-hal opropyl)-2-hydroxy-
waebensgsnd hoqui none which is then subjected toPCT/KR2006/000531
cyclization under suitable acidic catalyst conditions
to synthesize various pyrano-o-napht hoqui none or
f ur ano- o- napht hoqui none derivatives. -27 WD
2006/A386831% BCNV.KR2D 08/ D0 F5Bdhed®n) LetR54RE2Q01Y, dF4fAST2 it is
HOn/ \R. HR*"~ ~0 G~ RFTRERBR4\ 111 RS
repgegteR thaR,a vaeictyRof pyrafid-BhaphtRqqitsorikSderRatiRe d@ndparcktively easily
met hod 4: Cyclization of 4,5-benzofurandi one by
syithedigedAbglesubjerfifig | Pethimicrie?, 4+fBHmghthaledetriong y ptodessids upon
of Cryptotanshi none and 15, 16-di hydro- tanshi none may
heRghgd 20B1dh&¥e) -1, aL4@BhthbYuidond anSnfoeimnldehydel tdgEeier,ale ddiels-Alder
Letters 28 5 (1987), 3427-3430). According to this

redBBbA QM th (AR GI&HN ankpE@Ay] TIHE endlisd kaddvasagedidrinbkat various
synt hesi zed by cycl oaddition via Diels-Al der reaction

ol %eﬂg{ré})&o-n@ﬁﬁﬁ&ﬁuﬁi@ﬁ@ idRAGat@E | daat by eynthegdzedin auselatively

di ene derivatives. 0 Ra ORn OR _j 1 011) Heating (

sitfiplifidd rharfflr, 25 cHRPYLH YO RIdBEHGH of cytlifatidn Of Rpadkd! Uerivatives using

addition, based on the above-nenti oned preparation

sulfBiO R4S as ¥ BAhIQNS
Re i OH i
R1_¢Et¢:j'/ __.'j_&-'_..
2

Preparation method 3: Haloakylation and cyclization by radical reaction

The same method used in synthesis of Cryptotanshinone and 15,16-dihydro-
tanshinone can also be conveniently employed for synthesis of furano-o-
naphthoquinone derivatives. That is, as taught by A. C. Baillie et al (J. Chem. Soc. (C)
1968, 48-52), 2-haloethyl or 3-haloethyl radical chemical species, derived from 3-
halopropanoic acid or 4-halobutanoic acid derivative, can be reacted with 2-hydroxy-
1,4-naphthoquinone to thereby synthesize 3-(2-haloethyl or 3-halopropyl)-2-hydroxy-
1,4-naphthoquinone which is then subjected to cyclization under suitable acidic catalyst
conditions to synthesize various pyrano-o-naphthoquinone or furano-o-naphthoquinone

derivatives.
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10 derivatives may be synthesi zed using rel evant
synt hesi s net hods, dependi ng upon ki nds of

w@asos3uent s. Speci fic exanpl es of derivati veBCT/RR2006/000531

synt hesi zed and nethods are exenplified in Table 1
bel ow. Specific preparation nethods wll be described
in the follow ng Exanples. [Table 1] -28 WO

2006/ 088315 ¢Ch/ KR2006/ 000531 0 g \ O 1 i C15H1403
242. 37 Meth OxC15H1408 242.27 Method 1 2 090 O

Ra I\ @151 2. 27%MatRodor, .0 4 0 / Cl4 0
) 6 g wjg éﬁ%ms—zwz&%% hold, 4
> X “Y

Rija

Re

R
Ry Ry °

0 O Ry RgRy Ry

Preparation method 4: Cyclization of 4.5-benzofurandione by Diels-Alder reaction

Another method used in synthesis of Cryptotanshinone and 15,16-dihydro-
tanshinone may be a method taught by J. K. Snyder et al (Tetrahedron Letters 28
(1987), 3427-3430). According to this method, furano-o-naphthoquinone derivatives
can be synthesized by cycloaddition via Diels-Alder reaction between 4,5-

benzofurandione derivatives and various diene derivatives.

o Ry
l o}
R1T - =y \ 1) Heating
/7 l Rs 2) Dehydrogenation
R2 \\tt/ \\.O

In addition, based on the above-mentioned preparation methods, various
derivatives may be synthesized using relevant synthesis methods, depending upon kinds
of substituents. Specific examples of derivatives thus synthesized and methods are
exemplified in Table 1 below. Specific preparation methods will be described in the

following Examples.

[Table 1]
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00 6 0 C12H803 200.19 Method 2 0 o 7 | -' Cl9H1403
290.31 Method 1 0 Ph 0 8 \ O Ph C19H1403 290. 31

wORMko8B31S 0 0 0 9 C15H1203 240.25 Method 1 BCHR&2006000531
2006/ 088315 PCT/ KrR2006/ 000531 0 10 / Cl16H1604 272. 30
Method 1 O Owe 0 O

O

§

Ci5H1403 242.27 | Method 1

O

CisH1403 | 242.27 | Method 1

§

e}

\

CisH1s03 | 242.27 | Method 1

[l

§

C14H1203 | 228.24 | Method 1

Ci3H1003 214.22 | Method 1

w
o}

C1oHgO3 200.19 | Method 2

i
ol 'o

o]

CioH 1403 290.31 | Method 1

=

~
°

o]

\

CioH1403 | 290.31 | Method 1

Ph

]

o

Ci5sH1203 240.25 { Method 1
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11 C15H1203 240.25 Method 1
Method 2 0 0 o

o0 12\ Cl16H1403 254. 28
13 C18H1803 282.33 Method 2 0, 0 14

W@2W6A38 322. 40 Method 2 g0=",~ 0 0 15 o CZRERRB3006/000531

322.40 Method 2 0 16 C14H1203
17 C14H1203 228.24 Method 1 O

DT LI laYaVYall N aYaVa¥ mis i)

228.24 Method 1 0 O
-30 WD 2006/ 088315

17 T\ \VAVAOJERVAVAVES] o N N G
O
10 O‘ Ci6H1604 272.30 | Method 1
0 OMe
[e]
(0]
1 Ci5H1205 240.25 | Method 1
0.
9]
o
12
Ci16H1403 254.28 | Method 2
0.
o]
O
13 O‘ CisHi503 282.33 | Method 2
Q
14
C1H203 322.40 | Method 2
15
Cy1Hx 05 322.40 | Method 2
o
o
16 O‘ Ci14H 1203 228.24 | Method 1
(o]
Q
(o]
17 OQ CHEOs  |228.24 | Method 1
[s]
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0 18 C14H1203 228.24 Method 1 0 O 19 Cl14H1203
228.24 Method 1 0 0 O 20 C2o0H22033 310.39 Method 1 O

C15H13C133 276.71 Method 1 0 O

\ POT/RR2(W6/000531

/ Cl16H1603 256.30 Method 1 0 Me O 23 Me C17H1805
302.32 Method 1 0 O 1603 256.30 Method 1 qO 24 Cl6H

[

[§]

o
18 C14H1205 228.24 | Method 1
0
o
19 O‘ Ci14H 203 228.24 | Method 1
o
0
o
20| ()
CooH2203 310.39 | Method 1
T
o}
O
2 O’ CisHi3ClO; | 276.71 | Method 1
O
[e]
o]
22
" Ci6H1603 256.30 | Method 1
e
Q
Me 3 O
23 " OQ Ci17H1505 302.32 | Method 1
o
C.
[e]
O
24
Ci6H1603 256.30 | Method 1
Q
Et
[o]
Q
s | (0
Ci17H 303 270.32 | Method 1
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0 0 25 C17H1803 270.32 Method 1 a Et Et -31 WO

2006/ 088315 PCT/ KR2006/ 000531 0 C20H1603 304. 34
wORM0kO8B31S 26 qO 140 Ph 0 0 27 C1l8H18C3 282. 33PtvEKR@6/000531

140 C17H1603 268.31 Method 1 1o 28 0 o 29 C13HB803

212.20 Method 1 0 0O 30 C13H803 212.20 Method 4 O

ol

Q
2 (O
Cy0H 1603 304.34 | Method 1

9]
|

CisHis0; | 282.33 | Method 1

Ci17H1603 268.31 | Method 1

Ci3HsO3 212.20 | Method 1

Ci3HgOs 212.20 | Method 4

Ci14H1005 226.23 | Method 4

Ci14H1003 226.23 | Method 4

The pharmaceutical composition of the present invention may be manufactured
in a manner that is itself known, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or

lyophilizing processes.
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C14H1003 226.23 Method 4 o 31 ID: 0 32 0 C14H1003

226. 23 Method 4 The pharmaceutical conposition of the
wWEe@sess313 nventi on may be manufactured in a nBCTER2006/000531

that is itself known, e.g., by means of conventional

m xi ng, dissolving, granulating, dragee-making,

| evigating, enulsifying, encapsul ating, entrapping or

| yopPhhinzicegtiqat ccmpesitions-f80 usaOn2eoeas@3yih the present invention

PCT/ KR2006/ 000531 Phar maceutical conpositions for use
thusnmay be fetandatedvirt A coinenfiors emnnenusng boh ot mese pearmgeeutically

formulated in a conventional nmanner using one or nore
ac@dpadbiencetitts cahpyisingooeipiaind endcaxiliartes vduelpfaciitalg processing of

exci pients and auxiliaries which facilitate processing
th®hetivehnsdund€ 1160 ngeparstions nvitclp cap de atsed phamircetticadly. Proper

be used pharnmaceutically. Proper 5 forrmulation is

foFRRNASE R ddpeRdenit ioh Alé eowé ofdidhihistrativin chivse 0Ary) of Aty well-
of the well- known techni ques, carriers, and

knBWRItRIHARuSs, BadtidRe aHd %ﬂ%ﬁﬁnﬁs%%d el s anshitdbldend tuadetstood in
In the art; e.g., in Rem ngton's Pharnmaceuti cal

thoFitel %‘??ﬁ R Ron’s PhhReacBhR@RE BEich&bseidveNIn thelResent invention,
conmpounds of Fornula | may be formul ated into

thé %g@&ggése RNFomali£ Blt A be PloRalafidl o IRRRAM Gnd pﬁziefenteral

i nt purpose. 10 For injection, the agents of t

5 td'éﬁ’cﬁ]’fgl HRYdREnBsdul at ed in aqueous
pr@%ﬁuﬁ’?eﬁg, pr ?@r?lalg% ‘?ﬁpﬁﬁysn ol ogically conpati bl e
buffers such as Hanks's solution, Ringer's solution,

or phgs it ARDCahe agdits BEthe PREseht iANEOA @8 be formulated in aqueous
adm ni stration, penetrants appropriate to the barrier

solioRS MEfERA & pﬂ&ﬁolé%fé?llj} Roknp&tible rowtet sudh. asSHaRks's solution,

penetrants ‘are generally known in the art. 15 For

Ri?é%gi ﬁ%}%}'i}', 3t bR} <iABgichNG1iRe PAURHR MBSkl GdrhRfidiatidh Sknetrants

appropriate to the barrier to be permeated are used in the formulation. Such penetrants

are generally known in the art.

For oral administration, the compounds can be foﬁnulated readily by
combining the active compounds with pharmaceutically acceptable carriers well known
in the art. Such carriers enable the compound of the present invention to be formulated
as tablet, pill, powder, granule, dragee, capsule, liquid, gel, syrup, slurry, suspension
and the like, for oral ingestion by a patient. Preferred are capsule, tablet, pill, powder
and granule, and capsule and tablet are particularly useful. Tablet and pill are
preferably prepared in enteric coating. Pharmaceutical preparations for oral use can be
obtained by mixing one or more excipients with one or more compounds of the present
invention, optionally grinding the resulting mixture, and processing the mixture of

granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
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conmbi ning the active conpounds with pharnmaceutically
acceptable carriers well known in the art. Such

W@ 2006/0883%5 enabl e t he conpound of the present |PUBERR2@G/000531
to be fornmulated as tablet, pill, powder, granule,
dragee, capsule, liquid, gel, syrup, slurry,
suspension and the like, for oral ingestion by a

Suftabble @RtipicRtsedheay be dilkreswhpsugarst mbluding lactobe, sponee rmannitol
20 and granul e, and capsule and tablet are

an{ 361bitoljlaad lcglluless mibstahedsl sich asdfopiekdmplescorprsefrelr, aidhept starch,
prepared in enteric coating. Pharnaceuti cal

ricBr eparch] | qiosat or starch] Uematipan duen ofbdgacareh, bynethydi ngellulose,
one or nore excipients with one or nore conpounds of

hny&yFﬁo@?ﬁﬁchylio@llﬁlﬂhé, on, sodiinh onadakboxgmietigilng tdimlose,  and/or
resulting mxture, and processing the m xture of

poSvaRhfolidehé EPVRAAF B&ied) thak! Bapuxiatidal disintegrdting agents such

esi'red, to obtain tablets or dragee cores. -33 WO

as %2&?{19&@& ;p'élypxﬁﬁE/l KI320RE6R0QB3! or %ggih@bé&d OXGi RilethefeolMBch as

I'lTers such as sugars, 'including |actose, sucrose,
GRH ':#’1 Dhte, RBAcAAE RichAb ma@hesitR sleta@SthdiabidsaneIess Bidads.
SOas, %ﬁ gxanpfe, cgrn g?%rcﬁ, &ﬁeat starch, rice
starch, potato starch, gelatin, gumtragacanth, nethyl
cel | whagaceutioad peepapstiony Wikt hn delused asally amnghiinohude push-fit
car boxynet hyl cel l'ul ose, and/or 5 pol yvinyl pyrrolidone

capsYR) malif dHesdlatae ast Wl CasNBoft, bRaRddepsiles intdegsBptlan and a

agents such ~as cross-1linked polyvinyl pyrrolidone,

pl&d@izer, %ﬁfha L9 igtw(;:%rcﬁ‘QJr GofitoR PR pushDR &kuled €hn @8ntain the active

sodi um al gin I ubricants such as magnesi um stearate

in%ﬂégieﬁt@riﬁ!aﬁﬁliﬁ\%ﬁwﬁﬁ fﬂle’ﬁ%?ﬁéﬁ as RBlOSBAHEr€ Bhch as starches, and/or
reparations I ch can be used orally may include

shofi , |
A3 g5 3RS Rl 2 o Sl 23606 Lo
mg’yg ehgigﬁg%dyn&fcﬁ%)legs%?iié gﬁipa'rl%eogo'lveﬁbe s@éﬁﬁeﬂggﬁ a&@,pl?ciﬂvim@ ?ﬁrafﬁn, or

r'edi ents | xture

5 5o AT R AR B i
| . , . ' . . .
oSG8 e B FATREUB S B

fatty acid, liquid paraffin, or 1liquid polyethyl ene
lycols. | ddi L] i) . I
A 1 B sopthoti bl e SR 1 pur Rl oo ReaiB B pigerion

e. é,n b‘?oﬁo&l\?se iéjg&mﬁsn or IcE)n I?rllu%ug %fu‘g’i%ﬁ,h F3 MiRGcds” f! i?lﬂa'ction may be

presented in unit dosage forms, e.g., in ampoules or in multi-dose containers, with an
added preservative. The compositions may take such forms as suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as

suspending, stabilizing and/or dispersing agents.

Alternatively, the active ingredient may be in powder form for constitution

with a suitable vehicle, e.g., sterile pyrogen-free water, before use.
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The conpounds may be fornul ated for parenteral

adm nistration by injection, e.g., by bolus injection
wo@eroososi3sifiuous i nfusion. Fornul ations for injeRPCT/BR200600531

be presented in unit dosage forns, e.g., in anpoules

or in nulti-dose containers, wth an added

preservative. The conpositions may take such forns as

sus p @hsinoreyticab compositorsrsuiteble forl sieonghé preseityingention include

aqueous vehicles, and may contain fornulatory agents
cofipositioss mswhmhrtﬁe agtivesinghddidnts arg conthimed i apameumgeffective to

agents. Alternatively, the active ingredient may be in
achieveéfs inmhded @urpsasModretspevificallyt la thempettidally efédviive eymount

e.g., sterile pyrogen-free water, before use. -34 WO
mé9 Gh ABDIAD oo iR A0S B lpre iy afikwiitd br ameliorate symptoms

conpositions suitable for use in the present invention

of | di§dastdr Q)%IB? ithd @isival ofth€ Rubjb& Beihg \Raledg Detir@idasion of a
are contained in an anpbunt effective to achieve its

thérﬁk%e%ﬁéﬁg/ SRS BmolY 18 walewithinGRE Lapabiity bﬁ‘ﬂf@)ﬁ@ wtilledld the art,
effecti anmount neans an anount of corrpoun

es;géciaglsrt h‘ﬁghtt&ftﬂé &é’t%'iléd disd1dRYd Rovided héﬂzﬁl iorate synptons
0 | ase or prolong the survival of the subject
being treated. Determnation of a therapeutically
ef f eaWhotetharphafthadentivgt| domplobifion of ke prpatiihvényionfis formulated
those skilled in the art, especially in light of the
1nt@e£ airite doghigs Clopal ik @6&)6()&*@{1 ohefcginila YWignthehsctive ingredient is
p arnaceutlcal conp03|t|on of the present invention is

prét@faw 8bffined riﬁoa AniNicke HSABEL DA 18 1{000 MRS NGt of the
Formila | as the active ingredient is 10 preferably

coﬁ@ghﬁd BF?‘ hﬂelﬁ Iu&irﬁlnﬁ?égt% il q}éodéttergnﬂedtﬁ’y IhOREndThg ﬁ?ﬁ}@lcmn

compound Formula | admni stered

deﬁgn 10 g\%ﬂ? 51)%9/ \?%{g rhgld%gé 6p ?ét S ﬁ%a%ﬂ ch&8Refidichture and

pati ents bel ng treat ed,

th‘%g%% o’f Td AN, ﬁ;%@ 208 aduite agﬁ}{ﬁr b tdos@Tor dhe 9&?\%51ngredlent

or a atients, ose’ of the active

TR, g S R Bl 0 mots
B\&Z(ﬁqy 8 ﬁ%glppo];llr-_teq%u%ﬂcf Eaegﬁl(&f of '%&Mm%] rl.l'rdg?/n For Smtramuscular
or Igt%n%zglg%g I1ﬁ1§}r!<1t3(§§m ) a(iutlt I?a 1ent% n‘{he totapof ab%tufal thGl Rl%uﬁer day

!‘

as a single dose will be sufficient, but the use of a higher daily dose may be preferred

for some patients.

In accordance with another aspect of the present invention, there is provided a
use of a compound of Formula I in the preparation of a drug for the treatment or
prevention of disease syndromes. The disease syndromes refer to obesity, diabetes,
metabolic syndromes, degenerative diseases and mitochondrial dysfunction-related
diseases. The term “treatment” of the disease syndromes refers to stopping or delaying

of the disease progress, when the drug is used in the subject exhibiting symptoms of
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as a single dose will be sufficient, but the use of a
hi gher daily dose nay be preferred for sone patients.
wo pooaogssitiance with anot her aspect of the presBeCi/KR2006/000531
invention, there is provided a 20 use of a conpound
of Formula | in the preparation of a drug for the
treatnent or prevention of disease syndrones. The
disdhseeaset. SShedtenmepravehtion’ ©fab és istoppingi erbétlagng of symptoms of
nmet abol i ¢ syndrones, degenerative di seases and
dxmieoa{sem d\rhealthe:l;lﬁfgus abédin thelsabject extitstias e symptomseofrdisease
"treatnment" of the disease syndrones refers to
onsdt ®pphavingiigh elskayf digeasobndeie di sease progress, when
the drug is used in the subject exhibiting synptons of
-35 WD 2006/ 088315 PCT/ KR2006/ 000531 di sease onset.
The term "prevention” refers to stopping or delaying
ons of disease onset, when the drug is used
in the subject exhlbltlng no synptons of di sease

onset _but _ havin h.
SRR et o oA B b G e
thehpi AT SR Gerimpnial &% anales | LSS PR G 418 @gbvided only

only for ill ust rating the present inventi .
fogﬂblaqr@medbe peesepiniaveniion and %%Phlfitr}% e@ﬁléstglegﬁé%naﬂag the scope
spirit of the present invention. Exanple 1: Synthesis

and spifig of e peerepeny@siopound 1) 10 17.4 g (0. 10M of
2- hydr oxy-1, 4- napht hoqui none was di ssolved in 120 ni
of DVBO and 0. 88 g (0. 11I\/p of LiH was gradually
, , e done with care
Fecatse—nyorc S on sol ution was
stl rred and after confl rm ng no further production

°.f h g%@.lgwg%f@d@%:%‘? gf engll'ilﬁé?r;{) fs gﬁ&slv@d 3020 ml of
D@Spb a&[f‘b & gg(z E?II]L/I') %'fg,ge g ﬁ gradual 11'}3/ a?ﬁecg tHereth OB Wis Sfould be

were gr e reaction

do\?l? l&ﬁ.lb ﬁ?aélrs]g ’i%%gr%g%}f g&oi%s g? %a!gﬁgn %1'11{151’? qla?. stirred, and after

enperatur
conﬁ?rﬁllnlgon% ﬁlrtlher pror&u¥¥a on of hydrogen, was additionally stirred for another 30

min. Then, 15.9 g (0.10M) of prenyl bromide (1-bromo-3-methyl-2-butene) and 3.35 g
(0.025M) of Lil were gradually added thereto. The reaction solution was heated to 45°C
and then stirred vigorously for 12 hours at that temperature. The reaction solution was
cooled below 10°C, and 76 g of ice was first added and 250 ml of water was then added.
Thereafter, 25 ml of concentrated HCl was graduall‘y added to maintain the resulting
solution at an acidic pH>1. 200 ml of EtOAc was added to the reaction mixture which
was then stirred vigorously, thereby producing white solids that were not dissolved in
EtOAc. These solids were filtered and an EtOAc layer was separated. The aqueous layer
was extracted once again with 100 ml of EtOAc and was combined with the previously

extracted organic layer. The organic layer was washed with 150 ml of 5% NaHCOs3, and
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cool ed bel ow 10C, and 76 g of ice was first added and
250 m of water was then added. Thereafter, 25 m of
weoveessiat ed HO was gradual |y added to mai nt BCTKRR@®6/000531
resulting solution at an acidic pH> 1. 200 m of
Et OAc was added to the reaction m xture which 20 was
then stirred vigorously, thereby producing white
was @bhekntratedt The rasuhing cdhssitriates dvere disEal @At in 200emé of §H.6%, and
were filtered and an Et OAc | ayer was separated. The
weaé|vigorsislyashaken waspaatertaotletrowtb addition ofi70 mliddGnraquedus 2N
Et OAc and was conbined with the previously extracted
Nz aolutiohaye ICH,The layeg awsis cfukthyre sepaesgedvasive dwith ttheatrsént of an
m of 5% NaHCO3, and -36 WD 2006/ 088315
aqiRéolis KIRP OROH0G0RBdn (M snicong.eTie diuvsdepafited ragsedusisotptions were
concentrates were dissolved in 200 M of CH2Cl2, and
coldired Viogetheu ghd agdfusiedntot an acidiy pHe>t)othbmye rforminghsolids. The
addition of 70 m of an aqueous 2N NaOH solution. A

resaliffgl Solidy Verd\aatekdd tahe fsegﬁﬁﬁﬂat(ﬁ@lﬁe\/\ﬂl,@padhot hThe thus-obtained
treatnment of an aqueous 2N NaOH solution (70 m x 2).

La}Q&loi WS TS@PRAIRLEF FBALUPPH O8], Ul QoIS EafacEOIRhdRiked with
ogether and adjusted to an acidic pH > 2, thereby

g0l @1 Bt QiasR! dcgf and e mbREH Jvésnﬂg&‘?)hk@%tli‘i%& &t fdont ?ern@}%rature for

and separated to gl ve Lapacho The™ t hus- obt ai ned

d’?%f 'ic%%]é(sswieh th&e ftB %h%fﬁe{e BleQactidh€ 60 ml of CH,Cl,

resu apachol was mxe Wi t m of sulfuric

z}%céd‘aed ﬁlet ctmrﬁilgfeﬁawmgﬁ g\%g@ﬂl%hyshéﬁénr \r/\ggrogﬂalr PR&Feafter, a

errpera ure mn an ice

CHRS: T e PRBEICad Sot ARy Rt o AR e was

exERRT ek A Soag AL &fﬁ%@!ﬁ%&@%ﬁﬁ%ﬁéﬁﬁg { gpmbined

o5 B SRR el B B Bl e over s,

ol i e i o B R0 e v
3-L T d

res s TR PSRN B %Sing‘ﬁf’#eg R o ot bege
8.37 g of pure (3-Lapachone. 'H NWR (CDCl3, 6): 8.05

HHQHIR &)d% by £ Loy, o Tsb §a . aé 48 g, Tg 1L ot

128, 7 36 i, $483, £ 85 o 1, Y505 B W86 0t 1, 7=6.5 1) 147

(6H, s)

Example 2: Synthesis of Dunnione (Compound 2)

In the process of obtaining Lapachol in Example 1, solids separated without
being dissolved in EtOAc are 2-prenyloxy-1,4-naphthoquinone, an O-akylation product,
unlike Lapachol which is a C-alylation product. The separated 2-prenyloxy-1,4-
naphthoquinone was first recrystallized once again from EtOAc. 3.65 g (0.015M) of the

thus-purified solids was dissolved in toluene and toluene was refluxed for 5 hours to
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(6H, s) Exanple 2: Synthesis of Dunnione (Conpound 2)
20 In the process of obtaining Lapachol in Exanple 1,
W@ eiobss3separ at ed wi t hout being di ssol ved i n BECTIRR2@6600531
2- prenyl oxy- 1, 4- napht hoqui none, an O akyl ati on
product, unlike Lapachol which is a Calylation
product. The separated 2-prenyl oxy-1,4- napht hoqui none
indwes (laisat Reacmgshent! Tokdnowes cengantmatéd byndistiliaicon gndss regluced
(0.015M of the thus-purified solids was dissolved in
présehre@nd veascthew mirsewithsl 5ref bfixdfirfcoacid; withous fyrther parification.
WO 2006/ 088315 PCT/ KR2006/ 000531 i nduce O ai sen
ThBgasultaipo iR . wakGtined &iguasustyoaaeotrtameeratiye for 10 min and 100 g
di stillation under reduced pressure and was then
of eex@ds wilddd thbretd totormplefeuthe ceatibnl, S0nir d EHACl; wheadded to the
purification. The resulting m xture was stirred
reattigRr AakSH s alvhich owereesakémtvigorodsty. TheraafteraadCHQOL, glayer was
of ice was added thereto to conplete the reaction. 50

separated afdtiRfabRed\Agthas¥d ethH @O Nen Bquicdas ldyen wasteRtradibd once again
whi ch were shaken vigorously. Thereafter, a CH2Cl12

uslRYR) miRF CIERNANRE] didh SRINAUCOL bt BSMbRAEICHRth ¥e previously
aqueous | ayer was extracted once again using 20 nml of

FieNorpahi i iy ' an
extralafd %%a‘[(’@.s ﬁzgrt ‘r’gﬁgt %Igaﬁilqué‘kngr EPBRMORSY, ! BoricBftrated and

previ o organic | ayer. The organic |ayer

i - . [ £ by
Pl B PR A COR EEi E232 AThudDUTRE P
Dunni one. 10 'H- NMR (CDC13, S): 8.05 (1 H, d, J=MHz),
THINRR (@lbbl39§7): $BHIH, d,7J=@§Iz§,37.64 (M, d, ¥=8%)(A561(1H,t), 4.67 (1H,
J=7Hz), 1.47 (3H, d, J=7Hz), 1. 45(3H, s) 1.27 (3H, s)
X I : thegi s 1 of nt , §Conpound 3) 4.8 g
q,%ﬂggo%ﬁgﬁ%@gr Zﬁ)k/ ’é%;gﬁ?’%ﬂggg?ﬁo%ui none purified in
Exanple 2 was dissolved in xylene, and xyl ene was
refluxed for 15 hours, thereby inducing daisen 15
E le 30 sis ofidDumiioné (Campdéund 3 gher tenperature
conditions and prol onged reaction conditions as
conpared to Exanple 2. According to this reaction
pr ocek$ g (2020 of 3rpsenyhery- hdaphtbgquineredpurified in Example 2 was
cyclization was obtained together with a Lapachol )
dissolved in xylene, and xylene was refluxed for 15 hours, thereby inducing Claisen

Rearrangement under significantly higher temperature conditions and prolonged
reaction conditions as compared to Example 2. According to this reaction process, o-
Dunnione that had progressed to cyclization was obtained together with a Lapachol
derivative which had undergone Claisen Rearrangement and in which one of two
methyl groups has shifted. Xylene was concentrated by distillation under reduced
pressure and purified by chromatography on silica gel to give 1.65 g of pure o-

Dunnione.

'H-NMR (CDCls, 8): 8.06 (1H, d, ]=8Hz), 7.64 (2H, m), 7.57 (1H, m), 3.21 (1H, g,
J=THz), 1.53 3H, 5), 1.51(3H, ) 1.28 (3H, d, J=7Hz)
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derivative whi ch had undergone C ai sen Rearrangenent
and in which one of two nethyl groups has shifted.
wXgdoengs3mns concentrated by distillation underPCEERC@®d/000531
20 pressure and purified by chromatography on silica
gel to give 1.65 g of pure a- Dunnione. 'H NMR (CDCL3,
S): 8.06 (1H, d, J=MHz), 7.64 (2H, m, 7.57 (1H, m,
Exaniple 4:18inthesis dFCbimpoutidd3 (3H, s), 1.51(3H, s) 1.28
(E;’EH, :j J=7Hz) -38 WD 2006/ 088315 PCT/ KR2006/ 000531
anple 4: Synthesis of Conmpound 4 17.4 0.10 of
2- hydidxg (QJMaﬁ ﬁth}@lmynbfqgamowiW| Wgﬁéﬁswl\i%%inn% 20 ml of
of DWMSO and 0. 88 (0.11M of LiH was graduall
DM86ednd BeBBeg (.1 He) e% LiHiveassdradially pddedi thereto Hﬁfecéﬁ%should be
because hydrogen evol ves. The reaction sol ution was
dost iwithechre hechusd hpdrogercenvlvasnThe raactiéuselhiéon prap givwed, gmd after
of hydrogen, was additionally stirred for another 30
confiming menfurthdr. progugtinldf hdredenyretah addigibnddlyostirckd for another 30
(1- br ono- 2- net hyl propene) and 3.3 5 g (0.025M of Lil
minveTkerg 1 48ua(0lL 1 Mdefarethiibyl dramidE i b-breewa-Rimethglptapeneyrand 3.35 g
was heated to 45C and then stirred vigorously for 12

(0J0Q8NM oBLiltvaat giiupky addedeherdoeThematticasoutiont wasrheated to 45°C
cool ed bel ow 10C, and 80 g of ice was first added and

and Werdtirld viBbrotsipdsr 1hhouraddemt tehfpeTararce@he egacti@b sotlition was
of concentrated HO was gradually added to maintain

cobl2@ beR%H1 0°0) 8nd 8OLWF i@ waifirsthdaed Sd2 0nP3f walePwas theh added.
CH2C12 was added to the reaction m xture which was

THeRGResS PRGN of icG At HOI REPFANALY Wl Ay Shintaid) €he resulting
aqueous | ayer was extracted once again with addition

|
soffion %t T4 fl@ﬁlc?)?t? C12@nshl vReHsenNa8 added fohhé Rction mixture which

previ ous racted organic layer. Two materials

Wik uig@n %Heﬂ{eblrﬁg&o{lﬂy RE sERIARAWACH &s PYhel bucdSl iaver Wk &xtracted

sequent| y“used” w t hout any particul ar separation

onglé %gﬁfiﬁg&tﬁrﬁﬁdl%g W 1151?36? gJH ‘@i‘zian(ao@&se B&Iﬁ@ﬁlﬁg éxgﬁl the previously

I on unaer reduce ressure, disso agal n

ol B BT B R VS BB B 1. o
w%gr%r S%ﬁp%fya{a}%ign&ﬁ@%{t C%lg?é?ia}gtgé arps%{)graﬁap %%2:%5 The organic layer
was concentrated by distillation under reduced pressure, dissolved again in xylene and
then refluxed for 8 hours. In this process, two materials on TLC were combined into
one, thereby obtaining a relatively pure Lapachol derivative. The thus-obtained
Lapachol derivative was mixed with 80 ml of sulfuric acid and stirred vigorously at
room temperature for 10 min, and 200 g of ice was added thereto to complete the
reaction. 80 ml of CH,Cl, was added to the reaction materials which were then shaken
vigorously. Thereafter, a CH,Cl, layer was separated and washed with 5% NaHCOj;. An
aqueous layer was extracted once again using 50 ml of CHxCl;, washed with 5%
NaHCO; and combined with the previously extracted organic layer. The organic layer

was dried over MgSO4 and concentrated to give impure B-Lapachone derivative
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Lapachol derivative was mxed with 80 m of sulfuric

acid and stirred vigorously at 20 roomtenperature for
wda oaiosg31tand 200 g of ice was added thereto toPCDRBR@6000531

the reaction. 80 m of CH2Cl2 was added to the

reaction materials which were then shaken vigorously.

Thereafter, a CH2Cl12 | ayer was separated and washed
(Coinpburi/sNaHBO3husapbtaingd dblispachyrsr devivntios t wag reqtyieltieed from

again using 50 m of CH2Cl2, washed with 5% NaHCO3
isopnapanclythiersy obtaining 2. 2p reenfippcssCympoundaet ed or gani ¢

| ayer. The organic |ayer 25 was dried over MgSO4 and
..concent r at ed to@gi ve irEpure (3-Lapachone _der.ivative
H-NMRAGDOb6 A 838 61 HBak) JRiRbiah 676 (5 1m), (e hrbldtna)»43.95 (2H, ),

The thus-obtained (3-Lapachone derivative was
1.61e6Hyst al | i zed from isopropanol, thereby obtaining

12.21 g of pure Conpound 4. 1H NMR (CDCl13, b): 8.08

(1H, d, J=8Hz), 7.64 (2H, m, 7.57 (1H, m, 2.95 (2H,

. 6H 5 Exag"%l e 5. Synthesis of Conpound 5

Se 2 n the sanme manner as in
Exanpl e 4, except that allyl brom de was used i nstead

Eizgl_lgolﬁiﬂ?lllég 5?%(%%%?Ineqﬁ%%a§|@%ﬁnq§:%f§é)&}?§i? egcept that
allxli l%l‘gnéc%_},’vasdt,ls:eg ggﬁ%fzaji Oﬁ‘r@@ﬁg%’ ﬁ-& é_ISY nt hes i_s ' of a

Compound 6 5.08 g (40 mM) of 3-chl oropropionyl
1 ' .CH I L I
SR e R e S S
I q Y , e hei
34 QR AR AT ORE U, 10, B30 WAL IR oy

further vigorous stirring for 30 mn. The reaction
sol ution was heated to OC and 7 g of 15 ice was added
Ei@@%%}éﬁmbﬁ@%@oﬂp‘o&ﬂdi6ti onal stirring for another
m n. organi c ayer was separated, washed once
again with 10 mMl of cold water at 0C, then with an
aquesLs NGB safl Isthlorpadpi@@l chlodde mgadissolvey ér 26w of ether
separated, dried over MySO4,
and cooled to -78°C. 1.95 g (25 mM) of sodium peroxide (Na,O,) was gradually added

to the resulting solution while being vigorously stirred at that temperature, followed by
further vigorous stirring for 30 min. The reaction solution was heated to 0°C and 7 g of
ice was added thereto, followed by additional stirring for another 10 min. An organic
layer was separated, washed once again with 10 ml of cold water at 0°C, then with an
aqueous NaHCOj3 solution at 0°C. The organic layer was separated, dried over MgSOy,
concentrated by distillation under reduced pressure below 0°C, thereby preparing 3-

chloropropionic peracid.

1.74 g (10 mM) of 2-hydroxy-1,4-naphthoquinone was dissolved in 20 ml of
acetic acid, and the previously prepared 3-chloropropionic peracid was gradually added

thereto at room temperature. The reaction mixture was refluxed with stirring for 2
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concentrated by distillation under reduced pressure
bel ow OC, thereby preparing 3- chloropropionic
w@eraossdl1s 20 1.74 g (10 mM) of PCT/KR2006/000531
2- hydr oxy- 1, 4- napht hoqui none was di ssolved in 20 m of
acetic acid, and the previously prepared
3- chloroproplonlc peracid was gradually added thereto
hoats, anxb thehediptéltedt wider rédueed presturoo mmover ecefiascideflhgxeshlting
with stirring for 2 -40 WD 2006/ 088315
coGhirkie? 0G4 0ipBEd moR0 sml af dCHiEy alids wiafheddwithd2G ml of 5%
reduced pressure to renove acetic acid. The resulting
NaHOO L M1 algasouselagerdivas ekiraded on@d aphinodsifgH2@ 18] ofirdH,Cl, and
washed with 20 m of 5% NaHCO3. An aqueous | ayer was
cofbircdahitttthe pediagh extiisied®r@dhidriayef TaeBegaRicalagler was dried over
conbined wth the previously extracted organic |ayer.

MI$E, idasticentray@to vh% Cshpshindvein bddvi&Pé veidtd 2-(2-chloroethyl)-3-
concentrated to give Conpound 6 in adm xture with

hyaro&g ChhasHed quitone SThdweskilAy mixtfrenai Puriaied ibyheomatbgraphy on

resulting m xture was purlfled by chronatography on
| ell’ aéhdﬁfe deriPaie (€8

SI%Erglkestgtg?\séeoﬁgzo%ygpQr i d& oty ﬂ'g D07 (1H

d, J=7.6Hz), 7.56-7. 68 (3H n, 4 89 (2H, t, J 9. 2Hz),
'HANMR (CDIClst 8): 3107 @Hg ), 197.6Ka)yl 56-7.68 Bt ipsd.89 ¢FH, t, J=9.2Hz),

Compound 7 17.4 g (0.10M of
327@wp 3<92H74- napht hoqui none was di ssolved in 120

DVBO, and 0.88 g (0.11M of LiH was gradual ly
added thereto. Here, this should be done wth care
because hydrogen evol ves. The reaction sol ution was

Exsmiple §dSynthdsis pf €Eompoundi7r ni ng no further production
of hydrogen, was additionally stirred for another 30
15 mn. Then, 19.7 of _ci nnanyl brom

(3- pHdrye ALYV 1o &ﬁsd’éwahd ngphiboguineny wzfswsthecm 120 ml of
wer e radualbyhadded t hereto. The reaction sglutiQn

DMSO. naé 0t & 0,458 ohkdHirwreneradually added disreastipees BES ghould be

hours at that tenperature. The reaction solution was
dope otitcase beseus® ydragen eplyesofhe seactipn splutien Wag giredfpd after
250 m of water was then added. Thereafter, 25 m of
coafimmieg tmoafuettieHtoduetiorgofabiickibgen, aas edditionathi stirsadnfor eother 30
resul ting
min. Then, 19.7 g (0.10M) of cinnamyl bromide (3-phenylallyl bromide) and 3.35 g
(0.025M) of Lil were gradually added thereto. The reaction solution was heated to 45°C
and then stirred vigorously for 12 hours at that temperature. The reaction solution was
cooled below 10°C, and 80 g of ice was first added and 250 ml of water was then added.
Thereafter, 25 ml of concentrated HCl was gradually added to maintain the resulting
solution at an acidic pH >1. 200 ml of CH,Cl, was added to dissolve the reaction
mixture which was then shaken vigorously to separate two layers. The aqueous layer
was discarded, and a CH,Cl, layer was treated with an aqueous 2N NaOH solution (100

mlx2) to separate the aqueous layer twice. At this time, the remaining CHxCl, layer

after extraction with an aqueous 2N NaOH solution was used again in Example 8. The
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20 solution at an acidic pH >1. 200 M of CH2O 2 was
added to dissolve the reaction mxture which was then
WG h@koss3vi gorously to separate two | ayers. ThePGEIH&2WS/000531
| ayer was discarded, and a CH2CO 2 | ayer was treated
wi th an aqueous 2N NaOH solution (100 nmlx2) to
separate the aqueous layer twice. At this tine, the
thuseseparated gq@HRE! sBlutiaye wereaddngrinahandzasiustad tai antpcidhc pH >2 using
aqueous 2N NaOH sol uti on was used again in Exanple 8.
coifiteatrated 1HOD #R0hy0888:1ng ROidKKRPIG0 8¢s000E3s0lids were filtered and
t hus- separ at ed aqueous sol uti ons were conbi ned and
seppeitjitd tte Giteo a drmpaciali deripative? Thsi thgs-obteined dtapathed de@vative was
thereby formng solids. The resulting solids were
reérzétalﬁzﬁﬁfrélﬁw 5% BiOH Al lecretudting Lapaehdlajeaichtdve wey mixet iwith 50 ml
e thus-obtai ned Lapachol derivative was

of s@IEISARY,| dndale igtite n3 Hesidusly Reirred atitcoh@nipapmabdor 10 min
derivative was mixed with 50 mi 5 of sulfuric aci d,

an@190 &% i wisHddedBRrotd ﬁ%&%ﬁﬁéﬁé 1154 fehétRA. 80 nl @GWH,Cl, was added
tenperature for 10 mn 150 g of ice was added

to SRR Rt ERIP Wi Wi tl'ie%as%bké?ﬁwg&guﬂ& PheréafiRe] 2CHeGI, layer
added to the reaction nmaterials which were then

wa@f&ated S Qsted - willh 896 dabr1o ﬁa@\rf:k@fe‘@as B)e fwasVéXracted once

separ ated and vvashed wth 5% An aqueous | ayer

ag%ﬂgﬁ? rﬁchﬁdofoﬁ g)?dsﬂedj%\hﬁ'lg 580 NFH D, Qﬂz%l%bmed with the

5% Na and conbined wth the 10
. I
B g@ﬁgs%eg SREicYSts pIbCoRtedls shayed by

ch%’%%éﬁ%?lg@% ot 48 Fufls % o€ CERERANDS I TR
J=7.6Hz), 7.64 (1H, dt, J=1.2, 7.6Hz), 7.52 (1H, dt,

lﬂéﬁéxgg)(cﬁcg*% ’(81@(@2&2%:1@ 7.81A877 83 udd, I 31H; 7.64 (1H, dt,
J= ]sz'QHzﬁ ﬁ@g”&t’ ?I’*P%ﬂiﬁgi %18 5@%&2&3@%@?@ 8:6.0Hz),

yiht hes hpound € rena

2@@ﬁ)|@%&9@%9@@2@%3 rglpg?kgé)a(%[ %yf {)\l%atl on Lﬁ:jle?n a

reduced pressure. The resultl ng concentrates were
di ssolved in 30 m of xylene, followed by reflux for

Exsinple 8¢ S¢nihesis Bﬂ%ﬁ.@Paussen Rear rangenment. Xyl ene was
concentrated by distilTation under

The remaining CH,Cl, layer, after extraction with an aqueous 2N NaOH
solution in Example 7, was concentrated by distillation under reduced pressure. The
resulting concentrates were dissolved in 30 ml of xylene, followed by reflux for 10
hours to induce Claisen Rearrangement. Xylene was concentrated by distillation under
reduced pressure and was then mixed with 15 ml of sulfuric acid, without further
purification. The resulting mixture was stirred vigorously at room temperature for 10
min and 100 g of ice was added thereto to complete the reaction. 50 ml of CH,Cl> was
added to the reaction materials which were shaken vigorously. Thereafter, a CH,Cl,

layer was separated and washed with 5% NaHCOs. An aqueous layer was extracted
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20 reduced pressure and was then mxed with 15 nm of
sulfuric acid, without further purification. The
WO e®alss3nyy m xture was stirred vigorously at rPOIKR2006/000531
tenperature for 10 mn and 100 g of ice was added
thereto to conplete the reaction. 50 Ml of CH2O 2 was
added to the reaction materials which were shaken
onvéd ggHin wsing . 20Tine b€ LH,E),, waskdEitR 5% NatlCQpmdsmpehingdewith the
and washed wi th 5% NaHCO3. An aqueous | ayer was
préEqdusBE tektracted 20106hi2 0 Oye) 8 §BA SorBaii¢ KIRZE0 6/ B0@H8d ovancdgSOs,
again using 20 m of CH2Cl12, washed w th 5% NaHCO3 and
coRcURtrhafea Cand piifidie by pohesth&tuglaphyexhr silite delotagiviec1.Laygenf pure
The organic |ayer was dried over MgSO4, concentr at ed
Conipsbupd i f i ed by chromatography on silica gel to give
1.26 g of pure Conpound 8. 5 'H NWR (CDC13, 8): 8.12
(1H, dd, J=0.8, 8.0Hz), 7.74 (1H, dd, J=1.2, 7.6Hz),
THANMR (CDCH, 83t 8.12=U IR, dd7 J€0-8,) 8.0Az5 7. T4LHH,did, J3E2, 8.6Hz), 7.70
7.6Hz), 7.27 (3H, m, 7.10 (2H, td, J=1.2, 6.4Hz),
(1ﬁ 3§J(=1L12L 7.6Hz), JE62 ALH,%t2H).6, H6182), (7;1251 (GH, m)=9.12H2H, td, J=1.2,
.17 (3H, d, J=6.4Hz) Exanple 9: Synthesis of Corrpound
6zﬁ{;§ slwg(}i dﬂﬁ% 9f9. ZHB)r dicazahj &,yeb aHz),4. 0] Gl dci=6.410)
and 2 of 2- 10 met hyl - 3-butyn-2-ol were
di ssolved in 10 m of acetonitrile and the resulting
soI utlon was cool ed to 0OC. 3.2 g (15 nV of
) mthesis of €omponndd was gradual |y added with
stlrrlng to the reactlon sol ution \Nhl ch was t hen
conti nued to be stirred. at QC. of
2 by vk (RN of s o aksh 4 ircs e(afdﬁ“ﬁﬁwﬂéfmw of 2
cupric chloride (CuCl2) were di ssol ved in 10 m of
methitbhwtypi2rel wereghwohed in|19grl obagtanatride and thegigsulipg solution
15 previously purified solution was gradually added to
wasteeoled 42 071G 3.2 gI(L3 md4h) Qﬂtrlﬂhoma@tlctanleydud@ﬂmw@dmﬂy added with
hours. The reaction solution was concentr at ed
stichirgt toltheateactionsodigion wiiduwesithen sestinued 4mbe sitrged at’@é’nC 1.74 g (10
purified by chromat ography on silica gel to give 0.22
mi) off 2ihydex@elpaapidth@quinddeNR (18DC1HE, (1) :mig) 1af ¢umsic chloride
dd, J=1.2, 7.6Hz), 7.73 (1H, dd, J=1.2, 7.6Hz), 7.69
(CuCl,) were dissolved in 10 ml of acetonitrile in another flask, and were stirred. The

previously purified solution was gradually added to the reaction solution which was
then refluxed for 20 hours. The reaction solution was concentrated by distillation under
reduced pressure and was then purified by chromatography on silica gel to give 0.22 g

of pure Compound 9.

'H-NMR (CDCls, 8): 8.11 (1H, dd, J=1.2, 7.6Hz), 7.73 (1H, dd, J=1.2, 7.6Hz), 7.69
(1H, dt, J=1.2, 7.6Hz), 7.60 (1H, dt, J=1.6, 7.6Hz), 4.95 (1H, d, J=3.2Hz), 4.52 (1H, d,

J=3.2Hz), 1.56 (6H, s)
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20 (1 H, dt, J=1.2, 7.6Hz), 7.60 (111, dt, J=1.86,
7.6Hz), 4.95 (1 H, d, J=3.2Hz), 4.52 (111, d,

wa286088)5 1.56 (6H, s) -43 WO 2006/ 088315 PCT/KR2006/000531
PCT/ KR2006/ 000531 Exanpl e 10: Synthesis of Conpound
10 0.12 g of Conmpound 9 was dissolved in 5 mM of MOH
10nmg of 5% Pd/ C was added thereto, foll owed by

Exannsle d0:sSyatthesis ofComppuwndil® enper ature for 3 hours. The

reaction solution was filtered through silica gel to
remove 5% Pd/ C and was 5 concentr i Sti
unde - RegiofCompewnsky, was fiksS@V@ﬂeméorﬁgeﬁm% qtfré?e) 5’8)23 was
CDC13, 8): 8.05 (1H, td, J=1.2, 7.6Hz) 7644t(
ad ethhe(ej_p; fqljowved bggV(gg)ppus girring | a@4roqtg|4em§)3ratqe or (33]1purs The
s), 29 (3H, s) Exanple 11: Synthesis of Conpound 11
redctiga g)ll(ltffm s Gitexed- thaprghh silisa ( &nfsous@oyg %n’qud/Cl@ng was
(50 mMV) of DDQ 10
cop@niatt biyldistitlatio uakier yetuoed prtsdventocgiv G ompovist K.
di ssolved in 50 ml of carbon tetrachlori de and
refluxed for 72 hours. The reaction sol uti
"HOSNRe(EPELed): B85 (4Hstd, ITh2i boHomd&h (?Hd@é’ezﬁ‘b(%%)pé 48 3H,
and was then purified by chromat ography on silica gel
s),t 10643k si .1 X8 Jé%ﬁ),é@ﬁ@ $ipound 11. 'H NMR (CDC13, S):
8.08 (1H, dd, J=1.2, 7.6Hz), 7.85 (1H, dd, J=0.8,
7.6Hz), 7.68 15 (1H, dt, J=1.2, 7.6Hz), 7.55 (1H, dt,
. 7 . J=10. CHz), 5.56 (1H, d,

L npl e 12: Synthesis of
Corrpound 12 1.74 (10 mV) of

2. mecroh o ANIERE %?%ﬁé‘“h?iw Sordpdy® G2 B0 My pr DO
<2§‘F‘é§13 TR Zﬁﬁ?nggwgggeéf gk RIS IRT 3 "R of cabon
asblcetde g B A7 A °“”§wdree«% PERIL T e Bt by
dna}léilf% s AU P Ay e PPy Chromatography on silic
gel to give 1.18 g of pure Compound 11.

'H-NMR (CDCls, 8): 8.08 (1H, dd, J=1.2, 7.6Hz), 7.85 (1H, dd, J=0.8, 7.6Hz), 7.68
(1H, dt, J=1.2, 7.6Hz), 7.55 (1H, dt, J=1.2, 7.6Hz), 6.63 (1H, d, J=10.0Hz), 5.56 (1H, d,
J=10.0Hz), 1.57 (6H, s)

Example 12: Synthesis of Compound 12

1.74 g (10 mM) of 2-hydroxy-1,4-naphthoquinone, 3.4 g (50 mM) of 2-methyl-
1,3-butadiene (Isoprene), 3.0 g (100 mM) of paraformaldehyde and 20 ml of 1,4-
dioxane were placed into a pressure vessel, and were heated with stirring at 100°C for
48 hours. The reaction vessel was cooled to room temperature, and contents therein

were filtered. The filtrate was concentrated by distillation under reduced pressure and
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-44 WO 2006/ 088315 PCT/ KR2006/ 000531 was then
purified by chromatography on silica gel to give 238
worgooedsBesipound 12, as a 2-vinyl derivative 0PCT/KR2006/000531
(3-Lapachone. 1H NWR (CDC13, 6): 8.07 (1H, dd, J=1.2,
7.6Hz), 7.88 (1H, dd, J=0.8, 7.6Hz), 7.66 (1 H dt,
J=1.2, 7.6Hz), 7.52 (1H, dt, J=0.8, 7.6Hz), 5.87 (1H
wad dhenIpuitified, bylchr@hiatpgrabhyl 8n sihicg gelHo giye I381 0ig sz §ompound 12, as
(1 H 17.2Hz), 2.62 (1 H m, 2.38 (1H, m, 2.17 (3H,
a BYyinyPdedivatiyelofff-Lapachdn84 (1 H, m) Exanple 13:
Synt hesi s of Conmpound 13 1.74 g (10 mM of

. 2- hydr oxy- 1, 4- napht hoqui none, 4.8 gﬁ%SO of 2, 4-
HANMR (GDCh, 8):p0001 4biledd Hid, 3.9, {B80(1FWidef=0.8, 7.6Hz), 7.66
par af or mal dehyde were dissolved in 20 10 nml of
(14, dt; frlbXahetzadd2t(hH, dedad.8i hgHm, 087 @ Hadd, 4018 1é@Hz), 5.18
with vigorous stirring for 10 hours. The reaction
(1HedsE108kE) chdT €tH: b7.2Hom2i@niiél, an) 288 @bl neo At 1dn(3s], s), 2.00
therein were filtered to renove paraformal dehyde from
(1Hpi),ds84 (I nd)i | trat e was concentrated by distillation
under reduced pressure and was then purified by
chromat ography on silica gel to give 428 ng of
Conmpound 1 as a 3-Lapachone derivative. 15 'H NWR
Examyle 13: Synthesinef Campownd 13_1 > 7 6Hz), 7.83 (1H, dd,
J=0.8, 7.6Hz), 7.65 (1H, dt, J=1.2, 7.6Hz), 7.50 (1

H, dt,, J= : 6 n.2.22 H .2.61,(,1

2 45 LTALE i o oyt nppiigong, 4558 (6PN of 2.4

.1.75 H, , 1.7 1H. d, J=1.0Hz), 1 64 . (3H .
dl@éﬁbféﬁf&%@pﬁ@ﬂiéi X Qﬁ%ﬁa 8k nﬁa@mz{sleéy%e(‘aereé@smd in 20

f 2-h - - ' : )

e e RSB S5 R i e o 10

par af or mal dehyde were dissolved in 50 m of X
howrs4 The ssasHen vassal Wae coledfa raem ienetAtereward etensx dgrein were

W th vigorous stirri ng for -45 WD 2006/ 088315
filleer «KrRrONGYe0paBHTmaldehyde from solids. The filtrate was concentrated by

distillation under reduced pressure and was then purified by chromatography on silica

gel to give 428 mg of Compound 13, as a f-Lapachone derivative.

'H-NMR (CDCL, 8): 8.06 (1H, dd, J=1.2, 7.6Hz), 7.83 (1H, dd, J=0.8, 7.6Hz), 7.65
(1H, dt, J=1.2, 7.6Hz), 7.50 (1H, dt, J=0.8, 7.6Hz), 5.22 (1H, bs), 2.61 (1H, m), 2.48
(1H, m), 2.04 (1H, m), 1.80 3H, d, J=1.0Hz), 1.75 (1H, m), 1.72 (1H, d, J=1.0Hz), 1.64

(H, )

Example 14: Synthesis of Compound 14

5.3 g (30 mM) of 2-hydroxy-1,4-naphthoquinone, 20.4 g (150 mM) of 2,6-
dimethyl-2,4,6-octatriene and 9.0 g (300 mM) of paraformaldehyde were dissolved in

50 ml of 1,4-dioxane, and the resulting mixture was refluxed with vigorous stirring for
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10 hours. The reaction vessel was cooled to room
tenperature, and contents therein were filtered to
wo 20vo0883par af or mal dehyde from solids. The fil tPEH/BERMIS/000531
concentrated by distillation under reduced pressure
and was then purified by chromatography on silica gel
to give 1.18 g of Conpound 14, as a f -Lapachone
10devuiry ftievieaction esBRVECREIS] tSyoon8 t@Tiparathre, dad catents, therein
7.6Hz), 7.87 (1H, dd, J=0.8, 7.6Hz), 7.66 (111, dt,
welefiltéred To &ddadve ﬁérz&fdzn(lallddrhydd tﬁ;om] s)id8., The: Bletale, was @mcemrated by
H dd, J=11.2, 15.2Hz), 5.80 (111, broad d,
disliHafior? tiader rBdux8d (pi:eslshredmdlva’ls&h&l—lm)uﬁiﬁéﬁ by cbrbinb,togmphy on silica
J=4.8, 17.2Hz), 2.10 (1H, dd, J=6.0, 17.2Hz), 1.97
ge( tb"élvem 18¢. of@o&rﬁidun@ﬂ,, ash [ﬁEaﬁa’&hbndlte)*waﬂveﬁS (3H, s),
(3H, d, 6. 8Hz) 10 Exanple 15: Synthesis of
Corrpound 15 5. 3 g (30 MW of
"HINMRI(CRE15] 5%- &amnﬂoqdu s, 7.6402)4 787 (B, i) Jo0.8, 7.6Hz), 7.66
terpinen and 9.0 g (300 mM of parafornmal dehyde were
(1Hi &ts o+ M2,d7.6Hz)50.51 (18K, dd J40.8] DHak 6. BndH, ddel=ldsd|16i24ty), 5.80
m xture was refluxed with vigorous stirring for 10
(1Hobfoad dltTe11.2He),i5080 (MNEsdd19@Hzy dobed H,odd, dews, 17.2Hz), 2.10
tenperature, and contents therein were filtered to
(1HEE®\VE-61H 1p2EE).or.or(dehyld . 73 BH,38),i 1064 (SH)ebs],i 1.6 GIE s), 1.08
was concentrated by distillation under reduced
3HF@S]S:QF8HZ?ind was then purified by chromat ography on
silica gel to give 1.12 g of Conpound 15, as a
tetracyclic o-quinone derivative. 1H NVWVR (CDC13, 8):
8.06 (1H, d, J=7.6Hz), 7.85 (111, d, J=7.6Hz), 7.65
ExapiplelS: Synthedsipf Compsand 18, t, J=7.6Hz), 5.48 (1H,
broad s), 4 60 (1H, broad s), 2.45 (1H d 20
J=16. 8Hz) 1(_|2H, m, 2,20 (1H, .d, J=1 (B
(1H, 59 8 (3_0 mMI e hy;lroxy-154;=n@ oquff)one,12(b m]‘\\éf% of terpinen
1.03 (3H, d, J=0.8Hz), 1.01 (3H, d, J=0.8Hz
and ) gr@OO md/vef poadrogdensicprre dissoyed Goé%a“i ‘of éx‘aﬁ*ﬁlxé“e and
16: Synthesis of Conpounds 16 and 17 17. 41g 0.10
th@ résplimgapixiyre- wap refhwsed iwithn wigaeoss ditisirg fasdlQ hoursoT reactlon
of DWSO and 0.88 g (0.11M of LiH was gradually
veaghtl s tdoeledtto . robimr tempetatuse,sanglu¢anténgs therein were filtered to remove

paraformaldehyde from solids. The filtrate was concentrated by distillation under
reduced pressure and was then purified by chromatography on silica gel to give 1.12 g

of Compound 15, as a tetracyclic o-quinone derivative.

'H.NMR (CDCL, 8): 8.06 (1H, d, J=7.6Hz), 7.85 (1H, d, J=7.6Hz), 7.65 (1H, t,
=7.6Hz), 7.51 (1H, t, J=7.6Hz), 5.48 (1H, broad s), 4.60 (1H, broad s), 2.45 (1H, d,
J=16.8Hz), 2.21 (1H, m), 2.20 (1H, d, I=16.8Hz), 2.09 (1H, m), 1.77 (1H, m), 1.57 (1H,
m), 1.07 (3H, 5), 1.03 (3H, d, J=0.8Hz), 1.01 (3H, d, J=0.8Hz), 0.96 (1H, m)
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done with care because hydrogen evol ves. The reaction
solution was stirred, and after 5 confirm ng no

wo e0obl0g831pr oducti on of hydrogen, was additi onaPCTKR2006/000531
stirred for another 30 mn. Then, 16.3 g (0.12M of
crotyl bromde and 3.35 g (0.025M of Lil were
gradually added thereto. The reaction solution was

Exaegtle 161 SymbQisekiCompoundsgter ands1? stirred for 12
hours at that tenperature. The reaction solution was
cool ed bel ow 10C, and 80 ice was fi rg dde,d
550 408 (QbMb SFadhyckron - Ddremhh R vt Sssved
10 concentrated HCl was gradually added to maintai n

DNIRE, pod Q188 (- £ BYIOf aH ayasagradnailyiaddestheseto. Hess, tis gould be
CH2C12 was added to dissolve the reaction m xture

donhiwith cess bedause bydikgen evalypsr She rspction selpompvas ﬁmed and after
| ayers. The aqueous | ayer was discarded, and a

cohfisneing nacfirthereproductiant ¢f bydregenewias additinaatly sttsrqsit fop ﬁnOthef 30
(100 M x 2) to separate the aqueous |ayer tw ce.

minhTher, i168, g (M eofairotyhbrogidCarl 3.3§ gr(0 254D oé kilreere |gmdually
wi th an aqueous 15 2N NaOH sol uti on was used in

adBxdihieteto. The réigionsohrion weasdicatdd am dEGlsnd then tvigomeusiyestiared for
conbi ned and adjusted to an acidic pH >2 using

120eLa itha t@dpdidlure. tThe r&deyioh e6liiiog was oddled beldwel 0°C, and 80 g of
resul ting so?ids were filtered and separated to give a

icd-anachint adaed vatli ¥30 miToe vdidiswadttaimaddddapeiehelfter, 25 ml of
derivative was recrystallized from 75% Et OH. The

coh&snitated HICILRRAERMkal I Il ¥ B0 MEin@s their¥siting dolutfol atan aéidic pH
sul furic acid, and the m xture 20 was vi gorously

>15b00 i df ey C%%staﬁﬂ&ﬁtroﬁhﬁ%ﬁzeftﬂé reaion Mixtikre Wiisiewadthen shaken
addi tion of2 O gof ice to conplete the reaction. 60

viéﬂ\go@sfw b & (I Epddtd' B RS ATHOaduBSuS 187G W Qhﬂ:ﬁid%ﬂ | aﬁidsa Wr’lb@la layer

shaken vi gorously. Thereafter,

wisAW¥&lke 5@2@%@@?@%0%‘ (160 nﬁ@%qﬁ%gatéﬁhe aqueous

agueous ayer S extracted once agaln of

S R B PR i s
RO TP PR SRTT 1y WP gL s we
co ,ine{dg%rﬁig%cﬁpg%q 8ag r#(j:ﬁﬁ)ﬁ?g C%:Of ngg:)rogcéqn %g@p”ﬁﬁ? dt%igrgg{r] qformmg

soﬁgs'.Qljhe(rlels_1|iltir(ii§(gj sol‘gd_s were f?ltergg Zu’ld separatéd2 r'o glve % Eapabhol derivative.

ml of

The thus-obtained Lapachol derivative was recrystallized from 75% EtOH. The
resulting Lapachol derivative was mixed with 50 ml of sulfuric acid, and the mixture
was vigorously stirred at room temperature for 10 min, followed by addition of 150 g of
ice to complete the reaction. 60 ml of CH,Cl, was added to the reaction materials which
were then shaken vigorously. Thereafter, a CH,Cl, layer was separated and washed with
5% NaHCOs;. An aqueous layer was extracted once again using 30 ml of CHyCl,

washed with 5% NaHCO; and combined with the previously extracted organic layer.
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J=3.6Hz), 7.57 (1H, m, 5.17 (1H, qd, J=6.0, 8.8Hz)~
3.53 (11-1, gd, J=6.8, 8.8Hz), 1.54 5 (3H, d, 6.8Hz),
wa2@g/0§Bty d, 6.8Hz) ' H- NMR (CDC13, 6) of ConpPCHERM6/000531
68.06 (1H, d, J=0.8, 7.2Hz), 7.65 (2H, broad d,
J=3.6Hz), 7.57 (1 H m, 4.71 (1H qui ntet, J=6.4Hz),
3.16 (1 H, quintet, J=6.4Hz), 1. (3H, d, 6.4Hz)
The. $Banid Hyed wab. wnzéntﬁmmdepllfﬁiedgymch@ﬂ%o&ﬂp@o%él!ﬁésgel to
18 and 19 10 The renmining CH2A 2 | ayer, after
giext.7%and 043 wdfpuwﬂcaqpmmdslémd\&bﬂesmgﬂl‘(ﬁﬂy on in
Exanpl e 16, was concentrated by distillation under
reduced pressure. The resulting concentrates_wer
'HAN MO (GIRAThi #) G0 omPamdAft BhA7 (HI ddodietiduf SHiek 764 éa., broad d,
10 hours to induce O aisen Rearrangenent. Xylen
J=3 6Henrt T R(EH by SdiTstLH, ladt I, &) 353 dlidead: dré§s§r8éﬂz) 1.54
and was then mxed with 15 nml of sulfuric acid,
(3Hj d,o8Hz) L2B K3, d.%.83®)i fi cati on. The resulting mixture
was stirred vigorously at roomtenperature for 10 mn
and 100 of ice was added theretq | et h
RN (QRCS0) o Compeyic) 5 a9ito  Budelr 4 R AOr 265 BHinbroad d
materials which were shaken vigorqusl Thereafter,
ISR, 2T 5T Ehbrminedel s phiainieh AT Adl (e AoiBiNERGER). 1.54
An aqueous | ayer was extracted once again using 20 m
(3Hfd@-ﬂ@)213ﬁééﬂe@ 64HH 5% NaHCO8 and conbined with the
20 previously extracted organic |ayer. The organic
| ayer was dried over MySO4, concentrated and purified
g o give 0.62 and 0. 43

25 St —r9—Fespectively. -48 WD
2006/ 088315 PCT/ KR2006/ 000531 "H NMR (CDC13, 8) of

%dgﬁlnfﬁ%%{%ﬁ I@geq i‘dﬂo %racaag I_%%h ifze)(n’]té"%l\% i\IaOH
SOEB%I’OH 4n j%(a{nfﬁﬁl g, n}jVZS %M@%ﬂt{a‘%ﬁfl g?{r)(d}su?agﬁg F_DL&I—F&?P()&d ?J.r%siure. The
ek nsri e i e i 2 f S ieh oye by emux for 10

br oad

hogrste 1 guqq él&a; Bﬁgrréﬁgejn_geng }Qéyjjleﬂez%c?nfexﬁra(t%ﬁy d@ullatlon under

reduced pressure and was then mixed with 15 ml of sulfuric acid, without further
purification. The resulting mixture was stirred vigorously at room temperature for 10
min and 100 g of ice was added thereto to complete the reaction. 50 ml of CH,Cl, was
added to the reaction materials which were shaken vigorously. Thereafter, a CH,Cl,
layer was separated and washed with 5% NaHCO;. An aqueous layer was extracted
once again using 20 ml of CH,Cl,, washed with 5% NaHCO; and combined with the
previously extracted organic layer. The organic layer was dried over MgSOsq,
concentrated and purified by chromatography on silica gel to give 0.62 and 0.43 g of

pure Compounds 18 and 19, respectively.
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J=7.2, 15.2Hz), 1.92 (1H m, 1.82 (1 H m, 1.09 (3H,
t, 7.6Hz) Exanple 18: Synthesis of Conpound 20 17.4 g
W@ 2008088310f 2- hydr oxy- 1, 4- napht hoqui none was dPGEFER@®d/000531
in 120 M of DMSO, and 0.88 g (0.11M of LiH was
gradual Iy added thereto. Here, this should be 10 done
W th care because hydrogen evol ves. The reaction
'HSNMR (@GDClapd) oftGannmaind 4808.66 (B, ddofrEQ.8.1. 22 3.8 (1 Hhdd, J=0.8,
production of hydrogen, was additionally stirred for
7.6t h65 (34, dtnd=0.8, Titdiy), 231 81 Hy dtO=0@W .20tz),ged@OhH, m), 2.71 (1H,
brom de and 3.35 g (0.025M of Lil were gradually
mypddéqiHha),ex bl (1Hhen) &4¢ (1 m3,dl. 54 (3h dnadHhpdt2d 1Hom)5C
and then vigorously stirred for 12 hours at that
. tenperature, The reaction sol ution was cool ed bel ow
HISMR (GDEhddB0f Gompoiak 19e808 (it d,derlSd 724tr) 2566 i@Hobroad d,
wat er was then added. Thereafter, 25 m  of
J=4 OhlzpnT. 688, HQ) SW8s(1§F, adlua.23y (Hlidédl 9. GreliSiaRa)n 218Ae(1H, dd,
resulting solution at an acidic pH > 1. 200 m of
J=CRR3.2Hwp $ .92d dHdm) o1 .82 €idbim)e 110863 HetadtoHam mi xt ur e
whi ch was then, shaken vigorously to separate two
| ayers. The aqueous | ayer was di scarded, and a CH2C12
: W|th a 8\queous 2N NaCH sol uti on
) 380 Rhe&=20 aqueous |ayer tw ce. The
thus separat ed aqueous sol uti ons were conbi ned and

her a8 60008 oG MEoRT ATAEhPRRGRCER 85Tkt 120 mi of
IR e ey b s dou
obt al ned roduc}1 S mx? \NJl_Lh 50 .m f sul furj.c
dogie prthgars Bpgaves ﬁ}ggﬁm £YAIYasn The,pRpctiomh solifigy s sligfed and after

vigorously stirred at roo eratyre f ,

coniitpingae yiheiERodpeion of 4@%@%@@? odaGondlly simel gr another 30
PCT/ KR2006/ 000531 of 150 g of ice tao conpl e@?:%\%he X

mine ddenoAl- 869 (HI10Y) dHgemppylaromideiend 1133 1ge(e2) g Lil were
materi al s which were then shaken vigorously. )

gradveHy afldask thergtcCrEhe) readtiap splutian Vs haatad del 45 %n andvihenadgorously
wi th 5% NaHCO3. An aqueous | ayer was extracted once

stigdiifor 125howgs a0that tenyferaDH2CTRe resatore sblwiieth weyso@ledbglow 10°C,
and conbined with the previously extracted 5 organic

and @pey of iThevasfustridded ayd250ad of evatee viasaherdadided. PoeredftesS ml
by chromat ography on

of concentrated HCl was gradually added to maintain the resulting solution at an acidic

pH >1. 200 ml of CH,Cl, was added to dissolve the reaction mixture which was then
shaken vigorously to separate two layers. The aqueous layer was discarded, and a
CH,Cl, layer was treated with an aqueous 2N NaOH éolution (100 mlx2) to separate the
aqueous layer twice. The thus-separated aqueous solutions were combined and adjusted
to an acidic pH >2 using concentrated HCI, thereby forming solids. The resulting solids
were filtered and separated to give 2-geranyl-3-hydroxy-1,4-naphthoquinone. The thus-
obtained product was mixed with 50 ml of sulfuric acid without further purification, and

the mixture was vigorously stirred at room temperature for 10 min, followed by addition
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silica gel to give 3.62 g of pure Conpound 20. 1H NWMR
(CDC13, S): 8.05 (1H, d, J=7.6Hz), 7.77 (1H, d,
wQ2000088)5 7.63 (1H, t, J=7.6Hz), 7.49 (1H, tPCI/KR2006/000531
J=7.6Hz), 2.71 (111, dd, J=6.0, 17.2Hz), 2.19 (1H, dd,
J=12.8, 17.2Hz), 2.13 (1H, m, 1.73 (2H, m), 1.63
(1H, dd, J=6.0, 12.8Hz), 1.59 (1H, , 1.57 10 (1H, )
of PP globize (tadompjete thea@actim,. 69)ml of GHoChHyvassydded tgghe reaction
(3H, s) Exanple 19: Synthesis of Conpound 21 Conpound
madrialawhivhtvedre dibni shakdnevigenopslyafireseaftes, 4 GHERhAdee wes separated
except that 6- chloro-2-hydroxy-1, 4- napht hoqui none was
and sedhédnwitke 48 NAHLhy Anagyedlis dayen syah ektoaptédnanve .agdid using 30 ml
1H NWVR (CDC13, S): 8.02 (1H, d, J=8Hz), 7.77 (1H, d,
of IR}, wisted withl, 5% dNaHEQ; an®oinbined6@ith 2he drevidustyiekiracted
1.87(2H, t, J=7Hz) 1.53 (6H, s) Exanple 20: Synthesis
or@iniCRYBOThE o2garf® tayetinds 2anssasated bad pardfied by thrawategraphy on
manner as in Exanple 1, except that 2-
silftn GeDoygife 3T8L Bf pliredCaaphind@gui none was used i nst ead
of 2-hydroxy-1,4- 20 napht hoqui none. 'H NVR ( CDC13,
S): 7.98 (1H, d, J=MHz), 7.61 (1H, d, J=2Hz), 7.31
'HNMR dEDCl525): 88Mz 1H2 d59=7.8Hz),t7.70<THz ), J£7&4zH7.68, (1H, t,
J=7Hz) 1.48 (6H, s) -50 WD 2006/ 088315
J=PGHzKR209 611200 337.6Hzx,a21pl €112,1dd, Sy610hd3i281zf 2.Cofplduddl 1=12.8,
23 Conpound 23 was obtained in the same nanner as in
172884)P2.83 LT H e, ENT3 (2Htm), 1.63 (1H, dd, J=6.0, 12.8Hz), 1.59 (1H, m), 1.57
6, 7- di met hoxy- 2- hydr oxy- 1, 4- napht hoqui none was used
1HNEY eash A, 2n))Y 3B E3H; &), £.04 Y MOBI3IMRE. 5 ' H NWR
( (CDgfls, g): f56 ng,gags), g#g?)(lH, (332, ?3. 98 (6H, s),
2.53 (2H, t, J=7Hz), 1.83(2H, t, J=7Hz) 1.48 (6H, s)
Exanpl e 22: Synt hesis of Conpound 24
Example 19: Synthesis of Compound 21

Compound 21 was obtained in the same manner as in Example 1, except that 6-
chloro-2-hydroxy-1,4-naphthoquinone  was used instead of 2-hydroxy-1,4-

naphthoquinone.

'H-NMR (CDCl, 8): 8.02 (1H, d, J=8Hz), 7.77 (1H, d, J=2Hz), 7.50 (1H, dd, J=2,

8Hz), 2.60 (2H, t, J=7Hz), 1.87(2H, t, J=THz) 1.53 (6H, s)

Example 20: Synthesis of Compound 22

Compound 22 was obtained in the same manner as in Example 1, except that 2-
hydroxy-6-methyl-1,4-naphthoquinone ~ was used instead of 2-hydroxy-1,4-

naphthoquinone.
'H-NMR (CDCl3, 8): 7.98 (1H, d, J=8Hz), 7.61 (1H, d, J=2Hz), 7.31 (1H, dd, J=2,
8Hz), 2.58 (2H, t, J=7Hz), 1.84(2H, t, J=7Hz) 1.48 (6H, s)
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Compound 24 was obtained in the sane manner as in

Exanpl e 1, except that 1- brono-3-nethyl-2-pentene was
W@ 2®d/ 088383 ead of 1- brono- 3-net hyl - 2- but ene. 10PATFKRMA6/000531

(CDC13, S): 7.30-8.15 (4H, m, 2.55 (2H, t, J=7Hz),

1.83(2H, t, J=7Hz), 1.80(2H, g, 7Hz) 1.40 (3H, s),

1.03(3H, t, J=7Hz) Exanple 23: Synthesis of Conpound
Examile 2b0Sythedis vBCombbandi23 i n t he same manner as in

Exanpl e 1, except that 1- bronp-3-ethyl-2-pentene was

used instead of 1-brono-3-nethyl-2-butene. 15 ' H NWR

( CDCLymmpnd 23 3gasgbiaingds iy, thn)samz emnepas in Exapapled) except that

1.83(2H, t, J=7Hz), 1.80(4H, .q, 7Hz) 0.97(6H, t,
6, Ddinrtthoxprhplroxgd; 4-syhttivgsinone f wap rsedinistzad Gofm@oluisioxy-1,4-

26 was obtained in the sane manner as in Exanple 1,
naphtheqiinérfeat 1- br onp- 3- phenyl - 2- but ene was used

i nstead of 1-brono-3-nethyl-2-butene. 20 1H NWR

(CDC13, S): 7.15-8.15 (9H, %190 75 (4H, n&ﬂa
'HOSMR £§'DCl5 B)WHSE 008 @8873,.%% AKRASO D05 33 erﬂe7HZ)

25: Synt hesis of Conpound 27 Conpound 27 was obt ai ned
1.8362H e J<Him) 1df(6E), shs i n Exanple 1, except that 2-

br ono- et hyl i denecycl ohexane was used instead of

1- brono- 3- net hyl - 2- butene. 1H NWR (CDC13, 8):

7.3-§2§. (t4H 2.59 H t, J=7Hz), 1.35-2.15
—’@M@%M“ hesi s of Conpound 28
Compound 28 was obtained in the sane manner as in

wae B PSS shUhedn o SR F¥t SRR PR R -

13 8 7 28-8. 20 2
br‘gmﬂ ‘QE% -%-fsp_}enwas g(eg tea@zd;l lg%ﬂi (%sr}]{e% 4 J%‘onpound
29 10 8.58 ¢ (20 mvp of Conpound 5 synt hesi zed in

HESHRAEPRIE: % SEFLY S, R0, ElsSpeRomcl, 1 o

1.890R; §7Hz) 1.40 (3H, s), 1.03(3H, t, J=7Hz)

Example 23: Synthesis of Compound 25

Compound 25 was obtained in the same manner as in Example 1, except that 1-

bromo-3-ethyl-2-pentene was used instead of 1-bromo-3-methyl-2-butene.

'H-NMR (CDCL, 8): 7.30-8.15 (4H, m), 2.53 (2H, t, J=THz), 1.83(2H, t, J=7Hz),

1.80(4H, q, 7Hz) 0.97(6H, t, J=THz)

Example 24: Synthesis of Compound 26

Compound 26 was obtained in the same manner as in Example 1, except that 1-

bromo-3-phenyl-2-butene was used instead of 1-bromo-3-methyl-2-butene.

'H-NMR (CDCl, 8): 7.15-8.15 (9H, m), 1.90-2.75 (4H, m), 1.77 (3H, 5)
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di chl oro-5, 6-di cyano-1, 4- benzoqi none, and the
resulting mxture was refluxed for 96 hours. The
WO e@e68s3ms sol uti on was concentrated by distil | BECT/ER2006/000531
under reduced pressure and the resulting red solids
were then recrystallized fromisopropanol, thereby
obtaining 15 7.18 g of pure Conpound 29. 'H NWR
Exa@ipléd 25: Synth&iQof Chmpound 27=1. 2, 7.6Hz), 7.66 (1H, dd,
J=1.2, 7.6Hz), 7.62 (1H, dt, J=1.2, 7.6Hz), 7.42 (1H
dt, J=1.2, 7.6Hz), 6.45 (1H q, J=1.2Hz), 2.4 é%;, d,
J=1. Slampousd 2Nwas obRimdds s poe/mawensy iDdixenp RNt ghat 2-
28: Synthesis of Conmpound 30 Anal ogous to a synthesis
bromo1ethy lidenecueclghtxang was ugdgnsteidert L -bromor 3-gmthylgelgrene.
5008, 4, 5-di hydro- 3-nethyl benzo[ 1, 2- b] f uran- 4, 5- di one

{Benzof uran-4,5-di one} was__synthesi_ze '

NN UGG o 2 SRS TR SR M e BT e h a1 51 gF 8 3
mV) of the 5 thus-prepared benzof uran-4, 5-di one and
3.15 g (28.2 mV of 1-acetoxy-1, 3-butadiene were

Bl Y EydedPB EbmBhuRigagene, and the resul ting
hours. The reaction

sol ution was cooled to roomtenperature and

conc Sﬁuﬁé 28 ¥vasGbelindd i HheAnid AR nef SFMIBANIPIS S SekEept that 2-
was foll

Thi s owed by chromatography on silica gel to

b B TN ety Dy 3

7.6Hz), 7.64 (111, td, J=1.2, 7.6Hz), 7.43 (1H, td,

'"HIN : 7.28-& Im2.5973H 24133 7H2); 2800306 (10H, m
}%g%?%@])zcgg?nglzg 83%30 <413}{/-|nt).|l;1esi§ of Corrp%)unds 31 (and 3
1.59g (9.3 mMV) of
4, 5-di hydr o- 3- net hyl benzo[ 1, 2- b] furan- 4, 5-di one 15
Exabeple 7 uSvnthdsi$ efiCompoupd 3945 g (0. 6M of
2-met hyl - 1, 3- but adi ene were dissolved in 200 m of
benzene, and the resulting m xture was _refluxed foy 5 )
hour $.58TBd20 aalh i0f Corapsiund iSosynihesized & Egampler o dyes dissolved in
tenperature and conpletely concentrated b}ll
108D sml lof apiton tetrachloride, followed by addition of 11.4 g (50 mM) of 2,3-

dichloro-5,6-dicyano-1,4-benzoginone, and the resulting mixture was refluxed for 96
hours. The reaction solution was concentrated by distillation under reduced pressure and
the resulting red solids were then recrystallized from isopropanol, thereby obtaining

7.18 g of pure Compound 29.

'H-NMR (CDCL, 8): 8.05 (1H, dd, J=1.2, 7.6Hz), 7.66 (1H, dd, J=1.2, 7.6Hz), 7.62
(1H, dt, =12, 7.6Hz), 7.42 (1H, dt, J=1.2, 7.6Hz), 6.45 (1H, q, J=1.2Hz), 2.43 (3H, d,

J=1.2Hz)
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under reduced pressure. The thus-obtained concentrates
were dissolved again in 150 m  of carbon
wa edosasdsiori de, foll owed by addition of 2.3 g PADKRR06/000531
of 2,3-dichloro-5,6 20 dicyano-1, 4-benzoqgi none, and
the resulting m xture was further refluxed for 15
hours. The reaction solution was cool ed and
Exaaipsle 087 SyirtHesiy ofiCainpbiund BOn under reduced pressure.
The resulting concentrates were purified by
chromat ography on silica gel to ive 0.13 and
G of ATaIGEoBb b STRIBEST maga 33 rebE ol Oige o3 (9O) 4995-
2006/ 088315 PCT/ KrR2006/ 000531 ' H NWR (CDCl13, 6) of
50083 cuditlydro-3-metdhylienep[12)-b]fras#, X-dipne eyzgﬁlrarnz% S-dongp was
(1H, d, J=8.1 Hz), 7.21 (1 H, q, J=1.2Hz), 2.40 (3H,
systhesiZzd2&irglp-benzbgquihote 2idz)-(NHadpBolieaopsnes | .5 (9.3 mM) of the
Conpound 32: 67.96 (1H, d, J=8.0CHz), 7.48 (111, s),
thﬂs-ﬁﬁpz(rédl—lbenzﬁ'uraﬁ-%d(oﬁbtané)3 152g 288.2 hhM) af 1:]actt03y|zl),3 “Butadiene
Experi mental Exanple 1: Determ nation of AWPK
weté tdissalved in 990 hhbef beredehs, and2Be T2sultivey mixtutet wae defluxed for 12
DMEM cont ai ni ng 10% bovine calf serum Wen a cell
hotle STHeY rea&t@sph eslution angecoaledatto wionBFeMmpera@Pdand hncentrated by
culture nmedium was replaced with a nmedi um contai ni ng
didtPbaBey uhderGadiices gféémrbdl'lixi@ 6heas Eolthividaetyecliromiatographgfon silica gel
cells. The thus-differentiated nyobl ast cells were
totg[@qtpﬂ ¥f pilte CRMPoatd YNt hesi zed in 10 Exanples 1
through 29 at a concentration of 5 ,Cg/m, and
conpared with a control group. Enzyrmtl c activity of
'HANMIR (@D OIS tser s0sadHaddf BHILDVEGHE, 78 (LH, GRICI$R.2c 3l6H), 7.64
were lysed to obtain protein extracts and then
(1BRD =) $6H&§t7843/\@${ adlded 2, 9.687) N2 (1K,adehHa),in28 (3H, d,
of 30% there y preci pltatl ng proteins. Protein
JAeE)pitates were dissolved in a buffer (62.5 nM
Hepes, pH 7.2, 62.5 nM NaCd, 62.5 mM NaF, 1.25 mM Na
15 pyrophosphate 1.25 mM EDTA, 1 nMDTT, 0.1 nM PNSF,
and 200 M AMP). Thereafter, 200 M SAMS pepti de

E BAl RRf Colmpoundedl amdd2serine residue is a
phosphoryl ation site, as an AWK phosphoryl ation site
of acetyl-CoA carboxyl as nd | ATP wer
t her dtd and (9-8acidbx soﬁver"e-s)iEl élloe% bezo[ 1,2- g]furan-4 >-dione

{Benzofuran-4,5-dione} and 45 g (0.6M) of 2-methyl-1,3-butadiene were dissolved in
200 ml of benzene, and the resulting mixture was refluxed for 5 hours. The reaction
solution was cooled to room temperature and completely concentrated by distillation
under reduced pressure. The thus-obtained concentrates were dissolved again in 150 ml
of carbon tetrachloride, followed by addition of 2.3 g (10 mM) of 2,3-dichloro-3,6-
dicyano-1,4-benzoginone, and the resulting mixture was further refluxed for 15 hours.
The reaction solution was cooled and concentrated by distillation under reduced
pressure. The resulting concentrates were purified by chromatography on silica gel to

give 0.13 gand 0.11 g of pure Compounds 31 and 32, respectively.
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m nutes at 30C. This was followed by spotting of the
resulting reaction solution on p81l 20 phosphocel | ul ose
w@apenss3The p8l paper was washed with a 3% phoBEIER2@6/000531
acid solution and radioactivity thereof was neasured.
For each reaction condition, reactions involving no
SAMS peptide were al so conducted and basic val ues were
'HSNBIR €CDEH, §y (N Cdnsount B4 : 7.86¢HAVOA7.5a( s, J=84HAD7.42 (1H, d,
2006/ 088315 PCT/ KR2006/ 000531 The results thus
J=RhHa),7exl @He qsl=aveHI)N2.FalB1e, 9, 2. 28!' didl, e, 271.2dmpound AMPK
fold DMSO (0.5% 1 Conpound 1 2.2 Cbnpound 2 1.4

| Compound 3 3.2 Conpound 4 2.2 Co
HOSWBOHACE, 81 of COMpOMAD: 57954 1 Hoambduii)a7 4841H, 5), 7.23 (2H,
Compound 9 2.6 Conpound 10 1.6 Conpound 11 1.3

m);3dpBHs)12.28 (1H, &dmp3biayl 13 2.3 Conpound 14 1.5
Compound 15 1.9

Experimental Example 1: Determination of AMPK activation

Myoblast cells, C2C12, were cultured in DMEM containing 10% bovine calf
serum. When a cell density reached a range of about 85% to 90%, the culture medium
was replaced with a medium containing 1% bovine calf serum to induce differentiation
of cells. The thus-differentiated myoblast cells were treated with samples synthesized in
Examples 1 through 29 at a concentration of 5 xg/ml, and compared with a control
group. Enzymatic activity of AMPK was determined as follows. Firstly, C2C12 cells
were lysed to obtain protein extracts and then ammonium sulfate was added to a final
concentration of 30%, thereby precipitating proteins. Protein precipitates were dissolved
in a buffer (62.5 mM Hepes, pH 7.2, 62.5 mM NaCl, 62.5 mM NaF, 1.25 mM Na
pyrophosphate, 1.25 mM EDTA, 1 mM DTT, 0.1 mM PMSF, and 200 uM AMP).
Thereafter, 200 pM SAMS peptide (HMRSAMSGLHLVKRR: the underlined serine
residue is a phosphorylation site, as an AMPK phosphorylation site of acetyl-CoA
carboxylase) and [y-32P]ATP were added thereto and reactants were reacted for 10
minutes at 30°C. This was followed by spotting of the resulting reaction solution on p81
phosphocellulose paper. The p81 paper was washed with a 3% phosphoric acid solution
and radioactivity thereof was measured. For each reaction condition, reactions involving
no SAMS peptide were also conducted and basic values were subtracted from the thus-

observed values.
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Compound 16 2.5 Conpound 17 2.2 Conpound 18 2.3
Conmpound 19 2.1 Conpound 20 2.3 Conpound 21 2.2
w@0vposasds 22 1.9 Conpound 23 1.6 Conpound 24PQI/KR2006/000531
Compound 25 1.8 Conpound 26 2.2 Conpound 27 1.7
Compound 28 1.7 Conpound 29 1.3 Conpound 30 1.2
Conmpound 31 1.2 Conpound 32 1.3 As can be seen from

Tabl &h2 resntiethus obfaineddise ﬂmcmrller@Qlet% the present

i nvention were treated on myoblast cells, C2C 12, this

treatment |eads to increased 5 enzymatic activity of
[TaleR] -55 WO 2006/ 088315 PCT/ KR2006/ 000531

Experi nental Exanple 2: Wight |oss effects in obese

mce (ohipetnd 10- week- ol d ABPRLIoEIL Lep ob/Lep ob male
m CEpRAYD (5@ esi ty | characteristics and
pr Eu'éc Jund " wer e purcnasezcgrrom Daehan Biolink Co.,
Lt ug C;‘Oub.iﬁﬁ:zllunguur&- do,Koreg) . A et were rai sed
" Compoundl3 ' )

Compound 4 22

Compound 5 1.3

Compound 6 2.2

Compound 7 2.2

Compound 8 1.9

Compound 9 2.6

Compound 10 1.6

Compound 11 1.3

Compound 12 2.1

Compound 13 2.3

Compound 14 1.5

Compound 15 1.9

Compound 16 2.5

Compound 17 2.2

Compound 18 23

Compound 19 2.1

Compound 20 23

Compound 21 22

Compound 22 1.9

Compound 23 1.6

Compound 24 2.1

Compound 25 1.8

Compound 26 2.2

Compound 27 1.7

Compound 28 1.7

Compound 29 1.3

Compound 30 1.2

Compound 31 1.2

Compound 32 1.3

As can be seen from Table 2, when compounds according to the present
invention were treated on myoblast cells, C2C12, this treatment leads to increased

5 enzymatic activity of AMPK.
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5 tenperature of 23C, 55% hum dity, illum nation of
300 to 500 lux, a 12-h light/dark (L/ D) cycle, and

WO eovbiosssts on of 10 to 18 tinmes/hr. Animals werBCT/B#®#2@d/000531
l'ibitumpellets of Purina Rodent Laboratory Chow 5001
(purchased fromPurina MIIs Inc., St. Louis, M)
USA) as a soli d feed for experl ment aI ani rml s and tap

accllnate to nem1enV|ronnent of t he breedlng roon1for
two 10 weeks and were then adm ni stered sone
pyr arl8-veokitht KodBLihe Tivd ehik Lethoo®- mals hiksqiayiie obesity
derivatives synthesized accordjng to the present
chpnagteristicsnangt persispesigion wers RucRased oome a%l%ﬁél Biolink Co., Ltd.
Qobservation was nmade on changes in body weight, bl ood
(Chumgshergbakiciod Keren)y Animak @eraraisqd rl@@ﬁ@@qdm&)rom m%gltamed at a
course of admi nistration. After admnistration
teroperpluest ef 23CH HH it kemifgsoidinminasiopof POQEs SHbhuxen Addr ltght/dark L/
confirm 15 changes in adi pose tissue distribution of
D)cyichpland vettilatiers of #0 a8 dinsasthirbAninels wierq fodsagelibifum pellets of
various organs, changes in sizes of adipocytes, and
PurinarRyeleni halpramos €hovi H0U Grudchassdz from Pasing Mill g8l Louis,
and liver. Table 3 bel ow shows results of changes over
MO, S A)rasbw sylidresied Hor etperiGienBil /aGihhals epd tay Weisr ab dninkiag water.
to which sone conmpounds of the present invention 20
Mierwerd dilloRicdt tor &dlimhitatyl gevdlenBromhas dfnthe i tatedBWy Foomalfor two
BWIncrease in BW (g) (g) (% Control 51.0 53.6 4.3
wéeREPAdNYede FBerd adifistere@. SomEGTRaoRsnZpoqRindBe 7andd Guino-o-
-56 WD 2006/ 088315 PCT/ KR2006/ 000531 Conpound 3 55.1

napRthéquiddnddFRAR e nthed2ed adddrding 2d 1t present invention at doses of
100 mg/kg for 26 days. Observation was made on changes in body weight, blood
glucose and dietary intake, with respect to a time course of administration. After

administration was complete, Computed Tomography (CT) was performed to confirm

| changes in adipose tissue distribution of animals, changes in fat distribution of tissues in

various organs, changes in sizes of adipocytes, and changes in glucose, lipid and

enzyme levels in blood and liver.

Table 3 below shows results of changes over time in body weight of
C57BL/6JL Lep ob/Lep ob mice to which some compounds of the present invention

were administered.

[Table 3]
Samples Initial BW Final BW Increase in BW
P &) ) (%)
Control 51.0 53.6 43
Compound 1 55.9 46.5 -16.8
Compound 2 53.3 28.7 -46.2
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Compound 5 59.7 36.1 -39.5 Conpound 14 62.7 61.3 -4.7
Conpound 15 56.8 53.0 -6.7 Conpound 21 57.3 41.1

W0 286/8883COnpound 22 58.3 48.7 -16.5 Conpound PGI/E&2@6/000531
42.3 -25.5 As can be seen from Tabl e 3 above,
adm ni stration of the conpounds according to the

4:. S35 Fvent OFl” ileddb to d39+79n| i cant Q’pgucu oh in

nht | Aq Y RANAe ‘B A~nn -
o cpsszg:;vs;fud;;f,,;u;;’;“:" ggur- 7 GS
Gﬂmﬁﬁﬁil}daﬁ val ues QZr tha 5 Bginpr‘fi\/ %rc o
Gmeund it | dp oh$2-&p ob lmi ce6ld whidh confelinds as
Gompoundilh Tdbl e 36.8ere ddmi np3fered.| As c& be seen
Gomgpougd 8phs |gi vesi7Bn FI GS. 14through 3, -288
Cotpsyundept al| grosps to whi ch48Me conpounds6.dccord| ng

ddnfdugdpeeSENt T Ry gnti on wegg3adm ni st er.gsisexhi bj t ed
a signi r| cant reduction in Tat content of tissues for

all or and furt ited jncreases i.n,bro
fat donfaht é%ﬁ?péﬁogahﬁb{ G 3 HBOVSe B isigIGEy gfhhe Cotfipounds
indicating that fat petabplismwas, significantl
aceqrding 48 dhe pneésmemxerﬁ@molﬁﬁcfsﬂevas sig @résfeiiwtwola&yqdw Jejeht, as
and al ucose |l evels of C57BL/6JL Lep ob/Lep ob mice to
coppieH t Hie coBpbelABR: of the present invention were
adm ni stered. [Table 4] Sanple GOT GPT Chol est erol

T | a J 206 187 248. 2
Conm IS h oz d5dose Bl aisioufi e zgcaﬁ%ueféar the
re%%n@fg:gggggu I}%S%Bi%JiZLep o%/ engoblr%lzce tggvrﬁ?c%uc%%qp%uﬁgs as set forth

in Table 3 were administered. As can be seen from graphs given in FIGS. 1 through 3,

the experimental groups to which the compounds according to the present invention
were administered exhibited a significant reduction in fat content of tissues for all
organs, and further exhibited increases in brown fat contents compared with the control

group, indicating that fat metabolism was significantly increased.

Table 4 below shows changes in blood lipid and glucose levels of C57BL/6JL

Lep ob/Lep ob mice to which the compounds of the present invention were

administered.
[Table 4]
Sample GOT GPT |Cholesterol | Triglyceride | Glucose
Control 233 206 187 248 228
Compound 1 42 39 121 143 120
Compound 2 50 43 123 154 125
Compound 3 36 32 128 129 122
Compound 4 48 44 130 148 134
Compound 5 38 29 117 137 112
Compound 14 95 87 160 216 193
Compound 15 89 83 149 198 180
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Conpound 5 38 29 117 137 112 Conpound 14 95 87 160

216 193 Conpound 15 89 83 149 198 180 -57 WO
wWQo®6He38315 PCT/ KR2006/ 000531 Conpound 21 46PGPKR2006/000531

138 127 Conpound 22 57 49 132 168 142 Conpound 26 40

33 128 137 131 As can be seen from Tabl e 4 above, the

R O et e o Jo o Taxiidb e b 127
0220 1 olice { oty ntle i giigeeriide. Ehok ester b2

Qﬁmejmd(QéQP lev# s in 3%he 4l nm as r'm’r'rrrl,;_ ed o :‘[’&]e

control group. 5 Experinental Exanple 3. Regul ation of

phos pxogat Bé k&h RbnA\WEKlean dbd\%tlbe/ gRdupsapaehiohehd kbmpounds
exanpl e was carried out to confirm whether

acbSrdifP a6 NPeepLSoni atedtibh wBRS aBhfisisictedexhibited a significant
phosphoryl ation of AWPK and ACC, which are

rediitioAGE! tﬁ%!)}ﬂferi%@?ﬂﬂﬂestél%@ ‘dhé%!lplﬂﬁ)_s@ 1&e®d Sthelbloéd,d8cohtpared
exam ne phdsphoryl ati on of AVP ki nase and ACC 10

to? 951%}-1%3“%& boxyl ase) by (3-1apachone, Hep& cells

uman ?1 atocellular liver carcinoma cell [ine) were

seeded onto a 6-well plate at a density of 1X105 cells
per well, and cultured in a RPM +10% FBS nedi um

Exjiei-ini entsldik ainple(3e Reghlatioh@f phds lation ln€ A ACC by B-
medi um was replaced with a serumfree RPM nedium and

lapsdhbiewere treated wth (3-1apachone (10 M for 30
mn, 1 hr, 2 hr, 4 hr and 6 hr, respectively, in 15
conbination with a control (DMSO . Anti-ACC and
Ant | ThiS7Xample wes eartisédui tp canfuter whetherbdapaehone (Compound 1)
phosphoryl at ed ACC, whereas Anti- AMPK and

had\rffficets Toh7 ghoipRicylatien ofUSMPK andrAfeC, whichaerintacellular energy—
phosphoryl ated AMP ki nase, respectively. As shown in

regul&ingd propdins pihoondento @ramine Apesphanplatiorh wf (AMPakmeseoaml ACC
could be observed fromthe

(acetyl-CoA carboxylase) by B-lapachone, HepG2 cells (Human hepatocellular liver

® T Qg

carcinoma cell line) were seeded onto a 6-well plate at a density of 1X10° cells per well,
and cultured in a RPMI+10% FBS medium. After growing the cells for 24 hours, the
culture medium was replaced with a serum-free RPMI medium, and cells were treated
with B-lapachone (10 uM) for 30 min, 1 hr, 2 hr, 4 hr and 6 hr, respectively, in
combination with a control (DMSO). Anti-ACC and Anti-pS79-ACC were used in
order to observe phosphorylated ACC, whereas Anti-AMPK and Anti-pT172-AMPK
were used in order to observe phosphorylated AMP .kinase, respectively. As shown in
FIG. 4, phosphorylation of AMP kinase by B-lapachone could be observed from the
initial time (30 min), and it can be confirmed that such phosphorylation effects lasted up
to 6 hours. In addition, it can be confirmed that ACC, which is known as a target protein

of AMP kinase, was also phosphorylated. These results show that activation of AMPK
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initial time (30 mn), and it can be confirnmed that
such phosphoryl ation effects |asted up 20 to 6 hours.

WO pooadshizts on, it can be confirmed that ACC, wWhPCITKR2006/000531
known as a target protein of AMP kinase, was al so
phosphoryl ated. These results show that activati on of
AVPK -58 WD 2006/ 088315 PCT/ KR2006/ 000531 by t

byalst actionof B(lapdchpactrorsupprsss the pgir\e@softah@tyhgpmaﬂgpxaiase which
acetyl - CoA carboxyl ase, which is a crucial regulatory

isenmyhbragﬁlatdm@gmbﬁlip@wialrrent al Exanple 4: Effects
of li-lapachone on phosphoryl ati on of endot heli al
nitric oxide synthase (eNOS) 51t is well-known that

AoshRSivIAtidl SPendothelial

actlvates PGCIa dNRF.lto faC|I|tate
ni € nesis. In order to ascertain

whet her (3-1apachone, which activates AMPK, is

i nvol,ved | rodutlo of. nit [ degr ee.:1:

of hSs ﬁli lkgf)\gpl ﬁt aqhv&t,lgn ofr A Iq{( a%ﬁ ‘l:\p%N f1 SR ERilitates

asi ng

S ik z%raéeﬁmgxm/ﬁ@@@h B ri gy o

y the actjon of.f chone U
fag sarf: HigbRnTAL PROBERSis (R erEeib Selhe F?"spagﬁ%e which
plate at a densi of 105 cells,. and,c

scfbefs. PR Wetiamerin ?&03(1198919 <51 phtic oAy DI piree of
was replaced with a serumfree EBM2 nediu an

pmlmxlgm aacrgasing the. actiyiy mfrradpthgligh nifryg Bnélde synt%ase (eNOS),
predeterm ned period of time. 15 Phosphorylated eNOS

wasadeterpined/ do ardemty sxaming phogpiprdaies. o QY%W] the, aptiqy of B-
5, phosphoryl ation of eNOS reached a nmaxi mum i ncrease

lagg@honei, Fluafandymbilisak WeintEnsiothelall Gl HBALEGhweterisaded onto a 60-
gradual 'y di m ni shed t hereby not observed 2 hours

minglate at Ardensity eBi¥10 ncqblho@pih@ﬂt}ar@t ingFB YR+ KB Bymedium for 24
(3-1apachone presents the possibility that )

ho(iB [Thp achoremediymbwas teplazpd mithczab‘d:lynué@dEBM2 medivami and cells
heart di seases and 20 mitochondrial nyopathy, as well

w@as tredted hwithr pdhpadiefeur(td i phD)r &drabe grafieeaged pemed of time.
exanpl e, degenerative cerebral diseases, diabetes,

PHosplibrelaed RNOY waslb e ped Bisiag ¥atti-pS Kd7 eNOS.

As shown in FIG. 5, phosphorylation of eNOS reached a maximum increase 30
min after treatment of B-lapachone and then gradually diminished, thereby not observed
2 hours later. An increase in phosphorylation of eNOS by B-lapachone presents the
possibility that B-lapachone may be therapeutically used for ischemic heart diseases and
mitochondrial myopathy, as well as mitochondrial dysfunction-related diseases (for
example, degenerative cerebral diseases, diabetes, cardiomyopathy, diseases associated

with senescence).
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wi th senescence). -59 WD 2006/ 088315 PCT/ KR2006/ 000531

Experinental Exanple 5. Effects of (3-1apachone on
wW@ewswse3idn of AMPK in C57BL/6 mice FIG 6 shPOKRR@G/000531

(3-1apachone activates AMPK in C57BL/6 mce. A vehicle

and 5 ng/kg of (3-1apachone were administered via tail

vei ns to C57BL/6 m ce for 2 5 hours and 4 hours

rermved and act|V|ty of AI\/PK k| nase was assayed A
CSiBli/émicé activati on was expressed as a CPM val ue of
radi oi sotopes. Using the sane nmanner, Hep& cells, a
cell line derived from human liver, were treated wt
10 MFLG- b spawhdeas frlspachoneraeiivaigscAMREn Ik S BL/Rymicsy A Jeicle
AMPK kinase activity was carried out. As can be seen
andl Somgfkigeof; Bdapackonierwere @dmimistened widl rttih veins de iG7B376 mice for 2
(3-1apachone leads to increased AMPK activity in the
holiisvaexd 4 hours gespatéivelsdLpes end gesadel adiposertissutsowgteasmoved and
Experi mental Exanple 6: Effects of (3-lapachone on
activiosphAMPKakinase whs Adviyed8A du@@el of aCEVBlonowas ewpréssed as a CPM
order to investigate anti-obesity effects of
valu3-dfapdiolsotopes. Ridiap hehane mamer,1Hep(@icellss harel dimgaddrived from
to diet-induced obesity (DIO mnmice at a dose of 50
huih Kiyey,i weranreated! with 0t M falagdachbhe ¢drs3ilk- dndpthed aneassay for
on phosphoryl ati on of AMPK and ACC, which play an
AMPROkinagt adtivitg was enfedyueAabal bs seanfiol hegendsiia FIG. 12,
the liver and gonadal adi pose tissues, were exam ned.

adﬁﬁmaPam b pHbpachdie lédds V@S incfsabdd mMPKha@u@y Ve sliceliver and
bl o anal ysis that (3-1apachone has an effect on

goHMQ&i?bé@tﬁsfsh&ranefhe@&{E’é&t@ﬂd ACC in the 20 gonadal and
I'tver tissues of C57BL/'6 m ce. Phosphorylated AMPK is

believed to activate netabolism associated with
energy. Wiereas, it is beli eved t hat ACC V\,hl ch is
Exfeimodntal By ' hopi ]

| i pogenic activity thereof is then- i nh|b|t ed vvh| ch
A@Clih @378L/éxtcé¢ sonme effects on |ipid netabolism
i ncl udi ng i nhibition of

In order to investigate anti-obesity effects of B-lapachone, B-lapachone was
administered daily to diet-induced obesity (DIO) mice at a dose of 50 mg/kg via an oral
route, and effects of B-lapachdne on phosphorylation of AMPK and ACC, which play
an important role in energy metabolism and lipogenesis in the liver and gonadal adipose
tissues, were examined. As shown in FIG. 13, it was confirmed through Western blot
analysis that B-lapachone has an effect on phosphorylation of AMPK and ACC in the
gonadal and liver tissues of C57BL/6 mice. Phosphorylated AMPK is believed to
activate metabolism associated with energy. Whereas, it is believed that ACC, which is
affected by activation of AMPK, is phosphorylated and lipogenic activity thereof is then
inhibited, which will then exert some effects on lipid metabolism including inhibition of

obesity.
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obesity. -60 WD 2006/ 088315 PCT/ KR2006/ 000531
Experinental Exanple 7: Effects of fl-Ilapachone on
wezpeessidn of genes involved in |ipid nmetaboP@HFRROG06/000531
C57BL/6 mice In order to investigate anti-obesity
effects of (3-1apachone, (3-1apachone was
adm nistered daily to diet-induced obesity (DO mce
Explerién 0l xfm 510 7erEfects i §-lapadwak onexpression of gdneprinvolved in
attenpt was made to confirmlevels of nMRNAs of acetyl
lipi® Mhet:sbdbioinyd faSITBIACMIcd (7,8), ACC2 (9), fatty acid
synt hase (FAS) (10, 11), lipoprotein |lipase (LPL)
(12-15), and stearoyl - CoA desaturase 1 (SCD1) (16,17),
whi cfin paderi toi ipaessigate aitpplesitynefeps| efsfrlapachare, Bilgpachone was
and gonadal adi pose tissues, by real-tinme quantitative
adRGRsteredhiaip te diey-iresicat ebesity (DIMpoice ahe dpserofl 50png/kg via an oral
nmet abolism it is known that ACC catal yzes 10
rotite) antancintenipt wak ande tdCoohffrmdavac of mRNAwAf deé§l CoA carboxylase
catal yzes formation of palmtate from nmalonyl CoA,
(ATTY 1SCLY), A0 Cd YD fatfyoacidbymbaso f(FASN (L0)5B) lipagrettir Hpase (LPL)
thus playing a critical role in formation of
(12116 Rcandgbte oot o Aad¢saiuedse ENER QP 13 1(D6,87), Ashishiqlartidipegs én lipid
enzymes are closely correlated with obesity, diabetes,
mamsblishphﬁtﬁéenad@Qddsgaﬂaeﬁlaa&pbseotiss@@s ®g . redistiraé quantitative PCR.
FIG 8, expression lTevels of mRNAs of ACCL and 2, FAS,

THeS enzymeR Bk RrPimp&idt F& T allaboHER] i€ dsla@wnthat ACC catalyzes

experinmental groups to which (3-1apachone was

fo;ﬁir%ow(ﬁ‘ 161 (B FOMPREGHCHA, PASQRIalks Bi@dfion gﬂlﬁhhhﬁhte from

l evel sin experinental groups were 2-fol

m#l?fggr%ﬁ&da&is S?ﬁ'fp%;teﬁgze% GotniicnOt fBhodkAHRed R BLO pRiying a

e results uch i ncreased or decreased
R R R aBLET RN A R Sy T AR, s
eniBG R gy oriauf Wi oo MRBHEE S Bfid” Beiaboliom. rolated
digfpssEer R howh L e ERPETIRL e ol aROFAERT AR ing 3 FAS, LPL,
ang]i é(?Di f’m%g ggr%g%g&y}“@e%(%gg Pﬁ%rgerngr?en ig.gl.rguptsoto which B-lapachone

was administered, as compared to a control group, and LPL mRNA levels in

experimental groups were 2-fold increased as compared to the control group. Therefore,
from the results of such increased or decreased expression of genes for the above-
mentioned enzymes, it can be inferred that B-lapachone will be therapeutically effective

substance for the treatment of metabolic syndromes.

Experimental Example 8: Effects of B-lapachone on gene expression of proteins

involved in glucose metabolism of C57BL/6 mice

B-lapachone was administered daily to diet-induced obesity (DIO) mice at a

dose of 50 mg/kg via an oral route, and levels of mRNAs for hexokinase 2 (HK2)
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dose of 50 ng/kg via an oral route, and | evels of
MRNAs f or hexokinase 2 (HK2) -61 WO 2006/ 088315
wWEO6KBOD6/ 000531 (21, 22), gl ucose transpor t BCT/K8R0IEN00531
2 and GLUT4 (18,19,20) in the liver and gonadal
adi pose tissues were confirnmed by real-tine
guantitative PCR G.UT is well-known as a protein
(21,b2) ghuedicatraspordrr(@IAITIE and GRUAKe(18y10,26) e ki liver endfgonadal
bl ood gl ucose in organs such as liver, adipocytes and
adippsdbtiants wetel onfinhed Bpscaliithe qantiaryerBCReIGAAGT mgwelbkaown as
5 gl ucoki nase cl ass, phosphoryl ates proteins that are
a bt fhlat Megidtes Anteavettulagltakd yid expepditiremy Hloofisgluanse lixe organs
seen fromthe results of FIG 9, a HK2 nRNA |l evel is

suéif-‘ﬁi B@&eﬁd G?%c%fté‘soéﬁdam%blh@ calls; ontici s HIKD,ugn endyatectedonging to a
2 and GLUT4, two enzynes involved in

l@okﬁﬁ% ch&ﬁ%ﬁ@ﬁﬁcﬁ@l‘aﬁé@ prétefiisbinhe dresih@ipidilod@dtto enter glycolytic
Increases in their expression. Increased |evels of

pagz{v%%% @{&n@e@g@n fefi thé tahRs bR Oeh HK2BHRMN RIE] i9Hecreased as

ucose 10 thus presenting the possibility of

L0308, AL LT ORI
in@ﬂ%&h@ése ttagq\ép&i’a%ﬁg ' Qx}m)ﬁéﬁcﬁgﬂ?i@éxﬁlm@e&’é@ '?ﬁstl'le?r Qipressmn

m ce apac one was admnistered daily

Ing"egstea | QARG (FIdGEB%'aBM JR[I eve F%t %Xgﬁllglfsﬁ% e épblﬁgcﬁ kficose,

Ia an ora oute er oxi sone

th srlé)rl ' fﬁagag;%fp(ogé@g&ggagﬁam%%saﬁ i ARBEA! qEOr al pha

ear respiratory
(NRF1) (25-27), mtochondrial transcription fact or
(mTFA) (25-27), and cytochrone ¢ oxidase (COX) 4 and

Expetitfent) Eximpleo! EYREts QHane afligeas expirasisasof proteins
Were conitirrne y real-tinme quantitative PCR

inPOIDEEin Wi By ricl] bﬂ@eswopcwmﬁmrﬁﬁe ntative enzynes
: regulatron o ogenesi s of
m tochondria which plays a critical role in 20

bi osygn P&ﬁlioﬁ_e vaseldefigistetadl lyl ®, dienihdaced ebesivy KDEON ntice at a
be involved in regulation of various physiol ogical

dd3Y 8p56 mﬁké RU ofdl 6,24 181419 bf RN A e bE peesisome proliferator-
anmounts of - NRNAs between t hese enzymes,

acflga\./tlé PR:E‘ ecoﬁgmawrsélﬁﬁaegn%@ (gZSr Qgg Irgpuglrtg{j 'ﬂf@gﬁt@ﬁ)@}d factor 1
N r(?é-z%f, BHRChSHAPLE trAAPHAR factor (mtTFA) (25-27), and cytochrome c
oxidase (COX) 4 and 7 (28,29) in the liver and gonadal adipose tissues were confirmed
by real-time quantitative PCR. Proteins shown in FIG. 10 are representative enzymes
responsible for regulation of biogenesis of mitochondria which plays a critical role in
biosynthesis of energy in cells, and are also known to be involved in regulation of
various physiological events. Although there are slight differences in amounts of
mRNAs between these enzymes, B-lapachone-administered groups exhibited increased

levels of mRNAs for all enzymes, as compared to the control group. Since abnormal

activity of mitochondria is reported in a variety of metabolic syndromes, these results
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activity of mtochondria is reported in a variety of

nmet abol i ¢ syndrones, these results -62 WO 2006/ 088315
W6 KEBOD6/ 000531 show the possibility that PCI/KR2006/000531

(3-1apachone can be therapeutic for the treatnent of

nmet abolic syndronmes, mtochondri al

dysfunction-rel ated di seases and ener gy ]
show ttibpbssibitity ehattfebipadhione asre by therapentie farghatriegment ok metgbolic

phenonena. Experinmental Exanple 10: Effects of .
syfidrbmpg ahdohondrigxdysfsstionraited diseases aud lenengy rBetabolism-related

energy netabolismof C57BL/6 m ce (3-|apachone was
diesesWis heekoration bfsuch plemimdnaduced obesity (DI O) mice

at a dose of 50 ng/kg via an oral route, and levels

of transcripts of genes involved in energy netabolism

in the liver and gonadal adi pose tissues were peasur.ed
perimental K xample 103 Effects, of: B-lapachene en expression of genes involved
. enzymes shown in FIG 11, PPAR al pha and ganma are 10

, sekinih 6f 6DABLG mgeanscri pti onal regul ation of
enzynes involved in energy expenditure (30,31), AWK
plays a central raole in the. maintenance .of cell er
o G RaReene es R Hc i Pt PUGR HPAFRIO) ke at a
rati o, and AOX catal yzes .to ﬁft'vate. oxl dative Ived ;

doge ot Hhme(Heati 8% oAl H0W: AdHes %?tra&é%rrpt E8RRS Hpyolved In energy
resides in a certain step of a ,Iigid net abol i sm, .

mepbalisasin H By and,genadak pdiRosecitsfyey werg %a%ﬁei N5ipggreal-time
involved in 15 energy netabolism_and is wel L}ﬁgno&m as

quantitetive/RERt Referringatol cngympeshonasinddGof 1, RRAR alphaiapd gagpma are
CoA into mitochondria, not taking a route toward
engymesh esspensiblet for aleaisgtigtiomab iregulaipn3sf enzymesh avghvsdpin gnergy
whi ch (3-1apachone was adm ni stered, |evels of nRNA of
expenditare 3653 Dy AMPKr plaps aacmirebrdd indtbe praintepmparyf cell energy
al pha was not changed, whereas PPAR gamma exhibited
hoalpostasit b sémsling the dnteeskhdai AMPRARP ratics lasd AKX eathlyzesto activate
addi tion, 20 even though there are differences to sone

0x8dti8 phbsphoTNAidnexi e bsidaidnefeary BCyA vliéh residiesl as@ c¢ribxytep of a
AMP- acti vated protein kinase (AMPK) al pha 1 and 2, and

lif@éthboiem Pidcedst GRl3BY).alisiddives QPTE fealso an enzyme involved in
(3-1apachone-adm ni stered groups exhi bited increased

enefChStabb il ANASs HellSkowneaZtegy nsthaoeialee dhé passhge of long

control group. |Increased expression
chain acyl CoA into mitochondria, not taking a route toward synthesis of triacylglycerol
(34,35). In the group to which B-lapachone was administered, levels of mRNA of
peroxisome proliferator activated receptor (PPAR) alpha was not changed, whereas
PPAR gamma exhibited about two-fold increases in mRNA levels thereof. In addition,
even though there are differences to some extent in mRNA levels between acyl CoA
oxidase (AOX), AMP-activated protein kinase (AMPK) alpha 1 and 2, and carnitine

palmitoyltransferase 1, the B-lapachone-administered groups exhibited increased levels

in mRNAs of such enzymes, as compared to the control group. Increased expression
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-63 WO 2006/ 088315 PCT/ KR2006/ 000531 | evels of such
genes show the possibility that (3-1apachone can be as
wo b@cagssus i c for the treatnment of energy PCT/KR2006/000531
nmet abol i smrel ated di seases. Experinental Exanple 11:
Ef fects of (3-1apachone on expression of SIRT-rel ated
transcripts in C57BL/6 mce 5 (3-1apachone was
levatinofisush gemed stiav the possitiikity-thatditpachobe san he aptherapshide for the
at a dose of 50 ng/kg via an oral route, and levels
treafmednt afiaergypmstabblistnr¢latied d{sGasey.) (36, 37) genes in
gonadal adi pose tissues were neasured on days 7, 28
and 56 of adm nistration, respectively, using
reaj -t atiye PCR F arrin

trayscnpts i L/ as an enzyne involved in longevity
and it is also reported that SIRT1 is greatly

i ncr ed.when calori.es are.ingested w th .limn j .
(37) Fiagachne s AaginSered ity B GefhaflediobesfliBIQf fhice ot a
SIRTG were sjgnificantly increased, while Q. RT2,
doss iy 80 BRARETIEER erpfiToits SodIF TS gneHORte LSRR (SIRT) (36.37)
di fferen et ween the experi nment al rQu .. .
gepes i eonadal geiposer BSSESSWeTe FRGIEUE E@ﬁiﬁ 4 %ﬁeﬁgadgﬂwﬁ“aﬂon’
P-| apachone on_expression, of apscripts 1. and .
respertivedh ising rpat@mwnmaé@ef%éli-agséﬁ t%%iRT-Lrgapted%ansmpts
adm nistered daily to diet-induced obesity (DO mce,
shawn 4n TEs d2othespaieginegin, 7 aperiesoplatranseiipte, in A’Sﬂénqn)évﬁ garticular,
of transcripts of uncoupli ng’ protein 1 & 2, (UCP 1 &
SIRIT1 g veedl-knovimhas an gagynaminvgbrd dalongerisy 8d df isxaleosrapgeed that
measured using real 20 time quantitative PCR UCP 1 &
SIRTarie gesatly ripereased twhear datories ene ingpstek pathdiimitatéon, (37). As can be
heat generation, and it is reported that these enzynes
seérufromi RIG. 18, JITRI y SR BhardSIR Tki were signifioanily inggased, while SIRT2,
production of reactive oxygen species (ROS) and are
SIRTS and! $1RA7Ydid ¢t exhibit edy wotiteableediiffersinde betsveoh thxh expierinental
(38,39). As shown in FIG 13, administration of -64
groups and control group.

Experimental Example 12: Effects of B-lapachone on expression_of transcripts of

UCP1 and UCP2 genes in CS7BL/6 mice

B-lapachone was administered daily to diet-induced obesity (DIO) mice at a
dose of 50 mg/kg via an oral route, and levels of transcripts of uncoupling protein 1 & 2
(UCP 1 & 2) genes in the liver and gonadal adipose tissues was measured using real-
time quantitative PCR. UCP 1 & 2 are enzymes that perform energy expenditure via
heat generation, and it is reported that these enzymes function to consume energy
without involving production of reactive oxygen species (ROS) and are also closely

correlated with the incidence of obesity (38,39). As shown in FIG. 13, administration of

-64-



10

15

20

WO 2006/ 088315 PCT/ KR2006/ 000531 ( 3-1 apachone has | ed
to significant increases in nNnRNA | evels of UCPl1 & 2.
wabmsmess3esults show the possibility of (3-1apBCHBER2006500531
a safe therapeutic for the treatnent of netabolic
syndrones, via reduction of stress due to ROS that is
additionally produced in an energy generation
B-laparhesshasIedsopagifieant aicrésemip/neRNA: lewfls eEUEPH& 2. These results
(3-1apachone admi ni stration on changes over tinme in
showdlye pessibility aif @-ldpahene/as msafk ¢harapedtie fori thel treatthenbeingtabolic
(DO C57BL/6 mce FIG 14 shows changes in dietary
syhdrbmiés Mirorbdustizingifistrassciuaad BOXS thhtais géditibually [Fedutag ¢y an energy
after daily adm nistration of (3-1apachone into
gefldratiori rdteed obesity (DIO) mice 10 at a dose of 50
nmg/ kg via an oral route. (3-1apachone-adm nistered
group exhi bited decreases in dietary intake for first
and theretafterfhe di eta '

mitece were fed high-fat diet, aninmals exhibited a 15
conti nuous wei ght | oss for 56 days, as conpared to a

control group. FIG 15 is a graph conparjng wei ght
chandds- "fﬁ shaws shangss gaﬁ@t%?m@%@qdwgveelem@gm@ﬂgﬂfg%ages for

and control group after adm njstratign of (3-|apac )

SRy aBeTIbLABTITGHOR Of PSaahas. eI SHBICE PbE s (D16) mice
there were significant changes in weight of tissues,._ .,

at ragderiet 9fn g0 /e st B caraldrqu fsnecions-adpminstgied grouR ehibited
after admnistration of f3- 20 |apachone. FIGS. 16A

dettenseagh dig@ysintake vibo fiest [teip avaske randctbiersefierethe slietary; intaks lovel
after admnistration of (3-1apachone to DI O C57BL/6

recuveredf ©imila6 tathas ofirdcantoliigrapoiThesel resalts @re beligvesd togbe due to
and EM exam nation on fat accunulation in liver

detoraporition 66 fat drirpefastitated modnther&foraDfACIBHY ABBEILS of energy are
PCT/ KR2006/ 000531

generated. In addition, even though mice were fed high-fat diet, animals exhibited a

continuous weight loss for 56 days, as compared to a control group.

FIG. 15 is a graph comparing weight changes in various organs between the
treatment group and control group after administration of B-lapachone to DIO C57BL/6
mice for 56 days; as shown in FIG. 15, there were significant changes in weight of
tissues, resulting from decreased fat contents in organ tissues after administration of B-

lapachone.

FIGS. 16A through 16C show whole laparotomized states of animals after
administration of B-lapachone to DIO C57BL/6 mice for 56 days and results of oil red O

staining and EM examination on fat accumulation in liver tissues. As can be seen from
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FIG 16, C57BL/6 mce to which (3-1apachone was
adm ni stered for 56 days exhi bited conspicuous
walewsessses i n visceral fat and body wei ght, anBCEHKR2006/000531
reduced size of liver tissues that were turned into
red color. In order to confirminprovement in
condition of fatty liver in FIG 16, accunulated fat
FIGn 16 h@5TBI/6misedo sthighn@-danachang wisl adminiseresl for 6dayg exhibited
and as a result, it was confirned that fat has i
cofiipiduous ldecteings 90 Niszerahfaeandabody ovepghteand @ rgduesdt sigg of liver
group. In addition, the results of EM exam nati on on
tisbueg @hattwers tesied éxtbirbd teldr.rlanmdératol oonfiemriswsexenient in condition
vacuol es and gl ycogen stores as conpared to a control
of falyfiver &€ RISE Y1 60 faccrmmutated rfutt octhenkiver avass ftajped using oil red O
significant increases in mtochondrial nunbers, and
stdiftng anéds ahengs ivvaeoeidirhedthat faehascdiminisheiObyREO%r o1i mgre, as
to FIG 17, after daily adm nistration of (3-|apachone
coliPatel @ aCoriEbY doip. A additian,dbs eesofts SOENDENagindtmnam lveatissues
route, animals were | aparotom zed on day 56 of

exRibitBP 2EARARELIFIMEcRdaSed Fiti wiuales aperdlydogen skiréd s Rompaed to a
performed on gonadal adipose tissues. As can be seen

cohtrOMobdifs, rtdovel €ofS ndAnflf nARLRHALE ShuRsS Sigmmckabintreases in
decreased. 15 FIG 18 shows changes in triglyceride
T rla; fsfihies oREhdbplaslié/fefie@luni. nsul i n,
mf?%%ﬂ“‘?%%?‘@??‘% é"*ﬁd‘“fﬂé‘g‘f‘}dﬁ pick o EndoplastHtil gl

coll ected on days 3, 7, 14, 28 and 56, respectively,

af t eref@tihy RAFIGI 7! adfiepNdaily Rihinpsaationeoft @-1apdchone to DIO

Co7BL/6 mice at a dose of 50 ng/kg via an oral route.
CHBIVE hibEatSL 8l dTS0aNEAE Via 8 8l rdudd, adiithls GletCRBErotomized on

| evel s were significantly inproved and further,

. | ab&HoRL a0mEni&PHioneRti RRrikPin' LAhinkE 3B DerPHBe @b @onadal
da?%?doﬂ eél?) FL(J)rther, 1a bll ood Ildgf/le?mof regi st iq)n, whi ch e »

' RSNy . MasuRl $2 St 8NpddyedWhy remarkabl
ad?%??@sedg?. lg% (gfﬁn1 Pﬁgééélsfrrgtggﬁ?s it is expec?eg@?hat A
del aa?echone will be highly effective for the treatnent

St zgt'ty liver, hyperlipidenma, type 2 diabetes and
insulin resistance. -66 WO 2006/ 088315 _

PCT/ Ki&00& 908» %h?%%{seﬁ{ iy deRidE! (gﬁlG&,l%hol%Et%ﬁﬂ, @ak | ity acid,
O -

adm ni stration apachone to
glucose, insulin, TNFa, resistin and leptin levels in the blood collected on days 3, 7, 14,
28 and 56, respectively, after daily administration of B-lapachone to DIO C57BL/6 mice
at a dose of 50 mg/kg via an oral route. As can be seen there-from, blood fat and
glucose levels were significantly improved and further, insulin resistance and leptin
resistance were also improved. Further, a blood level of resistin, which causes insulin
resistance, was also significantly improved. From these results, it is expected that p-
lapachone will be highly effective for the treatment of fatty liver, hyperlipidemia, type 2

diabetes and insulin resistance.
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C57BL/6 mce at a dose of 50 ng/kg via an oral route,
H&E st ai ni ng of brown adi pose tissues was perforned
womodags3t® of admi nistration. As can be seen fPORKRREB6/000531
19, the size of adipocytes was remarkably decreased.
5 FIG 20 shows results of EM exam nation of brown
adi pose tissue taken on day 56 after dail
adm Refarring i tonFEF. (195 Iﬁ@aMmeaMnﬁtwi%m{BGawh@%ﬁo DIO
a dose of 50 ny/kg via an oral route. As can be seen
C37BEr€ ficcoata ddse of 5@ engikg sidi qnowrylt rostenH&KE steimgngceftirpwn adipose
decreased. Experinental Exanple 14: Changes in leptin
tisERs efisQierfdemed oa rday (Sobd fod)minisaatidry Aslénastnseen StonaFiGn19, the
of R-lapachone FIG 21 shows changes in dietary
siderdfalipobpdy wae rghirk{ly Gecrédsed) and changes in body
wei ght (FIG 21B) for 56 days, according to daily
adm ni stration of P- |apachone into |eptin
r ecefilGr 20eshbwis eesults aif/I0Y) exainimatian of tdowe adipogstispie taken on
200 ng/ kg via an oral route. Dietary intake/body
dayeSiogtfiter daity admimintraticie of fdamdhareonTAhCSTBLSapicect axd®se of S0
adm ni stration, and thereafter the dietary intake
mg/ky elia rapconabrredtesiAx tar be setinahereffrom, tensizolofgadipgrytes was
This is because fat degradation is facilitated and
reinbfkaBlydeereasdd. i ci ent  anounts of energy are generated,
despite simlar dietary intake. In addition, even
though mce were fed high-fat diet, animals exhibited
a continuous weight loss for 56 days, as _conpared to
erimental Example 14hEhangescin leptin epeptprrdeficient (ob/ob) mice b
adm ni stration of (3-1apachone 20 effectively
HDiséation pehiapiét in | eptin receptor-deficient
(ob/ob) mce as well as in obese mce. In order to

exam ne fat accunulatjion in th iver tissue i.mal s
ver e FlGaghshowsrbangessy dapyy lé‘fié)rbogiﬂ Merghe 2&9@3%) §pd changes
_ (3-lapachone, and H&E staining (FILG 21(;1 and EM
inglyasdyi watgh (FIGE 81B2 foy Sfefeysp @p¢sding dioo daish @dmirjglration of f-
tissue. FIG 21C shows thr ough the results of H&E :
lapachons intp loptin receptor-deficientt(pbliobhmigssat aglose phi S oY) we/ke via
-67 WD 2006/ 088315 PCT/ KR2006/ 000531 have di sappeared
anasralcomEa Dietatyointake/hodp tweight grasupetabdy) decreased larengras ldrdays of
expectation
administration, and thereafter the dietary intake level recovered similar to that of a

control group. This is because fat degradation is; facilitated and therefore sufficient
amounts of energy are generated, despite similar dietary intake. In addition, even though
mice were fed high-fat diet, animals exhibited a continuous weight loss for 56 days, as
compared to a control group. These results show that administration of B-lapachone
effectively decreases body weight in leptin receptor—cieﬁcient (ob/ob) mice as well as in
obese mice. In order to examine fat accumulation in the liver tissue, animals were
laparotomized 56 days after administration of B-lapachone, and H&E staining (FIG.
21C) and EM examination (FIG. 21D) were performed on the liver tissue. FIG. 21C

shows through the results of H&E staining on liver tissue that almost all fat vacuoles
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that adm nistration of (3-1apachone will be highly
effective to treat fatty liver in leptin

w0 ewepsssts defici ent (ob/ob) mice as well. FronPE/&R2006/000531
21D, the results of EM exam nation on |iver tissues
showed remar kably decreased fat vacuol es and gl ycogen
stores as 5 conpared to the control group, recovery of

hane disappeateddoashcomipdred tes Hapenntol griupi Sach results pessseisexpgctation
m tochondri al nunbers, and inproved shapes of

the ndaphissaion 6fp-lapathone willr lenhighl effetiye tchereatdaty livenin leptin
EM exam nation on a nuscle tissue of animal |inbs

re@Eﬁﬂ\Ql@ﬁ&iBﬁt (0BBY afive & welbrbredn FIG a¢Dotidrrieallts sif & ekamination
the treatment group as conpared to strange norphol ogy

onOfivéll iRGEOBkIWl Sdheukably debRagednfak lac@sleslpnd gtogen stores as
significant 10 increases in nunbers of mtochondrial.

cofmpRRAi t6EMRE onEsR BRI, Rtovelyf eChdnl rditdchpadriud Bagy) significant
spont aneous | oconotor activity P-lapachone was

in@84%H S hifRAoARiaPnhBerdBhA® iMbfRed 3Rshed dTQudSplagthR seticulum.

spont aneous | oconbtor activity was neasured using

Frf! s, MYE, ARl iré’équtX oggmllt é?(aﬁlié}aﬁioﬁ%rﬁ_ﬂ FhyseRy tigsﬁté Cdf3@mal limbs
(0]

Instrunments, Col unbus, OH). e nonitor use
. . . 1

SEFREHESe IR QA B e Khboup o compus

I 1 . - Q .
o AABL ORI BTLERATR B BF QHBR ariy oinican
. respectivel ranged.on front/rear and right/left
m‘gF%fgynoqm?etf%s%ﬁ%‘g}ogdr@h order to distinguish between

spont aneous | oconot or and st ereotypic/ groom ng 20

behavi or, animal activity was nmeasured by taking
ExXifefinh it Exa ¢ f15: ERffect9f oft Blapstihioher @itspsfituiieond locomotor
~T1nes caused by mce as an effective determnation
acivapdard. A 0- | apachone-adm ni stered group, a

veni cl e-adm ni stered group and a control group were

respectively placed in each neasuring apparatus, and

act i Bilipachort Waki simiafstaed n&l BIO V@SBl amivepdind o3 hours later,

hours. For acclimation of animal to new environment,

spOhtafeols 6comdds: WevaP AlsABe3kid RISgRAEH 84 AR0AGvity Monitors &
pl aced in the apparatus 2 hours prior to nmeasurenent.

ARy RP PXECUSEN ThdFunsedts, CORMWRER] OH§-The monitor used to measure motion

of animals was a 4lcm x 4lcm Plexiglas chamber (height: 30 cm) equipped with
infrared rays at intervals of 2.5 cm along the x- and y-axes, respectively, whereby 16
scanning lines are respectively arranged on front/rear and right/left sides of the chamber.
In order to distinguish between spontaneous locomotor and stereotypic/grooming
behavior, animal activity was measured by taking continuous interference of two
different scanning lines caused by mice as an effective determination standard. A B-
lapachone-administered group, a vehicle-administered group and a control group were
respectively placed in each measuring apparatus, and activity and motion of animals

were measured for 7 hours. For acclimation of animal to new environment, mice were
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adm ni stered group and control group exhibited
substantially no difference therebetween, but the
w@ Jobagsschone- adm ni stered group exhi bited a PCTI/KR2006/000531
significant difference in notion and | oconotor
activity of animals. 5 Experinental Exanple 16:
Effects of fl-Iapachone on enhancenent of physical )
plaead in the @ppakhius 2 Boarsyirer WameaswrancedAs shoveagile. 22, the vehicle-
di fference in physical endurance of mice through a
adBinismiedg grest . abr cdritiod  roypo sexhibitet e rsubsiantipllzic ew i diffarence
cylindrical trough having a dianeter of 9.5 cm and
thdrebetéen9 buithe Grinphonsadmipistdreh gronp extibited! adsighificantedifference
to DIO C57BL/6 mce. 3 hours later, a
in 8RfBh @n@ HFbRiotiratednosfimpnasd a control group were
pl aced sinultaneously into each cylindrical trough for
nmeasur enent, and physical endurance of each group was
conpared. As shown in FIG 23, it was confirned thath
(I apATIn BN DER i & e o] ephangement 0
two-fold swi nmmng duration by single adm nistration
endfirgi®el apachone, as conpared to the control 15 group.
Experi mental Exanple 17: Effects of R-|Iapachone on
Respiratory otient (RO This Ex | e was,intended
to eXhisi beanarle arassingnded 1o WRASWHS r@%g‘??n?eaﬂn Phtl an?igﬁ\]nce of
vi a measurenent of Respiratory Quotient ( . xygen., .
mige rthiowph iaoswigmgingctgsth For dhie SOUEROSBr WAGE twaéﬁl%%qdem a cylindrical
measured usi ng an Oxyscan open-circuit indirect 20
trangh ohdving er digmeten Sfah.51 et anshbpight ofc)umwAndchylapagheng was
apparatus consisted of enclosed acrylic chanbers (21
adwiRistered2td RIO CSFBEAhmider 3vmsrsdletowrs sample-edwinighigdigseup and a
at a rate of 1500 mM/mn and then 02 and CO2 were
coatrblogwetp verepescdtsimoltyieoatdy B¢ each. cylihdricat tougnfor andagerement,
of the gases were recorded in m/kg body wei ght/mn.
anBQhWsialc eddundret af eachLroMp 2AHELOPBRASAs shown in FIG. 23, it was
PCT/ KR2006/ 000531 as the volunme of CO2 produced
conMERE) @iy plehabiyoriehiministerdl ofrof}? exhibitude dmo02han  #wo-fold
(3-1 apachone-admni ni stered group, a

swifiMifig BorR€loh BY Sir@leesintinRuBGNS Br1apactione] asgsomfared to the control

il 6] &iftectsqol Briapachene |11 HN A€ ¢t -of physical

group.

Exnerimental Example 17: Effects of B-lapachone on Respirato uotient (R

This Example was intended to examine effects of P-lapachone on fat
metabolism via measurement of Respiratory Quotient (RQ). Oxygen consumption and
carbon dioxide production were measured using an Oxyscan open-circuit indirect
calorimeter (AccuScan Instruments, Columbus, OH). This apparatus consisted of
enclosed acrylic chambers (21 x 21 x 21 cm). Fresh air was drawn into each chamber at
a rate of 1500 ml/min and then O, and CO, were allowed to pass through detectors. The

concentrations of the gases were recorded in ml/kg body weight/min. RQ was calculated
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were placed in each apparatus, and RQ was neasured for
7 hours. For acclimation of animl to new
w@poos0gsInENnt , nmice were placed in the apparat UBCRKROWG6H00531
prior to 5 neasurenent. As shown in FIG 24, the
t hus- neasured results have confirned that the
(3-1 apachone-adm ni stered group exhibited a
as shegyrilfime af CQiitirddrced C6COR) divided \balthe volame af Ehprpnsemed (VO2).
t he vehicl e-adm ni stered group and control group.
A Bxipgrchomnadrhinistarepigeoupg a vabigleeadroinistired, giawt andia coptegl group
adm ni stration 10 Sprague-Dawl ey rats, wei ghing 2507
werd phged\irg edchbappaiats] aidRQ wae qghsured oreh howrer Eorddoglinietion of
into 4 groups, consisting of 10 animals each, and were
animdll foy neva ddtiviriosinente dnice nwerenplacel, iR the ,apldaratug,2 t®urs] grior to
16, 17, 24, 25 and 26 in accordance with the present
méaBiremehto Asashodase F1Gf 250he #0f3-meusdred @Esubty/hiwge confirmed that the
respectively. After oral admnistration, upon

B-RPKROME-BdmIrterdd iR6lS exliiBitdiER sighificint viiff@sncexini HIR@alue, as
or not, none 15 of the animals died in all four groups

coﬁﬁbgreﬁ% ﬁie%éﬁidl&a&ﬁﬁ@dtéf@@kﬁuﬁhﬁ@bml\gtddﬂ) exception of
wei ght | oss were noticed conpared to the control
group. 2. Peritoneal adm nistration Sprague- Dawl ey
rats, wei ghi ng 2556 g (Jung Ang Lab Aninmal Inc.
ROUNE itit]) ' st 4 groups, consi st | ng
of 10 anlnals each and were peritoneally 20
adm ni stered Con'pounds 1, 2, 3, 4, 12, 13, 14, 16, 17,
1. $iral tiom | n accordance W th the present inventi on
at doses of 50, 100 and 200 ng/ kg, respectlvely After
peritoneal m nistratj pgn seryvin ek
et 1Xprae Do ey T ohing 108 o QhaE Angobep Knifalye: Seoul
2006/ 088315 PCT/ KrR2006/ 000531, of i&e animal § di in 1
Ketpa) weigr digidsd patoai BrawPsy .cgwt}n,% ofb L& ppupale e%%h‘pﬁ“gn’é’ere orally

with exception of weight |oss were notijc
administgeedCompamdy  ob> 4 12:Uds b dRf 1 @éd% ?'Efﬂ??c H’g;)mfdance with

above-nentioned results that Conpounds in accor(il &e{
theviprésenthinventéane At dpseseaft $bnl tPadnd 02090@83& gspeptively. After oral

administration, upon observing for 2 weeks whether toxicity was exhibited or not, none
of the animals died in all four groups and no visually observable symptoms with

exception of weight loss were noticed compared to the control group.

2. Peritoneal administration

Sprague-Dawley rats, weighing 255+6 g (Jung-Ang Lab Animal Inc., Seoul,
Korea) were divided into 4 groups, consisting of 10 animals each, and were peritoneally
administered Compounds 1, 2, 3, 4, 12, 13, 14, 16, 17, 24, 25 and 26 in accordance with
the present invention at doses of 50, 100 and 200 mg/kg, respectively. After peritoneal

administration, upon observing for 2 weeks whether toxicity was exhibited or not, none
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5 Hereinafter, Fornulation Exanples of the
phar maceuti cal conposition in accordance with the
w@e@sess313 nventi on and Application Exanpl es t hpCEER2106/000531
cosnetics wll be described. These exanples are
provided only for illustrating the present invention
and shoul d not be construed as |imting the scope and
of Sh¢ iahimdls tdiel pr ellefour gromyeniridono Msuatly nelisetvieble Fueptpine with
1: Preparation of Tablet Conmpound 1------------
exception of weight toss were noticed eempared to-the Goigrol lgrdup. ser um
Protein -----m e e 820 g
Crystalline cellul ose
- - - - It -was- confirmed- from the abovef-menthmd tesultmghats Campounds in
stearate --------- oo 10 g
acddrdaded watiythe pregentenventioe hhdih@saite toxicity.
-------------------------- 10 g Fornul ati on Exanpl e
2: Preparation of Powder Conpound 1
- - - - Hereinafier, Formulation - Examples of -the - pharma@ugcal Sg(gmmlon in
FOt @I N == - m i m e e
acgaxdmwdi thel mresent invention and Application-Examples. thel:v:-:oiJ ta copmetics
g 20 Tot al
will- be -deseribed- -These -examples -are -provided -only -for -illustrating 1the pyesent
Fornmul ati on Exanple 3: Application of Inventive
invamtipoand shouldasrretei consweedoas limtingbe200p¢ 68838t of the present
PCT/ KR2006/ 000531 1, 3-butyl ene gl ycol

invention- - ----------------------- 5% @ ycerine
------------------------------------------ 5%
EDTA-2Na - ---- - - i m o m e e 0.02%
Trimethylglycing -----------mmm oo 2.0%

Fosmalstigm Kxample_1: Preparation of Tablet . . . _ . ________________.

1.0% dyceryl nonostearate emulsifier -------------
1. 0% _Pol ysgﬁbate 60

_____ Campaund 1--r=rsmzmzr sommzmzmmomsmseomss e eespngf) 8
Milk serum protein 820 g
Crystalline cellulose 140 g
Magnesium stearate 10¢g
Hydroxypropylmethylcellulose 10g

Formulation Example 2: Preparation of Powder
Compound 1 2g
Soybean protein 58¢g
Carboxycellulose 40¢g
Total 100 g

Formulation Example 3: Application of Inventive compound to cosmetic lotion
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Sorbitan sesquioleate --------------------------- 0. 3%
Cetyl 2-ethyl-hexanoate ------------------------ 4. 0%

WADGOSEINBNE - - - = - - - - = m - mmm e e e e e e oo PCF/KR2606/000531

5.0% D nethi cone
------------------------------------- 0.3% dyceryl

stearate -------------cmmm e 0. 5%

Car barsebutylene glycel 8% - o oo
0.15% Tri et hanol am ne ,

- - - - Glycerine 05%% 15

I mdazolidinyl urea ----------------------------- 0.2%
Conp GDTA -DNa--=-= -~ s-zmmmn = 0.02%--------- 0. 2%

Purified water ----------------ooommmm o
73. 6%ringti g3 tin@n--Exanpl-e-4:---Appl-i-Qa@%on of | nventive

conpound to cosnetic skin care 1, 3-butylene glycol

- - - - Cetanol -==-=--2RSazeimssz 4.-0%-2Q.00% pr opyl ene gl ycol
--------------------------- 5.0% EDTA- 2Na

oo 'ijlyée'ryl'm(')ﬁo'steai‘a‘té emulsifer ==~====-1.0% 02%

Cctyl dodeceth-16 ----------------“------------ 0.3%
PEGS ted castor Qil----:- r2% --- 0.25%
Conpg)g%gﬁjg&-e@? ----------------------- S 0. 03%

- 72 PCT/ KR2006/ 00053130, Puri fi ed water
17 SO SbicR, I R 90% | NDUSTRI AL

APPLI lHL } rent _from.the egoing, it is
AR %R0 10%

expec conpounds in accordance wth the
pres%aliagé/enti on_are_conpounds_nodybating activity of

vari genes and 5 proteins, and therefore will be
t her j@eut[i.coalel y effective for the At ment of various
di se 15?1(51 disorders via regulation of energy |evels

in vivo. Pharmaceuticals using th ove- ment i oned
e e St

conp active 1 ngred ent I'bit superior
ot e S bher S 0.15%
Triethanolamine 0.5%
Imidazolidinyl urea 0.2%
Compound 1 0.2%
Purified water 73.6%

Formulation Example 4: Application of Inventive compound to cosmetic skin care

1,3-butylene glycol 4.0%
Dipropylene glycol 5.0%
EDTA-2Na 0.02%
Octyldodeceth-16 0.3%
PEG60 hydrogenated castor 0il---------=~-- 0.25%
Compound 1 0.03%
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treatnment and/or prevention of various di sease such as
obesity, diabetes, netabolic syndrones, degenerative
waele®emsssss and nmit ochondri al dysfunction-rel at eRPCT/KR2006/000531
di seases. 10 Al though the preferred enbodi nents of the
present invention have been disclosed for
illustrative purposes, those skilled in the art w ||
appr eatifie@ watedt--vvar+-ous---Apdi-f+caf0%ns, additi ons and
substitutions are possible, wthout departing fromthe
scope and spirit of the invention as disclosed in the
acconpanyi ng clains. -73 WO 2006/ 088315
RUSTRDND APIICABIVENT | s CLAIMED IS 1. A
phar maceuti cal conposition for the treatnent and

preventi on of .a djsease .syndraqne onpY I Si
hor 25CHPAER! FmEkF doRR et AP I B g H abordance
S S R Pt ST p R JF s s an
i ndependently h en, hal ogen, _al koxy, ro r .
DrotB ey GRSy Tlh g6 Ah4BPGHEATD SHocH onir th tegiiegh, of various
R5, R6, R7 and R8 are each i ndepenegent |y hydrogen, . .
digppsps svegl digorders (yia gagwlation of leagrgy deveds Kbxiyo- %g?ﬂffgﬁ?wa}s using
het erocyc| oal kyl, aryl or heteroaryl, or two .
the ghpyermensioned 6pmpgunds axgn #alfveweresienh cxkij sHpsriqr gfiegts pn the

a cyclic structure; and ) ) ) .
treatment and/or prevention of various disease such as obesity, diabetes, metabolic

syndromes, degenerative diseases and mitochondrial dysfunction-related diseases.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.
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nis O0or 1, with proviso that when n is 0, carbon
atons adjacent to n forma cyclic structure via a
waleooemsssbpdnd; or a pharnmaceutical | y. accept abl ePGEKR2006/000531
prodrug, solvate 15 or isoner thereof, and (b) a
pharmaceutically acceptable carrier, a diluent or an
ex0|p|ent or any conbination thereof. -74 WO
OB LS CR ANV PDISKR2006/ 000531 2. The conposition
accordlng 1 claim1, wherein the conpound of Fornmul a
| is selected fromconpounds of Fornmulae Il and I
.o RA pharmacegicahgomppst 01R§or( the )treap@er@anﬁglprq:\{enp@n oéa,;ggsease
R5 5 R3 R4 (IIl) wherein, Rl, R2, R3, R4, R5, R6, RY
syRATEMRECOMMISHE defined in Formula |. 3. The conposi tion
according to claim1, wherein each RlL and R2 is
hydrogen., 4. The conposition acgordin claim
Wher G REPERARN T oGVt &1 proompound ecpipstleg by Formula
Formul a Ha wherein Rl, R2 and R4 are independently
I hydrogen, or a

0]
R, o
FON
N - Rs
_ﬁR7> n
0 Rg
K e
Rs Ry ®
wherein

R; and R; are each independently hydrogen, halogen, alkoxy, hydroxy or lower

alkyl having 1 to 6 carbon atoms;

R;, R4, Rs, R, Ry and Rgare each independently hydrogen, hydroxy, Ci-Cao
alkyl, alkene or alkoxy, cycloalkyl, heterocycloalkyl, aryl or heteroaryl, or two

substituents of R3 to Rg may be taken together to form a cyclic structure; and

n is 0 or 1, with proviso that when n is 0, carbon atoms adjacent to n form a
cyclic structure via a direct bond; or a pharmaceutically acceptable salt, prodrug, solvate

or isomer thereof, and

(b) a pharmaceutically acceptable carrier, a diluent or an excipient, or any

combination thereof.
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10 conpound of Fornula lib wherein Rl, R2 and R6 are
i ndependently hydrogen: -75 WO 2006/ 088315

weEFONbMsB006/ 000531 0 OR6 R5 OR3 (lla) O ERER2@6/000531
R4 R3 (Ilb) 5. The conposition according to claim 2,
wherein the conmpound of Formula Il is a conmpound of
Formula Illa wherein Rl, R2, R5, R6, R7 and R8 are 5

2. i ndeff@ndempbsitiny deagding t0 clagm\1, @herdRs thedcaipduayl of Forthea I is
conmposition according to claim1, wherein the di sease

selsytad fromecamppiundest Fabmédetly anddilhbet es, a net abolic
syndronme, a degenerative di sease and a m tochondri al
dysfunction-rel ated di sease. -76

o)
Rz
o)
X
o
R1 I
/ R5
Rs
0o Rs
Rs (D
Ra o
rOS
R P Rs
_____R7
0 ""‘Rs
Rs
5 Rs R4 (1I)
wherein, Ry, Ry, R, Ry, Rs, Rg, Ry and Rgare as defined in Formula I.
3. The composition according to claim 1, wherein each R; and R; is hydrogen.
4, The composition according to claim 2, wherein the compound of Formula II is

a compound of Formula Ila wherein R;, R, and R4 are indepéndently hydrogen, or a

10  compound of Formula IIb wherein R;, R, and Reare independently hydrogen:
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WD 2006/ 088315 PCT/ KR2006/ 000531 7. The conposition
according to claim®6, wherein the netabolic syndrone

WO 2006088383 t y, an obesity conplication, a |iverPdi/E&a®e/000531
arteriosclerosis, cerebral apoplexy, nyocardial
infarction, a cardi ovascul ar di sease, an ischemc
di seas di abetes, a diabetes-related conplication or
an i nf[lammat ory di sease. 5 8. The conposition

- 77

(I1a)
O
90
Rs
o
R4
Ra (11b)
5. The composition according to claim 2, wherein the compound of Formula III
is a compound of Formula IIla wherein R;, Rz, Rs, R Ry and Rg are

5 independently hydrogen:
0
I
o)
Rs R4 (Illa)

6. The composition according to claim 1, wherein the disease syndrome includes
obesity, diabetes, a metabolic syndrome, a degenerative disease and a mitochondrial

dysfunction-related disease.
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7. The composition according to claim 6, wherein the metabolic syndrome is
obesity, an obesity complication, a liver disease, arteriosclerosis, cerebral apoplexy,
myocardial infarction, a cardiovascular disease, an ischemic disease, diabetes, a

diabetes-related complication or an inflammatory disease.

8. The composition according to claim 7, wherein the diabetes-related

complication is hyperlipidemia, hypertension, retinopathy or renal failure.

9. A use of a compound of Formula I according to Claim 1 in the preparation of a

drug for the treatment or prevention of a disease syndrome.
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