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The present invention relates te a cell division inhibitor (a cell cycle inhibitor)

and an antitumnor agent, and a method of producing them using cnzymes

The growth and differentiation of cells constituting a human body are strictly
controlled in order to maintain homeostasis. Cells divide or proliferate by repeating a
cell cycle consisting of a certain process comprising M period, G1 period, S pcnod and
G2 period. A defect in the control mechanism of ttus cell cycle results in the

development of cancer or immune disease.

Lately, the control mechanism of cell cycle is .claxifying at a molecular level,
and it is known that a substance controlling a cell cycle possibly can be used as an
antitumor agent or an immunosuppressive agcni. In recent years, as an antitumor

~ agent or a lead compound thereof, the spotlight has centered on a substancc such as
"pacrxtaxel vincristine or vinblastine, inhibiting the function of tubulin which is-one of
cytoskeleton proteins Pplaying a major role in prccxsc!y distributing a replicated gene
into a daughter cell in a cell division stage. '
Fukushima et al. he..e found that albopoursin has an antitumor activity and an
antibacterial activity (Fokvshima et al., J. Anibiotics, Vol.26, pp.175, 1973), while
'Kobayashl et al. have found that albonoursin acts to inhibit the pronuclear fusion
between a female nucleus and a male nuclcus (Kobayashi ez al., A Summary of the
.Sympo.s'lum on the Chemisiry of Natural Praducrs P51, 1989). Furthelmorc Kanzaki
et al. have found that teu'adehydrocyclo (Phe-Phe) exhibits sea urchin embryo division
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rte- FO):-f" 1.1 131 0 (54) Title: CELL DI VISION | NH Bl TORS AND PROCESS
FOR PRODUCI NG THE SAME (54) SAO) i i iii ™ Il 178t ~~ 7i (57) Abstract:

Coll division inhibitors containing as the active ingredi ent MaiJus2004
dehydr odi ket opi perazi nes such as dehydropheni - rahi stine or anal ogs thereof
and dehydrogenases and a process for producing the sanme. N (57) F$l: Mr-q
1 6 JUL 20Q4 DESCRIPTION A cell division inhibitor and a production nethod
t her eof  TedWHbitary petivdtyTieSimagraneS whavamposism af|the Seciely far dstinontyogiesi on

I nhi bitor ( e e inhibitor) and an antitunor agent, and a method of
pr oduci ng gﬁ%%%hé%ﬁé&@hzynes. Back==d The growth and differentiation of
cells constituting a hunman body are strictly controlled in order to
mai nt ai n honeostasis. Cells divide or proliferate by repeating a cel

cycl e consi sting Kinoh e ed.tlaive fourdcthats fitmmqmtous itagtedih, nsrendlusGustpeNsQd, S
period and__(& period. A defect in the control mechanismof this cell cycle

resul ts i nFPhEanddparadhraisivs SC-HAE whish wermiselated Semdhe Sflr_ihiﬂeK%aglﬂ\h% ;
trol ' I ' i fvi {. I : it

o known ¢ PR 0aEE s nofef Sfhulubr SlkRlablelideyBhisf, TR0 B Fhermiieehe, s 0g s

an antit ugiicnig f thi® subsEanceMPHRAVIREERS filoleRuied Ve a icRirfleG®n MEA! gnd 2S aN

antitunmor - agent or a |lead conpound thereof, the spotlight has centered on
a substancas as_@glpit &£ a thorough examination, Kanoh et al. have further discovered that

phenyiahistin produced by the above bacteria is a mixture of (-)- phenylahistin and (+)-
phenylahistin, and that the antitumor acitivity of (-)- phenylahistin is approx. 30-100
times stronger than that of (+)- phenylahistin (Japanese Patent Application Laying-Open
{(kokai) No. 10-130266, Kanoh et al., Bioorganic & Medicinal Chemistry Letters, Vol.7,
No.22, pp.2847-2852, 1997 ; Kanoh et al., Bioscience Biotechnology Biochemistry,
Vol.63, No. 6, pp.1130-1133, 1999). Further, they have found that (-)- phenylahistin
inhibits the p'olymeﬁzatibn of tubulin (Kanoh et al., The Journal of Antibi'otics, Vol. 52,
No. 2, pp.134-141, 1999). Furthennore,_ Kanoh et al. have examined the antitumor
 effect of (-)- phenylahistin, using a cancer cell transplanted model animal, and have
shown that (-)- phenylahistin has a certain degree of antitumor activity (Kanoh et al.,
Bioscience Biotechnology Biochemistry, Vol.63, No. 6, pp.1130-1133, 1999). From a
clinical position, hov)ever, an agent having a stronger antitumor activity than (-)-

phenylahistin is desirable.

Discl f the I .
The object of the present invention is to provide a cell division inhibitor
having a stronger cell cycle inhibitory activity, particularly antitumor activity, and a

method of producing the inhibitor using enzymes.

As a result of thorough analysis by the present inventors to achieve the abgve

object, it has been found that various ~ dehydrodiketopiperazines such ‘as




pacritaxcl, vincristine or vinblastine, inhibiting the function of tubulin
whi ch is-one of cytoskeleton proteins playing a major role in precisely

distributing a replicated gene into a daughter cell in a cell division
stage. Fukushima et al. he,e found that al bonoursin has an antltunnr
activity and an antibacterial. activity (Fukushim et al. T AUl i cs,

Vol . 26, pp. 175, 1973), while Kobayashi et al. have found that albonour3|n
acts to inhibit the pronuclear fusion between a female nucleus and a nale
nucl eus (Kobayashi et al "A Summary of the Synposiumon the Chem stry of
Nat ural Pr odl@gﬂkoplﬁﬁjlahlsmﬁ@)aﬁiﬁnm therenDhave dsirongld celledycRd inhibadsy &dﬁumyi t hat
t et radehydrq é -Phe) exhibits sea urchin_enbryo d|V|S|on 116 JU
2004 i nhi bit an apistin, apd hgye ropplaigd the presgatinyention. of t he Soci ety for
Acti nonycetes Japan, P42 1999). Kanob et at. have found that, filanmentous
bacteria, Aspergillus ustus NSC- FO037 and Aspergillus ustus NSC—F038, whi ch
were isolated fromthe soil in Kanagawa prefecture, produce a nove

anti tunor substance phenyl ahistin, and have determ ned the structure of
this substance. Phenyl ahistin nol ecul es have a chiral carbon atom and as
a result of. a thorough exam nation, Kanoh et al. have further discovered

t hat pheny|1ﬁhlfﬁ§tla§pecp6ﬂlﬂélﬁﬁéntibh thbe i9pRVRled aGER WivisidrSinBibitbXédMRisRb, (-) -
phenyl ahi stin and henyl ahi stin, and that the antitunor acitivity of
(-)- phenyl éﬁF‘%P‘Ftﬁ’e l%gr et comppund of formpladDar phagrsectivally agsaptatde sqlt) -
phenyl ahi st igjroFapanese Patent Application Layi ng-Open (kokai) No.

10- 130266, Kanoh et al., Bioorganic & Medicinal Chemstry Letters, Vol.7,
No. 22, pp.2847-2852, 1997 ; Kanoh et al., Bioscience Biotechnol ogy

Bi ochem stry, Vol.63 , No. 6, p¥,130 -1133, 1999). Further, they have

- found that (-)- phenylahigji infibits the polynerization of tubulin

(Kanoh et al., The Journal™® iotics, Vol. No. 2, pp.134 -141,
1999) . Furthernore, Kanoh-ggq)aN haVe exam ned gﬂf antitunor effect of
(-)- phenylahistin, using a cankcer ézfranspl ed nodel aninmal, and have
3
Rm
Xz
wherein

each of X, and X, is indcﬁendently oxygen or sulfur;

Y, is oxygen, sulfur, -NR;- or -CR;R;,~;

Y, is oxygen, sulfur, -NR,- or —CR,”RQ—;

R,, is halogen, C,, alkyl, C, alkenyl, C, ;5 alkynyl, C,,; alkoxy, aralkyl, hydroxyl,
ami_no, nitro or aryl, which may be substituted 'with other substituent(s), and a part of
‘the carbon chain of R, may be branched or cyclized, or may comprise a hcteréato_m;

R, is halogen, C,,, alkyl, Cyps alkenyl, C, 5 alkynyl, C,,; élkdxy, aralkyl, hydroxyl,
amino, nitro or aryl, which may be substituted with other substituent(s), and a part of
the carbor chain of Ry, may be branched or cyclized, or may comprise a heteroatom;
each of R_,, and R¢ is independently hydrogen, halogen, Cias alkyl, C, 4 alkenyl, C,
alkynyl, C,,, alkoxy, aralkyl, hydro_xyl, amino, nitro or aryl, which may be substituted
with other substituent(s), and a part of the carbon chain may be branched or cyclized, or

may comprise a heteroatom;

each of Ry, Ry, R, and R,, is independently hydrogen, halogen, C,,; alkyl, C,



shown that (-)- phenylahistin has a certain degree of antitunor activity
(Kanoh et al., Bioscience Biotechnol ogy Bi ochem stry, Vol.63, No. 6,

pp. 1130-1133, 1999). Froma clinical position, however, an agent having a
stronger antitunor activity than (-)- phenylahistinis deS|rabIe

Di scl osure of the Invention The object of the present i nvent iloh JU 708
provide-a cell. division inhibitor having a stronger cell cycle inhibitory
activity, particularly antitunor activity, and a method of producing the
i nhi bitor using enzynes. As a result of thorough analysis by the present

i nvent ors mﬂceaythQ,yelkym Qo glkox)ohqaﬁqﬂ,,hydtoxwhmnbmemubwm@lt\blﬁ&h WAl beus
dehydrod| kettﬁ@ perazi nes such as 6 JUL 2004 dehydrophenyl ahistin or
af finitiesSt pusest Wﬁ'&()@‘e’és“?ﬁtﬁﬁ%@? aé,‘él"ﬂll paghyaf|the caphangheisrmaybe branghgd o han

(--)- pheny &ﬂcét&rg‘%a %89] %aehegé}rraoﬁt ed the present invention. In a first

aspect- of the i1nve ere 1S provided a cell division inhibitor

conpri si NgR,, 4 adf oBRY, R\j/@mumg{,ggyﬁﬁﬁlaﬁn§orrpound of forrmula (1) or
pharmaceutically acceptable salt there (I') wherein each of X, and X2 is

|ndependen&gﬁﬂdﬁygeﬁRaRuwﬁmrnaY@msarcmg/gen sul fur, -NR3 or -CR31R32-; Y4
I S oxygen, Ri o is hal ogen, CE 25 al kyI g- 25

al kenyl , C%l f@@&)n%l\%f@? ‘Bd?ﬂeﬂwy %P?FW a qhancsathon sige hondrarta o or
aryl, whi C&:H&Y-catiﬁo:?ﬁ&ﬁﬁé BUﬁcF(iv &h tl%[ oﬁy?%{résgﬁgry éa?—?mn&@gon dgu rt Of

t he carbon chain of R, may b anc or cyclize

heteroatonborﬁZ@nhthZlcog@gumtﬁn 25 alkyl, C2_25 al kenyl, C2 25 aI kynyl
C, _25 al koxy ar al kfy hydroxyl, amino, nitro or aryl, -which may be
substi t ut e¥f Iggst pnes H’éﬁ‘rab@%sltor%@ﬁr have a pratscanagrpep edpable of decomposing in

vivo, except in the case where each of X, and X, is oxygen, each of Y, and Y, is -NH-,
R, is benzyl, each of (B1) and (B2) is a carbon-carbon double bond, and Ry, is isobutyl
or benzyl, and in the case where each of X, and X, is oxygen, each of Y, and Y4 Is -NH-,

R,, is benzyl, (B1) is a carbon-carbon single bond, (B2) is a carbon-carbon Z double

bond, and R,, is a group shown in the following formula (a):

NN

NH
HENGFANS (a)

wherein * represents a bonding position.
In one embodiment of the invention, there is provided a cell division inhibitor

according to the first aspect of the invention wherein, in the formula (I), each of (B1)

and (B2) is a carbon-carbon double bond.

In another embodiment of the invention, there is provided a cell division inhibitor
according to the first aspect of the invention or above embodiment wherein, in the

formula (I), each of X; and X, is oxygen, Y3 is -NR3-, and Y, is -NRa-.

In yet another embodiment of the invention, there is provided a cell division inhibitor

according to the first aspect of the invention or the above embodiment wherein, in the
formula (I),



the carbon chain of R20 may be branched or cyclized, or may conprise a

het eroatom each of R3 and R4 is independently hydrogen, hal ogen, C _2,
al kyl, C2.25 al kenyl, C2.2s alkynyl, Cl1_25 al koxy, aral kyl, hydroxyl,
amno, nitro or aryl, which may be substltuted wi th ot her substl Ent(s)
and a part of the carbon chain may be branched or cyclized,? Br/U ngy
conprise a heteroatom each of R31, R32, R41 and R42 is independently
hydrogen, hal ogen, Cl1_25 alkyl, C2.25 3 1 6 JUL 2004 al kenyl, ¢-25 al kynyl,
C, 25 al koxy, aral kyl, hydroxyl, .amno, nitro or aryl, which may be

substit ut ed mh&ﬂ(gghgﬁdgugsiﬁfuent(s) and a part of the carbon chain may
be branched or cycl ize may conprise a heteroatom R o and any of R3,

R31 d R3 d f R4, R4, d R42 f
ri ng:aneach%]o;lﬁ %eﬁiéjc{ ﬁpcch g%?r} eﬂ&%‘ﬂeﬁ?{]ymﬁ@fﬂ’@%rﬁ §elindé‘éﬁilb@rigglhﬁ¢lg:1ms?ngl e

bond or a c@ﬁprimrrg- aaarbmlvédrmgiécﬁerbomebmlybfaﬁﬂ of Forlilal (B§ 8t arPEefoﬁz‘?H{e‘?e%?nt S a

car bon-car bon doubl e E or Z configuration; | east on€ of the
above groufsP acﬁﬁwnﬁaﬁ’r%%@tsﬁiﬁﬁ‘eﬁ%up capabl e of decorrp05| ng in vivo,
except in the case where each of X, and X2 is oxygen, each of Y3 and Y4 is
-NH, RO is benzyl, eagp of gB 1) and (B2) is a carbon-carbon double
bond, and R20 is |sobutyl 5 enzyl, and jH the case where each of X, and
X. is oxygen, each of Y3 3 ; |s RNH~ RIOis benzyl, (Bl) is a

car bon- car bon S|ng S i -carbon Z double bond, and R20

is a group shqg | a (g-—RberdIR} * represents a
bondi ng position. invention, there is provided a

cell division inhibit .
wherein, in the formula (I) e (B 1* and (B2) is a carbon-carbon

h o
doubl e bond. In anot her enbodlﬂbnt Bﬁ t he Renvention, there is provi ded a
cel | divi gigpid nhibitor -

R, is hydrogen, halogen, C,2s alkyl, C,,; alkesniyl, C,2s alkynyl, C,,, alkoxy, aratkyl,
hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a
‘heteroatom, and further R, may be one atom or group, or at most 5 identical or different
-atoms or groups, and the atoms or Eroups mziy mutually form a ring;
"R, is hydrogen, halogen, C,,; alkyl, C, . alkenyl, C,,; alkynyl, C, ,, alkoxy, aralkyl,
- hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a
heteroatom;
each of R3'and R,is indepen_dcntly hydrogen, halogen, C, ,, atkyl, C,,; alkenyl, C,,;
alkynyl, C,,; alkoxy, aralkyl, hydroxyl, amino, ritro or aryl, which may be substitut;:d
with other substituent(s), and a part of the cgrbon chain mas( be branched or cyclized, or |
~may comprise a heteroatom,; :
R; is hydrogen, halogen, C, 25 alkyl, C, ;5 alkenyl, C,,, alkynyl, C,,; alkoxy, araikyl,
.hydroxyl amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R; may be branched or cyclized, or may compnse a

heteroatom;

R, is hydrogen, halogen Cyas alkyl, C, ;5 alkenyl, C,,, alkynyl C,2s alkoxy, aralkyl,



according to the first aspect of the invention or above enbodi nent wherein,
in the formula (1), each of X1 and X2 is oxygen, Y3 is -NR3-, and Y4 is
-NR4-. In yet another enbodi ment of the invention, there is provided a cell
division inhibitor according to the first aspect of the inv2q§bgg £¢4the
above enbodi nent wherein, .in the formula (1), 4 1 6 JUL 2004 each of Y.
and Y4 is -NH. In a second aspect of the invention, there is provided a
cell division inhibitor "conprising, as an active ingredient, a conmpound of
formula (11) or an E'formthereof, or pharnaceutically acceptable salt

t her eof :  \Hyeirediyh anfio, ndtrchoyrdirylgwhich Raly0@eEbstieke Gt bihkt subsBrlR (! 4anY ! -
C2.,, alkenyl, C,_25 alkoxy, aralkyl, hydroxyl, amno, nitro or aryl,
whi ch may P3g efifwt ratbereghain tof Ry may beubeinihedeort ¢wlizedinat may pndprieé at he
car bon chglieprgf R, may be branched or cyclized, or may conprise a

" het er oat orm, UM £ ur t her R, may be one atomor group, or at nost 5

i.dentical eqfn af RE GLERL ; he. at r oups Jmay
mutual ly forma Fing;“ﬁ%ﬁygﬂﬁgﬁﬁgg@n,i%31@g§¥%’§5¥ : aﬂé??%hfﬁ 252#l kenyl ,
C2- 25 al kytighyl, Cl ,28kedykandkyl, dydokyl] aminby fit@Xtlaryl 2WhicR mdY e St !

whi ch may ‘he substituted with other substituent(s), and a part of the
carbon chayith gherpspbstinent(s), andmpareef the carhen ¢haisgmay be bmychedmp cidized, or

het er oat o .R4 is independently hydrogen, hal ogen, C, 2S
al kyl , Cz%aygﬁﬁf@ﬁg?%h%%@@& al kynyl, C, 25 al koxy, aral kyl, hydroxyl, anino,
nitro or ®yhd RYa¢foribyrike substituted w th other substituent(s), -and a
part of the carbon chain may be.branched or cyclized, or may conprise a

het er oat ol ambanysofiRsoRo Seand Ranaylmm aGing25 al kyl, C2_25 al kenyl, Cz.25
e St SR e B i ot o S T
at Jeast one of the above groups may have a protecting group capable of decomposing in
vivo. _
In one embodiment of the invention, there is provided a cell division inhibitor
according to the second aspect of the invention wherein, in the formula 1), (B2) is a

carbon-carbon double bond.

In another embodiment of the invention, there is provided a cell division inhibitor
according to the embodiment above wherein, in the formula (IF), at least one of Ry and

Rgis 1, 1-dimethyl-2-propenyl.

In yet another embodiment of the invention, there is provided a cell division inhibitor
according to any one of the first and second aspects of the invention and their

embodiments which is an antitumor agent.

In one embodiment, there is disclosed a dehydrogenase which may have an activity to
convert a compound represented by the above formula (I) wherein at least one of (B1)
and (B2) is a carbon-carbon single bond, or by the above formula (II) wherein (B2) is a
carbon-carbon single bond into a compound wherein the carbon-carbon single bond(s)

may be replaced with a carbon-carbon double bond(s).

In another embodiment, there is disclosed a dehydrogenase according to the

embodiment disclosed above whose molecular weight may be 700-800

6



part of the carbon chain of R5 may be branched or cyclized, or may conprise
a heteroatorn; R6 is hydrogen, hal ogen, Cl1 25 alkyl, C2_ 25 al kenyl, C2.25
al kynyl, C, u al koxy, aralkyl, 5 1 6 JUL 2004 hydroxyl, amno, nitro or
aryl, which nmay be substituted with other substituent(s), and a part of

t he carbon chain of R6 may be branched or cyclized, or may conprise a

het er oat om “each of R7 and R8 is independently hydrogen, hal $gé¥l, 2894 25

al kyl, C2_25 al kenyl, C2_,s alkynyl, C -,S al koxy, aral kyl, hydroxyl,

amno, nitro or aryl, which may be substltuted wi th ot her substltuent(s)
and a-part of ke carbon chain may be branched or cyclized, or may conprise
a heteroatomm R2 and R, may forma ring; R4 and any of R5, .R6, R and RS
may form a ITh Rt anbBe) erhsd

car bon- carbonﬁdouble bondIﬁgﬁn%éggﬁ&%%gggﬁ%éﬁﬁpg%%$§%ﬁgg %ﬁ§9”§§V% a

prot ecting @WB@H@E&BP‘@ Wiiclieey bppreilmgd by Strepromycdsaitang. enbodi ment of t he
invention, there is provided a cell division inhibitor according to the
second aspect of the invention wherein, in the formula (I1), (132) is a

car bon- carbémsﬁﬁu@tenmmmntHMOmn&mqnhet1embﬁdha£9hn&ﬁmiBﬁgkﬂﬂ&ﬂéhﬂﬁcdfhere i's

provi ded a sion inhibitor according to the enbodi nent above
wherein, i n(af\lﬁééo %n\rﬁ%ﬁor afﬁofc{‘ MRS %OF@?“eéFﬁddISqi{BSeﬁslbqve which

1- di met hyl - ZGmpnq@emying, ha wabstraRO b RIpBIHRP HpfRB e by the ab&%efé.};&l&n T here is
provided a ¢ %ISIOH i nhi bitor _according to any one of |9 st and

second aspe LieAst PRRREHBILb NG s parboreprsbati single bomdioc h compeund
ant it unor ag@fésentbd‘bmﬁ a@dﬂéqglrﬂiﬁﬂ(ﬁ) V&htéleeth?(ﬂﬁ 15dé ga%(%ggar 0% sgn% [gjon%g n%ase

whi ch may have an activity t
convertimg the carbon-carbon single bond to a carbon-carbon double bond by use of a

cell, cell+free extract or enzyme solution containing the dehydrogenase according to

any one of the embodiments disclosed above.

In still yet yet another embodiment, there is disclosed a method according to the

embodiment disclosed above wherein the dehydrogenase of yet another embodiment

above is used.

In a third aspect of the invention, there is provided a compound of formula (II) or an E

form thereof, or pharmaceutically acceptable salt thereof:

R. O R,

-wherein

R, is hydrogen, halogen, C,,; alkyl, C,,; alkenyl, C,,s alkynyl, C, s alkoxy, aralkyl,
‘hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a

heteroatom, and further R, may be one atom or group, or at most 5 identical or different



convert a conpound represented by the above fornula (1) wherein at | east
one of (Bl) and (B2) is a carbon-carbon single bond, or by the above
formula (11) wherein (B2) is a carbon-carbon single bond in{ﬁ ﬁnpgﬁpound
wherein the carbon-carbon single bond(s) nay be replaced w a

car bon-carbon doubl e bond(s). In another enbodinent, there is disclosed a
dehydr ogenase according to the enbodiment disclosed above whose nol ecul ar
wei ght may ‘be 700-800 6 1 6 JUL 20 04 kDa. In_yet another enbodi nent, there
i s di scl os@Pms FEeupsApd thesmons efgravnsdnaygnugllbiormadings nhodi ment s above

whi ch may Qe .produced .by Strept C al,bul I I, |~ ye not her

embodi ment ?&tlﬁéygmggn’dﬁ%’@?‘bsgﬁ g‘%ﬁrﬁoﬂgﬁnyg%’ﬂhg‘# b Fé”cag]fcf%‘y’ éﬁa@iy ion

i nhi bi tor o4k ReidoOnitbY%r 2V wiich gy BEhRAlimRAGinbHE QBastual@yeandhi ch
conprises uSing, as a substrate, a conpound represented by the above
formul a (| partvdfethei cartain thendrs tof Ryanayf bé Birdnched] of BR¥lized, ar aaapeompasdan
single bond, or a conmpound represented by the above fornula (1) wherein
(B2) is a BeteR3Bar bon si ngl e bond, and converting the carbon-carbon

10 oy AR BB S B

extract or “efizyne® Sol ution o t6 any
one of thea&?ﬁﬂgb_ AliGx§ ¥4k AS BeliraB @ VaRnind Mifib ok bl OWhi¥e mad e fildktituted
enbodi nment , he.replgs di gcl os%dﬁgh ?rgg?ho-d accordi E?rt o the enbodinent -

di scl osed aitnasherisebstituent($) candatpadt of daseaskonsdhaipanaybrobianehed b gpliveditor above
Is used. In a third ect of the invention, there is provided a conpound
of for nul a"PHCOBPISEA RECIPYPMY ¢ her eof , or pharmaceutical |y acceptabl e salt

ot RS o e R 8 0l oaBb o g A, oo,
be subst it hydrdxylj arhinof kieo osanyk twhichemay ks substitdted with other substituent(s), and a
part of the carbon chain of Ry may be branched or cyclized, Or may comprise a
heteroatom; .
R, is hydrogen, halogen, C,,s alkyl, C,,s alkenyl, C,,; alkynyl, C,,s alkoxy, aralkyl,
hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R; may be branched or cyclized, or may comprise a
heteroatom; ,
each of R, and R, is independently hydrogen, halogen, C, 5 alkyl, C,,; alkenyl, C;,_s
alkynyl, C,,; alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may be substituted
with other substituent(s), and a part of the carbon chain may be branched or cyclized, or
may comprise 2 heteroatom; A
R, and R, may form a ring; )
R‘! and any of R,, Rg, R; and Rg may form a ring;
(B2) represents a carbon-carbon single bond or a carbon-carbon double bond;

at least one of the above groups may have a protecting group capable of decomposing in

vivo.

The details of the present inyention are disclosed below.



part of the carbon chain of R, nmay be branched or cyclized, or may conprise
a heteroatom and further R, may be one atomor group, or at nost 5
identical 6rdifferent 7 1 6 JUL 2004 atons or groups, and they gyonggsor
groups may mutually forma ring; R is hydrogen, halogen, C, _25 alkyl, C2_u
al kenyl, C2_25 al kynyl, C,_25 al koxy, aral kyl, hydroxyl, amno, nitro or
aryl, Wmch may be substltut ed with other substltuent(s) and a part of
the carbon chain of R2 may be branched or cyclized, or may conprise a

het er oat om each Iofst RE alhdregdrding warlmpemldﬁmmbys hiyldch)ghcl presenbdeventién 25

al kyl, C2.25 al kenyl, C2 23 alky ,. C .25 al koxy,  aral kyl, hydroxyl,

am no, ni t FEIRFISCHADPIOPTIAME EXROMRICS al!i@"lil’iﬂ%%ﬁ@ﬁ'?@d’m ¢dbedWher - subst i t uent (s),

and a part of the carbon chain may be branched or cyclized, or may
conprise a heteroatom R5 is hydrogen, halogen, C -2, alkyl, C2_25 al kenyl,

C22. al kynyl, Cl18%2 e ONilog earab{éeehp§ iReE %ﬁ‘ﬁulasam@ﬁd (mh{eanpﬂuaawé whi ch
may be substltut ed with other substituent(s), and a part of the carbon

chai n of Rehlenine, bronmineerdbdie, @lﬂcwmhltmmﬂpgmﬁndzy conprise a heteroatom -
R6 i s hydrogen, halogen, C, _25 alkyl, qg-25 al kenyl, C2 _2s al kynyl, Cl_25
al koxy, aralkyl, hydroxyl, amno, nitro or aryl, which may be substitut ed

W th other substi ?ﬂhﬁ t 3 bgn g£h be
branched or cycli2® o%mnggﬂg%ﬁ%RFsé’R”f% Esél%at’bgf Ké:?iﬁi"’ng ggy R is
i ndependen},is rancmmegaoummmm toQ5_2drbén laydms, caanaﬁnaykmudmacagﬁnedal kynyl,
C, _25 al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may be

subst i t ut danhed pr exchiged. s@B@WPF&@?\F(&ﬂ@hmllldﬂmyliﬁﬂl.‘llhﬂfoﬂﬂs isepropylai n may
g er |b rng?c he cf%>r roj:&f Ibhé/‘l:“ gzg)bﬁ% tgﬁgutgﬁ gglﬁyls 5 eqr}ef, cye gécg%; hexyl?cyclc%%ng y form
heptyl S-methylhexyl, cycloheptyl, octyl, 6-methylheptyl, nonyl, 7-methyloctyl, decyl
and 8-methylnonyl, preferably C, ,, alkyl, and more preferably C, ¢ alkyl. These alkyl
groups may be substituted with other substituent(s), and may comprise a heteroatom

such as halogen, oxygen, sulfur, nittogen or the like.

C,as alkényl represented by R, R,, R3, R, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ryp Ry,
or Ry, is an atkenyl group having 2 to 25 carbon atoms, which may be normal-chained,
branched or cyclized. Examples of C, ,, alkenyl include vinyl, propenyl, 1,1-dimethyl-
2-propenyl and 3-methyl-3-butenyl, preferably C, , alkenyl, and more preferably C,

" alkenyl. These alkenyl groups may be substituted with other substituent(s), and may

comprise a heteroatom such as halogen, oxygen, sulfur, nitrogen or the like.

C,.25 alkynyl represented by R;, R;, Rs, Ry, Ry, Rg, Ry, Ry, Ry, Ry, Ry, Ryp, Ry,
or Ry, is an‘alkynyl group Having 2 to 25 carbon atoms, which may be normal-chained, .
branched or cyclized. Examples of C,,; alkynyl include ethynyl, propynyl and butynyl,
preferably C, ,, alkynyl, and more preferably C, alkyhy]. These alkenyl groups may
be substituted with other substituent(s), and may comprise a heteroatom such as halogen,

oxygen, sulfur, nitrogen or the like.



(B2) represents a carbon-carbon single bond or a carbon-carbon doubl e bond;
at | east one of the above groups may have a protecting group capabl e of
deconposing in vivo. The details of the present inxention are disclosed
below. 8 1 6 JUL 2004 First of all, regarding various definigiJgos2ii ch t he
present invention conprises, appropriate exanpl es and expl anations are
provi ded below. The -term "hal ogen" appearing in the formulas (1) and (I1)
means fluorine, chlorine, brom ne or iodine, unless otherw se specified.
C', alkyl represe@pealkbyy RpresntedBy RRR,, R5 RBy RER,, Ra RERY, RGeRy, R3L, R32,
Rot or R42 is an alkyl group having 1 to 25 carbon atons, which may be

nor mal - chaPhBe,is ap alkexy, grpup rhaE‘}‘Blll 2 @M@@% "()‘FCWZE'?BaIIO@?]'qhﬁ@P%

hy! |
ot ot B SOl ORLARAs qreoct SN RUe S g;sv"mpgayl
5- met hyl hei‘sﬁbmp@ﬂﬁ'lﬂ?&@f ydobu@ﬁy Wert-tﬁndél?t ?&ﬁ@ﬁﬂyyisop ¥ky, c}crassmglbseft yl.,

decyl and 8-nethyl nony pr ef er abl y nDre prefe
al kyl . Thebexyloxyy| Cyc@hmynﬂ;cpbéom b‘is-tnethyllmdylnxy, h cypdloleptydenys t daryle ré- ( S )

and may co a. heteroa s hal ogen, oxygen sul fur, nitrogen or
the |ike. @“ﬁ’ Ca%!{yln @%thx% Réecylexy pad’ dgmetpglnopyloxyzs” R10,

R20, R3I, lcar h at ons,
whi ch may E% noﬁa”"q‘lilkoﬁﬁzdgh%%ggn fﬁ%gp&or’gc?% ?Fzg@éggxa%ﬁ%fgzo %8$@%85

al kenyl i naibstirted wiyh other aibetiytbnt(s), dnddinaie tépriseZr Ret@pROM sudA@s halogen,

3-net hyl--3-butenyl, preferably C2_10 al kenyl, and nore preferably C3- 6

al kenyl . TPR¥EEN.Aulfar, pitrogemenihe kg be substituted with ot her substituent(s),
and may conprise a heteroatom such as hal ogen, oxygen, sulfur, nitrogen or
the like. C2_25 alkynyl represented by R® R2, R3, R4, R5, RG, R7 Rg, R10,
Rea, R31, R32, Réfryl répresBifted b RARARKIYR, HORD man,orm,o, fOR 2 E'RC@J Jo

atons, which may be nornal - chai ne branched or cycl 1iZed. l'es” of

C2. 25 al kyly? ménecydlie en polygyclicprremptiy Ihydregabon ygrgup, and examxﬁes mclude-

phenyl, naphthyl and anthranyl, but preferably phenyl. These aryl groups may be

substituted with other subsfituent(s) such as C,, alkyl (prcfembly. methyl, ethyl and
propyl), C,¢ alkoxy, halogen, nitro, amino, carboxyl, hydroxy-C, ¢ alkyl, hydroxyl or
protected hydroxyl, and may comprise a heteroatom such as oxygen, sulfur, nitrogen or

the like as a ring forming member.

Aralkyl represented by R,, Ry, Ry, Ry, Rs, Rg, Ry, Ry, Ryg, Rag, Ryy, Ry, Ry OF Ry,
is C,¢ alkyl substituted with the above aryl, and examples include benzyl, phenethyl,
naphthylmethyl and anthranylmethyl, but preferably pénzyl. These aralksfi groups
may be substituted with other substituept(s) such as C,; alkyl (preferably methyl, ethyl
and propyl), C, ¢ alkoxy, halogen, nitro, aminoe, carboxyl, hydroxy-C, ¢ alkyl, hydroxyl
or protected hydroxyl, and may comprise a heteroatom such as oxygen, s;ulfur, nitrogen .

or the like as a ring forming member.
The examples of substituents in substituted amino represented by R, R,, R,,

R4 Rsy Rey Ry, Ry, Ryg, Ry Ry, Ryy, Ry 01 Ry, include C, 4 alkyl, C, ¢ alkoxy, halogen,
carboxyl, hydroxy-C, 4 alkyl, hydroxyl or protected hydroxyl.
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preferably CZ 10 al kynyl, and nore preferably C2_6 al kynyl. These al kenyl
groups nmay be substituted with other substituent(s), and may conprise a
het er oat om such as hal ogen, oxygen, sulfur, nitrogen or the like. 9 1 6
JUL 2004 C, _u al koxy represented by R, R2, R3, R4, R5, R6, R7, R8, RIO,
R20, R31, R32, R41 or R42 is an al koxy group haV|ng | to 251Q?U@F of 0TS,
whi ch may be nornal-chalned branched or cyclized. Exanples o aﬁ oxy

i ncl.ude net hoxy, ethoxy,.propoxy,' | sopropoxy, butoxy, ‘isobutoxy,
tert-butoxy, pentyloxy, isopentyloxy, cyclopentyloxy, hexyloxy,

cycl ohexyl oxy, hept ony, 5-‘met hyl hexyl oxy, cycl oheptyl oxy, octyl, 6-

net hyl hept yl oxy, Oﬂmﬂéﬁﬁykméﬂ@ﬁﬁk9 ﬂé%yﬁ@ﬂ&:&ndﬂsmnéﬂmﬁﬂmdnyloxy

preferably 1 ref erably | ko al

groups nay ancparﬁJ B@c?’\anl{lg %?ngﬁlﬁ’&lphg‘ﬁta %‘fﬁ(%{ﬁ anﬁiw 35e a
heteroatomnﬁﬂ,qhnﬁgrm | Q90 and S f the like. Ary
represented by R 2 Qﬂan,ﬁﬁ%,&ﬁ@ Rﬁlﬁ?aHBR,aﬁilg (f)&ﬂ%‘gﬂé R3" R32, R41 or R42

i s a nmonocyelic or polycycllc aromat i ¢ hydrocarbon group, and exanples

i ncl ude phenyl Ehth and ant hranyl, but preferably phenyl. These aryl
groups may be aylgprrasegted oy Ro b e an alikan EQTO%W%BOT@@%O@PWI

(pref erabl i I I am no,
car boxyl, P{Sogﬁ t(’)lgydng Qt%ﬂ}éh}%%‘i‘ %Qél%gﬁy%o%rg thgtr gsf Z@Q“E‘ﬁ%}&%&{ ]i’eny!e\ﬁaognay
conpri se axﬂwtyeABQﬁitéﬁy} sat@hard alkexyl0gdup Sdontisting Bf Wx@&f?ﬁn@fc ;sb}ge nd hukiRs, 8S a
ring form ng nmenber. Aral kyl represented by R, R2, R3, R6, R7,'RS,

RIO, R20, Repferaligat mpstB isopreneanits (po 16 catﬁoplatowbmdeara@@bwth the above
aryl, and exanpl es include benzyl, phenethyl, naphthyl methyl and
anthranylnethyl but preferably benzyl These aral kyl groups nay be

substituted with mﬂ:@@:he:&y%bbémgnir( $He SHSVE RSmiulasO(f! dau! afpP! geflﬁk'

met hyl, ethyl and propyl) al koxy, hal ogen, nitro, amn car goxyl ,
hydr oxy- ClP@t@hRglgroqme@&Iylof decoppoting: ire divhy dAmong  thase prowstingoponps e a
het er oat om, such as: ox sul fur, ni trorgen .
rotecting g¥ for an amino group for-example, there may be used a protecting
group having the binding form such as acid amide, carbamate and the like which are
described in Drug Development vol. 13, “Drug Delivery Systems™ edited by Hitoshi
SEZAK]I, Hirokawa Shoten (July 1989), page 116, Table 2. 29, but an- acyl such as

acetyl derived from fatty acid is preferable.

The double bond of a compound shown in the above formulas (I) or (II) may

be either in Z configuration or in E configuration, but preferably in Z configuration.

In the case where (B1) and/or (B2) is a carbon-carbon double bond, the above
substituent binding to the above carbon-carbon double bond becomes a corresponding
- divalent group. For example, methyl becomes methylene, and benzyl becomes

phenylmethylene (benzylidene).
Among possible compounds represented by the - above formula M, a

compound wherein each of X, and X, is oxygen, each of Y, and Y, is -NH-, R, is

benzyl, each of (B1) and (B2) is a carbon-carbon double bond, and R, is isobutyl (the

11



or the like as a ring form ng nenber. The exanples of substituents in
substituted am no represented by Rl, R2, R3, R4, R5, R6, R7, Rs, R1Q

R 20, R31, R32, R41 or R42 include Cl1.6 alkyl, C, .6 al koxy, hal ogen,

car boxyl , hydroxy-Cl-6 al kyl, hydroxyl or protected hydroxyl. 10 1 6 JUL
2004 In the above formula (1), R10 and any of R3, R31 and R$z upmly 2063rm a
ring, and R20 and any of R4, R4l and R42 may forma ring. In the above
formula (11), RR and R3 may forma ring, and R4 and any of R5, R6, R7 and
R8 may f or mcammong. nése: C2 albpnairdigny ither e mompemided naneR7 H(Z)RBazdidend-geny|
group corres Qndrng to an _isoprene unit consisting of 5 carbon atons, that

i's, 1, -di nEogbutylidensiie aypipesgzing diges) wolerstoghe kngwn anfitamenagenk desgribegy oup

"~ consi sting gf e j S0 i 1S, e o] t .most 3 isoprene
anits (up t o FUlnie BPUC o SORLBAS, Y8158 oo PISCIOTE il o Ko pronuRieR [ e
above for mufidfon(ihhibASHE agbik)deSERbed B8 Shmmdi-Pbemb ISHEpSEH4 Bn SaPeRRsH of
deconposing in vivo. Among these protecting groups, as a protecting group
-for an am NetugeloRrpdudtoP5xE938] and thésertwo mgenthareiexelided fyomtthe télhdivisgmoup
havi ng the bindi ng.formsuch as, acigd am.de, carbamate and the |jke which
are descri ‘@ﬁgbﬂ]ﬁd’rﬁ@w&?ﬂ’?ﬁﬂt Gb? 4op, achP’BQ‘r‘T‘%eqt‘?WFl}b’d%F]Qn@he“edi ted

by Hitoshi - H ?@aa,ﬁ t il 146, 29, but
an. acyl sulcjz asﬁérglélgayfg et vre%z] ?gwa%(atcé%g%gn?g?gsre e?g%ﬁtey.f%enddoubl e
bond of a cRyy®beatysmaieadhnoft(B4) aib(R2)fio areatbes-chibpn dbutilé bhnd Befers Re i t her

in Z configuration or in E configuration, but preferably in Z
confi gur at i GIPWR $ea; pship eebrg divisierpinhibitory geent gleyeribed dn eb Swomaoaebdie doubl e

bond, the a%;;,y . ugf | 1 | ndi he, abov. r,RQN- carhon doubl e bond
becones a corre g’é’f’)‘%ﬂ | trtli{:;e E%P%/%B%ﬂ cg'?%';@%fz;eﬁo‘)rrap %@(aﬁ% g,gg_g'e?’htglmlﬁea%'ﬁeg :
net hyl ene, exgthde@fzonh thee calMaivisidNBRIHiGE b he PResért Givantibale NBdrthefHBRY a
possi bl e conpounds represented by the - above fornula (1), a
compound (the common name: phenylahistin, the compound name: 3-{[5-(1,1-
dimethyl-2-propenyl)imidazole-4-ylJmethylene] -6—bcnzylpiperazine-2,5-5ione) wherein
each of X, and X, is oxygen, each of Y; and Y, is -NH-, R,, is benzyl, (B1) is a carbon-
carbon single bond, (B2) is a carbon-carbon Z double bond, and R,; is a group shown in

the following formula (a):

N\

NH
BRNFNS (a)

(wherein * represents a bonding position)

is the known cell division inhibitor disclosed in Japanese Patent Application Laying- -
Open (kokaij No. 10-130266 and so on, and this agent is excluded from the cell division
inhibitor of the present invention. Generally, a compound wherein, in the above
formula (I, each of X, and X, is independently oxygen or sulfur, Y; is -NR;-, Y, is -
NR,- (herein R, and R, are defined as with stated above), R, is substituted or

unsubstituted benzyl, (B1) is a carbon-carbon single bond, (B2) is a carbon-carbon Z
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compound wherein each of X, and X is oxygen, each of Y3 and Y4 is -NR R10
Is benzyl, each of (BlI) and (B2) is a carbon-carbon doubl e bond, and R20
is isobutyl (the 11 1 6 JUL 2004 conmon nane: al bonoursin, the conpound
nanme: 3-(Z)-benzylidene-6- (2)isobutylidene-2, 5-piperazine dione) refers
to.the known antitunor.agent described in Fukushima et al. 4 glyyr 2004

Anti biotics, .Vol .26, pp.175; 1973) and the known pronucl ear fusion .

i nhi bitory agent described in A Summary of the Synposiumon the Chem stry
of Nat ur adowle chimis anfPH,,, it9SMBstitald bh QmSubsHRICADRAIIRz - yENGhieRA 3 T om t he
cell division inhibitor of the present invention. In addition; a conmpound.
(t et r adehy@xdeded fronf thoes used &r)thertellrdivision atiibitwk ofhe predeninvieatiensygen, each of
Y3 and Y4 is -NH, each of RLO and R20 is benzyl, and each of (Bl) and
(B2) is a carbon-carbon double bond refers to the known sea urchin enbryo

di vi sion inhibit [ .3l S f. the nposi ym of the
Society for Acti %f)u#yh%g?lggheg%%iaﬁzgh%@%éx? %@reé%éﬁﬁ/fssa c@&’&'f"uded"'
from the cedrborldotibte undiand(B2)i0h cafbohRErbBA SREIR bohd LR EArBEh-cAitkb ﬁk%'j'b re, a
conpound (the common nane: phenyl ahistin, the conpound name: 3- -FS)-(l, 1-
di met hy| - 2bgsdois @rsferpbla; and - otamppugd Mheteiry tash of (B1 band AB2pispecabomenrior- di one)
wherein eﬁ%%eog (Y} and X.f iﬁ oxygen, each of Y. and Y4 is -NH, R10 is
benzyl, (BIUbiEbondismprepreferablen” Singl e bond, (B2) is a carbon-carbon Z
doubl e bond, and R20 is a group shown in the following formula (a): (a)
(wherein * represents a bonding position) is the known cell division

i nhi bi t or - di scl oPedferable *apaples of Batpmnds\shaiwnciatthe AbdveyforiGulas g and fokai ) No.
10- 130266 .anld sg on, a[}t(_j4thi s agent is excluded fromthe cell division

i nhi bi t or 'Bfluded-(gndazele4-yimetiens); 6-(hsnytmathylencdpiparpaingAd-dignst ci n, in t he

above f ordiysandthMimiadonk 251 X6 (h1Snd atl Y. 0X n or sulfur, Y3

To NRS - Hgnd i RRA- (ﬁggéﬁcﬁ&gemglﬁﬂhg{}gﬁ’?&gﬁ‘ SR 2D BHOng: ¢ o

above), RH?B[("D'&‘-ﬂmlibﬁddzblﬂtleyl)memylenc]-6-(phenylmethylenc)piperazine—Z,S-dione;
3-[(5-butylimidazole-4-yl)methylene]-6-(phenylmethylene)piperazine-2,5-dione;

3-I¢5 -pentylimidazole-4-yl)methylene]-6-(phenylmethylene)piperazine-2,5-dione;
3-{[5-(1,1-dimethyl-2-propenyl)imidazole-4-yl]methylene} -6-(phenylmethylene)

piperazine-2,5-dione.

Pharmaceutically acceptable salt of a compound shown in the above formula

(D or (I) is ordinary organic or inorganic atoxic salt. In the case where the above
compound is a basic substance, the salts that are preferably used are -hydrochloride,
hydrobromide, sulfate, ﬁitrate, acetate, methanesulfonate and toluenesulfonate, and in
the case where the compound is an acidic substance, the salt that is preferably used is a
salt with inorganic base including alkali metallic salt (e.g. sodium salt, potassium salt
etc.) and alkali-earth metallic salt (e.g. calcium salt, magnesium salt etc.) Tﬁc term
“pharmaceutically acceptable” in the present specification means fhat the salt is not
only acceptable in medical agents, veterinary agents, agricultural chemicals,

- antimicrobial agents, insecticides etc., but also in a field comprising reagents used for

study purposes.
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unsubstituted benzyl, (Bl) is a carbon-carbon single bond, (B2) is a
carbon-carbon Z 12 1 6 JUL 2004 doubl e bond, and R20 is substituted or
unsubstituted im dazol e-4-ylmethylene is 'excluded fromthose used for the
cell division inhibitor of the present invention. Further, in the above
formula (1), a conpound wherein (BI) is a carbon- carbon doupgejjpopsds and
(B2) is a carbon-carbon single bond or a carbon-carbon double bond is.
preferable, and a conpound wherein each of (Bl) and (B2) is a carbon-carbon
doubl e bond i s noTke rllafivsiabinkibifer of the pidsentémaeniibresandfe usedrfoo tirecsurpdsewn i n
the above faormulas (1) and (11) _ include . _

3- (i ni dazol% “li‘-“%lP#&é’ﬁ gelbdixision, esliyele and prapuelsanfpsipe befyeena femalomugicus

3- (5 met iyl f e W hRbOM G0 2 &RASOY TShIYAGRS) B RS Al agn 2 5~ 0
-, 3-[ (5- et Itlibitdrder feCprésent JiiRhbyl e @keffl P RANMHIBERVAENGIR] REAANWRE- 2, 5- di
one; 3-[(5-butylim dazol e4

-yl ) et hy| ehehicgl; ety apentyinsacsdide,predicdl ragert, aad deagent for study purposes.
et e, Soitny e S, 3 SRR o 5 SRR hnt 4 O"
propenyl )i I A Lhy | -6 | et . .

pi per azi ne@?g@gi %ﬁl’é@%ﬁ%ﬁ%ﬁgg?@ %:alf} Fgfﬂggﬂ(}éﬁgﬁg){e}s‘tgﬁq’é&l g'%ag:r%o #d shown
I n the abovendigsmwherein(dell divisions ard issrderly edpgated 0 AL pAticulady @seThCfoat OXi C
salt. In the case where the above conpound is a basic substance, the salts
that are preaicersanpnd alge effective inyadpathalpgieal renditiny @ppisriogiin@, cestainf wpe of
nitrate, acetate i hanesul f.onat e, and t ol uenesul f.onate, and in the, case
ther e ¢ he. EonIRE TisORR St SRlcllsR Pkt 62 RS SRl WpE e BBy s
is a salt ciftinied OQr&RBisérdAge | ncl udi ng al kal i nmetallic salt (e.g. sodium
salt, potassiumsalt etc.) and alkali-earth netallic salt (e.g. calcium

salt, magnesiumsalt etc.) The term "pharmaceutically acceptable” in the
present specification nmeans that the salt . is not . onl.y acceptable in

e cal agents. JEPEPA IR gimor Sachf of e ARt neEpioe, A SO Re o obi
agents, i ngRgina6dudieAlRiffectivdinbredlen®, 1.6, Gthér SlithSQMEAS b Hede8ABPN Setised for

as the above active ingredients in order to treat various diseases. When the antitumor

agent takes the form of granule, fine granule, powder, tablet or capsule, it is preferable
ti;at the antitumor agent comprises 5-80 weight % of the above active ingredients.
When the antitumor agent {akes a liquid form, it is preferable that the antitumor agent
comprises 1-30 weight % of the above active ingredients. Further, when the antiturnor
" agent is used as an injection among parenteral agents, it is preferable that the inhibitor

comprises 1-10 weight % of the above active ingredients.

For use in oral administration, the applied dose of the above active

ingredients is preferably 0.1mg to 1g per day per adult. However, depending on the

: vage, body wcight, symptom etc. of a patient, the dose can be changed as appropriate.
The antitumor agent of the present invention can be administered once per day, but also
it can be dividedly administered twice or three times at regular time intervals. When it
is used as an injection, the applied dose of the above active ingredients is preferébiy ito

several hundreds of milligrams per administration per adult. Moreover, it is possible to
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study purposes. 13 = s JUL 2004 The cell division inhibitor of the present
I nvention can be used for the purpose of inhibiting the cell division,
cell cycle and pronucl ear fusion between a fenale, nucleus and a nale
nucl eus of a procaryote or an eucaryote. Specifically, the cell division

i nhi bitor of the present -invention is useful as an antim tGob¥lalZ¥gent,
agricultural - . chemcal, veterinary agent, insecticide, nedical agent
and reagent for study purposes.  Furthernore, anong nedical agents, it is
parti cul arhdminisedru-3 tifmed peddy drudiiet eR&91Y or 3 TaR Seldjection] & @ adnifliskit or of
the present invention is effective in a pathological - condition wherein
cel | di vi ssustadnaglycbyodripoinfisionr thediket ed. It is particularly useful for
cancers, and also effective in a pathological condition appearing in a
certain type of "autoi mune disease, chronic articular rheumati smetc.,
where a certain t I ' s IL.sorderly. Furthernore,
the antitunor age%ﬁgeaogjbtsﬁgk p?rf é@%ﬁ%ﬂyﬁﬁ)?g%aﬁ 5’2 t@%\’ﬁl%(s:%rﬂﬂgfcglgx&cg&pnses a

phar nmaceut ¢amsouyd e, iy theiabG¥ecdingilh K1), at-16ast oftd HE(B133hd (BINOE a34RAhS as
necessary as well as.the above active ingredients in order to treat
varjous di @Eensinglepend, erhecompaund wberelny imthe abgesorrhda (8), (B2Y isgrearbohe, fi ne
granul e, powder.. t.ahl et or .capsule, it_.i ref er abl that the antitunor
agent conpri o sﬁgglggmﬂéicaﬂtbe%%g?’ ?%@rﬁfﬁﬁ\gbpﬁﬁoweu?cﬁ&h@fﬁ‘%ﬂpstmméwthe
antitunor ReRah ()8 ofx! ki vl 5ol KDY ahl &t h : Lt unor
agent conpri sesa)’l- 30 wei ght &sgﬁﬁbYéﬁowéﬁfgégi ﬁ&e@%@%‘?&%r her,
when t he cane idefimedras wigte statedl aborsd,dnars preferablyes compoumidonigergial fnthelabbveagent s,
it is preferahl tha}l tf}ﬁ ig%bitor conprises 1-10 weight % of the above
active i ngPBBYBAPscack O &, 28d %, 13 pXygenqandrash oA grd ¥ue -NBpls eseddante of t he
above acti i {=Yal i . r radul t.
However , dfgﬁgcﬁﬁsﬁgégﬁ?ﬂz 2 ‘282{ ﬁgﬁiﬁpvﬁﬁe %H’% R%s%/rr%ﬁl%’ g%ﬂgto {:E'afé?ﬁ)gmbcgeﬁce nt, the
dose can e falendiketopipermpine tipg batubstituied eompbirids Mredigei¥edOf Ekdifplps 65 ent

i nvention can, be admni ni stered once per day, but also
. e above condensing amino acids preferably include cyclic (aromatic) amino acids

such as phenylalanine, histidine, tryptophan and tyrosine. Examples of substituents in
the substituted compounds of the above cyclic dipeptide include halogen, C, ,, alkyl, C,.
25 alkenyl, C,,; alkynyl, C, s alkoxy, aralkyl, hydroxyl, amino, nitro and aryl. These
substituents may be substijuted with other substituent(s), and a part of the carbon chain
may be branched or cyclized, may comprise a heteroatom, may mutually form a ring,
and may have a protecting group capable of decomposing in vivo. The substituents

include preferably C, ¢ alkyl or C, ; alkenyl, more preferably 1,1-dimethyl-2-propenyl.

The majority of compounds used as the substrate stated above ar;: the knéwn
compounds (Japanese Patent Application Laying-Open (kokai) No. 10-130266; Kanoh
et al., Bioorganic & Medicinal Chemistry Letters, Vol.7, No.22, pPp.2847-2852, 1997; .
Kanoh et al., Bioscience Biotechnology Biochemistr;, Vol.63, No.6, pp.1130-1133,
1999; Kanoh et al., Bioorganic & Medicinal Chemistry, Vol.7, pp.1451-1457, 1999),
and these compounds are available. Other Eompounds can be produced by the same
methods as those described in Kopple et al., The Journal of Organic Chemistry, Vol.33,
Pp-862-864, 1968 or Nitecki et al., The Journal of Organic Chemistry, Vol.33, pp.864-
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it can be dividedly adm nistered twice or three tines at regular tine
intervals. Wien it 1is used as an injection, the applied dose of the above
active ingredients is preferably | to several hundreds of mlligrans per
adm ni stration per adult. Mreover, it is possible to 14 1 64 $Uky12Q6R0

adm nister 1-3 tinmes per day or once every 2 or 3 days by injection, or to
adm ni ster sustainably by drip infusion or the like. As a substrate of the
dehydr ogenase of the present invention conprises a conpound wherein, in

t he above RB66,1968. (1), at |east one of (Bl) and (B2) is a carbon- carbon

si ngl e bond, or a compound wherein, in the above formula (I1), (B2) is a
carbon- carbon single.bond can be used, but preferably a conpound wherein,

in the above for I%?g’élz? each ot& X, and, X2 is Qxyuglgg, Y3 is -NR3 , and
Y4 is -NR4- (here genase of the preseplipventian mgludes, mmaleculss\havingner e

r ef er abl ; i Ry N X. and X2
P oy aon, VAP BRMACHCHERfs, bk b1 yBBGY Tuold Bl dghe s, 7000 fRa e 2"

pr ef er abl ypeeferghdt.i ¢ di pepti de wherein two ami no acids of L form condense
to forma di ket opi perazine ring or substituted conmpounds thereof is used.
Exanpl es of the above condensing am no acids preferably include cyclic

(aromatic) am no.ggCi .as_phenyl al ani ne i sti.dine, tryptophan and
tyrosi ne. Exanpl elgl%é’?cssc%té%‘geﬁl?%‘é%?e’i%a?ﬂr‘?gzbg%%&tﬁ? G&g&%ﬁéﬁﬂ 8¢ the
above cycl ésmpbupePéict s idiilorsiheRcilae CE), HEWAzin yl,
CzZ-,5 al kynyl_l?ij C _u al koxy, ar gl kyl ,ﬁhgb;)gfg?(yl ,)’adam){:{nzg)r,le ﬁlz??solﬁ%%d aryl. These
subst i t uenfesrigyayidpdetamethylphenglénediarhine tahéd quinains; as welh b{ sjturahosingoupds t  Of

t he carbon_chain. y be branched . or i zed, may conprise al heteroatom,
may nut ual ﬁ“ﬁﬂfa&rrﬂ? "r’?‘ﬁ@’,“e d?“"& “%W%e“’é"‘b‘f gfctine dipugieotile phosphte of

deconposi NQNADP), iflPine RighinsS #ialiESHLR VA D) A ! : | or
c2-, al ke%, rr)\t;re E)uraeferlzlibl y f’?&dléi%-dl m%‘tﬂﬂlhl E)@%‘E%ﬁ{} Q%hﬁ%@gty of
conpounds quedingsquiltmesPQQ)r and cyptbelironienbobeweves, imeng ds

(Japanese Patent Appl.i i Layi ng- Open (kokai) No 10- 130266; Kanoh et
al 2Bl oor GepomeshBGTE P Fespe ide, {etramethyjphenylenediaming amb quinpnes gre7 - 2852,

1997; preferable, and DCIP and/or PMS are further preferable.

The dehydrogenase of the present invention may be obtained from any
organism, but ones derived from microorganisms such as bacteria, actinomycetes and
_ filamentous fungi are preferable, ones from actinomycetes are more preferable, and .

ones from Streptomyces albulus are even more preferable.

The dehydrogenase from Streptomyces albulus has the following

physicochemical properties:

@) Function: The dehydrogenase from Streptomyces albulus acts to convert a

carbon-carbon single bond on the position 3 or 6 into a carbon-carbon double bond.
(i)  Substrate specificity: The dehydrogenase from Streptomyces albulus converts

phenylahistin into dehydrophenylahistin, and converts cyclophenylalanylhistidyl

into dehydrocyclophenylalanylhistidyl or tetradehydrocyclophenylalanylhistidyl.
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Kanoh et al., Bioscience Biotechnology Biochem stry, Vol.63, No.6,

pp. 1130-1133, 1999; Kanoh et al., Bioorganic & Medicinal Chem stry, Vol.7,
pp. 1451- 1457, 1999), and these conpounds are avail able. O her conpounds
can be produced by the sane nmethods as those described in Kobpl 8'le2llh| .
The Journal of Organic Chem stry, Vol.33, pp.862-864, 1968 or N tecki et
al ., The Journal of Organic Chem stry, Vol.33, pp.864 15 1 6 JUL 2004 866,
1968. The dehydrogenase of the present. invention includes nol ecul es having
a variety of -nolecular weights, -but one whose nol ecul ar weight is

700- 800 kDa, | s referable. The present invention can use, as a coenzyne of
t he dehydr 88éna QP"@FH#ﬁé%?C conpounds such as di chl or ophenol i ndophenol
(DCI P), phenazine nethosulfate (PMs), ferricyanide,

t et ramet hyl phenyl enedi am ne and qui nones, as well as natural conpounds
such as ni g9} | NpHGAEBilR stbltl7@9 0de (NAD), nicotin adenine dinucleotide
phosphat e (NADE), fl avi ne adeni ne di nucl eotide (FAD), flavin
nononucl eoti de (FMN), pyrrol o- quinoline quinone (PQQ and cytochrones.
However, amgng $hem FM\ ﬁ%ﬁ% cytochrones, DCl P, PMS, ferricyanide,
tetranethyﬂﬁhen PURLE; teRpeTa éoé%inones are preferable, and DCl P and/ or
PMS-are further preferable. The dehydrogenase of the present invention may
be obtained fromany organism but ones derived from m croorgani sns such
as bacteri qvi) acHeatgmpility:aembkeru 20470t Qrdeadtivagd at8WIC are preferabl e, ones from
actinonycetes are nore preferable, and ones from Streptomyces al bulus are
even nore preferable. The dehydrogenase from Streptonyces al bul us has the
fol | ow ng ySj ] . rédeesy, (i) Function: The dehydrogenase from
Streptonycggﬁal%@@%gﬁggﬁgh%g&@gﬁbé¥%ﬁ? a carbon-carbon single bond on

the' position 3 or 6 into a carbon-carbon doubl e bond.

The dehydrogenase of the present invention may be used not only as a natural
tissue or cell, but also as a cell-free extract or enzyme solution obtained by partially or
fully purifying the cell-free extract. The dehydrogenase may be purified according to
the common enzyme purification method. Also, the multi-step reactions may be

carried out at one time by mixing other enzymes.

The dehydrogenase of the present invention can produce a compound wherein,
in the above formula (I), at least one of (Bi) and (B2) is a carbon-carbon double bond or
a compound wherein, in the above formulla (), (B2) is a carbon-carbon double bond,

. by using as a substrate a compound wherein, in the above formula (I), at Iea‘st one of
(B1) and (B2) is a carbon-carbon single bond, or a compound wherein, in the above
formula (II), (B2) is a carbon-carbon single bond. And these compounds are uscfui as
a cell division inhibitor or an antitumor agent.

Some examples are provided below to describe the present invention more

specifically.

The active ingredient of the cell division inhibitor of the present invention is a
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(1i1) Substrate specificity: The dehydrogenase from Streptonyces al bul us
converts phenyl ahistin into dehydrophenyl ahistin, and converts
cycl ophenyl al anyl hi stidyl into dehydrocyclophenylalanylhisH| JUL
t et radehydrocycl ophenyl al anyl histidyl 16 1 6 JUL 2004 (iii) tlnun1pH
8.3 (iv) pHstability: stable at 7.0-9.0 (v) Optinumtenperature: 60*
(vi) Heat stability: stable at 20-70'C, deactivated at 80'C (vii) .

Mol ecul ar wei ght: 700kDa- 800kDa The dehydrogenase of the present invention
may be usedubstdnce mihgrehys ismtheabovaformblagF) et loast oat bf (Bl)tand(BD) i aartwal | - free
extract or enzyne solution obtained by partially or fully purlfyln the

cel | -free éxbppdpublohend;and epseniaive examplseinslnde sulstituedcernanriybstiut

f t hod, .Al cgcCt. b
car i ed oubeBdraike ténﬁﬁ‘fgﬁzﬁg?ewibftﬁtawspﬁ‘?‘éﬁﬂ-@w@wé% eyt e EGAAeS ”afy he
present i nygnkikAd GAMURIREHES e tfde” subdtituted) Gr ARRUEsHREdTU! 2
(1), at least one of (Bl) and (B S a ca bon tarbon doubl e bond or a

conmpound wWketradehydrd-cydiibe atipeptidé,or npﬂmculdrly) fuBRfjituted a arar bamsubstinized doubl e
bond, by using as a substrate a conpound wherein, in the above formula

(1), at IeQ%liydwdef’he“q’hh“ymd(‘BQ)te‘F%dethHQ‘FYSMhWWIWWL@Pfﬁﬁﬁ’&b or a
d
oo RS ford Db R b B da Ry o COT D

or an antitunor agent. Sone exarrpl es are provi ded bel ow to describe the
present. invention nore specifical I%. The active ingredient of the cell
di vi si on i nhi bit ohs a# exaraplpy @e apathad gk produeing Jelydtophenylahigisl iso@ovided

below, but needless to say, the present invention is not limited thereto.

The method of collecting a novel compound dehydrophenylahistin by
culturing an actinomycete, for example, Strepromyces albulus KO23 (which was
deposited with the National Institute of Bioscience and Human-Technology, Agency of
Industrial Science and Technology (Higashi 1-1-3, Tsukubafshi, Ibaragi-ken, Japan)
under accession No. FERM BP-6994 on Yanuary 14, 2000), preparing a dehydrogenase
from the culture, and allowing it to act on phenylahistin is specifically described later.
But, as a dehydrogenase, either a purified enzyme or a natural cell extract may be used.
Generally, the dehydrogenase can be prepared according to the method of culturing an

_ actinomycete belonging to the gcnué Streptomyces. After tﬁe culture, in order to purify
the dehydrogenase of the present invention from the culture solution or prepere a cell
extract containing the enzyme activity, generally a common method used to purify the
enzyme derived from microorganism can be applied as appropriate. For example,
methods such as ultrasonic disintegration, centrifugation, salting ouf, dialysis, various .
ion exchange resin methods, nonionic adsorption method, chromatography including gel
filtration chromatography, high performance liquid chromatography, crystallization or

freeze-drying can be applied separately, in combination as appropriate, or repeatedly.

The method of carrying out dehydrogenation reaction by using an enzyme
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subst ance wherein, in the above formula (1), at |east one of (Bl) and (B2)
Is a carbon- carbon doubl e bond, and representative exanples include
substituted or non-substituted dehydrodiketopi perazines, substituted or
non-substituted tetradehydrodi ket opi perazi nes, substituted,o
unsubstituted dehydro-cyclic dipeptide, substituted or unsuBst /Pt 20
tetradehydro-cyclic dipeptide, particularly substituted or unsubstituted
dehydr ocycl ophenyl al anyl hi stidyl or tetradehydrocycl ophenyl al anyl hi sti dyl

repr esent edolution érvellakexcE pephrell adatiobk ks spRAificdIly deS&ibeRH HeGilaRple tater.
dehydr ophenyl ahi stin. As an .exanple, thé nethdod of producing ?

dehydr ophe Ryt thérfast ishait an praymiecebition med dsubstrate phengihhissia thePedfaye mixed t9r esent
i nvention is nOtbé‘hiFm ted thereto. The nethod of collecting a novel conpound

d
dehydr opheffFFLfivutiersugh as 2 phasphate,Butfss. oM mperssapp &t is possihle txaddrnegrganic

St rept ony cesivéd iih ich was deposited with the National Institute
of Biosci enc‘é and Eﬁeﬁag%&%gg‘#%él ogy, Agency of -Industrial Science and

Technol ogy (H gashi 1-1-3, Tsukuba-shi, |baragi-ken, japan) under accession
No. FERM BP-6994 on January 14, 2000), preparing a dehydrogenase fromthe
culture, and al | dniordsrite punfyzand iselatp ehydreptienylahistis fiopetiefabend kaace&@scr i bed
later. Bu as a'dezm/dro enase, eth(g]er .a _purified enzyne or a natural cell
extract may De udEHr n&yanpy, method 9F Hydrtngdnuiding corganie gomneands is

accor di ng imlikdes f I ' cll bel ongi ng to.the
genus Streg?onyceg.ﬁﬁl%?ﬁaetrg the %ﬂ&ﬁp&?fé@oﬁéﬁ@%@%ﬁ%ﬁ% &% Tesin

dehydr ogermaetbodst eitk pomemint adsorpiidn Omeftiogsh t£i8 Clllchtiie SRlodatdRaphly, Pr epare
a cell extract cor];t ai ni iri]% the enzyne activity, generally a cormmon’ net hod
used to pUffISAPEHaPhY YR adsotbents inclidingretivated esbem aluming ailich gelgipl aeld as
appropri at [~ I7=I .h | t.rasoni ¢ _di sintegration,

centr !Of ugaltﬁclgho ﬁ?ﬁggﬁ%dﬁgﬂt aﬁé{ﬁgﬂ% ?l.s& ?/rggt‘iﬂg’ﬁ%mnf oA ﬁgﬁ‘g"é‘“g%%‘f; n°Tet hods,
noni oni ¢ dtees-gtyingcanbe bpslied s byaedrell, g canbinalioasudbRBris@! or bpdatdad). i On

chr omat ogr aphy, high performance |1 quid chromatography, crystalllzation or
freeze-drying can be applied separately, in conbination as appropriate, or

Lepeatedy: The Bl iRidh' Patith BFME"BIRHLR hE2Seh duiionS "9 2"
inhibitory activjty, as disclosed in Examples later. The usage, dosage form and applied
dose (usage) of the cell division inhibitor of the present invention comprising
dehydrophenylahistin as an active ingredient are determined as appropriate depending
on the intended use. For example, in the case of the antitumor agent of the present
invention comprising dehydrophenylahistin as an active ingredient, it may be
administered either orally or parenteraily. Examples of the dosage forms include oral
preparations such as a tablet, powder, capsule, granule, extract and syrup, or parenteral

. preparations such as an injection or suppository. ‘These formulations are produced
-using pharmaceutically acceptable additives such as an excipient or binder according to
known methods. The applied dose of the antitumor agent containing the above
dehydrophenylahistin as ‘an active ingredient depends on the age, body weight,
susceptibility, and symptoms of a patient. However, the effective amount is generally
about 0.1mg to 1g per day per adult, and it is also possible to administer just once per

day or devidedly several times per day. Furthermore, a dose beyond the above normal

limits may be also administered as needed.
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1 6 JUL 2004 solution or cell extract prepared as above is specifically
described in the Exanples later, but the fact is that an enzyne sol ution
and a substrate phenylahistin thereof are mxed to react in buffer such
as a phosphate buffer. If necessary, it is possible to add qg Jug2i8:c
solvent to the reaction solution. In order to purify and isolate

dehydr ophenyl ahi stin fromthe above reaction solution, generally a connon
nmet hod of isol ating/purifing organic conpounds is applied as appropriate.
For exanple met hods such as various ion exchange resin nethods and

noni oni ¢ adsorption nethods; gel filtration _chromatography, chromatography
wi th adsorbents |WB%H1%§€°&E#§ verdets 8 SR %ﬂ%uh“?ﬁ!ie iesamigationtthe | and

hi gh f h .
CoatentT s RSt Stthd o ONRE SARARR K mE YN BCbd 3 b Abenl M venie 1 on
as appropr wge%anw s RmE 3k aFtidous [Bpdunely aﬂh&@mhammm@:e%OMQ BYvdridgs above

nmet hod has c division inhibitory activity, as disclosed in Exanples
| at er. Theculwgbqellckystage f Brampieschfahe hpdidabld osganicumbga)s iotludd medmhsl,
di vi si on | or of the resent i nvent i on.conpri sing _dehydr ophenyl ahi sOn

as an actl Kide etcar xa@P@f & ) dasags fprmsiickide Solif GgEmtA $UChHas t he

I ntended u E+ hes

present i @én ot ‘%}c‘@g@ﬂ% Argg' %Iaﬁy(g opﬂ%frn%/ |°§'%|Hn$a éoﬁgg%“veo}‘}ﬁggem ent,
it may be armmal‘likst eGattralyl hleéffaih&é hinodit ¢fahe BEIERigion inkibHaP b&BpHding he
dosage forns include oral preparations such as a tablet, pomder capsul e,

granul e, etherghove dalydsgphapylalystinp ay antastisg ingredipatr ist 0.8hd 08ug/mla Dus rthe

i njection ository, These f a roduced

phar e out P ERE Eub dspNE G (¥, B2t Rl Sl SRERER: seifadl ey

accor di ng thekﬁﬂ%oﬂiﬁﬂﬁg&ﬁi thd Bove RBInh A BnBR $ayWe AddeaddihisleHARE nd&RA!

contai ning the above drophenyl ahi stin as an active ingredient depends

on the age, body weight, susceptibility, and synptoms of a patient.
However, the effegtive anpunt nerall out 0. 1 er day per
Ut and o1 s TSRO weBaSCRR e allepl Ptorisntt dp eldled T che

devi dedl y dpedification! bfMspaele Batnt MPpLERGADKE. 2800195%0 Rawends L pridhiey

nor rral
document of the present application.

Best Mode for Carrving Out the T .

The present inﬁentiOn will be further described in the following examples. In
the following examples, cyclo(A,-A,), -which is a cyclic dipepticié formed by
condensation of two amino acids A, and A, into a diketopiperazine ring, is desxgnatcd
CA A, (A, and A, represent amino ac1ds in single-letter notation, rcspectxvcly) All of

_the cyclic dipeptides CA,A, are LL-isomers unless otherwise specified. A D-amino
acid is designated, for example, DA, if necessary. Further, dehydro-peptides are
designated A, so that CAA, A, represents cyclo(AA,-A,), CA,AA, represents cyclo(A,-
AA;), CAAAA, represents cyclo(AA,-AA;), and ACA A, represents a mixture of
CAA,A,,CA,AA, and CAA,AA,. Furthermore, PLH represents phenylahistin.

Example 1

¢y Phenylahistin was prepared as follows.
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limts may be al so adm nistered as needed. 19 1 6 JUL 2004 Wen the agent
Is used as a reagent for a biochem cal exam nation, the developnent of the
cell cycle is inhibited at the @QIMperiod, if the agent is dissolved in

an organi ¢ sol vent or hydrous organic solvent and adm nistered directly to
various cultured cell systems. Exanples of the applicable dlgdéli @¥ol vents
I ncl ude met hanol, dinethyl sul foxide etc. Exanples of the dosage forns .

i nclude solid agents such as powder or granule, liquid agents dissolved in
organi ¢ solvent or hydrous organic solvent, and the like. CGenerally, an
effective amobunt of the cell division inhibitor conprising _the above
dehydr ophenyl ahi Bhénylahistinmpreducing dacieginleeslisntdspagdug sy H038pwhichhe
appropri ate anpunt, depenpd it he of lLtured cell.,syst ar, i ntended
o6 “Prurt hef dearpteloie ey Srieeh RN of BidrtbRe: 4 FH SRk

adm ni ster : 4 b Qi & 4R6 -sir i-én.t he
ot ent s A EGD Jtanahal Spichoe 3 e R L A 1 T b g R, a1 on
No. 2000- 93an)\ihddh atcessiop Noo FERM Pd1fi8G0emt Septenties 3p 1836 tweagp pidculatedon.

hest -Mdde for Carrying Qut the Invention The present ‘invention will be
further degntifiuedppi oniaesolid meditinn G20mbpgs e dish) whirh @Bﬁrw-ﬁ 29cos%| es,

cycl o(A -A2), which_ s, a cycljc di tid C e | . t wo
ani no aci ﬁé%A,glyﬁ?{ﬁﬁm AtD &x{&‘?‘i%g?%gf“purg’?{j‘ﬁ[éq‘?"?‘r?g?“f‘s‘g@%s p??? gﬁj“ﬁ&A, A2
(A, and A2 pigRAesRNi SH AP (ALESS | Thedeligvierd fich eliniied af 260 forcp aaptinvel v) .
Al of  the cyclic dipeptides- CA A2 are LL-isoners unless otherw se

speci fi ed. tha darlame obtainag ispore suspessiomat’Bi, refulding: sparp Isespenyipn (9.1 mipdassary.
Further, dehydro-peptides are . designated “so.that CAA A2 represents
Cycl o An, - ESpulate eal e4ch ot A0 sbg ke 20 kB iecSos e a0l gL P

cyclo(. A, -} B4l ¥e ARFSRA UM arR. TR bt cultire Was FasHed and
CDA, DA2. Fﬁ‘r%tg)ﬁglr m)r%, Plleifgigpfwesent s phenyl ahi stliggn‘?u Exearrpl e SI udibg a

mixer, and after addition of 8L ethyl acetate, was aliowed to stand for 2 days then

D

extracted. The collected ethyl acetate layer was concentrated under vacuum to obtain
15 g brown syrup. This syrup was dissolved in 20 ml ethyl acetate and applied to a
silica gel column (8 cm in diameter, 20 cm in' length) prepared with 1:6 acetone-ethyl
acetate, followed by elution with 1:6 acetone-ethyl acetate. The eluted solution was
fractionated into 500 m! fractions in orde_r of elution. Phenylahistin was contained in
the fifth to tenth fractions, which were then concentrated under vacuum to obtain 4.7 g
dark brown powder in total. This dark brown powder was dissolved in 10 mi
chloroform and applied to a silica gel column (4 cm in diameter, 30 cm in length)
prepared with chloroform, followed by elution with 500 ml chloroform and then 50:1
chloroform-methanol. The compound of intcrest was eluted with 50:1 chloroform-
methanol to obtain 1.05 g brown powder in total. After addition of 100 ml ethyl

acetate, this brown powder wds mixed well and allowed to stand for 2 days to separate

out 628 mg phenylahistin as white powder.

(2 Culture of Streptomyces albulus KO23 and preparation of a cell-free extract

were carried out as follows.
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(1) Phenyl ahistin was prepared as follows. 20 1 6 JUL 2004

Phenyl ahi sti n-produci ng bacterial cells (Aspergillus ustus NSC F038, which
.was deposited with the National Institute of Bioscience and

Human- Technol ogy, Agency of Industrial Science and Technﬁ%ogﬁEggﬁgash
1-1-3, Tsukuba-shi, Ibaragi-ken, Japan) under accession P- 15830
on Septenber 3, 1996), were inoculated onto five spots on a solid nedium
(20 M per 9 cmdish) which contains 0.5%glucose, 2% glycerol, 0.2% yeast
extract, 2% Pharmanmedi a (cottonseed cake), 0.25% sodi um chloride and 1.5%
agar (pH 6.5). The cells were then cultured at 26 "C for 7 days in the
dark to obtain a spandlistseREikked witecoamiak 50000 FPQREEL ERRAS-on (0.1 n)
was inocul ated onto each of 4Q0 dishes containing 20 m_ of the above solid

medi um and YReRaCAEPaRd Frxed g 3t op Whigh &y iPererchad e Tl resul ti ng
cul ture was Oél‘éb? grhgsg; as@g?ﬁﬁon afyfls %ﬁeﬁﬁom@ 8 18003 /k&NY! acetate,

was al |l owed t and for then extracted. e collecte et hyl

acet at e | ayerculnae medivne mdtculammn@m the following aomditionso bTh;:l calturd fediprbliadwn. syr up.
This syrup dlssko ethyl acetate and applied to a silica
gel colum mgﬁ ??%W lg)‘Egicmin | ength) prepared with 1:6

acetone-ethyl acet at e, follomed by elution with 1:6 acetone-ethyl acetate.
The el uted sol uti on was fractlonated into 500 m fractions in order of

el ution. Phenyl ahistin was contai ned2al the fifth to tenth fractions,
whi ch were then concentrated Hﬁg@ﬁmﬂﬁﬁ#“ tain 4.7 g dark brown
powder in total. This dark brown po I'ssolved in 10 m  chl orof orm

and applied to a silica gel Quosern (4 cn1|n dianister, 30 cmin | ength)
prepared with chloroform f |OMﬁd by el ution mﬁbh 500 m chl orof orm and
then 50:1 chl orof orm net han he conpound of Pnterest was el uted with
50: 1 chlorof orm methanol t @ogpdphn 1. 05 g browngpowder in total. After
addition of 100 m ethyl acetate, this brown pomder was m xed well and
allowed to stand for 2 days B¥¥Earate out 628%y phenyl ahistin as white

powder . © CaCo, - 4
pH73

Table 2 shows the culture conditions.

Table2
Culture conditions
) Pre-culture in 200 m] Erlenmeyer flask
KP medium _ 40 m!
Culture period 24 hours
Rotationspeed 180 rpm
Temperature 28°C
Maijn cuiture in 5 L jar fermenter
KP medium 3L
Antifoaming agent
{Antiform AFI emulsion) 10g pcr3 L
Culture period 48 hours
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(2) Culture of Streptomyces al bulus K023 and preparation of a cell-free
extract were carried out as follows. 21 1 6 JUL 2004 Ten mlliliters of
sterilized water containing 50-200 pl surfactant (Triton X- 100) was added
to and mxed with a slant on which gray spores had fornmed tweljyL 2phhereby
obtai ning a spore suspension. This suspension was diluted 1000-fold in a-
culture nmedium and cultured under the follow ng conditions. The culture
medi um had the conposition shown in Table 1. Table | KP medi um conposition
(g(L) dQucose 15 Gycerol 10 Polypepton 10 Beef extract 10 CaC33 - 4
pH 7.3 Table 2 shows the culture conditions. Table 2 Culture conditions’
Pre- ulture in 200m Er | ®&owopepeed | ask KP nedi um 4300ipm Cul t ure period 24
hours Rot ati onspeed 18% LPH] ngperature 28 'C Main culture in 5L jar

f eEment er KP medi um 3 L ventiation volume L per 3 min

Temperature 28°C
The cell-free extract was prepared as follows.

The culture solution (40 ml) was centrifuged at 20,000 x g for 15 min at 4 *C
to collect the cells. These cells were suspended in 40 ml physiological saline, and then
centrifuged again at 20,000 * g for 15 min at.4 *C to wash the cells. These cells were
suspended in 7.3 ml sodium phosphate buffer (10 mM, pH 8.0), followed by
ultrasonication (15¢ W, 1.5 min, KUBOTA INSONATOR 201M). The resulting
solution was centrifuged at 20,000 x g for 15 min at 4 *C to obtain the supematant as a

cell-free extract.

) Conversion reaction of phenylahistin into dehydrophenylabistin  and

purification of the reaction product were carried out as follows.

The reaction mixture had the composition shown in Tabie 3.

Table3
Reaction mixture composition
Phenylahistin 0.5 mg/ml
Dimethyl sulfoxide 10 % (vvV)
Sodium phosphate buffer (pH 8.0) 5 mM
Celi-free extract 0.145 units/ml
Temperature 50°C

The above reaction mixture (100 ml) was divided into 200 ml Erlenmeyer

flasks to contain 20 ml reaction mixture in each flask. The reaction was carried out at
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Antifoarning agent (Antiform Ake emulsion) 10 g per 3 L Culture period 48
hours 22 1 6 JUL 2004 Rotation speed 300 rpm Ventilation volume 2 L per 3
mn Tenperature 28 'C The cell-free extract was prepared asef.pll ggos. The
culture solution (40 mM) was centrifuged at 20,000 x g for 15 mn at 4 'C
to collect the cells. These cells were suspended in 40 nml physi ol ogi cal
saline, and then centrifuged again at 20,000 x g for 15 mn at.4 "Cto
wash the cells. These cells were suspended in 7.3 m' sodi um phosphate

buf f er ( 10160Vstrdel/Bi Yor N duesMrelldwed By denasegiton d 20,00850g Wr 15 il
KUBOTA | NSONATOR 201M . The resulting solution was centrifuged at 20, 000 x
g for 15 n#nCde ohtain@ yellowipredipitattre Tusprecipitate waa dissolverkinl 55 memethanolact .

(3) Conversion reaction of phenylahistin into dehydrophenylahistin and
purificat i%Jﬁ”S‘F“ W@¢$§&gﬁwﬁt§9§%étﬁ gt rminat4 & ofhe rasnlfng suppmatath e

e 2", il AR SRR R R0 e, MRl SR
Sodi um phasgthaic?, thetbbesbidiping3.93)fg dehy@RiphedylRstinas haehOw hé&i1e aiykel, m
Tenperature50 ' C
The resulting dehydrophenylahistin has the following physicochemical data:

EIMS m/z: 348 (M’, 100), 133 (25), 160 (17), 260 (16).

UV (MecOH) Imax, nm (e): 205 (16600), 363 (35300).

'H-NMR (500 MHz, CDCL,):

5 1.51,6H, s

8 5.16, 1H,d (J=17.4)

6 5.20, 1H, d 3=10.7)

0 6.03, 1H, dd (3=10.7, 17.4)

56.96,1H; s

56.98,1H, s

8 7.32, 1H,d (J=7.0)

0 7.37,2H,d (J=7.3)

6743, 2H, dd (J=7.0, 7.3)

07.57,1H, s

08.04,1H, s

99.06, 1H,brs

012.23,1H,s

The resulting product was identified as (Z, Z)-dehydrophenylahistin based on
NOE observed between a proton of diketopiperazine (3 8.04, 1H, s) and protons of
phenyl group (d 7.43, 2H, dd (J=7.0, 7.3)). It has the following structural formula

(m:

24



The above reaction m xture (100 m) was divided into 200 m Erl enneyer
flasks to contain 20 m reaction mxture in each flask. The reaction was
carried out at 23 1 6 JUL 2004 160 strokes/mn for 24 hours, 1fpljpovest by
centrifugation at 20,000 x g for 15 min at 4 'Cto obtain a yellow .
precipitate. This precipitate was dissolved in 55 m nethanol, and then
centrifuged again at 20,000 x g for 15 min at 4 'C. The resulting
supernatant was vacuuned-concentrated and dried to a solid, followed by
recrystallization from methanol, thereby obtaining 5.58 ng

dehydr ophenyl ahi-stin as a yeI“nN needl’e crystal. The resulting

dehydr ophenyl ahi stin has the ‘ellomﬁng physi cochem cal data: EIMS nmlz: 348
(M, 100), 133 (25), 260 (16). W (MeOH) | max, nn1(e): 205
(16600), 363 (3530 13): 61.51,6H,s 6 5.16, 1H, d
(J=17.4) b 5. 20, | Byudd (1= 1%[§?17 4). 66.96, 1H, s
66.983IH s 6 7.32 2H, d.(J 6 7.43, 2H, dd
(1=7.0, 7.3) 6 7 1H brs 6 12.23, 1H, s

on

Example 2 .
Dehydro-products of cyclophenylalanylhistidyl (CFH) were prepared from
CFH through dehydrogenation as follows.

Table 4
Reaction mixture composition
CFH 0.5 mg/m}
Dimethyl sulfoxide ' 10 % (v/v)
Sodium phosphate buffer (pH 8.0) 9 mM
Cell-free extract from Example 1 0.435 units/ml

The reaction mixture (100 ml) shown in Table 4 was prepared and divided into
five 20 ml Erlenmeyer flasks. The reaction was carried out in Reciprocal (160
strokes/min) at 50 *C for 24 hours. After 24 hours, the reaction mi;cture was
centrifuged at 20,000 x g for 15 min at 4 °C to obtain the supernatant. This
supernatant was extracted with ethyl acetate, and then purified by HPLC (Witers 600
Controller, 486 Tunable Absorbance Detector, 616 Pump, Inertsil ODS-3 column ¢ 20 -
mm * 250 mm, 60% methanol as a solvent, flow rate of 10 ml/min, UV detection at 256
nm), thereby obtaining three dehydro-products at retention times of 3.9 min, 9.1 min
and 11.6 min. Instrumental analysis indicates that the proddct eluted at 9.1 min is E-
tetradehydrocyclophenylalanylhistidyl (CE-AFAH) of the formula (IV), the product
eluted at 11.6 min is Z-tetradehydrocyclophenylalanylhistidyl (CZ-AFAH) of the
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NCE observed between a proton of diketopiperazine (6 8.04, 1H, s) and
protons of phenyl group (d 7.43, 2H, dd (J=7.0, 7.3)). It has the

followi ng structural formula 24 1 6 JUL 2004 Exanple 2 Dehydro-Bro cts of
cycl ophenyl al anyl hi stidyl (CFH) were prepared from CFH thréLﬁgH L 2004
dehydrogenation as foll ows. Table 4 Reaction m xture conposition CFHO.5
mg/ M Di net hyl sulfoxidel0 % (v/v) Sodi um phosphate buffer (pH 8.0)9 nm
Cell-free extract from Exanple 10.435 units/m The reaction m xture (100
m) shown ifpmhad (@), 4nWake PFoARGY Sitked D 30i1Vintle s aeﬁy&roc{{dlegﬂaeﬁgaﬂhméﬁaﬁmeyef
flasks. The reaction was carried out in Reciprocal (16 strokes/m™nn) at 50
*C for 24 KOHAH) oftthe frmlk (Mdurs, the reaction mxture was centrifuged at
20,000 x g for 15 min at 4 *Cto obtain the supernatant. This supernatant
was extracted with ethyl acetate, and then purified by 'HPLC (Waters 600
Control l er; 486 Tunabl.e Absorbance Detector, 616 Punp, Inertsil ODS-3
colum 4 20 tnmx 250 60% net hanol as a solvent, flow rate of 10
m/mn, UV detection at nm, thereby obtaining three. dehydro-products
at retention tines of n, 9.1 mn and 11.6 mn. Instrunental analysis
i ndicates that the prod elged at 9.1 mn is _E-

t et radehydr ocycl ophenyl a {stidyl (CE-AFAR) of the formula '(I1V), the
product eluted at 11.6 Qi 3 Z-t et radehydrocycl o?h nyl al anyl hi sti dyl

(CZ- AFAR) of the 25 1 6 JUDY200MNHf or NiFa\( V), andI¥he product el uted at
30.1 mn is dehydrocycl ophényl a le L Sti QoK

HN

(V)

The compound (V) has the fﬁllowing physicochemical data:
EIMS m/z: 280 (M", 100), 107 (36), 279 (29), 281 (18).
UV (MeOH) Imax, nm(e): 205 (14800), 257 (6500), 351 (27100).
'H-NMR (500 MHz, CDCl,):
06.777,1H, s

26



(CFFH) of the formula (VI). (V) . (VI) The conpound (V) has the follow ng
physi cochem cal data: EIMsS mlz: 280 (M, 100), 107 (36), 279 ( )m§81
(18). W (MeOH) | max, nn(e): 205 (14800), 257 (6500), 351 (217 . H NVR
(500 MHz, CDCI3): 6 6.77, 111, s 26 16JUL2004 6 7.02, 1H, s 6 7.22, 1H m
b 7.33, 1H t (J=7.3) S 7.37, 2H, d (J=7.3) 8 7.43, 21, dd (J=7.3, 7.3) b
7.75, 1H s 6 8.09, 1H s 69.30, IHbrs 6 11.91, IH=s Exanple 3 A variety
of dehydrodi ket opi perazi nes were prepared fromdifferent diketopiperazines
as substrab@®2itH.cugh dehydrogenation reactions using the enzyne of the
present -invention as follows. Table Reaction m xture conposition D nethyl

sul f oxi de 9 BRBAH@6 (v/ v)

. 5733, 1H,t(0=7.3)
57.37, 2H, d (3=7.3)
57.43, 2H, dd (0=7.3,7.3) -
57.75, 1H, s '
58.09, 1H, s
59.30, IH, brs
51191, 1H, s

Example 3
A variety of dehydrodiketopiperazines were prepared from different

diketopiperazines as substrates through dehydrogenation reactions using the enzyme of

the present invention as follows,

Table 5
‘Reaction mixture composition

7 Dimethyl sulfoxide (DMSO) 10% (v/v)
Sodium phosphate buffer (pH 8.0) 52mM
Dichlorophenolindophénol (DCIP) 80uM
Phenazine methosulfate (PMS) 120 uM
Cell-free extract from Example 1 q.s.

* Substrate : - 05mM
Total 0.5ml

The reaction mixture shown in Table 5 was used for the dehydrogenation
reaction at 37 °C. The reaction f)roduct was analyzed by HPLC and detected by UV
absorbance at 256 nm. This method provided the following dehydro-producﬁ :

ACAFE, ACFP, ACFG, ACFH, ACFL, CAFL, CFAL, ACFS, ACFV, ACFW, ACLW, ACLY,
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Sodi um phosphate buffer (pH 8.0)5.2 nM Di chl orophenol i ndophenol (DCIP)80 i M
Phenazi ne net hosul fate (PMS)120 pM Cel |l -free extract from Exanple Iq.s.
Smhstrate0.5 MM Total 0.5 ml The reaction m xture shown in 'Iiaé)IJ%LSM\@s used
for the dehydrogenation reaction at 37 C. The reaction product was

anal yzed by.HPLC and detected by UV absorbance at 256 nm This nethod
provi ded the foll ow ng dehydro-products: ACAF, ACFF, (c)CFG ACFH, ACFL,
CLFL, CFOL, ACES, ICFV, LCFW LICLW ACLY, 27 1 6 JUL 2004 ACVY, ACWN
ACWY,  ACDACVNAWCWIWACWS, ACHWIYNW reaftite ADformbxai@Am 4. A variety of

dehydr odi ket opi perazi nes were prepared from di fterent diket opi per azi nes as
substrates through dehydrogenation reactions using the enzyne of the

present in i as follows. Table 6 Reaction m xture conposition D nethyl
sul f oxi de. %@%@0% (v/v) Sodi um phosphate buffer (pH 8.0)5.2 nMCel | -free

extract from Exagpharib® Sf %Hlﬂﬁi}éﬂ : ﬁéﬂﬁ s | Sentl . eaction
m xture shown in Tabl e@6 was used f&(ﬁ”i’% e cfrghywcfrr%gg}r?g%r?gnﬁlaﬂea%ﬁg%ﬁ{ at 37
'C. The r edikefopipepeindsiat subssatesnthtopgie deHydrdgeh4stionneactiohe Géirgtheendyme of

the present invention as follows.

Table 6
Reaction mixture composition
Dimethyl sulfoxide (DMSO) 10% (v/v)
Sodium phosphate buffer (pH 8.0) 5.2mM
Cell-free extract from Example 1 i q.s.
* Substrate _ 0.5 mg/mt
Total 0.5ml

The reaction mixture shown in Table 6 was used for the dehydrogenation
reaction at 37 *C. The reaction product was analyzed by HPLC and detected by a
photodiode array detector (multi-channél UV, 220 nm to 400 nm). This method
provided the following dehydro-products: |
ACAH, ACAW, ACAY, ACD(OMe)D(OMe), ACDF, ACFG, ACFS, ACFV, ACFW,
ACGL, ACGW, ACGY, ACHH, ACHW, ACHY, ACLP, ACLW, ACLY, ACMM, ACSY,
ACVW, ACWW, ACWY; ACDWY (W residue is D-form), and ACD(OEt)G, wheiein
D{OMe) reprcsénts an aspartic acid having a methylated carboxyl group on its side
chain (y-position), and D(OEL) represents an aspartic acid having a ethylated carboxyl

group on its side chain (y-position).
Example 5

A variety of dehydrodiketopiperazines were prepared from different

diketopiperazines as substrates through dehydrogenation reactions using the enzyme of
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phot odi ode array detector (rnulti-channel UV, 220 nmto 400 nm. This nethod
provi ded the foll owi ng dehydro-products: ACAH, ACAW. ACAY, ACD(Owe)D(Owe),
ACDF, ACFG ACFS, ACFV, ACFW ACGE., ACGWN ACGY, ACHH, ACH4g WACLP,
ACLW ACLY, ACW ACSY, ACVW ACWN ACWY,. ACDWY (Wresidue is D-torm, and
ACD(CEt)G wherein D(OWe) represents an aspartic acid having a nethyl at ed
carboxyl group on its side chain (y-position), and D(OEt) represents an
aspartic acid having a ethylated carboxyl group on its side chain .

(y- posi t i othe.préseatrip¥entiofasfallows.y of dehydr odi ket opi perazi nes were prepared
fromdifferent diketopiperazines as substrates through dehydrogenation
reactions using the enzyne of 28 1 6 JUL 2004 the present invention as

follows. The reagtion procedures as .descrjbed in Exanple 3 were repeated
and an anmount o ed‘éel?ffgq”oﬁ@ ‘é‘{ 2% JeserReds iy, Fxamples3 geere repeated asdsard on a

h [ e, . h he.
o Gy o S0 1, e e e G Al bl PR B Y omch

substrat e, abshibatce ias 60(rmssdae a® Roémlak] VETHM UR {RVsARROTRERGE sor CFI
was set to_ 10Q). Table 7 Anobunt of dehydrogenati on of each substrate by

enzyme Subdedroestationby i eyl sy erriangenin@biorbancOHin dacBlBtraGEBhichCL Y14

is expressed as a relative value (an absorbance for CFL was set to 100).

Table 7
Amount of dehydrogenation of each substrate by enzyme

Substrate Amount of dehydrogenation

CFL 100

CFH 44

CMM 27

CEE ' 14

CLY 14

CDD ' 14

Example 6
Dehydrogenase derived from Streptomyces albulus KOZ3, which requires

diketopiperazine as its substrate, was purified according to the procédures as described |

in Example 1.

Streptomyces albulus X023 was cultured in a mini jar containing 3 L culture

medjum to obtain 167.12 g of the cells. The celi-free extract was prepared from these

cells as follows.

Table 8 _
Preparation of cell-free extract

Convers.ion activity | Protein (A,) | Specific activity | Liquid volume | Total activity
(units/ml) . (mg/ml) (units/mg) (ml) (units)
0.684 142 . 0.0482 382 - 261.3
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CDD14 Exanpl e 6 Dehydrogenase derived from Streptonyces al bul us K023, which
requires diketopiperazine as its substrate, was purified according to the
procedures as described in Exanple 1. Streptomyces al bul us gq%% g@§
cultured in a mni jar containing 3 L culture nediumto obt &idY-167" 12 g of
the cells. The cell-free. extract was prepared fromthese cells as
follows. Table 8 Preparation of cell-free extract Conversion activity.
Protein (A280) Specific activity Liquid volune Total activity (units/m)(m
m)(units/ng)(m)(units) 0.68414.20.0482382261.3 29 1 6 JUL 2004 The
resul ting extract was subjected to DEAE-Sephacel anion exchange col um
chromat ogr aphy. @e sesnltinpexiractwgh sibigeted to PEAE-fephage] agipn exchange gelsmn)

' 10 nil Sanple: 113 m cell-free extract As a buffer,

m/mn FracH_on si ze:
10 mM sodi FH9SHY Yo buffer (pH 8.0) containing 0.1 mM DTT was used.

After the sanple was agsRhhed to %E—@Eﬂ%clqii'@cﬁﬂl Eyas washed with
1 ml/min '
10 ml

113 il cell-free extract

Flow rate;
Fraction size:

Sample:

As a buffer, 10 mM sodiem phosphate buffer (pH 8.0) containing 0.1 mM DTT
was used. After the sample was adsorbed to the column, the column was washed with
360 ml buffer, and then eluted stepwise with 400 ml buffer containing 0.1 M NaCl, 410
mi buffer containing 0.3 M NaCl, and 600 ml buffer containing 0.5 M NaCl, thereby

obtaining the follo{:ving active fractions.

Table 9
~ Purification by DEAE-Sephace] anion exchange column chromatography
~ Fraction | Conversion | Protein (A,y) Specific Liquid | Total activity
activity activity volume
(units/ml) (mg/ml) (units/mg). (ml) (units)
50-56 0.179 142 0.126 70 12.5
57-71 0.240 2.56 0.0781 152 30.4

Fractions 50-56 having a higher specific activity were subjected to the

subsequent Mono-Q column chromatography as follows.

Column: MonoQ HR 5/5
Flow rate: 1 ml/min
) Fraction size: 0.6 ml
Sample: 4 x 1 ml DEAE-Sephacel fractions 50-56 diluted 2-
fold with buffer

As a buffer, 10 mM sodium phosphate buffer (pH 8.0) containing 0.1 mM DTT
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360 mM buffer, and then eluted stepwise with 400 ml buffer containing 0.1 M
NaCl, 410 m buffer containing 0.3 M NaCd, and 600 m buffer containing
0.5 MNad, thereby obtaining the follow ng active fracti f@SJULT"’)QJIke 9
Purification by DEAE- Sephacel ani on exchange col um chromat dgraphy

Fracti onConversi onProtein (A280) Speci fi cLi qui dTotal activity
activityactivityvolume (units/m)(mm)(units/ng)-(m)(units)

50-560. 1791. 420. 1267012.5 57-710. 2402. 560. 078115230. 4 Fracti ons 50-56

havi ng a higtsalseépeAftéﬂthcmﬁlwmyadwrwdsmﬁje@ohmﬂl,ﬂm dohann sab sashedithvbno- Q
col um chromato a hy as foIIovvs Col.um: MnoQ HR 5/5 Flowrate; 1 m/mn
Fraction si®® h¥ “%iﬂ and the elptegywithc\M Nellreoptaining heiferdisingsdinsar

diluted 2- h_b phos hat buffer (pH
8.0) contai ?‘#llgm\cl)\t Lj ﬁﬁ%éﬁ(l\?e P%S%nr"foé%emgggag@sde “r APPEY © Iaérértf[bﬁ e was
adsor bed tOfonbﬁl,@%machb@ colum was washed with the buffer for 4

m nutes, and then eluted with I M NaCl-contai ning buffer using a |inear
gradient (25 mn). The above procedures were repeated four tinmes to obtain
the following active fraction. Table_ 10 Purification by I\/bnoQ ani on
exchange col um chromat ography Conver activity

Purification by MoncQ anion exchange column chromatography

Conversion activity | Protein (A,g) | Specific activity | Liquid volume | Total activity
(units/ml) (mg/ml) (units/mg) (ml) (units) -
0.0201 0.0376 0.646 . 7.2 0.145

The above active fraction was subjected to gel filtration chromatography
(Superose 12) as follows. : |
Column: - Superqse 12 HR 10/30
Flow rate: 0.5 ml/min
Fraction size:  0.25 ml

Sample: MonoQ active fraction concentrated to 225 pl

As a buffer, 10 mM sodium phosphate buffer (pH 8.0) containing 0.1 mM DTT
and 0.3 M NaCl was used. Table 11 shows enzyme activity of each fraction. The

most active fractions 13-16 were combined together and concentrated by ultrafiltration.

Tabje 11
Purification by Superose 12 gel filtration column chromatography
Fraction Conversion activity Liquid volume | .Total activity
(units/ml) (uL) (units)
11, 12 0.0737 100 7.37
13, 14 0.253 45 11.4
15, 16 0.184 45 8.28
17,18 0.0526 80 4.21

The above active fraction was subjected to gel fili¥ation chromatography (TSK
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Protein (A280) Specific activity Liquid volune Total activity (units/m)(ni
ml)(units/nmg)(nil)(units) 0.02010.03760.6467.2.0.145 The above active
fraction was subjected to gel filtration chronatography (Slljrge&m_sezugp) as
foll ows. Colum: Superose 12 HR 10/30 Flow rate: 0.5 ml/mn Fraction size:
0.25 nil Sanple: MnoQ active fraction concentrated to 225 pl As a buffer,
10 mM sodi um phosphate buffer (pH 8.0) containing 0.1 nMMDITT and 0.3 M
NaCl was used. Table 11 shows enzyne activity of each fraction. The nost

active fracG3GOOSWIRE)WithWwherclohModelt] bofptiotver and concentrat ed by
ultrafiltration. Table 11 Purification by Superose 12 gel filtration col umm

chr omat ogr aphy Fract i ofewer si on Tadt CELtG3Q00§WXL vol unme . Total activity
(units/m) (L) (units) 1%20 (_)73718}%7. 7.13,140. 2534511.4 15, 160. 184458. 28
17, 180.0526804. 21 The - act i 2% on was subjected to' gel
filtration chromatograghynie:TSK 31 guperose active fraction concentrated to 40 pl

As a buffer, 100 mM sodium phosphate buffer (pH 7.5) containing 0.1 mM
DTT and 0.3 M NaCl was used. The resulting active fractions were combined together
and concentrated by ultrafiltration. Table 12 shows enzyme activity of the combined

and concentrated fraction.

Table 12
- Purification by TSK G3000SWXL gel filtration chromatography
~ Activity Protein(A ;) Specific activity
(units) (mg/ml)y {units/mg)
0.00224 0.00114 19.6

Table 13 shows enzyme activity. in each step of the purification procedures and

a final enzyme activity.

Iablg |3
Enzyme purification and specific activity
Purification step Enzyme activity Protein Specific activity
(units) (mg) (units/mg)
Cell-free extract 0.734 15.2 0.0482
DEAE-Sephacel 0.11% 0.946 0.126
Mono-Q 0.0644 0.120 0.537
Superose 12 0.00790 0.00799 0.989
TSK G3000SW 0.00224 0.000114 19.6
Example 7

The reaction mixture shown in Table 14 was used for the enzymatic reaction

using the enzyme of the present invention.
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1 6 JUL 2004 G3000SWKL) with Waters LC Modul el as follows. Colum: TSK GEL
G000SWKL Flow rate: 0.5 m/mn Sanple: Superose active fraction

concentrated to 40 itl As a buffer, 100 nmM sodi um phosphatqné)ﬂgfe{ (pH 7.5)
containing 0.1 nm DTT and 0.3 M NaCl was used. The resulting 2t We
fractions were conbined together and concentrated by ultrafiltration.

Tabl e 12 shows enzyne activity of the conmbined and concentrated fraction.
Table 12 Purification by TSK G3000SWKL gel filtration chromatography

Activity %ubitﬁt&(mg)reﬁnﬁ? Byt | réhdidon (Mithre ) WaB Esed (18P S{nﬁﬂ,}
0. 002240.0011419. 6 Table 13 shows enzyrrenact Ivity in t)ggc% sl{Sep o] to!t"yhe
puri fi cat i asHvity againstiembryadivision bf Farinopleapreomatinidis ywithbabis pusificaionTe

purificatign and specific activity Purifjcation stepEnzynme activity Protein
Speci fic af’?t‘iheirfﬁft‘(’ﬁrﬂf?éﬁc&r\/gﬂeumlt WAtgRried | qut fas edesersbe aint They Jargal oef 0482

DEAE- SeDh%ﬁ:ib@oﬁ"c},gg'ol.ggép p;%ﬁl‘}v‘fmyg)'lgo%%%‘r, 15%2(1_)3%'8 2 7Which the first cleavage
division occurs vary among sea urchins, so that inhibition of the cleavage division was
observed after one hour of fertilization in this test using Temnopleurus toreumaticus.

. Concentratibn of the substrate added to the enzymatic reaction system was used as a
criterion for inhibitor concentration because the reaction product was used for the test
without any purification. The inhibition test for the embryo division of Temnopleurus
toreumaticus started with the highest substrate concentration of 25 pg/ml, followed by

serially diluted substrate concentrations. Table 15 shows the test results.

Table 14
Rcactioxi mixture composition
Dimethyl! sulfoxide (DMSQ) 10% (v/v).
Sodium phosphate buffer (pH 8.0) 5.2 mM
Cell-free extract from Example 1 q.s.
Substrate : 0.5 mg/ml-
Total ’ 0.2 ml
Table 15
Inhibition test for cleavage division using the enzymatic reaction mixture
| MIC (ug/mi)
CDF reaction product >25 (80% inhibition at 25 pg/ml)
CFF reaction product >25 (99% inhibition at 25 pg/ml)
CFV reaction product ' 25
CGL reaction product >13 (70% inhibition at 13 pg/ml)
CHW reaction product 13
CLY reaction product >13 (60% inhibition at 13 pg/ml)
'CWY reaction product ‘ 6.3
33



Su erose 120.007900. 007990. 989 TSK G3000SW). 002240. 00011419. 6 Exanple 7 The
reaction mxture shown in Table 14 was used for the enzymatic reaction
usi ng the enzyne of the present invention. Various diketopigpeubzilhes were
used as 32 1 6 JUL 2004 substrates. The resulting enzymatic reaction

m xture was tested for its inhibitory activity against enbryo division of
Temmopl eurus toreumati cus wthout any purification of the reaction
product. The test was carried out as described in The Journal of

Anti bi oti cEzaMde8 52, p. 1017 (1999). However, stages at which the first

cl eavage . division occurs vary armng sea urch| ns, so that inhibition of the
cl eavage di visi- &hm@a@b%%wwf%actl ehysedikesenipesazineswill he deseribsd bplgwk hi s

test using ru toreumat i c tion.of the strate added
Lo the. ens i PHEHRERBI P E e i en 6 15 SRRy Pl hend Tenidl ¢ or
concentrat &1913105%3615‘5‘1%%::&'3#0[&Wdh@ﬂnﬁiso%‘éﬁﬁhe%ﬁuﬂ%E:szflﬁraﬁdh?'erhr?oiﬁleurw thout
any purification. The inhibition test for the enbryo division oOf

Temopl eur togeuniativesu os ndbsimmantmﬂlbnmtyhactﬁvﬁyhl Ghe atstswis icaaied out as
concentration of 25 pa/m, followed b i al I}/(di | uted substrate

concent r at §e5¢ribed 'Faﬂi'hé QB‘“éh‘éﬁ/\émitH‘éuqseX’?l P%sﬁjllloé. 1998)-¢ However dtagehatyi xt ur e

corPests BRI Sybi i R it oy PR g =1

Total 0. 2 ndleal ¥l divisibi vk bb@ﬁvddesﬁerf ar houd Qﬂrvmzdwn Sh Offie Lt&stﬁlgusiﬂge
enzynmat ic reaction mxture
Hemicentrotus pulchemmus and Scaphechinus mirabilis, and after one hour of

- fertilization in the test using Temnopleurus toreumaticus, respectively. Table 16 shows A

the test results.

Table 16
Inhibition test for cell division using dehydrophenylahistin and related compounds
MIC, jig/ml
Compound Scaphechinus  Temnopleurus  Hemicentrotus
~ mirabilis toreumaticus  pulcherrimus
Example ] dehydrophenylahistin 0.0061 0.0061 0.00038
Example 2 (Z,Z)-tetradehydro-CFH 1.6 1.6 0.78
Comparison 1 ()-phenylahistin 1.6 .02 - 039 :
Comparison 2 (+)-phenylahistin > 13° 6.3 13 )
Comparison 3 albonoursin > 13° > 25° 6.3
- Comparison 4 CFH > 25° > 25° > 25

* no activity at the indicated concentration

Dehydrophenylahistin has MIC of 0.0061 pg/ml for cell division of
Scaphechinus mirabilis and Temnopleurus toreumaticus, and MIC of 0.00038 pg/ml for -
cell division of Hemicentrotus pulcherrimus, respectively. Dehydrophenylahistin
exhibits 250-fold to 1000-fold inhibitory activity when compared with non-
dehydrogenated  (-)-phenylahistin. {Z,Z)-tetradehydro-CFH  obtained by
dehydrogenation of CFH exhibits 15-fold or more inhibitory activity when compared

with CFH. In any case, a variety of dehydrodiketopiperazines including
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CDF reaction product CFF reaction product CFV reaction product CG

reacti on product

CHWreaction product CLY reaction product OCW reaction

product MC (p g/m) >25 (80%inhibition at 25 >25 (90%ingi hjit pee at 25
25 >13 (70%inhibition at 13 13 >13 (60%inhibition at 13 6.3 pg/m)
pl/m) 33 pg/m) pt/m) 1 6 JUL 2004 Exanpl e 8 Physiol ogical activity of
each dehydrodi ket opi perazin e will be described bel ow. Each . _
dehydr odi ket opi perazi ne was tested for its inhibitory activity agai nst

cl eavage dé

phényRihidda g €275 Ritd8eliil COPHIWER Shown o HRDEARIcBH Tifiliba Dl 1 1S

and Temmopl eurus toreumaticus as a Cell' division inhibitory activity. The

test was chibitoyy adtivitys 1ndimng|thmtdthendéﬂydmﬂdiwtopmerﬂfineé\nirbhhs@fdlC& P (L 52
p. 1017 (13‘,1810 However, st ages at
I 11 1

inhibitors and antitimor agents.

Formulation example 1: Formulation for injection or drip infusion
One milligram of dehydrophenylahistin and 5g of glucose powder were
aseptically distributed to each vial. Each vial was sealed under an inert gas such as

nitrogen or helium, and then stored in.a cool dark place. Before use, ethanol was

+ added to each vial to dissolve its content, followed by addition of 100 ml 0.85%

physiological saline to produce a formulation for intravenous injection. The resulting
formulation is intravenously injected or infused in an amount of 10 to 100 ml per day

depending on symptoms.

: Formulation example 2:  Formulation for injection or drip infusion

The procedures as descnbed in Formulation cxample 1 were repeated to
produce a formulation for i mtravcnous injection containing 0.2 mg dehydrophenylahistin,
which may be used for treatment of mild cases. The resulting formulation is

intravenously injected or infused in an amount of 10 to 100 ml per day depending on

symptoms.

Formulation example 3: Granules

One hundred milligrams of dehydrophenylahistin, 98 g of lactose and 1 g of
hydroxypropylcellulose were’mixed well, granulated by standérd techniques, dried well
and passed through a mesh, thereby obtaining granules suitable for packaging in a bottle

or heat seal. The resulting granules are orally admini&ered in an amount of 100 to

1000 mg per day depending on symptoms.

All publications, patents and patent applications cited herein are incorporated

herein by reference in their entirety.
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which the first cleavage division occurs vary anong sea urchins, so that
inhibition of the «cleavage division was observed after 4 hours of
fertilization in the tests using Hem centrotus pulcherrlnus %wq 004
Scaphechinus mrabilis, and after one hour of fertilizatioh® %3 t est
usi ng Temopl eur us toreunaticus respectively. Table 16 shows the test
results. Table 16 Inhibition test for cell division using

dehydr ophenyl ahi stin and rel ated compounds M C, p9/ni CowpoundScaphechlnus
Temopl eurus Hem centrotus mrabilis toreumaticus pul cherrinus Exanpl e

| dehydr ophenyl ahi sti n0. 0061 0. 0061 0.00038 Exanpl e

2(Z, Z) - t et Indusugldipplicability6 1.6 0. 78 Conparison 1(-) phenyl ahistinl.6 0.2

0 38 o o PR A 00 ol e ROl B Srne e oo
concentr at eI
di vi si on JL Rg@@%ﬁ&@%?ﬁﬁgykl EEF?S angw#gﬂg%ﬁngﬁgﬁE %éELWﬁé | gm and M C

of 0. 00038prpdugtioh theswof. cel | di vi si on of Hem centrotus pul cherrinus,
respectively. Dehydrophenyl ahistin exhibits 250-fold to 1000-fold
inhibitory activity when conpared with non dehydrogenat ed
(-)-phenylahistin. (Z, 2)-tetradehydro-CFH obtai ned by dehydrogenation of
CFH exhi bits 15-fold -or nore inhibitory activity when conpared wth CFH
In any case, a variety of dehydrodi ket opi perazines including 34 1 6 JUL

2004 dehydrophenyl'ahistin and (7,,,Z) -tetradehydro-CFH were shown to have
the cell division

36



inhibitory activity, indicating that the dehydrodi ket opi perazi nes are
useful as cell division inhibitors and antitunor agents. Fornul ation
exanple 1. Fornulation for injection or drip infusion Che.gQIJthmﬂnlof
dehydr ophenyl ahi stin and 5g of glucose powder were aseptically distributed
to each vial. Each vial was seal ed under an inert gas such as nitrogen or
helium and then stored in a cool dark place. Before use, ethanol was added
to each vial to dissolve its content, followed by addition of 100 m 0.85%
physi ol ogi cal saline to produce'a fobgngFion for intravenous injection.
The resulting formulation is intravenously injected or infused in an
anount of 10 to 100 M per day depending on synptons. Fornul ati on exanpl e
2: Formul at.i o E&L i.nj.ectiron or drip_infusion The procedures as described

in Formul atl o Nigion iplbitor; eqreprising, tas arpaoiinec ingredion,nal @iipaand oF

i ntravenous i g i i.0J 0.2 de rophenyl ahi stin, which may be
used for trea?tl‘rrrgﬁal (g;brkﬂ%ﬁggfs‘%%ly alcl‘fgp%gﬁ%]ﬁ?‘ﬁ’ﬁggdr'nuliati on is ’

i ntravenously injected or infused in an amount of 10 to 100 nl per day
depending on synptons. Fornul ati on exanple G anules One hundred m | ligrans
of dehydrophenyl ahistin, 98 g qi | actose and 1 gof hydroxypropyl cellul ose
were m xed well, granul ated by andard techni ques, dried well and passed
t hrough a nesh, thereby Rftai ni granul es suitable for packaging in a
bottle or heat seal. Th ting granul es ﬁﬁg orally adm nistered in an
anount of 100 to 1000 n@BBEr day {le ding o ynptons. All publications,
patents and patent applicatiyyg A

C erein are incorporated herein by
reference in their entirety. 35 6 H,u2004 I ndustrial ApplioWity

X2

wherein
each of X, and X, is independently oxygen or sulfur:

- ¥, 1is oxygen, sulfur, -NR;- or -CR; R,,-;
Y, is oxygen, sulfur, -NR,- or -CR,R,,~; _
R, is halogen, C,_z_,,_ alkyl, C,,; alkenyl, C,,; alkynyl, C, .5 alkoxy, aralkyl, hydroxyl,
amino, nitro or aryl, which may be substituted with other substituent(s), and a part of
the carbon chain of R,, may be branched or cyclized, or may comprise a heteroatom;
Ry is halogen, C, . alkyl, C,,; alkenyl, C, 25 alkynyl, C,,; alkoxy, aralkyl, hydroxyl,
amino, nitro or aryl, which may be substituted with other substituent(s), and a part of
the carbon chain of Ry, may be branched or cyclized, or may comprise a heteroatom;
each of R, and R, is independently hydrogen, halogen, C,, alkyl, C,.5 alkenyl, C,,;
alkynyl, C, 5 alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may be substituted
with other substituent(s), and a part of the carbon chain may be branched or cyclized, or
may comprise a heteroatom; '
each of R;;, Ry, R,; and R,, is independently hydrogen, halogen, C,,; alkyl, C,,
alkenyl, C, 5 alkynyl, C, ,; alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may bc;,
substituted with other substituent(s), and a part of the carbon chain may be branched or
cyclized, or méy_cpmpn‘se a heteroatom;

R,; and any of Ry, R;, and R,, may form a ring;
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The present invention provides a cell division inhibitor having stronger
cell cycle inhibitory activity, particularly antitunor activity, and an
enzyme usable for the production thereof. 36 1 ¢ JUL 2004 CLAIMS 1. A cel
di vision inhibitor conprising, as an active ingredient, a egmouridiof
formula (1) or pharnmaceutically acceptable salt thereof: wherein each of X
and X. is independently oxygen or sulfur; Y3 is oxygen, sulfur, -NR3- or
-CR3,R32-; Y4 is oxygen, sulfur, -NR4- or -CR4,R42-; R10 is halogen, C, _25

al kyl, 5 al.kyn Cl- 25 al koxy, ar al kyl , hydroxyl, am no,
nitro or ary?&dﬁ'ychl{ﬁgﬂﬂgéaﬁéﬁ?m%ﬂ % th ot her substituent(s),.and a
part of . fehé 6R(BAasd nfettBY c [ may
conprise a heteroaP(n)m %@ ‘% o ra%s%%%a%g?fég%?néﬁg%%% lr%z 25

al kynyl , Ccapén-girhox youlsde diohgt,l whdsrynir arighst onalfeprOsentdi 4 C&LOA-cAbWA ,do\_mgch may

be substi tg%&j méﬁ?é}ﬁm her. substituent(s), and a part of the carbon chain
of R20 may &LoBfigdglonzed, or may conprise a heteroatom each of

R3 d R4 | Cz 2 | k |,
S 500 o IR OGPEHAR bk AT 98 D pr BRI SR it Bt oo i ’g‘r"?%ye/ A
whi ch may bfceptinahe tdit athereWabil oPX @A B LR xivEdne Qécﬁﬁgf ’Yg apd ya lso%ﬁk ® ikhe

e

carbon chain may be branched or cyclized, of may conprise a t ef‘oat or n;
each of Rsbenzmzaclmf (Bln an@4B2) is 4 caibqrecatbon ﬂt}ubhyhlmmigeﬂd Rhyaik agbatyl 62 - 25
hydr oxyl ,

al kyl, al 5 al koxy, aral kyl

ami no, nit %Egﬁaﬁfﬁﬁ’é\ﬁme ‘ﬁh %é%)%lfﬂét)ét‘ﬂf”&g% agh gf h’er”‘"@ﬁ’béﬁt NHrent (s)

and a partRrofis bbg - e I

compri 5o o Rat oot ABIPR £0abhy CRbol Fnglc WRIT B aiyich Sibon Ol
bond, and Ry is a group shown in the following formula (a):

u/\

*\‘\

(a)

- wherein * répresents a bonding position.

2. The cell division inhibitor according to claim 1 wherein, in said formula (D, each of

{B1) and (B2} is a carbon-carbon double bond.

3. The cell division inhibitor according to any one of claim 1 or 2 wherein, in said

formula (1), each of X, and X, is oxygen, Y, is -NR,-, and Y, is -NR,-.

4. The cell division inhibitor according to claim 3 wherein, in said forn"n_ﬂa (D), each of

Y, and Y, is -NH-.

5. A cell division inhibitor comprising, as an active ingredient, a compound of

- formula (II) or an E form thereof, or pharmaceutically acceptable salt thereof:
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37 1 6 JUL 2004 R20 and any of R4, R41 and R42 may forma ring; each of

(B1) and (B2) independently represents a carbon-carbon single bond or a

car bon-carbon doubl e bond, wherein at | east one represents a carbon-carbon
double bond with E or Z configuration; at |east one of saHngHbuﬁ@ may
have a protecting group capabl e of deconposing in vivo, ‘except in the case
where each of X, and X. is oxygen, each of Y3 and Y4 is '-NH, RIOis
benzyl , each of (BlI) and (B2) is a carbon-carbon double bond, and R2, is

i sobutyl or benzyl, and in the case where each of X, and X2 is oxygen,
each of Y3 and Y4 is -NH, ?}Dls benzyl, (Bl) is a carbon-carbon single
bond, (B2) is a carbon-carboh?zZ dagbl e bond fad R20 is a group shown in

the following fornula (a): relnmrepr sents a bondi ng position. 2.
The cel |l -division inhiJfy ) 40% 1 wherein, in said fornula

(1), each of (B R,-an quQIe d. 3. The cell
di vi si on i nhi bitor acc '?’n l{ erein, in said
formula (1), each of X ._|s-NR3, and Y4 is -NR4-. 4.

The cel |l division inhibitor accor _ 3 wherein, in said fornmul a
(1), each of Y3 and Y4 is -NH. 50 A cRi!| diWRgsion inhibitor conprising,
as an active ingredient, a conpound of fornula (11) or an E formthereof,
or pharmaceutically acceptable salt thereof: 38 1 G JUL 2004 wherein R, is
hydrogen,,Qal n, &¢_25 alkyl, q_25 al kenyl, C2.25 al kynyl, C, _25 al koxy,
ar al kyl , hy&roxyl, amno, nitro or aryl, which may be substituted with

other SubsW,lif@Rdfogen, RARMEeR C,, alkyl, C,,s alkenyl, C,,5 alkynyl, C,,, alkoxy, aralkyl,

hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a

part of the carbon chain of R, may be branched or cyclized, or may comprise a

heteroatom, and further R, may be one -atom or group, or at most 5 identical or different
~ atoms or groups, and the atoms or groups may mutually form a ring;

.Rz is hydrogen, halogen, C, ,; alkyl, C,,s alkenyl, C,,s alkynyl, C, .45 alkoxy, aralkyl,

hydroxyl, amino, nitro or aryl, which may be substituted with other substltuent(s) and a

part of the carbon chain of R, may be branched or cyclized, or may comprise a
: heteroatom;

each of R, and R, is independently hydrogen, halogen, C,,, alkyl, C,s alkenyl, C, ,,

alkynyl, C,,5 atkoxy, aralkyl, hydroxyl, anﬁno, nitro or aryl, which may be substituted

‘with other substituent(s), and a part of the carbon chain may be branched or cyclized, or

may comprise a heteroatom; '

R; is hydrogen, halogen, C,,; alkyl, C,,; alkenyl, C,,, alkynyl, C,,s alkoxy, aralkyl,

hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a

part of the carbon chain of R, may be branched or éyclizcd, or may comprise a -

hefcroatom;

R; is hydrogen, halogen, C,,; alkyl, C,,s alkenyl, C,,s alkynyl, C, 35 alkoxy, aralkyl,
* hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a

part of the carbon chain of R; may be branched or cyclized, or may comprise a

heteroatom;
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part of the carbon chain of R, nmay be branched or cyclized, or may conprise
a heteroatom and further R, may be one atomor group, or at nost 5
identical or different atons or groups, and the atons on guoumstiray
mutually forma ring; R is hydrogen, halogen, C _u alkyl, C2.25 al kenyl,
C2_25 al kynyl, C, _25 al koxy, aral kyl, -hydroxyl, amno, nitro or aryl,
Wmch .may. be. substltut ed with other substltuent(s) and a part of the
carhbon chain of. R may be branched or cyclized, or may conprise a

het t ndependent | h Cl_25
Lot 0o e BF B, B 2 a8 iRy pytER gAY Slbkoh, B 951 1oy PRy ey T
1 t
2 oo (AREL 5%%‘?°m’e‘”hn*‘§‘h*ya??;‘¥%‘.’?§”1 o, it a e""“"F""‘*’?d"es Bsidiegen ().
conpri se avitteothersabstityenks), exd apalt ofyhe catbad cginmarbe Bﬁnaiddy:lr cy@i&gdfﬁ;ral kenyl ,

C2.25 al kynyl, C,_,s al koxy, araikyl, hydroxyl, amno, nitro or aryl,
whi ch may COmPERT £ hEe@AME h ot her substltuent(s) and-a -part of the -

car bon ch ranched or cyclized, or nay conprise a
het er oat ony? Q’ﬁgh? Hygg;ho‘glgrﬁ hal ogen, Cl1_2," al kyl, C2_25 al kenyl, C2.25
al kynyl , 53@.1@1(5}/]1?]%3{1&;( mayh){-ﬂﬁpﬁﬁlé, amno, nitro or aryl, which may

be substltut ed with er substituent(s), and a part of the carbon chain
of R6 may (Be) @Pmmondyﬂdmnzsmcmdmy caldmmcaﬂaen doﬂhmmmiatom 3916

JUL 2004 e i s i ndependently hydroge hal ogen, C, _25 al kyl,
&2 25l REfigit o ssBl SNy v PPTEIIRG ouP RS A eRgraPQHNg in A1 o
nitro or aryl, which may be substituted with other substltuent(s) and a
part of the carbon chain may be branched or cyclized, or nay conprise a
het er oat o} REheaerdl dR@sionynifibitonaacarding ro B4ingf vhedesh, of saibfonBufd, (MR/(B2nd R

may forma ring;
y " agcarbon-carbon double bond.

7. The cell division inhibitor according to claim 6 wherein, in said formula an, at

Ieast one of R; and R, is 1, 1-dimethyl-2-propenyl.

~ 8. The cell division inhibitor according to any one of claims 1-7 which is an antitumor

agent.
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(B2) represents a carbon-carbon single bond or a carbon-carbon doubl e bond;
at | east one of said groups nay have a protecting group capabl e of
deconposing in vivo. 6. The cell division inhibitor according to chﬁin15
wherein, in said formula (11), (B2) is a carbon-carbon doubl & $né™* 7.

The cel |l division inhibitor according to claim6 wherein, in said formula
(1), at least one of R7 and R "is -1, 1-dinethyl-2-propenyl. 8.  The cel

di vision inhibitor according to any one of clains 1-7 which is an antitunor
agent. 40 1 6 JUL 2004 9. A conpound of forrmula (11) or an E forni thereof,
or pharmaceutically acceptable salt thereof: wherein R, is hydrogen,

hal ogen, C, -25 al kyl, C2-25 al kenyl, C2.25 al kynyl, C, -25 al koxy, aral kyl,
hydroxyl, am no, nitro or aryl, which may be substituted with other
substituent(s), and a part of the carbon chain of R, nay be branched or
cyclized, or may conprise a heteroatom and further R, nay be one atom or
group, or at nost 5 identical or different atons or groups, and the atons
or groups may nutually forma ring; R2 is hydrogen, hal ogen, C, -25 alkyl,
C2_25 al kenyl, C2-25 al kynyl, C, -25 al koxy, aralkyl, hydroxyl, am no,
nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R2 may be branched. or cyclized, or may
conprise a heteroatom each of R3 and R4 is independently hydrogen,

hal ogen, Cl1-25 al kyl, C2-25 alkenyl, 02.25 41 1 6 J Il L 2004 al kynyl,
Cl_25 al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may be
substituted wth other substituent(s), and a part of the carbon chain may
be branched or cyclized, or

9. A compound of formula (I) or an E form thereof, or pharmaceutically acceptable

salt thereof:

wherein

R, is hydrogen, halogen, C, ,; alkyl, C,,, alkenyl, C,,; alkynyl, C,,, alkoxy, aralkyl,
hydroxyl, amino, nitro or aryl, which inay be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a
heteroatom, and further R, may be one atom or group, or at most 5 identical or different
atoms or groups, and the atdms or groups may mutually form a ring;

R, is hydrogen, halogen, C,,; alkyl, C,,, alkenyl, C,,; alkynyl, C,,; alkoxy, aralkyl,
hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a

heteroatom;

each of R, and R, is independently hydrogen, halogen, C,.; alkyl, C,,; alkenyl, C,,,
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may conprise a heteroatom R5 is hydrogen, hal ogen, C,_25 al kyl, 02.25

al kenyl, g-25 al kynyl, C, _25 al koxy, aralkyl, hydroxyl, amno, nitro or
aryl, which nay be substituted with other substituent(s), and a part of

t he carbon chain of R5 may be branched or cyclized, or nayq gougy i2té a
heteroatom R6 is hydrogen, halogen, C1_2S alkyl, C2_25 al kenyl, C2_25

al kynyl, "C, _25 al koxy, aralkyl, hydroxyl, amno, nitro or aryl, which. may
be substituted with other substituent(s), and a part of the carbon chain
of R6 may dileynyl,al)clulkoxy; aalks]; ihgdbxyl) amify nite®Tarde which hedyehOaibeiiutegach of
R7 ‘and R8 is independently hydrogen, hal ogen, C,_25 al kyl, C2.25 al kenyl,
C2.25 al Wﬁypme@ubg;qu@g@a/ a parh pkthe carbpy chadixpiay behianchedrdr cydized, ar v |
which may be substituted with other substituent(s ), and a part of the
car bon chaﬂl?y%ﬂ'}’rﬁgagf“ﬁw&wgh or cyclized, or may conprise a heteroatom R2

and R3 nmayg fQn | RO nd f ) - o] ring;
(B2) repr gzsseigtﬂg?dlg)gé%r (130 a c’a?'b’i)ﬁﬁ(glxn 1”eﬁg%nﬁ§%?R§kg§ﬁb§?i¥d@¥%&h£@§%I e bond;
at | east diydroxyl, amir, gitoup arylpyhitianay e pubtatiRedd wigh SherbaSRESIsE 2 a
deconposing in vivo. 42 1 6 JUL 2004 ABSTRACT The present invention relates
to a cel | Patyeisthsncatm Bhaimof Rwipry dieryanched uscyclizedy ¢r gudk sompiigrenazi nes

such as (ilxgg}[cgio henyl ahi stin, or anal ogs thereof as an active ingredient,
and a dehydrogenase and a nmethod for producing the same inhibitor. 43

R; is hydrogen, halogen, C, s alkyl, C,,, alkenyl, C,,; alkynyl, C,,s alkoxy, aralkyl,

hydroiyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a

part of the carbon chain of Ry may be branched or cyclized, or may comprise a

hctcroato_r_n;

each of R, and R, is independently hydrogen, halogen, C,,; alkyl, C,,; alkenyl, C, ,,
. alkynyl, C,, alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may be substituted

with other substituent(s), and a part of the carbor chain may be branched or cyclized, or

may comprise a heteroatom;

R; and R, may form a ring;

R, and any of R;, R,, R, and R, may form a ring;

(B2) represents a carbon-carbon single bond or a carbon-carbon double bond;

at least one of said groups may have a protecting group capable of decomposing in vivo.
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16 JUL 2004

ABSTRACT
The present invention relates to a cell division inhibitor comprising various

dehydrodiketopiperazines such as dehydrophenylahistin, or analogs thereof as an active

ingredient, and a dehydrogenase and a method for producing the same inhibitor.
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