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[JIP/J P! a T ~ A cell division inhibitor and a production method thereof

Technical Field
. The present invention relates to 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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- prefecture, produce a novel antitumor substance phenylahistin, and have determined the
structure of this substance. Phenylahistin molecules have a chiral carbon atom, and
.as a _result of a t]iorough examination, Kanoh et al. have further discovered that
phenyiahistin produced by the above bacteria is a mixtura 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
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i nhibitor and a production nethod thereof Tecbnical Held The present
invention relates to a cell division inhibitor (a cell cycle inhibitor)
and an ant i tdshysdrophgeylahistanet aifimitichthdreof hprecdstoonger talletPclSinRBiteRZCHRRy
Back==d The, gr m¢€ ag@idifferentiation of cells constituting a human body
are strict | yPEdRr PRIVEGIsin 284 have complaiedha preseid vsBtiansi s. Cel |'s di vi de or
proliferate by repeating a cell cycle consisting of a certain process
conprising Mperiod, G period, S period and & period. A defect in the
control nechanismof this cell cycle results in the developnent of cancer
or immune di sease. Lately, the control nmechanismof cell cycle is
clarifying at a nolecular level, and it is known that a substance
controlling a cell cycle possibly can be used as an antitunor agent or an
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conpound t hereof, . the spotlight has centered on_a substance, such as

pacri t axcl , a@?’i‘léﬁ“i"§t‘i‘%¥%£?ﬂ‘t: yremnoyed phormpladDinrphagnacpiiceilinggerRiablesalt ubul i n

whi ch i s-ongyQfer Cyt oskel eton proteins playing a major role in precisely

distributing a replicated gene into a daughter cell in a cell division
st age. ' ' - '
X4
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Yo _AE2
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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 cpmprise a heteroatom,; |

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



Fukushima et al. he,e found that al bonoursin has an antitunor activity and
an antibacterial activity (Fukushima et al., J. Antibiotics, Vol. 26,

pp. 175, 1973), while Kobayashi et al. have found that al bonoursin acts to
i nhibit the pronuclear fusion between a fermale nucleus and a mal e pucl eus
(Kobayashi et al., "A Summary of the Synposium on the Cheni t% yUbf &t ur al
Products, P51, 1989).  Furthernore, Kanzaki et al. have found that
tetradehydrocycl 0 (Phe-Phe) exhibits sea urchin enbryo division 1 1 6 JUL
2004 inhibitory activity, (A Summary of the Synposium of the Society for
Act i nony cetatienyl)GpaalkyivC, ,] 81883y, atdtkyhthydtoxgl, amitmy sitdoaw Al tWisith mhi bament ous
bacteria, Aspergillus ustus NSC- FO037 and Aspergillus ustus NSC F038, which
ver e i sol af@Rptfftesdvith athersubstitienth 294 Acpart s dhcarhpnechaisr maybebranched o

anti t'unor gggﬁgggﬁ%g ﬁ%gn%h l?ettér atof) nd have determ ned the structure of

this subst es have a chiral carbon atom and as

a result Okoam'ﬁhﬁ 8fR o] h ﬂ),-m ’ et al. have further discovered
t hat phen¥I ahi st?n gf{g ucggza‘%ypt he above bacteria is a mxture of (-)-

phenyl ahi s ady 058, Rptred R .ahaform agogl that the antitunor acitivity of

henyl ahi s |sa ox. 30-100 tinmes stronger than that of (+)-
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No. 22, pp. 2847- 2852 1997 ; Ka et a Cl ence

Bi ochem stbqudeoEoBZcpnﬁ@mtﬁm pp. 1130 -1133, 1999). Further, they have
found that - phen ahistin inhibits the polynerizati-on of tubulin
(Kanoh et 3l lcas AhoNs BTORPIFIEY Brvsid Rretecijng grogpcapable of Qecompoaxsg in 141,

1999) Furfbﬁrcqgép?l Kanoh iler@lacnB3Ue élalnét 21 ngjg}[gtgaf% n%&g&)@m Mg

-)- phenylaHisti'n,” using a cancer ¢ and have

s hown t hat R{,49 bemheeacl@h(m)l dind (Bapisa caffondatbod ABHINE bOAd, %ﬂ& R Limﬁb&ﬁt vity
(Kanoh et al. Bi osci ence Bi.ot echnol ogy Bi ochenistry, Vol . 63,

pp. 1130- 11 Penzdouy in fhesaseavhase tavh @f X, pod KX isorrygdno vasherf Y,and ngan}haw ng a
stronger aﬂt '1§ Hgf%rl Efﬁ“ %Iat Xarlt)o%q@aﬂgox) smglh%%xcll affa'z? Esl Q c:lar ox?—%asr cr)riJl | deouble

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

NZA\

NH
X (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),



Di scl osure of the Invention The object of the present invention is to
provide a cell division inhibitor having a stronger cell cycle inhibitory
activity, particularly antitunor activity, and a nethod of producing the
i nhi bitor using enzynmes. As a result of thorough analysis Qy t he gﬁgsent
I nventors to achieve the at ye object, it has been found thétJUa us
dehydr odi ket opi perazi nes such as 2 1 6 JUL 2004 dehydrophenyl ahi stin or
affinities thereof have a stronger cell cycle inhibitory activity than
(--)- phenylahistin, and have conpleted the present invention. In a first
aspect of theeddh\# LRMY, {REE 1S provided a cell division inhibitor
conprising, as an activé i ngredi ent, a conpound of formula (1) or

salt .thereof:; (1).wherein each of X, and X2 is

phar maceut ";C%I lsééoﬁ" cg}pt 9b| & ). 2ach of
i ndependent y SXYGERISFE O Parnvepton sthetey tse Rrovidee ra cell dipson rinkibiRa R32- ;Y4
i's oxygen, camiprisitig, as MRdetive ingrédidnt RéEorpdth® of forR@laQUS Br arfE By Blell: 9-25
al kenyl, C2 2, al kxn‘éh, C,_u al koxy, aral kyl, hydroxyl, amno, nitro or
aryl, whicff I??Hﬁ?n?f@ WHHE ereemteblg salf tsresfher substituent(s), and a part of
t he carbon chain of R, may be branched or cyclized, or nmay conprise a
heteroatom R20 is hal oggq 5 al kyl, 25 al kenyl, C2-25 al kynyl,
C, _25 al koxy, aral kyl, hydroxy{;, amno, nftro or aryl, which may be
substituted with other sulistit ent/(,B), -and a part of the carbon chain of

e *\'/ed,un ~eoNpri se a heteroatom each of R3
and R4 is i ndgpgnds hydriogen, ogen, N—2R¢ al K¥E), C2.25 al kenyl,
C2.2s al kynyl, Cl oxyl, amno, nitro or aryl,

whi ch may be substithfed R t hifot hef subs{ituent(s), and a part of the
' or may ‘conprise a heteroatom

O Rs Rg

wherein
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,
.hydroxyll, 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 compﬁse a

heteroatom;

Rg is hydrogen, halogen, Cyas alkyl, C, ;5 alkenyl, C,,, alkynyl, C,,, alkoxy, aralkyi



each of R31, R32, R41 and R42 is independently hydrogen, hal ogen, Cl_25

al kyl, C2.25 3 1 6 JUL 2004 al kenyl, g-25 al kynyl, C, 25 al koxy, aral kyl,
hydroxyl, am no, nitro or aryl, which my be substituted with other
substituent(s), and a part of the carbon chain nay be brancréd13 90 4
cyclized, or may conprise.a heteroatom R 0 and any of RS, 1 an'(:! %2 may
forma ring;” R20 and any of R4, R4, and R42 may forma ring; each of (B1l)
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
doubl e  bdiydrasyl, lanfin®hiteh aranyl] which ina9 e sabstin@ad itk BeheP Subsli@ie AR VAL OUPS
may have a protecting group capable of deconposing in vivo, except in the
case wher dPaBaeh ther ca(goraﬁhmn@fi oRy den brapeleld of c)lized)dorYebay sconftdse a R 0 i s
benzyl , e%%grof?é_B 1) and (B2) is a carbon-carbon double bond, and R20 is
| sobutyl “Or 1 yl, and in the case where each of X, and X. is oxygen,

each of YZaahdr ¥4 ahé 1 ' I ) A S bonscarban single
bond, (B2) is a E:gr boﬁ%nﬂg%éﬁh%dgg}ﬁ@bgﬂ ; aﬁa”@‘dﬁféﬂ%?&i%ﬂp@ﬁom in
the fol | owlkygyk €, guilicoxiyagralkyh) hydioRyl* ambiol fEOYrard, WRREINMY ROSIbkiARd | N one

enbodi ment- of the invention, there is provided a cell division inhibitor
accor di ng ith qther spbstigyent(®)pand a prrt efithe carbemehiaimmap be bianchedror chdizedrorul a (1),
each of ( ) .5 @ carbon-carbon doubl e bond. In another

enbodi rren?‘%fm?ﬁ’gig?%&%‘%’t"%“%f there is provided a cetl division inhibitor
accor di ngR, and Rgndal Fisin 4g@ect of the invention or above enbodi ment wherein,
in the. fornmula (1), each of Xl.and X2 is oxygen, Y3 is -NR3-, and Y4 is
-NR4- . | nRyand amoefifar Re Rhaatl Remay fokmtaving; nvent i on, there is provided a cell
di vi sion inhibitor according to e first aspect of the invention or the
above embSaTEES TR ,“"Ciaf]?%f‘ ﬁgxgich{?pﬂﬁrgc%rpyg—cgbon double bond;

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



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 conpound of fornmula (Il) or an E formthereof, or
pharmaceutically acceptable salt thereof: wherein R, is hydrogen, hal ogen,
Cl 25 al kyl, C2.25 alkenyl, C2.,, alkenyl, C _25 al koxy, aral kyl,

hydroxyl, amno, nitro or aryl, which may be substituted wi{1§ dfthgpl
substituent(s), and a part of the carbon chain of R, nay be branched or
cycl'ized, or may conprise a 'heteroatorn, and further R, nay be one atom
or group, or akDaost 5 identical or different atons or groups, and the
atons or groups may nutually forma ring; R2 is hydrogen, hal ogen, C, -25
al kyl , : C2- 25n akkeBitky erfddsd I isdtdsed aral kyl hydr oxyl ,
anino, nitro gr aryl; whi %ﬁe%&}&%é& LT tgtﬂit@ié%ﬁ&\%ﬁseoafﬁoé%ng&bﬁﬁ ‘ffdé%t(s),
and a part SBPofiEnsapeEiieininay bé prRAuard Py Seeppapahethutys. cycl i zed, or may
conprise a heteroatom each of R3 and R4 is independently hydrogen,

hal ogen, C, _2S alkyl, C2_u al kenyl, C2_25 alkynyl, C, 25 al koxy, aralkyl,
hygr oxyl, amissll yef an@h@remo?imeﬁvwﬁm’e biﬁralysclr?eqcﬁubﬁéth%d%ﬁgrod\@fﬁﬁ% 1 Bar i yed
substi tuent (58)..: . art e carbon_chain may be branched or cyclized,
or may corrp&i?\)sl%orgﬂﬁébt%é)?g%cto cﬁﬁ‘g ksarfysorffy?ié]@@e‘i‘?}boﬁﬁme@&e%d@,ﬂﬁ%o‘aﬂ, kagliich C2_ 25

al kenyl , Cz c@bpudek yusipk, asCd_sdbstratek @Xdbmpahst By q | ] ifro or
.be substituted wth otpﬁer gétgj{roesste?tueg%%)a?o%g}gggmap rt of

aryl, which :

t he carbon Bﬁg?/ew Yrleazsonesf (BL) prdifzhée eatberyedrboresingle bombypr e compbse a
het er oat of niepeitsd By MlE QBRR foldRlLP fé&,@% IborStuion Saenyly, | G2. 25
al kynyl, C, _lflJE?| _koxgz ar al y(l), 5 qgth\JeUL 6? %%aétr’%lx%ﬂ?mef’mgi%?c}/“ﬂi '1“"%(2) or
aryl,  whi chCPH§Be Hutmshanaarieg siiglhbanditer cathbaicatbor dbEity bomisy e dgart of
the carbon ghpiceQfec Rt IR, Qﬁzyt?ﬁea%(ﬁn%gl C%Ii‘lta%}{l%;!’ %hzeec%hy(?rggerrrlg e gc?:crnrllgigr:gst% a

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



het eroatom each of R7 and R8 is independently hydrogen, hal ogen, C _25

al kyl, C2_ 25 alkenyl, C2 ,s alkynyl, C -,S al koxy, aral kyl, hydroxyl,"
amno, nitro or aryl, which may be substituted wth other S){;std'-t gRpt (s) .
and a part of the carbon chain may be branched or cyclized, ey conpri se
a heteroatom R2 and R, may formaring; R4 and any of R5, .R6, R and R8
may forma ring;, (B2) représents a carbon-carbon single bond or a :

car bon-carbon doubl e bond; at |east one of the above groups may have a

prot ect i ng AP SEeHPand thateras oigreuns ey mutugllX ormatingae enbodi nent of the

i nvention, Jhere.is provided.a | 1 i vi,Si hnhibitaor ~ accordi ng,te the
second aspéet’ E'P'dlpﬁ%djl Efti o &%@lr glg'ﬁ,algwg’ph%"-‘f %I?Wac(‘?’l ,Oxsll?i%kyﬁs a

car bon- car pearod il ol R or by, 3R GAy BIARRIIRRA Wi othESsubBKat(syindbhere is
provided a Cell“division inhi"bitor according to the enbodi ment above

wher ei n, i patthef thercathom ¢Hain of R, theabdet toaehed oR%yaliztd, 88 masy Tomprise a

1-di net hyl - 2-propenyl. In yet another enbodi nent of the invention, there is
provi ded ahe®rqatamivi si on i nhibitor according to any one of the first and

second aspects I [V, i ' diner; I Chyl S 4@
antitunor %égn?fﬁq %nhﬂgﬁé%e@g%ﬁ?ﬁ%%l?\lg q”’?&%‘%’éﬁ ]?ag%?’sgl"égie@h\é@ﬁé Elyléﬁf"é}gg fidse
whi ch may BRyRylaC, 2Glloxy, aralk{l, hfRRoMe dmidio, AP @ BEYLN WRICE aRi Osubytituieg above
formula (1) wherein at [east one of (Bl) and (B2) i's a carbon-carbon -

si ngl e bonavithmthdypubstitnentis)yandiagrant ¢f ahe ¢arhonyhaingnay YaXpnehed pr cyelidodrorcar bon
single bond into a co%ound wherein the carbon-carbon single bond(s) nmay
be repl acePANiPHPESEAPEIARDr bon doubl e bond(s). In another enbodi ment,

above vhos S ibl Akt ey MeFah IR, SRR C:p RS oGRS Gt arlisEl osed
hydroxyl, amina, 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; .
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.



kDa. In yet another enbodinment, there is disclosed a dehydrogenase
according to any of the enbodi nents above which nmay be produced by
Streptonyces albulus. In still yet another enbodi nent, thered gydigml osed a
met hod of producing the cell division inhibitor according to any one of

t he enbodi nents di scl osed above, which conprises using, as a substrate, a
conpound represented by the above fornmula (1) wherein at |east one of (Bl)
and (B2) is a carbon-carbon single bond, or a conpound represented by the
above fornula (| IBirstwdr ell,nregB@ing yarowsardbfinitions bwtricls i the | predean dnvention
converting the, carbon-carbon single bond to a carbon-carbon doubl e bond by
use of a CANPriseh3pprepHste examplesand cxplapationsarequoVidedbela®nt ai ning t he

dehydr ogenase according to any one of the enbodi nents discl osed above. In
still yet yet another enbodi ment, there is disclosed a nethod according to
the enbodi ment dfhgakRs eHalé vap{yéaﬁhgim ﬁn@%ﬂﬂm&dﬂyﬁﬁd‘@? ni¥hny BluoAROt her
enbodi nent - above is used. ITn a third aspect of the invention, theré is
provi ded achionineobroething orfioding uale¢s-Hthewiserspcifiedr m t her eof , or
pharmaceutically acceptable salt thereof: wherein R is hydrogen, hal ogen,
Cl-25 al kyl, C225 al kenyl, Cz_u al kynyl, C, _,5 al koxy, aral kyl, 'hydroxyl,
am no, nitro or I ]PMQJ ti e b h ubsgt i fuent (s),
and a part of tﬁ%%ég boﬁ&%ﬁgﬁ%bgp”ggpﬁﬁ}gggﬁg%%%%ﬁ@gaﬁﬁéﬁégT??% ?%gr may
conpri se ar,,letaarabiai givuphslingil ttBe2s Eurbom Yitdaes, GFicta i Ko n@rhlphaifdd, at  nost
5 identical 6rdifferent 7 1 6 JUL 2004 atons or groups, and the atons or
groups maybraRghad pr gycligedn Examplgs of s glkyl inchge meting) esypdnpropyl, Beprepily| , C2_u

al kenyl , " : aral kyl ., hydroxyl m.n nitro or
eyt whi SReRy ot SR drcbrE PO bRl feBtisg pRGHANY el Sonyt £ o
L he car borhephal SinthylféxiR¥ydehepivh st 6 hetEMBHtAC Honyd! 7-FRYhyFQUHA! G&S1 @
et eroat om
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.



each of R3 and R4 is independently hydrogen, halogen, C, _25 al kyl, C2.25
al kenyl, C 23 al kynyl, C, _25 al koxy, aral kyl, hydroxyl, amno, nitro or
aryl, which nay be substituted w th other substituent(s), and a part of

t he carbon chain nmay be branched or cyclized, or nmay conpri&Geua 2004

het eroatomy R5 is hydrogen, hal ogen, C -2, alkyl, C2_25 al kenyl, C22.

al kynyl, Cl1_25 al kexy, aral kyl, hydroxyl, amno, nitro or aryl, which may
be substituted with other substltuent(s) and a part of the carbon chain

of R5 may be br anehg:alkoxy cpwseniatby By, Ry, dbf@:r R’é:d‘vaRs,ﬂﬁ&ﬂzQﬁaQha, R, R6is
hydr ogen, hal ogen, C, 25 al kyl -25 al kenyl, C2_2s alkig Cl_25 al koxy,
ar al kyl , H{/Bﬂzo‘iﬂl alkoRy gepup rhaﬂng zérVFbO%?’@h Which may bginermaldhaigedi t h

ot her spbséhglgﬁéat&séy‘:h%&j Fx %[e% f th arbo‘gci%gopc x%n ﬁW’hbe br anched

or cyclized, or may “co rlse er’&ét

| ndependenidopropusly, dafdky, MRbOBRY, tefé-butdxyalpkity] 3 v | kynyl |
C, _25 al koxy, mgrg kyl, yhy dr oxy eam noyag l%{t?'é)xos;rzls ﬁeﬁlkﬁjﬂ dydog&ﬁ-ﬁoxfl

subst i t ut eliexyldxyh chhhcxymxb'sthepuémm sij-medxyiheaylpay,t cpdlohdp@lm@g bmnwlp rﬁal n nmay
be branched qr . c |zed 0 n% ﬁg}f e a heteroatom R2 and may form
a ring; R4™% CB‘fy’ FRIORYIORY, Rirmg tylomy, depiexy rqnﬁgsPﬁi')’I“PEﬂf”@éents a

car bon-cargﬂ&rﬁlp a@%g £ Aok Eé}&‘ﬁbﬁaé, ko) u eSQgpaé,égf mggﬂ,% ggi“g of

t he above groups a prot ctl ng grdup ¢ 0S|

vivo. The ssstifutes] \m&h biher mbeﬁm&ﬁt(s)mﬂnhapaorﬁpﬁsecﬁ Betdroaoth eh QWhaldgdn, 6 JUL
2004 First of all, regarding various definitions which the present

i nvention Omwkesmwm%hwk@ exanpl es and expl anations are provided
bel ow. The -term "hal ogen" appearing in the fornulas.(1) and (I1) neans
fluorine, chlorine, bromine or iodine, unless otherw se specified.

Aryl represented by R,, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ryp, Ry 0r Ry,
is a monocyclic or polycyclic aromatic hydrocarbon group, and examples include.
phenyl, naplithyl 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 ﬁénzyl. 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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C', alkyl represented by R® R2, R3, R4, R5, R6, R7, Ra, R10, Rea, R31, R32,
Rot or R42 is an alkyl group having 1 to 25 carbon atons, which may be

nor mal - chai ned, branched or cyclized. Exanples of C, -25 al kyl include

met hyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl,
tert-butyl, pentyl, isopentyl, cyclopentyl, hexyl, cyclohexyH, JBFthl’

5- et hyl hexyl, cycl oheptyl, octyl, 6-nethyl heptyl, nonyl,‘?-nﬁﬁhy octyl
decyl and 8-nethyl nonyl, preferably Cl1-10 al kyl, and nore preferably C, _6
al kyl . These al kyl groups may be substituted with other substituent(s),
and may conprise a heteroatom_ such as haloggn, ox%gig, sul fur, nitrogen or

the |ike. C2_25 alnbapbovedgmauda (heliopyd pty of R, Ryzndi, nrsy fomea ring, and3,” R10,
R20, R3I, 2 4 42 1.5, an_alkenyl. gro hayi ng. 2 t.0 ar at ons,
Wht ch ey B AT of e Rncapt Rop P EEK o, P BV REko iR (5. . e 6

al kenyl i NGhdydBrii b itk and'FORBA %Ay of R L RAIKIRMAN, mag TOHPPRRY! and

3- net hyl - 3- but enyl %’,r ef efgabl y yC%_fC)Rzﬁil Igenyl ,sng d m)rg %referabl y C2-6

al kenyl . These al kenyl groups may be substituted with other substituent(s),

and may conprise a _heteroatom such as hal ogen, oxygen, sulfur, nitrogen or
the like. C2_25 afk§myrlkeyrerewnted byyRier Recan alkenyRgrourepmmasponding torg, R10,

Rea, R31, . . ' p ] to 25 carhon
atons, Wwhi (Ii-:%5 3%‘5 ey ﬁ%{s%ﬁf@g E:ﬁ %%3% l%é}é%ic%étgﬁo rlb%élgf%i'&pr@(e Ioégq.of.
C2. 25 al ky mekhyl3ciudeis], edndy ay llkeRylogoay | consiskidpuby Bvé or MbRS Rogtehd ufifs, 10

al kynyl, and nore .preferably C2_6 al kynyl. These al kenyl groups may be
subst i t ut e@refgrably 6t mest sisepsenerusén (Ypstp, I Ssathomatloms) apgrdesizable. 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, R10, R20, R31, R32,

RA1 or RA2 is ansubshmdts UppetRingain Mk hbdR 25mdibay AHOMS) rryz(gi ﬁ;nfgr@y be
I Ncl u

nor mal - chai ned, branched or cyclized. Exanples of Cl al koxXy e
met hoxy, epiatseng groyposapablei of olecompesing brutviey , Airpod uhoe \protecing protps(y

pentyl oxy, isopentyl ox cl opent yl ox hexyl gxy, cycl ohexyl oxy,.
hept yl oxy, 52 RE‘?%%#H&QJ/’IP&%“ é&’&’?oo%gﬂ?;?ro%&?‘p c?’&”’}/"’, “‘By%ﬁé‘ﬁ?ﬂ/ R PBxy,
nonyl oxy, grolipHaving Ghe/ bitnithg fHRR XX Ys 304 BrdE hphRRRYna 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



preferably C _10 al koxy, and nore preferably C -6al koxy. These al koxy
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. Aryl
represented by R R2, R3, R4, R5, R6, R7, Rs, RO R20, R3" R32, R4l or R42
I s a nmonocyclic or polycyclic aromatic hydrocarbon group, ang euarglies

i ncl ude phenyl, naphthyl and anthranyl, but preferably phenyl. These aryl
groups may be substituted with other substituent(s) such as Cl.6 al kyl
(pref erabl ycomatioy| , nehd1y| albonburgn,opyle) , cGmpbuml k maye: he-(@ebenzylidenieo6- am no,
carboxyl, hydroxy-C. .6 al kyl, hydroxyl or protected hydroxyl, and nay
conprise a .@!@PM’HW&@W‘W@E refgrsrigrthe kpowm gatiumer agepbdescribedas a

"ring formng | kyl, [.e0l , , 4. R5 . R7,' RS,
re) roo oy FESGima B, 5 g EBLES 8156 BT 10138 anf e Kowh Bramieteat oy e
aryl, and egaionligRibith§ageift deimbYd in BISRAMRY bf the E%BE&M BRAY RSty of

ant hranyl net hyl, but preferably benzyl. These aralkyl groups may "be
subst i t ut edNaturdl Rroteats, $5bsia8PLandt these twaclgends ar€, ex6ludéd<drbm(the edibdiaizion

met hyl, ethyl. .and_propyl),. C -6 al koxy, . hal ogen, njiro, amno, carboxyl,
hydr oxy- C1. Ehibitey pf a’r‘?)ig%%glﬁ/’i“"é“&fm‘pr, @ﬁ‘&i" H;PgP’BR'Wd,- (tt%?&ewcdﬁlﬁﬁp h&e a
het er oat om SA AT s RS0 | kara [ f,orm ng
menber . TheP@gnp gf?@é gfu%gﬂldt%e]rsltogyée%’g% sotf %6%(234 gém!ﬁﬁ%’?aecgrogsé%"gd by
Rl, -R2, R3, Ry MR ber2yl, arb cadi/of (BI) akdl B2)Rs 2 @arbbB-Larbbd JoutiRd bosd rdfd2 té Ml ude

Cl.6 alkyl, C .6 al koxy, hal ogen, carboxyl, hydroxy-Cl-6 al kyl, hydroxyl
or prot ect KNONRIPGEKYAchinjembrye diMijion drdubijory apent (eserided dp b Suwmpnaeyy, oR¥@ and

any of R3, gor .| nd, R2 y._of ‘R4, R41. and R42
may forma Tl é’gﬁﬂinlf’?%heyg %%/rgf?'})?lr?&*‘%%(cf%v ,Ja?&"’g%?’]%(?aa’nﬁ?ﬂ 11]8? rﬁggéﬂsng; and
R4 and any édcldded fiim R/ cadiviSforBithof Bf ahd pR@ent Aivéaor, RhRRMMbre, a
represented by R7 or R8s an al kenyl group corresponding to an i soprene

unit consi sampguad Ghe Lomaenamame:, phenwahissin, the - ehimpeund | nageyr iR, 1-or 3-

Hﬁf P)sll -3 bu&i:enréﬁllyla%?gpc%ﬁ)i%‘nliga%gl%h-ﬁjxgé{gﬂ%?e %—génlz)n/ ip%];azgn\gpz,g-ﬁiogg)r v?fhérgigpr ene

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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preferably at nost 3 isoprene units (up to 15 carbon atons) are desirable.
Substituents appearing in the above formulas (I) and (11) nmay have a
protecting group capabl e of deconposing in vivo. Anong these protecting
groups, as a protecting group -for an am no group. for exanple, there may
be.used a protecting group having the binding formsuch asigcig agjde,
carbamate and the |Iike which are described in Drug Devel opnent vol. 13,
"Drug Delivery Systens" edited by Hitoshi SEZAKI, H'rokawa Shoten (July
1989), pagdodblé, bohdplagd 2R,, 28, subsiituild. 0P Gbubstitakbda fmidasdid-y/ lrgéiﬁ*lléﬁ'éi i{ rom
fatty acid is preferable. The double bond of a conpound sﬁl_own n the above
fornul as (‘e¥claded(fran) thossused Eorahe ¢edlrdivisioR inhibrifor gfitha present duventiors
configuration, but preferably in Z configuration. In the case where (BI)
and/or (B2) is a carbon-carbon double bond, the above substituent binding

to the above car gpsneas I I c rres di n I val ent
group. For exanpl e, gn‘ét"ﬁ@% g'gdégn@gﬂ%gt g/?’eﬁ"'fps"&ﬁ%c“@’ecﬁeﬂ/ﬁﬁ ebsogré@r on- -
pheny| et hydremieddubiy tondiade (B)). is ATRDEN-RASEH %ﬁlc%ﬂ@@%‘@ébérﬁ@:{rﬁ&?ﬁ'&ﬁ?e by the
- above formula (1), a conpound wherein each of X, and X 1s oxygen, each
of Y3 and hepd is praffrablrignd] ascomponng whersirc tach fof (B1)) andr(®2f B2) cdrboracarbon

car bon'—car‘li)cg{rl}edl?ugl.e bond aEE? R20 is isobutyl (the 11 1 6 JUL 2004 common
nane: al bonours e 13 Reredy d nanme: 3-(Z)-benzylidene- 6-

(Z)i sobutylidene-2, 5-piperazine dione) refers to the known antitunor. agent
described in Fukushima et al., J. Antibiotics, Vol.26, pp.175, 1973) and

t he known pr onucPeferableskamplien bf torhpoundagenin iahe sbdvedoinulds @Yy of the
Synposi um.o&g@hg ,Chgm' EH{ of Natural Products, P51, 1989, and these two
agents ar éPeEF JGRydszolA-Yimetiiene)-r @henylmethylene)niperating 2, Stdienepr esent

i ti on.s_f@ RdENitdh; K : | 0. (Phe-.. Ph wher ei
cach of x LA Inhiagsole SRR 6 ieh RN BIb G Ride S ot ) "
R20 is berf|(b-etiptichidmok-4ofl)hEakylene]cs-(pRedylinsthgles@pipenzmarmosoubl e bond

refers toth known sea urchin enbryo division inhibitory agent descri bed
in A Su n.m%—;{g@ptypﬁgdazole#yl)methylenc]-ﬁ- henyhneﬂlylcne)pipcrazine—2,5y—dioge;

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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Synmposi um of the Society for Actinomycetes Japan, P42, 1999, and this agent
Is excluded fromthe cell division inhibitor of the present invention.
Furthernore, a conpound (the common name: phenyl ahistin, the conpound
name: 3- { [5-(1,1-

di met hyl -2- propenyl )i m dazol e- 4-yl ] met hyl ene) - 6- benzyl pi per azgngi 22084 di one)
wherein each of X, and X. is oxygen, each of Y. and Y4 is -NH, RIO is
benzyl, (Bl) is a carbon- carbon single bond, (B2) is a carbon-carbon Z
doubl e bond, and Rafcdldlivsign mkybitoh ofithe ipreserthirvention canibegisédfomthespurpdse (a)
(wherein * represents a bondi ng_posjtign) is the known cell division

i nhi bi t or @f @hibjdegihe gelbdivisions eelireycleand RFppuclean fugian beyeenya feopdgmydiansai ) No.

10- 130266 [ is_excluded fromthe cell. di.vision

i bi tor P8 e hweBl of 4 AnfREAE o SiEOe’ , ShAMGIF 58 ikl Ao e
above for galiBitdr! of tRarEsent invenBE i usdfs] LOIRAPSRGBBLbM] Ax¥HeAeRéuraIf Ur, Y3
IS -NR3 -, Y4 is - -NR4- (herein R3 and R4 are defined as wth stated

above), RI1@hé¢micalyeterinany egentrinsactisidbsmedical egentemdyreagentBioy siuglygpurposes.
car bon-car hon single bond,ggBZ) is a carbon-carbon Z 12 1 6 JUL 2004 doubl e
bond, and GTENOES, SEOng Jhesical agents i 48 ipprticalarly Hsefb g @n ANGIRITI8eBhe | s

1 | d d h . . £ . . .- . . . . f t
mvent i on. Tarhoav° FREE o i Gfteop AL o, BB O Rt <1

car bon- cacbsditiciowhtreinbeiddivisibng B) dissrderly eepasted.C at B partibulan e ubsfodfopr
car bon-carbon double bond is preferable, and a conpound wherein each of
(B1) and (Bancerssand alse [gffectivgrip gnpatidogird dendidion #ppesiag in &f eortaisl wpe of

. ' . 1) .a 11
:Drng}‘ E‘agbl € altoft llll?esdfggasaoc@gnlilg %Is'uc% a?v}ﬁedrﬁlatitsgieet%.?%\ﬁ%rg 2 rce | %Stylge )of c@ﬁl (11)

3- (i m dazokemitmyd k&Y dRBRAEAR- (Phenyl met hyl ene) pi per azi ne- 2, 5- di one;
3-[(5-net hyli m dazol e- 4-yl) et hyl ene] - 6- (phenyl net hyl ene) pi per azi ne-2, 5-di o
ne;

;)’ng; [( g: [eE gylb:J{n yﬁ?ﬁlalgéogé,éﬁg a@&&%&rez{]geel;f S B glecgt}!nltqne\}eg (l)ne Qa?? gol penrsgzoithr;:?_ 2,5-di
-yl) et hyl gR@hmEatiBi§ effeiBid bRORNR! DE! SR RitidunorHpBRte as necessary as well
as the above active ingredients in order to treat various diseases. Wheﬂ 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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3-[(5-pentylindazol e-4-yl) et hyl ene] - 6- (phenyl nmet hyl ene) pi per azi ne- 2, 5- di on
e; 3- { [5-(1,1-dinmethyl-2

propenyl )i m dazol e- 4-yl ] met hyl ene) - 6- (phenyl ni et hyl ene)

pi per azi ne- 2, 5-di one. Pharmnaceutically acceptable salt of a conpound shown
in the above formula (1) or (11) is ordinary organic or i hérdéniZl*at oxic
salt. In the case where the above conpound is a basic substance, the salts
that are preferably used are hydrochloride, hydrobrom de, sulfate,

nitrate, asdhidister INEHARS @waagomad@e petytobugaafsby afj@ien, @ ddimihider case
where the compound is an acidic substance, the salt that is preferably used
is a sal tsustainablydyrdyiminfusioaoethiedikeudi ng al kali nmetallic salt (e.g. sodi.um
salt, potassiumsalt etc.) and alkali-earth netallic salt (e.g. calcium
salt, magnesiumsalt etc.) The term "pharmaceutically acceptable” in the

present speci ficalyNgfiRANS of déﬂ}grg Qﬁatst[ozrtgt? Eléeﬁée)rmiﬁ\éﬁ%ggg%éﬁ{%lﬁ%sglobi al

nmedi cal agents, veterinary agents, I'cu

agents, i namedound Gherei, Gn thebbvedontulk T)2atl1eat dpél@ﬂ@laﬁh@%ﬁ)QQQ%%nused for
study purposes. 13 = s JUL 2004 The cell division Inhibitor of the present
i nvent i on <sPnrdngleeends of a egmepaynd pbersin, irf the abdsi foimigda (M) (B2) is adiastios+ on,

cell- cycl e_and praonycl ear fusion between femal e, 'pugl eus , and a nale
nucl eus of &L Pr §3§F Ste P bgnusgé}cl(:ﬁ%? ’fabg’pécﬁoﬂpeg?‘{] herey iBhe aPVS si on

i nhi bi t or RfmAA{NPELE BNK, adWER kARl ¥, HSRRU aRP YR ?«ﬂé:j 'c?grir,ggli, g,gq ﬁgggtn ;

8 I
agricultural - . chemcal, veterihary’agent, |Inséctici
and r eagerire flofinesh asdwitlp stated sbsve), Eoretpreferablyea camipnmdnekbireia) irGenbsve it i S
parti cul aatjpx_{“ﬂszﬁul ) ?P aa | ttunor agent. The cel | division inhibitor of
the prese 8 Rt Pa5h af K dnfl Sotif QRYEER, Adrach Of Igiand Y. ig ONHr ds wisdwend: ei n
cell divisg | (RY'E : ' ‘AN ye useful for
cancers, %gﬁ%@%{é‘ gﬁfgﬁlﬁ\% ecwi#{ (gpggl?ﬁ gvlhgiaalﬁré{afb %@ﬁé ia? lJ|la('L’) ﬁjﬁ g’pf Bégg?’hdgf % a
certain t ypdorof a diketopiparmine ring ios ehstimted kompbwnds tidredfisuiseBhe Er@hplesvbet C.

where a cte}&%gi,n type of cel] continues to grow disorderly. Furthernore,
the antit ANFeFrndgnsing, amipp skt Preferabhy inside fychie fromaticloamine 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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pharmaceutically effective ingredients, i.e., other antitunor agents as
necessary as well as the above active ingredients in order to treat

vari ous di seases. Wien the antitunor agent takes the formof granule, fine
granul e, powder, tablet or capsule, it is preferable that the antizgonor
agent conprises 5-80 weight % of the above active ingredients. \Wen the
antitunor agent takes a liquid form it is preferable that the antitunor
agent conprises 1-30 weight % of the above active ingredients. Further,
when the aB66t1968r agent is used as an injection anong parenteral agents,
it is preferable that the inhibitor conprises 1-10 -weight % of the above
active ingredients. For use in oral admnistration, the applied dose of the

above active ingpedients is preferably O,Ing,to, | g per day per adult.
However, dependi g@“’oﬂ&é’ é’gc’?@g,"? I yPr Ptg?ﬂv%nﬁ’f’g%t’%ql“é‘ksahadaﬁ &nt, the
dose can bg B SHoIRGIAPREBRS] BEE ' § ) resent

i nventi on can be ad?ri ni st erlggé’onceo%eepﬁggi?ﬁd%%c;dﬁgl‘goglﬁinis %Hgné(@gk@?\}i; dedly
adm ni st er pitférablee or three tinmes at regular tine intervals. Wien it is

used as an injection, the applied dose of the above active ingredients is
preferably | to several hundreds of milligranms per adm nistration per

adult. Moreover, .t | ibleto 14 1 6 JUL 200% gdm_ni ster 1-3 tinmes per
day or once every’h%p(%crsscgqg‘gef}gl’%ﬁmﬂ‘?f’e%ﬁ%‘ﬁf’zy&?e? Jhe fehvdragensse, sypdietis nabl y
by drip i néspoandosuch € dichiepophPiolmdeptmbl fpHe i Dﬁ@w f the
pr esent invde#r_i\l:i on cugrrpri ses ap corrpol?}E\égl wﬁje(glg?’r{ ?%I%ﬁxgxg%%g% f rnﬁra (1),
at | east of¢gieyrnidgtpramethylpinylesediamsiag laod quinandspss welhgd ativahcomgunds
conmpound wheyein, in the agﬁr\l/e ermgllH ()I 1), .(B2) .is _a carbon- carbon
single bondR& Hiertnsadgning dinygleopds %P aEBHD dthine Aiepeleetide phosphataibove
for Ml a (1NABRY a0he XderdfitlaRtgcib i (HAB); 1¥dn i ; 4 inSoo NR4-
(herein R31a\§ind F?4a a?e ?:Iefi neddgo;m\%it s’tg%%(]:] angyg??Otlﬁ%?g%bPﬁfggl y a
conpound viwindding, quinpneh@QQoamel cftochruings.( 1oweas,hambngXthean AFMAT, | BOQXY gen,

and each of Y3 and 1S, :NH s used, and further nore preferably a
cyclic di p%’ﬁ‘t"?l&iif‘%ﬁé&!’ %M%E@ﬂ%fea&%?e&wllﬂwmﬁmﬁdwﬁa@n%quum@es@rem a
di ket opi Pegragidfe, kA WCH arAR TS HeGEraRe TRAYAMS, t hereof is used. Examples of

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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t he above condensing am no acids preferably include cyclic (aromatic) am no
acids such as phenyl al ani ne, histidine, tryptophan and tyrosine. Exanples
of substituents in the substituted conpounds of the above cyclic

di peptide include halogen, -C, 2,alkyl,' CZ_ zs alkenyl, CzZ-18 Hikyiy|

C, _u al koxy, aral kyl, hydroxyl, amno, nitro and aryl. These substituents
may be substituted with other substituent(s), and a part of the carbon.
chain nmay be branched or cyclized, may conprise al heteroatom, may
mutually forma ring, . and may have a protecting group capabl e of
deconposin "Sn vi vo. The ubstituents include preferably C2. al kyl or
C2-,'alken§P, nOPEmYFRIEEh y 1, 1 -dinethyl-2-propenyl. The majority of
conpounds used as the substrate stated above are the known conpounds
(Japanese Patent Application Laying-Open (kokai) No., 10-130266; Kanoh et
al ., ‘Bioorgapi cpﬁsng@;is{miga@h@n@,gt ry Letters, Vol.7, No.22, pp.2847-2852,
1997; Kanoh et al., Bioscience Biotechnol ogy Bi ochem stry, Vol.63, No.6,
pp. 1130-1133, 1999; Kanoh et al., Bioorganic & Medicinal Chemstry, Vol.7,
pp. 1451-1457, 1999), .and these conpounds are avail able. O her conpounds
can be protdced“hBY W@mgﬁﬂﬁm“hg?ﬁgds as those described in Kopple et al.,
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 @ghydHegambility:atablehue 2047056 deactivatedat BT i ncl udes nol ecul es havi ng
a variety of -nolecular weights, -but one whose nol ecul ar weight is
700-800 kDa is preferable. The present invention can use, as a coenzyne of

t he dehydr na I N s such as di chl orophenol i ndophenol
(DCl P), phenazine “nmethoSulfate , ferricyanide,
RreUFhBEH Fopdr R

t et ramet hyl phenyl enedi am ne and qui nones, as well as natural conpounds
such as nicotin adeni ne dinucleotide (NAD), nicotin adenine dinucleotide
phosphat e  ( NADP)Thefdebydregenasga ithecprasent iy ention qeay ieArspd not qely af a natural

nmononucl eot i de {sz% rrol o i noline qui none (P .and, cyt I OITES.

However, a H% of g& by hﬁ:% as&djll-ﬂge a6t e%zyme SSlution tamedj by ¥ar8gltl]y 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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cytochrones, DCI P, PMS, ferricyanide, tetranethylphenyl enedi am ne and

qui nones are preferable, and DCI P and/or PMS are further preferable. The
dehydrogenase of the present invention may be obtai ned frorp Wil ﬂ]ﬁganl sm
but ones derived from m croorgani snms such as bacteria, acti noﬁycet es and
filanmentous fungi are preferable, 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 |l ow ng

physi cochesulssednce whpreist, i dic abbye feumalai P at Ehse ode bf (B1) gad #B2) i racsarbon-
Streptonyces al bul us acts to convert . a carbon-carbon single bond on
the' posi ti 6AboB d@\ibl% bmrﬂ, enchreems%#l\f@a%wnlea Hghide sphstitnted or nonsybsfititad e

ohony o PR RO R B e,

cycl ophenykgdsapdd Ioﬁtﬁrmsmdtéa QAeRRRY- kY 8 e@bﬁn&h@ém&i Rir S kst eicutd
t et radehydr ocycl ophenyl al anyl hi stidyl™ 16 f UL 2004 (ii1i) Optinum pH

8.3 (iv) pkémstlebidia-tyclicst atipeptide, 7. pihrﬁictﬂhrly( V) substituredm ta@p enstibstizuted 0 C
(vi) Heat stablllty stabl e at  20-70' deactivated at 80'C (vii)

Mol ecul ar  femgReych ?Bhﬁ{wl%WYWée'a@ﬁmreaféMB@Y&lmms%ybse@rﬁsemﬁdlent i on
may be use t so as a cell-free
extract or%%yr?lga{?és ﬁlagﬂp%%(?glﬁ%lgﬁé é‘g@’p&e" yblg:rngﬁ’kusﬁ’y purifying the
cell-free extract. The dehydrogenase may be purified according to the
common enzyme purification nethod. Al so, the nulti-step reactions may be

carried out at on@N‘imealbl&lenﬁhmm@h@hbproéhqygréshydmeuéﬂymgmmwéed)f t he
pr esent |n nti.0 roduce a conpound wherein n' t he above fornul a
(1)t 1 ol neiles iy e PSP eiont Biintieibfietiouni o bond or - a
corrpound wherein, in the above fornmula (I1), (B2) is a carbon-carbon doubl e
bond,

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 prep‘are 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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by using as a substrate a conpound wherein, in the above fornula (1), at

| east one of (Bl) and (B2) is a carbon-carbon single bond, or a conpound
wherein, in the above fornula (11), (B2) is a carbon-carbon single bond.
And these conpounds are useful as a cell division inhibitor or En
antitunor -agent. Sone exanples are provided bel ow to descri H %W"esent
invention nore specifically. The active ingredient of the cell division

i nhibitor of the present invention is a 17 1 fi JUL 2004 substance wherein,
in the abovelufien oitdel ekirict pipared ashbove & eifiBllly R8ditcd2) me%,gm@i’ésti&@f carbon
doubl e bond, and representat.ive exanpleS include substitute r ?

non- subst i bukthelfactiisithed an didysrecplutien aml aabstrate phdnylahistid taredtare isegle t ut ed

t et radehydr odi ket opi perazines, substituted or unsubstituted dehydro-cyclic
di peptide, T ﬁ‘b‘&?’ﬁ’&ﬁ'& &% 2 Birsphate bulipre JIf necassany diip @ossitdy t0 ads ahi gewtic de,
parti cul ar L substituted dehydrocycl ophenyl al anyl hi sti dyl
or t‘et_radeﬁ%gﬁg%"g%hgﬁyﬁgégﬁyl hi stidyl represented by the above fornula
(TI), and further particularly dehydrophenyl ahistin. As an exanple, the

met hod of produci ng dehydrophenyl ahistin is provided .below, but needl ess
to say, the presdnordenve puiifyrandsisolate dehydropdnylakistd Gromlihe aWevd edhcebn

col l ecting ozut{]ovel' ca ound dehydr o eré)y_l ahistin by culturing an

act i nomycet e ¥y SeRY ﬁ&"‘e‘,"”@iﬂ?’éd{lﬂh‘% &5 "1sglafine/purifma 307gonir ctpmpeynddéposi t ed
with the lied ak Hheet f o Bl RRCI - Technol Agency of

| ndustrial . Sci encgbg% h%'tgcﬁlildgl %ng Hirgééﬁs(ﬁfag%gﬂagmggiﬁ%’a-e ‘ﬁﬁg},{gﬁ batagi - ken,
j apan) undesthadsceasl onoionic FERMrRifRbG 9 téthods;J agdlarfiuidon ZQﬁg)natdgq.ﬁﬂ ring a
dehydr ogenase frorpa’t he culture, and allowing it to act on phenylahistin is

speci f i cal FNPTHUE AP Wt adsarbents ipgfudingsachvaiedgatbeny eluning, silicalgeleta, mdr i fi ed
enzyne or I e . .. CGenerally, the dehydrogenase
c aﬁy be pr elg%}? Z’gﬂg@aggﬁ iliﬁaﬁ? %}Htgﬁ' éto% %ghg dcrggt%g’ﬁﬂoﬁr iR %oacéetnfrﬁgm; %:l‘ért eg

bel ongi ng ﬂ'@ﬁ-ﬂqix@rau&eﬁﬁpﬁtﬁ%%ﬁﬂg.in&msjhaﬁ&ﬁasg?hﬁdﬂﬁgte g,xr}eﬁga%g to purify
t he dehydrogenase of the present invention fromthe culture sol ution or

prepare a cell

- Dehydrophenylahistin produced by the above method has cell division
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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extract containing the enzynme activity, generally a common nethod used to
purify the enzyne derived from m croorgani smcan be applied as
appropriate. For exanple, nethods such as ultrasonic disintegration,
centrifugation, salting out, dialysis, various ion exchangegrgsi 200het hods,
noni oni ¢ adsor pti on net hod, chromatography including gel filtration
chromat ogr aphy, high performance |iquid chromatography, crystallization or
freeze-drying can be applied separately, in conbination as appropriate, or
repeatedly. The nethod of carrying out dehydrogenation reaction by using an
enzynme 18 1 6-JUL 2004 solution or cell extract prepared as above is

speci fical |y descVhee#he agenhds psedny aJeagshkifor a higchemical gxamingtion, she an

enzyme sol yi N subst rat.e. . ghe ahi-shicn _t.her.eof are.m.xed tqQ react
T burtor SShRRtorne IR EimPRERA AOGR D0l Py BT iRl T o 2
an organi Can agaMRNol¥eRt P ybRAS lorgticS SdIVnt Qd ddiRik@RM difeclY bl varRRE

| sol at e dehydrophenyl ahistin fromthe above reaction solution, generally a
conmon et bdthret callssybtemns.n gExmplés of gho applicalde oogapizusoiienissinclagp triedainols
appropriate. For exanple, nethods such as various jon exchange resin

mot hods. antimed PRIde gl frABRI H%é?sag%%om ckde sRlid Resv sBglt aphy

=t hod HiPE6 kor BrRBRLchot i dosgeir HESHROEE aphy.
ol atc. . BHer P BlnEaRRREC R R ARl Rl R aR AR ool o |

vacuum congihe dike.ONGerefallyf f1e ef€:tide winb@ntcofthd CelRRAsiGOinhRbMSF dbBpiising N
conbi nation as appropriate, or repeatedly. Dehydrophenyl ahistin produced by
t he above Wetdboue ifghydsenhenylphiptyl e anjactiveingedicricisi §.014100jsg/mdi, duik dhed in

Exanpl es | _..The usag dosage, form and . [ dose (usa of the
o1 al vi s b GepetRC00 Sus B B SuRPRL B SERC pf iEReh e
dehydr ophepytthalias Ghodst baforicthé Miebvie AGHEA TiaHs nfdyd @l dmineRredss ARRIQPr i at e
depending on the intended use. For exanple, in the case of the antitunor

agent of the present invention conprising dehydrophenyl ahistin as an
active ingredient,.it be . I nistered either orally or parenterally.
Exanpl es of the Maajgg?%?% Pﬁ@ﬁ%ﬁd@ r"&l"“‘(iil ﬁtlr gﬁa?%?%%@g/?ﬂ?&}ggﬁ i, theyy) et
powder, capastiBatiof” 8N JhftneRX Phfl APPHcaROhURo. QD0MISRI NS is a priority

document of the present application.

Best Mode for Carrving Out the I .

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 désignatcd
CA,A, (A, and A, represent amino acids in single-letter notation, rcspectivciy)-. 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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preparations such as an injection or suppository. These formnul ations are
produced using pharmaceutically acceptable additives such as an exci pi ent
or binder according to known nethods. The applied dose of the antitunor
agent containing the above dehydrophenyl ahistin as an active ingredient
depends on the age, body weight, susceptibility, and synpt bisJ@lf 2804
patient. However, the effective amount is generally about 0.1ng to |Ig per
day per adult, and it is also possible to adm nister just once per day or
devi dedly several times per day. Furthernore, a dose beyond the above

normal limts may be al so adninistered as needed. 19 1 6 JUL 2004 \Wen the
agent is used asPhenylshigtingprddyeing bsicweinlepslisaldsperaithun asius NNSEHFO38qwbhichopnent

f th [ le.ig inhibited. h i.od, if ' :
o e ool b el B Sl TGyt L BEbRR ks M BoRmbtey
adm ni st er ﬁgggdaf SGhéos o SYRAdOHA Jggﬁﬂ% : quga%ml 1-$385 TRikBba-EA Rl KE, t he

appl i cabl e nic solvents 1 nc thanol, dinethyl sul foxide etc.
Exanpl es ofagahpusiies ageséion 0%, FERM 158601 ch Septertiser SdRIG)s wepo imbevlated
granule, liquid agents dissolved in organi c sgolvent or hydrous Qrganic

sol vent,  ant@ fivesPpision.a sobifarediuny (20:m1 BerLemdiah) ishrRonsins e @¥{OsYi vi si on
ot ont SRS Dash Yead O R HRBRARLYS RWiBhidla Ak 038 Ko

i ngredi ent appropriate amount ‘depends on' the

type of cukbfidfi§dase] 5%Saat @0 65).1 NS wieESthen Culkirb®ht 26:NC G0T Bhysligy ond
the above normal limts may be al so adm nistered as needed. This

speci fi cat therdarkhitd cbiein papdare suspendibn.of Thetweswlang epare suspension (&3 aal) iwast he
speci fication of Japanese Pater li.cation 2000- 9370, whi.ch is.a
ot or i Ly USEUAEATE N @f ADDAENE® BRIFRE JL OF S OB G0 BRSth Bing cut
the 1 nventjQp clﬁﬁe@at%%fow\ﬁ*&tih% Sk DR LMIEREEINRSGE BEsheliRsinpE
follow ng exanples. In the follow ng exanples, cyclo(A -A2), which is a
cyclic di pafitérdend afierexidition «fofld ethyhacatate.ovat abowed mostand dor A dapnthen? into
a di ket opi perazi ne riqg I S deii nated CA, A2 gA, gPd(ﬁz represent .am no
acids in sPHECEd) eThe Follisted ity acotate faVer s concentgipd Ppder vacium fo 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 ml fractions in order 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 interest 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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the cyclic dipeptides- CA A2 are LL-isoners unless otherw se specified. A
D-amno acid is designated, for exanple, DA, , if necessary. Further,
dehydro-peptides are designated A, so that CAA A2 represents

cycl o(AA, - A2), CA AA2 represents cyclo(A .- .A2), CAA W@em%i%@ﬁtzs
cyclo(.A -AA2), and ACA A2 represents a mxture of C .A AZs , and
CDA, DA2. Furthernore, PLH represents phenyl ahistin. Exanple | (1)

Phenyl ahi stin 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

Hunman- Technol ogy, TeAGRNEsQI skrilibsd WattdonSining 0-20@ i0sufREmn Ohigayx-( H gashi
1-1-3, Tsukuba-shi, |baragi-ken, . Japan) under accession No. FERM P-15830
on Sept enber WO Yeorsifed (geand mixed With 4 dapt op whish gray spYpsoiad formed wel| i d nedi um
(20 M per 9 [ o gt GBS Phiod 05 L, dgitured0 r.ol., 0.2% yeast
extract, 2% Ptﬁg&r O'r?ea?:lnim\gy( %grtet%g%glgigg‘ cg}](sg ,&E%Sajgs%lg}%%/%gd%fﬁ@d?iade and 1.5%
agar (pH 6. 5)cultFhmedigh kgl cuiewed undre the dallowing ehditibns? 6TheCulfvos meflivtayed i N t he
dark to obtain a spore .sus ion. The resulting spore suspension (0.1 m)
was i nocul at'@?foﬁ’ﬁ{ggmgﬂi’?ﬁngﬁ‘eﬂéﬁg di shes containing 20 m of the above solid
medium and then cultured at 26 'C for 8 days in the dark. The resulting
culture was crushed using a mxer, and after addition of 8L ethyl acetate,
was all owed to stand for 2 days thed2blgkiracted. The collected et hyl
acetate | ayer was concentrat P&% - obtain 15 g brown syrup.
This syrup was dissolved in gjgﬂﬁ etﬁoﬁﬁgﬁﬂéﬂt te and applied to a sitica
gel colum (8 cmin dianeterGu@@® cmin length) piSepared with 1:6
acetone-ethyl acetate, follgwed, by elution with_.1:6 acetone-ethyl acetate.
The el uted sol ution was frati¥Shated i nto 500 fractions in order of

el ution. Phenyl ahistin was ®oRpaptoned in the fifigh to tenth fractions,

whi ch were then concentrated under vacuumto obtain 4.7 g dark brown
powder in total. This dark Hethi¥owder was dis$8lved in 10 m  chlorof orm
and applied to a silica gel gggbumm (4 cmin diangeter, 30 cmin |ength)

pH73
Table 2 shows the culture conditions,
Table2
Culture conditions
_ Pre-culture jn 200 mj Erlenmeyer flask
KP medium _ 40 ml
Culture period 24 hours
Rotationspeed 180 rpm
Temperature 28°C
Main cufture in 5 L jar §
KP medium 3L
Antifoaming agent
{Antiform AFI emulsion) 10g pcr3 L
Culture period 48 hours
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prepared with chloroform followed by elution with 500 m chl orof orm and
then 50:1 chlorof orm nmethanol. The conpound of interest was eluted with
50:1 chloroform nethanol to obtain 1.05 g brown powder in total. After
addition of 100 ml ethyl acetate, this brown powder was mgedLwghj and
allowed to stand for 2 days to separate out 628 ng phenyl ahistin as white
powder. (2) Culture of Streptomyces al bul us 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 m xed with a slant on which gray spores had forned"
wel |, thereby obtaini nRoatigppeed suspensi on. Thi S08xmpensi on was di |l uted

1000-fold in a cul ture‘;’re.gi_um nd cul tured under_ the_follow ng conditions.
The cul ture nedium had ‘PREUELY i tion shown in2EBF2™® Taple | KP medium

conposition (g(L) d UC @&ifberhfire G ycerol 10 Pol ypgpgon 10 Beef extract 10
CaCC8 - 4 pH 7.3 Table 2 shows the culture conditions. Table 2 Culture
conditions Pre- ulture in 200m Erl enneyer flask KP medium40 m  Cul ture:

period 24 hours 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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Rot ati onspeed 180 rpm Tenperature 28 'C Main culture in 5 L jar feEnmenter
KP nmedium 3 L Antifoarning agent (Antiform Ake emulsion) 10 g per 3 L
Culture period 48 hours 22 1 6 JUL 2004 Rotation speed 300 ¥ proguiVemti |l ation
volunme 2 L per 3 min Tenperature 28 'C The cell-free extract was prepared
as follows. The culture solution (40 nt) was centrifuged at 20,000 x g for
15 mnat 4 'C to collect the cells. These cells were suspended in 40. i
physi ol ogi cal saline, and then centrifuged again at 20,000 x g for 15 mn

at. 4 ' C tol6estokedmis flrl 2 hobihg Fellovakl 1y ¥trfugisnne 9900 g Tord13Ts gl um
phosphate buffer (10 mM pH 8.0), foll'owed by wultrasonication (150 W 1-5
mn, KUBOTA'€soNaincryetlownyrecifitate. r Shid priesipitate wlas diseolvediin 5emt mefhansigd at
20,000 x g 'foth 15 m#g ‘{asﬁfi 4 'C b@ﬂ(())btai n the supernatant as a cell-free
extract. 4u)thes,erpupfugedpeainat 2 5% TP bhyimes 51G.n Thetesulting supematant
dehydr ophegyd akduaided caitdntrRl bid ' Jhe o 1.0 . carried
out as foll ows. T{']le. reac!tnlmgn ﬁé(tﬁ ﬁ%%@fgggsjoph,eﬁ)élgﬁfggsqytﬂgﬁ&%ﬁ%\%ﬁ"ﬁ{o&abl e 3.
Tabl e 3 Reethandd therehy obtsining BE33h dehydfdphenylaidtintas AGefownbdile Hys|t hy !
sul f oxi del0 % (v/v)
The resulting dehydrophenylahistin has the following physicochemical data:

EIMS mv/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

05.16, 1H,d (J=17.4)

85.20,1H,d (3=10.7)

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

06.96,1H, s

56.98,1H, s

07.32, 1H,d (J=7.0)

06 7.37,2H, d (J=7.3)

0743, 2H, dd (J=7.0, 7.3)

0757,1H, s

08.04,1H, s

09.06, 1H,br s

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:
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Sodi um phosphate buffer (pH 8.0)9 mmCell-free extract0.145 units/m
Tenperature50 ' C The above reaction m xture (100 m) was divided into 200
m Erlenmeyer flasks to contain 20 ml reaction mxture in eachjil el The
reacti-on was carried out at 23 1 6 JUL 2004 160 strokes/mn for 24 hours,
foll omwed by centrifugation at 20,000 x g for 15 mn at 4 '"Cto obtain a
yel l ow precipitate. This precipitate was dissolved in 55 mM nethanol, and
then centrifuged again at 20,000 x g for 15 min at 4 'C. The resulting
supernatant was vacuumed-concentrated and dried to a solid, followed by
recrystallization from netha.ol, t hereby obtaining 5.58 ny

dehydr ophenyl ahistin as-a yel [[pw needl e crystal. The resulting

dehydr ophenyl ahi sti n has the ol | ow n%cothem’ cal data: EIM5 mz: 348

(M, '100), 133 (25 (MeOH) | max, nn1(e) 205
(16600), 363 (35344 61 5%[@5 5.16, 1H, d
, dd (1=10 17. 4) 66.96,1H,s

(J=17.4) b 5.20,
66.983IH,s 6 7.32, J=7.3) 6 7.43, 2H, dd
g 06, 1H, brs

(1=7.0, 7.3) 6 7.57,

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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6 12.23, 1H, s The resulting product was identified as (Z,

Z) - dehydr ophenyl ahi stin based on NOE observed between a proton of

di ket opi perazine (6 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 2/ 6 JHL 3% 2004
Exanpl e 2 Dehydr o- product s of .cycl ophenyl al anyl hi stidyl (CFH) were prepared
from CFH.through dehydrogenation as follows. Table 4 Reaction nixture.
conposition CFHO.5 ng/m B nethyl sul foxidel0 % (v/v) Sodi um phosphate

buf fer (pH i8mid (VNalthe brodtctethied Gk 30I1OMIEIAdaR ] idyihe
reacti on m xtur e(?Iinoo m )i)shown in Table 4 was p?grgggzéﬁg}'dlﬁfgﬁliﬁﬁgd into
five 20 ni I(CEAHxofthy Ermiulaa@8s. . The reaction was carried out in Reciprocal
(160 strokes/min) at 50 *C for 24 hours. After 24 hours, the reaction

m xture 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 (Waters, 600 Controller, 486 Tunabl e Absorbance Detector,
616 Punp, Inertsil ODS- um 4 20 tnmx 250 nm 60% et hanol as a
solvent, flow rate of mn, UV detection at 256 nn), thereby
obtaining three. dehyd odggts at retention tinmes of 3.9 mn, 9.1 mn
and 11.6 min. Instrunentd ana|ysis indicates that the product eluted at
9.1 mn is E- tetradehydrQgyclhiyphenyl al | histidyl SCE—AFAR) of the
formula ' (1V), the product atNIX"8 mn is

Z-t etradehydrocycl ophenyl a‘_lI i I\(C&H\FAR) of the 25 1 6 JUL 2004

(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
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.formula (V), and the product eluted at 30.1 min is

dehydrocycl ophenyl al anyl histidyl (CFFH) of the formula (VI), ( V1)
The conpound (V) has the follow ng physi cochem cal dat a: =RV m‘-zm&

(M+, 100), 107 (36), 279 (29); 281 (18). W (MeH) | nmax, nn(e): 205
(14800), 257 (6500), 351 (27100). '"H NWMR (500 MHz, CDCI3): 6 6.77, 111, s
26 16JUL2004 6 7.02, 1H s 6.7.22, 1H mb 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, |IH ®d792, M,k1.91, IH s Exanple 3 A variety of _ _ _
dehydrod| ket 0 erazines were prepared fromdifferent diketopiperazines as
substr_ate -ﬁg W dehydr ogenati on reactions using the enzyne of the

ELFngQT de%gﬁéﬁﬁf 7§3I I ows Tabl e Regct ion m xture conposition Dinethyl
07.37,2H,d (3=7.3) -
57.43,2H, dd 0=73,7.3) -
8775, 1H, s |
58.09,1H, s
069.30, IH, br s
61191, 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
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 edikefopipepzindsias subssatesnhiopgie detyirdgehstionneactiohe aiinglthe)endymebpt odi ode

array det e&t or (mylti-channel UV, 220 nmto 400 nm. This nethod
e 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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provi ded the foll ow ng dehydro-products: ACAH, ACAW. ACAY, ACD(Owe)D(Owe),
ACDF, ACFG ACFS, ACFV, ACFW ACG., ACGWN ACGY, ACHH, ACHW ACHY, ACLP,
ACLW ACLY, ACMM ACSY, ACVW ACWN ACWY, ACDW (Wresidue g guD-derm, 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-position). Exanple A variety of dehydrodi ket opi perazi nes were prepared
from di f f etlerpresdhtiiptanpiopay followes as substrates through dehydrogenati on
reactions using the enzyne of 28 1 6 JUL 2004 the present invention as
follows. The reaction procedures as described in Exanple 3 were repeated
and an anount dehxdro enat i on bx t he enzyne was_ determ ned based on a

change in absor b¥nEE R BOGCIRTSqRf dessrbese oy Framplead were repsated andearanount
of dehydr ggenat dfodthdrobdBten 2 e (d change |n, absorbance) for each
substrate, which ispe;(’%ressegﬁ'aseanrzgrflgt‘lgavse&%%i ,'é (gﬁeiboélo?t? Por cFi,
was set t cabkOfbanceTabl 600/ rnodmd tof coalzypeogenané on SowRaghk Sihsif age by
enzynme Substrat eAnount of dehydrogenation CFL100 CFH44 CMMWR7 CEE14 CLY14
CDD14 Ex an%@d@genahon by the enzyme (i.e., a change in absorbance) for each substrate, which

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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Dehydr ogenase derived from Streptonyces al bul us K023, which requires
di ket opi perazine as its substrate, was purified according to the procedures
as described in Exanple 1. Streptomnyces al bul us K023 was cu#{&heﬂmgn a
mni jar containing 3 L culture nediumto obtain 167.12 g1o e 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.
was washed with

After the sanple was aggpphed to m]g_ggwgel 38 ;0
360 m buffer, and then el uied stepw se t%qiloo.dr;ﬁ uftfer containing 0.1 M
and 600 m buffer containing

NaCl, 410 m buffer cBlowaarting 0.13nlhidaCl ,

0.5 MNad, thereby obtaining the follow ng active fractions.
S Fraction size: 0 ml

Sample: 113 ml cell-free extract

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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Table 9 Purification by DEAE- Sephacel anion exchange col umm chromat ogr aphy
Fracti onConver si onProtei n (A280) Speci ficLi qui dTotal activity
activityactivityvolume (units/m)(mmni) (uni ts/ng)-(rﬂ)(unii%)JUL 4

50-560. 1791. 420. 1267012. 5 57-710. 2402. 560. 078115230. 4 Fracti onhs g%) 56

havi ng a hi gher specific activity were subjected to the subsequent Mno-Q
col umm chr onat ography as foll ows. Colum: MonoQ HR 5/5 Flow rate: 1 m./mn
Fraction size: 0.6 m Sanple: 4 x I m DEAE-Sephacel fractions 50-56

dil uted 2- Wwadubedd t Aftéruhé samphs was bdsbfted to 46 colvineg theunolypiwo sah stashed wfifter (pH
8.0) containing 0.1 mMDTT 30 1 ii JUL 2004 was used. After the sanple was
adsor bed t othe Refferdpy dainytgseandthemelutzg withok McaGlrqontaining buffgriusingradinear

or adi ont( 2GRS0 e BagubrebBlnte RSy iy S B e 05T

the fol | oWongwagtaci®: frdc@iehl on. Tabl e 10 Purification by MnoQ anion
exchange col umm chr omat ogr aphy Conversion activity Protein (A280) Specific
activity Liquid volune Total activity

" Table 10

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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(units/mM)(ni ml)(units/mg)(nil)(units) 0.02010.03760. 6467.2.0.145 The
above active fraction was subjected to gel filtration chromatography
(Superose 12) as follows. Columm: Superose 12 HR 10/30 Flo ¢ 34y .5
m/mn Fraction size: 0.25 nil Sanple: MonoQ active fraction concentrated
to 225 pl As a buffer, 10 mM sodi um phosphate buffer (pH 8.0) contai ning
0.1 mMMDTT and 0.3 M NaCl was used. Table 11 shows enzyne activity of each
fraction. The nost active fractions 13-16 were conbi ned together and
concent r at e@300DSWXE)adith Wagis IcD MoBalel es follo®sr i fi cati on by Superose 12 gel
filtration colum chromatography Fracti onConversion activity Liquid vol une
.Total activity (unitsCelpme) (uni tEK GELIGSWZI007. 37 13, 140. 2534511. 4
15, 160.184458. 28 17, EEO. 0?2680% e above active fraction was

subj ected to' gel filtrat®oR chromatdbEF8Phy (TSK 31 1 6 JUL 2004 G3000SWKL)
with Waters LC Modul el gagniko! "OWS'Suip%é'%ve-ﬁ%ﬁi:ﬁ%ong@ﬂc.%%hgpfl ow rate:

0.5 m/nin Sanpl e: Superoge active fraction concentrat ed to It

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 0.119 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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As a buffer, 100 nM sodi um phosphate buffer (pH 7.5) containing 0.1 mm DTT
and 0.3 M NaCl was used. The resulting active fractions were conbi ned

together and concentrated by ultrafiltration. Table 12 shqvgJ@Ezzl}mE
activity of the conbined and concentrated fraction. Table T rtication

by TSK G3000SWKL gel filtration chromatography Activity Protein(A280)
Specific activity (units)(mmnl), (units/ng) 0.002240.0011419.6 Table 13.
shows enzyne activity in each step of the purification procedures and a

final enzysubstisdsi v ithy rediMiee eisyniafie weRetio snbleid AN eRRE RPSE! hbfbidf! | Vi ty
Purification stepEnzynme activity Protein Specific activity

(uni t s) ( MActwAty againstymideyb|divisier of Rarmrmple@ritI4rkhmanticud 4dthout any purification

DEAE- Sephacel 0. 1190. 9460. 126 _Mono- Q0. 06440. 1200. 537 _Su .erose

120. 00790 7 JERFUGB Pr *-gﬁlﬁo‘sﬁ‘ﬂwemmdmlaimr@eéx:anﬂeelwmﬂeoﬂ eacti on

enzyme of "hbidRe 0k 2 0. 40P, (PR, kel AT il R L leieg o a2
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



1 6 JUL 2004 substrates. The resulting enzymatic reaction m xture was
tested for its inhibitory activity against enbryo division of Temmopl eurus
toreumaticus w thout any purification of the reaction proglygt. 200fhe t est
was carried out as described in The Journal of Antibiotics, Vol. 52, p.
1017 (1999). However, stages at which the first cleavage division occurs
vary anmong sea urchins, so that inhibition of the cleavage division was
observed after one hour of fertilization in this test using Temmopl eurus

t oreumat i cBsamplé€8ncentration of the substrate added to the enzymatic
reaction systemwas, used as a criterion for inhibitor concentration

because ‘'t he reacﬁhmlw%wltwﬁgmbéﬂhbfdéﬁ’dlkwlfeé%ﬁmc Wlltl?‘r'cﬂ?ﬁcr&’ﬁ?below
purificati e .l ition.test for .t sion of mopl eur us
Por eun at | £t dobSeteaefiptnr®Pins sy ledlee ST A ORG ot VT P T8 o i
fol l onwed byivisRr blaHe}fnéih rb‘ﬁ&%w‘ﬁdh@ﬁbﬁ@ FcEpHERALS %r‘a@fl& an-Ea?erﬁ:no}y'l—’euWWS the
test results. Table 14 Reaction m xture conposition D nethyl sulfoxide

(DVBO) 10% l(aw'um)atwu.ﬁaﬁilwmlpl"drﬂﬁlbmtlﬂhlbnﬁlfyeam:(mb’i 8'.I‘B¢ &eﬁ wid Cedriedf oweasext r act
from Exanple 1q.s. Substrate .0, TWAe 15 I nhibition

test for. geseribedgn 'la‘ie\)PE’F‘éh"ﬂJéF‘I"FBOt!C}ﬁeV@n?%r&tlloé"' r(b%?@i. JROWSVEE Stage R
oy oduct CREF B frit el B B0 BEQN Gy afote SRR s Pl fe 001 O

cleavage division was observed after 4 hours of fertilization in the tests using

Hemicentrotus pulcherrimu;s‘ and Scaphechinus mirabilis, and after one hour of
~ fertilization in the test using Temnopleurus toreumaticus, respectively. Table 16 shows

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

34



MC (p g/m) >25 (80%inhibition at 25 >25 (90% i nhibition 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 Exanple 8 Physiol ogi cal activity; gf gachns

dehydr odi ket opi perazin e will be described below. Each _

dehydr odi ket opi perazine was tested for its inhibitory activity against

cl eavage division of Hem centrotus pulcherrinus , Scaphechinus mrabilis
and Temmopl eurus toreunaticus as a cell' division inhibitory activity. The

55 v o ghsmen e g ey ol i ek il

occurs var iphibitoryy astivdtyy rindicating that theadeliydhidiketopiyersrines hare wefivageeltli vi si on
was observed. after. 4 hours of fertilization in the tests using-:

Heni cent r of 195 nkihiors and antifaorggemMmechi nus nirabilis, and after one hour
of fertilization in the test using Temmopl eurus toreumaticus, |
respectively. Table 16 shows the test results. Table 16 Inhibition test

for cell dEotinlion esdrfigle deNPemmpARANbARjetdmordM ikfkghed compounds M C,
po/ One milligram of dchydrophénylahistin and 5g of glucose powder were
aseptically 3istu'buted 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 106 ml 0.85%
pﬁysiological saline to produce a formulation for intravenous injection. The resulting
formulaﬁon is inﬁavenously injected or infused in an amount of 10 to 100 mi per day

depending on symptoms.

: Formulation example 2:  Formulation for injection or drip infusion
The procedures as described in Formulation cxampie 1 were repeated to
produce a formulation for intrévcﬁous 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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CompoundScaphechi nus Temopl eurus Hem centrotus mrabilis toreunmaticus

pul cherrimus Exanpl e | dehydrophenyl ahi sti n0. 0061 0.0061 0.00038 Exanple
2(Z,Z)-tetradehydro-CFH1.6 1.6 0.78 Conparison 1(-) phenylah by

0. 39 Comparison 2(+) phenylahistin> 13" 6.3 13 Conpari son 3a o S|n> 13
> 25' 6.3 Conparison 4CFH> 25' > 25' > 25' * no activity at the indicated
concentrati on Dehydrophenyl ahistin has M C of 0.0061 pg/m for cel

di vi si on of Scaphechinus mrabilis and Tenvi opl eurus toreumaticus, and MC
of 0.00038 jig/m for «cell division of Hem centrotus pul cherrinus,
respectively. Dehydrophenyl ahistin exhibits 250-fold to 1000-fold
|nh|b|toryhdéﬂﬂﬂuéymwﬂdﬂyconpared with non dehydr ogenat ed

(-)-phenyl ahi st t et y adehydr oht ai ned. by dehydrogenati on of
CFH .exhi bits 15 ﬂ’(‘fl "SBBH)' myEpon; l?m g?st B egll division dghibier havenghstranger ¢glk h CFH.

2004 ehydSSnan o &Py AR LAY SEnRR RERAR, AFF b BRAHL BRI o, e

t he. cel | dpradwetion thereohi bi t ory act|V|ty, |nd|cat|ng t hat the

dehydr odi ket opi perazi nes are useful as cell division inhibitors and
antitunor agents. Formul ation exanple 1: Fornulation for injection or drip
i nfusion One mlligram of dehydrophenyl ahistin and 5g of gl ucose 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

pl ace. Before use, ethanol was added to each vial to dissolve its content,
foll owed by addition of 100 m 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 M per day
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dependi ng on synptons. Fornul ati on exanple 2: Formulation for injection or
drip infusion The procedures as described in Fornul ation exanple 1 were
repeated to produce a formnulation for intravenous injecthquggng@uning 0.2
ng dehydr ophenyl ahi stin, which may be used for treatnent of mld cases.
The. resulting fornulation is intravenously injected or infused in an
anount of 10 to 100 m per day depending on synptons. Fornul ation exanple
Granul es One hundred mlligrans of dehydrophenyl ahistin, 98 g of |actose
and 1 gof hydroxypropyl cellul ose we \oced wel |, granul ated by standard
techni ques, dried well and passed through a nmesh, thereby obtaining
granul es suitable for packaging in a bottle or heat seal. The resulting
granul es are qrally.admnirstered in_an anount of -100 to 1000 ng per day
dependi ng dn g\y Sixsioniphipites| commprisiiies , aspan @ntive mprediat,catconppbhd afi Ons

cited herein ' . herein reference in their entirety. 35 1
6 JUL 2004 Ing:lrjrgl{ﬂraﬁr@l r&géﬁ%@ﬂ%%@%&%é@ﬁ el enti on provides a cell -

di vi sion inhibitor having stronger cell <cycle inhibitory activity,
particularly antitunor activity, and an enzyne usable for the production
thereof. 36 1 ¢ JUL 2004 CLAI 1. Acell division inhibitor conprising, as
an active ingredient, a conpoun tof fornula (1) or pharmaceutically
acceptabl e salt thereof:R each of X, and X. is independently oxygen

or sulfur; (B1) Y. (1)

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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Y3 is oxygen, sulfur, -NR3- or -CR3,R32-; Y4 is oxygen, sulfur, -NR4- or
-CR4,R42-; R10 is halogen, C _25 al kyl, C2-25 al kenyl, -25 al kynyl, C1-25
al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which nay be substituted
with other substituent(s), and a part of .the carbon chai g gfUR 20tmay be
branched or cyclized, or may conprise a heteroatom R20 is hal ogen, C, -25
al kyl, C2-25 al kenyl, C2-25 al kynyl, C, _25 al koxy, aral kyl, hydroxyl,
amno, nitro or aryl, which my be substituted with other substituent(s),
and a part f__the carhon in of R20.may be branched or cyclized, or may
conpri se alﬁ‘é?nélraggtoggr’%b BRI i s i ndependent |y hydr ogen,

(100 (Rt Es3Prtiatiby G o Bl S or s

aral kyl ,. hydroxyl, am no, nitro or With
ot her substarborwarbe) doeild tenpawherein sthieast amb aepredenisna EaPoh-LaBbR Weligd Of
cyclized, gr may.conpri se a _heteroatorn; each of R3,, R32, R4, and R42 is
i ndependen P?fjwvéﬁcﬂj onfigu@gleh, Cl1- 25 al kyl, C2 25 al kenyl, C2-25
al kynyl , Cl¢ : hydroxyl. an no itro.or aryl, which my
b Dbs g e Bhd Gl ﬁé‘?ﬁf‘?ﬁ@s‘ﬁ%%@ﬁ%‘ﬁ%ﬁnﬁ EXup sapghls Of decompastR 3ave: chai o
may be braesdeptinahe cay elhe@adch 6f X[Ed XORRxI is TRg-. gndgany of
R3, R31 and R?,pg1 may forma ring; g’?&ﬂl (3 Jukg‘?bg%h%f?ggﬂ%%sylﬂg?’&ﬁsRﬂ and
R42 may fobenzal, caelyef @Haand{(B2Bk)a eabon-Gaborn duibiebaieln thd) Ry cipiebard or a
car bon-carggn Isi n{gle bond OIE%a gar ggn- gxbon doubl e bond, wherein at |east
one repr esBArEk FMEH B8 FAET IR B RIFG 208 dheds RkyasReeagh of Yoapd Ygin ANHon; at
| east one RQf is kLAl ln rs deconposi ng
in vivo, eI?cept iyﬁ (?Eg%cggée&b _gfﬂe)grég{l:lgfegﬁn?(’, &aﬁdgﬁwgg%%ggﬁ% d%lgjg?l of Y3
and Y4 is bomdiHand Ry B 4 groupshomyl in thesfollowing(fRimulad: (B2) is a carbon-carbon
doubl e bond, and R2, is isobutyl or benzyl, and in the case where each of
X, and X2 is oxygen, each of Y3 and Y4 is -NH, R Ois benzyl, (Bl) is a
car bon-carbon single bond, (BR}1X a carbon-carbon Z double

NH

TR (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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bond, and R20 is a group shown in the followng fornula (a): (a) wherein *
represents a bonding position. 2. The cell division inhibitor according to
claiml1 wherein, in said formula (1), each of (B 1) and (B2) is a

car bon-carbon doubl e bond. 3. The cell division inhibitor dc€ofti #8*to any
one of claiml or 2 wherein, in said formula (1), each of X and X2 is
oxygen, Y. i's -NR3 , and Y4 is -NR4-. 4. The cell division inhibitor
according to claim3 wherein, in said formula (1), each of Y3 and Y4 is
-NH-. 5. Acell division inhibitor conprising, as an active ingredient, a
conpound of formula (11) oran E form thereof, or pharmaceutically

accept abl e salt thereof:- 38 I?G J 2004 where R, is hydrogen, hal ogen,
Ct 25 al kyl, g_25 al kenyl gyk, C, _¢5 al koxy, aral kyl, hydroxyl,
amno, nitro or aryl, w stit wi th other substituent(s),
and a part of th nchgd orygycli zed, or may
conprise a 'heterggto = e aton1é?ﬁgroup, or at nost
5 identical or different and the atons or groups may
mutually forma ring; R is hydro ) C, _u alkyl, C2.25 al kenyl,
C2_25 al kynyl, C, _25 al koxy, aral k@l , RydroxRs, amno, nitro or aryl,

whi ch may be substituted with other substituent(s), and a part of the
carbon chain of R may be branched or cyclized, or nmay conprise a
heteroatonggﬁﬁﬁﬁ of R3 and R4 is independently hydrogen, hal ogen, Cl1_25

al kyl, _25al'kenyl, C2.25- al kynyl, C, _25 al koxy, aral kyl, hydroxyl,

am no, nit Y i®hyaddo¥én, BMYgER OF 1, YRSl yRyiocher 1&}4{}5 ' nt(s),
and a partm(;f t he gar bongghadixﬁyan%;’; %%%ﬁ%ﬁ%?%& Fjgﬁda] 0 Hﬁfaleyﬁ
conpri se ahbidmoaylp amine, niro or gryhywhidymay bh attstened With afhendubytitner®R), 20d al kenyl ,

C2.25 al kyr[:])th‘l’ofC ﬂTe’csarbac}nkgﬁ(ayﬂ o?rlg,l l}I(lX)lf ‘be branched or cyclized, or may comprise a

e bp

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 substituent(s), and a

part of the carbor; 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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hydroxyl, amno, nitro or aryl, which may be substituted with other
substituent(s), and a part of the carbon chain of R5 may be branched or
cyclized, or may conprise a heteroatom Rb is hydrogen, 1hpljpgeings C1_2,

al kyl, C2_25 al kenyl, C2.25 al kynyl, C,_25 al koxy, aral kyl, hydroxyl,
amno, nitro or aryl, which may be substituted with other substituent(s),
and-a . part .of the carbon chain of R6 may be branched or cyclized, or may
conprise a-heteroatom 39 1 6° JUL 2004 each of R7-and Rs is |ndependently

Y o SRS R TS el a0 i Gl BBt et ut
W th Ot NeTallyyEIc, USRSl hydoRl b, it GAEAONNEN Bhd) Wm0 Ched

or cyclized, nay conpri sé a heteéroatom R2 and ma ring, R4

and any ofw:ﬂﬁoth& stbstiRtent(s)) dndra partyf thecarben cliahgmay B2braneed s efdlized, or
carbon-carbon single bond or a carbon-carbon doubl e bond; at |east one of
sai d gr oueNOPPRES & helergalemict i ng group capabl e of decorrpos1 ng in vivo. 6.

The cel |l 0 according to claim5 wherein, in said fornula
(rry, (BZ;ﬂ%ak Hlagq%hm%% ‘hon doubl e bond. 7.. The cell division inhibitor

accor di ng ®,@né b} 60 16, R@g{ggh(pR 4 ﬁghph,fiﬁg mul a (I 1), at least one of R7 and
R is 1, 1-dinethyl-2- propeny )é The cel | division inhibitor accordi ng to
any one of(Bg) @pwnﬁﬂcwﬁnnmbcmsmgkabmdtanmmbageabon déuble Bondit)L 2004 9. A

conmpound o 1for ﬁ f'é g or_an E forni thereof, or pharnmaceutically
accept abl é‘ e@%{PPeP ups, Iy RavR a protecting group capable of decomposing in vivo.

6.  The cell division inhibitor according to claim 5 wherein, in said formula (II), (B2) |

is a carbon-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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R, is hydrogen, halogen, C -25 al kyl, C2-25 al kenyl, C2.25 al kynyl, C, -25
al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may be substituted
wi th ot her substltuent(s) and a part of the carbon chain of R W%M
branched or cyclized, or may conprise a heteroatom and furkh eﬂw ﬁay 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 al kyl, C2_25 al kenyl, C2-25 al kynyl, C, -25 al koxy, aralkyl,

hydroxyl, amino, 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

i ndependent |y hydrogen, hal ogen, Cl1-25 al kyl, C2-25 al kenyl, 02.25 41 1 6 J
|1 L 2004 al kynyl, Cl1_25 al koxy, aral kyl, hydroxyl, am no, nitro or aryl,
whi ch may be substituted wth other substituent(s), and a part of the
carbon chain nmay be branched or cyclized, or nay conprise a heteroatom R5
i s hydrogen, hal ogen, C, _25 al kyl, 02.25 al kenyl, g-25 alkynyl, C, _25

al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may be substituted
Wi th other substituent(s), and a part of the carbon chain of R5 may be
branched or cyclized, or may conprise a heteroatom R6 is hydrogen,

hal ogen, Cl1_2S alkyl, C2 25 al kenyl, C2_25 al kynyl, C, 25 al koxy, aral kyl,
hydroxyl, amino, nitro or aryl, which may be substituted with other
substituent(s), and a part of the carbon chain of R6 nay be branched or
cyclized, or may conprise a heteroatom each of R7 and R8 is independently
hydrogen, hal ogen, C,_25 alkyl, C2.25 alkenyl, C2_25 alkynyl, C 2,

al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which.nmay be substituted
Wi th other substituent(s ), and a part of the carbon chain may be branched

or cyclized, Aocompaupd ofipminke(Ih dehd frinahtrett? ofprhrfdceiByal fyOicifatis NY;
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 atums 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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R4 and any of R5, R6, R7 and R8 may forma ring; (BZ) represents a
car bon-carbon single bond or a carbon-carbon doubl e bond; at |east one

sai d groups nay have a protecting group capabl e of decomposing in vivo.

1 6 JUL 2004 ABSTRACT The present invention relates to a cellJul 208i on
I nhi bitor conprising various dehydrodi ket opi perazi nes such as

dehydr ophenyl ahi stin, or anal ogs thereof as an active ingredient, and.

dehydrogenase and a nethod for producing the sanme inhibitor. 43
atkynyl, 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; '

R; is hydrogen, halogen, C, s alkyl, C,,; alkenyl, C,,; alkynyl, C,.o5 alkoxy, aralkyl,

hydroxyl, amjno,‘ 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

hetcroatom;' | |

R; is Hydrogen, halogen, C, s alkyl, C,,5 alkenyl, C,,s alkynyl, C,,, 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;_zs 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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