r PCT/JP0O0/ 06807 *159159* DESCRIPTION A cell division inhibitor and a

- prdduction nmethod thereof Technical Field The present invention relates ta./,
a cell division inhibitor (a cell cycle inhibitor) and an antitunor agent,
and a net hod of producing the enzynes. Background The growth and
differentiation of cells consn]’,ﬂ mm’"’ﬂ’”ﬁ man body ar e yg Ijlﬂi bw copkod] | ed

i n order to naintain honeostas |de or proliferate by repeating

a cell cycle consisting of a cert*ai9rnoprocess conprising M period, Gl
period, S period and & period. A defect in the control mechanismof this
cell cycle results in the developnent of cancer or inmune disease. Lat

the control nmechanismof cell cycle |$g1%@#5ﬁb& at a nol ecul ar |evel, .
and it is known that a substance cont |1 cycle possibly can be
used as an antitunor agent or an i Mmunosuppressive agent. |In recent years,
as an antitunor agent or a | ead conpound thereof, the spotlight has
centered on a subst anc celldivisien nﬂungmnmdea productiongnéthod dherepfibl ast i ne,
inhibiting the function of tubulin which is one of cytoskeleton proteins
playing a major role in precisely distributing a replicated gene into a
daughter cell i MechniR@llBieldli vi si on stage. Fukushima et al. h?.. a found that

al bonoursin has an antitunor activity and an antibacterial activity
(Fukushima et al., J. Thaprepnpinventiongelatespg a cplbdividipn inlgFisyr (a vdili dyele inkithmy)as hi

et al. have fougﬁh meop%%ggﬁd’ng‘%ds?’lé’u%d“f‘%aﬁ%’a‘t?ﬁﬁe onuclear fusion

bet ween a fenal e nucleus a e nuc , A Summary of
the Synposiumon the Chem stry of Natural Products, P51, 1989) .
t hernore, Kanzaki
: nd
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 period and
G2 period. A defect in the control mechanism of this cell cycle results in the

development of cancer or immune disease.

Lately, the control mechanism of cell cycle is clarifying 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 agent. In recent years, as an antitumor
agent or a lead compound thereof, the spotlight has centered on a substance, such as

‘ pacritaxel, vincristine or vinblastine, inhibiting the function of tubulin which is one of
cytoskeleton proteins playing a major role in precisely distributing a replicated gene

into a daughter cell in a cell division stage.

Fukushima et al. hz..e found that albonoursin has an antitumor activity and an
antibacterial activity (Fukushima et al., J. Antibiotics, Vol.26, pp.175, 1973), while
Kobayashi et al. have found that albonoursin acts to inhibit the pronuclear fusion
between a female nucleus and a male nucleus (Kobayashi er al., A Summary of the
Symposium on the Chemisiry of Natural Products, PS1, 1989). Furthermore, Kanzaki

et al. have found that tetradehydrocyclo (Phe-Phe) exhibits sea urchin embryo division
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et al. have found that tetradehydrocyclo (Phe-Phe) exhibits sea urchin
enmbryo division 1 *@00002* 2. inhibitory activity (A Summary of the
Synposi um of the Society for Actinomycetes Japan, P42, 1999). Kanoh et al.
have found that, filanentous bacteria, Aspergillus ustus NSC F037 and
Aspergill us ustus NSC-F038, which were isolated fromthe soil in Kanagawa
prefecture, produce a novel antitunor substance phenyl ahistin, and have

determned th structure f cul es have a
chiral carbof! ?‘[’RQS’H agtyity a(g %‘W'ﬁ?@flé}b%f %gm{’?fé'f’&?z W 38%‘?13{'?’ ﬁF NAERSEIRS et

al . have fur g‘if(i%red that phenyl ahistin produced by the above
bacteria is a mkture - phenyl ahi stin and (+)- phenyl ahistin, and
that the antltum)r acitivi ty of (-)- phenylahistin is approx. 30-100 tines
stronger than that of (+)- phenyl ahistin (Japanese Patent plication

Layi ng- Open ( kokaiKangh et #h-hege Famd ‘Ih&tntﬁl*ﬁl@ftm(alls bacgriaod gpgrai S&J-ﬂ%’dNS,Cnal

Chem stry Le - 2852, 9 .

Bi osci ence BF eﬂﬁirfé\)/s%whﬁi“d%‘ﬁifﬁ%?ﬁ%pz | g is ngmgﬁc ﬂh’é’ lﬁ'@éawalQQQ) .
Further, the relf'&ﬁfre fp%ﬂi':@eﬁ'ﬂ@@el (anﬁtunﬁpﬁﬂ%{aﬂ&' pHehlahiséilidal hive dfermined the

pol ymeri zat i t'dbul i n (Kanoh et al., The Journal of Antibiotics, Vol.
52, No. 2, pxp.xcﬁﬁdoiﬁs sdIedpe. FRhehYlemm moldéales hawd a ahiralhcartzoneatan, nnxlj t he
antitunmor effect of (-)- phenylahistin, using a cancer cell transqrzl ant ed

nodel ani mal 3 angsHhPE 2 §’r‘r’6%¥ht ¢Xaminatipn, Baeoly ieniet-shave Rden disgoveich tkgr ee

of antitunor | C
81 ochen sty PROBIERIHY plgSRERIb e Fhoys pblel ) £Eurel o RER Alftin apd (-
i tion, hopket§lahistif, S@ethbt l!ha\élnﬁ@mﬁ)r Stbitiongf (3N phénylabistinG iapproy. 8¢+a00 (- ) -
Qp enyl ahr stin is desirable. Disclosure of the Invention The object of the

present i nveklimessiranger tharpihalof(a)- phenylahigingiapanese iPatenbipplication 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 polymerization of tubulin (Kanoh et al., The Journal of Antibiotics, Vol. 52,
No. 2, pp.134-141, 1999). Furthermore, 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, however, an agent having a stronger antitumor activity than (-)-

phenylahistin is desirable.

Discl fthe 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 above

object, it has been found that various dehydrodiketopiperazines such as



having a stronger cell cycle inhibitory activity, particularly antitunor
activity, and a nethod of producing the inhibitor using enzynes. As a
result of thorough analysis by the present inventors to achieve the above
object, it has been found that various dehydrodi ket opi perazi nes such as 2
dehydr ophenyl ahistin or affinities thereof have a stronger cell cycle
inhibitory activity than (-)- phenylahistin, and have conpl eted the
present invention. That is to say, the present invention cqonprises each of

the fol | owi ngdehydrapBenylabistin or affinitiessthereef; Rave agrropgst; 51 cyFle dpBIeYiasHvitias an
active ingredjien n f ceutically

accept abl e sa}ht%nkﬂé&ggﬁgﬁgﬁ%glé‘?{r’]avgé:gﬁlmﬁe%éé%fﬁgén&gn?é@hdependent |y oxygen
or sulfur; Y3 is oxygen, sulfur, -NR3- or -CR31R32 ; Y4 is oxygen, sulfur,
-NR4- or -CR4,R4Z ; R10 is halogen, C, _25 alkyl, C2 25 al kenyl, C2.25

al kynyl, Cl1_25 al koxBhat as ab ksaly, they gressn| inventionocomprises each aafythe {llopfingray
be substituted with other substituent(s), and a part of the carbon chain
of R1Omay be BVEHHOMEd 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, aralkyl,
hydroxyl, amno, nitro or aryl, which may be substituted wth other

substi tuent (s§1) Ancklladivasidn @fhibitoneconsprising, ahainnawmive RAfredieyt, e compnaidedf or
cyclized, or may conprise a heteroatom each of R3 and R4 is independently
hydr ogen, hal ogefermula (Bor phagppaceuticallysacegptablg salt thereof, 5| kynyl, C1_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 may be branched
,5.cycl ized, or may conprise a het¥yoatom each of R31, R32, R41 and R42
i's i ndependent |y hydrogen, qikqgen, 1 25 al kyl, C2.25

(B1) Ya (1)
(B2)

R

ae,

Ys

X,

wherein

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

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

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

R,, is halogen, C, ;s 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 of R,,may be branched or cyclized, or may comprise a heteroatom;

R,, is halogen, C, s 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,;
each of R, and R, is independently hydrogen, halogen, C,, alkyl, C,,s alkenyl, C,as
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 cpmprisc a heteroatom;

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



3 al kenyl, C2.2s al kynyl, C, _25 al koxy, aral kyl, hydroxyl, am no, nitro or
~aryl, which may be substituted with other substituent(s), and a part of

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

het eroatom R10 and any of R3, R31 and R32 may forma ring; R20 and any of
R, R4l and R42 may forma ring; each of (Bl) and (B2) independently
represents a carbon-carbon single bond or a carbon-carbon doubl e bond,

wherein at | east one represents a carbon-carbon double bond with E or Z
confi gur at i orilkeayl, CoadtkynrleCas akkpyy, ardkd. Rydmxyb amage, Ritperaryy whish maydeqr oup

capabl e of dec 0si ng,. i Vi,V except, in ¢t e f nd X2
i S oxygen, eggﬁs%te@gﬁgﬁi}ncﬁubls@fugﬁﬁi g’dﬁl&nl @B%ﬁ%@ mggancﬁ)gg% QP %Tfﬁ%gn (B2)
i's a carbon- G3ERRR, 4R @nippisdla hatb@afdd) 1s i sobutyl or benzyl, and in the
case where eaCh of X, and X2 is oxygen, each of Y3 and Y4 is -NH, R10 is

benzyl, (Bl) R,saml ayrof ®g-Ripardty, siapdéren dongt, (B2) is a carbon-carbon Z
doubl e bond, and R20 is a group shown in the followng formula (a): (a)

wherein * regtediany of RodhoiiRpBeY {91812 108 The cel | di vi si on i nhi bitor
! ! . . ;
according 1o dbP oy Ap2paNe éﬁ@?‘eﬁ%"ﬁg’?‘“"{ g@réfgﬁtw Parbbi-carb i Glhefil bdid & 22N

(B2) is a carbon-car e ce VI SI on I'tor

accor di ng t o dattemchrbon doublemondyMvRéreinnat ieasttdne represamtsaa cabon-cadoh dobibl¥, and
X2 is oxygen, Y3 is -NR3-, and Y4 is -NR4-. (4) The cell division inhibitor
accordi ng t o tongdwith Exgrofyeonfigbialiony, in the fornula (1), 4 each of Y3 and Y4

2 bt ) G 3 B BRI b >
; ;\.ept abl e sajij, thepemlthd\RE QinBre 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
or benzyl, and in the case where 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
NGNS (a)

wherein * represents a bonding position.

(2) The cell division inhibitor according to item 1 above wherein, in the formula (I),

each of (B1) and (B2) is a carbon-carbon double bond.

(3) The cell division inhibitor according to item 1 or 2 above wherein, in the formula

(D, each of X, and X, is oxygen, Y, is -NR;-, and Y, is -NR,-.

(4) The cell division inhibitor according to item 3 above wherein, in the formula (1),



R, is hydrogen, halogen, Cl_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
with other substituent(s), and a part of the carbon chain of R may be
branched or cyclized, or may conprise a heteroatom and further R may be
oné atomor 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, aral kyl, hydroxyl,
am no, nitro oreahyf Y,ahd YhisrNH-be substituted with other substituent(s),
and a part of the carbon chain of R2 may be branched or cyclized, or may
conprise a heteroatom each of R3 and R4 is independently hydrogen,

hal ogen, C, .28 al k| G2 kenyl . 2 25 alkynyl, C_ 25 al koxy, aralkyl,
vt oxyl . amtolo Gt Ao Sl seomnrsiigl s L AHEK, inatidn,g chopbig of

substi tuent (s), formdlagIIpaF 4n ©forhBeresy lafti . cyclized,
or nmay conprise a ﬁgtzroz;t on(1) R5ei S ﬁ@@rﬁ@?ﬁ?t’ﬁyég‘geﬁ%%%ﬁgg%éﬁy|, C2. 25

al kenyl, C2.25 al kynyl, C, 25 al koxy, aral kyl, hydroxyl, am no, nitro or
aryl, which nmay be substituRgd wQh other subgjituent(s), and a part of
t he carbon chain of R5 may He br cheg&or cyglized, or may conprise a
het eroatom R6 is hydrogen ,~CL. kyl, C2.25 al kenyl, C2.25
;i ; i N0, Nit or aryl, which may
N Rar t Q@)

al kynyl, C, 25 al kox
t he carbon chain

be substituted wWR
rise a heteroatom each of

of R6 may be branched\Q yclx
R7 and R8 is independently I'R}dro n, hal ogen, C, .25 alkyl, C2.25 al kenyl,

2s al kynyl, C,.25 al koxy, arglkyl ,Rhydrohxl , amno, nitro or aryl,
~Which may be substituted w th other sd%stituent(s), and a part of the
car bon chai nwhayinbe branched or cyclized, or may conprise a heteroatom R2

and R3 may forma ring;
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
atoms or groups, and the atoms or groups may mutually form a ring;

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 cyclized, or may comprise a

‘ heteroatom;

each of R; and R, is independently hydrogen, halogen, C,.;5 alkyl, C, 5 alkenyl, C,
alkynyl, C, 5 alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may be substitut.ed
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,,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;

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



R4 and any of R5, R6, R7 and R8 may forma ring; (B2) represents a

* carbon-carbon single bond or a carbon-carbon doubl e bond; at |east one of

t he above groups nay have a protecting group capabl e of deconposing in
vivo. 0 (6) The cell division inhibitor according to item5 above wherein,
inthe formula (I1), (B2) is a carbon-carbon double bond. (7) The cel
division inhibitor according to item 6 above wherein, in the formula (11),
at least one of R and R8 is 1, 1-dinethyl-2-propenyl. (8) The cel

di vi si on i ntiyBroxgl, agminoe pitiory aryd, whigh o1y befsubstityted witly othgpsubstimsentés)andta i s an

antitunor agent.. (9) dehydr o ase ich has an actiyity to convert a
conpound re%?’gs%fngl@dcﬁ  fi mé’g "’PB%E?"%}@ %&Ci’izﬁaia? [PBURSOTRHES & (B
1) and (B2) pegréutgifly bon- carbon single bond, or by the above formula (1)
wherein (B2) I's a carbon-carbon single bond into a conpound wherein the

car bon- car beacts bN B, and ®pd{ dependem]yl yaiecen] hilogens @, Rankylc @y b alkedgiyid, &
bond(s). (10)The dehydrogenase according to item 9 above whose nol ecul ar

wei ght s 76tkyagh G.datkoxy aralkyh bydronyld pinen aisee ey whish may be substtuged 10

or oduci ng. t AE bR SFGituhle. i B S AL EnBonihalt el b rii o Sodiee o g

above, Wwhi ChnAQ¥RipriR€a heteloadm;as a substrate, a conpound represented by the
above fornmula (1) wherein at |east one of (Bl) and (B2) is a carbon-carbon
si ngl e bond R,and Ra mayfproumdng;epr esent ed by the above fornmula (I1) wherein

(B2) is a carbon-carpon in bond, and converting the carbon-carbon
singl e bond%&“ﬁa@é?g@m!{ej?ﬁgﬁiﬁsﬂﬁﬁ B HBR8 by use of a cell, cell-free

( . ract or QBZyflBresidd EfPorCOREGH gldbdd¥or a carbon-carbon double bond;

4

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

vivo.

(6) The cell division inhibitor according to item 5 above wherein, in the formula (IT),

(B2) is a carbon-carbon double bond.

(7) The cell division inhibitor according to item 6 above wherein, in the formula (II), at

least one of R, and Ry is 1, 1-dimethyl-2-propenyl.

. (8) The cell division inhibitor according to any one of items 1-7 above wherein it is an

antitumor agent.

(9) A dehydrogenase which has 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 (I) wherein (B2) is a carbon-carbon single bond into
a compound wherein the carbon-carbon single bond(s) is replaced with a carbon-

carbon double bond(s).

(10) The dehydrogenase according to item 9 above whose molecular weight is 700-800



dehydr ogenase according to any one of itens 9-11 above. (13)The net hod
according to item 12 above wherein the dehydrogenase of item 11 above is
used. (14)A conpound of fornula (Il) or an E formthereof, or
pharmaceutically acceptable salt thereof: 0 wherein R, is hydrogen,
halfogen, C,_2S alkyl, C2_25 al kenyl, C2.25 alkynyl, C,_25 al koxy, aralkyl,
hydroxyl, am no, nitro or aryl, which nmay be substituted with ot her
substituent(s), and a part of the carbon chain of R, nay be branched or
cyclized, or ma nprise a heteroatom and further R, nay be one atom or
group, or at nost 5 identical or different 7 1 atons or groups, and the
atons or groups may nutually forma ring; R2 is hydrogen, hal ogen, Cl1_25
al kyl, C2.2, @hjBiyHehydrbgefusel de¥diiing fo item @l 01Xy, abdvéldhith is Rretue¥y Ib:
amno, nitro or aryl, which my be substituted with other substituente’s),
and a part of t¥wepwaybomlplies.n of R2 may be branched or cyclized, or my
conprise a heteroatom each of R3 and R4 is independently hydrogen,

hal ogen, Cl1_25 al kyl, C2_23 al kenyl, C2-25 alkynyl, Cl.2S al koxy, aral kyl,
hydr oxyl , am i . I3 4; . j i )
Subst 1 uent ( S0 Mgl P prdding Vel 4 BRISISE Lo anfichB oL LS, o
or may conpri Sebavd)ahtuhadinpeiseskisingsSaswaibaigste) a coalpogirepfedented By thiy hbove2- 25
al kenyl, C2_2S al kynyl, Cl1_2S al koxy, aral kyl hydroxyl, amno, nitro or
aryl , whi ch may feendads mhefin least aneof KB} a5diBR) is aeatbos)carban gingle heags orof

the carbon chai n &ﬁnp@&f%re@&t?& l?}pt%@ %go%rfoﬁ'xl% '(ﬁ)e\ghergirn (%yiscaoémgo'ﬁc%rb%n
p single bond, and converting the carbon-carbon single bond to a carbon-carbon
double bond by use of a cell, cell-free extract or enzyme solution containing the

dehydrogenase according to any one of items 9-11 above.

(13)The method according to item 12 above wherein the dehydrogenase of item 11

above is used.

(14) A compound of formula (II) or an E form thereof, or pharmaceutically acceptable

salt thereof:

wherein

R, is hydrogen, halogen, C, ,s alkyl, C,,s alkenyl, C,,s 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, and further R, may be one atom or group, or at most 5 identical or different



het eroatom R6 is hydrogen, hal ogen, Cl1_25 al kyl, C2.25 al kenyl, C2-25
~al Rynyl, C1.25 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 nmay conprise a heteroatom each of
R7 and R8 is independently hydrogen, hal ogen, Cl1_25 al kyl, C2-25 al kenyl,
C2.25 alkynyl, C, _25 al koxy, aral kyl, hydroxyl, amno, nitro or aryl,

whi ch nmay be substituted i th other substituent( .a part of the
carbon chai n2QEY oh&roYPS; ARty alms.r BIQUPS Fiay gpu u%ﬁ}%ﬁ%ﬂg% a heteroatom R2

and R3 may fgre L 0g; ng a f cRS, A k{0 @alkyINg;
(B2) represeﬁfgg gy%gé%bﬁiﬁél%%bg:ﬁ”gnﬁ}g’l gz_,ég}]lgﬁ%lr, %é'”gigr gon-%g%/t?g% ?oubl% bond:;
at | east onenhgfroxy)caninoMetrgooapE wikch thawise subgtitoted stithnuhegrsobstitweap(a) bred of
deconposing in vivo. The details of the present invention are disclosed
bel ow. 8 Fi rpart of the |carhonceheis pfy Ry anayobe banched of exeliagdi Oh Maye CPRIEEN?

I nvention cg ri ses, appropriate exanples and expl anati ons are provided
bel ow. 0 The &A% hal ogen" appearing in the formulas (1) and (H) neans
fluorine, chl@rfe, afd R iealy Bdrogsn, affogeh N/ WaBkS], WS Chlkend; CGL_2S
al kyl represg%?edc{r%’yal%,l,@m%?d nde%gym% ER6, R?,e R8',r2¥\%?% SUF%% Rl%g %2
R41 or R42 hkkynyl, @]k wlkogy, amgbkylavydnaxyl, amin@Snitaoberyl.avhicls magtbhectubstitytedhe
nor mal - chai ned, branched or cyclized. Exanples, of Cl 2S Igyl in.cI&Jde
met hyl , et hyWithmthsp gabstiuepiey.Anga partgf thear AngpRy, e,—br?gcg’ﬁ ey pyclized, or
tert-butyl, nt .1.S .cycl opentyl, hexyl, cyclohexyl, heptyl,
5-net hyl hexy&%ygélg% °ea8'?°$‘f}§¥%%‘ty| , 6-nethyl heptyl, nonyl, 7-nethyloctyl,

\ ky: ?’Ed 8R|grﬁ( h?/dragmy haloperg fRL.ad1kyl, C,.,s,abkenlyk\Q,, s alRghy\pER,; i@y ablkyl, C1. 6
a . ese a
Y hydro}(/yl, 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,;

R, is hydrogen, halogen, C,,s alkyl, C,,s 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 Ry may be branched or cyclized, or may comprise a
heteroatom;

each of R, and R, is independently hydrogen, halogen, C,,s alkyl, C,,s 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 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 Ry 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 invention are disclosed below.



groups may be substituted with other substituent(s), and rmay conprise a

" heteroatom such as hal ogen, oxygen, sulfur, nitrogen or the |ike. C2-25
al kenyl represented by R® R2, R3, R4, R5, R6, R7, R38, R10, R20, R31, R32,
R4, or R42 is an al kenyl group having 2 to 25 carbon atons, which may be
nor mal - chai ned, branched or cyclized. Exanples of C2.25 al kenyl include
vinyl, propenyl, 1,1-dinethyl- 2-propenyl and 3-nethyl - 3-butenyl,
preferably c2 10 al kenyl , and nore prefer ..C2-6 _.al kenyl . These al kenyl
groups may be substhifytafdal qua@i%el”a’é%sgff{.é%’fs( é’ﬁh’g‘aﬁ?f" REGSEnt IRYSPER 4

Rt e o1 O <l OB (YA g b AR e he 25

R41 or R42 is an al kynyl group having 2 to 25 carbon atons, which may be
nor mal - chai ned, branched or cyclized. Exanples of C2.25 al kynyl i ncl ude
et hynyl, propynyl &fe temm yhalbgen” pppéa@mabhythclzomml%sl @y ayd (IDhmeang fluorine,
preferabl y C2 6 al kynyl. These al ken roups, y be substituted with

ot her substlﬁm@?ﬂ%EWW%ﬂlﬁﬁ9e@6 g@"‘g %‘f‘ggtom such as hal ogen,
oxygen, sulfur, nitrogen or the like. 9 Cl.2S al koxy represented by R, R2,

R3, R4, R5, R6, R7, R8, R10, R20, R31, R32, R41 or R42 is an al koxy group

having 1 to 25 carlg ?},a@k 2 iEpresefite by R%szbRa,ﬂQr Rp R, BaRO®],, R,§ RaNROHECR,, 0f
cyclized. Exanples of CIL.2S al koxy include methoxy, ethoxy, propoxy,

i sopropoxy, RButiesep, alk)dwrgwmhyvma értlo Bucwhyn apms, yWhish, may isp 6&%}“3“

| tyl | th ,
cyel onept o1 oieghehsfeg Fyctigta.  BamBREEY 0kl FRnd Sy 5T, PROPUEIOPREY:
#yl oxy andcﬁwﬁaﬁwhﬁ %ﬁk&?ﬁ)&l ter%ﬁﬁ‘y?rpamyy 155]9&51{91 ayHepentyl emyrrey@ohexyl

referably C. 6 al Koxy.” Thesée al koxy groups may be substituted with other
substi t uent ( he)p;ylaﬁdnaﬂm}hmhpyq:lekpwlhwﬂ: 6anethylbepsil, agnial-anpthyloctyly depyh,

Eg' f R’ nit r,%%gélnﬁgg nom pre?gggblg G yl,l:apzlprl;lgrseep%fgrabp)yc,lf Al These alkyl >
groups may be substituted with other substituent(s), and may comprise a heteroatom

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

C,.,s alkenyl represented by R,, R,, Ry, Ry, Ry, R, Ry, Ry, Ryg, Ry, Ry, Rz, Ry
or R,, is an alkenyl 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,.,s alkynyl represented by R,, R,, R;, R,, Ry, R, Ry, R, Ryg, Ryg, Ryj, Ryp, Ry
or R, 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, ¢ alkynyl. These alkenyl groups may
be substituted with other substituent(s), and may comprise a heteroatom such as halogen,

oxygen, sulfur, nitrogen or the like.



I's anmonocyclic or polycyclic aromatic hydrocarbon group, and exanpl es

I n¢l ude phenyl, naphthyl and anthranyl, but preferably phenyl. These aryl
groups may be substituted with other substituent(s) such as C, .6 al kyl
(preferably nmethyl, ethyl and propyl), Cl.6 al koxy, hal ogen, nitro, am no,
carboxyl, hydroxy-C,.6 alkyl, hydroxyl or protected hydroxyl, and may
conpri se a heteroatom such as oxygen, sulfur, nitrogen or the like as a

3 6 e S B kT ik
2 L ST g S NS il

substituted mahbhe@t &eéycﬁuézﬁt IBxd@ple Of GUE blkasy GHchideamkthbxy, tiRixg) plopyxy,
met hyl, ethyl and propyl), Cl.6 al koxy, hal ogen, nitro, am no, carboxyl,

hydr oxy- C1. 61sapﬂopbxy,mumvasobumy,pneotb@mxe'd pwmhoesxynsopeandomwy@lomylg)ey,
Réhﬁé‘ﬁa‘ %Pes Se LRSS, ey S BeRyirkibRe sirlsPigoe Eed by
R, , 1 I

C.6 < kyI E@ﬂg ?%&3’ ﬁqulﬁgh il Wg&%}?& g gﬂ& %Tgﬂﬁnbﬁﬁngyl

or protect ed RYHEsN YO, alﬁbxlyrhﬂdhﬂomtpmfaablqr(t‘rula&o(xy) T}F&@aﬂmﬁy groypomaRBe R31
and R32 may ?orma ring, and R20 and any of R4, R4l and R42 may form a
ring. In thesmgwa;edf wnlmsm@r euhsytuemgs)aml 1@y CoRpriseck hteroatpmgsuch a8 hplagemhd any

of R, RG, R% an §$m é 0 & i ng 40 0 As C2_2S al kenyl represented by
R_or R8, an’X&8n Ejln [ﬂg ’3:8? & Bondl ng to an 1isoprene unit consisting of
arbon atons, that is, 1,1-dinethyl-2-propenyl or 3- methyl-3-butenyl,

and an al kenyl groggnfon3|st|ng of two or nore isoprene units, £referably
at nost 3 isoprene Amylirepr¢septed 8y Ko, BaRhoh, Btsd?iﬁs)lv,d%eRdeBdo,rB:b,lléu, 4 Or Ry

Substituents, ag gx’iolcgglcl rc]>r tprc])chycglc aroma{lcr:nily%roc rb)on gr}gué r)d exa¥nples Thefide

phenyl, naphthyl and anthranyl, but preferably phenyl. These aryl groups may be
substituted with other substituent(s) such as C, ¢ alkyl (preferably methyl, ethyl and
propyl), C, alkoxy, halogen, nitro, amino, carboxyl, hydroxy-C, s 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,, R,, R;, R,, Ry, R, R;, Ry, Ry, Ry, Ry5, Ry, Ry 0r R,
is C, ¢ alkyl substituted with the above aryl, and examples include benzyl, phenethyl,
naphthylmethyl and anthranylmethyl, but preferably benzyl. These aralkyl groups
may be substituted with other substituem(s) such as C,; alkyl (preferably 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.
The examples of substituents in substituted amino represented by R;, R, R,,

R, R, Rg, Ry, Ry, Ry, Rap, Ry, Ray, Ry 01 Ry, include C, 4 alkyl, C, ¢ alkoxy, halogen,
carboxyl, hydroxy-C, ¢ alkyl, hydroxyl or protected hydroxyl.
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protecting group capable 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 as acid am de,
carbamate and the |ike which are described in Drug Devel opnent vol. 13,
"Drug Delivery Systens" edited by Hitoshi SEZAKI, Hirokawa Shoten (July
1989), page 116, Table 2. 29, but an acyl such as acetyl derived from
fatty acid is preferable. The doubl e bond of a compound shown in the above
formulas (I) or (Il1) may be either in Z configuration or in E

configuration, but preferahly i nf | wny | n.the 1)
and/or (B2) is a caﬁ’b‘gﬁ?%%?&’ﬁnug%ﬁkﬂ o %%%%{}ﬁéfhé’ gﬁioa\q}g ﬁgk'&ggiﬁ\gﬁ@ g’bal%ﬁdi ng
to the above g;ashPAyCHROR, daH R, Smip Astnbe HAFE SIndthé abdvesBanelh 1), Kiavalrgnt
group. For exanple, "nmet hyl "becones net hyl ene, and benzyl becones

phenyl net hy| emay fohearingj abdRg end AuypofRpBs R, lahéd Rg orap dermdsringpr esent ed by t he
above fornmula (1), a conpound wherein each of X, and X2 is oxygen, each of
Y3 and Y4 is -NH, R10 is benzyl, each of (Bl) and (B2) is a carbon-carbon

doubl e bond, d R2Q s i : i
cglrjrpoﬁndogarre?n&( §Ez’ﬁ%@/ﬁgﬁ}gg#(ar?s’%ﬁaﬁf}’%{é%guf’y |a§%ggg%£9%é®ggﬁgn%qgl one)
refers to thegsdsrmenunintorsistiDg of 0P RhrbeR eethedlat ish 1R EingertylR-prbpenlyl or B-

Anti biotics, Vol.26, pp.175, 1973) and the known pronuclear fusion

i nhi bi tory ageathyldetytenybeand an Alksnyigropp onsipngSonHue i Qi noNe ishprehanitst ry

of Natural Prqducts., P51, . 1989 and these two ents are excluded fromthe

cel | divisi or‘?m??r ﬁliyl?f{n&“ of SR Yy ‘?ntf’q?ﬁeré)ﬁf’iagﬁ?s?f“ﬁ d%ffﬁﬁb? ‘on, a conpound
t radehydrocycl o (Phe- Phe)) wherein each of X, and X2 is oxygen, each of
and Y4 is -NH, each of R1I0O and R20 is benzyl, and each of (Bl) and

(B2) is a carbon- caSiistitudnts bippedyingd inr gliee aboveo formmlask (pvands 8% wmayhhaveembr yo

division inhibitory agent descrjbed in A Summary , of th S osi um of the
Soui oty or BBk, Ot carTa . CoemIPOT Bt TR ARIOTE e PP EouS, BIUR

fromthe cel lys Jigyhsdii drodp R bR fanfio Ef8p RECS@RIpId, MR a9 be st b pRSERIE. 2
| group having the binding form such as acid amide, carbamate and the like which are
described in Drug Development vol. 13, “Drug Delivery Systems” edited by Hitoshi
SEZAKI, 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 (I), 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
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compound (the common nanme: phenyl ahistin, the conpound nanme: 3- { [5-(1,1-
di met hyl - 2- propenyl )i m dazol e- 4-yl ] net hyl ene} - 6- benzyl pi per azi ne- 2, 5- di one)
wherein each of X, and X2 is oxygen, each of Y3 and Y4 is -NH, R10 is
benzyl, (Bl) is a carbon- carbon single bond, (B2) is a carbon-carbon Z
doubl e bond, and R20 is a group shown in the following formula (a): (a) O
(wherein * represents a bonding position) is the known cell division

i nhi bitor disclosed in Japanese Patent Application Layi n%- en (kokai) No.
10- 130266 andFosun@h, TRAW: t AIRONGBBHL | Yo x EPTBRMIS r HANEhe S Perpxlifencds

i nhi bitor of e present i avention... I a ) j 0t he
above fornul @6?@}ﬁ%d§%%2,o$p§e . %’2‘5 %@?g&?ﬁ&%g@n ent é;“’%%i{;%rcg‘lr é‘:Ess ﬁljllt%g r, Y3
is -NR3-, Y4 jhSFukulfitha & Re! 81 AndBioadviibeanp. 198 19780 aad ¥ kibvaf picadcladove) ,
R10 is substituted or unsubstituted benzyl, (Bl) is a carbon-carbon single
bond, (B2) i Sfusionanhibitory agenodesZritiedl in.A Swombiyeoftthe SymmpostinRR0 thesCherdgtyi afut ed
or unsubstituted inidazol e:4- &“ﬁmt le ene is excl udﬁd fromt hos? éls_ed for
the cel |l di viXewrel iFredusisy Bl JP8% 1ad these Exe apsniareieariuded fromhe celldivision, oy e

formula (1), 'E}hiBRB'P&”tﬂQ pmgr[tﬁh%g(iﬁi]') fnsadﬁitfoﬂrPQ&hgﬁ}@Mgg%Ir&%gggﬁand

(B2) is a carbon-carbon”single bond or a carbon-c

preferabl e, apht)ewkaenekhtofMXemndiX) ieacypenf caclBby Yaand ¥BR)-NHs, éach af BRgyendar bon
doubl e bond is nore preferable. Preferable exanples of conmpounds shown in
t he above forRmiisskengyl) aneachiof (B1) and (R is a carbon-carbon double bond refers to the

3- (i mdazol e-4-yl net hyl.ene) - 6- ( phenyl net.hyl ene) pi perazine-2,.5-di one;  3-

(5 met Pyt 1 HEY e AR Ry BGOSR PRl SRR 3F (ot S i one

__Symposium of the Society for Actinomycetes Japan, P42, 1999, and this agent is

_$-[(5-etylimdazol e-4-yl) net hyl ene] - 6- (phenyl net hyl ene) pi per azi ne-2, 5-di one
: excluded from the cell division inhibitor of the present invention. Furthermore, a

compound (the common name: phenylahistin, the compound name: 3-{[5-(1,1-
dimethyl-2-propenyl)imidazole-4-yl]methylene } -6-benzylpiperazine-2,5-dione) wherein
each of X, and X, is oxygen, each of Y, and Y, is -NH-, R, is benzyl, (B1) is a carbon-
carbon single bond, (B2) is a carbon-carbon Z double bond, and R, is a group shown in

the following formula (a):

N\

NH

* NS {a)

AN

(wherein * represents a bonding position)

is the known cell division inhibitor disclosed in Japanese Patent Application Laying-
Open (kokai) 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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3-

“[(5-butylimdazol e-4-yl) net hyl ene] - 6- ( phenyl net hyl ene) pi per azi ne- 2, 5- di one;
3- [

(5-pentylim dazol e-4-yl ) met hyl ene] - 6- (phenyl et hyl ene) pi per azi ne- 2, 5- di one;
3- ([5-(1, 1-di met hyl -2-propenyl )i m dazol e-4-yl ] net hyl ene)

- 6- (phenyl net hyl ene) pi perazi ne-2, 5-di one. Pharnmaceutically acceptable

salt of a copgpound shown in the above fornula (1) or (Il) is ordinary
organi c or i #fbdebond,aarskiRe, 4% substityted ner yasbstitiisd cinifiezolgndrybmethensoind i s

¢ oL LRt e B SR B ks o O

t ol uenesul fonate, and in the case where the conmpound is an acidic
substance, the salt that is preferably used is a salt with inorganic base
includi ng al kal i n#ughérj in gel dboye.formidadl)ym alpound sthassi (B1sA! 4 cadbs- ) and
al kali-earth netallic sal teé‘e. .. calciumsalt, magnesiumsalt etc.) The
term " phar ngEeandaublebpnda 937354 & carbon-carhorysingle hend gk Farbenearben dabies t hat

2or 1 cul tur al Vs PRIAE SR ooy FRkR e OF P BanfTBELLI SR 1 <o

ina field cdyipld konds meR@edtérablesed for study purposes. 13 4 0 0 The cell
di vision inhibitor of the present invention can be used for the purpose of
inhibiting the cell division, cell cycle and pronucl ear fusion between a

femal e nucl eus an | e nucl eus of a praqcaryote or an eucaryote,
Specifically, the gé‘???rg@feﬂ@@ﬁs °F?ﬂWEﬂ“P8§ %W’Hégﬁﬁw&ﬂ’mﬂ%m apsh (s
eful as an L 80t @B bRla- i 1 s\Meterjnary agent,
ecti ci de, n?rgglél gnéiﬁﬁg%g%td' g‘%ﬁ%%‘%gﬁt(ﬁ%g&%?w&&%%g@% .2’\5 (EIH’ her nor e,
among medi c-[(agenbygimidizolesd-ghmeihylene)-6-yphenginethytenepipeparine 2 fdionegent . The

cell divisiaon inhibitor of the present invention is effective in a

pat hol ogi caI:ﬂKéifﬂﬂ’?’f’l’&?"\ﬁh“é)‘lgpﬁgﬂéﬁ]‘QifP\‘?F%Xl'Bﬁ@yléP%)Pﬂ’ie%aéF’Ge?ﬁq‘9’°F16peat ed. It

i's particul ayfe¥-phk dazbRl4- Se1-@ VS T & hol ogi cal

condition appte(ari fr‘?gﬁ‘;?’ld nazgﬁc4e¥1§'xg|9tﬁ§lte§%e@@?c@lﬁ@tbﬁeﬁx?)f)}ﬂc}/ﬁln'eri,ﬁdﬂﬁa,
3-[(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 (II) 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, nitrate, 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.) The term
“pharmaceutically acceptable” in the present specification means that 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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aut oi nmune di sease, chronic articular rheumatismetc., where a certain type

of~cell continues to grow disorderly. Furthernore, the antitunor agent of
the present invention can conprise other pharmaceutically effective
ingredients, i.e., other antitunor agents as necessary as well as the

above active ingredients in order to treat various di seases. Wen the
antitunmor agent takes the fornlof granul e, fine granule, powder, tablet or
capsule, it is preferable.

of the above"acti vémer?ﬁlrléiﬂ"%?ﬂ ’é’h‘ ‘t%gfnrﬁ’? h%g‘g{ﬁﬂ ﬁ%&ﬁggﬁ'ﬁg@ké@ Pﬂ“&ﬂ.h& 7
form it is graf Gk tﬁe EQP[{]VM&EJ&WCQEIU% ﬂEar fEQOPEdtRESh alfeRfAlNRIcHRE % of

t he above active I n e antitunor agent Is used as

an injecti Onaﬁdmrlﬂaléamel@taﬁbﬁh rReaRjote of hnlcﬂcma‘éer&;hﬂcﬁichlhﬁtthé leell idinisibn t or
conprises 1-10 weight % of the above active ingredients. For use in oral

adm ni strati mh}bltms)faqbplprwndmnmn ishaseiwoge aacantmvcroblﬁb Bgefite Agricyltyral
preferably 0.1 to I er age,

|t di h
body wei ght, © ?o'ﬁ‘?t ry 6$e B%Fﬁ"éﬁétj medica 85 a@gﬁg%ggt #?5%8@2 ‘}élggoses
appropriate. h‘lvb %ﬁg&gfaggfts,_lhqs Emﬁlﬁﬂ 'dgé’ﬁf‘taé QR MmANRR agent.

adm ni stered once pel’ It can be dividedly adm ni stered tw ce
or three ti nfhe &Iellr@gisioar inhibimer ioft the vaésent WWhentiort is ieffearvedinas mthadlogieatt i on,
the applied dose of the above active ingredients is preferahl

sever al B:Jndﬁ@djéu‘m‘ wherein gsilagtuisions arcdisordeny ErpeRid.pel InpRTHEulas ?(x)%%g‘efm it .
to 14 ad
I S pOSSI eOFOI{CSI'Sa (ina 6%%50& lg t na%?%}@{)yc%g&n% ﬁEUSI ayc Q'Ir y‘?ﬁ%@ys by

Inj ection, I ster SUSt rnp I n or t

As a subst rah&pﬁﬁmhﬁbedﬁ@éay,déw&ﬁ@&&&um rhéiendisas e}, wmvetdeﬁﬁmczgp@romen a
\.rpound wherein, in the above formula (1), at |east one of (Bl) and (B2)

i's a carbon- centinventogrewydisorseri, or a conpound wherein, in the above
formula (I1), (B2) is a carbon- carbon single bond can be used, but
preferably a conmpound wherein, in the above

Furthermore, the antitumor agent of the present invention can comprise other
pharmaceutically effective ingredients, i.e., other antitumor agents as necessary as well
as the above active ingredients in order to treat various diseases. When the antitumor
agent takes the form of granule, fine granule, powder, tablet or capsule, it is preferable
that the antitumor agent comprises 5-80 weight % of the above active ingredients.
When the antitumor agent takes a liquid form, it is preferable that the antitumor agent
comprises 1-30 weight % of the above active ingredients. Further, when the antitumor
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
age, body weight, 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 preferably 1 to

several hundreds of milligrams per administration per adult. Moreover, it is possible to
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formula (1), each of X, and X2 is oxygen, Y3 is -NR3-, and Y4 is - NR4-
(herein R3 and R4 are defined as with stated above), nore preferably a
conmpound wherein, in the above formula (1), each of X, and X2 is oxygen,
and each of Y3 and Y4 is -NH is used, and further nore preferably a
cyclic dipeptide wherein two anmino acids of L formcondense to forma

di ket opi perazine ring or substituted conpounds thereof is used. Exanples of

t he above condensi ng am no acjids preferably ipnclude cyclic (aronmatic) am no
acids such %@“Bﬁ@ﬁsrg’ap’é’ﬁ? Re. Aaﬁi Qqnge ﬁ‘é";’ytﬁ/‘ffp? @ﬁ}"?;kw Hﬁ??“f’ﬁ}’r?fs‘ior?é’?mﬂﬁéﬁpl es
of substitue ] : £ onpounds of the above cyclic dipeptide
I ncl ude hal o%é%fna@yf%%gﬁw&%)h&{hggiggal kenyl, C2.25 al kynyl, C, 25 al koxy,
aral kyl, hydroxyl, am no, nitro and aryl. These substituents may be
substituted with other substituent(s), and a part of the carbon chain my
be branched or cycl Asedsubstuate ob e delywdroghease rof 4ho presentyinvantion |doynpfisesna a

ring, and may hav rotecti group capahl e of ‘deconposi in vivo. The
substi t uent scon?pr?b‘P‘ﬁ&'ge‘gf"ef’éﬁ‘ﬁlﬁg&'e(éfﬁ‘ﬁéI(ﬁy?ﬁfﬁﬂ e %fe@ llzéﬁ‘i I(ﬂgnlé @Agarbon-
preferably - eli | -2+ TR Qf ] as the
Subst r at e st Sty Ao, ors REARRRY wherlE o Qbolo oG AP HIER oHatn
Appl i cation dagyonngngle @ond kak die) usbld). but OprafBtdH6a déripolind @thefdin,, inBheaibgeei ¢ &
Medi ci nal Chem st ré Letters, Vol.7, No.22, . 2847-2852, 1997, Kanoh et

{

al ., Biosci eierauli(D; each abKoand Ki is OREgANs Xy 15 -NPot, BB Y. No-NR~ fhsrein Bgand B3
1999; Kanoh et .al... Bi oar i,C Medi ci na, em Str Vol .7 1451- 1457,
T000) . and Th a8l 45,00, 38R Beu Bl Steray P X\cBirbtund Rherlin, R 108 SRR o
by the same foRiIAQHS et dfNOSAMADESS bk Pas, hitl KRARIFEY &indaY, is -NFE id Qs ahd Of
‘anlc Chem stry, Vol.33, pp.862-864, 1968 or Nitecki et al., The Journal
(0}

Or gani ¢ (ughérsnery preferiably3 cyplic Gigeptitls vBBesin 196 8minoGcidsef defoymicopdmes e of
e GRS e T T P T
the above condensing amino acids preferably include cyclic (aromatic) amino acids
such as phenylalanine, histidine, tryptophan and tyrosine. Examples of substituents in
the substituted compounds of the above cyclic dipeptide include halogen, C, ,; alkyl, C,.
25 alkenyl, C, .5 alkynyl, C, s alkoxy, aralkyl, hydroxyl, amino, nitro and aryl. These
substituents may be substituted 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 are the known
compounds (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 Biochemistrj:, 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 compounds 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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preferable. The present invention can use, as a coenzyne of the

~ dehydrogenase, synthetic conpounds such as dichl orophenol i ndophenol

(DCI P), phenazine nethosulfate (PMS), ferricyanide,

t et r amet hyl phenyl enedi am ne and qui nones, as well as natural conpounds
such as nicotin adenine dinucleotide (NAD), nicotin adeni ne di nucl eoti de
phosphate (NADP), flavine adenine dinucleotide (FAD), flavin

nononucl eot i 5 , pyrrol o- quinoline quinone (PQQ and cytochrones.
However, anoty: FMN, PQQ  cytochrones, DCI P, PM5, ferricyanide,

t et ramet hyl phenyl enedi am ne and qui nones are preferable, and DCl P and/ or
PMS are further preferable. The dehydrogenase of the present invention may

be obtained from amye dehgdogenase bfiithed prSercinbeitidn fincloues MmoRRLIGAMaGIRE Such
as bacteria, actinonycetes and filanentous fungi are preferable, ones from

act i nonycet eearigtye ofronodecplae fvesighss,ebutaong  whoses mplesntaStwedight Gsn708<808| Hd is ar e
even nore pref raggelce. The dehydrogenase from Streptonyces al bul us has the
fol |l owi ng p‘ﬁ?éf hem cal properties: (i) Function: The dehydrogenase from
Streptonyces al bulus acts to convert a carbon-carbon single bond on the
position 3 or 6 into a carbon-carbon double bond. (ii) Substrate
specificity: The dahygresgmimeatién camust,rasptosysar oflthidehydogensse, isynthetic
phenyl ahi stin into dehydrophenyl ahi stin, and converts

cycl opheny! RoEWPPAdssurRps dichlorephgralipderhepel EYHR) phanazing methesulfpte BMDet r ad

ki 11 1y: * SPayiiaf AR lep feeaiyrtle ahd bigheieh U6 BtbaedtyCrcinguads”
S'[_.?E:DLI_ t8%0k§;a]b lag nddotid Grdéfine WinudRDHdd VRABY, Mito®iD adenireV dinhcldbtd@CpHodphareei ght :
(NADP), flavine adenine dinucleotide (FAD), flavin mononucleotide (FMN), pyrrolo-
quinoline quinone (PQQ) and cytochromes. However, among them, FMN, PQQ,
cytochromes, DCIP, PMS, ferricyanide, tetramethylphenylenediamine and quinones are

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

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

ones from Streptomyces albulus are even more preferable.

. The dehydrogenase from Streptomyces albulus has the following

physicochemical properties:

(1) 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.
(i1) Substrate specificity: The dehydrogenase from Streptomyces albulus converts

phenylahistin into dehydrophenylahistin, and converts cyclophenylalanylhistidyl

into dehydrocyclophenylalanylhistidyl or tetradehydrocyclophenylalanylhistidyl.

16



The dehydrogenase of the present invention may be used not only as a
"natural tissue or cell, but also as a cell-free extract or enzyne sol ution
obtained by partially or fully purifying the cell-free extract. The
dehydr ogenase nay be purified according to the common enzynme purification
met hod. Also, the nulti-step reactions may be carried out at one tine by
m xi ng ot her enzynmes. The dehydrogenase of the present invention can
produce a conpound wherein, in the above fornmula (1), at |east one of (Bl)
and (B2) is a carbon-carbon double bond or a conpound wherein, in the
above formul g..{11 . {. car bon-carbon doubl e bond, by using as a
substrate a ggpoéﬁg&ﬁﬁgﬁgﬁ%? in the above fornula (1), at |east one of
(B1) and (B2) is a carbon-carbon single bond, or a conpound wherein, in the
above fornul a (Ilﬁ, (B2) is a carbon-carbon single bond. And these
conpounds ar 6vlusepdistabiity: gtablelat 7§49 si on i nhibitor or an antitunor agent.
Sonme exanpl es are provided below to describe the present invention nore
specifically. The active ingredient of the cell division inhibitor of the
present i nvepki onepi wherein, in the above formula (1), at
| east one ofa?B 1?bgﬁgm%é§?8?§kgaggibon- car bon doubl e bond, and
representative exanples include substituted or non-substituted
dehydr odi ket opi per azi nes, substituted or non-substituted
t et r adehydr otMik et Heatstabiiy: stable at 20470; Crdseettyatsd ab¥ Ghst i t ut ed dehydro-cyclic
di peptide, substituted or unsubstituted tetradehydro-cyclic dipeptide,
particularly substituted or unsubstituted dehydrocyclophenyl al anyl histidyl
or tetradehygdhipcyMobriRWehaTYOkDH800kDa represented by the above fornul a
' ), and further particularly dehydrophenyl ahistin. 0 As an exanple, the
met hod of produci ng dehydrophenyl ahistin is provided below but needless

to say, the pr esentTl;cn&éﬁ)r'Hngerr]xagesonHé prleLem }n%gnﬁot;\el{)g); B used not only as a natural

tissue or cell, but also as a cell-free extract or enzyme solution obtained by partially or
fully purifying the cell-free extract. The dehydrogenase may be purified according to
the common enzyme purification method. Also, the multi-step reactions may be

carried out at one time by mixing other enzymes.

The dehydrogenase of the present invention can produce a compound wherein,

in the above formula (I), at least one of (B1) and (B2) is a carbon-carbon double bond or

a compound wherein, in the above formula (II), (B2) is a carbon-carbon double bond,

‘ by using as a substrate a compound wherein, in the above formula (I), at least 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 useful 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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The met hod of collecting a novel conpound dehydrophenyl ahistin by
~culturing an actinonycete, for exanple, Streptonyces al bulus K023 (which
was deposited with the National Institute of Bioscience and

Human- Technol ogy, Agency of Industrial Science and Technol ogy (H gash
1-1-3, Tsukuba-shi, |baragi-ken, Japan) under accession No. FERM BP-6994
on January 14, 2000), preparing a dehydrogenase fromthe culture, and

25 5 dehydr obuESE BB e Sl PEERIe Dy feetst oo 4o (HT) 3hd B8 s BBt may
pe used.  Cengpdy héjb d Bhgl g ﬁé’e@@%gg%@ﬁ%lpsein@{ugpﬂb%gtu%cd?r hRGbdiubdre

met hod of cuff' . ttino . I'ng e genus Streptonyces.
After the culighidfodikefopifessrines QuBstithted or AdtLsibetititbd agtidalydradikdibgperasineant
invention fromthe culture solution or prepare a cell extract containing
the enzyne asettistifuted, ogemeutatituyeda deydroseycliet dipeptidec dubssitysed jor yunshlstiteted, y e
derived from m ¢roqrganji.smcan he applied approprigte. For _exanpl e

met hods suchte@dehydressHs ¢ d’i‘%qu&egrdlar‘Eﬁ‘f}a?@ent qutﬁﬁ%?ai o’ saft® ﬁ‘g‘?‘&%&‘l

di al ysis, vap ' iR e tRRIRRA Scyc IR AL M1y Rlstly PldpRidedted hod,
chronatograpH§8¥§¥Vﬂgﬁﬁ§§%gﬁﬂmgppﬁrét?gﬁ E%rdﬁggggr phyyﬁﬁig pgrfgrnance
l'i qui d chr onsy @gradpyeyformild IR ahd fistheparticularfy debydrophienyhatiisiman be appl i ed
separately, in conbination as appropriate, or repeatedly. The method of
carrying out dehydrogenation reaction by using an enzyne 18 solution or

cell extract prepargd as_abqve, is L £ . ' | L es

later, but the fa SR cfﬂ%‘f e’atﬂc é‘?m";‘%?ceb‘fs'%’?’ﬁ{“}"%%gg'f?@;‘%lﬂgﬂb’???‘%’{% Eé e

phenyl ahi sti BelbREHR Abediéss dliay,afle present Bivehtionis Boif lireitedxtéeBroas a phosphat e
fer. If necessary, it is possible to add an organic solvent to the

reaction solution. O In order to purify and isol ate dehydrophenyl ahi stin
fromthe above reacfion .salutio enerally a co n hod of .. .
i sol ating/purifi ngqﬁ}"g }5’%08 C(S’Hﬁﬂ i & "% I?ogbnogggadpeﬁ%rﬁpgeﬁfeams%rl_)y _
exanpl e, met BAfSirsUsED aBfnotffceRUTol @RarBpIEN 3RERoMSEL Nalbil NKOS3 JMAIdRO VNI C
adsorption nmethods; gel filtration chromatography,

deposited with the National Institute of Bioscience and Human-Technology, Agency of

Industrial Science and Technology (Higashi 1-1-3, Tsukuba-shi, Ibaragi-ken, Japan)
under accession No. FERM BP-6994 on January 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 genus Streptomyces. After the culture, in order to purify
. the dehydrogenase of the present invention from the culture solution or prepare 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 out, 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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chromat ography with adsorbents including activated carbon, alunmina, silica
~gel etc., and high performance |iquid chromatography; crystallization;
vacuum concentration; or freeze-drying can be applied separately, in

combi nation as appropriate, or repeatedly. Dehydrophenylahistin produced by
t hé above nethod has cell division inhibitory activity, as disclosed in
Exanpl es later. The usage, dosage formand applied dose (usage) of the
cell division inhibitor of the present invention conprising _
dehydr ophenytolgtionorcall gxtraghprapared as sbeye écﬁrwﬁsaékyéﬁwbeﬂ ] thf@xﬁmpbp Eﬁt?pr i ate
dependin he.intended use. For. ex In_the case o e antitunor
aggnt of gt hce)&ﬁﬁlécs%ﬁ‘tls ﬁﬁaﬂ%ﬂizmﬁ S@Bhfﬂ ?ﬁ%’%ﬂféﬁﬁ?m%ﬁgﬁw thereof ape mxed tp
active ingrefdh@nih buffér sUBY adXfphodpiftidbistier! f’l@n@éc&ﬁ?ﬁ itoi:é gbésYbIQ{ohﬂi%raﬂ%%ng!% le%/

Exanpl es of the dosage forns | nclude ora preparati ons such as a |
powder, capssdient grthercaetjonesolutiant and syrup, or parenteral preparations
such as an injection or suppository. These formulations are produced using
pharmaceutically acceptabl e additives such as an excipient or binder

di t Kk hods. ..The .appl.i dose of. t.he antitunpr agent
St e oG o BRI s 1 e
h , i SEHREH | . . m?;fﬁ . .
agmév:r?g?heﬁgﬁbg}é\?r?gmgngunt igﬂgene?&a?blfyl%]ai)%t 0. %Bn%@trgél g ;‘Pé)rg d?agls per

adul t, and iapplied a sppropgate.h| Eort exapghte, methads juoktasovatioupéon exichidnger resin

devi dedl times per .day., Furthermgre, a dose beyond the above
ng\r”ma?a I>/i rﬁﬁggth% I g’tlo%lﬁmyarqf@?'é‘?"ed“& HEeded. f%gaﬁo’l) wromatagEaphyent i s

used as a r%ﬁﬁﬁ&to%l?}%hyawm %B&maﬁ%chﬁffﬁgﬁcgéﬁt}a?@?rﬁ&h%lun%ﬁé{,%h&gE@Pézf ofnd he

| cycle is inhi éd at the G/ M perio e ‘agent ‘i s di'ssolved in
an organi c dugly gatfommanhy digoids cloogatoigrphyl ergstallizatbng dnicinins t@nechudiiogCérl y to
various cul ureg cell systeps. Exanples of the applicable organic solvents
i ncl ude met HETBF-9TYIRE G3B0R PPRIRdrSERATRIELY iR combination asappropriae, ersBeptedivr s

i nclude solid agents such as

Dehydrophenylahistin produced by the above method has cell division
inhibitory activity, 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 parenterally. 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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powder or' granule, liquid agents dissolved in organic solvent or hydrous
~organic solvent, and the like. Generally, an effective anount of the cell
di vision inhibitor conprising the above dehydrophenyl ahistin as an active
ingredient is 0.01-100pg/ L, but the appropriate anount depends on the
type of cultured cell systemor intended use. Further, an amount beyond
the above normal |imts may be al so adm ni stered as needed. This
specification includes part or all of the contents as disclosed in the
specification of Japanese Patent Application No. 2000-9370 which is a
priority docunent t n | i LN Wﬁc f ; i Qut
the I nvention The pﬁege@? %ﬁﬁﬁt %‘Sgﬁp%/gm ? ﬁ@%gﬂf ﬁorrﬁgioc esc?li %ga(ﬁzgf@[ﬁhg%

fol I owi ng exgiBlopment of theldell chélk iinhibedatanpGRa peryad, i(the agdd) is didsdlvid irs a
cyclic dipeptide formed by condensation of two amno acids A and A2 into
a di ket opi peamapigagicrsohgnt os hyérobsyorgapig sofygnpand administerad diregHy 4@ marigw§ no
acids in single-letter notation, respectively). Al o t he .cycli

di pepti des CRItpEdLe Sﬁﬂgqlg'or‘%?gipéﬁ‘?logéﬁe 6&*%8? gggaglﬁés(g{vfeptédr_lclg\tyqugﬁ]aﬁ%, aci d
| s desi gnat egy, {lﬁfsuﬁéﬂgﬁleﬁ:z BRampled of §L86@EY formid inbRbe sBRMWGEMSs REGH heles
are designat ed , SO that COAAEZ) represents cycl o( AA - A2), , DA2
represents Cyshdef dy grasde) liquidaiedtddissaperdais @rgasicospbient dAydAde prganicolvem, A2
represents a m xture of ernore, F

| COA, A2, CA AA2 and COA, DA2. . Furt h I.H
represents pANErpe dke.stGoneratiyaapeifective amou of fhe, pelk divisiqpaiahibitar, soraprsing
foll . 20 Ph | ahi stin- dyci .er ] | i

0! | OWS Wnt#n% aboVs %X@E)‘%@HWQ?IH%&Q} H& {aﬁgdcﬁgcfp :irg{g@&rtcﬁ 6.61—(16@% ! blupf%he,USt us

NSC- FO38, " was nstitute osci ence
and Human- Tegprspriaiy amoid edep¥ndaf ol MEBISYpe &t clitired @ell aysterhesn imbmgy dsel gashi
.-3, Tsukuba-shi, [|baragi-ken, .

Further, an amount beyond the above normal limits may be also administered as needed.

This specification includes part or all of the contents as disclosed in the
specification of Japanese Patent Application No. 2000-9370 which is a priority

document of the present application.

Best Mode for Camrving Out the I .

The present invention will be further described in the following examples. In
the following examples, cyclo(A;-A,), which is a cyclic dipeptidé formed by
condensation of two amino acids A, and A, into a diketopiperazine ring, is designated

. CA\A, (A, and A, represent amino acids in single-letter notation, respectively). 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

1) Phenylahistin was prepared as follows.
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Japan) under accession No. FERM P-15830 on Septenber 3, 1996), were

i noculated onto five spots on a solid nmedium (20 m per 9 cmdish) which
contains 0.5% glucose, 2%glycerol, 0.2%yeast extract, 2% Pharmanedi a
(cottonseed cake), 0.25% sodium chloride and 1.5% agar (pH 6.5). The cells
wetfe then cultured at 26 ' Cfor 7 days in the dark to obtain a spore
suspension. The resulting spore suspension (0.1 m) was inoculated onto
each of 400 dishes containing 20 ml of the above solid nmedium and then
cultured at 26 *C for 8 days in the dark. The resulting culture was crushed

using a mxer. ahAlibfuRBlhdnd alefh R UsATEIR Ssnd 0SS AFDIBAMmILD

stand for 2 days t e col lecte hyl acetate | ayer was

concent r at edygd @!;Pos\he@ Upth tthe QNHtiohal Inbfituge [of oBiosciyncs pandT HumanyTeahnolegy,
di ssolved in 20 et hyl acetate and apﬁ;gi ed to a silica gel colum (8 cm

i n di anet er , Agéncyrof IndusiwiatyS¢ignosrand Teehnolggy KHigashidc b8 ohwkabashi, Ibaragikane
followed by elution with 1:6_ac - et acetate. Th uted s Lon was
fract : onat ed?aPAR)ounsigh aghession, Np; Eﬁgﬂf Relé%é: ronosfeepgelnﬁ}ef §h?9ﬁeﬁvﬁeaﬁ1|8é¢i%t%8ms
contained in fd : : trhOpts - dfsh) WRIcB cbh@ihs ©F% ehicost ed
under vacuurr??téqﬁﬁtsg‘lgélgﬁ%%og&ﬁ%g?&{?r@own pc?v\éggr i)n tc‘):t gl. Trsli S dgrk br own
powder was d%sglieeeel, D12% Qeast extedet, 2% fRharmanetiia (pittonsted cake)sP 26 Basagaim

colum (4 cmin diameter, 30 cmin length repared wth c r rm.

ol one by e Oridecsni £ 2590 6.5h1 o el marRAAER et 4026 C for Giydlin

chl orof orm net hanol . .The ¢ . 1 Nther ; :

chl orof orm ”ﬁ’ﬁt kﬂ o?%mo%?é;q;%gﬁ}%@%d'br'lg]vemeégpué e?l%lk%tst féz‘ig[“?l{%??g?) E;.vg?ji tion

of 100 m et hpbula@s it éachdRid0 Mished camaibiag 20am) of Kechboet kolihthedinimwed t o
(.nd for 2 days to separate out 628 ng phenyl ahistin as white powder. (2)
Cul ture of Stherpultirgdas26:10er & daysonr shelaek. prBjsaesritingculpreavascarpshed BEngat r act

e o o oo Bln e R bl RSB I e
a slant on waieRiedr aYhs BollcdrdRan] hastdre thyeeivas cordam by umdet dhdtiufigtosotagin: e
suspension. This suspension was diluted 1000-fold in a
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 ml
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 was 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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cul ture nmedi um and cul tured under the follow ng conditions. The culture
"medi um had the conposition shown in Table 1. Table |I KP nedi um
conposition (g/L) ducose 15 Gycerol 10 Polypepton 10 Beef extract 10
CaC®3 4 pH 7.3 Table 2 shows the culture conditions. Table 2 Culture
conditions Pre-culture in 200 mM Erlenneyer flask KP medium40 m Culture
period 24 hours Rotation speed 180 rpm Tenperature 28 '"C Main culture in
5 L jar fermenter KP nedi

L . Antif I NQ. i f AFL | .
10 g per 3 L cul thpanill tgrg]cp%ngerﬂlan ga%g@@@gg?&ggﬁ_gé@%'s r%‘b ,d'nt%M-S' on)

100) was added to and mixed with a slant on which gray spores had formed well,

thereby obtaining a spore suspension. This suspension was diluted 1000-fold in a
culture medium and cultured under the following conditions. The culture medium had

the composition shown in Table 1.

Table 1
KP medium composition (g/L)

Glucose 15

Glycerol 10
' Polypepton 10

Beef extract 10

CaCO, 4

pH7.3

Table 2 shows the culture conditions.

Table 2
Culture conditions
Pre-culture in 200 m] Erlenmeyer flask

. KP medium 40 ml
Culture period 24 hours
Rotationspeed 180 rpm
Temperature 28°C

Main cul in 5 L iar f
KP medium 3L
Antifoaming agent
(Antiform AFI emulsion) 10gper3L

Culture period 48 hours
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Ventilation volume 2 L per 3 min Tenperature 28 'C The cell-free extract
"was prepared as follows. The culture solution (40 mM) was centrifuged at
20,000 x g for 15 min at 4 *C to collect the cells. These cells were
suspended in 40 m physiological saline, and then centrifuged again at
20,000 x g for 15 min at 4 'Cto wash the cells. These cells were
suspended in 7.3 m sodi um phosphate buffer (10 mMM pH 8.0), followed by

ultrasonication (150 W 1.5.m n UBOTA | NSONATOR 20 he resulting
sol ution was centri fuged&%(fm?os,pﬁﬁg x g for 15 nin at %%b;éﬂto obtain the

supernatant as a cel |- fygRiifich veime (3) Conversion reagéd Prinof
phenyl ahi stin into dehydrophenyl ahistin and purification of the reaction

product were carried outTemspefamireows. The reacti on m X8U€Ce had the
conposition shown in Table 3. OTable 3 Reaction m xture conposition
Phenyl ahi stin0.5 nmg/ M Di net hyl sul foxi del0 % (v/v) Sodi um phosphate buffer

(pH 8.0)9 mm Cel | -fyee extractQ. i t.s/ nper at ure50 *C The above
reaction m xture (%6%3*%%‘ ac&i‘%aﬁg)éeg)g%etrqfa(s)%%%&m Erl enmeyer flasks to
contain 20 m reaction mxture in each flask. The reaction was carried out

at 23 160 strokes/mn for 24 hours, followed by centrifugation at 20,000 x
g for 15 mn at 4ThEctlmrokslation @0 ya) Wasvcentafigpd ata2BO00Thigdoptemipatai@ was

giSS?n-Oang? |4n@5 ?q}{%t tggtgafls{] ?h‘Besg%Blgsr\%%? g\rlﬁ%eé‘r%erdiifl Hg%ﬂ pﬁgsalci)lggi%gl S%Hﬂe?gr?d thed for

‘ 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 (150 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 supernatant as a

cell-free extract.

3 Conversion reaction of phenylahistin into dehydrophenylahistin and

purification of the reaction product were carried out as follows.

The reaction mixture had the composition shown in Table 3.

‘ Table 3
Reaction mixture composition
Phenylahistin 0.5 mg/ml
Dimethyl sulfoxide 10 % (v/v)
Sodium phosphate buffer (pH 8.0) 9 mM
Cell-free extract 0.145 units/ml
Temperature 50°C

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

flasks to contain 20 ml reaction mixture in each flask. The reaction was carried out at
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,

was vacuuned-concentrated and dried to a solid, followed by
"recrystallization from nethanol, thereby obtaining 5.58 ny

dehydr ophenyl ahi stin as a yell ow needle crystal. 10 10 The resulting

dehydr ophenyl ahi stin has the foll owi ng physi cochem cal data: ELMS nfz: 348
(M, 100), 133 (25), 160 (17), 260 (16). W (MeOH) Imax, nm (e): 205
(16600), 363 (35300). 'H NWR (500 MHz, CDC13): S 1.51, 6H, s 6 5.16, 1H, d
(J= 174) 6 5.20, 1 H d (J=10.7) 6 6.03, 1H dd (J=10.7, 17.4) 66.96,

1H s 6 6.98, 160strakeg/mm o, 241houry follesweddhy cemtrifugationzay 204000 =g fa) 1% min 43 2H

dd (J=7. 0 Ty 3 7.57 1

H, g The resul tﬂgbgf’no%&%%’wvx%{?’lf’%agﬁt ml‘%ﬁwggﬁ?ﬂtz wai;%lsa%lﬁﬁfﬁﬂoﬁ@ﬁme&w ti n
and. pr ot ons. ol e Lo BR Ry 20P0E PIoP 1l SLORGP TRt oibetibnt ™ <)
foll 8W| ng st wag vecuaimef@omechaated lahd )drie@ 40 Bxsolid] éelldwed by recrystallization from

methanol, thereby obtaining 5.58 mg dehydrophenylahistin as a yellow needle crystal.

The resulting dehydrophenylahistin has the following physicochemical data:

EIMS nvz: 348 (M", 100), 133 (25), 160 (17), 260 (16).
‘ UV (MeOH) Imax, nm (e): 205 (16600), 363 (35300).

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

51.51,6H, s

05.16,1H,d (J=17.4)

05.20, 1H, d (J=10.7)

5 6.03, 1H, dd (J=10.7, 17.4)

56.96, 1H, s

06.98, 1H, s

07.32, 1H,d (J=7.0)

07.37,2H,d (J=7.3)

0 7.43, 2H, dd (J=7.0, 7.3)
. 8757, 1H,s

08.04,1H, s

0 9.06, 1H, br s

012.23,1H,s

The rcsﬁlting product was identified as (Z, Z)-dehydrophenylahistin based on

NOE observed between a proton of diketopiperazine (O 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

(I1I):
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Dehydr o- products of cycl ophenyl al anyl hi stidyl (CFH) were prepared from CFH
t hrough dehydrogenation as follows. Table 4 Reaction m xture conposition
CFHO.5 ng/m Dinmethyl sul foxi del0 % (v/v) Sodi um phosphate buffer (pH 8.0)9
mM Cel | -free extract from Exanple 10.435 units/m The reaction m xture (100
m ) shown in Table 4 was prepared and divided into five 20 ml Erl enneyer
flasks. The reaction was carried out in Reciprocal (160 strokes/mn) 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 Cto obtain the supernatant. This supernatant
was extracted wth ethyl acetat@ and then purified by HPLC (Waters 600
Controller, 486 Tunabl e Absorbapte Detector, 616 Punp, Inertsil ODS-3
colum 4 20 nmm x 250 K : solvent, flow rate of 10
m/mn, UV detectio obt ai ni ng three dehydro-products
at retention times NHG6 nmin. I(BHrunental analysis
i ndi cates that the prQdfi is B

t et radehydr ocycl ophenylal anyl hi

product eluted at 11.6 mn is cycl ophenyl al anyl hi sti dyl

(CZ- AFAH) of the 25 formula (V),”and the proauct eluted at 30.1 min is
dehydrocycl ophenyl al anyl histidyl (CFOH) of the fornmula (VI). 0 NH (V) The
conmpound (V) has the foll ow ng physi cochem cal data: ELMS niz: 280 (M,

100), 107 (3@xampleR 29), 281 (18).
. Dehydro-products of cyclophenylalanylhistidyl (CFH) were prepared from

he formula (1V), the

CFH through dehydrogenation as follows.

Table 4
Reaction mixture composition
CFH 0.5 mg/ml
Dimethy! 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 mixture 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 Tunable Absorbance Detector, 616 Pump, Inertsil ODS-3 column ¢ 20
mm x 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 product 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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W (MeOH) Imax, nm(e): 205 (14800), 257 (6500), 351 'H NWR (500 MHz, CDC13):
S 6.77, 1H, s HNC ~\) /NH (27100). 26 0 0 5 7.02, 1H, s b7.22, 1HmM®G
7.33, 1H, t (J=7.3) S 7.37, 2H, d (J=7.3) S 7.43, 2H, dd (J=7.3, 7.3) S
7.75, I H s b 809, 1 H s 09.30, 1H brs b 11.91, 1H s Exanple 3 A

vafi ety of dehydrodi ket opi perazines were prepared fromdifferent

di ket opi perazi nes as substrates through dehydrogenation reactions using the
enzynme of the present invention as follows. Table 5 Reaction m xture

conposi ti on Epmdh{Y), snf fhs produgtpimey a1 G0l (nyis delydrocyplonherylalandhisidl er

(pH 8.0) 5. 2( ofctgcle?c{n%% ae(Q’?)l.i ndophenol (DCl P) 80 pM
o]
N H N7\ (Iv)
‘ HN NN NH

H N2\ -
HN SIS NH

o
0

: NH =

‘ \'/lL N/\NH W

- HN NN

o)

The compound (V) has the following physicochemical data:
EIMS nvz: 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,):
06.77,1H, s
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Phenazi ne nmethosul fate (PM5) 120 pM Cell-free extract from Exanple 1 g.s.

" Substrate 0.5 nM Total 0.5 m The reaction m xture shown in Table 5 was
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: RCAF, ACFF, ACFG zCFH, ACFL,
CAFL, CFOL, OCFS, ACFV, ACFW ACLW ACLY, 27 ACVY, ACWN ACW, ACDW (W
residue is D-for and APLH. Exanple 4 A variety of

dehydr odi ketfb?)p%e‘ 2ines were prepared fromdifferent diketopiperazines as
substrates t(m ?g%lil%dehydr ogenation reactions using the enzyne of the
present invent’ &50l 1 ows. Table Reaction mixture conposi tion Di net hyl
sul f oxi de ( [IvE63 4¢f4 (jeh) Sodi um phosphate buffer (pH 8.0)5.2 nM Cel | -free
extract from Exanpl'e 1g.S. Substrate0.5 ng/m Total 0.5 m The reaction

m xt ure shown7.BTh ZHRdI(E=73)was used for the dehydrogenation reaction at 37
"C. The reaction product was analyzed by HPLC and detected by a photodi ode
array det ect%7-4%’r?21’@ﬂ(%ﬂ£aﬂép W, 220 nmto 400 nm. This nmethod provided
the foll ow ngg_%m_pro- products: ACAH, ACAW ACAY, ACD(Owe)D(Owe), ACDF,
ACFG, ACFS, ACFV, A&FW ACGE., ACGW ACGY, ACHH, ACHW ACHY, ACLP, ACLW
ACLY, ACW $8).1H, s

09.30, 1H, brs

. 51191, 1H, s

Example 3

A variety of dehydrodiketopiperazines were prepared from different
diketopiperazines as substrates through dehydrogenation reactions using the enzyme of

the present invention as follows.

Table 5
Reaction mixture composition

Dimethyl sulfoxide (DMSO) 10% (v/v)

Sodium phosphate buffer (pH 8.0) 52mM
. Dichlorophenolindophenol (DCIP) 80 uM

Phenazine methosulfate (PMS) 120 uM

Cell-free extract from Example 1 q.s.

Substrate 0.5 mM

Total 0.5 ml

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

ACAF, ACFF, ACFG, ACFH, ACFL, CAFL, CFAL, ACFS, ACFV, ACFW, ACLW, ACLY,
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ACVW ACWN ACWY, ACDWY (Wresidue is D-form), and ACD(OEt) G wherein
"D(OWVe) represents an aspartic acid having a nethyl ated carboxyl group on
its side chain (y-position), and D(OEt) represents an aspartic acid having
a ethyl ated carboxyl group on its side chain (y-position). Exanmple 5 A
vafi ety of dehydrodi ketopi perazines were prepared fromdifferent

di ket opi perazi nes as substrates through dehydrogenation reactions using the

enzyme of 28 resent i i follows.. O The r tion procedures as
descri bed i nﬂﬁg’g’n&fﬁ"% &E“&ngé’ggégf%’d“%ﬁ%émrﬂ“dﬁpmhydr ogenati on by
the enzyne was determ ned based on a change in absorbance at 600 nm due to
coenzyne. Table 7 shows the anobunt of dehydrogenation by the enzyne (i.e.,
a change i n Bpamslbance) for each substrate, which is expressed as a
relative value (an absorbance for CFL was set to 100). Table 7 Ampunt of
dehydr ogenat i on ofAeastietyuloft dehydrasikesapinenazin®ybtereit prepangdt fion  different

dehydr ogenat i.on CFL100 CFH44 CWMV\VRY E Y14 CDD14 Exanpl e 6

Dehydr ogenasURHBPPGEATES 5 A B P R EL Sy ORE IR B IOT PURS 18 Py of

di ket opi per agje Bfesait ihvedtiGhSfoligh€, was purified according to the procedures
as descri bed

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 q.s.
Substrate 0.5 mg/ml
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-channel 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,
ACVVW, ACWW, ACWY, ACDWY (W residue is D-form), and ACD(OEt)G, wherein
D(OMe) represents an aspartic acid having a methylated 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).

Example 5

A variety of dehydrodiketopiperazines were prepared from different

diketopiperazines as substrates through dehydrogenation reactions using the enzyme of
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In Exanple 1. Streptomyces al bul us K023 was cultured in a mni jar
"containing 3 L culture nediumto obtain 167.12 g of the cells. The
cell-free extract was prepared fromthese cells as follows. Table 8
Preparation of cell-free extract Conversion activity Protein (A280)
Specific activity Liquid volunme Total activity (units/m)(m
mM)(units/nmg)(nil)(units) 0.68414.20.0482382 261.3 29 The resulting extract
was subj ect e% t o DEAE- Seghas(geh ani on exchange col um chr onat ogr aphy.

Col unn: DEAEERRTEN BVERODAsJOUOWS 30 cm Flow rate: 1 nmi/nin Fraction size:
10 M Sample: 113 m cell-free extract O As a buffer, 10 nM sodi um
phosphate buffer (pH 8.0) containing 0.1 mM DIT was used. After the sanple
was adsorbed to tHEhecRlattion, prlob&dued akrBesoBbed At EREmPlet H wedd QegtheBWnbiesn and
then eluted stepwise with 400 m buffer containing 0.1 M Nad, 410 m

buf f er cont admouny of. ehydmgenationm by Hheenaymp uwdsedetermnined hased @ 5 dilanggeCin

i ni i ' fracti . Jable 9
thereby obt ?blsgrlbra)x?cet r:}\(ta E&J ln%m nge at%t Ic\c;fgnzymc. ?‘gl) e 7 shows the amount of
dehydrogenation 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 K023, which requires
diketopiperazine as its substrate, was purified according to the procedures as described

. in Example 1.

Streptomyces albulus KO23 was cultured in a mini jar containing 3 L culture

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

cells as follows.

Table 8

Preparation of cell-free extract

Conversion activity | Protein (A,y) | Specific activity | Liquid volume | Total activity
(units/ml) (mg/ml) (units/mg) (ml) (units)
0.684 14.2 0.0482 382 | 2613
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Purification by DEAE-Sephacel anion exchange col um chromat ography 0
"~ FractionConversi onProtein (A280) SpecificLiquidTotal activity
activityactivityvolume (units/m)(mm)(units/nmg)(m) (units)
50-560. 1791. 420. 1267012. 5 57-710. 2402. 560. 078115230. 4 Fractions 50-56
havi ng a hi gher specific activity were subjected to the subsequent Mno-Q
col um chromat ography as follows. Colum: MonoQ HR 5/5 Flowrate: 1 m/mn
Fraction size: 0.6 m Sanple: 4 x 1 m DEAE-Sephacel fractions 50-56
diluted 2- fold with buffer As a buffer, 10 nM sodi um phosphate buffer (pH
8.0) containing 0. 4n0PsRfifs Sfrdlt wiEshbieeRd 10 DEWH-ségh8cel anidh exMaagaekighRed to
the col um, the colum was washed w t the buffer for 4 mnutes, and then
el uted with thidhi¥edgraphont ai ni ng buffer using a linear gradient (25 mn).
The above procedures were repeated four tinmes to obtain the follow ng
active fraction. Table 1Qolpmni fi cat PDEAESepheesd ® 2hemrr @hange col um
chr omat ogr aphy Conver si Oﬁo‘z)ivcrgtie:vi ty Ii’rn%n%inn (A280) ‘Specific activity

Fraction size: 10 ml

Sample: 113 ml cell-free extract

. As a buffer, 10 mM sodium 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
ml buffer containing 0.3 M NaCl, and 600 ml buffer containing 0.5 M NaCl, thereby

obtaining the following active fractions.

Table 9
Purification by DEAE-Sephacel anion exchange column chromatography
Fraction | Conversion | Protein (A,g) Specific Liquid | Total activity
activity activity volume
(units/ml) (mg/mi) (units/mg) (ml) (units)
50-56 0.179 1.42 0.126 70 12.5
0.240 2.56 0.0781 152 30.4

57-71
®

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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Li quird volunme Total activity (units/m)(mg/m)(units/ng)(m)(units)

"~ 0.602010. 03760. 6467. 20. 145 The above active fraction was subjected to gel
filtration chromat ography (Superose 12) as follows. Colum: Superose 12 HR
10/30 Flowrate: 0.5 nUmn Fraction size: 0.25 nil Sanple: MnoQ active
fraction concentrated to 225 pl As a buffer, 10 nM sodi um phosphate buffer
(pH 8.0) containing 0.1 MM DTIT and 0.3 M NaCO was used. Table 11 shows

enzyme activity of each fraction. Th t.active fractions 13-16 e
conbi ned _toge"t’%é%se%nd“rjg‘éw ¥ OHRF??Oa?’F o, gﬁ.co{l"ém \gasl\j{asjned With

Puri fication Ry 9608 Rinhtes 3ld théd d16i28 WaHR_ 100! NUE- G R RIS REfR Rk a linear
Fracti onConversion activity Liquid volume Total activity

(uni ts/ m) (L)gratiéntS(25 Irhin).2 OTKe/ 368 Oproceduie3, wdré Orepéaeth folur Atirhés, tal 6Btaib8the58. 28
17, 180.0526804.21 The above active fraction was subjected to gel fihration

chr onat ogr apH9llgwigg agived@GBOBWKL) with Waters LC Modul el as fol | ows.
Col um: TSK GEL G3000SWKL

Table 10

Purification by MonoQ anion exchange column chromatography

Conversion activity | Protein (A,,) | Specific activity | Liquid volume | Total activity
(units/ml) (mg/ml) (units/mg) (ml) (units)
® 0.0201 0.0376 0.646 72 0.145

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

Sample: MonoQ active fraction concentrated to 225 ul

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.
Table 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 filiration chromatography (TSK
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Flowrate: 0.5 m/mn Sanple: Superose active fraction concentrated to 40 |
" As-a buffer, 100 nmM sodi um phosphate buffer (pH 7.5) containing 0.1 nM DIT
and 0.3 M NaC was used. The resulting active fractions were conbi ned
together and concentrated by ultrafiltration. Table 12 shows enzyne
activity of the conmbined 0 and concentrated fraction. Table 12 Purification
by TSK G3000SWKL gel filtration chromatography Activity Protein(A280)

Speci fic actiyj its)(wm . m) i t.S . 002240. 0011419.6 |Is Table 13
shows enzyme C?é’%’ﬁ%%@m%‘?&‘ﬁ“&t@e@é}?{"fﬁfﬁﬁ‘ﬁ-f i cation procedures and a
final enzyme activity. Taghsnl3 Enzysk epLidicpaswxl and specific activity
Purification stepEnzyne activity Protein Specific activity

(units)(nmg) (units/ ng) CeFlowfraee ext 0fcmbmnB8415. 20. 0482
DEAE- Sephacel 0. 1190. 9460. 126 Mono- Q0. 06440. 1200. 537 Super ose
120. 007900. 007990. 989 TSKanEIE00SW). GHRELese Tive fragtipngoncentrated to 40 pl

As a buffer, 100 mM sodium phosphate buffer (pH 7.5) containing 0.1 mM
DTT and 0.3 M NaCl was used. The resulting active fractions were combined together

and concentrated by ultrafiltration. Table 12 shows enzyme activity of the combined

. and concentrated fraction.
Table 12
Purification by TSK G3000SWXL gel filtration chromatography
Activity Protein(A,g,) Specific activity
(units) (mg/ml) (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.

Table 13

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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Exanpl e 7 The reaction m xture shown in Table 14 was used for the enzymatic
"reaction wusing the enzyne of the present invention. Various

di ket opi perazi nes were used as 32 0 substrates. The resulting enzymatic
reaction mxture was tested for its inhibitory activity against enbryo

di vi si on of Temmopl eurus toreumati cus without any purification of the
reaction product. The test was carried out as described in The Journal of
Anti biotics, Vol. 52 . 1017 g1999 .. However, stages at which the first

cl eavage diPPsirass- o?&grrss ey CRZYBRYC JEACUQP CRIXiYe W35 tepigd foRHisbinhibdaryof t he

cl eavage di Vj.5i r roof ferti.lization in this
test using gﬁ%@g?%ﬁ@hgﬁpﬁlﬁgﬁﬁg??éﬁg&% erlfggv# rreg;[nlaéﬁuso lh}oﬁ a’?ﬁ&ﬁ&?% added
to the enzyrgitthe restioh i (IBARY.SUETD WASwWdS RURE Gut 427 dds@iie@ in’ Phe THkKLAI §OT
concentration because the reaction product was used for the test wthout
any purifi caAntibioticgh¥ol. (2 ipi 1065 (1299). Howevee sages yav whioh sheofirsofcleavage
Temmopl eurus,. .t.oreumaticus started with the hj 8,h_est substrate concentration

of 25 g/ ni, FYFPBREHTYArY 2gong s¢a,urghing,sgdhat,ipkibttiop of therleaveeendivisies wasab| e
15 sh th leg. - . j ; I, X osi tion D.nethyl
sul Toxl de. ( DEREd B Grkhoul QP kériltsbuB AR el 2B TROR Lo AR (Y
extract frorGdncemakion bf tse substbaé hadedOiothe@hHmatietrédddion sttem WdY el Qs a

I nhibition test for cleavage division using the enzymatic reaction m xture
M C (g/mn) 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 pug/ml, followed by

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

Table 14
Reaction mixture composition
Dimethyl sulfoxide (DMSO) 10% (v/v)
Sodium phosphate buffer (pH 8.0) 5.2mM
Cell-free extract from Example 1 g.s.
Substrate 0.5 mg/ml
. Total ' 0.2 ml
Table 15
Inhibition test for cleavage division using the enzymatic reaction mixture
MIC (ug/ml)
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 ug/ml)
CHW reaction product 13
CLY reaction product >13 (60% inhibition at 13 ug/ml)
CWY reaction product 6.3

33



CDF reaction product>25(80% i nhibition at25 pg/m) CFF reaction

" product >25(90% i nhi bition at25 pg/mM) CFV reaction product25 CGE reaction
product> 13 (70% inhibition at 13 pg/m) CHWreaction productl13 CLY

reacti on product>13 (60% inhibition at 13 pg/m) CW reaction product6.3 33
Physi ol ogi cal activity of each dehydrodi ket opi perazine wll be described
bel ow. Each dehydr odi ket opi perazine was tested for its inhibitory activity
agai nst cl eaﬁage | gi vi si on of Hem centrotus pul cherrinmus, Scaphechinus
mrabilis an pl eurus toreumaticus as a cell division inhibitory
activity. The testlgsggﬁ ) ed. 7 L0 i f .

Anti biotics, Vol. , E)é‘g%f([)%c?gl(tggg%a?ﬁ dﬁﬁﬁ\?@%@@@?gﬁég@?i]pﬁeﬁﬁbﬂg r?gloﬁ rst

cl eavage di vEsdhodehydrudiketopipeyazingwgs &swd Ufor lics rishibBaryt dvaivity apaibstt dleavagd t he
cl eavage division was observed after 4 hours of fertilization in the tests
usi ng Heni céivision of Hemieensoius audchearrimiss Ssaehahinus mHiabill pad Tempeplewter one
hour of fertilization in the.t.est .usi Temopl e S,.[.0 I GU
respect i vel y" O MIAIE S 85 hé§ d"flﬁgntlgg’tbﬂg@'s ﬁ&?"é& T;l%l?eteth(vgﬁ %ﬁe{:& i §trllt Bst
for cell di vigtQeedusiThe RemvdsoRReRVIANVEL ish, Anb17g19895d AewpRs ispeMalC,
pg/ M Conpound Scaphechi nus Temopl eurus Hem centrotus mrabilis

t or eumat i cuswhich aliecinsi clenyagexdinisioe obcla$yaty apioag yé¢aarthing, so haodbibiti@0d the

8( ?;) ?gﬁeEg(/?gﬁlpa;aéél%diéi)ei_o;e%;gg)%pewerdoa terH:h' gc])'lirg c?f ¥e§'til?z%ggr? rilns&ré tests using

. Hemicentrotus pulcherrimus 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, pg/ml
Compound Scaphechinus  Temnopleurus  Hemicentrotus
mirabilis toreumaticus  pulcherrimus
Example 1 dehydrophenylahistin 0.0061 0.0061 0.00038
Example 2 (Z,Z)-tetradehydro-CFH 1.6 1.6 0.78
Comparison 1 (-)-phenylahistin 1.6 0.2 0.39
Comparison 2 (+)-phenylahistin > 13° 6.3 13
‘ Comparison 3 albonoursin > 13" > 25° 6.3
Comparison 4 CFH > 25 > 25° > 25

* no activity at the indicated concentration

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

with CFH. In any case, a variety of dehydrodiketopiperazines including
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Conmpari son 2(+)-phenyl ahistin >13"'6.313 Conparison 3al bonoursin >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 cell

di vision of Scaphechinus inirabilis and Temopl eurus toreumaticus, and MC
of 0.00038 g/ nll for cell division of Hem centrotus pul cherrinus,
respectively. Dehydrophenyl ahistin exhibits 250-fold to 1000-fold
inhibitory activit ared with non- dehydrogenat ed

wh
(-) - phenyl amebyqlrﬁphy@zl,a%r;ﬁtcl 3530 Haehippdehydng-Gid aw%ﬂw;:w to havs,the S@bﬂiaisL% of
hi bi T e] L:nhi.bi i Vi . i th,CFH.
o e S9! iy TR URL Bk BT ShioH ek IR R TR S e

dehydr ophenydidisios intibidsladdandhmidtagadehydr o- CFH were shown to have the cell
division inhibitory activity, indicating that the dehydrodi ket opi perazi nes

are useful as cell division inhibitors and antitunor agents. Fornul ation
exanple 1. Fornulation for in_ection qor drip i nfusi.on One m|ligram of
?ehydrﬁphen?ﬁ%ﬂgﬂjﬁ%mwi‘}b‘ 0 ‘;?'l%’@g Ordﬁkﬁﬁ'&n‘?ﬁé’f’@m%@‘@btbcal ly d![ stributed

o each vial. Eac i al: L n a a en or
hel ium and then stn\cére hﬁﬁa%a%gooﬁ%?%\lgpﬂﬁglagggh ﬁ{gf ggegfugiéh,% ot %‘F\o‘lfr \(Xlglg:

added to eackeptically titribussiolo\ach Vial.C GBHcR Mial W43l desle@anbier aCilerk iga§ sedh 400 m
0.85% physiological saline to produce a formnulation for intravenous

i nj ection. Teogeasy halivg, andthan stesedriniascoaltdagk plictis | Befonsj uset eanal wasf used

igh an anount_.qf. 10 tq 100 .. per day ependi n n s to or ion

nple 2: Ifgﬁ?ﬂJ %%tciughvpggo idhilg@c‘ff i"c%ncoél n rfgﬁq"ﬂﬁ‘ (L)?é' i %‘%ﬂg’ﬂegﬁﬁk‘gé’&ﬂygg °as.
descri bed i rphi@iblogicat iafifle X pEBA® alfoMRtR6E RRAh®E chbus iRfeBSHIC e The ruHgat i On
for intravenous injection containing 0.2 ng dehydrophenyl ahistin, which
may be used foomulatiaais ietravenduslyi initcied oe dnfustiddn rap smiaunnof @ tari0Cami per day

depending on symptoms.

Formulation example 2: Formulation for injection or drip infusion

The procedures as described in Formulation example 1 were repeated to
produce a formulation for intrévcnous 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 standard 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 administered 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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intravenously injected or infused in an amount of 10 to 100 nil per day
" depending on synptons. Fornul ation exanple 3: Granul es One hundred

mlligrams of dehydrophenyl ahistin, 98 g of lactose and | g of
hydr oxypr opyl cel | ul ose were m xed wel |, granul ated by standard techni ques,
drfed well and passed through a nmesh, thereby obtaining granules suitable

for packaging in a bottle or heat seal. The resulting granules are orally
adm nistered in an anmount of 100 to 1000 ng per day dependi ng on synptons.
Al'l publications, patents and patent applications cited herein are
i ncor por at edp 4Rerai {p By el erence in their entirety. 35 Industrial

rpor at edy, . . . 35 Industrial
Appllcabllltyul e present rnvention provides a cell division inhibitor

having stronger cefHe preséal fvemitnbprodidis @il \diviVion RAibitGrhaRin g stRfppbit SEIDT
activity, and an enzyne usable for the production thereof. 1s 0736 CLAI M5
0 0 1. A cel¢yclsi mhibitory dctimityyipagiculadypntitinmg actidtyaandien ieuzymeangsabldi fonthe a
conpound of fgr mul gﬁéﬂlo}( or pharmaceutically acceptable salt thereof:
wher ei n eachPrgfucion 2 is independently oxygen or sulfur; Y3 is oxygen,
sul fur, -NR3- or -CR3, R32-;
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Y4 is oxygen, sulfur, -NR4- or -CR41R42-; R10 is hal ogen, Cl1_25 al kyl,
C2-25 al kenyl, C2-25 al kynyl, C, 25 al koxy, aral kyl, hydroxyl, am no,
nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R10 may be branched or cyclized, or may
conprise a heteroatom R20 is hal ogen, C1.25 al kyl, C2.25 al kenyl, C2-25
al kynyl, Cl1_25 al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may
be substituted with other substituent(sL,ﬂ and a part of the carbon chain
of R20 may be branched or cyclized, orCh&IM8onprise a heteroatom each of
R3 and R4 is independently hydrogen, hal ogen, Cl1_25 al kyl, C2-25 al kenyl,
C2.25 alkynyl, C 25 al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which
may be substijt ujegell WividlolilgbitctU i nt(s,), o] e carbon
chain may be branched or cy@ﬁ?ggd?ﬁ@¥k ’;ﬁc%hﬁgpgeﬁgﬁﬁg%ér%é%gﬁ?u%agﬁ of
R31, R32, R41 afedmi4Z]D)ics phardmpenidalhyt dcgepistile eqdetherebfl ogen, Cl1_25 al kyl
C2-25 alkenyl, C2.25 alkynyl, C, _25 al koxy, aral kyl, hydroxyl, am no,
nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain may be branched or cyclized, or nay conprise a
het eroat om R10 and any of R3, R3%jand R32 may forma ring; 37 0 R20 and
any of R4, R4l and R42 may,form alling; each of (Bl) and (B2) independently
represents a carbon-car borﬁ‘é’i“ gl d or a carbon-carbon doubl e bond,
wherein at |east one repregBf)sia c bon-car bon(dguble bond with E or Z
figuration; at |east one of said gr(@®)s may have a protecting group
mabl e of deconposing in vivo,? ~in the case where each of X and X2
i s oxygen, each of Y3 and Y4 is - , RB®is benzyl, each of (B 1) and
(B2) is a carbon-carbon double bogq, and R20 is isobutyl or benzyl, and in
the case whewbereiach of X, and X2 i's oxygen, each of Y3 and Y4 is -NH, RIO0

is benzyl, Bl I a rbon-carbon single bond, B2) is a carbon-carbon Z
doubl e y (eac olr §, andc}e2 ls?ndcpcndentpy oxyggn or sulfur; (B2)

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

Y, is oxygen, sulfur, -NR,- or -CR,R,,-;
Ry is halogen, C, 5 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, 5 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 Ry, may be branched or cyclized, or may comprise a heteroatom;
cach of R; and R, is independently hydrogen, halogen, Ci2s alkyl, C,,5 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 may be branched or cyclized, or
may comprise a heteroatom;
cach of Ry, Ry, R, and R,, is independently hydrogen, halogen, C,,, alkyl, C,.,
alkenyl, C, ,; alkynyl, C, , alkoxy, aralkyl, hydroxyl, amino, nitro or aryl, which may be
substituted with other substituent(s), and a part of the carbon chain may be branched or

cyclized, or may comprise a heteroatom;

R, and any of Ry, R;, and R,, may form a ring;
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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 (Bl) and (B2) is a
car bon-car bon doubl e bond. 3. The cell division inhibitor according to any
oneé of claiml or 2 wherein, in said fornula (1), each of X, and X2 is
oxygen, Y3 is -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. A céizdaltsllaWﬁBnR4n4ﬁdtﬁ4tt§l|8}’&mp9fﬂ%8,ng, as an active ingredient, a
or, pharmaceutj cal

d of E th f
acceptabl o s&r PhaBubmd 685 MlraemnERdSis Bttty g, s SR SRl ndser a1 eyl
C2_25 al kenylearbbg-caBortld6ytl¥ lbond: wltereid! zholéys’t oAk & ﬁﬂécntshé’%r%?ry Icarbglméi'agblem t(r)o

or aryl, which may be substitut’ed with other substituent part

t he car bon clbanmwuhl:‘mrmwynﬁgmam:anched or cyclized, or may conprise a

het eroatom and further R, may be one atomor group, or at nost 5 identical
or differ ent at leash oRe of saifk BQPRS MARAVE RTINS %?upgqaaemgowompam inwivaer m a

ring; R IEX&:&;P&%H«F czﬂ@l\ﬁ)g?er%aclﬁsf—%Sar?d %yis og(%enZ gacgro;f;ﬂ" and Y @;— b@ynyl

C _2, al koxy

subst it ut ed berzyl, Q-Iaﬂﬁbf sub%ut(aems(ae&arb@fnehraon Bédble Béndt Afd RarEQ%b‘ﬁM'oP of
R2 may be branched or cyclized, or nay conprise a heteroaton each of R3

and R4 is i nbengghaadin Wewym\bl@@maqlnaqfdgmd X:is Qz&yahkgalch oCX, 26d A, keNH-,

(Z:ﬁ ng;kﬁgﬁlﬂfﬂgieﬁyg’t @cﬁ 18 car%ror;fl Icar\éol‘n sm%ﬂ:r lg)o)% (BSnl]s rz]tocarbrgntcra?bo?lrz %E)a/tlle

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

N\
NH

* o

AN (a)
wherein * represents a bonding position.

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

Y3 and Y4 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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Wi th other substituent(s), and a part of the carbon chain may be branched
“or-cyclized, or may conprise a heteroatom R5 is hydrogen, halogen, C, 25
al kyl, C2.25 al kenyl, C2.25 al kynyl, Cl1_25 al koxy, aral kyl, hydroxyl,
anino, nitro or aryl, which may be substituted with other substituent(s),
and a part of the carbon chain of R5 nmay be branched or cyclized, or may
conprise a heteroatom R6 is hydrogen, hal ogen, Cl.25 alkyl, C2.25

al kenyl, C2.25 al kynyl, Cl.25 al koxy, aral kyl, hydroxyl, amno, nitro or
aryl, mhlch may be substltuted wi th ot her substltuent(s) and a part of

t he carbon chain of R6 may be ReancH@d or cycllz , Or nmay conprise a

het eroatom 39 each of R7 and |s i nde ent l/y hydrogen, hal ogen, C, .25
al kyl, C2.23 al kenyl, C2. ; "ﬁm aral kyl , hydroxyl,
amno, nitro or aryl, whfjch y sub tltut t her ﬁubstltuent(s)

and a part of the c&hbon[chailn may, be (Eﬂb 0 Ncy ﬂze(ﬁI

conpri se a heteroatom d MYJ; R4 and any of R,, R6, R
and R8 may forma ring; (B2) Egres ts al carbop-carbon single bond or a
car bon-car bon doubl e bond; at |east Qne saldﬁgroups may have a
protecting group capable of deconposi ng in vivo. 9 0 6. The cell division
i nhi bitor according to claimb5 wherein, in said formula (1), (B2) is a

car bon-carbon doubl e bond. 7. The cell division inhibitor according to
claimé®6 mheréYMﬁﬂnn said fornula (1), at least one of R7 and R8 is 1,

bil(:lrrzlt ngl 1- r id eﬁlyoggn gﬁxlo%g{? | S:,nlgp( % Olﬂenyl 2b2|5 ta n)?lC %?Ldalll?(g(y, araﬁ(nY one
hydroxyl, amino, nitro or aryl, which may be substituted with other substituent(s), and a
part of the carbon chain of R, may be branched or cyclized, or may comprise a
heteroatom, and further R, may be one .atom or group, or at most 5 identical or different
atoms or groups, and the atoms or groups may mutually form a ring;
R, is hydrogen, halogen, C, , 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, ,, 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 may be branched or cyclized, or
may comprise a heteroatom,;
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;
R¢ 1s hydrogen, halogen, C,,; 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 of R, may be branched or cyclized, or may comprise a

heteroatom,;
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- 9. A'dehydrogenase which has an activity to convert a conpound represented
by-said formula (1) wherein at |east one of (Bl) and (B2) is a
carbon-carbon single bond, or by said formula (I1) wherein (B2) is a
car bon-carbon single bond into a conpound wherein said carbon-carbon
sihgl e bond(s) is replaced with a carbon-carbon double bond(s). 10. The
dehydr ogenase according to claim9 whose nol ecul ar weight is 700-800 kDa

11. The dehyd Or. dj o.claim9 or. 10 ich.is produced b
Stropt o ny o LGaR I a5 indeedeRf hEloeen. Brloge g Sk, Cas AlkEYL S

Chhi bi t : ' ) 2 X ; .

Sbser oo, - ARG L ABHY 2B, Hyofthdl, Wi, sitro BEMSE RCHPBTBE stififileg 2

of (Bl) and RRpthessubstraemE)-aaakpan of the@aboh @hgin ndy b2 braRABDLE cligddl esent ed
by said fornmula (Il) wherein (B2) is a carbon-carbon single bond, and

converting s@mBycemprisea-heterasnm;si ngl e bond to a carbon-carbon double bond
by use of a gell, cell-free extract or enzyne sol ution containing the
dehydr ogenast PRy MAYGRET88Y one of claims 9-11. 13. The nethod

accordi ng tOR,,CdrﬁiaH}/%?R"“Re,r]@}dﬁdtﬁé‘??agﬁf?nﬁﬁ?&ﬁﬂ nase of claim1l is used. 14. A

conmpound of formula (11) “or’ “an ereof, or pharmaceutically
acceptabl e @2) teprdsenteatarbudrearbomsibyle bendyrch eagtson-caftinaipable bond;25 al kyl ,
C2-25 al kenyl, C2-25 al kynyl, Cl_25 al koxy, aral kyl, hydroxyl, am no, nitro
or aryl, whi®ieastapeiof saig gedups H‘Péﬁa‘ﬁ%WOGF%HE@%QQPP?@@%E‘T@F&PO&HE igvivgpart of
ﬁ carbon chain of R may be branched or cyclized, or may conprise a
eroatom and further R, may be one atomor group, or at nost 5 identical

or differenté. atmeselddivisiciinRibitanstcbldehgab @IEm S wisTEHiR sHRYofmillE 1), YBSr m a
ring; R2 is hydrogen, halogen, C _25 alkyl, C2.25 al kenyl, C2-25 al kynyl,
Cl_25 al koxy, &f aFapen-carbon double bond.

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

least one of R, and Ry is 1, 1-dimethyl-2-propenyl.

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

agent.

9. A dehydrogenase which has an activity to convert a compound represented by said
. formula (I) wherein at least one of (B1) and (B2) is a carbon-carbon single bond, or
by said formula (II) wherein (B2) is a carbon-carbon single bond into a compound

wherein said carbon-carbon single bond(s) is replaced with a carbon-carbon double

bond(s).
10. The dehydrogenase according to claim 9 whose molecular weight is 700-800 kDa.

11. The dehydrogenase according to claim 9 or 10 which is produced by Streptomyces

albulus.

40



hydroxyl, amno, nitro or aryl, which may be substituted with other
substituent(s), and a part of the carbon chain of R2 may be branched or
cyclized, or may conprise a heteroatom each of R3 and R4 is independently
hydr ogen, hal ogen, C,.25 al kyl, C2-25 al kenyl, C2-25 41 al kynyl, Cl.2S

al koxy, aral kyl, hydroxyl, amno, nitro or aryl, which may be substituted
with other substituent(s), and a part of the carbon chain may be branched
or cyclized, or nmmy conprise a heteroatom R5 is hydrogen, hal ogen, Cl.2S
al kyl, C2. 2. 1%l Aapgphod cfrroduciag kyasell didsior dhabikasagcording kdarly, onetof dlagmy 1
amno, nitro orgaryl., which may be substituted with ot her substituent(s),
and a part of Q’M}g%fws&&ﬁl » §F 2 REPSTRRLF- Béoﬁ’ipa‘r’ﬂfﬂréﬂreé?““’(ﬂ/l& sg formyla’ gy
conprise a het 9 i r - : . .25

al kenyl, C2.25 g{g}ﬁ/%ﬁﬁl atc‘f%i? &%5‘3?' B3P ﬁ)yFbaJ’ %gg/@?’éfg%bf’g}rﬁ%mﬂ’“rﬂ’%% & or
aryl, which nmaycomposnbsprdsertedibybdid fariney (TB witskdih (B)tif 2 )carbandamdon Bigle Of

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

het er oat om  eadiPés andyconYgring said carkpoparrantingle pad 6oy @rcarbareaghon, dagblens

al kyl, C2.25 al y - hkynwle. . Cl..2S al kox aral kyl , hydroxyl,
amno, nitro or%g'?y%},’ uvg\,%iogrﬁarr%;l/l’ bcg}i'sfﬂ SsEY Tt &5 © %‘ﬁ“té §B’b‘§‘t"f“tguﬁ}?t(s),

and a part of tdtﬁyd‘ragéh@ﬁb&b@‘diﬁ%@h%eﬂff%%ﬂ??-l@f cyclized, or may
conprise a heteroatom R2 and may forma ring; R4 and any of R5, R6, R7

and R8 may forma ring; (B2) represents a carbon-carbon single bond or a

020 TP S 5 B RS Pl i

14. A compound of formula (II) or an E form thereof, or pharmaceutically acceptable

salt thereof:

wherein

. 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 cyclized, or may comprise a
heteroatom, and further R, may be one atom or group, or at most 5 identical or different
atoms or groups, and the atoms or groups may mutually form a ring;
R, is hydrogen, halogen, C,,; alkyl, C,,s 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;

each of R, and R, is independently hydrogen, halogen, C,,; alkyl, C,.,; alkenyl, C, ,,
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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 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 Ry may be branched or cyclized, or may comprise a
heteroatom,

R, is hydrogen, halogen, C, s alkyl, C,,s 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, s 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 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 Ry 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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