DESCRI PTI ON METHOD FOR PRODUCI NG HYDROXYLATED ADAMANTANE USI NG CYTOCHROVE

P450 Technical field Wo 11 The present invention relates to a
met hod for produci ng an hydroxyl at ed adamant ane usi ng cytochronme P450.
Background art [0002] The hydroxyl ated adamantane i s known as a

mononer of a functional resin such as a photosensitive resin and the |ike
in the photolithography field 1BESERIEN Ddcunent 1), or an inhibitor of

| | bet a- hydr oxyst eroi d dehydrogenase type | (11431-1SD1) in the field of
medi ci nes (Patent Docunment 2, page 27{. | n addi tion, a conpound having an
adamant yl M oHE P & RRURCHE6IEs BY VYLaA¥E BPtab AMB Y TANRB A $ Hége
conpounds are synthesized, a ¢gonpoupd; ¥hEl eisRpa part of substituents of the
hydr oxyl at ed adamantane is protected is useful 20as a synthesis
internmediate fromits reactivity. [0003] A process for producing a
hydr oxyt.at,g¢. . adanmnt ane derivative using a m croorgani smhas been

previ ously known. For exanple, a hydroxyl ated adanant ane derivative
protecﬂ@ﬂohkth benzam de can be produced using in 25 vivo conversion of

Beauveri a suh%grqg%ggﬁt(Qp@%ggggngeﬁgggnqgtj}) (hﬂﬂgdq£gi%@bdﬁg%7rding an

adamant ane derivative protected wt thalimde, it has been reported that
a di hydwdxygx¥lotat can npen predutgied dyoiromsy & 4ddnver si on of Sporotri chum
sulfurescens (Non-patent Document 2). [0004] 30Cytochrone P450
(hereinafter, also referred to as P450) is a generic nane of

pr ot ohélrekgomtad mirhg prot ei ns exhi biting a specific absorption band (Soret
band) @6G€éound 450 nmwhen it is reduced and carbon nonoxide is bound

t her et o. JSO is bound to a mcrosone of many ani mal and plant tissues,
fungi, and y®&astlsydroxy&ateidnd damahtaenby dnewof amiat ochontri & offudcpankt] 350f

g‘gi:[rg:’ iraisisnzs::lue%}u%sg‘g%}%(;t%'gearlléi)éivei It'es?r)i(la%tdsthlenli%esi%lttllll?al }‘)ahgt%lii Iog?rs?p ryt glepd

15 (Patent Document 1), or an inhibitor of 1lbeta-hydroxysteroid dehydrogenase
type I (11BHSD1) in the field of medicines (Patent Document 2, page 27). In
addition, a compound having an adamantyl group is known also as a DPPIV
inhibitor. And, when these compounds are synthesized, a compound wherein
a part of substituents of the hydroxylated adamantane is protected is useful

20 as a synthesis intermediate from its reactivity. ‘
foo03]

A process for producing a hydroxylated adamantane derivative using a
microorganism has been previously known. For example, a hydroxyvlated
adamantane derivative protected with benzamide can be produced using in

25  wvive conversion of Beé.uveria sulfurescens (Non-patent Document 1). In
addition, regarding an adamantane derivative protected with phthalimide, it
has been reported that a dihydroxy form can be produced by in vive conversion
of Sporotrichum sulfurescens (Non-patent Document 2).

[0004]

30 Cytochrome P450 (hereinafter, also referred to as P450) is a generic
name of protoheme-containing proteins exhibiting a specific absorption band
(Soret band) at around 450 nm when it is reduced and carbon monoxide is
bound thereto. P450 is bound to a microsome of many animal and plant
tissues, fungi, and yeasts, or an internal membrane of mitochondria of a part

35 of animal tissues. Additionally, it exists in a soluble form in certain bacteria



[ 00051 P450 has various substrate specificities, and there are
enzynmes exhibiting very broad substrate specificity, which can utilize a
variety of -5 organic conpounds as a substrate, On the other hand, there
are enzynes having nore restricted substrate specificity, which react only
with relatively limted kinds of organic conmpounds. P450 is involved in

bi osyntWei®$ of bi oactive |ipids such as chol esterol, steroid hornone, bile
aci d andopagtive-type vitamn D, netabolism of bioactive |ipids such as
hene, fatty acid and 10 eicosanoid, netabolism of exqgenous chem cal

subst ances’ i Ad30diltg drEYs SHYstHeel PReIAIEBect ] ctFhcBFONeBEYPAS0, it

i's knowgnthatnPARQyCREAIY 2@8saravtar iRl riefty! @AClchORSn SKG N -8Sa a d¥yaroxyl ation
reaction, an epoxidation reaction, a dealkylation reaction, a

s

denpt riPFERBEG GAMPEAER G Antl i HE2ts keOaf theenbbs s d theaF | &reeRPFUEST ng t he

P450. 1930Q06dore restricte PANB «PAR0S pdREf MeH {HhOM B £4100K GaRE 1B 18461 AS
fungi or bacteria are known that they serve for production of industrially

usef ul l'sobstdakéeds cdnered tparroetEbt af & @citudt Yeveti 1 2eessitrhiendustri al

producty; 04 9f e Y3eh ULy O UGS h ot HERSIESBIRE Ven@RMBIR d Satadydioxyate a
6[ 3-position of conpactin with an 20 actinonycete, Streptomnyces

car bophiitamin gid ptadiochispr adfadtardtiv it si suah anthayperfefpericed ageht , as

a ph Od_lé%os(al}l%_ri]a,p%&QBoQQ&UGF@XBEBnEQQ %enmﬁyr@ﬁtst§ﬁce$i9&9€i?§§ (szzr s,
produci ng active-type vitamn byfg%groxylatlng a la-position and a

25- posizpidovh ofikyi t d¥fi wp PBHatR PR faht Hotitnienyeete thps duidonudalizas @
aut ot rggmect%y(g‘?%)?gﬁ%ﬂs %Iugf'? aRUL hkf@%@xﬁﬁ@i%rn' I%%lci:' %lf%% e;;loqggzgion rgactionWt h

respect to xyl ation of adamantadne, Non-patent Document 4 describes
t hat adaherikatetips rhydioxyt deedridichtipageeaipnwhidcihd 5kP480GeopbRdeudononas

putida,.ijn Additiqn, . Nop;patent Docurment S describes that 30 five
nicrooﬁaanfgﬁ%eﬁfggoxylat?ﬂg adamant ane were screened from 470

nib&ood@@@ﬁkns, and suggests that P450 is involved in hydroxylation of
adamant ane i g,3tr Q%&%%@e@ﬂ&rﬁ%k&%gfga LGN d & QQ‘?MQ%' 308G eria are
3 we 0 b

m cr oor gani sns. S Ver, none o0 cunents descrtibe or suggest
hydr oxhatirophof tleey eomsolemd thdwic hig naef adarvarediyeu sifal etdntarsiengaP450, f or
exanpl |l atio . - - m [ i ve usi ng
paso. PBat St e b i Skt L RARTRRL M PR AL B SRRy Py
No. 2006e 63061 tbfiPatentm Pecynment y 2} o M004¢ 656744 s[tPat exftcoDocurrentwi8h aiP- A

nt .Docupent 11 Journal .of .Organic m st.r.y, .1992,

vor 73 prng By Bl SR T PR B BT E SAETL I8 g
Cheni stnyihyi@68ipevok. 38end.0ps3201p B8R0kt (Non-patent Document 3, Patent
Document 3). A process for wproducing aciive-type vitamin Dz by
hydroxylating a la-position and a 25-position of vitamin D3z utilizing an
actinomycete, Pseudonocaria autotrophica has been also put into praciical
25 use.
foo07]

With respect to hydroxylation of adamantane, Non-patent Document 4
describes that adamantane is hyvdroxylated with P450cam, which is P450 of
Pseudomonas putida. In addition, Non-patent Document 5 describes that

30 five microorganisms hydroxyvlating adamantane were screened from 470
microorganisms, and suggests that P450 is involved in hydroxylation of
adamantane In Streptomyces griseoplanus, which 1is one of those
MmiCroOrganisms.
tooos]

35 However, none of documents describe or suggest hydroxylation of a



[ Non- pat ent Docunent 3] Gene, 1995, vol. 163, p.81-85 [ Non-patent Docunent
4] Archives of Biochem stry and Bi ophysics, 1984, vol. 228, p.493-502

[ Non- pat ent Docunent 5] Applied M crobiol ogy and Bi ot echnol ogy, 2006,

vo. 71, 15p.502-504 Disclosure of the invention Problens to be solved by the

invention [0009] 20Chbject of the present invention i; provi de a
hi gh- yic@R %id s]?;é‘b’inéj ptbcada MiditAg e p4sE e p?%ﬂ’@ciﬁ@g(g’ h§})c§r SXI"AEd for m
of a cofpeurdihavi bgaarN adarmnh aney ISKehetefl dehi hvd Sva usang ratser i al  of

nmonohydr oxy- 2- adamant anam ne useful as an inpternedi ate of functignal . resins
Tna medParis Paryment (Sl hy Gy 5. it YAy DERY AR demdlePPat i oo b5
Means typ, sebh¥esddea probl ens [ 0010] The present inventors have
i ntensively studied aqg, as a result, found out a nethod for hydroxyl ating
an AdarfBAtameDparrest 24 WOMMAMY Havi ng an 30adamant ane skel et on usi ng
CYP109BR ;whi chobsmane 20 iP45Qs.dvbnesparticul arly, it was first found out
that an N-(5-hydroxy-2-adamantyl)-benzam. de deriyvative can_ be progg, ed from
an N- ( 2Neaapaifny 1)L dseme orirgat i 9. CFRaatdi tFORISTY whE Foditd °dut t hat
productj ybsy--0fizan N-(5- hydr oxy- 2- adamant y1) - benzan de derivative can be
35i ncreased by using a CYPLO9B1 nutant, 109FK, or a 109FK nutant, aqbtained
by al t éNomgp TemtoBBIumeRt FddiTRe ohoninalnal Gsisdde dite B HAEYt RESF el £Png
N- 8- hydeoxy-dnadamant y0- benzam de derivative is Anti isonmoer at 100 %
which i's preferable as an internedi ate of nedicines. That is, the present
i nvent it or et engsDear et Bbleawi A§955¢P) 1A3pPdtie88 for producing an
N-(5- h){w’()?xxﬁ!ét?e'nqdﬁg@ﬂﬁ%g%b@}nmg&s of Biochemistry and Biophysics, 1984,
vol.228, p.493-502
[Non-patent Document 5! Applied Microbiology and Biotechnology, 2006, vo.71,

15 »p.602-504

Disclosure of the invention
Problems to be solved by the invention
[0009]

20 Object of the present invention is to pfovide a high-yield and stable
process using P450 for producing a hydroxylated form of a compound having
an adamantane skeleton which is a raw material of
monohydroxy-2-adamantanamine useful as an intermediate of functional

resins and medicines {e.g. N-(5-hydroxy-2-adamantyl)-benzamide derivative).

Means to solve the problems

[oo10]

The present inventors have intensively studied and, as a result, found

out a method for hydroxylating an adamantane part of a compound having an

30 adamantane skeleton wusing CYPI1089B1 which is one of P450s. More
particularly, it was first found out that an
N-(5-hydroxy-2-adamantyl})-benzamide derivative can be produced from an
"N-(2-adamantyl)-benzamide derivative. In addition, it was found out that
productivity of an N-(5-hydroxy-2-adamantyl)-benzamide derivative can be

35 increased by using a CYP109B1 mutant, 109FK, or a 109FK mutant, obtained

3



derivative characterized by hydroxylating an N (2-adamanty0-benzam de
derivative using cytochronme P450. (2) The process of (1), wherein
cytochrone P450 is 10a protein consisting of an am no acid sequence of SEQ
ID No.: 1 or 3, or a protein consisting of an am no acid sequence in which
one to several amno acids are deleted, substituted, or added in the am no
aci d ségqueateinandYRAVPRY- hyldr 6R¢itEePorit akepviaapd 3y thed phocesslione(l),

15wher gy 115Gy AGRE OIS B4R D) - Be RELLEI N GONSl 4L NG 8L AR AR HO ACH G Sgquence
havi ng one to several nutations selected fromthe group consisting of |77F,

L357P, wABGE2Ts mpferalig aganviogr mepbiaaa of ppadbicingp321 and F232Min the ami no

aci d sequenceQf; ;SEQd DrlQert v eQkio20Re REOL %mh@%ﬁmhgg of an ani no acid
sequence having one to several nutations selected fromihe group consisting

of B77ED | Z7Veraees| ,fon1 gepduraBp| anF2N2(5 hrdsen 2ToBunanid4an29899€ and
K702E 41,4 088 010,36} & 5EAUENCEy Ofo SFQ 'N32-ad el Rpecess
of (1), A eré?ér?t e I\I-(Zl-adagn’gnﬁ/l){)-xb%gnz?% %gxd%ﬁ?v%t%%%nféﬁae%cohpound of
t he fordewlieatifFormd ayidchromer@t¥.11 i s hydrogen or a hydrophilic group.
(5) Th X wherein the N-(5-hyhdroxy-2-adanmant yO- benzam de
deri vat??gg%%?%cg%?régﬁln}d of the formula: [Fornula 21 -R wherein Ris

hydr ogerharia chyarhophid Pé5grieup.

10  a protein consisting of an amino acid sequence of SEQ ID No.: 1 or 3, or
a protein consisting of an amino acid sequence in which one to several amino
acids are deleted, substituted, or added in the amine acid sequence, and
having hydroxylation activity.
{3) The process of (1),

15  wherein cytochrome P450 is
a protein consisting of an amine acid sequence having one to several
mutations selected from the group consisting of I77F, L357P, A362T, F41L,
177W, M105I, T234A, F2321, F232L and F232M in the amino acid sequence of
SEQ ID No.: 1, or

20 a protein consisting of an amino acid seguence having one to several
mutations selected from the group consisting of 177F, 177TW, M1051, A196D,
Fas2l, Fa32L, F232M, T234A, T244A, V399K and K702E in the amino acid
sequence of SEQ ID No.: 3.
(4} The process of (1), wherein the N-(2-adamantyl)-benzamide derivative is a

25 compound of the formula: ‘

[Formula 1]

"wherein R is hydrogen or a hydrophilic group.
(5) The process of (1), wherein the N-{(5-hyhdroxy-2-adamantyl)-benzamide



5(6) A process for producing a conpound of the formula: [Formula 3] ", NH2
(I') HO characterized by obtaining an. N (5-hyhdroxy-2-adamantyl) - benzam de
derivative by the process of any one of (1) to (5), and 1Odeprotecting (7)
Theprocessof (6), characteri zedi nt hatt he N ('5-hyhdroxy-2-adamantyl)-benzam de
derivative is not isolated. (8) A process for producing a conpound of the
f or nul de¢ivat)ve [Farcamrewald of B5: frrRilaA HO 15 characterized by obtaining a
conpouQE0g£uﬁib-by t he process of (6) or (7), and reacting with a conpound
of the formula 2II): A- Rl - R2- R3- X wherein Ais an optionally substituted
cyclic hydrocar , group or an optionally substituted heterocyclic group,
ft' is a siogle-~bond, -C(=0)-, -0- or 20NR4-, R2 is a single bond or
optionally substituted alkylene, R3 is a single bond or C(=0)-, Xis a
hydr oxy group, hal ogen or a | eaving group derived froma hydroxy group, and
RA is hy or optionally substituted alkyl. (9) A nmethod for

hydr oxyl|ati ng an adamantane part of a conpound havi ng an adamant ane

skel et on;l-—c@npri si ng usi ng

OH

wherein R is hydrogen or a hydrophilic group.

en

(6} A process for producing a compound of the formula:

[Formula 3]
.\\\\NHZ
(F)

HO

characterized by obtaining an N-(5-hyhdroxy-2-adamantyl)-benzamide
derivative by the process of any one of (1) to (5), and

10 deprotecting it.
(7} The process of (6), characterized in that the
N-(5-hyhdroxy-2-adamantyl)-benzamide derivative 1s not isolated.
(8) A process for producing a compound of the formula (110):

[Formula 4]

H
N-R3-RZ—-R'—A

\‘\\\

(W)

HO

15
characterized by obtaining a compound of (I) by the process of (6) or (7}, and
reacting with a compound of the formula (II): A-R1-R2-R3-X
wherein A is an optionally substituted cyclic hydrocarbon group or an
optionally substituted heterocyclic group, R! is a single bond, -C(=0j-, -O- or
20 NR+4-, R is a singie bond or optionally substituted alkylene. R® is a single



5a protein consisting of an am no acid sequence of SEQIIl No.: 1 or 3, or
a protein consisting of an am no acid sequence in which one to several

am no acids are deleted, substituted or added in the am no acid sequence,
and havi ng hydroxyl ation activity. (10) A protein containing an am no
acid sequence in which one to several 10am no acids are del eted,

subst i themedooF (AQded iz HHEr e ABCHS # L8FDETCE [TV BEGIOBPNE VY Thomy

havi ng hydr g aEd N A6t RVl ydrbddd of RRRLRIIN, GaBsiistiqWandylan am no acid
sequence having one to several nutations selected fromthe group consisting
of | 77KE9) gsrphonIen Ty dpapuila ting7ay afpLn tapeanart ‘PfZQZ“P,IHH?Z‘S‘%Lh%YngF‘?‘BZM in
t he ama%&gﬁ%&egly@ggﬁhq:fo EQq Mg : 1. (12) A protein consisting of
the am no acid sequence of SEQ | 5 No.: 3, or a protein containing an am no
aci @ sequesteen icanahitole ehen tion Sevetid] seens e i %‘%Qalﬂé Nref dt®d?: Substit ut ed

or adde&pk&eﬁl@%oﬂ@is@?ﬂfﬁf dnseguensed anfli v Rgwhydl oxyl@tdeRrACk Vhé Y-
20(13) A protein consisting of an am no acid sequence having one to several
nut at i onsdselectetttbdomubhiitgtouprcofdrdt imdghst 2pape, a4ip7Rpavaest, 2§ 96D,
F2321, F232ngg%%%;rg[§§@bivf{ 44A, V399E and K702E in the am no acid

I R

sequenchemc%flg 4) A conpound of the formula: 25[Formula 5]

a salt (6p) &\ sobvanecemerirpfs an( 2B)inA sodpdrmeefe ihevhishnina: to FOYeHil a 6]
CHI% Saal .ti el agl%svg‘ eedgﬂe‘%(?,Ogubm&ft%ic}noﬁahéeg'xqrggaegnﬁﬁoaacqu;eﬁﬂbhhé ef group.
Ef fect ‘of thé“i'nventron
SEQ ID No.: 1, and having hydroxylation activity.
(11) A protein consisting of an amino acid sequence having one to several
mutations selected from the group consisting of [77F, L357P, A362T, F41L,
177W, M105I, T234A, F2321, F232L and F232M in the amino acid sequence of
15 SEQID No.: 1.
{12) A protein consisting of the amino acid sequence of SEQ ID No.7 3, or
a protein containing an amino acid sequence in which one to several amino
acids are deleted, substituted or added in the amino acid sequence, and
having hydroxylation activity.
20 (13) A protein consisting of an amino acid sequence having one to several
mutations selected from the group consisting of I77F, I77TW, M105I, A196D,
F2321, F232L, F232M, T234A, T244A, V399E and K702E in the amino acid
sequence of SEQ ID No.' 3.
(14) A compound of the formula:

25 [Formula 5}

a salt or a solvate thereof.
(15) A compound of the formula:

[Formula 6]



5[ 00111 The nethod for hydroxyl ati ng an adamantane part of a conpound
havi ng an adamant ane skel eton of the present invention realizes stable
production and supply, and enables effective, safe and | ow cost production
of a hydroxylated formof a conpound havi ng an adamant ane skel eton. 10 Best

node for carrying out the invention [00121 Ternms used herein,

unl ess otherw se-indicated, are used in a sense nornmally used in the art.
Terns which @ €Ul arly used herein will be 15expl ained bel ow. [0013]
In the prese Avent i on, "cytochrome P450" is utilized as a catal yst for

conpound havi ng an adamant ane skel eton. For exanple, it is

N ( 5- hydr 2- adamant yO- benzam de derivative by hydroxylating an

N ( 2- adapmmnt yO- benzam de derivative. Whether or not a protein which is P450
ti+i/zed as a catal yst for hydroxyl ati ng a conpound havi ng an

adamant angHskel et on can be determ ned, for exanple, by whether or not an

N ( 5- hydr oxy- 2- adamant y1) - benzam de derivative is obtained by acting the

25pr ot ek ralbpr sAY gedthETAohnd a reduci ng system consisting of ferredoxin

and redygt.asesHPR! vy hgarel echngnt:abheRe @kehponan N- (2- adamant y0- benzani de
derivative which is a substrate. Mire particularly, a nmethod for culturing

a m croorgani smcapabl e of expressing P450 in a suitable nmedium and

det ecti BorLDSsRAESRNCR A absence of the 7
-a

N- ( 5- hydroxy- amantyl) - benzam de derivative accunulated in the medium
can be (@edl If necessary, by introducing a reducing system consisting of

ferredoxin SLLPI?% yrinftsl\,gl'uﬁ%f{~I fgl‘ qﬁldrrgQ%faOuEéad% %ﬁ%&%@?ﬁri r?)!:foa &ompound

m croorgani sm the presence ‘or absence can be nore effectively detected.
Det ect i aavpfg tame aBahdhameds bxlet2n acfabantyEpebenizaeindordeerlizes vé2bin be

perforned, for exanple hi gh fo e | L gl LIRS W {HPLC)
usi ng tﬂ‘éo‘}\‘ﬁ('(%qth?&gg%/@%?% anrfdgﬁ?gﬁe-sb‘{e%%?n?%’eé%r ?r\}gp Ve 0 %ﬁed by the
present of AMgtroanl A% dafoshandar chmSpecd hiavahg yo &hemmethod sdesetonbed in
Exanpl es | ater can be used. Exanples of P450 useful in the present

i nvention include 10CYP109B1, CYP101l, CYP105D and the |ike, and a
deri vat ipye: WiIenfr caP9ihy alk s iakeR4dA means a pol ypeptide having
substanti al t he sanme bi ol ogi cal function or activity as that of P450, that
is, in tHe%resent

Terms used herein, unless otherwise indicated, are used in a sense

normally used in the art. Terms which are particularly used herein will be

15 explained below.

[oo13]

In the present invention, “cytochrome P450” is utilized as a catalyst
for hydroxylating a compound having an adamantane skeleton. For
example, it is utilized as a catalyst in a process for producing an

20 N-{(5-hydroxy-2-adamantyl)-benzamide derivative by hydroxylating an
N-(2-adamantyl)-benzamide derivative. Whether or not a protein which is
P450 can be utilized as a catalyst for hydroxylating a compound having an
adamantane skeleton can be determined, for example, by whether or not an
N-(5-hydroxy-2-adamantyl)-benzamide derivative is obtained by acting the

25 protein, or the protein and a reducing system consisting of ferredoxin and
reductase supplying an electron to the protein on an
N-(2-adamantyl)-benzamide derivative which is a substrate. More
particularly, a method for culturing a microorganism capable of expressing
P450 in a suitable ﬁedium, and detecting the presence or absence of the

7



invention, hydroxylation activity. A Cterm nus of the polypeptide my be
15 either of a carboxyl group, carboxylate, am de or ester. Exanples
include a fused protein with other protein, a nodified entity obtained by
adding a nodi fying group, a nmutant obtained by deleting, substituting or
addi ng 8 am no aC|d re5|du§(s and the |ike. "ot her %eln used in
the fudbdspristrern;2 adpremdvh bita tHg $eHdEatys 5}5’1"8{%‘?1&"%& fgaedium
subst artzfalnat)!eyustefae St@mee&@sm & hysnexylatd an raghivigt Yy @ ol Rahsahi 450 by
fusing is preferable. anpl es i ncl ude RA50Rhf reductase domai n, P450BVMB
reduct d8&redomaR ﬁuaﬁletnﬁeart plegtron to P450 gy eyl wedagt 1p Hed MR YiSidH §Poup of

the modinti 48Rt oy dncdnedea bunabionalecoraup @tbiRid i Ny foHonescense
propertl\i,ﬁ functi onal roug which is 25 not Involved in formation of a
T p

st ePi c Uetdeey of 24 2 BTy pepb s tre msd R VRIRE. At ePhaPrvEIryed t by be
an am rt@ta 1@ rt%s'ﬂlé% clbt Refrthan anjne @ﬁkgmra%§%§ﬂﬂ§7 aensidt utding eRg ural ly

occurrin alanlne and the |ike) | es of the functional
group &X iitimdiﬁgyfa abrEseEHbeb propRidey dedey vidue e@%tartnequ bor B e ipsent

i sothi qgyapabg (E1.TQk.a08:d. heS%ééﬁ%caﬁ)ﬁamlee%&fhlo@e;tQ ifunGhi eRak paEouUp

which is not involved in formation of 'a steric structure of a pol ypeptide

i ncl udeéatesspracde wedup, Exppelreddit dt nvel df inhi C AT ¢ g 1BVERARIENE G ed§ due
angot hetftpt@ggtt(,Wiraﬁefceﬁaﬁtsﬁ)tatt@tttﬁeugtte ab Nk PNAli @ Qb8 present at a

term Exanpl es of the mut ant i ncl ude a protein consisting
of an dAPhél aci d 35sequence in which one to several anino acids are

del eted, subshliuted,.-Of¢ zﬁ@;%e% 0 st Rey, a1 tpc&;qt $ esrtq,%t@tt Bf30¢nand
haV|ng t he fu%c%#%ﬁ 5? P450, an dthe | ?ng % avH ﬁp 25 of the
"ami no sacid bsdqaand duingtishi eh a@ttefltyoasef\}f@rfatf Eﬁfpﬁo thei ds. Hréhéleﬂ@tseélt

substi t.ut an, g ng., equ Lpswhi gh ogl,g or

two or Eﬁgggmgpte%gra%¥$ﬂﬁgrggﬂgﬁ% ng prgﬁéragly ggggﬁdpm to 6

fuﬁﬁhemq&aﬁ@ﬁabbybsewbgahm(ImeOSWﬁtanﬁn@daGﬁd%%ﬁn tEéaanﬂﬂ@ledwde§Equence
of P45Q are delete B aci gugn i.eh. o Qly gt pr nore
(pref egal?)‘fy,prartltj’:)luﬂngV b 3“%8 8gart((ar;?er%b yO%gr ggng&l&?o 18, %ngjeyf urth}gg

pref er abbdifsenepadur, 1atmu5$r)t ahinigedchdgldlntinge sazrbisni@uai;igdoseiqiﬂeneealof P450
are subﬁég%qag re&,uév? %”h@?lﬁp'ds (© an amno acid sequence in which
one or tWo ot fore ’ Iy, around 1 to 30, preferably around 1 to 10,
and further ﬁmefoehablpyos@ménesled(m the Sl)gechwmtmamadsroaﬁel a}ddte@lht rfus¢rb am no

thse uer}%eex fiba;%Sso bs%antt t%epr of 21,0 Cont

%Bzy gp ggﬁuence
¢ oY more I.'OX 1011 ac 1VI
s a conbinatioh o hem \When ' an am oald seqguenc el et ed,

subst i todtheh Oy added,is @ rplsiabilon Eiamméedetcdhderﬂél@}ids&uetdmtctm abqsmaddi tion
IS not limted, pr V|ddthat a nmutant of P450 used in the

pr esent}pﬁaiﬁfgéﬁglrgﬁu?g%asen%o??h%6 |8 dé ‘tatlaw ng activity of catalyzing

hydr oxyl at i oBxatn#eeospatndmbdvivivge anroaghaénttanen alkdiélegt entxtevmitz@t@wgh an
am no acid(s) s 20 del.e substituted or es_ i ngl.

ol ypeptratohal Frg e FUSLERB5E B - ko BhofbieSo T nr 8 BR DR L Bu Sept  de
haykng Iﬁ)@%h@f)lmrﬁl hemmh agy, o fanel dfrix Etherctpltefoéraabblyfpappmlley[aa[ﬂtﬂdaeizEIaVI ng
95% orélgore ho y with the am no. %ci d equeijfcet of P450. %0161d25Here| n,
"CYP 10981 ahy § IBPéitbét A CEHEP ARG CBF HNR P HhE Pt 4 S Bl FERY b5 SEQ | D
No.: l.onstituting GYELQGABY nutoatmtmgnemsoa (praot gi-aioonkai avdgtha atidlo aci d

sequence in whic ne.to several amn i ds are del eted, substit d or
added |Erf‘at“|’1}éle§n?gégﬁcf”dl %)cﬂ?g n&'e o © % “Orfsceéhcﬁ Hﬁ?ﬁeﬁg h’)’lﬁr‘b%/l ation

30 actiyid yftul%X@mbllﬁslsdtﬁhwanat@r(@umm @e[ASitBE i Ngeof Bia@Pid0 cddciltk
sequence havi ng one to sever al ?tl ons .sel ected from t.he gr oup cﬂgnm sting

of 34 77Eunt g8yl epREn T hieh if n(tt?l?’\)if’ W fOBaKAr o sEeriEss ‘t‘_Cté‘ﬁa 732M in
t he amp@@y@(ﬁit@d@@ﬁ]é‘l@t@(éea Q&J&@Ethk&l;NOa rebres@Rtiv@ sewenah iput ptdlansne means
around 1 to (g)referably lto % % Lurthe{1 pfteferably 1 or 2 rrutatlons
remdue and the ltke. “Itis preférable that suc unctional’group is present
at a terminal.
Examples of the mutant include a protein consisting of an amino acid

35 sequence in which one to several amino acids are deleted, substituted or

8



35Particularly, a protein consisting of an am no acid sequence having 1 to
5 and preferably 1 to 3 variations selected fromthe group consisting of
| 77F, 177F and L357P;, 177F, ML0O51 and T234A; and |77F and F232M in the

am no acid sequence of SEQID No.: 1, is preferable. [0017] 5"CYP109FK"
means a protein consisting of the am no acid sequence of SEQ ID No.: 3.

" CYP109RK eduimarhe apsansrad prearerpe bt 4 thi g d dr ARe id caling tsdgabhdél n
which qng te, geyeral am no acids are deleted, substituted or added in the
am no aci d sequence of SEQ ID No.: 3, and having hydroxylation 10

activi ttpo1Ekanpl es i ncl ude a protein consisting of an am no acid sequence
having one t%r%gr%%éé'of%%a¢A£n& seleect ede {d0m thei ar omp ccQpshshii pgid | 77F,
| 77W MLO51, ~ALS6D,  F2321, F232L, F232M T234A, T244A, V399E and K702E in

t hesaniandd aei ddseqednce Gt SEQ D e d” i3clwdinfAt on eavignagcimeatpBes o means
around I, £ o 3, Ar&lerabl Vet tO3apANd b ohE NELo P6 S £FA0IMy LrBLnd MY 841 ONS.
15 Part ¢ul arl y, a protein gonsi st i ng of an am no acid sequence having 1 to
5, prefaerdafhythert or8feantilspaeticcal di| {0 préf epdbbyapids mutdtd gl écted from
the group consisbing of 0832 AT26Ru Fa3RL w282k, F232M
T234A, S‘fgﬂﬁf&?e %@géﬁgé’ﬁé C@%g"éiuj% :%“eg/%‘m gm’c?‘ Cg%i%dgggquencg of SEQID No.: 3,
i s preferabke.(p POp0OSL around 1 tb Cohpouddr Halvi atpwrd ddendAt and Skéhet on

i ncl udes _any,conpoun f [ [ agappat ane
Sial'ot o BRTorabi T e L hTAL e B GRCRHAY AL DB AN AnresY

" Pr ot ectuedtiZuani nogdanmnt amethoiavid ud€d amyncompecddseagiehae iaswhich gne 25 g
conpound wherein an amno oup.of ;a a } i ted.dn, this
respect®” %W%&rthf%e(P“f eéfﬁgfz’i” paénf)%lngoggcgaﬁg’d?g%epg%}gg,awt;)?}“gﬁl Zgamsin% ane part
may haverehsSupsitfe tdidpt sevEnel §ubstilt wemtno sciniet apantdedliarthy e edid but

exanpl es thereof .i.n¢l ud | ogen. such as. E. O, Br., | I ke,

opt 1 onarrycstbat PBfeand B PEy T EhelBurata Hirey M Seh Dok S

al kyl ) ,ishydeexyinat36n abkosyem ni t Wenarad | amiyd ahkiyll segaeboxyis dsierd(e. g.

al koxycarbonyl and the. like), .carpanmoyl, .al kenyl,. .alkynyl . banpyl oxy,

o1 ot extau Ry Bk caigL hERbitigar bET ate Bl Ty A Y ae ABR TRACP Y o

exanpl gsricnelade Bmibed 2pacaaant yiyt- bennamindeotidy4divatisye,in the present

N (2-adamant yl) - benzam de,. N-( adamanan- 2-y1).- pht hal. am.caci d .

BN ( 2 ATARHAT YTy o HRP AR Ben ST G oy Byt AMtAL ARG RGO ¥l on ¢hctoy

"N-(2- &da{mtn)aOthnzgaahdﬁhemhuaMa/e%Mns, even though an amino acid{s) is
20 deleted, substituted or added. Examples include a polypeptide having at

least 60% or more homology, preferably a polypeptide having 80% or more
homology, and further preferably a polypeptide having 95% or more homology
with the amino acid sequence of P450,
[0016]

25 Herein, “CYP109B1” means a protein consisting of the amino acid
sequence of SEQ ID No.' 1.

“CYPlGQBl mutant” means a protein containing an amino acid
sequence in which one to several amino acids are deleted, substituted or
added in the amino acid sequence of SEQ ID No.: 1, and having hydroxylation

30 activity. Examples include a protein consisting of an amino acid sequence
having one to several mutations selected from the group consisting of I77F,
L357P, A362T, F41L, 177TW, M1051, T234A, F232[, F232L and F232M, in the
amino acid sequence of SEQ ID No.: 1. “One to several mutations” means
around 1 to 5, preferably 1 to 3, and further preferably 1 or 2 mutaticns.

35  Particularly, a protein consisting of an amino acid sequence having 1 to 5, and
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N (2- adamant yl Thenzam de or a derivative thereof. The derivative includes a
conpound wherein a benzene ring part is substituted with halogen, alkyl, 5
hydroxy, al koxy, nitro, aryl, arylalkyl, carboxy, ester, carbamoyl or the

| i ke, a conpound wherein a part other than a part to be hydroxyl ated, of an
adamantyl . group is substituted with hal ogen, alkyl, hydroxy, alkox nitro,
aryl,_amy&ahhyjﬁ.ta3b@xVﬂﬁeS§@ﬁEM@a@5&%@yﬂ“bgf?mmcppﬁﬁﬁﬂéhﬂ%é7ﬁ%hﬁ%U%d
Where'%n%.?%Q%ﬁ???%%”ﬂnﬂ%ﬁEuﬁﬁéz%ﬁég%%ﬁﬁﬁﬁﬁﬁ%uﬁﬁﬁé32&@i%U@ﬁJhBHB@QuM@th the
10af orenenti oned substituents. Preferabl e exanples include a conmpound of

t he forspuhancd FOBHE &D 7fo. ' Whesaineidnabile. hydrogen or a hydrophilic group.
15[002?% 17] "Hydrophilic group is a group having strong affinity for
wat er . %a? is, it refers to an atom c group which can forma weak bond
with a water “@5Pe6aF& byecehect postat ceniinteraef ton amankyaidgenubpad obr t he
l'i ke. gggggkpﬁohqglude -OH, -COOH, -NH2, -0S0311, -S0211, -0P031-12 and the
like. rticularly, -COOH is preferable. [0021]

"N- ( 5- hydr oxyeTPadaRint w0+ beiizantdeder i yatieis" meatsining Na(5-amyigooaeid

R A i N (T
hal ogenddabkyl thehydioxypidak&koxancendft $BQ HY Wq.* 8r yhdl kadingdardroxylation
By R RO | FEh ROV e ol ELPLSIAY B¢ SAAIRLES JAE! NG eRec
having one to several mutations selected from the group consisting of I77F,
I77W, M1051, A196D, F2321, F232L, F232M, T234A, T244A, V399E and K702E
in the amino acid sequence of SEQ ID No.: 3. “One to several mutations”
means around 1 to 5, preferably 1 to 3, and further preferably 1 or 2 mutations.
15 Particularly, a protein consisting of an amino acid sequence having 1 to 5,
preferably 1 to 3 and particularly preferably one mutation selected from the
group consisting of I77F, 177W, M1051, A196D, F2321, F232L, F232M, T234A,
T9244A, V399E and K702E in the amino acid sequence of SEQ ID No.' 3, is
preferable.
20 [0018]

“Compound having an adamantane skeleton” includes any compound as
far as it is a compound having an adamantane skeleton. Preferable examples
include protected 2-aminoadamantane.

“Pyotected 2-aminoadamantane” includes any compound as far as it is

25 a compound wherein an amine group of adamantanamine is protected. In
this respect, a part other than a part to be hydroxylated, of an adamantane
part may have a substituent. The substituent is not particularly limited, but
examples thereof include halogen such as F, Cl, Br, I and the like, optionally
substituted alkyl (e.g. unsubstituted alkyl and carbamoyl alkyl), hydroxy,

30 alkoxy, nitro, aryl, arylalkyl, carboxy, ester (e.g. alkoxycarbonyl and the like),
carbamoyl, alkenyl, alkynyl, carbamoyloxy, prbtected hydroxy (e.g.
alkylhydroxy and the like) and the like. Preferable examples include an
N-(2-adamantyl)-benzamide derivative, N-{(2-adamantyl)-benzamide,
N-(adamanan-2-yl)-phthalamic acid,

35 N-(2-adamantyl)-p-methoxybenzyloxycarbonylamine and the like. -

10



wherein R is hydrogen or a hydrophilic group. Further preferable exanples
I ncl ude a conpound of the formula: [Fornula O1 hR NH 5 wherein Ris
hydrogen or a hydrophilic group. [00221 A conpound havi ng an
adamant ane skel et on obtained by the present invention such as the

N- ( 5- hydr oxy- 2- adamant yl ) - benzam de derivative can 10be easily converted
I nt o nofiehyslr oxy- 2- adamant anam ne, that is, a conpound of the formula:

[ Formul a 10] . by renoving protecting group. 15[0023],
Inaddit!on,inNhéﬁ?gé@ﬁﬁﬁﬁpgh??ﬁﬁ?f N7(5-hydﬁ%&?Y?@é%anantyl)-béﬁ%%%%de
deri vatN-\(g- J)n O t yTHYe (¥im 318 bSQl &t 8dakiveat154 QP rOf TRLOMMGKAGivANincludes

N- (5- hydr oxy- 2- adanant y1) - benzam de derivative _
f r onani®- {2 RAARAAY YO BB herdeae i path Adaiidobb el i ifg with halogen, alkyl,

5 hyvdroxy, alkoxy, nitro, aryl, arylalkyl, carboxy, ester, carbamoyl or the like, a
compound wherein a part other than a part to be hydroxylated, of an
adamantyl group is substituted with halogen, alkyl, hydroxy, alkoxy, nitro,
aryl, arylalkyl, carboxy, ester, carbamoyl or the like, and a compound wherein
a benzene ring part and an adamantane part are substituted with the

10  aforementioned substituents. Preferable examples include a compound of

the formula:

[Formula 7]

e , R
Q >

7:; NH
wherein R is hydrogen or a hydrophilic group.
15 [0020]

“Hvdrophilic group” is a group having strong affinity for water. That
is, it refers to an atomic group which can form a weak bond with a water
molecule by electrostatic interaction, a hydrogen bond or the like. Examples
include -OH, -COOH, -NH:, -0OSO3H, -S03H, -OPO3H: and the like.

20  Particularly, -COOH is preferable.
foo21]

“N-(5-hydroxy-2-adamantyl)-benzamide derivative” means
N-(5-hydroxy -2-adamantyl)-benzamide or a derivative thereof. Examples of
the derivative also include a compound wherein a benzene ring is substituted

25 with halogen, alkyl, hydroxy, alkoxy, nitroe, -aryl, éryialkyi, carboxy,
alkoxycarbonyl, carbamoyl or the like. Preferable examples include a
compound of the formula:

[Formula 8)

11



nonohydr oxy- 2- adamant anam ne by deprotection. Upon production of the

N- (5- hydr oxy- 2- adanant y1) - benzam de derivative, the derivative can be once
purified and deprotected. Alternatively, as described in Exanple 8,
nonohydr oxy- 2- adamant anam ne can be obtai ned by perform ng deprotection
S5whil esterilizati nisconducted Wi t houti sol ati ngt he

N- (5- hydr oxy- 2- | kyl) - benzanlde derivative. [00241 Furt her, by
reacting no y2 adamant ananmi ne obt ai ned above with a conpound of the
formula (11): A—RI-R2 112-X 10wherein Ais an optionally substituted cyclic
hydr ocar bon gN up or an optionally substituted heterocyclic group, R is a
singl e b %X—O) -0- or NRI-, Ris a single bond or optionally

SUbStItZEEg alkylene R3 is a single bond or C(=0)-, X is a hydroxy group,
hal ogen IeaV|ng group derived froma hydroxy group, and R4 is hydrogen
or optional ally substituted al kyl, 15a conpound of the formula (I11):

[ For mul a 111 N- R3- R2-R1- A HO can be produced. [00251 20[ Formula 121
A-R3-R4-R5-X (11) HOn, R5-R4-R3-A

wherein R 1s hydrogen or a hydrophilic group. Further preferable examples
include a compound of the formula:
[Formula 9]

R
OW

wherein R is hydrogen or 2 hydrophilic group.
[oo22]
A compound having an adamantane skeleton obtained by the present
invention such as the N“('E)“hydroxy'Z‘adamantyI)'benzamide. derivative can
10 be easily converted into monohydroxy-2-adamantanamine, that 1s, a
compound of the formula:

[Formuela 10}
NH»
(1)

~\\\\

HO

by removing a protecting group.
15 [0023]
In addition, in the present invention, the
N-(5-hydroxy-2-adamantyl)-benzamide derivative may or may not be isolated
in a step of producing an N-(5-hydroxy-2-adamantyl)-benzamide derivative

from an N-(2-adamantyl)-benzamide derivative and obtaining

12



This is a step of reacting a conpound of the formula (1) and a conpound of
the formula (11) to produce a conpound of the formula (I111).

Exanpl es of a solvent include N-dinethylformam de, dinethyl 25sul f oxi de,
aromati c hydrocarbons (e.g. toluene, benzene, xylene and the like),

sat ur at ed dr ocarbons_(e. g. cycl ohexane, . hexane d the |ike enat ed
v ocdr e C8Sg PR Sy Snel e At s A", B0 B ar St hafle B0a t he
li ke), Methernsiroey G-at eteahybriof imamnd edil etiy bivet hiee dedtioxane can be once

1, 2-di met hoxyet hane, and. the.lik esters (e.g. ,methyl, acetate th

2cet at dUGHEST nENR RSP Ok Ghes Categ P autiTonet el Ty nGT RSEBRE Al ¢ he
i ke), mvddhildesx{€-gdaacettanhtuint @aanite bheaineldeh)y palbohohg d@rgtedtihanol |
et hanol , .isopropanol , tert-butanol and the |ike) ter, m xed sol vent
the?eoﬁ”ﬁhﬂ thé?T?Eﬁgtﬁybfergble gpgp‘&Fggenaf%ﬁhﬁ€§rocé?§8ﬁ§”¥e.g&“

di chl onoiiptthanexy Ghh ok ofaorm) - He i idhkl ds:0ethiame and the like), nitriles
(e.q. ?@g%gnitrile and the like), ethers (e.g. tetrahydrofuran, diethyl

et her, ane, 1, 2-di nmet hoxyet hane and 10the like), alcohols (e.g.

met hanol , et Rapoisr, iLSOPFORANO I o Ho@idrbit @anabaanditbhemlibkebtavaideaband t he

like. . Wt hout .any Jimtatjon, preferahle are N N-dinmethylformam de,
g ot hyitE d FURPEERT >?§|*3ﬁe9,0f’ai“iwt@3oﬁéﬁh§{fef{§5¢]| or of orm

1, 2o di Gshie@léﬂﬁtﬁaﬁﬁ,arﬁ: @itﬁlyxhalﬂiﬁ lhﬁtﬁb stdf@éﬁneycﬂilc2h§i&ffﬁ:fagﬁéib(e§il-kalkﬁ, rl)r an
acetonitrile, nethanol, ethanol, 15i soprqpanol, .tert-buta ...t ol uene,

t et r ahYBHEPE dns Uit Wedrhe tREe BIEC HrodPer'abl B2 H1RE ] iy Grrs e ;o

met hangir+-amgd &t hanalic bond or oYbRRaRE k&h&HON ted@Btk Hehs, ®3hydpoXyggr oup, a
condensi ng agent and a base can be used in the step. As the condepsing
agent,bPB‘C%%%"" E;XfffiééﬁﬁﬁﬁygﬂFﬁhi 26?%f”di5?8F%%§%9?%5@58@ﬂi e,

wat er - §%Mo§y2&0‘ﬁ§[ Redi RMid@vdrogen or optionally substituted alkyl,
(1-§thyl-3-(3'-dinethylaninoPro_yI)carbodiini&%) or the Iike can be used.
Exkhpl escogip ¢t phéke ifppputie két'al  hydri des (e.g. sodi um hydride and the

| i ke), {wetaliydy oxi des (e.g. sodi um hydroxide, potassium hydroxide,

| it hium hydroxi de, barium hydroxide and the |ike), netal carbonates (e.g.
sodiun1carbongﬁeR3cQ2Q¢pay@arbonate, cesium carbonate and 25 the like),
nmet al al des (e.g. sodium pgtyhoxi de, sodi um et hoxi de, potassium
tert-butd e and the |ike), sodium bicarbonate, netal sodium organic

(e.qg/ triethylamne, diisopropylethylamne, DBU, 2,6-Iutidine and
the like Oand the like. Wen R5 is -C(0Y and X i s hal ogen, the above base
can be used in the 30step. Wen R3 is -C(=0)-, R is optionally
substituted al kylene, R5 is a single bond and X is hal ogen or a | eaving
group derived froma hydroxy group, the above base can be used in the step.
React i pgy, gengifd.Qpg, are not particularly limted, but the substances 35may
be stiggég%]at about -20 to 1005C, and preferably about -10 to 805C for

20 [Formula 12]

H
NH P o pd . p3..
2 A_Rg_R4_R5_X (u} N-R"-R R A
HOHM.. = HO-’IU..

(h ()

This is a step of reacting a compound of the formula (I) and a compound

of the formula (II) to produce a compound of the formula (IT1}.
Examples of a solvent include N-dimethylformamide, dimethyl
25 sulfoxide, aromatic hydrocarbons.(e.g. toluene, benzene, xylene and the like),

saturated hydrocarbons (e.g. cyclohexane, hexane and the like), halogenated

13



usually I hour to 36 hours, and preferably 1 hour to 24 hours The
t hus obtai ned Conpound (I11) is useful as an 116-hydroxysteroid
dehydrogenase-inhibitor, a D peptidyl Peptidase IV (DPP IV) inhibitor, a
Jak3 inhibitor or the Ilike. 5[0026] "Hal ogen includes fluorine, chlorine,

brom ng A0 4,88h0%: o dichlonomdhlihk. AFAToH, tpz%ghﬁotreame %db\f}?em:hed
al kyl . I%x ¢i¥de nf et hyI n-propyl, i sopropy buty

i sobut j{zllge),sec-ebhbyd t(erg buttyflrahmdp@fmryiln,, i sdpeimtyy| , edepent ydioxpanhexyl ,
i sohexyl, n- h t n- oct erable

| SO0 20T RS B @GN (o Tl UL o1z HREYh D getgfag ol -adiglerab!

i sopr op;ztld thia-lblkid)y [k e t 6 ot g a,ceﬁeao_:e butéyﬂlyl Qié“ryd iyupyk, anlti @?@ritﬂyds) m@ob@nt yl,

neo en&céf 88nher},)§¥rﬁleagd It%%hleéé{)l ‘alcohols (e %he EEXLE %%&gflglf %(J%%ﬂ?{)@?r

"al e sarme ‘rreani ng ove 'al es’ of
"aryl icevel e b naey ctliecc Iak&ﬂrraxvatarh;wlrm@aafcbosmlgemua@e("@ofg anphe}wl Jikand

pol ycycgl i mat | drocar b roups ht h
st eyt S B i G e g1 Rt iy PSR PRR
3- phenar- Ialigz}llpr@h—tphauamhhr yﬂa 19ke|dhenarnt1m§ yle. gndlcbhcanltiilk@)and' Ayl &illdey] "

nmeans t he above al k stitu above " ic_
hydrocﬁ&becfﬁ §riod ”%l}ﬁ’cqsrﬂ [ Ci}%%‘djal |e.r, A% Ia%)eérl]ml X%%!aﬁ?ﬁla'n.d
"Oyel oahkylk'e) meadi$ ol3 (¢ @. Gl&hayel i etls;amlr aiaﬂolwdrohcmbdmtgnohpndmmpl es

i ncl ud cl opro cycl obutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cycloo@#ﬁ RH?F%%&B é‘ ?lc hydrocarbon group, a spiro hydrocarbon gr oup
and 25t he ||W€thout any linBritheigad gyefdrabiydmocarandgnetipyfonehudes, a

group obtalnd r.enovi ong dro fro o C8 ali t|c |n in

Shch RRptoi ity fngsy bk dlstBeoRarhant onblorekdb b ¢ fbruiseh

Flscycll]a{&hg,ll nggpt@gbxa?é E:y@lzmllﬂ%@lﬁibhe}mxyé dalacieﬁysﬁ:i@m Zedhaabyl aﬂ_dzm@(tycl 0
octy tricyclo e nd_the 1|i "Spiro

hyti? océt"‘rf’é’éﬁpﬁ?%luﬁ”‘i %‘b‘é tg ﬁr‘lﬁuﬁ‘gﬁ)%thi%%&lw F‘Eﬁﬁ‘(ﬁtﬁé one hydrogen from

aringin \Athmqtemq)ﬂéy@lxraq)qarab@rua5h1r¢gsn@rtﬁaﬁ@n&tertuahed AW stiaaidig one carbon

atom Exanpl es i ncl ude s ro[ 3. 4] octy nd the |ike. "Cycloal ken means C3
to C7 cyclic @ﬁ@a@uf%t% C%Pll 1%3 RS CHBE oSS Ek‘%rﬁ?‘é%’yf‘ﬂij:laude

cycl oppepenydy, &YGJSQQUEﬁthe step. As the condensing agent, for example,
1,1-carbonyldiimidazole, dicyclohexylearbodiimide, water-soluble
20  carbodiimide (l1-ethyl-3-(3’-dimethylaminopropylicarbodiimide) or the like
can be used. Examples of the base include metal hydrides (e.g. sodium
hydride and the like), metal hydroxides (e.g. sodium hydroxide, potassium
hydroxide, lithium hydroxide, barium hydroxide and the like), metal
carbonates (e.g. sodium carbonate, calcium carbonate, cesium carbonate and
25 the like), metal alkoxides (e.g. sodium methoxide, sodium ethoxide, potassium
tert-butoxide and the like), sodium bicarbonate, metal sodium, organic amines
(e.g. triethylamine, diisopropylethylamine, DBU, 2,6-lutidine and the like)

and the like.

When R5 is -C(=0)- and X is halogen, the above base can be used in the

30 step.

When R3 ig -C(=0)-, Rt is optionally substituted alkylene, R is a single
bond and X is halogen or a leaving group derived from a hydroxy group, the
above base can be used in the step..

Reaction conditions are not particularly limited, but the substances

35 .may be stirred at about -20 to 100°C, and preferably about -10 to 80°C for
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cycl opent enyl , cycl ohexenyl , andcycl ohept enyl . Pref er abl eare cycl opropenyl
cycl obut enyl, cycl opentenyl, and cycl ohexenyl. Cycl oal kenyl includes a
br.i-dged cyclic hydrocarbon group and a Spiro hydrocarbon group havi ng an
unsaturated bond in a ri ng. 5"Heterocyclic group” includes "heteroaryl and
het er ocycl Het er oay S cyghi romatic
het er o&%cf‘ﬁ yPBEh and ho‘f Uséd gleenfg?iﬁgghle?ie)pgnt% ?%goér gup The monocyclic
aromati c het 'Ehectymlslc(btgumm Comapysurad Gridups derifvbdsfaroml - i5drbey Serpairber ed
aromati.c,rin optlon can a|n|n 1p i X ul and/
ni t r og8RMSLEHRE TR A" 1b1¥0 ]8 %‘ﬁa?‘f%“ﬁ%%? rz\?* Mﬂﬁ rll}ﬁa ﬂ(narllmarr‘ %I %kagry
repI ace;albzlbetcno&i theonkeThe fused aromati c heter ocycl iC group nmeans a group
y%/h %1%1 - to 8- nenbered aromatic ring optionally containing 1 to 4 of
en 0% fur and/or nitrogen atons in aring is fused with 1 to 4 of a 5-
to 8- rrenberﬁeia]a,rgeﬂ*ahnelu@arstfd)cynhe o}ulo@ixlrrerbﬁ}mirw 8ad medber ed ar omati c

het er ocycl e, ) pptl onal havj 15 at a r b trary ceabl e
posi tion. &s Iflﬁ‘?:?%dé){f i y{‘?? N 1‘“ T PyIPTERS pl§gfur]‘tyvjl.) ]fj ﬁy‘f (e.g.
2-t hi enydlua@d m?e—thlgll enthy ], pypropyl, (@}g‘opi} pyi’( Ib®|tyl 1Qelcpyalyll oIsye]: lang i,

3-pyrro m dazol azoly i mdazolyl),
3PV Ol TSROV B Ll M S2S1 Yy 21 Szl YL, o dazol v
1, 2 4- wrh@zal nlayl:yl ind, élhd nnaezolpaefyaamdml @1 4ot Ci6azolGC Bty 104 dlkyi

20t etrazol yl (e, -tetr |y g t et r_azo;1 1 and 5-tet rbazo{ylg b :ilzolyl
(e.g. Exawafyrncla by ey JKRZBPY'T) ISPRERAS ol YIPUEEL g 1oLy

3-1i ﬁoxeglmbmm geftsﬁiri]@gﬂmny&eﬂﬁd_ ﬁsdpsaxgazlq{els@)emm lamlxyn ape. 1goh87;5ﬂhl azol yl ,
4t|azoy1an 5-thiazolyl), thiadiazoly I sot yl

3-i sot hi azol 4 214v} E%fthi’g %‘I)kg?fyaﬁa %ﬂi%éfﬁr‘é%w’yq) §5Fr ib‘%? "?%a‘b‘ng as
2-pyri gyl andopyiidyl and 4-pyri dyl) pyridazinyl 25 (e g 3- pyri dazi nyl
and 4-pyri dazynyli pyrimdinyl (e. 2- pyrimdinyl, yrimdinyl and
5-Byrim di nyE)‘amP 2anyiryle 1’@‘31“§ef’€if’32%¥6}1‘) “ﬁmi‘l Wldf?‘"é”@o“ﬁb%}’rpfm nyl),
oxadi azobyly W@ v a;lidBpél'}QF'@-ﬁbQZ}Qngtiyjﬁydrl@@BZm&Jrg)ﬂouﬁ)@ @.g. 1-naphthyl,

2- benzo[ fpu [«/ benzol[l1 fur%/ benzo[ bl furyl, 5-benzo| f[furyl ‘

6- benzémﬁﬁhtﬁylandal’iuﬁé 7S B 2 peFdt hi BRerapeh iyl 2 RO BRI enyl

303- benzpf A Lhhepyls- ﬂeheﬁzmht btﬁmﬂam@a«peazle[metm{enyl 6- benzo{b]thl enyl
and 7-benzo[ bl hieny F benzi m dazol benzi m dazol

2- benzi ni dazdirwlalk&lbérr%wﬁ thezaby1e aﬁwlwﬁ'«eﬁ‘i%ﬁéa‘m}l yiye a%ﬁ%en%f uryl,

benzoxazol yl- ‘Cycﬂilicnﬂ§él'(yéa1(b%nggr(zlﬁulmzﬁaeé/l ‘cy OroQUk poXakydioANdnyl” and

6- qui noxal y1),” cinnolinyl (e cinnolinyl, 4-cinnolinyl, 5-cinnolinyl,

6- Ci nnoﬂ“iynyl 7-ci nnol i nyl and 8-cinnolinyl), quinazolyl (e g.

2- qui nazol yl‘*C %‘19&'1'3{@@2%8!11&5 cH- JLQ)UI(J‘]Q,ZQ%,WM saatqghwqwrocgrb%%| %@-@Qﬂ)yl and

8- qui nazol y1),” quinolyl (e -qU|noI¥ qui nol yl qui no

5- qui nBkykples qmirqépyqycioml@whoqsgﬂiom gexpip R (1) cy?}nbh&ﬁaﬁvnﬁ%heeéﬂg

1- pht hal 8z} ayh, . B RIENEL A2 KL o AN B RREDAL 321 YE) hyliSQRARHBRIeY b f &rilh

| i soqui'nolyl,” 3-isoquinal yl, 4-isoquinolyl, 5 5-|squ|nonI, 7-1soqui nol y1

arth 8- tlsodukienol yl) puryl, pteridinyl (e.g. 2-pteridinyl, 4-pteridi nyI

6- pteri dinyl. pi.&njdi bazgl, I, gpant br ydj nyl, 1 a61ddi

(e.g. 1-acri c}ﬁﬁ & 2&2%1& c}ﬂ%&%ca%ﬁgﬁrgl %y nﬁ}}f g§$| di %y ur%r?dt9 acr |H§,| nyl ),

i ndol ytespevipg maﬁ rittcdlymlgenzﬁnondd]mylte & |8ﬁdﬁ18ﬂw 4R § neioW)‘?llwh gwionelolnye e

6-indolyl an i gdal.y |yl nazi nyl 0y r2lrp pnyl and

2- phenaézll nyls) ks hgng)t hlj%m n %C?gé) Exzpﬂgn%%h%zl}l%% , % g(ngnot L azinyl,

3- phenbtdylcaﬂﬂr%/llileamm phenbltcmphﬁiﬂﬂyﬁ])ocayﬂd t heahd ke. blcycio 3.2 "jettet ocycl e”
I ocC group optionally containing 1 to 4 of

oxygen rm Pﬁig g rpnﬁﬁt%rn%g%eﬁ% !alt%gns inaring, and optionally having a

bond at an dryiite ayylroepitaceabl v’ pl(m;iitci@na drouadditeioed by IS msughgane

non- ar tic h terocycllc r b r o Bl al kyl
chai n, H”RGQ% e fused '?Vwc%cng%f) f ]H)(C%Qg {31 %en%eer ggp?ﬁgnlg£€ds%

pref er aﬂsiﬁhgwneacmnnemte)ml n@.xakatles @nylmlde ey o [ﬁefihmmlr ateédherlikmsat ur at ed
as far as it. dyclo op-aremtic, Exanples include; 1-pyr ol tyleq 2aPyRQkiny!.

35 hydrocarbon group. Examples include cyclopropenyl, cyclobutenyl,

15



3-pyrolinyl, 1l-pyrolidinyl,2-pyrolidinyl, 3-pyrolidinyl,1- mdazolinyl, 20
2-imdazolinyl, 4-imdazolinyl, Limdazolidinyl, 2-imdazolidinyl,

4-im dazolidinyl, 1-pyrazolinyl, 3-pyrazolinyl, 4-pyrazolinyl,

1- pyrazolidinyl 3-pyrazolidinyl, 4-pyrzolidinyl, piperidino

2- plperld |per| pi_peridin I 1- I perazi |pera2|nyl
2- nnrphgllﬁxfmegyp cﬂoﬁﬁﬁyfhyﬁnrp |ngr ?e??éﬁﬁgropyrgﬁ?ﬁm”ﬁﬁ th&"fi ke.
25" AIkyﬁeh@ropacyUdQ$handwwaﬂenydgpempnnn whiidc hy dlohexényiet hyt@nekccake
contlnuou denet eth Iene trimet

et r andohp] Sl BaRE S T de R TR O bl AR ME FIgenthon group
Exanplesnnﬁgzheansm@wgtmhpodénmvedzﬂgon1a hydr oxy group include -Ors, -0Ts,

-0TL, CKB h ke. He 30 t | f |
oot rer Pl EakbEE E RS R iR ERLESENE Bl AR e e

trifluoronet hﬁlaeéxtﬂafr@ﬁyhxegrn@up, mandcy i’ alﬁeﬁjrae&ﬁﬁhk$cﬁﬁycllc group and a
n.the fornula

ort honi,trobenzenesul f on roup. [0027

(11) a8t he® 18 ah?tf¥?3yg°ilbc ﬁf%{*%-r ablf‘xf 5%%%%5’.%%%Wé@%%f?&%%&

het er ocgyehpcﬂgfa@ggpathmdn}erd@mmr abhe exanples-i aeiniske e doptrbonald Ying
substltuted §}eroar and q?t onaII s tltg ed heteroc cle. Mre

pr ef er SBIE npt e gﬂ%ﬁh&8 ﬁ %ﬁ?g% n@g™ %Vr?%F%g“bﬁ‘HQ%F%E‘FPﬁazoIe

oxazol eptidiiarolheyidsat mloaaobe,axpwrbdir@ey mn@&uﬁuleepommrl I lE fused
pi perazine, pyrrolidine, tetrahydrothiophene, gnzoxa2|ne benzof uran, and
5 pyrr &TBBWPCdlhﬁée“Wf DUt &My M54t At FoiP bar‘t" &t & Py, to oxazBP &"%hd

pyrazolagoarRiPrafebaibeallEXedmlaesi el 1A nelfushe, 2m, %tlmnahhyorsyms dt ed
cyclic hydrocarbon group. Preferable i s phenyl. anpl es of the
subst i PHBRE PricF Utet™-0R5Y Widhs! 1o dtdf ghal BSWP%W%%F%P%S}F caphrvéifal | y

substi butedeakkeny m@@ﬁém}cym§ﬂ@$}telt§wc@g]ealmy%hmng:gy%xh@ﬂ‘%l Bdhd
substituted Cﬁ§loalkyl optionally substituted cycl oal ken optlonally

sub%t i ®it &9 frargptqrd gt 4Rie spvEtioput e Hap Eoak gadeofiv n(§I$y syBet it ut ed

het er ogy@l &, rudy0r ¥R QM khe $aniad.a: aﬁ&jﬂ:ﬁl—i‘eg(yﬁalé}ln)loﬁﬂ Bdg @Jg; yi1of the
formul a: -C(ReROmM C( ReRb)-Re-Rd and the Ii Rh are each
i ndepeﬁdémwﬂh;&@ﬁ%ewnab&tiﬂohalilflw%bs(ﬁ& utl e iEsge ki %rlmhéwdéh angy Re

and Rh4maYy; g ol aken, {,.0gefherew th - 99@%1 perg mﬁ@&b&maagm 0, § AL AP,
optionally substltuted ring, Reis - erein nis a Integer of 0to

triszolyie (pg- hydh-dgemzdal ggent: Hlyai?lé%yi Sedr body, 1. @yhriviazebtiohal |y
Su@@t ' Tté‘ttr%@.opshkxé.g. opkL analh hsyl, SE'Q%%ﬂa:[ﬂétiﬂd a%dkejq}t{éﬁraggwlﬂn%IXEXOl%rl}lb&:t.L.t uted

2-oxazolyl, 4-oxazolyl and 5-oxazolyl), isoxazolyl (e.g. 3-isoxazolyl,
4-isoxazolyl and 5-isoxazolyl), thiazolyl (e.g. 2-thiazolyl, 4-thiazolyl and
5-thiazolyl), thiadiazolyl, isothiazolyl {(e.g. 3-isothiazolyl, 4-isothiazolyl and
5-isothiazolyl), pyridyl (e.g. 2-pyridyl, 3-pyridyl and 4-pyridyl), pyridazinyl
25 (e.g. 3-pyridaziny! and 4-pyridazynyl), pyrimidinyl {e.g. 2-pyrimidinyl,
4-pyrimidiny! and 5-pyrimidinyl), furazany! (e.g. 3-furazanyl), pyrazinyl (e.g.
2-pyrazinyl}, oxadiazolyl (e.g. 1,3,4-oxadiazol-2-yl), benzofuryl (e.g.
2-benzolblfuryl, 3-benzolblfuryl, 4-benzolblfuryl, 5-benzolblfuryl,
6-benzolblfuryl and 7-benzolblfuryl), benzothienyl (e.g. 2-benzolblthienyl,
30 3-benzo[blthienyl, 4-benzolblthienyl, 5-benzol[blthienyl, 6-benzolblthienyl
and 7-benzolblthienyl), benzimidazolyl (e.g. 1-bemzimidazolyl,
2-bemzimidazolyl, 4-benzimidazolyl and 5-benzimidazolyl}, dibenzofuryl,
benzoxazolyl, quinoxalyl {e.g. 2-quinoxalyl, 5-quinoxalyl and 6-quinoxalyl),
cinnolinyl {e.g. 3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl,

7-cinnolinyl and 8&-cinnolinyl), gquinazolyl (e.g. 2-quinazolyl, 4-quinazolyl,

Lo
oy
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20 al kynyl, optionally substituted cycloal kyl, optionally substituted
cycl oal kenyl, optionally substituted aryl, optionally substituted
heteroaryl, optionally substituted heterocycle, a group of the fornmula:.
-C(=0)-NRgRi e or a group of the formula: -NRIElj, - Re and Rg

are each_in ent I rgoRtional l y @5substituted alkyl,
Rg and d?%ﬂg gh%lﬁyéﬂég eht?ﬁ“ﬂg 99 éng 8p?%8 Qﬁz Bbs?|¥uﬁ%d(aﬁ%yl
optlonélhyugub$tlauheﬂﬂalkényhuuﬁptldhahhyﬂsmbgiHMMmﬁdlaFkﬁmmhﬂybpanénalIy

substitut ed ¢ xg OaIEXLaLOQt% suL %I ? ﬁg%np Clo?l%ﬁ%§ﬁ%VP$ |onaély

subst i tut'ed” z dptrona et oaryl
substlHupédhhbvenpbyehﬁpnophﬂohagIy smbshmﬁuﬁed abkyh&ﬂ&iommbpqmpkﬂpmalIy

substi tut ed c aI | su fo tlonal substlt ted ar f on
opt "onal 13 {ltuhid“ﬁ%?%?égTyﬁgdf¥%l PY1opt|ona ?mg FLteBijl
heteroqymhﬂbubfohwg ibpﬁnm@ﬂMﬂy @mbsbﬂhmﬁbd6a¢kyhhmyl andophmmmahhyn

bstit ut ed ken t h t
i 17 0géh Bt 60T 0. FOFAR S90BT LonArT S StbsFrtit od Tmgry . " 2e @i ZE0

nltrogen "atemto formtan and R
are eachatridepeindentlidihydraoges, d@adhgﬂy ihydrsaxys.gopt-iodalk i,y 2sisldsttlt ut ed

al kyl qn bst al. ke Lon substi tuted, al kynyl,

opt i onal P’%/‘i ﬁgs+¥FE%&§3 % %@30 kéﬁnr‘%b{ll ao’ﬁ%l |Vla‘£§&@t H%f’éaﬂ’éyeflaa?éé%% ,
opuponablgy Blpfhshlatzu{yechlﬁi’ vk ph@rm;:}mma)l |M1&&thi$1}ial1hﬂygdehﬁt erp@ahystlina&nyl_, .
OptIOI‘l stitute eterpocycl e a subst].tut ed acyl, OptIOI’la Yy
bt e bam e AT T SR 5o L aBEr | Pheed b R aRty Boghe 1o i onal Ly
substituted aH%y&ﬁ)ld!y«ﬁKéf’Ith,ea@@t ol yr&ubhsti mut@dmwnhogfdﬁyd sa th oty

optionally substitut d ryIsquon , optionally substituted
het ero&Pg}?/ FBny Lo aﬁam §a#§ﬁ fifled RetoreRyRIwstIForyrintoptibnal Iy

subst i toytRthally &'a'ﬁYﬂgQ)éy&ﬂ{d)@@)’dn a@pldraRRlrey 1 sahslé k@don. In addition,
cycloalkygoxycarbon , optionally substltuted aryl oxycar bonyl , optlonally
t

subdti tHER RBP PSR ORGLHCBBHYT ST OPR iBiarey ustbet pigiead with C1'to C4

het er OQLYE}I«'}EQKE(C@V REAYh ey Ot ireBAd |WitBUDSHLAWEBE (5- to 6-membered ring is
al kyl car bon ptlonalIysubstltutedcycloalkylcarbonyl optionally
subst i PGt & C%Fr BOREE BRI Bfral FySEReyie rdhbt epbaraficdathbaytturased

opti onakl ya:suRsti tiyt gen heteracycl ecaniory! in @hdOPs ig9nalihy1 substiduted
sul famoyl, or Rl and R_nmy be taken together w th an adjacent nitrogen

at om t & #BFHHEH - opt Pésﬁ%ill‘#ywéubs% PYtladinilng, 3 RET?lad Bptli onkil |myd saphmilt ut ed

al Kyl , sophiqnalingisubsiijtytigdodhkenyl , 1 Imlday&mu}nalIyz%&maa&ﬁ&ﬁgl
cycIoaIkyI optlonally substituted ary optionall'y 20substituted

het er od B idageligheyonary v bbystli tgumérdwﬁéit fodyirezolng Ll arveaeselihinyl,
i ndepen Im@@nfnt eg%@énéﬁﬂ BpifriliSndr eﬁ%ﬁp}a&l si nglhe, hopd,, R2 is

preferably a single bond. R3 is preferabl i's preferably a
hydroxy" @rp@urpimy 1- plperazmyl 2-piperazinyl, 2- morphohnyl 3-morpholinyi,

morpholino, tetrahydropyranyl and the like,

25 “Alkylene” includes a divalent group in which 1 to 6 methylenes are
continuous. Examples include methylene, ethylene, trimethyvlene,
tetramethylene, pentamethylene, hexamethylene and the like.

Examples of “leaving group derived from a hydroxy group” include
-Oms, -0Ts, -OTf, -ONs and the Ilike. Herein, “Ms” represents a

30 methanesulfonyl group, “Ts” represents a paratoluenesulfonyl group, “Tf
represents a trifluoromethanesulfonyl group, and *“Ns” represents an
orthonitrobenzenesulfony!l group.

[6027]
A'in the formula (II) and the formula (HI) 1s preferably an optionally

35 substituted heterocyclic group. Further preferable examples include
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Details of conpounds of the fornula (11) and the formula (111), and a
process for preparing themare collectively described in W2006/ 132197,
W)2007/ 058346, PCT/JP2007/ 056538, and Japanese Patent Application

No. 2007- 132259. 30R10281 A et hod for hydr oxylat ng a corrpound

havi ng a?loaflda%pantue}ons%ltul%el e gerﬁaxdélh%lpd’ esecngn%ﬁve l!)s?_t)l the(ar het argyete.

proces$ product iy “an oXy-adarnanta énzam de Efen vat| ve
by hydndxyd a;ﬁrafgraa}ﬁel\l-e(x%ﬂadaaammq&i;)iebefmzam dehdehievat | yerpher ginatbir

r ef errzd to as refeng p!io ess);ln some c ses) chara teri zed b si ng
P450 h&UiaHg fy dre%9icat FBIF 2O et IV (HEr ef WEFERE, FEPECT a1 87A% %’rneSent
protei pipéruzA08E peasEs)ines tat&aiyailrysshxopmeml fbeﬁfﬁzlokyzlntehdoqu?@§9f1in pintess
includes a ste f acti | east ne 0 ent rote 5t he
pr eéenﬁjyﬁF%ltOB?’ﬁ d(a){ﬂa a r@rgﬁ’ct“ltorflnézys t&ig]r?g‘i ng&la @rré ian%l“Cli
reduct ageasslpphyd Ngedirallect Eaantet he! Pr ob €liude, aorofthyn 1M ertoatgand sm
capabl e of. ressing the present pr.otei an N-(2-adamantyl)-benzam de
deri vat¥ %P( ERCFPO g‘ slibst r:‘té’ée?ef%%ellse%ntﬂ??/ﬁl y hydroxyl ate an adamant ane
part. 1010029ka@eyieProgsantsupkoit@et include -OHNe SReesptibnpligt @ibktC@anede made

by obtai ni ng and ut|I|Z|n nucl eoti de encodin rotein
(her ei AdfYler CH&PRI R St“(k’%é’é"‘??j;r eé ?nb]eneo'pﬁlﬁn%lgﬁegsélgé& e FRENOY f or

obtai nloagmtnmiypr esBptitgane apdoallpriocessidolllspoduei g t m@cwaes&fm,
protein (a process for making an expr ssmg vector or a transformant and
the Ii IQ@}“W?*NY t?é‘@ﬁgéﬁtﬁc%qy %@8?? &d °B ISBW‘“[ Okﬁ’?ffr?ﬁl)y Mt HO R 3

obt ai nisngs AL esaNth 8RR ycle, a group of fHeseNhugenecganbe (@bRai-redid rom
Bacl 11 US S0l 5 T P e SRR B R Y Y, fOent  onal et hod. 100311
Rz and Rb are each independently hydrogen, optionally substituted
15 alkyl or halogen, or Ra and RP may be taken together with an adjacent carbon
atom to form an optionally substituted ring,

Reis -(CH2)n-, wherein n is a integer of 0 to 3,

R¢ is hydrogen, halogen, hydroxy, carboxy, c¢yano, optionally
substituted alkyl, optionally substituted alkenvl, optionally substituted

20 alkynyl, optionally substituted eycloalkyl, optionally substituted cycloalkenyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally
substituted heterocyele, a group of the formula: -C{(=0)-NRezRt or a group of
the formula: -NRiRj,

He and Rf are each independently hydrogen, halogen or optionally

25 substituted alkyl,

Rz and Rt are each independently hydrogen, optionally substituted
alkyl, optionally substituted alkenyl, optionally substituted aikynyl,
optionally substituted cvcloalkyl, optionally substituted cycioalkenyl,
optionally substituted aryl, optionally substituted heteroaryl, optionally

30 substituted heterocyvcle, optionally substituted alkylsuifonyl, optionally
substituted cycloalkylsulfonyl, optionally substituted arylsulfonyl, optionally
substituted heterocaryvisulfonyl, optionally substituted heterocyclesulfonyl,
optionally substituted alkyloxy, or optionally substituted carbamoyl, or Rs

“and Rt may be taken together with an adjacent nitrogen atom to form an

35  optionally substituted ring,
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Exanpl es of the process for nmeking a cDNA |ibrary include the nethods
described in Ml ecular Coning: A Laboratory Manual, Second Edition (1989)
(Cold Spring Harbor Laboratory Press), Current Protocols in 25 Ml ecul ar
EI ol ;)_gy I(lig4) _(V\r;ll eé-l nt gr science), DNA Coning 1: Core Techniques, A
ractica proach, Second Edition (1995) (Oxford University Press) and the
|P : ke, an% a met ]Ica@d USi riyea eshmendraPPye i | @ erpt %%Fj)r?%{s %ﬁ%&%’@cri pt
asm stam f ofn GENALPYNliResT S panh R asoids Ghonidntikknyl t ragemally
ZAP-cD(I%iR é/‘nat Wey S §ic<t| tse( St ra?éger?e) “and t he isi ke. 301003%1’ as @a Y
Exanpl esibetitatoDRiobtaions naylyt fieb tretHEds s et bad ap PR BRI "4 Pr ot ei n
consl Stéy@ﬂ)aqg(egylban;ﬂt?@nﬁg;gr d,$eEYENGEe acf%l,sg;gilo@am- substitfeel héfabhyyl, a DNA
consi sting of a base sequence of SEQ ID No.: 2 and the like. The cDNA can
be ﬁsecbpftbrrnerfhskismjaSaﬁuéﬂfpr-b@s@if@woéq?'a§mt@ﬁaﬁlm‘&ﬁtitﬁée‘ﬂ)r%%Véntoﬁéﬁ’éalil%
35I NOOTRAL G e d M Ox S a@la&oﬁ’éB&e%ﬁib%@it\ﬁ%laorthﬂca%giﬁl%gz@,sSd NG Or, a
met hod for "using the expression plas id and the like will be described in
" Pr oge&sllbfscrtupqscbduallﬂgsp}feseht prétaialty | apepstitoea3l Woerkitsvériyl a pNna
can be also eaedbycpﬁrﬂ'&; Ly syntheshgi & DONA IR0
pr esentOp|5Foo”t‘?{i:ll[ynQ%assteIt BH amﬁlr)loyég)i\f)d sequ%r?gg.sagﬁer% caleq‘gﬁﬁflﬁegfiog@%f a
gglA campheopaid FrmdbsbyuaetDNA eyt sl iaanuf actiierby SHivkedzgted
rporation utilizing a thi o] e t i ; 392
R L L R L s
| i k]?. J@{H}.@%ﬂad gryloxsi‘caﬁ'hbtlhbr ppnnabjjeenbvetONA datic reriiesy cprbparled by
perform n usi ol igonucl eoti d e pLLier d ksgnse
R AR L S R R T LN L S
EEI[BSS?EQM?&EBMH rrR?slAicom*rm emenbsriyuisid h ¢hdsellDNAsbasvh t enpliiapelly |
_ rocess for, praoducin resent.  pr i : R ent
prot ei ﬁ‘@%ﬁ?tﬁée roaﬂ%léal%@“ygkpr%%gfﬁaﬁg poﬁ%ﬁg%:tﬁé%%i dgeaeﬁggagﬁgr?%?hresent
%r atel rbptib:ialgpstsmltiwté@r lexanplye ey bbhelmevhods tdestty bedilistitvieécul ar
oni ng: aboratory Mnual ,, Second Editi on 9 0 I in rbor
I?é} Iilfnalﬁl,’%% %afi)tf% ti}%et]\}}tt;:ll wgt]ﬁ gg) id zi((egg rf(:l_j[g'pllel)n Qe

Labor at%’riflarp%]_sé’)r, 0Cco ecul ar ogy

(¥V| GY-tloEitthﬁQpei@@a)l)nlaamdsﬁh@titdﬂed,riag, bel ow. As the host cell, any
of a prokaryotic cell, ast,. an _animal, cel |, .a pl.ant cel. n i t cell
and the I|ikecan® b%ptd%’é%ﬁ&ss‘f%sr tagey all:léﬁ’e%triglslgh n"o féétcl%tle\%e aég%gﬁ’As an

expr essififlo ¥:A¢H Ofubait B%pr egslcank Mectprionhllgh scdntivete 25 aut orotiouslily
replicated in the above host cell,

e TS R0, TP S SRS BB LS
transcripti ongQfreth@hphasephdpileiminiz:gesed. 1 fO036]
R! is preferably a single bond.
R? js preferably a single bond.
R3 is preferably -C(=0)-.
25 X is preferably a hydroxy group.
Details of compounds of the formula (II) and the formula (IT1), and a
process for preparing them are collectively described in W02006/132197,

W02007/058346, PCT/JP2007/056538, and Japanese Patent Application

No.2007-132259.
30 [0028]

A method for hydroxylating a compound having an adamantane
skeleton of the present invention, for example, a process for producing an
N-(5-hydroxy-adamantan-2-yl)-benzamide derivative by hydroxylating amn
N-{2-adamantyl})-benzamide derivative (hereinafter, referred to as “"present

35 process” in some cases) characterized by using P450 having hydroxylation
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(i) Case where prokaryote is used as host 30It is preferable that the
expression vector of the present protein can be autononously replicated in
a prokaryote and, is conposed of a pronoter, a ribosone binding sequence, a
DNA encodi ng the present pol ypeptide and a transcription term nator
sequence. A gene for controlling a pronoter nmay be contai ned. 35100371
Exanplestmﬁmihheexpaégslcnﬂvecddw ﬁﬁchu@ee@Bﬁﬂﬁ@eﬂmea@Pn“pB¥&6ﬁ tRothe
Di agnost B ues rl K SCI I SKV28,
pUCT 18 hoett (ThRare Bruthe -ty o HRbAR s p s AP E S astoR
pSupexOnpu3110 pTP5 pCl194, pTi xFus (InV|trogen) pGEMEX-1 5 (Pronega),
GE Heal thcare), pET system (Novagen), pMAL-c2 (New
Engl anggB?}gEf E%%%ep“ E’?iﬁl '(‘JP- A No. 58-110600), pKYP200 (Agri cul tural
Bi obogitgal pﬁ]ﬁm’csﬁfq{cﬁnﬂ&niﬁ% 1(e3i98ﬂ1)3)1 spLSAL ¢ovpisGukt of dkrBidokoyi oxd

Chem str 53,277 (1989 e f. the National Acadeny of
Sciencé%xwgﬁSPSﬁ““’§6§5%§§%g3 é %d§ gourhal of Bacteriol ogy, 10172,
2392 ( 1998)mhicrpIFEais (FERMBP- ﬁ%ﬁ)esq)ﬁlgm § FERMBPoB408), pGHA2 ( FERM

No. 525075 (Sabs16m.* k 40300 S LEAYbBY3e) IRl the TIRL TUB38l” As the

pronDt@énmaanpngmmbeyhﬂanmbedmsedrasemamtas |t can be expressed 15 in a
host ¢ such as Escherichia coli and the |ike. Exanples include pronoters
detfve @?%%1Escher|ch|a coli and phage such as trp promoter (Ptrp), |ac
pronot €5) PResart)prdekipronoter, PR pronoter, PSE pronoter and the |ike, SPOL

pronoter, 5PQ2 pronoter, penP pro ter d the like.. Alternat.i
artificially &és@dﬁ@ﬁ“ﬁﬁﬂpéFVbr g b uéﬁtggng'pﬁggbtéﬁﬁﬁﬁx% whi ch

two Pt rpisdudketieeniect et t}Eb §ecsﬂeeﬁ (h&erlpxﬂ;)er haﬁerm{btmhef‘prdsaoTéepe()rmt er,
and IetI pronot er can_ be referabl to use

2ol st TR GAFEH. a ) GHER DR BEA B e 54 §AF A" dEBACE B5er

ri PQSo%o@hE@ign&esﬁpéé%ﬁh%%@@&na@ b Fdclels atfb O 225 n gCOGAORD IS5 sautl] Mst:te;d ca*ta a
sui tabl e di stance, for exa ri ption term nator

ns
sequendea psfonp ek sig HkF ﬂ%ﬁhp?éBeFSF:Zibﬁgggigﬁgé? the present gene,

but it hgapreferable to arrange a transcription term nator sequence
i mredi at el y downstream of a structural gene. [0040] 30Exanpl es of the host
cel | inél dbrebgeoivarpse By "8t S5t §8Rftis Escherichia, Serratia, Bacillus,

Brevi bacteri @%q&QEg/&e@a&ﬁ 8l 45T 1 M L FOBAGELK 11U s uBs Budbrenasi ngnd cDNA | i ke.
Exanpl es of genus Eseherichia include strains of E. coli XL1-Bl ue,

XL20 Bl d&rapiby McorentioRe3a7ghon 485, JML09, EIB101, No. 49, WB110, NY49,
BL21, BhRd(DE3), BE21 (DE3) plyssS,

Examples of the process for making a c¢DNA library include the
methods described in Molecular Cloning' A Laboratory Manual, Second
Edition (1989) (Cold Spring Harbor Laboratory Press), Current Protocols in

25 Molecular Biology (1994} (Wiley-lﬁterscience},_ DNA Cloning 1: Core
Techniques, A Practical Approach, Second Edition (1995) (Oxford University
Press) and the 1iké, and a2 method using a commercially available kit such as
SuperScript Plasmid System for c¢DNA Synthesis and Plasmid Cloning
{(Invitrogen), ZAP-cDNA Synthesis Kits (Stratagene) and the like.

30  [o032]

Examples of a ¢cDNA obtained by the methods include a DNA encoding a
protein consisting of an amino acid sequence of SEQ ID No.: I, specifically, a
DNA consisting of a base sequence of SEQ ID Nao.: 2 and the like. The ¢cDNA
can be used for making an expression plasmid in Which the present gene is

35 incorporated into a suitable expression vector. The expression vector, a
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35HVE174 (DE3), HVS174 (DE3) pLysS and the |ike. Exanples of genus Serratia
include strains of S.ficaria, S.fonticola, S.liquefaciens, S. nmarcescens and
the |ike. Exanples of genus Bacillus include strains of B. subtilis, B.

anyl ol i quefaciens and the |ike. Exanples of genus Brevibacteriuminclude

strains of B. amopni agenes i ophi | um (AT 140 8

sacchafBitef cipm k‘ﬂ?@c%i%(%me%amé FFB e thipliEe §p!l ém@scrﬂ?ed in
Corynebpp&c%@t,qm pREE Wk ¢ SE Hedk AS p@btdln” ghtttram cum (ATCC: 13032) C.

gl ut am cum_ ( ATCC14067), C. glutam cum (ATCC13869), C. acetoaci dophilum
(ATCC1 and the |ike. Exanples of genus M crobacteriuminclude strains

of M ammoni ﬁpttyrhb.'mv@ﬂ-rg@ﬂ@s@ﬂ) baRdsd B?eﬂdrlé@ biEX@dmRk @310y 08RUSing a
10Pseudononas include strains of P. mephi t| ca and the like, [0041]

As B mPRddeRrerd mEt rBAUET AR RSB ﬁéﬁhgte vett ot ARy frefRbld ©ANeBES used as

far asciffeniSap JBIROGS @F hntneducings@ PNAGERtliheyahovenROstnafldizer
Exanpl es include an el ectroporation nethod (Nucleic Acids Research, 16, 15

6127 (o8B cturcdabtiUnrPHEsphat &M Hod {IPfidced ditgRP &P tihe TN nal

Acadeny nof BRSER U a 09393110, { 13 ¢2) ded ab ret.anhastinet hedi£idB- A

No. 63- 1483942), nethods described in Gene, 107 (1982) and Mol ecul ar &
Gener abh@enednidite ggtheds of thyd)kand t he Ilke [ 0042] 20(ii) Case where
yegst [§dged as host When yeast is used as a host, exanples of an

expression vector include YeplB}%ATCC 37115), Yep24 (ATCC. 37051 YCp50
(ATCC. 37419 urias19n phistsivand Nheani ke aipe niseasedrivt eerfamingr BBt er can
be ‘used A %}ﬁ%o@éci'egtﬁgg 2R, @érpgeeﬁﬁ%%l 2r2d 1ah) é{ﬁ’ﬁ%énsﬁé@{mé Ehaddichiide ADHL
(al cohoF e rogenase) pronoter, PHO6 (acidic phosphatase) pronoter, PGK1
( phos phwghycaen@t%eqkpmei}d By elﬁb?tﬂepter@m@kfregil gaeRal dehydds 3xphosphate
dehydr ggeq §S%ﬁ%mt§; %%hgggllﬁ@%g%% KLDggel dromoter, GAL10 (UDP

gal act ose epl nmer ase) {)rom) ter her onone) prom)t er, CUP1

(it al [WidHilonein) promoter and the |ike. 30 Exanpl es of the host include
Saccha i onyces ponbe, Kluyveronyces lactis,
Tri chog"%g%rlgonc%sg% Fgé?lés&%ggﬁ)mﬁ%\?g%yg%ggal | uvius Pichia pastoris and the

l'i ke. The prefsnt heomenhoth fher p reatueduby rﬁgcpares@@(gn’@lmdmnuv@@tldre any
met hod can sed as far S t P%ﬁ to a
host . I”gsyhs incr ?J%Ite p§§§ell eclzlltlroglooggt&gg ];fr(g{ ﬁgg%ﬁ%g gh?n zc;);i%m ogy,
194, 18Qsc(r139e9£)1) MolacSpheCopliagt AVbehothktOPy déeedahg%e(wﬁldt}ﬁélt&iat i o)

|ence 1 978 a Lithbum Ac tate h
(SRS SRRy Dihorkifny (RREEL) s Bl PhUMAAER 80C MBLROK
Pr oceeanﬂgsydﬂ99h)e(Wa}te|yohaler¢koade@yamd tBeilencess WSAw.75, 1929 (1978)) and

the like. [0 4%% ééel?aany & o 0L olic%ghl y%gstusa%dax?‘}{sma &y When
an ani mal ceff ‘'8 0§ hodtE éxa of “an” expr essi on veé 8 B Tnel udes -

pcDNA|l ¢ Aipa n peNAL e 1pGDIVBhL e p:RE%n(lbmusM agém) asPAGELQ%p ( &kt ot eblnoivegy, 3,
133 (199%) G§1]f103 épﬁggsfjo%uryealt O,f Bl Oecpperrgsglto Vél'cqgii' which can be
25 autonomously replicated in the above host cell, or can be incorporated into a
chromosome, and contains a promoter at a position suitable for transcription
of the present protein is used.
[0036]
(i) Case where prokaryote is used as host
30 1t is preferable that the expression vector of the present protein can be
autonomously replicated in a prokaryote and, is composed of a promoter, a
ribosome binding sequence, a DNA encoding the present polypeptide and a
transcription terminator sequence. A gene for contro'll.ing a-prémoter may be

- contained.

35  [0037}]
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101307 (1987)), pAMb, pAMbA (pAMbPRSA) (The Journal of Biological

Chem stry, 268, 22782-22787 (1993)), pAS3-3 (JP-A No.2-22705) and the I|ike.
As. a pronoter, any pronoter can be used as far as it can be expressed in a
host. Exanples include |IE (Inmedi ate-early) gene pronoter of human

cyt onegal ovi r.us V40 earl pronoter, a lo term re t 15

ot on O e Ry Pafrinita Aot e fag St PR he! cPBhed

eromjt dRocSR&)@J’g(ﬂﬂ'@hﬁé) ﬂu@eﬁ_ﬂbhdtmmme}%?lt@dﬂakﬁﬂ Hnsmm(isumdgene) )

terna nnancer an | en O ua nma use t oget her

Wi th aIﬁh%ﬁ%%ePSQT3643%(26tﬁgﬁﬁi §5b %5 gg%%¥%§%§}€ﬁ{%ﬂﬁ5§¥e ncl ude

zéREugggysimgwegssbém @Lﬁ}EUO SpI’FFPaaSp@M9$ﬂ1hﬂﬁﬁlﬂ(lﬁahﬁ'bgkhﬂEQ!&EQ\QE!X 1 ATCC:
Burkitt's , ut eri.ne

cer 9i cé?‘-’&&’ﬁégﬁ 3@ 8 Rregenlodt E‘% ?ﬁgﬁ@gﬁqﬂﬁi Beqtem ?ﬁ%ﬂgen)

No. 63- 299h1.- BALIN kv (EEM@@T@ BicRIYs), andy HET- 1B (4 awesrm(ﬁﬁﬁwnq)mpg@m

cell), a nouse-derived 25 strain cel | _such s Sp% use_nyel oma
cel |, AteticucRizals819logid INSBerHB e ﬁ%eﬁ%ﬁh ap iy, %LgﬁﬁkgﬁgﬁﬁﬁﬂW@é I'strain

cell SL&B}@gchOSaﬂerﬁA&fgr can @GQDBM}DK%GKLQHQM&%EH AP0 11 ¢ anstRLARNt
cell), ATCC nkey kidney cell (Sv40

t r ansf grirdsencaf f’)“e“ATE@S%Rﬁzﬁlé%é@ (1%8@&@@&40@ apgdasef dasteeriosguch as
CHH K1 130 o:0hi m@@»hmts@o (@YY Beld40 ATg@mmF@k)Memﬂ 5@&1‘@525&(&1@{213)

(Sicilian _hanster un q cell, ATCC 0), a rat- erlved strain
Such ad TN TPETOW aaranar (RERA Oyt othn, PRAGCH A Ny 704 RRAGE) YEDIDIY r a
nyel omagpel INo. é\Tz%*?gC'%LSzﬂ@@s?ﬂg1aﬁ¢84¢@3d94k§nd[t@@§5éo%°ﬁaﬁd wet hod for

|ntrodu0|n a recombi nant vector, any nethod can be used as far as it is a
met hod (P B# ntroduci ng a DNA into a host. Exanples include an

el ectroporati %%@%@%t@g’éﬁl FENROL 0D Be uldda6L990k)i¢ 2nGRl Sl phpsphat e

met hod (JP- A No. 2-227 , a |1 pofection (Proceedings of the Nationa
Achdemjrof ISerﬁéBsSwSA agAischa1@hiq o8y )and/ thyl dfie. S5Pxaafde¢ 197B)de

[ 0046] (bWt EAS @ WERE £Rl ANt s aﬁérkcm UsgdaAg pf?&ée such as Wbe r@ggk@lﬂt cel |

or a plant i ndividual T1s used as a host, a polypeptide can Ve produced
accor ditRgrmo laharameim Fetasdd? LTiesirteouP Rurrem @ r( BE84) rorTi wsipm dCiiit ure 21

(1995) j;kr endsni n 559{0%8@“%19@?61 g]oﬂsél(é@%}) o rE%0TRL €5 050 Afe ke

expreSS|on vector “i ncl ude Ti acco nosai Cc virus vector “and the
like. Aét@HEWGWﬂveaﬂuﬁedﬂhndg@m@Béx@mégéﬂnﬁdIaNVHﬁBOWEUehEwampbemm$@d as

faé()as Ihtwﬁm %Mgprgjgi)s%geI%n@le%e@intmcgelries . %;ERJ tIaQCr andt%trC%H{thf | over

nosai ¢ Vi rus pronmoter, a rice actin r onot ike. In
add|t|@mom@ne@ﬂmuh1@ﬁcwﬂnmmgeW@né%pﬁéssueﬂican be increased by inserting

intron &§§90f an al cohol dehydrogenase gene of corn or the |ike between a
pronDter and a gene to be expressed. [0047] Exanpl es of a host
i ncl ude pl antt cel bseBuehleagepatat o, pﬂ@baub@n‘odmmh ra depgtlapeswedn soybean,

tomat OgnfRY rl?aigarnoeg‘gq‘af? gel ﬁyl’ngreyglbo% %l ﬁl%’dl};!g %éqgggcgggg%nl fnlggation

25 codon 1is adjusted at a suitable distance, for example, 6 to 18 bases. A
transcription terminator sequence 1s not necessarily required for expression
of the present gene, but it is preferable to afrange a franscription terminator
sequence immediately downstream of a structural gene.

[0040]

30 Examples of the host cell include prokarvotes such as genus
Escherichia, Serratia, Bacillus, Brevibacterium, Corynebacterium,
Microbacterium, Pseudomonas and the like. Examples of genus Escherichia
include strains of E. coli XL1-Blue, XL2-Blue, DH1, MC1000, KY3276, W1485,
JM109,HB101,NoAQ,ﬂ@lio,NY49,BL21,BL21(DE3L BL21 (DE3) pLysS,

35 HMS174 (DE3), HMS174 (DE3) pLysS and the like. Examples of genus
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As a method for introducing a reconbi nant vector, any nethod can be used as
far as it is a nmethod for introducing a DNA into a host. Exanples include a
met-hod usi ng Agrobacterium (JP-A No.59-140885, JP-A No.60-70080 and WD

94/ 00977), an el ectroporation nethod (JP-A No.60-251887), a particle 25gun

- (gene n) netho Japanese PRat.ent. No. 2606856 d Japanese Pat ent
N De 1 Sirs B PRRASS Bababtotio) Scaos mer 8 el dREnGa ¢ PuSttueanss nost
When anhndskeetiileel | Exksmpsed ofied uROBheilBXAmPLIRSIcOftraitd anSf esuvigtkom. 30

i ncl ude pVL1392, pVL1393 Bl eBac#ll [ nvi trogen) and. the |ike Exanples of
2 Vi r ugHOPTARLRTFBA 4 Mo Rd e (B0 MRUES Wi £ 4P EEY D SEbtAf He Sects,
Aufjog[]a;mlta@;@al _'téiormi aaﬁtu?b@aggem@ls;éh?dr OSinSn 1Y E i AE NNB_‘YDC(BQGL{)N-SF,: ue. DlNAd'
and_t he | Ke. a e (0} or transformn N I nsect e I NCl ude
t he® netSﬁaa%awéwgpﬂﬂed%ﬁ&%ﬁ&gﬁ%@ r &éldExaF%ss{l e Vectormeran att6pys
35Manualo k9923 teleW mH. i ncl @@dma R ands Carpany) g1 Makeeukhar (Choui ngish, .
Laborat ory Manual , Secondrgdition (1989) (Col d Spring Harbor Laboratory
Press) STElATPER™ PRSI & TV n Qv 8 eimar i QY logy 164894)C ( 999tesc19opdi Rt ence)

Bi oTechnaloagyss®,) 44d(1988)ikand thembiike. of Q4L DA PO YREPLI Heirandbe
expressed by adding a transfer vector containing an obEectlve gene, and a
bacul oVt FUESONATt aF ot igehi g dA T {sdE8 0 dbrndi idedhks ns & mgdps o€ @renf e

sohyti aneli@obd¥n@GtintNead PEEGHs CeIH. WA ShitRavh hHS HEXRKESSI Ng an obj ective
gene oiggigfd by reconbi nati on. Exanples of the insect cell used as a host

i ncl ud rain cell derived 10 from Spodoptera frugi perda (cabbage

armywor m) or ALri ¢haplusisd iRk dNELihL ) re@eh el § k8o r EXARI &% 0Qf clihBe Cel |
derived fromsS. frugi perda include Sf9 (ATCC. CRL-1711, ovary cell), Sf21
(ovary ucefl|§s &l aphid 1si keneBeshptesnigPdpnng ¢ PNt nairhedabpvedob 6T, ni

i ncl Ud@x@nglblegi Y&zuﬁéﬂ511'\&@&31-'0%0(:&\{@@’111%%!)@ dl‘mt\,{éi%[cog&ec@&s aﬁlgsetahl@h,l illﬁ?' 15As
a nethod for introducing a reconbinant vector, any nethod can be used as

fatbas 6ilg7i §1 Wbt hod alkiveh Bhpshimteodicidodhd Pyectedingntef abhoNetioBrAnpl es

i ncl ude, 346 @l Cidmsphasphate ATekhod; {P-AgiNey)2- 2280R).1 & npofieGt i(9p. et hod

(Proceedings "of the National Acadeny of Sciences USA, 84, 7413 (1987)) and

the |i R 6911 48dditei ometheds destmibadhiimaferel 17, AA7208B8L rndpYratdwdar fet hod

(Cytot @GNk P@Yen eBics1383( 19PQ) d7@ndniGeliike can be al so used. [00501
foo42] '

20 (i1} Case where yeast is used as host
When veast is used as a host, examples of an expression vector include
Yep13 (ATCC: 87115), Yep24 (ATCC: 37051), YCps0 (ATCC: 37419), pHS19,
pHS515 and the like.
As the promoter, any promoter can be used as far as it can be expressed
25 in yeast. Examples include ADH1 (alcohol dehydrogenase) promoter, PHOS
(acidic phosphatase) promoter, PGK1 (phosphoglycerate kinase) promoter,
GAPDH (glyceraldehyde 3-phosphate dehydrogenase) promoter, GAL1l
(galactose kinase) promoter, GAL10 (UDP galactose 4-epimerase) promoter,
MFal (a pheromone) promoter, CUP1 (metallothionein) promoter and the like.

- 30 - Examples of the Thost include Saccharomyces  cerevisiae,
Schizosaccharomyces pombe, Kluyveromyces lactis, Trichosporon pullulans,
Schwanniomyces alluvius Pichia pastoris and the itke.

As the method for introducing a recombinént vector, any method can be

used as far as it is a method for introducing a DNA into a host. Examples

35 include an electroporation method (Methods in Enzyvmology, 194, 182 (1990)),
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(vi) Culturing nethod When a transformant harboring a reconbi nant vector
with a DNA 25 encoding the present protein incorporated therein is a cel
such as Escherichia coli, yeast, an animal cell a plant cell or the like, a
cell is cuItured according to a conventional culturing nethod suitable for
vari ous hosts he _protein is de to be produce apd ac nulated% gnd t he
protei it PEL ?@Eﬁ@%? tRP O B0t AN P bt DG IR A AR E OF PEEGHEe St R eby,

the prgueiman she)), %OLﬁh@dMC@@btawrmtamtir@oszfr@anamgabﬁex@@lo@@l b, og3 pl ant
i ndi vi dual an individual is reared or cultivated accordin

convent i 8R&)- ghewragh et Heacdhrt am S%Pred\}ar;ﬁoﬁstrﬁ%&%m%ra’g%ﬂ(:f}FWnOf s made
to be Q%gggg%dug@d7@cnggua@egnz@ndtﬁQQﬂgroteln is recovered fromthe
ani nal ggant i ndi vi dual , t hereby, the protein can be produced. 35Wen a
hos? |§ %ﬁ ni mal individual, for exanple, a non-human transgenic aninm
har bor i(ng thg. RFESENniGBNEIBid 684 £ds 1@ present protein encoded by the
reconbinant DNA is nade to be produced and accunul ated in the animl, and
the protein Vshtwmepvared! e bnetieddti HlP st diam eigalof BRSNS S 10Phiee hP s ent

prot ei R, canRe Reducedy Exgmlm% oFc@mbac]@R@:fmpr<qﬂupttrbgrh andadri107
accunul ation in an anrnaf |n di vi dua |ncIu e mlk, saliva, egg, and the

li ke of Cyheteshnptgey. 3. 133 (199N b WB403i'he dowiali Hob \caam stmor Odxanpl e,

a {6 anggeni cpkant IB@&@Q“E‘QM%AQG%I@B@%N)Q e PreSEM MOtBidlodiSal
cultivated, the present protein encoded e reconbinant DNA is made to

be prodﬂoédwéwd‘Tﬁ%é@dﬁﬁl%%@ﬂ’(ﬂ“ﬁﬁé m$§ﬁt3ﬁ%ﬂﬂ%ﬁﬂu%ﬂ27§ﬁdaﬁﬁe“ﬁb1k9ept|de

I s recovered yf raogr%rgteql aah Mﬁd’t‘egL@Jn bt heLabys r1es P esent prokeldy can be
produced. is a prokaryote such as Escherichia coli and
the |ike,a wosk eﬂkamé@@seﬁclﬁ%fs}i %Baﬁedaﬁdﬂ ‘eheli)| dane pormeseanpl umean

transf [ [ n o] ent t cyl din a
el o B e B e Pl B o nntm BRATE G 10
belmrodmo@dtandﬁaMQMWUBa@édmmﬁ ekt myr eVsolsutd omtrandus reopradeei ASES

[ eCOVELRult oMM (R CY M &30l LT R0k (1S G0N L BEo REESENL L BT Al Nisan De
produ A'method for cu turing a transformant harboring a
gene erdodimigitdie preséancpr of ehrlli gewe nedivwm taiMBen pebkorsredtcaetbrdi ng to
a convenghonahuggﬁgthod used in culturing a host. As a medi um for
cuIturrng t'he resul'ting transfornmant obtained by using a prokaryote such as
Escheriiett4l coli and the like or a eukaryote such as yeast and the like as
agpst, any gl.a.nat ural, Medii A 2oV Hehbe, JRdlLUm 1. be, ugsd, & far
as"it is a ne contali ni'ng a carbon sour Ce, i trogen source

i nor galtmmalce]s} ourcii he [HIKE2 M G ncan baoairti'rildinmdc@y t%@rgbmslrﬁménd

whi ch n e fec X rformcul t g t b r ormant.. 10

When a g YansY or u& %/tssp:l YBPaIeE yofA‘st@ucrg’cﬁaIé e??%s:ﬂ;"n a cofmearcr{dr‘{lﬁe li ke
or a eukacymtﬁlsﬂfﬁcasﬂyhaﬁtLﬁﬁﬁﬁﬂﬁéﬂhukemaa$eﬂ,dédﬁdﬁmﬁdr9ﬁﬁmﬂh¢ihg.the

30 reso]&trng%tra orrra Talrlyrcrgf a na tugal nedi um ay ga synt edtrc msdr um

e in 1ne cancey ce
may be $ fa FAmMESAEAPnFAYE SafboR EQUPE ™Y trogen

squrcestmﬁorgammocsahi§p@ﬂ0ﬂh34lhheumhnﬂhdoanlbenuuvﬁmaedﬂﬁyI&SHogmd,and

Wi R SLLEELL LY et SULAM LR O e Canstomegty 29 g um

a YT medfiean Green Monkey kidney cell (SV4O transformant cell) ATCC:
CRL-1650) and COS8-7 {African Green Monkey kidney cell {8V40 transformant
cell), ATCC: CRL-1651), a hamster-derived strain cell such as CHO-K1

30 (Chinese hamster ovary cell, ATCC: CCL-61) and BHK-21 (C-13) (Sicilian

hamster young kidney cell, ATCC: CCL-10), a rat-derived strain such as cell
PC12 (adrenal melanocytoma, ATCC: CRL-1721) and YB2/0 (rat myeloma cell,
ATCC: CRL-1662) and the like. '
[0045]

35 As a method for introducing a recombinant vector, any method can be
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35contai ning Bacto triptone, yeast extract and sodiumchloride is
preferable. [00521 As the carbon source, a carbon source which can
be utilized by each m croorgani smcan be used. Exanples include

hydr ocar bons such as gl ucose, fructose, sucrose, nolasses containing them
starch, starch hydrolysate and 5the |ike, organic acids such as acetic
aci d, preepionier agiidl iarmd eiEo g, LnAFRA BB NN SUEHC 5 héﬁhan@lxamﬁ?ﬁ%'panol

and th qu‘ﬁ% an eiectropéoisdt;cnﬁH{Htkpgquﬁ%ﬁ%iownl@{} (Y%O)@L@ cﬁmlﬁl um
salts o? I norgani ¢ or organic acids such as anmoni um chl ori de, ammnl um

sul f at @hoanherd umre ot /& - AadhoRi 1T (Phosbhbpe featéen hP nocred ingehef ¢

ni t fog%‘aﬁg{,‘&ﬁ}x@é&bqny %@s%%%@ﬂ%& 5 PEPI ONEy 9 4B VEXL S ACT52, W88 g@xpr act ,
corn steep I'iquor, casein hydrol ysat e, soybean cake, soybean cake

hydsol yeaté, various fernentation bacterial cells and di gested substances

t her eof;; gnd éeh%h'e'ré(%l&%‘ gly%%gd as host AS the inorganic salt, primry
pot aSSI um p osphat e, secondary potassium phosphate, nagnesi um phosphate

magnesi um suffiatres rdadi ol oT5: p ki igrindeyiduerrigussedid § athost namgareyeidul f at e,
copper gyl { ey, GAlLLUMGAEPINALE. ARGLGLhEE @A RE Utk QY LN 1S

perfor red un&’e e aerobic-condition, such as shaking culturing, deep
bubbl i figsstd Criltigrectl { 95 Tandd ¢ e Ribkechnodos81L 204 EWRYWN nE*aemder at ur e

ui tgb' v 15 10, 40T, .apd, & Cag' ggggwo\gntd' rget%%c%l{ﬁhéaymﬁ, b@yrvgcéoq Jn(pays

ur i°ad Ut UYT NG 1S retar ne His adjusted with an
i nor gamhe 1oke .or §animroacitdy vand ahIgalnlerﬁeipseisutomoﬁnymr@aﬂotgaltenm egrdbonat e,

ammoni a or the necessaty,.;an i R h Lllin,
t et racyel ifie! ﬁ%ng’ﬁy%f reasrsl?jcfitlhe Ilketn%]ﬁbeﬁg%gg)&g% oﬁaﬁﬁ%dla%ugg@%‘?%g

cul turisigsaic virus (CaMAOr3ES piromoos ganism Etcrtams!f premedtan #hd ghedxlpr-eski on

vect or an i uci bl e Mromoter as, a ter s |t ured,; i.f; ssary,
an i ndd Fpgrﬁyaﬁee GHEFY 1S 88 et S 128 e Hgif] \%hgpbga%ggtnsﬁorﬁg%?

trapsf qrm;dn w;ddhoaﬂeaxphegﬁ&am gmt@‘rcmsmgt}aa like lprtowoter prenctdrtamed, 30
i sopropyl - Itb i ogal act opyranoside or the |like my be added to a nmedium
When aatg%l‘hesf% ﬁ,fﬁ‘g‘ff‘? fsformed with an expression vector using a trp
pronot époisl cul tured, |ndoleacryI|c aC|d or the like may be added to a

medium A cel] or org f ene trod C erel n._can be
cul tured at gh‘laé‘i‘bl é’%a‘? 21Ol§gl ﬁ@ﬁla‘it Braq‘ er%g?ltqélrc a%lfﬁted ugn or Cufturing,
a rredi R genglabéy, mdasluehma&oacwoasmig@tamr&@oge( MSja liedflam aad Wi t e
dium _a nmediumin which a plant hornone such as auxin, cytokinin and the
Ilﬁ% i $P4dHEY to these medium or the like, can be used. [00541 Wen a
“transformant Af:0f pt@dUCicnd nt el Jahi 88 ente qmot i@iam ti 1 cadr, aiymadethod can be

used as far as it is a method for introducing a DNA intc a host. Examples

include a2 method using Agrobacterium (JP-A No.59-140885, JP-A No.60-70080

and WO 84/00977), an electroporation method (JP-A No.60-251887), a particle
25 gun (gene gun) method (Japanese Patent No.2606856 and Japanese Patent

No.2517813) and the like.

foo48]

{v) Case where insect cell is used as host

When an insect cell is used as a host, examples of a transfer vector

30 include pVL1392, pVL1393, pBlueBaclll (Invitrogen) and the like. Examples

of a virus for infection include baculovirus which infects Hadeninae insects,

Autographa california nuclear polyhedrosis virus (AcMNPY) Bac-N-Blue DNA

and the like. Examples of a method for transforﬁning an insect cell include

the methods described in Baeculovirus Expression Vector: A Laboratory

35 Manual (1992) (W. H. Freeman and Company), Moelecular Cloning: A
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5 cell, as a nediumfor culturing the cell, a nmediumgenerally used such as
a RPM 1640 nedi um (The Journal of the Anmerican Medical Association, 199,
519-.(1967)), a MEM nedi um ( Sci ence, 130, 432 (1959)), a D MFM nedi um
(Virology, 8, 396 (1959)), a 199 nedi um (Proceedi ngs of the Society for the
Bi ol ogi cal Medicine, 73, 1 (1950)), a nmediumin which bovine fetal serum
10( FCS)Labpri frey| Meauiad. Sddeet thd it s 6198 Lapldofrr e [Hawdor cahb e tosed.

Qui't uring,bys Metallyp PALEOLTRA ok cdy4:0 pla s  under ahey aondiddionsuch as

pH 6 t 1o the presence of and the like. I'n addition, if
necess®iyTedmanty,bh,0t7 €10 ab thaddrycin, penicillin, streptomycin and

the Ii 0 JBY be added to a nmedium during culturing. 15Wen a transfor mant
is an insect cell, as a mediumfor culturing, a TNMFFl nedium

( Ph@r ni ngen) A gol$he 900k [caSAM mediaame dilyid d ogen)tra Exiee 19400 cEx@d1IMD5 (JRH
Bi oscience), Grace's |nsect i e &orLQ%ect{88 L1962k andbhe, i ke
can be?ls® .ecflér65%eine20?'l\l/c?i bwglglggg}slﬁ%?}%‘éogac% %?{ 3 " The present

prot ei fnean de¢l punducedlibyocub tinfdendha insanséol mahh a2 ayrgs expressing an
isolatipg/purifyin he pr.esent protein froma culture solution. A nethod

f or isBpgetciQthe/ %%‘P(‘i' g%aﬁ&eﬁhbé' ﬁ?cé)sen]‘?lag}ocr%lt'ei n can be performed by a

convent i onal EReihads wélthe Kknewrt deil thed asta hper iretanplaestraimse Hotp fived
isolating/purifying 25an en r.a net r | fying..gl ycet ransf erase
of sandl GF St U BT HOE T b ERSyHa! SEy 30 eyt g B h£RNS
When t hedprigseiiie.prot£inpld s opridducdd/dcouniulfatreds agregiset dibliecloleypébt i de,

a culture solution in which a,transfornant, has . heen.cultyre esgd i bed
above i%ngpé#%t‘e&]ilntOHaE%F?@’oééga(@f’%F 5?1123‘ figt%aerr}(]:]g(g' ng(%?glr%%? gr 30
exanpl @e11bytraifeidion &¥ehn a8 senhelivdegHt glorF ard BRe TIN-KE.1- YWenatsheeBr esent
protein is in ho;t cell.l , after collected cells or bacterial cells are
washed [ i ttEege 8 PABPE Bt fer such as a STE solution and the like, cells or
bagteri al celssSa af@hhbys@e 1w SRk catd o b ia akt encho prags meahMintonbGaul i n
honogeni zer, a Dynonill or the |like, L and the present protein . .can be
obt ai néd°asah fae4s £ d& BIRHIANE S’ﬁ“% Ccaéht”??rfouélﬁﬁ@r? grec T nrtgt?o}h?ﬂ'
A buff grx sl sf OhchERar at icagdipul | bybaghd ke presedt (HPot elNo. 22 706Nt ad n a
sui tabl e amobunt of a suyrfactant, f.o X | e, ,sodi um |.aur.yl sul e .(,SDS) ,
N-| aur bipodarides el hod 'Pdﬁf?%gf‘ééé’if |t§“e§\r§tr‘nﬁ S ARRTCRY bl ToR eosr[fjggf sl
separ at;i;ng/ Qubkhyi ngh@NeiRbj BEE] ve1pr eldditiogpnkai iedthe Bnihel resll) taimg
crude product can be perforned by caonbining . th er. se.variou
separ ateilfr@/f%‘?li%@?mgn?@loﬁoégytoéﬁ&%‘ﬁé’gy’o?" 3@5’3@%@%@8%%%@ héiude a
sol vent,;gxt,sagtion nethod, a salting out nethod using ammoni um sul fate or
the like, a dialysis nethod, a precipitation nmethod using an organic
sol ventl0030ll trafiltration method, a gel filtration, various chromatography
10 net hodsc guehias »HHigbhyl am noet hyl ( DEAE) - sephar ose chromat ogr aphy, ani on
chr omat ogr aphy or i on-exchange chromat ogr aphyFﬂ%i n% a resin s%ch %%P Al ON
HPA- 75 (M t sibhehia Cant @AM Boraeias) @ afff (HE PR P ke’ ©¢aT i BH" 2
ChggnB‘te?lgB@ H?é NG, d §:3i: NG rSUGH @%cgrfﬁﬁﬁlﬂ@(ﬂ 0$Be Ffin( RRaramaGiin) s@d}d khe
| i ke, hydrophobic chromatography using butyl sepharaqse or t?e |I1ke, a’;\nd
15af f i discpeetvhomspbgy aptiy 2Dvak iiotisc il 8GY P BpRoH @8 estfth %gell 1s culture
|5.DE' po'f%gg%?’i'n@%dg Gely 8k 8GLS QRS S kSmanthd $QRJa®Ct the vherusi Rgstsanle t he
i ke.
protein is made to be produced and accumulated, and the protein is recovered
from a transformant or a culture solution, thereby, the protein can be
30 produced. When a transformant is an animal or plant individual, an
individual is reared or cultivated according to a conventional growing method
suitable for various hosts, the protein is made to be produced and
accumulated, and the protein is recovered from the animal or plant individual,
thereby, the protein can be produced.

35 When a host is an animal individual, for example, a non-human
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When the present protein is produced/ accunul ated as an insol uble

pol ypeptide, cells or bacterial cells are separated as described above, and
20 lysed by a suitable nmethod, and a fraction containing the polypeptide is
recovered. The recovered sanple is solubilized with a solubilizer such as a
surfactant such as sodium |l aurylsulfate (SDS), N-Iauroylsarcosine sodium
(Sar costirpys gl ct hein 3 lkbarbrién & 6Pt eE RH 288F Ui B TR S, &l?ll@ Prege r PG Yzed to
a concenf . abha ate WL LRl tt']?Nﬁhq”ﬂa%@'ﬂéb&é 288 udey §RRLALNRh1atdEin

pol ypeptide 1's'25 reconstituted into a normal steric structure, thereafter
a puri fthec et merd tkmmpbéeebwrwewdafusrepfaheaﬁmgﬂpmdlffydlrﬁgl

siml aghte dtte@@ht%%&rl 8 BOOYEdu A0S x Al 8L DA VSl atee otf %&%@tarpa otein
is produced as a use protein with 30 othéer proteln, t |s can be al so
pur pf | eed:cumqllazxomgmaiuﬂ |arm1myl bt digimephge ersqihgsedl*s&}basﬁgar@eel trepviihg of

af finity,f agrg %—5e fused protein (Akio Yamakawa, Experinental Medicine, 13,
469-474 fl g% . Exanples of an addition protein to be used in a fused
protein incl YdeePraotheish 1A a FIAG anditideali Ker (Rroadediangsarwfzethe mlant onal

Acade S N 8
(1090) n 3o ReE 2 Bhntorn M B, RRE ) msTBORE 1 RS BT B, reptFlice, a
f used proteinn egfcotthé pr eslentregrotben mnanB N2 otseinme ¢k i® preodueddeedanaind hi s

f f ' it h h bul
canghe AYLLLLEN.PY, RIS PLITLOG, AL pA X heRILOGL ARy Us! 10,1 ingabobul |
FLAG i sthpr;ddm;edduadddi hits:relan the mmmlehlte:dOWnacfafn he toyrodhredrat ogr aphy using

an anti - FLAGVQ}Q“ bok(ljtyst 110058]2{511‘ te such as%ﬂsprheer cr}ltmpc"o?t gxllcri] tﬁam OFJ)cr oduced
usi ng an I n VltrO transcrl IOn rans ation Sy Sfem accordln the nown

met hod eukeuynal swofh B: gupbecut ahe NWR, {67 ei@@fplaAa (tﬂeQI%))rmSeltémcepr@@Za
1162-1164 (1988{% rtlg 1038%% ro?f Bllgcpﬁm stive, 1 110 ed]ig (1@%%%%]

The pr &85t CBFotdEitn ' Ean’ BE R heiPea y° sShthest 728d® m cal?’synthesi s
metthod paucdfmas;naoEém)cbfret}ktocke(cﬁinmmnemylﬁNtAhy:Jsonym b:@nyole msebdmde)d, @andBoc

met hod t but ycar bo od andth li k or. Wt rc IIy
avai | at?‘l &" Blé'ﬂg# d% 1Eyﬁt%uq§‘|“2€erso o‘)r’ exapl ge %é”i |18Ierei“§vme hest zlcer such
as APEXa%t:rcAdvanced tEhedtiyechy prddddk ( Applin ednBld)ﬁyﬁilﬁj’mI) P53 (Protein
Technol ogi es),, 9050 Perc ptive PSS hi u_Cor oratl on t he

li ke. A %?g&%gfﬂ’r &t télﬁé?%/é ts”SF%”ﬁ‘éé Str gal?ﬁ”BFoat FR® C&R° ]e“gpgﬁ or ned
by a netrBechipireteihsinuaumlelyumised ibr @éfﬁ)emﬁddﬂ@ﬂﬂrﬁiﬂg/ tofaor(,oﬁxaﬁmbﬁaithe
nmet hod 20 dﬁscrlcped in Protein Structural Analysis for Gene O oning |
(H?gaslﬁletllﬁ ahd UG SHERE By °PSkyo Kagaku Dojin Co., Ltd., 1993).

Hydr oxyl ati o;nsagt intidk ymofort h&ltﬁm‘r&sgﬁl’tﬂle,pli'é)éﬁltfhgcaﬂaibﬁoﬂﬁlta&@t@lﬁka&ﬁe@l’bﬁrmunt
of production of an N-(5-hydr tyl) enzam de derivatijve

et g e B RS BE b aF b on AT M AN LhATArigh e Bl FEdE Sieet ¥,
exanmpl &s Pk 254 M (Zreadiaant ylhobgnzani dea deddural ined wh cdhd S aysthsid at e
More partjcularly, a method for culturing a m croorgani smcapabl e of

expresﬁ%ﬂguehénw BEehtcPRrBLAT 7% & BuMELBITe HWBER U 8 dhd? Bt 'eEP I HG dn
acghmulnato@R naBPeite, Ofn odfa Me( 5a]myd(510>t%e2i1&da%n§}ylc)anb%@ZamI%dd@fvl Mad i ve
accurul ated in a medi um can be used. Detection of an

N ( 5- hydF&iFr2- aBdiehe ) 1R pehedn U8 RSP VAW E EEA Oééhﬁe?leaﬁ%&lmtor

exanpl egody] HPLC using an N-(5-hydroxy-2-adanmantyl)-benzan de derivative
obt ai ned by the present invention, as a standard product. Specifically, the
met hod descr VORE Rrf BRI HelSch PBRER 1tE S Uk b Sa_BHC I Bo5Y1 235 (hq )

Process; 05« M}pﬂ‘y\é@e is@Ph 2RO} JaRERIHMEhe 1ike, as a medium for culturing the
30 resulting transformant, any of & natural medium and a synthetic medium may
he used as far as it is a medium containing & carbon gsource, a nitrogen source,
inorganic salts or the like which can be utilized by a host, and which can
effectively perform culturing of the transformant.. As a medium for culturing

a transformant when a host 1s Escherichia coll, for example, a YT medium

35 containing Bacto triptone, yeast extract and sodium chloride 1s preferable.
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Del etion or substitution of an amno acid of the present protein can be
performed by a site-directed nmutagenesis nethod which is the technique
wel.l-known before filing. Deletion or substitution of one to several am no
aci ds can be prepared according to the nethods described in Ml ecul ar

Cl oni ng{: A Laboratory Manual, Second Edition (1989) (Cold Spring Harbor
Labor at 89§2br ess), Current Protocols in Mlecular Biology (1994) .
(Wley-Interscignee),» Mehel& ACLAs, 323880 Ch w QL6487 16 1988).a A 0cgegli ngs
of the National _Academééof Sciences USA, 79, 6409 (1982)), Cene 34, 315
(1985) ,mNuePedan i v ReseadchExamma8inchgBshydpcgebens ngsh of alheowNat i onal
Acadenyfrgt?tosg)]c s wClRRC @S, 1HDR s Bon 1488 :l:ggél),)staegﬁ),cgt,eaq"cﬁgﬁycﬁfol%g@te gonal
Acadeny of Sciences USA, 81, 5662 (1984)), 'Science 224, 1431 (1984), WO
85/ 6081he il\h%:upgargi@,m@mw(cw%)acaﬁd ahd. IP!TIQE}OY[IG(I@_@T 1) _tlw drbor gahi sm
capabl &,0fp AYRLERSING LRI CRLoALAL Sl LRAIET 007 gani sm whi ch can be used
in the present process Is not particularly linited as far as it is a

m cr oor gani siscdpablteo oo expressinmetine vpresent mprotieimsilis thenstetrec wher e
it can ac i, t - Su e, HRQR; A&t | it h . 1. ncl ude
a transoﬁ1 o(%rr%éﬁﬁw\?\n%tﬂ% %)‘#eﬁ %%e&}sﬁén?) éenebllmﬁrgl)tr\f{\é:‘:)éclu%eé1§ %{ﬁgﬁﬂe?tﬁﬁgﬁg’x%gﬁ%&?ﬁrﬂa

m cr ooragatdtsm known ituge expreskatecheapt eskent 1i2Gpr otkén suchgas chtricorgani sns
bel gngi 0 nus il , Bacjllus subtilis,;.genus _ .
Petddoraaskth QR oBRT, it BLELEL PPt PREL LR (BHD b b iR e agpein

pr ef er abldyolysitansédremantake, shaiesan cakpulmt d oflysdie. pragsent fprotefation

contai ned, | 0. 2. M erogroant am san becar thtlelal Ly peneased, 10001, 1 254
host cel'"Whi ch®'can"be” tse or making various ransfor mant's Usabl e in the
present procéssths nobvrgariti caltar byithany t edtasifiar @ssipthacan sxpndssy t he

present ol‘t‘)rs?stie&n ihno-%t tﬂ%tgt ar}ia? I\}{\é}‘lsel{‘le I Gcsa%a%gt I\IILVI tII;]e azuSUbssutra’rtee' s%l% les

i ncl ud@ the RRovin 5P EASor JaRs S5 " ohiPdh SR & s VA USEH SULR Cas SEEREr i chi a
colb orhGadéharenyces eetfavesi mengandsd heukfxown cedddir eciléeld, 3Qiciswch as
vertebrate cell (deﬁ}?'l'?_‘o cell  or, C% ell). and an insect,cell.  Escherichia
col i i $*PrEtEr 4%t Tl tRSE "a praTd f er AL1"SA"F 4 BOFS T B8at 2t dnd haHdE i hg i s
easy. kanaddiit,arth anskexprressilonrivgctderpusadiiend ofirmmli ngtthe gt 4anhshor mant
is not . particularly limted as far as it can express the present protein in

the stat€ where it can act with a substrate, and can be arbitrarily
35sel edvessldependi ng on a kind of a host cell used. The host cell,

t he expressign vector, the transfornman e t.hod for culturing a.

tShet or mant SdHACOHE £tk 4P Hotor T BBALT AUl L. Pvhes HEGURE T ibr ocess

‘for preducilR® presend TrBisel B'H duRdERLulturihe ipresantd process,9.ohenn

substrate and eﬁ m croor gani sm capabl e of ex%essi ng{the present protein are
g

act ed, ‘% FQEEIHg VAR LB TAPTEEIC PRACERBH & Gr 8Wi AGUBLERE PTAIORelY  Feact i on
may be:Hsedm ﬁ&%hn@fe,ta"lﬁm&aﬁl otthbilZe: .t hend, if necessary, an antibiotie such

as ampicillin, tetracycline, kanamycin and the like may be added to a medium
25 during culturing.

When a microorganism transformed with an expression vector using an
inducible promoter as a promoter is cultured, if necessary, an inducer may be
added to a medium. For example, when a transformant transformed with an
expression vector using a lac promoter is  cultured,

30 isopropyl-B-D-thiogalactopyranoside or the like may be added fo 2 medium.
When a transformant transformed with an expression vector using a trp
promoter is cultured, indoleacrylic acid or the like may be added to a medium.
A cell or organ of a plant with a gene introduced therein can be cultured at a
large scale using a jar fermenter. As a medium for culturing, a medium

35 generally used such as a Murashige and Skoog (MS) medium, a White medium,
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known net hod. The resting bacterial cell reaction is a nmethod for culturing
a m croorgani smcapabl e of expressing the present protein, then stopping
10proliferation of a bacterial cell, and adding a substrate. nethod
described in Exanples | to growi ng bacterial cell reaction is a

m croor gani sm capabl e of expressing the present protein ex | e,. the
met hod 28§81 Bed Wﬁl@kan&ﬁa@t#’-%ﬁn@edég@? Pt F b d (eI B AR 1] Solt

[ 00631ahRcthe tBeesenddiRmOCOSShe Bikikeashilanueandi ti on when a substrate and at
| east one aof: (a) the present protein or 20the present protein and a

reduci %O@@stem consi sting of ferredoxin and reductase supplying an

el ectron to $henPhO@hBfornnt( B)r Ardd di0QNGRNL S GAPRRItei 0l @upressing t he
present protein are reacted, is p{)ef%ably as follows. A reactign

t enper 8¢ dr 85 AP YE gy b7 % F‘él’tiulryn%ié o et %%ﬁe&éF?H}j 5 a*?‘f”g‘p?P rfal

t enper atpN €1 407 ot B uRS €PRBLIH QLI JIT, 112 henpatahuriedfon stakiddigahhgoa,
substrate and product, and_the J@: ke. For exanE)I e, tge reaction can be

per f or Aéd G670t MES! mp &R dSicye s - t 16 UoE T(&ppﬁ r HiEfeFdbMe®e™ 0 40C,
and paryieWar le pIefesadhy 22996 Ond3dkm ADr8acLd 0Pt €N F0eiakbidr afd | y
determ ned by considering an optimal 30 pH for the Eresent rotein, pH for
st abi | P2¢hegielstissiviare and! pridadct 2 anedtre 11 Reticpopowranpital sehee
regeti oRcgan, he.nerd of HBde @t 4 nkQe HediRhel & aRd Yi1&, t@nSe fied her preferably
6 to 9, and Bartlcul arly preferably 7 to 8

ulturing is usually performed for 1 to 7 days under the condition such
as pH 6 to 8, 25 to 40°C, the presence of 5% COz and the like. In addition, if
necessary, an antibiotic such as kanamyein, penicillin, streptomycin and the
like may be added to a medium during culturing.

15 When a transformant is an insect cell, as a medium for culturing, a
TNM-FH medium (Pharmingen), a Sf-900IT SFM medium {Invitrogen),
ExCell400, ExCell405 (JRH Bioscience), Grace’s Insect Medium {(Nature, 195,
788 (1962)) and the like can be used.

[0055]

20 (vii) Process of production

The present protein can be produced by culturing a transformant, and
igsolating/purifying the present protein from a culture solution. A method for
isolating/purifying the present protein can be performed by a conventional
method well-known in the art. For example, a method for isolating/purifying

25 an enzyme or a method for purifying glucotransferase of Sandler et =al.
(Methods in Enzymology, 83, 458) can be used.

When the present protein is produced/accumulated as a solable
polypeptide, a culture solution in which a transformant has been cultured as
described above is separated into cells or bacterial cells and a medium, for

30 example, by a method such as centrifugation and the like. When the present
protein is in a host cell, :a}fter collected cells or bacterial cells are washed with
a suitable buffer such as a STE solution and the like, cells or bacterial cells
are lysed with sonication, a French press, a Manton-Gaulin homogenizer, a
Dynomill or the like, and the present protein can be obtained as a cell-free

35 solution by centrifugation or filtration.
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A reaction tinme can be arbitrarily determ ned dependi ng on the above
various conditions (i.e. a solvent used, a reaction tenperature or a
reaction 35pH), or a kind of a substrate, the present protein or a

m croorgani smused. For exanple, it is 1 to 100 hours, preferably 5 to 48
hours and nore preferably 12 to 36 hours. An anount of the present protein
used i s not partifeursrd {01 sqRaradnehRE Y ing thiaPFestti e tedn™BE WEFEt med at

a COﬂC%ﬂEﬁﬁTa'bpé”l aQIomnfthf @&%m&an@,- Bt @x%@pw,mdilu-m [iQQﬁﬂ]sulﬂ%lt@.dSDtSi)Qn, in
t he present process, when a ?ubstrat}e and the present protein or a

ni cr ooMganiismleapabine ofdiggpftaawiony’ tidbsrlésent protein are acted, an

i ncl U:Si on ag?@&ne@ﬁ&d Re: %Eaiaggﬁlnngp\ﬁQ@ﬁ@g Chegpicalivet @hitkid Yo@tainkQ in
solubility of a substrate in water can be increased, or substrate
i Nhé bi ttherregnltans enzyims rofupi erbdegiient e Theo aE dgsE KERN AP EsS0f t he

i ncl USiV icﬂgse@,EpLﬁ%lix‘r@?ulgﬁgﬁﬁé(%{?ge&ﬁidst CYM&%MJ io@:tkﬁs’s_@)’}%h&ﬁjﬁxh{eitﬂmds
fl-cyclodextrin, y-cyclodekxtrin, and nethyltcyclodextrin (Me-13-CD). 100651
151 n’ t heclhrdeseriol pridcests actianmataebst ratEngnein t mee theesefHt Sp? B HYST a

m croorgapi,sm of; AXPrLast Rt tNEr A6 SEN 0 PLRLEHLA A% £ A6 fc
coenzyr?g[{il é??ﬁ%ﬁ%ﬂtﬁo&rﬁmﬁs pr et er ab% .l{g\DP,H)O can be optli %nalﬁéan

coexi stseitersnd; wltretfHeration regmet.at i g Sligesinof vataus gdieyd o8 e

coexi stent, in & I &; - | DYEWRS- Q8 SEeNES. Akt & Sipinkahh e
cogzr)(lzyrrnée% Sp“’eu%g‘i %g(%%gﬂga}'%ﬁﬁ)%g?yt E% pg}gse?ft o ot eLi nO usgﬁ _;Ibegcti vi%y

t her eofchcamabegiapiyovediof @66Banen doimitosraphRcespeoenyyiie Pectohsumed

wth pr ‘ rmi Q’ Qt’"a( itsubigﬁa%ﬂe%ic(i@'Qormg(tﬁ)rbl ia%,(ﬁ@ﬁ@“ﬁ%@z (,aﬂijon
converted into E’) +1¥[, reactivity 2bthereof can be inproved by the
coexi steamemaot g pdggenersaly onesystlemsob - Jdpdrarose FF (Pharmacia) and the
like, hydrophobic chromatography using butyl sepharose or the like, and
15  affinity chromatography, various electrophoreses such as SDS-polyacrylamide
gel electrophoresis and isoelectric focusing, and the like.

0056}
When the present protein is produced/accumulated as an insoluble
polypeptide, cells or bacterial cells are separated as described above, and
20 lysed by a suitable method, and a fraction containing the polypeptide is
recovered. The recovered sample is solubilized with a solubilizer such as a
surfactant such as sodium laurylsulfate (SDS), N-lauroylsarcosine sodium
(Sarcosil) and the like. The solubilized solution is diluted or dialyzed to a
concentration at which little or no solubilizer is contained, the polypeptide is
25 reconstituted into a normal steric structure, thereafter, a purified specimen
can be obtained by a separating/purifying method similar to that described

above.

(00571
Alternatively, the present protein is produced as a fused protein with
30 other protein, and this can be also purified utilizing affinity chromatography
using a substance having affinity. for the fused protein (Akio Yamakawa,
Experimental Medicine, 13, 469-474 (1995)). Examples of an addition
protein to be used in a fused protein include Protein A, FLAG and the like
(Proceedings of the National Academy of Sciences USA, 86, 8227 (1989}, Genes
35 Development, 4, 1288 (1990), JP-A No.5-336963, and JP-A No.6-823021).
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coenzyne. As the coenzyne regeneration system various regeneration systens
are known for each coenzyne. Exanples of a regeneration system of NAD(P)H

i nclude a conbi nation of glucose and gl ucose dehydrogenase; form c acid and
formc aci d dehydrogenase; and propanol and al cohol dehydrogenase; 30and
the like. [0067] An addition anopunt of these coenzynes or the coenzyne
regenenBhpw@roteingy st spv i Ersashnr Heieékhepantetip xaeihraddnetprotdss can

be arbitrarily deheryiinad, depgndida on %ekﬁo@%g (BHSHRS! RIS, ARG ek bRy

presentp protein or a 35m croorgani smused. [006 A reaction is stopped,
and a hasdnoxyimtedzbbrhinot. a WhApoudd-havianidn iaderdntiafiesedkeTdedh °Such as
an N-(5¢hydr - 2- - zalm r i Yatinye i;§ deragepr di ng
R R ) e B T A

readt i ehrpmedugtap Spesinf calanyi- Fa. Ay dmgi¥edt-ed f orm of a conpound having an
adamant ﬁggs}skel eton can be isolated froma nedium by sol vent extraction,

i on-exé ange chromat ography, active carbon treatnent, recrystallization,
menbr ane sepdmat i pnemtt herdidie. FOO69Me 10Mvelusedsentinmvernt i 6n | éFudes an

enzymme g1 ouR Wbl &8 8519l0 PELL AL NG L1 " BACKL Aho WX AIASS LAGKHAL oFNE
fol | o ng proterns. O protef n contarning an am no acid sequence i n which .
one t o Biewedatulami NOIR.a6i d€%t et dérebadSesalyst i243t el 63 1 hedd9BH) t ke No; 1,

and,havi ng hydeexyliatl on, actiyvites-148-Roptgt €l n consisting of an amno acid
The present protein can be chemically synthesized by a chemical
synthesis method such as a Fmoc method (fluorenylmethyloxycarbonyl
method), a Boec method (t-butyloxycarbonyl method) and the like, or with a
commercially available peptide synthesizer, for example, a peptide
15 synthesizer such as APEX396 (Advanced Chemtech), 443A ({(Applied
Biosystems), PS3 (Protein Technologies), 9050 (Perceptive), PSSM-8
(Shimadzu Corporation) and the like.
Structural analysis of the present protein can be performed by a
method which is usually used in protein chemistry, for example, the method
20 described in Protein Structural Analysis for Gene Cloning (Hisashi Hirano,
published by Tokye Kagaku Dojin Co., Lid., 1993). Hydroxylation activity of
the present protein can be detected as an amount of production of an
N-(5-hydroxy-2-adamantyl)-benzamide derivative by acting the present
protein on a compound having an adamantane skeleton, for example, an
25 N-{2-adamantyl)-benzamide derivative which is a substrate. More
particularly, a method for culturing a microorganism capable of expressing
the present protein in a suitable medium, and detecting an accumulation
amount of an N-{5-hydroxy-2-adamantyl)-benzamide derivative accumulated
in a medium can be used. Detection of an
30 N-(5-hydroxy-2-adamantyl)-benzamide derivative can be performed, {for
example, by HPLC using an N-(5-hydroxy-2-adamantyl)-benzamide derivative
obtained by the present invention, as a standard product. Specifically, the
method described in Example described later can be used.
00591

35 (vii) Process for making variant polypeptide
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mut ati ons selected fromthe group consisting of 177F, L357P, A362T, F41L,

| 77W MLO51, T234A, F2321, F232L and F232Min the am no acid sequence of
SEQID No.: 1. -A protein consisting of the am no acid sequence of SEQ ID
No;: 3, or a protein 20 containing an am no acid sequence in which one to
several aming acids are deleted, substituted or_added in the am no acid
sequence, an®NaVPAP THYHFGRPHT BnT RAT A% §S1d K § eo?%ﬁsﬁnéd)ﬁgf%‘ﬁ?f@g? an
am no gGirth SeSUENCce Rad-Agconal tou SaMeleals Mit alddonRshiskl actiad fsampithe group
consisting of I77F, 177W ML051, A196D, 25 F2321, F232L, F232M_ T234A,
T244A, R ogHY PRIOPENP & h SRS 481 S sdHuditk 0510 nSEEY 1spYRiptl 3mino

These proi€ids GAN phepebtainedrbyist he et hadidascrdhedbicn therabomBar
"Process for_producigg pr esent rotein"ﬁaé0070é 30l.n, addi tion, the present

i nvent i(dAnitEl ddbaberrdornI Manrah eotislndd tiothes8 Potfddnde idree RigBPUl f or
produciing odR+ ¥ 6 PIENOXYe Zradamantyddbanzani derdesdivat i Be1whi ch(liopqa raw
mat eri al of nonohydroxy-2-adamant anam ne useful as an internedi ate of

funct i 6Waieyr'é%$8ﬁ§cwc‘ﬁ%dwplﬁé%.AC3'2%SE%Sﬁﬁ%naﬂcﬁﬁ% 9@8%@%@8@%%&? ffil a 131

a salt (Qr polivaheathere9for 00 BhA . addiguoanc okhe RI&SREPL, Bwenddnn
i ncludes the follow ng conpounds. These conpounds are useful for Frodu0|ng
e

monohy afunlyicoA sidenntediche | HddPdl (188 5anP roneer i at B of aftigict!] ®%sins
or lmdio@imgnctﬁ: QP@)?O%QC' s tb@Sg)@f @ﬂil'o@éedings of the National Academy of
Sciences USA, 81, 5862 (1984)), Science 224, 1431 (1984), WO 85/00817,
Nature, 316, 601 (1985) and the like.
[oo60]
(b) Microorganism capable of expressing present protein

15 A microorganism which can be used in the present process is not
particularly limited as far as it is a microorganism capable of expressing the
present protein in the state where it can act with a substrate upon acting with
a substrate. Examples include a transformant with the present gene
introduced therein and a natural microorganism known to express the present

20 protein such as microorganisms belonging to genus Bacillus, preferably
Bacillus subtilis, genus Pseudomonas, genus Streptomyces and the iike. The
microorganism is preferably a transformant in that an amount of the present
protein contained in a microorganism can be artificially increased.

[0061]

25 A host cell which can be used for making various transformants usable
in the present process is not particularly limited as far as it can express the
present protein in the state where it can act with a substrate. HExamples
include the known microorganisms which are usually wused such as
Fscherichia coli or Saccharomyces cerevisiae, and the known cultured cell

30 such as vertebrate cell (e.g. CHO cell or COS cell) and an insect cell.
Escherichia coli is preferable in that a proliferation rate is great, and
handling is easy. In addition, an expression vector usable for making the
transformant is not particularly limited as far as it can express the present
protein in the state where it can act with a substrate, and can be arbitrarily

35 selected depending on a kind of a host cell used.
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[Fo[nula"14] --COON NH OH 10 a salt or solvate thereof. [0072] Exanples
of "salt" include salts of inorganic acids such as hydrochloric
sul furic acid, nitric acid, phosphoric acid and the like; salts of organic

15aci ds such as paratol uenesul fonic acid, nethanesul fonic acid,

aci d,

trimet hyl amBhe dmstioet etthy| SREBRi A EidobHdq Fieds 'SHr 88

oxalic

aci d,

citric acid and the like; salts of organi c hases ?W%Q asgﬁquniunl
'0

al’k

net al s

such ag,s$Qdi M, RALAESHNA ok the 1iidekeie ancksBbd sn @k taill Kaltihreaieart H2het al s
such as cal ci um nagnesi umand the |ike. 20[0073] "Solvate" is such that

t he af direnet fosrreddasHpbBREE TP 188" ®oor di nated with an arbitrarily nunber
of sol yghtojmol ecul es. Preferable is a hydrate. [0074]

5

10

20

25

In the present process, when a substrate and a microorganism capable
of expregsing the p.resent protein are acted, a resting bacterial cell reaction or
growing bacterial cell reaction may be used. Each of them can utilize the
known method. The resting bacterial cell reaction is a method for culturing a
microorganism capable of expressing the present protein, then stopping
proliferation of a bacterial cell, and adding a substrate. For example, the
method deseribed in Examples 1 to 6 described later can be utilized. The
growing bacterial cell reaction 1s a method for adding a substrate while a
microorganism capable of expressing the present protein is cultured. Flor
example, the method described in Example 7 or 8 described later can be
utilized.

[0063]

In the present process, a reaction condition when a substrate and at

ieast one of:

(a) the present protein or

the present protein and a reducing system consisting of ferredoxin and
reductase supplying an electron to the protein , or

(b) a microorganism capable of expressing the present protein

are reacted, is preferably as follows.

A reaction temperature can be arbitrarily determined by considering
an optimal temperature for the present protein, a temperature for stabilizing
a substrate and product, and the like. For example, the reaction can be
performed at 10 to 45°C, preferably 15 to 40°C, further preferably 20 to 40°C,
and particularly preferably 25 to 35°C.

A reaction pH can be arbitrarily determined by considering an optimal

pH for the present protein, pH for stabilizing a substrate and product, and the

like. For example, the reaction can be performed at 4 to 10, preferably 5 to 9,

further preferably 6 to 9, and particularly preferably 7 to 8.
A reaction time can be arbitrarily determined depending on the above
various conditions {(i.e. a solvent used, a reaction temperature or a reaction

pH), or a kind of a substrate, the present protein or a microorganism used.
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The present invention will be explained in nore detail by way of Exanpl es,
but these are not Iimt the present invention. As a gene

mani pul ati on procedure, unless otherw se indicated, the 5method descri bed
in Ml ecular Coning: A Laboratory Manual, Second Edition (Cold Spring

Har bor Laboratory) was used. Exanple 1 [0075 droxyl ati on of adamantane
by resFengxbaetleritds Ice 10F daE s o ebhey y&?‘%éé%iwﬁ% Qare H%Geéerag?y

An expressi anpyeed or (pET-109B1- CamA-CanB) with a CYP109B1 gene (SEQ ID
No.: 2) inserted therein was introduced into Escherichia {:mi .%5 but

(131, 421( DE3}) areoobt af hha Preatst BEHEM USTHe St P ang# or At SuHE FRbchi Gt ed i n

2 m oty I%Ecﬂﬁﬁi&ﬂib@ﬁﬂngeiﬁbaaheg<@mc8EIuQnoﬁaﬁtﬁb@@aahngesbakeb 2t 300
rpmfor 24 hours to obtain a seed starter. [Main culture] A M mx medium

(109 nmumal6.78 g/ L Na2HPO4 (anhydrous), 3 g/L 20 KH2P 04, 0.5 g/L Nad, 1
g/ L NH@&;Mﬁ grL casami no acid, 100 uM Cad 2) was sterilized and, to this
wer e added 100 411 of 100 MM FeSO4 and 1 m_of 2 ng/mM thymnpe. To this was
added Over ni GhtadAition) FIGEE iR SSYSPEMTGPENITECT dr Bt Hy2 et t?%&f&ﬁ?% | 2

m, Solution |1 S Ut 0 LAlah@0, tilok p@BekinkUEE H8fres 00 pRbteiaf abO mo/ i
car beni‘”é%%‘iq?n%ll Tyt on L g/ . 5- ani peingl e ifag 25i£1.ere added
to obtacteds mmiimchudibureeaedimas bBoopYippaly addedd Sthartier! fALPEHEJIRH in a

500, M w dermpuythe ITRY & thL ask oM @eRkpe, 50 s0hsQh 1@ i MLt d:ur e
me |umsmaundhtt¥1iotsfqv\g§§%t%§tur ed at’ 25T and 120 rpmfor 24 hours.

[ Bi ocatal ybixme eactiion]orEaeionl taur desdturirsnd wadi @amt e fiigtt (B8 eitve t he

super natant 1o 30 ghtain (8o 68k SrinThE- BakRkk Ak GBllsiowekeridi | ut ed
with Zfii‘gf*diE o‘f“"é“%o?‘ sd‘gf)ﬁﬁ?%ﬁjégp%a%ce bu felﬁl’(Soch\/l pot ag's;:[ﬁm&phosphate ( pH

7.4), 10%ctideceriol. addnioviEDTA; cy2ledDTm (Menf1EPYl ucose) so that a

bact eri!@l&‘3 ell concentration in terns of a culture solution becane 1-fold,
2.5-fol'd, and 5-fold, respectively, and placed into a 500 mMl Erl enneyer
flask with baffitheprtocobpapress, when a substrate and the present protein or a

35area(%rgiic(x?gosrogla%tisisxgn'cl%%giesrc?ﬁactatxipgg&qlnﬁt 'tﬂ@w%sf@ggﬁp protein are acted, a
coenzyme (e.g. NADPH or NADH, preferably NADPH) can be optionally
coexistent and, further, a regeneration system of the coenzyme can be
coexistent. In the present process, by the coexistence of a gsuitable coenzyme

20 depending on a kind of the present protein used, reactivity thereof can be
improved.

[o066]

In addifion, since a coenzyme is consumed with progression of a
reaction (e.g. NAD(P}H is consumed, and cenverted into NAD(P)+), reactivity
25 thereof can be improved by the coexistence of a degeneration system of the
coenzyme. As the coenzyme regeneration system, various regeneration
. systems are known for each coenzyme. Examples of 2 regeneration system of
NAD(P)H inelude a combination of glucose and glucose dehydrogenase; formic
acid and formic acid dehydrogenase; and propanol and alcohol dehydrogenase;
30 and the like.
foo67]

An addition amount of these coenzymes or the coenzyme regeneration
system which can be coexistent in the present process can be arbitrarily

determined depending on a kind of a substrate and the present protein or a

356 microorganism used.

34



N- (adamant an- 2-y1) -phthal am dic acid to a final concentration of 5000
jig/mM, pH7.4 to initiate a reaction. The reaction was perforned at 28T
and 180 rpmfor 31 hours, an equival ent amount of acetone was added, and
this was anal yzed by reverse-phase HPLC. As a result, a substrate was
converted into 5N (5-hydroxy-adamant an-2-yl)-phthalamdic acid at a
conver §iPlrate described in Table 1. [ Tabl e 11 Bacterial cell

concentrati of Jxtabd 2. &ohekd, Bnfial dySubstinas® 650804 4 61% HO6 0
Exanpl e 2 10100%61 1dr o?%? n yBubst i 4 gbribo #¢100%

ation of a nt ane b ti terial

reacti on adimgrEYPL fi%o[leﬁRtha%fa“vg@?%ﬁy gf(%?/?ﬂraﬁaH{agqugg%%gr&deceII
Veot or Lof e et prot o (105FK) of S CYPLOBBL and & PASORY  reduct an

T . protein 0] Bl an . PASORN duct.i
doni n fewase pradpar eERd SEEr By fé’zfllff‘f,"“foé‘rp’@éﬁ‘{ttr u%‘tpieﬁ l%laﬁﬁogt V%‘%ﬁ‘gﬁ%@g | D
No. : 4}01"&%fcy%'6k%%u@&t gRS1ON aBCR1 B b Rogh Wak e Usied. ¢ BCR a1 el tiomed .
enpl oyi ng pET-109B1- CamA-CanB as a tenplate, and using a priner | (SEQID
No.: 7)neaiidmabpr sqhspnd e(xsmquwsﬁf}a%dwanﬁé%%@g’hﬁerar%’r"ﬁeaﬂé’ n

enpl Oyitpe%&&%Ogmggﬁaﬂmlﬁorﬁhﬁégmgﬁy%eblgmazaﬁ std Bikg. as a tenplate, and
using a primner (SEQ 1D No.: 9) and a prinmer 4 (SEQ ID No.: 10). Then, PCR
was pef@@¥tfed by enpl oyi ng each PCR product as a tenplate, and using

pr.@ers 1 an?&%’ p@?gm{theirﬁg%tmrpd%lu%§ lhRSef4 Anb Nte@odp Claming veat or
( -Blunt ILTOPO) (pCR-10917K). A fragnment containing a 109FK
performing the reaction. Examples include the following proteins.
-A protein containing an amino acid sequence in which one to several amino
acids are deleted, substituted or added in the amino acid sequence of SEQ ID
No.: 1, and having hydroxylation activity.

15 -A protein congisting of an amino acid sequence having one to several
mutations selected from the group consisting of 177F, L357P, A362T, F41l,
I77W, M1051, T234A, F2321, F232L and F232M in the amino acid sequence of
SEQ ID No.: L.

-A protein consisting of the amino acid sequence of SEQ ID No.: 3, or a protein

20 containing an amino acid sequence in which one to several amino acids are
deleted, substituted or added in the amino acid sequence, and having
hydroxylation activity.

.-A protein consisting of an amino acid seguence having one to several
mutations selected from the group consisting of I77F, I77W, M1051, A196D,

25 F2321, F232L, F232M, T234A, T244A, V399E an_d K702E in the aminoc acid
sequence of SEQ 1D No.: 3.

These proteins can be obtained by the method described in the above
“Process for producing present protein”.
[0070]

30 In addition, the present invention includes the following compounds.
These compounds are useful for producing an
N-(5-hydroxy-2-adamantyl)-benzamide derivative which is a raw material of
monohydroxy-2-adamantanamine useful as an intermediate of functional
resins or medicines.

35 A compound of the formula’
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25 gene was excised with Xbal and BanH fromthe pCR-109FK vector, and
inserted into an expression vector pET2 |la to prepare an expression vector
of 109FK (pET-109FK). [ Seed cul ture] Into Escherichia col
(BL21(DE3)) was introduced pET-109FK, to 30obtain a transformant. The
transformant was, seeded into a 96-well deep well plate containing 500 ul of
a LB medpupiperd3hel |, and cultured at 900 rpm and 37C for 24 hours to
obtain a seed starter. [Main culture] Using the main culture

medi um descri b 'n_Exanple 1, the seed starter was inoculated in a 96-well
deep wel | pbate:-cahtaining 500 pl of the main culture nmediumper well at 5
id per well, ¥and this was cultured at 25T and 900 rpm for 24 hours

5[ Bi ocat al ytijc reacti on] A culture solution of the 96-well| deep
wel | pl ate—~ centrifuged to renove the supernatant, to obtain bacteri al
cells. e bacterial cells were diluted with 100 jil of a potassium

phosph 2“gﬁffer (50 nmM pot assi um phosphate (pH 7.4), 10% gl ycerol, 1 nM
EDTA, 2 M DIT, 1 nM D-glucose) 10 containing 1 ng/m

N- (adamant an- 2-yl) -phthal am dic acid, to start a reaction. A reaction was
per f or meshlator 28Tvardti@@60-pm f or 24 hours. An equival ent anount of acetone
was adq§g 1}this was anal yzed by reverse-phase HPLC and, as a result, 18% of
a substra?e was converted into N-(5-hydroxy-adamant an-2-yl)-phthal am dic
aci 8. 15 Exafmplald3tib@07H} mipdeokyhatioar ofcheadrant anellpy reserwgiBdét eri al

cell reaction using,CY1l)109F n Lt r I -ol Pk atd on]
For inﬁ?%ﬁﬁcf%ﬁpgug%%d%%agﬁ?g%rgﬁgi%?§Q%1?%9%%&§2Eg?0§i2E$?%€ggrone PCR
met hod uwsagu lused nSpeci ¢ Cialtk pf fuhetiBrpdrePmene PERiGASSper f or med enpl oyi ng
pPET- 109EK as a tenpl at ing prinmers 1 and 4, and usi ng GeneMor phl
RandonﬁNﬁPﬁB%H%%fgq Fﬁ%ﬁ%ﬁz?éctured by Stratagene, 25 according to the
prot ocdFprmali hal a nutation frequency becane 0 to 4.5/ kb. The resulting
PCR fragnment was-restriction enzyne-treated with Xbal and Hi ndlH, and
inserted into ,E‘I’;?Lardobbpr epare an expression vector (pET- 109FKn).
[Screening]Q§9PhLejEscherichia coli (BL21(DE3)) was introduced pET-109FKm
to [

10
a salt or solvate thereof.

[0072]

Examples of “salt” include salts of inorganic acids such as hyvdrochloric

acid, sulfuric acid, nitric acid, phosphoric acid and the like; salts of organic

15 acids such as paratoluenesulfonic acid, methanesulfqnic acid, oxalic acid,

citric acid and the like:; salts of organic bases such as ammonium,

trimethylammonium, triethylammonium and the like: salts of alkali nﬁetals

such as sodium, potassium and the like; and salts of alkaline earth metals
such as calcium, magnesium and the like. '

20 [0073]

“Solvate” is such that the aforementioned compound may be

coordinated with an arbitrarily number of solvent molecules. Preferableisa

hydrate.
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obtain a transformant. 2296 col onies were collected as the transfornmant,
each colony was inoculated in a 96-well dell well plate containing 500 il

of a LB nedium per well, and this was cultured at 900 rpm and 37C for 24
hours to obtain a seed starter. 35Using the main culture nedi um descri bed
in Exanple 1, the seed starter was inoculated in a 96-well deep well plate
cont ai momp4/500 ill of the main culture nmediumper well, at 5 ill per well,

and this was, cul tured (at 2511 and. rpm f.or lture
sol uti on of trrcﬁ‘g 8B4 11blveeéljt“mIvfﬂ?laba Xml‘ri‘mceentur}r ﬁéé A48 8 \‘/Nea@t %g

SUpern@bﬁﬁﬁpkﬁQbe&abﬁab&@mﬁmﬂamlmEHésreﬁh& bacterdral cells were diluted

with 1 m of a ot assi um ph hat e buffer (5 tassrun1 a (pH
7.4), 10% gl Péefofeme AFESTACOD YRR e rr‘@l o> ﬂqu%‘é’lee dhit %?%?néﬁ‘i g/
N ( gadan@ddhan- @es}éli’h@[ﬂl’htnhﬂh)&l@ﬂ\ﬂhﬁ (dehihgtd l&ﬂa@matce:yrrdamnacbnSedtmrdeEdttrmn was

perforned at 28C and. 900 r nrfor 24 hour An equival ent 10 anmount of
acetongEﬁH%SPHEHgggd@ﬂr9ﬁﬁ TRHEY) SR FAHE was anal yzed by reverse-phase
HPLC. As a result, 91 colonies had activity which was i nproved 1.50-fold or
nore than that of a transformant with pET-109FK introduced therein. A

pl asmi &8P ¥xtracted from colonies, and a nutation position was identified
by sequenmeing. Regarding 177 and F232 annng 15 resulting mut ati ons,
substitution wth other am no a0|g wa rn% e-directed nutatlon
Gotho i LREHAGEn | PF SPEEBEITEEE e MIEAGSHeo IR B il 4EAr 8D By
Stratagepeiodetiivity of each nutant was confirned by the sane nethod as
that of screening and, as a result, it was found out that nutations

descri b8eeqd suitapied 2 |nproved act|V|ty as conpared with other 20nutations

(e.g. nutations.gdesctided. ddr Talre1 3B 1{abheC 2 BIoAMEr §iCOMP 1@k Behatl ve
ratio relative to 109FK 10911K12.91.00 | 77F 67.8 E 26 17 Y%SZMEHd Coh
MLO5128SER 11D AihL@Bl)“ inserted therein was introduced into Es
15 (BL21(DE3)) to obtain a transformant. The transformant was inoculated in 2
ml of a LB medium, and cultivated at 37°C on reciprocating shaker at 300 rpm
for 24 hours to obtain a seed starter.
[Main culture!
A M9 mix medium (100 ml) (6.78 g/L Na:HPO: (anhydrous), 3 g/L
20 KH:PO4, 0.5 g/L NaCl, 1 g/L NH4Cl, 4 g/L casamino acid, 100 uM CaClz) was
sterilized and, to this were added 100 pl of 100 mM FeSOs and 1 ml of 2 mg/ml
thymine. To this was added Overrﬁght Auto Induetion System manufactured
by Merck (Solution I 2 ml, Solution IT 5ml, Solution 1II 100 ub) and, further,
100 pl of 50 mg/ml carbenicillin, and 100 ul of 80 mg/ml 5-aminolevulicic acid
25 were added to obtain a main culture medium. 500 ul of a seed starter was
seeded in a 500 ml wide-mouthed Erlenmeyer flask containing 50 ml of a main
culture medium, and this was cultured at 25°C and 120 rpm for 24 hours.
[Biocatalytic reaction]
The culture solutien was centrifuged to remove the supernatant to
30  obtain bacterial cells. The bacterial cells were diluted with 25 ml of a
potassium phosphate buffer (50 mM potassium phosphate (pH 7.4), 10%
glycerol, ImM EDTA, 2 mM DTT, 1 mM D-glucose) so that a bacterial cell
concentration in terms of a culture solution became 1-fold, 2.5-fold, and 5-fold,
respectively, and placed into a 500 ml Erlenmeyer flask with baffles to obtain

35 a reaction solution. To this reaction solution was added
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21.2 1.64 F232| 31.7 2.47 F232L38.7 3.01 F232M 31.7 2.46 T234A 26.3 2.04
T244A 21.8 1.70 V399E 19.0 1.48 K702E

N-(adamantan-2-yD)-phthalamidic acid to a final concentration of 5000 pg/ml,
pH 7.4 to initiate a reaction. The reaction was performed at 28°C and 180
rpm for 31 hours, an eguivalent amount of acetone was added, and this was
analyzed by reverse-phase HPLC. As a result, a substrate was converted into

5 N-(5-hydroxy-adamantan-2-yl)-phthalamidic acid at a conversion rate
described in Table 1. |

[Table 1]
Bacterial cell concentration 1-fold 2.5-fold 5-fold
Substrate 5000 pg/ml 61% 100% 100%

Example 2
10 [0076]
Hydroxylation of adamantane by resting bacterial cell reaction using
CYP109FK
[Making of vector]
Referring to Applied Microbiology and Biotechmology, 2006, vol. 71,
15 p.455-462, an expression vector of a fused protein (109FK) of CYP109B1 and a
P450Rhf reduction domain was prepared. Specifically, for constructing a
109FK gene (SEQ ID No.: 4), an Overlap Extension PCR method was used.
PCR was performed employing pET-109B1-CamA-CamB as a template, and
using a primer 1 (SEQ ID No.: 7) and a primer 2 (SEQ ID No.: 8), and PCR was
20 performed by employing a genome of genus Rhodococcus NCIMB9784 strain as
a template, and using a primer 3 (SEQ ID No.: 9) and a primer 4 (SEQ ID No.:
10). Then, PCR was performed by employing each PCR product as a template,
and using primers 1 and 4, and the PCR product was inserted into a cloning
vector (pCR-BluntII-TOPO) (pCR-109FK). A fragment containing a 109FK
25  gene was excised with Xbal and BamHI from the pCR-109FK wvector, and
inserted into an expression vector pET21a to prepare an expression vector of
109FK (pET-109FK).
[Seed culturel
Into Escherichia coli (BL21(DE3)) was introduced pET-109FK, to
30  obtain a transformant. The transformant was seeded into a 96-well deep well
plate containing 500 ul of a LB medium per well, and cultured at 900 rpm and
37°C for 24 hours to cbtain a seed starter.

[Main culture]
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Fr21.9 1.70 [Table 3] Conversion rate Relative ratio relative to 109FK
M272T 10.1 0.78 F232K 2.7 0.21 Exanple 4 [0078] Hydroxyl ation of

adamant ane by resting bacterial cell reaction using CYP109B1 nutant by
random nutation [Introduction of random nutation] For introducing a random
hutation inte ?ﬁl%Yt%]eo%lBlngggﬁ rgnml;g%]%;l EI‘ 9911139%11”%){?199}31\’\@‘% the seed

used. Specifica the Error rone
starter was inoculated in a 96-well deep Weli plate containing 500 pl of the

main culture medium per well at 5 ul per well, and this was cultured at 25°C

and 900 rpm for 24 hours.

ch

[Biocatalytic reaction]

A culture solution of the 96-well deep well plate was centrifuged to
remove the supernatant, to obtain bacterial cells. The bacterial cells were
diluted with 100 pl of a potassium phosphate buffer (50 mM potassium
phosphate (pH 7.4), 10% glycerol, 1 mM EDTA, 2 mM DTT, 1 mM D-glucose)
10 containing ! mg/ml N-(adamantan-2-y1)-phthalamidic acid, to start a reaction.
A reaction was performed at 28°C and 900 rpm for 24 hours. An equivalent
amount of acetone was added, this was analyzed by reverse-phase HPLC and,
as a result, 18% of a substrate was converted into

N-(5-hydroxy-adamantan-2-yl)-phthalamidic acid.

Example 3

(00771

Hydroxylation of adamantane by resting bacterial cell reaction using
CYPI09FK mutant

290 {Introduction of random mutation]

For introducing a random mutation into a 109FK gene, an Error Prone
PCR method was used. Specifically, the Error Prone PCR was performed
employing pET-109FK as a template, using primers 1 and 4, and usirig
GeneMorphil Random Mutagenesis Kit manufactured by Stratagene,

25 according to the protocol, so that a mutation frequency became 0 to 4.5/kb.
The resulting PCR fragment was restriction enzyme-treated with Xbal and
HindlIl, and inserted into pET2la to prepare an expression vector
{(pET-109FKm).

[Sereening]

30 Into Escherichia coli (BL21(DE3)) was introduced pET-109FKm, to
obtain a transformant. 2296 colonies were collected as the transformant,
each colony was inoculated in a 96-well dell well plate containing 500 ul of a
E.B medium per well, and this was cultured at 900 rpm and 37°C for 24 hours
to obtain a seed starter.

35 Using the main culture medium described in Example 1, the seed
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10performed enpl oyi ng pET- 109B1- CamA- CanB as a tenplate, using a priner 1
and a prinmer 5 (SEQ ID No.: 11), and using GeneMrphll Random Mut agenesi s
Kit manufactured by Stratagene, according to the protocol, so that a
mut ati on frequency becane 0 to 4.5/ kb. The resulting PCR fragnent was

restriction enzyne-treated w th Xbal, and Kpnl, and inserted into 7kb 15
fr agmeft®6f* ﬂﬁyi’b@ﬂa%’gﬁﬂ’ éa%f%i%eﬁphg&%b@éanter %Osrittail%]tnlgogogﬁlzlyenfgt-}{er eat ed
wi t h Xbalinandtkpnheldou priepawelian cexpr gssineil ,vecd ohis( PET <2098 mtCara- CanB) .

[ Scr eeni | nt oEscherjch acoli (BL21(DE3))wasi ntroduced 20
pET- 10@%@%{%%@ ﬁ%ﬁi b%“%sot ain a transformant. 880 col onies were collected

as the transporumaats seBtho€alfore wasSwéNotedatwed] iplate YGranweddt riepdwel |

plate containing 500 e.1 of a LB .mediumper well, and this ywas cultured at
00"  phT AR JHC TBF T2 KBor & BB TS B ettt af Foro LT AD THE Waln
cul t ur gim@ed umiglescrinbeds i n Fxarplen 1phbheh seeth@Ber SHar eV wasadsioaul at ed

in a 96-wel| deep well plate containi 00 til mai n cul ture medi um
per wePPospfats &pﬁ ﬂe?)’v\gqof’,g%éﬁ‘”dr hilsm&gﬁgﬁ?‘t ﬁr‘é‘g'fl ﬁ{‘gSET’é BQ@JO‘CPB’?% for 24
hours containing A Bt UNE 2SR b 0 - 0fy 13 e tQ6imakdicdaep, webilarplaate vas.
centrifuged to renove the supernatant to obtain bacterial cells. The

bact er Pals (1o WA S8 ef Pt 20 Cwk bh HODTRE B 21 f%ef*agsi i %%%aﬁ%t

bufd er o L@ Vo POt @3 5haiMyphosphat fidedH dnd) thd OPosgl GRr @las Lol EATAy 2 MM
DIT, 1 nM D-glucose) containing 1 ng/ . N (adamant an-2-y1)-phthal am di c

aci d, toraeambaser dbithbon. 48 A2y Batt P or? WaS PR REd 258 V29T WHEDOGHR S pm f or
2 hour sy, Ay £OUI YeUret aNBURE afaRaekensr Wasrihemraddedwitthe mesubrant was
anal yzed bé reverse-phase HPLC. As a result, 16 colonies had activity which
was i nprigoedcad 2Bergpd o PhoTeid Han HaRCOR & omk 4ASTOP et d i FH PBEPFL09FK
5i ntrogduced, £ hes &idenfisRl @YY deWas nexld ackedataom qekonngs Feandaa it ation
position was identified by sequenci n_g. Activity of each nutation was

r édonf Fesredingy ntHe tidte ST (S tHab Ofhesch wend myidntzs deri ey, it
was found. put.dhal, JINtahi 0ns desqil ®reh & 1Table- ik FRIONEH 2364 b ¥ilst i @S
conpared wth other nutations (e.g. nutations described in Table 5). 10[ Tab
Le 4] maowmfarsitsd paferblagenge ratioty off richemubanbeBe 40dBm§DEy2the 00

same method as that of screening and, as a result, it was found out that
mutations described in Table 2 improved activity as compared with other

20 mutations (e.g. mutations described in Table 3).

{Table 2}
Conversion rate | Relative ratio relative to 109FK
109FK 12.9 1.00
I77F 67.8 5.26
I7TW 67.8 5.27
M1051 28.0 2.17
A196D 21.2 1.64
F2321 31.7 2.47
Fz23z2L 38.7 3.01
F232M 31.7 2.486
T234A 26.3 2.04
T244A 21.8 1.70
V399K 19.0 1.48
K702E 21.9 1.70
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| 77F 33.5 1.44 L357P j30.3 1.31 A362T 27.1 1.17 F41L 26.7 1.15

Conversion rate Relative ratio relative to 109B1 E242K 14.3 0. 62

10

15

20

30

[Table 3]
Conversion rate | Relative ratio relative to 109FK
M272T 10.1 0.78
F232K 2.7 0.21
Example 4
[0078]

Hydroxylation of adamantane by resting bacterial cell reaction using
CYP108B1 mutant by random mutation
[Introduction of random mutation]

For introducing a random mutation into a CYP109B31 gene, an Error
Prone PCH method was used. Specifically, the Error Prone PCR was
performed employing pET-109B1-CamA-CamB as a template, using a primer I
and a primer 5 (8EQ ID No.: 11), and using GeneMorphll Random
Mutagenesis Kit manufactured by Stratagene, according to the protocol, so
that a mutation frequency became G to 4.5/kb. The resulting PCR fragment
wasg regtriction enzyme-treated with Xbal and Kpnl, and inserted into a Tkb
fragment of pET-109B1-CamA-CamB  which had been restriction
enzyme-treated with ZXbal and Kpnl to prepare an expression vector
(pET-109B1im-CamA-CamB).

[Screening]

~ Into Escherichia coli {(BL21(DE3)} was introduced
pET-109B1m-CamA-CamB, to obtain a transformant. 880 colonies were
collected as the transformant, each colony was inocculated in a Qﬁ'well deep
well plate containing 500 ul of a LB medium per well, and this was cultured at
900 rpm and 37°C for 24 hours to obtain a seed starter.

Using the main culture medium described in Example 1, the seed
starter was inoculated in a 96-well deep well plate containing 500 ul of the
main culture medium per well, at 5 gl per well, and this was cultured at 25°C
and 900 rpm for 24 hours.

A culiure sclution of the 96-well deep well plate was centrifuged to
remove the supernatant to obtain bacterial cells. The bacterial cells were
diluted with 500 pl of a potassium phosphate buffer (50 mM potassium
phosphate (pH 7.4}, 10% glycerol, 1 mM EDTA, 2 mM DTT, 1 mM D-glucose}

containing 1 mg/ml N-{adamantan-2-yl)-phthalamidic acid, to start a reaction.
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U6R 23.2 1.00 Exanple 5 15[0079] Hydroxyl ati on of adamantane by resting
bacterial cell reaction using CYP109B1 nutant with nmutation of CYP109FK
mut ant i ntroduced therein A part of nutation of the 109FK gene
found out in Exanple 3 was introduced into a CYP109Bl gene, anﬂ activity
was neasured by the nethod 20 for, _screening of Exanple 4. In this respect,
bact eri PeééﬁPg Wer @ cdfrue el Ak 4th C1and %90épﬁbﬁ&%@ngﬁ¥ﬁhog%ﬁ&¥é“bﬂk$%r (50
MM pot assh ut pbpsamto%e(nblas? Flon 10%00hYCREO! redu MM EDRAs 2 A DIT. b

D- gl ucose) containing 3 N- (adamant an- 2-y1) - pht hal am di ¢ aci d, and a
react.ofﬁ‘”ﬁr%ﬁephééecﬁg‘ tded t*AtF 6 otiHs. [Ascalomdsal pad ectvaidyf ouridh obest hat

mut at i aRsdeser i Bedrdin Jabherd (RRL K SV el @C@ﬂawqffa/rmM@%%h%ET 1§pmyersion
ratg Rel ative ratio relative to 109B1 109B1 47.9 1.00 .

introduced therein. A plasmid was extracted from colenles and a mutation
position was identified by seguencing. Activity of each mutation was
reconfirmed by the same method as that of screening and, as a result, it was
found out that mutations described in Table 4 improved activity as compared
with other mutations (e.g. mutations described in Table 5).

16 [Table 4]

Conversion rate Relative ratio relative to 109B1
109B1 23.2 1.00
177F 33.5 | 1.44
L357P 30.3 1.81
Aze2T 27.1 1.17
| F41L 26.7 1.15
[Table 5]
Conversion rate Relative ratio relative to 109B1
E242K 14.3 | 0.62
Q46R 23.2 . 1.00
Example 5
15 [0079]

Hydroxylation - of adamantane by resting bacterial cell reaction using
CYP109B1 mutant with mutation of CYP109FK mutant introduced therein
A part of mutation of the 109FK gene found out in Example 8 was
introduced into a CYP109B1 gene, and activity was measured by the method
20  for screening of Example 4. In this respect, bacterial cells were diluted with
1 ml of a potassium phosphate buffer (50 mM potassium phosphate (pH 7.4),
10% glycerol, 1 mM EDTA, 2 mM DTT, 1 mM D-glucose) containing 3 mg/ml
N-{fadamantan-2-yl)-phthalamidic acid, and a reaction time was changed to 16
hours. As a result, it was found out that mutations described in Table 6
25 improved activity.

[Table 6]
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70.9 1.48 1 77W61.2 1.28 MLO51 57.5 1.20 T234A 55.8 1.17 On the other
hand, confirmation of activity of the CYP109Bl gene in which nutation was
i nt roduced into F232 was perfornmed by the nethod for screening of Exanple
4. As aresult, it was found out that mutations described in Table 57

i mproved activity. [ Tabte 7] conversion rate
mp y léonverssgn rate lﬁelatpve ratio relative to 109B1
109B1 479 1.00
177F 70.9 1.48
ITTW 61.2 1.28
M1051 | 57.5 1.20
T234A 55.8 1.17

On the other hand, confirmation of activity of the CYP109B1 gene in which
mutation was introduced into F232 was performed by the method for sereening
of Example 4. As a result, it was found out that mutations described in Table

5 7 improved activity.

[Table 7]
Conversion rate | Relative ratio relative to 109B1FK

109B1 9.6 1.00
rF2321 ‘ 14.9 1.55
F232L 14.8 1.55
F232M 15.7 ‘ 1.64

Example 6

10 [0080]

Hydroxylation of adamantane by resting bacterial cell reaction wusing
CYP109B1 mutant (I77F) |
[Seed culture]
An expression vector (pET-109B1 (I77F)-CamA-CamB} with a
15 CYP109B1 mutant (I77F) gene (SEQ ID No.: 5) inserted therein was
introduced into Escherichia coli (BL21{DE3)) to obtain a transformant. The
transformant was inoculated tn 2 ml of LB medium, and cultured with a 300
rpm reciprocating shaker at 37°C for 24 hours to obtain a seed starter.
[Main culture]
290 Main culture was performed as in Example 1.
[Biocatalytic reaction]
A Biocatalyvtic reaction was performed as in Example 1. After the
reaction, an equivalent amount of acetone was added, the resultant was

analyzed by reverse-phase HPLC and, as a result, a substrate was converted
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c- Relative ratio relative to 109B1FK 109B1 9.6 11.00 F2321 14.9 11.55
F232L F 14.8 1.55 F232M . .i 15.7 1.64 Exanple 6

into N-(5-hydroxy-adamantan-2-yI)-phthalamidic acid at a conversion rate in

Tahle 8.

[Table 8]

Bacterial cell concentration 1-fold 2.5-fold 5-fold

Substrate 5000 ug/mli 88% 100% 100%
5  [Purification]

After the reaction sclution as a whole was centrifuged, 113 ml of the
supernatant was obtained. The supernatant (40 ml) was adsorbed onto 5 ml
of HP208S, and this was 2CV-washed with 2 0.1% aqueous formic acid sclution,
and eluted with 0.1% formic acid, and a B0% agueous acetone solution to

10 obtain an active fraction. The active fraction was concentrated, and
lyophilized to obtain 125 mg of a powder of
N-(5-hydroxy-adamantan-2-yl)-phthalamidic acid. A structure was analyzed
by NMR and, as a result, since NOE was observed between H of 3.92, and H of
1.71 and 1.62, it was found out that the structure was Anti entity 100%.

15 1H NMR (DMSO-d6) & 8.40{(1H, br. s}, 7.74 (1H, br. s), 7.522 (1H, td, 4=7.5,
1.1Hz), 7.461 (1H, td, J=7.5, 1.1Hz), 7.40 (1H, br. d, J= ~8Hz), 4.40 (1H, br. s),
3.92 (1H, m), 2.05 (2H, br. s), 1.97 (2H, m), 1.6 (1H, m), 1.71 (2H, br. d), 1.62
(2H, br. d, J=~12Hz), 1.61 (1H, br. &), 1.28 (2H, br. d, J=~12Hz)

20  Example 7
100811
Hydroxylation of adamantane by growing bacterial cell reaction using
CYP109B1 mutant (I77F)
[Seed culturel
25 A expression vector (pET-109B1 (I77F}-CamA-CamB) with a CYP109B1
mutant (I77F) gene (SWQ ID No.: 5) inserted therein was introduced into
Escherichia coli (BL21(DE3))} to obtain a transformant.
One platinum loop of the transformant was seeded in a 500 ml
wide-mouthed Erlenmever flask containing 50 ml of LB medium, and cultured
30 at 37°C and 180 rpm for 5.5 hours to obtain a seed starter.
[Main culturel
1 LofalL medium (10 g/L triptone, 5 g/l yeast extract, 5 g/L NaCl) was
sterilized, to this were added 1 ml of 100 mM FeSOy4, 20 g of glycerol, 30 g of
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10[ 0080] Hydroxyl ati on of adamantane by resting bacterial cell reaction

usi ng CYP109B1 mutant (177F) [Seed culture] An expression vector (pET-109B1
(177E) - CamA-CanB) with a 15CYR109131 nutant (1771) gene (SEO ID No.: 5)

i nserted therein was introduced into Escherichia coIi (BL21(1/E3)) to

o uh AT B ae A 00 TP o e e ekt i Bl e 1 Eelfogy
nmedi u 0 a 0
hour S h&g/ﬁhtalamlaosee&dlcs& abic_Er},o Mﬂuo![ﬁ 2calet it ellyﬂ@ﬁ/a,l i icubt ?Tﬁﬂﬂ}[ﬂ\asﬁqberif ;)r nmed
in a a i.c reaction at a i c.reaction
oo pematbafetannil B rEa S GRAGA R 7 edvershe i B8 HSARE HEatnt %ot
aCetOﬂ@uM@ﬁm&Qdﬁﬂsaﬂmeﬁﬁ&SMﬁhamhomaénﬂﬂahyzedbbﬁOh&M&ﬂS@o@h&SﬂlHRnhﬁiand,
as a res

ubstr te s, conv rteq
N (- hgaresEy- Rttt an 2 B ERCHG e e derd e den s Lamiebal s e ls
Tabl e 8.1, pcTabken8h culBaet atddhnceldd econcent ¢ atdsomidiat ol ¢y dmtkolithdbaf ol d |,
Subst ratg 5000 l!.lng{In‘?PhdS%o 100% Six hours after culturing initiation, IPTG was
added to a final concentration of 1 mM. During culfuring, casamino acid,
glycerol, and a substrate were arbitrarily added, and an amount of a finally
10 added substrate reached 30 g/L.. Seventy-two hours after reaction initiation,
the reaction was analyzed by reverse-phase HPLC and, as a result, 67% of the
substrate was converted into N-(6-hydroxy-adamantan-2-yl)-phthalamidic

acid.

15 Example 8
[0082]

Hydroxylation of adamantane by growing bacterial cell reaction using
CYP109B1 mutant (J77F) and production of monohydroxy-2-adamantanamine
[Production of vector]

20 An Escherichia coli JM109 strain-derived glycercl dehydrogenase gene
(SEQ ID No.: 6) was inserted into pCDFDuet to construct an expression vector
(pCDFD-GLD).

[Seed culture]
Into Escherichia coli (BLL21(DE3)) were introduced pCDFD-GLD, and

25 pET-109B1 (I77F)-CamA-CamB deseribed in Example 7, to obtain a
transformant. One platinum loop of the transformant was seeded in a 500 ml
wide-mouthed Erlenmeyer flask containing 50 ml] of LB medium, and cultured
at 37°C and 180 rpm for 7 hours to obtain a seed starter.

[Main culturel ‘

30 1 L of a L medium/M9 (10 g/L triptone, 5 g/L yeast extract, 6.78 g/L
Na:HPO: {(anhydrous), 3 g/L KH:PO4, 5.5 g/L. NaCl, 1 g/L NH4Cl} was
sterilized, to this were added 1 ml of 100 mM FeSO4, 20 g of glycerol, 30 g of
hydroxypropyl-B-cyclodextrin, 1 ml of 50 mg/ml carbenicillin, I ml of 50 mg/ml
streptomycin, 1 m! of 80 mg/m! H-aminolevric acid, and 10 ml] of 2 mg/ml

35 thymine. Further, Overnight Auto Induction System manufactured by Merck
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100% 5[ Purification] After the reaction solution as a whol e was
centrifuged, 113 ml of the supernatant was obtained. The supernatant (40
m )-was adsorbed onto 5 m of HP2GSS, and this was 2CV-washed with a 0.1%
aqueous formc acid solution, and eluted with 0.1%formc acid, and a 50%
aqueous acetone solution to loobt ain an active fracti ?n The active fdr action
was cofenttiat éd 20amd. |Sdphicni 2ed arbbfaltiensiliylorlh W@r‘iegf
N-(5-h mym%m@t 2N Ziokbha i hak & dilgcRCicda AlSkFCt Whe wese@nalyzed by
NMR an as a result; since NOE was observed between FI of 3.92, and H of
1.71 arfithal. @2centrataen POGRA0 LY Thae abfialser mes e e BmAfivBnt i4 yeeb0%
15 1H N BfyinShs c%nlf}lr(ﬂa 1; 1héf 1189 mahndS@AtdH, td,
J=7. 5, tg%@?ﬁlg%‘fg Sﬁgdt(g(]&?%ﬁﬁ e Tvan 1H, br, d, J= -sg_g-),
4 49 (mdstgrm &) csitgeznqwasmyumzteﬂsb(yzwntﬁiallnsg at 289G, O roy, and @bt (111,

, 1 (2 : ( ) 1 bl £ 1EihBfats) weds 28
(2H hr% Wjuwl%ﬁ%“%‘%uﬁgan%l%ng%ﬂ Cid] I@(%Ir:—%%(d | ation of adanantane by
gr owi ngrbacaerlyaadd@é| Ianldeat:tlrn@ﬁnlﬁs?lfrfgf@\aﬁﬂmgBie phptrate 77E L S88E bul t ur €]
257 eXRLes5l o0 MeShOL (AT T09R { |B(F): A Canheith ke CHRIGIBE st an
(177F) "gene | inserted therein was introduced into
Escher |rehe&ecp)hhse( BIF24¢ @E@) ys oresivt i %A of ransfudsiegie, was converted ingge

i nym, L of .the t for . s66dedkn a 500 M wi de- nout hed
?é r%“mé q]fy%rO Ydont a%ﬁ%%ggéygpﬁ%m%ﬂB rre((}d“m and cul tured 30at 37T and
180 rprinmfquat5oﬂn]ours to obtain a seed starter. [Main culture] 1L

of a L nediu 9/ L LriREone, ie 2018/ ) 4 Was
sterilized, ?‘]o ]-lgl 5 \?\%lruetmgdagé dléﬂ?(%%‘ig%%ﬁ%éé@%% %Oggéoolgﬁg;fycerol 30 g

of hydm@myxpeﬂpg/rl 128 ccym* ddextnutes, Edrk mrfot@@hmrg/mOu@awlaenci@qmltMedlo m
of 80 ng/ -am, nol e icic acid 10, . ,0
/‘hﬁgg §ap f?r%{ju(gf %&awth afn atﬁlbﬁ-(klh—b Q ﬂ&xﬁp}tﬁ&@{ﬂ &1@1 m:p%o ajn(gt}(?ef

Myd 2, anol mant an- 2- y0- pht hal am di c
acitd Whkehltiast avvsubshmaﬁfega/thse addeth tlo6a K iafathecenpematamiton tof 8000 ug/ m ,

toobtalnamalncut di u eed s rter. (4 e n
L- mi ni j"4PeEBALH NV AG rbr% ?rhgbpraqlfl gﬁlnt%rr%m{% %lu%nnt%pdéﬂ@a?tglr?%(g%\?vas

initiated byiscontraltdngist 2218G;q16eﬂﬂ1sr @mnamﬁapkb Bh&rinSix algbivesirattion.

culturing initi PTO was ad i nal t.rati-0
Duri ng 'Ircllﬂ TR racgé"sré%aﬁﬁog‘éeﬁra ‘fycl 98511156% daia’%%bg?r gfledov\%rl gffgjabl trarily
added, amda @b @@ UIHto 02 camf Iolﬂ&dyldyozlﬁle acded ssibsterbit e IRAaCed Boisgh s

Seventy-two hours after reaction in tion reatlon $ al d by
rever sé pas &' HPLE Kifd, * s *3 peduft’ v %‘ ag (E]Detdl Heciila (R 68

7% oF *fhe’ 'Substrat e ‘was convert ed
into Ni{&phydraxys aﬂﬁﬁﬁrﬁ am-gZGﬁ/é.)I}opmdiaHaﬁbdbhy&m;d 2-adamantamine. A

purity was measured by the FDLA method and, as a result, a purity of

monohydroxy-2-adamantamine was 896.6%.

25  Example 8
[0083]
[Formula 15}

T e .
? p HO [ i“ﬁ""’w%\?‘/
N S H =N

WSC
HOBT HO

2 TEA 4
DME, .1 14hr

To a solution of Comvound 3 (150 mg) in dimethylformamide (DMF) (5
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15 Exanpl e 8 [0082] Hydroxyl ation of adamantane by grow ng bacterial cell
reaction using CYP109B1 nmutant (177F) and production of

nonohydr oxy- 2- adanmant anam ne [ Production of vector] 20An Escheri chia cob
JMLO9 strain-derived glycerol dehydrogenase gene (SEQ ID No.: 6) was
|nserted1)| nto % e(i Cgconstr ct, an % e55| on vect or (Q%EGLD [ Seed
cul tur €11 nt ¥ Echer FEH G cofi®mC P_’ﬂf[((’ﬁE )%‘) f‘ﬂf‘?‘dﬂﬁced and
25 pE'Ii——&SB@Bﬁ(y(bleHaﬁ-zQMm CanB descriia@gTi n Exanpl e 731to obtain ae),
transfor ati num | Qo of the tran nt S. see n.a 500 m
G ol haErTOA e ap T HL R RO e T oty B0 ot Redurt T ahd ShTEur ed
at 37T ragd akﬁntflpmhfzmrm&ehcnﬂfm t(os«nbﬁal anaefs&ad sttasdal atpMBpBeell 40 e] 301
L of a h medi um VD (10 L tr| tone east extract, 6.78 giL Na2HPO4
(anRydr'8fisy X4 GMa KD ‘@/E“Wa?@f ‘“ie éﬂlmozm) WHECSERPPISHR, to
this V\@Eehadéﬁ&lénniNnyde@hIﬂVﬁf@ﬁ@‘KBO&ﬁl)gwaE adlapaerOllowd®bg Rftraction

hydr oxypr opyl.t cycl odextrlfn 1 mM of 50 mg/m carbenicillin, 1 m of 50
my/ m - SYERpEOMcREtate m g SoEMY R B ramidTol8RPR ALY W aska 1T I OF 2
my/ M 39kBYHE NeutuFfdd186 di (M e Raghtn Al Qolndust 400 Sysigmomanyd achused by
Merck (Solution 1l 20 m, Solution Il 50 m, Solution Ill 1 nD was added,
and N- CAAHRMRAATIZeV ) L HREnAREnf BPE ARG I™RERERTY S s l&tisst rhFel ad Bdtled to
a ﬁ!}na|1e&@ﬂ@@néﬁ@tﬂh@r}e@fd@% gg/mledt@ olt@l Pe Be Bl Gidh Eﬁylﬁftm%h'm A
seed starter (40 s seeded in 3 L-ninijar containing of the main
cul t ur & i Wi 6{336€Lﬂtur| ng-was initiated by controlling at 28C, 500 rpm

and pHNGvR: (Owid19g p@ht@r bBg,6 AasaM NG Ackho ghyeerol 5 Bnd, %zﬁut@%@%e wer e
arbitrari :4%/ adde Zm)unt of a f| nably added substrate feached 30

g/ L. Sdvérft {a \%gh&u?% 6af? & rldhet’i bh (PnitP ati on, the reaction was anal yzed
by reverse-phase HPLC and, as a result, 90% of the substrate was converted
into 10N-(5-hydroxy- adamant an-2-yl)- pht halam dic acid. [P u. ri ficationl

A £l t hreéusioiak dom i owlsilddj usted with hydrochloric acid to pH of 4, and
sterilij |g@giﬂat 120C for 15 minutes, and a protecting group was deprotected.
A pH was adjusted with an aqueous sodi um hydroxi de solution to 7, and the
15 resul t ant Thaspeentti pugeds t o robrraiutilizes 4s of prheesuper mardneing s of

t he 5UB?E{P&Eﬂmed"’?o%x@@?grc%%oq{h@f?@vmg 2f 23R nATRRUNR ) 20 YD& P2l qn

PK208, and this was eluted wth N aqueous anmonia to obtaln an active
fracti onterTediacy f%fﬁm@e@m@nrwss ceoric emdigined, dtylophipstzedd witésbiaked in
108, m yPefi wat er, and adsorbed onto 120 ml of hydroxide ion-type Anberlite

| RA410. This was 20 eluted with water, and an active fraction was obt ai ned,
concentrated, and |lyophilized to obtain 9.64 g of a powder of

nmonohydr oxy adamantam ne. A purity was neasured by the FDLA method and,
as a reng ]ngea pu?ﬁ%nr g]ft mt)nohydr oxy- 2- adamant am ne was 96. 6% 25 Exanple 9
[0085

SEQ ID No.: 1 represents an amino acid sequence of CYP109B1.
25 [0086]
SEQ [D No.t 2 represents a base sequence of a gene encoding
CYP109B1 used in Example 1.
[6087]
SEQ ID No.: 3 represents an amino acid segquence of CYP109FK.
30 [0088]
SEQ ID No.: 4 represents a base sequence of a gene encoding
CYPI10STK.
[0089]
SEQ ID No.: 5 represents a base sequence of a gene encoding a

35 CYP109B1 mutant (I77F).
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[00831 [Fornula | 5] To a solution of Conpound 3 (150 ng) in

dimethyl forma de (DMF) (5 ml)wereaddednonohydr oxy- 2-adanmant anam ne( 140ny),
1- hydr oxybenzotri azol e (HOBT) (31 nm),

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochl ori de (WSC) (174 np),
and triethylamne (TEA) (180 m) under the nitrogen atnosphere, and the

m xtur é OQ&é stirred at roomtenperature for 14 hours. After conpletion of
the reacti OnSF%;l\lIbyIQBOCéﬂ'IrQIH@SGQ% d é%@efﬁi)dé’ﬁ?‘dﬁ%@%@se fy@h L et Y from
extraction wth ethyl acetate. The organic |ayer was sequentially washed

wi th affsaheechsa sativtMi88 s¢vdi'um bi car bonate sol uti on and an aqueous
saturated sodium chloride solution, and dried over magnesiumsul fate. A
sol vent was 10renoved, and the resi due was purified by silica gel

chremat ography to obtain Conmpound 4 (226ng). NVR (CDCl1l3); '1.06 (d, 4=6.6
Hz, 611), 1.53-2.20 (m 14H), 3.72 (s, 3H), 3.98 (d, 3=6.6 Hz, 2H)
6.25-6.30 (m 1H), 7.71 (s, 1H) 15Industrial applicability [00841

The present process can be utilized as a process for producing a

hydr oxyl ated form of a conpound havi ng an adamant ane skel eton useful as an
internediate for functional resins and nedicines, at |ow cost and with high
20yi el d. Sequence listing free text [0085] SEQ ID No.: 1 represents an

am no aci d sequence of CYP109Bl1l. 25[0086]
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SEQ ID No.: 2 represents a base sequence of a gene encoding CYP109B | used
in Exanple 1. [0087] SEQ ID No 3 represents an am no aci d sequence of
CYP109FK. 30[ 0088] SEQ ID No.: 4 represents a base segugnge of a
gene encodi ng CYP109FK. [0089] SEQ ID No.: 5 represents a
base sequence of a gene encoding a 35CYP109B1 nmutant (177F). [0090]

SEQ ID No.: 6 represents a glycerol Cél%’d’%r ogenase gene derived from Esch
richia coli JMLO9 strain. dains 1. A process for producing an

N- ( 5- hydr oxy- 2- adamant y0- benzam de derijvative characteri Ze‘i’)-BX amid

hydr oxyllat iAgpaeceNs ( Zoadamahtgi@ebefz am §& hydroxy-2-adamanty nzamice
5deri vatj veusi.ngcyt achr onePR , J n N-(2-adamantyl)-benzamide

N (5- hy&i’e&V-sci‘-’% éﬁﬁ%%vf -ebdg%g'aﬁ?g{é&lagép\%agt Fve ié a conpognd of the

for mgl a:derGritdher ei n Wiing a hyavopHidoinee gr oup; 43hd wherein the

N'(5-hydroxy-z-adamantyi)'benzamide derivative is a compound of the

formula:

e
I R
Q =~

NH

OH
wherein R is a hydrophilic group, and

wherein the N-(2-adamantyl)-benzamide derivative 1s a compound of the

10 formula:

\

NH

&

wherein R is & hydrophilic group.

2. A compound of the formula:

15

o
L ——COOH
Q

i\: NH
a salt or a solvate thereof.
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wherein the N-(2-adamantyO-benzam de derivative is a conpound of the
10formul a: wherein Ris a hydrophilic group. 2. A conpound % gﬂgy
formul a: 15 a salt or a solvate thereof. MSUP 3. A conpd fe-lgt t he
formula: OH a salt or solvate thereof, wherein Ris COCH.

3. A compound of the formula:®

/ER
O A

NH

OH

a salt or solvate thereof,
wherein R is COOH.
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