SPECI FI CATI ON *159159* A METHOD FOR DEUTERATI ON OF A
HETEROCYCLI C RI NG TECHNI CAL FI ELD The present
invention relates to a method for deuteration of a -
het erocyclic ring, using an activated catal yst. |”||||||||||||||||
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Conventional t'echnology includes, for example, a method for
deuteration of a compound having a heterocyclic ring using heavy water,
deuterated hydrochloric acid and mercaptoacetic acid [Tetrahedron
Letters, 43 (2002), 2389-2392], a method for deuteration of a compound
having a heterocyclic ring under a supercritical condition using
supercritical heavy water and deuterated anion (Chemical Society
Reviews, 1997, Volume 26, 401-406), and a method for deuteration of a
compound having a heterocyclic ring at 100°C using a palladium
catalyst reduced with hydrogen gas in advance (Chem. Commun., 2001,
367-368).
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but also has a problemthat a conplicated purifying
procedure is required to isolate a deuterated

conmpound by said nmethod because the reaction liquid

is not neutral, even if a conmpound which does not
deconpose in acidic condition is used as a substrate.
Further, a nmethod using supercritical heavy water has
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BEST MODE FOR CARRYING OUT OF THE INVENTION

In the present invention, heavy hydrogen means deuterium (D)
and tritium (T) and deuteration means substitution with deuterium and
trittium. Further, in the present specification, deuteration ratio means
ratio of amount of hydrogen atom substituted by a deuterium or a



The hetero atom contained in a heterocyclic ring

i ncludes generally a nitrogen atom an oxygen atom a

sul fur atomand the like, and anbong others, a

nitrogen atomis preferable. The heterocyclic ring as

descri bed above includes generally 3- to 20-nenbered,
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thiazole ring, isothiazole ring, 1,3-thiazole ring, imidazole ring,
imidazoline ring, 2-imidazoline ring, imidazolidine ring, pyrazole ring,
pyrazoline ring, 3-pyrazoline ring and pyrazolidine ring; 5-membered
heterocyclic rings having three hetero atoms such as furazan ring,
triazole ring, thiadiazole ring and oxadiazole ring; 6-membered
heterocyclic rings having one hetero atom such as pyran ring, 2H-pyran
ring, pyridine ring and piperidine ring; 6-membered heterocyclic rings



benzene ring and a naphthal ene ring. Specific exanples
of the bicyclic heterocyclic ring include, for
exanpl e, heterocyclic rings having one hetero atom
such as benzofuran ring, isobenzofuran ring,

1- benzot hi ophene ring, 2-benzothi ophene ring, indole
ring, 3-indole ring, isoindole ring, indolizine ring,
indoline ring, isoindoline ring, 2H chromene ring,
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1,8rnaphgyigineand rmg,eoveuinoxaliky| . rgngup, qainazdlieay| ring,
qdh@YBlidfik %Mg inﬁHBlin@nrﬁ{a%qa?%/i yﬁ{l'%azﬁ% qlihgﬁyheterocyclic

.group, .an _ aryl oxy group, ] _group, o _
ringy PARiRE L petene ARYs sHatoayPUERedp)g and pteridine ring.
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a hydroxyl group, a mercapto group, an oxo group, a thioxo group, a
carboxyl group, a sulfo group, a sulfino group, a sulfeno group, a
phosphino group, a phosphinoyl group, a formyl group, an amino group,
a cyano group and a nitro group, and moreover an alkyl group, an
alkenyl group, an aryl group, an aralkyl group, an alkoxy group, an
aryloxy group, an alkylthio group, an arylthio group, an alkylsulfonyl
group, an arylsulfonyl group, an alkylsulfinyl group, an arylsulfinyl



which is specifically exenplified by a nethyl group,
an ethyl group, a n-propyl group, an isopropyl group,
a n-butyl group, an isobutyl group, a sec-butyl
group, a tert-butyl group, a n-pentyl group, an

i sopentyl group, a sec-pentyl group, a tert-pentyl
group, a neopentyl group, a n-hexyl group, an
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1-butenyl group, a 1,3-butadienyl group, a 4-pentenyl group, a
3-pentenyl group, a 2-pentenyl group, a l-pentenyl group, a
1,3-pentadienyl group, a 2,4-pentadienyl group, a



2-cycl ononenyl group, a 3-cycl odecenyl group, a
2-cyclotridecenyl group, a 1-cyclohexadecenyl group,

a 1-cycl ooctadecenyl group and a 1-cycloi cosenyl
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naphthylundecyl group, a naphthyldodecyl group, a naphthyltridecyl
group, a naphthyltetradecyl group, a naphthylpentadecyl group, a
naphthylhexadecyl group, a  naphthylheptadecyl group, a
naphthyloctadecyl group, a naphthylnonadecyl group, a naphthylicosyl
group, an anthrylethyl group, an anthrylpropyl group, an anthrylbutyl
group, an anthrylpentyl group, an anthrylhexyl group, an anthrylheptyl



phenant hryl pent adecyl group, a phenanthryl hexadecyl
group, a phenanthryl heptadecyl group, a
phenant hryl oct adecyl group, a phenanthryl nonadecyl
group and a phenant hrylicosyl group. The al koxy group
may be straight chained, branched or cyclic, and
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The alkylthio group may be straight chained, branched or cyclic,
and includes one generally having 1 to 20, preferably 1 to 15, more
preferably 1 to 10 and further preferably 1 to 6 carbon atoms, wherein.
an oxygen atom in the above alkoxy group is replaced by a sulfur atom,
which is specifically exemplified by a methylthio group, an ethylthio
group, a propylthio group, an isopropylthio group, a butylthio group, an
isobutylthio group, a tert-butylthio group, a pentylthio group, a



et hyl sul fonyl group, a n-propylsul fonyl group, an

i sopropyl sul fonyl group, a n-butylsul fonyl group, an

i sobutyl sul fonyl group, a tert-butylsulfonyl group, a
pentyl sul fonyl group, a neopentylsulfonyl group, a
hexyl sul fonyl group, an isohexylsul fonyl group, a
tert-hexyl sul fonyl group, a heptylsul fonyl group, an
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gx@md orwnaylelcml \&mls‘ulmﬁyl ng@u@ H‘lecﬁéwo‘éWIfsumﬁbhygr %ll‘@up, a

N ﬁmﬁﬂ Eraity an ?&%Léﬁ%%@e%sﬁauﬁssvﬂgam

gr oupThfWrﬂr(Y ulfeny@perip aaﬂclhyde&errpﬂ igenedtally baving 6 to 14,

Pt h ry?Lést{) n?/d%y(:%rrgygu%@) }Pﬁh%l %ﬂ%&ﬁhﬁgﬁ%%ﬁﬁﬂﬁé& by a

phmléeé@nah@rome@enﬁpbﬁhywlfqm arouﬁ/a an @nmlwlfonyl
graughosphino group is each independently replaced by

teggrrp oveaé%yt%ﬂﬂ%yﬁ&?ﬁ \ﬁghgh ;ﬁ’qf ggygﬁpb?glla%%led, branched or
cyafliey | qrib Sphlude sy oaepgererallyr bpyimpgospbi 20, pyefarpablpi to 15,
mib?@ 5 RSP Vo9 09E AHPFANRE AL ANIASPRT AP 695800n Btoms,
which is specifically exemplified by a methylsulfinyl group, an
ethylsulfinyl group, a n-propylsulfinyl group, an isopropylsulfinyl group,
a n-butylsulfinyl group, an isobutylsulfinyl group, a tert-butylsulfinyl
group, a pentylsulfinyl group, a neopentylsulfinyl group, a hexylsulfinyl
group, an isohexylsulfinyl group, a tert-hexylsulfinyl group, a
heptylsulfinyl group, an octylsulfinyl group, a nonylsulfinyl group, a
decylsulfinyl group, an undecylsulfinyl group, a tetradecylsulfinyl group,



i sobut yl phosphi no group, a tert-butyl phosphi no group,
a pentyl phosphi no group, a hexyl phosphi no group, a
hept yl phosphi no group, an octyl phosphi no group, a
nonyl phosphi no group, a decyl phosphino group, a
dodecyl phosphino . group, a tetradecyl phosphino
group, a pentadecyl phosphi no group a
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The arylphosphino group includes one, wherein. one or two of
hydrogen atoms of a phosphino group is each independently replaced
by the above aryl group, which is specifically exemplified by a

phenylphosphino group, . a diphenylphosphino group, a
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The alkylamino group includes one, wherein one or two of
hydrogen atoms of an amino group is each independently replaced by
the above alkyl group, which 1is specifically exemplified by a
methylamino group, an ethylamino group, a n-propylamino group, an
isopropylamino group, a n-butylamino group, an isobutylamino group,
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The aryl am no group includes one, wherein one or two
of hydrogen atons of an am no group is replaced by
t he above aryl group, which is specifically
exenplified by a phenylam no group, a diphenyl am no
group, a naphthylam no group and an ant hryl am no
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nonyl oxysul fonyl group, a decyl oxysul fonyl group, a
cycl odecyl oxysul fonyl group, an undecyl oxysul f onyl
group, a tetradecyl oxysul fonyl group, a
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pRenyerysubany! werenp: s apataphidwileyyankonyl f igsgupy and an
am@yd;gilghﬂwl %gbgkgp, an ethyl sul f onyl lg][ oupl, a
B B S L oSt SR SO O o i or «
suléonichadigt| andf theyacyirgromp derivpdrfryhsaldagbpkye euid iacludes |
onlE tla%?‘%(zlgﬁﬂgﬁgrp%xr %ﬁgﬂagcaci}%%%i%u&iﬁn& o 2EBmatit carboxylic

ot
acid. %‘he acyl group derived from a sulfonic acid includes one derived

O PP PP PP DD P D

from an aliphatic sulfonic acid or an aromatic carboxylic acid.

The acyl group derived from an aliphatic carboxylic acid may be
straight chained, branched or cyclic, and may also have a double bond
in the chain, and includes one generally having 2 to 20, preferably 2 to
15, more preferably 2 to 10 and further preferably 2 to 6 carbon atoms,
which is specifically exemplified by an acetyl group, a propionyl group,
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decyl sul fonyl group, a tridecylsul fonyl group, a
hexadecyl sul fonyl group, an icosylsulfonyl group, a
cycl ohexyl sul fonyl group and a cycl odecyl sul fonyl
group. The acyl group derived froman aromatic

sul fonic acid includes one generally having 6 to 14,
preferably 6 to 10 carbon atoms, which is

ificall lified h | sul fonyl group, a
2 nBERCRY| BT B GFoRmOaY gt A YAl pusdy spisovalery!

gihep, a@ylmalbcgﬂogfbmpclalddﬁéxa’ﬁbﬁctgk@ﬁp, o] Ongt’e%w%roup, an
V

o] asfrad HokoPFhardie Adbverardony ki myRistay! group, a

pahmtpmbga@upoawtgamm ghenipy exh icawarsyd @rbomi, an acndoyl group,

ar}ﬁ‘étt‘i‘&c@@oyloﬁﬁqggdﬁdcﬁo‘?%ﬁgglhgfy@ge[r‘f’d‘ %nd%'iééﬁg - O\}Bf)d The acyl

the a | 'oXy “gr oup
SHPHMMAH B ech fTeR AR carganatic sprboagtic aacidcinadugegraup generally

d
hdeirigy gdtd n@n ﬁfbfé‘félﬂba?' © %Q;@gﬁgﬁﬂ )‘%;c@g#%ugﬁgce}rl I"’lg (Specifically

cFOBHEES BT DhPESHe RO tna A AP He S ip rsbean anthroy)

grmerp.ved from an aliphatic sulfonic acid and an
f ' T rive

the a %h% 1 B3y M fed Mo a MR HREE I Geld Hhay e
steptghtech am diredhabredc ot IClychan annlamdiadesfand genepally having

h r y
LSguthe, SRttty Hoyshisn e biH rgnq;rogﬁgfa%(ji farther
P’Ef"g1 And %%tﬁ‘é’i Cﬁ?@t@%l thclflolsesmﬁl&éﬁ Ise}sﬁmﬁbﬁed by a
m\duhylsulﬁ)rgﬂ%lbﬁim airi btl@%l%@idrfy'io{&b %ﬂna Fép’}blgﬁl’fonyl group,

0X u
2R S5 rBlIORYF BB W By i) s ot S8bullsultony
gﬂosm;al ar yleotypugybmdforaylpi gedwy,) oxy ngeuptylaulfonyl group, a
gagﬁ Su
ang 1f gf&% ah %’2@%‘@% gr du%r1 qlggﬁygﬁoup » <
g%‘ﬁ OEYWF%PoWés@ﬁCg Yoyl gyaipy ad'gﬂ)@clecg'iml@qnﬁl group,
arSt e&lrasy:lmuo@ylou Rgro@ip, | Cﬁsa"@l)ﬂ(l)@ﬁé’ xEsAHBny#RN {*%1%% | and a
acr
RidesSaPlopeng, dhsugord s h&ms& oy gRBUgromatic
sulfehia agid oududesydmegengrallp. hd’\hﬁgaﬁyﬁool‘} erelﬂﬁ'ably 6 to 10
i nc

oA SRV D A PIRY o F B

STOXh hnapbithyl YisUafares] grQus:p@ndfam ainthrysedonyfigrdupy a
benz ophé& xalcylb Ry Pgr 1;961%1@@&@. Y a leggrgfv%e oﬁf rer1vet:(}l1 from a

h |
el PosHiti A SO HE AT dwx%égstg@ G iEronm Aegived from the
attma:n cheﬂoxwylm‘:)adld,c anah dhbnﬁd:yldﬁ? weteivdd frolaw Bilfonic

f bl
a&dgﬁ?%%t%g%ef pr e?ié%{g%?tpo {Sg %C%lag re Z %ﬁ%gd \]Igﬁ?gh]tgg above
sulfnnict jacadl) yTI@c(eapylpxyegr@ypa derlved from the carboxylic acid
1n€ﬁldﬂé@. aHl ANV B AAVEY T &uéﬁ%ﬁ sﬂ)]fx’ ony%ltlgoﬁyhc acid and

gltcgjr%gtiscmcfa%%%lx?fﬁc acllJ o g og(r:}(’) %xy group derwed gom the

sulfonic acid includes an acyloxy group derived from an aliphatic
sulfonic acid and an aromatic sulfonic acid.

The acyloxy group derived from the aliphatic carboxylic acid may

be straight chained, branched or cyclic and may have further a double

bond in the chain, and includes one generally having 2 to 20, preferably

2 to 15, more preferably 2 to 10 and further preferably 2 to 6 carbon
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n- but yl sul f onyl oxygr oup, ani sobut yl sul f onyl oxygr oup, a
tert-butyl sul fonyl oxygroup, an- pentyl sul f onyl oxygroup, a
n- hexyl sul f onyl oxygr oup, ahept yl sul f onyl oxygr oup, an
octyl sul fonyl oxy group, a decyl sul fonyl oxy group, a
tridecyl sul fonyl oxy group, a hexadecyl sul f onyl oxy
group, an icosylsul fonyl oxy group, a
cycl opentyl sul fonyl oxy group and a

atoyes o elighs uist spgicificallyr cspemplifiedady oty geetypoxy group,

a
' e Aar ' I ' | dhBe n

R ATy, Bvrhg § PO rioR R, 6k eePiiangg Broun,

V%F@ﬁe’fy WRTeHP; s 8ng pisevaleexiqry «Saaii 14 eBivRjogloxy group, a

a

a

h@taa'mylemyz gft}lhl p’xﬁ‘ Q’[d}:}tﬁno&lo@a_ﬁggb ) lséhf @Byetr‘ﬂdy'loﬁyogﬁbup,
ulfo roup. The hal ogen atom

GO ARR BBy he s B4R S fine - & cryribtTiony, igroup,

palmiteredyagrowg re sttamylary gron airhdcssamoydbker greup, an

ARy j r abl OX oup, f
agr oug?ﬁ%[ hgi gg‘? fi %oe%]lre gﬁ%‘z‘%’?ﬁg %}lﬂ%noéjgrc %ﬁg‘ir‘s"wﬁe%mup’ an
olEpvloRHi B50YPoup SreloheEapREDI rerpluyrang Rneyakislecanoyloxy
T oy ByTiong! BrgupyAenen Abar IR KISRR WboiSlic acid
inGHYAEE P, St iR arnS glghBr?fSB%&ysiﬁé’t {1 srpenoptoms,
whith iespecificallycexdmglifitd oleut beazoyioxgfgraugy e eiaththoyloxy
grj?)ﬁ‘ﬂ Qﬂflaarff“ﬁ?ﬁg}@ﬁﬁgékﬁ%. as an al koxycarbonyl group,
0

an-aryl oxycar up-and a cyano group, Wwhich is

| abi I'1e Geytaongbenpi derived drome thie algdrmtic issiforiin acid may

bAGREAGARCEhaiMdd) bhgnfREAOE: ydifde PHhE Sﬁ{rkﬂlélaeg €8hEOBenerally

daes t conpose, t hese ubsti tuents
h@ER | thead Broarapbnl ooy Lhi BgieBrolerabbimbytonhQeand further
prefdrsitly uenb, 6t dw@tbors at@?faltwhﬁ:kﬁﬁkys‘.pl)@ﬁ@@ﬁlly Hxeemylified by a
oup al kyl _grou XY. .group
mggwg%ﬁg&!}ﬂ%{ al {/?‘?é’i o gtBup, %Wf%"ﬁ?#ylg%up, group,  a
n-grRrpySwulfamloxyr ogsougs vyl em f orwpprgpylaylfaiykgul fgroup, a
%ﬁ?% 1feHobgiyl fi roug, al tﬁﬁgﬁ’ i up, '
" ar p%;@ﬁinﬁygr o%%{u ‘al kprhogérﬁm n y@%%%?& sroup, a
teéﬁr«‘ﬁﬁa NYA9EY gr &§PUPal kyd aninBegrdsplionyieani gsoup, a
n-@‘fe&yhsulﬁifrltﬁ}dbxlyar bgﬁcv'ulxpgroltw, ah%éjf:)ﬁyi}é?ﬁbh?m&y gro$ﬂé>up, an
onyl group,,ar sul fon roup, .ac
ot KA S UL BRSO OUPe 8 cuntonytony
groupst &t bernadeaglsudiomyloxyorgrengnplas iaosglskyfonydoxypgroup, a
o S S NhIFSH kyAY! a9 - P
°Y§g&?%xy Ry B R d BLr R AN Al baPerdlip. The
acylexy o ted drome the paepgasiep sudfenir kgeidniigcludes one
ge@iedtlly lﬂﬁvi&’ilgl'( By ko gm,umleﬂarﬁaagyb G:bOEUDbc@rbclﬁﬂratt%Mé, wdhich is
r an al koxycar bonyl group, car roup an

Sp%ﬁ%‘gql%l cg?{ﬁg?%lﬁl@e%r oﬁﬁf afdl t ﬁ’i&?@ﬁ‘gﬁgﬁy ts BEQUP, @
ndphthydselonyloxy group and an anthrylsulfonyl group.

The halogen atom includes a chlorine atom, a bromine atom, a
fluorine atom and an iodine atom, and among others, a chlorine atom is
preferable.

The carboxyl group, the sulfo group, the sulfino group, the
sulfeno group, the phosphino group and the phosphinoyl group include
also one, wherein a hydrogen atom in these groups is replaced by an
alkali metal atom such as sodium, potassium and lithium.

Among the above substituents of the heterocyclic ring,
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nunber of generally 1 to 6, preferably 1 to 4, nore
preferably 1 to 2 in the substituent of the aromatic
ring. The substituent of a heterocyclic ring which nay
have a substituent, that is an al kyl group, an

al kenyl group, an aryl group, an al koxy group, an
alkylan1no group, an aIkyIthio group, an acyl group, a

car box. up and an al car bonyl group, includes
affietaie SREB "Conbahd eRE G Sbsibueat such as an

alkzb@'calclychyb grong, MCWM\&@I gtthi;bléﬁl@né cydt® group,
u e substitu Lo

B R T T A ——

Wéﬂi?althé dmethadc hé dher presdritc invemtdon ncoedenodriecompose these

s9B8EF@hds. having 2 to 20, preferably 2 to 10 and nore

prefergbly to 6 carhon atons, wherein not |ess than
one tBfbhoMbBstHEEAtt o pRe BRISEOGECliM CTingedvhich heay have a

sabstitu@it, athatl kylther abdve BAMNSroah, |
anong t he %\bohﬁy & F) Eﬁkén&h@%hbo 2yl group,

t
R T R LA 0 R T ek N e
gidyp,omlkylsulfpropp ,graud, panjzbsmﬂfor@rlo wroup, alkylsulfinyl group,

<SR B A R B0, LR o,

W geupp asylthosplisoyl ugnoups alkylammo group,
aﬁﬂhﬁﬁﬁ@ycéf&up” HILBRY EAr BB 1ha 190 Sub%}r fgroup,

i.ncl ud wher ei n. one ato

N AR @gywﬁufﬁq@a § o) \Acybrarasl and acyloxy

gtdup, atnewefatthyel }gim?hsmbsﬁfuctﬁt &ﬁlﬂ@ﬂdﬁhgafdxy example, an alkyl

S car%am)rly1 %r 6{% gog% ﬁg’yﬁryﬁggf)‘&‘ﬁp’ &nhydroxy

gﬂ%ﬁpr@pyladkpﬁﬁngmugrcaxp amlnobgrgu;aardnarrautylgrmnp, ghoup, a
a I n PR 9

rict Ok ESAPD BEY a IO efol by ca¥%§‘n%p<?5% andi@fPeroup, a

C%MF&&PWP alkkoxysarapnpk gyPeRy t?amf grcaup and an
allkgir;drﬂb&hb@ﬁlo)/éro@i}ﬁumncﬁ tHekesey |§.ﬂ5§’t@fﬁé’ﬁtsgrlﬁﬁ 673 present in

RSB L e gy el et B,
thyr substitu¢rpobitiee promaianydg. gr ou p , a
nonadgey | Qﬁbgf‘i@m!ht 9pPuR, }'Pe'lefc? X %Rgn%anoyﬁ%%y %have a

cyclopenty car.banoyl group exy
sy %WCIHZ, th %p%lﬁé’p@ agmyangqlggpyl group, an aryl group, an

alttoRg tdrwhgardia ﬁ@k’jda@xﬁﬁiéﬁgr &h@lk{?ﬁ‘l’ﬁbﬁ |8ty heyl group, a

C%&Jm!gf} dl et h&@%ﬁ%@? dﬁf@)on{ﬁ &rﬁp@py%gng same one as

oilpbstatmerftt lof| bleey bbavbaheydrogyelip, ring which may have a
S%Wé ar banoyl group, a heptyl nethyl car banoyl
group, a nethyl octyl carbamoyl group, a
The alkynyl group as the substituent of a heterocyclic ring which

may have a substituent, may be straight chained, branched or cyclic,
and includes one generally having 2 to 20, preferably 2 to 10 and more
preferably 2 to 6 carbon atoms, wherein not less than one
carbon-carbon triple bond is included in the chain of an alkyl group
having not less than two carbon atoms, among the above alkyl groups,
which is specifically exemplified by an ethenyl group, a 2-propynyl
group, a 2-pentynyl group, a 2-nonyl-3-butynyl group, a
cyclohexyl-3-ynyl group, a 4-octynyl group and 1-methyldecyl-5-ynyl
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decyl net hyl car banoyl group, a dodecyl ethyl carbanoyl

group, a nethyl pentadecyl car banoyl group, an

et hyl oct adecyl car banoyl group, a

cycl opent yl met hyl car banmoyl group, a

cycl ohexyl met hyl car banoyl group, a cycl ohexyl et hyl

group, a cycl ohexyl propyl group, a

cycl ohexyl but yl car banoyl group and a
gfWcl ohexyl car bamoyl group. The conpound having a

het erpgy CAlikg1ddrbn &y 12 gARp e4&tth@n t .
rlgr esgﬂé%l n\u/{g tion |(?1yl zg’des eééﬁgl?e?ggs\%&?gn?l r{gglenetef?cydlc

gV 8% Bavs iy sEbsEitus At dincdudes opa, iwhereig asag two of
hydtdg&]?UQWms ftﬂ:wcarb’a?thﬁ9u grﬁ?ﬁﬂg léadhl 1915:16?@'1’1)&6%&13» ré};ﬂﬁced by
ecific e es 0 er _inclu or ex
t 68 §8¥Fdeagﬁgn‘ﬁcﬁr%‘§padé‘ﬁb1§ nelS 8BRS LGa Xsﬁ?@mpﬂlgd 'by a
mg:@aylko;sm“bamdyﬂ)gmdupn en sthylcasbaimogsigreup, a n-propylcarbamoyl
n
gt ng&g@?g@f@gmm& Y rgﬁﬁh a8 ﬂ 88%%%?%&#1%&1 grodup, an

isgbutyicarpamayt th&rq}%lésenta i n\téh&-buﬁylcgpb@rrtqyé group,

pEXiIFA byl gf@tﬂperét BExFRAYBAMdACEr&Spa ahel‘?é’ﬁ 1carbamoy1
hdrogen sou eto terateaheterocg@ C rlntg

T ° EOHPavy2 hyBPBYlGarpemayl” group, a

de;taa]ld:amrbampyljeut groum oxi de (DZIb)de xﬁa&ﬁ@ﬂ al cghohs,

T O%I?LS%% " Rut SIS BRI aroup,

@y&«t@rdaatreay bugeowp,, deut dregitedepplonahaimoyl  group,
n&x@é&@éﬂ&&ﬁba@ﬁé?[‘m ﬁ% er ata?ld hepban eérb%%%g?r at Sup,

t anal t ed nanol deut erat nol ,

o34 %?%ﬁl‘ail%%f ex noBTOARY  deut BYGlobexylnssbanpyl ~ group,
cyddohep et teanbpky| gx:bw}ﬁ,l dSad sugtmahylﬁu&aaﬁt@d f@blb¢ an
acetl c..acl e oni c
o R L A W Bl B
mathydprapylcerbasbytal growp, acad, qump@vﬂ@axéaamoylal egrotip, an
etBG1Ke:8AEa ASUNBY AL MRl | C4acCi dindRH IEI%Pfl ke}gﬁ%‘?fp a

SUCE\'H@S deut er at ed Acetdne, deuterate
thylearpamaydd grouRsl Rsomatiyl Q@éy bamlerﬁt@dp a

déﬁyﬂ?ﬁi&)thykﬁkbamoyldeglﬁcﬁi@t egd didpteByletk Id&'?'Bamog roup, a

ut ket t |
B R, S ARtk T e,
a dicpelopengyinettydeartmoghogmpupheas cyd:émfﬂlexylmthyil@t&bamoyl

gx@% deyt eEﬁ‘El%ﬂe?cgingi)Pl %Rl ,prefep o%exgggr g&g gﬁ&t{g a

oxI'de and deut e are
cysiehersilbutylgarbamey! |g§0\é§r%mfé@| dququh@%mthaénoyﬂ group.

Vi ewTHe e¢vth ilﬁﬁmlﬁléw@@o%th@fergﬁ?él@@' h'rfgy mI Ql td&uteration
eci f

enJds. tritiu
mEfiUets Bttt SrTio dtnfcas dahefiaturls ring itself as
desouitsel iatmivedeot rsdiduhetetiodgclid2fihg dound hwith sugar chain,

a% §r§£ﬁgoﬁ91|d\ée oL nl?grso ngn&'hgﬁgm?gt gﬁaggatas o(gf the latter

gen tomin a eculé
esaigiet agicleosides such as adenosme deoxyadenosine,

L P O P P

guanosme, thymidine, uridine, inosine, deoxyguanosine,
deoxythymidine and deoxyuridine; and amino acids such as
tryptophan.

In a method for deuteration of the present invention, specific
examples of a deuterated solvent used as a heavy hydrogen source to
deuterate a heterocyclic ring include, in the case where heavy hydrogen
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al cohol s wherein at | east a hydrogen atomin a

hydr oxyl group is deuterated, or deuterated .
carboxylic acids wherein at |east a hydrogen atomin

a carboxyl group is deuterated, can be used in a

method for deuteration of the present invention, and

anong ot hers, a solvent wherein all hydrogen atons in

a nolecule are deuterated is particularly preferable.
iAscwnltanimmt dduterdem edded (DoDy,enleutordteduseeohsls such as

t e X éﬁ?ﬁ?éc[‘ 9 meﬂ%g{o?{l ahhﬁ@e tel NG R %%? nt g«%@%’ge%# cgn dgopropanol,

s to procee OVEVET |
atitht beftagolie denterated o It«vlétnbUt@.Qiu chlelgertedaspentanol,

(ﬂél!i\t%&‘a{édn theﬁéngﬁnerdéldt&e&%ﬁ ! e&]ﬁ) SO %Pe'ra ed octanol,

referg\efg order c%c ess than 1

‘ht§§a %P%PO i et e%ﬁtteﬁm anoe sleatgragd rml@@canol and
demt]{esatﬁ] dioarfcgtmelr dbu:?febﬂateéecfmﬂ:ﬁd 1c2§éhd§o katht & ég?ger}]lterated

ra mol ar, ti ne v ogen

S}gl nae b n PEeTRiG e r 2PEHE saoqlaentda Lﬁ‘éT%tle dyePreplonic acid,
d@l@ﬁe@gﬁerd dndysicdeaidsr deatdrated isobutyrdcirtiipdengerated valeric

Herdéfiiﬂ:@?ét(ém#&%l@r% aa&ﬁaﬁxgﬂvﬁeﬁ{@%tt&% é?lval]lz %ﬂdt N&luterated
in the case where a conpound havin eroc%
lff?tﬁ@easslaclae%%td%tega BEEEORE, demm@ldfmet yl ethyl ketone,
diaeeatdd omefhflneigyasEnt kétheRNt | @é‘utéa%@él' thﬁ ketone,

dly djssplves .in deut er.at ed sol vent, a react
‘g eghte %fo BgORPéledkFFP%nbfiﬁHf‘?r@ﬁe% CAlispirapsl ckefone  and
dmlteealted i ﬂlhmet},éssleﬂtpneTherg@ﬁﬂj fsolvenaérpls@c@ﬂ‘ kBe deuterated
nt ssar clu
‘%?‘S%l c so g r%’t sar{véi ?‘Eo}{éeqﬁlg S Z?%HJE% %laﬁ aq@%terated
#gakheo ﬁrfga%’efqr@bﬂgu @ndgi@umrnsrrsgxideaand: detubgtated methanol
eﬁ*ehﬁ{oredpﬁ‘éigyébleete{}?d déﬂﬂe?ﬁﬁhogﬁddeeish%rﬁ%h'ﬂé&llggé]}é%rable in

h tert-but th
o o Al Bobe T e bpGFARB S the: base where heavy
hyetrogbpdiof teithuin, abpebifici exbydslesabbansdsuehaf®l solvent as a

d
q‘ﬁ?p‘%exanemﬁdngﬁg%agﬁt@gﬁ&gﬁag gﬁégﬁ%ggn be used
as hedhe hgeutayated ospberdf mhy freesem¢ iwherein oat elerst one
H}fdro%’éﬂt Rlodh ‘?H epYn(ﬂ%é Ye E‘Y ﬂéﬁgﬁﬁtgﬁsaﬁa%@&a‘?ﬁpi’gatcfeuterated

ol s such I SOpropano
AR RS Wl?%freﬂnba‘f alﬁaﬁt % chydregen afexanil ,a hapdeowoll, group is

ctlﬁitaﬁ@tle,d rahdeaterated a;l‘m{boxyﬂd esdng! Wﬁeijemd 86896800k  hydrogen
xyllc cids such ormc i c.acid,

cet
FRRRTR SRR aBifp, 7 s ieoisin, Becuzdghn @ method for
£z\1terafaoacpﬂ thesqnmlsent ciramindiamd arml vwahiohgawitlers, a solvent

ARG LR T AL L0 i, arictary

e @'@é’ﬂ@pyl ketone and dibutyl ketone; and
di met ind awl Amdwet of@déﬁttéfﬁkﬁdscﬂ%ﬁk ¥8tbe’l et 8 increasing,

c{eu(%era 2l Ifa tq'leugrgs%r?tl anent?on tends to proceed further, however,
in view of cost, the amount of a deuterated solvent is such level, as
lower limit, of generally not less than equimolar, preferably in the order
of, not less than 10 molar times, 20 molar times, 30 molar times and 40
molar times, and as upper limit, generally 250 molar times, preferably
150 molar times, of a heavy hydrogen atom contained in the deuterated
solvent, relative to hydrogen atoms deuteratable in a compound having
a heterocyclic ring as a reactive substrate.
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pl ati num catal yst, a rhodi um catal yst, a rutheni um
catal yst, a nickel catalyst and a cobalt catalyst in
the present invention (hereinafter nmay be abbreviated
as an "activated catal yst") neans a so-call ed
pal | adi um catalyst, platinumcatalyst, rhodi um
catal yst, ruthenium catal yst, nickel catalyst or
cobalt catal yst (hereinafter may be abbreviated as a
" non- Ew’thatt,eih dheatgse "wheresiampbmnpsuad "katialgy at heterocyclic

Eﬁ% %Srgae&wag&&s@%(te 6P étl&‘g'fitfb Q?Pqu?m%atcﬁf?le present
rogen gas eratlion O
1@?@3@% 1&1@@#@ @thChdél@trdbatdléﬁOWQ§ be xaleutedatagt solvent, a

réééﬁﬁnasé%ﬁﬂtY% O}acﬁé vaked i S MIRRHoAT wifis! kXAt H@Aterated
st and deuteration of reactive. substrate

S ‘Sﬁr’&eaft%‘? SB&Yeously carried out in the co-presence
of a MThe- aplecifit eekarplal ySithe tI’GaBMdhO%E\veﬁﬁS ter be used if

ReRardy: DRERRsH Puddhi?, PEEBHS Whien S adl sfitetdted with
hegewy Viaydubgen £8shpdnbgenngaghers twmlry abydimogdryl getheirndiethyl

e@lqélxanQﬁrso reggf Qtfhegaseﬁ{ﬁﬁ?eth l'gﬁ“t %ﬂt ﬂ)ﬁf&lﬁﬁﬂﬁgfﬁ)r ether,

I"nert as SucC
1a%tfha"rf‘§aﬁxywlfea% sms@f%@,e of» ﬁ@m er aiuhmiropyrane and

té@éﬁ&d@@fﬂr&tn hatighhya tfcedk%%c‘d'rbbngy@{i&%erhéﬂaﬁex%@ M&tane,
e art of gas se in.a reacto

OFt?ﬂ%caa h 4&? ggﬁ G¥cighcgangy %Pagéﬁwgéglvggﬂts which
cerl be assed hh hdwyahydeogaerersougas. oﬂM@pﬁ@éen/tain\mmtm‘n aven if

A bst.r aLe
G2t B R S5RELA0, L RSHINE AE ESRO Suc o
r@@ﬁmmled Céha@f)l,r eisopeppgnal, pabutatolyastephsdannl,a pentanol,
RS ! ol Sindeagy BiCkagen GsEBingl and
dPﬁlFS%Hyag S L Sy Sf\ng%myc aal%?qceat& iagid epropionic
achd,albygyrics astd,i vedleatylic f‘atididogfé{lefias aeld h@fb@é.lerlc acid and
Fogen_gas sent in_a, deuteration reacti

pé‘zf'g : afﬁf ﬁgie[ﬁggsf oSt et Gf gf’nf’he B?ece@é(hetthylketone’
mM&ntspbnltylétert@m,t diethiyikghoiee rdiprgpyikesent ediisbarepyliketone
AR ﬁgétsﬁesaa)&iedﬁﬁs@lgaﬁaﬁfdémv be  abbreviat ed

sea st at e reaction systemis, as
t he Tesupctivatedr eatalyst, sglegtadelragapl padlagivm watalyst, a

pl@t\{ﬁhm%atégisteéamb@mrﬁ caadpstofa serthehhes %Qﬂélyﬁ‘eloﬂsmckel

Rl bk ANt o e BT L bl Bl igtagtror may

btadxblnr&mmtddh asedn dactﬂateﬂa&atalgrsﬂ ) ahesas & soacaidéd qmlladmm

CB?JIXQ e;cﬁ%lﬂhltﬂﬂ Ut %t pr m! B&E{l&k tne éxttfxgpl%&t u&f’calyst

lon s ste can
ahodiest: eF alqt@it @ﬁi&WBérﬁhﬁSﬁlnBéf@au@@Yt he alghusviated as a

“h§n1dbt§%atb&dc§cta?§ﬁ” or simply as a “catalyst”) which is activated by
contact with hydrogen gas or heavy hydrogen gas.

In a method for deuteration of the present invention,
deuteration may be carried out using a catalyst activated in advance, or
activation of a catalyst and deuteration of reactive substrate may be
simultaneously carried out in the co-presence of a non-activated
. catalyst with hydrogen gas or heavy hydrogen gas in a deuteration
reaction system.

When deuteration is carried out using a catalyst activated by
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Furt her, when activation of a catal yst and deuteration

of a reactive substrate are sinultaneously carried

out, a conplicated process that a catalyst is

activated in advance is not required, and also a
conplicated operation that freeze-punping is repeated

as described in Chem Commun., 2001, 367-368 is not

needed. Furthernore by usi ng a cat al yst activated
hyduegspdigayen heavyohydregary gagdinogeranes, & parivairgas phase in

4 dewiewhabat ireActdt $8aYEBeSt@bRice@Nkith d&ialt ?ﬁé‘ltt' %ﬁsoguch as
a substrat proce wi t hou ei ng [educe
26 Syt BG0R - GBebr anauby iaar ehe qleuioraion reaction is
l'mmﬁja meduced wdh%ﬁ??ige@ﬂgﬁ@a@ﬁdcthesm e&ﬂpa@‘v of jﬁ\@%hase ina
t a
ég}soogga e z?s ?&Fﬁsdl %’I}(tgl ?’Vﬁ%ogg{’l &At é’&dla%%‘é)f TPgen gas as

wﬂéaprwsthrﬂtha abewt ingrtiged.udes a pal | adi um cat al yst,

| at - -
" hon iehoREdARbn, BT IR EE Bl denflrdlion of a reactive
Hsirgte | aey auBultanseusdyoverrigdd @nbngtlm hegasition may be

doidhadedafeat ?ép/lﬁh b%”ﬁ‘a%&"ﬂt'dllgﬁscﬁhék%‘ 21%1 éT?‘Péjactﬁr gﬁ?ﬂ WMrogen

| d t
GEsaT HAYYe BVHF9ET 1By P eb BB anE oSl Eag: emheavy
Ipatrekyat ghs pardughyl @ri'eacttﬁrﬁfﬁﬂalﬁio@} Naese€lyC ad ahyfldctivated
LN R e b

devdemaiéen geactianisygtgemeral ly 0 to 4, preferably 0 to
2 and §pre L @Rl ?&1 aeﬁtyﬁaitgm%f%eagpeaéem%%h%o

.The pI ati num cat a I'nc one havi n eneraly y ebreactor

ig Prefeqghly érlawyled stato %rnaeﬁtﬁb'esgaledeswwh@remaétﬂremay be

aﬁfbr@vﬁit@ﬂl Qsm";s@b%ﬂ s-EB.@e"lj W't%@tcﬁ'li@|r)é§5t1bgc Ey'gt%?n Ol€ as the
avi.ng _genera va

PRl SRR P theNeaRss SFar st atn dnyaBSSoRer example,

dazei of) syenalled | gotinaos rbaeﬁenabu‘ber@ laak@ditﬁt@()@f s@bstrate is

a The: ni ckel i_ncl udes, one

"{?g%?ﬁ'g&gak Eﬁg%ecg ]t!ﬁb 5 rpr(gﬁo ég‘ﬂyao%aé‘ﬁée Spfeoptinuously

takerelutathsrelrpme. cobal t catal yst i ncl udes one havi ng

gener alsydésGibed aHUv%f Qﬁﬁldeghﬂélfspﬂl%u%rﬁfﬁ%?l the present

atom, The above catalyS$t may. be a neta

iggeRYany teTerat Aot "f‘h‘”&@ic SYEHaRi ear be @esilyoelevated to

peofaint dentertEtson h:aﬁméﬁslyo rbemetset@ﬁe Mactbhasth BeARISstate.

o 1 nECOUE RBER Dok ilth, A Bhait S odeirafion of
raaetive e§u@|5tlr&tt3alareccﬂmllebtesesuﬁkyomammgh vat,i oas complicated
p{‘:\rgﬁ%@ rltﬁ?rta aeéﬁa'i%%t: %\r/?cat?vﬁﬁzfdaiﬂ %ﬁgg?l#?grgrﬁ%r&gl ?e% and also
a complicated operation that freeze-pumping is repeated as described in
Chem. Commun., 2001,367-368 is not needed.

Furthermore, by using a catalyst activated with hydrogen gas or
heavy hydrogen gas in advance for deuteration in sealed state, only
deuteration of a substrate proceeds without being reduced at all
because hydrogen gas or heavy hydrogen gas is not present in a
deuteration reaction system, even the substrate is generally labile to be
reduced with hydrogen gas or the like.

The activated catalyst in the present invention includes a

palladium catalyst, a platinum catalyst, a rhodium catalyst, a
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netal catalyst", and a catal yst not supported on a

carrier may be abbreviated as a "netal catal yst".

Anmong catalysts in a nmethod for deuteration of the

present invention, a ligand of a netal catalyst which

may have a ligand, includes, for exanple,

1, 5-cycl ooct adi ene (COD), dibenzylideneacetone (DBA),

bi pyri di ne (BPY), phenanthroline (PHE), benzonitrile
rchenum datalysin acmckal\l@)ltalyst ankyd anobahtec@t%fﬂt, ¥e3) described

SN D i
tn@f prefste 1@, (Dpritlpdivm watalyispreowpl péatinum
c(a.Pa(IS;EB)@) moﬁ*er peéfeyhplROSphENg LRERdlum catalyst is particularly

h
eE?E %h epﬁageglﬁﬁgge%c{?@)u 4 B YpRYshameclves or in
c()H(tﬁlﬁH%i)o&) accdrdirglyoxyphosphi ne (P(COEt) 3),

{11 phehbF phIANRE Pyt Mehadbng Bruing grospming to 4.

pecfeaably DFEGQ andt mioph grreferplndy Phvalence(ddrRhpa)ladiuin atom.

o-toly 0 (R fii a
the paﬁqg d? rgfmas Q&l&% ?){?ess%?é a?v&gl)é g?ﬁ&salgj 0 to 4,
Opg;2 aaﬂl BOra meies ra@b/ @eV%lanswa’ tes platérumsatom.
Pd(Q‘D’?he ﬂ%dl@ﬁh%&@l Ste if8hrle6S oheS Wi Bé’é’r@rall 0 or 1,
0 a al | adi u taI such as Pdgl 2
pg %ﬁg’z ‘F)IF%FdP fh: éﬁ g%‘lnal ysts such as
pal | adThen Iaxthtentl&n( led ¢ £¥rs) thhmﬂiespaidea&laumg generally O to 2,

p‘réfe%ﬂgfggt%?%ﬁéfof geq;tﬁggﬁggg mPal I adi um net al

268 di nated with a || gand
such a'Eth(lRMG)IZGHZal}’Pﬁ(HUd@ﬁZS dghgcdtaingbgenerally 0 to 2,

préfer I;y“(ﬂ 'v&Wbﬁﬁ)rﬁ%kE?Qtd&H‘ [ Pd( O“\C) 2(PPh3) 2],
Pd( PPh % . Pd(NH3) 20 2, Pd( CH3CN) 20 2

i chl oFBE] g?B% S Gatalyt elfnAsa; ape [WQDEC&?QEIHJ}Y 0 or 1,
pPefedipbls) Ovalerfl dpafonBidt afHPCY3) 201 2, Pd(PPh3) 2G1 2,

Pd[ P(C%% ) %éz L st ég?%) 3 Shaedl %elgggp@ﬁ@m%%égatmum

rhedmmcatuill'ly:smunnchudwl of cobatgnpkilesPt hahtles i vumcetates of
| |
B4l ?ﬁme’ﬁ *}nag A2 Zﬁ%{rgg %gl;n%*y be ?}ﬁé BUfkisting of

cata StS
|me Edfpl Betelaoxidet.s mﬁaéhhalléeéodperﬂaﬁéét%eﬁh of metal

cbtrqﬂeﬂes; @??3) rte‘aptci%:%(zﬁz%?ioué’t cagieha) | é?eﬁél@(t@ﬁ“’é 2catalyst
BRI O ) el B0k B3 i 55 Bt sumported

magtal Rl:a(tphegtz a&nbcafqatamnpbessuppbrmdr hmjlaumdrmdmay be
a%}%ia?@(iﬁ%yas“rde@& é’rﬂ% fior exanple, Rh and rhodi um

conpl ex cata yst ich are coordinated with a
| i gandmers catakrrts( ppHR) Bletbpdcion daxsnpties of thee present

inivdrtesh Ua Dasati et A Getal Yelkalyshclhiden bdy epséw@l £ ligand,

nd r.ut heni um ne | ex,.Cat a a
i o dvb d ArERIc | DoaioBuEiSae ASP Bl PRy fleheacetone
(DBA), bipyridine (BPY), phenanthroline (PHE) benzonltrile (PhCN),
isocyanide (RNC]), triethylarsine (As(Et)s), acetylacetonate (acac); organic

phosphine ligands such as dimethylphenylphosphine (P(CHzs)2Ph),
diphenylphosphinoferrocene (DPPF), trimethylphosphine (P(CHs)s),
triethylphosphine (PEts), tri-tert-butylphosphine (PtBug),
tricyclohexylphosphine  (PCys), trimethoxyphosphine (P(OCHz)s),
triethoxyphosphine (P(OEt)s3), tri-tert-butoxyphosphine (P(OtBu)s),
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Specific exanples of the nickel based netal catalyst

i nclude, for exanple, N ; nickel oxide catalysts such
as Ni G hal ogenated nickel catalysts such as N d 2;

ni ckel netal conplex catalysts which are coordinated
with a ligand such as N Cl2(dppe), N C 2(PPh3)2,

Ni (PPh3)4, Ni(P(OPh)3)4 and N (cod)2. Specific

exanpl es of the cobalt based netal catalyst include,

triphenssiahpsphine bdRhaet he-bisiginhensdphpyphinalstianar OPPE),
écgil—ls C%_}%HCQP@PE Eilrﬁyﬁtto%ﬁphosphme (%) tolyl)?)

rrier case
above fﬂfs FXP@@% oérthepaliadiura hases matal catalyst include,

fopr eramimib e, PAAr palladiirdMHiRirokidéd CaatfystsZ esiidﬁ €as Pd(OH)z,

ecul ar _sieve exc and
it e Bty A SHERE P P halpeBnasdl phffaciunt Catalysts
sem&haﬁgé’drfhsg rPdSkdand BRdEtgrpabadivay heetate batdlpgtsnauch as

ff d th .
}%ﬂt\%ﬁ?ﬁ%ﬁ ec% ?ﬁﬂc ﬁigg@rﬁﬁ#)%)on :gégnpep&l %&1??{1. trifluoroacetate
PRl 3)@)3| npaﬂadmmamf@ﬂt&dxcﬁaﬁg@lexesﬂﬁt&wﬁ@ cavhiph are
%g?aﬁagdgﬁgﬂman dtﬂ@fgﬁgf@é p@(ﬁmg: {50123 F‘SE?K% 6! didcetate-bis-
%amj%p sy {ﬁéiadamnféi@}%)g@? #aln PAERhgls, Pd2(dba)s,
HdINH%Mm]Ql e, apdgalqaca?]iccham Ondl(ﬂﬂ?h@lﬂ@@bét@ﬁrﬂtﬂMpélladmm

an n.e a
PAEHENTERE, N EBRETRe "BEsRIC . T ERE g MtpRhaCLe

Rd[B(d-tolyl)s 64, PajcotimClasnd Ra(@ Rty HalTN)w€ll;. to
whi ch sgébc’i‘ﬁ&: %x% RUPLELE &ﬁéﬁhﬁrﬂr%d gqa%%%qailiincmde,

t en i exch an y var.l S catlons an anl ons
fep raanpleondt; p aum igde epfadystsc suehnppeBt@e; genated

p&&ﬁhuﬁlﬁl Satgalﬁatslt @ucﬁxabapﬁe%r q?ﬂ@lz aﬂwlm&&cu ;Opblatinum metal
n al,ne I 0l ¥SI
PR o alide oottt anied cpitr pd Egﬂqwieauch as
RClscod)yl Ibﬁiz(eil’ma), SBEQIz(I?@ny,anBt(éb (RDEthg2,st Pt@ig(P(OtBu)3)e,
R S s
styr en&p@mﬁmmmeﬁ @f timeh@dmr@xbwcémwal taadalyst include,
fgi ;@f&nﬁﬁ%hgﬂaﬂhﬁg PHIBAHE ARIAD cd)rlﬁs %%ﬁ%ae%%t?sotsa r‘])vhmh are
GGy B e Bar e R BPha)s.
st yl enSpaicifiny exampdes. oft tieogrutlioénivani dGdsedofmetal catalyst
ﬁé‘ﬁi&e,g‘% d&g%ﬁfé?g& Oarrgd; #Qﬁfﬁﬁsﬁ%taf’%&mﬁgex %mt%@sgs which
as*emm‘dnyam withga digandhsuiehtas Ca‘lmi%s@g oup and a

quat er @‘;‘i‘i’e\ﬁﬁ@mﬁiﬁlgﬁ %@lthe ﬂ_ﬁﬁel %s@d%ﬁ&@ﬂﬁecét%?yﬁ include, for
e%’(%?r% %l |%1 a\xll?clkeai o:eﬂdoen cgtglyg?sr, SeLtICh as NiO; halogenated nickel
catalysts such as NiClz; nickel metal complex catalysts which are
coordinated with a ligand such as NiCla(dppe), NiClz(PPhs)2, Ni(PPhgs)s,
Ni(P(OPh)s)4 and Ni(cod)o.

Specific examples of the cobalt based metal catalyst include, for
example, cobalt metal complex catalysts which are coordinated with a
ligand such as Co(C3zHs){P(OCH3)3}s.

A carrier, in the case where the above catalyst is supported on a
carrier, includes, for example, carbon, alumina, silica gel, zeolite,

molecular sieve, ion-exchange resins and polymers, and among others,
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used as well as the above ion exchange resin. The

pol ynmer used as a carrier is not especially limted
unless it has serious effects on deuteration of the
present invention, however, an exanple of such a

pol ymer includes, for exanple, one obtained by

pol yneri zati on or copol yneri zation of a nononmer shown
by the following general fornmula [I]: R11-1 CCIIIR2
chirlidn 4s préfeR8blasherein RL is a hydrogen atom a | ower

al kyI TRECYy B}Qcﬁ:?ﬁg )f)églng h%ﬁa dﬁrl?a 8%[(11?8)(}&?5{9{; (?xrlgg'{)avmg no

an al koxycar ony oxyal Koxyca

ag Verss © e@tygn(deg.it@g@tlgn of tfb@; Byt segtomyenken, sargd includes, for
eRAAH6EA RitRIA eﬁcl'l re§inkahd HrP Hﬁaoﬁ e%@ﬁgﬁg¥|re?fr9u|o’

an al car bon xyal koxycar pon
gr oup’%gxy %ch%ﬁl rea':*,lﬁaqnégléa d e%/@nq e,ag. weak acidic
chmdnoggﬁhahgm redsih oA atﬂoyig Qlcdie, canbﬁl @ﬂbhahgerﬁs@n The

Bl PR e SrBsip el ofes Sedinile. "3 otk o pasic anion

excloangs cesiet anday strionggbasip, araonhatcdlﬁngearmn an
al koxygar bRﬁY ! egfc‘i’llé‘?l a %Qirnox InIE?éM mgro p'Pelymer

sul fQ graoup grou yano ?alnln
CEpsubnksd afe?;h o%qb ré«a'@ona an@mcm agr aupkelg ton po ymer, to
wiaEROyRl ZHidr @i o p adr ah dBRAYRE EHoRMP is@boHHE®P and then is
am noa 0 a .car rou

ReSiReed Brotions Shtioh %ﬁd@waﬁ?afﬁw% Jo8ly sespgtively.
R2 anfpe3Bifitayexbonpiesn odl tloy cwieakr iaeidict @gﬁbherem}idhge resin
'xﬁnﬂﬁd? k&ﬁgﬁ%xﬁlﬁ%%r&% 8%9%1 ‘nednB% I}&Eﬂf?g}%lggf L or x[ 1} Acrylate
es&qra)rgantm@mqmlﬁte msam g serlirdyerd by, dlanmylbnnlzcudes an

al kyl spgEiier eﬁﬁﬁhﬂ@slof Cth@ %@fd}%tfél s, ca‘ﬁ{HrPrE)iche}]nﬁe resin

eC|f|caII grou an et
r@‘ﬁ erF’fzﬂJBB& 8F‘6u8 tadﬁe s@;‘zfr 5] Pnéiﬂ@@p()faa copolymer of
swrbnbydhvgliﬁbenzaﬁel sobutyl group, a tert-butyl group,

o oupS DLt Eibies” of oM droflen sid bl Gebiapec, resin
mplhd)eylfogrcx&pmpm psohwhdreigr aup,aming cgroprpopy | bonded to an
ro The
ARge ﬂPEy@f**ES ?@ﬂ%&‘ QPEV‘*%?C UG BEAe 0o,
V\her e Srﬁlt:w eh Radfsapion Kxchppge Tasiarincreases
mﬂkmh erﬁh@ gfou B eRnaleeldirbYha RIRYA iRy mrlﬁb gr%up,

rb(iwg?alﬁb X%% F;’];Iag?tpﬁ%?(’&ypr%‘g‘;ﬁ?gg gﬁ:}gw@ngro uaternary

armnbnxwﬂm‘sgdlt group, a carboxypentyl group and a

car DOKASEN, ol A USRAUAO RO L B inay be

Rl to I nc & Ravin
used serwgH @:ﬁsthmb@ﬁe |1@n§es@bang@a1qswexenp| ified by a

The polymer used as a carrier is not especially limited unless it
has serious effects on deuteration of the present invention, however, an
example of such a polymer includes, for example, one obtained by
polymerization or copolymerization of a monomer shown by the

following general formula [1]:
1 R2
~ -
C=C [1]
H™ R
(wherein R! is a hydrogen atom, a lower alkyl group, a carboxyl group, a |
carboxyalkyl group, an alkoxycarbonyl group, a hydroxyalkoxycarbonyl
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nmet hoxycar bonyl group, an ethoxycarbonyl group, a
propoxycar bonyl group, a butoxycarbonyl group, a

pent yl oxycar bonyl group, a hexyl oxycarbonyl group, a

hept yl oxycar bonyl group, a 2-ethyl hexyl oxycarbonyl

group, an octyl oxycarbonyl group, a nonyl oxycarbonyl

group and a decyl oxycar bonyl group. The

hydr oxyal koxycar bonyl Proup shown by Rl to R3 includes
FRYP thEYBNA Sropkey o1 &f fosprlogyemnit Biris 6f hydeogasoatom, a lower

aﬂkbfrpx}giﬁulﬁi?n)’é gaﬁwcﬂav ftﬁ,113 tanll ARGRPEaBRE | group, a
relacfeaﬂf%%y Eﬁ )é¥ rou which is s cllflcallﬁ 3

f@%@f %&@ %&%%FBdﬂy?qtﬂ ggpn afemy Réis a
l'lydim(g)eyleatfwhpa)lombmikyl graup, aEhaloalkyl group, a hydroxyl group,

%y %rgf(ég&?gy&rﬂxé@ ?{Bgﬁrﬁ%ﬁv@r Ongsﬁtuent an aliphatic heterocyclic

| oxycal gr ou
gmmpoxy@nntgrmmr bbnjzd:rogyo p group, a. halogen atom, an

%%/égr o% docis yl(%‘yﬁ%{é?% Ii‘xﬁzjdlr%ﬁ’é‘ﬁqox’i‘/carbonyl group, a sulfo group, a

qm%@@m| éxyyaneo?gntaglam agy group, an acyloxy group, a
cfzh)t@bﬁgﬁy 1gF10EPo@ d arft aldehyde group, an amino

U o %"?%@wﬂﬁéﬁ?’umgr °s§5wn@ﬁa' Pl pelt-alkycarbamoy!

grolipr one, hydexiyatkyingrounsi aved RehendRoaldgy forgh @upalicyclic ring
t&g@m,b%%tﬁgtpé%%@gadq%%p@aqg IPH% 1 to 6 carbon atons,

erein ower oup shown by Rl to R3
i s hdhoﬁmaﬁeﬂrf(lff@rmlanﬁl]ethtIlqwrradkgblgroup shown by R! to

@h?é}l' Rl §ﬁ1a1§159€h ?:?@&' BFanhQﬁ'&aEﬁgﬁ% %ﬁ!ﬂcﬁﬂcﬁﬁdes an alkyl

speC| IC& ¥exerrp | oro

gPdusar Oflrartpm%rwmlhw S@ﬁ@lﬁ? lly exémplified by a
rﬁeﬂ{ylogmjﬁwhngét@@m gr@u;ﬁ -& hl-prepyopybupf ﬁbhplsoc’propyl group, a

b 3, 3-t
oy bl DEBBaR, Profib Reodng g sk Brol: anbabt group,
&%- nhpontbﬂexgtow,ouan Tisepanyyl ggoayppof at h&:raJ;pplntgl ogpoup, a
Wﬁr‘l%ﬁ%@ ﬁﬁ‘@?‘oﬁlpzllégﬁt ﬁé)g;ﬁggrodﬂ%ﬁ‘%§ )éﬂ gcz{ggl?)m& gyclgpropyl
SHEPR: [Ty p@@pty £OWRAY smsgt:lqkmi girmpudes f or
exanphge SShrdEkialkydl @¥dup asPJWIQXM& @104Rg R q}”{‘%ludes one,

| k b f I
Feciait dBef Bl e Gonly Phoinsuabors: (Sysalbyl group is
rapiaWéJ}yla gaobpxyh gt‘ohpl, dwhm}grleuppeafmaﬁyoxxm@hﬂied by a
e bu
i ou%ygﬁe&h%‘?%k%%é%b?*%& il 34 RERI By group, a
desbexpeyeyli &rogma@caﬂ@cpmtyi greun m:;d a csarhwcyhexyl group.
6- mnh@i@ﬂllé&i@mﬁ@bﬂbﬂ?l r&@p%ﬂtﬁ{rﬁrﬂf RUOIBRS YABN ffe Ppreferably

en atom and “a sul fur ato

t
n E\ﬁg}rgg p@: i %aaqlqocy}/ it iwhich bg,sgemﬁcally exne]mphﬁed by a
rﬂeﬂmgadalrbbng?y |greu@ypan aetmdi@rcaﬁbbnyg fg@dﬁp, & propoxycarbonyl

:,]loldl ngaLgtroacggarbonﬁl p?g{‘gﬁllanyl r]g)%lrjll%ylachycarbonyl group, a
hexyloxycarbonyl group, a heptyloxycarbonyl group, a
2-ethylhexyloxycarbonyl group, an octyloxycarbonyl group, a
nonyloxycarbonyl group and a decyloxycarbonyl group.

The hydroxyalkoxycarbonyl group shown by R! to R3 includes
one, wherein a part of hydrogen atoms of the above alkoxycarbonyl
group having 2 to 11 carbon atoms is replaced by a hydroxyl group,
which is specifically exemplified by a hydroxymethyloxycarbonyl group,
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The aromatic heterocyclic group includes preferably a
5- or 6-nenbered one having 1 to 3 hetero atons such
as a nitrogen atom an oxygen atom and a sul fur atom
which is specifically exenplified by a pyridyl group,
an i mdazolyl group, a thiazolyl group, a furyl group
and a pyranyl group. The cyano-contai ni ng al kyl group
i ncl udes one, wherein a part of hydrogen atonms of the

sahpdeoxysibylayioprbgnyligraup; ephydwedkyipyopy yamarbgnyligroup, a
%beﬁtﬁ@ﬁgbéf&ﬁ{ 1%/%%‘?%:15&8%@/% NG B}‘lbl fFoup, 2

oup cyan opropyl
hyds ozyla EHORT AT grczaup,zac dopxyly ¢p @ms:arbonyl group, a
OBt dsky HrDe Ry %é‘éuﬁy%ﬂ PRRIFb¥Yn EhY l-b@;g%ﬁfjb&iyl group and

ano rou e acyl oxy group 1 des oh
‘%‘%’Lﬁ BB’&X PY®UBcid having 2 to 20 carbon

at orrs Thbi kaldgens aesif sl@@tvlnybyxRﬁmndlwﬁuEMtu@ésf for example,

0 r Qu 0 oxy group, a butyryloxy
fﬁlﬁ’%ﬁ%‘% Qloglélr?t' gjr{g%?gl ﬁ‘b‘?éﬁ% ey a nonanoyl oxy group, a
decanoVhexi algxaélgpl gneup shhewnobyoRY igcbuges Bime having 1 to 6
céirb@ﬂaitbi/ﬁs %Hefél?fﬁ{j é)[k?vv MRa5A i}oﬁpogl%wﬁflgy R! to R3 is

é rogen . atons 0 ove lBwer 2al

pEerRagdpyiorn easﬁar%legrﬂuermamdc hchls)rgmt@df i gmmynated and
ieKignpedy, i vwHidl 1@%p@&f%@@h¥keﬂ&ﬂﬂﬁd Bg @@h‘ﬂ&%ﬁ&h 1 group, a

o Eae T et g Tup P Br Ao BB g Pospe e o8B rour, «
Shle}aldrppcapjdagngupg re0 lﬁ}blroniapldepyb nenou)eaed(s, 8dﬁgﬂl1hoﬂfpropyl
t r ce an
SIS LR SRR, TR o o
TRREERY gl:mug/l group, an I\I-ethyl car banoyl group,
an NThePhRRYLEAIDHOMe AEP }Jgroﬁﬁ w%éﬁ%ﬁ?pﬂé\‘?@rab@mlntuent

g, o %%%%ﬁ%fn Begh dboutna s odfldoup and a
naptithgegronp, adiesaic s&h@&itheﬁft inbiod &xg efor @teﬂﬁpl@fan amino
S5 LSRN oL PN, LB PRGN, o,
Stwgtf?g(y]q@m@as i shp, substitydedarel igybuprinehyide, for example, an
am{ﬁ'f y?péi'oﬁlﬁoui’ tcﬁuﬁﬁ’q{oogrkb"t‘}%e fgrﬁ%{?rgxgph?ﬁgl group, a

ny t?{sﬁéﬁ’w@ BT 2501, o BT A RS SoMIRANg & wweeyphenyl

gtogpt her with the adJ acent -C=C- bond to form an

alicyelic cl.udes .an unsatura

i ng” s pbirER’ TP EERSARR R dRf T ey a 5 or
Gmmesahetrddc ooe havipgy tltiocd heferh atonspetidh eal 4 ynitrogen atom,
X&ESFéérf éﬁﬁnbé/n@a QAP ra@&@le \{71‘1{?:@1 1§‘se}gé(&he§ﬁ§‘te§@ﬁaphﬁed by a

rln f hexene ri ng,
2- oxopyrro 1dyl group, a p1per1dy group, a piperidino group, a

piperazinyl group and a morpholino group.

The aromatic heterocyclic group includes preferably a 5- or
6-membered one having 1 to 3 hetero atoms such as a nitrogen atom,
an oxygen atom and a sulfur atom, which is specifically exemplified by a
pyridyl group, an imidazolyl group, a thiazolyl group, a furyl group and
a pyranyl group.

The cyano-containing alkyl group includes one, wherein a part of
hydrogen atoms of the above lower alkyl group is replaced by a cyano
group, which is specifically exeﬁaplified by a cyanomethyl group, a
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ring and a cycl odecene ring. The specific exanpl es of

t he nmononmer shown by the general fornula [11 include

et hyl enically unsaturated aliphatic hydrocarbons

having 2 to 20 carbon atons such as ethyl ene,

propyl ene, butylene and isobutylene; ethylenically
unsaturated aronmati ¢ hydrocarbons having 8 to 20

carbon atons such as styrene, 4-nethyl styrene,

UCyRAPEHIYlr BFRUD o Ad2 EXATHSRTIONYE eﬂi’@upal & ehylyasepeepyl group, a

myb.ﬁgb&tylogx?cﬁlﬁaé 0By 24 P8 tyA Usid g a[ﬁ@pér?ﬂ’y‘?@r@up and a

cet vinyl “propi onate and |sopropeny
é;c%%&?g‘exyﬂ YYn- cont ai ni ng et hyl eni cal | y unsat ur at ed

conpoaﬂrbs alesdosyg gPotip irkdudas bere aielﬁrméeds tﬂlﬁd‘mf laa saryxylic acid
ri vi nyl i uor
dgge?r At I\Qlls)g%oeﬁﬁ}yll %ﬁ%’éng’et )}F]élnfs §PF§;1 {ﬁ%]é't Gr& jified by an
amttjol@xyl i grouye,i da mmmgnyldxy 28raspboa abutwydexsh gsoup, a
h t
ﬁé*f%?ll%’%‘%ﬁ*d BrouBt A ASBnoSI08f Boub, 3°ARKATIy group and a
henzey! @ gradRt i ¢ acid and vinyl benzoic acid (t hese
aci ds mhe éﬁﬁﬁbélkyleéx’é@'ﬁ 1r{@hﬂlss5c§ﬁé &H@Pelﬁsa%taﬁhydmgen

nd ; | enical
A B30 B Breer o St s reparesl bympiopitino group,
wikidhaiy ypedificatlyredennplified st aheamprnopttyl Erbbigs rad ahﬁnoethyl

b Al éﬁ?ﬁw@ﬁys@%ﬁW%é*lno;@?t?ﬁ” 0t SpprEhibpenty!

gronyp and amamlmﬂmty grewpyl ate, lauryl nmethacrylate,

stear Yﬁh@CN ﬂlﬁ&ﬁ:arﬂﬁﬁﬂ}ﬁh P@&ﬁ nﬁ{&uﬁ@% h?tlﬁ%atrngtigf@heﬁ part of

nmal eate ethy rra ate
ff}{@ff&ﬂﬁfleat%ﬁhgﬁ 2 ERERYRLE Brotmy fs dtplasiest byanp alkyl group,
wigidhy lis JspudiReH axeeplific€ OBy 24fi Ndmeth, hé'a@Bhﬁﬁij}l)’group, an
l\z_niﬁtg: &ed C rrpougds avi ng to 20 ar on f
gehY n| tFPHE m#tthact yPoRTIRYF2 Oé( | yBroup, an
Mywpmgylemmdranybagﬂwap,umtNrm{tamty:lnmdimmoﬂpcgmd@ and an
tons such as acrylam de and
P@Qé%]t';g};zlkargd&m%gﬁﬁﬂu i cal 'y unsaturated al dehydes
havi ng BIowP sinudesaong, eiwhengdn a part of
1drogeal Aehysler thetdhdveriowrlr! My grbupat el ptittdPBY @ hydroxyl

aci ds h

PP PN s s ifitally X RDlHER, b oS oy depipmmatig roup, a
Hstdresgetnyldgroupy af tiychraryptdgatli gfmm' as dlydsosylbtitydsgroup, a

@ﬁﬁj #gt)l c aﬁoﬁ?hgg%gyglw%;@%(ﬁ% rPugfgtrrgragﬁgh as
Vi nyI affhee aliphadid yirgnine thet egsewberm R wrad ¢ are bonded
tBEOITR \Qlthamé‘ﬁ %a{&‘ﬂtrl@ét—t BoAH o2k agt é’ﬁ (ﬁliﬁchn%s includes

vinyl ani | i ne; ylenjcally, unsaturate

el @sgiyEqted %HFY\%‘SC KNS RVEg ¢ o Qa%rawraaéws aighmay be

IﬁSnbl:‘Wlﬂ’y' py rpdlyepdlie, andhicy ki Bpetidicasty £xem l1ﬁed by a
ur at ed al cohol s ,hav

B ROE dinds A SUPERIGHe Broropy ol Ens pe, & eyclooctene
rahg anol 2 oyclydeseincatihg. unsat ur at ed phenol s having 8 to

The specific examples of the monomer shown by the general
formula [1] include ethylenically unsaturated aliphatic hydrocarbons
having 2 to 20 carbon atoms such as ethylene, propylene, butylene and
isobutylene; ethylenically unsaturated aromatic hydrocarbons having 8
to 20 carbon atoms such as styrene, 4-methylstyrene, 4-ethylstyrene
and divinylbenzene; alkenyl esters having 3 to 20 carbon atoms such as
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carbon atons such as 4-vinyl phenol, etc. Wen the

above polyner, and the like is used as a carrier, use

of the carrier that is hardly deuterated itself by
deuteration of the present invention is preferable,
however, a catalyst supported on the carrier

deuteratable itself can al so be used for deuteration

of the present invention. 26 I'n a nmethod for

vitgdt Branaten whyl keepatesenhyl prepiomate amdnigoppepeapbeectate;

A ARERL B ARG BOHANA 1 2
28 a%rdwralaéoms@cbtﬂ%/vmédc lomdmgnnyhécssa dllpalldleadumlyﬂndene
ﬂ%‘%f?ﬂin A RtRAlh YRy T oé@hg'?erﬁ%ﬁﬁ una;s"a%ufﬁt%ﬁc lcBrboxylic

rLaI oper a”lt and or cata
ag ﬁ atvg,ng 3ie 5 Ak Qny Atgms §3 fisaa?ﬁ{ lC‘a@P ifln methacrylic
a@ﬁf h@amcdsmt ayidpravlelesadiay tﬁhlﬁfan@fafcﬁ&l @thoﬁ@éﬁa%E@t ¥@fylacetic
én the caryier orted gﬁ?al cont en
0 e bt 66 SR VG RHERE 5Ef0 IBhée Siad P form an

atkuidrrwtal satthenchims sudikeh aardzlpotximmm, mxsageqmmxbrhmrﬂx salt);

cBapRiety, Ghalburieh) GaRb el SRR Sy T Frpete
rrleth@cml@et«b,y QibIyg ht mgtﬁtaq@mlatﬁcul aropylpr ehethatnylste, o butyl

mHalyy et 0bletB etk r}nm&yléﬁt ahdHyl a!c?yﬁltgeé acrylate,
for deuteration gf the%rrg |nvet|on anmount _ of

ProRYlac A alas: caPHyst : acLrStRydaeedt aldpsylats, pelauryl
mtsthdcryslage netreadryy acsdats)| ﬂneahylaitabaﬁatsq Whiyl ithconate, methyl

bl d 200
nBIELEL S Ukl pirigafnehefih, Tpltatdel) Sy qiferls:  methyl
ijle \méhghtcromrlatleoanﬁO%Wyl/eBdbmtem)ate, 2@#mipycontaining
ei’l@*l@ﬁ Li'rpse{t%rgﬁeﬂ bé’o 91'31% hra%ﬁﬁ% fget& 02@ carbon atoms

havi n
SP@BC% \?@rglﬂa'&trrlkﬁ emeﬂﬁ? ttr% acnd v rrgiaruﬁ@, ethylemcally

uedhéhysied anfdp D@irh@d)ubx\ds ﬁa&‘lﬁig iEko 020 erboandtdtBBesuch as

apillafy6e"hE%, it itey PR Pheritdioatl SBisspfalief qigenydes
haoddy3 tael@hcarbéfh bgtoamsgsuchnas Z%rwems iaghtt ,crotonadehyde;

PIBRAAE B0 R Tk, 3 g o

SHER ap 5%3{;§umgpghgc1d/\n§ -VéJ@ lfenig ac1d ese acids
n’ﬂa@f efoPRY Chh C allkdly hietdEUsAtat &6ch 2a§r soHHﬁx% I‘zalr!ikﬁilSp@fassmm)

r.i ous ,cat al S a cr| bed above can e used 1
B R R A C Bl v 210 2 CarPef htoms
suchdasofnrqdaahy)st anal eallyst&lmne athyhariat umatamdt agbmatic

ahﬂﬁeg q{ﬂﬁﬁg 8 tbo%@%alf?SH IR esut%%xt a8 QIlhg?atn ﬂ‘lgt %lthylenlcally

S becone
u@gggmg,astpdt @hpléatlc heterocychc amines having S to 20 carbon atoms

such as N-vinylpyrrolidone and vinylpiperidine; ' ethylenically
unsaturated alcohols having 3 to 20 carbon atoms such as allyl alcohol
and crotyl alcohol; ethylenically unsaturated phenols having 8 to 20
carbon atoms such as 4-vinylphenol, etc.

When the above polymer, and the like is used as a carrier, use of
the carrier that is hardly deuterated itself by deuteration of the present
invention is preferable, however, a catalyst supported on the carrier
deuteratable itself can also be used for deuteration of the present
invention.
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used as descri bed above. In the case when a

non-activated catalyst is used in a reaction of the
present invention, anount of hydrogen to be used when
hydrogen gas is present in a reaction systemto

activate the non-activated catalyst may be a little

nore than necessary anount to activate the catalyst to

27 efficiently carry out activation of the catalyst,

t houghnt s epethod pows depiteration hdheapeasssitvinvantion; aghong the

B0 I8 A r$E1ONE ﬁ@Yﬁzrclsen?étE?tha%? ts, deér't ?a*ﬁdcﬁﬁm carbon, a

i on of the resent inven such
9@%&& iRl garhen: o 4 BlntuBITEARrban egvreferably used.
Awdhgoeth&eyrL @dl&léﬁﬁnﬁmlﬂbbnoénﬂwi rgRMiugRshy dirox1de carbon
ner al l. ?4 g}io 20,,000 e aI e and refer abl
\Y;

oyt BT, eperaty Y SHPFOTAREART g activity,
drehip padiogknr, tusdhef Lmthl\]ldrhmrheea/qbdnydnogtﬂm povides further

é?ﬁ@i%%@tdéd}e?%ﬁgﬁ%hgﬁoﬁySt emto activate the

non-acti vate may be necessary anount to
acti vérlethm@amtems;mporque¢%uallxst1 aqomtent @gothe catalyst metal

WHISH 8 %ﬁ'u%ld@ﬁﬁl %Faftﬁ{@@i yrrﬂéhlh% / PQuRgiuya) ‘ﬁ%léel L and cobalt,

relativ however, even |

1§aﬂ§i’q¥@§¥y?ﬁ§’d§8da rby &fé&b&ser#sr@blb'aﬂ-g@ SO&ethéMéﬁlgbﬁ more
pﬁ:féﬂae)ljarp&ensowwtwaghcarﬂub&mﬁeﬁim elewrab@utl 8Y20% by

R T A e

dadslystf ect to further deuterate said solvent. In a

met ho‘ﬂnfﬁrmgﬁwde &t 'd%ﬁt&fatg;}? (?g rtﬁ%ﬁ?feég?l\feiﬁt%ﬂ@mn amount of

reaction rature m ter
the Qe GAtes SRS & OF oRTAGHATgd QataiNstato benpeedtirgenerally
dai @Ameéd tdawlylselqumu@ol ;shtefélaetb@t maawélefmer wre@solx &b 200% by

Weﬁ@& ol 15 loosp e pidiEhye 0Bk 18 SgPady BERILO1 to 20% by

w&ight, 01D't6. 208 30 w@ightebdin@0Bbity meight rndfl0 the20% by

&&g}s@n@mg egpggodlb%hg ﬁsggfg: 'ﬁ%teyg%&!gc%geg) ba%ysed as
ERAGLE pabatrage, FrRespestiene! thehgh@fcattwsabw@pported by
d @Qﬁlﬁé@fbrt ﬁapeaﬁa% pef 1an£teesh@énﬂ Bf %ﬁel @e&alﬁtaﬁfetﬁ’?)ln said

or r ess th er
W0 R BITRE g oaie {%@9 L AR g u et 0% by
vetighe, 596 elsys weightti and 02%a bye&&hght} s&ﬁleeﬂnwaiy lhait thereof is

ﬂ}‘éfér%’bﬁg‘é‘?n%ﬁbr&de?y Bog > By ‘gﬁnrtlz t@oﬁ/cgg%ﬁéﬁ bt, 0.05%

ert-gas
bﬁWﬁlﬂjﬁrﬂ@d@ 59(dbéfr‘g©lgf§as Reaction tine in a nethod

for deuhenat ic8 Oﬁﬁuﬁﬂ%é\ﬁ?@%thethﬂyc,%)@hcoﬁngslsgt?&?ﬂ'e@%éfd 2 or

30 mnutestol hour refe ours
THBFe KiRdp faprgions G A HIAS r%{:mdt ﬁgpvma@ be used in an
aproerahe \codnbinaifbn. hour S.

In the case where 2 or more kinds of catalysts are used in

combination, amount of the catalysts to be used may be set so that
total amount of the catalysts becomes the amount of the catalyst to be
used as described above.

In the case when a non-activated catalyst is used in a reaction of
the present invention, amount of hydrogen to be used when hydrogen
gas is present in a reaction system to activate the non-activated catalyst
may be a little more than necessary amount to activate the catalyst to
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A nmethod for deuteration of the present invention wll
be specifically explained by taking, as an exanpl e,
the case of using heavy water as heavy hydrogen
source and using a palladiumcarbon (Pd 109 as a
non-acti vated catal yst. 28 For exanple, a conpound
having a heterocyclic ring (substrate) and a

pal | adi um catal yst are added to a deuterated sol vent,

effatientiydcdryy cdedctivatidre of ehet datalysts thougheiblezeiis g:)osmbﬂlty

h h
G i Rt S
d@@tBexatlczm@e@cm@m odsbetpresent muvestion sL@h asinslrogénation of a
dERBEALHADIAnd BE HARG U Aot L. 1AM hAhRhC8F Hdrogen

I's soluble jn eut vent, aé
25| tSer&ealeéﬁmlloﬁQt%@ QQ0 qqwinalentst pod praferaphe 10 to 700

ef;uhxtaﬂah@slfel@ttﬁ& &stl&dcta@alyas it is, structural

anal ysis b nd, mass ctr
neas ua %E 0 \)@H%%"Yt hé’g%(é%%?% nPHr %‘??E%V Lf}ﬁ’rvén fydrogen is
peeserl & ianrddvdiaiesystahe sotivate the In@rr—aatltIatmi catalyst may

B g@eg%sagéjt rouAt 48 LEAM eth%ee&gal%fg,lﬁ,w% 1°.£820,000
eahlav&lagﬁﬁ Qﬁécmmfma‘]@ﬁsltﬂ é@r@ﬁ%)seqwaiemm rglagifecto tle catalyst,
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romthe. reaction soI tion
d@élrt?liaet tfaecsr%ﬁ% {RVERHAMR PRIR | g? cBEY BFm?@t Agdout any

psublenas benauaetsa@d loéawwhydp?g@kuq‘s_lhr emmte&ﬁ wEtaptal deuterated
splvent .i n. whi t he .
sSRH L B0 LSRR SRR B AT by Y Repb euterate s
solﬁealltyst Even when a conmpound having a heterocyclic
ring 6O ahBthéh BRl AaeRrd 18H‘ 8{5 tﬁesgpe':%:' U Hﬂhyreaction
t he heterocycllc rong can deuter out
tempesafiicoFRy be &@itfﬁrénﬁgeds 89 él’lﬁf- & w%wmsyﬁm agém refluxing
stdtenaoferd émtiﬁélm at QthUdSomY@an\ﬂﬁ at @@nﬁﬁ\mwﬂ@pressure)
Vi n eter ta| n ubstit uent, P
TSR B il B R R e o 3y
imeheraclec|afc +3° 8y +(Sélfi brel @f€l badat26°@i dxdvestling fhmﬂaxb@\;ﬁnnt of
e eah&ﬁbpgeﬁﬁﬂﬂ%%rewisoﬁgé@fa%@gmatﬁ@5?@95 ber+100°C,

eut er at esent 1 nve
S Cv 783G and +cﬁﬁb|€£§xg%edaﬁgamlimatmnmf éh?s‘ml‘é‘?mt a

deut epetteflg ! ﬁffénhbéﬁe h‘@a&‘Monhtédﬁ getuyeUnCs. reﬁ%tor in sealed
ggscrlbe abov

W a net hod
50 52X | o) PHOTHEL P BRE TR SR/ WRFER B | Bireby to
nsaikg m$1dag>fathmnmunrmd1 sy'satv:nngn Ppressarigeg dtate.ri ng to
seal e state e ve the. .
o1 os bt ol relcAoAP Bl o thad b BlribfinklC using
Tb@lr@:gm RSt ® ahbvatd er@tty?éﬁtc Qti myobeap@ﬁmnaddusmg further

I I | eut er at ed very
le?i?tl CI ent ‘Fﬁ%% I‘Pﬁi/&éérggaé i a?%bl?gag

ecause deuter atl ction
eact1on time in a method for deuteration of the present

invention is generally 30 minutes to 100 hours, preferably 1 to 50 hours,
more preferably 1 to 30 hours and further more preferably 3 to 30
hours.

A method for deuteration of the present invention will be
specifically explained by taking, as an example, the case of using heavy
water as heavy hydrogen source and using a palladium carbon (Pd 10%)
as a non-activated catalyst.
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tenperature can be maintai ned at higher than boiling

point of the solvent. Further, in accordance with a

met hod for deuteration. of the 29 present invention,

not only a hydrogen atom bel onging to a heterocyclic

ring, but also a hydrogen atom bel onging to a

carbon. atom present in a substituent of aOI f

heterocycllc ring (for ex | e, one derive rom an

al kyl Efffotkampie :aﬂk‘@%’?poypggbang@rbﬁt\qnocyf:bgp”mgr(substrate)

stk expalaaiipm @dtalgaétkaié Atdedr@rR.daitephted s8lvkaRYfollowed by

nalkksulfln gro an al kylp Plos phi no
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thadl ‘patfaé§e1ﬁt5uw§md 6 28 ihds, strmofc@dal aheb@m boylH -NMR,
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(L j on
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igf @F lé[ 0 ﬁﬁ%/‘é@leoﬁq o t%eqtgg,%fquo PALY§ pé’éﬁ rggcgion product is
istlet & fratauther sdeadicor sobitiorand stestibfaite@ rtoréttuétmlh‘halysm

t opE. to amount of
efJ}t{g\rIa bl e%&r %ég%%%grﬁje%g Lglln CORpSE RS 8r at ed
af t er Wbapl g pnociﬂﬂct ire hagdlyt isohublenint hedéutdratédgolvent, the
i§MafReSf tﬁ%uﬁﬁfcﬁiétoﬂ’orrﬁtﬂh‘é Péac?c1$1|¥ ;Q' gﬁﬁanaﬁ‘ L‘Eﬁqjﬂed out

p03| jon of I sol at.ed conpound

ng 10 KAOWA RuBficatanemethass sl daqtpay axdraction of the
p&bdﬂ@ﬂd&dnﬁ@ﬁe neaetion gbHadeh ﬂgﬂlégnﬁﬁrginﬁakbﬁz@h‘ﬁmn which

éeggg ngégﬁg f%égtgﬁpﬁf&ﬂmﬂﬁd%gégg stphere of

condu&viemg wehere ac tcoompoundnhaving at maéro@@ﬁe tioig COﬂtalnS a
2 ur, f l e f t [e& t4 on. the
008N 24t dULS: A h¥isti HaBP tt%h Pbeﬁ:ﬁe? dic’ ting (Can be

reaction sol ution was extractte
dejiterated: witheut thee abwvgl hedogen atomeheing isrbsiftuthd by a

H; drf)g@ﬁeatﬁtﬂebrrﬁdaéﬁ@erﬂﬁﬁgf?‘ﬁ&nt ﬁ)exfgbg%n“é% ﬁlggur mpound
eut erat e

Ko & bfroHERe S CREA T RuPRL TR SRFIR A2 R Eroup
agutdla royss106 gEmip, _melyfdwhelmrmbychga‘mg tctbﬁ be |de02m=:ft@ted without

a Logen a

TN NN T T ———
d@péwtncmt pe theogineisent (vesttdom bgingeaf oatadwshoactivated in
ali9h Bk aa¥asn 99%ivARd daMIGERIAA a deuterated solvent as heavy

hydrogen source. .

As described above, in accordance with a method for deuteration
of the present invention which comprises subjecting a compound
having a heterocyclic ring to sealed refluxing state in a deuterated
solvent in the presence of an activated catalyst, a hydrogen atom
belonging to the heterocyclic ring of a compound having a heterocyclic
ring can be deuterated very efficiently because deuteration reaction
temperature can be maintained at higher than boiling point of the
solvent.

Further, in accordance with a method for deuteration of the
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ratio to total hydrogen atons in the position (2) was

also 99% 30 HD(1) N 10%d/C, H2, D20ON. ~-H 30 HH
D(1) HD(2) Exanples 2 to 5. Simlar deuteration

reactions as in Exanple 1 were conducted except for

usi ng substrates shown in the follow ng Table 1.

| solation vyields and deuteration ratios of each

deuterated conpound are shown in Table 1. :
preses thisfveatiorjeneteenly arhyddges atomdnﬂioﬁgmg) ke anbeterocyclic

o ML ATy g R g ) ERER d e i o
Sw pstifuens aft po Dt@(TP}?}’Clk%\rﬁéns ter examplel) one | degiged frpm an
ghoup,(2h aliteiyl! gréup?9atiiralkyl grohb) &l HIRSY Molp, an
a kylthio group, an alkylsulfonyl group, an alkylsulfinyl group, an
alkylphosphino group, an alkylphosphinoyl group, an alkylamino group,
an alkoxycarbonyl group, an alkoxysulfonyl group and an acyl group) or
a hydrogen atom bound to a carbon atom present in a sugar chain,
various compounds or polymers, bound to a hete'rocyclic ring can also
be deuterated.

In the following, the present invention is explained in further
detail referring to Examples, but the present invention is not limited
thereto by any means.

Further, in the following Examplés, isolation yield means yield of
a compound isolated after completion of the reaction irrespective of
whether deuterated or not, and deuteration ratio means ratio of amount
of deuterated atoms to amount of deuteratable hydrogen atoms in a
compound isolated after completion of the reaction. In the following
Examples, deuteration ratio of a hydrogen atom in each position of an
isolated compound is shown.

EXAMPLE
Example 1.

In 17 mL of deuterium oxide (D20) were suspended 500 mg of
imidazol and 50 mg of palladium carbon (Pd 10%), followed by replacing
atmosphere of a sealed reaction system with hydrogen gas and
conducting a reaction in an oil bath at 160°C for about 24 hours. After
completion of the reaction, the reaction solution was extracted with
ether, followed by filtering out the catalyst and concentration of the
filtrate under reduced pressure to obtain 500 mg of deuterated
compound (isolation yield 95%). Structural analysis of thus obtained
compound by 1H-NMR, 2H-NMR and mass spectrum measurements
gave the following deuteration ratios for each hydrogen atom of the
compound obtained. Deuteration ratio to total hydrogen atoms in the
position (1) shown by the following formula was 99%, and deuteration
ratio to total hydrogen atoms in the position (2) was also 99%.
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(1) 99 Exanple 31 | \ 86(2) 91 NCH ~ 3 N H HX1) (3)
79 (D3 H N D(1) xanple 4~--H :CN 92( 1) 98 "~---D C N
N (2)(2) 94 H3 H3C HH H N D(1) N (1) 99 Exanple 5I
H ~D 72(2) 99 2 HN( ) DN CH3(3) CH (3) 99 3

H p
N 10%Pd/C, H,, D,O N
>—H »> >—D )
N N
H H Dy H

Examples 2 to 5.

Similar deuteration reactions as in Example 1 were conducted
except for using substrates shown in the following Table 1. Isolation
yields and deuteration ratios of each deuterated compound are shown
in Table 1. Hereinafter, deuteration ratios in each Example were
calculated in the same manner as in Example 1.

<Table 1>
Reactive substrate Product ;Si‘:igtzz)l D :::if;r?(;i;n
H N pd) N '
A\ N\ (1) 99
Example 2 | CH, | C ]% 99
N N @ (2) 99
H H Doy N
H M 2
| N\: H( H|DX N p? (1) 99
Example 3 I H 86 (2) 91
H N CH, N cD,
H Day g (3) (3) 79
H (1)
N D
\ A\ (1) 98
Example 4 | H l (]%) 92 ;
' 2) 94
HyC N H,;C N 2)
H N pD N (1) 99
| )= \
Example 5 | D 70 (2) 99
o N @)
' e
CH, CH, (3) 99

Examples 6 to 7.
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Exanples 6 to 7. 31 Simlar deuteration reactions as
in Exanple 1 were conducted except for using adenine
as a substrate and conducting the reactions under
reacti.on conditions shown in the follow ng Table 2.

| solation vyields and deuteration ratios of the

obt ai ned conpounds are shown together in Table 2.

N NNN H<Table 2> 10%d/C D20 H2 D (1) NH2 HN D
(2) Re8tmilen dateratan| ssiciionsn abeimt Exatmple 1 were conducted
e%@@ﬁ@rfé‘it ‘Hﬁﬁ%a@d’ drhd 48 af s AR Englé&%écaﬁgﬁg{'%@ ctions

hour336 5 Deuterat|on ratio
‘4 qraf?%c%?naﬁ%ﬁlt 1Q3¥S ¢ n gedher deldewingfrhle 2. Isolation

yaetdgnandf dbat@atﬁﬁut@t@%abf erhiey 6b@ﬂi@f&dafc@ﬁ§pélﬁ‘nd§ hgre shown
) and (2) in the above chem'cal

0S, on
$ t:l?EII ?g@ ‘es 8 to 9. Simlar deuteration

reaction "&s in Exanple 1 were conducted except Nz r
nder reaction conditions sho

Nl e BO%P'dﬁ@'EEOOHQ/I el ds an
obtatret—coffpoues a

NH2

HY N D (2
<Table 2>
Reaction Reaction Isolation | Deuteration
temperature time vield (%) ratio (%)
Example 6 110°C 24 hours 94 48
Example 7 140°C 48 hours 36 95
Deuteration ratio in Table 2 is ratio of amount of total

deuterated atoms to amount of total deuteratable hydrogen atoms in
the positions of (1) and (2) in the above chemical formula.

Examples 8 to 9.

Similar deuteration reactions as in Example 1 were conducted
except for using adenosine as a substrate and carrying out the
reactions under reaction conditions shown in the following Table 3.
Isolation yields and deuteration ratios of the obtained compounds are

shown together in Table 3.
NH, NH,

N x
1 )
N“"NZ  10%Pd/C D,O H,
48hr

reflux
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HOHOOHOHD(2) 32 <Table 3> Reaction Reaction

| sol ation Deuteration tenperaturetineyield % atio
Exanpl e 8110CA8 hours99(1) 94, (2) 92 Exanple 9140C48
hours74(1) 91, (2) 91 Exanples 10 to 12. Simlar
deuteration reactions as in Exanple 1 were conducted
except for using guanosine as a substrate and carrying
out the reactions under reaction conditions shown in
thebleodt owi ng Table 4. Isolation yields and

deut eration |r aReastioh [ heROAEROIAET CSUIRBBAUS| A Beuteration
shown t oget heemiperdahte | 4. tiaedd/ C HRAHBL) ef | uxrd8H1(%)

turetli neyi el Y atlo Examle 1 048

hBxaaddlel9 94 Emm'fﬂ:e 1LE®H¢81rI§OJr3997(4l) 93 E{p)nme(g)gl

<E§{Q 1%>8 React {980 eact Aok ation uterpation
<Eaahs, (Po4, (2) 02

1T2160C24 hOLngg( 1) 96 Exanpi es—153—tot4—Si-mt+ar
deuteration reactions as in Exanple 1 were conducted

Exampled @0 taslPg t hym ne as a substrate and carryi ng
out th th,on nder actlon co |t|o shown in
the foriBiot SRt Feaitne A 7 oeamili 17 were conducted
exeaper éan cmsmgt ighsargfsinbe asbtaai mldsuratmoands cargyipgowut the
reQ8BbAST uhlef 2Rldtion Fdnditions shown in the following Table 4.
Isolation yields and deuteration ratios of the obtained compounds are

shown together in Table 4.

10%Pd/C D,0 H,

I

reflux  48hr
<Table 4>
Reaction Reaction Isolation Deuteration
temperature time vield (%) ratio (%)
Example 10 110°C 48 hours 94 (1) 94
Example 11 140°C 48 hours 99 (1) 93
Example 12 160°C 24 hours 98 (1) 96

Examples 13 to 14.

Similar deuteration reactions as in Example 1 were conducted
except for using thymine as a substrate and carrying out the reactions
under reaction conditions shown in the following Table 5. Isolation
yields and deuteration ratios of the obtained compounds are shown
together in Table 5.
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0 H3C 11 NH N "O H <Table 5> 10 %d/C D20 H2 (1) O
D3C NH (2) D~ N''"~O H Reaction . Reaction |Isolation
Deuteration tenperaturetineyield %atio Exanpl e

13110C24 hours96(1) 99, (2) 64 Exanple 14140C48

hours65(1) 96, (2) 94 Exanple 15. Simlar deuteration
reaction as in Exanple 1 was conducted except for
usi ng cyt osine as a substrate and carrying out the
reaction®at 160C for 48 hours. |solation yi el d of
obt ai ned||conmpound was 98% and deuterati@p ratios

Hafier eof e (1) 96% g NH2 NH2 D§Qy D
10%°47C D20NH N N O (?@"S‘d@ﬁ% anpie 16. Si
deutgfation [feaction as in Exanple 1 was conduct|ed
exce for ing uracil as a substrate and carr

p 160C for 48 hours. |sol o
yi el d oth he obtai ned conpound was 94% afi} H

deuteration ratios thereof were (1) 98% and (2) 93% O
0 10%d/ C D20 H2 (1) D

<Table 5>
Reaction . | Reaction Isolation Deuteration
temperature time vield (%) ratio (%)
Example 13 110°C 24 hours 96 (1) 99, (2) 64
Example 14 140°C 48 hours 65 (1) 96, (2) 94
Examplel5.

Similar deuteration reaction as in Example 1 was conducted
except for using cytosine as a substrate and carrying out the reaction at
160°C for 48 hours. Isolation yield of the obtained compound was 98%
and deuteration ratios thereof were (1) 96% and (2) 96%.

NH» NH,
M 5

X

| /T\ 10%Pd/C D,0 H, | N
- /K

N o] D N '

H ) H °
Example 16.

Similar deuteration reaction as in Example 1 was conducted
except for using uracil as a substrate and carrying out the reaction at
160°C for 48 hours. Isolation yield of the obtained compound was 94%
and deuteration ratios thereof were (1) 98% and (2) 93%.

O o]
M
NH 10%Pd/C D,0 H, NH

/j\o

N P

Iz
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NHD , 0O(2) N H 34 Exanple 17. Simlar
deuteration reaction as in Exanple 1 was conducted
except for using uridine as a substrate and carrying
.out the reaction at 160C for 24 hours in a seal ed
state. Isolation yield of the obtained conmpound was
85% and deuteration ratios thereof were (1) 48% and
(2) 95% 10%°dl C D20 H2 Exanples 18 to 19. Simlar
deuteration reactions as in Exanple 1 were conducted
Ex@ple 1gr using inosine as a substrate and carrying

out th cti,on nder t|on co |t|osshovvn|
the fo %\Aﬁ gd?ﬁg?r@lﬂbon r§6‘F FofS Wi 23? was conducted
erXeapérﬁa:t usmg mdmeoasmeubbtmte%ct ommqun gsowt thes Reation at

légggl on ££ I on ﬁqso%ajg&b%%t?er a%ﬁ%élcy%zlg 6F el btained

cospperad vasiGadp and daderation aapios tiereotugre (1) 48% and (2)
gweyrs98(1) 79, (2) 84 Exanple 19140C48 hours90(1) 85,
(2) 97 Exggmple 20. Simlar deuteration reacti as in

Exanple 1 s conducted OH 35 except faqu)usin
hypoxanttmﬁg\“@s a substrate and carrying B

| L ;
N (@) 10%Pd/C D,O H2 (2)D N (@)
HO » HO._.
O 0
"on  off Hon off

Examples 18 to 19.

Similar deuteration reactions as in Example 1 were conducted
except for using inosine as a substrate and carrying out the reactions
under reaction conditions shown in the following Table 6. Isolation
yields and deuteration ratios of the obtained compounds are shown
together in Table 6.

OH | OH
N N N N
XY mean, "L
N # 10%Pd/C D,0 H N F
N 2 N D o)
HO > HO @
(0] _ 0
Hon off Hon  off
<Table 6>
Reaction Reaction Isolation Deuteration
temperature time yield (%) ratio (%)
Example 18 110°C 48 hours 98 (1) 79, (2) 84
Example 19 140°C 48 hours 90 (1) 85, (2) 97
Example 20.

Similar deuteration reaction as in Example 1 was conducted
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reaction at 110C for 48 hours. Isolation yield of the

obt ai ned conpound was 62% and deuteration ratio

thereof to total deuteratable hydrogen atons in the
positions (1) and (2) was 95% 0 O N1 NH 10%°d/ C D20

H2 Nref lux at 110C 48hr H N (1) DNNHN HND(2)
Exanples 21 to 22. Simlar deuteration reactions as in
Exanple 1 were conducted except for using

e3cept Hot i nsivige hapoxanthing e amillzdrate mgpdwartyimg out the
rE8AEsH 088 UNERE TRACULNLEARD! el SOWILN di'She obtained

followng T tion yirelds an eut er
CPRIRPINGWahO6t e clewisrpdondatiy shexpdvie tatgbdearteratable
Hydr3abh @tdm 16PN GoBRRIE (1) 4dd (] a0 d%.D (2)

acti opReactionl sol ati onDeut eration o
tenperagjureti neyield %ati o Exanple 21110C24

hQur s5 +(5) 44, (8) 97, (4) 60,797 Exanple
rsSZKOZ%Fd/!D 30 HB) 92, 428,
’r atiop ratio—ef (2 +(5) 15 Tab)

t ratefd.uxt ot t Dt0AC d48iirer at abl e h geps
atonms i N the positions of (2) and (5). Exih npl e .

Sim | ar deuteration reaction as in Exanple 1 was
conducted except for using 5-nethylindole as a

Exdbspleat 21 Q@@g:arrw ng out the reaction at 140C for
48 hOUé ation |eId of .the abtai ned 36 compound
AIHH diﬁ!&

was 65 tEFAEPR TREHBS RhaPCbRamRRE | Fyeimpopducted
ek8gpt for using 3-methylindole as a substrate and carrying out the

reactions under reaction conditions shown in the following Table 7.
Isolation yields and deuteration ratios of the obtained compounds are
shown together in Table 7.

p®
CHa cn®)
) 5
’ \ 10%Pd/C D,0 H, | \ @
- D
N N
H (G)D H
D)
<Table 7>
Reaction Reaction | Isolation Deuteration
temperature time vield (%) ratio (%)
Example 21 110°C 24 hours 50 % 8(5()6;*3’ Eg; g;’
Example 22 140°C 48 hours 82 %Jrz(g) (56?;’2(8) ?72)’81

Deuteration ratio of (2)+(5) in Table 7 means a deuteration ratio
to total deuteratable hydrogen atoms in the positions of (2) and (5).

Example 23.

Similar deuteration reaction as in Example 1 was conducted
except for using 5-methylindole as a substrate and carrying out the
reaction at 140°C for 48 hours. Isolation yield of the obtained
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90% (4) 27% (5) 95% (6) 99% and (7) 38% H3C
10%°d/ C D20 H2 reflux at 1401 48hr D (2) Exanple 24.
Simlar deuteration reaction as in Exanple 1 was
conducted except for using 7-nethylindole as a
substrate and carrying out the reaction at 140C for
48 hours. |solation yield of the obtained conpound

was 79%and dg terat ati gs thereof were (2) 96%
QERPOBBS, Sas) BBk ek RS H90p cTiqe fhoal Webe (3) 100%, (3)
91@94?@4)02@2@ (5P9Bes, (6X 9B, LANL(ABB8YD3 (7) D (2)

Exanpl e 25. Simlar deuteration reaction as_i4 Exanple

1 was conducted except for using 3, 5-dinethyl pyr aedde

fo urs\l sol at jg f the Obrai
conpp P %0 d% d ti os ther eof

(3)+ ] (143)f119<5% 18 44nhH3C N
H2 re x atN140C 48hr D C /N (5) spK 3" (3)°N37

Exanpl e 26. Sl mlar deuteration reacti ® as{in Exan'pl e
1 was conducted except for using D

5- met hyl benzi m dazol e as a substrate and carryl ng out

the reaction at 140C for 48 hours. Isolation yield of

Ehemeidé aned conpound was 99% and deuteration ratios

thereo%i}/\rﬁfa?' Eigzltgr%.o{?or{ Ai—)eactmn as in Example 1 was conducted
except for using 7-methylindole as a substrate and carrying out the
reaction at 140°C for 48 hours. Isolation yield of the obtained
compound was 79% and deuteration ratios thereof were (2) 96%, (3)
95%, (4) 95%, (5)*+(6) 59% and (7) 96%.

4
D) p(3)

| 5,
| N\ _10%Pd/C D,O H, | AN
reflux at 140°C 48hr
N D N
H H

p(2)

CHj CDs

Example 25.

Similar deuteration reaction as in Example 1 was conducted
except for using 3,5-dimethylpyrazole as a substrate and carrying out
the reaction at 140°C for 48 hours. Isolation yield of the obtained
compound was 55% and deuteration ratios thereof were (3)+(5) 96% and
(4) 95%.

- @ p cp,®
/ 10%Pd/C D,0 H, / {
-
N reflux at 140°C  48hr N

H.C e D4C /7
? ®» N

I=
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98% (5) 95% (6) 19% and (7) 98% D (4) H3C 10%d/C

D20 H2 reflux at 140C 48hr D (7) Exanple 27. Simlar
deuteration reaction except for using 7-azaindole as

a reaction at 140C for 48 hours. D (2) as in Exanple

1 was conducted substrate and carrying out the

| sol ation yield of the obtai ned conpound was 92% and
deuteration ratios thereof were (2) 95% (3) 94% (4)
Exeupples3669% and (6) 96% 10%d/ C D20 H2 reflux at

140C 48hpi1D- (22 @f‘éffeherg&tlé‘l md ap égﬁhgé(l@t '1°szas conducted

reactl on as I n was conduct
cyseplglar usig éﬁmhhﬁlé)e@zynbmcg@ &SR @Lﬂ%’ﬂfé\/ﬁen@nd warryiag out
thﬁ?ﬁé&c@fbrﬁtaﬂQQ@S,Orfoﬂ&@?/ﬁbﬁas l fﬁﬂilﬁh'oﬁn %élrag@fofhé Rbtained
obt al ne n 0 an deut er
CPH&?%‘? n%? ﬂsk\gf er afyon redios & aﬁlem‘é{ﬁae( (8) 98%, (4)
98%, @9@%1@%%&1&&@7}98%&“ ux at 160C 48hr (3b D
(4) I(5) OH Exanple 29. Simlar deuteration ggaction

as in Exanple 1 was conducted except for usjng
H203 rutjdine as a substrate and car@ying outl the

Cf sol at i o~y LgFad~¢
E; hat deuteratio 0 t[)\ Ne)
2r aL | er&fMWa@Q@@"C&ISQfTB in E

H ©)°

D7)

Example 27.

Similar deuteration reaction as in Example 1 was conducted
except for using 7-azaindole as a substrate and carrying out the
reaction at 140°C for 48 hours. Isolation yield of the obtained
compound was 92% and deuteration ratios thereof were (2) 95%, (3)
94%, (4) 94%, (5) 69% and (6) 96%.

D(4) D(3)
)
7 \ 10%Pd/C D,0 H, Z | ) )
| >
A reflux at 140°C  48hr X N
H (6)

Example 28.

Similar deuteration reaction as in Example 1 was conducted
except for using L-tryptophan as a substrate and carrying out the
reaction at 160°C for 48 hours. Isolation yield of the obtained
compound was 93% and deuteration ratios thereof were (1) 45%, (2)
47%, (3)+(4) 22% and (5) 0%.
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~the positions (1) to (5) was 98% D(3) a /CH3 (2)
109%°d/ C, H2, D20 D CD3(4) N CH3 (1)D N CD3(5) Exanple
30. Simlar deuteration reaction as in Exanple 1 was
conducted except for using 2-nethylimdazole as a
substrate and carrying out the reaction at 120C for
24 hours. Isolation yield of the obtained conpound
was 99% and geuteratl on ratios thereof vverg (1) 99%
and (2) 20% D (1) 10%d/C H DO N ) CD3p3¥ o

2 HN)

in Exaupnﬁeo%gé/\%??@ohgugttl f

yi pof the obtained conpound was 88% afd
deuteratl on ratios thereof were (1) @®6% @r(’ng (2) 9%

As obvious fromthe results of Exanples 30“and 31, a

deut erat ed organi c solvent can al so be used as well as
REaypiaeber in a 39 nethod for deuteration of the

pres t invention. Exanple 32. Sinmilar deuteration

react i SHIUALL] ﬁeE@@ﬁKﬁl regatonoaduiet dikamplept was conducted

ebk‘ébgg foreidiig | Di3lazelEnasas &U @%Us@fe&earé‘illc? il But the

ad of | adi
RS AP o5 R S e carround
vk 7edP/atarah deattecstidh aaeiof tovesial (deutedIatAe di}(d&‘bg@ﬁo/atoms in

tlﬂle%o]s)itmgéptl{%%)%gsl\éS% CH3 2, >__CD3(2) HDN

©)

D
@
CH D D.@
= | > 10%Pd/C, H,, D;0 AP
N CHj;4 : (1)D N CD;®
Example 30.

Similar deuteration reaction as in Example 1 was conducted
except for using 2-methylimidazole as a substrate and carrying out the
reaction at 120°C for 24 hours. Isolation yield of the obtained
compound was 99% and deuteration ratios thereof were (1) 99% and (2)

20%.
(1)

j[ N 10%Pd/C, Hy, D,0 j]: N—cp,®

Example 31.

Similar deuteration reaction as in Example 30 was conducted
except for using heavy methanol instead of heavy water. Isolation yield
of the obtained compound was 88% and deuteration ratios thereof were
(1) 86% and (2) 9%.

As obvious from the results of Examples 30 and 31, a
deuterated organic solvent can also be used as well as heavy water in a
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H (1) H INDUSTRI AL APPLI CABILITY In accordance with a
nmet hod for deuteration of the present invention,
whi ch conpri ses subjecting a conpound having a
heterocyclic ring to sealed refluxing state in a
deuterated solvent in the presence of an activated
catal yst, a hydrogen atom belonging to the
heterocyclic ring of the conpound having a
dewteratignfrthiseprasent ipgentipndeut er at ed
because tenperature of deuteration reaction can be
gi ntﬁitgfd at not |ower than boiling point of the
B Further, a nmethod for deuteration of the
gr efensltmﬂueruemmaan b@a@:ﬂﬂil&ﬁ 1101" BRhnple 1 was conducted
eut erati on. of 0
HERRE 485 cRPiEE BB IO it &t 1 5 daiBt . gnplatinum
canblam é’mpé‘t‘/a)rlrtstcadi oft an ghatiagkira rro rcaabiodi cIsoth@bﬂlymBi of the
I-ng t I d.effi t
obEANCA ORI Hin 9PAC B MRl I HRBRr Bere 1
98/mpEdD ) £7%. A nethod for deuteration of a
ﬁeterocycl ic ring, which co (i)ses subj ecting a

nd havi erqQc cI| to a seal ed
re | u t > a2 er at d sgLMQﬂ§(Dn t he
pr. ce of >an activated catal selected froma

Hal | gfli um catal yst, a platin al yst, a rhodi um
catal'yst, a ruthenium catal yst ,) a ni ckel catalyst and
a cobalt catalyst. 2. The nethod for deuteration

according to cl allthSTﬁfAE'HPFmCAQﬁLI # ed catal yst

sel ected from a dium cat a atl num
cat al staceprd ﬁé‘GPuFﬁlEl'at%l meth Od iQr mutaﬁﬁtféfanapilsﬁhe present

ietittdn Cakli¥At adprisesObalbjédigYd icdr@PSund having a

t | d ta
RGOS0 55 e apel e ot ‘iﬁv‘fﬁeﬁat%éiﬁgfeﬁlt in the
prémencac bi vt exttpalteddeatalyst, ah ysydiragean atotr \tatledging to the

hgf’érjo@gi:llfg‘r@ BPH’IC mj#}ﬁ.lﬁﬁ'ﬁtﬂm?éoi hg?éijb V\ﬁgﬁé gﬂng fan be very

accordil ng
easily \ﬁeﬁtg@r%@dabygaug@ﬂ@mwamﬁmcé denteration cezetigntcan be

nﬁil?%l@kﬂn%6ﬁl&bé’ﬁihaﬂ HdiRdk %1ﬁ@b@|tbi§tsol@er{tm heni um
cata a nic

al yst "and t catalyst is
one a%??%ﬁrec? \Rﬁl?tllﬁl%g‘? Htgradion th’gﬁv?rﬁ%}fogé‘f?rgggn can
bpr epetiedi rwmie@eut(er@émwrat1©&0tofon/a3‘){ﬁ]i§%ofﬁpoﬁhﬁis havmg a

R 08ohO e SRR AL BRI 0L AR Syl gBBpriica
comdljonss. orThacidis rmldlélo@euittmhngortoamdudtm@l tandingfficient
d@ﬁ?er‘éfno?{ 6f§'§:ol‘nv%t)6’uﬁd }M‘sﬁh | ) Hel&r 6L “ ng .@ ic ring of

t he conpound het e ocycllc a3to 20
menbered ring. 41
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WHAT IS CLAIMED IS:

1. A method for deuteration of a heterocyclic ring, which comprises
subjecting a compound having a heterocyclic ring to a sealed refluxing
state in a deuterated solvent in the presence of an activated catalyst
selected from a palladium catalyst, a platinum catalyst, a rhodium
catalyst, a ruthenium catalyst, a nickel catalyst and a cobalt catalyst.

2. The meéthod for deuteration according to claim 1, wherein the
activated catalyst selected from a palladium catalyst, a platinum
catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel catalyst and
a cobalt catalyst is one comprising an activated palladium catalyst.

3. The method for deuteration according to claim 2, wherein the
activated palladium catalyst is an activated palladium carbon.

4. The method for deuteration according to any one of claims 1 to 3,
wherein the activated catalyst selected from a palladium catalyst, a .
platinum catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel
catalyst and a cobalt catalyst is one activated with hydrogen gas or
heavy hydrogen gas present in a deuteration reaction system.

5. The method for deuteration according to any one of claims 1 to 4,
wherein the deuterated solvent is heavy water (D20).

6. The method for deuteration according to any one of claims 1 to

5, wherein the heterocyclic ring of the compound having a heterocyclic
ring is a 3 to 20 membered ring.
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