G 244- SG A METHOD OF DEUTERATI ON 000002* ( PCT/
JP2003/014182) SPECI FI CATI ON METHOD FOR DEUTERATI ON
TECHNI CAL FI ELD The present invention relates to a

nmet hod for deuteration of a conpound, using an
activated catal yst. BACKGROUND OF THE | NVENTI ON A
conpound havi ng a heavy hydrogen (deuterium and
tritiunm) is said to be useful in various purposes.

For exanple, a deuterated conpound is very useful in
clarification of reaction. nmechani smand subst

nmet abol i sm and used w dely as a | abel ed corrpo mmmlm"mmlm”m
compound is al so known to be useful :

pesticides, organic EL materials, and the I|ke du€’¥d
change in stability and property itself by . isotope

ef fect thereof. A conpound havi ng trltlunrls a

to be wuseful as a | abeled conpound in ani nal m!ﬂmmmmmum,m“m
and the like to survey absorption, distribution, .gume
concentration in blood, excretion, nmetabolism and the
i ke of drugs, etc. Therefore, research on a conpound
having a heavy hydroqgu:gquLg?(ynrand tritiunm) has
been increasing also in these tields. Various nethods
for obtaining these conpounds having a heavy hydrogen
have conventionally been used, however, anong others,
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hydr oxyl group, and it was difficult to efficiently
and industrial ound.
Convent i onal chngggflzrgg% Uqucj);' exanple, 1) a
nmet hod for deuteratlon of a carboxylic acid under
basi c condition using heavy hydrogen peroxi de (see
USP 3849458), 2) a nethod for deuteration of an

al cohol or a carboxylic acid using an iridium conpl ex
as a catalyst and heavy water as a heavy hydrogen
source (see J. Am Chem Soc. Vol.124, No. 10, 2092
(2002)), 3) a method for deuteration of a fatty acid
using a palladiumcarbon as a catalyst and only heavy
hydrogen gas as a heavy hydrogen source (see LIPIDS
Vol . 9, No. 11, 913 (1974), 4) a nethod for
deuteration of acrylic acid, nethyl acryl ate,

nmet hacrylic acid or nethyl




met hacryl ate using a netal selected fromthe netals
bel onging to the 1 8th group netals as a catal yst and
heavy water or heavy water + heavy hydrogen gas as a
heavy hydrogen source (see JP-B-5-19536,

JP- A-61-277648 and JP- A-61-275241) and 5) a nethod for
deuteration of acrylic acid, nethyl nethacrylate, and

the |ike using a catalyst not activated with hydrogen

and heavy water as a h&RECHICATEONsource (see
JP- A-63-198638). However, each of these nethods has
probl ens as described bel ow. A net hod for

low. 1
deut eration of M@ﬂ‘mﬁ/FQR&&HTMﬂ‘I%i c

condi tion using heavy hydrogen peroxi de has a problem

that this nethod ca %FI g" conpound | abil e
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is not neutral, even if a conmpound not labile to

deconposi t i ONBARGROUND ﬁ\{@ 4N is used

as a Substrate. 2) A ngﬁoﬂ(;#ﬁgeu erﬁgtjllk%_ﬁof an

al cofbrompRised hasring a bgprwhydregssi (deuserigmmand tritium) is
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coﬁﬁ%’%n@ﬁ%%dﬁggéﬁeg{] gﬁ@a mr op mfgffquctggl tIpgchanism and
subatangenmetabolism acal edsedt “&delyﬁae ai &}b@lﬂéd RO¥hpbAAd. Said
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metrrialsy @nsh éhe dikendpeato chenggdnostbilityapdpeopesy itself by
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use as a aayst | A cuII to ure.or
ustil o IRl SATREOHBRp R ARIRAL oS e ands b Tike 3p survey
abseirptionf, alistitbieioal icohcehtpafichtin BIASH,USkd@tBn, metabolism

_ m rhbon_as cat.al yst and heavy hydrogen, gas,
=oAL BPERRTERS, afBoly ecBREeAon ke dopetio: Raving
heayyr bydnogaur(deuitsrinat s quitiant)ohasr beéhcalcreusmglugso in

thE?eEﬁﬂ&éfenent of a special apparatus for production
0 eavy hydrogen ggﬁ and very conplicated operation
t her ec¥iogy meiodss immohtaipieg dhese icegnpeunyshyaviogen heavy

hygroges ltanteauventbaany SEEH ¢Retidhowévd! ?rﬁ@ﬂ%ﬁd&ﬁggﬁﬁthere
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compdundt hadirffgpra danbenyl igooupf oaca Yy droasil dyrot®s, hd it was
diftfutt 8 @fficiently and industrially obtain a deuterated compound.
Conventional technology includes, for example, 1) a method for
deuteration of a carboxylic acid under basic condition using heavy
hydrogen peroxide (see USP 3849458), 2) a method for deuteration of an
alcohol or a carboxylic acid using an iridium complex as a catalyst and
heavy water as a heavy hydrogen source (see J. Am. Chem. Soc. Vol.124,
No. 10, 2092 (2002)), 3) a method for deuteration of a fatty acid using a
palladium carbon as a catalyst and only heavy hydrogen gas as a heavy
hydrogen source (see LIPIDS, Vol. 9, No. 11, 913 (1974), 4) a method for
deuteration of acrylic acid, methyl acrylate, methacrylic acid or methyl
methacrylate using a metal selected from the metals belonging to the




nmet hacrylic acid or nethyl nethacrylate using a netal
selected fromthe netals belonging to the 8th group
netals as a catal yst and heavy water 2 or heavy water
+ heavy hydrogen gas as a heavy hydrogen source has
the follow ng problens. Nanely, when only heavy water
is used as a heavy hydrogen source, deuteration ratio
is | ow because a non-activated catalyst is used. On
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(se%oJ‘H”-%lﬁ@ hegghry said bond unchanged. 5) A nmethod for
deut erati on of ylic acid or nethyl nethacrylate
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SUMVARY THE | NVENT]I ia resent invention,rel ates
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cotpdured gendabileftordedompdsitio’l wkde? dcifliobebaisic cédition is

pr.e ) al kyl group or an aral kyl group, which
usega %\elsg}ba\stgga]trebon carbon doubl e bond and/or a triple

bond2) R2 mefosk dar sdemteratian gefown whlicohohagompeeiral or a
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| ene roup, roup or an ara
ore an 1r1d1um complex to be use as a catalyst is dnbficult to
manufacture or purchase because the compound itself is unstable.

3) A method for deuteration of a fatty acid using a palladium
carbon as a catalyst and heavy hydrogen gas generated by electrolysis
of KOD + D20 as a heavy hydrogen source is not adequate for practical
use due to requirement of a special apparatus for production of heavy
hydrogen gas and very complicated operation thereof. Further, such a
method using heavy hydrogen gas as a heavy hydrogen source can
hardly deuterate a compound such as an unsaturated fatty acid having
an unsaturated bond, which is reduced by hydrogenation.

4) A method for deuteration of acrylic acid, methyl acrylate,
methacrylic acid or methyl methacrylate using a metal selected from the

metals belonging to the 8th group metals as a catalyst and heavy water



whi ch conprising reacting the conpound represented by
the general fornmula [1] with a heavy hydrogen source
in the co-presence of an 3 activated catal yst sel ected
froma palladiumcatalyst, a platinum catalyst, a
rhodi um cat al yst, a ruthenium catal yst, a nicke
catal yst and a cobalt catalyst. Further, the present
invention also relates to a deuterated
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suBstitidnyt aadiytesghetfor AoR-prRiseyiceest ¥ doHHE borf and a triple
bodd?2- di met hyl butyl  group, a n-heptyl group, an

i soheptyl group, a sec-heptyl group, a n-octyl group,
an isooctyl group, a sec-octyl group, a n-nonyl group,

a n-decyl grompMMARYSCTHISTRENFIONIOdeCY !
gro ,antrldecyl group a n-tetradecyl group, a
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n-i cosyl group, a cyclopropyl group, a

cygﬁu Benh] group, a cycl ohexyl group, a cycl oheptyl

G A gt SRR LRGBS B ic
may; higye & carbon-carbon double bond and/or a triple bond; R2
represents an alkyl group which may have a carbon-carbon double
bond and/or a triple bond, an aryl group, an aralkyl group, an alkoxy
group, an aryloxy group or a hydroXyl group; X represents a carbonyl
group or a hydroxylmethylene group; R! and R2 may form an alicyclic
ring together with a carbon atom contained in X; provided that R2
represents an alkyl group which may have a carbon-carbon double
bond and/or a triple bond when X is a hydroxylmethylene group, an
aryl group or an aralkyl group,
which comprising reacting the compound represented by the general
formula [1] with a heavy hydrogen source in the co-presence of an



cyclotridecyl group, a cyclotetradecyl group, a
cycl opent adecyl group, a cyclohexadecyl group, a
cycl ohept adecyl group, a cyclooctadecyl group, 4 a
cycl ononadecyl 'group and a cycl oi cosyl group. The
al kyl group having a carbon-carbon doubl e bond or
triple bond includes one containing at |east one
doubl e bond or triple bond in a chain of an alkyl
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n-decyl group, an- undecyl group, a n-dodecyl group, a n-tridecyl group,
a n-tetradecyl group, a n-pentadecyl group, a n-hexadecyl group, a
n-heptadecyl group, a n-octadecyl group, a n-nonadecyl group, a
n-icosyl group, a cyclopropyl group, a cyclopentyl group, a cyclohexyl
group, a cycloheptyl group, a cyclooctyl group, a cyclononyl group,' a
cyclodecyl group, a cycloundecyl group, a cyclododecyl .group, a
cyclotridecyl group, a cyclotetradecyl group, a cyclopentadecyl group, a
cyclohexadecyl group, a cycloheptadecyl group, a cyclooctadecyl group,



5-(3-pentenyl )-3, 6, 8-decatrien -1-ynyl group, a
6- (1, 3-pentadi enyl )-2, 4, 7-dodecatri en-9-ynyl group
and a 6-(1-penten-3-ynyl)-2,4,7,9-undecat etraenyl
group. 5 The aral ky group represented by RlL and R2
may be straight chained, branched or cyclic, and
i ncl udes the above al kyl groups substituted with the
above aryl groups, one having generally 7 to 34,
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phenant hryl pent adecyl . group, a phenant hryl hexadecyl
group, a phenanthryl heptadecyl group, a
phenant hryl oct adecyl group, a phenanthryl nonadecyl
group and a phenanthrylicosyl group. The aryl group
represented by R2 includes one generally having 6 6 to
14, preferably 6 to 10 carbon atons, which is
specifically exenplified by, for exanple, a phenyl
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na@ttkty(}agpﬁgpcﬁtgro P:cdr }gﬂiw { aBFdP) naIX amalhrylethyl
grompmmamhrﬂmopgl gfo@,?%h){an’t@iryﬂmétfrylé '"%}ou NG ﬁﬁ'tHidﬁ?entyl
gro %E)éf er ﬁ)rﬂ%r%ﬁ?e‘?&@ éﬁ}%o Tt &]ﬁ %oklﬁe(ﬁr% ,aggﬂowloctyl
groypgnpm| e@l@'yylm@ny exghopips, ansatamdugildidmlt'locygrbup, an
Zl%’i sél o%tngla%réuﬁy agﬁpra‘?ﬁﬁ?flq%ﬂg(égzl agrcﬁ! O:M aRfnf1t8decyl
Bpe | BRe sylc;HéPHébt e AnthayIRedpdreriorgTaap, an
anthirpthexadeegl odegang, ri ag a ai%@x'r?llﬂﬁﬁﬁﬂ@@yf' NGro#ip, an
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group, a phenanthrylethyl group, a phenanthrylpropyl group, a
phenanthrylbutyl group, a phenanthrylpentyl group, a
phenanthrylhexyl group, a phenanthrylheptyl group, a phenanthryloctyl
group, a phenanthrylnonyl group, a phenanthryldecyl group, a
phenanthrylundecyl group, a phenanthryldodecyl group, a
phenanthryltridecyl group, a phenanthryltetradecyl group, a
phenanthrylpentadecyl group, a phenanthrylhexadecyl group, a
phenanthrylheptadecyl group, a phenanthryloctadecyl group, a
phenanthrylnonadecyl group and a phenanthrylicosyl group.

The aryl group represented by R? includes one generally having



a cycl otetradecane ring and a cycl opentadecane ri ng;
an unsaturated nonocyclic ring such as a cycl obutenyl
ring, a cyclopentenyl group, a cyclohexenyl. group, a
cycl ohept enyl group, a cyclooctenyl group and a
cycl ononenyl group; a saturated or unsaturated
pol ycyclic ring such as a tricyclodecane ring, a
di cycl opent adi ene group, a 7 perhydronapht hal ene
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grdipslr oxyl  group, as the above substituent of the group
repr enteg g% Rl and/or R2 inc]Jude the sanme one as
t hose"Y ePpPEQERt BEPWY FaPLesanssd by REumdludesspaei geverally
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pref b £0.10, .nmore preferabl to. 4 carbon .
at orr’l?‘,E @%ﬁl%égﬁhésng%}eﬁ}}lf%allsl {Prggéﬁ%biy&gé’d’d 7, tagsther with a
car@lj@@ngtcerp eentaipkedgiodh vheryi beda fmonveptlic airgd or a polycyclic
ind] ARA] S an et
n§ P8 BREBRARE R daIsTs SIS Jirsifratif s to 10, more
pre; %r@gﬁyﬁ V0 &eatipon stpmsr yhich ésspesificalty akemglified by, for
exa@hplé)).a saturated monocyclic ring such as a cyclopropane ring, a
cyclobutane ring, a cyclopentane ring, a cyclohexane ring, a
cycloheptane ring, a cyclooctane ring, a cyclononane ring, a cyclodecane
ring, a cycloundecane ring, a cyclododecane ring, a cyclotridecane ring,
a cyclotetradecane ring and a cyclopentadecane ring; an unsaturated
monocyclic ring such as a cyclobutenyl ring, a cyclopentenyl group, a
cyclohexenyl group, a cycloheptenyl group, a cyclooctenyl group and a
cyclononenyl_group; a saturated or unsaturated polycyclic ring such as
a tricyclodecane ring, a dicyclopentadiene group, a



a pival oyl group, a lauroyl group, a nyristoyl group,
a palmtoyl group and a stearoyl group; an acyl group
derived fromunsaturated aliphatic nonocarboxylic

aci ds such as an acryl oyl group, a propioloyl group, a
nmet hacryoyl group, a crotohoyl group and an ol eoyl
group; an acyl group derived fromaromatic

nonocar boxyl i ¢ acids such as a benzoyl group and a
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and ra:l'eaﬁqdeai“ﬂ)almb?b'giﬂlﬁﬂﬁ Wllblhelfna@gﬁgeeaif bé{fb&‘i%bon double
y exenplified by, for exanple,
bOMﬁﬂq/ r%gﬁgﬁd Cgroup, an et hyl carbamoyl group, a
n- pr%mm Saraxamples gf the alkyl greapr oy |arailogingscup, the aryl
URhed y Yo c
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carg\o ar ly)@rp a atrngpt bpodr badbthe hydroxyl
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I
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more preferably 2 to 4 carbon atoms, which is specifically exemplified
by, for example, an acyl group derived from saturated aliphatic
monocarboxylic acids such as an acetyl group, a propionyl group, a
butyryl group, an isobutyryl group, a valeryl group, an isovaleryl group,
a pivaloyl group, a lauroyl group, a myristoyl group, a palmitoyl group
and a stearoyl group; an acyl group derived from unsaturated aliphatic
- monocarboxylic acids such as an acryloyl group, a propioloyl group, a
methacryoyl group, a crotonoyl group and an oleoyl group; an acyl
group derived from aromatic monocarboxylic acids such as a benzoyl
group and a naphthoyl group.



et hyl hexyl car banoyl group, a di butyl carbanmoyl group, a
hept yl net hyl car banoyl group, a nethyl octyl car banoyl

group, a decyl et hyl carbanmoyl group, a
dodecyl et hyl car banoyl group, a

nmet hyl pent adecylcar banoyl group, an

et hyl oct adecyl car banoyl group, a
cyclogentylnEthyIcarbanDyI group,
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v arly pre
at °E%$ E’gré’l hanoyhgodpsare edeht mcbd];mdlmit%emépla&ed by the
baeeh ke a 0
eoqueima ek oes ol SRR B0 g,

cific engl es of
CERAMOyL greup; Axy ‘{‘1 learbameyt gseuph er a-prepyjcarbamoyl
grompdragelsom'oqlgwmama)ylf (grrou agPhebubALh b 51
1so$&§5ﬁ9 éirﬁgg?ratér%ug)l cohal s %ch ag{ g’qutera rg,gpxg, P, an
& Ut erBs® et hénol FHfehH lﬁﬁ’é‘aamoa rop@f3IR, a
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c Hﬁig AEBahs aI cid an ter
ye g{eé era%d es%suc%'éigﬂ gf"gﬁ’yjcet%ﬂb‘p’ a
cyc@)g"lﬁ amay | etgfyllll@et onéhmethylcarbamoyl group, an
ethylmethylcarbamoyl group, diethylcarbamoyl group, a
methylpropylcarbamoyl  group, dipropylcarbamoyl  group, an
ethylhexylcarbamoyl group, a dibutylcarbamoyl group, a
heptylmethylcarbamoyl group, a methyloctylcarbamoyl group, a
decylmethylcarbamoyl group, a dodecylethylcarbamoyl group, a
methylpentadecylcarbamoyl group, an ethyloctadecylcarbamoyl group,
a cyclopentylmethylcarbamoyl group, a cyclohexylmethylcarbamoyl
group, a cyclohexylethylcarbamoyl group, a cyclohexylpropylcarbamoyl
group, a cyclohexylbutylcarbamoyl group and a dicyclohexylcarbamoyl



deut erat ed net hyl i sobutyl ketone, deuterated

di et hyl ket one, deuterated dipropyl ket one, deuterated

di i sopropyl ket one and deuterated dibutyl ketone; and

organi ¢ solvents such as deuterated _ _

di met hyl sul f oxi de, and anmong others, deuterium oxide

and deuterated alcohols are preferable, and deuterium
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deduewuen of tHe wbmpmna%breémmx%eo beflePi%6¥mula [1], a
hE at om. cont d,in %é'%i/ ﬁa}ero en source to
de PR RRER R PR beRTaL: BreliEabie &4 EREBYYY Broup,
and healspdea odf:utnrajtabl asqlv&ﬂt nubalrpf¢fhmb1e20w13&rar X is a
imes and 40 nolar tines, and as
hydll pgr Ieﬂﬁflt pé}rg rably in the order or, 250 nol ar
mesPeFic exemplesroft theedeutenaded \eolvenhadre henvy dyatogen
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dibutylketone; and organic solvents such as deuterated
dimethylsulfoxide, and among others, deuterium oxide and deuterated
alcohols are preferable, and deuterium oxide and deuterated methanol
- are more preferable. In view of environmental aspect and workability,
deuterium oxide is preferable. In the case where a heavy hydrogen is
tritium, specific examples of the deuterated solvent as a heavy hydrogen
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bond or a carbon-carbon triple bond is deuterated, a
deuterated solvent is preferably used as a heavy
hydrogen source because these groups are reduced by
so-cal | ed hydrogenation in contact with hydrogen gas
or heavy hydrogen gas in the presence of a catalyst.
The reaction solvent to be used if necessary is
preferably one not deuterated by heavy hydrogen gas
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reduced by so-called hydrogenation in contact with hydrogen gas or

heavy hydrogen gas in the presence of a catalyst.

The reaction solvent to be used if necessary is preferably one
not deuterated by heavy hydrogen gas used as heavy hydrogen source,
or such one as even when deuterated by heavy hydrogen gas, said
deuterated reaction solvent can be used as it is as heavy hydrogen
source for deuteration of the present invention. A reaction solvent,
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In a nethod 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 a reactive substrate may be carried

out sinultaneously in the co-presence of a

non-activated catalyst and hydrogen gas or heavy

hydrogen gas in the deuteration reaction system
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tertbpirtagel, gaatahol,t hexaasE Weptsndl, %&faﬁ@ndn@)%ﬂaﬁv'd&anm

pHiC T AT TR O s
acige peppiorfiomeid abfityric deid ersabiudyricesdtl| oalertnabil, isovaleric
am&aéﬁﬂeglv%‘ffc B¥id eﬁleﬁﬁ‘ierbg sﬁcﬂﬁral% gf:et%%se o&ieﬁlg%(/ntﬁ‘yl ketone,

deuteration reacto rogen

mefyyl a8l u@&leketqn% élé\@tzhﬂskeﬁmti,v dipedopiyh kd'amﬂ;e diisspropyl
ketbﬁ@dand diButattaenko bn@le&irﬁéﬁ{ylgﬁlf8§{1&é1 e present

| nv tion act In a seal ed state

o %été‘éaéiead Cég%xlb’ét ﬁ%?%?‘?ﬁgf rem & dium catalyst, a
pla&bhxmvcataﬂ;dsiﬁ&a ré@aliach ?daa&kysl &Orltlfl'ﬁémhhﬁ éeﬁ:ﬁ%‘dtorh nickel
catﬁéfc‘stteam SeaFggafthcge%taif x‘g%esgiéﬁtgogggeegggfw may
be 9@b@av1|aé@|d mann‘fﬁﬂtwatedc@at@&yewmemams aast-cadled palladium
catﬁl&k!-ﬁt b%l@tirﬁlmcé%ma'l}pé’to %fﬂo&ﬁgﬁgceﬂalfgto aarl.gt@i%?ltlﬂfn %anlyst

r.oduc |s contln%ousl en out’ ther

HoptedrstRua&ohalb ragh YfShéhﬁlff‘é’éleﬁ@r iTRGE Mg ahbrewated as
“nbﬁFmﬂilvaﬁted catalyst” or simply as a “catalyst”) which is activated

by contacting 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 a reactive substrate may be
carried out simultaneously in the co-presence of a non-activated
catalyst and hydrogen gas or heavy hydrogen gas in the deuteration
reaction system. However, when a compound having a carbon-carbon
double bond or triple bond is deuterated among the compounds
represented by the general formula [1], since presence of hydrogen gas
or heavy hydrogen gas in a reaction system causes hydrogenation, a
catalyst activated in advance is preferably used - to avoid such
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reactor is in sealed state, tenperature of a reaction
systemcan be easily elevated to perform deuteration
efficiently. Further, by carrying out deuteration of a
reactive substrate and activation of a ca talyst
simul taneously using a nethod replacing a part of gas
phase in a deuteration reactor with hydrogen gas or
aeav hydrogen gas, deuteration of the conpound

hy %d by the general formula [1], except one

haVl ﬂWfﬁzrpaéﬁ@éké%ﬁfrp%‘ EQHQH oﬁpﬁ%n? 4‘1 chaetﬁhsg dctivated by

h aond can be per Mo
YBEQSHHL 828 (REhh gavxwrpgﬁnéﬁqotr@ca@b@mta paciabﬁgystph@se in
a detiteraitiah | feartyANSR: BN I

nltrrgg%r? %/?@ yhere a cat g)} yst qgcgé%le‘gﬁgl aﬁﬁ g‘lg?f Sg aSSI!lCQ'x as

gen gas in advance is used in
deut éVlenoa deitenationl wshctioat ef tnelpfre@eﬁttqh@ghaan is. Camed

bst
oupIRSRE Rt AIOUS HELL s B SRl Ry b baction
sysjed, l'ash deagidon; m@ys behcarrieheoutabyndirectigr passiagr Apdrogen

gaﬁ@@%@@ﬁ@d@ﬁgéﬁr ad thid& }poi‘(}eagﬁﬁﬂugﬁqtﬁ)dr O&F elglaacmg a

q"heav dr.ogen gas 1Is resen
P ar&e %;ba ¢ r”éa‘%f “éﬁ‘CtOTH’lélth'tY DLeH gas ar yeavyrhydreogen gas.
pr esdnt theverdd @tﬂheféc laU@@$np @nﬁaHo%thViri?tata c%?f)onacarbon

t| cata odi um cat al
dob | B g iRl Bod] Jstdenierated bamons thy seompounds
rep@fésmﬁdded:y ahavg¢nalral ﬁlm:ﬂ'gle?t[m?rﬂe@eﬁ&ﬂééﬁdfé&é}tloln San be
t st and a rhodium cata
carfRIEbYE by qe@h@élh%ag] é%{ta of e,y aadﬁpz;@qaﬁm reactor

s preferabl um &t
Wltba}il Spﬁeni ar heazy gredrogebl @Veramfda Zapalyisadictivated ah Vsdvance
isusedparticularly preferable. These catalysts can be
used,effect| deuteration of the

Ve a nmet hod for
pr es&td MG %iﬂd g?]‘” %WW Wsthey preserynbsiveattiaon a reactor
is prefmadily ghya s&'hh‘;dpatdtacbwﬁbﬁﬂ %éﬁéd'd’tﬁt@@?@r ﬁggfter may be
n

ablﬁ%ﬁa&@dgﬁge’ lah ttg.g%ﬁ' $P %%x'aita a(_gl eg?:gfq% %yg@m is, as the

preferab

resgltatm gmseurmeylsstatnc Nedeky Semeletiaavﬂatg 1@9613re%| :fé{r Qthhple a
r val en
casé, op Eéﬁgg%’ggnhﬂhu%lfﬁlq'glggfm 802 'aafagg %Hgstrate is

conﬁgﬁfﬁ%sllg:ﬁ PEES i@ter aj reagfosf énalblay F@Odaloénrse aohtmuously
takehaditutheatfriim The rut heni um cat al yst i ncl udes one

12, 8 ORDSER 01l BRSBTS S, crin o
reagtgviingngemadedistate) temErature of a reaction system can be easily
elevated to perform deuteration efficiently.

Further, by carrying out deuteration of a reactive substrate and
activation of a catalyst simultaneously using a method replacing a part
of gas phase in-a deuteration reactor with hydrogen gas or heavy
hydrogen gas, deuteration of the compound represented by the general
formula [1], except one having a carbon-carbon double bond and/or
triple bond, can be performed further more efficiently because such a
complicated process that a catalyst is activated in advance is not
required.

Furthermore, in the case where a catalyst activated by
hydrogen gas or heavy hydrogen gas in advance is used in deuteration
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preferably O valence of. a nickel atom The cobalt
catal yst includes one having generally 0 or 1,
preferably 0 val ence of a cobalt atom The above
catal yst may be a netal itself or oxides, halides or
acetates of the above netals, and the netal catalyst
may be coordinated wth a |igand or may be one
consi sting of these netals, nmetal oxides, netal

in sedledestateponly aeateartaeiﬁ)élop_rmfetaﬂs wmmuﬁtﬁaucimwe%dwhen
rriers. rein r, a catalys
2 sfibstBle s s5fnafid genkrstndabis o Geiicdihaby dydrogen gas,
and gaver like -suclpper ord hatink aaiaa'lbxosﬁ-t':arlamg bcHnﬂ:;ﬂte?b%ﬁ& and/or
. hat r abbrevi ated as a
8 PBEEL 5, 90800 oS AR ABBE B Bp e
in tha deytgragipvreadterpr esent | nvention, a ligand of the
met alTHAt M thedteWh cabalfay Re &%OEFQJ' gé%x‘éo"ri’ve&ut ioé'xA' ficludes, a
i gand, includes, for exanple, 1, § cyc]I ooct adl ene
palﬁ%%g,rgx ABEy | PdePiesitiiBnecatedinyy, @i phediime carlyst, a
ruthleamant bamlysela( el cettalyéﬂ%ﬁd ial @ol()iﬂﬂl(éﬁ)ta{}}s‘-ipﬁg {sefibed
rsine ace cetone
o045 A AEMAAREL b BT S50 OSELEE coyt an
a rojodiany cpbelygt phgeefenable, aPRPARBIRRN) catalyst Ianrc]l a platinum
; | ' o ( oo LT et phosphi n
catgl( e[%/ 3 P@%@%aﬁl%h%?ﬁian ﬁ@l , &%l?yt R3OS R W larly
preferabler (Lhnaney Icatalysts reapptBu3ypsed effectively in a method for

deviterap6hobEXME PhRsRAL NBVERYDh by tREMRRIEINESARI BEmbination
P{lCI:I—B) 3), triethoxyphosphi ne(P(CEt) 3),
acq(or'r lrf%yt - but oxyphosphi ne (P(Q Bu) 3),

tri pfévey ipalilasiphim eaRlys) , intlRdés sdek gimnﬁiag nd'llyon to 4,
oty o8 B ALSPOES e Ll i o

exanpings Rptinken peatelistuindades rpeahavimgigesterally 0 to 4,
A AN RN

such BASC WA Stdnsdndes ome chaging wenesallyi @sor 1,
preRet@ibly OPddledcanud Pefiddivpaldteghum acet ate cat lal gzlt sm

i 1 % sAme R R ERR QS e nafrdRtadiabib w 2
prefeyaple P valenceafa radreflivam edom.th a |igand such as

Pd( Riflke? {lidke PAéRGHHL2 includes one having generally 0 to 2,
preferably O valence of a nickel atom.

The cobalt catalyst includes one having generally O or 1,
preferably 0 valence of a cobalt atom.

The above catalyst may be a metal itself or oxides, halides or
acetates of the above metals, and the metal catalyst may be coordinated
with a ligand or may be one consisting of these metals, metal oxides,
metal halides, metal acetates or metal complexes, supported on various
carriers.

Hereinafter, a catalyst supported on a carrier may be
abbreviated as a “carrier-supported metal catalyst”, and a catalyst not
supported on a carrier may be abbreviated as a “metal catalyst”.

Among catalysts, in a method for deuteration of the present
invention, a ligand of the metal catalyst which may be coordinated with

14



di acet at e- bi s(tri phenyl phosphi ne) pal | adi um

[ Pd( OAc) 2( PPh3) 2], Pd(PPh3)4, Pd2(dba)3, Pd(NH3)2C12,
Pd( CH3CN) 2C12, dichl orobi s(benzoriitrile)palladium

[ Pd( PhCN) 2C12], Pd(dppe)Cl2, Pd(dppf)Cl2,

Pd( PCy3) 2C12, Pd(PPh3)2Cl12, Pd[P(o-tolyl)3]2C12,
Pd(cod)2d 2 and Pd(PPh3) (CH3CN) 2C12. Specific

exanpl es of the platinum based netal catalyst include,

a f oliganrdnpl éncledespl atfonunbxatrqﬂyﬁt S 181e)cRocth@’en (COD)

dl%ﬁ%fll%%é%%e&?&gn ed) éwygpﬂpggglﬁgqguma%ee%gnt%rgp ine (PHE),
bqﬁ’cz@m d6d) ,(PhCR2 ( disocyapida 2( [RVE) 2, tP1eTha{sRe) 31/28(Et)3)

adetydhderfite Bﬁé&) Pt r‘E RY) . ﬂaﬁ]% ﬁgﬁ)e)]ig PPEIS]Z Ych as
dlggg&ﬁ%ﬂ&é S i u @)@Phﬁt al dipdteadyiphosphinsferrocene
(W)exaﬂpﬁmthﬂplﬁ&bmmdl UP(OBLH), Cg}‘%t?@ gg;kﬂﬁ{e (PEta),

d
it I S (E%éleﬁgnr it ﬁ%ﬁy@fﬁw@éahﬁ@p ine  (PCys),
trlm@o;:gphqsmlude B(O@Ha)ml e, tRethogy mqb?d)Et)a),

e SsagbaoNEhTne 1P IOM ofth@ﬁ@qﬁﬁﬁgﬁﬁﬁggeed (PPhs),
&fl PacRy °$I?hm9d@th3frm 15 (BX&F)| e, Niripheridsgiphosphine

(P mmwaha SUOLGFIpHBHAne f*&‘wﬂﬁgd ni ckel netal

conpl sts coord%nat gand such as

Ni C12 BB 50 : %P@i%? PPikBas pa adwcmﬂm)ed mit4IP¢aORiy ) ihclude,
foramxamp(e;odacz pﬁﬂmdlﬁm by drpkRE Qfat"aBPstEO%'ch ?fﬁseﬁd(omz,

R R L L s e

co
su@hxnp G BrY, oadg;lz) a@nd TRdlz¢ graliadiurh natéw@te aSaltkesuch as
t orteds on AL er
paIlﬁﬂlLﬁﬁOV eagélaftbys PHEOﬁEgz?bonq‘Hjal U I%a?lg. fug | triflygroacetate

(Pﬁgﬁégﬁ]z)%ﬁg%ﬁ lyr@\}@etalmp&mmgmlysm ceomtidated with
a pol ynigandand ansugh ot her g car bgy RN(HEGL er abl e. P&_@%ac)g,

dl#%@ﬁ%ﬁlkiﬂiﬁk}sﬁik aaERelldie APﬁéékSk(ﬁﬁ%s)p} F5HRPh:)s,
(Bpedw;i on, and i ncl (RN HA)sClpxanpl e, a cati PH(CH3CN)2012,
B T T oy
Pdéﬁmﬂ%’ cBdiR ﬁyﬁs@han@@(ﬂ%ozclan&@[mnomnwl@u Pd(cod)2Cl2
anddld(BPhgy(dBﬁlm@)gC@é' n. The anion exchange resin
! ncl é‘ggcsiﬁc examp?erg.p lo? the %%rm?r?ls{agsgglrggtal catalyst include,
for example, Pt; platinum catalysts such as PtO2, PtCls, PtClz and
KoPtCly; and platinum metal complex catalysts coordinated with a
ligand such as PtClz(cod),: PtCla(dba), PtCla(PCys)a, PtCla(P(OEt)3)2,
PtCI2(P(O'Bu)s)2, PtCla(bpy), PtCla(phe), Pt(PPha)s, Pt(cod)z, Pt(dba)z, -
Pt(bpy)2 and Pt(phe)a.

Specific examples of the rhodium based metal catalyst include,
for example, Rh and rhodium metal complex catalysts coordinated with
a ligand such as RhCl(PPhs)s.

Specific examples of the ruthenium based metal catalyst
include, for example, Ru and ruthenium metal complex catalysts
coordinated with a ligand such as RuClz(PPhg)s.

Specific examples of the nickel based metal catalyst include, for
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exchange resin and a strong basic ani on exchange
resin. The ion exchange resin generally contains a
pol ymer cross-linked with a difunctional nononer, as
a skeleton polynmer, to which an acidic group or a
basic group is bonded and then is exchanged by
various cations and anions (a counter ion),
respectively. Specific exanples of the weak acidic

exemtiplon Nix etiekglecaedysts su@hugﬁ Nil25 a@?&?'mbe aﬁ’@emckel metal

e BNV S48 ety S0l 18 NS
Nl@i’z\ﬂ’ﬂbb)beNz(@?éis)ﬁd\él@ﬂ()ﬁh)e)qamddh(md)tzhe strong acidic
gg‘: ' ?ﬁegi‘gf‘&a&&ﬁpggéit 81(') F}ﬁ%%loggft bggéq.[%)fe ca‘talgfs% include, for

examp engolaa imgtaerommiex spéa:liysts: ceoaad:paesd ofith keligand such

as (I g}pslyé on exchange resin include one wherein
an( sﬂmgrou |}s bonded to an argmatic ring of a

copo 6¥er5f’§/| thrLane Wheredhs éhovegiatalattisgsupported on
a bamiier,t indhdaspder cexanngle exabBoae d188inal nﬁ'h%ﬁsgal zeolite,

m%éﬁlaq"ns@%n?org- ggﬁgﬁggf%%gh? I%lr}gpgbgnexés,t %pfllaatwng others,
Ca’d?ﬁfhbs Qt@ﬁ@pablm a quaternary anmoniumsalt. The ion

exchang eldne S s, gﬁ%'g%f ‘?Eé]ﬁl yahkakEq Ofs the, n%{qi}eip?y Yoe one

above T oh €xcha

be 16 us
haﬁ“l%eg po) 9%@?1’9(5‘0\/\@6%% dgyitgratien j off the presems poventiby, and
indludes; efbxaaxah?ﬂ@ ascdtioh asxcharfV fEsiA 5%(2\;\% ea‘r?ﬂon exchange
0 :

qﬁut eration the present invention,
resspeclfl c exanpl es of such a pol yner i ncl ude, for

exanphe cativn esbhangedrdsyn dolcyndes, zfiri @)tfhlglble a weak acidic
a ent e
ca R e i Ehe) Anef Aup ST, ackBl HOh SoRings) regin. The
anig) \grahangeRarasipr deelndesa fordrogenphd, om \aeehIO\Nbasm anion
excﬂidﬁ/ #hdhnd a %Bﬁg)%{s@ réi‘ﬂ@rc} c‘h%lr % aixyl group,
r ox X

koxycarbonyL ycarbonyl
gr ou Pan&X§ BGSeorr%Slﬂor Sﬂper@ﬂburﬁorﬁmms a polymer
crossgiekedt with bydif@@ﬁmo’cﬁalfﬁmﬂmdrﬁ%r a8l KYSkAEMIR: pRymer, to

wh %?géygl g% (%?Bgnﬁ%l E\? X%Cgi%aog? ‘all?oqﬁr EBHdSFi apd then is

exakig mvamo%cahpnssamd snioy (i egagutat tun), eespaively.
o paivexdryBoR il AR, sBBICERY Tyt s

mcﬁ'é%%rtgg%ﬁ%p{jﬁ » ST, Ola ined it h&dﬁ@b’étﬂ)oilalpalymer of acrylate

ester or a methacrylate ester, cross-linked by divinylbenzene.

Specific examples of the strong acidic cation exchange resin
include, for example, one obtained by sulfonation of a copolymer of
styrene-divinylbenzene.

Specific examples of the strong basic anion exchange resin
include one wherein an amino group is bonded to an aromatic ring of a
copolymer of stylene-divinylbenzene.

Strength of basicity of a basic anion exchange resin increases
with-an amino group bonded in the order of a primary amino group, a
secondary amino group, a tertiary amino group and a quaternary
ammonium salt.

The ion exchange resin generally available on the market may be
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group, a hal ogen atom an al koxycarbonyl group, a

hydr oxyal koxycar bonyl group, a sulfo group, a cyano

group, a cyano-containing alkyl. group, an acyl oxy

group, a carboxyl group, a carboxyal kyl group, an.

al dehyde group, an am no group, an am noal kyl. group,

a carbanoyl group, a N-al kyl carbanoyl group or a

hydr oxyal kyl ~ group, and R4 and R5 may form an
usgfl; as wellcas the abeyetinarexghangeeesiadj acent - C=C- bond.

I'n tﬂl‘hegg@@hi’ér E@rHEJ'u%eElzés agl?:ﬁrhgi“qg h@#%g%gﬂ? limited as

R3 to e straig

o€
%ﬁc‘%&f‘so yGree eifﬁftumldﬁégraﬂi@m Ofetba:nprﬁerxmnventlon
hoa}rdvxek‘ gpecifichendmglds b sﬁlchaé%]lv;{é%”ﬁmh‘ﬁﬁécfbﬂ éx%rqple one

ifigally exemplified b roup, an et
obtal glfjép § % 1 rip @ﬁ‘%p nPP8 %EWE‘BP@UDOf aa monomer

reprdsany(td @xyoﬂ]m: foélmwm@cg&ryérﬂ fottpula [2]:ert - butyl group,
Rﬁ sec- bg,}yl group, a n-pentyl group, an isopentyl.
%&@\r Eﬂpentyl group, a 1l-methyl pentyl group, a
exyTRyro i sohexyl group, a cycl opropyl
group, a cyclopentyl group and a cycl ohexyl group
The whebeiy R3kydprgsenps raehlyelsegémbtb)‘nRa Fmd:rRél group, a

f%hgd glad‘qg!% rein a, art o r
e fou%e above 1 ower alg{f/)lu »gPBuRL QXY%"H B O‘ép’ a
hydeepmispxyearhenylhgroups asmyeirtd @bl @xeapfozfmﬁld grbvip; R*
rerfrebe MR BPhgdr R HRSiY B anboxmethy!
lﬂ rou b ].lc f:(ggr o?gﬂr pr Opyl %Fgﬂgwgr ?boxg%ytf%ﬁ group, an
‘%ﬂ’%{ﬁg Arpxyalkaxysasb Ogylc@fquyéh eysho group or
a lplogen afben;aRk &&p@éﬁ&@t@ya KJ}F eheﬁfc?rﬁerét RivdlY aﬁ?}g éaroup,
ha@%l@d ggl@lé I exaﬂp " era % one hayi n
t@h@l ’&n 88 psp%%l Y BTOHR xRN fTIléH have a
subgtityent, eegarqill}d;la‘ac rﬂeeﬂwnyy@ln@ @rplupyra Parcdiatic heterocyclic
RIBIOXY ar baRybo gy ou propgxycarpon ro
&t l}{]oi%l;ar bo% éHrogap, Z?% yI 0%2(8?(%8?@? r&ﬁoupgrg‘up, a
hYéh i EWW @Eroup, al Ag Dylgxwu‘a:r tmnycyagomgr,oufp, a
cyahrcoytaeny ﬂho 4Byl
Calg) g ol ooy rboné( Igg {;d'icgng%u% WEFHBY leroup, a
& Bﬁa Pﬂ%% @i chyde OHW P&k SHNROXGRAb oty |aminoalkyl
grogrp:;@ caepaamtmuy RN-aticRearbagioyd g&o%eomehﬁapofyalkyl
gro‘lﬁj’ afl Wdéﬁ ﬁ f t he a%ge/e kox carﬁye I
dug avi ng car th 4 Froydicy Ept&degetiety with the
adjpgen X‘}chrbmpi Whl ch is specifically exenplified by,
for 1ex t I u
. hg%@é}’ﬂggt) ne?agl f%fg%ﬂl@’ hZYl WQB&M g Pepfesented by
R3 t ay L Str 1ght ch 1nec{ branched or cyclic, and includes, for
example, an alkyl group having 1 to 6 carbon atoms, which is
specifically exemplified by a methyl group, an ethyl group, a n-propyl
group, an isopropyl group, a n-butyl group, an isobutyl group, a
tert-butyl group, a sec-butyl group, a n-pentyl group, an isopentyl
group, a tert-pentyl group, a 1-methylpentyl group, a n-hexyl group, an
isohexyl group, a cyclopropyl group, a cyclopentyl group and a
cyclohexyl group.

The carboxyalkyl group represented by R3 and R4 includes, for
example, one wherein a part of hydrogen atoms of the above lower alkyl
group is replaced by a carboxyl group, which is specifically exemplified
by, for example, a carboxymethyl group, a carboxyethyl group, a
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hydr oxypr opyl oxycar bonyl group, a
hydr oxybut yl oxycar bonyl group, a
hydr oxypent yl oxycar bonyl group, a
hydr oxyhexyl oxycar bonyl group, a
hydr oxyhept yl oxycar bonyl group, a
hydr oxyoct yl oxycar bonyl group, a
hydr oxynonyl oxycar bonyl group and a

thyotypryger grouy; émfmdxgwy groh By
Car pﬂfﬁg %up%%r and RS i ncllouglelgls fagé exan‘tp?ﬁlﬂg’1 group and
aCﬁ? )%?ﬁe 'ne, brom ne and i odi ne. The hal oal kyl
gr ouphe @dkemaréxd)rtw g?ﬁupwd:pm;nté@rbﬁmgm RS 1rQﬂades for
n rein aboy
«f‘g ﬁre?é}a%}%g?ggerlﬁiwdﬂg Z\FAQS i é'ﬁnga%l %Eogﬁ Whlch is
spf((fl f:aléxa?ﬁﬂmp lﬁc@dw,nﬁzre@xarrmibora mtéxd)xybanhonyl gdoup, an
Xe
W g O i AT
Bt P RISEREASAHY | STy, 25 BOBioR Gty gaRp, 2

hemy%xwmmnwpygrom,oura R-3thy H@M&g&rﬂgrg?ﬂ Pg l?rl).lp an

£l
ociyCarBabHl vi BBy afla ahBnEIPEBRERIY gr Bepip haind  a
derarls)Xy@arrdsmmydafgrohp aryl group which may have a
b
Sl g1 Tt S Ard SR ek B0 ERBRELS, HEpRERtEa SHE e B0 s
mci @Ss%@t |Whé?ﬁ1n| n&| lm?é”f, of orhyslragphe, atamaniofio the above
alk@kyd@rbcmﬁyef&xyl h@\hﬁgpe fo pwa@o%?&%ﬁ{sow d b

hy SR i Miighels rneciBea Exempl laﬁdﬁbisﬁefﬁm e
hy@manetm}ﬂ@kynﬂbnnyl o0, a hydingeVRIRRYcasboNP, gfoup,
u n
SR BUBIERY ca RO ol BRIt tatylc efou,
@emhowggrbmwl grap] @ hyplrexghexylpxgcarbayl group,
t

i t fogen, at o%ﬁﬁ%&r}@ql QQ%% aoaL %]ang%ggsg%gfgat oqrr@ V\g Oq'lllp
hyq? 513 Vierrgarpony Sﬁ%‘llpf‘?} agjydraxydecxlanyearhonyl group.
2- oxd}he" rldlogyh  gtowp, re@r@&;eﬁ@tretld)ﬂy mo;én)%dakrforlnﬁléllc}el’?o for

erazin r,ou
exa% [H#?ng’r%ﬂrbe ﬁae':ltO 1\(?18%8}% p incl udesIO for

ex arrﬂ]l'@ hajealkygt grb}dparsprfmen@@akelujodkfédnohaidmvfomgeﬁample
ond (Pla%u'igtlertg @tc%'?%oﬁugfbrﬁ l‘hél‘eﬁﬁ ()c@l%naﬁfﬁ@lp%roﬁ(l&gr? "sroup

at om and .a sul
repé?%‘?\‘ﬁleaf i3 ]By, ‘-‘r oRs e%rﬂ%@]@geaaﬁgd| dor QX@lum)le,arﬂuonnated
chlbnindaed) ylbrohtivated, tbdRzaed] ®eUD, Whidk y|1s9r QBBcifically

exe B ReR b9 s MBIl G AR SEhSL e yRrpachy!
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4-chlorobutyl group, a 5-chloropentyl group and a 6-chlorohexyl group.
The aryl group of the aryl group which may have a substituent
includes, for example, a phenyl group, a tolyl group, a xylyl group and a
naphthyl group, and said substituent includes, for example, an amino
group, a hydroxyl group, a lower alkoxy group and a carboxyl group.
Specific examples of the substituted aryl group include, for example, an
aminophenyl group, a toluidino group, a hydroxyphenyl group, a
methoxyphenyl group, a tert-butoxyphenyl group and a carboxyphenyl
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exanpl e, a cyanonet hyl group, a 2-cyanoethyl group, a
2-cyanopropyl group, a 3-cyanopropyl group, a
2-cyanobutyl group, a 4-cyanobutyl group, a
5-cyanopentyl group and a 6-cyanohexyl group. The
acyl oxy group includes, for exanple, one derived from
a carboxylic acid having 2 to 20 carbon atons, which
is specifically exenplified by, for exanple, an
grayget yl oxy group, a propionyloxy group, a buty~ ryloxy
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The N-alkylcarbamoyl group includes one wherein a part of
hydrogen atoms of a carbamoyl grbup is replaced by an alkyl group,
which is specifically exemplified by, for example, an N-methylcarbamoyl
group, an N-ethylcarbamoyl group, an N-n-propylcarbamoyl group, an
N-isopropylcarbamoyl group, an N-n-butylcarbamoyl group and an
N-tert-butylcarbamoyl group.

The hydroxyalkyl group includes one wherein a part of
hydrogen atoms of the above lower alkyl group is i*eplaced by a hydroxyl
group, which is specifically exemplified by, for example, a
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4- et hyl styrene, 4-ethylstyrene and divi nyl benzene;

al kenyl esters having 3 to 20 carbon atoms such as
vinyl formate, vinyl acetate, vinyl propionate and

i sopropenyl acetate; hal ogen-containing ethylenically
unsaturated conpounds having 2 to 20 carbon atoms such
as vinyl «chloride, vinylidene chloride, vinylidene
fluoride and tetrafluoroethylene; ethylenically

Y e e roarmhaxfiydroxsedeylaiug, 8 hy@rd b froup, a

hy@‘t"g‘gﬁ"ﬁﬁag ac.h(y}ldr?"ﬁﬁFPEyla%r oyiP gk yargkylesyl group.
Vi ny|’I§y-:eta1uol'gaiu¢j ring| il dbet casacwheran®* vind | ReEnz@ Gonded

to @ﬂh& Wit Bie %ﬁ?’n rgﬁbci@f BoddS R fordh agiln%@mr(dmtglgxlgp )1nc1udes

SUC s sodiu potaSS|un] or an
OF SKINRRIT> Cdl Pylsa@\as%ttedr alievcliaringdpavingdite B8 tearbonurtoms,

andismayt by | mbBRLE lli(Y lit polyRiyBuk, weelthary \éb?{%fﬁcaﬁ'_'yogfémphfled

th yl at 2-et
S n%@?ﬁg}%sa?ﬁrsaﬁ?cf@mtw Jind & cpelglyaxene
ringpa;dyalcmctbne ying acilyh a:grelocﬂeoehléyxrhtgx)/' a;: LW ate,
I e acrylate, ne
i ?S%a@mﬁé RafipiSha Bl ;RS HEesafEpTaeRyed by the
genegip aﬂogmu}g{ rﬁgf/ inclhiade atfer exanyxlplé,urmhyteencaﬁy hvihsaturated
alipH O M3 dRocstbohs H; ﬁﬁﬁgaé Qoﬁf@' ARhOY! atoPn W RHPALE: hylene,

nica unsa ura ed compoun

t
prof S?n i Cogf"gyg’@eca dﬁ@h’étlélaf}ﬁ, aﬁtb&iqmoallyr i lasaturated
aromﬂnadt}gdmﬂaﬂbcbﬂw hanfiga8| to 20Yeish 864 §{1bﬁa£§ ystyrene

ounds hav to 20 carbon
4- n&l{ﬁ%g%gc]ﬁe’asgnagsﬁs%ﬁ) e aﬁHgne‘{thg?X Peagene; alkenyl esters
havengya &2 chybon setbms sexdthah § efiige forhaxie) 9/1ﬁy1 8céfate, vinyl

proghiee, T3, AELELE, A SLEA I, IS enany

unsgguzatach r?oaltlawnglachaamgu%ypsmfmwhpmcatdmd;m as vinyl

chldrideny!| benz@igeses fo"!ﬂ}ﬂon@‘é' d (t\}?lé?ﬁgn@g% SS d acs)’f'xar %a and

|t of .alkali tals as so
tet@fidarBriBeRs: 6HIHeticalb ansAryrArccaratstichasidlsghaving 3
to 20 caftbamritomsasock asuadsnglfc atidy lrasthecrgied a@al ychaahiteamd
i t ar o tic.amnes
ma%&@&lcﬂlblgﬁha%( “%ngk&to mr} Ilﬁ(éetuélaﬁyf e‘?ﬁlg,léFF?C acid
and,yigptlheazeig agmdhlawq: acm machmca aaltnefsalkavi ngatélsi Such
0 S ny
as \QIéIQ);HﬁHP gﬂ@fjlc)%@t eth en ca unsa?lgr{';l‘f| g.&ltg tﬁ%’ ically
unsasifFdCarbory 5t SYtBrAs Snathyll metbantylatmcethy]
mettramtrylatepl pﬂij@ll n@é&a@rﬂdt@m sakhy rﬂé‘tfﬁéfdf%@ftg @h{%ﬁ? Fexyl
V|r9 8 to éycar bo ato suchlas Vi {
me@%en %ﬁ Cﬂ’r@rt éda‘é@’ at eeaPF‘PEY % age, butyl
acrylage,c é}-ctl'eylhexyhtaqrylatta; d]a)urgﬂa utnethaed/lates e bfeéﬁrl acrylate,
met$SA G &I 28, Q{h}yln?acﬂfrﬁf‘t%mmémsﬂ%a?r};ltlesethyl maleate, methyl -
fumarate, ethyl fumarate, methyl crotonate, ethyl crotonate and methyl
3-butenoate; cyano-containing ethylenically unsaturated compounds
having 3 to 20 carbon atoms such as acrylonitrile, methacrylonitrile
and allyl cyanide; ethylenically unsaturated amide compounds having 3
to 20 carbon atoms such as acrylamide and methacrylamide;
ethylenically unsaturated aldehydes having 3 to 20 carbon atoms such
as acrolein and crotonaldehyde; ethylenically unsaturated sulfonic
acids having 2 to 20 carbon atoms such as vinylsulfonic acid and
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preferable, however, a catal yst supported on the

carrier deuteratable itself can be also used for

deuteration of the present invention. In a nethod for

deuteration of the present invention, anong the
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weight, relative to the compound represented by the general formula [1]
to be used as a reactive substrate, irrespective of whether the catalyst is
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catalyst metal in said whole catalyst is preferably in the order of, 20%
by weight, 10% by weight, 5% by weight and 2% by weight, while the
lower limit thereof is preferably in the order of, 0.0005% by weight,
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rhodi um catal yst, and a conbi nati on of a rutheni um
catal yst and a rhodium catalyst, and anong ot hers,
preferably a conbination of a palladiumcatalyst and
a platinumcatal yst, wherein any one or both thereof
may be supported on a carrier. Specific exanples of
the conbination of a palladiumcatal yst and a .

pl ati num catal yst include, for exanple, a conbination
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of the present invention, an amount of hydrogen to be used, wherein
hydrogen is present in the reaction system to activate the catalyst, may
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generally 1 to 20,000 equivalents and preferably 10 to 700 equivalents,
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amount of hydrogen shows adverse effect on a deuteration reaction of
the present invention, such as hydrogenation of a deuterated solvent as
a heavy hydrogen source and decrease of a ratio of heavy hydrogen as a
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limt of reaction tenperature is generally 10'C, and
preferably in order of, 20°C 40'C, 60'C 80'C 1
10" C, 140'C and 160'C, and the upper |limt thereof is
generally 300'C, and preferably in order of 200" C and
1800C. In a nethod for deuteration of the present
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72 hours, preferably 1 to 48 hours, nore preferably 3
heawy 3ydrogen, sauntefior theereantian pysfeanably 6 to 24

d [ t he present .
rout Pl BPAChes UFHENRLAST ekl I Sk in e
reagliom IRkl &0 achivatadbeoratadysty areamounatafrhesvya hydrogen
to hﬁauye@)tﬁéywa&%&e%%a%gﬁogﬁlt |t6déé{m§t@r&%n%%%g§§% f’e{nd the

: 0 - act t
anfgrit b Begetallinlice, 2 sabivalcnsmnd dretebl kdo 700

equivalemts, geletivd td thda!ga[}ﬂét, hgtwéi?‘z‘! E?féﬁ ég Ekg@%ﬁﬁﬁﬁh?% said
: carbon-carbon tri . :
hedfy BoRrDRe i8R Per EBhRhaCHedRr 4 Bt 86 propoppjvention
canehpgerégrmed owithoritvany oprd%ﬂéﬁi,rbd:cailhyfﬁ shaid Qr&La;iry hydrogen
t t eay er .
cafiboet et g5 Y UGN, B e Brgntion
rel aft P& Oﬁlefﬂreﬁiﬁﬂ%laélﬁy@f dfenpresant inverttion, the lower
linfitilo$ treat tioAr teripBiaiuied st Qﬁi(?!a%y flgl;dt:gm & Bﬁ?/%?%t)gﬁh{]%rder
e
o, R A0k En 0% RS 1S 1M tind babrCamnibabe wpper
limip therep230gentoallalBN0°Cl 4nd4Srdferilsly ¥ béder of 200°C and
186afpl etion of the reaction, when the reaction product

I's soluble in a deuterated solvent, the catalyst is
fi| tlér admethodfom detaterationi ofitisolpresent inventiba, a reaction

tindd li;@rﬁerhaycgoc ghiALSGd 9o mhﬁisre Sﬁﬁge;%ﬁfgmf toMiE Bours,

[ t.ed.t t I nal ys
o8, REFERI s L0 ST HOWR, ARG HERERBOTeIrafbiablynG to 24

houesaction product is hardly soluble in the deuterated
I.s,,i solated fromthe

sol . e i on_product )

reac |%nm§gﬁ8{1i g(%l a ed’lt%f?igﬂns Btj Hie dFessnt s myepgon will be
spegifically sxplaingdNivr takingives amﬂenample,sﬂm:basmog using heavy

r e I §0 [ f t

TS arRekoy KOSt oLANENLS) dlfon caate
(P dd?ﬁfdbﬁllﬁqr} e lPlianpaei-aotivededhoptalystsubj ected to

meaNauerebyt forf eddnWUR 1 omplé fdi’ra[nc%hﬂﬁ&lﬁﬂﬂaxlegﬁ%%ﬂ&lcﬁ by the

1 i N APR QP ate internal st%r;dar upst ance.

zerfe) SBrBNIRC L LI hidios X Gl Sibon cdon Blestand mor @
carbonvearhon Heiple sodrad iinnstructhee ghegesst (Sutam4ded and 0.01 to
200%26} 1 WBigHY Hf hORARYct{Rhtear ﬂi?& P4htive to said substrate are
added to such amount of heavy water that 10 to 150 molar times of
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sealed reaction system by hydrogen and reacting, with stirring in an oil
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of the reaction, when the reaction product is soluble in a deuterated
solvent, the catalyst is filtered off from the reaction solution, and the
filtrate is concentrated to isolate the product which is subjected to
structural analysis by !H-NMR, 2H-NMR and mass spectrum
measurements.
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according to known purification methods such as _
extraction of the product fromthe reaction solution
usi ng an organic solvent, in which the product is
soluble and then filtering off the catalyst. The
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therein; afcllbw&HeByCﬁIﬁh&ﬁ aﬁlﬁds'ﬂ)?lrere wiyen {dhfeq e%%lﬂfbtn ' ?stem
at.ed . sol Veﬂfqa |so ati o

wichBhhe SR & Aok S ELRES e on e gt ot 10
2005G fercabout g to 648 Rrowws. p‘\ﬁtef lcOﬁipl@tloBiEthHé redefiodS when
the &realcfioh 5?0&{1& he s%ﬁlggfécin tterated solvent, the catalyst is
filtered out from the reaction solution, and the filtrate is concentrated to
isolate the product which is subjected to structural analysis by 1H-NMR,
2H-NMR and mass spectrum measurements.

When the reaction product is hardly soluble in the deuterated
solvent, the reaction product is isolated from the reaction solution and
then subjected to structural analysis by 1H-NMR, 2H-NMR and mass
spectrum measurements. In the case where isolation of the reaction
product from the reaction solution is difficult, the filtrate as it is may be
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reaction solution using an organic solvent and the
like, in which the product is soluble and then
filtering off the catalyst. Further, anong the nethods
for deuteration of the present invention, for
exanpl e, by the nethod using a palladi um carbon
catal yst and a platinumcarbon . catalyst in
Qnmbi nation, tricyclo[5.2.1.02,6]decan-8-0l, wherein
SL&’éE‘Et@ {9 Bifassiiemeniepe OH-NMR donperdbty sttickass d@lysis by

usiAs apr aperapkiate Nkl Xftariird %%ﬁ[tgﬁge?qg%laég% of the

not .l ess than 80% not 1éess th

78%
prhgi‘%F éﬁgg{},{ ﬁglﬁo TeaeHon $OIKIon (RAY Beosarriedoout desthe same

mahaer $3%f the iselstion Imethdédimed metAds M @3RG ation of the
is a ver

r; o lo[5.2.1.02, 6] decan- 8- ol y
prESRCIAVERAbE Y Aodaitiveed Brelisirabie e, oWhen the
preductrist ddrdiy hsainplat n @Sdeutefrﬁlte@h@@llv)éﬁﬁ,r di@clfglation of the

; ' _ CLi abgve, . the met hod for .
prgg{d? g?ﬁ?@o?ﬁ%f rﬁc&ﬂ%ﬁé@ﬁ? H)nl et PEncardiery Qe acgpyding to
kngwin parification auathedsisush as eixteadibre af ahysprodans ftom the

redlgtidrersilatono Lkt @@_&gaﬁ@wsohw 804 $0EIa £ Which the

rform anl t he  desiyed, deuteration, €vén
pr‘?‘gﬁﬁgt?n%&?lé’\é? @s"éﬁ#é%ﬂ B’{ltﬁtrﬁfég offths ertalpstrul a [11 has a
o i podt i oanotReds fTldRRERMERTOE Y Dresent
- Wigk ho ct.ion,,0 uble or triple bo
m‘%‘mﬂoy%r cggg ng%?%ﬁ),qg’an%y et W‘thoaai%legnﬁotﬂﬁﬂ%g% carbon
ca B‘t i t%@d\; guchplagiraami t roax@mgup eafhlys@yaﬂvﬁ ESbination,
i r oot _e0f1 t skituents. .Wen a .
tm\é%dl %%dl'r@epﬁeéscgﬁlt gdﬁg lbyr"tsﬁgraiéineﬁg}ly r&&m aTRYp phergof is
EeRAAIN LR AEH thanpp@%s apreferahlyiipl erdendf, nbeteisnthan 70%,
t hesset o 8% £nd hd | pEE 260 ing. {he
gggelﬁ etIr aliqn re E'qg%S blfqalﬁfiéém 6¥$n¥@ithé§n§$%’n%tess than
exanp ge,ssa?‘ﬁa sg?e)? ia{‘éf neh leshitBanc?0%aman he dasily obained.
Thye obtadecd tct;uuegateemﬁbyemlsg.emxﬂj?w&nri?—@l tfiéaat WeRy useful
0 t _the rizatiaqn reaction.
cor BRG] Yok Satdiibly, b 1 ol Bl ot At Srts “inhacrylate

estgy &patPasmenaimpieal fgbempr i si ng reacting a conpound
repris dsedided Libevee '%ﬁEa}netf'xBHHMIadlaﬂl]t% t}ogﬂ: ﬁfC@lae\éé)re sent

: hé?'r ogen. source in the. co-cgl_r esence 6
IVERHOR UBINg At @y tloaetivatade i lagveaceyavan abtivated catalyst

andleudentdraoed s(ommtaa@@heab?/ k%ibgéh%gﬁgzet, chb gg?fof’xfn only

. IO ARG N e
gengrah deupldabdid drasripl eavbod-cartidie QwuslENdhOhd or a |
car?bgsﬁl?ﬁ)rprtrip’l@SEGﬁﬂ, QritRoti PRt MES S §88B1e or triple
bonci1 rby hydrogenation, and even when said compound has a
substituent such as a nitro group and a cyano group, without reduction
of these substituents.

‘When a compound represented by the general formula [1] has a
carbon-carbon double bond or triple bond, wherein these bonds tend to
be easily polymerized during the deuteration reaction of the present
invention, for example, a polymerization inhibitor, and the like may be
added to the reaction system of the deuteration reaction to inhibit the
polymerization reaction.

As described above, the method for deuteration of the present
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Further, the nethod for deuteration of the present

i nvention can not only inprove a working environnent
but also be applied to deuteration of a substrate
which is labile to deconposition at high tenperature
or under acidic or basic condition, because the
deuteration reaction can be carried out w thout
maki ng the reaction condition particularly acidic or

inyeRtien, pgmmé:lsimg ecadting aC Qﬁn?(:hmﬂqd Q?g?é%%t;%@g?% ut%iléegeneral
f in Xis_ a :
fo?ﬁg%ng{ltlllo‘g&?{gra aé‘eﬁ{?{%r g@?(%ﬁg%? FHECE R sEM GnPERRENSE of an
acHvakt@scalyst, i enahles twe tfEicarelynotanyl %Olﬁ her e@eiteration
i r SO. a
o aroneratubh 6 CALRARY bt QU el A% gypartonyi
gr@%ptwg 2 S7condary Alsaheb sesepernd, hyrespectizaesfapresence or
abkenowlod g ddubléhboatirortripledbéng riﬁ%é&%é%ﬁ%cﬁ&? #?e ce or
LOE I 05%{, . deuteration. of the present 1 nve itk
abena%??slgt 0 @ ?F%‘?rﬁnﬁl %g'lﬂee&é‘?r@‘)ﬁot only a hydrogen
at onf"Hothar, ihefmethiodfor blewwﬁ]tmth |o£ ch@bklﬁre@%xt gh§%??f)fl can
neay..t he rox : .
o e Te e 4 n el LRk ERAETRUY affortke applied to
deyisration afopnfubsirate which cisl dabije i to decomposition at high
terhpeeyteire[dr anaep%cﬁ]i@ecﬁaﬁa&coéon{lilafom@c%qbsfgo{}be dgpteration

i i'on’ena
redi i1 @i B SCattiagt tnat MeNhPRG malkiseethe! scstgnercondition
parthanlarheactieiiebrtbmficcan be achi eved by _conv;a_ntl on_a: I

met e.follown he present, i nvention w
po. e ekthdni in & pOind dFpRerErs by tho eevensl Bxmula
[1]pghereia ¥ issencarbenyl gooups thelt mdthatit ﬁ?- laagutt&taqidr;g of the
: . ng_catal yst.s
preyent R Ationn chaBIcu BTeBRIor) Rl bRt SR of Trodgogen
atogn a?cfcﬁ’g}ﬂ% A thet cerbanyh group deneralsof a5Hydrogen atom

locatinigefair fnomatHeoBa fH3 i i) Ru content of 5% and
s )ng{uEth content of 5% 26

S&%ﬁﬁ“&%%cﬁ”ow‘ﬁ@pspsm uth®geaeralDiomula (1]
wheggia Xuispa rlm;tro_&gmet@ydﬁne g;"gﬂpt aléle ﬁ%;(ﬁ?&%i%te?é‘ﬁon _of
St Bty Teeathon. i SRt ool AL e oy o
By GRENAOR dperiihE far Aramsdbei hydroxydigroip bat hlss a HRogen
atofmlo@dting nedr thersydroAfl groGppP! etion of the reaction,

the §tﬁ?"‘f{1'rtcf{1er? %{rﬁg)lngnth\%a%o%(porl?r&tise drepresented by the general
formula [1], particularly in tricyclo[5.2.1.026]decan-8-0l, the method for
deuteration of the present invention enables to obtain one wherein a
deuteration ratio thereof is higher than the level that can be achieved by
conventional methods. _

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

In the Examples, following catalysts were used: palladium
carbon (Pd/C) with Pd content of 10%, platinum carbon (Pt/C) with Pt
content of 5%, ruthenium carbon (Ru/C) with Ru content of 5% and

rhodium carbon (Rh/C) with Rh content of 5%.
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with ether, followed by filtering off the catal yst
fromthe obtained extract and concentration of the
filtrate under reduced pressure to obtain a product,
whi ch was subjected to structural analysis by 1H NWR,
2H NWR and mass spectrum neasurenments. |solation yield
of the objective product was 46% and deuteration
ratio of the substrate was 97% Exanple 2 In 17 niL of

deut eri um oxi de were susBXAMBLEO ng of acetone
Extgnprirate) and 50 ng of pall adi um carbon, followed by

repl aci the atnosphere of a reaction systemw th
hydr g@eﬂ? gab %ﬁée%%mumtqm@e dD26lcweon Suspemded 506t mg of

vt 15010 o ETARETELF PR, Bve

refﬁ%ggrié QAT sepiied rrepchiane systemawath divsleogen gas

andscemduatiagnalreattodaird ag_nﬁlil N as UBEE €6k bBout 24 hours.
: ' . measuyr enent . .

ATRE Kot Rioral ¥Rk reRarloi e PERE YRR “Obation e extrpcted

withyetherrfellawgd e filtering off theacatadyst from th&xsdratreed extract

an¥etEn6OMEHEoed of @XC Eillrat®u ééf‘ Q'CQ%%\%# B?'%SSSIL%% to obtain a

deut tion t ts and catalysts _
brq Hlf?g\r/m%%g‘at}?ég iS‘ZIPIFCééﬁd et istgreiurahcanalysier hyur'él-NMR,
2Ha¥ibiEh and Taktés dpedtsahat msxirehfb%@ndlhééﬁgﬁlsﬁa%%pe of the
bRy pRig Wit 360 Sind AP0 S ek Bltiomabstrate was

7%.nor bor nanone,  tricycl o[ 5. 2. 1. 02' 6] decane- 8- one,

nor borneol, tricyclo [5.2.1.02" 6] - 3-decen- 8- ol

hydr oxydi cycl opent adi ene) and cycl ohexanol nean
Exéﬁ%ﬁéﬁ%tion rati os at the positions denoted by the

. . s ' I
e 514 g O AR S OB LDY B o o

Further, . i 1
acefone, ?Wélaﬁpr?ﬁ%)t YLt 2Patm8n o(%r pallsdigr ecaghemr dallowed by
rephicinguthe sthatspheprebplat remctiom dystematiig H(%@go ZIéD%as_ and
corﬁﬁ?@ﬁlkgtdb%‘actggﬁ ;it%g%qﬁf)at}gzgt { 1hed or B4 ours. After

0 (2-Norhbornanone f’l ) i
completion of the reaction, the catalyst was filtered off from the reaction
solution. In the filtrate was added dioxane as an internal standard and
then subjected to structural analysis by !H-NMR measurement.
Deuteration ratio of the substrate was 99%.

Examples 3 to 15

The same deuteration reactions as in Example 1 were conducted,
except for using substrates as deuteration targets and catalysts shown
in the following Table 1 and conducting at each temperature shown in
Table 1. Isolation yields and deuteration ratios of the obtained
compounds are shown in Table 1. In Table 1, deuteration ratios of
2-butanone, 2-norbornanone, tricyclo[5.2.1.02.6]decane-8-one,
norbofneol, tricyclo[5.2.1.02:6]-3-decen-8-ol (hydroxydicyclopentadiene)
and cyclohexanol mean deuteration ratios at the positions denoted by
the numerals in each of the following chemical formulas. Further, in
Table 1, the isolation yields denoted by “—” mean that deuteration
ratios were measured without isolating objective products after the
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(Tricyclo[5.2.1.02' 6]decan-8-one) (1) (Norborneol)
(4) (Tricyclo[5.2.1.02.6]-3-decen-8-0l (or
hydr oxydi cycl opent adi ene)) (1) OH (Cycl ohexanol) CH
28 Table 1 SubstrateCatal yst Reaction |sol ation
Deut erati on TenperatureYield %Rati o Exanpl e
32- But anonePd/ C110C- (1) 92, (2) 80 Exanple
42- Hept anonePd/ C160C3097 Exanpl e
deg®rHtionanonePd/ C160C3297 Exanpl e
6Cycl ohexanonePd/ C180C4095 Exanpl e
72- Nor bor nanonePd/ C180C90(1) 43, (2) 99, O hers 27
QE‘J?E\%@P@I’@TH cycl o[ 5.2.1.026] Pd/C180C88(1) 20, (2) 40,
d@can{B- one3 @9, Ot hers 10 Exanpl e 9Sodi um
CRaet@erPdl-cOBMC10050 Exanpl e 101 sobutylic
aci dPd/ C}60C- 40 Exanpl e 112- Hept anol Pd/ C160C4496
Exanpl e 124- Hept anol Pd/ C160C3287 (1) 38, (2) 72,
Exanpl e 13Nor borneol Pd/ C180C32(3) 66, (4) 28, Ohers

1 |l e 14ricyclo[5.2.1.026]
<2f1§_0§§§gﬁ%§913ﬁ d/ C180C86(1) 50, Others 25 Exanpl e
15dI ohexanol Pd/ C180C66(1) 67, Others 77 Exanple 16
7 mL of deuterium oxide were suspended 500 ng of

@I o[ 5.2.1.02, 6] decan -8-o0ol (substrate) and 50 ngy
pat’l adi um car bon,

Qf)

(Tricyclo[5.2.1.026]decan-8-one)
o

SO\

@ O

(Norborneol)
“@

&)
@
OH

M

(Tricyclo]5.2.1 .0215]—3—decen-8?ol (or hydroxydicyclopentadiene))

M \
) OH
{Cyclohexanol)
OH
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fol l oned by replacing atnosphere of a sealed reaction
systemw th hydrogen gas and conducting a reaction in
an oil bath at 180C for about 24 hours. After

conpl etion of the reaction, the reaction solution was
extracted wth ether, followed by filtering off the
catal yst and concentration of the filtrate under
reduced pressure to obtain a product, which was

subj ected to structural afdablsils by 1H NVR 2H NMR and
mass spgctrum neasurenfents.” T[SOralhHO Y &hithiamd pieration
deut er at]i on TRFEof |t Y] lerdnpdanlt A0UGH ¢ ojas 69{510 %)
mARApfY0] | ePRAEHoRE! V- nefdzg'ts af R SNOWN T B0l o, ) 80

Fabl-§ ahpunt—of (1% by weight) nean
Examplet4 dat ieHeftanateal y|strdret 4l prezsent in 3 97

ed_cat gt yst _—Tetative to—amountr—of—the

arr su ri
E%ﬁ%‘g er%;t %pﬁ PARMCer 4t i r dt i o'9FC Tahl e 3 neans A
Eas@pROE deuycm}laiamerctlpa/@f t hejqphel e |deyfer at abl e .

hydrogenr—atons, —and puv.ucu that—(-1t+reans

Egfemplerfat]i 8MNarbarnenerte t/herdposi|t i orso*clenot edoby (‘i 4Bn () 99,

N c 1 £ ~ 1PN r. ol g 7
The fof oy, éiorslﬁs‘ilbg, fFormutta—and—ethers  —relapecs g

Ezgmplede |dey ga{@glogg 4t ifg/at |t hetaotter plogsisf_i OE(%)%% qh?rs 1o

1). i 02 6] decanm——8- o) ApPTe5—1
E%%'LB](Q = %éﬁ’éﬂl"?ﬁ t%tF t A9€$cl|o] 5169°9. 02, 6}%can 8- 0B0
Emspwaorl qdomu&hc ddla t e gyg@® |Mmanpgic as i n Exanple 16,

L-:)u..cpl I oS4 catal yoLSr shoewn Fr—Table 2 in

EXA 5 | shAuHePHOThb| & PdAAd realdPthg {or 4reagtion 96
EJaH@él%"h_?_n -ﬂgﬂtgxﬁpl e|2. Pd/R8 sults, gre s mwgﬁcu S AL

Fable 2. and_Anoun Q on

| sol at i on ut eratj on Am_)unt t her eof Mel al Ti meYi(B138, ) 72,

E’?%%H Eﬁ%&?f”é‘ei Pd/ CP5Dmy1% 159 °%ei ght 23 hcggéO(ﬁE?&

- 1 0/ hvs whi aht 24 hotir<c2AA1 76

l:)\d.llpl T lrll d 7010y LAL 2T LR A —a r.u:. }

Exb8ipid C} 1\[@2@%% grA8 Moursdar4 Exampl e |18RBd/ Ewhers 25
100”913/0 ' WUI glll /_'-|- hott 353\ ) 166—6hers—15 Exanpi—e_

ExomRly 1o§¥ﬁi<1fWBVOIWeu gResa hourl88®( 1) | 5166 Ct Hel$73qthers 77

EXample 16

In 17 mL of deuterium oxide were suspended 500 mg of
tricyclo[5.2.1.026]decan-8-ol (substrate) and 50 mg of palladium carbon,
followed by replacing atmosphere of a sealed reaction system with
hydrogen gas and conducting a reaction in an oil bath at 180°C for
about 24 hours. After completion of the reaction, the reaction solution
was extracted with ether, followed by filtering off the catalyst and
concentration of the filtrate under reduced pressure to obtain a product
which was subjected to structural analysis by !H-NMR, 2H-NMR and
mass spectrum measurements. Isolation yield and deuteration ratio of
the objective product was 60% and 45%, respectively. Results are
shown in Table 2. In Table 2, amount of metal (% by weight) means
amount ratio of catalyst metal present in a carrier-supported catalyst
relative to amount of the substrate, and deuteration ratio in Table 2
means an average deuteration ratio of the whole deuteratable hydrogen
atoms, and provided that (1) means deuteration ratio at the position
denoted by (1) in the following chemical formula and “others” means

b
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Exanpl e 21Pd/ C, 200nmg4% by wei ght 24 hour s4070 Exanpl e
22Pd/ C, 250nmd5% by wei ght 24 hour s5075 Exanpl e 23Pd/ C,
250ngy5% by wei ght 48 hour s2387 Exanpl e 24Pd/ C, 50nmg 2%
by wei ght 24 hours4478 Pt C, 100m Exanpl e 25Pd/ C1100ny
4% by wei ght 24 hours41(1) 96, Pt/c, 200ngQ hers 88
Exanple 26 In 17 nL of deuterium oxide, was suspended
pal | adi um carbon, followed by replacing atnnsphere of
averagead¢imrasipat ertiovat bhe dtier ?@@moﬁ§$h§ﬁ 1y.hen
stirring at roomtenperature for hours to activate
the palladium carbon. After conpletion of the
<’H@€Y6}}Q{5 8nl.056lepgmeB-alodi um met hacryl ate (substrate)
\qrged thereto, followed by replacing atnosphere
eaction systemw th nitrogen gas and
A a 30 reaction in an oil bath at 180C for
i ) After conpletion of the reaction, the
reaction solutlon was filtered to renove the catalyst
foll owed by concentration under reduced pressure to

Exahiples 1& te¢gapound, which was subjected to structural
an measurenents. |solation

| b
yi gl )éSIarS#a g‘é‘iﬁa@}oﬂ Pg??r‘tcé(?ﬁ{glo? 1:Qre°]dgcmat§-9l avaw carried out
in n}m@wmwnmas ihBraffle 16 eREEHE Y& Ms1§€ﬁﬁil §t32%hown
in ﬁ«gbng %g){{gl&geéﬁ&”at ﬁ?{)ffg?tl ons as .l n

con%l except’¥ dgsart ré'gactmn times
Sh%ﬂtl@r'ﬁ%m@rﬂ 1 Resjelts aandshaven a;bgetber ishDablé D. t he
followi ng Tabl e 3 and conducting at each reaction
tenperature shown in Table 3. Isolation yields and
deuteration ratios of tHhableBtai ned corrpounds are

S_hOWI’l t pgeithpst anld Tabloudt of N | TROLGmS: |1 %é(’)i ﬁtnll Y1 Deuteration
yi el d deasbed thyteot{" MyaRES the Saf@eas iin Yl??i’m? - Ratio (%)
Exhftefl ﬁ k %1 Cat %a%ést Reactli opl sol atlonDeutrer atTon
glgnpr atur éyr gﬁ g %(ar | & BB & di| um ©9 45
ExRehpe1 80 GLO9BE] NBEEYWEER | 24 hours 36 61
Example 18 | Pt/C, 100mg 1% by weight 48 h.ours 36 74
Example 19 | Ru/C, 100mg | 1% by weight | 24 hours 53 (1) 100,
Others 15
Example 20 | Rh/C, 100mg | 1% by weight | 24 hours 58 (1) 51,
Others 32
Example 21 | Pd/C, 200mg | 4% by weight 24 hours 40 70
Example 22 | Pd/C, 250md | 5% by weight 24 hours 50 75
Example 23 | Pd/C, 250mg 5% by weight 48 hours 23 87
Pd/C, 50m .
Example 24 Pt //C, 100mgg 2% by weight 24 hours 44 78
Pd/C, 100mg o . 1) 96
Example 25 Pt/C, 200mg 4% b}.r weight 24 hours 41 Ot(hzers ,8 8
Example 26

In 17 mL of deuterium oxide, was suspended palladium carbon,

followed by replacing atmosphere of a reaction system with a hydrogen
gas and then stirring at room temperature for 3 hours to activate the
palladium carbon. After completion of the ac'tivation, 500 mg of sodium
methacrylate (substrate) was charged thereto, followed by replacing
atmosphere of the reaction system with nitrogen gas and conducting a
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Exanpl e 27Sodi um Rn/ C160110098 net hacryl at e Exanpl e

28Sodi um Rh/ al um nal601100 net hacryl ate Exam | e 29

Sodi um Pt/ ¢180t 100] EE75d pnet hacryl ate Exanpl e

30Sodi um Raney- Ni 160r - 10052 net hacryl ate Exanpl e

31Sodi um Ru/ C160" C10023 net hacryl ate Exanpl e

32Met hacryl i cPd/ C1801-90 acid Conparative Exanple 1

The, sape deuteration reaction as in Exanple 26 was
reashignc e @n odyeath at d8AJE foy alpohib@AyhoursicAfteasoanpletion of

theubeddtadg, ahe reaRtde! baﬁit%h Wab lfﬁgérlé@ %3 §§§'}°Vcet gﬁe (Gatalyst,

al th t al ned conpoun
foglf) 9{ i’gl acg}meﬁtrg%? wﬂmﬂEQ RO mmssnecrertbs obtain a

cd})apbalmt,lwmdiﬁw.a% Qﬁbjé&eé%sétrrﬁ'b% i‘ﬁf’%rrzgf?s Y LH:NMR and

as ) @%ﬁg%e% s%ﬁéﬁam é’dgfm C‘#@FaUQDng‘atlo of the

suRstrate yeire 1400% sasd acs less thar 3%, hesyactivgy ogen
gas as a heavy hydrogen source, and the obtaihed

co und mas subjected to structural anal ysi s by
Ex@é%ﬁh@ measur ement s. was confirnmed that

t he car bOI‘héiaéahﬁB @l@ﬁl@él‘%ltm{‘dré& éq%csré}l ﬁg%?é&& é%? were

t hou deuteration was per orne
Coﬂ%ﬁijﬁctFﬁe i%fu%i’&rp‘ll&s rates 3 tdeattesationpdargets and

caltalyists, ahwawmoiry! thgs Cﬂdnowﬁng MBI@W' aﬂ&o%gggl?g:r i at each

d
By DA TR A
ratigsupt shus eltaipedscampowatils hae showhetogether in Table 3. In

Table 3, isolation yield denoted by “-” means the same as in Table 1.

Table 3
e | oo | et T s | Do
Example 26 mef’g:i?y’?ate Pd/C 180°C 100 99=<
Example 27 mefﬁgi‘:y’?ate Rh/C 160C 100 - 08
Example 28 mefggi‘;y”;’atc Rh/alumina |  160C 100 08
Example 29 mefﬁ:i‘;yr?ate Pt/C 180T 100 75
Example 30 me?}?:i?yn;ate Raney-Ni 160C 100 52
Exarﬁple 31 me?l’c::il;ynllate Ru/C 160C 100 23
Example 32 Met::;lrylic Pd/C 180°C - . 90

Comparative Example 1

The same deuteration reaction as in Example 26 was conducted,
except for using methacrylic acid as a substrate and non-activated
palladium carbon as a catalyst, and the obtained compound was
subjected to structural analysis by !H-NMR, 2H-NMR measurements.
Deuteration ratio of the substrate was 75%.

Comparative Example 2

31



case where a conpound not having a carbon-carbon
doubl e bond is deuterated, activation of a catalyst
and a deuteration reaction can be efficiently carried
out sinultaneously in a reaction system Fromthe
results of Exanples 24 and 25, it is clear that
deuteration can be perforned by using two or nore
kinds of catalysts in conbination. Fromthe results

of Ehenphme2dewtaation peddtish s irarﬂbmrhlp{sd?q)krabié&traucted,

d j .nation, ou 0 anou
cxEaB: AR UBLETILRU Ol BRI R p R crogen
gas cffit R vBeRWY aﬁgﬁmqratﬁmunc@, iand cill'lﬁa_rohthm_iecb beorapeind was
subjepited tdestraicthtANahalkyists %gnl}@-q\ldlq?z advlﬂ—q\?M!Rq meagypsments. It

th Exanples 21 an erein a’ si
Wa%g%f}gl fslga?thvg&a&f‘aa? RA4PEBANVAeU blseBonddofamathecuylic acid
watsheeduateal, thouget @éutﬂ;@tioﬁ%@&%ﬁd’ﬁh&‘dﬁs ][" gﬂ as 4°/c|> tby |
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of Elingriedf St Sisylls PEERRRIeS 1o ta e & campound
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amount . of f.he .cat atyst m.=1t al (s), 1 n_eac xanpl e was
de?%aé%%acﬁlx%lw AgfitiayuprieR, deniratisnpasacdan in be
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dewtgrptienceande porfbrmedooy dising ttwiopbde nomredkirgls of catalysts in
cor®ith £fighed, only objective deuteration proceeds

wi t hqut reduction of said double or triple bond by the
net %@%ﬁle H%%h‘@? 2fi Bragple 4 pyleersin palladivimncad®n and

plafirrurecartoro Mezermeed &F%o%bﬁitﬁidrﬁiﬂlﬂdggf?fﬁ%@ ﬁ}gbﬁn%?of the
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.Gl entl -
sol (LTS CHTBRATIRGY T iurerlis PNBGBTRPIS 21 and 25, it is
cleaPrbrCABkampte 25, wherein deuteration was carried out by using

palladium carbon and platinum carbon in combination, can provide
higher deuteration ratio in comparison with Example 21 wherein
deuteration was carried out using only palladium carbon as a catalyst,
though amount of the catalyst metal(s) in each Example was the same
(4% by weight). _

Further, from comparisons of the results of Examples 26 to 32
and Comparative Example 2, it is clear that even when a carbonyl
~ compound or a secondary alcohol containing a carbon-carbon double
bond or triple' bond is deuterated, only objective deuteration proceeds
without reduction of said double or triple bond by the method for
deuteration of the present invention.
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A nethod for deuteration (replacenent by deuterium or

tritiunm) of the present invention, which conprises

reacting a conpound represented by the general

formula [11 with a heavy hydrogen source in the .

co-presence of an activated catal yst can

significantly inprove working environnent, because .

‘the _deuteration which has been conventionally
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Averith d r 0 r ou
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v Aoy R S B & Tl bkt o
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wher el n carbonyl " group
boq rnula [1]. 3. The nethod for deuteratlon accordi ng
to claiml1, wherein Xis a hydroxynethylene group in
the general formula [1].
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4. The method for deuteration according to any one of
clains 1 to 3, wherein the heavy hydrogen source is a
deuterated solvent. 5. The nethod for deuteration
according to claim4, wherein the deuterated solvent
is deuteriumoxide (D20). 6. The nethod for
deuteration according to any one of clains 1 to 5,
wherein the activated catal yst selected froma
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The method for deuteration according to claim 4, wherein the
deuterated solvent is deuterium oxide (D20).
6. The method for deuteration according to any one of claims 1 to
S5, 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 obtained by activating a
non-activated catalyst selected from a palladium catalyst, a platinum
catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel catalyst and
a cobalt catalyst by contacting with hydrogen gas or heavy hydrogen:
gas. ‘
7. The method for deuteration according to claim 6, wherein the
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is 60% or nore. 35

v

contact of a non-activated catalyst selected from a palladium catalyst, a
platinum catalyst, a rhodium catalyst, a ruthenium catalyst, a nickel
catalyst and a cobalt catalyst with hydrogen gas or heavy hydrogen gas
is conducted in a deuteration reaction system.

8. The method for deuteration according to any one of claims 1 to
7, 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 a catalyst comprising an activated
palladium based catalyst.

9. The method for deuteration according to claim 8, wherein the
activated palladium based catalyst is an activated palladium carbon.
10. The method for deuteration according to claim 8, wherein the

catalyst comprising an activated palladium based catalyst is a catalyst
comprising an’ activated palladium catalyst and an activated platinum
catalyst.

11. The method for deuteration according to claim 1, wherein the
compound represented by the general formula [1] is
tricyclo[5.2.1.02.6]decan-8-0l, and 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 a catalyst
comprising palladium carbon and platinum carbon.

12. Tricyclo[5.2.1.02:5]decan-8-o0l wherein deuteration ratio thereof
is 60% or more.
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