WO 2012/ 1600151PCT/ EP2012/ 059344 5Process for the preparation of deuterated
conmpounds containing N-al kyl groups The present invention relates to a
process fwo 20mmodsci ng in a conpound deuteriumin the acpEe2@noboas bet a
position of an al kyl |ike residue bonded to a nitrogen atom 10The
synthesis of deuterium | abelled organic conmpounds is of fast-grow ng
interest due to the w despread application of nass spectronetry as a
specific detection and investigation tool in pharnacol ogical, chem cal and
envi ronnment al research. For exanpl e, deuterated organi c conpounds are

wi dely used as internal standards in 15pharmaceutical drug devel opnent for
the investigation of sanples originating fromenvironnental, aninmal and
human studies. For a quantitative LC-MS/ M5 anal ysis of new drug candi dates
or relevant netabolites in conplex matrices (like blood, urine, bile etc.),
stabl e pragbepidi thé prdaldieer dalisratel cahRARDYToRlARETNILAGT glbupssential in
order to avoid matri x effects, such as I1on suppression or 'oh enhancenent.
Simlar applications 20 of internal MBS standards are mandatory for toxin
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hydrogen which are 25therefore nore difficult to cleave both chem cally and
rret abolically. That means selective incorporation of deuteriumat the site

cotPa i RlTadS ph BBt Pe R Ericl GBS 15 ORI el tience
of bl oasitng witkdspreate b ppiidation A hhagyspevtioniztriead awpeciticemtedtion @fd t he drug
and hence a | onger resjdence tinme and enhanced efficacy. 30Therefore, the
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effects, including |onger duration of action, inproved safety profile and
reduced | evel s of toxic metabolites. WO 2012/ 1600152PCT/ EP2012/ 059344 I n
addi ti dﬁmrtexadeple atattedhted gaganic MQouhes arealvitely used asintelrel steahdaodpimunds
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(hydrogen/ deuteri un) exchange (HDE) can be a cost- and ti me- effl cl ent
alter natewért@gpar@hdﬂieea)r relevarirmetabpliies ingompiebmatricas @he dlaoddiuriset bie on

the tar Iecul e or . an.ady ed inter iate, hensi ve .revie on
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26, 401-406). The known 10met hods for HDE can be divided into t
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net al netal catalyzed. Rutheniumis one of

t he vafol%égi%%'sﬂ qf%PiS fﬁ%”ﬁ%@%ﬁ%tl lized for both honbgeneous and

het er ogeneous HDE reactl ons. 15 For nitrogen conpounds heterogeneous

r ut heni um catal yzed HDE was effective for the regiospecific deuteration of

al i phatAnothen 'Mtaﬁﬁap@%'ﬁﬂﬁf)ﬁe&mrﬁ&d GAMPRENGE ﬁi{@sﬁgsqr’t fherProgety of
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conpoungyreitematbeydnidriaided anfebag ,re@NcEé fﬁie%ﬁnéﬂ% bf‘hﬁ\%ﬁﬂeﬁs as
descri bed in EP1561741A1 (WaKo Pure Chem | ndustries).
metabolites. A further consequence of blocking major metabolic pathways can be a
lower clearance of the drug and hence a longer residence time and enhanced efficacy.
30 Therefore, the deuteration approach can potentially lead to a variety of beneficial
effects, including longer duration of action, improved safety profile and reduced levels of

toxic metabolites.



Exi sting nethods for honogeneous ruthenium catalyzed HDE mainly apply

25Ru( PPh3) 3C12 as catal yst with D20 as deuterium source. Selective

deut er at iwo 20f2/ish@sal pha- positi on of prd mary al cohol s ardTmPRe@My93and
secondary am nes is described in Takahashi et al. Chem Lett. 2005, 34,
192-193. The reaction required high tenperatures up to 185 C and hi gh
pressures of up to 10 atm Secondary al cohols and tertiary am nes haven't
been successfully applied. Wth trihexylam ne a snall anmount of 30HDE in

t he al pha position was observed only. WO 2012/1600153PCT/ EP2012/ 059344
Basi callh yddéwindoideyteratdtbargahsr melBEUtEs, aigor ioitjem lebelied eomgogodpatndidedy t en
require strong.reaction conditions, .very.long reaction tines and the al pha
and_ betlRIVRE{anneebple 4 PhapBapHaneiq ygerbatons qfad dilgea RIS, her o
still remains the need to develop a suitable process for an efficient and
sel ective deuteration of conpounds containing 5nitrogen functional ities as
t hese &@mpaiedomtts arogovantionatisyresis startingriyon & suwitebimheemaresaielly avalalie ugs.
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mass difference conpared to the unl abel | ed anal ogue. 10 Definitions. The
terns (g fatgel Aoigauleer aradvanged injérardiates ComEEEeBYYE AoVIaWh wirdstingon
residu i | ! i - i I as 1, 2,
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branched groups ‘'such as Tsopropyl, isobutyl, hyl"bu i sopentyl,

neopentRutherium igi ane dfthbviayibus Metatst MmliqiselnaS/beemuﬁbzew1qn@n’ifyhombgehe&lys ,
sec-butyl, tert-butyl tert-pentyl. Exanpl es of 20al kyl ene groups are

met hyl %Q,heé?rtﬂﬂegﬁtg?ﬁsm%w%q@%sbutyI ene and the |ike. One or nore hydrogen
atons may be substituted by hal ogen, especially fluorine, atons, i.e. alkyl
groups may be fluorinated,e.g. perfluorinated. Exanples of fluorinated

al k91  drosiEogaNCaPBOUMIPTRIEPOganeRas3Uthenia cetalzegrgdDEwasieffeshve fasihe

but eny eoBSAERHE petiefiion or ASREE AR R RRERYpaeg, Anlitelqt s M-
1, 3- pemiositioertylthe Aminé-itradendrapiyingoRe/C AMBZ002/CO606DA 12 ek Paréahent. o

anot her carbon which is part of a ring, such as nmethenyl (-HC=C(C is part
of a rilngustdey). TEgIrBFSPCERdSs NigINIERIIO 3N ﬁh%mewlpﬁﬁ{%qlb At thepalphgy
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whi ch gan, al so be substjtufed and/ or unsaturated. | gal kyl. groups can be
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condenggadifesathdimidazol6§ Q8RiesERbe®FREPH 56 f7 A5 (kabj Ipurédirfemh. IRBYstFiagy.al n
none, one or two doubl e bonds. Exanples of such unsaturated groups are

cycl opentenyl, cycl ohexenyl,
Existing methods for homogeneous ruthenium catalyzed HDE mainly apply
25 Ru(PPhs)sCls as catalyst with DO as deuterium source. Selective deuteration of the
alpha-position of primary alcohols and primary and secondary amines is described in
Takahashi et al. Chem. Lett. 2005, 34, 192-193. The reaction required high
temperatures up to 185 °C and high pressures of up to 10 atm. Secondary alcohols and
tertiary amines haven’t been successfully applied. With trihexylamine a small amount of

30 HDE in the alpha position was observed only.



t etrahydronapht hyl, al pha- or beta-tetral on-, indanyl- or indan-1-on-yl. A
cycl oal kyl group may further by fused to one or two phenyl rings such as in
di benzo[ awO)eyxeisonispt en. 10This al so applies if they carcyrrodansisuents or
occur as substituents of other residues, for exanple in cycloal kyl al kyl .
Cycl oal kyl groups can be bonded via any carbon atom Substituted cycl oal kyl
radi cal s nmay be substituted in identical or different positions. A (C6-C
&aryl group neans an aromatic ring or a ring systemwhich conprises two
15aromati c carbon rings which are fused or otherw se |linked, for exanple a
pheny| Basigaly hgxisting Msitodaipr Hh e pltragenacomtain igreainpasds oféar sdquireoup. | n

nonosubsti tuted. phenyl..groups the substituent c be | ocated,in the.
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4- posi trelafivé & e Ritregeniedsudlly IBw2TRDSNMYlerd sALRR RS HRS nbv® tGHBSéIbp et s,
they can be located In 2,3-position, 2,4-position, 2,5-position,

2, 6- posuitablg, Pracasesian efficient andselestive dauteratigihehtaMpedidssCadaiNNhg t hree
bsti Lo . Cit ) i b .
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3, 4, 5- pharbosuticiyhieugh Aphs bhati yetabesitiohabf abptiaticraingl groupsipse of

correspondi ngly apply to dival ent groups derived from phe roups,

. . . / om phenyl g ps, i.e.
pheny| SFEtiGacRierast BB dauer®ian due Kytheir Baisbolie readivity @nﬁﬁéﬂﬂp&?ﬁ@ymty to
1, 3-ph - I ; r NRgly
appl v R Ley et B S o o I S M S e B ARE TR e
gr oups tauolabeded ahatwgoe. unsubstituted or substituted in the aryl subgroup
30 ﬁ well as in the al kyl ene subgroup, are benzyl, 1-phenylethyl ene,
2-3 enyl et hyl ene, 3- phenyl propyl ene, 4-phenyl butyl ene,
1- met hydefizitdany! - propyl ene. WO 2012/ 1600155PCT/ EP2012/ 059344 The term

(CS-ClgyﬁéféTﬁbycloalk | refers to substituted and unsubstituted .

non- ar drigt teems (€9-G1 metybortC meodglsyieoe gre upserstoed as B hystipearbantsesidoei c
groups, and 10 to 15 nenbered tricyclic groups which have at |east one

het er odYhieh €8N bs lnean)i.g. straighthain, onerasichedeand s 1, Ead it 6, 8g 708, 90,
(C3-C15) I LN - I i1 one or
t wo ox>5/|g32($1rI ?r 8%%’%’*1 %ﬁbﬁ%bﬂs p%#ﬁy%?.ﬁ@%%l%gﬁgl%sﬁ g%ﬁ aﬁﬁ gFoBg n a@gér:%,g agr ovi ded
t had t lsebsiitueht onabethenigroe,fopaxampla in avalkoxy gwups(G-alkyl)pa thiesgou 8-
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conpri ses saturated, tBart I él unsaturated, m Xed aromatic/saturated and m xed

ar ot iregthyipeniyl.drataylaeelyl isohpxyl, Bearites terbbulyliehteri-Rertyy Exapwles ef

2, 3nDi - | dL0xi ~f L 5. The nitrogen
o2t RER b RYIER, Bhyfere, RROUATE, M ARhE BB e e T 2 LT
opt i on@rhey obmone alyeroyenegtombhaay 68-gubsjitieed by hutdgenl, kgpedabuusnine, Btoms,
attached at any avail able nitrogen or carbon atom Heterocyc| oal

kyl
resi dud€§- Ay gOURAIRY beflupEpated. e 8- E%Iﬂgﬂ"f‘@ltﬁédEéﬁ@P'QW,ﬂLt%ﬁIn@Ee%g'kV'our
tines, o] enid oypl.dentical or different
B il S el T B NI

resi du In I itions® Substitution can occur on
free carbon atons or on nitrogen atons.

25 (Cq-Cg)Alkenyl are, for example, vinyl, 1-propenyl, 2-propenyl (= allyl), 2-butenyl, 3-
butenyl, 2-methyl-2-butenyl, 3-methyl-2-butenyl, 5-hexenyl or 1,3-pentadienyl. An
alkenyl wherein one carbon atom has a double bond to another carbon which is part of
a ring, such as methenyl (-HC=C(C is part of a ring, e.g. cyclohexan), is included in this
definition.

30

(C2-Cg)Alkynyl are alkyl groups containing at least one triple bond such as, for

example, in ethynyl, 1-propynyl, 2-propynyl (= propargyl) or 2-butynyl.



Exanpl es of nonocyclic groups are oxiranyl, aziridinyl, tetrahydrofuranyl,
t et rahydr opyranyl, dioxol anyl, for exanple 1, 3-dioxol ane, dioxanyl, for
exanpl e wé-2odie@s@syl, oxetanyl, piperidinyl, pyrrolidi rgiEpeoizessal i di nyl,
triazolidinyl, hexahydropyrimdinyl, piperazinyl, tetrahydropyridazinyl,
triazinane, for exanple, 1,3,5- 25triazinanyl, 1,2, 3-triazinanyl or
1,2,4-triazinanyl, tetrahydrothi ophenyl, tetrahydro- thiopyranyl,

di t hi ol ane, for exanple 1, 3-dithiolane, dithianyl, thiazolidinyl,
oxazol i dinyl, oxathiolanyl, for exanple 1, 3-oxathiolanyl, norpholinyl or

t hi onor(piel i pigyslodikyzeieainglare Maeneeapisydiclalkyldrades aaytaining 3E4a5m6 &5 &P

bi cyclic heteroc¥floalkyl gr oups |nclude aza- bi cycl o[ 2. 2. %éoct
i ndol i ®y110 1318 e¥PRAAPMSIlike F CWO%WnPYQ'QH’%ntWyPYC' e QFpl e for a
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(08-Ci0)bicyclic or tric |c aromatic ri ve at | east one
heteroae’rwm(ctbonaﬂdhle)alpha ar betatatrabore, pidankle or inten-1-OneylorA aysiealkylng at ons
are oxygen ato l) ons annéN rqutrlo en atﬁms A heteroaryl my

cont ai ¥'194P glay ugtper Yn té’nO%ﬁBr o Rheyl 2Ng3 SHER 25tBrms, 1 or 10 2 sul fur
atons @fip éhz@t{xg‘g]dy@[dh@méﬁ vari ous heteroatons. The heteroaryl resi dues may
be attached by all positions, for exanple by the 1 position, 2 position, 3
podPt i dis alspafinliesf they pagvtsubatltuentﬁdy QG asvsupagﬁuentmofmther ms&ues@forand

oyt ol yenong KRG Eofviafr COLTRIRTSROUS, 651 Bt BMed Tiany brepnl dbATY

i sot hi ssyitute®@ytidilkyl tadict® hdy, beogasktazietyin idekiichl @ctuuﬁéﬁénybosmbhgm nyl,
pyrimdinyl, pyridazinyl and tet razol yl . Exanpl es of bicyclic

(08-Ci 0) heteroaryl are benzothi ophenyl, benzofuranyl, indolyl, isoindolyl,

i ndazol Y. 'E:‘%Rﬁll
benzoxéagg)?@mog%yggorq a@gﬁhg%bder?lg]%@gﬁngz%%ﬁhg%gsnt?o ﬁygl azo rY%es two

qui 5OX grbimtic cgkbd?ﬁﬁrﬁﬁzé \W/M|oh éTrbrfGQéd aybtheanrsaainﬁéunyén exhpIBYE phértyer i di nyl
and t hi enot hi azol les of tricyclic heteroaryl groups I ricl ude
car bazmaphthydxmfzblmfdmw Ph@mmatpmefernedxcﬁ @g¢o)adylrgrbupphenant hri di nyl
phenot hi azi ne and xant henyl. Al so enconpassed are the correspondi ng

N- oxi des and S-di oxi des of these corrpounds I n one enbodi ment het eroaryl

2 ar oug 50 faubRiRtotfpfe B Brflog TR Ban Be¥Earet R Eoniatian, 1y ™ "0
r esi duéisposlaorﬂ or {He 4{poisition| withihel 3zmosition arycu Hmﬂwo,snmammg’brefesedalial yl,

th| zoI ridyl, triazol oxadl azol yl., pyrazjnyl, pyrim
PDdad ﬁwlpgv iOHacqayﬂeStymw%tB wHdRyINeY G ipratésting. amositiony .4 [ositon,
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( C5- Co)shibstiueatsythe dabstitrentsicgrcbe located in 2,3,4-position, 2,3,5-position, 2,3,6-
position, 2,4,5-position, 2,4,6-position, or 3,4,5-position.

25 The above statements relating to phenyl groups correspondingly apply to divalent
groups derived from phenyl groups, i.e. phenylene which can be unsubstituted or
substituted 1,2-phenylene, 1,3-phenylene or 1,4-phenylene. The above statements also
correspondingly apply to the aryl subgroup in arylalkylene groups. Examples of
arylalkylene groups which can also be unsubstituted or substituted in the aryl subgroup

30 as well as in the alkylene subgroup, are benzyl, 1-phenylethylene, 2-phenylethylene, 3-
phenylpropylene, 4-phenylbutylene, 1-methyl-3-phenyl-propylene.



C6) heteroaryl residues are furyl, thienyl, imdazolyl, pyrazolyl, oxazolyl,
| soxazol yl, thiazolyl, pyridyl, triazogy oxadi azol yl, pyrazinyl,

pyri m di nyb,20mdoqyri dazi nyl, Preferred exanpl es of (OSPCEthQMQSQQJyI
residues are 2- or 3-thienyl, 2 or 3-furyl, 1-, 52- or 3-pyrrolyl, 1-, 2-,
4- or 5-imdazolyl, 1-, 3-, 4- or 5-pyrazo|y|, 1,2,3-triazol-1-, -4- or -
5-yl, 1,2,4-triazol-1-, -3- or -5-yl, 1- or 5-tetrazolyl, 2-, 4- or
5-oxazolyl, 3-, 4- or 5- isoxazolyl, 1,2, 3-oxadiazol-4 or -5-yl,

1, 2, 4-oxadi azol -3 or -5-yl, 1,3, 4-oxadiazol-2-ylor - 5-yl, 2-, 4- or

5- t hi aZdleytierm3Cg- Qqsmet@orzs;@oaliszr@lf@rs to sue$tiltuted i auzstubsﬂituiedmnyarormatz 4-
t hi adi azol -3 or -5-y 1,2, 3-thiadiazol - |, 2-, 3- or pyrld

2- 4- 319.7 H}en@e@GMnQﬁy@l'%QFOUF@ 7dp 14- rpa?mtt%@qi égqycllqgroups, and 1040 1 6-
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8- |soqwn|e(nf>the ridgs. Bach fing ofthe (63@158h@termtojallkwgro@cor#tal,m@a 6-, 7- or
8-cinnolinyl, 2-, 3-, 5-, 6-, 7- or 8-quinoxalinyl, 1-, 4-, 5-, 6-, 7- or
8- pht hdﬂeaerpagdm caalmntajs@ﬂeaméwal@@geh@rtseb‘preahomﬁeamd/omrdersoné tnfowarrpl e
1- oxy- 2- re ues .may .be unsubstituted or
subst; fUtredsTAMs. B¥fnd st shELGRPRmhel SPARERAERY P Sath THASS ST co
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bromo or i odo. tail ed description of the invention It has now been
f ound t&h@6- hﬂtenwmclpﬁ@ybm@woafala@&afb@rmﬁémn@ﬁyd r UitrREAN @R ARIE ke saste so
cal |l ed Shvo cat al
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) - Rl Gl ERA MO it RRNHHekd, SRR\ 2HOFIM DorlurlBufiated (i %ange

a derivative t ereo can use succ ly In a process
i n t he Aahetesoayatatkyl lgedwp poiptises saturahed Nearttlyansaturatedy aniked corrpound
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The catal yst can be described in its dineric ehydr ogenat ed (la) and
hydrog@l‘ﬁé@rﬁanelb) nononeric form (Fig. 1), Whl ch are all included in the

thdoat i eS8 B Suurod Blog ™ B D HoroBy BE R RBrR ol ik RRG e a8 7' ¥ o6
OCCO .optioRdlly be quaternized. The (C3-C15)heterocycloalkyl group may be attached at any

available nitrogen or carbon atom.
Heterocycloalkyl residues may be unsubstituted or be substituted one, two, three or four
times, preferably one, two or three times, by identical or different residues in identical or

20 different positions. Substitution can occur on free carbon atoms or on nitrogen atoms.
Examples of monocyclic groups are oxiranyl, aziridinyl, tetrahydrofuranyl,
tetrahydropyranyl, dioxolanyl, for example 1,3-dioxolane, dioxanyl, for example 1,4-
dioxanyl, oxetanyl, piperidinyl, pyrrolidinyl, imidazolidinyl, triazolidinyl,
hexahydropyrimidinyl, piperazinyl, tetrahydropyridazinyl, triazinane, for example, 1,3,5-

25 triazinanyl, 1,2,3-triazinanyl or 1,2,4-triazinanyl, tetrahydrothiophenyl, tetrahydro-
thiopyranyl, dithiolane, for example 1,3-dithiolane, dithianyl, thiazolidinyl, oxazolidinyl,
oxathiolanyl, for example 1,3-oxathiolanyl, morpholinyl or thiomorpholinyl, diazepanyl,
for example 1,4-diazepanyl.

Examples of bicyclic heterocycloalkyl groups include aza-bicyclo[2.2.2]octyl, indolinyl,
30 isoindolinyl, chromanyl, or quinilizidinyl. An example for a tricyclic heterocycloalkyl is

xanthenyl.



OC "ni OCOC 11 alb 5 Based on his binetallic structure containing a
hydration as well as a dehydration-conponent the Shvo catal yst was used in
t he past worowamb@ss purposes such in tthe catal ytic oxi eariEpeoisskeohol s
(e.g. Csjernijk et al. J. Og. Chem 2002, 67, 1657-1662) or in the kinetic
separation of racem c alcohols (e.g. Verzijl et al. Tetrahedron: 10
Asymretry 2005, 16, 1603- 1610). More recently the Shvo-catal yst was used
for the activation of am nes and thus used for the N-al kylation of indols
(Bahn et al. Chem Eur. J. 2010, 16, 3590-3593), for the al kylation of

pri mar Alsoreneempasgekpier hearmspandingriaiens (Bah)h Noxigles angl/S-ddyxides of

15Cat al,,. 2008 350d 20%}9}-2%2%? and f.Ol’l ;he sel ecot.i ve,synt hesli. Qf

monoal KYPSR SAMRPYTASRIHEES ArtqRiReTAZ LY. £roxQBlReHIY nfn i CPYEBY NS 1 €9.- 3201;
Hol | mayxo@keghyl, AME@WrpHaIRm sdlfixidesehioriPgholHyl s@dshe, 8284loxolanEénd

preparation of deuterated conpounds using this catal yst has not been
descri Belfakydrods lrgipatignylangnipediket hese publ i cations, especially not of

t hose conpounds according to the present invention. It has been found that
t hedShvo catal yst can be used in the process of the present invention.

Mor eover, derivatives of this catal yst which do not affect the general

abi | i t {CeC 25 tutémany| tresiddesibes (T 4@ )monotydit, §€g-Gybicyelit omtrithelicscope of
the catalyst for use in the process of the present invention. WO
2012/ 160088 CNYEPRORS WhEdCAaN engicleasti ong heterorioshi@, T ar &l)yr at waskhone of

derivatjve thereof as depicted below in its di ic.precatalytjc form

( For a2 B0 s Mg ebaPmeots Sy opB AR Tor TH 2SS ST g ng

r ut henigiging OASetéroaPdena ebitalPPNAESB bit gansyehlatofls, K or@xyddnodtoiddN gl us

H, cycl opent adi ene | i'gands Oﬁtl onal |y substituted_wth four substituents Z
r?ﬁ@ﬂfur;at@as%

i nd@pe actproRinatiors ef waniaus heteragtomsobhealneiaroaryl periclyes Matier ei n
phenyl i_s i i . r .1 teo 3
Fimos, sy Rl apdpfiots, 1 ErmoR &8/ el Bodhai? pBbROG S Bo¥idni fepai
(UH V) ,pdsition, StdostionNBRDsEeNRT, posittoredm8 Bosition (@0d-tke)ikekyl , phenyl, benzyl,
or is SH=S) is considered to work in the same manner to initiate a

sel ect im@NYIEs OF EOATEIMokBcyclic heteroaryl are furyl, thienyl, pyrrolyl, imidazolyl,

pyrazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, pyridyl, triazolyl, oxadiazolyl,
15 thiadiazolyl, pyrazinyl, pyrimidinyl, pyridazinyl and tetrazolyl.

Examples of bicyclic (Cg-C1g)heteroaryl are benzothiophenyl, benzofuranyl, indolyl,

isoindolyl, indazolyl, quinolyl, isoquinolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl,
benzotriazolyl, benzoxadiazolyl, benzothiadiazolyl, quinoxalinyl, quinazolinyl, cinnolinyl,
phthalazinyl, purinyl, pteridinyl and thienothiazolyl.

20 Examples of tricyclic heteroaryl groups include carbazolyl, benzindolyl, phenanthrolinyl,
acridinyl, phenanthridinyl, phenothiazine and xanthenyl.
Also encompassed are the corresponding N-oxides and S-dioxides of these compounds
In one embodiment heteroaryl residues are from the group of monocyclic and bicyclic
heteroaryls forming a group of (C5-C1g)heteroaryl. In one embodiment (Cs-

25 Cqp)heteroaryl residues are furyl, thienyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl,
thiazolyl, pyridyl, triazolyl, oxadiazolyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl,
benzthiophenyl, quinolyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, benzotriazolyl,

and benzoxadiazolyl.



22b 2a (Fig. 2) Accordingly, a catalyst of the fornmula (2)
151-UH-tetra-Z-cycl opent adi enyl - (tetra-Z-2, 4-cycl opent adi enyl- 1- U) - p- hydr o-
tetra-L- worutdmemisn(l1) (2), wherein UH is OH NHR5, orcBpebiz®sB44 NRS or
S, 20R5 is (G -Co6)al kyl, phenyl or -CH2-phenyl, Z is, independently of each
other, (G -C6)al kyl or phenyl, wherein phenyl is optionally substituted 1
or nore tinmes, preferably 1 to 3, tines, by halogen, preferably F or d,
and L is CO ON or COD, may be useful as a catalyst in the process of the
present invention. 25 WD 2012/ 16001510PCT/ EP2012/ 059344 | east one

subst i tAupraferset (@1 rghatepayOrasiduaisuCa-Ce)hatenoaryl siugieried §osal kyl or an
al kyl ene %roup conprising at |east 2 carbon atons bound to the nitrogen
such a$@hgtereany| resifueas: 3g fund. thisnyl, dnidazebbRyazelvk REazeKs isexazelyent i on
relates, to a process.for the preparation of a deuterated .conpound (I1)

cont ai RGOl PYEGK) Tisrod Plackaral ererewt Ryfmidiayh aPFaVEIREH, whi ch i s
not  pardreffrcdedmpRtidt (cgr@ @héfe@abryﬁf&idvi&wemid}%-mwz ef ada ef- um at
the carbon atomin the al pha position and/or the carbon atomin the beta
pospti on pf3-pyifolglt NUGCLULabr BliralBEbIYI S1-28-, 14e @8 5-giffazdI0c har actigrdlzed-4-prt-hat
a conpound (1) conprising a residue which contains at | east one structural
el emento-W, C2H-thigv-dirr3afr ty5t1- OR&-tatrazel. i2s. Atorenekazdlylbdn 4at6®rof t he

struct %&Jaz%h@ﬁ??-%é%ﬁ-i\bﬁ ek ‘%@B&a&iﬁzb‘l@% ﬁg‘?‘%&l 9f3 ﬁ%ﬁtﬁ%ﬁ-b%/l Y

system 1sS'T e deut eri'umsource in eserice of a cat’al'yst of
f or mul &-¢I22-, 4- or 5-thiazolyl, 3-, 4- or 5-isothiazolyl, 1,3,4-thiadiazol-2 or -5-yl, 1,2,4-
1-UH-tetra-Z- cgcl opent adi enyl - (tetra-Z-2, 4%]%ycl opent adi en-1-U) - g hydro-tetr
a- L- 150eAaZekAi n51y||,)1 ¢ By g OruA-Yls2o- ORAFBYdYt sk~ 8- P50, " NR5 or
SI B ipyrinfidinfoBabkylpyridBemyl,, or - CH2-phenyl;

1-, 2-, 3-, 4-, 5-, 6- or 7-indolyl, 1-, 2-, 4- or 5-benzimidazolyl, 1-, 3-, 4-, 5-, 6- or 7-

indazolyl, 2-, 3-, 4-, 5-, 6-, 7- or 8-quinolyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 2-, 4-, 5-,

6-, 7- or 8-quinazolinyl, 3-, 4-, 5-, 6-, 7- or 8-cinnolinyl, 2-, 3-, 5-, 6-, 7- or 8-quinoxalinyl,

1-, 4-, 5-, 6-, 7- or 8-phthalazinyl.

15 Enclosed are also the respective n-oxides, for example 1-oxy-2-, -3- or -4-pyridyl.
Heteroaryl residues may be unsubstituted or substituted one, two, three or four times,

preferably one, two or three times, by identical or different residues.

Halogen means fluoro, chloro, bromo or iodo.
20
Detailed description of the invention

It has now been found that within the group of cyclopentadienyl-ruthenium-complexes
the so called Shvo-catalyst, which is (1-Hydroxy-tetraphenylcyclopentadienyl-
(tetraphenyl-2,4-cyclopentadien-1-one)-u-hydrotetracarbonyldiruthenium(ll) (see

25 formula 1 in Fig. 1 below) or a derivative thereof can be used successfully in a process
for H/D exchange in the alpha and/or beta position of an N-atom in a organic

compound.

The Shvo catalyst has been described and already used for various purposes (Conley
30 etal. Chem. Rev. 2010, 110, 2294-2312 and Karvembu et al. Coord. Chem. Rev. 2005,
249, 911-918).



Z is, independently of each other, (Cl-C6)al kyl or phenyl, wherein each
phenyl is 20optionally substituted by (Cl-C6)al kyl or phenyl, wherein
phenyl i swopbizmadisy substituted 1 or fore tines, preferalipp2di2i0e334ti mes,
by hal ogen, preferably F or d; and L is CO CN or COD. The structural

el ement of the formula NC-Cis hereinafter also referred to as the
25"structural elenment”. There is no limtation in the structure of a
conmpound (1) which may be used in the process of the present invention.
Accordingly, the structure and constitution of a conmpound whi ch can be

deut er értr@dcaialryst/@arybwd@scsibedrhétmimerbe(d i dehyenogénatedhgta)and kydrpgenated

conpri a residu i tuent whijch, c ns at t i d once the
trhct 078) MenietitTafth ey HER eré ALt FE8 B 3istbee i TiaFRtebRt Fifts0

ar omat Ir@nﬁerrwatab@éﬁdrham baFiBses WIshé baRMNist Alstrestuesishslon iRy ¢s ibed same
meani ng and are used hereln i nter changeabl’e. 8'FII'he conmpound nay conprlse one

or nore residue rein each residue nmay ¢ n said st'?uct el enent
at | east oRbe %2@ 16001511PCT/ E 344 | rﬁ’hﬁ@f raI el ement
the remai ng PO NOI Bh s at +he=N e tpy ad arphonds at the C
atomn ha) Ho t om and t el ot her three a{bIdl i onal bonds at

t he seconghn bth)J caarDn apg bt shown. BesRLd\s havi n ARU east an H bonded

to each Ca f theXséPuctural el ene®C(#. e “mhe sOQicduraH el enent is
N-CH CH in corrpound g?@ the other 1 op substl t uen®§ bonded to the

al pha carbon or thg beta car bon, respective whi ch are_ peeded for
conpleting an residue containing at |east t structural | ement once, may

be, 5i ndependent |y of each other, selected fromH or any further organic
residue, such as alkyl, aryl, cycloalkyl etc. The same applies to the

N- at omBaped enrhist bimstalic ee’fmqtuneayolaﬂas“ung)ea ;Jsa{dfat@rn aSC\yeII ias @i dghydretiem as
described in ai | oW. CO e t usual conditions uch
e bel G AASTE T FeleRE VRS ured i TE8 Tiash a0t vl pufoacti oy

ful fil |c%¢b|?t$c BRibbtio\eE alcdhbi (6. %thQJeﬁrﬂjkpétUéldJ cerg b@h@m 200PEEBUEEERI662)
tributyl am ne, which contains the structural element three times, but the
struct @aln éh%n@ﬁ@tl@a‘iﬁ%r@"dprb@fpéacter@ﬁ alcobalsl 4. gpo\/?r(:Zyblqtca'noT@éQh'@@Och
as.Qxy I or be part of a large nol ecul e having
vaﬂ?oquSES|%&€§Bﬁ Y%Péﬁﬂé? as shown in the exanples, including, for
exanpl e, fexofenadlne or sunltlnlb I n one enbodi ment the structural

el ement in a conmpound (1) (% wherein mis 1 or 2 and nis 1,
2 or 3Meyedesenthy {penSho- Qat@ﬂyszwasrp%ﬁsi er ﬁ;?eeq:tfwa@oar%@mﬂ%@@dim HEOEH t he

t t &I
s ruc %l—gN ?lrﬁfag%ggrdtfpjﬁ § eﬁﬂgﬂ?lﬁre%teh? F_‘}er &92“"@%39@ gwgat edo[ her e
rray be adi{ylaytlmmf pﬂlraarwamm@satocpmepmetsaoondag/ Mnatesn(Baahpdta). Achd/Syntlat t he
N- CHRCHR
or TR CgAtes Bbg TG 200 B i RF 1 Sl S e By il KM arical et AN _shown
V"h' ch a%ﬁn@@XHQﬂnﬁHNe”t@ﬁ'@#@n Od':onl%ﬁdn P00, B¢§9%1bH§)Ilﬂm%hn'ét a@ﬁfgﬁvﬁs are

2-Di et hyl am no- 1- phenyl - propan-1-ol (see’ Exanple 15

3- ( 4- f IGherapihersd. ) 2007m80nh§291 v851%2i ne (see Exanpl e 20). The structural
el enent may be part of a primary, secondary or tertiary am ne and thus
30may be present once, twice or three tinmes depending on the kind of

furt hef‘rr‘fél%btafal@ﬂtofﬁeu&é}%té‘d 8brapouies u@h?ﬁﬁlls%atalpsttﬂ% HEBded JeMbBE or
Phenyl - N((Cl1- C6) al kyl) 2 contains two al rougt t hus the structural

el 8913ntSUggeéi@ﬂtlﬁlaﬁé!d)fttWSﬁepUbirﬁaH@n@rQﬁﬂ%@@Mrﬂﬂt P& thege compounds according to
the present invention.

It has been found that the Shvo catalyst can be used in the process of the present
invention. Moreover, derivatives of this catalyst which do not affect the general ability to

25 perform the deuteration reaction are included in the scope of the catalyst for use in the
process of the present invention.



WO 2012/ 16001512PCT/ EP2012/ 059344 an N atom bonded to one, two or even
three residues containing the structural elenent may in turn be present
one, two wo2ewemooere times in a nolec® e and the pr odueCTEryoREB4DE
deuterated at different positions in the nolecul e where said am ne groups
containing the structural elenent are present. 5 In one enbodi nent the
resi due conprising the structural elenment in conpound (I) is

N( C2- C12) al kyl ene, -NH(C2-C12)al kyl, -N((Cl-C12)al kyl) ((C2-C12)al kyl),
-(02- C12)al kyl ene-WC1-C12)al kyl)2, -(C -G 2)al kylene-N((C1

- C12) alAogoydingly; Mbvmyatplyst o( esie@ye)imtfm're@f;@s depikied belowtin és dimeric

fically, . d . h | el
b Nerstasyit it Farhilie PR a0 TBRieobeRisBRRY tofim{Eahaticere SR RENTSt he.
resi dug ﬂu$henuNh((%¥e012ﬁc§défdﬂd b&Rd&dl Ryamdev(iL) (liker €0e Gpby COD) plus

-N((C1- C6)a| kyl ) ((C2-C6)al kyl). In anot her enbodl ment the residue is
- (G - Ctbyyeleperiadiexe( Gan@_wpamglm sylstitted vethdpuy pubgiiteertsabingependently

esPaudTE %E%"(?W%u%qaé%?@ﬁw Qeafiet @ Wrtidhepr Pdlfie fadeRg et rent the
(03- CL3) Bl @i@RyRb BAMKE-yolds, BRtehaty anBarkes! Cypﬁalbpén%r%‘?&%%lyqf

present 1nvention a resi the structural elenent I'n a conpound
(1) is andagraup Withan oxidaiiverpaam@ihivér), I@f&@&/ﬁ@nNHWCﬁM%@rwheravelﬁsnsm
relates to a process for the p aration of a deuterated conpound (I I?

cont ai dEnCalalybaaterahdeseyi e !ﬁrgﬁ/-ﬁ)éﬁ'@ﬁﬂsﬁﬁrqch@ WeFknhinIthe Reme, mapnenta s

not part_of an aromatic rin stem and wherein the anount of deuterium at
the carMyaleA sehechve HéDzﬂxﬁhgn%%si tion and/or 25the carbon atomin the beta
poghtion of the structural elenent is at least 1% characterized in that a
conmpound of forrmula (I) conprising a residue which contains at |east one
structural ele C- G wherein at |east one tratomis at each,£€arbon
atom of the | ement and the N-G tH s nof
aromatic r eacted wi Ah a deut e sourcg int
a cat al }2/ 1566513 PCT/ EP2012/2059344 Z
1-UH-tetra- pf,adj enyl - (tetra224c¥mh gpent adi en- 1- U
a- L- dirut henj Lm[(zll)/ 2) as defined herein erm n the compo rl_d off formula
(1) is R1-L1- WHL3- -X-L4-Y (1) wherein 5R1 is

2a 2b

/b)n

esence of
Z

(Fig. 2)

Accordingly, a catalyst of the formula (2)

15  1-UH-tetra-Z-cyclopentadienyl-(tetra-Z-2,4-cyclopentadienyl-1-U)-u-hydro-tetra-L-
diruthenium(ll) (2),
wherein
UH is OH, NHR5, or SH
Uis O, NRgorS,

20 Rgis (C1-Cg)alkyl, phenyl or -CH2-phenyl,
Z is, independently of each other, (C1-Cg)alkyl or phenyl, wherein phenyl is optionally
substituted 1 or more times, preferably 1 to 3, times, by halogen, preferably F or ClI, and
L is CO, CN or COD,
may be useful as a catalyst in the process of the present invention.

25
It has now been found that the Shvo catalyst or a derivative thereof can be used in the
deuteration of the alpha and/or beta position of a N-atom in a compound containing at



H OH C(0)-(C -C6)alkyl, C(0)-V, 10 C(0)0OR8, OC(0)-(C -0C6)alkyl,

OC(0) NR7R8 OC(0)-V, C(0)NR7R8, 15Si-R7, OSi R7, NR7-C(0)-(C1l-0Cs6)alkyl ,
NR7- C( 0) Oy 6Lor@Ghabkyl , NR7- C(0)-V, 201¢(0)2R8, NR7- C( 0PcRPRBI2/0MBIRS, SRS,
S(0)-(Cl-C6)al kyl, 25 S(0)-V, S(0)2NR7R8, NR7-S02-(Cl-Cs6)al kyl,

NR7- S02- ( Cl- C6) al kyl ene-V, NR7-S02-V, WD 2012/16001514PCT/ EP2012/ 059344
S(0)2-(C1-Ce)al kyl, S(0)2-0R8, or 0OS(0)2-R8; 5R7 is H (G -G 2)al kyl, or
phenyl; R8 is H (C -G 2)alkyl; L1 is

least one substituent containing a N-C-C structural element, such as an alkyl or an

alkylene group comprising at least 2 carbon atoms bound to the nitrogen such as e.g.
ethyl or ethylene.

5 In one embodiment the present invention relates to a process for the preparation of a
deuterated compound (ll) containing at least one structural element of the formula N-C-
C, which is not part of an aromatic ring system,
and wherein the amount of deuterium at the carbon atom in the alpha position and/or
the carbon atom in the beta position of the structural element is at least 1%,

10 characterized in that a compound (1) comprising a residue which contains at least one
structural element N-C-C, wherein at least one H atom is at each carbon atom of the
structural element and the N-C-C element is not part of an aromatic ring system,
is reacted with a deuterium source in the presence of a catalyst of formula (2)
1-UH-tetra-Z-cyclopentadienyl-(tetra-Z-2,4-cyclopentadien-1-U)-u-hydro-tetra-L-

15  diruthenium(ll) (2), wherein
UH is OH, NHRs5, or SH;

Uis O, NRgorsS;
Rs is (C1-Cg)alkyl, phenyl, or -CH2-phenyl;
Z is, independently of each other, (C1-Cg)alkyl or phenyl, wherein each phenyl is
20 optionally substituted by (C1-Cg)alkyl or phenyl, wherein phenyl is optionally substituted

1 or more times, preferably 1 to 3 times, by halogen, preferably F or Cl; and
L is CO, CN or COD.

The structural element of the formula N-C-C is hereinafter also referred to as the

25  ‘“structural element”. There is no limitation in the structure of a compound (I) which may
be used in the process of the present invention. Accordingly, the structure and
constitution of a compound which can be deuterated can vary widely. The only
requirement is that the compound comprises a residue or substituent which contains at
least as said once the structural element and that this element is not directly part of an

30 aromatic ring system. The terms substituent and residue do have the same meaning
and are used herein interchangeable. The compound may comprise one or more

residues, wherein each residue may contain said structural element at least once.



10a bond, (C -G 2)al kyl ene, preferably (G -C6)al kyl ene, (Cl-C6)al kenyl ene,
or (C2-Co6)al kynyl ene; 15L2, L3, or L4 is independently of each other a
group R2-Wo-Rk/mbEsei n R2 and R4 are i hllependent|y of each/rredenssel ect ed
froma bond, 0, C(0), 20 C(0)CO C(0)NR7, NR7C(0) N(C(0)R7) C(0)o0, 25
OC(0), NR7, S, S(0), S(0)2, 30 S(0)2-0, WD 2012/16001515PCT/ EP2012/ 059344
0S(0) 2, S(0)2NR7, or NR7S(0)2; 5 R3is a bond, (G -G 2)al kyl ene,

In the structural element the remaining two more bonds at the N and the two additional
bonds at the C atom next (alpha) to the N- atom and the other three additional bonds at
the second (beta) carbon are not shown. Besides having at least an H bonded to each
C-atom of the structural element (i.e. the structural element is N-CH-CH in compound
5 (1)), the other 1 or 2 substituents bonded to the alpha carbon or the beta carbon,

respectively, which are needed for completing an residue containing at least the
structural element once, may be, independently of each other, selected from H or any
further organic residue, such as alkyl, aryl, cycloalkyl etc. The same applies to the N-
atom. The structural element may also be part of a cyclic ring system as described in

10  more detail below.
Of course, other usual conditions, such as being stable under the thermal reaction
conditions used, need to be fulfilled as well. Accordingly, the compound can be an
amine such as tributylamine, which contains the structural element three times, but the
structural element can also be part of a complex polycyclic molecule such as oxycodone

15 shown in Table 1 or be part of a large molecule having various residues linked together

as shown in the examples, including, for example, fexofenadine or sunitinib.

In one embodiment the structural element in a compound (1) is N-C(H)m-C(H), wherein

mis1or2andnis 1, 2or 3, preferably nis 1 or 2. In more specific embodiments
20 thereof the structural element in a compound (1) is N-CH-CH, N-CH2-CH, NCH-CH» or

N-CH2-CHa. In a particular embodiment it is N-CH2-CHo.

As indicated there may be only one H at the C-atom next to the N-atom (alpha) and/or
at the second C-atom (beta). Examples for such elements are N-CHR-CHH-, N-CHR-
CHR or N-CH2-CHR- wherein, by way of illustration, another residue R is shown which

25 may be any residue or part of a residue but not H. Examples are 2-Diethylamino-1-
phenyl-propan-1-ol (see Example 15) or 3-(4-fluorophenyl)-1-methylpiperazine (see
Example 20).

The structural element may be part of a primary, secondary or tertiary amine and thus
30 may be present once, twice or three times depending on the kind of further substituent
at the N atom. For example, in the tertiary amine Phenyl-N((C1-Cg)alkyl)2 contains two

alkyl groups, thus the structural element is contained twice. Amine groups comprising



(C1- Co6) al kenyl ene, or (C2-C6)al kynylene; 10 with the proviso that R2 or R4
is a bond if RBis a bond; V, W X and Y are selected froma bond,
( C3- C8) cywbaalkihe1515(C5- G 5) heteroary®, (C6-C &aryl, PON/EP2012/059344
(03-C15) heterocycl oal kyl, wherein said (C6-C &aryl, (C5-Cl4)heteroaryl,
(C3-C1 5) heterocycl oal kyl or (03- C8) cycl oal kyl is optionally
substituted one, two, three or four tines by a group 20i ndependently of
each other selected fromR9; and wherein Y may also be H R9 is
hal ogen, 25 oxo, OH, NO2, ON, S02- N=CH NRC1 -C6)al kYyll2, 30 SF5, WO
2012/ 16008 FtePOONERRGC NGS5 08d or EFEN HTTERMESINERS COPRATIRT Yhe Sfructural slament
O-L1-RrRL, V, L1-V, or O-L1-V;, 10and a V s.L{bstituent I n, R H&%not be further
[

subst i 1UR6H B BTSN AL e O Qe &SGR AlMReciy anrite gfreduct may

subst i tthgNbe QREteYatdMPAE] i FETR® PoStiONS irfthe MBldcarPWh¥re @ﬂb%@ﬂﬁe?}‘o&bs provi ded
that two oxygens are not directly connected to each other, an
containing the structural element are present.

5
In one embodiment the residue comprising the structural element in compound (l) is
N(C2-C192)alkylene, -NH(C2-C12)alkyl, -N((C1-C12)alkyl)((C2-C12)alkyl), -(Co-
Cq2)alkylene-N((C1-C12)alkyl)2, -(C1-C12)alkylene-N((C1-C12)alkyl)((C2-C12)alkyl) or
(C3-C15)heterocycloalkyl.

10  More specifically, the residue in compound (1) comprising the structural element is
-NH(C2-Cq2)alkyl, preferably -NH(C2-Cg)alkyl. In another embodiment the residue is -

N((C1-C12)alkyl)((C2-C12)alkyl), preferably -N((C1-Cg)alkyl)((C2-Cg)alkyl). In another
embodiment the residue is -(C1-C12)alkylene-N((C1-C12)alkyl)((C2-C12)alkyl)),
preferably -(C4-Cg)alkylene-N((C1-Cg)alkyl)((C2-Cg)alkyl).

15 In another embodiment the residue in compound () comprising the structural element is
(C3-C15)heterocycloalkyl.

In another embodiment of the process of the present invention a residue containing the

structural element in a compound (1) is selected from
N / \
N N N N N O
’ - ’ or —

In another embodiment the present invention relates to a process for the preparation of

20

a deuterated compound (ll) containing at least one structural element of the formula N-

C-C, which is not part of an aromatic ring system,

and wherein the amount of deuterium at the carbon atom in the alpha position and/or
25 the carbon atom in the beta position of the structural element is at least 1%,

characterized in that a compound of formula (I) comprising a residue which contains at

least one structural element N-C-C, wherein at least one H atom is at each carbon atom

of the structural element and the N-C-C element is not part of an aromatic ring system,

is reacted with a deuterium source in the presence of a catalyst of formula



wher ei n any al kyl

or alkylene is optionally substituted by one,
three resi dues 15i ndependently of each other sel ected from hal ogen,

two or
cyano,

hydr oxyl ,w0(0i2 @614 kyl , S(01- 06) al kyl 13phenyl, 0- phenyrcTiEPR@Eglos9344

0C(0) (G - 06) al kyl ,

C(0) (G - 06) al kyl ,

0(0) 0( 01- 06) al kyl

or C(0)OH. The

deut erat ed conpound of forrmula (I1) corresponds to the one of fornula (1)
with the 20di fference of having deuteriumincorporated in residues

cont ai ni ng at

| east one of the defined structural
enbodi nent of a conpound of forrmula (1)

Rl i s NR7R3.

el enent .
I n one enbodi nent R7Y

In one

and R3 labtl-tetia-Licgylaprpladiamyé(tetrand-2,4-Cyclopgnribrign-1-U)-u-hydre-tetratler

enbodi L1 |

2501 2) B Ono B adinetie Sl Paisinig coRlP R el G dboos ment

R1-L1- is - NH(01-012) @kyj-v-t
012) al kyl ene- N((01-C12) al
speci f iwhersimodi ment ,
Cl-Cl2)al kyl) 2, preferably -N((Cl-C6)al ky1) 2.

L1- is I\
errbédir%‘n
-(G -G
-(G - ‘al kyl ene) -
(G -G 9@l kyl,

R1-L1-

yl)
R1- L1-

0%-R12%) %l kpl) 2, -(01-
or%EOB-%)CL:w;ﬂr?et erocycl oal kyl .
I n anot her enbodi mrent R1-

In a nore

is -NH(C1-C6)al kyl .

| n anot her

WD 2012/ 16001517PCT/ EP2012/ 059344 i s

N( (G C6) al ky1) 2.

preferably (G -C6)alkyl.

)al kyl ene) -N( (G -Cl12)al kyl) 2, preferably
I n anot her embodi ment R1-L1 is
51 n anot her enbodi nent the

structural element may al so be part of cyclic residues wherein the N atom
i s partCE)-*HabeideMli ¢ residue such as in a (C3-Cl 5)hetero-cycl oal kyl

r esi due,

Such a residue can be part of any of the V, W X and Y residues.

I n anotH&)-enbodi nent of the process of the present invention one or nore
of 1phe @(Q))@q;g,dues V, W X or Yin a conpound of forrmula (I) nmay conprise
ur

t he struct
is
of
OC(O)NR7RS8
OC(0)-V,
C(O)NR7Ra,
Si-Ry,

OSiR7,

15

el enent N-C C.

I'S,

NR7-C(O)-(C1-Cg)alkyl ,
NR7-C(O)O(C1-Cg)alkyl,

NR7-C(O)-V,

20 C(O)zRs,

NR7-C(O)-NR7Rsg,

NR7Rg,
SRsg.

S(0)-(C4-Ceg)alkyl,

25  S(0)-V,

S(0O)2NR7Rsg,

NR7-SO2-(C1-Cg)alkyl,
NR7-SO2-(C1-Cg)alkylene-V,

NR7-SO»-V,

I n one enbodi nent one or

(&@@)@t@@g}(ﬂ[ oal kyl. In a further enbodi nent thereof one or nore
vV, W or i I ndependently of each other,

selected from / N\

nore of V, W Xor Y

or



The substituents L1, L2, L3 and L4 nmay be attached at any carbon or N-atom
More preferably one or nore of V, W X or Y is independently of each other
sel ect ed woam216001520 wherein L1, L2, 14 or L4 nay be artasresizasozisndi cated
by the bonds (-), for exanple such as to give / R -Li- NL2 WO

2012/ 16001518PCT/ EP2012/ 059344 1 n anot her enbodi nent of a conpound of
formula (1) R2 is a bond, 0, CO 0(0)0, NH NC(O)R7), C(O)NH or NHC(O). In
anot her enbodi nent R3 is a bond, (Cl-C6)al kenyl ene or (Cl-C6)al kyl ene
optionally substituted, independently of each other, one, two or three
times B(OWpt(ChaCelgdty), 5C(0)0(Ci - C6)al kyl, OC(0)(Ci-C6)al kyl or optionally
substituted phenyl. In another enbodinment R4 is a bond, 0, 0(0), 0(0)O,
00(0), HQUpLRHP" NHC(0) or C(O)NH. \ In another enbodi ment of the process
L2, L3 Cﬁ@é Ls independently of each other a 10bond, CO NH,

(01-06) y'llaéne or (01-06)al kyl ene optionally substituted one, two or
three tines by OH halogen, C(0)0(C -C6)al kyl or is optionally substituted
phenyl. I n one enbodi mrent one or nore of V, W X and Yis (C6-C &aryl,

preger % RhE@W-C1oiakyl, enpidrgp; enbodi ment R1L is NR7R8, L1 is
(01-06% kyl ene, \1/2 Wand X are a bond, L2, L3 and L4 are a bond, Y is H
In a further enbodi nent of a conpound of formula (1) RL is H OH or NR7RS;

L1 is ehb%gq &01:);_36) al kyl ene; 20Visa bond, (C6-C &aryl preferably
phenyl ,~§ -C@‘b‘ dR#ANMy| |~ (05-015) het eroaryl or (03-015)heterocycl oal kyl ,
preferably

Lqis
10 abond,
(C1-C12)alkylene, preferably (Cq-Cg)alkylene,
(C1-Cg)alkenylene, or
(Co-Cg)alkynylene;

15 Lo, Lg, or L4 is independently of each other a group R2-R3-R4 wherein
R2 and R4 are independently of each other selected from

a bond,
0O,
C(0),
20 C(0O)CO,
C(O)NR7,
NR7C(O)
N(C(O)R7)
C(0)O,
25 0C(0),
NRz,
S,
S(0),
S(0)2,
30 S(0)2-0,



each of L2, L3 and L4 is R2-R3-R4, wherein R2 is a bond, 0, S(0)2, 0(0),
0(0)0, 00(0), NH, NHC(O0), N(C(O)R7) or C(O)NH 25R3 is a bond,

( C1- 06) alwenyiemarisr (01-06)al kyl ene opPional |y substi t wCedpose/osiswp or
three tines by a group selected from (G -C6)al kyl, C(0)-(C -C6)al kyl, OH,
OC(0)-(C 06)al kyl, or (C6-C &aryl preferably phenyl, wherein (C6-C &aryl
is optionally substituted one, two three tines by R9; WO

2012/ 16001519PCT/ EP2012/ 059344 \ R4 is a bond, 0, S(0)2, NH, NHC(O0),
C(O)NH, 0(0) or 0(0)0O, provided that R2 or R4 is a bond if R3 is a bond; W
and X i@S(Q@xdependently of each other, a bond, (06-Ci0)aryl preferably
phenyl, (C3-C8)cycl oal kyl, (05-C15)heteroaryl or (03-Cl5) heterocycl oal kyl,
and 5YS(®)eNRycel ¢ &aryl preferably phenyl, (C3-C8)cycloal kyl,

(C5- Cl%eéggoaryl or (03- G 5)heterocycloal kyl; and any (C -C6)al kyl ene
in L1 79125 optionally substituted one, two or three tines by a group
sel ected from hal ogen, (G -C6)alkyl, C(0)-(C -C6)al kyl, C(0)0(C -C6)al kyl,
OH, OC(0)-(C -06)al kyl, or phenyl, and/or one or nore carbon atons are
optpon®d s 10 replaced by O; and in L1, R3, V, W X and Y any (C6-C &aryl,
(C5-C15) heteroaryl or (03- C 5)heterocycloal kyl is optionally substituted
one, t\WoPOM}: three times by R9. In another enbodinment RL is NR7R8, L1 and V
are a d; .S, R2-R3-R4, wherein R2 is a bond, R3 is (Cl-C6)al kyl ene
opti ongﬁﬁgcéé}%s%@ﬁet’ed one, two or three times by a group independently of
each ot(bef[%%@@{yﬁghé‘,b?m (G Co)al kyl; C(0)-(C -C6)al kyl; OH,

oC(0)-(G - al kyl, and phenyl, wherein phenyl is optionally substituted
one, t\(@ztmémwm;by R9; R4 is a bond, NHC(0) or C(O)NH, Wis

(C3-C8) cycl oal kKyl', (Co-Cl5)heteroaryl, (C6-C &aryl or (C3-C1

5) het enattyibleqabligb tRAORD ooy isya o ifiR4lisealbbyd,one, two, three or four
times by a group independently selected fromR9; Xis a bond or (C3-Cl

5) heterocycl oal kyl, L3 and L4 are a bond, and Y is H In a further

enbodi en f_a gonpound, of . fornmula (1) RLis Hor OH L1 is a bond or

25(C1- g)\é{l gﬁ%i;a%ls?@cfﬂiﬁ%n or (C3-Cl1 5)heterocycl oal kyl, preferably
a bond,

(C3-Cg)cycloalkyl,
15  (C5-Cqg)heteroaryl,
(Ce-C1p)aryl, or
(C3-C15)heterocycloalkyl,
wherein said (Cg-C1q)aryl, (C5-C14)heteroaryl, (C3-C15)heterocycloalkyl or (C3-
Cg)cycloalkyl is optionally substituted one, two, three or four times by a group
20 independently of each other selected from Rg;

and wherein Y may also be H,

Rgis

halogen,
25 oxo,

OH,

NO»,

CN,

SO2-N=CH-N[(C1-Cg)alkyl]2,
30 SFs,



each of L2, L3 and L4 is R2-R3-R4, wherein WO

2012/ 16001520PCT/ EP2012/ 059344 R2 is a bond, 0, NHC(0) or C(O)NH, R3is a
bond or (Wo-208)m@bkyl ene optional ly subd®ituted one, twopron/EPbse@sdsiaes by a
group sel ected from phenyl optionally substituted one, two three tines by
R9; (G C6)alkyl; C(0)-(C -C6)alkyl; OHor OC(0)-(C-C6)alkyl, and 5 R4 is a
bond, 0, S(0)2, NHC(0) or C(O)NH, provided that R2 or R4 is a bond if R3 is
a bond; Wand X is, independently of each other, a bond, phenyl,

(C5-C15) heteroaryl or (03- C 5)heterocycloalkyl, and Y is H a bond,
phenyl CK%5- C15) heteroaryl or (C3-Cl 5)heterocycloal kyl; 10and wherein
phenyl, (C5- C153 heteroaryl or (C3-Cl 5)heterocycloal kyl is optionally
subst i teMNEH(NAR). two three tines by R9. In one enbodiment RO is F, O,
CH, N(I—jl%, g@i(Cl-CG)al kyl), N((CLl-C6)al kyl)2, (G C6)alkyl, 0(C -C6)alkyl,
CF3, O 1-300- 06) al kyl - SO2NHCH3, or PO3(R7)1_3. 15In a further

enbodi :ﬁnt ROis F, A, ON OH NH2, CF3, (G-Co)al kyl or 0(GC -C6)al kyl .
Furt her “enbodi nents of the present invention and conditions for introducing
deu eriLgr_rRHn the am ne according to the process of present invention are
outl'i ned bel ow. 20l n one enbodi nent according to the process of the present
i nvent icgup aR(I:,at alyst of fornmula (2) is used as a catal yst wherein UHis CH
and Uis 6 I'n anot her enbodinent UHis NHRS and Uis NR5. In one

enbodi ngnt R5 is phenyl. In another enbodi ment each Z is optionally
substituted phenyl, i.e. the catalyst contains tetra phenyl groups at the
cycl opéﬁt\édOrenyl. In a further enbodi nent said phenyl is not substituted.

I n anotdier 25 enbodi ment Z is unsubstituted phenyl, UHis OH Uis 0 and L
is CO o1g|’ve 1-

400X umidod UARIRAKIERY 1 RBGAAAADEDY Kirdidrapbeilecbd 20V SLiBARNLAL! en- 1- one) - ph
ydr ot etracar bonyl di ruthefiun{ll) as catal yst. The Shvo catal yst is
comercially available. The catalyst and its derivatives may al so be
prepared by refl uxi nq Ru3(C0) 12 and tetraphenyl cycl opentadi enone or

30cor r d¥psAtN i@y kylian @ ledens sygduerdanerinsorecerbepiatamsare ortieRalsuch as

B T

descri hdtkereim drealkyit@ralkylerse uotiormally substittfes by-oagciwo dethgentesidliegs Synt h.
2009, 7, 5557-5564, Mys et al. Organonetallics 1989, 8, 1162-1167, Conl ey
et 12l . MYRRANARBYY 0P §aeN othry selenied %Q'ir? or in analogy to the nethods

descr i bafbddh, leyah§ hyRirSkyl, &(C1B6)RISMSEAces MR, pHER, GHhefP benzyl.
OC(0)(C1-Cg)alkyl, C(O)(C1-Cg)alkyl, C(O)O(C1-Cg)alkyl or C(O)OH.

The deuterated compound of formula (Il) corresponds to the one of formula (l) with the
20 difference of having deuterium incorporated in residues containing at least one of the
defined structural element.

In one embodiment of a compound of formula (I) Rq is NR7Rg.
In one embodiment R7 and Rg are (C1-C12)alkyl, preferably (C1-Cg)alkyl.
In a further embodiment L1 is a bond or (C4-C12)alkylene, preferably L1 is (C1-
25 Cq2)alkylene, more preferably (C1-Cg)alkylene.
In another embodiment R1-L1- is -NH(C1-C12)alkyl, -N((C1-C12)alkyl)2, -(C1-
C12)alkylene-N((C1-C12)alkyl)2 or (C3-C15)heterocycloalkyl.
In a more specific embodiment, R1-L1-is -NH(C4-Cg)alkyl. In another embodiment R1-

L1-is N((C1-C12)alkyl)2, preferably -N((C1-Cg)alkyl)2. In another embodiment R1-L1-



The anmount of catalyst used in the process is not critical. In various
enbodi nents of the process of the present i nvention, the anount of the

cat al yst weedimsyorgary and is typicall¥7in the range of peT/EPo®LAS935H0
nmor/o, 1 nmol% - 100 nor/o, 1 to 50 nor/o, 5 10mol % - 50nol (:)/0 or 5-25
nor/ o, respectively, relative to a conpound used as a reactive substrate.
The anpunt of catal yst needed depends on the substrate and the intended
reaction tine and can be determned by a sinple pre-test. It is an

advant age that the process is alnost specific for the al pha and/or beta
posi t i df-(Ch5Cn2lelkybenNdCrrepaladd/ac prafaiably t+-(C1-Ks)pkplesssNG(C1-he present
i nvention deuterated nol ecules contain at | east one Datomin the al pha
posi ti &rb)atkihpon (C) at om bonded to the N-aton) and/or one D atomin the
beta position. If both positions are deuterated, the conpound (product) may
contain nol ecul es wherein the structural element is N-CD CD, N CD2-CD,

N CD R arbincleodiint Ki-I0N8 @SEY bl SordbtiBrAcdcamkcul es 20

cont ai ning N-CD-C i'ned. I n conpounds

with ann ehbmerern%tidument 8RRty BRInER rhay tatserbélofant ob¢ clld retsudubg second
carbon coul%@glve additionally nolecules with an CD- CDDD or

edV-atorgrs patttoémflt aygli¢ rRsidumhplecthas in aé@egpn@hgtqte@ygtqalhwhese
nolecules may_exi st as a m xture thereof T of , D- at ons
i nt r odGBBHUEnSHHRa4PPHYECENRE Rt Phapy et BE%X g@e? '§§@H@§t as the anount
of deuteriumintroduced within the al pha and the beta position may vary
dependi ng on the structure of the overall nolecule used as a substrate for
react i dmanntheenoastieest of thehropeges ehithei present ioventBol eneodore of tist ai n

deyrerium.enr ounds it essary to have.a proges ere
conBourBSuaEn U7 oy BB tamehutd Al BFRLRS I e st B Uil BEraamt oy

presen@¢@p@_to the natural abundance (0.015% of deuterium In one

enbodi ment of the WO 2012/16001522PCT/ EP2012/059344 process of the present

i nvent iloRNG erohment aneter aronecfst, W; /@ Yisuies-Capheietosycigriith and/ or in

bet a p05|t|on i s obtained, This includes nmolecul es having at | east 1%

deut er ilti® PHh?h@mQPSH%eerB?tqoéRHSrOFI“‘?rﬁcP i‘h Wh& @eX &5, ﬂi&qqungﬁnﬁif of ﬁ@Ch

structqﬁﬁérgggggﬁg &% Well as those having 1 % percent in the al pha and

1°)/0 in the beta position of the 5structural elenment. In a further

enbodi ne f a conp prepare the pr of the sent invention

the a deute one or b h car pon at\ons i C-C el enent
(in the and/ or bet posi tilan) i ndependent |y al pha or beta
positi on, | east 10% T'n other e OdlﬂEﬂtS agpunt deuteriumin the

al pha and/or beta 10position is, |ndependently of each position, at |east

20% 30%e &ibsitiehts ﬁ9%2,7|%/(an§QL{<)mQ/v b8QRtached Fé‘t(éhy‘é@tbbn bNNaftoRTbodi ment

the amount of deuteriunimay be 100% By way of exanple, a deuterated

conpoundoregyreferabigi dheddr iees bf YOV, deot ¥ris intddpentibetlyabbéactpoiict selrectsttd/ or at
| east 5096deuter|un1|n t he beta p05|t|on of the structural elenent. 15 The

percent%ﬁ% of deuteriumis given relative to the total nunber of H atons in

t he al pha an eta position spectively. a particul enbodi ment of
t he process/of the present /i nvention a conp6ah§\ 1) is preRpared wherein
the al pha ahd the beta poshtionin the §TTN€$§D£§_EIenent are/deuterated. A
further enbodiwent of, the p nt invention-s/a deuferat onpound, such
as a conmpound (I1), prepared according to the process of the present

| nvent1 on.
_ @ ~— N O —N
—N __/

or

H

20 wherein L4, Lo, L3 or L4 may be attached as indicated by the bonds (-), for example

such as to give



25 The process according to the invention does not require nulti-step
syntheses with expensive deuterated starting materials, such as D2 gas or
deut er i dewol2bieeish@BD4 or Li Al D4, di sprdPortional anmount $COfEPI@RMWSIUS OF

ot her cost intensive process steps, and t hus can be used on | arger scale.
The process tolerates various functional groups and 30can be applied to
conpl ex organic nol ecule structures, e.g. pharnmaceutically active conpounds
as well as to conpounds for plant protection. WD

2012/ 16001523PCT/ EP2012/ 059344 In a process of the present invention,

exanpl d8 aobther gebainicatiotalcoamoundeffudrnagadl) iaisya hgad 09e@Cs 6x()©, NHh t he

h i i d i id D20) ,
oot o R e BN O S e r e Mot o at ot et nanal - dsur o) at ed
hanol - -5, - | .
® soor ol efpther Ertapfieit Ry i€ & barff ke, ChlRAEHRE Rl EBliGHaIy
tert- b%h%@f?ﬂutedj,‘?rétfé‘ﬂeﬂo%ﬂtlf%@bﬁaﬁ’bthé#?iﬂﬁ@,g%%’r tAREMAks gﬁ?ﬂ?hé{bgén,hept anol ,

deuterated octanol, deuterated nonano eut erated dec , deut'erated
undécarkdlO)axa 1 deglabiyat@a (@) e cagsikyl oeaptoralydubgtiuted aheoylol s such as
deut erat ed cycl opentanol and deut erated cycl ohexanol, deuterated dioles
such adn @eaiher arekpditept BudgaRald, Qe 5 QHC 106 Oadédio NH. MIEEP heed
but aneg%%%l) I_tjeuterat ed pentanedi ol, deuterated ketones such as deuterated
aceton ,( Elu-erated met hyl ethyl ketone, deuterated nethyl isobutyl ketone,
deut erat ed di et hyl ketone, deuterated di propyl ketone, deuterated

di i sopropyl ketone and deuterated di butyl ketone, deuterated

cycl opdénieantires enfeadireat etitheywrboeesbAdror L inindepabdentiveoiteatbuetber am oxi de

deaPer B0 FLb AR RHGr e kealEfe el bRy S RRoL S ba ey Ju8 or e
on . . . . ' . e

mmy. be EEAESBY O MG B QNI - Co T or ILoBANG U BSRARITBR T | () e

tritiumoxide (T20), tritiated isopropanol etc. Accordingly, 20preparing
tritium containing conpounds of formula (I1) according to the process of

t he pr dgsene émbedimenihone ailnsareant \OBYe&tarek Y tih €Cg/anainybrprefenablyg gineayat ed
sol vent may be one wherein at | east one hydrogen atomin a nolecule is
deut erated, such as, for exanple, a deuterated al cohol, wherein at |east a

P 805 AR BICRT NSIRIR L ESLEEAOne Y 8 B8 S0 LT

| eaSt the a a- hydr ogen ut’erium ’can used in
the prqcess My therdseopat vij@yention. A solvent wherein all hydrogen atons
in the ?(’)I ent rr%?ecul e at e deuterated is particularly prefered. 30If the
anount of a deuterated solvent used is increased, deuteration according to
t he present invention tends to proceed further. However, in view of cost,

t he andugtfugheaembadisnenteaf aseproeaind of lpseula d) BA iabéid or &R1Rger 1imt, of

enerally not less than, WO 2012/ 16001524PCT/ EP2012/ 059344
g L1yis a bond or (61- g)alkylene;

20 Vs abond, (Cg-C1g)aryl preferably phenyl, (C3-Cg)cycloalkyl, (C5-C15)heteroaryl or
(C3-C15)heterocycloalkyl, preferably

- o= O
—N N—  —N N—
, , /

each of L2, L3 and L4 is R2-R3-R4, wherein
R2 is a bond, O, S(0)2, C(O), C(O)0O, OC(O), NH, NHC(O), N(C(O)R7) or C(O)NH;

25 R3is abond, (C1-Cb6)alkenylene or (C1-Cg)alkylene optionally substituted one, two or
three times by a group selected from (C4-Cg)alkyl, C(O)-(C1-Cg)alkyl, OH, OC(O)-(C1-
Cg)alkyl, or (Cg-C1)aryl preferably phenyl, wherein (Cg-Cqg)ary! is optionally

substituted one, two three times by R9;



equi nol ar, preferably in the order of, not |less than 10 nolar tines, 20
nolar times, 30 nolar tines and 40 nolar tinmes, and, although there is

t heor et i ombl2giznodisni t, the upper 1inm #9is about 250 nolpar/EPRAR®59344
preferably 150 nolar tines, of a heavy hydrogen atom contained in the
deuterated solvent, relative to hydrogen atons which can be repl aced 5bhy
deuteriumin the substrate. In the process of the present invention it is
preferred to carry out the hydrogen deuterium exchange (HDE) neat in the
deuterium source. However, in case where a conpound having am ne

functi dikisia poad, @, BEQA, iNRE Nidb4®),£&@)NiH, £ (Btaida( O, torevipee dwaitR2 00R4

i nvention preC| itates in a deuterated solvent or is solid and hardly

di ssol V&8 handgf g@u%&bﬁ%ﬁ sol vent, a co-sol vent nay be used in conbination

Wi th t%a%gi“k% Rehedle ?ﬁﬂgbf eb%pﬂﬁﬁar Bohd &)’(ﬁ @Pére?%@%hﬁ;%é/ jt_to be

used inclu organi’c so nt s € not Trise

ethers (@ﬁ %)%gcl@aﬂ@t W:'5bu @)ﬁbter@hﬁﬂ BV 5&?)#1&@%0%@%&%@( lard her,

et hyl nmet fert | met hyl 2-di met hoxyet hane, oxirane,

1, 45di oxne, (GH-TY @i@plprafesraBiychreriyl, é(t%dcg)‘dycmlkya'(%f-‘@ﬁ Emhelerdang ar pogs such
as hexane, heptane, octane, nonane, decane and cycl ohexane; aromatic

hydr oc & pphstesonytiaskyenzene, tol uene; hal ogenated sol vents such as

di chl oronet hane, 1, 2-di chl or oet hane, chl orof orm 20 and chl orobenzene; or

ot her @ty of-Cenalkylenetin &3 amidfdd mqg@wuéuasﬁmeq/om@rtmrdbree times

di met hyl sul f oxi de, or N-net hyl pyrrolidone, organi ¢ co-solvents,

whi ch, byfa geupeselectad fl&ifhha@&%e()%é%)éﬂwbﬁ(%(@o&ckﬁlIWutCmC&ere)alkyl
noter S BEIRMCT TeRE it Proit s Pt pbpR e s srgpnal

ert.- but anagl tanol, hexanol, heptanol, octanol, nonanol, decanol,

@é ﬁ%ﬁ gﬁgbg 'ecanol ; carboxylic aci ds such as fornic acid acetic aci d,
pr opi oringl IAGId RHW, YW X a@@l‘danyigg@yd)eq/l a(f@5i01»5maétdarw6r<ic3L soval eri c
acid and plvallc aci d; ketones such as acetone, met hyl et hyl ket one,

met hyl |®p§)bet3elr41@,tdmékylah eptigrdtigtsubstitudegoneytinos bo trree3boks sp R py| ket one
and di butyl ketone. In case of protic solvents it is reconmmended to enpl oy
the deuterated form e.g. CH3OD instead of CH3OH WD

on 1 he 1o ROk oneet B3 N8, BN Y e £Bo381 50 o6 (ww el ative to-
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However the type of heating may uence reaction times required to
25 (Cq-Cg)alkylene;

V is phenyl or (C3-C15)heterocycloalkyl, preferably

o o=, O
—N N— —N N—
’ or \_/ :

each of L2, L3 and L4 is R2-R3-R4, wherein



achieve simlar deuteriumincorporations for a given substrate. Reaction
time in a method of the present invention can vary and is usually in the
range of 80 rizmsdb@s to 100 hours, preféPably 1 to 50 howcs/eremnespaef erably
1 to 30 hours and nore preferably 3 to 30 hours. Usually cl assical heating
requi res nmuch | onger reaction tinmes conpared 25 to m crowave enhanced
reactions. In process control and determ nation of deuteriumincorporations
can be perfornmed by standard LC-Ms and NMR anal ytics. 30l n case a
particul ar high degree of deuteration is intended it m ght be advantageous
to remi@istthbondc@, MHG (W) oréi(I¥H/ent and deuteration reagent and to repeat

it R AR e e T
L 0oosH USkERLE TR Po3t Ml SR BIN A A BfbSlniyRasid o |

deut er a5l GRTAONG, - E3RAG) ALY ROCRIPRINERIG] ehaul (1) can be
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di s§i | IR4 isonbend b®, 82 INKC g@*@(@mmmvid@atthéﬂRZ of ROt isCbOM@I GRB Ry On
silica gel or preparative HPLC. As an exanple for perform ng the process
accor dib®§di o the present invention, an 10 appropriate pressure or nicrowave
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reactlmﬁggﬁg&m|w%dng with stirring in an oil bath for about 6 to

100 ho inthe crowave for 30 min to about 24 hours. After
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sol vent. The solvent of the conbined organic layers is then renoved in
vacuumsaibgtituted enedwogheeidmes iytRer purified if necessary. The product is
subj ected to structural analysis by NVR and nmass spectrum neasurenents.

In the process according to the present invention, wherein in the
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Greene' s Protective Goups in Oganic Synthesis, 4th edition,

Wl ey-Interscience), e.g. 25N-nmethyl-, N-t-butyl-, N-diphenyl nethyl -,

N-triphenylnethyl-, Nallyl-, N propargyl-,, N 3- acetoxypropyl -, ,
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benzyl i den-, i omet hyl ene-, pyrrol (J. Organic

Cem stry 1998, 63, 4570), 1, 2-bis(dinethylsilyl)benzene (Tetrahedron

L 1990, 31.. 6725). 0 2012/ 16001527PCT/ EP2012/ 059344 i th
sorhet dn BPeEraRaimeE Bteorting G HOGEEeh he A eSerTT HOR A PG bt or | i
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process of the present invention. _ _ .
UH is NHR5 and U is NR5. In one embodiment Rg is phenyl. In another embodiment

each Z is optionally substituted phenyl, i.e. the catalyst contains tetra phenyl groups at

the cyclopentadienyl. In a further embodiment said phenyl is not substituted. In another
25 embodiment Z is unsubstituted phenyl, UH is OH, U is O and L is CO, to give 1-

Hydroxy-tetraphenylcyclopentadienyl-(tetraphenyl-2,4-cyclopentadien-1-one)-u-

hydrotetracarbonyldiruthenium(ll) as catalyst.

The Shvo catalyst is commercially available. The catalyst and its derivatives may also

be prepared by refluxing Ruz(CO)42 and tetraphenyl cyclopentadienone or

30 corresponding substituted cyclopentadienons in a suitable solvent such as in methanol
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for a certain time such as 2 days (Casey et al. J. Am. Chem. Soc. 2001, 123, 109) or by

methods described in the literature such as in e-EROS, Encycl. Reagents Org. Synth.

2009, 7, 5557-5564, Mays et al. Organometallics 1989, 8, 1162-1167, Conley et al.

Chem. Rev. 2010, 110, 2294-2312 or in analogy to the methods described by L. Lewis
5 indJ. Am. Chem. Soc. 1986, 108, 743-749.

The amount of catalyst used in the process is not critical. In various embodiments of the
process of the present invention, the amount of the catalyst used may vary and is
typically in the range of 0.1 mol% - 500 mol%, 1 mol% - 100 mol%, 1 to 50 mol%, 5

10  mol% - 50mol % or 5-25 mol%, respectively, relative to a compound used as a reactive
substrate. The amount of catalyst needed depends on the substrate and the intended

reaction time and can be determined by a simple pre-test.

It is an advantage that the process is almost specific for the alpha and/or beta position.

15 In a compound prepared according to the process of the present invention deuterated
molecules contain at least one D-atom in the alpha position (carbon (C) atom bonded to
the N-atom) and/or one D atom in the beta position. If both positions are deuterated, the
compound (product) may contain molecules wherein the structural element is N-CD-CD,
N-CD2-CD, N-CD-CD2, or N-CD2-CD2. If one position is deuterated, molecules

20 containing N-CD-C, N-C-CD, N-CDD-C or N-C-CDD may be obtained. In compounds
with an ethyl group as residue having no further bond but H at the second carbon could
give additionally molecules with an N-C-CDDD, NCD-CDDD or N-CDD-CDDD
deuteration pattern.

In the compound finally obtained all these molecules may exist as a mixture thereof.

25 The amount of D-atoms introduced in the alpha relative to the beta position as well as
the amount of deuterium introduced within the alpha and the beta position may vary
depending on the structure of the overall molecule used as a substrate for reaction in
the process of the present invention.

30 In order to obtain deuterium enriched compounds it is necessary to have a process
where compounds can be obtained which contain more deuterium over what is already

present due to the natural abundance (0.015%) of deuterium. In one embodiment of the
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process of the present invention a compound with at least 1% deuterium in the alpha
and/or in beta position is obtained. This includes molecules having at least 1%
deuterium in the alpha position or 1% in the beta position of the structural element as
well as those having 1 % percent in the alpha and 1% in the beta position of the
5  structural element.

In a further embodiment of a compound prepared by the process of the present
invention the amount of deuterium at one or both carbon atoms in the N-C-C element (in
the alpha and/or beta position) is, independently of the alpha or beta position, at
least10%. In other embodiments, the amount of deuterium in the alpha and/or beta

10 position is, independently of each position, at least 20%, 30%, 40%, 50, 60%, 70%,
80%, or 90%, respectively. In an embodiment the amount of deuterium may be 100%.
By way of example, a deuterated compound may contain at least 20% deuterium in the
alpha position and/or at least 50% deuterium in the beta position of the structural
element.

15
The percentage of deuterium is given relative to the total number of H atoms in the

alpha and beta position, respectively.

In a particular embodiment of the process of the present invention a compound (ll) is
20 prepared wherein the alpha and the beta position in the structural element are

deuterated.

A further embodiment of the present invention is a deuterated compound, such as a
compound (Il), prepared according to the process of the present invention.

25
The process according to the invention does not require multi-step syntheses with
expensive deuterated starting materials, such as D, gas or deuterides like NaBD4 or

LiAID4, disproportional amounts of solvents or other cost intensive process steps, and

thus can be used on larger scale. The process tolerates various functional groups and
30 can be applied to complex organic molecule structures, e.g. pharmaceutically active
compounds as well as to compounds for plant protection.
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In a process of the present invention, examples of a deuterated solvent useful as a
heavy hydrogen source, in the case where heavy hydrogen is deuterium, are deuterium
oxide (D20), deuterated aliphatic alcohols such as deuterated methanol, deuterated
ethanol (e.g. ethanol-d1, -ds, -dg), deuterated propanol, deuterated isopropanol (e.g.

isopropanol-d4 and —dg), deuterated butanol, deuterated tert-butanol, deuterated

pentanol, deuterated hexanol, deuterated heptanol, deuterated octanol, deuterated
nonanol, deuterated decanol, deuterated undecanol and deuterated dodecanol,
deuterated cyclic alcohols such as deuterated cyclopentanol and deuterated
cyclohexanol, deuterated dioles such as deuterated ethyleneglycol, deuterated
propanediol, deuterated butanediol, deuterated pentanediol, deuterated ketones such
as deuterated acetone, deuterated methyl ethyl ketone, deuterated methyl isobutyl
ketone, deuterated diethyl ketone, deuterated dipropyl ketone, deuterated diisopropyl
ketone and deuterated dibutyl ketone, deuterated cyclopentanone, deuterated
cyclohexanone. In one embodiment deuterium oxide and deuterated alcohols are used.
In another embodiment deuterium oxide, deuterated isopropanol and deuterated tert-

butanol are used. In yet another embodiment deuterium oxide is used.

In another embodiment tritium may be incorporated as well. Specific examples of a
tritium source include tritium oxide (T20), tritiated isopropanol etc. Accordingly,
preparing tritium containing compounds of formula (Il) according to the process of the

present invention is also an object of the invention.

The deuterated solvent may be one wherein at least one hydrogen atom in a molecule
is deuterated, such as, for example, a deuterated alcohol, wherein at least a hydrogen
atom in a hydroxyl group is deuterated, or a ketone wherein at least the alpha-hydrogen
atoms are replaced with deuterium, can be used in the process of the present invention.
A solvent wherein all hydrogen atoms in the solvent molecule are deuterated is

particularly prefered.

If the amount of a deuterated solvent used is increased, deuteration according to the
present invention tends to proceed further. However, in view of cost, the amount of a

deuterated solvent is used in an amount, as lower limit, of generally not less than
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equimolar, preferably in the order of, not less than 10 molar times, 20 molar times, 30
molar times and 40 molar times, and, although there is theoretically no limit, the upper
limit is about 250 molar times, preferably 150 molar times, of a heavy hydrogen atom
contained in the deuterated solvent, relative to hydrogen atoms which can be replaced

by deuterium in the substrate.

In the process of the present invention it is preferred to carry out the hydrogen
deuterium exchange (HDE) neat in the deuterium source. However, in case where a
compound having amine functionality as a reactive substrate in a method of the present
invention precipitates in a deuterated solvent or is solid and hardly dissolves in a
deuterated solvent, a co-solvent may be used in combination with the deuterated

solvent, if necessary.

Examples of a co-solvent to be used include organic solvents which are not deuterated,
and comprise ethers such as dimethyl ether, diethyl ether, diisopropy! ether,
ethylmethylether, tert-butylmethyl ether, 1,2-dimethoxyethane, oxirane, 1,4-dioxane,
dihydropyrane and tetrahydrofuran; aliphatic hydrocarbons such as hexane, heptane,
octane, nonane, decane and cyclohexane; aromatic hydrocarbons such as benzene,
toluene; halogenated solvents such as dichloromethane, 1,2-dichloroethane, chloroform
and chlorobenzene; or other common solvents such as dimethoxyethane

dimethylformamide, dimethylsulfoxide, or N-methylpyrrolidone.

Other organic co-solvents, which, if deuterated, can be used as deuterium source but
which in non-deuterated form can also be used as co-solvent, are selected from water,
alcohols such as methanol, ethanol, isopropanol, butanol, tert-butanol, pentanol,
hexanol, heptanol, octanol, nonanol, decanol, undecanol and dodecanol; carboxylic
acids such as formic acid, acetic acid, propionic acid, butyric acid, isobutyric acid,
valeric acid, isovaleric acid and pivalic acid; ketones such as acetone,
methylethylketone, methylisobutylketone, diethylketone, dipropylketone,
diisopropylketone and dibutylketone. In case of protic solvents it is recommended to
employ the deuterated form, e.g. CHsOD instead of CH3OH.
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struct Walsiel f@Ms IKeSHE8H bhth, bYisiy §Hedting mantle or by employing a
20 microwave. However the type of heating may influence the reaction times required to
achieve similar deuterium incorporations for a given substrate. Reaction time in a
method of the present invention can vary and is usually in the range of 30 minutes to
100 hours, preferably 1 to 50 hours, more preferably 1 to 30 hours and more preferably
3 to 30 hours. Usually classical heating requires much longer reaction times compared

25 to microwave enhanced reactions.

In process control and determination of deuterium incorporations can be performed by
standard LC-MS and NMR analytics.

30 In case a particular high degree of deuteration is intended it might be advantageous to
remove the used mixture of solvent and deuteration reagent and to repeat the HDE

reaction with a fresh mix of solvent and deuterium source. The degree of deuteration for
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Greene’ s Protective Groups in Organic Synthesis, 4™ edition, Wiley-Intérscience), e.g.

25  N-methyl-, N-t-butyl-, N-diphenylmethyl-, N-triphenylmethyl-, N-allyl-, N-propargyl-, N-3-
acetoxypropyl-, N-methoxymethyl-, N-benzyl-, N-4-methoxybenzyl-, N-2,4-
dimethoxybenzyl-, N-methoxyphenyl-, N-9-phenyl-fluorenyl-, N-diphenylmethylene-, N-
benzyliden-, N-1,1-dimethylthiomethylene-, 2,5-Dimethylpyrrol (J. Organic Cemistry
1998, 63, 4570), 1,2-bis(dimethylsilyl)benzene (Tetrahedron Letters 1990, 31, 6725).

30
In a further embodiment the following known pharmaceutical active compounds as

described below by its formula and international non-proprietary name (INN), which



N[o ][97]3 The reaction was perfornmed according to general method A: 0.5
mml (119 pL) tributylamne, 0.025 mmol (21.7 ng) Shvo, 51 nL D20, 1 nL

t ol uene, WbQof3/16805h. Yield: 61% M (B, 70 eV) nmz (reci/mped12)593197 (6),
196 (3), 185 (0) [MX, 153 (11), 152 (100), 151 (41), 108 (28), 107 (9), 64
(6), 48(5). 1H NWVR (300 MHz, CDCI3): 5 =1.08 (t, J =6.9 Hz,
9H), 1.35-1.47 (m 4H), 1.48-1.52 10(m 0.2H), 2.30-2.35 ppm(m 0.3H).
Exanple 2: Trihexylam ne [80] ([O0][0O] [0][0][92] The reaction was perforned
according to general method A: 150.5 mmol (134 pL) trihexylam ne, 0.025
mol  ( Zonfaimg)e shivetural elemeioN-Q-Gin \taﬁlqwsreemchmeo,ts,zmayﬁbeﬁren)@redm% VS

(5 Bl 1 A WP erd e 19 B 8 720
105 (5)proé'e§ss(<§f)the‘b5es£e§)t,ln\ﬂe41t|6ﬁ) 43 (9). 201H NMR (300 Mz, 0D013): 5 =

1.07 (t, J = 9H), 1.39-1.54 (m 18.2H), 2.48-2.55 ppm(m 1.1H).
Exanpl e 3: Trloctylamne[80] ([0][0][0] [0][0][0][92] V\D
2012/ ¥666 CHEP2012f 059"44 The—reaction—was pet | orred—according—tx
gener § od A 0. 5% mol 76 pk) trioctylam ne mz/&wmml (2127 np)
Shvo, 020) 1 M@ﬁgﬂuene M C,,—2\4 h.” Yield: | 65% ;| (,Jl‘_,
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: x{y % S, J’ ki‘k i :
( ks xw..f;/
Fentanyl
i
ﬂ L\ 2 <" HH FEEN
L e ' Ny ,,flr% o I i
o 4 i | J %_g”‘ :f h
T { /l ”\A"“s
A s oH L
h!‘
Propoxyphene-N
Cyclobenzaprine
e o -
[ ] o
| oH Y oy, ] O
I ﬂ%ﬁi’,}%\tcﬂmﬂ ) riJ ’ ﬁfz} ﬂ ,.mj - Id WL'“‘W” W WT:;L\‘}
T -4 T | S
I 5 OH
Tramadol Promethazine
Venlafaxine
;' x’; o ““"“\ﬁmhx s
é»‘u:»\%J‘ s jz‘k”‘s w{}"v’lw %“%”ﬁ»—*"] j
TN = A ) [
NN - A
(1} ! N \
Mirtazapine ~ N
Trazodone
Ropinirole




M5 (EI, 70 eV) mlz (rel. int.): 364 (3), 363 (3), 362 (2), 353 (0) [MX 265
(10), 264 (63), 5263 (100), 262 (4), 261 (27), 163 (5), 162 (5), 43 (6). 1H
NVR (300 Whizp1208@13): 5 = 1.03 (t, J =28.9 Hz, 9H), 1.34cT/EP010N5933H. 5H),
2.42-2.54 ppm(m 1.1H). Exanple 4: Triisopentylamne [0] [69] (piN
[0][80] 3 The reaction was performed according to general nethod A: 0.5 mol
(145 pL) triisopentylamne, 0.025 nmmol (21.7 ng) Shvo, 15 1H
NVR (300 MHz, 0DO13): 5= 0.86(d, J= 6.6 Hz, 18H), 1.21-1.34(m 1.52H), 1.51
(p, 203H), 2.25-2.44 ppm (m_2.1H). Exanple 5:
Tris-[|2- (__2\ met hoxy- et hoxy) - ¢t hyl ] apEne ~83] ([O]J[D] vN [O]] 6§L3 The
reactifo gas peri@mﬁd accorndi ng tgﬁ] e ﬁl nmet hod A: 25’0 (160| pL)
tri s-[2‘( met hoxy- <y et hyl ] 0. 025 mmml (21. ‘%«»wr\‘g?) %«:Sh\ixo , 1
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108 (6), 107 (9), 106 (12), 105 (8), 63 (5), 62 (7), 61(8), 60 (10), 59

(70), 58 (6), 46 (7), 45 (18), 31(10), 29 (11). MS (ESI) miz (")/0):

324 (0) [Wo+ubi2168088 (2), 329 (10), 3302914), 331 (20), P82/EPIARN5B3B
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[0 ][91][94] N\971 [0][93] 10 The reaction was perfornmed according to
general nethod A 0.5 mmol (86 pL) diet hyI butyl am ne, 0.025 mmol (21.7 nyg)
Shvo, 1 rvo@By/16d018L t ol uene, 150 C, 240h. Yield: 57% PewBPedER/05904 €V) N z
(rel. int.): 143 (7), 142 (6), 129 (0) [Ma', 125 (5), 99(6), 98 (100), 97
(73), 96 (16), 81(13), 80 (8), 66 (9), 65(8), 46 (8), 34 (9), 30, (7).

1H NWR (300 MHz, i-PrOH4d8): 5 =1.05 (t, J =7.4 H, 3H, 1.08-1.16 (m
0.2H), 1.42 (tqgq, J =7.1 Hz, J =7.2 Hz, 2H), 1.47-1.60 (m 0.2H), 2.50 (s,
0.2H), _2.59 ppm (s, 0.3H). 20Exanple 7: (1-Ethyl-propyl)-diisopropyl-am ne
[0] " [79] N [19] [ 58] I [92] The reaction was perforned acco’i*’geng to general

nmet hod m"rol QOS pL) | (1-et hyt - propyL) %Jpropyl 8 025| nmol
(21.7 |ny &s‘h‘ N L-cir Ot d8, 1500 el 47%

2012/ 160 /EF,zoiz/ 059344 NB~(FH+. % z| (rel. ) f189 (4], 188
(8), 187 ( ﬁl 5) [ M, Mj\l ), | 169 ﬁf 159 14), ; ] 100),
156 (48), 155 63

), 111 (6), Ojj/gg @9'&14) or(6), 16—
(13), |62 (20),,,61(8), 49 (10) 45 (7). JzFf“ (3_00
cDal 3)|: 5_0J‘§B(t J =66 H, 6M)ox|ﬂ6ca9ﬁh0 99 (m 1.4H), 1. 5(m
2H), 2.21-2. @p‘m(m 0.4H). Exanpl e 8: Butyl cyc|ohepnyl & ne [0][95][95]
N [ o] [[91] The reaction was perfornmed accordi ng to| gener 3erifabhd 100.5
mol (145 plL) bu*tyl cycl oheptyl am ne, 0.025 mml (R21.7 ng) Shvo, 1 m_ D20, 1
nmL tolluene, Fs@ogiclogel h. Yield: 49%

The deuteration of some of these compounds is also described in the Examples.

For deuteration these compound can be prepared before by methods as described in
the art.

In the following Examples, the present invention is explained in further detail without
being limited thereto.

Examples

10  General method A: Deuteration of amines under thermal conditions
Into a pressure tube was placed 0.025 mmol (5 mol%; relative to substrate) Shvo-
catalyst (1-Hydroxy-tetraphenylcyclopentadienyl-(tetraphenyl-2,4-cyclopentadien-1-
one)-u-hydrotetracarbonyldiruthenium(ll)) and the flask was charged with argon. Then
0.5 mmol substrate, 0.1 - 2 mL toluene and 0.5 - 5 mL deuterium-source (e.g. D2O) was

15 added. The reaction vessel was sealed and heated for several hours (h) at 110 to 170
°C. After cooling to room temperature the organic layer was separated. The aqueous
phase was extracted three times by methyl-tertbutylether (MTBE) and the combined
organic phases were dried over MgSO4. The solvent was removed in vacuo and the
crude product purified by chromatography on silica gel.

20 In some experiments the ratio of catalyst and substrate was varied. In some

experiments toluene was substituted by another co-solvent or omitted.

General method B: Deuteration of amines under microwave conditions
Into a microwave flask was placed 0.05 mmol (10 mol%, relative to substrate) Shvo-

25 catalyst and the flask was charged with argon. Then 0.5 mmol substrate, respectively,



M5 (BI, 70 eV) mz (rel. int.): 167 (7), 166 (8), 165 (3), 155 (0) [ MX, 123
(7), 122 (100), 121 (95), 120 (32), 64%12), 63 (11), 46 (9), 45 (7), 44
(6). 151HVONRABOAsSMHz, i-PrOHd8): 5 211.04 (t, J = 7. BCHEP28iki593d4 42 (q,
J=7.1Hz, 2H), 1.47-1.62 (m 0.2H), 1.70 (s, 4H), 1.72-1.80 (m O0.1H),
2.48-2.56 (m 0.1H), 2.64-2.73 ppm (s, 0.2H). Exanple 9:

N, N- Di net hyl - (2- phenyl ethyl )am ne [84]1 [O]N [84][9] 20[0] The reaction was
performed according to general nethod A: 0.5 mml (84 plL)

N, N- di et hyl - (2- phenyl et hyl ) am ne 0.025 mml (21.7 ng) Shvo, 1 ni

t ol uend.1 3 2rmoLitolperiang, 0.956 @L Deuthriuvi-gduice 29.9; DiE) MaR q3Bd. VAg, 0D013) :
5 =2.30

s, 5.4 2.45:-2 57 Q..4 2. 71-2.80 2 57.15-7.24

(m 3mSeqtionesseh wes SeRict 3ig hEheg i ShnialBie 1 B SRSt oBe S .0Reducto) o
10: N, s fbenzy hetiydtarmons 172 °a-[®inalic hiade, T L. 1760°3, P4, BBBIW, phg 17eaction
was perfornmed according to general nethod A 0.5 nmmol (145 plL)
N, N- di l@@;ﬁz%lflrémmlﬁhi- héter goohmy fenisiont fempenagyredhe @rg&nic layemy@s separates! uene,
1505C, #t dyuelul! shasd¥hs extracted three times by methyl-tertbutylether (MTBE) and the

combined organic phases were dried over MgSO4. The solvent was removed in vacuo

and the crude product purified by chromatography on silica gel.

In some experiments the ratio of catalyst and substrate was varied. In some

experiments toluene was substituted by another co-solvent or omitted.

10

Determination of the degree of deuteration

In the following examples, the deuteration ratio of a hydrogen atom in each position of
an isolated compound is shown. Deuteration ratio means ratio of amount of deuterated
15 atoms to amount of deuteratable hydrogen atoms in a compound isolated after
completion of the reaction. Deuteration ratio is given in [%] at the alpha and beta
position in the structural element present in the formula.
The mean amount of deuterium per molecule of a mixture containing n isotopologues
with the respective masses m, m+1, ..., m+n was determined by mass spectrometry.
20 Quantification was performed by subtracting the mean molecular mass of the
undeuterated starting material from the mean molecular mass of the product mixture,
whereas the resulting mass difference equals the mean amount of deuterium
incorporated per molecule. The mean molecular masses were calculated as the sum of
the relative signal intensities A of a given isotopologue multiplied with the
25 corresponding mi/z values derived from the mass spectrum.
Additionally or alternatively the deuteration can be determined by NMR methods.
The assignment of signals (position of the deuterium) was determined by comparison of
'H NMR spectra of deuterated and non-deuterated compounds. In certain cases
(overlapping signals or complicated spectra) >C NMR and two-dimensional NMR
30 spectra (COSY, NOESY, and proton-carbon correlation spectra, respectively) must be
recorded to prove the assignment. The value of exchanged hydrogens was determined
by integration of the remaining proton signals, using an internal standard such as anisic



M5 (BEI, 70 eV) mz (rel. int.): 231 (4), 230 (10), 229 (5), 225 (0) [MX
214 (5), 213 (23), 212 (54), 211 (10), 181 (6), 153 (7), 93(6), 92(24), 91
(100), 65§d1P12/160015 1H NVR (30038Hz, CDCI3): 5 =pitT@P2¢1bnsss4 0. 4H),
2.45 (s, 0.2H), 3.56 (s, 4H), 7.21 (m 102H), 7.30 (m 4H), 7.37 ppm (m
4H) . Exanpl e 11: 1-Phenyl-pyrrolidine [25][54] [26] [0] [10] The reaction
was perfornmed according to general nmethod A: 150.5 nmmol (119 pl)

1- phenyl - pyrrolidine, 0.025 mmol (21.7 ng) Shvo, 1 nmL D20, 1 nlL tol uene,
150 C, 24 h. Yield: 80% M (El, 70 eV) mlz (rel. int.): 154 (3), 153 (20)
152 ( 6$1)CJd ondiokane)|lf sighals(e9ayon delﬂte(eﬁagd graus grexreseaty thepe sighals 1r2:he(

122 (9 5 10 06 105 94 . 20( 25 51
55, 25y NMEsaectbicartis (184 a5 3addhu 0U8afichion Ubhd gikirtetio! FRbORkpeTAPE L _
1.82- 1p%6fo€rmibd3h4}he PlIbding way{ PirstlI8NMREsgEztramnf uhidddlled&tdding Mateérigld)
7.09-7.18 ppm (m 2012] 15001538PCT/ EP2012) 059344 Exanpl e 12:

H)
1- Phenwerﬁlrﬁ@@ﬁ‘rlﬂeﬁénmﬂ NMR shitts fpogll pgnRlg datpririnedr Sabse@yerils epeimMaaied
accgrdi 0. 025
o ( 210 la SRR Geu B0 Pt pno B erh APs Bt SRR RER AL
weighed into an NMR tube and dissolved in an appropriate deuterated organic solvent,
e.g. DMSO-dg, CDCI3, CD,Cl, etc. For calculation of percent deuterium incorporation in

the resulting "H-NMR-spectra peak areas of signals for deuterated positions were
compared with those from the internal standard.

10
By way of example, N(CH2-CH2-CH2-CH3)3 (see Ex. 1) contains 6 H atoms in the

alpha and 6 in the beta position of the N-atom. Thus the maximum of deuteration
possible in each of these positions would be 6 D or, if both are taken together, 12 D.
With a deuteration ratio of 92% obtained in the alpha position (corresponding to an

15 average of 5.5 D) almost a complete exchange of H against D took place in all the
positions next to the nitrogen (see Ex. 1). Taken together with 97% deuteration obtained
in the beta position, about 89 % of the molecules in the finally isolated compound were
fully deuterated in the alpha and the beta position (100% deuteration).

20 Inthe Examples yield means yield of a compound isolated after completion of the

reaction and work up irrespective of whether the compound is deuterated or not.

Materials
Shvo catalyst, which is also named ((1-Hydroxy-tetraphenylcyclopentadienyl-

25 (tetraphenyl-2,4-cyclopentadien-1-one)-u-hydrotetracarbonyldiruthenium(ll)), was
obtained commercially by Aldrich or can be prepared by known methods described in
the literature.

Unless otherwise mentioned the compounds used in the examples were obtained from
commercial sources such as Aldrich or Acros or can be prepared by methods known in

30 the art.



1H NMR (300 MHz, CDCI3): 5 = 1.42-1.54 (m 2H), 1.55-1.67 (m 2.6H),
2.94-3.16 (m 2.6H), 6.73 (m 0.9H), 6,85 (m 2H), 7.09-7.18 ppm (m 2H).
10 Exanplwob8iz/id¥sDi but yl phenyl am ne $8e reaction was perfaresrasasacor di ng
to general nmethod A: 1 mmol (125 pL) N, N-di butyl phenyl am ne, 0.01 mol
(10.9 ng) Shvo, 2 nL D20, 1 nL toluene, 150 C, 24 h. Yield: 62% 15M5 (El,
70 eV) mz (rel. int.): 208 (4), 207 (10), 206 (18), 205 (26) [MX, 165 (8),
164 (24), 163 (45), 162 (100), 122 (7), 121 (36), 120 (67), 107 (18), 106
(59), 105 (7 104 (12), 91(6), 79 (6), 78 (5), 77(26), 57 (5), 50 (5),
41(10) Em(lagenﬁilwmla\lmim MHz, 0D013): 5 = 0.87 (t, J = 7.4 Hz, 6H),
1.16-1.35 (m 4H) .38-1.56 (m 3.4H), 3.17 (t, J= 7.6 Hz, 3.5H),
6.45-6.62 (m 3H92F. 06-7.15 ppm (m 2H). 20 Exanple 14

1, 1- Di pheny[Q]3- pi pdri di n-1-yl - propan-1-ol WD

2012/ 14001 CT/ 012/ 059344 [0] The reaction was perfornmed according
to geneyat” net ‘Nb. 5 mol (125 pL)

1, 1- di ph¢dy 1- 39p] péBi di n- 1-yl - propan-1-ol, 0.025 mmol (21.7 ng) Shvo , 3 ni
i-PrOHd8, 150 C, 24 h. Yield: 67% 5 M5 (El, 70 eV) mz (rel. int.): 304
(2), 30he(repcti@dyvaserieg®d(@cofdrg to geaerarmeth8@dA:9), 179(8), 178 (6), 121

6), 120(8), 119(6 7 (30 8 0 104 (40),103 (11), 93
273 %’éﬁrﬁ‘ '(é%%j)trl%y%@ %éég?%mm)?';(?ﬁ 2%91)2%}"(05 4& (é) 44((53 1H
NNR5(30|0mM1§20 m%lue'f’]e-1$05@ Qhrh S(|e|ak%1%1 63-1.78 (m 0.8H), 2.62-2.72
(m 1.9H), 2.86-2.95 10(m 1.6H), (m 1.8H, 7.13 (m 2H), 7.22 (m

4H) , 7 33 ppm (m 3.6H). Exanple 15 2 Di et hyl am no- 1- phenyl - pr opan- 1- ol
MS (El, 70 eV) m/z (rel. int.): 197 (6), 196 (3), 185 (0) [Mo]", 153 (11), 152 (100), 151
(41), 108 (28), 107 (9), 64 (6), 48 (5).
'H NMR (300 MHz, CDCls): 5 = 1.08 (t, J = 6.9 Hz, 9H), 1.35-1.47 (m, 4H), 1.48-1.52
10  (m, 0.2H), 2.30-2.35 ppm (m, 0.3H).

Example 2: Trihexylamine
[80]

< [0] [0]
N
0] [0 [92] ‘3

The reaction was performed according to general method A:

15 0.5 mmol (134 pL) trihexylamine, 0.025 mmol (21.7 mg) Shvo,
1 mL D20, 1 mL toluene, 150 °C, 24 h. Yield: 70%;
MS (El, 70 eV) m/z (rel. int.): 280 (3), 279 (3), 269 (0) [Mo]", 209 (7), 208 (57), 207
(100), 206 (67), 205 (21), 136 (6), 135 (11), 134 (9), 133 (5), 105 (5), 46 (6), 45 (6), 44
(6), 43 (5).

20 "H NMR (300 MHz, CDCls): 5 = 1.07 (t, J = 6.9 Hz, 9H), 1.39-1.54 (m, 18.2H), 2.48-2.55
ppm (m, 1.1H).

Example 3: Trioctylamine
[80]

( 0] [0 [0]
0] [0 [0 [92]



15 The reaction was perfornmed according to general nethod A: 0.5 mmol (125
pL) 2-di et hyl am no- 1-phenyl - propan-1-ol, 0.025 mmol (21.7 ng) Shvo; 3 nL

i - Pr OH d9yokomusbmkuene, 15000 24 h. Y&l d: 57% 1H NVRpC30@20Mms503@D013) : 5
= 0.74-0.82 (m 0.9H), 1.13 (s, 0.5H), 2.40 (s, 0.2H), 2.67- 2.79 (m
0.2H), 4.20-4.27 (m 0.6H), 4.85-6.00 (br s, 0.9H), 7.28-7.45 ppm(m 5H).
20 WD 2012/ 16001540PCT/ EP2012/ 059344 [0] The reaction was perforned
according to general nethod A: 0.3 mml (151 ngy) fexofenadine (e.g. USP No.
4,254,129), 0.015 mol (16.3 ng) Shvo, 3 nL i-PrO4+d8, 1 ni toluene, 150 C,
24 h. Mihel réacti@yvwas periaReds0@orting tcpeoekl nBetEJOd_PQB-l. 68 (m 8.5H),

1.83-1. . .2.Q0-2.05 39 1H, 2.92-2 96
0.1H) . Osggii“”%"b@@% tﬂﬁlﬁqy'a‘?"ﬁ% éﬁ?5fnl-ﬂ1° 91% |97,(m7.2g|)(m 4H) 7.3(7m
(m 2HH mez@ pﬁm tbern%H)I50 °c 24E?<WT@IHG65%,

2-Dieth : 10Lid 0 0
(ol O S T TR e e 56% CAb a3 D62 ) b R dWal 364 Csh). 0% 663 )

I - Pr O(—?%g% %Jészd@gl uengﬁ’lﬁmé%@)ﬂ el(gp) BASJE};/O 25 mol - (1911 pL)

'H NMR (300 MHz, CDCl3): 6 = 1.03 (t, J = 6.9 Hz, 9H), 1.34-1.51 (m, 30.5H), 2.42-2.54
ppm (m, 1.1H).

Example 4: Triisopentylamine
[0]

[
0 [][80]

o O 3

The reaction was performed according to general method A:

[69]

0.5 mmol (145 pL) triisopentylamine, 0.025 mmol (21.7 mg) Shvo,
1 mL D20, 1 mL toluene, 150 °C, 24 h. Yield: 75%;

15 MS (El, 70 eV) m/z (rel. int.): 238 (3), 237 (7), 236 (9), 235 (B), 227 (0) [Mq]*, 234 (3),
180 (12), 179 (51), 178 (100), 177 (99), 176 (48), 175 (19), 122 (8), 121 (25), 120 (38),
119 (33), 118 (16), 117 (7), 64 (9), 63 (21), 62 (24), 61 (16), 60 (7), 47 (7), 46 (11), 45
(13), 44 (9), 43 (13), 42 (5), 41 (7).
"H NMR (300 MHz, CDCl3): & = 0.86 (d, J = 6.6 Hz, 18H), 1.21-1.34 (m, 1.52H), 1.51 (p,
20 3H), 2.25-2.44 ppm (m, 2.1H).

Example 5: Tris-[2-(2-methoxy-ethoxy)-ethyl]-amine
[83]
[0] [0] 0
~N
g N
0]  [63]
The reaction was performed according to general method A:
25 0.5 mmol (160 pL) tris-[2-(2-methoxy-ethoxy)-ethyl]-amine,

0.025 mmol (21.7 mg) Shvo , 1 mL DO, 1 mL toluene, 150 °C, 24 h. Yield: 58%;



Ms (El) mz (99: 242 (1), 241 (2), 240 (2), 239 (1), 234 (0) [M]+, 121(3),
120 (4), 119 (2), 118 (2), 95 (8), 94 (34), 93 (83), 92 (100), 91(61), 90
(15), 89 wdp127@od13), 78 (3), 77 (8),376 (2), 65 (2), ®ETER2012689345), 62

(6), 61(4), 60 (3), 59 (2), 46 (2), 45 (3), 44 (2), 33 (4), 32 (7), 31(4),
30 (2). 20 1H NWR (300 MHz, 0D013): 5 = 1.12 (br m 3.3H), 2.23 (s, 6H),
2.69 (br s, 1.1H, 3.24 (br s, 0.7H), 7.00-7.15 (br m 3H), 8.97 ppm (br

s, 1H). WO 2012/ 16001541PCT/ EP2012/ 059344 Exanpl e 18:

4- Am no- 5- chl or o- N- (2- di et hyl am no- et hyl ) - 2- met hoxy- benzam de,

Met ocl dbB 4k, dO ¢VINKYz (rel7jritds32B KO) [Myb] 24#433), 243 (61), 242 (100), 241 (88), 240
(64), 239 (29), 238 (8), 108 (6), 107 (9), 106 (12), 105 (8), 63 (5), 62 (7), 61 (8), 60 (10),
59 (70), 58 (6), 46 (7), 45 (18), 31 (10), 29 (11).
MS (ESI) m/z (%): 324 (0) [Mo+H]", 328 (2), 329 (10), 330 (14), 331 (20), 332 (19), 333
5 (16), 334 (14), 335 (5), 336 (1).
'H NMR (300 MHz, CDCl3): 6 = 2.74 (t, J = 6.3 Hz, 1H), 3.29-3.38 (m, 9H), 3.42-3.64
ppm (m, 15.8H).

Example 6: Butyldiethylamine
0] [©1 [94] [97]
N N N

01 93] k
10

The reaction was performed according to general method A:
0.5 mmol (86 pL) diethylbutylamine, 0.025 mmol (21.7 mg) Shvo,
1 mL D20, 1 mL toluene, 150 °C, 24 h. Yield: 57%;

15 MS (El, 70 eV) m/z (rel. int.): 143 (7), 142 (6), 129 (0) [Mo]*, 125 (5), 99 (6), 98 (100), 97
(73), 96 (16), 81 (13), 80 (8), 66 (9), 65 (8), 46 (8), 34 (9), 30, (7).
"H NMR (300 MHz, i-PrOH-ds): 6 = 1.05 (t, J = 7.4 Hz, 3H), 1.08-1.16 (m, 0.2H), 1.42
(tq, J = 7.1 Hz, J = 7.2 Hz, 2H), 1.47-1.60 (m, 0.2H), 2.50 (s, 0.2H), 2.59 ppm (s, 0.3H).

20 Example 7: (1-Ethyl-propyl)-diisopropyl-amine

[ 91N [7 9][92]

The reaction was performed according to general method A:

0.5 mmol (108 pL) (1-ethyl-propyl)-diisopropyl-amine,

0.025 mmol (21.7 mg) Shvo , 3 mL i-PrOH-ds, 150 °C, 24 h. Yield: 47%;
25



)[65] [0]0 [0] C NH2 The reaction was perfornmed according to general
method B: 5 0.25 mmol (75.0 ng) netocl opram de, 0.025 nmol (13.6 ng) Shvo,
400 mmol WbHl00Q/wb)15D20, 150 C, 4 h. Yidbd: 23% LC M5 ( BSI)EP:12/0693%4 0) : 300
(0) [35C-MD-FH] +, 302 (0) [37C-M-FH +, 310 (1), 311(5), 312 (20), 313
(31), 314 (23), 315 (13), 316 (6), 317(1). 101H NWR (300 MHz, CDCI3): 5 =
1.18 (br m 0.1H), 2.82 (br s, 0.1H), 2.90 (br s, 0.1H), 3.66-3.74 (m
06H) 3.92 (s, 3H) 4.44 (s, 2H), 6.30 (s, 1H), 805(s 1H), 8.37 ppm (br
1H) . Exampl e 19: (R)-(2, 3- D net hoxy-phenyl)-{1
42 (4- MBGEL-7PreViyinyz gehyni )pﬂ@%l(‘i)d|18848) 18 7yB), We1t (Rufidb] THED (Dad 69 ¢h), was

?222"2“&5 (g ﬁ? &) (PG o B lar st o ) BT B kit ey o)

-P | LC-Ms (ESI) n /0
I374r(0)1 Nb gg) @2@3}8§5?81§494(1b23\469¢795 45@3 &5 33(38 ()15) 2389) 4&3%
390 (1)H Qﬁi PO € 2J6£§9@ , 8H) 89 (w2
1215 2.04 0.2 250 2.67 16 2.80

%_wLH)(ﬁ1 3@52% %3%%%% @HS’% 86 3.%21(2 s,H)GH), 4. 65 (d,(T: 8. 2H)Hz,
08H) 684(dd J=80H, J=14H, 1H, 6.90 (dd, J = 7.8 Hz, J = 1.4
Hz, ("t'., J=8.0 Hz, J=7.8 Hz, 1H), 7.13
2H) . 5 eeé%utﬁgl(qphfeﬂﬁflﬁﬂﬂﬁﬂyl ) - 1- met hyl pi per azi ne |I;|)[90] [92fF3§m
[O]N [0] F[’Of\l [95] [95] 07]

/\/\
0] 9] [0]

The reaction was performed according to general method A:
10 0.5 mmol (145 pL) butylcycloheptylamine, 0.025 mmol (21.7 mg) Shvo,
1 mL D20, 1 mL toluene, 150 °C, 24 h. Yield: 49%;

MS (El, 70 eV) m/z (rel. int.): 167 (7), 166 (8), 165 (3), 155 (0) [Mo]", 123 (7), 122 (100),
121 (95), 120 (32), 64 (12), 63 (11), 46 (9), 45 (7), 44 (6).

15 'H NMR (300 MHz, i-PrOH-dg): 5 = 1.04 (t, J = 7.3 Hz, 3H), 1.42 (q, J = 7.1 Hz, 2H),
1.47-1.62 (m, 0.2H), 1.70 (s, 4H), 1.72-1.80 (m, 0.1H), 2.48-2.56 (m, 0.1H), 2.64-2.73
ppm (s, 0.2H).

Example 9: N,N-Dimethyl-(2-phenylethyl)amine

[0]  [84] |

[0] N ~
[84] [9]
20 [0

The reaction was performed according to general method A:

0.5 mmol (84 pL) N,N-dimethyl-(2-phenylethyl)amine

0.025 mmol (21.7 mg) Shvo, 1 mL toluene, 3 mL i-PrOH-dg, 150 °C, 24 h. Yield: 29%;

'H NMR (300 MHz, CDCl3): 5 = 2.30 (s, 5.4H), 2.45-2.57 (m, 0.4H), 2.71-2.80 (m, 0.2H)
25 7.15-7.24 (m, 3H), 7.24-7.34 ppm (m, 2H).



[90] [90] The reaction was perforned according to general nethod B: 0.15
nmmol (29.1 ng) substrate 0.015 mmol (16.3 ng) Shvo, 105 mmol (2348 plL)
t-BuOD, Iwol2otmismse, 150 C, 2 h. Yiel @7 74% 201 (4), re@&pe@p/5%94 ( 0)
[Ma', 155 (6), 154 (3), 140 (2), 139 (12), 124 (11), 123 (12), 122 (28),
111 (7), 97(6), 63(19), 62 (14), 44 (6), 43 (9).

Example 10: N,N-Dibenzylethylamine

[0]
[0] [92]

[0] N
[88]

[0]
2

The reaction was performed according to general method A:
0.5 mmol (145 pL) N,N-dibenzylethylamine, 0.025 mmol (21.7 mg) Shvo,
5 1 mL DO, 1 mL toluene, 150 °C, 24 h. Yield: 69%;

MS (El, 70 eV) m/z (rel. int.): 231 (4), 230 (10), 229 (5), 225 (0) [Mo*, 214 (5), 213 (23),

212 (54), 211 (10), 181 (6), 153 (7), 93 (6), 92 (24), 91 (100), 65 (11).

"H NMR (300 MHz, CDCl3): & = 1.01 (br s, 0.4H), 2.45 (s, 0.2H), 3.56 (s, 4H), 7.21 (m,
10 2H), 7.30 (m, 4H), 7.37 ppm (m, 4H).

Example 11: 1-Phenyl-pyrrolidine
[25] [54]

[26]
[0]

[10]
The reaction was performed according to general method A:

15 0.5 mmol (119 pL) 1-phenyl-pyrrolidine, 0.025 mmol (21.7 mg) Shvo,
1 mL D20, 1 mL toluene, 150 °C, 24 h. Yield: 80%;

MS (EI, 70 eV) m/z (rel. int.): 154 (3), 153 (20), 152 (63), 151 (100), 150 (99), 149 (65),
148 (19), 147 (4) [Mo]*, 123 (7), 122 (9), 121 (6), 120 (5), 107 (6), 106 (11), 105 (14), 94
20 (25), 93 (51), 92 (23), 79 (7), 78 (21), 77 (22), 52 (6), 51 (10).
"H NMR (300 MHz, CDCl3): & = 1.82-1.96 (m, 3H), 3.12-3.23 (m, 1.8H), 6.48 (m, 1.5H),
6.48 (m, 0.9H) 7.09-7.18 ppm (m, 2H).



151H NWR (500 MHz, CD30D): 5 = 2.00 (br, 0.1H), 2.13-2.22 (m O0.2H),
2.28-2.34 (m 2.9H), 2.79-2.95 (m 0.3|—%, 3.00-3.11 (m 0.2H), 3.79 (br s,
0.1H), 7.6 20myi68Hs, 7.39 ppm (m 2H).3 Exanpl e 21: PCT/EP2012/059344

N 2- (D et hyl am no) et hyl]-5-[(2)- (5-fluor-1, 2-di hydro-2-oxo-3H i ndol 20
3-yliden)- nethyl] -2,4-dinmethyl-1H pyrrol-3-carboxam d; Sunitinib (INN)
WO 2012/ 16001543PCT/ EP2012/ 059344 The reacti on was perfornmed according to
general nethod B: 0.1 mmol (39.8 ng) substrate, 0.01 mmol (10.8 ng) Shvo,
40 mml (3005 pL) t-BuOD, 150 C, 4 h. Yield: 67% 5LC-M5 (ESI) mz (7)/0):
399 (0)Exavpp 2r1l?bsnybplpe¢1dms) 411 (14), 412 (28), 413 (30), 414 (17),
415 (4) 416 (1). I—Eﬁ (500 MHz, DMSO-d6): 5 = 0.77-0.95 (m O0.7H), 2.42,
2.44 (2s, 6H), 2.44 7 (m 0.2H), 3.25 (d J =5.5 Hz, 0.1H), 6.84 (dd, J
= 8.7 Hz, 4[@] [0]6.91 (ddd, J 95Hz J =8.5H, J =25 H,
1H), 7.40(s 7.70 |(s, 1H), 7.74(dd, J 92Hz, J = 102.5 Hz, 1H),

10.89 (s, 1 (s, 1H). Exanple 22:

4- Et hox 0] 3N | uor onmet hyl - benzo[ b] t hi ophen-3-y1) - pi perazinl-yli-bu
tyl}-benzs [9 0] O[4. O] [89,r N[O][O], , NN[(]IH 68] [O]\ O The
reacti o[r111] e)fornmed according to general nethod B:

The reaction was performed according to general method A:
0.5 mmol (125 pL) 1-phenyl-piperidine, 0.025 mmol (21.7 mg) Shvo,
5 1 mLD2O, 1 mL toluene, 150 °C, 24 h. Yield: 73%;

'H NMR (300 MHz, CDCl3): & = 1.42-1.54 (m, 2H), 1.55-1.67 (m, 2.6H), 2.94-3.16 (m,
2.6H), 6.73 (M, 0.9H), 6.85 (m, 2H), 7.09-7.18 ppm (m, 2H).

10 Example 13: N,N-Dibutylphenylamine

[0] ©\ [15]
[0]
0] N 6\/\
[0] [16] [0]

The reaction was performed according to general method A:
1 mmol (125 L) N,N-dibutylphenylamine, 0.01 mmol (10.9 mg) Shvo,
2 mL DO, 1 mL toluene, 150 °C, 24 h. Yield: 62%;

15  MS (El, 70 eV) m/z (rel. int.): 208 (4), 207 (10), 206 (18), 205 (26) [Mo]*, 165 (8), 164
(24), 163 (45), 162 (100), 122 (7), 121 (36), 120 (67), 107 (18), 106 (59), 105 (7), 104
(12), 91 (6), 79 (6), 78 (5), 77 (26), 57 (5), 50 (5), 41 (10), 29 (8).
'H NMR (300 MHz, CDCl3): 6 = 0.87 (t, J = 7.4 Hz, 6H), 1.16-1.35 (m, 4H), 1.38-1.56
(m, 3.4H), 3.17 (t, J = 7.6 Hz, 3.5H), 6.45-6.62 (m, 3H), 7.06-7.15 ppm (m, 2H).

20
Example 14: 1,1-Diphenyl-3-piperidin-1-yl-propan-1-ol



0.15 mol (75.8 ng) substrate (obtainable in anal ogy as described in WO
02/ 066469 A2, Ex. 27), 0.015 nmmol (16.7 ng) Shvo, 30 mmol (2817 pL) tBuOD,
1 L tol weoep12lfs1€, 2 h. Yield: 66% 39 LC-MS (ESI) m 2CEfip013080340)

[ Mo+H] , 514, (1), 515 (2), 516 (6), 517 (18), 518 (34), 519 (26), 520 (9),
521 (3), 522 (2). 1H NVR (300 MHz, 0DO13): 5 = 1.41 (t, J = 7.0 Hz, 3H),
1.68 (t, J =6.9 Hz, 2.4H), 2.49 (br m 0.6H), 2.67 (br m 0.8H), 3.10 (br
s, 0.5H), 3.47 (m 2H), 4.05 (q, J = 7.0 Hz, 2H), 256.55 (br t, 1H), 6.75
(s, 0.9H), 6.89 (m 2H), 7.56 (dd, J =8.6 Hz, J = 1.3 Hz, 1H), 7.73 (m
2H), 7.80 (d, J 4 Hz, 1H), 8.07 ppm (br m 1H. WO

2012/ 16001544P¢ 012/ 059344 Exanpl e 23:

((S)-1- I\/Ethyl- obli di n-2-yl)-di phenyl -nmethanol [76] A[0] 1'[7] [81][58]
N/ [7] The reat¥fon was performed according to general nethod B: 5 0.075
mol (20.1 mb-]ustré‘frﬂ 0[4GJD75 mol (8.7 ng) Shvo, 30 mol (541 pL) D20,

2 nL tol uep 2% LC-Ms (ESI) mz (")/0): 268 (0)
[MD+H], 26 27@ (13N 271 ([ 272 (22), 273 (16), 274 (14), 275 (7),
276 (1), |3i = 1.47-1.67 (m 0.7H), 1.74 (s,
2.7H), Bl 7oz élilm 0. 3H) 38 (m 0.2H), 2.93-3.06 (m 0.2H),

349362( 1 0.4H), 3.81-5.29 (br s, 9H) 700710(m 2H), 7.14-7.23
(m 4H), 41750(m 2H), 7.52-7.61 :a& : Exanple 24:
145- ( 4-herreaiiery wagi pasfaszied-acopiging jo gana method A2, 3, 4-t et rahydr o-

15qui n%@“rﬂgl ([ég]pl_[)al], -%kpr{eny -3% |p_gld\lr'1-1-yl-propan-1-ol,
0.025 mmol (21.7 mg) Shvo , 3 mL i-PrOH-dg, 150 °C, 24 h. Yield: 67%;

MS (El, 70 eV) m/z (rel. int.): 304 (2), 303 (3), 302 (2), 295 (0) [M*], 181 (7), 180 (9),

179 (8), 178 (6), 121 (6), 120 (8), 119 (6), 107 (30), 106 (89), 105 (100), 104 (40),103

(11), 93 (7), 92 (11), 91 (10), 90 (B), 78 (7), 77 (16), 60 (5), 45 (5), 44 (5). '"H NMR (300

MHz, CDs0D): & = 1.51 (br s, 2H), 1.63-1.78 (m, 0.8H), 2.62-2.72 (m, 1.9H), 2.86-2.95
10 (m, 1.6H), 3.21 (m, 1.8H), 7.13 (m, 2H), 7.22 (m, 4H), 7.33 ppm (m, 3.6H).

Example 15: 2-Diethylamino-1-phenyl-propan-1-ol

15  The reaction was performed according to general method A:
0.5 mmol (125 pL) 2-diethylamino-1-phenyl-propan-1-ol, 0.025 mmol (21.7 mg) Shvo; 3
mL i-PrOH-ds, 1 mL toluene, 150 °C, 24 h. Yield: 57%;
'H NMR (300 MHz, CDCl3): 5 = 0.74-0.82 (m, 0.9H), 1.13 (s, 0.5H), 2.40 (s, 0.2H), 2.67-
2.79 (m, 0.2H), 4.20-4.27 (m, 0.6H), 4.85-6.00 (br s, 0.9H), 7.28-7.45 ppm (m, 5H).

20

Example 16: 2-(4-{1-Hydroxy-4-[4-(3-hydroxy-3,3-diphenyl-propyl)-piperidin-1-
yl]-butyl}-phenyl)-2-methyl-propionic acid, Fexofenadine (INN)



\' / NN\_/ [o][0][60][96] [O][O] [O][O] The reaction was perforned
according to general nethod B: 0.57 mmmpl (200 ng) substrate, 0.017 nmol (20
ng) Shvo,wb3ommsbois1l nl) D20, 13 nmol $@ nl) - PrOH d8, pt50®01ko83hs Yi el d:
76% 20LC-Ms (ESI) mz (")/0): 351 (0) [M+H], 355, (1), 356 (3), 357 (22),
358 (60), 359 (100), 360 (100), 361 (73), 362 (32), 363 (15), 364 (6),
365(1). WD 2012/16001545PCT/ EP2012/ 059344 1H NWR (500 MHz, ACN-d3): 5 =
1.10 (s, 9H) 2.70 (br m 1.6H), 3.05 (br s, 0.2H), 3.28 (m 1.2H), 3.83
(m 1.8H), 4.60 (br s, 1H NH), 6.51 (t, J =7.1 Hz, 1H), 6.61 (dd, J = 7.9
Hz, J = 1.4 : 675(t J =7.0 H, 1H), 6.99 (m 2H), 7.20 (dd, J =
9.0 Hz, J =3 z, 1H), 7.92 ppm(d, J = 3.0 Hz, 1H). 5 Exanple 25:
1- (5-Benzyl -t M @20l - 2-y1) - 4-nmet hyl - pi perazine [O][o] NN\ NN-[U piS [12]
[ 38] The repghion vgasj performed according to general nethod B: 0.18 mmol
(50 ng) substrate; 0004 mol (5 nmg) Shvo, 1030 mmol (541 pL) D20, 6.5 nmol
; .HYl[gJId 58% LC-Ms (ESI) mz (%: 274 (36)
C 207 0)[0] 278 (40), 279 (25), 360 (100), 280
( S10i¢ - 2.23 (s, 3H), 2.38 (br m 2.5H),
3.35 (br NUEY 5H), 3.97 y dbbH7-23 - 7.30 ppm (m 5H). 15
Optim zation experinents Exarrpl e

(0]
The reaction was performed according to general method A:
0.3 mmol (151 mg) fexofenadine (e.g. USP No. 4,254,129), 0.015 mmol (16.3 mg)
Shvo, 3 mL i-PrOH-dg, 1 mL toluene, 150 °C, 24 h. Yield: 48%;
5 'H NMR (500 MHz, CDsOD): 5 = 1.28-1.68 (m, 8.5H), 1.83-1.89 (m, 0.2H), 2.00-2.05
(m, 0.1H), 2.34-2.39 (m, 1H), 2.92-2.96 (m, 0.1H), 4.56 (br s, 0.1H), 7.12 (m, 2H), 7.22
(m, 2H), 7.25 (m, 4H), 7.37 (m, 2H) , 7.48 ppm (m, 4H).

Example 17: 2-Diethylamino-N-(2,6-dimethyl-phenyl)-acetamide;
10 Lidocaine (INN)
[0]
651 [72]

(0] \HAN/\ [44]
[0] K

The reaction was performed according to general method B:
0.25 mmol (58.6 mg) lidocaine, 0.025 mmol (27.1 mg) Shvo,
25 mmol (1911 L) i-PrOH-ds, 500 uL toluene, 170 °C, 2 h. Yield: 84%;

15
MS (El) m/z (%): 242 (1), 241 (2), 240 (2), 239 (1), 234 (0) [Mo]", 121 (3), 120 (4), 119
(2), 118 (2), 95 (8), 94 (34), 93 (83), 92 (100), 91 (61), 90 (15), 89 (3), 79 (3), 78 (3), 77
(8), 76 (2), 65 (2), 64 (2), 63 (5), 62 (6), 61 (4), 60 (3), 59 (2), 46 (2), 45 (3), 44 (2), 33
(4), 32 (7), 31 (4), 30 (2).

20 "H NMR (300 MHz, CDCls): 5 = 1.12 (br m, 3.3H), 2.23 (s, 6H), 2.69 (br s, 1.1H), 3.24
(brs, 0.7H), 7.00-7.15 (br m, 3H), 8.97 ppm (br s, 1H).



Into a mcrowave flask was placed 0.05 nmmol (5 nor/a, 5.4 ng) Shvo-catal yst
and the flask was charged with argon. Then 0.1 mmol substrate, 200 pL

t ol uene awmo 20DM68A5equi v. Deut eri um souftte (e.g. D20) wapcadmeei2/03dzes
reacti on vessel was sealed and heated in a mcrowave (e.g. CEM Corporation:
Di scover SP) for 2 hours at 15000 (dynam c node, Tnt 150C, Pmi' 300W Pnax
17 bar, stirring: high). After cooling to roomtenperature the reaction

m xture was anal yzed by LC-Ms. 25a) In this experinment the influence of the
deuterium source on the deuteration was investigated WO

2012/ 1@mn@mlemnzf@mno-ma-dieﬂwlaminhatgyr)-bntetbnmbemzamiﬂee 1.
Tabl e ol yent aver D content 1) LGMs (ESI) mz (% 270 (0) [M+H,
276 (1)3"f'e QW"’%@Q&O (200 pL) 9.4 (14), 279 (25), 280 (28), 281 (19),
282 (7), Fggﬁ( 1)[95] 240 (0) [Mo+H], 277 (1), 278 (2), 279 CD3CD (445 pL)

10. 7 [96]/\N/\/N
[635]
) [0] O< [0]
Cl (0]
NH,

The reaction was performed according to general method B:
5 0.25 mmol (75.0 mg) metoclopramide, 0.025 mmol (13.6 mg) Shvo,
400 mmol (1800 uL) D20, 150 °C, 4 h. Yield: 23%;

LC-MS (ESI) m/z (%): 300 (0) [**Cl-Mo+H]*, 302 (0) [*’CI-Mo+H]", 310 (1), 311 (5), 312
(20), 313 (31), 314 (23), 315 (13), 316 (6), 317 (1).

10 'H NMR (300 MHz, CDCls): 5 = 1.18 (br m, 0.1H), 2.82 (br s, 0.1H), 2.90 (br s, 0.1H),
3.66-3.74 (m, 0.6H), 3.92 (s, 3H), 4.44 (s, 2H), 6.30 (s, 1H), 8.05 (s, 1H), 8.37 ppm (br
s, 1H).

Example 19: (R)-(2,3-Dimethoxy-phenyl)-{1-[2-(4-fluoro-phenyl)-ethyl]-piperidin-4-
15  yl}-methanol

The reaction was performed according to general method B:

0.1 mmol (38 mg) substrate (see e.g. USP No. 5,134,149), 0.01 mmol (10.9 mg) Shvo,
20 40 mmol (3057 L) i-PrOH-ds, 200 L toluene, 150 °C, 4 h.Yield: 71%;

LC-MS (ESI) m/z (%): 374 (0) [Mo+H]", 384 (2), 385 (10), 386 (27), 387 (41), 388 (15),

389 (3), 390 (1).



(8), 280 (21), 281 (36), 282 (28), 283 (5), 284 (1). 270 (0) [M+H,
277 (1), 278 (7), 279 CH3OD (408 pL) 10.1 (17), 280 (26), 281 (30), 282
(16), 283w0202)160015270 (39) [M+H|, 2742(37), 272 (18), PCDABEH1GASB4pL) 0.7
273 (5), 274 (1). 270 (0) [M+H], 276 (1), 277 (3), 278 t-BuCD (942 pL)
9.8

"H NMR (500 MHz, CDCl3): & = 1.21-1.55 (m, 1H), 1.68 (m, 1H), 2.04 (m, 0.2H), 2.50-
2.67 (m, 1.6H), 2.80 (m, 1H), 2.95-3.10 (m, 0.2H), 3.86, 3.86 (2 s, 6H), 4.65 (d, J = 8.2
Hz, 0.8H), 6.84 (dd, J = 8.0 Hz, J = 1.4 Hz, 1H), 6.90 (dd, J = 7.8 Hz, J = 1.4 Hz, 1H),
6.94 (m, 2H), 7.04 (t, J = 8.0 Hz, J = 7.8 Hz, 1H), 7.13 ppm (m, 2H).

Example 20: 3-(4-fluorophenyl)-1-methylpiperazine

The reaction was performed according to general method B:
0.15 mmol (29.1 mg) substrate 0.015 mmol (16.3 mg) Shvo,
10 5 mmol (2348 L) +-BuOD, 1 mL toluene, 150 °C, 2 h. Yield: 74%;

MS (El) m/z (%): 202 (1), 201 (4), 200 (2), 194 ( 0) [Mo]*, 155 (6), 154 (3), 140 (2), 139
(6), 138 (4), 137 (2), 125 (12), 124 (11), 123 (12), 122 (28), 111 (7), 97 (6), 63 (19), 62
(100), 61 (26), 46 (9), 45 (14), 44 (6), 43 (9).

15 'H NMR (500 MHz, CDsOD): 5 = 2.00 (br, 0.1H), 2.13-2.22 (m, 0.2H), 2.28-2.34 (m,
2.9H), 2.79-2.95 (m, 0.3H), 3.00-3.11 (m, 0.2H), 3.79 (br s, 0.1H), 7.06 (m, 2H), 7.39
ppm (m, 2H).

Example 21: N-[2-(Diethylamino)ethyl]-5-[(Z)- (5-fluor-1,2-dihydro-2-oxo-3H-indol-
20 3-yliden)- methyl] -2,4-dimethyl-1H-pyrrol-3-carboxamid;

Sunitinib (INN)
[90] (

N/\/N\/[QZ]
H (95 [95]

[0] N~ O
H



(10), 279 (20), 280 (28), 281 (25), 282 (11), 283 (2). 270 (0) [ M+H],
278(1), 279 (4), 280 i-PrOHd8 (764 pL) 11.1 (16), 281 (33), 282 (39),
283(7), 2862011ky015 270 (0) [Mo+H], 2#3 (3), 272 (9), 2¢3/EP2AROD34H685 pL)
4.4 (18), 274 (23), 275 (22), 276 (15), 277 (8), 278 (3), 279(1). 270
(1) [Mo+tH], 271 (8), 272 (18), 273 Acetone-d6 (600 pL) 3.2

The reaction was performed according to general method B:
0.1 mmol (39.8 mg) substrate, 0.01 mmol (10.8 mg) Shvo, 40 mmol (3005 uL) ~BuOD,
150 °C, 4 h. Yield: 67%;

5 LC-MS (ESI) m/z (%): 399 (0) [Mo+H]", 409 (2), 410 (5), 411 (14), 412 (28), 413 (30),
414 (17), 415 (4), 416 (1).
"H NMR (500 MHz, DMSO-dg): & = 0.77-0.95 (m, 0.7H), 2.42, 2.44 (2s, 6H), 2.44-2.47
(m, 0.2H), 3.25 (d, J = 5.5 Hz, 0.1H), 6.84 (dd, J = 8.7 Hz, J = 4.6 Hz, 1H), 6.91 (ddd, J
=9.5Hz, J=8.5Hz, J=2.5Hz, 1H), 7.40 (s, 1H), 7.70 (s, 1H), 7.74 (dd, J= 9.2 Hz, J =
10 2.5 Hz, 1H), 10.89 (s, 1H), 13.68 ppm (s, 1H).

Example 22: 4-Ethoxy-N-{4-[4-(6-trifluoromethyl-benzo[b]thiophen-3-yl)-piperazin-
1-yl]-butyl}-benzamide

8 _g
poj |l ]

0 [4’?] [89](\N
0] ~ NN © °Fs
[0] | H [68] o
[0]/\O
15
The reaction was performed according to general method B:
0.15 mmol (75.8 mg) substrate (obtainable in analogy as described in WO 02/066469
A2, Ex. 27), 0.015 mmol (16.7 mg) Shvo, 30 mmol (2817 uL) BuOD, 1 mL toluene, 150
°C, 2 h. Yield: 66%;
20
LC-MS (ESI) m/z (%): 506 (0) [Mo+H]", 514, (1), 515 (2), 516 (6), 517 (18), 518 (34),
519 (26), 520 (9), 521 (3), 522 (2).
'H NMR (300 MHz, CDCl3): 6 = 1.41 (t, J = 7.0 Hz, 3H), 1.68 (t, J = 6.9 Hz, 2.4H), 2.49
(br m, 0.6H), 2.67 (br m, 0.8H), 3.10 (br s, 0.5H), 3.47 (m, 2H), 4.05 (q, J = 7.0 Hz, 2H),
25 6.55 (brt, 1H), 6.75 (s, 0.9H), 6.89 (m, 2H), 7.56 (dd, J = 8.6 Hz, J = 1.3 Hz, 1H), 7.73
(m, 2H), 7.80 (d, J = 8.4 Hz, 1H), 8.07 ppm (br m, 1H).



(25), 274 (22), 275 (17), 276 (6), 277 (2). 270 (0) [Md+H, 275 (1),
276 (4), 277 Cycl ohexanone-d10 (1080 ng) 8.6 (13), 278 (24), 279 (26),
280 (18),wdh1i0)15 282 (3), 283(1). TH##fluoroacetic acipdTdrd012/6893483)

[ Mo+H], 271 (17). WD 2012/16001547PCT/ EP2012/ 059344 Exanple 27 1In this
experinment the effect of different D-source ratios of acetone-d6 and

| sopropanol d8 was i nvesti gated The results are shown in Table 2 Table 2
Acet one-cl6

Example 23: ((S)-1-Methyl-pyrrolidin-2-yl)-diphenyl-methanol

The reaction was performed according to general method B:
5 0.075 mmol (20.1 mg) substrate, 0.0075 mmol (8.7 mg) Shvo,
30 mmol (541 uL) D2O, 2 mL toluene, 150 °C, 1 h. Yield: 52%;

LC-MS (ESI) m/z (%): 268 (0) [Mo+H]", 269 (4), 270 (13), 271 (22), 272 (22), 273 (16),
274 (14), 275 (7), 276 (1).

10 "H NMR (300 MHz, CDCl3): 6 = 1.47-1.67 (m, 0.7H), 1.74 (s, 2.7H), 1.76-1.89 (m,
0.3H), 2.24-2.38 (m, 0.2H), 2.93-3.06 (m, 0.2H), 3.49-3.62 (m, 0.4H), 3.81-5.29 (br s,
0.9H), 7.00-7.10 (m, 2H), 7.14-7.23 (m, 4H), 7.41-7.50 (m, 2H), 7.52-7.61 ppm (2H).

Example 24: 1-[5-(4-tert-Butyl-piperazin-1-yl)-pyridin-2-yl]-1,2,3,4-tetrahydro-

15 quinoxaline

[40] [8] [0] (0
7\ N= .
HN \ / N
o] o [0 O] [601 (96]

[01 [O]

The reaction was performed according to general method B:
0.57 mmol (200 mg) substrate, 0.017 mmol (20 mg) Shvo,
55 mmol (1 mL) D20, 13 mmol (1 mL) i-PrOH-ds, 150 °C, 1.5 h. Yield: 76%;
20 LC-MS (ESI) m/z (%): 351 (0) [Mo+H]", 355, (1), 356 (3), 357 (22), 358 (60), 359 (100),
360 (100), 361 (73), 362 (32), 363 (15), 364 (6), 365 (1).



| -PrO+d8 average D content 1) LGMsS (ESI)) mz (% 90 equiv. 10 equiv. 270
(0) [Mo+H], 275 (1), 276 (3), 277 (594 gL) (77 pL) 9.2 (7), 278 (16), 279
(25), 280w02b)2/16283% (17), 282 (7), %8 (1). 66 equiv. PB3/EPAMI2105934270 (0)
[ Mo+H], 277 (1), 278 (4), 279 (436 pL) (252 pL) 10.5 (11), 280 (24), 281
(33), 282 (23), 283

"H NMR (500 MHz, ACN-d3): & = 1.10 (s, 9H), 2.70 (br m, 1.6H), 3.05 (br s, 0.2H), 3.28
(m, 1.2H), 3.83 (m, 1.8H), 4.60 (br s, 1H, NH), 6.51 (t, J = 7.1 Hz, 1H), 6.61 (dd, J= 7.9
Hz, J = 1.4 Hz, 1H), 6.75 (t, J = 7.0 Hz, 1H), 6.99 (m, 2H), 7.20 (dd, J = 9.0 Hz, J = 3.0
Hz, 1H), 7.92 ppm (d, J = 3.0 Hz, 1H).

Example 25: 1-(5-Benzyl-thiazol-2-yl)-4-methyl-piperazine

0] o1 N //\
| >N N—@O
[0] s
o1 [ 12 [38]

The reaction was performed according to general method B:
0.18 mmol (50 mg) substrate, 0.004 mmol (5 mg) Shvo,

10 30 mmol (541 pL) DO, 6.5 mmol (500 uL) i-PrOH-ds, 150 °C, 18 h. Yield: 58%;
LC-MS (ESI) m/z (%): 274 (36) [Mo+H]*, 275, (90), 276 (100), 277 (80), 278 (40), 279
(25), 360 (100), 280 (8), 281 (3).
'H NMR (500 MHz, ACN-ds): 2.23 (s, 3H), 2.38 (br m, 2.5H), 3.35 (br s, 3.5H), 3.97 (s,
2H), 6.90 (s, 1H), 7.23 — 7.30 ppm (m, 5H).

15
Optimization experiments
Example 26
Into a microwave flask was placed 0.05 mmol (5 mol%, 5.4 mg) Shvo-catalyst and the
flask was charged with argon. Then 0.1 mmol substrate, 200 uL toluene and 100

20 equiv.Deuterium-source (e.g. D.O) was added. The reaction vessel was sealed and
heated in a microwave (e.g. CEM Corporation: Discover SP) for 2 hours at 150 °C
(dynamic mode, Tmax 150°C, Pmax 300 W, pmax 17 bar, stirring: high). After cooling to
room temperature the reaction mixture was analyzed by LC-MS.

25 a) In this experiment the influence of the deuterium source on the deuteration was
investigated

W > 5 mol% Shvo, 100 equiv D-source W >
> -d
N 2 h, 150 °C, MW N "

3 3




(4). 50 equiv. 50 equiv. 270 (0) [M+H, 278 (2), 279 (7), 280 (330 pL)
(384 pL) 10.9 (19), 281 (35), 282 (32), 283 (5), 284 (1). 33 equiv. 66
equi v. V0 20D)1ehdd+H , 278 (1), 279 (%9, 280 (218 pL) EEOEPPdiR/o0ddB4d (17),
281 (34), 282 (35), 283 (6), 284 (1). 10 equiv. 90 equiv.

The results thereof are shown in Table 1.

Table 1
average D
Solvent LC-MS (ESI) m/z (%)
content 1)
270 (0) [Mo+H]*, 276 (1), 277 (5), 278
D20 (200 L) 9.4 (14), 279 (25), 280 (28), 281 (19), 282
(7), 283 (1).
270 (0) [Mo+H]*, 277 (1), 278 (2), 279
CD30OD (445 L) 10.7 (8), 280 (21), 281 (36), 282 (28), 283
(5), 284 (1).
270 (0) [Mo+H]*, 277 (1), 278 (7), 279
CH30D (408 L) 10.1 (17), 280 (26), 281 (30), 282 (16), 283
(2).
270 (39) [Mo+H]", 271 (37), 272 (18),
CD3OH (432 L) 0.7

273 (5), 274 (1).
270 (0) [Mo*H]*, 276 (1), 277 (3), 278
t-BuOD (942 L) 9.8 (10), 279 (20), 280 (28), 281 (25), 282
(11), 283 (2).
270 (0) [Mo*H]*, 278 (1), 279 (4), 280
i-PrOH-ds (764 L) 11.1 (16), 281 (33), 282 (39), 283 (7), 284
(1).
270 (0) [Mo*H]*, 271 (3), 272 (9), 273
i-PrOD (685 L) 4.4 (18), 274 (23), 275 (22), 276 (15), 277
(8), 278 (3), 279 (1).
270 (1) [Mo*H]", 271 (8), 272 (18), 273
Acetone-dg (600 L) 3.2 (25), 274 (22), 275 (17), 276 (6), 277
(2).

270 (0) [Mo+H]*, 275 (1), 276 (4), 277
Cyclohexanone-do (1080

) 8.6 (13), 278 (24), 279 (26), 280 (18), 281
m

9 (10), 282 (3), 283 (1).

Trifluoroacetic acid-d 0 270 (83) [Mo+H]", 271 (17).

1) Maximum 12



270 (0) [M+H, 277 (1), 278 (3), 279 (66 pL) (688 pL) 10.6 (10), 280 (23),
281 (35), 282 (25), 283 (4). WD 2012/ 16001548PCT/ EP2012/ 059344 d ai ns
1. A prooseofmmwodiee preparation of a féuterated conpourdT(dpr)i20893uai ni ng
at |l east one structural elenent of the formula NNCC, which is not part of
an aromatic ring 5 system and wherein the anmount of deuteriumat the
carbon atomin the al pha position and/or the carbon atomin the beta
position of the structural elenment is at least 1°)/0, characterized in that
a conpound (1) conprising a residue which contains at | east one structural
element NNCG-C, wherein at |east one Hatomis at each carbon atom of the
structtgal e‘ e%LFnt and the NNC-C elenent is not part of an aromatic ring
system XANRE25ct ed with a deuterium source in the presence of a catal yst
of formyl this(@lperiment the effect of different D-source ratios of acetone-d6 and isopropanol-
1-UH-tetra-Z-cycl opentadi enyl -(tetra-Z-2, 4-cycl opent adi en-1-U) - p- hydro-tetr
a- Ldi r @8heas investigated) | wherein UHis OH NHR5, or SH; Uis 0, NR5 or S;

15R5 is (,Cl-C6)al kyl,, ph Lo Cll-@0 enwl . i s, independently of each
ot her, %Jﬁgs;\al/ugq r pﬁgﬁoylﬁ’(g, r\'/\\’/I%)gar elg ue'vaﬁghs,opuﬁceenyl i%\ogu\o%Qy _d
substi thited by (C1-Gg) al kyl or 2phepybkc, miaer ei n pheny\ i's optionaly"
subStituted 1 or noré times by halogen, and L is CO CN or COD. 30" 2. The

pr ocesmCeeUs Bee sltowh i TMable 2vherei n the structural elenment in a conpound
(1) is NCCHMC(HnN wherein mis 1 or 2 and nis 1, 2 or 3

Table 2
average D
Acetone-d¢  i-PrOH-ds LC-MS (ESI) m/z (%)
content 1)
90 equiv. 10 equiv. 270 (0) [Mo+H]*, 275 (1), 276 (3), 277
(594 L) (77 L) 9.2 (7), 278 (16), 279 (25), 280 (25), 281
(17), 282 (7), 28 (1).
66 equiv. 33 equiv. 270 (0) [Mo+H]*, 277 (1), 278 (4), 279
(436 L) (252 L) 10.5 (11), 280 (24), 281 (33), 282 (23), 283
(4).
50 equiv. 50 equiv. 270 (0) [Mo+H]*, 278 (2), 279 (7), 280
(330 pL) (384 L) 10.9 (19), 281 (35), 282 (32), 283 (5), 284
(1).
33 equiv. 66 equiv. 270 (0) [Mo+H]*, 278 (1), 279 (5), 280
(218 L) (505 L) 11.0 (17), 281 (34), 282 (35), 283 (6), 284
(1).
10 equiv. 90 equiv. 270 (0) [Mo+H]*, 277 (1), 278 (3), 279
(66 uL) (688 L) 10.6 (10), 280 (23), 281 (35), 282 (25), 283

(4).

10 1) Maximum 12



3. The process according to claiml or claim?2, wherein the structural
elenment in a 25 conpound (I) is NNCH2-CH2. 4. The process according to any
of cl ai mewd-2812/mwb@Esei n the resi due conf@ini ng the struckorarehessas in
compound (1) is -N(C2-12)al kyl ene, -NH(C2-C12)al kyl, -N((Cl- C1

2)al kyl) ((C2-C12)al kyl), -(C2-C12)al kyl ene-N((Cl-C12)al ky1)2, -(Cl-C12)al
kyl ene30N( (G -Cl2)al kyl) ((C2-C12)al kyl)) or (C3-C15) heterocycl oal kyl .

5. The process according to any of clains 1 to 4, wherein conpound (1) is a
conmpound of forrmula (I) RL1-L1-V-L2-WL3-X-L4-Y (1) wherein 5R1 is H,

OH, C(0)-(CG -Cs)alkyl, C(0)-V, 10 CC®MRE, OC(0)-(C -C6)al kyl, OC(0)NR7R8
OC(0)-V, C(0O)NR7R8, 15Si-R7, OSi R7, NR7-C(0)-(Cl-C6)al kyl , NR7-C(0)0(C1
-C6) al kyl, NR7-C(0)-V, 20 C(0)2R8, NR7-C(0)-NR7R8, NR7R8, SR8,

S(0) - (G1- Copapiatkss #r the Preparatibf b? Biieerabddl cdPBol/d (I08Ht&MIng at least

one structural element of the formula N-C-C, which is not part of an aromatic ring

5 system, and wherein the amount of deuterium at the carbon atom in the alpha position
and/or the carbon atom in the beta position of the structural element is at least 1%,
characterized in that a compound (l) comprising a residue which contains at least one
structural element N-C-C, wherein at least one H atom is at each carbon atom of the
structural element and the N-C-C element is not part of an aromatic ring system,

10 is reacted with a deuterium source in the presence of a catalyst of formula (2)
1-UH-tetra-Z-cyclopentadienyl-(tetra-Z-2,4-cyclopentadien-1-U)-u-hydro-tetra-L-
diruthenium(ll) (2), wherein
UH is OH, NHRs5, or SH;

Uis O, NRgorsS;

15 Rgis (C1-Cg)alkyl, phenyl or -CHo-phenyl;
Z is, independently of each other, (C1-Cg)alkyl or phenyl, wherein each phenyl is
optionally substituted by (C1-Cg)alkyl or phenyl, wherein phenyl is optionally substituted

1 or more times by halogen, and
L is CO, CN or COD.
20
2. The process according to claim 1, wherein the structural element in a compound (1) is
N-C(H)m-C(H)nh whereinmis1or2andnis1,2or3

3. The process according to claim 1 or claim 2, wherein the structural element in a
25 compound (l) is N-CH2-CHo.

4. The process according to any of claims 1-3, wherein the residue containing the
structural element in compound (1) is -N(C2-12)alkylene, -NH(C2-C12)alkyl, -N((C1-

C12)alkyl)((C2-C12)alkyl), -(C2-Cq2)alkylene-N((C1-C12)alkyl)2, -(C4-C12)alkylene-
30  N((C1-Cq2)alkyl)((C2-Cq2)alkyl)) or (C3-C15)heterocycloalkyl.



NR7- S02- ( C1- C6) al kyl ene-V, NR7-S02-V, WD 2012/16001550PCT/ EP2012/ 059344
S(0) 2-(C1-C6)al kyl, S(0)2-0R8, or 0OS5(0)2-R8; 5R7 is H (G -G 2)al kyl, or
phenyl ; R80i2812H60(1€ - G 2) al kyl ; L1 is 49a bond, (C -C peralpkyhessi4

(C1- Co6) al kenyl ene, or (C2-C6)al kynyl ene; 15L2, L3, or L4 is independently
of each other a group R2-R3-R4 wherein R2 and R4 are independently of each
ot her selected froma bond, 0, C(0), 20 C(0)CO C(0)NR7, NR7C(0),

N(C(0) R7), C(0)0, 25 OC(0), NR7, S, S(0), S(0)2,

5. The process according to any of claims 1 to 4, wherein compound (I) is a
compound of formula (I)
Rq-Lq-V-Lo-W-L3-X-L4-Y (1)
wherein
5 Rqis
H,
OH,
C(0)-(C1-Cg)alkyl,
C(0)-V,

10 C(O)ORg,
OC(0)-(C1-Cg)alkyl,
OC(O)NR7R8
OC(0)-V,

C(O)NR7Rg,

15  Si-R7,

OSiR7,
NR7-C(O)-(C1-Cg)alkyl ,
NR7-C(O)O(C1-Cg)alkyl,
NR7-C(O)-V,

20 C(O)2Rs,
NR7-C(O)-NR7Rg,
NR7Rg,

SRg,
S(0)-(C4-Ceg)alkyl,

25 S(0)-V,

S(O)2NR7Rg,
NR7-SO2-(C1-Cg)alkyl,
NR7-SO2-(C1-Cg)alkylene-V,
NR7-SO»-V,



30 S(0)2-0, WO 2012/16001551PCT/ EP2012/ 059344 OS(0) 2, S(0)2NR7, or
NR7S(0)2; 5 R3is a bond, (G -G 2)alkylene, (Cl-C6)al kenyl ene, or
(C2-C6) alwpnyixmwei1s10 with the provi so55hat R2 or R4 ispaThroa2i0f3B is a
bond; V, W X and Y are a bond, (C3-C8)cycloal kyl, 15(C5-C 5)heteroaryl,
(C6-C &aryl, or (03-Cl15)heterocycl oal kyl, wherein said (C6-C &aryl,
(C5-C14) heteroaryl, (C3-Cl 5)heterocycloal kyl or (03- C8) cycl oal kyl is
optionally substituted one, two, three or four tines by a group
20i ndependently of each other selected fromR9; and wherein Y may al so be
H RO iO)2-(C1Hag@demh, 25 oxo, OH, NO2, ON, S02- N=CH NRC1 - C6) al kYII 2,
30 SF5,

S(O)2-ORg, or

0S(0y2-Rg;
5 RyzisH, (Cq1-Cq2)alkyl, or phenyl;
Rg is H, (C1-Cq2)alkyl;

Lqis

10 abond,
(C1-Cq2)alkylene,
(C1-Cg)alkenylene, or
(Co-Cg)alkynylene;

15 Lo, Lg, or L4 is independently of each other a group R2-R3-R4 wherein
R2 and R4 are independently of each other selected from

a bond,
0O,
C(0),
20 C(0O)CO,
C(O)NR7,
NR7C(0),
N(C(O)R7),
C(0)O,
25 0C(0),
NRz,
S,
S(0),
S(0)2,
30 S(0)2-0,



WO 2012/ 16001552PCT/ EP2012/ 059344 CF3, C(NH) (NH2), PO3(R7)1_3, R1l, 5L1-R1,
0-L1-R1, V, L1-V, or O-L1-V; 10and a V_substituent in RO may not be further
subst i t utwo 2by2/@modissubsti t uent; wherei@lin any al kyl or paelrpb@nesssesi due
one or nore carbon atons are optionally replaced by 0, provided that two
oxygens are not directly connected to each other, and wherein any al kyl or
al kyl ene is optionally substituted by one, two or three residues

15i ndependent |y of each other sel ected from hal ogen, cyano, hydroxyl,
0(01-C6) Al kyl, S(Cl-C6)al kyl, phenyl, 0-phenyl, benzyl. OC(0) (G -C6)al kyl,
C(0) (CO%®))al kyl , 0(0)0(01-Cs)al kyl or C(0)OH. 6. The process according to
claim5, wherein RL is NR/R3. 20 7. The process according to claim5 or 6,
wher ei PRI2NRT A8 are (G -G 2)alkyl. 8. The process according to any of

cl ai s tgd wherein L1 is a bond or (01- C6)al kylene. 25 9. The process
accordi'\ﬁﬁ 22ny of claims 5 to 8, wherein RI-L1 is (G -G 2)alkyl. 10. The
process according to any of clains 5 to 9, wherein one or nore of V, W X
or Y contains the structural elenment NNCC. WO

2018/ 168®iE553PCT/ EP2012/ 059344 11. The process according to claim 10,
wherein one or nore of V, W X or Yis (03- G 5)heterocycloal kyl . 12.
The pr@c*é%%d,accordi ng to clains 10 or 11, wherein one or nore of V, W X or

Y 5is, (qué?f)%ﬂx‘?ﬁgr{ey of each other, selected from

(C1-Cg)alkenylene, or
(Co-Cg)alkynylene;
10  with the proviso that R or R4 is a bond if R3 is a bond;

V,W, XandY are
a bond,
(C3-Cg)cycloalkyl,
15  (C5-Cqg)heteroaryl,
(Ce-C1p)aryl, or
(C3-C15)heterocycloalkyl,
wherein said (Cg-C1q)aryl, (C5-C14)heteroaryl, (C3-C15)heterocycloalkyl or (C3-
Cg)cycloalkyl is optionally substituted one, two, three or four times by a group
20 independently of each other selected from Rg;

and wherein Y may also be H,

Rgis

halogen,
25 oxo,

OH,

NO»,

CN,

SO2-N=CH-N[(C1-Cg)alkyl]2,
30 SFs,



13. The process according to any of cI ains 5to 12, wherein R2 is a bond, O,

CO 0(0)0, NH NC0O)R7), C(0)NH or Cﬁ 10 14. The process according

to any ofwolaizmso@Esto 12, wherein R3 i82a bond (G C6) alPkemph@n s34

(G -Co6)al kyl ene optional I y substituted, i ndependent |y of each other, one,

two or three tines by OH hal ogen, C(O)O(Ci-C6)aI kyl, OC(0) (G -C6)al kyl or

optionally substituted phenyl. 15 15. The process according to any of

claims 5 to 12, wherein R4 is a bond, 0, 0(0), 0(0)0, 00(0), S(0)2, NH,

NHC(0) or C(0)NH. 16. The process according to any of clainms 5 to 15,

wherei €29 R1 is H OH or NR7R8; L1 is a bond or (01-06)al kyl ene; Visa

bond, %6 G &aryl preferably phenyl, (C3-C8)cycloal kyl, (05-015)heteroaryl

or (03 )Adba), »ocycl oal kyl , preferabl y \ WO

2012/ 1?%3 (%SélPCT/ EP2012/ 059344 R3 is a bond, (C1-C6)al kenyl ene or

(Cl- o) atkyteme optional |y substituted one, two or three tinmes by a group

sel ect from (G-Ce)alkyl, C(0)-(C-C6)al kyl, OH OC(0)-(GC Co6)al kyl, or

(C6-Ci ryl preferably phenyl, wherein (C6-C &aryl is optionally

subgtiyytped one, two three times by R9; 5 R4 is a bond, 0, S(0)2, NH,

NHC( 0) , ' )NH 0(0) or 0(0)0, provided that R2 or R4 is a bond if R3is a

bond; @4 op}( i's, independently of each other, a bond, (06-C 0)aryl

preferabl y phenyl (C3-C8) cycl oal kyl, (05-C15) heteroaryl or

(03- C15),het er ocycl oal kyl, and Yis H (C6-C &aryl preferably phenyl,

(C3-CB) cycl oal kyl, (C5-C15) heteroaryl or (03- 100 5)heterocycl oal kyl; and

any (Ci|-1€€§)9ﬂ kylene in L1 and R3 is optionally substituted one, two or

t hree gbn& by a group sel ected from hal ogen, (C -C6)al kyl,

C(0)-( s\{al kyl, C(0)0(GC -C6)al kyl, OH OC(0)-(GC -C6)al kyl, or phenyl,

anql()or e V@dﬂ%ﬁ%e‘?ﬁfr@%@ rﬁé@ﬁ@t@é%rﬂ@r's@%@hﬂuﬁtfed B?'aa@@Qb?MuQnt 15 and in L1,
W X and any (C5-C15) het eroaryl or G

5)heterocyc|oalky| is optlonally substltuted one, two, or three ti mes by

R9. 17. The process according to any of clains 1 to 16, wherein the

cat al ygthrglnlm W@l@@%ﬂ%@m@@m%géﬁmg carbon atoms are optionally

'gﬂylkf EI?] ?Bg@% rz%r?)e g'cggﬁm&?xdygreaghaerﬁlnl? ”{jﬁftly connected to each other, and

wherein any alkyl or alkylene is optlonally substituted by one, two or three residues
15 independently of each other selected from
halogen, cyano, hydroxyl, O(C1-Cg)Alkyl, S(C1-Cg)alkyl, phenyl, O-phenyl, benzyl.

OC(0)(C1-Cg)alkyl, C(O)(C1-Cg)alkyl, C(O)O(C1-Cg)alkyl or C(O)OH.

6. The process according to claim 5, wherein Rq is NR7Rg.

20
7. The process according to claim 5 or 6, wherein R7 and Rg are (C1-C12)alkyl.
8. The process according to any of claims 5 to 7, wherein L is a bond or (C1-
Cg)alkylene.

25

9. The process according to any of claims 5 to 8, wherein R4-L1 is (C1-C12)alkyl.

10.  The process according to any of claims 5 to 9, wherein one or more of
V, W, XorY contains the structural element N-C-C.
30



18. The process according to any of clains 1 to 17, wherein the catalyst is
used in an anmount of 1 to 50nol % 2519. The process according to any of
clains 1 wo 20B/16wherei n the anount of @duterium at eachpcampom2asomin the
N-C-C structural elenent is at |east 10% 20A deuterated conpound prepared
according to the process of any of clains 1 to 19.

11.  The process according to claim 10, wherein one or more of V, W, X or Y is (C3-

C15)heterocycloalkyl.

12.  The process according to claims 10 or 11, wherein one or more of V, W, X or Y

5 s, independently of each other, selected from

/~\ N /~\
N N N
N D '

H

13.  The process according to any of claims 5 to 12, wherein Ry is a bond, O, CO,

C(0)O, NH, N(C(O)R7), C(O)NH or NHC(O).

10
14.  The process according to any of claims 5 to 12, wherein R3 is a bond, (C1-
Cg)alkenylene or (C1-Cg)alkylene optionally substituted, independently of each other,
one, two or three times by OH, halogen, C(O)O(C1-Cg)alkyl, OC(O)(C1-Cg)alkyl or
optionally substituted phenyl.

15

15.  The process according to any of claims 5 to 12, wherein R4 is a bond, O, C(O),

C(0)O, OC(O), S(O)2, NH, NHC(O) or C(O)NH.

16.  The process according to any of claims 5 to 15, wherein
20 R1isH, OHor NR7Rg;

L1 is a bond or (C1-Cg)alkylene;
V is a bond, (Cg-C1q)aryl preferably phenyl, (C3-Cg)cycloalkyl, (C5-C15)heteroaryl or
(C3-C15)heterocycloalkyl, preferably

- o= O
—N N—  —N N—
, , /

25 eachof L2, L3 and L4 is R2-R3-R4, wherein
R2 is a bond, O, S(0)2, C(O), C(O)0O, OC(O), NH, NHC(O), N(C(O)R7) or C(O)NH,;
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R3 is a bond, (C1-C6)alkenylene or (C1-Cg)alkylene optionally substituted one, two or
three times by a group selected from (C4-Cg)alkyl, C(O)-(C1-Cg)alkyl, OH, OC(O)-(C1-
Cg)alkyl, or (Cg-C1)aryl preferably phenyl, wherein (Cg-Cqg)ary! is optionally
substituted one, two three times by R9;

R4 is a bond, O, S(O)2, NH, NHC(O), C(O)NH, C(O) or C(O)O, provided that R2 or R4

is a bond if R3 is a bond;
W and Xis, independently of each other, a bond, (Cg-C1g)aryl preferably phenyl,

(C3-Cg)cycloalkyl, (C5-C15)heteroaryl or (C3-C15)heterocycloalkyl, and

Y is H, (Cg-C1q)aryl preferably phenyl, (C3-Cg)cycloalkyl, (C5-C15)heteroaryl or (C3-
C15)heterocycloalkyl;

and any (C1-Cg)alkylene in L1 and R3 is optionally substituted one, two or three times
by a group selected from halogen, (C1-Cg)alkyl, C(O)-(C1-Cg)alkyl, C(O)O(C1-Cg)alkyl,
OH, OC(O)-(C1-Cg)alkyl, or phenyl, and/or one or more carbon atoms are optionally

replaced by O;
and in L1, R3,V, W, Xand Y any (Cg-C1g)aryl, (C5-C15)heteroaryl or (C3-

C15)heterocycloalkyl is optionally substituted one, two, or three times by R9.

17.  The process according to any of claims 1 to 16, wherein the catalyst is 1-
Hydroxy-tetraphenylcyclopentadienyl-(tetraphenyl-2,4-cyclopentadien-1-one)-u-

hydrotetracarbonyldiruthenium(ll).

18. The process according to any of claims 1 to 17, wherein the catalyst is used in an
amount of 1 to 50mol%.

19.  The process according to any of claims 1 to 18, wherein the amount of deuterium
at each carbon atom in the N-C-C structural element is at least 10%.

20 A deuterated compound prepared according to the process of any of claims 1 to
19.



