. e3e7z06f Tsp 7 MAR fdtl3 WD 00/ 18708 PCT/ GB99/ 03176 1 This i nventd §AR 2003
relates to catalytic transfer hydrogenation, particularly in the presence

of a conplgxyed bfpgnsition netal, and to a process of maki ngcpRiHesAI7Y
active 5 corrpoun3 Accordi ng to a first aspect of the present i1nvention
there is provided a process for the trahsfer hydr ogenat i on of a conpound of
formula (1) x R® R2 (1) wherein: 10 X represents (NR3R4)" Hmmmlumﬂ “""““m
(NR6OR ) +Q ) (NRBNROR10) +Q NR$NR96( =NR') R12) ' Q NRBNR9802R
(NR8NROCOR14)' Q ; Q reprERANSEER HYDROGENATION PROCH R2, R3) R4, +RhssRe,
R, R8) RO, R, and R' each independently represents a hydrogen atom an
optionally sub Lt ut ed. hydr.ocar byl r hal og t ed dro 15
optionally subs std{vgath{ﬁ{%l?tggy ﬁtalap(gﬁbanste{ ﬁ?ﬂ&"ﬂﬁ?% R.%& R3,
R2 & R4, R&e@naa)ofaccgnw@sedmatwtm matd, &ni tp RpraeeRs of Rnam\g?gptlcaﬁy actve RS
& R9 nd Rnkolngsoptional Iy being linked in such a way as to forman
optlonally substituted ring(s); .a ch j.ndepe

represents an (ﬁfﬁ’g @?E%ﬁ%%@é&%ﬁ?%é?\@yﬂﬁm ?‘%@t‘%am&'&@ atpéacesstflony
hydr ocar bythe transier hydtagenatidnyof awcbspound efdoimedle(tcycl yl group; 2 o said
process conprising reacting the conpoung of fornula (1 ) with a hydrogen
donor in the presence of a catalyst, chirgcterised in that the catalyst has
the general fornmula: ~E~ A\ ~B M R~s erin: 2 5 RS represents a neutral
optionally substi t ut ed hydr ocar byl or RG' hal ogenat ed hydrocarbyl |igand; A
represents,- -NHR 6) -NR BR' or -NR'R e where R6 is H,

C(O R18 Sd'mﬂ C(O)NR18R22 C(S)NR18R22, (( NR22)S %@ C(=NR22) OR23, R’
and RO8 each i Aflepeaniesants r GIRBYRAL s MRS ondNRSOBDHRY i tl(INB%NRQRwa

hydr ocar beRstﬂrd(aNngma)t@d NﬁNﬁsg‘(y#ay@romequmDmp)t qonal |y substituted

het er ocycl yl each |ndependently hydr ogen or a
group as deflne r?;gesqg%angnp ?%?B’HFS -0, -OH, OR9, -S, -SH, SR19,

“NR 9-, -NR2-, RINRER®, RURREF, R, NRY, 91—9<2R3°, aRR ! each iMRRpeREntyepresaEtsias H)
O R21 R 9
g(nd) i efi% n amawzpﬁ% s%s?edr};%ﬂﬁaﬁhé tﬁ‘;ﬁloﬁnagﬂ') ﬁa@ﬂ%ﬁg@%@ﬁp&?&
hydr&éar b)ﬁpt'o?ﬁg ﬁPfggﬁﬁ é@'ﬁg@)"&'ﬁ% ne gr "&‘?fe u S B& g7
MAR ' ~O ~RVB' 8R°L87BRPETRAROB/ 8FE7R' & Hi?eﬁr&o&ycﬂi%/& RjramdrR" &RY sptibnathd R25
iy ﬁﬁfﬂg't’g"??ﬂ%“g@‘“@“““%””; B i ) ARSI 2 o
hydr ogenat i on; Fg}? '?‘E s‘-’@ﬁ'ﬁ sindepende ‘ﬂf Jdepesapts é’"baei'@"a‘r/ %tf?&%weda
vacant si ttwdrcmamyl dedrhidiagenated hydfocarbyl@ir aa optionally snbtsmutehdtetemcylcb'agltoupne of
A or carries e I i e
substzgntl ally as? *%ﬂﬁée%eﬁrﬁﬁégmﬁ rzﬁa'”g%é %HCP% uape& fﬁﬁ“mg ?ﬁkhﬁ‘é ﬁwég%ed on
a solid sUfanerin the CFRW)Pfr%ﬁ?té%%nF@a@NRﬂF@S ingthat teensatahss hes e esDea (1 )
are imniomsdats. Iminiumsalts include protonated imne salts and

guaternary imne salts, preferably quajeer nary imne salts. Quaternary im ne
salts are represented by conpounds ofAfoBrruI a (I) in which both R and R4

are not hydrogen. ,M\ s
Y R
wherein:
25 R'™ represents a neutral optionally substituted hydrocarbyl or perhalogenated

hydrocarbyl ligand;
A represents -NR"-, -NR"-, -NHR'®, -NR'R" or -NR'R" where R" is H, C(O)R",
SO,R"™, C(O)NR"R?, C(S)NR™R%, C(=NR#®)SR® or C(=NR*?)OR?, R' and R" each
independently represents an optionally substituted hydrocarbyl, perhalogenated
30 hydrocarby! or an optionally substituted heterocyclyl group, and R¥? and R® are each
independently hydrogen or a group as defined for R,
B represents -O-, -OH, OR"™, -S-, -SH, SR, -NR"-, -NR®-, -NHR?, -NR"R?,
-NR"™R?, -PR"- or -PR"R? where R? is H, C(O)R?', SO,R?*, C(O)NR*'R*, C(S)NR*'R¥,
C(=NR*)SR?® or C(=NR*)OR?, R' and R?' each independently represents an optionally
35 substituted hydrocarbyl, perhalogenated hydrocarbyl or an optionally substituted
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Ani ons which may be represented by Q include halides, optionally 07 MAR m
substituted 15 aryl sul phonates, such as optionally substl tut ed phenyl g
napt hyl sul phonates, optionally substituted al kyl sul phonat es i ncl udi ng

hal ogenat edy@boughesul phonat es, such as C, zoal kyl sul phonat espcrgBysusaie vy
substituted carboxyl ates, such as C,_,o0 apkyl and aryl carboxylates, ions
derived from the polyhal ogenation of boron, phosphorous or antinmony, and

ot her ,common inorganic ions for exanple perchlorate.. Exanpl es of anions

0Ll 2” TR SR, A5 F B8 6] Beepk BT gRasE s Be8"e o

hexaf | uor odtefinesbienRé’; perchlorate, trifluoronethanesul phonat e and
trifluoroacetat g relap@g‘emggqnﬁﬁ@gm i nclude brom de, chI oride, iodide, .
formats and trlﬁ\}‘uoroa%rgtategt%@ |cuI arI%/‘ B n| on |ncI ude i odi de,
formats and tri t Betabizonpi s Bkt FBiisC uftPustanay 6

represént ed by K repres@hts & enioftcgreupd aRasic iganthordvatgohsiley i ncI ude al kyl ,

al kenyl ‘and aryl préVidded that fKerPis %ffﬁlmsmoatetma{ %Pieastsb'r?é”'oﬁﬁ ikkiiss and

al kar yI ) f%rydexarrpl e benzyl groups. groups which may be represented

by R' 0geR atqig and R2' - ZS |ncI ude |i near and branched al kyl groups
conpri SI ng up t dh2Ccatalytiospediestis, baliavdd toubeaslibstdntiatly as repré@entedcianthe abateons

and prefer g, ﬁrln'}ﬁlgrl?majy t?é)lnﬁoﬁﬁée%% eag&muggg}gn t he al kyl groups are

br anched, e groups .o 10 branched chain carbgn at ons,
prefef8bly up téMAe'bP%lﬁ@FPf@ae%tﬁa(N'? R ds compownds; af forawiso bt nRt iginiym esalisy v |
group may hkmintymalsaits meradenpiotsrigd iirdinagsdlts oand duatekfarg airriran saltsp ppeferablyne

9ot aRRR BB SR, 81800 B TRofe e B L R

of aI kyl gr ups
R2' ' 25 i ncl DdlbWH'EFIWFhRe@hglﬁ“afﬁféﬁiiﬂvdmge’bropyl butyl, 2-butyl, t-butyl and
cycl ohexyl groupshiord Waiyl may Beptepréseatedniy Chanciedys asmetsedpttvnall? sUbbtitutéd

oRr 8mfeSC2%ﬁph&§ éosnghégggﬁémﬁ%ll Qurﬁ%tnmi of eﬁ{e%g gnﬁap?wﬁi?mﬁﬁ%dﬁte%r g&%ﬁall)}me
carry one ciubsiifuted s @lisylsulnbonaes mendm ah@'99<ﬁiwéﬁ@l &*kwsulph?nm 08 \A5

00/ 18708 Pfﬂ,lzm&,b%éﬁéteg %pb@ﬁdll&%ﬂ&ﬁuta%@@t@é dlck eqty C, gr kv sanidngryude
vi nyl , styr%i sents an

2l keny! gt PSS, A erIed HBR e PaShodteiod ‘ot Barel g hoBESSEa A
posi tion ( 3ndootherecamamondnengpnic\ien fasiexhempleoperehlotate. RExamples f @nionarwhich

:' ?gnlgﬁs g[ 31;!? bs hﬁ&@&ﬁiﬁﬁ}#&é@éﬂﬁdéobﬁﬁhﬁe (iddidle| ﬁycﬂ]’b@é@rs@@hﬁtea%sylate rformat{e q
o (3 oS g e3P BAl Ot Py S g SR FRER

ri ngs whi cHnﬂupyomethauemximaﬂatmlaml friflaorplacetateh et Rreferged iavions niggudeEbaprpides of
aryl grOUpschYMﬁbéhoHiElé ﬁﬁnfa?@éﬁ@ﬁfﬂh%a@état@ parficulBriy p%f@)ed'%rﬁor%rlﬁclﬁé?e odRde,

i ncl ude ph 1 Fﬁqg enyl, chl orophenyl’, bronophenyl,

trifluor on&f’%ﬁ‘ﬁtppﬁ%ﬂfmﬂ?c& vl , naphthyl and ferrocenyl group

Per hal2genat ed ermmb)tlygrogpsnwpmhvmﬁwlbenagrebentedpbyegb‘ﬁt BY. BY. F\”“’ any] RE*

R 8, R 9 angdqdpéndemly! lﬁéﬁﬂé%ﬂ@ntdl%nylnﬂdlgﬁl geups Qﬁ’} Eshihaibh tRéHoRstén
groups, and an 0 tIOP there as ara and al karyl groups.
Exanpl es of 34 g'hg ag:aégwﬁ%d °&|°%9mpk5rb8ﬂaﬁ9&w ch may be represented by R ' 4,
R', Re, R 9 andiR?'gr@sps whichdeay 0¥ Seprasknids bf:ﬂi‘“ R'etRet, 'Y ehd &°'gt dogede
whi ch may DebeHESaREREY ng yirouph co%pnsﬁg upfo 202bdRPatorns, d?f?&n% #R 4 Yo

i nclude ara aturate % 3_ unsaturated, ring Sy Em; and may
Lonst e A Shb s e relassa)I0m 1 R SsCHRoL RS e S AL BOLPR S
aryl or hetkanahed] the groongs oftéheommetisy op ya h0 brapahed ohainl cacomt ztoms aprefesatsy
ong heterOCw{d&bHd&ﬂ ﬁnzatgpigarna%%hamfem&rhems L %%% r‘foWBé' &hcfrom

3to7r|ng atom§i ast one atomi s car east
atom is any“Bimeply G’P"E"'EF‘QPfrOWIén"Oel ? [ferbops algmspin e s’@ﬁt %"doPp"lon
conpri ses afelatatnmg arec lor cmgreo Upidging erimgsom | ExaRiples dRZaukybrgienbst whichen@y Xbe

] h
0120 5 o BB g 91 .00 o5 i AL % 4 Wl
pyrimidyl, $PHei-hutyland BYRNIVNIrOwSE ur anyl, i ndol yl, quinol yI |

i soqui nol yI i M ARy graups Whilbt&iﬁéy|be9‘é@'é§§nted/\b?m‘ahR”QR‘“RR“ ahd "% iRcllide R a

and R2' - 25 I r

Subst | t uent (&7 DRATFIAY o AKERYTGRURY, o ol BisEE S5EGh: Epoh Bl Binas ray

st er eosel echd 9@§9nfof The, alkesylcgionn Maghearphene suBwYe tsueﬁwlsenﬁwcplan@elaﬁuapbw
cyano, vitro, hydroxy, amno, thiol, acyl, hydrocarbyi, perhal ogenated

hydr ocar byl , heterocyclyl, 3 o hydrocar byI oxy, nono or di-hydrocarbyl am no,
hydr ocar byl t hi o, esters, carbonates, am des) sul phonyl and sul phonam do
groups wherein the hydrocarbyl groups are as defined for R above. One or
nor e substltuents may be present. V\hen any of R‘ & R, R &R3, R & R‘ R3

—r [r— P —— F—. P S — F——. P S — NSO NN o —~



N C~ CSCNNNNNOXwerein Xis as defined above and the rin‘bg%m%
optionally substituted or may be fused to other rings. In certain preferred

enbodi ment R3, R4, R5, R6, R, Re) RO) R, KR R 4
are all @&@H&@@ZI y C ~ alkyl or are a conbi nati on of ar;}zcw‘géét()?@gl arly
phenyl , C _s alkyl and C6_, oaral kyl . Subs?ituents may be present,

particularly substituents para to the C=X group when one or nore of R, R2,
R3, R", R5, R6, R, Re, RO, R, R', Rz, R3 and R is a phenyl group. In
especi al | y spbgiitegnted Exatmpliss of atkenyl ReourRGINClERE; vioy!, se@ybare igreny! giokps. Wihen
C6_, oar al kléhhereép‘?@' &1 W fERFdR%hts Qr?rbzﬂ?@nlyp rdDuPC'dCEQboA N &RbéRlgBuble By is

preferred and

emhod nts
| i nked in Q[WF% F F?ﬂé’ttm%%l@éﬂ "t%ﬁet(me% YWhep ﬁéhegéfgoﬂr%@meéﬁ the
ni trogen aanralkényt beoup-Kegcamyouat! df Hernaganpt) us dredéralblp ramud, B-udatiiratduaitnirdurb, 6
or 7 nenbegg ,c,t1p ih@ is fornmed, R4 is C _6 alkyl or Oe oaral kyI especially
nmet hyl, benzy PhCHCH3 and RZ is op tronaII ﬁ dted rocar b%
preferabl y C ~ szr)('tﬂ"OURﬁWB'ﬁt' F@MQGIFQP%B%tPﬂthtRed Bheld §B‘é8 may Ftt Bxy,
hydr oxy or 1fringoen2arbadiet used ringeentiich mae ine)udé csycloétkyreafqleasrembtemag:hé dnged by

i nking R e thepkki 2125
prefergbl yEgQg‘gn%zseﬁg%m J)‘% emn\sl\,ﬁ t}ﬁ %@% e%eﬁt@? {R ﬂgre erre(?nd R
subst i t ueninelydec phaaylhyalybxfuoreabenyx @IP'TQ”M'orhﬁomQ@TGIWti idepremethyelrnyl.y
t he cpgrpouad,sgr nggﬁtﬁw@d(féarogg@yrgrggﬁg ral) such that the hydrogenated

duct X Such
B asymmet 1.t venaeveriyert Bidita P i bven oy T ahredefef Bk Y eRe e
aspect of RitapdeBERt independeanty.intibde pesralegengted viikh andearybgraspadand any
forml a {1cbm|bﬁ1alﬂ6ﬁ>(thér"e8f ,suth aafﬁialﬁﬁ éﬁcﬁaméﬁyf §ro8ps.. E%Eﬁlplé@'dffbérhaloﬁenated

YA ogen. BuPabaEs “rﬁhym@kﬁsrﬂpé%sea SN RG  Rep Rl e Ik afa "

7 MARLS-", ~s©zF5V\000/187085 G' ~INRXx /[ ~~r 11 x GRHRRY RI +
IV IV R terot‘,yi:hc diro&?{sewﬁrcﬁ"t’na%l Be(re resented I\? R" “" R '?2"’ R %ﬂd/RZGS I
~NR- O z, %

in ependently |nc ude aromatic, saturated an partrally unsaturated nng systems and may

constitute 1 ring or 2 or more fused rings which may include cycloalkyl, aryl or

heterocyclic rings. The heterocyclic group will contain at least one heterocyclic ring, the
20 largest of which will commonly comprise from 3 to 7 ring atoms in which at least one atom

is carbon and at least one atom is any of N, O, S or P. When either of R' or R?

represents or comprises a heterocyclic group, the atom in R' or R? bonded to the C=X

group is preferably a carbon atom. Examples of heterocyclic groups which may be

represented by R"", R", R", R" and R include pyridyl, pyrimidyl, pyrrolyl, thiophenyl,
25 furanyl, indolyl, quinolyl, isoquinolyl, imidazoyl and triazoyl groups.

When any of R'", R"Y, R' R" and R¥% is a substituted hydrocarbyl or
heterocyclic group, the substituent(s) should be such so as not to adversely affect the rate
or stereoselectivety of the reaction. Optional substituents include halogen, cyano, nitro,
hydroxy, amino, thiol, acyl, hydrocarbyi, perhalogenated hydrocarbyl, heterocyclyl,

30 hydrocarbyloxy, mono or di-hydrocarbylamino, hydrocarbylthio, esters, carbonates,
amides, sulphonyl and sulphonamido groups wherein the hydrocarbyl groups are as
defined for R' above. One or more substituents may be present.

When any of R' & R4, R'& R}, RZ& R, R®& R, R'&R% R'& R%, R2& R, R' &
R% R' & R?, R® & R’, R? & R? and R? & R" are linked in such a way that when taken

" 35 together with either the carbon atom and/or atom X of the compound of formula (1) that a
ring is formed, it is preferred that these be 5, 6 or 7 membered rings. The rings formed in
this way may additionally be fused to each other or to other ring systems. Examples of
rings which may be so formed include



| =1/ 1\ \ ~R/ / ~NARNRN-~-~x RRG\ O/ N~R GG R 4 [07MAR 2003
0~5~s 0O R~ NRz RO~N-R Y z Rwherein R2 and R are as descri bed above
and G) & and G3 are independently hydrogen, chloro, brono, fluoro, iodo,
cyano, Vvitrwoobyswexy, am no, thiol, acyl, hydrocarbyl, perpaerapentatred
hydrocarbyl, heterocyclyl, hydrocarbyl oxyy nono or di 5 hydrocarbyl am no,
hydr ocar byl t hi o, esters) carbonates, am des, sul phonyl and sul phonam do
groups wherein the hydrocarbyl groups are as defined for R above. Hydrogen
donors include hydrogen, primary and secondary al cohols, primary and
secondary am nes, carboxyliic acids and th&rr esteﬁs and anlne salts,

readily dehydrogenatabl ydr o eeg \qg a ., and any

conbi nation thereof. 1 na y an dcon ry al c i may be

enpl oyed as hydrogen d ri to 10 ﬁrbon at ons,
preferably from2 to 7 carbon at ons, and nDre preferably 3 or 4 carbon
atons. Exanples of prima % and secondary aIcohoIs mhrch nay be represented

as hydrogen donors inclu met hapql t han propan2-0l~
ope dic hex nol be zyI f cohol , and
menthol . 15 When the hy en do (; |s a cohOrq secon ry al cohol s are

but an-1-ol, butan-2-ol,

preferred, especially propan-2-of and butan-2-ol. 0 7 MAR 2003 WO

00/1 8708 PCT/ (B99103176 s Primary and secondary am nes which may be

enpl oyed as hydrogen donors conprise commonly from1l to 20 carbon atons,
preferably from2 to 14 bon a Nore p erabI §or 8 carbon
atons. Exanples of prima ec ndaryf—}% nes Qﬁ) é_ e represented as
hydr ogen donors include e yI am ) propyVani ne, 9 |sopropyl am ne,

butyl am ne, isobutyl am nex hexyl am ne di et hyI am ne, dipropylam ne, di

i sopr opyl a”hﬂ@rerrp'kbigtéé Ié%ln’éﬁrab b iaﬁ %Jﬁr i be%ﬁ%ﬁé’lhﬁ%&‘?ﬁut&%ﬂﬁé}f bé e,

di benzyl am ne and pi per or 1°s an am ne i mary
am nes are [MSef & pbgh riRgspeci al | y prl nary anmi nes conprising a secondary
al k;d/l gr ouE, par tn cartain br;efersadpérﬂtmduraénmm ARY Rs BHLRY IRANRAER®, 10, R&r RUXR', c
aci ds t hghar [S24 G r

com"ronlosy frgm r‘?cf %ré(,:%pdﬁdn ag{ é?’r‘ﬁy %fg’& e%y Q&Rgﬂ? t'&g%? gg't(:lo'%sﬁy I n

certain embBbgMbfis altyhand S bé'%ﬂkb’i cs%ﬂtﬁlei‘@ W%P@é@@h@?ﬁ'%'af ly substrtuents
bet a- hydr oxyanaao B @EX Graup whentohiear snoi@f Re REERS| RER RO RE, RRRYORY, Re?

acid and a ;3 R?\,L%o%glh%qyﬁgrgggl es of carboxylic acids which may be
C

enpl oyed as hydrogen | ude form c4acr d, | acstl c 15 acid, ascorbic
aci d and mandel i & esfegially peefermstenhogingnte ®' B Bo'nyIFi @radd alkyl posicaraligrt d.

In ceri@in éérﬁ‘cﬁllyﬁﬁbtwmféﬂt PRCHOREN a carboxylic acr d is enployed as
hydr ogen donor { a 4 [ nt
as salt, pref eraﬁq ce ﬁbﬁ%&epreéﬁﬁ%ﬁﬁgﬁsggﬁﬁe%ag rP*rp OEF&@aelgﬁe é‘m %ﬁ%
metal salt RSapd Bséfﬁ lirked imsuchia way tb@tl\fé‘@ﬂé@kelnrtmﬁﬂﬂfﬁem&l thaldarkan atprndrtee
earth netal pitreger RRorResi M C=Kadtbép oartﬁie réeﬁwgonrdebﬁrfahw.a 2{1)) th& 864 estady

i ey B BB OR S R 37 ootalid B ool SRR Sl RO

am nesl5s al sEhHCr gnd Bé(ﬁofmiam}"yanbstttldﬁd hydrocasbyl nerefesatly Camalkys r oplivredy | y

fr o]rn 1 tg 29ummémpnérwres e-E%W inéfrﬁbxyarﬂy@r%ﬁ oSRRAS s shidutdd bﬁéﬂﬁb(' m Be§or pre
preferre e

| t
P et bt anMeaBRrs o Pt By kit R Hhe rsrb@ﬂ"aﬁwam% Baded o, BRPlPT N The
nost pref er sesiemnprederably tar baszéndichaystern wittbrmayt be eubstitudedheprefertedesubstituenty| i c

acid is pr efRNide HydrRfky a,gbmgxﬁgﬂdtﬂuoﬂartr cularly when a mxture of formc
ratio of. acrd to am.n

d t th
Dotvieohd 1. 1 Sndy@fﬁgﬁwﬁwﬁa‘raﬁrycmm"@ﬁ?fw%& 15 Rrochigh $e that the
pref erabl y apdogerated piident eamprisest chvaatah to Inéuahaﬁi‘b@?ydnchaaIe aacls bpndsxknt

as a netal sakh anRIYhhicticAfdnéretRGdtoGenBtisit proBess forms an especially preferred aspect
. of the present invention. Most commonly, when the compound of formula (1) is prochiral,
R' and R? are different, and neither is hydrogen. Advantageously, one of R' and R? is
25 aliphatic and the other is aryl or heterocyclyl.
Examples of compounds of formula (1) include




3 0 of formc acid and a group | netal salt is enployed, the nole ﬁ%‘#@ﬁd@m
acid to netal ions present is between 1:1 and 50:1 and preferably between
1:1 and 10:we oeisdegrost preferably about 2:1. The ratios of pef/@dpbonssml tS
may be maintained during the course of the reaction by the addition of

ei ther conmponent, but usually by the addrtion of the carboxylic acid. 35
Readi | y dehydrogenat abl e hydrocarbons which may be enpl oyed as hydrogen
donors conpri se hydrocarbons whi ch have_a propensity, to aromati se or

hydr ocar bons whi o f{yermM hi y j ugat echsygt ens.
* ] gray Qe £npl oyed by
% cycl ne tetrafi

Exanpl es of readil

as hydrogen donor& ¥

di hydrofuran and terpengs. 0 7 I\/ARHZOOS WO 001 187087 PCT/ 68996103176

Cl ean reduci ng agents which may be represented as hydrogen donors conprise
reduci ng agents with a high reduction potential, particularly those having

a reduction potenti gl s ive to &he st ard hydrogerr.el.ect pQde of -
greater than about ){@often grieat han about .e preferably
greater than abo“ anpl ol S regdug] A 208K phli ch may be
()
/g O

represented as h donors ude hydrazin dr oxyl am ne. The
nost preferred h donor g propan-2-ol, DA -ol,
triethylamoniumformate and a m xture of triethylamoni umformte and
formc acid. However, in certgin enbodi ments when the conpound of Fornula
(1) is a protonated 1o ifmmiumsalt, it may be desirable to enploy a

hydr ogen donor which i.s a carboxyk1c acid or a salt ereof. The
neutral optionally sdﬁstlt ted hydrocarpyl per hal ogepat §d hydr ocar byl

| i gand whi ch may be ent ed & nellyde’s optiona NsH'bstltuted aryl
and al kenyl 1igand 5 tionally Jstituted aryl |igands which may be
represented by Ry contain 1 ridgFor 2 or nore fused rings which
include cycloal kyl, aryl or heterocyclic rings. Preferably, the Iigand
conprises a 6 nenbered aromatic ring. The ring of rings of the aryl |igand
are often substltL§?§#NMtr|hyd(’bﬂ?%yl gro ~N-Rhe subs f?qtlon pattern and
t he nunmber of subs uents w Iy ary and e i nfl uencedMy: t he nunber of
ri ngs present, o bug often fromrl to 6 hydrogar byl su%gﬁ}tﬁent groups are
present, preferably 2 3 or 6 hydrocarbyl groups and nor& preferably 6

hydr ocar byl groups. ferred h car byl substituents include nethyl,

et hyl, iso-propy neo lgand phenyl. Particularly when the
aryl ligand is a, og, t he and is preferably benzene or a
substituted benzene en & he | o bS a per hal ogenat ed hydrocar byl ,
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advantageously substituted, especially on the linking group, E, by at least one alkyl group,
such as a C,,-alkyl, and particularly a methyl, group or at least one aryl group, particularly
a phenyl group.
Specific examples of compounds which can be represented by A-E-B and the
|35 protonated equivalents from which they may be derived are:
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vacuo. The sanplPes e anal yged by 28 ' H NMRcHAS t gHPedays reaction
was conpl ete {>9§>?h-2?nver si with 69%e EXA SHQdle6 Gerver Al
Procedures 25 FtNor € tHO redttion, Hol | 8] vepi s wer e degassed, for
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clean dry round tomed flask and gassed; ej t her r educi ng e
pressure until tRe | ven gan t 07 W 2003 0/ 187

PCT/ (B99/ 03176 boiul ahd bagd/i I lin th ni deagen 3 s, or py \bubbling
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as follows. Freshly distilled form awmaci d 4dtl. 5nll, 50NBg) 1.1 nol?) was
added slowy to 5 trieth%lsam' ne (58.8ml, 44.82 wi.t h stirrin%eand

3 , 329, 0.44npl) )
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&FS)Orrth' laPpelphénﬁetﬁarﬁil,W?trh-wsyk@_,Rﬁ}‘?Rﬁfl,Q@pf%\?/leWIehediahm,oi O4EyRASIARIT2- *
ur chase 0.4 o5 Pur ed, &l Ta.
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acet ongswas nydﬁ@ibmwwdﬂo@%sjegﬂﬁgahﬁ?adl | E)Q;Nr@&;dﬂ ilpfréftél%tb‘gﬁ?lhréhiar h& e(ﬁ;t is
oo Lemer SESnla B8 Hobod B B! s BEBLALYBLT of B FRBllie
conpound i nggBEMigirepigsented by Y, MERgrap3mgy Itge derived from the deprotonation of the
hydrogen donor utilised in the reaction.
Basic ligands which may be represented by Y include water, C,, alcohols, C,;
20 primary or secondary amines, or the hydrogen donor which is present in the reaction
system. A preferred basic ligand represented by Y is water.
Most preferably, the nature of A-E-B, R' and Y are chosen such that the catalyst
is chiral. When such is the case, an enantiomerically and/or diastereomerically purified
form is preferably employed. Such catalysts are most advantageously employed in
+ 25 asymmetric transfer hydrogenation processes. In many embodiments, the chirality of the
catalyst is derived from the nature of A-E-B.
The process is carried out preferably in the presence of a base, especially when Y
is not a vacant site. The pK, of the base is preferably at least 8.0, especially at least 10.0.
Convenient bases are the hydroxides, alkoxides and carbonates of alkali metals; tertiary
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N- Benzyl - 1- nmet hyl - 6, 7- di net hoxy- 3, 4- di hydr oi soqui nol i ni um brom de React ant
Benzyl Brom,de* t one* 1- Met hyl -6, 7-di net hoxy- 3, 4di hydr oi | [ pe** *
Pur chased % oflﬁegAl drich ** Purchased from ACRCS W or wﬁ’%‘ﬁ?}"%| Mot
ratio 1.71g 171 10 2 10ml 1.00g 205 4.8 M1Chenical Co. To a stirred

sol ution of 1-nethyl-6,7-di nmethoxy-3, 4-di hydroi soqui noline in acetone was
added ‘benzyl bronide and the reaction mxture was stirred at room _
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washed with dn@Qriélﬁ*IQmﬁﬂfé?tWH@n OohyrdRA ddhol REHA: anl BEidPIRAGGANtINAS Bake! iRd
purified by reg}rys ag Qsat I on fro% hetxane/ iil g}%l or pnet harﬂe.rqhx and R ntt ane
Do afford { NGB b SRRBRAY 1 Iost0oBiATLYRIIO focHl SxResfIg i the range 7.0t
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EXAMPLEQ 3 Tr ansf eNdvhinegerienatieqitostfss s aarriad | out i e ylibstantiatl abssnae oy carbtn
di hydr oi soqtqicg(%ei ni um 1 odi de Reactant [Ru(p-Cynyl)Ch]2*

(R, R) - N-Tosyl-I,2-di am no- 1, 2di phenyl et hane Triethylamne / Formc Acid
(215 Mol ar rati oWhen ths predugsiieern siehydrpgenationsf e hydregemgong, ig yolatile, for

Ivrrﬁvgfxwym?/b fhﬁ/’gilwrér &:bi@(z?él;ljrﬂ@r‘ EO%W&hé;?érﬁgvzd?BGf/tgﬁ%ﬂg%gﬁcht of mfreferred. The
o (wrt 1 or mirEmae G B Adadpimhes Y Adiaua praldaBN st e Pad neflt pitsiresy
Conpan¥5 ** aCdiypesenof ipert gaasspardingonties edetask peskenet distillation 29 emplayed f theri ¢
aci d) pressure is often no more than 500 mmHg, commonly no more than 200 mmHg,
preferably in the range of from 5 to 100 mmHg, and most preferably from 10 to 80 mmHg.
When the product(s) from dehydrogenation of the hydrogen donor is a gaseous material,
for example when formic acid is present as a hydrogen donor, the removal is most
20 preferably accomplished by the use of inert gas sparging, with for example nitrogen.
Suitably the process is carried out at temperatures in the range of from minus 78
to plus 150°C, preferably from minus 20 to plus 110°C and more preferably from minus 5
to plus 60°C. The initial concentration of the substrate, a compound of formula (1), is
suitably in the range 0.05 to 1.0 and, for convenient larger scale operation, can be for
25 example up to 6.0 more especially 0.25 to 2.0, on a molar basis. The molar ratio of the
substrate to catalyst is suitably no less than 50:1 and can be up to 50000:1, preferably
between 100:1 and 5000:1 and more preferably between 200:1 and 2000:1. The
hydrogen donor is preferably employed in a molar excess over the substrate, especially
from 5 to 20 fold or, if convenience permits, greater, for example up to 500 fold. After
30 reaction, the mixture is worked up by standard procedures.
During the reaction a solvent may be present, preferably a polar solvent, more
" preferably a polar aprotic solvent, for example acetonitrile, dimethylformamide or
dichloromethane. Conveniently, the hydrogen donor may be the solvent when the
hydrogen donor is liquid at the reaction temperature, or it may be used in combination
35 with a diluent. Usually it is preferred to operate in substantial absence of water, but water
does not appear to inhibit the reaction. If the hydrogen donor or the reaction solvent is
not miscible with water and the desired product is water soluble, it may be desirable to
have water present as a second phase extracting the product, pushing the equilibrium
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30 EXA%PLE 5 For the preparation of the catalysts according to the present invention, a solvent is
preferably present. Suitable reaction temperatures are in the range 0-100°C, for example
20-70°C, often giving reaction times of 0.5-24.0 h. After reaction is complete, the catalyst
may if desired be isolated, but is more conveniently stored as the solution or used soon
after preparation. The solution can contain the hydrogen donor and this, if a secondary
30 alcohol, may be present in or used as the solvent for steps {a) and/or (b). The
preparation and after-handling should preferably be under an inert atmosphere, and
particularly in carbon dioxide and oxygen-free conditions.
The catalyst or catalyst solution is generally treated with base either just prior to
use in a transfer hydrogenation reaction, or during use. This can be accomplished by
\ 35 adding base to the catalyst in solution, or to the compound of formula (1) in solution, or by
addition to the transfer hydrogenation reaction.
iminium salts can generally be obtained by known literature methods, for example
the quaternisation of imines, such as by treatment of imines with alkylating agents.
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R, RR) R3, R) R5, R6, R, R8, R8, R, and R' each independently 0
represents a to hydrogen atom an optionally substituted hydrocarbyl, gMAR 2003
per hal ogenat ed hydrocarbyl or an optionally substituted heterocyclyl group,
one or norewaools708 R2, R & R3, RZ & R4, R3 & R4) R & R5, PRT/@GBBI3IITRZ &
R, R 8 R3, R &R9, Rs & R, R8 & RO aqyd RO & R optionally being |inked
in such a way as to forman optionally substituted ring(s); and R2, R 3
and R, each independently represents an optionally substituted 15

hydr ocar byl ,Trgnaglrg%poq‘ﬁg‘%igq hydrocarbyl or an optionally substituted

het erocycl yl "group; “Sai process conprising reacting the conmpound of
fornula (1 )Remctamta hydrogen donor V\RNPhe pridaldite oMal cat al Mal ratio

char act eri sgg, R)YRU(pByrbIfCICaNalogst bapoft he general fargguhl ~200A ~B Y MR
15 2 o wher qlrg_ Ris-fhﬁpr'eﬁenfﬁ' a neg%aM optionally substituted hydrocar byl
or perhal oge F'QH”H’y 0%8 We aiSan "I R epresents -NR e-, -NR'-, -NHR 6,
-NR BR' or -NR'R 8 where Re is H &0)R e, S02R $, C(O NR RZZ,

C(S) NR 8R22 N-(etHYR™pheRdids, pr  C(=NR2g 683, Hpgand R anfgsth 254i ndependent |y
represents ag olgti ongl 1y substituted hydrocarbyl, perhal ogenated

hydr ocar byl “YpPe ﬂxyc')g'?l'onally substituted heterocyclyl group, and R22 and
R23 ar e eacHihydcigogoohetiniugn ingide ogen or a group as defined for Re; B

R oro, - ARSI bp Ok where B is M CLORZ . SorRe . (O NRe' RO,
C(S) NRZ' h24,§é?U*§P£Nﬁg?hR25 or C(:Eéﬂ'ﬂ OR25” R 9 anasﬁfm'@&éh%i( dependent | y
represents an optionally substituted hydrocarbyl, peHCD.bgenatHD,H

hydr ocarbyl or an optionally substituted heterocyclyl group, and RZ and R25
i ki ng oroup: 198 MN-GBILEDRDE WS def B MEApSIUHO RO IOV, ST aroe
a linking group;

hydr ogenat i aigsorad in acktanitvifeR 28iDBeV2ddesek TABthisWlds@Eaded @sbl@iondof Yhe catalyst

; ediin , " . o : hat
e v Fs”ndh aBEbARE (00} e e fSh e R Y ind SRR br BlihEihy BN F Rfmic 3
atom s 2. AcmixbEe [Z8koThe fRpction wpasamaled ghyepwaninteryals EB%ﬁF%‘PmF&é@ﬁ
and, R, R2,wédr8 catitlinitnediatdly woktedap bgnid Fdditipraf sohiosorasthapé i(4mpldng washing

substituted r , . : [ :
subst t ut od TP EPORRESP vASartes U5iIEh B ddet OFRERIe st Rl (RBh ling
R4 and R3 & tre @pganihahase %«i erptacting sithi selid @phydioys nageesiyy sulphate and then
optionably <irbsnd bftrROsdlid &elsolvbAt was Renfves @ Sacke C Theisagnpiés Ketd@hal@ed by
claims 1 or 1E'EJ}!m%erei n Mis a group VIIl transition netal, especially

rut heni um mor iridium 4. A process according to any one of clains
1 to 3) wherein Rf8ri20 hanrsolpe reastion way epraplete (*98% eonversipn)or an optional |y
substituted al kene. 5. A process according to any one of clains 1 to 4, in
whi ch A-E- B%)?% P% i,s derived from an am noal cohol or a diam ne)
preferably s % Ezf roman optionally substituted 2am noethanol, an

opti ondbl y SReguctiontof N-mrethylrfophanyhfdtdimethaxy-Spdihydseisoquinsliniumdedideo

et hyl enedi am ne. 6. A process according to claim5, wherein either of A or
B carries an.acyl, Qr sul phonyl group, preferably a tol uenesul phonyl,

met hanesul p%ﬂ?%’?t ?Wrﬁrﬁgﬁ"%rret hanesul phonyl or acetyl group. 25 7. A
process accdrehctantt o claim 5 i n whi WH/VAIE- B Mel,Wbr | Maleri ved Molgafioone of

the fol | ow gy -8 ,ﬁﬁgﬁw h HzZN OH FighhgNH- t goipl  Ph- @bl mdp HAN ~/\ OH HO
NHZ H OH HZ Ph Hz ~ Hz H2 "~ H napht hyl = ~~. NH-tasyl Ph
PhCH2, / CaHe 'géf@ B2 O | NG L NI 2
diphenylethane
" Acetonitrile 10mi
Propan-2-ol 10mi

Notes: ** purchased from The Aldrich Chemical Co.

20 Prior to the reaction, all solvents were degassed, for example:
100m! of anhydrous propan-2-ol was added by syringe to a sealed clean dry round
bottomed flask and degassed; either by reducing the pressure until the solvent began to
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process according to any preceding claim wherein the conpound of formula
(1) is prowoéosr@and the catalyst is chiral, an enanti oneripgalidyosRsesor

di astereonerically purified formof the tal yst bei ng enpl oyed, whereby

t he conpound of fornula (1 ) is 5 asymetrically hydrogenated. 9. A process
according to claim@8, in which A-E-B conprises at | east one stereospecific

tre. 10 10, A ccor di . f cl.ai to 9) i i ch
he. hydr ogeROhGABLbENEH B BHovonimya Bau boopine BifSER raiartha sayoh fo
al cohol s, pat least2mihutsscondary ani nes, carboxylic acids and their esters
and am ne salts, 'Ifhﬁf%ﬁ,'l'\l’)yN-@dasplYﬂﬁ-G ﬁé-@,’glcﬁpﬂé\ﬁ%ﬁf&ﬁé%&htr@nﬁ%‘cérﬁ Sirid" Were

agents, and any conbination’thereof. 11, A _process, accor di Q clam
100" n whi cH ARG iR Y Scaleik dRsk uThe BEK W SHPRR W A Sy B
acid. 12. A(RTh}edts castentsdierg evacuated, tee mirged ati noemltentpetdtyrd by @idhehgeshef
products fr y | r m\, J

gas spargin gﬁ%"g‘%@ agﬁ‘g%ﬁg@%‘?@% ﬁ%t%??toénﬁ‘éﬁrg?ﬁo%‘r) (r)‘@{ees, @ro?g E:‘ (?r@i sﬁ’g’eﬁ g‘”%%g‘reﬁ ne
of clainms 1Temoved Fncupand the salalystdigd Movaeue @t @mbientstempgratire, for 2 hours.
hydr ogenat edhieitesithée WaSGieSuNEddh acetoritritd toForni & 249NtV sdiuliold is, or is derived
from an N-tosyldiamne. 25 14. A process according to any one of the
preceding clains, in which the process is carried out in presence of a base
havi ngl@ pkdrapsfat Hydeegengtion  AF. A& AY. AA. AUR A3. A. A@ A{F. AYA L. A@\ . Ah

Oél . AL#Q;Z[ Rctait. A9n. A@ 3]- A 3. A@]W(tﬂ@‘& Ai:"/dw]ﬁl.v]w) +iJ]X M, MoI]ratic]J U cal
zt gl c ca ca] ca] ca] ca ca ca] cal] ca

cal] ca] c: a] gg&%ﬁg@kﬁ@ﬂ-@gﬁﬂcﬂ cﬁﬁaU} cal] ca] ca Qgﬁ%gl 1268

#H###SH, #2#K(K2-diamino-1,2:diphenylethane | vd.49ralVi d_ZU] ] caU] ca] caU] caU] c"a] ¢" a] cal]

ca] cal] ca] cal] ca] cal] ca] ca] ca] cal] ecpjcal] ca] ca] cal] cal] ca] cFaU] cal] ca] c8al]

cal ca Ca********+

++]+++} +(+/ + F@P@HWPWQEE] +d+l +s+QA§-E4i9pke‘ 509 d_zy calﬁ"amgﬁ c" aU] caJ ca] ca] ca

V] ca] ¢" al] cdlimetbpwald.da] cal] ca] caU] ca] cal] ca] cal] caU] c"a]c"al] c"a] c"al] ca] ca

Ul cal] ca] c" aflyemistinsiifide fogiget +++++++++. . j 01 0W00013<} xr mgb] XS] ca] ca] ca] caU

] ca] cal] ca] ca C@_hc;q] ca] caUl cal] ca] c Lf] cal] ca] cal] ca] cal] c

a] ca] calj ca%f [']fca] caU ca]calc ca ) ) .

<<<===EEEHHIEYN.UJCOLH [KBJOXI XXzZ?~ 0.75ml - 9mmol of 6 of

“{vpke_ZT] U] ca] cal] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] cg|c@aH cal @Rj@g_ﬁ] cajcalc

aU] cay] ca] ca] cal] ca] ca] ca] ca] caU] ca] cal ca 2

@B GNTWYhw} " Tec/ffiiiiiillmm~ysnid _ZU U ca] ca] ca] ca] ca] ca

U] ca] cal] ca] ca] cdlnhea] blahetail} cptiensik§, ¢l ethxyd,4-alhydiaisdquiridiniac a ifdideJ] sadscal

] ca] cal] ca] Gfissolved in acetonitrite (3m1) then degassed, To this was added a solution of the catalyst

not uuvvwwzz +4\?NR5/ v rH a\ ca ga cal calUl ca] calJ)l ca caﬂg‘ca calc cajc

a] ca] cal] ca]'%%@QP'&%@%aFE@Q&?'%}EJﬂ%F @QT@P%‘LFGyPEé’}ﬂ adfie ylj"'nj / %leIm ]

dj | wt we#%0 <Kk mixture [2:5). The reaction was sampled at regular intervals. The samples (0.25ml)

D} xshb] XkI k) GHEAMLFA R 67 b5 BECaldhh A Liehdr 6Lt ke A ekdahnee 2
REETR U et ki sy
cal] ca] cal] dh¢ aagardd phidec by wahiaafreawite abiid ghoyalread ntagdesim sulphate and then

#&),/J&), Evl | Lords a ca
] ca] cay] ca] cal ¢ ga ecsé%}ﬂctg}agg c@]%%ﬁa%gﬁ(%f?af@?ba&%ﬁ%gé%%%éi%eg%\a
ehkg~#£K) /1 $ M ] WU U] ca] ca] ca] ca] ca] ca] caU] cal] ca] cal] ca] caV] ca] ca]ca] c
a] ca] ca] ca] ca] calAftsaRatays tHecradctioh aak camprlc@bb%addnvarsion) with 69%ee.
O u}-zuoj e ZU U] caV] ca] ca] ca] cal] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca]
cal] ca] cal] ca] cal caV] ca] caV] ca] ca] ca] cal] ca] ca
$, d] cpSzupkf%?]WWb}-F§é*]t@£ ca] ca] ca] ca] caU] ca] ca] c*a] caU] ca] ca] ca] caV] ca] ca] c
a] cal] ca] caldbendrabprork8adesa] cal] ca] ca] ca] caV] ca
A4RW (5PSw~yt ni d_ZUU] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] ca] ca] c
a] ca] caJca] cal] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca! <4RW (5PSw~yt ni d_ZUU] ca] ca
] ca] ca] cal] ca] ca] Rigr taiheapacion.cdl|sopota wese flegdssed.da] exdrerica] cal] ca] ca] cal ¢
%c/a] gLa]()Ca] ]gﬁ/inﬂ%fcé\']l a/%?tsf%mﬂi@w& gaidéldo%‘s ringe 8&? a jegaledzc/le%n/ dry round .
OQZ' - /R’ _" /R’ - /R - 0s' _O' - X || 0, /R’ -
Zoa0oe (). ( Do ik A Shadtene iy by rectang sadoreRelrs Uit e’ et ponsd fo
lOMJ3!I! " F Z90%& ()-(! F Z2240%' ()-('F Z2940% ()-('F Z2940% & ()-(! F
29409 ()-(! F
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& F27Z9%40% & ()-!! F2Z9%409%& ()-1 {Y7QF; ! & ' 109" & ()-3!162" & ' 10%& () -
h &' 109BB& ()-3! & ' 109" & ()-3! @9! 10%" & ()-&10% & ()- AMBG;

T&f 109" &Nb)oomms PCT/GB99/03176

&f 10%"& ()-3! & "10% " & ()-3! " &f' 100/'"1?6() & 10% " & ()-3! &' 10% " &
)-3ezodY: ! ©&10% & ()- 10" 10" 10",:10% & ()-M &' 10%"& ()-3!
“&f T 109& ()-31° &' 10% " & () - 3ksxVAdY: ! L' 109%&k& ()-- L' 109%f& ()- ! Yod0%

1ng E) L 12)((.;&8({ ar{% é)aiqué%&/ n{iircgaqp 15' : 1 W@é bLfnbLI!\g_LBg/?g% rbu&hothe solution for
()-

"L 109%KkK& 9tleast'20##m#m/7 II$10% & ()-S 10% & ()-f10% & ( ) #F10% &'() 310%
& ()-79 10% & () The &i@#ﬁlaﬁ#ﬁé’@f&ﬁ{cﬂ&d miktleLO9ss a(s)thE'redu‘éié?&’%X&eﬁbwﬂ epared ,

f /8100/2/4805/25& g%folrowfs Sl1—' &iy&algﬂlled %rr%llcoa/%%guq )5ml 5& gg ﬁ‘ 1%00 a%#a%(gpélovw 7to
F1° 3F" 150% / tiethylamine3 38,804,/ 4.839, FO 43Rol0 vt &stingrard 1owliey ((jceFbahELOdREd () .
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10% : &9) - nﬁ’%ﬁﬁ!&"(? Yohsphenyl- okhexyy3.4- da\vgm&muWW jodide
Reactant Wt orVol MolWt mMol Mol ratio
Methy! lodide* 0.94ml 142 15 1.5
Acetone* 50ml '
1-Phenyi-6,7-dimethoxy-3,4- 2.67g 267 10 1

dihydroisoquinoline**
* Purchased from the Aldrich Chemical Co.
** Purchased from ACROS

15 To a stirred solution of 1-phenyl-6,7-dimethoxy-3,4-dihydroisoquinoline in acetone
was added methyl iodide and the reaction mixture was stirred at room temperature for 16
hours. A pale yellow precipitate was formed. The by-products and unreacted methyl
iodide were removed in vacuo to afford the desired compound in 93% yield.

20 Preparation of N-Methyl-1-methyl-6,7-dimethoxy-3,4-dihydroisoquinolinium iodide

Reactant Wt or Vol Mol.Wt mMol Mol ratio
Methyl! lodide* 0.6mi 142 10 2
Acetone* 250mi

1-Methyl-6,7-dimethoxy-3,4- 1.025¢g 205 5 1

dihydroisoquinoline**
* Purchased from the Aldrich Chemical Co.
** Purchased from ACROS

- 25 To a stirred solution of 1-methyl-6,7-dimethoxy-3,4-dihydroisoquinoline in acetone
was added methyl iodide and the reaction mixture was stirred at room temperature for 16
hours. A bright yellow precipitate formed. The by-products and methyl iodide were
removed in vacuo to afford the desired compound in 95% yield.
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& () - | f F" 10P@ip@dationCal NBaiizy)-1aueth§bE7 (dimaungss 4-dihydroisoquinolinium

<wU3as4!® §)- @ " 38109& ()- @ " 3&109&' ()- @ " 3&109&' ()- @ " 3&109& () -

@! 3&109& 8?'[3 <<<<<===j >XY7! 1 Z40% " & ()-S&" 10% & ()-t10% & ()-Y10% & ()-&

10% & ()- 10 10 10j >>o&(@7musxv7l
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@FY%09T& (AC FOd0%g ()-! @ Futhd ()-!1" @ F‘V(iO%&' ()-!' @FY%0% ()-1M 10%

& () - LNKO P1-Methy!-6, 7-d|methox -3,4- 1.00g 205 4.8 1

QRf SWU3P7! %g% i FOA0%& ()-# " @QFY0% ()-#" QFY0%& ()-# @F%
109&' () -#" fsuuuuu+u U<UuV7! "> 109B& () -s109B& ()-s109B& ()-' F1

09B& ()- 10" Rwchazed frgrrdhesdirich ChetipakPxXY0Zz X6uV7! |

" 39409BBE (FPMraYseHBA ADRMS" 109BB&' () -S109B& ()-!y $10%BsB& ()-!t$10%mB

|

nB&' ()-0ZzZZ\ 2"W_xV4uVv7!!l . %409BB& ()-!.
%0%BB&' ()-! 3%0%BB& ()-! 3%0¥BB& ()- 3%40% - & ()-! 3%0%BB& ()-M
T@xY:!! To a stirred solution of 1-methyl-6,7-dimethoxy-3,4-dihydroisoquinoline in acetone

was added benzyl bromide and the reaction mixture was stirred at room temperature for

16 hours. A yellow precipitate formed which was filtered, washed with ice cold acetone
10 and dried in vacuo. The product was further purified by recrystallisation from a

hexane/dichloromethane mix and pentane to afford the desired compound in 81% Yyield.

Preparation of N-benzyl-indoleninium bromide

Reactant Wtor Vol Mol.Wt mMol Mol ratio
Benzyl Bromide* 10.52g 171 62 2
Acetone* 70ml

indolenine 5.00g 159 31 1

15 * Purchased from the Aldrich Chemical Co.

To a stirred solution of indolenine in acetone was added benzyl bromide and the
reaction mixture was stirred at room temperature for 16 hours. A precipitate formed
which was filtered and dried in vacuo. The product was further purified by recrystallisation

20 from a hexane/dichloromethane mix and pentane to afford the desired compound in 10%
yield.

25

30
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10S6Y" 100& () - wxFzz{ |} ZX9~\ : I n, #F" 10%& ()-!" &FYA0%& ()-! -

Reactant Wtor Vol Mol.Wt mMol Mol ratio
[Ru(p-Cymyl)Cl,],* 2.3mg 612 0.00375 0.5
(R,R)-N-Tosyl-1,2-diamino-1,2- 2.8mg 366 0.0075 1
diphenylethane
Triethylamine / Formic Acid 0.75ml 9 (wrt 1200 (wrt
(2/5 Molar ratio) formic formic
acid) acid)
Acetonitrile 5ml ‘
N-methyl-1-methyl-6,7- 0.610g 407 1.5 200
dimethoxy-3,4-

dihydroisoquinolinium iodide

* Compound purchased from the Aldrich Chemical Company.
** Compound purchased from the Fisher Scientific.
10
The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane, ruthenium dichloride dimer and
N-methyl-1-phenyl-6,7-dimethoxy-3,4-dihydroisoquinolinium iodide were weighed out into
a clean dry Schlenk flask. The flask was stoppered with a 'Suba-seal’' (RTM), evacuated,
then backfilled with nitrogen 3 times. The solids were dissoived in acetonitrile and a
15 nitrogen sparge was applied. The reaction mixture was stirred for 5-10 minutes before
the formic acid/triethylamine mixture was added to initiate the reaction.
The reaction was sampled at regular intervals. The samples (0.25ml) were immediately
worked up by the addition of dichloromethane (4ml) and the organic phase washed with
saturated sodium hydrogen carbonate solution (4ml). After drying the organic phase over
20 solid anhydrous magnesium sulphate and then filtering off the solid, the solvent was
removed in vacuo to afford a white powder. The samples were analysed by chiral HPLC.
After 2 hours the reaction was 87% complete and after 7 hours the reaction was >98%
complete forming the desired product in ~60%ee.

25
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N- methyl -1-methyl-6,7- 347 200
dimethoxy-3,4-
dihydroisoquinolinium iodide

* Compound purchased from the Aldrich Chemical Company.
** Compound purchased from the Fisher Scientific.

"The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and ruthenium dichloride
10 dimer were weighed out into a clean dry Schlenk flask. The flask was stoppered with a
‘Suba-seal' (RTM), evacuated, then backfilled with nitrogen 3 times. The solids were
dissolved in iso-propanol. The reaction mixture was stirred overnight before N-methyl-1-
methyl-6,7-dimethoxy-3,4-dihydroisoquinolinium iodide was added. Once the solids had
dissolved the sodium iso-propoxide was added in one aliquot to start the reaction. The

15 reaction mixture was heated to 40°C and stirred.

The reaction was sampled at regular intervals. The samples (0.25ml) were
immediately worked up. The solvent was removed in vacuo and the residue taken up in
dichloromethane (4ml). The organic phase was washed with saturated sodium hydrogen
carbonate solution (4ml). After drying the organic phase over solid anhydrous

20 magnesium sulphate and then filtering off the solid, the solvent was removed in vacuo to
afford an off-white powder. The samples were analysed by 'H NMR and the ee
determined by chiral HPLC.

After 48 hours the reaction was 72% complete forming the desired product with
63%ee. |
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5
* Compound purchased from the Aldrich Chemical Company.
** Compound purchased from the Fisher Scientific.

The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and ruthenium dichloride dimer
10 were weighed out into a clean dry Schlenk flask. The flask was stoppered with a 'Suba-
seal' (RTM), evacuated, then backfilled with nitrogen 3 times. The solids were dissolved
in iso-propanol. The reaction mixture was stirred overnight before N-benzyl-1-methyl-6,7-
dimethoxy-3,4-dihydroisoquinolinium bromide was added. Once the solids had dissolved
the sodium iso-propoxide was added in one aliquot to start the reaction. The reaction

15 mixture was heated to 40°C and stirred.

The reaction was sampled at regular intervals. The samples (0.25ml) were
immediately worked up. The solvent was removed in vacuo and the residue taken up in
dichloromethane (4ml). The organic phase was washed with saturated sodium hydrogen
carbonate solution (4ml). After drying the organic phase over solid anhydrous

20 magnesium sulphate and then filtering off the solid, the solvent was removed in vacuo to
afford an off-white powder. The samples were analysed by 'H NMR and the ee
determined by chiral HPLC.

After 48 hours the reaction was 73% complete forming the desired product with
69%ee. '
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9, 10% & ()-, 10%& ()-, 10% & ()-, 109 & ()-, 10% & ()-)? zZ vU4 9,
10% & ()-, 10% & ()-, 10%& ()-, 10%& ()-, 10% & ()-)? fJvu4d 9, 10,
10% & ()- , 10%& ()-, :

EXAMPLE 6

Transfer Hydrogenation of N-Benzyl-indoleninium bromide

Reactant Wt or Vol Mol.Wt mMol Mol ratio
[Ru(p-Cymyh)Cl,],* 1.53mg 612 0.0025 0.5
(R,R)-N-Tosyl-1,2-diamino-1,2-  1.8mg 366 0.005 1 -
diphenylethane

Triethylamine / Formic Acid 1ml 29 (wrt 5800 (wrt
(1/50 Molar ratio) formic formic

acid) acid)

Acetonitrile** 3ml

N-Benzyl-indoleninium bromide  1.34g 159 1 200

5 * Compound purchased from the Aldrich Chemical Company.
** Compound purchased from the Fisher Scientific.

The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane, ruthenium dichloride dimer and
the N-benzyl-indoleninium bromide were weighed out into a clean dry Schlenk flask. The
10 flask was stoppered with a 'Suba-seal' (RTM), evacuated, then backfilled with nitrogen 3
times. The solids were dissolved in acetonitrile. The reaction mixture was stirred for 5-10
minutes before the formic acid/triethylamine mixture was added to initiate the reaction.
The reaction was sampled at regular intervals. The samples (0.25ml) were
immediately worked up by the addition of dichloromethane (4mi) and the organic phase
15 washed with saturated sodium hydrogen carbonate solution (4ml). After drying the
organic phase over solid anhydrous magnesium sulphate and then filtering off the solid,
the solvent was removed in vacuo to afford a white powder. The samples were analysed
by 'H NMR,
After 22 hours the reduction was >98% complete.
20
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1. A process for the transfer hydrogenation of a compound of formula (1) ,
X
N
™) -
5 wherein:

X represents (NR®RY'Q, N'R%-0O, (NR®OR)'Q, (NR®°NR°R")Q,
(NR®NR®C(=NR"R'3)'Q, (NR]NR°SO,R")*Q’,or (NR* NR*COR")'Q;
Q' represents a monovalent anion;
R, R?, R% R4 R% R% R, R% R% R™, and R'" each independently represents a
10 hydrogen atom, an optionally substituted hydrocarbyl, a perhalogenated hydrocarbyl or an
optionally substituted heterocyclyl group, one or more of R' & R?, R' & R}, R? & R*, R® &
RYR'&R%, R'"&R%, R?&R’, R' & R%, R' & R%, R® & R’, R® & R? and R® & R optionally
being linked in such a way as to form an optionally substituted ring(s); and
R? R®™ and R" each independently represents an optionally substituted
15 hydrocarbyl, a perhalogenated hydrocarby! or an optionally substituted heterocyclyl group;
said process comprising reacting the compound of formula (1) with a hydrogen
donor in the presence of a catalyst, characterised in that the catalyst has the general

formula:
/E\
\MIB
vy" 'rR%®
20 wherein:

R represents a neutral optionally substituted hydrocarbyl or perhalogenated
hydrocarbyl ligand;
A represents -NR™-, -NR"-, -NHR', -NR'"R" or -NR'"R'® where R is H, C(O)R"®,
SO,R"®, C(O)NR'™R%, C(S)NR"™R?%, C(=NR¥?)SR? or C(=NR*)OR?, R and R" each
25 independently represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted heterocyclyl group, and R# and R* are each
independently hydrogen or a group as defined for R,
\ B represents -O-, -OH, OR'", -S-, -SH, SR™, -NR"-, -NR%-, -NHR®, -NR"R?,
-NR"™R?, -PR"- or -PR"R? where R® is H, C(O)R*, SO,R*, C(O)NR?'R¥, C(S)NR*'R¥,
. 30 C(=NR*)SR® or C(=NR*)OR%, R and R* each independently represents an optionally
substituted hydrocarbyl, perhalogenated hydrocarbyl or an optionally substituted
heterocyclyl group, and R* and R® are each independently hydrogen or a group as
defined for R?;
E represents a linking group;
35 M represents a metal capable of catalysing transfer hydrogenation; and
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104 & ()-f 10% & ()-)? abyzz:)f 10%f 10% & ()-f 0%{&'() f 104 & ()-f
10% & ()-T wodyhsos)-)? fI)Ff 109%f 10f 10% & ()- f 10% g¢ {-h-Bi,g,m”ﬁ
104 & ()-f 10% & ()-f 10% & ()-)? ~bF)f23 10%4f f  10% & () 10%4 & () -
104 & ()-f 10% & ()-f
Y represents an anionic group, a basic ligand or a vacant site;
provided that when Y is not a vacant site that at least one of A or B carries a
hydrogen atom.
5 2, A process according to claim 1, wherein X represents (NR*R*)'Q and, R!, R% R®
and R* each independently represents an optionally substituted hydrocarbyl;” a
perhalogenated hydrocarbyl or an optionally substituted heterocyclyl group, or one or
more of R' & R?, R' & R?, R? & R* and R® & R* optionally being linked in such a way as to
form an optionally substituted ring(s).
10

3. A process according to either of claims 1 or 2, wherein M is a group VIl transition
metal, especially ruthenium, rhodium or iridium.

4, A process according to any one of claims 1 to 3, wherein R'® is an optionally
15 substituted aryl or an optionally substituted alkene.

5. A process according to any one of claims 1 to 4, in which A-E-B is, or is derived

from, an aminoalcohol or a diamine, preferably selected from an optionally substituted 2-

aminoethanol, an optionally substituted 3-aminopropanol and an optionally substituted
20 ethylenediamine.

6. A process according to claim 5, wherein either of A or B carries an acyl or
sulphonyl group, preferably a toluenesulphonyl, methanesulphonyl,
trifluoromethanesulphonyl or acety! group.
25
7. A process according to claim 5 in which A-E-B is, or is derived from, one of the
following:
H,C Ph Ph Ph Ph, Ph  Ph Ph

HN OH HNN NH-tosyt H,N NH, HN NH-SO,-naphthyl

\\\NH tosyl
‘ Ph CH, Ph Ph PhCH, CH,OMe Q
\ >__< /_< >1 %C H,OMe NH,
HN OH  HO  NH,

LE)\\
OH
tosyl-HN
H,N HO HN HZN
NH
OH NH, HO NH, :
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13. A process according to any one of claims 1 to 12 wherein a compound of formula
(1) is transfer hydrogenated in the presence of a catalyst in which A-E-B is, or is derived
from, an N-tosyldiamine.

25
14. A process according to any one of the preceding claims, in which the process is
carried out in presence of a base having a pK, of at least 8.0.



