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TRANSFER HYDROGENATI ON PROCESS AND CATALYST Thi s invention
relates to WAAMW4643c transfer hydrogenation, particul arly i nPCHGB98/00862
presence of a conplexed transition netal, to a catalyst for such

hydr ogenation and to a 5 process of rfeki ng optically active conpounds. -
Hydr ogenati on by hydrogen transfer using catal ysts containing phosphorus-

or nitrogen- ligands was reviewed at |ength by Zassinovich et al. in
Chem Rev., 1992, 92TRANSFERINIRQGENATION ERQGESHANDCATALYET] 'in spite of

excel |l ent achi evenents, nuch work remains to be done'. 10

Transfer hydrog i 4si S, i he transition tal is
coor di nat ed fhie 'b g&é'gﬁégnlgtee%g% gétﬁ%t5%'§ﬁ%¥g@§%%a%88'e%@§%r@ﬁ%g;% The

fol | owi ng Riesancanof asemalexediransition metpintoeg eatalyst for such hydrogenatiop and kpgori et
al., Js A grocess.of ®idfRing opfidally abthd-confpdunddi ch di scl oses that use of

chl oro-rut heniu [t V) - t -1..2-d] epedi am ne_as
catalyst in the ){?H?édetn%!r: an@_&%&rt%%gﬁéé ?'0?1g%}?lp%g)eé%’g%mrlﬁo%é’g%o%g or

1- pheny! et HiFREEN, ja3pds pad Teveed ahenalipby Gassinovich of aloBoghaNe Revo TS8Rt

havi ng 97% 1531069 Thése &UKRS Sondhided!'if lspite 6LExcallent achieehints thuch work

starting fr | aryl ketones. The efficiency of correspondi ng
cat al yst C({%{?i'gﬁ\tﬁﬁﬁée%hé‘. benzene in place of nesityl ene was nore

sensi Pve to subbensferdindeoasnatiancsing,qatalystsip witich the transitigiemetahistgopggiinatatne .

Reaction tiigRshenzémigRydbedrbon fidieen leppigred! WRE EstoWihg fublicatibns arger 20
reaction tli%%s%,t ereosel ectivity decreased, apparently owing to reverse

hydr ogenat i No turnover nunbers are reported. The authors
comment 6d t hat * ((hHOYSVERt .| J.caiGalSy( 1995, 117, 756,85 Mrieldisqlases daaiiuee b 1 val
t halt ~of t heshidrbrethénibmshesityidheOBmahotosy T dipitbnyRthylenediamirteseeatalpst in mjean
earlier pu [ oJ Y , :
Chem 106, 3Sfe hidolindidh B eeléiTimnons.tp 1-phenyiethanl 1 ordBG2 ol Gvellpto
catal ysts 959 viald af pradusiaavig $459 srantiemesis exqess. SimiaTesyits waRckiaedy ot her
S! kKI belnz?r&arting from dtheraikytard IREtones. | m@em?émyma@esﬁomhg lcatalyst q:dnmgng)I ht he

i phenyl e : e
nydr ogenat (A28 R Hilsubie s more Sl I luBHEHS nfie B have
greater catthe ptartingketone; (Reactionptimesweseraenetaiiy ratherilenga typigally 15h; ationger
heram@}phégheaetmnetime’éwtmuwedﬁwmcseasea,@gpa@ay dRihgn® feversefhypragenationpe rA .
nole o r r [ d. A C
o 1006, PiptiBNBY NangS ars brted. The authors commenbl AV elovefal Bataytic. ™
hydrogen t rREFOFEANGerS URRDIR ik thabef fNB?W?“‘@?5tal'\YS’f°(9§5'at!96dV%!’°‘¥6Fm' c acid-
tri et hyl am deschibet in2acdadier pyislicagmbysthemnssivesReact i on tinmes mai nly over 14h
and up to r ; t V, ' Sh 2D ;
(D) Noyori et a@ BB, $30Hm S EhER CmffL, e, 3 RPGhIcR dscéges
the 23 that eréalysds similRpipdhesef Nayori ebal. @hateve; byt gontaiping pther Sﬁ‘yﬁbéﬂ%?é‘?i on
01;] i m nes (ligapesamd Varioty betacamino alcohols in plgse) ofitite dipherylatinddrediamineaweneds .
T ; ‘ . | ,

ese pr Ocecﬁﬁéﬁwﬁm effdAtilE Mlhé ﬁy#r@%ﬁ%‘}hxﬁg?’adgmtel&fé. errlel fBRRamih® Aiddhbi as

i nvol vi ng upneconomc utili sFt ion 0 such sl ow reaction can
| ead to 40 92ndgavh@rsater caAlyststabiityc ?%Pﬁ?f@d(%ﬁ% lgangd ¥#Ss| ow | oss of
product opthe@methytbenyeneal Bsnover numbers were up to 227 moles of product per mole of

30 catalyst per hour.

(3) Noyori et al., J. A. C. S, 1996, 118, 2521-2522; which discloses that to
prevent reverse hydrogen transfer in the process of Noyori et al. (1) above, formic acid-
triethylamine was used as hydrogen source. Reaction times mainly over 14h and up to
90h were used; no turnover numbers are reported.

35 (4) Noyori et al., J. A. C. S., 1996, 118, 4916-4917: which discloses that the
process of Noyori et al. (3) above is effective for reduction of imines (especially cyclic
imines) to enantioselected amines.

These processes appear to require relatively long cycle times. As well as
involving uneconomic utilisation of chemical plant, such slow reaction can lead to

40 decomposition of the catalytic complex and slow loss of product optical purity; also it



2 affords limted scope for adjusting reaction conditions such as

tenperature and reactant concentration to maximse the difference
in rate between enantionerically wanted and unwant ed reacti ons.
Besi des t hWQ¥dRpdsor us-, nitrogen- and benzene- |igated tr agtessmoseet al s,
5 conpl exes based on pentanet hyl cycl opent adi enyl (hereinafter Cp*) have
been shown to be effective as catal ysts in honbgeneous .
hydr ogenati on of ol efins by free hydrogen (Maitlis, Acc. Chem

Res., 1978, 11, 301-307; I\/ai_tl is et al., J. Chem Soc. Dalton, 1978,
617- 626) ; affprsisdmiled seapedfosadjesting eceastiomgohditipes stcheasstbmperaturé bed adastance of

free hydreg ' ' ' inGaMRlRA Rk
I @8fdentration to m&GimBk tl?@&l%r)éﬁéegm‘?%l@W%%PQ?%rﬁﬁ]ﬂyV%rﬁéd&gd and

chiral -di re&tlﬁg | i gand. 10 Conpl exes o

acyl at ed Srva gﬁ?ﬁf@?'ﬁ’ed al pha am no carboxylic acid have been

described by GBesidamtheeqnhoaphor¢ss, nilkegeD- agH berizede, ligath traBSien metals, ~ 6970)

but W t hogbmpiEkee BN ﬁiﬁhé(ﬁaylfyﬁ%bhfédibbfyl (HErEIRhiEF €p*avk BEEH sHBWH thh CP*
s .an

and - bi pyLi i e use of these hfaormate to

nydr ogenaP® STREE AR A Riegensous HiaRgetalcn ot etns bilRBYRGIRAOH have

been desci{Msi8is, Bgc. Sheok Res., 487811, $0h3eRNMaBliseehal | hiChetrs Soc. BaitonEHEy8, , 1990,

29(4), 38817395); thess RAYAb dfs(‘:ﬁ:ﬂur%r!ﬁh?&rob'&w G&s%i@th@%ﬁséhc@ro?frééﬁﬁréé‘éﬁ but
no activit @f%@r thO tc.aI a:flcﬁwl .cgc %ﬁ directing l W have now found

that ster é%ge‘f' YT EORPIRE A e@ﬂ SLEN-Higring boae efficiently

carried out by Goempiexesbf iidivet wittySp* arshanylatddwar salpbomyidtedalpha aminoansi ti on

/r;et al N a @&%ﬁyﬁfc%idthave been hé?sﬁaﬁd By Gratjabil &t ap@n{\?d.i @.,nxég:;g 198189680 ded
ccordi ng i aspec . present. i nyenti here i s,provided a

or ocess. 670 but withoyt 3vEEce. gt catallfis BEBAN  Comer o BesiBuity Gy ¥gr mita (1)

t o produc@.Zrbipyrigisand the use of these withiormatetp hydrogenate nicotinamide adenine

H dinucleotide %\JAD) to NADH have been desofibed by Steckhan et al. (Angew. Chem. Int. X

(545 Ed. Epgl. donf 2ok, 388-300). Tymouer frequapaies o7 GRes e REMY. B o, s
Rlerr], Rpo acfvityriter fGeatalytioeyclRBerr] each i ndependently represents a
hydL olgen at ?m Vzeﬂhave nowaouﬂd)triat)aa%doxgnsuhtlsltt&ahsfeemdaégéhm@{@»]b{e efficiently

er nal oge rocar Ol .ana s
et or s Pares ot B SERhe e Gl 28 sPRBHER o chmptex of 3 rafgiiided) Elheizina, -,
R3 & R4, Hgandandsa eyclapeptadienylgroup.R2 & Rlerr] and Rlerr[ & Rerr]
ODL i t@@?l lty bei p@cordinges! aififst B8Satt of the Yrasent ivdrtibinhafe 8 prowiedld prodii3s for
supstitu ; - e n,
said proc g%s&%{(}%rr%l)ygfoﬁgg?t%@tf Fr?&"\pﬁ%ndc%fm{ib&%o '?régt?rcu%{gaéo(%& u\;ﬁm@ % ﬁ a

hydr ogen formula(2) donor in the presence of a catalyst, characterised in that

the catal yst has the general formula: 35 H
X X
R‘VU\RZ R'/{\R’
H
0 @
. wherein:
25 X represents CR°R*, NR®, (NR°R®'Q", O or S;

R', R? R? R* R®and R®each independently represents a hydrogen atom, an
optionally substituted hydrocarbyl, a perhalogenated hydrocarbyl or an optionally
substituted heterocycly! group, one or more of R' & R%, R' & R}, R®2& R*, R*& R%, R' & R®,
R? & R® and R® & R° optionally being linked in such a way as to form an optionally

30 substituted ring(s); and

Q represents an anion;

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:

35



3 A B

M Y R err]
wher ei n: R7 represents an optionally substituted
cycl opent adY@A8/#26¢% oup; A represents -NR[ er FFT/GBOR{PESS2 1] - |

-NHR[err] or -NR[err]Rerr] where R[err]3is H C(ORerr], S2Rerr], 5
[err] C(S)NR[err]R, C(=NR[err]4)SRerr] or C(=NR[err])OR[err], Rerr] and’

Rl err] each i ndependent|ly represents an optionally substituted
hydr ocar byl , per hal ogenat ed hydgocar byl or an optionally
substituted heterocyclyl group, and R[ritg4 and R [err] are each

I ndependent|ly hydrogen or a group as defsned for Rlerr]; B
represents -O, -OH, ORerr], -S-, -SK~ eer], -NR'-, -NR[err]2-,

-NHR [err] or-NR[err]Rerr] 10 where err]2is H CORerr], S2Rerr],
CCONR errwRerei], C(S)NR[err]3Rerr], C(=NR[err])SRerr] or C(=NR

6) ORlerr]7, R egr }ep?éyiaﬁ[aw6&@@@@%&%@9@9@1@&&%&@9@@@@nts an optionally

substituted hyar b rbal o d h 0,

optionally subsf‘ir?'?fﬁé%‘ ﬁ%’dﬁ@'l' %ng%rdgl,ig R ﬁherefdkﬂ%aés&é!ﬁ? O Rlerr]

are each i GERINRIIRINMGEINIREGIFNG)SR 00 GNR' IR, Réand B° e3cBr r ] 3;

E [elpr esenhtaeaer{denw {]Hi(rjék'éﬁté.@ntép'ﬁonally substitutbli hedrb B! serkalt@Enatedc apabl e of

cat al ysi ng, transfer rogenati.on: Ry an

ani oni ¢ gr gcaégﬁgg iaE °P€‘8?ﬂﬁs%q§’5’t€d;€e§ﬁ'i°°%ql¥l group, and R+ ¥nd R 8 ggzrﬂf)vi ded

t hat when NMdependentiahydiegan ors group padefinediferRY; one of A or B carries a

hygr ogen a]‘ OM g represents -O-, -OH, OR®, @l FH/ RS, R, QGRJ%-NIHR?GVEM%‘EW‘%G

subst anti a (epr f.ed i Dt aua Qr y be

i nt ro"dhcedwg%ré}%ééﬁ'ﬁugéﬁggogpﬁs' &%)ﬂh R ‘8&)NR1sByd§E'cl_\g$@§Fﬁgrmﬁ_ oups whi ch

may be repCeNRERHR Rarg R]° earh independaptly represgpisan|optierally substituted

it Rdepe Pdenhil%roi:é}ﬁirl%@'hﬂbﬁéﬂate@ﬂi\(ﬁ&drl tgaadaraémionawycumsmutaadnemrocycipllrmbmmt i on
ereof, suc as_ara begay! groups.

Al kyl grouBRd & ¥H %?’%"eachﬁeé’égﬁan@ “@%%%§FT§8E§§?W%[ferr]', Rlerr] and

[err] include 2E representeadinking giu@hched al kyl groups conprising up to 20

](c:ar bOiis ?t Og& P§ @p?%&eﬂfs'a\’r\?&faﬂ&iphbtetlalf catlalysing transfephyinsgenttiors agdld pL e](‘j er?EI y
rom 0o 5 carbon_atons. en. G [ o r anched, e

groups often co PP?Fﬁ'&gﬁﬂ a{‘%?“fdﬁﬁ?éﬁc sgﬁiglgrﬁlﬁjéraﬁ%ﬁnﬁltgm1 preferably up

to 4 branch chaiproviteditiat whendkistnet A vaeanb sitahat at leastaneypidy pr B C8TES Ray be

cyclic, hydrogen &@fonl y conprising from3 to 10 carbon atons in the

| argest ring and, optjonally.30 . . | LAH e abbids -
ey es” o ar S SPRAE ki b ey 4 Bl o TRER L 2000
Rl err39 R éormiua. iRmay bp intredureden p3oidsypPoitncl ude net hyl, ethyl, propyl,
il Er 0I0|y| , butyl Hy_drorc]:arbyl grgapé)whiith mdy-tetreplesaitdd by RO IR P, ?P BE?E‘.“”;L Rerr]
enyl groups i ch. e =0, ion thBek,'sich Rl err
and [err] i'qﬁﬁ%e'ﬁ&"}%e aﬁ(yi%ﬂ{eﬁ?@ﬂ?%%%#@%é@%@l? gr rﬁ 6 al kenyl
groups. On@s@raliodapd alikandforexamplberdh@PéPshonds may be 35 present. The
al kenyl group mmwfrows QAR GlayBY @pRishated by R, R°, RYy RT and &Y' Vinphdey |
substfuentg,, f 6! h2Ydms, DaMicklaripftemingeny|
group ‘I’ V\hi'ﬁea'@%%rm ﬁ&glata!@{r&gpyﬁ(gﬁé}%%rd eerr r&ré\ﬁﬁr e é%ﬁ sl an gl krenyl
group, a cdrasekon atemsied Perfarsbly frRsmd t¢ § carbon atoms. When the alkyl groups are
branched, the groups often comprising up to 10 branch chain carbon atoms, preferably up
to 4 branch chain atoms. In certain embodiments, the alky! group may be cyclic,
commonly comprising from 3 to 10 carbon atoms in the largest ring and optionally
30 featuring one or more bridging rings. Examples of alkyl groups which may be
represented by R™, R?, R', R" and R™" include methyl, ethyl, propyl, 2-propyl, butyl,
2-butyl, t-butyl and cyclohexyl groups.
Alkenyl groups which may be represented by R™®, R®, R*, R"' and R**" include C,.
20, @nd preferably C,¢ alkenyt groups. One or more carbon - carbon double bonds may be
35 present. The alkenyl group may carry one or more substituents, particularly phenyl
substituents. Examples of alkenyl groups include vinyl, styryl and indenyl groups. When
either of R or R? represents an alkenyl group, a carbon - carbon double bond is



4 preferably | ocated at the position B to the C=X noiety. Wen
either of Rerr] or R2 represents an al kenyl group, the corrpound of
formula (1) is preferably an [err], [err]-unsaturated ketone.

Aryl groupswysghssBy be represented by Rerr]-6, R9, R err]ghr V#ﬁfoﬁ&zand
Rlerr]-17 may contain 1 ring or 2 or nore fused rings I C

I ncl ude cycl oal kyl, aryl or heterocyclicdrings. 5 Exanpl es of aryl
groups which may be represented by Rlerr] 6, Rerr], Rerr], Rerr] and
Rierr][err]7 include phenyl, tolyl, fluorophenyl, chlorophenyl,

br onmopheny breférably listateaat iy paditny to tRCSX |mo|ety When elfied? of RYbr Rﬂ@pﬁe@érﬁ)t@cenyl
r oups r jgfele e
?epr gsen ‘e an alkeM grourﬁ the@%ﬂ@gmﬁﬁﬁ preférgéfy argﬁ%-]ﬁ tur t%d kétBrle.
i ndependent |y i ﬁaﬂ awpﬁéfhmrwebﬁanewsam YeBﬁd Rirjl’ RY suB* amay eentain 0
comﬁl Inat | on ringer @ masel fldea Sings whilsly nag ikl ’iekoEiphikd! AR heferatyBllcamgs
er ha engl, 14 BPIHS S 17 ,
E[er ik 99 t?lpielg{[ofarty gr@hp(k?/‘k?lgﬁ ﬁié?%e‘%ﬂrgé‘erﬂ%}jﬁ ﬁ" Rﬂ M G Ry @;@[5{4
Het er ocycl PBef@ﬁ' Ga'MbﬂMPW”M‘aW'B@PP@M SEAReRRENYytri 'ﬁéﬁ%‘PmehYP[‘@M Jenisg [err],
Rlerr] andnggtith}l and ferrocenyligependent |y i ncl ude aromatic, saturated and
tiall t 100811 2
fore fused rin %ﬁo%%%ﬁ“*@g SR oiblibs Tcpiay be GpREbhe by Ve Ao e ¥ P
rings. Theahéﬁe olngergndeq Yd[]ﬁ”‘éﬁ P?fh(’%@ﬁ'@l‘?ﬁ %'EW P@%QW' gaePHaneadtyclic ring,
the 10 comBing st thefeolsuchas\bralkylcarinamaryt gesupe Ex@mplesbf gerhalogenatedg at ons

N which a%lkp@%ﬁﬁquﬁcﬁhgg‘be r:(eﬁreﬁntédstiycﬁf sbgz r4) R Bdnd F?'aﬁ‘incﬂﬂi% éf»'°£ﬂd s any

of NNy, O S presents
conpri ses LAhet er ocyclic group, the atomin R err] or R[err] bonded to the
C=X 20 group Heser@dyeftﬁgrabﬂ)ywﬂcl@ﬁfab(bé répresentdkBReR®, &°, et ArddRYEl i C

groups whi ﬁ@gg@ﬁd %Ilnlclude arorﬁﬁ@ﬁa?&g{eﬁ%@ihaﬁ[aﬁ%Drlsa}tﬁgteF Bh Ewtem&lsd H‘L%and R

7
.[ ﬁ&g} 1%, ! naemﬁsrttw 1 rans@q 3|°ﬁ A use‘#rﬂe@zwph Ay 'ftcﬂdafwPa‘EM' AN er
When any ohefersvytllic rifgseMhé heferdegelicigrol] will cbntaincht [daer drie/heteroeychicitirsy, tHeut ed
hydr ocar by 'Iarg%st Ia?\svﬁ%ﬂwpéo:nﬁnor}l)f cont'npr{s% rﬂ%HP? td 'P ﬁn%é\‘gﬁ'ltsllﬁ Whidh QF Ia§%ﬂ5 laﬁ)n}? e

such so verse ere se ;;ctlve

the r eact i éﬁfa'mff‘mlle%%ﬁgﬁ plomds eay PiY 90%%‘31 Y¥hen e"E?faﬂﬁ@ °LRt r o,
hydr oxy, arepnesemmomdommsgé 2 hitectregdlizrgogup, thecatbmliroBe ot RY kemdeg tirtoe @rkiyl
het er ggycl ?ﬁtﬁxp is preferabi \é%%ﬂré?é/rjn OEXamHBQQf ﬁgter‘ahghé’ g f{ﬂhfﬁh ?r@y'yé

hydrocar byl't \(/\é %pﬁ% 1347 g1 % d@ th he

sul phonani 6??"3?‘%5‘5&% er By W cdPgde rRyrt Y]p@"'ﬁ?‘ rrolyL, thiophegils i e
for Rerr] ftabnw.endcﬂyieqmmolymsmlﬂmim.tlmtdaeoulsndrmaztmgpmesent 30 When
any of Rlerr] SyliidyRrRts e @69t iy RHet i lrsuBliRited nfrBbabyilr nilbiydicd
Rlerr], RR &R _.and su a way that
when t aken SfRetReub t??f‘ ?mf?%éu%ﬁlﬁ?rp%%?ﬂvéf?&h@?f ﬁttr}B?rf&é of

t he cp®pousttredsefestivaty af thé yeaction. @plidnapsubstitbemtaing|ude thalogem royémg, N, t hat

these be Spy @'o a?nmo, thiol, acmﬁfcgﬂ:yf bQ%IogE&@@H'h@éro@irb?luﬁQel‘éQWUnds of
fornula(léy rois

2-tetral on ifﬁy'gﬁ%%qu offi-%d[r?] r arin a’ﬁﬂéf‘ﬁ:@wm 5esters ca%o%gtees
3, 4-di hydr@nmswgmwéandlsMemmagrm wieréin therfdepcarhy! qroupRdRip@hie.

Conpounds  @bfifed faHRaakove, \BHY & mbre SubstiRiepfsanhEse Presditc or

Compotd of -t or TS THier Rl SR Rrs e, R g Ak BBt A P UROBREGRIGHE B,
to an i mi niiokadsiaisuch amayithatwhen ﬂ&eaﬁregqb‘mmreéuerdb@fcarbm alom arpfesfeéans &d
' R? ni um salot theddothgoBRE 86RhEH (ﬂXhﬁ@WQ%?m@& it @&)Féfér?ec(tﬂa)at thesabe 516 ok 7 S
Sl Caanrpreg ol v gionia WiE a RIS G
3,4-dihydroisoquinoline, 1-tetralone 2-tetralone, 4-chromanone, 1-methyl-6 7-d|methoxy-
35 3,4-dihydroisoquinoline, 1-benzosubarone, 2-indanone and 1-indanone.
Compounds of formuia (1) where X is represented by NR® or (NR°R®)*Q;, include
imines or iminium saits. Where a compound of formula (1) is an imine, it may optionally
be converted to an iminium salt. Iminium salts are preferred over imines. Preferred
iminium salts are represented by compounds of formula (1) in which X is (NR°R®)*Qr such
40 that either R® or R® are hydrogen but that R® or R® are not identical. When the compound




5 of fornmula (1) is an imniumsalt, an anion represented by

Q ERR] is present. Exanples of ani ons which nay be present are

hal i de, hydrogen sul phate, tosylate, formate, acetate,

tetrafl uor dﬁ@gélﬂ%ﬁ“?‘t rifl uoromnet hanesul phonate and trif| uor o RE€FIGRIS/00862

X is nost preferably O 5 Inscertai n preferred enbodi nents,
Rlerr] and R err] are both independently“Cerr]6 alkyl, bot h

i ndependently aryl, particularly phenyl, or one is aryl, particularly
phenyl and one is . . Clerr]6 alkyl. Substituents may be present,

parti cul ar PRORTIHRA{1)iz aninginjyat 3a% 8n ARian ceprespnéasPy Q is presépte Fxamples of bot h of
RLer r andarﬁ‘bwf which shay tielyrayent greohiglide, hydrogen sulphate, to&ﬁaé,lfgﬂwﬂé,haué%@éiﬂ Y, 4
t he conpou ; e ydr ogenat e
product of %?fgﬁurr%rﬁg& ﬁ@é%ﬁ%@@egﬁ%@gﬁ a@%&"é’g&\g\%&&%h Rlerr], Rerr] and
X are ealiis mopRraferafleR. an asymetric transfer hydrogenation process

f orms san especi il deytain preferreprepfrotinfhts RY @l RO bre dirth maeﬁaﬂbmiyrw,g%lgﬁgn- Most
ohe

ly, e - ' I . d
Rporr] o cooiddeEndétth . bebhculert phen irdHes il bty ihiehfl pa'cngtd | 2
R err] andCR{akyl] Spbstiysnismay bepresenh padicwarly supstifuonts paratathe eTf erawp. 15
Exanpl es oihemomoonstth of Rf andRt is A pheniinpbuple acet ophenone, :

4- chl or oacet ophﬁgg%iﬁ%%%%%gecop ﬁg(&pﬁﬂa@ggg% %gtﬁ]i(;ﬂimsb p({r%gfﬁtaophenone,

4-ni tr oacet ophenone, enone and 101e “benzyl 'm ne.

Hydr dfen doYrspgenatrd RIaduR phfosgula (2)rampsiess ashiral atash *ycfhﬁ*@&%angx 358§ mary

and eschosundad.y Sach Be asymmetioXighéfer mirétrenatich frocass famisainespacalym ne

sal 5, 1 ool opribopecidf kAN HhaRldh. W6k B6BHBANSwn) FaRoRBHYE GO _agent s,
iR ther eo rimary and sec

and any conbi na n a&y al cohol s

whi ch may 9ETERINDS PEEckial Riaed Bhawdiifrent, and neithewibydregen: disaivyone m 1 to

10 car bon Rt andR? isratipiedtitidng the otheRistapyl ér hétefveycigt ons, and mor e
preferably 3 or I i M secondary al cohol s
whi cﬁlsa rra%élabrga%%gf%@e’nt eas E?s(famg?dgéld%n{%{s%r)nc Gde net hanol ,

et hanol , pfEpRFAEetoPhennepdrmethexyacetophanong, #-tifuoromethylgegtephiepors,
cycl opent adaltroacstopihdrona2chiofuacetpplhenonb @hd agstdphenbhdibénzylimine.  Wien the

oY opane - of - andt IorBEeRYSHE ncl BERIREGEN, Rt Hedtbiudy SEOHIE BrimeRRaG 2 1Y
whi ch may %0314%@?8@?5&@@&"8@@1?3@6?‘8@’ esters and E@Wﬁr*g% readiffoni y from1lto
20 ;:azrdogln déhyarogepstablerradbocafions) dednredycingpadents, ahd aBy cadbbinationa tribreafr e
preferably 3 or i m nes
B ch oy be. robTnaR dHeRbATy, ofeUIPlfith favitiel il as raBoBB Bédors

propyl ani ngemprise commaniyframy ‘\érﬂiorféfb%tW&rﬁr?féfabst@mjgﬁ 4RREN alemsy Aoy ne,
di et hyl am mere prieferaiply Bani4roarbot atoms. Examplespi mimydrpancsscoddary aigbbots which

di -i sobut yha%a@‘eprgsaﬁwm&e erP&doYd ABLES methanol, ethdhdSRERITbN BropaA-

pi peri di ne en t he dro en%lnor I's an . am ne, prinar m nes 35 are
br of & ed, 2:0b fitaN]-pl BiianTiash, cYAPRBENGlofYsaNexansl. Seuaiisnnat gndmepinel oup.
parti cul ar When the hydrogepdanpy Iscan aiechah decaalant altaalsreze preferred, especially

Car boxyl i CoRphala.-fand Belah-£8t ers which may be enployed as hydrogen donors
conpri se common refera om1l to 3 carbon

atoms. in o PAmaR AN secanY AU S BF BOR YL areEpaeg donérs

advant ageocwhgrise dogtraeriy tromxiyto2rdasbonl atemd,(preferaly fthm Eda ¢4 carheryatomsder i ved

from{fe caidpum brerdabifl 3P 8 Ardddrdidma! ERdiRbles B RInEEndPdecondary amines
which may be represented as hydrogen donors include ethylamine, propylamine,
isopropylamine, butylamine, isobutylamine, hexylamine, diethylamine, dipropylamine, di-
isopropylamine, dibutylamine, di-isobutylamine, dihexylamine, benzylamine,
dibenzylamine and piperidine. When the hydrogen donor is an amine, primary amines

35 are preferred, especially primary amines comprising a secondary alkyl group, particularly

isopropylamine and isobutylamine.

Carboxylic acids or their esters which may be employed as hydrogen donors
comprise commonty from 1 to 10 carbon atoms, preferably from 1 to 3 carbon atoms. In
certain embodiments, the carboxylic acid is advantageously a beta-hydroxy-carboxylic

40 acid. Esters may be derived from the carboxylic acid and a C,.,, alcohol. Examples of



6 carboxylic acids which nmay be enpl oyed as hydrogen donors
include formc acid, lactic acid, ascorbic acid and nmandelic acid.
When a carboxylic acid is enployed as hydrogen donor, at |east ‘sone.
of the.carboxgbs/g26aci d is preferably present as an am ne Sa'icﬁénps/oossz
ammoni um salt. Am nes which may be used to form such salts include bot

aromatic and 5 non-aromati ¢ am nes, & so primary, secondary and
tertiary am nes and conprise typically from1l to 20 carbon atons.
Tertiary ami nes, especially trialkylam nes, are preferred. Exanpl es
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reduci ng a ntsq%t ﬁ rﬁl % g%&_\esented a ‘é B ?‘ rise 20
reduci ng agtgﬁf%a R RY therdgiiop @ fB‘?‘F"b?ﬁeQ sua at?3t difen ofthdse havi ng
a reduct i oncarboxylic acighot enti al relative to the standard hydrogen el ectrode

of greater than mtde}@dilog%}‘(ataﬁlfetrﬁarocarbons whtgﬁ% %éﬁ]ﬁd}eé%@%&dm&e@ev and

pref er ny reater t uci ng

P ont a3 el Snste By Sgatbers en G A pARerbin . S Mer R WOREPPRS and
hydr oxyl ani wieich Ba® a propensity thisrmurighlyrosjugated dystymis o Gsamplesiof readilye

propan- 2- olderbaro@anéiaaé nydrocarbonstwmat R BEBRBIOYEY bP bRy RogdhttonorE indiee Of
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substit ut ed™ EGEFWOWaW’%fe'& Eﬁﬁ' F'\‘I\A?ﬁﬁ’ﬁ’%?" BRd {emRn8&ent ed by Rlerr]

i ncl udes cycl opeGieanirasiuging ggemwh@apmlm represeriedsadh byshidgey. dompks comprise

ﬁ yg I orzené aftreemrh émspwnh a hlgh rediuction pEtentiall tb%ﬁlé:b!d?l?ﬂto% havutg #tadlctigh 5 |
rocar r.Qcal an

m%r e pref gr & artﬁ%? ?8 P%@é?%&gfﬁs& Sgectr f@r“? %b]_yh uf °uar0bpﬁw often

substit uente*eatﬁcthal @batt-BpeY, andpreferably qrﬁ@tﬁythan Pheyt -1 ﬁsammﬁ@anprn

subst i t ut envegucing agent@@ﬁbnmyeba&etremd &s AR dhers iR ytiagine@nlr es, it

is pref err enantionerically and/or diastereonerically
purified foryﬁﬁ&g%"t"nese are used. Exanpl es of optionally substituted

cycl o@ént adi eny| Theroegi preferced bisregan dopenstase popgn-2-ghdtam@ohy| - 35

C%’ﬁ I F |toe ?t adhteﬂrt?yllbmnﬂﬁmn@fﬂﬂﬁaw @y aReiné srtrieRybmnioplunpiRa apY trmRedticadi enyl
e etrane n

neo?’mn thyl - Y e %p%ﬂhﬁ&%bbst@gd P%Jr& %Hagl%ﬂﬁ (Ltfa'rﬁllu?rﬁﬁr?% ?9 egi?ée@ne{rteg bgnyl
neoment hyl d)evdgsesyciopertadieny! groups caﬂ@@ter ofiefaip mrechyThe cyclopentadieny! group

ment hyl t et rrabitéli emtml&lt’ed wighftorh @ a8 ybinecardyirgrbuypd prieferatly Wity 8 @ sydrocarbyl
}Zeg'; a |t ng %ﬁf“t %tab‘ s' ?ﬁ@rﬁéﬁrﬂyl %E)?r f’r%?er %@rdrorczrbyl When eit her
NR[ er r] R[ erqupstltuents rnclude methyl ethyl and phenyl en the hydrocarb  substitutents
contain enantiomeric and/or diastereomeric centres, it is preferred that the
enantiomerically and/or diastereomerically purified forms of these are used. Examples of
optionally substituted cyclopentadienyl groups include cyclopentadienyl, pentamethyl-

35 cyclopentadienyl, pentaphenylcyclopentadienyl, tetraphenylcyclopentadienyl,
ethyltetramethylpentadienyl, menthyltetraphenylcyclopentadienyl, neomenthyi-
tetraphenylicyclopentadienyl, menthylcyclopentadienyl, neomenthylcyclopentadienyl,
tetrahydroindenyl, menthyltetrahydroindeny! and neomenthyltetrahydroindenyl groups.
Pentamethylcyclopentadienyl is especially preferred.

40 When either A or B is an amide group represented by -NR®-, -NHR?, NR°R®,




7 -NR[err]2-, -NHR[err] or NRerr] R12 wherein Rerr] and R err]
are as hereinbefore defined, and where R err] or Rlerr]2 is an acyl
group represented by C(O)R[err] or -C(ORerr], Rerr] and R13
|ndependentI“§P93/42543 are often linear or branched d er r] al kPET/GBIB/00862

Cerr]-cycloal kyl or aryl, for exanple phenyl. Exanpl es of acyl
groups which nmay be represented by Rlerr] or Rerr]2 include benzoyl,
acetyl 5 and hal ogenoacetyl, especially trifluoroacetyl, groups.

When either A, r . t as .a_gul nan de ented b

e o (i R L RO
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a heterocyc'lopﬁp?'irgg&e SfU¥er abl y a saturated ring, and particul a%ﬂ? ab, 6
or 7-membered riTig groups A and&are cannedtest bing liéna arouwriEt dhe Hekingt el € ot her

IrDI n]gs g t efcrid\Rs 3 UiBblk icBkfoftBatidni A dBd/B b6 astd allowtb@tiﬂ&ég@B t@ borrssor
referably, e,C € y
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may substi t atoms in E linking ¥ and B maagatmpnﬁedmam@sﬂtnamnif%éfemw v any such
substi t uent eﬂ)'e%lﬂ)ﬁtwaiomg b @6l Atop Bbmay be linked 19120aHsB il sudh aiwayad to form

coordinate %Eperécygl 4::m?r}gg hfe %abtgla%fa nﬁy b:ﬁ'\td éa%ﬁ:'ﬁf?ﬁy b%cb ?? m% T ed nn
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and 35 hBuelt 8698 may Q&l’fﬁiﬂﬁsfoéé’ed’ém%ﬁf abmsé %@tt qﬁtefnér“f“@es é&ﬂg ‘t’ ents
are (57 r] - Be ahdsvh a@nt PRreferably, one offfbre bthy kabon afmns livkisg AcmefBewilichgry A

and B are | o] ally
substi t ut edé%ﬁ&egﬁnbgﬁd'ﬁ elgn oﬁé a%gbﬁﬁ%r égfouﬁﬁ mglugé Hﬁ% Wnlok rﬁér}/ SRR
atoms, the Rmsmﬂb%am\@mqvamgwsl« arﬂwwhmpstm%smges ﬁr&rste e@*edéﬁ be
aronati ¢ or groups whichalol idh absr@inaieokitrthg nteigl, Mp ®réfered substituants jincluder

 nenoeree B, BBt B A Lo, bolong G BaY At et such
35 heterocycly! groups as defined above. Most preferred substituents are C,.¢ alkyl groups,
and phenyl groups. Most preferably, A and B are linked by two carbon atoms, and
especially an optionally substituted ethyl moiety. When A and B are linked by two carbon
atoms, the two carbon atoms linking A and B may comprise part of an aromatic or
aliphatic cyclic group, particularly a 5, 6 or 7-membered ring. Such a ring may be fused to
40 one or more other such rings. Particularly preferred are embodiments in which E




8 represents a 2 carbon atom separati on and one or both of the

carbon atons carries an optionally substituted aryl group as defined
above or E represents a 2 carbon atom separation which conprises a
cycl opent aneavaos/€2g4d ohexane ring, optionally fused to a PCT/QBIBIUgE62r | NQ.
5 E preferably conprises part of a conpound having at |east one
stereospecific centre. Where any 8r all of the 2, 3 or 4 atom atons
linking A and B are substituted so as to define at |east one

stereospecific centre on one or nore of these atonms, it is preferred
t hat at | easpresertsaf2 tdrborsatemcseppmation and crendrbeth dfdhd carborestosns catriesanom

adj acent to ;ﬁ”liof'ngﬁgrsubstituted adi QHB As Akfirfd 20868 0fE rdPEhtsANE cHHUER atom .

st er eospeci 1 cantre TS present.c it 1s 10 advant agequs resent in an
enant i orer | SERATIORWhHich; GoETPEpeR & Vclopentane o cyclohexai IS EPRHBRFINIUSRAIS 20, or
-OH, and t hghemgiramgent atomin E is carbon, it is _ preferred that B

does ngt form pa%gregéraﬂly%%m&@él paft o5 @EMpound having at least one‘<¥FBEsHREHic Whi ch
may be represent A

- E- r fromwhich, A E:B. b derived by
depr ot onat i $ifirea %5%?8)‘10%1% ‘?Tg'éq %é’h%%%'i“%‘?’?%\"ﬁ@%éﬂﬂe Ram Wﬁt-'tf-gglsg,asﬁ
1-ami noal kato-défine at leSstane steatdsaecils aentre ob-carionowrakefthasedtems, diis pedgread al | y
2-am noal kagalsiat ofe 8fthe 4itkddiPecnciehires b8 blRA ok Ml atord bjagéHl o either
2- am noal kan- 3-al's, a‘& art I’ﬁ‘gl ar Iq}/? ; amtnoet hanagl § or
3- ani nopr opABP & or & When af e3ft QB sushtergpsrggiic centre is prezent &5 oal kanes,

1, 3- dizam noadvieatageoushspreserdlin gn dnabtiomericfig purifiedstatwal kanes and
particularly et L A4\ Furphe ' it B alcaftbn, BR
e R o ?zéiﬁ%“h%%&‘%?‘géﬁf@m”an% °
2- am nocycl Uﬁéﬁ@ﬁé\‘%‘,s %‘Peé‘f"é*f%i"f L?géﬁa%é’ xﬁ' SRRy ring. Furt her
di anmi nes that ne@oinpourelsiahThayibérepresEntad by &-B-B2oufremiwhisbycFdp@ay Bees and
1, 2- di am Noga/q'a§ 4aRREonalsR 'af SMInVarhiiAcboR, ﬁclﬂbiﬁg\y):lan’ﬁihéwgan]'ﬁ&s@m no

a e

groups nmay ) dvant.agepous e, N-tosyl ate a_di. ne i s
r epr esént edB{INRAKaR-4-QF o g‘?"&‘BF%XrH?""s' 1-am:Xoa|?l@3£§i{[-oI%r?ggaeﬁpﬁ%a roup is
N-t osyl at ed2-affiratkansiealk cbhminsalisan-gioksn Braginealkanssols andgamin ¢lg, and

S ‘rjg a titut edparﬁ&ﬁﬁ%ﬁb@hg@fﬁag&f o gilélgﬁrflﬂrd;%gb@g orrlil_reC gilﬁmﬁfesl in@edingne al l;glu Ny
ot 'oast onb4Aigmingabs. harirbinpalishye. SEpeclt/ 12 3pank olnfhdianks and) OUP
Speci fi ¢ exparfitwariyodthylemgsiamices. vifuribar aminogechalsthatynalt keirapiesaoted BY Ang-& he
protongd ed gRW.XA|HRR)dodeninblding 2-drhiRdcytRieoREprefepsblypfused 0 phenyl ring.

? Further diamines that may be represented by A-E-B are 1,2-diaminocyclopentanes and
1,2-diaminocyclohexanes, preferably fused to a pheny! ring. The amino groups may
advantageously be N-tosylated. When a diamine is represented by A-E-B, preferably at
least one amino group is N-tosylated. The aminoalcohols or diamines are

25 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
protonated equivalents from which they may be derived are:
30



Herr]C Ph Ph  Ph Ph  Ph H2N
OH H2N  NHtosyl H2N  NH2

ﬁgN PN o ssiaz6a3 H HeN NH r"F]lil’/C();B”/"Pff@z
Preferably, the enantionerically and/or gliastereonerically purified fornms
of these are used. Exanples include (1S, 2R)-(+)-norephedrine,

(1R, 2S) -(+) ci s-1-am no- 2- i ndanol ,

(1S, 2R) - 2- am no- 1, 2-di phenstgt hagol , ,ghls ?PR) (-) pgi S-gh- am no- 2-i ndanol ,
N-tosyl- 5 (18 2R) - ci s-I- no- 2 ol , (1R>2${ (-)-norephedri ne,

(S)-(+)-2-am no-1- p,tp nyl\g4 ha » NHiosyl HN NH,
(1R 2S) - 2- ami no- 1, 2- di phenyl’et hanol , (R)-(-)-Z- pyrrol i di nemet hanol and

(S)-(+)-2-pyrrolidinenethanol Ph Meteal s whi ch nmay be
represented by Minclude netals i ch gre(capabl e )3#-\ cat al ysi ng
transfer hydrogenation. Preferfled tdd s iNMgl uderndor angd,tion netals, nore 10
preferably the nmetals in Goup V11" of the Periodic Table, especially

rut heni um rhodi um or dium We al is rutheniumit is
preferably present in valenc ate || ) e netal is rhodium or
iridiumit is preferably presyg [ ' .
Ani oni ¢ groups which nay be rse ydri de, hydroxy,
hydr ocar byl oxy, hydrocar b)ﬂz"ém o an —/Preferably when a
hal ogen is 15 represented bywY, the hutogen isochloride. Wen a

hydr ocar byl oxy h ogar byl .am no r I S. repre t he
group may be dePﬁf%%g#ytg’ %@'0(% 'FB‘ O@g{qrg%sgergq '°aﬁf9”’§e%§i’é’§8§ﬁ$‘.‘gﬁ%nor
utilised i areysedr &Exempigs.include (1S 2R) (+)-norefbedtine, (1R, 2RHE")wisr tamingy2-be

repr esent eghdamolY(1iSER)UEEMIML £2-diphbNdtharid), (98 2RF(-)-ERI1-dmino-2-indarfdf, INYREY- OF

secondary [Q the reaction 20
systen A BPERred ambf 2 NedBR i, F@égﬂﬁf?g@ﬂ*&%ﬁ £35S

Mbst pref epbmweth@m (hB2$)-8-amingd 2- hqnp/@thapola -(w)-zap)@rqﬂ%er@ﬁtheml @ehat the
catal yst i $-(+)-2-pyr@m|ﬁ@hethmn such is the case, an enanti orrerl cally

and/ o _di as‘”ﬁ@f&?&l&@ﬁ!ehﬁa&% JspSaliEs By e hia 81 30 pspppyed, Such

catal ysts are eou ransfer
hydr ogenat petnlysmeé@gsfeshvdrwwaw distamedsratals lrtcmdeénanwm mytalﬁ mprﬁe 25

cat al yst | predérablyaite mefs ihBrotS VI of i PéridaidTable, especially ruthenium rhogiumaess i s
carried_ouloRle" GhaR v il RuRERSIES pieol BEenPRRERRA Lke ey ,

is not a vac nt- site
especi al | yth&mpiahistrhadium or mdwm it lmﬁemm@smw@'we Stakre"lhydr oxi des,
al koxi des and canleaitairespsaihict May be Fetrédehtedty Y indliudle hydride, hyaitoxyes and

gﬁgt ﬂ Ing,[ K ?%‘9 %% %Wﬂgﬁgﬂa@ﬂoein%rﬂgﬁ%eg 3?0%?5 aF?eférgglg Whes aF?\ra Qg Ls??t 300 ‘
base L&ed represented by Y, the halogen is chloride. When a hydrocarbyloxy or hydrocarbylammo 10
group is represented by Y, the group may be derived from the deprotonation of the
hydrogen donor utilised in the reaction.
Basic ligands which may be represented by Y include water, C,, alcohols, Ty,
primary or secondary amines, or the hydrogen donor which is present in the reaction
20 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 empioyed. Such catalysts are most advantageously employed in
asymmetric transfer hydrogenation processes. In many embodiments, the chirality of the
25 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
amines and quaternary ammonium compounds. Preferred bases are sodium 2-propoxide
30 and triethylamine. When the hydrogen donor is not an acid, the quantity of base used




can be up to 5.0, commonly up to 3.0, often up to 2.5 and especially in the

range 1.0 to 3.5, by noles of the catalyst. The substanti al
excesses of base used by Noyori et al. appear to be unnecessary:
When the hydyeggmedonor is an acid, the catalyst is PéEk 8?!9)53’2
contacted with a base prior to the introduction of the hydrogen onor.

such 5 a case, the nole ratio of basWto catalyst prior to the

i ntroduction of the hydrogen donor is often from1l: 1 to 3: 1, and
preferably about 1: 1. Al t hough gaseous hydrogen may be
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bet weesy 250min ) Qorﬁ%ﬂ %o"?ﬁtﬂ'e Wn%d@rrﬁ;\ﬁé 3&?&&&%5 RliNeRTariofromid 12 o0P: 1. The
hydr ogen donor r ef er a% %We% 3839 6 6&90 ar excess over the substrate,
especi al |y B8 Hg, af‘ BRSEPTEGT M ®¥onveni ence permits, greater, for
exanpl e up to 508uifablydhe Progess ipnarried out at tempecatums én e pangs! dfyromrm'mhe 7Bange
of from 1. Qe !L'ik ’Féb@%efe?a%ﬂ?ﬁérﬁlrdrﬂus% th Qhﬁmﬁ'@and more pre@%}fﬂ’drﬁ* Riidus gabout
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Af ter 2%eact $uitably in the ranget M85 to k0 and; forcomweriiend langerisyale bperdtiond cpn bedefures. A
reaction f?éﬁé@rﬂ%l}e Uﬁib &6 niUr@S.@éHcralli 075%52.0, or?éﬁm%lr%aﬁ& et inblat kio®F theI q
conveni en e r ro i qui
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primary or between 25Q;¢e0th8690/1 and whts preier@iymat\nwyﬁaﬂﬂ 8 yTheni ne.
LJS ;Jal | %/ It hyRirdfedl Onbeid préteraBl enipfoyed in a molar e)fc%H?é&émﬁé albs&bt%ee@pécraﬂ;% wat er,
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product 4 Otimes are typieadly instheuanae, of fromifed minstodbi espprialitup tdhendat er present
as a secondcdpasientfydtoath. N appears that substantially shorter times than those disclosed in
11 the above-mentioned publications are made practicable by the invention. After reaction,
the mixture is worked up by standard procedures. A reaction solvent may be present, for
35 example acetonitrile or, conveniently, the hydrogen donor when the hydrogen donor is
liguid at the reaction temperature, particularly when the hydrogen donor is a primary or
secondary alcohol or a primary or secondary amine. 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
40 is water soluble, it may be desirable to have water present as a second phase extracting



t he product, pushing the equilibriumand preventing |oss of product optical

purity as the reacti on proceeds. The concentration of substrate may
be chosen tow§%é m se reaction time, yield and enantionmeri c excess.
According t 4%%8Ad enbodi nent of the present invention t hBERGBIS/MEEYi ded
a b5 catal yst of general fornula: 11

A B M

Y R wher ei n: Rlerr] represents an optionally

bsti t ut ed t
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ndenendent! Y SRR 20 8B SHRILIT IR bk AR s

het er ocycl yFatglystns geaera! fRfrewl2] 4 and R[err]5 are each i ndependent |y
hydrogen or a group as defined for Rerr]; 15 B represents -0,
-OH, OR[err], -S, -SH, SRerr], -NR[err]; -NR[err], -NHR[err], or
NR[err] R err] wher e R[err] is W t‘éO)RlS SOZR[err]S [err]
C(S)NR[err]Rlerr], C NRlerr])SRerr] orp” C(=NR[err])ORerr],
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hydr ocar byl , per hal ogenat ed hydrocarbyl or an optionally substituted
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enbodi rr;a nt shydrodeasyl askrisaid gepeatedHydrdsadyl dranruptionedly sotestitutedheateroeydyd goup,
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Catalysts in erived fro
parti R arly norgﬁ?ﬂaﬁ?’ﬁ%aﬁﬂﬂ"%w@%m noi ndanol , are preferred in

the transfer hyndrgpmémtsla rmétaladadeﬂslgdéaatamslng(earmfershyumggmaﬁenmrrdohoI s. 35

Especially, Misy A?QQ:‘; Hﬁb&l:bwupa{.ﬂﬁaé?%ﬁ‘#afnh o?%%@éﬁ@ﬁ?

pent anet hyl cycl o nt a ¥ I Sopropano Br ef erably

enpl oyed as hydrB@&’i‘eﬂ% ) whep !éﬂ“%r’ﬁ“@%rsﬁﬁ&@ﬁa east one of |°§ &Aple8fed as a
base. Cat al hgdreagemataini amid (i)-vidheld B aapcbaentsed)- br @H, I‘thatcmry Indi paﬁmf@camcezylate

pr ef erifd [ Bm%ansf er hydrogenation reactions of imnes and imniumsalts.

E | M
spectatly, ' ®In the catalysts according to the present invention, A, E, B, M, R” and Y can be as

described above for the transfer hydrogenation process.
The catalytic species is believed to be substantially as represented in the above
formula. It may be employed as an oligomer or metathesis product, on a solid support or

30 may be generated in situ.

In certain embodiments it has advantageously been found that certain catalysts
are preferred in the transfer hydrogenation of certain substrate types. Catalysts in which
A-E-B is derived from aminoalcohols, particularly norephedrine and cis-aminoindanol, are
preferred in the transfer hydrogenation of aldehydes and ketones to give alcohols.

35 Especially, M is also rhodium (Ill) and R represents pentamethylcyclopentadienyl.
Further, isopropanol is preferably employed as hydrogen donor and sodium isopropoxide
is employed as a base. Catalysts in which A-E-B is derived from N-tosyldiamines are
preferred in transfer hydrogenation reactions of imines and iminium salts. Especially, M is



12 al so rhodium (I1l) and R7 represents

pent anet hyl cycl opent adi enyl . Further, sodium | sopr opoxi de or
triethylam ne are often enpl oyed as a base. \Wien the conpound of

formula (1) WO 2643 ne, a nmxture of formc acid and tri et hypcaitEys/obssz
preferably enpl oyed as hydrogen donor and when the conpound of
formula (1) is a prefornmed inmm nium salt,12 5 preferably a
trifluoroacetate salt, isopropanol is preferably enployed as hydrogen
donor. The catal yst can be nmade by reacting a netal

cycl opent adiaiseymhodigmi (HB and i) rentesents pentametityleyciopensadieny!.oF urtherragdium- E- B as

defined aboygppépcokideld? tiRiffingdd ofth@Ripidye@B% a base. WHBA it ddmpBind

derived, an whe Y_represents a acant .sit eacting the ﬁ&gﬁul%?
Cher oot wt HomS L o' e 3R fer SRR Seif abd elriBiing ' atalfrakh sriedy
has the 10 as hydragen doparRindhien)ecompeand offovnula () iya areformeddmminien salbove,
?Rd Z repr etﬁﬁé\‘. BFabfy ?ﬁmb&e?cetate salt, isfb%l‘dpgﬁbﬂi@;?ﬂeiéréhﬂw @r’hbl@ﬁ’ec{ as hydrogte_n donor. For
e preparation c S according to the present inventi a
solvent is olfhﬁrc@fa sgg?arlygep&%g%ﬁffeagmg?aawp@ W&c@gptgﬁnepyg%}é’fea "?Q@%x are in
the range 0-withea carepousd sfifarsula A-E-B asxipfined abaverdr g prajenated gquivaentfreact i on
Ej I mes gf b0- 5vrﬁa|rpit hray'%fd?ﬁyéd?aﬁd,iv@i&ré‘Sré‘;ﬁé@%l{u&téi‘va}[dahtes(ij@%ébﬁf@tthé roductray i f
esired be isol ate ut i r.e canvenien ored a e on or
Hed soon thetedt it a Pits, ThelBd & OBNGRASAN) Vaidh SRR Bt RRT PRE MG Chen
donor aAd t Hormula IMRZgls vhedkin Y and R’ are g$ definet abpve ape Zgerrsesnts ahalige, used as
t he sol vent dasicukigRAlofi@. and/ or (b). The preparation and

f -handl i ' abl.y. b N : o
Shr 1 curmely o AR i PR B A Dl Lo Bl d B the BT BB fon, 3Vwventis [,
catal yst or Regfeeabjysressst.uBuitable reagfion deraperoturasae sdtharangePat0. &rexampleust
% ior to o 20-70, US Eofte givihd reAsioRItiniasdf 0G50 hi Aifter &?eﬁdMQcomplew;Hmtalmé:

2o R e TR MBhien BB ldipa, but s mdte SoAnRARPsthida el tne iitlohyy; ybely ST T

or to oun o the
transfer hyd@fegRieaaiagan.r Eagsqligien can contain the hydrogemdgnarand this df 8 §8¢RNGABM can
beI acconpl :c sisdtol ynalybeniésant intg us&bassthk wbivert ferfstelds (a) aridrdb)y SThet 0 aI
solution o { y : ivaly a

Sol ut i on of AuipEpdhdh dher RARANEEhTa HERFI be GIGRY pfinkr Anbeidfh ke Y 2,
pre- added t gparticularly in garbenygigxide andsexygen-fae senlitionst he substrate sol ution, or
can bezadded | at efhe chtulyshyrlcatg)gst solution is genstally tréfatstbiitrebase aitierjusteeint toi n t he
catal yst sol jubi;pp tﬁﬁgfeﬁﬁ);(o?#%gﬁ%egaﬁﬁ&%ﬁéﬁé&. This can 5Phdtbirplished’bydy be

added to the reaction e, . . I'nvention | J||H§,’[I‘at%d by
the foll ow r?g’dEBQa‘??ﬁF&t.he catalyst in solution, or {g,thg sempeynsy 'f%'@“&@? B polugion, or by
conver si ons atidifioftte therttanefee hydrogenatiarsre@etion. ) wer e det erm ned by GC.
EXAMPLE 1 35 ' ; | ne
%sm&%maﬁgée%%sﬁbx%%?&Wsﬁmure@rmws %Bltgf?&}%%)

React ant ) . ratio
[ Rh( Cp2Pal 2 108falyst fo a solution of supstipie; agompound efgsneygl formula . Alternatively a
41. 2[ er r ] nolsolution of subisrats, caR)oe(atijied to a solution 6 catplipstd IBase may be pre-addedito0209¢g

ég 1 1% 1 tgﬁ' ggl?lyst solutioﬂ%gglgﬁ @n%lrshﬂa}atégoluﬁon?aﬂ:raﬂ%%ﬁeé Ry drisdrogen1 00
' donor if not already present in the catalyst solution may be added to the substrate
solution, or may be added to the reaction mixture.

30 The invention is illustrated by the following Examples.
Unless otherwise stated, % conversions and % enantiomeric excess (e.e.) were

determined by GC,
EXAMPLE 1

35 Preparation of catalyst and reduction of acetophenone
Reactant Wt used Mol. Wit Mol ratio
[Rh(Cp")Cl1.* 0.0254g 618.08 1.0 41.2umol
(18,2R)-(+)-
Norephedrine 0.0209¢g 151.21 3.36 138.2umol

40 2-propanol (anhydrous) 100mi 60.10 31677 1.305mol



13 KCOH 0. 1Min 2- pr opanol . 3.3nL 56. 11

4.01 0. 33mmol Acet ophenone 2. 069 120. 15
209 17nmol 5 Not es: ** purchased from STREM Chemi cal s

Prior to th®O9842¢430n, the sol vent was degassed: 100rRCTHFBIMASEIr OUS
2- propanol .was added by syringe to a seghed clean dry round bot t oned
flask and degassed in vacuo at under 20[err]C for 30 mn. 10 (a) ’
Cat al yst Preparation The (+)-norephedrine and rhodi um
conmpound m?g%{@ﬁv Red out into a clean dry Schl enk flask. The fl ask
was stoppe | a 'Suba-seal' (RTM. Its contents were evacuat ed,

t hen pur ge@-pgepangbm t enper at urd3my 15 chaatfes of i@ ogen. TBSmniol
propanol (A&tbphetpeadded by capsg! a. Thgofisask tapgwas cl ogefinaypd the

flask swirled 15 until the starting solids dissolved. The result was an
or ange- col oured supernatant and a dark solid. The flask tap was
r e- opehed, Natesutrpanchaséd friomriSIGEM Chemicals and t he fl ask contents

heated at BRbEab A datlior? theddbivant BEdéglsabyst was checked at 30 min

i nterval s. ach interval it a dark bro solution, wth a
bl ack sol | df&aqmlt"‘ﬁ@"@@&?%%'pmpi’ﬁ Was(aﬂs’gﬁwﬁma&%ﬁ?%\%’ deandryrond” 'y
acet ophenonbottwmediflask @nd ddgassed ipvaspaablinded @A1Q for R@minlegassed for 40m n.
This solution was added to the catal yst-containing flask by cannul a,

fol |l oned Vif‘)l sy&i Ege 3 . by the degassed 0.1 M solution of KOH in
2-pro]p°anol @The Meft at room tenperature, sanples being
taken at i nt er vihg (Qrmeraphediinesahdopoditm aompouad wereapdighedmut fgo a cleahdnsmal |
scal e of opgkiakk skt NPe NBSECWADRopperbdivRh WPSUHA eal BRTMIE dtsMdnfentd\Rerdi t r ogen,
but spar |n% woul ddb? used in lar %e\r,aés al esprfoquctlor}h Rssul ts for
productione cue%y en purged a Eﬂ%’h FF&H’& Y42 changes of nitrogen.  Then 2-

conver si onpmpanol (20ml) was addestbygannula. The flask tap whs closed and the flask swirlgD

84 301s  until the stdfiig SIid3 AADIVEY MR rest N WADEPEBAgAYAburdd siFemAtBtHrard | -
rE;(f\:\/ELE 2 darﬁs&ﬁtﬁigﬁaﬁéaa%sie-opened, a cug_eatr%v nitl%%grq fegilig,_ %@ th%askl_ 0 ol
ea ,

10. 1, [ er r ] A@iterds *S) for 2 Seins The catalyst wasyghegiedati daindntervals. At 1. 64ng

149. 19 each iARrval it was aldark BiowhSalution, with a BIGEK S9KB @0Medottom. 2. 069
120. 15 1547 17mol 2- pr opanol
129974

20 (b) Hydrogenation
The acetophenone was dissolved in 2-propanal (80ml) then degassed for 40min.

This solution was added to the catalyst-containing flask by cannuia, followed via syringe
by the degassed 0.1M solution of KOH in 2-propanol. The mixture was left at room
temperature, samples being taken at intervals and examined by gas chromatography. At

25 the small scale of operation the reaction mixture was not sparQed with the nitrogen, but
sparging would be used in larger scale production. Results for production of (R)-1-
phenylethanol were:

conversion % ee %
1h 92 84

30 The turnover number, integrated over 1h was 189h™,

EXAMPLE 2

Reactant Wt used Mol wt mol ratio

[Rh(Cp*)Cl,), 6.2mg 618.08 1.0 10.1umol
35 (1R,28)-(+)-cis-

1-amino-2-indanol 1.64mg 148.19 1.09 11pmol

acetophenone 2.06g 120.15 1547 17mmol

2-propanol 129974



14 (a) Cat al yst Preparation The rhodi um conmpound
and (1R, 2S)-(+)-cis-2-am noi ndanol were suspended in degassed

2- propanol (50ml) under nitrogen, heated to 60[err]C and held at 60[err]C
for 1h, th@fpogursss COOl €d to anbient tenperature. The resydsGlosRiogdade- r ed

sol ution of the catalyst [(+)-cis- 5 (1

R) - am no- ( 2S) - hydr oxyi ndanyl ] - [ (mu5) - pelt anet hyl cycl opent adi enyl ] - r hodi um
chloride was passed to the next stage but could be stored under
argon or nitrogen. (b) Hydr ogenat i on The cat al yst

sol ution was aduiRslyétPrapdt sedOlMsqutlon of KOHin 2-

propanol , foll m xt ure
was stired %arhgﬁu%%g A R ARG A A eﬁ@%e"?ﬁﬂ?dﬁwdg?ﬁ

wor ked up degassad 2-aropanal (SOmI} w‘c@r nupaen heated tm@QiB@fﬁlfGM%tﬁgciF @féﬁ'dthen
concent r atdgagdy awfb%ﬂ#fénibeﬁétuﬂd Thd RBultid\rah@s redbRIuties ofthk dhrafystyi [(+)-cis-

B e

S Se magnesi um
sul phat e, wasppassedtp the oexisirgelmit could e Ff@f%’ﬁd’dﬁ'?%fé@l” gt nikegefent to gi ve crude
(S)-1- phenyl ethanol (1.76g). Yield 84% ee 89% The turnover nunber,

I nt egrat ed b?ve ” Eb Jas, 324h[err] EXAMPLE 3 React ant
W used Mol ratio 20 Rh(OpE rr])ClZ] 6. 3ny
618. 08 1. OThe catalyst sglgthpgasr a9¢eq to a degasseqd §4Mpggjutionyof KOkLin 2-

1- aniypo- 2- hragaHy) followed by sbiion of acetdbhBndri in 2-pro&n6! The mixtur@@as8Etired nol

acet ophenl N Smbient temperatufe @ritdr nitrogen fbf-2h, tren worked 358y neutragi;g%g\tg AiiRL

2- propano

(a)  Cat anydisechiarigpaideandeencentrating by vacuum digtiliatioothe rRsigupiyas Atk Rk with
suspended éthyiaRBlatdindPwahepanithlanaadaldeyemse datuyatéd aqueous sodiyrolchboridé. vacuum
and nitro t r I he
) A ol o U M Gt
_ani rié- 2- i sRid#OH fregd of sqlyant togikricruge (Sl -Rhsnilethape \ﬂf )s?(ie @r m xt ure
was degasSesk fiyndveEh@rhberf integeatethover 1h, was 348" ni trogen flush and warnmed at

30C for 30mn. The resulting orange-red sol ution of " the catal yst:

[(-)-cis- (1S) ani_no- (2R) - hydr oxyi ndanyl ] - [ ( mu5) -

pent anet hyE¥AMPYESht adi enyl | - r hodi unthl ori de was passed to the next stage

but coul d Reactant st ored untenseat gon Mud wii t r ogmiol ra@i® - (b)

Hydr agenat cet opegpae Wwas4gdded to {dpumat al yst

sol u'?%;b Lﬁ%@ %)x%lﬁre was sti rr?ra&l anbi ent terrperadtqﬁ?e for 1 h.

Sodi um 2- pFlSFFL¥0. 25mM of freshly prepared 0.1 M solution in

2- pr opanol J-awiso-24itiatiol The ni x3.tmg was d949M8ed foR.02h and s2h$wed; 57% of
acetophenone 1.29g 120.15 1039 10.6mmol
2-propanol 63857

25

(a) Catalyst Preparation
" The rhodium compound was suspended in 50mi of 2-propanol and degassed by 3

cycles of vacuum and nitrogen flush. The mixture was heated to gentle reflux until the
solid dissolved, then cooled to ambient temperature. (1S,2R)-(-)-cis-1-amino-2-indanol

30 was added to the solution with stirring. The mixture was degassed by cycles of vacuum
and nitrogen flush and warmed at 30°C for 30min. The resulting orange-red solution of
the catalyst: [(-)-cis-(1S)-amino-(2R)-hydroxyindanyl}-[(muS)-
pentamethylcyclopentadienyl])-rhodiumchloride was passed to the next stage but could be
stored under argon or nitrogen.

35

(b) Hydrogenation

The acetophenone was added to the catalyst solution. The mixture was stirred at
ambient temperature for 1h. Sodium 2-propoxide (0.25ml of freshly prepared 0.1M
solution in 2-propanol) was added. The mixture was stirred for 2h and sampled; 57% of



15 t he acet ophenone had reacted to give (R)-1-phenyl et hanol of 79%

ee. The turnover nunber, integrated over 1h, was 241 h[err].
EXAMPLE 4 5 React ant W used Mol wt nol
rati o WO 9842643Cp* ) A 2] 2[ err] * 7. 1ny 796. 71PCT/GB98/00862
8.9[err] nol (1 R2S)-(+)-cis- 15 1- am no- 2-i ndanol 1. 64ny
149. 19 1.23 11[ err] nol acet ophenone 2. 06g
120. 15 1908 | 7nmol 10 2- pr opanol

146550 J)ur chased from STREM Chemni cal s (a)

Cat al yst U %‘i?é?l?ilef‘@i‘? had reacted to give (Rjlephanylgthanecf fS%uerl Hieitufnover

R, 2S) - ( +)number, integrated-oXer i wael2498t e suspended in 15 degassed 2- propanol
(50 m) under nitrogen, heated to 60[err]C and held at 60[err]C for 1 h,
then cool ed to anmbi ent tenperature. The resulting orange-red sol ution of
the cat alG}AMPLE 4 [(+)-cis-(1

R) - agi no-Reatjantydr oxyi ndany| Wt[used5) - paskwtret hylmyiiatipent adi enyl ] -i ri di um
chl ori de[y@% )gﬁ d to the nexp,.stage Ry, 1couI d 1b@ stored 8”%19%! argon or

ni trogen Hydr ogemnati on To the catal yst
sol ut | on(mgsér&ﬁéiﬂs‘a degassed 0. 1M sol ution of KOH in 2- pr opanol ,
f ol | owed 1byminodhdedriobn of aceﬁombenone149n192 propez®! . The 1murolr e was

war med t%c@t%kﬁ%{c;ng and 3t| rr8¢g egt anbl,pibt §enperélbgre unde|r Jrogen for

1h, then wor tralising W|thd ute hydro Iorlc acid and
coné@nt r ZPABAMY vacuum d| Stl |lation. 2 5 Thel48889 due was diluted with
et hyl acet at e parshay@siet STREM Ghergigaleal vol unme of saturated " aqueous
sodi um chl oride. The organic |ayer was separated, dried over nmagnesium

sul phate, separated fromthe solid and freed of sol vent to gi ve crude

(S) - 1- phdRly| etGaialyst Preparation 0 9g). Yiel d 43% ee 80% The turnover nunber,
i nt egr at ed ov@helidiumasmpdeid andr (It R,28)-86)-cis-1-aMid2Lndanot were suspendedint

ed | . r
g i degad¥dly 2Wropanol (5p m) undé? nitfogbh hes atedto 0 6ptCBhdHEl écgcszfjr&_ .
1, 2- d| phdhsn eaolesigiambient zgny;gﬂature The repl Q@orange-rgd splution ‘of the _Iyﬁt’er rlmol 35
t ri et hyl g¥)ei-(1R)-amino-(2S¥hedroxyindanyl)-{(m&$)ipehfamethylcycloplemadienyij-iridium

53Ny chiorid® ?’Tg _@8§sed to ff% next stage but%aﬁmgtgggn%?er a%m{;_ror?regb ANl

20[err] |
11m 144000
20 (b) Hydrogenation
To the catalyst solution was added a degassed 0.1M solution of KOH in 2-

propanol, followed by a solution of acetophenone in 2-propanol. The mixture was
warmed to 60°C and stirred at ambient temperature under nitrogen for 1h, then worked
up by neutralising with dilute hydrochloric acid and concentrating by vacuum distillation.
25 The residue was diluted with ethyl acetate and washed with an equal volume of saturated
aqueous sodium chloride. The organic layer was separated, dried over magnesium
sulphate, separated from the solid and freed of solvent to give crude (S)-1-phenylethanol
(0.9g). Yield 43%, ee 80%. The turnover number, integrated over 1h, was 410h™.

30 EXAMPLE §

Reactant Wt used Mol Wt Mol ratio

[Rh(Cp*)Cl,L, 6.2mg 618.08 1.0 10 pmol

(18,2R)-2-amino-

1,2-diphenylethanol 4.3mg 213.28 2.01 20.1umol
35 triethylamine Tul 101.19

*Imine 53mg 205.26 26 0.26mmol

CF,CO,H 20ul 114.02 0.26mmol

2-propanol 11ml 144000




16 : MeO

#l m ne= N MeO
(a) Cat al yst Preparation (1S, 2R)-2-am no-1, 2 ’

di phenyl et manedia2643l drich: 4.3ng, 20.1[err]nol) was di ssol vag/Grosmoss2
2-propanol (10m) in a small vial with magnetic stirrer flushed Wlt?‘l
nitrogen. The rhodi um conpound (® 2ny, 10[err]nol) was added to the
solution, together with triethylamne(7[err]l). The sol ution was

warmed to 60[err]C for 45 min during which it turned brown. The resulting
solution of the catalyst: [(1 S)-am no- ("R _mudroxydi phenyl ethyl]-[(nu5)-
pent anet hyl cycl opent adi enyl | - r hod#uminekl or i as N,Jsed directly in the
foll owi ng reaction. 10 (b) Hy driaegénati of I m nium
trifluoroacetate was prepared by adding trifluorbacetic acid (20[err]l,
0.26mmol ) to the imne (53ng, 0.26mml) in 2-propanol (1 m ). This solution
was added to the catal yst solution and heated at 60[err]C for 20 h.

Af ter quen(au nggﬂmfm% acid, 15 t he aqueous sol ution was nade
basi ¢ bef ore exisag)-lranino @ digtenylethasolqAldfeh 0&£3mbED.1umol) wadaieshndd iwas

anal ysged l:g( ro nd'l‘lgf Omlﬁﬂ% Jn‘?éll’\ﬁalmhl?ﬁﬁgﬁé%a"e" ﬁ&hgﬁi\k}é%@"@%@g%é f@é@g@} ant

remai nder s I'm

W used COMAGHNG£S-2mg, 10ymohwas;agded to the spldignetegether with driethylamine(7ul). 6. 2ny
618. 08 Thelsolition was warrfed 8{ @0°Cforod5 min during Mhich $tytlirnéd biawdR)Theirésulting

1-am no- 2-doRfigR et the catalysf3 ino- (2 dr%Q){dtphenél%th%I]-[(mUS) 22. 4[ err] ol

2- pr opanol ]Zag er

101. 19 pentarrreélwlqwcppg,@adrenyl dlum chlonde wag{gm‘)d directly in the fpllowing reaction.

0. 193amol CF3CO2H 15[ err]|

0. 195mml Hydrdd@hationCat al yst Prepar at | on 30

N-t osyl - é 2R) % -2-1n 22. 4] er was di ssol ved
in 2- '@MF" (’3"°Pr?3tatier’fva§ Fgﬁ%ﬁ’?d hY ﬂ‘f‘?"ﬁ 639‘13&?0 ith magnetic

stirrer. 'mzﬁ_mmok)itqm imine (53neg O2BmmTdol) i 22prgpar&l A%ile rTHisw=dIYtionasasadided t o t he
sol uti on, tMViHeCéhtéﬂ?s?t rhﬁ‘éh oy ﬁ?a@eééts‘éﬁ@for 20h, Af{eP élrl&hm§ lﬁtsfagé{éd?:@‘a@ﬁl
(7[err]l) | ut | nco ou rom

pur pllé Tﬁ% E%*??PFBPJ“&A%&W%M?% ﬂ%rab%{pre@?rgg:t}n%@tpmeﬂylﬂﬁqh%@pethem n, then
cool ed t o paediickwas 88alyseddrypgnan.uraed fotind to be 64%iof thesddsired prododt, thee cat al yst :

[ N-t osyl - Ghainde) wad i £tdfthg material.
hydr oxyi ndanyl ] -[ (nu5) - pent anet hyl cycl opent adi enyl ] -rhodi um chl ori de was

stored under ni t rogen.

EXAMPLE 6

20 Reactant Wt used Mol wt Mol ratio
[Rh(Cp*)CL,), 6.2mg 618.08 1.0 9.73umol
N-tosyl-(1S,2R)-cis-
1-amino-2-indanol 6.8mg 303.38 2.3 22.4umol
2-propanol 1ml

25 triethylamine 7ul 101.19
*Imine 40mg 205.26 0.195mmol
CF,CO,H 15ul 0.195mmol

(a) Catalyst Preparation

30 N-tosyl-(1S,2R)-cis-1-amino-2-indanol (6.8 mg, 22.4umol) was dissolved in 2-
propanol (1ml) in a small nitrogen flushed vial with magnetic stirrer. The rhodium
compound (6.2mg, 9.73umol) was added to the solution, which was then warmed to 60°C
for 1th. Triethylamine (7ul) was added. The solution colour changed from orange to
purple. The solution was maintained at 60°C for a further 20 min, then cooled to ambient

35 temperature. The resulting solution of the catalyst: [N-tosyl-cis-(1S)-amino-(2R)-
hydroxyindanyl]-{(mu5)-pentamethylcyclopentadienyl}-rhodium chloride was stored under
nitrogen.




17 (b) Hydr ogenati on The imniumtrifluoroacetate

was prepared by adding trifluoroacetic acid (1 5[err]1, 0. 195mml )

to the imnpe (40ng, 0.195mmol) in 2-propanol (Im). The catal yst solution
Wiy

was added m xture heated at 60[err]C for 16 h. Aft&8FTERIBEMSAg into
aqueous 5 sodi um bi car bonat e and e)f‘iracti ng into methyl ene chloride,

t he product was anal ysed by [err]Hh.mr. and found to be 42% of the
desired product; the renai nder was the imne starting material .
EXAMPLE React ant W used Mol wt Mol Ratio

7,10
[err] ®) eH¥gfgaenation g5 (g 1.0 10. 2[ er r] ol
N- Tosyl - (1 R, 2Rpe iminigm triflucroacetaterasyriepare by rdding trifiueroacgticanid (15uB66. 48

1.93 0.193hRNtd T imine (40mg ! 0.1 bR 2)6ropanol (1mi). Tl?é %télw.t solutioréo im- 19

?:Hé?:l\l was aéd?’éde arr{d] tgg Imix]turce kggé;q‘part 88%1 f%lgf 16 s After quenctliap ?r]tp AAYePUs

109ntp sodh@B biv@rbonate and extracting into n@ittBmeathloride, the ptaduct wigd andiysedfyr i ¢

acid 2:5 Q42 andfdund to B 42% SBiheldéSited Frodat:athe $8mainder was the imine

N Tosyl - ( thzR)ré%’ 2-di phenyl et hyl enedi am ne (7.3ng, 20[err]nol) and the
rhodi um Starting'maiedal, g (6 3ng, " 10.2[err]nol) were suspended in 2- propanol
(10m) in a small vial flushed with nitrogen. Triethylam ne

(6[err]l )Eggmﬂ_lcgjfed. The m xture was stirred at 55C until all the
solid had_di ssol ved andthenf& atégto Cfor 3 in . then cooled to
anbi¥ht 2Rsactant opperat ure. P Ul t MR ol ut i tiPhe catal yst:

[ N-t osyl - [Rh&*)8kLno- (2R)- 6.3mg 618.08 1.0 10.2umol
am nodi phﬁnycjs%(hkl'jmh(ﬂuS) - pent anet hyt cycl opent adi enyl ] -rhodi um chl ori de

was store under .nitr n. b) rogenat j.on
f Subst r at 'Pbﬁqyé?t%?”e%éﬁ"?'%e 26279?"3930 366.45 A%grtion (gﬁ‘f'}mtof t he above
cat al yst #iethylamine was pl aced Guht 0 a vi d0148d t he4.18 so#dwme! evapor at ed

by appl yi pgrysapgum The resi diggywas regpssol ved in acetonitrile
(6.4m) a g gassed with nit n. A nitrogen-purged vial was charged with
ﬂ's ﬁ 341%8‘3) andrldoé

the I mne (109ngy, 0.5 ~8m of the catal yst sol ution
fol | oned Bgire 2: 5 tri et09pigani ne:20626i ¢ acid mi xture0B8m@®A ). The

m Xt ure WaRiHyRMiRorhictitleers1d24mr 1 h, 35 quenched by addition of water
and then extracted into nethylene chloride, dried over magnesi um

sul fate and the crude product anal ysed by [err] HNVMR that showed it to be
>950380 (a) of CatalystiPrepsratiomni ne. Chiral shift 'Hn.mr. showed the amne to

be 74.8% ee. N-Tosyl-(1R,2R)-1,2-diphenylethylenediamine (7.3mg, 20pmol) and the rhodium
compound (6.3mg, 10.2umol) were suspended in 2-propanol (10mi) in a small vial flushed
with nitrogen. Triethylamine (6pl) was added. The mixture was stirred at 55°C until all the
solid had dissolved and then heated to 80°C for 30 min then cooled to ambient
25 temperature. The resulting solution of the catalyst: [N-tosyl-(1R)-amino-(2R)~
aminodiphenylethyl]-[(mu5)-pentamethylcyclopentadienyl}-rhodium chloride was stored
under nitrogen.

(b) Hydrogenation {Substrate:Catalyst ratio 266:1

30 A portion (8mi) of the above catalyst solution was placed into a vial and the
solvent evaporated by applying vacuum. The residue was redissolved in acetonitrile
(6.4ml) and degassed with nitrogen. A nitrogen-purged vial was charged with the Imine
(109mg, 0.53mmol) and 0.8m| of the catalyst solution followed by a 2:5
triethylamine:formic acid mixture (0.25mi). The mixture was heated at 60°C for 1 h,

35 quenched by addition of water and then extracted into methylene chioride, dried over
magnesium sulfate and the crude product analysed by '*HNMR that showed it to be >95%
of the desired amine. Chiral shift ‘Hn.m.r. showed the amine to be 74.8% ee.



18 EXAMPLE 8 React ant W used Mbl

wt nol ratio [Rh((Jerr])err] 6Ny 618. 08
1.0 9. 7[ err] nol (1 S,2R)-(-)-cis- 5 1- am no- 2-i ndanol
3.2ny - WO A28/42633 2.1 22. 1] err] nol ac eraplaEI8NEss2

0. 1269 120. 15 1mmol 2- but anol

20n 74,12 0. 22118 (a) Catal yst
Preparation 10 The rhodi um conmpound and (1

S, 2R)-(-)-cis-1-am no-2-indanol were suspended in degassed 2- but anol

(20m ) undEXAMRLEFen, and the reaction purged with nitrogen for 30
m nut es. TReast@ht ow m xt ure wagtissd ed Mol err] mdieatid- Sh, during which

time the C@“?¢ﬁ20%%su| t| nt en3|gﬁé’id to orsqg%gl red, 1t0hen0?ot)lr1§d&%1(§b?gts)![ ent

t enper at ur ing ora red sol ut'i“on
[(-)-cis-(11SBRA®- (2R) - hydr oxyi ndanyl ] -[ (nu5) - 15

pent anet hyheythepeaitandi enyl | - rdipdyunchl aubde was pgssed to pheymext stage
but coul d KE‘?

stored un rgon t rogen.
Hydr ogenat ‘gedoif@ﬂg'%?rate Cat al i% ratloqgggg bt ophenone
(0.1 26g, ZbuiawP) was added t Zoldry vi a'(l412Then a portion (Qﬂ?-t)'mbf 20 the
catal yst solution was added foll owed by sodi um 2-propoxi de sol ution
(25[err]l 0. ution in 2-propano|). The m xture was stirred
at anbi entPa[)e 8Ma shere % hitroge for 2h. This gave
(R) - 11phenyl et halrrrothomum PMEBURYANG 1m(-mehamlmq-amqanpinweusuwﬁw in
i nt egr at eddeyeesed 2-butandis2omK lnheérditrogeAdand thm&?ur ed with nfiogéA RB0

\é\ll 8”82(1 mqu./ﬂ%, Yhe yellovg) Hg%t%@%iﬁeated to 35%?)‘ é%% %lrﬁ?h time the colo(én' 1y

1- ami no- 2- intRNaified to orangegrag, then cooled tojargbiet tempergtuge; he resultingorangsriedl 30
acet Ophenoﬁkﬁutlon of the catalyst: 8%s- (1S)-anﬂrﬁﬁ(ZRS-hédroxymdanyl] [(mus)- 9. 1ol

(Za;) Utfsga Fent?mﬁthglcgd%entadle%9Mhodlumchlorléésﬂla paﬁsegt rbext sta e but %)%m

(1S, 2R) - (- ;toaquunfeeamﬁeozmtrmhol were suspended in 35 degassed
2-butanol (20m ) under nitrogen, and the reaction purged with nitrogen for

30 @lnut gzdr? EH}&IXE';&%’(@@(&HE&&V@% ﬁhed to 35[err]C for 20mn,

during whi orange/red, then cooled
to anmbi ent t enplseiprhesonertla136gs ﬂl’F’E‘WHg’VaGraQHQ%tOr%@W Vial. The’b@)PQﬁ'%(?"&ﬁ o% he
cat al st {he-catatyss sdlition)wavadded falicived i sodivmPdsroydxidd <omtioh-(25u! of 0.2M

pent amet gyg&ef@&qner&gﬂn%gy%e 3R 0 el PSR G bl it ! 20°
for 2h. This gave (R)- 1-phenylethanol Yseld 66 2%, eé 87% The initial turnover number,
integrated over th, was 574h™,

25 EXAMPLE 9

Reactant Wt used Mol wt mol ratio

[Rh(Cp*)CL,), 6.1mg 618.08 1.0 9.9umol

(18,2R)-(-)-cis-

1-amino-2-indanol 3mg 149.19 2.03 20pmol
30 acetophenone 1.089g 120.15 9.1mmol

2-butanot 20ml 74.12 0.22mol

(a) Catalyst Preparation
The rhodium compound and (1S,2R)-(-)-cis-1-amino-2-indanol were suspended in

35 degassed 2-butanol (20ml) under nitrogen, and the reaction purged with nitrogen for 30

minutes. The yellow mixture was heated to 35°C for 20min, during which time the colour

intensified to orange/red, then cooled to ambient temperature. The resulting orange-red

solution of the catalyst: {(-)-cis-(1S)-amino-(2R)-hydroxyindanyl]-{(mu5)-

pentamethylcyclopentadienyl]-rhodiumchloride was passed to the next stage but could be
40 stored under argon or nitrogen.



19 (b) Hydr ogenati on [ Substrate: Catal yst ratio 460: 11

Sodi um 2- propoxi de (0.45m of 0.2M solution in 2-propanol) was charged to

t he t solution. After 2 mnutes, the acetophengo 1.0889q,
9.1 nmol) was agz 3 The mi xture was stirred under Mﬁﬁ%‘{" 62
35[err]C for 1.5h, then heated to maintagn a 5 t enper at ure between
40-45[ err] C for 4hours. This gave (R)-1-phenylethanol Yield 87.1%

ee 87% The turnover nunber, integrated over 1 h, was 1 502h-[err].
rEg'tA\:VELEOlO([)Rh( Substrate: Catalyst ratio 460:1]? UsgcliB 08 Mol Wt ol
9.57[err] nol W8 (Q-45mlgf 0.2M solution in 2- pé?ﬁarﬁ'ﬁbziaﬁr?ﬂa%ﬁ t° the 3. 1ny
149. 19 catalystsolution. Aft202 8fimuted, the acetophenones(-110888g\| tremol) was added. 0. 5ni

146. 19 The Piixture was stm%dmﬁmacuum at 35°C%oPY 8 atﬂgggeatﬁd to thntam gom

60.1 (eparation

The rhddi uffBRSALIMPEYREN (“? %@{Qf foyrs. s ga Fﬁo Q"MH\E/{WGPI Wt E8E i %pended
in edfajafss‘é‘ubmrrmwevamnﬂer(lﬁtegﬂa)edm{éenh nwdsr tigehr). and the reaction
purged with nitrogen for 30 m nutes. The mi xture was heated to 35C
for 10m n. fgﬁg;eigbtl ng orange solution of the 20 catal yst:

[(-)-cis-( MRk = (2R) - hydr oxyi ndanyl ] - [ (nu5) - pent anet hyl cycl opent adi enyl
]- Relactintinthl ori de wasWaisedd t dVibhwt next molagtiobut coul d be stored
under ;gr gomr ni trogesg ogenat i

Sodi um@Z pr, ?gggﬁ 0 3 8m of 0 f M solat}tal(dc?)n m%ropanol%% S charged to
t he "2/5,' solution followed by the a--tetralone (0.5m,

3. 76nmol ) . 1fdmineidditdamel was sti 3.Amg 149.1¢¢hder \Zatlium (80r201-8gx)noit

35[err] C f Qliegbhion@fter the fi rggmlpour t hiyefigask waggaback fild bt h
ni t rogen aréd suff|‘C| ent 2- propﬁg chargqefg to conpensate foreé% ol une
-propano mirh (R)-1-tetral ol . 4%

renoved by distillatio s ga ee
95. 79%4.5The turnover nunber, 3 0 integrated over 1 h, was 185h[err]
ratio

39. 48[ err] nol 3 f @ “d and (18,2Rh ﬁi—p@ﬁ”%appﬁémgan& were SUSEE"%

151. 21 de@ag3@d 2-propan08(5pern)rqndar| nitrogen, and fherredctipe puegedmth nitrogen for 30 5
146. 19 mifRés. The mixturd a8 MEBYed to 35°C for 0RO ARB Pésuilting orange solutidA dfthe
60.1 20 catalyst: [(—)-c:s-(1S)1ammg‘&R) -hydroxyindanyl}-[{(mu5)-pentamethylcyclopentadienyl]-
rhodiumchioride was passed to the next stage but could be stored under argon or
nitrogen.

(b) Hydrogenation
25 Sodium 2-propoxide (0.38ml of 0.1M solution in 2-propanol) was charged to the

catalyst solution followed by the a-tetralone (0.5ml, 3.76mmol). The mixture was stirred
under vacuum (80mmHg) at 35°C for 2h, after the first hour the flask was back filled with
nitrogen and sufficient 2-propanol charged to compensate for the volume removed by
distillation. This gave (R)-1-tetraiol Yield 98.4%, ee 95.7%. The turnover number,

30 integrated over 1h, was 185h™
EXAMPLE 11
Reactant Wt used Mol wt mol ratio
[Rh(Cp*)Cl,], 24.4mg 618.08 1.0 39.48umol
35 (1R,28)-(-)-
norephedrine 12.1mg 151.21 2.03 80umol
a-tetralone Smi 146.19 852 37.6mmol

2-propanol 125mi 60.1 1.63mol



20 (a) Cat al yst Preparation The rhodi um conpound
and (1R 2S)-(-)-norephedrine were suspended in degassed 2-propanol
(75nm) under nitrogen, and the reaction purged with nitrogen for 30 -
mnutes. Th¥OPMR4Pe was heated to 35[err]C for 30mi n. The megudrdIsngsser ange
solution of the 5 catalyst: [(-)-(1

R, 2S) - nor ephedri nyl ] - [ (nmu5) - pent anet hyl 339cl opent adi enyl ] -

r hodi uncthl ori de was passed to the next stage but could be stored under

argon or n t]r (b) Hydr ogenati on 10 Sodi um
2- pr opoxi déa)( 1. %ng:w_w aigN 5ol ution in 2- propanol ) was charged to the
cat al yst sol uti Ghe avdiunineompassiand (1RASH-6InOBhENIMEWEYe sUspended it r al one

(5m, degaséed W&Qanbﬁ?gmﬂrﬁamr%#eﬁ’gﬂ% th\\,%@%aétrgﬁ ?ﬁ@gggﬂmﬁé@geﬁ f@' g od_of

15m n. The tur err]C
for ah, at THBHIFS-y IeTBRFaas hRae o35 CiR6 0Bk The resuitingiorarga SN af eogen
and suSfi cicatatyst: [b)*dkﬁh%)l-nqrqamgenm:t-[(mnﬁ)mmmmtmlé}mropbmmewl}drre 15

removed by rfﬁiidﬁfrﬁdh'lo?fdb%s phSde thfYéenéxtc-‘Efaﬁﬁtbﬁféd%ll&)ﬂ) %5!%%1‘11&?/&98&'0!9 6.2% The

t ur nover unber, i nt egrated over

EXAVPLE 12nltrogen React ant W used Mol nmol ratio
20 [Rh((err]*)err]2 26. 4ny 618. 08 1.0

42. 7] err] r’rpd) H droaératign 2R) - (-) - ci s- 1-am no- 2-i ndanol 13. 4ny
149. 1 acet ophenope 5mi

120. 120 Sodlum 2- proggxn%gmq%f 0.1M g:hﬁpab%g@ropanol) was charged pmm 25

(a) Cat akgtslystRyobytian and the pressure reduced (4OIBmmmH19)d IThenostetrplone (Sraind

(21|§r (Z)E?amf)l )376}]%?;:1%1652?%0‘ m%aSWﬁé@a r eac F'tl)ar? of 15""?1 f\nﬁétgﬁ niErogen
Zor £ YAt A0 800 shAS G fBE Alcht hBUTBTIBH AL 11e BepEwas bk,

during whi lediwithenitrégencmideuflicBot 2-prapaselsinhiged té cordpsnsatefdr thelvelureool ed t o
??bl) egﬁl tefﬂi\%@ﬁ%&%stfﬁiﬁmr%H'&ab@%)égét 1 %lc%%%?,fee 96.2%. ThBfurhdVer! yst:
pent anet hyp'é'y%? E‘L‘?ﬂ@éﬁg@gﬁ?ﬂﬁ" Yvﬁﬁébé}hchl ori de was passed to the next stage

but coul d be stored under argon or nitrogen. 35 (b)
Hydr ogenat 'ERRMFQW rate: Catal yst ratio 5018: 11 Acet ophenone

(5mM, 42.9 s added to W hI ck flask cont ai ni ng 250m
2- propanol . Re3 % ¥va portion (2 %‘F hee'a%'t"é’ﬁ yst SoIAHRn was added
fol | o2&d bLRh(CP )C'z]zsodl um 2- prZﬁaﬁngde sd@18tdson (0.130M of 0. &R7gwmioliti on in

2- pr opanol 1132';13)9(.)3&,@@ ure was stirred at 18C under vacuum (28mrHg)
for 5h. This 1- phenyl anol i eI 74% ee 86,8% The
initial tu?ﬁg%g ﬁ'&#%gl i nt eg 5 18Y over14f o* vvas f7hlerr] Sg.%pmol
acetophenone Smi 120.15 42 9mmol
2-propanol 270mi
25

(a) Catalyst Preparation
The rhodium compound and (1S,2R)-(-)-cis-1-amino-2-indanol were suspended in

degassed 2-propanol (20 mi) under nitrogen, and the reaction purged with nitrogen for 30
minutes. The mixture was heated to 40-50°C for 30min, during which time the colour

30 intensified to deep red, then cooled to ambient temperature. The resulting red solution of
the catalyst: -[(-)-cis-(1S)-amino-(2R)-hydroxyindanyl}-[(mu5s)-
pentamethylcyclopentadienyl]-rhodiumchloride was passed to the next stage but could be
stored under argon or nitrogen.

35 (b) Hydrogenation [Substrate:Catalyst ratio 5018:1]

Acetophenone (5ml, 42.9mmol) was added to a dry Schienck flask containing
250m| 2-propanol. Then a portion (2ml) of the catalyst solution was added followed by
sodium 2-propoxide solution (0.3mi of 0.1M solution in 2-propanol). The mixture was
stirred at 18°C under vacuum (28mmHg) for 5h. This gave (R)-1-phenylethanol Yield

40 74%, ee 86.8%. The initial turnover number, integrated over 1h, was 1947h™.



21 EXAMPLE 13 React ant W used Mol wt

nol ratio [Rh(Cp*)d [err] 6. 2ny 618. 08

10[ err] nol (1S, 2R)-(-)-cis- 5 1- am no- 2-i ndanol

149.19 W9 9842643 28. 8[ err] nol p- met hyl acet ophé’r?gﬁ(éms’“o%%Og
134. 18 ) 2. 1mol 24pr opanol (a) Cat al yst
Preparation 10 The rhodi um conpound and

(1S 2R) - (-)-cis-1-am no-2-i ndanol were suspended in degassed

2- pr opanoIE)&Jnﬁ)méwnder nitrogen, and the reaction purged with nitrogen for
30 m nuteés. The m xture was heated to 90C fo 2,0m n, during which
time the d&isastant i nt ensW¥tiusgdi o oMahWt/ r ed, mPL ool ed to anbi ent
tenperatur[qeh(c'bh)elﬂzesultl ng oré2gwy red 618.08 sol ut.bon of t Medpoed al yst :
[(-)-cis- 3 ?_g% Q- (2R) - hydroxyi ndanyl | - [ (nmu5) - 15
pent anet hyl cyc ent adi enyl ] - rhodi unthl e sed to next stage
but c®ul d haino-2-indangf o1 e unﬁgfngargon ?c)){d'ﬂqtrogeﬁggg 2}5{?@5 J
Hydr ogenatp-ragthyiSoétephierione Cat aD280gr at i 0138 1] 2.1mmol
p- Met hyl age‘grgp%gpone (0.28g, 2.1mmol) was added to a dry vial. Then a

portion 2 m) of the catalyst solution was added foll owed by sodi um
2- propoxi de solution (90[err]l of 0. 1M solution in 2-propanol). The
m xture wqa) st iGatsigst ®repandtioant t enperature under ni trogen for 2h.

This,gave 1- (p‘r‘iﬁ'étrh%d&%ﬂ%hmdmﬁ\éw (-2-0@61 §n4?no‘323m§§r@l wE'F@sué?:‘ehﬂé’d in

turndver nunbe at e
React ant degassed 2-propanol (10my ungeL pitrogen, ,951:! rea fion rl%qedfvg{q rgtrogenMPrEO

[ Rh( C] er r ifiin@e’] The mixture was Healdgo 90°C for @0sir) 8uring whigh Bime the colour10[ er r | nol
(1S 2R)- (mteaﬁf' to orgn ofre ]th@r{'?:&@ed?to a'ﬂ'ﬁﬁé?‘f?llemperatupe 318 resulting oléﬁﬁlr@d

2. 88 il acet ophenone

0. 384g solufigm 0 @e cata yst [? -)-cis- (Fl)S) -am ﬂ#%l%)—ﬂedtro%mdagyw;wg)n p (a)
Cat alpst Renpmmehylemliopbntadienyl}-rhodiumEhieridewds passed mq)mmxtastage but could be

(1S, 2R) - (- rag;%f;}p th ﬁnol wer e suspended in degassed

2- pr opanol ?r%ﬁ{\ée un erognq'trogen and the reaction purged with nitrogen for
30 m nut es. The m xture was heated to 90[err]C for 20m n, during

whi ch ti mgb) he K o 31br ange/ red, then cool ed to

anbi ent tenper %M% |a€gspﬁé%§'r\lat(¢ B ﬁﬁasn was addedtoa dr§ Ylait Tish ®portibe

cat alz%st (%nl) of the catalyst so!um.sn waé ad edr}XIFowe)é%y soé% zl-plo@}%ﬁé solution (S0ul of
0.1M solution in 2-propanol). The mixture was.stirred at ambient temperature under
nitrogen for 2h. This gave 1-(p-methylphenyl)ethanol Yield 56.8%, ee 56%. The initial
turnover number, integrated over 1h, was 1064h™.

25 EXAMPLE 14

Reactant Wt used Mol wt mol ratio

[Rh(Cp*)Cl,}, 6.2mg 618.08 1.0 . 10pmol

(18,2R)-(-)-cis-

1-amino-2-indanol 4.3mg 148.19 2.88 28.8umol
30 p-triflucromethyl-

acetophenone 0.384g 188.15 2mmol

2-propanol

(a) Catalyst Preparation
35 The rhodium compound and (1S,2R)-(-)-cis-1-amino-2-indanol were suspended in

degassed 2-propanol (10ml) under nitrogen, and the reaction purged with nitrogen for 30
minutes. The mixture was heated to 90°C for 20min, during which time the coiour
intensified to orange/red, then cooled to ambient temperature. The resulting orange-red
solution of the catalyst: [(-)-cis-(18)-amino-(2R)-hydroxyindanyl]-{(mu5)-



22 pent anet hyl cycl opent adi enyl ] -r hodi unchl ori de was passed to the

next stage but coul d be stored under argon or nitrogen. (b)
Hydr ogenati on [ Substrate: Catal yst ratio 498:11 5 '

p- Tri 1 uor M@ PHA64 et ophenone (0. 384g, 2nmol) was added to PcdioBoviedsz Then

a portion (2m ) of the catal yst §$| ution was added fol |l owed by

sodi um 2- propoxi de sol ution (90[&fr]l of 0.1Msolution in

2-propanol ). The mixture was stirred at anbient tenperature under
nitrogen for 2h. This gave 1-§p-t_ri f1 uor onet hyl phenyl ) et hanol Yield 96. 7%
ee reptamsthyteeciqpgntadisnyl-thodivmshlondeues passaddg the ekt stage buhcouldise

412h[ err] . stdf@dd under argdn¥é\ifirdgeh5 React ant W used
Mol wt nol ratio [Rh(Cp*) 2] [err] 6. 2ny 618. 08
1.0 10[ err] nol 1S, 2R)-(-)-cis- 15 1- am no- 2-i ndanol

3. 3ny (b) 1 49-ydgogenation [Substra e:C’atalysQ@tng@ﬁ;"l] nol
|c2)- chl ar oaf:et opheTdfuerometylddstgphenone (058848, 2mmol) waik added to a dry_l_vlal.OET HHigb

- propanol .4 i er L um
coPrpoEnd o [%nl(gfnﬁ) R‘W"' 38@?%%&%@%' \ﬁégg&lg%af Sﬁ%%eﬁéfrsé’d@ﬂ% '@ﬁ?fé’é']afﬁ"mor_‘
degassed 28PriR5 QM sqlutisn iy 2mieranch The mixturesvas stired abawbieohtempetatidrewi t h
A i) troge " furrdeBAitrogen for 2 Tiés @ave TJQ@trméﬁoﬂfeﬂjWn{]I}%?ﬁﬁgl t\%l@@éﬂ% }e@ Ij o

mn, dur : u e o orange/ red, en
1308 V6 fhidh {Iﬁn%ﬁ?nﬁrﬂﬁﬁéfngegg?ﬂeg P‘r’négrn'g’r gl%éll% , 9

cool ed to anbient tenperature. sol ution of
the d&alyst: [(-)-cis-(1S)-anino-(2R) -hydroxyindanyl]-[(m5)- 25
pent anmet hyEXANMPLPBASt adi enyl ] - r hodi unchl ori de was passed to the next stage

but coul d stored un rgon ,t rogep. . (b)
Hydr Ogenat’ibé;ar? " bst rate: Cat alqgt;lf&fjat i 0 %}:‘11 Riol ratio

p- Chl or oadBPE@¥ridne (0. 162g, RMBmol ) 6W&88 added1Po a dry 1@umel Then a 30
portion (Zn8RRM(-)iclse catal yst sol uti on was added foll owed by sodi um

2- pr gRoXi dﬁarﬁﬂoiﬁ-ihgéhﬂ b eEltg' | ril o%&@ M sokﬁt i on inintg%?rrgganol ). The

m xture was stirre erature under en for 19h.
This gave ﬁg'ﬁﬂpé?ﬁt%ﬂﬁ%yl)epﬂéﬁal Yi ef®#80. 6% 8V 71.6% 1.05mmol The

initial t®-popamolnunber, integrated over 1h, was 846h[err].
23 EXAMPLE 16

(a) Catalyst Preparation

20 The rhodium compound and (1S,2R)-(-)-cis-1-amino-2-indanol were suspended in
degassed 2-propanol (10ml) under nitrogen, and the reaction purged with nitrogen for 30
minutes. The mixture was heated to 90°C for 20min, during which time the colour
intensified to orange/red, then cooled to ambient temperature. The resuiting orange-red
solution of the catalyst: [(-)-cis-(1S)-amino-(2R)-hydroxyindanyi]-{(mu5)-

25 pentamethylcyclopentadienyl]-rhodiumchloride was passed to the next stage but could be
stored under argon or nitrogen.

(b) Hydrogenation [Substrate:Catalyst ratio 524:1]
p-Chioroacetophenone (0.162g, 1.05mmol) was added to a dry vial. Then a

30 portion (2ml) of the catalyst solution was added followed by sodium 2-propoxide solution
(50u of 0.1M solution in 2-propanol). The mixture was stirred at ambient temperature
under nitrogen for 18h, This gave 1-(p-chlorophenyl)ethano! Yield 90.6%, ee 71.6%.
The initial turnover number, integrated over 1h, was 846h™,



React ant W used Mol wt nol ratio

[Rh(Cp*)d 2] 2 6. 2ny 618. 08 1.0 10[ err] nol

(1S, 2R) - ()¢5 &/ Sycaz D 1 -am no- 2-i ndanol 3. 3ny 149. 19

22. 1 err] Frooq b dias o- chl or oacet ophenone 0.1 60g 15FC#/GBo%/00862

1 nmol : 2- pr opanol (a) 2Batalyst Preparation 10 The

rhodi um conmpound and (1S, 2R)-(-)-ci s-1-am no-2-i ndanol were suspended in
degassed 2-propanol (10m ) under nitrogen, and the reaction purged with
ni trogen EXAMIELE 16 m nutes. The m xture was heated to 90C for 20m n,

during which 11 t he col our intgnsified to prange/red, then cool ed
to anbi enheﬁgﬁﬂgg‘fat ure. The r2&SBAng oﬁgﬁﬂgred mofratio sol ution of the
cat al yst : [R(CP)ELR- (1 S) - ani nB2(MBR) - hy 81898 ndanyl.9- [ ( ru5) -10pHol

pent anet hy{s¥Rj-epest adi enyl ] - r hodi unthl oride was passed to the next stage

but coul d_ be . . stored unger_argon | troge b

Hydr ogenaﬂra&’ﬂr”?’édﬁ‘%ﬁ'}"gt e: Cat a?@g’lg rati 0‘9@1{# 11 22 22'{“")”'

0- Chl or oagahinseraetapbepanelog, 28I ) wasi®led to a dry vialimmblen a portion
20 ( 2plpropdnot he catal yst sol ution was added fol | owed by sodi um

2- propoxi de solution (50[err]l| of 0.1M solution in 2-propanol). The
m xture was stirred at anbi ent tenperature under nitrogen for 19h.
Thi s gave(a)- ( oCeatdlyst Braparaiiohet hanol Yiel d 94.3% ee 69.1% The

turnpyer nunberhe iriddiih adrifoundaind ks, 21g$-)-kR5NamMbd-indandl Were Suspihdda ih7

React ant e MOI , W . ol _ratiaq err
32. 8ny degasggd 2-propanol (11.061Wun%3r itrogen, EF% mﬁl reagtion purged vxn&\gntﬁge_n(fgs :_56 ]
nor ephedr Mirutes. The mixturg@ﬁg heated to 90°Qfor 2@min, durihgowhich time thelcd@rer r ] nol 30

acet ophengiténsified to orange/rédlithen cooled to héfbichptemperatdrb3 The resulting braigelred
2- propano reparation

[~ . 400 . (a t al yst
The iridi Sﬂl.uﬂ%m%féﬂﬁaa%at- .(1:3'8%“6?%ﬁ%@‘ﬂ?iﬁ%@'*&é@w‘y@%@@%g’rn degassed 2- 35
propihol pettamethyieyelppentadienydrhodiwmchipride wagpdssed fauthg eextstage biticodldds f or
30 mi nut estored under afig®® diiniflogee was heated to 60[err]C for 90m n, then
cool ed to anbient tenperature. The resulting solution of the
catalyst: [(+)-(1S, 2R)-norephedrinyl]-[(nu5)- ‘
pent anet h{®)cy c Hygeogenstionf§ubstrats: Qatalysiretio 514l was passed to the next stage
but coul d be o-ChloroSteR6piénbingl @16y, Mol wal dddedeha dAvial. Then a portion
24 20 (2ml) of the catalyst solution was added followed by sodium 2-propoxide solution (50u! of

0.1M solution in 2-propanol). The mixture was stirred at ambient temperature under

nitrogen for 18h. This gave 1-(o-chlorophenyl)ethanol Yield 94.3%, ee 69.1%. The

turnover number, integrated over 1h, was 195h™,

25 EXAMPLE 17

Reactant Wt used Mol wt mol ratio

[Ir(Cp*)CL}, 32.8mg 796.67 1.0 41.2pmol

(1S,2R)~(+)-

norephedrine 20mg 161.21 3.2 132umol
30 acetophenone 2mi 120.15 413 17mmol

2-propanol 100ml

(a) Catalyst Preparation
The iridium compound and (+)-norephedrine were suspended in degassed 2-

35 propanol (20mi) under nitrogen, and the reaction purged with nitrogen for 30 minutes.
The mixture was heated to 60°C for 90min, then cooled to ambient temperature. The
resulting solution of the catalyst: [(+)-(1S,2R)-norephedrinyl]}-[(mub)-
pentamethylcyclopentadienyl]-iridium chloride was passed to the next stage but could be
stored under argon or nitrogen.
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(b) Hydr ogenati on Acet ophenone (2m, 17mmmol) was dissol ved
I n 2-propanol (80m ) and purged with nitrogen. Then the catal yst
sol ution was added fol |l owed by potassi um hydroxi de sol ution (3.3m
of 0.1M soMRPH¥R64h 2-propanol ). The nixture was stirred at pemsEpesnoss:
tenperature 5 under nitrogen for 10h, This gave 1-phenyl ethanol Yield
68% ee 49% The initial turnover nunber, integrated over 1 h, was-
318h[err] 1. EXAMPLE 18 React ant W used
Mol wt nmol,,ratio 10 [Rh(Cerr]*)C[err]]2 1g

618.08  (0) 1 dlydrogenatioy gonyp| (1S, 2R)-(-)-ci s-

1- ani no- 2- i ndarfxetophenone @mbd 7mmol) wasldiSsal®d in 2-prépdhd! (80ml) andpubdeekith

t etral one nitrogen. Then the catalyst 99it; i i |
b apangi"rog e catalysf $fHion was addélf¥olsived by, natsdium pydroxidetsoi(ion

... 101 15 . ! .
2- Pr opanol G§! 8&9—1Ma?'%'ﬁaﬁfbéafqpa"%)-zme Bivas stired gt Rbienf tamperature
deoxy@genatundeanittogen for 10 aiks §avel pheniytethamot Yoake 88% T&e 4890 dihemigg)mpound and
(1S, 2R) - ( -thmelermintat Wtkadfidver 1h e charged to the vessel with
stirring and the m xt'ur e&\%as o\llee{)xygfear?a%/)@é and back-filled 20 W th
nitrogen. The orange suspension was heated to 35[err]C until a clear red
sol uti on dEXAMELE 18 catalyst: [(-)-cis-(1

S) - am no- (Raktdnedr oxyi ndanyl ] y(igda) - PERo IRt NY! Cyfoh pifgt adi enyl ] -

r hodi_ynchl g jde s formed. (b) drogenat 1 on 25
Tet r&ﬁone [%{S%rﬁc 2. 5mol ) was 18harged t 81888 catafPst sol ut1-68Mmebl | owed by
2- (pB.8PxGodis¢ 0. 51). The pressure was reduced (28.5mrHg) and then a

sodi um 2- pLarRsi2d8danc sol gtggon (120 0.1 lution 4 ~Pr opanol )
was char gt?%ralThe m?toure was iigrred at 0.9 a?%'iﬁgnt terrpée'ra% 3're under

nitrogen 1ora9%n, at hourly FRBrvals 142191 ask %#& back f1-Fmeb
with nitr@empanell sufficient 20lpropanol charged to conpensate for the
vol upe renoved by 30 distillation. This gave (R)-1-tetralol Yield 96.9%

ee 86.9% ,The thE noyer nuqber, integrated over 1 h, was 358h[err].
EXAVPLE 147 Catafet Brenration W used Mol wt ol
ratio 35 [ Rh@eypeand {ChiPvae chgrged to a 201 reaction flask which wé4 8e®§genated and)

1. 62mml  pack-filledWith rtdgeh: JTheirfodium compodnd ékﬁ}ﬁ%: L4319 aminoindanBt 499
149. 19 et.opheno

519" e Biedto o il i rd 85 BELRS egented sn W

20 with nitrogen. The orange suspension was heated to 35°C until a clear red solution of the
catalyst: [(-)-cis-(1S)-amino-(2R)-hydroxyindanyl]-[(mu5)-pentamethylcyclopentadienyi}-
rhodiumchloride was formed.

(b) Hydrogenation
25 Tetralone (200ml, 1.5mol) was charged to the catalyst solution, followed by 2-

propanol (0.51). The pressure was reduced (28.5mmHg) and then a sodium 2-propoxide
solution (120ml of 0.1M solution in 2-propanol) was charged. The mixture was stirred at
ambient temperature under nitrogen for 4.5h, at hourly intervals the flask was back filled
with nitrogen and sufficient 2-propanol charged to compensate for the volume removed by

30 distillation. This gave (R)-1-tetralol Yield 96.9%, ee 86.9%. The turnover number,
integrated over 1h, was 358h™.

EXAMPLE 19
Reactant Wt used Mol wt mol ratio

35 [Rh(Cp*)Cl,}, 19 618.08 1.0 1.62mmol
(1S,2R)~(-)-cis-
1-amino-2-indanol 0.49g 149.19 2.04 3.31mol
acetophenone 179¢g 120.15 920 1.49mol
2-propanol 101
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25 (a) Cat al yst Preparation 2- Propanol (9.51) was
charged to a 201 reaction flask which was deoxygenated and

back- flu %/%yéh nitrogen. The rhodi um conpound and

(1S, 2R) M2 I¥4¥%. 1- ani no- 2- i ndanol were charged t oPFRERIEQWBEE Wit h
stirring and the m xture was deoxygepgted and back-filled 5 W th
nitrogen. The orange suspension was heated to 35[err]C until a clear red
solution of the catal yst:

[(-)- C|(§)- ( l%afaig-grteré%&ﬁ"hydr oxy| ndanyl | - [ (mub) - pent anet hyl cycl opent adi enyl
]- Hydr ogenat i on 10

Acet ophenone-rapanel (9.8) “@ﬁﬁh?rgﬁﬁs@ 8 I?Q'r r&éﬁ'%‘é’%h%@ﬁf’@%"@ﬂ“ﬁ@cﬁﬁ‘d
f ol | oweshckyiliétt with nitrogem r TheerhotiuCcdirigound laad PrSE2R)H(-Rcisvwd samiad-2¢indan(oP 8. SnHg)

and thep,, cﬁﬁgbu @%}%eWeﬁ&Q%ﬂ%tlmn? and tﬁeoﬁw%t{rg Wab %@Wgeﬂ&eg and %a?{’ Ilé ion in

2- propan
t efiper é‘(‘m@tf g ThEi Q’?’Eﬁfe?ﬁ‘s%ﬂs“’l‘ “L’ﬁﬁ h%&te‘htﬂﬁﬁ 9 an't%?'?%ﬂ red ﬁﬁ'é'“‘?’! aktRewas back
filled catalyst [(Wdié:(ﬂ&;)iaW@Mdmﬁﬁdmyﬂ*ﬁ@n@@bnﬂ@&mﬁyl@bl&pgﬁdduénylporrpensat e

for th distillation. This gave (R)-I-phenyl et hanol
Yield Sg&g 03@8{1%‘\}%%}% rgl‘lﬁe t urnover nunber, integrated over 1 h, was

454h[err]. EXAMPLE 20 React ant W. used
Mol wt (b) MZO [Rh((err]*)d[err]2 6. 3y

618. 08 -
Zjlgm no- 1, 2- dp gérg q r%i’ga}vas %gezdzgt(:jﬂ?e gﬁé&%tf)olutlon follogvledltry 2- 1 ol
acet optﬁ?ﬁﬁi@ ( 5!) e presqyrqyga ced (28;5mmHg) and thep a sodium 2-p(ppgg§qﬁ0

2- pr opasailtior $120mi of 0.1(pgolutiobdh atpregantt) maroahnged The mixture was stirrédeatr hodi um

gggggzzbqndﬁ&ﬂ t%ill 5’3&@ éde)r nﬁroggh ﬁ@qé E1'Rt¥'v§tshﬁ@ﬂ£slé’\ﬁ£§baﬁl]< filed .. -
pur ged Vit fitrogen and sfvffw ETPFQRﬁ"O Pé@mp?‘ﬂﬁ?‘?ﬁf’k volype r%ws&vt 0

8aker r |distiitation3 Orhigigave(R)1 ghehgdthtnol 3ield 9967 end2. 0% Thedtmoeer The resul ting
sol utiqp %\éﬁ S) -am no- (1R) -
hydroxyém%en&l%g \)éf?rr}h% pe“r?tzarret hyl cycl opent adi enyl | - rhodi unchl ori de

was passed to the next stage but could be stored under argon or
nitr ogeEXAMPLE 20 (b) Hydr ogenat i on 35 Acet ophenone (0. 12g,
0. 99 added to a dnr v porti ragge! ) of t he
cat al ystaas?o ution was adde(yv“ o+§uo g SOdI um_ 2- pr opoxi q§ sol ution
(@@[erthQﬁ*Q’za M &AM9i on |ﬁ3 O8r opandi® . The m'WWPk was stirred
at anbi(@R{2S)4+per at ure under nitrogen for 2h. This gave _
1- phenyﬁ %%npggﬁ;rghﬁ £9 %%Srﬁﬁ 66% ohRegt Ur NOVEY7 number p4 qymel i Ntegrated
over T g
acetop enone 0.120g 120.15 490 0.99mmol
2-propanol
25

(a) Catalyst Preparation
The rhodium compound and (1R,2S8)-(-)-2-amino-1,2-diphenylethanol were

suspended in degassed 2-propano! (20mi) under nitrogen, and the reaction purged with
nitrogen for 30 minutes. The mixture was heated to 80°C for 30min, then cooled to

30 ambient temperature. The resulting solution of the catalyst: [(-)-(2S)-amino-(1R)-
hydroxydiphenylethyl]-[(mu5)-pentamethylcyciopentadienyl]-rhodiumchioride was passed
to the next stage but could be stored under argon or nitrogen.

(b) Hygirogenation
35 Acetophenone (0.12g, 0.99mmol) was added to a dry vial. Then a portion (2mi) of

the catalyst solution was added followed by sodium 2-propoxide solution (50ul of 0.1M
solution in 2-propanol). The mixture was stirred at ambient temperature under nitrogen
for 2h. This gave 1-phenylethanol Yield 90.7%, ee 66%. The turnover number,
integrated over th, was 826h™.
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26 EXAMPLE 21 React ant W used Mol wt

nol ratio [Rh(Jerr])d[err] 6. 2ngy 618. 08 1.0

1 0.4[err] nol (S)-(+)-2-amno-1 - 5 phenyl et hanol '

2. 7ny, wolds/a2448 1.96 19. 7[ err] nol acepepResnHike:

0. 1409 120. 15 1. 17mol 2- pr opanol (a)
Cat al yst Preparation 10 The #hodi um conpound and .
(S)-(+)-2-am no-1-phenyl et hanol were suspended in degassed
2-propanol (20m ) under nitrogen, and the reaction purged with nitrogen for
30 BXAMPEE 21 The m xture was heated to 80[err]C for 30m n, then

cooled to bLt tenperature T sul ti tion of the

cat al yst: {éﬂ*g g! -am no- (1S) ; tu(?regxyphgﬁt?gt hyl ]QEQ %{‘%J

pent anet h)[ nt adi enyl ] -P unchl BH-8R was b ssed to 1h&mext st age
but coul d (8e(¥)R-aminstler ed under argon or nitrogen. (b)
(b LG LIRS Gded c2 0%y vi i Men a8t on &Q{fﬁ%"p“e”"”e
the cat al PSEOBBRNAPon was addgdﬁ%l | owed?BI® sodi um 2- propoxt-d @8[ ution
(50[ err] | 2efroparibM 20 solution in 2-propanol). The m xture was stirred at

anbi ent tenperature under nitrogen for 2h. This gave 1-phenyl et hanol
Yield 62.4% ee 77.4% The initial turnover number, i nt egrated over
1 h, was 4®7n[ &3talyst Preparation

27 10 The rhodium compound and (8)-(+)-2-amino-1-phenylethanol wéekAlubfEnded in 1.
A process qb8hedel®-drbpikol ﬁz’gn{?)yﬂ{d‘égﬁ“n% & A8 thereB QTR PG Phit] RE-BYerfok 30 tO
produce | a cor;rk}gou %f Ior mél $2 Co .

H minutes. The mixture was heated to 80°C for Qmm, then cooled to ambient temperature. X
5 The resuiting solution of the catalyst: [(+)¢(2)-amino-(1S)-hydroxyphenylethyl]-[(h2%)-

wher ei n: l tadlemRPthESERLRI 8§ th t stage but could be
(NR[ err]RfeePtr eg%cry t%eer}? \ %L}g‘r S, ompﬁk I?{[nee?(ri?gem, CIg[ err],
R er tP, REE® OB BBOA" ndependent|y represents a hydrogen atom an
optionally substituted hydrocarbyl, a perhal ogenated hydrocarbyl or an

opti onal | ﬁ”lo Hydrogenation!{8bdtiaud-8shaliet @O SYEHY! oroup, one or nore of
Rerr] & err]‘,L er err, & R4, . .
Acetophenone (0.144, 1.77mmol) was added to a dry'vial. Then a portion (2mi) of
the catalyst solution was added followed by sodium 2-propoxide solution (50ul of 0.1M
20 solution in 2-propanol). The mixture was stirred at ambient temperature under nitrogen

for 2h. This gave 1-phenylethanol Yield 62.4%, ee 77.4%. The initial turnover number,
integrated over 1h, was 487h"". :




Rlerr] & Rerr], R &Rerr] and Rerr] & R err] optionally being |inked in
such a way as to forman optional Iy substituted ring(s);
and [err] represents an anion; sai d process
conprisi ng VOS842H3 t he conmpound of formula (1) with a hydr oOBEHGESs/0862
donor in the presence of a catalyst, chajacterised in that the catalyst has
t he general fornul a: ' :

A B Y Jerr]
wherein: 20 R7 represents an QP nal l'y substituted
cycl opent adi enyl group; presents -NRerr]-, -NRerr]-

-NHR[err] or -NR[err] RO where Rlerr] is H C(ORerr], SJerr]Rerr],
ON
C(ONR[errhR er Nproégs§eér\‘rﬁ£€ Eré]wﬁ&xeﬁfd}éjgengﬁﬂ-l\ﬁ[ae&“pfo\ﬁ%f’fo%ulg ¢ d) to éar%de By

( NR[err]) err]|” eac
repr esent s 2&R BPI%WQL stltut ed hydrocarbyl, perhal ogenat ed

hydr ocar byl or an optlonally substituted heterocyc!"yl group, and R14 and

Rlerr] are 25 each independently hydrogenxor a group as defined
for Rlerr]; presents - /iaa[err] -S-, -SH,
SRlerr], -NRerr]-, -NRerr]2-, -NHR[err]2 or - ] Rlerr]2

wher e 2is H CORerr]3, 8®Rerr], C(CONRerrg3Rerr],

C(S)N err]R[erMI =NR[err])SR[err] or
C(=NR[err])OR[ e fzr err] and R er rJ each independently represents an
optionally X represents CR’BﬁthR’ (NR’BY*@Qyrasar byl , per hal ogenat ed

gﬁgr %F:; Pi" aﬁ(rj g‘“ REORP, (Ff’:h“ Xnost&édwtu'aeﬂn t n@&tig represents &'f Qﬁ{/c‘ﬁ'ﬁ Stodl, aRT OUP,
as defined for BP {ly SS\bng‘te‘Phy RS aéy?g%?%%?ﬁdsh 5’9"? ?fp Feriigpally

M reptesents a sesiitutedipatbiosydy! graurabys ::mlyoterrzfrI%f&eR2 W&Wgéﬁam‘oﬁ“ &t

Y represents anRaalp@‘ch&g:(s%g,RSég ha&bt%nhﬂ fke@ iV&RAR wa) 4o form an
28 np& b?{jt J’I vyn » iI's no a vacant sit'e that at | east
one of A or B c8PYqnaly gubstituted ning(s), an hydr ogen at om 2. A

process accordi @gl’apﬁe&ehwana__monn whi ch the conmpound of fornmula (1) is a

ketone, 5 aBaili 'Ekdt%s@&orﬂﬁrldlﬁﬂ fé'aHﬂ“ﬂgskﬁé 15::ompound of formida (1) w&h@rh%
accor{jé ng to either

especi al F?,“‘?&R {{‘grﬂfﬁ?ﬁncﬁ QA cat%{yai“’“ ﬁ?riaat]eufﬁd in that He ca?alyst has
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wherein:
20 R’ represents an optionally substituted cyclopentadieny! group;

A represents -NR’-, -NR®-, -NHR?® 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

hydrocarbyl or an optionally substituted heterocyciyl group, and R and R* are
25 each independently hydrogen or a group as defined for R'®;

B represents -O-, -OH, OR", -S-, -8H, SR, -NR"'-, -NR*-, -NHR" 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 hydrocarbyl or an optionally substituted
30 heterocyclyl group, and R and R are each independently hydrogen or a group

as defined for R";

E represents a linking group;

M represents a metal capable of catalysing transfer hydrogenation; and

Y represents an anionic group, a basic ligand or a vacant site;



10 4. A process according to any one of clainms 1 to 3, wherein R7 is
a cycl opent adi enyl group substituted with between 3 and 5
substituents, preferably 5 substituents, and especially a
pent amet hywayed/©2pent adi enyl group. 5. A processpetTwBosioose t 0
any one of claims 1 to 4, in which AAE-Bis, or is derived 15 from an
am noal cohol or a diamne, preferably séBected from an optionally
substituted 2- am noet hanol, an optionally substituted
3-am nopropanol and an optionally subst i tuted et hyl enedi am ne.
6. A processpmmded thabwhen Yo$ notra Bcanirsitedhat abieablconensf Ards c®Tie3iBri es an
acyl or Wd?gﬁg?\yétoﬂm“p preferably a tol uenesul phonyl,
nethanesulphony trifluoromethanesul phonyl or acetyl group.
7. A process according to claim5 in which A-E-Bis, or is derived from
one of the2. A prdaelss avgandjng &bclaim 1, in which the compound of formula (1) is gdetoneph

R ; H2ZN OHd Herr]N
NH- ¢ osé;l ?_&Kpmg %\'_En finium sait.

Ph N HO  NH2 HO  NH2
H2N 3. H®process according tdPdither of claims 1 or 2, wherein M is a group Vil transition OH

NH2 lv ruthe ﬁ.]dyflpﬁg,s,ﬁd,gﬁpordl ng to any preceding claim
wherein th@g(:aéner) S%%lyrfu fS‘ruWu (1) is prochiral and the catalyst

is chiral, an enantionerically and/or diastereonerically
29 10 4. pur Affremss aconrdifig thanycereadf glaim$ & tnd, vwheseioREds a ardorsniadiany!
conmpound off Brslibdtituted With Between 3 ardi/sUBBLtUEMA3] préfebathly 5getMitRAts, and

especially a pentamethylicyclopentadienyl group.

Ph

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

15 from, an aminoalcohol or a diamine, preferably selected from an optionally substituted 2-
aminoethanol, an optionally substituted 3-aminopropanol and an optionally substituted
ethylenediamine.

6. : A process according to claim 5, wherein either of A or B carries an acyl or
20 sulphonyl group, preferably 2 toluenesulphonyl, methanesulphonyl,
trifluoromethanesulphonyl or acetyl group.

7. A process according to claim 5 in which A-E-B is, or is derived from, one of the
following:

25
HC  Ph Ph Ph Ph~ FPh

Ra%

&

OH

NH-tosyl  HN NH,
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8. A process according to any preceding claim, wherein the compound of formula (1)
is prochiral and the catalyst is chiral, an enantiomerically and/or diastereomerically



9. A process according to claim@8, in which A-E-B conprises at |east one
5 stereospecific centre. 10. A process according to any one
of clains gvc;%g‘?“si n whi ch the hydrogen donor is selected from
hydr ogen, primary -and secondary al cohols, primary and secon&SH{FBIROMREL
carboxylic acids and their esters and apgne salts, readily dehydrogenatabl e
10 hydr ocar bons, cl ean reduci ng agents, and any conbi nati on thereof. '
11. A process according to claim 10, in which the hydrogen donor is

pr opan- 2- o - )X t L ) formc
i a - durited fprm of yR Gyl log Momlof B pHER el ol BfeRAYERR 197 ¢
whi ch t he 3sYBMmecHcally pydregenated. genydr ogenation of the hydrogen donor are

renoved by vacuumdistillation. 13. A process according to any

of clains to ' bt : ; £0r ﬁrﬂp)r transfer
hydrogent as%ed i%a%oﬁg&pé%gglb eoo @%ﬁ?'&@@rﬁlﬁ% |c'ﬁ sz\?tlfﬁtiog? or is
derived frdgfposrecific cghtrini noal cohol . 14. A process according to
claiml to 12 in which an imne or imniumsalt of fornula (1) is
transfer ro 1A & ' ' -B.is, or
is deri verd%ql als h@%%ﬁ&%@oﬁgzﬁggg%ﬁh% E@é% %kh ‘trﬁblPév.Hr&}h |5:rlr:1 85‘355
accordi ng sﬂ?cﬁﬁ’;ﬂ%@y PO’ ErBYEBE ?ﬁj’°81’%ﬁ’ fAicohpls, RUMZH abP segandaiyamines,
carried ouwarboxyly ddsare théir astbessandramine galts, péddily déhyafogehatablest 8. 0.

&/IG- 10” CaHylokaiboRt, GedHeRlicihPEgRHE and%ny combination theresf.

wher ei n: Rl err] represents an optionally substituted
cycl opent adi en pcesgiaccording to claim 10, in whitlethedydrigen doiras plopan2MR[ err] -,

-NHR[ err - I mﬁf’“ ' ; OR.err], SR err], 35
( O)R[NR[ e]r rti&ﬁné?lrlg{ g{g %@hﬁ%gr r e'}rﬂF ?ﬂ& }ogz@!\ﬁldéﬁ] g g[R[ er ]r] or R !
C(=NR14)OR[err]5, RO and R [err] each | ndependent |y

repr @sent si2zan oypprooess docosdingstoiany toad ohyldinechitdoi, in whicih tHequredistefiom

hydr ocar bylen04d Herar g Y hbik 8 ¢ L ikifddidn. and Rl err] and
R err] aree Pérogendt hloPft ga?%%%e%enﬁeﬁ?ﬁ@% drogeljpl or'ﬁ% Sroup as defined
for Rlerr];

13. A process according to any of claims 1 to 12, in which a ketone of formula (1) is

transfer hydrogentated in the presence of a catalyst in which A-E-B is, or is derived from,
20 an aminoalcohol.

14. A process according to claim 1 to 12 in which an imine or iminium salt of formula
(1) is transfer hydrogentated in the presence of a catalyst in which A-E-B is, or is derived
from, an N-tosyldiamine.

25
15. 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.
16. A catalyst of general formula:

30

AR

Y "R’
wherein:
R’ represents an optionally substituted cyclopentadienyl group;
A represents -NR®-, -NR®-, -NHR?® or -NR®R® where R® is H, C(O)R", SO,R",

35 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
hydrocarby! or an optionally substituted heterocyclyl group, and R* and R* are
each independently hydrogen or a group as defined for R,



30 B represents -O, -OH OR[err], -S, -SH, SRerr], -NRerr]-, -NRerr]2
, -NHR[err] or-NR[err]Rlerr]2 where Rlerr] is H C(ORerr], S2Rerr]3
[err] C(S)N&Lgrr]R[err], C(=NR[err])SR[err] or C(=NR[err])OR[err] , Rerr]"
and R er r] 3Vn¥82p43dependent | y represents an optional |y subsPCT/GB2#I00862

hydr ocar byl , perhal ogenat ed hydrocar byl an optionally substituted

het erocyclyl group, and R err] and R[errfUare each independently hydrogen -
or a group as defined for Rerr]3; Mrepresents a group VIIl transition

metal ; and Y regesents an anioni ¢, group, asig |igand or vacant, site,

E represents a | Wfﬁﬁnﬁr'gﬂﬁ%gév%niﬁ"'&?pﬂgﬁ "G'f‘gg"éﬁﬁﬁéﬁﬁdﬁﬁgﬁhg at

| east one st er eateee RFPiig HCSM@)RY, SORWERIQINR R a0(B)RRARY, CixkRY)SRItaugh 2, 3
4 at i deat ' | | s bstit t

or 4 atons sai d QLRRTGRY I UAF ROYech %ﬁeﬁenﬁ}‘ﬁé%éé%ﬂfsﬁ%@ﬁg?ﬁﬂ@“ stituents

selected fromthe qr consi st ng, of ogen, r oxy,

am no, thiol, aé&‘Ps,C{'t‘l‘fﬁa PY)‘?,’S?“HEYI', peg%?‘?%ﬁ’@&&ﬁlyﬁf"é’aymw rBeRtighaly %gfté'ﬂ%/em yl,
hydr océr byl oxy, hetemacyotyl ghoup,lapdiRitandR1” ane each ingegheodantly nytifogen oes grup,
carbonates, am dgefifel foPR¥ and sul fonam do groups; provided that (i) when
Y is not a vacant site that at |east one of A or B carries a hydrogen atom
17. A cat al yst= BPIESPESASPKB9IGI%Prs 16, wherein Mis ruthenium rhodi um or
iridium 18. M repreteatsysnetat capablienaf catalysingHrmansfef hydrogeretidl§ apd 17, wherein

SUbSt | uents: proaranris bencicitig ¢ uklc lhRFork Ietepiteg on 3 and ©

pent ah®t hyl cycl %@ﬁf{eglot %tr{sl‘”i\jf‘?dﬁ."m ié@da“?ﬂgéﬁ?‘%?gﬁﬁs{ %‘{Ec%rpd?rn% CeEe3Ay one
of clains 16 to hy8rogematom sid @) ¥hé Bsemtesented-far sdHathabBisvtlpadiobh or a

di am ne, pref er ahlpax@aeqpbinal |y substituted 2-am noethanol, an optionally
substituted 3-am nopropanol or an optionally substituted ethyl enedi am ne.
20. A catal yst according to claim19, wherein either or both of A or B,
when an aniifo griocaialystaaccording dmclaims 16 whetdipMas g lgrappodip trapsitidrematal,y a

tol uengsul RREEANY riBERBRE MUdRPEMikgium! | f | uor omet hanesul phonyl or acetyl

group, especially a trifluoroacetyl or p-tol uenesul phonyl group. 21. A
catal yst according to claim19 in which A-E-Bis, or is derived from one
of the fol I"wi nd\ catalyst according to either of claims 16 or 17, wherein R is a cyclopentadieny! 31

group substituted with between 3 and 5 substituents, preferably 5 substituents, and
especially a pentamethylcyclopentadienyl group.

20
19. A catalyst according to any one of claims 16 to 18, in which A-E-B Is derived from
an aminoalcohol or a diamine, preferably an optionally substituted 2-aminoethanol, an
optionally substituted 3-aminopropanol or an optionally substituted ethylenediamine.

25 20. A catalyst according to claim 18, wherein either or both of A or B, when an amino
group, carries an acyl or sulphonyl group, preferébly a toluenesulphonyl,
methanesulphonyl, trifluoromethanesulphonyl or acetyl group, especially a trifluoroacetyl
or p-toluenesulphonyl group.

30 21. A catalyst according to claim 19 in which A-E-B is, or is derived from, one of the
following:
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Herr]C Ph Ph  Ph Ph Ph
Herr]N OH H2N NHtosyl H2N NH2

Ph P HO
o N Wo 082643 tON  HO Ho peTiidhfibdeh
OH . NH2 HO 2231 A catal yst according to any one
of clains 16 to 21 in which the catalyst is chiral, and resol ved
forms thereof. 5 23. A catal yst according to claim?22, in which
A-E-B conprises at |east opg Ph sheremspeci fPc cehtre. 24. A
process for the preparation a cat aI)«s—t(s accordi to any one of clains
16 to 10 23, whi ch conprjnsesoreact;Nng BHwet aMNcyclMpent adi enyl hal i de
conplex with a conpound of formula A— E-B or a protonated equival ent
fromwhich it may be derlvedo\\ Ph)_\

HO  NH,

OH

/—<

22. A catalyst according to any one of claims 16 to 21 in which the catalyst is chiral,
and resolved forms thereof.

23. A catalyst according to claim 22, in which A-E-B comprises at least one
stereospecific centre.

24. A process for the preparation of a catalysts according to any one of claims 16 to
10 23, which comprises reacting a metal cyclopentadienyl halide complex with a compound
of formula A-E-B or a protonated equivaient from which it may be derived.
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