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‘relates to catalytic transfer hydrogenation, particularly in hf ﬁg %é}ice
-iof a conplexed transition netal, and to a process of nmaking gptYc ?
active compounds; Eguchi et al, Tetrahedron (including Tetrahedron Reports)
1998, 54.(8.6), 70S-714 discusses the reduction of ketones and imnes in
the presence of a NADH mmic. The asymretric reduction of certain
phosphonyl i m nes usi ng borohydride in the presence of a cobalt catalyst is
+ di scussed in EP0901966. 4 tric transfer hydr ogenati on of imnes and
i mnium substrates int D PRBCakscat al yst with
" cycl opent adi ené ligands is discussed in W)98142463 Uemat su et al, J, Am
i Chein. Soc. vaetﬂma(rélﬁt)esto 484l the asymmetric ‘transfer
PR R ah, S

" hydr ogenafa com éxcldia h sence RE in the ceasah ts,
Lcord Fﬂ gt IHEtEI ? cﬁﬁ% PEaRof tmﬁkﬁkﬁé’rﬁtlmﬁmamlnremempmrﬂgovﬁed a

According to 288
. process égr tﬁ% trans‘fi‘l‘Elt Eﬁ’%" @Ha@!nmﬁemaheamumﬁ@t ﬁggyn Eﬂ ubstrate
CUiFEhing 1egntion o kelonex ammmﬁh"semﬁé:%refg ?,_% 5{ ‘;_i ro é"natl on
cat al yst 3SWimsatid redtibtian 9 RsikdiR ﬁodﬂ. %ﬁ enlgég Bor rru 8( 1)
. wherein: od&alt%fa@%?@ aas&!@' el ploBdside dn &mmé&nh ani on;

, R andg e% | ndepe dent' @enT"@ @ﬁynvlmtmg&ansﬁérqmdr@@nﬁ%l nal |y
subst i tut o@?;{'f”ﬂ'g'l Su'astratashan dbenpresehchY df OsedalY me @ ﬁgﬁ %nal'g

u

subst i tﬁyéap?fﬁfbﬁrb‘bijgah# isgfispugsedan wﬁ@ e r bon 8RaMtgr oup, a
subst i t U988, um(wm@wh,ggﬁg%fe Fdzhé'st gdﬁatf %/e & A PRem. Beet i onal

or s
berh Y Hﬁ‘ “rirangten hydragsnation ohinfinkisnin
g[a??ﬁ%aﬁ?%ﬁ%u héﬁ?@h?'f{ e| %g%ﬁij R4 represents %RR‘ '.I;(O)Clgg%]?e

- P(O) OReCH QEding tecHirat aspﬂt(t@} BB phfent lnﬂﬁﬂiﬁﬁérgﬁﬁrgwé E;%s){g@ thg-

- P( O) NRrapsfaf hydad@anatlaﬁ@}&lﬁlb%ﬁ'alu'dﬁaftg‘;
-p(O NI 4 | tBE) o Ipiees et 2 "!DPRSRHQ P(O) RSH,
- P( O) RN %Mﬁ%% ‘?5 ﬁ{'ﬁ%(@d%% t, mhepioRss Rustrafy K:ORe er::L(

-P(O) - P(O) OHSH, -P(O)O?ANR'ZR' -P(O ORe. NIi R x, -P

-P(O)O-lNl Ft' xR, -P(O OHNHR z, - P(O) @HNHz, -P(O)SR' NR zR', -P(O)SR' NHR' z.
_P(OS 'Fr,' ~NHz, -P(OSH\R zR , -P(,di)l HNHR z, - P(O) SHNHz, - P(S)R6RY, ‘
_P{S) ORBOR, - P(S) OReCH, - P(S) (OH) x, S)SR SR', -P(S)SR SH, - P(S~y(SFI 12,
-P(S)NR xR NR R', -P(S)NR xR 3NHR , {4)P( S)NVR zNHR' ~, - P(S)NR'ZR 3NHz, |
- P( S) NHEROHK, - P( S) (NHz} z, - P(S) ReCRa, - P(S)ROH, -P(S)RBSR:, -P{S)RSH,
-P{S)F., lengﬁmentam(R@b Nﬂ‘ﬂ?ﬁ@ - P(S)R\HX, - P(S) ORSSR . -i?(S)'O~"ISF\>‘,

- P( S) ORASH, . P S ZR', -P(S)ORNHR z, - P(S)ORBNHz, .

REPLACENENT = ﬁ? (es m Bha”i?i'- P(S) OHNR zR', - P(S)OHNHR Z. - P(S) OHNHz,
-P(S) SR NR § qudmﬂym:p(r&)esﬁ d\hwmgg%@,slgw% Oglgl P@ gHNHR
_P(S) SHNHz. hysmearsyl, a- HRERa R 3R Y SRSt PRSR‘
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represent am®optd oral ,Ie)émgémy I3 5 F@ﬂ’ hy @g@g{cﬂ% er hal ogenat ed
hydr oear byl ,. @na Iy {ut'e yci 398 Qj%@iﬁp FHONRHEGR?aRzq
where Rz3 aﬁé’%@?k gﬂﬂ% Star R -PENSHR, t o ReFOgeRARIRAeRendent |y i
represents I D I3i'l'|Ry suB@)NHBfZ&HiHWr inrC2reeNpgr hal Bﬁ@_‘

R

i e R e el o
&

“& R-, RS i
&RB, RASR . R PR RatR RG;Ol&thUB R & !
R", R §$ PR NRIRE, (0 QR‘P&!FR*SP(B)DI&NH fROrR & Rz, |
R a Rz' RZD(@)WH@nd-H@}OP&%& R{m}sw'ﬁwﬂzyﬂb@ h@bﬁﬁg‘@g@ gray as
to forman BUOISHNR R/, s ubrsby & plyggher | ng %’?Nﬁqﬂ %%Bglp 't er
oo e i S e, S S |
optionally s %J% Mer rﬁ(ﬁﬂﬁ%ﬁ NHR Ty clP(@INHRSNHREr .o )Qﬂtz ﬂﬁﬁl ly
subst i t ut ed PSRBT, f d%fsﬁhﬁﬂb | irgyrdoRA .rpqg)r ntg(sﬁg% & NHRa9,

- NRz5R39 or- pfsynémaqvaheu o ”5) NR3Raa "
C(_NR34) SRaga(s%b NB% % § S(?? Gﬁi@ e?ﬁ:lenn S)dﬂsm&ents an .
optional |y suBstit Ut cFé{F N S8 hall §WHH&&F #B(Ey(m?mr-ipyl. or an :
optianal ly substituted heter ocycIyI group, and R34 and, R35 are each

| ndependent |y hydrogen or a group as defined for R3; B represents -O. -OH,
OR3', -S, -SH, SR3', -NR'-, -NR z-, -NHR3z, -N6i 3' Ra~, -NR3"'R33, - ,PR3'-..
or -PR3' Raa where R3z is H, C(0)Ra3, S2Ras O O) NRaa~3 C(S)NRaaRa, o

C(=NR3) SRa' or C(=NR33)OR3', Ra'and Ra3 .each independently represents an
optional Iy substituted hydrocarbyl, per hal ogenat ed hydr ocar b] rI ~or an



“E represents a-linking group wherein A and B_are |inked thrﬁmAﬁEﬁlgf\gd\;HEET

at ons each i ndependently being unsubstituted or substituted;

group VINI transition netal: and " REPLACEMENT SHEET , : , 1.3 REB ﬁ%ﬂ:&”
| Y represents an anionic group, a basic ligand or a vacant SI t'e; provi
that when Y is not a vacant site that at |east one of A or Bli.carries a

hydrogen atom When X represents (NR R5){aQ', conpounds of formula (1) are

{ imniumsalts. Imsniumsalts include protonated im niumsalts and

guat ernary i mmsg B . ar ni um salts are represénted by
conmpounds  of fm )GHW Fﬁ P?’%ﬁﬁﬁ %@? )@SBEQR y. i @%}M‘FMMR’@Y be

r epr esent ed b‘%ﬁ apés}%"ﬁi& Bfﬁ)SUNHRf"y P(S}B}-mlmzt UPRYL7 alptphonat es,

such as optio @%ubﬁNR’fﬂ’M’fiﬁénmRﬁw Pﬁdlﬁ hﬁ&at E@ §1Q‘t ional ly
substituted wﬁqﬁaﬁalzgﬁonqtmu,{l@%ﬂdl %%E? ogﬁ@ﬁg 'f ul p ;%5 such
. as C,.~oal kyl gpkpbpmat es, optionally tit car 95%%/ atBRLucer as
c.", al kyI aryl 'car boxyl ates) rtons derived fromthe pol:yhal ogenation
of boron, pHEP'BERor @ ahtdreasny atcand ant betfonelMERBstiRed gﬁﬁir a;,@ps Pf or
chlori de,

exanpl e per cmedléﬁnganat%hydrmk@l PRGBSIy LbﬁﬂhéMfeé&argcycF

i odi de, hydrq@e@nguhph for rf"%\"fl uor obor at e,
hexaf | uor ophgspha E& %or%an% AR a2 © pg%’?"’l@hl%—lb&ﬁtémd hydroparbyl, a

trifiTuor orret"ﬁ“r SaFRy. ¢ A0 £ PRioP@IC euttintedPrImtesdyerl a4 Syri Ncl ude
br oni de chl or‘Na@R EM@ R¥ end R¥toee andbfihed &l RORAGCE! at e, ygﬁdéygaﬂ‘l Cul ar| y

preferred aniRSns.R¥ rakhioy trlfiuoroacetatie. Hydrocar byl
groups whi chpgmé’ Sne&?@ﬁ Eb';%?gﬁt?y v %ﬁgﬁ%% n@)&g”%w 51'-’{3 yed ‘hydrgoadeyli e Rte'
aﬁ

I ncl ude al kyl oBfiappllygFUbstiuted élﬁtﬁrmyylcgmdm RAkicPN
t her eof , sucﬂmé%c’ E*'ylR YR® &fRerFe&mspRé&bﬂhwl& g (pga@‘s s Abky!
gr oups whi ch &y Rbe R'LR* asR'AtRS R pyﬂ RAE ROT RIVQY €1 Qo B I%a &g

bar EF Gl ar P?WW@ R SRR q%'ﬁ e SRR ERIDR 2 ﬁ”grﬁs Rlstraﬁaer ﬁf)ﬁm;
at oms. Wen Th gg | 2r§b& %Rarﬁ’éﬂ@@”yh&m!gakemipsuaiﬁwayggm}wﬁe up to

10 branched éhani?né ﬂslbﬁlt@ted)rim(s)preferabl y up to 4 branched chain atons. In,:
cert ai naedibdioané Fansidiydrb ?ym‘,slm%{ comonl y..conprising
p 4 ﬁéﬂaf]ﬁ{ arges Sthgﬁaﬁ%ﬁgj%ﬁ

from3 to 10 carbon atons in t ona(ly featuring one
or nore bridging rings. Exanples of aI kyI groups whi ch nay be .represented

by R, R, and R to R~ include -t ethyl, propyl, 2-propyl, butyl)
2-butyl, t-butyl and cycl ohexyl ﬁ Al kenyi groups which :may be ’
represented by one or nore of R' zand R$ to R2" include €2.20, and
preferably Ca.s al kenyl groups. Ow% O;R nore carbon - carbon double 13
FEB 200%" %@“ﬁm 12574 PCTJGB00I 02867 3 5 10 15 20 25 30 35

R represents a neutral optionally substituted hydrocarbyl, a neutral opt:onally
substituted perhalogenated hydrocarbyl, or an optionally substituted cyclopantadienyl
ligand;

A represents -NR™-, -NR®-, -NHR?, -NR®R? or .NR®R* whare R ig H, C(O}R”
SORY, C(OINRPR¥, C(S)NR¥R*, C(sNR*)SR® or C(=NR*)OR™, R® mnd R*
each independently represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted heterocyclyl group, and R™ and R¥ are each
Independenﬂy hydrogen ar a group as defined for R*

B represents -O-, -OH, OR™, -8-, -8H, SR¥, .NR*-, _NR%., -NHR*, NR‘“R“
NR¥'R®, -PR*- or -PR*R® where R* is H, G(O}R“ 302R33 C(G)NR“R“
CONR®R®, CENR¥ISR™ or CE=NR*¥)ORY, R¥and R® each independertly
represents an optionally substifuted hydrocarbyl, perhalogenated hydrocarbyl or an
optionally substituted heterocyciyl group, and R* and R¥ are each mdependently
hydrogen or  group as defined for R*:

E represents a linking group wherein A and B are linked through 2, 3 or 4 atnms each
independently being unsubstituted or substifuted:
M is a group VIl transition metal: and



,'abonds, may be present. The al kenyl group may carry one or E@L‘?\GPM@NTWEEI _
pafticul arly phenyl substituents. Exanples of al kenyl groups I nclude vinyl,

- styryl and indenyl groups. Wen either of R or Rz represents, .a 3aFEBn2ﬂ{]l§
‘ group, a carbon - carbon double bohd is preferably |ocated at the position
(3 to the C=X noiety. Wien either of R @r R2 represents an al kehyl group,
. the conmpound of formula (1) is preferably an a, (i-unsaturated. .imnium
compound. Al kynyl groups which may be represented by one or nore of R, R2,
and R5 to Rz Yirapiessnss ayamenic gaup frkeeislig %Préfff%l"tﬁf{%ynyl groups.. One or
more carbon - prAdeanthatr WisneY e mds anmpaitesiipribatestt leastrneadfid iy 13 §AEED Amay
c?rr?/konj]y&ropgﬁ)gt%msublst ijt uents, Earti cul iarl ydphenyl substi 'ltuejnt S. Exsv]rrpl es
of al kynyF“groups i ncl ude et «~Pr.Q ethynyl . graup en
either of R &VhazX mpresentst @@ﬁ%@kfﬁ? -oﬂ}%gu%ﬂo&g'gg%rggné}ga'r “%Ht%]ts1e bond
i s pref ermbliyn lsatsaineldde pratdnatssoisiinium palts snh qudernannminying sglts. V\%Hﬂt-eﬁ'i er of
R T 2 Rt SHfR'aPe ARrGAbKISABY corfiis ofibenunfiyio whizh & isf root hydrage(l )
preferably 2% done Wit rsay B Jebrsdidt ¥Pad RBudd Haydes® cbfiBraliy LGl Ay
groups whi ch MAPEVRIg) MYRE d6PBY bne br- nore o , and -RE‘.toiRZ nay
contain larylsuiphcoeten. suchmsrastipnalie albsttiad RienypndRerhing sy E”QE{}%EI’!S P aryi
or het er ogyehtited’ | ARPsulfBoaaes esinabdiay y|hatpgengied whilkylsulphonaies, r ephioBsef? ed by
R, R2, d RS Lnc h i 4ol O or, y&,.Cakarapahany! ,
enyted yﬁ%h ths! {);?g}ﬁalﬁ ﬁdﬁléjcttutuﬁ_ LathoxylatddO 0B QRY L. CHlk iy

o oroeh o s n U o S 107

Per hal ogetfsbanilatepdions Aepya _ :
of R, RlandsdeR@ntrmoRforgadiepensdienekampilepergbleraiser Rarigdanesdes |k #nicBhd ary!

Jroups, A8E A [Tbicﬁ'l%{iééé“ i{aéﬂk@el’.eq{ydro‘guﬁaﬁ_a@hﬁéal fosiand farater y lacetateups . -
a es o erna ena r S i esen 1 1
R o b, B S e

groups whi .be
r epr esent eifludrymetheneaulpironate snd Kiluorpacetais (PREred apqggqs W&'@a% HE‘P@ﬁ 9 gﬁ‘ﬁ’f?ﬁ ude
aromat i ¢, js3@k UbahRE aAd gifllahhisits Yand padiculany preferied gnisps nclude mdidenfasmaenpr i se
1 ring or 2 tO‘F! m)retf sed rings which may include cycloal kyl, aryl or
het er ocycl”"i"'%n 'i’?{a%q.a e heterocyclic ‘%r%\t%g Wi, || contain at. E}aﬁst 43S
het erocycl i c rHydfocarpi oroapsubichsray g EREFRTtEd RY ARR AT Voﬁeq?a‘m’i' ¢ TFom'3 to 7
ring at omp menak Glikyhtalteedls bikpiye and ery aupsirdnd rensrrgriinatiegnthereshesuah éf i s
any of N, Qﬂkyﬁ-lrﬁ{ail% 1%P&aﬁ-ip§eh§‘én§fg‘rd§ps.0r RZ represents or conprises a
het er ocyclal c’group, I-}(he tomi or 0 t = X2 i | SR
preferably a cAkyosrowso 'C‘Emg?ee?%ﬂﬁe'ﬁé? gyt%&?%riﬁoréﬁﬁgﬁvﬁ@w {O;Rbe
I epr esent éativoly [IRar aRa braanikdRkyl profes ¢anenising up e 2QigarborhRtpia, Rﬁ'?tf‘:”'agg P8yl
|t hi ophenyly, ;o fAER80 atoin8 38k Yhefertibiy fahy] to § Bartion aingl ,When thaztiy| granes arei azoy|

.groups. Wien any of R n i td ' ' bR Or

het er ocyclPF %“’S?%ﬁ'ba; KRS ‘3@5‘3@“}%&5‘%9 ‘%% %Z_Rllg,ﬁ?%d?gg@uda %?%@y?rgfﬁt 2 i P
adver sel y taf4 ernchdre chain etens. stlered3g| %’E'?‘?%Trﬁs-otpet%'évl SR F@k “opt S 'onal
subst i t uenhfnioRR defpriting QO@s tocklarehontémpin the trgesy ringaamcheptionatyfeaturing ol |
acyl . hyCiReas bete br%gﬁrg%gge IeRYHAIRA BFdst whize heiyayEtbserniinoRaRBY | 0Xy,
nmono or di-Nydrocaf byl am no y Pcarbp/ thio %@‘ef-l?ut ]C%mx%n c]&%xﬁlEB
2004 WO GOATYSP A PATPdsmEBYBEYY Prapyh renyl AL 2-Btyl, oo suF;pCNOny and
sul phohamgeumgr oups wherein the hydrocarbyl groups are as defined ford R
Eboxe. One or Weﬁyl Eﬁsi\kﬁaﬂhiéyﬁahﬁ?@séﬁfﬂsggﬁﬁ R‘morafbf%anﬁd%mggaym
each cont ai ng o re chi ral e 18 'o A ¥arEn Rear ub ,

o Cont L i ) s, oW o

Re, RZ&R9, RB&RI, RB&R , Re&R 2, R &R ,RZ&R', R &R', R &R Z, R &R z, RZ&R',

R 28R, R&R' , RZ&R S R'&R SR 2&R' R &R 6, R &R 8, R &R 9, R & RZ, Rz & RZ',
R~ & RZ and RZZ & R~ are linked in such a way that when taken together
with the atons to which they are attached that a ring is forned, it is
[)referred that these be _ 5, 6 or 7 nenbered rings. The rings fornmed in
his way nmay additionally be fused eoto each 10 other or to other ring
systens. Exanples of rings which may be so forned include ‘
oxazaphosphol i denes, di oxaphosphol ans, phosphol ans, phosphori nans,

di oxaphosphori nans and benzodi oxaphosphol ans. The rings nmay be optionally
substituted or may be fused to other rings. Substituted carbonyl functional
groups which nmay be represented by one or nore is of R, RZ, RZ and RZ

i ncl ude al dehyde, ketone, acid and ester groups, for exanple -CORZS,

- COZRzS, and - CONRZSRZS wherein R25 and R26 independently represent

hydr ogen, an optionally substituted hydrocarbyl, a perhal ogenated

hydr ocar byl or an optionally substituted heterocyclyl group as defined
hereinbefore for R5. Substituted thiocarbonyl functional groups which may
Pe represented by one or 20 . nore of R, R2, RZ' and RZ-incl ude-: s

t hi oal dehyde, thioketone, thioacid and thioester groups) for exanple

P NSRS NS N o B



.7.|s nost

5 s substituted hydrocarbyl group, a perhal ogenated hydr ocar byI Agg' %%&%éﬂ
optional |y substituted heterocyclyl group. Wen one of R & R6

i s |inkewaa1gsmh a way as to forman-optionally substitubetcromgssnd the
ring so formed contains nore than onegcarbon nitrogen double bond (imrio
‘group), it is.preferred that nitrogen-phosphorous heterocycle so formed has
both nitrogens are attached to a common phosphorous atom Exanples of such
ni trogen phosphorous heterocycles include Rxz Rz Rxa Rz RxRz RmRz i | Nv

| LQWM oo Aot DBtk Bkt T, B ooy ey e B Ind sRSstirt Mapten s
Rz, %‘H’Yﬁég

, ?%' Lﬁz‘t%r 5"%[1‘?'9? Rbaisemd @Reyrs. l@fudeavwl siwi ane indepyrgroues. i on

: of ar y![ , Whent gither af Ry opiﬂén’gbr,eséht&&inkﬁker@m@r@ﬁ. aadamhdfy! carbh Houble&idng gy be
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rrent hol . -COR®, -CO.R®, and -CONR®R® wherein R® and R?* independently represent
hydrogen, an optionally substituted hydrocarbyl, a perhalogenated hydrocarbyl or an
optionally substituted heterocyctyl group as defined hereinbefore for R®.
Substituted thfocarbonyi funcuonal groups which may be represented by one or
20 . more of R, R% R® and R* include thicaldehyde, thicketone, thioacid and thioester
groups, for example -CSR?, -CSOR? and -CSNR®R? wherein R% and R® lndependently
represent hydrogen, an optionally substituted hydrocarbyl, a perhalogenated hydrocarbyl
or an optionally substituted heterocyclyl group as defined hereinbefore for RS
Substituted imino. functional groups which may be represented by one or more of
25 R', R, R® and R* include unsubstituted i imines and substituted imine and iminium groups,
- for example -C(= NR®)R? and -C(=X)R® wherem X is as hereinbefore defined and R®and
R* independently represent hydrogen, an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl or an optionaily substltuted heterocyclyl group as - defined |
hereinbefore for R®. :
30 : When one of R* or R? is represented by a group selected from a carbonyl
’ functional group, a thiocarbonyl functional group and an imino functsonal group, it-is
preferred that the other of R’ or R? is represented by a hydrogen atom, an optlcnally
. substituted hydrocarbyl group, a perhalogenated hydrocarbyl group or an optlonally
~ substituted heterocyclyl group. .'
35 . ° When one of R® or R* is represented by a group selected from a carbonyl
functional group, a thiocarbonyl functional group and an imino functional group, it is
' preferred.mat the other of R® or R being. represented by a hydrogen atom, an optionally
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preferably conjugated to each other. The al kenes or cycl oal ken n&@abg
substit wedipszéerably with hydrocarbyl substituents. WercT/GBomizBene has
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“met hyl, ethyl, iso-propyl and phenyl. 5 Exanples of optionally substituted
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NR3' R Z wher efff 95 EQPW?"%‘Pé ormeldiipeket e defined, and where R- of RZ
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may be represented as hydrogen donors include methanol, ethanol, propan-1-ol, propan-
2-ol butan-1-ol, butan-z-ol cycfopentanol cyclohexano{ benzylalcohol and menthol.
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subst i t ugRdpaBtOIEhdH Barselgect ed to be groups which do not coordinate with

t he metal, M referred gubstituents |ncl ude hal ogen, 20 cyano, vitro,

~ sul phonyl, FOELY BUF, %@"ﬁﬁryoﬂ'@ﬁ'&?e‘ﬁ IRy dPd¢ 8P 1 p'é’Mﬁ"t?@téY‘H@%‘l‘ﬁO"@Psoups
as defi né’élmat&%ﬂ/@mmsw fq@maﬂ ¢ £@ darbab stants) or&femlallyéroﬁu 20 a4 leptbograaoms,)araind
henyl  ghsui® Bref a and
pheny|_gneubpreidfaly Pbies eaakhlatorl gséanﬁﬂ@ B il Wsée’bﬁd SR ARRCSLRE  and

especi al [lﬁl opt i Ona é su Sth are
by two cAlWonPht SARTE ‘?'H @S chy BQP%tQ org| n‘R‘F' > A eifidamingay PERRIYIAMIBS par t
of an ar mampaiaomnalbtpﬁamme dsoblutytangna uipexyZenims rdietelafiing, dpfopyl@mite, di-

7- menberg@ fd pgm,@xch gibﬁ‘g[égnnﬁ%y bgi_,%éwaml one elg%mné)t heBe gg?h%ng

Partlculg E)EQ{% erred diments 1n Fth r eSefits aF

atom sep pspz 'Bﬁ&“SrPéO%#d"ﬁotWh@? therhydeagep slenatt is @9 araingi rrimany agpnesaral | y
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* donors comprise hydrocarbons which have a propensity 1o aromatise or hydrocarbons
,whi_oh haver a propen'sityfto:form hig_hly conjugated s 3iems. Examoies of readily
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onor

fromth depr
Basi c | ?%%n‘dgg%r@\ %7 s ? ?&éﬂttﬁﬁ 4hpng ‘i”ﬁ@ﬂ@&% bwé@@zolmtmethﬂbmnel s,
C, $ pri neatalysis aeécrelawalrt;ataimmes diszlosetién Dy Ao @ens B, 199sCh20 ssmrze$eﬂt in.
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Most pr efler abl ¥ ﬁr@e:aaae?grgegﬁ %ﬂ\)&é@b&ﬁé‘l@a@gn¢ﬁ g &% %FP%GXIHX?

cat al ystY PN, 'P%F &Ryt discussrd thereia); and eh@ﬁttfamsﬁlpndaqetay panmslarly

di.ast er cavowy Vilnetal, pmmpfexeslwﬂtmcmralslgmcefcﬁrf@hhma enpl oyed. Such catalysts are

- nost advant ageously enpl oyed in asg 'transfer hydrogenation

processes. I n many enbodi nents, the h| r lity of the catalyst is derived

fromthe nature of A-E-B. Exarrpl esrRof} cafakysts which may be errpl oyed in

the process of the present invention R'ndtf'ude Pr5 Ph N~ 1Ir *; "Nz O Ph

PTS ~~r Nergin AR é& any stohhitic@r ring, stuchife aRl R, Rhand R™ are each independently
20 “selected from aryl, alkyl, aralkyl, ring-substituted aralkyl, substituted aryt and combinations

thereof as disclosed in US 5,767,276, the catalysts of a), b) and c) being’ lncorporated

herein by reference.

Preferred transfer hydrogenatlon catalysts for use in the process of the present

lnventron have the general formula:
E

7N

A B

N

) , | | v R
where:n ' ' :

R¥ represents a neutral optionally substituted hydrocarbyl, a neutral optionally
| substituted perhalogenated hydrocarbyi or an optionally substituted cyclopentadlenyl
- ligand;

30 A represents -NR*-, NR”- -NHRZ"j -NR#*R? or - -NR#*R® where R” is H, C{O)R¥,
SO,R¥, C(O)I\!Ra“’R34 C(S)NR“R“ C("NRa")SR:‘5 or C(=NR*)OR*, R and R® each
.independently fepresents  an optionally substituted “hydrocarbyl, perhalogenated
hydrocarbyl or an “optionally substltuted heterocyclyl group, and R* and R are each
. independently hydrogen or a group as defi ned for R*;



Cl Ph NH | \ PTS ~ Ph N Rug ~ NHZ Cl PTS PT5 (~r~ N Ph N "NHhC O] -~
HU-Cl. 2. Ph The process is carried out preferably in the ﬁf@sgﬁ&%ﬁ a
base, eSﬁ%Cd' ally when Y is not a vacant site. The pKa of the e, .l
preferably alfilz%'}eaast 8.0, especially at |east 10.0. Conven ST{F%@{E’@g?are t he
~ hydroxi des, al koxides and carbonates df alkali netals; tertiary anmines and.
quat er nary ammoni um conpounds. Preferred bases are sodi um 2- propoxi de and? ;3
triethylamne. Wen the hydrogen donor is not an acid, the quantity of base
used can be up to 10.0, commonly up to 5.0, often up to 3.0) frequently up
to 2.5 and esBetipsédents FOL hOH, aDBY, 1S -BB, BFB!, PR*NDIMR2Qf-NHRE2, CARBIR ST .
When t he_ydpoggiralanopRstgs | @iz ; b 2RkA idsh a
base priqr_to,.the intr _(_)dug?t ?@Eé‘é\éﬁt H%E‘E%@?)Fgénscédodrﬁ)ré(emﬁ ﬂRE@i%%\IT .
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appears fefingd fofecessary. Advant ageously, the process is parried
substanti al aByepeeemts adimkingyretidxi de Preferably, the process Is carried

out under a s LAl Lhert .at nospher.e, . for exgnpl e nitrogen or argon.
Wen the pr od%’%@fé&%bgé %é’gt%[/_ %%Z%gfﬁagﬂy%?g Fﬂ@fﬂjys%@ﬁaﬁghépgi s .volatile,
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en

less th &6@@?&9 ric pressure or by use of iInert gas sparglng.
reduced pressur I'stillation is enployed, the pressure is often no nore

than 8.66x10 Fae caBiytimspgyies ivheliaved todensubstantially & fxdhidehin( heaboneig) ;
pref]erabngymﬁla. .Ilthﬁa%@élm@rloaﬁc%edférpglsglg%%.to 663?%2';) P?l(() S tOSéDO )
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I.tably 1n the. 0. .0 and, - f lent | I
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During the-reaction a sol'v Fes

~ for exarﬂﬁ@cﬁ&lyhgmﬂp? AR ropferabhr Sphydspcarhy rasounsef Eralierrgd shydeacarbyl
gpr (r)”t ic sslb‘si]zeents insludex angthy, aee@pniggfﬂopyg, GingRinpl | hesmenm Wﬁ oy lphen ) -
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 The hyar GG whBMHR a5 bahd 116 ShEW S5 insr SRR IS MRl BetaRnt i o
used in stbsifiied henzena. « WhenHes ligand isra perhalogenatea inndronabyl, peeferabiyt it issa
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t he r eadr¢emed drafdhe enantipmeriaaly iaptior Wiasteraamericaly purified derms efdthpsedret | s

- water. saised)l BerizeneBy-choyrledsitpiRhe drfy Hé%&néﬁ{@énﬂéﬁ@%@te%%@y‘?Fé?&‘i’e hase
~ extract ||i§g?&she product, pushinng the equilibrium-and preventin 0SS O

 product ©pfical purity as the reaction proceeds. The concentration of
substrat e nmapRtendiyosubstituled pikenylsliganda avhicm niaynige represérdeciby R¥idndliderer i

' eXCeSS. G,y ah@ p“réfei@biyzéa_é,oalkenes'-pr cycloalkenes with preferably two or more carbon-
carbon: double bonds, preferably only two carbon-carbon double bonds. The carbon-
garbon double bonds may optionally be conjugated to other unsaturated systems which
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~ cont ai n -NAgh ygeeRre N MIPRO LNRRE? | F"I@R‘”Ri’\ﬁh L 3cglpgl B@f esent
e

in or us esol nt oI ste ) an or (b ra 13
o it SRS 5 s B s epras v D) S ShE o abr
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reacti off! "i"}‘?ﬁu gnyt Th|§" an %Beﬁé%mlpr@h@dewp'@r&ddl SEPUPSse 3 t'he

cat al ysmapiﬂthﬁ&hiﬁuanyhgroupsto the conpound of. fornula (1 ) in solution, or by

addl tion to et f gr dg o a n hy 0 Jg0ON can
Bt ST A :t%f BOd % Nad & @Huﬁ qu-r saeprgue BY gei%

erri, e solu ti on of

. b tr n
subst ra% Q%% %@ﬁ‘eﬁa Wherermﬁa qnd R?tafereatnerenpefar%dﬂfmdmndof
suisst raMdaeceaRzabm R’L‘fdecb roup esPreddnted By CADNRIRY, BEORRMRH, e =RReysded to

ater. -??f roden (ppEren OB N RS bt e R0R? Eé"b SR o
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- be obtained by known literature net hods Imniumsalts, for exanple, "can be
‘ prepared by the 15 quaternisation of imnes, such as by treatnment of im-nes

~with al kylating agents. N-phosphinyl inines can be synthesiséd from .

- N-hydroxy imnes by treatnent with a hal ophosphine: N Hydroxy" | m nes being
. readily available fromthe correspondi ng al dehyde or -ketone by ‘treatnent -
Wi th hydroxylam ne. A simlar approach can be used for the synthesis of
- certar n N—sul phonyl | mnes whereby N-hydroxy |mnes are treated with a 20 °



30 sieves or magne5| um sul phate, or treat ments with conbi nedd 3\/\5%%&9 and
dehydrating agents such as titaniumtetrachloride or titanium

tetrai sogypergisfle. N-Carboxy and N-sul phoxyl imnes may algeqdsioRtsHar ed by
‘reaction of ketones with aza Wttig reagents. N Sul phoxyl imnes may als .
" be prepared by the reaction of a orgddonmetallic 35 derivatives of im nes o
- such as an N-lithiated imne, with chiral sulphoxides such as menthyl oAs 4
p-t ol uene sul phi nat e. REPLACEMENT SHEET 13 FEB 2004 18 N-Silylim nes can
be pr eparrﬁg form 3@ anonetal | ic_derivative of silazanes such as lithtum
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- PSR NR §epagatlon5§n@ Qne orqujpxq:f the. 2ripen atomgz garries @an Spirlly Rubstituted ary
N group as defined above or E represents a 2 carbon atom separation which comprises a
cyclopentane or cyclohexane ring, optionally fused to a phenyl ring. '
30 . E. preferably comprises part of a compound having at teast one stereospec:f c
centre. Where any or all of the 2, 3 or 4 atoms linking A and B are substiiuted so as to
- define at least one stereospecific centre on one or more of these atoms, it is preferred'that
- atleast one of the stereospecific centres be located at the atom adjacent to either group A
o B. When at least one such stereospecific centre is present, it is advantageously
35 present in an enantromerlcally purified state. _
' .. When B represents -O- or -OH, and the adjacent atom in E is carbon, it is preferred
. that 8 does not form part of a carboxyhc group.
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per hal og@jgt ed hydrocar byl, or an optionally substituted het y‘r“”
group; %sents a: hydrogen atom or the group R5; Pﬁ"'&ﬁ?“’ﬂ@“”

‘i ndependent |y repr esent an optional I33 substituted hydr ocar byl a

-per hal ogenat ed hydrocarbyl, an optionally substituted heterocyclyl; , group
or -N=CR23R2a where R23 and R24 are as defined for R; and Rs to R22 each -
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hy?oge t onrlg %n& g P'éa eq@m'ﬂg %@”‘ﬁ“%R wherein: Rz'
represenl"s 'ﬁ”‘l‘ﬂﬂﬂ'ﬁaé'lesoﬁt, 'éiﬁmiﬂof[kslab%t ﬁ$nﬁ0€aﬂyh§/af o a2 By| diarainelames and
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* Reecsie 2 2 Ao BRER AR B gt SRioey i Biae coreTecs Toesrio “crrsueaine
C( =NR4) Er@hey digmings-thaj pRY ez represeREd ya AFE-Bnarept AdiEmihycyopestmasat aindn
opki onak] lﬂdlé#ﬁﬁj‘cyéwhéﬁbrﬁ)ﬁdbwﬁﬂ?ﬂ fusdRE aabgﬁfyﬂ %Edaﬂt‘a{é’ SRS %\‘Auepgcﬁég

optiona St | het er [ oy
| ndepenééﬁﬁéﬁb fy L%eeﬁ' t8§ylgte§ i({glbélfhg %W'Fﬁé%r%?seﬂ?ﬁl bysArEsBy BecigraBly-af- |
- OH,  ORleast ®ie amipig, grom3 is, N-tddiRlated. - ezaminoditBhds or NOmMBRIPe adPdRtadeabsly- pR3t -

or - Pmsmmt@@ré%peérall:f on"’the%@rg % lﬁg? % 1EdPbNe g%g@'ﬁug(sﬁ:h IgR%aB?)

NR3 ' nde
gEPLA ﬁré%ﬁ‘cq'a” 7 @e‘iﬂés GEMP40T 3 legst ong @arﬁ) SERYR, S'PaétrPU&?ﬁ'M DREENY

sulgst i t goed. hydr ocar byI " per hal ogenat ed hydrocar byl or an optl onal |y

Substituted Betaf é’ce)k‘én%i sgéf()&gm? &Wrﬁrl":r?%gn Re &, ?es%%? g?f:? ?clgg thy

hydr ogen roup ef 1 ne resen up mherern
A and 18% gﬂ@%fqg?\%'ﬁal??f? Qghwhich §‘ec¥rmay @ﬁfﬁ’eééié?} | ndependent 'y being
unsubstituted. or substituted; | 1., Mis a group Vil transition netal; and
Y representc an @i onirg  grip, a Basi el | gand ok a vacant site; provi ded,

t hat \Aheth a vagaft site t at Ie@-s-t—(one of A or R parries a

hydr ogen at ief errgiol y, nwdsgin &5 UbSHHE atHn of  NHasopashtani( 1) or an ami ne of
‘formula (3) conprises one or nore optionaliy substituted A™RglsP™ it is
preferred t1#At offy one orPhore cth R & RReH,R6 BHRMe Ro ﬁ R &R, Rx
&R, R" & R2 & ,Rx&R))’i—endR)()-&-é%@eH;aM%optoa'l'lzlyllnkedln
such a way &% t 0% ar mHn oftd onal #y st i mpt ednki ng(s). When t"he
substrate of general. fornmula (1) is an imne [P.e, X wNR3], the step of

generating t ubst r at . : . ) ) | compound
(2), ' - 1R R-RZ Il (1Y i @t aN ‘ treating a
car bonyl corrptﬁundogf f Qs i 2 i 2 pound R3NHX.

When the substrate of fi.e. X =
(NR'RS)*Q ], the st NHf ormul a (1)
frrom a carbonyl conpoun@H(2), O-HH,X RJH¢Rz R~RZ (X8, (1) 2

20 S 'Pfeferably, the enan_t:omencal[y and/or drastereomencally purified forms of these

_-are used. Examples include (1S,2R})-(+)-norephedrine, (1R,28)-(+)-cis-1 1-amino-2-indanol,
{18,2R)-2-amino-1,2-diphenylethanol, (1S,2R)-(-)-cis- 1-amino-2-indanol, (1R, 25)-(-)-
norephedrine, (S)—(+)—2—ammo—1-phenylethanol (1R;28)-2-amino-1 2—drphenylethano! N-

_ fosyl-(1R, 2R) -1 2-d:phenylethylenedlam|ne N-tosyl- (18 28)-1 2-d|phenylethylenedlamlne
25 (1R,28)-cis-1,2-indandiamine, (1S, 2R)«crs-1 2-rndand|amlne (R}-( )-2-pyrrolrd|nemethanol -
and (S)-(+)- 2-pyrrolrdmemethano! : -
' Metals which may be represented by M rnclude metals whlch are capable of
catalysing transfer hydrogenation. | Preferred metals lnclude transition metals more
preferably the metals in Group VII| of the Periodic Table, espec:ally ruthenium, rhodium or |
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subst i tutvedoﬁmsﬂp corrpound RNHZ and quaterni zi ng or prot 03,@1.1 0;0%\67
resulting imne to give the imniumsalt. In certain enbodinents,

particularly in the generation of imiaes or iminiumsalts wherein R or R_.
contai n a phosphorous oxygen double bond, it is preferable in the step of .}
generat i ng the substrate of general forrrul a (1) froma carbonyl conpound
(2) first, ‘rﬁﬁl h? on ound -of forrmula (2) wth hydroxyl am ne -
to gener alf' Gl ?ﬁ ‘8’%?’% is prefetablypresent imvalengostate lheWhietn thean
act i vat edﬂsbéolrbsdlummramdwmgt is Ipeefgrablypsresdritin Walkhed Stat@ théﬁ RR is SUSULRP
hal o der i ysiohM Ph) n at e of

gener al foprfr.rul %}ﬁsig&n&éﬂr@hﬁoc&}%eﬁ %onor | npﬁﬁﬁétﬁxrg SR P%‘?‘[Eaftpéjr
* hydr ogendti93Fa ?ﬂ ang RyeleEabh PraseRkin Yakencstsigiei 1 when Ré’dlsc&lt optionally
accoEdancs;metuiedrog{:iepmmemyﬂI:gm first aspect of the present invention as
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out by a\%’ E;d'lgiyb @ﬁ @’Ee‘fs ener'ﬁ% Oginrgé\%\ég}%tsgc?yegf mg‘yﬁapgyct}@é diP¥d by
R or J%rt Mtfﬁ%er ylamine a"r‘ﬁ helogen efreunsh| Preferabiyr wRearae halegerv éd

ei t her byepneemteemy Wthélhal@gén id errﬂaﬁdaenwwmétmbﬂé@arb }é 80 BP&o!

h.as fl oClbyling oy
Eéfﬁ%”ﬁgf rh b POUSCEARA bl O SRE"hbyp Y, H8 by RO TSI it q@ftﬁs%m@ e “p

or R espg®é I'O&ﬂef‘ﬁc’ﬂhfelﬁ"@d IBrfhiRrﬁ@tl@n .group sel ect ed from P(O ) R6R .
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- P( O) RBNRY$tRm rm@rtrqalczrganmgrmﬁed by F"({))VEEBSR' - P(O) ORBSH,

-P(O OHSR' , I?Itda)t@té‘féiab @)n@RﬁéJBKI%B B({AHGREY &4 t
REED Tt i ﬁéﬁr@i@ﬁ%ﬁm
- E§ 3 ﬁg&w%wgg I}E@‘) ca]awsts maggoeﬂmagwee%é?gg%@(@%w@
: n oge I the Sh{?
RSN T ey o e RGeS e

- P(S) ORBSH, - BanolesHyf catigstoREhBh zRMy bePé!@))B?Ed\IhiRttZe E’é@sCEDtﬂtdZ resent
- P( ) OHNR:WERlich inclBés) OHNHR 2, - P(S) OHNH2, -P(S)SR NR ZR'; - P(S) SRR Z,

-P(S) SR NHz, -P(S)SHNR 2R") -P( S)SHNHR z, and -P($) SHNHZ are renoved by

treatment with acid, such|as gaseous hydrog n chl ori de, aquUeQUS
hydrochl oric acid, hg c acid/ al ¥ Xt ures @ acid/formc
acid/ water mxt urel Str roace,tl c A8 d ol ue,hesufpho xGj€, or other

mneral acids. Fe Y, ~&hlori
sol ution of the QQDhorous subst jtyfee amine, or ¢ ﬁhnsphorous
substituted anfe I'S treated wi Ph a hydrochlorrB“acrg solution to effect

t he cl eavage of the nltrogen phosphorous bond. - .. X REPLACEMENT SHEET 13
FEB 2004 21 Wen R or R' is a group repres nted by CO2R 9 treat nents W th
! roup. When
nethoﬁ& su S hydrog ' (n the
presence of pal]l adi } ns, or
treatnent wit ] /dr ogen bromi ha gtic-acid mxtures.
may be enpl oy V%ﬁhmR‘Q is a umyr broup treaTENt, @i th an acid such as
pt al uenesul phoni c or* trlfluoroacetlc acid . in an organic solvent such as

al c ho:c s et her Shedprogesd ieatridd dut We%!yﬁiﬁﬂh@ﬁ%enweﬂa Rage 'e%p@crHW Nﬁén group,
o al kal - "elpSRER ShETERTBK, Rk Bk i< etatitly Bk St ehsaliabieatt 150
COR e, t fr@nyenient bP@esgﬁ"Gdbe WQFCB@GSeﬁBOﬁ@&ynacaldbooatelsaﬁealkehdnelatss itertiary
25 amines and quaternary ammanium compounds. Preferred bases are sodium 2-propomde :
and tristhylamine. When the hydrogen donor is not an acid, the quantrty of base used can
be up to 10.0, commonly up to 5.0, often up to 3.0, frequently up to 2.5 and. eSpec:alIy in
the range 1.0 fo 3.5, by moles of the catalyst. When the hydrogen donor is an acid, the
catalyst may be contacted with a base pnor to the mtroductlon of the- hydrogen donor In -

R -is a benzyl gro’Er
g




_ V\hen R3 or R' is a group represented by S(O)zR' y, treat WL%Q@EMENFCSHEEGT- | ’

.reductive net hods may be used to renove the R or R' group. \ﬁan

- met hyl group hydride reductions, for exanple using lithium al

*hydride, or dissolving netal reductions may be enployed. Wien R is a
p-tolyl group treatment in strong acid,  such as trifluoroacetic acid in
-met hanol or 8M hydrochol oric acid, may'f5oe enpl oyed. Wen R’ i's a

Itr| met hyl silylethyl group treatnment with an alkali ntal fluoride,

| pr ef er abl ychaasbelThd YR rhiitFof BARY10REts %Pérﬁﬁﬁ\%el &ducho ﬁrthﬁ\yd a"ﬁ HHGuP

represent atne acids or a uori des
lmay be usggﬂ%)%fr?rgnb\% 3%5“%”& Irabl%a The invention is illustrated by
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T enct s on AERPLAC AR Al Gontf 48l roBlold, W i B0l ot oAl B I
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During the reaction a solvent may be prasent, preferably a polar solvent, for example

methanol, ethanol or i-propanol, mora prefarably a polar aprofic solvent, for example

i acetonitrile, dimethylformamide or dichloromethane. Conveniently, the hydrogen donor may

! be the solvent when the hydrogen donor is a liquid at the reaction temperature, orj it may be

i used in combinafion with other solvents. In certaln embodiments it is preferable tp use a

; diluent. Diluents include non-polar solvents such as toluene. Usually it is preferréd to-
operate in substantial absence of water, bu¢ water may be present in the reactioni. : ifthe -
hydrogen donor or the reaction solvent is not miscible with water and the desired product is
water soluble, it may be desirable to have water present as a second phase extra'c;’eing the
product, pushing the equillbrium and preventing loss of product optical purity as the reaction
proceeds. The conceniration of substrate may be chosen 1o optimise reaction ﬁniz;, yield
and enantiomeric excess. '
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di chl or o ¥ineRpM. & iridium (11} or rhodium {Ilf), wherein R¥ is an optionally

© .30 substituted cyclopentadienyl ligand as defined above, and Z represents a halide,

particularly chioride. _ | , : ‘

. 7' For the preparat_ibn of the catalysts according to the hresent'inVent_icin, a solvent is
Aprefera_bly present.‘_ Suitable reaction terhperatures are in the range' 0-100, for example
20-70, °C, often giving reaction times of 0.5-24.0 h. After reactioh is complete, the catalyst

35 ‘may if desired be isolated, but is more conveniently stored as the solution or used soon
after preparation. The solution can contain the hydrogen donor and this, if a seéondary
alcohol, may be present in or used as thé solvent for steps (a) and/or (b). The preparation
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titanium tetrachloride, and a base.
Many of the N-phosphmy_l, N-sulphonyl, N-sulphoxyl and N-carboxy imines can be
25 synthesised from aldehydes or ketones by treatment with the corresponding
phosphinamide, sulphcjnamide, sulphoXamide or carboxamides under dehydrating
;:onditions, su_ch azeotropic water removal, often carried out in the presence of an acid
~ catalyst, such as p-toluene sulphonic aéid or triﬂuordacetic acid, or a Lewis acid catalyst,
_ . treatments with molar equivalents or excesses of dry:ng agents for example molecular
30 . sieves or magnesium sulphate, or treatments w:th combined lewis acid and dehydrating
agents such as titanium tetrachioride or titanium tetraisopropoxide.
 N-Carboxy and N-sulphoxyi imines may also be prepared by reaction of ketones
 with aza Wittig reagents.
" . N-Sulphoxyl imines may also be prepared by the reaction of a organometalhc
s derlvatlves ofi imines, such as an N- lithiated imine, with chiral sulphoxides such as menthyl
' p-toluene sulphmate
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Extraction wasligérely | carried out by treatnment wth di chi oronethane 5 rﬂ)
The organic |a§°@fepm@§n‘t§“ﬂﬁ’& VR, ﬂ%WéSNR#RMrpNRt“E‘namﬁraaﬁdemcaD

ive the produ a0l o~s49 /?@mﬁ%/,@a =1%h 3129 Gk 2 a0
ans~~ H>E oqeﬁéq @{ oep h(:;(n ~e~ ?rf Rﬁg(mé;ﬁ Oh gk d R

N- di phenyl phos Mﬂﬁmsﬂﬁ@eﬂﬂﬁ@b’ﬁ?ﬂ@%ﬁﬁﬁmpnﬁﬁ"ﬁé”kﬁ' :ﬁé‘f BﬂPﬁnF?eé%'%ﬁe%th

React ant W Nol hylidocafbylldbtn vptionaliyt substititedi hetbrenydybiyosm Hnd y3* fandiR™ ameeasly 369 1
mol 54 net hyl E&? ﬁaélnuﬁ dﬁ@genoEBBﬁaa G@héﬂn@d?orrm‘b‘l? 8 10 prml ;

D.6(S,S)-Ntos a 411036620 a2
11, 2- di pheny| et é’lsg? ??t"eo ?% St NﬁfH EH I\@C%gé 2142
24 mmol 120Dof -MBO o : ﬁ&ﬁanethﬁsﬂ Eyclfso'p"erﬁﬁ’éﬁen

SHEET 13 FEB 2Qqs);waﬁﬁec ERRB)SRY em@NRT)m“auﬁhnd&%aphmqa it hane and

r hodi um conpound were wei ghed out into a clean dry Schl enk flask The

sol uti on of N di phenyi phosphinyl -1, 1- et Y~y| n~apht hy| 'mne in acetonitrile
was added. The flask was stoppered with a "suba-seal” (RTM. Tha reaction
m xture was stirred rapidly and purged at roomtenperature by: .3 Changes of
nitrogen. After 10 nmins, the mixture of triethylamnelfornic acid was added
dropwi se. The orange sol ution became red/brown. After 3 hours, the reaction
m xture was quenched with a saturated solution of sodium car bbnat e (2 m).

Extractlon was then carrled out by trentrrent W|th dICh| ororrethane (5 n1)
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—. React ant W Nol MoLW Mot Ml rati oN-di phenyl phosphi nyl - 1, 1- 3GRERDACEMENT SHEET.
| .

mur al 200net nyl napht hyl i m ne[ RhCp*ChJ~1.5 ny617.82' .5 .13 FER 2004
F~npS0. 5(R, R) - N-tosyl - 1, Z-di am no-1, 8 ng3665 L
| xnol 11, 2- di phenyl et haneacetonitrilel. 6 nl 41--EtaN HCO2H [2: 5] 2
m 101. 2| 4224 nmol A800of HCOzHCp" = pentq@net hyl cycl opent adi enyl The

(R R-Ntosyl-1,2-di am no- 1, 2-di phenyl et hane and rhodi um conpound wed:

wei ghed out into a clean dry Schlenk flask. Th%aﬁ?%l %ge(%é;ﬁ}mﬁ%ﬁﬂgl or an

t N Bi pheny| phespédensl anl pgsionaltyl supstivterh RYAFRSALY P8

. added.
The flask mgPﬁg@@pgﬁlﬁqudt HetsrodyBlybaream and(RTand RoTReE ?%c‘ﬂﬁ?ﬁ"ﬁﬁvure was

stirred rapi and_ pur ged : gnperature by 3 changes of nitrogen.
After 10 m n§‘?¥’t°ﬁ'5" '%(?fglr"‘_pea%#e{@t aﬁl ﬁ(ﬁ%@@@ rﬁmeg%gﬁbhdi AR SmsTERNIT ange
sol uti on becdmeprasentd pENANg FPIRWNSSEIR P> ¥Re"Teact ion'm xture was quenched |
Wi th a satur gh@sheaddnty being odsubsitiitethorcab¥iete (2 n). Extraction was then

I carried °“t'%é£§f’a§§9ﬁh kitibh feehbed onmet hane (5 m). The organic layer was |
nestum sul

dried over ma

at e and concentd atethch@ sgéve the product as a
b 1§ Y PSRt SR ABP P R AL B EpL 4AT.id3 aFEB 2004
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" Ndi phenyi, MW_I -1, 1-net hyl napht hyl inmine with a ' Rhodi um catal yst.
v

React ant I . I hrehuldh phreimyEmfos itrimild (SLednprgenctfy 369 1
moi 50 net hyPWg%%nwheF@ﬁsgde%H %é@ ?‘3‘;&8} I?&ﬁe@ré@r&%ﬂﬂ‘ ORSR* &

(R R} - N- op&gre aptionallyzsipsliec Bngid f§1 pqpa{ﬁ" o1 %\%%};@Iﬁ?ﬁ] “%bﬁ%#ma
| acet oni t 7| @ 4 RE R &R, WR R™1RITNE BY, B2 &RDIR1550 %5 =

pent amet hyl cu h<OB Yorm; anlgptionally substituted ring(s). ;
(R R}- N-{ﬁ ﬁ%@wﬁi‘%n& 10@%&%@?:{3%@(!@&@%@%5 ed XumNRS e stelp wér e

wei ghed out i MYENARR SHRAL 0T LR nK 1 ask. TEe E’n‘{xj:;n:\iuﬂ&".(z ¥

N- di phenydepbratinging pubstrate o§epmera frEHIS (T AFH cqyﬁ Areutd® i e was added.
The flask was stoppered with a "Sub%-seal”, (R‘Ix M. The reacti-on m xture was
stirred rapidly and purged at roo eratuge™gy 3 Changes of nitrogen.
After 10 mns, formc acid (1 m) was added dr9pwi se. The orange sol ution
becane brawn. After 2 hours, tho redction m xttire was ciuenche,d vwgtp a

sat uat ed g @ldtérbBIf agdompiishetd by treatifyoneertonyEomPpUndEsf foraeA BVt sYBREHSEar i ed
out by trea.tngent %Mnﬁfﬁsﬁhchi oronef hane (5 m}. The organic | ayer was dried
over magn@8aSBT phat e and conc qtraLe(qH(é b ﬁat:ﬁﬁ[il%r.ﬁ RS, eown
oil) in > 0500 Wi P SiB AL Rf Beneigpmila (s gpythil chfspm nﬁiﬁR&JP FROM
PHOSPHI NY4tap/bt gHrefRiting thelsubstraty of generalferwia (1178 3 5R0aM 4R &1 et hyl ani ne
[Reackant W Nol Mi.Ili(t Ml Ml Ratio N di pHenyl phosphinyl-1- 0.2 g 371
0.54 mml 1 i naphthylethylam ne 8aseous hyerggen chloride 3G 5 - ethyl

al cohol 10 mM 46 - Gaseous hydl"ogeRn chl oride was bubbl ed through a stirred
sol uti on of N-di phenyi phosphPnyi X¥2napht hyl efhyl ami na in ethyl :al'cohol for 2
hours at roomtenperature. The reaction m xture was concentrated, nade

basi c by the addition of an aqueous sol ution of sodium hydroxide (2 M and
extracted with dichloronethane (3 x 10 np REPLACEMENT SHEET 32 The
organi c | ayer was washed with brine (1 x 10 mj) dried over nagnesium

sul phate and concentrated to give the product as a yellow liquid in 80l

yi el d, Phosphi nyl group renoval - Exanple 2 1-phenyl et hyl am ne React ant

W Nol N-di phenyl phosphi nyl -1- 0.2 g phenyl et hyl am ne gaseous "hydr ogen
chloride ethyl alcohol 10 Ml MIl.W M1 Ml ratio 321 0.62 mml 1 36.5 _ 46



~ addition of an aqueous sol ution of sodi um hydroxide (2 N

' Gaseous hydrogen chl oride was bubbled through a stirred solutlgﬂ
N- di phenyl phosphl nyl 1-phenyl ethylam ne in ethyl alcohol for 2 auFEBaEﬁﬂlf

room tenpRy kiR The reaction nmixture was concentrated, F@W@Q@? by the
a

cted.

w th dichloronethane (3 x 10 m). The %Egamc | ayer was washerd with brine
(1 x 10 m) dried over magnesi um sul phdte and concentrated to gi ve the Eif%
product as a yeI low- liquid in 88%yield. Phosphinyl group renoval -Exanpe 3
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N- di phen9 phosp ' jif met hyl heptyl am ne in ethyl alcohol, for 2 hours at
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(1 x 10 #FYeratlg By sybtrateof Aensr rfpgwfmb)t EOFB RLAERATYEFRTRIWEH @bfr@metreaae
product e t@rlwnyll compouqui of florm@8 YR ) ivith dydr&Q#lQhr%Oﬁ%dﬁBl’até&héSBor[ré'@bl?@in
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- PSR SR+P(S)BNRHzRemNERes, by ?Eifﬂiﬁ,ent RRARicid, sRJathész ghstbus hl?@l%'gen chlonde L
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35 water mixture, triflucroacetic acid, p-toluenesulphonic acid, or other mineral acids. .
Preferably, gaseous hydrogen chloride is bubbled through a solution of the phosphorous
subsfituted amine, or the phosphorous substituted amine is treated with an hydrochlonc
'amd soluhon to effect the cleavage of the mtrogen-phosphorous bond



-R5 repr esents a: hydrogen atom an optionally substi tut ﬁH@ET

‘ perhal ogenat ed hydrocarbyl, or an optionally substi tut

- group; R and R Independently represent an. optionally substlt é‘ngg 2004
hydr ocar byl , a perhal ogenat ed hydrocarbyl, an optlonally substituted -

het er oeycl yl group or -N=CRz' R ~ V\/neri R~ and Rz" are as defined for R ;

and R to R~ each independently repres hts an opti onal Py substituted

hydrocarbyl, a perhal ogenated hydrocarbyl or an optionally substituted

het er ocycl yl e; t@afhentsRyith did d? &idiveR & R,
i R & R ay Ry &%%H'Phaopﬁ o %%p@seﬁeﬂ&yﬁozﬁd ntsFwi s dRr

8. R R&R Mekieds npyé:epgse gﬁmov? IQEQRSQ' ﬁRgrourh \gﬂaréﬁw s lge%zyl gro % redugéve
SHEET 35 nieft®dE EBciy @8 41ydrogenation in the presence of palladium or charcoal and’ dissolving

R Z&R~" | Byefif rediRni8eR orﬁ're%&ﬁént Ruith8rohg RIoRR suBh &R hyRragRn Hmmgdﬂacetpaac@ R’ R
& RZ' and bB?@H QPR"‘-’QS L't-BnHt?lerbttb Fedfhert witRenaRidtsuch es g an

, optional |n§)xtgreg,§?p§§f u%) '&1’ ng(s wherein %@ on

" catal yst trigenesyenepisn@n flugred QC‘ A” an rga nm%é}fe g/\/ﬁm Lse,fmaé{q‘ig ents a
neut r al caataﬂomtrﬁé ingty beibsiioyed. ai¥neryB 1 dramstiyl oraumawe ttrﬂ"aﬂatq"tiﬁa"% ﬂ!’ e

: substi tutg, "s é%ﬁ'%%ﬁ@ﬁ's WioHyaemB Yt alkai metal hyptoiidesl | y subst i t.ut ed
cycl opent a e angd: 18 NR#iZveq or

. NR2R where |e§' ‘%% R E‘ ﬁ%ﬁ%g&&%% %ﬁ? th%Fg:II,\IRRIR@‘!:_’E'ﬁ may\leg )SE or

C( =NR" )ohymwmasqitt@miﬁﬁ ndependent |y represents _an optionally substituted
hydracarbyi, mesdmaRd@eRit Bda tgyﬂtpomrdsymtemmyﬁ(fb}am oﬁaatm?ﬂ@u‘bigt Beids of

-heter OCVC.J&é%ngée g\‘éﬁmd@&qy Ee%@&l 8 r§n§fe9ch§ﬂ€l3 neeei RY iy anedigegroop a

group as

resents ; NR -,
TNR—, - Nneide regictiens, fRiRex ple @P@ |th| 5]1 all ydr[de5 or |§MI§% mheta'to) Ra.
SRS, O{1@yidioBRmay bk Sy, Woen Rt SRd*"V'&mL@(“%t@tﬂtm  stfeng 20eplien 85 o1
Y ndﬁpfndeﬁtnuafoet@@é 56 M RetAsnap bi $Mmgdrbwoﬁuabsbldtgmeue azggmrwyen R l: a
' per hal ogenat l ! Nh@deRiaCHLRLNE, gr oup,
and R andR¢ @P@%ﬁﬁ%@&é’ﬁ%ﬁ%ﬁ t?ﬂﬁﬁmd.gagl%orﬁg %dréoup sQs defl ned for R E
r epr esent mapbe PARCYRS- gr oup wherein A and 8 are I|nked t hr pugh ?i ?
atons each i ndgpenEtoetRYyis bejroup rapresdntad hy BIBYRER st&%‘!‘?‘ttﬁltﬂléﬂaﬂﬂﬁ P"sa]éa‘group
VIIl tran R rHr &4 @foudni oni ¢ group, a:basic |igand
or a vacaﬁf‘t dlf?tibnﬁ&fﬁla b%{]é&dto?@n%;ﬁ@&l%ﬁg Eg\ ﬁé a vacant site:that at feast
.one of A or B Theriny 15t‘|k'f'ﬁ%’%%£ 0 iPwing IWgﬂocess for the production of
primary or secondary amines H.R3B ~N R -~R~ H (3) conprising-the steps of
a) generaEVNQHESIﬂ@FUmEIWEMMESforrml a (1) froma car bony| cenpound

(2), ft' (s) t=Y in which X represents NR or (NR'R"Q, and Q
1r epresents a rmnoval ent anion, b) reacting the substrate of general formula

(1) with rin the pf esence of a transfer hydraogenation
cat al yst, sqnﬂ\esisREIahé\tGEhﬂNﬁoﬂ-EEl'ﬁESG 1 ~ FEB 2004 .

Reactant WiVol  MolWt Mol WMal ratio
1-acetonaphthone 1¢ 170.2 59mmol 1 ‘
hydroxylamine hydrochloride 0984 69.5 10.0mmol 1.7
pyridine 10 ml 79.1 - -

In a 50 m round-bottom flask, a mixture of acetonaphthone, hydroxylamine hydrochtoﬂde in
pyridine was stirred, at room temperature under nitrogen blanket, for five days. The reaction
mixture was then concentrated under vacuum to remove most of pyridine. The ‘oil was then
dissolved in dichloromethane. The produci precipitated on standing. The product was

obtained as a white solid in 85% yleld.

' Note : after reaction, the compound exhibit a 75/25 E/Z isomers ratic. After prec}pitatiun, one
single isomer {E) was observed by "H NMR.



.c). renoval of ‘Ra or R to give an amne of fornula (3)
Ra'R'Rz hi (37 wherein: R and Rz each |ndependently remééﬂ]&Nf%g&ET

-atom an optionally substituked hydrocarbyl, a perhal ogenated hbeoEEEbg&l% .

an optionally su6stikuted heterocyclyl group, a substftuted carbonyl

functional group, a substituted thiocdrbonyl functional group or h

gubsti tuted am no functional group, R 2% Rz optionally being tinked 3n suoh
way as to forman optionally substituted ring; R and R' represents

-P(O RR (O OR(7H, =P(0)(OHz, -P(G $R SR, -P(O SR SH
P(O)(SH)—F’E%‘Z%NR 4R, -P(ONR'ZR NHR'. -1' (O NHR ~NHR a,
_P(O NR ) Byt IS'of aeetpRhaneng pdme _ p( O) (~Hz) z. -P(O)ROR, p' (O ROH,

-P(QRASR, -P(ORSH P(0)R\R zR a, -P(O)RNHR’Z . P(O RNHz, '-P(O)CRSR’
- P( O) ORSHReatafd) OHSR , - P(O) O—ISW 7O QRNR 7R a _P(0) ORNHR'z, - p( O) ORNHz,
P(O) OHI AR A8 nyiel( 0) OHNHR, z, - tP( 0) NR zRMa! ratip( 0) SR NHR'z,

. - P~0} SR Nl_—||z FSHNR, 2R, , - P( )QSHNHF\" z1201P(0) SHNHmo! - PQS) RR , -P(S)OROR
- P( S) ORCHYArepy/giig hysircchipgds) SR SR95 g- P( SHER $hi 1a-Rhad) (Sh) 2, .

- P( S) NRnzRer@ihRt aRas - P(S) NR-zR, giWiR', - BgS} NHR zNHRaa - p('S} ~yR 7Ri aNHz,
IP(S)NHR zNHz, -P(S)(NHz)a - P(S)ROR -P(S)ROH, -P(S)R~SR - . -P{S)'RSH,

- P(S) RN P(S)RNHz, -P(S)ORSR , -P(S}.CHSR , -P(S)ORSH)
'~ P( 9} OHSJ"Fgl a? §3* é&ﬁ@bf@“a%'ﬁwswm agetophano®), @mdblzytamni?é S)&Wrza&n

_ P( S) OHNHRYTgline wag sfitad\ptroom Rér)eBRUMRNaE rﬁmger%;%:éﬁf&‘ - %g@,@,@g -

-P(S) Sli NRlxh.Fé was theh Sbrﬁdhi'rﬁecl una‘eP('a%h@ mov

-PNR, zRi s RR: '“e Wer then
_pSR*NR zR a ~S(05Q€2 g( l%’E’'”85%$fﬂitl?zzal?zzz R represents

|a hydrogen atom an opti onal ly substl tut ed hydrocarbyl) a perhaliogenated
hydr ocar byste : e isemeo Biz retimbiltlye iseistad bérbicard hed ﬁf@&ﬂ@@éau&r ph‘l cﬁﬁﬂ?
l'y

|represents a hydrogen atom or the group R5;

‘representg e%h{? H % substituted hydrocarbyl, a perhal ogenated

'hydr ocar b"ﬁia'n—oﬁaﬁo-ﬁal |y substituted heter ocycl yl group or - N=CRzaRza
where ReaYRReSk ofg-ectarorgarimed for R ; and R to Rzz each independent!y
“represents an optionally substituted hydrocarbyl, a perhal ogenat ed

hydr gcar [Rdaefant an opti onal | y S tute ero | yl group, one or mare of
"R & R %zo%noeR&R' %ﬁ%l ﬂtﬁ;& E‘yf Mo &R R~R R
1 & R, R &R RZ& 2mk &ﬁBZR &TR(I‘!);mclR1c~Rz,Rz&R'a

R 2&R a, RYdRxamiag ydsarioniéR 6, Fe\@&R a, RBR R &RIRMR SR &R, Rz & R,
Rz & Rz' pgridindRz' & R ~ opti onalqgymibei ngyd 4 nked in such a way as to forman |
i optionall y substituted ring(s), and the fransfer hydrogénation catalyst is
of generail fgc[ REPLACEMEN T SHEET , s, 1 ~ ~E~ 2004 E'‘A ~-BY MRz~ |
wher ei n; "R? EEFMTHOEQ@. flagluie aixtpof @rastanynes Uiydiiqtiaminel Hpyrdeioeraely| , a |

neutrsl @epidine g gfimeditzd taouteaerprrdialdeoRinsden bkl RENLYs, Y. ,@Qctgﬁlu onal ly
subst i t utmiture s AR Hopearaeh uhﬂ&%&eigjgrﬂ 3 és&“" \ %ﬁN%Rg ]

S B VTP . Ak o sty pob S

C( =NRs 4 g
opt i onal Pylalgs a5 A pfiteeoid %56 Weldy| , per hal agenat ed hydrocarbyl or an

optionally substituted heter ocyclyl group, and R3° and R3 are each

| ndepend SYNTHESISIOR BROSPHINYIONES PROJSKNRNTRenEBiARy SRresents -0, - ON |

" OR3', NR3z- -pR31- or |
~-PRs' R33 where Rsz Is H C(OR3s, SOzR'. CgO k~I R 3R3s C(5) NRss~se,
| 0{ ~NRs) SBhosphipylInyineExaple 1 R3' and Rss eaph i ndependent |y represel ~s an

. opt i onal Synthasistof Nedigitengipthioesisingiv, 1-methylRbRBMRSS Yl ydrocarbyl or an
- optionally substituted heterocyclyl group, and R and R are each

i ndependgnt ydrogen or a gr s defiined for Rss; F represents a .
li nki ng ﬁ@ ‘lr.% G/ner ein A and B mq{i‘l nk &P oughelo, 3 oMolratioons, each '
i ndependé?ﬁt‘P%?‘Pb@P'meﬁ%ubstl tuff@d or suBStitutes¥miols a group VIII
. transiti dnethylmhiae; and Y represgBii an 1gnboni c Pupupy a4 basic ilgand or a
vacant Sbﬁ;&od@ﬁém.'pq%hﬁ]gat wheg g rﬂls NGbho @ vacag% SIL ihat ak | east one of
A or ~ cg,r{bylezh ydrogen atom process acc il o Cdaiml or Caim
2 wherein Fut hem um, rhodiMim or |7f"1 dium “4. A process according to
any one Bfchigrometiare to 3 Wnereﬁrr Ral i $48n, opt-ionally substituted aryl; an
optionally substituted al kene; or a cyclopentadlenly group. sUbstltuted
with between 3 and 5 substituents. 5 A prqgcess according to Clal m4 wherein
. Rz' is a cycl opentadienl y group substituted with 5 substi tuents.' G A
process according to Claim5 wherein Rz' is a pent anet hyl cycl opent adi enyl

group _ i
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' R3a each i ndepender~ly reprssents an optionally substituked hydrocarbyl,
per hal ogenat ed hydracar byl or an REPLACEMENT SHEET ! 61.3 ~+~~ Q004 38

“optionally substituted heterocyclyl gpsup, and R3B and R3' ar.e each
i ndependent |y hydrogen j or a group as defined for R33. 8. A:process

accordi ngot @y C@tdn 7 ein either of Aor Bcarries an' acyl or sul phonyl
i 24 T Dgrcﬁcﬂ ngrihamea oWree wand eitriethytenine Y e JEiRR i S an

© group. 'ether?di AorBrOt ess acco
acetyl group 5’?" ME8U ph&HYM0gb oupvass  aadded ue apsMkBNONY | . o fon  of
net hanes GMigadiRkenylpbesphinefin uieh]aﬁﬁfeb@ﬁ@%rﬁgp_%dc el Otiflcf)’r' 10 3! pr ocBss
. accor di NG45°C) Grzai Maiktairdd W ¢ cﬁ‘;Eﬁ&tl S Qhe_o t HETF BHRR ﬁﬁﬁam@mtm Ph~C\Wa
~Ph Ph | elpefature %‘"tﬁﬁ@/ TACA Ren) was pliawed te siovly e teireachAvop@pr esent s
NRe or NLi RA yékere TFEOK)E My e, Patih (FrBicecpetoaeint SheDradictidiHmiidike. WAgPT 0CESS
accor di n%j_'”ieg P temiesate novarrightl Briar eolltichk@sk qﬂyﬂﬁﬂ%ged:?n Eﬁé\ii’oh% |y
subst i t u¥ieyleminieo rhyaltaan®Bridn dpRcibeps €SRGt E@é - = 9 Eppve theng = R32,
or - N. R3tharaiishupd e &J\’;s,)l ' ﬁ@@% 68’5 §3 ‘(‘it’b) fiRTduE o SjistRg’ R 8,
C(=NR~) 'inoétg’g( Tl}ll-jeae s R4° o 4iop At heespelnd ngive arteparesigtius an
optional Ty Boded sy Wﬁﬁ%mbtplupnwéeﬂhgll agangﬁ\,@dthg%ﬁmrégy%”ﬁk an

opt i onal ™¥t@%ibsti t ut ed heterocyclyl group, and R~ and ar € - eac
I ndependent |y hydrogen or a group as defined for R'. 12. A pr.ocess

accor di ng ' in which A-E-9 fs one of the following; Ph Ph A a !
wher ei n: oErh Dindlh Ex 26r NHRB, where RA is hydrogen, and .S represents .
NR z or TfResis thﬁnlﬂph@mw-ﬁganethymﬁyﬁymﬁmgq napht hyl ; or A B wherein:

39 REPLACEMENI' SHEEI" 13FEB 2004 A represents NR or NHR, where Re is
hydr oge B represents NR r, NH R 2 is hydrogen or tosyl: r or
y geReadfaflt p Wrdor %Lm Mol y gen .y y

. 7. A process according to any one of Clainms 1 to 6 wheref P
=02, -OH, OR', -NR'-, -NR3z-, -NHRsz, -NRs'Rsz, or -”NR"F(@?’%%@e’ E

. Mol ratio. . :
acetophenone oxime 1.068g 135 7.8 mmal 1 B ’
triethylamine 1.1 mi 101.2 7.8 mmol 1 .
chiorediphenylphosphine 1.4 ml 220.5 78mmol 1 5
diethy! ether 5ml 74.1 . . 3
dichloromethane §+2mi 84.9 - - T

To a stired solution of acetophenone oxime and triethylamine in .idieéhyl
etherfdichloromethane  (1/1:10ml) was  added dropwise a solutit::h of
chlorodiphenylphesphine in dichloromethane (2 ml) at -45°C, After addition, thé temé::israture
{-45°C) was maintained for 1 hour and then was allowed to slowly rise to rearzr; rr;\brﬁ
te.mperature without removing the ice bath (dry ice-acetone). The reaction. mixt!::ire v&as
- stirred at room temperature avernight. The solution was then filtered fc: re:rn;a!ve .‘:rhe
triethylamine  hydrochleride precipitate and washed with & midure  of i'diefhyl
ether/dichioromethane (1/1). The product was obtained as a vellow solid in 30%'-yiélgd %fjter
coneentration, and was washed with a mixture of diethyl ether!dfchloromethane'( 1;'1).: -

Phosphinyl Imin& Eq(amg‘le 3

‘Synthesis of N-diphenylphosphinyi-1 ,1-methylhexyl imine

Reactant WtiVol Mol Wt Mol Mol ratio '

2-octanone oxime 0.97 g 143 68mmol 1 L

triethylamine : 0.95 mi 1012 6.8 mmo] 1 '
chiorodiphenylphosphine 12m 2206  68mmol 1 f -
diethyl ether 5ml 741 - - '

dichloromethane 5+2ml 84.9 - -
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Cp’ - pentamethyloyclopentadieny!

Notes: ** purchased from The Aldrich Chemical Co.

Brior fo the reaction, all sclvents were degassed, for example: X
10m} of anhydrous methanol was added by syringe to a sealed clean dry roup&:i bgttamed
flask and degassed; either by reducing the preseurs untif the sclvent begar? :to l:?oil and
backfiling with nitrogen 3 times, or by bubbling nitrogen through the solution fqri at I‘c-:ast 20
mins.

i To a Schienk flask was added the (_R,R)-N-tosyi-‘l,2-dlamino—1.Z-dip:h;eny!etha_ne.
rhodium  pentamethyleyclopentadienyl dichloride dimer, N-diphenylph??phmym,'l-
E methylnaphthy! imine and methanol. The flask was stoppered with & 'Suﬁa-seaﬁ. (RTM). Its
contents were evacuated, then purged at roam temperature by 3 changes of ﬂntrf:gen. To
the yeliow/orange solution was added the formic aciditristhylamine mixiure f:lropwme. After
| 30 mins, the solution had changed colour {o redfbrown. The mixiure was stnrrs!:cf fqrj‘S'haurs
whilz being purged with nitrogen, the reaction was then quenched by th:e: addition of
safurated sodium carbonate solution (1 ml). The agueous solufion was theni.;sha,ken with
dichloromethane (5 ml), the organic phase separated and collected. The orgam:c phase was
! then dried by contacting with solld anhydrous magnesium sulphaie and then ﬁ|’gering.1 off the
solid, then the solvent was remaved in vacuo fo give product in >95% co'r?ver.slon and
>00%ee. The sample was analysed by 'H and *'P NMR.
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imine in acetonitrile was added. The flask was stoppered with a “Suba-seal® (R“I‘M} The
reaction mixture was sfirred rapidly and purged st room temperature by 3 changes of
nitrogen. After 10 mins, the mixture of tristhylamineformic acid was added droﬁwme The
orange solution became red/brown, After 3 hours, the reaction mixture was quencg'lec;! with a
saturated solution of Na;CO; (2 ml). Extraction was then carried out by .’treéi:ment with
dichloromethane (5 ml). The organic layer was dried over magnesium sul;ﬁhate and
concentrated to give the product as a brown oil, in > 95% conversion and > 99% éé.

Note: the reaction can be carried out with or without a nitrogen purge. The ee were
determinad by HPLC on a chiral phase column or by ¥P NMR with a chira) shift reagent.
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U] c"a] c" atstadicia] wa\Vddiel c ghe dhsiavhs stbpmdtdCaltf] e 43um-seal” (RTM). The reaction
mixture was stirred rapidly and purged at room temperature by 3 changes of m’crogen ‘After
10 mins, the mixture of tristhylamine/formic acid was added dropwise. The yel!ow qotutlon
became green. After 2 hours, the reaction mixture was quenched with a. saturate:f.l solution
of sodium carbonate (2 ml). Extraction was then carried out by {reatment with
dichloromethape (5 ml). The organic laver was dried over magnesium su*phaté and

congentrated to give the product as a brown liquld, in > 95% conversion and 95% ee. i

Note: The ee were determined by HPLC on a chiral phase column or by sp NMR \}trith a
chiral shift reagent,

Transfer Hydrogenation Of Phasphinyl Imine - Example 5
Reduction of N-dlethylphosphinyl-1,1-methylnaphthyl imine with a ruthenlum cataiyst,

Reactant WiVol Mol, Wt Mol Mal ratin::

N-diethylphosphinyl=1,1- 369 mg 369 1 mmol 50 ' '

methyinaphthyl imine to

p-cymenerutheniumchioride 68.1mg 3124 10 pmot 0.5 L

dimer

(R,R}-N-tosyl-1,2-diamino- 7.3 mg 366 20 pmol 1

1.2-diphenylethane

acetonitrile 1.6 ml 41 - - : '

EtsN/HCO,H [2:5] 2 ml 101,2/42 24 mmol 1200 *° !
- of HCOH S

The (R,R)-N-tosyl-1,2-diamine-1,2-diphenylethane and ruthenium compound were welghed
out into a clean dry Schienk flask. A solution of N-diethylphosphinyl-1 1-meﬂ1ylnaphthy1
imine in acefonirile was added. The flask was stoppered with a “Suba-seal” (RTM) The
reaction mixture was stirred rapidly and purged at room temperature by 3 cthanges of
nitrogen. After 10 mins, the mixture of friethylaminefformic acid was added dropw;sa After
2 hours, the reaction mixture was quenched with a saturated salution of sodium carbonate (2
ml). Extraction was then cartied out by freatment with dichioromethane (5 mi). The grganic
layer was dried over magnesium sulphate and concentrated to give the prc:duct. gq A brown
oil, in > 95% conversion and 84% ee. "

Note: The es were determined by HPLC on a chiral phase column or by Mp NMR with a
chiral shift reagent. '
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i imine in methanol was added. The flask was stoppered with a “Suba~seaf* (RTM). The
: M)

|

' After 3 hours, the reaction mixtute was
quenched with a saturated solution of sodium carbonate (2 ml). Extraction was then ican-‘ied

out by treatment with dichioromethane (5 mi). The organic layer was dried over magnesium

sulphate and concentrated to give the product as a brown oil, in > 95% conversion and >
99% ee. o

Transfer Hydrogenation Of Phosphinyl Imine - Example 7 B
Reduction of N-diphenylphosphtny[-1.1-methylnaphthyl Imine with a Rhii:di,ﬁm

catalyst.
o, WiNol — MolWt Mot Molratio =&
- N-diphenylphosphinyl-1,1- 369 mg 169 1 mmol 50 L
methylnaphthyl imine S
[RNCp*Clle 82mg 6178  10umol 05 3 |
1,2-diphenylethane S "
acetanitrile 1.6ml 41 3 ) :
EtsNFHCOH [2:5] 2mi 101242 24 mmol 1200

of HCOH - :
Cp*=pentamethylcyclopentadienyl o '
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() - 2&67717 t?c?gezo%er }9%%5 }he rmxfhr tri ylamineiformm acnd was added dropWIse The
orange solution became red/brown, After 3 hours, the reaction mixture was quenched with a
saturated soluticn of sodium carbonate (2 ml). Extraction was then carried out by 1raatment
with dichloromethane (5 ml). The organic layer was dried over magnesium sulphate and
concentrated to give the product as a brown oil, In > 95% conversion and > 99% e,

Transfer derogenatmn Of Phosphinyl imine -_Example B i

Reduction of N-diphenylphosphinyl-1 »1-methylnaphthyl imine with auRhodlum

catalyst.

Reactant WtVol Mol.\Wt Mol Mol rat;hja
N-diphenylphosphinyl-1,1- 3O mg 369 tmmal 200 !
methylnaphthyl imine '
[RhCp*Clal, 1.5 mg 617.8 25pumel 05
(R,R)-N-tosyl-1, 2-diamino- 1,8 mg 366 5 pmol 1
1,2-diphenylethane

acetonitrile 1.8 ml 41 - -
EtN/HCO,H [2:5] 2m| 101.2/42 24 mmal 4800

of HCOsH
Cp* = pentamethylcyclopentadieny]

The (R.R}-N-tosyl-1,2-diaminc-1,2-diphenylethane and rhodium compaound were' we;ghed
out into a clean dry Schienk flask, The solutlon of N-diphenylphosphinyl-1, 1-methylnaphthyi
imine in acetonitrile was added. The flask was stoppered with a “Suba-seal” (RTM} The
reacion mixture was stirred rapidly and purged at room temperature by 3 changes of
nitrogen. After 10 mins, the mixiure of Et;N/HCO.H was added dropwise. The grange
solution became red/brown. After 3 hours, the reaction mixture was quenched chh a
saturated solution of sodium carbonate (2 ml). Extraction was then carried aut by jcreatment
with dichloromethane (5 ml). The organic layer was dried over magnesium s_uliphate_ and
concentrated to give the product as a brown oll, in > 85% conversion and > 99% ee!
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[RhCp*Cla)z 8.2 mg B17.8 10umel 05 |
(R,R)-N-tosyl-1,2-diamino- 7.3 mg 366 20 pmal 1
1,2-diphenylethane ;
acetonitrile 1.6 mi 41 - - i
HCOH iml 42 24 mmol 1200 .
of HCOH

Cp* = pentamelhylcyclopentadianyl

The (R,R)-N-tosyl-1, 2.diamino-1,2-diphenylethane and rhodium cempotind wéﬁa weighed
out into a clean dry Schlenk flask. The solution N- diphenylphosph‘:nyl-‘l.1~meilf1y|rilaphthyt
imine in acetenitrile was added. The flask was stoppered with a “Suba-gsal’ (RTM} The
reaction mixture was stirred rapidly and purged at room temperature by 3: changes of
nitrogen. After 10 mins, formic acid (1 ml) was added dropwise, The orange solution
became broawn. After 2 hours, the reaction mixture was quenched with a saturated solution
of sodium carbonate (5 mi). Extraction was then carried out by 1realment with
dichioromethane (5 mi). The organic fayer was dried over magnesium sdlphate and
concentrated to give the product as a brown ofl, in > 95% conversion and > 99% se,

_REMOVAL. OF PHOSPHINYL GROUP FROM PHOSPHINYLAMINE

Phosphinyl group removal ~ Examgle 1
1-naphthylethylamine

Mol Ié'r:fitio:

Reactant Wiol Moi. Wit Mol
N-diphenylphosphinyl-1- 0.29 371 0.54 mmol 1
naphthylethylamine

gaseous hydrogen chloride - 36.5 - -
ethyl alcohol 10 ml 48 - -

Gaseous hydrogen chioride was bubbled through a stirred solution of N»dzphen&lphosphi‘nyf—
1-naphthylethylamine in ethyl aleohol for 2 hours at room temperature. The reactron mixiure
was concentrated, made basic by the addition of an aqueous solution of sodjufm hydroxide (2
M) and extracted with dichloromethane (3 x 10 mi). -
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Phosphinyl group removal — Example 2

1~phenylethylamine !
Reactant Wt\Vol Mok Wit Mol Mol ratio '
N-diphenylphosphinyl-1- 02g 321 0.62 mmal 1

! phenylethylatrine , -
gaseous hydrogen chloride . 36.5 - - .
athyl alcohol 10 ml 46 - -

Gaseous hydrogen chloride was bubbled through a stired solution of N- dlpheny]phgsphmyp
1-phenylethylamine in ethy! alcohal for 2 hours at room temperature, The reachpn mlxture
was concentrated, made basic by the addition of an aqueous solution of sodium hydrox de (2
M) and extracted with dichloromethane (3 x 10 mb. The organic Jayer was washed with

brine {1 x 10 m), dried over magnesium suiphate and concentrated to give the pmduct as a
- yellow liquid in 88% yleld.

hosphinyl roup removal — Example 3
Synthesis of 1-methylheptylamine.

Reactant WiV ol Mol. Wt VMol Mol rati:o

N-diphenylphosphinyl-1- 0.2g 329 0.61 mmof 1
methylheptylamine

gaseous hydrogen chloride - 38.5 - -
ethyl aleohal 10 ml 46 - -

Gaseous hydrogen chiofide was bubbled through a stirred solution of N- dlpheny!phosphmyl-
1-methylheptylamine in ethy! alcohol, for 2 hours at room temperature. The reactmn mixture
was cancentrated, made basic by the addition of an aqueous solution of sodium hydroxide (2
M) and extracted with dichloromethane (3 x 10 ml). The organic layer was Washed with
brine (1 x 10 ml}, dried over magnesium sulphate and concentrated to give the praduct Az a
yellow liquid in 69% yield.
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. P(O)SR"SRM, -P(O)SR‘“SH -P(O)(SH)g, -P(OJNRR™NR"R™,
P(OINRZRPNHR™,  -P(O)NHR'*NHR™, PONR™ZR¥NH,,  -P{OINHR¥NH,,
-P(O)(NHy)2, -P{O)RPOR?, -P(OJR"OH, -P(O)R’SR™, -P(O)RSH, -POR'NR¥R®,
PPORNHR?, -P(OR'NH, -P(O)OR’SR™, -P(O)OR’SH,  -P(O O)OHSR'",
-P(OYOHSH, -P(O)OR®NR™R”, -P(O)ORNHR™, P(OYORNHg, —P(O)OHNR”‘R‘“
P(OYOHNHR'2, -P(O)OHNH,, -P{O)SRPNRRY, P(O)SRNHRY, -P(0)SRNH,,
P(O)SHNRPR™,  -P(O)SHNHR',  -P(O)SHNH;, PEIRRY,  -P(SIOR'OR’,
-P(SYOR®OH,  -P(S)(OH), PS)SR®SRM,  -P(O)SRMSH,  -P(S)(SH)
-P(S)NRZRPNR“R", -P(SINRZR'NHR", -PSNHR™NHRY, -P(SINRZR™NH,,
P(SINHR'*NH;, -P(S){NHz):, -P(S)R’OR?, -P(S)R'OH, -P(S)R"SRY, . -P(S)R"SH,
PEIRINRTRD,  -PERNHR?,  -PER°NH,  -P(S)0 ORPSR'™®, -P(S)OHSR™,
PS)ORSH, -P(SYOHSH,  -P(S)OR’NR™R™, PE)ORNHR™, -P(S)OR*NH;,
_P(S)OHNRYR', -P(SYOHNHR', -P(S)OHNH,, -P(S)SRINRVR™, -P(S)SR™NHRY,
P(S)SR™NH,, -P(S)SHNRR®, -P(S)SHNHR'?, -P(S)SHNH,, -PRR,: -POR’OR’,
_PSRUSR', -PNRURNR¥RY, -PRPOR?, -PR'SR™, -PR'NR"R', -POR'SR™,
PORINRVR™, -PSRENR™R®, -S(OJRY, -S(OXR", -COR™, -LOR®, eor
SiR?ORmREZ
R® represents a hydrogen atom, an optionally substituted hydrocarbyl, a
perhalagenated hydrocarbyl, or an optionally substituted heterocyclyl qroup;
R® and R’ independently represent an pptionally substituted hydrocarbyl a
perhalogenated hydrecarbyl, an optionally substituted heterocyclyl group or
“N=CR¥R* where R® and R* are as defined for R" and :
R? to RZ each independently represents an optionally substituted hydrocarbyl a
perhalogenated hydrogarbyl or an optionally substituted heterocyclyl group, ane or
more of R' & R®, R* & R, R" & R, R* & R®, R® & R", R & R™, R' &R, RZ& R, R
& RB, RE & Rm. R® & R12, R1 Rm, R? & RH RY & R‘H Rm & Rm R! & R12 Rz & R1s



" 1oaa 10a PR TR L A e D s e L e e e
| %)ga%gz/& 1 10%a& ()-!3y& ! 109RR& () - 1 >4xVAP=! | < 10%@(%8'?%95”1‘:?@«7%3?;4

. & ()-al D<-10% : & ()-l6< Lo9PPe: ()-l6< 109&' () WU3P=! 8109 ] & ()-!f H&10%E * &' (

-1 f 0 *
| Z&I()&fl 21/%CV§L&( T, gfgjﬁ%/ 4 gis(hﬂ gﬁ“ﬂ@?ﬁ(&ﬁ}mw EHOYRLE( ) - CLO%

|- V6109%R8& () - /RBW@&R)“ 1&)5&3&'1@)?” zP]B/)Gt%F JWPE %‘E}‘ %ﬁﬁ%@é& W%gﬁlg%@

i zgf;&l( 3&' ; &6#10%@9§ﬁoﬂ1ﬁ1}51198@&ed ding(§)L0R& () - ZI 10%?& ()-xi {\:11hj!10%8l $1 & () -

? talyst has th | formula:
gy e by e TISURE
i i |1o | $ & |
B NFF’{YZ‘EO‘V%E‘O% l0veisi g () 1F 1) p 3 |&(%)°;” T +YOR0%81 & () - pYORO%E &
c | & () - pYOaoousl & ()- o6l & ()-p' 1+ YOR0%8! & Y9409
/()= pYVR0%I & ()- pedi R3: YVL0%1 & () - a,gw & ()-p' 1 +Yod0osl & (§)p$%i/%°0/$/f;|&&(
') - pY9O9SI & () -p' r+@[ NAYOA105' 105' 105'*36M 10%' & () - 2

3@ 0! 10%rdih- YILOI & () p r+pY‘Vd.O‘V$| & () - p#F NA 4HYCz10% , & ()-
100 v ()7 Wﬁt ) GHIBARY s oyt { pedra optonaly
"HL0% & ()-1 L= mméw%ﬂ%h%,gyd@@% }g‘ﬁé)"(‘ °”%W%L@?§?it§% ()Fa&ew |

MY@10% & () -ligahddY@&10% d& & ( - hY@10% * %
W <=>?@ [ NA410, 1rddnts, mRiﬂo%m“( )-NHR‘*’“( Wiﬁg ONH%wmm%p ; %0(893‘3

| HY@109%+8:#&! ey oo
H 1 10% () -6 (é%/%@f@%@ %%))\' ) 9 SRm%C(N& )cna% and BOYE: () -
109& ()-)? 2+ eacmm;zjgp entlylggggs %@ h%&)@e ﬂan‘Eﬁ@ar{a}
?r) R4 g 10% ()-)?
2+ - 109%& () - - hylPSsaHy) er'a‘nydﬁﬂbmi@bsn_mtr&hﬂemcyqﬂﬁw% an 2y 85@% )

10%€ 1) igf;gtn ip g@%ﬁ%@ %AA& Mo 08t 0% () -~ e 1 )e

109 ()-- 109%@5( pges ]ﬁ fé\%g é% O(MRN%BN#)?  ONHEPYENRY'RY? 2+ -
1098(& ()- OL1aWB{R( )F'Ri( ot @)w@(r f@?ﬁ@a;@ ét? Bﬁ@g@aﬂm
1098( & () -3 10YEHRARERY 2CENR*)SRY ar C:("NF{B“)C)R37 R? and sach mdepergcigénw 3
represents an opticnally substituted hydrocarbyl, perhalogenated hydrocarbyl or an
optionally substituted heterocycly! group, and R® and RY are each independsntly
hydrogen or a group as defined for R*,
E represents a linking group wherein A and B are linked through 2, 3 or 4 atams each
| independently being unsubstituted or substituted;

M is a group VIii transition metal; and

Y reptesents an anionic group, a basic igand or a vacant site; ,

provided that when Y is not a vacant site that at least one of A or B caries a

hydrogen atom.

Ha R:’B

ﬁ4\ﬂz
H
)

i 2 A pracess for the production of primary or sscondary amines

comprising the steps of ,
t a) generating a substrate of general farmula (1) from a carbonyl! .c_cmpoj.md (2),
I o} \
r-?J\Rz VLF?
2 1
in which X represents NR® or (NR'R°)'Q, and Q' represents a monovalent anion,
b reacting the substrate of general formula (1) with a hydmgan donor in the

{ ' presence of a transfer hydrogenation catalyst, and
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¢) removal of R® or R to give an amine of formula (3)

IR
Ha,
X N'R
g
F}/u\ w? R?/i]\ P
{1) )]

whergin: .
R' and R? each independently represents a hydrogen atom, an optionally substituted
hydrogarbyl, a perhalogenated hydrocarbyl, an aptionally substituted h_etergcyciyl
group, a substituted carbonyl functional group, a substituted th‘locérbonﬁfl functionat
group or substituted imino functional group, R' & R? optionally being linked in such a
way as to form an optionally substituted ring; ‘ :
R® and R® represents -P(ORR, P(O)OREORE, -P{OJOR’OH, -P(O)OH},
-P{O)SRSR", -P(O)SR'SH, P(OYSH),, -PONRPRNR"R",
P(OINRZRPNHRY, POINHRZNHRY,  -POINR'ZRNH;, -P(OINHR*NH.,
P(O}NHz)2, -PIOIRPOR?, -P(O)ROH, PORSRY, -POIR’SH, -P(ORNR¥R™,
PIOJRENHR™,  POIRENH,,  -P(OJOR'SR, -P(OJOR?SH,  -P(OYOHSR",
-P(O}OHSH, -P(OJOR™NRR", _P(O)YOR®NHR'?, P(OJOR*NH;, -P(Q)OHNR R,
-P(O)OHNHR", -P(OYOHNH., P(O)SRNR™R™, -P(O)SRNHR', -P{O)SRNH;,
P(O)SHNR™R®,  -P(O)SHNHR™,  -P{O)SHNH,, PERR, -PSIOROR’,
P(SIOR'OH,  -P(S){OH), P(S)SR™SR, P(SISR™SH, * -P(S)}SH).
P(SINRZRENRR™, -P(SINRPRNHR™, P(SINHRNHRY, -P(SINR™R™NH;,
P{SINHR'NH,, -P(S)(NH2), -P(S)R°OR!, -P(S)R'OH, -P(S)RISR™,. -P(S)R°SH,
PERNRTRE,  -PERNHR?,  -PEIRNH;, P(S)OR®SR™®,  -P(S)OHSR®,
-P(S)OR®SH, -P(S)OHSH, -P(SIOR'NR'RY, _P(S)ORPNHR®, -P(S)OR*NH.,
P(S)OHNR™R™, -P(S)OHNHR'™, -P(SJOHNH,, -P(S)SRNRPR™, -P(S)SRNHR™,
P(S)SRNH;, -P(S)SHNRZR", -P(S)SHNHR", -P(3)SHNH;, -PR'R, -POR’OR’,
-PSRSR!, -PNRPZRPNR¥R', -PRPOR’, PRESR'?, -PRINR'?R'Y,: -POR’SR",
_PORPNRZR™, -PSR™NR'R®, -S(OR', -S(O):R", -COR'™ LCOR"Y, or
Si R20R21 Rzz: :
R® represents a hydrogen atom, an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl, or 20 optionally substituted heterocyelyl group, '
R represents a hydrogen atom or the group RS, .
R and R independently represent an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl, an optionally substituted hetéroc_yc_ly[ group or
N=CR®R* where R* and R* are as defined for R' and .
R® to R? each independently represents an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl or an optionally substituted heterogyclyl group, one of
more of R' & R%, R? & R/, R® & R, R*& R, R & R, R® & R, R' & B® RZ&RY, R
& Rﬂ' ,RB 2 R1u| RB & R121 R'1 5 R10[ RE & RH, R'ID & Rﬁ' R1D & R1_2-‘ R‘[ 2 Rm’ RZ & R'lal
R2&R® R' & RY, R? & R R™ &R R™ & R™ R'& R R' & R™, R &R", R1l&
R RE & R, R® & R and R2' & R optionally being linked in such a ay as to form
an optionally substituted ring(s), S

and the transfer hydrogenation catalyst is of general formula;



(310%3( & §2> E .uyY9I.\IA4103 10‘023”(.&' .(). 3 16%(&' ()- %E%‘gg@ﬁ%ﬁ SHEET
(

1098(& () - { (3 1098(& () - y\ OB5108( 108( 108(
© P, 791098(& ()-3 1098(& ()-)? { (3 199B(& ()- gl [:0B510 Silg%lfgg%m
10%¢ Y& ()-' 10%rY& ()-' 1110%) Y& ()- -10%rKY& () - (
+"(10% & () - guy} ~kK35l <ml0%y) Y& () - <ml0%) Y& () -1 <ml0%yY) Y& () - <ml0%Y) Y& () -
KP10%Y) Y& () - pX<5<ml0%Y) Y& ()-m <nl0%y) Y& () - <ml0%) Y& ()-m <nl0%) Y& () - <m
10%() Y& ()-1T85s510%Y) Y& ()-ss10%Y) Y& (F<s10%Y) Y& () -<ml0%) Y& () - | <nl0%) Y&
() -sW5s10%y) Y& ()-s10%) Y& ()-ss10 AQ?L ()-s10%) Y& ()-ss10%) Y& ()-dC
1 109B+&' () - d109B+& ()-&10(10(Y10( i MO%& ()- zle%() Y& () - Sj I)| [:dC
@10% ,t& ()- 110%) & ()- nH 10%3+&Y() R 100B+& () -
wherein;
R” represents a neutral optionally substituted hydrocarbyl, a neutral optionally
substituted perhalogenated hydrocarbyl, or an optronally substituted cyclopentad[anyl-
ligand!;
A represents -NR™-, -NR®-, -NHRZ®, -NR¥*R? gr -NR®R™ where R® is H COR®,
SOQREQ C(O) RSORM C(S) RQORM C( NRM)SRSS or C(_NRM)ORBB R29 and RBU
each mdependently represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted heterocyclyl group, and R* and R* are each
independently hiydrogen or a group as defined for R%; .
B represenfs -O-, -OH, OR*, -8, -8H, SR™, -NR¥:, -NR%., -NHR®, -NRVR*,
-NR¥'R®, -PR- or -PRYR® where R is H, C(O)R®, SOR™, CLOINR®R™,
CS)NR¥R™, C(=NR®)SRY or C(=NR*¥JORY, R%¥and R™ each independently 5
represents an optionally subsfituted hydrocarbyl, perhalogenated hydrogarbyt or an
optionally substituted heterocyelyl group, and R* and R¥ are each independently
! hydrogen or a group as defined for R*; :
' E represents a linking group wherein A and B are linked through 2, 3 or 4 atoms each |
independently being unsubstituted or substituted: '
Mis a group Vil! transition metal; and
Y represents an anionic group, a basic ligand or a vacant site; -
provided that when Y is not a vacant site that at least one of A or B carres a
hydrogen atom.

f 3 A progess according to Claim 1 or Claim 2 wherein M is ruthenium, r;hpdium or
iridium.
4, A progess aceording to any one of Claims 1 to 3 wherein R¥ is ah optionally

substituted aryl; an optionally substituted alkene; or a cyclopentadienly group. substituted
with between 3 and § substituents,

5 A process according to Claim 4 wherein R¥ is a cyclopentadienty group substituted
with 5 substituents.

8 A process according to Claim 5 wherein R¥ Is a pentamethyleyclopentadienyl group

7. A process according to any one of Claims 1 to 6 wherein B represents -O-, -OH,
OR¥, -NR¥-, -NR™-, -NHR*, .NR¥R®, or -NR¥R*® where R¥ [s H, C(O)R®, SO,R®
C(OINR¥R™, C(S)NR¥R™, C(=NR*®)SR¥ or C(=NR™ORY, R*and R* each independently
represents an optionally substifuted hydrocarbyl, perhalogenated hydroca;byl or an
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A 8

’ wherein:

A represents NR® or NHR®, where R is hydrogen, and

B represents NR' or NHR™, where R" is hydrogen, tosyl or ~SO;naphthyl:

Co-

or

wherein:
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. rerresents NR' or NHR', R™ is hydrogen or tosyl,
| )HE;\/ION%SWSW 8 () - doSEBEES BN F100e S& ()- FLO%S S& ()- FLO%S S& () - FLOYS' S& (

2, DFLOYS' S& () - 99999999} aE) F10%5' S& %5 S& () - S8 .
. FlovE & ()-) % } aE) &@5;0/«5 S& () - FL0%8 S& () - F10%8 S& () -

| 2, DF10%8 S& ()-99999: : vV6) FL0%10%S' S&, () - FLOY%S' S& () - ' S& ' S8
() - F1098' S& ()-) 2 ) L () - F10%8' S& () - F10%6' S& () - FL0%8 S&

é-’ g& ()_)’2? - Wh?@t“)\l:&p?_;/g%to;/ B%%hﬁ_?R-aFM(@R&gr@amljé;Q%ﬁd S& () - F150°/<S' S& ()-F10%

) e | 12 R2 g tasyl. o, '
Eié’és‘sz-' Qz;;) |_?j g, T: 8 yeresarEot GosNER™ (K- B89 s& () - F10us s& () - F1098 S& () -

| (ZJ%IS:S)TSg ?) |_ ) !? n: p: vv6) F10%-10%&' S‘%-Ihél-){ F cﬂﬂ;ﬁa&l ()-F10%& S& ()-iFlOO/cS' S& ()-F1
% é’ %)i?i’: L1127 ) FI0%1096 S& () - F1095 S ()- FL0%S S& () - F1098 S& () - F10%8 S
IS AR MISIRT00E S&r ( N APRERE St P IORRNSRN(InFLOYE S () - FLOYS SE (
2,D::::::2"B) Flomwgaﬁbb”@ﬂé%‘% i "‘}5"1’8% S& () - 138 () - '

'&I( )l-)? 2,D ::=====>sR1 hS, 10% 5% & ()- (ES, 10% (' & 8 ﬁé%ﬁoﬁglg?\l&':m(y& >

09N&& () - F10%8' S& ()-)? 2, D>>e?| 222B{Z 2 -
i 13. A process ar:?cozding {0 any ‘:inee| of theBérogesé%g éﬁm%%ﬁ@?e%@ or R? is a group

selested from -PORR, _P(O)ORPCR?, -P(O)SR'SR", POINRRPNRR,

POROR®,  -P(OR*SR™, P(OYRINR'FR™, -P(O)OR®SR", POIORINRRY,

-P{Q)SR'*NR"R", PERR, PS)OROR, -P(S)SR*SR", -P_(S)NR‘?B‘“NR“R”.
! PEIRORS,  -PERSRY, PSIR*NRR"Y, P(SIOR®SR™, -P(S)OR*NR™R"™,

-P(S)SR™NR"R", -PR°R’, -POR'OR?, -PSRSR"", PNRPPRINR¥R'S, -PREOR?, -PR*SR",

PRENRVRP, -PORPSR™, -PORMNR'R™, _PSRINRZRY®, -S(O)R®, -S(O)R", -CORY,
’ -CO,R™, and SIRZRYRZ, :

i. 14, A process according to Claim 13 wherein R® or R* is -P(O)RR’ or -P(OYOR’OR®.

15, A process according fo any of Claims 1 fo 14 wherein the groups reprgsan’_téd by R®
ta R™ are independently selected from alkyl or aryl groups. '

16. A process ascording {o any of Claims 1 to 16 whereln X is NR® wher:e: R} is either
-P(O)R°R’ or -P(Q)OROR? and wherein R® to R? are independently selected from Cqalky!
groups, phenyl groups of pheny! groups substituted with one or more C.qaikyl g'rou_ps,

17. A process according to any one of the procesding claims wherein the compound of
formula (1} is prochiral, the transfer hydrogenation catalyst is chiral, an enantiomerically
and/or diastereochemically purified form of catalyst being employed, whereby the compound
of formula (1) is asymmetrically hydrogenated. ' '

18. A process according to any one of the proceeding claims whereinithe hydrogen
| donor is selected from hydrogen, primary and secondary alcohals, primary and secondary
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