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REPLACEMENT SHEET 13 FEB 2004 TRANSFER HYDROGENATION PROCESS This invention
relates to catalytic transfer hydrogenation, particularly in the presence
of a complexed transition metal, and to a process of making optically
active compounds; Eguchi et al, Tetrahedron (including Tetrahedron Reports)
1998, 54.(8.6), 70S-714 discusses the reduction of ketones and imines in
the presence of a NADH mimic. The asymmetric reduction of certain
phosphonylimines using borohydride in the presence of a cobalt catalyst is
discussed in EP0901966. The asymmetric transfer hydrogenation of imines and
iminium substrates in the presence of certain metal catalyst with
cyclopentadienyl ligands is discussed in W098142463, Uematsu et al, J, Am.
Chein. Soc., 1996, 118(20),, 4916-7 discusses the asymmetric transfer
hydrogenation of imines in the presence of certain ruthenium catalysts,
According to a first aspect of the present invention there is provided a
process for the transfer hydrogenation of a substrate wherein the substrate
is reacted with a hydrogen donor the presence of a transfer hydrogenation
catalyst, wherein the substrate has the general formula x R~J~~x , (1)
wherein: X represents NR' or (NR"RS)'Q ; Q" represents a monovalent anion;
, R' and Rx each independently represents a hydrogen atom, an optionally
substituted hydrocarbyl, a perhalogenated hydrocarbyl, an optionally
substituted heterocyclyl group, a substituted carbonyl functional group, a
substituted thiocarbonyl fuctional group or substituted imino functional
group) R' 8 R2 optionally being linked in such a way as to form an
optionally substituted ring; R and R4 represents P(0)RR', -P(O)OReORe,
-P(O)OReOH, ~P(C>),(OHJz, ;P(O)SR'SR", -P(O)SR'SH, -P(O)(SH)x,
-P(O)NR'zR'Nft'aRn -P(O}NR'?R'NHR'4, -P(O}NHR'zNHR'b, -P(O)NR'xR'NHx,
-p(O)NI-IR;~zN,klx, -P(O)(t~Ha)z. -P(O)RORe, -P(O)ROH, -P(O)RSR', -P(O)RSH,
-P(O)RNR'zR'3, -P(O)RaNHR'z, -P(O)RNHz, -P(O)ORs$R') -P(O)ORsSH,
-P(O)OI-ISR~, -P(O)OHSH, -P(O)ORANR'zR', -P(O)ORe.NIiR'x, -P(O)ORNHx,
-P(O)OHNiFt'xR", -P(O)OHNHR'z, -P(O)OHNHz, -P(O)SR'NR'zR", -P(O)SR'NHR'z.
-P(O)S 'Fr,'~NHz, -P(O}SHNR'zR', -P(O)SHNHR'z, -P(O)SHNHz, -P(S)R6Ry,
-P{S)ORBOR, -P(S)OReOH, -P(S)(OH)x, -P(S)SR'SR", -P(S)SR'SH, -P(S~y(SFI12,
-P(S)NR'xR'NR'R", -P(S)NR'xR'3NHR', -P(S)NWR'zNHR"~, -P(S)NR'zR'3NHz,
-P(S)NHR'?IVHx, -P(S)(NHz}z, -P(S)ReORa, -P(S)ROH, -P(S)RBSR', -P{S)RSH,
-P{S)F.,slJRsgR'a~ _p(S)i'~NHR'z, -P(S)RNHx, -P(S)OR$SR'. -i?(S)O~"ISR',
-P(S)ORASH, -P(S)OHSH, -P{S)ORNR'zR", -P(S)ORNHR'z, -P(S)ORBNHz, ~.
REPLACEMENT' SHEET 13 FEB 2004 1a -P(S)OHNR'zR", -P(S)OHNHR'Z. -P(S)OHNHz,
-P(S)SR'NR'zR", -P(S)SR'NHR'2, -P(S)SR'NWz, ~P(S)SHfVR'~R', -P(S)SHNHR",
-P(S)SHNHz. -PR`tR', -P.ORBOR, -PSR'SR", -PNR'2R'3NR'R'S, _pReOR, -PRSR',
-PRNR'Zf~s. -PbRe~R', -PORSNR'zRaa, -pSR'NR'aR,3, -S(O)Rta -S(O)zR",
-COR'S, -COzR'e, or SiR2RZ"Rzz. R9 represents a hydrogen atom, an
optionally substituted hydrocarbyl a perhalogenated hydrocarbyl, or an
optionally substituted heterocarbyl group; RB and R' independently
represent an optionally substituted hydrocarbyl a perhalogenated
hydroearbyl, an optionally substituted heterocyciyl gYoup or -N=CR?aRzq
where Rz3 and Rz" are as defined far R'; and R to Rz? each independently
represents an optionally substituted hyrocarbyl a perhalogenated
hydrocarbyl or an optionally substituted heterocyelyl group; one or more of
R' & R, Rz & R', R" & R', Re & R8, R & R', Re & R'z, R' & R, RZ. & R~, RS
&RB,RA&R'.Re&R'z,R'&R',Rz&R",R'&R",R'&R'Z,R'8~R'~,RZ&R", R'z & Rt3, R' &
R'", R2 $, R'S, R' & R'S) R'Z & R", R' & R'S, R' & R', R' & R'9. R' & Rz,
R2 a Rz', Rz & Rz' and R2' & R~ optionally being linked in such a gray as
to form an optionally substituted ring(s), and wherein the transfer
hydrogenation catalyst has the general formula; ,E~ A. .B y MR2~ wherein:
Rz' represents a neutral optionally substituted hydrocarbyl, a neutral
optionally substituted perhalogenated hydrocartyt, or an optionally
substituted cycloper)fadienyl ligand; A represents -NRzR-, -NRz-, -NHRa9,
-NRz5R39 or ~NRzR30 where Rz is H; C,(O)Rao BOzR3. C(O)NR3Rsa C(S)NR3Raa
C(_NR34)SR35 Or C(=NR3")OR35, R~ and Ra each independently represents an
optionally substituted hydrocarbyl, perhalogenated hydrocarbyl or an
optionally substituted heterocyclyl group, and R34 and, R35 are each
Independently hydrogen or a group as defined for R3; B represents -O-. -OH,
OR3', -S-, -SH, SR3', -NR"-, -NR'z-, -NHR3z, -N6i3'Ra~, -NR3'R33, - ,PR3'-
or -PR3'Raa where R3z is H, C(0)Ra3, SO2Ras O(O)NRaa~3 C(S)NRaaRa,
C(=NR3)SRa' or C(=NR33)OR3', Ra'and Ra3 each independently represents an
optionally substituted hydrocarbyl, perhalogenated hydrocarbjrl, or an
optionally substituted heterocyclyl group, and R3 and Ra' are each
independently hydrogen or a group as defined for R3s; 



E represents a linking group wherein A and B are linked through 2. 3 or d
atoms each independently being unsubstituted or substituted; ' . M is a
group VIII transition metal: and   " REPLACEMENT SHEET , : ,1 3 FEB 2004 z
Y represents an anionic group, a basic ligand or a vacant site; provided
that when Y is not a vacant site that at least one of A or B! carries a
hydrogen atom. When X represents (NR'R5)`Q", compounds of formula (1) are
iminium salts. Im'snium salts include protonated iminium salts and
quaternary iminium salts. quaternary iminium salts are represented by
compounds of formula (I) in which RS is not hydrogen Anions which may be
represented by Q" include halides, optionally 'Substituted arylsulphonates,
such as optionally substituted phenyl and naphthyl sulphonates,; optionally
substituted alkylsulphonatas including halogenated alkylsulphonates, such
as C,.~oalkylsulphonates, optionally substituted carboxylates, such as
C,.", alkyl and aryl carboxylates) rtons derived from the polyhalogenation
of boron, phosphorous or antimony, and other common inorganic ions for
example perchlorate. Particular examples of anions are bromide, chloride,
iodide, hydrogen sulphate, tosyiate, formats, acetate, tetrafluoroborate,
hexafluorophosphate, hexafluoroantlmonate, berchlorate,
trifiTuoromethanesulphonate and trifluoroacetate. Preferred anions include
bromide chloride, iodide, fortnate and trifluoroacetate, and particularly
preferred anions. include iodide, formats and trifiuoroacetate. Hydrocarbyl
groups which may be represented by one or more of R', R~; and R6 to Rte',
Include alkyl, alkenyl, alkynyi and aryl groups, and any combination
thereof, such as aralkyl and alkaryl, for example benzyl groups. Alkyl
groups which may be represented by one or more of R', Ra, and R~ to Rza
include linear and branched alkyl groups comprising up to 20 carbon atoms,
parEfCularly from 1 to 7 carbon atoms and preferably from 1 to 5 carbon
atoms. When the alkyl groups ara branched, the groups often comprise up to
10 branched chain carbon atoms, preferably up to 4 branched chain atoms. In
certain embodiments, the alkyl group may. be cyclic, commonly comprising
from 3 to 10 carbon atoms in the largest ring and aptlona(ly featuring one
or more bridging rings. Examples of alkyl groups which may be represented
by R', R2, and R' to R~' include methyl, ethyl, propyl, 2-propyl, butyl)
2-butyl, t-butyl and cyclohexyl groups. Alkenyi groups which may be
represented by one or more of R',' R2, and R$ to R2" include C2.2o, and
preferably Ca.s alkenyl groups. One or more carbon - carbon double    1 3
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bonds may be 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 Rz represents an alkenyl
group, a carbon - carbon double bohd is preferably located at the position
(3 to the C=X moiety. When either of R' or R2 represents an alkenyl group,
the compound of formula (1) is preferably an a,(i-unsaturated iminium
compound. Alkynyl groups which may be represented by one or more of R', R2,
and R5 to Rz` include CZ_ZO, and preferably CZ_,a alkynyl groups. One or
more carbon - carbon triple bonds may be present. The alkynyl group may
carry one or more substituents, particularly phenyl substituents. Examples
of alkynyl groups include ethynyl, propyl and phenylethynyl groups. When
either of R' or RZ represents an alkynyl group, a carbon carbon triple bond
is preferably located at the position (3 to the C=X moiety. When either of
R' or R2 represents an alkynyl. group, the compound of formula (1 )
preferably has the triple bond in conjugation with the iminjum group. Aryl
groups which may be represented by one or more of R', RZ, and RS to RZ may
contain 1 ring or 2 or more fused rings which may include cycloalkyl, aryl
or heterocyclic rings. Examples of aryl groups which may be represented by
R', R2, and RS to RZ include phenyl, tolyl, fluorophenyl, chlorophenyl,
bromophenyl, trifluoromethylphenyl, anisyl, naphthyl and ferrocenyl groups.
Perhalogeneted hydrocarbyl groups which may be represented by one or more
of R', R2, and RS to RZ independently include perhalogenated alkyl and aryl
groups, and any combination thereof, such as aralkyl and alkaryl groups.
Examples of perhalogenated alkyl groups which may be represented by R', Rz,
and RS to RZ include -CF9 and -CZFS. Heterocyclic groups which may be
represented by one or more of R', Rz) and R5 to Rz independently include
aromatic, saturated and partially unsaturated ring systems and may comprise
1 ring or 2 or more fused rings which may include cycloalkyl, aryl or
heterocyclic rings. The heterocyclic group will contain at least one
heterocyclic ring, the largest of which will commonly comprise from 3 to 7
ring atoms in which at least one atom is carbon and at least one atom is
any of N, O, S or P. When either of R' or RZ represents or comprises a
heterocyclic group, the atom in R' or RZ bonded to the C=X group is
preferably a carbon atom. Examples of heteroCyclic groups which may be
represented by R', R2, and RS to R2 include pyridyl, pyrimidyl, pyrrolyl,
thiophenyl, furanyl, indolyl, quinolyl, isoquinolyl, imidazoyl and triazoyl
groups. When any of R', RZ, and R5 to RZ is a substituted hydrocarbyl or
heterocyclic group, the substituent(s) should be such so as riot to
adversely affect the rate or stereoselectivety of the reaction. Optional
substituents include halogen, cyano, nitro, hydroxy, amino, imino, thiol,
acyl, hydrocarbyl, perhalogenated hydrocarbyl, heterocyGyl, hydrocarbyloxy,
mono or di-hydrocarbylamino, hydrocarbylthio, esters, carboxy;   13 FEB
2004  WO 01/12574 PCT/GB00/02867 4 .:. carbonates, amides, sulphonyl and
sulphohamido groups wherein the hydrocarbyl groups are as defined for R'
above. One or more substituents may be present. R', RZ, and RS to RZ may
each contain one or more chiral centres. ' When any Of R' & R2, R' & R, R2
& R', R6 & R', R6 & Re, R6 & R', R6 & R'Z, R' & s
Re,RZ&R9,R8&R9,RB&R',Re&R'2,R'&R',RZ&R",R'&R",R'&R'Z,R'&R'z, RZ&R",
R'2&R",R'&R",Rz&R'S,R"&R'S,R'2&R",R'&R'6,R'&R'8,R'&R'9,R' & RZ, Rz & RZ',
R~ & RZ' and RZ' & R'~ are linked in such a way that when taken together
with the atoms to which they are attached that a ring is formed, it is
preferred that these be _ 5, 6 or 7 membered rings. The rings formed in
this way may additionally be fused eoto each 10 other or to other ring
systems. Examples of rings which may be so formed include
oxazaphospholidenes, dioxaphospholans, phospholans, phosphorinans,
dioxaphosphorinans and benzodioxaphospholans. The rings may be optionally
substituted or may be fused to other rings. Substituted carbonyl functional
groups which may be represented by one or more is of R', RZ, RZ and RZ'
include aldehyde, ketone, acid and ester groups, for example -CORZS,
-COZRzS, and -CONRZSRZS wherein R25 and R26 independently represent
hydrogen, an optionally substituted hydrocarbyl, a perhalogenated
hydrocarbyl or an optionally substituted heterocyclyl group as defined
hereinbefore for R5. Substituted thiocarbonyl functional groups which may
be represented by one or 20 . more of R', R2, RZ' and RZ include
thioaldehyde, thioketone, thioacid and thioester groups) for example
-C5Rz5; -CSOR'~ and -CSNRZSRze wherein R~ and R26 independently represent
hydrogen, an optionally substituted hydrocarbyl, a perhalogenated
hydrorzrbyl or ah optionally substituted heterocyclyl group as defined
hereinbefore for R5. Substituted imino functional groups which may be
represented by one or more of 25 R', R2, Rte' and RZ include unsubstituted
imines and substituted imine and iminium groups, for example -C(=NR~)R26
and -C(=X)R~ wherein X is as hereinbefore defined and R~ and R~
independently represent hydrogen, an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl or an optionally substituted heterocyclyl group
as defined hereinbefore for R5. 3o When one of R' or RZ is represented by a
group selected from a carbonyl functional group, a thiocarbonyl functional
group and an imino functional group, it is preferred that the other of R'
or RZ is represented by a hydrogen atom, an optionally , substituted
hydrocarbyl group, a perhalogenated hydrocarbyl group or an optionally .
substituted heterocyclyl group. 3s When one of R~' or Rz' is represented by
a group selected from a carbonyl functional group, a thiocarbonyl
functional group and an imino functional group, it . is preferred that the
other of R~' or R~' being represented by a hydrogen atom, an optionally
13 FEB 2004 W0 01/12574 PC1'/GB00/02867 



5 s substituted hydrocarbyl group, a perhalogenated hydrocarbyl group or an
optionally substituted heterocyclyl group. When one of R' & R6 or Rz & R'
is linked in such a way as to form an optionally substituted ring and the
ring so formed contains more than one carbon nitrogen double bond (imirio
group), it is preferred that nitrogen-phosphorous heterocycle so formed has
both nitrogens are attached to a common phosphorous atom. Examples of such
nitrogen phosphorous heterocycles include Rxz Rz Rxa Rz RxRz Rm Rz i I Nv
iN N~p~N N~ iN N~p~N R R, OR 10R Rx~ Rz Rzs Rz Rza Rz Rx Rx N NI i P~Rn ~P~
~Pw ' .OR O. ~pR O R O . no 15 20 25 30 In certain preferred embodiments,
R', Rz, and RS to Rz are all independently C,~ alkyl or are a combination
of aryl, particularly phenyl, C;$alkyl and C.,oaralkyl. substituents maybe
present, particularly substituents para to the C=X group when one or more
of R', Rz, and RS to Rz' is a phenyl group. In many preferred embodiments,
when R' or R is a group selected from _p(O)R6R~, _p(O)pReOR9, _p(p)OReOH,
-P(O)SR'SR", -P(O)SR'SH, -P(O)NR'zR"NR"R'S, -P(O)NR'zR"NHR",
-P(O)NHR'zNHR', -P(O)NR'zR'3NHz, -P(O)NHR'zNHz, -P(O)ReORe, -P(O)ROH,
-P(O)R6SR', -P(O)RSH, -P(O)RNR'zR", -P(O)R6NHR'z, -P(O)RNHz, -P(O)ORBSR',
-P(O)ORBSH, -P(O)OHSR', -P(O)ORBNR'zR", -P(O)ORBNHR'z, -P(O)ORaNHz,
-P(O)OHNR'zR", -P(O)OHNHR'z, -P(O)SR'NR'zR", -P(O)SR'NHR'z, -P(O)SR'NHz,
-P(O)SHNR'zR", -P(O)SHNHR'z, -P(S)R6R', -P(S)ORaOR9, -P(S)ORgOH,
-P(S)SR'SR", -P(S)SR'SH, -P(S)(SH)z, -P(S)NR'zR"NR''R'S, -P(S)NR'zR'3NHR'",
-P(S)NHR'zNHR"; -P(S)NR'zR"NHZ, -P(S)NHR'?NHz, -P(S)R60R8. -P(S)R60H,
-P(S)R6SR'. -P(S)RSH; -P(S)RBNR'zR", -P(S)R6NHR'z, -P(S)R6NHz, -P(S)ORSR',
-P(S)OHSR', -P(S)OReSH, -P(S)OReNR'zR", -P(S)ORNHR'z, -P(S)OReNHz,
-P(S)OHNR'zR", -P(S)OHNHR'z, -P(S)SR'NR'zR'3, -P(S)SR'NHR'z, -P(S)SR'NHz,
-P(S)SHNR'zR", -P(S)SHNHR'z, -PRsR', -POR80R8, -PSR'SR", -PNR'zR"NR'R'S,
-PR60R8, -PRSR', -PR6NR'zR", . -PORBSR', -pORBNR'zR", -PSR'NR'zR", or
SiRzRz'R~, the groups RB to R'S and R~ to R~ are selected to be the same
and more preferably they are selected to all be phenyl or ethyl groups.
This may have the advantage that synthesis of intermediates is simplified.
However, in certain embodiments it may be. preferable for more than one of
the groups R to R'S or Rz to Ru present to be different, in which case it
is most preferable that each R   ~sdno~6 pez~~0uo ppes'~O ~(Iqe~a;aid pue
'sdno~6 I~(uayd pue I~nq-~ 'I~nq-oas.`I~nq 'I~(do~d-~ 'pdmd 'I~Cy~a '1~41aw
aldwexa ~o; 'sdno~6 INe ~o !~t~l!e woe; paaoalas ~tl;uapuadapp aye s~~l o;
sa ~Cq paluasaida~ sdno~fi ay;;eye paua;aid sl l! `sRz00- Pue
'eR~00-'u2iz(O)S.-'sy!(O)S- `sv2JzdNm2~Sd-
`eWzv2lNa2lOd-'ov21Se210d`eRlzRlNs2ld- `oRSs2ld- `sROs2ld-
'sRl.R3NeRlzRlNd- `2lSo,2iSd- 's21Oe21Od- `easad`zRlHNHS(S)d-
'E,2lzRINHS(S)d- `zHNov2lS(S)d- `z~2lHNoRJS(S)d-
'euJa2lNoRIS(S)d`ze2lHNHO(S)d- 'sc21zt2JNH0(S)d- `zHNedO(S)d-
'z~~IHNeaO(S)d- `RfzRINa2f0(S)d`HSa210(S)d- `ouISHO(S)d- 'oRISs210(S)d-
'zHNs21(S)d- `n21HNs2!(S)d- `eRzRINs21(S)d'HSs~I(S)d- 'o~2lSsR(S)d-
`HOs21(S)d- 'e210s2!(S)d- 'zHNzRlHN(S)d- `zHNenIznIN(S)d'>,2lHNzRIHN(S)d-
'>RIHNeuIzuN(S)d- 'sul>RNeuzR~N(S)d- `z(HS)(S)d- `HSovIS(S)d'aso~ascs)a-
`HOs210(S)d- 'sROA2lO(S)d- '~ds~l(S)d- `zi2IHNHS(O)d-
'eWzWNHS(O)d'zHNoRIS(O)d- `zv2lHNoRIS(O)d- `eylavINoRS(O)d- 'zRIHNHO(O)d-
`E,2lzR1NH0(O)d'zHNe210(O)d- `zuHNsaO(O)d- `E,21z,21Ns210(O)d-
`o~~ISHO(O)d- `HSs210(O)d`oRSs210(O)d- `zHNs21(O)d- `a21HNs21(O)d-
`E,21a21Ns21(O)d- `HSs21(O)d- `oulSs2i(O)d`HOsb(O)d- 'a2lOsrJ(O)d-
`zHNznIHN(O)d- `zHNsRjzRN(O)d- ',~2lHNznIHN(O)d`2lHNsRIzRIN(O)d-
's,2~,~21Nsi21zRN(O)d-. `HSonIS(O)d- '2lSonJS(O)d- 'HOs210(O)d`s210sa0(O)d~
`ebs2i(O)d- woe; pa;oalas dno~6 a sl ;a ~o eb gay;la uayM 's2fOs210(O)d-
`~2isb(O)d- wou pa~alas sdno~6 aye ~b pue e2i leyl paua;aid ;sow sl ;I
'sRIzOJ- Pue `sR100- 'sRi(O)S- 'a~lOs21(S)d- 'eROs2~0(S)d`c2fs2i(S)d-
`e210sb(O)d- 's210e210(O)d- '~2i92f(O)d- woe; pa~oalas sdno~6 aye ,b pue
s2l ~eyi paua;aid ~(peloadsa sl ;l ~s~az00- pue `s,2100- c~2iz(O)S-
'su(O)S- 'zHNHS(S)d`z~2IHNHS(S)d- 'sv2laiiNHS(S)d- `zHNoa2lS(S)d-
'u2lHNov2lS(S)d- `e,2lz~RNo~2lS(S)d'zHNHO(S)d- 'zv?JHNHO(S)d-
`e~21z~21NH0(S)d- 'zHNe2i0(S)d- 'z~~IHNs2lO(S)d`euIz~NNebO(S)d- 'HSHO(S)d-
`HSedO(S)d- 'ovlSHO(S)d- 'ov21Se2lO($)d- 'zHNs2!(S)d`zRIHNs21(S)d-
'e~2~zRINs~1(S)d- `HSs21(S)d- 'oRISs21(S)d- `HOsM(S)d-
'a210s21(S)d`z(zHN)(S)d- 'zHNzRHN(S)d- 'zHNc~2IznIN(S)d- '>,2lHNzv2IHN(S)d-
',~RHNe~2IzuIN(S)d'su>uINeRluaN(S)d- , 'z(HS)(S)d- 'HSo~2lS(S)d-
',~21Sov21S(S)d- `z(HO)(S)d - `HOsRO(S)d- 'fiaoeao(s)d- ya9a(s)d-
`zHNHS(O)d- 'zuIHNHS(O)d- `e~bz,2lNHS(O)d'zHNoRIS(O)d- 'zRiHNoRIS(O)d-
'sRlzv2lNodS(O)d- `zHNHO(O)d- 'zRlHNHO(O)d's~21z~21NH0(O)d- `zHNs210(O)d-
'z,2lHNsRO(O)d- 'e~2lzRINs210(O)d- `HSHO(O)d`ouSHO(O)d- 'HSeLlO(O)d-
'oRSs210(O)d- 'zHNs2i(O)d- 'z~2lHNsZI(O)d- 'E~Rzv21Ns2J(O)d`HSs21(O)d-
`oulSsb(O)d- 'HOs2!(O)d- 's210s21(O)d- `z(zHN)(O)d-
'zHNz~`dHN(O)d'zHNeRlm2iN(O)d- 'ei2lHNz~2IHN(O)d- `vRHNsRzRlN(O)d-
`sRleRNs~2izRIN(O)d`z(HS)(O)d- 'HSoRS(O)d- `u2lSoRIS(O)d- `z(HO)(O)d-
`HOs210(O)d- 's210s210(O)d`~2lsa(O)d- se yons 'sdno~6 6uu~ne~py;Inn uo~;
oala aye bb pue Ea yqe~a~a~d y~Cuayd ~01~(~nq-; y~(1nq-oas 'i~(1nq
'I~Cdo~d-I `I~(do~d 'I~(y;a 'py~auu;o auo aq o; pa~oalas s! ~uasa~d dno~6
nb o; oz21 ~o s,Ll of  9 L98Z0/OOHO/`L~d YLSZI/IO OM SE oe 



SZ oz SI OI S ~1~~~ ~~~ ~ L   WO O1/12574 7 13 FEB 2004 PCT/GB00/02867 The
groups R6 to Ru may contain chiral centres, or may be selected such that
the atom to which they are bonded is a chiral centre. In certain preferred
embodiments, one of R' and Rz is an alkyl group arid the other is aryl or
heterocyclyl, X is NR' where R' is either -P(O)R6R' or -P(O)ORBOR9 wherein
R6 . s to R9 is an alkyl or aryl group, more preferably a C,.,alkyl group,
a phenyl group or a phenyl group substituted with one or more C,-0alkyl
groups. Most advantageously, the compound of formula (1 ) is prochiral,
such that the hydrogenated product comprises a chiral atom to which R', Rz
and X are each bonded. Such an asymmetric transfer hydrogenation process
forms an especially preferred aspect 10 of the present invention. Most
commonly, when the compound of formula (1 ) is prochiral, R' and Rz are
different, and neither is hydrogen. Preferably, one of R' and Rz is
aliphatic and the other is aryl or heterocyclyl. Examples of compounds of
formula (1 ) include R,~R /N i b N~WR ~"i"R I \ I \ R~ ft 7= O N / / Rc0 Rz
2jR \ R ~ N-JVR NWR ~N \ ~N R~ / / ~ / Ra O ~ R  Ro N N Ra ~R R~OzO R is
wherein: Ra = Ph, Naphthyl, CHzPh, hexyl, iPr, tBu, Et, or Me R" = Ph,
Naphthyl, CHZPh, hexyl, iPr, tBu, Et, or Me R` = Ph, Naphthyl; CHZPh,
hexyl, iPr, tBu, Et, or Me; and R' = PO(Ph)z, or PO(Et)z. 20 Hydrogen
dohors include hydrogen, primary and secondary alcohols, primary and
secondary amines, carboxylic acids and their esters and amine salts,
readily dehydrogenatable hydrocarbons, clean reducing agents, and any
combination thereof. Primary and secondary alcohols which may be employed
as hydrogen donors comprise commonly from 1 to 10 carbon atoms, preferably
from 2 to 7 carbon atoms, and 25 more preferably 3 or 4 carbon atoms.
Examples of primary and secondary alchols which may be represented as
hydrogen donors include methanol, ethanol, propan-1-ol, propan2-0l,
butan-1-ol, butan-2-ol, cyclopentanol, cyclohexanol, benzylalcohol, and
menthol.  



13 FEB 2004 W0 01l12574 PCflGB00l02867 8 ,b:_ When the hydrogen donor is an
alcohol, secondary alcohols are preferred, especially propan-2-of and
butan-2-ol. Primary and secondary amines which may be employed as hydrogen
donors comprise commonly from 1 to 20 carbon atoms, preferably from 2 to 14
carbon atoms, and s more preferably 3 or 8 carbon atoms. Examples of
primary and secondary amines which may be represented as hydrogen donors
include ethylamine, propylamine, isopropylamine, butylamine, isobutylamine,
hexylamine, diethylamine, dipropylamine, diisopropylamine, dibutylamine,
di-isbbutylamine, dihexylamine, benzylamine. dibenzylamine and piperidine.
When the hydrogen donor is an amine, primary amines are 10 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 commonly 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 15 acid. Esters
may be derived from the carboxylic acid and a C,.,o alcohol. Examples of
carboxylic acids which may be employed as hydrogen donors include formic
acid, tactic acid, ascorbic acid and mandelic acid. The most preferred
carboxylic acid is formic acid. In certain preferred embodiments, when a
carboxylic acid is employed as hydrogen donor, at least some of the
carboxylic acid is preferably present as salt, preferably an amine, 2o
ammonium or metal salt. Preferably, when a metal salt is present the metal
is selected form the alkali or alkaline earth metals of the periodic table,
and more preferably is selected from the group 1 elements, such as lithium,
sodium or potassium. Amines which may be used to form such salts include
both aromatic and non-aromatic amines, also primary, secondary and tertiary
amines and comprise typically from 1 to 20 carbon atoms. 25 Tertiary
amines, especially trialkylamines, are preferred. Examples of amines which
may be used to form salts include trimethylamine, triethylamine,
di-isopropylethylamine and pyridine. The most preferred amine is
triethylamine. When at least some of the carboxylic acid is present as an
amine salt, particularly when a mixture of formic acid and triethylamine is
employed; the mole ratio of acid to amine is between 1:1 and 50:1 and 3 0
preferably between 1:1 and 10:1, and most preferably about 5:2. When at
least some of the carboxylic acid is present as a metal salt, particularly
when a mixture of formic acid and a group I metal salt is employed, the
mole ratio of acid to metal ions present is between 1:1 and 50:1 and
preferably between 1:1 and 10:1, and most preferably about 2:1. The ratios
of acid to salts may be maintained during the course of the reaction by the
35 addition of either component, but usually by the addition of the
carboxylic acid. Readily dehydrogenatable hydrocarbons which may be
employed as hydrogen donors comprise hydrocarbons which have a propensity
io aromatise or hydrocarbons which have a propensity .to form highly
conjugated s. systems Examples of readily   13FEB 2004 WO 01/12574 9
PCT/GB00/02867 dehydrogenatable hydrocarbons which may be employed by as
hydrogen donors include cyclohexadiene; cyclohexene, tetralin, dihydrofuran
and terpenes. Clean reducing agents which may be represented as hydrogen
donors comprise reducing agents with a high reduction potential,
particularly those having a reduction s potential relative to the standard
hydrogen electrode of greater than about -0.leV, often greater than about
-0,5eV, and preferably greater than about -1 eV. Examples of clean reducing
agents which may be represented as hydrogen donors include hydrazine and
hydroxylamine. The most preferred hydrogen donors are propan-2-ol,
butan-2-ol, io triethylammonium formate and a mixture of triethylammonium
formate and formic acid. Transfer hydrogenation catalysts may include such
catalysts such as a) the chiral Ruthenium (II) catalysts developed for
ketone reduction which are disclosed in Chem. Rev., 1998, 98, 2607 see
Table 2; b) the Zhang tridentate bis(oxazolinylmethyf)amine catalysts and
related catalysts as disclosed in J. Am. Chem. Soc., 1998, 120g 3817, Tet. 



15 Let:, 1997, 38(37), 6565 and in W099/24410 (particularly the
bis(phenyloxazolin-2yl)amine and related catalysts discussed therein); and
c) the transition metal; particularly group VIII metal, complexes with
chiral ligands of formula R'YARYR' .. R._p P~R. R"' R"' wherein AR is any
aromatic or ring structure and R', R" and R"' are each independently 20
selected from aryl, alkyl, aralkyl, ring-substituted aralkyl; substituted
aryl and combinations thereof as disclosed in US 5,767,276; the catalysts
of a), b) and c) being incorporated herein by reference. Preferred transfer
hydrogenation catalysts for use in the process of the present invention
have the general formula: E Y MR2~ 25 wherein: Rz' represents a neutral
optionally substituted hydrocarbyl, a neutral optionally substituted
perhalogenated hydrocarbyl, or an optionally substituted cyclopentadienyl
ligand; 30 A represents -NR28-, -NRZ9-, -NHR~, -NRz8RZ9 or -NRZ9R' where
R28 is H, C(O)R', SOZR~, C(O)NR~R~, C(S)NR~R', C(=NR~)SR'~ or C(=NR")OR'S,
RZ9 and R' each independently represents an optionally substituted
hydrocarbyl, perhalogenated hydrocarbyl or an optionally substituted
heterocyclyl group, and R" and R~ are each independently hydrogen or a
group as defined for R~;   13 FEB 2004 W 0 01112574 PCTIGB00102867 10 , B
represents -O-, -OH, OR", -S-, -SH, SRa', -NRa'-, -NRaz-, -NHRa2, -NRa'Ra2,
-NRa'Raa, -PR"- or -PRa'Raa where RaZ is H, C(O)Raa, SOZRaa, C(O)NRaaRas
C(S)NRaaRas C(=NRas)SRa' or C(=NRas)ORa', Ra'and Raa each independently
represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted 5 heterocyclyl group, and Ras and
Ra' are each independently hydrogen or a group as defined for Raa; 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; io provided that when Y is not a vacant site that at
least one of A or B carries a hydrogen atom. The catalytic species is
believed to be substantially as represented in the above formula. It may be
introduced on a solid support. Optionally substituted hydrocarbyl,
perhalogenated hydrocarbyl or optionally 15 substituted heterocyclyl groups
which may be represented by Rte-" or Raa-'s are as defined hereinbefore for
Rs. The neutral optionally substituted hydrocarbyl or perhalogenated
hydrocarbyl ligands which may be represented by RZ' includes optionally
substituted aryl and alkenyl ligands. 2o Optionally substituted aryl
ligands which may be represented by RZ' may contain 1 ring or 2 or more
fused rings which include cycloalkyl, aryl or heterocyclic rings.
Preferably, the ligand comprises a 6 membered aromatic ring. The ring or
rings of the aryl ligahd are often substituted with hydrocarbyl groups. The
substitution pattern and the number of substituents will vary and may be
influenced by the number of rings present, 25- but often from 1 to 6
hydrocarbyl substituent groups are present, preferably 2, 3 or 6
hydrocarbyl groups and more preferably 6 hydrocarbyl groups. Preferred
hydrocarbyl substituents include methyl, ethyl, iso-propyl, menthyl,
neomenthyl and phenyl. Particularly when the aryl ligand is a single ring,
the ligand is preferably benzene or a substituted benzene. When the ligand
is a perhalogenated hydrocarbyl, preferably it is a 3o potyhalogenated
benzene such as hexachlorobenzene or hexatluorobenzne. When the hydrocarbyl
substitutents contain enantiomeric and/or diastereomeric centres, it is
preferred that the enantiomerically and/or diastereomerically purified
forms of these are used. Benzene, p-cymyl, mesitylene and hexamethylbenzene
are especially preferred ligands. 35 Optionally substituted alkenyl ligands
which may be represented by Rz' include CZ~, and, preferably C6.,2, alkenes
or cycloalkenes with preferably two or more carbon . - carbon double bonds,
preferably only two carbon-carbon double bonds. The carboncarbon double
bonds may optionally be conjugated to other unsaturated systems which  



WO 01!I2574 11 13 FEB 2004 PCT/GB00/02867 may be present, but are
preferably conjugated to each other. The alkenes or cycloalkenes may be
substituted preferably with hydrocarbyl substituents. When the alkene has
only one double bond, the optionally substituted alkenyl figand may
comprise two separate alkenes. Preferred hydrocarbyl substituents include
methyl, ethyl, iso-propyl and phenyl. 5 Examples of optionally substituted
alkenyl ligands include cyclo-octa-1,5-diene and 2,5norbornadiene.
Cyclo-octa-1,5-diene is especially preferred. Optionally substituted
cyclopentadienyl groups which may be represented by R~' includes
cyclopentadienyl groups capable of eta-5 bonding. The cyclopentadienyl
group is often substituted with from 1 to 5 hydrocarbyl groups, preferably
with 3 to 5 hydrocarbyl 10 groups and more preferably with 5 hydrocarbyl
groups. Preferred hydrocarbyl substituents include methyl, ethyl and
phenyl. When the hydrocarbyl 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-cyclopenfadienyl, 15 pentaphenylcyclopentadienyl,
tetraphenylcyclopentadienyl, ethyltetramethylperitadienyl,
menthyltetraphenylcyclopentadienyl, neomenthyl-tetraphenylcyclopentadienyl,
menthylcyclopentadienyl, neomenthylcyclopentadienyl, tetrahydroindenyl,
menthyltetrahydroindenyl and neomenthyltetrahydroindenyl groups.
Pentamethylcyclopentadienyl is especially preferred. 20 When either A or B
is an amide group represented by -NRZa-, -NHRzB, NRZgR~, -NR'2-, -NHR3Z or
NR3'R'Z wherein RZ9 and R" are as hereinbefore defined, and where R~ or R'Z
is an acyl group represented by -C(O)R' or -C(O)R"; R' and R33
independently are often linear or branched C,_,alkyl, C,.~-cycloalkyl or
aryl, for example phenyl. Examples of acyl groups which may be represented
by Rze or R" include benzoyl, acetyl 25 and halogenoacetyl, especially
trifluoroacetyl, groups. When either A or B is present as a sulphonamide
group represented by -NR's-, -NHRze) NR2BR~, -NR'Z-, -NHR'Z or NR"R'~
wherein R~ and R" are as hereinbefore defined, and where R28 or R'z is a
sulphonyl group represented by -S(O)ZR or -S(O)ZR~, R' and R" independently
are often linear or branched C,~alkyl, C,.~cycloalkyl or aryl, for 3 o
example phenyl. Preferred sulphonyl groups include methanesulphonyl,
trifluoromethanesulphonyl and especially p-toluenesulphonyl groups and
naphthylsulphonyl groups. When either of A or B is present as a group
represented by -NRz-, -NHR~, NRZRZB, -NR'z-, -NHR'2 or NR"R'z wherein R~
and R" are as hereinbefore defined, and 35 where Rz8 or R'2 is a group
represented by C(O)NR'R', C(S)NR'R", C(=NR")SR'~, C(=NR~)OR'S, C(O)NR~'R',
C(S)NR"R~; C(=NR')SR" or C(=NR'6)OR", R~ and R" independently are often
linear or branched C,~alkyl, such as methyl, ethyl, isopropyl,
C,.,cycloalkyl or aryl, for example phenyl, groups and R'3' are often each
independently   13 FEB 2004 WO 01/12574 12 hydrogen or linear or branched
C,~alkyl, such as methyl, ethyl, isopropyl, C,~cycloalkyl or aryl, for
example phenyl, groups: When B is present as a group represented by -OR",
-SR", -PR3'- or -PR"R", R" and R3' independehtly are often linear or
branched C,:Balkyl, such as methyl, ethyl, s isopropyl, C,.~cycloalkyl or
aryl, for example phenyl. It will be recognised that the precise nature of
A and B will be determined by whether A and/or B are formally bonded to the
metal or are coordinated to the metal via a lone pair of electrons. The
groups A and B are connected by a linking group E. The linking group E to
achieves a suitable conformation of A and B so as to allow both A and B to
bond or  r 



coordinate to the metal, M. A and B are commonly linked through 2, 3 or 4
atoms. The atoms in E linking A and B may carry one or more substituents.
The atoms in E, especially the atoms alpha to A or B, may be linked to A
and B, in such a way as to form a heterocyclic ring) preferably a saturated
ring, and particularly a 5, 6 or 7-membered ring. 15 Such a ring may be
fused to one or more other rings. Often the atoms linking A and B will be
carbon atoms. Preferably, one or more of the carbon atoms linking A and B
will carry substituents in addition to A or B. Substituent groups include
those which may substitute R') as defined above. Advantageously, any such
substituent groups are selected to be groups which do not coordinate with
the metal, M. Preferred gubstituents include halogen, 20 cyano, vitro,
sulphonyl, hydrocarbyl, perhalogenated hydrocarbyl and heterocyclyl 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, 2s particularly a 5, 6 or
7-membered ring. Such a ring may be fused to one or more other such rings.
Particularly preferred are embodiments in which E represents a 2 carbon
atom separation ahd one or both of the carbon atoms carries an optionally
substituted aryl 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 least one stereospecific centre. Where ahy or all of the 2) 3 or
4 atoms linking A and B are substituted so as to define at least one
stereospecific centre on one or more of these atoms, it is preferred that
at least one of the stereospecitic centres be located at the atom adjacent
to either group A or B. When at least one such stereospecific centre is
present, it is advantageously 35 present in an enantiomerically purified
state. When B represents -O- or -OH, and the adjacent atom in E is carbon)
it is preferred that B does not form part of a carboxylic group.
PCT/GB00102867   WO 01I12574 13 13FEB2004 PCT/GB00/02867 Compounds which
may be represented by A-E-B, or from which A-E-B may be derived by
deprotonation, are often aminoalcohols, including 4-aminoalkan-1-ols,
1-aminoalkan-4-ols, 3-aminoalkan-1-ols, 1-aminoalkan-3-ols, and especially
2-aminoalkan-1-ols, 1-aminoalkan-2-ols, 3-aminoalkan-2-ols and
2-aminoalkan-3-ols, and s particularly 2-aminoethanols or 3-aminopropanols,
or are diamines, including 1,4-diaminoalkanes, 1,3-diaminoalkanes,
especially 1,2- or 2,3- diaminoalkanes and particularly ethylenediamines-
Further aminoalcohols that may be represented by A-E-B are
2-aminocyclopentanois and 2-aminocyclohexanols, preferably fused to a
phenyl ring. Further diamines that may be represented by A-E-B are
1,2-diaminocyclopentanes and 10 1,2-diaminocyclohexanes, preferably fused
to a phenyl 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 aminoalcohois or diamines are 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 15 group. Specific examples of compounds which can be
represented by A-E-B and the protonated equivalents from which they may be
derived are: HaC~,~/ Ph Ph~/Ph HZ OH Hz NH-tosyl h HzN OH HO NHz Ph Ph Hz ~
Hz Ph F HO~ Hz Ph~ Ph HZ ~NH-SOZ naphthyl ~NH-tosyl 'hCHz~ ~CsHaOMe
L/rC6J140Me NHz H=N~ ~NHz 



N HzN HO HzN HzN . tosyl-HN NHz .. - . - OH - NHz HO ~ NHz 20 Preferably,
the enantiomerically andlor diastereomerically purified forms of these are
used. Examples include (1S,2R)-(+)-norephedrine,
(1R,2S)-(+)-cis-1-amino-2-indanol) (1S,2R)-2-amino-1,2-diphenylethanol,
(1S,2R)-(-)-cis-1-amino-2-indanol, (1R.2S)-(-)norephedrine,
(S)-(+)-2-amino-1-phenyletfianol, (1R;2S)-2-amino-1,2-diphenylethanol,
Ntosyl-(1 R,2R)-1,2-diphenylethylenediamine, N-tosyl-(1
S,2S)-1,2-diphenylethylenediamine) 2s (1R,2S)-cis-1,2-indandiamine,
(1S,2R)-cis-1,2-indandiamine, (R)-(=)-2-pyrrolidinemethanol arid
(S)-(+)-2-pyrrolidinemethanol: Metals which may be represented by M include
metals which are capable of catalysing transfer hydrogenation. Preferred
metals include transition metals; more preferably the metals in Group VIII
of the Periodic Table, especially ruthenium,rhodium or   5 10 15 20 25 W0
01/12574 13 FEB 2004 PCf/GB00/02867 14 iridium. When the metal is ruthenium
it is preferably present in valence state II. When the metal is rhodium or
iridium it is preferably present in valence state I when RZ' is a neutral
optionally substituted hydrocarbyl or a neutral optionally substituted
perhalogenated hydrocarbyl ligand, and preferably present in valence state
III when Rz' is an optionally substituted cyclopentadienyl ligand Anionic
groups which may be represented by Y include hydride, hydroxy,
hyd~ocarbyloxy, hydrocarbylamino and halogen groups. Preferably when a
halogen is represented by Y, the halogen is chloride. When a hydrocarbyloxy
or hydrocarbylamino 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,
C,$ primary or secondary amines, or the hydrogen donor which is present in
the reaction system. A preferred basic ligand represented by Y is water.
Most preferably, the nature of A-E-B; R2' and Y are chosen such that the
catalyst is chiral. When such is the case, an enantiomerically and/or
diastereomerically purified form is preferably employed. Such catalysts are
most advantageously employed in asymmetric transfer hydrogenation
processes. In many embodiments, the chirality of the catalyst is derived
from the nature of A-E-B. Examples of catalysts which may be employed in
the process of the present invention include Pr5 Ph N ~ Ir `; `NHz CI Ph
PTS ~~rN [ j~ Ire .. V."NH CI ~ , x pTs Ph N Rh~, 



CI Ph NHi I \ PTS ~ Ph N  Rug ~ NHZ CI PTS PT5 (~r~ N Ph N a "NHh`CI- ~
HU~CI 2. Ph  The process is carried out preferably in the presence of a
base, especially when Y is not a vacant site. The pKa 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 and
triethylamine. When 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 especially in the range 1.0 to 3.5, by moles of the catalyst.
When the hydrogen donor is an acid, the catalyst may be contacted with a
base prior to the introduction of the hydrogen donor. In   REPLACEMENT
SHEET 13 FED 2004 15 such a case, the mole ratio of base to catalyst prior
to the introduction of the hydrogen donor is often from 1:1 to 3;1, and
preferably about 1:1. Although gaseous hydrogen may be present,, the
process is normally operated in the absence of gaseous hydrogen since it
appears to be unnecessary. Advantageously, the process is parried
substantial absence of carbon dioxide Preferably, the process Is carried
out under a substantially inert atmosphere, for example nitrogen or argon.
When the products) from dehydrogenation of the hydrogen donor is .volatile,
for example boils at under 100C, the removal of this volatile product is
preferred The removal can be accomplished by distillation preferably at
less than atmospheric  pressure or by use of inert gas sparging. When
reduced pressure distillation is employed, the pressure is often no more
than 8.66x10 Pa (500 mmHg), commonly no more than 2.66x104 Pa (2~0 mmHg);
preferably in the range ofi from 6.GGx102 to 1.33x10'` Pa (5 to 1D0
mmHg]sand most preferably from 1.33x103 to 1.06x1 D4 Pa (10 to SO mmHg).
Whert the products) from dehydrogenation of the hydrogen donor is a gaseous
material, for example when formic acid is present as a hydrogen donor, the
removal is most preferably accomplished by the use of inert gas sparging,
with for example nitrogen. Suitably the process is carried out at
temperatures in the range of from minus 78 to plus 150C, preferably from
minus 20 to plus 110'C and more preferably from: minus 5 to plus 60C. The
initial concentration of the substrate, a compound of formula (1) is
suitably in the range 0.05 to 1.0 and, for convenient larger scale
operation, can be for example up to G.0 more especially 0.26 to 2.0, on a
molar basis, The molar ratio of the substrate to catalyst Is suitably no
less than 50:1 and can be up to 50000:1, preferably between 100:1 'and
50o0;1 and more preferably between 200:1 and 2000:1. The hydrogen donor is
preferably employed in a molar excess over the substrate, especially from 5
to 50 'fold or, if cenvenience permits, greater, for example up to 500
told. After reaction, the mixture is worked up by standard procedures.
During the reaction a solvent may be present, preferably a polar solvent,
for example methanol, ethanol or i-propanol, more preferably a polar
aprotic solvent, for example acetonitrile, dimethylformamide or
dichloromethane. Conveniently, the hydrogen 'donor may be the solvent when
the hydrogen donor is a liquid at the reaction temperature, or it may be
used in combination with other solvents. In certain embodiments it is
preferable to use a diluent. Diluents include nonpolar solvents such as
toluene. Usually it is preferred to; operate in substantial absence of
water, but water may be present in the reaction: If the hydrogen donor or
the reaction solvent is not miscible with water and the desired product Is
water soluble, it may be desirable to have water present as a second phase
extracting the product, pushing the equilibrium and preventing loss of
product optical purity as the reaction proceeds. The concentration of
substrate may be chosen to optimise reaction tinge, yield and enantiomeric
excess.   s to 15 zo 25 30 



35 WO 01/12574 16 13 FEB 2004 PCT/GB00/02867 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 may be
generated in situ. In certain embodiments it has been found that certain
catalysts are preferred for the transfer hydrogenation of imines and
iminium salts. Catalysts in which A-E-B is derived from N-tosyldiamines,
preferably mono-N-tosyldiamines, particularly mono-Ntosylated
ethylenediamines, are preferred. Especially, M is also ruthenium (II) and
RZ' is an aryl group or cyclopentadienyl group, or M is iridium (I) or
rhodium (I) and RZ' is cyclooctadiene, ar M is iridium (I II) or rhodium
(III) and RZ' is a cyclopentadienyl group. . Further, triethylamine is
preferably employed as a base, a mixture of formic acid and triethylamine
in the preferred ratio of 5:2 (formic acidariethylamine) is preferably
employed as hydrogen donor: When an iminium salt is present, it is
preferably a protonated imine, 'or is a methylated or benzylated imine with
an iodide; formate or trifluoroacetate counter ion. It is believed that
when Y is not a vacant site, RZ' is a neutral ligand and when M is rhodium
or iridium and is in valence state (I), A-E-B attaches to M by means of iwo
dative bonds (the lone pairs of the heteroatoms in both A and B coordinate
to M). However, when Y is not a vacant site, Rz' is a cyclopentadienyl
ligand and when M is rhodium or iridium and is in valence state (III),
A-E-B attaches to M by means of one dative and one formal bond. Whereas
when Y is not a vacant site, Rz' is a neutral ligand and when M is
ruthenium and is in valence state (II), A-E-B attaches to M by means of one
dative and one formal bond. The catalyst can be made by reacting a metal
aryl, alkenyl or cyclopentadienyl halide complex with a compound of formula
A-E-B as defined above or a protonated equivalent from which it may be
derived, and, where Y represents a vacant site, reacting the product
thereof with a base. The metal aryl or alkenyl halide complex preferably
has the formula [MRZ'z~]2 when M is ruthenium (II) and has the formula
[MR2'Z]2 when M is iridium (I) or rhodium (I), wherein RZ' is an aryl or
alkenyl ligand as defined above, and Z represents a halide, particularly
chloride. The metal cyclopentadienyl halide complex preferably has the
fomtuia [MR~'Zjz or [MRZ'Z14 when M is ruthenium (II) and has the formula
[MRz'Z]z when M is iridium (III) or rhodium (III), wherein RZ' is an
optionally substituted cyclopentadienyl ligand as defined above, and Z
represents a halide, particularly chloride. For the preparation of the
catalysts according to the present invention, a solvent is preferably
present: Suitable reaction temperatures are in the range 0-100, for example
20-70, C, often giving reaction times of 0.5-24.0 h. After reaction is
complete, the catalyst may if desired be isolated, but is more conveniently
stored as the solution or used soon after preparation. The solution can
contain the hydrogen donor and this, if a secondary alcohol, may be present
in or used as the solvent for steps (a) and/or (b). The preparation 4^   13
FEB 2004 W0 01/12574 17 PCT/GB00/02867 and after-handling should preferably
be under an inert atmosphere, and particularly in carbon dioxide and
oxygen-free conditions. The catalyst or catalyst solution is generally
treated with base either just prior to use in a transfer hydrogenation
reaction, or during use. This can be accomplished by 5 adding base to the
catalyst in solution, or to the compound of formula (1 ) in solution, or by
addition to the transfer hydrogenation reaction. Transfer hydrogenation can
be . accomplished by transferring the solution of catalyst to a solution of
substrate, a compound of general formula I. Alternatively a solution of
substrate can be added to a solution of catalyst. Base may be pre-added to
the 10 catalyst solution and/or the substrate solution, or can be added
later. The hydrogen donor if not already present in the catalyst solution
may be added to the substrate solution, or may be added to the reaction
mixture. The imine and iminium salt compounds of formula (1 ) can generally
be obtained by known literature methods. Iminium salts, for example, can be
prepared by the 15 quaternisation of imines, such as by treatment of imines
with alkylating agents. N-phosphinyl imines can be synthesised from
N-hydroxy imines by treatment with a halophosphine: N-Hydroxy imines being
readily available from the corresponding aldehyde or ketone by treatment
with hydroxylamine. A similar approach can be used for the synthesis of
certain N-sulphonylimines whereby N-hydroxy imines are treated with a 2o
halosulphoxyl compound in the presence of a base Alternatively,
N-phosphinyl imines can be synthesised from aldehydes or ketones by
treatment with phosphinic amides in the presence of a condensation reagent,
such as titanium tetrachloride; and a base. Many of the N-phosphinyl,
N-sulphonyl, N-sulphoxyl and N-carboxy imines can be 25 synthesised from
aldehydes or ketones by treatment with the corresponding phosphinamide,
sulphonamide, sulphoxamide or carboxamides under dehydrating condition such
azeotropic water removal; often carried out in the presence of an acid
catalyst, such as p-toluene sulphonic acid or trifluoroacetic acid, or a
Lewis acid catalyst, treatments with molar equivalents or excesses of
drying agents, for example molecular 



30 sieves or magnesium sulphate, or treatments with combined lewis acid and
dehydrating agents such as titanium tetrachloride or titanium
tetraisopropoxide. N-Carboxy and N-sulphoxyl 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 organometallic 35 derivatives of imines,
such as an N-lithiated imine, with chiral sulphoxides such as menthyl
p-toluene sulphinate.   REPLACEMENT SHEET 13 FEB 2004 18 N-Silylimines can
be prepared form organometallic derivative of silazanes such as lithium
di(trimethyl)silazamide, and ketones, or by the reaction of organometallic
derivatives of imines, such as an N-lithiated imine, with a halosilane.
Furthermore, either by in situ cleavage of the R3 or R" groups , of the
amines produced by the process of first aspect of present invention under
the process conditions, or by further treatment by for example acid or base
hydrolysis, a ready route to primary and secondary amines can be accessed
According to a second aspect of the present invention there is provided a
process for the production of primary or secondary amines H. N.R 3a -~ Rz
comprising the steps of b) generating a substrate of general formula {1)
from a carbonyl compound (2), R~~ ~ ~~~ , i3) h) in which X represents NRa
or (NR"R)*Q', and Q" represents a monovalent anion, d) reacting the
substrate of general formula (1) with a hydrogen donor in the presence of a
transfer hydrogenation catalyst, end e) removal of Ra or R" to give an
amine of formula (S) H.N~RaA X R'~~ ~ R`H'RZ , f~) f3) wherein: R' and Rz
each independently represents a hydrogen atom, an optionally substituted
hydrocarbyl, a perhalogenated hydrocarbyl, an optionally subslatuted
heterocyclyl group, a substituted carbonyl functional group, a substituted
thiocarbonyl functional group or substituted imino functional group, R' &
Rz optionally being linked in such a way as to form an optionally
substituted ring; R' and R4 represents -P(O)ReR', -P(O)ORAORa, -P(O)ORO.H,
~P()(OH)z, -P{O)SR'SR'~, -P(O)SR'SH, -P(O)(SH)z, P(O)NR'zf2'aNR"R's
-P(O)NR'zR"NHR''', -P(O)NHR'zNHR", -P{O)NR'zR'aNHz, -p(0),NHR'zNHz,
-P(O)(fJHz)z, -P(O)RAORa, -P(O)ROH, -P(O)ReSR', -P(O)RASH, -P(O)RANt2'zR'3,
-P{O)RANHR~z. -P(O)ReNHz. P(O)ORSR', -P(O)ORASH. -p(O)FISR~, -P(O)OIiSH,
-P(O)ORBNR'zR'a, -P{O)ORNHR'z, -P(O)ORANHz, -P(O)OHN3~'aR~a, -P(O)QHNNR'z,
-P(O)~HNHz, -i~(O)SR'NR'ZR", -P(O)SR'oNHR~z, -P(O)SR'NHz. -P(O)SHNR'zR",
-P(O)SHNHR'z, -P(O)SHNHz, -P(S)RAR'. -I?(S)OIRAORa, -P{S)ORAOH, -P(S)(OH)z.
REPLACEMENT SHEET 13 FEB 2004 18a -(S)SR'SR", -P(S)SR'SH, -P(S)(SH)2,
-P(S)NR'zRt3NRtaRts -p(s)NRyRv3NHR', -P(S)NHR'zNHR', -P(S)NR'zR'3NHx,
P(S)NHR'zNH2, -P(S)(NHz)x, -I?(S)RsOR, -p(S)ROH, -P(S)RSR', -P(S)RsSH,
-P(S)RNR'zR'3, -P(S)RNHR'2, -P(S)ReNHa, P(S)OReSR', -P(S)OHSRt, -P(S)ORHSH,
-P(S)OHSH, -P(S)QRNR'zR'2, -P(S)ORSNHRt2, -P(S)ORzNHa -P(S)OHNR'zR',
-P(S)OHNHR'z, -P(S)OHNHx, P(S)S~t'NR'zR'3, -P(S)SR'NHR'x, -P(S)SR'Nhlx,
-P(S)SHNR'xR', -P(S)SHNHR'Z, -P(S)SHNHx, -PRSR', -PORSOR', -PSR'SRt~,
-pNRt2R'NR'qR's, -PRSORS, -PR6SR', PRNR'zR', -PORgSR', -PORNR'zR'3,
-PSR'NR'zR'9, -S(O)Rt, -S(O)xR", -COR', -COzR'". or SiRzRztRzz; 



RS represents a hydrogen atom, an optionally substituted hydrocarbyl a
perhalogenated hydrocarbyl, or an optionally substituted heterocyclyl
group; R35 represents a hydrogen atom or the group R5; , R and R'
independently represent an optionally substituted hydrocarbyl a
perhalogenated hydrocarbyl, an optionally substituted heterocyclyl; , group
or -N=CR23R2a where R23 and R24 are as defined for R'; and Rs to R22 each
independently represents an optionally substituted hydrocarbyl a
perhalogenated hydrocarbyl or an optionally substituted heterocycyl group
one or more of Rt & Re, Rx & R', R & R', R & Ra, R & R', R & R'2, R' & R,Rx
& Rs, Re &R,RB&R',R&R'2,R'&Rt,R29?4R",R'&R't,Rt&R'z,R'&R)~,Rz&R'3, R'2 &
R'3, R' 8~ R'4, Rz & Rts, R'4 & R'S, R'z & R'4, R' $c R', R' & R', R": ~
R', R' & Rz, Rx & Rz", Rz 8 Rz' and Rz' & R22 optionally being linked in
such a way as to form an optionally substituted ring(s), and the transfer
hydrogenation catalyst is of general formula; ~P~ A~ ,13 Y M~R wherein: Rz'
represents a neutral optionally substituted hydrocarbyl, a neutral
optionally substituted perhalogenated hydrocarbyl, or an optionally
substituted cyclopentadienyl ligand; A represents -NRz-, -NR29-, -NHRz,
-NRxSRz or -NRzR3 where l~,z 95:H, C(O)R, SOzRa. O(O)NR3R4. C(S)NR3R3",
C(=NR4)SRs or C(=NR~`')UR) Rz and R3o each independently represents an
opkionaliy substituted hydrocarbyl, perh~alogenated hydrocarbyl or an
optionally substituted heterocyclyl group, and R3" and R35 are each
independently hydrogen or a group as defined for R3o; B represents ~0-.
-OH, OR'. -S-, -SH, SR3', -NR'-, -NRz-, ~NHR~2; -N9~3'R32, -NR3'R28' -pR3t-
or -PR3'R33 where Rz is H, C(O)R'3, SOzR33, C(O)N,R33R3e C(S)'NR3aR3,
C(-NR3)SR3' or C(~NR3A)OR3', R"and R33 each independently   ,- ,
REPLACEMENT SHEET, i, ;1 3 FEB 2004 i i 19 , represents an optionally
substituted hydrocarbyl, perhalogenated hydrocarbyl or an optionally
Substituted heterocyclyl group, and Rye and R" are each independently ,
hydrogen or a group as defined for R~; E represents a linking group wherein
A and 13 are linked through 2, 3 or 4 atoms each independently being
unsubstituted or substituted; l i , M is a group Vlil 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 R parries a
hydrogen atom. Preferably, when a substrate of formula (1) or an amine of
formula (3) comprises one or more optionally substituted ring(s), it is
preferred that only one or more cf R' & R2; R6 & R', Ro & Ro, R' & R", R'x
& R", R'" & R'g, R'2 & R'", Rx & Rx1 and Rx' & Rxx are optionally linked in
such a way as to farm an optionally substituted ring(s). When t"he
substrate of general formula (1) is an imine [P.e, X w NR3], the step of
generating the substrate of general formula (1) from a carbonyl compound
(2), ' -. II R' Rz R~Rz Iz1 (1) is preferably accomplished by treating a
carbonyl compound of formula (2) with a substituted amino compound R3NHx. '
When the substrate of general formula (1) Is an iminium salt [i.e. X =
(NR"RS)*Q'], the step of generating the substrate of general formula (1)
from a carbonyl compound (2), o~~ x RJ'LRz R~RZ (xj (1) 
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accomplished by treating a carbonyl compound of formula (2) with a
substituted amino compound RNHZ and quaternizing or protonating the
resulting imine to give the iminium salt. In certain embodiments,
particularly in the generation of imines or iminium salts wherein R' or R
contain a phosphorous oxygen double bond, it is preferable in the step of
generating the substrate of general formula (1 ) from a carbonyl compound
(2) first to treat the carbonyl compound of formula (2) with hydroxylamine
to generate the corresponding oxime, and then to react the oxime with an
activated species containing the groups that will form R' or R, such as
halo derivative, for example CIP(Ph)2. When reacting the substrate of
general formula (1) with a hydrogen donor in the presence of a transfer
hydrogenation catalyst to give an amine, the step is carried out in
accordance with reference to the first aspect of the present invention as
described herein before. The step of removal of the R' or R may be carried
out by any means which is generally known .to cleave groups represented by
R' or R which are attached to an amine. Preferably, R' or R are removed
either by treatment with acid, treatment with base, hydrogenation or
treatment with nucleophilic agents, such as fluoride, the method employed
being selected according to the nature of R' or R. In many embodiments. R'
or R, especially when R' or R is a group selected from -P(O)R6R'.
-P(O)ORBOR9, -P(O)ORBOH, -P(O)(OH)Z, -P(O)SR'SR", -P(O)SR'SH, -P(O)(SH)Z,
-P(O)NR'2R'NR'R's, -P(O)NR'ZR"NHR', -P(O)NHR'zNHR', -P(O)NR'ZR"NHZ,
-P(O)NHR'ZNHZ, -P(O)(NH2)z, -P(O)RBORs, -P(O)R60H, -P(O)R6SR', -P(O)RsSH,
-P(O)RBNR'ZR", -P(O)R6NHR'Z, -P(O)R6NH2, -P(O)ORBSR', -P(O)ORBSH,
-P(O)OHSR', -P(O)OHSH, -P(O)OReNR'ZR", -P(O)ORBNHR'2, -P(O)OR8NH2,
-P(O)OHNR'ZR", -P(O)OHNHR'Z, -P(O)OHNHZ, -P(O)SR'NR'2R", -P(O)SR'NHR'2,
-P(O)SR'NH2, -P(O)SHNR'ZR", -P(O)SHNHR'2, -P(O)SHNHz, -P(S)RBR',
-P(S)OR80R', R(S)OReOH, -P(S)(OH)2, -P(S)SR'SR", -P(S)SR'SH, -P(S)(SH)z,
-P(S)NR'ZR"NR'R'S, -P(S)NR'ZR"NHR', -P(S)NHR'zNHR', -P(S)NR'ZR"NH2,
-P(S)NHR'2NH2, -P(S)(NHZ)z, -P(S)RsORs, -P(S)R60H; -P(S)R6SR', -P(S)R6SH,
-P(S)R6NR'zR", -P(S)RsNHR'2, -P(S)RBNH2, -P(S)ORBSR', -P(S)OHSR',
-P(S)ORBSH, -P(S)OHSH, -P(S)ORBNR'zR", -P(S)ORsNHR'Z; -P(S)ORgNHz,
-P(S)OHNR'ZR'3, -P(S)OHNHR'2, -P(S)OHNH2, -P(S)SR'NR'ZR"; -P(S)SR'NHR'Z,
-P(S)SR'NHz, -P(S)SHNR'2R") -P(S)SHNHR'z, and -P($)SHNHZ, are removed by
treatment with acid, such as gaseous hydrogen chloride, aqueous
hydrochloric acid, hydrochloric acid/alcohol mixtures, acetic acid/formic
acid/ water mixture, trifluroacetic acid, p-toluenesulphonic acid, or other
mineral acids. Preferably, gaseous hydrogen chloride is bubbled through a
solution of the phosphorous substituted amine, or the phosphorous
substituted amine is treated with an hydrochloric acid solution to effect
the cleavage of the nitrogen-phosphorous bond. ..x   REPLACEMENT SHEET 13
FEB 2004 21 When R' or R" is a group represented by CO2R'9 treatments with
acids or reductive methods may be used to remove the R' or R` group. When
R' is a benzyl group"reductive methods such as hydrogenation (n the
presence of palladium or charcoal and dissloving metal reductions, or
treatment with strong acid, such as hydrogen bromide/acetic acid mixtures
may be employed. When R'9 is a t-butyl group treatment with an acid such as
ptaluenesulphonic or trifluoroacetic acid in an organic solvent such as
alchols ethers or acetonitrile may be employed. When R'g is a methyl group,
more forcing conditions may be required such as treatments with hydrazine
or alkali metal hydroxides. , When R' or R' is a group represented by
COR'e, the R3 or R" group may be removed by acid or base hydrolysis. 



When R3 or R" is a group represented by S(O)zR'y, treatments with' acids or
reductive methods may be used to remove the R' or R" group. When R" is a
methyl group hydride reductions, for example using lithium aluminium
hydride, or dissolving metal reductions may be employed. When R' is a
p-tolyl group treatment in strong acid, such as trifluoroacetic acid in
methanol or 8M hydrocholoric acid, may be employed. When R" is a
trimethylsilylethyl group treatment with an alkali mtal fluoride,
preferably caesium fluoride, may be employed. When R' or R" is a group
represented by SiR'R2'R'~, treatments with acids or alkali metal fluorides
may be used to remove the R' or R4 group. The invention is illustrated by
the following Examples. S`INTHESIS OF OXiME INTERMEDIATES Oxlme
Intermediate 1Synthesis of acetonaphthoneoximeReactantWt/VolMoLWt Mol fool
ratio1-acetonaphthone1 g170.2 5.9 mmol 1hydroxylamine hydrochloride0,98
g69.5 14.0 mmol 1.7pyridine10 ml79,1 - in a 50 mi round-bottom flask, a
mixture of acetonaphthone, hydroxylamine hydhochloride in pyridine was
stirred, at room temperature under nitrogen blanket, for five days. The
reaction mixture was then concentrated under vacuum to remove moat of
pyridine. The oil was then dissolved in dichloromethane. The product
precipitated on standing. The product was obtained as a white solid in 85%
yield. Note : after reaction, the compound exhibit a 75l25 Eli isomers
ratio. Afteh precipitation, one single isomer (E) was observed by'H NMR.
REPLACEMENT SHEET 13 FEB 2004 I I Oxime intermediate 2 Synthesis of
acetophenone oxime Reactant WtNol i acetopftenone 1 g
hydraxylamine.hydrochloride 0.695 g pyridine 5 ml zz22 MoI.Wt Mol Mol ratio
120.1 8.3 mmol 9 69.5 14.1 mmol 1.7 79.1 -   In a 50 ml round-bottom flask,
a mixture of acetophenone, hydroxylamine hydrdchiorlde 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 distilled at 55oC under 0.1 mbar. The product
was obtained in 95% yield. Note : the isomer El2 ratio of the isolated
compound was 87113 as measured by'1~ ;NM OxiLne Intermediate &, SyntMesls
of 2-octanone oxime Reactant WtIVoI Mol.Wt Mol Mol ratio: ' 2-octanone 1,2
ml 12S.2 7.8 mmol 1 hydroxylamine hydrochloride 0.92 g 69.5 13.3 mmol 1.7
pyridine 10 ml 79.1 -  In a 50 m1 round-bottom flask, a mixture of
2-ockanane, hydroxylamine hydrpchloride 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 product precipitated on standing.
The product was I obtained as a white solid in 87% yield. SYNTHESIS OF
PHOSPHINYL IMINES FROM OXIME INTERMEDIATE Phosphinylmine Example 1
Synthesis of N-diphenylphosphlnyl-1,l~nethyinaphthyi 9mine 



Reactant WtNol MoL.t Mol Mol ratio :, aeetonaphthone.oxime 1g 185 5.4mmol1
' Triethyiamine 0.75 ml 101.2 5.4 mmol 1 chiorodiphenylphosphine D.97 ml
220.6 5,4 mmol 1 , diethyl ether 5 ml 74.1 , Dichlaramethane 5 * 2 ml 84.9
-  I    To a stirred solution of acetonapthone oxlme and triethylamine in'.
diethyl ether/dichloromethane (1/1:10mp was added dropwise a solution f
chlorodiphenylphosphine in dichloromethane (2 ml) at -46C. After addition,
the temperature (-45Cj was maintained for 1 hour and then was allowed to
slowly rise to reach room temperature without removing the ice bath (dry
ice-acetone). The reaction mixture was stirred at room temperature
overnight. The solution was then filtered to remove the triethylamine
hydrochlortde precipitate and washed with a mixture of diethyl
ether/dichloromethane (1l1). The liquid solution was concentrated to give a
brown viscous oil in 94% yield. Recrystallisation in toiuene/diethyl ether
gave the product as yellow crystals. ' Phosahinyl limine Example 2
Synthesis of N-dlphenylphosphinyl-1,1-methytphenyi imine
ReactantllytNolMol.WtMolMol ratio. .acetophenone oxime1.08 g9357.8
mmot1triethylamine1.1 mi101.27.8 mmol1chlorodiphenylphosphine1.4 ml220.67.8
mmol1 diethyl ether 5 ml 74.1 dichloromethane 5 * 2 ml 84.9 -  To a stirred
solution of acetophenone oxime and triethylamine in  diethyl
etherldichloromethane (1I1:10mt) was added dropwise a solution . of
chlorodiphenylphasphine in dichloromethane (2 ml) at -45C) After addition,
the temperature (-45C) was maintained for 1 hour and then was allowed to
slowly rise to reach roam temperature without removing the ice bath (dry
ice-acetone). The reaction mixture was stirred at room temperature
overnight. The solution was then filtered to remove the triethylamine
Hydrochloride precipitate and washed with a mixture of . diethyl
etharJdfchioromethane (1f1). The product was obtained as a yellow solid in
8D! yield after concentration, and was washed with a mixture of diethyl
etherldichloromethane (1l1 ): , ' Phosphinyl lmine Example 3 Synthesis of
Ndiphenylphasptttnyi-1,1-methyihexyl imine ReactantUUtNoIMol.WtMo1Mol ratio
; .2-octanone oxime0.97 g1436.8 mmol1triethyfamine0.95 ml101.26.8
mmolfchlorodiphenylphosphine1.2 ml220.66.8 mmol1diethyl ether5
ml74.1--dichloromethane5+2 ml84.9--     REPLACEMENT SHEET 24 To a stirred
solution of acetophenone oxime and triethylamine irk diethyl
etherldichloromethane (111:10m1) was added dropwise a solution of
chlorodiphenylphosphine in dichloromethane (2 ml) at ~6C. After addition,
the temperature (-45C) wes maintained for 1 hour and then was allowed to
slowly rise to retch ,room temperature wii:hout removing the ice bath (dry
ice-acetone). The reaction mixture was stirred at room temperature
overnight. The solution was then filtered to remove the friethylamine
hydrochloride precipitate and washed with a mixture of diethyl
etherldichloromethane (1I1). The product was obtained as a colourless oil
in B4/'yield after croncentration. l~ecrystailisatton in toluene/diethyi
ether gave the product as white crystals. Phosphinyl Imine Example d
Synthesis of N-dietiethylphosphinyl1,lmethylnaphthyl Imine Reactant
acetonaphthone oxima triethylamine chiorodieYhylphosphine diethyl ether
dichloromethane Wt/Vol Mol.Wt 



1 g1850.75 ml101.20.66 ml124.55 ml74.15  2 mlS4.9 MolMol ratio8.4 mmol1
'5.4 mmol15.4 mmol1 To a stirred solution of acetonapthone oxime and
triethylamine in diethyl etherldichlaromethane (1/1:10ml) was added
dropwise a solution of chlorodiethylphosphine In dichloromethane (2 mi) at
-45C. After addition, the temperature (-45C) was maintained for 1 hour and
then was allowed to slowly rise to reach room temperature without removing
the ice bath (dry ice-acetone). The reaction mixture was stirred at room
temperature overnight, The solution was then filtered to remove the
triethylamine hydrochloride precipitate and washed with a mixture of
diethyl ether/chloromethane (111). The product was obtained as a brown oil
In 85% yield after concentration. No further purification was made.
REPLACEMENT SHEET 13 FEB 2004 25 TRANSFER HYDROGENATION OF PHOSPHINYI.
IMINES Transfer Hvdrooenation Of Phosohinvl Imlne - Example 1 Reduction of
Ndiphenylphosphlnyl-1,1-methylnaphthyl lmine. Reactant Wt/Vol Mol.Wt IRh(CP
)Cizlz"" 1.5i mg 617.8 (R, R)-N-Tosyl-1,2-diamlno-1,2- 1.83 mg 366
diphenylethane Methanol 1.6 ml 32 Et3NIHCOzH [2:5l 2 mi 101.214n I I 369 mg
369 ~ P.h i N / / Mol 2,5 pmol 5 p.mol 24 mmol of HCOZH 1 mmol Mol ratio
0.5 1 1200 200 Cp -pentamethylcyclopentadienyl Notes: " purchased from The
Aldrich Chemical Co. Prior to the reaction, all solvents were degassed, for
example: 10m1 of anhydrous methanol was added by syringe to a sealed clean
dry round bottomed flask and degassed; either by reducing the pressure
until the solvent began to boil and backfilling with nitrogen 3 times, or
by bubbling nitrogen through the solution for at least 20 mins. To a
Schlenk flask was added the (R,1~-N-tosyl-1,2-diamino-1,2-diplienyfethane,
rhodium pentamethylcyclopentadienyi dichloride dimer,
N-diphenylphpsphinyl-1,1methylnaphthyl imine and methanol. The flask was
stoppered with a'Suba-seal' (I~TM). Its contents were evacuated, then
purged at room temperature by 3 changes of Nitrogen. To the yellow/orange
solution was added the formic acid/triethylamine mixture dropwise. After I
30 mans, the solution had changed colour to red/brown. The mixture was
stirred for, 3 hours I while being purged with nitrogen, the reaction was
than quenched by the addition of ' saturated sodium carbonate solution (1
ml). The aqueous solution was then shaken with dichloromethane (5 ml), the
organic phase separated and collected, The organic phase was then dried by
contacting with solid anhydrous magnesium sulphate and Then filtering off
the solid, then the solvent was removed in vacuo to give product in >g5%
conversion and >99%ee. The sample was analysed by 'H and ~'P NMR.   



REPLACEMENT SHEET 13 FEB 2004 26 Transfer Hydrogenation Of Phosphlnvl Imine
- Example 2 , Reduction of Ndiphenyiphosphtnyl1,1-methylnaphthyl amine with
a rhodium cataiystReactant Wt/Vol MoL.Wt Mol Mot ratio ~.
N~diphenylphosphinyl-1,1- 369 mg 369 1 mmol 50 methylnaphthyl amine
[RhCp'CI2]26.2 mgG17.8 10 pmoi 0.5(R,R)-N-tosyl-1,2-diamino-7.3 mg3G6 20
i.~mol 11,2-diphenylethane,acetonitrile1.6 ml41 - -EtaNIWCO2H [2:5]2
ml101.2I42 24 mmol 1200of WGOaW ; Cp' = pentamethylcyclopentadienyl The
(R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound were
weight out into a clean dry Schlenk flask. A solution of
N-diphenylphosphinyl-1,1-me>Nyinaplathyl amine in acetonitrile was added.
The flask was stoppered with a "Suba-seal" (R`Tftll. The reaction mixture
was stirred rapidly and purged at room temperature by 3 changes of
nitrogen. After 10 mans) the mixture of triethylaminelformic acid was added
dropwise The orange solution became red/brown, After 3 hours, the reaction
mixture was quenched with a saturated solution of NaaCO3 (2 ml). Extraction
was then carried out by treatment with diehloromethane (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% e2. Note: the
reaction can be carried out with or without a nitrogen purge. The ee were
determined by HPLC on a chiral phaao column or by ~~ P NMR with a chiral
shift reagent    REPLACEMENT SHEET 13FEB2004  z7 Transfer Hvdrogenation Of
Phosnhinyl amine- Example 3 Reduction of
N-diphenyiphosphinyl-1,1-methytphenyl imlne with a rhodium catalyst.
Reactant WtNo1 Mol.Wt Mol Mol ratio N-diphenylphosphinyl-1,1- 319 mg 319 1
mmol 5D methylphenyl amine [RhCpCI2]z 6.2 mg 617.8 10 Iunol 0.'s
(R,R)-N-tosyl-1,2-diaminv- 7.3 mg 36G 20 umol 1 i ,2~diphenylethane
acetonitrile 1.6 m1 41 - - ' EkaNIHCOzH [2:5] 2 ml 101.2l42 24 mmol 1200 .
of HC02H Cp* = pentamethylcyclopentadienyl The
(R,R)-N-tosyi-1,2-diamino-1,2-diphenylethane and rhodium compound. were
weighed out into a clean dry Schlenk flask. A solution of
N-diphenylphosphinyl-1,1-mathytphenyl amine in acetonitrile was added. The
flask was stoppered with a "Suba-seal" (R7M). The reaction mixture was
stirred rapidly and purged at room temperature by 3 changes of nitrogen.
After 10 mans, the mixture of triethylaminelformic acid was added'
dropwiise,; The yellow soluuxion became redfbrown. After 3 hours, the
reaction mixture was quenched with a saturated solution of sodium carbonate
(2 ml). Extraction was then carried out by Treatment with dichloromethane
(5 ml). The organic layer was dried over magnesium sulphate and
concentrated to give the product as a brown liquid, in > 95% conversion and
86% e~. Note: The ee were determined by HPLC on a chirat phase column or by
e'P NMR.with a chiral shift reagent. Transfer Hvdroaenation Of Phosohlnvl
(mine  Examine b Reduction of N-diphenylphosphinyl-1,1-methyihexyl amine
with an iridium catalyst, Reactant WtNol MoLVwt Moi Mol rat o
N-diphenylphosphinyl-1,1- 327 mg 327 1 mmol 50 methylhexyl
amine,[irCp"C1212 7,9 mg796.6 10 ymol 0.~(R,R)-N-tosyl-1,2-diamino- 7,3
mg366 20 ~mol 11,2-diphenylethaneacetonitrile 1.6 ml41 -Et3NlHC02H [2:5j 2
ml101.2I42 24 mmol 12D0of tiCO,,HCp* = pentamethylcyclopentadienyi
REPLACEMENT SHEET 13; FEB 2004 28 



The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and iridium compound were
weighed out into a clean dry Schlenk flask. A solution of
N-diphenylphosphinyl-1,1-methylhexyl imine in acetonitrite was added. The
flask was stoppered with a "Suba-seal" (RTM). The reaction mixture was
stirred rapidly and purged at room temperature by 3 changes of nitrogen. '
After 10 mins, the mixture of tsiethylaminelformic acid was added dropwise.
The yellow solution became green. After 2 hours, the reaction mixture was
quenched with a saturated solution of sodium carbonate {2 ml). Extraction
was then carried out by treatment with, dichloromethane (5 ml). The organic
layer was dried over magnesium sulphate and concentrated to give the
product as a brown liquid, in ~ 95! conversion and g5% ee. Note: The ee
were determined by HPLC on a chiral phase column or by 3'P NINR with a
chiral shift reagent. Transfer Hydrodenation Of PhosphinylImine- Example 6
' Reduction of N-dlethytphosphinyl-1,1-methylnaphthyi imine with a
ruthenium catalyst. ReactantWtNolMoLWtMoiMol
ratioN-diethylphosphinyl-1,1-369 mg3691 mmol50methylnaphthryl
iminep-cymenerutheniumchlorida6.1 mgG12.41D
umol0,5dimer(R,R)-N-tosyl-1,2-diamino-7.3 mg3GG20
wmol11,2-diphenylethaneacetonitrile1.6 ml41--6t3NIHCO2H [2:5]2 ml101.2l4224
mmol12D0of HCOzH The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and
ruthenium compound were weighed out into a clean dry schienk flask. A
solution of N-diethylphosphinyl-1,1-metiiylnaphthyl imine in acetonitrile
was added. The flask was stoppered with a "Suba-seal" (i~T~l). The reaction
mixture was stirred rapidly and purged at room temperature by 3 changes of
nitrogen. After 10 minx, the mixture of triathylaminelformic acid was added
dropwise; After 2 hours, the reaction mixture was quenched with a saturated
solution of sodium carbonate (Z mi). Extraction was then carried out by
treatment with dichloromethane (5'mi). The organic layer was dried aver
magnesium sulphate and concentrated to give the product as a brown oil, in
~ 95% conversion and 84% ee. Note: The ee were determined by HPLC on a
chiral phase column or by a'P NMR with a chiral shift reagent.    29
Transfer Hyrdrogenatlon Of Phosphinyl Imine- Example 6 Reduction of
N-diphenylphosphinyl-1,1-methyinaphthyl imine with a' ;Rhodium catalyst. ,
Reactant wt/Vol Mol.Wt Mol Mol ratio N-diphenylphosphinyl-1,1 369 mg 369 1
mmoi 50 methytnaphthyl imine [RhCp"Ci~a 6.2 mg 617.8 10 mot 0,5
(R,R),hi-tasyl-1,2-diamino- 7.3 mg 3s6 20 pmol 1 ', 1,2-diphenylethane
methanol 1.6 ml 32  EtaNlMC02H [2:5] 2 mi 101.2t42 24 mmol 1200 of HCOzH
Cp` = pentamethylcyclopentadienyl , ,v The
(R,Rj-N-tosyl-1,2-diarnino-1,2-diphenyletnane and rhodium compound were ~
weighed out into a clean dry Schlenk flask. The solution of
-diphenylphosphinyl-1,1-methyl~iaphthyl imine in methanol was added. The
flask was stoppered with a Suba-seal" (RTtv~). ';fhe reaction mixture was
stirred rapidly and purged at room temperature by 3 charges of nitrogen.
After 1D mins, the mixture of triethylaminelformic acid was added dropwise.
The yeilow/orange solution became red/brown. After 3 hours, the reaction
mixture was quenched with a saturated solution of sodium carbonate (2 mlj.
Extraction was then lcarried out by treatment with dichioromethane (5 ml).
The organic layer was dried over magnesium sulphate and concentrated to
give the product as a brown oil, in ~ 95% conversion and > 99l ee.
rans~~_H>L~oqenation Of Phoephin I~e~ am 1~e 7 Reduction of
N-diphenylphosphtnyt1,1-methylnaphthyl imine with a Rhodium catalyst.
Reactant WtNol Mal.Wt Mot Mal ratio iV-diphenyiphosphinyl-1,1- 369 mg 369 1
mmol 54 methylnaphthyl tmine ; [RhCp"Ch]z 6.2 mg617.8 10 pmol
D.6(S,S)-N-tosyl-1,2~diamina- 7.3 mg366 20 umol
11,2-diphenylethaneacetonitrlie 1.6 m141 - -Efi~NfHC02H [2:5) 2 ml1a9.2142
24 mmol 120Dof HC02H 'Cp'" = pentamethylcyclopentadienyi    REPLACEMENT
SHEET 13 FEB 2004 30 The (S,S)-N-tosyl-1,2-diamino-1,z-diphenylethane and
rhodium compound were weighed out into a clean dry Schlenk flask. The
solution of N-diphenyiphosphinyl-1,1-metY~yln~aphthyi !mine in acetonitrile
was added. The flask was stoppered with a "suba-seal" (RTM). Tha reaction
mixture was stirred rapidly and purged at room temperature by 3 Changes of
nitrogen. After 10 mins, the mixture of triethylaminelformic acid was added
dropwise. The orange solution became red/brown. After 3 hours, the reaction
mixture was quenched with a saturated solution of sodium carbonate (2 ml).
Extraction was then carried out by treiitment 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/a sd.
Transfer Hvdroctenation Of Ptrosnhim,rl amine - Example 8 Reduction of
N-,dtphenylphosphinyl-1,1-methylnaphthyl imine with a i .Rhodium catalyst. 



ReactantWtNolMoLWtMotMol ratioN-diphenylphosphinyl-1,1-369 mg3691
mural200metnylnaphthyl imine[RhCp*ChJ~1.5 mg617.82'.5
F~moS0.5(R,R)-N-tosyl-1,Z-diamino-1,8 mg3665
lxmol11,2-diphenylethaneacetonitrile1.6 ml41--EtaNlHCO2H [2:5]2
ml101.2l4224 mmolA800of HCOzHCp" = pentamethylcyclopentadienyl The
(R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound wed:
weighed out into a clean dry Schlenk flask. The solution of
N-Biphenylphosphinyl-1,1-metliylnaphthyi imine in acetonitrile was added.
The flask was stoppered with a "Subaseal" (RTM).~ The reaction mixture was
stirred rapidly and purged at room temperature by 3 changes of nitrogen.
After 10 mins, the mixture of EtaNIIiCOxhl was added dropwise. The grange
solution became red/brown, After 3 hours) the reaction mixture was quenched
with a saturated solution of sodium carbonate (2 ml). Extraction was then
carried out by treatment 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 > g9% ee.   REPLACEMENT SHAT 13 FEB 2004
31 Transfer Hydrogenation OF Phosphinyl imine , f=xample 9 , Reduction of
Ndiphenyiphosphinyl-1,1-methylnaphthyl imine with a ' Rhodium catalyst.
Reactant Wt/vol MoL.Wt Mol Mol ratio Ndiphenylphosphinyl-1,1- 3G9 mg 369 1
mmoi 50 methylnaphthyl imine GRhCp*Clz~ 8.2 mg 817,8 10 pmol 0.5 i i
(R,R}-N-tosyl-1,2-diamino 7.3 mg 366 20 pmol 1 , ' 1,2-diphenytethana
acetonitrile 1.6 ml 41 WCOzH 1 ml 42 24 mmol 1200 of HCO~M Cp" =
pentamethylcyclopentadienyl ; The
(R.R}-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound were
weighed out into a clean dry Schlenk flask. The solution
N-diphenylphosphinyl-1,1-metliylnaphthyi imine in acetonitrile was added.
The flask was stoppered with a "Suba-seal" (RT~M}. The reaction mixture was
stirred rapidly and purged at room temperature by 3 Changes of nitrogen.
After 10 mins, formic acid (1 mi) was added dropwise. The orange solution
became brawn. After 2 hours, tho reaction mixture was quenched with a
satuated solution ofi sodium carbonate (5 ml). Extraction was then carried
out by treatment with dichioromefhane (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%~ ee. REMOVAL OF PHOSPHINYL GROUP FROM
PHOSPHINYLAMItdE Phaschlnvl group removal .- Example 1 1-naphthylethylamine
Reackant WtNol Moi.lli(t Mol MolRatio N-diphenylphosphinyl-1- 0.2 g 371
0.54 mmol 1 i naphthylethylamine gaseous hydrogen chloride  3G.5 - ethyl
alcohol 10 ml 46 -  Gaseous hydrogen chloride was bubbled through a stirred
solution of N-diphenyiphosphPnyi1-naphthylethylamina in ethyl alcohol for 2
hours at room temperature. The reaction mixture was concentrated, made
basic by the addition of an aqueous solution of sodium hydroxide (2 M) and
extracted with dichloromethane (3 x 10 mp. ,    REPLACEMENT SHEET 32 The
organic layer was washed with brine (1 x 10 mij) dried over magnesium
sulphate and concentrated to give the product as a yellow liquid in 80l
yield, Phosphinyl group removal- Example 2 1-phenylethylamine Reactant
WfNol N-diphenylphosphinyl-1- 0.2 g phenylethylamine gaseous hydrogen
chloride ethyl alcohol 10 ml Mol.Wt Mo1 Mol ratio 321 0.62 mmol 1 36.5 _ 46
-  



Gaseous hydrogen chloride was bubbled through a stirred solution of
N-diphenylphosphinyl 1-phenylethylamlne in ethyl alcohol for 2 hours at
room temperature. The reaction mixture was concentrated, made basic by the
addition of an aqueous solution of sodium hydroxide (2 Nlj and extracted
with dichloromethane (3 x 10 ml). The organic layer was washerd with brine
(1 x 10 ml) dried over magnesium sulphate and concentrated to give the
product as a yellow liquid in 88% yield. Phosphinyl group removal -Exampe 3
Synthesis of 1-methylheptylamine. ReactantWtINoI
Moi.WtN-diphenylphosphlnyl-1-0.2 g 329methylheptylaminegaseous hydrogen
chiaride- 36.5ethyl alcohol10 ml A~6 Mol Mo[ ratio 0.61 mmot 1 Gaseous
hydrogen chloride was bubbled through a stirred solution of
N-diphenyiphosphinyJ1-methylheptylamine in ethyl alcohol, for 2 hours at
room temperature. The reaction mixture was concentrated, made basic by the
addition of an aqueous solution of sodium hydroxide (2 Mj and extracted
with dichloromethane (3 x 10 mlj. The organic layer was Washed with brine
(1 x 10 ml), dried over magnesium sulphate and concentrated to give the
product as a yellow liquid in 69% yield. 30/01 2004 FRI 18:53 [Tg/Rg NO
8004] [>032   phosuhinvl group Example 4 9 naphthylethylamlne Reactant
Wt/Vol MoLWt Mot Mol ratio ' N-diethylphosphinyl-1- 0.2 g 275 0.73 mmol 1
naphthylethylamine gaseous hydrogen chloride - 36,5 - ethyl alcohol 10 ml
48   Gaseous hydrogen chloride was bubbled through a stirred solution of
N-diethylphosphinyl-1naphthylethylamine in ethyl alcohol for 2 hours at
room temperature. The reaction mixture was concentrated, 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 mt), dried over magnesium sulphate and concentrated to give the
product as a yellow liquid in 72% yield,     34 CLAIMS REPLACEMENT SHEET 1
3 FEB 2004 1. A process for the transfer hydrogenation of a substrate
wherein the substrate is reacted with a hydrogen donor in the presence of a
transfer hydrogenation catalyst, wherein the substrate has the general
formula xI' a~R= (1) wherein: X represents NR or (NR`R')'Q'; Q' represents
a monovalent anion; R' and RZ each Independently represents a hydrogen
atom, an optionally substituted hydrocarbyl, a perhalogenated hydrocarbyl,
an optionally substituted haterocyclyl group, a substituted carbonyl
functional group, a substituted thiocarbonyl functional group or
substituted imino functional group, R' & Ra optionally being linked in such
a way as to form an optionally substituted ring; R' and R" represents
-P(O)RR', -P(O)OROR, -P(O)dROl-1, -R(O)(OH)z, -P(O)SR~SR", -P(O)SR'SH,
-P(0)(SH)z, _p(O)NR'zR~3tdRr"R', -P(O)NR'aR'NHR'4, -P(0)NHR'aNHR",
-P(O)NR'aR'aNHz, -P(0)NHR'aNHa, -P(O)(NHz)a. ^P(O)ROR, -P(0)R0H, -P(O)RSR',
-P(O)RSH, P(O)RNR~zR'a, -P(O)RNHR'z. ^P(O)RNHz. -P(O)ORSR', -P(O)ORBSH,
-P(0)OWSR', -P(O)OHSH, -P(O)0RNR'aR', -P(O)ORNHR'z, P(O)ORNHz,
P(O)OHNR'zR', -P(O)OHNHR'a, -P(O)OHNHz, -P(O)SRNR'aR'a, -P(0)SR'NHRiz,
-P(C7)SR'NHz, -P(O)SHNR~2R'a, -P(0)SNNHR'a) -P(O)SHNHa, -P(S)R~R',
-P(S)OROR, -P(S)OROH, -P(S)(OH)a, -P(S)SR'SR", -P(S)SRSH) P(S)(SH)a,
-P(S)NR'zR'3NR''`R', -P(S)NR'zR'NWR'", -P(S)NHR'aNHR'', P(S)NR'aR'aNHa,
P(S)NHR'aNHa) -P(S)(NH2)z, -P(S)ROR. -P(S)R80H, -p(S)RASR', .-P(S)RSH,
-p(S)RNil,'aR,a, -P(S)RBNHR'a, -P(S)RNI-la, -p(S)ORSR', -R(S)OHSR',
-P(S)QRSH, -P(S)OHSH, -p(S)ORBNR'aR". ^P(S)ORNHR'Z, -P(S)ORNHa,
-P(S)OHNR'zR'a, -P(S)OHNHR'a, -P(S)OHNHa, ^P(S)SR~NR'aR', -P(S)SR"NHR'a,
-P(S)$R'NHz, -P(S)SHNR'zR", ^P(S)SHNHR'2, -P(S)6HNHz, -IPRf2',: POROR,
-PSR'SR", -PNR'zR~sNR'QR'S, -PROR, -PRSR', -PRNR~zR'a) :;PORSR',
-PORNR'zR,3 -pSR'NR'aR's. -S(O)R, _S(0)zRsr -COR'A. -GOzR', or SiRaR2~Raa; 



R5 represents a hydrogen atom, an optionally substituted hydroearbyl, a
perhalogenated hydrocarbyl, or an optionally substituted heterocyclyl
group; R and R' Independently represent an. optionally substituted
hydrocarbyl, a perhalogenated hydrocarbyl, an optionally substituted
heteroeyclyl group or -N=CRz'R'~ where R~ and Rz" are as defined for R';
and R to R~ each independently represents an optionalPy substituted
hydrocarbyl, a perhalogenated hydrocarbyl or an optionally substituted
heterocyclyl grpup, one or more of R' & R, Ra & R7. R & R', R & R, R & R',
R & R'a, R' & RA, Ra & R, RB
8.R,R&R',R&R'a,R'8.R',R2&R".R'&R",R'&R'z,R'&R'2,RaE~R'3,   REPLACEMNET
SHEET 35 1 3 FEB Z004
R'z&R~',R'&R'",R~8cR',R'4&R',R'~&R'4.R'&R'.R'&R',R'&R',R'& R~, Ra & Rz', Rx
& RZ' and R~' & R~ optionally being linked in such a way as to form an
optionally substituted ring(s), and wherein the transfer hydrogenation
catalyst has the general formula; A. ~B Y M~Rxr wherein: R~' represents a
neutral optionally substituted hydrocarbyl, a neutral optionally
substituted perhalogenated hydrocarbyl, or an optionally substituted
cyclopentadienyl ligand; A represents -NR2-, -NR2-, -NHfi', -NRzR~e or
.NR2R where R2 is I-i, C(O)R, SO2R, G(O)NRR", G(S)NRR", C(=NRg')SR or
C(=NR")OR, R~ and R each independently represents an optionally substituted
hydracarbyi, perhalogenatad hydrocarbyl or an optionally substituted
heterocyclyl group, and R and R'S are each independently hydrogen or a
group as defined for R; B represents -O-, -OH, OR", -5-, -SM, SR", -NR'-,
-NR~-, -NMR?; -NR"R2, -NR'"R", -FRs'- or -PR9'Ra' where R'~ is M, C(O)Ra,
SOzR3, C(O)NR'3Ra, G(S)NR3Ra, G(_NRB)SRg' or C(=NR)OR", R"and R'a each
independently represents an optionally substituted hydrocarbyl,
perhalogenated hydrocarbyl or an optionally substituted heterocyclyi group,
and R and R' are each independently hydrdgen or a group as defined for R; E
represents a linking group wherein A and 8 are linked through 2, 3 or 4
atoms each independently being unsubstituted or substituted; M is a group
VIII 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 feast
one of A or B carries a hydrogen atom. 2. A process for the production of
primary or secondary amines H .R3B ~N R'-~R~ H (3) comprising the steps of
a) generating a substrate of general formula (1) from a carbonyi.cempound
(2), ft'' _RZ R~I (s) t~Y 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 hydrogen donor in the pfesence of a transfer hydrogenation
catalyst, and   REPLACEMENT SHEET 36  1 ~ FEB 2004 



c) removal of Ra or R' to give an amine of formula (3) H~ ~R3n X J~ R' H'
Ra R"Rz hi (37 wherein: R' and Rz each independently represents a hydrogen
atom, an optionally substituked hydrocarbyl, a perhalogenated hydrocarbyl,
an optionally su6stikuted heterocyclyl group, a substftuted carbonyl
functional group, a substituted thiocdrbonyl functional group or
substituted amino functional group, R' & Rz optionally being linked 3n suoh
a way as to form an optionally substituted ring; R' and R" represents
-P(O)RR', -P(O)OROR, -P(O)OR(7H, =P(0)(OH)z, -P(Oj$R,SR", -P(O)SR,SH,
-P(O)(SH)z, -P(O)NR,zR'aNR,4R', -P(O)NR''zR'NHR". -1'(O)NHR'~NHR'a,
-P(O)NR'zR'aNH2, _p(O)N1~R'zNH2. -p(O)(~Hz)z. -P(O)ROR, -p'(O)ROH,
-P(O)RASR', -P(O)RSH, P(0)RNR'zR'a, -P(O)RNHR'z, ..P(O)RNHz, -P(O)ORSR',
-P(O)ORSH, -P(O)OHSR', -P(O)OHSH, -P(O)ORNR'zR'a, -P(0)ORNHR'z, -p(O)ORNHz,
-P(O)OHIdR'zR'a, -P(O)OHNHR,z, -P(O)gHNHa, -P(O)SR'NR'zR,a, -p(O)SR'NHR"z,
-P~0}SR'NHz, -P(O)SHNR,2R,, -P(O)SHNHR'z, -P(O)SHNHz, -P(S)RR', -P(S)OROR,
-P(S)OROH, -P(Sj(OH)z, -P(S)SR'SR". -P(S)SR'$hl, ~P(a^)(SH)2,
-P(S)NRnzRt3NRtaRas -P(S)NR~zR,aNHR", -P(S}NHR'zNHRaa -p(S}~yR'?RiaNHz,
P(S)NHR'zNHz, -P(S)(NHz)a -P(S)ROR. -P(S)ROH, -P(S)R~SR,,. -P(S)RSH,
-P(S)RNR'zR,a, _p(g)RNHR'z, -P(S)RNHz, -P(S)ORSR', -P(S}.OHSR', -P(S)ORSH)
-P(9}OHSH, -P(S)ORNR'zR'a, -P(S)ORNHR'z, -P.(S)ORNHz, -P(S)OHNR,zR',
-P(S)OHNHR'z, -P(S)OHNHz, -P(S)SR'NR'zR'$, -P(S)SR,NHR'2, -P(S)SR'NHz,
-P(S)SIiNR'zR'a, -p(S)SHNHR,z, -P(S)SHNHg, -PRR',. -POROR9, -PSt~'SR".
-PNR,zRisNR~aR,S -pROR, -PRSR': -pR~NR,zRts : -pORSR', -PORNR'zR~s
_pSR^NR'zR,a ~S(0)R,s -S(O)zRay -COR', =C02R'a, or SiRzRzaRzz. R represents
a hydrogen atom, an optionally substituted hydrocarbyl) a perhalogenated
hydrocarbyl, or an optionally substituted heterocyelyl group; Rae
represents a hydrogen atom or the group R5; Rs and R' independently
represent an aptionaliy substituted hydrocarbyl, a perhalogenated
hydrocarbyl, an optionally substituted heterocyclyl group or -N=CRzaRza
where Rza and R" are as defined for R'; and R,to Rzz each independently
represents an optionally substituted hydrocarbyl, a perhalogenated
hydrgcarbyl or an optionally substituted heterocyclyl group, one or mare of
R' & R, R2 & R', R & R', RA & R, R & R', R & R'z, R' & f~, Rz & R, R ~ R, R
& R', R8 & R'z, R' & R'. RZ & R", R' & R", R' & R(z; R' c~ R,z, Rz & R'a,
R'2&R'a,R'&R'a,Rz&R'S,R'z&R'6,R^z&R'a,R'&R',R'&R',R'&R'9,R,& Rz, Rz & R',
Rz & Rz' and Rz' & R'~ optionally being linked in such a way as to form an
optionally substituted ring(s), and the transfer hydrogenation catalyst is
of general formula:   REPLACEMEN'T SHEET , s, 1 ~ ~E~ 2004 E A ~B Y M~Rz~
wherein; Rz' represents a neukral optionally substituted hydrocarbyl, a
neutrsl optionally substituted perhalogenated hydrocarbyl, or an optionally
substituted cyclopentadienyl ligand; A represents -NRzA-, -NR~-, -NHRz,
-NRzsRz9 or -NRzaRs where Rz is M, G(O)R3, SOZR, C(O)NRsR", C(S)NR3R3",
C(=NRs4)SRsS or C(=NR')ORss, RzA and R3 each independently represents an
optionally substituted hydrocarbyl, perhalagenated hydrocarbyl or an
optionally substituted heterocyclyi group, and R3` and R3 are each
independently hydrogen or a group as defined for Ro; B represents -0-, -ON,
OR3', -S, SH, SR's, -NR3'-, NR3z-, -NHRz; -NRs'R3z -NR3'R33, -pR31- or
-PRs'R33 where Rsz Is H, C(O)R3s, SOzR". CgO)k~IR'3R3s C(5)NRss~se,
0{~NRs)SR" or G(~NR'e)OR3', R3'and Rss eaph independently represel~s an
optionally substituted hydrocarbyl, perhalogenated Ylydrocarbyl or an
optionally substituted heterocyclyl group, and R and R' are each
independently hydrogen or a group as defiined for Rss; F_ represents a
linking group wherein A and B are linked through 2, 3 or 4 atoms each
independently being unsubstituted or substituted; M is a group VIII
transition' metal; and Y represents an anionic group, a basic ilgand or a
vacant site; provided that when Y is not a vacant site that ak least one of
A or ~ carries a hydrogen atom. 3, A process according to Claim 1 or Claim
2 wherein M is ruthenium., rhodium or iridium. 4. A process according to
any one of Claims 1 to 3 wherein Rz' is an, optionally substituted aryl; an
optionally substituted alkene; or a cyclopentadienly group. substituted
with between 3 and 5 substituents. 5 A prqcess according to Claim 4 wherein
Rz' is a cyclopentadienly group substituted with 5 substituents. G A
process according to Claim 5 wherein Rz' is a pentamethylcyclopentadienyl
group 



7. A process according to any one of Claims 1 to 6 wherein B represents
-0-, -OH, OR", -NR"-, -NR3z-, -NHRsz, -NRs'Rsz, or -NR"R33 where Rz is H.
C(O)Ra, SOzR3, C(O)NR33Rsa, G(5)NR"R'e, C(=NR3A)SR3' or C(=NR~OR3', R"and
R3a each independer~ly reprssents an optionally substituked hydrocarbyl,
perhalogenated hydracarbyl or an   REPLACEMENT SHEET ! 61.3 ~~~ Q004 38
optionally substituted heterocyclyl group, and R3B and R3' are each
independently hydrogen j or a group as defined for R33. 8. A process
according to Claim 7 wherein either of A or B carries an' acyl or sulphonyl
group. i , 9. A process according to Glaim 8 wherein the acyl group is an
acetyl group or the sulphonyl group Is a toluenesulphonyl,
methanesulphonyl, or trifluoromethanesulphonyl ! group. 1o. A process
according to Claim 7 in which A-E-B Is one of the following: Ha "Ph Ph~CWa
~Ph Ph l~~/ / , 9 A a/ `A A 6 A B / \ / \ / \ A C A B wherein: A represents
NRe or NIiRA where Re Is hydrogen, and B represents O or OH. 11. A process
according to Claim 7 wherein A and B are linked through ~2 optionally
substituted carbon atoms and 8 represents -NR3'-, -NR'2-, -NHR'~, -NR'"R32,
or -N.R3'Raa where R9z is li) C(O)R33, 602Rag, C(O)NR~3R~8, G(S)NR3'R'8,
C(=NR~)SR" or C(~NRae)OR", Rg'and R33 each independently represents an
optionally ' substituted hydrocarbyl, perhalogenated hydrocarbyl or an
optionally substituted heterocyclyl group, and R~ and R9' are each
independently hydrogen or a group as defined for R". 12. A process
according to Claim 7 in which A-E-9 fs one of the following; Ph Ph A a !
wherein: A represents NRA or NHRB, where RA is hydrogen, and S represents
NR'z or NHR'2, where R'2 is hydrogen, tosyl or-SO;naphthyl; or A B wherein:
39 REPLACEMENI' SHEEI" 13FEB 2004 A represents NR or NHR, where Re is
hydrogen, and B represents NR'z or NHR'z, R'2 is hydrogen or tosyl; yr or 



.,., g A wherein: A represents NR or NHR, where Re is hydrogen, and B
represents NR'2 ar NHR'z, R'z is tosyl; PhCHz_ j aH40Me ~~. ~LCqH40Me A 9
wherein: A represents NRB or NHR, where Ra is hydrogen, and , B represents
NR'z or NIiR'z, R'z is hydrogen. 13. A process according to any orte of the
proceeding Claims wherein R3 or Rn is a group selected from -P(O)RR',
-P(O)OReOR, -P(O)SR'SR", JP(o)NR'?R'fJR'aR'fi, -P(O)ROR, -P(O)RSR')
-P(O)RNR'zR', -p(O)ORSR', -P(O)fJRfJR'zR'o, -P(O)SR'NR'aR'a, -P(S)RR',
-P(S)OROR9, -p(S)SR'SR", -P(S)NR'zR'NR'aR', -P{S)R60R, -P(S)RSR',
-p(S)RoNR'2R", -P(S)ORSR', -P(S)CJRh1R'zR', -P(S)SR'NR'zR", -PRR', _POROR,
-PSR'SR". -PNR'zR,aNROah,~s -PRORa, -PJZSR', -PRNR'zRta -pORSR',
-PORBNR'zRl3 -pSR'NR'xR,a -S{O)R~ .,S(O)zR,r _COR, -C02R'a, and SiRzR2'Raz.
1A, A process according to Claim 13 wherein R' or R" is -P(O)RR' or
=P(O)OROR. 15. A proaess according to any of Claims 1 to 14 wherein the
groups represented by R to R' are independently selected from alkyl or aryl
groups. 16. A process according to any of Claims 1 to 15 wherein 7t is NR3
where R' is either -P(O)RR' or -P(p)ORoOR and wherein R to R are
independently selected fi'orn C,~aikyl groups, phenyl groups or phenyl
groups substituted with one or more C,,.~aikyi gioups, 17. A process
according to any one of the proceeding claims wherein the compound of
formula (1) is prochiral, the transfer hydrogenation catalyst is ehiral, an
enantiomerically andlor 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
wherein: the hydrogen donor is selected from hydrogen, primary and
secondary alcohols, primary and secondary   _ REPLACEMENT S~iEET Q1:3 ~E~
2~~4 40 i , amines, carboxylic acids and their esters and amine salts,
readily dehydrogenafable hydrocarbons, clean reducing agents, and any
combination thereof, 19. A process according to Claim 18, in which the
hydrogen donor is selected from propan-2-ol, butan-2-ol, triethylammonium
fermate and a mixture of triethlammonium formats and formic acid.    f
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