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25 Hydrocarby! groups which may be represented by one or more of R, R?, and R® to
R*, include alkyl, atkenyl, alkynyl 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!, R? and R® to R%
include finear and branched alkyl groups comprising up to 20 carbon atoms, particularly
30 from 1 to 7 carbon atoms and preferably from 1 to 5 carbon atoms. When the alkyl groups
are branched, the groups often comprise up to 10 branched chain carbon atoms,
preferably up to 4 branched chain atoms. In certain embodiments, the alkyi group may be
cyclic, commonly comprising from 3 to 10 carbon atoms in the largest ring and optionally
featuring one or more bridging rings. Examples of alkyl groups which may be
35 represented by R*, R? and R°® to R* include methyl, ethyl, propyl, 2-propyl, butyl, 2-butyl,
t-butyl and cyclohexyl groups.
Atkenyl groups which may be represented by one or more of R', R? and R® to R*
include C.., and preferably C,, alkenyl groups. One or more carbon - carbon double
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25 - R* independently include aromatic, saturated and partially unsaturated ring systems and
may comprise 1 ring or 2 or more fused rings which- may include cycloalkyl, aryt 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 R? represents
30 or comprises a heterocyclic group, the atom in R' or R? bonded to the C=X group is
preferably a carbon atom. Examples of heterocyclic groups which may be represented by
R, R? and R® to R* include pyridyl, pyrimidyl, pyrrolyl, thiophenyl, furanyl, indolyi,

quinolyl, isoquinolyl, imidazoyl and triazoyl groups.

When any of R', R? and R® to R* is a substituted hydrocarbyl or heterocyclic
35 group, the substituent(s) should be such so as not to adversely affect the rate or
stereoselectivety of the reaction. Optional substituents include halogen, cyano, nitro,
hydroxy, amino, imino, thiol, acyl, hydrocarbyl, perhalogenated hydrocarbyl, heterocyclyl,
hydrocarbyloxy, mono or di-hydrocarbylamino, hydrocarbylthio, esters, carboxy,
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25 R’, R, R* and R* include unsubstituted imines and substituted imine and iminium groups,
for example -C(=NRZ*)R? 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 R®,

30 When one of R' or R? is represented by a group selected from a carbonyl
functional group, a thiocarbonyl functional group and an imino functional group, it is
preferred that the other of R' or R? is represented by a hydrogen atom, an optionally
substituted hydrocarbyl group, a perhalogenated hydrocarbyl group or an optionally
substituted heterocyclyl group.

35 When one of R® or R? is represented by a group selected from a carbonyl
functional group, a thiocarbonyl functional group and an imino functional group, it is
preferred that the other of R* or R* being represented by a hydrogen atom, an optionally



25 R1, R2, R23 and R24 include unsubstituted i mnes and substituted imne =
and i m nWOMHRTAps, for exanpl e - C(=NR25) R26 and - C(=X) RPCT{RBIMI2867X i s as
herei nbefore defined and R25 and RR§ i ndependent |y represent hydrogen, an
optionally substituted hydrocarbyl, a perhal ogenated hydrocarbyl or an
optionally substituted heterocyclyl group as defined hereinbefore for W
30 When one of RL or R2 is represented by a group selected froma carbonyl
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more of R', R?, and R® to R* is a pheny! group.
In many preferred embodiments, when R® or R* is a group selected from
-P(O)R"R’, -P(O)OR®OR®, -P(O)OR®OH, -P(O)SR'SR",  -P(O)SR™SH,
15 -P(O)NRRPNR“R'™, -P(O)NRZR®NHR", -P(O)NHR™ZNHR“, -P(O)NR™R"NH,,
-P(O)NHRNH,, -P(O)R°OR®, -P(O)R°OH, -P(O)R°SR', -P(O)R°SH, -P(O)RNR“R™,
-P(O)R°NHR™, -P(O)R°NH,, -P(O)OR®SR", -P(O)OR®SH, -P(O)OHSR?,
-P(O)OR’NR'R™, -P(O)OR®NHR'™, -P(O)OR®NH,, -P(O)OHNR™R", -P(O)OHNHR®
-P(O)SRNR™R™, -P(O)SR'NHR?, -P(O)SR"NH,, -P(O)SHNR'R", -P(O)SHNHR™,
20 -P(S)R°R’, -P(S)OR®*OR®, -P(S)OR®*OH, -P(S)SR'SR', -P(S)SR'SH, -P(S)(SH),,
-P(S)NR¥R™NR"R", -P(S)NR™ZR™NHR", -P(S)NHR™NHR", -P(S)NR?R™NH,,
-P(S)NHR'NH,, -P(S)R°OR?, -P(S)R°OH, -P(S)R°SR™, -P(S)R°SH, -P(S)R®°NR'R",
-P(S)R°NHR™, -P(S)R°NH,, -P(S)OR’SR'", -P(S)OHSR™, -P(S)OR®SH, -P(S)ORNR'"R",
-P(S)OR*NHR™, -P(S)OR®NH,, -P(S)OHNR'™R®, -P(S)OHNHR'™, -P(S)SR™NR"R",
25 -P(S)SR™NHR™, -P(S)SR"NH,, -P(S)SHNR™R™, -P(S)SHNHR", -PR°R’, -POR°OR®,
-PSR™SR'", -PNR™R™NR“R', -PR°OR’, -PR°SR'™, -PR°®NR™R®, -POR®SR",
-POR®’NRR"®, -PSR°’NR™R", or SiR®R?*R?, the groups R°® to R* and R® to RZ 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.
30 However, in certain embodiments it may be preferable for more than one of the groups R®
to R* or R? to RZ present to be different, in which case it is most preferable that each R®
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-P(9) mNHRamp)oRc@mwezstsnt’sﬂm lzms’(om’és mea O)NB( B8RRI,
-P(S) SHNRl HRPNRRS INHR @) NR“R(SﬁH?HN O)NERENRLS, -PRIPORL7 FOM®DH,and
L e et R NRLRE. DI HORR S SR
25 -P(O)OR“SH P(O)OHSR"’ -P(O)OR®NR"ZR", P(O)OR"NHR12 -P(O)OR®NH,,
-P(O)OHNR'™R™, -P(O)OHNHR™, -P(O)SRNR"R", -P(O)SR™NHR", -P(O)SR"NH,,
-P(O)SHNR'R”, -P(0)SHNHR", -P(S)R°R’, -P(S)OR°OR’, -P(S)OR®OH, -P(S)SR'SR",
-P(S)SR™SH, -P(S)(SH),, -P(S)INRR™NRYR', -P(S)NR?R™NHR™, -P(S)NHR™NHR",
-P(S)NR™R™NH,, -P(S)NHR™NH,, -P(S)R°OR®, -P(S)R°CH, -P(S)R°SR™, -P(S)R°SH,
30 -P(S)R*NR'R"™, -P(S)R*NHR", -P(S)R°®NH,, -P(S)OR'SR", -P(S)OHSR", -P(S)OR®SH,
-P(S)OR®NR™R®, -P(S)OR'NHR™, -P(S)OR*NH,, -P(S)OHNRZR®, -P(S)OHNHR',
-P(S)SRNR™R™, -P(S)SR'NHR*, -P(S)SR'NH,, -P(S)SHNR™R®, -P(S)SHNHR,
-PRR’, -PORPOR®, -PSR™SR'!, -PNR™?R"NR"R", -PR°OR?, -PR°SR", -PR°NRR",
-POR*SR™, -POR!INRR™, -PSRPNR'R"™, -S{O)R®, -S(O),R", -COR™, and -CO,R", it is
35 preferred that the groups represented by R°® to R' are independently selected from alkyl or
aryl groups, for example methyl, ethyl, propyl, i-propyl, butyl, sec-butyl, t-butyl and phenyl
groups, and preferably C,alkyl or C, i,aryl groups.
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?Liupitﬁiﬁé‘z‘eﬁ% PR st BBl CIMENEBL) “Contre. 1 n cortain preferred

enbodi nents, one of and R2 R @n al kyl group and the other, is aryl or
het er ocycl yI Xis N Nwhere R3 ifs either P R7 or_,-P @@80?9 wherein
Re 5to RO is ap™ or Dup, Nor eferablfa aal kyl group, a

phenyl group or & _ghey pist i t ut ed B one or "é‘w,g: 4al kyl
groups. Mst advantageously, Conmpound of%f or mul a (1) is Fﬁ’OChI ral, such
that the hydrogenated product conprises a chiral atomto which R, R2 and

X are each bonded. Suchean asymetrig transfe wt&ydrogenat quvprocess forms
an especially nﬁ- edsaspect 10 Qf _nhe pr,,@_si | nvent Most comonl y,

when the conpo rmul a prochiral Rl and eq different,

and neither is hydrogen. Prefsgé 7 one of R and R2 i I | p’ﬁatlc and the
other is aryl or heterocyclyl. Exanpl es of conpounds of formula (1) include
Ri k R% NNNMRN—-VRd\/"I-ARb b

15 wherein:
R? = Ph, Naphthyl, CH,Ph, hexyl, iPr, tBu, Et, or Me
R® = Ph, Naphthyl, CH,Ph, hexyl, iPr, tBu, Et, or Me
R*® = Ph, Naphthyl, CH,Ph, hexyl, iPr, {Bu, Et, or Me; and
R?= PO(Ph),, or PO(EY),.

20 Hydrogen donors 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 alcohols which-
may be represented as hydrogen donors include methanol, ethanol, propan-1-ol, propan-
2-ol, butan-1-ol, butan-2-ol, cyclopentanol, cyclohexanol, benzylalcohol, and menthol.
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parti cul ar [cgrtain suphasiiments; the earbioxyio asidy Isaadvantag€ausiy ey beta-rydraky-carboxyliei r
est er §sWni GRigTYstOs REP beXerved B Y8AHARCAGH and a C,.,, alcohol. Examples of
carboxylic acids which may be employed as hydrogen donors include formic acid, lactic
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,
20 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 | elements, such as lithium, sodium or potassium. Amines which
may be used to form such salts include both aromatic and non-aromatic amines, aiso
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
30 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, particutarly when a mixture of formic acid
and a group | 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 saits 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 empioyed as hydrogen
donors comprise hydrocarbons which have a propensity to aromatise or hydrocarbons
which have a propensity to form highly conjugated systems. Examples of readily
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wherein: _ _

R? represents a neutral optionally substituted hydrocarbyl, a neutral optionally
substituted perhalogenated hydrocarbyl, or an optionally substituted cyclopentadienyl
ligand; _

30 A represents -NR?-, -NR?-, -NHR?, -NRZR? or -NR*R¥* where R? is H, C(O)R¥,
SO,R¥®, C(O)NR*R¥, C(S)NR¥R*, C(=NR*)SR* or C(=NR*)OR%*, R® and R® each
independently represents an optionally substituted hydrocarbyl, perhalogenated

- hydrocarbyl or an optionally substituted heterocyclyl group, and R* and R* are each
independently hydrogen or a group as defined for R*;
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or. -PR31R3'§F ﬁﬁB?@r‘ﬁ?ERu 's H C(O)R33, S02R33, C(O) NR33R36, C(S)NR33R36,
The neutral optionally substituted hydrocarbyl or perhalogenated hydrocarbyl

ligand which may be represented by RZ includes optionally substituted aryl and alkenyl
ligands.

20 Optionally substituted aryl ligands which may be represented by R¥ 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
ligand 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 hydrocarbyi
substituents include methyl, ethyl, iso-propyl, menthyl, neomenthyl and phenyl.
Particularly when the aryl figand is a single ring, the ligand is preferably benzene or a
substituted benzene. When the ligand is a perhalogenated hydrocarbyl, preferably it is a

30 polyhalogenated benzene such as hexachlorobenzene or hexafluorobenzne. When the
hydrocarbyl substitutents contain enantiomeric andfor 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 afkenyl ligands which may be represented by R¥ include
C.s0, and preferably C,.,,, alkenes or cycloalkenes with preferably two or more carbon-
carbon double bonds, preferably only two carbon-carbon double bonds. The carbon-
carbon double bonds may optionally be conjugated to other unsaturated systems which
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are often linear or branched C,,alkyl, C,,-cycloalkyl or aryl, for example phenyl.
Examples of acyl groups which may be represented by R or R* include benzoyl, acety!
25 and halogenoacetyl, especially trifluoroacetyl, groups. '
When either A or B is present as a sulphonamide group represented by -NR%-,
-NHR®, NR#R®, -NR*-., -NHR* or NR*'R* wherein R® and R* are as hereinbefore
defined, and where R? or R* is a sulphonyl group represented by -S(0),R* or -S(0),R*,
R* and R* independently are often linear or branched C,alkyl, C,scycloalkyl or aryl, for
30 example phenyl. Preferred sulphonyl groups include methanesulphonyl,
trifluoromethanesulphonyl and  especially  p-toluenesulphonyl  groups  and
naphthylisulphonyi groups. _ o
When either of A or B is present as a group represented by -NR%-, -NHR?,
NR#R%, -NR*-, -NHR* or NR*'R* wherein R® and R* are as hereinbefore defined, and
35 where R*® or R* is a group represented by C(O)NR¥R*, C(S)NR¥R*, C(=NR*)SR¥,
C(=NR*)OR*, C(O)NR®R*, C(S)NR*R%*, C(=NR*)SR¥ or C(=NR*)OR¥, R¥ and R*®
independently are often linear or branched C,alkyl, such as methyl, ethyl, isopropyl,
C,scycloalkyl or aryl, for example phenyl, groups and R are often each independently
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C( =NR34) SR8ach rings. Particularly preferred are embodiments in which E represents a 2 carbon atom
separation and one or both of the carbon atoms carries an optionally substituted aryi
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 any or alf 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 st'ereo'_speciﬂc centres be located at the atom adjacent to either group A
or B. When at "l_east_ orfé.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.
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20 ~ Preferably, the enantlomencally and/or dlastereomerically .-puriﬂed forms of these
are used. Exampies include (1S,2R)-(+)-norephedrine, (1R,28)-(+)-cis-1-amino-2-indanol,
(18,2R)-2-amino-1,2-diphenylethanol, (1S,2R)-(-)-cis-1 -amino-2-indanol, (1R,28)-(-)- .
norephedrine, (S)-(+)-2-amino-1-phenylethanol, (1R,2S)-2-amino-1,2-diphenylethanol, N-
tosyl-(1R,2R)-1 ,2—diphenylethylenediamine_, N-tosyl-(1S,25)-1,2-diphenylethylenediamine,

25 (1R,2S)-cis-1,2-indandiamine, (1S,2R)-cis-1 ,2-indandiamine, (R)-(-)-2-pyrrolidinemethanol
and (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 Vil of the Periodic Table, especially ruthenium, rhodium or
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Examples of catalysts which may be employed in the process of the present

20 invention include
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The process is carried out preferably in the presence of a base, especially when Y

is not a vacant site. The pK, of the base is preferably at least 8.0, especially at least 10.0.
Convenient bases are the hydroxides, alkoxides and carbonates of alkali metals; tertiary

25 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
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25 from 5 to 50 fold or, if convenience permits, greater, for example up to 500 fold. 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 dichioromethane. Conveniently, the hydrogen

30 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 non-polar 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

35 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 time, yield and enantiomeric excess. '
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i nert gas ¢pba gamt site, (RT lts@cyeioaa'pﬁadlenylthgargband when M is rhodium or iridium and is
in valence state (lll), A-E-B attaches to M by means of one dative and one formal bond.
Whereas when Y is not a vacant site, R? is a neutral ligand and when M is ruthenium and

20 is in valence state (If), 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
25 the formula [MRZZ,}, when M is ruthenium (ll} and has the formula [MR¥Z), when M is
iridium (1} or rhodium (1), wherein R¥ is an aryl or alkeny! ligand as defined above, and Z
represents a halide, particularly chloride. The metai cyclopentadienyl halide complex
preferably has the formula [MR¥Z], or {MR¥Z}, when M is ruthenium (ll) and has the
formula [MRZZ], when M is iridium (I} or rhodium (I}, wherein RZ is an optionally
30 substituted cyclopentadienyl ligand as defined above, and Z represents a halide,

particularly chioride.

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
35 may if desired be isolated, but is more conveniently stored as the solution or used soon
after preparation. The solution can contain the hydrogen donor and this, if a secondary
alcohol, may be present in or used as the solvent for steps (a) and/or (b). The preparation
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pr ef er amW;p@ngm&eQ natiplpriamide;, solphbxarpide or carboxamides under . dehydrating
conditions, 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. S
N-Sulphoxyl imines may also be prepared by the reaction of a organometallic
35 derivatives of imines, such as an N-ithiated imine, with chiral sulphoxides such as menthy!
p-toluene sulphinate.
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to the conpound ‘of formula ol uti1on g addltlontothetransfer
hydr ogenati on reaction. Transfer Rkydrogenati TN’ an be acconplished by
transferring the solution of catjzyst—t—a—a s ion of substrate, a
conpound of general fornula I. Knati vel yRg, soI ution of substrate can
be added to a solution of catalysy, Base may l@# pre-added to the

wherein:

20 R' and R? each independently represents a hydrogen atom, an optionally
substituted hydrocarbyl, a perhalogenated hydrocarbyl, an optionally substituted
heterocyclyl group, a substituted carbony! functional group, a substituted thiocarbonyl
functional group or substituted imino functional group, R' & R? optionally being linked in
such a way as to form an 6ptionally substituted ring;

25 R® and R' represents -P(O)R°R’, -P(O)OR®OR®, -P(O)OR®OH, -P(O)(OH),,
-P(O)SR™SR", -P(O)SR™SH, -P(O)(SH),, -P(O)NRZR¥NR“R"™, -P(ONR7ZR"NHRY,
-P(OYNHR™NHRY, -P(O)NR™R™NH,, -P(O)NHR™NH,, -P(O)}NH,),, -P(O)R°OR’,
-P(O)R°OH, -P(O)RPSR™, -P(O)R°SH, -P(O)R°NR'R", -P(O)R®NHR™, -P(O)R°NH,,
-P(O)OR®SR®, -P(O)OR®SH, -P(O)OHSRY, -P(O)OHSH, -P(O)OR*NR™R",

30 -P(O)OR®NHR®?, -P(O)OR®NH,, -P(O)OHNR™R®, -P(O)OHNHR', -P(O)OHNH,,
-P(O)SR™NR'"R™, -P(O)SR'NHR™, -P(O)SR™NH,, -P(O)SHNR™R™®, -P(O)SHNHR"Y,
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one or more optronauy substituted ring(s), it is preferred that only one or more of R' & R?,
R® & R, R® & R?, R"® & R", R? & R®, R" & R, R & R™, R® & R* and R* & R% are
25 optionally linked in such a way as to form an optionally substituted ring(s).
When the substrate of general formula (1) is an imine [i.e. X = NR?, the step of
generating the substrate of general formula (1) from a carbonyl compound (2),

0 : X _
e T
- @ | m
is preferably accomplished by treating a carbonyl compound of formula (2) with a
30  substituted amino compound R°NH.,. |
When the substrate of general formula (1) is an iminium salt [i.e. X = (NR‘R°)*Q],
the step of generating the substrate of general formula (1) from a carbonyl compound (2),
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Accordi.ng to a second aspect of the present invention there is provided a
process fBOIA&Hr oduction of primary or secondary anines RGT/GHVOR6R g1
kR2 H 10 (3) conprising the steps of a) generating a substrate of general
formula (1) froma carbonyl conpound (229 o x RRZ RR2 (2) (1) in which
X represents NR3 or (NRAR5)tQ, and Q' represents a nonoval ent anion, 15
b) reacting the substrate of general fornmula (1) with a hydrogen donor in
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P( S) NRL2RLIRPEA Rt 5 -P(S) NR12R13NHR74 P( S) NHRL2NHR 4,

The step of removal of the R® or R* may be carried out by any means which is

15 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

20 -P(O)R’R’, -P(O)OR®OR®, -P(O)OR*OH, -P(O}OH), -P(O)SR™SR'", -P(O)SR'SH,
-P(O)(SH),, -P(O)NR™R"’NR"R™, -P{OINR"ZRNHR", -P(O)NHR™NHR™,
-P(O)NRR™NH,, -P(O)NHR'?NH,, -P{O}NH,),, -P{O)R°OR?, -P(O)R°OH, -P(O)R°SR™,
-P{O)R®SH, -P(O)R®°NR™R™, -P(O)R®*NHR'?, -P(O)R®NH,, -P(O)OR*SR™, -P(O)OR®SH,
-P(O)OHSR", -P(O)OHSH, -P(O)OR®NR“R™, -P(O)OR:ENHR™, -P(O)OR®NH,,

25 -P(O)OHNR™R"®, -P(O)OHNHR'™, -P(O)OHNH,, -P(O)}SR™NR™R®, -P(O)SR™NHR®,
-P(O)SR'NH,, -P(O)SHNR'R™, -P(0)SHNHR'?, -P(O)SHNH,, -P{S)R°R’, -P(S)OR®0OR?, -
P(S)OR®OH, -P(S)(OH),, -P(S)SR™SR", -P(S)SR™SH, -P(S)(SH),, -P(S)NRZR'*NR"R",
-P(S)NRR™NHR™", -P(S)NHR™NHR", -P(S)NR™R™®NH,, -P(S)NHR'NH,, -P(S)(NH,),,
-P(S)R°OR®, -P(S)R°OH, -P(S)R°SR™, -P(S)R°SH, -P(S)R°NR™R™, -P(S)R®NHR™,

30 -P(S)R°NH,, -P(S)OR®SR™, -P(S)OHSR™, -P(S)OR®SH, -P(S)OHSH, -P(S)ORNR™R",
-P(S)OR’NHR™?, -P(S)OR®NH,, -P(S)OHNRYR™, -P(S)OHNHR', -P(S)OHNH,,
-P(S)SRNR™R™, -P(S)SR"NHR", -P(S)SR'"NH,, -P{S)SHNR'2R", -P(S)SHNHR"™, and
-P(S)SHNH,, are removed by treatment with acid, such as gaseous hydrogen chioride,
aqueous hydrochloric acid, hydrochloric acid/alcohol mixtures, acetic acid/formic acid/

35 water mixture, trifluoroacetic 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.



- P(S) NRIZRISNED, - P(S) NHRL2NH2, - P(S) (NH2) 2, - P( S) REO0RS,

P(S) RGSW |5( S)R6SH, -P(S) R6NR72R13 - P( S) R6NHR' 2, Pfgfégk@%

-P(S) OR8SR10, -P(S)CHSR10, 5 -P(S)ORBSH, -P(S)OHSH, P( S) OR8NR12R73,

_P(S) OR8NHR72, P(S)ORBNH2, P(S) OHNRE2R13, - P(S) OHNHRI 2, - P(S) OHNHZ,

- P(S) SRIONRf 2R73, - P(S) SR ONHR12, - P(S) SRLONH2, - P(S) SHNRL2R13,

-P(S) SHNHR12, -P(S)SHNH2, -PR6R7, PORBOR9, -PSRI1OSR', -PNR12R13NR14R15,

- PR6ORS, - PRYMRTIOR® orffidsIR pedEsrepresemte sy GO, Re? tt&atﬁ@ntbOunﬁiZadd’s drreductive 19 20

21 22. h@%dé‘ﬂ'n By be sl lt\éRrgf'nﬂve eORR or m&l@\;ﬁ é:@% qﬁ? eps' RRR
op tlonaII substii t

10 R5 a represents a drogen At o
hydrocafﬁﬁ{}@'veam 5 USH SsRvcEogapation: iy he p"eﬁ?""&rpf(ﬂi' P@Hﬁ\ ?rycm epdt ed
het er ocyliskollingr ongtal REdwotidng? drnd'eamuiﬁnwth ls&phg S adit, aguchptasomgtitogen

subst : EH{&% %/é?éet&%&@%. l"Fl:’rs bup @@%@gﬂyg{mﬁere%@@nﬂg%iggﬁéﬁs

def i nedWtB@2nmgcid ﬁ'#&!‘ a%pmuefaﬁsnmoelaaﬁ tiiflupegacetie Acidyn aamraanie selvent such
opt i onahs$ ylcohbis] ethetsesr dostoriteiRr ﬂmy be@mpleydin! wWHeAR'e mum FFdLp, ndre an

R o, AR fenibbils By Be SRS at'oS WhaimeS ol RiiRandenr W) metpler 12
R & Ribydrpides.R'’ RO & R11, RL & R2, R & R72, R2 & R3, RI2 &R13 , R &

Rifo R2 & RlheRLA? R ! &
R0, Fo e e S el Ty b g T ket e such a

way as fethl%%rgy%'doﬁrtqa&ﬁa‘lyﬁvyéﬁost|tut ed ring(s). Preferably, when a
substrate of Whann®f @r (RY) isoa groummépresarited by m$(@),RY) treatmernts odth acids @ nor e

opt i Ona}édﬂcﬂebﬁ{etﬂddtsqgaf bBAUsad o Irbmbye E}Féahero”r?-@ AérBé‘;S YWheh R™isY mBM Of R
& R2, &R11, RI12 5 R12 & Rl4,

Ro1 andSHeSR NARgBreduEN '%Rt%@rana'wm. i sy Wayoafﬁ%v'%maén
opts onatedyctiarissnay be employeg( WhewR&istehp-talyilgroum treatafent enstramg doid, sutla (1)
genor a 5%2’?‘#5“”@?9%”" @Wﬁ“‘aﬁ?%é "’Y“*&“ s ?3%’“% boemplhel, MY )
i s pref @r%ﬁ"’?e@}fl %LYISQ{QHP t"Y' | fiuorifso prefeEbly; cResiHm ( 2)
with a figdideuingy beemployedi no corrpound R3NH2 V\hen t he substrate of general

formula (1) WheA™R? Bt ﬁ‘%nasﬁlohg[ré r?fea‘ bS/ ’treattrhén tvﬁﬁ\ 8dids or
gener ati the ubst rate of era ;) om a car onyl corrpound
lggl %n iynay be used to remove the R or roup

The invention is illustrated by the following Examples.

EXAMPLE 1
Synthesis of acetonaphthone oxime
25 :
Reactant Wt/Vol Mol.Wt Mol " Mol ratio
- 1-acetonaphthone 1g 170.2 59mmol 1
hydroxylamine hydrochloride 0.98g 69.5 10.0 mmol* 1.7
pyridine 10 mi 79.1 - -

In a 50 ml round-bottom flask, a mixture of acetonaphthone, hydroxylamine hydrochloride
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

30 was then dissolved in dichioromethane. The product precipitated on standing. The
product was obtained as a white solid in 65% yield.

Note : after reaction, the compound exhibit a 75/25 E/Z isomers ratio. After precipitation,
one single isomer (E) was observed by 'H NMR.



WO 01/ 12574 PCB' / GB00/ 02857 20 is preferably acconplished I a
carbonyl co¥BIURIHf formula (2) with a substituted anino gﬁ@gﬁ%&%NM

and quaternizing or protonating the res? ting 'mne to give the imnium
salt. In certain enbodi nents, particulafTy in the generation of !m nes or
imniumsalts 5 wherein R3 or R4 contain a phosphorous oxygen doubl e bond,
it is preferable in the step of generating the substrate of general

formul a (1) EXAMPLE Zar bonyl conpound (2) first to treat the carbonyl
conmpound of % staof@)e o‘ﬂh%nonxgg(ﬁﬁ(é’l anmne to generate the correspondi ng
oxi nme, and 0 reac% the oxime W th an activated species containing the
groups that wll formR3 or R4, such as halo derivative, for exanple

Cl P(Ph) 2. 1ReXdtaft r eacti ng the subsygwée of Mpiwver al Murml a (Mpi mitioh a
hydr ogen dop presence of A transf ydr og i catalyst to
iornbls Jead! Ganca Rl of

gi ve an am is carried o‘llt in rdanc erence to the
first aspechymmmﬂ@hWQmIOﬁdﬁ/ent i0A85% ded8:i bed hé4é|f7ﬁfﬂ°|be1 dre. The step
of renoval gyrididee R3 or R4 may be ¢ahried ogy by any.neans which is 15
generally known to cl eave groups represented by R3 or R4 which are attached
to an amne. Preferably, R3 or R4 are renoved either by treatnment with
aci d, tr eatimen$0 mi tdundibattern flagklraomidtat iop acetophenent, hydtoxyatriinenhydreahyidnide inc
agent s, SUCiel WHOSlfe éth%oﬁ?f%rat@f@hﬁd’e?grgﬁé‘éréhgbléﬁiéic?&*vﬁc%d' Tige £ O

the nature dﬁ‘??'/‘ , eci al %ﬁ\é%%n PS
or R4 is a @PBQP;S‘ ’E'éi“é%’i”éﬂthlef‘ certrates| )dep KECUUTHOGHRER RSt Aty Ey o
-P( O (OH) 2, washeh sﬁmmmsg@oﬂa@moﬁuar TH P dsdtinas obB{riEdNREZRIBMIR1 4R1 S,
_P(0) NRL2Rf 3NHR14, - P(0)NHRI 2NHR14, - P(0) NRt 2R1SNH2, - P( 0) NHRL2NH?,

-P(0) (NH2) 2, - QO) R60RB, - P( 0) R60H, -P(0)R6SR10, -P 0) R6SH,

_ P( 0) RENRL 2Rt ; thepsemesdnizmatio of the SpREd eimpotpd pERGEHBES measyyesisiH NMR.

- P(0) OHSR10, - P O) OHSH - P(0) ORBNRL2R13, -P(0)0RBNHR12, -P(0)0R8NH2, 25

- P(0) 0HNR1|2_§},§M g( 50 OHNHR12, -P(0) OHNH2, -P(0) SR ONRL2R13, - P(0) SRI ONHRL2,
- P(0) SRt ON BEG°SHRR12R13, - P(O) SHNHR 12, - P(O) SHNH2, - P(S) R6R

_ P( S) OR8ORISYnthegispfRogtanone(ayineH) 2, - P(S) SRIOSR', - P(S) SRt OSH,

-P(S)(SH) 2, -P(S)NR42RISNRI4R S, - P S) NRL2R13NHR14, - P( S) NHRlZNHRt 4,

- P(S) NR12 éQNH - P('S) NHR12NH2, I}IHZ) 2 (S Fﬁ - P(

- P(S) R6SR1 ‘%? ) R6SH, - P(S) R6NR1 - P( HR12' 5’?

-P(S) OR8SR 2)octat|n(r$) OHSR10, -P(S) ORGE-mI - P(SPIZ#BH, - P’( S)WNRl’QRlB

- P('S) ORBNH loridB( S)Obi R13, g9 B( S) OHNHR3 frimol- P ) OHNH2,

- P(S) SR1ONR 2R1x§ -P(S)SR ONHR12 - SR10 g - P('S) SHNR12R19,

_P(S) SHNHRPYM®fq - p(S) SHNH2, are’ ved g@ treatnent with 7acid, such as
gaseod$ hydrogen chloride, aqueous hydrochlorlc aci d, hydrochlorlc

aci dl al cohqh e i rishd-Bstei fadkS admb@ird 1ot 236dtsHone, hydroxylamine hydrochioride in
pyridine was stirred, at room temperature under nitrogen bianket, for five days. The
reaction mixture was then concentrated under vacuum to remove most of pyridine. The oil
was then dissolved in dichioromethane. The product precipitated on standing. The
20 product was obtained as a white solid in 87% yield.

EXAMPLE 4
Synthesis of N-diphenylphosphinyl-1,1-methylnaphthyl imine

Reactant Wt/Vol Mol.Wt Mol Mol ratio
acetonaphthone oxime 19 185 54 mmol 1
triethylamine 0.75ml 101.2 54 mmol 1
chlorodiphenylphosphine 0.97 ml 220.6 54mmol 1
diethyl ether 5mi 74.1 - -

dichloromethane 5+2mi 84.9 - -



35 wat er, @omz%f trifluoroacetic acid, p-toluenesul phonic acid or other .
m neral ‘% Pref erably, gaseous %r}%/drogen chloride is Wﬁ@@@zfﬂrough a
solution of the phosphorous substitfted am ne, or the phosphorous
substituted amne is treated with an hydrochloric acid solution to effect
t he cl eavage of the nitrogen-phosphorous bond. WD 01/ 12574 PCT/ GBOQO 02867
21 When R3 or R4 is a group represented by CO2R79 treatnents with acids or
reducti vio aetdlioed mjutios wfedhdetonaptione tolkiend=3 and Wuetgy!aum:e Ve ndigth§ iS a

~ benzyl %tﬁ’él'ﬁbuchlérﬁﬁiféﬂ'fahée rﬁ}gl sso sug}; as JB}QQ&OQ%}@WQQ nath:;%lﬁéﬁenc

pal | adi u and in reducti ons, or t

strong &9 'BlR!W PYioe d@eﬁ'cgbm g a(@emlb alci48°Gi xt Afters additign, bthe
errPI ?)yedemr;ratural(gﬁi"e) wab rbaimainegrfanp fidup @indEthen wiis! Sllcwed e lgowfﬂ’s e
p- ue ﬁjgp,p 0 n organic solyent suc . as
al cghol ;}Sé rslt%w?%ge tH ol %ﬁﬁ)&i'ﬁ tﬁgé%p%@e@ %F ? ﬁ‘ ?‘WI '
group, rﬂmé“ e f"(ﬁsc$tﬁ'§?dc6tntﬂ°m éﬁmpmyd@@vcr@mm glhes s@lutiens V\taseﬂienﬁilteﬁedvxiot h
hydr azi memove te<tiethyfbiaé h wéhl@ﬁdélgﬁecxpl@te\/mw)%gh&i vﬂﬂ a ?mﬁuﬂr@%ﬂ thy! .
T epr es eyt i thant &fm&‘r r &j%:lcl ted tg W VISRt
ydrol ysi s he ligus sy P"@Eéiﬁ’f‘@%f’ @(%Y% R YigeRUSent s
wi th aciolsnd¥% ryvisidic tRecsystellisation indglune/disthyl ether gawe che rproﬁ’n‘:tms yefiowr oup.
Wiep Rléerystaligt et hyl group hydride reductions, for exanple using |ithium
al um ni um hydri de, or dissolving nmetal 15 reduct i ons may be enpl oyed. Wen

R17 is a p-tolyl group treatnent in strong acid, such as trifluoroacetic
acid in MBS or 6M hydrochol oric acid, may be enployed. Wien R is a

trinet h)dymﬁég,@bhuld,?ﬁmpﬁégﬁ{,;{?nﬂ, w,émY @,Iﬁ@w,e metal fluoride,

preferably caesium Tluoride e errp en R3 or R4 is a group
represented by SI RROR21R22, treatnents W|th acids or 20 al kali metal
f1uori deastaptbe used to renpveWHWoIR3 oMoRWtgr oupol The | nWRIDFAti i S

| | ust | Ex I\/PLE I f
;cet‘in?ﬁtﬁé‘f ?*E’%*“;SE?’%"% 25" Rofct Aol Nol ol B ac fo”

1- acet o 3BARE 19 170.2 5.9 midimi hy?ﬁb&yl ani 78 m¥at ochl oride 0.98 g
69. 5 10chbloradighenylphdsphiner i di ne 1@ mi 79.2206 I n a75Qnmb| romnd bott om f | ask,
a m xtua@u@i'e@,g@tonapht hone, hygrgxyl am P£1 hydrochl oride in pyridine was

stirr - r r nder_nitr nlnk frflv Th
st eduioﬁfomn?g art’eerrpe atueu5e2 to&e bl a et o] e days. e

15
To a stired solution of écetophenone oxime and friethylamine in diethyl
ether/dichloromethane  (1/1:10ml) was added dropwise a solution of
chlorodiphenylphosphine in dichloromethane (2 mi) at -45°C. After addition, the
temperature (-45°C) was maintained for 1 hour and then was allowed to slowly rise to

20 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/dichloromethane (1/1). The product was obtained as a yellow solid in 80% yield
after concentration, and was washed with a mixture of diethyl ether/dichloromethane (1/1).




- .concentrate

reaction m xture was then concentrated under vacuumto rermveﬁég) ﬁﬂag‘t’
pyridi ne. W014257430 was t hen di ssol ved in dichl oronet hane P @ uct
preci pitated on standing. The product yas obtained as a white solid in 65%
yield. Note : after reaction, the corrp%und exhibit a 75/25 E/ Z |sorrers
ratio. After precipitation, one single isonmer (E) was observed by 'H NWR
WO 01/ 12574 PCT/ GBCI)/ 02867 22 EXAMPLE 2 Synthesis of acetophenone oxine
React ant Wg g W Ml Ml ratio acetophenone 1g 120.1 8.3 nmol |

hydr oxyl | 0,6 7 dine 5 m 79.1
5 Zmﬁ?wé‘%aﬁ@ dohetwphpsehiiv inathytbesy Faind opnenone.

hydr oxyl am ne hydrochloride in pyridine was stirred, at roomtenperature
under nitr t%hanket for five dgwfvolThe Mofil | ONmB] Xt Ur e MeiratiBen
nder vacuumto renove nost of E%al dine, The oil, was then

distilled aa-o@@@m@neo 1 mbar. TRE7E oducl4das obt&BREBC n bB5% yiel d. 10

Note : the m ife/ Z rati o of thegjgsqhlat ed1gnapounds.damd7’/ 1B as rreasured
by H NIVR sis of t ano x[ne Gnt MW Nol Mol .

Mol ratqh@m%@y&ﬁ%ﬁ“%% m 15% @F ‘r%%ﬁ g?rgb(yl am ne

hydrochl or idisthy) ed®9 69.5 13.3 mol Smi7 pyr74:l1ne 10 m 79.1 - 15 1In a 50

m round- bgjidtiiRoinkthake @ M Xture ob +22 gft anggg, hydroxyl am ne hydrochl ori de
in pyridine was stirred, at roomtenperature under nitrogen bl anket, for

five days. The reaction mxture was then concentrated under vacuumto
r emovesnostTeof apystifrdid nesolutine aif| acetephennme doximel vand | Fietdyleming oiret digihyl

The product (ftrwrﬂfdhmréﬁsﬁgn@n ma@ WhE %Qd&r odyfpwikas Oopt aispraforRS af
white soli 7% I ﬁITE'g{ themi i ‘ . i
N- di phenyl rﬂ'? K’Pgosﬁh"ﬂﬁst’ﬁy ' B‘Wf’i’lf‘a’aflem( eMReabraRe w ABPT AOATRR: S
Mol | rati o teraperatunaSAONwas maintaibgd T@&51 Hodr anolthdn was iaiowsd tnslowhorisstar
101.2 5. 4 muRly fhonf HnB SR GRNOR ME7BRKG Shdicd 'bdth (drgdcacetdne] Pt helreaction
10 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/dichloromethane (1/1). The product was obtained as a colourless oil in 84% yield
after concentration. Recrystallisation in toluene/diethyl ether gave the product as white
crystals.
15
EXAMPLE 7
Synthesis of N-diethylphosphinyl-1,1methyinaphthy! imine

Reactant Wt/Vol Mol.Wt Mol Mol ratio
acetonaphthone oxime 1g 185 54mmol 1
triethylamine 0.75ml 101.2 54mmol 1
chiorodiethylphosphine 0.66 ml 124.5 54mmol 1
diethyl ether S5mi 74.1 - -
dichloromethane 5+2mi 84.9 - -

20 To a stired solution of acetonapthone oxime and tristhylamine in diethyl
ether/dichloromethane  (1/1:10ml) was added dropwise a  solution of
chiorodiethylphosphine in dichloromethane (2 ml) at -45°C. After addition, the temperature
(-45°C) 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

25 stired at room temperature overnight. The solution was then filtered to remove the
triethylamine hydrochloride precipitate and washed with a mixture of diethyl



diethyl ether 5 M 74.1 - - dichloronethane 5 + 2 ml 84 - [ 12574
PCT/ GBYROBYES™ 23 To a stirred solution of acetonapt hoﬁgTé%"%z%%d
triethylamne in . diethyl ether/g§chloronethane (1/1:10m ) was added
dropwi se a solution of chlorodi phenyl phosphine in dichloronmethane (2 m)
at -45C. After addition, the tenperature (-45C was naintained for 1 hour
and then was allowed to slowy rise to 5 reach roomtenperature w thout

r enovi netheivdichioeobethbng (1/9). | The poducineds obthined @scd brown oil int85% yietsaftari r r ed

at roo NS RHREMN ioh ion was then filtered to renove

t he trimg%ﬁéﬁagrrahﬂé\e 'ﬁ)y@r §c’m‘g¢ﬁ.&%ﬂé’ B’?aes?ﬁ%#gt ate and washed with a m xture of
di ethyl ether/dichloronethane (1/1). The liquid solution was concentrated
to gi ve EXAMPAB8Vi scous oil in 94%yield. Recrystallisation in

t ol yenejgi 1 RGRAWC _ . crystals. EXAWPLE 5
Synt hes nggkaﬁb 8?&@?9?@@@2%%@%‘5?%*%%@ Hi#bh@\yyﬁ'%m ne Reactant W/ Vol

Mol . W Mot Mol ratio acetophenone oxine 1.06 g 135 7.8 mmol 1
triethyReactamtl. 1 m 101.2 7.8 weNoll chobwadi phmey! phosphionsatio 4 M 220. 6
7.8 mMmo ! wl ether 5 m 74.) - - dj or oneLhane 5 + m 84.9 - - 15
To a st h&(gg)gﬁﬂution of acet opﬁ-é%dﬂ% oxbﬁéhand t %&rﬂ?)l an‘P e in diethyl
et her / diR}R)d¥-bassiidiaminot1,.20m 1.834m9 adde®6 dr opwi Semwl sol ufi on of

chl or odigiphenyiéthars phi ne in di chl oronmet hane (2 m) at -45C. After addition,

t he teM)eréaat re (-45C) was nmai nptai lned fgém 1 hour and then was allowed to
sl owly ML 20 reach roomteflf’:?épature i thout FTenmpving The ice bath (dry

i ce- aceEGNGICOFNR:Pleacti on i xBmle was $01.2M8d a4 mumoh t ehQ at ure
overnight. The solution was then filtered to renyM@C?h@ triethylam ne

hydrochl ori de prgci pitate and \A/Sg%ed Wt&@é mxture of - di e& I
et her/ di chl or®wét hane (1/1). Thé®pM¥duct s obt alMEW as a2Y%1 1 ow solid in

80% vyield aft/q{,r Phoncentration, and was washed with a mixture of diet hyl
et her/ di chl onoret hane (1/1). { WO 01/12574 PCT/ GBOO 02867 24 EXAMPLE 6

Cp - pentamethylicyclopentadienyl -
Notes: ** purchased from The Aldrich Chemical Co.
10 Prior to the reaction, all solvents were degassed, for example:
10mi 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. ' '
15
To a Schlenk flask was added the (R,R)-N-tosyi-1,2-diamino-1,2-diphenylethane,
rhodium pentamethylcyclopentadienyl dichloride dimer, N-diphenylphosphinyl-1,1-
methylnaphthyl imine and methanol. The flask was stoppered with a 'Suba-seal' (RTM).
Its contents were evacuated, then purged at room temperature by 3 changes of nitrogen.
20 To the yellow/orange solution was added the formic acid/triethylamine mixture dropwise.
After 30 mins, the solution had changed colour to red/brown. The mixture was stirred for 3
hours while being purged with nitrogen, the reaction was then quenched by the addition of
saturated sodium carbonate solution (1 mi). The aqueous solution was then shaken with
dichloromethane (5 ml), the organic phase separated and collected. The organic phase
25 was then dried by contacting with solid anhydrous magnesium sulphate and then filtering




.Synt hesi s of N-di phenyl phosphi nyl -1, 1- et hyi hexyl im ne Rea Vol
Mol. W MoWOWI{12$74ti 0 2- oct anone oxine 0.97 g 143 6.8 mmﬁ’ci‘}c’q{}'&ﬁoﬁ yl ani ne
0.95 mM 101.2 6.8 mmol 1 chtorodi phe&yl phosphine 1.2 m 220.6 6.8 nmol 1
diethyl ether 5 mM 74.1 - - dichloro hane 5 + 2 mMl 84.9 - 5 To a stirred
solution of acetophenone oxinme and triethylamne in diethyl

et her/ di chl oronet hane (1/1:10m ) was added dropwi se a sol ution of

tcEi or ?di PlafTNeé BORE manrg\e isalvéhméffmb??ea&% tmg)v@ﬁrgdl?tﬁ@a %vﬂﬁr?d@iogi on,
e tenper é was nai ntain r r.an en was allowed to
slowy ri ag@%%&%g aﬁeFBWR@t‘EWgﬁﬁggyvh??ﬂ%ﬂp%ﬁbvi ng the ice bath (dry
i ce-acetone). The reaction to m xture was stirred at roomtenperature
over ni ght gxlApgpibuti on was then filtered to renove the triethylanne

hydrochl orj de precipitate and washed with m xture of . diethyl .

et her i cifesugHRE ng eN@r?'ﬁnylWPBw&aérmﬁﬁw'wﬁbﬁeame Vi BuFhasium,; |
in 84% yi elathlystf t er concentration. Recrystallisation in toluene/diethyl
et her gave the product as white crystals. 15 EXAMPLE 7 Synt hesi s of

N-di et hyl phosphi nyl -1, 1 met hyi napht hyl i m ne Reactant WfVol M1, W Mt Mt
ratio acdieamt@amht hone oxime 1 g 1W4Vel 4 mielWt {MRlhy| ani Mel@atie i 101.2

5.4 mmol  IN-dighérddpp@sstiiyi1pRos phi nmg)m§6 mM36824. 5 5.¢¥4mnmabl 150 et hyl ether 5
m 74.1 - - |g;lchl %{Pﬁﬁ‘ﬁyane 5+ 2mM 84.9 20 To a stirred solution of

acet onapt Hbﬁ% 'b%?lh triethylamne in diethyl ether/dichloronethane
(1/1: 10m JRhEChiided dropwi se a s®Rmd on ¢17.&hl or d@iredly| pRdsphi ne in

di chl or ongRr [FaMEtdedl- 112-Hiaing-45C. Aé_g@,q% addigegon, thegt,grmeratiure (-45C) was

mai nt ai ne e{_&‘r) 1 ur and then was allowed to slowy rise to reach room
t enper at ur & HPRHBIRMAEovi ng the ice bath (dry ice-acetone). The reaction
m xture waseteditrde i rred at room t ehPpertat ur edfoverni ght. The sol ution was then

filtered @ NigOBYP[Edle triethyl agje hydr@qt@x/fzi de4hnmel Pl abe and washed
with a nmixture of diet hyl WO 01/ 12574 PCTI GBOO 0286

5
et her/di chl oronet hane (11l ). The product was obt aiQ%E'E%JaE‘. a brown oil in
85% yi el d Cpf t=qentamethylcyclopentadienyl

10 The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound were weighed
out into a clean dry Schienk flask. A solution of N-diphenyiphosphinyl-1,1-methyinaphthy!
imine in acetonitrile 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 triethylamine/fformic acid was added dropwise. The

15 orange solution became red/brown. After 3 hours, the reaction mixture was quenched
with a saturated solution of Na,CO, (2 ml). Extraction was then carried out by treatment
with dichloromethane (5 mi). The organic layer was dried over magnesium sulphate and
concentrated to give the product as a brown oil, in > 95% conversion and > 98% ee.

20 Note: the reaction can be carried out with or without a nitrogen purge. The ee were
determined by HPLC on a chiral phase column or by *'P NMR with a chiral shift reagent.



concentration. No further purification was nmade. EXAIVPLEV\?HEI Bﬁ)ﬂ |on of
N- di phenWMBME3IPMi nyl - 1, 1- net hyl napht hyl i mine. React ant

Mol ratio (Rh(Cp )Cl,]2** 1.54 ngy 627.8 2.5 nol 0.5

(RR)-N-Tosyl -1, 2-diam no-1,2- 1.83 ng 366 5 nol | diphenyl ethane Mt hanol
1.6 mM 32 - - Et3NHCO2H [2:5] 2 m 101.2/42 24 mol 1200 of HCO2H o- ~Ph
369 ng 369 1nmol 200 "j'Ph N / CNZ~ NZt Cp' -

pent anet lgxAMPLER®Nt adi enyI Not es: ** purchased from The Al dricch Chem cal

Co- 10 P a1 50 DSERSHR i by

bottonmed flask and degassed either by reducing the pressure until the
sol vent begsdfarito boi | and  backf IWhVEE W MbIWE T OUMoIS 11 TeMoltatigy

bubbling nitrto u the solpytion for, gt least, 20 mn 15 To a
Schienk. Y bhe @ﬁéﬁ dgTﬂe (RR) Yo By - 319 di ani gD, §Heny| et hane,
r hodi um p'eethﬂpmn]rylrmpel opent adi enyl dichloride diner, R

N- di phen inyl-1,1- net hyI yl igqyge and 1@5an0| o5he flask was
stoppere ?im’g hiérﬁ?seal mglIﬂlts ntents re evac at ed, then

purged at(R d?ht‘?sé( e~ by 3 %\H@es 0 ﬁltroge weelTo t

yel | ow orig2xgiphenyiethamen was added the form c aci d/tr| et hyl am ne m xture

dr opwi se. 30 mns, the sol n hag changed colour tqQ red/ brown. The
m xture %Séi‘[“??red for 3 hours %hﬁe bel ng purged with nitrogen, the

react i on EYHERH [48Enched by t he BHdi ti or082/4% 3t #AdP®a! sod2lfh car bonat e

solution (1 m). The aqueous sol ution was then shaleHo®,Hh di chl or omet hane
then ari & 6P AEhELRBRESREHERRER °G 210, P ous naghest um st phat 6 and then
filtéring WO 01/ 12574 PCT/ GBOO 02867 26 off the solid, then the sol vent
was renpveg (RIRMAGosYI-H @-Giatind? 1 2ciishenyidthate AndrRugiuai éﬁinpdl.ﬁhd w8 Yesighedhe
sanpl e asut %ngl ycﬁeeaﬂ\ 9?9 éé?né‘rﬂgﬂé%% R"\éRlutlon of N-diphenylphosphinyi-1,1-methyiphenyl
imine in acetonitrile 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
10 nitrogen. After 10 mins, the mixture of triethylamine/formic acid was added dropwise. The
yellow 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 liquid, in > 95% conversion and
15 86% ee. )

Note: The ee were determined by HPLC on a chiral phase column or by *'P NMR with a
chiral shift reagent.



EXAMPLE 9 5 Reduction of N-di phenyl phosphinyl -1, 1-net hyi naph h e wth
a rhodi um WRPHIZY  Reactant W/Vol Ml.W Ml Ml ratio Jébod dZa¢)

N- di phenyl phosphinyl -1,1- 369 ng 369 1 mmol 50 nethyi naphthyl im ne
[RhCp*Cl 212 6.2 ng 617.8 10 j.moi 0.5 @R R)-N-tosyl-1,2-dianmino- 7.3 ngy
366 20 nmol | 1, 2-di phenyl et hane acetonitrile 1.6 m 41 - - Et3N HCO2H
[2:5] 2 m 101.2/42 24 mmol 1200 of HCO2H Cp* =

pent anmet hy| EXAMPEBREdadi enyl 10 The

St ket R o DR Y AR i

N- di phenyl phosphi nyl -1, 1- net hyi naphthyl !mine in acetonitrile was added.
The flask wReastamppered with a "Subwusepl " (Nt Thavolr eact | QbiiFatid Ur € was

stirred rapi room er at by 3 cha s of_. nitrogen.
After 10 m rl\ﬂiﬁﬁ?%@?p{g%g?rﬁﬁﬂ 1a# tri et/ ni ngzgorm o ac'i'n s 38ded

dropw se. Tﬁ@m@wbmme sol ution becane red/brown. After 3 hours, the
reacti on m giggeLpas quenched wthy tur sol utyi f 2B (2 ).
Extraction \?ﬁwi\ﬁ?ﬁ C %_rled out by g??rren?tg%\%lth d:;gﬁ{?n&orrel\?hane (5 m).
The organic B} OxMs! AfalinGy er mag 89 um s¥fphat e Poncdntrated to
give the prdehwl%hameovm oil, in > 95%conversion and > 99% ee. 20 Not e:
the reacti oge& carried out wt | Withgut a nitrogen purge. The ee
were deter F‘ y HPLC on a chiral ase colum or by 31P NMR with a
chiral shi fE‘s # (280 01/ 12574 FGBOO/ d88@m2 27 24mWPLE1§Qp Reduct i on
of N-di phenyl phosphi nyl -1, 1- net hyl phenyl imne with afHgodHum cat al yst.

ol 50 B TR BB 51 5 6o g 617 8 10 Mol 0.5 o
(R R)- I\itosyl 1,2-diamno- 7.3 ng 366 20 nol 1 1, 2-di phenyl et hane
acetonitril ghd .(E,R)iNJ&:L:yH,2-<ﬁrﬁh&-m,@cmbhe[nale‘ﬁ]an% &d ik@i}rr?/cé%pé’ﬁnmb wéifhed
out into a clean dry Schlenk flask. A solution of N-diphenylphosphinyl-1,1-methylhexyi
imine in acetonitrile 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
10 nitrogen. After 10 mins, the mixture of triethylamine/formic 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 mil). Extraction was then carried out by
treatment with dichloromethane (5 mi). The organic layer was dried over magnesium
sulphate and concentrated to give the product as a brown liquid, in > 95% conversion and
15 95% ee.

Note: The ee were determined by HPLC on a chiral phase column or by 3'P NMR with a
chiral shift reagent.



of HCO2 ent anet hyl cycl opent adi enyl 5 The .
(RR-N §% IZSIPZ di am no- 1, 2- di phenyl et hane and r hodi umPccg %‘{%oas%re

wei ghed out into a clean dry Schlenk flask. A solution of

N- di phenyl phosphi nyl - 1, 1- net hyl pheny ? inine in acetonitrile was added. The
flask was stoppered with a "Suba-seal” (RTM. The reaction m xture was

sti rred r idly and purged at roomtenperature by 3 changes of 10 nitrogen.
Af ter MPLE 1t m xture of trlethyl am ne/formc acid was added dropwi se.

The yelheuuétmmtd»forn-amwlpha W@-méiia RlapRtHY? Uintine! WGtH e@CM it ur e
was que %% &agl th a saturate ut| on o? Sgdlm carbonate ( nﬁ?m
Extracti then carried out by treatnment with dichl ororrethane (5 mM).
The organic |ayer was dried over rragnesi um sul phate and concentrated to

give theR@4@gwct as a brown quqmgv SLivEONVagsH on an 6% ee.

Not e: T% q? we,iq% gete m ned by H 8 chl ral E“Pmse col Swrr%ljrgg'gb 31P NWMR
with a RGfetRyPRgsphinylEtlyent | WG99ITa 257 B68CT/ CBOTTOE 7 8 EXAMPLE 11
Reduct i anetbfinbplathyllisninel phosphl nyI 1 1- net hyl hexyl imne with an iridium

cat al ysty_oviRERH enylphosphi nyl -1, 1-
327 mg D1 etfhiuchidfibe > yi hexy 1y o [qf%) *Cl 21901[}'9@ O%6 6 10 p. mol
0.5 (RYeN-tosyl-1,2-dianino- 7.3 ng 366 20 nol 1, 2- d| phenyl et hane
acet oni t(R,RENtosyHt|2-didmino- Et SNAERRH [ 2:38p 2 mjpn?éi42 24 mmol 1200 of

HCO2H yl cycl opent adi enyl 5 The
(RR)- %zawg@§lg{ﬁ§bgm no-1, 2-di phenyl et hane and iridi um conpound wer e

wei ghed acstenitrilgt o a clean dry ScHemhk fla4dk. A sol-ution of -

N-di pherstiNYRCERRI[2H| - 1, 1- net hyl epgy| ! miqpg Ji4p acelGrinbl | | g2pes added. The
flask was stoppered with a "Saba-seal” (RTM. Theoéhg;raﬁ%hi on m xture was

stirred rapidly and purged at room tenperature by ges of 10 nitrogen.
Aftér 10 mns, the mxture of triethylanine/formc acid was added dropw se.

The yeltHaw )-lNlt6§ylhQﬁﬁaﬁlrﬂf-ﬁﬁflﬂph@n&%iha%eh%S’ru%ﬁldn?a%r'nﬁﬁ'urm Xvefe® was
quenched |gt§ed out into a clean dry Schlenk flask. A solution of N-diethylphosphinyi-1,1-
- methylnaphthyl imine in acetonitrile was added. The flask was stoppered with a “Suba-
seal” (RTM). The reaction mixture was stirred rapidly and purged at room temperature by
10 3 changes of nitrogen. After 10 mins, the mixture of triethylamine/formic acid was added
dropwise. 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 oil, in > 95% conversion and 84% ee.
15
Note: The ee were determined by HPLC on a chiral phase column or by 3P NMR with a
chiral shift reagent.



sat urat.ed sol ution of sodium carbonate (2 m ). Extraction was then carried
out by tr&®Q%874i th dichl oronethane (5 nl). The organi c RG@BOREE7qr i ed
over nmagnesi um sul phate and concentrat eg to give the product as a brown
liquid, in > 95% conversion and 15 95% % Note: The ee were deternined by
HPLC on a chiral phase colum or by 31P NMRwith a chiral shift reagent.
WO 01/ 12574 PCT/ GBOQ 02867 29 EXAMPLE 12 Reduction of

N- di et hyl plmemﬁ:mhsl 1-met hyl naphthyl inmine with a ruthenium catalyst.

253 ) S oS e b, g

gnol 0.5 daatﬂi)‘St(R R) - N-tosyl -1, 2- d| am no- 7.3 ng 366 20 gnol .
1, 2-di phenyl et hane acetonitrile 1.6 mM 41 - - Et3N HCO2H (2:5] 2 m

101. 2142 23§ﬁm‘r€a 1200 of HCO2H 5 Th .
(RR-Nto M_di ani no- 1, 2- di ph%‘&"ét hanobW8 r utMehi um cMIIate wer e
wei ghed ouw-dlphmyanmbptanyldr,y Schl e8&9 fngask.369 sol ut ifommol 50

N-di et hyl phas dg*. g@ﬂ% e Mt hyl naphthyl imne in acetonitrile was added.
The flask was ‘st opper with a "Suba- seal” (7RTI\/p. The reaction m xture was
stirred raffRfFR Chirxd purged at roonfLaPer at@i’ed by 1003edlangdb of nitrogen.

After 10 mM{RR)- N-imylm 3ddigminef tri ey.Byngam negggor m c 0inatas added

dr opwi se. fé&é%%g&%n% the reaction m xture was quenched with a saturated
sol ution of”’ carbonate (2 m ). Extraction was then carried out by
treat ment WWethanoyi chI ororet hane (51.fiMl. The2r gani c -l ayer was dried over

magnesi um gyNHeEOM concentrat2git o gi vR)1tdM Pr adusiops ad2Bgown oil, in
> 959% conversi on and 4% ee. 15 Note: The ee were da}ﬁc:aéged by HPLC on a

chiral phase colum or by 3, P NMRwith a chiral shi gent. WO 01/12574
PCT/ GBDO/ 0£®57 peB@methylcyclopentadienyl

The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound were weighed
out into a clean dry Schienk flask. The solution of -diphenylphosphinyl-1,1-methylnaphthy!
imine in methanol was added. The flask was stoppered with a “Suba-seal” (RTM). The

10 reaction mixture was stirred rapidly and purged at room temperature by 3 changes of
nitrogen. After 10 mins, the mixture of triethylamine/formic acid was added dropwise. The
yellow/orange solution became red/brown. After 3 hours, the reaction mixture was
quenched with a saturated solution of sodium carbonate (2 mi). Extraction was then
carried out by treatment with dichloromethane (5 ml). The organic layer was dried over

1s magnesium sulphate and concentrated to give the product as a brown oil, in > 95%
conversion and > 99% ee.



EXAMPLE 13 Reduction of N-di phenyl phosphinyl -1, 1- rret hyl napht h iimne wth
a Rhodi WP OURS# yst. Reactant WI1Vol Mol.W Mol rati (B’%T’G 00/02867

N- di phenyl phosphinyl -1,1- 369 ng 369 1 mmot 50 rret hyt napht hyl i m ne
[RhCp*A 2]2 6.2 ng 617.8 10 nol 0.5 BR R -N-tosyl-I,2-diamno- 7.3 ng 366
20 mol 1 1, 2-di phenyl ethane nethanol 1.6 m 32 - - Et3NHCO2H [2:5] 2 ni
101. 2/ 42 24 mmol 1200 of HCO2H 5 Cp* = pent anet hyl cyct opent adi enyl The

(R, R) - N- ®XAMPLUE 34di am no- 1 2- di phenyl et hane and rhodi um.conpound were

wei ghed I Schl e 5 e, spl.ution . :
-di phenylr‘%;#&fgtﬁ“R n?fl 'ﬁ‘ﬁ myﬁ pr ﬂﬁa qﬁhﬁgt iming “\’5&5 a, Rhegliungy,
fl ask vva§3§t|¥ﬁ3pered wth a" Saba seal " (RTM The 10 reaction m xture was
sti rred rapl dly and purged at roomtenperature by 3 changes of nitrogen.

Af ter the m xture of trj | am pne/formc id was ded dropw se.
The vyel I'{?\?/Ffﬁ"ange sol ution beca d/ br @WJ"RN t eP’F°is hour s,'wa"?ﬁ@?"r eaction
m xt ur e \hediphenyiphosphinylit, T+ 2 sat G6&tmgd soB8A i on of 1swdolum c&@bonate (2 m).
Extracti AtV t}@p,m,ﬁ@r ried out by treatnment with dichloronethane (5 nl).

The orga r‘was dried over |s magnesi um sul phate and concentrated to
gi ve theﬂzb?%‘bl as a brown oil, 828 95081%8nver si@uMehd >089% ee. WO

. 01/ 12574($>S’)'-1\€B€¥D‘102-8ﬁ?mn631 EXAWBLrEg 14 ResBiction phpmol 1

N- di phenyl (;@%F.h 1 rret hyI napht hyl irnine with a Rhodi um cat al yst.
React ant rati o I\I—dl{ghenyl phosphinyl-1,1- . 369 ny
369 1 mméBreteptrilerpt hyI napht hyI |m1ﬁénl[ Rhcp#l i 2]2 6:2 ng 617:8 10 mol 0.5

(S, S) - N EQRMHEQ H(28)am no- 7.3 ngnd66 20 101.2/42 1, 24 dimdienyhzdchane
acetonitrile 1.6 mM 41 - - Et3NHCO2H (2:5] 2 m 19%86% 24 mol 1200

5 Cp* = pentamethylicyclopentadieny! -

The (8,S)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhodium compound were weighed
out into a clean dry Schlenk flask. The solution of N-diphenylphosphinyl-1,1-
methylnaphthyl imine in acetonitrile was added. The flask was stoppered with a “Suba-

10 seal” (RTM). The reaction mixture was stirred rapidly and purged at room temperature by
3 changes of nitrogen. After 10 mins, the mixture of triethylaminefformic 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 treatment with dichloromethane (5 mi). The organic layer was dried over

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



of HCO2H s Cp* = pent anet hyl cycl opent adi enyl The

(S, S) - N-t oW 811128741i ani no- 1, 2- di phenyl et hane and rhodi um cdHTEERY/ R4 e

wei ghed out into a clean dry Schlenk flask. The sol ution of

N- di phenyl phosphi nyl -1, 1- net hyl napht hy82 inmine in acetonitrile was added.
The flask was stoppered with a "Suba 10 seal” (RTM. The reaction m xture
was stirred rapidly and purged at roomtenperature by 3 changes of

ni trogen. AhMBOEHRBNS, the mixture of triethylanm ne/formc acid was added
dropwi se. The ,0range L ution cang, red/ bro After 3 hours, the,reaction
m xture was e&éfgﬁeﬂeﬂ?\?ﬁ'ﬁp'?"gg’?\??gg@éfﬁgaFﬂ?%”ﬂﬂhs@ﬂdmﬁecﬂ%‘oﬁaﬁ%h?@&'ﬁl ).
Extracti on watalysten carried out by treatnment with dichloromethane (5 m).
The organic | ayer-was dried over 15 magnesi um sul phate and concentrated to
give the product as a brown oil, in_> 95% cqonversio nd > 99%.ee. WO

01/ 12574 PCRe 02867 32 EXANPL\A_’WQ?RedJ@?l-‘Hﬁ of Mol W31 S0

N- di phenyl piNadiphenyphospHinyiett ttyi naph3egyingi m g6 t h a 1Rhowdl um 264t al yst .
React ant W/m\é%yirll\gbtht iRt Mol ratio N-di phenyl phosphinyi-1,1- 369 ng 369
1 mmol 200 MeChyinaphtnyl imine [RnCp*d2]2 1.5 ng 617.8 2.5 prol 0.5

(R R) - N-t osYRRAR"ELYi ami no- 1.8 ngy 368MY i noI617.8 1, 2- &ApwEAY| efifane
acetoni tri | ¢r,R)N-tsyld1, 2-diamifd-3N HCCRBInt?: 5] denl 101.52iMa 24 mmol 4800 of
HCO2H 5 Cp —Zgrfﬁgwett@rlecycl opent adi enyl The

(R R)-N-toth -15 2= diam no- 1, 2- di phenyl et hane and rhodi um conpound were

wei ghed ougcetamililes cl ean dry Schi ehg mil ask.4fThe sol ution of -

N-di phenyl pegNAICOW {21'%]1- met hyl naphihy! 1| mMA d/4p acelgrmnbr | | asg@s added.
The flask was stoppered with a "Suba 10 seal” (RTM. 'H]@d action m xture
was stirred rapidly and purged at room tenperature b)? éhanges of

ni trogehn. ACpEr peotameailylcyclopentadienyle of Et 3N HCO2H was added dropwi se. The
orange sol ution becane red/brown. After 3 hours, the reaction m xture was

tas then carhe dRIR-GsyH 2 Rt 2 P rem HATECR CORATEC Py werd wetgtl !
| ayer was doutedntovar clemgndsi USchighks flbgikhat §handolutore esft Nadipbleritphgsphinyiel-
product as gefyaphityl imihd iracttoRifiRWES SUQLY, 27fe flask was stoppered with a “Suba-
. 10 seal” (RTM). The reaction mixture was stirred rapidly and purged at room temperature by
3 changes of nitrogen. After 10 mins, the mixture of Et;N/JHCO,H 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). Exiraction was then carried out by
freatment with dichloromethane (5 mil). The organic layer was dried over magnesium
15 sulphate and concentrated to give the product as a brown oil, in > 95% conversion and >
99% ee.



99% ee. WO 01/ 12574 PCT/ GB00/ 02867 33 EXAMPLE 16 Reduct] %

N- di ph&¥QPERS§3DHhi nyl -1, 1- met hyl naphthyl imine with a Rh(fﬁT?fgqo 92861 yst
Reactant WI Vol Ml .W Ml Ml rati N- di phenyl phosphi nyl -1, 1- 369 ng 369
1 mol 50 nethylnaphthyl imne [Rh€3*Clz]2 6.2 ng 617.8 10 nol 0.5

(R R-Ntosyl-1,2-diamno- 7.3 ng 366 20 nol 1 1, 2-diphenylethane
acetonitrile 1.6 mM 41 HCO2H 1 m 42 24 mmol 1200 of HCOZH 5 Cp* =

pent anetENAMPLEOigent adi enyl The

(R R gihioh: oMo Godb Ry BB A e

N-d| pherﬁﬂt@‘bﬁ%phl nyl -1, 1-met hyl naphthyl imne i-n acetonitri’le was added.
The flask was stoppered with a "Suba-seal” (RTM.. The 10 reaction mxture

was stirged,.rapidly and purged opm t tur y .3 ¢

ni troge .e%lt?'itr 10 mns, formc Wﬂp(l W s added drop\ﬁlélgatsq'he or ange
sol ut i orN-dipbeayiphaspbingl-1.Af t er 2 369umg, -t 1389r eact i drmmokt ur &0was quenched
wWith a sasHjiphsshyiHANEt i on of SOdI um carbonate (5:m). Extraction was then.

carried by .treatment with hl oro t.hane (5 The ganic | ayer
was drid gHéf?«g'?]?mgnem um sul phat ?%ncentr?*@&d e t he product
as a brc(ﬂrR)dmtosyi-mZ;dlaﬁiﬁoeonver9‘13)mgand 3689% ee. ZH)MMPLE ]l? Synt hesi s of
1- napht hy#g[?!ng},ﬂ%gﬁeReactant W1 Vol MI.W MI Ml ratio

N- di phen % 1- 0.2 g 371 0.54 mpl | napht hyl et hyl ani ne gaseous
hydr ogerficeton 'F'Pde - 36.5 - ethy68icohod110 M 46 - - I' =20 Gaseous

hydr ogerHCQHr i de vvas bubbl ed t Hrmugh a si©2i rred s@4ubmon of1208

di phenyl phosphi nyl -1 -napht hyl et hyl am ne in et hyl r\ Ql for 2 hours at
room tenperature. The reaction m xture was concen raté made basic by the

addPt i o= Rentametbyeycieraniadieny!

The (R,R)-N-tosyl-1,2-diamino-1,2-diphenylethane and rhbdium compound were weighed
out into a clean dry Schienk flask. The solution N-di‘phenyiphosphinyl-1,1-methylnaphthyl
imine in acetonitrile was added. The flask was stoppered-_v\)ith- a “Suba-seal” (RTM). The
10 reaction mixture was stirred rapidly and purged at room temperature by 3 changes of
nitrogen. After 10 mins, formic acid (1 ml) was added drbpwise. The orange solution
became brown. After 2 hours, the reaction mixture was quenched with a saturated
solution of sodium carbonate (5 ml). Extraction was then_gérried out by treatment with
dichloromethane (5 ml). The organic layer was dried over magnesium sulphate and
15 concentrated to give the product as a brown oil, in > 95% co_riversion and > 99% ee.

EXAMPLE 17
Synthesis of 1-naphthylethylamine

Reactant Wt/Vol MolWt = Mol Mol ratio
N-diphenyiphosphinyl-1- 0.2g 3N 0.54 mmol 1 -
naphthylethylamine

gaseous hydrogen chloride - 36.5 - -

ethyl alcohol 10ml 46 - -

20
Gaseous hydrogen chloride was bubbled through a stirred solution of N-
diphenylphosphinyl-1-naphthylethylamine 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




af sodi,um hydroxide (2 M and extracted with dichloromethane (3 x 10 m).
The or gani WOMYI@WA12574 PCT/ GB0O/ 02867 34 | ayer was washe®CHGHIMNSE (1 x
10 m), dried over madriisiumsul phate and concentrated to give the
product as a yellow liquid in 80%yiel d33EXAVMPLE 18 5 Synt hesis of

1- phenyl et hyl am ne Reactant W/Vol Mi.W Ml Ml ratio

N- di phenyl phosphinyl-1- 0.2 g 321 0.62 nmol 1 phenyl ethyl am ne gaseous
hydr ogen ¢ i - i h88ium sufghaROANd REREY
chl ori de wgé ,ﬂﬁl%‘%ﬁ?ﬂ%ﬂ&ﬁng@?h?ﬁel)cgieo O.%ie?gﬁr?gggﬁ&r_n su B Eore

di pheny! pho@gierdde Prodyrkasd ety liguid 2. 89% Yi&lhy | al cohol for 2 hours at room
_tenperature. 10 The reaction m xture was concentrated, nade basic by the
addi tion OfEﬁRM? gagus sol ution of sodium hydroxide (2 M and extracted

wi th dichioronethane (3 x 10 ml). The organic |ayer was washed with brine
(1 x 16 ni )Synthesig o/ ephemdetbylamingul phate and concentrated to give the
product as a yellow liquid in 88%yield. 15 EXAMPLE 19 Synt hesi s of

1- net hyl he nm.ne. Reactant W/ W 1. W Mol e} .

N- di phenyl B%%é ?ﬁtnyl -1- 0.2 g 329 @%%qmml Mlgpwrtfet hy#ﬁ‘eptyl amMﬁleragt:fgseous
hydr ogen ch\-diphgeylph@ehiByk1-- et hyl 02 ohol 32! ni 46 0.62@meout hydr ogen
chlori de washeRiABiplyRehind'r ough a stirred solution of N- 20

di phenyl phosphi nyl -] - net hyl heptylanine in e | al cohol, for 2 hours at
room t enper ﬁ?@hydf‘?%enr%{aﬁon m Xt ure vvasggéncentr'at ed, nade basic by the
addi ti on ofethyl akgbalous sol uti on oflOsddi um #§droxi de- (2 M and extracted
with dichloronmethane (3 x 10 m). The organic |ayer was washed with brine

broduct as GASFBHE ofIPPIOGER d SR B0v e DY WpIuan 1 257 siTEer) etz do A 35
EXAMPLE 20 dighenbiphosphirlyl-1-phapyiéthylamineyih athyhalcohol for 2 hours at room temperature.
10 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 ml), dried over magnesium sulphate and concentrated
to give the product as a yellow liquid in 88% yield.

15 EXAMPLE 19
Synthesis of 1-methylheptylamine.

Reactant Wt/Vol Mol.Wt Mol Mol ratio
N-diphenylphosphinyl-1- 0.2g 329 0.61 mmol 1
methylheptylamine

gaseous hydrogen chloride - 36.5 - -

ethyl alcohol 10ml 46 - -

Gaseous hydrogen chloride was bubbled through a stirred solution of N-
20 diphenylphosphinyl-1-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 M) and extracted with dichloromethane (3 x 10 ml). The organic
layer was washed with brine (1 x 10 ml), dried over magnesium sulphate and concentrated
to give the product as a yellow liquid in 68% yield.
25



Reactant WNol Ml.W Ml Ml ratio N-diethylphosphinyl 275 0.73
mol 1 WRAKR*Y| et hyl ani ne gaseous hydrogen chloride - gﬁ-écﬁ’oo?oéﬁkﬂ

al cohol 10 M 46 - - f 5 Gaseous hydrogen chloride was bubbl ed through a
stirred solution of N-diethyl phosphi 8§1- 1-naphthyl ethyl amne in et hyl

al cohol for 2 hours at roomtenperature. The reaction m xture was
concentrated, nade basic by the addition of an aqueous sol ution of sodium
hydr oxi EXAMPLE 2@nd extracted wi th dichloronmethane (3 x 10 nl). The organic
| ayer s 10 m), dried over magnesium sul phate and.
concen\tlvrgg{‘teﬁgg ﬁ\\?‘éﬂﬁiwlhﬂﬁlpro uct as a yellow liquid in 72%yield. i :

WO 01/ 12574 PCT/ GBOO/ 02867 36 CLAIMS 1. A process for the transfer

hydr ogeReactant of a substrate whwtA/o) t heMoUWat ratMols reaMobrhtioi th a

hydr oge i resence tran hydr on, catal yst, 5

char act @F‘?@Q@E’ éhh% 1{Dhe subst8 has ?%e genergl9 J?r'ul]at x (1)

wher ei nhapbthydethlaeines NR3 or (NR4AR5): Q @ represents a nonoval ent ani on;

10 R a ggdaas«ﬁggﬂa, eRndrpAASlent | y.represenggsa hydrogen atom an optionally

substituyge ocarbyl, a perh enat egl. hydrocarbyl, an optionally
substltg{hggam%@ erocyclyl group?b substrtuted carbonyl functi onal group, a

substituted thiocarbonyl functional group or substituted imno functional

gr gyp, Bas&xg%yer&geﬁ%ldrwe%s%bbreah%u Ra s‘ﬁHeB salu‘ﬁ@h/oﬁﬂ-di%d%ﬁiﬂyl-

oD ey o by o 135 i, SLr s ooph b esctor

- P(0) ( Srijxyre vra(soqammedmmamas:cmpemame IR Zquecty eqruremmm

“P(0) Nﬂéé%ﬁwgz AR DI BB R ngeawgoaeﬁe oradRi

-P(0) R6 H, P RQ\IR]_ZR' 3,

-pE o) Ooashes withpteRais,10 i §jast aver snaanestys @os)w&;wmeg@ oive
- P(0) ORBRIALCt 296 GRDRBhtydd in TZQYEHNRLI2R13, - P(O) OHNHR 12, - P( O) OHNH2,

_P(0) SRLONRL2R 3, - P(0) SR ONHR42, - P(0)SRLONH2i - P(0) SHNRL2R13,

- P(0) SHNHR72, - P(O) SHNH2, - P(S)RBR7, - P(S)ORBORQ, - P(S)CRBOH, - P(S)(OH)2,

-P(S) SR OSR11, - -




-P(S)SRIOSH, -P(S)(SH)2, -P(S)NR12R13NR 4R $, -P(S)NR12R13NHR74
- P( S) NHR12 \WHRO112574 P( S) NR12R13NH2, - P(S) NHRL2NH2, - P( S) ( NH2FST/GBRYSREI50Rs,
-P(S)RBOH, -P(S)R6SR O, 25 -P(S)R6SH, -P(S)R6NRL2Rt 3, _P(S)R6NHR12,

-P(S) R6NH2, - P(S)ORBSR10, - P(S)0HSR10, 36- P(S) OR8SH, - P('S) OHSH,

-P(S) OR8BNR12R13, - P(S)O0R8NHR12, -P(S)O0R8NH2, -P(S)OHNRLZRt3, -P(S)OHNHR
12, -P(S)OHNH2, -P(S)SR ONR12R1S, -P(S)SR ONHR 2, -P(S)SRLONH2,

- P(S) SHNR12R13, - P(S)SHNHR12, -P(S)SHNHSLAIMER6R , - PORBOR(r), -PSR OSR1',
-PNR12R13NR14R S, -PR6OR8, -PR6SR 0, -PR6NR 2R13, -POR8SR10, 30

- PORBNR12R 3, -PSRtONR12R13, -S(O R16, -S(0)2R', -COR e, -CO2R19, or

Si RROR21R221. R5 Agpoeessrios the tansferdudragenatioraof @ pubsirate wheeeinthe substrate is
hydrocar byl yezgtedPRitha ﬁ?@raéér?‘aoﬁ'é(rdfnofh@r Pﬁéken&r ofB PaHsf? Wldrogenalisr ichidlyae
het er ocycl yl, group; R6 ang1 R |‘r€§e§enﬂ_§né%y rg&re%ent an optional ly
subst i tut ed® ﬁ?fﬁ'g%ﬁddmﬂ?at e sybs¥ate Hgs eR) BV byl , an optionally
substituted heterocyclyl group or -N=CR23f24 35 where R23 and R24 are as
defined for Rl; and 111 | 11 1111111111 117222 1 1 i * CL MS W
01/ 12574 PCT/ GB00/ 02867 37 Re to. R22 each independently represents an
optionally substituted hydrocarbyl, a peéthal ogenated hydrocarbyl or an
optional |y gwh&ely:t uted heterocyclyl group, one or nore 7

of R &R6, R2&R7, R6ER. . . R6 LJROE&R 2, R ' &R8, R2&R9, R8&R9, Re& R70, R8 &
R12, R & RIO, ’%P"F&i%?s&ﬁ%%m&(%@‘%) 0 & R72, Rl & R12, R2 & R13, RI2 &
R13, R & 5 R74Q mpregefls®h metovaknRation,R 2 & R14, R & R16, Rl & R18, R &

R19, Rl & R20, RRs &id?ke B %d%%‘lna"é?ﬂ{lﬁ%'tp_ré"seﬁ%ZaOHydreia | atof€1 410 dptidHehy 1N

such a way a %,o. forman optional ]y subst)tuted .ring(s). .2. szr cess . for

the pr oduct?‘@ﬁ itfted,  ByGERCArRY}. %o@ﬁ@?@ﬁ@?ﬁ&ne@’dr%rbﬁd n-grtioral S“BF@(‘)‘“"E 3)

conpri si ng héterosyalyisgrotip,aa sybstituted | cagbanyk furetior egradp, g sabstitutéd rthintarbériy

froma car bR¥ionaPEReHMY! stibstituttd RainBiuf4ional group, R! & R? optionally being linked in
such a way as to form an optionally substituted ring;

15 R’ and R* represents -P(O)R°R’, -P(O)OR°OR®, -P(O)OR’OH, -P(O)(OH),,
-P(O)SR™SR", -P(O)SR'SH, -P(O)(SH),, -P(O)NR™R"NR“R", -P(O)NRZR"NHRY,
-P(OINHR™NHR"™, -P(O)NR™R™NH,, -P(O)NHR™NH,, -P(O)(NH,),, -P(O)R°OR®
-P(O)R°OH, -P(O)R®SR™, -P(O)R®SH, -P(O)R®NR'R®, -P(O)R*NHR'™, -P(O)R°NH,,
-P(O)OR’SRY, -P(O)OR®SH, -P(O)OHSR', -P(O)OHSH, -P(O)OR’NRYR",

20 -P(O)OR®°NHRY, -P(O)OR®NH,, -P(O)OHNR'R®, -P(O)OHNHR®, -P(O)OHNH,,
-P(O)SRNR™R™, -P(O)SR™NHR™, -P(O)SRYNH,, -P(Q)SHNR"R'", -P(O)SHNHR®,
-P(O)SHNH,, -P(S)R°R’, -P(S)OR®*OR®, -P(S)OR’OH, -P(S)}OH), -P(S)SRYSR",
-P(S)SR¥SH, -P(S)(SH),, -P(S)NRR®NR*R', -P(SINRR“NHR", -P(S)NHR'NHR",
-P(S)NRZR™NH,, -P(S)NHR'™NH,, -P(S)(NH,),, -P(S)R*OR® -P(S)R°OH, -P(S)R°SR",

25 -P(S)R®°SH, -P(S)RNR'R"®™, -P(S)R°NHR™, -P(S)R°NH,, -P(S)OR®’SR", -P(S)OHSR',
-P(S)OR®SH, -P(S)OHSH, -P(S)OR®*NR™R", -P(S)OR’NHRY, -P(S)OR°NH,,
-P(S)OHNR™R*, -P(S)OHNHR™, -P(S)OHNH,, -P(S)SR™NR"R™, -P(S)SR"NHRY,
-P(S)SR™NH,, -P(S)SHNR“R®, -P(S)SHNHR™, -P(S)SHNH, -PR°R’, -POROR’,
-PSRSRY, -PNRZR“™NRM“R'™, -PR°OR?, -PR°®SRY, -PR°NRYR', -POR’SR",

30 -POR®NR™R™, -PSRNR'?R", -S(O)R®, -S(O),R"", -COR™, -CO,R", or SIR®R*R%,

R® represents a hydrogen atom, an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl, or an optionally substituted heterocyclyl group;

R° and R’ independently represent an optionally substituted hydrocarbyl, a
perhalogenated hydrocarbyl, an optionally substituted heterocyclyl group or -N=CR®R*

35 where R* and R* are as defined for R'; and

A L



.(2) in which X represents NR3 or (NR4R5)4Q7, and Q re . 5
monoval"¥A#VB5bn, 15 b) reacting the substrate of genergﬁﬁdrvr%af%"(l) with

a hydrogen donor in the presence 0&1 a transfer hydrogenation catal yst, and
c) renoval of R3 or R4 to give an ddi ne of fornula (3) 38 X H NR R+~R2
R-R2 H (1) (3) wherein: 20 R and R2 each independently represents a
hydr ogen atom an optionally substituted hydrocarbyl, a perhal ogenated
hydr ocar byl ,R%to Rfiteash dhdependértlyi reptesentshart optionatly plbsiituieqh hydrosarbyl, iat ut ed

car bonyerdiéifenafiihydiociiy of hGRiohbiy SibsifiACAGBRBYLY! drii 'dr@IE méeOuP Of
b nal 1. 01 1l k _

Sty e R i

r epr esRif, R QI RERE RVFRTBFREFR & RP(R)Y GRREHR! &IK'ORZIR?, R?RX B°SR* &R,

- PLO) SRs , 18,12 ] 1-oP65) AR 1" 20 :
i P%og Nmm Q'(ng @zﬁﬁ’?&ﬂ%%@ RS ﬁé‘,;é-, %(Hoég'ﬁﬁﬁ%P@ Beore, 8
8 10 8 Rf'and B*' ®RE aptipryliv being linkedin/sush a wayppelgfoan an grtiopatiynsubstityted. p( 0) R
NHR - PagR)NH21 - P(O) OR8SR10, - P(O) OR8SH, -P(O)OHSRt O, - P(O) OHSH,

-P(0O) OR8NR12R13, 3 0 -P(0O) ORNHR12, - P(0O) OReNH2, - P(O) OHNR 2R73,

-P(O) OHNHR e, - P(O) OHNH2r - P&O) SRLONRL2R13, - P(0O) SRLONHRL2, - P(O) SR ONHRi

- P( O) SENR1 2 process(foy ensApduztion pf primary ot sedondaryamines | 11 |1 | * CL MS-ill
WD 01/ 12574 PCT/ GBOO/ 02867 38 - P(OhSHW®, -P(S)te ', -P(S) ORBORY,
-P(S)OR8814, -P(S)(OH)2, -P(S)SRLOSR™N -P(S)SR OSH, -P(S)(Sl-t)?2i

- P(S) NR12R19NR14R16, - P(S)NR 2R13N 2- P('S) NHRL2NHR14, - P(S) NR12RL3NH2,

- P(S) NHRL2NH2r - P(S) (NH2) 2, - P(S) RGORB, - P(S) RBOH, - P(S)R6SR10, - P(S)R6SH,
- P S) RBNRL2R13, - P(S)R6NHR12, - P(S)REMH2, - P(S)OR8SRI D, -P(S)OHSR 0, 5

- P( S) ORBS#rising(t®) siebf - P(S) ORBNRL2R13, - P(S) ORBNHR12, - P('S) OR8NH2,

“pt9) s o B SR KRR s 0 er P OB Prcencrs,

- PSRI0SR', - PNR12R13NR14R15, - PR6CHB, - BRGSR Ojf - PRENRI2Ri 3, - PORBSR O,
- PORBNRL2R18, - PSR ONRL2R13, - S( Q¥ -S(0O & - COR18, - CO2R19, or
Si RROR21R22; R He

. N3 : m
in which X represents NR®or (NR‘Rs)"Q', and Q repre__sénts a monovalent anion,
15 b) reacting the substréte of general formula (1) vv_iih a hydrogen donor in the
presence of a transfer hydrogenation catalyst, and _
c) removal of R® or R* to give an amine of formula (3)
T - e RS
: X N o
M @
wherein: , :

20 R' and R? each in:d_ependently' represents a hydrogen atom, an optionally
substituted hydrocarbyl, a perhalogenated hydrocarbyl, an optionally substituted
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 op'ticna!ly substituted ring; . :

25 R® and R* represents -P(O)RSR’, -P(O)ORPOR?, -P(O)OR®OH, -P(O)(OH),
-P(O)SR'SR", -P(O)SR'"SH, -P(O)SH),, -P(O)NR™R"™NR™R', -P(O)NR'“R"NHRY,
-P(O)NHR'™>NHR™, -P(O)NR'R'™NH,, -P(OINHRNH,, -P(O)(NH,),, -P(O)R°OR®,
-P(O)R°OH, -P(O)R°SR™, -P(O)R°SH, -P(O)R°NR'R®, -P(O)R®°NHR™, -P(O)R°NH,,
-P(O)OR!)SR®, -P(O)OR!SH, -P(O)OHSR®, -P(O)OHSH, -P(O)OR:NR'R®,

30 -P(O)OR®NHR™, -P(O)OR®NH,, -P(O)OHNR™R®, -P(O)OHNHRY, -P(O)OHNH,,
-P(O)SR™NR"R™, -P(O)SRNHR®, -P(O)SR'NH,, -P(O)SHNR'R™®, -P(O)SHNHR®,

| RER A A




10 R5 and R38 represents a hydrogen atom an optionally substituted

hydr ocar by g g1/128%4 hat ogenat ed hydrocarbyl, or an optional | pCHGBOW286T ed
het er ocycl ﬂ group; R6 and R7 |ndependently represent an optionally
substituted hydrocarbyl, a perhal ogeggted hydrocarbyl, an optionally
substituted heterocyclyl group or -N=CR23R24 where R23 and R2'4 are as

defined for and z5 R8 to R22 each independently represents an
ti |1 ted
opt i onal |y i%té’é%»'iﬂﬁpedp ERG ey EI9PEORY "er%@q@@ﬁt A A

of R &R8, Rz&m(smﬁsHRs%@XSRB&RP@sm &ﬁs FF@MZW"RSE(S)NHEZWH 2,

RIER O R2ERIACHUOAANNE Ped R® ,p(ls:)msnﬂ%
ORI 4 i Wy %sﬁ% ?f%ﬁ@ S, B,

opti onag | y sﬂ(B;(DR‘tSH ed-P(lS)thSbl) -R{SWBW%R%CC@H’(&)@B‘N%&R@ ai- F?{S)OR’NU} aim

2 wherein 9% fzRfis h ,5@?%9 DN _p 1 al

AN /B Y, S 10§2ﬁ ] %ﬁﬂ es@?ﬁ {ggw* P@ ¢ t;Jted

hydr ocar byl ;PE$R Hal 'Bﬁﬁ)ﬁﬁh@ TR/ sﬁfﬁ)ﬁﬂf“ﬁﬁ% ﬁ% H@S‘e E{a

or an opt | OLRSRYSRMLS LPNRIZBIPNRMR ' perRRIORENY -PRISRI3Nd: PB‘?NR&ZR‘épr d%@RTSR

- NR28-, 9 18 1),

s02Ra0, O O EBDIRA - oF SR 4, QRN D GFCr o e @&%@*‘5 nd

R30 eath i ndepeR&and R} renpesanim 8 DyAPoep Hhatn PPéammly suky e%;’szBE%rPﬂ

per hal oge gagggabbdﬁgt@@ﬁﬁdm&arﬁﬂh@ﬂh tioRA! |§ubstﬂutbﬁ thieterdaydiyhgroepocyy! yl

group, an a re eac n g

def i hed Tor Ra0; FEAE Rophesanent; regre Pt g“%ﬁ‘ﬂ*%&%‘ﬁ“&ﬁ@%a

-NR32-, - NHMalogelQOwrowmm mtlonmsmthmme RBNTGR

C(O R3S, SOZR3% RTLA NEIIERE defited HFR Blgag l1#' L WO 01/12574

PCT/ GBOO 02867,

i ndepekient R/@ e géﬁl? Smg%p%p@\he[%r?se Tp¥t qu&gﬁ%{@@?sﬁ.ﬁ?ﬁw rocarbyl,

per hal ogenapertialogemated higriocanbylaor arpoptinnally substitutad mejer@eyclﬂ@r@um@mqnmore

group, and g g6g gRURRE R7aRE R5C Re IgRERLRIRM! RY & HUFPEER®, G2 & RO/ RUR RISR® &

defined for R? , %& & R12’ R1 & Rw’ R? & R“, R10 & R“, RY & R12, R1 & R12, Rz & R13, RZ? & R13’ R'&

R“, Rz & R15, RM & R15, R12 & R“, R1 & R16' R1 & Rm, R1 & R19’ R1 & RZO‘ Rz & R21, Rzo &
20 R? and R?' & R* optionally being linked in such a way as to form an optionally substituted
ring(s).

3. A process according to Claim 1 or Claim 2 wherein the transfer hydrogenation
catalyst is of general formula:
E

FARN
\M/
N 27
25 Y R
wherein:

R¥ represents a neutral optionally substituted hydrocarbyl, a neutral optionally
substituted perhalogenated hydrocarbyl, or an optionally substituted cyclopentadienyl
ligand;

30 A represents -NR%-, -NR2-, -NHR?, -NR*R? or -NR®R® where R? is H, C(O)R¥,
SO,R®, C(OINR*R*, C(S)NR¥R¥, C(=NR*)SR* or C(=NR*)OR*, R® and R* each
independently represents an optionally substituted hydrocarbyl, perhalogenated
hydrocarbyl or an optionally substituted heterocytlyl group, and R* and R® are each
independently hydrogen or a group as defined for R®;

35 B represents -O-, -OH, OR™, -S-, -SH, SR¥, -NR*-, -NR¥*-, -NHR¥, -NR"'R%,
NR¥R®, -PR*- or -PR*R* where R* is H, C{(O)R®, SO,R®, C(O)NR®R™*, C(S)NR*R¥,

S
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5 E represents a linking group; Mrepresents a netal. cagﬁgll f t akysi ng:
transfeworw{*]?ﬁdenatlon and Y represents an anionic gr ’838)%‘35 c ligand

or a vacant site; provided that when_ Y i's not a vacant site that at |east
one of A or B carries a. hydrogen afdm 10 4. A process according to Caim
3 wherein Mis a group VIII transition netal, especially ruthenium
rhodiumor iridium 5. A process according to any of Clains 3 or 4 wherein
R27 is GFNRF)SRiabt C(=NREJORYtR¥andIR*a@ach; indepeadentiynaepresentsban oplidnatly

al kene; o Hstifutéd/ Cﬁ@gﬁgﬂ rMal ¢HatedP Ui%‘rééa% dopi bR o Pﬁéﬂé‘ﬂ? N sabsitled

substi tuent S, 1 tuentss, especl a
pent ane ?F?TWF,' o%r@HPaéf“érﬁ/ a@F’oﬂ’:p e %@cbr'ﬂé%ﬂ%‘ SB%PM‘?”HQ“"? OF th $ritRead
Cl ai ns gefinedJor R*¥*whi ch A-E-B or is derived 20 from -an. am no al cohol

or di am ne Iy ed froman optionally substituted ethylene
di afn ne. rQﬁr‘é%%@@Qa%‘alétﬁgg 'to Caim6 wherein either of Aor Bcarries

an acyl or Mrepw@ﬁms aynetahcanableraf catalyping transias fydiagphaliep and

net hanesul phvrrdﬁreserﬂéahrahfdnwr@urmrafb’asttaAlgbﬁ@@naIvaeént%n@tyl group. 8. A f
process or, S LV one O
Pr ocesS o BGRA T, iEhB ShBt S Bt aiddst Bne 3 A 1 BTl HiBhet Te 0|
H2N NHzamN NH SC2- napht hyl NH-tosyl Ph CH3 Ph Ph PhCH2 C, H40Me /\ C8H4OMe
NHZ H2N OH HO NH2 HO NH2 H2N NH2 H OH tosyl-HN H2N HO H2N 1- 12N NH2 OH

Ni-12 Fp NHZA procéslsl%lcé&amlglta blam%li} v%heremesM5 |s tc\ \g/\i%u?nl(li]llz ansfon mGeI%gl,Olo2867

especially ruthenium, rhodium or iridium.

5. A process according to any of Claims 3 or4 wherem R27 is an optionally substituted

15 aryl; an optionally substituted alkene; or a cyclopentadlenly group- substituted with
between 3 and 5 substatuents pereferably 5 substituents, and especially a
pentamethylc’:yc!opentadieny[ group

_ 6. A process according to any one of Claims 3 to 5§ in which A-E-B is, or is derived
20 from, an amino alcohol or a dlamme preferably selected from an optionally substituted
ethylene diamine. ' '

7. A process according to Claim 6 wherein either of A or B carries an acyl or
sulphonyl group,  preferably a toluenesulphonyil, methanesulphonyl,
25 trifluoromethanesulphonyl or acetyl group. : '

8. A process according to Claim 6 in which A-E-B is, or is derived from, one of the
following: - '
H,C Ph Ph Ph Ph Ph Ph Ph

—~

HN OH  HN NH-tosyl H,N NH, HN NH-SO,-naphthyl

«NH.tosy
H /—< Ho)'-\ one 2

NH, HN

88886

—
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40 9. ,A process according to any one of the proceeding C '@?ﬁ@gﬁ&m R3 or
R4 is a WoBURS3E| ected from-P(O RGR , -P(0O ORSOR9, -P(% )

-P(O) NR12R 3NRL4R45, -P(O) R60R8, -P(0O,R6SR10, - P(0O) R6NR12R13,

- P(O) ORBSR10, - P(0) ORBNR12RR 3, -P(O)é 10NR12Ri 3, _P(S)R6R , - P('S) OR8OR9,
-P(S) SR OSR11, - P(S)NR12RL13NRf4R15, 5 -P(S)RBOR8, - P(S)R8SRi 0,

-P(S) R6NR12R13, -P(S)OR8SRf, -P(S)OR8NRL2R13, -P(S)SRIONRL2R13, - PRRR7,

- Emb 9 PSR1ASotess AWoHiiigL ’ N dtleb of thRSEmdmg @m&;&ﬁerefrPRBan i3,

B B, 1 1415

- C02R19, QiU POBHE o %gBﬁgNAzﬁrbﬁcggﬁacﬂél? %'9) BONRIR AR,

or R4 is - FRIQREIR or 'E’@)BSWCRQ'P( UNR' ﬁ’oces‘%ﬁo‘i@g&% ng TE "&%‘:{'al s
1 |t0 ? \Cﬂifhfet sRhNWpSPIS)Rwsem m%ﬁiA -PE&)BRISRIME l-mgaanaﬁa@mm‘sf
selected fr ou r scassor di 10
Gaims1 t ORI of PENSHES TREhE R L rEIOR: O RO RN
-P(O mSOR?(st\ﬂNBPBI“n FBRIRJ, RPARWORY dePSRYSRL" v -RERERINR R o m-PRIOBAI ky |
groups, chr QPR@\IR"RF’ hﬂ‘Uﬁ‘Sﬁ"o U?@R@tjﬁﬁ’h'st L SRPONR BRSO D OIR™®IT8(O),R",

C, 4al kyI r s’according to any one of the pr oceedi ng
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20 13. A process according to any one of the proceeding claims wherein the compound of
formula (1) is prochiral, the transfer hydrdgenation catalyst is chiral, an enantiomerically
and/or diastereochemically purified form of catalyst being employed, whereby the
compound of formula (1) is asymmetrically hydrogenated.

25 14. A process according to any one of the proceeding claims wherein the hydrogen
donor is sefected from 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.

30 15. A process according to Claim 14, in which the hydrogen donor is selected from
propan-2-ol, butan-2-ol, triethylammonium formate and a mixture of triethlammonium
formate and formic acid.
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