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This invention relates to a process for preparing optically active carboxylic acids by oxidizing an optically active aldehyde with a
peracid in the presence of an amine and/or amine N-oxide catalyst selected from the group consisting of a substituted or unsubstituted
alkyl amine, alkyl amine N-oxide, aromatic amine, aromatic amine N-oxide, heterocyclic amine, heterocyclic amine N-oxide and mixtures
thereof, to produce the optically active carboxylic acid. Such optically active carboxylic acids have utility for example as pharmaceuticals,
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the optically inactive racemc mxture and the optically ratio
enantiomer which is in excess. In order to obtain the desired

enantiomer (or gmrror image stereoisonmer) fromsuch a racem ture,
the racem c( mi QA48+ ge separated i n% oits optically M@W
conmponents. This separation, known as optical resolution, nmay

carried out by actual physical sorting, direct crystallizatlon of the
racem c m xture, or other nethods known in the art (see, for exanple,

U S. Patent 4,242,193). Such optical resolution procedures are often

| abori ous and expensive as well as destructiYe to the desired
enantiomer. Due to these difficulties, increased attention has been

pl aced upon asymetric synthesis in which one of the enantiomers is
obtained in significantly greater anounts than the ot her enantioner.

St er gosel eetivi Ly and. deCRPSH IO PRRE RGOSR ACMLFACINE | D ¢
branched/ nornel isomer ratio in al p '“%S ‘!‘ﬂﬂ nyl ati on. o

Di scl osure of the Invention h| s invention relates to a
process for produci ng an Opty,& ' ﬁﬁ}g% c acid which
process conprises oxidizing an W% ehyde with a
peracid in the presence of an am ne and/or am ne N-oxide catal yst
selected fromthe group consi st ng ofwm_ut ed or unsubstituted
al kyl ami ne, al kyl am ne N-opidg Cedtith Big B6n.

N- oxi de, heter ocycéie% am ne, i H * am ng ES %é usr es

t hereof, to produc r@aneverbﬁ%‘ieeeﬁrpw stenh HPP %tma’b ﬂ"a 8r'efn said

am ne and/or am nelR878)and G.8. d’ataﬂimﬂ)pisdatMSSmdim ¢Dt173397, fioth efiwhich

catal yze said oxi dh?éﬁﬂoﬁi‘orﬁﬁ%h rein B\PHfeAcY. active al dehyde to the
optically active carboxylic aci (f This invention al so

relates to a process for producing an optically active carboxylic
aci d which process_eshniga’bﬁsld (1) reacting a prochiral or chiral
conpound wi th carbon nonoxi dﬁné‘ﬁi’véi’%ﬂfn%eh '@oaprocesihﬁ-&éﬁéﬁﬁgﬁpﬁﬁal?f'
optically active rre;[:t?\lré tl:alr OXy' 1c am s g})'(o %szé an opglcally active aldehyde with a
peracid in the presence of an amine and/or amine N-oxide catalyst to

produce the optically active carboxylic acid.

Bac und of the Invention

Asymmetric synthesis is of importance, for example, in
the pharmaceutical industry, since frequently only one optically active
isomer (enantiomer) is therapeutically active. An example of such a
pharmaceutical product is the non-steroidal anti-inflammatory drug
naproxen. The S enantiomer is a potent anti-arthritic agent while the
R enantiomer is a liver toxin. It is therefore oftentimes desirable to
selectively produce one particular enantiomer over its mirror image.

It is known that special precautions must be taken to
ensure production of a desired enantiomer because of the tendency to
produce optically inactive racemic mixtures, that is equal amounts of
each mirror image enantiomer whose opposite optical activities cancel
out each other, or partially optically active mixtures, that is other than
equal amounts of each enantiomer which may be looked at as mixtures

SUBSTITUTE SHEET (RULE 26)
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produce an optically active al dehyde; and (2) oxidizing the optically
active al dehyde with a peracid in the presence of an am ne and/ or am ne
N- oxi de cat al ywagerrgésgct ed from the group consisting of a pCBUBSGdont ed or
unsubstituted al kyl am ne, al kyl am ne N- oxi de, aromati c am ne,
aromati ¢ am ne N-oxide, heterocyclic ani ne, het er ocycl i ¢ am ne N-oxide
and m xtures thereof, to produce the optically active carboxylic acid,
wherein said am ne and/or nine N oxi de catal yst has a basicity
sufficient to catalyze said oxidizing of t@F optically active al dehyde
to the optically active carboxylic acid. This i nvention
further relates to a process for producing an optically active
carboxylic acid which process conprises: (1) reacting a prochiral or
chiral olefinically unsaturated organic conmpound wth car bon nonoxi de

and hydrogen in tofdhgopticaldeinsactiyg ragamic mixfurecand, the opticallygatiom | i gand
conpl ex catal yst éfariticdsiiGehiRh i9f excabs.yIrm6kdereo obtam&hddbsided and (2)

oxi di zing the optlcall tive [ L. ;4 he presence
of an am ne and/ o? ﬁﬁ-o H%rg’%?'éggt %&Q ﬁeﬁ'd% E"thfinac' I@he group
consi sting of a smmun,@heaaeﬁmurmmgtq mustebe mmted into aﬁmoeéwalay kyl amine

N-oxi de, aromati Cagfie®m Hﬁé |'1311§'§b§&a|ﬁoﬁxkﬂ&wn as optital fIs6litivn, eani ne,
het erocyclic amn

optically active ﬁ%% ‘T‘g'%n ac&ua e""‘i Q&fu fﬁf dulegt cgs%lﬁﬁ&%{f@fﬁﬁe

sal
N-oxi de catal yst Teeemic ixture(sr other m,eﬁms krzpvexa;raﬂw%rtéﬁm for exarfeialﬁm zi ng

of g he optically ucs.ipgent 4242d03). OSﬁélﬁoﬁt&fdl waddlitias protedures amlagfhmxyl iC
aci ormn
Enanti omeric Al d e}ﬁpagom ?Pﬂ egpenswe as Wehds ‘f‘e‘ltﬁ%ﬁx% '8 E’.l'i@ﬂe%n' ed g

1on enconpasses

first providing aemantiomer: Due to thesadiffisalties, H?‘-‘ﬂ@*ﬁﬁéétm%‘ﬁ‘r}éa kgen
m xtures can be pbmedagoﬂhsymmetﬁueynmwmnmmhmea:fme anantisgersdsr i

processes (€. 9., Bellined in sigRHERL ??‘%m fijs aF,gﬁ 2, otROPeRSYITRbE. | C

ol efin isonerizat on or X enstlon fol |l owed by
convent i onal Efficient asymmetric synthesis affo 1gh gree of control in

. stereoselectivity and, desirably, regloselectwny where applicable, e.g.,
branched/normal isomer ratio in alpha-olefin hydroformylation.

Disclosure of the Invention
This invention relates to a process for producing an
optically active carboxylic acid which process comprises oxidizing an
optically active aldehyde with a peracid in the presence of an amine
and/or amine N-oxide catalyst selected from the group consisting of a
substituted or unsubstituted alkyl amine, alkyl amine N-oxide,
aromatic amine, aromatic amine N-oxide, heterocyclic amine,
heterocyclic amine N-oxide and mixtures thereof, to produce the
optically active carboxylic acid, wherein said amine and/or amine N-
oxide catalyst has a basicity sufficient to catalyze said oxidizing of the
optically active aldehyde to the optically active carboxylic acid.
" This invention also relates to a process for producing an
optically active carboxylic acid which process comprises: (1) reacting a
prochiral or chiral compound with carbon monoxide and hydrogen in
the presence of an optically active metal-ligand complex catalyst to

SUBSTITUTE SHEET (RULE 26)
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resolution processes (e.g., chiral chromatography, kinetic resolution or
ot her known resol ution nethods). However, the enantioneric al dehyde

m xtures are %85'9{4‘3’3 y provided by carrying out any known pe.icosngo0s
conventional non-asymetric syntheses of al dehyde m xtures in an
asymmetric fashion. In such preferred processes, the catalyst of a
conventional non-asymmretric synthesis is replaced by an optically

active nmetal -1igand conpl ex catal yst and the process is conducted to
produce a suitable optically active al dehyde m xture. Illustrative of
such asymmetric processes include, for exanpte, asymetric

hydr of ormyl ati on, asynmmetric olefin isonerization and asymetric al dol
condensati on. Preferably, the first step of the process
of this invention conprises formng an enantioneric al dehyde m xture

by asymetric  prdiidé @hUptichBy aetive SldefRyas)dnue(2) ogidixsg 0]5@6gﬁiéaalyi on
processes i nval.ve t.he wse.of an opfic II&Factlv? met al -
ligand conplex &€ %%ﬂgpsﬁemg,amcﬁ&q%, TEEe Y 88 &8‘55’3%

(%hor us
. A 1d uce
optically active amine N-oritly qatalysy seleated fnomahewonp consiing#fia al ol efinic
conpound wi th subsitaest SPRRsUbRGitated é]ﬁﬂréﬂﬁﬁ, ally2 agithé DRbkideact i ve _
al dehydes produced in.this g{aﬁf err.e t&ul ,r@t F‘t% cof é he .lgr ocess of this
i nvention are AURRAG AFfdRe. ABPRehE Foype HEX4GuPPTeAY6P & ¥ Pyl group to
an ol efinically heteroeyslic emineN-cxide andanixtures theeeofitaprednretheerial with
tSI mﬁl t aneOUSf hi oﬁﬁédllyaédt%f&i-b& fc%ﬁtt, M%é*eiﬂ%f&id allifle AhALE %&]!iﬁé N-
echni ques o iS.. referred . firs en .o e pro . Q
Dvont Hon my cor PEAE AP 4 Bagicity ShRlel B catal Pt E Srddthg hEM
her et of or e enpl oyenti¢ally activealdehsde torthe optipathy aetive earhemdiscasid.eact i ons,
i ncl uding asymetric m@&%ﬂﬁ’dﬁﬂnaﬁﬁﬂﬁrrr@mééﬂﬁ&pr&ﬁﬁs for produing t he
asymmetric processes._.. n._ be conducted ihn.contin . ous
or barch 1 ashion Agetically §8fed arBBRUHCIEE wilolf PR EhiFori | b Ok
desired. This asygrRyeshiral or chinrg) glefiniealiy unsagnraied exeanic eappeund,wither abl v
conducted i n bat cBafbdniiheioxide and hiyifoplesin the presnoe of & optickdly adtiveddi ti on
of the reacti on | Qﬂ&fiq{ne-ﬂﬁénd complex catalyst to produce an optically active
aldehyde; and (2) oxidizing the optically active aldehyde with a peracid
in the presence of an amine and/or amine N-oxide catalyst selected
from the group consisting of a substituted or unsubstituted alkyl
amine, alkyl amine N-oxide, aromatic amine, aromatic amine N-oxide,
heterocyclic amine, heterocyclic amine N-oxide and mixtures thereof, to
produce the optically active carboxylic acid, wherein said amine and/or
 amine N-oxide catalyst has a basicity sufficient to catalyze said
oxidizing of the optically active aldehyde to the optically active _
carboxylic acid.

etailed Description

Forming Enantiomeric Aldehyde Mixture

This invention encompasses first providing a suitable
enantiomeric aldehyde mixture. Such mixtures can be provided by
such known processes as non-asymmetric processes (e.g., non-
asymmetric hydroformylation, non-asymmetric olefin isomerization or
non-asymmetric aldol condensation) followed by conventional

SUBSTITUTE SHEET (RULE 26)
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catal yst and solvent are also not critical and nmay be acconplished in

any conventional fashion. Alternatively, as the first step
I n the processwon71486% I nvention, asymretric ol efin i soperisogiéeesn can
be carried out in accordance with conventional procedures known in the
art to produce the enantioneric al dehyde m xtures used in this

i nvention. For exanple, allylic alcohols can be isonerized under

| sonmeri zation conditions in the presence of an optically active
netal -1 1 gand conpl ex catal yst described herein to produce optically
active al dehydes. Al so alt'érhatively, as the first step in
the process of this i nvention, asymetric aldol condensation can be
carried out in accordance with conventional procedures known in the
art to produce the enantioneric al dehyde m xtures used in this

i nvention. For resqdutiop [procespes (eg.) glﬁeadtc{matm&l}hteédn@ﬁc resolutiopaored by

reacting a PrARREY kidwr relhif6n aithads)! Howevep) thelenahtidhitpic addhide
condensati on condi tions If tﬂﬁdggeﬁﬁggg of an ogélcakhx active
metal - | i gand conpl™BXtures arg preferably prox ¥ CRETERE out any known I'n
general , the aboveonventiorddonssaymenetric synthésesiof aldehydp micturee sn ane
carried out in a |4sgHindetrRofakhion. TREudH ProRiredqtoeidass, dhe catalystlorgnt for
the optically active ca\:téaljm;ist %rygj‘ erﬁﬁgl %m%ﬂe a0 vvmlch t.he " arneact I on
i ngredi ents incl udPAYEA? - TG Eﬁlffgﬁﬂﬁ‘fﬂleb?%"p cal¥addi ti on,
it may be desired achixe métel-di mplexxatelystand blee pfdcess J@d:o'nflucted tot he
presence of free |j/ganck #3uitBble chticallyldifive AREATAE nfiktdr¢ IURLEragve ¥f
active conpl ex Cat%%§StVH§¥ "free Ilgand"‘gf meant l.igand th t. 1S not
conpl exed with theHFRS %tm i FTOpeRses Hcy ’R}' mng TIMPPEL ¢cat al yst .
The prochiral and hydrefermylation, agymemetricadlefin isomerizagiontand asymipetgicesses
for produci ng the gagdondBRédtiorn! dehyde m xtures enpl oyed in the
process of this invention a hosen, ,dependj n th rthLeul .
asymmetric synthesis p(ocesggfﬁﬁgﬁysﬂﬁﬁ F§§E%#q§Fé¥$?%§°§QP§Pﬁéﬁ?”gre
wel | known in the compriges formingan spantiomerin aldehyde mixtane byt asymmetric
- hydroformylation. Such asymmetric hydroformylation processes

involve the use of an optically active metal-phosphorus ligand complex

catalyst and, optionally, free ligand to produce optically active

aldehydes by reacting a prochiral or chiral olefinic compound with

carbon monoxide and hydrogen. The optically active aldehydes

produced in this preferred first step of the process of this invention are

compounds obtained by the addition of a formyl group to an olefinically

unsaturated carbon atom in the starting material with simultaneous

saturation of the olefinic bond. The processing techniques of this.

preferred first step of the process of this invention may correspond to

any of the known processing techniques heretofore employed in

conventional asymmetric syntheses reactions, including asymmetric

hydroformylation reactions. For instance, the asymmetric processes

can be conducted in continuous, semi-continuous or batch fashion and

can involve a liquid recycle operation if desired. This asymmetric

hydroformylation process step is preferably conducted in batch fashion.

Likewise, the manner or order of addition of the reaction ingredients,

SUBSTITUTE SHEET (RULE 26)
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reactants include, for exanple, substituted and unsubstituted

al dehydes (fqr _al dol condensation processes), prochiral olefin for
hydro%lorrryl(atvlv‘aﬁ'”ﬁ'??cesses) and keltoones (foz alodol condensaﬁqrg'%g 16803
processes) and the like. II'lustrative olefin starting
material reactants useful in certain of the asynmmetric synthesis
processes for producing the - enantioneric al dehyde m xtures enployed in
this invention (e.g., asymmetric hydrofornyl ation) include those which
can be termnally or internally unsat@irated and be of straight chain,
branched- chai n or cyclic structure. Such olefins can contain from2 to
40 carbon atons or greater and may contain one or nore ethylenic

unsat urated groups. Mor eover, such olefins may contain groups or

substituents whi e&a@ﬁtandsomhtsfésﬁbirﬁkmﬁdgﬂ& a&ﬂe"éc“cﬁlfn?ﬁﬁhmirh the
asymmetric synt heses O%Hg?%gs such as carbonyl, “carbonyl oxy, oxy,

hydroxy, oxycar b8Ryconventi M- al koxy, aryl, haloalkyl, and the like.
Illustrative olefinic Alternatively, ad theofipstiates in the prbsessdfshist ut ed and

unsubstituted al ph@ntion, afrtietiic olefhGEdiabritatid fih bétdvHeddiligROAL €5,

al kenyl al kanoat es 3' ken‘¥lj(§ %l l%ll et hers, .al kengl S anl% the |ike, e.g.,
1-but ene, 1- pent @RterdandgWith conventionpl grqcerures knpwn.in.the;arg 40 prodice

1-oct adecene, 2- lbhe emapticmeritgldehpde tixtures upshirethis irvensioandlor3- hexene,
2-heptene, cycl okexaBR, aRFROKIERAs can bedbdibrizedh it i88BetizatiB S, Propyl ene

17 oot ad ene. . 3 EREHGRRIR Mhepisapnitst ah optichllp Refge el HERS edBBlexs. o1

oct-1-en-4-ol, vicatplysheleseribed herein tcoprodateepidcally activiealdelyidescet ate, vi nyl

propi onate, allyl propionaABe afleliativily YdsAhR first stepTRithe lpro®isbacthik at e,

3-butenyl acetate, vin ethyl . eth al |yl et hyl et her, .

- pr opy! - 7-cct onBaYeR Sk, afteeierer fldcL condes i ke be capg gt in

nor bor nene, al phaceardagdeswith sorventibnal procefures knayen instheart fo ereduced

ol efini c unsat ur he enstiGrRerié aldeRFHe dfixtires uS¢dPPtifls ilvention. For

| sobutylstyrene, g Ml bpfedll SR ABM JHEsFAS bebrepatd by feiting a
prochiral aldehyde and a silyl enol ether under aldol condensation
conditions in the presence of an optically active metal-ligand complex
catalyst described herein.

In general, the above-mentioned asymmetric synthesis
processes are carried out in a liquid reaction medium that contains a
solvent for the optically active catalyst, preferably one in which the
reaction ingredients including catalyst are substantially soluble. In
addition, it may be desired that the asymmetric processes be effected in
the presence of free ligand as well as in the presence of the optically
active complex catalyst. By "free ligand" is meant ligand that is not
complexed with the metal atom in the optically active complex catalyst.
The prochiral and chiral starting materials useful in the

processes for producing the enantiomeric aldehyde mixtures employed
in the process of this invention are chosen depending on the particular
asymmetric synthesis process that is used. Such starting materials are
well known in the art and can be used in conventional amounts in
accordance with conventional methods. Illustrative starting material

SUBSTITUTE SHEET (RULE 26)



phenyl ketone, 4-ethenyl phenyl-2-thienyl ket one, 4-ethenyl -2- WO

97/ 14669 S PCT/ US96/ 16903
-7- fl uor obi phenyl, 4- (1 3-di hydr o- 1- oxo- 2Hi soi ndol - 2-yl ) strrene,
2- et henyl - 5- benzoyl t hi ophene, 3-et henyl phenyl phenyl ether,

propenyl benzemwa) 9i/medut yl - 4- pr openyl benzene, phenyl vinyl -etdrarusos/iengs!
chloride and the |ike. Suitable olefinic unsaturated conpounds useful

in certain asymetric syntheses processes of this invention include
substituted aryl ethylenes described in U S. Patent 4,329,507, the

di scl osure of which is incorporated herein by reference. M xtures of
different olefinic starting materials can ps_errpl oyed, if desired, in the
asynmetric synt heses processes used as the Tirst step in the process of
this invention. Mdre preferably, the first step involves

hydr of or myl ati ng al pha ol efi ns cont aining from4 to 40 car bon atons or
greater and internal ol efr taining from4 to 40 carbon atons or
greater or mi xturEeactantsip uQF 5 e3Rpple, substituted apd ansubsty
Il lustrative prochldehydesidoxhidobtordlenbation pieiesdes), prodidral oleﬁ:mr(ﬁaesses t hat

can be enpl oyed { g gipdiaatilg p@wg&@zﬁau&t&h&%%da congigsilires that can

be enployed in this invention ose resen
formul a: processes) and the hike [err] vvherer n Rerr],

Rlerr], Rerr] and Rerr] alihxstMv&aﬂ&ithaﬁihﬁahemaa pémamms%ﬂriﬁ] S

g ferent {10 1 hdybie o hrscr il kBl et the ool oot o

sel ect ed enantlomenc al ehyde mixtures employed in thls invention (e.g.,
asymmetric hydroformylation) include those which can be terminally
or internally unsaturated and be of straight chain, branched-chain or
eyclic structure. Such olefins can contain from 2 to 40 carbon atoms or
greater and may contain one or more ethylenic unsaturated groups.
Moreover, such olefins may contain groups or substituents which do
not essentially adversely interfere with the asymmetric syntheses

. process such as carbonyl, carbonyloxy, oxy, hydroxy, oxycarbonyl,

halogen, alkoxy, aryl, haloalkyl, and the like. Illustrative olefinic
unsaturated compounds include substituted and unsubstituted alpha
olefins, internal olefins, alkyl alkenoates, alkenyl alkanoates, alkenyl
alkyl ethers, alkenols and the like, e.g., 1-butene, 1-pentene, 1-hexene,
1-octene, 1-decene, 1-dodecene, 1-octadecene, 2-butene, isoamylene, 2-
pentene, 2-hexene, 3-hexene, 2-heptene, cyclohexene, propylene
dimers, propylene trimers, propylene tetramers, 2-ethylhexene, 3-
phenyl-1-propene, 1,4-hexadiene, 1,7-octadiene, 3-cyclohexyl-1-butene,
allyl alcohol, hex-1-en-4-0l, oct-1-en-4-ol, vinyl acetate, allyl acetate, 3-
butenyl acetate, vinyl propionate, allyl propionate, allyl butyrate,
methyl methacrylate, 3-butenyl acetate, vinyl ethyl ether, allyl ethyl
ether, n-propyl-7-octenoate, 3-butenenii:ﬁle, 5-hexenamide, styrene,
norbornene, alpha-methylstyrene and the like. Illustrative preferred
olefinic unsaturated compounds include, for example, p-
isobutylstyrene, 2-vinyl-6-methoxynaphthylene, 3-ethenylphenyl
phenyl ketone, 4-ethenylphenyl-2-thienylketone, 4-ethenyl-2-

'_'m
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from di al kyl am no such as benzyl am no and di benzyl am no, al koxy such

as net hoxy and et hoxy, acyloxy such as acetoxy, halo, nitro, nitrile,
t hT o, carbonyl, carboxam de, carboxal dehyde, carboxyl, WO 97/ 14669
PCT/ US96/ 16903 - 8-

carboxylic esger. | including phenyl; substituted aryl i i
phenyl, said éﬁﬁ???#ﬁtion bei ng selected from al kyl, am no Fﬁ%ﬂ%ﬁﬁﬁﬁs

al kyl am no and di al kyl ami no such as benzyl am no and di benzyl am no,

hydr oxy, al koxy such as net hoxy and et hoxy, acyl oxy such as acet oxy,
hal o, nitrile, nitro, carboxyl, carboxal dehyde, carboxylic ester
carbonyl, and thio; acyloxy such as acetoxy; al koxy such as net hoxy

and et hoxy; am no including al kylam no and7di al kyl am no such as
benzyl am no and di benzyl am no; acyl am no and di acyl am no such as

acet yl benzyl am no and di acetyl am no; nitro; carbonyl; nitrile; carboxyl;
carboxam de; carboxal dehyde; carboxylic ester; and al kyl mercapto such

as met hyl mer capt Gludrbbi eﬁyﬂar(im &fb’ﬂl-okb@miééi?ﬂ&dliz'- ylssifrenl) 22
olefins of this d%&enl n aI d:_g H'l[)l eéilPes 0 t!a bove gener al
formul a where thée® B Ber EEthepyiRhey] P c?ﬁs Bands, e.g.,
3- et hyl - 1- cycl ommlbamwhvowﬂarM-propenylbenzene, phenyl mlgphemuiny}
2% : \é eegat ﬁl tyf] t L&ﬁéﬁ? aig% Eﬁér)]glldé' ga;thbﬁ oleﬁmci‘ixﬂ&ﬂ%ﬁ&d‘&oﬁ Tublé’full ar g o

y | IS .inv | | ud -lig
conpl ex catal yst PrFeTHHR ASYRmetng m?\eges Pr°°e%ﬁf P@QF%’&P"& 5°9é %f erably
optical ly pure. Tm&sp@nﬁedmwfbﬂmaldesmbed iV &n Patérg W%W eically
active metal -1 i gadifcleineloP@ScH RGheciPorated ek by Weldrei®d, alMMextapdsstt €d from

r hodi um (Rh) cob g he .0 Fe),

ni ckel (N), pal I‘gb%i'ffﬂgo(‘é%ﬁ %ﬁﬁf’ﬁ&ﬂ?{eﬂa)ls can bé eﬁ‘?ﬂqyﬁﬁ: lrﬁ%dnﬁhét ures

thereof, wth t heaSﬁmetmw seB Progesses used aSrthecﬁremtep@rb ¢ pracessofum and
ruthenium nore pﬂlﬁéﬁfv@htmnr Méi'blﬁbﬁi‘ﬁbly, the ﬁf&bﬁéjﬂ Mm;lve§pe0| al ly rhodi um

(G, Sl ver (Agye bl yl%*;n%%ﬁ’ha olefiniy iBaining ot 34550 R AL 58 PUT
netal s sel ect ed fgrommwalole pacyntmmmﬁqm»arb@mnw%W(w and
m xt ures thereof, greatbrddrafixtures of such alpha olefins and internal olefins.

. Illustrative prochiral and chiral olefins useful in the
processes that can be employed to produce the enantiomeric aldehyde
mixtures that can be employed in this invention include those
represented by the formula:

Rl\ B e
VAN .
R, Ry

wherein Rl’ R2, R3 and R 4 are the same or different (provided R1 is
diﬂ‘erent from R2 or R3 is different from R 4) and are selected from
hydrogen; alkyl; substituted alkyl, said substitution being selected

from dialkylamino such as benzylamino and dibenzylamino, alkoxy
such as methoxy and ethoxy, acyloxy such as acetoxy, halo, nitro,
nitrile, thio, carbonyl, carboxamide, carboxaldehytde, carboxyi,
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G oup VA netals selected fromarsenic (As) and antinony (Sb) and

m xtures thereof. Mxtures of netals from Goup VIII, Goup IB, G oup
VIB and Group VA nay be used in this invention. It is to be not ed t hat
t he successful practice of this invention does not depend and WO
97/ 14669 WO 97/14669 PCT/ US96/ 1e89Ts96/16903

9- IS not predicated on the exact structure of the optically active
net al - | i gand conpl ex species, which may be present in their

nmononucl ear, di nucl ear and or higher nuclearity fornms, provided the
ligand is optically active. Indeed, the exact optically active
structure i s not known. Although it is pot intended herein to be bound
to any theory or mechani stic discourse,”1t appears that the optically
active catal ytic species may in its sinplest formconsist essentially
of the nmetal in conpl ex conmbination with the optically active Iigand
and, in hydrof ornyl ati on, carbon nonoxi de, hydrogen and an_ol efin.

The term " conpl extcarhexyliscestersagykinghnding pherylrsubistituted aryhinghadiag

cloor fll nat i O|n| conpg H&@lfﬁﬂ:édbbﬁtdtﬂiti Whgﬂeleft:)tleﬁ 'lffbn‘?hl r@mmo mcludm%

el ectronically ri ecul e ons_capa i stence
with one or nore éﬁ‘g fﬂ?ﬂ 8?“%?% Wla:ﬂ’ rgg@ﬁn%)fi%?c’h
is al so capabl e ohydmpdkawsudxasmbm mefbﬂmwlowcbrﬂéfaéﬁmm,
optically active hmaa&mermmyam%d wua%:amdesyde QEH?«%%%&AN gands,
my possess one or onor 0 Qn

avai l abl e or unsh&?@gn@a%ﬂ}ﬁ‘ elagi’lp?:%ﬁg % n%?ﬂye g‘%@ St&oxy
form ng a coor di nand ethoxy emn@m!udma@laﬂmm w@dlaikthmsmhas
concert (e.g., ViBesziRamindand muéaz&mnﬁst 1ane§mcam @ﬁcﬂma gtcH aO®mM

sy ed ne T AR ek BPRn TR A Bng i EOoRORI o °ar'°:gy$1.

The ul ti mate conpeathoxamids; carkoxaidehyde] qarbexyligesteyipnd glidmer
al so contain an agg hﬁétaymleﬂcachtt i®ufiderstyodrthgetheprozhiraband chiral sfyi ng

the coordination sj e&ﬁ%l ogéhns% ﬁ%@{m?ihfégqgclgf é{h‘fg@éﬁﬂh@%%% g@ﬁér £

addi ti onal Ilgand
substituted aryl, fersyula VGFEtTGrthF R-qw]apf e?m]ected to forta ring dorhpounds,
. eg., 3-methyl-1-cyclohexene, and the like.

The optically active catalyst useful in producing the
aldehyde mixtures that are employed in this invention includes an
optically active metal-ligand complex catalyst in which the ligand is
optically active, preferably optically pure. The permissible metals
which make up the optically active metal-ligand complexes include
Group VIII metals selected from rhodium (Rh), cobalt (Co), iridium (Ir},
ruthenium (Ru), iron (Fe), nickel (Ni), palladium (Pd), platinum (Pt),
osmium (Os) and mixtures thereof, with the preferred metals being
rhodium, cobalt, iridium and ruthenium, more preferably rhodium and
ruthenium, especially rhodium. Other permissible metals include
Group IB metals selected from copper (Cu), silver (Ag), gold (Au) and
mixtures thereof, and also Group VIB metals selected from chromium
(Cr), molybdenum (Mo}, tungsten (W) and mixtures thereof, and also
Group VA metals selected from arsenic (As) and antimony (Sb) and
mixtures thereof. Mixtures of metals from Group VIII, Group IB,
Group VIB and Group VA may be used in this invention. Itis to be
noted that the successful practice of this invention does not depend and
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CN, R err]PO and RP(O (OH) O (wherein each Ris alkyl or aryl), acetate,
acetyl acetonate, SJerr], PFlerr], PFlerr], NJerr], NJerr], CHerr]O
CHerr[=CHCH err], Cerr]Herr]CN, CH3CN, NO NH3, pyridine,
(err]Herr])[err]N, nono-olefins, diolefins and triol efins,

t et r ahydr of ur, M!ﬁ% the like. It is of course to o ?g-r%}‘%%gbe

PCT/ US96/ 169

understood that the optically active conplex species is preferably free
of any additional organic ligand or anion that m ght poison the

catal yst and have an undue adverse effect on catal yst performance. It

Is preferred in the rhodi umcatal yzed asymmetri c hydrofornyl ation

reactions of this invention that the acti+®-catal ysts be free of hal ogen
and sul fur directly bonded to the rhodium although such may not be

absol utely necessary. The nunber of ‘avail abl e coordi nation
sites on such netals Is well known in the art. Thus the optically

active speci es NRynot predichiadi ohithe exabPitPictans afﬂfetoﬂﬁq‘éllzra%tivé adthlei
nmononeric, di mer j.c 04 lh| gher n Cl&ﬁa“t forns .V\ﬁllﬁc are preferably
charact er | zed by i§#d gampled sbecies, Winek By be presgRtin, gmg‘aﬁ%%m ixed
per one nol ecul edisfuclear andeatihighermnciearity fatros.providedighe digandds ed that the
R vt on - PHcAIRRAeS meﬁ?é@éﬁfbggﬁa“’f‘géﬂm?“&yﬂb‘ég“&”Ple%ﬁdvd th
carbon - ronoxkaeYHn AT REHER Aat infRkef HRreth B ine Haortta Ary e R
pholspho(rj uE |§gahmstan d\&cgwsnggt:?eemﬂb@rﬁhemmib’ agtivereptalytien gas

enpl oyed by | ASHBYTRA [th Sirh TP fR 0Nt @BseRr ‘the metal i '
Mor eover, regar dllg%;lr?of %‘h&et Qg} gﬂ?’tggti&éz@%?;t itgielﬁﬁf zg(l)errgl 1enx cat al yst
is formed prior PEPHECERILYG S 1] BFBYS 28 840G WMo whet her the
active catal yst hydrefermylation,cazben menexidg, hydrogemanfi@n olefin. t he
asymmetric synthesis procemfaerh?Rompiee &k alskd hehinasiiReheictaims

hydrof ornyl ati o Nf¥aB§ %%%S?&m&@é(n c$éfﬁé{?rﬁ gogﬂigg%%ﬁce;\ﬁﬁéf gf %)He alhﬁxgpé esence

of free |igand. . . é/ N~ produci ng the
enanti omeric elegtrgnicalli richymoleeules sx piams eapahle of independantiexistents t hose

optically with one or more electronically poor molecules or atoms, each of which
. is also capable of independent existence. For example, the preferred

optically active ligands employable herein, i.e., phosphorus ligands,
may possess one or more phosphorus donor atoms, each having one
available or unshared pair of electrons which are each capable of
forming a coordinate covalent bond independently or possibly in
concert (e.g., via chelation) with the metal. As can be surmised from
the above discussions, carbon monoxide (which is also properly
classified as ligand) can also be present and complexed with the metal.
The ultimate composition of the optically active complex catalyst may
also contain an additional ligand, e.g., hydrogen or an anion satisfying
the coordination sites or nuclear charge of the metal. Illustrative
additional ligands include, e.g., halogen (Cl, Br, I), alkyl, aryl,
substituted aryl, acyl, CF3, CoFs,
CN, R2P0 and RP(O)XOH)O (wherein each R is alkyl or aryl), acetate,
acetylacetonate, SO 4 PF & PFG, NO,, NO,, CH30, CH,=CHCH,,
CsHscN, CH3CN, NO? NH3, pyridine, (C2H5)3N , mono-olefins,

diolefins and triolefins, tetrahydrofuran, and the like. It is of course to
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active ligands having the general fornmula: WO 97/ 14669

PCT/ US96/ 16903 . - 11 -

[err] wherein each Wis the sane or different and is
phosphorus, arsenic or antinony, each X is the sane or different and
I S oxygen, ni Weenaedr a coval ent bond |inking Wand Y pcCrnssemms

m val ent substituted or unsubsti tuted hydrocarbon residue, each Zis
the same or different and is a substituted or unsubstituted

hydr ocar bon residue, preferably a hydr ocar bon resi due containing at

| east one heteroatomwhich is bonded to W or the Z substituents
bonded to Wnmay be bridged t oget her tg forma substituted or
unsubstituted cyclic hydrocarbon resi %é, preferably a cyclic

hydr ocar bon residue containing at |east 2 het er oat ons which are each
bonded to W and mis a value equal to the free val ence of Y,
preferably a value of from1 to 6, provided at |east one of Y and Z is

optical |y acti ve.be understood that the optigailyractivg complexssnesiesds geaferably f or nul a,
it is appreciat edree of adyadditionsl @ﬁiﬁig’h&id& afion thit Mighdtipisori i | i gand
gﬁé / chggsa ?gy catalygp :gnb(i Rabé 28 uRldulHaVerse elﬁ'e%t o %Aﬁaﬁys@ig%%ra?&g 1es! dues
is preferred in the rhodium-catalyzed asymmetric hydroformylation
reactions of this invention that the active catalysts be free of halogen
and sulfur directly bonded to the rhodium, although such may not be
absolutely necessary.
The number of available coordination sites on such metals
is well known in the art. Thus the optically active species may
comprise a complex catalyst mixture, in their monomerie, dimeric or
higher nuclearity forms, which are preferably characterized by at least
one phosphorus-containing molecule complexed per one molecule of
rhodium. As noted above, it is considered that the optically active
. species of the preferred rhodium catalyst employed in this invention
during asymmetric hydroformylation may be complexed with carbon
monoxide and hydrogen in addition to the optically active phosphorus
ligands in view of the carbon monoxide and hydrogen gas employed by
the asymmetric hydroformylation process.
Moreover, regardless of whether the optically active
complex catalyst is formed prior to introduction into the reaction zone
or whether the active catalyst is prepared in situ during the reaction,
the asymmetric synthesis processes (and especially the asymmetric
hydroformylation processes) may, if desired, be effected in the presence
of free ligand.
The ligands employable in producing the enantiomeric
aldehyde mixtures useful in this invention include those optically
active ligands having the general formula:
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hydr ocar bon residues which satisfy the valence of Y. It is also

appreci ated that the hydrocarbon resi dues represented by Z may incl ude
one or nore heteroatons and such heteroatom may be directly bonded to
W The optically active ligands included in the above gener al
structure sho asily ascertainable by one skilled in re.
VO 97/ 14669 Wl PCT/ US96/ 16903 Pefussnesed
- 12- Il'lustrative optically active |igands enployable in
the first step of the processes this invention include those of the
fornul ae: [err] WO 97/ 14669
PCT/ US96/ 16903 - _ - 13-
-11-
!_'z -
W X Y
| 2 —im

wherein each W is the same or different and is phosphorus, arsenic or
antimony, each X is the same or different and is oxygen, nitrogen or a
covalent bond linking W and Y, Y is an m-valent substituted or
- unsubstituted hydrocarbon residue, each Z is the same or different and
is a substituted or unsubstituted hydrocarbon residue, preferably a
hydrocarbon residue containing at least one heteroatom which is
bonded to W, or the Z substituents bonded to W may be bridged
together to form a substituted or unsubstituted cyclic hydrocarbon
residue, preferably a cyclic hydrocarbon residue containing at least 2
heteroatoms which are each bonded to W, and m is a value equal to the
free valence of Y, preferably a value of from 1 to 6, provided at least
one of Y and Z is optically active. : .
Referring to the above general formula, it is appreciated
that when m is a value of 2 or greater, the ligand may include any
combination of permissible cyclic hydrocarbon residues and/or acyclic
hydrocarbon residues which satisfy the valence of Y. It is also
appreciated that the hydrocarbon residues represented by Z may
include one or more heteroatoms and such heteroatom may be directly
bonded to W. The optically active ligands included in the above
general structure should be easily ascertainable by one skilled in the
art.
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[err] wherein W Y, Z and mare as defined

her ei nabove and Y'' is the same—. or different and is hydrogen or a
substituted or unsubstituted hydr ocarbon residue. Illustrative preferred
optically active |igands enconpassed by the above formul ae include, for
exanpl e, ( vd yysabe9sphi t es, (pol y) phosphinites, (poly)phovyetirasidreesand
the Iike. Illustrative preferred optically active |igands
enpl oyabl e in this invention include the foll ow ng: (1)

optically active pol yphosphites having the formul a:
SUBSTI TUTE SHEET (RULE 26)

-12.

Illustrative optically active ligands employable in the first
step of the processes this invention include those of the formulae:

W—0—1Y

SUBSTITUTE SHEET (RULE 26)



WD 97/ 14669 PCT/ US96/ 16903

- 14- [err] wherein each Ar_group is the same or
different and Is a substituted or unsubstituted aryl radical; Y is an
m val ent substituted or unsubsti tuted hydrocarbon radical sel ected
from al kyl ene, oxy- al kyl ene, aryl ene and

aryl ene- (CH er\y?)’%irﬁ? (Q) [err]-(CH err])[err]- arylene; eac"rF""s"’"ﬁ"% s the

same or different and is a value of 0 or 1; each n is the sane or
different and is a value of 0 or 1; each Qis the sane or different and is
a substituted or unsubstituted divalent bridging group selected from -
CRlerr]Rerr]-, -0-, -S, -NRerr]-, -SiRerr]Rerr]- and -CO, wherein

Rlerr] and Rlerr] are the sane or difl2rent and are hydrogen or a

substituted or unsubstituted “radical selected fromalkyl of 1 to 12

carbon atons, phenyl, tolyl and anisyl, and Rerr], Rerr] and R err]

are the sane or different and are a radical sel ected from hydrogen or

nmethyl; and m is a value of from2_to 6; —_ (ii) optically

active di or ganophosphi tes havi ng t e /Oirrul i :
z W——Y

Y‘l'
/ We——-0—71T-Y
L l ——t TN
Y"I

wherein W, Y, Z and m are as defined hereinabove and Y" is the same
or different and is hydrogen or a substituted or unsubstituted
hydrocarbon residue. Illustrative preferred optically active ligands
encompassed by the above formulae include, for example,
{poly)phosphites, (poly)phosphinites, (poly)phosphonites and the like.

Iustrative preferred optically active ligands employable
in this invention include the following:

) optically active polyphosphites having the formula:
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WD 97/ 14669 PCT/ US96/ 16903

- 15- [err] wherein Y'" is a substituted or unsubstituted
nonoval ent hydrocarbon radical, and Ar, Q n and y are as defined above;
and (iii) optically active open-ended bi sphosphites having
the formul a: wioamnieeo wherein Ar, Q n, vy, Y apdrisesaseasas

defi ned above and Y" can be the

-14 -
" (Ar) ———O ]
Q), P ——O0——Y
(CH,),
(Ar) _______
. o —im'

wherein each Ar group is the same or different and is a substituted or
unsubstituted aryl radical; Y’ is an m-valent substituted or
unsubstituted hydrocarbon radical selected from alkylene, alkylene-

oxy- alkylene, arylene and arylene-(CHz)y-(Q)n-(CHz)y- arylene; each

y is the same or different and is a value of 0 or 1; each n is the same or
different and is a value of 0 or 1; each Q is the same or different and is
a substituted or unsubstituted divalent bridging group selected from -
CRIRZ., -0., -8-, -NR3., -SiR*R5- and -CO-, wherein R! and R? are the
same or different and are hydrogen or a substituted or unsubstituted
radical selected from alkyl of 1 to 12 carbon atoms, phenyl, tolyl and
anisyl, and R3, R4 and R5 are the same or different and are a radieal
selected from hydrogen or methyl; and m' is a value of from 2 to 6;

(i)  optically active diorganophosphites having the
formula:

SUBSTITUTE SHEET (RULE 26)



same or different. Il'lustrative aryl radicals of the Ar and Y

groups of the above fornul ae_include aryl moieties which may contain
from6 to 18 carbon atons such as phenyl ene, napht hyl ene, anthracyl ene
and the like. In the above fornulae, preferably mis from2 to 4 and

each and 97/ 14669
PCT] Usoa/ 1600aWOST14e - (RETIUSI6/16903
each n has a value of 0. However, when nis 1, Qpreferably is a -
CRlerr]R err]- bridging group as defined above and nore preferably

met hyl ene (-CH2-) or alkylidene (-CHRlerr]-), wherein Rerr] is an alkyl
radical of 1 to 12 carbon atons (e.g., nethyl, ethyl, propyl, isopropyl,

butyl, dodecyl, etc.), especially nethyl. -15- : The mval ent
hydr ocarbon radicals represented by Y in t he pol yphosphite |igand
formul a above are hydrocarbons contai ni ng from2 to 30 carbon atons
sel ected from al kyl ene, al kyl ene- oxy- al kyl ene, aryl ene, and
arylene-(-CHerr]-)[err]-(Q[eraly (cClegr]-)[err]- arylene radi cal s,
wherein Q n and y are the sane|as definey above. Preferably t he

al kyl ene noi eties of said radj (© I contai n\from 2 to 18 carbon at ons
and nore preferably from2 to 1 dﬁrbon at oxs, mhile t he aryl ene

nmoi eties of said radicals pref g@bly cont ai n\from .%8 car bon

at ons. The | al ent bridging gr up represented by Y in
t he open- ended bi sphosphy )Ilgand forfrul a above are dival ent

hydr ocar bons contai ning from 6 B0 carbor/ atons sel ected from
al kyl ene, al kyl ene- oxy- al kyl enz aryl ene d arylene-(-CHerr]-)y-(Q n-
(-CHerr]-)[err]-aryl ene radicf —wireren Q n and y are the same as

defi ned above. Preferably the al kyl ene noi eties of said radicals
contain from?2 to 18 carbon atons and nore preferably from2 to 12
carbon atons, whi | e the arylene noieties of said radicals preferably

contain from6 to car bon at I—%dro ar bon
radical s repr esenf”é’&rw -1s|ansq btage g\pg unsubstituted monovalent hydrocarbon
radical, and Ar, Q, n and y are as defined above; and

(iii) optically active open-ended bisphosphites having
- the formula:

(Ar) o—Y"
(CH3)y

Q)» P o Y’
(Cl“|l 2)y

(Ar) o o—Y"

wherein Ar, Q, n, y, Y’ and Y" are as defined above and Y" can be the
same or different. '

Hlustrative aryl radicals of the Ar and Y' groups of the
above formulae include aryl moieties which may contain from 6 to 18
carbon atoms such as phenylene, naphthylene, anthracylene and the
like. In the above formulae, preferably m is from 2 to 4 and each y and
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phosphite |igand fornul ae include nonoval ent hydrocarbon radicals
containing from1l to 30 carbon atons selected from al kyl radicals

i ncluding linear or branched primary, secondary or tertiary alkyl

radi cal s, such as nethyl, ethyl, n-propyl, isopropyl, anyl, sec-anyl, t-
anyl, 2-ethyl hwoytnesd the |ike; aryl radicals such as phenypecridpidody |
WO 97/ 14669 :

PCT/ US96/ 16903 - 17- and
the Iike; aral kyl radicals such as benzyl, phenylethyl, tri-
phenyl net hyl et hane and the |ike; alkaryl radicals such as tolyl, xylyl

and the |ike; and cycl oal kyl radicals SUChvié cycl opentyl, cycl ohexyl,

cycl ohexyl ethyl and the like. Preferably, i's selected fromal kyl and

aryl radicals which contain fromabout 1 and 30 carbon atons.

Preferably, the alkyl radicals contain from1l to 18 carbon atons, nost
preferably from1l to_ 10 carbon atons, while the aryl, aral kyl, alkaryl
and cycl oal kyl r adeachimbas avalug,ef0.cHewsver, whem 1 is b, @preferahly isaons.

. vy . : ) . : _
For it apove nay Rt R bridgifipoho i Rin s00e duluiplgadiibiny | 0200,
The aryl radical s methyleneibE¥b)-1 or alitylidene(-CHRG) seherein Bilisantalky@d with
P ocesses of this THUGHOEdo 18 BaL0H atGTye(e 4. metisd FULIRTSPT I S0PEPHad cal s
;IOE;?i Ini ggdf (r:o(r:nl éa}nityll,alroggrﬂoet@t especially maﬁiylais al _kyl , aryl, aralkyl o
as - Siy( Rl err] gl[ err zmlﬂ - Si ?@fm@ %Ft{;;ﬂ%ﬂﬂgﬁ rai% }scla%rpgygenié}pgﬁ?hﬁlas
-N(R[err])[err]: ab}ﬁp wphaos 3 T a‘?ﬂ"@r“"r’ﬁ; yaEosarhons coptaining < ch
as -OC(O R[err]; ctobolpé 3Qgarbuai ateins selechedifromCik]esve; hlkydariechxyr adi cal s
such as -C(ONR[err])[err] and -N(R[err])COR err]; sulfonyl radicals such
as - SJ er r ] Rakxyidnie, arylehédnd ﬁ@ilaﬁel-(scaéch @~ ;). saylaieyl radical s
such as -SRerr]; . lghv(gﬁgrr;%r‘l nl‘gdé cal St!? cH as®- 8@%& R ert{]lg [err L as
wel | as hal ogen, nFedigas, » I and y are the same as de ove.  Preferably

the alkylene moieties of said radicals contain from 2 to 18 carbon

atoms and more preferably from 2 to 12 carbon atoms, while the

arylene moieties of said radicals preferably contain from 6 to 18 carbon

atoms.

The divalent bridging group represented by Y' in the
open-ended bisphosphite ligand formula above are divalent
hydrocarbons containing from 2 to 30 carbon atoms selected from
alkylene, alkylene-oxy-alkylene, arylene and arylene-(-CH2-)y~(Q)n-
(-CHg-)y-arylene radicals, wherein Q, n and y are the same as defined
above. Preferably the alkylene moieties of said radicals contain from 2
to 18 carbon atoms and more preferably from 2 to 12 carbon atoms,
while the arylene moieties of said radicals preferably contain from 6 to
18 carbon atoms.

Hydrocarbon radicals represented by Y" in the above
phosphite ligand formulae include monovalent hydrocarbon radicals
containing from 1 to 30 carbon atoms selected from alkyl radicals
including linear or branched primary, secondary or tertiary alkyl
radicals, such as methyl, ethyl, n-propyl, isopropyl, amyl, sec-amyl, t-
amyl, 2-ethylhexyl and the like; aryl radicals such as phenyl, naphthyl

SUBSTITUTE SHEET (RULE 26)



cyano, trifluoronethyl and hydroxy radicals and the |ike, wherein each

RO can_be_a nonoval ent hydrocarbon_radical such as al kyI aryl

al karyl, aral kyl and cycl oal kyl radicals, with the provisos that in
am no substitutents such as -N(R[err])[err], each R err] taken together can

al so corrprw §3edl vVal ent bridging group that fornms a hety %E

radi cal the nitrogen atom in am do substituents suc
-C(O)N(R[err])[err] WO 97/ 14669

PCT/ US96/ 16903 - 18- and

-N(R[err])COR[err], each Rerr] bonded to N can al so be hydrogen, and in
phosphonyl substituents such as -P(O (R err])[err], one R err] can be

hydr ogen. It is to be understood thatl®ach R err] group in a

particul ar substituent may be the sane of different. Such hydrocarbon
substituent radicals could possibly in turn be substituted with a
substituent such as al ready herein outlined above provided that any

such occurrence wmd the like; arulkyluiiliéals sdste as benzyd| lamiyléthyl, mocesses of

this invention. e rQ

carboxylic acid ggﬁésttl}? ethmqggnh%ﬂﬁlkg%ws&h%%iigvut e<r19°i§;11 ’éﬁ\yaryl
moiety in the abd\i@ dikes and cycloalkyl radicals such as ayclepentyl cyelokexylef er r ed
phosphite |i ganda:ydshéxyleuhyl thd the likef lFx@ferﬁttl@th' i dellseted froasalkyl ahdi S

i nvention are th abo I\A&dbgo mldgit&hgked by the
“bridging group r S‘fdgd by Oai'éd err
(Q[err]-(CHerr] 'F F}PF%lllFé! wsmenm m, 1 4o 38 carkepn #omsy moshei r

ort ho posi t |pra&rabiyrfﬁdxat1| 1010 éarbbe atoni§arhidé thearyladirallgdkarylhe Ar

groups to %dﬁ!}@ﬁﬂﬂ@l ‘fﬁdi%& rek‘%rabﬁv &'n%%n%-&ﬁ%r ook Hgﬁ&% %% 8 1 the

substituent radi
para and/or ort h?urther, ﬁ%PFgleﬁa@h t BEOuR i therPHeBte&’tdiegﬁlﬁR?"FH'é‘ toRgad at om

that bonds the formelabsiove lmaddﬂ’ergfm phé othersprefeaphothey saat ddentical.
I ['lustrative nonoval ent hy g*,ml Sifl aﬁ Brt‘&'iﬁ‘ﬁ!ltaﬁ‘ii% yalsony the Z, Y,
e

Y' and Y'' groups in.the.a I NC S uted or
unsubstit ut ed nortAPSiEted i} %&PB stituent & ga thatdoebm ‘T‘d‘ﬁlj from1l to 30

carbon atons sel advedseiy gffect tbe tprocesses afithis inventios.uBlistratived al kyl , aryl,
al karyl, far al :<yl S%Quaténeymatﬁaé ?&&Eﬁh%onéémlg from 1 toORdArKoRbms 9roup in
a given formila rgau\éh as allkg(r:ll aral yi, a&ary%nd cycloalkyl radlcals, alkoxy

radicals; silyl radicals such as -Si( R9)3 and -Si( OR )3, amino radicals
such as -N(R9)2; acyl radicals such as -C(O)R9; acyloxy radicals such

as -OC(O)RS; carbonyloxy radicals such as -COORQ; amido radicals
such as -C(ON(R®),, and -N(R®)CORY; sulfony] radicals such as -
SOzRg; sulfinyl radicals such as -SORQ; sulfenyl radicals such as -SR9;
phosphonyl radicals such as -P(OX R9)2; as well as halogen, nitro,

cyano, trifluoromethyl and hydroxy radicals and the like, wherein each

R2canbea monovalent hydrocarbon radical such as alkyl, aryl,
alkaryl, aralkyl and cycloalkyl radicals, with the provisos that in

amino substitutents such as -N(Rg)z, each R? taken togéther can also

comprise a divalent bridging group that forms a heterocyclic radical
with the nitrogen atom, in amido substituents such as -C(O)N(Rg)z
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or different, preferably they are both the sane. Mre specific

il lustrative nonoval ent hydrocarbon residues represented by Z, Y, Y"

and Y" include primary, secondary and tertiary chain al kyl radicals

such as nethyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-
pentyl, sec-amwb9ntes@nyl, iso-octyl, 2-ethyl hexyl, iso-nonylpcriuses/tossy! ,

octadecyl and the like; aryl radicals such as phenyl, naphthyl, WO
97/ 14669 PCT/ US96/ 16903
- 19 - anthracyl and the like; aral kyl radicals such as benzyl,
phenyl et hyl and the |ike; alkaryl radicals such as tolyl, xylyl,

p- al kyl phenyl s and the like; and allcyci c radical s such as

cycl opentyl, cycl ohexyl, cycl ooctyl, cyclohexyl et hyl,

1- net hyl cycl ohexyl and the like. Preferably t he unsubstltuted al kyl
radicals may contain from1l to 18 carbon atonms, nore preferably from1
to 10 carbon atons, mhlgs the ;ubstituted aryl, aral kyl, alkaryl and
ali cyclic radi cal supr-dE yOOR?, eachR b@h&b&fmcﬁntd!solﬁeﬁﬁdﬁgénm Anong

the nore preferred resi_due &gy | and substituted
phenyl radicals. hosphonyYsubstltuenpq F‘éfg’t 38, &lﬁﬁl zsaﬂn@rﬁ %b@)bﬁd‘f?@ﬁn

resi dues represent the above faor

substituted and £ Wbeou?d%sfo\ég%?galx%a S ??‘é%t’éa PPF‘ qgf ﬁ‘?‘?%ﬂ&e

- al kyl ene- oxy- al kyp@ane&e the same f differenty r Jueinbydregachop|substituent ragicalsc
radi cal s, phenyl eneuld possilidp h bytreh@substituted with a substituent such as

i g[y'erepje) (e %%r at%%tﬁt ‘H&tt 5}]3 pfvided ik 85 sull S ericB Wobia e
- napht hyl ene- ( CH[ &1t px]oy?sgpsp pf this invention. At least
napht hyl ene-radic aix& 1onheﬁ&lety @let}ted f¢bni s&lte obcarbiekylitastid ahé oNaklfific

More specific ill ?9' t and Y'
i nclude, e.g., 1, Eh%gtgﬁ{eiy\elwheea{b%ﬁ @LI%TLE% ﬁ{éaen%vpf%\ Fyl ene,
1, 12- dodecyl ene, 1, 4- phenyl Among,/ e phasphitedigandspseful yn the
di yl, 1,1'-bi naphtﬁ!;t st&pin- ﬁlije);iroce%s Bf tlhs ﬁmréﬁtfvﬂ ark, thosejhgdndmﬂhéﬁem the&e.

e, 2l kyl ene 1 ad e A ron w%&%r? et b Oy 21
anyar yl ene radl.cal (i&g %%’H‘é"‘ armyiae aﬁ?\ﬁ"“ﬁq%gﬁ’ﬁ?l“gh tl{:‘eq'leél‘iflaelney

radi cal . posltxons in relatxon to the oxygen atoms that connect the A, groups to
the phosphorus atom. It is also preferred that any substituent radical,
when present on such Ar groups, be bonded in the para and/or ortho
position on the aryl in relation to the oxygen atom that bonds the
substituted Ar group to its phosphorus atom.

Illustrative monovalent hydrocarbon residues represented
by the Z, Y, Y” and Y™ groups in the above formulae include
substituted or unsubstituted monovalent hydrocarbon radicals
containing from 1 to 30 carbon atoms selected from substituted or
unsubstituted alkyl, aryl, alkaryl, aralkyl and alicyclic radicals. While
each Z and Y" group in a given formula may be individually the same
or different, preferably they are both the same. More specific
illustrative monovalent hydrocarbon residues represented by Z, Y, Y"
and Y™ include primary, secondary and tertiary chain alkyl radicals
such as methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, t-butyl, neo-
pentyl, sec-amyl, t-amyl, iso-octyl, 2-ethylhexyl, iso-nonyl, iso-decyl,
octadecyl and the like; aryl radicals such as phenyl, naphthyl,
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Mor eover, the above-described radicals represented by Z, Y, Ar, Y and
Y' of the above fornulae, may be further substituted wth any
substituent that does not unduly adversely effect the desired results
of this invention. Illustrative substituents are, for exanple,

nmonoval ent hy n radical s having between one and abou ar bon
atons, such as a?ﬁlr‘?& aryl, alkaryl, aralkyl, cycloal kyl H}Eﬁ”’“’ﬁ

radi cal s as defi ned above. |In addi t'ion, various ot her substltuents t hat
WO 97/ 14669 PCT/ US96/ 16903

-20 - may be present include, e.g., halogen, preferably chlorine or
fluorine, - NdJ err], -CN, ~CF[err], -OH, -Si(CHerr])[err],
-Si(CCH err])[err], -Si(Cerr]Herr])[errd19-C(OCH err], -
COderr]Herr], -CC(OCerr]Herr], -C(OOCCHerr], -N(CHerr])[e
-NH err]-NHCH err], NH(C[err]Herr]), -CO\IH[err], -CON(CH[ err]
-S(Oferr]derr]Herr], -OCH err], -OCJerr]Herr], CCerr]H e
-(Oderr]Herr ]amﬁ(écyﬁﬁd théliRé; rdrhlkyl ?ﬂﬁ&fsléﬂﬂzﬁ ra"s]be lphenylethyl
OCH err]CH err] rr l er {
(OCJ-l[err]CJ—l[errgfi‘;F ra E‘%% &Yl%é’r yiP BP’}?r?r]‘q—l[err]
P(O (C err] H err the like] and alicy lﬁlﬂﬁé‘m )'5[us rﬂsqcbpa)wﬁ[wchbméfr])[err]

-P(O) (( err] H er rehdlbsdtyl, ,cgclohe lethyl 1-meth lcyclohexyl and the like. Preferably
P(O(Cerr] H[err] %err

“P(O CH err] (] eft ﬁt}t? ‘?Ef&”}‘ e‘%{t x5ﬁ-om1to:m_ﬁr8?&_|[e”] and
the |ike. Moreovatomszmoreprefe arhoogtoms, while thent ai n one or

nore such substi uﬁﬁﬁbsﬂfxﬁe@wwlkﬂax1@r§pamahcychbbsclﬁaﬁqn@ferdby erent in

| d d | kyl
oh o Koy 1 aa o APt ot 1 Th deeapim atoms” Rionk 160 mndre Rresfped 4y K de °

preferably from BndoY"] pesidue¢soarenhenyl and submt@whphsnxlrbélcyls and met hoxy.
The optically active i gannﬁz@mmyadaleath @rocafiirtPesidues réprledbtedbyusef ul

in the first ste rpce | e uni quel y
adapt abl e and su% g{)?é‘i]?oﬁ'a% %Té’?f"ém ?gé s'g?%atggesde%n especially
rhodi um cat al yzednasbaituted zag dﬁ@ﬁlﬁcmdy 9111(#11{}’13!3?, -alkyleneraxwalylenese

optically active a@bmhw&nummﬁlemy alicgoliciadycily, phenylegiood rhodi um
conpl ex stabilitygagh QPylEﬂe- H%?ﬂt a??feﬁleyﬁdcﬁ as -pheﬁfl%h!-l ty for

Further thei r Eﬁ&%ﬁ?@y@% JSEkIRONE e hea&gﬂ%f Py CHafy 050"

with very good straiphthyl¢negadieals, wheéfeih ot anda areab definéd herkinabove.
More specific illustrative divalent radicals represented by Z, Yand Y'
include, e.g., 1,2-ethylene, 1,3-propylene, 1,6-hexylene, 1,8-octylene,
1,12-dodecylene, 1,4-phenylene, 1,8-naphthylene, 1,1-biphenyl-2,2'-
diyl, 1,1"-binaphthyl-2,2'-diyl, 2,2"-binaphthyl-1,1'-diyl and the like.
The alkylene radicals may contain from 2 to 12 carbon atoms, while
the arylene radicals may contain from 6 to 18 carbon atoms. .
Preferably Z is an arylene radical, Y is an alkylene radical and Y' is an
alkylene radical.

Moreover, the above-described radicals represented by Z,

Y, Ar, Y' and Y" of the above formulae, may be further substituted with
any substituent that does not unduly adversely effect the desired
results of this invention. Illustrative substituents are, for example,
monovalent hydrocarbon radicals having between one and about 18
carbon atoms, such as alkyl, aryl, alkaryl, aralkyl, cycloalkyl and other
radicals as defined above. In addition, various other Substituents that

rrl,
Jlerr],
el
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hydrol yzed during asymetric hydrofornylation, as well as upon

st or age. —The-types of optically active |igands of the
generic class enpl oyable in the first step of the process of this
i nvention can be prepared by met hods known in the art. For instance,

the optically wo9em4es®dti ve phosphorus |igands enpl oyabl e in tidifuseéieost | on
can be WO 97/ 14669

PCT/ US96/ 16903 -21-

prepared via a series of conventional phosphorus halide-al cohol or

am ne condensation reactions in which at |east one of the al cohol or

am ne ingredients is optically active or ‘(l)\#i cally pure. Such types of

condensation reactions and the manner in th they may be conduct ed
are well known in the art. Mreover, the phosphorus | i gands enpl oyabl e
herein can be readily identified and characterized by conventi onal

anal yti cal techniques, such as Phosphorus-31 nucl ear magneti c resonance

spect roscopy and magbe presenimdiudeleegyt halogen, prefespblyt dhdGsnppr flfiodas,i-r ed.

As noted above, tN®,ONCEH,.Y-OH, LSieCH! %e}nsﬁogqp) €-Si(C H,?;gl XEICH,, bot h
the ligand of the g%&vg—de | bed_opt.i 8 Ié actid Fref#l -1 gan conpl ex
catal yst as well o:! best () -CHROG g ‘MCH3)2pT@gmNHﬁ e reaction

nmedi um of the proEESSE.RLCONE, ) D, [0),C, BddidEaD, -o¢ i, 1 he
optically active |i d%0f _the #etal - | qaRd_conpl ex° cét al y%t5and any
excess free |igarfdCefgs G gHyy Lt Hep SCyHerOCHEHQGH o1 thi s

i nvention are noriggHYCHD @@HS’lom{l' 32 (8) W7 e spoical | % | ve
| i gands, as wel | (as nicxt 3?295 Q t(vvo O?Cblég)r%d(gliiggesrc}e}rll , SR0) op@| c%ﬁ)ﬁ active
ligands, may be & SptslporP(@ITH gy RIONGH gpy -BIQREH)9, process.

The optical ly actpooseal; Ip@xe.gonp! S ' H, )l hvention
may be formed by rr(g? hcﬁ:lsgygnopvfn |rp1ﬁ§ghﬁ(9§%te%gdag )’Qi,(d)gg% é,) uU. S.

Pat ent Nos. 4, 76 INHE8O)CHZ RhdAKe likk, Mdrededr, eé¢RZYY538,Y'and , BERMO1,
4,748, 261, 4,599, 206, 4,668,651, 5,059,710 and 5,113, 022, al | gf whi ch
are i ncor por at ed MY &91al one pEmare such-gubstifuent,groups which may also be

the same or different in any given ligand molecule. Preferred
substituent radicals include alkyl and alkoxy radicals containing from
1 to 18 carbon atoms and more preferably from 1 to 10 carbon atoms,
especially t-butyl and methoxy.

The optically active ligands employed in the complex
catalysts useful in the first step of the process of this invention are
uniquely adaptable and suitable for asymmetric syntheses processes,
especially rhodium-catalyzed asymmetric hydroformylation. For
instance, the optically active phosphorus ligands may provide very
good rhodium complex stability in addition to providing good catalytic
activity for the asymmetric hydroformylation of all types of permissible
olefins. Further, their unique chemical structure should provide the
ligand with very good stability against side reactions such as being
hydrolyzed during asymmetric hydroformylation, as well as upon
storage. _

~ The types of optically active ligands of the generic class
employable in the first step of the process of this invention can be
prepared by methods known in the art. For instance, the optically
active phosphorus ligands employable in this invention can be
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prefornmed netal hydrido-carbonyl catalysts may possibly be prepared and

I ntroduced into the reaction nediumof an asymmetric syntheses process.
More preferably, the netal -1igand conplex catal ysts of this i nvention
can be derived froma netal catal yst precursor which may be i nt roduced

into the reacty fumfor in situ formation of the activ | yst.
For exanpl e, M‘gg"l’ﬁ?ﬁ;cat al yst precursors such as rhodi um $C5m(§”?l§&§
acetylacetonate, Rh[err]Jerr], Rhferr](COJ[err], Rhferr](CO]Jerr],

Rh(NJ err])[err] WO 97/ 14669 ,

PCT/ US96/ 16903 -22 - and the
| i ke may be introduced into the reaction nmediumalong with the Iigand
for the in situ formation of the active e&lalyst. In a preferred

enbodi ment, rhodi um di carbonyl acetyl acetonate is enpl oyed as a rhodi um
precursor and reacted in the presence of a solvent with a phosphorus

| i gand conpound to forma catalytic rhodi um phosphor us conpl ex precursor

Whi ch is introdu dgd:aaww@enessf&%eﬁmom Qsﬁ&drms%laﬁae-a\m&msﬁcess free
phosphor us Ilgan

tu f t t al t. |
any event, it is2ope F‘&"?‘gﬁﬂs ?‘8? rea"t’th’l?ﬁ "8%‘328&?@* ﬂ'i’%"ﬁ\?ég\rif‘fhd’i fo "

under st and t hat amiopingratiieptsiistoptically activebr bptically punep|Suchdapes 9fst i's
present in the r%@ﬁ&éﬂ&&hﬂﬁ%&ﬁﬂdﬁ@@ﬂd therﬁ%&qg%%bﬂﬂﬁeyo aBrf‘:f‘e asymetric
synt heses and nore $[§£ra T% tri Cn&" I ocess.
Moreover, the andBRtUGPe 8 U nowniin the axt, MoEsoveLy }’3&" lE‘Fesent in the
reacti on medi um rl@addmamplmbld”hm'em camharesadﬂmdent:ﬁedaandshagadm'iqndovi de

the given netal W%ﬁ%r{t?crﬂaq’ Qngﬁ%icéﬁﬁachﬁld?ﬁs, suchAR! %ghaﬁﬁwmaewl !
furnish the basis for east that cat al

of ,net ecessary
Lo Catalyse the RFEIEHGITERoRAByR ARctErascoRy g P AT Bombasafienf Mats
general, netal c&pectroscapy didesinedt he range of from about 1 ppmto about

1g 000 IOIOm cal cul at ed as A% 86ted abRbXhe o?mailj' g 1ifahey @n B@' e ratios in
tsufef Fglt gn%{S]E o; ar‘r%I nrg tP?«R “ggﬁﬂtoﬂééeegb %@%g%d 0%?523' lvel n the
rhodi um cat al yz ednet@yhgmd F@nplexmmlmﬁmwﬂéas the free digenddhat carhbe
invention, it is pieduedhkie RiaREidhmeédium of the processes of this invention. In
. addition, while the optically active ligand of the metal-ligand complex

catalyst and any excess free ligand preferably present in a given

process of this invention are normally the same ligand, different

optically active ligands, as well as mixtures of two or more different

optically active ligands, may be employed for each purpose in any given

process.

The optically active metal-ligand complex catalysts of this
invention may be formed by methods known in the art. See, for
example, U.S. Patent Nos. 4,769,498, 4,717,775, 4,774,361, 4,737,588,
4,885,401, 4,748,261, 4,599,206, 4,668,651, 5,059,710 and 5,113,022,
all of which are incorporated herein by reference. For instance,
preformed metal hydrido-carbonyl catalysts may possibly be prepared
and introduced into the reaction medium of an asymmetric syntheses
process. More preferably, the metal-ligand complex catalysts of this
invention can be derived from a metal catalyst precursor which may be

introduced into the reaction medium for in situ formation of the active
catalyst. For example, rhodium catalyst precursors such as phodium

dicarbonyl acetylacetonate, Rh203, Rh 4( 00)12, RhG(CO)m, Rh(NO3)3
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to enploy fromabout 10 to 1000 ppm of rhodi um and nore preferably from

25 to 750 ppm of rhodium -€al cul ated as free netal. A
further aspect of the first step of the process of this i nvention

i nvol ves the use of a catal yst precursor conposition consi sting
essentially ofwaswpieshi | i zed netal -1i gand conpl ex precursor pecTusdeiadb3/st ,
an organic solvent and free |igand. Such precursor conposi tions nmay be
prepared by form.ng a solution of a netal starting material, such as a
nmet al oxi de, hydride, carbonyl or salt e.g., a WO 97/ 14669

PCT/ US96/ 16903 ) -23 -

nitrate, which may or may not be in -conpl ey, conbination with an

optically active ligand, an organic solveni and a free |ligand as defi ned
herein. Any suitable netal starting material may be enpl oyed, e.g.,

r hodi um di car bonyl acetyl acetonate, Rhlerr]Jerr], Rh[err] (CO[err],

Rhferr] (CO[err], Rh(NJerr])[err], polyphosphite rhodi um carbonyl
hydri des, iri di usnddhediee/may be intrbdwuqedi ineo the réaotion arddium| alegg Withes,
osm um hal i de, clhetigand forathedn sitsrformmation fitlyé activenddtalysting )y dr i de,

pal | adous hal i des | at,i nic acid | gt i noys hal i.des, .rut heniym

carbonyl s, as WepFef%gre&q%pmgaepg, !%pamxﬂgilcq;gggy@cefylac&mpq;g%oxy| ates of
Jerr]-Jerr] acietwpleysdrass rhatinin prechrsor dad reatteitin the présened ef a cobal t
acetate, cobalt qefheat ®itH &phbsphdras fikend tohpbind'td fo?hfa catalytld Ckel
fluoride, nickel ﬁg.fate | I adi um acCet at e, osg}mli_gchogte, ) I ridium
sul fate, rutheni GRPMBR ,pi’é’ﬁﬂs FERPiExATeCESOR 1) s introduced into the) ¢

sol vent may be emphasgndptionallnslangosithexpess)fade phosphbis ligandy Somtietini ¢
syntheses procesgitddshhatioh of Bite &divd @alt. In'bRy bt RYs sufficfetToEL 1 C

daBdt - In'Bfy
el sol vent eZihe”%érﬁ%gf#ﬁ%ﬁp?%}it?qr?té%%‘é%ﬁ%i‘réﬁrt R GRtically BERYE ;s or
sol ution. Opti calthstaglighnd complexdataliysthistpraserddu\the sepdtinadedium wndér t he
initial metal naythbeokditiBhs ¥Pthd syinlRetd intRbddiGindHabR plefer@bly =~ 1N situ
during the asymetric 3 réth e LRGESS, The optically
active catal yst 0S€GH n¥'[ ﬁg%??t?)g?xy& 195 Biocesie process of this invention
may optional |y be support eMorgeyeanthegmowst of optically active complex catalyst
- present in the reaction medium need only be that minimum amount
necessary to provide the given metal concentration desired to be
employed and which will furnish the basis for at least that catalytic
amount of metal necessary to catalyze the particular asymmetric
syntheses process desired. In general, metal concentrations in the
range of from about 1 ppm to about 10,000 ppm, calculated as free
metal, and ligand to metal mole ratios in the catalyst ranging from
about 0.5:1 to about 200:1, should be sufficient for most asymmetric
syntheses processes. Moreover, in the rhodium catalyzed asymmetric
hydroformylation processes of this invention, it is generally preferred
to employ from about 10 to 1000 ppm of rhodium and more preferably
from 25 to 750 ppm of rhodium, calculated as free metal.
A further aspect of the first step of the process of this
invention involves the use of a catalyst precursor composition
consisting essentially of a solubilized metal-ligand complex precursor
catalyst, an organic solvent and free ligand. Such precursor
compositions may be prepared by forming a solution of a metal starting
material, such as a metal oxide, hydride, carbonyl or salt e.g., a
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supported catal yst may include ease of catal yst separation and |igand

recovery. Illustrative exanples of supports include alunmna, silica gel,

i on- exchange resins, polyneric supports and the |ike. The
process conditions enployable in the asymmetric processes that can be
enpl oyed in tQﬁ | step of the process of this I nven hosen
dependi ng on t %B%gr I cul ar asymmetric synt hesi s procesékgﬂﬁgﬁﬁggocess
conditions are well known in the art. Al'l of the asymmetric syntheses
processes useful in this invention can WO 97/ 14669

PCT/ US96/ 16903 -24 - be
carried out in accordance with conventional procedures known in the art.
Illustrative reaction conditions for condu®3tng the asymmetric synt heses
processes of this invention are described, for exanple, in Bosni ch, B.
Asymmetric Catalysis, Martinus N jhoff Publishers, 1986 and Morrison,
Janes D., Asymmetric Synthesis, Vol. 5, Chiral Catal ysis, Academ c

B;essd I nc. t1385utﬂaeé fm?zthmyc&}ﬁayﬂoﬂseﬁﬂaaﬁbmicommﬁaﬁ?ﬂmwference
pendi ng on the cu [ oc era e at Uk es ange
from about - 80] erog’?lﬁaj @vef’ (gl%‘lﬁrg B’é’[sé’kveﬁf:a&paggﬁ lgﬁ?éfsgﬁﬁn?)%erati ng
pressures can rarigzeins Jawmbl.ﬂ.mﬁtabst@mnﬂwtﬁml about 10, 000 psig or
greater.

pref erred asymTe){P?gnWTé}Fedf S? Pgﬁuglga%rag%&@é %é’lfcfe{&ﬁbe en%d?% ed in
the first st eRlgf(Cgy ;ﬂhg!@@s)l fMWQQ@PQiNPh@EPhﬂWMNﬂ\GQM etofore
conventionally u b

about -25[err]C MTW%6%O€OI&WEQEQE %@%@%?@sﬁ :I% ‘{Tg‘qurom
about 1 to 10,®80upshaiide/\thloeostnhie apids osmiwe cashonyds,padladiut hydeklepr ocess
I'S t he hydr of gjamadshi AL, ia‘%fzhE‘hEﬁ' Jatibed Haldes drutREmaRds carbon
nonoxi de and hydrcﬁ'géa :‘o pro‘gtj g@ ¥( Ct'g}& @Od’ehydes It isto be
under st ood that tFECBRLTEXY ?ﬁ:ﬂ B4t o npl exes may be

enpl oyed as cat alwmbmﬂmemf%ﬁefs s&deswﬁm& tobaltshibride,adbaltocesses

to obtain good results. As noted, the first step of the
preferred proces quityate,gobalt acetate, cobalt octoate, ferric acetate, ferric nitrate,

nickel fluoride, nickel sulfate, palladium acetate, osmium octoate,

- iridium sulfate, ruthenium nitrate, and the like. Of course, any °
suitable solvent may be employed such as those employable in the
asymmetric syntheses process desired to be carried out. The desired
asymmetric syntheses process may of course also dictate the various
amounts of metal, solvent and optically active ligand present in the
precursor solution. Optically active ligands if not already complexed
with the initial metal may be compiexed to the metal either prior to or
in situ during the asymmetric syntheses process.

The optically active catalyst used in the first step of the
process of this invention may optionally be supported. Advantages of a
supported catalyst may include ease of catalyst separation and ligand
recovery. Illustrative examples of supports include alumina, silica gel,
ion-exchange resins, polymeric supports and the like. _

The process conditions employable in the asymmetric
processes that can be employed in the first step of the process of this
invention are chosen depending on the particular asymmetric
synthesis process. Such process conditions are well known in the art.
All of the asymmetric syntheses processes useful in this invention can
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I nvention involves the production of'optically active al dehydes via
asymetric hydrofornyl ati on—ef—a prochiral or chiral olefinic

unsat urated conpound with carbon nonoxi de and hydrogen in the presence
of an optically active netal -phosphorus |igand conpl ex catal yst and,
optional ly, freeoginaegehorus |igand, especially an optically peragidiéss

r hodi um phosphorus |igand conpl ex catal yst. Wil e the
optim zation of the reaction conditions necessary to achi eve the best
results and efficiency desired are dependent upon experience in the
utilization of this invention, only a WO 97/ 14669

PCT/ US96/ 16903 - -25- certain
measure of experinmentation should be nece§§ﬁry to ascertain t hose

condi tions which are optinmumfor a given situation and such shoul d be

well within the know edge of one skilled in the art and easily
obtai nabl e by follow ng the nore preferred aspects of this invention as
expl ai ned herei n baeadiedeutsnpscerdange vith eonyeniiomaltproceduresknown in

instance, the tot e &S INuSEatIVE rédctitndoNdRibnsFoF MdEBBg%hst thetric

ol efinic unsaturated,starti n%?con?ﬁldnd of .t he Erefe[r d_ asymretLri.c
hydr of or nyl ati on EP%&&%%SW P2 0} FUR Hrveghio desgyibed, fin &,in; o

about 10, 000 psi aBosnick, B, dsyrahetyic Catalysiy, MartinizseNijhofifiPablislers, 1986

hydrof ornyl ation ghd Méei¥ohayambs D, WsyntmBtridSsstHeRls! Val. '5%/0 jve

al dehydes, it is prefier.red that. the oce eraled at .a total gas
pressure of hydroegﬁilg%lg’rgﬁfﬁpeﬁgﬁg%ﬂéIiﬁﬁﬁ@i??ﬂfe{‘ﬁ%?gﬁﬁﬁé{‘%mm“ tarting
conmpound of | ess herein hysaferem®o Dependingioh they payticsdar piioksss, operating t han

about 1000 psia. {difpérabiresPahGanke BodSabiut -80°C Bfless to hBAH BHHPE drS NOt
particularly crit redom nately o e anount

of reactants nec eégegrt ?/ra:tgrgd éﬁ?rlg:h%‘ngé%g TP EAT LRS! °mn4%P§&cﬁs?%?ﬁ E’R’fbf‘b
specifically, theabartb¥h00hpsigiot@reateri al pressure of the asymmetric
Py oL ot .on, " acecs LD kstbtn e B gigh plsctaon shot, ¢
whi | e ;J he hydlroogeﬁs)%néqu’te?;g*; ﬁB?‘é"?é’ﬁ‘r"Z‘%%“ process that can %fBBﬁ’P'e‘?%n %lbe éﬁ%gt 480
psia and nore prefepabithe presess plhihis invention may be those heretofore
- conventionally used and may comprise a reaction temperature of from

about -25°C or lower to about 200°C and pressures ranging from about

1 to 10,000 psia. While the preferred asymmetric syntheses process is

the hydroformylation of olefinically unsaturated compounds carbon

monoxide and hydrogen to produce optically active aldehydes, it is to

be understood that the optically active metal-ligand complexes may be

employed as catalysts in other types of asymmetric syntheses processes

to obtain good results.

As noted, the first step of the preferred process of this
invention involves the production of optically active aldehydes via
asymmetric hydroformylation of a prochiral or chiral olefinic
unsaturated compound with carbon monoxide and hydrogen in the
presence of an optically active metal-phosphorus ligand complex
catalyst and, optionally, free phosphorus ligand, especially an optically
active rhodium-phosphorus ligand complex catalyst.

While the optimization of the reaction conditions
necessary to achieve the best results and efficiency desired are
dependent upon experience in the utilization of this invention, only a
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30 to about 300 psia. In general, the nolar ratio of gaseous hydrogen

to carbon nonoxi de may range from about 1:10 to 100:1 or higher, the
nmore preferred hydrogen to carbon nonoxi de nolar ratio being from about
1:1 to about 1:10. Hi gher nolar ratios of carbon nonoxide to gaseous

hydr ogen may y tend to favor higher branched/ normal ' r
4G5l PERORE, o

rati os. Further as noted above, the prefer

hydr of ormyl ati on process useful in the first step of the process of this

i nvention may be conducted at a reaction tenperature from about - 25C
or |ower to about 200[err]C The preferred reaction tenperature WO
97/ 14669 PCT/ US96/ 16903
-26 - enpl oyed in a given process wi28- of course be dependent upon

t he particular olefinic starting nmaterial and optically active

nmetal -1i gand conpl ex catal yst enployed as well as the efficiency
desirted. Lower reaction tenperatures may generally tend to favor higher

enant | omer i ¢ afé §i8lof @RperHBRENSH DRIIR be histdsaary {bsieRaRA
asynmetric h of or atlo reaQtlonte erat yure O[err]C
120[ &R9%eER rlé‘FgéHe pRtimym for 3 gvep it BP&‘PPRP?S&’ rting

to about
materi als. More shoxpidéfesveibhythmltbéknoﬁvﬁdg\e&f one skilledfih d¢heé iavieand easily

hydr of or nyl at ed %Btﬁnabletb‘imv?ﬁzﬁrtﬁe oxferﬁ%}‘éi'pﬁi"és(é&ﬁcff]tﬁstlﬁv@{?ﬁ aa§0[err] C

whil e even | ess reﬁgl n g"econventl | near ol efins
and internal ol eff 'é%‘,ﬁ‘er%?‘? 95 ?nsB?P é?“UPeé?‘B?TémSP 99 B9 i nt er nal
ol efins are effednstanée the ttaalquirp!feesmbl qfhyﬂdageﬁ:ocmblontmohmdeaanmrperat ure

hodi um cat al yzoi Lo ubhturatdd el ng“?ﬁdgﬁ‘*@?g%fs*s%d%ﬁ? “wventi an,
no substanti al g‘ﬁgf‘%/f{’n’;'flegla °n§é'8‘r'1%§ﬁ BY@%%‘?@”R"’(%‘?PHZ# ures
‘much above 120[ embpdt HhA0Q psila. Mone;pmﬁembl}eheﬁever, e theegsymbmetrniabl e.

The processes e ¥ Qahbﬁ o?bE&quﬁél%PefﬁIstfo WRoRadCspiitatlly activé Ni S

i nvention are con tine suf|C|et t uce

enantiomeric ald ﬁ‘r@e gg}%&‘erpé'ﬁ‘@ts? fi OPf e%ﬁgf‘%?'@ggas i

dependent, in pa[messupmf hydrogen, cavkon monpridpendtalefinic masaturatedd
starting compound of less than about 1500 psia, and more preferably

- less than about 1000 psia. The minimum total pressure of the

reactants is not particularly critical and is limited predominately only
by the amount of reactants necessary to obtain a desired rate of
reaction. More specifically, the carbon monoxide partial pressure of
the asymmetric hydroformylation process of this invention is
preferably from about 1 to about 360 psia, and more preferably from
about 3 to about 270 psia, while the hydrogen partial pressure is
preferably about 15 to about 480 psia and more preferably from about
30 to about 300 psia. In general, the molar ratio of gaseous hydrogen
to carbon monoxide may range from about 1:10 to 100:1 or higher, the
more preferred hydrogen to carbon monoxide molar ratio being from
about 1:1 to about 1:10. Higher molar ratios of carbon monoxide to
gaseous hydrogen may generally tend to favor hlgher branched/normal
isomer ratios.

Further as noted above, the preferred asymmetric
hydroformylation process useful in the first step of the process of this
invention may be conducted at a reaction temperature from about -
25°C or lower to about 200°C. The preferred reaction temperature
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proportion of starting materials, and the |ike. The reaction tinme wll
normally be within the range of from about one-half to about 200 hours
or nore, and preferably fromless than about one to about 10 hours.

The asymmetric synthesis processes, preferably - asymetric

hydr of or nyl at iwo spriaeéesses, useful as the first step in the peraogi@es Of
this invention can be carried out in either the liquid or gaseous state
and involve a batch, continuous liquid or gas recycle system or

conbi nati on of such systens. A batch systemis preferred for conducti ng
such processes. Preferably, such asymetric hydr of or myl ati on invol ves a
bat ch honbgeneous catal ysis process - mhgaein the hydrofornylation is
carried out in the presence of both free “%~ WO 97/ 14669

PCT/ US96/ 16903 ' - 27 -

phosphorus |igand and any suitabl e conventional solvent as further

descri bed herein. The asymmetric synthesis processes, and

preferably aepriavediin agivempracags will ef copreschke depancent upes théie fir st
of ' or gani Doyt i ettt Rl R SHHCAy B8 et e
| | <

cat al yst . ° De%oéﬁ n@ie %%E‘(t')%; %Fé’gé@?‘few&b %ﬁﬁle%‘i‘e’é‘ﬁ'o‘i?sé‘?fét j‘ﬁ’?"éererrpl oyed,
sui t abl e or gtRfickion Gemperaturescngy genénzllydrnd b favonlhigiver enantiokearics ,

al kenes, . al k Sses?bé)adrid brand e S ﬁ,ﬁh' ;o am des,
am nes, aro wg;%ii%i\}g #'hﬁ?%l i kg%ﬁﬁngll‘jﬁ!;%gl Znégﬁ%’?é’{;émi cg&coes not
undul y adver SEI YT FHEpsat jeag Pﬂge'f‘ﬂ? loidiog 53’ ¢ £ abthesi s
process can B0Enanesreteraedifor adltypes ofolefinicwparting maderislss Mdrer et of or e

commonl y enpl oy epreférabiy) Wiph@bRiing 2hn by 28R ctivél§ B a8sTorthPlatéd at A9 t he
dielectric const@e@ﬁ

favor increased Ieoe q{agtgl%lrog{dégsdg‘ﬁéu@ig@/%uf . Vﬁ%@{}ﬁ{ gvsel g%?f% '?'e nor e
di fferent sol venelgfipg$har cennengipaal linearalphe-olefinscandimternad plefimis\asnt
emp :c oyed |t s, not rwentasqaixtﬁfestdfia;p}ianmﬂhg aAd fiﬂ%r{iﬁ?&legfrié _Mzéljl@ﬁ'%dﬁﬁblsamu nt
substrate and pr i ERertAibly B3GNGLIRE IR diamplri®afls i oBoulBbE o

about 120°C. Indeed, in the rhodium-catalyzed asymmetric

- hydroformylation process of this invention, no substantial benefit is

seen in operating at reaction temperatures much above 120°C and such

is considered to be less desirable.

The processes employed in the first step of the process of
this invention are conducted for a period of time sufficient to produce
an enantiomeric aldehyde mixture. The exact reaction time employed
is dependent, in part, upon factors such as temperature, nature and
proportion of starting materials, and the like. The reaction time will
normally be within the range of from about one-half to about 200 haurs
or more, and preferably from less than about one to about 10 hours.

The asymmetric synthesis processes, preferably
asymmetric hydroformylation processes, useful as the first step in the
process of this invention can be carried out in either the liquid or
gaseous state and involve a batch, continuous liquid or gas recycle
system or combination of such systems. A batch system is preferred for
conducting such processes. Preferably, such asymmetric
hydroformylation involves a batch homogeneous catalysis process
wherein the hydroformylation is carried out in the presence of both free
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general, the anount of solvent when enpl oyed may range from about 5

percent by mei?ht up to about 95 percent by weight or nore based on t he
total welght of the reaction medium As noted above, the
net al -1 i gand-cat al yzed asymetric synt hesi s processes (and especially
the asymetri ornyl ation process) useful as the I n

t he process o&‘%’qé%nvention can be carried out in thepﬁ#@?ﬁz{?g&of
free ligand, i.e., ligand that is not conpl exed with the netal of the
optically active netal -ligand conpl ex catal yst enployed. Wiile it is
preferred to enploy a free ligand that is the sane as the ligand of the
nmetal -1 1 gand conpl ex catal yst-such | i gands need not be the sane in a

gi ven process, but can be different if -2Hesired. Wiile the asynmetric
synt heses and preferably asymetric WO 97/ 14669

PCT/ US96/ 16903

-28 -

hydrof ormyl ation process may be carried out in any excess anount of

free |igand desi nidephdiespan@ WHaHnySuitdhié corlveARdnaPY IVt diFurther
absol utely necess r%/ﬁlbe%%ordl ngly, i'n general, amounts of |igand of

fromabout 2 to

* higher if de5|red nol es per nole of netal

(e.g., rhodium present i n%h@mm&noayn&@summcmeﬂamdmfmﬂb!e for
nDst purposes, PHglinrhiétdic hy zrogeishﬁﬁgfum53ﬁ{@$ﬁé€ %ﬁhp in the

the amount of 11 ﬁ%ésgﬁiﬁﬁﬁgnw?w Ex%wgﬁ@‘&%&mh

bot h
resent and

poie oFeR |

t he amount of frem'gemrsomnpfoexbdpptmgﬁmdcqmmml-hgand compjex cata}ystf
desired, make-up hégndshe e tiSpartialdrechthly séaﬂdié‘a%ﬁaﬁ@rémployéaedmtamf t he

asymretric hydrof or I at at a sui tabl e
manner, to nai ntarge Q&gf‘%”%f@dfqr % » g ”3’8?5 alkamg? ’t he

reacti on nedi um alkynes, ethers, aldehydppcketbnes, egters, asids;

s, BENgs,ocesses

useful as the firfbmatics &hanhehkbhwsﬂﬁm 8dlvéry Which\des néfuhdulyne

presence of free I Vggs@ﬁ%gffe{ewﬂﬁtﬁg &(ﬁ‘SF@ aI Sﬁﬁgzmhetsge@&&\éemlon in

that it renmoves t1§

concentrations ofcapihegnaployed anéyuehasolvenﬁseqw jnciuds

b&rﬁof%ﬁpl ex

catal ysts whose aghindénly efplofal inirdvie thetal catalyzed processes. Increasing
- the dielectric constant or polarity of a solvent may generally tend to
favor increased reaction rates and selectivity. Mixtures of one or more
different solvents may be employed if desired. The amount of solvent
employed is not critical to this invention and need only be that amount
sufficient to provide the reaction medium with the particular metal,
substrate and product concentration desired for a given process. In
general, the amount of solvent when employed may range from about 5
‘percent by weight up to about 95 percent by weight or more based on

the total weight of the reaction medium.

-

As noted above, the metal-ligand-catalyzed asymmetric
synthesis processes (and especially the asymmetric hydroformylation
process) useful as the first step in the process of this invention can be
carried out in the presence of free ligand, i.e., ligand that is not
complexed with the metal of the optically active metal-ligand complex
catalyst employed. While it is preferred to employ a free ligand that is
the same as the ligand of the metal-ligand complex catalyst such
ligands need not be the same in a given process, but can be different if

desired. While the asymmetric syntheses and preferably asymmetric
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when even any anount of free ligand is also present during the process,

particul arly when | arge scal e-comerci al operations are I nvol ved, thus
hel ping to provide the operator with greater processing | atit ude.

As indi cated above, the al dehyde-form ng processes usef ul in this

I nvention can weasdacted in a batch or continuous fashi on, PCT/USY6E%K
recycl e of unconsuned starting materials if required. The reacti on can
be conducted in a single reaction zone or in a plurality of reaction
zones, in series or in parallel or it nmay be conducted batchw se or
contlnuously in an el ongated tubul ar zone or series of such zones. The
mat eri als of construction enployed shoul d dnert to the starting

materials during the reaction and the fabricati on of the equi pnent

shoul d be able to w thstand the reaction tenperatures and pressures.

WD 97/ 14669

PCT/ US96/ 16903 Means
to introduce and/bydrofprmaylatipn preness may ke carrigdioutdn #&U@F‘F‘?ﬂsmunt of

i ngredi ent's i nt r offee tigahd idebired stherentloymentoffirye hgmdtﬂzgrm&xet i on zone

br ocesses espect afprpify REARRMY" £QBrRGeh B ihatal, afpdies of igaddlor  1N°
gt arting nat gr i al °mm@1¥te%1¥ﬁ akput J0per high ebtf@ﬁr edy Welegper maole of metal
i ncrement al addi t (eofh, fhioditif) Predene in the Féartionmhediual shduld bbsuitablefor

Al so, the reactio ;mg.ﬂ of the
starting materi al gm?gﬁﬁf%&ag @#ﬁmﬂ ctiv Fré‘{lﬁd ,]fﬂoaimgiggén%{&a
catal yst. Wen co %“El')‘ﬁg'@F’ﬁ%ﬂ amOyIs OGE@IF‘E °ﬁ?§t ey therspn of
the starting nat ebbth theCmolint ofifgunal that is boarideonipdeked) tatht mbtad

recycled back | nt gdyags bEASh Ao At tadl 6RIRRAA Miadibphapiicopd T

ei ther gl ass |ined, ess s ct| U|pnent.

The reaction zoneC°PREped dPF’t"F@-d“N‘?‘HPé capdesunplie
external heat exchmﬁjmn(d)themsymhmtmmydmfomylaﬂm;a-otmspatmwﬁme and
fluctuations, or Ex?aﬂ&%iﬁ&ﬁi:le%\énﬁ@é %glg;lﬁnt eterrﬁﬁﬁéd RiYel of free

t emper at ur es. m n rocesses useful as the
fi ?Et step in ligand in the reaction me gp

- The ability to carry out the processes useful as the first
step of the process of this invention in the presence of free ligand can
be a beneficial aspect of this invention in that it removes the criticality
of employing very low precise concentrations of ligand that may be
required of certain complex catalysts whose activity may be retarded
when even any amount of free ligand is also present during the
process, particularly when large scale commercial operations are
involved, thus helping to provide the operator with greater processing
latitude. .

As indicated above, the aldehyde-forming processes useful
in this invention can be conducted in a batch or continuous fashion,
with recycle of unconsumed starting materials if required. The
reaction can be conducted in a single reaction zone or in a plurality of
reaction zones, in series or in parallel or it may be conducted batchwise
or continuously in an elongated tubular zone or series of such zones.
The materials of construction employed should be inert to the starting
materials during the reaction and the fabrication of the equipment
should be able to withstand the reaction temperatures and pressures.
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the process of this invention are useful for preparing m xtures of
substituted optically active al dehydes. The al dehyde-form ng processes .
useful 1n thrs 1nvention stereoselectively produce a chiral center.
[l'lustrative optically al dehydes prepared by the processes of this

I nvention include, for exanple, substituted al dehydes. Illu '
W Frged R bddios

preferred opti ctive al dehyde conpounds prepared by t

asynmetric hydrofornylation process of this invention include, for
exanpl e, S 2-(p-isobutyl phenyl) propi onal dehyde, S-2-(6-mnethoxy- 2-

napht hyl ) pr opi onal dehyde, S-2-(3-benzoyl phenyl) - propi onal dehyde, S-

2- (p-t hi enoyl phenyl ) propi-onal dehyde, S-2-(3-fl uoro-4-

phenyl ) phenyl pr opi onal dehyde, S-2-[4-(1, 3-2%-hydro- 1-oxo-2Hi soi ndol -

2-yl ) phenyl ] propi onal dehyde, S-2-(2-nethyl acet al dehyde) - 5-
benzoyl t hi ophene and the like. Illustrative of suitable optically active
al dehyde (including derivatives of the optically active al dehydes) and

WO 97/ 14669 s : : ; gﬂﬁgﬁpG/lGQOS
eans to introduce and/or adjust the quantity of starting mate;
'i‘ rr%l gl C Iﬁs cLinCl ude t hose

- - r T n r rein r n
pggrﬁ ssi bl e ogt ?(éaﬂealea% Wg"‘iéicgéll?;t véﬁ%lg’bf‘%tﬂ%q%slyai%% Feac8far ti ng
gt eri a: _(I:_ 0 mﬁo u lndenmidhrihgethe calerse of tesirdaotith cin bk lkorveniEmidy upﬂipedjir? of
em cal Techno : . ; st 0
whi ch are incor pgirqu é@gﬁ%rggjgﬂé '%%dh?’% %‘%gnﬁtgle% hgen e gfréét%?%;g?% An
Encycl opedi a of éF%‘mngangterﬂl%g & FRABIOD BEPTRAE, elﬂz&_ % tion,
1989, the perti némn¢repentalonklitién ohomeofthe startimgnmatdriads he the othey.
reference. Also, the reactibi @i {EhYBCedRbNbA By RhA G6iAE B iR otthas L he

first step in £ proces this 1avention®can.proyi tically
active al dehydes Startt P?Fg“’j%?%/ﬂ?ﬁm Xrﬁ“%@é‘?eégf'}‘g?’?%"%maﬁa
regi osel ectivity.catalpstt iWhen camplete eonvession inhotpdesiradady! notpbtainable; han 50%

more preferably gheglftingiRikerials Z&P/b@.s%&y&h fpérﬁftﬁé?ﬁbdu&ra?ﬂtﬁ'ént han 90%
can be obtai ned by suc kingor cesses. Branched/ nornal nol ﬁé\ﬁ&%{"gs of

preferably great &P} ac e Teartion zone,  Liag progpeses may . d,d nost
pref erably great dn either glaas lingd.1steinledscstedltaxisimtlab pypaxsaction cquipament.

The reaction zone may be fitted with one or more internal and/or

- external heat exchanger(s) in order to control undue temperature
fluctuations, or to prevent any possible "runaway" reaction
temperatures.

The aldehyde-forming processes useful as the first step in
the process of this invention are useful for preparing mixtures of
substituted optically active aldehydes. The aldehyde-forming processes
useful in this invention stereoselectively produce a chiral center.
Tllustrative optically aldehydes prepared by the processes of this
invention include, for example, substituted aldehydes. Illustrative
preferred optically active aldehyde compounds prepared by the
asymmetric hydroformylation process of this invention include, for
example, S-2-{p-isobutylphenyl)propionaldehyde, S-2-(6-methoxy-2-
naphthyl)propionaldehyde, S-2-(3-benzoylphenyl)-propiongldehyde, S-
2-(p-thienoylphenyl)propionaldehyde, S-2-(3-fluoro-4-
phenyl)phenylpropionaldehyde, S-2-[4-(1,3-dihydro-1-ox0-2H-isoindol-
2-yhphenyljpropionaldehyde, S-2-(2-methylacetaldehyde)-5-
benzoylthiophene and the like. Illustrative of suitable optically active
aldehyde (including derivatives of the optically active aldehydes) and
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In the process of this invention, the al dehyde m xtures may be
separated fromthe other conponents of the crude reaction m xtures in
whi ch the al dehyde m xtures are produced by any suitable nmet hod.
Sui t abl e separati on nethods include, for exanple, solvent extraction,
crystallizati owosingdse! | ati on, vaporization, wped film PEPDSYsAkIoS N,
falling filmevaporation and the like. It may be desired to renove the
optically active products fromthe crude reaction m xture as they are
formed through the use of trapping agents as described in publ i shed
Pat ent Cooperation Treaty Patent Applicati onWD 88/ 08835. A preferred
met hod for separating the enantioneric al defgyde mi xtures fromthe other
conponents of the crude reaction m xtures s by menbrane separation
Such nenbrane separation can be achi eved as set out in U S Patent No.
5,430, 194 and copending U. S. Patent Application Serial No. 08/430, 790,

filed May 5, 1995, both_incorporated herein by reference. WO
97/ 14669 prochiral and chiral starting material compounds include thos¥ US96/ 16903

-31 - permissible bptidally mﬁ@@ﬂdeuydetam@ PodMRAl 49d chirBPstarting

mmy be i mpr oved piiaterial e Jﬂrﬁﬂ%ﬁ%ﬁérﬁ% M RS s,
5, 430, 194. of Chemical Teghnolegy, dhvird Edition, d\984hﬂh§ nertinemt pertionsiofides a
process for pwhidh aregin6diposatet thesini Wréféz‘eh@é)ﬂddcl‘l@é?micl@m@ﬁ dihzi ng an

ohaor Y amin amﬁi‘g&ﬁépgﬁyﬁmﬁﬁais’ﬁﬁrac v Riologsials, Fie eg;fgtﬁ‘v on;'™ "¢
carboxylic acid. 1989,the PQE'M@#*(P%GB%OBWNW %rqmmpmtnd tbyi nt ended to

be limted i n anyrefereng@nner by any particul ar reactlon for formng

enantioneric al dehyde nmg% . Once
the requisite m xture of enan |ome¥| forfndgﬁyggc sefulag gﬁfgﬁ ?/ﬁeaéﬁ t he
next step of the HrepxosessHf thifiaventiencanprovide pp'egally actiye; aldehydest he

optical ly active hhviagywdey highemantisseldctivity driteregicssieotititpl Enantiomeric
excesses of preferably greater than 50%, more preferably greater than
75% and most preferably greater than 90% can be obtained by such
. processes. Branched/normal molar ratios of preferably greater than
5:1, more preferably greater than 10:1 and most preferably greater
than 25:1 can be obtained by such processes.

In the process of this invention, the aldehyde mixtures
may be separated from the other components of the crude reaction
mixtures in which the aldehyde mixtures are produced by any suitable
method. Suitable separation methods include, for example, solvent
extraction, crystallization, distillation, vaporization, wiped film
evaporation, falling film evaporation and the like. It may be desired to
remove the optically active products from the crude reaction mixture as
they are formed through the use of trapping agents as described in
published Patent Cooperation Treaty Patent ApplicationWQO 88/08835.
A preferred method for separating the enantiomeric aldehyde mixtures
from the other components of the crude reaction mixtures is by
membrane separation. Such membrane separation can be achieved as
set out in U.S. Patent No. 5,430,194 and copending U.S. Patent
Application Serial No. 08/430,790, filed May 5, 1995, both incorporated
herein by reference.
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an am ne and/or am ne N-oxide catalyst to produce an optically active
carboxylic acid. Suitable solutions can be provided by using liquid

al dehydes or by nelting solid al dehydes. However, suitable solutions
usual l'y consist of the al dehydes dissolved in an appropriate sol vent
(e.g., in the in which the first step of the proces '

I nvention mas‘iﬁﬁﬁﬁ@%ed) Any sol vent which will dissolve tﬁgg%xﬁagég%hyde
m xture and is unreactive with peracids nay be used. Exanpl es of
sui tabl e solvents are ketones (e.g., acetone), esters (e.g., et hyl
acetate), hydrocarbons (e.g., toluene), nitrohydrocarbons (e.g.,
nitrobenzene), ethers (e.g., tetrahydrofuran (THF) and 1, 2-

di met hoxyet hane) and water. A m xture of t@&b-or nore solvents can be

enpl oyed to nmaxim ze the purity and yield of the desired al dehyde. The
solution used may al so contain materials present in the crude reaction
product of the al dehyde-form ng reaction (e.g., catalyst, Iigand and

only. the' al dehyde_an [‘ﬁﬁe“‘ﬂ“heﬁﬁ&egﬁ*’”“‘%h‘fe?"%‘*?%‘% o he o dahy
WO 57 / 14669 y of mixtures o%‘%p& ctive al%eﬁy e {somers may be 1mproveti]

PCT/ US96/ 16903 cr_ystalhzahon as described in said U.S. Patent No. 5,430,194. | nt he
sol vent solution will be | infid ghebit sthife mh&sbihlvbmoﬁinab&esaa Raditopor i1

t he sol vent. Xl usef.u e rocess of
this invention  Preparipgsptiselly aciipe esbesyite Aoge by SrLang A ARcalig,
exanpl e, peracet i actae aldehyde wﬂ:hfa)pemmdam’ahg presence pf aniamiae |ami/0per benzoi c

acid and the |'keam_ﬁ@N-ox1dQE§%faﬁfs%%] oduidl £hOBp BRI altivbleliyliéackE" acel | c
acid. Such peraci

are. I and can
be used in anount egen%%ﬁ‘i"?ﬁé’g I‘BW’&Wﬁsﬁm&&EW’amﬁé%g@\}‘FﬁtMional

met hods. manner by afjypavkicular reactmgdor forsingenenptidmenicaldelydant
sufficient t ofpgtFed. conpl ete oxidation of the optically active

al dehyde. Preferably, the oxidizing agent stoichionetry can range from
about 1 to about 10 nol ar equivalents with respect to optically active
al dehyde, pr eOxidetiop fr om about 1 to about 2 nolar equivalents with

respect to optically aahhishalrd§hisils mikberedenaptidhRriidldeiydeshabout 1

to about - been provided, the next step of the process of this invention involves
oxidizing the optically active aldehyde with a peraéid in the presence of
an amine and/or amine N-oxide catalyst to produce an optically active
carboxylic acid. Suitable solutions can be provided by using liquid
aldehydes or by melting solid aldehydes. However, suitable solutions
usually consist of the aldehydes dissolved in an appropriate solvent
(e.g., in the solvent in which the first step of the process of this
invention was conducted). Any solvent which will dissolve the
aldehyde mixture and is unreactive with peracids may be used. .
Examples of suitable solvents are ketones (e.g., acetone), esters (e.g.,
ethyl acetate), hydrocarbons (e.g., toluene), nitrohydrocarbons (e.g.,
nitrobenzene), ethers (e.g., tetrahydrofuran (THF) and 1,2-
dimethoxyethane) and water. A mixture of two or more solvents can be
employed to maximize the purity and yield of the desired aldehyde.
The solution used may also contain materials present in the crude
reaction product of the aldehyde-forming reaction (e.g., catalyst, ligand
and heavies). Preferably, however, the solution consists essentially of
only the aldehyde and the solvent. The concentration of the aldehyde
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1.3 nolar equivalents with respect to optically active al dehyde.

The catal ysts useful in the oxidation step of the process of this

i nvention include primary, secondary and tertiary am nes and am ne

N- oxi des and mi xtures thereof The catal ysts have sufficient basicity to
catal yze the wowanédn of an optically active al dehyde to amcrussemssascal | y
active carboxylic acid. The catalysts are desirable in that little or
no racem zation of the optically active al dehyde occurs. [llustrative
primary, secondary and tertiary am ne and am ne N-oxide catal ysts

i ncl ude, for exanple, aliphatic am nes, aliphatic amne N oxi des,
aromati ¢ am nes, aromatic am ne N oxides, terocyclic am nes,

het erocyclic am ne N-oxides, supported polSfheric ami nes, support ed

pol ynmeric am ne N-oxides and the like, including m xtures t her eof .
Il'lustrative aliphatic am nes include subst ituted and unsubsti tut ed

al kyl am nes such as butyl am ne, diethy anm ne and t he
li ke including t i the sglvertsalutien gill b|e|lm1§ed hyrcbesolubﬂawiﬁh

_(those i n whi g:h ih th® gsltents attached di r_ec_tly to an arorratlc r| ng)
nct ude substi tuted: and unguR3higtihgdeBhd ddeSiintd dbboss ofthis inViBE 14669
N- oxi des t her eof is a pgracid [llusteative,peragidsdnclyde,fon pxamples peracetip pridy
net hyl ani line, 2 pérﬁrmid i FeaPropiosicaieill, pefbenzbiv-acid hnid thieliky eThe
aromati & or non. e Uxidizthe e i ahhyigts BBERLR %%Mﬂ‘?@?
pyridines, pyri niog @@SWH’FW?]&BDOWP@# ¢/arteand p3n bensed mp%ﬁ“PHE‘? and
_theI I :j ke } ncl udi raﬁréﬂi&d\baiwgm:;ii mfutEFMmgé Wﬁﬁé@éﬁ;ﬁﬁbﬂﬂtmghod&utg? y_SéI S
| nclude, tor exanple o c{gfin agéh i lgf 4R U S SufficRetd €

(T erre

and 2,5-lutidine N oxide _
oxi dati on cat al y$epermit completer edatien gfthedwéweﬁs é“‘?ﬁé‘d&hﬁﬁﬁt of formate
byproduct for med Preférhblypthelatidizing &gaststoichionutfy tary eaxigedifom Hbeut kitae

and/or am ne N- °’9bﬁﬁ¥ i@%lﬁ&qﬁ%ﬁfe%&é‘%% He%ﬁﬁé 8 'ogpr%?# fo}t?&b 213k de0 8s

to reduce or elim % g.cata %
t he product. preferably from about 1 to about 2 molar equlvalents with respect to

. optically active aldehyde, and most preferably from about 1 to about
1.3 molar equivalents with respect to optically active aldehyde.

The catalysts useful in the oxidation step of the process of
this invention include primary, secondary and tertiary amines and
amine N-oxides and mixtures thereof. The catalysts have sufficient
basicity to catalyze the oxidation of an optically active aldehyde to an
optically active carboxylic acid. The catalysts are desirable in that
little or no racemization of the optically active aldehyde occurs.
Ilustrative primary, secondary and tertiary amine and amine N-oxide
catalysts include, for example, aliphatic amines, aliphatic amine N-
oxides, aromatic amines, aromatic amine N-oxides, heterocyclic
amines, heterocyclic amine N-oxides, supported polymeric amines,
supported polymeric amine N-oxides and the like, including mixtures
thereof. Illustrative aliphatic amines include substituted and
unsubstituted alkyl amines such as butylamine, diethylamine,
triethylamine and the like including the N-oxides thereof. Illustrative
aromatic amines (those in which nitrogen is attached directly to an
aromatic ring) include substituted and unsubstituted anilines and the

SUBSTITUTE SHEET (RULE 26)



As indicated above, the catal ysts have sufficient basicity to catal yze

the oxidation of an optically active aldehyde to an optically active
carboxylic acid. Such basicity can result fromthe catalyst functioni ng
as a Lewis base or a Bronsted-Lowy base. The catal ysts shoul d be basic
enough to progp é‘%ﬂg&gorrposi tion of any al dehyde-" per aci dﬁg’#@' g)g
relatively unre { with regard to oxidation by per aci f icity
of the catalysts should also be sufficient to favor t he oxi dation
reaction to optically active carboxylic acids over any conpeti ng

al dehyde racem zati on reactions. In an enbodi ment of this
invention, if the am ne and/or am ne N-oxide catal yst has excessive
basicity causing optically active al dé&8yde raceni zation, the optically
active al dehyde racem zation can be suppressed by addi ng a weak organic
acid to the reaction m xture. Various weak organic acids, e.g.,

al i phatic and aromati c carboxylic acids, nmay be enployed in the process

of dthlts |BVent|?N-oﬁhés¥l%i‘Eofe t%ﬂﬁt ﬁé%ﬁﬁaﬂ% & uhﬂahﬁnsuﬁfétﬁ ﬁgt ]go |
noder at e basi ci ca 0 up referre
weak organic am&e?‘ﬁ% el Ea‘lé' bmm"%nf’ﬁg‘flﬁgglﬁ‘%ﬁﬁ‘g'ﬁéﬁt} Y&, acetic:
aci d. The weak ohg mwchelammss (those in whichgiitrogesgnakes up a part of an

PCT/ US96/ 16903  aromatic or non-aromatxc nng) include substltuted ami?'&msubst:t:ui:eﬂ”pI oyed
I n an anount SUffIC.I ent to rm rate C|t¥, i e cata uppress

raceni zation, pr &€ %IW i Pe%’é’ym &, pu’c"&f"ﬁ
The ami ne and/ or thsdxhelnﬂmaheﬁ-ams thereofiFrefarded mndatxoncataéygtsl cal |y

ef f etct ive g mo]y Nt indiude, ,foﬁékaaﬂﬂenﬁ sguiﬁhcé Ridxide) 4%&9110&;@3'?&&%1\1-&&%& ation
reaction. Prefer amhe St ok chi,onetry can
range from about agd)fﬁ Lu tﬁ %ﬁb “é%‘.%dee“ﬁf%‘ Sts af; #g ect” to
optically acti veoaldetsnycfetalmfémdammﬁ‘ecbm abme@%ﬂ!%amo“ab rate| ar
equi val ents withy ot f&meqahltﬁalobdﬂaaﬁhlptsceah dﬁﬂﬁdenvenn@ndrmaﬁune

4

preferably from  to a ui t.S respect to
ot cal Ty’ act i ve a?’é‘%ﬁgﬁgel‘?ﬁ?%% Sl arpupanliline S Soipg Bt sp 380 1
can affect the ammucsforfebma@ wypxmmnﬁesrmgltms from the catalyst in

the product.

- As indicated above, the catalysts have sufficient basicity
to catalyze the oxidation of an optically active aldehyde to an optically
active carboxylic acid. Such basicity can result from the catalyst
functioning as a Lewis base or a Bronsted-Lowry base. The catalysts
should be basic enough to promate decomposition of any aldehyde-
peracid adduct but relatively unreactive with regard to oxidation by
peracid. The basicity of the catalysts should also be sufficient to favor
the oxidation reaction to optically active carboxylic acids over any
competing aldehyde racemization reactions.

In an embodiment of this mvent:on, if the amine and/or
amine N-oxide catalyst has excessive basicity causing optically active
aldehyde racemization, the optically active aldehyde racemization can
be suppressed by adding a weak organic acid to the reaction mixture.
Various weak organic acids, e.g., aliphatic and aromatic carboxylic
acids, may be employed in the process of this invention. The weak
organic acids should be sufficient to moderate basicity of the catalyst to
suppress racemization. Preferred weak organic acids have a pKa 3-6
and include, for example, acetic acid. The weak organic acid is
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in the process of this invention. The catal ysts used in the

oxi dation step of the process of this invention may optionally be
supported. Advantages of a supported catal yst may include ease of

catal yst separation. Illustrative exanples of supports include al um na,
silica gel, |oosengeange resins, polyneric supports andprChusderikess

The process conditions enpl ayable in the oxidation step of - t he process
of this invention are chosen to m nim ze al dehyde racem zati on and
reduce formate byproducts. The node of addition of
reaction ingredients in the  oxidation step of the process of this

i nvention is not narromy critical. The_node of addition should be such
that an optically active carboxylic acid is obtained. As an
illustration, if the peracid is added to a m xture of optically active
al dehyde and am ne and/or am ne N oxi de catalyst, t he oxi dation nust be

carried out before base-catal yzed rgacem zatio ogccurs

The oxi dation stesgplgyed in-anamount s °Hﬂt5t°im‘¥&¥ﬂ“’obﬁ’r‘ﬁ§y efthe catalystyct ed at
a reaction tenpabauppresk racensization,-preferably begiivilent withalespéct@ofther ] C.
Lower reaction tcgga%@tures may .generally tend to WO 97/ 14669

PCT/ US96/ 16903 mnimze formate hyproduct forpation. To m nim ze
al dehyde racemi zat i on, Tbﬁ@%le&aeﬁ&rmnﬁﬁwwab'ﬁtw BEE M 8C

during exot hajatalgtipsliy effectivédirhornit, ives anuehogntostifficientito cahtylzgsthe. \é\hen

usi ng am ne N- 0x] . 35S . ?,g_,gfe : _ e about

25[ e?r] Ctom ni%n’g ‘;%I%P&%;%lgﬁg Oneré@?@%fﬁ%@gﬁ%a%f%g&ﬁ?@ | pha- et hyl

substituted benzppichiometsy e rangefromshont 0.hq abautdsmg reqxq.vgigxf on

tenperatures of withitespetd€o bpticiblydctial«ldehydey peefprabily froatiabout 0.5 to

The oxidation s!g09 hBfrRhafaNhE wilhl rsdetl/ bty hetive afiihiyaeod for a
u nt t 0 cal

period of tinme s ICl'e roduce an epant . enriched
car boxylic acid ?’R@(F\?F‘Epreﬂ’?@bgkge’cn ?e@%tq' fe ppopt Lhﬂ‘ﬂ?gﬁq‘?‘g entyependent ,
in part, upon fawithrrespect bo epti¢ailypativelaldehyde. UFlee amine and/or amine N-

oxide stoichiometry can affect the amount of formate byproduct formed
in the process of this invention.

- The catalysts used in the oxidation step of the process of
this invention may optionally be supported. Advantages of a supported
catalyst may include ease of catalyst separation. Illustrative examples
of supports include alumina, silica gel, ion-exchange resins, polymeric
supports and the like.

The process conditions employable in the oxidation step of
the process of this invention are chosen to minimize aldehyde

racemization and reduce formate byproducts.

The mode of addition of reaction ingredients in the  _
oxidation step of the process of this invention is not narrowly critical.
The mode of addition should be such that an optically active carboxylic
acid is obtained. As an illustration, if the peracid is added to a mixture
of optically active aldehyde and amine and/or amine N-oxide catalyst,

. the oxidation must be carried out before base-catalyzed racemization
occurs.
The oxidation step of the process of this invention may be
conducted at a reaction temperature from about -25°C or lower to

about 60°C. Lower reaction temperatures may generally tend to
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proportion of starting materials, and the |ike. The reaction tinme wll
normal |y be within the range_of from about one-half to about 200 hours
or nore, and preferably fromless than about one to about 10 hours.

The oxidation step in the process of this invention can be carried out
inthe liquid nd can involve a batch or continuous L QL ecycle
system Aqbat w%&&gm Is preferred for conducting such Bf‘t’bg%ég?s Y
Preferably, such oxidation involves a batch honbgeneous catal ysis
process wherein the oxidation is carried out in the presence of any

sui tabl e conventional solvent as further described herein

The oxidation step of the process of this invention may be conducted in
t he presence of an organic solvent. Depen85nrg on the. parti cul ar

catal yst and reactants enpl oyed, suitable organic solvents i ncl ude, for
exanpl e, al cohol s, al kanes, ethers, al dehydes, esters, acids, am des,
am nes, aromatics and the |ike. Any suitable solvent which does not
undul'y adver sel ymirihfizd firfaate bypiddact firaRM. ®d fiintide aldeBy@6€Ss can be

enpl oyed and such solvents_ .yay | nclude tho her et of gr e .copnonl y
enployed in knovﬁcﬁ?b’tag_??eghe' I&?Tffg‘émcﬁt’lml}if_gn%trexcee%ﬁﬁ%&dﬁ% BHE sol vent s
may be enpl oyed é¢xothrrsiic peracibnddition wher hsing gunines aisicgtalystsoWhen, di ssol ve
the al dehyde andugifig Bfiiné BRE4idés b8 cRRyNtS, 48mperdtaYedéhdti@ bt exdeedani c

IeDSCEI./e [J%Q g; 568{)? e&bro% 2%% ¥§ g:}i%imlzv%tneurath%fT ﬂetone format\f\gx %yerlx?'o% 6 zing

wat er / et hanol i apbausethylsubstibuted bensylic aldshydes.sIn generahosidations at
sol vent enpl oyedréastiti®terfipératartls df Abblit S10POLE RbbN25PMareqadf@ped, be that
amount sufficient to pr ngim%ot h‘F [ ea%ttgl %? medi um W _tggt.he g@r ticular
substrate and product conc&TORITatgR FFeRof e prop ngﬂ HOSFOCEsE |1 n
general , the anotendueteddor g @eriodief tineepuffigient teproduecg anfengmtigmerically
Fe { ; Ien\tNe Pth\BL?rﬁnﬁUheﬁQaMdzlic%%mﬁﬁﬁé. T}ie‘éﬁé&h‘eaaﬁoﬂgﬁii% &?ﬁwgﬂmabovet he
t (r)\e car bog ylic a%%}%_n ? g%“rll aﬁgg'gg!g SL%tPrs sucht’ﬁ tgmlpl%aétn ?’onnatgg?\g conduct éd
in a batch or copPropAtinnsoffskaring materinls, and thelike.c The reantionstimevill art i ng
materials if recuirmeilly Déeithes thé Pinge ot from about one-half to about 200 hours
. ormore, and preferably from less than about one to about 10 hours.
The oxidation step in the process of this invention can be

carried out in the liguid state and can involve a batch or continuous

liquid recycle system. A batch system is preferred for conducting such

processes. Preferably, such oxidation involves a batch homogeneous

catalysis process wherein the oxidation is carried out in the presence of

any suitable conventional solvent as further described herein.

The oxidation step of the process of this invention may be

conducted in the presence of an organic solvent. Depending on the .

particular catalyst and reactants employed, suitable organic solvents

include, for example, alcohols, alkanes, ethers, aldehydes, esters, acids,

amides, amines, aromatics and the like. Any suitable solvent which

does not unduly adversely interfere with the intended oxidation

process can be employed and such solvents may include those

heretofore commonly employed in known processes. Mixtures of one or

more different solvents may be employed if desired. Solvents which

partially or totally dissolve the aldehyde and do not react with peracids

may be useful. Organic esters are preferred solvents. Water and

-
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be conducted in a single reaction zone or in a plurality of reaction
zones, in series or in parallel--or it may be conducted batchw se or
continuously in an el ongated tubul ar zone or series of such zones. The
materials of construction enployed should be inert to the starting

mat eri al s dur wigemiaeseor eacti on and the fabrication of the equwcpwsssiesss
should be able to withstand the reaction tenperatures and pressures.
Means to introduce and/or adjust the quantity of starting materials or

i ngredi ents introduced batchw se or continuously into the reaction zone
during the course of the reaction can be conveniently utilized in t he
processes especially to maintain the desir nolar ratio of the

starting materials. The reaction steps nay’ be effected by the

i ncremental addition of one of the starting nmaterials to the other.

Al so, the reaction steps can be conbined by the joint addition of the
starting materials to the am ne and/or am ne N-oxide catal yst. The
processes may be Waseriethaagl mixtaresmaycplasbe npefalisolventsn Theameunt| of or

simlar type reagblvest eﬂgg@@a s nof BitieAlA6 thi¥ inteMEonBid Red bhlyask thiath

one or nore internal ‘i‘?’gtxtt Lﬁﬁ%@%%fgpgﬁgohangggﬁﬁﬂg o(rjg %f:ﬁ\r

cont r ol undue t er%'éq'u& &
"runaway" reacti substzatecand progduict concentration deslred forrm given myeseps. In

acid-formng pr og@ﬁéraqftﬁem:ﬁoaﬂtv@&mm when empl f flayf r@inge PR AbAE 5
mxtur s of SUbs il QliehebbYo dbbatSs SARRH) bignt or more¥RaBIbd 559
Il lustrative opt itheketal weight«of the pepopionamedivg prepared by the process
ﬂ‘ I this inventi 0][1 i ncl ude, &%&eéﬁﬁm&wesﬂb%ﬂd@ﬁd aGitF-fopinyhg processidfl ds.
ustrative preferre 1Y .
Els algtg ?&é Lé cgﬁéuéﬂﬁd gﬁa J)r Ceohti n% uge &g%nth

d by th

EQZﬁS{Z syz (S 3@@@1& of tmmyuwd@mﬁm&ma&mﬂls ilr;gp&eﬁet%%yagtmn can
tnﬁlog; 23;: %E; ?15: ;)B lrbé o%ﬁﬂdctes-xﬁ“a(ﬁn %ﬁ&ﬂﬁ!ﬂ%ﬁd drlﬁfa?phfzhfy medwctuﬁr g nI( (r:J-
acid, S-2-[4-(1, £ gg%@g g%n Eﬁaﬁls%% nl&k%%é%e%ﬁ@t ‘?Fﬁ |§)érz§pc I d
and the |i ke I I I°9§'§1P&PF$}¥ %Fmsq}?@%?’é tB‘b‘!lPE Zpng orgariepof sy Gmsr i ds

. materials of construction employed should be inert to the starting
materials during the reaction and the fabrication of the equipment
should be able to withstand the reaction temperatures and pressures.
Means to introduce and/or adjust the quantity of starting materials or
ingredients introduced batchwise or continuously into the reaction
zone during the course of the reaction can be conveniently utilized in
the processes especially to maintain the desired molar ratio of the
starting materials. The reaction steps may be effected by the
incremental addition of one of the starting materials to the other.
Also, the reaction steps can be combined by the joint addition of the
starting materials to the amine and/or amine N-oxide catalyst. The
processes may be conducted in either glass lined, stainless steel or
similar type reaction equipment. The reaction zone may be fitted with
one or more internal and/or external heat exchanger(s) in order to
control undue temperature fluctuations, or to prevent any possible

"runaway" reaction temperatures.
The carboxylic acid-forming process of this invention is
useful for preparing mixtures of substituted optically active carboxylic
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whi ch can be prepared by the processes of this invention include those
pernissible optically active carboxylic acids which are described in
Kirk-CQ hmer, Encycl opedi a of Chem cal Technol ogy, Third Edition, 1984,
the pertinent portions of which are incorporated herein by ref erence,

and The Merc An Encycl opedi a of Chem cal s, Drugs Pa?&
Bi ol ogi cal s, %g@gﬁﬂn Edition, 1989, the pertinent portions 0 96/1¢ I ch are

i ncorporated herein by reference. The carboxylic
acid-form ng process of this invention can provi de optically active
carboxylic acids having very high enanti osel ectivity and

regi osel ectivity. Enantioneric excesses of preferably greater than 50%
nore preferably greater than 85% and -i@¥st preferably greater than 95%
can be obtained by such processes. A nunber of inportant pharnaceuti cal
conpounds can be prepared by such oxi dation processes including, but not
limted to, S naproxen, S | bupr of en, S-ketoprofen, S-suprofen,

S-f1 urbi profen, agidsNANREPEEVe optically ddtivialcatifokytic dcidd prefatedshy thee.
I I'lustrative of carboxyli.c. aci % Lciwr"réy ngxfr eact i ons 3$C e&)garIF Ssik bl e
derivatization PERTEFT SHE:T HEEHHED Ipgpde,fon prampie, aubyiifited CampRRylq 1y o) ve
the follow ng r asidsadiinstrative preferred optidally a¢tireciorboxylic avidbompounsss :
V\D337/ 14669 prepared by the oxidation process of thi invention inGlutle 26/ 16903
| nt er redi at e examplq,lsé%m%-ésobutsﬂﬁ%? ; ?lﬁrgpir?ﬂj:%@’-aélb'(gﬁg?’@% hoxy- 2-
S- napr oxen namhmjdmgopionic acid, S'fan) zgy.lphenyl)-propionic acid, S-2-(p-
propi onal dehyde thiendylphéiiylropRinie¥eid, S-25%3AddioEpReiol)phreny propiohiex en
B?ggf gﬁglegghy Je acid, S—ﬂwﬁ,l@-&h y_dro-1-oxo-2H—isoin3&g§-yf{pphenyl]propionic acid
and the like. Illustrative of suitable optically active carboxylic acids
which can be prepared by the processes of this invention include those
permissible optically active carboxylic acids which are described in
Kirk-Othmer, Encyclopedia of Chemical Technology, Third Edition,
1984, the pertinent portions of which are incorporated herein by
- reference, and The Merck Index, An Encyclopedia of Chemicals, Drugs
and Biologicals, Eleventh Edition, 1989, the pertinent portions of
which are incorporated herein by reference.

The carboxylic acid-forming process of this invention can
provide optically active carboxylic acids having very high
enantioselectivity and regioselectivity. Enantiomeric excesses of
preferably greater than 50%, more preferably greater than 85% and
most preferably greater than 95% can be obtained by such processes. A
number of important pharmaceutical compounds can be prepared by
such oxidation processes including, but not limited to, S-naproxen, S-
ibuprofen, S-ketoprofen, S-suprofen, S-flurbiprofen, S-indoprofen, S-
tiaprofenic acid and the like.

INlustrative of carboxylic acid-forming reactions and
permissible derivatization reactions include, for example, reactions -
that involve the following reactant/aldehyde intermediate/product
combinations:
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p-i sobutyl styrene
pr opi onal dehyde
S-i bupr of en- L-

4- et henyl phenyl -

pr opi onal dehy deo 97/1466%- et henyl
S-flurbiprofen bi phenyl °

4- (1, 3-di hydr o- 1- oxo-
2H-i soi ndol - 2-yl ) -
phenyl | pr opi onal dehyde
S-tiaprofenic -
pr opi onal dehyde
S- f enopr of en
S-phenetam d, S-

WD 97/ 14669
phenyl vi nyl
Vi nyléﬂm de

-39 -
dehyde

2-vinyl-6-methoxy-
naphthalene

acid
phenyl et her

et her

2-vinyl-6-methoxy-
naphthalene

p-isobutylstyrene
p-isobutylstyrene
4-ethenylphenyl-

2-thienylketone

4-ethenyl-2-fluoro-
biphenyl

4-(1,3-dihydro-1-oxo-
2H-isoindol-2-yl)-
styrene

2-ethenyl-5-
benzoylthiophene

3-ethenylphenyl
phenyl ether

propenylbenzene

S-2- (p-isobutyl phenyl) -
p-isobutyl styrene

S- 2- (p-t hi enoyl phenyl) -
2-fl uoro-

S-2-[4-(1, 3-di hydro- 1-
0X0- 2H-i soi ndol
2- et henyl -

3- et henyl phenyl

S-i buprofen

S-2- (p-isobutyl phenyl) -
pr opi onal dehyde
S- supr of en
S- 2- (3-f | uor o- 4- pheayius96/16903

| ysi nat e
2-t hi enyl ket one

phenyl pr opi onal dehyde

_2_y|)_
ghienyl) -
al dehyde

opi onal -

S-2-(6-methoxy-2-
naphthyl)-
propionaldehyde

S-2-(6-methoxy-2-
naphthyl)-
propionaldehyde

S-2-(p-isobutylphenyl)-
propionaldehyde

S-2-(p-isobutylphenyl)-
propionaldehyde

S-2-(p-thienoylphenyl)-
propionaldehyde

S-2-(3-fluoro-4-phenyl)-
phenylpropionaldehyde

S-2-[4-(1,3-dihydro-1-
oxo-2H-isoindol-2-yl)-
phenyljpropionaldehyde

S-2-(5-benzoyl-2
thienyl)-
propionaldehyde

S-2-(3-phenoxy)propion-
aldehyde

S-2-
phenylbutyraldehyde
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S-i ndopr of en
styrene
S- 2- (5- benzoyl -

benzoyl t hi ophene

S- 2- ( 3- phenoxy) pr opi on-
pr openyl benzene S 2-
phenyl but yr al dehyde

SAidﬂ"rYélﬁoxypr opi onal -

but et anat e
PCT/ US96/ 16903

pheneticillin
chl or o-

S-naproxen

S-naproxen
sodium

S-ibuprofen

S-ibuprofen-L-

lysinate

S-suprofen

S-flurbiprofen

S-indoprofen
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dehyde propi onic acid 5- (4- hydr oxy) benzoyl -

5- (4- hydroxy) benzoyl - 1- ket orol ac 3H pyrrolizine ,
fornmyl -2, 3-di hydr o- or derivative pyrrolizine
3- et henyl phenyl R- 2- ( 3- benzoyl phenyl ) - R- ket opr of en phenyl

ket one al dehyde 4- et henyl - 2-f | uor o-

R- 2-( 3- quorovﬁagﬁ%ﬁ@ R-f | ur bi profen bi phenyl PCT/US96/16503
phenyl pr opi onal dehyde The optically active derivatives of
t he products of the process of this invention have a w de range of
utility that is well known and docunented in the prior art, e.g. they
are especially useful as phar maceutical s, flavors, fragrances
agricultural chem cals and the li ke. -I89-ustrative therapeutic
applications, include, for exanple, non- steroidal anti-inflamuatory
drugs, ACE inhibitors, beta-bl ockers, anal gesi cs, bronchodil ators,
spasnol ytics, antihistimnes, antibiotics, antitunor agents and the

l'i ke. phenyl vﬁﬁylléﬂl@r her eigig maoiﬁrbpmau t e pHBndtRiMint he

i ndi cat ed meani ngs: dehyde ChiTal - conpounds which have a
non-superinposable mrror image. Achiral - conpounds

whi ch do not hav superi qipgl rinma

Prochiral - conpou S \[bn ¢h have th%rag en? dﬁ&{g be gei%l%llg‘xgo% Ided to a
chiral compound in a particular proeél wo 97P1%

PCT/ US96/ 16903

Chiral center- a@#ﬁﬂ%ﬂﬁ?ﬁ“ﬁ?’%m% B{ W@Hd’th torolac

-pyrrolizine or derivative
yrrohzme
3-ethenylphenyl R-2-(3-benzoylphenyl)-  R-ketoprofen
phenyl ketone propionaldehyde
4-ethenyl-2-fluoro- R-2-(3-fluoro-4-phenyl)- R-flurbiprofen
biphenyl phenylpropionaldehyde

The optically active derivatives of the products of the
process of this invention have a wide range of utility that is well known
and documented in the prior art, e.g. they are especially useful as
pharmaceuticals, flavors, fragrances, agricultural chemicals and the
like. Illustrative therapeutic applications, include, for example, non-
steroidal anti-inflammatory drugs, ACE inhibitors, beta-blockers,
analgesics, bronchodilators, spasmolytics, antihistimines, antibiotics,
antitumor agents and the like.

As used herein, the following terms have the indicated
meanings:

Chiral - compounds which have a non-superimposable
mirror image.

Achiral - compounds which do not have a non-
superimposable mirror image.

Prochiral - compounds which have the potential to be
converted to a chiral compound in a particular process.
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Is a site of asymretry. Racem c - a 50/50 m xture of two
enantioners of a chiral -—conpound. St er eoi soners -
conpounds whi ch have identical chem cal constitution, but differ as
regards the arrangenent of the atons or groups in space.

Enanti oners -wopleghsses SOMers whi ch are non- super i nposabpers9snepos i nages
of one anot her. St ereosel ective - a process which produces
a particular . stereoisoner in favor of others.

Enantioneric excess (ee) - a neasure of the relative anounts of two
enantiomers present in a product. ee may be cal cul ated by the fornul a
[amount of mmj or enantiomer - amount of m nor enanti oner]/anmount of
maj or enantioner + anount of m nor enﬁﬂtloner] and converted to
percent. Optical activity - an indirect neasurenent of the
relative anounts of stereoisomers present in a given product. Chiral
conpounds have the ability to rotate plane polarized |ight. Wen one
enantiomer is present in M@hewml feature.wfia eomapoundsthatcal |y
active. is a site of asyirhé@yl Y active nmxture- a mxture of

st ereoi sonmers whi ch r g at es pI ol ar |ze ht due to ess of
one of the st er eoi SOWM% ?’ﬁg’ PHEHE fdt éhanticiers’o a%& cally
pure conpound- actmlm}md enant i omer whi ch rotates pl ane pol arized

l'i ght. T -'coﬁ Hmamdmmm ideNficdlthefmed
nol ecul ar ﬁg connecti vk of t he at oms.
Regi osel ective - o

ﬁheaatoms orpart I cul ar
regi oi soner overgtddpsonlspa@ V\D 97/ 14669
PCT/ US96/ 16903 _%qmm%g\? stereoxsomers whxch are4ﬁon-
| SOBHA chloridit euﬁenmposalylg hitror i 1m’ages gtl one anoléﬁé/r ) )
Stereoselective - a process which produces a particular
stereoisomer in favor of others.
Enantiomeric excess (ee) - a measure of the relative
amounts of two enantiomers present in a product. ee may be
. calculated by the formula [amount of major enantiomer - amount of
minor enantiomer)/{amount of major enantiomer + amount of minor

enantiomer] and converted to percent.

Optical activity - an indirect measurement of the relative
amounts of stereoisomers present in a given product. Chiral
compounds have the ability to rotate plane polarized light. When one
enantiomer is present in excess over the other, the mixture is optically
active.

Optically active mixture- a mixture of stereoisomers .
which rotates plane polarized light due to an excess of one of the
stereoisomers over the others.

Optically pure compound- a single enantiomer which
rotates plane polarized light.

Regioisomers - compounds which have the same molecular
formula but differing in the connectivity of the atoms.

Regioselective - a process which favors the production of a
particular regioisomer over all others.
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di met hoxy- 2, 2' -di yl chl or ophosphite.

(I'soBHA-P)[err]-2R 4R-pentanediol - A ligand having the formul a:

[err] The Tatter ligand can be produced fromlso BHA
chloridite by the process described in Exanple 1 of above-nentioned PCT

Pat ent - APR{,J,S-;’J)}.&&” 93/ 03839. The conpl ete chem cal narrepgjm;s;y'lﬁgdsi gand
i's :

4R)-Di[2,2'-(3,3 -di-tert-butyl-5,5" -di net hoxy-1, 1' - bi phenyl)]-2, 4-

pentyl di phosphite. For purposes of this invention, the
chem cal elenments are Identified in accordance with the Periodic Table
of the El enents, CAS ver st on, Handbook of Chem stry and Physics, 67th
Ed., 1986-87, inside cover. Also for pdit poses of this invention, the
term "hydrocarbon” is contenplated to include all conpounds having at

| east one hydrogen and one carbon atom In a broad aspect, the
hydrocar bons i ncl ude acyclic and cyclic, branched and unbranched,

car bocyclic and het er Ofx ;_dtlﬂg%u L1'Hgh &SN, Dt Bugﬂ%u c

conmpounds whi ch ¢ "unsubsti t Ut ed. As
used herein, the ‘ﬁ‘éﬁh@% ( . : tf’FterrpI ated to i pcl yde al |
permi ssi bl e substituents oHSeBHATI2-2RABpentanedigl wAfigand havingtheoct | the
perm ssi bl e substgyédiglat s i ncl ude acyclic and cyclic, WO 97/ 14669

PCT/ US96/ 16903 -42 -

M,, S o
¥

OMe

t »

The latter ligand can be produced from Iso BHA chloridite
by the process described in Example 1 of above-mentioned PCT Patent
Application 93/03839. The complete chemical name of this ligand is
(2R, 4R)-Di{2,2'«(3,3"-di-tert-butyl-5,5'-dimethoxy-1,1'-biphenyl)]-2,4-
pentyl diphosphite.

For purposes of this invention, the chemical elements are
identified in accordance with the Periodic Table of the Elements, CAS
version, Handbook of Chemistry and Physics, 67th Ed., 1986-87, inside
cover. Also for purposes of this invention, the term "hydrocarbon” is
contemplated to include all compounds having at least one hydrogen
and one carbon atom. In a broad aspect, the hydrocarbons include
acyclic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, aromatic and nonaromatic organic compounds which can
be substituted or unsubstituted.

As used herein, the term "substituted” is contemplated to
include all permissible substituents of organic compounds. In a broad
aspect, the permissible substituents include acyclic and cyclic,
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branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaronmati ¢ substituents of organic conpounds. Il lustrative substituents
i nclude, for exanple, those described herei nabove. The perm ssi bl e
substituents can be one or nore and the same or different for

appropri ate owgawngsesonpounds. For purposes of this inventi POTUSISR6903

het eroat ons such as nitrogen may have hydrogen substituents and/ or any
perm ssi bl e substituents of organic conpounds described herein whi ch
satisfy the valencies of the heteroatons. This invention is not I nt ended
to be limted in any manner by the perm ssible substituents of organic
conpounds. As ‘used her ei Nyot.he fol l owi ng synbols have the

i ndi cat ed meani ngs: L liter

mL mlliliter wt % wei ght percent

m./ mn mlliliters per. mnute ppm parts per

m : : : SP aﬁé’ el ghEJranched and xﬁgbiranche%, carbﬁm i sa.n%elpr aer@m&?lgz’ arqmatic and "9
[err]C degr easnamnistip substituents of organic compwunds. Illustrativenched to

normal isomer ragii.s: . n s

bec 0 1 £ titnepts nclude for pxflipl, fhose dshibed B e

Gas Chr omat ogr apR§rmissible substituents %P&G et pere 3nd thesame oy difterent

Chr omat ogr aphy  for appropriate organimmmpounds. For purpesses of this invention, the Mol
mllimol es heteroatoms suths nitrogen mid} Ravelydrogd SBEtREERR Bhd/or WO
97/14669 L . . PC1US96/16903
-43 - any permissible substituents of organic compounds described herein

which satisfy the valencies of the heteroatoms. This invention is not

intended to be limited in any manner by the permissible substituents

of organic compounds.

As used herein, the following symbols have the indicated

meanings:

L liter

. mL milliliter
wt% weight percent
mL/min milliliters per minute
Ppm parts per million by weight
g grams
mg " milligrams
psi pounds per square inch
°C degrees centigrade
b/n branched to normal isomer ratio i
cc cubic centimeter
DSC Differential Scanning Calorimeter
GC Gas Chromatography
HPLC High Performance Liquid Chromatography
mm millimeter
mmol millimoles
TLC Thin Layer Chromatography
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The follow ng Exanples are provided to illustrate the process of this

i nventi on. Exanple 1

| mprovi ng Enantioneric Purity of an Al dehyde Thr ough
Crystallization in Acetone A solution consisting of

6- net hoxy- 2- vi gyl %&t hal ene (395 g), Iso(BHA-P)2-2R 4R- ff 1.0l
(6.041 g), Rh4‘?é6§} 0. 862 9) and acetone (1500 nL) was charge oal
gal l on reactor which was pressurized to 250 psi with 1:1 Herr]/CO The
reaction m xture was stirred at anbient tenperature for four days to
ef fect hydr of ormyl ati on. The crude reaction product so produced was
renoved fromthe reactor and an aliquot renbved to determ ne the
conposition of the product. -43-GC anal ysis of the aliquot of
t he crude reaction product i ndi cated that 98.8% of the olefin starting
mat eri al had been converted to al dehydes and that a 95:1 ratio of

2- (6- et hoxy- 2- napht hyl ) pr opi onal dehyde to 3-(6-net hoxy-2-napht hyl) -

propi onal dehyde had been olftaifIRGwinRELRhpRE 205 pkiaded theilugRate the he
aliquot followed b Chi‘}ﬁb{ﬂm gh Perf'ormance Liquid Chromat ogr aphy

(HPLC) anal ysis o?"{’f‘ﬁsé’ IPYeRR hoxyl i c acids indicated that an 81%
ee of the desired S-al dehyde [i.e., S 2-(6-nethoxy-2-naphthyl)-

pr opi onal dehyde] was produced. czample 1 The above-nmenti oned

oxi dation and HPLC anal ysi Enaf vite of 8h! Q¥eHhvde ML of the
crude reaction product was %il ; g% J
0.3 g of potassium permanga\gat] and

, ane and m xed with
. O
m xture so formed was stir Fesplytionc

o] magnesiumsuyl fate. The
A A S
effect oxi dation @95elsa(BRATRIEZR AR-pentanediol @M L@ aBhaGiORRRRA L) 0 t he
cor respondi ng car HaxKhitbn@ Cieho mili#s chardddoCE paINh HoabtdrSRIBKR Yradnder

reduced pressure. p%g%ég%n%%ozgsi with RIS ; ﬁ%gé&éﬁo%cﬁagﬂu}@{vgg tines

with 50 nmL of hot
PCT/ US96/ 16903  stirred at ambient temperature for four days to effect - 44 -

hydroformylation. The crude reaction product so produced was
removed from the reactor and an aliquot removed to determine the
composition of the product.

GC analysis of the aliquot of the crude reaction product
indicated that 98.8% of the olefin starting material had been converted
to aldehydes and that a 95:1 ratio of 2-(6-methoxy-2-
naphthyl)propionaldehyde to 3-(6-methoxy-2-naphthyl)-
propionaldehyde had been obtained. Oxidation of the aldehydes in the
aliquot followed by chiral High Performance Liquid Chromatography
(HPLC) analysis of the resulting carboxylic acids indicated that an 81%
ee of the desired S-aldehyde [i.e., S-2-(6-methoxy-2-naphthyl)-
propionaldehyde] was produced.

The above-mentioned oxidation and HPLC analysis were
conducted as follows: 3 mL of the crude reaction product was diluted-in
50 mL of acetone and mixed with 0.3 g of potassium permanganate and
0.32 g of magnesium sulfate. The mixture so formed was stirred at
room temperature for 30 minutes to effect oxidation of the aldehydes in
the crude reaction product to the corresponding carboxylic acids. Then
the acetone was removed under reduced pressure. The residue so
produced was extracted three times with 50 mL of hot water and the

-
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t hree aqueous sol utions so obtai ned were conbined, filtered and washed

with 50 nL of chloroform The. aqueous |ayer was then acidified with
HCl to a pHof 2 at which tinme a white, solid precipitate formed. The
precipitate was filtered, washed with water and dried to i solate the
carboxyl i c aciyigorikkg® carboxylic acids were anal yzed by PCTiUspele9dsPLC on
a CH RACEL[err] OD-H columm which coul d separate the two enantioners
of the resulting 2-(6-mnmethoxy-2- napht hyl ) propi oni ¢ aci d.

The remai nder of the crude reaction product was stored at -22[err]C
overnight and during that tinme crystals forned. These crystals wer e
filtered, washed with cold acetone and dri under vacuumto yield 111
g of off-white crystals and a first filtraf€.” Analysis of the crystals
indicated that the b/n isoner ratio had been increased to >250: 1.

Oxi dation of the al dehydes to carboxylic acids and chi ral HPLC of the
resulting carboxylic acids indicated a 93% ee of the S- enanti onmer had
been obtai ned.  three aqueous solutionmgo ehtainediwenecombined, filteyed @angyer ni ght at
-22C and addwasaémbnaf 56 il 6f dHérEstm. TTBéﬁqﬁéMistl&!ySr was ¢hér | tered,

washed with al u hEguum Yy

filtrate and 70 d%ea‘{; %ngc??aéd% {;\Xvﬁ}f hmﬁlah ?\gcgh%o?dj% @%@250 1
and a 93% ee of tfm'med Tis: presipitataavas filtered, washed with watenand drigd$

filtrate was stor ?éélﬁbth@%&ﬂio&:&ﬁcﬁhiﬂénmmcaﬂ%iyhc acidsagéreanal et dys for med.

Filtrat hi av d
sol ati on of 50 o raLHELEE s CRERMEEL OB salprpn wHiE bAIG sbhael T 1 1
i soner ratio of 20be bvandamomeraﬁftbgtr@ssﬂbnar&(ufimthoxy-%

.

Exampl e 2 hthyl)pr mhm)g@,yl ng Enantionmeric Purity of Al dehydes
Through Crystalllza I on m%ﬁ at

consi sting of 6-nmethoxy-2-v %ﬁ?ﬁf’gﬂg ?‘68‘* rea‘:t'mng!)’mduc‘"‘éaégéo%d9{]

| so( BHA- P) 2- 2R, 4R-22%} owerdight a(ns.l ng thatitimecyyspalg dormed. g Thegeprystals  \\p
97/ 14669 were filtered, washed with cold acetone and dried undePP@aculi®® €6 16903

yield 111 g of off-white crystals and a first filtrate. Analysis of the
crystals indicated that the b/n isomer ratio had been increased to
. >250:1. Oxidation of the aldehydes to carboxylic acids and chiral
HPLC of the resulting carboxylic acids indicated a 93% ee of the S-
" enantiomer had been obtained.

The first filtrate was stored overnight at -22°C and
additional crystals formed. These crystals were filtered, washed with
cold acetone and dried under vacuum to yield a second filtrate and 70 g
of white crystals with an b/n isomer ratio of 250:1 and a 93% ee of the
S-enantiomer.

The second filtrate was stored at -22°C overnight and
again crystals formed. Filtration, washing and vacuum drying of these
crystals resulted in isolation of 50 g of a crystalline aldehyde product
having an b/n isomer ratio of 200:1 and an ee of 92% S-enantiomer.

Example 2

Improving Enantiomeric Purity of Aldehydes
Through Crystallization in Ethy] Acetate

A solution consisting of 6-methoxy-2-vinylnaphthalene (60
g), Iso(BHA-P)2-2R 4R-pentanediol (1.25 g), Rh4(CO)12 (0.131 g) and
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- 45- ethyl acetate (180 g) was charged to a 300 nL reactor which was
pressurized to 250 psi with 1:1 H2/CO. _The reaction m xture so forned

was stirred at anbi ent tenperature for four days to effect

hydr of ormyl ation. The crude reaction product was renoved fromthe

react or and an aI | q“ggt renoved to determ ne the conposition of the

pr oduct . GC anal ysis of the aliquot indi c atfedSAe(169%g oy, of
the olefin starting material had been converted to al dehydes and that a
59:1 rati o of 2-(6-nethoxy-2-naphthyl) propi onal dehyde to

3- (6- met hoxy- 2- napht hyl ) pr opi onal dehyde had been obtai ned. Oxidation
of the al dehyde products f-oll owed by chiral HPLC anal ysis of the

resul ting carboxylic acids indicated tdgt an 80% ee of the desired

S- al dehyde [i.e., S-2-(6-nethoxy-2-naphthyl)propional dehyde] was

pr oduced. The remai nder of the crude reaction product was
t hen stored at -22[err] C overni ght duri ng V\/ni ch tinme crystals forned

_)

e

in the cont ai {Rk) a e(lﬁﬁ ‘% % %%%col d
acet one and dr L ed o un uum Z,g ‘3 ML cr%stal
Subsequent anBisjEyraz g LTI Y eo oS
ratio had been was sumds&d\nhlﬁenﬂ%ﬂera&ned‘et fmh&stheﬁ‘mtyst alline

al dehyde and chir ©f rfesl.lé ted a
92% ee of the S i%cto%l% t; oner%ignggeaté %P%éf;fyrgma;iﬁ:fﬁt&a

Exanpl e 3 E o determan GIMRA3

from Acet one Sol uprodiact. A A crude hydrofornylation
reaction product simlar pﬁiéc(q

Exanpl e 1 above was |, pr (%%Bge ﬁ%ﬁgﬁhéﬁ ﬁfﬁ'};%& t&gﬁtﬁégqpa § hodl um
and |igand. THeripg mateaabhad heen spnyerteddn esapg that &g

napht hyl ) pr opi onatatizhofi@:(6- ﬁ(étlmx%z-daphtﬂy&)@u}opmnaldehmo(M-m&hoxy-z WO
97/ 14669 naphthyl)propionaldehyde had been obtained. Oxidati&i-df {#5896/ 16903

aldehyde products followed by chiral HPLC analysis of the resulting
carboxylic acids indicated that an 80% ee of the desired S-aldehyde
[i.e., S-2-(6-methoxy-2-naphthyl)propionaldehyde] was produced.

- The remainder of the crude reaction product was then
stored at -22°C overnight, during which time crystals formed in the
container. These crystals were filtered, washed with cold acetone and
dried under vacuum to yield 32 g of off white crystals. Subsequent
analysis of these crystals indicated that the b/n isomer ratio had been
increased to >129:1. Oxidation of the crystalline aldehyde and chiral
HPLC of the resulting carboxylic acid indicated a 92% ee of the S-
enantiomer had been obtained.

Example 3
ion of dehvde
from Acetone Solution
A A crude hydroformylation reaction product similar

to the crude reaction product produced in Example 1 above was
processed through a membrane to remove the rhodium and ligand.
The crude reaction product contained 2-(6-methoxy-2-
naphthyl)propionaldehyde (30 wt%) dissolved in acetone (70 wt%) .
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-46 - The crude reaction product al so contained rhodium (263.3 ppm
and | i gand. The nmenbrane was arranged and used as

foll ows: Three 2 inch circles were cut froman 8 inch x11 inch sheet of
MPF- 50 menbranes (Lot #021192, code 5107) which are sold by Menbrane
Products KirygiodMugovann Ltd. and which are believed to be wckibdsnesnst he
scope of above-nentioned European Patent Application 0 532,199 Al . These

circles were placed into three Gsnonics nenbrane hol ders. The crude
reaction product (feed) was placed into a 2L Hoke cyli nder under
nitrogen. The feed was punped to 500 psi at a flow rate of about 380
m./mn. The feed flowed through a 60 micr filter and then was split
into three streams which went to the nenbranes. Flowreters were used to
ensure that the flow was split equally to the holders. The perneate from
t he nenbranes was conbi ned and col | ected under nitrogen. The raffinate
flowed to a back ressure regul at or and was then returned to the Hoke

cyl i nder. e crude reagion produsy alpogontained rhefiume(268:%ppm) 8odict was

per neat ed anligasd. r hodi um content of the resulting first perneate was

about 69.4 ppm The n%r&g&bgggemlﬁp%d 5’6 &?Zscr gévghTﬂf t one and

t he acetone was di scar ded I ane

separation was répa¢h eigcles wepcutifsomsp8 incls x1hinchisheet FMEFHE (whi ch
contained 69.4 pafdmbraned (It HOR1292, cbade 107 Owhithsdre $oidby Menitiranei ng 19. 2

Socond - per nebreio bRl Sufheb T Bho NPT AR IR I . o' o

per nmea one an Isoner ratio of
t he sol i ds whhe erepe of pbovermgntioned Byrapesan PatentiApplieahion 0 838498 i soner

and 88. 7% S- i son@. [These cirfles wete Iﬂﬁd&ﬂ&ﬁto?tiﬁ'a@msm&ﬂcs membpswheldatsiehyde] .

second per ot 'ecg%é%ﬁ?&e “e%?mﬁ’? %@Eﬁt?fe‘ﬁf@ fed iptolf 2L Hotiided | TC
descri bed bel ow under nitrogep, Jhefegd swas pumped to 500 psi at a flow rate of about

PCT/ US/ 16903 380 mL/min. The feed flowed through a 60 micron filter and then was
split into three streams which went to the membranes. Flowmeters
were used to ensure that the flow was split equally to the holders. The

. permeate from the membranes was combined and collected under
nitrogen. The raffinate flowed to a back pressure regulator and was
then returned to the Hoke cylinder.

| About 1500 g of the crude reaction product was permeated
and the rhodium content of the resulting first permeate was about 69.4
ppm. The membrane and equipment were washed with acetone and
the acetone was discarded.

The above-described membrane separation was repeated

on the 1500 g of the first permeate (which contained 69.4 ppm .
rhodium) and 1000 g of a solution (containing 19.2 ppm rhodium) was
separated as a second permeate. The composition of the second
permeate was 80% acetone and 20% solids. The b/n isomer ratio of the
solids was 64:1 and it contained 1.4% normal isomer, 9.9% R-isomer,
and 88.7% S-isomer [i.e., S-2-(6-methoxy-2-naphthyl)-
propionaldehyde]. The enantiomeric excess (ee) of the crystalline
solids was 80.7%. The second permeate so obtained was then
concentrated and crystallized as described below.
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-47- A portion of the second perneate produced as
descri bed above was concentrated by evaporating acetone at 18C and 25
i nches of mercury pressure to produce a concentrated sol ution

contai ning 70% acetone and 30% soltds. The concentrate so obtai ned was
charged into rystallizer described below The crystalli

cons?sted of a.?gﬂﬂﬁf d 250 cc vertical cylinder (X) 3F#?éﬁ&WFPh a
stirrer (B) and an |nternal filter (C. Crystallization was initiated
by cooling the jacket to -14[err]C thus cooling the contents of the
cylinder to near -14[err]C In order to di ssolve the small crystals
that forned on the inner surface of the cylinder and to enhance
crystal size, the crystallizer was reheatedtto 3[err]C and again
cooled to -14[err]C using cooler (D). This procedure was r epeat ed
three tines. Since the internal filter (C clogged, the solid crystals
formed in the cylinder and liquid were renpoved fromthe crystallizer

and separated in a | aborat OPM)oYﬁ&UUmHe'deE&id dhfiedt@Prbdided as describéd er cake

was washed with on art ceton C er two
part's (by weight) %Pg 555??%'%??4 Bygyae%f@ng aﬁ?g e%ﬁlst%r#d 25 inchés
crystal line filterofeagreucopressuredo paodureat consenirdtei/splution canthining 30% ds

and had a b/ n i songetdndtdnd 30% d8fis! TheGneehirdte g&aﬁuahféadn&)s chdigedBito
i somer, 2.4% R-i saoner 97, 3%,S-4,S

t he sol i ds was 95.2% ’rﬁﬂ‘# cl’I':‘l?e clﬁ(i%‘ﬁ W‘@rcﬁ%ﬁgm | OITEI‘IISC %33&8%6

i ndi cated that sol235 qsmml@yhmdA)ﬁtMmthmsmen intermali n

si ze. . f filter (C)Bcwstxhﬁaﬁeitawst:mﬁa&a @hr%oﬁﬁg $1£1@jdcké?£dt aa8°C |
procedure o eat e not her pqrihon o e secon
per meat e obt Jﬁ 8°‘?{l V\ﬁ}? QBERRE tg’@rcl E‘é@ ﬁ\g%?%fpg‘l % E‘P Jn and the
crystal s pr odlisasdventhe smajl m@émhatrfarmgd@n thﬂa@mleramfas:gmf&hmed of

0. 2% nor mal lo?ﬁﬁﬂér and {0/ehhdrz0 ¥Pystabéide, The t¥stallizer®as rélientee tof the

(}::); gzhglez \\I/\?Z the pr oce‘i.‘aaua%am c?oled to '1,54\00 "lcfl%é:c%der H%er € cgir:r%w b G"C%E‘g

di ssol ved in two pgPeatethyes times.oBince the internaldilen (G slogeed, thglsghti of the

conbi ned wet filt afrystaleforhied in the cylindéPadd/lififié Shere removed from the

PCT/ US96/ 16903 crystallizer and separated in a laboratory vacuum filter. The resulting
filter cake was washed with one part by weight of cold acetone (0°C)
per two parts (by weight) of wet solids (filter cake). The resultant
crystalline filter cake contained 13% acetone and 87% crystalline solids
and had a b/n isomer ratio of 386:1. The solids contained 0.3 normal
isomer, 2.4% R-isomer and 97.3% S-isomer. The enantiomeric excess of
the solids was 95.2%. Scanning Electron Microscope (SEM) photos
indicated that solid particles were uniform and about 100 microns in
size. .

B. The concentration and crystallization procedure of
A above was repeated with another portion of the second permeate
obtained in the above-described membrane separation and the crystals
produced had a b/n isomer ratio of 446:1 and contained of 0.2% normal
isomer, 2.7% R-isomer, and 97.1% S-isomer. The ee of the crystals was
94.6%.
C. The wet filter cakes produced via the procedures of

A and B above were combined and dissolved in two parts by weight of
acetone per part by weight of the combined wet filter cake. The
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-48 - solution so obtained was crystallized using the
crystallization procedure of A above, separated and washed per the
procedure of A above. The resultant crystals had a b/n isoner ratio of
921:1 and - contained 0.1 normal isoner, 1.3%R-isoner, and 98. 6%
S-isoner. The woerfagee0f the crystals was 97. 4% PCT/US9dA69083 The
wet crystalline filter cake produced by procedure of C above was

di ssolved in two parts (by weight) of acetone per part of the conbined
wet cake and crystallized using the crystallization procedure of A
above, separated and washed according to the procedure of A above. The
final crystals so obtained had a b/n ii mer ratio of 1836:1. The
crystal contained 0.05% nornal i soner, “*6% R-i soner, 99.35% S-i soner
and 4 ppmrhodium The ee of the crystals was 98.8% The nelting point
~of the crystals was 72.5[err]C determined in a Differential Scanning
Cal orimeter (DSC). Exanpl e 4

Refini ng An Al delsplistidiy smolitaingdd was txystalBoed using the crystallization A A

fLUde h)édr of Ort”yhﬁ%i:éﬁ?xré%fﬁdlﬁigepé _ﬁed‘@ﬂwashdldsﬁgthg%&o&aﬁgéit)mlt ar to

e crude reaction progduct pr ced | anpl e 0 at was

conposed of 62.9%%é’§ﬁyl 558?‘&?%'&& stﬁshg%g@g@%qggag@r#gﬁ{lr@tp

2- ( 6- met hoxy- 2- nagehtainkd rlopemnall idemericl.3% R-isteers ahd 88.6% 8-isoben The 42: 1

were conposed of g I%heeryRhlsivae87.4%. 11. 7% R-i soner and 86% S-i soner

[i.e., S-2-(6-nethoxy-2-naphthyly)- roopl ongl. dehyde nd d an ee of

76% The crude reaction prgguct Ll)hew%cggﬁa&qed tfﬁgé‘%é’ﬁgﬁ‘i;%é:

B. Seven succesprosedrsef @ abivarvasdissolverkinctweiparts (by weight) ofacetarguct

were cooled to -7 e%rﬁdrgoffhet&emﬁx&wtlchﬁeana%g%tmzedusir@qmpl e 3 above.
u

separated on an. CTYEANAER pore e A Spite, prparatel 4 wpded GRAHRE o
with 0.5 parts oftodhieyrocesure ofAmhovpaThedinalerystals soobkained had adifn| t ant
conposi te cake friggineP Pati6uL1838:YS Thelcrysthl &titained 0.05% \HorMal isthife?,
PCT/ US96/ 16903 .6% R-isomer, 99.35% S-isomer and 4 ppm rhodium. The ee of the

crystals was 98.8%. The melting point of the crystals was 72.5°C

. determined in a Differential Scanning Calorimeter (DSC).

Example 4
Refini e Ethyl Acetate Solution
A. A crude hydroformylation reaction product was

used that was similar to the crude reaction product produced in
Example 2 above and that was composed of 62.9% ethyl acetate and
37.1% solids containing 2-(6-methoxy-2-naphthyl)propionaldehyde.
The solids had a b/n of 42:1 were composed of 2.3% normal isomer,
11.7% R-isomer and 86% S-isomer [i.e., S-2-(6-methoxy-2-naphthyl)-
propionaldehyde] and had an ee of 76%. The crude reaction product
was crystallized as follows:

B. Seven successive 250 ml charges of the crude
reaction product were cooled to -7°C in the crystallizer used in
Example 3 above. The crystals and liquid resulting from the
crystallization were separated on an external vacuum filter and the
crystals were washed with 0.5 parts of ethyl acetate per part of wet
cake. The resultant composite cake from the seven crystallizations
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- 49 - contai ned 24% et hyl acetate and 76% crystalline solids. The

b/ n isoner ratio of the crystalline solids was 123:1 and the solids
cont al ned 0.8% normal isomer, 6.0% R-isonmer, and 93.2% S-i sorrer The
ee of the crystalline solids was 87. 9% C. The wet
filter cake f t B. above was di ssolved in two pa ght of
et hyl acet ate%ﬁﬁt (by wei ght) of wet filter cake. %%I on
was cooled to -13[err]Cin the | aboratory crystallizer used in Exanple
3 above. The contents of the crystallizer were then reheated to
3[err]C and again cooled to -13[err]C. This cool -reheat cycl e was
repeated two tines to enhance-the crystal size. The solid- liquid

m xture so produced was separated in an ex#®r-nal vacuumfilter and the
wet filter cake 50 produced was washed with 0.5 parts of cold (- 100

ethyl acetate per part of wet filter cake. The resultant cake
contai ned 25% et hyl acetate and 75%crystalline solids. The

crystal line soli dgorftathed M%leshg»w&stafaaﬁms% am&r%liaad Th WA idokher

i somer content of 2‘V r ¢ Qne
content of 98. 206 "HHROE e&ﬁ%ﬁ@%ﬁ @?gmsn@ %F?‘ﬁh?,\&@‘ é’°§€/am°é°8%
Exanpl e 5 normal isomer, 6. Oﬁét-zaomeg ahd B8.2% Sdsomer. { Thmeerefthene
Sol ution in a Fal tdyBghlfihé BpNdWwhaBTo%e" Crude

hydr of ormyl ati on reaction odu t hat | ar othe crude
r)éact i onm;;roduct produced i ;Ifhﬂ ea,‘lm\gao?% ?ﬁ {Sfep B- a °vec‘6?ﬁ ai ned 70%
acet one and 30% sdisselvediirs twe parte dyiweight ofethyl acepate per pazt (byrgyeight)of
_crgfrte «ral Ir;tze:) O]jhgvgvagﬁuéﬁ c?%etTE;e sauﬁsnm%m tﬂrminfol/ﬁ(iaﬁoratory b/ n

i s i s X

 Somor, 5. 9% R | SEWErlige pieg 8 Slinig b B itsmns of Y Fppaliver
napht hyl ) pr opi onaweesihes] rehﬁhbdénéﬁﬁlmgmnskdeéso o3 Ghél‘lg@pmdsrehe@;t

81. 9% cycle was répéutéd W@n&@écﬁoléﬂhaﬂwﬂk& ¥aud sizeh Tetdolided by

evapor at i ng. 30% b e 0, 0f od D50k a8 Bepaifod Pl LA ERARERL BlGe

PCT/ US96/ 16903  and the wet filter cake 50 produced was washed with 0.5 parts of cold (-
10°C) ethyl acetate per part of wet filter cake. The resultant cake
. contained 25% ethyl acetate and 75% crystalline solids. The
crystalline solids had a b/n isomer ratio of 483:1 and had, a normal
isomer content of .2%, a R-isomer content of 1.6% and a S-isomer
content of 98.2%. The ee of the crystalline solids was 96.8%.

Example 5

efini ehyde etone
lling Film Crystallizer
Crude hydroformylation reaction product that was similar
to the crude reaction product produced in Example 1 above and that
contained 70% acetone and 30% solids was refined in a laboratory
falling film crystallizer. The solids in the crude reaction product had a
b/n isomer ratio of 69:1 and the solids composition was 1.4% normal
isomer, 8.9% R-isomer, and 89.7% S-isomer [i.e., S-2-(6-methoxy-2-
naphthylpropionaldehyde]. The enantiomeric excess of the solids was
81.9%.
The crude reaction product was concentrated by .
evaporating 30% by weight of the solution. The resulting concentrate
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- 50 - consi sted of 57% acetone and 43% solids. This was
crystallized in a | aboratory falling filmcrystallizer by the

fol |l owi ng procedure. The crystallizer consisted of a
kettle (A), a jacketed colum (B) (the colum was a one neter |ong

j acket ed vert werdidebe havi ng a one inch dianeter intepopusssnssesng)
and (D) neans for punping (i.e., circulating) liquid fromthe kettle
to the filmdevice (O at the top of the falling filmecrystallizer.
The jacket of the crystallizer was affixed to a supply of cool ant (E)
whi ch flowed co-current with the falling film That is, both the
falling filmand the coolant in the jacket fl owed downward in a
co-current fashion. The crystallizer used-P2- simlar in principle of
operation to those described in above-nenti oned U S. Patent 3,621, 664.
Two thousand mlliliters of the concentrate produced as descri bed
above were charged to the kettle (A of the falling film . crystallizer
used i n this Exanginsisted ofi§7%oscetone and43% solids.kThid wasarystallizedin au| at ed

bri ef : yt down thr gwhrdttb@y fﬂiiﬂgflsi_lﬂﬁ\-y%tﬁlm} lb?rhﬁe %‘dl;ﬁh&iﬁg%béeﬂure. and then
circul ation was discontinued. Since.the wa unm wer e
mai ntai ned at -20[err]C by er%?‘&?'?%%%ﬁ?ﬁf?a&“{gﬁfﬁg’rwﬁﬁgdof
sol i ds quickly foccleond®)tithe dolwmon wae & onemetérlongljasiteted merticabinbe
EE;OQ%Q' f}lgeo; al:lo: H%ﬁ%ﬁ%ﬁﬁ?&?ﬁ%get l.e t er} tyr )thQFsCfoygt . foon
i NSi u . u

-16[err]C, the reB'r’?“(?ER%{lieUrF“fcf"kﬁ“?ésh% gﬂﬁ{%ﬁ? °t%h\é\%§'80'fgﬁc %é sl i ght
amount of heat wast thitkep of she Falling filmecrystallizenaThegacketiaf she rystallizer
prevent cryst al | | 4ahiafxdd o iy of Gooldi @) WISES Hbihel o-cubpentieidh tig.

e recircul atingglj.qui Qol.e i ght. ciygul ating . rom
bath (G to cool ef%dlaﬁ)ﬁimmct ‘ET‘RPSP}*’F ?QSH’EMJ @b%q%?‘&‘%&ﬁg?%%‘se I dual
liquid in the ket floweddowamsridn ameccurrentfashicn. TheicapstaHizerupedig | i zer

wal I's were washedgithildr 20pesiciple oFbperdticiicthobedestribed I boté-aientivhed
top of the colum ,dPt h|§ V@’ifhé | quid was di scarded. The conposition
of the kettle residue W&g-gi 0 a é'i‘one and 39% solids. The solids [n the -

kettle had a b/n isonmer ratTwoshowmnd mililitess phthegpneentyatn praduced as a)
97/ 14669 . described above were charged to the kettle (A) of the falRagfiliO6/ 16903

crystallizer used in this Example 5. The concentrate in the kettle was
circulated briefly down through the column (B) to wet the inside walls
and then circulation was discontinued. Since the walls of the column
were maintained at -20°C by circulating coolant, a thin frosting of
solids quickly formed on the inner walls of the column. The flow
through the falling film crystallizer was resumed depositing crystals on
the inside of column wall. After the kettle temperature was reduced to
-16°C, the recirculation flow was stopped. During the cooling, a slight
amount of heat was added to the kettle by a heating mantle (F) to
prevent crystallization in the kettle. To compensate for this heating,
the recirculating liquid was cooled slightly by circulating coolant from
bath (G) to coolers (H). After crystallization was complete, the residual
liquid in the kettle was emptied and the solids inside the erystallizer
walls were washed with 50 cc of wash liquid that was added from the
top of the column and this wash liquid was discarded. The composition
of the kettle residue was 61% acetone and 39% solids. The solids in the
kettle had a b/n isomer ratio of 60:1 and contained 1.6% normal
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- 51 - | somer, 12.8% R-isoner and 85.6% S-i soner. The ee of the
kettle solids was 74. 0% 600 cc of reagant grade
acetone was added to the kettle and circulated to the falling film
device at 20[err]C and then down the inside wall of the colum to

di ssol ve the ' dhering to the inside of the colu ' S a
very qui ck anﬁgékgf@ent techni que for recovering adhe%@“% and
is a unique nethod for recovery of solids fromthe falling film
crystallizer. ' The acetone solution recovered fromthe

col um wal | cont ai ned 78% acetone and 22% crystalline solids. The
crystalline solids had a b/n isoner ratio of 111:1 and contained 0.9%
nor mal i somer, 6.9% R-isonmer and 92.29%B-i soner. The crystalline solids
ee was 86. 1% Exampl e 6

Refining of An Al dehyde from Acetone Solution Utilizing Cooling
Crystallization Three 2 inch circles froman 8.5 inch x 11
inch sheet of  jsdfREr, 5@ 8% HsBHRY atd 6.6 2iE8Res OTte 24 02 the KRR ONES €

pl aced into thre noni cs nenbrane hol ders. Feed was placed into a 2L

Hoke cyli nder™ thife nitrogen. The feed was punped to 500 psi at a flow
rate of about 380 nl/ nBA0 cqpfreagant grademeetanesvashaddedtorthe kettlé i | t er

Iazlnd t then was ﬁiﬂéi%-cdlﬁﬁe‘a&%Sﬁal?h?%ﬁfdéﬁé&ﬂwqax%@tﬁehﬁﬁﬁﬂmr@nes-
owreters were used to .ensyre tha e flow was. equ .._The
pernmeate fromt he‘"ﬂ@ﬁ‘b‘?%}ﬁgékkﬁa?i% Pﬁéﬁ°§'ﬁ\é¥h88§¥§“€?§b€% orﬂrpé ms@letof ogen.
The raffinate fl| dhesolumn. Thikwps eseny quickqpndefBrient techpigne for was ret urned

to the Hoke cyl i ndgévering adhering solids andi8@ dri§de Wathed forlre@iesy ofPdolidsCr Ude
hydr of or nyl ati on tsbg i0 rodugaEl .containing 2-(6-nethoxy-2-naphthyl) -
pr opi onal dehydes %98 ng B eryRtallizer.  0g . The mixture al so

cont ai ned rhodi um (389. 3 ppie agetone soliRion repeoversd fonp the enlamngiall

contained 78% acetone and 22% crystalline solids. The crystalline
solids had a b/n isomer ratio of 111:1 and contained 0.9% normal
isomer, 6.9% R-isomer and 92.2% S-isomer. The crystalline solids ee

was 86.1%.
Example 6
ing of ehyde e Solutio ilizing Cooli
Crystallization

Three 2 inch circles from an 8.5 inch x 11 inch sheet of
MPF-50 membranes (LOT #021192 code 5102). These were placed into
three Osmonics membrane holders. Feed was placed into a 2L Hoke
cylinder under nitrogen. The feed was pumped to 500 psi at a flow rate
of about 380 mL/min. The feed flowed through a 60 micron filter and
then was split into three streams which went to the membranes.
Flowmeters were used to ensure that the flow was split equally. The
permeate from the membranes was combined and collected under
nitrogen. The raffinate flowed to a back pressure regulator and then
was returned to the Hoke cylinder.

The feed was a 4 L batch of a crude hydroformylation
reaction product containing 2-(6-methoxy-2-naphthyl)-
propionaldehydes (30 wt%) in acetone (70 wt%). The mixture also
contained rhodium (389.3 ppm) and Iso(BHA-P)2-2R,4R-pentanediol.
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-52 - About 3325 g of +his solution was perneated through the

menbr ane and the resulting perneate solution had a rhodi um cont ent
about 36.3 ppm The system was enptied, cleaned with acetone and the
wast e di @ p1ieKee The 3325 g of the paramasbeeded uti on
containing 36.3 ppm r hodi um was pl aced back into the Hoke cylinder and
about 1439 g of this solution was agai n perneated through the

menbr ane. The resulting perneate solution contai ned about 5.6 ppm
rhodi um The 1439 g of the solution containing 5.6 ppm

r hodi um was pl aced back into the Hoke | i nder and passed back through
t he menbrane for the third tine. Abou'tg%35 g of this solution was

per neat ed through the nmenbrane and the resulting perneate had about
1.2 ppmrhodium This perneate was then used as a feed for the
crystallization process described bel ow Recovery and

refining of S 2-(@\heut@33Ry gofthisipoltion was perpeatsdshaougihthecmambeagele from
the perneate obt aiﬂﬂ&h@&e&ﬂsﬁgimeate solatioN hadasriasaiioh it dbelt 863
|

ot on was. bat cPy SRARPHisBvag emblied, lopnad wil Botiche i eRHRERC T, U

so obt ai ned was f idiscardel-t o renpve crystals and the crystals were
washed with one half gram ofhagsspef the peffibatd’sdlatin H&ﬁitaﬁﬁhgés.-aiﬁiﬁ

e e
and washi ng was r dbisatclutiom wagiagain permeated thromgbtheanhembrane. Thee crystal s
1o L0, ZEFon, Sesppan e wlaskhdaifessus appalmomie |31
acgt one per part of wet sol ﬁ\?}g '151?% igs°ftge%°lg%1°8ﬁ°8ﬁm&ﬂ§g %’?3?%% gléo Mt he
same manner as thevas plgicethbagkeinte the Hoke cylinder and passed bagk thrawghthet hat
vere recovered andmufbigte forahe thirll time. AbbiE938 [ iof tHis @6lutiong®as wer e agai n
e e > et 055468 e oy e R a0
refined crystalli raboyipiiZppmrhgdium. This permeate was then used as a feed for the

- crystallization process described below.

Recovery and refining of S-2-(6-methoxy-2-naphthyl)-
propionaldehyde aldehyde from the permeate obtained as described
above was accomplished by the sequence of operations described below.
In summary, the permeate feed solution was batch crystallized by
cooling to - 10°C. The slurry so obtained was filtered to remove
crystals and the crystals were washed with one half gram of acetone
per gram of wet solids. The filtrate and was were combined and the
solution concentrated to 40 percent solids by evaporating acetone, The
crystallization, filtration and washing was repeated on this
concentrated solution. The crystals from this second stage were
combined with crystals from the first crystallization and dissolved in
one and one half parts by weight of acetone per part of wet solids. This
solution was processed in the same manner as the original permeate
feed solution. The solids that were recovered and washed from both
crystallization stages were again combined and dissolved in acetone.

The final recrystallization was also conducted in the manner as
described above in this Example. The refined crystalline solids from
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- 53 - - this |ast stage represented the final product (i.e.,

S- 2- (6- net hoxy- 2- napht hyl ) pr opi onal dehyde). The final ee was 96.8. The
yield of S-2-(6- met hoxy- 2- napht hyl ) pr opi onal dehyde as a fraction of

t hat suppliedy he feed was 26.8 percent.

Exanple 7 “UB’M“; A Napr oxen Al dehyde Melting Pofﬁ{mﬂﬂé%m
Experinmental nelting point data was obtained using the crystallizer
described in Exanple 3 above. Sanples were obtained during
crystallization tests in acetone solutions. The solid sanples wer e
renmoved fromthe slurry by fiktration. The sanples were then slowy
heated in a Perkin/E nmer DSC7 to obtain tbB8-nelting point. The data are
tabul ated in Table 1. The nelting point of pure S

enanti omer (S-2-(6-nethoxy- 2- napht hyl ) propi onal dehyde) is di scernible.
It is difficult to develop a conplete liquidus curve for a variety of
reasons. A probl ek Vdtitage repPédentidl 1Ha filal GRb@UCTI(NAL BOR (R nethisxy-20! i d

s 1 e ) Sonalde il Hhe'hal h e 5. TRISEHAGFEIRR.1©

Table 1 methoxy-2-naphidyl lprepionaldehydizasvb ftactipnfithat sdgiplied in

Sanpl e Conposi ti gk feed was 26.8 percbhi.ting Point, [err]C %S

U %N 95 2 1.7 0.1 73.5
94. 3 5.0 0.7 66. 1 98. 2 1.6

0.2 72.7 94. 8 Exampld 77 0.5

gg-g 40 87. 4 01&.-8 Naproxen Aldéhyde Melting Point
' ' 'E?xperimental melting point data was obtained using the

crystallizer described in Example 3 above. Samples were obtained
during crystallization tests in acetone solutions. The solid samples
were removed from the slurry by filtration. The samples were then
slowly heated in a Perkin/Elmer DSC7 to obtain the melting point.
The data are tabulated in Table 1.

. The melting point of pure S enantiomer (S-2-(6-methoxy-
2-naphthyl)propionaldehyde) is discernible. It is difficult to develop a
complete liquidus curve for a variety of reasons. A problem with
melting point determination of such solid samples is that N isomer is
present in sufficient concentration to depress the mixture melting

point.
Table 1
r dehvde Melting Point Data .
Sample Composition Melting Point, °C

%S %R %N
98.2 1.7 0.1 73.5
94.3 5.0 0.7 66.1
98.2 1.6 0.2 72.7
948 4.7 0.5 69.4
87.4 10.8 1.8 63.7
95.5 4.0 0.5 72.5
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-54 - 88.1 —8. 7 3.2 57.2
92.3 7.0 0.7 66. 9 B.
Napr oxen Al dehyde Sol ubility Solubility data for solids in
acet one sol venwosensseebt ai ned by visually obtaining a "clpeuwdsocaesst for
a solution of known conposition by slowy cooling the solution. After
obtaining a "cl oud" poi nt the solution was slowy heated until a
"clear" point was observed. The "clear™ point represents the saturation
tenperature of the solution  and the "cloud" point the tenperature at
whi ch nassi ve spont aneous nucl eation ocgyrs. The data are shown in
Tabl e 2. Napr oxen al dehydes™[i.e., R and
S- 2- (6- net hoxy- 2- napht hyl ) pr opi onal dehyde] are very soluble in
acetone. The solubility of these al dehydes is very sensitive to
tenperature and a hi gh degree of solutign subcooling is required to
nucl eate the sol ution. 8.7 3.2 Tdlé 2
Napr oxen Al dehyde Solulg23ty Dat @0 n Acet oneQ.7 Sol i ds 66.9
Ratio . Cl ear Cl oud (Wm 9%
Solids/Liquid Poi nt , [err]BC Poi nt [errS]C . 29.0
0.41 6 . N Xe Ald d lubil : 0. 55
15 -9 Ssluliility data for solids in acetdhedsdlvent were obtaihed
;13 0 22.0 by viu811§ gbtainﬂigzé"clo%' point for a'solution of knqgavn -15
Exanpl e 8 compqsiiion, by slowly sooling thesselutions i fier phigininga wand3o| uti on
point the solution was slowly heated until a "clear” point was observed.
The "clear" point represents the saturation temperature of the solution
and the "cloud" point the temperature at which massive spontaneous
nucleation occurs. The data are shown in Table 2.
Naproxen aldehydes {i.e., R- and S-2-(6-methoxy-2-
naphthyl)propionaldehyde] are very soluble in acetone. The solubility
.  of these aldehydes is very sensitive to temperature and a high degree

of solution subcooling is required to nucleate the solution.

Table 2
Naproxen Ald e Solubility Data in tone
Solids Ratio Clear Cloud
(wt%) Solids/Liquid Point, °C Point, °C
29.0 0.41 6 17
35.3 0.55 15 -9
30.0 0.43 11 -6
22.0 0.28 1 -15
47.0 0.89 _ 25 5
Example 8

Recovery of S-Naproxen Aldehyde from Acetone Solution
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A crude reaction product of an asymetric hydr of or myl ati on reacti on was
produced with | ow ee (62@@ to experinentally investigate the quality of
S- naproxen al deh e., S 2- (6- met hoxy- 2- napht hyl ) p | | dehyde]
t hat can be rg%b gg@% from solutions with high concentrggﬂgﬁgﬁggﬁ
corresponding isonmeric R and N al dehydes. Using the cooling
crystallization procedure described in Exanpl e 3 above (i.e., the
solution is cooled to -15[err]C, reheated to O[err]C and this technique
repeated three tinmes before a-final cool down to m nus 15), a feed
solution containing 77.6% S-i somer, 18. 2%58- soner and 4. 2% N-i soner
and having an enantioneric excess (ee) of 62% was processed. The
resulting crystals were recovered on a vacuumfilter and washed with
col d acetone. The conposition of the crystals was 95.5% S-isoner, 4.0%

R-isoner, and 0.5% N-i SOWEAcﬂidéiz‘%ﬁcﬁEh od\ﬁ:ﬁ'ﬁf‘iﬁ hfetg¥cess of 92% The
filtrate recovered fromthe %g%q zat i (g Q{fcedu 6Pzg%etscrl bed above
in this Exanpl e 2¥drafermylgtign reac Vﬂ%p{'%ﬁ‘fg it B‘he% 8% S-i soner,
26.8% R-i soner aepérimentally mv&stsgatethwquahtymfﬁmapme:dnta&dmslbt y8s by
evapor ating acet gg. lﬁ@ﬂﬁ&y 2-na ﬂiﬁo& | On SHydeN Al @n¥e &Q&ﬁlr@&dm\ws

crystallized usi gl rocedur descri he ﬁx\g
this Exanpl e. Tha&olutiongayith, } Q?Hcﬂ?t"?ﬂ%“%? PPRAINE JBqeric, by the
latter cr yst aldehydes. oﬁswhﬁmﬂ%ﬁemtaihzauﬂn p%cﬁﬂumﬂnsnnhﬁtﬂm 7%
N-i somer. ThE &B%%Gee ihr r*ﬂ%@leﬁ%' . fir0)aehétited ¥ 03e
e

Ction of o r
gg_rrgt?/os:é:gongr afty stg etunes :a\%m\lcool]du()\«r%t'SOma

Exanpl e 9 minus 15), a feed solutﬂonmontaxnglmﬁ%l Srmmar, 18,20 B-isgmer
2- (p-1sobutyl phe%h)m'%mma%w&aﬁhgwgéhawohegaéka&d oeaﬁ&ﬁsn%was

A solution was pre SI st | sobut yl styrene
| so( BHA- P) 2- 2R, 4&'8% ofpeyes ryptals erersaoy e(‘dS)TB?‘Pj te(‘0 bo1 9).
100 nL of the m mdneasi:@dfvmmadmstmal’ﬂmmx frthe crystals was

95.5% S-isomer, 4.0% R-isomer, and 0.5% N-:somer giving an

. enantiomeric excess of 92%. The filtrate recovered from the
crystallization procedure described above in this Example and having a
solids concentration of 65.5% S-isomer, 26.8% R-isomer and 7.7% N-
isomer was concentrated to 53% solids by evaporating acetone under
vacuum. The concentrate so obtained was crystallized using the
crystallization procedure described above in this Example. The
composition of the crystalline solids obtained by the latter
crystallization was 92.3% S-isomer, 7.0% R-isomer and 0.7% N-isomer.
The enantiomeric excess of those solids was 85.9%. The composition of
the solids in the final filtrate was 54.1% S-isomer, 37.6% R-isomer and

8.3% N-isomer.
Exampie 9
Improving Enantiomeric Purity of
2-(p-Iso ] 1 i0: e ough Melt Crystallizatio

A solution was prepared consisting of p-isobutylstyrene
(100.2 g), Iso(BHA-P)2-2R,4R-pentanediol {0.85 g), and Rh4(C0)12

(0.091 g). 100 mL of the mixture so formed was charged to a 300 mL
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reactor which was pressurized with 1:1 Herr]/CO The m xture was

stirred at 25[err]C for 46 hours at 130 psi to effect hydrofornylation. The
crude reacti owoprassest was renoved fromthe reactor and an pdy0soe46903
renoved to determ ne the conposition of the product.

anal ysis on a beta-cyclodextrin chiral capillary colum

(Cycl odex-B[err]) indicated that 99.4%of the olefin starting nmaterial had
been converted to al dehydes and that a 42:1 ratio of 2-(p-

| sobut yl phenyl ) propi onal dehyde to 3-p-isohutyl phenyl) propi on- al dehyde
had been obtai ned. Oxidation of the al dehydée products fol |l oned by
chiral gas chromatography of the resulting carboxylic acids i ndi cat ed
that an 855 % ee of the desired S-aldehyde [i.e., S-2-(p-

i sobutyl phenyl ) propi onal dehyde] was produced. A portion

(25 ni, 23.54 g)resictartwhichiwrs pressurized withfl:h#9/CO. Wiesnistheniwasy separate
the products froghlg a¢253C¥sH 46 Rbrs'dt! 0 M&@cﬁgpmfo%#gmx?m ned at
Q A CA's

89-92[err] C head tenperature at a pressur econd cut
(9.4 g) was obt aft¥&ig reactien nroduct wag remoged fropy theyeagion and an aligngt| anount
}/vas lngBa; re)siMoveBmhd&eaem echie compogitiohi of the pfoduet:n and sone g

I qui .27 g) was W t hdr@@n,afddk ' - c) . . . fte
glass filter stig_k 1th ﬁ{lﬁ-l#ﬁb{d I)?mb%gat@%‘ﬁé%?wg&lﬁmfommé _

Oxi dati on of por ql(ﬂ\‘\é‘ie&f angicy h@94% of theolefin gtarting eaterial badori t e
fol l onwed by chi r béerpeenvehtedrietabdetaydey aafl thhta d@natiosf 2-(p- car boxylic aci ds
i ndi cated 92[err ?rggl - al ' crystals and
and liquid _respel%s{;bg%lqgﬂ] Eg r °|£§rs‘:}f‘?8 ?ﬁbgt(g%%gﬁ%l?f%%m%ﬁﬁnof ot her
impurities in |i#8igehyd n obtaiped.r Qxidation of the a EPM%% aver aged
2.2 and the b/ n followed by ¢Hiralggagchaormatugraphly 4f the resulting carboxylic acidae

oxi dation wi th soghituPedthat ih 85L695EL 6?&&%%9@&%—%?%?%&}?%?3@6& ed as

fol | ows: ) m xt u of, 0.2 ram e ahd 2.0 nL of
distilled WQPtmge‘&ﬂgreﬁ‘WB{%f’?}] mﬁg"g‘”‘ir ed. Aqueous sodium
sul famate (3 nL of 1 Aportigrnué25cmls, 2354 & of thércpide grbdudt ovascflash and

sodi um chlorite gistilléddo@bpiate the Brodutts from ke cABAlGs2OfRIareblche (1210

mnutes, the COOlgi Wis obtained at 89-92°C head temperature at a pressure of 1 mm of
Hg. A second cut (9.4 g) was obtained at 83-4°C at 0.6 mm of Hg, and a
small amount was left as residue. The second cut was partially frozen
and some liquid (3.27 g) was withdrawn, first with a pipet and then a
fritted glass filter stick with the liquid at -12 to -17°C.

Oxidation of portions of the liquid and crystals with
sodium chiorite followed by chiral gas chromatography of the resulting
carboxylic acids indicated 921 and 75x2 % ee for the S-aldehyde in
the crystals and and liquid respectively. The ratios of the
concentrations of other impurities in liquid to their concentrations in
the crystals averaged 2.2 and the b/n ratio in the crystals was 54:1.

The oxidation with sodium chlorite referred to above was
conducted as follows: '

A mixture of 0.28 gram of aldehyde and 2.0 mL of distilled
water was cooled to 0°C and stirred. Aqueous sodium sulfamate (3 mL
of 1 M, adjusted to pH 5 with phosphoric acid) and sodium chlorite
(0.61 mL of 20%) solutions were added. After 15 minutes, the cooling
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- 57 - bath was renoved and the solution was stirred for an —_
additional 15 mnutes as it was allowed to warmto roomtenperature.
The pH was adjusted to 9.5 with 0.5 nL of 1 N sodium hydroxide and the

mat eri al th water into a separatory funnel.

shaken W W#bggggd di chl oronet hane (10 mL) to extract neg%.?a% corrpounds
The aqueous | ayer was separated and acidified to pH<2 with concentrat ed
hydrochl oric acid. The cloudy m xture that fornmed was extracted with 20
mL of dichl oronet hane, toluene was added as an I nternal standard, and a
smal | sanple was taken to determ ne the yi el ds of branched and nor nal
aci ds by gas chromatography. The remaid¥g sol ution was dried over
anhydr ous magnesi um sul fate and filtered. The dichl oronet hane was

renoved with a rotary evaporator under vacuum (-150 mMm Hg) with the
bath at 60[err]C. The residue (0.02 g)was dissolved in toluene and

anal yzed by chir atigdas $Bifeved aHa TR ¥olution was SPréd forHibadditional 15
PCT/ US96/ 16903

Exarpl & 10 miggiae iy e e 1 TR LPRSTE Sl ? ThePEYH | 2i ng
Cool i ng adjusted to 9.50vith 05 mlrefi} Nrsodinm hydrexifie and the materal

Crude hydr of or ny irfi{se@Rvitle ¥aité:Oihtd b (dpatatddFusthel. MPhe ¥616tidh Wdsadhaken
with added dichloromethane (10 mL) to extract neutral compounds.
The aqueous layer was separated and acidified to pH<2 with
concentrated hydrochloric acid. The cloudy mixture that formed was
extracted with 20 mL of dichloromethane, toluene was added as an
internal standard, and a small sample was taken to determine the
yields of branched and normal acids by gas chromatography. The
remaining solution was dried over anhydrous magnesium sulfate and
filtered. The dichloromethane was removed with a rotary evaporator

under vacuum (~150 mm Hg) with the bath at 60°C. The residue (0.02
. g)was dissolved in toluene and analyzed by chiral gas chromatography.
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to the crude reaction-product produced in Exanple 1 above and that
contained 70.5 g of acetone-was—partially refined in a |aboratory
crystallizer in a manner simlar to Exanple 6. The solids in the

partially refined reaction product had 97.65% S-i soner [i.e., S-2-(6-

met hoxy- 2- naphwos7itgsepi onal dehyde] . The partially refined ppegusdsiesns Was
further precipitated by adding non-solvent (water) at the final
crystallizer condition. The quantity of water added was 0.5 cc per cc of
crystallized slurry. The quality of the S-isoner recovered after vacuum
filtration and washing with 150 cc of water was 97.87% The quantity of
mat eri al recovered was 40 g. By repeating tlys procedure four tines,
product quality increased to 99.10% ( 98.2%¢€e) with a recovery of 28
g. Exanple 11 Refining of An

Al dehyde from Acetone Solution Wilizing Vacuum

Cool i ng Crude hydrofornyl atign reaction product (666 g) that was
simlar to the crude reactlon product pE&&Mlﬂn Exanpl e 1 above and

t hat cont ai ned 40% cRefiming of Atk Aldthsde fidin Adétoné Solhtidn Htilizing Cooling
crystallization apparat us m‘j . Q. | rvd e \ag U .o.o ing as

descri bed bel ow. The sqlids, fiad - SRR

napht hyl ) pr opi onal dehy@é“@%hxdwmlﬁbﬁy@%@pmn@u?t(“ g) tbabwaamMyde)
of ﬁZ 762 anﬂ ﬁ l'iﬁ%he&udb redition produet piddueed 1rSE§afn§ﬂe1above and that

met hoxy- 2- napht hy u |

j acketed one |i terc L%@%ﬁ@é%ﬂgﬁﬁé re§85§ gé%g%rﬁgoqacuum
punp. The sol uti ofTY#al ’@%F’eﬂmc%l@ﬂ'éml}@?t‘?/\ﬁmpb -sffhle§0¥1§$m} e and t hen
to O[err] C by sl owaytiakylrefined rehetiom product had 97.65% sneaﬁlbﬂﬁ.ajs—"zﬁmmﬂ

WD 97/ 14669 o X )
PCT/ USO6/ 16903 methoxy-2-naphthyl)propionaldehyde]. The partially refined product

absol ute. The contffarther precipitated by pddingaontsalveay (watey) at thedingy 15
m nutes and then keystallizencdidition.CThy quantieysf weter\dddet vais20.5 ¢t et 6c dH0
mm and war m ng t NerythiifzEd bRIFE! The ohBlify 68 el RiddGiRl rbverCI AR Facuum
filtration and washing with 150 cc of water was 97.87%. The quantity
- of material recovered was 40 g. By repeating this procedure four
times, product quality increased to 99.10% ( 98.2% ee) with a recovery

of 28 g.
Example 11
fining of An Aldehvde Acetone Soluti tilizing Vacuum
Cooling

Crude hydroformylation reaction product (666 g) that was
similar to the crude reaction product produced in Example 1 above and
that contained 40% acetone and 60% solids was added to a
crystallization apparatus designed to provide vacuum cooling as
described below. The solids had a b/n ratio (2-(6-methoxy-2-
naphthyl)propionaldehyde to 3-(6-methoxy-2-naphthyl)-
propionaldehyde) of 82.76:1 and a 76% ee of the S-isomer [i.e., S-2-(6-
methoxy-2-naphthyl)propionaldehyde]. The apparatus consisted of a
jacketed one liter kettle equipped with stirrer, condenser and vacuum
pump. The solution was cooled to 5°C, where crystals formed, and then
to 0°C by slowly reducing the vacuum to a final reading of 50 mm
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Conditions in the kettle were maintained at 8C for 10 m nutes, vacuum
was again reduced to 50 nm and the kettle tenperature reduced to
O[err]C. This heat back technique was enployed to dissolve fine
crystals and re-deposit the supersaturation onto existing crystals

t her eby enhangj crystal size. After maintaining kettl

tenpergture aﬁ“@?@#??k:fgr 10 mnutes the contents mgre sengg & 1?#”a

| aboratory centrifugal filter and washed with cold acetone. About 60 g

of dry solids were recovered with a b/n ratio of 440:1 and an ee of

92. 3% Exanpl e 12 Oxi dation O
(S)-2-(6-Met hoxy-2-napht hyl ) propi onal dehyde To S- Napr oxen
Using Lutidine/Acetic Acid As Catal yst -59- To a stirred sol ution of
16.67 g (77.8 mml) of (S)-2-(6-nethoxy- 2- napht hyl ) pr opi onal dehyde
(naproxen al dehyde) in ethyl acetate (78 m.) cooled in a wet-ice bath
(ca.  2[err]C was added concurrently 4.67 ¢ (77.8 mmol ) of gl aci al

?gegi'lcu?icid?ng]d '?’%&?%‘?g( Zﬁllgti nhﬂs&ft%z&l@tg%aveegeﬁi l%ﬁdﬂﬁ?%&?lﬁ 8.87 ¢
(116.7 mol) of amé%“%ﬁ&ﬁgtﬁfng‘@?)é@i"% psreasing e%ﬁé?&??%%ﬁd in
ethyl acetate, atmm aadevariungsheikgttlejachet tral0°Cio heat the eantentsn

exotherm. the |+ enoondiiionStn iRl REflswefEmalntaficd at SCBF 10 Minubls, ©

X u u | S

mai nt ai ned at t hi 27D HRIAGAE °5§t%§§i'?$‘d4fﬁfﬂ'§.l?tﬁﬁﬁ?’§?em Ure Conver si on
of al dehyde at t hresducedrto QM2 This leggbagk technique was lempBiyed to digsobrel

col um). The col dfheefistsI8 ahdlreld (8Ershr#a8ibR ohsletibli tal
separatory funnel %&ﬁedﬂ%ﬁaﬁgﬁﬁ/% a a’tﬁ‘g. 80. ntﬂétﬂg%gryv?/ass
washed with a 5% I8 g b STt F&ﬂf’?ﬂf’g’g e

(Na[ err] 9 er r]  etenhperature atCrfor 10 Thinutesihie contents avere peparated ma t her

washed With two laboratoryitfifigdiGlter and washed with cold acetone. About 60
PCT/ US96/ 16903 g

. : ) 60, -
portions of wat er & Woso}r@sg‘g’fﬁffcgﬁﬁeq%thc%wlﬁw% 8'rla§mt/‘ads ge\%re
back-extracted w P%.3%.hyl acetate (100 mL). The conbined et hyl

- Example 12
Oxidation Of (S)-2-(6-Methoxy- ropiona e To S-
Napr i idi ic Acid atalyst
To a stirred solution of 16.67 g (77.8 mmol) of (S)-2-(6-methoxy-

2-naphthyl)propionaldehyde (naproxen aldehyde) in ethyl acetate (78
mL) cooled in a wet-ice bath (ca. 2°C) was added concurrently 4.67 g
(77.8 mmol) of glacial acetic acid and 8.33 g (77.8 mmol) of 2,6-
dimethylpyridine (2,6-lutidine). To this solution was then added
slowly dropwise 8.87 g (116.7 mmol) of a 23.7 weight percent solution
of peracetic acid in ethyl acetate, at a rate slow enough such that the
reaction temperature did not exceed 10°C {(ca. 1 hour). After the initial
exotherm, the temperature returned to 2°C, and the reaction was
maintained at this temperature for an additional 3.5 hours.
Conversion of aldehyde at this time was ca. 99%, as monitored by GC
(DB-1 column). The cold reaction solution was then transferred into a
separatory funnel, was diluted with ethyl acetate (300 mL), and was
washed with a 5% aqueouns solution of sodium thiosulfate (Na2S203,

100 mL). The ethyl acetate layer was further washed with two
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acetate |layers were extracted with two portions of a 5% aqueous

sol ution of sodi um hydroxi de-NaOH, 110 nL each). The conbi ned NaCH

sol uti ons of sodi um naproxenate were acidified to pH=1 with a 10%
aqueous solution of hydrochloric acid, precipitating the naproxen aci d.
The m xture wamsoenpieedd in a wet-ice bath, and then was vacuuserseeideds er ed
through a #4 VWhatnman filter. The white solid thus obtained was dried in
a vacuum oven overnight at 45[err] C (25 nm Hg), giving 15.85 g (88.5%
of naproxen. HPLC anal ysis of this material (Chiracel OD- H col um)
indicated an 'S acid content of 99.2% the sane as the starting

al dehyde as neasured foll owi ng KMnO4 oxi da é{% Exanpl e 13
xidation O (S)-2-(4-1sobutyl phenyl) propt8Bhal dehyde To (S)-1buprofen

Usi ng Lutidine/Acetic Acid As Catal yst To a stirred solution of
109 g (573 mmol ) of 2-(4-isobutyl phenyl)- pr opi onal dehyde (i buprofen

al dehyde) in ethyl acetate (512 nlL) cool ed in a wet-ice bath (ca. 20
was added concur rpertions sfiwatey (150 sxlaeadh), aid the cophbived waterwashescwereand

ol Ut {on vas. Thenh: &%“%WW%*BW“‘&SW““ ). The copbided ety 12 32
wei ght percent sdGaS #ﬁ&é*ﬂ'wea hl WOoRoRtjpns o aé@m(a%eeusat arate
sl ow enough such sohation hiasqdaanthydmmdama@tﬁ;r]dmnﬁ each). rithe enmbndd?C (ca. 1

h 40 min). After NROH silhtighs ﬁ’%&ﬂﬁﬁ'ﬁ g&&;&tnatt%wtemﬁaﬁéa © pILY

2[err]C, and the ction wa ature tor an
addi ti onal 2 hour$s” &FHEHSTO ‘H“‘B’f rﬁﬁ&ﬂ&b‘&”ﬁt" pgecxp&atgﬁgréhmgp{ogengg% as
moni tored by GC (avid.1Themixtyre Wascoolddiin a wet-deechathpasd then was waeudthen

transferred into ft&RAZNAS aWWﬁ&hmMﬁlter ﬂb'%&?@sdﬂi&i}nﬁtd&m&et ate
(650 nmL), and was_wa

a 7% a n of odi ym
thiosul fate (NafeV?3 é{“&ar‘ﬁ‘ EVaFpyrm s Q’(f?m %H@t Zghy:l(hg gi"élﬂ NEayer was
further washed wi1538% gd886f) iob neproxena HPLC Znalysis of this matmgmnmn
PCT/ US96/ 16903  OD-H column) indicated an 'S' acid content of 99.2%; flle same as the
starting aldehyde as measured following KMnO4 oxidation.

- Example 13
idation Of (S)-2-(4-Isobut nyl ionaldehyde To (S)-Ib
Using Lutidine/Acetic Acid As Cata
To a stirred solution of 109 g (573 mmol) of 2-(4-isobutylphenyl)-

propionaldehyde (ibuprofen aldehyde) in ethyl acetate (512 mL) cooled
in a wet-ice bath (ca. 2°C) was added concurrently 34.4 g (573 mmol) of
glacial acetic acid and 61.4 g (573 mmol) of 2,6-dimethyl pyridine (2,6-
lutidine). To this solution was then added slowly dropwise 276 mL
(859 mmol) of a 23.7 weight percent solution of peracetic acid in ethyl
acetate, at a rate slow enough such that the reaction temperature did
not exceed 7°C (ca. 1 h 40 min). After the initial exotherm, the
temperature returned to 2°C, and the reaction was maintained at this
temperature for an additional 2 hours. Conversion of aldehyde at this
time was ca. 99%, as monitored by GC (DB-1 column). The cold
reaction solution was then transferred into a separatory funnel, was
diluted with ethyl acetate (650 mL), and was washed with a 7%
aqueous solution of sodium thiosulfate (Na2S203, 500 mL). The ethyl

acetate layer was further washed with two portions of water (750 mL
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each), and the conbi ned water washes were back-extracted with ethyl

acetate (300 m). The conbined ethyl acetate layvers were extracted ._wth
three portions of a 5% aqueous sol ution of sodi um hydroxi de (NaOH, 750

m. twice, then 500 nL). The conbi ned NaOH sol utions were acidified to
pH=1 with a 1Q4aQu&eus sol ution of hydrochloric aci d. E.E g%l ng
thane ?

solution was extracted with three portions of di chl orone
twice, then 300 nL), and the extract was dri ed over anhydrous

Na[err] SO err]. The extract was filtered and concentrated in vacuo to

give 109 g (92.2% of ibuprofen as an off-white solid. HPLC anal ysis of

this material indicated an 'S~ acid content of 83% the sane as the

starting al dehyde as neasured fol |l owi ng kNMJ err] oxi dat i on.

Exanpl e 14 xidation O (S)-2-(6-Methoxy-2-nahthyl) propi onal dehyde

To S Naproxen Using Lutidine N-Oxide As Catal yst
To a stirred solution of 3.32 g (15.5 muol) of (S)-2-(6-nethoxy-2-

napht hyl ) pr opi On%hﬁﬂhﬂﬂ@tlﬁ&&ﬁ%ﬁdrvﬁaﬁyw@ned were badkvéxtpadtbd wath dthyb

e i

was then added sMith P(Ppm@!,ﬁ of a75%pquegusolutipy of sodiupphydrpkident
percent sol uti on(NAOPE7508hL ¢wikd, hér1 560 Bill). TR @htbinad NaOH &6lutiony/

mn) o AfLer the “%erF sf@%%f%%ﬁ#%#?i‘“%%#%?ﬁ??ﬁ%@ﬁf%&?ﬁ%&*& re% f A and

the reaction was agig the yesulting solution arascaxtrasted with threepentiang

gguz Sf)B fonvler Si ;)m&%oﬁin&mﬁ@(sm thil twitd, TRenV800 &iL), gfdthe extacy vivag ed
-1 colum

separatory funnel, -Ewaeogegwuﬁ(ﬁ#swtgum? acet ate &grédq§ﬂdand was

washed with a 5ucaRgeabiated it usquartongive 309 grﬁ?% B%@ﬁmtmrefen as an off-white

(Na[err] S[err]d eblid.. HPLC ahalybis. of this literial dndicated dr'Beacidasntantiofier
washed with wat er83@b'5Qhe sammab 1&@@&&@% Wd}eﬁ HehSired TSGRy K MnO4

back-extracted wi th n-butyl 4669
PCT/ US96/ 16903  ¢xidation. -62 -
- Example 14
idation Of (S)-2-(6-Me -2-napht] jonaldehyde To S-

To a stirred solution of 3.32 g (15.5 mmo}) of (S)-2-(6-methoxy-2-
naphthyl)propionaldehyde (98.8% pure by GC) in n-butyl acetate (15.5
mL) cooled in a wet-ice bath (ca. 2°C) was added 1.91 g (15.5 mmol) of
2,6-dimethylpyridine N-oxide (2,6-lutidine N-oxide). To this solution
was then added slowly dropwise 1.77 g (23.2 mmol) of a 20.4 weight
percent solution of peracetic acid in ethyl acetate, at a rate slow
enough such that the reaction temperéture did not exceed 10°C (ca. 30
min). After the initial exotherm, the temperature returned to 2°C, and
the reaction was maintained at this temperature for an additional 2
hours. Conversion of aldehyde at this time was ca. 99%, as monitored
by GC (DB-1 column). The reaction solution was transferred into a
separatory funnel, was diluted with n-butyi acetate (70 mL), and was
washed with a 5% aqueous solution of sodium thiosulfate (Na2S20g,
15 mL). The butyl acetate layer was further washed with water (50
mL), and the combined water washes were back-extracted with n-butyl
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acetate (30 nlL). The conbined butyl acetate |ayers were extracted W th

two portions of a 5% aqueous sel ution of sodi um hydroxi de (NaCH, 65 nL
each). The conbi ned NaCH sol uti ons of sodium naproxenate were acidified
to pH=1 with a 5% aqueous sol ution of hydrochl oric acid, precipitating

t he naproxen awodb714ds® m xture was cooled in a wet-ice bapbrusssdedoien
was vacuum filtered through a #1 Whatman filter. The filter cake was
washed with cold water (50 mi) and the white solid thus obtai ned was
dried in-a vacuum oven 60 hours at 55C (25 mm Hg), giving 3.51 g (98.4%
of naproxen. Exampl e 15 Oxi dati on
O (S)-2-(6-Methoxy- 2- napht hyl ) pr opi onal de%de To S- Napr oxen

Usi ng Pyridine N-Oxide/Acetic Aci.d As Catalyst To a stirred

solution of 2.00 g (9.3 muol) of (S)-2-(6-nethoxy-2- _

napht hyl ) pr opi onal dehyde in ethyl acetate (10 m.) cooled in a wet-ice

bath (ca. 2[err]C vvas d ncurrent | (9.3 mml) of pyridine N

oxi de and 0.56 g ﬁﬁ&rﬁo?ﬁ%&m@*&é‘@ gﬂ?éa%?weﬁxmgteﬂhen

added slowy dr opmthetvﬁa pbrtibng ﬂnﬂaﬂ%mqlhéotmfsoh;tﬂﬁof sbdilﬂiﬂhyﬂﬁmﬁlt

sol ution of pera h , ugh such
COACT6S fal. Sadhi iheoitihEd NAGH sfikhEng WP

that the reaction tenp d..not exceed m nut es) .
After the initial n%mtqurﬁ@%ﬁﬁempﬁ-é W’éh@rﬁ%GQP@‘E’de efhe

reaction was nai nhydroehlosic acii, précipitating the nhproxen aaillli Thomiktude ks s.

The reaction sol r
diluted with ethy do gﬂgleitﬂgfwte E:h! ﬂdﬁ\ég@ﬁ?ﬁ%ﬁ%ﬁeé%ﬁg aV\@f aqueous
sol ution of sodiu ﬁ was pashed yithooold water(50 mLy |
acetate | ayer vvasaridlthmwhxmhddhus bhtainédaWa(s Hpiedlin a veduideven 60 houwdsi ned

wat er washes wer egdgesier yersﬂgé Iﬁ;\hhgtgra '(9@2%%??%130%11. m__). The

conbi ned ethyl acetate ed wth portions of a 5%
aqueous sol ution of potassium hydroxide (KC]—I 65 niL then 25 nlL). The
conbi ned KOH sol utions of potassium napm_ﬁ wer e aC| dified to pH=1
Wi th a 5% aqueous s@)uidd ¥ (Ve . o . {ehvdb 469

PCT/ US96/ 16903 Naoroxen Ust  dine N-Oxide/Acetic Acid 35 Catalvat

. To a stirred solution of 2.00 g (9.3 mmol) of (S)-2-(6-methoxy-2-
naphthyl)propionaldehyde in ethyl acetate (10 mL) cooled in a wet-ice
bath (ca. 2°C) was added concurrently 0.89 g (9.3 mmol) of pyridine N-
oxide and 0.56 g (9.3 mmol) of acetic acid. To this solution was then
added slowly dropwise 5.8 mL (14.0 mmol) of a 20.4 weight percent
solution of peracetic acid in ethyl acetate, at a rate slow enough such
that the reaction temperature did not exceed 10°C (ca. 15 minutes).
After the initial exotherm, the temperature returned to 2°C, and the
reaction was maintained at this temperature for an additional 4 hours.
The reaction solution was transferred into a separatory funnel, was
diluted with ethyl acetate (15 mL), and was washed witha 0.1 N
aqueous solution of sodium thiosulfate (Na28203, 25 mL). The ethyl
acetate layer was further washed with water (10 mL), and the
combined water washes were back-extracted with ethyl acetate (10
mL). The combined ethyl acetate layers were extracted with two
portions of a 5% aqueous solution of potassium hydroxide (KOH, 65 mL
then 25 mL). The combined KOH solutions of potassium naproxenate
were acidified to pH=1 with a 5% aqueous solution of hydrochloric acid,
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precipitating the naproxen acid. The m xture was cooled in a wet-ice

bath, and then was vacuumfiltered through a #l1 VWatman filter. The .
filter cake was washed with cold water (20 nL) and the white solid t hus
obt ai ned was dried in a vacuum oven 18 hours at 55C (25 mm Ho) , gi vi ng

1.72 g (80.0 roxen.

Oxidation O /o(‘g‘?&,ﬁﬂ?% | sobut yl phenyl )prop| onal dehyde To (9S) l’!":lgup&r}%gen

Using Lutidine N-Oxide As Catal yst To a stirred solution of 10.0
g (52.6 mmol) of 2-(4- i sobut yl phenyl ) pr opi onal dehyde (i bupr of en

al dehyde) in n-butyl acetate (53 nlL) cooled in a wet-ice bath (ca.
2[err]C) was added 6.5 g (52.6 nmmol ) of 2, 6-di net hyl pyri di ne N-oxide
(2,6-lutidine N-oxide). To this sol ut-i@@ was then added sl owl y dropwi se
29 nL (78.8 mml) of a 20.0 wei ght percent solution of peracetic acid
in ethyl acetate, at a rate slow enough such that the reaction
tenperature did not exceed 10[err]C (ca. 25 m nutes). After the initial

exot[merm OIt hte Eﬁ Hﬁﬁg%l@é ﬂ&;?ﬁieﬁacﬁgdme mlﬁﬁi'el was c&ﬁé&‘iﬂ:ﬁﬂyrér’]ﬁ%e Id
mai nt ai ned a rature for_an ona u €89
reaction sol uti oh’%s’r'qaﬁ%‘r? ﬁﬁﬂ’ﬁ‘i) ugh aé*&p}é?ﬁﬁﬂ? fternd

di luted with n-bditer cakemeva@bed“nﬂ) coldrvater 20 mL)mdhbﬁwhlmtdldl% aqueous
sol ution of sodi uﬁhﬁbbmﬁd‘ﬁ&@dhwiﬁa%cuum oveROL8hours BEB5PO(28 makiet at e

| ayer was furt her shed ortions of water (100 nL each), and
the combi ned wat &F vya %lgéhm%)lﬁ&% PEIXEPacted with n-butyl acetate (100

nm.. The conbi ned butyl acetate |layers were extracted wth two portions
of a 5% aqueous sol ution of sodi U"Fﬂ%iﬁlge (NaOH, 100 nL each). The
conbi ned NaOth sal bt i o}l IR, ||1 of pH=1, Wit h @, 1@%6-aqueaus
So|ut|0n Of )400,79 _0 l’ L) lt. .- .._ 0' ‘."’;._T‘l"",
wth two portions of dICh igbutidine 1 " xidejAsCatalyst and t he extract was
dried over anhydrqu&%&g&lﬁﬁbﬁr&ho 0T§I§52€a(h{1§a§ of@e4.fil tered and

concentrated in ISObll\{yaﬁ)ng | Ve dg ({buprgf /91 a.?t{ehyggp'r OIK %ﬂtﬁs an

of f-white solid.
PCT/ US96/ 16903  acetate (53 mL) cooled in a wet-ice bath (ca. 2°C) was sglded 6.5 g (52.6

mmol) of 2,6-dimethylpyridine N-oxide (2,6-lutidine N-oxide). To this

- solution was then added slowly dropwise 29 ml (78.8 mmol) of a 20.0
weight percent solution of peracetic acid in ethyl acetate, at a rate slow
enough such that the reaction temperature did not exceed 10°C (ca. 25
minutes). After the initial exotherm, the temperature returned to 2°C,
and the reaction was maintained at this temperature for an additional
4 hours. The cold reaction solution was then transferred into a
separatory funnel, was diluted with n-butyl acetate (100 mL), and was
washed with a 1% aqueous solution of sodium thiosuifate (Na25203,
100 mL). The butyl acetate layer was further washed with two
portions of water (100 mL each), and the combined water washes were
back-extracted with n-butyl acetate (100 mL). The combined butyl
acetate layers were extracted with two portions of a 5% aqueous
solution of sodium hydroxide (NaOH, 100 mL each). The combined
NaOH solutions were acidified to pH=1 with a 10% aqueous solution of
hydrochloric acid. The resulting solution was extracted with two
portions of dichloromethane (100 mL each), and the extract was dried
over anhydrous Na9S04, The extract was filtered and concentrated in

vacuo to give 10.3 g (94.6%) of ibuprofen as an off-white solid.
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Exanpl e 17 xidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde
To S- Naproxen Wth Peracetic Acid (1.5 Equival ents) Using 4-
Met hyl nmor phol i ne N-Oxi de (1.0 Equival ent) As Catal yst To a
stirred solution of 3.0 g (14.0 mmol) of (S 2-(6-mnethoxy-2-

napht hyl ) pr opi woat/tsbsyde (ca. 95% pure by GC) in n-butyl acetcrgssénesos 14.0
m.) cooled in a wet-ice bath (ca. 2[err]C) was added 1.64 g (14.0 nmol )
of 4-net hyl nor pholine N-oxide. To this solution was then added slowy
dropwise 7.7 nL (21.0 mmol) of a 23.0 wei ght percent sol ution of
peracetic acid in ethyl acetate, at a rate sl ow enough such that the
reaction tenperature did not exceed-5[err] G (highly exothermc, ca. 60
m nutes). TLC analysis of the reaction m XtUre 10 m nutes post peracetic
acid addition indicated that conversion of the al dehyde was conpl et e,
and a sanple (0.5 nL) was withdrawn for GC anal ysis. The reaction
solution was transferred into a separatory funnel with the aid of
n-butyl acetate (25 nlL), and was washed with a 1 M aqueous sol ution of
sodi um t hi osul fate (Na[err] S[ err] q err] The butyl acetate | ayer
was further washed v i.hR_ '
naproxen acid was t er

sol ution of sodi um hydAxaprex

soIt ﬁtroga of sodium lnarme HOPONG ‘ - {aa nt to p{—I:éL

W a 5% aqueous sol u f ﬁga gﬁl ]?g ecipi tating
t he naproxen acid. The&‘ﬁrgﬁ:ﬁ-\r% g&?’&c?gérﬂcgﬁ% rrpal) of (Pt &é '\/\hat man
filter, and the somphthyliprepipnsideliyds (da. 95% mn‘hd:yvﬁf!bm (!Wll)aceﬂate white
sol i d thus obt ai ners.9/@sLXécoRd in'h Wet-ice B3R GHT29CPivasAdded B4 (BEE (25 mm

) B e el e W St 1710

49.9 (racemc). added sloywly dropwige .7 mL (210mmol) of a 23.0 weig] tpercent

PCT/ US96/ 16903  solution of peracetic acid in ethyl acetate, at a rate slo®%enough such
that the reaction temperature did not exceed 5°C (highly exothermic,
ca. 60 minutes). TLC analysis of the reaction mixture 10 minutes post

- peracetic acid addition indicated that conversion of the aldehyde was

complete, and a sample (0.5 mL) was withdrawn for GC analysis. The
reaction solution was transferred into a separatory funnel with the aid
of n-butyl acetate (25 mL), and was washed with a 1 M aqueous
solution of sodium thiosulfate (Na2S203, 5 mL). The butyl acetate
layer was further washed with water (50 mL). The butyl acetate
solution of naproxen acid was then extracted with two portions of a 5%
aqueous solution of sodium hydroxide (NaOH, 50 mL each). The
combined NaOH solutions of sodium naproxenate were acidified with
stirring to pH=1 with a 5% aqueous solution of hydrochloric acid (105
mL), precipitating the naproxen acid. The mixture was vacuum
filtered through a #1 Whatman filter, and the solids were washed with
cold water (5 mL). The white solid thus obtained was dried in a
vacuum oven 14 hours at 55°C (256 mm Hg), giving 2.52 g (78.2%, not
including withdrawn sample) of naproxen. Chiral phase HPLC
analysis indicated a ratio of S : R naproxen of 50.1 : 49.9 (racemic).
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Exanpl e 18 xidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde

To S- Naproxen Wth Peracetic Acid (1.5 Equivalents) Using
4- Met hoxy- pyridine N-Oxide (1.0 Equivalent) As Catal gst

To a stirred solution of 3.0 g (14.0 mml) of (S)-2-(6-nethoxy-2-

napht hyl ) propi onal dehyde (ca. 95% pure by GC) in n-butyl ac (14.0
m.) cool ed i nWP B ce pat h (ca. 2[err]C was added 1.75 gg%i&EﬁWGMB nmol )
of 4-net hoxypyridine N-oxide. To this solution was then added slow y
dropwise 7.7 nL (21.0 mmol) of a 23.0 weight percent solution of

peracetic acid in ethyl acetate, at a rate slow enough such that the
reaction tenperature did not exceed 5[err]C (highly exothermc, ca. 60

m nutes). TLC analysis of the reaction m-g8x#e 10 m nutes post

peracetic acid addition indicated that conversion of the al dehyde was
conplete, and a sanple (0.5 nmL) was withdrawn for GC analysis. The
reaction solution was transferred into a separatory funnel with the aid

of n-butyl acetate (25 nL), and was waghed 48 @ 1 M aqueous sol ution
of sodiumthiosulfate (Na[err TT f The b I tate

| ayer was further A2Egabon U1K = sol ution
of naproxen aci d wapiéuen Wit Z SAetnoxXy(ueous
sol ution of sodium hydro_xié s 4 A¢bi ned NaCH

sol utions of sodi um ngpr oXena fring to pH=1
with a 5% aqueous sol uPiacHirsed gal ﬂ“‘b‘%@’cf‘pi tating

the naproxen aci ciaphtieyl)prspionaldehgde @al06% purefbyl GE) inibutplapetate’1 \What man

(1 pand e, LD Bl nl et o AL M S T e 1 L

mm Hg), giving 2mmey o?égpg&oxmndme N-qxide ﬁﬂf\i\kﬂ’ BOIHEARY Pé‘%[dﬁﬁ

naproxen. Chiral spiwlydrbfikise 7.7 ndin¢21yG remold of a 28diweight perceot s@utianmdpr oxen

. 0 g e i i

o 20,2, 115 1 incan P3G, 4 ik B

PCT/ US96/ 16903 reaction temperature did not exce (highly exothegmgic, ca. 60
minutes). TLC analysis of the reaction mixture 10 minutes post
peracetic acid addition indicated that conversion of the aldehyde was

- complete, and a sample (0.5 mL) was withdrawn for GC analysis. The

reaction solution was transferred into a separatory funnel with the aid
of n-butyl acetate (25 mL), and was washed with a 1 M agqueous
solution of sodium thiosulfate (NagS203, 5§ mL). The butyl acetate
layer was further washed with water (50 mL). The butyl acetate
solution of naproxen acid was then extracted with two portions of a 5%
aqueous solution of sodium hydroxide (NaOH, 50 mL each). The
combined NaOH solutions of sodium naproxenate were acidified with
stirring to pH=1 with a 5% aqueous solution of hydrochloric acid (105
mL), precipitating the naproxen acid. The mixture was vacuum
filtered through a #1 Whatman filter, and the solids were washed with
cold water (5 mL). The white solid thus obtained was dried in a
vacuum oven 14 hours at 55°C (25 mm Hg), giving 2.75 g (85.4%, not
including withdrawn sample) of naproxen. Chiral phase HPLC
analysis indicated a ratio of S : R naproxen of 88.5 : 11.4 (77.1 %ee),
the same ratio as the starting aldehyde within experimental error.
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Exanpl e 19 xidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde

To S- Naproxen Wth Peracetic Acid (1.1 Equivalents) Using

4- Met hoxy- pyridine N-Oxide (0.5 Equivalents) As Catal yst At
2-5[err]C To a stirred solution of 5.0 g (23.3 nmmol) of
(S)-2-(6-nmet hov@97214668  napht hyl ) propi onal dehyde (ca. 95% puwcTalsvesfeons | N
n-butyl acetate (24.0 nmL) cooled in a wet-ice bath (ca. 2[err]C was
added 1.46 g (11.67 nmol ) of 4-net hoxypyridine N-oxide. To this
solution was then added slowy dropwise 1.95 g (25.67 mmol) of a 23.0
wei ght percent solution of peracetic acid in ethyl acetate, at a rate
sl ow enough such that the reacti:on tegﬁgr_ature did not exceed 5[err]C
(highly exothermc, ca. 45 mn). TLC analysis of the reaction m xture
30 mi nutes post peracetic acid addition indicated that conversion of

t he al dehyde was conpl ete. The reaction solution was transferred into a
separatory funnel wth the aid of n-butyl acetate (50 nL), and was
treated with a 1 M aqueous sol ut i orxampledt®im t hi osulfate

(Na[ err] S[err] g er r Dxidatibo@ _::‘.—ugﬂ.&_’g,.LI.WAJ;‘V_ s pog-for GC
anal ysis. The butyly A5 ViR ks 35 AVRS W t . wat ( tw ce),
and %/he wahi ngs V\g g2 ;‘-'lt 3 .-15%,&1, SRS . The

combi ned butyl acet at eBEEk Eqy g @ps ext ract ed
with two portions of a‘oaa/sﬁmdmomnon oﬁmbgt(m ﬁboipéﬁ(smﬂm&hbﬂﬁz( NaOH,

60 nL each The | ut f. s um.n Xe e were
acidified \)M th st paniE@P%Ct ‘F éwéb}?e %gn%ﬁﬁ{ﬁg q&f
hydrochl oric aci d goled in aﬁi’@o‘l"% ath (eag2iMiovampdded-h46 €(31.6The

m xture was cool admdh)ﬁfﬂﬂieth dxbéiNﬂom&élC'lwlﬁmfsldohﬁi@ﬂwhbtmgﬁd&eﬁl

What filt éhﬁﬂu Th
Wn?t ga gol : d '? Lus Q I ne g%ééjf 4 gg%ﬁnﬂf]&g&%a%%hn‘q %%gp%gﬁt sfﬁ%u%tf ©
55[err]C (25 mm )Per'yie\fﬂcr?gl%lg&t yl acefatey at agate slow enqugh sughthettheawn
sanpl e) of napr oxeactiGhiemperabaredid notldrtéed5*d (higltly exdilieritiel ca. 4&ti 0 of S:

R naproxen of 88. lﬁm ljl’lﬁb QK%lygls of the@-ﬁ&:h&n%n&%ﬁ 315}}1% %SG%JSQ %e?éc@ﬁi:' ng

al dehyde within exp
PCT/ Uég 6/ 16903 on indicated that conversion of the aldehydegvas complete.

. The reactmn solution was transferred into a separatory funnel with the
aid of n-butyl acetate (50 mL), and was treated with a 1 M aqueous
solution of sodium thiosulfate (Na2S203, 1.3 mL). A sample (0.5 mL)
was withdrawn for GC analysis. The butyl acetate layer was washed
with water (50 mL, twice), and the wahings were back-extracted with
n-butyl acetate (20 mL). The combined butyl acetate solutions of
naproxen acid were then extracted with two portions of a 5% aqueous
solution of sodium hydroxide (NaOH, 60 mL each). The combined
NaOH solutions of sodium naproxenate were acidified with stirring to
pH=1 with a 5% aqueous solution of hydrochloric acid (125 mL),
precipitating the naproxen acid. The mixture was cooled in a wet-ice
bath, vacuum filtered through a #1 Whatman filter, and the solids
were washed with cold water (5 mL). The white solid thus obtained
was dried in a vacuum oven 14 hours at 55°C (25 mm Hg), giving 4.91
g (91.4%, not including withdrawn sample) of naproxen. Chiral phase
HPLC analysis indicated a ratio of S : R naproxen of 88.6 : 11.4 (77.2
%ee), the same ratio as the starting aldehyde within experimental
error.
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Exanpl e 20 xidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde
To S- Naproxen Wth Peracetic Acid (1.1 Equivalents) Using

4- Met hoxy- pyridine N-Oxide (0.5 Equivalents) As Catal yst At
-25[err]C To a stirred solution of 1.0 g (4.67 mol) of

(S)-2-(6-net napht hyl ) propi onal dehyde (ca. 95%p

n- butyl acetate 4669 m.) cooled in a CJerr]/Cd][err] batwu%f%]

was added 292 ng (2.3 nmol) of 4- met hoxypyridine N-oxide. To this
solution was then added slowy dropwi se 391 ng (5.1 mmol ) of a 23.0

wei ght percent sol ution of peracetic acid in ethyl acetate, at a rate
sl ow enough such that the reaction tenperature did not exceed -18[err]C
hi ghly exothermc, ca. 20 m nutes). T1&Y anal ysis of the reaction

m xture 10 m nutes post peracetic acid addition indicated that
conversion of the al dehyde was conpl ete. The reaction solution was then
treated with a 0. 1 M aqueous sol ution of sodiumthiosulfate
(Na[err]S[err](err], 11 nL). A sanple (0.5 nL) was W thdrawn fromthe
organic layer for GC anal ysis. The reagior 9 contents were transferred to
a separatory funnel using n-butyl acet M@ZO nL), and the butyl
acetate | ayer was xidation GH{Sh2+(6 ethoxyi2-naphthylprogionaldehyde Fo 8- sol uti on
of naproxen acid ' )

et Mred g to pHel
with a 5% aqueous sol |aostxmdsolutmmfddhgé4 58 moﬂ o(@-zr@-meph@m-% tating
]ghlet napr%en mﬁmt Ghap me;%)d mpmgdw& 08% el By G€) a8 nidutLadet e (S Wiit man
ilter e whi

hour s at 55[err]((3¥1%)%°° in VI nﬁmx%ﬁfa?a?ﬂgwgnﬁéﬁggpﬁg

wi t hdrawn sanpl e;4- OXYPYO owler oTOWISHQhM‘E%ﬁrﬂ!@)a dridewlyxen.
Chiral phase HPLQ@ropwise891\hk 5.1 MinoBtef& 2B.0 wiei K}fer&nt@ahﬁﬂfmn of 88.7:

11.3 (77. 4 %e), &eracettﬂ: ac?@nw@h%i,%&%&éﬁegta@g rﬁgslo{vn&o%gﬂ%wg?hﬂ ih In

experinmental err
PCT/ US96/ 16003 reaction temperature did not exceed -18°C highly exothegmmnic, ca. 20

minutes). TLC analysis of the reaction mixture 10 minutes post

- peracetic acid addition indicated that conversion of the aldehyde was
complete. The reaction solution was then treated with a 0.1 M aqueous
solution of sodium thiosuifate (Na2S203, 11 mL). A sample (0.5 mL)
was withdrawn from the organic layer for GC analysis. The reactor
contents were transferred to a separatory funnel using n-butyl acetate
(20 mL), and the butyl acetate layer was washed with water (50 mL).
The butyl acetate solution of naproxen acid was then extracted with
two portions of a 5% aqueous solution of sodium hydroxide (NaOH, 30
mL each). The combined NaOH solutions of sodium naproxenate were
acidified with stirring to pH=1 with a 5% aqueous solution of
hydrochloric acid (65 mL), precipitating the naproxen acid. The
mixture was vacuum filtered through a #1 Whatman filter. The white
solid thus obtained was dried in a vacuum oven 14 hours at 55°C (256
mm Hg), giving 0.804 g (74.7%, not including withdrawn sample; 85%
corrected for withdrawn sample) of naproxen. Chiral phase HPLC
analysis indicated a ratio of S : R naproxen of 88.7 : 11.8 (77.4 %ee),
the same ratio as the starting aldehyde within experimental error.
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Exanpl e 21 xidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde

To S- Naproxen Wth Peracetic Acid (1.5 Equival ents) Using 4-
Met hyl nmor phol i ne N-Oxide (1.0 Equivalent) / Acetic Acid (1.0

Equi val ent) As Catal yst To a stirred solution of 3.0 g (14.0
mol ) of (S)-2wdemmédooxy- 2- napht hyl ) pr opi onal dehyde ( cacTRA4o&isvgze by
&C) in n-butyl acetate (14.0 m.) cooled in a wet-ice bath (ca. 2C) was
added 0.84 g (14.0 mol ) of glacial acetic acid followed by 1.64 ¢
(14.0 mol ) of 4- met hyl nor phol i ne N-oxide. To this solution was then
added slowy dropwise 7.7 nL (21.0 mmol ) of a 23.0 wei ght percent

sol ution of peracetic acid in ethyl ace§ te, at a rate slow enough such
that the reaction tenperature did not eX¢éed 5[err]C. The reaction

m xture was stirred at 2[err]C for 4 hours, then excess peracetic acid
was neutralized by the addition of a 1.0 M aqueous sol ution of sodium
t hi osul fate (Na[err]S[err](err], 10 nL). The solution was transferred

into a separatory funnel with the ai Exazhple-211t y| acet ate (25 m_) and
the aqueous layer  Ox\BRiGEORDIRE-MathoivisALHE

sol ution of naproxen acl d en extr

aqueous sol ution of wﬁﬁ%‘l SREEYA

NaCH sol uti ons of Methyim plmed¥rdladenck.C ilénto A Age ‘

pH=2 with a 5% aqueous sol ution g@@g sQ.CI d (100 rrL) .

bath nd was® | vacuurfoF %‘lir?eg?f%k\%m Headipman) ot Edp Bethetirn o

solid thus obt maphthylhipropdonaldehyded ca.c04% pure by GE) inoubstydac@a® (25 mm

ngj t dgl vi ng 2. é];i Cmif o8 n?fa WO ket (c@zf@lwmé@&edﬂ@ 'ii'O%/S' S

A S on " Gl o ARRL AR ey ot o A i

88.1:21.9). metlylgiprphelizee N-oxide. To this solution was then added slowly

PCT/ US96/ 16903 dropwise 7.7 mL (21.0 mmol) of a 23.0 weight percent@dlution of
peracetic acid in ethyl acetate, at a rate slow enough such that the
reaction temperature did not exceed 5°C. The reaction mixture was

- stirred at 2°C for 4 hours, then excess peracetic acid was neutralized

by the addition of a 1.0 M aqueous solution of sodium thiosulfate
(NagS203, 10 mL). The solution was transferred into a separatory
funnel with the aid of n-butyl acetate (25 mL), and the aqueous layer
was separated and discarded. The butyl acetate solution of naproxen
acid was then extracted with two portions of a 5% aqueous solution of
sodium hydroxide (NaOH, 50 mL each). The combined NaOH solutions
of sodium naproxenate were acidified with stirring to pH=2 with a 5%
aqueous solution of hydrochloric acid (100 mL), precipitating the -
naproxen acid. The mixture was cooled in a wet-ice bath and was
vacuum filtered through a #2 Whatman filter. The white solid thus
obtained was dried in a vacuum oven 14 hours at 55°C (25 mm Hg),
giving 2.58 g (80.0%) of naproxen. Chiral phase HPLC analysis
indicated a ratio of S : R naproxen of 78.0 : 22.0 (partial racemization;
this batch of aldehyde was known to give acid with S : R content of
88.1:21.9).

i.'-' s of a 5%
P s'conbl ned
Ik@ng to
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Exanpl e 22 Oxidation O (S)-2-(6-Methoxy-2-naphthyl) propi onal dehyde

To S- Naproxen Wth Peracetic Acid (3.0 Equivalents) Using
Triethanol amine (1.0 Equivalent) / Acetic Acid (1.0 Equivalent) As

Cat al yst To a stirred solution of 1.0 g (4.67 mmol) of
(S)-2-(6-neth - 2- napht hyl ) pr opi onal dehyde i n absol ut (5 0
m.) cool ed in@?@f‘qw ice bath (ca. 2[err]C) was added OW% 28 g,
4. 67 mmol ) of gl aci al acetic acid followed by 0.62 nL (0.70 g, 4.67
mrol ) of triethanol am ne. To this solution was then added slowy
dropwise 2.25 nL (7.0 mmol) of a 23.0 wei ght percent solution of
peracetic acid in ethyl acetate, at a rate sl ow enough such that the
reaction tenperature did not exceed 1062rr] C. The reaction m xture was
stirred at 2[err]C for 2 hours, then an additional 2.25 nL (7.0 nmol) of
the peracetic acid solution was added to conplete the conversion of the
al dehyde (4 hours total). The sol ution was transferred into a | arger
flask with the aid of ethanol (5 m.), t to 50[err]C, and was
diluted with water nL) . 0l |é%ﬁg§§Eﬁ§9 _ .

k ce bath
causi Ng preci pit at | T oo a S O T T P € phth AR
filter. The |ight purpl eq § : 3d

wat er and was dri edpd

giving 0.79 g (73.5% anal'ysi's T ndi cat ed
a ratio of St R naproxen of 95.8: 4. 2, @=2: sane as that obtained by an
i ndependent oxi dat i on Fued &tirred solution of 1 -0 g (4.67 mmbll) df§BYR-(6imethoxelt i on has

been illustrated jfypg ﬁ&i)ﬁiaﬁn&{aldehﬁde %R @Uﬁémooleu ih% wed. to be

Rtedl
construed as bei S‘gﬁb &rgaC)a as ag eﬁ%?@%é@%ﬁ? IGQCIPBE"@E"\%%?&W%OUS

enconpasses the
modi fi cati ons andacetipadidetiowed by 062 mL (0.7ge4.67 mmol) of ériethanolaniinem t he

spirit and scope THfig3blution was thefdied IGRS dropwise 2.25 mL (7.0 mmol) of

PCT/ US96/ 16903 a 23.0 weight percent solution of peracetic acid in ethyl acetate, at a
rate slow enough such that the reaction temperature did not exceed
10°C. The reaction mixture was stirred at 2°C for 2 hours, then an

- additional 2.25 mL (7.0 mmol) of the peracetic acid solution was added

to complete the conversion of the aldehyde (4 hours total). The solution
was transferred into a larger flask with the aid of ethanol (5 mL),
heated to 50°C, and was diluted with water (40 mL). The solution was
cooled in a wet-ice bath causing precipitation, and was vacuum filtered
through a #2 Whatman filter. The light purple solid thus obtained was
washed with 20 mL water and was dried in a vacuum oven 14 hours at
55°C (25 mm Hg), giving 0.79 g (73.5%) of naproxen. Chiral phase
HPLC analysis indicated a ratio of S : R naproxen of 95.8 : 4.2, the
same as that obtained by an independent oxidation method.

:3 Jilv e Jj ‘t.‘ Hg)

Although the invention has been illustrated by certain of
the preceding examples, it is not to be construed as being limited
thereby; but rather, the invention encompasses the generic area as
hereinbefore disclosed. Various modifications and embodiments can be
made without departing from the spirit and scope thereof.
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Cl ai s 1. A process for producing an optically active
carboxylic acid which process—conprises oxidizing an optically active

al dehyde with a peracid in the presence of an am ne and/or am ne N

oxi de catal yst selected fromthe group consisting of a substituted or

unsubsti t ut ed wbleyiaggpm ne, al kyI aronati ¢ am weyusesngsonat i C
am ne N-oxi de, heterocyclic am H““wﬂue llll lﬂ“'am ne N- oxi de and
m xtures thereof, to produce the=*opticall¥y &ti*ve carboxylic aci d,

wherein said am ne and/or am ne N-oxide catal yst has a basicity
sufficient to catalyze said oxidizing of the optically active al dehyde to

the optically active carboxylic acid. . 2. The process of
claim1 which is conducted in the presgﬂce of a weak organic acid.
3. The process of claiml1l in which the optically active al dehyde is

selected from S 2-(p-isobutyl -phenyl) propi onal dehyde, S-2-
(6- met hoxy- 2- napht hyl ) pr opi onal dehyde, S-2-(3-

benzoyl phenyl ) pr opi onal dehyde, S-2-(p- thlgﬂwﬁphenyl ) - pr opi onal dehyde,
S-2-(3-fl uoro-4-phenyl) phenyl propi onal dehyde, S-2-

4- (1, 3-di hydr o- 1- 0x0- 2H- i d S-2-(3-
Lhegoxy) plr ogi (r)gal dgﬁgde,_ I S- . %95%%?%55%5%%83@ " Jfgﬁ%gﬁ"e (
i sobut yl pheny! )busgnbaxﬂww clr preness sePPURLsOIA mg/%or»tr,cq_ﬂy active
chl or opr opi onal depjddby dBthHB ﬁibl@i’ri Wﬁmmﬁwmoﬁaﬁxﬁm

o7 ocess of clalm Bk gAY re?ie%%d;ﬁjs% e oup consipting gfe ppbetinfed or. [0

acid, perfornic aungubstitnprdpikyhaming,ajkylfmine mdpenmpenaepane, VO
9;1 14669 aromatic amine N-oxide, hetefeyélidSiiinkl Beterocyclic amine N-

oxide and mixtures thereof, to produce the optically active carboxylic
acid, wherein said amine and/or amine N-oxide catalyst has a basicity
sufficient to catalyze said oxidizing of the optically active aldehyde to
the optically active carboxylic acid.

- 2. The process of claim 1 which is conducted in the
presence of a weak organic acid.

3. The process of claim 1 in which the optically active
aldehyde is selected from S-2-(p-isobutyl-phenyl)propionaldehyde, S-2-
(6-methoxy-2-naphthyl)propionaldehyde, S-2-(3-
benzoylphenyl)propionaldehyde, S-2-(p-thienoylphenyl)-
propionaldehyde, S-2-(3-fluoro-4-phenyl)phenylpropionaldehyde, S-2-
{4-(1,3-dihydro-1-o0x0-2H-isoindol-2-yl)phenyllpropionaldehyde, S-2-(3-
phenoxy)propionaldehyde, S-2-phenylbutyraldehyde, S-2-(4-
isobutylphenylhbutyraldehyde, S-2-phenoxypropionaldehyde, S-2-
chloropropionaldehyde, R-2-(3-benzoylphenyl)propionaldehyde and R-
2-(3-fluoro-4-phenyl)phenylpropionaldehyde.

4. The process of claim 1 in which the peracid is
selected from peracetic acid, performic acid, perpropionic acid and
perbenzoic acid. '
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5. The process of claim1 in which the am ne and/ or am ne N oxide
catal yst is selected from2, 6-lutidine N oxide,  5-ethyl-2-
met hyl pyri di ne, 5-ethyl-2-nethyl pyridi ne N-oxide, 4-methoxypyridine

N- oxi de and 2, 5-1utidi ne N oxide. 6. The process of

claim11 in whj optically active carboxylic acid i from
S-2- (p-isobut W@R@P) propi oni c“mmmumll“mum" §C§Iﬁ§9esﬁkﬁg o
2- (6- net hoxy- 2- napht hyl ) pr opi on il o A GY benzoyl phenyl ) propi oni c

acid, S-2-(p-thienoyl phenyl)propi onfc facid, 'S

2- (3-fluoro-4-phenyl)phenyl propionic acid, S 2-[4-(1, 3-dihydro-1-oxo-
2H i soi ndol - 2-yl ) phenyl ] propi oni ¢ acid, S-2-(3-phenoxy)propionic acid,
S-2-phenyl butyric acid, S-2-(4-isobutylphdidd)butyric acid, S-2-
phenoxypropi oni ¢ acid, S-2-chloropropionic acid, R-2-(3-

benzoyl phenyl ) propi onic acid and R-2-(3-fl uoro-4-phenyl)-

phenyl propi oni ¢ aci d. 7. The process of claim1 in
which the optically actives,  Phélplacess bfsclaing @ ¥R Wchibly tlosymied shd/or

hydr of or nmyl ati on,__a tric alefin ner, tJ. on a Gy al dol
condensat ] on. am’%gmfnffe catalyst 15 seé&%@iﬁ@?’éﬁ?ﬁ%ﬂﬁﬁnﬁﬁ%ﬁgg%@%de
raceni zati on mgthylneidine $-¢thyhBimethylpyritlioe N-oxids: 4-methoxypypidiness f or

produci ng an Nugkideadrldy2, 83htidineQUoRkiey! i ¢ acid which process conprises
oxi di zing an optically active aldehyde with a peracid in the presence
of an am ne and/ or am ne N-oxide catalyst selected fromthe group
consi sting of a subst i 6.ut edThe processefidlaim ddn avhigh thewpplically acfiveani ne
N- oxi de, ar orgaFbdiy BB abi is 8618FRH fforA 'S-92p MobutFipheRylifropionid 46da®a ne,

opt cal ly act | ve e BRI AR bPRRpe BB 24Py e 't acen zat i on
and reduced for rrdaeequlpfx/@udInmpienimcitbrﬁ-2x&néhi;emybaﬁeayamqpém&nepids S-
anm ne N-oxi de cat®{3ySitoraasphe3dfphehnihprépiohictdcid)S-2q4¢aBaliliéros Bioslo-
Y\l)?g?{ 14669 2H—isoindol-2-yl)pheny1]pr@gr/ﬁ%:&gﬁ, ég.?-%phenoxy)propionic acid,
. S-2-phenylbutyric acid, S-2-(4-isobutylphenyl)butyric acid, S-2-
phenoxypropionic acid, S-2-chloropropionic acid, R-2-(3-
. benzoylphenyl)propionic acid and R-2-(3-fluoro-4-phenyl)-
phenylpropionic acid.

7. The process of claim 1 in which the optically active
aldehyde is produced by asymmetric hydroformylation, asymmetric
olefin isomerization or asymmetric aldol condensation.

8. A process for minimizing aldehyde racemization
and reducing formate byproduct formation in a process for producing
an optically active carboxylic acid which process comprises oxidizing an
optically active aldehyde with a peracid in the presence of an amine
and/or amine N-oxide catalyst selected from the group consisting of a
substituted or unsubstituted alkyl amine, alkyl amine N-oxide,
aromatic amine, aromatic amine N-oxide, heterocyclic amine,
heterocyclic amine N-oxide and mixtures thereof, to produce the
optically active carboxylic acid with minimized aldehyde racemization
and reduced formate byproduct formation, wherein said amine and/or
amine N-oxide catalyst has a basicity sufficient to catalyze said
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oxidizing of the optically active. aldehyde to the optlcally active
car boxylic acid. A process for producing an optically

active car boxylic aC|d VWH4#¥$ﬁ+xﬁﬁ§%1ﬁmﬂmﬂﬁses (1) reacting a
prochiral or chiral conpou noxi de and hydrogen in the
presence ovoama4egd i cally a mm |mjﬁn conpl ex cat pdiyesosiréves
produce an optically activ ) oxidizing the optically
active al dehyde with a peracid in the presence of an am ne and/or am ne
N oxi de catal yst selected fromthe group consisting of a substituted
or unsubstituted al kyl am ne, al kyl am ne N-oxide, aromatic am ne,
aromati ¢ am ne N-oxide, heterocyclic am ne, #mnerocycllc am ne N- oxi de
and m xtures thereof, to produce the opticéﬁ y active carboxylic aci d,
wherein said am ne and/or am ne N-oxide catal yst has a basicity

sufficient to catalyze said oxidizing of the optically active aldehyde to

the optically active carboxylic acid. 10. The process of
claim9 in which Q&dwlnﬁlofééﬁ optically ackive aldehyde) to|thg apticaliinpetive cat al yst
conprises a netal catogghi€dcidl om a G oup VITI, Goup IB Goup VIB and
G oup VA netal conplexed with an optically active i gand havi ng the
formul a: [err] SUBSTI TUTE SHEET ( RULE
26) 9. A process for producing an optically active

carboxylic acid which process comprises: (1) reacting a prochiral or
chiral compound with carbon monoxide and hydrogen in the presence
of an optically active metal-ligand complex catalyst to produce an
optically active aldehyde; and (2) oxidizing the opticaily active
aldehyde with a peracid in the presence of an amine and/or amine N-
oxide catalyst selected from the group consisting of a substituted or
unsubstituted alkyl amine, alkyl amine N-oxide, aromatic amine,
aromatic amine N-oxide, heterocyclic amine, heterocyclic amine N-
oxide and mixtures thereof, to produce the optically active carboxylic

- acid, wherein said amine and/or amine N-oxide catalyst has a basicity
sufficient to catalyze said oxidizing of the optically active aldehyde to
the optically active carboxylic acid.

10. The process of claim 9 in which said optically active
metal-ligand complex catalyst comprises a metal selected from a Group
VIII, Group IB, Group VIB and Group VA metal complexed with an
optically active ligand having the formula:

| Z ~m
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-73- wherein each Wis_the same or different and 1s phosphorus, ..
arsenic or antinmony, each X is the same or different and is oxygen,
nitrogen or a coval ent bond-l-nrking—Wand—Y,—Y is a substituted or
unsubsti tut ed ocar bon r the same or and
s a SubStItuM unsubst‘j Eﬁ ll mw n residue or ﬁé&sg&%%?’
substituents bonded to Wm stogether to forma substituted
or unsubstituted cyclic hydrocarbon residue, and mis a value equal to
t he free valence of Y, provided at |east one of Y and Z is optically
active. 11. -The process of claim9 in which the prochiral
or chiral conpound is selected from p-i-§8butyl styrene, 2-vinyl -

met hoxynapht hyl ene, 3-et henyl phenyl phenyl ketone, 4-ethenyl phenyl

2-thi enyl ketone, 4-ethenyl-2-fluorobiphenyl, 4-(1, 3-di hydro-1-o0xo-2H

| soi‘ndol - 2-yl ) styrene, 2-etheny|-5-benzoy|thiophene, 3- et henyl phenyl
phenyl ether, propenyl benzene, isobutyl-4-propenyl benzene, phenyl Vi nyl

e T o RSk o W s thesmmer ebtandh MfRRscknbhder © 11
S- 2- (p-i sobut yl - pastiziony; eashok is thehsame osdifferent and is oxygen, nitrogen or a

(6- met hoxy- 2- naph&tﬁ%ﬁ!ﬂ%ﬁﬁ‘lﬁﬂhﬂ 'W%dXS‘?Is(é?'substltuted or unsubstituted

g_egz?)él Prﬁ?))r/lo) gr gﬁ%ﬁ? hydeﬁ“?b?‘b &72 egsgn%) e ent and R opi onal dehyde,
[ 4- (1, 3-di hydr o- 1suhetitn mmtmugeﬂ) pearben m@mmﬁw@eub@tgew-
phegoiwl) pL gﬁ' F;gtﬂ&t&e&&n Wdayp be byidge eﬁxa@tﬁ&ht%tﬁgxln& gul(sﬁtubed or

i sobu

chl oro);;rgpl o%al dth%ﬁ’Hsgﬁu% ?cﬁgﬁggr?csﬁﬁe( Tef'gd %?éﬁdﬁva ﬂ&akm the

2- (3-fl uor o- 4- phe yeyplv@ﬁg Yoprm ahleget one o Yandzlsoptlcally active.

11.  The process of claim 9 in which the prochiral or
chiral compound is selected from p-isobutylstyrene, 2-vinyl-6-
methoxynaphthylene, 3-ethenylphenyl phenyl ketone, 4-ethenylphenyl

- 2-thienyl ketone, 4-ethenyl-2-fluorobiphenyl, 4-(1,3-dihydro-1-oxo-2H-
isoindol-2-yl)styrene, 2-ethenyl-5-benzoylthiophene, 3-ethenylphenyl
phenyl ether, propenylbenzene, isobutyl-4-propenylbenzene, phenyl
vinyl ether and vinyl chloride.

12.  The process of claim 9 in which the optically active
aldehyde is selected from S-2-(p-isobutyl-phenyl)propionaldehyde, S-2-
(6-methoxy-2-naphthyl)propionaldehyde, S-2-(3-
benzoylphenyl)propionaldehyde, S-2-(p-thienoylphenyl)- | .
propionaldehyde, S-2-(3-fluoro-4-phenyl)phenyipropionaldehyde, S-2-
[4<(1,3-dihydro-1-ox0-2H-isoindol-2-yl)phenyl]propionaldehyde, S-2-(3-
phenoxy)propionaldehyde, S-2-phenylbutyraldehyde, S-2-(4-
isobutylphenyl)butyraldehyde, S-2-phenoxypropionaldehyde, S-2-
chloropropionaldehyde, R-2-(3-benzoylphenyl)propionaldehyde and R-

" 2-(3-fluoro-4-phenyl)phenylpropionaldehyde.
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-74- 13. The process of claim9 in which the peracid
i's sel ected from peracetic acid, perform’ c acid, perpropionic acid and
per benzoi ¢ aci d. The process of claim9 in which

t he ami ne and/‘ﬁﬁg-”lmg am ne N- omemﬁﬂIﬁllmmﬂ | ect ed frorerusschests di ne
N- oxi de, 5-ethyl - met hyl p ﬂmE nmet hyl pyri di ne N-oxi de,
4- et hoxypyr.i di ne N oxi de ;and 2,°5-F ut ' di he *™N- oxi de.

15. The process of claim9 in whi ch the optically active carboxylic

acid conprises S-2-(p-isobutylphenyl)propionic acid, S-2-(6-

met hoxy- 2- napht hyl ) propi onic acid, S-2-(3- bﬁnzoyl phenyl ) pr opi oni ¢
acid, S 2-(p-thienoylphenyl)propionic aci d,"™S-2-(3-fl uor o- 4-

phenyl ) phenyl propi onic acid, S 2-[4-(1, 3-dihydro-1-oxo0-2Hi soi ndol -
yl ) phenyl ] propi oni ¢ acid, S-2-(3-phenoxy)propionic acid, S-2-

phenyl butyric acid, S 2- (4 | sobut yl phenyl ) butyric acid, S-2-
phenoxypr opi oni ¢ acid, S 2-¥hi orBee Brsicess of clainyd imwhiglgthe peracid is

benzoyl phenyl ) pr ogélested %@eﬁdceﬁc%c{&p%%hﬁtdh&hﬁ?ﬁfdmomc acid and

phenyl propi oni ¢ aci A process for producing an
optically active I%engglrcba&%/l I c acid which process conprises: (1) reacting
a prochiral or. chiral olefinically unsaturated organic conpound wth
Cﬁr 39“ m)|nOX| dg and hyr.ogeTheé procass oF daiand én fhich thoaminé hyud/ect i ve

r hodi um I gand_ ¢ t r | .

al dehyde; and (2) amme%g%:@éfﬁﬁaé%%lgsgfeﬁe?a ?’H(\zz%?@?/e tgllgg’#ac%égc& P2
peracid in the presethylpysidine, 5'9@”1‘3#1%@13'&%1 pe Nrp e;\#rm%e 9§t

sel ected from t he NJoRidle and 2,54atidie Nagidd. a substituted or unsubstituted
al kyl am ne, al kyl am ne N- oxi de, aromatic am ne, aromatic am ne

N- oxi de, heterocyclic am ne, het erocycl.ic am ne i_(ll de a m xt ures

t hereof, to produce the 150pt%&ﬁ%35%9f@@%§rlﬁm%é g optica %?té‘fen sai d

am ne and/ or ani neabboxylic acid comprises S-2-(p-isobutylphenyl)propionic acid, S-2-(6-
methoxy-2-naphthyl)propionic acid, S-2-(3-benzoylphenyl)propionic
acid, S-2-(p-thienoylphenyl)propionic acid, S-2-(3-fluoro-4-

. phenyl)phenylpropionic acid, S-2-[4-(1,3-dihydro-1-oxe-2H-isoindol-2-
ylphenylipropionic acid, S-2-(3-phenoxy)propionic acid, S-2-
phenylbutyric acid, S-2-(4-isobutylphenyl)butyric acid, S-2-
phenoxypropionic acid, S-2-chloropropionic acid, R-2-(3-
benzoylphenyl)propionic acid or R-2-(3-fluoro-4-phenyl)-
phenylpropionic acid.

16. A process for producing an optically active
carboxylic acid which process comprises: (1) reacting a prochiral or.
chiral olefinically unsaturated organic compound with carbon
monoxide and hydrogen in the presence of an optically active rhodium-
ligand complex catalyst to produce an optically active aldehyde; and (2)
oxidizing the optically active aldehyde with a peracid in the presence of
an amine and/or amine N-oxide catalyst selected from the group
consisting of a substituted or unsubstituted alkyl amine, alkyl amine
N-oxide, aromatic amine, aromatic amine N-oxide, heterocyclic amine,
heterocyclic amine N-oxide and mixtures thereof, to produce the
optically active carboxylic acid, wherein said amine and/or amine N-
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- 75 - oxi de catal yst has a basicity sufficient to catalyze said
oxidizing of the optically active al dehyde to the optically active
carboxyl1c acid. 17. The process of claim16 in which said
optically active rhodiumligand conplex catal yst conprises rhodi um

compl exed with an optically active Trgand having the formnul a:

[err] wher ei MO&Y is the same ﬂulmmﬁmuls phos fFR6N&03, o i ¢
or antinony, each X is the sane orml‘l oxygen, nitrogen or a
coval ent bond linking Wand Y, Y is*a §ubsti'tut®ed or unsubstituted

hydr ocarbon residue, each Zis the same or different and is a substituted
or unsubstituted hydrocarbon residue or ‘the Z substituents bonded to W nay
be bridged together to forma substituted-@5unsubstituted cyclic

hydr ocarbon residue, and mis a value equal to the free val ence of Y,

provi ded at |east one of Y and Z is optically active. 18. The
process of claim17 in which the optically active ligand is

(2R 4R)-di[2,2"-( ﬁﬁﬂ'e‘cgil;aﬂ%&r KadWbidicily Sufffbidi 't Q%balyae shid oxidizing of the

bi phenyl)] -2, 4- pe%é{«':al y gctgrsepaq}j(te}?jde to the optically active carboxylic acid.

17.  The process of claim 16 in which said optically
active rhodium-ligand complex catalyst comprises rhodium complexed
with an optically active ligand having the formula:

[ ]
w—X—Y

wherein each W is the same or different and is phosphorus, arsenic or
antimony, each X is the same or different and is oxygen, nitrogen or a
covalent bond linking W and Y, Y is a substituted or unsubstituted
hydrocarbon residue, each Z is the same or different and is a
substituted or unsubstituted hydrocarbon residue or the Z substituents
bonded to W may be bridged together to form a substituted or -
unsubstituted cyclic hydrocarbon residue, and m is a value equal to the
free valence of Y, provided at least one of Y and Z is optically active.

18.  The process of claim 17 in which the optically

active ligand is (2R,4R)-di{2,2'-(3,3'-di-tert-butyl-5,5'-dimethoxy-1,1-
biphenyl)]-2,4-pentyl diphosphite.
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- 76 - 19. - The process of claim17 in which the optically
active rhodiumligand conpl ex catalyst conprises—+hedi um conpl exed W th

R ][] A—

-76 -

19.  The process of claim 17 in which the optically
active rhodium-ligand complex catalyst comprises rhodium complexed
with an optically active ligand having the formula selected from:

pr— —

W—0—1—Y

\/
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[err] wherein W Y, Z and mare as defined in claim16 and Y'"is
t he same or different and is hydrogen or a substituted or unsubstituted

hydrocar bon residue. ~ 20. The process of claim16 in which the
am ne and/ or am ne N oxide cat alyst is selected from2,6-1utidine
N- oxi de, 5-ethyl -2- met hyl pyri di ne, 5-ethyl -2-net hyl yridine N- oxi de,

oy KR 0 a”"1|IiII|H||III‘III1|lIIFIINIIFX'"e e

-77-
Y'"
- I —
N
y A W—-0O0——Y
N
- l - Il
Y“l

wherein W, Y, Z and m are as defined in claim 16 and Y"is the same or
different and is hydrogen or a substituted or unsubstituted
hydrocarbon residue.

20. The process of claim 16 in which the amine and/or
amine N-oxide catalyst is selected from 2,6-lutidine N-oxide, 5-ethyl-2-
methylpyridine, 5-ethyl-2-methylpyridine N-oxide, 4-methoxypyridine
N-oxide and 2,5-lutidine N-oxide.
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