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L- Phenyl ephri ne hydrochl ori de The present invention relates to an inproved
process for preparing L-phenyl ephrine hydrochl oride by mearf® Nay 2003
rhodi um cat al ysed asymmetric hydrogenati on on an industrial scale.
Technol ogi cal _background to the invention L-phenylephrine is one of the
anal ogues of adrenaline frequently used for pharmaceutical .purposes and is
of great commercial interest. L-phenylephrine is used pharnaceutically in
the form of L-phenyl I i athomnetic in
the treatnent of tty%%%%%?@r§%§£§§ﬂ%33éggg§ﬂ P?ﬁ%?%?ﬁfﬁ“gﬁ t hal nol ogy and
rhi nol ogy. The chem cal structure of the chiral a-am noal cohol
L- phenyl.ephrine is sho in formula,l. Formmula I.: tyle ~N~ *HCl ~ ~ H OH
(B B e mesiER Pt Ben SBIRRd Rigo S BTt RS HEREWEN  or i de Known
from t hgdidchRhida by niehed 3G dikl-cAmYIBERASy rEndiycii AhtiANbrCn thlRiAf ochi r ai
N- benzyl - N- et hyl - 2- am no- nbenzyl oxyacet ophenone hydrochl oride (forrmula In
accordif8let o Tetrahedron Letters 30 (1989), 367 - 370, or Chem Pharm
Bull. 43 (5) (1995; 738 - 747. Formula I1: (I1) 20 May 2003 Achiwa et
al. witing in Tetrahedron Letters 30 ( 1989), 367 - 370 describe the
asynmet Techndlygica beckatdund tothe invention

3-b -2-(N-b, i hyl) - anj h drochl or.id
cubst S oMbl S B SRttt aE kST R RO Drarpaspieal *° 2
4R) - 4( dhueysEbPARY bPRes RBnARlcial 14 Eieh EpnkbPhambae RasbEpiihcdibBE/RY theani nopyr

rolidine as catalyst. Imediately after filtration and concentration of the
react i ofermiokkwhentiephrine hydrpghiorifietand gets apa emerathonymghe inthe eadmeahoéd and
phenyl ' [ ' 2 i L - - i omer,
Phe b asioR shd P 2L BRI TR SRR ARy il Bititey P LRnliE shicBRERE

i mpur i ttiie CidEVoem)inodihol Dehémdephrianis shéven apfoahylsi. has to be used in a nol ar
ratio of 1 ; 2000 based on the substrate. The nai n di sadvantage of the
processta®@uadat t he L- phenyl ephrine obtai ned cannot be purified
economcally to a degree of purity of at |east 98% ee which is essential if
it is to be used as a pharmaceutical conposition. In Chem Pharm Bull. 43
(5) (1995) 7 -¥747 a nolar ratio of substrate to catal yst of about

1, 000: 1 i PvepNasHehe preferred ratio for asymmetric [m ssing word].

e process described in the prior art is unsuitable for the

of Lphenyl ephrine on an industrial scale on account of a nunber
of disadvgntages: In spite of the use of large anounts of catalyst in the
asynmmetric reaction step the product cannot be prepared as the L-enanti oner
with sufficieqgy purity for pharmaceutical purposes without expensive
purification procedures, but is only obtainable as a m xture containing a
relatively | arge anount of D-enantionmer as a contam nant.

Prior art

The methods of preparing L-phenylephrine hydrochloride known from the prior art include
the asymmetric hydrogenation of the prochiral N-benzyl-N-methyl-2-amino-m-
benzyloxyacetophenone hydrochloride (formula II) according to Tetrahedron Letters 30
(1989), 367 — 370, or Chem. Pharm. Bull. 43 (5) (1995) 738 - 747.

Formula II:

v ) L
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(I1) "6k 1R



. In"addition, the relatively long reaction time of the step of asymetric
hydrogenatlon of about 20 hours constitutes a very equi pnent ive and
expensi ve reaction step precisely for the production of L- éh?ﬁ%@ rine on
an industrial scale, with a by no neans negligible as qty risk. Description
of the invention The present inventiomr relates to a new nmethod of producing
L- phenyl ephri ne hydrochl ori de by asymmetri c hydrogenati on whi ch overcones
the difficulties and drawbacks known fromthe prior art or nentioned above.

20 May 2003 One, of.th nti al | t t
devel op A&gmacfégég"%ﬂ’/‘gﬁ%i %fi}c\?%e %% 386@@8&/}325 rﬁﬁ hg\é@rﬁ]ﬁ%}?ﬁgﬂ%‘%cag be
prepar eg wogéhahbrgbf ppédz%&y@n@q 68EH1-NahetRyl)- mhmoaé&oﬁha@o@moremeﬁde ishe risk

of contam nation of ug preparations containi L- phenyl ephri ne
hydr ochIS@bﬁﬁd@Vﬁglfafétqgv’éllsﬁhbgt@ﬁ@é of{RIKC %CUnvééﬂ*é@\ﬂenantl omer shoul d be

mnims ! vV R ocess hy
nmeans O?gii\?\%ll c(%§($;l§r()gsxgﬁti)!l3r/l e%zs&ﬁ Mﬁ%?)h?@yﬁ%?@%ﬁh%yﬂ ﬁlw ﬁ‘e(ﬁ%eg{] easily be
pr epar edatalst immbdiatelyadder Hiftratibe andhacmndritmtion sf the rqap(@qranemlre fiedbaydydiphr i ne by
a stereosel ective ocess in order to avoid.r ctl e i.ch chiral
"t er modEREET ESHTHE0TR R oL Ard oo R it R e FhiBh R in Ao fign

obt ai nedo &S [ReraAGANER! e Mefnfbitkd 1§-6b@fﬁ@&'ﬂia$} péﬂﬁenﬁpﬁtﬂ&%ﬂpmla%naml pode.
The process according to the invention furt sets out to shorten

si gni f i dapeity (§3ecalyknrdbrereactionn theicatalysihag i '?"e‘éfeﬂéﬂa’éﬂﬁ@f ptieparlat308A of

L- pheny r angers

i nvol veé’gé%a 0’%1 %e J&)é%fag% &hgg{raggglﬂéd&ﬁégee{ﬁ%ﬂ)rgﬁgggsﬁtrl%t% E? ﬁé@lﬁ%?gnéjmot her

ai m of tobtired esmot be purﬂ‘mtileoasndnscztlty tpndegreeof fheitp if dtllast p&oserwhiclils a
process.for ari ephrine by whj.ch this active substance which
i's needééFeFtl‘fRI‘éF’jé" g%‘é?ﬁfi P@E C@’ﬁ'@éﬁl"%}/’p%{l%'nabl e starting fromreadily
avai | abl e educts. The present invention provides a process for preparing
L- phenyl ephrl ne hydrochl oride 3, characterised in that starti n(g from

pr ochi 1 4 Chemheyn-Bulkd? 691 2293 ho AT Ak iupiiaidnsamlyerd ahowr i de 1
as the qcbé&g) %;B'f?’égé t%{mﬁ ?gE%gthg (hydhogsnation is carried out

with [ Rh{ ac |ra ate phosphine ligand as the catal yst
systemand in a second reaction step b. reductive debenzylation is carried

out wit rfio‘?w‘f%:lvfl:raﬁille %Péc‘é‘s%%e?éé%e&’ fitthe prior art is unsuitable for the production of L-
phenylephrine on an industrial scale on account of a number of disadvantages: In spite of the
use of large amounts of catalyst in the asymmetric reaction step the product cannot be
prepared as the L-enantiomer with sufficient purity for pharmaceutical purposes without
expensive purification procedures, but is only obtainable as a mixture containing a relatively

large amount of D-enantiomer as a contaminant.

In addition, the relatively long reaction time of the step of asymmetric hydrogenation of about
20 hours constitutes a very equipment-intensive and expensive reaction step precisely for the
production of L-phenylephrine on an industrial scale, with a by no means ncgligibic safcty

risk.

Description of the invention

The present invention relates to a new method of producing L-phenylephrine hydrochloride
by asymmetric hydrogenation which overcomes the difficulties and drawbacks known from

the prior art or mentioned above.



20 May 2003 3a Surprisingly, it has now been found that L-phenyl ephrine
hydr ochl ori de can be obtained with exceptionally high optical purity from
N- benzyl - N- net hyl - 2- ami no- m hydr oxyacet ophenone hydr ochl ori de Mayl®p03
asymmetric hydrogenation with [Rh(COD)Cl] z /(2R

4R) - 4di cycl ohexyl phosphi no) - 2- (di phenyl phosphi no- net hyl ) - N- net hyl - am nocarb
onyl pyrrolidine as the catal yst systemgand a special sequence or steps.
Tile abbreviation COD used in the overall fornula stands for

cycl ooctadiene. Wth a nolar ratio of catalyst to substrate of about

1: 1000, @h@-Bf tlhBgssfeﬂ@z[mbﬂ@Zyﬂh@gl‘dséﬁmﬂﬁentlon is to develop a process by means of Wthh
(Nbenzyl - yl - 2- am no- m hydr oxy- acet ophenone- higdrochl ori de)

benzyl adhpéﬁ'wleﬂ’fy’d‘@ bydroehlprde Ganibe seragddh bigh ppticapansdisaical ety *ﬁ@h? o the
t t
the- bens i AR AESalaibl ofini ol B iof CORIaIAG P Rinfibptyslé converting

preci pi thydrmrglloddefals@m\a:rsuhsmmamatmae hawaitédiaicaativimet shapild bbmimmised.al purity
can easily and remarkably be inproved even to > 99% ee. This internediate
conmpound which is 20 May 2003 sufficiently pure for pharnaceuti cal

pur poses Ahsthéd et ¥ £iht @flehtidiOis ko BORIYY £1BEdsey MyaHs@ERREH Megely 1 N a
subsequent reactl on St%‘fr hThe Bﬂem se rrechanl sm of t he rhodi um cat al ysed
p

asymet r FraniomedEy pur epylephripg eaciesilybadensed- This is particularly true
of the reaction of N-benzyl-N nethyl-2-am no-mhydr oxyacet ophenone
hydrochl oride 1 with hydrogen catal ysed by [Rh(COD)ClJ 2 and (2R,

4R) - 4- ( dA(fyxtlhen tgeal)ﬁifplhﬁispélitinm)stﬁ petiaphkmitmirpbpng broa Btéltehwlécﬁl\de pecesglitani nocar

bonyI pyrr |d| ne. .a he cat aI tio : * HCI
o Oloh Bl ioR 504 i ot il s BAE Lo PP B e bl oyt 1
I 2. H~| PgbhényRphthe tsAdtdindd 45 rhdentisinal Sailireetuhiionit ddrekpori@iptantipadel 0 t he
prevailing opinion, a nolar ratio of catalyst to substrate of about 1: 1000

is not necessary for the asynmetric hydrogenation step in oreder to achieve

good yi effls, rQEes?h&lard?lP%foCtﬁé inREHt dnVfurtRS sk QLCB kR eRidnicaRily ffe art. In the

process according to e Invention, this ratio can be dranatically | owered
by a fachysrogshation tiroesrequiref rf01§b¢ preparatiompEL-shepylephiamhydrechlesideoin order t he

AT ol BB U B TR USROGt R AR ey €

hydr ogenatl on- - cand- hence ceven r| ne - t ai ned

with a saelgnificantly higher optical yield than in the process known from
the prior art. Thus, for exanple, L-phenylephrine is still obtained in an
optical yield of 88%ee with a catalyst concentration of only 1:10, 000.

Reduci ngA#diReraifd Wi the@reseitlifventibn (8t @ovidethpskilldd poadonavittnd pobess groduct
consi der abl y, easi er. 20 May 2003 | I . o
preparing L-phenylephrine by which this active substance which is needed in large quantities

is cheaply obtainable starting from readily available educts.

The present invention provides a process for preparing L-phenylephrine hydrochloride 3,
characterised in that starting from prochiral N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone
hydrochloride 1 as the educt in a first step
a. asymmetric hydrogenation is carried out with [Rh(COD)C1], and a chiral, bidentate phosphine
ligand as the catalyst system
and in a second reaction step

b. reductive debenzylation is carried out with palladium and hydrogen.



By reducing the anbunt of catalyst and using the comerically favourable

N- benzyl - N net hyl - 2- am no- m hydr oxyacet ophenone 1 as educt, the costs of
preparing L-phenyl ephrine can be reduced substantially by t i Man2@3ocess.
In addition, the new process reduces the reaction tinme for asymetric

hydr ogenati on by up to 75% conpared with the prior art. It is particularly
advant ageous for the production of L-phgmnyiephrine on an industrial scale
precisely fromthe point of view of costs and safety. Finally, with the
process according to the invention, it is possible to omt the protection
of the phenolic hydroxy group in the 2-am noketone 1 and still successfully

react 1 tSurdriidply,Rehashbwdkerlfoand fraat Ghbe}lephriy hpikydi@ide dan by dbaiedsithon
wi th one of the catal yst systens accordlbg to the invention. Moreover, by

puri f i catxesptigraliyHiebentiopl tuty aaei Ndearyd-Nometyl-4rpEoas- fa/éwm#@hﬁrm? he
nventi o %hﬂh tgﬂﬁ h opti cal

LUYity! g%%g§ﬂgé%§9§ act ?ggﬁgﬁggé%ﬂotgmgiﬁ%érCIgHQ$2 av ?;gle Pt

N- benzyl {ﬁbynbhhg&lpl&sptnnmjeﬁ*fdr;;tdnﬂph@aphhmphehydhél-meth)sl armaotaljonodnytroh@idc ogen

inafirst reac n t he presence of chij rh st under

a pressurat tierfafah?t §y8§ aoﬁRFclﬁ)‘ Slg%“qnﬁﬁob%{?ps ﬁ} e”?«l-?\rreéﬁ?fmn @#8 eé )r/ and

nost pr ef®e@lfymadla ggldgq&c vEBo&Rdighd) N benzyl - L- phenyl ephrine hydrochl ori de

2. According to the |nvent|on [Rh(COD)Cl] z and a chiral, bidentate

phosphine ligand is used as catal yst. Preferably, (2R

4R) - - (O L asao kgl AP e d P ISRYLPPRBBN LA IRIGRY L IRk vhe A nocar

bonyl pyrrol 1 dine 'S use as cata preparation of "this
cat al yst beszyt-iNowathiyt-danifempttyiderx yedcetop ftoAe- ﬁycﬁ&:hldlrﬁﬁ) lﬂfbnAyI@h&ﬁGl 123] The

A7) -t cJERERBR N AR S oBHE A ORHBE PHRR BY ALY R R A mocar b

onyl) py rng dedf Lr@e?cubﬁ pRay Eda)I &maerlaﬁg menyylﬁiriam hgﬂ&%ﬁmbnﬂé QRS thef Rk bageanpl e.
The use of such pol yner-bound |igands does not absolutely rule out the

si mul t anand then peccirfitafingit fromyansamrhonipehethagalivaier nEgfujerdhe orficalpueiay ety st s of
e s S P EFEL i BT BORRUSSL QL BlIRIAnBHEE LLABbLAN, Lk kNe

pr oduct e ¢ IP §E° & B Re as a pre-prep ar ed xygen-free

sol ution of [Rh(CII»C]]Z and Ilgand or prepared |n S|tu from[Rh(COD)Cl]2
and ligand in the presence of N-benzyl-N 20 May 2003

met hyl - 2- am no- m hydr oxyacet ophenone hydrochl oride 1, w thout oxygen, under
a protective gas atnosphere or a hydrogen atnosphere. The nolar ratio of

N- benzyl - N- net hyl - 2- am no- m hydr oxyacet ophenone hydrochl oride 1 and

catal yst is between 5,000:1 and |00, 000: 1, preferably between 5,000: | and
20, 000: | and nost preferably about 10,000:1 in the process according to
the invention. The hydrogenation is carried out at a reaction tenperature
of about 40 to 100C. The preferred tenperature range is between 40 and 60
C, tenperatures in the range from 50




. 55C are nost preferred. The reaction nedia used may be either protic

sol vents such as al cohols and/or water, or aprotic polar solvents such as
et hers and/or ami des or |actans and/or m xtures thereof. WdGMayd§0dhe added
to all the solvents if required. Preferably, branched or unbranched Cl-Cg
al kanol s are used as protic solvents. ;Mst preferably, |ower alcohols such
as net hanol, ethanol, n-propanol and isopropanol or m xtures thereof may be
used. Mg frRRANy e B PhhfiAlic RIpSsey & BtbndBnidiRd LRt hpnyipdidm and the
met hanol or the other alcohols or solvents may optionally contain water.

Sui t abl dydioeldeiide Siolasabiequent eagiiinastepet her s such as, for exanple,

t et rahydr of uran or di net hoxyet hyl ethers or am des such as

di met hyl f ormam de, or | actans such as N-nethyl pyrrolidone, for exanple.

Sol vent Sheiptdeisk machidnizrathhd ihbyiuar@tdysel asainhstric hedtog&iation istdoepreshnelyy 1
occurs as th q¥drochloride,gt i S firz&lconv rtediIEC)the free base by
the addihP¥hy s is pirgewaniningg qf fhe fegetion 9E N-pepzy llisiid-4 HBIdubi 1 i ty. The
bases U$6EroRTcBEhRbRER}dPocRlorld @ WA yard¥Rs 8stalyRALHY [RR(SODYCIF, apd(dry t he
formof Solutions, e aqueous sol utions. Suitable inorganic bases are

basi cal 140 eldisysInkexalpResphinab 2 ddipbeyipbosshinigRethyD hbmsthyby dr oxi dos,

Prefera i .4l r onates or al kali netal carbonates are

used in%gﬁgwgﬁgﬁﬁé%ﬂgﬁggfgﬁgé'gﬁgﬁ§§%§&ides. It is particularly preferable

to use Na2C03, K2C03, LiOH, NaOH) KOH or NaHC03. The invention al so

i ncl udes, the use of other substances reacting in a basic manner or other

subst an&EaHARPAR Lir e capabl e of converting the hydrochloride 1 into the

free base and are known fromthe prior art. Suitable organic bases are, in

particular, nes or tert. alkyl Q8ryMeani Preferably,

trial kyl am Kyl groups are used.

ave proved particularly
‘ ) Pion may al so be carried out in

the presente of basic polynerszwith for eXanple tert. am no functions. The

asymmet ri coydr ogenation is dBRGOBICt apna pressure of between nore than

1 bar and a maxi num of 100 bdbR-MFEMrably bet ween 10 and 50 bar, and nost

preferably at about 20 bar. 2TR#er eaction is carried out with the exclusion

of oxygen, expediently under inert gas, preferably in a hydrogen

at nosphere. However, it isOHotMessential for the reaction that the hydrogen

for the hydrogenati on shoulld bé\cmmmble of being taken fromthe atnospheric

gas via the reaction rur e The¥ hydrogen may al so be produced in situ in

solutionszQHCSU|Tabl ydr ogen sources. Such hydrogen sources include, for

exanpl e, armagpao) formgte, formc acid and other formates, hydrazines in

the presence of metal pgnsasuch as Fe2+/ Fe3+ and ot her hydrogen sources

known fromthe prior art. The reaction time for the asynmetric

hydr ogenation is between 2 and 8 hours to conpletion, preferably between 4

and 6 hours, nost preferably 4 hours. N-Benzyl-L-phenylephrine 2 is reacted

to formthe phenyl ephrine hydrochloride 3 by palladi umcatal ysed

hydr ogenati ng debenzyl ation. The reaction m xture for the asymetric

hydr ogenati on may be conbined with a palladjum catal yst w thout any further

wor ki ng lips else befadoymyd that copkipry torthempsey2iling opingse & plrrdafiqeficaislsbe t he

asymet 4 } L | i ; |

pal | adi oS REPELDAT: bt (EORRD 1 (R R e SR n B

hydr ogendied gond giclda ophigh sptical piritl, as indicakedrby the pfi@raatbin/th2 proc8sbar .  Furt her

processing |.s cajried out using t hods .k fr the literature

Pref er aﬁ?“\%“h%%{}%ﬁ‘we%"ﬁéh‘fﬁ“—oLc-agE% HVP@HH&B’%W?CE?yﬁ Qe quélt%r (iod %t om t he

react i oRpigQifihib SiBnifitart RRLARYMNIRIchfouhysiTcaaBRatht fiterhédRitd frbducy@r ki ng up and

crystallisation as a crude product and then subjected to . o

pal | adi weshiiag dlopstbelasysineatriofydragenation - sad berice gventyally hypheaylephinsdes st essur e

(et hod . : I act.. LS I 0 hat the

Separ at Ponnet EAATRTRAny MalsfSisat MRl Hohoproldes R PREH AR ATEE

carri ed Thud, forexemgladi-pyengieghrined9stNbybtADEBinsn optsa fritld of 88046 tdwerth a

N- benzyl - L- phenyl ephri ne stage ? than, at the L-phenyl ephrine or
y catalygt congentre}?tion of only 1:10,000. Reducing the amount BP catalyst B1a es the

purification of the product considerably easier.



hydrochl ori de stage 3. The process according to the invention will now be
expl ai ned by the Exanples which follow. The skilled person is aware that

t he Exanpl es serve only as an illustration and should not b0 WMey3Pekd as
limting. Exanples Preparation of the catal yst solution: 4.3 g of

di chl oro-bi s-[ (cycl oocta-1, 5-diene)rhodium (1)) and 9.4 g of RR-MCCPM

(2R, 4R) - 4(di cyc | ohexyl - phosphi no) - 2- ¢di phenyl phosphi no- net.hyl ) -
N—nethylanlnocarbonylp rrolidine are added to 2 litres of degassed net hanol
under pRYrEdicngeh f‘g"ﬁ%"“&KBF Sfalyst apd ppg Be commercially £ioreitle Ndspedat-ur e.

Asymet r t t vl ophenone
hydrochpgﬁpﬁggﬁggg&ggrnlﬁ@&%ﬁ%@%&%ﬁeﬁyﬁg§H?¥E%gzaﬂ*%ﬁﬂgég#qwgﬁﬁﬂﬁﬁk

N- benzy lcat\bameduepd subsianiiaity iy the dew pyaesst ophenone hydrochl oride 1, 0.58 kg of
triethylam ne and 2401 of nethanol are placed in a 500 L autocl ave,
degassed and conbined with the above catal yst solution. Then the m xture is
heat ed IIIOa(ﬁiGhon the Ge\alpcboasspéa&syme rédctidtimalfori asypmewid g drogsnatign By dp @gen.

After a rogepati on ha taken pl Furt her reaction of

N- benz 3?’) OB‘tﬂécﬁ f%’é@ 2% B 15 Rartigular W%&?H\‘% g?éthﬁ feef de 3: Met hod
A: The abaveEHing Bﬁgn nw%ﬂgnes@ae ARiseR! tHirh 1R potht Spﬁ@w!v%?gosté &d%aeaﬁond 5001
sti rred essel, wth O. of activated charcoal and about 69 g “of

pal | adiumin the form of paI I adi um chl ori de sol ution and hydrogenated at 2

Pﬁr Vgiu maH Bl %p f%% cor IEo tg(r:envae%&?edﬁ s?;ﬁsmgl% tQ E?n)&tthlca rgufsstlfg{?bl led of f

achi eveghmumgycﬁ&(ﬁgrw msﬂs«t mmmxaarkbmnall and ﬁilwucoaastatly eacilt todbfh eied t he

sol ution | cool 0 10-15C. The crystallin re itate is separated off
and was ﬁ‘é‘ 05‘8‘8&?1 Yipypasymygetriglyd remeatwa@ ‘E’?é’i‘ cLagib st Sabout 120 1
of wat er‘moﬁgl,hg@ttﬁéj,np@m@an of about 6.5 with concentrated hydrochloric acid
(about 18 1) and heated to 50 - 60C. The solution is mxed with activated
charcoal (2 4 kg) and filtered. Then the pHis adjusted to 2. 5 - 3.0 and
nost of . |due is
di ssol vclg/E ¢ b?or‘{%\g%g g‘flﬁqcﬁgoﬁgt tp@ygnéggg%ag%%ﬁaé%ﬁg pPoc'::s[s ag%o\fgl?}g?or at"e (] ntgog

about 1@fakés iapudsibiead ebtaind -plknylephrineGritihigh bptidagpyritephr i ne hydr ochl ori de 3
which crystallises out is separated off and freed fromi sopropanol by
centrifuging and drying. L-phenylephrine hydrochloride 3 is obtained in a
yiel d ofacah@il tdh@adfidn pBIRAAUhe édmMeealllyFavourable N-benzyl-N-methyl-2-amino-m-

N- benzyl - N- net hyl - 2- am no- m hydr oxyacet ophenone hydrochloride 1) and in a
cheni caPYCiswawomenwdgs ogeatsd “a'fb wéfqgeam plist segetioh stepdpthppesenggof Aod B: The
hydr ogepgd fisdRe] ddiAuifs §prdisde ﬁmg?angé 81510 166/ b & %refé?ab‘{?%' gmi xed

with 118 1 of water, eategto 50 - m xed wt actlvate charcoal .
After tha anémovigirclofablyras 26 har tooaditain abmylgephermepmaahydmml@@s 21 of

nmet hanol are added and heated to 35 - 45C. Then the solution is conbi ned
with about 57 1 of concentrated ammoni a solution and cool ed to about 15 -
25 C. TRAecwdiygtocthe lmentwne{Rhm(ma)ca]{ @ﬁdmdntass, Mpateqﬂe@bfﬁnﬁe‘ liganassheeld i t h
about 1001 of_ water and g

N- benzy fatalysheRIpierably. G |48J ﬁ;(ﬁw?le&w&p mﬁﬁmar{elpa?ryl%f%{v%ee@yl)é\f free
base. Thicf lﬁni‘iﬁbé‘a‘?% a‘l BIProﬂJHHH RF@M@CPM) Yélsed as c]agal}lst of concentrated

hydr ochl or| c acid about 5 5 - 6.5) and about 57 of palladiumin the
f or m of T@&Pt@éﬂﬁﬁmmm@@ahlyaMdkwm 6grerﬂmm'd3ratt [EB{AeP 2Pl 1646 FE-A10 Bbhar of H2

pressur rea h polyene produced is
distill glc? Aﬁw %aztaelgs‘[??%ﬁl gsélbgyo ﬁ%mq r'.g']ufﬁgﬁrayclgénggg Jug)har coal is added
to the gioydisHeRphosphiab)-2-edipidpiphbdphitioafictayigNagpthgl-@nlinbearbongh) pytrolidide - 3. 6
before about 1101 of water are distilled off. The residue is taken up in

about 150Ut tojagiehinsp ¥iadhe By bBBYRSaTor 6xample. Thgase afuchpymer bamf ch
crystal i1 58s dout o'tgb BER ah@siu&ﬂé sﬁuﬁ%@sﬁsﬂ% oﬁn&rﬁﬁol%&' mnmgm 38 kg of
L- phenyl ephrlnerh rochloride 3 are obtained. The nbther [1quor 1s

di sti | | Balymérfbdund vatelysts bhHthisdambara pamisitldihe advan@pedus farakeapie pprificatiabolit 201 of
wat er, @lldj usted to apHof 6.2 - 6.5 with concentrated hydrochl oric acid,
conbi ne byetivated char coal, filtered and finally adjusted to a pH of
3.4 - 3.6. Then the solvent is removed b di stillation, the residue is

di ssol ved in about 15 1 of isopropanol and crystalllsed agfln
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chem cal purity is > 99 %and the optical purity is > 99 % ee. 20 May

2003 to Patent Clainms 1. Process for preparing L-phenylephrine
hydrochl oride 3, characterised in that starting from



prochiral N-benzyl - N-net hyl - 2- ami no- m hydr oxyacet ophenone hydrochl oride 1
as the educt in a first step a. asymetric hydrogenation is carried out
with [Rh(COD)A] Z and a chiral, bidentate phosphine |igand2@MayR802at al yst
systemand in a second reaction step b. reductive debenzylation is carried
out with palladiumand hydrogen. 2. Process according to claiml,
characterised in that the ligand is (2R

R R R e e S e s R T S e
the |i gg@ditthsspRert ¥ hydrogenditradéphert)

4- (di cycl ohexyl phosphi no) - 2- (di phenyl phosphi no- net hyl ) - N- net hyl - am nocar bon
yl pyrrolidine. 4. Process according to one of clainms 1 to 3, characterised

in that Tﬁmo%yﬁmkﬁl&nm%ﬂ& L Pflinb %-gﬁ{r&faﬁet_@#ﬂenbﬁb lﬂyd}&m%@ﬁ‘zl & range

of from40C to 100C. S. ‘Process according to ¢ aim4, characterised in that
t he asyeataystichetwyendg¥Adtandrd 00900 priefeehbhiubetveenas,@pand20.008: Irandgeosdbf fr om
40C to 60€. .6. .Pr according to cl.ai . cterised in that the
asynmet P er??%?bé)é'gﬁ(g@%oﬁmﬁge %@F%’lséqﬁc%dﬁé Fyntﬁeamt%gl?r%og’r' ature range of from 50C
to 55C. 7. Process according to one of the preceding clains 1 to 6,

characterised in that the asymetric hydrogenation |s Jied out under a
pr essur EhoRydgegeaationdscatrigqut gha fegctiqagenagraties Oaflgﬁ’ﬂ‘tte@sto i@é@r a&hg to claim7,

char act fek3@d tdnfbet At rdnl @img%)iﬁd%udcpe&g%h@& ihShe@hdd Ry 99L under a

pressure of 10 bar to 50 bar. May 2003 Process according to claim
8, char &%¥Cexr¢ st preferrddat t he asymmetric hydrogenation is

’i‘he reaction media used may be either protic solvents such as alcohols and/or water, or
aprotic polar solvents such as ethers and/or amides or lactams and/or mixtures thereof. Water
may be added to all the solvents if required. Preferably, branched or unbranched C;-Csg
alkanols are used as protic solvents. Most preferably, lower alcohols such as methanol,
ethanol, n-propanol and isopropanol or mixtures thereof may be used. Methanol is particularly
preferred as the reaction medium, and the methanol or the other alcohols or solvents may
optionally contain water. Suitable aprotic solvents are polar ethers such as, for example,
tetrahydrofuran or dimethoxyethylethers or amides such as dimethylformamide, or lactams
such as N-methylpyrrolidone, for example. Solvents with low flammability are preferably

used.

Since the educt 1 occurs as the hydrochloride, it is first converted into the free base by the
addition of a base in situ, in order to increase the solubility. The bases used may be organic or
inorganic bases, both as solids and in the form of solutions, €.g. aqueous solutions. Suitable
inorganic bases are basically reacting alkali metal salts or alkaii metal hydroxides. Preferably,
alkali metal hydrogen carbonates or alkali metal carbonates are used in addition to alkali
metal hydroxides. It is particularly preferable to use NapCO3, KpCO3, LiOH, NaOH, KOH
or NaHCO3. The invention also includes the use of other substances reacting in a basic
manner or other substances which are capable of converting the hydrochloride 1 into the free

base and are known from the prior art.

Suitable organic bases are, in particular, tert. alkyl-amines or tert. alkyl-aryl-amines.

Preferably, trialkylamines with branched or unbranched C, — Cs-alkyl groups are used.



carried out under a pressure of 20 bar. 10. Process according to claim?9,
characterised in that the asymetric hydrogenation is carrkﬁgaa %05n a
protic solvent. 11. Process according to one of the preced ¢l%rns 1 to
10, characterised in that the asymetric hydrogenation is carried out in a
branched or unbranched Cl - Cg-al kanol, as the solvent. _12. Process
according to the preceding claim1l, characterised in that the asymetric
hydr oge ' , -or
e T o e R L R A

cl ai ns dfired) ttﬂe&eacuoharaacaﬂﬁrhem‘edmut indbe prhensodant pbhymarheitagérnmetri c
hydrogenatl n cont.ai wat er. 14. Process according to one of the preceding
cl ai ms ‘iaF‘(B WB‘?EE’PE?‘?Ssed in that the molar ratio of

N- benzyl - N—rret hyI 2- am no- m hydr oxyacet ophenone hydrochloride 1 to the
rhodi um catal yst in the asymetric hydrogenation is between 5,000:1 and
100, 000The asmmem@wésogea@@@rlamgeci @lttahéprﬁﬁsétf‘e‘%ﬁbﬁﬁveép morw then 1 deandet er i sed

i n that r |+ phenone
hydr ochﬁnorlﬁl gpﬁﬁtoo bﬁé?ef%&%l?&?n% %ﬁ%’tﬂgnﬁ% tri cg‘{] %{tg%}%gt ion is
between 5,000:1 and 20, 000:1. 16. Process according to claim 15,
charact,gﬁlse.lnthat t he t o,0f N

net hyl - 22EHEHER ﬁsr?%d&&é’f’d@tth H’é1 %%}(%Bhﬁxgﬁggi\lyluntdgr BFE B%0di um
cat al ysfrefetablyin aaﬁmmgsﬁ hinfospiei6. QUREVES, @ls A6t cadetid] (:GhORAetlon that ther ocess

according to one of preceding clains 1 to 16, characterised in that the
r hodi unh@mgapﬁwhq bydr@sf:@a%@y&heﬁ e@ambbrrqf@éwaﬂkéﬂ fiom tha @imasphegicggas .
pre- preaa‘&ge%;c%wuaﬂ %ﬁe Ao iGYe ng&ﬂm&pm%s gom P5EGHRALRY ¢l ai s
1to aracterlse in r cat al yst e asymmetric

hydr ogegiragen sowcsr &mhhdﬂdrdgnn smtrccs include, for example, ammomum formate formic
acid and other formates, hydrazines in the presence of metal ions such as Fe2*/Fe3* and other

hydrogen sources known from the prior art.

The reaction time for the asymmetric hydrogenation is between 2 and 8 hours to completion,

preferably between 4 and 6 hours, most preferably 4 hours.

N-Benzyl-L-phenylephrine 2 is reacted to form the phehylephrine hydrochloride 3 by
palladium-catalysed hydrogenating debenzylation. The reaction mixture for the asymmetric
hydrogenation may be combined with a palladium catalyst without any further working up
(method A).

In this method, the reaction solution for the asymmetric hydrogenation is combined with
activated charcoal and a palladium chloride solution immediately after the reaction and is
hydrogenated under a pressure of 1 to 5 bar, preferably 2 — 3 bar. Further processing is carried

out using methods known from the literature.

Preferably, however, N-benzyl-L-phenylephrine 2 is first isolated from the reaction solution
of the asymmetric hydrogenation by simple working up and crystallisation as a crude product
and then subjected to palladium-catalysed debenzylation in solution with hydrogen under
pressure (method B, cf Examples). In fact, surprisingly, it has been found that the separation

of enantiomers required after asymmetric hydrogenation can be carried out more easily and



20 May 2003 19. Process according to one of the preceding clains 1 to 18,
characterised in that the reaction tine for the asymmetric hydrogenation is
between 2 and 8 hours. 20. Process according to the precedi%%MEY P 19,
characterised in that the reaction time for the asymetric hydrogenation is
between 4 and 6 hours. 21. Process according to claim 20, characterised in
that the reaction tine for the asymmetric hydrogenation is about 4 hours.
.22. Process according to one of the preceding clains 1 to 21,

char actseedessédllyi ay theabenzat-Lephenplephrowstago A thiast drededhenytpphrirewt i on sol ution
of the L1 ¢ hydrogenation according to step a of claim1 is conbined
wth aéﬁ?éﬁ?@éd%§%$§0al and a pal |l adium chl oride solution w thout working
up and subjected to a pressure of about 2 bar with hydrogen and then the
reacti product is isolated. 23. Process accoydi to one of the preceding
ol ai ms HepEpess scedipala e et Tk ? P08 Fxamp e vhighrlBehat i on
accor difg skifle@p&Ronas Kare gt MlENRHIQNEEE ohyshin MRRZHtiod aRRESMH Yl Ne 2
formed is isolated as a crude product, this is then dissolved in water at a
pH i n tregardedgmitingm about S-7 and pal | adi um charcoal is added, the
solution is then subjected to a pressure of 1 to 5 bar with hydrogen and
finally the reaction product is isolated. .Ay.A; . AL . A&y#. A A Au. A Af. Aa
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Further reaction of N-benzyl-L-phenylephrine 2 to form L-phenylephrine hydrochloride 3:

Method A

The abovementioned hydrogenation solution is combined, in a second 500 | stirred vessel,
with 0.8 kg of activated charcoal and about 69 g of palladium in the form of palladium
chloride solution and hydrogenated at 2 bar of Hy pressure. After the reaction the solvent
mixture is distilled off in vacuo and about 80 | of water are added. Then a pH of about 9.5 is
achieved using 50 % potassium carbonate solution at about 65°C and the solution is cooled to
10-15°C. The crystalline precipitate is separated off and washed with about 100 { of HyO. The
crude base is added to about 120 | of water, adjusted to a pH of about 6.5 with concentrated
hydrochloric acid (about 18 1) and heated to 50 — 60°C. The solution is mixed with activated
charcoal (2 4 kg) and filtered. Then the pH is adjusted to 2.5 ~ 3.0 and most of the water is
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drying. L-phenylephrine hydrochloride 3 is obtained in a yield of about 40 kg (about 71 %

based on N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1) and in a

chemical purity of > 99 % and an optical purity of > 96 % ce.

Method B:

The hydrogenation solution described above is distilled off in vacuo, mixed with 118 1 of
water, heated to 50 — 60° C and mixed with activated charcoal. After the removal of the
charcoal, about 80 | of water and 235 1 of methanol are added and heated to 35 — 45°C. Then
the solution is combined with about 57 1 of concentrated ammonia solution and cooled to
about 15 —25° C. The crystalline precipitate formed is separated off, washed with about 100 1
of water and dried. About 57 kg of N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone are
obtained as a free base. This is mixed with about 114 | of water, 18 1 of concentrated
hydrochloric acid (pH about 5.5 — 6.5) and about 57 g of palladium in the form of palladium-
charcoal and hydrogenated at 55° - 65°C at 2 bar of Hy pressure. After the reaction has ended
(1 — 2 h) the toluene produced is distilled off azeotropically with water. Then activated
charcoal is added to the solution, which is then filtered and adjusted to a pH of 3.4 - 3.6
before about 110 1 of water are distilled off. The residue is taken up in about 150 | of
isopropanol and cooled to 15 — 20°C. The product which crystallises out is separated off and
dried. After drying, about 38 kg of L-phenylephrine hydrochloride 3 are obtained. The mother
liquor is distilled off in vacuo to leave a residue which is taken up in about 20 | of water,
adjusted to a pH of 6.2 - 6.5 with concentrated hydrochloric acid, combined with activated
charcoal, filtered and finally adjusted to a pH of 3.4 — 3.6. Then the solvent is removed by
distillation, the residue is dissolved in about 15 I of isopropanol and crystallised again. After
separation and drying, about 4.5 kg of L-phenylephrine hydrochloride 3 are obtained. The
total yield of 3 is about 42.5 kg (76% based on N-benzyl-N-methyl-2-amino-m-
hydroxyacetophenone hydrochloride 1). The chemical purity is > 99 % and the optical purity

is > 99 % ee.
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prochiral N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 as the
educt in a first step

a. asymmetric hydrogenation is carried out with [Rh(COD)Cl] ; and a chiral, bidentate
phosphine ligand as the catalyst system
and in a second reaction step

b. reductive debenzylation is carried out with palladium and hydrogen.

2. Process according to claim 1, characterised in that the ligand is (2R, 4R)-4-
(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocarbonyl-
pyrrolidine.

3. Process according to claim 1, characterised in that the ligand is polymer-bound (2R, 4R)-
4-(dicyclohexylphosphino)-2-(diphenylphosphino-methyl)-N-methyl-aminocarbonyl-
pyrrolidine.

4, Process according to one of claims 1 to 3, characterised in that the asymmetric

hydrogenation is carried out in a temperature range of from 40°C to 100°C.

5. Process according to claim 4, characterised in that the asymmetric hydrogenation is

carried out in a temperature range of from 40°C to 60°C.

6. Process according to claim 5, characterised in that the asymmetric hydrogenation 1s

carried out in a temperature range of from 50°C to 553°C.

7. Process according to one of the preceding claims 1 to 6, characterised in that the
asymmetric hydrogenation is carried out under a pressure of more than 1 bar up to 100

bar.

8. Process according to claim 7, characterised in that the asymmetric hydrogenation is

carried out under a pressure of 10 bar to 50 bar.
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Jd2.

13.

14.

15.

16.

17.

18.

qpressure I.
Process according to claim 9, characterised in that the asymmetric hydrogenation is

carried out in a protic solvent.

Process according to one of the preceding claims 1 to 10, characterised in that the
asymmetric hydrogenation is carried out in a branched or unbranched C{ ~ Cg-alkanol

as the solvent.

Process according to the preceding claim 11, characterised in that the asymmetric
hydrogenation is carried out in methanol, ethanol, n-propanol and/or isopropanol as

solvent.

Process according to one of the preceding claims 10 to 12 , characterised in that the

solvent for the asymmetric hydrogenation contains water.

Process according to one of the preceding claims 1 to 13, characterised in that the molar
ratio of N-benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 to the
rhodium catalyst in the asymmetric hydrogenation is between 5,000:1 and 100,000:1.

Process according to the preceding claim 14, characterised in that the molar ratio of N-
benzyl-N-methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 to the rhodium
catalyst in the asymmetric hydrogenation is between 5,000:1 and 20,000:1.

Process according to claim 15, characterised in that the molar ratio of N-benzyl-N-
methyl-2-amino-m-hydroxyacetophenone hydrochloride 1 to the rhodium catalyst in the
asymmetric hydrogenation is about 10,000:1.

Process according to one of the preceding claims 1 to 16, characterised in that the

rhodium catalyst for the asymmetric hydrogenation is put in as a pre-prepared solution.

Process according to one of the preceding claims 1 to 16, characterised in that the

rhodium catalyst for the asymmetnc hydrogenation is produced in suu.



109%' () - 9109%& () - \vOOQl P<PPaBbC 10MD#10%& ()-S 3109%& ()- S
109 ()-L! 10%' () - Sy310%& ()-!19@ 10%& () - PPLQ QQQORIELC 5
10MD2109%&' () - S. f 10%&’ () - 99- 109%&’ () - S*f 109& () - L( 109%& () - S| 9@ 0% %P3 orrs3s4
~ S5S6SBSShC 10M 109& () - @10% ()- 10 10 10S: 10%& () - 9f 810%& () - S3

10%' () - gSST: TTTTAELC 10MLO% () - 3Y109%& ()- 109 ()-y 109%& ()- 10%& () -
10%&' () - TMUUWV=VWAEDC 2
1OMs$109& ()-" ! 10%&’ () - 10%& () - 910%& () - 910%&’ () - SLZ10%&' () - V>\WWRXXXEbC
1OML1OY& ()-y/ MLO%& ()-S, 10%& ()-*MLO%& ()-) 109%& () - &10%& () - X
YbYYZXZYZZZ] ZdYNC 10M 10 10 o o
109<100/&'1%)Z‘gf§.°%%*° ngiepae@! (hepsacsdipe CRimt bukd eharicRy PR A R thEYNe 10M
fT109%& ()-  fred@ititne-fod t@@%&ﬁxﬁétﬁ% 1&?8{& énation bO¥Rvebn 27420 Bdhols- [ [\ \ *]]1] aBYNC
10M 9S10%& ()-f 109& ()-f 109& ()-! 19! T0%& ()-ff 109%& ()-
“1109% ()-]Q°d_aBYNC 10M 9S109%&' ()- f

1098 () - £10%&: -1 . 109R! " S O%R! ] | %R (tha "o di ng
3] ¢ ¥ bl ety ek e MRSt o, e SRR R md B 20 g
63] c" " Headi thg asf@neétrié hMighdgengti @Bk betwekieddndgh@Bp.c” A "Def aul t Par agr aph
Font L& j 8@5PZWi\ * bdf hj | nprtvx] ! 5E: T*] d_opqr st uSMo4! +3$) %+237w;,
<G@EMNPORSTVX[ Z[ ] d_vwxyz{| } ~6Ti mes New RomanAri al Couri er New'h Root

Ent r yWor dDop @8 b ording @%Vam(20% ¢haradtRibeBhabal B reaction time for the asymmetric

<=>? @GABCDEFGHI JKLMNOPORSTUWWKYZ[ \ | ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~
hydrogenation is about 4 hours.

22. Process according to one of the preceding claims 1 to 21, characterised in that, after the
reaction has ended, the reaction solution of the asymmetric hydrogenation according to
step a of claim 1 is combined with activated charcoal and a palladium chloride solution
without working up and subjected to a pressure of about 2 bar with hydrogen and then

the reaction product is isolated.

23. Process according to one of the preceding claims 1 to 21, characterised in that after the
asymmetric hydrogenation according to step a of claim 1 has ended the N-benzyl-L-
phenylephrine 2 formed is isolated as a crude product, this is then dissolved in water at
a pH in the range from about 5-7 and palladium charcoal is added, the solution is then
subjected to a pressure of 1 to 5 bar with hydrogen and finally the reaction product is

isolated.



