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Title * "NOVEL ASYMVETRI C SYNTHESI S OF R- a- PROPYL- PI PERONYL AM NE AND
1 TS ANALOGS 5 Field of the Invention

‘The present‘invention relates generally to processes for t he
preparation of R-a-propyl-piperonyl amne and its anal ogs, such
conpounds bei ngwoe®B4skr i nternedi ates in the 10 preparation opcHUSIORGEE

i nhibitors, and internedi ates usef ul for preparation of.

R- a- propyl - pi peronyl am ne. - Backar ound of the

I nvention [ S (R, S*]N—{l (1, 3- benzodi oxol - 5-yl)

butyl]-3, 3-diethyl- 15 Title '

2- [ 4-[ (4- et hyl - 1- ploVELaa$ YMMEIRAC bsxNIfHESES NOK i Jo—PROFYE PIPERONYL AMINE AND
azeti di necarboxani de (El) shown bel ow ITS [err] 20 a selective,
non-toxic, orally active human el ast ase ‘I‘wL%Gst Is currently being
eval uated for reatnment of cystic fi br05| S. Consequent ly, large
guantities of (EI) are - needed t@ield gl Igvelenieinopnent st udi es.

Synthetic routes to co Q. ) v e 25 descrl bed; _see
for exanple EP 0, Zk?ﬁ %8‘%%%’.;”}}%&1%&8 a&% Seg 9’ hSfssgs for
joining the substi Eﬁe%%‘ﬁl(?nl % t m—pro “piperonyl amine and its

analogs, such compounds being useful intermediates in the

10 preparation of elastase inhibitors, and intermediates useful
for preparation of R-o-propyl-piperonyl amine.

[S-(R*,S*]N-{1~(1, 3~-benzodioxol-5-yl)butyl] -3, 3-diethyl-
15 2-[4-[(4-methyl- 1-p1peraz1nyl)carbonyl]phenoxyl]-4—oxo 1-
azetidinecarboxamide (EI) shown below:

e YN

& =0 k""\

20 a selective, non-toxic, orally active human elastase
inhibitor, is currently being evaluated for treatment of
. cystic fibrosis. Conseguently, large quantities of (EI) are
_needed to support drug development studies.
Synthetic routes to compounds similar to (EI) have been
25 described; see for example EP 0,481,671, which suggests (EI)
could be formed by joining the substituted cyclic lactam
portion of (EI) with R-a-propyl-piperonyl via a carbonyl
linker. R-0-propyl-piperonyl amine, a chiral amine, could,
therefore, be a significant intermediate in this process if
30 an efficient, industrially scalable.route were known.
Humphrey et al, in U.S. Patent No. 5,149,838, discuss
formation of (R)—l—(benzo[ﬁ]furan—s—yl)~l~aminobutane from 5-
bromobenzo (] furan. The process described involves as a last
1
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portion of (ElI) with R-a-propyl-piperonyl via a carbonyl l'i nker.

.R-a- propyl - pi peronyl am ne, a chiral am ne, could, therefore, be a
‘significant internediate in this process if 30 an efficient, industrially
scal abl e route were known. Hunphrey et al, in U S. Patent No.

5, 149, 838, discuss formation of

(R) - 1- (benzo[ erghiowhags 5-y! ) - 1-am nobut ane from 5- CTUSY7/03466

br onobenzo[ err]furan. The process described involves as a Iasf

1 WO 97/ 34887

PCT/ US97/ 03466 Ste%ttgﬁ FRRVRRSHPEr 8f off)grl - (benzo[8] furan-5-y1) -1-butanol
(S) - 1- (benzo[ er r] f em ali®) 51y berizd{ft] &noan-5-y1) +-d-&fncbuthra 2amdedt M} tsonobu
furan-5-yl)-1-am nedndi nd SRREOM,, side COLMlLiLALS t el

'si de rea>c/ti)ons and] sier;éggrclﬁ'e Q%,gi:wr‘: Ieaikgue1e r dg%nbﬁgtaenf\%%gﬁgg%w&
M t sunobu process FpPFe W%atgdtm%f'lﬁ&??%"e%’f PROCgs was applied to
S-a- propyl - pi per onsfe &mkBeskh of R- oxtEomPAPRYL-RiRerghyl oamimeki ag
.cconpounds |ike El.intermediate Ride?UTB S Glakdhg dnddandsBiBest3], describe
‘formation of chi r%%.am nes

_ y _reagct |I#g3sgg%tﬁq:t gd-ar,l ketones with
‘chiral nethyl benzyl ani n&, "B ardFEndtT ntf tHie *r 8BS 11519 SPRFTEPeL ForBReiomReLN |
at 1-200 bar and feRdFp20aminey by, reactinsnsubstifuted-aryhekqsioprstidth gr oup
b%/ hlydrpge$ati nngtﬁrraEd:{\&mglbbn( fQQa:bﬁ{e,Biiydr@ééha%?nt;;Oc@[ﬁsﬁiQ%ng ﬁ&r,,iiggﬂann
et al, in Tetry, Let}. - , el e reduction_of chira
i'm nes formed Usi n°t‘}e§- éggﬁi a(%rrét 9% b%arfzﬁéﬁﬂ%&%? F9d (ggéenﬁf’finﬁema‘t"aé Bar
hydr ogen wi-th Ra- PRenethyE; group By yfaageratigly over FdiCeat 1990 bat3,
r eport reduct iamd @b edis@lc.i "BpeagiatnTRE HE| Nth FetrTeLoyd Danayl am pH |

by hydrogenating ai1760rEgértVideliuPeién Wf WhiPalNaRiFhes! Bormed 3d9hy i £1y-

Bringmann et al, in Leag%%s Ann. Chem 1990 detai |l hydrogenol ysi s

) 7.951
of N-(1-phenyl et hyI=3 VRN E P Y BEITR IR &t Bdrah RIFEe8eR High Ra-
pal | adi um on d&r bd¥i fior EtOH ce Bxdekmann etprlanmimniymidtsr 489&, 253, pakbark um
on carbon. Howeverredibtion offichieal inivRB! G6LmeEihe USh-MeE RO UBEA MBSO

Using the .t osedul¥araassydieing diet ke GEF IR Ve otf RREBE "Gy "o 0w
or racem zation oRIUEipRoBHingMBER oply|alaniinelelbigs danr ehem. 1990, 795,
El eveld et al, J. detgil Gheirob@R6lysils oFORS (1+mHmillethfl) -1-arylethylamines
20 using either hydrdgen and palladium on carbon for three weeks
or ammonium formate and palladium on carbon. However, the
present inventors have found hydrogenolysis of (R)-N-[1-{1,3-
Benzodioxol-5-yl)butylidene]-a-methylbenzene-methanamine
using the procedures described by Bringmann et al was either .
25 very slow or racemization of R-0~propyl-piperonyl amine
occurred. .
Eleveld et al, J. Org. Chem 1986, 51, 3635, report the
_ hydrogenation of chiral imines, in particular N- (methyl(o-
- methoxy)benzylidene) -a-methylbenzyl amine. Hydrogenation
30 with PA/C and 3 atm hydrogen produced greater than 90% de of
the SS isomer. In comparison, the corresponding m-methoxy
imine resulted in only a 67% de. The high de obtained with
the o-methoxy compound was attributed to the steric
hinderance provided by the o-methoxy group. One readily
35 realizes that R- and S-o-propyl-piperonyl amines contain only

m~-alkoxy groups. Thus, the procedure of Eleveld et al would
not be expected to be of use in making R- and S-o-propyl-

piperonyl amines .
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hydrogenation of chiral imnes, in particular N (nethyl(o-

.met hoxy) benzyl i dene) - a-net hyl benzyl am ne. Hydrogenation 30 wth Pd/C and
'3 atm hydrogen produced greater than.90% de of the SS isoner. In
conparison,: the correspondi ng m net hoxy imne resulted in only a 67%
de. The- hi gh de obt ained with t he o-net hoxy conmpound was attributed to

the steric §%9ce provi ded by the o-nethoxy group. Onectesshiisiss3S
real i zes that R— an a- propyl pi peronyl am' nes contain only m al koxy

groups. Thus, the proc e of Iev | d e not_.be_expected to
be of use in making R— heby \ég%ny}? hnitfgdcace od fthe

2 : Vu)gﬁqqyggg7of oxlme ethers w1th allylmagnesium bromide provided
?PCT/U897/0?466 little dlbkﬁéﬁeo@E%Sétldgﬁgﬂl i1£tdhe bR9e dohdr waHIC?tedlthe
reaction of oxine | r ittle
di ast er eosel ect | w%fm}ra? ?Ahixj& 1It¥ E % EQL,Q&IOJ” Qﬁeﬁ gﬁé’ RIS IS E and

Z isoners, ther? al m%nemxeé B%@M%l%nﬂ@@@w{%v%ﬁ dat ¢ angicg
provi ded de's rangfn‘tgn 50-72% r 0/BaS@d 7@thBaseepat i bhe WO foroBASLY\Ridkd

probabl y need Hituf&tﬂé qe éfez%g%kﬁg@é&tﬁ%ﬁcﬁéé’%é@%s al{SEf as .an

iinternedi ate step or mat| on, eronyl
‘am ne. However, ce’frfrhfrﬁ"@ﬁf'%ﬁ cfé-'ePsl’ﬁst[}hﬁ Ifﬁr'%%’r"d'gc? 1é at B E% '

rat her | ow. pipefbnpl aminel. HywpveChegedDod chIbridS4E usepily avo:Lded
‘di ast ereosel ecig vea,ﬁapl(glor_wg ] l@rfg‘g@gxd 1bfagents (e.g., met hyl, et hyl
‘and butyl) to 2-aryl- 0 azol ceriumtrichloride was
i ndicated as enhanci ng Sé i as éf’eo@gﬁ”ég?ﬂrt?of”#ﬁe ERYrtar d

‘addi ti on. Additi ordigistereosglaeypive pdditdianbeHGnionapd reagents (e.g.,

p- net hoxyphenyl - 4-jgyl, - 461871 and ﬁx@aql tdlm%maw geskaddiclidines. again

di ast ereosel ecti Vléé‘_,lluRUEr crﬂl)érgde wafo YuyLe I% Sucghl ownét %Lds aren't

useful for industri , . Chem
Pharm Bull. &5 d%f@(-sfe%ﬁ}fctwltsmoé—‘c&gg Qf-'&%ﬁﬁfida onen %@WPan

al i phatic imnes dethydtagnesitmobr¢nd)deOcoephydyhoapphetyicidrphenybyvigser ,
ceriumtri Ch|0r|(k%xazolld1ne provided high diastereoselectivity, but only a

45% yield. Such low yields aren’t useful for industrial
purposes. _

20 Higashiyama et al, Chem. Pharm. Bull. 1995, 43(5), 722,
discuss Grignard addition to chiral aliphatic imines derived
from (R)~O-methylphenylglycinel. However, cerium trichloride
is used. Removal of phenylglycinol was achieved by
hydrogenating over palladium hydroxide in ethyl acetate.

25 Based on the above-noted articles, it would seem to be
difficult to efficiently produce R- and S-a-propyl-piperonyl
amines on large scale without using undesirable reagents. It
is thus desirable to find a new synthetic procedure for

. industrial scale production of'R—a—propyl—piperonyl amine and

30 its analogs.

X ..
Accordingly, one object of the present invention is to
provide a novel process for making a compound of Formula I:
35
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I s used. Renoval of phenylglycinol was achieved by hydr ogenati ng over

. pal I adi um hydroxide in ethyl acetate. 25 Based on the above-noted
articles, it wuld seemto be difficult to efficiently produce R and
- S-a- propyl <pi per onyl am nes on | arge scal e w thout using undesirable
reagents. It I's thus desirable to find a new synthetic procedure for

i ndustrial scalggprfgicti on of R-a-propyl -pi peronyl am ne anGcgRisbidsess
anal ogs. Summary of the Invention -

Accordi ngly, one object of the present invention is to provi de a novel

process for naki nQrasE%‘FﬁﬂiﬁﬁﬂermF(ﬁaHﬂSI foyms fherepfy
: WO 97/ 348BFother object of the present lnventloBCIéUEBZhQ34§@

zor st er eoi Soner Oho§éitc3n@bﬁﬁd£h@f%§:mul e v anéﬁ’@fsf'erd g?hs&tbe%ﬁ/h%}\/l 5

‘present invention is to proy yid nove u or nul ae
defined bel ow, whPER use "&rénﬁgﬁr%ﬂl#ﬁ?e?%dff 39 FAPNRRE nRf foFpudacs. of
formulal. 55 Thetlresmndndt deliexpbgetss, which will Heeemnaeappapanent

during the fol | owuagigetedel ed1 fissit QEtQﬂeJ‘@éch§§¥E£Chh§¥§%een aO¥1 iR
i nventors' di scovgyy at _the con%égnd of F%rrru ﬁ st-er eol soner or

salt forms thereof? W% FYPREF Dy WSAPYFY thaf & |‘?f§“p°}‘§§ Vs ErERRiY - ox
process, conprisi Agerdgisomer QJa)S_adGmfam rithexeof npurem dooheddoymal high :
[err] yvielding, regioselective process, comprising:

10 (a) contacting a compound of Formula II:

<

II
with a chiral methylbenzylamine to form a compound of Formula
III: "
!R
N~~Ph
<D/LA
' III

15 or stereoisomer thereof, wherein R is selected from H, OH and
OCH3 ;
(b) hydrogenating a compound of Formula III of :
stereoisomer or salt form thereof in the presenée of Ra-Ni to
form a compound of Formula IV:

20 v
or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:

{(bi) about 0.01-3000 psi of hydrogen at one

temperature; or

25 (bii) about 0.01-3000 psi of hydrogen at a first
temperature and a second temperature greater than the first
temperature; and,
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with a chiral nethyl benzyl amine to forma conpound of Formul a [11;

R [erT] " 15 or stereoisoner thereof, wherein Ris selected fromH, OH
~and OCH3; (b) hydrogenating &a conpound of Formula |I11 of
stereoi somér or salt formthereof in.the presence of Ra-Ni to forma
conpound of Fornula IV: [err] 20 or diastereoner or salt form
thereof , wherei wd dm4ss7 hydrogenation is perfornmed under condipcrasss4es
sel ected from (bi) about 0.01-3000 psi of hydrogen at one
temperature; of 25 (c) hybRidehaRbRlila Qllbod80PYorpl I Ggen at
first terrperaturgeraercqu second eratg g eate an the first

sOomer or sa t orm t form a compoung) @f7/ 34887

tenperature; and,
PCT/ US97/ 03466 . Formula Tcdr Mrmemgrasawmf@mdtbéréafr.nuka |V or

stereoi soner or salt faoan &&Qﬁﬁg&ngoafégn@o@ngogp@mugg v:. Fornmula | or

stereoi soner or salt formthereof (d9) contacting a corrpound of
- Fornmul a V: < "
5 v
with a chiral methylbenzylamine to form a compound of Formula
VI: ' :
Eh
NNR

VI
or stereoisomer or salt form thereof, wherein R is H, OH, or
10 OCH;3:;
(e) contacting the compound of Formmla VI or
stereoisomer or salt form thereof with allylmagnesium bromide

to form a compound of Formula VII:
_ h
H\NNR

SO
\'g84
15 or diastereoisomer or salt form thereof, wherein R is H, OH;
or OCH;; and,
(f) hydrogenating a compound of Formula VII or
diastereomer or salt form thereof in the presence of

- palladium on carbon form a compound of Formula I or
20 stereoisomer or salt form thereof.

T iled . s f the T io
[1] Thus, in a first embodiment, the present invention
provides a process for the synthesis of a compound of Formula

25 I:
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[err] 5 with a chiral nethyl benzylam ne to forma conpound of Fornul a

VI [err]’ or stereoisoner or salt formthereof, wherein Ris H,
OH, or 10 OCH3; (e) contacting the conpound of Formula VI or
stereoi soner or salt formthereof with allyl magnesi um brom de to forma

conmpound of Formula VII: [err]

VIl 15 or diagjereqisoner or salt formthereof, wherein R i S$diusttbsess OF
OCH3; and, %;057%?# hydr ogenati ng a conpound of Fornula VII or

di astereonmer or salt _form.thereof in Eh o2 638068 ¢ all adi um on car bon

of
forma conpound of “FEFFARASPREF P SadFeFRET Soiver ot %oar‘}ﬁ 5P t her eof .
Det ai | ed Descri ption ofak Irenrageing @n compoyng germudr LI r st enmbodi ment,

the present invention provi des a prqcess f@r the synthesis of a
conmpound of Forrmula 25 I: [err] <:I§J\/\ 5

II
with a chiral methylbenzylamine to form a compound of Formula
5 ITI: ’
N~—Fh
;@AA
ITI :
or stereoisomer thereof, wherein R is selected from H, OH and
OCH3;

(b) hydrogenating a compound of Formula III of
10 stereoisomer or salt form thereof in the presence of Ra-Ni to

form a compound of Formula IV:

v

or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:

15 _ (bi) about 0.01-10 psi of hydrogen at one _
temperature of from 0-100°C for about 2-30 hours or 10-3000
psi at one temperature of from 60 to 80°C for about 2-30

" hours; or,
(bii) about 0.01-3000 psi of hydrogen at a first

20 temperature for about 2-8 hours and a second temperature for
about 2-24 hours, the first temperature being from 0-35°C and
the second temperature being from 50-100°C; and,

(c) hydrogenating a compound of Formula IV or

stereoisomer or salt form thereof in the presence of

25 palladium on carbon and a solvent selected from an alcohol, a
carboxylic acid, a dicarboxylic acid, an aromatic carboxylic
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WD 97/ 34887 PCT/ US97/ 03466 or

sterecgi sonér or salt formthereof, conprising: (a) contacting a
conpound of Forrmula Il: [err] with a chiral methyl benzylamne to
forma conmpound of Forrmula 5 I11: [err] or stereoisoner thereof,
wherein Ris selected fromH OCH and OCH3; (b) hydrogenating a

conpound of Forweashgsy of 10 stereoisoner or salt formther eetussyisise

presence of Ra-Ni

to forma conmpound of Formula IV: [err] or

di astereoner or sakdid anA hibensek, tﬂ@@é&f Rol BSrm a @69158%&‘3515 g o o
performed under cor@htlons sel ect eg I—:-E %l out ](?(}1 o
psi of hydrogen at®one - temsr &fuF e Y™ £ Bﬁ?‘bf'loo[err]c for about 2-30

hours or 10-3000

2-30 . hours; or,step c is not a hbéidgaD®tbmiad lkad@Q0 psi

psipravided thatpthateampoghdfoHFGiule BO|[Iearbgeiadedahaut
of hydrogen at a

first 20 tenpgrature for about 2-8 hours and a second tenperature for

about 2-24 hours,

the first tenperature being from0-35 C and t he second

t enper ature bei ng ¥lomIB0o2 1p007iexrpd; emhpiliment, in Step Kglr ddpenabhiral a
conmpound of For nuimethylbenzylagtiereis somemechy Hadrizylaminé heiregtep ()& ig

presence of 25 peﬁ I gﬁhumo&eg,ar(gprhaﬁdﬂaaﬁgléileentso %&?ti%ds]; gcr:?:eadn f%go;\ol

10

15

20

25

Ci1-3 alcohol, a C3.4 carboxylic acid, and mixtures thereof.

(3] In a more preferred_embodiment, hydrogenation step (b)
is performed under conditions (bi); and,

hydrogenation step (c) is performed in a mixture of a
Ci-3 alcohol and a Cz.4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

[4] In an even more preferred embodiment, hydrogenation step
(bi) is performed under 0.01-2 psi of hydrogen at a
temperature of from 20 to 60°C for from 3-24 hours; and,

in hydrogenation step (c), the alcohol is selected from
methancl and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

[5] In a further preferred embodiment, hydrogenation step

(bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C
for from 3-12 hours; and,

hydrogenation step (¢) is performed in ethanol and

. acetic acid in a ratio of from 20:1 to 8:1.

30

35

(6] In another further preferred embodiment, hydrogenation
step (bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C
for from 3-12 hours; and,

hydrogenation step (c) is performed in methanol and
acetic acid in a ratio of from 20:1 to B8:1.

SUBSTITUTE SHEET (RULE 26)



carboxylic acid, a dicarboxylic acid, an aromatic carboxylic
6 = - WD 97/ 34887

PCT/ US97/ 03466 acid and m xtures thereof to forma conpound of
Formula | ar stereoi somer or salt formthereof; provi ded
.that the conpound of Fornula IV hydrogenated in . step c is not a
-hydrogen brom dgo9isdsr S [2] In a preferred enbodi mentpcraiseShfags () .
t he chiral nmet hyl benzyl ami ne i s R-a-nethyl benzylam ne, -in step (b) R
is H, and In[aepn( Bholnb A floblT 2Bl bkt S 'SAA (o)
Cerr] alcohol, a_Jerr] carboxylic acid, an Xt ures thereof.

[3] In a nore prefEPd tnBoBFHERE SRS RO GSH }g%?\e‘tlfé‘ptt‘ﬁ)am“nt p§ IV are

. performed under cpreSertons (bi); and, hydr ogenati on step (c) is
‘performed in a mxture of a Cerr] alcohol and a CJerr] acid, wherein

‘the al cohol and acid are 15 resent in a ratio_of from30:1 to 1:10.
[4] In an evengim)fél pridt &PPEReR V6T BRTtE PIRFEFE5R MG meREy 10 Stepy{g) j 5
perforned under Oadut? pequivalendsogtmaitd dased on dingcemounte off IVrare 20 to

60[err] C for frompgegehthours; and, 20 i n hydrogenation step (c), the
al cohol is selected from met hanol and ethanol, the acid is acetic
acid, and the ratio of alcohol to acid is from30:1 to 1:1. [ 5]

In a further pref &Y edireppotiher mvenhpere Rueierved smbgdament hilvdrogenationned
under 0.01-1 psi '@tfeﬂ'ly(dj)OQe]r%ﬁfo&med unde2Mpehdl tilohss ¢ber ithd 001 20840 Y3k
tenperature or 5 er > r = F Spe

hydr ogenati on st ghé %:3%5%& fto?ﬁsﬁ;%re;toﬁg]ﬁg?&gsnd&%g 80 a%e "c fgg:lndB 73 a
ratio of from 20:Bo4%$-8:1. 30 [6] In another -further preferred

enbodi nent, hydrogenati on '

[10) In another further preferred embodiment, hydrogenation
15 step (bi) is performed under 50-500 psi hydrogen.

[11] In another more preferred embodiment, hydrogenation step
(b) is performed under conditions (bii); and,
hydrogenation step {(c) is performed in a mixture of a
20 Ci-3 alcohol and a Cz-4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

[(12] In an even more preferred embodiment, hydrogenation step
(bii) is performed under from S0-500 psi of hydrogen at a
25 first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 6-18 hours; and,
 in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio
.of alcohol to acid is from 30:1 to 1l:1.

30
[13] In an even more preferred embodiment, hydrogenation step
(bii) is performed under from 50-500 psi of hydrogen at a
first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 10-15 hours;

35 and, :

in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

8
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step (bi) is performed under 0.01-1 psi of hydrogen at a tenperature

sel ected f-rom anbi ent tenperature or 50 to 60 C for from 3-12 hours;
and, 35 hydrogenation step (c) is perfornmed in nethanol and

acetic aci;d in aratio of from20:1 to 8:1.

7 WD 97/ 34887

PCT/ US97/ 03466 w0 97/348877] | n anot her even nore preferred enbodl’wl@ﬁ step
(c) from1l to 4 equivalents of acid based on the anobunt of |V are
present. - 5 [8] {1t1anat Aefu:RR PPéferded embedhinHt)dhp@iigenaBis &tepC)

about 2 equival ent f [ ohd f r resent
[ 9] lP ano'éherdev nqrmgg %%%r%ﬁ?w er%iﬁgmuzpéo %ogﬁgsgéla hggsgﬁln %ep (b)
i s performed underfigdvdFerRare hrber (?I‘%% SRR

"tenperature of froabcﬁﬁ; 8o 80[5er ok s figuds antd3a Zkecond banpexrature of [f&Gin I n

anot her furtherg pr gsqgr.@df&ﬂg% hgem ﬁyd&gge&pt |J1qn ip 1%%%8:@'&&5

per f or med under pSI er nofe preferred
enbodi ment, hydr ogenat P %Q%}?tmn s'{?ﬁ {ed bér??ﬁ*ﬁ?é'ﬂ‘eﬂnﬂére%ﬁﬂh%s '
. (bii); and, acetibhyaeitjdmati pacist @f €edmiD dercbo8ned in a m xture of a
1 20 Cerr] alcohol and a C(Jerr] acid, wherein the alcohol and acid are
. present in aratio qf from
: P [f%] In a éﬁrtker pregérred embodiment, hydrogenation step
10 (bii) is performed under from 100-300 psi of hydrogen at a
first temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from
65-75°'C for about 10, 11, 12, 13, 14, or 15 hours; and,
hydrogenation step () is performed in methanol and
15 acetic acid in a ratio of'from_zo:l to 8:1.

[16] In another even more preferred embodiment, in step (c)
about 1 to 4 equivalents of acid based on the amount of IV
are present.

20
[17] In another even more preferred embodiment, in step (c)
about 2 equivalents of acid based on the amount of IV are
present.

25 . [18] In a second embodiment, the present invention provides a

process for the synthesls of a compound of Formula I:
NH2

. - . Sy

I
or stereoisomer or salt thereof, comprising:
(d) contacting a compound of Formula V:

o)
S om
30 . v
with a chiral methylbenzylamine to form a compound of Formula
VIi:
9
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[12] In an even nore preferred enbodi ment, hydrogenation step (bii) is
perfornmed uhder from 50-500 psi of hydrogen at a 25 first tenperature of
from 20-30[err]C for about 3-6 hours and a second tenperature of from
60-80[err] G for about 6-18 hours; and, i n hydrogenation step (c),
t he al cohol is selected from met hanol and ethanol, the acid is acetic
acid, and the rg@ipis9nessr of alcohol to acid is from30:1 to 1: ger/@Shroaess| 13]
In an even nore preferred enbodi nent, hydrogenation step (bii) is

per formed under from 50-500 psi of hydrogen at ap, ‘first terrperature of
from 20-30[err]C for about 3-6 hours and a ng&o’ng tenperature of from
60-80[err] C for about 10-15 hours; 35 and i n hydrogenation step
(c), the alcohol is selected from (0 aRd et hanol, the acid is

racetic-acid, and the ratio of al coh® acid is from30:1 to 1:1.

8 WD 97/ 34887 PCT/ US97/ 03466
[14] In a further preferred enbodl ment, hydfogenation step - (bii) is
.performed under fraxnstefedDEonesi onfs&mujrfogmnt}aéramf, whefeinSR §E&NPLICH, UpE
‘which i s about arrtu@;ét tenperature for . - about 3, 4, 5, or. 6 hours and a
'second tenperature o

: from 5 65- 75{_frr]Cfor about 10, 11 12, 13, 14, or
115 hours; and, ey BPRPSHART oS COPPPRRd i S 581‘?“61‘?@@ PE et hanol and
-acetic acid in5a rs:l:telreoozéoxﬁqsmrerEalt tfpr8 thereof wikh541lylmaghesihe bromide

preferred enbodi My ol GARRLLE LS FeRmE0a (Wi.) | S perforned under from

100- 300 psi of hydrogen at a first tenperatupge which is about anbient
tenperature for about 3, 4, 5, or 6 hourssa gsecond tenperature of
from 65-75[err] C for about 10, 11, 12, 13, ¥14, or 15 hours; and,
“hydrogenation step (c) is perfornmed in 15 acetic acid in a

ratio of from20:1 to 8:1.
vII

or diastereoisomer or salt form thereof, wherein R is H, OH,
or OCH3 and the diastereomeric excess obtained is at least
10 = 75%; and,
| {f) hydrogenating a compound of Formula VII or
diastereomer or salt form thereof in the presence of
palladium on carbon in a C1-3 alcohol and a Cz-4 carboxylic
acid to form a compound of Formula I or sterecisomer or salt
15 form thereof;
' provided that a cerium reagent is not present in step
(e).

{19) In another preferred embodiment, the chiral
20 methylbenzylamine in step (d) is S-phenyl glycinol and R is
. OH in steps (e) and (f).

[20] In another more preferred embodiment, in step (e) the
diastereomeric excess obtained is at least 85%; and,

25 in step (f) the alcohol is selected from methanol and
ethanol and the acid is acetic acid and the ratio of alcohol
to acid is from 10:1 to 1:10.

[21] In another even more preferred embodiment, in step (e)
30 the diastereomeric excess obtained is at least 90%; and,

10



[16] In another even nore preferred enbodinent, in step (c) about 1 to

[err] -

10

15

20

25

3¢

{22] In another even more preferred embodiment, in step (e)
the diastereomeric excess obtained is at least 90%; and,
in step (f) the alcohol is methanol and the ratio. of

alcohol to acid is fxrom 10:1 to 1:1.

{231 In another more preferred embodiment, tetrahydrofuran is
used as solvent in step (e).

[24] In a third embodiment, the present invention provxdes

novel compounds of formula IV:
R
: /

H\U/A‘Ph

SO
v
wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.

[25] In another preferred embodiment, R is H.

[26] In another more preferred embodiment, the compound of

formula IV is in the mandelic acid salt form.

[27] In a fourth embodiment, the present invention provides
novel compounds of formula VII:

wherein R is selected from H, OH, and OCHj, ‘or stereoisomers

or salt forms thereof.

[28] In another preferred embodiment, R is OH.

11
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or

4 equi.val ents of acid based on the anount of [V are present. 20

[17] I'n another even nore preferred enbodiment, in step (c) about 2
equi val ents of acid based on the anount of |V are present . 25 [18]
In a second enbodi nent, the present invention provides a process for
the synthesis qﬁogwgﬁgpound of Formula I: [err] Or  SHCAVENII/BRGET
salt thereof, conprising: (d) contacting a conmpound of Formula V:
[err] 30 with ajehidg) (Fptihd laqeéudgﬁrmgﬂ@thgnépraadatﬁe%@o@f
Formul a VI : 9

97/ 34887 . alcohol to acid is from 10:1 to I!’C]I'l US97/ 03466



or stereoisoner or salt formthereof, wherein Ris H -0OH or OCH3;
(e) contacting the conmpound of Fornmula VI or 5 stereoisoner or salt form
thereof with allyl magnesi um brom de to forma conpound of Formula VII:
lerr] ¢ or diastereoisonmer or salt formthereof, wherein Ris H OH,
‘or OCH3 and the di astereoneric excess obtained is at |east 10 75% and,

(f) hydr ogenat {73469 mpound of Fornmula VII or di ast er eORfUSY7/03
formthereof in the presence of pal | adi um on carbon in a (Jerr] al cohol

and a derr] carbogyl i a.?otl'?éi:l o8 Pl HOUREM B [ chpbudd of

st ereoi soner or mt, rovi
reagent i s not pré’s‘ﬂ‘?ﬁ" I5tisp in th‘fe')artarlc a‘E’EL B3l Eerm-her preferred
-enbodi nment , the chiral 20 met hyl benzyl amine in step (d) is S phenyl
glycinol and Ris T%' e Stiohs éﬁ)tl?éqg:rggént synthek 20 md iR OA]E ai ror €

preferred enbadi nent n_step di astereoneri ¢ excess O ned is
at | east 85% %ancf rféed out ﬁnngg‘%ﬁi}’]ﬁ FOLKERET ¢ JiTdesE sothmrwd segsnecified
met hanol and whtikhnody ded rehdibyiskliestad ey coneciofl skidllt He thé iaxrtobf

al cohol t0 aGrgdahdc f&aBREL1d t&ljd st1table sd1¢ehts rbéfﬂégyfﬁg l:?e\élﬁg a%y e |

1 N e | ast ereoneric ,exces
preferred enbOdlnEgtént wﬁ%c lg ubstantlal 0 nonreacgfﬁf)w1th the startlng

materlals (reactants), the intermediates, or products at the

at Ieast 90% anf

10 temperatures at which the reactions are carried out, i.e.,
temperatures which may range from the solvent's freezing
temperature to the solvent's boiling temperature. A given
reaction may be carried out in one solvent or a mixture of

. more than one solvent. Depending on the particular reaction

15 step, suitable solvents for a particular reaction step may be
selected.

Suitable ether solvents include: dimethoxymethane,
tetrahydrofuran, 1,3-dioxane, 1,4-dioxane, furan, diethyl
ether, ethylene glycol dimethyl ether, ethylene glycol

20 diethyl ether, diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, triethylene glycol dimethyl ether, or
t-butyl methyl ether.

"Stable compound" and "stable structure" are meant to
indicate a compound that is sufficiently robust to survive

25 isolation to a useful degree of purity from a reaction
mixture, and formulation into an efficacious therapeutic
agent. L

The compounds herein described may have asymmetric
centers. All chiral, diastereomeric, and racemic forms are

30 included in the present invention. Geometric isomers of
olefins, C=N double bonds, and the like can also be present
in the compounds described herein, and all such stable
isomers are contemplated in the present invention. It will
be appreciated that certain compounds of the present

35 invention contain an asymmetrically substituted carbon atom,
and may be isolated in optically active or racemic forms.
Also, it is realized that cis and trans geometric isomers of
the compounds of the present invention are described and may

be isolated as a mixture of isomers or as separated isomeric
- 12
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in step (f) the alcohol is ethanol and the ratio of al cohol to acid is
- from10:1 to 1:1. [22] In another even nore preferred enbodi nent, in
. step (e) b5 the diastereoneric excess obtained is at |east 90% and,

in step (f) the alcohol is nethanol and the ratio of al cohol to acid is

from10:1 to lwdornsssr [23] In another nore preferred enbodpdEtiss7/03466

tetrahydrofuran is 10 used as solvent in step (e). [24] In a third

enbodi ment, the pEesmat im!eeﬁim pa@aéeasaomencnmeeieu&arrmryi%nafaipr mul a

Is?ler €oi someE grr] égow somér%tcﬁ%l Gl rg%@?ﬁt aggn:'() rr]%fersgd

embodiment’, Ris kre SF’EG’J-f[lQGTtQIﬁO&h%WrMFeli?’Eﬁl’erfPEE wwﬁmalhyhe
conpound of f @hdidatedy is in the mandelic acid salt form - [27] In

? foul” hvflnboo'é ment, 148 Hrg§eiled RLERLL O LY Biééﬂféd o rB8Y&ElertOTBRNGH O
rormia which have been reacted with an organlc, chiral or achiral,
or inorganic acid. Chiral and achiral organic acids are well
known in the art, examples include, but are not limited to,
mandelic acid, tartaric acid, oxalic acid, and p-toluene
10 sulfonic acid. Inorganic acids are well known in the art,
examples included, but are not limited to, hydrochloric acid,
phosphoric acid, and sulfuric acid.
As used herein, an alcohol is preferably a Cj.3 alcohol
which is intended to represent methanol, ethanol, n-propanol,
15 and i-propanol, preferably methanol or ethanol. A carboxylic
acid or dicarboxylic acid is intended to represent a Cj-4
carboxylic or dicarboxylic acid; examples of which include,
but are not intended to be limited to, acetic acid, propionic
acid butyric acid, oxalic acid, malonic acid, and succinic
20 acid, preferably acetic acid. Aromatic carboxylic acid is
intended to represent carboxylic acids attached to a phenyl
ring, for example, benzoic acid.
The ratio of alcohol to acid, as used herein, is
intended to represent a volume to volume ratio. . _
25 Chiral methylbenzylamine, as used herein, is intended to
represent either the R or S stereoisomer of the following
structure: :

R
Hy

NH

wherein R is H, OH, or OCH3. Examples include, but are not
30 intended to be limited to, R-o-methylbenzylamine, S-o-

methylbenzylamine, S-phenyl glycinol, and R-phenyl glycinol,
preferably, R-0-methylbenzylamine or S-phenyl glycinol.
Cerium reagent as used herein is intended to encompass
cerium compounds known to those of skill in the art to be
35 useful Lewis acid chelators in Grignard additions. Useful

13
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25 VI | wherein Ris selected fromH OH and

OCH[ err], or stereoi soners or salt forns thereof. [ 28] I n anot her
preferred enbodinent, Ris OH 30 , 11

WD 97/ 3488F PCT/ US97/ 03466

[29] In another nore preferred enbodi nent, the conpound of formula VI
I's in the tart agbous@gd salt form The reactions ggradeeeReesent
synthetic nethods are 5 carried out in suitable solvents, unless otherw se
speci fi ed WhbeihgMak £ bed %dbi-b!vﬁﬁrﬁchﬁgr@a/séﬁ‘%r%néﬁl ada@lwe art of

organic synthe5|s sal.d suitable s9 ggneral sol vent

which is substant]HayHoh¥ & °8‘Pa58 IS&:0ni r“\éfj s r‘?a BF1Yt s
(reactants), the ¥9RgeRFedi A ,cemmprmaenss atngliyde] dntex midraterias at

whi ch the reacti il oai8eCadd iaa@ooufgaﬁoc@nm reagteeﬁger atures which rray
range fromthe sol ven alure ol vent' oi | ing
% pi Hgse gnv?r%vqﬁle carr a%eiﬁ gﬁ?ﬁ%lrﬁ %bfm

t enperat ure. gl ven I e out

m xture of e deBRAM M%SF%rﬁcalseplsh%ﬁQ‘@!‘bﬁcéh%r ﬂ'&*rlttilhkﬂ-%arameact i on
15I st eg, sui tablstas.el vend Siridwst iy rddadel armiadeirafnscdiRf EBYud

sel ecte it e X

t et r ahydr of ur an, §§g ?@ﬁ&%@%ﬁl&ﬁcﬁ angag;{%gg{ﬁ%gn ?%’"51%%@% Xget%g‘f%ing

et hyl ene gl ycol cﬂ%ﬁ??‘ B iPé'Fse%‘EhEPr éﬁegﬁﬂ%(ﬂr E‘Gredl’ﬂﬁrﬁypréﬁiﬁbly at

di et hyl ene glipcolledisneshyrastsher, makteet leybantore prefgpralydiaet hyastetioer ,

triethylene gl yC@raﬂé”@% Mdret hﬂﬁltﬁﬁlo rah 441, HEHEB’éd ﬁkbgin, is

" Stabl e conpound”, and tabl e structur re nmeant to Icate a -
compound that is SFPARE TR MPPOERR BRI HRSAS/R 8T S| Wi PRE kP oxapsef ul

degree of purity aftr deast rgwctstenting material is used. Industrial scale as
used herein is intended tc mean a scale which is other than a
15 laboratory scale and which is sufficient to supply product
sufficient for either clinical tests or distribution to
consumers.
High yield, as used herein, is intended to mean the
overall yield of product from starting material is at least
20 45% of theoretical, preferably 50%, more g:referably 55, and
even more preferably 60.

Synthesis
By way of example and without limitation, the present
25 invention may be further understood by Scheme 1 shown below.
' - This scheme details the general synthetic method for
preparation of the compound of Formula I or stereoisomer or
pharmaceutical salts thereof from compounds of Formulae II
.and V.

14
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m xture, and forrmulation into an efficacious therapeutic agent .

The conpounds herein described may have asymetric centers. Al chiral,
- diastereoneric, and racemc fornms are 30 included in the present
L invention.: GCeonetric isoners of ol efins, C=N doubl e bonds, and the

" like can al so be present in the conpounds described herei %%I
*such stable WO ¥RHE87s are contenplated in the present i nveﬁ?ﬁgﬁ. T wil
be appreciated that certain conpounds of the present 35 invention contain
~an asymmetrically substituted carb at om and may befli sol ated in

optically active or racemc so, it isHM @ curt hat cis and
: trans geonetric isoners of < e conpounds of the, i gdent invention are
» descri bed and may be isolatéd as a mi xture of isoners or as separated
i sonmeric | 11 r - 12 v VQ,97/ 34887
PCT/ US97/ 03466 f ornms. | chirdl, diaster eonetj c, racgni G forns and
al | geonetric isoneric forms gf~=aestructure are intended, unless
the specific stereochem stry,or.Jsdirer_formis spe@ii 'H i ndi cat ed.
5 Salt, as used herei ( . ntended to repr e@e onpounds - whi ch
“have been reacted with an orga ., chiral or achird, or inorganic
acid. Chiral and achiral organifacids are well Kffown in the art,
exanmpl es include, but are not |limted Ao, _mandeLi c acif® tartaric
acid, oxalic acid, and p-tol ﬁéne 10 sul fonic acid. Iyor A ds are well
known in the art, exanpl &s i nCNGAER but are i mited to,
hydrochl ori ¢ acid, phos ko acie- 4 @ ) As
used. herein, an al cohol is bl y which is

i ntended to represent methandl, et hanol, , LkRgand i - propanol
preferably methanol or ethanol. IR carboxylic acid or dicarboxylic acid
is intended to represent a (Jerr] - carboxyl i, or dicarboxylic acid;
exanpl es of which include, but are.n Ntended to be limted to,
acetic acid, propionic - acid butyric(a oxalic acid, malonic acid,
and succinic 20 acid, preferably acetic a€ ™ Aromatic carboxylic acid is
intended to represent carboxylic acids attacked to a phenyl

For compound I, the hydrochloride salt is Ia. For
compound IV, the SR diastereomer is IVa, the mandelate salt
is IVb and the hydrochloride salt is IVe. For compound VII,
5 the tartrate salt is VIIa and the SS diastereomer is VIIb.
The above scheme (R=H, OH, or OCH3) and following
description relate to only R-0-propyl-piperonyl amine.
However, as one of ordinary skill in the art would readily
understand, the present invention can be used to for either
10 the R or S enantiomers depending upon what enantiomer of the
chiral amine is used in either step a or d. Thus, the above

scheme and following description is not intended to be
limited to R-a-propyl-piperonyl amine, but rather is intended

to generally describe the synthesis of R and S-a-propyl-
15 piperonyl amine.

‘In a first embodiment, the present invention _
contemplates a pfocess for making a compound of Formula I via
steps a, b, and c shown above.

Compound II can be made by known methods from known

20 precursors. For example, 1,3-benzodioxole, which is
available from Aldrich Chemical Company, can be readily

15
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ring, for exanple, benzoic acid. The ratio of alcohol to acid, as

used herein, is intended to represent a volune to volunme ratio. 25
:Chiral nethyl benzyl am ne, as used herein, is intended to repr esent
either the‘R or S stereoisoner of the follow ng structure: [err]
wherein Ris H OH or OCH err]. Exanples include, but are not 30 intended
to be |limted {p9rB4ss7 Net hyl benzyl am ne, S-a- met hyl benggtos9708466

S- phenyl glycinol, and R-phenyl glycinol, preferably, -

R-a-met hyl benzyl %r@éd %oolign%!, r.{'ga%g&gglw:mh but rJ.c %h%ﬁ ent as used

herein is intende 8 enc rrum cog kno ose of
skill in the art grop- ef"t’JIttLeeﬂ"?sﬁ’?:‘f% gﬁﬁ?‘b‘i‘% qFﬁ Grl gnard
‘additions. Useful WO
97/ 34887 . PCT/ U897/ 03466 _ bei ng
defined as prqviding ncreas d Gignard agﬁ selectivity conpared
with reacti ong not usft gr Fifnbe Lorm QSE‘&W*% YT PR of IT

i nclude inter al iwaltbealcchmral mewlmend!lmeallsotm gaesesce st r eagents. 5
rTmhlet pgre;rennts C;P\éeﬁkhfeh*ﬁanﬁ‘ﬂ@t CPRl AL O AR HbREaS Calh Qeluene Ja,ta gegﬂ a
| u |
SELOFTARACEbEs MHAEKELON A g morfidlely AAIdUSLELR

scale. Miltigramsca as-u
wherei n at | east aénéh%t@iltﬂaﬂrgammeo nEhesé of psdpmmerﬁluﬂh 19 tjreametor nore,
nore preferabby abul@ uddeastadd tgiatboOsbtHine ITEtled W &spolfsys doky, 6Ehe

| east” 100 gréH&:Qést%ngM"Mt&@&éé&nﬁ-‘é@h@thfﬁfé&?gﬁ?%? 'vnmlds ped

i ntended to nean the scal e wherein nore than one
one starti ng mat EPi B ysed secBreferabdyriat ledskea gstoichiometric amount of

chiral amine, based on the amount of ketone II, is used. Aan
excess of chiral amine can be used to enhance yields or lower
15 reaction times. Other water removal conditions known to
those of skill in the art could be used to form Imine III
from ketone II. A mixture of E and Z isomers of III is
expected to be obtained, though the E isomer should dominate.

20 | | | Step b:
Selective hydrogenation of III to IV is obtained using
‘Ra-Ni as catalyst. Preferably, from 1 to 15 wgt% of catalyst
based on the amount of III present is used, more preferably,
5 to 10 wgt%, and even more preferably about 10 wgt$%. A
25 number of solvents can be used for this step including, but
not limited to, tetrahydrofuran, methanol, ethanol, and
toluene. Preferably, ethanol or methanol is used as solvent.
Combinations of solvents may be used. For example, toluene
-and ethanol in a ratio of 1:9 may be used. Smaller or larger
30 amounts of toluene may be used, e.g., 10:1 to 1:10, but
generally the reaction slows as the amount of toluene
increases. .
Step b can be run at one temperature or at two
temperatures and the temperature can range from -78 to 150°C,
-35 preferably 0 to 100°C. Preferably, when one temperature is
used, it is from 0 to 70'C, more preferably from 20 to 60°C,
- and even more preferably ambient temperature or 50, 51, 52,
53, 54, S5, 56, 57, S8, 59, or 60°C. If one temperature is

used, the hydrogen pressure is preferably in the range of
16
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used herein is intended to nean a scale which is other than a 15

| aboratory scale and which is sufficient to supply product ~sufficient
for either clinical tests or distribution to consunmers. Hi gh
yield, as used herein, is intended to nean the overal | yield of product
fromstarting material is at |east 20 45% of theoretical, preferably 50%
mor e pref er abl y wabgrasst even nore preferably 60. . PCT/US97/03466
Synt hesi s By way of exanple and without limtation, the present 25

schenme details the ner t he

h for aration
conpound of For nul®: eﬁ?b é’ygg E%I?ﬁca’rngtprg Fﬁﬁﬁ&ﬂ‘f&&?“e%al"(%ent RBE eof
from conpounds of TeoPapRturd lis usedindr¢. from 2 30 hours, more preferred 3-24
14 WO 9Hoé4887and even more preferred 3, 4, 5, 6, 7, 8, RET/1§S97{ (B466

5 or 12 hours. .
The purpose behind using low hydrogen pressure (i.e.,
<10 psi) for the one temperature reduction is that the

i nvention nmay be fourghbep aﬁl e;ng;:Q ggéégtﬂgrr@ oll_ghgyg bagjdogven morth

present inventors have found an increase in pressure causee a
reduction in stereoselectivity. As will be further described

16 in Example 1 below, a diastereoselectivity of 86 was achieved
by hydrogenolysis with <1 psi of hydrogen at ambient
temperature. In contrast, if the same conditions are used,
but the hydrogen pressure is increased to 50 psi, the

_ diastereoselectivity drops to only 75%.

15 Step b can also be run at one temperature under higher
hydrogen pressures if the temperature is from 60 to 100°C,
preferably 60 to 80°C, more preferably 60, 62, 64, 66, 68,
70, 72, 74, 76, 78, or 80°C. Hydrogen pressures of from 10-
3000 psi., preferably 10-1000 psi, and more preferably from

20 50-500 psi can be used at these temperatures. Preferred

 reaction times, when one temperature is used, are from 2-30
hours, more preferred 3-24 hours, and even more preferred 3,
4, 5, 6, 7, 8, 9, 10, 11, or 12 hours. As noted above, high
pressures of hydrogen can be advantageous as the catalyst

25 load can be reduced compared with low pressure reactions.

When two'temperatures are used, the reaction is run in
two stages. The first stage is preferably run at 0 to 35°C,
more preferably from 20 to 30°C, and even more preferably

. ambient temperature. The first stage is preferably run for

30 2-8 hours, more preferably 3-6 hours, and even more
preferably from 3, 4, 5, or 6 hours. The second stage is
preferably run at from 40 to 100°C, more preferably 60 to
80°C, even more preferably from 65 to 75°C, and still more
preferably 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, or 75°C.

35 The second stage is preferably run for from 2-24 hours, more
preferably from 6-18 hours, even more preferably from 10-15
hours, and still more preferably 10, 11, 12, 13, 14, or 15
hours. The hydrogen pressure is preferably in the range of
0.01-3000 psi, more preferablyl'?O—SOO psi, and even more
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[err] For compound ‘I, the hydrochl oride salt is la. For

. conmpound |V, the SR diastereoner is |Va, the nandel ate salt is IVb and
the hydrochloride salt is IVc. For conpound VII, 5 the tartrate salt is
VIla and tRe SS diastereoner is VIIb. The above scheme (R=H, OH,
or OCH err]) and foll ow ng description relate to only
R- a- propyl - pi pypedysgeam ne. However, as one of ordinary ¢rhiseimiddshe
art would readily under st and, the present i nvention can-be used to for
either 10 the R Efeéz%@ﬂ?ti@ﬁ%ro% 9§pen¢wgnepefl a&ta%afga&i'ﬂmiﬁ 9:}] e e
chiral amne is usec&ﬁi er step f% ab us, t ove ene and
fol | owi ng descri pt?o r§°ﬂ%’i‘“feht éﬁdeﬁ 5?’%? gable in H‘F‘%@ﬁtf% to use hydrogen

R- a- propyl - pi per dpg@ssayiesegrenfterr fhamrll psint st allows ofcgeriewai-l y .
~describe the synt&a_salg;sef 1 G0 §na mgmélr oi=5at gdaercoxﬂaée aféaaﬁ
In a first entgo \ tlhe r I nve X conte cess for
-maki ng a corrpounda ? 1Ié"b %’ $ walc eage% m%leyandgg € T
Conpound |1 can beunrdag 5}}6 ke ﬁﬁ%mod:éief F@WRWSZDew%L!FPSDhs For
~exanpl e, 1, 3- benzeshiperatare 8 ¢hei Second a¢epl atieat! eam ¥ digptheghgpi cal
~Conpany, can be rﬁ§€ﬂ0d¥ known to those of skill in the art:
: The present inventors have found that the high
10 diastereoselectivity obtained by the present two temberaﬁure
hydrogenation step can be attributed to the fact that the
anti-imine of III is reduced much faster than syn-imine by
- Raney-Ni/H2. As Kas and Kga are very much temperature
dependent, simply raising the temperature causes syn-imine to
15 be isomerized to anti-imine which is then rapidly reduced..
The following scheme illustrates this point.

R
R /(
~—~Ph Ph N

N
| Kas 1
¢ =
'e) anti . . Ksa o) syn
III IIT
Kanti >> Ksyn
Kanti 1 KS]’D
v AR -8
HI*I/‘Ph HN/*Ph
_ (3 ~ _ <o
om o} SR
v IVa

By initially running the hydrogenoclysis reaction at near
ambient temperatures, a majdrity of the anti-imine present is
20 reduced. The temperature is then raised which promotes
interconversion of the two isomers. As anti-imine is formed,
it is rapidly reduced. Thus, high diastereoselectivity is
cbtained.
The diastereomeric excess de (RR vs SR for compounds IV
25 and IVa, respectively) obtained in step ¢ is preferably at
' 18
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converted to Il by reaction with butyric anhydride in di chl or oet hane
in the presence of gaseous BF[err] Step
rar 5 : Imne Il can be formed fromketone Il by reaction of II
‘with a chiral methyl benzylamine in the presence of triethylam ne,
“titaniumtetraohberider and tol uene under refl ux conditi REIUSITI466
Preferably, R-a-nethyl benzylamne is used as the chiral am ne. Those

~of ordinary skill ldastheosr {1008 veiff cuadmisiming ,t fiete tpre@bt:&xy ldd 1ehsp R
1s OHor OGH3, ”‘E‘e % apd ¢ %gsegn gdrg%é Sté tlléESQ {Bsé‘ 1S hx% %”%am ne
re

. woul d need used ol ‘chi ome anount  of
' chiral anine, basé'ﬁlénd%‘iah@eﬁta FoRE ‘{quapéeﬁswluﬂhng hYdr@S@Ess of

‘chiral amine can h#edsafe}! GaAMBABSand elatdﬁeﬁtdrav\er'rﬂé yeaaeiomcadn es.

Q her - wat er re@DV?rlon‘iQQQéé 'B}H"?FM %@ fes ongﬁgf Of o Selclbmide tg{ix%lr__;aﬁ.ﬁ%fxez

could be used to formImne-l A mxture

i somers of 111 is Bydrogenatdonefas Jese SB’E‘%*?FE"GI, t hough the E i soner should
dom nat e. 20 After formation of IV, itS{ gjiabtereomeric pufiﬂyeethBe
hydrogenation of ldhahfed \oy SobflhEidtEdelS S e wz.tBaachr%%nE@tQé
Preferably, from1 to %of cataly on the apount o? 1]
present is used, r?ﬁ‘raﬁ‘p%?e | 95 mp“r?; P6 S a%ﬁﬁ"@f?@’ﬁ“?ﬂ}rléf

preferably abaqt rorigied by A3sselrteg dh mnp@nttsu;an Ipsradedidpis-t his step
including, but  maRa@k1id ract;ad boa dAatkabysl her ﬁﬂeciﬂﬁt@nﬁ&déta%ngélt and

t ol uene. Preferabl et hangl th ol _is_u gl ven
Conbi nations of so \k/’Sﬁts b JCB% {isE %gﬁﬁ? e&arsﬁ')"?% eneE includdng ot hanol
inaratio of 1: 9%yabeanﬁsééhlﬁaalqcéﬁsoﬁeJS&ragé?‘aBDC aé#é@ln@% wsllt 8suene may

be used, e.g., 10 ﬁot@aﬂ;d-&clbﬁtcan beg@8&d ald Yoh§eas el kesuBtings sastt he

anount of tol ygne fomslé’!ﬁ;s% Step b can be run at one
tenperature or at two tenperatures and the tenperature can range from
-78 to 150[err]C, 35 preferably O to 100[err]C. Preferably, when one
tenperature is used, it is fromO to 78keerd:C nore preferably from 20
g g 60[err]C, and epgthdPifePERILHABLYoAM @Bt at SIMERALHESE 011 .20, Be

mandelic salt (IVc), can be used in step c¢. It is noted that
20 certain salts limit the effectiveness of this step and should
be avoided. For example, the HBr salt of IV is difficult to
debenzylate and is preferably avoided. Since step ¢ involves
an additional hydrogenation step using a different catalyst,
but similar solvents, it can be advantageous to avoid forming.
25 the salt and proceed directly with step c. Such a method.
allows one to minimize solvent'uéage and product loss due to
crystallization. Preferably, catalyst is removed betweén
each step to allow for catalyst recycling.
) Conversion of IV to I can be achieved by hydrogenating
30 IV, preferably at ambient temperatures, using Pd/C,
preferably 10% P4/C, as catalyst. Preferably, from 5 to 25
wgt$ of catalyst based on the amount of IV present is used,
more preferably, 10 to 20 wgt%, and even more preferably
about 15 wgt%. Hydrogen pressure is preferably in the range
35 of 0.01-1000 psi, more preferably 10-200 psi. As solvent,
preferably a combination of an alcohol selected from
methanol, ethanol and isopropyl alcohol and a carboxylic acid
selected from acetic acid and propionic acid is used, more

preferably ethanol and acetic acid or methanol and acetic
138
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53, 54, 55, 56, 57, 58, 59, or 60 C. If one tenperature is used, the
.hydrogen pressure is preferably in the range of

.16 WD 97/ 34887

PCT/ US97/ 03466 0.01-10 psi, ‘nore preferably 0.01-2 psi, and even
nor e | preferably 0.01-1 psi. Preferred reaction tinmes, when one
tenperature is y§efsggy € from2-30 hours, nore preferred 3- 24Pcr s97/03368!" S
and even nore preferred 3, 4, 5, 6, 7, 8, 9, 10, 11, ours.

The purpose behi ndhd4sy, ngThQWﬂf&ﬂé&Qggp é%?é%sﬂgﬁ gé useﬁ 1n?ﬁ¥gﬁﬁ3ﬁglo Rgl) for

the one tenperature reduction is Y hav@ef ound
an |ncreas<rarp| n pr e¥iPet atrterhod td ac’r"eé’&'@f‘-?ﬁ#-"&hlﬁér%s@ :dctovitdp, As
will be further dewwe beefdrblyntfommin:a tobetbwarm dirastmR0pekestdniity of

86 was achi eved frombm)hyokcpge@ol YHi Sj QMg égoﬂr&sér %ﬁehé/é”ha%%”fat alrrbr ent

tenperature..ln contras me ‘condi fions are. us
hydrogen pr ess re ﬁ%‘lvﬁi?’e%ssé’é Fﬁlgd"ﬁsﬁentt hased on &PSS‘FE?‘@Gsefer.r wnpry
drops to only 75%preferably, 9t epuivalomtal o6 #eid.unaat whtle deeppB) %ééﬁ:@:.yﬁ'der

or of er ably 60°¢ rm"‘ep"m%‘*“af?‘éi*&”‘aﬁf‘ge%%“"%?aﬁa“&“ g toddl ped D)
0
%e %a 7% or err??,:1 'ﬁ/ 548 eeé:?&r mnitoreA by standand FPLEs) |
preferably 10- 100@%@1% nﬁref@rﬁle'r.abr:ypfcr mlzobEEﬁbﬁb@mealfmnfb&nlmed
at these tenpapat toed8 hdixef,embed preferbBaG! | Sbnl l4”€§49 #&Qsonerﬂ eggg%@#;;g
d, f nor.e pre Qu
Ip?erl‘JZ(raredag}e M %tggne% %Qg'gg tFep §s %Ie% ab?’Z R5uTSRST Aéaﬁot%eabove
hi gh pressur?§35?r?ﬁﬂdfr Ggeﬁe%%ﬁﬂ 85&-.advant ageous as the catal yst 25
| oad can be reduced coupar eibrwation @ {1, €58 Ucsh RAavaagecus to form e

two tenperat ures ﬁé@ J;!&ﬁ_d (raherd eﬁ@feﬁ%g' Ped L% ' nCompoundWipr e?%.rnggl 9&7:0

first stage i run at err]
20 to 30 C, arﬁia 5@%“' 7’% PBf 7 dti] pres n%ﬁ"rtﬂfeﬁ?' {adiey gpuFacbonTRan e st
stage is prefer ablﬂysai'mlvefdonnBOolm hésepropyir @lpokékraabhymBethineouhsressd
even nore - prehagabty 36103%%% , eatéd WE&&;B& %?CQI'ﬁne?:t gggfﬁ&
preferably run at g£40 to er prefera
even nore pr eferag% #Qr le5™t 5 Iﬁ’(} {r ‘?ﬂ?\?{‘émmenc excess
_ ee of Ia can be urther lncreased by reslurrying in
20 isopropyl alcohol and n-heptane. Preferably, 5-6 N HCl in
isopropyl alcohol is added to a solution of I in toluene

In a second embodiment, the present invention provides a
- Pprocess for making a compound of Pormula I via steps d, e,
25 and £ shown above.

Step d:
Compound V, piperonal, is known and available from
- Aldrich Chemical Company. Formation of imine VI can be
30 accomplished by contacting V and an appropriate chiral amine
under water removal conditions. Preferably, the reaction is
run with S-phenyl glycinol (for when R=0H), p-toluenesulfonic
acid, and toluene under reflux conditions with a Dean-Stark
trap. Preferably, at least a stoichiometric amount of chiral
35 amine, based on the amount of aldehyde, is used. An excess
of chiral amine can be used to enhance yields or lower
reaction times. Those of ordinary skill in the art would
understand that to obtain VI when R is H or OCH3, the

corresponding methylbenzylamine would need to be used. Other
20 '
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preferably 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, or 75[err]C. 35 The

second stage is preferably run for from 2-24 hours, nore preferably
from6-18 hours, even nore preferably from 10-15 hours, and still nore
preferably:10, 11, 12, 13, 14, or 15 hours. The hydrogen pressure is
preferably in the range of 0. 01-3000 psi, nore preferably 50-500 psi,
and even nore 17 PCT/USIFAI3466
97/ 34887 WO 97134887 PCT/ US97/ 03466

~preferably 100-300 - rdi nagy_skill p.d N
recogni ze, it is B’Fgfe’ér% e | n dd%%f’? o°”{?s§°h§/ ef gkin llpes%\‘%r%%t
greater than 10 psouldhbe Uéleldewsﬁif (W-thompound Iéﬁt aﬁ ﬁ F-E%mﬁrh@faﬁdls

sinpl er or” at | easkpebt&d Radbhinate, a¥Aohgi &oRRPLsaidls, arbi @tberteastsmey .
Preferably, after rm‘gunnl ng the first step, the reaction is heated to the

tenperature of the °§8eond step. Heat can be applied by = nethods known °
to those of skPlIl in the art; The present inventors have found

that the high 10 di astereosel ectivity obt ahew ¢ty the present two-
tenperature hydr ogg %’1 ngi 29 uhe: %JJ:.EQW%&P Jshﬁvéfﬂblteh@}orﬁ he

anti-imne of 111 |sre stert n-1mne
Raney- Ni / H err] AS1RFefh ] %ﬁ%ck}t &Ipagy %) SAR Hﬁc‘ﬁa‘?"eﬁb’eF‘ﬁFw known to
dependent, sinply thaseiofy skit2lt anprheatut o Thwsesbs yronverned ttw YIIbe This

| somerized toygnt b} ity \fé%egeaéi WReR higH Hikst AR ecrivithPankohig ng
scheme illustrates tgés %LE 72-82%). The de obtained from this reaction is
preferably at least 75%, more preferably at least 85%, and
even more preferably at least 30%. At least stoichmetric_
amounts of the Grignard reagent, based on the imine, are
15 needed. Preferably an excess of grignard is used to promote
the reaction. For example, an excess of 1.5, 2, 2.5, 3, .3.5,
4, 4.5, 5, or more fold of grignard, preferably, 2.5 fold,
can be used. Standard Grignard solvents which are known to
those of skill in the art can be used for example, ethers as
" 20 defined previouly, preferably, THF. The temperature
preferred for the Grignard addition is between 20 and 30°C,
more preferably near ambient conditions. Due to the nature
of Grignard additions, it may be necessary to slowly add the
Grignard reagent, cool the reaction, or both to maintain the .
25 preferred temperature. Reaction times are preferably from 1
to 5 hours, more preferably from 2-3 hours.
Preferably, Lewis acid chelators, such as cerium
reagents (e.g., cerium chloride) are excluded from step (e).
- The present conditions allow for diastereoselective delivexy
30 of the allyl group without the need of Lewis acid chelators
such as ZnCl;, TiCl,, BF3-0(Et);, Cul, CuBr2-S(CH3);, and
. cerium reagents (e.g., CeCli) to enhance selectivity. For
Grignard additions, cerium reagents are usually used as
chelators to enhance selectivity. Unfortunately, cerium
35 reagents are usually avoided in industry due to their
difficult handling. Therefore, the present addition step,
which avoids using cerium reagents, is superior to those
~described in the literature and noted in the present

21
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[err] By initially running the hydrogenolysis reaction at near
.anbi ent- tenperatures, a ngjority of the anti-imne present is 20 reduced.

‘The tenperature is then raised which pronotes i nt erconversion of the
‘two isoners: As anti-imne is forned, it is rapidly reduced. Thus, high
‘di astereoselectivity is obt ai ned. The di astereoneric excess de
(RR vs SR for conmpounds 1V 25 and |Va, respectively) obtained_i ep c is
preferably at WO Bilseas7 18 - %"&'ﬁ%?
PCT/ US97/ 03466 | east 80% (,100% bei ng the maxinmun), nore preferably at
| east 85% andPIIEFOHBR S PRI UMSGR FPTNAER (CTEWR Re RutesnLewir acid
‘W || depend upon ahwlaitersofo \emhandéd airiignerddseilgeduicbiegen pressure,

'solvent, and tenperat UtBonTEGR36h1 &8 ) Bes & MR Eﬁré‘rﬁ%ﬂeﬁt ndard HPLC
techni ques to deternine when, i m.ne h}/ldro ehat1 on has been conpl et ed.
After formation ofSTAFACFIRI it ¥R ARnIRnhG AFAA Eqnfpgm a salgvkirted by
formati on of aSsalpremiphtavrergdncan dud @askEby isolatedany®ox, eghmsiee ONTIMPUr €

|V can be diast er eapPbieCaldso1dda PirdddeRel By: th SIQbYLOS,T R126RLP W g
mande ﬁ'e

sa T Rer AT SR RO T ERLE AoREoBk P L] o ExErarich apt ryalic
chiral and achiralacddi 65 qalig acisaddedacpr¢ferably| tassaric acidr gani ¢ aci ds
can be used as | ongegerabiy | ahel thangratal be1vrr fiQf WBretd S bSetonitrile a
Step c: 10 i'\z:I EQS&li;%JEEESJ.Pa Sees %froxlnvacoerto%i %L'[e.t h%gocfié olf %'If[ ;[:z'ne
also be enhanced by crystallization of the free base,
preferably from ethyl acetate and n-heptane.
Neither propylmagnesium chloride nor propyl lithium aré
useful for this reaction. Propylmagnesium chloride resulted
15 in a low yield, approximately 50%. Propyl lithium provided
only about 60% de. Thus, neither of these reagents resulted
in both desirable yields and diastereoselectivities.

Step £:

20 Hydrogenation of VII in the presence of palladium on
carbon, preferably 10% P4/C, removes 2-phenethanol {R=0H) and
produces I. Preferably, from 5 to 25 wgt% of catalyst based
on the amount of VI present is used, more preferably, 10 to
20 wgt%, and even more preferably about 15 wgt$%. Preferably .

25 the hydrogen pressure used is from 0.1 to 10 psi, more
preferably from 1 to 5 psi, and even more preferably 2, 3, or
4 psi. Ambient temperature is preferred. Reaction progress
can be monitored via HPLC. Preferred hydrogenation times are

" from 24 to 48 hours. As solvent, preferably a combination of

30 an alcohol selected from methanol, ethanol and isopropyl '

alcohol and a carboxylic acid selected from acetic acid and
" propionic acid is used, more preferably ethanol and acetic

acid or methanol and acetic acid. The ratio of alcohol to

acid preferably is from 10:1 to 1:10, more preferably from

35 10:1 to 1:1, and even more preferably from 8:1 to 3:1. The
olefin of the propenyl side is reduced very rapidly, leading
to "reduced"” VII which then undergoes debenzylation. '
Additional catalyst can be added to ensure complete

conversion of VII to I.
' 22
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mandelic salt (1Vc), can be used in step c. It is noted that 20 certain
~salts limt the effectiveness of this step and shoul d be avoi ded. For
exanple, the HBr salt of IVis difficult to debenzylate and is

pr ef erabl y: avoi ded. Since step c involves an additional hydrogenation
step using a different catalyst, but simlar solvents, it can be

advant ageous t qyg\y@isdgss ormng. 25 the salt and proceed d| I eCPCHUSIOREE L ep
c. Such a nethod al | ows one to m nim ze sol vent usage and product | oss

due to crystalli Zat”k’apaf' ﬁbl,%’ 1 CakakYiind 2 BARLSG x&ett‘g’ff{v dts,

each step to allow for Sl an
can be achi eved byiflyd&Pdgen Q“W@UBG 1 I‘\PtaﬂPéfle‘?%‘Iﬁﬁl hyproggnasden in the
t enperat ures, usi rp;el%(éh@e of palle@tumidry chtboRPddny besdiasclvest inPraifushabl v,

froms5 to 25 ' F Eaé ofdh Q@S&mu}@etﬁémt afd 166 rﬁbss%ﬁt s
used, nor e qmz.yoq’erab t% _and even nore pr era

to 2
about 15 wgt % %’F"é%%tﬂye figlrpﬁ"ﬁ? EEaBFEPTh aﬁ’f&"}’i 5¥ in
0. 01- 1000 psi, norisqurepgi adlgohbld- 20Thepse ofAT ¢ax \rben, be :anznee‘seda‘b‘l y a

conbi nati on of an @é&%@hlfféaec%ﬁdff&ms groﬁfi farwnolea;k@@phese&ésopropy'
al cohol and a car boxeyg g}((: se ecte Ejo%i Q%e I ¢_ac and% |on| c
acid is used, nore¥ erBP er8HEGL ot h ARRTORKY AT agi uEion
acetic of I in toluene The resul@ing solid is thayDigpLaUBR7

PCT/ US97/ 0346619 acid. The alchols or acids can be used i ndi vi dual l'y.

The ratio of al CO%%&; %Ofel_aa eB r eé et{h%ml&vjeﬁt:{crnopl.%g %eéo%e ap?a.rent.zénl

nore preferably from3 even
to 8:1. It is al soth® éperamfefttaer]é%leweﬁm ée%%rwtleneq%ﬁ \Paqeeﬁieraof acid
present based on tdébodiimeEnts Ghhikl, ar®riven foprifflesabhyior fequhe alrdentiot

acid. As with step,by aﬁ:ﬁaﬁ& ci@xtendedtt}%fe\”l#n.\r.] dependeppofow the above

vari abl es are chosen renova et hane can be nonitored by
standard HPLCL t echni ques. Preferably, step ¢ will be performed from
from2 10 to 48 hours, nore preferably, HEXAMBLES O hours. The ee of |

obtained in this step is preferably at |east 70% nore preferably at
| east 85%-+ Upon formation of l’ni%%ﬁfﬁ_af advant ageous to ferm
its HCl salt (la) to increase its ee. npound | obtained after

. Step a:
20 Preparation of (R)-N-[{1-(1,3-Benzodioxol-5-yl)

butylidene] ~a~-methylbenzene-methanamine (IXII) (R=H))

A 22L reaction flask with overhead stirring, water

condenser, nitrogen inlet, 2L addition funnel, temperature

25 probe was charge sequentially with II (R=H) (1Kg, 5.2M),
toluene (10L), R-{+)-a-methylbenzyl amine (8l6mL, 6.35M), and
triethylamine (1836mL, 13.2M) and cooled to 5°C. A
titanium(IV) chloride solution (320mL in 1L toluene) was

. added slowly through a 2L addition funnel with vigorous

30 stirring, while maintaining the temperature under 15°C. The
addition tock 1-2 hr. After the addition was complete, the
reaction mass was stirred at room temperature for 1 hr and
then heated to gentle reflux (111°C) with vigorous stirring
for 4 hours. The reaction mass was cooled to rt, filtered

35 through celite to remove the solid (TiO2 and Et3NHC1l) and the
cake was washed with toluene (4L). The toluene solution was
washed with cold 10% NaOH (1x2.5L ) and saturated NaCl
aqueous solution (2x2L). The solution was dried over sodium

23
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15 hydrogenation in the presence of palladiumon carbon can be :
~dissolved in toluene, i'sopropyl alcohol or a m xture thereof and its
HCl salt precipitated by addition of either agueous HC or HC1 in.

i sopropyl al cohol. The enanti omeric excess (ee) of la can be further
i ncreased by reslurrying in 20 isopropyl alcohol and n-heptane.
Preferably, 5-6 N HCl in | sopropyl al cohol is added to a joS4gs OF |
in tol uene WO 97348387 | h 3 second enbodi ment, the present iﬁé@h#?on

provi des a process for making a conmpound of Formula I via steps d, e,
25 and f shown abgvgate and concentrated in vacuum to give ggecﬁ_ld:(ls 4g,

Conpound V, piper26adwty, sykabdvesand avail able from -Aldrich Chem cal
Conmpany. Formation of imne VI can be 30 acconplished by contacting V and
an appropriate chiral am ne under- water renoval conditions. Preferably,
the reaction is run with S-phenyl glygﬁﬁ8kggfor when R=CH), ' :
p-tol uenesul f ohi cPrepagationgmf t ERuRE, Ui Nl \nEhemydiatihnis- onindopyl -
Dean- St ar k trap. Prefetablyeniddiensless shetulhfaPhe C(gyoyot .of chiral
35 amne, based on the anount_of al dehyde, is used.___An excess of
chiral anmine can be used to qﬁﬂﬁi;ﬁﬂigkﬂfﬁﬁt?%ﬂegIVb)r Be®) on tines
Those of ordinary skill in the art would understand that to obtain Vi
when R is Hor OCH3, th@iurryCs¥ Te2PeRetiNg 18804y | Lenaxlai prevosbsynged to
be used. Qthefy 441 of ethanol was hydr d b bﬁ%?z ' -

Of ethanol was hydrogenated Dy HRD HY55988R throughy o

97/ 34887 ,
renoval conditi onat latoviert B-1hdrecapd then lati A0t Cafer anothegublir herhesed.

Ats1 Wi :1 h cb:orrﬁo_und ¢ddalylshewss | fQtREe@foff ahd washeXREeh askH@odONL NRL)E,
Steper ! SOTBAE ANERED R dohCebiarea by U Teflove o give IY s Ao
Al drich Cheni cal %&%906} s wasehen, FrigtHddSeRneii ymandelic acid
15 (836g, 5.5M) in 6L acetonitrile. The solid was filtered and
washed with 2L cold acetonitrile and 2L of cold heptane to
give IVb (1784g, 99.4wt%, vield 80%).
The stereoselectivity of step b was compared with
procedures uging different catalysts, temperatures, and
20 hydrogen pressures. Ethanol was used as solvent in all cases
except for D, wherein THF was used. The results are shown- in
Table 1. '

Table 1: Stereoselectivity of imine reduction

25
I\{PPh aN” PR
(o]@/'\/\ —_— <o:©/\/\
o O
Catalysts Temp Hz de - Note
{*C) {psi)

1 Ra-Ni 25 <1 86
2 Ra-Ni 58 <1 89
3 Ra-~Ni 0-25 <1 88 .
4 Ra-Ni 25 & 65 <1 94 Sh at 25 & S5h at 65°C
5 Ra-Ni 23 & 70 150 91 6h at 23 & 14h at 70°C
a Ra-Ni 25 50 - 75
B NaBH4 -40-25 - 50
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those of skill in the art, VI can be converted to VII. This 10 reaction
proceeded with high diastereoselectivity and high yi el d (about
72-82% . The de obtained fromthis reaction is preferably at | east
75% nore preferably at |east 85% and even nore preferably at |east
90% At |east stoichnetric amounts of the Gignard reagent, based on

“the imne, are goordiggded. Preferably an excess of grignard permssneseée

pronote  the reactlon For exanple, an excess of 1.5, 2, 2.5, 3,.3.5,

4, 4.5, 5, or nore fold of.grignard, preferably, 2.5 fold, can be

used. Standard G fgnard 8dCvents #hi ch<hre knowh’to those of skill in
the art can be used for exanple, #f hersias 20 s}efi ned previoul y,

preferably, THF. The jenperature eferr nard addi t.i o

i s between 20 and 30 [%r ;E]Dae Be seerﬁirgl D near ar%%‘eﬁ SEond Pl%*%?“t
Due to the naturehigh ggmpErpguEe d‘%@?—ﬁ‘éﬁéﬁ Epprphe Ae cABERS sumpreotkitow y
add the G i gnawd-fenpanks 6pAiakherecsslidctiviey dumipark windiltaen the 25

preferred temper aﬁa%%?enrf @%@%ékgé}h“ ‘ThS a8 {t U f%gﬂ%’ex{ei—.%”b% Ra-Ni_ w:.t5n

hours, nore pr efe
chel ators, such a§1 et/ C ‘C?%awge(vwleeeﬁmah 8F|’8%9 4ar e excl uded
fromstep (e). (Ce:r'n“ﬂm:qmeeeﬂztca:mmdsb | also adesotédrindilasses£osel ecti ve

delivery 30 of tRe.atdyd Q&QEE&G’M out the need of Lewi s acid chelators
such as zZnd[err], %I Cl eorsr t&h% % t% err %o @B%eyc@ S(CH[err]
and ceri um r eagent $°%R. Fr P§T %"@%‘é{n RN

Gignard additi onavomémgjmspéagmn 9fam linidls| yoss exf ggoduct cluel abor s to

enhance sel ecijVi byystiifahuneh Glng 28851 14R:132 2888GRIHS 36BvdrtUakkYs avoi ded
in industry due to their difficult handling. Therefore, the present

addi tion step, whi ch avoi ds using ceriumreagents, is superior to those
described in the literature and noté&s#ﬁﬂéﬁélﬁ-ﬁééﬂ—bi
21 VWO F¥kepagation of ([R-(R*, R*I-N-(1'-Phenylat:hyl—o.-propyl-

PCT/ US97/ 03466 bacf ggﬁggﬂ*‘g& y\gj_&gntim{gece&ﬂm qh,,gt,her Lew s
ce on

acid chel ators to en an Ignard selectivity
formation -of WI, its de can be enhanced by contactlng It vmth an
organic acid to form aAsdhrrwhe£XII (15g) and Ra-Ni (wet, 2.2g) in 140mL of

ethanol was hydrogenated under hydrogen (150psi) at rt for 6
hr and then at 70°C for another l4hr. The catalyst was
filtered off and washed with ethanol (20mL) to give a

20 solution of IV (12.8g, 85%) in about 150mL ethanol.

Preparation of (R)-0-Propyl-1l,3-benzodioxole~5-
methanamine hydrochloride (Ia)
25
A 22L reaction flask with overhead stirring, a
"dispersion tube and a thermocouple was charged sequentially
with of IV (R=H) (1776g). acetic acid (7L), P&/C(10%) (50%
water) (450g), and ethanol (7L). Hydrogen gas was bubbled
30 through for 24-26 hr with stirring and the cataiyst was then
' filtered off. . The filtrate was concentrated in vacuum to
small volume and dissolved in toluene (10L). The toluene
solution was washed with 10%NaOH (1x10L and 1xSL) and water
(3X3L). Ag.conc.HCl (36-38%, 450mL ) was then added and a
35 slurry formed. Filtered the solid and washed the cake with

25
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5 precipitates and can be easily isolated. For exanple, VII can be

di ssolved ih acetonitrile, isopropyl alcohol or ethyl acet at e,
‘preferably acetonitrile and tartaric acid, oxalic acid or malic acid
added, preferably tartaric acid. Preferably, the tartrate of VIl is
formed in acetonitrile as 10 it readily precipitates fromacetonitrile.
The de of VI al so be enhanced by crystallization ofpé,l)@s,kgﬁﬁ
base, preferg{)ﬁl“y fromethyl acetate and n-heptane. er

propyl magnesi um chl qLi ggl@egﬁ 35epyéor gs"&’?t g%] %%) r%873$ls%f uly foé %Owt%

reaction. Propyl magnesrum chl ofi'de
appr oxi mat el y 50%¥2€bfoR8A) -1 i t hi um provi ded only about 60% de. Thus,
nei ther of these reageatsariry bedconditibAsbfih stepi caldre Yeetds. antde

di ast ereosel ecti vi Step f: 20

Hydr ogenati on of %G;f%st ewg%glsleanrcee sg Wnaﬂl % t}r% %nbelow'car bon, preferably
10% Pd/ C, renpves 2 phenet hanol (R=CH) and produces |I. Preferably, from
5to 25 wgt % of catal yst Imebdde 2: Srdiwosslnctivd Ukbpneydatibs used,
nore preferably, 10 to 20 wgt % and even nore preferably .about 15 wgt %
Preferably 25 the hydrogen pressure used is fromO0.1 to 10 psi, rmre
preferably froml to 5 psi, and nore preferably 2, 3, or

Anbi ent tenperature is preferr@b‘ eaction progress can bﬂlﬂfpnltored

via HPLC. Preferred hydrogess ES pd;t(lo%)from 24) 48R0
solvent, preferably a cdnb i on of 30 —er—eatcomo eq from rret hanol
et hanol and i sopropyl O~akedhol and a carbenylic aC| G) sex€cted from

acetic acid and propionic acid is used, nore preferably ethanol and
acetic acid or methanol and acetic acid. The ratio of alcohol to

acid preferably is frogedditionsg 1- 10, __nore preferCdnversfomm Bdte 10:1 to 1:1,
and even nore preierablpye; 5,9;@ Sgé,up&og de-; 1) TB@ nr Ohggin of the propenyl
side is reduced very ragl c% 3 reduceq VI1 which then
under goes debenzylati ofir® Ad%ﬁ°f{( gl‘cé’[ aFy§‘f can Be added to ensure

conpl ete conveér si ofres bade. BH| 20 bhr 22
WO 97/ 34887 4 Free base, AcOH, 20 hr PCT/ddSQ?/ 03466
' 5 Free base, ACOH/EtOH {1:1), 20 hr 93
6 Free base, propionic acid/EtOH 100
(1:1)
Mandelate, AcOH/EtOH (1:1), 21 hr 97.5
Free base, AcOH (2eq)/EtOH (1:1), 100
7 hx
A Pa/C (10%). HCOzNH4/MeOH reflux 100 partial
racemization
B HBr salt, AcOH/EtOH (1:1), 20 hr <5
10 Comparative Examples A and B were performed using the

_ conditions described by Bringmann et al in Leibigs Ann. Chem.
1990, 795, page 799. As can be seen neither of these
procedures were very useful as the resulting product was
partially racemized (Comparative Example A) or an extremely

15 1low yield was obtained (Comparative Example B).

. Exanple 2
Preparation of (R)-0-Propyl-1l,3-benzodioxcle-~5-

methanamine hydrochloride (Ia)
20

26
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‘resulting solid is then isolate

“invention will become &bEt eIIth'(?'rP BenzPﬁé°’6‘?}urss¥1H[’“rt3f1]é‘dFBFF6%ng

Upon formation of |, it can be ad\/antageous to formits HC salt.

. Compound | -obtai ned after hydrogenation in the presence of palladi um on

. carbon can be dissolved in tol uene, i sopropyl al cohol or a mxture

: thereof and its HCl salt 5 precipitated.by addition of either aqueous HC
~or HA in | sopropyl al cohol. The ee of | can then be increased by
~recrystal i zat iagofdagdn | sopropyl al cohol and n-heptane. CTTUSPAIINGES, ON
HCL in ispropyl alcohol is added to a solution of I in toluene. The

features of the

descriptions of exeshiHighzene-REMRGiafkRé prdpathdaiarddidiag €®rstdpl Hsb£at i on

fo the invention Examﬁf@ Br@oR00dgbeNded(R-3)Dandi g d 'nﬂgothl@-f enf--15
EXAMPLES Exarrpl

| 1 Step a: 20
"Preparation PefFbXEpenzyianine wagqdisenlved, ip ethanol (6L) with Ra-Ni

butyl i dene] - a- Eet H?Ebgnmte-sﬂatfga)namndnhyd:(dgdn)ate@FatH)ayc for Shr and &dn
reaction flask with ea%%aﬁo§t450%heg ' WBLET me c4QIYSRSELs ﬂ']{tl =08 MLid et

2L additi on funnel, n%)er at y seguenti-a

(R=H) (1Kg, 5.2\ 2d gt *tﬁ%é’ﬁ&h(i °1R“( 15)\,’\16’1; n%? eo@ﬁ??ﬂlmlarﬁ%é ee&ems

6.35M, and t pddefyd &1 o€ 4d836nhcid JAMAVPAAALBOJSeY vacdxer(Rb@y) A

titaniun(lV) chl orrhd dgtehoaaé %%anubme& thebigi Bor\@Shr m:@@%@rﬂr@M

t hrough a 2L d|t| n 0 ti e _mai ntaining
he t enper a uPS. uARar AL FREAIYEE el SRES S EReed b Mine "F1 AT pad! o
addi tion was corrplcepéemtlf?é'-ed in reagaamobe ramed lywslung epdddigsqlyed in

tenperature for 1cbLuewsl (5L).t hede f&$ﬁﬁ&€b tsd1geDbh Evalst vhuMed Whithe d$kaomM th
vigorous stirring r € | t

filtered 35 throu | X%Iélaorfd Zif‘gﬂf shd wa?# (azgﬁtl gﬂ a rr]lgo(r)f%l ng‘ gl‘ﬁiﬂ—‘f&l )
and t he cake Was®Machd®) was %Puéﬁlfée 2pf a Ty fiefredol Filbpreaths
washed with cdtd tBeo NG @bl wddhell tinel csaa:teuwatbcl:dﬂlattoluenaaqaemum srilwet | on

(2x2L) . The sol ut kg8 YEKILADEEELAY]E7SPHUT which was relurried in isopropyl
23 alcohol (2L) and n-heptane (4L). The solid was filtered and
washed with n-heptane (2L) to give Ia (R=H) (391.1q,
99 . 1%ee).
20 '
EXAMPLE 3
gtep d:
Preparation of (R)-E-f-((1,3~benzodioxol-5-
ylnethylene)anino)hanzena—ethahol {VI) (R=0OR)
25
A solution of piperonal (2.3Kg), (p)-phenylglycinol
{2.1Kg),. and p-toluenesulfonic acid (2.5g) in toluene (13L)
was heated to reflux using a Dean-Stark trap. Water separated
-at once and continued to separate throughout the reaction
30 period. Once the theoretical amount of water was collected

{over three to four hours), the reaction was analyzed by 1lH-
NMR. The reaction mass was cooled to about 80 to 85 °C.
Heptane (8L) was added slowly, and the resulting solution
cooled further to 5-10 °C, and aged for about 1 hour.

35 - Precipitation was observed during the cooling period when the
temperature was around 60 °C. The product was isolated by
filtration and dried under vacuum at 50 to 55 °C to constant
weight, to provide 3.8Kg of VI (R=OH) (95%) as a highly

27
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WD 97/ 34887 PCT/ US97/ 03466 .

sul fate and concentrated in vacuumto give an oil (15249, 96. 2wt %

. yield 95% . Step b; 5 Preparation of

' [R-(R*, R*}-N-(1'-Phenyl ethyl -a-propyl - 1,

- 3-benzodi oxol e-5- et hananm ne (S) -a- .

' hydroxybenzeneaceta (I'Vb) (R=H) A slurry of |11 péfasdrnisséSOQg)
and Ra-Ni (wet?] WOSHSHF in 10 10L of ethanol was hydr ogenat ed by bubbl i ng
hydr ogen t hr ough at_rt for 5-16 hr and then at 50-60[err]C for another
Shr. The cat alEtabking sedidd oH-NMRdofadtad Marerial Hansflentical) to

. The filtrate was omaeceofrai esithyneid Glampag.to give |V as an oil (12809)
- which was then crystallized with S-mandelic acid 15 (836g, 5.5M in 6L
“acetonitrile. The solid was filtered and washed with 2L cold-
acetonitrile and 2L of cold heptane to  2%PRe®f\b (17849, 99.4wt % vyield
80%) . 5The stR¥emnratiomn £y (&) -Bt-dd (1 sdabenzpdiodobiShyl) -3~

procedures using dighfeehAl) aadilnd) benene/PtH, regareBdedl (¥ )og 91508)

pressures. Ethanol was used as solvent in all cases exce
wherein THF was used. The results are shown in Tabl e 1.
Tabl e 1: Stereosel ecti &i 2y ssflutidmenf eddythagmesium chleride in THF (9.4L)

?g;?') ysts L Tenp ggé[Nsaééd to a c@f'd scﬂﬁEﬁo%G(lO -15 9C) of VI (R=0HS' (3 cazxg)

10 in THF (9.5L drcpw1se over a period of about 2hrs. The rate
of addition was controlled to maintain the temperature below
30 9%C. The resulting mixture was aged for about 1.0 hr,
cooled to 5 to 10 °C, and quenched by slow addition to 30% ag
acetic acid (14L) while keeping the temperature below 30 OC.

15 The organic phase was separated and treated with 20% ag NaOH
solution, until the pH stabilized around 8. The layers were
'separated and the organic solution washed with 10% ag NaCl
solution and concentrated to an oil under reduced pressure
(89.5% de). To isolate as the tartrate salt, acetonitrile

20 (15L) was added followed by tartaric acid (1 eqg., 1.1Kg ).
The mixture was warmed to 50-55 9C, aged for about 1 hr., and
slowly cooled to ambient temperature over a period. of 2 to 4
hrs. After.aging for 1 to 2 hrs at this temperature, the
product was filtered, washed with acetonitrile (-10L) and

25 dried to constant weight under vacuum at 45-50 9C to yield
VII-tartrate salt (R<OH) (2.6Kg, 82%) as an off-white solid
(98.8% de).

aten £:
30 Preparation of (R)-0-Propyl-1l,3-benzodioxole-5-
methanamine hydrochloride (Ia)

A degassed solution of VIIa {R=OH) (2.5Kg) in methanol
(9L} and acetic acid (SL) was pressure-transferred to a
35 slurry of *wet* 10% palladium on carbon. {~50% water content,
0.8Kg) in methanol (9L} and acetic acid (4.5L). The
.resulting slurry was hydrogenated at 1 to 3 psi of hydrogen
and ambient temperature for a period of 48 hrs. Samples were
withdrawn for analysis. The pé:csbgress of the reaction is
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2 Ra- M 55 <1 89 3 Ra- Ni 0-25 <1 88

4 - Ra- Nir 25 & 65 <1 94 sSh at 25 & 5h at 65[err]C 5
Ra- Ni 23 & 70 150 91 6h at 23 & 14h at 70[err]C A Ra- Ni
25 50 75 B NaBH err] -40-25 - 50

24 ' WD 97/ 34887

- PCT/ US97/ 034660 97134387 C Pd/ C 25 <1 67 PCDUS97/0346Pd/ C
25 <1 8797 As can be seen, hydrogenating under high

pressure w thout t rature (Conparitive Exa A) causes
nore than t ws® %’I"'éec?g’é’sgg?gdl %‘fsré%%ee SEFOT (P %B'Bf%%g r‘gﬁ f‘ﬁ
~ present inventi oncakalysiliwasonemewas abEnehktratira- "Nid wiashed Svidiht nethenu;‘lc
. (Conpar ati've ExamaheScémisitédDri Dird¥aBHiere conceptpaied umebxaumilceaB) al so

resulted in 1058 Qressure de3! FLEAMS AL L parviciones BhERA EALAEISC DC

performed w thout on 0
of product due5to (#8) G dMapa; AL §riAnt-3H)so F'F%%%‘%HH&’%W%OI vent
needs. separated and basiAliledr natpl 6.3Sweph [B0% ag. Adapacatlzelodfin

[R- (R, RI]-N(1 h§ )% |
-1, 3- benzodi oxol e- hg ‘ﬂ%geq’mlgnbf 6\.(‘19\%7)%% g‘he layers e ﬁeﬁarat ? ﬁ’ﬁq
(15g) and Ra- N ( woe, aguenys iﬁyaﬂmﬁreﬂed W%Phaﬂmefwaésﬁydraa@nw@@nmder
hydr ogen (150psi ) oatjaiic fselubions wereawmssHdiewiah Z0¥ exy.] Ba¢br caaeibibsd 14hr.
;ge ggf alt y?)JI[’I 4t SI \t}hfovgéﬂte'ﬁ:@gleéf @ngo’f?élllﬂiou%émﬁﬂeﬂlwé@@ge}x L fa/e a
uti u
Preparati on of Sgpﬁ ' & FBAYLHT g gtgél in iscpropanol (1.1 egs.)
met hanam ne hydro@hbo#ddﬁﬁ §ﬂgy1y at such a rate to mantain the temperature
below 20°C. The resulting slurry was aged for 1 hr at ambient
temperature and then filtered. The solid was washed with
15 toluene and dried in a vacuum oven at 50 to 55 9 to constant
weight to provide 2.05Kg (82% yield) of I as a white, fluffy
solid with excellent enantiomeric purity (>99.5%ee) and wt$
assay (>98% by HPLC). '

20 Obviously, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within the
scope of the appended claims, the invention may be practiced
otherwise that as specifically described herein.

25

29
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25 i flask with overhead stirring, a di spersi on
t ube and almmm’“gﬁmsumll charged sequentially with of IV (R=H)
(17769), acetic aci aw * Pd/ C(10% (50% wat er) (450g), and et hanol

"(7L). Hydregen gas was bubbled 30 through for 24-26 hr with stirring and

‘the catal yst was then filtered off. The filtrate was concentrated in
vacuumto W{ﬁ]’ | ume and di ssolved in toluene (10L). Theq ;.M,g;?
sol uti on was was e7 4%9th 109%NaOH (1x1CL and | x5L) and water M?Sx L).
Ag.conc. HO (36-38% 450n. ) was then added and a 35 slurry forned.
Filtered the solid and washed the cake with

25 O BE_SECURED B)
"PCT/ US97/ 03466 LET®® H) (8739, 99.4 ee%
100wt % yield 96% . drtrons for step . c were
tested. The results of which are shown in Table 2 below. 5

Tabl e 2: Sterebselectdwrdoesentyt athieosynthesis ofeardompound of Formula I:
Condi ti ons Conver si on % Not e 1 Free base,

Et OH AcOH (8:1), 20 hr 100 NH, .

or stereoisomer or salt form thereof, . comprising:
(a) contacting a compound of Formula II:

o
10 II
with a chiral methylbenzylamine to form a compound of Formula
IIX:
_/R
| | ~rh
S0 I
III

or stereoisomer thereof, wherein R is selected from H, OH.and . ..

15 OCH3; .
(b) hydrogenating a compound of Formula III of
stereoisomer or salt form thereof in the presence of Ra-Ni to
form a compound of Formula IV: /R

H\ E/\ Ph

oo
v
20 or diastereomer or salt form thereof, wherein the
hydrogenation is performed under conditions selected from:
(bi) about 0.01-10 psi of hydrogen at one
temperature of from 0-100°C for about 2-30 hours or 10-3000

pPsi at one temperature of from 60 to 80°C for about 2-30

25 hours; or,
30

SUBSTITUTE SHEET (RULE 26)



Free base Et OH/ AcOH (3:1), 20 hr 100 3 Free base, EtOH, 20

2

hr Illl“ ll" ﬁree base, ACO—| 20 hr 82 5 _
Free base 20 hr EFHIS W=Y3) SE opi onic
acid/EtOH - (1:1) vand ;% goH (1:1), 21

L

hr 97.5 Free base, AcCH (2eq)/ 100 i 7 hr.
A Pd/ C (10% rINH err]/ MeCH, refl ux 100 par },bik,s”,o““
racem zation wo'ﬂgﬂﬁ’} HBr salt, AcOH/EtOH (1:1), 20 hr

Conpar ati ve Exanples A and wer e.perf th cond| t i ons
described by Bringnmann et al'®Fh By g &Jﬁgm%éhggf thﬁ%enﬁ%a BLERE 799.
As can be seen neitepterarurecfar aboupr%@edl%@& et @ verond Sefmperasutdigor
resul ting product amsut 2-2pdkdursl, | yhéa@ﬁrgtzedmﬁé‘aam&reabéyfg EBrappb e ghgan

extrenmely 15 | ow n rg

Example 2 éi}:?ee%acr ai%&#p%#@& %Q%m%%r %%%?%Zoﬁ%xol e-5-

net hanam ne hydr ochl orilgd W&sogmatmg a c°mp°und of Formula IV or 26
WO 97/ 34887 stereoisomer or salt form thereof in R&E/ piSSEn3466 .

(R -N-[1-(1, 3-Ben 5- vyl | e
met hyl benzene- rret anal%églémporﬁ/ep?)grge Xa%rgcg%dlkﬁiv?nt ﬁelec’ced from anl':‘ija‘f?ﬁ’l% 12
from 500g of |1 (FEARPoRMYLRBAFiM Bfdeqrpexylic acz%ﬁawmzypammm@

di ssolved in et haracd:.c’( @hd mixtduries- therdnf{ 2b60forma colptiing oEfnNsoksliz0aepat ed
at 23[err] C folp Shire2Rei b8y or saft RAxORhEFLd£ for another 5 hr. The

catalyst was filtered %Lfv1ded that the compound of Formula IV hydrogenated in

step c is not a hydrogen bromide salt.

2. A process according to Claim 1, wherein in step (a), the
15 chiral methylbenzylamine is R-o-methylbenzylamine, in step

{(b) R is H, and in step (c) R is H and the solvent is

selected from a Ci-3 alcohol, a Cz.4 carboxylic acid, and

mixtures thereof.

20 3. A process according to Claim 2, wherein hydrogenation
step (b) is performed under conditions (bi) under 0.01-10 psi
of hydrogen; and, '

hydrogenation step (c¢) is performed in a mixture of a Cl-
3 alcohol and a Cy.4 acid, wherein the alcohol and acid are
25 present in a ratio of from 30:1 to 1:10.

4. A process according to Claim 3, wherein hydrogenation
step (bi) is performed under 0.01-2 psi of hydrogen at a
- temperature of from 20 to 60°C for from 3-24 hours; and,
30 in hydrogenation step (c), the alcohol is selected from
methanol and ethanol, the acid is acetic.acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

S. A process according to Claim 4, wherein hydrogenation
35 step (bi) is performed under 0.01-1 psi of hydrogen at a
temperature selected from ambient temperature or 50 to 60°C
for from 3-12 hours; and,
hydrogenation step (c) is performed in ethanol and

acetic acid in a ratio of from 20:1 to 8:1.
31

BT



and wash 0 5L). To the ethanol solution was added 0.5L
of acetlﬁwm nuim !tﬂ 099 (50% wat er) (2509). The hydrogen gas was
bubbl ed t hroaght - wWith stirring 10 and the catal yst was then
filtered off. The filtrate was concentrated in vacuumto small vol une
and dissolved in toluene (5L). The toluene solution was washed with
109NaCH \%6%?:‘#3 gA |1 x2L) and water (2x1.5L). HO in isoppepyssrasaehol
(5-6N, 0.7L) was en added and a slurry forned. Filtered 15 the solid and
washed the cake with cold toluene (2L) to give the crude product (97.2
%e) which was relurried in isopropyl al cohol_ (2L) and n-heptane (4L).
The solid was fil6t-er 2PXARESS acc dtei E3pim Hep't’%‘h’?’f‘zt‘}’d{’?g?jﬁ?éq‘a ( R=H)
(391.1g, 99 st¥pe)bi Qs performed under 0.01-1 psi of hyf¥XAdéd Bt3a

step d: @{Qtl g tbdpSrenzodi leaP s '
yl met hyl ene) am n)c?e‘glgng%ne et Te@ ed éfghn%%% %p £Oﬁ,&é)stc‘):'l Utol on of
pi peronal (2. SKg)Eor( Eyom iy P‘}?ﬁ ingpd. (2.1Kg) and p-tol uenesul fonic
acid (2.5g9) in tol uenhyzﬂﬁdﬂe)-xatlon step Heat ksl gerfoohed xdinigiebanoDeand St ar k

trap. \ater separy @%Egc acidlinO ‘aﬁat%.%do‘fof‘fdnp%dlt foSg¢parate throughout the
reaction 30 perio Once t ﬁ oretical anount of water was collected
(over three to four hours), the reaction was analyzed by [err] H NVR.
The reacti on masg.wes momless accatiimyg 80 €lRi®6 3| evhéx@in in stamptlwiefEdh)

was added sl ol y, agd4t£tﬁx1%§u££é Nt aekdlbdibd on tEOUMUntUsE NBF ak@ 5- 10

[err]C, -and aged for about hour. 35 Precipitation was observed during
the cool i ng peri &FSFARN: the tenperature was around 60 [err]C. The
product was isol ated by filtration and dried under vacuumat 50 to 55
[err]C to constamt. a préicdal acéerdingvidectaitkag, Oifzhé&el(nRim-&té;QS(%) abowt
hi ghl y ; £V 9L 34884

PCT/ US97/ 03466 2 STEVIASALF PFPES base?e‘?‘?fﬁe une oty die Hiktent .

i dentical tol3 t hat of an authentic sanple.
9. A process according to Claim 2, wherein hydrogenation

step (b) is performed under conditions (bi) under 10-1000 psi
hydrogen at a r;emperature of from 60 to 80'C for from 3-24
hours.

20 .
10. A process according to Claim 9, wherein hydrogenation
step (bi) is performed under 50-500 psi hydrogen.

11. A process according to Claim 1, wherein hydrogenation
25 step (b) is performed under conditions _(bii); and,
hydrogenation step (c) is performed in a mixture of a Ci-
3 alcohol and a Ca-4 é.cid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

| 30 12. A process according to Claim 11, wherein hydrogenation |

step (bii) is performed under from 50-500 psi of hydrogen at

a first temperature of from 20-30°C for about 3-6 hours and a

second temperature of from 60-80°C for about 6-18 hours; and,

in hydrogenation step (c), the alcohol is selected from

35 methanol and ethanol, the acid is acetic acid, and the ratio
of alcohol to acid is from 30:1 to 1:1.

13. A process according to Claim 12, wherein hydrogenation
//_gt:,ep,Jbii) is performed under from 50-500 psi of hydrogen at

J— 32
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step e: aration of (R)-[err]-(((1, 3-benzodi oxol -5-yl)-3-
butenyl) Mﬂ@ hanol tartrat
sol ution o chloride in T
solution (40-15 [err]C) of VI (R=OH) (2.0RKg) REPLARERHE 5L) dropw se
over a period of about 2hrs. The rate M Was controlled to
mai ntai n t he t igpeimagssr e bel ow 30 [err] C. The resulting mMCTIUSYR03YGS
aged for about 1.0 hr, cooled to 5 to 10 [err]C, and quenched by sl ow
addition to 30% aQa flrsaceérh;fer%@.hge d £l Frbm\d 1 R ‘e @B Nghduie sLEMRKIAL htago%/
0

bel ow 30 [err]C ani.c_ph ted nd trea

ag NaOH = sol ut | on.C |E i atur% afe%_o géd‘“ Siite °“1"'hé‘% gg}?%re
separated ‘and t he adﬁganl c solution washed with 10% aq NaCl sol ution and
concentrated to an oi | idnApdrdgRaAEeesh HRESYER, the @880RdD d) sei&ﬂeﬁ)'f%xﬂ as

the tartrat It | dd foll t
ac?d ?;_ ;3 € ?_%1Kg %Qf'éé]d e%h%?ol(:lt%e) aé’:\@é N ?gt Q Qﬁeﬁ¥ét}lae;§géigor

about .1 hr. and §P-6%1‘§f1 dGoreid tis a‘-ﬁﬁF‘eﬁQ ltél?péFéture over a period of 2
to 4 hrs. After aging for 1 to 2 hrs at this tenperature, the

product was filtengd, yashedow b ar”kgn{:&"(‘g.a?m( 1%0'\):dhea;c%q.n\ﬁ¥ d!&ﬁ‘g’égﬂsm ¢

const ant wei ght under \(ag:uum at 4
(REOH) (2.6Kg, 82%°Rs Bt Rﬁ?i%ﬂ“séi Pader fregﬁléﬂr%% psi of(wydrogen at
Preparati on ofti0 (R) faxfr dw@eta&mmdhokmaboﬁt ambient temperature for

met hanan ne hydroghlQti fie 4, @) or hou s axﬁi%.eggéég‘cg 2 lé&:éetﬂ:eo £VELGn

(REOH) (2.5Kg) in a acetic acl
pressure-transferr HB? gag%rSabg\gﬁricS/ 611'"?7%1'1310%pa?‘[ adi B?r\“c')‘-h @Rfpon (-50%
wat er content, 0. Shyfdrdgenatiomasiep( 9¢) Eadbeafermed dai dthandil andThe

resulting slurry waestiyddigenat &kaiolok OfronP 2 : 0f edygnggen and anbi ent
t enperature fgg a period of 48 hrs. Sanples were w t hdrawn for

anal ysis. The proq_r ess of the reaction is
28 A process according to Claim 13, wherein hydrogenation

A 2M
THES GHEET ¢ HASREENlded to a col d

g

step {bii) is performed under from 100-300 psi of hydrogen at
a fi;st temperature which is about ambient temperature for
about 3, 4, 5, or 6 hours and a second temperature of from
20 65-75'C for about 10, 11, 12, 13, 14, or 15 hours; and,
hydrogenation step (c¢) is performed in methanol and
acetic acid in a ratio of from 20:1 to 8:1.

o 16_._ A process according to Claim 11; wherein in step (c’
25 about 1 to 4 equivalents of acid based on the amount of IV
are present.

17. A process according to Claim 11, wherein in step (c)
_ about 2 equivalents of acid based on the amount of IV are
30 present.

18. A process for the synthesis of a compound of Formula I:

NHz

S

I
35 or stereoisomer or salt thereof, comprising:
(d) contacting a compound of Formula V:

- 33
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fol | owed reacti on was conpl etz:ﬁgﬁ?ﬁmat al yst
was rem)vﬂmnu lﬂlmﬂﬂﬂ Iﬂmand washed wi th net hawér SHEET K8 Bﬁﬁnsbl[ned
filtrates Wwer®e don®ensrated under reduced fsmpsstﬂE@’—ﬁ@E@ reS| ue which

was partitioned between toluene 5 (4L) and 1N ag. HCI Sormt(t=5ty. The
aqueous phase yWgg-34g87 SEParated and basified to pH 13 w th 3kSiresyrediesH
solution in T’le presence of toluene (7L). The layers were separated and
t he agqueous | ayer extracted w th tol uene (SL) &he conbi ned organic

sol utions were washed with 20% aq. Nad, lgl 10 through a Celite
pad. The tol uene solution was then cool(ed to 10-15 [err]C and a
solution of 6N HCl in isopropanol (1.1 e was added slowly at such a
rate to mantain the tenperature bel ow 2@[err]C The resulting slurry
was aged for 1 hr.. { d f . | d
was washed with %}'t %F%é%laﬁ‘ﬁt#@%&?%&gh\%?& %B%Sgih éao'%'b gﬁoo%ggf@gﬁ C
t o constant Wdisght to provide 2.05Kg (82% y%el d) of I as a white,
fluffy solid with excellent enantioneric pu |ty (>99. 5%e) and W%
assay (>98% by HPLC). 20 Qovi ousl y, nu@bﬂ% nodi fications and
vari ations of the present inventi o ) --g ble in |ight of the above
teachings. It is therefore to be under t that within the scope of
the appended cl ains, the invention may ®%e~racticed ot herwi se that as
speci fi cal |y descri bed herein. 25 VI

5 or stereoisomer or salt form thereof, wherein R is H, OH, or
OCH3;
{e) contacting the compound of Formula VI orxr
stereoisomer or salt forxﬁ thereof with a_.llylmag’nesium bromide

to form a compound of Formula VII:

Ph
He _~—-R
<w/:\/\

10 vII
| or diastereocisomer or salt form thereof, wherein R is H, OH,
or OCH3z and the diastereomeric excess obtained is at least
75%; and,
' (£) hydrogenating a compound of Formula VII or
15 diastereomer or salt form thereof in the presence of
palladium on carbon in a Ci-3 alcchol and a Cz-4 carboxylic
acid to form a compound of Formula I or stereoisomer or salt
form thereof;
provided that a cerium reagent is not present in step

20 (e).

19. A process according to Claim 18, wherein the chiral
methylbenzylamine in step (d) is S-phenyl glycinol and R is
OH in steps (e) and (£f).

25 _
20. A process according to Claim 19, wherein in step (e) the
diastereomeric excess obtained is at least 85%; and,

\\\h
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PCT/ uso7/ T | S CLAI MED AS NEWA TESISREST T @E RED ‘BY
LETTER PAWW MHW ATES | S: 5 1. A irocessffef‘f‘@ hesi s
0

of a conpouwndc m———— [err]

or stereoisoner or salt _form t hereof, conpri sing: (a) contacting
a conpound’ of oo r1dsas | : P(TAISE1/03466 10
with a chiral nethyl benzylam ne to forma conpound of Fornul a [
[err] in step (f) the alcohol is selected from methanol and

ethanol and the acid is acetic acid and the ratio of alcchol
~ to acid is from 10:1 to 1:10. '

S 21. A process according to Claim 20, wherein in step (e) the
diastereomeric excess obtained is at least 90%; and,
in step (f) the alcochol is ethanol and the.ratio of .
alcohol to acid is from 10:1 to 1:1. '

10 22. A process according to Claim 20, wherein in step (e) the

diastereomeric excess obtained is at least 90%; and,
in step (f) the alcohol is methanol and the ratio of

alcohol to acid is from 10:1 to 1:1.

15 23. A process according to Claim 19, wherein tetrahydrofurah
is used as solvent in step (e).

24. A compound of formula IV:

-»ll\

H\ N/\Ph

| <::[ ]’v =

v
20 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.
25. A compound according to Claim 24, wherein R is H.

25 . 26. A compound according to Claim 25, wherein the compound
‘of formula IV is in the mandelic acid salt form.

27. A compound of formula VII:

VII
30 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.
35
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or stereoisomer thereof, wherein Ris sel ected from H, OH-=A 15 OCHS;

gg? mh%/ﬂreﬂgnmn “F“ﬁ“mmgg 8; Egr m“ ?Ol 3 e—ge\m\sﬁﬁ’?& or salt

nggogmd 0 ormula IV:
[err] * 90 'or "di dstereomer or salt formi
hydr ogenation is perforned under conditions sé
(bi) about 0. Qlx i of hydrogen at one t enper at ur e of pdyinsadkaddd0 C
for about 2-3 ours or 10-3000 psi at one tenperature-of from®60 to
80[err]C for about 2-30 25 hours; or, _ 30
31 WD 97/ 34887 . ) PCT/ US97/ 03466 -
(bii) about 0.0128p0@ serrernd)\AFCEgERPattn Fai® 27, wheZfiR Btis 8Hf or about

2-8 hours ‘and a second tenperature for about 2-24 hours, the first

tenperature bein fr%nc%mﬁi.zau&o af.in to tdislﬁeﬁs)n%te%gmr&eu BmP&pg from

50-100[err] C, _an ro enatln a cp li FormuTa TV or
stereoi somer dr 8| formala he peArar 8n§‘é1%?sa £ f‘b’a‘l‘l adi um on
carbon and a sol vent selected froman al cohol, a carboxylic acid, a

di carboxylic acid, an aromatic carboxylic acid and mxtures thereof to
forma conmpound of Fornmula | or 10 stereoisoner or salt formthereof;

36
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provi ded that the compound of Formula IV hydro REBLAGEMENT SHEE'E

.a hydroge‘m“ﬁ?sal—t—\ 2. A process acg¢ogding to Crarm 1} wherein

e Y ,I"f I am;w Ctep (0) R io Hand R’@éﬁﬁlﬁwn y "o ect od

froma C[err

process accordln

Hh C IS not

n

err] carboxylic acid, es thereof:
20 3. A process according to Caim2, wherein ydrogenatlon step (b)
performed under conditions (bi) under 10-1000 psi nydrogen a

tenperature of fro Q‘%to 80[err]C for from 3-24 hours,,cr,us,a,'au“4 A

ai m 3, wherein hydrogenation step (bi) is

performed under 50-500 psi hy g{ gagon% 0.01-3008 pi ggq&g§§ge§,cgprdkm to C ai

1, wherein hydrogenation
and, 30 hydr SGERFARTHT E¥% 5‘(‘&')

DL b Sghet (Berea dndP ccndL Lops, (01 1)

'S

m

3rC[err]

al cohol and a (O er PPowcRtR4 Wptensei Fhe Kareh ésmraawaa BE’r't? Erop 0-357Grandknt in
a ratio of from 30the tsecdndl Gemperaturebbeiny frax 88s10C€ording to Claim 5.

wher ei n hydrogesation 32) 1keggehtigg aScqpbint wEdFatmdes Tr@m 50- 500 psi

of

hydr ogen at a ghggfé%&[r;ge%fg?{@ fg%mf%&gégfoigog[@rﬁ,}geﬁfg oabout 3-6 hou(rjs
u [ oMy urs; an
a(d oPhcaern aﬁ‘ol 9 soq.[rgr}ftr ]s.glécf(%]pd %g},{ an ai‘%ﬁx@?

and a second tenpe
i n hydrogenation sP&p

et hanol, the acid 8%

%°é‘§ i agtd g2 %ﬁ?&r’t’?@"‘ﬁ‘étﬁ‘% o 6‘F°‘“§Fb%l‘f8fb‘i’%flh“m d | s

from 30; 1 to 1:1. acid and mixtures thereofj(yog¥pry gggompound of Formula I or 32
,PCT/ US97/ 03466 10 stereoisomer or salt form thereof;

ﬁrovided that the compound of Formula IV hydrogenated in

step ¢ is not a hydrogen bromide salt.

2.

A process according to Claim 1, wherein in step (a). the

15 chiral methylbenzylamine is R--methylbenzylamine, in step

{(b) R is H, and in step (c) R is H and the solvent is
selected from a Cj3-3 alcohol, a Ca.4 carboxylic acid, and

mixtures thereof.

20 3.

A process according to Claim 2, wherein hydrogenation

step (b) is performed under cond:.t:.ons (bi) under 10-1000 psi
hydrogen at a temperature of from 60 to 80°C for from 3-24
hours.

25 . 4.

A process acéording to Claim 3, wherein hydrogenation

step (bi) is performed under 50-500 psi hydrogen.

5.

A process according to Claim 1, wherein hydrogenation

step (b) is performed under conditions (bii); and,

30

hydrogenation step {(c) is performed in a mixture of a Ci-

3 alcohol and a Cz-¢4 acid, wherein the alcohol and acid are

present in a ratio of from 30:1 to 1:10.

6.

A process according to Claim 5, wherein hydrogenat:ion'

35 step (bii) is performed under from 50-500 psi of hydrogen at
a first temperature of from 20-30°C for about 3-6 hours and a
second temperature of from 60-80°C for about 6-18 hours; and,

in hydrogenation step (c¢), the alcohol is selected from

methanol and ethanol, the acid is acetic acid., and the ratio

of

alcohol to acid is from 30:1 to 1:1.



-_— ] - .T' - . .
7. A rocess according to Claim6, wherein hydrog MEMENT SHEE tep
(bii), pl) 'M”"mnmm rom 50-500 psi of hydrogen at alfirst
terrperatu & err] C for about 3-6 hourfs jan® ZAU second
SAUG 1599

t enperature of ftorft 60- 88[err] C for about 10-15 hdurs; ndl,

I n hydrogenation step (c), the alcohol is selecteq from t hanol
and ethanol, the acid is acetic acid, and the rati of al cohol
to acid is from3Q, 1 1Q.1:1. 832 A process accopgingr4i9sC ai m
7, wherein hydrogenatlon step (bii) is performed under from
100- 300 psi of hydrogen at 10 a fi rst terrperature whi ch i s about

anbi ent tenperature for bout s and,a second

or
tenperature of from’'® ® Process gecoseing rth?JTadF' asdoﬁ?erfbnq?frﬁei‘at , 14, or
15 hours; and, step (bii) is PRYEATHER AP EFER 9509 PFY ﬁfehmoﬁﬁa I

et hanol and a facet tewacathrenof fram i29-3F°Cf formaPoutc] 3+® hguds and a

15 9. A peo&aRS temrateblanat tfrofl 60-80 6 fuh about 10yTE agaat | on
step (bii) is perforpggd, under from 100- 300 psi of hydrogen at a
first tenperature whi ch’ IS abou ?@ n ergtu about
3, 4, 5, or 6 hours and a sg%%r?g Sé rgBof Efcohgi is 561“5%(17% rr]C
for about 10, 11, 12me&13ano}4§ndofatliasx d:Ls acet:.c acid, and the ratio .
hydr ogenati on step (@f ¢]§°b%¥ ftor aeid H’l fﬁfewﬁ&nélt%hdl acetic acid
inaratio of from20:1 to 8:1. © 10. A process according to

Caim5 , wherein in8&tep pEdcess acco2®ingdbdthain t §, AhRaelinyBy&RbenfioaCi d
based on the anpunt Qﬁ:ezL (bu) is perforfdd ulidaS 8fm 100-300 psi of hy%x]ogeé‘ at
process accor di ng,t o D ste Lmblent Sfﬁperatgre%

equi val ents of ag"lod Bas e © ée"fgﬁragure ‘Qfm

12. A process for th&enphedi oo § ’&%’r‘?ﬁdﬂ}‘?dao‘?ec%‘? ﬁﬁi“%erlat“re PE fxpm

35 or stereoi somer @B-ZHCt ferhepewf 10cddpridi ddy: 14, or 15 bours; and,
hydrogenation step (c) is performed in ethanol and

acetic acid in a ratio of from 20:1 to 8:1.
15
9. A process according to Claim 7, wherein hydrogenation
step (bii) is performed under from 100-300 psi of hydrogen at
a first temperature which is about ambient temperature for
about 3, 4, 5, or & hours and a second temperature of from
20 65-75°C for about 10, 11, 12, 13, 14, or 15 hours; and,
hydrogenation step {(¢) is perfdrmed in methanol and
acetic acid in a ratio of from 20:1 to 8:1l.

10. A process according to Claim 5 , wherein in step (c)
25 about 1 to 4 equivalents of acid based on the amcunt of IV
are present.

11. A process according to Claim 5., wherein in step (c)
about 2 equivalents of acid based on the amount of IV are
30 present.

12. A process for the synthesis of a compound of Formula I:

B,

o

I
35 or stereoisomer or salt thereof, comprising:
{d) contacting a compound of Formula V:



(d) contactimg a conpound of ' For ful a V: REPLACEMENT SHEET

ﬁ%%ﬂﬂmm I .

‘ PCT/ WS97/.03466 [err]
@nz ‘ amne to forma conmpound ¢f &&&@33999 VI

[err] or stere0| sonmer or salt formithereof, whereih Ris H
OH, or OCH[err]; (e) contlacting the conpoupd of
Formula VI or st ereoi somer or salt formkthereof—wt+h—

al I yl magnesi um br om de to forma c@&mpound of Formula VII:

[err] 9734887 or di astereoi somer or salt fopdpdsirdaef .
wherein Ris H, ! or OCH err] and the diastereoneric excess
~obtained is at |east 75% and, o (f) hydrogenating
;a conpound of Formula VII or H

<

v
with a chiral methylbenzylamine to form a compound of Formula

VI:
gh
N/E\’R
1
oo
vI
8 or stereoisomer or salt form thereof, wherein R is H, OH, or
OCH3;

{e) contacting the compound of Formula VI or
stereocisomer or salt form thereof with allylmagnesium bromide
to form a compound of Formula VII:

10 viI
or diastereoisomer or salt form thereof, wherein R is H, OH,
or OCH3 and the diastereomeric excess obtained is at least
“75%; and,
(f) hydrogenating a compound of Formula VII or
15 -diastereomer or salt form thereof in the presence of
palladium on carbon in a Ci.3 alcohol and a Cz-4 carboxylic
acid to form a compound of Formula I or stereoisomer or salt
form thexeof;
providéd that a cerium reagent is not present in step
20 (e).

13. A process according to Claim 12, wherein the chiral
methylbenzylamine in step (d) is S-phenyl glycinol and R is
OH in steps (e) and (£).

25
'14. A process according to Claim 13, wherein in step (e) the
diastereomeric excess obtained is at least 85%; and, '



15 di astereoner ord—s:atllt’formthereof I n the presence of

pal | adi um rr] al cohol and a ( ej
;acid’to fo?ﬂlm mummmﬁornul a | or stereoisohe

t her eof ; " Sprdvided that a ceriumrg I s not~

step 20 (e). 13. A process acgordi agAg q?@& ]
wherein the chiral nmet hyl benzyl am ne ifnfstep ( ? Sip enyI
glycinol and Ris OHin steps (e) andj(f). - '

.14. A process according to Caim13, wherein in

.di astereoneric exgesseebtained is at | east 85% and “TTUS9Ha
|34 WO 97/ 34887 PCT/ us9o7/ 02166

in step (f) the al cohol ihsstepl efit ede faleohdIetfiaedbcasdd from methanaDlanand t he
acid is acetic aci de@mhol honar ahd @Qcod i8| £QhOL acia 4 @k FatsHo bEOMIAoL tO

;1: 10. 5 15. A pLoGRSS ACERLHhet ttg i3 m 14, wherein in step (e) the
'di ast ereoneric excess obtained 1s at |east 90% and, in step (f)

the al cohol is ethanol and the ratio of al cohol to acid is from10:1 to
1:1. 10 16. A pRdredsPEacEst FeRLFABI oaftaitvyld wbeegdin ih sserple) edhet he

di ast ereoneri c excegiassreamesiic iexcess betaine®(% atd@ast 90%; and,in step (f)

t he al cohol is nethanol ianskephefir 8hé @iodhol is althatudl ahd theikeis Jgrom 10: 1

to 1:1. 15 17. Aipmecassaairesdiig 101Qaim 13, wherein tetrahydrofuran

10 16. A process according to Claim 14, wherein in step (e) the
diasterecmeric excess obtained is at least 90%; and,
in step (f) the alcohol is methanol and the ratio of
alcohol to acid is from 10:1 to 1:1.

15 17. A process according to Claim 13, wherein tetrahydrofuran
is used as solvent in step (e).

18. A compound of formula IV:

./R

H\N/.\ph

oy

1v
20 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.

19. A compound according to Claim 18, wherein R is H.

25 20. A compound according to Claim 19, wherein the compound
of formula IV is in the mandelic acid salt form.

21. A compound of formula VII:
ph

H‘N_/:\,R

<] :IE"\\

vII
30 wherein R is selected from H, OH, and OCH3, or stereoisomers

or salt forms thereof.



(W

oy

|s used as sq,\LgﬂL_l—n——s%Efp’(e) - 18. A conpo W@EN‘T :
. - S--6

—20 wherein selected fromH OH a ; L0} soner s
or salt f m“mu m& 19. A conmpound accordlimg to C aim 18} hherein
Ris H mﬂ nd according to Claim 9 v @rAliGh 19%% Etohpound
of formula V<is‘1nthe mandelic acid salt form 21. A conmppupd of
formula VII: [err] 30 wherein Ris selectedd fromH OH and
OCH err], or stereoisoners or salt forns thereaof WO

97/ 34887 WO 97134887 35 35 PCT/ USQ7/ @GHBGB103466

22. A compound according to Claim 21, wherein R is OH.

23. A compound according to Claim 22, wherein the compound

5 of formula VII is in the tartaric acid salt form.



22. A conpound \accordi ng to Caim2l, wherein Ris CH !g& ound
according to Caim22, wherein the conpound 5 of fornula W |n6t%e

tartaric acid salt form
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