"WO 01/41743 1 ~NEW (AM NOPROPYL) METHYLPHOSPHI NI C ACIDS Field of th@ g jyN 2004

i nventi on™8 %454/ 2004 PCT/ SEOD) 02417 5 The present i nvenhEeREhds s at ed

~to novel conpounds having affinity to one or nore GABAB receptors, as well
"as to their pharmaceutically acceptable salts, solvates and stereoisoners.
The invention is also related to prockesses for their preparation,

- pharmaceutical conpositions containing said therapeutically active

conpounds and to the wuse of said active conpounds in therapy. Back round

and pr NEwarhM NG refl ux disease (GORD) is the nost
preval ent ggg/ér ga%%ﬁﬁéﬁﬁgﬁﬁ&%%ﬁ%ase Current th h erapy as
ai nmed at reducing gastric acid secretion, or at reducing oesophageal acid
exposure enhanci ng oesophageal cl earance, |ower oesophageal sphincter
t one akgl—‘gm ying. The mmj or nechani sm behind reflux has earlier
been considered to depend on a hypotonic | ower oesophageal sphincter.
However recent research (e.g. Holloway & Dent (1990) Gastroenterol. Cin.

N, ﬁmhcﬂr?.scn@ﬁ%ﬁﬁér) ﬁr}gﬁt shown that nost reflux episodes occur during

transi ent’ | ower oesaphagest €AY HECaPouRes kaving affivity heowi orahter referred to

as TLGBRBAR eceptetsaxaiel0AST irbhl swal Llows. It has al so been
shown tthat. gast r,_ia;: acid segr}gt&ir%)ﬁhrglga&g fhi)!sa%e&ar% s3lts, spdyatesand with CORD.
Cons e (fiREARIFgMers hEesinventimie elio frélate@ QFBRILR &l ce the incidence of
TLOSR iﬁgd 15 .t hereby prevent refl uxd.gBA p%? #gég%}{ F%g%ﬂragfﬁﬂ'posi tion

.conpr i Hﬁa"éuﬁ‘%&PmBﬂ%@@feﬂr\f@tﬂimmngdaiﬁtthadapmicmw Rittve @b ahd O gft t he | ower
oesophaggepl @Emv%tc%ﬁtpi S %i.sc*]osed in WO 87/04077 and in US 5, (% lbqs?
Recent |y GABAB: T 8coptrQP G BAI<eRY-have been shown to inhibit TLOSR as

di'scl osed in 30 WD 98/11885. 0 9 JUN 2004 WO 01/41743

Background and prior art

Reflux

Gastro-oesophageal reflux disease (GORD) is the most prevalent upper gastrointestinal

15 tract disgasc. Current therapy has aimed at reducing gastric acid secretion. or at reducing
oesophageal acid exposure by enhancing oesophageal clearance, lower oesophageal
sphincter tone and gastric emptying. The major mechanism behind reflux has earlier been
considered to depend on 2 h ypotonic lower oesophageal sphincter. However recent

! research (e.g. Holloway & Deny (] 990) Gastroenterol. Clin. N. Amer. ] 9 577-535) has

2r shown that most reflux episodes occur during transient lower oesophageal sphincter
relaxations, hereinafter referred to ag TLOSR, i.e. relaxations not tri ggered by swallows. It

has also been shown that gastric acid secretion usually is normal in patients with GORD

Consequently, there is a need for compounds which reduce the incidence of TLOSR and

25 thereby prevent reflux.

A pharmaceutical composition comprising a local anaesthetic, adapted to inhibit relaxation
of the lower oesophageal sphicter is disclosed in WO 87/04077 and in US 5,036,057.
Recently GABAg-receptor agonists have been shown to inhibit TLOSR, as disclosed in

30 WO 98/11885.



" GABAB receptor agonists PCT/ SEOQ 02427 GABA (4- ami nobut anoic acid) Gi$ AN 2004

endogenowworedimpransmtter in the central and 5 peripheral nervous

~ systems. Receptors for GABA have traditionally been divi deddT/SE®0/0fBAA and
GABAB receptor subtypes. GABAB receptors belong to the superfamly of

G protein coupled receptors. GABAB regeptor agonists are being described as

being of use in the treatnment of CNS disorders, such as mnuscle relaxation

in spinal spasticity, cardiovascular disorders, asthma, gut notility

di sorders such as. irritable bowel syndrone (IBS) and as prokinetic and

anti-tussive agents. GABAB receptor agonists have al so been disclosed as

usef ul g B be tnment of enmesis (WD 96/11680) and recently, as nentioned
above, in tie“%'??é’gfg?’ﬁ’ﬁ of TLOSR (WD 98/11885). The nost st udi ed GABAB

‘receptor agonist is baclofen (4-am no-3-(chlorophenyl)butanoic is acid)
disclosed in the Swi ss patent No. CH 449, 046. Bacl ofen has for several

years OEBA sathifsbiddhoiidigPash ent. EP 0356128 describes the use of
thgS spechfg{gc%conpound (3- laﬁgﬁgﬁﬁgg WHLPHIPBASSYHEhindheicérdral asd a  pot ent
GABAB PERESI0negun sgttems. iRecbeioadtsr GAR . .di scl pses _substituted

3-am QSR%E‘?‘&]&S&%W c aci ds'Q whi ch ar eA?%E%ﬁi?'gOH%\i’égee\?éjr'vdFﬁgﬁoaff_i nities
t owar ds BICEPIAESublypea (A BYY rbee Ibgfoe@,tom’éesugg mOHndf can be
used ag-prdfeid pcracrﬁc scl el axants. EP 0399949 di'scl ose ert¥8tives of
(3- am nopropyl J met hyTPEHSsPATHME TSSEPIaT agrrdsts arcchedhes descHbel 25beiey Siftfse GABAB

r eceptiftthe @gemest §¢ CNH¢ ounds arg stated to be useful as nuscle
rel axants. EP 0463969 aﬁ%r%%g%ﬂ%ﬁ@%é?éﬂlﬁ’b%twnapgpin@bmmtyr elated to

4- ami serslioasoilar dicoidertehdtNRhL] M@ i {fferent . heterocyclic
at the 3-carbon of ﬁﬂgl\f%gﬁﬁde&%ﬁc Asggrtahle hpwebgnidramey

substi nt

rel at i(%drrg)rﬁ“as‘f‘s PEOKGREtiCRNGl anlti- ik s g antC @cmﬂga@@épp&tb%ém StV L $E8§Ctn to their:
af fi nidfsicﬁﬁeégsﬁs@? GABAB receptor as well as their scl'e ‘refaxaft” ef f ect
are discussed P Y resv@ant ¢frows)s, (Y89, 96201580) 3d Aocedde ag%ﬁhb'fégon in

[ u be

sai d aﬂsd\jeglrﬁthis$nﬂig%{%?ﬁqgﬁ%@ﬂ8¢/tlrlgég.er muscle rel axation co

achieved with the -enan
3-am no- 2- hydr oxy- pr opyl net hyl phosphinic acid than with bacl of en and
vvithOJr]lE}E_et he occurrence of unwanted CNS effects. 30 WO 01/41743 Qutline of

the | Mesioiudged GABAR receptor agonist is baclofen (4-arnin0-3-(chlorophcnyl)butanoic
15 acid) disclosed in the Swiss patent No. CH 449,046. Baclofen has for several years been
used as an antispastic agent. EP 0356128 describes the use of the specific compound (3-
aminopropyl)mcthylphosphinic acid, as a potent GABAB'reccptor agonist, in therapy. EP

0181833 discloses substituted 3-aminopropyliphosphinic acids which are found to have
very high affinities towards GABAg receptor sites. In analogy to baclofen, the compounds
bi can be used as for instance muscle relaxants. EP 0399949 discloses dertvatives of (3-
aminopropyI)rnethylphOSphinic acid which are described as potent GABAj receptor
agonists. Thc§c compounds are stated to be useful as muscle relaxants. EP 0463969 and FR
2722192 are both applications related to 4-aminobutanoic acid derivatives having different
heterocyclic substituents at the 3-carbon of the butyl chain. Structure-activity relationships
25 of several phosphinic acid analogues with respect to their affinities to the CABAB receptor
as well as their muscle relaxant effect are discussed in J Med. Chem. (1995), 38, 3297-
3312. The conclusion in said article is that considerably stronger muscle relaxation could
be achieved with the (S)-enantiomer of 3—amin0-2-hydroxy—propylmethylphosphinic acid

than with baclofen and without the occurrence of unwanted CNS effects

30



“The present invention provides novel compounds of the formula | 0 I RJUN 2004
11 R N PYW@&O[/#I35 R3 wherein OH R, represents hydrogen, %lt/?%% | ower
~al kyl, lower alkoxy or halogen: 0 9 JUN 2004 PCT/ SEGD 02 B4
represents hydroxy, nercapto, hal ogen or an oxo group; R3 represents
hydrogen or |ower al kyl (optionally substituted with hydroxy, nercapto,
| ower al koxy, aryl or |ower thioal koxy); is R4 represents hydrogen, |ower
al kyl (optionally substituted with aryl) or aryl; R5 represents nethyl,
fl uor og_gpméldpldi I1‘nlvuor.om3t hyl or trifluorornmethyl; and pharnmaceutically
accept ; I$fht es and the stereoi somers thereof, za with the
exceptions of j) the racemate of (3-am no-2-hydroxypropyl)nethyl phosphinic
acid, 25 ii) (S)-(3-am no-2-hydroxypropyl)nethyl phosphinic acid, iii)
(R) - ( SFlenpragen? ihWeaFiox I t jnic acid 0 cj OLIN 2004 WO
01/ 41741?;;%“ SE00/ 024 ?”ﬁ@?év‘%f’qa BEFIRIPEY B fois'
. (3-am no- 2- hydr oxypr opyl ) di fl uor onet hyl phosphi ni ¢ acid, and v)
(3-am no- 2- oxopr opyl ) met hyl phosphinic acid. 5 Preferrably the conmpound is
one of (3-am no-2-fluoropidopyl)|(nethyl)phosphinic acid,
(2R) - (3-am no- 2-fl uor Oﬁ thylpphqqsphi ni c a(cj , (2S)-(3-am no-2-
fl uoropropyl) (net hyl) phdsphiphic a d’\OF-I?’- am no- 2-fl uoro-1 -

R, R,

5

wherein

R| represents hydrogen, hydroxy, lower alkyl, lower alkoxy or halogen;
10 Rjprepresents hydroxy, mercapto, halogen or an oxo group;

R3 represents hydrogen or lower alkyl (optionally subétituted with hydroxy, mercapto

lower alkoxy, aryl or lower thioalkoxy);

ts R4 represents hydrogen, lower alkyl (optionally substituted with aryl) or aryl;
Rs rcprcsaﬁts methyl, fluoromethyl, difluoromethyl or trifluorormethyl;
and pharmaceutically acceptable salts, solvates and the stereoisomers thereof,

20

with the exceptions of:
1) the racemate of (3—amino-2-hydroxypropyl)mcthylphosphinic acid,
25 Qi) (S)-(3—amino—2-hydroxypropyl)methy]phosphinic acid,

i} (R)-(3—amino—2-hydroxypropyl)mcthylphosphinic acid,



" met hyl propyl ) (et hyl ) phosphi nic acid or pharmaceutically acceptable §@IQ@M 200k
solvates‘g (ﬁﬂ?nsis stereoi soners thereof. Wthin the scope of the Yo
~invention, it 1s to be understood that when R is an oxo gPEE{EE42Dbond
between R-, and the carbon is a double bond. 1s Furthernore, within the
scope of the invention, it is to be ynderstood by "lower" radicals and
conpounds, for exanple, those having up to and including 7, especially up
to and including 4, carbon atonms. Al so the general ternms have the
foll owi ng neani ngs: Lower alkyl is, for exanple, C -C4 al kyl, such as
met hyl, ethyl, n-propyl or n-butyl, also isopropyl, isobutyl, secondary
butyl or tertiary butyl, but may also be a C5-C7 al kyl group such as a
pent yItY) ké&aplingR-elsexypromadifludrometh yidhlseptinicsacid, aid exanpl e, C - C4 al koxy,
such as net hoxy, ethoxy, n-propoxy or n- butoxy, also isopropoxy,
i sobut oxy, secondary butoxy or tertiary butoxy, but may also be a zs C5-C7
al Koxy,y GFOYRy: n SHIC ent ,_hexoxy or heptoxy group. Lower thioal koxy
is, fé? ggﬁ%ﬂi?Q%fﬁ%ﬁ®PﬁF§Hﬁﬁ%§@Pm ‘as thi onet hoxy, thioethoxy, n-
t hisopr opoxy or n-thi obut oxy, also thioisopropoxy, thioisobutoxy, secondary
thiobgﬁ;xy &r tertiary thiobutoxy, but may al so be a C5-C7 thioal koxy
gr oup Prefawhblashacemhpopent ony of thMQDﬂﬁ@%ﬁr ' i . VO
01/41743 5 0, .9 . JUN 2004 PCI%%ECE¥02427 (ﬁ%agﬁkﬁgﬁﬁgﬁﬁégﬁégﬁgan atom c
numbef2Ahr iR -fiverapaemd) (®sthybpbtspmié hady (258 (bamimdbor i ne, and | ess

prefe rom,pe. .5 .The conpounds according to fornula | of the invention
are obﬁglﬁ%ﬁgépéﬂﬁlg“ﬁ%pw%&ﬁga?ﬂ@yé“%”ﬁr%@éﬁ@e& in the formof internal
sal t Smeftigyr ﬁ%ﬁ%leﬂg ach . ition salts and salts wth bases- Such
salts arl’teyq%{)z;l)r9 ? P(cul a?l) Sﬁ}él?ﬁéa%'ecﬁ?ﬁ’c%qnﬁceé] ‘6 3‘%?FBtaEL"iS&h%tc?8}‘i"‘feérPr Pets, as
wet | sterepsamraceitdotal | y acceptable salts formed wth bases. Suitable acids
for the formation of such salts include, for exanple, mneral acids such as

hydrochloric, i, _ hydrobromc, sulfuric, or phosphoric acid or organic
carhoxylic acids. Salts with bases are,

aci ds S | foni ¢ aci.ds .and |
for onattin' uRseppe bPlhc ipUtian, if 8 o e andersipd g hep s o oo Eabamthoor
al kal b stiveéh RE0AK 1RAL S i€ 2 BoubiRlbshif™m OF magnesium salts as well as

15 Furthermore, within the scope of the invention, it is to be understood by “lower” radicals
and compounds, for exampie, those having up to and including 7, especially up to and

including 4, carbon atoms. Also the general terms have the following meanings:

Lower alkyl is, for example, C-Cy alkyl, such as methyl, ethyl, n-propyl or n-butyl, also
- isopropyl, isobutyl, secondary butyl or tertiary butyl, but may also be a Cs5-Cy atkyl group

such as a pentyl, hexy! or heptyl group.

Lower alkoxy is, for example, Cy-Cy4 alkoxy, such as methoxy, ethoxy, n-propoxy or n-

butoxy, also isopropoxy, isobutoxy, secondary butoxy or tertiary butoxy, but may also be a

25 C5-Cq alkoxy group, such as a pentoxy, hexoxy or heptoxy group.

Lower thioalkoxy is, for example, C}-Cy4 thioalkoxy, such as thiomethoxy, thioethoxy, n-

thiopropoxy or n-thiobutoxy, also thioisopropoxy, thioisobutoxy, secondary thiobutoxy or
tertiary thiobutoxy, but may also be a C5-C5 thioalkoxy group, such as a thiopentoxy,

30  thiohexoxy or thioheptoxy group.



~ammni um sal ts, such as those with anmmonia or organic anines. The spht g ey
be prepe@®t43 conventi onal net hods. 15 When one or nor ePST/SE®AGET e 1S
~present in the nolecule, the conpounds according to formula I can be in
the formof a stereoisoneric mxture, i.e. a mxture of diastereoners
and/ or racemates, or in the form of ihe single stereoi soners, i.e. the
single enanti oner and/or diastereoner. The present conpounds can al so be
in the formof solvates, e.g. hydrates. Al of the conmpounds according to
the formula | can be used for the inhibition of TLOSR, and thus for the
treatment of gastro-oesophageal reflux disease. The said inhibition of

i ol . . . | b d f
ne 1 P ERoRane Mol B bR afiic Aol ORI s o RN o€ hailoent or

T egur ghtaiideOnd Rsd prefrédSbropiihal be an  inportant way of nmanaging failure to
thrive due to excessive |loss of ingested nutrient. Furthernore the novel

conpounds can be used for the treatnent of GORD- or non-GORD related
ast hma, bel ching, coughing, pain, cocaine addiction, hiccups, 1BS,
dySpepdie£omnonads accaiipgiodpeaweil 9htheapvantion pmpfrgophoryionituE748 may

TR I S SRR B T
CorpORoREL gL 08 LT AR A SE Y O8O TR SPr ,
whi ch vi]], asRhaansteRScalyecaspiataé saiedonhal @ith Bad-@r Shkablelacids fos & Prot ecti ng
droup fgrlrjxsart]io%%f tsu:lch salts include, for example, mineral acids such as hydrochloric,
».  hydrobromic, sulfuric, or phosphoric acid or organic acids such as sulfonic acids and
carboxylic-acids. Salts with bases are, for example, alkali meta] salts, e.g; sodium or
potassium salts, or alkaline earth metal salts, e.g. calcium or magnesium salts as well as

ammonium salts, such as those with ammonia or organic amines. The salts may be

prepared by conventtonal methods.

When one or more stereocentre is present in the molecule, the compounds according to
formula 1 can be in the form of 2 stereoisomeric mixture, i.e. a mixture of diastereomers
and/or racemates, or in the form of the single stereoisomers, i.e. the single enantiomer
and/or diastereomer. The present compounds can also be in the form of solvates, e.g.

hydrates. -

All of the compounds according to the formula I can be used for the inhibition of TLOSR,
and thus for the treatment of gastro-oesophageal reflux disease. The said inhibition of
TLOSR also implies that all of the compounds of formula I can be used for the treatment

25 of regurgitation in infants. Effective management of regurgitation in infants would be an
important way of managing failure to thrive due to excessive loss of ingested nutrient.
Furthermore the novel compounds can be used for the treatment of GORD- or non-GORD
related asthma, belching, coughing, pain, cocaine addiction, hiccups, IBS, dyspepsia,
emesis and nociception.

30



" butyl oxycarbonyl and Y is hydrogen or a protecting group such as |ovk8 JUN 2004

al kyl', whwoftoriss7agonpound of formula |1 may have been synt he"%ﬁﬁ%’%‘?@
. condensation reaction according to Schene 1 enpl oying an appropri
N-protected amno acid ester in which R3 is as defined above in fornula I,
Wis a protecting group such as loweré6alkyl and Z is as defined in fornula
1, and a suitable protected phosphinic acid derivative in which R and R5
is as defined above in formula I, Yis as defined in formula Il, and a
base such as li.thium 20 diisopropylamde, 10O ZHN Y ONR3 Schene 1 Base ZHN
R3is %Bfﬁsﬁ%‘%&m‘% FIovidss cupounRChABRY SUPR4RElhigh poteaticedndpt | onal |y by
an Nah'}é}/zlp%iicg[h c;acti on in order to introduce R4 if R4 is desired to be
not equal “t'0 hydrogen, and thereafter a hydrolytic reaction to obtain a
conmpound of formula Il R 5 wherein R, R3, R4 and R5 are as defi ned
above in formula 1, and optionally convert the above resulting conpound
[ 1l inPepamabier chem cal conpound of the formula Il and/or sepatate a
resulting mxture of isonmers into the individual isonmers and/or convert a
10 ¥esulting salt into the free conpound of the fornula Il and/or into
salt and/or . gonvert a resulting free conmpound of the fornmula II

anot h
into :héea‘”r‘tm%'“ SAFEEPESdC fymue [ abberesgat inmentiapnaybe pleperd\bardnedfby a
reduct ¥ @i ARk Indno@Pt i onal Iy an N-al kyl ation reaction if R4 is desired to

A} A compound of formula II

in which Ry, R3 and Rs are as defined above in formula 1, Z is a protecting group such as t-
butyloxycarbonyl and Y is hydrogen or a protecting group such as lower alkyl, which

15 compound of formula Il may have been synthesized by a condensation reaction according
to Scheme 1 employing an appropriate N-protected amino acid ester in which R; is as
defined above in formula I, W is a protecting group such as lower alkyl and Z is as defined
in formula II, and a suitable protected phosphinic acid derivative in which Ry and Rs is as
defined above in formula I, Y is as defined in formula 11, and a base such as lithium

20 diisopropylamide,

18



15 be not equal to hydrogen, and finally a hydrolytic reaction to al § JUN 2004
conmpoundV?0¥4gi4ula IVOHO R N- -P-R5 ~'~ OH R 20 wha@isEoRbazRl, R4
.and R5 are as defined above in formula |, and optionally convert the above
resulting conpound IV into another chem cal compound of the forrmula IV

and/ or sepatate a resulting mxture’of isoners into the individual isoners
and/ or convert a resulting salt into the free conpound of the fornula IV
and/or into another salt and/or convert a resulti ng free conmpound of the

f or muly to the above on, or 25 0 9
JUN 201 2&&\/46'1{8%/ ?92@‘31 %E@&@%ﬁgﬁ;g@c%n 1@09{8 rtf’é‘b"%g‘ cfEFc‘f‘ dgEirsdeact i on
f ol | ovede hyt qudkPeXphiRd LGSAAd tHRR:A l,ati on

. reaction in ﬁf)‘qrder to introduce RZ@?&:B%4 Iyéi@ %ic?ir%’fe} tha e né‘?ﬂ"lﬁéﬂﬁ

hydr odemmulabid finally a hydrolytic reaction to obt al n a conpound of for mul a
VI Halo 0 11 R7-N-1, "-~ "P --Rs | OH5 R wherein R, R3 and R4 are as
defi ned above in forrrul al and Halo is a halogen atom and optionally
convert the above resulting i nto anot her chem cal conpound of
the formula VI and/or sepqt: |ﬁg mxhure of isonmers into the

i ndi vi dual isoners 10 and/br resul tiff) salt into the free

conpound of the formula Vi andHor 'Rtml-anot her
5 3 1

wherein Ry, R;, Rq and Rs are as defined above in formula I, and optionally convert the

j ~ above resulting compound III into another chemical compound of the formula III and/or
sepatate a resulting mixture of isomers into the individual isomers and/or convert a

10 resulting salt into the free compound of the formula I and/or into another salt and/or
convert a resulting free compound of the formula III into a salt to correspond to the above

definition, or

b) converted by a reductive reaction, optionally an N-alkylation reaction if R, is desired to

15 be not equal to hydrogen, and finally a hydrolytic reaction to a compound of formula IV

OH

j H il
| RTNWT R, (IV)
OH

R, R,

wherein Ry, R3, Rs and Ry are as defined above in formula I, and optionally convert the

20 above resulting compound IV into another chemical compound of the formula IV and/or
sepatate a resulting mixture of isomers into the individual isomers and/or convert a
resulting salt into the free compound of the formula IV and/or into another salt and/or
convert a resulting free compound of the formula IV into a salt to correspond to the above

definition, or



“salt and/or convert a resulting free conpound of the fornmula VI intB® G J5NI 2004

to corre the above definition; or B) a conpound of formula VIl 15
R 20 inwlﬂgﬂt’%, R3 and R5 are as defined above in for mFGIPENOQ2423 3

~group that can be converted to a -NH 2 group, and Y is hydrogen or a
protecting group such,as |ower alkylg which conmpound VII may have been
synt hesi zed by a condensation reaction according to Schene 2 enploying an
2, 3-epoxypropyl derivative, such as an appropriate N protected
2, 3-epoxypropyl am ne derivative or an epichlorohydrin derivative, in which
R and)Renverteddyy alefduniée: mbaion fotlofved byh debxohalsbeatist fealiid, BB@&rﬁaﬂyed
phosphi ni.c acid derivative activated WO 01/41743 9 0 9 JUN 2004
PCT/ s&%’&)@é‘ﬁé%ﬁcﬂveéﬁ@q | o5elerde intragdughRe if RRSis dasired tarbe nas eqiedl kmed i n fornul a
\Y/ N ew s~agj.d such as anhydrous ZnCl2, O + | Lewis acid OY Rs
Sc heneq'n%r%fln%“qsg"%y %@%@8‘#@8&%&0 (G eRiain; Afpreang of fermulz Mt hyl si |yl group
is replaced by a hydrogen atom a reaction where the U group as defined in
formula VII is converted to -NHRA}_J%e@i n R4 is as defined above in
P
R,

formula 1, and finally a hy%ol ytic regaction to obtain a conpound of 10
formula IVOHO HR NifRs \]/Jﬁ/l*ﬂs (Vi)
: OH
R,
wherein R, Ra and Ry are as defined above in formula I and Halo is a halogen atom, and
optionally convert the above resulting compound VI into another chemical compound of
the formula V1 and/or sepatate a resulting mixture of isomers into the individual isomers
10 and/or convert a resulting salt into the free compound of the formula VI and/or into another

salt and/or convert a resulting free compound of the formula VI into a salt to correspond to

the above definition;

or B) a compound of formula VII

i
I?—Rs (Vi)
0

in which Ry, R3 and Rs are as defined above in formula I, U is a group that can be
converted to a -NH; group, and Y is hydrogen or a protecting group such-as lower alkyl,
20 which compound VII may have been synthesized by a condensation reaction according to
Scheme 2 employing an 2,3-epoxypropy! derivative, such as an appropriate N-protected
2,3-epoxypropylamine derivative or an epichlorohydrin derivative, in which R, and R is

as defined above in formula I, and a suitable protected phosphinic acid derivative activated



1 wherein R, R, R4 and R5 are as defined above in formula I, and (9 JUN 7004
opti onal MO eBHVe&Yt the Es above resulting conpound IV i nt&.@&g& n’%

. chem cal conpound of the fornula IV and/or separate a resulti (3 Fture of
isomers into the individual isomers and/or convert a resulting salt into

the free conpound of the fornmula IV &nd/or into another salt and/or

convert a resulting free conpound of the formula IVinto a salt to
correspond to the above definition, or 20 b) converted by a reaction where

the try,nBLk "RY 0 i s, replaced_ by hydrogen, an oxidative reaction, a
reacti n@ﬁ}%‘rﬂi‘"bh@ ‘gfr"ébj %ﬁﬁ“%é’ Hef defingdrin formus ¥1Vahd a4 eoonyed s6¢h 40 WO
01/ 41%AByd@udZ8CLUN 2004 PCT/ SEQCQ 02427 NHR4 wherein R4 is as defined

- above in formula T, and finally a hydrolytic reaction to obtain a conpound
of formula Il H RZ NO OH5 wherein Rl, Rl, R4 and R5 are as defined
above in forrmula |, and opti onQLIy convert the above resulting conpound
Il into another chem cal conpoung of the fornmula |11 and{/or sepatate a
resulting mixture of isonmers int'o the individual isomers.gnd/or convert a
resulting salt into the free gpnpound of the fornmula Il fand/or into

ft formula 111

anot her salt a@d/ or i_g_ convertl a resul tj agifiee conpound
con Lhed by a

into a correspond to Phe—Byove definition, (pr c
reaction ere Xt he trimethyl sglwl group Ts—replaced b y gn, d
deoxohal oBgnati oR, reaction, areaction where the U groyp as!d&f¥ ned in
formula VIT is 1s converted to -NHR4 wherein R4 is as ‘defindd above in
formula I, and finally a hydrolytic reaction to obtain a conpound of

formula VI Scheme 2

B ,5

is
a) converted by a reaction where the trimethylsily! group is replaced by a hydrogen atom, a

reaction where the U group as defined in formula VII is converted to -NHR, wherein Ry is

as defined above in formula I, and finally a hydrolytic reaction to obtain a compound of

10 formula IV

wherein R,, R3, Ry and R;s are as defined above in formula L, and optionally convert the
15 abo'fe resulting compound IV into another chemical compound of the formula IV and/or

sepatate a resulting mixture of isomers into the indjvidual isomers and/or convert a

resulting salt into the free compound of the formula TV and/or inté another salt and/or

convert a resulting free compound of the formula IV into a salt to correspond to the above

definition, or

b) converted by a reaction where the trimethylsilyl group is replaced by hydrogen, an

oxidative reaction, a reaction where the U group as defined in formula VII is converted to -



"HHalo 0 R N~ L gyp---ROHR3 R 20 wherein R, R3, R4 and R5 arega{f JUN 2004
defi ned ¥B417ky formula 1, and Halo is a halogen atom and optionally '
~convert the a%ove resul ting conpound VI into another chem B@r/SEewmpearnd of
the fornmula VI and/or sepatate a resulting m xture of isoners into the
~individual isomers and/or convert agesulting salt into the free conpound
of the formula VI and/or into another salt and/or convert a resulting free
conmpound of the formula VI into a salt to correspond to 25 the above
definition; WD 01/41743 11 or C) a conpound of forrmula VIII Halo 0 Q ~P-RS
R OYNHRswherginRishis B6fidied RGTE SERRIZAR 4nd fimlg"fﬁ' drol3nicalg, B> jare as
defined above in formula I, Qis an electron-w h?avm ng ra?ccgi?ﬁ,to such as
for i ANEEAEPTRINNGrOf foxomuladHi ch can be converted to a - CH2NH2 group, and Y
is hydrogen or a protecting group such as lower alkyl, and Halo is a

hal ogen atom which conpound of _fornmula VIII may have been synthesized by
an addition reactioh accordj,ng t ScBene 3 enpl oyi ng an unsat ur at ed
conmpound in which R is p{s_gefin d a'_\L_ in formula 10 I, Q and Halo are as
defined in formula VI11, &an | e protedtlBd phosphinic acid

n,OHN which R5 and Y are as defined in

derivative activated by O-sil
sHal B,0

formula VII'l, Halo 15 Schene
5
wherein Ry, Ry, Ry and Rs are as defined above in formula I, and optionally convert the
above resuiting compound Il into another chemical compound of the formula I and/or
sepatate a resulting mixture of isomers into the individual isomers and/or convert a
resulting salt into the free compound of the formula Iii and/or into another salt and/or

10 convert a resulting free compound of the formula IIT into a salt to correspond to the above

definition, or

c) converted by a reaction where the trimethylsilyl group is replaced by hydrogen, a
deoxohalogenation reaction, a reaction where the U group as defined in formula VII is
15 converted to -NHR4 wherein R, is as defined above in formula I, and finally a hydrolytic

reaction to obtain a compound of formula VI

Halo O

acbl L
4 e (V)

OH

R, .

20 wherein Ry, R3, Ry and Rs are as defined above in formula I, and Halo is a halogen atomn
and optionally convert the above resulting compound VI into another cheﬁical compound
of the formula VI and/or sepatate a resultin g mixture of isomers into the individual isomers
and/or convert a resulting salt into the free compound of the formula VI and/or into another

salt and/or convert a resuiting free compound of the formula VI into a salt to correspond to

25 the above definition;



"QP-RS OOY R, is converted by a reaction where the Qgroup |s bei UN 2004
convert e@®WOO14IMRA wherein R4 is as defined above in for %a’
~hydrolytic reaction to obtain a conpound of formula I X H ~P- R$
(1X) R I OH 20 WO 01/41743 12 0 9 JUN 2094 PCTI SE00/ 02427 wher ein R and
R4 are as defined above in formula Illnd Halo is a hal ogen atom and
optionally convert the above resulting conpound | X into another chem cal
compound of the formula | X and/or sepatate a resulting m xture of isoners

into th g(% ql?‘]l and/or convert a resulting salt into the free
corrpoun EP rfY1‘il’e groﬁt;u %%ﬂd/ or into another s salt and/or convert a
resulting free conmpound of the formula X into a salt to correspond to the
‘above definition; or D) a co g}nd of formula X, optionally as an

i ndi vi dual stereo isomner, 1ﬁ 11 P-R5S (X} OR ""SINN | in which
R, Rl, R4 and R5 are as dE‘C];I d ip{mrmul g\VAl) Z is a protecting group such
' A

as t-
' 0) 4

5 inwhich R, and Rs are as defined above in formula I, Q is an electron-withdrawing group,
such as for instance ~CN or —CO,Ft which can be converted to a -CH»NHj; group, and Y is
hydrogen or a protecting group such as lower alkyl, and Halo is a halogen atom, which

w, compound of formula VIIIl may have been synthesized by an addition reaction according to
Scheme 3 employing an unsafur'ated compound in which Ry is as defined above in formula

10 I, Qand Haloare as defined in formula VIII, and a suitable protected phosphinic acid

derivative activated by O-silylation, in which Rs and Y are as defined in formula VIIL,

R, . \Si/ Halo ﬁ
QW‘) -+ (‘3/ ~ Q)\]/P_Rs
i
. —_—
Halo IT R, R oY
oY '

y Scheme 3

1s converted by a reaction where the Q group is bein g converted to -NHR, wherein R, is as

defined above in formula I, and a hydrolytic reaction to obtain a compound of formula IX

Halo (I:l) |
R+—N IID_RS (iX)

OH
R,



butyloxycarbonylfand Hal o is a hal ogen atom which conmpound of for
nt hesi zed by a substitution reaction accordin

may havebea
enpl oyi ng an g

defi ned above,
defi ned above,

derivative in which RS is as defined above,

2y

el ectrophilic conpound in which Rl, R and

L is a |eaving group

and an activated by O4silylation nethyl

such as i odo,

R4 Hal o

|.a
t onﬂgtghé@ %}U’*
PEA/SENL2427
Z and Hal o are as
phosphinic acid

O ZEN P-RR3 Ry SI

Schenme 4 20 is converted by a hydrolytic reaction to a compound of
VI WO 01/41743 Halo 0O HHalo O R4 N~ R5 13 | OH 0 9 JUN 2004

PCTI SEO7re24R 7andhiRy arieras RefinéBabdRé iR fenidba P&kl BelodehihaRBARRVE ahd |
and optionally convert the above resulting conpound VI  into anoth
cheni ptog

R

the fr
converd i e 4 P&uf[fn%esagg@ﬁﬁ%]

correspond to the abov€

i vidual isopers and/or._convert a

flrec(a)];_‘o salt to
I on;

Sy R 6o e

f ormul a

ormula 1,
er

BibpERIMEohe pheve wayiing cumpowndy B¢ ints epcthatahemicat soinpourgl ofi Xt ur e of
_ _ resulting salt
T EHRM D A RERUING MBYerE Of isomess mtdthsapdiyidual wpmietsr

into

I 4 3Rpthery| |

optsi onalt bitd/as cavernsliewiiding!freslcBipRuLS BBk fofuIRTK ihed 2 salQo RorreshohBto

the above definition;

or D} a compound of formula X, optionally as an individual stereo isomer,

?4 Halo ?
N g—ﬁs (X)
Ry R, “sif

in which Ry, R3, Rsand Rs are as defined in formula I, Z is a protecting group such as t-
butyloxycarbonyl and Halo is a halogen atom, which compound of formula X may have

been synthesized by a substitution reaction according to Scheme 4 employing an

such as 1odo, Z and Halo are as defined above, and an activated by O-silylation methyl

electrophilic compound in which R, R3 and R, are as defined above, L is a leaving group

phosphunic acid derivative in which R5 is as defined above,

L~
R, R, ?/Sk\ 24 Halo ﬁ ]
N + PR — |
i L oo 0O
R, Halo O;s( R; R, Si\
Scheme 4

20 1s converted by a hydrolytic reaction to a compound of formula VI



inwhich R, R3 and R4 are as defined in fornula I, Zis a protectipg gyqupldy
such as WOBU#kHbxycar bonyl and Hal o is a hal ogen atom whpehsggmppynd ot
~formula XI may have been synthesized by a substitution reaction according
to Schene 5 enploying an electrophilic conmpound in which RL, R3 and R4 are
as defined above, L is a |eaving groué3 such as iodo, Z and Halo are as
defi ned above, and phosphinic acid activated by 0- silylation, 20 0 9 JUN

| Ok WD 01/41743 14 L PCT/ SEO0/ 02427 R4 Halo OP H ,N 'Y | Schene 5 is
converted by a hydrol ytic reagtiontHald ©hen a P-al kyl ation reaction to a
conmpound of formula VI HF!-la_IEI‘ 0 11 E__Rpgm OH5 R3 R1L wherein Rl, R3, R4
and R5 are as defined above i { d odMl)onally convert the above
resul ting conpound VI into another chenmphpal conpound of the formula VI
and/or sepatate a resulting mBureRf isoners into the individual isoners
and/ or convert a io resulting salt into the free conmpound of the fornula Vi
and/or into another salt and/or convert a resulting free conpound of the
formula VI into a salt to correspond to the above definition; or F).a
corrpour‘l‘theﬁffm RorkuiRa apd Rs are as defined above in formula I, and optionally convert the

above resulting compound VI into another chemical compound of the formula VI and/or

. 5 sepatate a resulting mixture of isomers into the individual isomers and/or convert a
resulting salt into the free compound of the formula VI and/or into another salt and/or
convert a resulting free compound 6f the formula VT into a salt to correspond to the above

) definition;

16 or E) a compound of formula XI, optionally as an individual stereo isomer,

?4 Halo CI%
Z’N : F'>——H (X1)

3

in which Ry, Ry and Ry are as defined in formula I, Z is a protecting group such as t-
butyloxycarbonyl and Halo is a halogen atom, which compound of formula XI may have
been synthesized by a substitution reaction according to Scheme 5 employing an
electrophilic compound in which R, R1 and Ry are as defined above, L is a leaving group
such as iodo, Z and Halo are as defined above, and phosphinic acid activated by O-
silylation,

20



15 SHO HR N-~1P-RS (Xi) OY R in which Rl, Rl, R4 and R5 afe] asiN 7004
defined apgygqifazformula I, and Y is hydrogen or a protecting group such
~as |lower alkyl, which compound of formula X | may have beeRCIGEg§oR4besi zed
by an addition reaction according to Schene 6 treating an unsaturated WO
01/41743 15 0 0 JUN 2004 PCT/ SECQJ02427 phosphinic acid derivative, in
which RI, R1. R4 and R5 are as defined above in formula I, wth H2S, a
nmercaptide ion (HS-) or a protected nmercapto conpound such as benzyl thiol
in which case the protective group thereafter is removed 0 HIf R N~ -
P-R5 5, ROYSHO R7 -NJ ,%1;,-RO-| 10 R (XII!') inwhich RI, R3, R4

and R5 are Rs deﬁzii ned above | rJ,SiQr mula |, and opti orF@J |y OV t t he
| Il

O
Z |
\!I\I/K,/J\L + [.I:__.H N Z/N\,’/J\/'?_H
. : O\

~Si
/

I
2
o
O
/' \

Scheme 5

is converted by a hydrolytic reaction and then a P-alkylation reaction to a corﬁpound of

formula VI

wherein R;, R;, Ry and R;s are as defined above in formula I, and optionally convert the
above resulting compound VI into another chemical compound of the formula VI and/or
sepatate a resulting mixture of isomers into the individual isomers and/or convert a

to resulting salt into the free compound of the formula VI and/or into another salt and/or

convert a resulting free compound of the formula VI into a salt to correspond to the above

definition:

or F) a compound of formula XII

15

in which Ry, R4, Ry and Rs are as defined above in formula I, and Y is hydrogen or a
protecting group such as lower alkyl, which compound of formula XII may have been

20 synthesized by an addition reaction according to Scheme 6 treating an unsaturated



above resulting conpound Xl Il into another chemical compound of thel Gogithil 2084
X1 andw&oléwtate a resulting mixture of isonmers into the individual
_isoners and/or convert a 15 resulting salt into the free cogﬁé#&ﬁﬂfmﬂpthe
formula X1l and/or into another salt and/or convert a resulting free
conpound of the fornmula XIIl into a st to correspond to the above
definition; The invention will now be described nore in detail by the

foll owi ng exanpl es which are 20 not to be construed as Iimting the

i nvent i -anpd : le 1. .3-Am no-2-fluoro ro | neth | hos hinic acid
Scherrebgaglﬂ%@gp Iﬂﬁﬁa%t—wﬁ's“’%?h niferfend By ase inyibfioky abeve @a6ih@R (L 0 @
conpoumathdi,S, @rrigtegntdel; N 201J'1 WD 01/41743 16 Exanpl es

. Exanple 1. (3-Ani nzgg 2-‘31‘1{”l ﬁ%? gb?Sﬂ"%ﬁt FIRIPP SREPEHN Purhaasi len BETHBSERQ 02427
5 To a“SilhuzsotheqiroBEGvelibuf theMaf@Risdeflbye£2- 2 MOl ) at 0 C was added a
solution of ethyl (3-am no-2-fluoro-3-oxopropyl)(nmethyl)phosphinate (2.00
.09, 10.1 mmol) in THF (15 nL). The resulting solution was heated to refl ux
for 2 h. The _sol ution s cooled to room tenperature agd 6 NHCO (60 m)
was addedppl@M y. The gHE was renoved by evaporatjon i Hvaddo and anot her

portion of 6 I ,mﬁf‘was added._,The sol ut RgAN _Wwas heafﬁd_cﬁo refl ux
for 2.5 h, coolged to roym tenperature and evapor at edy Théyrepi due was
purified by ion 3exci'ﬁabnge chr omat ogr aphy ( DOVEX" 50WK/8-20Q, B¥form 3.5 X
4.0 cm. The resin was prewashed with I :1 net hanol / $t er (200 m.). The

crude product was dissolved in 1. 1 nethanol/water and | oaded onto the
cofum. The col urm was washed wi Sigheéme Gret hanol / water (400 ni). The el uent

was changed to 2: 1:1

1s converted by a hydrolytic reaction to a compound of formula X]II

SHOI

H r
RrNj/H/T—RS (X
OH

1o Ry R,

in which R, Rz, R, and R;s are as defined above in formulia I, and optionally convert the

above resulting compound XIII into another chemical compound of the formuia XIII
and/or sepatate a resulti.ng muxture of isomers into the individual isomers and/or convert a
resulting salt into the free compound of the formula XIII and/or into another salt and/or

convert a resulting free compound of the formula XIII into a salt to correspond to the

above definition:

The invention will now be described more in detail by the following examples which are

20 not to be construed ag limiting the invention.

Examples

Example |. (3—Amino—z-ﬂuoropropvI)(mcthv])phosphinic acid




i 5 met hanol / wat er/ concentrat ed anmoni um hydr oxi de. Two fractions (ils% -Mﬂ 2004
were CORphiapeand evaporated to give 1.28 g of a sticky oil. The residue
was purified by chronmatography on a wet-packed silica gel F&IVREOH03437 x 28
cm eluting with 50:50:1 nethanol/nethyl ene chl ori de/ ammoni um hydr oxi de.

The appropriate fractions were conbiped and evaporated to give 730 ng

(4699 of (3-am no-2 20 fluoropropyl) (nethyl)phosphinic acid as a white

solid. Data: np 78-84 C, RF = 0.26 (60:40:1 nethanol, methylene chloride,
concentrated amoni um hydroxide); '"HNW (300 Mz, DO S 5.01 (dm J=

49.5 HExampgles 3.09-3.32 (m 2H), 1.76-2.18 (m 2H), 1.28 (d, J= 14 Hz);

"I'C NMR (75 MHz, D,O + Dioxane) 8 91.3 (d, J = 169 Hz), 47.1 (d, J = 12

Hz) , SE.Z (dd, J = 209, 89 Hz), 19.8 (d, J = 95 Hz); APIMS: mz = 156

( MtH) +E22BR g AX1AdNI finaiog medrybiphesmdiiidic bcido 1 nmet h yl ) phosphi nic
acid. To an ice bath cool ed solution of ethyl 3-am no-2-fluoro-I|-nethyl-3-
oxopr opyl (et hyl ) phosphinate (2.1 g, 10 nmmol) in THF (25 m) was added | M
BH3s THIFo 3B0o(u2idn roif B HASTHEFG )M WY b 6,jund tnosphere., After 10
m nutes, the sol ution I\}gg h\é\/{ant tegnlf'o”?‘lre uiﬁzt([otr. }“‘Q%H‘?a E%%?IEH‘?%‘P]{ was

cool edety! BoTinpeneeret drogopnedy B(ieth@1RGphinbhy: (2@8 Addgdmeis VS (oa IIShe THF
portion of 6 N 09 Ju 114 01/51 743 17

Pt SeOb o515 RS AR R SR e Bt 87 b Thesoletion it ol (o - and

then stempeeturatand 6MTHAIGBD A WAL AUE LN 19Nhe ThE: 0l ULion was cool ed,
evapor at ed, .co-evaporated w ?h wat er Sé)ndg't Eg% W tﬁgsefcé'ﬁ%ﬁeq he residue was

di ssol R¥@ROTAHOREL Yreland 280the) pericn i 6riN HIZIGPY hillaexs el 4 THE koMBS, added

dr opvi ge. OMI ropm tenperature the 5 solution was concentrated
and th»zgspk?d(%t u?? f%’“udr". f%dfa 'tByCO ﬁeﬂdﬂé‘t’ PRS2 andwtappeitddThe fdsidva gel

col unmwasl putrified bl ibi-eNel Rzt TRENO rab R0 T oprj ate
fractions w%e conbi ned gand evaﬁ%rﬁg%é/gjb?g\?%%g%xgi %\Aﬁ%rrﬁ‘régi"pi tated
when dRERYI TBE FréI wasPres@sieasl wirhd: pmethacol/waer (2601 mLE dThY ciuidk bigduton and

t here : Kned. % of, a i astereoneric mxture o

(3- gm”\r,\%?dé%g }‘ﬁg?‘g?l I-Srﬁrrgtt y?%‘?%f@i”)c{ 1&&‘?‘?&6‘?3‘3 H'&?s'iﬂi‘i"ﬁpc Theicqlumn wagwasied: e
?0|.d_wltwsmmtﬁmw%ﬁ,mw@)L)S%e&&nm&grhhddgkd w24:8-5 (m 2H), 1.8-2.2
M

! Ime}thzm0I/\A.fatf:rf’conmentrated ammonum hydroxide. Two fractions (150 mL) were
combined and evaporated to give 1.28 g of a sticky oil. The residue was purified by
chromatography on a wet-packed silica gel column (4 x 28 cm) eluting with 50:50: 1
methanol/methylene chloride/ammonium hydroxide. The appropriate fractions were
combined and evaporated to give 730 mg (46%) of (3-amino-2-

w  fluoropropyl)(methyl)phosphinic acid as a white solid. Data: mp 78-84 °C; Ry = 0.26

(60:40:1 methanol, methyleqe chloride, concentrated amrﬁonium hydroxide); '"H NMR

(300 MHz, D;0) 6 5.01 (dm, J = 49.5 Hz, 1H), 3.09-3.32 (m, 2H), 1.76-2.18 (m, 2H), 1.28

(d, /= 14 Hz); ""C NMR (75 MHz, D,O + Dioxane) § 91.3 (d, /= 169 Hz), 47.1 (d, /= 12

Hz),37.2 (dd, J=20.9, 89 Hz), 19.8 (d, /= 95 Hz); APIMS: m/z = 156 (M+H)".

Example 2. (3—Amino—2-ﬂuoro—I-methyfpropvl)(methyl}phosphinic acid.

To an ice bath cooled solution of ethy] 3-amino-2-fluoro-1-methyl-3-

oxopropyl(’mcthy])phosphinate (2.1 g, 10 mmol) in THF (25 ml) was added | M BH,-THF
30 (23 mL, 23 mmol) while under an argon atmosphere. After 10 minutes, the solution was

heated to reflux for 2 h. The solution was cooled to room temperature and 6 N HCI (30

mL} was added dropvise. The THF was removed by rotovap and another portion of 6 N



09 JUN 208

1.0-1.3 6H; MS: mz = 170 (MrH)+. Examle 3. 2R - 3-Anino-2-fludro’ro”

1 meth | YR ¢ acid 1s A suspension of conpound PCT/SE00/02427

. (2R) - (3-am no- 2-fl uoropr opyl ) phosphinic acid (1.0 g, 7.1 mol) 1 n HVDS
(7.47 nmL, 35.4 mvol) was heated to reflux for 16 h. The reaction was

cooled to roomterrperature treated v’th diglyrne (8.0 nL) and heated to
reflux for After the m xture was cooled to roomtenperature, Hinig's
base éﬁ E&ng_n 7.1 nmmol)_was added fol | owed by dropwi se addition of nethyl

i odi et ki was added; F}mxml!\@“@@rﬂ‘fhaedilf@mN\/aﬁdﬁlkhrsﬁﬁgdﬁtolroo .5 h then it

was dithi yl Ior| de and extracted wth N HC sol ution.
%&qtm tOlammﬁvxgﬁ[ ﬁ] W“t"f‘nasrfé’to %‘f?é’ofﬁwblcptteamdtcdmumhmbr et her and

The aqueous | ayer

t hen ewdplherawah ewndBrTlﬁ@ngmgl“m SSHIVERd i P ct vvas passed

throua} a_Dowex. 50WK8- 200 mesh Ht form Co th%glﬂg?‘?@ theny ;1

met hakSPAXAEReer g {fHmL) was #ideﬂrdempm eAftal3 Nags @k%sﬁltteglp@ﬁgmp;ggeanal ysis. The
roxi de

: prgdu%l B 25 concentrated ammoni um hy

“sol ution %anof’gén#a aé‘ld ﬁPTQ%i”EtaELirkﬂ? Ay chenmostagraphy onmtvogspapkyd on silica
get elsiichgg! valtinnrebitngl itk walt Shdids entrated anmmoni um

hydr oxi de SOJ?UtI on (6:3:1) af forded ozg%-%%ol”at n@“’ appropriate fractions

fl uoré"ﬁFf'oWF I @P@mﬂqaﬁ%@dﬂw:ee aciod vatsctapabipi@ted Gice &&8912 v@%‘;/g "H NMR
300 0.5H), 3.20-3.42 (m
(1 80- M. (pg 9"@&5‘{;%69%&3’0#%@&*8“énﬁghryr%wyso aiped SIUNMPO6%)\WD201/ 41743

aci S’Ci’affgﬁfﬁ?fﬁ“ffa??ﬁﬁéﬂ‘#&“%%m R R R DPb SRl B8RS b ¢ aci d

(12 yhigselid {HHNMR WOIQI\D@@Z(Qv(QBﬁmﬁ -522m4 | RY0d.2-3v86n el 6. ’69(ﬁef]hgx for 15
h Thegr; roomtenperature, treated w th diglyne
(9 6 ?ﬂ?) gﬁh ﬁ%gﬁl\tqgs '{%rZ?ﬂ]@% &"3 7 h. After the m xture was cooled to room
tenperature , Hinig s base (1.47 nL, 8.4 mol) was added followed by

ddi

dr opwy ion of rrethyl |od| de (1.58 nL, 25.4 mmol). The reaction was
3eAyE ohotidiy heige chl ori de and extracted

with 2 N HCI sol ution. The aqueous | ayer was washed with nethyl ene chloride
and
15 A suspension of compound (2R)-(3-amino-2-fluoropropyl)phosphinic acid (1.0 g, 7.1

mmol) in HMDS (7.47 mL, 35.4 mmol) was heated to reflux for 16 h. The reaction was
cooled to room temperature, treated with diglyme (8.0 mL) and heated to reflux for 6 .
After the mixture was cooled to room temperature , Hiinig’s base (1.23 mL, 7.1 mmo}) was
added followed by dropwise addition of methyl iodide (1.32 mL, 21.2 mmol). The
20 reaction was stirred for 23.5 h then it was diluted with methylene chloride and extracted
with 2 N HCl! solution.” The agueous layer was washed with methylene chloride and
diethyl ether and then evaporated under reduced pressure. The crude p-roduct was passed
through a Dowex 50WX8-200 mesh H* form column eluting with I:1 methanol/water until
no further material was detected by TLC analysis. The product was then eluted with 1:3
35 concentrated ammonium hydroxide solution/methanol. Further puriﬁcalion by column
chromatography on silica gel eluting with methylene chloride, methanol, conccntrated
ammonium hydroxide solution (6:3: 1) affordcd (2R)-(3-amino-2-
fluoropropyl)(methyl)phosphinic acid as a Whlte solid (720 mg, 65%). '"H NMR (300 MHz,
D20} & 5.20 (m, 0.5H), 5.03 (m, 0. 5H), 3.20-3.42 (m, 2H), 1.80-2.22 (m, ZH), 1.30 (d,
36 J=14.0 Hz, 3H).



by a
‘rt diethyl ether and then evaporated under reduced pressure. The chﬂjeld“l 2604
pr oduct %‘Hﬁﬁﬁd t hrough a Dowex 50WK8-200 nesh H+ form col um el uting '
. with | 1 nmethanol/water until no further material was detrri/sEbo/ayss§LC
anal ysis. The product was then eluted with 1:3 concentrated anmoni um
hydr oxi de sol uti on/ nmet hanol .. Further purification by colum
chromat ography on silica gel eluting th nmet hyl ene chl ori de, nethanol,
concentrated 15 amoni um hydroxi de solution (6:3:1) afforded
(2S) - ( Fxap : | ) phosphinic acid as a white solid (504
ng, 389 . 0 Wb BYR(mehyiphospliipic ackd 03 (m 0. 5H),
3.20-3.42 (m 2H), 1.80-2.22 (m 2H), 1.30 (d, J=14.0 Hz, 3H). 20
I nt er nedi ates.Exa}_r'rpIe 11. Ethyl 3- ethox meth I hos hor 1 -2-fluoro ro
anoat gﬁ(ﬁlﬁ%}sm &PEROYod Iﬁ%s')*(Mhu@ﬂ@@ﬁpﬁo??nghésfﬂhfﬁ?ﬁaélﬁﬁ?F_’?gg 8 ;) 325 Et hyl

met hyl pieSPH B 0,4,118 |) was refluxed wt

hexamet h)gqlxé)i Si ﬁ/ra[gsagl%g? %&'#@E’E})Wﬂﬁ heptefigo geuy for 5 12 Thadeadtiontigier an

ar gon ctemwphemdempbange) tdd & ~ roam tenperat ure and then

f1 uor o% rgl ate (13.3 g, 113 m%p?%&%gﬁg%gﬁ)oa@%a?gltﬂﬁm fonfrther

stirri gte the s Hre #iap Epaled terdan tebpelnatinigi, Fini 1o Bade m%gog4%gﬁ§phere, t he

m Xt ur Ridea ot dit L thyl ene chloride (200 nL) and 30 washed @With | N
Wbed lﬂ%ﬁ@gwse”%d% gk E

HO (200 ni). The aqueous QY& Udecykipdide b 58imlh A9t mphaneTkhl ori de (200

m.) . TRECtporMasHtidred rogamii ghl tByEe ! Sv e i.th brine (150 nL), dried

over m\-/\éﬁ&lf'i | t.er ed gand e\;apa\gr%gtgtg tgl%F%\%Eefﬁ.Céioj‘dt’?fanaﬁ"ﬁf‘q‘?d The

resi due 3‘135&“9@01*1‘7\@%41mewm9w@ﬁaﬂsamr@a@zgnc<‘dm&li@cta%r aphed on a

viei- pakkBd hdriaga 1gs) 7.5 x 40, cm) eluting with 95:5 nethyl ene

chl or i{ Iic;lre/ %t g)arr‘llol .[%heeﬁgééé?%ipé?dgf Edpredrre - wEecruderbratied: wadpavapor at ed

to gilheuaRadqyexsSNY X8F 208t daydh H* 1. I ino with 1 , .

3-[ et ggggl'(\[ﬁ%zertnt} | ) phosp oryt!Ij]l- 2-f1 uogTocﬁ)r%rB%ﬁ%Jéltné Wal[sh }ily"é?[flﬁwy%ﬂt?r.”“ﬁét a. 'H

NMVR ( , %]."‘,’35 tastethRETHE anplysisHihe roBBetdvBdhémeluddd with133- 4. 19 5

(M 2tbnceRa®d Anbiodiih 158, (e J = 14 Hg, 3H), 1.28-1.39 (m 3H).

Exanpl e 12. Ethyl 3 am o-02’“?%%3%%Q'ngQ'dB?lo;%'F’)“PFétPHVIﬁCWWﬂ@ltlmn

i nt er AR@MAQErerly on silica gel eluting with methylene chloride, methanol, concentrated

a

15 ammonium hydroxide solution (6:3:1) afforded (25)-(3-amino-2-

f]uoropropyl)(mcthyl)phosphinic acid as a white solid (504 mg, 38%). '"H NMR (300 MHz

D10) 6 5.20 (m, 0.5H), 5.03 (m, 0.5H), 3.20-3.42 (m, 2H), 1.80-2.22 (m, 2H), [.30(d
J=14.0 Hz, 3H).

20 Intermediates

Example I!. Ethy] 3-{ethoxv(mcthyl)phosphorvlT-E-ﬂuoroproDanoate (intermediate to the

compound according to the Example 1)

2 Ethyl methylphosphinate (12.8 g, 118 mmol) was refluxed with ,1,1,3,3,3-
hexamethyldisilazane (HMDS) (24.9 mL, 118 mmol) for 2 h while undcf an argon
atmosphere. The solution was cooled to room temperature and then fluoroacrylate (13.3 g,
113 mmol) was added to the solution. After SUITing at room ternpératurc for 60 h while

under an argon atmosphere, the mixture was diluted with methylene chloride (200 mL) and
30 washed with I N HCI (200 mL).

(200 mL).

The aqueous layer was extracted with methylene chloride
The combined organic layers were washed with brine {150 mL), dried over

Na;SOy, filtered, and evaporated to give 20.0 g of an oil. The residue was



"the conmpound according to the Example 1) io A sol uti on of ethyl 09 JUN 2034
3- [ et hoxy@@tAarH) phosphoryl | - 2-f | uor opr opanoate (12.6 g, ?Rf/

.ethanol (15 nlL), and concentrated amoni um hydroxi de (14.8 Sgoog]zﬁj_v 83
mmol) were stirred at roomtenperature for 16 h. The sol vent was

evaporated and the residue chromat ogi@2phed on a wet-packed silica gel

colum (5.5 x 31 cm eluting with 90:10 nmethylene chloride/methanol. The
appropriate fractions were conbi ned and evaporated to 15 give 9.5 g (86%

of et HjFomatographed gnfalm{paeleedmimr@w&;%ﬁmbw A@B@@Q{Hungt & a&sg ‘igegr 4gi '('m-

. CDCI3) S 6.62 (s,
| H)a m%hgjf g]%gn(igz_‘z eélp_%nol %ﬁgapprqmm@enfraczme wer6Borqiblined andév%atﬁo 1.34

3H)v h h 1 -2-fl but t
Elm nt eré) rreﬁdlaa(ltggR tB g%l}%e eﬁ%hyéetﬁo’gﬂ%&)&%@h?mhﬁa {]3 ﬂ%omaﬁﬁl&zt;@;]a }?\erlli%fnxte ure of

t hyl oflndaiyl HoN ommi |
ethyl of ¥ H) OERIS z(&DEZ19)6§@1'5TH3 }rhea lecl':zg’di?"4 %q"u%ﬁ} 8r0324 k% under an

. hexa thﬁ#g hjéazane g 30 Mol ) was

argon '™ ste3 (Th thi( 8ifd Avadd HapBky 1t28-1.90mm, gFper at ure and a
di astereorrerlc m xture of 25 ethyl 2-fluorobut-2-enoate (4.0 or, 30 mmol)
was added. The reagents were heated to 70 C for three days and then at
room Ea ) ) m xt ure was
di | ut T ' Ingis (Riemediagte with 1 N
HC QNS gleit ] on extracted wi th et hyl ene chloride
(200 m_) The conbl ned or ganl c solutions were washed with saturated sodi um
chl orjlqde dried over 30 MgSH4, filtered and evaporated . The residue was
purif edhblpncdﬁlemWBngap @Ry] b 1} eluting with
met hy mg ori de/ met ham Hb{ Vﬁ%?@?1 k@ﬂ“é‘!"JOB%ﬁ’oag?{f&tf’gc%%m%ﬂé wer e
C G B A ﬁé&&tet@wgnagn@mme of4 2NIBl6 ALV %&%Mﬁe 20 0 0

JUN 2 / h horyl ]-2-fl b t
S| ea?@gﬁd aP%n?‘E%ﬁ(ﬁ%tg}?e 65 @D@{x%)soltvg% esol?lgor((zlgﬁ% ]@dl-q?e r;?crm24u4a?%a gl—l)as a

4. 0- £hpmaogaphed @n 4921 padked stlidd)ge] dolimh. (5. s(xn%l &%F‘Eruuﬁx gﬁ}ﬁq 4. Ethyl

ate® Prediate to

3. 3- 1 neth h h
; hg Cr@ec{h Zlﬁﬂ% ulﬁeggq/m%npl) ’{‘f’fg;i(p%%rmc;ﬁpeegggndﬁ@ ua?;ocbmbmeﬂl afd e@dpaYdted 1o
3s[ etgh&)@’ﬁ FEB6Y) b BASPIREM o 27 h 1408 8}?85%3)%?{111&&yl)phosbh:%gteie Tzlljf!a)r

oil. Data: 'H NMR (300 MHz, CDCl3) 6 6.62 (s, 1H), 6.33 (s, TH), 5.10-5.42 (m, 1H)
4.02-4.18 (m, 2H), 2.19-2.70 (m. 2H). 1.60 (d, /= 14 Hz, 3H), 1.34 (m, 3H).

Example I3. Ethyl 3-fethoxv(m_ethyl)phosphoryl]—E-ﬂuorobutanoate (intermediate to the

20 compound according to the Example 2)

A mixture of ethyl (methyl)phosphinate (3.2 g, 30 mmol) and 1,1,1,3,3,3-
hexamethyldisilazane (4.8 g, 30 mmol) was heated to retlux for 2 h under an argon
atmosphere. The mixture was cooled to room temperature and a diastereomeric mixture of
25 ethyl 2-fluorobut-2-enoate (4.0 ¢ g, 30 mmol) was added. The reagents were heated to 70 °C
for three days and then at room temperature for 4 days under an argon atmosphere. The
mixture was diluted with methylene chioride (200 mL). The solution was washed with 1 N
HCI (200 mL) and the aqueous solution extracted with methylene chloride (200 mL). The
combined organic solutions were washed with saturated sodium chlondc dried over
30 MgSO0,, filtered and evaporated . The residue was purified by chromatography on a wet-
packed silica gel column eluting with methylene chloride/methanol (99:1-97:3). The

appropriate fractions were combined and evaporated to give 2.9 g (40%) of ethyl 3-



“in ethanol (15 nm) was added concentrated amoni um hydroxide (14.8 M 91'J'§N 7004
m., 19 I‘%M”‘Ege solution was stirred for 24 h at roomtenperature and
.then at 5 or hours. Another portion of concentrated GHSEMMAR427
hydroxide (14.8 M 0.5 nmL, 7 mmol) was added and the m xture was stirred
at roomtenperature for three days ang,then evaporated to give 2.4 g (91%
of a diastereoneric mxture of ethyl 3-am no-2-fluoro-I-
met hyl - 3- oxopr opyl (et hyl ) phosphi nate as a clear oil. "H NVR (400 MHz,
cDq ) 7 4.9-5 6 (m 1H), 4.0-4.2 (m 2H), 2.5-2.8 (m
IH), 1?5’ ?’."gm(e %ﬁ)éjﬁ?%?h%?l?;%a CFTSE’T%EQOB(‘%%@?@Q%M-%EMR (466r iz, TDKs) hi ni
aci d (Brt&sreeeh,atd, 80-4 henc ( capdi t 3)_ 20 Ammoni um
hypophosphi te (7%98 g, 0?%199%%6%25ﬁgﬁgﬁb%z%cf%ggégf(;nf% ?’Paﬁwbqui pped
with a nmechanical stirrer, thernmoneter, addition funnel and an argon
placed in a water bath at room tenperature and
AR Ll UQTO, ‘ (et )phBSA)inwas added at

such a(inmiedibdtio keIl akcd A e.was ., .mai nt ai ned bel ow 38 C (30

m nut es approx.) using Irce cgg}’i f[ogbgﬁx%ﬂ%lzgti ng the 25 addition of BSA,
the reaction mxture was heated to 45-48 C and nmaintained at this
tenperature for I h. The reaction was cooled to roomtenperature and a

sol ut i Do aablutien bf eyl YethaR) ek y1NoCs 35, QIR ORY| car banpre (27.3 g 0.09
mol) in net hy]I enecczl or[?tde}a%(gg%ﬁyl OQB\%@Q%@QH" Pﬁutﬁ?\%at? gﬁbtgi- i?r“rﬁ“%?hr e. The
r eact i 9r¢thaas! {IdenLaivhonditdtoonséitfatéd amBRMunk SPBOkREYI £ g\ﬂr ] %t?fng jg'he

re was cooled to O C and was cauti ously § guénc ‘eogvm'th

reaction m xtu

net harfB{“OE?Z%crf'Eﬁu“é’ﬁd”%sﬁéiﬁ edifph24vhtaeroond &myleyatuEh@dneacii STICFoxbUr € was

St rr%uﬁp%n%%eﬂipgn%ftgr which the reaction was filtered and the solids
were washed W et Haf8lc e TS Irmpaue ydrogigad bh Mt @8 mind timely esi due
pl acedvasndasd MhDihe R Hif <tk 743 21 0 UN 2004 PCT/ SE00102427
mm Hg) over ni ght. “The c%g Sﬂ”er\égggédo\j\%lsﬂqpreﬁ]fw&%é 'S 1S Bt t¥atene chl ori de,

et harsyhporalcd e give2at 89 ok umst&yafn%mﬁixwel&fiegﬁl §§9ﬁiﬁ8£zlhu@r%gl was
filtered 'Ir31e filtrate was concentrated under reddced pressure and the
tri t urBhYr -GeRPreRERe B Pusehivatmes Tdawerit F HINMRREI00 MAsfeDag g99a 2-L

flaske Amsahv29.4 B BI04 Iy, :J_%rlg;gp(lrnefcl?ﬁ, ig 6 (m, OH).

15

Example I5. (2R)—(3—Amino-2-ﬂuoropropvl)phosphinic acid {intermediate to the compound

according to the Example 3}

20 Ammonium hypophosphite (73.8 g, 0.89 mol) was added to 3 ncckn;:d 2-L flask equipped
with a mechanical stirrer, thermometer, addition funnel and an argon bubbler. The flask
was placed in a water bath at room temperature and N,O-Bis-(trimethylsilyDacetamide
(215 mL, 0.87 mol -BSA) was added at such a rate that the internal temperature was
maintained below 38 °C (30 minutes approx.) using ice cooling. Upon completing the

25 addition of BSA, the reaction mixture was heated to 45-48 °C and maintained at this
temperature for 1 h. The reaction was cooled to room temperature and a solution of fert-
buty! (2R)-2-fluoro-3-iodopropylcarbamate (27.3 g, 0.09 mol) in mcthyle.nc chloride (300
mL) was added to the reaction mixture. The reaction was then allowed to stir at room

temperature for 18 h. The reaction mixture was cooled to 0 °C and was cautiously

30 quenched with methanol (275 mL) and then with water (32 mL)}. The- reaction mixture was
stirred for 30 min after which the reaction was filtered and the solids were washed with

methanol. The filtrate was concentrated and the residue placed under high vacuum (0.1



'5 water bath at roomtenperature. A saturated sol ution of hydrogenﬂthQ%j&&M
gas in eWPl4idget ate (500 nL) was added and the nixture spaTsEmobey 3 h.

.The reaction mxture was filtered and the solids were washed with a

m xture of nethanol and ethyl acetate (90:10). The filtrate was

concentrated under reduced pressure ahd the crude product was passed

t hrough a Dowex(r) 50WK8-200 nesh H+ form (500 g, 8x 15 cm colum el uting

with 1:1 10 methanol /water until no further material was detected by TLC

anal ysin HeevemightsiThe cruseudsidysr wautritumaesl wite meelylérecthvéride, diethanol,

concen nlun1h rOXI sol utj.on/ met hanol’, The product was further

purifi tgéc;f?ébgg%% amm° g FB‘B‘r‘gepﬁﬂ}mé‘?rh{Bpr?& DiangtvasHilisrest oFtg filteterwesol |

. concentsicatatamad LEH bR R AR 258l iR F L

(2R) - ( 3- Ami no- 2-f | uor opr ogjl )sphOSphI n%rcﬁlrg({:lgn%a}}%{}e\/\ﬁﬁt fe[?'sgf"dﬁ (3.12 g,

249 . GONCERrNRYEIGOsHHEd td2Q)L Bask, dGsolyed ﬁlelﬂhnole(315 m1S), an@-pPackM in a

. 5.12-5 3.12-3.42 (m 2H), 1.74-2.26
(m ? “%%Ei’% 319 m%m‘é”éiﬁ?m%‘m &B%‘H%‘?%ﬁl%@ of ydueges-ghlorrds gaaan ethyl

(i nt er m@hr@tmotrﬁLy has ﬁsuea%@% REEQFRE e Qg LiLhi um

bor ohydri de (5 0.24 nol) was susﬁengég §ﬂ ?5Eq%%8§ %%f&“%a@f a

ni t r ogBher e‘é?h‘i)ﬁ}?ﬁ@ilés Wk wmﬂeedwtlm mbBute of Ihdf[hsﬁdl rhd 8ghy! Mty (90:10).

2R) - 3 (56.6 g, 0.19 nol ded
e PERAE Y E e bpdiS PRl SR B EHE and fichrdtiomisun was s nt o nal
t enper adligh ABswaE mwx&em@ﬁe% Fintord 8918 0% 8l difihe P GOTP! €11 on

of addition, the reaction m xture was Ofro

t em&)erraﬁbe@olmerswmﬂ méduahﬂrtrmlsnzlemmimmﬂcbb)f BLChRalysisTMhe reasdiieon ni xture

was co, u uenched with a satur at ed aqueous
&L&éj?rtogu(q WEE [ﬂgﬁjﬁlﬁﬁc gh T (ﬁ?%ceﬂ_sate mloglélgt ﬁ

sol ution of anmoni um ¢ ¥HORA%t ure was extracted

Wit h edohyiondnehatd. (Beprafiec why fudier bREH&Y SﬁBblﬁmn%%w?ﬁpgygﬁegEr at ed

under reduced pressure. The crude residue was dis
hydr ocHityFhlgrofesmgy T%b@‘%conﬁmgﬂ%mn)urahddmheieaqhemuséﬁhlase affagi washed

th H=10
With 330 (3 A e 2o Rl T 504 35 §ARE SRR (P17 et (Scet nenlsx)
200 n'H, NMR S0z, BH@)’HU@@S(SSDQHWGQSQS HANHZ 004 %@ﬁk@%ﬁ
PCT/ SEO0Q/ 02427 sul fate ( _ filtered and concenfrated Uun

pressuri (mp O Hﬂr%l%‘éﬁbl@ﬂ 2H), 1.74-2.26 (m, 2H).

reduced

Example 6. (2R)-3~(Dibcnzylamino)—_2-ﬂuoro—1—propano] (intermediate to the compound

according to the Example 3)

120 Lithium borohydride (5.3 g, 0.24 mol) was suspended in THF (200 mL) under a nitrogen
atmosphere and cooled to —15 °C with stirring. Methyl (2R)-3-(dibenzylamino)-2-
fluoropropanoate (56.6 g, 0.19 mol) was suspended in THF (250 mL) and added dropwise
to the mixture over | h; the intemmal temperature was maintained below —10 °C during the
addition. On completion of addition, the reaction mixture was allowed to warm to room

25 temperature and stirred at this temperature for 17 h. The reacfion mixture was cooled to 0
°C and cautiously quenched with a saturated aqueous solution of ammonium chloride (300
mL). The reaction mixture was extracted with ethyl acetate (2 x 200 mL) and the organic
phase was concentrated under reduced pressure. The crude residue was dissolved in 2 N
hydrochioric acid (200 mL, pH=2 approx.) and the aqueous phase was washed with ether

3 (2x200mL). The aqueous phase was basified (pH=10 approx.) with 80% ammonium

hydroxide in brine, extracted with ethyl acetate (3 x 200 mL), dried over anhydrous sodium



(di i : il. " HINSRIUN 2004
di benzyl am no) - 2-fl uoro-1|-propan3l (48 g, 93% as a yellow oil H !
ESOO I\/I—g,“@ﬁﬁi),ﬁﬁ 7.15-7.38 (m 10H), 4.65-4.78 (m 0.5H) ,PC%§4E8011,$3§ (m
0.514), 3.50-3.82 (m 6H), 2.70-2.88 (m 2H). 5 Exanple 17. _ t
" -3-Amino-2-fluoro- | - ro anol internediate to the COVDound accor di ng 11o
the Examle 3) (2R)-3-(dibenzylamn no)52-fluoro-I-propanol (29. 2hg&I 0.: .
nol ) was dissolved in ethanol (300 nL), 10 w.% Palladium (I1) hy I’EXI e 4
on carbon (5.0 g) was added and the nmixture placed on a Parr(][)rfﬂgrer an
"k en sumer | Be PTG AOTRSANEL LUl R PR D0 Braig s, U Lher
hydr ogen upt ake was observed, e mXxture-\ 3 | _ p
Cel i t e{¢ipengylgnigp)-2Alforeskprophud! (8§ gpad%pel ApRIGL di hydr oxi de (5 g) was

| nixture and re-subjected to the hydrogenation
cond t 1 aA0RC00 . b 57 S 78t 166D 4 Gt 78 Ot oasii 34 e vas
fiIterggH&hggggr_qu%,lé}ﬁ(’g?@gggﬁn trated under reduced p

] low oil (9.6 g, 96%.
afford (2R)-3-am no- 2- 0 ol as a pale yel
'HNI\/RESO%) MHz, CD1OD) 8 4.78-5.00 (br s, 3H), 4.49-4.62 (m O0.5H), 5
4.32-4,.46 oo, 3.54-3.70 (m 2H), 2.70-2.96 (m 2H). 20 Exanple .
Tert - b2 L (2R3 2 -PIOPAR] ((insemme @iaiend elid@hpiud dtacd iRz

' ' - -1 - 4.6
to the Exanple 3 (2R)-3-am no-2-fluoro-TI-propanol (
Sonzg%nﬁgﬁfgﬁgleyssol ved in 25% aqueous dioxane (160 nmi), potassium
cérbonate (7.1 g, 51 mmol) was added and the mixture 25 cooled to 0 C. ]
D-te b3 tyl dicarbonate (11.6 g, 53 mmol) was added in two portions. The
m xt u;}eR\%’a}éwf}?‘?@ﬁylaV’I“RR/‘e?dﬂP%r%WR%OF G g.énplemal) wr dmfg{)vmrirt glnahaﬂ'cnedg re gde
i Lxtyar - r Lo drynes ter was a
ol 1 ovad by sat s aq Banee Mt RERIE oD Rotr b Ehvetsddeeend Mg
appr oPlgced e Rargastiakemmtdestiabén Wader a@%/idFaeh BEnWNphlre T84 BY) ?CE}% G hg}}{ehde (
150 dried over sodiumsulfate, filtered and 30 cohcentrate u ®er
redu?@é’fﬁ? e%r(;}lftdéogeﬁ‘ﬁ’f RS RRsETvs dt e miizmye @ag ﬁlll@'c(b{lﬁ_etljgh %\%a% 25231,7[23 s 0o
hydr gé&oﬁgpgﬁ/&g‘gg%% %ﬁa(ﬁuﬂp (H:BQ‘?’%%X?& (E51 g(i%la%rzihgesds to(ﬁle ethanol mixture
JUN
and re-subjected to the hydrogenation conditions described above for 17 h. The crude

15 reaction mixture was filtered through Celite® and concentrated under reduced pressure to
afford (2R)-3-amino-2-fluoro- I-propanol as a pale yellow oil (9.6 g. 96%).
'H NMR (300 MHz, CD;OD) § 4.78-5.00 (br s, 3H), 4.49—4.62 (m, 0.5H), 4.32-4.46 (m,
0.5H}, 3.54-3.70 (m, 2H), 2.70-2.96 (m, 2H).

20 Example I8. Tert-butyi ( 2R)-2-fluoro-3-hydroxypropylcarbamate {intermmediate to the

compound according to the Example 3)

(2R)-3-amino—2-ﬂuoro-I-propanol (4.6 g, 49 mmol) was dissolved in 25% agueous
dioxane (160 mL), potassium carbonate (7.1 g, 51 mmol) was added and the mixture

25 cooled to 0 °C. Di-tert-butyl dicarbonate (11.6 g, 33 mmol) was added in two portions.
The mixture was then allowed to warm to room temperature overnight. The crude reaction
mixture was concentrated to dryness, water (150 mL) was added followed by saturated
aqueous potassium hydrogen sulfate (unti] pH=3 approx.). The organic material was
extracted with methylene chloride (2 x 150 mL), dried over sodium sulfate, filtered and

30 concentrated under reduced pressure to afford rert-butyl (2R)-2-flioro-3-

hydroxypropylcarbamate (9.5 g, 100%) as a colorless oil.



"H NWR (300 MHz, CDCl13) 6 4.82-5.04 (br s, 1H), 4.62-4.72 (m 0.5H),0 9 JUN 7004
4.48- 4. 5q 4179 . 5H), 3.62-3.72 (m 2H), 3.32-3.62 (m 2HpCcTEEd0R244 (br
.S, 1H), 1.48 (s, 9H). Exanple 19. Teri-butyl (2R). 2-fluoro. 3

i odopropy_| carbamate (internediate to the 5 conpound according to the
Exanpl e 3) Inmdazole (26.6 g, 0.39 nd}) was dissolved in nethylene chloride
(400 nm.) at room tenperature. lodine (102.5 g, 0.39 nol) was added and the
reaction mxture was stirred for 10 mn at roomtenperature and then

cool edHNMR GOOTMHhEMIIPHEos pDIseE: (1102115, 8.6204. B(rh D, 5¥9), 1 2405 s8¢ged

porti c())nvvi sg ogver 10 m n such that the internal tenperaturé renmalned below
10 C. VRoP $erdi2 1. £H)3-Hud PR (2 RID 23.20-3 8 dbss, Hdr b4§ (v, OBy car bamat e (60. 4
g, 0.31 nol) in nmethylene chloride (100 m.) was added dropw se. On

conpl etion of addition of tert-butyl '

(2R) - Exhinpier 19 Zemnitait X9 RY-0i)lope3haassBpylasthhhe fiaterfRbiRY] SNke chl ori de (200

. m) was added. The reaction mxture was allTowed TO warmto room tenperature
andl 150EPPYRd apeoraBE FNae Hxamplg By 17 h. The reaction mixture was filtered
through a pad of Celite(r) (50 g) and washed with additional nethylene
chloride. The filtrate was concentrated under reduced pressure and

pur i f ireidtabyle $26.6@a 030 melo buRTiBbIvea Rt AGISRAY cRloHbé gtmo%w al®bfy! ene
chloride. This procedure afforded tert-butyl (2R)-2-fl

uor o- $MRSESPIo 9T Rs(behagel-d8 mol) was added @il the Bactipngnix68ewas30rredifddvR ( 300

Mz, PRk i ¢ 584 7 0.5H), 4 42-4 56 (m 0.5
H, 3. it b foo mé‘;’nlp%%&g(@g_@%w% éﬁ%ﬁ?%@?!’"@a}% ﬁé@&?ﬁcﬂ@ 20 "bs
34An mo})2wdd added podidhwigsover NDeniaGueh {Hanihe ieiablethp Akl mepepound

according to,th anpl e 4) 25 Anmmoni um hypophosphite (58.1 g, 0.70 nol)
was aPﬁJ%g ]toocla ‘§SEE'6'QB&?2‘?-’ tquYé@ﬁ)e?qﬂPﬂﬁeﬁﬁ}’ ryprapyievhampedbOdtd.rrer,

t her ; i1t ) nel I | er QOB s- .

(01 et {THNIYICRE chRRE @G 2895 BBl E o el deiigcn a

rate eofvet-tning (2RnReflurab-3t ndrex yirop wearbaman] Aldaionedmbeil/ e rh@ed Q260 Upon

conpl e%i)g% ta%%dﬂri,ti on. of 30 BSA, tlhe reaction m xture was nai ntai ned at

35-40™ P i 1€ TRRACHRN TBREUE Y 5t igered Lo warmd roggstempgeugadt he i xt ur e

Wes  Stirfih £ adkopmad 16r foh. B RAAIdH AB@kre sml@{ed}g%)ugé%ﬁ% lPe)f® cool ed
=2-f1u

to roomtenperature and a solution of tert-buty or o- 9 JUN
7004 (WD z)and vagizd with additional methylene chloride. The filtrate was concentrated under

reduced pressure and purified by silica gel column chromatography eluting with methylene
chloride. This procedure afforded ters-butyl (2R)-2-fluoro-3-iodopropylcarbamate as a
white solid (64.7 g, 68%).
0 '"H NMR (300 MHz, CDCl3) & 4.80-5.10 (brs, 1H), .4.58-4.72 (m. 0.5H), 4.42-4.56 (m, 0.5
: H), 3.48-3.70 (m, 1H), 3.20-3.46 (m, 3H), 1.48 (s, 9H).

Example [10. (ZS)—(3-Amino—2-ﬂuoropropv])phosphinic acid (intermediate to the

compound according to the Example 4)

Ammonium hypophosphite (58.1 g, 0.70 mol) was added to a 3 necked 2-L flask equipped
with a mechanical stirrer, thermometer, addition funnel and an argon bubbler. N ,O-Bis-
(trimethylsilyl)acetamide (175.9 mL, 0.71 mol -BSA) was added at such a rate that the
intenal temperature was maintained between 35-40 °C. Upon completing the addition of
30  BSA, the reaction mixture was maintained at 3540 °C for 45 min. M.cthylene chloride
(150 mL) was added and the mixture was stirred at 35-40 °C for an additional 45 min. The

reaction was cooled to room temperature and a solution of tert-buty] (25)-2-fluoro-3-



24 PCT/ SEOQ 02427 i odopropyl carbamate (42.5 g, 0.14 mol) in nethyl eh8 JUN Z004
chl oride (WO8®imaizy3 was added to the reaction m xture. The reaction was then
~allowed to stir at roomtenperature overnight. The reacti oRCKiSE¢U2d2MaS
cooled to O C and was cautiously quenched with nethanol (150 nL) and then
with water (60 nL). The reaction was ggncentrated and the residue placed
under s high vacuum (0.1 mm Hg). The residue was adjusted to approxi mately
pH 8 by the addition of concentrated anmoni um hydroxi de (50 nli) then

met hyl ewdopiopolchdemadQ@2 ¥l + b 14 hanol (250. wer e added. The

resul tierré sol i ds we[rg £11ter edargggq?hlé:%}yﬁﬂeré?%"{ﬁﬁ 00 adpcksn added b thehe

resi du o pixtye af bel resiction wet hdnene welli9kdidg, concent r at ed

anmoni L}g&&)&rlﬁgiﬁgwsol ut]i %)n 6@0: 20:1; 400 ml_) éﬁ‘gﬁ&g@?‘{aiu{%f"éﬂx#hgﬁve
filtrate was Concafit?5 &R0 uhded was saeteakshr @eadiei wil nidiiganol bt mL)
concentandttBenaih Sliag&s @by gA.) Fh nol %400 m_gc. A saturated sol ution of
hydr ogen chl ori de gag in gt hy %%thggtwéis BOG HEKAEY thesresidye atated bedari xt ur e

sti fr edighyacyum (O Bkt Thenresidué wae awasehi - t iltrate was
concenE?Eitt@g\?&gglr%a{rﬁgg%%%ﬁxbgﬁgﬁoﬁ%g%@g‘ﬁgyﬁaﬁg:?ééi‘eed through a
Dowex ( r - ; Litren edettiy]lege oMl bideliq

met hanahd watieho 250 ImMOwé S afYL] hﬁr;]e {E@ﬁ[‘?” al Jas det e)'Ct ed b ‘Tﬁ]_{cbgr% )ysi S.
The requisite crude product was then  er08 s idswemn fiesed, afidtsate vaammoni um

hydr ox Fefee8Bpige dhe rasidvarvals trifthaep Wagiugéth rt-her i,fied by colum
chr Omg&%&?jimh% utiéln% i th pethyl ene chi 2??‘32’,"'%@?’%%@#'56" KRR ed
ammoni um hydr ox7 de 6l Bm“(% (862811 #0Q mlafahd ms (RSfed| SFRNfilN@telwas
f | wor oprmepyirdtpd Oedeh irdH j ite.solid (3.46 g, 17% . 'H NMR (300
MHz, D 4% 20 $ 7.90 (sf’,% e%ﬁ%@s ?a@?’%‘:{%‘?e rEchate was dissolyed inethagolH) |
4.92- 5(. n(lH /b_sg;uqq}e,d Rt f4gdeogen cBl’d)-i,deﬁa;ﬂr g(hyll-:ﬁ&%m?é @Objmll‘ WNEt h1l2-3
di benzadd@HiaHS’['c%ﬁfxE;(‘%Qro [peanoate (intermedi or n"outd®

i 0g e Apied iy

di ate to the
accor di ng3j o 5 i Ths Frgftion mixture was filtered and the filtrate was

( 2R) - Zondetaemalyhmiat falicedt sy el ax 231.7 g, .0.77 mol) was
di ssol yed igz THE, (850 ni an?%%ﬁ%}?@%g%% "BA@?SS%%%WQ,%MI@W%@) in THE
(400 n{% %8200 dersh sﬂoaw(g«sajgmmme.elmemm;xaﬂéuhhh&my@ﬁurﬁﬁmgl ete, the
regct ifgﬁhmﬁm?ltiglrvgag%c[e%[ed n 1?gdi tional 1.5 h. TLC anal ysis I ndicated
consurrp_%i:og of 'starting marelraPrayfe Fesatearsie cwse provct soskied dac® C and
was queHt hédohgentrhed shomomesi Hyidesk; ‘ Rob) il | owed 30 b
neut r al i.f.aﬁ%'bon by the additi ony of g%)fc}qgﬁ@ggﬁg&nﬁ%gﬂc—%%ﬁa?%.WWEB
1: | RPGY &Y column chromatography eluting with methylene chloride, methanol,

concentrated ammeonium hydroxide solution (6:3:1) to afford (28)-(3-amino-2-

K‘Tffeut ral, a

fluoropropyljphosphinic acid as a white solid (3.46 g, 17%). '"H NMR (300 MHz, D,0O)

20 8790 (s, 0.5H),6.15 (s, 0.5 H), 5.12-5.29 (m, 0.5 H), 4.92-5.10 (m, 0.5 H),3.12-3.42 (m
2H), 1.74-2.

Example 111. Methyl (25’)-3-(dibenzv]amino)—Z-ﬂuoropropanoate (intermediate to the

compound according to the Example 4)

s Methyi (2R)-2—(dibenzylamin0)-3—hydroxypropanoa[e (231.7 g, 0.77 mol) was dissolved in
THF (850 mL) and 2 solution of DAST (196 g, 1.2 mol) in THF (400 mL) was added
slowly dropwise. Once the addition was complete, the reaction was stirred for an
additional 1.5 h. TLC analysis indicated consumption of starting material. The reaction
was then cooled to 0 °C and was quenched by the slow addition of water (1.5 1) followed

30 by neutralization by the addition of solid sodium bicarbonate. Once neutral, a 1:1 mixture
of concentrated ammonium hydroxide/saturated sodium chioride solution was added and

the reaction was extracted with ethyl acetate and concentrated under reduced pressure. The



"~ of concentrated amoni um hydroxi de/ sat urat ed sodi um chl ori de sol ut Jdh s 2004

added amwdD 014184 eacti on was extracted with ethyl acetate pOWSEGIRentrat ed

~under reduced pressure. The WD 01/41743 25 0 9 JUN 2004 PCTI SE00/ 02427
crude m xture was purified by silica gel colum chromatography eluting with

ethyl acetate, hexanes (IA) to pro¢bde the desired conmpound (188.3 g, 62%

as an oil. "H NWR (300 MHz, CDC13) & 7.18-7.38 (m I10OH), 5.12-5.17 (m

0.5H), 4.95-5.00 (m 0.5H), 3.81-3.87 (m 2H), 3.69 (s, 3H), 3.49-3.55 (m

2H), @ueOmBxii2 Way pRified iy Hlenpdl eolubmh cidomatogPipdg i AR err§4 bdewgLo-1- ro

anol | nt erm?t‘liate to. the conmpound according to the Exanp ) Lithium

bor oh§rdaperd L 70Pr@"d%‘%ﬂeﬁﬂécm@%b&ﬁaﬁédﬁz%)HSHEIMOO rrL) under a

?Izts; Og??ﬁd%gnzy@fé)@&éﬁ% uorggggﬂlamé?esc #éé%su r#)é‘)g 9&%@‘%@5 suspended

i n THIESH#G08 1n.B7and 2800860 ¢y, apwi $49- 3t53 ey §bgr3612§}11 APl etion of

addition, the reaction mxture was allowed t'0 warm't room tenperature and
st5| rred at this tenperature for 3 h. TLC anal ysis indicated conplete
consunption of starting rraterlal The reaction m xture was cooled to 0 C
‘ ; oni um
' Feaction
m Xt tceondas: texmeﬁxarﬁﬂle\mth ethyl acetate and the organic phase was
concentrated under reduced pressure. The crude residue was dissolved in 2
N hydrochloric acid and the aqueous phase was washed twce with ether. The
aqueduﬁlllpné?ga)madsdbélsﬁ TgteSQmﬁi)l@aagppmde)j IMTHF 8@Rbrah)mitded mnyseaXxi de in
glxtragt edH:\tgl gt,e acet.ate, g]rl ed _over. anhydr.ous sodi um sul f ate,
f.2 |+ BESEIRS A0, foser G rd iestirrag e YbE?e%—sihﬁdéb%y FFBP2-
S) -fRrotshr SYlanrnae I n S | ow oi | .
AR (00 M b il 9t sisepnanpin (PRt BL) st afurfoily
4 48-tql®8ﬂ(xﬁﬁfﬂo®m0m£€lw3f RlAit{om, lf@l—ﬂ):act@n?rﬁ}xﬁxre&a(smlo@bm 1o daroxanpl e 113.

he Eeam e Yl AT, o PIe U oo PanB St eamgeco. 14 mol )

was dossenpied df Rragfikeum@lerial. The reaction mixture was cooled to 0 °C and cautiously

1 quenched with a saturated aqueous solution of ammonium chloride (300 mL). Additional
water (400 mL) was added then the reaction mixture was extracted with ethyi acetate and
the organic phase was concentrated under reduced pressure. The crude residue was
dissolved in 2 N hydrochloric acid and the agueous phase was washed twice with ether.
The aqueous phase was basified (pH=10 approx.) with 80% ammonium hydroxide in brine,

o extracted with ethyl acetate, dried over anhydrous sodium sulfate, filtered aﬁd concentrated

‘ under reduced pressure to afford (2S5)-3-(dibenzylamino)-2-fluoro-1-propanol (156.6 g,
92%) as a yellow oil. 'H NMR (300 MHz, CDCi3) 6 7.15-7.38 (m, 10H), 4.65-4.78 (m,
0.5H), 4.48-4.58 (m, 0.5H), 3.50-3.82 (m, 6H), 2.70-2.88 (m, 2H).

25 Example 113. (25)-3-Amino-2-fluoro-1-propanol (intermediate to the compound according

to the Example 4)

(25)-3-(dibenzylamino)-2-fluoro-1-propanol (39.1 g, 0.14 mol) was dissolved in ethanol

(300 mL). 10 wt.% Palladium (II) hydroxide on carbon (5.0 g) was added and the mixture
3 placed on a Parr® shaker and shaken under a hydrogen atmosphere (55 psi) overnight.

When no further hydrogen uptake was observed, the mixture was filtered throu gh a pad of

Celite®. A fresh batch of palladium (II) hydroxide (5 g) was added to the ethanol mixture



(300 nmL). 10 wt. % Pal | adi um (11) hydroxide on carbon (5.0 g) was added dnN Z004
the m xt aced on a Parr(r) shaker and shaken under hydr ogen

~at m)sphet%s(oggl%éi) overnight. Wen no further hydrogen usﬁ’ﬁéowgn
observed, the m xture was filtered through a pad of (r) Celite. A fresh
batch of palladium (I11) hydroxide (5 was added to the ethanol mxture O
9 JUN 2fW WD 01/41743 PCT/ SEQCQ 02427 26 and re-subjected to the
hydr ogenati on conditi ons descri bed above for 12 h. Again, when no further

hydr oggfy WRBke 1aes e, it filtered.through a pad of

Celite. A frejs{::‘r‘?t bat c[ﬁpgfargﬁ agéﬁg%ﬂqlﬁw{ eféﬁ%@i%’@“’( Ef’fg)z EHRIERF™ 0 t he

et hanoto frintien hedrogen uptaks whj ebieetkd, the Mex v drQIBRAU BAVERAGal pns descri bed
42 h he crude s reaction m xture was filtered through Celite(r)

above [ . i
and coé‘gc)lé‘ﬁt-r Arfzes of pdladismn Jhdwsloexde 6 g)afdscmdded to the ethanol mixture

AR (ABgERbECla B hidteBaNg: o8y foRRRalEn foclos 18F thelmdyy -
4. 32- dredlichmixtuishias ilerEdfodfh CA2bhd cohclindendeRtedtbld pEKARPLE 114

Tert-butyl é\%s%‘ 2-f1 uoro-3-hvdroxypropyl carbamate (internediate to the
conpolMtPrd 607 URmENe--ftupso-tpapans! s g pale-yellawionlod 237, u08%y. ' HoNdfRinol  ( 38. 6

g, O. i laed L 25% aq s.. di gxane .4 1), potassium
Tar bora TV D IDTFEE0) P AT Gudirtby 4 44 ey €5t
di car BfeBg0((89.231)92.70-2465 (@] A4). The m xture was stirred overnight. TLC
anal ysis indicated conplete consunption of starting material. The crude
reaction mxture was concentrated to dryness, water (300 nmL) was added
- o z%ib%‘i' ',". ; 1__a55| u h ra(r) 1Lag,l “ gH:S
chl or icdmpodnd ectoodiap t& o Eang: fate, filtered and concentrated under 20
reduced pressure to afford tert-butyl _
(2S) - 2-fluoro- 3-hydroxypropyl carbamate (79.5 g, 99% as a pale yellow oil.

4 ap- 3200 (rnptid Sladpdob el md) it hiichi i S5l andohn 3 s (br s,
1 H), didkad8(1.8 L)Iptadunxaiiphste 1001 gTouBthI) whs 2dded ThliARELBai-RFR T O

| carbarnate (internmediate to the conpound according to the Exanple 4)
15 utyl dicarbonate (99.5 g, 0.46 mol). The mixture was stirred overnight. TLC analysis

indicated complete consumption of starting material. The crude reaction mixture was
concentrated to dryness, water (300 mL) was added followed by saturated aquebus
potassium hydrogen sulfate (until pH=3 approx.). The organic material was extracted
twice with methylene chloride, dried over sodium sulfate, filtered and concentrated under

20 reduced pressure to afford tert-butyl (2S)-2—ﬂuoro-3~hydroxypropylcarbamate (79.5 g,
99%) as a pale yellow oil. '"H NMR (300 MHz, CDCl3) 6 4.82-5.04 (br s, 1H), 4.62-4.72
(m, 0.5H), 4.48-4.58 (m, 0.5H), 3.62-3.72 (m, 2H), 3.32-3.62 (m, 2H), 3.20-3.44 (br s, 1H),
1.48 (s, SH). |

25 Example 115. Tert-butyl (25)-2-fluoro-3-iodopropylcarbamate (intermediate to the

coempound according to the Example 4)

Imidazole (19.8 g, 0.29 mol) was dissolved in methylene chloride (900 mL) at room

temperature. lodine (73.9 g, 0.29 mol) was added and the reaction mixture was stirred for
30 10 min at room temperature and then cooled to 0 °C. Triphenylphosphine (76.3 g, 0.29

mol) was added portionwise over 10 min such that the internal temperature remained

below 10 °C. A solution of rert-butyl (25)-2-fluoro-3-hydroxypropylcarbamate (45.0 g,




"I'mi dazole (19.8 g, 0.29 nol) was dissolved in nethyl ene chloride (98 gUN 2004
at room weepanrsx ure. lodine (73.9 g, 0.29 nol) was added pgfistdmzigaction
.mxture was stirred for 30 10 min at roomtenperature and then cooled to O

C. Triphenyl phosphine (76.3 g, 0.29 nol) was added porti onwi se over 10 mn
such that the internal tenperature rédai ned below 10 C. A solution of
tert-butyl (2S)-2-fluoro-3-hydroxypropyl carbamate (45.0 g, WO 01/41743 27 0O

9 JUN 2004 PCT/5E00/02427 0.23 nol) in nethylene chloride (300 nL) was

added @2®pwilsie. mathgleneabloride (300hb) &vav@ddeddrbpwRe. TR: MAERBT Rilt@R Was

t enper E)_uraﬁ and stirri ng was continued for 12 h. The reaction mxture was
filterBPYR 18I SR SFMPERIN e AR SURAS Weas [seatimiedfon il ht Tmedactnet hy| ene

* ohlor gl il Fols, SONGRNITAS ol Wder, Lefued priessut e, and puri {1 ed

by silica gel s colum c¢hrohatograp Ut Aforide. This

pr ocedihiaridef fhedddateew is conoénttatéPH)de? rdduded ﬂessdr@ﬂﬁcp?mé&gy Bﬁ@gé as a
colorless oi] (42.5 g, 62%, 'H NMR (300 , CDC 3) 5 4.80-5.10 (br s,

| H)S, 4osgn chromaographsisluting with meshylens cidoded) This pagceBureaffordgd i) |
3. 20- 7. 3. Phar.maceut i cal pa o) The npound
accor .“ﬁ’g (gg?%?rdrbrﬁ %1?(.513?;(1—?13}8?;@%%%3[& &sen forfemglll'{%ﬁ gcéﬁ%hep@g@ﬂq QE’San
act i veMHzngDEH) . 80-5. 10 (phar IFRG e WBLA AL (R 6BRN af 420 Feum ¥ fbs) {8853,
epidural, intravenous, intranuscular, subcutanous, nasal admnistration
and adf AFR¢+32BAP By 3H% LdBdn Wb for any 1s other suitable route of
adm nistration. Preferably the way of admnistration is oral or by
i njection/infusion. The pharnaceutical preparations contain a conpound of
the present invention in conbination with one or nore pharnaceutically
acteptbhimadendead preparationThe fini shed dosage forms are manufactured by

known pharmaceutical processes. Usually the anmount of active conpounds is
bet ween 0. 1-95% by wei ght of the preparation, preferably between 0.2-20%

Dy el BoBKERALALL A Ok AL A5, RESRLSLBE PR SBLUERE, L 5%

by weight I'n preparatTons for oral admnrstra €
of phangrediemtih aghaph&patiedlippdmra A Bt Bialdeal epRANAnRhvdags Pr esent
invention in the formof solid dosage units for oral adm nistration, the
conpouiiErnsuskelar, ggbcutanous, nasal administration and administration by infusion or for any

15 other suitable route of administration. Preferably the way of administration is ora) or by

injection/infusion.

The pharmaceutical preparations contain a compound of the present invention in
combination with one or more pharmaceutically acceptable ingredients. The finished

" dosage forms are manufactured by known pharfnaccutical_proccsses. Usually the amount
of active cornpounds is between 0.1-95% by weight of the preparation, preferably between
0.2-20% by weight in preparations for parenteral use and preferably between 1-50% by

weight in preparations for oral administration.

s Inthe preparation of pharmaceutical preparations containing a compound of the present
mnvention in the form of solid dosage units for oral administration, the cohpound selected
may be mixed with solid, powdered pharmaceutically acceptable ingredients (among these
for instance disintegrating agents and lubricating agents). The mixture is then processed
into granules, tablets, capsules or sachets. |

0



- may be mixed with solid, powder ed pharmaceutically acceptable ingr e{plgemh$ 7004

(among t Regn4iRE | nstance disintegrating agents and | ubri gg,ltr g ents)
The m xture is then processed into granules, tablets, cap LWL, chet s

30 0 9 JUN 2004 WO 01141743 PCT/ SEQQ 02427 28 Dosage units for rectal

adm ni stration may be prepared in theydormof suppositories; in the form
of a gelatine rectal capsule; in the formof a ready-nade mcro enema; or
inthe form of a dry mcro enena formil ation to be reconstituted in a

sui t abbgs sl MeRtod feeia] RA B st rat preparations for
oral admi a'r?ﬁést ration r&rlay ‘hg‘r‘%tagl&‘t?’g prtﬁ?laé'e [H?Z? %‘BBO%Wr‘%Uﬁé%m ons,

or in fonm dfcﬁgnlmineaCdtaycapsultcurrﬁhE(ﬁorbﬁiof @fb@ﬂ'ﬁ&ﬂa’fdl&'hﬁgrovﬁnteﬂna oty %Pdr% sol vent
pri or o,use, ire Solutions for parenteral” adm nistratioh nmay be prepared

as a sYIALTYIRICE? coeTad fIBHAOfto PR gecansiiarediion sititatde phleemiee price ) | y
accept abhhigis@atiygnt and are dispensed into unit doses in the form of
anpoul es or vials. They may al so be prepared as a dry preparation to by
reconstituted with a suitable solvent extenporaneously before use. is The
typi cg!si diglirl dose :ff the active conpound will depend on various factors
such agd R ARpISSof A P‘i‘t‘ﬂif\ﬁ[éf’élonrreepub&mmtd of thedadm phdgyire or t he route

of admg, es,tsr(ﬁ,tsl&r] zﬁr;gif enera gﬂ es.wll be in the
range o?ﬁ 1 gto 0 Orr%gorfag:l %ﬁ? TEIOB E§§50n5\5t/§it t’”tﬁg‘rséf‘étrl%?vﬂll@rg:g to 20
ng pertodsg and kg body wei ght . 20 Bi oI ogi cal studies [3H GABA radioligand
bi ndi ng assay Rat synaptic nenbranes were prepared fromthe whole brain of

Sprague Dawl ey male rats 25 essentially as described previously (Zukin, et

2l CSOTlonRatparbiatla (RS allSA ol 00985 490T N Thie, ( SHCARA Conpet |t on

as'say, nodified fromQ pe et al was
per f ofgaLion :maphprmafeunc(anmasc@mime U@Wbrﬁ@ﬂﬂ‘éﬂﬁd:f&hs&iﬁnf&umt &&Qsﬁ e Tri's

(tri(hydro t hane) pH74 2.5 mv Cad 2 and
|sogu€(¥ ﬂé%f 'ﬂ%@a%n\"ﬁ YnWF'{’B Gamrenazgsksi o dry pasriarationyto bg Tera Becquer el

reconstituted with a suitable solvent extemporaneously before use.

15 The typical daity dose of the active compound will depend on various factors such as for
example the individal requirement of each patient, the route of administration and the
disease. In general, dosages will be in the range of | Hg to 100 mg per day and kg body
weight, preferably 10 pig to 20 mg per day and kg body weight.

20 Biological studies

[HIGABA radioligand binding assay

Rat synaptic membranes were prepared from the whole brain of Sprague Dawley male rats
25 essentially as described previously (Zukin, et al. (1974) Proc. Natl. Acad. USA 71, 4802-
4807). The ['"HIGABA competition assay, modified from Olpe et al ((1990) Eur. J.
Pharmacol. 187, 27-38), was performed in 2006 pl TCI (Tris Calcium Isoguvacine) buffer
- (50 mM Tris (tri(hydroxymethyl)aminomethane), pH 7.4, 2.5 mM CaCl, and 40 uM
isoguvacine) containing 20 nM ["H]JGABA (specific activity: 3 Tera Becquerel

10 (TBg)/mmol), test compound or solvent and 80 1g synaptic membrane protein using 96-



- 30 (TBg)/mmmol ), test conpound or sol vent and 80 pg synaptic menbrafid JUN 2004
protein weiong1AB 0 9 JUN 2004 WO 01141743 PCTISEQA 02427 pdq/s#abh2484 at €s.
_After incubation for 12-20 min at roomtenperature, incubations were
termnated by rapid filtration through a glass fiber filter (Printed.
filtermat B filters, Wallac), which2fad been pretreated with 0.3%
pol yet hyl enei mi ne, using a 96-well plate cell harvester (Skatron or
Tomec). The filters were washed with buffer containing 50 M s Tris
(tris(hydroxy hyl ) am nonet hane) and 2.5 nM CaCl2, pH 7.4, at 4 C and then
dri ed(‘é%&FB@[CéTTEk?ﬁ‘ly't“F%é@E‘oB/fPBI%'@pﬂ’t"inlﬂt 5 tesmsstueViakcibatlonsaererel t ed ont o
the fi adhoactivity was determned in M cropheta scintillation
count é%ﬁ?%%ﬁgg)riﬁlﬁggﬁ?t%n tglﬁ & '%@ﬁ?ﬁ%ﬁ%ﬁ%&é’é‘ﬁﬂgﬂmab f%]heésvpresent
| nventwanayew ich 948 BedPpRaksied Wil .54 hgialdel kb 696 fenci es
for the GABAB receptor gs re\(/aealled gy%é%[%é%%“gfnn&' Eﬁ%g?)& ‘?ﬂgp%&ndi ng and
i | eumcalidapsster ¢Bpeohior dloynted)hThPAleR i wibtield WiggBEftrtcdnt Mt Rishipgn of

" TLOSR were is related to the affinity for, and activity on, the GABAB
r eéeptlgis, (tex(y dpxemethy Bemipomeshanep and 2 S dnl¥yCa@apdt 7.6nat /°Gady tHeanper at ur e

in the muse), nl n.at.. doses hj.gher than the therapeutic doses

i nhi b%ﬂgﬁé?ﬁcéeﬁ{@ﬁﬁt%@%@gs%&a@ S%Fé?ié%ﬁ@ﬁ%ﬁeel&ﬁdf%? Sreclalterhandneen

t hera j G e i - i si de-ef fects was

unexpgi(?g%icﬁlyvggisgaﬁ.(de%? égdﬁg Tcﬁ%h%%%ﬁ%qgﬁ?é&%%wicl%ound according to

formula | R4 5 wherein RL represents hydrogen or |ower alkyl; R2 represents
a fluoro group; 10 R3 represents hydrogen;

; Results and discussion

The compounds of the present invention were found to have surprisingly high affinities
and potencies for the GABAR receptor as revealed by low ICsg and ECsq in the binding
and ileum assays, respectively. The potencies with regard to inhibition of TLOSR were
(s related to the affinity for, and activity on, the GABAp receptor. CNS side-effects (as
measured by reduction in body temperature in the mouse) were only seen at doses hi gher
than the therapeutic doses inhibiting TLOSR in the dog model. Therefore, the difference
between therapeutic dose (inhibition of TLOSRY) and dose causing side-effects was

unexpectedly high.

30



R4 represents hydrogen; OH R5 represents nethyl, fluoronethyl, 09 JUN 2004
di fluoronethyl or trifluoronethyl; 15 and pharmaceutically acceptable

salts, solvates and the stereoi sonmers thereof. 2. A conpound according to
claim!| which is (3-amino-2 fluoropropyPy(nethyl)phosphinic acid. 20 3. A
conmpound according to claim2 which is (2R)-(3-am no- 2-

f1 uoropropyl) (et hyl ) phosphinic acid. 4. A conpound according to claim?2
which is ( m§3- am no-2- 25 fluoropropyl) (nmethyl)phosphinic acid. 5. A

conpound accor dj iml. igh i 3-am no- 2-fl uoro-1-

met hyl pr o;anlyl )(n”é‘{lﬁlﬁtp)gﬁﬁ%g%ﬁ?f%%@oaﬁofﬁpﬁ 6. A conpound according to any one
of clains 1-5 for use in therapy. -30 Ra 0 _,P-Rs (! ) 7. Use of a
conmpound according to any one'?lof cFsd ms Q-5 for the manufacture of a

medi cament for the inhibitionyof trjansight Lower oesmt}ageal sphi ncter
relaxations. 0 9 Jt.,UN 20R% - 3. \'ch' conmpou according to any one
of clains 1-5 for the nanufacturle of meHi canent for the treatnent of
gast r o- oesophageal reflux di seadts 5 R., Use of a conpound according to any
one of clainms 1-5 for the manufacture of a nedicanment for the treatnent of
regur gist agbﬁ%fn infants. 10. Use of a conmpound according to any one of
clains 1- F % he manufacture of a nedicament for the treatment of
GORD- r el atRgrepresonts habRRen of bwed alkyt;hma, bel ching, 10 coughi ng, pain,

cocai ne addition, hiccups, IBS, dyspepsia, enesis and nociception. 11. A

phar maceuty ¢ latlon conprising as active ingredient a
t her apeut i%%f#’{/gsgﬁ% tftotd groug,

10  Rj3 represents hydrogen;
R4 represents hydrogen;

Rs represents methyl, fluoromethyl, difluoromethyl or trifluoromethyl;

15
and pharmaceutically acceptable salts, solvates and the stereoisomers thereof,
2. A compound according to claim 1 which is (3-amino-2-
fluoropropyl)(methyl)phosphinic acid. |

20

3. A compound according to claim 2 which is (2R)-(3-amino-2-

fluoropropyl)(methyl)phosphinic acid.

4. A compeund according to claim 2 which is (2.5)-(3-amino-2-

25 fluoropropyl)(methyl)phosphinic acid.

5. A compound according to claim ! which is (3-amino-2-flucro-1-

methylpropyl)(methyl)phosphinic acid.
36 6. A compound aceording to any one of claims 1-5 for use in therapy.

7. Use of a compound according to any one of claims 1-5 for the manufacture of 2

medicament for the inhibition of transient lower oesophageal sphincter relaxations.



accept abl e anount of a conpound defined in any one of clains 1-5 gpgiA@?‘alzlﬁgq
In association with diluents, excipients or inert carriers. 15 12.
conmpound sel ected fromthe group consisting of ethyl 3-

[ et hoxy( et hyl ) phosphoryl]-2-fl uoropr oganoat e, ethyl (3-am no-2-fluoro-3
oxop"oY -y i)(metii i) ho5 hinatG ethyd!-

3-[ et hoxy(net hyi ) phosphoryl]-2-fluorobutanoate, ny ~~ p ethyl

3-am no- 2-fl uoro-1-nethyl - 3- oxopr opyl (net hyl ) phosphi nate, (2R)-(3-am no-2
20 fl uoropropyl ) phosphi ni c acid,

(2R) - 3- (di benzyl am no) - 2-fl uoro-1-propanol, (2R)-3.am no-

2-f1 uor o- 18 pr o;iéaumf,a coenpioubd tydordidgYo &yl dris@teladmby & X IR IFRL €,
tert-butyl é@icl%u 2- or o- 3-i odopr opyl car banmat e,

(2S) - ( 3- amffbcanent fo5the ReaspenLMEaskP RPEoPhagea! roflix Wisease.

(2S) - 3-(di benzyl am no) 2-fl uor opr opanoat e,

(2S) - 3-(di benzyl am no) - 2-fl uoro-1-propanol, (2S)-3-am no-2-fluoro-I|-prop
anol , %er®.but se(cﬁ‘S)oompfohmbamoﬁdihg ¢ myyqreatlabas DIt teanshudRniebFabut vl

(28)-2-fl uord?camén(t)gor%g ggltr%aegp c?tma regurgitation in infants.

10.  Use of a compound according to any one of claims 1-5 for the manufacture of 2
medicament for the treatment of GORD-related or non-GORD related asthma, belching,

10 coughing, pain, cocaine additon, hiccups, IBS, dyspepsia, emesis and nociception.

11. A pharmaceutical formulation comprising as active ingredient a therapeutically
acceptable amount of 2 compound defined in any one of claims 1-5 optionally in
association with diluents, excipients or inert carrers.

15
12. A compound selected from the group consisting of ethyl 3-
[ethoxy(memyl)phosphoryi]-Z«ﬂuoropmpanoate ethyl (3-amino-2-fluoro-3-
oxopropyl)(methyl)phosphinate, ethyi 3-{ethoxy(methyl Jphosphoryl]-2-fluorobutanoate,
ethyl 3-amino-2- -fluoro-1-methyl-3-oxopropyl(methyl)phosphinate, (28)~(3-amino-2-

20 fluoropropyl)phosphinic acid, (2R)-3-(dibenzylamino)-2-fluoro-1-propanol, (2R)-3-amino-
2-fluoro-1-propanol, rere-butyl (2R)-2-fluoro-3-hydroxypropylcarbamate, tert-butyl (2R)-2-
fluoro-3-iodopropylcarbamate, (28)+(3-amino-2-fluoropropyl)phosphinic acid, methyl
(25)-3-(dibenzylamino)-2-flusropropanoate, (25)-3-(dibenzylamino)-2-fluoro-1-propanol,
(25)-3-amino-2-fluoro-1-propancl, terr-butyl (2.5)-2- ﬂuoro-3-hyclmxypropylcarbamate and

25 rert-butyl (25)-2-fluore-3-iodopropylcarbamate.



