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A NEW PRCI:&V:%%’f—S fd of the Inventlon 5. The present |nvent|on re a#@ &

~new process for the preparation of é‘-N N- -

di cycl obutyl am no-8-f | uor o- 3, 4- d| hydr o- 2H 1- benzopyran 5- car boxam de,
especially (R)-

3-N, N-di cycl obut yl am no- 8- f1 uoro- 3, 4- di hydr o- 2H- 1- benzopyr an- 5- car boxam de
and to new 'Rt (XE qd:fssorepared therein. 10 Background of the Invention
(R -3-N,N-Di cy u am no- 8- f | uor o- 3, 4- di hydr o- 2H 1- benzopyr an- 5- car boxam
I de |s di scl osed in V\D 95/11891 as well as a process for preparing the
named conpound. Said process conprises a nunber of reaction steps. The
fluori ne atoicldof thednvemtion i nto the 15  benzopyran nucl eus by sel ective
brom nation in the 8-position, followed by NN di benzylation, followed by
hal ogen-ithi um exchange of the bronp conpound and reaction with a suitable

fluorinat] nga‘ﬁ%%&mt}%ﬁ%%ﬁé@t&&e\s protedd ﬁ:?'iﬁé’%nfegg&ﬁoﬁ 82'?'% o

met hoxy- 37 4 benzopyran I s en subje enZyl ati on,

N, N di al kyl aicyelabitylangieod: flverod &Wm%&mﬁ@%&wmmm, especially (R)-
denet hyl ation; and catalytic 20 conversion using a transition netal,

car bon nonox BdﬁNM@ﬂb\aﬂpﬂmBzﬂl@ﬂaﬁdoﬁderwwtﬂ~b¢mpymt-$rearbpwmﬂe iand tof
the internedi ate al kegé g%% di.cycl obut yl am no- 8-fl uor o- 3, 4-

di hydr o- 2H 1PB¥ AR, T&g?fﬁg%ﬂf%{{le Hydrol ysis of the ester to the
carboxylic acid, followed by treatment of the acid with thionyl chloride
gives the acid chI oride which upon treatnent with ammnia gives the desired

(R) - 3- NN46li cBatigroand efithe Invénfibnior o- 3, 4- -25
di hydr o- 2H 1-benzopyr an- 5- car boxam de. The above notvmthstandl ng there is
still a need for new, nore cenveni ent and efficient processes of

manuf acturi n?R)( @Nﬁ lg{cycldf) fn305's Yhioro-35 gllfyhyooﬁg venst fM Sehtboxamide is

disclosed in WO 95/11891 as well as a process for preparing the named compound. Said

process comprises a number of reaction steps. The fluorine atom is introduced into the

15 benzopyran nucleus by selective bromination in the 8-position, followed by N,N-
dibenzylation, followed by halogen-liﬁﬁmn exchange of the bromo compound and reaction
with a suitable fluorinating agent. The obtained (R)-3-N, N-dibenzylamino-8-fluoro-5-
methoxy-3,4-dihydro-2H-1-benzopyran is then subjected to debenzylation, N,N-
dialkylation by reductive alkylation with cyclobutanbne; demethylation; and catalytic

20 conversion using a transition metal, carbon monoxide and an appropriate alcohol, resulting
in the production of the intermediate alkyl (R)-3-N,N-dicyclobutylamino-8-fluoro-3,4-
dihydro-2H-1-benzopyran-5-carboxylate. Hydrolysis of the ester to the carboxylic acid,
followed by treatment of the acid with thionyl chloride gives the acid chloride which upon
treatment with ammonia gives the desired (R)-3-N,N-dicyclobutylamino-8-fluoro-3,4-

25  dihydro-2H-1-benzopyran-5-carboxamide.

The above noiwithstanding there is still 2 need for new, more :;,onvenient and efficient
processes of manufacturing (R)-3-N,N-dicyclobutylamino-8-fluoro-3,4-dihydro-24-1-
benzopyran-5-carboxamide.
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benzopyr an- 5- car boxam de. 30 WD 98/ 46586

PCT/ SE98/ 00W@28/658fie process accor di ng to t he present i nvent PEA/SESHOR6RL
preparation of 3-N, N

di cycl obutyl am no- 8-f 1| uoro- 3, 4-di hydr o- 2H-2- benzopyr an- 5- car boxani de i $
nore advant ageous froma technical point of view than the process descri bed
In WO 95/11891. The cl ai rred process enpl oys a startl ng mat eri al whi ch has
the fluoro-sybstituent |r1 ’ﬁ:eS and thus not

undesi r abl e FRGROPFSEAFEATIINE L0, %sePE’t“émeF?ﬂ rPBW‘%? ?{ Sdﬂ‘ﬁe accor di ng

to the conv i

reacti on wi tﬁ&gﬁ@%ﬁ%o\?gﬁh{?gggﬁaﬁﬁ ¥&‘8\‘%A‘9'gams)°§r[‘ gé# -5' ln:1"‘?:{.Jﬂor| ng}q&ng
agent . Furt hgfvahfal Feoutsfmn & GsthihicAl poihtcdfOlhevd tisdnthé &fﬁcbﬁ deaéﬁwatmqm 95/11891,
(R -3-N, N-di benzyl'anm no- 5- met hoxy- 3, 4- di hydr o- 2H 1- benzopyran as a

by- product \A?ﬁh@:d:lamn;itprb@ss epplays edtatungrmteaaﬂwhwhdﬂs tife flddraesubstittent in place .
end- product by stly and, techni ca.l I fficult chrorrflt ogr aphy net hod.
The process Pﬂ ?F@@quqﬁge S‘P"é'g@ﬁﬁmr H?‘PWW@@hEP% %?fén?%‘ilﬁFBPE OhI |y
mor e advant aﬁ?&#ﬁe P@r'ax I%B It prﬁg MQS?E(V%T%E&‘%&Q iz on and

Description 0 nve ventr on rec new

process for f&éﬁﬂrﬁﬁm&ﬁeﬂﬁen%m Ha@&ﬂwmfc(%ﬁé@wll_‘{jtom fluorinating agent Furthennore,
3-NN-di cycl obutyl am no- 8-f 1 uor o- i hydr o- 2H 1- benzopyr an- car boxam de

havi ng t he fhismgaction ))leldq; 2 sultantiaharhounsiof (R1o3-A\iNedibenzylaminer$-ethoxy-3,4-
S enanti omer dxﬁl];rgro%-ai -ben&ol.)t})ran as a by-product which must be separated from the desired

10 fluorinated end-product by a costly and technically difficult chromatography method. The

process according to the present invention is therefore commercially more advantageous

than the process known from WO 95/11891.

Brief Description of the Invention
1s . |
'The present invention is directed to a new érocess' for manufacture of the racemic
compound 3-N, N-dicyclobutylamino-8-fluoro-3,4-dihydro-2H-1-benzopyran-5-
carboxamide having the formula (I), its R-enantiomer (formula R-(I)) and its S-enantiomer

(formula S-(I)).
20
F F F
o o o
CONH, CONH, ~ CONH,

and pharmaceutically acceptable salts and/or solvates thereof.
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20 [err]. ceutically acceptable salts and/or sol vat 25
VO 98/ 4658%1)W&E£&a - | q%&%%ﬁ@@‘}‘boem

3 Detailed Description of the Invention The néw synthetic route for the
manuf acture of the conmpounds having the formulae (1), R (1) and S-(I) is -
described bel ow. The process for manufacturing (R)-3-N, N

di cycl obut yl am no- 8-fl uoro-.3, 4-di hydro-2H 1 -benzopyran-5-carboxam de is

the main 5 pkiARed DRrigodCTile InveRtict arting material conpound (11) may be
pur chased fwnrﬂo'r—e%‘rp‘r'e‘,—‘l—'rhm Laboratories, Inc. USA. In the process
accor di ng tThé hew synthetic oute fortice mednyfattye ofthe campoihdscshavireg the-faineuiad (IplRey |

e.g. nmethyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, is
prepared 10D armi/g@)ls desceibed belgw he procesmios pramufactyring (4-3:MNi al ky!

orthof ormat e i nhydroMs, S t Su he corcrespondi ng al.kyl .

ol conol - " TheudoBy ARRE s LAl Fben iy R R e,
at a tergoergﬁw,ﬁnpﬁltd&ggn O [err]C and 100 [err]C. The reaction may al so be
performed by ‘ot her” met hods of esterification such as heating conmpound (I1)

to a tenperature between 40 [err]C and -100 [err]C in an appropriate al cohol
such as net hanol,  ethanql or propanol in the 15 presence of an acid such

as H er r ] SCLhe stactingeateralrompquad 4H) may bepurghised fomy, forgxample, &Bintan ot her

Brotcoti ve EPRRASH R i crodfk BRAeRcculling b e Tnfialion BehEbe O10 Bz

and Pet er GRNk QT salkylodig. methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, is prepared

-

10 by (a) esterification of compound (If) with a trialkyl orthoformate in an anhydrous so}vent
such as the corrésponding alkyl alcohol. The esterification is catalyzed by an acid such as
H,SO, at a temperature between 0 °C and 100 °C. The reaction may also be performed by
other methods of esterification such as heating compound (II) to a temperature between 40
°C and 100 °C in an appropriate alcohol such as methanol, ethanol or propanol in the

is  presence of an acid such as HzSO4. The carboxylic acid (III) may also be protected by other
protecting groups known to a pefson-skilled in the art, see for example: Protective Groups
in Organic Synthesis; Second Edition; Theodora W. Green and Peter G.M. Wauts; John |
Wiley & Sons, Inc.; 1991.

. :

| F
OH - OH
W —3a3— (1
CO,H - O,R

Compound (IV) is prepared by (b) alkylation of compound (III) with propargyl halides e.g.

20

bromides, chlorides or iodides, or with propargyl alcohol activated as a sulfonate e. g p-
toluenesulfonate, in an organic solvent in the presence of a base at a temperature between
20 °C and 100 °C. Examples of bases that may be used are carbonates such as sodium

25 carbonate and potassium carbonate, or amines such as trialkylamines, e.g. triethylamine,

L



W] ey &Sons Inc.; 1991. [err] F OH 20
Conpound (IW@98/¢65p6 epared by (b) al kyl ation of conpound (I | PCEISERS/00681
propargyl halides e.g. brom des, chlorides or iodides, or with propargyl

al cohol activated as a sul fonate e.g. p- tgluenesul fonate, in an organic
solvent in the presence of a base at a tenperature between 20 [err]C and
100 [err] C. Exanples of bases that nmay be used are carbonates such as

sodi um 25 carbonate and potassi um carbonate, or am nes such as

trial kyl am rias other gossible bases wdliibadnown tMQpﬁbeziGEﬂl@d in the art. Preferably potassium
PCT/ SE98/ 00681 4 but ot hslh possi bl e bases WI| g known to a B zon Sil |1 ed
in the art. garkematedsmyeds Jhg SE5ame Y%Wé’ei% eais (ﬁ"’qﬁ%ﬂ%éﬁﬁ petht may

be sel ect ed LoD ACSLa0Re ohd BN bl Sk IO BnRORI ARl 1 id glatene.

but ot her sur org I'c solvents w :nrson Sk Ted 3 n

- the art. e@é@@kﬂleaqatt@aﬁt | Brefefediy adetdrR'i6 hised. _

F Corrpound ( is prepared by (c) heating conpound (1V) neat or in an
appropri ate aromati c sol vent such as diethylaniline, dinmethylanil i ne,

di phenyl. ether or inFan aromatic solvent e.g. tofuene or xylene,

el evated pressures, dr in asaturat ed hi gher hyd ocarbon 10 e. g undecane

or dodecane, at a e between,150 [err QGT [err]C, preferably
(V)

at a tenperature bd 210[6“7]0—&9-8—23& [ er
Compound (V) is prepared by (c) heating compound (IV) neat or in an appropriate ‘

aromatic solvent such as diethylaniline, dimethylaniline, diphenyl ether or in an aromatic
solvent e.g. toluene or xylene, at elevated pressures, or in a saturated higher hydrocarbon,

10 e.g. undecane or dodecane, at a temperature between 150 °C and 250 °C, preferably ata
temperature between 21_0-'”"C and 230 °C. '

E | F
o v o
_=C -
. Z

CO,R CO,R

Compound (VI) is prepared by (d) hydrolysis, in the presence of a base or an acid, in a
i1s  mixture of an organic solvent and water at a temperature between 20 °C and 100 °C.

The organic solvent may be selected from methanol, ethanol, ethylene glycol or a mixture
thereof, but other suitable solvents or solvent mixtures will be known to a person skilled in
the art. Preferably methanol is used. Different bases such as sodium hydroxide, potassium

hydroxide or lithium hydroxide or an acid such as hydrochloric acid, sulfuric acid or

20 trifluoromethanesulfonic acid may be used.

Compound (VII) is prepared by (e(i)) reacting compound (VI) at a temperature between




er] Comiguiaiadh) 1o prepared by (d) hydrolysis, in the prgsadognpl @

base or an a I'n a 15 mxture of an organic sol vent and

tenperature between 20 [err] C and 100 [erér]C. The organic sol vent may .be
sel ected from net hanol, ethanol, ethylené glycol or a mxture thereof, but
ot her suitable solvents or solvent mxtures will be known to a person
skilled in the art. Preferably nethanol is used. D fferent bases such as
sodi um hydipod £ 1000w &h YRAlYY K16MdE6r @loryl EMbHAE Wi sPoiifoud an BFeaAfd SIverED
as hydrochloric acid, sulfuric acid or 20" trifluoronethanesul fonic acid
may be usedr aGrxime ofiorgatit soivents pegsente followeddsy repctionawith amnromiporamimonin at
a tenperature between WO 98/ 46586 : . _

PCT/ SE98/ 0bgdroxiien The prgapicsalyentised may ke, fpr oxampls, ynetayleng chlarids, ethyl ony |

ol vent s pekdaior Wb e ARl Bk bor CotPPhnd i b sl T Hrmsty By (BN e
The or gani ¢e@hY eBnpbSRA(VIBVIPSmniofia iﬁwségfopdz?é Jaﬁéf,@ 8t &tunﬂ;efﬂ&regygcm&

acetate or toluéne, or mXxtures thereof. npound (VI'1) nay "al so

pr epar ed by20(°€and)2003C witke ar withgutcpregsare) Thé Yoactioh barmberperifarmed iathe presence
appropriate solvent _at a tenperature between 20 [err]C and, 200 [err]C with
or without oppbssace ef catalytic amounts el agids 98 basess 8- Hediuny hydroxiseRtassiumy

b f Lyti-g. . of i d o) o di um hydr. oxi
ot assi um Ay aradee s TR Bh afBlei et ARG RIS e SRR RO o o
a sul f oni ¢ catalylts thhiRay Bhseldbelhownab aPaysoR kil dn e 40 MR sbfvedit MBY BON
skilled in thée art. The solvent may be "10 sel ected from an al cohol, water

or t ol wene selectedifronaeslcold; water obtoluent hermixtireetiiescof) but diberksobwentstwillbe
erson skilled in the art, ound (VI | so be prepared, by reactin
P known to a person skille&)?nnﬁle art. C%mpo%mgw may also lPe pr arec? by ¥eac§ng g

compound (V) with a suitable amide, e.g. formamide, in a transamidation reaction in the

presence of a suitable catalyst, e.g. 'cyan,ide.

F

3 ONH,

Compound (VIN) is prepared by (f) reacting compound (VII) with iodine or other
iodinating agents e.g. iodine monochloride, and a nitrite salt such as silver nitrite, sodium |
nitrite or tetrabutylammonium nitrite in an organic solvent such as ethy.l acetate, ethanol,

ethylene glycol, tetrahydrofuran, mono- or diglyme or methanol or a mixture thereof in the

20  presence or absence of water at a temperature between 0 °C and 100 °C.




conpound (V) with a suitable amde, e.g. formamide, in a transam dation
reacti on WO 9846586 esence of a suitable catalyst, e.g. cyani RET/SE98/0(681
Compound (VIII1) is prepared by (f) reacting conpound (VII) with iodine or
ot her iodinating agents e.g. iodine nonochloride, and a nitrite salt such
as silver nitrite, sodiumnitrite or tetrabutylamoniumnitrite in an
organi ¢ sol vent such as ethyl acetate, ethanol, ethylene glycol,
tetrahydrofuran, nofo- or diglyme or methanol gor a mixture thereof in the
20 presence or absdnce Bf wat er at a tenperafure between 0 [err]C and 100
[err] C WO 98/ 465886 (vin) O (Vi) '
PCT/ SE98/ 00681 6 dound—(1XE is_preflared by (g) reacting conpound
(VIT'1) with a red R egent such as sodiu ilde, sodi um

cyanobor ohydri de, |i{t hi um al um ni um hydride oY anofher NQjt abl e reduci ng

- agent in the presen@ONH,et hyl ene glycol or sgdqagdtes and an organic 5

. solvent such as ethyl acetate, nethylene chloride, 2nethanol or ethanol in

t he presen a 0f acetl ' .

pet veen - 26 o R RS BBt 6 (B e R b d (U R o ERE i B s
[err]C and s3@iuh_ﬁbéﬂo§?/d{i@é, sbdiwaiBaHsbroNydride, RiHHRA Bemiurh Wydfi@é b idotkerof
conpound (I1X) with, Tor exanple, zinc and 10 hydrochloric acid in acetic
acid at a tseitphle zeducing agentinthe presence]of ethydenergly¢ad ror kilicates abd algrBanigenat i on
in the presepnce of a catalyst such as platjnum pal]adi um or ney ni ckel
and hydsogdRivFREsych a PRyl gite, ety leme chlfue mettiane ﬁhwgphﬁ? P@%ﬁme or
acetate, a HQUEk of water and/or acetic acid ata temperature between -20 °C and 100 °C, preferably

at a temperature between 0 °C and 20 °C.

F
O )
Z —
NO, .
CONHz--= : R CONHz

~ Compound (X) is prepared by (h) reduction of compound (IX) with, for example, zinc and
10  hydrochloric écid in acetic acid at a temperature between 20 °C and 150 °C, or by
hydrogenation in the presence of a catalyst such as platinum, palladium or Raney nickel
and hydrogen gas in an organic solvent such as tetréhydroﬁlran, ethyl acetate, a lower
alcohol or a mixture thereof preferably in the presence of an acid, e.g. hydrochloric acid, at
a temperature between -20 °C and 100 °C. Other suitable reducing agents known to a
15 person skilled in the art may also be used.

F o F
O (X
(X) h o )
SR
NO, NH,
CONH, CONH,

The (R)-enantiomer of compound (XI) is obtained according to known methods, such as




al cohol or a . m xture thereof preferably in the presence of | g.
hydr ochl oMQ@¥H#658€ at a tenperature between -20 [err]C and ?ga?ﬁ%ag’f’ﬁ“@

Qt her suitable reduci ng agents known to a115 person skilled in the art may
al so be used. [err] NH2 The (R)-enantionmer of conpound (Xl) is obtained
according to known nethods, such as WO 98/ 46586

PCT/ SE98/ 00681 7 fractional crystallization of diastereoneric salts. The

di astereom'c- | drydtali og%t tedréoméric i Al astRERRLRTsalOt) foirded re
enanti onmer 0 Q‘é’ﬁ@rﬂ%@‘%@f Sl,‘li?:% as a caﬁoxy ei'c aasci-d or a sulfoni cbg'c(lwd in
an appr opr i téda@ment! of edinpsush(Odswitle & parecenantidiencf 3 cldtdlptidaaeh as 2 carboxydicer

but other- sol vents and/por solvent m xtures will be known to a person

ski |l ed in acidona sulfonic acihin aicappropriatpsolvent suehoes methanpl, ethanolasthylasstate on
tartari id, K i d_and hani id byt oth i ds, ikl
nown 1o a WaEcBH Pyt e sciF e Rbes Wil be Khowh J5¢ RSt Altbd In B8
used. The p&{.gggmgﬁig&&éﬁt&d fromRkr& bRgfiofers sL@HIRE hei@f mhrilieliR akid addt h a

base such as iumc onate, potassium carbonate, cal ci um hydroxi de,
sodi um hydrsighanierackiTbonstheravitisoxill tickroav totzopersoruskitida in the grrPrefesalily &at
e.g. diethyl ether. 10 The &g)g}-enant iomer. of conpound Xlg i S obt inedl
accor di ng t)ttatarisvasidismsed. dds purarampaindfrikbuisebtainsd by Batment okthg g2if he

. ic. . .th | d.f bt aj ni BR-{. . bl
D e Dt ik opasei'ah sdiuborkG ottt B3Rl cafbopRle LAGEN tfidriall GURRA®! Y
prepared byp{drbxidk kor'aftrhéila @hd ERFRRANHR 4 stitabf® drghnic solvent e.g. diethyl ether.

10

The (S)-enantiomer of compound (XI) is obtained according to the procedure described for
compound R-(XI) by (i) using the enantiomeric counterpart of the acid used for obtaining

R-(XT). Preferably D-(-)-tartaric acid is used.

15 | Compounds (D) , R-() and SI) éfe prepared by (j) alkylation of bompounds 0, R-(XI')' '
and S-(XT), respectively by known methods such as reductive alkylation using |
cyclobutanone in the presence of a reducing agent such as sodium borohydride, sodium
cyanoborohydride dr a hydi'o genation catalyst such as palladium or platinum in the
presence of hydrogen, in an organic solvent such as methanol, ethanol, toluene, acetic acid

20  or ethyl acetate or in a mixture thereof.

Alternatively, compounds (I), R-(I) and S-(T) may be prepared by (j) alkylation of
compounds (X), R-(XT) and S-(XI), respectively with an alkylating agent such as a
cyclobutyl halide or the mesylate or tosylate of cyclobutanol in a suitable organic solvent

25 in the presence of a base and/or a catalyst. The organic solvent may be selected from
acetonitrile or ethanol, but other suitable solvents will be known to a person skilled in the
art. The base may be selected from sodium carbonate, potassium carbonate or friethylamine
but other possible bases will be known toa person skilled in the art. The catalyst is an
iodide, preferably sodium iodide. | '




and S—(XI) respectively by known nethods such as reductive al kylation

usi ng cycl‘U@@G’&ﬁﬁ%e in the presence of a reducing agent sucPCISEISB68M
bor ohydri de, sodi um cyanoborohydride or a_ hydrogenation catal yst such as
pal | adi um or platinumin the presence of %hydrogen, in an organic sol vént
such as nethanol, ethanol, toluene, acetic acid 20 or ethyl acetate or in
a mxture thereof. Alternatlvely corrpounds (1), R(l) and S- (1) may be
prepared by (F) alkylation of conpounds (X) R-(XI) and S-(XI),
respectively Withean al kyl ating agent sach @s_a cyclobutyl halide or the
mesyl ate or S < )cy x| obut anol abl e lorgani c solvent 25 in.
t he presencg se amdfor—a*cat al The _lor ¢ sol vent may be

sel ected from | e or ethanol, 0T heiNgsui t 4Bl e sol vents will be
known to a pepggiy skilled in the art. TphenNuse rra?x sel ected from sodi um
carbonate, potassifum darbonate or triethyl arfi ne but{ of her possi bl e bases
will be known to a persspiskilled in the art. The catal yst is an iodide,
preferably sodi umi odi de. WO 98/ 46586

PCT/ SE98/ 00681 8 [erk] [er salt of conpounds (1), R &) and S-(1) can

be prepared by converiti onal hogqs. 5 | nt er nedi-at es
invention is also dirgcted t iy efd i at ey, nanel f
formulae (111) to (X ,\ R (X S-IX).

| i “NH, R-(1)

CONH,
0]
@CLS'“" ' '
- Sl)

CONH, ~CONH,

A salt of compounds (I), R-(I) and S-(I) can be prepared by conventional methods.
5 Intermediates

The present invention is also directed to new intermediates, namely intermediates of

formulae (III) to (X), R-(XI) and S-(XI).

10
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15 - WD 98/ 465 _ :
PCT/ SE98/ O(Y%%?ngﬁgpeci ally preferred internedi ates are the f%‘Wg%,sﬁ)a@lA
conmpound of the formula (V) [err] wherein § is CJerr]-Cerr] alkyl; a
conpound of the formula (VII1) [err] a conpdund of the formula [err] 15 The
I nvention wll now be described in nore detail by the follow ng exanples:
20 WD 98/ 46586 _

PCT/ SE98/ 00 . ATelred ht&nRa ' Wﬁ'ﬁﬁ-'
4-fl uoro- 3-hy F%&%ﬂZ%ﬂ%@ﬁp%ﬁfﬁﬁﬁ? 5 '4-Fl uor o- 3- hydr oxybenzoi ¢
acid (20.0 g, 0.13 nol) was dissol ved in anhydrous net hanol

A compound of the formula (V)
F
0
V)
=
5 CO, R
wherein R is C,-C, alkyl;
a compound of the formula (VII)
(vi)
o CONH,
a compound of the formula
F
O
(X}
NH,
CONH,

15

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

20




(160 mL), mxed with trinmethyl orthoformate(25 m.) foll owed t he o
addi tion oWORSMH6%8et rated Herr]SOerr] (3 nL) and the reactnﬁ"fy 8/0868ht ed
to 40-55 [err]C overnight. Half of the solvent was renmoved in vacuo, the
remai ni ng sol ution was poured into an icelerr]O mixture and the product
was extracted twice with diethyl ether. The conbined 10 et her phases were
- washed twice with Herr]O treated with a cold solution of saturated _
NaHCO err ], Examplell with brine, dried with MgSO4, filtered, and the sol vent
was renoved in vacuo to give 21.6 g (99% vyield) of a white solid as the
title conpound (nmp 93.5-94.5 [err]C). Mass spectrum (70 eV) mz (relative

01T Wb Sk AR bl iR (1)

4-f | uor o- 3- propar gyl oxybenzoate (Conpound (1V)) 20 Met hyI ,
4-fluoro-3-hydroxybenzoate (20.0 nL, 0.118 nol) was dissolved in anhydrous

acet one § 45@-Fiugro-Ihydraxytenzoip aeid 42¢,0 g, B3 molp was dissolyed in amwdmsyn obwed

2Lt on m HAPaEh BRSBTS 00] hborabe (20t onvaty B gBihal o,

was filtere Hirhtd G%I £ @Sy
di ssol ved | go % &}F@ﬁ% she %ﬁ%%ﬁgﬁeﬁ %a:drj'?s treat %mavm th 25
~brine, dri eHa!ﬁdfhhé\mmwa]sremweﬂénmbuaaﬁrérbmmng salutionveras peured @ido an  vacuo

to give 255 100%y|eld of .a |ight peach colourdslld the title
conpound ( 3%& WQ“%‘ s exIasted bvise ‘g g?‘&?’i-&geicm}{?fit y)

208 (2 ;Z, g° M g{h@} }hasgg \Z/ex(ew&ed fhide (v%tﬁ)HzO} frbated With éLélo%d (sgﬁ)non_ Of sitaraled 81

(10) . | :
: NaHCO,, treated with brine, dried with MgSQ,, filtered, and the solvent was removed in

~ vacuo to give 21.6 g (99% yield) of a white solid as the title compound (mp 93.5-94.5 °C).
Mass spectrum (70 V) m/z (relative intensity) 170 (44, M*), 139 (100), 111 (83), 83 (83),
82 (16), 81 (11), 63 (11), 57 (24).

15

-Example 2

Pfeparation of Methyl 4-ﬂuoro-3-propargyloxybenzoate (Compound (IV))

20  Methyl 4-fluoro-3-hydroxybenzoate (20.0 mL, 0.118 mol) was dissolved in anhydrous
acetone (450 mL), mixed with propargy! bromide (26.2 g, 0.177 mol) followed by the
addition of powdered K,CO; (32.4 g, 0.236 mol) and the reaction mixture was stirred
overnight at room temperature. The reaction was filtered and the solvent was removed in
vacuo. The residue was dissolved in diethyl ether, washed 4 times with H,O, treated with

25  brine, dried with MgSOy4, filtered, and the solvent was removed in vacuo to give25.5 g
(100% yield) of a light peach coloured solid as the title compound (mp 60.5-61.5 °C).
Mass spectrum (70 eV) m/z (relative intensity) 208 (27, M+), 207 (100), 193 (22), 177
(20), 149 (50), 82 (21), 81 (10).
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WD 98/ 465 0681
11 Exarrpl 8&?9[5{'48%& ation of Methyl 8-fluoro-2H 1- benzopyran-g‘gg ﬁ%@% ate

(Conpound (V)) 5 Methyl 4-fluoro-3- proparﬂyl oxybenzoate (14.0 g, 67.2
mmol) was mxed with N[N diethylaniline and the reaction was heated to 220
[err]C for 5 hours. The black reaction m xture was allowed to cool,

di ssol ved iE di e;t‘ hél ether (600 nL) and washed with 2 MHC in portions (1
L). The aqu hings were re-extracted with diethyl ether, the conbi ned
et her phases were washed with Herr]O until neutral, treated with brine,
dried with 10 MSOerr], filtered, and the solvent was renoved in vacuo to

give a dar kwémmnuﬂmeml Moramaweopﬂancs-m@dymma phagvyn
silica (eluent: nethylene chloride/ carbon tetrachloride 1:1) to give 11.9
g (85%yi eI d) of a tannish yeIIow solid as the title conpound (np 73.5-74.5

1o (12)° 13l BrogafioRiub et o7od el wed it i ey 211 o

of -Fl uoro- al-éu%yxaﬁnﬁ@m fHe reackivh ¢ Hehted 36 220 é@qmu&s}s (Ma BladOreiBiidhy |

8-fl uoro-2H enzopyr an-5-carboxylate (7.36 g, .4 mol) was dissolved in
absol ut e et hsirture (vB.Q ﬂllm&d toMmok] distolved in diettfyl I&thei' I600rmHi amd ml(eﬂ&vntIL)z Mvvas
added thereto, and the reaction m xture_was refluxed for haour.. erﬁg

reaction ni $Gkin PREODS LA UEPRS Wi WETg §C-F

yel | ow sol i [ ;,Hiar?E (% f]; aL &R

and then fi ??ere(fq e?t?egblé%%sres I'ng ﬁgb f’%ﬂ%eﬁgj’l [ c?gejiad wa%ﬁg Q‘ﬁ
wi th di ab hy MgSbEfiltekdt; andltiRodvendivis rediovdSn V6l toQlivh £ davkiBrown hidel and
the product was extracted twice with ethy] acetate. The conbi ned organic

portions wemxdueea?hearumtsnh@manéhromatwaphqiwn\agm[@mept methylepeghloddef t he

sol vent was 1 %gn\feethac ride Cluf} t0% give 11.9 g (85% yield) of a tannish yellow solid as the title

compound (mp 73.5-74.5 °C). EIMS (70 eV) m/z (relative intensity) 208 (65, M*), 207
(42), 194 (12), 193 (100), 177 (32), 149 (10), 148 (12).

s

-£xample 4
Preparation of 8-Fluoro-2H-1-benzopyran-5-carboxylic acid (Compound (VI))

20 Methyl 8-fluoro-2H-1-benzopyran-5-carboxylate (7.36 g, 35.4 mmol) was dissolved in
- absolute ethanol (220 mL), NaOH (2.0 g, 49.6 mmol) in H,0 (25 mL), was added thereto,

and the reaction mixture was refluxed for 1.5 hour. The reaction mixture was cooled and
the solvent was removed in vacuo. The yellow solid was dissolved in H,0 (150 mL),
active charcoal was added and then filtered off. The resulting light-coloured liquid was

25  washed with diethy] ether, the aqueous solution was made acidic with 2 M HCl and the
product was extracted twice with ethy! acetate. The combined organic portions were
treated with brine, dried with MgSOQy, filtered, and the solvent was removed ir vacuo to
give 6.64 g (97% yield) of a yellowish solid (dried in a desiccator over P,O;) as the title
compoungl {mp 224-226 °C). EIMS (70 eV) m/z (relative fntensity) 194 (93, M%), 193

30 (100), 149 (56), 148 (68), 120 (13), 88 (25), 75 (28), 74 (21), 60 (12).




give 6.64 g (97% vyi eI d) of a yell owi sh solid (dried in a desiccator over
Plerr] qew0]9)!/46§§6the title conpound (np 224-226 [err]C). EIRGI/SERSOR6SY ny 2
(relative intensity) 194 (93, Merr]), 193 30 (100), 149 (56), 148 (68),
120. (13), 88 (25), 75 (28), 74 (21), 60 {22). WD 98/ 46586

PCT/ SE98/ 00681 12 Exanple 5 Preparation of

8- Fl uor o- 2H 1- benzopyr an- 5- car boxam de (Corrpound (VIl)) 5 Thionyl

chl ori de (Efa Svas added to 8-fluoro-2H 1-benzopyran-5-carboxylic acid
and the solution was stirred at roomtenperature overni ght. The excess

t hi onyl chl oride was reaned I n vacuo, anhydrous toluene was added and the

sol vent [ h thylene
chl ori de%"W 8‘ Ed%%k?s*'?§Jg*§§%¥*§i§’e§(§%ﬁfé°m<¢ﬂ9 bat h) of
concentrat ed anmoni a (60 nL) The reaction was stirred at 10 room
tenperature for 30 mn. Ethyl acetate was added to the reaction m xture.and

t he or gani Thiphywhlarids (68 pel:xwasadded o &ﬁhméfbwsmomm%caboxﬂmm wdh a
wer threingo&ﬁfor'tlgﬁgv%%@ﬁw??ﬁﬁogﬁlewﬁ‘wxmt Ve BTN, The et BirdaT FHOULENES 1o

[ 1.91
give x%n{oz?c?/ grcf‘éua 21 adfh (70 h@néﬁk% dnf%hd é&lb&t%ﬁ?&ﬂﬁ%d(zmi}acua

194. 5- 195. atirve 1ntensity) 193 (51, 15

Merr]), 1PRe icw):hloﬂlﬂﬁ was fjssoliéd in iﬁﬁ‘bhylehybhlolﬂﬁ)(GO 19 apd Was addél 4rdpyise1®1
(14), 75 (17). npl e 6 Preparation of : . . .
8- Fl uor o- 3 mqltrcbsoénnqn B@Tbabipﬁmm%mw (68snb) Jiha reagtion was siyediyy o

SO UCT 1 Ofoof e 30 REA Y AR i AP IR o oo TR ) 11

organic phase was separated. The aqueous phase was re-extracted with a methylene '

chloride/ethyl acetate mixture and the combined organic phases were dried with MgSO4,

filtered, and the solvent was removed in vacuo to give 1.91 g (98% yield) of a white solid

as the title compound (mp 194.5-195.0 °C).. EIMS (70 eV) m/z (relative intensity) 193 (51,
15 MY, 192 (19), 176 (11), 175 (33), 174 (100), 149 (20), 148 (38), 101 (14), 75 (17).

Example 6

Preparation of 8-Fluoro-3-nitro-2H-1-benzopyran-5-carboxamide (Compound

20 (VID)

To a solution of 8-fluoro-2H-1-benzopyran-5-carboxamide (4.46 g, 23.1 mmol) in ethyl
acetate (220 mL), ethylene giycol (4.0 mL) and a solution of sodium nitrite (6.52 g, 92.4
mmol) in H,O (11 mL) were added followed by iodine (9.0 g, 34.7 mmol). The reaction
25 was refluxed for 24 hours and during this time H,O (22 mL) and ethylene glycol (4.0 mL)
were added portionwise. The reaction nﬁxture was cooled, diluted with ethyl acetate,
washed with a 5% solution of NaS,0,, treated with brine, dried with MgSQy, filtered, and
- the solvent was removed in vacuo to give a crude yellow solid. The solid was

recrystallized from absolute ethanol to give 1.3 g (24% yield) of sparkly yellow crystals as
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acetate ( ethyl ene glycol (4.0 nL) and a solution of tr|te
(6.52 g, 5‘%9’4?% in Herr]O (11 nL) were added foll owed by |§’é (lQ 0

g, 34.7 mol). The reaction 25 was ref #Ked for 24 hours and dur| ng this
time H20 (22 nm.) and ethyl ene glycol (4.0 ) were added portionw se. The
reaction mxture was .cooled, diluted with ethyl acetate, washed with a 5%

: | ut f Na t t ed th b d d t
sol uti on of Nagl ot t) ol et e ShSHEG U Bl 08 v i aelasive st 2B 57,

Sl o WO St S5A TSI BY TIPSR (B ve 13 0

PCT/ SE98/ 00681 13 the title conpound (np 227.8-228.2 [err]0). EIMS (70 eV)
mz (rel ative intensity) 238 (57, Merr]), 221 (100), 192 (71), 191 (46),
190 (10), 1Ezample7 109 (16), 94 (12). Exanple 7 5 Preparation of

8- Fl uor o- 3 ni tro-3, 4-di hydro-2H 1- benzopyr an- 5- car boxam de (Conpound (1X))
8- Fl uor 02 3-ni tr o- 2H 1- benzopyr an- 5- car boxanmi de (730 ng, 3.1 mmol) was

1 R AR b Y R e o,
powder ed so¢Compbandi@X))i de (255 ring, 6.2 nmml) portionwi se over a period

of 15 mn. After the addition was conplete, the reaction was stirred for 20
mn. and the reaction was then quenched by the addition of acetic acid (2

) and st Gradd of AR 49§48 raieS-diibbrarife (738 %, P otV Wal 1Bt in

filtered of
o chloroform (75 mL) and isopropyl alcohol (25mL). To the stirred mixture, silica gel (2.2 g,

230-400 mesh ASTM) was added followed by powdered sodium borohydride (255 mg, 6.2

inmol) portionwise over a period of 15 min. After the addition was complete, the reaction

was stirred for 20 min. and the reaction was then quenched by the addition of acetic acid (2
mL) and stirred for an additional 30 min. The insoluble material was filtered off and the

1s  solvent removed ir vacuo. The residue was partitioned between ethyl acetate and water.
The aqueous phase was extractéd with ethyl acetate, th_e combined ethyl acetate phases
were treated with brine, dried with MgSQy, filtered, and the séfvent .wés 'removed in vacuo
to give 0.67 g (91% yield) of an off-white solid as the title compound (mp 191.0-191.5 °C).
EIMS (70 eV) m/z (relative intensity) 240 (1, M*), 195 (17), 194 (100), 193 (17), 177 (26),

20 151 (44), 149 (27), 148 (18), 123 (23), 103 (48), 102 (11), 101 (29), 96 (13), 95 (15), 94
(11), 88 (41), 83 (14) 77 (25), 76 (11), 75 (39), 74 (23), 70 (10), 63 (11), 60 (11), 51 (17),

50 (10).

Example 8

25

Preparation of 3-Amino-8-fluoro-3,4-dihydro-2H-1-benzopyran-5-carboxamide
(Compound (X))

8-Fluoro-3-nitro-3,4-dihydro-2H-1-benzopyran-5-carboxamide (9.0 g, 37.5 mmol),

30




15 ‘solvent removed in vacuo. The resi due was partitioned between ethyl
acet at e arWOM8H46586 The aqueous phase was extracted with et hyPCEHSE?8M0681 t he
conbi ned ethyl acetate phases were treated with brine, .dried with

MgSO err], filtered, and the sol vent was ndnoved in vacuo to give 0.67 g
(91% yield) of an off-white solid as the title conmpound (np 191.0-191.5
[err]C). EIMS (70 eV) mz (relati-ve intensity) 240 (1, Merr]), 195 (17),
194 (100), difsolvedrin tetkahiydeotayan (200 anfi4bsolitt%thahol gmmﬁm,l&hs subjectéd) |
103 .(48), 102 (11), 101 (29), 96 (13), 95 (15), 94 (11), 88.(41), 83 (14),
77 (25), 76ayubsphericchydsegenation ¢argljtiomsmsingRaneyi¢kel (W-2,0 gliatroom terpperpiurs0
(10). Exanple 8 25 Preparation of g N
3- A no- 8- | FRbRRE0nWES FOmpISte Afier 48 by st which fime s catehat veslssd ol (x) )
?r;rls: ;JOI‘ 863'Qﬁvl\%93§}}§%%éégﬂ%9mﬁ thé cBRBARHRY RN a8 5 vaud tcg_givé 7.8 -
PCT/ SE98Y 00(BY: ¥ield)iofanloffsorhite sdlil. Bapyrtionfwasascrydtallized froanethpbsetatd © give

et hanol (400 nL), was subjected to atnospheri c hydﬁ\'(t)genation conditions
Using RaneyWhite Raistalagszthe §1ig pomponnmp LR 88 ' G) EIMR U SXhmiscrelofis

washed wi ¢ nEt) FRHS ML o TRl T Bk IR U croved i n vacuo to
give 7.8 g 5 (99%yield) of an off-white solid. A portion was

recrystallized fromethyl acetate to give white crystals as the title
conpound (nExaeple®8 [err]C). EIMS (70 eV) miz (relative.

10

Pi'eparation of (R)-3-Amino-8-ﬂuoro-3,4-dihydro-2H—1-benzopyran-s-carboxaxﬁide
(Compound R-(XT)) : |

L-(+)-Tartaric acid (7 g, 47 mmol) was dissolved in a mixture of 30% ethanol in water

15 - (300 ml) and heated to boiling. The racemic amine of formula (X) (8 g, 38 mmol) was
added. The solution was slowly cooled to room temperature. The precipitate was ﬁltére,d
and washed with ethanol to give 4.7 g (65%) of slightly brown crystals (mp 175°C). [0]*D
+67° (¢ 0.01, H,0).

The free base was prepared by adding a Na,CO, solution to a slurry of the tartrate in

20 ethanol. The mixture was filtered and the solvent was removed in vacuo. The residue was
dissolved in 200 ml of boiling ethyl acetate/ethanol (95:5) and filtered through celite. The
solution was evaporated until the product started to crystallize, at which ﬁoint it was
allowed to siowly reach room temperaturé. The precipitate was filtered off, washed with
ethyl acetate and air dried to give 1.4 g of the free base as white crystals (mp 196°C dec.).

s [0]®D -43° (c 0.005, MeOH). EIMS (70 eV) m/z (relative intensity) 210 (5, M), 194 (31),
193 (100), 192 (13), 178 (17), 148 (11).
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i nt ensi ty)wéjy&“é%g terr]), 194 (30), 193 (100), 192 (20), 1%%’1‘&135)/00681
ra

Exanple 9 i on of

(R) - 3- Ami no- 8-f | uor o- 3, 4-di hydro- 2H 1- benz1 pyran-5- car boxam de ( Conpound
-(Xl)) L-(+)-Tartaric acid (7 g, 47 mol) s dissolved in a mxture of
30% et hanol in water 15 (300 m) and heated to boiling. The racem ¢ am ne
of formul a iX) (8 EI 38 mmpl ) was added. The solution was slowy cooled to
room t enper e precipitate was filtered and washed with ethanol to
give 4.7 g (65% of slightly brown crystals (np 175[err]C). [err] +67[err]
(c 0.01, Herr]O. The free base was prepared by adding a Na[err]CJ err]

sol uti on  OpferpiribN of () Ashiliold-Aubrd.3, R AiBBI.1. JhiftaBy S RatBkamide

filtered and t'he sol vent” was renoved I n vacuo. e re5| e was

200 m of b@Coémpoued SYXB)cet at e/ et hanol (95:5) and filtered through celite.
The sol ution was evaporated until the product started to crystallize, at
which point it was allowed to slowy reach roomtenperature. The

preci p|tate ed t

B v 2 T oG, Siainct 3 Bl AL M RSP BB ONR Ao sl

[err ] - 43 ( Ere€inp @ baNE 1%11. Thsal¥dsolVed if I BkBiah¥Ie20 Ehﬁl?aﬁd b ¥oludéR off),(-

Merr]), 194 (31), 193 (100), 192 (13), 178 (17), 148 (11

08/ 46586  )- tartanc acid @3 g, 20 mmol) dissolved in 20 ml of methanol (20 mIQ‘W@@éﬂde@l 15

Exanpl e 10 crystalline solid obtained was filtered and recrystallized from a solution of 40% ethanol in

10 water (100 mL). 3 g of colourless crystals were obtained. (mp 173°C dec.). [a)®D -91° (¢
0.005, H,0).The free base was prepared i_n the same way as for the (R)-enantiomer to give
1 g of white crystals (mp 197°C dec.). [a]®D +44° (¢ 0.005, MeOH). EIMS (70 eV) m/z

(relative intensity) 210 (4, M*), 194 (32), 193 (100), 192 (12), 178 (16).

15 Example 1l

Preparation of (R)-3-MN-Dicyclobutylamixi6—8-ﬂuoro—3,4-dihydro-2H—l-benzopyran-
S-carboxamide (Compound R~(I))

20 (R)-3-Amino-8-fluoro-3,4-dihydro-2H-1-benzopyran-5-carboxamide (0.5 g, 2.4 mmol) was
dissolved in anhydrous methanol (10'mL) and to this stirred solution HOAc (140 mg, 2.4
mmol), cyclobutanone (0.5 g, 7 mmol) and NaCNBH, (0.3 g, 5 mmol) were added. The
mixture was stifred at room temperature overnight. The reaction mixture was heated to 60°
C and addiﬁonal amounts of cyclobutanone (0.8 g, 11 mmol), NaCNBH, (200 mg, 3.2

25 mmol) and HOAc (100 mg, 1.7 mmol) were added portionwise over 6 days. The solution -
was'evaporated in vacuo, the residue was mixed with a 2 M solution of NH3 and then
extracted twice with ethyl acetate. The combined ethyl acetate portions were dried with

Na,S04, filtered, and the solvent was removed in vacuo to give the crude residue.

- Chromatography on silica (eluent: ethyl acetate) gave 0.5 g (82%) of the title compound as
30 white crystals (mp 138-139° C). {a]?2p -134° (¢ 0.006, CH,Cl,). EIMS (70 eV) m/z




Pr epar ation of

(S)*- 3- Ami now® 98l468860- 3, 4- di hydr o- 2H 1- benzopyr an- 5- car boxani ®ET(SEIHPShd
S-(XI)) 5 The (S)-enantioner, obtained by taking the nother |iquor fromthe
above resolution and freeing the base (4 gi16 19 mol), was dissolved in’

met hanol (20 ml) and a solution of D-(- )-tartaric acid (3 g, 20 nmol)
dissolved in 20 m of nmethanol (20 nL) was added. The crystalline solid

obt ai ned WaS(l rah{:@rxﬁ&;sﬁyﬂsr rw)aidal(ss)i 1f717@m)a1wtzwm(9§) 4&%’0(31)19&@54); n
10 water . col olrless crystal’s were ob

173[err]C deﬁ() IIOOD,eﬁ9r(]40),§3 (@b), 85 (4, 54{3(4*);14Q)17);Hé (ﬂ9)361t(5%)e39/eﬁ%9)pr epared in
the sanme way as for the (R)-enantioner to give 1 g of white crystals (np
197[err]C dec.). [err] +44[err] (c 0.005, MeOH). EIMS (70 eV) nmlz (relative
intensity) 210 (4, Merr]), 194 (32), 193 (100), 192 (12), 178 (16). 15
Exanpl e 11 Preparation of

(R)-3-NN-Di cycl obut yl am no- 8-fl uor o- 3, 4-di hydr o- 2H 1--benzopyr an-

5- car boxam de (Conpound R-(1)) 20

(R) - 3- Ami no- 8-fl uoro- 3, 4-di hydr o- 2H 1- benzopyr an- 5- car boxam de (0.5 g, 2.4
mol ) was di ssolved in anhydrous nethanol (10 nL) and to this stirred

sol ution HOAc (140 ng, 2.4 mmol), cycl obutanone (0.5 g, 7 mmol) and

NaCNBH err] (0.3 g, 5 nmol) were added. The mixture was stirred at room
tenperature overnight. The reaction m xture was heated to 60 C and

addi ti onal anounts of cycl obutanone (0.8 g, 11 nmol), NaCNBH err] (200 nyg,
3.2 25 mmol ) and HOAc (100 ng, 1.7 mmol) were added portionw se over 6
days. The sol ution was evaporated in vacuo, the residue was nmixed with a 2
M sol ution of NH3 and then extracted twice with ethyl acetate. The conbi ned
ethyl acetate portions were dried with Naferr]SOerr], filtered, and the
solvent was renoved in vacuo to give the crude residue. Chronmatography on
silica (eluent: ethyl acetate) gave 0.5 g (82% of the title conpound as 30
white crystals (np 138-139[err] O). [err] - 134[err] (c 0 006,
CHerr]C[err]). EIMS (70 eV) mz




WD 98/ 46586 -

PCT/ SE9B/ WBH6I (rel ative intensity) 318 (3, Merr]), 193TCEBEoSP91 14y
176 (21), 149 (18), ‘148 (31), 98 (54), 7Q.(100), 69 (40), 68 (1 1), 55
(40), 54 (34), 44 (17), 42 (19), 41 (59), 739 (29). WD 98/ 46586

PCT/ SE98/ 00681 17 Clainms 1. A process for the manufacture of the racemc
conpound of formula (1), its R enantionmer (fornula R-(lI) and its

S-enanti o laiE (formula S-(1)), 5 [err] and a pharmaceutically acceptabl e
salt .and/ vate thereof, conprising the follow ng 10 reaction steps
a) esterification of conpound (I1) to yield conpound (II1) [err] b)
propargyl ati ng conmpound (I11) in the presence of a base to yield conpound
(1V) [err]12@ process for the manufacture of the racemic compound of formula (I), its R-

enantiomer (formula R-(I)) and its S-enantiomer of (formula S-(I)),

0 -
| N N R(1) N s
CONH, CONH, CONH,

and a pharmaceutically acceptable salt and/or solvate thereof, comprising the following

10 reaction steps
a) esterification of compound (II) fo yield compound (Til)

OH
OH

an = ()

CO, H
z co,R
15

b) propargylating compound (III) in the presence of a base to yield compound (IV)

c |
o
(V)
|
CO,R -

20

: * c L ] S *




WO 98/ 46586 - PCT/ SE98/ 00681
18 c) heawiorgg/46s86pound (IV) to yield conpound (V) [err]. COZFC'H?EWW | yzi ng
conpound (V) in the presence of a base or acid catalyst to yield conpound
10 e) either (i) reacting conpound (VI)8w th oxalyl chloride or thionyl
chloride, followed by ammonia, or (ii) reacting conpound (V) w th anmmoni a
in the presence of a base or acid catalyst to yield conpound (VIIl) [err]
CONH2 15 f) reacting co und,(VI1) with iodine and a nitrite salt to

yi el d conpélheating sampquad "f\’)tombigememm

PCT/ SE98/ 00681 19 g) reacting conpound (VIIl) with a reducing agent to

yi el d conmpound (1X) [err] 5 h) reducing conpound (1 X) to yield conmpound (X)

[err]
o
. '. - /
CO,R

d) hydrolyzing compound (V) in the presence of a base or acid catalyst to yield compound

s (VD)
F
°N ™
s
COH

10 e) either (i) reacting compound (VI) with oxalyl chloride or thiony! chloride, followed by
ammonia, or (ii) reacting compound (V) with ammonia in the presence of a base or acid

catalyst to yield compound (VII)

@ (vu)

CONH,

15

f) .reacting compound (VII) with iodine and a nitrite salt to yleld compound (VIII)

CONH,

A0y




1) where_t -..0or (S)-enantionmer of conpound (1) is desir I.ng
conmpound (&%{ﬂﬁﬁﬁ“t he appropriate pure enantioner of a chi rafgggl{%g?b%m
foll owed by fractional 10 crystallization and treatnent of the resultant
salt wth a base to yield conmpound R—(Xl)l%r S-(XI') [err] 15 j) alkylation
of the compounds R-(XI) or S-(XlI) to yield the conmpounds of fornulae R-(I)
or S-(1), respectively, or alkylation of conpound (X) to yield the racemc
conmpound of formula (1), 20 WO 98/ 46586 -

PCT/ SE98/ 00681 20 k) optionally treating the conpounds obtained in step j)
i na convengy pRglingEASSuNd (VTP Witha rédidingdigend Ity Fieid Ehapeaia IRy A process
according to claiml1l, wherein step a) the esterification is perfornmed by
using 5 a trialkyl orthoformate. 3. A process according to claim 2,
wherein the trialkylForthoformate is trinethyl orthoformate. 10 4. A
process according to claijnl, wherein step b) the propargylation is
performed by usin spat gy Bfoni de. 5. A process according to claim1,
wherein step c) t : is performed in the presence of an aromatic
solvent e.g. diet

CONH,

s h) reducing compound (IX) to yield compound (X)

CONH,
i) where the (R)- or (S)-enantiomer of compound (I) is desired, reacting compound (X)
- with the appropriate pure enantiomer of a chiral acid, followed by fractional __
10 crystallization and treatment of the resultant salt with a base to yield compound R-(XI) or

S-(X0)
F _ F
o. Ry o S-(X1)
’ or
“NH, NH, _
CONH, CONH,

15

j) alkylation of the compounds R-(XTI) or S-(XI) to yiéld the compounds of formulae R-(I)
or S-(I), respectively, or alkylation of compound (X) to yield the racemic compound of
formula (),

20

* [ L M s *




15 6. A process according to claim1, wherein the catalyst used in step d)
i $ sodi unWOeN4sE86de. 7. A process according to claim1, whePET/SES$@6B] i te
salt used in step f) is sodiumnitrite. 20 8. A process according to claim
1, wherein the reducing agent used in steg® g) is sodi um borohydride. 9. A
process according to claim1l, wherein L-(+)tartaric acid is the chiral acid
used in step 25 1) to yield the conpound R-(Xl). 10. A process
according to claim1, wherein step j) the alkylation is performed by
reduct i ve khiptienally teeating theghinnovade obtgineddn stepdkinccaventional manner ta gigld .
30 1688 PCT/ EE%/IO%%F?ZR]‘E 11. A process according to claim 10, wherein
t he reduci ngaéﬁl Rt sqt¥ale cyanobor ohydride. 5 12. A compound of the
formula R (1) of claiml1, prepared by the process according to claim1. 13.
A compound of the forrmula (V) [err] 10 wherein Ris (Jerr]-Cferr] alkyl.
2. A process according to claim 1, wherein step a) the esterification is performed by using

s a trialkyl orthoformate.

3. A process according to claim 2, wherein the trialkyl orthoformate is trimethyl

orthoformate.

10 4. A process according to claim 1, wherein step b) the propargylation is performed by

using propargy! bromide.

5. A process according to claim 1, whereih step c) the heating is performed in the presence
of an aromatic solvent e.g. diethylaniline. "
15 | | ' |
6.. A process according to claim 1, wherein the catalyst used in step d) is sodium
hydroxide. |

7. A process according to claim 1, wherein the nitrite salt used in step f) is sodium nitrite.
20

8. A process according to claim 1, wherein the redﬁcing agent used in step g) is sodium
borohydride. |

9. Aprocess according to claim 1, wherein L-(+)tartaric acid is the chiral acid used in step
25 i)toyield the compound R-(XI). |

10. A process according to claim 1, wherein step j) the alkylation is performed by

reductive amination of cyclobutanone in the presence of a reducing agent.

30
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14. A co fh f THISISHEET HAS [BE N] 15 15. A d I
e [or mu E err ’ conmpoun
(X [errWéggM?gfg RERRCE ormula (VIII ;rp[ err] 9%5}5@&/4&%”“ :

conpound of the formula (1X) [err] 21

11. A process according to claim 10, wherein the reducing agent is sodium

cyanoborohydride.

12. A compound of the formula R-(I) of claim 1, prepared by the process according to

s claim 1.

13. Intermediates from the products prépared according to the process of claim 1.

14. A compound of the formula (V)
E

9 - This Sheet Has Been Re
J Hlllllllllllllllllllfill
. CO,R -
wherein R.is Ci-C4 alkyl.

10

15. A compound of the formula (VII)

F
O
{{
P (Vi)
s CONH,
16. A compound of the formula (X)
F
0
X
NH,
CONH,

RN L




