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t herapeutic use, especially conpounds having a highly selective affinity
for a subgroup of 5-hydroxy- tryptam ne receptors, nanely the
SHT[err]-receptor in the central nervous system (CNS) of mammal s |nclud|ng
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use in the cen neVv speci al ly having 5-H r

affinity, are Fidiai8k oHe TXSLEML he international patient appfliA€&Ri on

91/09853. 5 Background of the Invention
The present invention relates to the new compounds,
(R) -5-carbamoyl-8-fluoro-3-N,N-disubstituted-amino-3, 4-
dihydro-2H-1-benzopyrans in the form of free base or
pharmaceutically acceptable salts thereof, process for

10 their preparation, pharmaceutical compositions

containing said therapeutically active compounds and to

the use of said active compounds in therapy.

An object of the invention is to provide compounds for
15 therapeutic use, especially compounds having a highly

selective affinity for a subgroup of S5-hydroxy-

tryptamine receptors, namely the SHT1A~receptor in the

central nervous system (CNS) of mammals including man

and which compounds at the same time shows antagonist
20 activity.

It is also an object of the invention to provide
compounds with a therapeutic effect after oral
administration.

25
Prior art

Halogenated—s-subst/unsubst.carbamoyl—B-(N,N—
disubstituted-amino) -3, 4-dihydro-2H-1-benzopyrans

30 ~ intended for therapeutic use in the central nervous
system, especially having 5-HTy, receptor affinity, are
already disclosed in the international patent
application WO 91/09853.

35 Background of the Invention

Various central nexvous system disorders such as
depression, anxiety, etc. appear to involve the
disturbance of the neurotransmitters noradrenaline {NA)
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Various_central nervous system di sorders such as degﬁﬁgﬁﬁggiéﬁggvegg~ etc.
appear to involve the disturbance of the neurotrans BERRE i ne

( NA) 2 and 5-hydr ogPEAGEDam ne
(5-HT), -the latter also known as serotonin2 The drugs nost frequentT used
I n the treatnent r,essi on are bell ed to gct the

neur ot r ansmi ssi 89%0 gﬁeﬁygmﬁ?ﬂl’iﬁ h&é‘? %'gﬁeén:gl | t

appears that thaseskexatentnt wheSdtﬂgmemwstr£&équéﬁnly1qsedﬂdnltheaffects
heur ot anam ssi Ut CAERERESOF 4P EFaFLER ot e HATRENEE S ¥ depr essed
patients. improving the neurotransmission of either or both of
5 these physioclogical agonists. It appears that the

enhancement of 5-HT neurotransmission primarily affects

the depressed mood and anxiety, whereas the enhancement

of noradrenaline neurotransmission affects the

retardation symptoms occuring in depressed patients.

10 The invention concerns compounds which have an effect
on 5-HT neurotransmission.

Serotonin, or S5-HT, activity isifgbught to be involved
in many different types of psychiatric disorders. For

15 instance it is thought that an increase in 5-HT
activity is associated with anxiety, while a decrease
in 5-HT release has been associated with depression.
Serotonin has in addition been implicated in such
diverse conditions as eating disorders,

20 gastrointestinal disorders, cardiovascular regulation
and sexual behavior.

The S5-HT Receptors

25 The various effects of serotonin may be related to the
fact that serotonergic neurons stimulate the secretion
of several hormones, e.g. cortisol, prolactin,
R~endorphin, vasopressin and others. The secretion of
each of these other hormones appears to be regulated on

30 a specific basis by several different S5-HT (serotonin)
receptor subtypes. With the aid of molecular bioclogy
techniques, to date these receptors have been classi-
fied as 5-HTy, S5-HT,, 5-HT3, 5-HT4, 5-htg, 5-htg and
5-hty with the 5-HT4 receptor further divided into the

35 5-HTyp, 5-HT1g, 5-HTyp, 5-HTyp and 5-HTyp subtypes.
Each receptor subtype is involved in a different
serotonin function and has different properties.

This Sl;eet Has Been Replaced
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functions. For example, the 5-HT;, inhibitory
autoreceptor is located presynaptically on cellbodies
of 5-HT neurons. When S5-HT or a 5-HTy, agonist
activates such an inhibitory autoreceptor, the firing
rate of the 5-HT neuron is depressed. Since the neuron
does not fire, the release of 5-HT into the synapse is
alsc decreased. In this case, a 5-HTj, agonist acts as
an artificial transmitter substance mimicking the
effect of 5-HT with the result of decreasing the
release of 5-HT from the central nervous system
neurons. The 5-HTy, agonist on the inhibitory
autoreceptor thus acts as an anxiolytic or antianxiety
drug.

The use of a S-HT blocking agent at the autoreceptor
will thus allow the neuron to increase its firing
resulting in an increased release of 5-HT at the
terminal synapses. A 5-HT,p antagonist would thus
improve the S-HT neurotransmission and produce an
antidepressant effect making it useful as a medication
for depression.

Other localizations of 5-HTy , subtype receptors also
exist. These postsynaptic 5-HT1p receptors are located
downstream on other neurons in the synaptic region. In
contrast to the inhibitory autoreceptors, activation of
the postsynaptic 5-HTy, receptors results in
stimulation of a very characteristic behavioral
syndrome in animals, the 5-HT syndrome. The agonist,
partial agonist, antagonist profile of an agent on the
5-HTyp postsynaptic receptor cannot be predicted from
its activity profile on the S-HTy inhibitory
autoreceptor. Thus, any given 5-HTp-selective compound
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techni ques, to date these receptors have been classi- fie

5-HT[err]; 5-HT[err], 5-HT[err], 5-ht[err], 5-ht[err] and {5ri$ BHEE rﬁﬁtbhngN
5-HT[err] receptor further divided into the 5-HT[err], 5- [ err REPIRCET err]
S5-HI[err] and 5-HT[err] subtypes. Each receptor subtype is=TTvolved T a
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receptors, theskecentys orfpmharxanplees bhenDj mmmomistr Busniinened
dependi ng on thﬂéo rﬁkﬂéﬁl%né %CsaténoﬁgbﬂﬁéeWnr@ﬁé”51%'dh631fé€erp‘i‘:@r modes

of action and.p i ol ogical functions. For exa HI[ err]
i nhi bitory aut%%/‘i %raﬁ & [wWeads @&%F-é%yﬂ%%%%‘él?? NEaganiggions the
5 S~HT1A postsynaptic receptor. Other compounds such as
the substituted aminotetralin 8-hydroxy-2-
(dipropylamino) -tetralin (*8-OH-DPAT*), which is
considered the standard for 5-HTqp agonist activity, is
a full agonist on both the inhibitory autoreceptor and

10 on the postsynaptic receptor.

The receptor activity profile, even within a specific

subreceptor group such as 5-HTy, is therefore

unpredictable and may therefore result in different
15 pharmacological profiles.

The object of the present invention is to provide com~
pounds for therapeutic use, especially for treatment of
S-hydroxytryptamine mediated disorders in the central

20 nervous system for instance depression, anxiety,
obsessive-compulsive disorder (OCD), anorexia, bulimia,
senile dementia, migraine, stroke, Alzheimer’s disease,
cognitive disorders, hypertension, gastrointestinal
disorders, thermoregulatory and sexual disturbances,

25 pain and for treatment of disturbances in the
cardiovascular system.

Pisclosure of the Invention

30 ™ The object of the present invention is to provide
compounds having a selective 5-HTy, receptor affinity
and at the same time being an antagonist, as well as
having a good bicavailability.

35 Surprisingly, it has been found that the (R)-enantiomer
of the compounds of the formula I

Hman
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10

wherein
15 Ry is n-propyl or cyclobutyl;
R, is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclohexyl;
Ry is hydrogen;
R4 is hydrogen or methyl;
20
in the form of free base or pharmaceutically acceptable
salts thereof, possess a high affinity to the specific
subgroup of 5-HTy, receptor in CNS and act as
antagonists on that 5-HTy, receptor, and as well show
25 sufficient bioavailability after oral administration.

Compounds of the present invention are those having the
nitrogen atom on the carbamoyl group unsubstituted or
mono substituted with a methyl group. The 8-fluoro

30 substituent in combination with unsubstitution or
substitution with a small group as CH; on the carbamoyl
group is very important when going from partial agonist
to antagonist activity.

35 Further, the compounds of the present invention are
those having at least one branched or cyclic alkyl
group having 3 to 6 carbon atoms in the carbon group on
the 3-amino group, thus only one of the substituents
may be a normal propyl group. The branching or



the postsynaptic 5-HT[err] receptors results in stinULﬁﬁ%@ﬂa?§"3H¥§ﬁ%EN
KE

characteristic behavioral syndrone in aninmals, the 5-
agoni st, partial agonist, antagonist profile of an agent on CE@-—HT[err]
post synaptic receptor cannot be predictedsfron1 its activity profile on the
5-HM{ err]- inhibitary gutoreceptor..Thus, an lven 5-HT[err]-selective
corrpfaund] cygfflsaatmn ot %he alkyf groug ‘9‘21 %m#‘*‘&efgﬁ#
activity profiltes e esseintdilt hesebtainpaossf £ foienx digasa itladiicyr. |
ant agoni st Buspirone al so functions as an agonist on the 5-HT[err]
autoreceptor and acts as a weak partial agonist or antagonist on the
5-HT[err] post SurthemmaneseftohasCbeen Eoupduthiat sudhighs affdndtysiorut ed
aminotetragin &y qmy-2vedbRbPYhaEgOLnt Edi ddt {oBWIHPPAT") . which is
antagonist activity is strictly stereospecific to the
(R} -enantiomer of the compounds of the invention.

Examples of compounds of the present invention are:
10

{R) -3~ {N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-

methylcagggmcyl—3,4—dihydro-2H-1—benzopyran

(R) -8-Fluoro-3-(N-isopropyl-N-n-propylamino) -5~
15 carbamoyl-3,4-dihydro-2H-1-benzopyran

(R) -5-Carbamoyl-3- (N-tert-Butyl-N-n-propylamino}-8-
fluoro-3,4-dihydro-2H-1-benzopyran

20 {R)-5-Carbamoyl-3-(N,N-dicyclobutylamino)-8-fluoro-3,4-
dihydro-2H-1-benzopyran

{R} -5-Carbamoyl-3- (N-cyclobutyl-N-propylamino) -8-
fluoro-3,4-dihydro-2H-1-benzopyran

25
{R) -5-Carbamoyl-3- (N-cyclobutyl-N-isopropylamino) -8-
fluoro-3,4-dihydro-2H-1-benzopyran

(R} -5-Carbamoyl-3-(N-cyclopentyl-N-n-propylamino) -8-
30 fluoro-3,4-dihydro-2H-1-benzopyran

(R) -5-Carbamoyl-3- (N-cyclohexyl-N-n-propylamino) -8-
fluoro-3,4-dihydro-2H-1-benzopyran

35 {R) -5-Carbamoyl-3- (N-cyclopentyl-N-cyclobutylamino)-8-
' fluoro-3,4-dihydro-2H-1-benzopyran

The compounds of the present invention are in the form
of the (R)-enantiomer and in the form of free base or

Tﬁsﬂw&ﬁiiBﬂm
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formic, hydrobromic, citric, acetic, lactic, tartaric,
dibenzoyltartaric, diacetyltartaric, pamoic, ethane-
disulfonic, sulfamic, succinic, propionic, glycollic,
malic, gluconic, pyruvic, phenylacetic, 4-aminobenzoic,

10 anthranilic, salicylic, 4-aminosalicylic, 4-hydroxy-
benzoic, 3,4-dihydroxybenzoic, 3,5-dihydroxybenzoic,
3-hydroxy-2-naphtoic, nicotinic, methanesulfonic,
ethanesulfonic, hydroxyethanesulfonic, benzenesulfonic,
p-toluenesulfonic, sulfanilic, naphthalenesulfonic,

15 ascorbinic, cyclohexylsulfamic, fumaric, maleic and
benzoic acids. These salts are readily prepared by

methods known in the art.

Methods of Preparation

20
F
O.
—_—
‘&
25 Hy R
OMe OMe 2
(n ()
30 ~ The preparation of (R}-3-amino-5-methoxy-3,4-dihydro-

2H-1-benzopyran {(compound II) is described in
W093/07135. The preferred method for the introduction
of fluorine is by brominating the aromatic ring,
selectively, in the 8-position. Bromination can be done
35 by using bromine with or without a catalyst. Other
brominating agents can be used e.g. HOBr and N-bromo
amides {especially N-bromosuccinimide). Suitable
solvents for bromination are acetic acid, dioxane and
chlorinated solvents e.g. methylene chloride.
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The object of the present invention is to provide conpounds having a
selective 5-HI[err] receptor affinity and at the sane tine being an
ant agoni st, as well as having a good bi oavail abilif 3 cOHEPLRGI Y
has been found that the (R)-enantioner of éhe conp)gﬁgébE'J A§f¥?§1

5.[err] - REPL

QD
—_—+

Before fluorination the primary amine must be fully
alkylated by R, and by R, as stated above or protected
by a suitable group that can be removed later e.g.
dibenzyl. Introduction of the alkyl groups on nitrogen
S can be done by reductive amination from the appropriate
aldehyde or ketone using a suitable reducing agent e.g.
NaCNBH3 or catalytically with Hj; and a suitable
catalyst containing palladium, platina or nickel in a
suitable solvent e.g. tetrahydrofuran (THF), dioxane,

10 methanol or ethanol. Introduction of the alkyl groups
can alsoc be done by alkylation with the appropriate
alkyl halide e.g. Cl, Br or I, or by an activated e
alcohol e.g. alkyl-mesylate or -tosylate in a suitablg
solvent e.g. dimethylformamide (DMF),acetone or

15 acetonitrile with a suitable base e.g. KyCOj.
Fluorination can then occur by lithiation of the bromo
compound with an alkyllithium reagent e.g. n-
butyllithium and followed by the reaction with a
suitable fluorinating agent preferably a N-fluoro-N-

20 alkyl- /arylsulfonamide e.g. N-
fluorobenzenesulfonimide. The solvent for this reaction
can be anhydrous alkyl ethers e.g. tetrahydrofuran
(THF) or diethyl ether, or non-protic solvents e.g.
hexane or benzene. The temperature range can vary

25 from -100°C to room temperature but preferably -78°C to
~-20°C.

The compounds of the invention may be prepared from the
« compound {R)-3-amino-8-fluoro-5-methoxy-3,4-dihydro~2H-
30 1-benzopyran {as described above) followed by known
methods such as reductive amination, N-alkylation,
demethylation and conversion to the leaving group Y to
obtain compound IV.

35 The compound of formula I of the invention may be
prepared according to the following methods:

This Sheet Has Been Replaced
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converting directly the compounds of formula IV

F

R

7 1

Y R,

(V)

wherein Y is a leaving group such as trifluoromethane
sulfonate (osozcé3), halide e.g. Cl, Br or I by a
catalytic cycle using a zerovalent transition metal (M)
such as Pd or Ni, which may be generated in situ and
underéoes an oxidative addition to the aryl-Y-bond.
Treatment with carbon monoxide followed by amination
with the proper amine (ammonia or methylamine) give the
compounds of formula I, whereafter if desired it is
converted to a salt.



Compounds of the present invention are those having the nitrogen atom on

t he carbanoyl group unsubstituted or nono substit QD group.
The 8-fluoro substituent in combination with unsygb twf&gégﬁpggﬂ%stitution
with a.small group as CH err] on the carbanoyl griQup ig R L.opork ant when
going frompartial agonist to antagonist ®tivity. Furt her, the conmpounds
of the present invention are those having at |east one branched or cyclic
al kyl group hadilng 3ltersativedy. athescompewrds 0 HPgrdd 1oh ¥he 3-anmino
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F

R1
'*(R2
/ (v)

10

wherein Z is Cl, Br, OH or OR,, where R, is C;-Cg

15 alkyl, by a catalytic cycle using a zerovalent
transition metal, with ability to undergo oxidative
addition to aryl-Y-bonds e.g. the aryl-0SO,CF3 bonds.
The aryl-CO-metal-Y complex is formed by treatment with
carbon monoxide {(CO).

20
Further reagents are an alcohol such as methanol,
ethanol, a tertiary amine such as a trialkylamine e.g.
triethylamine in an inert organic solvent
preferentially a polar aprotic solvent such as

25 dimethylformamide (DMF), dimethylsulfoxide (DMSO),
dioxane, tetrahydrofuran (THF), acetone, acetonitrile
etc. The reaction is normally performed at a
temperature between +40 to +120°C and at a pressure

* between 100 to 500 kPa {ii). This is optionally

30 followed by hydrolysis and treatment with a thionyl
halide e.g. thionyl chloride, to obtain the
corresponding acid halide derivative.

The compounds of formula V is aminated (iiy) with the
35 proper amine (ammonia or methylamine) in a solvent e.g.
toluene, methylene chloride, benzene, water at reflux
temperature or between 0-100°C to give the compounds of
formula I.
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I nvention are: (R) - 3- (N—Cyclopentyl N- n- pr opyl am no) - 8- fluoro-5-
met hyl car banoyl - 3, 4- di hydr o- 2H 1- benzopyr an

(R) - 8-Fl uoro- 32ﬁ&hh§é§ﬁé¥&ﬂr!ﬁgﬁﬂgf&ﬁddﬁﬁ no) - 5-

car banoyl - 3, 4- ydr o- enzopyr an

(R) -5- Carbanpyl-3-(N—tert-ButyI-N-n-propylanino)-8-

fl uoro- 3, 4- di hygdeardthd -t greésent invention the compound of the

5 invention will normally be administered orally,
rectally or by injection, in the form of pharmaceutical
preparations comprising the active ingredient either as
a free base or a pharmaceutically acceptable non-toxic
acid addition salt, e.g. the hydrochloride,

10 hydrobromide, lactate, acetate, phosphate, sulfate,
sulfamate, citrate, tartrate, oxalate and the like in a
pharmaceutically acceptable dosage form. The dosage
form may be.a solid, semisolid or liquid preparation.
Usually the active substance will constitute between

15 0.1 and 99% by weight of the preparation, more
specifically between 0.5 and 20% by weight for
preparations intended for injection and between 0.2 and
50% by weight for preparations suitable for oral
administration.

20
To produce pharmaceutical preparations containing the
compound of the invention in the form of dosage units
for oral application, the selected compound may be
mixed with a solid excipient, e.g. lactose, saccharose,
25 sorbitol, mannitol, starches such as potato starch,
corn starch or amylopectin, cellulose derivatives, a
binder such as gelatine or poly-vinylpyrrolidone, and a
lubricant such as magnesium stearate, calcium stearate,
* polyethylene glycol, waxes, paraffin, and the like, and
30 then compressed into tablets. If coated tablets are
required, the cores, prepared as described above, may
be coated with a concentrated sugar solution which may
contain e.g. gum arabic, gelatine, talcum, titanium
dioxide, and the like. Alternatively, the tablet can be
35 . coated with a polymer known to the man skilled in the
art, dissolved in a readily volatile organic solvent or
mixture of organic solvents. Dyestuffs may be added to
these coatings in order to readily distinguish between
tablets containing different active substances or
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are in the foractive substance may be admixed with e.g. a vegetable
5 oil or poly-ethylene glycol. Hard gelatine capsules may
contain granules of the active substance using either
the above mentioned excipients for tablets e.g.
lactose, saccharose, sorbitol, mannitol, starches (e.g.
potato starch, corn starch or amylopectin), cellulose
10 derivatives or gelatine. Also liquids or semisolids of
the drug can be filled into hard gelatine capsules.

Ee

| am no) - 8-

Dosage units for rectal application can be solutions or
suspensions or can be prepared in the form of supposi-

15 tories comprising the active substance in a mixture
with a neutral fatty base, or gelatine rectal capsules
comprising the active substance in admixture with
vegetable oil or paraffin oil. Liquid preparations for
oral application may be in the form of syrups or

20 suspensions, for example solutions containing from
about 0.2% to about 20% by weight of the active sub-
stance herein described, the balance being sugar and
mixture of ethanol, water, glycerol and propylene
glycol. Optionally such liquid preparations may contain

25 colouring agents, flavouring agents, saccharine and
carboxymethyl-cellulose as a thickening agent or other
excipients known to the man in the art.

< Solutions for parenteral applications by injection can
30 be prepared in an aqueous solution of a water-soluble
pharmaceutically acceptable salt of the active
substance, preferably in a concentration of from about
0.5% to about 10% by weight. These solutions may also
contain stabilizing agents and/or buffering agents and
35 may conveniently be provided in various dosage unit
ampoules.
Suitable daily doses of the compound of the invention
in therapeutical treatment of humans are about 0.01-100
mg/kg bodyweight at peroral administration and 0.001-



of the (R -enantioner and_hn the formof free base or

7 pharnaceutical | ¥ RAEE t her eof . Botr 2@3 gani ¢
aci ds can be enploy* i -toxic pharnaceL B “ﬁggre acid
addition salts of tHf f th|s |nvent|or. IIIB lﬂ&EBve acj ds are
sul furic,- nitric, phosphorlc oxal ic, #2ochl oriT; form-c, hydrobromc,
citric, acetic actic, tartar,iic dlbenzogltariarlc dlacetyltartarlc

panoi ¢, et hanet9 él%(*%&@%%ﬂ?& PayeBLRre Wt ol | c,

mal i c, gluconic, pyrUV|c phenylacetlc 4- an1noben20|c anthranilic,

salicylic, 4- nosall epzo A= dih oi c,
5- di hydr oxyben c"n‘ée"i‘g’(ﬂrbﬁ ;lﬁ ﬁféltgg ﬁ?’chﬁ? ?%11%’%92 %%bg&z]
ethanesulfonloex@mﬂlesyethanesulfonlc benzenesul f oni c,

5

Preparation of Starting Materials

Preparation 1
{R) -3-Amino-8-fluoro-5-methoxy-3, 4-dihydro-2H-1~-

10 benzopyran

2)%"(R) ~3-Amino-8-bromo-5-methoxy-3,4-dihydro-2H-1-
benzopyran

15 (R) -3-2mino-S-methoxy-3, 4-dihydro-2H-1-benzopyran
(25 g, 0.14 mol) and anhydrous sodium acetate {34 g,
0.42 mol) were dissolved in acetic acid (500 mL).
Bromine (23.4 g, 0.15 mol}, dissolved in acetic acid
{(S00 mL), was added dropwise at room temperature. The

20 addition of bromine continued for about 7 days. The
solvent was removed in vacuo and the residue was
dissolved in sodium hydroxide (25%)/diethyl ether
(exothermic reaction, the mixture was cooled in an ice-
bath). The layers were separated and the alkaline

25 water-phase was extracted thrice with diethyl ether.
The combined ether layers were dried (Na,;SO4) and the
solvent was removed in vacuo to give 35.5 g of an oily
residue. The oil was dissolved in diethyl ether and the

* solution was cooled with an ice-bath {(0°C). HC1,

30 dissolved in diethyl ether, was added dropwise until
the suspension became acidic (controlled with pH
paper). The crystals were filtered and then
recrystallized from methanol to give the title compound
in 70% yield (28.5 g). Mp: 281-282°C. The HCl salt was

35 partitioned between diethyl ether and 2 M NH; (aq) and
the free base was obtained by extraxtions of the
alkaline water phase with diethyl ether. [a]21D =+40°
{C=0.1, HCl salt in MeOH). GC-MS (70eV) M+l = 259
{S53%).
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b) (R)-8-Bromo-3-(N,N-dibenzylamino)-5-methoxy-3,4-
dihydro-2H-1-benzopyran

5 (R) -3-Amino-8-bromo-5-methoxy-3,4-dihydro-2H-1-
benzopyran (11.5 g, 44 mmol) was dissolved in 400 mL
anhydrous acetonitrile and to the reaction were benzyl
bromide (13 mL, 110 mmol), anhydrous potassium
carbonate (grounded) (16 g, 116 mmol), and a catalytic

10 amount of KI added and then heated to 85°C for 48 h.
The solvent was removed in vacuo, the remains were
taken into a 2 M solution of NHy and then extracted
twice with ether. The combined ether portions were
treated with brine, dried (MgSOy, | filtered, and the

15 solvent removed in vacuo to give the crude residue.
Chromatography on silica {eluent: CH,Cl,) gave 1S g
{78% yield) of the title compound as a clear oil.
[@)2l; =-15.5° (C=0.1, CHC13). GC-MS (70eV) M=437
{15%).

20 .
¢) (R)-3-(N,N-Dibenzylamino)-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran

(R) -8~-Bromo~3-(N,N-dibenzylamino) -5-methoxy-3, 4~

25 dihydro-2 H-1-benzopyran (4.35 g, 9.9 mmol) was
dissolved in 45 mL of anhydrous THF and cooled to
-78°C. To this was a 1.6 M n-BuLi solution (6.8 mL,
10.9 mmol} added dropwise and allowed to stir at -789C

* for 1 h. N-Fluorobenzenesulfonimide (3.8 g, 11.9 mmol},

30 dissolved in 30 mL anhydrous THF, was added dropwise
under 45 min and allowed to stir at -78°C for 1 h. The
reaction was stopped by adding 3 mL saturated NH/C1
followed by 9 mL of a solution comprised of 2 g of
NHOHxHC1 and 8 g of NayCOy in 100 mL of H,0 and

35 allowing the reaction to warm to room temperature.
A 2 M NH, solution was added and the reaction was
extracted twice with ether, treated with brine, dried
(Nay;S04), filtered, and evaporated in vacuo to give the
crude product.
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(C=0.1, CHC13). GC-MS {70 eV) M=377 (37%).
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d) (R)-3-2amino-8-fluoro-5-methoxy-3,4-dihydro-2H-1~ -
10 benzopyran

(R} -3- (N, N-Dibenzylamino) -8-f1luoro-5-metHoxy-3, 4-
dihydro-2H-1-benzopyran (13.0 g, 34.4 mmol) was
dissolved in 2-65 mL methanol and 115 mL THF. To this

15 was 10 % PA/C {4 g) and ammonium formate (51.5 g, 0.817
mol) added. The reaction was heated to 50°C for 2.5 h.
The reaction was filtered and the solvent was removed
in vacuo, the remains were taken into a 2 M solution of
NaOH and then extracted twice with ether. The combined

20 ether portions were treated with brine, dried (Na;SOy,,
filtered, and the solvent removed in vacuo to give 6.2
g {91 % yield) of the title compound as a clear oil.
[e)21, = -15.3° (C=1, CHCly). GC-MS (70 eV) M=197
(51%).

25
Preparation 2
{R) -8~Fluoro-3-(N-isopropyl-N-propylamino)-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

30 a) (R)-8-Bromo-3-(N-isopropylamino)-5-methoxy-3,4-
dihydro-2H-1-benzopyran

{(R) -3-(N-Isopropylamino)-5-methoxy-3, 4-dihydro-2H-1-
benzopyran (4.02 g, 18.2 mmol) and anhydrous sodium

35 acetate were dissolved in acetic acid (80 mL). To the
stirred mixture was bromine {(0.93 mL, 18.2 mmol}
dissolved in acetic acid {40 mL) added dropwise under
1.5 h.
The solvent was removed in vacuo, taken into a 2 M NaOH
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give an oil. GC-MS (70 eV) M=3Q1 (100%).
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b} (R)-8-Bromo-3-{N-isopropyl-N-propylamino)-5-
methoxy-3,4-dihydro-2H~1-benzopyran

15
{R) -8-Bromo-3- (N~-isopropylamino) -5-methoxy-3, 4-dihydro-
2H-1-benzopyran (3.8 g, 11.3 mmol) was dissolved in
anhydrous methanol (80 mL) and to this was propanal
(8.1 mL, 0.113 mol)} added. The reaction was cooled

20 {(ice-bath) then sodium cyanoborohydride (1.3 g, 20.3
mmol) was added, the pH was adjusted to 5, and the
reaction was allowed to stir at room temperature
overnight.

The solvent was removed in vacuo, the remains were

25 taken into a 1 M solution of NayCO; and then extracted
twice with diethyl ether. The combined ether portions
were treated with brine, dried (NaySO4), filtered, and
the solvent removed in vacuo to give the crude residue.

< Chromatography on silica (eluent: 7% ethyl .

30 acetate/hexane) gave 3.75 g (97% yield) of the title
compound as a clear oil. [a121D =-82.5%9 (C=0.1, CHC13).
GC-MS (70 eV) M=343 (29%).

The hydrochloride salt was made by dissolving the base
in diethyl ether and dropping an excess of an ethereal

35 HCl solution. The salt was recrystallized from
ethanol/diethyl ether to give a white solid. Mp: 177-
goC,

¢) (R)-8-Fluoro-3-(N-isopropyl-N-propylamino)-5-
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17
methoxy-3,4-dihydro-2R-1-benzopyran

(R} -8-Bromo-3- (N-isopropyl-N-propylamino)-5-methoxy-

3, 4-dihydro-2H-1-benzopyran (2.3 g, 6.72 mmol) was
dissolved in anhydrous THF (25 mL) and cooled to -78°C,
To this was a 1.6 M n-BuLi solution (4.83 mL, 7.73
mmol) added dropwise and allowed to stir at -78°C for 1
h. N-Fluorobenzenesulfonimide (2.55 g, 8.06 mmol},
dissolved in anhydrous THF (15 mL), was added dropwise
under 20-30 min and allowed to stir at -78°C for 4 h.
The reaction was stopped by adding 1 mL of a saturated
aqueous NH,Cl solution followed by 3 mL of a solution
comprised of 2 g of NH,OHxHCl and 8 g of Na,CO3 in 100
mL of HyO and allowing the reaction to warm to room
temperature. A 2 M NHy solution was added and the
reaction was extracted, twice, with diethyl ether,
treated with brine, dried (Na,SO4), filtered, and
evaporated in vacuo to give the crude product.
Chromatography on silica {eluent: chloroform) gave 1.0
g (53% yield) of the title compound as a clear oil.
fa)2l; =-89.2° (C=0.1, CHC13). GC-MS (70 eV) M=281
(32%) .

The hydrochloride salt was made by dissolving the pure
base in diethyl ether and dropping an excess of an
ethereal HCl1l solution to give a white solid (sinters at
80°C).

d) (R)-8-Fluorxro-3-(N-isopropyl-N-propylamino)-5-
hydroxy-3,4-dihydro-2H-1-benzopyran

{R) -8-Fluoro-3- (N-isopropyl-N-propylamino) -5-methoxy-
3,4-dihydro-2H-1-benzopyran hydrochloride (1.03 g, 3.24
mmol) was dissolved in anhydrous CH,Cl, (30 mL) and
cooled to -40°C. To the solution was BBrjy (0.77 mL, 8.1
rmmol), dissolved in anhydrous CH;Cl, (5 mL)' added
dropwise. The cooling-bath was removed and after 3 h at
room temperature the reaction was complete.

The reaction was poured out onto an ice/2 M NH;
solution and the mixture was extracted, twice, with

| to the
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diethyl ether. The combined ether portions were treated
with brine, dried {Na S04, , filtered, and the solvent
removed in vacuo to give the crude residue.
Chromatography on silica (eluent: 20% ethyl
acetate/hexane) gave 0.84 g (97% yield) of the title
compound as a clear oil. [a]21D =-94,2° {C=0.1, CHC13).
GC-MS (70 eV) M=267 (26%).

The hydrochloride salt was made by dissolving the pure
base in diethyl ether and dropping an excess of an
ethereal HCl solution. The salt was recrystallized from
CHCly/diethyl ether/ethyl acetate to give a white
solid. Mp: 220-2°C. S

e} (R)-8-Fluoro-3-{N-igopropyl-N-propylamino)~-5~
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

{R) -8-Fluoro-3- (N-isopropyl-N-propylamino) -5-hydroxy-
3,4-dihydro-2H-1-benzopyran (0.71 g, 2.66 mmol) and
collidine (0.49 mL, 3.72 mmol) were dissolved in
anhydrous CH,Cly (25 mL) and cooled to -40°C.
Trifluoromethanesulfonic anhydride (0.54 mL, 3.2 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH;Cl, and washed
with a saturated aqueous NaHCOj solution, dried
{(MgSO4), filtered, and evaporated in vacuo to give a
crude residue. Chromatography on silica {(eluent:
CH,Cl,) gave 0.82 g (77% yield) of the title compound
as a clear oil. [@]?l, = -85.5° (C=0.1, CHC13). GC-MS
{70 eV} M=399 (6%).

Example 1
R)-3-(N-Cyclopentyl-N-n-propylamino)-8-£fluoro~5-N-

metnzlcarbimgxl-s.¢-dihxdro-Zﬂ-l-genzonxran

a) (R)-3-N-Cyclopentylamino-8-fluoro-5-methoxy-3,4~
dihydro-2H-1-benzopyran
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- benzopyran (1.5 g, 7.6 mmol)}, acetic acid {0.45 g, 7.6
mmol), and cyclopentancone (2.5 g, 3 mmol) were
dissolved in 30 ml of methanol. With stirring,
S sodiumcyanoborohydride (0.8 g, 13 mmol) was added in
portions under a few minutes. Stirring was-continued
for 2 hours. A GC sample showed 100% of a new product.
The solvent was evaporated and water, 2 M NH; and EtOAc
were added. The organic layer was ‘separated and washed
10 with water. The layer was dried with Na, S04 and
evaporated to give 1.3 g (64% yield) of a colourless
o0il. GC/MS with the molecular peak of 265 confirmed the
title compound.

15 b} (R)-3-{N-Cyclopentyl-N-n-propylamino)-8-£fluoro-5-
methoxy-3,4-dihydro-2H-1-benzopyran

(R) -3-N-Cyclopentylamino-8-fluoro-5-methoxy-3,4~
dihydro-2H-1-benzopyran (1.3 g, 5 mmol), acetic acid
20 (0.3 g, S mmol) and propionaldehyde (1.5 g, 25 mmol)
were dissolved in 30 ml of methanol. With stirring,
sodiumcyanoborohydride (0.8 g, 13 mmol) was added in
portions under a few minutes and stirring was
continued. After 3 hours a GC sample showed 100% of a
25 new product. The solvent was evaporated and water, 2
molar NH; and EtOAc were added. The organic layer was
separated and washed neutral with water. The layer was
dried with Na,SO,4 and evaporated to give 1 g (65%
- yield) of a colourless oil. GC/MS with the molecular
30 peak of 307 confirmed the title compound.

¢} (R)-3-{(N-Cyclopentyl-N-n-propylamino)-8-£fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran

35 {R) -3-{N-Cyclopentyl-N-n-propylamino)}-8-fluoro~5-
methoxy-3,4~-dihydro-2H-1-benzopyran (1 g, 5 mmol) was
dissolved in 25 ml of CHyCly. An excess of etheric HCl
was added to form the HCl salt. A solution of BBry (4
g, 15 mmol) in 10 ml of CH,Cl, was prepared and added
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dropwise under 10 minutes with stirring (ice-bath). The
reaction mixture was allowed to reach room temperature
during continued stirring for 6 hours and the mixture
was poured out into ice water and made alkaline by
5 adding ammonia. The organic layer was separated, dried

with Na,SO; and evaporated to afford a dark brown oil.
Chromatography (Si0,, di-isopropyl ether and hexane
1+1) afforded 1.1 g of an colourless oil. The HC1l salt
was prepared from the base and etheric HCl1 and

10 rerystallized from acetonitrile to give 0.85 g (52%
yield). Mp 220-221°C.

d) (R)-3-{N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-
trifluoromethylsulfonyloxy-3,4~dihydro-2H-1-benzopyran
15
{R) -3~ (N-Cyclopentyl~N-n-propylamino) -8-fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran {0.7 g, 3 mmol) was
dissolved in 25 ml of CH,Cl, and triethylamine (0.3 g,
3 mmol) was added. The solution of
20 trifluoromethanesulfonic anhydride (1 g, 4 mmol} in 5
ml of CH,Cl, was added dropwise under 10 min (-20°C).
Stirring was continued for 1 hour. The reaction mixture
was poured out into ice water and the pH was adjusted
to 8 by addition of ammonia and extracted by ether. The
25 organic layer was separated, dried with Na,;SO4 and
evaporated to afford a brown oil. Chromatography (SiO,,
CH,Cl, + hexane, 1 + 3) afforded 0.5 g (44% yield) of a
colourless oil. GC/MS with the molecular peak of 425
* confirmed the title compound.
30
a) (R)-3-(N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-N-
methylcarbamoyl-3, 4-dihydro-2H-1-benzopyran

(R) -3-{N-Cyclopentyl-N-n-propylamino-8-fluoro-5-

35 triflugromethylsulfonyloxy—B,4-dihydro-2H-1-benzopyran
(0.5 g, 1 mmol) was dissolved in 15 ml of 1,4-dioxane.
Palladium II acetate (10 mg), 1,3-bis
(diphenylphosphino) -propane (20 mg), and methylamine
(0.15 g, S mmol) were added and the mixture was stirred
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(R} ~8-Fluoro-3-(N-isopropyl-N-n-~ lamino) -5~

carbamoyl-3, 4-dihydro-2H-1-benzopyran

addition to aryl-Y- boﬁﬂssﬁﬂﬁﬁu -0sq err]CF[err] bonds,

10
a) Methyl (R)-8-fluoro-3-(N-isopropyl-N-n-
propylamino) -3,4-dihydro-2H-1-benzopyran- S-caeréglate

{R)-8-Fluoro-3-(N-isopropyl-N-n-propylamino) -5-

15 trifluoromethanesulfonyloxy-3,4-dihydro-2H-1-benzopyran
(2.4 g, 6.0 mmol), triethylamine (1.3 g, 12.9 mmol),
1,3-bis(diphenylphosphino)}propane {95 mg, catalytic
amount), palladium(II)acetate (48 mg, catalytic amount)
and DMF/MeOH {30 mL,, 3:1) were mixed in a 50 mL three

20 necked round bottom flask. The flask was evacuated
followed by the inlet of CO (repeated two times). The
reaction mixture was stirred at 70°C for 7.5 hours. The
solvent was removed in vacuo and the residue was
dissolved in diethyl ether/sat. NaHCO3. The layers were

25 separated and the water phase was extracted once with
ether. The combined ether layers were dried (MgSO4) and
the solvent was removed in vacuo to give a crude which
was purified by flash chromatography (SiO,,
hexane/EtOAC, 9:1) to give 1.3 g of the title compound

30 {71% vield).

b} (R)-8-Fluoro-3-(N-isopropyl-N-n-propylamino)-5-
carbamoyl-3,4-dihydro-2H-1-benzopyran

35 Methyl (R)-8-Fluoro-3-(N-isopropyl-N-n-propylamino) -
3,4-dihydro-2H-1-benzopyran-5~-carboxylate (1.3 g, 4.2
mmol) and KOH (0.52 g, 8.4 mmol) were mixed in methanol
(6 mL) and refluxed for 2.5 hours. The solvent was
removed in vacuo. The residue was dissolved in water
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non-toxi c acid addition salt, e.g. the hydrochloride,, hydrobrom de,
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Ty be-a soli diad FRRTRE U BRye! (HpChefafs atodistoled i tveo T
subst ance wil|S@dhst (3UtmL)bandeaefQutednfiofo2: Hyhortght Thé shkventepar ation
ror € was removed in vacuo., The residue was dissolved in
5 CH,Cl, and the solvent was removed in vacuo again
(repeated three times in order to remove the excess of
SOCl,. The residue was then dissolved in diethyl ether
(50 mL} . The solution was cooled to -30°C before NH,
(g) was bubbled through it. Water was added, the layers
10 were separated and the water-phase was extracted with
ether. The combined ether layers were dried (XK,CO3) and
the solvent wag.removed in vacuo to give a crude which
was purified by flash chromatography (SiO,,
EtOAc/hexane, 1:1) to give 1.0 g of the title compound
1s {(yield 80%). Recrystallization from EtOAc/hexane gave
crystals with Mp: 139-140°cC.

Example 3
(R)-3-(N-tert-Butyl-N-n-propylamino)-5-carbamoyl-8-
20 fluoro-3, 4-dihydro-2H-1-benzopyran

a) (R)-8~Fluoro-S5-methoxy-3-[N-(4-methoxybenzylidene)-~
amino] -3,4-dihydro-2H-1-benzopyran

25 {R) -3-Amino-8-fluoro-5-methoxy-3,4~-dihydro-2H-1~-
benzopyran (7.85 g, 39.8 mmol), 4-methoxybenzaldehyde
(5.42 g, 39.8 mmol), anhydrous potassium carbonate
(10.1 g) and absolute EtOH (200 mL) were stirred over
night at reflux temperature. The solvent was evaporated
30 in vacuo and ether (500 mL) was added. After stirring
for 15 min the salt was filtered off and the solution
was concentrated in vacuo to give an off-white solid
{12.4 g} . Recrystallization from i-Pr,0- hexane gave
10.8 g (86% yield) of the title compound as colourless
35 needles. Mp: 96.8-97.3°C,
f@)21, =+20.1° {(C=1; CHC13). GC-MS (70 eV) M= 315
{58%) .
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containi ng di f 2L eftedfhs VEL SHRSH ARAGS ight at room temperature.
10 Precipitated 3-chlorobenzoic acid was filtered off and
the clear yellow filtrate was concentrated in vacuo.
The oily residue was taken up in a solution of
hydroxylamine hydrochloride (2.83 g, 40.8 mmol) and
anhydrous methanol {60 mL} and the resulting solution
15 was stirred at room temperature for 2 h. The solvent
was evaporated to give a thick orange oil. Water was
added to the oil, pH was adjusted to 8-9 with saturated
agueous Na,CO3 and the mixture was washed with ether
{(3x150 mL). The organic phases were combined, washed
20 with brine, dried (Na;SO4), filtered and concentrated
in vacuo. The crude product was flash chromatographed
on silica with EtOAc (15 to 50%) in hexane as eluent.
The resulting impure product was flash chromatographed
a second time on silica with EtOH- CHCl3 (1:99) as
25 eluent to give 6.45 g (89% yield) of the title compound
as a colourless crystalline solid. Mp: 111-113°C,
(a1l =+66.4° (C= 1.3; CHCl;). GC-MS (70 eV) M= 213
(56%).

30 ¢) (R)-3-tert-Butylamino-8-fluoro-5-methoxy-3,4~
dihydro-2H-1-benzopyran

(R) -8-Fluoro-3-hydroxylamino-5-methoxy-3, 4-dihydro-2H-
1-benzopyran {6.30 g, 29.6 mmol), anhydrous sodium

35 sulfate (20 g) and acetone {500 mL) were refluxed under
nitrogen for 4 days until TLC indicated a complete
reaction. The salt was filtered off, ether (300 mL)
was added to the filtrate and the solution, still
containing finely suspended salt, was filtered through
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concentrated in vacuo (finally on the pump). The glassy
5 residue was dissolved in dry (sieves 3A) benzene (150
mL) under nitrogen and the solution was cooled on an
ice-bath (+4°C). MeMgBr in Et,0 (3.0 M; 32.0 mL, 96
mmol) was added to the stirred solution above at a rate
that kept the internal temperature below +5°C (the
10 reaction is exothermic). After the addition was
complete (30 min) the solution was stirred at +4°C for
0.5 h. The cooling bath was taken away and 15 min later
the solution was poured on saturated NaHCO; and ice i
(300 mL total). The mixture was washed repeatedly with
15 ether (3x150 mL). The organic phases were combined,
washed with brine, dried (NaySO4)}, filtered and
concentrated in vacuo. Flash chromatography on silica
(eluent: EtOAc {2 and 10%) in CHCl3] gave 2.9 g. of the
tert -butyl hydroxylamine derivative. The latter was
20 dissolved in'CSZ {100 mL) under nitrogen and the
solution was stirred at room temperature for 4.5 h.
The solvent was evaporated in vacuo to give an orange
oil. Acetone {approx. 50 mL)} was added and the
solution was stirred for a short time (15 min) at room
25 temperature (to precipitate elemental sulfur), then
filtered and concentrated to give an oil. Flash
chromatography on silica [eluent: EtOAc (10 to 25%) in
hexane] gave 2.34 g (31% total yield) of the title
compound as a yellow oil.
30~ (a)?l; =-82.89 (C= 1; CHC13). GC-MS (70 eV) M= 253
(53%).

d) (R)-3-(N-tert-Butyl-N-n-propylamino)-8-£luoro-5-
methoxy-3,4-dlhydro-2H~-1-benzopyran '

35
{R) -3-tert-Butylamino-8-fluoro-S-methoxy-3, 4-dihydro-
2H-1-benzopyran {2.20 g, 8.7 mmol), allyl bromide (7.5
mL, 87 mmol), finely ground anhydrous potassium
carbonate (6.0 g, 43 mmol) and dry DMF (6.0 mL) were
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combined, washed with brine, dried (MgSO4), filtered

10 and concentrated in vacuo. Flash chromatograpy on
silica [eluent: acetone (2 and 15%) in hexane] gave
0.80 g of startingéaaterial and 1.47 g (87% yield based
on recovered starting material) of the allylated
product as a colourless oil. [a]zln =-77.6° (C= 0.8,

15 CHCl3) . GC-MS (70 eV) M= 293 (40%).

The allylated product (1.30 g) was mixed with DMF (50

mL)} and 5% Rh on alumina (0.090 g) and hydrogenated at
ambient pressure and temperature (21°C). After 5 h the
reaction was complete according to GC and TLC. The _

20 catalyst was filtered off on Celite, the pad was washed
with small portions of DMF and the filtrate was
concentrated in vacuo. Flash chromatography on silica
of the crude product [eluent: EtOAc (0 and 3%) in
CH,yCl,] gave 1.27 g (97% yield) of the saturated

25 compound.

GC-MS (70 eV) M= 295 (28%). [a]?l; (base)=-83.4° (C=
0.9; CHC13).

The base was dissolved in dry diethyl ether, the

30 solution was cooled on an ice bath and an excess of
ethereal HCl was added to the stirred solution. The
salt was filtered off, washed with dry diethyl ether
and dried in vacuo at 50°C to give 1.39 g (98% yield)
of the title compound, as white crystals.

35 Mp: 175-176°C.
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Materials* Preparation 1
e) {(R)-3- (N-te:t-zutyl-N-n—propylamino)-a-zluoro-s-

hydroxy-3,4-dihydro-2H-1-benzopyran

(R) -3- (N-tert-Butyl-N-n-propylamino)-8-fluoro-5-

5 methoxy-3,4-dihydro-2H~-1-benzopyran hydrochloride (1.3
g, 3.9 mmol) in dry methylene chloride (40 mL) under
nitrogen was cooled on a dry ice-EtOH bath to -50°C.
Boron tribromide (0.75 mL, 7.8 mmol) was added dropwise
{in 1 min) to the stirred solution above. Five minutes

10 after the addition of boron tribromide was complete,
the dry-ice bath was changed to an ice bath (+4°C).
After stirring for 4 h at the same temperature the
solution was poured on ice (100 g) and solid NaHCO; was

. added to adjust pH to 8-9. When the ice had melted the

15 mixture was extracted with ether (4x75 mL). The ether
extracts were combined, washed with brine, dried
(Na,S04), filtered and concentrated in vacuo to afford
1.1 g (96% yield) of the title compound as a pale
yellow oil.

20 [a)?l =-91.7° (C= 1.0; CHC13). GC-MS (70 eV) M= 281
(6%).

£} (R)-3-(N-tert-Butyl-N-n-propylamino)-8-fluoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
25
{R) -3- (N-tert-Butyl-N-n-propylamino) -8-£fluoro-5-
hydroxy-3, 4-dihydro-2H-1-benzopyran (1.0 g, 3.6 mmol)
and 2,4,6-collidine (0.52 mL, 3.9 mmol) were dissolved
in anhydrous methylene chloride (40 mL) and cooled to -
30 30°C. Trifluoromethanesulfonic anhydride (0.66 mL, 3.9
mmol) dissolved in anhydrous methylene chloride (10 mlL)
was added dropwise during 20 min. The solution was
allowed to warm to ambient temperature and after coming
to 0°C the reaction was done. The reaction was diluted
35 with methylene chloride and washed with saturated
aqueous NaHCO3 (50 mL). The aquecus phase was re-
extracted with ether (2x40 mL). The combined organic
phases were dried (MgSO,), filtered, and concentrated
in vacuo to give a crude residue. Flash chromatography
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{R) -3-(N-tert-Butyl-N-n-propylamino) -8-fluoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
(1.4 g, 3.3 mmol) and triethylamine (1.0 mL, 7.4 mmol)
were dissolved in a solution of DMF/MeOH (6:2; 30 mL) e
and then degassed followed by the inlet of carbon
monoxide (4x). With a slight positive pressure of
carbon monoxide, palladium{II)-acetate (0.030 g} and )
1,3-bis (diphenylphosphino}propane {0.060 g) were added
and the reaction mixture was degassed and subjected to
carbon monoxide once again. The reaction was heated to
70°C (oil-bath temperature) under carbon monoxide
atmosphere with vigorous stirring for 12 h. GC
indicating an incomplete reaction (68% product vs. 21%
starting material), the solution was cooled and then
filtered through Celite. More palladium{II)-acetate
(0.030 g) and 1,3-bis(diphenylphosphino)propane {(0.060
g) were added and the reaction was resumed as described
above. After another 3 h GC indicated a slight
improvement of the ratio (77% vs. 12%) and the reaction
was allowed to cool. The following day the solvent was
removed in vacuo. The remaining red-brown oil was taken
into saturated aqueous NaHCO3 and then extracted with
EtOAc (3x50 mL). The combined organic phases were
washed with brine, dried (MgSO4y, filtered and
concentrated in vacuo to give the crude ester. Flash
chromatography on silica [eluent: EtOAc (15 and 30%) in
hexane] gave 0.178 g of starting material and 0.842 g
(89% yield based on recovered starting material) of the
title compound as a clear oil.

a2l =-121.1° (C= 0.9; CHC13). GC-MS (70 eV) M= 323
{14%).
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Methyl (R}-3-(N-tert-butyl-N-n-propylamino)-8-£fluoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate (0.84 g, 2.6
mmol), methanol (10 mL} and 1.7 M agqueous NaOH (3.0 mL,
5.2 mmol ) were refluxed for 3 h. The clear solution
was cooled, the methanol was stripped, the aqueous
remains were washed twice with ether-hexane (1:1), then
acidified with 2 M HCl (pHS 2). The water was
evaporated in vacuo and the remaining salt was dried in
vacuum at 50°C for 2 h. Bry methylene chloride (20 mL)
and thionyl chloride (3.0 mL, 41 mmol) were added, the
mixture refluxed under nitrogen for ' 11 h. The
volatiles were evaporated, more dry methylene chloride
was added and evaporated. This was repeated once. The
crude acid chloride was dissolved (suspended) in dry
methylene chloride (50 mL)} and added dropwise to
stirred concentrated agqueous ammonia (40 mL) cooled on
an ice bath. The mixture was allowed to warm to ambient
temperature, the organic phase was separated, and the
aqueous phase was washed with methylene chloride (100
mL) and ether (50 mL). The organic portions were
combined, dried (MgS04), filtered and concentrated to
give the crude amide. Flash chromatography on silica

‘[eluent: EtOAc-hexane (4:5)]) gave 0.73 g (91% yield)

of (R)-3-(N-tert-butyl-N-propylamino)-8-£luoro-3,4-
dihydro-2H-1-benzopyran-5-carboxamide as a solid.

_Mp: 70-75°C,

(@121 =-132.4° (C= 1.0; CHC13). GC-MS (70 eV) M= 308
(3%).

The base was dissolved in dry ether, the solution was
cooled on a dry-ice bath (-20°C) and an excess of
ethereal HCl was added to the stirred solution. The
salt was filtered off, washed with dry ether and dried
in vacuo at 50°C to give 0.78 g (96% yield) of the
hydrochloride salt as white crystals.

Mp: 120°C sinters.

ofzghe al kal i ne water phase with
[a][err] —+40[err] (C;O.l, HC salt in MeOH). GC- M5 (70eV)
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dihydro-2H-1-benzopyran

(R} -3-Amino-8-fluoro-5-methoxy-3, 4-dihydro-2H-1-
benzopyran {(1.67 g, 8.47 mmol) was dissolved in
anhydrous methanol (20 mL) and to this was
cyclobutanone (5.0 g, 71.3 mmol) added. The reaction
was cooled {ice-bath) then sodium cyanoborohydride
(0.96 g, 15.3 mmol) was added and the reaction was
allowed to stir at room temperature overnight. After 24
h the pH was adjusted to 4-5 with acetic acid and the
reaction was allowed to stir for one more day.

The solvent was removed in vacuo, the remains were
taken into a 2 M solution of NH3 and then extracted
thrice with diethyl ether. The combined ether portions
were dried (Na2804)’ filtered, and the solvent removed
in vacuo to give the crude residue. Chromatography on
silica (eluent: 15% ethyl acetate/hexane for
dialkylated product followed by ethyl acetate for
monoalkylated product) gave 1.01 g (48% vield) of the
monocalkylated title compound as a clear oil [GC-MS ({70
eV) M= 251 (6%)]. and 0.71 g (27% yield) of the
dialkylated title compound as a clear oil.

(@121, = -101.0° (C= 0.1; CHCl;). GC-MS (70 eV) M= 305
(3%).

b) (R)-8-Fluoro-3-(N,N-dicyclobutylamino)-5-hydroxy-
3,4-dihydro-2H-1-benzopyran

(R) -8~Fluoro-3-(N,N-dicyclobutylamino) -5-methoxy-3, 4-
dihydro-2H-1-benzopyran hydrochloride (0.77 Q, 2.26
mmol) was dissolved in anhydrous CH2Cl, (20 mL) and
cooled to -40°C. To the solution was BBry (0.54 mL, 5.7

added
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solution an the mlxture was extracted, twice, with
diethyl ether. The combined ether portions were dried
(MgSOy4, filtered, and the solvent removed in vacuo to

give the crude residue.

Chromatography on silica (eluent: 50% ethyl
10 acetate/hexane) gave 0.58 g (89% yield) of the title
compound as a white solid. Mp: 170-2°C.
[a]?l; =-114.4° (C=0.1; CHC13). GC-MS (70 eV) M= 291 g
(2%).

15 ¢) (R)-3-(N,N-Dicyclobutylamino)-8-fluoxo-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

(R) -3-(N,N-Dicyclobutylamino) -8~-fluoro-5-hydroxy-3, 4-
dihydro-2H-1-benzopyran (0.59 g, 2.02 mmol) and
20 collidine (0.37 mL, 2.8 mmol) were dissolved in
anhydrous CHyCl, (40 mL) and cooled to -40°C.
Trifluoromethanesulfonic anhydride (0.41 mL, 2.4 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
25 done. The reaction was diluted with CH,Cl, and washed
with a saturated aqueous NaHCO; solution, dried
(MgSO,4), filtered, and evaporated in vacuo to give a
crude residue. Chromatography on silica {eluent:
CH,5Cl,) gave 0.84 g (99% yield) of the title compound

30 as a clear oil.
(@12l =-90.9° (C=0.1; CHC13). GC-MS (70 eV) M= 423
(3%).

Methyl (R)-3-(N,N-Dicyclobutylamino)-8-fluoro-3,4-
35 dihydro-2H-1-benzopyran-5-carboxylate

{R) -3-{N,N-Dicyclobutylamino}-8-fluoxro-5-
trifluoromethylsul fonyloxy-3,4-dihydro-2H-1-benzopyran
(0.82 g, 1.94 mmol) was dissolved in a solution of
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M=197 (519 . carbonmonoxide once again. The reaction was heated to
70°C under carbonmonoxide atmosphere with vigorous

stirring for 5.5 h.

10 The reaction was allowed to cool and the solvent was
removed in vacuo. The remains were taken into a 2 M
solution of NH3 and then extracted, twice, with diethyl
ether. The combined ether portions were dried (MgSOy
filtered, and the solvent removed in vacuo to give the

15 crude residue. Chromatography on silica (eluent: 12.5%
ethyl acetate/hexane) gave 501 mg (78% yield) of the
title compound as a clear oil. _
fa]?l, =-138.2° (C=0.1; CHC13). GC-MS (70 eV} M= 333
{4%).

20
e) (R)-5-Carbamoyl-3-(N,N-dicyclobutylamino)-8-£luoro-~
3,4-dihydro-2H~1-benzopyran

Methyl (R)-3~{(N,N-dicyclobutylamino)-8-£fluoro-3,4-

25 dihydro-2H-1-benzopyran-5-carboxylate (490 mg, 1.47
mmol) was refluxed with a 6 M solution of HCl1 (20 mL}
for 3.5 h. The solution was cooled, concentrated to
dryness in vacuo and anhydrous toluene was added and
the solvent was removed in vacuo (x4).

30 To the white solid was thionyl chloride (1S mL) added
and the solution was allowed to stir at room
temperature overnight. The excess thionyl chloride was
removed in vacuo, anhydrous toluene added and the
solvent removed in vacuo.

35
The acid chloride was dissolved in CH,Cl, (20 mL) and
added dropwise to a cooled solution {ice-bath) of
concentrated NHy (20 mL). The reaction was allowed to
stir at room temperature for 30 min. The CH,Cl, phase
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Preparation 2 (R)-8-Fluoro-3-(Nisopronyl - N- pr opyl am no) - 5-

trifluoronethyl sulf -2H 1- benzopyr an a)

(R) - 8- Bronp- 3- ( N-i sopAbisy Hﬂﬂhg 2 tthoxy- 3, 4- di hydr o- 2H 1- benzopyr an
(R -3- (N-1sopropyl ami no) REBAGER hoxyf3, 32di hydro-2H 1- benzopyran (4.02
g,.18.2 mmol) and an sodlum acetate were dissolved in acetic acid
(80 ni). To thevas iseparatied wnd wie lagueons HOreSoniwad Sré-exmtactidsol ved

D ooeto” fakontith Bl ol oRHe Solibifalcit, €1, TBErORbHS UedBS 1 oMoVl

I n vacuo, taken_into
dried (Mgso4), filtered, and evaporated in vacuo to

give the crude residue. Chromatography on silica

S (eluent: ethyl acetate) gave 430 mg (92% yield) of a
white solid. Mp: 141.2-142.2°C.
(@121 =-151.59 (c=0.1; CHC13). GC-MS (70 eV) M= 318
(3%).

10 The hydrochloride salt was made by dissolving the pure
base in ether and dropping an excess of an ethereal HCl
solution. The salt was washed with diethyl ether to
give a white solid., Mp: 120°C sinters.

15 Example 5

(R) -5-Caxrbamoyl-3-(N-cyclobutyl -N-n-propylamino)-8-
fluoro-3,4- dihydro-2H-1 -benzopyran

a) (R)-3-(N-Cyclobutyl-N-n-propylamino)-8-fluoro-5-
20 methoxy-3,4-dihydro-2H-1-benzopyran

(R) -3~ (N-Cyclobutylamino} -8~-fluoro-5-methoxy-3, 4-
dihydro-2H-1-benzopyran (1.01 g, 4.02 mmol} was
dissolved in anhydrous methanol {20 mL) and to this was

25 n-propionaldehyde (3.0 mL, 40.2 mmol) added. After 1 h
the reaction was cooled (ice-bath) then sodium
cyanoborohydride (0.46 g, 7.24 mmol) was added, the pH
was adjusted to 4-5 with acetic acid and the reaction
was allowed to stir at room temperature over the

30 weekend. The solvent was removed in vacuo, the remains
were taken into a 2 M solution of NHy and then
extracted thrice with diethyl ether. The combined ether
portions were dried (Mgso4)’ filtered, and the solvent
removed in vacuo to give the crude residue.

35 Chromatography on silica {eluent: 11% ethyl
acetate/hexane) gave 0.95 g {80% yield) of the title
compound as a clear oil.

(@]21, =-95.4° (C=0.1; CHC13). GC-MS (70 eV) M= 293
(1%) .
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16 solution and ext raaises: aBea rRWldbt di et hyl ether. The conbi ned et her

portions were treated I ed (Na[ err] s&e+r1; and t he
sol vent was renoved m”ﬂﬂﬂﬂ@[ﬂ“ﬁ the crude rg$ @u%ﬁéﬁ %@Emcm oride
salt was made by disso basgsi n di et hyl RBREAGEIhd adding an
excess of' an ethereal HCl solution to give a white™sorTd. The salt was

recrystalIizedbymﬁpuaisxir layd@QuehhﬁLp ?giaﬁgng)M§L£1¢$£EJya2@byieId)
bt

: 257-8 7 C=0. The f b
wes made 11 om BREERIIT ScArBHRALESAH 1-PeRRBISIN | GO\ (70 e\) MEg03

(1009 . b) (R)-8-Brono-3-(N-isopropyl-N propylan no)-5-
?E;Pg?érihﬁ-g[?ﬁgFgaSg%é¥egﬁ$ﬁ§giéﬁ%ﬂﬁ9ﬁ88¥¥§@i3ﬂ)ﬁ?ﬂf&gof?Fifbenzopyran
(3.8 g, 15.3 nmathoxmsBd4séthmﬁxb+2H1ﬁﬂbﬂhzmm¥nau:hadwbchBGrh&Q Bhdto this
SR PLoB L BreaTos, SadEE o s EEep O e 0o
adj usted to 5, agﬁdcpqéed to -40°C. To the solution was BBrj (0. 7 mL,
7.6 mmol), dissclved in anhydrous CH,Cl, {4 mL), added
dropwise. The cooling-bath was removed and after 2 h at
10 room temperature the reaction was complete.
The reaction was poured out onto an ice/2 M NHj
solution and the CH,Cl, portion was separated, the
aqueous layer re-extracted, twice, with CH;Cl,. The
combined CH,Cl, portions were dried (Mgso4)‘ filtered,
15 and the solvent removed in vacuo to give the crude
residue.
Chromatography on silica {eluent: 25% ethyl
acetate/hexane followed by S0% ethyl acetate/hexane)
gave 0.83 g (98% yield) of the title compound as a gum.
20 (032l =-80.5° (C=0.1; CHC13). GC-MS (70 eV) M= 279
{0.2%).

¢) (R)-3-(N-Cyclobutyl-N-n-propylamino)-8-£luoro-5-
trifluoromethylsulfonyloxy-3,4~dihydro-2H-1-benzopyran

25

(R) -3~ (N-Cyclobutyl-N-n-propylamino) -8-fluoro-5-

hydroxy-3,4~dihydro-2H-1-benzopyran (0.80 g, 2.86 mmol)

and collidine (0.53 mL, 4.0 mmol) were dissolved in
anhydrous CH;Cl, (30 mL) and cooled to -40°C.

30 Trifluoromethanesulfonic anhydride (0.60 mL, 3.6 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl, and washed
with a saturated aqueous NaHCO3 solution, the aqueous

35 was re-extracted, twice, with CH,Cl, the combined
CHyCl, portions were dried (MgSO4), filtered, and
evaporated in vacuo to give a crude residue.
Chromatography on silica (eluent: CHyCl,) gave 1.01 g
(86% yield) of the title compound as a clear oil.



reaction was all owed S gen *enperature over ni ght . The sol vent was
renmoved i n vacuo, the i aken into a h2CO3 and
then extracted tw ce her . The coﬁé iﬂggd\ bNs wer e
treated with brine, dried (hb[err]SC{err] filtlered Qﬁﬁe soI/ent
renoved i'n vac 5 g|v e.re lica
(eluent: 7% et #&] zgﬁt 14 xi{‘n@& bav@ﬂgfﬁs é"'c('gg/o( il ﬁ title
conpound as a dl1&gr, oil . [a][err] =-82.5[err] (C=0.1, CHG [err]). GC-Ms (70
eV) M=343 (29% . The hydrochloride salt was nmade by di ssolving the base in

di et hyl ether and dropping an excess of an ethereal HCl1 solution. The salt
was recryst al | iddedMetbyl e(Rlhridt (NHCydhdbutyleN-nepgoprlamindl 8ol i d. M:

177- 9[ergl C.  g1ord-3), 18alhy@rs-2al it e gyYPin ¥ RVado g Tate) - >

{R) -3~ (N~-Cyclobutyl-N-n-propylamino)-8-fluoxro-5-~
trifluoromethylsulfonyloxy-3,4-dihydro-2H~-1-benzopyran
"{1.00 g, 2.43 mmol) was dissolved in a solution of
10 DMF/methanol (6:2, 20 mL) and then degassed followed by
the inlet of carbonmonoxide (x3). With a slight
positive pressure of carbonmggpxide, palladium{II}-
acetate (18 mg), 1,3-bis(diphenylphosphino)propane (25
- mg) and triethylamine {(0.75 mL, 5.3 mmol) were added
15 and the reaction mixture was degassed and subjected to
carbonmonoxide once again. The reaction was heated to
70°C under carbonmonoxide atmosphere with vigorous
stirring for 6 h.
The reaction was allowed to cool and the solvent was
20 removed in vacuo. The remains were taken into a 2 M
solution of NH3 and then extracted, twice, with diethyl
ether. The combined ether portions were dried (Mgso4)'
filtered, and the solvent removed in vacuo to give the
crude residue. Chromatography on silica (eluent: 15%
25 ethyl acetate/hexane) gave 0.73 mg (94% yield) of the
title compound as a clear oil. |
(@12l =-130.1° (C=0.1; CHC13). GC-MS (70 eV) M= 321
(2%).

30 e) (R)-5-Carbamoyl-3-(N-cyclobutyl-N-n-propylamino)-8-
f£luoro-3,4-dihydro-2H-1-benzopyran

Methyl (R)-3-{(N-cyclobutyl-N-n-propylamino}-8-fluoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate (0.71 mg,

35 2.21 mmol) was refluxed with a 6 M solution of HC1 (30
mL) for 3.5 h. The solution was cooled, concentrated to
dryness in vacuo and anhydrous toluene was added and
the solvent was removed in vacuo (x4).

To the white solid was thionyl chloride (20 mL) added



17 net hoxy- 3, 4- di hy&# £ an —
(R)-8-Brono-3-(N-isop m‘ﬁmﬁ@ﬁeﬁi m no) - 5- mef RSx §Ht‘-T HAS BEEN
3, 4-di hydr o- 2H 1- benz 6 72 mol ) jwas ARESEAEERed i n janhydr ous

THF (25 nlL) and cooled to -78[err]C. To BAis was a 1.6 M n-BuLi sol ution
(4.83 m, 7.73 nmol) added dropwise and allowed to stir at -78[err]C for 1
h. N Fl uor oben2ed cehe reiutiion wassaldowedobonabiy atdiroam ved in anhydrous

THE (15 ), veemaeead, de O+ 13{1% Iéﬁ@;

-78[err]C for 4 h. The %% on was su,rth(% gieigegb”t rﬁ' St A saturated
aqueous NH| er rYeRoeq Jdn SaGust| mdwug ﬁQlﬁﬁnQ %@Qﬁl dddrised of 2 g
of NH[ err] OHxHsd1wersk & edncfed\aerfalkcad.err] in 100 nL of Herr] O and

21,0019 Lhe 1 5RE oy (SR Sl OILeRE L A 2 MOV ool o ves
with brine, dradded rfopwisster ] koollied sotdtiond(toeybatdtieds n vacuo to
give the cr ude. gt oghtlae IR Y FRY. e bbheRid WA i1 ey YPT M gave
stir at room temperature for 40 min. The CH,yCl, phase
was separated and the agueous portion was re-extracted
10 with CH,Cl, (x3). The combined CH,Cl, portions were
dried (MgSO4), filtered, and evaporated in vacuo to
. give the crude residue. Chromatography on silica
< {eluent: ethyl acetate) gave 622 mg (92% yield) of a
white semi-crystalline solid. A portion was _
15 recrystallized from ethyl acetate/hexane to give a
feathery white solid. Mp: 107-9°C.
fa}?ly =-133.0° (C=0.1; CHC13)}. GC-MS (70 eV) M= 306
{(0.5%).

20 Example 6
{R) -5-Carbamoyl-3-(N-cyclobutyl-N-isopropylamino) -8~
fluoro-3,4-dihydro-2H~1-benzopyran

a) {(R)-8-Fluoro-3-(N-isopropylamino)-5-methoxy-3,4-
25 dihydro-2H~1-benzopyran

(R} -3-Amino-8-fluoro-~S-methoxy-3,4-dihydro-2H-1-~
benzopyran (1.62 g, 8.21 mmol) was dissolved in
anhydrous methanol {20 mL) and to this was acetone (6.0

30 “mL, 82.1 mmol) added. The reaction was cooled (ice-
bath) then sodium cyanoborohydride (0.92 g, 14.8 mmol)
was added, the pH was adjusted to 4-5 with acetic acid
and the reaction was allowed to stir at room
temperature overnight. The solvent was removed in

35 vacuo, the remains were taken into a 2 M solution of
NH; and then extracted thrice with diethyl ether. The
combined ether portions were dried (MgSO4), filtered,
and the solvent removed in vacuo to give the crude
residue that was used as is in the next reaction.



g (53%yield) of the title conpound as a clear oil. [a][err] =-89.2[err]
(C=0.1, CHC13). GC-Ms (70 eV) M=281 (329 . The hydrochloride salt was nade
by di ssolving the pure base in diethyl ether and dropping an excess of an
ethereal HCl solution to give a white sobéd (sinteﬁ%ragypy;%5§]é4. d)

(R) - 8- Fl uor 0- 3- ( N-i sopr opy! - N- pr.opyl ani no) - 5- °‘ﬂfj‘ﬂr‘ EEN

hydr oxy- 3, 4- di EN%-Q.& P‘ée%“bﬁ?ﬁar{al%é R) - 8- Fl uoig-3-_ RtPLASED
(N-isopropyl - N-propyl am no) -5-nethoxy- 3, 4-di hydro-2H 1-benzopyran

hydr ochl ori de : 2 s..dj ssol vedq in anhydrus CHLerr]C [err]
(3001 and- oot edRaa-TutrPTeveencl dtmmdanted) s EaRPrors 77 | 5. 1
mol ), di ssol vesthoxy8)\aHa1tgATd-2H-1Cheagopytdnnnl) added dropw se. The

cool i ng-bat h was renoved and after 3 h at roomtenperature the reacti on was
conpl ete.” The reacti on was poured out onto an ice/2 MNH err] solution and
the m xture wabRkx8 Bl -3i-iNed sopiropylamino) -S-methoxy-3,4-

dihydro-2H-1-benzopyran {1.96 g, 8.19 mmol) was
dissolved in anhydrous methanol (20 mL) and to this was
cyclobutanone (6.1 mL, 81.9 mmol) added. The reaction
10 was cooled (ice-bath) then sodium cyanoborchydride (2.0
g, 16.4 mmol) was added, the pH was adjusted to 4-5
with acetic acid, 3 A molecular sieves were added and
the reaction was allowed to stir at room temperature
overnight. After 24 h the pH-was again adjusted to 4-5
15 and the reaction was allowed to stir for 3 more days.
The reaction was filtered, solvent was removed in
vacuo, the remains were taken into a 2 M solution of
NH3 and then extracted thrice with diethyl ether. The
combined ether portions were dried (MgS04) filtered,
20 and the solvent removed in vacuo to give the crude
residue. Chromatography on silica (eluent: 10% ethyl
acetate/hexane) gave 1.60 g (77% yield) of the title
compound as a clear oil.
[@}?ly =-95.1° (C=0.1; CHC13). GC-MS (70 eV) M= 293
25 (3%).

¢} (R)-3-(N-Cyclobutyl-N-igopropylamino)-8-fluoxro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran

30 7 (R)-3-(N-Cyclobutyl-N-isopropylamino)-8-fluoro-5-
methoxy-3, 4-dihydro-2H-1-benzopyran hydrochloride (1.76
g, 5.34 mmol) was dissolved in anhydrous CHyCl, (45 mL)
and cooled to -40°C. To the solution was BBrg (1.3 mL,
13.4 mmol), dissolved in anhydrous CH,Cl, (7 mL} ~added

35 dropwise. The cooling-bath was removed and after 2 h at
room temperature the reaction was complete.
The reaction was poured out onto an ice/2 M NH,
solution and the CH,Cl, portion was separated, the
aqueous layer re-extracted, twice, with CHyCl,. The
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18 diethyl ether. 'ﬁmBSEdamesB&d Reflder portions were treated with brine,

dried (hb[err]SC{err] d the sol vent renpved Ln vacHe to gi ve
t he crude residue. MI@EEHWn silica (el Legrp1|t;3 2096 ey ByBEEN
acetate/hexane) gave eld) d37the t e goppoppd as p clear
oil. [a][err] =-94.2[err] (C=0.1, CHO 3). GC-M5 % . The.

hydr ochl ori de embined 61Qypqr:sonsmgre hérjed Mgy n ﬂlkﬂd‘l}dd;et her
and droppi ng arpfKQass s@lv%ﬂteigﬁé@é{i leé‘?ﬁé'té ace%‘%l'?é’"

recrystallized from CHCl[err]/diethyl ether ate to give a white
solid. Mp: 220-Z8%dues, e) (R)-8-Fluoro-3- (N-| sopr opyl - N- pr opyl am no) - 5-

trifluoronet hylchddritgeaphg. ndsDYIEs- 26t deENZOgW rébhy1
5 acetate/hexane) gave 1.46 g (98% yield) of the title

compound as a gum. [a]21D =-95.79 (C=0.1; CHC13). GC-MS
(70 eV) M= 279 (0.7%).
The hydrochloride salt was made by dissolving the pure
base in ether and dropping an excess of an ethereal HCl

10 solution. The salt was washed with diethyl ether to
give a white solid Mp: 120°C sinters.

e
d) (R)-3-(N-Cyclobutyl-N-isopropylamino)-8-fluoro-~5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H~1-benzopyran

15
{R}-3-(N-Cyclobutyl-N-isopropylamino) -8-fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran (1.36 g, 4.87 mmol}
and collidine (0.90 mL, 6.8 mmol) were dissolved in
anhydrous CHyCly (50 mL} and cooled to -40°C.

20 Trifluoromethanesulfonic anhydride (1.05 mL, 6.1 mmol}
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl, and washed
with a saturated aqueous NaHCO3 solution, the aqueous

25 was re-extracted, twice, with CH,Cl, the combined
CH,Cl, portions were dried {MgSO,}, filtered, and
evaporated in vacuo to give a crude residue.
Chromatography on silica (eluent: 70% hexane/CH;Cl,)
gave 1.67 g (83% yield) of the title compound as a

30 slightly yellow oil.

[x}?1 =-86.8° (C=0.1; CHC13). GC-MS (70 eV) M= 411
(0.3%).

e) Methyl (R)-3-(N-Cyclobutyl-N-igopropylamino)-8-
35 fluoro-3,4~dihydro-2H-1-benzopyran-5~-carboxylate

(R} -3-{N-Cyclobutyl-N-isopropylamino)-8-fluoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
(1.65 g, 4.01 mmol) was dissolved in a solution of



(R} -8-Fluoro-3- (NI ¢ am no) -5-h -
3, 4- di hydr o- 2H 1- benzo 2 66 mmol ) ﬂrieﬁlh“%l f @E)EMD m_,
3.72 mol) were dissol us CH err]d [lerr] Bzéiwﬁﬁ and gooled to

-40[err] C Tr|fluoronet anesu onlc anhydBi de (0.54 ni, 3.2 mmol) was added
dr opw se ‘and d.to warmto anbient tenEerature and after con1ng to

O[err]C the r iRRFRANCl difs 2, 7RO mEdcendnthes degassed fellawed iy C [err]
and washed wi tthen ixsliet ais@aawmomu@mxwl Uwi@h‘ adélﬁjht( MyST err]),
filtered, and evapaorated in vacu ve a e Chr.omat ogr aphy
on silica (el RIR* 14§ HYEEEUTE )c8588n9°§9x53?77@§§i WGk e title
conpound as a agetatei (30 maf) [, etr, B -blS&HlﬁhéﬁZ?!)pﬂosﬂrﬁﬁ))pr&ﬁﬂﬁ (580 eV)
Voro- 5.1 et CIih Sty AR, oG 250RE: Vo B P Wedy" dified *
(R) - 3-N- Cycl ond wmrfaad&-lblnumutareewasxdeeassedhMrm&jﬁd&:é}kmpyran

carbonmonoxide once again. The reaction was heated to

70°C under carbonmonoxide atmosphere with vigorous

stirring for 6 h.

10 The reaction was allowed to cool and the solvent was

removed in vacuo. The remains were taken into a 2 M

solutlon of NHy and then extracted, twice, with diethyl

ether. The combined ether portions were dried (MgSOy,

filtered, and the solvent removed in vacuo to give the

15 crude residue. Chromatography on silica (eluent: 8%

ethyl acetate/hexane) gave 1.18 mg (92% yield) of the

title compound as a clear oil.

(@121l =-139.1° (C=0.1; CHC13). GC-MS (70 eV) M= 321

(3%) .

20
£) (R)-5-Carbamoyl-3-(N-cyclobutyl-N-isopropylamino)-8-
£luoro-3,4-dihydro-2H-1-benzopyran

Methyl (R)-3-(N-cyclobutyl-N-isopropylamino)-8-fluoro-

25 3,4-dihydro-2H-1-benzopyran-5-carboxylate (1.16 mg,
3.61 mmol) was refluxed with a 6 M solution of HC1 (30
mL) for 3.5 h. The solution was cooled, concentrated to
dryness in vacuo and anhydrous toluene was added and
the solvent was removed in vacuo {x4}).

30 “To the white gum was thionyl chloride (35 mL) added and
the solution was allowed to stir at room temperature
overnight. The excess thionyl chloride was removed in
vacuo, anhydrous toluene added and the solvent removed
in vacuo.

35 The acid chloride was dissolved in CHpCl, (50 mL) and
added dropwise to a cooled solution (ice-bath) of
concentrated NH3 (50 mL). The reaction was allowed to
stir at room temperature for 40 min. The CH,Cl, phase
was separated and the agqueous portion was re-extracted



19 (R)-3-Amno- 8- ﬁhﬁﬂk&&ﬁsh@th@% 3, 4- di hydr o- 2H 1- benZOnVLai](l 5 g,

7.6 mmol ), acetic aci nmol ), and xﬁ!ogﬁﬂgaﬁQ$Q36ﬂ 549, 3
ol ) were dlssolved | t hanol . VWthL" 'rﬁﬁﬂQﬁ’Eﬂ

sodi uneyanobor ohydri d mol ) &8s adde L-ers—urder a few
m nutes. 'Stirrinp mas contlnued for 2 hours. A GC sanple showed 100% of a

new product. Yh - 580 CoMb nedd ClgCap | PQI‘MM éﬁl]'e and Et OAc
wer e added. Th@rﬂé@amﬁsdﬁyerf1%%r%apara%fdegzva por4eedcsn vaédoveser. The
| ayer was dried,wt and , evapqrate

0,
col ourl ess oi FAVeCHRR Giude mes ﬁHFecGP&PmB§8Hr bﬂEGénc%ﬁhégéé%ylﬁLd)t?II2
conmpound. bl elgédt 3-dtitdy clcetatiey! give nr.oBy gaidse)yfelduasH-H-
5 white foam. The foam was crystallized using
CH;Cl,/hexane to give a white solid. Mp: 127.8-128.4°C,
{a]2l) =-143.0° (C=0.1; CHC13). GC-MS (70 eV) M= 306
(0.3%).

10 The hydrochloride salt was made by dissolving the pure
base in ether and dropping an excess of an ethereal HCl
solution. The salt was washed with diethyl ether to
give a white solid. Mp: 120°C sinters.

15 Example 7
R)-5-Carb 1-3-(N-cyclopentyl-N-n-pr: lamino)-8-

fluoro-3,4-dihydro-2H-1-benzopyran

a) {R)-3-(N-Cyclopenty1amino)-s-fluoro-S-methoxy-S,d-
20 dihydro-2H-1-benzopyran

To a solution of (R)-3-amino-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran (2.5 g, 12 mmol),
cyclopentanone (3.3 g, 36 mmol) and HOAc (0.7 g, 12
25 mmol) in methanol (25 mL) was NaCNBHy (2.5 g, 40 mmol)
added in portions at room temperature. The solution was
stirred at room temperature overnight to give a
quantitative yield of the title compound.
GC/MS (70 eV) M=265 (30%).
30
b) (R)-3-(N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-
methoxy-3,4-dihydro-2H-1-benzopyran

To the solution of (R)-3-({N-cyclopentylamino)-8-fluoro-
35 S-methoxy-3, 4-dihydro-2H-1-benzopyran in methanol
(25mL) were propanal {2 g, 36 mmol) and NaCNBH3 (2 g,
40 mmol) added. The solution was stirred overnight to
give the desired compound in a 97% yield according to
GC. The solvent was removed in vacuo and the residue



met hoxy- 3, 4- di hydr 0=2tk].- BENEQPKEpRBed .
(R)-3-N-Cycl opent yl ﬁﬂea% - met hoxy- 3, 4- | Tiishswita- @rs BEEN Zopyr an
(1.3 g, 5 mol), acemmmﬂmmn g, 5 mmol) anyl propgigppatidehyde (1.5 g,
25 mmol-)  were dissol [ f met Rnol . WﬁLh~s@+ﬁP#ﬁg====z=

sodi uncyanobor ohydride (0.8 g, 13 nmol) was added in portiohs under a few
m nut es and st Wasi Wgriked upobyi exbractiorrts giote S.3 @Cofakpeetitdeed 100%

of a new prodggimpotia 88! ¥eBb14RFesYapPPrated and water, 2 nmolar NHerr]
and Et CAc were _ad aﬁ*% ?ﬁyer was separated and washed neutr al

ed. The or
with water. ThEY¥Sed70a8V) red0hi (4082504 and evaporated to give 1 g
(65% vyield) of a colourless oil. GOM with the nol ecul ar peak of 307
confirned_the title co und. C
(R)-3- (N- Bycl ofidnt PRI TUSTOiRAoRaHtaf-M-p-RgppYemino) -8-£1uoro-5-
hydr oxy- 3, 4- di hydrox@-3 14 béihpdys 2H-1-Kddzopyran
(N-Cycl opentyl - N-n- propyl am no) -8-fl uoro-5-
met hoxy- 3, 4- di hydr o- 2H 1- benzopyran (1 g, 5 nmol) was dissolved in 25 m
of CH err]d [efhe HGA saktesf OR) e} hN+cydicpentyl-N-n-propylamino} -

8-fluoro-5-methoxy-3,4-dihydro-2-H-1-benzopyran was

10 prepared by adding an excess of an ethereal HCl into an
ethereal solution of the base. The solvent was
evaporated in vacuo and the rgsidue dissolved in 48%
agueous HBr (50 mL). The solution was stirred at 120°C
for 1.5 h. The solution was neutralized by carefully

15 adding conc. ammonia. Extractive work-up gave a brown
0il which was filtered through a plug of silica (ethyl
acetate as the eluent}. The title compound was isolated
{3.7 g) as a slightly yellow oil.
GC/MS {70 eV) M= 293 (40%).

20
d) (R)-3-{N-Cyclopentyl-N-n-propylamino)-8-£fluoxro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H~-1-benzopyran

(R) -3~ (N-Cyclopentyl-N-n-propylamino)}-8-fluoro-5-

25 hydroxy-3,4~-dihydro-2H-1-benzopyran was dissolved in
diethyl ether (100mL). Triethylamine (3 g, 30 mmol) was
added and the mixture was cooled to -20 °C.
Trifluoromethanesulfonic anhydride (4.2 g, 15 mmol},
dissolved in diethyl ether (20 mL), was added dropwise

30 {5 min) . After stirring for 30 min, the dark-brownish
mixture was poured into water. The organic layer was
separated. Flash chromatography (ethyl acetate as the
eluent) gave 3.7 g of the title compound as a yellow
oil in a 69% yield. GC/MS (70 eV) M= 425 (10%).

35 ,

e) Methyl (R)~-3-{(N-Cyclopentyl-N-n-propylamino)-8-
fluoro-3,4~dihydro-2H-1-benzopyran-5-carboxylate

(R) -3- (N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-



was added to form t hernlgGheetidts BeenRepitaut i on of BBr[err] (4 g, 15 nmol) in 10

m of CHerr]d[err] d added HIS § i
20 dropw se under 10%%[ Mtl rring (ice-bath). 'Ijhe r att itoe BEEN
m xture was allowed to nper dlure during co @-t‘\CElBl ng f

6 hours and the m xture was oured out into ice water and nmade a

addi ng ammmoni atr:Fﬁéu@FQ&ﬁFBY ﬁ?&owmmﬁpréﬂ'%bﬂnmﬁf} sq err]
and evaporatedcsovaafoed7amﬂalk bmmpw15n Ch&&&%&aguaﬂmﬁe(ﬁmckeér]

HG salt W pPapamal) s oethas ””&on L 8 A
acetonitrile tpagiladlﬁm&ﬁlga(:ée&tyl €16l .mdp AL Zhblerrahd 1,3-bis-
5 {diphenylphosphino}propane (200 mg, 0.48 mmol) were
placed in a round-bottomed flask. The solution was
stirred at 75°C in an atmosphere of carbon monoxide for
4 h. After evaporation of the solvent in vacuo and
subjecting the crude to flash chromatography, 2.5 g (86
10 % yield) of the title compound as a colorless oil was
isolated. GC/MS (70 eV) M= 335 (20 %).

£) (R)-5-Carbamoyl-3-(N-cyclopentyl-N-n-propylamino)-8-

fluoro~3,4-dihydro-2H~-1-benzopyran

15
Methyl (R)-3-{N-cyclopentyl-N-n-propylamino)-8-fluoro-
3,4-dihydro-2H~1-benzopyran-5-carboxylate (1.4 g, 4
mmol) was hydrolysed {6 M HCl, refluxed for 2 h) and
the solvent was removed in vacuo. The crude acid was

20 treated with SOCl, (room temperature for 5 min) to form
the acid chloride which after removal of excess SOCl,
in vacuo was added to conc. ammonia to form the amide.
The crude product was isolated and purified by flash
chromatography. The HCl salt was prepared by adding an

25 excess of ethereal HCl into an ethereal solution of

the pure base to afford the title compound (0.5 g,

yield 35%) as white crystals. Mp: 85°C dec.

(2120, (base)= -91° (C= 0.2; CHyCl,). GC/MS (70 eV)

M= 320 (25%).

o>

30

Example 8
{R) -5-Carbamoyl-3-(N-cyclohexyl-N-n-propylaming)-8-
fluoxo-3,4-dihydro-2H-1-benzopyran

35 a) (R)~3-(N-Cyclohexylamino)-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran

To a solution of (R)-3-amino-8-fluoro-5-methoxy-3,4-
dihydro-2H~-1-benzopyran (0.45 g, 2.2 mmol},



d). (R-3-(NCyclopentyl-N-n-propyl am no)-8-fl uoro-5- v
trifluoronethyl sul fonyl oxy- 3, 4- di hydr o- 2H 1- benzopyran (R} TH# SHEET HAS BEEN
(N-Cycl opentyl - N-n- propyl am no) -8-f |uoro-5- REPLACED
hydr oxy- 3, 4-di hydr o- 2H 1- benzopyran (0.7 g2 3 mmol) was diss '
of CHerr]jd[err] and triethylamne (0.3 g, 3 mmpl) was added. The sol ution
Ogdtglg|UOFQnEté?gEGh%f?ﬂﬂnﬁ dﬂhngLdE.Ql gypﬂ)Uﬁﬁﬁ)ﬁ¢§h530ﬁ14D§BCF2®1i ﬁﬁs
adde ropw se un m - r oSt wa n{inue r our.
The reaction n1&W%fgiﬂh§wﬁ 83 325 *ﬁao“?ﬁeﬁﬁg@8$3aﬁhﬁ?ﬁt Sﬂ"ﬁgg adj ust ed
to 8 by additi caddéd aimpurtiang axt recinctelperatere. e aojartiion smer was
separ at ed, drieg ] %ﬁ; E%%§ rr% ? e fford a brown oil
Chr omat ogr aphy %%qr ! E ergFﬁ&e g?ﬁ e+Xﬁ§§é\in?éﬁglé€ %Jeafaf orded 0.5 ¢g
(44% vyi el d of guantitatioesydeld o€ tBewtihlehcompdurdd ar peak of 425
confirmed the t§ C - -3- (N-Cycl opentyl - N- n- propyl am no)
S PO T 470, 5

-8-fluoro-5-N | car banoy ro- 2H 1- benzopyr an

b) (R)-3-{N-Cyclohexyl-N-n-propylamino)-8-fluoro-5-
methoxy-3,4-dihydro~2H-1-benzopyran

10
To the solution of (R}-3-(N-cyclohexylamino}-8-fluoro-
S-methoxy-3,4-dihydro-2H-1-benzopyran in methanol (25 g
mL) were propanal {1.3 g, 23 mmol) and NaCNBH3 (0.15 g,
2.3 mmol) added. The solution was stirred overnight to

15 give the desired compound in a 97% yield according to
GC. The solvent was removed in vacuo and the residue
was worked up by extraction to give 0.7 g of the title
compound as a colorless oil.
GC/MS (70 eV) M= 321 (40%).

20
c) (R)~-3-(N-Cyclohexyl-N-n-propylamino)-8-fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran

The HCl salt of the (R}-3-({N-cyclohexyl-N-n-
25  propylamino)-8-fluoro-5-methoxy-3,4-dihydro-2-H-1-
benzopyran was prepared by adding an excess of an
ethereal HCl into an ethereal solution of the base. The
solvent was evaporated in vacuo and the residue
dissolved in 48% aqueous HBr (20 mL). The solution
30 was stirred at 120°C for 1.5 h. The solution was

neutralized by carefully adding conc. ammonia.

Extractive work-up gave a brown oil which was filtered

. through a plug of silica {ethyl acetate as the eluent).

The title compound was isolated (0.6 g} as a slightly
35 yellow oil.

GC/MS (70 eV) M= 307 (40%).

I —
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(R -3- (N-Cycl opent y‘hwﬂtce‘t Reglated0- 8- f | uor o- 5-

trifluoronethyl sul fon i@@ dro 2H 1- benzopyr an HF% BERNR
dissolved in 15 m of al | adium 1| acetate Wg@b

(di phenyl phosphi no) - pr pane , andddret hyl ami ne (0. §5 a, % WeF-@
added and the m xture was stirred

i n carbon nondd déRArAodPrevelehexydrNn-propxiaadneg -8-£1upseadron and
chromat ogr aphye££% f%xdﬁﬁ@ﬂsu&?ﬁﬁ{rloiybf 1 Hydo 4 H-A hzopsrrannal

compound as a colourless oil. The HO salt was prepared to give 0.24 ¢
(65%yield) of white crystals. M 108[err]C Exanpl e 2

(R)-3- (N-Cyclohexyl-N-n-propylamino)-8-fluoro-5-

5 hydroxy-3, 4-dihydro-2H-1-benzopyran was dissolved in
diethyl ether (30 mL) and triethylamine (0.8 g, 8 mmol}
was added and the mixture was cooled to -20 °C.
Trifluoromethanesulfonic anhydride (0.8 g, 2.8 mmol),
dissolved in diethyl ether {10 mL), was added dropwise

10 (5 min) . After stirring for 30 min, the dark-brownish
mixture was poured into water. The organic layer was
separated. Flash chromatographggﬁstOAc/hexane 1+1 as
the eluent) gave 0.8 g of the title compound as a
yellow oil.

15 GC/MS (70 eV) M= 439 (20%).

e) Methyl (R)-3-(N-Cyclohexyl-N-n-propylamino)-8-
fluoro-3,4-dihydro-2H-1-benzopyran-5-carboxylate

20 (R) -3~ (N-Cyclohexyl-N-n-propylamino}-8-£fluoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
(0.8 g, 1.8 mmol) (4), DMF (30 mL), triethylamine (0.5
g, 5 mmol), methanol (0.8 g, 13 mmol),
palladium(ll)acetate {30 mg, 0.14 mmol} and 1,3-bis-

25 (diphenylphosphino)propane (60 mg, 0.14 mmol) were
placed in a round-bottomed flask. The solution was
stirred at 75 °C in an atmosphere of carbon monoxide
for 4 h. After evaporation of the solvent in vacuo and
subjecting the crude to flash chromatography, 0.6 g

30 (76% yield) of the title compound as a colorless oil
was isolated. GC/MS {70 eV} M= 349 (30 %).

£f) (R)-5-Carbamoyl-3-(N-cyclohexyl-N-n-propylamino)-8-
fluoro-~3,4-dihydro~-2H-1~-benzopyran

35
Methyl {R)-3-(N-cyclohexyl-N-n-propylamino)-8-fluoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate {5) (0.6 g,
1.7 mmol) was subjected to alkaline hydrolysis (2% KOH
in EtOH, refluxed for 2 h}. The solvent was removed in

v)




(R)-8-Fluoro-3-(N-i eejt{agnearmlaafeyl am no) - 5-

car banoyl - 3, 4-di hydr a) Met hyl (R)-8-fl yore-3
(N-i sopropyl - N-n- g d| hydr o- 2H 1- benzopyr an- | SHt%ISHEKE HAS eBEEN

(R) -8 Fl uoro- 3- (N—| ropyl 44i no) - 5- _REPLACED |
trifluoroenmethanesul fon%l OXY- 3 4- d| hydr o- 2H 1- benzopyr an . Ay O-mmot;
tri et hyl ami ne Vacyogandothe exude achdswaiss Gd'iqglﬁsdprhbsﬁﬁDﬁllm) fragmne (95

ny, catalytic tempephtur@afénd liﬁ(d)' WWt%SaEﬁd e&iafyaécwﬁwnt) and
DVF/ MeCH (30 ed in a 50 three necked_roun ttom

flask. The fIa?Etﬁﬁs}ﬁQ}%&%t e’?‘iﬂslso\ﬁé’ﬁ:llzy 1Phé'aFHPeY’a%fa‘@?Q r&deat ed two
times). The r eaati oammbdniarto s the athide.’dher bk@dé%rgd@c&l%§- The

sol vent s re uQ t |ssolved let hyl
et her/ sa¥vg Hgagggf’%g a[:ﬁ %ﬁgﬁi‘s% ﬁ?@g‘ar‘:gaf@ﬁ‘agﬂar?w se was
extract ed oncesailthwaet hprepaptasd (i:grmandule.ahgetalmeue.xlce*;ss(r]I of vetlmenleabd{c(]lvgsfc‘)fl) 4
and the solve urifie
by flash chr ong%oéfégh@%e@ %cﬁ'gl%g%e/ EC %&éﬁ%pﬁ?g ga%?v"gglawcgf t he
title conpoundth @7§%yee¢@ypound (86 mg, yield 14%) as white
crystals. Mp: 75°C dec. [a}?0; = -73° (c= 0.2,
10 CH;Cl,). GC/MS (70 eV) M= 334 (35%).

Example 9
{R)-5-Carbamoyl~3-(N-cyclopentyl-N-cyclobutylamino)-8-

fluoro-3,4-dihydro-2H~1-benzo

#
L]

15
a) (R)-3~(N-Cyclopentylamino)-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran

To a solution of (R)-3-amino-8-fluoro-5-methoxy-3,4-

20 dihydro-2H-1-benzopyran (0.7 g, 3.4 mmol},
cyclopentanone (0.7 g, 8.3 mmol) and HOAc (0.2 g, 3.5
mmol) in methanol (25 mlL), NaCNBH; (0.7 g, 10 mmol) was
added in portions at room temperature. The solution was
stirred at room temperature over night. The methanol

25 was evaporated. The residue was dissolved in EtOAc and
washed with water. The organic layer was dried with
Na,SO, and the solvent was evaporated to give 0.9 g
{100% yield) of the title compound as a colourless oil.
GC indicated 99.6 purity. GC/MS (70 eV) M= 265 (30%).

30
b) (R)-3-(N-Cyclopentyl-N-cyclobutylamino)-8-fluoro-5-
methoxy-3,4-dihydro-2H-1~benzopyran

To a solution of (R)-3-(N-cyclopentylamino)-8-fluoro-5-
35 methoxy-3, 4-dihydro-2H-1-benzopyran (0.9 g, 3.4 mmol),
HOAc (0.22 g, 3.6 mmol) and cyclobutanone {2g, 30 mmol)
in methanol (25 mL), were NaCNBH3 (1 g, 16 mmol) added
in portions at room temperature. After stirring for
four days GC indicated 37% product. pH was adjusted to




b)

3, 4- di hydr o- 2H 1- benzopyr an- 5- car boxyl at 45 1.3 g, 4.2 mol}) and®l
8.4 mvl) were m xed in nethanol : >
sol vent was rerfo#®aic) andusdditionali (liegmaksS dirsxldl veyclobutaaone

and nmade a

The T o i Naeda SEETY o o S, Tl Hundif WaRY, U S0 or 20

g,
22

vacuo.
hour s.

(R)- 8- Fl uoro-3- (N-i sopropyl - N-n- propyl am no) - 5-
car banoyl - 3, 4- di hydr o- 2H 1- benzopyr an Met hyl
(R) - 8- Fl uoro-3-(N-isopropyl - N-n-propyl am no) -

10

15

20

25

30

35

»

(6 mL) and refluxed fo

THIS SHEET HAS BEEN
EPHACED, -
hours. The

The sol Vigiticated 64% conversion. The solvent was evaporated

and the residue worked up by extraction. Flash
chromatography (EtOAc/P-ether, 1+1)}, gave 0.53 g {(53%
yield) of the title compound as a colourless oil. GC/MS

(70 eV) M= 319 (3%).

¢) (R)-3-{N-Cyclopentyl-N-cyclobutylamino)-8-£fluoro-5-

hydroxy-3,4-dihydro~-2H-1-benzopyran

(R} -3-(N-Cyclopentyl-N-cyclobutylamino)-8-fluoro-5- i
methoxy-3,4-dihydro-2H-1-benzopyran (0.53 g, 1.6 mmol)

was dissolved in 47% HBr (15 mL) and stirred at 120°C

for 1.5 h. The solution was cooled by adding ice and

alkalised by 14 M ammonia. Extractive work-up gave 0.5

g of the title compound as a slightly brown oil., IR

contained a typical OH-band at 3654

em™1.

d) (R)-3-(N-Cyclopentyl-N-cyclobutylamino)~-8-£fluoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H~1-benzopyran

(R} -3-{N-Cyclopentyl-N-cyclobutylamino)-8-fluoro-5-

hydroxy-3,4~dihydro-2H-1-benzopyran was dissolved in a
mixture of diethyl ether and methylene chloride (90+10,
20 mL) and triethylamine (0.7 g, 7 mmol) was added and

the mixture was cooled to -20 °C.

Trifluoromethanesulfonic anhydride (0.85 g, 3 mmol),
dissolved in diethyl ether (10 mL)}, was added dropwise
(5 min). After stirring for 30 min, the dark-brownish
mixture was poured into water. The solvent was
evaporated. The residue was dissolved in hexane and
treated with active charcoal. Filtration trough celite
and evaporation of the solvent afforded 0.67 g of the

title compound as a colorless oil.
437 {1%).

GC/MS

(70 eV) M=
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was renpved in vacuo. The residue was dissolved in CHerr]C [err] and the
sol vent was renoved in vacuo again (repeated three ti n”esmqsn SQEB‘EHABOBEEM ve
the excess of SOCl [err]. The residue was then dissol ved diediAgkp et her
(50 mLY. The solution was cooled to -30[ & ]C before NH
bubbled through_ it. Water was added, the |ayers were separated and the

wat er - phase wa®)ex¥etlykq(R) 13r QH-Gviclopeaty rrM‘ﬁUGlebﬁéYIFﬁ?%?)s‘Q\Ere dried

(K[err]CI{err]k1&a&oLb 4SQINPEEO V-1 BENFShY ran- A1 dHOxGi 1R ed Crude which
was purified by flash ghronatod?aphy (SSgerr], EtOAc/hg§;ne 1:1) to give

1.0 g of the title conmpound (yield 80% . Recrystalllzatlon from
Et OAc/ hexane gawe-eFxuteyelm@éﬁtﬁd»NJéybﬂdﬁﬁ&yﬁaﬁino)49«£ﬂ@a&o3s-

gﬁﬁbfbfyj ?&fhﬁgﬁﬁhgﬂ?gmgéﬁg%%@fﬁ ng f”gnhyé%o 2H-1-benzopyran
(R) - 8- Fl uor o- 5-(@e6fogy- B: §Mdlmt%xMzm0 delilg) trdetinyflamine (0.6
B 0 2 LEBRRSR khanol (118 g, 1,7, o).
palladlum(ll)acetate {22 mg, 0.1 mmol) and 1,3-bis-
{(diphenylphosphino)propane (44 mg, 0.1 mmol) were
10 placed in a round-bottomed flask. The solution was
stirred at 75°C in an atmosphere of carbon monoxide for
4 h. The solvent was removedﬁ%g vacuo, the residue was
dissolved in diethyl ether and treated with active
charcoal. Evaporation of the solvent afforded 380 mg of
15 the title compound as an uncolored oil.

GC/MS (70 eV} M= 347 (3 %).

£) (R)-5-Carbamoyl-3-(N-cyclopentyl-N-cyclobutylamino)-~
8~fluoro-3,4-dihydro~2H-1-benzopyran

20
Methyl (R)-3-{(N-cyclopentyl-N-cyclobutylamino)-8-
fluoro-3,4-dihydro-2H-1-benzopyran-5-carboxylate (1.4
g, 4 mmol) was hydrolysed {6 M HCl, refluxed for 2 h)
and the solvent was removed in vacuo. After drying in

25 air at room temperature over night the crude amino acid
hydrochloride was treated with SOCl, (room temperature
for 5 min) to form the acid chloride which after
removal of excess SOCl, in vacuo was dissolved in
CHpCl, and added to conc. ammonia to form the amide.

30 The crude product was isolated and purified by flash
chromatography to give 220 mg of an uncolored oil which
crystallized upon standing. Recrystallization from a
mixture of diethyl eter and hexane gave white crystals
of the title compound.

35 Yield: 110 mg. Mp: 138-140°C,

(@120, = - 146° (c= 0.2, CHyCl,).
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benzopyran (7.85 g, THOShSetMBIBe}n Replatd@t hoxybenzal dehyde (5.42 g, 39.8 mmol),

anhydr ous potassi um ( g) and absolute EtOH.(200.nl) were.
stirred over night at ature. The sol vent waShi§vEpo ated] CtEN
vacuo and et her (500 Aftegrstirring for {5 m mRephecEpal t S

filtered off and the solution was concentrated in vacuo~to—gtrve—an

of f-white sol i ghaBadolidgyRecrystallization fromi-Pr20 hexane gave 10.8 ¢
(86%yield) of the title conpound as col ourl ess needl es. M:

96.8-97. 3[err] C 21 [a][err] =+20.1[err] (C=1; CHC [err]). GCMS (70 eV)
M= 315 (58% . Pharmacological treatment of depressioginhman

(R) - 8- Fl uor o- 3- hydr oxyl am no- 5- net hoxy- 3, 4- di hydr o-

5 Evidence is available that in depressed patients the
neurotransmission in the central nervous system (CNS)
may be disturbed. These disturbances appear to involve
the neurotransmitters noradrenaline (NA) and 5-
hydroxytryptamine (5-HT). The drugs most frequently

10 used in the treatment of depression are considered to
act by improving the neurotransmission of either or

iy both of these physiological agonists. Available data
suggest that the enhancement of 5-HT neurotransmission
will primarily improve the depressed mood and anxiety,

15 whereas the enhancement of noradrenaline neuro-
transmission will rather improve the retardation
symptoms occurring in depressed patients. In recent
years many efforts have been made to develop new drugs
with high selectivity for improvement of 5-HT

20 neurotransmission in the CNS.

The dominating mechanism of action for the drugs
generally used today in the therapy of mental
depression is by blocking the reuptake of the

25 endogenous neurotransmitters (NA and/or 5-HT) released
from nerve terminals in the CNS, thus increasing the
concentration of these transmitters in the synaptic
cleft and hence restoring an adequate neurotrans-

. Whission.
30
A fundamentally different way to improve the
neurotransmission in the central S5-HT-neurons would be
to use a direct S-HT-receptor antagonist. In order to
minimize side effects, a high selectivity for this kind
35 of receptors would then be preferable.

The receptor activity profile, even within a specific
subreceptor group such as 5-HTy, is unpredictable and
may result in different pharmacological profiles. For



2H 1- benzopyr an 3- Chl or oper oxybenzoic acid (85% 7.6 g, 37.5ﬁggngz-mas-*»-w
added in portions to a stirred and cool ed solution (+ 4[err]C ‘P EET HAS BEEN
(R)-8-fluoro-5-nethoxy-3-[N-(4- met hoxybenzyl i dene)-am no] - 3, REPLACED
4- di hydr o- 2H 1- benzopyran (10.8 g, 34 nnﬂp) and net hyl ene chloride (65 nC)~
The m xtur'e was_stitred _over night,at .roomte rature, Precipijate
3-ch|orobenzoiSxagpéevagw?i??%géhPQﬁfw Eﬁ%ﬁg|8a¥6y&FPBﬁf¥i$%i§k%gmas
concentr at ed i mnvebemic@3bestimigt umss indiye agts alsalagonigtisnoa shé US +HTy of

hydr oxyl am ne | 3 : I h o) ol (60
m.) and the regﬁ P%%ghgg#gf?ééiéifggéfﬁ?ﬁ%ﬁgggC%%%%@P@%pé%gtﬁé%q¥%?ﬁg h. The
sol vent was evagonastdand ghecothemiask soasngatagonivkt on the gyt o t he

O 1 (P 185 adplisk agnag fe Sruldlt ol W AchiboRMee il chiobers] et r] and the

m xture was washe i e organic g ases were conbined,
washed with br PRE2JEPLEE aNpeth B eand postisyaapgisnd-BBpgentrated in
vacuo. The crugdacBpeyst i ¥asy fdesihitiic a0 antRdenige . SEhER o thedd OAC (15

oA
Chr ot ogr aphoHOHPOREARIPHHE VS @ (ALt SRt ERLPBATTBABLPE AL (1: 00) as
el uent to gi vepfofiblg §6Q@%e¢ iwdefulofin lthe itideateenpoofiddifferent
10 medical conditions. The differences in receptor
activity profiles and resulting pharmacological
profiles is set out for the tested compounds in the
analysis of the data below.

15 (1) 5-HT;, receptor binding assay

In order to evaluate the affinity for the 5-HTq,-
receptor the assay described below using rat brain were
used and the Kj-value were measured as shown in

20 table 1.

Tissue preparation; Cerebral cortex and hippocampus .
from Sprague-Dawley rats were dissected and homogenized
in 15 ml ice-cold 50 mM Tris-HCl buffer, pH 7.5,

25 containing 4.0 mM CaCl, and 5.7 mM ascorbic acid
{*Buffer A*) with an Ultra-Turrax {(Janke & Kunkel,
Staufen, FRG) for ten sec. After centrifugation for
12.5 min at 17,000 rpm {39,800 x g in a Beckman
centrifuge with a chilled JA-17 rotor {Beckman, Palo

30 Alto, CA, USA)), the pellets were resuspended in buffer
A and homogenization and centrifugation repeated. Each
pellet was suspended in 5 ml ice-cold 0.32 M sucrose
and homogenized for S sec. The homogenized samples were
kept frozen at -70°C. When used, they were diluted with

35 buffer A to 8 mg tissue/ml and homogenized for 10 sec.
The tissue homogenates were incubated for then min at
37°C and then supplied with 10 pum pargyline followed by
reincubation for 10 min.
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as a cotourless crystalline solid. M: 111-113[err]C. [a][err _
(C= 1.3; CHC[err]). GC-MB (70 eV) M= 213 (56%. O THIS SHEET HAS BEEN
(R) -3-tert-Butyl am no- 8-fl uoro-5- net boxy- 3,4- di hydro-2H 1- bgnzopy RBPLACEDR)
- 8- Fl uor o- 3- hydr oxyl am no- 5- net hoxy- 3, 4- di'ftydr o- 2H 1- benzopytran (6. 3070,

el uxed tnder 1iHe SRl sty | foiea Hndt Gdciiga, Séogef%%%’@?éict.on
The salt was fi ikeNeirochemet 4¢r 323D64R.) (IBB8&ddad copyt RE W i@‘ha}% and t he
sol'ution, still #UAH B EkASbYe SHSRENGt 2Ally c1AS Gskhpr Rfabliroyoh
the ability of a given competitor molecule to inhibit
S the binding of 3H-8-OH-DPAT to 5-HTy, receptors. The
incubation mixture (2 ml) contained 3H-8-OH-DPAT (0.25
to 8 nM), the desired concentration of test
{competitor) compound and 5 mg/ml tissue homogenate in
50 mM Tris-CHl buffer, pH 7.5, containing 4.0 mM CaCl,
10 and 5.7 mM ascorbic acid. Six different concentrations
of 3H-8-OH-DPAT were analyzed. Binding experiments were
started by the addition of txssue homogenate and
followed by incubation at 37°C for then min. The
incubation mixtures were filtered through Whatman GF/B
15 glass filters with a Brandel Cell Harvester
{Gaithersburg, MD, USA). The filters were washed twice
with 5 ml ice-cold 50 mM Tris-HC1l buffer, pH 7.5, and
counted with 5 ml Ultima Gold™ (packard) in a Beckman
LS 3801 scintillation counter. Nonspecific binding was
20 measured by the addition of 10 puM 5-HT to the reaction
mixture. The binding data was processed by non-linear
least squares computer analysis (Munson and Rodbard,
Anal. Biochem. 107, 220-239, (1980)).

25 Data are presented as K; values (nM) which are
calculated from the ICg, value with corrections made
for the concentration of the ligand and its affinity
constant Kp. The ICg, value is the concentration of
competitor/inhibitor molecule which is sufficient to

30 bind and effectively block one-half the receptor
molecules. Each K; value for a given test compound was
obatined by performing the binding assay in duplicate
at 10 different concentrations.

35
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24 a sintered glass filter (grade 4). The clear filtrate was

concentrated in vacuo. Dry (sieves 3 A benzene (50 m.) was L& ang peBc
resul ting solution was concentrated in vacuo (finally on theé pu Bﬂﬁgé& EEN

gl assy.- residue was dissolved in dry (sb@ves 3A) benzene (15

ni trogen.and the sol ution was cooled on an I ce-bath (+4[err]C) . NbNgBr

in Et[err]O (3Table B2.0 nL, 96 rmml) was added to the stirred sol ution

above at a rate that kept the internal tenperature below +5[err]C (the

reaction is exgthermc). After the addition was conplete (30 mn) the

sol ution was sEXaERLest +4[err]C for Kjovelue {mM) cooling bath was taken

away and 15 min jater t he solution wasipegred on saturated NaHCO err] and

|ce (30% mL togal). The m xture was magggg repeatedly with et her (3x150
The ©rgani c*phases were conbi ned, hed with brine, dried

(Na[err]SC{err])B filtered and concent&abed in vacuo. Flash

chr omat ogr aphy o? silica [ el uent: g 2 and 10%9 in CHC [err]] gave

2.9 g. of the ert -butyl hydroxylan1n erivative. The latter was

di ssol ved in C825(100 mL) under nitrogenlak@d the solution was stirred at

roomtenperatureg for 4.5 h. The sol veRt qwas evaporated in vacuo to give
an orange
10 7 1.5
8 2.53
9 1.52

Table 1 shows that the claimed exemplified compounds
15 have high binding affinity to the 5-HT,,-receptors.

(11) Blockade of 5-HT synthesis

The rate of synthesis of 5-hydroxytryptamine (5-HT:

20 serotonin) and dopamine/noradrenaline {DA/NA) is
measured as the accumulation of 5-hydroxytryptophan
(5-HTP) and (DOPA) 3,4-dihydroxyphenylalanine, (5-HTP}
respectively during 30 min after inhibition of aromatic
L-amino acid decarboxylase by m-hydroxbenzylhydrazine

25 2HC1 (100 mg/kg i.p.); purchased from Sigma. The test
substance is administrated 30 min before
m-hydroxbenzylhydrazine 2HCl. The regions of the brain
to be examined are rapidly dissected, frozen on dry ice
and stored at -70°C until assayed.

30
DOPA, 5-HTP and their metabolites are extracted from
brain tissue with perchloric acid, containing an
internal standard (Isoprenalin), The supernatant from
brain homogenate is injected into a liquid

3s chromatographic system comprising a precolumn and an
analytical column. The catechol- and indolamines are
detected by coulometric oxidation.
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oil. Acetone (approkbis dled and the solution wa:ngl fed LGRS pEEN
a short tine (15 n1n) erature (to precipitate e}enen Yot ACED
sul fur), then filte trated to give an oil. Fla*h

chromatography on silica [eluent Et OAc 640 to 25% in hexane] gave 2. 34
g (31%total yield) of the title conpound as a yellow oil.
[a}[err] =- g2. gApEagenigpat presvnaptivs S-HF g\ regepbors (539 . d)

(R -3-(N-tert - Mihyimalt af peOPIY@ddKD - MEDIU TR Blockade of 8-OH-DPAT

met hoxy- 3, 4-di R H,1- benzop;

- 3- ter%/ But yI a#ﬂ ggf Fﬁﬁ?%a%er%fﬁ:nbw C?Yg"zf')‘\ﬂsl’rfdfé;e (agminpgheredr an (2. 20
g, 8.7 mmol), &bl yhtbr subcgtdvedusily &C)marallyf i(pehy ground anhydrous -

pot assi umgcarbonate (6.0 g, 43 mmol) and dry DMF (6.0 nL) were

Table 2
Examples SC/PO _{mg/kqg)
1 3/-
10 2 3/-
3 1/3
4 1/10 e
5 1/10
6 1/10
15 7 3/-
8 -
9 1/10
Table 2 shows the minimal effective dose after
20 subcutaneous administration for obtaining a significant

effect in relation to the minimal effective dose as
required to obtain a significant effect after oral
administration. The ratio indicates that the claimed
exemplified compounds are effective antagonists at the

25 presynaptic 5-HTq,p-receptors also after oral
administration.

(1ii) Block 8-OH-DPAT induced temperature (antagonist)

30 In each test, thirty rats, weighing approx 250 g,
housed in 6 cages of 5 rats, are used. The rats have
free access to food and water. Before the start of
testing, they are numbered and left undisturbed for at
least 1 hour. Before the administration of the

35 compound, the body temperature of each rat is measured
using a YSI 2100 tele-thermometer. The thermometer
probe is inserted 10 cm into the rectum and left in
pace for thirty seconds. The drug is then administered
either subcutaneocusly or orally. In each experiment



25 stirred under nitrogen at 65[err]C. After 70 h GC—anaIysi§HBn9mgﬁiﬁ£5 EEN

___.

partial conversion of the starting material (67% product vs. 30%5;:\15 ‘mﬁﬁg

material). At this stage the reaction was interrupted. The sSett~was
of f, washed with a small portions of DMFsand the clear filtrate was
concentrated. The oil thus obtained was partitioned between saturated
aqueous NaZCCBVahdcdeeandl4ed¢s&s(oﬁ(ﬁkud)aréﬂues&eganDnephateinmeaeh

corbi ned. veshaagl ke VB ofkh Ak MELE! T ok eLa Rl hgnEopl ot od

i n- vacuo. Fl ash ¢hromatog ra.g on Si elue
hexane] gave 0X9%agedr singet uﬁhanqeﬂtQMﬁhe&Caveglﬁgrﬁayeeldhbased on

| ess oil.
(2] Lerr) =77 6 e oo ety 2 ”*@(‘%’Yp@;ﬁ? BB 400 he
al | yl at ed2pr od&%f“p(afaﬁﬂrﬁ) %&rtrh TEquges afrexy gnﬁpxrenasswmoan al umi na
(0.090 g) and lydr egesat Bedy!t ahipdreitudd A% hitadddelicEBanat UrBe(21[err] O) .
After 5 h the procedure is repeated 60, 90 and 120 minutes after drug
administration. The resultant data on body temperature
is subjected to analysis of variance. A significant
10 group by time interaction is taken as an indication of
drug effect. To obtain the minimum effective dose, the
mean temperature for each gf the drug treated groups
are compared with that of the vehicle group at each
time point, using Dunnett’s t-test with a level of
15 significance of p<0.02. An indication of
bioavailability may be obtained by calculating the
ratio between the minimum effective doses following
oral and subcutaneous administration.

20 Antagonist at postsynaptic S-HT,» receptors
Minimal effective dose (MED) for blockade of 8-OH-DPAT

induced temperature decrease (administered to rats
subcutaneously ({SC))/orally {(PO).

25 Table 3

Examples SC/PO (mg/kq)
1/3

1/10
0,01/1
0,03/1

0,03/3

30

C il

Table 3 shows the minimal effective dose after
subcutaneous administration for obtaining a significant

35
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reacti en was conpl ete according to GC and TLC. The catal yst \WaHIS BHERS, BAS BEEN
off on Celite, the pad was washed with small portions of DVF|and tREPLACED

filtrate was concentrated in vacuo. Flash chromatography on s&rtrca™of the
crude product [eluent: EtOAc (0 and 3% PA CHerr]C[err]] gave 1.27 g (97%

leld) of the safurated conmpound. GC-MS (70 eV) 89 allerr
{béseg—-83 4] % ée??};Q)¥Fr2§¥QQGQQq§Pe ml?ﬁ@aﬁagﬁfQQE?Hﬁsgé%ﬁe%s}L dri

di et hyl et her, rédpei sed uid wbwa&x Cao@ ?ﬁh‘iﬁ.cﬁﬂt' éeféétha@edraaraxcess of
et hereal Hd ma added t.o, the

filtered off,
washed with droBRtsiya ?&9&& 18 1 19§E88 Ega kéﬁrfzﬁfﬂeélve 1.39 g
(98% yi el d) ofexdreplified coompanunlis ds wififeetdivesantagoihst&7bel1ZBeerr] C.

5 postsynaptic 5-HTq,-receptors also after oral
administration.

The conclusion from the data in the tables above shows
that the claimed compounds are 5-HTp-receptor

10 antagonists, since they show affinity to the 5-HT,
receptors and act as antagonist?bn both the presynaptic
and the postsynaptic S—HTIA receptors. Fuqthermore, the
desired effect obtained after subcutaneous as well as
after oral administration, strongly supporting a good

15 biocavailability.
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26 €e).(R -3- (N-tert-Butyl-Nn-propyl am no) -8-fluoro-4- hydFiSySHEET HAS BE
4- di hydr o- 2H 1- benzopyr an REPLACED

i

met hyl ene chloride (40 nL) under nitrogen was cooled on a

(R -3-(N-tert-Butyl-Nn-propyl am no)-8-fl uoro-5-
met hoxy- 3, 4- di hydr o- 2H 1- benzopyr an hydr 84hl oride (1.3 g, W

to -50[err]C. Bb®&AStribronide (0.75 nL, 7.8 mol) was add Ui&%«mgm

mn) to the stirred solution above. Five mnutes after the addition of s &
boron tribrom de was conpl ete he dry-ice bath _was changed to an ice bath
(+4[err]C). Af erAsF?WP$$hﬁ}Qﬁ ébﬂ19§PeFﬁé £9xEl8nperature the sol ution was
poured on ice (100 g) and solid NaHCO err] was added to adjust pHto 8-9.
When the Lce had nelted the nixt#re was extracted with ether (4x75 nmL). The
et her extracts were conbi ned, waphed with brine, dried (Na[err]SOerr]),
filtered and concentrated in vgg fford 1.1 g (96%vyield) of the title
conpound as a pale yellow oil. =-91.7[err] (C=1.0; CHO[err]).
GC-Ms (70 eV) M= 281 (69%.

10 Ra/N\& (1)

wherein e
Ry is n-propyl or cyclobutyl;
R, is isopropyl, tertiary butyl, cyclobutyl,
15 cyclopentyl or cyclohexyl:
Ry is hydrogen;
Ry is hydrogen or methyl;

as {(R}-enantiomer in the form of free base or
20 pharmaceutically acceptable salts thereof.

2. A compound according to claim 1 wherein Ry is
hydrogen.

25 3. A compound (R}-3-(N-tert-butyl-N-n-propylaminoc)~-5-
carbamoyl-8-fluoro-3,4-dihydro-2H-1-benzopyran in the
form of free base or pharmaceutically acceptable salts
thereof.

30 4. The compound according to claim 3 in the form of
free base.

5. A compound (R)-5-carbamoyl-3-{N,N-
dicyclobutylamino) -8-fluoro-3, 4-dihydro-2H-1-benzopyran

35 in the form of free base or pharmaceutically acceptable
salts thereof.

6. The compound according to claim 4 in the form of
free base.
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f) (R}y-3-(N-tert-Butyl-N n-propylam no)-8-fluoro-5- FH*S SHEET HAS SEEﬂ

trifl uoronethyl sul fonyl oxy- 3, 4- di hydr o- 2H 1- benzopyr an REPLACED

(R -3-(N-tert-Butyl-Nn-propyl am no) - 8- fg or o- 5- '
hydroxy-3,4-dihydro 2H- 1- benzopyran (1.0 5 3.6 nmol ) and 2, 4, 6-collidine

0.52 nm, 3.9 e dgo ride (40 nL
gand cool ed togg?\erro}a@c’%?ﬁ 3?36?’5%9#&%@2& Kﬁ gi‘t’f]&n eCI?OI?GIG rrL( 3.9 :
mrol ) di ssol v@rqwlamm)o@s*ﬁmm-émé dthdrdeZKiD-mt)szsrmm dr opwi se
during 20 m n. | ature and

uring the! ecri?% %Lf‘t %%?g%%%‘éﬁ%h&%ﬁ@éﬁ%%@aﬂ@ &htepCAPES at U

after comng to Of e reaction was diluted
with met hyl ensadfiotiiereofd washed with saturated aqueous NaHCO err] (50

mL) . The mqueous phase was re- extracted with ether (2x40 nlL). The conbi ned

or gani ¢ phases, were dried filt red and concgntratgd in vacuo
to give a crude S GEEPOY #%é? oﬁPaE gim 7 1in £ £orm ‘of

free base.

9. A compound (R)-5-carbamoyl-3-{(N-cyclobutyl-N-
10 isopropylamino) -8-fluoro-3,4-dihydro-2H-1l-benzopyran in
the form of free base or pharmaceutically acceptable

salts thereof.

10. The compound according to claim 9 in the form of
15 free base.

11. A compound (R)-5-carbamoyl-3-{N-cyclopentyl-N-n-

propylamino) -8-fluoro-3,4-dihydro-2H-1-benzopyran in

the form of free base or pharmaceutically acceptable
20 salts thereof.

12. The compound according to claim 11 in the form of
free base.

25 13. A compound (R)-5-carbamoyl-3-(N-cyclopentyl-N-
cyclobutylamino)}-8-fluoro-3,4-dihydro-2H-1-benzopyran
in the form of free base or pharmaceutically acceptable
salts thereof.

30 14. The compound according to claim 13 in the form of
free base.

15. A pharmaceutical composition containing as active
ingredient the compound of any of claims 1-14 in
35 association with a diluent, excipient or an inert

carrier,

16. A compound as defined in any of claims 1-14 for use

This Sheet Has Been Replaced ‘“‘
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27 on.silica [eluent: EtOAc-hexane (3:97)] ga
title conpound as a colourless oil. [a][err] =
CHCl [err]). GC-Ms (70 eV) M= 413 (1% g)

(R -3-(N-tert-Butyl-N n-pxopyl am no) - 8- 56

ve 1.40 g (95% yiTHIGP

-73.7[err] (C= 1.1,

Hp
REP

EZAE%% BEEN

Met hyl

E'FQ;J ?g?{ﬁﬁgﬂ “ﬁﬂ{&s%&:&ﬁﬁ%ﬁﬁf@%ﬁ%ﬁ% claims 1-14 for use

nzopyran (1.4 g, 3.3 mol)

trifluoronet hyasmfbfm%)arﬁ;a@aﬁﬂmﬂr 0- 2H 1- be
and triethylamne (1.0 .

7.4 mmol) were dissolved in a solution of

DMF/ MeCH (6:2; 30 nL) and then degassed followed by the inlet of carbon

monoxi de (4x) .18Vt hAacempeind mssiddliinest dosany of ciabos hokéxfoe,

pal | adi ungl 1) - gg&t o ek O3k thert Gl @i LY rdedisPhanyhahesRbraP) pr opane

(0.060 g) were added and the reactiqn mxture was degassed and suQ&ected to
yp

nervous system especially 5-hydroxyt

disorders.

19. A compound as defined in claim 18 for use in the

10 treatment of depression, anxiety,

anorexia, bulimia,

senile dementia, migraine, obsessive-compulsive

disorder, stroke, Alzheimer‘s disease, hypertension,
gastrointestinal disorders, thermoregulatory and sexual

e

disturbances, pain or disturbances in the cardio-

15 vascular system.

amine mediate

20. Use of a compound defined in any of claims 1-14 for

the manufacture of a medicament for treatment of

disorders in the central nervous

system, especially

20 S-hydroxytryptamine mediated disorders.

21. Use according to claim 20 for the manufacture of a

medicament for treatment of depression, anxiety,

anorexia, bulmia, senile dementia, migraine,

25 obsessive-compulsive disorder, stroke, Alzheimer’s
disease, hypertension, gastrointestinal disorders,
thermoregulatory and sexual disturbances, pain or

disturbances in the cardiovascular system.

30 22. A method for treatment of disorders in the central

nervous system, especially 5-hydroxytryptamine mediated
disorders by administering to mammals and man a
compound defined in any of claims 1-14.

35 23. A method according to claim 22 for treatment of
depression, anxiety, anorexia, bulimia, senile

dementia, migraine, obsessive-compulsive disorder,
stroke, Alzheimer‘s disease, hypertension,

gastrointestinal disorders, termoregulator and sexual
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car bon -nonoxi de once again. The reaction was heated to 70[err] CTHIS BHEEL HAS BEEN
tenperature) under carbon nonoxide atnmpsphere with vigorous stirri ngREPOACER

h. GC indicating an inconplete reaction %68% product vs. 21% stattg

materidl), the solution was cool ed and thén flltered through Celite. Mre

pal  adiunf{ll)-acetate (0.030 g) and 1, 3-bis henyl phosphi Replaced

00" 060 o) vie! ALRIGHDIRES @A OF GHSRHEDABCERORREh R oscr | Lt aeen Kepla
anot her 3 h GClandiscwdsshiars|dy@tlem.nprovenent of the ratio (bB i

and the reaction was allowed to cool. The follow ng day the ml}ﬂﬁﬁlgmf

renoved in vacuo. The remaining red-brown oil was taken into saturated
aqueous NaHCO 24¢] Aapdothss ot rtdud aukeparatbiddAof 3he0 compoulide asonbi ned
organi ¢ phasesg, ﬁ"afrb r|n dried (MgS err]) filtered and
concentrat ed In&‘g%:ge oeéc}la\\,/iléI¥ ?he érude ester. Flash chromat ography on
silica [eluent: EtOAc (15 and 30% in hexane] gave 0.178 g of starting
material and O B42:6n{&tng %il@e%i?dt ) E%ﬁxﬁ&ﬁﬁ&doﬁt%ifnﬁﬂanwer' al) of
the title conmpound as a cl ear err] =-121.1[err] (C=0

CHCl [err]). GC-Ms (70 eV) M= 323 (14%.

10 0]

Y R, W)

15
wherein Y is a leaving group such as 0SO,CF3, halide by
catalytic cycle using a zerovalent transition metal
such as Pd or Ni and treatment with carbon monoxide
followed by amination,

20
ii, converting the compound of formula IV to a
compound V

|

- (V) Z (V)

wherein Z is Cl, Br, OH or ORp where Rp is Cl—C6 alkyl,
25 by catalytic cycle using a zerovalent transition metal
such as Pd or Ni and treatment with carbon monoxide

followed by amination of the compound of formula V,

to give the compound of formula I, whereupon if desired

A ulglu_xmf




28 h) (R -3- (N-tert-Butyl-N-n-propylam no) -5-carbanoyl-8- fluoro-3,
4- di hydr o- 2H 1- benzopyr an Met hyl

(R -3-(N-tert-butyl -Nn- propyl am no) - 8- f | uor o- THIS SHEET HAS BEEN
3, 4- di hydr o- 2H 1- benzopyran - car boxyl at§3(0 84 g, 2.6 nmoj), nRERBAGED (10
m.) andl?M I% 5, were refl uxed—for—3 N, The
clear soluti o FERES tarFé:C?thilﬁ‘QnGP ﬁ/&@lg‘t #fpWeareiRnetBqueous remains

\év)ere_l_\r/]vashed tvmuma/ud:n ert.ehe;rrémmalebﬂu%ing’:}hﬂiﬂoﬁﬁh%ilﬁdtllowl&nﬁn%/' HCId (pH<
e wat er the remaining salt was dried in
vacuum at 50[erri'&8 ofr %ﬁq#f\éﬁgﬁwgge chloride (20 nL) and thionyl

chloride (3.0 nL, 41 mml) were added, the m xture refluxed under nitrogen
for 11 h.sThe volatiles were evaporated, nore dry nethylene chloride

_
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was added and evaporated. This was repeated once. The crude a¢id, Chloride. -
was di ssol ved (suspended) in dry nethylene chloride (50 n) a$d”&ﬁ&§¢f_}f°tﬁtw
dropwi se to stirred concentrated aqueoussgnnonia (40 nL) cool €d_on ‘s ied

bath. The m xture was allowed to warmto~@nbi ent tenperature, the organic
phas€ was® separated, and the aqueou AL yas washed wi th met hyl ene
chloride (100 nL) and ether (50 ni). ani c portions were conbi ned,
drieed (MySC err]), filtered and concentrated to give the crude am de. Flash
chromat ogr aphy L1h ' :ﬁﬁ%? e (4:5)]) gave 0.73 g (91%

yi el d) of (R)-gg?ﬁé?ggf?%ﬁf§#$ ?ﬁ%ﬁ%ﬁ%ﬁﬁ no Eé18-f|uoro-3,4-

di hydr o- 2H- 1- benzopyr an- 5- car boxam de as a solid. M: 70-75[err]C.
[a][err]=5132.4[err] (C= 1.0; CHEl[err]). GC-Ms (70 eV) M= 308 (3% . The
base was dissolved in dry ether, ol ution was cooled on a dry-ice bath

(-20[err]C) and an excess of el 4Cl was added to the stirred
solution. The salt was filtere§

vacuo at 50[err]C to give 0.78
white crystals. My 120[err] C si

10 R/\l‘m (0

wherein
R; is n-propyl or cyclobutyl;
15 R, is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclohexyl;
Ry is hydrogen;
R4 is hydrogen or methyl;

20 as (R)-enantiomer in the form of free base or
pharmaceutically acceptable salts thereof, process for
their preparation, pharmaceutical composition, use of
and method of treatment of disorders in CNS.
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29 Exanple 4 (R -54Carlk e e i cycl obutyl ami no)-8-fluoro-3,4

di hydr o- 2H 1- benzop ranbﬁlﬁvkﬁ? M’E}J_

(R)-3-(N—Cyclobutyl|ﬁrTE-8-fIuoro-5-rethox¥-3,fh dih%dzo-Zkkl-benzopyran
- fl uor o- 5- net hoxy- 3, 4-

- 81f) uor o- 5- net hoxy- 3, 4- di hydr o- 2H

sol ved i n anhydrous nethanol (20 nlL)

b L #1034y, RO9E Sin e fe dEREL | ON

amino-3,4-dihydro-2H-1-benzopyrans

_Cz'éaz%cr;

Field of the Invention

The present invention relates to the new compounds,

{R) -5-carbamoyl-8-fluorc-3-N,N-disubstituted-amino-3, 4~

dihydro-2H-1-benzopyrans in the form of free base or

pharmaceutically acceptable salts thereof, process for

their preparation, pharmaceutical compositioné

containing said therapeutically active compounds and to
. thg use of said active compounds in therapy.

An object of the invention is to provide compounds f6r
therapeutic use, especially compounds having a highly
selective affinity for a subgroup of S5-hydroxy-
tryptamine receptors, namely the SHTlA-receptor in the
central nervous system {(CNS) of mammals including man
and which compounds at the same time shows antagonist

activity.

It is also an object of the invention to provide
compounds with a therapeutic effect after oral
administration.

Prior art

_Halogenated-5-subst/unsubst.carbamoyl-3-{N,6 N~
disubstituted-amino)}-3,4-dihydro-2H~1-benzopyrans

i} intended for therapeutic use in the central nervous
system, especially having 5-HT;, receptor affinity, are
already disclosed in the international patent
application WO 91/09853.

Background of the Invention

Various central nervous system disorders such as
depression, anxiety, etc. appear to involve the
disturbance of the neurotransmitters noradrenaline (NA}



was cool ed (ice-bath) then sodi um cyanoborohydri de was
added and the reaction was allowed to stir at room fe nijght .
After 24 h the pH was adjusted to 4-5 with acetic agi @gw act ijon was
allowed to stir for one nore day. The solvent was r v o tihe
remai ns were taken into a 2 Msolution of NH err] apd hrice

with diethyl ether. The conbi ned ether por2|ons.mer dried (hb[err]S err])

filtered, and the .salvent renoved in vacuo to g{ .
Chr omat ogr aphy 8Rds Pri¥arexytevptaning ef ¥HTlac & dakdexn8168r KBPYPKy | at ed

product foll OV\Bdsb}éeQbEMhlﬁce’I‘ﬁéedi‘ s%&@@lm?@m@w Q@edt ingeye 1.01 g

(48% vyi el d) of noalk ted t| e co as, a cle oil [GC-Ms (70

eV) M= 251 (6% reaggeﬁt7ﬁ ?@§@§§}%ﬂcﬁr?) WﬁQaI ggeﬁ Ytitle conpound

?g%a cl g?r ?i I) 1{:\9?::{39111‘1&; Eheméuﬁo(ﬁnéblnﬂssll(BfCl{fererl]tﬁegGGrl\/Bo(:EOOéV) M= 305
: R) - 8:.Fl uor ycl obut.yl am no '

3,4-dihydro-2FL§ E8&.,B §5éf%glcaf agonlse% T égpeaf% L REE the

(R) - 8- Fl uor o- 3- ehhakhdengot obfit J+AT me)r@:rextdwiesidmd primarily affects

di hydro- 2H 1- beEﬁgP&gBQegygéq&&$8f35§*4&& eth Qﬁé@@as the enhancement
of noradrenaline neurotransmission affects the
retardation symptoms occuring in depressed papients.
The invention concerns compounds which have an effect
on S5-HT neurotransmission.

"-"9» .
Serotonin, or 5-HT, act1v1ty is thought to be involved
in many different types of psychiatric disorders. For
instance it is thought that an increase in 5-HT
activity is associated with anxiety, while a decrease
in 5-HT release has been associated with depression. -
Serotonin has in addition been implicated in such
diverse conditions as eating disorders,
gastrointestinal disorders, cardiovascular regulation
and sexual behavior.

The S~HT Receptors

The various effects of serotonin may be related to the -
fact that serotonergic neurons stimulate the secretion
of several hormones, e.g. cortisol, prolactin,
B-endorphin, vasopressin and others. The secretion of
each of these other hormones appears to be regulated on
a specific basis by several different 5-HT (serotonin)
receptor subtypes. With the aid of molecular biology
techniques, to date these receptors have been classi-
fied as 5-HTy, 5-HT,, 5-HT3, 5-HT,;, S-htg, S5-htg and
5-ht; with the 5-HTj receptor further divided into the
5-HTyp, 5-HTy4pg. 5-HTyp, 5-HTyp and 5-HTyp subtypes.
Each receptor subtype is involved in a different
serotonin function and has different properties,.



mol ) was. di ssolved in anhydrous CHerr]dJ[err] (20
-40[err]C. To the solution was BBr[err] (0.54 nmL, 5}

30 nmol ), dissolved in anhydrous CH err]JC[err] (3
cool i ng-bath was renpved and after 2 h at room tenplerfat (5eSER99&a¢t {on was

conpl ete. The reaction was poured out ontd an ice/ NH err] solufi ¢n and

the m xture was_gext ed, ice, Wwth diethyl ethdr. e conni el her
portions were d$$%méiﬁéﬁ%}%#ﬁ%@ﬁiﬁﬁﬁég%a¥§and t he vent. renpved_infvacuo
to give the crude residue. Chromatography on silica (eluent: 50% et hyl
Sor i d: My 170 3PS ?ﬁ%ifaﬁg e e 58 a eyl Ve indcEptAERP eSO A0 10
eV) Me 291 (29xeceptors have also been further differentiated .

depending on their neuronal location thereby resulting

in different modes of action and.physiological

functions. For example, the 5-HTy, inhibitory

autoreceptor is located presynaptically on cellbodies

of 5-HT neurons. When S-HT or a 5-HTy, agonist

activates such an inhibitory autoreceptor, the firing

rate of the 5-HT neuron is depressed. Since the neuron

does not fire, the release of 5~-HT into the synapse is

also decreased. In this case, a 5-HT1p agonist acts as

an artificial transmitter substance mimicking the

effect of S5-HT with the result of decreasing the

release of S5-HT from the central nexrvous system

neurons. The 5-HTy, agonist on the inhibitory

autoreceptor thus acts as an anxiolytic or antianxiety

REPLACEMAROS GEET

, added dropy $e. The

drug.

The use of a 5-HT blocking agent at the autoreceptor
will thus allow the neuron to increase its firing
resulting in an increased release of 5-HT at the
terminal synapses. A 5-HTy, antagonist would thus
improve the 5-HT neurotransmission and produce an
antidepressant effect making it useful as a medication
for depression. |

Other localizations of 5-HTy, subtype receptors also
exist. These postsynaptic 5-HTqp receptors are located
downstream on other neurons in the synaptic region. 'In
contrast to the inhibitory autoreceptors, activation of
the postsynaptic 5-HTy, receptors results in
stimulation of a very characteristic behavioral

c syndrome in animals, the 5-HT syndrome. The agonist,
partial agonist, antagonist profile of an agent on the
S-HTy 5 postsynaptic receptor cannot be predicted from
its activity profile on the 5-HTyp inhibitory
autoreceptor. Thus, any given S-HTlA-seléctive compound



c) (R -3-(N, N Dicycl obutyl am no)-8-fl uoro-5- REPLACEMENT SHEET

trifluoromethyl sul fonyl oxy-3, 4-di hydr o- 2H 1- benzo yran
(R -3-(N, N-Di cycl obut yl am no) -8-f | uoro-5-hydroxy43

di hydr o- 2H 1- benzopyran (©0.59 g, 2.02 mmol) and c¢l ki
mmol ) were dissolved in anhydrous CH err]d Jerr] (¢4

2.8

SR
dto

-40[err] C Trifluoronethanesulfonic anhydri e (0.41 nL, 2.4 nmmol) was added

d ] d all t mbi d t
0L err] & the readtibri GheRerenty A-E3vit¥nBRREL LT L9R0e00E 1P TrE ?n“]?*?% [err]
and washed with :aemtumai e dFoa s 1 HERe Dy ]aﬁo&agkbmmh MSmﬂrcmgsq err]),

filt d d
oln s?lr?ca ?gl u:nwcit‘i[ errt]lénferr )"“t"ga |8\rllgs§4cru§i§§r/§:

R s

compound as a clang asitls Jsajy meak=pagtdpér agon=0. ar am{aQanqg OGS (70
eV) M= 423 (3% .5-gdet hﬂosﬁ:@maé‘tl@\'reu'egk‘&‘c'Qpﬂéi‘l@gﬂxﬂggnd@ M9’ 3, 4

di hydro-2H1 benzo an-

(R -3- (N, N-Di cycﬂhﬁnﬁ S&rhthlé)edeamm@lt@tsalm 8-hydroxy-2-

(dipropylamino)-tetralin (“8-OH-DPAT*"),

which 1is

considered the standard for 5-HTy, agonist activity, is
a full agonist on both the inhibitory autoreceptor and

on the postsynaptic receptor.

The receptor activity profile, even within a specific
subreceptor group such as S-HT;, is therefore
unpredictable and may therefore result in different

pharmacological profiles.

The object of the presént invention is to provide com-
pounds for therapeutic use, especially for treatment of
5-hydroxytryptamine mediated disorders in the central

- nervous system for instance depression,

anxiety,

obsessive-compulsive disorder (OCD), anorexia, bulimia,
senile dementia, migraine, stroke, Alzheimer’s disease,
cognitive disorders, hypertension, gastrointestinal
disorders, thermoregulatory and sexual disturbances,
pain and for treatment of disturbances ip the

cardiovascular system.

Disclosure of the Invention

The object of the present invention is to provide
compounds having a selective S5-HTyp receptor affinity

and at the same time being an antagonis
having a good bioavailability.

t, as well as

Surprisingly, it has been found that the (R)-enantiomer

of the compounds of the formula I



trifluoronethyl sul fonyl oxy-3, 4-di hydr o- 2H 1- benzopyr an (Orﬁ?*g;*&r94~wnak+-
was dissolved in a solution of REPLACEMENZ 1SHEET
DVF/ met hanol (6:2, 15 nlL) and then degassed foll owed by tihg 1 nl'et of

car bonnmonoxi de (x3). Wth a slight positive pressure of garboggpgoxi
pal l adium(11)- acetate (14 ng), 1, 3-bis(di ghenyl phosphi nqg)gropane (Qgﬁ%g
r ke

s At Ao ot Ll
acvtT ormrTmmRe

and triethylamne (0.60 nL, 4.3 mmol) were added and the 2]
was degassed and subj ected to carbonnonoxi de once again. {The reacti on was
heated to 70[err] C under carbonnDnOﬁide at nosphere with vigorous StTTTt
for 5.5 h. The reaction was all owedjto cool and the solvent was renoved in
vacuo. The remains were taken into 2 MNbsol ution of NH3 and then

extracted,twi ce, with diethyl

"\ (y

wherein

Ry is n-propyl or cyclobutyl;

Ry is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclphexyl;

Ry is hydrogen;

Ry is hydrogen or methyl;

in the form of free base or pharmaceutically acceptable
‘salts thereof, possess a high affinity to the specific
subgroup of 5-HTy, receptor in CNS and act as
antagonists on that 5-HT;, receptor, and as well show
sufficient biocavailability after oral administration,

Compounds of the present invention are those having the
nitrogen atom on the carbamoyl group unsubstituted or
mono substituted with a methyl group. The 8-fluoro
substituent in combination with unsubstitution or
substitution with a small group as CHj on the carbamoyl
group is very important when going from partial agonist
to antagonist activity.

Further, the compounds.of the present invention are
those having at least one branched or cyclic alkyl
group having 3 to 6 carbon atoms in the carbon group on
the 3-amino group, thus only one of the substituents
may be a normal propyl group. The branching or




ether. The conbined ether portions were dried (MySOerr]), fij tREPLAGEMENT SHEET
t he solvent renoved in vacuo to give the crude residue. Chronmt{ography on
silica (eluent: 12.5% ethyl acetate/hexane) gave 501 ng (78%lyijel F)s 3{5 4904
title coppound as a clear oil. [a][err] :2938.2[err] (C=0.1; CHd [err ?.
GC-M5 (70 eV) M= 333 (4% . e)

(R) - 5- Car banmoyl & 3~ GNN«di.cyél t hNQ)L-8-f L HoL0s ino gr see
3,4-dihydro-2H—c -1é§f§3§raé% Qﬁgtﬁh?gl 8}o§p é# ?ﬁb amfn. g.omp' ?JB
(R) - 3- (N, N-di cy§l dsutesisgntas)- 8of phbadn3agsufficient bicavailability.

di hydr o- 2H 1- benzopyr an- 5- car boxyl ate (490 ng, 1.47 mml) was refluxed with

a 6 Msolution of HO (20 niL)_ for 3.5 h. The solution was_coo] ed,
concentrated t &FWRIFeTOEn dhchasahgeBnhpur8usheb %uelhbgl?lve?sfé’dﬂ’etiﬂ aRF t he

sol vent was rermséemmsl agdeep¥dr. iRochbeinhtbmbogat tomesithi onyl chloride

15 nL) added and the .01 ution, was.al | owed tir at t
verni Ght. The ABLASSRISE BRVRVEFY of Pu8 CRACE HEnsbEHEsTPURRS SR ous

t ol uene added AR} -dmantdbowent oferheedoinpoun@soof the invention.
Examples of compounds of the present invention are:

(R} -3-(N-Cyclopentyl-N-n~-propylamino}-~8-fluocro-5-
methylcarbamoyl-3,4-dihydro~23rl~benzopyran

(R) -8~Fluoro-3- {N-isopropyl~N-n-propylamino}-5-
carbamoyl-3,4~dihydro-2H-1-benzopyran

(R} -5~-Carbamoyl-3- (N-tert-Butyl-N-n-propylamino) -8-
fluoro-3,4-dihydro-2H-1-benzopyran

{R) -5-Carbamoyl-3- (N, N-dicyclobutylamino) -8-fluoro-3,4-
dihydro-2H-1~benzopyran

{R) -5-Carbamoyl-3- (N-cyclobutyl-N-propylamino)} -8-
fluoro-3,4-dihydro-2H-1-benzopyran

(R} -5-Carbamoyl-3 -~ {N-cyclobutyl-N-isopropylamino) -8~
fluoro-3, 4-dihydro-2H-1-benzopyran

{R) -5-Carbamoyl-3~ (N-cyclopentyl-N-n-propylamino}-8-
fluoro-3,4-dihydro-2H-1-benzopyran

(R} -5-Carbamoyl~3- (N-cyclohexyl-N-n-propylaminc) -8-
fluoro-3,4-dihydro-2H~-1~benzopyran

(R} -5-Carbamoyl-3 - {N-cyclopentyl-N-cyclobutylamino)-8-
fluoro-3,4-dihydro-2H-1-benzopyran

The compounds of the present invention are in the form
of the (R)-enantiomer and in the form of free base or



The acid chloride was dissolved in CHer]C [err] (20 nL) and &EREACEAERP
to a cooled solution (ice-bath) of concentrated NH3 (20 niL). | V\SP&%T_'
was allowed to stir at roomtenperature for 30 mn. The CH

ri]
phase : 32 was separated an ﬁ%é%gé%ggﬁs
portion was re-extracted with CHerr]C[ery] (x3). The conbin
CHerr]C[err] portions were dried (MgSQ err]), filtered, ahd evaporated In
vacuo to give tbRaemadeut PeaIile. addupable0EaRBY L Rerdd | Bath ethyl

HLTT
rootate) snye SRSt o ead Wiyt o Mo tppdpltts LT 1C
hydrochl ori de saharmasentiticably dissgtablg tkédpaddi thiase siadtet hér thad
g{gfﬁ;{‘ge?ﬂefxfgﬁﬁpBEnQQ & N1 fal i d¥eh iUt E20us i SAl odas waghed with
sulfurie, nitric, phosphoric, oxalic, hydrochloric,
formic, hydrobromic, citric, acetic, lactic, tartaric,
dibenzoyltartaric, diacetyltartéric, pamoic, ethane-
disulfonic, sulfamic, succinic, propionic, glycollic,
malic, gluconic, pyruvic, phenylacetic, 4-aminobenzoic,
anthranilic, salicylic, 4-aminosalicylic, 4-hydroxy-
benzoic, 3,4-dihydroxybenzoic, 3,5-dihydroxybenzoic,
3-hydroxy-2-naphtoic, nicotinic, methanesulfonic,
ethanesulfonic, hydroxyethanesulfonic, benzenesulfonic,
p-toluenesulfonic, sulfanilic, naphthalenesulfonic,
ascorbinic, cyclohexylsulfamic, fumaric, maleic and
benzoic acids. These salts are readily prepared by
methods known in the art.

Methods of Preparation

1
NH, N

OMe OMe R,

(n) ()

The preparation of (R)-3-amino-5-methoxy-3,4-dihydro-
2H-1-benzopyran (compound II) is described in
W093/07135. The preferred method for the introduction
of fluorine is by brominating the aromatic ring,
selectively, in the beosition. Bromination can be done
by using bromine with or without a catalyst. Other
brominating agents can be used e.g. HOBr and N-bromo
amides (especially N-bromosuccinimide). Suitable
solvents for bromination are acetic acid, dioxane and
chlorinated solvents e.g. methylene chloride.



REPMEE{‘!

give a white solid. M: 120[err]C sinters. Example 5 (R) -
(N-cycl obut yl - N-n- propyl am no) -8- fluoro-3,4- dihydro-2H 1-He z%?gra
(R) - 3-(N-Cycl obut yl - N-n- propyl am no) - 8-f | uor o- 5- f’ﬁ@é
met hoxy- 8, 4- di hydr o- 2H 1- benzopyr an .
(R)-3-(N—Cyc|obuty|anino)-8-f|uoro-5-negpoxy-3,4- di hydr o- 2H} 1- benzopyr.an
(1.01 g, 4.02 mmol) was dissolved in anhydrous nethanol (20 My-and.i.Q. fhis

was n-propio ﬂft‘y%uggl a%on4ghgb§ggh)aé.?d%qg?e%ﬁﬁ ve I"f\;na_,react | on was

cool ed (ice-ba hen 'sodir um cyano 24 mol

added, the prRMaslat@d dvedqt end bY\/\BQhaécé‘FP%e‘éc?%P%d”% Iﬂa"qté%f%"(‘? n was

al loved 1o Sty aatsdl%'m%egli‘%hét Uharoveh baer@@@«@@dlatme éatyvent was
renmoved i n vaguo, e remains were tak e solutlo of NH3 and

t hen extract &p.hemqy \?élr&tﬁoéué’f:ﬁ?ﬂ Qtfhé ﬁmﬁygo%‘?‘t‘% Qi Hb‘r ’fﬁﬁ?’? ons were
dried (MySO efdd )be fddreebgdredndtike aqlivieBionefioomdc he apmraptiatg ve t he

crude residue, dldehyde or ketone using a suitable reducing agent e.g.
NaCNBH3 or catalytically with Hy and a suitable
catalyst containing palladium, platina or nickel in a
suitable solvent e.g. tetrahydrofuran (THF}, dloxane,
methanol or ethanol. Introduction of the alkyl groups
can also be done by alkylation with the appropriate
alkyl halide e.g. CF*Br or I, or by an activated
alcohol e.g. alkyl-mesylate or -tosylate in a suitable
solvent e.g. dimethylformamide ({DMF),acetone or
acetonitrile with a suitable base e.g. K,CO;.
Fluorination can then occur by lithiation of the bromo
compound with an alkyllithium reagent e.g. n-
butyllithium and followed by the reaction with a
suitable fluorinating agent preferably a N-fluoro-N-
alkyl- /arylsulfonamide e.g. N-
fluorobenzenesulfonimide. The solvent for this reaction
can be anhydrous alkyl ethers e.g. tetrahydrofuran
(THF)} or diethyl ether, or non-protic solvents e.g.-
hexane or benzene. The temperature range can vary
from -100°C to room temperature but preferably -78°C to
-20°C,

The compounds of the invention may be prepared from the
compound (R)-3~amino-8-fluoro-5-methoxy-3,4-dihydro-2H-
l-benzopyran {(as described above) followed by known
methods such as reductive amination, N-alkylation,
demethylation and conversion to the leaving group Y to
obtain compound IV.

The compound of formula I of the invention may be
prepared according to the following methods:




Chr omat ography on silica (eluent: 11%ethyl acetate/hexane) g
(80%vyield) of the title conmpound as a clear oil. [a][err] =
(C=0.1; CHO[err]). GC-M5 (70 eV) M= 293 (19%.

33 b) {R-3-(NCyclobutyl-N-n-propyl am no)-8-fl uoro-5-
hydr oxy- 3, 4- di hydr o- 2H 1- benzopyran (R) ¢ 3-

(N-Cycl obut yl - N-n- propyl am no) -8-fluoro-5-

met hoxy- 3, 4- di hydr o- 2H 1- benzopyran hydrochl oride (1.0 g, 3.03 mol )™ Weas
di ssol ved in anhydroys CHerr]Cferr] (25 nL) andpcooled to -40[err]C. To
the solution was BBr3| (0.72 nL, 7.6 mpl), dissoljved 4n anhydrous

CH err]C[err] (4 ' R, was renoved and

rFgdaed dropwi sellaThe coo
after 2 h at roomte tae reacti on was R
1
Nil v N<R (V)
Z
\\{\
tB//
F
&
N(C= B, (1
Ry Ry

" i, converting directly the compounds of formula IV

F

Y : 2

. wherein Y is a leaving group such as trifluoromethane
sulfonate (OSOch3), halide e.g. Cl, Br or I by a
catalytic cycle using a zerovalent transition metal (M)
such as Pd or Ni, which may be generated in situ and
undergoes an oxidative addition to the aryl-Y-bond.
Treatment with carbon monoxide followed by amination
with the proper amine {ammonia or methylamine) give the
compounds of formula I, whereafter if desired it is
converted to a salt.



The reaction was poured out onto an ice/2 MNHerr] solution aﬁEPWK§MENTSHEET
CHerr]C[err] portion was separated, the aqueous |ayer re-@xtracted,
twice, with CHerr]CJ[err]. The conbined CHerr]d[err] portifo sn\grgpj?%d
(MgSO er¢]) filtered, and the solvent renoved in vacuo to gijvé¢ the crude
resi due. Chromat ography on silica (eluent:q,25% ethyl acetatefh e

foll owed by 50% et hyl acetate/ hexane) gave 0.83 g (98% yield] of the title

conmpound as a gi [Add S80.50( = . [ (7078
279 (0.29%. c%;:g R -3%%“%1355&3{% e pr%“dﬁ% hila S S
trifluoromet hyl SYHYERYELER £ %Q%H%dﬁm&;@‘hﬂ@p ran
(R)-3-(N-Cycl obut yl - N-n- propyl am no) - 8-f | uor o- 5-

hydr oxy- 3, 4- di hydr o- 2H 1- benzopypan (0.80 g, 2.86 mmol) and col lidine (0.53
m., 4.0 mmol) were dissolved in &inhydrous CHerr]dJ[err] (30 n.) and cool ed
to -40[err]C. Trifluoromethanesulfonig anhydride (0.60 nmi, 3.6 nmol) was
added dropwi se and allowed to p&rn gbi ent tenperature, and after com ng
to O[err]C the reaction was do ‘actHQn was diluted with

CH err]Cd[err] and washed Ve

; 2 (V)

wherein 2 is Cl, Br, CH or ORy,, where R, is ¢1-Cq4

alkyl, by a catalytic cycle using a zerovalent

transition metal, with ability to undergo oxidative

addition to aryl-Y-bonds e.g. the aryl-0S0,CF3 bonds.

The aryl-CO-metal-Y complex is formed by treatment with
. carbon monoxide (CO).

Further reagents are an alcohol such as methanol,
ethanol, a tertiary amine such as a trialkylamine e.g.
triethylamine in an inert organic solvent
preferentially a polar aprotic solvent such as
dimethylformamide (DMF)}, dimethylsulfoxide (DMSO),
dioxane, tetrahydrofuran (THF), acetone, acetonitrile
etc. The reaction is normally performed at a
temperature between +40 to +120°C and at a pressure
between 100 to 500 kPa {ii). This is optionally
followed by hydrolysis and treatment with a thionyl
halide e.g. thionyl chloride, to obtain the
corresponding acid halide derivative.

The compounds of formula V is aminated (iib) with the
proper amine (ammonia or methylamine) in a solvent e.g.
toluene, methylene chloride, benzene, water at reflux
temperature or between 0-100°C to give the compounds of
-formula I.




with a saturated agqueous NaHCJ err] sol ution, the aqueous wak ﬁHﬂAﬁEMEWﬂGHEEr
twce, wth CHerr]J]dJ[err] the conbined CHerr]C[err] portip were-dried
(MgSg err]), filtered, and evaporated in vacuo to give a crude ggisgg 6
Chromat ogr aphy on silica (eluent: CHerr]i@[err]) gave 1.01 g (8 I%ﬁ

of the title conpound-as a clear oi
34 [a][err] =-78.6[err] (C=0.1; CHC13) GC-M5 (70 eV) M 4 (1%. d)

Met hy| (R) 3- @m%mewnw%%wﬁng;w 8-

fl uoro- 3, 4- di hydro- oxyl at e
According to the present invention the compound of the
invention will normally be administered orally,
rectally or by injection, in the form of pharmaceutical
preparations comprising the active ingredient either as
a free base or a pharmaceutically acceptable non-toxic
acid addition salt, e.g. the hydrochloride,
hydrobromide, lactate, acetate, phosphate, sulfate,
sulfamate, citrate, tartrate, oxalate and the like in a
pharmaceutically acceptable dosage form. The dosage
form may be.a solid, semisolid or liquid preparation.
Usually the active substance will constitute between
0.1 and 99% by weight of the preparation, more
specifically between 0.5 and 20% by weight for
preparations intended for injection and between 0.2 and
50% by weight for preparations suitable for oral
administration.

To produce pharmaceutical preparations -containing the
compound of the invention in the form of dosage units
for oral application, the selected compound may be
mixed with a solid excipient, e.g. lactose, saccharose,
_ sorbitol, mannitol, starches such as potato starch,
corn starch or amylopectin, cellulose derivatives, a
binder such as gelatine or poly-vinylpyrrolidone, and a
lubricant such as magnesium stearate, calcium stearate,
polyethylene glycol, waxes, paraffin, and the like, and
then compressed into tablets. If coated tablets are
require&, the cores, prepared as described above, may
be coated with a concentrated sugar solution which may
contain e.g. gum arabic, gelatine, talcum, titanium
dioxide, and the like. Alternatively, the tablet can be
coated with a polymer known to the man skilled in the
art, dissolved in a readily volatile organic solvent or
mixture_of organic solvents. Dyestuffs may be added to
these coatings in order to readily distinguish between
tablets containing different active substances or



(R -3- (N-Cyclobutyl -N-n-propyl ani no) -8-f | uoro-5- REPLAGEMENT SHEET
trifluoronethyl sul fonyl oxy-3, 4-di hydro-2H 1- benzopyran (1.0 E, 2.43 mol’)

was di ssolved in a solution of DM/ nmethanol (6:2, 20 nL) and {hehsgEragrgd
followed.by the inlet of carbonmonoxide ¢x3). Wth a slight ositive
pressure of carbonnonoxi de, palladiun(ll)- acetate (18 nmg),

1, 3-bi s(di phenygphesPER QRN S £ The Wk 13780 coipuil.am nef (0. 75 i, 5.3

nmol ) were added and the reaction m xture was degassed and subjected T0
car bonnmonoxi de once again. The reaction was heated to 70[err]C under

car bonnmonoxi de pbAOSHE 6 epi tdt M YO WD FSigelitigel eap8ules, TBRer eacti on
was all owed to cool andl%ﬂs sol vent ,was in vacuo. Thegggg?ins wer e

r.emyved
taken into a 2 MFCLBE (TYRAFBICATRE B ATioREn ekt scfods YRIEEDDE !
di et hyl et her.o¥heoropdiliyrest atlleare pdiidodns Haede gdlaedneMySheled ) may

Chr omat ogr aphy. SarErt alarhiiiE B T By slstehiR yELI S LERLE T,

(94% vyi el d) of the ab¢Y¢(menhﬁﬂnﬁdjexcip%?naarfom tablerfFeery.=-130. 1[ err]

(0,5 00 G Tl Pl hos(B) SoEmIL g,
potato starch, ‘corn starch or amylopectin), cellulose
derivatives or gelatine. Also liquids or semisolids of
the drug can be filled into hard gelatine capsules.
Dosage units for rectal application can be solutions or
suspensions or can be prepared in the form of supposi-
tories comprising the active substance in a mixture
with a neutral fatty base, or gelatine rectal capsules
comprising the active substénce in admixture with
vegetable oil or paraffin oil. Liquid preparations for
oral application may be in the form of'syrups or
suspensions, for example solutions containing. from
about 0.2% to about 20% by weight of the active sub-
stance herein described, the balance being sugar and
mixture of ethanol, water, glycerol and propylene
glycol. Optionally such liquid preparations may contain
colouring agents, flavouring agents, saccharine and
carboxymethyl-cellulose as a thickening agent or other
excipients known to the man in the art.

Solutions for parenteral applications by injection can
be prepared in an aqueous solution of a water-soluble
pharmaceutically acceptable salt of the active
substance, preferably in a concentration of from about
0.5% to about 10% by weight. These solutions may also
contain stabilizing agents and/or buffering agents and
may conveniently be provided in various dosage unit
ampoules,

Suitable daily doses of the compound of the invention
in therapeutical treatment of humans are about 0.01-100
mg/kg bodyweight at peroral administration and 0.001-



Met hyl (R)-3-(N-cycl obutyl - N-n-propyl ani no) - 8-f | uor o- REPLACEMENT SHEET
3, 4-di hydr o- 2H 1- benzopyr an- 5- carboxylate (0.71 ng, 2.21 ) was
refluxed with a 6 Msolution of HO (30 nl) for 3.5 h. Thefs Ilﬂ#@gp/\@gé
cool ed, concentrated to dryness in vacuo and anhydrous tol ukng was adde
and the sol vent was renoved in vacuo (x4). To the white sol} d Was—th+ery
chloride (20 nlL) added 13 and the
solution was allowed to-stir at roon1tenperature overn| Jhe excess ed
thionyl chlori del@fidng S Radywaighbuat RIS HAL gt’éﬂ%l’e%"'and t he

sol vent renoved in vacuo. The acid chloride was d!ssolved in CHerr]dJ[err]
(30 m.) and addegd O OR RGO’ 13 T9PuEEr 2084 Y trd #1183k Phg Yrorking

examples.

Preparation of Starting.uaterialﬁ

Preparation 1
(R} -3-Amino-8-fluoro~5-methoxy-3,4-dihydro-2H~1-

benzopyxan

a) (RJ-3-Amino-8-bromo-5-methoxy-B,§~dihydro-2x-1-

benzopyran

: (R} -3~Amino-5-methoxy-3, 4-dihydro~2H~1-benzopyran
(25 g, 0.14 mol) and anhydrous sodium acetate (34 g,
0.42 mol) were dissolved in acetic acid (500 mi).
Bromine (23.4 g, 0.15 mol), dissolved in acetic a;id
(500 mL), was added dropwise at room temperature. The
addition of bromine continued for about 7 days. The
solvent was removed in vacuo and the residue was
dissolved in sodium hydroxide (25%)/diethyl ether
(exothermic reaction, the mixture was cooled in an ice-
bath). The layers were separated and the alkaline
water-phase was extracted thrice with diethyl ether.
The combined ether layers were dried {Na,S04} and the
solvent was removed in vacuo to give 35.5 g of an oily
residue. The oil was dissolved in diethyl ether and the
solution was cooled with an ice-bath (0°C}. HCI1,
dissolved in diethyl ether, was added dropwise until
the suspension became acidic (controlled with pH
"paper). The crystals were filtered and then
recrystallized from methanol to give the title compound
in 70% yield {28.5 g). Mp: 281-282°C. The HCl salt was -
partitioned between diethyl ether and 2 M NH3 (aq} and
the free base was obtained by extraxtions of the
alkaline water phase with diethyl ether. [a]2lp =+40°
(C=0.1, HCl salt in MeOH). GC-MS (70eV) M+l = 259
(53%).



concentrated NH3 (30 nl). The reaction was allowed to stir at|riSHACEMENT SHEET
tenperature for 40 min. The CHerr]d[err] phase was separatefd pnd the
aqueous portion was re-extracted with CHerr]Cd[err] (x3). The -cogis geg 10

CH err]d.err] portions were dried (MgSO err]), filtered, and vaporated ih
vacuo to give the crude residue. Chromatography on silica (eljuentetqy
acetate) gave 622 ng (92%yield) of a white sem -crystalline fsolid. A

(D

portion was recrystallized fromethyl acetate/hexane to give a Teatnery

white solid. M: b)10 [-%r-ﬁk&nolﬁl%ﬁrﬁiaﬂé&ﬁhﬁahk;ﬁ?&&oﬂi@@- GC- M5
(70 eV) M= 306 (0

(R) - 5- Car banoy! @il( &GFOBU’P?‘FZW?\'%rOpyI ani no) - 8-

fl uoro- 3, 4-di hydr o- 2H 1- benzopyran

E%-g-iﬁ’ﬂé?e?’ffh@ §%¥ﬁ§ ‘2‘2‘0% %%Hl b%ﬁ %511(262508%”21

mol ) was di ssolhestkdpyran (ll g, 44 mmol) was dissolved in 400 mL
anhydrous acetonitrile and to the reaction were benzyl
bromide {13 m&L, 110 mmol), anhydrous potassium
carbonate {grounded) (16 g, 116 mmol}), and a éatalytic
amount of XKI added and then heated to 85°C for 48 h.
The solvent was removed in vacuo, the remains were
taken into a 2 M solution of NH; and then extracted
twice with ether. The combined ether portions were

~ treated with brine, dried (Mgso4)’ filtered, and the

solvent removed in vacuo to give the crude residue.
Chromatography on silica (eluent: CH,Cl,) gave 15 ¢
(78% yield) of the title compound as a clear oil.
(@)21y =-15.5° (C=0.1, CHC13). GC-MS (70eV) M=437
(15%}. -

c¢) (R)-3-(N,N-Dibenzylamino)-8-~fluoro-5-methoxy-3,4-
dihydro-2H-1-~-benzopyran

(R) -8-Bromo-3-~ {N,N~dibenzylamino) -5-methoxy-3, 4~
dihydro-2 H-1l-benzopyran {4.35 g, 9.9 mmol) was
dissolved in 45 mL of anhydrous THF and cooled to
-78°C. To this was a 1.6 M n-BuLi solution (6.8 mlL,
10.9 mmol) added dropwise and allowed to stir at -~78°C
for 1 h. N-Fluorobenzenesulfonimide (3.8 g, 11.9 mmol},
dissolved in 30 mlL anhydrous THF, was added dropwise
under 45 min and allowed to stir at -78°C for 1 h. The
reaction was stopped by adding 3 mlL saturated NH4Cl
followed by 9 mL of a solution comprised of 2 g of
NH,0HxHC1 and 8 g of Na,CO3 in 100 mL of K50 and
allowing the reaction to warm to room temperature.

A 2 M NHy solution was added and the reaction was
extracted twice with ether, treated with brine, dried
(Nay804), filtered, and evaporated in vacuo to give the
c¢rude product.



et

i .
anhydrous nethanol (20 nmL) and to this was acetone (6.0 ni, 8§24 iyef)
added. The reaction was cool ed (ice- bath) then sodi um cyanolortohydri de
(0.92 g, 14.8.mmol) was added, the pH was adjusted to 4-5 wi thjaqeti3s g
and the reaction was allowed to stir at roomtenperature ovefnight. The

sol vent was renoved in vacuo, the remains were taken into a M-sotuttomrof
NH err] and then extracted thrice wth dilk hyl ether The cofbi ned et her
portions were err] ered, d th Ivent ved I n vacuo
to give the cr ggdthﬁgt%Rﬁsbué%ﬁp%% ﬁ89tt?%§£?lon

GC-M5 (70 eV) “m¥dﬁﬁb€h81%5 %) bfompound was carrled out by a crude

(R)-3- (N—Cyclobgﬁggm4%3g§3859p¥Egg&gg) f%filEﬁébl ,/hexane) to give
1.78 g. The crude was rechromatographed on silica '
{eluent: 3% acetone/hexane) to give 1,50 g (40% yield)
of the title compound as a clear oil. {a]21D = -112,19°
{C=0.1, CHCl3). GC-MS (70 eVv) M=377 (37%).

d) (R)-3-Amino-8-fluoroc-5-methoxy-3,4-dihydro-2H~-1-

benzopyran

{R})-3-{N,N-Dibenzylamino} -8-fluoro-5-methoxy-3, 4~
dihydro-~2H-1l-benzopyran (13.0 g, 34.4 mmol) was
dissolved in 265 mL methanol and 115 mL THF. To this
was 10 & PA/C (4 g) and ammonium formate (51.5 g, 0.817
mol)} added. THe reaction was heated to 50°C for 2.5 h.
The reaction was filtered and the solvent was removed
in vacuo, the remains were taken into a 2 M solution of
NaOH and then extracted twice with ether. The combined
ether portions were treated with brine, dried (Na2804)'
filtered, and the solvent removed in vacuo to give 6.2
g {91 % yield) of the title compound as a clear oil.
[a)?1) = -15.39 (C=1, CHCly). GC-MS (70 eV) M=197

Preparation 2
{R)-8~-Fluoro~3-{N-isopropyl-N-propylamino)-5-
trifluoromethylsulfonyloxy—Bl4~dihydro-2n-;-benzopyran

a) (R)-8-Bromo-3-(N-isopropylamino)-5-methoxy~3,4~
dihydro-2H-~1-benzopyran

(R)-3-(N-Isopropylamino) -5-methoxy-3, 4~-dihydro-2H~1-
benzopyran (4.02 g, 18.2 mmol) and anhydrous sodium
acetate were dissolved in acetic acid (80 mL). To the
stirred mixture was bromine (0.93 mL, 18.2 mmol)
dissolved in acetic acid (40 mL) added dropwise under
1.5 h.

The solvent was removed in vacuo, taken into a 2 M NaOH




TR Y e e

met hoxy- 3, 4- di hydr o- 2H- 1- benzopyr an ACEM NT SHEET
(R) - 8- Fl uor o- 3- (N-i sopr opyl ani no) - 5- net hoxy- 3, 4- di hydro-2H1 bgnzopyr an
(1.96 g, 8.19 mmol) was di ssol ved i n anhydrous nethanol (20 ) ahdaburtﬁﬁs
was cycl obutanone (6.1 nL, 81.9 mmol ) added. The reaction was} cpol ed

(i ce-bath) then sodi um cyanoborohydride (239 g, 16.4 mmol) s added, (e
pH was adjusted to 4-5 with acetic acid, 3 A nolecul ar sieve dded

HEET |

and the reaction sedutdlonowrd éxtSddvedatwieenwienpéiaiyle evherni ghe. After
24 0 the pH was agaud A ushed 1o A0 AMLNE LEaCh! Ol va5 Al olesldo StiT

for 3 nore days. reactron Vént was removeéd I n vacuo,
the remains were tNaeS@4nt 6ibktered seindt itie eblKepervgs aremoMesn 1ext r act ed

thrice with di et Ryjcuef h% ibe mﬂ@@ %QQBquri‘h@r}%%&l@&'haé
(MySTJerr]) filtered, and ?he sol vent renoved in vacuo tq gl Ve&&%ﬁ crude
e

resi due. Chronat o‘ifrlépwsoﬂagﬁl?%adl(sélo&éfﬁf’g £080 BYFRS 1 PaR& A5t E7R ) gave
1.60 g (77%yi el Brfr bha addieg coneouted sapfaan! edliedd]l HCl solution

al[err]=-95. 1 erys Cl Iy 7 c
ER%[B (}\I-Q/cl ol[out gl(QH sop‘?’lai“g%_| airﬁeln(%zghfg:syﬁ( QS%C%%%%}&&{@ )
twice from ethanol/dlethyl ether to give 3.8 g (62%

yield). Mp: 257-8°C. [a]?l, = -97.7° (c=0.1, CHCI,).
The free base was made from the hydrochloride salt to
give an oil. GC-MS (70 eV} M=301 (100%)}.

b) (R)-8-Bromo—3~(N-;sopropyl—N—propylamino[-5-
methoxy-3,4-dihydro-2H~1~-benzopyxran

(R) -8~Bromo-3 - (N-isopropylamino) -5-methoxy-3, 4~-dihydro-~
2H-1-benzopyran (3.8 g, 11.3 mmol) was dissolved in
anhydrous methanol (80 mi:} and to this was propanal
{8.1 mL, 0.113 mol} added. The reaction was cooled
{ice-bath) then sodium cyanoborohydride (1.3 g, 20.3
mmol) was added, the pH was adjusted to 5, and the
reaction was allowed to stir at room temperature
overnight. '

The solvent was removed in vacuo, the remains were
taken into a 1 M solution of Na,CO; and then extracted
twice with diethyl ether. The combined ether portions
were treated with brine, dried (Nazso4)' filtered, and
the solvent removed in vacuo to give the crude residue.
Chromatography on silica (eluent: 7% ethyl
acetate/hexane) gave 3.75 g (97% yield) of the title
compound as a clear oil. {a]21D =-82,5° (C=0.1, CHCl3).
GC-MS (70 eV) M=343 (29%).

The hydrochloride salt was made by dissolving the base
in diethyl ether and dropping an excess of an ethereal
HCl solution. The salt was recrystallized from
ethanol/diethyl ether to give a white soliq.~Mp: 177~
gecC,

¢} (R)=-8-Fluoro-3-(N-isopropyl-N-propylamino}-5-



copnappi—

hydr oxy- 3, 4- di hydr o- 2H 1- benzopyr an RLPLAGEMEFN: ontel

(R) - 3- (N-Cycl obut yl - N-i sopr opyl ami no) - 8- f | uor o- 5-
met hoxy- 3, 4- di hydr o- 2H 1- benzopyran hydrochloride (1.76 g, 5.{34 W§”|QMYﬁﬁﬂé
di ssol ved in anhydrous CH err]C [err] (45 nL) and cooled to -j4Q[efr]C

the solution was BBr3 (1.3 nL, 13.4 nnDI)17dissoIved i n anhydr dus
CHerr]dJ[err] (7 nm), added dropmﬁse Thé cool i ng- bat h was rienoved and

after 2 h at roQudHRIIRA" agu&g? o [ ARG I k2885 aANP| et 6. The TEATTTON Was
err

poured out onto an |ce/ solution and the CH err]C[err] portion
was separated, the aqueous |ayer re-extracted, twice, with CHerr]C[err].
The (R) ~8-Bromo-3-{N-isopropyl- Ngﬁropgmbmmﬂd]{B{maﬂhb@yferr]

portions were dred {MIFLeOE] pllldgIEh 2.3 ¢, 6.72 mmol) was
dissolved in anhydrous THF {25 mL} and cooled to -78°C,
To this was a 1.6 M n-BuLi solution (4.83 mL, 7.73
mmol) added dropwise and allowed to stir at -78°C for 1
h. N-Fluorobenzenesulfonimide (2.55 g, 8.06 mmol),

_ dissolved in anhydrous THF (15 mL), was added dropwise
under 20-30 min and allowed to stir at -78°C for 4 h.
The reaction was stopped by adding 1 mL of a saturated
aqueous NH4Cl solution followed by 3 mL of a solution
comprised of 2 g of NH,OHxHCl and 8 g of Na,COy in 100
mL of H,0 and allowing the reaction to warm to xroom
temperature. A 2 M NHj solution was added and the
reaction was extracted, twice, with diethyl ether,
treated with brine, dried (Na;SO4)}, filtered, and
evaporated in vacuo to give the crude product.
Chromatography on silica {eluent: chloroform) gave 1.0
g {(53% yield) of the title compound as a clear oil.
[«]21; =-89.2° (C=0.1, CHC13). GC-MS (70 eV) M=281
(32%).

The hydrochloride salt was made by dissolving the pure
base in diethyl ether and dropping an excess of an
ethereal HCl solution to give a white solid (sinters at
80°C}.

d) (R)-8-Fluoro-3-{(N-isopropyl-N-propylamino)~5-
hydroxy-3,4~-dihydro~2H-1-benzopyran

{R} ~8~Fluoro-3-{N~-isopropyl~-N-propylamino) -5-methoxy-
3,4-dihydro-2H-1-benzopyran hydrochloride (1.03 g, 3.24
mmol) was dissolved in anhydrous CH,Cl, (30 mL) and
cooled to -40°C., To the solution was BBry (0.77 mL, 8.1
mmol}, dissolved in anhydrous CH,Cl, (S mL)' added
dropwise. The cooling-bath was removed and after 3 h at
room temperature the reaction was complete.

The reaction was poured out onto an ice/2 M NHj3
solution and the mixture was extracted, twice, with



and the solvent renoved in vacuo to give the crude residue. ZhEEFL cggfﬁﬁﬁ%EET
on silica (eluent: 30% ethyl acetate/hexane) gave 1.46 g (98% ) of the
title conpound as a gum [a][err] =-95.7 (C=0.1; CHC [err]).~G B Cif ©9%
M= 279 (0.7% . The hydrochloride salt was nmade by di ssol vingjtpe pure base
in ether and dropping an excess of an ethféeal HC sol ution.| The salt Was
washed with diethyl ether to give a white*Solid My 120[err].sinters d)

(R -3-(N-Cycl ob rLop no

trlfluoronethylg% #h 3n§§ﬂ%r fh% 98%8“5 #gégﬁzgorFéﬂns were treated

(R -3-(N-Cycl obwith - b¢nn§opdappﬁaﬁwagﬁogéflﬁ@&cesed and the solvent
hydroxy 3, 4-di hy, a g 7 and col l'idine (0.90
nm., 6.8 mmmol) mere d|5531 %ﬁXEn e é?g e?% (50 nmL) ,and cool ed

to -40[err]C. T¢h¥¢mﬁﬁQ9ﬁ§ﬂhHh@§uBﬂéhpé éﬁﬁyentde Pt. ebhvd, 6.1 Mol ) was
added dropw se %&ﬁéﬁmn@g Wak® boganhi goyat gIBeARlof ehh@r@l@iéer comi ng

to O[err]C the reaction was done. The reachhon. -Was g@f% W th
r

CH err]C[err] GORPORhES Wi ﬂ%eérsﬁﬁérat[gél aqueﬁaé ?«laH 1 SRl on, the
agueous was re-gxiMsictEd eiWMzgs7Wi(RBEEH err] C [err] the conbi ned

The hydrochloride salt was made by dissolving the pure
base in diethyl ether and dropping an excess of an
ethereal HCl solution. The salt was recrystallized from
CHCly/diethyl ether/ethyl acetate to give a white
solid. Mp: 220-2°C.

e) (R)-8-~Fluoro-3-(N-isopropyl-N-propylamino)-5-
trifluoromethylsulfonyloxy-3,4{-dihydro-2H-1~-benzopyran

(R} -8-Fluoro-3-(N-isopropyl-N-propylamino} -5-hydroxy-
3,4-dihydro-2H-1-benzopyran (0.71 g, 2.66 mmol} and
collidine (0.49 mL, 3.72 mmol) were dissolved in

< anhydrous CH5Cl,; (25 mL) and cooled to -40°C.
Trifluoromethanesulfonic anhydride (0.54 mL, 3.2 mmol}
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl, and washed
with a saturated aqueous NaHCO4 solution, dried
(MgSO4), filtered, and evaporated in vacuo to give a
crude residue. Chromatography on silica {eluent:
CH,Cl,) gave 0.82 g (77% yield) of the title compound
as a clear oil. [a]?l; = -85.5° (c=0.1, CHC13). GC-MS
(70 eV} M=399 (6%).

Example 1 .
(R)-3-(N~cyclopenty1~N-n-proby1amino)-8~£1uoro-5-N—

methylcarbamoyl-3,4-dihvdro-2H~1-benzopyran

a) (R)-3-N-Cyclopentylamino-8-fluoro-5-methoxy-3,4~ "
dihydro-2H~1-benzopyran



CH2C12 portions were dried (MgS(err]), filtered, and evapor ptREPLADEMENTUSHEET
to give a crude residue. Chronmatography on silica (eluent: 70%

hexane/CH err]Cl[err]) gave 1.67 g (83%yield) of the title fcanp %gg_ Qwﬁ&
slightly.yellowoil. [a][err] =-86.8[errhg(C=0.1, CHC13). GG @ E%)
411 (0.3%. e) Methyl (R)-3-(N-Cyclobutyl-Nisopropylam nqg)-18-
quoro-3,4-dihyﬂr63kaﬂndx&nﬂﬂnanm+&3m@&mh&yyBauedlhﬁﬁre32H -1

'Eer-fQI/ﬁl()(r)t(;lrjr::a%/lhy$E ?%P%xemfﬁ ‘di hydr rog'H-' algeeﬁ%gpy?rcéﬁ éq %g % 4'.%1 nmol )

was di ssol ved mmoh)soamdlqmchﬂpentanone (2.5 g, 3 mmol) were 38
dissolved in 30 ml of methanol. With stirring, '
sodiumcyanoborohydride (0.8 g, 13 mmol) was added in
portions under a few minutes. Stirring was continued
.for 2 hours. A GC sample showed 100% of a new product,
The solvent was evaporated and water, 2 M NH,; and EtOAc
were added. The organic layer was separated and washed
with water. The layer was dried with Na, 804 and
evaporated to give 1.3 g (64% vield) of a colourless:s
oil. GC/MS with the molecular peak of 265 confirmed the
title compound. .

b) (R}-3-{N~Cyclopentyl-N-n-propylamino)-8-£fluoro-5-
methoxy~3,4-dihydro-2H-1-benzopyran '

(R}—3-N-Cyclopentylamino-B—fluoro—s-methoxy-3{4—
dihydro-2H-1-benzopyran (1.3 g, 5 mmol), acetic acid
{0.3 g, 5 mmol) and propionaldehyde {1.5 g, 25 mmol)}
were dissolved in 30 ml of methanol. With stirring,
sodiumcyanoborohydride (0.8 g, 13 mmol} was added in
portions under a few minutes and stirring was
continued. After 3 hours a GC sample showed 100% of a
new product. The solvent was evaporated and water, 2
molar NHy and EtOAc were added. The organic layer was
separated and washed neutral with water. The layer was
dried with Na,S804 and evaporated to give 1 g (65%
yield) of a colourless o0il. GC/MS with the molecular
peak of 307 confirmed the title compound.

¢} (R)-3~{N-Cyclopentyl-N~-n-propylamino)-8-fluoro-5-
hydroxy-3,4-dihydro~2K~1-benzopyran

(R} -3~ (N-Cyclopentyl-N~-n-propylamino)-8-fluoro-5-

methoxy~3,4~dihydro-2HK-1-benzopyran {1 g, 5 mmol) was
dissolved in 25 ml of CH,Cl,. An excess of etheric HCl
was added to form the HCl salt. A solution of BBrj (4
g, 15 mmol) in 10 ml of CH4Cl, was prepared and added



DVF/ et hanol  (6:2, 30 nL) and then degassed fol lowed by th¢ RERLACEMENT SHEET |
car bonnonoxi de (x3) Wth a slight positive pressure of cafb nnDHOX|uc,

pal ladiun(ll)- acetate (30 ng), 1,3-bis(diphenyl phosphino)
ctlon ﬁ?ﬁpﬁgg
L r-eaction. UAS |

and triethylamne (1.25 nL, 8.8 nmvl) were added and the r
stirring

-

was degassed and subjected to carbonnonoxtde once again.
heated to 70[err]C under carbonnmonoxi de at nosphere w th vijgor ous
for 6 h. The raEopwdseiander | Idvad nug esowt thndt i pel _G| W&er

vacuo. The renmaifsce8ba hﬁ%&ﬂ:é '@Ia% 213 Measeb Ut:é@éh OiodNH[t%Enb]erandréhen
extracted, twice, wth e

th d et
dried (MySQO err Qg F@?%’cf“y%ﬁ\(fttll’f'él%l ?gﬁtcgngﬁl’r‘g%éoaeqcﬂ‘%\pfp g(ttgggl \\//vgr '?he
crude re5|due @hmopahogda@mw xntdmﬂcmcwacekuand m8de tkallingcbirat e/ hexane)
1.18 04 § | .
5o e (SlEliadid g R 38 yftect, b
(R) - 5- Car bam)yl »&t@NNéyéopmncillemog@@e@pypaﬁf eyd g8 dark brown oil.
fluoro-3, 4- dthQﬂﬁxﬁﬁké bepp NEetiR¥bréBY1-Sther and hexane

(N-cyclobutyl - ?p %QXrSQQQP) 8 Euan colourless oil. The HCl salt
was prepared from the base and etheric HCl and
rerystallized from acetonitrile to give 0.85 g (52%
yield). Mp 220-221°C,

d) (R)-3-({N-Cyclopentyl-N-n-propylamino}-8-fluoro-5~
trifludromethylsulfonyloxy-3,4-dihydro-2H~1-benzopyran

(R) -3-{N-Cyclopentyl-N-n-propylamino}-8-fluoro-5- )
hydroxy-3,4-dihydro-2H-1-benzopyran (0.7 g, 3 mmol) was
dissolved in 25 ml of CH4Cl, and triethylamine (0.3 g,
3 mmol) was added. The solution of
trifluoromethanesulfonic anhydride (1 g, 4 mmol) in 5
ml of CH,Cl, was added dropwise under 10 min (-20°C).
Stirring was continued for 1 hour. The reaction mixture
was poured out into ice water and the pH was adjusted
to 8 by addition of ammonia and extracted by ether. The
organic layer was separated, dried with Na,S04 and
evaporated to afford a brown oil. Chromatography (SiO,,
CH,Cl, + hexane, 1 + 3) afforded 0.5 g (44% yield) of a
colourless oil. GC/MS with the molecular peak of 425
confirmed the title compound.

e} (R)-3-(N-Cyclopentyl-N-n-propylamino)-8-fluoro~5-N-
methylcarbamoyl-3,4~dihydro-2H-1-benzopyran

(R)~3—(N~Cyclopenty1—N~n-propylamino-8—fluoro—S-
trifluoromethylsul fonyloxy-3,4-dihydro-2H-1-benzopyran
(0.5 g, 1 mmol) was dissolved in 15 ml of 1,4-dioxane.
Palladium IX acetate (10 mg), 1,3-bis
{diphenylphosphino) -propane (20 mg)}, and methylamine
{0.15 g, 5 mmol) were added and the mixture was stirred



3, 4-di hydr o- 2H 1- benzopyr an- 5- car boxyl ate (1.16 ng, 3.61 nnnl)iﬂﬁkﬁﬂﬁﬁENﬂﬁﬁﬁET

with a 6 Msolution of HO (30 nL) for 3.5 h. The solution

concentrated to dryness in vacuo and anhydrous tol uene was add d ¢§
Fdf g@é

;n‘ LLe

sol vent was renoved in vacuo (x4). To the white gum was t hi onyl
anhydrous

(35 nL) added and the solution was all owed 230 stir at roomt
overni ght. The excess thionyl chloride was renoved in vacuo,

t ol uene added andinheasbxtrvmﬁnqxédavedmbmphmmve'ﬁhaigbtdabhT
di ssol ved in CH egy, Sq; bLPn@1 ook ed solutlon
(i ce-bath) of conce é%ateJLNﬁgﬁ%gh}ﬁﬁ€g°§ﬁ eggﬁgyg aés ?*omed to stir at
room tenperature toReddneikt3ITRE ferped  pe| Eirgl IPFPEUREsaS edar at ed and the
agueous portion wasléerEadd adedThe HCl salt was prepared to give 0,24

g (65% yield) of white crystals. Mp 108°C,

Example 2
{R) -8-Fluoro-3-({N-isopropyl-N-n-propylamino)-5-

carbamoyl-3,4-dihvdro-~-2H-1~-benzopyran

a) Methyl (R})-8-fluoro-3-(N-isopropyl-N-n-
propylamine}-3,4-dihydro-2K-1-benzopyran- S-cé%ﬁoxylate

{R) -8~Fluoro-3-(N-isopropyl-N-n-propylamino) -5-
trifluoromethanesulfonyloxy-3,4—dihydro-2H-1—benzopyran
(2.4 g, 6.0 mmol), triethylamine (1.3 g, 12.9 mmol),
1,3-bis{diphenylphosphino}propane {95 mg, catalytic
amount), palladium(II)acetate {48 mg, catalytic amount)
and DMF/MeOH (30 mL, 3:1) were mixed in a 50 mL three
necked round bottom flask. The flask was evacuated
followed by the inlet of CO (repeated two times). The
reaction mixture was stirred at 70°C for 7.5 hours. The
solvent was removed in vacuo and the residue was
dissolved in diethyl ether/sat. NaHCO3. The layers were
separated and the water phase was extracted once with
ether. The combined ether layers were dried {MgSO4} and
the solvent was removed in vacuo to give a crude which
was purified by flash chromatography (SiO,,
hexane/EtOAC, 9:1) to give 1.3 g of the title compound
(71% yield).

b) (R)-8~Fluoro-3-(N-isopropyl-N-n-propylamino)-5-
carbamoyl-3,4~-dihydro-2H~1-benzopyran

Methyl {R}-8-Fluoro-3-(N-isopropyl-N-n-propylamino}-
3,4-dihydro-2H-1-benzopyran-5-carboxylate (1.3 g, 4.2
mmol) and KOH {0.52 g, 8.4 mmol) were mixed in methanol
(6 mL) and refluxed for 2.5 hours. The solvent was
removed in vacuo. The residue was dissolved in water



IR LY C

with CHerr]OJerr] (x3). The conmbined CH err]C [err] portion menﬁudbred *ET
(MgSd err]), filtered, and evaporated in vacuo to give the cr IEbIUUC
Chr omat ogr aphy on silica (eluent: ethyl acetate) gave 1.06 g %I@
a white foam The foamwas crystallized using CHerr]C[err]/ eiﬂ& ?é@
a white solid. M: 127.8-128.4[err]C. [a][err] =-143.0[err] ( W L1, CHC13). ,
GC-Ms (70 eV) M= 306 (0 39 . The. hydro oride salt was mad by

I('D@D.

f‘l
II Icou T

di ssol ving the e se i,n.ether and dro ng an_excess qf
sol ution. The ?51‘{ REIREE Rt Ehﬁlé@ﬂygf‘é?ﬁ%g M HEbe 'ﬁh%\lrﬁ? id. M

120[err] C sint efss renfov@dlia vaBho. The residue was dissolved in

%Fug?gbgnzyglhfﬁgg HE%PHEhZSBQrgﬁ?i8£¥éag$goi:§-hours. The solvent

(R) - 3- (N- Cycl opeant Weamived) 18- #h0000- Phaetbokgud, vas dithyslo bvéH-iin benzopyr an
CH,Cl, and the solvent was removed in vacuo again
{repeated three times in order to remove the excess of
SOCl,. The residue was then dissolved in diethyl ether
{50 mL). The solution was cooled to -30°C before NH3
(g) was bubbled through it. Water was added, the layers
were separated and the water-phase was extracted with
ether. The combined ether layers were dried (K,CO;) and
the solvent was removed in vacuo to give a crude which
was purified by flash chromatography (SiO5,
EtOAc/hexane, 1:1) to give 1.0 g of the title compound
(vield 80%). Recrystallization from EtOAc/hexane gave
crystals with Mp: 139-140°C.

Example 3
{R)~3~{N-tert-Butyl-N-n-propyvlamino)-5~carbamoyl-8-

fluoro-3,4~-dihydro-2H~1-benzopyran

a) (R)-8-Fluoro-5-methoxy-3-[N-(4-methoxybenzylidene}-
amino]-3,4~-dihydro-2H-1-benzopyran :

{R) -3-Amino-8-fluoro-S-methoxy-3,4-dihydro-2H-1-
benzopyran (7.85 g, 39.8 mmol), 4-methoxybenzaldehyde
{5.42 g, 39.8 mmol), anhydrous potassium carbonate
(10.1 g) and absolute EtOH (200 mL) were stirred over
night at reflux temperature. The solvent was evaporated
in vacuo and ether (500 mL) was added. After stirring
for 15 min the salt was filtered off and the solution
was concentrated in vacuo to give an off-white solid
(12.4 g}. Recrystallization from i-Pr,0- hexane gave
10.8 g {86% yield) of the title compound as colourless
needles. Mp: 96.8-97.3°C.

[a]2l; =420.1° (C=1; CHC13). GC-MS (70 eV) M= 315
{58%).



To a solution of (R)-3-am no-8-fl uoro-5-nethoxy-3, 4- REPLACEMENT SHEET
di hydr o- 2H 1- benzopyran (2.5 g, 12 mmol ), cycl opentanone (3.3 ¢ E6-nmot)
and HOAc (0.7 g, 12 mmol) in nmethanol (25 nL) was NaCNBH err] 2. 5 Sge
mmol ) added in portions at roomtenperature. The sol ution was stirpg% 19
roomtenperature overnight to give a quant3xative yield of the title
conpound. GO/ M5 (70 eV) M=265 (30% . b)
(R) - 3- (N- Cycl opeht y| (AN +8-FtluwxioadhpdxGeflardne~5-nethoxy-3, 4-dihydroas

met hoxy- 3, 4- di hyggo 2$tﬁi§5% yran To the solution of
(R)-3-(N—cyc|openty%an1no -8-fluoro- 5-nethoxy-3, 4-di hydro-2H 1- benzopyr an
I n nmet hanol (25nL) were propanal (2 g, 36 nmol) and NaCNBH err] (2 g, 40
mol ) added. The3sghUbkOPe¥@sytsdridoied aeyar s 1.06 &, va7t emued) reas

conpound i n & 97%yi el according {0 G, The, g0l eNlodfis LETRYEG N vacuo
(+ 4°C} of (R}-8-fluoro-5-methoxy-3-(N-~{4-
methoxybenzylidene) -amino] -3, 4-dihydro-2H-1-benzopyran
{10.8 g, 34 mmol) and methylene chloride (65 mL). The
mixture was stirred over night at room temperature,
Precipitated 3-chlorobenzoic acid was filtered off and
the clear yellow filtrate was concentrated in vacuo.
The oily residue was taken up in a solutidn of
hydroxylamine hydrochloride (2.83 g, 40.8 mmol} and
anhydrous methanol (60 mL) and the resulting solution
was stirred at room temperature for 2 h. The solvent
-was evaporated'to give a thick orange oil. Water was
added to the oil, pH was adjusted to 8-9 with saturated
aqueous Na,CO; and the mixture was washed with ether
{3x150 mL). The organic phases were combined, washed
with brine, dried (Na;SO4}, filtered and concentrated
in vacuo. The crude product was flash chromatographed
on silica with EtOac (15 to 50%) in hexane .as eluent,
The resulting impure product was flash chromatogrgphed
a second time on silica with EtOH~ CHCl, (1:99) as
eluent to give 6.45 g {89% yield) of the title compound
as a colourless crystalline solid. Mp: 111-113°C.
(@121, =+66.4° (C= 1.3; CHCl3). GC-MS {70 eV} M= 213
{56%) .

¢} (R)-3-tert-Butylamino-8-fluoro-5-methoxy-3,4-
dihydro-2H~-1-benzopyran

(R) ~8~Fluoro-3-hydroxylamino-5-methoxy-3, 4-dihydro-2H~
l-benzopyran {6.30 g, 29.6 mmol), anhydrous sodium
sulfate (20 g) and acetone (500 mL} were refluxed under
nitrogen for 4 days until TLC indicated a complete
reaction. The salt was filtered off, ether (300 mL}
was added to the filtrate and the solution, still
containing finely suspended salt, was filtered through



40 was worked up by extraction to give 3.7 g of the title congo@EPLACEMENT SHEET

colorless oil.. GOM (70 eV) M= 307 (40% . c) (R-3-
(N-Cycl opent yl - N-n- propyl am no) -8-fluoro-5- 05 SEP 199
hydr oxy- 3, 4- di hydr o- 2H 1- benzopyr an The HO salt of

(R) -3-(N-cycl opentyl - N-n- propyl am no) -
8-f|uoro-5-nethoxy-3,4-dihydro-2-kL1-benz?Ryran was prepared ly addi ng an

Trre

excess of an ethereal HO into an ethereal“sol ution of the bas Hae

A . ; > . . : )
fBr (50 mey . The carters (R ATEelTSRaEiAP, e Bavad ed1efla I BES
was neutral i zed WAP €onerntratasidnnyacyfc. Dambri @vessd AdcPrpaendr Kilip gave

a brown ml) was added and the resulting solution was
concentrated in vacuo (finally on the pump). The glassy
residue was dissolved in dry (sieves 3A) benzene (150
mL} under nitrogen and the solution was cooled on an
ice-bath (+4°C). MeMgBr in Et,0 (3.0 M; 32.0 mL, 96
mmol) was added to the stirred solution above at a rate
that kept the internal temperature below +5°C (the
reaction is exothermic). After the addition was .
complete (30 min) the solution was stirred at +4°C for
0.5 h. The cooling bath was taken away and 15 min later
the solution was poured on saturated NaHCO; and ice
{300 mL total). The mixture was washed reéeatedIy with
ether (3x150 mL}. The organic phases were combined,

. washed with brine, dried (Na,SO4), filtered and
concentrated in vacuo. Flash chromatography on silica
[eluent: EtOAc (2 and 10%) in CHCl;3] gave 2.9 g. of the
tert ~-butyl hydroxylamine derivative. The latter was
dissolved in CS5 (100 mL)} under pitrogen and the
solution was stirred at room temperature for 4.5 h.
The solvent was evaporated in vacuo to give an orange
oil. Acetone (approx. S0 mL) was added and the
solution was stirred for a short time {15 min) at room
temperature (to precipitate elemental sulfur), then
filtered and concentrated to give an oil. Flash
chromatography on silica [eluent: EtOAc (10 to 25%) in
.hexane] gave 2.34 g (31% total yield) of the title
compound as a yellow oil.

[@]21, =-82.8° (C= 1; CHC13). GC-MS (70 eV) M= 253
{53%).

d) (R)=~3-(N-tert-Butyl-N-n-~propylamino)-8-fluoxo-5-
methdxy-3,4—dihydro~2351-benzopyran '

(R} -3-tert-Butylamino-8-fluoro-5-methoxy-3,4~-dihydro-
2H-1l-benzopyran (2.20 g, 8.7 mmol), allyl bromide (7.5
mkL, 87 mmol), finely ground anhydrous potassium .
carbonate {6.0 g, 43 mmol) and dry DMF (6.0 mL) wexe



oil which was filtered through a plug of silica (ethyl acetaf
eluent). The title conpound was isolated (3.7 g) as a slight
GC/Ms (70 eV) M= 293. (40%. d)

(R) -3-(N-Cycl opent.yl - N- n- propyl am no) - 8- f | uor o- 5-

trifluoronethyl sul fonyl oxy-3, 4-di hydro- 2H 1- benzopyr an (R
(N-Cycl opentyl - N-n- propyl am no) -8-fl uoro-5-

hydr oxy- 3, 4- di hydr o- 2H 1- benzopyran was di ssol ved in di et hyl
Triethylamine (3 g, 30 nml) was added #hd the nixture was cool.ed to -20

ethyl et hePtasgam yhdazsnaBaeaenr ShFSec (SAEhoR 7 SE-aialvsig 1 or 30"
mn, the dar Kn@iewdeGhparXidlecvasepoidLdof Nile Vet £t ingheateydiailc | ayer was
separated. Flash ehoatalogrory, (el Seciate 09 | I, clianlldie 3,7 0 o
(10%) . e) khehykatRion3wabNifiyerppphed! -The-ga Dpwamiswgked3-ofif,| uor o- 3,
4_dihydro_ZHQABREBZQEKBaQ_gﬁﬁ?ib85¥£f6§é of DMF and the clear

filtrate was concentrated. The oil thus obtained was

partitioned between saturated aqueous NayCO3 and

diethyl ether (4x70 mL). The organic phases were

combined, washed with brine, dried (MgSO4}, filtered

and concentrated in vacuo. Flash chromatograpy on

silica [eluent: acetone (2 and 15%) in hexane] gave

0.80 g of starting material and 1.47'3‘(87% yield based

on recovered starting material) of the allylated

product as a colourless oil. [a]21D'=-77.6° {C= 0.8,

CHC13). GC-MS (70 eV} M= 293 (40%)}. .

The allylated product (1.30 g) was mixed with DMF (50.

mL) and 5% Rh on alumina (0.090 g) and hydrogenated at

ambient pressure and temperature (21°C). After 5 h the

reaction was complete according to GC and TLC. The

catalyst was filtered off on Celite, the pad was washed

with small portions of DMF and the filtrate was

concentrated in vacuo. Flash chromatography on silica

of the crude product [eluent: EtOAc (0 and 3%} in

CH,Cl,] gave 1.27 g (97% yield) of the saturated

compound. _

GC-MS (70 eV) M= 295 (28%). [a]?l, (base)=-83.4° (C=

0.9; CHCl13}).

The base was dissolved in dry diethyl ether, the
solution was cooled on an ice bath and an excess of
ethereal HCl was added to the stirred solution. The
salt was filtered off, washed with dry diethyl ether
and dried in vacuo at 50°C to give 1.39 g (98% yield)
of the title compound, as white crystals.

Mp: 175-176°C.




(R -3-(N-Cycl opentyl - N-n-propyl am no) -8-fl uoro-5-

41 trifluoromethyl sul fonyl oxy- 3, 4-di hydr o- 2H 1- benzopyran (3.

mol ), DMF (50 nL), triethylam ne (2.5g, 25 nmol), nethanol (|
mol ), palladiun(1ll)acetate (100 ny, 0.4 6rmDI) and 1, 3-bi s-
(di phenyl phosphi no) propane (200 ng, 0.48 1tmol) were placed i

REPLACEMENT SHEET
79787
419,0 6%EP 1996

Al at nosphere

d- bot t 1 agk .2 ThE_ SQLULL AR, WAS. St IehGol
of car bon mongli ot 53 R ELE B MAR 2 YA i sl nbyl Betiiond

I n vacuo and

subj ecti ng t h&ysxeay 3o 4-RdbKdear il oheRpARYEans5 g (86 %yiel d) of the

title conpound as a colorless oil was isolated. GO M (70 eV)
uoro-

M= 335 (20

%. f) (R -5-Carbanmoyl-3-(Ncyclopentyl-Nn g’r_()éo_yham no)g_ -

(R)-3-(N-tert-Butyl~N~n~propylam15

methoxy=-3, 4~-dihydro-2H-1-benzopyran hydrochloride (1.3
g, 3.9 mmol) in dry methylene chloride (40 mL) under
nitrogen was cooled on a dry ice-EtOH bath to -50°C.
Boron tribromide {(0.75 mL, 7.8 mmol) was added dropwise
(in 1 min) to the stirred solution above. Five minutes
after the addition of boron tribromide was complete,
the dry-ice bath was changed to an ice bath (+4°C}.
After stirring for 4 h at the same temperature the .
solution was poured on ice {100 g) and solid NaHCO3 was
added to adjust pH to 8-~9. When the ice had melted the
mixture was extracted with ether (4x75 mL). The ether

extracts were combined, washed with brine, dried

(Na,S04} , filtered and concentrated in vacuo to afford
1.1 g (96% yield) of the title compound as a pale

vellow oil.
[0]21, =-91.7° (C= 1.0; CHC13). GC-MS (70 eV) M=

(6%).

281

£) (R)-3-(N-tert-Butyl-N-n-propylamino)}-8-£luorc-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

{R) -3- (N-tert-Butyl-N-n-propylamino}-8-£fluoro-5-

hydroxy-3,4-dihydro-2H-1-benzopyran (1.0 g, 3.6 mmol)
and 2,4,6-collidine (0.52 mL, 3.9 mmol) were dissolved
in anhydrous methylene chloride (40 mL) and cooled to
30°C. Trifluoromethanesulfonic anhydride (0.66 mL, 3.9

mmol} dissolved in anhydrous methylene chloride

(10 mL)

was added dropwise during 20 min. The solution was
allowed to warm to ambient temperature and after coming

to 0°C the reaction was done. The reaction was d

iluted

with methylene chloride and washed with saturated
aqueous NaHCO3 (50 mL). The aqueous phase was re-
extracted with ether (2x40 mlL). The combined organic
phases were dried (MgSO4), filtered, and concentrated
in vacuo to give a crude residue. Flash chromatography




| uor o- 3, 4- di hydr o- 2H 1- benzopyr an Met hyl

REPLACEMENT SHEET

f r
(R)-3-(N-cycl opentyl - N-n- propyl am no) - 8-fl uor o-
3, 4-di hydr o- 2H 1- benzopyr an- 5-car boxylate (1.4 g, 4 mol) was dgqjggpd@@@
MHC , refluxed for 2 h) and the solvent was renoved in vacuoj { crude

acid was treated with SOC [err] (roomtenperature for 5 mn)to.m.num
acid chloride which after renoval of exces<£7s00 [err] in vacup was added to

conc. ammoni a to form.the rod t i sol and
purified by flasﬁxbﬁ?éﬁé?bgggﬂﬁ9t T 58£E§L 9ﬁ?zp%?%%a%y adti ng an
excess of et hereal99Clyiieidd of Ehbetéalesmmnqumd ef aheohemeldsseitla afford
the title conpoun Gﬂ.S_g yhel d~35 g@% e Y k g{z [Arr] C dec.
[a][err] (base)—f&9] 83|7 qerg? %) %ﬁg ?% I%E%O(ZS%
Exanpl e 8 (R)-5- b anDyI 3- (N—cyclohexyl N- n- propyl ani no) - 8-
fl uoro- 3, 4-di hydr o- 2H 1- benzopyr an a) (R-3- (N—Cyclohexylan1no)
-8-f|uor0-5-neth%%y 348 thyl (R)-3-(N-tert-Butyl-N-n-propylamino)-8-
fluoro-3,4~dihydro-2H-1~-benzopyran-5~-carboxylate

(R}-3-(N-tert-Butyl-N-n-propylamino)-8-fluoroc-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
(1.4 g, 3.3 mmol) and triethylamine {1.0 mL, 7.4 mmol)
were dissolved in a solution of DMF/MeOH (6:2; 30 mL)}
and then degassed follqwed by the inlet of carbon
monoxide (4x). With a slight positive pressure of
carbon monoxide, palladium{II}-acetate {0.030 g) and
1,3-bis{diphenylphosphino)}propane (0.060 g) were added
and the reaction mixture was degassed and subjected to
carbon monoxide once again. The reaction was heated to
70°C (oil-bath temperature) under carbon monoxide
atmosphere with vigorous stirring for 12 h., GC
indicating an incomplete xeaction (68% product vs. 21%
starting material), the solution was cooled and then
filtered through Celite. More palladium({II)-acetate
(0.030 g) and 1,3-bis{diphenylphosphino)}propane (0.060
g) were added and the reaction was resumed as described
above. After another 3 h GC indicated a slight
improvement of the ratio (77% vs. 12%) and the reaction
was allowed to cool. The following day the solvent was
removed in vacuo. The remaihing red-brown oil was taken
into saturated agqueous NaHCO3 and then extracted with
EtOAc (3x50 mL). The combined organic phases were
washed with brine, dried (Mgso4,, filtered and
concentrated in vacuo to give the crude ester. Flash
chromatography on silica [eluent: EtOAc (15 and 30%) in
hexane) gave 0.178 g of starting material and 0.842 ¢
(89% yield based on recovered starting material) of the
title compound as a clear oil.

(a]2l; =-121.1° (C= 0.9; CHC13). GC-MS (70 eV} M= 323
(14%),



di hydro-2H 1-benzopyran To a sol ution of ag’LACEMENT SHEET
(R) - 3- ami no- 8- f | uor o- 5- net hoxy- 3, 4- di hydr o- 2H 1- benzopyran ( S 3,

nmol ), 42 cycl ohexanont gg é

mmol ) and HOAc (0.14 g, 2.3 nmmol) in nethanol (25 nL) was Na B4[e95] E(‘% 6
g, 8 mmol) added in portions at roomtenperature. The solution was stirred

at room tenperature overnight to give ajyguantitative yield of tthe title

conmpound. GC/Ms (70 eV) M= 279 (30%.
h) (R)-3-(N-tert-Butyl-N-n-propylamino}- 5~carbamoy1 -8~

£luoro-3,4-dihydro-2H-1-benzopyran

Methyl (R)-3-{N-tert-butyl-N-n-propylamino)-8-f£luoro-
3,4-dihydro~2H-1—benzopyran-s-carquylate {(0.84 g, 2.6
mmol), methanol (10 mL) and 1.7 M aqueous NaCH (3.0 mL,
5.2 mmol )} were refluxed for 3 h. The clear solution
was cooled, the methanol was sﬁripped, the aqueous
remains were washed twice with ether-hexane (1:1}), then
acidified with 2 M HCl {pH< 2). The water was '
evaporated in vacuc and the remaining salt was dried in
vacuum at 50°C for 2 h. Dry methylene chloride (20 mL)
and thionyl chloride (3.0 mL, 41 mmol) were added, the
mixture refluxed under nitrogen for - 11 h. The
volatiles were evaporated, more dry methylene chloride
was added and evaporated. This was repeated once. The
crude acid chloride was dissolved (suspended) in dry '
methylene chloride (50 mL) and added dropwise to -
stirred concentrated aqueous ammonia (40 mL} cooled on
an ice bath. The mixture was allowed to warm to ambient
temperature, the organic phase was separated, and the
aqueous phase was washed with methylene chloride (100
ml) and ether (50 mL). The oxganic portions were
combined, dried (MgSO4}, filtered and concentrated to
give the crude amide. Flash chromatography on silica
*[eluent: EtOAc-hexane {4:5)]) gave 0.73 g. {91% yield)
of (R)-3-{N-tert-butyl-N-propylamino}-8-£fluoro-3,4-
dihydro-2H-~l-benzopyran-5-carboxamide as a solid.

Mp: 70-75°C.

[a]21, =-132.4° (C= 1.0; CHC13). GC-MS (70 eV) M= 308
(3%).

The base was dissolved in dry ether, the solution was
cooled on a dry-ice bath (-20°C) and an excess of
ethereal HCl was added to the stirred solution. The
salt was filtered off, washed with dry ether and dried
in vacuo at 50°C to give 0.78 g {96% yield) of the
hydrochloride salt as white crystals,

Mp: 120°C sinters.



b) (R) .-3-(N-Cycl ohexyl - N-n- propyl ani no) - 8- f | uor o- 5- REPLACEMENT SHEET
nmet hoxy- 3, 4- di hydr o- 2H 1- benzopyran To the sol ution of
(R)-3-(N-cycl ohexyl ami no) - 8- f | uoro- 5- met hoxy- 3, 4- di hydr o- 2H{ 14 befig ogBF 3996
in methanol (25 nL) were propanal (1.3 g, mol ) and NaCNBH[ ¢rr] (0.15 g,
2.3 mmol ) added. The solution was stirred erni ght to give thé—dest+ed

conpound in a 97 ccording to GC. The solvent was rengved i n vacuo
and t he residue 2R dh éj4a u

p b extractlon to glve 0. 0 B ITITE
B N \ X

conpound as a coiBltess S LISE
(R -3-(N-Cycl oheayh%grdbm-qnﬂea&bmkaa fI uor o- 5-

hydr oxy- 3, 4- di hydr o- enzopyr an he HO salt of the

(R) - 3-(N-cycl ohexyl - N-n- propyl am no) - 8- f | uor o- 5- net hoxy- 3, 4- dlhydro 2-H 1-
benzopyran was paBpamsd3byuadﬂchgbumVInuinﬂ§«ﬁ-ﬁénoeohiwmﬁﬂh9%3‘3ﬁﬂ13 an

et hereal solutio S was evaporated in vacuo and the
i e -
AR

resi due di ssol ve The sol uti on, was géérred at

120[err] C for 1. BRh'3ﬂT¥y¥nﬂ#ﬂMQBﬁbﬁé ﬁ¥?£T$7§i?q5?“éaP€FﬁPF¥
ammoni a. Extract jygyaeslogil -Saveopyaawn oil which was filtered

Tng conc.

(R)-3-Amino-8-fluoro-5-methoxy-3, 4-dihydro-2H-1-
benzopyran (1.67 g, 8 47 mmol) was dissolved in
anhydrous methanol (20 mL) and to this was '
cyclobutanone (5.0 g, 71.3 mmol) added. The reaction
was cooled (ice-bath) then sodium cyanoborohydride
{0.96 g, 15.3 mmol) was added and the reaction was
allowed to stir at room temperature overnight. After 24
h the pH was adjusted to 4-5 with acetic acid and the
reaction was allowed to stir for one more day.

The solvent was removed in vacuo, the remains were
taken into a 2 M solution of NHy and then extracted
thrice with diethyl ether. The combined ether portions
were dried (Nazs°4’, filtered, and the solvent reroved
in vacuo to give the crude residue. Chromatography on
silica {eluent: 15% ethyl acetate/hexane for
dialkylated product followed by ethyl acetate for
monoalkylated product) gave 1.01 g (48% yield) of the
monoalkylated title compound as a clear oil [GC-MS (70
evV) M= 251 (6%)]1. and 0.71 g (27% yield) of the
dialkylated title compound as a clear oil.

(@121, = -101.0° (C= 0.1; CHClj). GC-MS (70 eV) M= 305
{3%).

b) (R)-8-FPluoro-3-(N,N-dicyclobutylamine)-5-hydroxy-
3,4-dihydro-2K~1-benzopyran

(R)—8-Fluoro-3-(N,N-dicyclobutylamino)-5-metﬁoxy-3,4-
dihydro-2H-1-benzopyran hydrochloride {(0.77 g, 2.26
mmol) was dissolved in anhydrous CH2Cl, (20.mL).and
cooled to -40°C. To the solution was BBrj {(0.54 mbL, 5.7



through a plug of silica (ethyl acetate as the eluent). The ti
was isolated (0.6 g) as a slightly yellowoil. GO M (70 eV)
d (R -3-(NCycl ohexyl-N-n-propylam no) -8-f |uoro-
trifluoromethyl sul fonyl oxy- 3, 4-di hydro- 2H- 1- benzopyran (R) -
(N- Cycl ohiexyl - N—n propylanino) -8-f 1 uorod®-

and 1) et hyl aniE o Sigso3VAMbER Aabvauaus St tzel hitiur 24
-20 [err]C Tr |dﬂopw:m£t h‘hlees:ubﬁdnlgcbanhydasdeer(\dked @nd.&&E B
i Chedar k. oyt msre s RRE” s HaRERbRryes it Leéréé'nfi' ngL?rWﬁS
separ at ed. Fl asthe hreardtiog wplsy poEr@dc buexanko lan kee/2 M NHy :

solution and the mixture was extracted, twice, with

diethyl ether. The combined ether portions were dried

(MgSOy; filtered, and the solvent removed in wvacuo to

give the crude residue.

Chromatography on silica {eluent: 50% ethyl

acetate/hexane} gave 0.58 g (89% yield) of the title

compound as a white solid. Mp: 170-2°C.

la)?}y =-114.4° (C=0.1; CHC13). GC-MS (70 eV) M= 291

(2%) .

¢} (R)-3-(N,N-Dicyclobutylamino)}-8-fluoxro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

{R)-3-(N,N-Dicyclobutylamino)-8-fluoro-5-hydroxy-3,4-
dihydro-2H-1-benzopyran (0.59 g, 2.02 mmol} and
collidine (0.37 mL, 2.8 mmol) were dissolved in
anhydrous CH;Cl, (40 mL) and cooled to -40°C.
Trifluoromethanesulfonic anhydride (0.41 mL, 2.4 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl, and washed
with a saturated aqueous NaHCO3 solution, dried
(MgSO4), filtered, and evaporated in vacuo to give a
crude residue. Chromatography on silica (eluent:
CHyCl,) gave 0.84 g (99% yield) of the title compound
as a clear oil.

[a)2Yy =-90.9° (C=0.1; CHC13). GC-MS (70 eV) M= 423
(3%).

Methyl (R)-3-(N,N-Dicyclobutylamino)-8-fluoro-3,4-
dihydro-2H-1-benzopyran-5-carboxylate

{R}~3-{N,N-Dicyclobutylamino)-8-£luoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
(0.82 g, 1.94 mmol) was dissolved in a solution of



the eluent) gave 0.8 g of the title conpound as a yellow oil .| GEPVEBCEMENTe SHEET

M= 439 (20%. e) Methyl (R)-3-(N-Cyclohexyl-N-n-propyl am no)i 8f

fl uoro- 3, 4-di hydr o- 2H 1- benzopyr an- 5- car boxyl at e 05 SEP 199

(R) - 3- (N-Cycl ohexyl - N- n- propyl ani no) - 8-f | uor o- 5- ' v

trifluoronethyl sul fonyl oxy-3, 4-di hydr o- 2H-31 benzopyran (0.8 ¢f Le8—hwnl)

(4), DM (30 nL), triethylamne (0.5 g, 5 mol), nethanol (0.B g, 13 mmol),
Lowad--by-

pal | adi un(| 1) aceaéRAngtdarnng, (6.:24 dfiokd) and then legassed fol
Found: bt tomed 1R T o8 R apang i fE e g BostigneT
at mosphere of cRUGEHh@GESUEsr of FarkpRBENGEiRyr m@ﬁdgmt(ﬂa?'éol vent in
o the T1tle Com B P 20 aV) N 349
(30 %. f) (R o 2o Hﬁ?‘ﬁfﬂ%b’ 9@%303@6%2’3%} Kﬂ-’%@&ﬁ%&%né@?@)f
| uor o- 3, 4- di hydrand@HtHe hemayipnamixbbraywas degassed and subjected to
(3 s e E AR MLk 16 LU0AG raacrton wes heated to

70°C under carbonmonoxide atmosphere with vigorous
stirring for 5.5 h. *
The reaction was allowed to cool and the solvent was
removed in vacuo. The remains were taken into a 2 M
solution of NH3 and then extracted “twice, with diethyl
ether. The combined ether portions were dried (MgSOyy,
filtered, and the solvent removed in vacuo to give the’
crude residue. Chromatography on silica {(eluent: 12.5%
ethyl acetate/hexane) gave 501 mg (78% yield) of the
title compound as a clear oil.
{a12l; =-138.2° (C=0.1; CHC13}. GC-MS {70 V) M= 333

(4%) .

e) (R)-S-Carbamoy1-3-(E,N—dicyclobutylamino)-a-fluorof
3,4-dihydro~-2H-1-benzopyran '

Methyl {R)-3—(N,N-dicyclobutylamino)—8-fluoro-3,4-
dihydro-2H-1-benzopyran-5-carboxylate (430 mg, 1.47
mmol} was refluxed with a 6 M solution of HC1 (20 mL)
for 3.5 h. The solution was cooled, concentrated to
dr&ness in vacuo and anhydrous toluene was added and
the solvent was removed in vacuo (x4).

To the white solid was thionyl chloride (15-mL) added
and the solution was allowed to stir at room
temperature overnight. The excess thionyl chloride was
removed in vacuo, anhydrous toluene added and the
solvent removed in vacuo.

The acid chloride was dissolved in CH,Cl, (20 mL) and
added dropwise to a cooled solution {ice-bath) of

concentrated NHy (20 mL). The reaction was allowed to
stir at room temperature for 30 min. The CH,Cl, phése
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1.7 mmol ). was subjected to al kaline hydrolysis (2% KOH in Et
for 2 h). The solvent was renoved in

vacuo and the crude acid was treated with SOCI[err] (roomtenpgr
mn) to formthe acid chloride which afte? renoval of excess
vacuo was added to conc. amonia to form %e am de. The crude Gt S

i sol ated and pwaél%méé@%@mﬁwoﬁehﬁorﬂsn ssséte @té@ar ed by
addi ng an excess, q% her eal I nto ‘an et her eal
to afford the t¥if g’?ﬁﬁ)]mm‘d‘:’()% %16}@457512%2\/@??%1‘8??3?’3@
gggezg]SC/:() dec. dniéd!rn]gse:i—)m ﬂl@%é}ea Grideevapbrated) in Gradfio (76 eV) ME
(R) -5-Car bam)ylgi‘s %ﬁi%@cﬁ%ﬁﬂs’ﬂ”&cICMGP‘?FaﬁfﬂBS’Y8°n silica -
{eluent: ethyl acetate) gave 430 mg (92% yield) of a
white solid. Mp: 141.2-142.2°C.
(a}?1; =-151.50 (C=0.1; CHC13). GC-MS (70 eV) M= 318

(3%).

The hydrochloride salt was made by dissolving the pure
base in ether and dropping an excess of an ethereal HCl
solution., The salt was washed with diethyl ether to
give a white solid. Mp: 120°C sintegs.

Example 5
{R)-5~Carbamoyl-3~(R-cyclobutyl-N-n-propylamino)-8-

£luoro-3,4- dihydro-2H-1-benzopyran

a) (R)-3~(N-Cyclobutyl-N-n-propylamino)~8~£fluoxro~5-
methoxy-3,4-dihydro-2H-1-benzopyran '

(R) -3~ (N-Cyclobutylamino) -8-£fluoro-5-methoxy-3, 4-
dihydro-2H-1-benzopyran (1.01 g, 4.02 mmol) was
dissolved in anhydrous methanol (20 mL) and to this was
n-propionaldehyde (3.0 mL, 40.2 mmol) added. After 1 h
the reaction was cooled ({ice-bath} then sodium
cyanoborohydride (0.46 g, 7.24 mmol) was added, the pH
was adjusted to 4-5 with acetic acid and the reaction
was allowed to stir at room temperature over the
weekend, The solvent was removed in vacuo, the remains
were taken into a 2 M solution of NH3 and then
extracted thrice with diethyl ether. The combined ether
portions were dried (MgSO4)' filtered, and the solvent
removed in vacuo to give the crude residue.
Chromatography on silica {eluent: 11% ethyl
acetate/hexane} gave 0.95 g (80% yield) of the title
compound as a clear oil.

(@)1, =-95.4° (C=0.1; CHC13). GC-MS (70 eV) M= 293



f1 uoro- 3, 4-di hydr o- 2H- 1- benzopyr an a)

(R) -3-(N-Cycl opentyl am no) - 8-fl uor o- 5- net hoxy- 3, 4- di hydro-2
To a solution of (R)-3-am no-8-fl uoro-5-nmethoxy- 3, 4-

di hydr o-2H 1- benzopyran (0.7 g, 3.4 mol)3g33cycl openi anone (0.
and HOAc (0.2 g, 3.5 nmmol) in nethanol (25 nlL), NaCNBH err] ( d....10

mol ) was added)i n(RP-BFORSCHELEHREY LSNPS+ i ol adfiie )< stirred
has i ssolved rdRea: Y ATedBy 1z 3T -RAPEPPYIRE or gani ¢ | ayer was dr | od
with Na[err]SCerr] and the solvent was evaporated to give 0.9 g (100%
BTN (O Lo et RROKRArAE 2 -ROLOEbB) TaRtho) S5 ERGESIST 99,6 purity.
(R) - 3- (N- Oycl ometthpxyN3G dcddbydybadind-benzppyranshydrochloride (1.0

met hoxy- 3, 4-di %.drﬁb%Hnﬁoﬁ?“%QEyBﬁgsoﬂgdaiﬁohﬁhizﬁﬂo% é¢RicB; (25 mn)
(N-cycl opent yl no) - 8-f 1 uor o- 5- .

and cooled to -40°C. To the solution was BBry (0.72 mL,

7.6 mmol), dissolved in anhydrous CH,Cl, (4 mL)}, added
dropwise. The cooling-bath was removed and after 2 h at

room température the reaction was complete.

The reaction was poured out onto an ice/2 M NHy

solution and the CH,Cl, portionﬁ%gs separated, the

aqueous layer re-extracted, twice, with CH,Cl,. The

combined CH,Cl, portions were dried (Mgso4)‘ filtered,

and the solvent removed in vacuo to give the crude

residue.

Chromatography on silica {eluent: 25% ethyl

acetate/hexane followed by 50% ethyl acetate/hexane)

gave 0.83 g (98% yield) of the title compound as a gum.
[a]?Y; =-80.5° (C=0.1; CHC13). GC-MS (70 eV) M= 279

(0.2%).

| REPLACEMENT SHEET
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c¢) (R)-3-(N-Cyclobutyl-N-n-propylamino)-8-£luoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1~-benzopyran

(R} -3~ (N-Cyclobutyl-N-n-propylamino)-8-£fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran (0.80 g, 2.86 mmol)
and collidine (0.53 mL, 4.0 mmol) were dissolved in
anhydrous CHCl, (30 mL) and cooled to -40°C,
Trifluoromethanesulfonic anhydride (0.60 mL, 3.6 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl,; and washed
with a saturated agueous NaHCO; solution, the aqueous
was re-extracted, twice, with CH,Cl,; the combined
CH,Cl, portions were dried (MgSO4), filtered, and
evaporated in vacuo to give a crude residue.
Chromatography on silica (eluent: CH,Cl,) gave 1.01 g
{(86% yield) of the title compound as a clear oil,



met hoxy- 3, 4-di hydr o- 2H- 1- benzopyran (0.9 g, 3.4 mmol), HOAc (G REPDACERIFGIT qHEET |
nmol ) and cycl obut anone (2g, 30 mmol) in nmethanol (25 nl), werfe
(1 g, 16 nmol) added in portions at roomtenperature. After stlrrlgg.§€é

four days GC indicated 37% product. pH was adjusted to : o OLP 1996
45 5 (HOAc) and additional (1 g, 15 mmoly4 cycl obut anone was 4gd After
stirring for further 6 days, GC indicated 64% conversion. The{sol vent was

VRO -

evapor ated and o’ £si-dge 6nol L0, Up dHCENLS &et-M8N (76| éigh Mhrddrtet-egt-aphiy
( Et OAc/ P- et her, (%§9 gave 0.53 g (53%yield) of the title conpound as a
col ourless oil. VB (70 eV) Nt 319 (39.

d)} Methyl (R)~-3-(N-Cyclobutyl-N-n-propylamino)-8-
fluoro-3,4~dihydro-2H-1-benzopyran-5-carboxylate

(R)—3~(N-Cyclobutyl-N—n—propylamino)—8—f1uoro-5—
trifluoromethylsulfonyloxy-3,4-dihydro-2H~1~-benzopyran
{(1.00 g, 2.43 mmol) was dissolved in a solution of
DMF/methanol (6:2, 20 mL) and then degassed fbllowed by
the inlet of carbonmonoxide fx3). with a slight
positive pressure of carbonmonoxide, palladium{II)-
acetate (18 mg), 1,3-bis{diphenylphosphino}propane (25
- mg) and triethylamine (0.75 mL, 5.3 mmol} were added
and the reaction mixture was degassed and subjected to
carbonmonoxide once again. The reaction was heated to
70°C under carbonmonoxide atmosphere with v1gorous
stirring for 6 h.
The reaction was allowed to cool and the solvent was
removed in vacuo. The remains were taken into a 2 M
solution of NHy and then extracted, twice, with diethyl
ether. The combined ether portions were dried (MgSOy),
filtered, and the solvent removed in vacuo to give the
crude residue. Chromatography on silica (eluent: 15%
ethyl acetate/hexane) gave 0.73 mg (94% yield) of the
title compound as a clear oil.
{a)?1; =-130.1° (C=0.1; CHC13). GC-MS (70 eV} M= 321
(2%).

e) (R)—S-Carbamoy1~3~(N-cyclobutyl—N-n-propylamino)~8-
fluoro~3,4~dihydro~2E-1-benzopyran

Methyl (R)-3~{N-cyclobutyl-N-n-propylamino)}-8-~fluoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate {(0.71 mg,
2.21 mmol) was refluxed with a 6 M solution of HCl (30
mL} for 3.5 h. The solution was cooled, concentrated to
dryness in vacuo and anhydrous toluene was added and
the solvent was removed in vacuo (x4).

To the white solid was thionyl chloride {20 mbL) added



O 2t

c) (R -3-(N-cyclopentyl-N-cyclobutylam no)-8-fl uoro-5- RH&ﬁﬁgMEM{QRFT

hydr oxy- 3, 4- di hydr o- 2H 1- benzopyr an (R -3-

(N-Cycl opentyl - N-cycl obutyl am no) -8-f | uoro-5- & £Up 19

met hoxy- 3, 4- di hydr o- 2H 1- benzopyran (0.53.9, 1.6 _mml) was ditsdol GEFn i%%@
i 5 h. The solutlon Wd

HBr (15 mL) and stirred at 120[err] C for

1S .cool.ed. by
adding ice an%rﬂig ol §%‘iuPXoﬁ4vy§am%@d Eét I%gcﬂ.l ¥€ $R&K- up jgave 0.5 g of

the title conpound as a brown orl . ai ne t-cart—O-trarr
at 3654 cnfer rqemper@}:ur@vasrpwgbyel a“b@meylcemscym@w%y«r‘aMHb €g¥a$ uor o- 5-

trifluoronet hwe%wvfeanxhowcéo‘l thy,a&%u%Htémsﬁéosaaea and Rthe3-

(N-Cycl opentyl -N-cycl obut yl an1no) -8-f luoro-5-

hydr oxy- 3, 4- diSfRA¥Eat2 memoyed; épy VafURas di ssol ved in a mixture of diethyl
ether and met hnﬂee%‘zn@hL:an.béedé9€baé0d:.%@omb)edamﬂ tntcl ylaoime) (&d 9, 7

mol ) was added e mxture was GO
Trlf?uoroneth §59P81§§h§8r9d8093 luglﬂﬁnﬁ Cea$é§%lv%6 in diethyl

ether (10 n) comentddedddNEgW(Se mL) . The reaction was allowed to
stir at room temperature for 40 min. The CH,Cl, phase
was separated and the agueous portion was re-extracted
with CH,Cl, (x3). The combined CH,Cl, portions were
dried {MgSO4), filtered, and evaporated in vacuo to
give the crude residue. Chrom&tography on silica
(eluent: ethyl acetate) gave 622 mg (92% yield) of a

- white semi-crystalline solid. A portion was’

recrystallized from ethyl acetate/hexane to give a
feathery white solid. Mp: 107-9°C.
[a}2l, =-133.0° (C=0.1; CHCI3). GC-MS (70 eV) M= 306
(0.5%).

Example 6 _
{R)=-5~Carbamoyl-3-({N-cyclobutyl-N-isopropylamino) -8~

flvoro-3,4-dihydro-2H~1~-benzopyxran

a) (R)-8-Fluoro-3-(N-isopropylamino)-5-methoxy-3,4-
dihydro-2H-1-benzopyran

(R} -3~Amino-8-fluoro-5-methoxy-3, 4-dihydro-2H~-1-
benzopyran {1.62 g, 8.21 mmol) was dissolved in
anhydrous methanol (20 mL) and to this was ‘acetone {6.0
mL, 82.1 mmol) added. The reaction was cooled (ice-
bath) then sodium cyancborohydride (0.92 g, 14.8 . mmol)
was added, the pH was adjusted to 4-5 with acetic acid
and the reaction was allowed to stir at room ;
temperature overnight. The solvent was removed in
vacuo, the remains were taken into a 2 M solution of
NH3 and then extracted thrice with diethyl ether. The
combined ether portions were dried (MgSO4), filtered,
and the solvent removed in vacuo to give the crude
residue that was used as is in the next reaction.



(5 mn). .After stirring for 30 mn, the dark-browni sh m xture M%¢
/e

AR e

into water. The sol vent was evaporated. The residue was dissol

and treated with active charcoal. Filtration trough celite and}ejaporation

s € HOEP 1996

of the solvent afforded ©.67 g of the title conpound as a col of
GC/Ms (70 eV) M= 437 (1%.

46 e)

Met hyl (R)-3-(N-cyc|openty|-h+cyc|obuty|§ﬁino)-8-.

b} (R)-3~(N-Cyclobutyl-N-igopropylamino)-8-fluoro-5-
methoxy-3,4-dihydro-2H~1-benzopyran

(R)-8-Fluoro-3~(N-isopropylamino) -5-methoxy-3, 4~
dihydro-2H-1-benzopyran (1.96 g,'8.19'mm01) was
dissolved in anhydrous methanol (20 mL) and to this was
cyclobutanone (6.1 mL, 81.9 mmol) added. The reaction
was cooled {ice-bath) then sodium cyanoborohydride (2.0
g, 16.4 mmol} was added, the pH was adjusted to 4-5
with acetic acid, 3 A molecular sieves were added and
the reaction was allowed to stir at room temperature
overnight. After 24 h the pH-was again adjusted to 4-5
and the reaction was allowed to stir for 3 more days.
The reaction was filtered, solvent was removed in
vacuo, the remains were taken into a 2 M solution of
NH, and then extracted thrice with diethyl ether. The
combined ether portions were dried (Mg804}l fi%tered,
and the solvent removed in vacuo to give the crude

. residue. Chromatography on silica (eluent: 10% ethyl
acetate/hexane)'gave 1.60 g (77% yield) of the title
‘compound as a clear oil. ' '

[2)2l, =-95.1° (C=0.1; CHC13). GC-MS (70 eV) M= 293
{3%}).

¢} (R)=3-(N-Cyclobutyl-N-isopropylamino)-8-fluoro-5-~
hydroxy-3,4-dihydro-~2H~1-benzopyran

(R} -3- (N-Cyclobutyl-N-isopropylamino) -8-fluoro-5-
methoxy43,4—dihydro—zﬂ-l-benzopyran hydrochloride {1.76

g, 5.34 mmol) was dissolved in anhydrous CH;Cl, {45 mL)
and cooled to -40°C. To the solution was BBry (1.3 mL,
13.4 mmol}, dissolved in anhydrous CHpCly (7 mL} added ..
dropwise. The cooling-bath was removed and after 2 h at
room temperature the reaction was complete.

The reaction was poured out onto an ice/2 M NHj

solution and the CH,Cl, portion was separated, the
aqueous layer re-extracted, twice, with CHoCl,. The

(B3 (N Grel ofbiityt e SBEATEHE 8 1 oro- - -



trifluoromethyl sul fonyl oxy- 3, 4- di hydr o- 2H 1- benzopyran (0. 67 }, REPLAGEMENT SHEET

(4), DVMF (20 m.), triethylamine (0.6 g, 6 mol), nethanol (0.8 BT127

mmol ), pal | adiun(ll)acetate (22 my, 0.1 nnol) and 1, 3-bis- 05 SEP 1996

(di phenyl phosphi no) propane (44 ng, 0.1 mmol) were placed in
round- bottonmed fl.ask. The solution was stirred at 75[err]C inf &
of carbon nonoxide for 4 h. The sol vent Was rennved in vacuo t he residue

was di ssol ved i.n diethy and treated with,a )
Evapor ati on of € ?ﬂ%l%%¥6%ﬁ§h P8F&é8n§8Ueﬁﬁ 1?¢m§ﬁQ§94§ 3&3§ﬁﬁadas an
uncol ored oil. annjmme(5d1u£¢x Memdgeéd( 3n%vacuofdo give the crude

(R) - 5- Car bamoyl.agdi &bk cycl opent yl - N-cyclobutylanino)

8-fl uoro-3, 4- dlﬁ dro 2H 1- benzopyr an yl

(R -3- (N—cycloﬁbﬁ?@4t9¢§§P@Wb§Gt§F&#Fﬁoﬂﬁéueﬂt 30% ethyl

fluoro-3, 4-di hadé@awwa&e:@ao hb@n154gabb%¥%8§v§eicié 40 thé mlé was
hydr ol ysed (6 M HCL

vacuo. After dfffy u?#]%ﬂ %y§§mro ?égééggg pegiélven%ﬁgggh;eggugg ani no

aci d hydrochl ok 7deeWilaMt 1258t d0 .%0h SOCl [err] (roomtenperature for 5 min)
to formthe acifde FYHdA M6 s81ECHas made by dissolving the pure
base in ether and dropping an excess of an ethereal HCl
solution. The salt was washed with diethyl ether to
give a white solid Mp: 120°C sinters.

d) (R)-3-(N-Cyclobutyl-N-isopropylamino}-8-fluoro~-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

{R) -3~ (N-Cyclobutyl-N-isopropylamino) ~-8-fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran (1.36 g, 4.87 mmol)
and collidine (0.90 mL, 6.8 mmol) were dissolved in
anhydrous CH,Cl, (50 mL} and cooled to -40°C.
Trifluoromethanesulfonic anhydride (1.05 mL, 6.1 mmol)
was added dropwise and allowed to warm to ambient
temperature, and after coming to 0°C the reaction was
done. The reaction was diluted with CH,Cl, and washed
with a saturated agueous NaHCO; solution, the aqueous
was re-extracted, twice, with CH,Cl, the combined
CH,Cl, portions were dried (MgsSOy ), filtered, and
evaporated in vacuo to give a crude residue.
Chromatography on silica (eluent: 70% hexane/CH,Cl,)
gave 1.67 g (83% yield) of the title compound as a
slightly vellow oil.

(a)2l, =-86.8° (C=0.1; CHC13). GC-MS (70 eV) M= 411
(0.3%}).

e} Methyl (R)-3-(N-Cyclobutyl-N-igsopropylamino)-8-
fluoro~3,4-dihydro-2H-1-benzopyran~5-carboxylate

(R} -3~ (N-Cyclobutyl-N-isopropylamino}-8-£luoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H~1~benzopyran
(1.65 g, 4.01 mmol) was dissolved in a solution of



renmoval aof excess SOC [err] in vacuo was dissolved in CH err]{CHEPLAGEMENT SHEE;
added to conc. ammonia to formthe am de. The crude product

and purified by flash chromatography to give 220 ng of an un
whi ch crystallized upon standing. Recrystallization froma m
diethyl eter and hexane gave white crystagg of the title co
110 ng. Mp: 138-140[err]C [a][err] = - 146[err] (C= 0.2, CH

47 Phar macol ogyDMF Riethancdl 06tZ213¢ meat grat tidn dRgasssd ofol
the inlet of carbonmonoxide {(x3). With a slight
positive pressure of carbonmonoxide, palladium(II)-
acetate (30 mg), 1,3-bis{diphenylphosphino}propane {55
mg} and triethylamine (1.25 mL, 8.8 mmol) were added
and the reaction mixture was degassed and subjected to
carbonmonoxide once again. The reaction was heated to
70°C under carbonmonoxide atmosphere with vigorous
stirring for 6 h. _

The reaction was allowed to cool and the solvent was
removed in vacuo. The remains were taken into a 2 M
solution of NH; and then extracted, twice, with diethyl
ether. The combined ether portions Were dried {(MgSOyy |
filtered, and the solvent removed in vacuo to give the
crude residue. Chromatography on silica {eluent: 8%
ethyl acetate/hexane) gave 1.18 mg (92% yield) of the

. title compound as a clear oil. .
(@]?l, =-139.1° (C=0.1; CHC13). GC-MS (70 eV) M= 321
{3%).

£f) (R)-~5-Carbamoyl-3-{(N-cyclobutyl-N-isopropylamino}-8-
fluoxro-3,4-dihydro-2H~-1-benzopyran

Methyl (R)-3-(N-cyclobutyl-N-isopropylamino)-8-fluoro-
3,4~dihydro-2H~1-benzopyran-5-carboxylate (1.16 mg,
3.61 mmol) was refluxed with a 6 M solution of HCl (30
mL} for 3.5 h. The solution was cooled, concentrated to
dryness in vacuo and anhydrous toluene was added aﬁd
the solvent was removed in vacuo (x4).

To the white gum was thionyl chloride (35 mL) added and
the solution was allowed to stir at room temperature
overnight. The excess thionyl chloride was removed in
vacuo, anhydrous toluene added and the solvent removed
in vacuo, .

The acid chloride was dissolved in CH;Cl, (50 mL) and
added dropwise to a cooled solution (ice-bath) of
concentrated NHy (50 mL). The reaction was allowed to
stir at room temperature for 40 min. The CH,Cl, phase
was separated and the agqueous portion was re-extracted



Evidence is available that in depressed patients the neurotrar
the central nervous system (CNS) may be di sturbed. These di st
appear to involve the neurotransmtters noradrenaline (NA) and 9%-
hydr oxytryptam ne (5-HT). The drugs nost frequently used in the t r@ &t $&M 1996

of depre55|on are considered to act by |nBroving t he neurotransiission of
ei t her both of these phyS|oIog|caI I sts. Avail abl e datd suggest that
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transmtters inc)?d SyAapdie® (C=0.1; CHC13). GC-MS (70 eV) M= 306
(0.3%).

The hydrochloride salt was made by dissclving the pure
base in ether and dropping an excess of an ethereal HCl
solution. The salfWas washed with diethyl ether to
give a white solid. Mp: 120°C sinters.

Example 7
(R} =5~Carbamoyl-3-(N-cyclopentyl-N-n-propylamino)-8-

£fluoro~3,4-dihydro~-2H-1-benzopyran

a) (R)-3—(N—Cyclopenty1émino)-8-f1uoro-5-methoxy-3,4-
dihydro~2H~1-benzopyran

To a solution of (R)- -3- -amino-8-fluoro-5-methoxy-3, 4-
dihydro-2H- 1—benzopyran (2.5 g, 12 mmol},
cyclopentanone (3.3 g, 36 mmol) and HOAc (0.7 g, 12
mmol) in methanol (25 mL) was NaCNBH3 (2.5 g, 40 mmol)
added in portions at room temperature. The solution was
‘stirred at room temperature overnight to give a
quantitative vield of the title compound.

- GC/MS (70 eV} M=265 (30%).

b) (R)-3-(N-Cyclopentyl-N-n-propylamino)-8-fluoro-5-
methoxy-3,4~dihydro-2H~1~-benzopyran

To the solution of (R)}~-3-{N-cyclopentylamino}-8-fluoro-
S-methoxy-3, 4~-dihydro-2H-1-benzopyran in methanol
{25mlL) were propanal (2 g, 36 mmol) and ﬁaCNBH3 {2 g,
40 rmol) added, The solution was stirred overnight to
give the desired compound in a 97% yield according to
GC. The solvent was removed in vacuo and the residue



cleft and hence restoring an adequate neurotrans- m ssion.

fundanentally different way to i nprove the neurotransm ssion
5- HT- neurons woul d be to use a direct 5-HT-receptor antagoni g
m nimze side effects, a high selectivity for this kind of rd
then be preferable. The receptor activity profile, even wt
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subreceptor group such as 5-HT[err]is u@redictable and may o
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compound as a colorless oil.
GC/MS (70 eV} M= 307 (40%).

ed up by extraction to'give 3.7 g of the title

¢} (R)-3-(N-Cyclopentyl-N-n-propylamino)-8-fluoxo-5~

hydroxy-3,4-dihydro-2R-1-benzopyran

The HCl salt of (R)-3-{N-cyclopentyl-N-n-propylamino}-
8-fluoro-5-methoxy-3,4-dihydro-2-H-1-benzopyran was
prepared by adding an excess of an ethereal HCl into an

ethereal solution of the base. The solvent was
evaporated in vacuo and the residue dissolved in

48%

agueous HBr (50 mL}. The solution was stirred at 120°C
for 1.5 h. The solution was neutralized by carefully
adding conc. ammonia, Extractive work-up gave a brown
0il which was filtered through a plﬁg of silica (ethyl
acetate as the eluent). The title compound was isolateéd

{3.7 g) as a slightly yellow oil.
GC/MS (70 eV) M= 293, (40%).

a) (R)-3-(N-Cyclopentyl-N-n-propylamino)-8~f1uoro-5-
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1~-benzopyran

(R)-3-(N-Cyclopéntyl~N-n-propylamino)-8—fluoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran was dissolved

in

diethyl ether (100mL). Triethylamine (3 g, 30 mmol) was

added and the mixture was cooled to -20 °C.

Trifluoromethanesulfonic anhydride (4.2 g, 15 mmol},
dissolved in diethyl ether (20 mL}, was added dropwise
(5 min). After stirring for 30 min, the dark-brownish
mixturé'ﬁas poured into water. The organic layer was

separated. Flash chromatography {ethyl acetate as

the

eluent) gave 3.7 g of the title compound as a yellow

oil in a 69% yield. GC/MS (70 ev) M= 425 (10%).

e) Methyl (R)-3-(N-Cyclopentyl-N-n-propylamine)-8-

fluoro~3,4-~-dihydro-2H-1-benzopyran~5-carboxylatae

{R} -3-(N-Cyclopentyl-N-n-propylamino})~8-£fluoro-5-




exanpl e, two conpounds which seemto be closely related in chenpealaceMENT SHEET
structure nmay act as agonists on the 5-HT[err] autoreceptor '

t hese conpounds may act as an agoni st and the other acts as afit dgonis %gﬁ
the 5-HT[err] postsynaptic receptor. A gpnpound which acts asja éﬁgﬁl

at both pre- and postsynaptic 5-HI[err] receptors is by def|n|t|on
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stirred at 75°C in an atmosphere of carbon monoxide for
4 h. After evaporation of the solvent in vacuo and
subjecting the crude to flash chromatography, 2.5 g (86
$ yield) of the title compound as a colorless oil was
isolated. GC/MS (70 eV) M= 335 (20 %).

£) (R)-ﬁﬁaarbamoyl-s-(N—cyclopentyl-N—n-propylamino)-8-
fluoro-3,4~-dihydro-2H~1-benzopyran

Methyl {(R)~-3-{N-cyclopentyl-N-n-propylamino)}-8-fluoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate (1.4 g, 4
‘mmol) was hydrolysed (6 M HCl, refluxed for 2 h) and
the solvent was removed in vacuo. The crude acid was
treated with SOCl, {(room temperature for 5 min) to form
the acid chloride which after removal of excess SOCl,
in vacuo was added to conc. ammonia to form the amide:
The crude product was isolated and purified by flash
chfomatography. The HCl salt was prepared by adding an
excess of ethereal HCl into an ethereal solution of
the pure base to afford the title compound (0.5 g,
yvield 35%) as white crystals. Mp: 85°C dec.

(2120, (base)= -91° {C= 0.2; CH,Cl,). GC/MS (70 eV)

M= 320 (25%).

Example 8

{R) -5-Carbamovyl-3-(N~-cyclohexyl~N-n-propylamino) -8~

fluoro-3,4-dihydro-2H~-1-benzopyran

a) (R)-3-(N-Cyclohexylamino)-8-£fluoro-5-methoxy-3,4-
dihydro-zu-l-benzopygan

To a solution of (R}-3-amino-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran (0.45 g, 2.2 mmol),



from Sprague-Dawl ey rats were di ssected and honogenized in 15 m

i ce-cold

50 M Tris-HO buffer, pH 7.5, containing 4.0 mMMCaCl[err] an %‘Eé&m%m SHEET 1

ascorbic acid ("Buffer A") with an Utra-Turrax (Janke & Kunk

FRG for-ten sec. After centrifugation for 12.5 mn at 17,000 jrgm é 9 80Q!9§<6
al

g in a Beckman centrifuge wwth a chilled JA-17 rotor (Becknan, F

CA, USA)), the pellets were resuspended in buffer A and honogeanijzati on and

centrifugation repeated. Each pellet was suspended in 5 m icecold 0.32 M

-

sucrose and honogeni zed for 5 sec. The 4@nogeni zed sanpl es werg. kept.frozen
at -70[err]C. .\Wen used, they were diluted with buffer Ato 8 ng tissue/m
and honogeni zpa¢lbhexdBosec{0Thegt i Bse tmabpeaad ¢iOAwrid .ildcghaed for then

el noubst | onFgAT16n RECRZHEP! (28] ML Nudf NECKAA] PSR ingued BY

added in portlons at room temperature. The solution was

rei ncubati on

stirred at room temperature overnlght to give a
guantitative yield of the title compound.
GC/MS (70 eV} M= 279 (30%).

. b} (R)-3-(N-Cyclohexyl-N-n-propylamino)-8-£luoro~5-
methoxy-3,4-dihydro~-2H~1-benzopyran

To the solution of (R}-3-{(N-cyclohexylamino)-8-fluoro-

5-methoxy-3,4-dihydro-2H~-1-benzopyran in methanol (25

mL) were propanal (1.3 g, 23 mmol) and NaCNBH3 (0.15 g,
2.3 mmol) added. The solution was stirred overnight to
give the desired compound in a 97% yield according to
~ GC. The solvent was removed in vacuo and the residue
was worked up by extraction to give 0.7 g of the title

compound as a colorless oil.
GC/MS (70 eV} M= 321 (40%).

¢} (R)-3-(N-Cyclohexyl-N-n-propylamino)-8-£luoro-5-
hydroxy-3,4-dihydro-2H-1-benzopyran

The HC1 salt of the (R)-3-(N-cyclohexyl-N-n-
. propylamino) -8-fluoro-5-methoxy-3,4-dihydro-2-H-1~
" benzopyran was prepared by adding an excess of an

ethereal HCl1l into an ethereal solution of the base. The

solvent was evaporated in vacuo and the residue

~ dissolved in 48% aqueous HBr (20 mL). The solution
was stirred at 120°C for 1.5 h. The solution was
neutralized by carefully adding conc. ammonia,

~ Extractive work-up gave a brown oil which was filtered
through a plug of silica {(ethyl acetate as the eluent).

The title compound was isolated (0.6 g) as a slightly
' vyellow oil.
GC/MS (70 eV) M= 307 (40%).



The bi ndi ng assay followed that described by Perou J. Neuroc

. . J.o em 47, -u7 SHEET
529-540,- (1986), a copy of which is attached as Exhibit 2. E Aperrfi G

senti al |

assay neasures the ability of a given conpetitor nolecule to |nh|b|t!&95
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Bi ndi ng experinents were started by the addition of tissue honbgenate and
foll owed by incubation at 37[err]C for then mn. The incubation m xtures
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ear st_squar es
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(1980)). dissolved in diethyl ether (10 mL), was added dropwise

(5 min}. After stirring for 30 min, the dark-brownish
mixture was poured into water. The organic layer was
separated. Flash chromatography (EtOAc/hexane 1+l as
“Fhe eluent) gave 0.8 g of the title compound as a
vellow oil.

GC/MS (70 eV) M= 439 (20%]).

e) Methyl (R)-3-(N-Cyclohexyl-N-n-propyiamino)-8-
fluoro-3, 4-dihydro-2HK-1-benzopyran~-5-carboxylate

{R) -3~ (N-Cyclohexyl-N-n-propylamino}-8-£fluoro-5-
trifluoromethylsulfonyloxy-3,4-~dihydro-2H-1-benzopyran
{0.8 g, 1.8 mmol) (4), DMF {30 mL), triethylamine {0.5
g, 5 mmol), methanol (0.8 g, 13 mmol},
palladium{ll)acetate (30 mg, 0.14 rmol) and 1,3-bis-
(diphenylphosphino)propane (60 mg, 0.14 mmol) were
placed in a round-bottomed flask. The solution was

" stirred at 75 °C in an atmosphere of carbon monoxide
for 4 h. After evaporation of the solvent in vacuo and
subjecting the crude to flash chromatography, 0.6 g

. ™M76% yield) of the title compound as a colorless oil
was isolated. GC/MS (70 eV) M= 349 (30 %).

£) (n)-S-Carbamoy1-3~(N—cyclohexyl-n-n~propy1amino)-8~
fluoro-3,4~dihydro~2H~1-benzopyran

Methyl (R)-3- (N-cyclohexyl-N-n-propylamino)-8-£luoro-
3,4-dihydro-2H-1-benzopyran-5-carboxylate (5) (0.6 g,
1.7 mmol) was subjected to alkaline hydrolysis (2% KOH
in EtOH, refluxed for 2 h). The solvent was removed in



Data are.presented as Klerr] values (nM which are cal cul at eq
IC[err] value with corrections nmade for the concentration of

its affinity constant KD. The I CJerr] value is the concentrat
conpetiteor/inhibitor nolecule which is,ufficient to bind ang
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di fferent concentrati ons.

REPLACEMENT tepperature for 5 min) to form the agjdrghleride E&bﬁ%les
Klerr]-val ueafpdd removal of excess SOCl; in vhc(® was added to

conc, ammonia to form the amide. The crude product was
isolated and purified by flash chromatography. The. HC1
salt was prepared by adding an excess of ethereal HCl
into an ethereal solution of the pure base to afford
the tltle compound (86 mg, yield 14%) as white
crystals. Mp: 75°C dec. [a]20 = =73° {C= 0.2,
CH,Cl,). GC/MS (70 eV) M= 334 (35%).

Example 9

(R} -5-Carbamoyl-3-{N-cyclopentyl-N-cyclobutylamino) -8~

-~ fluoro-3,4-dihvdro-28~-1-benzopyran

a)' {R) -3~ (N-Cyclopentylamino)-8~fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran

To a solution of (R)-3-amino-8-fluoro-5-methoxy-3,4-
dihydro-2H-1-benzopyran (0.7 g, 3.4 mmol),
cyclopentanone (0.7 g, 8.3 mmol) and HOAc (0.2 g, 3.5
mmol) in methanol (25 mL), NaCNBH3 (0.7 g, 10 mmol) was
added in portions at room temperature. The solution was
stirred at room temperature over night. The methanol
was evaporated. The residue was dissolved in EtOAc and

. washed with water. The organic layer was dried with

Na,S04 and the solvent was evaporated to give 0.9 g
(100% yield) of the title compound as a colourless oil.

GC indicated 99.6 purity. GC/MS (70 eV) M= 265 (30%).

b) (R)-3-kN-Cyclopentyl-N—cyclobutylamino)~8-f1uoro—5-
methoxy-3, 4-dihydro~2H-1-benzopyran

To a solution of (R)-3-({N-cyclopentylamino)-8-fluoro-5~
mgthoxy-3,4—dihydro-2H-1-benzopyran {0.9 g, 3.4 mmol),
HOAc (0.22 g, 3.6 mmol) and cyclobutanone {2g, 30 mmol} .
in methanol {25 mL)}, were NaCNBH, (1 g, 16 mmol) gdded
in portions at room temperature. After stirring for
four days GC indicated 37% product. pH was adjusted to
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and the residue worked up by extraction. Flash
chromatqgraphy (EtOAc/P-ether, 1+1), gave 0.53 g (53%
yield) of the title compound as a colourless oil. GC/MS

(70 eV) M= 319 (3%).

c) (R)-3-(N—Cyclopentyl-N-cyclqbutylamino)-8-f1uoro-5-

hydroxy-3,4-dihydro~-2H-1-benzopyran

{R) -3~ (N-Cyclopentyl-N-cyclobutylamino)-8-£fluoro-5-

" methoxy-3, 4-dihydro-2H-1-benzopyran {0.53 g, 1.6 mmol)
was dissolved in 47% HBr {15 mL) and stirred at 120°C
for 1.5 h. The solution was cooled by adding ice and
alkalised by 14 M ammonia. Extractive work-up gave 0.5
g of the title compound as a slightly brown oil. IR

contained a typical OH-band at 3654 em™1.

d) (R)-3-(N-cyclopentyl-N-cyclobutylamino)-8-f1uoro-5~
trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran

{R) -3~ (N~Cyclopentyl-N-cyclobutylamino)~8-£fluoro-5-

hydroxy-3,4-dihydro-2H-1-benzopyran was dissolved in a
mixture of diethyl ether and methylene chloride (90+10,
20 mL) and triethylamine (0.7 g, 7 mmol)} was added and

the mixture was cooled to -20 °C.

Trifluoromethanesulfonic anhydride (0.85 g, 3 mmol),
dissolved in diethyl ether (10 mL), was added dropwise
{S min). After stirring for 30 min, the dark-brownish
mixture was poured into water. The solvent was
evaporated. The residue was dissolved in hexane and
treated with active charcoal. Filtration trough celite
and evaporation of the solvent afforded 0.67 g of the
title compound as a colorless oil. GC/MS (70 eV) M=

437 (1%).
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e) Methyl (R)-3-(N-Cyclopentyl-N-cyclobutylamino)-8-

fluoro-3,4-dihydro-2H-1-benzopyran-5-carboxylate

{R) -3~ (N-Cyclopentyl-N-cyclobutylamino)-8-fluoro-5-

trifluoromethylsulfonyloxy-3,4-dihydro-2H-1-benzopyran
{0.67 g, 1.5 mmol) (4), DMF {20 mL), triethylamine (0.6

g, 6 mmol), methanol (0.8 g, 12.7 mmol),

palladium(ll)acetate {22 mg, 0.1 mmol) and 1,3-bis-

{diphenylphosphino)propane {44 mg, 0.1 mmol) were
placed in a round-bottomed flask. The solution was

stirred at 75°C in an atmosphere'of carbon monoxide for

4 h, The solvent was removed in vacuo, the residue was

dissolved in diethyl ether and treated with active

o e
. i!,,mc"

" charcoal. Evaporation of the solvent ‘afforded 380 mé of

~ the title compound as an uncolored oil.
GC/MS (70 eV) M= 347 (3 %).

£) (R)-5-Carbamoyl-3-(N-cyclopentyl-N-cyclobutylamino)- .

8-fluoro-3,4-dihydro~2H~1-benzopyran

Methyl {R)-3-(N-cyclopentyl-N-cyclobutylamino)-8-

fluoro-3, 4-dihydro-2H-1-benzopyran-5-carboxylate (1.4
g, 4 mmol) was hydrolysed (6 M HCl, refluxed for 2 h}
and the solvent was removed in vacuo. After drying in
air at room temperature over night the crude amino acid
hydrochloride was treated with SOCl,  (room temperature

for S min) to form the acid chloride which after
removal of excess SOCl, in vacuo was dissolved in

CH,Cl, and added to conc. ammonia to form the amide.

The crude product was isolated and purified by flash
chromatography to give 220 mg of an uncolored oil which
crystallized upon standing. Recrystallization from a
mixture of diethyl eter and hexane gave white crystals

of the title compound.
vield: 110 mg. Mp: 138-140°C.
(@120, = - 146° (C= 0.2, CH,Cl,).



Mnimal effective dose (MED) for bl ockade of 8-OH DPAT i nduced  de
5-HT synthesis rate (admnistered to rats subcutaneously (SC /ngil Ci’ﬁ?&’ﬁmﬂ

Table 2 Exanpl es SC/ PO (ng/ kQg) |

- 2 ) 3/ - 3 05 SEA/K96
4 1/ 10 5 47 1/ 10 6
1/ 10 7 3/ - 8

1/10 _Table_2 SRavBabdBodd Ni mal effecti ve dose after subcut areous
admini stration for obtaining a significant effect inrelation to the

m nimal effective dose as reqU|red to obtain a S|gn|f|cant effect after
oral admi ni st r @hiagmacdheaice enteaft demres B@dlexenplified
conpounds are effective antagonlsts at the Presynaptlc 5-HT[err]-receptors

al so after oral_ adm nisftratiaqn
Evidence is available that in depressed patients the

neurotransmission in the central nervous system (CNS)
may be disturbed. These disturbances appear to involve
the neurotransmitters noradrenaline (NA) and 5-
hydroxytryptamine (5-HT). The drugs most frequently
used in the treatment of depression are considered to
act by improving the neurotransmission of either or
both of these physiological agonists. Available data
suggest that the enhancement of S5-HT neurotransmission
will primarily improve 'the depressed mood and anxiety,
whereas the enhancement of noradrenaline neuro-
transmission will rather improve the retardation
symptoms occurring in depressed patients. In recent
years many efforts have been made to develop new drugs'
with high selectivity for improvement of 5-HT
neurotransmission in the CNS.

The dominating mechanism of action for the drugs
generally used today in the therapy of mental
depression is by blocking the reuptake of the
endogenous neurotransmitters (NA énd/br_S-HT) released
from nerve terminals in the CNS, thus increasing the
‘concentration of these transmitters in the synaptic
cleft and hence restoring an adequate neurotrans-
mission. - :

A fundamentally different way to improve the
neurotransm1551on in the central S5-RT-neurons would be
to use a dmrect 5-HT-receptor antagonist. In order to
minimize side effects, a h;gh selectlvxty for this ‘kind
of.receptors_would then be preferable.

The receptor actxvzty profile, even thhxn a specmflc
subreceptor group such as 5- HTIA is unpredlctable and
may result in different pharmacological profilés. For



(iii) Block 8-OH DPAT induced tenperature (antagonist) In ea'hﬁLeguiﬁiNYSHEta

thirty rats, weighing approx 250 g, housed in 6 cages of 5 raftis,y—are Used.
The rats have free access to food and water. Before the start jof t@ t$@pg@2§
t hey are-nunbered and | eft undisturbed.for at |east 1 hour. Bgfdre §he» X4
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adm ni stration of the conpound, the bodyg enmperature of each rat

measured using a YSI 2100 tel e-thernoneter. The thernoneter pr
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drug is then adm hi s{éred either subcutaneously or, orally ,In.each
experiment iR chemical“structire may act as @9?“‘§§ﬁiepetgﬁdslﬁﬁbkes of

drug are testgdtofBeepBbr GATEL S E5é VES ltsde doRpoumds. maheaot das af
treatnent is .
agonist and the other acts as antagonist on the 5-HTy,
postsynaptic receptor. A compound which acts as an
antagonist at both pre- and postsynaptic 5-HTyp
receptors is by definition 'an antagonist. Each of these
compounds would have a different pharmacological
_profile and be useful in the treatment of different
medical conditions. The differences in receptor
activity profiles and resulting pharmacological
profiles is set out for the tested compounds in thes:
~analysis of the data below.

.. (1) 5~ET4, receptor binding assay

In order to evaluate the affinity for the 5-HT{p-
receptor the assay described below using rat brain-were
used and the K;-value were measured as shown in

table 1.

Tissue preparation: Cerebral cortex and hippocampus .
from Sprague-Dawley rats were dissected and homogenized
in 15 ml ice-cold 50 mM Tris-HCl buffer, pH 7.5,
containing 4.0 mM CaCl, and 5.7 mM ascorbic acid
(*Buffer A*) with an Ultra-Turrax (Janke & Kunkel,
Staufen, FRG) for ten sec. After centrifugation for
12.5 min at 17,000 rpm (39,800 x g in a Beckman
centrifuge with a chilled JFA-17 rotor (Beckman, Palo
Alto, CA, USA)), the pellets were resuspended in buffer
A and homogenization and centrifugation repeated. Each
pellet was.suspended in 5 ml ice-cold 0.32 M sucrose
and homogenized for 5 sec. The homogenized samples were
kept frozen at -70°C. When used, they were diluted with
buffer A to 8 mg tissue/ml and homogenized for 10 sec.
The tissue homogenates were incubated for then min at
37°C and then supplied with 10 pm pargyline followed by
reincubation for 10 min.
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to 8 nM), the desired concentration of test

(competitor) compound and 5 mg/ml tissue homogenate in
50 mM Tris-CHl buffer, pH 7.5, containing 4.0 mM CaCl,
and 5.7 mM ascorbic acid. Six different concentrations
of 3H-8-OH-DPAT were analyzed. Binding experiments were

started by the addition of tissue homogenate and
followed by incubation at 37°C for then min. The

incubation mixtures were filtered through Whatman GF/B

glass filters with & Brandel Cell Harvester

{Gaithexrsburg, MD, USA). The filters were washed twice
with S ml jice-cold 50 mM Tris-HCl buffer, pH 7.5, and
counted with 5 ml Ultima Gold™ (Packard) in a Beckman
LS 3801 scintillation counter. Nonspecific binding was
measured by the addition of 10 pM 5-HT to the reaction
mixture. The binding data was processed by non-linear

least squares computer analysis (Munson and Rodbard,
Anal. Biochem. 107, 220-239, {1980)).

Data are presented as Kj values (nM) which are

calculated from the ICgg value with corrections made
for the concentration of the ligand and its affinity

constant Kp. The ICgq value is the concentration of

competitor/inhibitor molecule which is sufficient to

bind and effectively block one-half the receptor

molecules. Each K; value for a given test compound was
obatined by performing the binding assay in duplicate

at 10 different concentrations.

i cance of
p<0.02. An imm&amheﬁqéafEbhéhiai?abESSeptﬁa}lVetbb$a¢$ﬁ§Ylﬂﬁﬂﬁﬁﬁﬁﬁ ating the
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Table 1

Examples Kj-value (nM)
1 1.76
2 5.45
3 ~1.07
4 < 0.3
5 1.17
6 1.75
7 1.5
8 2.53
9 1.52

Cld Xsi9IRe

Table 1 shows that the claimed exemplified compounds

have high binding affinity to the 5-HT;p-receptors.
{1i) Blockade of 5-HT synthesis

The rate of synthesis of S-hydroxytryptamine (5-HT:
serotonin) and dopamine/noradrenaline (DA/NA) is

measured as the accumulation of S-hydroxytryptophan

(5-HTP) and ({DOPA) 3,4-dihydroxyphenylalanine, (5-HTP)
respectively during 30 min after inhibition of aromatic
L-amino acid decarboxylase by m-hydroxbenzylhydrazine
2HCY (100 mg/kg i.p.); purchased from Sigma. The test

substance is administrated 30 min before

m-hydroxbenzylhydrazine 2HCl. The regions of the brain
to be examined are rapidly dissected, frozen on dry ice

and stored at -70°C until assayed.

DOPA, S5-HTP and their metabolites are extracted from

brain tissue with perchloric acid, containing an

internal standard {Isoprenalin), The supernatant from

brain homogenate is injected into a liquid

chromatographic system comprising a precolumn and an
analytical column. The catechol- and indolamines are

detected by coulometric oxidation.




53 effect inrelation to the mninmal effective dose as requiped-to-ohrd
a significant effect after oral admnistration. The ratio inc{i d’&?bﬁcm §HEET

the clained exanplified conpounds is effective antagonists at
postsynaptic 5-
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induced decrease in 5-HT synthesis rate {administered
to rats subcutaneously (SC)/orally (PO). .

Table 2

Examples SC/PO (ma/kqgl
1 ' 3/~
2 3/-
3 1/3
4 1/10
5 1/10
6 1/10
7 3/-
8 - .
9 1/10

Table 2 shows the minimal effective dose after
subcutaneous administration for obtaining a significant
effect in relation to the minimal effective dose as
required to cobtain a significant effect after oral:
administration. The ratio indicates that the claimed
exemplified compounds are effective antagonists at the
presynaptic S-HTlA;réceptors also after oral
administration.

(11i) Block 8-OH-DPAT induced temperature (antagonist)

In each test, thirty rats, weighing approx 250 g,
housed in 6 cages of 5 rats, are used. The rats have
free access to food and water. Before the start of
testing, they are numbered and left undisturbed for‘at
least 1 houxr. Before the administration of the
compound, the body temperature of each rat is measured
using.a YSI 2100 tele-thermometer. The thermometer
probe is inserted 10 cm into the rectum and left in
pace for thirty seconds. The drug is then administered
either subcutaneously or orally. In each experiment
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wher ei n Rl err] is n-propyl or cyclobutyl; Rlerr] is is¢prop

tertiary butyl, cyclobutyl, cycl opentyl or cycl ohexyl ;

i s hydrogen; R err] is hydrogen or rretsgyl; Oﬁ%fﬁ %96

vehicle and 4 doses of drug are tested. One rat lin each
cage receives éach treatment. the order of treatment is
rotated since disturbance to the cage increases the
activity of the rats, and thereby their body . .
temperature. Thirth minutes after drug administration
the rats’ body temperature are measured again. The
procedure is repeated 60, 90 and 120 minutes after drug
administration. The resultant data on body temperature
is subjected to analysis of variance. A significant
group by time interaction is taken as an indication of
drug effect. To obtain the minimum effective dose, the
mean temperature for each of the drug t:ggted groups
are compared with that of the vehicle group at each
time point, using Dunnett’s t-test with a level of

. significance of p<0.02. An indication of
bioavailability may be obtained by calculating the
ratio between the minimum effective doses following
oral and subcutaneous administration.

Antagonist at postsynaptic SLHTIA receptors
Minimal effective dose (MED) for blockade of 8-OH-DPAT

induced temperature decrease (administered to rats
subcutaneously (SC))/orally (PO}.

Table 3
Examples SC/PO (ma/kq)

1 173

2 1710

3 0,01/1
4 0,03/1
5 -

6 0,03/3
7 0,1/1
8 -

9 -

Table 3 shows the minimal effective dose after
subcutaneous administration for obtaining a significant




as (R -epantiomer in the formof free base or pharmaceutical ly

acceptabl e salts thereof. 2. A conpound according to claim1l wherein
Rlerr] is hydr ogen. 3. A conpound

(R -3-(Ntert-butyl-N n-propyl am no) - 5-

car banoyl - 8-f | uor o- 3, 4- di hydr o- 2H 1- benzopyran in the formof free base
or pharnmaceutically acceptable salts t her eof . 4. The conpound
according to claim3 in the form of fre® base. 5. A conpound

R) - 5- car banmoyl - .3- (NN, . . '
gilyclobutylaﬁfﬁ%f&§-FPuﬁPéggfﬁngﬁyHPS-?FPimBén§6§??5hve dPFe(A2 form of
free base or phaguweced: toabbyadncepsabhéficanel egfeéderapter oral

administration. The ratio indicates that the claimed

~examplified compounds is effective anta&onists at the
postsynaptic 5-HT) p-receptors aléo after oral
administration.

The conclusion. from the data in the tables above shows
that the claimed compounds are 5-HT;p-receptor
antagonists, since they show affinity to the 5-HTy,
receptors and act as antagonists on both the presynaptic
and the postsynaptic 5-HTy, reéébtors. Fugthermore, the
desired effect obtained after subcutaneous as well as
after oral administration, strongly supporting a godd
bioavailability.- ‘
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6. The c¢
7. A conp

oclaim4 in the form of free base.
Sﬂﬂﬂl I Iy 2R Cyelobuty N

propyl am no) -
or pharmaceutically acceptable salts thereof. 8. The compo
toclaim7 in the formof free base. 954A conpound

(R)-5-carbanm
I sopropyl am n

& f lLuoro- 8, 4~ di hydro 2H 1- benzopyran in the for TPy eﬁqt\haSEEET

Y, N-cycl obut yI -
(#l§}$§uoro 3, 4- dlhydro 2H—1 benzopyran in

1. A compound of the general formula

F
Sk
?.-_—_O . Rz
N
R R (H
wheréiq e

Ry is n-propyl or cyclobutyl;

R, is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclohexyl;

Ry is hydrogen;

R4 is hydrogen or methyl;

as (R)-enantiomer in the form of free base or
pharmaceutically acceptable salts thereof.

2. A compound according to claim 1 wherein Ry is
hydrogen.

3. A compound (R)-3-(N-tert-butyl-N-n-propylamino)-5-

carbamoyl-8-fluoro-3,4-dihydro-2H-1-benzopyran in the

form of free base or pharmaceutically acceptable salts
thereof.

4. The compound according to claim 3 in the form of
free base.

5. A compound (R)-5-carbamoyl-3-{N,N-
dicyclobutylamino)-8—f1ﬁoro—3,4~dihydro-2H-l—benzopyran
in the form of free base or pharmaceutically acceptable
salts thereof.

6. The compound acbording to claim 4 in the form of
free dbase.



the formof freetbaseor—pharraceutically acceptable salts

(Trl%a gogfgggosfcmmwmuﬂummﬁ# R_the formof free base.

propyl ami no) - 8-f | tior'o- 3, 4Mdi Rydt 0- 2H 1- benzopyran in the fd
or pharnaceutically acceptable salts theregfs 12. The cor
to claim1l in the formof free base. 13. A conpound

" RERSRE N e

r db ST Mise
(pdund accor di ng

L=N-n-~

(R) - 5- car banoyl - 32(N&axmm@padtyR}#5~carbamoyl -3-{N-cyclobut

cycl obut yl am no) - n%,48dkg¥g£9_fts t#ﬁyygyzéha@ HQn;%gygéHwynpf free

base or pharmaceu accept abl e sa

oun

according to cl ai 23'59’-?#“ lq#efFQFnbMech’éepmceUtlcally acceptab e

salts thereof,

8. The compound according to claim 7 in the
free base.

form of

8. A compound (R)-5-carbamoyl-3-{(N-cyclobutyl-N-
isopropylamino)-8-~£fluoro-3,4-dihydro-2H-1l-benzopyran in
the form of free base or pharmaceutically acceptable

salts "thereof.

10. The compound according -to claim 9 in the form of

free base.

11. a éompound {R) -5-carbamoyl-3- (N~cyclopentyl-N-n-
propylamino}-8-fluoro-3, 4~-dihydro-2H-1-benzopyran in
the form of free base or pharmaceutically acceptable

salts thereof.

12. The compound according to claim 11 in the form of

free base.

13. A compound (R)-5-carbamoyl-3-{N-cyclopentyl-N-
cyclobutylamino) -8-£luoro-3,4~-dihydro-2H-1-benzopyran
in the form of free base or pharmaceutically acceptable

salts thereof.

14. The.compound according to claim 13 in the form of

free base.

15. A pharmaceutical composition containing

as active

ingredient the compound of any of claims 1-14 in

association with a diluent, exc1p1ent or an
carrier,

inert

16. A compound as defined in any of claims 1- 14 for use

in therapy.




in therapy.

15. A pharnaceutlcal conp05| n.cont ai ni-REg-as—¢ I e h@ '
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17. A compound as defined in any of claims 1-14 for use

as a S--H'I‘lA antagonist.

18. A compound as defined in any of claims 1-14 for
use in the treatment of disorders in the central
nervous system especially 5-hydroxytryptamine mediated
disorders.

19. A compound as defined in claim 18 for use in the
treatment of depression, anxiety, anorexia, bulimia,
senile dementia, migraine, obsessive-compulsive
disorder, stroke, Alzheimer’s disegse, hypertension,
gastrointestinal disodrders, therﬁoregulatory and sexual
disturbances,.- pain or disturbances in the cardio-
vascular system.

20. Use of a compound defined in any of claims 1-14 for
the manufacture of a medicament for treatment of
disorders in the central nervous system, especially
S-hydroxytryptamine mediated disoxders.

21. Use according to claim 20 for the manufacture of a
medicament for treatment of depression, anxiety,
anorexia, bulmia, senile dementia, migraine,
obsessive-compulsive disorder, stroke, Alzheimer’s
disease, hypertension, gastrointestinal disorders,
thermoregulatory and sexual disturbances, pain or
disturbances in the cardiovascular system.

22. A method for treatment of disorders in the central
nervous system, especially S-hydroxytryptamine mediated
disorders by administering to mammals and man a
compound defined in any of claims 1-14.

23. A method according to claim 22 for treatment of
depression, anxiety, anorexia, bulimia, senile
dementia, migraine, obsessive-compulsive disorder,
stroke, Alzheimer'’s disease, hypertension,
gastrointestinal disorders, termoregulator and sexual

60




18. A compound as defined in any of clai nmspt=—44—for—tse-t1th
di sorders in the TdsShesHayReenRsplacedyst em esp%éasﬁﬁﬁ}mﬁlatg‘k
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wherein Y is a leaving group such as 0SO,CF4, halide by
catalytic cycle using a zerovalent transition metal
‘such as Pd or Ni and treatment with carbon monoxide
followed by amination,

ii, converting the compound of formula IV to a
compound V

F F

) Z (V)

. P
by catalytic cycle using a zerovalent transition metal

such as Pd or Ni and treatment with carbon monoxide .
followed by amination of the compound of formula V,

wherein Z is Cl, Br, OH or ORp where R_ is C,-Cg alkyl,

to give the compound of formula I, whereupon if desired

is converted to a salt.
TR O A O
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25. A process according to claim 24 wherein the

amination is prepared by using ammonia or methylamine,
ethylamine or isopropylamine.

B o
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Novel (R) -5-Carbamoyl-8-fluoro-3-N, N-disubstituted-
amino-3, 4-dihydro-2H-1-benzopyrans

Abstract

Compounds'of the general formula

(N

wherein

Rq is n-propyl or cyclobutyl;

R, is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclohexyl;

Ry is hydrogen;

Ry is hydrogen or methyl;

as (R)-enantiomer in the form of free base or
pharmaceutically acceptable salts thereof; process for
their preparation, pharmaceutical composition, use of
and method of treatment of disorders in CNS.
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converted to a

am nation is prepared by using ammoni a
i sopropyl am ne.

e AN S

salt. 23 A process accgédlnght? cl aig
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17. A compound as defined in any of claims 1-14 for use
as a S--HTlA antagonist,

18. A compound as defined in any of claims 1-14 for
use in the treatment of disdiders in the central

- nervous system especially Shhydroxytryptamlne mediated

disorders.

o

‘
A

19. A compound as definéd.in claim 18 for use in the
treatment of depression, anxiety, anorexia, bulimia,
senile dementia, migraine, obsessive-compulsive
disorder, stroke, Alzheimer’s digsegse, hypertension,
gastrointestinal disorders, therﬁbregulatory and sexual
disturbances,- pain or disturbances in the cardio-
vascular system.

20. Use of a compound defined in any of claims 1-14 for
the manufacture of a medicament for treatment of
disorders in the central nervous system, especially
5-hydroxytryptamine mediated disorders.

21. Use according to claim 20 for the manufacture of a
medicament for treatment of depression, anxiety,
anorexia, bulmia, senile dementia, migraine,
obsessive-compulsive disorder, stroke, Alzheimer’s
disease, hypertension, gastrointestinal disorders,
thermoregulatory and sexual disturbances, pain or
disturbances in the cardiovascular system.

22.  process for the preparation of the compound as
defined in claim 1-14, by
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i, converting directly the compound of formula IV

F

Yy R, (W)

wherein Y is a leaving group such as 0S04CF4, halide by
catalytic cycle using a zerovalent transition metal
such as Pd or Ni and treatment with carbon monoxide
followed by amination,

ii, converting the compound of formula IV to a
compound V

F F
N/R1 N/R1
N \N
Y R, £=0 R,
(V) Z (V)

wherein Z is Cl, Br, OH or ORp where Rp is Cl-—c6 alkyl,
by catalytic cycle using a zerovalent transition metal
such as Pd or Ni and treatment with carbon monoxide

followed by amination of the compound of formula v,

to give the compound of formula I, whereupon if desired
is converted to a salt.

23, A process according to claim 24 wherein the

amination is prepared by using ammonia or methylamine,
ethylamine or isopropylamine.
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Novel (R) -5-Carbamoyl-8-fluoro~3-N, N-disubstituted-
amino-3, 4-dihydro-2H-1-benzopyrans

Abstract

Compounds of the general formula

F
i O'
Ry
§=0 .
ol R - (0

wherein

R; is n-propyl or cyclobutyl;

Ry is isopropyl, tertiary butyl, cyclobutyl,
cyclopentyl or cyclohexyl;

Ry is hydrogen;

R, is hydrogen or methyl;

as (R)-enantiomer in the form of free base or
pharmaceutically acceptable salts thereof, process for
their preparation, pharmaceutical composition, use of
and method of treatment of disorders in CNS.



