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1): [err] (where Rerr] is an adamantyl; ~Aroup; . R[err]‘|§ a oLy
n atom a |ower alkyl group, a |ower alkény group. or 1) aralkx\”
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F i tuents selected fromanong a_lo & | g¥éup,’a’ Iomef alpoxy GF sug
,*Iogen atom an am no group, a B@ﬁﬁgiﬁf—éﬁouﬁ and_a | ower-ial kyl-carbonyt: -
Foup; n is an integer of 1 BENXODTDRANBVRERDEAPDUE®xane derivatives of the

oI esent |n%e '0% arelggﬁﬁgl as pharmaceuticals that exhibit pronounced

& antidepres Xi ety effects. Background Art: Reflecting the ever
" increasing conpl edintig dhivention relates to novel benzodioxane

5 derivatives represented by the general formula (I): {
0 Rz
| !
Ry —C~—N—{CH; ) —N—CHz2—R3 (1)
H n

-
v

(where R, is an adamantyl group; Rz is a h$¥drogen atom,
a lower alkyl group, a lower alkenyl group or an aralkyl
group; Rs is a 1,4-benzodioxane ring that may optionally

10 have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, a halogen atom, an amino group,
a hydroxyl group and a lower alkylcarbonyl group; n is an
integer of 1 - 4). The novel benzodioxane derivatives of
the present invention are useful as pharmaceuticals that

15 exhibit pronounced antidepression and antianxiety effects.
Background Art:

Reflecting the ever increasing complexity of
modern society, a growing number of patients suffer from
psychosomatic diseases that can effectively be treated with

20 antianxiety drugs. Further, a fairly high percentage of
these patients alsoc suffer from depression which manifests
itself various in the form of physical symptoms. In many
of those cases, antianxiety drugs alone are incapable of
alleviating such symptoms. Thus, in order to ensure that

25 a patient's symptoms are alleviated while allowing them
to live an ordinary social life, the development of a drug
is desired that is free.from the side effects of existing
antianxiety agents, such as sleepinesss and dizziness and
which:yet.ﬁeve an antidepressant action. '

30 o *Qeﬂzodiazepine based drugs have heretofore been
useqf&idely as antianxiety drugs. However, side effects
such-as sleepiness and dizziness occur unavgigebly in drugs
of this group. Several drugs have been reported to exhlbit
an antfidepressant action but their efficacy is weak.
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to exhibit, aq 39LL98R5ESSERE SL1Lofabll 1EPLon S bLFaRYnd EndEoly,
1989; 22 (Suppl. 1): 13 - 20). Among the reported
serotonin based drugs, Buspirone is already sold on the
market as an antianxiety drug that causes legsen,side
10 effects but, at the same time, it is known‘to have an
antidepressant action (Robinson et al., Psychopathology,
1989; 22 (Suppl. 1): 27 - 38). Further, Ipsapirone
(Glaser, Drugs of the Future, 13 (5) 429 (1988) and Gepirone
(Jenkins et al., J. Clin. Pharmacol., 1990; 10 (3, Suppl.):
15 775 - 855) have also been reported as serotonin-based drugs
that have both antianxiety and antidepressant effects.
Japanese Patent Public Disclosure No. Hei 2-15059

teaches that compounds represented by the general formula
(1I):

0 R,
| N\
R,(CHz) C—N—(CHz) —N  N—Ry (II)

20 [where Ra is l-adamantyl, 3-methyl-l-adamantyl, 3-
noradamantyl, unsubstituted or substituted 2-indolyl, 3-
indolyl, 2-benzofuranyl or 3-benzofuranyl (a substituent,
if any, is selected from among a lower alkyl, a lower
alkoxy and a halogen): Rb is an unsubstituted or substituted

25 phenyl, benzyl, pyridinyl, pyrimidinyl or pyrazinyl (a
substituent, if any, is selected from among a lower alkyl,
a lower alkoxy, trifluoromethyl or a halogen); RC is
hydrogen or a lower alkyl having 1 - 3 carbon atoms; p
is an integer of 0 or 1; and q is an integer of 2 - 5]

30 are useful as anxiety dispelling antidepressants.

All of these recently developed compounds are
known to be antagonists for the serotonln 1A receptor.
Drugs acting on thils receptor are anticlpated to work
as antianxlety agents that are free from the side-effects



based antianxi ety drugs have recently been devel oped as

s to the benzodi azepi ne based drugs. It has been reported that
#ofoni n based drugs are generally superior to the benzodi azepi ne
'ugs in that the side effects they cause, such as sleepiness and
are alleviated (Eison Psyc 6patho|ogy, 1989; 22 (Suppl. 1): 13
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;KCJaser Engs of the Future, and Cepirone I ns et
al ., J. SEr PRIt ecepdar: in0 ths, csa&;ﬂal) neyygus 8g§)teﬁa§€uépéékneen
r epor t e aSetsearp.tprNerm’f@ﬂﬂin@rdéﬂS., 1986, 25, 1307 - 1313; Davies et
al., Soc. Neurosci. Abstr., 1987, 13, 801). Furthermore,
two important facts have recently been reported: an
antagonist against the serotonin 2 receptor exhibited
an antianxiety action in an animal experiment (Sfutzmann
10 et al., Neuroscience Letters, 1991; 128, 4'--8); and
continuous administration of ipsapirone caused a decrease
in the intracerebral serotonin 2 receptor (Schechter et al.,
J. Pharmacol. Exptl. Ther., 1990; 225, 1335 - 1347). These
facts suggest that in order to enhance the antianxiety and
15 antidepressant actions of the antagonist for the serotonin

1A receptor, one may block the serotonin 2 receptor at the
same time.

Disclosure of the Invention:

The serotonin based antianxiety agents available

20 today have various problems; for instance, Buspirone,
Ipsapirone and Gepirone have only weak antidepressant
and antianxiety effects and, further, these agents cause
either lower ultromotivity (probably due to the dopamine
antagonistic action) or serotonin syndrome (probably due

25 to their nature as full agonists for the serotonin 1A
receptor). Compared to Buspirone, the compounds represented
by the general formula (I1) exhibit stronger antidepressant
and antianxiety effects but there still is room for
improvement in their .practical potency.

30 The present inventors conducted intensive studies
in order to develop drugs that were free from the afore-
mentioned problems of the prior art and which exhibited
excellent antidepressant and antianxlety actions in
combination and which yet caused less side effects. As

35 a result, the inventors discovered compounds represented
by the general formula (I) and this discovery has eventually
led to the accomplishment of the present invention.
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g Ooth antianxi ety and anti depressant effects. Japanese Patent

POYScl osure No. 'Hei 2- 15059 teaches that conmpounds represented by the
formula (11): [err] [where R err] is 1l-adamantyl,

| -1-adamantyl, 3- noradamantyl,_pnsubstituted or substituted

, 3- indolyl, 2-benzofuranyl or 3-benzofuranyl (a substituent, if

i's selected frmmcﬂ@oeafg nh @Y6h 8kkyhe éodngwﬁd@l spximanst &bl ogen):
i s an unsubstituted or stituted phen enzyl, pyri

fyri i di nyl R%Vﬁ§fﬂ§ﬁin?he(ae§ﬂbstpﬂaén§lKY¥ Eﬁ?UPlsm§%$%c¥QmP£%¥ﬁn among a

Flower alkyl ,g:@dpomrvmlgkqu strbirleF@PQH‘Ei’hlﬂ -08 @ahBbROLHImS RCass hydrogen
or a | ower car bon a is.an.inte { 1; and

al k
qis an int &H ed” @? EﬁéhﬁéefﬁFh§i aHXPngyﬁrsbe?F? Euﬂ|Qﬁﬁ%%ssants.
Al | ofSthesa:mﬂnnnllﬁ-dawenopﬁd cobnosthds The kaomn“lowbe albkexpni sts for

the SerOton'@oup"rﬁx%%EO%n alkoxy group having 1 - 6 carbon atoms,
as exemplified by methoxy, ethoxy, n-propoxy, 1-propoxy,
n-butoxy,., i-butoxy, s-butoxy and t-butoxy. The term
"halogen atom” means chlorine, bromine, flugring and

10 iodine, with chlorine being preferred. = '

The term "lower alkenyl group" means an alkenyl
group having 2 - 6 carbon atoms, as‘exemplified by vinyl,
allyl, 1-propenyl and i-propenyl.

The term "aralkyl group"” covers benzyl, benzhydryl,

15 phenethyl, trityl, etc.

The term "lower alkylcarbonyl group” means an
alkylcarbonyl group having 2 - 7 carbon atoms including
the carbon atoms in the carbonyl moiety, as exemplified
by acetyl, propionyl, butyryl, i-butyryl and pivaloyl.

The compounds represented by the general formula (I)
can be produced in various ways, typically, according to
the reaction schemes set forth below.

Reaction scheme 1

e S irto

20

BroaN 2
NH NH, - @
R s SSagtey

NaHCOJ/xylene
1) Boc,0/ R
c;0/ CH,Cl, 1@’\@ !/ EGN / CH,Cl,
OO N
2) NH NH, / | n@ Boc B
) NH NH, / ElOH .0 ¢ 2) CFyCOzH - H,0
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General method of synthesis 1 (Reaction scheme 1)
2-Hydroxymethylbenzcdioxane derivative (compound 1)

is reacted with thionyl chloride in pyridine at 100°C for
1 - 4 h to give 2-chloromethyl-1,4-benzodioxane derivative

5 (compound 2). The derivative is'refluxed with phthalimide
potassium salt under heating in N,N-dimethylformamide for
5 - 14 h to give compound 3. Thereafter, compound 3 is
reacted with hydrazine hydrate either by standing at room
temperature or by refluxing under heating for 1 - 14 h

10 using an alcoholic solvent such as methanol, ethanol or
isopropancl, preferably in methanol, thereby giving 2-
aminomethylbenzoxane derivative (compound 4). The
derivative is refluxed with N-bromoethyl phthalimide
under heating in an inert solvent such as benzene, toluene

15 or xylene, preferably in xylene, uslng a base such as sodium
hydrogencarbonate, potassium carbonate or triethylamine,
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|nventor st ve stud
the secondary amine is t-butylcarbonylated. Subsequently,

hydrazine hydrate is added to the reaction system containing

an alcoholic solvent such as methancl, ethanol or

isopropancl, preferably ethanol, and the mixture is left

to stand at room temperature or refluxed dnder heating for

1 - 14 h, thereby giving a primary amine form (compound 8).

The amine form is reacted with l-adamantanecarbonyl chloride

in a solvent such as methylene chloride or chloroform,

preferably in methylene chloride, in the presence of

triethylamine, overnight at room temperature. Thereafter,

the reaction mixture is stirred in trifluoroacetic acid

for 0.5 - 1 h at room temperature, thereby yielding the

end compound 7.

General method of synthesis 2 (Reaction scheme 2)
2-Hydroxymethyl-1l,4-benzodioxane derivative

(compound 1) is reacted with p-toluenesulfoﬁyl chloride

overnight at room temperature in an inert solvent such

as methylene chloride or chloroform, preferably in

methylene chloride, in the presence of a base such as
triethylamine or N,N-diisopropylethylamine, preferably

using triethylamine, thereby giving compound 8. 1In

a separate step, N-benzylethylenediamine is reacted with
l-adamantanecarbonyl chloride at room temperature for

1 - 2 days in a solvent such as methylene chloride or
chloroform, preferably in methylene chloride, in the
presence of triethylamine, thereby giving compound 9.
Compounds 8 and 9 are reacted at reflux temperature

for 2 - 5 days using a base such as triethylamine, N,N-
diisopropylethylamine, sodium hydrogencarbonate or potassium
carbonate, preferably in the presence of triethylamine, in a
solvent such as S5-methyl-2-hexanone, N,N-dimethylformamide,
dimethyl sulfoxide, Xylene or toluene, preferably in 5-
methyl-2-hexanone, thereby giving compound 10. Compound 10
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exenpl i fi ed¢omtaimingxL0%echory, HA1lpr dbpoxhe presepogyef a Pd-C or Pd

S hydroxide-C catalyst, preferably in the presence of Pd
hydroxide-C, thereby yielding the end compound 7.

The starting compound 1 may be prepared by a
documented method (Augstein et al., J. Med. Chem., 1965
(8) 446) or by the following method of synthesis-(Reaction

10 scheme 3). :

Monobenzyl catechol derivative (compound 11) is
reacted with epichlorohydrin or glycidyl tosylate in
an organic solvent such as N,N-dimethylformamide, methylene
chloride or chloroform, preferably in N,N-dimethylformamide,

15 in the presence of a base such as sodium hydride, sodium
hydroxide or potassium hydroxide, preferably in the presence
of sodium hydride, either at 100°C for 1 h or at room
temperature for 4 - 6 h, thereby giving compound 12.
Compound 12 is hydrogenated catalytically in an organic

20 solvent such as methanol, ethanol or ethyl acetate,
preferably methanol, in the presence of Pd-C, at room
temperature for 1 - 3 h, thereby removing benzyl. Further
reaction is performed in an organic solvent such as N,N-
dimethylformamide, methylene chloride or chloroform,

25 preferably in N,N-dimethylformamide or chloroform, in the
presence of a base such as sodium hydride, sodium hydroxide,
potassium hydroxide or N,N-diisopropylethylamine, preferably
in the presence of sodium hydride or N,N-
diisopropylethylamine at a temperature in the range from

30 room temperature to 100°C for a period ranging from 1 to
12 h, thereby yielding the desired compound 1.

The compounds of the present invention which are
represented by the general formula (I) are such that the
carbon atom in the position of substitution on the 1,4-

35 benzodioxane ring is asymmetric carbon: hence, the compounds
may be avallable as optical isomers. If a substituent ls
present on the benzene ring of the 1,4-benzodloxane ring,
the compounds are avallable as regio isomers. Such optlical
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ger al kenyl group" neans an al kenyl group having 2 - 6 carbon
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gForpounds T epr esentied Synddie EENAT Alnd YR for10Q 1T Glyegd i n various
ways, typically, according to the reaction schenes set forth bel ow
Reacti on sc%éﬁepﬁgq%ﬁ?q in the manner described above may be in

5 the form of pharmaceutically acceptable salts. Such
salts can be prepared by reaction with suitable organic
or inorganic acids and non-limiting examples are acid
addition salts including hydrochloride, hydrobromide,
sulfate, hydrogensulfate, phosphate, acetate, citrate,

10 fumarate, gluconate, lactate, maleate and’succinate.

The compounds of the general formula (I) which
are prepared in the manner described above are such that,
taken as a whole, they are comparable or superior to the
existing antianxiety agents in each of the antidepressant

15 and antianxiety effects; furthermore, those compounds cause
less of the side effects which have occurred unavoidably
in the administration of the existing antianxiety agents;
therefore, the compounds of the present invention are
expected to exhibit outstanding effects in the prevention

20 and treatment of various diseases such as neurosis,
psychosomatic diseases, autonomic imbalance and depression.

The compounds represented by the general formula (I)
may be mixed with suitable additives such as excipients,
auxiliaries, lubricants, antiliseptics, stabilizers,

25 humectants, emulsifiers, colorants, flavors and fragrances
to formulate suitable preparations such as tablets, coated
tablets, granules, subtilized granules, powders, capsules,
syrups, elixirs, drops, solutions, suspensions and
emulsions; these dosage forms may be administered either

30 perorally or parenterally.

When the compounds of the general formula (I) are to
be administered to humans, the dose of administration ranges
typically from 1 to 30 mg, preferably from 5 to 10 mg. per
day per adult.

35 Examples

The following examples are provided for the purpose

of further 1illustrating the present inventlon but are in
no way to be taken as limlting. S
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schenme 2 [err] Reaction schene 3 [err] Ceneral nethod of

1 (Reaction schenme 1) 2-Hydroxynethyl benzodi oxane derivative

. 1) is reacted with thionyl chloride in pyridine at 100[err]C for
> § to give 2-chloronethyl -1. 4-bengadi oxane derivative (conpound 2).
Frivative is refluxed with phthalim de potassiumsalt under heating in

met hy|§ﬁ§%§dﬁ f of &El:c'or:h%nr&etQiQhVQh%O[@Q'é@Ql?’me-EHSBeéf’ter1 conpound
reacted w razi ne € € y Standi ng at room tenperature
by refldﬂﬁﬁgﬂﬂhﬂgﬁgheatlng for 1 - 14 h usi ng an al coholic solvent such
met hanol , et hargdd Nim I1HARTIFRANGN0.. 20kef;erallsy mwe 1Tesbaneh, ot herely giving
washed with benzene, followed by addition of anhydrous N,N-
5 dimethylformamide (5 ml). To the resulting suspension, 2-
benzyloxy-3-methylphenol (457.3 mg, 2.137 mmol) dissolved
in anhydrous N,N-dimethylformamide (5 ml) was added dropwise
under a nitrogen atmosphere. To the resulting solution,
glycidyl tosylate (506.2 mg, 2.220 mmol) dissolved in
10 anhydrous N,N-dimethylformamide (5 ml) was~a&ded and the
mixture was stirred for 4 h at room temperature. After
the end of the reaction, ether (200 ml) was added to
the solution and the reaction mixture was washed with
a saturated aqueous solution of sodium chloride, followed
iS by drying with anhydrous sodium sulfate and concentration
under vacuum, thereby yielding a crude product as a
pale brown oil (819.4 mg). The crude product was
purified by column chromatography on silica gel using
n-hexane/ethylacetate_(6:1) as a mobile phase, thereby
20 yielding 3-(2,3-epoxypfppyl)-2—benzyloxytoluene (464.4 mg).

1H-NMR (80MHz,CDClz): 67.5-7.0(m,5H), 6.8-6.5(m,2H),
4.90(s,3H), 4.2-3.6(m,2H), 3.3~
3.0(m,1H), 2.8-2.5(m,2H), 2.10(s,3H)

The thus prepared epoxy compound (443.0 mg, 1.641
mmol) was dissolved in methanol (20 ml). To the resulting
solution, 5% Pd-C (45.3 mg) was added and the mixture was
subjected to catalytic hydrogenation at room temperature.

25 After the end of the reaction, P4d-C was filtered off and
the filtrate was concentrated under vacuum to give a crude
product as a colorless crystal (323.9 mg). The crude
product was purified by column chrométography on silica
gel using n-hexane/ethyl acetate (6:1) as a mobile phase,
thereby yielding 2—(2.3—epoxyprop§l)-G—methylphenol as

a colorless prism (233.8 mg). _—

30
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>nzoxane derivative (conmpound 4). The derivative is refluxed
groet hyl phthal i m de under heating in an inert solvent such as
p=# ol uene or xylene, preferably in xylene, using a base such as
By dr ogencar bonat e, potassi um carponate or triethyl am ne, - 6-
gAbly in the presence of sodiun1hy%ﬁbgencarbonate for 2 - 5 days,

':'.y gi Vi Rg nd. b5 | S. coppo. i eflu | t I -t -dbutyl
offr bonat e ﬁngggnﬁgggﬁﬁch§¥§§Sol hfpgibiﬂgs %@?ﬁng%éﬂ% 16%ﬁ§e or
woroform preferably in methyl eng. thhoZiHe, 3f®r322cm4lh), whereby the

gecondary amne is t-butylcarbonylg;fegn Sgpsesu @fgy3ﬁpydrazine hydrate is
Padded to the reaction system contal ni hg' an al coholic sol vent such as

met hanol , ethanol @hel $REEOPREPHed PE LIS Y168 haNRE, ANthd Rndlixture is
eft S was dissolved in anhydrous N,N-dimethylformamide (5 ml),

followed by the addition of sodium hydride (65.0 mg,

1.625 mmol, 60% in o0il). The resulting solution was

stirred first at room temperature for 10 min, then at

100°C for 1 h, followed by addition of watexr (26 ml) and

10 extraction with ethyl acetate. The ethyl'acetate layer

was washed with a saturated aqueous solution of sodium
chloride, followed by drying with anhydrous sodium sulfate
and concentration under vacuum, thereby yielding a crude
product as a brown oil. The crude product was purified
by column chromatography on silica gel using n-hexane/ethyl
acetate (6:1) as a mobile phase, thereby yielding 2-

hydroxymethyl-8-methyl-1,4-benzodioxane as a colorless
oil (97.2 mg).

15

lH-NMR (80MHz,CDCls): 66.67(s,3H), 4.5-3.7(m,5H), 2.6~
2.2(br,1H), 2.20(s,3H)

The thus prepared benzodioxane derivative (97.2 mg,
0.540 mmol) was dissolved in methylene chloride (5 ml).
To the resulting solution which was stirred at room
temperature, p-toluenesulfonyl chloride (108.5 mg,
0.569 mmol) was added; then, triethylamine (1 ml) was
added, followed by continued stirring at room temperature
25 for 2.5 h. After the end of the reaction, water (10 ml)
was added to the solution and extraction was conducted with
methylene chloride (200 ml). The methylene chloride layer
was washed with water, followed by drying with anhydrous

20

sodium sulfate and concentration under vacuum, thereby
yielding a crude product as a brown o0il. The crude product
was purified by column chromatography on sllica gel using
n-hexane/ethyl acetate (2:1) as a mobile phase, thereby

ylelding 2-tosyloxymethyl-8-methyl-1.,4-benzodioxane
(124.6 mg) .

30
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. ) d
ving a primary amne form (conpound 6). The a am
mant anecar bonyl chloride in a solvent such as meH m Iwﬂﬁ

form preferably in nethylene chloride, in the pr

1 ani ne, overni ght at room t enperdture. Thereafter the reaction
e is stirred_in trifluoroacetic acid for 1 h.at rogQ

5; Erature, therebY ?l%ﬁ%ﬁ?ﬁf?fﬁa?ﬁhd]cdﬁkﬁﬂﬂﬂfaﬂeqé§ﬁéﬁgﬁ1ﬁeFﬁ6 of

#t hesi s 2( (Reast £on6 3 cheamso 2) ﬁhéﬁdﬂgquﬁﬂdUMn-beﬁszQZQdDOXQEQ derivative

gronpound 1} i e 1th toJuene ul f I r|d nlght at room
enperature%lnﬁgé F%%gftgﬁﬁ\ﬁa Eﬁﬁﬂ] f %gyl g rldé of’ chl orof orm

preferably 78. ?reﬂhqlen\easkadﬂédjedropwnm qar@.séﬁme’e@fftarba%esmalxtase

triethysam Qgsoge%m-(g% g&pr:g)gyl et4vd a‘?ﬁ EIET N [o g %I’I et hyl am ne,
t hereby givin I'n a separa e ep benzy ether ediamne is
reacted wi t Bh oride were distilled off under vacuum, thereby yielding

a crude product of l-adamanetancarbonyl chloride. Without
further purification, the crude product was dissolved in
methylene chloride (100 ml) and the resulting soclution

10 was added dropwise to a second soclution at room temperature.
The second solution had both N-benzylethylenediamine
(9.54 g. 63.5 mmol) and triethylamine (7.07 g, 69.9 mmol)
dissolved in methylene chloride (100 ml). The resulting
liquid mixture was stirred at room temperature for 2 days

15 before it was poured into water (300 ml); then, the mixture
was stirred well and methylene chloride layer was separated.
The remaining water layer was subjected to two runs of
extraction with methylene chloride. The two methylene
chloride layers were combined and washed with water twice,

20 followed by drying with anhydrous sodium sulfate and
concentration under vacuum. The resulting crude product
was purified by column chromatography on silica gel using
methylene chloride/methanol/aqueous ammonia (200:25:1)
as a mobile layer, thereby yielding N-{[2-(N-

25 benzyl)amino]Jethyl}tricyclo{3,3,1,13’7 Jdecane-1-carboxyamide
(12.4 g).

'H~-NMR (60MHz,CDClz): ©67.26(s,5H)., 6.66(s,3H), 6.3~
5.9(br,1H), 4.5-3.8{(m,3H),
3.69(s,2H), 3.30(m,2H), 2.9-
2.5(m,4H), 2.18(s,3H), 2.2-1.5(m,16H)

The amide compound (216.9 mg, 0.694 mmol),
the already mentioned 2-tosyloxymethyl-8-methyl-1,4-
benzodioxane (124.6 mg, 0.373 mmol) and triethylamine
30 (70.9 mg, 0.702 mmol) were dissolved in 5-methyl-2-hexanone.
The resulting solution was stirred under heating, first
at 130°C for 42 h., then at 150°C for 9 h. Thereafter,
water (20 ml) was added and the mixture was subjected

to extraction with a methylene chloride/methanol (95:5)
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gel using n-hexane/ethyl acetate (6:1) as a mobile phase,
thereby yielding N-{{2-(8-methyl 1,4-benzodioxan-2-
ylmethyl)benzylamino]ethyl}itricyclo(3,3,1,1% 7 Jdecane-1-
carboxyamide (compound a) in an amount of 56:1 mg .

IH-NMR (60MHz,CDCl3): 67.32(s.5H), 6.71(s,3H), 6.20-
5.90(br,1H), 4.40-3.80(m,3H),
3.72(s,2H), 3.50-3.10(m,2H), 3.00-
2.60(m,4H), 2.21(s,3H), 2.20-
1.60(br,16H)

The compound a (56.1 mg, 0.118 mmol) was dissolved
in methanol. To the resulting solution, conec. HC1l (0.2 ml)
and 20% Pd hydroxide-C (10 mg) were added and catalytic
hydrogenation was performed at room temperature. After
the reaction, Pd was filtered off and the filtrate was
concentrated under vacuum, yielding a crude product
(201.6 mg) as a violet oil. The crude product was purified
by column chromatography on silica gel using methylene
chloride/methanocl/aqueous ammonia (200:25:1) as a mobile
phase, thereby vielding N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3,3,1,1% 7 ]decane-1-
carboxyamide (38.7 mg) as a colorless oil.

'H-NMR (60MHz,CDClz): 66.83(s,3H), 6.5-6.0(br,1H), 4.5-
3.8(m,3H), 3.45(m,2H), 3.05-
2.67(m,4H), 2.20(s,3H), 2.4-
1.4(br,16H)
/

The purified product (556.4 mg) was dissolved in
a mixture of 4N HCl/dioxane solution (4 ml) and methanol
(4 ml) and the resulting mixture was stirred for 5 min,
followed by concentration under vacuum. The residue was
recrystallized from chloroform/ethyl acetate (1:10),
ylelding a hydrochloride salt of the product (421.3 mg.

compound 1) as a colorless prism. m.p. = 129 - 131°C.



0/10% conc. HJ, in the presence of a Pd-C or Pq ?MQ&Qﬁéﬂ%ngmmmm

Et, preferably in the presence of Pd hydroxide-C. t

nd conpound 7. The starting conmpound 1 nay be prepar mﬂgﬂmgﬁm\iﬂﬁt ed
..'od (Augstein et al., J. Med. Chem, .1965 (8) 446) or g
Fiet hod of synthesis (Reactlon schene 3} Monobenzyl catechol derivative

¥ (conpound HHans d eaq! g %\eﬂﬁbgﬁﬂbghhgmhm&' geﬂérgpgg%d} ggy ate in an
| or of or m33RE¥&Sighih) in N, N-di methyl formami de, in the presence of a base

such as sodi um hydsduifer 3@di gmxds@xudeh%rseeemum hygmb@fe@x&&@ferab' y
in the presque of sodlun1hé ride, either at 100[err]C for_1 or at room

t enper at ur € PeBngPVtﬁgléBﬁBBuHBk§251EBnﬁ6&ﬁd(l% ¢,
hydr Ogénateitsaatnaﬂqm)l erdrley alddean tor §aN-aimetuentosmatias (rssba[ap} et hanol

or ethyl aCEtdat Ubjoece‘cfee&’%bl¥'eg%ttg%ploo'velrplitgg% Bngg%n%gfﬂlxl?d , at room
thereafter, N,N-dimethylformamide was distilled off under
vacuum. Water (250 ml) was added. to the residue and the
mixture was stirred well, with the floating §ol;ﬂs being
subsequently recovered by filtration. The solids were
dried, then recrystallized from methanol/methylene chloride,
thereby yielding (1,4-benzodioxan-2-ylmethyl)phthalimide

as a colorless tabular crystal in an amount of 8.43 g.

The thus obtained crystal was dissolved in ethanol (500 ml);
to the solution, hydrazine hydrate (4.3 g) was added,
followed by refluxing under heating for 3 h. The resulting
solids were filtered off and ethanol was distilled off under
vacuum, followed by addition of water (300 ml). Thereafter,
an aqueous solution of 86N scdium hydroxide was added to
adjust pH to 12 and the mixture was subjected to 3 cycles

of extraction with methylene chloride. The methylene
chloride layers were dried with anhydrous sodium sulfate,
and concentrated under vacuum, thereby yielding a crude
product of 2-aminomethyl-1,4-benzodioxane as a colorless

25  0il (crude product, 4.3 g).
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!H-NMR (60MHz,CDClz): 66.80(s,4H), 4.5-3.7(m,3H), 3.1-
3.8(m,2H), 1.70(brs, 2H)

2-Aminomethyl-1,4-benzodioxane (3.33 g, 13.1 mmol)

and N-(2-bromoethyl)phthalimide (4.3 g, 26.2 mmol) were
dissolved in xylene (100 ml); to the resulting solution,
sodium hydrogencarbonate (1.10 g, 13.1 mmol) was added aﬂa

30 the mixture was refluxed under heating for 2 days. After
the reaction, xylene was distilled off under vacuum and
water (200 ml) was added, followed by three extractions
with dichloromethane. The methylene chloride layer was
dried with anhydrous sodium sulfate and concentrated

35 under vacuum to yield a dark brown oill (8.7 g). This
crude product was purified by column chromatography

e et e & s
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present i nusidclioMincl2-3laetdPnosained ehiiylbatpenenaief oLmhagflasare such
that the carq$n ato |n the position of substitution on the 1, 4-

benzodi oxarte synnetric carbon; hence, the conpounds may be
avai |l abl e as optuﬂﬂe|&mmmysﬁjjﬂS@OSumStﬂtﬁemmons peesdnssobveteienzene
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solution having sodium hydrogencarbonate (120 mg, 1.5 mmol)
dissolved in water (10 ml) was added. To the resulting
liquid mixture which was stirred vigorously at room

10 temperature, a solution having di-t-butyl dicarbonate
(320 mg, 1.5 mmol) dissolved in methylene chloride (2 ml)
was added dropwise. The resulting solution was refluxed'
continuously under heating for 2 h: thereafter, the aqueous
layer was separated, dried with anhydrous sodium sulfate
15 and concentrated under vacuum, yielding a brown oil
(920 mg). This product was dissolved in ethanol (10 ml)
and hydrazine hydrate (0.22 ml) was -added, followed by
reflux under heating for 1 h. Ethanol was distilled
off under vacuum and 6N aqueous sodium hydroxide (20 ml)
20 was added, followed by three extractions with methylene
chloride. The methylene chloride layers were combined
and dried with anhydrous sodium sulfate; thereafter,
the solvent was distilled off under vacuum to yield
a crude product (480 mg). This product was purified
25 by column chromatography on silica gel using methylene
chloride/methanol/agqueous ammonia (200:25:1) as a
mobile phase, thereby yielding a pale brown oil (320 ng,
1.04 mmol).
The o0il was dissolved in methylene chloride (10 ml);
30 to the resulting solution which was cooled with ice,
a solution having l-adamantanecarbonyl chloride (210 mg,
1.04 mmol) dissolved in methylene chloride (10 ml) was
added dropwise, followed by addition of triethylamine
(130 mg, 1.25 mmol). The resulting solution was stirred
35 for 2 h at room temperature; thereafter, the solution was
washed once with water, then with 2N HCl and 2N aqueous
sodlum hydroxide, dried with anhydrous sodlum sulfate and
concentrated under vacuum. The resulting colorless ofl was



’somers are al so included within the scope of the present
The conpounds of the general fornula (1) which are prepared in

_-bI e salts. Such salts can be pr %)ared by reaction with suitable
f c or inorganic acids and non- i nh Ing exanples are acid addition

'».'s I ncl rochlo bro e oge J
sphate chegépég glﬁt %‘a@a,g“%‘&n% € ﬂc%tﬁgﬁ&gﬁt ac?%%lpé agcxlrhzg(lt eqﬁal d
gFucci nat e. aTidewegrpouRds mﬂ)thadgelnwrlad!alibtmﬁarﬁqtmCW%E@I prasgpared in
the manner (dgsekigbgd %QBMGtQ&Se§HEuréhﬁér fajen Rprér Wl Sred )RS ©

conpar abl e or suaerlor he existing antianxiety agents in each of the
ant i depr es$8ft S8 He&ﬁtwaﬁxﬂéﬁyiélﬁéc? f ypdeReYaorer andsEhe cipHithds cause

less of thersiade tefvhecbarwiriich Bﬁveop@ﬁyréﬁﬁo@@wgrﬂﬁb&yon silica gel
using methylene chloride/methancl/aqueous ammonia (200:20:1)
-as a mobile phase, thereby yielding N-{{2-(1,4-benzodioxan-
2-ylmethyl)aminolethyl}tricyclo(3,3,1,1% 7 ]decane-1-
carboxyamide (compound 2) as a colorless oill(SOQ mg) .

,.p

lH-NMR (80MHz,CDClz): 66.82(s,S5H), 6.42(b§t,1H,J=4.0Hz),
4.45-3.90(m,3H), 3.5-3.15(m,2H), 3.0-
2.1(m,4H), 2.4-1.5(br,16H)

10 Example 3
2-Hydroxymethyl-6-methyl-~1,4-benzodioxane (13.2 g,

73.3 mmol) was synthesized in accordance with the method
described in Augstein et al., J. Med. Chem., 1965 (8) 446;
it was then dissolved in anhydrous pyridine (6.38 g, 80.86

15 mmol). To the resulting solution which was cooled with a
freezing mixture of salt and ice, thionyl chloride (11.34 g.
95.3 mmol) was added dropwise. After the end of dropwise.
addition, the mixture was stirred under heating at 105°C
for 5 h and poured into ice water (200 ml), followed by

20 three extractions with ether. The ether layers were
combined and washed with water twice, then dried with
anhydrous magnesium sulfate and concentrated under vacuum,
yvielding a crude product as a brown oil (12.7 g). The
crude product was purified by column chromatography on

25 silica gel using methylenechloride-hexane (2:1) as a mobile
phase, thereby yielding 3.8 g of 2-chloromethyl-6-methyl-
1,4-benzodioxane as a yellow brown oil.

In the subsequent stage of synthesis, the method

of Example 2 was repeated to yield 99 mg of N-{[2-(6-

30 methyl-l,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3,3,1.13'7 |decane-1-
carboxyamide (compound 3} as a colorless olil.

Sheet Has Been Replaced

T




pPnyni strati on of the existing antianxiety agents; therefore, the

v 'ds’of the present invention are expected to exhibit outstanding

¥Cts in the prevention and treatnent of various di seases such as
grurosi s, psychosomatic di seases, autor %%c i nhal ance and depression. The
compounds represented by the general fo la (1) may be mxed with suitable

acgt 1 ves SUBONAR PUBMRLCEDEL, PUXI44 BF| £5au UK £2A! £¢o AN SCRLILCS,
abilizers, hunectants, "enul'Sifiers, colorants, flavors and fragrances to
ormul ate suitabl e preparations suéhd @B, 3&bl e? s36 thatitd. A - (myrddhul es,

subtilized granules, powders, capsyl$gs,Syy5UpPs, 2 ig{ss,16ops, solutions,
suspensi ons and enul sions; these dosage forns nmay be adm nistered either

peroral |y oExpapestarally. \Wien the conpounds of the general formula (1)
are to be aanlnlstgr d.to hunm m ni ation ranges

typically from1 t “gﬁdﬁﬁ¥y5?5£§}éipghfggﬁfgf%ggﬂQF %gfﬁﬂe(ﬁﬁf per adult.
' synthesized in accordance with the method of Augstein

et al., supra. Starting with this compound, the procedure

described in Examples 2 and 3 were followed to yvield N-

{{2-(7~chloro-1,4-benzodioxan-2- A

ylmethyl)aminolethyl}tricyclo[3,3,1,13"7 ]decane-1-

carboxyamide (compound 4) as a pale brown oil in an

amount of 1.90 g.

IH-NMR (60MHz,CDClz): 66.95-8.8(m,3H), 6.4-8.0(br,1H),
4.45-3.95(m,3H), 3.38(m,2H), 3.0-
2.6(m,4H), 2.3-1.6(br,18H)

10 Example 5
A mixture of 2-hydroxymethyl-8-methoxy-1,4-
benzodioxane and 2-hydroxymethyl-S5S-methoxy-1,4-benzodioxane
was synthesized in accordance with the method of Augstein
et al., supra. The mixture was converted to 2-aminomethyl
15 form in accordance with the procedure described in Example
.-2. The mixture thus treated was isolated and purified
by column chromatography on silica gel using methylene
chloride/methanol (9:1) was a mobile phase, thereby yielding
1.08 g of 2-aminomethyl-8-methoxy-1,4-benzodicxane as a
20 pale brown o0il. In the subsequent stage of synthesis,
the procedure described in Example 2 was followed to
yield 7.5 mg of N-{[2-(8-methoxy-1l,4~benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3,3,1,13%'7Jdecane-1-
carboxyamide (compound 5).

!H-NMR (60MHz,CDCl3): 67.35-6.1(m,4H), 4.5-3.95(m,3H),
3.85(5.3“)) 3.35(brt.2H). 3.1-
2.7(m,4H), 2.2~-1.6(br,18H)

This Sheet Has Been Replaced
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by addition of anhydrous NW- di et hyl f or mam de (
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Example 5. Starting with this compound, the method
described in Example 2 was repeated to yield 210 mg
of N-{{2~(5-methoxy-1,4-benzodioxan-2-
ylmethyl)amino}ethyl}tricyclo(3.3,1,13'7 Jdecane-1-
carboxyamide (compound 6) as a colorless oil.

'H-NMR (B60MHz,CDCl3): 66.9-6.2(m,4H), 4.4533.95(£,BH).
3.32(m,2H), 3.0-2.5(m,4H), 2.1~
1.4(br,18H)

Example 7
The procedure of Example 1 was repeated except that

(-)glycidyl tosylate was used in the process of synthesis,
thereby yielding (-)-N-([2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)amino]ethyl}tricyclo(3,3,1,13’7 Jdecane-1-
carboxyamide hydrochloride (compound 7) (100% ee).

'H-NMR(200MHz,CDC1s): 67.39(brs,1H), 6.80-6.62(m,3H),
.92-4.79(br,1H),

.22(dd,1H,J=11.4 and 2.9Hz),
.01(dd,1H,J=11.4 and 5.7Hz), 3.8-
.5(br,2H), 3.4-3.1(br,5H),
.28(s,3H), 2.0(brs,3H),
.83(brs,6H), 1.68(brs,6H)

BN ow A b D

m.p.: 118 - 119°C
[a]D = _28.33°

For optical purity measurement, an optically active
column [Daicel OD; mobile phase = isopropanol/n-hexane
(1:9)] was used and calculations were made on the basis
of area ratio for the chart.

Example 8

The procedure of Example 1 was repeated except that
(+)glycidyl tosylate was used in the process of synthesis.
thereby yielding (+)-N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3.3.1,13'7 Jdecane-1-
carboxyamlde hydrochloride (compound 8) (90% ee). The
NMR data of this compound were in agreement wlth those

et i e son et o e e



'?the reaction, ether (200 m) was added to the solution and the

..@/nixture was washed with a saturated aqueous sol ution of sodium
BT | de,
pricentrati on under vacuum thereby yielding a crude product as a pale
Porown oi|l (619.4 ng). The crude produk®-was purified by colum

foll owed by drying with anhydrous sodi um sul fate and

usi ng n- hexan | acetate (6:1) as a nobile

chromat ogr gphy on silica gel ; e/ et
phase, th8§e5§eyF@§dFﬁBp93P§,BF%B%R?ﬁrb%y$§§§9génzyloxytoluene (464. 4 ny).

PR (GOW’:nggbe%rg%R{ 7.5-7.0(m5H), 6.8-6.5(m2H), 4.90(s,3H),

/4. 2-3.6( me2fy,

H, 2.8-2.5(m2H), 2.10(s,3H) The thus prepared

epoxy conﬁad&d=(4¢3,@1ﬁg, 1.641 mvol) was dissolved in nethanol (20 m). To
the resulting solution, 5% Pd-C (45.3 ng) was added and the m xture was
subj ect ed Ex@mpdieal®yt i ¢ hydrogenation at roomtenperature. After the end of

the reaction. Pdigomand pkbaied etbmBOEnkNE) bkt ERbRp1ES. CONGENTE At ed nder
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give a _cr . .
3.5 mmol) was dissolved in N,N-dimethylformamide (20 ml).

To the resulting solution, potassium carbonate (0.58 g,
4.2 mmol) and allyl bromide (0.51 g, 4.2 mmol) were added
and the resulting mixture was stirred for %6 h at 50°C.
Ice water (100 ml) was added to the reaction solution,
which was then extracted with ethyl acetate three times
and washed with water twice, followed by drying with
anhydrous magnesium sulfate. The solvent was distilled
off under vacuum, thereby yielding 1.28 g of a crude
product as a pale brown oil.

A portion (0.2 g) of the crude product was purified
by column chromatography on silica gel using methylene
chloride/methanol/aquecus ammonia (200:2:1) as a mobile
layer, thereby yielding N-{[2-(8-methyl-1,4-benzodioxan-
2-ylmethyl)allylamino)ethyl}tricyclo(3,3,1,1%'7 Jdecane~1-
carboxyamide (compound 9) as a colorless oil (0.14 g).

'H-NMR (60MHz,CDCl3): 66.71(s,3H), 6.40-6.10(br,1H),

6.00-5.50(m,1H), 5.40-

5.20(m,2H), 5.20-5.00(m,1H), 4.50-
3.90(m,3H), 3.50-3.10(m,4H),
3.00-2.60(m,4H), 2.20(s,3H), 2.20-
1.60(br,16H)

Example 10

The crude product of Example 9 (1.08 g, 2.5 mmol)
was dissolved in methanol (30 ml). To the resulting
solution, 5% Pd-C (100 mg) was added and the mixture
was subjected to catalytic hydrogenation with 1 atm.
hydrogen gas at room temperature. After the reaction,
Pd was filltered off and the filtrate was concentrated

under vacuum, ylelding a crude product as a colorless
oll (0.9 g).
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. . asja colorless crystal (323.9 ng). The crude product was purified
ol umm chromat ography on silica gel using n-hexane/ethyl acetate (6:1)
B a npbil e phase, thereby yielding 2-(2, 3-epoxypropyl)-6-mnethyl phenol as a
Col or ess prism (233.8 ng). -10- LBy BMR (60MHz, CDCl [err]): 66.77(s, 3H),
6.1 (brs,IH, 4.5 3.7(m2H), 3.6-3.2(m1H), 3.1- 2.7(m2H), 2.30(s.3H) The
s yi el ded produgie (k%0 pFaduttl@@smpuk) rwea diyssehuv@d i n anhydrous
N—dlnethylfornqnidedﬁgrﬂ),,fQIIomeﬁ b¥,the ad iilon of sodi um hydri de
65.0 ny, LHEGRETARE9RN §idiice. ehe UPEL& BEABYLEPEi on was stirred
first at ronmdenjsiuianclyaql@ouisn anbbeataal 2000€:10r aé A, mbbliewed by
addi tion Ofpﬂ§§é¥ é&%%éﬂ? fygiding N-{[2~(8-methyl~1,4-benzodioxan-2-

g ylmethyl)propylaminolethyl}tricyclo(3.3,1,1%'7 ]decane-1-
carboxyamide (compound 10) as a colorless oil (0.58 g).

'H-NMR (60MHz,CDCl3): 66.72(s,3H), 6.40-6.00(br,1H),
4.50-3.90(m,3H), 3.50-
3.20(m,2H), 3.00-2.40{m,6H),
2.20(s,3H), 2.20-1.50(br,18H),
0.93(t,J=6.0Hz,3H)

Example 11

2-Hydroxymethyl-5,8-dimethyl-1,4-benzodioxane was
synthesized in accordance with the method of Augstein et

16 al. Starting with this compound, the procedure of Example 2

and 3 were repeated to yield N-{[2-(5,8-dimethyl-1,4-
benzodioxan-2- '
ylmethyl)aminolethyl}tricyclo(3,3,1,1%'7 Jdecane-1-
carboxyamide (compound 11) as a pale brown oil (0.387 g).

lH—NMR(270MHZ,CDC]_.3)_: 66.61(s,2H), 6.18(brs,1H), 4.34-
4.22(m,2H), 4.09-3.96(m,1H),
3.42-3.28(m,2H), 2.99-2.76(m,4H),
2.16(s,6H), 2.09-1.83(m, 18H)

15 Example 12
The procedure of Example 11 was repeated

except that 2-hydroxymethyl-7-nitro-1,4-benzodioxane
was used as the starting compound. As a result,
N-{[2-(7-amino-1,4-benzodioxan-2-~

20 Ylmethyl)amino]ethyl})tricyclo[3.3,1,1%'7 ldecane-1-
carboxyamide (compound 12) was produced as a pale
brown oil (0.53 g).

'H-NMR (60MHz,CDCl3): 66.80-6.50(m,1H), 6.40-6.00(m,3H).
4.40-3.80(m,3H), 3.45-3.10(m, 2H),
3.00-2.40(m,4H), 2.20-1.50(br,18H)
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with ethyl acetate. The ethyl acetate |ayer was washed with a

¥ aqueous solution of sodiumchloride, followed by drying with

S os sodi um sul fate and concentrati on under vacuum thereby yielding a
Be/product as a brown oil. The crudg product was purified by colum

rgnatography on silica gel using n-h ane/ethyl acetate (6:1) as a nobile

e, theég ¥ e glng 2- hydroxynet hyl - 8-net hyl -1, 4- benzodi oxane as a

orl ess ng). |HNVR (60MHz, CDCl [err]): 66.67(s, 3H),

.5-3.7(m5H), 2. Bhe29@Q@¢am¢9 OizEKR@@E#ﬂLHTﬂ?%Pﬂﬁ?%ﬁﬁﬁﬁn&xﬁ&&ﬁuodloxane
derivativegh7. 3- Hyarékﬁﬁ%kﬁyiﬂ? f@ﬁ?&%ﬁﬁﬂiV@*béﬂhéﬁ%&kdﬁ%“%é%“ oride (5

m). To the resulting solution wh was stirred at room tenperat ure,
p-t ol uenesHFEENGF ERE of Fakt INDscompRUNY-. 5685 T §SWels: b - tHen,

triet hgl amigebv(itynl) , Yesepeletdoxd @l 20nwed by continued stirring at room

temper atur g, Letyd Saflndl Ly 16 E05 2L 815, P S (10 ™)

carboxyamide (compound 13) was produced as a pale
brown oil (0.48 g).

LH-NMR (200MHz,CDC1ls): 66.80-6.56(m,3H), 6.20-6.10(brs,1H),
4.32-3.92(m,3H), 3.40-3.20(m,2H),
2.92-2.76(m, 4H) ,
2.35(d,J=6.9Hz,1H), 2.08-1.52(m,18H),
0.92(d,J=6.9Hz, 6H)

Example 14

10 The procedure of Example 11 was repeated except
that 2-hydroxymethyl-7-methoxy-1,4-benzodioxane was used
as the starting compound. As a result, N-{{2-(7-methoxy-
1.4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo[3,3,1,1%°7}Jdecane-1-

15 carboxyamide (compound 14) was produced as a pale
brown oil {0.71 g).

1H-NMR (60MHz,CDCls): 67.00-8.30(m,3H), 6.40-6.00(br,1H),
4.40-3.90(m,3H), 3.75(s,3H), 3.60-
3.20(m,2H), 3.00-2.70(m,4H),2.20-
1.80(br,16H)

Example 15
The procedure of Example 11 was repeated

except that 2-hydroxymethyl-8-acetyl-1,4-benzodioxane
20 was used as the starting compound. As a result, N-

{{2-(8-acetyl-1,4 benzodioxan-2-

ylmethyl)amino]Jethyl}tricyclo(3,3,1,1%'7}decane-1-

carboxyamide (compound 15) was produced as a pale

brown oil (0.437 g).
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Pto the solution and extraction was conducted with nethyl ene
¥ (200 mM). The nethylene chloride | ayer was washed with water,
by drying with anhydrous sodi um sul fate and concentration under.
thereby yielding a crude product as a brown oil. The crude product
F purified by colum chronmat ography2bn silica gel using n-hexane/ et hyl
; ate (2 1) as a nobile phase, thereby vyiel
A osyl oxy et (§OMBeRGPC 3 beﬁioaio%ahé(Pléﬁ)ﬁ Prg§0-€-6§(melikkpar at e
Ftep, 1- adanantanecarboxyllc aC|Q iélbﬂ5 95)634539nglggm@33m}§spLyﬁd in
Ybenzene (100 m). To the resultlng ony de (9.07 g, 76.2

nmol ) was added dropw se and, thér@gg %k9 ha ﬁ? ? %%E *efluxed for 3 h.
The sol vent and excess thionyl chl.atide3uere2dl 8¢+l 2@tmpfdHUNnder vacuum -
t her eby yi el di ng

Example 16

The procedure of Example 11 was repeated except
that 2-hydroxymethyl-6-benzyloxy-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-(6-

5 hydroxy-1,4-benzodioxan-2- . - -
ylmethyl)amino]ethyl}tricyclo[s,3.1.13’7]décane—l-
carboxyamide (compound 16) was produced as a pale
brown oil (0.74 g).

1H-NMR(200MHz,CDCl3): ©66.72-6.20(m,3H), 4.28-3.88(m,3H),
3.88-3.50(brs,2H), 3.42-3.28(m,2H),
2.92-2.72(m,4H), 2.08~1.46(m,16H)

Example 17

10 The procedure of Example 11 was repeated except
that 2-hydroxymethyl-7-benzyloxy-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-
(7-hydroxy-1,4-benzodioxan~-2-
ylmethyl)aminolethyl}tricyclo(3,3,1,13'7 Jdecane-1-

15 carboxyamide (compound 17) was produced as a pale
brown oil (1.57 g).

'H-NMR{270MHz,CDCl3): 66.70-6.33(m,4H), 4.30(brs,1H),
4.15(d,J=9.9Hz,2H), 3.93-3.86(m,1H),
3.60-3.26(m,2H), 3.18-2.78(m,4H) .,
2.01-1.69(m, 16H)

Example 18
The procedure of Example 11 was repeated except

that 2-hydroxymethyl-8-benzyloxy-1l.,4-benzodioxane was
20 used as the starting compound. As a result, N-{[2-(8-

hydroxy-1,4-benzodioxan-2-

ylmethyl)amino]ethyl}trlcyclo[s.3,1.13'7]decane—i-

carboxyamide (compound 18) was produced as a pale

brown oil (0.69 g).
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ggluct of 1-adamanet ancarbonyl chloride. Wt hgylspbddbhdWebn Replaced
bn, the crude product was dissolved in nethyl ' 00
e resulting solution was added dropwi se to a iﬂ“EE'EyEMHE at

Boerature. The second sol ution h?g_both N- benzyl '

PP, 63.5 mmol) and triethylamne (7707 g, 69.9 mmol) dissolved in
B ene chlyary The resubtyipg ki guidym xt S irred at

tenperagﬁ€g é&Q%@ﬁgygc%é dregﬁfbaag'Séégégg?hté'aéfgfggégg'n1); t hen,
¥ mixture was stirred well and métRyFénd2chl 8Hidedl 8jed - ABsmsbiphr at ed.
e remaining water |ayer was subjgctygdat 8elw02f1ynNsa0bgext fachi pgywi th
et hyl ene chloricde. The two nethyl ene chlgride_ | ayers were conbi ned and
7 washed with water tw ce, followed Byzer}rﬁa(%réﬂﬁ nhydr ous sodi um sul fate

and concentr. tg() Jnder vacuum The resulting crude product was purified by
col um chro on silica gel using nethylene

chlor!de/nethanol/dhuemuwcaduwaiaf(E@@mEEelllawaa mebeheetiayeeepther eby
yielding N (difrd M-nydroxymethyl-5-benzyloxy-1,4-benzodioxane was

used as the starting compound. As a result, N-{[2-(5-

3 hydroxy-1,4~-benzodioxan-2- . <
ylmethyl)amino]ethyl}tricyclo[S,3.1.13'7]ﬁecane—1-
carboxyamide (compound 19) was produced as a pale
brown ocil (0.45 g).

'H-NMR(270MHz,CDCl3): 66.75-6.42(m,3H), 6.16(brs,1H),
4.33-4.24(m,2H), 4.09-4.02(m,1H),
3.39-3.32{(m,2H), 2.97-2.79(m, 4H),
2.03-1.66(m,17H)

Example 20

10 The procedure of Example 11 was repeated except
that 2-hydroxymethyl-6,8-dimethyl-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-
(6,8-dimethyl-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3,3.1,1%'7 Jdecane-1-

15

carboxyamide (compound 20) was produced as a pale
brown oil (0.93 g).

lH-NMR(200MHz,CDCl3): 68.52(s,2H), 6.24-6.08(brs,1H),
4.28-3.92(m,3H), 3.40-3.28(m,2H),

2.92-2.76(m,4H), 2.20(s,3H),
2.16(s,3H), 2.08-1.52(m,16H)

Test Example 1

Affinity for intracerebral serotonin 1A and serotonin
2 receptor was checked in accordance with the method of Hall
20 et al. (J. Neurochem., 44, 1685 - 1895, 1985) and the method
of Leysen et al. (Mol. Pharmacocl., 21, 301 - 314, 1982).
Stated more specifically, the cortex and hippocampal
tissue were extracted from the brain of 7-wk old S.D. lline
male rats, mixed with 20 volumes of Tris-HCLl buffer (50 mv,
25 pH 7.7) and homogenized with a Teflon homogenizer.




(2
e
5
10
15
20
25

?'I)an1no]ethy||tr|cyclo[3 3,1,13' 7 ] decane-| -carboxyam de (12 4 g);
MR ((60MHzCDCl [err]): 67.26(s, 5H) 6. 66(s,3H), 6:3- 5.9(br, 1H), .

3.8(m3H), 3.69(s,2H), 3.30(m2H), 2.9- 2.5(m4H), 2.18(s, 3H, :

# 1. 5(m 16H) The am de conpound (216.9 ng, 0.694 mol), the already

y tioned|2 t osyl oxynet hyl - 8- nmet hyl - 1, 423benzodi oxane (124.6 ny,

73- mol )

et hyl - 2- ﬁ%ﬁéﬁ%ﬁéerTh6h¢e@®m@$%©a§%lﬂﬁ$oﬁe%b51§¥$??eﬂtuﬁﬁQ?oﬁeét|ng,

st at 13Pperso GuiRradd thetHePePiaddi ovdd @iocabadd. Thﬁéﬁﬁ§ter
m ) was added and the pm xture was g Ject dto extrgg wat{h
hyl ene chPHYPER/ Nethaibifgoveye added. ¢

and triethylamne (70.9 ng, 0.702 mml) were dissolved in

e precip
mixture was homogenized with a Polytron homogenizer, with
the homogenate being centrifuged under the same condition
as set forth above. The same procedure was repeated two
more times and the final precipitate was homogenized with
40 volumes of a buffer; thereafter, the homogenate was
stored at least overnight at -80°C. On the day when
binding experiments were to be conducted, the homogenate
was thawed at room temperature and incubated at 37°C for

20 min to remove the endogenous serotonin.

Thereafter, centrifugation was conducted at 39800x g
for 20 min and 40 volumes of a buffer were added to the
precipitate, followed by homogenization. This procedure
was repeated three times; to the final precipitate, a
buffer was added in 65 volumes for the case of serotonin 1A
receptor and in 80 volumes for the case of serotonin 2
receptor and the mixture was homogenized in preparation
for the binding experiments that are described below. All
procedures of experimentation except storage in a frozen
state and thawing at room temperature were conducted at 4°C
or below.

The compounds tested in all the test examples
described below are keyed as shown in the following table.

Control compounds

Buspirone Commercial antianxiety agent
WY-50324 Example 2 of Japanese Patent -Public
Disclosure No. Hei 2-15059
SM-3997 Example 2 of Japanese Patent Public
Disclose No. Sho 58-126865
MDL~73005 Example 9 of Japanese Patent Public

Disclosure No. Sho 61-246180
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vent system (150 ni).

er, followed by drying with anhydrous sodi um sul fate anthicgrg ﬁéﬁk
er vacuumto yield a crude product as a brown oil (474.9
prjoduct was purified by col um chromat ography on silica gel IM "," I”’
n-fhexane/ et hyl acetate (6:1) as a nobit24phase, thereby yie
N-K [ 2- (8- nethyl 1, 4- benzodloxan 2-
yljret hyl ) beleBp auh @g , cst P8, 3, 1, 13 ' 7] decane-| - car boxyam de
(cdonpound a) in arb@,%m; q ofo 56 1 ng. ' HANMudpOME, COC [err]):
674 32(s,5H), 6.71 6. 20 5.90(br,IH), 4.40-3,80(m 3H), 3.72(s, 2H)

3.[50- 3. 10(m 2H), §@@m@ 0(Sn 4H) ,

1. 60(br, 16H The

AHPLS -

2. 21(

nmpound a (56.1 ngomgburdd mol ) was di sE}amgdié n net hanol . To the
2dded and cat al vt EoTRFshert | on was porySTIRA at® 1 oom t emper &t Ur 6. ATt er
Compound 3 Example 3
Compound 4 Example 4
Compound 7 Example 7
Compound 8 Example 8
Ccmpound 9 Example 9
Compound 10 Example 10
Compound 11 Example 11
Compound 12 Example 12
Compound 13 Example 13
Compound 14 Example 14
Compound 15 Example 15
Compound 16 Example 16
Compound 17 Example 17
Compound 18 Example 18
Compound 19 Example 19
Compound 20 Example 20
Compound a Example 1 (intermediate)

10

15

Serotonin 1A receptor binding experiment

A reaction solution containing 0.5 nM (final
concentration) of 3H-8-hydroxy-2-(di-n-propylamino)tetralin
(8-0H-DPAT), 0.1% ascorbic acid and 500 pl of brain
homogenate in 1.0 ml (final volume) of a buffer was
incubated at 25°C for 30 min. Thereafter, the reaction
solution was filtered by rapid passage through a glass
filter. The fTilter was washed rapidly with an ice-cooled
buffer (3 ml) three times, put into a scintillation vial
together with a scintillation cocktail, and left to stand
overnight at 4°C. On the next day, the vial was agitated
well and measurements were conducted with a scintillation

counter. To determine the amount of specific binding,
the amount of binding in the presence of excess unlabelled
serotonin (10 yM) was subtracted from the total amount of

binding. As an index for the affinity of a test compound

The organic | ayers were conbined and washed with -



greaction, Pd was filtered off and the filtrate was concentrated -under
um yielding a crude product (201.6 ng) as a violet oil. The crude

uct was purified by colum chronat ography on silica gel using nethyl ene
cisieor i de/ net hanol / aqueous ammoni a (200: 25:1) as a nobil e phase, thereby

yi:8l di ng N- ([ 2- (8-net hyl -1, 4- benzodi oxa62-

yIﬁethyl)an1no]ethyl}trlcyclo[3 31, 13'7 ]decane-|- carboxyam de (38.7 np)
as {a col or| &o% @uiltheerrrdmp(ce@wzhechpeuen]t)rat1@@ 83( ¥hilh thesspegidiid H),

:ég'pﬁr?§r;%thl%g45@”BﬁHbPA§ Qas gnﬁiﬁﬁk@ﬁ)by25@Q(3I@@L #)4wak. 4(br, 16H)

duct (5 d |
/dloxaned§5kgpggﬁd§35ﬁpﬁ 8ﬁépﬁg;ﬁa%§%%3§$ﬁ1%BgﬁdLgﬁéNbeé§FP§ﬁ5tﬁlxture

wa$ stirredskobtbnihng tekkpesd byneon eakbarﬂmlnmnder vacuum The resi due
wa recrystalllzed fron1 hIoroT rniethxgnﬁﬁgtate 6}519M (¥aggg|ng a

hy?roch?orlde sal t Pof ®RR&ELBPOTALET LB ning

concentration) of 3H-ketancerine and 500 pl of brain
homogenate in 1.0 ml (final volume) of a buffer was
incubated at 30°C for 30 min. Subsequent procedures

were the same as in the serotonin 1A receptor binding
10 experiment and ICso (M) was determined accordingly. To
determine the amount of specific binding, the amount of

binding in the presence of excess unlabelled methysergide
.1' (2 nM) was subtracted from the total amount of binding.
As 1s clear from Table 1 below, the test compounds of the
15 Ppresent invention showed higher affinity for the serotonin
1A and serotonin 2 receptors than did the existing drugs,
thus suggesting the potent antianxiety and antidepressant

activities of those compounds.

This Sheet Has Been Replaced

[T

Lk dsamipes



ound 1) as a colorless prism mp. = 129 - 131[err]C -13w~Exaane
En accordance with the general nethod of synthesis 1) C|al rade

& - chl or onet hyl - 1, 4- benzodi oxane (10.0 g, 54.7 mmol) an iaced
Fassiumsalt (12.0 g. 65.0 nmmol) were added to N, N—dlne , I 350

and subjected to reaction overni ghtgginder reflux: the
$7®- di met hyl f ormam de was distilled off under vacuum Water (250 m) was
ad<ed to the residue and the m xture P@sletirred well, with the floating
safi ds bei ng subsequently recovered by flltratlon The solids were dried,

/

theén recrystall i zed (Fromrethanotrethytene—chtoride—thereby yi el di ng
(1§ 4- benzodi oxan- 2- yl met hyl ) pht hal i mi ¢e as a coleagl@ss tabul ar crystal in
ang amount of 8.43 g.
Compound S-HT;A 5-HT,
Buspirone 7.70 <6.00
WY-50324 8.90 6.70
SM-3997 7.50 6.26
MDL-73005 7.44 <6.00
Comp. 2 6.52 7.45
5 ' 9.48 8.00
4 1 8.93 7.52
v. 6 8.39 7.12
3 8.60 7.63
4 8.29 7.37
7 9.50 7.80
8 8.20 7.30
g 8.4 6.0
10 8.0 6.2
11 8.4 T.1
12 9.4 6.7
13 7.2 6.5
i4 9.4 7.6
} 15 8.5 7.2
16 8.6 6.8
'7. 17 8.6 6.6
| 18 9.8 7.3
19 8.2 6.0
20 <7.5 6.7
a 6.8 <6.0

Test Example 2

Antidepressant effect
An antidepression test was conducted in accordance

with the method of Porsolt et al. (Europ. J. Pharmacol., 47,
5 379 - 391, 1978). Stated more specifically, 7-wk old S.D.

line male rats were placed in a glass cylinder (18 ch X 40

cmH) for 15 min. The cylinder was filled with water (25°C)




'_hus obtai ned crystal was dissolved in ethanol (500 nl); to the...,
tion, hydrazine hydrate (4.3 g) was added, followed by refluxing .under
i ng for 3 h. The resulting solids were filtered off and ethanol was
illed off under vacuum followed by addition of water (300 m).
eafter, an aqueous solution of 6N_gadi um hydroxi de was added to adj ust
0 12 and the mxture was subjected to 3 cycles of extraction with
i ols cotu e e o B e iy b oy
iumsulfate, and concentrate nder  vacuum ereb ielding a

e proddéy sofol SRVAgeRmeRt {34 Gén%’d"i &%aﬁ’gnag’eg%éﬁl §reds ¢ i%/ (crude
UCEH)4r%tggngdHtNm$h@6QMEECDCWMGREP}fOﬁ@-&@@gﬁ4ﬂﬁﬁe¢a5¢®37¢W¢3H), 3. 1-
m , 1. rs, 2- Am.nonet -1,.4- zQdli (333 £Ghr E3 .k MOl )
Ag N-(2- P"c?r’ﬁ?e%ﬁﬁp)eé&t%aﬁg '1§eq?4g§i8, 1§6E§%m%h%x\%e@'§elh§ie§sglg \fe§ imr]%nxyl ene
180 nis); bad taer éomialli fgmeobweronhissdithm Hpdsogenednsenaod IC11£65y, 13. 1
ﬂl) was @ggegeQQQred. A test drug was administered perorally to

each animal 30 min before it was compelled to swim for

5 min. Antidepressant agents are known to be capable of

specifically reducing the time over which the rats would
10 remain motionless (Psychopharmacol., 83, 1 - 16, 1984, and

ibid., 94, 147 - 160, 1988). The antidepressant effect

N was calculated by the following formula:

'7' 100 - (the time over which the treated group remained
I (the time over which the control group remained

motionless)
motionless) x 100.

i

I

i Table 2 below shows the efficacy of each test
i

compound as it was administered in an amount of 20 mg/kg.

i 15

§ Obviously, compounds 2, 5, 1, 6 and 18 exhibited better

f antidepressant effects than WY-50324. In addition, test

f compounds 3, 4 and 12 showed almost comparable effects to

‘ WY-50324. In contract, MDL-73005 had an extremely weak
20 antidepressant effect. When the value of EDso (the dose

at which the time over which rats remained motionless could

+ be reduced by one half the time in the case of the control
groups) was determined by the probit method, compound 1 was

found to have three times the activity of WY-50324; the EDso

25 of compound 1 was 8.1 mg/kg whereas that of WY-50324 was

24.3 mg/kg.
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'. xture was refluxed under heating for 2 days. After the reacti-on;--.
ene was distilled off under vacuum and water (200 ml) was. added

| owed by three extractions with dichloronethane. The net ced
er was dried with anhydrous sodi um sul fate and concentrat
to yield a dark brown oil (8.7 g). Thi sZ8ude product was pu

col um chr omat,ogr aphy -14- on silica gel using nethylene
chl ori de/ met hanol / aqueous ammoni a (20@@&:5 Zs a nobile phase

yi el di ng

N-f2-(1, 4- benzodi oxan- 2-yl mairutldedfesalatth\WfFdialipgsmde (1.24 g) as a

br own oi

chl:ori de (20 m y—to—the rcsw!t:ng Sedt-onrTa—selutt+oen rav:ng scd:ﬁm
hydrogencarbona e Orag ng, 1{5 midif)icacy Drug Efficacy
WY-50324 58.1% 5.0 Comp. 2 85.0x8.5
Buspirone -25.2+ 3.9 5 97.6+£0.9
SM-3997 -10.5%10.86 1 72.0%5.5
MDL-73005 28.3%*10.9 6 82.2*6.86
3 56.8%9.0
4 51.9%+8.2
12 57.0%x5.9
14 48 .9%7.1
18 78.5%4.5

10

15

20

The brown 0i | pr¥any.adhinismla) ioas ofi smolmgefkg n met hyl ene

Test Example 3
Antianxiety effect

Antianxiety test was conducted in accordance
with a method adapted from the method of Vogel et al.
(Psychopharmacol., 21, 1 - 7, 1871). Stated more
specifically, S.D. line male rats weighing 250 - 300 g
were entirely kept from water for 24 h and then placed in
a concrete experimental box. The experimental box (25 X
17 X 15 cm) had a water supply nozzle in the center of the
front wall 2 cm above the bottom; the nozzle was connected
to a water bottle in such a way that the quantity of water
drunk (the number of water drops) could be measured. The
bottom of the box was made of a stainless steel grid., from
which electric shock (0.2 mA, 0.5 sec) could be applied
to the limbs of rats. The test schedule was as follows:
first, the rats were acclimatized to the experimental box
and trained for drinking water; this was done for 3 min
without electric shock. The quantity of water drunk by the
rats was then measured (under non-punishment). Then, the
rats were kept from drinking water for 24 h. Thereafter,
the quantity of water drunk by each rat was measured (before
administration of test compound) under such conditions that

an electric shock was applied each time a rat drank one
water drop (under punishment). Thirty minutes later, a



dlégolved in water (10 m) was added. To the resulting liquid m xture-which

was istirred vigorously at roomtenperature, a solution having di-t- butyl

dicarbonate (320 ng, 1.5 mmol) dissolved in methylene chloride (2 m) was

addéd dropw se. The resulting solution was refluxed continuously under

heatlng for 2 h; thereafter, the aqueousZ9ayer was separated, dried with

anhydrous sodlunlsulfate and concentrated under vacyu eId|n a_brown
(glét%r

0i 1§ (920 ng)teshi Arps okRe t WL HF S0PV RET I &t Fandt )aana AV AL g2 Rhe
hydrate (0. 220 nhjn Wash @dgiesh t £ ©F | ©fveda byr réf bnlx byndescheabtngabongdih.

Ethanol was Y f_under 0, y |de (20

m)i was addeng?aif%ﬁ vx‘é’h‘;%@ RHtet e?ﬁya &Eapgns W ﬁn%?ﬂ%?g#éméﬁlg%? e.

methyl ene c¢¢QmQQundhyerEh@wnuaninﬂHrnﬁi%ﬁﬂhmkdmnhwwbﬁ Baby dwbdbls sodlum

sulfate;gthe ﬁgﬁ% 4 i a cYigld a

crude produc‘%&?rf%%g ‘%’hfel‘ﬁu S product ddéé ﬂ ?% dﬁ% dﬁf‘u{\r!mﬁ(llzI ;%érgt%égﬁap hy

on ‘silica gete¥sst hgthylesfered by admlnisterlng an antianxiety agent.
The antianxiety effect of a test compound was

calculated by the following formula:

the quantity of water

rhe guantity of water)
drunk before adminis-

drunk after adminis- -

tration of test drug/
~

tration of test drug) X 100

L the quantity of watef ﬁhe quantity of water)
“ drunk under non- drunk before adminis-
punishment /J fration of test drugj
N
10 Table 3 shows the antianxiety effect of each test

compound as it was administered in a dose of 20 mg/kg.
Obviously, compounds 1 and 18 exhibited better effects than
MDL-73005 whereas compounds 3, 4 and 17 exhibited comparable

effects to MDL-73005. In addition, compounds 2, 5 and 16
15 exhibited almost comparable effects to WY-50324.
Table 3
Antianxiety effect upon

peroral administration of 20 mg/kg
: j Drug Efficacy Drug Efficacy
'q. WY-50324 46 .9+ 6.3 Comp. 2 39.3+%10.8
. Buspirone 37.5¢ 4.7 5 40.9% 7.3
SM-3997 48.5+15.8 1 85.4*10.3
MDL-73005 67.6% 5.5 6 28.7+ 9.5
3 63.9% 6.8
4 76.8%13.7
16 46.5% 4.7
: 17 66.6% 8.7
! 18 | 80.1 6.1
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chI’-'ori de/ net hanol / aqueous ammoni a (200:25:1) as a nobile phase, thereby
yielding. a pale brown oil (320 ng, 1.04 mmol). The oil was dissol ved i-n-

met hyl ene chloride (10 ml); to the resulting solution whigf Y oled with
i ce, a solution having |-adamant anecarbonyl chloride (210 ced
di ssol ved in nethylene chloride (10 m )-3fks added dropw sem,ﬂ ,

S

addition of triethylamne (130 ng, 1.25 mmol). The resulti
stirred for Dest JEXampks t4nperature; thereafter, the solution was washed

once W th wad&datinernditdh 2N HCL and 2N aqueous sodi um hydroxi de, dried
wi t h anhydrouS sodium sulfate and cqoncentrated under vacuum _ The resulting

colorless oil was Sevfi¥FAKe®lithm2hs quils dibhceuretsr Wen s 1At idusds e dei d
(5 M) and watterst Gragripe rand itllye anels ulfttierg theaplaisea gey siferBoNasin, the
5 amount of spontaneous movement of the rats was measured for

10 min by means of Animex.

The results are shown in Table 4. Buspirone as
administered in amounts of 20 mg/kg and more could lower the
amount of spontaneous movement in a dose-dependent fashion.

10 However, compound 1, WY-50324 and MDL-73005 had no effects
ultromotivity; in other words, those compounds had no

.i' appreciable sedative action.

! Table 4
Amount of Spontaneous Movement (Counts/10 min) Dose

Drug control 20 mg/kg 40 mg/kg 60 mg/kg

253.3%30.07 |163.4x38.0""|115.0£26.0%"
315.5%20.0 |361.9+16.9 |401.6%31.4
442.0+31.1 [401.8+52.8 [319.4%27.8
395.8+41.5 |331.5%40.1 |335.0%22.8

Buspirone | 405.2%47.
WY-50324 405.2147.
Comp. 1 405.2%47.
MDL-73005 | 405.2+47.

N P I

#*p<0.05, =#p<0.01 vs control

Test Example 5

Antidopamine action
é 10 Seven-week old male S.D. line rats were administered

! a test drug perorally and after the passage of 30 min, the
dopamine agonist apomorphine was injected subcutaneously
in an amount of 0.5 mg/kg. For the subsequent 5 - 30 min
period, the intensity of stereotypic behavior that was

15 induced in the rats by apomorphine was measured six times

at.S—min intervals by a scoring method and the sum of the

scores was determined (for a maximum of 24).
The results are shown in Table 5. Obviously, the
stereotypic behavior induced by apomorphine was intensely
20 compelled by Buspirone. 1In addition, WY-50324 showed an
inhibitory action in high doses. However, compound 1 had
no effect at all when it was used in a dose of 20 mg/kg.
Therefore, one may safely conclude that compound 1 has no



*

ored at roomtenperature for 1 h. After the reaction, the sol vent..was
®tilled off under vacuum and the crude product was purlfled by col umh
chronatography on silica gel using nethylene chloride/ nethanol /aqueous”
ammohni a (200: 20: 1) as a nobil e phase, thereby yielding

N-([2-(1, 4- benzodi oxan- 2-yl nethyl)am ngiethyl}tricyclo[3,3,1,13

' 7] decane- 1- car boxyam de (conpound 2) as a colorless oil (300 ng). 'H NWMR
(60MHz, CDCl értifgppambie 8¢ 614, 6. 42(brt, I H, J=4. OHz), 4.45-3.90(m 3H),
3:5-3.15(m2H), 3.0- 2.1(m4H), 2.4-1.5(br,16H) Example 3

2- Hydr oxynet hyl - 6- met hyl - 1, 4- benzodi oxBael¢13. 2 g, 73.3 mmol) was

synt hesi zed i n accor C ' t i einet al., J.
Ngd Chem ,__1965 (8) ﬁ%$§£ﬁk fﬁ@#@%éﬁé&éﬁﬁ%ﬁyﬁ¥@ ﬂ%ﬁygﬁi pyridi ne (6.38

., '80.6 | th DI ch d eziln
g gl ) .pAge t he feédﬂéﬁ&ﬂ S¢ wlwﬁwl VS Ak@ mw Rg fkgeziing

m xt ure of 34 g, Was gmmmd
dropwi se. Afgwspidlenend of . 4r qpvg $€0.3+ 0.6" 0. 7+ 0.2 0. 2+ 0.27

WY-50324 l14.4% 0.9 ] 14.7% 1.2 12.1* 0.7 10.9% 0.4°
Comp. 1 16.0+ 1.1 - 14.7+ 1.2 -

#*p<0.05, *+p<0.01 vs control
Test Example 6 .

;o The procedure of Test Examples 2 and 3 were repeated
‘~' except that test compounds were administered perorally in
5 a dose of 10 mg/kg. The antianxiety and antidepressant
effects of the test compounds are shown in Table 6 below.

Table 6

Antianxiety and Antidepressant Effects Upon
Peroral Administration of 10 mg/kg

Drug Antianxiety Antidepressant
Comp. 1 42.4%2.1 66.7+12.6
45.4+3.4 62.7t12.4
12 52.1%2.5 -
}
: The above data demonstrate the superiority of
‘P compounds 1, 7 and 12 of the present invention. Among

them, compound 7 is particularly preferred.
10 Test Example 7

The procedures of Test Example 2 and 3 were repeated,
except that test compounds were administered perorally in a
dose of 20 mg/kg to check the longevity of their antianxiety
and antidepressant effects for 0.5, 2 and 4 h. The results
15 are shown in Table 7 below.
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ftion, the mxture was stirred under heating at 105[err]C for 5 h-and

3 ed into ice water (200 nl), followed by three extractions with ether.
The! et her | ayers were conbi ned and washed with water twice, then dried with
anhydr ous nmagnesi um sul fate and concentrated under vacuum vyielding a crude
product as a brown oil (12.7 g). The cr@de product was purified by colum
chromat ography on silica gel using nethyl enechloride-hexane (2:1) as a
nmobi | e phase, thereby yielding 3.8 g B&b2ecfil oronet hyl - 6- met hyl -

L, 4-benzodi oxapgnga s g LEX%hQrRMEiQhkieky hhg §H9§elygassaheggfgéct5 12 (6.

synthesis, the Nt Xém1 5 £B8RE8dlohOo¥! 200 gu
met hyl - 1, 4- henzaodi oxan- YamnolethYlitricyclof 13"
] decane- | - carboxyaﬁ1¢gmécon ound 3) as a col orl ess oi
: after Test Drug
admin-
istra-
tion, h WY-50324 | MDL-73005| Comp. 1| Comp. 7
Anti- 0.5 57.8£10.0 | 44.9%4.5 |52.8%x6.7|66.0%+10.9
anxiety| 2.0 24.8+ 2.2%[17.0+t1.9%|48.2%24.9{51.6% 4
effect 4.0 11.2+ 2.0%| 8.1x0.87[29.5%2.2[26.1% 2.0
Anti-
” depres-| 0.5 56.7+ 7.2 - 71.8%4.8(72.1% 6.2
) sant 2.0 17.3% 7.3* - 73.9%5.6({76.9*% 5.1
effect 4.0 0.7+ 3.2% - 40.7+8.8|38.1+

* p<0.01 (vs compound 7)

Industrial Applicability
The compounds of the present invention which are

represented by the general formula (I) have both antianxiety
and antidepressant actions and yet they cause less side
5 effects. Therefore, the compounds can be used as excellent
drugs that are highly effective in the prevention and
treatment of various diseases such as neurosis,
i psychosomatic diseases, autonomic imbalance and depression.
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g.--IH-NNRwOM-lzCDCI[err]) 66. 7(s,3H), 6.4-6.2(br,IH, 4. 4- 39(-m3H)

6(m2H), 3.0-2.7(m4H), 2.3(s.3H), 2.2-1.6(br, 16H) Exanmpl e 4
Z-Hydr oxynet hyl - 7- chl or o- 1, 4- benzodi oxane was synt hesi zed i n accordance
wi th the nethod of Augstein et al., supra. Starting-with this conpound,

procedure described in Exanples 2 and 33®ere followed to yield N

{[2-(7-chl oro-1, 4-benzodi oxan-2- ylnethyl)am no]Jethylltricyclo[3,3,1,13
' 7] decane-| - car boxyamni de (conpound 4) Ca84IMSpal e brown oi

%90 g. | H AR (GOM-IEE,EQQ%-‘QV %L%re@@n@édGE‘?( *EhaH);enérme@(rbmkH)(l):

4.45-3.95(m 3H), 3.36

m xture of 2- hydroxyne%hyl 8- nethoxy 1. 4-
R2

R1—| —N—{CH2 )n—l!I—CHz—Rs (I)
H

(where R; is an admantyl group; Rz is a hydrogen atom,

a lower alkyl group, a lower alkenyl group or an aralkyl
group; Rs is a 1,4-benzodioxane ring that may optionally
have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, a halogen atom, an amino
group, a hydroxyl group and a lower alkylcarbonyl group;

n 1s an integer of 1 - 4) or a salt thereof.

I
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Lol

2pdi oxane and 2- hydroxynet hyl - 5- net hoxy- 1. 4- benzodi oxane was synthe&izeé%
n atcordance with the nmethod of Augstein et al., supra. The m xture wds
converted to 2-am nonethyl formin accordance with the procedure descri’bed
in Exanple 2. The m xture thus treated was isolated and purified by col um
chromat ography on silica gel using nmethyjgne chloride/ methanol (9:1) was a
nobi | e phase, thereby yielding 1.08 g of

2- am nonet hyl - 8- net hoxy- 1, 4- benzodi oxgypgsEa@rpal e brown oil. In the

subsequent stage of synthesis, the procedure .described ipn EXx I . was
followed to yiel d 7CHMRRURAS I\!‘-%I[fz‘%s(%!rrr’e‘f%y‘iﬁ‘? ﬁ%’é‘?&%dig‘?fa‘%‘?@) fr?:
yl met hyl )am no]Jethylltricyclo[ 3, 3,1, 13" 7] decane-1- car boxyam de (conpound

5). IHNWR (60MHz, CDCl [@rr]): 67.35R 1(m4H), 4.5-3.95(m3H), 3.85(s, 3H),
3.35(brt,2H), 3.1- 2.7(Im4H). 2.2-1.6(br, 16H)

Ry —C—N-—(CH2) n—N—CHz —R3 (I)
H
(where R; is an admantyl group; Rz is a hydrogen atom,
a lower alkyl group, a lower alkenyl group or an aralkyl
5 group; Rz is a 1,4-benzodioxane ring that may optionally
have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, a halogen atom, an amino group,
ib a hydroxyl group and a lower alkylcarbonyl group: n is an
. integer of 1 - 4) or a salt thereof. These compounds have
10 both antianxiety and antidepressant actions and yet they
cause less side effects. Therefore, they can be used as
excellent drugs that are highly effective in the prevention
and treatment of various diseases such as neurosis,
psychosomatic diseases, autonomic imbalance and depression.
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-17-, Exanpl e 6 2- Ami nonet hyl - 5- met hoxy- 1, 4- benzodi oxane was i sol ated and )

purified by the nethod described in Exanple 5. Starting with this conpound,’ f‘
t he met hod described in Exanple 2 was repeated to yield 210 ng of = T
N-{[ 2- (5- net hoxy- 1, 4- benzodi oxan- 2- L o ,

yl met hyl )am nol ethyl }tricycl o[ 3, 3, 1, 13'-f}decane- | - Carboxyanide-(caﬁpouhd
6) as a colorless oil. 1H NVR (60MHz.CDCl [err]): 66.9-6.2(m 4H), ;
4.45-3.95(m 3H), 3.32(m2H), 3.0-2. BESCRHEPTIDNL- 1.4(br, 16H) Exanpl e3Bk7The.
procedure of Exanple 1 was re@%ﬁ%gg 6§ﬁ§%tnhﬁﬁyA&iV@SyCidyl tosylate was 77

% y yielding

used in the process of synthesis, ere
(-)-N-{[2- (Fechnligll] FAehdnzodi oxan- 2-
yl met hyl ) am no] et hyhitsr i aYeh@i3n3rd143eé] €8CABY=N- benzodioxane

derivatives represented by the general formula (I):

0 Rz
I l
Ry—C—N—{(CH2) n—N—CH2 —R3 (1)
H

(where R; is an'adamantyl group: Rz is a hydrogen atom,
a lower alkyl group, a lower alkenyl group or an aralkyl
group; Rz is a 1,4-benzodioxane ring that may optionally
have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, & halogen atom, an amino group,
a hydroxyl group and a lower alkylcarbonyl group; n is an
integer of 1 - 4). The novel benzodioxane derivatives of
the present invention are useful as pharmaceuticals that
exhibit pronounced antidepression and antianxiety effects.
Background Art:

Reflecting the ever increasing complexity of
modern society, a growing number of patients suffer from
psychosomatic diseases that can effectively be treated with
antianxiety drugs. Further, a fairly high percentage of
these patients also suffer from depression which manifests
itself various in the form of physical symptoms. In many
of those cases, antianxiety drugs alone are incapable of
alleviating such symptoms. Thus, in order to ensure that
a patient's symﬁtoms are alleviated while allowing them
to live an ordinary social life, the development of a drug
is desired that is free from the side effects of existing
antianxiety agents, such as sleepinesss and dizziness and
which yet have an antidepressant action.

Benzodiazepine based drugs have heretofore been
used widely as antianxiety drugs. However, side effects
such as sleepiness and dizziness occur unavoidably in drugs
of this group. Several drugs have been reported to exhibit
an antidepressant action but their efficacy is weak.

This is the replacement shest
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carboxyan1de hydr ochl ori de (conpound 7) (100% ee).
'H-NNR(200N+E CDC[err]): 67.39(brs,IH), 6.80-6.62(m3H), 4.92-4.79(br, 1H)
4.22(dd, | H J=1l.4 and 2.9Hz), 4.01(dd, 1H,J=11.4 and 5. 7Hz), 3. 8-
3.5(br, 2H), 34.31(m 5H), 2.28(s, 3H), 2 O(brs,3H), 1.83(brs, 6H),
1.68(brs,6H mp.: 118 - 119C XD = -282 33[err] For optical purity
measur enment, an op |caII ve .COo pha =
|sopropanoI/n hexa grefo §é§eeséagéﬁakggFgupﬁPFﬁnggﬁgr5eﬁ§&§ﬁ3n t he
basi s of arbaenaﬁeoenopeﬂhascbamErnExanpbetB The peocedirzepfinExbdagled 1 was
repeat ed ex t hat . ( é I y t S e Btbﬂ? pgggggsdgh
synt hesi s, ?gekeby ;Fe ?nég%g Lﬁ&??%é? @h&@ tﬁﬁ gi* enzogloxan- grugs
are generally superior to the benzodiazepine based drugs
in that the side effects they cause, such as sleepiness
angd dizziness, are alleviated (Eison, Psychopathology,.
1989; 22 (Suppl. 1): 13 - 20). Among the reported
serotonin based drugs, Buspirone is already sold on the
market as an antianxiety drug that causes lesser side
effects but, at the same time, it is known to have an
antidepressant action (Robinson et al., Psychopathology,
1989; 22 (Suppl. 1): 27 - 38). Further, Ipsapirone
(Glaser, Drugs of the Future, 13 (5) 429 (1988) and Gepirone
(Jenkins et al., J. Clin. Pharmacol., 1890; 10 (3, Suppl.):
775 - 855) have also been reported.as serotonin-based drugs
that have both antianxiety and antidepressant effects.
Japanese Patent Public Disclosure No. Heli 2-15059
teaches that compounds represented by the general formula

(I1):
0 R

T \
R, (CHz) C—N—(CHz) —N  N—R (1I)

[where Ra is l-adamantyl, 3-methyl-l-adamantyl, 3-
noradamantyl, unsubstituted or substituted 2-indolyl, 3-
indolyl, 2-benzofuranyl or 3-benzofuranyl (a substituent,
if any, i1s selected from among a lower alkyl, a lower
alkoxy and a halogen): Rb is an unsubstituted or supstituted
phenyl, benzyl, pyridinyl., pyrimidinyl or pyrazinyl (a
substituent, if any, is selected from among a lower alkyl,
a lower alkoxy, trifluoromethyl or a halogen); Rc is
hydrogen or a lower alkyl having 1 - 3 carbon atoms; p
is an integer of 0 or 1; and g is an integer of 2 - 5]
are useful as anxiety dispelling antidepressants.

All of these recently developed compounds are
known to be antagonists for the serotonin 1A receptor.
Drugs acting on this receptor are anticipated to work
as antianxiety agents that are free from the side-effects

This is the replacement shest
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yl met hyl )am nol ethyl )tricyclo[ 3, 3,1, 137] decane-1- carboxyam de

hydrochl oride (conpound 8) (90%ee). The NWR data of this conpound were in
agreenent with those -18- of the end conmpound prepared in Exanple 7.
mp.: 119 - 120[err]C [a]D = +25.41 Exanple 9 The end product (compound 1)
of Exanple 1 (1.34 g, 3.5 nmol) was dis&olved in N, N-di net hyl for mani de (20

m). To the resulting solution, potassium carbonate (0.58 g, 4.2 mol) and
allyl bromni@é Pe@%ng?zﬁP?nﬁn5¥§e%e?%t%ﬂ@%ﬁeﬁhdagﬁ%t?e%%ﬁtthchiXFEre was

stirred forhndfehant apfl @6pt&ssase et £on (106p&dni Mpsonderd serbbenigaction
sol uti on, m@é&@p%@?,tpgnigxﬁég%§€¥%v%fgyeéhyélgcfﬁaéguﬁ éPEcEiHEStne
serotonin 2 receptor in the central nervous system (Gudelsky
et al., Neuropharmacol., 1986, 25, 1307 - 1313; Davies et
al., Soc. Neurosci. Abstr., 1987, 13, 801). Furthermore,
two important facts have recently been reported: an
antagonist against the serotonin 2 receptor exhibited
an antianxiety action in an animal experiment (Stutzmann
et al., Neuroscience Letters, 1991; 128, 4 - 8); and
continuous administration of ipsapirone caused a decrease
in the intracerebral serotonin 2 receptor (Schechter et al.,
J. Pharmacol. Exptl. Ther., 1990; 225, 1335 - 1347). These
facts suggest that in order to enhance the antianxiety and
antidepressant actions of the antagonist for the serotonin
1A receptor, one may block the serotonin 2 receptor at the
same time.
Disclosure of the Invention:

The serotonin based antianxiety agents available
today have various problems; for instance, Buspirone,
Ipsapirone and Gepirone have only weak antidepressant
and antianxiety effects and, further, these agents cause
either lower ultromotivity (probably due to the dopamine
antagonistic action) or serotonin syndrome (probably due
to their nature as full agonists for the serotonin 1A
receptor). Compared to Buspirone, the compounds represented
by the general formula (II) exhibit stronger antldepressant
and antianxiety effects but there still is room for
improvement in thelr practical potency. .

The present inventors conducted intensive studies
in order to develop drugs that were free from the afore-
mentioned problems of the prior art and which exhibited
excellent antidepressant and antianxiety actions in
combination and which yet caused less side effects. As
a result, the inventors discovered compounds represented
by the general formula (I) and this discovery has eventually
led to the accomplishment of the present invention.
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A

and washed with water tw ce, followed by drying w th anhydrous magnesi um
sul fate. The solvent was distilled off under vacuum thereby yielding 1.28
g of a crude product as a pale brown oil. A portion (0.2 g) of the crude
product was purified by colum chromat ogrgaphy on silica gel using nethylene
chl ori de/ net hanol / aqueous ammoni a (200:2:1) as a nobile |ayer, thereby
yielding N-{[2- (8 n’&hh)theldéfbaﬂz:adinob&’n-the compounds of the present

Ccompound b 1aYeRTuBRor bBE arh"Y a0t Arkol’ g 7#%8%%%%&'102% yam de
66. 71(s, 3H), gto&d- ﬁaY@@Br;lH)ﬁ 6p®@f5rﬁﬁawim) 2 4@rber L
35 00 it g AR, 0N B, L
(1.08 g, 2.5imhABEYyl, s- butyl and t utyl. The term "lower alkoxy
group"” means an alkoxy group having 1 - 6 carbon atoms,
as exemplified by methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, i-butoxy, s-butoxy and t-butoxy. The term
"halogen atom” means chlorine, bromine, fluorine and
iodine, with chlorine being preferred.

The term "lower alkenyl group" means an alkenyl
group having 2 - 8 carbon atoms, as exempllfied by vinyl,
allyl, l-propenyl and i-propenyl.

The term "aralkyl group" covers benzyl, benzhydryl,
phenethyl, trityl, etc.

The term "lower alkylcarbonyl group" means an
alkylcarbonyl group having 2 - 7 carbon atoms including
the carbon atoms in the carbonyl moiety, as exemplified
by acetyl, propionyl, butyryl, i-butyryl and pivaloyl.

The compounds represented by the general formula (I)
can be produced in various ways, typically., according to
the reaction schemes set forth below.

Reaction scheme 1

" @ J/OHp::zzne R\/I J”C'Ei;:— RE I f‘@

O
NHNH, - Br\/“\ﬁgj::]
EIOH —@: J/\NHZ —_— R_@[ J/\Nu\m

NaHCO;/ xylene
1) Boc,0/ CHyCly ”c;'\@f [ EGN / CHZCIZ
O -~
— R C::[ N~ NH, -
) NH,;NH, / ELOH Lo Bee 2) CF3COH - H,0

R
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was di ssolved in nethanol (30 m). To the resulting solution, 5% Pd-C (100
ng was added and the m xture was subjected to catal ytic hydrogenation with
1 atm hydrogen gas at roomtenperature. After the reaction, Pd was
filtered off and the filtrate was concentrated under vacuum vyielding a
crude product as a colorless oil (0.9 g)=5- -19- The crude product was
purified by columm chromatography on silica gel using nethyl ene

chl ori de/ net hake@doblomr@ehemen@ni a (200: 2: 1) as a nobil e phase, thereby
yielding N-{[2-(8-nethyl-1, 4- benzodi oxan- 2-

yl met hyl ) propyl am nol g§dyy} iNgii cycl o[ 3. 3, 1, 13" 7] decane-| - car boxyamn de
(conmpound 10) as 2 col orl ess %LI (ﬂsffCﬂ}sO%g-NNR (60MHz, CDC [err]):

66. 72(s, 3H), 6.40-6.99&@&,1H), \zso

e

cf\ﬁjy / NEl4 -
NH, H

st N — BaNH "~y

CH.CI, q

Pd-C ! W, or:
NEl, PAOH):-C/ H,

0O H O
grg —2 v o F -
S Me R@ofgn N/\ﬁ MeOH - HCI
o 10

Reaction scheme 3

Pd-C/ H
gosn XY e o8n ZRQLOH/\A
RT - > = xx
~~"~0H NaH / DMF N0 GG, MeOH 20 o
11 (X-Cl oxr OTs) 12 , :
NaH / DMF '
B —— et

GCeneral method of synthesis 1 (Reaction scheme 1)
2-Hydroxymethylbenzodioxane derivative (compound 1)
is reacted with thionyl chloride in pyridine at 100°C for
1 -4 h to give 2-chloromethyl-1,4-benzodioxane derivative
(compound 2). The derivative is refluxed with phthalimide
potassium salt under heating in N.N-dimethylformamide'for
S - 14 h to give compound 3. Thereafter, compound 3 is
reacted with hydrazine hydrate éither by standing at room
temperature or by refluxing under heating for 1 - 14 h
using an alcoholic solvent such as methanol, ethanol or
isopropanol, preferably in methanol, thereby giving 2-
aminomethylbenzoxane derivative (compound 4). The
derivative is refluxed withlh-bromoethyl phthalimide
under heating in an inert solvent such as benzene, toluene
or xylene, preferably in xylene, using a base such as sodium
hydrogencarbonate, potassium carbonate or triethylamine,

<4
&
&
e
Py
[
A
(&)
¢V
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4.50-3.90(m 3H), 3.50- 3.20(m2H), 3.00-2.40(m 6H), 2.20(s,3H),
2.20-1.50(br, 18H), 0.93(t,J=6.OHz, 3H Exanple 11

2- Hydr oxynet hyl - 5, 8-di net hyl - 1, 4- benzodi oxane was synt hesi zed i n accordance

with the nmethod of Augsteln et al. Starting with this conpound t he
pr ocedure of Exanple and 3 were repefied to yield

N-{(2-(5, 8- d 2-
yl En(et h§/| ) arﬁ aﬁi}iy} dn Jg'ﬁnéﬁ':?lsof)%%q’l?ﬁ]%d}% Wy drogRSRERR L] conpound
11) as a pdlar t:arem mﬁdys(om&?e@)y g iR IR (DI CT [ €Phrd9 cEfp @i s, 2H) ,

g Slag(lzjr%l(-i)ni] 4%!) %fx%g(zé(ig%zla)i Ql%yéii(‘ﬁ]%lgzg%é 4‘12%5’%2%[%% pr%cedure of

Exanpl e 11 iwae iseodesendd such as methylene chloride or chloroform,
preferably in methylene chloride, for 2 - 4 h, whereby

the secondary amine is t-butylcarbonylated. Subsequently,

hydrazine hydrate is added to the reaction system containing

an alcoholic solvent such as methanol, ethanol or

isopropanol, preferably ethanol, and the mixture is left

to stand at room temperature or refluxed under heating for

1 - 14 h, thereby giving a primary amine form (compound 6).

The amine form is reacted with l-adamantanecarbonyl chloride

in a solvent such as methylene chloride or chloroform,

preferably in methylene chloride, in the presence of

triethylamine, overnight at room temperature. Thereafter,

the reaction mixture is stirred in trifluoroacetic acid

for 0.5 - 1 h at room temperature, thereby yielding the

end compound 7. '

General method of synthesis 2 (Reaction scheme 2)
2-Hydroxymethyl-1,4-benzodioxane derivative

(compound 1) is reacted with p-toluenesulfonyl chloride

overnight at room temperature in an inert solvent such

as methylene chloride or chloroform, preferably in

methylene chloride, in the presence of a base such as

triethylamine or N,N-diisopropylethylamine, preferably

using triethylamine, thereby giving compound 8. In

a separate step, N-benzylethylenediamine is reacted with

l-adamantanecarbonyl chloride at room temperature for

1l - 2 days in a solvent such as methylene chloride or

chloroform, preferably in methylene chloride, in the

presence of triethylamine, thereby giving compound 9.

Compounds 8 and 89 are reacted at reflux temperature

for 2 - 5 days using a base such as triethylamine, N,N-

diisopropylethylamine, sodium hydrogencarbonate or potassium

carbonate, preferably in the presence of triethylamine, in a

solvent such as 5-methyl-2-hexanone, N,N-dimethylformamide,

dimethyl sulfoxide, xylene or toluene, preferably in 5-

methyl-2-hexanone, thereby giving compound 10. Compound 10

g e eDEsenant 3hioet
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except that 2-hydroxynethyl-7-nitro-1,4-benzodi oxane was used as the
stafting conpound. As a result, N{[2-(7-am no-1|, 4-benzodi oxan- 2-

yl met hyl )am no]ethyl }tricycl o[ 3, 3, 1. 13" 7] decane-| - carboxyam de (conpound
12) was produced as a pale brown oil (0755 g). 1H NWR (60MHz, CDCl [err]):
66. 80-6.50(mM H), 6.40-6.00(m 3H), 4.40-3.80(m 3H), 3.45-3.10(m 2H),
3.00-2.40(M ¢Heqhcdl-daPiPtidSly eitRr Sxarpbs t8mpbpapupsedpre of

ETﬁggLgxi#ﬂﬁﬁ@?ésgggﬁggtﬁgﬁggéhéégicmﬁE&%ﬁ%lmagru%eﬂeaga?ﬂé QF afFhage!

conpound. AsopvéssutdéntNidiRe (I6% i smbeil VHC, 4p befepsabbxabn2methanol
containing 10% conc. HCl, in the presence of a Pd-C or Pd
hydroxide-C catalyst, preferably in the presence of Pd
hydroxide-C, thereby yielding the end compound 7.

The starting compound 1 may be prepared by a
documented method (Augstein et al., J. Med. Chem., 1965
(8) 446) or by the following method of synthesis (Reaction
scheme 3).

Monobenzyl catechol derivative (compound 11) is
reacted with epichlorohydrin or glycidyl tosylate in
an organic solvent such as N,N-dimethylformamide, methylene
chloride or chloroform, preferably in N,N-dimethylformamide,
in the presence of a base such as sodium hydride, sodium
hydroxide or potassium hydroxide, preferably in the presence
of sodium hydride, either at 100°C for 1 h or at room
temperature for 4 - 6 h, thereby giving compound 12.
Compound 12 is hydrogenated catalytically in an organic
solvent such as methanol, ethanol or ethyl acetate,

"preferably methanol, in the presence of Pd-C, at room
temperature for 1 - 3 h, thereby removing benzyl. Further
‘reaction is performed in an organic solvent such as N,N-
dimethylformamide, methylene chloride or chloroform,
preferably in N,N-dimethylformamide or chlorofeorm, in the
presence of a base such as sodium hydride, scdium hydroxide,
potassium hydroxide or N,N-diisopropylethylamine, .preferably
in the presence of sodium hydride or N,N-
diisopropylethylamine at a temperature in the range'from
room temperature to 100°C for a period ranging from 1 to

12 h, thereby yielding the desired compound 1.

The compounds of the present invention which are
represented by the general formula (I) are such that the
carbon atom in the position of substitution on the 1,4-
benzodioxane ring 1s asymmetric carbon; hence, the compounds
may be available as optical isomers. If a substituent is
present on the benzene ring of the 1,4-benzodioxane ring,
the compounds are available as regio isdmers. Such optical

This is the replacement sheet
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yl mgt hyl )am nol ethyl }tricycl o(3,3,1,13 7 ]decane-1- carboxyam de (conpound
13) was produced as a pale brown oil (0.48 g). 'H NVR(200MWHz, CDCl [err]):
66. 80-6.56(m 3H). 6.20-6.10(brs,IH), 4.32-3.92(m 3H), 3.40-3.20(m 2H),
2.92-2.76(m4H), 2.35(d,J=6.9Hz, 1H), 2.08-1.52(m 18H), 0.92(d, J=6.9Hz, 6H)
Exanpl e 14 The procedure of Exanple 11T &8s repeat ed except that

Z ot A e TP s S DA AR B Ao 8K  bP%ene
yl net hyl ) amredeatthylgtentcharl 0 3, 3,1, 13 ' 7 ] decane- 1- car boxyan de (conpound
9 o5%s By, A PURII A e Gl AR CRREE L0
are prepared in the manner described above may be in
the form of pharmaceutically acceptable salts. Such
salts can be prepared by reaction with suitable organic
or inorganic acids and non-limiting examples are acid
addition salts including hydrochloride, hydrobromide,
sulfate, hydrogensulfate, phosphate, acetate, citrate,
fumarate, gluconate, lactate, maleate and succinate.

The compounds of the general formula (I) which
are prepared in the manner described above are such that,
taken as a whole, they are comparable or superior to the
existing antianxiety agents in each of the antidepressant
and antianxiety effects; furthermore, those compounds cause
less of the side effects which have occurred unavoidably
in the administration of the existing antianxiety agents;
therefore, the compounds of the present invention are
expected to exhibit outstanding effects in the prevention
and treatment of various diseases such as neurosis,
psychoéomatic diseases, autonomic imbalance and depression.

The compounds represented by the general formula (I)
may be mixed with suitable additives such as excipients,
auxiliaries, lubricants, antiseptics, stabilizers,
humectants, emulsifiers, colorants, flavors and fragrances
to formulate suitable preparations such as tablets, coated
tablets, granules, subtilized granules, powders, capsules,
syrups, elixirs, drops, solutions, suspensions and ’
emulsions; these dosage forms may be administered either
perorally or parenterally.

When the compounds of the general formula (I) are to
be administered to humans, the dose of administration ranges
typically from 1 to 30 mg, preferably from 5 to 10 mg, per
day per adult.

Examples

The following examples are provided for the purpose
of further illustrating the present invention but are in
no way to be taken as limiting.



3.2Q(m 2H), 3.00-2.70(m 4H), 2. 20- 1;60(br, 16H) Exanpl e 15 The procedure of
Exanpl e 11 was repeated except that

2- hydr oxynet hyl - 8-acetyl - 1, 4- benzodi oxane was used as the starting
conmpound. As a result, N {[2-(8-acetyl-1,4 benzodi oxan-2-
ylnethyl)an1no]ethylItrlcyclo[3 3,1, 13 g ]decane-l- car boxyam de (conpound

15) was produced as a pal e brown 0|I 137 g) -21- 1H NWR
(60MHz. CDCl eLLb ; 7.16 %S,Mﬂ,
4. 39- 3. 86( F

2.12-1. 28( ngggﬂesis 2)

Sodium hydride (90.2 mg; 2.25 mmol; 60% in oil) was
washed with benzene, followed by addition of anhydrous N,N-
dimethylformamide (5 ml). To the resulting suspension, 2-
benzyloxy-3-methylphenol (457.3 mg, 2.137 mmol) dissolved
in anhydrous N,N-dimethylformamide (5 ml) was added dropwise
under & nitrogen atmosphere. To the resulting solution,
glycidyl tosylate (508.2 mg, 2.220 mmol) dissolved in
anhydrous N,N-dimethylformamide (5 ml) was added and the
mixture was stirred for 4 h at room temperature. After
the end of the reaction, ether (200 ml) was added to
the solution and the reaction mixture was washed with
a saturated aqueous solution of sodium chloride, followed
by drying with anhydrous sodium sulfate and concentration
under wvacuum, thereby yielding a crude product as a
pale brown o0il (619.4 mg). The crude product was
purified by column chfomatography on silica gel using
n-hexane/ethylacetate (6:1) as a mobile phase, thereby
yielding 3-(2,3-epoxypropyl)-2-benzyloxytoluene (464.4 mg).

'H-NMR (60MHz,CDCls): 67.5-7.0(m,5H), 6.8-6.5(m,2H),
4.90(s,3H), 4.2-3.6(m,2H), 3.3-
3.0(m,1H), 2.8-2.5(m,2H), 2.10(s,3H)

The thus prepared epoxy compound (443.0 mg, 1.641
mmol) was dissolved in methanol (20 ml). To the resulting
solution, 5% Pd-C (45.3 mg) was added and the mixture was
subjected to catalytic hydrogenation at room temperature.
After the end of the reaction, Pd-C was filtered off and
the filtrate was concentrated under vacuum to give a crude
product as a colorless crystal (323.9 mg). The crude
pgoduct was purified by column chromatography on silica
gel using n-hexane/ethyl acetate (6:1) as a mobile phase,
thereby yielding 2-(2,3-epoxypropyl)-6-methylphenol as
a colorless prism (233.8 mg).
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Exanpl e 16 The procedure of Exanple 11 was repeated except that
2- hydroxynethyl 6- benzyl oxy- 1, 4- benzodi oxane was used as the starting

conmpound. As a result, N{[2-(6- hydroxy-1,4-benzodioxan-2-
yl met hyl )am no] et hyl ~tricycl o[ 3, 3,,113 ' 7] decane-1- car boxyam de (conpound

16) was produced as a pale brown oil (0.74 g). 1H NVR(200MHz, CDCl [err]):
66. 72-6.20(m 3H), 4.28-3.88(m 3H), 3. 88’1@'50(brs 2|—|) 3.42-3.28(m 2H),

2.92-2.72(m 4 edur.e. of nple 11
was repeatedﬂg%@@bﬁ%®WéF %ﬁﬁbﬁ50xy5étﬁ3k ?E° ]ggnzoEﬁgxane was
used as the starting conpound. As 3. ﬂQmumH) Na{bza 2(m,1H), 3.1-
“(7-hydroxy-1, 4- benzodi oxan-2- yl ne h*'%@@h }tr@gyclo[3,3,1, 13'7
] decane-1| - carboxyam de (conpound g uce pal e

The thus yielded product (198.0 mg, 1.100 mmol)

was dissolved in anhydrous N,N-dimethylformamide (5 ml),
followed by the addition of sodium hydride (65.0 mg,

1.625 mmol, 60% in oil). The resulting solution was
stirred first at room temperature for 10 min, then at
100°C for 1 h, followed by addition of water (20 ml) and
extraction with ethyl acetate. The ethyl acetate layer
was washed with a saturated aqueous solution of sodium
chloride, followed by drying with anhydrous sodium sulfate
and concentration under vacuum, thereby yielding a crude
product as a brown oil. The crude product was purified

by column chromatography on silica gel using n-hexane/ethyl
acetate (6:1) as a mobile phase, thereby yielding 2-
hydroxymethyl-8-methyl-1,4-benzodioxane as a colorless

oil (97.2 mg).

'H-NMR (60MHz,CDCl3): 66.87(s,3H), 4.5-3.7(m,5H), 2.6-
2.2(br,1H), 2.20(s,3H)

The thus prepared benzodioxane derivative (97.2 mg,
0.540 mmol) was dissolved in methylene chloride (5 ml).
To the resulting solution which was stirred at room
temperature, p-toluenesulfonyl chloride (108.5 mg, _
0.568 mmol) was added; then, triethylamine (1 ml) was
added, followed by continued stirring at room temperature
for 2.5 h. After the end of the reaction, water (10 ml)
was added to the solution and extraction was conducted with
methylene chloride (200 ml). The methylene chloride layer
was washed with water, followed by drying with anhydrous
sodium sulfate and concentration under vacuum, thereby
vielding & crude product as a brown oii. The crude product
was purified by column chromatography on silica gel using
n-hexane/ethyl acetate (2:1) as a mobile phase, thereby
yielding 2-tosyloxymethyl-8-methyl-1,4-benzodioxane
(124.6 mg).
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br own oi
4.30(brsl H,
3.18-2.78(m 4H)
was repeated except that 2-hydroxYnet hyl
used as the starting conpound.. As a resu

(1.57 g). |H NVR(270MHz, CDO [ er
4.15(d, J=9.9Hz, 2H), 3.93-3.8
2.01-1.69(m 16H) Exanpl e

hydr oxy- 1. 4- benzodirgxgn s%‘pa)f"arf%t @tle)pamlrl%]a%tama YO fo Tadfh 7 ]

decane- 1- oun

carbox am de (conp
g). -22- %R

GR

-,8- benzyl oxy-1,

£ 6. BBOLIarPs dlesoirad IR MeRgera

r]): 66.70-6.33(m4H),
6(m 1H), 3.60-3.26(m 2H),

18 The procedure of Exanple 11
4- benzodi oxane was

t, N-{[2-(8-

e bromm 0|I (0.69

@kRQN

I’O uced as anpa

To the resulting solution, thionyl chloride (9.07 g.

76.2 mmol) was added dropwise and, thereafter, the mixture
was refluxed for 3 h. The solvent and excess thionyl
chloride were distilled off under vacuum, thereby yielding
a crude product of l-adamanetancarbonyl chloride. Without
further purification, the crude product was dissolved in
methylene chloride (100 ml) and the resulting solution

was added dropwise to a second solution at room temperature.
The second solution had both N-benzylethylenediamine

(9.54 g, 63.5 mmol) and triethylamine (7.07 g, 69.9 mmol)
dissolved in methylene chloride (100 ml). The resulting
liquid mixture was stirred at room temperature for 2 days
before it was poured into water (300 ml); then, the mixture
was stirred well and methylene chloride layer was separated.
The remaining water layer was subjected to two runs of
extraction with methylene chloride. The two methylene
chloride layers were combined and washed with water twice,
followed by drying with anhydrous sodium sulfate and
concentration under vacuum. The resulting crude product

was purified by column chromatography on silica gel using
methylene chloride/methanol/aqueous ammonia (200:25:1)

as a mobile layer, thereby yielding N-{[2-(N-
benzyl)aminolethyl}tricyclo(3,3,1,1%'7]Jdecane-1-carboxyamide

(12.4 g).

'H-NMR (60MHz,CDCl3): &67.26(s,5H), 6.66(s,3H), 6.3-
5.9(br,1H), 4.5-3.8(m,3H),
3.69(s,2H), 3.30(m,2H), 2.9-
2.5(m,4H), 2.18(s,3H), 2.2-1.5(m,16H)

The amide compound (216.9 mg, 0.694 mmol),
the already mentioned 2-tosyloxymethyl-8-methyl-1,4-
benzodioxane (124.6 mg, 0.373 mmol) and triethylamine
(70.9 mg, 0.702 mmol) were dissolved in 5-methyl-2-hexanone.
The resulting solution was stirred under heating, first
at 130°C for 42 h, then at 150°C for 9 h. Thereafter,
water (20 ml) was added and the mixture was subjected
to extraction with a methylene chloride/methanol (95:5)

Thie Is the replacement sheet
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4.32-4.22(m2H), 4.03-3.96(m 1H), 3.40-3.36(m2H), 2.98-2.75(m 4H),
2.2b-1.65(n117H) Exanpl e 19 The procedure of Exanple 11 was repeated except
t hat 2- hydroxynet hyl - 5- benzyl oxy- 1, 4- benzodi oxane was used as the starting
conmpound. As a result, N {[2-(5- hydroxy-1, 4- benzodi oxan- 2-
yInethyl)aninoIethyl}tricyclo[3,3,1,13*¥?ﬂecane-l- car boxyam de (conpound

L e B fafh o P e ey TANEEE G, oL
3]; 3%(3. BEénﬁgwwaSrilga-Qi t?lg(mélé-l) : ﬁmtibvle@&ﬁm dryn&caiph ea@ly dheupr ocedur e
O il %9158 BEEPRLE R EBlchlBlarign, ynqgg vacuum to yiela
a crude product as a brown oil (474.9 mg). The crude
product was purified by column chromatography on silica
gel using n-hexane/ethyl acetate (6:1) as a mobile phase,
thereby yielding N-{[2-(8-methyl 1,4-benzodioxan-2-
ylmethyl)benzylaminolethyl}tricyclo(3,3,1,13'7 Jdecane-1-
carboxyamide (compound a) in an amount of 56.1 mg.

1H-NMR (60MHz,CDCls): 67.32(s,5H), 6.71(s,3H), 6.20-
5.90(br,1H), 4.40-3.80(m,3H),
3.72(s,2H), 3.50-3.10(m,2H), 3.00-
2.60(m,4H), 2.21(s,3H). 2.20-
1.60(br,16H)

The compound a (56.1 mg, 0.118 mmol) was dissolved
in methanol. To the resulting solution, conc. HCl (0.2 ml)
and 20% Pd hydroxide-C (10 mg) were added and catalytic
hydrogenation Was performed at room temperature. After
the reaction, Pd was filtered off and the filtrate was
concentrated under vacuum, yielding a crude product
(201.8 mg) as a violet 0il. The crude product was purified
by column chromatography on silica gel using hethylene
chloride/methanol/aqueous ammonia (200:25:1) as a mobile
phase, thereby yielding N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)amino]ethyl}tricyclo(3,3,1,1%’7 Jdecane~-1-
carboxyamide (38.7 mg) as a colorless oll.

-

'H-NMR (60MHz,CDCls): 06.83(s,3H), 6.5-6.0(br,1H), 4.5-
3.8(m,3H), 3.45(m,2H), 3.05-
2.67(m,4H), 2.20(s,3H), 2.4-
1.4(br,186H)

The purified product (556.4 mg) was dissolved in
a mixture of 4N HCl/dioxane solution (4 ml) and methanol
(4 ml) and the resulting mixture was stirred for 5 min,
followed by concentration under vacuum. The residue was
recrystallized from chloroform/ethyl acetate (1:10),
yieldihg a hydrochloride salt of the product (421.3 mg,
compound 1) as a colorless prism. m.p. = 129 - 131°C.
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used as the starting conpound. As a result, N ([2-

(6,"8-di net hyl -1, 4- benzodi oxan-2- yl met hyl)am nol et hyl }tricyclo[3,3,1,13

' 7] decane- 1- car boxyam de (conpound 20) was produced as a pal e brown oi
(0.93 g). 1H NVR(200MHz,CDCl[err]): 66.52(s.2H). 6.24-6.08(brslH),
4.28-3.92(m 3H), 3.40-3.28(n12kb 2.92-72 (m4H), 2.20(s,3H),- 2.16(s, 3H),

2.08-1.52(m Te awple Affnmtehf r intrac ng erptonin | A and
serotonin ZEéggéﬁﬁbziAgﬁlﬁ ..... SEOSE LBt d .uéﬁﬂﬁﬁﬁgiﬁ%Qéggié%Eef Hal | et
al . (J. Neummﬁuhasisk;)1685 - 1695, 1985) and the nethod of Leysen et al

(Mol . Phar macol . Qb st ]%/\ed]eg%%) 2 - %mfﬁ/ C‘i‘fﬁé‘?%é‘%l Véfi}?ﬁd

cortex and hlppocanpa t'i ssue (S ext ract eq fronlthe rain

S.D. line ndll® Oatgs, 54 -Yedmelh a2l vl thedd mdidernotasgivuigakt (62 AV & pH
7.7) and horsggeningRd )Wiwleh e abtfd Ot N MR M iy L formamide (350 ml)

and subjected to reaction overnight under reflux:
thereafter, N,N-dimethylformamide was distilled off under
vacuum. Water (250 ml) was added to the residue and the
mixture was stirred well, with the floating solids being
subsequently recovered by filtration. The solids were
dried, then recrystallized from methanol/methylene chloride,
thereby yielding (1,4-benzodioxan-2-ylmethyl)phthalimide

as a colorless tabular crystal in an amount of 8.43 g.

The thus obtained crystal was dissolved in ethanol (500 ml);
to the solution, hydrazine hydrate (4.3 g) was added,
followed by refluxing under heating for 3 h. The resulting
solids were filtered off and ethanol was distilled off under
vacuum, followed by addition of water (300 ml). Thereafter,
an aqueous solution of 6N sodium hydroxide was added to
adjust pH to 12 and the mixture was subjected to 3 cycles
"of extraction with methylene chloride. The methylene
chloride layers were dried with anhydrous sodium sulfate,
and concentrated under vacuum, thereby yielding a crude
product of 2-aminomethyl-1,4-benzodioxane as a colorless

0il (crude product, 4.3 g).

'H-NMR (B80MHz,CDClz): 66.80(s,4H), 4.5-3.7(m,3H), 3.1-
3.8(m,2H), 1.70(brs, 2H)

2-Aminomethyl-1,4-benzodioxane (3.33 g, 13.1 mmol)
and N-(2-bromoethyl)phthalimide (4.3 g, 26.2 mmol) were
dissoclved in xylene (100 ml); to the resulting solution,
sodium hydrogencarbonate (1.10 g, 13.1 mmol) was added and
the mixture was refluxed under heating for 2 days. After
the reaction, xylene was distilled off under vacuum and
water (200 ml) was added, followed by three extractions
with dichloromethane. The methylene chloride layer was
dried with anhydrous sodium sulfate and concentrated
under vacuum to yield a dark brown oil (8.7 g). This

crude product was purified by column chromatography
‘Thig is the replacement sheet
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-23- Thereafter, the honbgenate was centrifuged at 39800x g for 20 mn and

t he supernatant was di scarded. Forty volunes of a buffer were added to the

precipitate and the m xture was honogeni zed with a Pol ytron honogeni zer,

wi th the honbgenate being centrifuged under the sanme condition as set forth
above. The sane procedure was repeated-i&o nore times and the final

preci pitate was honogeni zed with 40 volunes_of a buffer; thereafter, the

honpgenat e RBsSétdFagesat Rehae BeEhRighe shlopdpe/mpEhapmlygQuUERSwhen
bi ndi ng expennorDaS (20066t D) bes condobi vd, phsehoppgtdahe Nag2thaywad at room

seroton n. HaaredfS¥EE: EorBhe AEElAnfae e B nahEral BE8oEa0d % 80R 0 m n
and 40 vol vaeBro¥naoblf fer were added to the

_ The brown oil (500 mg, 1.5 mmol) was dissolved in
methylene chloride (20 ml); to the resulting solution, a
solution having sodium hydrogencarbonate (120 mg, 1.5 mmol)
dissolved in water (10 ml) was added. To the resulting
liquid mixture which was stirred vigorously at room
temperature, a solution having di-t-butyl dicarbonate
(320 mg, 1.5 mmol) dissolved in methylene chloride (2 ml)
was added dropwise. The resulting solution was refluxed
continuously under heating for 2 h; thereafter, the aqueous
layer was separated, dried with anhydrous sodium sulfate
and concentrated under vacuum, yielding a brown oil
(920 mg). This product was dissolved in ethanol (10 ml)
and hydrazine hydrate (0.22 ml) was .added, followed by
reflux under heating for 1 h. Ethanol was distilled
off under vacuum and 6N aqueous sodium hydroxide (20 ml)
was added, followed by three extractions with methylene
chloride. The methylene chloride layers were combined
and dried with anhydrous sodium sulfate; thereafter,
the solvent was distilled off under vacuum to yield
a crude product (480 mg). This product was purified
by colﬁmn chromatography on silica gel using methylene
chloride/methanol/aqueous ammonia (200:25:1) as a
mobile phase, thereby yielding a pale brown oil (320 mg,
1.04 mmol).

The o0il was dissolved in methylene chloride klO ml);

to the resulting solution which was cooled with ice,
a solution having l-adamantanecarbonyl chloride (210 mg,
1.04 mmol) dissolved in methylene chloride (10 ml) was
added dropwise, followed by addition of triethylamine
(130 mg, 1.25 mmol). The resulting solution was stirred
for 2 h at room temperature; thereafter, the solution was
washed once with water, then with 2N HC1l and 2N aqueous
sodium hydroxide, dried with anhydrous sodium sulfate and
concentrated under vacuum. The resulting colorless oil was

ihie s the replacement sheoet
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precipitate, followed by hompgenization. This procedure was repeated three
tines; to the final precipitate, a buffer was added in 65 volunes for the
case of serotonin 1A receptor and in 80 volunes for the case of serotonin 2
receptor and the m xture was honobgeni zed in preparation for the binding
experinments that are described bel ow. Al4-procedures of experinentation
except storage in a frozen state and thawi ng at roomtenperature were

conduct ed adjdéSIveL D el pyuidheicompountisti efledroacatict heitdess ml)

exanpl es descri bed be are keyed .as sho i th | b Cont r ol
conpounds B%l%éi‘?%?f’er (8" '%ﬁ’n’nae‘i/ i Wie a%??%&#@%yrgﬁéﬁ%é’%gggéﬁ wes

Exarrp: e 2 oftiapadese Radmentenhdxatul® stooslirke. NOAL #F Phe 5068C BAPBOO7
Exanple 2 o a P ' | £ 58+42 5 73005
Exampl & 5 ofnd BENvase RUE M fl 1 Ea RAF! 98 Hovaciin S d 26865c Moke
product was purified by column chromatography on silica gel
using methylene chloride/methanol/aqueous ammonia (200:20:1)

as a mobile phase, thefeby yielding N-{[2-(1,4-benzodioxan-
2-ylmethyl)amino]ethyl}tricyclo{3,3,1,1%3'7 ]decane-1-

carboxyamide (compound 2) as a colorless oil (300 mg).

lH-NMR (B0MHz,CDCls): 66.82(s,5H), 6.42(brt,1H,J=4.0Hz),
4.45-3.90(m,3H), 3.5-3.15(m,2H), 3.0~

2.1(m,4H), 2.4-1.5(br,16H)

Example 3
2-Hydroxymethyl-8-methyl-1,4-benzodioxane (13.2 g,

73.3 mmol) was synthesized in accordance with the method
described in Augstein et al., J. Med. Chem., 1965 (8) 446;
it was then dissolved in anhydrous pyridine (6.38 g, 80.6
mmol). To the resulting solution which was cooled with a
freezing mixture of salt and ice, thionyl chloride (11.34 g,
95.3 mmol) was added dropwise. After the end of dropwise
addition, the mixture was stirred under heating at 105°C
for 5 h and poured into ice water (200 ml), followed by
three extractions with ether. The ether layers were
combined and washed with water -twice, then dried with
anhydrous magnesium sulfate and concentrated under vacuum,
yvielding a crude product as a brown o0il (12.7 g). The
crude product was purified by column chromatograpﬁy on
silica gel using methylenechloride-hexane (2:1) as a mobile
phase, thereby yielding 3.8 g of 2-chloromethyl-6-methyl-
1,4-benzodioxane as a yellow brown oil.

In the subsequent stage of synthesis, the method
of Example 2 was repeated to yield 99 mg of N-{[2-(6-
methyl-1,4-benzodioxan-2- _
ylmethyl)amino]ethyl}tricyclo(3,3,1,13'7 Jdecane-1-
carboxyamide (compound 3) as a colorless oil.
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Di scl osure

Exanple 2
Exanmpl e |
Example 3
Exanmple 7
Exanple 9

Exanple 11

No. Sho 61-246180 -24- Conpounds of the Invention Conpound
Compound 5 Exanple 5 Conpound

Compound 6 Exanple 6 Conpound 3

Conpound 4 Exampl e 4 Conpound 7

Compound 8 Exanple 8 Conpound 9

Conpound 10 Exanplge 10 Conpound 11

Compound 12 Exanpl e 12

!H-NMR (60MHz,CDCls): ©66.7(s,3H), 6.4-6.2(br,1H), 4.4-
3.9(m,3H), 3.36(m,2H), 3.0-2.7(m,4H),
2.3(s,3H), 2.2-1.6(br,16H)

Example 4
2-Hydroxymethyl-7-chloro-1,4~-benzodioxane was

synthesized in accordance with the method of Augstein

et al., supra. Starting with this compound, the procedure
described in Examples 2 and 3 were followed to yield N-
{[2-(7-chloro-1,4-benzodioxan-2-
ylmethyl)aminojethyl}tricyclo(3,3,1,1%’7 Jdecane-1-
carboxyamide (compound 4) as a pale brown oil in an

amount of 1.80 g.

!H-NMR (60MHz,CDCl3): 66.95-6.8(m,3H), 6.4-6.0(br,1H),
4.45-3.95(m,3H), 3.36(m,2H), 3.0-
2.6(m,4H), 2.3-1.6(br,16H)

Examgle )
A mixture of 2-hydroxymethyl-8-methoxy-1,4-

benzodioxane and 2-hydroxymethyl-5-methoxy-1,4-benzodioxane
was synthesized in accordance with the method of Augstein
et al., supra. The mixture was converted to 2-aminomethyl
form in accordance with the procedu:e described in Example
2. The mixture thus treated was isolated and purified

by column chromatography on silica gel using methylene
chloride/methanol (9:1) was a mobile phase, thereby yielding
1.08 g of 2-aminomethyl-8-methoxy-1,4-benzodicxane as a
pale brown oil. In the subsequent stage of synthesis,

the procedure described in Example 2 was followed to

yvyield 7.5 mg of N-{[(2-(8-methoxy-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo[3,3,1,1%'7 ]decane-1-
carboxyamide (compound 5).

'H-NMR (60MHz,CDCl3): 67.35=6.1(m,4H), 4.5-3.95(m,3H),

3.85(s,3H), 3.35(brt,2H), 3.1-
2.7(m,4H), 2.2-1.6(br,16H)
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Conpound 13 Exanmpl e 13 Conpound 14 Exampl e 14

Conmpound 15 Exanpl e 15 Conpound 16 , Exanpl e 16
Compound 17 Exanpl e 17 Conpound 18 Exanpl e 18
Compound 19 Exanpl e 19 Conpound 20 Exanpl e 20
Conpound a - Example 1 (|nter%%d|ate) Serotonin 1A receptor

bi ndi ng exper'gnnt A reaction solution containing 0.5 nM (fina
concentratiod;33$5§1#%-hydroxy-2-(di-n-propylanino)tetralin (8- OH DPAT) ,

0. 1% ascorbic acideﬂﬁhﬂiﬁbmétﬁyﬂ4s{MeﬁhaﬁyrIuﬁﬁmgnzméibmane0wat (fina

vol une) of a fudfere d/va&fm}tere ﬁ g,plztg{eerrﬁé&g&)r chP%]IS‘edT greafter, th_(la_he

reaction solutlon passage t rou ass filter

filter was WESHERP ke dl yswiﬂhi% Widél ctddlsacpmq@d(stM)m%h@@ ti mes, put
into a scintidds¥ri®ed/iid] Example 2 was repeated to yield 210 mg

of N-{[2-(5-methoxy-1,4-benzodioxan-2-
y;methyl)amino]ethyl}tricyclo[s.3.1,13’7]decane-1-
carboxyamide {compound 8) as a colorless oil.

1H-NMR (60MHz,CDCl3): 66.9-6.2(m.,4H), 4.45-3.95(m, 3H),
' 3.32(m,2H), 3.0-2.5(m,4H), 2.1-
1.4(br,16H)

Example 7

The procedure of Example 1 was repeated except that
(-)glycidyl tosylate was used in the process of synthesis,
thereby yielding (-)-N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)amino]ethyl}tricyclo[s,3.1,13'7]decane-l-
carboxyamide hydrochloride (compound 7) (100% ee).

!H-NMR(200MHz,CDCl3): 67.39(brs,1H), 6.80~8.682(m,3H),
4.92-4.79(br,1H),

.22(dd,1H,J=11.4 and 2.9Hz),

.01(dd,1H,J=11.4 and 5.7Hz), 3.8-

.5(br,2H), 3.4-3.1(br,5H),

.28(s,3H), 2.0(brs,3H),

.83(brs,6H), 1.68(brs,6H)

=N WA s

m.p.: 118 - 118°C
[a]D = -28.33°

For optical purity measurement, an optically active
column [Daicel OD; mobile phase = isopropanol/n-hexane
(1:9)] was used and calculations were made on the basis
of area ratio for the chart.

Example 8

The procedure of Example 1 was repeated except that
(+)glycidyl tosylate was used in the process of synthesis,
thereby yielding (+)-N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo(3,3,1,1%3'7 ]Jdecane-1-
carboxyamide hydrochloride (compound 8) (90% ee). The
NMR data of this compound were in agreement with those
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4

together with a scintillation cocktail, and left to stand overhight at 4C.

On t he next

day, the vial was agitated well and neasurenents were conducted

with a scintillation counter. To determ ne the anount of specific binding,
t he anount of binding in the presence of excess unl abelled serotonin (10
[err]M was subtracted fromthe total amd@nt of binding. As an index for
t he affinityH%ng t est, conpound -25- for either receptor, the

a

concentratio

fheRA CRBPSHEBE| PrerprRdi A EXK2BRIBPAT was i nhibited by 50%

(ICso, M maiégeterE&gfgdﬁzéagxconputer sof t ware EBDA/ LI GAND ( Bi osoft).

Serotonin 2

épto periment A reaction solution containing 0.5

nM (fi nal cohcéﬁtFaEEEnﬂldf 3H ket ancerine and 500 [err]| of brain
honogenate in 1.0 m (final volume) of a buffer was

Example 9
The end product (compound 1) of Example 1 (1.34 g,

3.5 mmol) was dissolved in N,N-dimethylformamide (20 ml).
To the resulting solution, potassium carbonate (0.58 g,
4.2 mmol) and allyl bromide (0.51 g, 4.2 mmol) were added
and the resulting mixture was stirred for 16 h at 50°C.
Ice water (100 mi) was added to the reaction solution,
which was then extracted with ethyl acetate three times
and washed with water twice, followed by drying with
anhydrous magnesium sulfate. The solvent was distilled
off under vacuum, thereby yielding 1.28 g of a crude
product as a pale brown oil.

A portion (0.2 g) of the crude product was purified
by column chromatography on silica gel using methylene
chloride/methanol/aqueocus ammonia (200:2:1) as a mobile
layer, thereby yielding N-{[2-(8-methyl-1,4-benzodioxan-
2-ylmethyl)allylaminolethyl}tricyclo(3,3,1.13'? Jdecane-1-
carboxyamide (compound 9) as a colorless oil (0.14 g).

'H-NMR (60MHz,CDClsz): 66.71(s,3H), 6.40-6.10(br,1H),
6.00-5.50(m,1H), 5.40-

5.20(m,2H), 5.20-5.00(m,1H), 4.50-
3.90(m,3H), 3.50-3.10(m,4H),
3.00-2.60(m,4H), 2.20(s,3H), 2.20-
1.60(br, 16H)

Example 10
The crude product of Example 9 (1.08 g, 2.5 mmol)

was dissolved in methanol (30 ml). To the resulting
solution, 5% Pd-C (100 mg) was added and the mixture
was subjected to catalytic hydrogenation with 1 atm.
hydrogen gas at room temperature. After the reaction,
Pd was filtered off and the filtrate was concentrated
under vacuum, yielding a crude product as a colorless
oll (0.9 g).




i ncubated at 30C for 30 m n. Subsequent procedures were the same as in the
serotonin 1A receptor binding experinent and 1Cso (M was determ ned
accordingly. To determ ne the amount of specific binding, the anount of
binding in the presence of excess unl abelled nethysergide (2 nM was
subtracted fromthe total anount of biggbgg. As is clear from T Table 1

bel ow, the test conpounds of the present”i nvention showed higher affinity

for the serotonin iﬁﬁg?gﬁ g;ﬁ%gghgt2¥§30ﬁggqgie h@gegbqubge exi sting drugs,

t hus suggesting th nxi e and anfi de ssant activities of
t hose conpochtesmatograghyTabl eilichogktsosdpgpdetaylene 5- HTA

5- HT2 chloride/methanol/aqueous ammonia (200:2:1) as a mobile
phase, thereby yielding N-{[2-(8-methyl-1,4-benzodioxan-2-
ylmethyl)propylamino}lethyl}tricyclo(3,3,1,1% 7 Jdecane-1-
carboxyamide (compound 10) as a colorless oil (0.58 g).

1H-NMR (60MHz,CDCls): 66.72(s,3H), 6.40-6.00(br,1H),
4.50-3.90(m,3H), 3.50-
3.20(m,2H), 3.00-2.40(m,6H),
2.20(s,3H), 2.20-1.50(br,18H),
0.93(t,J=6.0Hz, 3H)

Example 11
2—Hydroxymethyl-5,8-dimethy1—l,4—benzodioxane was

synthesized in accordance with the method of Augstein et

al. Starting with this compound, the procedure of Example 2

and 3 were repeated to yield N-{[2-(5,8-dimethyl-1,4-

benzodiovan-2-
yvlmethyl)aminolethyl}tricyclo(3,3,1,1%'7? ]Jdecane-1-
~carboxyamide (compound 11) as a pale brown oil (0.387 g).

1H-NMR(270MHz ,CDCls): 66.61(s,2H), 6.18(brs,1H), 4.34-
4.22(m,2H), 4.09-3.96(m,1H),
3.42-3.29(m,2H), 2.99-2.76(m,4H),
2.16(s,6H), 2.09-1.63(m,16H)

Example 12
The procedure of Example 11 was repeated

except that 2-hydroxymethyl-7-nitro-1,4-benzodioxane
was used as the starting compound. As a result,

N-{[2~(7-amino~1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo[3,3,1.1%’7 ]Jdecane-1-
carboxyamide (compound 12) was produced as a pale
brown oil (0.55 g).

'H-NMR (60MHz,CDCls): 066.80-6.50(m,1H), 6.40-6.00(m,3H),
4.40-3.80(m,3H), 3.45-3.10(m,2H),
3.00-2.40(m,4H), 2.20-1.50(br,18H)

. This is the replacement sheet
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Buspi rone 7.70 <6. 00 Wy-50324 8.90 6. 70

SM 3997 7.50 6. 26 MDL- 73005 7. 44 <6. 00
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8. 93 7.52 6 8. 39 7.12 3 8. 60
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8. 20 7.30 9 8.4 6.0 10 8.0

6.2 11 4 7.1 12 9.4 6.7 13

7.2 Eﬁ%ggi§ﬁié 9 7.6

The procedurelgf Example 11 was repeated except
that 2-hydroxymethyl-7-isobutyl-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-(7-
isobutyl-1,4-benzodioxan-2-~
yYlmethyl)aminolethyl}tricyeclo[3,3,1,1%'7}decane-1-
carboxyamide (compound 13) was produced as a pale
brown oil (0.48 g).

'H-NMR(200MHz,CDCls): 66.80-6.56(m,3H), 6.20-6.10(brs,1H),
4.32-3.92(m,3H), 3.40-3.20(m,2H),
2.92-2.76(m,4H),
2.35(d,J=6.9Hz,1H), 2.08-1.52(m,18H),
0.92(d4,J=6.9Hz,6H)

Example 14
- The procedure of Example 11 was repeated except

that 2-hydroxymethyl-7-methoxy-1,4-benzodioxane was used
as the starting compound. As a result, N-{[2-(7-methoxy-

1,4-benzodioxan-2-
ylmethyl)amino]ethyl}tricyclo(3,3,1,1%°'7 Jdecane-1-
carboxyamide (compound 14) was produced as a pale
brown oil (0.71 g).

'H~-NMR (60MHz,CDCls): 67.00-6.30(m,3H), 6.40-6.00(br,1H),
4.40-3.90(m,3H), 3.75(s,3H), 3.60-
3.20(m,2H), 3.00-2.70(m,4H),2.20~
1.60(br,16H)

Example 15

The procedure of Example 11 was repeated
except that 2-hydroxymethyl-8-acetyl-1,4-benzodioxane
was used as the starting compound. As a result, N-
{[2—(8—acetyl-1;4 benzodioxan-2-
ylmethyl)amino]ethyl}tricyclo(3,3,1,1°'7 Jdecane-1-
carboxyamide (compound 15) was produced as a pale
brown oil (0.437 g).
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Exanpl e 2 Antidepressant effect An antidepression test was conducted in -
accordance with the net hod of Porsolt el%fl. (Europ. J. Pharmacol ., 47, 379
wk

- 391, 1978). Stated nore specifically,

old SSD. line male rats were

pl aced in a giawer cv¢¢mﬁrcﬁé§3 pm “740519%1&% 2) M 8. 9016 B8R NGRS, Vas
filled with water (25[err]C 6 12(brs,1H), 4.39-3.86(m,3H), 3.47-

3.06(m,2H), 2.94-2.55(m,4H),
2.41(s,3H), 2.12-1.28(m, 16H)

Example 186
The procedure of Example 11 was repeated except

that 2-hydroxymethyl-6-benzyloxy-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-(6-
hydroxy-1,4-benzodioxan-2- '
ylmethyl)aminolethyl}tricyclo[3,3,1,13'7 Jdecane-1-
carboxyamide (compound 18) was produced as a pale
brown oil (0.74 ¢g). '

'H-NMR(200MHz,CDCls): 66.72-6.20(m,3H), 4.28-3.88(m, 3H),
3.88~3.50(brs,2H), 3.42-3.28(m,2H),
2.92-2.72(m,4H), 2.08-1.46(m,16H)

Example 17
The procedure of Example 11 was repeated except

that 2-hydroxymethyl-7-benzyloxy—1.4-benzodioxane was
used as the starting compound. As a result, N-{[2-
(7-hydroxy-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo[3,3,1,13'7 )Jdecane-1-
carboxyamide (compound 17) was produced as a pale
brown oil (1.57 g).

'H-NMR(270MHz,CDCl3): 06.70-6.33(m,4H), 4.30(brs,1H).
4.15(d,J=9.9Hz,2H), 3.93-3.86(m,1H),
3.60-3.26(m,2H), 3.18-2.78(m,4H),
2.01-1.69(m,16H)

Example 18
The procedure of Example 11 was repeated except

that 2-hydroxymethyl-8-benzyloxy-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-(8-
hydroxy-1,4~-benzodioxan-2-
Yylmethyl)amino]ethyl}tricyclo[3,3,1,1%'7 Jdecane-1-
carboxyamide (compound 18) was prdduced as a pale
brown oil (0.69 g).

Bries ie ¢ A . 5
e e replacemant sheed

i
PNyt s BT MDY qaamy
Liate: v ows DIEROIGEY
N b



to a depth of 15 cm Thereafter, the rats were placed in a hot environnent
(32[err]C) for 15 mn before they were returned to the cage. Twenty-four
hours later, the rats were conpelled again to-swimin the sanme cylinder for
5 mn and the total tine over which the-22¢s renai ned noti onl ess was

measured. A test drug was adm nistered perorally to each animal 30 mn
before it wddl-0ORIAT0MHZ.£DGA= f 0r6&. T b . Phf{nd3P) es6anB(hgent¥)are known

to be capable of specifically reducingothesdinesgyer 4Wohch bBem" woul d
remai n notionl ess (Psychophar nacol : {984 and ib?gf?ﬁgﬁ, 147 -

., 83, - 16 :
160, 1988). The antidepressant ef f ett4Qed. 3&iB 2R ed2b)8TReTB6MI 6HI ng
formula: 100 - (the time over which ddel tgseh edv@youp remained (the tine
over which the control group remai ned notionl ess) notionl ess) x 100.
Tabl e 2 bel éwaghdwes 18he effi cacy of each test conpound as it was

adm ni stered in anTﬁ@“B?Bc%%d¥%'Bylﬁ%ample 11 was repeated except
that 2-hydroxymethyl-5-benzyloxy-1,4-benzodioxane was

used as the starting compound. As a result, N-{[2-(5-
hydroxy-1,4-benzodioxan-2-
ylmethyl)aminojethyl}tricyclo[3,3,1,13'7 Jdecane~1-
carboxyamide (compound 19) was produced as a pale
brown oil (0.45 g).

'H-NMR(270MHz,CDClz): 66.75-6.42(m,3H), 6.16(brs,1H),
4.33-4.24(m,2H), 4.09-4.02(m, 1H),
3.39-3.32§m.2H). 2.97-2.79(m, 4H),
2.03-1.66(m,17H)

Example 20

The procedure of Example 11 was repeated except
that 2-hydroxymethyl-6,8-dimethyl-1,4-benzodioxane was
used as the starting compound. As a result, N-{[2-
(6,8-dimethyl-1,4-benzodioxan-2-
ylmethyl)aminolethyl}tricyclo[3,3,1,1%'7 Jdecane-1-
carboxyamide (compound 20) was produced as a pale
brown oil (0.93 g). ' '

'H-NMR{(200MHz,CDClz): 06.52(s,2H), 6.24-8.08(brs,1H),
4.28-3.92(m,3H), 3.40-3.28(m, 2H),
2.92-2.76(m,4H), 2.20(s,3H), -
2.16(s,3H), 2.08-1.52(m, 16H)

Test Example 1

Affinity for intracerebral serotonin 1A ‘and serotonin
2 receptor was checked in accordance with the method of Hall
et al. (J. Neurochem., 44, 1685 - 1695, 1985) and the method
of Leysen et al. (Mol. Pharmacol., 21, 301 - 314, 1982),

Stated more specifically, the cortex and hippocampal
tissue were extracted from the brain of 7-wk old S.D. line
male rats, mixed with 20 volumes of Tris-HC1 buffer (50 mM,
PH 7.7) and homogenized with a Teflon homogenizer.
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conpounds 2. 5, 1, 6 and 18 exhibited better antidepressant

effects than WY-50324. In addltlon t est conmpounds 3, 4 and 12 showed

al nost conparable effects to WY-50324. In contract, MDL-73005 had an
extrenely weak anti depressant effect. Wen the value of EDso (the dose at
which the time over which rats renmai ned tionless could be reduced by one
half the tinme in the case of the cont r 612 jroups) was determ ned by the

probi t neth
WY- 50324;
24. 3 ng/kg.

AT A IR S S At th PRt sda2s vas

for -ZB8-mitatdrad hantsulepmestatt vweifs atitsagndeber Fragty

adniniStrEHiéHldHeé“%fnylﬂiffer were added to the precipitate and the

mixture was homogenized with a Polytron homogenizer, with
the homogenate being centrifuged under the same condition
as set forth above. The same procedure was repeated two
more times and the final precipitate was homogenized with
40 volumes of a buffer; thereafter, the homogenate was
stored at least overnight at -80°C. On the day when
binding experiments were to be conducted, the homogenate
was thawed at room temperature and incubated at 37°C for
20 min to remove the endogenous serotonin.

Thereafter, centrifugation was conducted at 39800x g
for 20 min and 40 volumes of a buffer were added to the
precipitate, followed by homogenization. This procedure
was repeated three times; to the final precipitate, a
buffer was added in 65 volumes for the case of serotonin 1A
receptor and in 80 volumes for the case of serotonin 2
receptor and the mixture was homogenized in preparation
for the binding experiments that are described below. All
procedures of experimentation except storage in a frozen
state and thawing at room temperature were conducted at 4°C
or below.

The compounds tested in all the test examples
described below are keyed as shown in the following table.

Control compounds

Buspirone Commercial antianxiety agent
WY-50324 Example 2 of Japanese Patent -Public
Disclosure No. Hei 2-15059
SM-3997 Example 2 of Japanese Patent Public
Disclose No. Sho 58-128865
MDL-73005 Example § of Japanese Patent Public

Disclqsure No. Sho 61-246180

shis ig the replacement sheet



Drug. Efficacy Drug Ef fi cacy W-50324 58.1

5.0 Conp. 2 85. 08. 5 Buspirone -25.2 3.9 5
97.60.9 SM 3997 -10.510.6 1 72.05.5 MDL- 73005
28.310.9 6 82.26.6 3 _-256.89.0 4 51.98.2 12
57.05.9 14 46.97.1 18 78.54.5 Test Exanple 3 Antianxiety effect

Anti anxi ety tespoilds CONALEE etnvénacenr dance with a net hod adapted fromthe

met hod of Vogel et al. (Psychgppharmacol., 21, 1,- 7, 1971). Stated nore
specifically, S. D. Wﬁé%%ge gats meighinggﬁ%%P}eBO6 g were entirely kept

fromwater for 24 MCampbudmén Pl aced in a cBxampie eXxperinental box. The

experimental box (zéonﬁ:ound 1 Example 1
Compound 6 Example 6
Compound 3 Example 3
Compound 4 Example 4
Compound 7 Example 7
Compound 8 Example 8
Compound 9 Example ¢
Compound 10 Example 10
Compound 11 Example 11
Compound 12 Example 12
Compound 13 Example 13
Compound 14 Example 14
Compound 15 Example 15
Compound 16 Example 16
Compound 17 Example 17
Compound 18 Example 18
Compound 19 Example 19
Compound 20 . Example 20
Compound a Example 1 (intermediate)

Serotonin 1A receptor binding experiment

A reaction solution containing 0.5 nM (final
concentration) of 3H-8-hydroxy-2-(di-n-propylamino)tetralin
(8-OH-DPAT), 0.1% ascorbic acid and 500 pl of brain
homogenate in 1.0 ml (final volume) of a buffer was
incubated at 25°C for 30 min. Thereafter, the reaction
solution was filtered by rapid passage through a glass
filter. The filter was washed rapidly with an ice-cooled
buffer (3 ml) three times, put into a scintillation vial
together with a scintillation cocktail, and left to stand
overnight at 4°C. On the next day, the vial was agitated
well and measurements were conducted with a scintillation
counter. To determine the amount of specific binding,
the amount of binding in the presence of excess unlabelled
serotonin (10 pM) was subtracted from the total amount of
binding. As an index for the affinity of a test compound

* e,
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17 x 15 cm) had a water supply nozzle in the center of the front wall 2 cm
above the bottom the nozzle was connected to a water bottle in such a way
that the quantity of water drunk (the nunber of water drops) could be
measured. The bottom of the box was nmade of a stainless steel grid, from
whi ch electric shock (0.2 mA, 0.5 sec) could be applied to the Iinbs of
rats. The test schedule was as follows:-3%+st, the rats were acclimtized
to the experinental box and trained for drinking water; this was done for 3
mn wthout freaithersmadep tiite dilentdanceitnaiieon drukhbgh t tee repecibise

then nmeasur ag fditdelo MG HPNE WRN Inh 1Y 8R4 tHie 56 S( V&S £, kePtwds om
drinking water, for, 24 h. Thereafter, the uantlkégﬁédﬁgéfr ﬁrunk bg each
rat was ma&ﬁ%“{%’@ﬁ’or"é%%“@t"r%ﬁ SPTHvarsE Dy sqith:
condi ti ons tSeato tamied € trdcepAC b MRS mpridpxtieraic tine a rat drank one
water drop (under %urtl'lesé.% 1rclJt 'so-Ertllltrito)ﬁ rgort]H:ta Si'liln%t %’.’5 anM (final
concentration) of 3H-ketancerine and 500 pl of brain
homogenate in 1.0 ml (final volume) of a buffer was
incubated at 30°C for 30 min. Subsequent procedures
were the same as in the serotonin 1A receptor binding

experiment and ICso (M) was determined accordingly. To
determine the amount of specific binding, the amount of
binding in the presence of excess unlabelled methysergide
(2 nM) was subtracted from the total amount of binding.

As 1Is clear from Table 1 below, the test compounds of the
present invention showed higher affinity for the serotonin
1A and serotonin 2 receptors than did the existing drugs,
thus suggesting the potent antianxiety and antidepressant
activities of those compounds.

This is the replacement sheet

Date: | 3 MAR 1997



-29- test drug was adm nistered perorally and after an additional 30 mn,
the quantity of water drunk by each rat was again neasured under puni shnent
(after adm nistration of test conmpound). The quantity of water drunk by
rats will decrease under punishnment but_jg_is known that the initial |evel
can be restored by adm ni stering an anti‘anxi ety agent. The antianxiety '
effect of a test conmpound was cal cul a 1y jthe followi ng formila: the

guantity of water the quantity of water drunk after adm nis- -
drunk before adm nis-_tration of test drugs tration—of—fest drug X
100 the quantity of ter the quantityopfzonat er drumk under non-
_ drunk before admjni s- puni shnent at-er—ef—t+es$t drug Tabl e
3 shows the antianxi ¢ty efdmipund each|tes-HIM gpouﬂd a$-+4HTwa$ adm ni stered
in a dose of 20 ng/k
Buspirone 7.70 <6.00
WY-50324 8.90 6.70
SM-3997 7.50 6.26
MDL-73005 7.44 <6.00
Comp. 2 6.52 7.45
5 ' 9.46 8.00
1 8.93 7.52
6 8.39 7.12
3 8.860 7.83
4 8.29 7.37
7 9.50 7.80
8 8.20 7.30
9 8.4 6.0
10 8.0 6.2
11 8.4 7.1
12 9.4 6.7
13 7.2 6.5
14 9.4 7.6
15 8.5 7.2
16 8.6 6.8
17 9.6 6.6
18 9.8 7.3
19 8.2 6.0
20 <7.5 6.7
a 6.8 <6.0

Test Example 2
Antidepressant effect

An antidepression test was conducted in accordance
with the method of Porsolt et al. (Europ. J. Pharmacol., 47,
379 - 391, 1978). Stated more specifically, 7-wk old S.D.
line male rats were placed in a glass cylinder (18 ch X 40
cmH) for 15 min. The cylinder was filled with water (25°C)




CbV|oust, conmpounds 1 and 18 exhi bited better effects t han MDL- 73005

wher eas conpounds 3, 4 and 17 exhibited conparable effects to MDL-73005. In
addi tion, conpounds 2, 5 and 16 exhi bited al nost conparable effects to

WY- 50324. Table 3 Antianxiety effect upon peroral adm nistration of 20
ng/ kg Drug Ef fi cacy Drugoq- Efficacy W-50324 46. 9
6.3 Comp. 2 .39. 310. 8 Buspirone 37.5 4.7 5 40.9

S ST tp g PR Sy go. Jperoskrer Fork s Mg Plitag 570 ¢S
80.1 6. 1 in a hot environment (32°C) for 15 min é%foggjghey J¥%§58 718
returned to the cage. Twenty-four hours later, the rats
were compelled again to swim in the. same cylinder for 5 min
and the total time over which the rats remained motionless
was measured. A test drug was administered perorally to
each animal 30 min before it was compelled to swim for
5 min. Antidepressant agents are known to be capable of
specifically reducing the time over which the rats would
remain motionless (Psychopharmacol., 83, 1 - 16, 1984, and
ibid., 94, 147 - 160, 1988). The antidepressant effect
was calculated by the following formula:

100 - —tthe time over which the treated group remained
{the time over which the control group remained

motionless)
motionless) X 100.

Table 2 below shows the efficacy of each test
compound as it was administered in an amount of 20 mg/kg.
Obviously, compounds 2, 5, 1, 6 and 18 exhibited better
antidepressant effects than WY-50324. In addition, test
compounds 3, 4 and 12 showed almost comparable effects to
WY-50324. In contract, MDL-73005 had an extremely weak
antidepressant effect. When the value of EDso (the dose
at which the time over which rats remained motionless could
be reduced by one half the time in the case of the control
groups) was determined by the probit method, compound 1 was
found to have three times the activity of WY-50324; the EDso
of compound 1 was 8.1 mg/kg whereas that of WY-50324 was

24.3 mg/kg.
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-30- Test Exanple 4 Sedative action Seven-week old nale S.D. line rats were
adm nistered a test drug perorally and after the passage of 30 mn, the
anount of spontaneous novenent of the rats was neasured for 10 m n by neans
of Animex. The results are shown in TabR8-4. Buspirone as admnistered in
anounts of 20 ng/ kg and nore could | ower _the anount of spontaneous novenent
I n a dose-dependent fashion. Fbmever,TéB%ﬁo@nd 1, Wy-50324 and MDL- 73005
had no effects ultronotivityganithdepkesswardef fiekas@pomnpounds had no
appreci abl e sedative actpeporiabhaménhenrationh Sfo2amevilg Movement

(Counts/ 10 m n) ~Dese-—Drug cont-ol 2O EKG 40—y Ky 60
g/ kg : Drug Efficacy Drug Efficacy
WY-50324 58.1% 5.0 Comp. 2 85.0%x8.5
Buspirone -25.2% 3.9 S 97.6%x0.9
SM-3987 -10.5x10.86 1 72.0%£5.5
MDL-73005 28.3+%10.9 6 82.2%6.6
3 56.8%9.0
4 51.9%8.2
12 57.0x5.9
14 46.9%7.1
18 78.5%4.5

Test Example 3
Antianxiety effect

Antianxiety test was conducted in accordance
with a method adapted from the method of Vogel et al.
(Psychopharmacol., 21, 1 - 7, 1971). Stated more
specifically, S.D. line male rats weighing 250 - 300 g
were entirely kept from water for 24 h and then placed in
a concrete experimental box. The experimental box (25 X
17 X 15 cm) had a water supply nozzle in the center of the
front wall 2 cm above the bottom; the nozzle was connected
to a water bottle in such a way that the quantity of water
drunk (the number of water drops) could be measured. The
bottom of the box was made of a stainless steel grid, from
which electric shock (0.2 mA, 0.5 sec) could be applied
to the limbs of rats. The test schedule was as follows:
first, the rats were acclimatized to the experimental box
and trained for drinking water; this was done for 3 min
without electric shock. The quantity of water drunk by the
rats was then measured (under non-punishment). Then, the
rats were kept from drinking water for.24 h. Thereafter,
the quantity of water drunk by each rat was measured (before
administration of test compound) under such conditions that
an electric shock was applied each time a rat drank one
water drop (under punishment). Thirty minutes later, a
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Buspi rone 405.247.7 253.330.0* 163.438.0** 115.026.0 W-50324  405.247.7
315.520.0 361.916.9 401.631.4 Conp. 1  405.247.7 442.031.1 401.852.8
319.427.8 MDL-73005 405.247.7 395.841.5 331.540.1  335.022.8 *p<0. 05,

**p<0.01 vs control Test Exanple 5 Antidopanm ne action Seven-week old nmal e

S.D. line rats were admnistered a test drug perorally and after the
passage of 30 mn, the dopam ne agonist‘@@bnnrphlne was i njected
subcutaneously in an anmount of 0.5 For the subsequent 5 - 30 mn

period, the itRE&ndFL§ BFSSPGNéﬁﬁfﬁPGegeH&WPGﬁlﬂNaPnﬂa§fqﬁﬁﬂﬁRiﬁd¢RQﬁ9ﬂ%ks

by aponor phi se was, ntﬁ&Uh&dn%ﬁtytbEEWa&br5d$hﬂklB&e%%%hsﬂ@ki%éﬁﬂyééﬁh
xi mum of 24). The

0 AP vl TR o b BT ) )

results are
by aponnrphinemnasndhtenfhbyquanpétyedfbyaBISpdrunk anra¢dlMﬁQﬂ, WY- 50324

showed an  gecrease under punishment but it is known that the initial
level can be restored by administering an antianxiety agent.
The antianxiety effect of a test compound was
calculated by the following formula:

Ehe quantity of water) Ehe quantity of water
drunk after adminis- - drunk before adminis-
fration of test drug“J fration of test drug X 100
[the quantity of water) ﬁhe quantity of water
drunk under non- - drunk before adminis-
Synishment ’J {ration of test drug

Table 3 shows the antianxiety effect of each test
compound as it was administered in a dose of 20 mg/kg.
Obviously, compounds 1 and 18 exhibited better effects than
MDL-73005 whereas compounds 3, 4 and 17 exhibited comparable
effects to MDL-73005. In addition, compounds 2, 5 and 18
exhibited almost comparable effects to WY-50324.

Table 3

Antianxiety effect upon
peroral administration of 20 mg/kg

Drug Efficacy Drug Efficacy
WY-50324 46 .9+ 6.3 Comp. 2 39.3%10.8
Buspirone 37.5% 4.7 5 40.9+ 7.3
SM-3987 48.5%15.8 1 85.4*10.3
MDL-73005 67.86% 5.5 8 28.7+ 9.5

3 83.9% 6.8

4 76.8%+13.7

16 46 .5 4.7

_ 17 66.6% 8.7
18 80.1% 6.1
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i nhi bitory action in high doses. However, conpound 1 had no effect at al
when'it was used in a dose of 20 ng/kg. Therefore, one may safely concl ude

t hat conpound 1 has no -31- antidopam ne action. Table 5 Aponorphi ne
| nduced Stereotypic Behavior Drug control - 10 no/kg 20 ny/ kg
40 ng/ kg Buspirone 14.4 0.9 10.3 0.6-30-0.7 0.2 0.2 0.2* W-50324
14.4 0.9 14.7 1.2 12.1 0.7 10.9 0.4* Conp. 1 16.0 1.1 -

14.7 1.2 *peH6 Exampde 04 vs control Test Exaﬁple 6 The procedure of Test
Exanpl es Zzgghékyvgeaggﬁﬁpted except that test conpounds were adm ni stered

perorally in
Seven-week o0ld male S.D. line rats were administered

a test drug perorally and after the passage of 30 min, the
amount of spontaneous movement of the rats was measured for

10 min by means of Animex.

The results are shown in Table 4. Buspirone as
administered in amounts of 20 mg/kg and more could lower the
amount of spontaneous movement in a dose-dependent fashion.
However, compound 1, WY-50324 and MDL-73005 had no effects
ultromotivity; in other words, those compounds had no
appreciable sedative action.

Table 4
Amount of Spontaneous Movement (Counts/10 min) Dose

Drug control 20 mg/kg 40 mg/kg 60 mg/kg

* %

Buspirone | 405.2+47.7(253.3230.0"1163.4+38.0"%(115.0%28.0%*

WY-50324 | 405.2+47.7/315.5+20.0 |361.9+16.9 |401.6%31.4

Comp. 1 405.2+47.7{442.0%31.1 |401.8+52.8 [319.4%27.8
T 1

MDL-73005 | 405.2%£47 395.8%+41.5 |331.5%40. 335.0+£22.8

#p<0.05, =*%p<0.01 vs control

Test Example §
Antidopamine action

Seven-week old male S.D. line rats were administered
a test drug perorally and after the passage of 30 min, the
dopamine agonist apomorphine was injected subcutapeously
in an amount of 0.5 mg/kg. For the subsequent 5 - 30 min
period, the intensity of stereotypic behavior that was
induced in the rats by apomorphine was measured six times
at 5-min intervals by a scoring method and the sum of the
scores was determined (for a maximum of 24).

The results are shown in Table 5. Obviously, the
stereotypic behavior induced By apomorphine was intensely
compelled by Buspirone. In addition, WY-50324 showed an
inhibitory action in high doses. However, compound 1 had
no effect at all when it was used in a dose of 20 mg/kg.
Therefore, one may safely conclude that compound 1 has no

T bla e 43 e i 4 .
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a dose of 10 ﬁg/kg. The antianxi ety and anti depressant effects of the test

conpounds are shown in Table 6 below Table 6 Antianxiety and

Ant i depressant Effects Upon Peroral
Anti anxi ety Ant i depressant Conp. 1
66.712.6 7 45.43. 4

42.42.1
62.712.4 12

Adm ni stration of 10 ng/ kg Drug

52.12.5 The

above data denonstrate the superiority tﬁltonpounds 1. 7 and 12 of the

2 Srar M RnATRE 43

conmpound 7 is particularly preferred. Test
t Exanple 2 and 3 were repeated,

except that

test conpounds were adm ni stered peron#&qﬁérha.dose of 20 ng/ kg to check
|

the longevity of their antianxiety and ‘an .
and 4 h. The resul t s Apcmogiphime dnuses Bistentypic Behavior

depressant effects for 0.5, 2

*p<0.05,

Test Example 8

Drug control 10 mg/kg 20 mg/kg 40 mg/kg
Buspirone | 14.4% 0.9 10.3% 0.6 | 0.7 0.2"%| 0.2+ 0.2*"*
WY-50324 14.4* 0.9 14.7¢ 1.2 [12.1* 0.7 |10.9+ 0.a**
Comp. 1 16.0+ 1.1 - 14.7% 1.2 -

##p<0.01 vs control

The procedure of Test Examples 2 and 3 were repeated
except that test compounds were administered perorally in

a dose of 10 mg/kg.

The antianxiety and antidepressant

effects of the test compounds are shown in Table 8 below.

Table 6

Antianxiety and Antidepressant Effects Upon

Peroral Administration of 10 mg/kg

Drug Antianxiety Antidepressant
Comp. 1 42 .4+2.1 66.7*12.6
7 45 .43 .4 62.7*12.4
12 52.1%2.5 -

The above data demonstrate the superiority of
Among

compounds 1, 7 and 12 of the present invention.
them, compound 7 is particularly preferred.
Test Example 7

The procedures of Test Example 2 and 3 were repeated,
except that test compounds were administered perorally in a
dose of 20 mg/kg to check the longevity of their antianxiety

and antidepressant effects for 0.5, 2 and 4 h.
are shown in Table 7 below.

The results
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-32- Table 7 Longevity of the Antianxiety and Antidepressant Effects Upon
Peroral Adm nistration of 20 ng/kg Tinme after Test Drug
adm n- istra- tion, h Wy- 50324 MDL-73005 Conp. 1 Conp. 7 Anti- 0.5
57.810.0 44.94.5 52.86.7 66.010.9 anxiety 2.0 24.8 2.2* 17.01.9*
48.24.9 51.6 4.8 effect 4.0 11.2 2.0 8.10.8 29.52.2 26.1 2.0 Anti-
depres- 0.5 56.7 7.2 _ 71,84.8 72.1 6.2 sant 2.0 17.3
7.3 _ 73.95.6 76.9 5.1

Table 7

Longevity of the Antianxiety and Antidepressant Effects
Upon Peroral Administration of 20 mg/kg

Time

after Test Drug

admin-

istra-~

tion, h wWY-50324 | MDL-73005) Comp. 1{ Comp. 7
Anti- 0.5 57.8+10.0 | 44.9%*4.5 [52.8%*6.7|66.0%£10.9
anxiety| 2.0 24.8+ 2.2"117.0%t1.9%{48.2%4.9(51.6* 4.8
effect 4.0 11.2+ 2.0%] 8.1%£0.8%)29.5%2.2[26.1% 2.0
Anti-
depres- 0.5 56.7 7.2 - 71.8%4.8(72.1%* 5.2
sant 2.0 17.3%+ 7.3" - 73.9£5.6[76.9% 5.1
effect 4.0 0.7+ 3.2" - 40.7+8.8{38.1+ 8.7

# p<0.01 (vs compound 7)

Industrial Applicability
The compounds of the present invention which are

represented by the general formula (I) have both antianxiety
and antidepressant actions and yet they cause less side
effects. Therefore, the compounds can be used as excellent
drugs that are highly effective in the prevention and
treatment of various diseases such as neurosis,
psychosomatic diseases, autonomic imbalance and depression.
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effect* 4.0 0.7 3.2 40.78.8 38.1 8.7 * p<0.01 (vs
conpound 7) Industrial Applicability The conpounds of the present invention
whi ch are represented by the general formula (1) have both antianxiety and
anti depressant actions and yet they cause | ess side -effects. Therefore, 'the
conmpounds can be used as excellent drugs that are highly effective in the
prevention and treatnent of various di seases such as neurosis,
psychosomati ¢ di seases, autonom c i nbal afiéé~and depr essi on. -33- CLAIMS

1. A conpound represented by the general la (1): [err] (where R err]
AT

is an admantyl group; R err] is a hydrog m
1. A compound represented by the general formula (I):
i ;
Rl-—é——N——(Cﬂz)n——N——CHz-—Rs (I)
H

(where R, is an admantyl group; Rz is a hydrogen atom,

a lower alkyl group, a lower alkenyl group or an aralkyl
group; Rs is a 1,4-benzodioxane ring that may optionally
have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, a halogen atom, an amino
group, a hydroxyl group and a lower alkylcarbonyl group;
n is an integer of 1 - 4) or a salt thereof.
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a lower al kyl group, a |ower alkenyl group or an aral kyl group; Rerr] is a
1, 4t benzodi oxane ring that nay optionally have 1 - 4 substituents sel ected
fromanong a ower al kyl group, a | ower al koxy group, a hal ogen atom an
am no group, a hydroxyl group and a | ower al kyl carbonyl group; n is an
integer of 1 - 4) or a salt thereof. = -

BENZODIOXANE DERIVATIVES

ABSTRACT

Compounds represented by the general formula (I):

|
Rx——C——N——(Cﬂz)n——N——CHz-—Rs (1)
H

0 Ra
Il

(where R; is an admantyl group{ R2 is a hydrogen atom,

a lower alkyl group, a lower alkenyl group or an aralkyl
group; Rz is a 1,4-benzodioxane ring that may optionally
have 1 - 4 substituents selected from among a lower alkyl
group, a lower alkoxy group, a halogen atom, an amino group,
a hydroxyl group and a lower alkylcarbonyl group:; n is an
integer of 1 - 4) or a salt thereof. These compounds have
both antianxiety and antidepressant actions and yet they
cause less side effects. Therefore, they can be used as
excellent drugs that are highly effective in the prevention
and treatment of various diseases such as neurosis,
psychosomatic diseases, autonomic imbalance and depression.

NO_FIGURE_
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