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Novel Benzyi and Benzhydryl Alcghols.

Ipsychotic drugs are known to alleviate the symptoms of mental
fiinesses sueh as schizophrenia. Examples of such drugs ﬁndude
phenothiazine derivatives such as promazine,. chiorpremazine,
fluphenazine, thicridazine and promethazine, thioxanthenes such as

_ chiarprothixens, butyrophenones such as haioperidal, and clozapine. While

these agenis may be sffective in treating schizophrenia, virtually all except
clozapine preduce extrapyramidal side effects, such as facial tics. Since
antipsychotics may be administered for years or decadss toc a patient, such
pronounced side effects may complicate recovery and further isolate the
individual from society.
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Compounds having some structural similarity to those of the present
invention arg described In Buropean Patent Applications Nos.
929067123.2 and 92%920373.1 and U. S. Patents Nos. 3,850,393
and 4,896,820, as well as R. Coombs, W. J. Houlihan, J. Nadsisor and E.{.
Taskesue J. Med. Chem., 1871, 14, 1072. '

The present invention is directed to novel compounds and methods of
use, which compounds have demonstrated antipsychotic activity.

Compounds of the general formula I:
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wherein A1, A2, R3, RY, RS RS andg 10 an aé”b&%e@g%ww&i are
disclosed as potent antipsychotic agents and may exhiblt activity inother
therapeutic areas. The present inventicr.is alsc directed to novel methods
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of uss for the mmmunds of the formula I and novel intermediates used to

More particularly, the present invention is directed to compounds
represenied by the general formula I:

Re Rw ) '
s
R and R2 are proferably independently selected from any of H, C1-Cg

alicyl, C4-C19 cycloaliyl, C2-Cg hydroxyelkyl, C1-Cg alkoxy, aryloxy, hydroxyl,
trifiuoromethyl, triflucromathoxy, cyano, C1-Cg alkylthio, halogen, nitro, C1-Cg
haloalkyl, amino or C1-Cg mono- or di-alikylamino, with the proviso that Rt and
R2 are not both H at the same time. Alkoxy such as i-propoxy and methoxy ars
presently the most preferred substituants. The preferred halogen atom is any of
fluorine, chicrine, or bromine.- The hydroxyl or hydroxyalkyi groups may be
esterified or etherified.

R and R2 may also be combined together with the attached aromatic
ring fo form a fused ring system of the formula II:
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wherein B together with the 2 carbon atoms of the pheny! group forms an
entirely or partly unsaturated cyclic group having 5-7 ring atoms and, within
the ring 1-2 hetero atoms from the group O, S and N may be present, with
the proviso that the sum of the number of oxygen atoms and sulfuf atoms is
at most 2, and that the nitrogen atoms In the ring may be substituted with Rg
selected from any one of H, C4-Cg alkyl, C1-Cg hydroxyalkyl or C1-Cg acyl;



A6-ang R# are independently setectsd from any one of alkyl,
cycloalkyl, optionally substiiuted pheny! or heteroaryl, hydroxyalkyl,
alikoxyalkyl, alkoxy, aryloxy, alkylthio, aryithio, mono-or di-alkylamino, monc-
or di-arylamino, hydroxyl, amino, alkyl, alkoxy, amino, or mono- or di- |
aminocarbonyl, nitro, cyano, halogen, triflucromethyl, trifluorcmethoxy,
amino or mone- or di-alkylaminosulbonyl.

Variable m has the value 0-3 and p has the value0-2.
More preferred vaiues for the molety of formuia II are:

B {orms together with the two carbon atoms of the pheny! group an
enittely or partly unsaturated ring conslisting of S-atoms, which ring
comprises at least one oxygen atom. K6 and R7 are alkyl, alkoxy, hydroxyl,
nitro, cyano, halogen, or trifluoromethyl. m and p have the value 0-2.

¥hen RS or R7 comprises an alkyl group or a substituent containing
an aliyl group, it is preferably a straight or branched alkyl group having 1-8
carbon atoms unless otherwise noted. As a cycloalkyl group, the groups R6
or R7 comprise a ring system having 3-7 ring stoms and not more than 10
carbon atoms including any substituents as a whole. When R orR7 isa
hydroxyalkyl group the alkyl group preferably comprises 1-5 carbon atoms.
As a halogen atom, RE or R7 preferably is fluctine, chioring or bromins.
Opticnally present hydroxyi or hydroxyalkyl groups may be esterified or
etherified. .

A is either CH or N, but most preferably N.
R3 is selected from any of H, C1-Cg acyl, C1-Cg alkyl, C4-Cg cycloalkyl,
or araliyl.

R4 and RS ars independently ssiected from-any of H; C1-Cg alkyl,
phenyl, substituted phenyl, aralkyl, C4-Cg cycloalkyl.

R4 and RS may also be taken together to form a ring having 4-10 ring
atoms, which ring may be saturated or unsafurated, preferably saturated,
substituted or unsubstituted, and may contain up to 2 heterc atoms suchas §, C
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or N within the ring. R4 and RS are praferably independently selected from any
of phenyl; £1-Cs aliyl-or: cyd@nem -end-most preferably from-either of phenyl
or C1-Cs.alkyl.. . .

RS and R10 are independently selscted frem any one of H, C1-Cg alkyl,
 C4-Cgalkoxy, nitro, halogen, halcatkyl, C1-Cg alkyithio, amino, or C1-Cg mono-
or di-alkyl amino. Preferably each of R9 and R0 are H.

In the cases whereln there is a substituted pheny! or substituted aryl, the
substitution is with one or more of C1-Cg alkyl, C1-Cg alkoxy, halogen,
trifiuoromethyl, C1-Cg alkyithio, dialkylamino (wherein each alkyl is C1-Cg), C1-
Cg alkylamino, nitre, or mono- or di-alkylamino sulfonyl (whersin each alkyl is
Ci-Ca),

Variable n has the value of 1-4. Preferably n has a value of ons.

As used herein uniess otherwise noted alky! and alkoxy include
straight and branched chains. For example, a&kyﬂ radicals inciude methyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, n-pentyl, 2-methyi-
3-butyl, {-methylbutyl, 2-methylbutyl, necpentyl, n-hexyl, 1-methyipentyi, 3-
methyipentyl. Alkoxy radicals are oxygen ethers formed from the previously
described straight or branched chain alkyl groups.

The term “aryl” as used herein alone or in combination with other
terms indicates aromatic hydrocarbon groups such as phenyl or naphthyl.
The term “heteroaryl” means aromatic systems containing cne or more
atoms chossn from N, S, Se and P. The-term “aralkyl” means a radical
containing a C1-Cg alkyl groups substituted with an aryl radical or
substituted aryl radical. With reference to substituents, the term
independently means that when more than one of such substituent is
possible such substitusnts may be the same or different from each other.

Compounds according to this invention including the intermediate
compounds have & 1,3- or 1,4- relationship of the C{ORS)R4RS substituent
or intermediate related substituent with the -CHz- group on the C(OR3)R4R5
or intermediate related substituent-bearing pheny! ring. The structural
~ formulas herein include both structural relationships.



A particularly preferred subgenus i$ the compound of the formula I{a):
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wherein R! and R2 are any of the subnstituents isted in the first paragraph
after formule I in this Detalled Description and RS R4 and RS are as
prevously described. '

Examples of particularly preferred compounds include:

3-{4-{2-(1-Methylethoxy)phenyi]-1-piperazinyimethyl]-a-
phenylbenzenemethanol;

4-{4-[2-( 1-Methylethoxy)phenyi]-1-piperazinylimethyll-a-
phenylbenzenemethanol;

3-[4-[2-(1-Methylethoxy)phenyi]-1-piperazinyimethyl]-a-methyl-c-
ethylbenzenemsthanol; and -

1-{3-Acetoxymethylphenyl)methyl-4-{2-(1 -methylethoxy)phenyil-
piperazine.

The definition of formula I includes racemates and individual isomers;
e.g., as caussd by the presence of an asymmetric carbon such as when a
substituent would be 2-butyl. Alsoc within the scope of the invention are
compounds of the invention in the form of hydrates and other scivate forms.

Representative saits of the compounds of formula I which may be
used include those made with acids such as hydrochioric, hydrobromic,
hydrolodic, perchioric, sulfuric, nitric, phosphoric, acstic, proplonic, glycolic,
jactic, pyruvic, oxalic, malonic, succinic, maleie, fumaric, malic, tartaric, citric,
benzoie, cinnamic, mandelic, msthanesuifonic, sthanesulfonic,
hydroxysthanesulfonic, benzenesulfonic, p-tolusnesulfonic,
cyclchexanesuliamic, salicyclic, p-amino-salicyclic, 2-phenoxybenzoeic, 2-
acetoxybsenzoic or a salt made with saccharin. Such salts can be made by
reacting the free base of formuia I with the acid and recovering the salt.
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- The-compounds-of formula I may-be prepared accordin
Reaction Scheme 1, where ali of the variable-grotps are-as defined
Formuia I:

Reaction Scheme 1
G A T R AY
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Ayl piperazines or piperidines 1 can be reacted with a
haloalkylbenzonitrile to give compound 2, or with an (haloalkyt)-
alkanophenone or -benzophenone to give compound 3. These reactions
can be carried out in either THF or a dipolar aprotic scivent such as DMSO
or DMF, in the presence of a bass such as tristhyl amina or K2C03,
generally requiring heating of from about 30 - 80°C. The requisite
haloalkyibenzonitriles or (hajoalkyl)-alkanophenones @rbﬁeﬂz@phemnes'
ars gensrally avaliable foliowing literature procedures or modifications
thereof. Treatment of nitrifes 2 with Grignard reagents followed by treatment
with cold aqueous HCI, and stirring for a prolonged period {5-30h) at about
room termperature (5-30h) rasults in the compounds 3. Reduction of
compeund 3 by chemical means, such as with scdium borchydride, gives
compound &, which is a subclass of the compound of formula | wherein R3
and RS are H. In Reaction Schems 1, thera is a 1,3 or 1,4 arrangement of
the CN, C(C)R4, or C{ORS)R4R5 substituent, on that aromatic ring which is
on the right as drawn in 2, 3, and 4, with respect to the CHg group also
attached to the ring.
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Alternatively, certain compounds of the invention (n = 1) can be
prepared by the method shown in Reaction Scheme 2.
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Reaction Scheme 2
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Aryl piperazines or piperidines 1 can be condensed with meta-
xylylene dichioride to give compounds §. This reaction wes mmed out with
a 3-fold excess.of meta-xylylene dichlotide.. The yield is reproducibl
70%, and the hydrochloride salt can be readily emmned dﬁ&'ecﬁy ﬁmm the
reaction. This compound can then undergo displacement with acetats anion
to give compound 8. This reaction can be carried out by heating a soiution
of & with potassium acstate and a crown ether (18-crown-6) in acetonitrile.
Basic hydrolysis (KCH, MeOH, reflux) can be used to cleave the acetyl group
to give compound 7. Altematively, compound 5 can be subjected to a
Kornbium oxidation (NaHCO3, DMSO, heating) to give compound 8, which
is a versatile interrnediate for the preparation of compounds of formula | of
type 8. Although the reactions shown in Reaction Scheme 2 are particular
for the 1,3 substitution pattern on the right aromatic ring as drawn, this
chemistry can be extended to the 1,4 substitution pattern.




-Additional sresent invention can-be made by taking
@ompoum 5 and dﬁspﬂadng the cmcﬁme wim me anion of an alcohol to give
an ether type linkags as shown in Reaction Schems 3. Such reactions
would ocour by heating 5 in a dipolar aprotic solvent such as DMSO or DMF
in the presence of an alkoxide anion such as sodium ethoxide. It is clear
from Heaction Scheme 2 that compounds 18 where A3 are acyl can also be

made from 5 by displacement of the chioride of § with suitable acylate
nucleophiles.

Reaction Scheme 3

In the cases where RS is acyl or alkyl, these compounds can be
prepared by taking alcohols such as 4,7, 8, or similar compounds, except
with 1,4 substit

ution patterns, and then treating them with acylating reagents,
such as acid chiotides, or alkylating reagents, such as alkyl lodides or alkyl
sulfonates, under the appropriate conditions known in the art.

Those examples of 1 which are aryl piperazines, excepting those
whersin R and R2 are of formula I, are commercially available from the
Aldrich Chemical Company or another fine chemical supplier, or may be
prepared by standard methods known in the art . See for @xampNe, G.E.
Martin et al. J. Med: Chem: 1989, 32, 1052.- These-piperaz
obtained according to the following Reaction Scheme 4 whare R and B2
are as described for formula I and Z is a leaving group such as halo (e.g.
chloro):

Reaction Scheme 4
B & Vaun
ML N, NH ——e \,_., N NH
r—~ 1



In méwyﬁng out Reaction Sch@me%, the two reaction components are
gbotst-50°C to- 150°C in-a seivent such as n-butansi with recevery
perazine 1.

Piperazines of type 1 wherein R and R2 are of formula II are
disclosed as formula (2) in U.S. Patent 4,782,081 and may be prepared as
described therein, the disclosure of which ls incorporated herein by
reference. Other piperazines of typs 1 whers R! and R2 are of formuia I
ars described as formula 29 in EPO 138,280 published April 24, 1885,

nstances in which 1 are aryl piperidines, these can be
preparad by me method shown in Reaction Sheme 5, or variations of this
method.

Reaction Sheme 5

The final products are prefarably chromatographed to achieve purity,
and then converied to an acceptable salt form.

The present invention is also directed to novel intermediates of
formulas 3 and § of Reaction Schemes 1 and 2, which are useful in making
the compounds of formula I. Both compounds include compounds having
the 1,3 and 1,4 substitution pattern mentioned previously in connection with
- the compound of formula L




Yo pmpam the phamaceuﬁ@i mmmn@cns ct this invention, cne or

compounds or salts thereot of the invention; as the-active-ingredient, is
inti m&aﬂy admixed with-a pharmaceutical -carrier according
pharmaceutical compounding techniques, which carrier may take a wide
variety of forms depending on the form of preparation dasired for
administration, e.g., oral or parememé In preparmg the compositions in oral
dosage form, any of the usua! pharmacsutical media may be employed.
Thus for liquid oral preparations, such as for example, suspensions, elixirs
and solutions, sultable cariers and additives include water, glycols, oils,
alcohols, flavoring agents, preservatives, ccloring agents and the like; for
solid oral preparations such as, for example, powders, capsules and tablets,
suitable carriers and additives include starches, sugars, diluents,
gfanum@tmg agen&s ﬁubmams. bmﬁ‘@rs, dﬁsﬁntegmﬁng agems and the ﬁk@

m@s& adwamage@us @mm dasage tarm, irm wnm cass seﬂmd phama@euﬁ@aﬁ
carriers are.obviously employed. [f desirad, tabiets may be sugar coated or

anteric coated by standard techniques. For parenterals, the carrier wiil
usua@ﬂy cemprise sterile water, though other ingredients, for example, for

poses such as aiding solubiiity o for pmsawamﬂ@m, may be included.
ectabi repared, in which case appropriate
mqumd c@rﬁers. suspending agents and zhe like may be employed. Ths
pharmaceutical compesitions herein will contain per dosage unit; e.g., tablet,
capsule, powder, injection, teaspoonful and the like, from about 50 to about
100 mg of the acllve ingredient.

The antipsychotic activity of the c@mp@und@ @ﬁ the mesem invention was
determined by the block of Conditioned Avoidance Respondin
references being Cock, L. and E. Weidley in Am N Y. Am Sdi,, 1857, 6, 740-
752, and Davidson, A. B. and E. Weidley in Life Sci., 1876, 18, 1279-1284. This
test was performed for compounds disciosed in this invention, and the data are
listed in Tabie 1. In addition, the affinity of the compounds for several receptors
found in the contral nervous system was evaluated. The affinity for the D-2
(dopamine-2) recaptors is alsc listed in Table 1. Table 1 appears after the
Examples. As modulation of the D2 receptor is known to be beneficial in the
treatment of schizophrenia, affinity for this recepter indicates potentiai utility for the
compeounds.

P N
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Apparatus: Rat cpéram chambers, housed within sound attenuated
booths, both from Capden instruments Ltd., were used in this test. The test
chamber (8* H x 80-3/8" W x 8~ D) Is constructed of aluminum and plexiglass
with floor grid bars of stalnless-steel (1/8” 0.D.) spaced 9/16" apart. A
stainless-steol operation level 1-1/2° widle projects 3/4" into the chamber and
is positioned 2-2/8° above the grid ficor. The shack stimulus is delivered via
the grid floor by a Coulbourn Instruments solid state module. The
parameters of the test and the coliection of data are controlled automatically.

Training: Male, Fischer 344 rats obtained from Charles River (Kingston, NY)
wgmghmg more mam 2@@ g. are indmduauy h@m@d w&m chow and wazam'

ﬂeveﬂs in me av@mdame test (9@% aveﬁdamce my Oneeh@w tmmmng
sessions are.run at about the same time each day for four or five days a
wsaek. The training session consists of 120 trials, with the conditioned stimuli
presentsd every 30 seconds. A trial begins with presentation of the

conditioned stimull (a light and a tone). If the rat responds by depressing the
operant lever during the 15-sscond presentation of the conditionsd stimul,
the trial is terminated and the animal is credited with a CAR. Failure to
respond diuring the conditioned stimull causes the presentation of the
unconditioned stimulus, a 0.7 mA shock which is accompanied by a iight
and tone for five seconds. if the rat depressed the lever within the ten-
second period, the shock and trial are terminated and an escape response
recorded. if the rat fails to depress the lever during the UCS (ghock), the trial
is terminated after ten seconds of shock and the absence of a response is
scored as a failure tc escape. intertrial lsvel presses have no effect. If a rat
performs at the 80% CAR level for two wesks, it is then run twice a week on
the test schedule (see below) until bassline psrformance stabiiized. Before
any drug is administered, two weeks of CAR at a rate of 80% or better is
required.

Statistical Computations: ED5g values (that dose required {o reduce the
mean number of CARSs to 50% of the control mean) are determined in the
following manner. The percent change in CAR on the drug treatment day
compared to vehicle pretreatment day is the key measure. The percent
changs (% change) in CAR is determined using the following formula:

Tea N



change CAR = ({Day 2 % CARfE

ay +% CAR} x-100)-100

A megatwe number indicates a blockade of CAR, whereas & positive
number would indicate increased CAR. The test resuits are reported as the
mean % changse for the group of rats. A reading of -20% s generally taken
to represent & minimum value for a compound to be designated as active at

" & given dose in the CAR test. Fallure to escape was calculated for each
animal as follo

?aRWUE@S @mm@ EDS@ vaﬂues amd 95% eomﬁdence Eﬁmm are caﬁculated

using linear regression analysis. The resuits of the CAR tast is shown in
Tebles (.

The esi

caps loss numbers are shown at CAR 5 mg/kg. -

The dopamine D2 binding activity of compounds was determined
using a P2 fraction (synaptosomal membranes) preparad from male, Wistar
rats. The D2 assay employed a P2 fraction from the striatum, the ligand 3H-
spiperonse at a concentration of 0.05 nM, and 1 mM héi@p@ﬂd@% &s a blank
determinant. Incubation.was in.3 mM.potassium phosphate buffer for 45 min
at 37°C. Under thesa conditions, spacific binding constituted 76% of total
binding, and the K; values for some known drugs were: 0.37 nM for
haloperidol and 82 nM for clozapine.

The data from this assay wers analyzed by calculating the percent
inhibition of the binding of the tritiated ligands by given concentraticns of the
test compound. K values, where given, wers obtained from the logit
analysis of concentration-inhibition curves.

The foliowing Examples illustrate the present invention, but are not
deemed to be limiting. The compound numbers in the Examplas ars to be
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taken to be the same as those listed in Table 1, and not the Reaction
Schemes. In Table 1, OiPr is iscpropoxy and OMe is methoxy. Ph is phenyl.
Me is methyl. Etis ethyl. iPris isopropyl. cHx is cyclohexyl. Acls acetyl.

The free base of 2-isopropoxypheny! plperazine was prepared by
treatment of the fumarate sait with aquecus bicarbonate followsd by
extraction into chioroform, to provide a brown ofl (7.28 g, 33.0 mmeol) which
was dissclved in 75 mL of tetrahydrofuran. To this solution was added a
soiution Bt 3-{bromomethit)banzophenone (10.2 g, 3.68 mmod
tetrahydrofuran followed by triethylamine (5.53 ml., 38.8 mumcl). The
reaction mixture was refiuxed for 18 h. After cocling to amblent tempserature
the reaction mixture was poured into 1N HCI solution. After washing with
gther, the agueous solution was basified with sclid K2C0Og3 and extracted
with chiorcform. The chicroform exiracts were combinsd, drisd (NagSO4),
and concentrated to provide a dark brown oil which was purified on a Waters
SC0A Prep LC apparatus (1% hexanes-chloroform) to afford 8.08 g of pure
benzophsnons intermediate as a brown cil. The oil was disscived in
acetone and treated with concentrated HBr (2.5 mL). When diethyi ether
was added, a fine white precipitate fell out of solution. This solld was
recrystaliized from acetone/ether to provide 4.59 g of a white solid. A

. second crop of crystals was also collected. These were combined to provide
7.94 g (46%) of aryl piperazine benzophencns.intermediate, mp 193-197°C.
The 1H NMR in CD30OD supported the assigned structurs.

Elemental analysis: Calculated for C27H3gN202-1.4 HBr: C, 61.44;
H, 6.00; N, 5.31; Br, 21.18. Found C, 61.02; H, 5.99; N, 5.17; Br, 20.63.

The free base of the banzophenone described above was prepared
by treatment with aqueous bicarbonate followsd by extraction into
chloroform, giving an crange-brown oil (3.30 g, 7.88 mmol) which was
dissolved in 125 mL. of absolute ethanol followed by the addition of NaBHg
{0.36 g, 9.55 mmol). After 6 h of stirring under nitrogen, the reaction mixture
was cooled in ice and 15 mL of cold 1N HCI solution was added. After 1 min



of stirring, the reaction mixture was basiﬁgﬂ with soilid K2CO3 and extracted
with chioroform. - The combined chioroform extracts-were combined, dried
{Na2804), and concentrated to provide-a- waxy-white-solid. Recrystalill
from diethyl ether afforded 2.50 g (75%) of benzhydryi aicohol 1 as white
crystals, mp 138-142°C. The 'H NMR in CDClg supported the assigned
structure.

Elemsntal analysis: Calculated for Cg7H32NI202 C, 77.85. H, 7.74;
N, 6.72. Found C, 77.35; H, 7.70; N, 6.62.

provide & brown oil (26.0 g, 121 mme I} which was d@Mved in 150 mL of
tetrahydrofuran. This solution was added over 30 min to a solution of 1,3-
di{chloromethyi}benzene {63.8 g, 364 mmol) and tristhylamine {20.3 mi.,
148 mmol) in 150 ml. of tetrahydrofuran. The reaction-mixture was refluxed
- under argon for 1.5 h and then coocled to amblent ﬁempembwm @vemigm
The reaction mixture was filtered, and the filirate was concentrated

diluted with diethyi ether followed by the addition of 3N HCl. The resuiting
suspension was filtered to provide 31.2 g (67%) of 1-(3-
ch%omm@thymphanyﬁkeﬂe.{zeﬁ -methylethoxy)phenyllplperazine hydrochioride.

To & solution of sodium bicarbonate (15.8 g, ﬂgﬁ mimol} in 100 mi. of
dimethylsulfoxide-at 110°C was added the aryiplperazine p
{10.0 g, 25.3 mmol) in 50 mi of dimethylsulfoxide. The reaction m xmm'e was
heated at 110°C for 25 h. After cooling, the reaction mixture was partitioned
between ether and water. The layers were separated and the aqueous layer
was further extracted with ether. The conbined ether extracts were washed
with brine, dried (MgSO4), and concentrated {0 afford an oil which was
dissclved in ether fcliowed by the addition of ethereal HCL. The resulting
slurry was filtered and the resulting solid was partitioned between methylene
chloride and saturated aqueocus bicarbonate soiution. The aqueous layer
was extracted with dichloromethans. The combined organic extracts were
washed with brine, dried (MgSQ4), and concentrated to give an oll.
Purification by flash silica gel chromatography (9:1 tc 87:13 -




hexan@slacét@n@p afforded an cil which i";?g triturated with ethereal HCl to
pmwde 88¢g (6@%) of aﬂdahyde intermediate as a m@mhydmh%@mﬁe sait.

The fres base cf the awyﬂmpemzime atdehyda described above was
preparsd by treatment of the hydrochloride sait with bicarbonate followed by
extraction into chiorsform to provide a brown oll {1.80 g, 5.61 mmol) which
was dissolved in 120 mL of anhydrous sthyl ether and cooled tc 0°C. Te this
mixture was added dropwise a solution of methylmagnesium bromide in
ethyt ether {2.30 mL, 2.9 M). The reaction mixture was kept at 0°C for 1 h
and then was warmed 1o amblent temperature. After 15 h of stirring under
nitrogen, the reaction mixture was cooled in an ice bath and ssturated
ammonium chioride solution was added. After neutraiization with solid
sodium bicarbonate, the mixture was extracted with chloroform. The
‘chicrolomT exiracls were combined, dried (Naz804), and concentrated
provide g light brown ocil. This material was dissolved in methanol, and HCI
(1.0 mL) was added. When ethyi ether was added, a cream-colored
precipitate came out of solution. Recrystallization from methanol/ether
provided 1.33 g (55%) of alcoho! 2 as cream-colored granules, mp 184~
184°C. The 1H NMR in D20 supported the assigned structure.

Elemental analysis: Calculated for CQgHmNzOg«ZHC@w@.ﬁ HaO: C,
61.56; H, 7.58; N, 6.53; Cl, 16.57; 420, 0.42. Found C, §1.92; H, 7.70; N
6.57; Cl, 18.22; H20, 1.67.

EXAMPLE 3:

The free base of 1-{3-chicromethyiphenyi}-4-{2-(1-
methylethoxy)phenyllpiperazine (described in Example 2) was prepared by
treatment of the hydrochioride salt with bicarbonate to provide a brown cil
{5.50 g. 13.9 mmol} which was disscived in 70 mlL of acetonitrile. To this
solution was added potassium acetate (2.73 g, 27.8 mmol} and 18-crown-6
{0.18 g, 0.70 mmol). The reaction mixture-was refiuxed tunder argon for 4 h.
The reaction mixture was concentrated in vacuo and the residue was
partitioned between dichloromethane and water. The layers were separated
and the aqueous jayer was extracted with dichioromethane. The organic
extracts were combined, washed with brine, and dried (MgS0O4). The
- grganic layer was concentrated, and the residue was takan up in ethyl ether.
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This solution was added to ethereal Hcﬂ]l.=6 The resulting pracipitate was
coliscied, washed with- ethyl ether; and dtied under vacuum to provide 5.3 g
{90%) of acstate dihydrochiorids 3, mp 174°C (dec). The 1H NMR
supported the desired structure.

Elemental analysis: Calculated for CagHagN203-2.0HCI-0.5H20: C,
£9.48; H, 7.18; N, 6.03; Cl, 15.27; H20, 1.94. Found C, 59.80; H, 7.11; N,
§.03; Cl, 18.30; H20, 2.20.

T@ a sa%urﬂm of 85% KOH (0.5 g, 7.57 mmol) in 50 mi. of methanol

aoded compound $ (2.80 g, 5.97 mmut). After svamight stirring, thin
layer chmmamgrapny indicated very ilitle reaction progress so the reaction
mixture was refluxed under argon for several minutes. Chromatographic
analysis &m indicated
cosled. Additional KOH (0.53 g) was added and refiux was continued
another 18 mﬁmﬂa& After this petiod of time, the starting material was
completely consumed. The reaction mixiure was concentrated, and the
residue was partitioned between methylene chiotide and water. The layers
were separated, and the aqueous layer was further extracted with methylene
chioride. The organic extracts were combined, washed with brine, and dried
{MgSO4). The organic extract was concentrated to provide an oil which was
dissolved in isopropanol and filtered through MgS04. To the filtrate was
added maleic acid (0.725 g), and the resulting mixture was concentrated in. .
vacuo {o provide-an oil which.was pattitioned between 3 N NaOH and
methylsne chiorids. The layers were separated and the aqueous layer was
extracted with dichloromethane. The organic extracts were combined,
washed with brine, and dried (MgS04). The organic extract was
concentrated, and the resulting oil was purified on TLC mesh silica (87:3
methylene chioride: methanol). The purified material was dissolved in ethyi
ether and added to sthereal-HClL. The resulting precipitate-was collected by
suction filtration and washed with ether. The sample was drled to provide
1.72 g (70%) of benzy! alcchoi dihydrochioride €, mp 201°C (dec). The 1H
NMR supported the desired stnicturs. |
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Elemental analysis: Calculated for C21H2gN202-2.0HCI: C, §1.02; H,
7.31; N, 6.78.- Found C, 60.87: H, 7.25; N, 6.78.

EXAMPLE 5:

The free base of 2-methoxypheny! piperazine was prepared
treatment cf the hydrochioride sait with blcarbonate followed by extraction
into methylene chioride to provide a brown ofl {(58.0 g, 302 mmeol) which was
dissolved in 650 mL of tetrahydrofuran. To this solution was added 3-
cyanobenzyl bromide {70.8 g, 0.362 mol) and tristhylamine (54.7 ml., 0.362
mol). The resulting suspension was refluxed for 20 h. Affer cooling, the
w’ewt@n mixmwe was poured into 1N HCI sa uﬁ@n The fesummg solution

chﬂ@mﬁ@m The chioroferm extracts wers mmbﬁn@d dﬁ@d (NagSO4), and
concentrated to provide a golden brown oll. Purification on a Waters Delta
Prep 3000 LC apparatus afforded 89.3 g (93%) of a golden brown solid
whose speciral properties were consistent with the desired structure.

To an ice-cooled solution of 1-(3-cyancbenzyl)-4-(2-
methoxyphenyl)piperazine (16.5 g, 53.7 mmol) in 800 mlL of tetrahydrofuran
was added a solution of phenylmagnesium bromide in ethyl ether (53.8 mL,
3.0M) under nitrogen. The sclution was slowly warmed to 25°C and then
brougit to reflux. After 8 h of reflux, the reaction mixture was subsequently
cooled fe 0°C, and ice cold 6N HCI solution (650 mL) was added. The
reaction mixiure was then stitrred at amblent temperature for 8 h. After
cocoling, the reaction mixture was p@um'édl into a separatory funnel and
washed with ether. The aqueous layer was then basified with K2COg3 and
then extracted with chiorofonm. The organic extracts were combined, dried
{(NagS04). and concentrated to provide a dark brown oll. This material was
purified on a Waters Delta Prep 3000 LC apparatus (10% hexanes-
chioroform) tc afford 19.4 g (93%) of desired benzophenone as a brown ol
whose 1H NMR in CDCla was consistent with the desired structure.

To a solution of this banzophenons {3.00 g, 7.76 mmol) in 75 mL of
absolute sthanot was added sodium borohydride (0.35 g, 9.31 mmol). After
36 h of stirring under nitrogen, the reaction mixture was analyzed by thin
layer chromatography which indicated a 80% conversicn o product.



Additional sodium borohydride (0.07 g) s%rgs added and stirring was
confinued for-another-18 h. After cooling in an ice bath, 1N HCI solution (11
ml} was added. - The resulting suspension was stirred.for one minute and
then was basified with solid K2C03. This mixture was exiracted with
chioroform. The chicmoform extracts were combined, dried (Na2804), and
concentrated to provide 2.84 g of a white foam. This material was dissolved
in methanol and perchictic acid (1.2 mL) was added. The sclution was
triturated with ethyl ether. The resultant solid was recrystaliized from
methanci/ethyl ether to afford 1.45 g (31%) of § diperchiorate as a cream-
colored powder, mp 198-210°C. The 1H NMR in D20 supported the
assigned structure. '

Elemental analysis: Calculated for C25H28N202-2.0HCIO4-1H20: C,
49.52: 35319 N, 4:84: €k, 11.67H20, 2.97. Feund ©, 48:38:; §.58: N,
4.62; Cl, 11.66; H20, 5.36.

To an ice-cosclsed solution of 1-{3-cyanobenzyl)-4-(2-
methoxyphenyl)piperazine {(20.0 g, 0.0848 mof) in 750 mi. of tetrahydrofuran
was added a sclution of methyimagnesium bromide in ether (65.0 mL, 3.0
M} undsr nitrogen. The soiution was slowly warmed to 25°C and then
brought to reflux. After 8 h of reflux, thin layer chromatography indicated
. complete reaction. The reaction mixture was then cooled to 0°C, ice cold 6
N HC! soluticn (600 mL) was added, and the reaction mixture was stirred at
ambient temperature for 18 h. The reaction mixiure was poured into a
separatory funnel and washed with ether. The aquecus laysr was then
basified with K2CCOg3 and then extracted with chioroform. The crganic
extracts were combined, dried (Na2S04), and concentrated to provide a

~dark brown oil. This material was purified on a Waters Oeita Prep 3000 LC
apparatus {10% hexanes-chioroform) tc afford 16.0 g (76%) of expecied
mathyl ketone as a brown oil whose 1H NMR in CDCl3 was consistent with
the desired structure.

A solution of the material prepared above (4.20 g, 12.9 mmol} in 150
mL of tetrahydrofuran was cocled fo -78°C under nitrogen, and a solution of
ethylmagnesiurn bromide in ethyl ether (8.6 ml., 3.0 M) was added. After



stirring at -78°C for 2 h, the reaction mixtire was siowly warmed to 25°C.
After 18 hrof refiux, thin layer chromatography indicated that starting material
had been completely consumed. The reaction mixture was then cooled to
0°C, and saturated bicarbonate sciution was added. The resulting soiution
was then extracted with chicroform. The organic extracts wers combined,
dried {(Na2S04), and concantrated. The residue was purified on fiash silica
ge! {10% hexanes-chioroform to 2.5% hexanes-chioroform) to afford &
brown oll which consisted of the deslred product in addition to & faster
mioving impurity by thin layer chromatography. This material was repurified
by fiash column chromatography on silica gel (10% hexanes-chioroform to
3% methanol-chioroform) to provide 2.35 g of a brown oll. This material was
dissoived in methanc! and fumaric acid (0.68 g) was added followed by
trituration with ethy! ether. The resultant solid was recrystallized from
acetone/ethyl ether to afford 1.62 g (30%) of 6 hemmme as a Snow-
white powder, mp 178.5-178.5°C. The 1H NMR in CD30D suppotted the
assigned structurs.

Elemental analysis: Calculated for C22H3gN202-:0.58C4H40C4: C,
69.88; H, 7.862; N, 6.78. Found C, 68.81; H, 8.14; N, 6.85.

To an ice-cocled solution of 1-(3-cyancbenzyl)-4-(2-
methoxyphenyl)plperazine (5.80 g, 18.2 mmol) in 250 mL of tetrahydrofuran
was added a solution of iscpropylmagnesium chioride in ethyl ether (27.3
mL, 2.0 M) under nitrogen. The solution was siowly warmed to 25°C and
then brought to reflux. After 10 h of reflux, thin layer chromatography
indicated that the reaction was complete. The reaction mixture was then

cosled to 0°C, ice cold 6 N HCI solution (200 mL) was added, and the
reaction mixture was stirred at amblent temperature for 4 h. The reaction
mixiure was then poured into a separatoty funnel and washed with ether.
The aqueous layer was then basified with K2CO3 and then extracted with
chioroform. To facilitate separation of the two layers, brine was added. The
organic extracts were combinad, dried (Na2S04), and concentrated to
provide a dark brown cil. This material was purified on fiash silica gel (1%
hexanes-chiorcform to chioroform to 1% methanci-chioroform) to afford 4.08
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g (64%) of the expected isopropyl ketocne gs a brown oll whose 1H NMR in -
CDCl3 was consistent with the deslired structure.

To & sclution of this ketone (3.80 g, 11.1 mmol) in 100 mL of ethano!
was added sodium borohydride (0.50 g, 13.3 mmoi). After 15 h of stimring
under nitrogen, the reaction mixture was analyzed by thin layer
chrematography which indicated that reaction was complete. After coaling
"1 an ice bath, 1N HCI solution (15 mL) was added. The resuiting
suspenslon was stirred for one minute and then was basified with solid
K2CCO3. This mixture was extracted with chioroform. The chioreform
extracis were combined, dried (Na2S04), and concentrated. The residus
was purified on flash siiica gel (1% hexanes-chisroform to pure chioroform
to 5% methanci-chicroform) to provide a pale green oll. This material was
dissolved in metianot and fumaric acid (1.32 g) was added. The schution
was triturated with ethyl ether. The resultant solid was recrystallized from
acetone/ethyl ether to afford 0.90 g (19%) of alcohol 7 hemifumarate as a
fluffy white powder, mp 160-161°C. The 1H NMR in CD30OD supported the
assigned structure.

G

Elemental analysis: Calculated forCooH3agN202:0.6C4H404-
0.5H20: C, 68.38; 14, 7.89; N, 6.65; H20, 2.14. Found C, 68.25; H, 7.82; N,
6.63;: H20, 1.92.

EXAMPLE 8: [3-[4-(2-Meth

To an ice-coolad solution of 1-{3-cyanobenzyl)-4-(2-
methaxyphenyl)piperazine (5.60 g, 18.2 mmol) in 250 mL of tetrahydrofuran
was added a solution of cycichexylmagnesium chioride in ethy! ether (27.3
mL, 2.0 M) undar nitrogen. The solution was slowly warmed to 25°C and
then brought to reflux. After 48 h of refiux, thin layer chromategraphy
indicated that the reaction was compiete. The reaction mbxture was then
cocled to 0°C, ice cold 6 N HC! solution (200 mL) wes added, and the
reaction mixture was stirred at ambient temperaturs for 3 h. The reaction
mixture was then poured into a separetory funnel and washed with ether.
The aguecus layer was then basified with K2COg and then extracted with
chioroform. The organic extracts wers combinad, dried (NagSO4), and
concentrated to provide a dark green-brown oil. This material was purified




. 2

on flash silica gel (1% m@man@nachﬂ@r@mm%) to afford 7.88 g (quantitative
yield) of expected cyclchexy! ketone as a brown oil whose 1H NMR in
CDCis was consistent with the desired structure.

To a solution of this ketons (4.60 g, 11.7 mmol) in 100 mL of absolute
sthancl was added sodium borohydride (0.58 g, 15.2 mmol). After 15 h of
stirfing under nitrogen, the reaction mixture was analyzed by thin layer
chromatography which indicated that a smail amount of unreacted ketone
remained. Additional scdium borohydride (0.1 g) was added to the reaction
mixture, and stiriing was continued for another 24 h. After cocling in an ice
bath, 1 N HCI solution {16 mlL) was added. The resulting suspensicn was
stirred for one minute and then was basified with soiid K2COga. This mixiure
was extracted with chiomt@rm‘ Tﬁe cmomﬁam @xtracts were combined,

NapSQO4 concontrate nvic olodess foam. This.. ..
material was dmssoaive@ in meman@ﬂ aamd pemht@m w@ (11 .40 ml.) was
added. The sclution was triturated with ethyl ether and hexanes. The
resultant solid was recrystallized from methanol/ethyi ether to afford 3.00 g
(43%) of alcohol 8 diperchiorate as a white powder, mp 230-240°C
(decomposition). The 1H NMR In DMSC-dg supported the assigned
structure.

Elemental analysis: Calculated for CasHa4N202-2HCIO4: C, 50.43;
H, 6.09: N, 4.70, Cl 11.90. Found C, 50.71; H, 6.22; N, 4.72, Cl 11.90.

The hydrochioride salt of 2-methoxyphenyt pipsrazine {(40.0 g; 0.175
mol) was suspended in 400 mL of tetrahydrofuran. To this solution was
added 4-cyanobenzyl bromide (41.2 g, 0.210 moi) and triethylamine (73.1
mL., 8.525 mol). The resulting suspension was refluxed for 30 h. After
cocling, the reaction mixture was poured into 1 N HCI sclution. The
resulting sclution was washed with ether, basified with solid K2CO3, and
extracted with chioroform. The chicroform extracts were combined, dried
(Na2S04), and concentrated to provide a goldan brown cil. Purification on
a Waters Delta Prep 3000 LC apparatus afforded 51.3 g (95%) of & cream-
colored solid whose spectral properties were consistent with the expected
benzylarylpiperazine.
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To an-ice-cooled solition of 1-(4-cyanebenzyi)-4-(2-
methoxyphenyi)piperazine (17.0 g, 55.3 mmol) in 800 ml. of tetrahydrofuran
was added a solution of phenylmagnesium bromide in ethyl ether (65.3 mL,
3.0 M) under nitrogen. The sclution was slowly warmed to 25°C and then
brought to reflux. After 48 h of reflux, the reaction mixture was subsequently
cooled to 0°C, and ice cold 6 N HC! solution {650 ml) was added. The
reaction mbdure was then stirred at ambient tempserature for 2 h. After
cocling, the reaction mixturs was poured into a separatory funnel and
washed with ether. The aquecus layer was then basifled with K2CO3 and
then extracted with chioroform. The organic extracts were combined, dried
{Na2804), and concentratad to provide 25.5 g of a brown oll. This material
was dissolved in methanaﬂ and concentrated hydrochioric acld was added.
The soksion iriturated with athyl ether. The resultent
rectystaliized ﬂmm methamﬂlemyt ether to afford 16.5 g (84%) of the
expected benzophenone as a cream-colored powder, mp 260-263°C. The
1H NMR in DMSO-dg supported the desired structure.

Elemental analysis: Calculated for C25H25CIzN202-2.0HCI-0.2HH20:
C, 64.85; H, 6.18; N, 6.08; Cl, 15.31; H20, 0.78. Found C, 65.05; H, 6.20; N,
6.48; Cl, 15.19; H20, .88.

The {ree base of the benzophenone described above was prepared
by treatment of the hydrochloride sait with bicarbonate followed by extraction
into methylene chioride to provide a brown oll (4.30 g, 11.1 mmol). Toa
solution of this ofl in 110 mL of absoiute ethanol was added sodium
borochydride (0.55 g, 14.5 mmol}. After 18 h of stirring under nitrogen, the
reaction mixture was analyzed by thin layer chromatography which indicated
a 80% conversion to product. Additional sodium borohydride (0.10 g) was
added, and stirring was continued for 1 h. After cosling In an ice bath, 1N
HCR solution (16 mL) was added. The resulting suspensiocn was stirred for
one minute and then was basified with solid K2CO3. This mixture was
extracted with chioroform. The chioroform exiracts were combined, dried
{Na2S04), and concentrated to provide a yellow foam. Purification by flash
silica gel chromatography {(chlcroform to 1% methanol/chloroferm) afforded
a white foam. This material was dissolved in acetone and fumaric acid (1.1
g) was added. The solution was triturated with ethyl ether. The resultant
solid was recrystallized from acetone to afford 1.58 g (28%) of 9 fumarate as




fluffy white crystals, mp 195-196°C (decomposition). The 1H NMR in DMSO-
de supported the assigned:structure.

Elemental analysis: Calculated for C25H28N202-C4H404: C, 68.03;
H. 6.39; N, 5.55. Found C, 68.74; H, 6.37; N, 563. '
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Table 1

WG

Substiiution

Oﬁ3 ‘
Cp” H

Patiern of CHy CAR D-2
comp.# R* R. R° R' Rm° "™ cion® & ° 'ﬁiﬂ)‘g e Kl m&%
1 2.0IPr H Ph  H 1,3 -94.5 15 5
2 20Pr H H Me H 1,3 -86.5 ¢ 56
a 20Pr H Ac H H 1,3 -§6.0 38 51
4 20Pr H H b H 1,3 49.2 13 302
5 2-0Ms H H Ph H 1,3 @415 2 87
68 20Me M H B Me 1,3 -8§s.0 2 198
7  20Ms H Ho Pr H 1,3 8.8 12 %
8 20Me H H cHx H 1.3 -52,.9 2 i6
g 2.0Me H H Ph H 1,4 -69.4 32 53 -
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CLAIMS

A compound of the formula I:

wherein R1 and R2 are independently salected from any of H, C-Cg
alleyt, C4-C10 cycloalkyi, Cz-Cs MWX? alikyl, C1-Csg alkoxyl, aryloxy,
hydroxwl, triflucromethyl, triflucromaethoxy, cyansc, C4-Cg alkythie,
halogen, nitro, C1-Cg haloalkyl, amine or C1-Cg mono- or di-
alikkylamine, with the proviso that R1 and R2 can not both be H at the
sams time, or A1 and 2 are combined together io form a fused ring
system of the formula II:

wharein B together with the 2 carbon atoms of the phenyi group forms
an entirely or partly unsaturated cyclic group having 5-7 ring atoms
and within the ring 1-3 hetero atoms from the group O, S and N may
be present with the proviso that the sum of the number of oxygen
atoms and sulphur atoms is at most 2, and that the nitrogen atoms in
the ring may be substituted with Rig selected from any cne of H, C1-
Cag alkyl, C1-Cg hydroxyalky! or C1-Cg acyl;

RS and R7 may be independently selected from any one of alkyl,
cycloalkyi, phenyl, substituted phenyl or heteroaryl, hydroxyaliyl,
alkoxyalkyi, alkoxy, aryloxy, alkylthio, aryithio, mono-or di-alkylamino,
mono- or di-arylamine, hydroxyl, amine, alkyl, alkoxy, amine, or
mong- or
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di-alkylaminocarbonyl, nitro, cyano, halogen,
trifiuoromethyl, trifluoromethoxy, amino or mono- or
di-alkylaminosulphonyl;

Variable m has a valuer@-3 and p has a value 0-2;

Variable n has a value of 1-4;

A is either CH or N;

R? ig selected from any of H, C;-Cg acyl, C,-Cg alkyl, C,=Cq4
cycloalkyl or aralkyl;

R*® and R® are independently selected from any of H, clscs
alkyl, phenyl, substituted phenyl, aralkyl wherein the alkyl
portion is C,-C4, C,-Cy acyl, C,-C; cycloalkyl; or R* and R®
are taken together to form a ring having 4-10 ring atoms,
which ring is saturated or unsaturated, substituted or
unsubstituted and contains from 0 te 2 hetero atoms selected
from one or more of 8§, O or N;

R’ and R are independently selected from any one of H,
C4-Cy alkyl, C,-Cg alkoxy, nitro, halogen, haloalkyl, C,;-Cg
alkylthie, amino, or C,-C; mono- or di-alkyl amino;

or a pharmaceuticélly acceptable salt thereof.

2. The compound of claim 1 of the formula I(a):

OR?

- e

3. The compound of claim 1 or claim 2, wherein B forms
together with the 2 carbon atoms of the phenyl group an
entirely or partly unsaturated ring consisting of 5 atoms,
which ring contains at least 1 oxygen atom;

R® and R7 are selected from any of alkyl, alkoxy,'hydroxyl,
nitre, cvano, halogen or trifluorcmethyl; and

m and p have the value of 0-2.
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4. The compound of any one of claims 1 to 3, wherein R and
R® are independently selected from any of H, C,~C; alkyl,
Csec?'cyclcalkyl, C,=C, hydroxyalkyl, C,~Cg alkoxy, aryloxy,
hydroxyl, trifluoromethyl, cyano, C;-C4 alkylthio, halogen,
nitre, ¢C,-Cz halocalkyl, amino or ¢;-C; mono- or di-
alkylamine. '

8, The compound of claim 4, wherein R} and R*® are
independently selected from either of alkoxy er H.

6. The compound of claim 5, wherein alkoxy is either
i-propoxy or methoxy.

7. The compound of any one of claims 1 to 6, wherein R? and
R® are independently selected from any of phenyl, C;~Cg
alkyl or cyclchexyl.

8. The compound of claim 7, wherein R* and R® ave
independently selected from either of phenyl or C,~-C; alkyl.

9, The compound of any one of claims 1 te 8, wherein the
relationship of C(ORs)R4R5 substituent with the -CH,~ group
en the C(0R3)RQR5 bearing phenyl ring is 1,3.

10. The compound of any one of claims 1 to 8, wherein the
relationship of C(OR3)R4R5 substituent with the -CH,- group
on the G(ORQ)RﬁRS bearing phenyl ring is 1,4.

il. Any one of the compounds:

3-{4[2[ (1-methylethoxy)phenyl]-l-piperazinylmethyl]
phenylbenzenemethanol;
4-[4-[2-(1-methylethoxy)phenyl]-l1l-piperazinylmethyl]-e-
phenylbenzenemethanol;
3-[4=~[2~({i-methylethoxy)phenylj-l-piperazinylmethyl]-a-
ethylbenzenemethanol;
le(3sacetoxymethylphenyl)methyl=4$E2=(lvmethylethoxy)
phenyl lpiperazine.
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12. A composition comprising the compound of formula I as
recited in any one of claims 1 to 11, and a pharmaceutically
acceptable carrier, sald compound being present in a
therapeutically effective amount.

13. The compound of any one of claims 1 to 11 or the
composition of claim 12 for use in treating schizophrenia.

i4. A compound of the formula:s

A2

R, _
OO
=/ \_/ .

wherein Rl, R? and R* are as defined in any cne of claims 1
te 11.

®

15. A compound of the formula:

Rg

wherein R' and R? are as defined in any one of claims 1 to
11,



