‘1 MPROVED, . LARGE- SCALE PROCESS 'FOR AZAPI RONE SYNTHESI S This invention —
descri bes an i nproved, Iarge scal e process for the synt heSThﬁsShéetHﬁrB‘e
‘useful azapirone conpounds. "Azapirone" is a termthat has
describe a structural class of psychotropic conpounds that
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this invention can be shown by some representative illustrations of certai n
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Y can i ndependently be carbony or su nis the integer 4 or 5. Z
is select®d inter alia fromJ[err] in WhICh R[err] Rlerr] and Rlerr] are
sel ected from1lower alkyl or are taken together as a butyl or pentyl
bridge; Rerr] ; - [err] c[err] ; and Perhaps the best

known representative of the azapirone class of psychotropic agents is

buspi rone ( 1) or Wt@ﬁi\lehndh&fésbﬁbésldh imgﬁovadnh?gé%éaleopr%de@bi[fer fHe lerr]
-N N NO &1&1 p ? af acenent é “ .
synthesis of certain use ul azapirone compoun s.” "Azapirone" is a term
10 that has been used to describe a structural class of psychotropic
compounds that demonstrate similar pharmacology relating to

interaction with monoaminergic pathways in particular brain regions.

: The azapirones amenable to the new process of this invention
15 can be shown by some representative illustrations of certain azapirone
drug agents having structural formula (1).
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In formula |, W and Y can independently be carbonyl or sulfonyl
and nis the mteger 4 or5. Zis selected jnter alia from >< in which
R1 and R2 are selected from lower alkyl or are taken 'together as a butyl
RZ

or pentyl bridge; R1>E ’ (@: : @: ;and |} N .

25 | |

Perhaps the best known representative of the aiapirone class of
psychotropic agents is buspirone (1), originally disclosed in U.S.

3,717,634.
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For large-scale production, this prior art synthesis suffers from several

processi ng di sadvant ages, including: * high2tenperature processing in toxic

dolvents, e.g., refluxing xylene; [err] a nultiphasic reacﬂ%w ém‘iimmlmd
ll Ior

requiring hi ghl y efficient stirring and as the scale increa
by- products which gefg bgﬁra”émﬂﬁbwﬂrmgmﬁgp@amﬂ product i solation; * |ong

beconmes increasingly inportant; the presence of |arge anmbun

reaction tine, e.g., 24 hours; and * | ower . andom)re erratic yields of
product resulting fromthe generaWon ofMane as a by-product. The
efficient renoval gepirbreywhere iz{oa iy obl e parti ¢UlSsr442B04Nese
| ar ge- scal e processes. Conpounds of for Z Nerr]Merr] Y (2) such
as imdate anions of structure (2a), O[err] ' Rl err] N etrr]
M[err] O (2a) wherein MJ[err] reprgsents 2kaI| or-al kaline earth
netal, can be reac u azi nyj  deg iwat of formula
(5), Sonme ot heriﬁ%wobﬁb&ha}r%r&rsq% (Ulig &8\1% 7563
. O' T
M |
tandospirone, where x is m (U.S. 4,507,303); and
. ' (o) .
o
. /W
WY-47,846, where s IS - (U.S. 4,892,943).
Y .
5 0]

The dotted and solid lines in the tandospirone-type structure can be
taken as either a single or double carbon-carbon covalent bond.

10 While a number of synthetic processes have been disclosed for
the synthesis of these azapirones, a method of choice, currently used for
large scale preparation of buspirone and gepirone, was disclosed by
Sims in U.S. 4,351,939. The Sims method involves the reaction of an
appropriately-substituted glutarimide (3) with a novel spiroquatemary

15 ammonium halide (4) to yield buspirone or gepirone or

x@
buspirone (R, R? = butylene)

N—H + @ base or
\__/ \'—(CHz)n gepirone (R', R%=Me)

3 (4)

close analogs. The hallde X, is preferably bromide. The reaction is

20 carried out in a hot inert reaction medium in the presence of an acid
scavenging base. In practice, the reaction process involves a
multiphasic reaction of (3) and (4) in refluxing xylene with an excess of
solid potassium carbonate.



gepirone, -where Z s (U.S. 4,423,049); YO w
i psapi.rone, where z is [err] (U.S. &, 818, 756) ;. [ellhrs]SheetHasBe& laced

t andospi rone, where z is [err] (U.S. 4,507, 303);
where z is | “(U.S. 4,892,943). The dotted an

t he tandospirone-type structure can be taken as either a si
car bon-carbon coval ent bond. Wile a nunber of synthetic processes have
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di scl osed by sevesali prodessing, Qﬂd%ﬂagﬁ&elnsluwngret hod invol ves the reaction
of an appropriately-substituted glutarimde (3) wth a novel

spi roquat ernary amoni um halide (4) to yield buspirone or gepirone or 0O

X S5puspi rorte high empefawewr@ﬁeysm in toxic igolvents, e.g., refluxingr r | base
or [err]N-H + xWeh%Er] or Rerr] [err] N
[err] (CHerr])[err] gepirone (Rerr], R = M) 0 (3)

(4) close anal ogs. The halide, X, is preferably brom de. The reaction is
carried out in a hot al meltiphasikcidaetionafixturei requitingohighnefficient Btirdikag

eaction of (3) and B dnteLsdalE "i%%%%%%%ﬂf%cﬁoémé&vzﬁ%% fr?cg%‘ag'”‘ébf e

pot assi uti@car bonat e. important;

» the presence of large amounts of inorganic by-products which
complicate reaction workup and product isolation;

15 . » long reaction time, e.g., 24 hours; and
 lower and more erratic yields of product resulting from the
generation of water as a by-product. The efficient removal of
the water is a problem, particularly in these large-scale

20 - processes.

Compounds of formula (2)

A
Z. NOM®
Y

25 | (2)

such as imidate anions of structure (2a),

30 | - (2a)

wherein M @ represents an alkali or alkaline earth metal, can be reacted
with a pyrimidinylpiperazinyl derivative of formula (5),



'4 Q (CH[_err])n.-N [err]N- (5) wherein Qis a nucleofuge, i.e. ateaving —

group of the type commonly utilized in syntjhetic organic ChﬂﬁﬂssﬁeébﬁasﬁéénReplaced

‘heating in an inert solvent under standard conditions such a
described for the alkylation step of the Gabriel synthesis; HHMHML
Bradshaw, Angew. Chem Int. Ed., 7/919,6930, (1968). The reacti

anions, e.g., (2) with internmediates of formula (5), has been previously
di scl osed. This nethod has been reported, for exanple, for the preparation

of buspirone (U.S. 3,717,634) and j_ sapifoher@ 4,818, 756). In general,

this method has not been used dfaf B?P'g'w rticularly with inides,
due to the additional processing requirenents necessitated by the
generation-and handling of a reactive mflal salt of the im date conponent.
As nmentioned, the Sins process (involving the reaction of (3) and (4)-type
conpounds) is the current nethod of choice for Ilar %e-scal e synthesis of
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The several g6t MEEGabrial syrftHebis; & eGitséot arkd BeadSHHW, wss for
| ar ge- scal e aza oy@ grq’ij?i , While reflecting the shortcom ngs of
previ ous pr oi@&%n 1287k éé@est ed nor made obvious by the prior art
processep) Summary of the Invention The invention concerns a new, inproved,
| ar ge- scal e proce for t. ro i f _certai.n. | Lpne
psychotropic agenf@%%@rﬁ@é @f@ﬁ@@ﬁg&'@eﬁrfo@‘Dﬂt‘gi’%ﬁ%ﬁ@% gﬁdospi rone,
and ot her st formulas(5),dmas bgen previopslycdiselosed] dhis methedfhaseeemni oni ¢
i ntermedi at e ;a0dna8q, for example, for the preparation of buspirorie (U.S. 3,717,634)

and ipsapirone (U.S. 4,818,756). In general, this method has not been

16 used on a large scale, particularly with imides, due to the additional
 processing requirements necessitated by the generation and handling of

a reactive metal salt of the imidate component. As mentioned, the Sims

process (involving the reaction of (3) and (4)-type compounds) is the

current method of choice for large-scale synthesis of these azapirones.

20 =
' These prior art processes differ then from the novel improved

process which utilizes a pre-formed potassium salt of the imidate-type

starting material (2) which is reacted with a spiroquaternary salt (4),

instead of a formula (5) compound, to provide azapirone product. The

25 several advantages realized by the adoption of this novel process for
large-scale azapirone production, while reflecting the shortcomings of
previous processes, are not suggested nor made obvious by the prior art
processes. e '

30 Summary of the nvention

The invention concerns a new, improved, large-scale process for
the production of certain useful azapirone psychotropic agents such as
buspirone, gepirone, ipsapirone, tandospirone, and other structural

35 analogs. The process employs a pre-formed anionic intermediate and a



5 spiroquaternary piperaziniumsalt and gives reliably [ihgiSbeet Badedl Replaed
yi el ds of azapirone product under mld anh?hrous reaction

requiring much shorter reaction and processing tines and

environmental | y obj ectionabl e solvents. Reaction and processing condi Ul
are also sinplified, thereby further contributing to the production
economni es resbiroqdaternaty pipesazininnvsaltlend givesneliaiblyrhigleer andateanerDet ai | ed

st at oo JIPRRS RERlthR braiiet iler AR BAFRaUS RAREN GRS ' o,

forth infra sequpoegimuch Bhoder reastion B precaessing timessl the pupidanie

n- BuOAc Z 15 iantt : rr] Z N
(CH2)N- N N°&b“_","°“mr?."é%'&8?‘{* plionablg solvents. %é%%’}'véﬁ@e ?drslédqéép?)ﬂéident ly
sel ect ed 3 r osPBditiops\AreAlso simpliad, thereydurbsngenisibutipgdedherred. z can be
a variety of prgdifdtiorSesoridnits realigéd by utilizRtieh 'df the instant improved
;and [err] The dotted plus solid lNine denotes either a single or a
doubl e car boRf%f¥Fon coval ent bond. The symbol mrepresents the integers 1
and 2, and n represents the integers 4 and 5. Rerr] and R2 are _
I ndependently sel ected froml . Ry and, R2. can be taken together
as a butyl or a pentyl bridge—toweTr-att —hEant—to be

- 10

of
ons

The new, improved large-scale process is illustrated in the
flowchart of Scheme I. lllustrative examples are. set forth infra as Specific
Embodiments.

15 Scheme |

W,
Z,Y,NH + t-BquK@ _n-BuOAc _ Z:W: N@K@

Y
(V) (1)

.
(CHE;\?J;*@

™ CHg)p—~ & -—(@ -~
z,Y,N—( 2N N  BuOAc (D)
| 1) |

In Scheme I, W and Y are independently selected from carbonyl
20 and sulfonyl with carbonyl being preferred. Z can be a variety o_f

. Al R
moieties such as » ; m{ : @: :m ; and

1N |- The dotted plus solid line denotes either a single or a double

carbon-carbon covalent bond. The symbol m represents the integers 1
- and 2, and n represents the integers 4 and 5. R1 and R2 are
25 independently selected from lower alkyl or R1 and R2 can be taken
together as a butyl or a pentyl bridge. Lower alkyi is meant to be



6 inclusive of.Cl-4 al kyl groups. The synmbol X is common I under st ood to be

a nucl eofuge, that is, a |leaving group comgnly used in 16*!“
with chloride, broni de and i odi de bei ng preferred in the i
and with brom de being the nost preferred. In the instant

preferred enbodi nents involve Wand Y being carbonyl and Z being [err]

;)L Q"piafaﬁi .§Ed6¢“°'£{i’£§§1 hﬁg@@@y %ﬁ&fﬁ%@%ﬁ%ﬁiﬁﬁ%ﬁ#%%ﬁii fnge
shown whi ch ibe anecfexfage) isla gloypt camim u & argamig materi a
(19, 4 2 gt \ab e, i kB SO G0 U 4 =
processes yi @ratess andwyith bramigiei heing the ogest prefertads potassiumsalt (1l1).

VWi | e thce{§e can be considered equivalents, the potassiumsalt is the
preferred species, belng surprisingly stable on _exposure to air. For use in
the i nproved procé8§ efinstapt pracessi Piﬂf@@ﬁ@lﬂﬂﬂpoqlﬁ@n&ﬁw&l“@w&ﬂd and

qual ity of the azapl rone product are! anced by the use of pre-fadrmed,
relatively puf beingeard M‘D and Zheing) . Ane kepnist2andnisde i nstant process
I's the reaction of the potassmm sal B ( ) with the spiroquatenary

pi perazi ni um sal t (I ) under mld anhydrous condl tions to give azapirone
product which is han in the ior art

f | d
processes. By reac Bp#f% ﬂ@e%ﬁqﬁgmpﬂ Rrﬂ 6’@& ‘b?d?f@?’é ationot  on,
times artQr edumetblbq saltaft(IV)with tié pdsfeead émbadlmmtﬂmlag shewmwhldbe

conpar ed to” Syt SaEEn SRIANYy eyt o Sehuckemelid (AN 00 22,
| ower ed t enp@otassiwny mawﬁab&egmmar@m %inemtmh asmebetybnoni cal
and envi r onngrppithorde RNt 8hdld 58 URderstodd tHattREfE R afhepn for |arge-
processes Yyielding a metallic anion analogous to the potassium salt (ill).
15 While these can be considered equivalents, the potassium salt is the
preferred species, being sutprisingly stable on exposure to air. For use
in the improved process of the present invention, the overall yield and
quality of the azapirone product are enhanced by the use of pre-formed
relatively pure potassium salt (ll).
20

The key step of the instant process is the reaction of the potassium

salt (Ill) with the spiroquatemary piperazinium salt (1) under mild
anhydrous conditions to give azapirone product which is more. pure and
formed in higher yield than in the prior art processes. 'By reacting (ll) and

25 (lll) in the improved process, reaction times are reduced by about two-
thirds and lower temperatures can be employed, e.g., reaction
temperatures of about 125° and below as compared to about 140°
(xylene reflux) as previously required. The lowered temperature
requirement permits the selection of more economical and -

30 environmentally acceptable solvents--a major consideration for large-
scale processes.

The reaction of (I1) and (lll) also circumvents the use of the acid-
scavenging base, a role filled by anhydrous K2CO3 in previous large-
35 scale processing. The incorporation of the solid phase carbonate i_n___ghe
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scal e processes. The reaction of (11) and (111) al so ci rcurerm%ledtH& faced
the acid- scavenging base, a role filled by anhydrous K2CO8 i
| arge- scal e processing. The incorporation of the solid phase”’MIﬁ"’Eﬂﬂ’ﬂﬁ,j
t he final reaction step of the prior art processes resulted In

conplications due not only to the difficulty of maintaining efficient
m xi ng of t hfin&i rRaetion stepof it pribk Artrprotesse¥irdsuited mrcohtmnchﬁanerat ure of

that reqai r cdapdias oAl Bt e GG, SeXfelBHR oP Rtk e Rl orBd sinBX T ne.
present noveregaticnenixture qu howscaxdhedemmratureaot)rafkmngaxyimenbut ure in
the reactiong dd!@e géjmé\fh%ea,ﬁggﬁéﬁﬁgﬁ?rﬁ@gygfaﬁ@ g.ﬂﬁegeg‘rgor% roquat emary

saltledtoteerr rrn s. It was
further & scermpwdl @wmgm%ﬁeathmyom a were anhydrous at the start of
the reaction, water could be generated as a result of the presence of the

al kali car bonat e aci ay The soyrce f the ter i,s fromihe -
deconposi tion of ﬁ? M@i%%‘f@aﬁsﬁh%&(?w tevel g Mﬁs fiscevesd process.
Bi car bonat e thatithe preserice obnwisture inbthet rreactzemmedxa dw féactionafd |V

or cakaown of U EUEBCHTR] e FURSqUR A S 68 3%@%%5&5%%@%"% gy

K2C03 10 pradict yigldiOthepraoess| dt was fuftber disteveredithat esrifrthper r | '
Klerr]oH + 'é‘ne‘g'ééﬁéévdat Thﬂi}%%l{ﬂ af d}eq.s'{aﬁ Wﬁ@iea?tlon waterco brfhg + H20 11+111

[err] rove cal’e "process, which
does not suf generatedasa éﬁs'-ﬂt etithe p@senﬁq&f the al a?ﬁfbgﬂatﬁ)a@ﬂt ions, a

yi el d i ncreag@adrijBra e s6aie! stithb WeatBF isCfrom theSfdtontp&difistt of 3- 96% for the
bicarbonate ion during the lengthy, hot reaction process. Bicarbonate’is |
15 formed, for example, by the reaction between K2COg3 and IV and
between the liberated hydroxide ion, resdlting from the thermal
breakdown of bicarbonate with 1V, with potassium carbonate, e.g.,

IV + K,COg Il + KHCO;
KHCO, K2 +°0H + co,}
KOOOH + 1V I +H,0
K®OOH +KHCOg K,COj3 + HeO
I+ 11 | + KBr

20 :
Switching to.the improved, large-scale process, which does not

suffer from water production under its reaction conditions, a yield

increase from about 85% for the prior process to about 93-96% for the

new process results. The 85% yield figure given for the prior art process

25 is the average yield recorded over many.runs. In actual practice, the
yields were erratic. The new, improved process provides yields
consistently in the 93-96% range. '
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new process results. The 85%yield figure given for the pri Or TR $hel HRGSSS
is the average yield recorded over many rus. |n actual practi(mﬂ“}ﬁg cen Re

laced
‘'yields were erratic. The new, inproved process provides yields mlﬁntmml
in the 93-96% range. This is the replacenent sheet 8

Date: O her advantages found with addition to a consistent higher yield
are: * Mlder reagthepadeantage8Tound WitH 8RCASR NNk EIONEH ProEsd h about

rocess. + NBRGTEB e coRPREILSAE MR B5:cmpl oyed for the reacti on med a
ﬁZsas{eﬁFL}chttge i mpr oved prOﬁess;-the previous sol vent, xylene, Pgtoggly
but al go possessegggwlgﬁﬁg%%’{oﬁo 'ﬁ#%ﬁqﬁgﬁ%ﬁéﬁ%&?WBQE%Q@%O%B&BEkuB
t hereby &ddi ng tinme t2af camparad pithstemperatwre greates shan ahoutid K0S fiar t er

reaction tine--the r ' | ete within 8 hours under conditions of
t he new process, Met?%?gegﬁ) s?)%'(rbg:g\%%'re required previously. This represents

a two-thirds reduction in time. * Elimnation of the acid-scavengi ng base,

e.g., solid potassi upofécBAVSHIRNt BERBAES LAY beSSployERIToP tH Fesdtldrti ent

stirring of a biphasic feaction ture and renoval® of -a | arge anount of
i norgani ¢ reaction OUReFiBER& gesyﬁ%éﬁ@éwp& REacassytherREedPws | i f i cat i on
and shorqigeni ng of t heblvenls kiylihea Mdt Blkhias Bltificar indgativer ocess contri bute
to the economc eff 'ecr'“ﬁpocr}ﬁ!grtltaﬁ E'r%pact in its handling and disposal but also
possessed a tendency to form emulsions during reaction
workup, thereby adding time and labor expense to the
process. '
15 :
A much shorter reaction time--the reaction is complete within 8
hours under conditions of the new process, whereas 24 hours
were required previously. This represents a two-thirds
reduction in time. : '
20
» Elimination of the acid-scavenging base, e.g., solid potassium
carbonate--processing requirements for efficient stirring of a
biphasic reaction mixture and removal of a large amount of
~ inorganic reaction by-products are eased considerably.
25 .
' - The simplification and shortening of the reaction and workup
phases of the process contribute to the economic efficiency of the
improved process. The production of cleaner product in the improved
process eliminates some purification labor previously required. In the
30 reaction phase, the coupling of an anionic intermediate (lli) with a
spiroquaternary piperidinium salt (ll) conveniently gives the appropriate
azapirone drug products under mild conditions and in high yield and
purity. By-products formed in prior art high temperature processes are
avoided and product isolation is facilitated. With elimination of certain
35 process features and operations required in prior art processes, the
. novel improved azapirone process provides additional safety and
handling advantages.



| nproved process. The production of cleaner product in t . ' oV d process
elimnates sone purification |abor previousgy required. | S P
phase, the coupling of an anionic internediate (111) with ‘ ary

piperidiniumsalt (l11) conveniently gives the appropriate

products under mld conditians and in high yield and purity. By-products
formed in prior art high tenperature processes are avoi ded and product
isolation is facilitated. Wth elimnation,of certain process features and
operations requir e the imnreved progasse éersexamplee whendhe regetior gphasepi r one
Process pr ovii@sedsl el Bactioh ilicPibdian (hiiyPabeRie @ Profemredftes 1S the

repl acenment sheet 9 In the_inproved, progess, exappl e,” when t'he reaction
‘phase has eno"éﬁ‘,pax H’ésﬂégd‘!"iﬂb%t?hﬁ?ﬁQﬂ%&?‘ﬂ'ﬁ?(‘}?—%ﬂ@é@é&a&?e is preferred)

isdsi ][r]p! y_swatsdml eMémlyémweﬁmttw%mmmsﬁbno\mngouh@duh e )ate? wdsh,dRaveni ently

and efficien 4 v.ed. .Fog W, e ar S [ an

extracted w t#af'%ﬁéd?ee)ﬁgckeiwﬁ?? SﬂPtep\??‘é'ﬁeﬁ@mcﬂfﬁfﬁfggﬁp@{&%ﬁtéfhe

azapi rone basand the apapirenk baseiig isolatelddnarigh jyieldtand putityvioligwirggi f i cat i on

of the acid Pl i ionT&th'Bc?itﬁ%QfFEBf al concerns for the prior process have
been reduced 1n € I nproved process by the replacenent of xylene wth,

e.'g:, n-butyl acetate. The use of an i mdate salt should present no nore
envi ronnggt al conceid ehlRBnindh tal%rﬁerhéwmhbrpdxd?gore&gs RéiYe B Ss. Wi | e
care nmust still, be taken,in the treatnent an | sposal _of spent aqueous and
organi c st r edREUFRd it &ne impavEddrecess By dhoireplacemeant of wylene wihqeda
reduced over rd-batybeicetate! (THy 0se 86 aA . imidate dait sHuule brés@ttind morgbodi ment s
The process of kil endM4PESH ' thah the Use™tithibl if 138 bFovioGE Brocds. t e
While care must still be taken in the treatment and disposal of spent
15 aqueous and organic streams in the new process, the environmental

impact is much reduced over the prior art processes.

Description of Specific Embodiments

20 The process of this invention is illustrated in greater detail by the
following examples directed to preferred embodiments of the process
steps generally described hereinabove. These examples, however,
should not be construed as limiting the scope of the present invention in
any way. '

25

Example 1
Potassium 8-azaspiro[4.5]decane-7,9-dione; (Ill)

. 8-Azaspiro[4.5]decane-7,9-dione (167.3 g, 1.0 mole) and toluene

30 (300 mL) were combined in a 1 L flask made inert with nitrogen. To this
was added, in ~10 g portions and with vigorous stirring, potassium t-
butoxide (116.9 g, 0.99 mole) over a period of 25-30 minutes. The
temperature of the mixture increased to ~65°C during the addition. The
mixture was then cooled to 25°C and held at this temperature for one

35 hour. The product was filtered and washed with toluene (100 mL). After
drying under vacuum at 50-55°C, ~200 g of product were obtained as an
off-white powdery solid. Yield = 96-99%. '



foll owng exanples directed to preferred enbodi nents of t he process- steps
general |y described herei nabove. These ex | es, however, shmj;gheaq;{asb@nR 1aced
.construed as limting the scope of the preSent invention in a

Exanpl e 1 Pot assi um 8- azaspi ro[ 4. 5] decane- 7, 9-di one; (111) 1"‘]@ UM

8- Azaspi ro[ 4. 5] decane-7, 9-dione (167.3 g, 1.0 nole) and tol ue

were conbined ina 1 L flask nade inert with nitrogen. To this was added,
in ~10 g portions and with vigorous stirring, potassiumt- butoxide (116.9
g, 0.99 nole) over a period of 25-30gph ié’% The tenperature of the

m xture increased tq tign. The m xture was then
cooled to 25[err]C zﬁf&gr{[él @%RY'E'H?'SJ] rB!Eﬁ@#'GNlm'ét\Hatﬁ' The product
was filtered and vvasbgdsmtd[q.s]d@eeném@-mneg\f {Bu .yaﬁg)under vacuum at
50-55[err] C, -200 g of product were obtained as an off-white powdery solid.
Yield = 96-99% 10 Exanple 2 8-[4-[4-(2-Pyrimdinyl)-I

- pi per azi nyl ] but y8H{28Pydmidipyl)-8- dzdbeazaniaspiré[4G]decand Bromide (i)

ol o3) " pot 2488 8, F51RIEN) BB BoadhopifE BfacHBTY Sbhe | ﬁsﬁh’ |
rrgl :ars] )S ’ anr guily¥ motas): and boty! racpltaber(éOSdnb) wee a}gmbl:ed laddtfmalmgfl 26[ err]C.
T %Q%gtsﬁe vacuumw!ﬁ% Vildu Wwa%%éﬁgeﬁ a QS rhEldf

col | ect ed, ease tonit t enper ature was

t hen .ndr0eas@eﬂﬂaierwtm&oltepz@d.ltbepéhe]\@puaﬁuwaﬁerelﬁaaedrte Riregen; rhey at

this tenper aféﬂﬁﬁbl‘hﬁireaﬂﬁsm créBsEd 16 PefiHIPIZB-¢26 TLahd thevntixipei fied by

3\2[2?&2 g%aph')algs rr]raeI t?l[ trenllperapure for B8 ﬁgﬂ;se was reduced to 85-90[err]C

Once the complete reaction was verified by chromatographic
15 analysis?, the temperature was reduced to 85-90°C. Water (210 mL)
was added, thus lowering the temperature to ~65°C. The phases were
separated and the lower fraction was back-extracted with butyl acetate
(15 mL).

20 The resulting aqueous was discarded and the two upper phases
were combined and extracted with dilute HCI (formed by combining 27.9
mL concentrated HCI and 99.0 mL water). After separating, the upper
phase was extracted again with dilute HCI (formed by combining 2.79
mL concentracted HCI and 9.9 mL water). The two rich aqueous

25 fractions were combined.

The product was then precipitated by careful adjustment of the pH
to 9.5-9.7 with 30% NaOH solution (total required = ~33 mL). The
resulting thick yellow slurry was cooled to 0-5°C and filtered. The

30 product was then washed with cold (0-5°C) water (60 mL). The cake
was dried to a constant weight at 60-65°C under vacuum. Yield =59.9 g
(95.7%) of buspirone base.

1E.g. 3" MKGF silica, 9 CH2Clo: 1 MeOH, u.v.



was, added, thus |owering the tenperature to ~55[err]C. .The phases were
separated and the |ower fraction was back-gxjtracted with but y.}.hls%cﬁeE E

mL) . The resulting aqueous was discarded and the two upper pha ¢ Re laced

conbi ned and extracted with dilute HCI (fornmed by conbining 27
concentrated HCl and 99.0 nL water). After separating, the upp
extracted again-with dilute HC (fornmed by conbining 2.79 nL concentract ed
HCl and 9.9 nL water). The two rich aqueous fractions were conbi ned. The
product was then preci pltated by car Exampigjdist ment of the pHto 9. 5-9.7

wth 30%NaO—|squt|on J ting thick
yel l ow slurry was cool e Efg?lﬁ gqgldec}hﬁ?mtréggx%e?ﬁﬂoduct was t hen
washed with cold (O- 5[err]C) water (60 ). The cake was dried to a

constant geight atg Qﬁbﬁﬁtﬁg@nﬁaﬂm (65,8 and wgpa‘?ceg@e af .

buspi rone bas

11 Exariple 31 %&&ﬁ V‘%ﬁf??@%ﬂﬁéﬁ%ﬁ%%téﬂw f(h ¢>5lge (1!*269%935%'
3, 3- Di et hyl ?rﬂd@)ﬂ i1 2 endléSPwasthdded] ithvige ﬁdus’v@?ﬂéliﬁﬂ"m agel

e o e ks DGR RO R R AR o 1

m nut es. Dur iimgreabed 4d &5°Co nF-olldveingeaqdition, Lthe tef'npdrature xag bwereddos ed to

65[err] qq'ﬁgléﬁr'egd‘&ﬂp%ghbhen the tenperature was lowered to 25[err]C with

cool i ng i solated by filtration and washed- wi th butyl
acetate (100 mL). After drying to a constant wei ght at 50-55[err]C under

vacuum 149.3 g ofripiductiidsLihaidBREdd BY fitfatisi Snkadmbdwith! Gt =
acetate (100 mL). After drying to a constant weight' at 50-55°C under
vacuum, 149.3 g of an off-white, powdery solid were obtained. Yield =
15 74.4%. o

Example 4
4 4-D|methyl 1-[4-[4-(2-Pyrimidinyl)-1-piperazinyl]butyi]-2,6-
piperidinedione; (Gepirone) |

20 ‘ _ o

8-(2-Pyrimidinyf)-8-aza-5-azoniaspiro[4.5]decane bromide (i,

- 1.59 Kg, 5.31 moles), potassium 3,3-dimethyliglutarimide (lll, 1.0 Kg, 5.58
moles), and butyl acetate (6.54 L) were combined and heated to reflux
(124-126°C). To insure dryness, vacuum was applied and ~650 mL of

25 distillate were collected, then the vacuum was released to nitrogen. The

mixture was then stirred at 124-126°C for 5-7 hours.

“Once the complete reaction was verified by HPLC analysis?, the

temperature was reduced to 85-80°C. Water (6.86 L) was added, thus

30 lowering the temperature to 50-55°C. The phases were sé_parated and
the lower fraction was back-extracted with butyl acetate (650 mL).

The resulting aqueous was discarded and the two upper phases
were combined and extracted with dilute HCI (formed by combining

2Waters C18m-Bondapak 3.9 mm x 30 cm, 1.5 mU/min of 25% (vol) MeCN: 75% (vol) ¢
.05 M KHoPO4 at pH 5.4.



—
74.4% Exanple 4 4,4-Dinethyl-1 -[4-[4-(2-Pyrimdinyl)-1 This Sheet H

- pi perazi nyl ] butyl]-2,6- piperidinedione; Féepi rone) 1 inaa o Replaced
8- (2-Pyrimdinyl)-8-aza-5-azoni aspi ro[ 4. 5] decane brom de (I, IH ,"#ﬂ’,m ,’

nol es), potassium 3, 3-dinethylglutarirmide (111, 1.0 Kg, 5.58

butyl acetate (6.54 L) were conbined and heated to reflux (124-126[err]C).
To insure dryng84{ cormamirated HGlppid 4F bmhteﬂSOAft&r sépatiating| thet apper e

col | ect ed, I s then
Stirred af &Z’éf%“?e” PlotP 347 Blulg 0 (1oRAED by OGmBIh B £
verified by Hpnceatfat Hgland]o 47Hewatﬂf'beﬂ'hedw\@ nel agueouds fractions - 90[err]C
Water (6.86 llarseso thus lowering the tenperature to 50-55[err]C. The

phases were separate and the lower fraction was back-extracted with butyl
acetate (@50 m.). The resulting aqueous was di scarded and the two upper

gc\ztsgfsw%rlg nfgnﬁ'”ﬁfb protut Waacthed p/lfeb utatéwb?cuféfu(égﬂmaggilWo% : '7 209/
(vol) [err] . #@IW&@Q%Q@%QW’ (tOtar‘E_fﬁHE'rﬁaﬁﬁ 1f4‘elp)l' t'é‘?rent'sheet 12

0.88 L concemématmgl thick yelidwislidrry was eooledAbiB6°Cenmt fiterad, T upper phase

HO and 0. 47 Prodiktdndt et Wathiin EHALETE GYERFIRBE0, . e saRRea. The
product 1@s washdredtd ai canstantoyeight at 60-66fQundenvacafumhédield £d.2Z60-9. 5

with 30% m%ﬁgﬁkzgrggbﬁaﬁé%ﬁgw red = ~1.14 L). The resulting thick
O -

yel l ow slurry efr]C and filtered. The product was then
washed with cold (0-5[err]C water (0.82 L). The -cake



was drired to a constant weight at 60-65[err]C under vacuum Yield = 1.75 Kg

(929 . of gepirone base. 13 Cdains 1. ¥® i nproved proces

‘| arge-scal e production of azapirones of Fornula (1) Z[err] N- mlwlr“l"["mr"]llll
-N Y wherein Wand Y are independently selected from carbonyl and s¢lfény$; *
Z is selected fromthe group of npieties consisting of [err] Rerr]

[err] and [err] \M&ﬁéﬁgg the solid and dotted |ines

signify either a double or a single c t bond; nis the integer 4 or 5;
and Rl and R2 are independently sel ected from | ower al kyl or are taken

together as g but»{nﬁﬁn%@%a YroBssSI ¥ latdtesPAIBGREEUSHIP bf BzaBIréAEs anhydr ous

reaction of pre potassium salt” of formula (I111) werr] Z [err]
Nerr] with K ogﬁp!%ahatemary pi peraziniumsalt of Formula (11) [err] Nerr]

N Xerr] 5
w ™\
Z. ‘N=(CHp)y—N N @
" (CHy) ! '—<N |

wherein
10 W and Y are independently selected from carbonyl and sulfonyl;
Z is selected from the group of moieties consisting of

P OL Qm

wherein the solid and dotted lines s1gn|fy either a double or a
15 smgle covalent bond;

n is the integer 4 or 5; and

R1 and R2 are independently selected from lower alkyl or are

taken together as a butyl or pentyl bridge;

the process comprising the anhydrous reaction of a pre-formed

N

20 potassium salt of formula ({l1)
W,
2, NP
(1)
25 with a spiroquatemary piperazinium salt of Formula (l1)
SO0
(CHZ)"‘ ' heet Has Been Replaced

o T i !



This i8 the replacenment sheet 14 wherein mis the inf_e'ger 1 or 2, and X'is

a leaving group utilized in organic synthedids; in an inert reaction nedium
‘Rerr] 2. The process of claiml1l wherein Z is and W and IE L

3. The process of claim2 wherein RL and R2 are net hyl. 4||“|m'm";ﬂl M I“I '
of-claim2 wherein Rlerr] and R err] are taken together as a*butaredi®yl 5 *

chain. 5. The process of claim1, wherein the formula (11) conpound is
8-(2- pyrimdinyl)- ﬁ aza- 5- azoni aspi ro[ 4. 5] decane broni de. 6. The process
of claim1, wherei WM nert reaction mediumis n- butyl acetate. 7. The

process of clai m3 wheramiis thedntegemilar g,1and conpound is 8-(2-

Y5 m a whet oin the  or b 2 PEPLaruErEiRedin Yhshic shnthesi? Process o
pyri ni di n§l ) - 8- azainsaminsart seaatios mediuM@cane brom de. 9.  The process of
claim7 wherein the inert reaction nmediumis n- butyl acetate. 10. The

process of claim8 wherein the inert reaction ﬁﬁ;&@m s n- butyl acetate.
R

2.  The process of claim 1 wherein Z is andWand Y are
carbonyl.

10 3.  The process of claim 2 wherein R1 and R2 are méthyl.
4.  The process of claim 2 wherein R1 and ﬁz are taken together as a

butanediyl chain.

15§ 6. The process of claim 1, wherein the formula (1) compound is 8-(2-
pyrimidinyl)-8-aza-5-azoniaspiro[4.5]decane bromide.

6. The process'of claim 1, wherein the inert reaction medium is n-
buty! acetate. |

20
7. The process of claim 3 wherein the formula (Il) compound is 8-(2-
pyrimidinyl)-8-aza-5-azoniaspiro[4.5]decane bromide.

8. The process of claim 4 wherein the formula (i) compound is 8-(2-
25 pyrimidinyl)-8-aza-5-azoniaspiro[4.5]decane bromide.

9.  The process of claim 7 wherein the inert reaction medium is n-
butyl acetate.

30 10. The process of claim 8 wherein the inert reaction medium is n-
buty! acetate. o

This Sheet Has Been Replaced




