1 AN | MPROVED PROCESS FOR THE PREPARATI ON OF ORLI STAT Field of the

I nvention The present invention relates to inproved processes for
the preparation of orlistat, which is N-fornyl-L-Ieucine derivative, in

hi gh purity. 5Background of the Invention Olista, a tetrahydrolipstatin,
is a useful pancreatic |lipase-inhibiting agent and can be used for the
prevention and treatnment of obesity and hyperlipaema. Chemcally, orlistat
is N-fonnyl-Lleuci ner2S-12al pha (R*), 3betall-1-1(3-hexyl-4-oxo-2-oxetanyl)
met hyl] dodecyl ester and is known from_ for exanple, U S Patent No.
4,598,089. It is 10represented by Formulla 1. Formula | Processes have
previously been reported for the preparation of orlistat, such as in U S.
Patent Nos. 4, 20ANSPMPROVIISPROCESIHOK 131 PREPA RATIONOFGRNISTAS, (1988).
1218- 1221; Tetrahedron Len., 31, (1990), 3645-3648; Syn/ett., 11, (1991).
781-782; J. Org. 15 Chem, 56, (FRLYfhdihddndhl8; J. Og. Chem, 58,
(1993), 7768-7781; and J. Chem Soc., Perkin Trans. I, 17, (1998).

2679- 2686. Thl Sresdntin®@&ttioelatds B8 3hprdOetl 506k s0 2 ARSIrOARA0B olbrichoses t he
use of formc acid anhydride, acetic acid anhydride or a m xed acid

anhydri de SLY@HCha‘éNF@FWIé leuriny derngtie. Bigh BKY dri de for al kanoyl ati ng

(S)-leucine (S)-1-[[(25, 35)-3-hexyl-4-oxo0-2-oxetanyl] nmethyl dodecyl ester
(amino oPlistat) of Formula Il. Biigﬁﬁgiﬁﬂpﬁhﬁﬁmgﬁ produce orlistat.
It has been observed that tgere are, ceraﬂin di sadvant a %s.in usi ng acetic

anhydri de and t hE™ Bt CEHRFEIPUE o HUSTIH RAnGER ) Padt PEIDARE deh de as

al kanoyl at i ng ua@E®vt e pleRehidabhd Geludént of @Jeﬁlﬁarﬂ%ﬁérﬁﬁ@mlx @ehflcaaphydri de

used as al kanoyl ati ng agent |eads to
orlistat is N-formylI-L-leucine [2S- [2alpha (R*) 3beta]]-1- [(3-hexyl-4-ox0-2-oxetanyl)

methyl] dodecyl ester and is known from, for example, U.S. Patent No. 4,598,089. Itis

10 represented by Formula L.
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Formula |

Processes have previously been reported for the preparation of orlistat, such as in
U.S. Patent Nos. 4,202,824; 4,983,746; and 4,931,463; J. Org. Chem., 53, (1988), 1218-
1221; Tetrahedron Lett., 31, (1990), 3645-3648; Synlett., 11, (1991), 781-782; J. Org.
15 Chem., 56, (1991), 4714-4718; J. Org. Chem., 538, (1993), 7768-7781; and J. Chem. Soc.,
Perkin Trans. 1, 17, (1998), 2679-2686.

U.S. Patent No. 4,931,463 and WO 2005/005403 discloses the use of formic acid
anhydride, acetic acid anhydride or a mixed acid anhydride such as formic acid/acetic acid
anhydride for alkanoylating (S)-leucine (S)-1-[[(2S,35)-3-hexyl-4-0x0-2-oxetanyl] methyl

20  dodecyl ester (amino orlistat) of Formula II.



formati on of a by-product of Formula (I11) Cl1H23 H H6 13 Fornula (111)
which is chemically N (acetyl)-L-leucine (1S)-1-1[(2S,

3S) - 3- hexyl- 4- oxo- 2-oxetanyl | nethyl] dodecyl ester (deforrnyl-N acetyl
orlistat). 10Therefore, there has been an ongoing research for new

al kanoyl ati ng agents, which are capable of introducing the fenny] group in
good yield wi thout producing by-products. In their endeavor to find a
sinple, efficient, cost-effective process for the manufacture of orlistat
in high yield and purity, the present inventors have found that the

sel ection of al kanoyl ati ng agent duringf%lkanoylation of am no orlistat

i nfl uences the 15 anount of by-products forned. Summary of the Invention
Accordi ngly, the present inventi 'ﬁspE i des i nproved processes for the
preparation of orlistat of For ; npri si ng al kanoyl ati ng
(S)-leucine (S)-1-11(2S, 3S) - Brhexy 0- 2- oxetanyl | methyl dodecyl ester
(amno orlista0 of Fornmula (IT),

C.H

117123 H|i|

Formula Il
to produce orlistat.

It has been observed that there are certain disadvantages in using acetic anhydride
and the mixed anhydride of formic acid/acetic acid anhydride as alkanoylating agents. In
5  particular, formic acid/acetic acid anhydride used as alkanoylating agent leads to the

formation of a by-product of Formula (III)
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Formula (1)

which is chemically N- (acetyl)-L-leucine (15)-1-[[(2S, 3S)-3-hexyl-4-0x0-2-oxetanyl]
methyl] dodecyl ester (deformyl-N-acetyl orlistat).

10 Therefore, there has been an ongoing research for new alkanoylating agents, which

are capable of introducing the formyl group in good yield without producing by-products.

In their endeavor to find a simple, efficient, cost-effective process for the
manufacture of orlistat in high yield and purity, the present inventors have found that the
selection of alkanoylating agent during alkanoylation of amino orlistat influences the

15  amount of by-products formed.

Summary of the Invention

Accordingly, the present invention provides improved processes for the

preparation of orlistat of Formula (I)



CH3 NH2 0 0 0-, Cl1H23--Th. CHHH6 13 Forrmula Il 5wth Pival oyl Formc
Anhydride (PFA), to give orlistat of Forrmula (lI) Detail ed Description of
the I nvention Am no orlistat may be obtained by nethods known in the
art including, for exanple, U S Patent Nos. 4,598, 089; 4,983, 746; and
4,931, 463 and W) 2005/005403, which are incorporated herein by reference.
10Am no orlistat may be obtained as a solution directly froma reaction

m xture of the last step of a process in which it is prepared and used as
such for the preparation of orl istat. In general, amno orlistat may be
obt ai ned by deprotecting a protected anmiho orl istat. 15rl he Pival oyl
Form c Anhydride nmay be obtained by reacting formc acid with pival oyl
chloride in a suitable solvent aflsi l’i“’fﬁ_eé'ﬁaesence of a base. The base
may be an organic or inorganic base. ;Exanpl es of organi ¢ base include, for
exanmple, trinmethylamne, triethyl arniney” tributy am ne, triisopropyl am ne,
di i sopropyl et hyl ani ne, pyridi fe, nor ph%i neg-D (1, 8-di azabi cycl o-

[5.4.0] -undec-7- 4 :

C.H
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Orlistat (1)

comprising alkanoylating (S)-leucine (S)-1-[[(2S,35)-3-hexyl-4-0x0-2-oxetanyl] methyl

dodecyl ester (amino orlistat) of Formula (II),

GH; NH,

O
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Formula Il

5  with Pivaloyl Formic Anhydride (PFA), to give orlistat of Formula (I)

Detailed Description of the Invention

Amino orlistat may be obtained by methods known in the art including, for
example, U.S. Patent Nos. 4,598,089; 4,983,746; and 4,931,463 and WO 2005/005403,

which are incorporated herein by reference.

10 Amino orlistat may be obtained as a solution directly from a reaction mixture of
the last step of a process in which it is prepared and used as such for the preparation of

orlistat.

In general, amino orlistat may be obtained by deprotecting a protected amino

orlistat.

15 The Pivaloyl Formic Anhydride may be obtained by reacting formic acid with

pivaloyl chloride in a suitable solvent and in the presence of a base.

The base may be an organic or inorganic base. Examples of organic base include,
for example, trimethylamine, triethylamine, tributylamine, triisopropylamine,

diisopropylethylamine, pyridine, morpholine, DBU (1,8-diazabicyclo- [5.4.0]-undec-7-



ene), DBN (1, 5-diazabicyclo-[4.3.01-non-5-ene), 4-dinethylamno pyridine
and m xtures thereof. Exanples of inorganic base include, for exanple,

al kali metal carbonate, bicarbonate, hydroxide and m xtures thereof.
Exanpl es of al kali netal carbonate include lithium carbonate, sodium
carbonat e and pot assi um carbonate. Exanples of alkali netal 5bicarbonate
i ncl ude sodi um bi car bonat e and pot assi um bi car bonate. Exanpl es of al kal
met al hydroxi de include sodi um hydroxi de and pot assi um hydr oxi de.
Exanpl es of sol vent include ethers, such as di oxane and tetrahydrofuran,
and chl ori nated hydrocarbons such as né*hylenedlchlorlde and

et hyl enedichlorid e addition of pivaloyl chloride may

carried out &%) QBNe(rlrﬁéP%?ﬁb%d? &H@%l iR AR A LA N S M

The reacti onpQforf E&iﬂl}ge@&'n‘ﬁ)rgﬂnﬁc}ba@é Mel@Y roreRhBHIE dgkalBYetRabafidid €d out at a
tenperature range fromabout 9' Cto about -20 C for a period of about 39

m nutes to abviongeydiogide thdmiytiandyicalt iTxamples ahalkdi raetilicatbanaterayluge

carried out jjyf),g c%%bﬁa%@lsé‘dlérﬁlcéﬁ%@ﬁate A oth2G R Rb&hateS tﬂ%%ﬁ}es StiRuARe sl Oxane
and tetrahydrofuran, and chlorinated ﬁ drocar bons, such

ot hyl enédi dhugrone e eadh bivedbuiv o Rogissium bicastpvee.albteambylog ki
reaction of Al Bthl Skt TRy GGl B BHLyah wud aaper ature range from

about -10 Cto out ction xture can be quenched by

water and eXtrachﬁﬂn&sté}swéﬁt%%&e%ﬁé@ YfeRhs dioxa afﬁ‘é e to nglg@%n&’f reaction

may be carried out erature range from about out 30 C, for
exanpl e, fr ehloabaed hﬁh)oqatboab outh ag n@thylenedlchl®de| agdl athylohtdaihlveide.may be
recrystallized froma suitable solvent or mxture to obtain pure orlistat.
25The sol vent s wiheiddeam df eivabetchiaide tnkpe be cyrsitdbitiag ateimprrapfre dngt dmi ncl ude
allphatH% h%g&g%aEQQ sut %magples of aliphatic hydrocarbon include hexane,
pent ane, "heptane, cyc ohexané or m xtures thereof. 5 The

crystallization gﬁgK: 5@0 Eq@gpgﬁﬁ& gg@gﬁgﬁﬂ&@bgé%éégg&gpﬂyata" C to about

25" C for a peri

temperature range from about 0° C to about -20° C for a period of about 30 minutes to

about 3 hours.

The alkanoylation of amino orlistat may be carried out in a suitable solvent, for
15  example, ethers, such as dioxane and tetrahydrofuran, and chlorinated hydrocarbons, such

as methylenedichloride and ethylenedichloride.

The alkanoylation reaction of amino orlistat may be carried out at a temperature

range from about -10° C to about 10° C.

The reaction mixture can be quenched by water and extracted with suitable

20  solvent.

The quenching of reaction may be carried out at a temperature range from about

-5° C to about 30° C, for example, from about -5° C to about 0° C.

Orlistat obtained may be recrystallized from a suitable solvent or mixture to obtain

pure orlistat.

25 The solvents which can be used for the crystallization of orlistat include aliphatic
hydrocarbons. Examples of aliphatic hydrocarbon include hexane, pentane, heptane,

cyclohexane or mixtures thereof.



Olistat obtained by the present processes is substantially free of the
by-product of Forrmula (l111). This believed to be the case as the formation
of this by-product is not 5possible, as acetic anhydride or acetic acid
anhydride/form c acid anhydride m xtures are not enployed, according to the
present invention. In the follow ng section, preferred enbodi nents
are descri bed by way of exanples to illustrate the process. | | owever,
these are not intended in any way to Iinit t he scope of the clains. Several
variants of these exanples would be evident to persons ordinarily 10skilled
in the art. EXAMPLES Exanple 1: Preparat on of S -leucine S 1 2S3S 'R hex
1- 4- oxo- 2-oxetan_net hyl dodecyl ester (amno orlistat) A solution of (S)-N
[ (benzyl oxy) car BBagitelligiion iy beperiorped sigempesgture qf sogmabgut 07 C to about

150x0- 2- oxet@3nylihr IBLOYH bl avrdRefENInu®S tedbol s 0. 1663 ol ) in
di chl oronet hane (300 nlL) was hydrogenated in the presence of 10% pal | adi um

carbon (4.0 g, 5@ﬁﬁ£@kﬁﬁﬂk@%yﬁ& ﬁg&nghk&méﬂsQm@ﬁ@ﬁﬂwh&ﬁbpm@By%&ﬁB&ﬂﬁefe
(2.5 to 3.0 Kg) for 1.5 hours. X fter conpletion of the reaction, the

reaction m ¥oUpga Wil Thlﬁb@%ﬂéﬁl e disgts sl fognptiga @f ﬁn*ﬁobyrmed%wlnew bed was

washed wist h diehl ot QumBt Banard2A%cMc akid ahRgIdib At &Mt RIMedrdas used
directly in 90 ExXanpl e 3. Exanple 2: Preparation of Pivaloyl Formc

Anhydri de (PEMmployed, accqrding tethie present iveiidme of fornic acid (38 g) and
triethylamne (46 g) i n dichloronethane (500 m) at -10 C, pival oyl
chloride (50 g) Wade fddwadnededpw peleripghpmbodimems 2 dessgbas lttyemyaf axampesof - 10

to -5 C Thy ﬁluEt?aﬂ&&lEgﬂytcgéexSctlg()v@\(é{”atﬁesétaferr{o‘?ﬂuénﬁéd1 an@@? fﬂngﬁzl@lsc \3‘e8f hours

at -10 to 50 to ensur ete conversion o or
pi val oyl foﬁhﬂdmaﬁhﬁdwhdem@mEAﬁﬂwﬁhwsmSEQMKHEdk@Vﬂ@mt@Pmﬁmemhgnbsed inits
entirety f o, the, faopyl ation of amno orlistat lo orlistat.

EXAMPLES
Example 1: Preparation of (S)-leucine (S)-1-[[(2S.35)-3-hexyl-4-ox0-2-oxetanyl] methyl
dodecyl ester (amino orlistat)

A solution of (S)-N- [(benzyloxy) carbonyl] leucine (S)-1-[[(2S, 35)-3-hexyl-4-
15  oxo-2-oxetanyl] methyl] dodecyl ester (100g, 0.1663 mol) in dichloromethane (300 mL)

was hydrogenated in the presence of 10% palladium carbon (4.0 g, 50% moisture) at 25°
C to 30° C under hydrogen atmosphere (2.5 to 3.0 Kg) for 1.5 hours. After completion of
the reaction, the reaction mixture was filtered through a hyflow bed and the hyflow bed
was washed with dichloromethane (200 mL). The filtrate so obtained was used directly in

20  Example 3.

Example 2: Preparation of Pivaloyl Formic Anhydride (PFA)

To a stirred mixture of formic acid (38 g) and triethylamine (46 g) in
dichloromethane (500 ml) at -10° C, pivaloyl chloride (50 g) was added dropwise, while
maintaining a temperature of -10 to -5° C. This reaction mixture was stirred for an

25  additional two hours at -10 to -5° C to ensure the complete conversion of pivaloyl chloride
to pivaloyl formic anhydride (PFA). This stock solution of PFA was used in its entirety

for the formylation of amino orlistat to orlistat.



6 Exanple 3: Preparation of S -NformleucS 1 9S 3S 3 hex 71-4-o0x0-2-
oxetanyl| nethyl dodecyl ester (orlistat) To the stirred

di chl oronet hane solution of amno orlistat product of Exanple 1, the stock
solution of pivaloyl formc anhydride from Exanple 2 was added at -5 to -10
C 5and the tenperature was maintained for 1 hour further to ensure conplete
formul ation of amno ()distal Reaction mass was quenched in ) | water (1.0
lit) and dichl oronmet hane was recovered. The resultant residue was di ssol ved
in hexane (800 m) and sequentially masggd wi t h aqueous sodi um bi carbonate
as well as 1) | water. The separated hexane | ayer was treated with carbon
and silica gel and ﬂlltered over celite. The filtrate was 10coo|ed to Oto
-5 Cto get & 08 idslopmyldenc ; 7t under

suction. ThkﬁEM@ﬂ]&gthbﬁ&§paﬁﬁ(M@§m¢ISSO|Ved in hexane (1000) and was
cooled to 0O to 5" Cto get crude orlistat, which was dried at 25-30" C

under vacuum HPYE gRuUfitby dicP8rohiRaxé ﬁJhﬂlonJei? Qmﬁlo(oY‘ﬁ%ta)t pﬂe‘é&éf%mkaﬁnlﬂe 1,
Preparation of pure orlistat Orlistat crude 120]§|ﬁh2 was di ssol ved in
Wasa

n- hexane (10005 eARsORHEN plgdvAley! it anhadiilsdrogbliny d@%rtea tatl00Ct 0 5C
over a periogg@e té‘rn&:ran% Nshs mhSHREIAahUT ﬁou%ﬁth@mo%hﬁir@&gnﬁéte BrinBlaBorfoff OF
further 6-7 hours and the resulting solid was filtered at O to 5 C and
dried at 30-48B® ¢hgielr Reaghgn athspyessagnahed 90y aagr (198litgy andajictderongbancof
Formula (11 I\)}a’s rtjz\ég@er g_r%getrgsqlltgljlrm&ﬁfue waghfsso?\teggtpﬂex?ﬁ'é)&ﬁo mddnHQ&IﬁQMHy

inmpurities is NMI N . F'PIE, purit
washed with aqueous sodium bicarbonate as well as D I water. The separated hexane

layer was treated with carbon and silica gel and filtered over celite. The filtrate was
10 cooled to O to -5° C to get solid. This solid was filtered under vacuum and kept under
suction. This wet solid (150 g) was dissolved in hexane (1000) and was cooled to 0 to 5°

C to get crude orlistat, which was dried at 25-30° C under vacuum.
HPLC purity: 98.73%
Yield: 120 g (wet)

15 Example 4: Preparation of pure orlistat

Orlistat crude (120 g, wet) was dissolved in n-hexane (1000 ml) and resulting n-
hexane solution was cooled at 0 to 5°C over a period of 4-6 hours. Temperature was
maintained at 0 to 5° C for further 6-7 hours and the resulting solid was filtered at 0 to 5°

C and dried at 30-35° C under reduced pressure.
20  Yield: 68 gm

By-product of Formula (III): Not detected (upper limit of any known and unknown
impurities is NMT 0.15%).

HPLC purity: 99.55%



7 WE CLAIM 11. A process for preparation of orlistat of Formula (1)
3conprising al kanoyl ating (S)-1Ieucine

(S)-1-1[ (2S. 3S) - 3- hexyl- 4- oxo- 2- oxet anyl] net hyl 4dodecyl ester (am no
orlistat) of Formula (I11), Cl1H2C H H H6 13 5Forrmula Il 6w th Pival oyl
Form c Anhydride (PEA), to give orlistat of Formula (1). 12.The process
according to claiml1l, wherein amno orlistat is obtained as a solution
2directly froma reaction mxture of the last step of a process in which it
is prepared. 13. The process according to claim1l, wherein amno orlistat is
obt ai ned by 7

WE CLAIM:
1 1L A process for preparation of orlistat of Formula (I)
CH, l;lH—CHO
e
H,C O
O
CiiHzs H |§| CeHys

> Orlistat (1)

3 comprising alkanoylating (S)-leucine (S)-1-[[(2S,35)-3-hexyl-4-ox0-2-oxetanyl] methyl

4 dodecyl ester (amino orlistat) of Formula (II),

GH; NH,
A 0
H,C O
C11H23 H |§| CGH13
5 Formula I

6  with Pivaloyl Formic Anhydride (PFA), to give orlistat of Formula (I).

1 2. The process according to claim 1, wherein amino orlistat is obtained as a solution

2 directly from a reaction mixture of the last step of a process in which it is prepared.

1 3. The process according to claim 1, wherein amino orlistat is obtained by

2 deprotecting protected amino orlistat.

1 4 The process according to claim 1, wherein Pivaloyl Formic Anhydride is obtained
2 by reacting formic acid with pivaloyl chloride in the presence of a base in a suitable

3  solvent.

1 5. The process according to claim 4, wherein the reaction of formic acid with pivaloyl
2 chloride is carried out at a temperature range from about 0° C to about -20° C for a period

3 of about 30 minutes to 3 hours.

1 6. The process according to claim 1, wherein alkanoylation reaction is carried out at a

2 temperature range from about -10° C to about 0° C.



2deprotecting protected amno orlistat. 14. The process according to claim
1, wherein Pival oyl Form c Anhydride is obtained 2by reacting formc acid
wi th pivaloyl chloride in the presence of a base in a suitable 3sol vent.
15. The process according to claim4, wherein the reaction of formc acid
with pivaloyl <chloride is carried out at a tenperature range from about O
C to about -20 C for a period 3of about 30 mnutes to 3 hours. 16.The
process according to claim11, wherein al kanoylation reaction is carried out
at a tenperature range from about -10 to about 0OC 8 17.The process
according to claim1, wherein obtained listat is recrystallized with

al i phatic hydrocarbon selected fromthe group conprising of hexane
pentane,1heﬂtane?h%@VSFBﬁ%&%ﬁéﬂﬁﬁhnﬂﬂXWﬁ¥@§05%@?%%@§m&%??ﬁ@mﬂﬂﬁéggg
according t Chli?llla@ih WYy drocMb B Blebred 8GR %b% dIn§ALInQBf héaRe F)«leﬁid@?l%p@ahe,

tenperature of from about C o about 2 for a period of 30 mnutes to
about 3 BRourcyclohexane and mixtures thereof.

1 8. The process according to claim 7, wherein the crystallisation is performed at

2 temperature of from about 0° C to about 25° C for a period of 30 minutes to about 3 hours.



