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A PROCESS FOR PREPARI NG L ORACARBEF _MONOHYDRATE : This
invention relates to a process for preparing crystalline | oracarbef
nonohydrate by drying 5 | oracar bef isopropanolate to provide | oracarbef
anhydrate woboenédsl then hydrating the | oracarbef anhydrat ect@sssgsde

| oracar bef nonohydr at e. The [err]-lactam anti biotic of the
formula (1) [err] 10 is a potent, orally active antibiotic
known as | oracar bef . The antibiotic is described, for exanple, in
Hashimoto et al., U § pRetesdorod dpakikc ORACARBEF MONOHYDRATE S bef has
been isolated in various forns, 15 I ncl udi ng the crystalline nonohydrate
form which is di scl osed in European Patent Publication (EPA)

0, 311, 366. O her kTbiw Ivteratienf eelated tda groeessdfere di sclosed in

Eckrich et al. ’prQP§ri§§_rcr5}\lQ:al ’ﬁ‘?i&éﬁ%@%@f gt%@h%ﬁgg by dryiglighxgrat e
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by the adj ust nent Q ngdrﬁ Wth base, or by the addition of base
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is a potent, orally active antibiotic known as loracarbef.
The antibiotic is described, for example, in
Hashimoto et al., U.S. Ser. No. 4,335,211.
Loracarbef has been isolated in various forms,

15 including the crystalline monohydrate form, which is _
disclosed in European Patent Publication (EPA) 0,311,366.
Other known solvate forms of the compound are disclosed in
Eckrich et al,, U.S. Ser. No. 4,977,257. The crystalline
dihydrate form of loracarbef is disclosed in EPA 0,369, 686.

20 . As indicated in EPA 0,369,686, the crystalline

' ‘monohydrate form of loracarbef may be prepared by first
suspending loracarbef dihydrate in water and then effecting
solution by the addition of acid followed by the adjustment
of the pH with base, or by the addition of base followéd by

25 acid. The resultant loracarbef may be crystallized and
then isolated by filtration. Hereinafter, this process
will be referred to as "the filtration process."

Crystalline loracarbef monohydrate is a fine,

"hair-like" crystal which results in a very slow

30 filtration. The monohydrate crystals tend to form a mat on
the filter which prevents or reduces the ability to
complete filtration and which'requires the crystals to be
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wat er. Since |oracarbef nonohydrate is noderately soluble in water,
(approximately 10 ng/m ), this washi ngodecreases the yield.

The filtration process is considered a 5 comercially unattractive

process for preppasiés Wit aabet . Slncdmmb;tdfbéﬁ nondhydbacefig he

difficulties wt f ep. qﬁiﬁg Y1
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more efficient process.

However, the isopropanolate process is also

considered commercially unattractive because it yields

20 loracarbef monohydrate in the form of a fine, fluffy powder
with a density of approximately 0.2 g/ml. This density
renders the bulk product, loracarbef monohydrate, wvery
difficult to formulate. Since this compound is intended
for pharmaceutical use, the ability to formulate the bulk

25 product is critical. For loracarbef monohydrate, a density
of greater than or equal to 0.5 g/ml is desired in order to
facilitate the formulation of the bulk product. Thus, it
was necessary to modify the isopropanolate process in order
to obtain a bulk product with a sufficient density such

30 that the product could be formulated for pharmaceutical
use.

Another disadvantage of the isopropanclate
process is that the resultant loracarbef monochydrate can
contain up to 5% residual isopropanol (by weight}. Since

35 it is generally accepted that solvent content should be
kept at a minimum in products intended for human use, most
of this residual isopropanol must be removed from the final



use. Anot her di sadvantage of the isopropanol ate

process is that the resultant |oracarbef nonohydrate can contain up
to 5% residual isopropanol (by weight). Since 35 it is generally
accepted that solvent content should be kept at a mninumin
products i Nw@yudBehas Or human use, nost of this resi geplusbddrdsoranol
must be renoved fromthe fi naI WO 96/ 26942
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product. Typically, it is desirable to decr “d3se the |evel of

i sopropanol to %i an t e
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is dried too nugémpéfatiird of from dBout ﬁ"teeb aB@.;@fw’ccal amakeup of the
| or acar bef rmnohgﬁisg ter con%e‘g&tE al t hough
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X-ray analysis ence of Fﬂﬁlgﬁflé%g tpﬁ'zg eﬁﬁﬁgcﬁ/etth:fl PRBSPT Ut %ire
remai ns the sanWater in the loracarbef monohydzatenexystadfi mayoaksehbewat er
or acarbar, | emoved. Thue, lfp'f—%@ﬁi%ftﬁf’%f‘%ﬁd?%%‘ﬁ% i ““‘“%T et or
0
( by 1 aff?x%‘f g‘?‘ﬂ% © ﬁcﬁgﬁlﬁ% ""PFO?T?Y‘?’%" Hﬁpgﬁﬁgﬁ % e and
further processkeguciig tthies watkydcantent edchosghtXeray analysis pot ency

of the material jujllaGl@NgRLSURB. H’)?ét ﬁ!%c tal Ett(xjre remains Shedé’éﬁ?@e

during the formulation process w
Accordingly, the present THR&RMOyAL pPSvF‘Ei%smué: water during tfhécidﬂ!mg
conversi on of | pracesdHafress@sr apaadditiorial problem since ]Joanaa:aabbéf

nmonohydr gtse thahoﬁ@ﬁ&ﬁféié'ﬁd@lﬁanfgég'fﬂgﬁﬂﬂggroxlmat?ly 590G2k e form of

t he bul k produc |nvent|on p vides a
crystalline weighth willy absarhi vagey fixsm Itbleaééﬂ? p4yring storage and
The present invéarther prodedeing. profadsid @ehydration occurspr €pari ng a

crystalline anh%ﬂE@ﬁ@&f6¥rEﬁ§:m%@grfgfnﬁ%ffjéﬂ;nge such that an accurate
dosage during the formulation process will not be obtained.
20 Accordingly, the present invention provides a
facile conversion of loracarbef isopropanolate to
loracarbef monohydrate that results in a commercially
desirable form of the bulk product.
The present invention provides a crystalline
25 anhydrate form of loracarbef. :
The present invention provides a process for
preparing a crystalline anhydrate form of the compound of
formula (I)

. H
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formila (1) [err] 30 WO 96/ 26942
PCT/ US96/ 02586 - 4- whi ch

conprises drying a crystalllhe |sopropanolate form of t he conpound of
formula (1) at a tenperature of from about 50[err] C to about

100[err] C.  wo 9694z ‘The present invention al so proPCTEsIN2MEOCESS
for preparing a crystalline nonohydrate form of the conpound of

formula (1) which conprises exposing a crystalline anhydrate form of
t he conpound of fornula (1) to a relaglve hum dity of from about 90

to about 100% osr g
pr 0cess Nhich comprises aryinl'h BLgReRl1 b QuokoBpahotai @wrdcse

o)
conpound of for nth& qOMPoHAd Af %Pqﬂﬂhé déﬁsPFyacﬁg/ Ature ot Er°WI$EH“Br
equal to 0.5 g/ nfpaghiteh abompr i86%c. 15 a) exposing a
crystalline anhydrate form of t he conpound of fornula (1) to a
relative humdity of from about 90 to about 100% to provide a
crystal | i n® nonohydrate The PrFSFﬁ$o%nY9R¥¥99nﬁ&§ﬂdpEﬁV¥Qﬁ%ﬂ9IBr???sﬁaylng a
wat er cont ent for pEpRaiiay hhefvsialdgne mbachPdfateen Eoriveaf 2the

) out K210, e BT 8 ERRORY O Sydlnd conor Laed WBGSahy g Of (om
crystalllne anhydrate form of the compound of formula (I}
to a relative humidity of from about 90 to about 100%.
10
The present invention also provides a process
for preparing a crystalline monohydrate form of the
compound of formula (I) having a bulk density of greater
than or equal to 0.5 g/ml which comprises:

15 a) exposing a crystalline anhydrate fofm of
the compound of formula (I) to a relative humidity of from
about 90 to about 100% to provide a crystalline monohydrate
form of the compound of formula (I} having a water content
greater than or equal to 10%; and then

20 b) drying the crystalline monohydrate at a
temperature of from about $5°C to about 75°C at a pressure
of from about 20 mbar to about 50 mbar.

In addition, the present invention provides a
25 process for preparing a crystalline monohydrate form of the
compound of formula (I) which comprises:

a) drying a crystalline isopropanolate form of
the compound of formula (I) at a temperature of from about
50°C to about 100°C to provide a crystalline anhydrate form

30 of the compound of formula (I); and

b) exposing the crystalline anhydrate form of
the compound of formula (I) to a relative humidity of from
about 90 to about 100%.

35 Finally, the present invention provides a
process for preparing a crystalline monohydrate form of the
compound of formula {(I) having a bulk density greater than



of from about 20 nbar to about 50 n‘bar. I n additi on,

t he present invention provides a 25 - process for preparing a crystalline
monohydrate form of the conmpound of forrmula (I) which conprises:
a) drying a crystalline isopropanol ate form of - t he conpound of
formul a (1)wdlegaedyemperature of from about 50[ er r | pcrstdaRsis
100[err]C to provide a crystalline anhydrate form 30 of the conpound of
formula (1); and b) exposing the crystalline anhydrate
f or m of . the corrpound of formula (I)5to arelative humdity of from
about 90 to abo 3 I e vention
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t he han 118 By aweightha hacmkl%m ty greater than
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of, oun ).
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haV| ng a ter ontenél oﬁsgrea er _t o 10% and t
dryll g t hePo¥% 2% 5he SOMBABA Phitoula | av:tr&rﬁewatterecwerrfom
about 55[ err] C goeathextitt héh] exrr pGual eorlrmesand then of from about 20 nbar

to about 50 mbar. 15 ¢)  dryiny'€hbCE s 8he" ABhERYdrad el § 10 2
temperature of from about 55°C to about 75°C at a pressure
of from about 20 mbar to about 50 mbar.

15 The term *water content* refers to a
quantitative measurement of the water content of a
particular compound. Water content was measured in
accordance with the Karl Fischer titration method.

The present invention is directed to a

20 crystalline anhydrate solvate of the compound of

formula (I):

I R &
S—C—N (I)
04—N / c1
COOH
In the anhydrate solvate of the compound of
25 formula (I), the C-2' asymmetric center has the R absolute

configuration. Furthermore, the instant solvate may
encompass the zwitterionic form of the compound of
formula (I).
A preferred embodiment of the invention is the
30 crystalline anhydrate solvate of loracarbef having the
following X-ray powder diffraction pattern:



quantitative neasurenent of the water content of a particul ar

compound. Water content was neasured in ——accordance with the Karl

Fi scher titration nethod. The present invention is
directed to a 20 crystalline anhydrate sol vate of the conpound of
formula (1) : wioNeRkedz - I'n the anhydr at ecaubosaisssof t he
conpound of 25 formula (1), the CG2' asymmetric center has the R

absol ute configuration. Furthernore, the instant solvate may
enconpass the zwitterionic formof the conpolnd of formula (1).

A preferred enbodi ment of the inVEﬂﬁféEh%ﬁ%F}Eﬁhé&:&FﬁCrySta"i”e anhydr at e
sol vate of | oracarbef having the olTowng X-tay powder diffraction
pattern: WO 96/ 26942
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Lor acar bef anhydrate 5 14. 8536 53. 96
10. 0551 31.90 7. 4652
100. 00 > 8478536 5328685
5. 8288 87.78 1010.0551 33..8963
32. 67 4293652 100208°
6.7762 25.85
5.8288 S 87.78
10 5.1063 32.67
4.9546 ©32.40
4.8040 59.97
4.3038 _ 34.39
3.9716 22.22
15 3.8515 18.12
3.7210 20.95
3.5890 8.50
3.4888 3.49
3.3798 46.57
20 3.2689 _ 2.08
3.1825 3.59
2.9695 12.56
2.8837 4.10
2.8135 13.75
25 2.7670 41.37
' 2.6273 11.93

The diffraction pattern above was obtained with

a copper radiation source in a Peltier cooled Si{Li) solid

30 state detector. The tube voltage was set at 50kV, the tube
current was set at 40mA, the aperture diaphragm was set at
a 2 mm slit, the scattered radiation diaphragm was set at a
2 mm slit, the detector diaphragm had a 0.2 mm slit, the
scanning rate for the step scan instrument was

35 0.02 degree/step two theta for 1.2 sec/step, and the
scanning range was 4.0 to 35.0 degrees two theta. The



4.8040 59. 97 4.3038

34. 39 3.9716 22 22 15

3. 8515 18.12 3.7210

20. 95 3. 5890 8. 50

3. 4888 WO 96/26942 3.49 3. 3798 pCTNUS96/02586
46. 57 20 ° 3. 2689 2.08

3.1825 3.59 7 2. 9695

12. 56 2.8837 s 4.10

2. 8135 )

21 37 backgrouﬁg $§52%§%§ff?n1cally subtracte% ggg peak width

The di ffracti ofafasesr At abeod ankhhaleshphddavii) for peak semrsh. radiati on
source in a Peltier cool ad SaéLbéezsmsa&o%red cﬁa@tst-q%heshm dr'Ehﬁxgt ube

vol tage was set t

apertgre dlaphra.rné%gngStf%facaéief 1gogr $¥] % %ﬁ?ﬁfﬁ?ﬁ&gatlon
di aphragnfwas sktomtabgut 50°C t rositi ﬂoofmémmde dirgptalblinehad a 0.2
gﬂbz|ht th? t loraca&%ﬁﬁnbﬂgydﬁgééf‘thtﬁﬁeﬁtéﬁb6§¥H§ bﬁétiUPEQ%?%%§|ﬁ3 ange
: egree/ste eta for

was 4. Ogto 35. f%&é‘%& #ﬂoat’ﬁee]saal: g‘“mggty of! df\KB”QéP?B§4%° to 100%

PCT/ US96/ 02586 effects a facile solid state conversion of- loracarbdfackgr ound

was el ectronicajd r%ﬂﬁhﬁi‘ﬁE@dto tﬂf‘ra%%ew ﬂ&ﬂohydrat

was and
TﬁE%een %’l scover ed

threshold at 3.0 for pe sear ch
ggnt i al¥f %Ptcﬁsgﬁ%ﬁﬁ an lmpr‘b‘f%tpiPFFﬁé fox mﬂngsb‘ﬁ?mfate at a
t enper at ure of lﬁcnohydfmmm whbcelt milGntizesbohé dfifijrar fCisoppopandsie in

t hat seq

crystalline

anhydrate to a r
facile solid st%R%PQﬁi¥&8PsPSnt¥ﬂ lorasaxos

15

20

25

30

35

fﬂéﬁc

Cafd
atlve

oma

ST

5%%%*@8%%%@&9& he | oracar bef

effects a

&t monohydrate and provides a

product having a density greater than approximately 0.5

g/ml.

The isopropanoléte form of loracarbef may be

prepared using general procedures known in the art.

For

example, loracarbef isopropanolate may be readily prepared
by suspending loracarbef in isopropanol or aqueous

isopropanol and forming a solution.
effected by the addition of a base or an acid.

A solution is usually
The desired

isopropanoclate may then be precipitated by the adjustment
of the pH to approximately 5.8 to 6.2 by using an acid {for
example, hydrochloric acid, hydrobromic acid or sulfuric
acid) or a base (for example, triethylamine), respectively.
The solution is usually prepared at a temperature of from

about 20° to about 25°C.

filtration.

The isopropanolate may be
isolated by procedures known in the art,

for example, by

The solid state conversions of loracarbef
isopropanolate to loracarbef anhydrate and of loracarbef
anhydrate to loracarbef monohydrate must be effected
sequentially in order to produce the desired result, that
is, to produce loracarbef monchydrate with less than 1.0%

isopropanol and without decreasing the water content.

The

conversion of the isopropanolate form to the anhydrate form
is typically carried out at a temperature of from about



| sopropanol ate to | oracarbef nonohydrate. This process 10 represents an
i nproved process for_preparing | oracarbef —.. honohydrate which

m nim zes the anmobunt of isopropanol in the final product w thout
affecting t he chem cal conposition of the |aoracarbef nonohydrate and
provides a woesnssypoduct having a density greater than appperisssndsss 0. 5
15 g/m. The i sopropanol ate formof |oracarbef may be
prepared using general procedures known in the art. For exanpl e,

| oracar bef isopropanolate may be readily préﬁéred by suspendi ng

|-oracarbef in i opan ous form.ng a
solution. A so%ﬁlﬁoggl ggﬂ‘g% ﬁws A219re¥?reﬂ dog:egxgg?ﬁéugé&gﬁr}%en 5t a base
or an acid. The fkes @bgut 55°C qosé‘bpﬁpaﬁé‘f%tte dafurnber prefessiedi t at ed by
the adj ustnent tempera@urbheaidé tis %Déb@ﬁ&egi"’@ td aBofit 268°¢.Usi ng an
acid (for exanpl e, %drochlorlc a g h%ﬁﬁgfron1g acid or_sulfuric
25 acid) or a base (f SRV LY PFt FHE ARRETATELEBER R fRP

The soluti®n is mnnnﬂmdyapee@@nedéawy@icahbﬁreannﬂ;dobutramna relatigkout 20C

to about' 25C ThamiHRyOBANeHah ABTE B8 Lo aboud 900! edalyrd¥agegur es known
in the art, for The solid

state converS|oﬂgﬁﬁgﬁﬁgr§3§?5e¥s rom aEPE ggﬁﬂﬁbﬂgpé t o TS ahlYas the

anhydrate and ofcdrressdobefis effectednbydaatelativeohanddbef ofbrididgdr at e nust

be effected sequentypal kgll&ﬂigmlggomyqﬂg&f%r esult,

t hat IS, rqduce |l oracarb rate wth less t 1. 0% 35
|sopropanap and %Rq 38PPELSi %y pﬁﬁ?@?“dﬂﬁﬁ%ﬁ%°n The

conversion of the |sopropanolate formto the anhydrate form i's
typically carried out at a tenperature gzﬁﬁlﬁgégfbout WO

96/ 26942 PCT/ US96/ 02586

- 8- 50[err]C to about 1 nperature range is

from about 55[err]C to aqubp@5bﬂlr&I&oh%ﬂ”iEBbeo wl ef leiedized
tenperatuyg rangu‘?aééi]f(g‘%at eR?S‘t Pc%r%c{a%b@@ogiswfe)rsrc;l%ate (50.0 g) and  'N€

conversi on of the
hy ochlorlc acid (15.6 g} are combined and stirred at a

temperature of 20-25°C. If necessary, additional
hydrochloric acid may be added to complete dissolution.
Deionized water (10.0 ml) and activated carbon (2.0 g) are

20 added to the mixture. The resultant reaction mixture is
stirred for one hour and then the mixture is filtered to
remove the carbon. Ammonia (28%, 12.6 g) is added, over at
least 2 hours, to the filtrate in order to precipitate the
isopropanolate, and the resultant slurry is filtered. The

25 filter cake is washed with 127.0 ml of isopropanol,
followed by a water wash (85.0 ml) and the wet cake is
dried under vacuum at 40-45°C to provide the titled
product.

30 Example 2
Loracarbef Monohvdrate
A Kugelrohr distillation apparatus is set up,
consisting of a Kugelrohr oven with a time proportioning
temperature controller, Type J thermocouple, 300 mm Allihn
35 condenser attached to a constant temperature bath, a
Rugelrohr distillation agitation motor and a Buchi pressure
controller. A sample of loracarbef isopropanolate is



5 nonohydrate formis typically carried out at a relative

hum dity of from about 90 to about _100% A preferred —bumdity range
is fromabout 95 and 100% Preferably, the conversion is effected at
arelative humdity of 100%" The foll ow ng Exanpl es
further illyglogadems 10 speci fic aspects of the present poyY®ss6I586
Exanple 1 Loracar bef |sopropanol ate

| sopropyl al cohol (660.0 ml), deionized 15_,_  water (67.0 nl), |oracarbef
bi s(DVF) sol vate (50.0 g) and hydr och?ori c acid (15.6 g) are conbi ned
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t he m xture. 'm'se rfé.a_skt astplacend iimn thexKugelrashr oven asdi commedtmd ape hour
and then the metidlicBnssnbbt! Chfitk dystenss pf EBNR LI (6BLPAA cdmONi a (28%
12.6 g) is added, over at | éast 2 hours, to the filtrate in order to
preci pi t abe t heAPpProximaredy 3R hasi-e, ThRJIRFELY < then CoORARRSEF jis
filtered. The 2feated ftiol 76%C caleh ias consbant W énkpekatuerbabh. i SThe opanol ,
foll owed by a h : |§[¥ h U Gae d . ' der
vacuum at 40-4 e‘ﬁ | g %oogggv?%?’%%e ittol 33% 5%&3‘&? pr%%éx&% 18
Exanpl e 2 urther reduced to 250 g@a@_‘caﬂge;hmp&p@late is
ﬁ\ Ku?el L ohr di s$ubjerive@ntaparlatives hufidify of 100% Gdthi abiﬂ@cnfnl i'z‘or

ugel roht noven pkopord i,oni_ng L ur. ntroller,
Type J t %8r mco%%?fﬁbﬁn% il ‘l?ﬁ?hé] l't%nrrl-. Eg.ﬁd%‘r’]ésrgmg %§§ﬁ§8§€5 A Const ant
tenperat ure bat®eoked to 20-RE¥ r Gipe gvster| bsiventafl it asmoapheriand a
Bachi pressure pressureiOnirhe! hfdrared prdldacef is OFa@frdEfandspRacs@ng] afe is

Y\g_ 96/ 26942 vacuum oven at 40-45°C. The product ispcél;{ilé ggvg%r?fg t
.under full vacuum with a slight nitrogen sweep.
15
Example 3
-Loracarbef Isopropanolate

Loracarbef bis(DMF)solvate (70.50 g,
50.05 base g), isopropanol {520.0 g} and deionized water
20 (88.8 g) (the original charge plus the carbon slurry amount
of water) are charged to a 2 L jacketed 3-neck round bottom
flask. Hydrochloric acid is then charged to the slurry to
éompletely dissolve the solvate. Dissolution is complete

at pH 0.90.
25 To the solution is charged activated carbon
' powder (2.0 g). The flask contents are stirred for

approximately one hour at 20-25°C and then filtered over a
9 cm Bichner funnel pre-coated with a filter aid, such as
Hyflo. The filtrate is returned to the jacketed flask and
30 ammonia (28%, 12.7 g), is added dropwise over four hours
via a syringe pump. Crystal size is large which is
consistent with previous isopropanoclate material.
The slurry is stirred for approximately one hour
at 20-25°C and filtered over Whatman #1 filter paper
35 {filtration time: 2:04 min). The wet cake is washed with
isopropanol and water. The washed material is dried



charged to the 300 nm Al li hn condenser. Deionized water (200 g) is

charged to a 1 L., 1-neck, round bottomflask. . The flask is placed in
t he Kugel rohr oven and connected to t he condenser. The system s
pressure is reduced to 5 approximately 300 nbar. The jacket on the

condenser i swgpegnseqzneated to 75C with a constant tenperat uperissssnssthe
Kugel rohr oven is heated to 65[err]C. The systenis pressure is

further reduced to 250 nbar and the |sopropaQ§I ate is subjected to a
relative humdity of 100% w th agitation for approximately 6 to 8

hours.  The OVe”o@Egnfﬁ‘i@qrhS%r vakBum oven #0QU045%® wietSFullhfadial &R S

vented to atnospheric pressure. The hydrated product is renoved and
placed in a a NYLERRRR AME$Pat 40- 45[err]C. The product is dried

over ni ght under full vacuumw th a slight nitrogen sweep. 15

Lor acar bef | sopropanol ate agar bef bi s(DVF)sol vate
(70.50 g, 50. 05 base g), isopropan .0 and dei oni zed wat er
20 (88.58 g) (the original ch rry anount

of water) are charged to ar@oprdpricdt ¢d48-Declddgionidelovawse (25 L), fl ask.

Hydrochl oric aci \?xg??o&%fsso$ [4ed 18 ﬁgfe Sa{rta’ l\érggarbe% bﬁclgi%geggisyate

di ssol ve the sol |on iS C

To the solution i ézeﬂak@bcﬁ%ﬁthom’ﬂéédcw boriank. Thﬁo‘\'fm? wallg gre ghen
flask contents a&anabar«rﬂ@hfm L of delaﬂpéwlmbel y THe tiGituret ig80-25[err] C

and then fjltered_over .9 cm Buc r re-coate th a
filter 0id such g,g.rred “tor Hy"} I“B‘.n"%ﬁg ﬂ’ﬂ}ﬁﬂ OFéguar%’é g’toﬁle J acket ed
flask and 30 imemement ¢ 2694adneds tg) compleniti SOLUFEPM sed cF\P@lalf efir hours

via a syringe purzokl@byﬁa@é &ﬂ Z@dr&ch@bﬁ@c Ve i@ 1|s3added unt3ANFigbeation t h
previ ous |sopropanolate slurry is stirred

- for approxi mat el y" Soff&™R 6g€e§ and the ?bxﬁ%'['%rlﬁ Ctaﬁg &ehered over What man
#1 filter paper 35 (fi Reravaved tdanbon 2103 kdn)slurThedwsr &dkefi s

washed wi t{s watletORE0RAA @ EnRtehk dME MRShedelRs eid Arilrted! ESH
20 minutes and then filtered. The tank is rinsed with 10 L
of deionized water. Ammonia (28%), is added until the
solution is at pH 5.8-6.2. The resultant crystallized
isopropanolate is filtered and washed with isopropyl
20 alcohol. The filter cake is dried under a vacuum at a
temperature of from about 42°C to about 48°C.

Example 5
Loracarbef Monohvdrate
25 The material obtained in Example 4 is converted
to loracarbef monohydrate using the isopropanclate process
by setting the drier temperature to between 65°C and 75°C,
setting the vacuum control on the drier to 4 psia, and
injecting steam into the drier to maintain a humidity in
30 the range of 95 to 100%. After approximately one hour at
these conditions, some of the content of the drier is
cooled and a sample is taken. The conditions for
conversion to loracarbef monohydrate, above, are set in
place for three hours at which time indications are that
35 conversion of the loracarbef monohydrate is complete. The
material is then dried at full vacuum (0.7 psia) at 45°C
for approximately eight hours.
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-10- overnight in a vacuum.oven at_40-45[err] C under full vacuum
and a nitrogen sweep. Exanple 4 5
Lor acar bef | sopropanol ate | sopropanol (440 L), deionized
wat er (25 Lyooenmeesz hydrochloric acid (10 kg), and | or acapppiyssiiessde™F)
sol vate (42.3 kg) are conbined in a tank. The tank walls are then
rinsed with 22 L of deionized water. The n1§5ure is 10 stirred for 15
m nutes and hydrochloric acid in 500 g “increments is added to
conpl ete solution. A total of 2 kil ograns of hydrochloric acid is
added until disolution Is conpleted, .and the mxture is at pH 0.7.
Activated carbon (1.5 kg) slurried in water is added to the

ttank and the m xture is stlrred f Qioracarbef 28nmedxdtes and then filtered.
The tank is rinsed with ES:BB! e 'WiHH (28%, is
added until the utlonqgg I?L ]éE% W?&eé?géh n?’ was

crystalli Zed Placeqlskfpr%;fdmﬂabed.éryantaéndeéraﬁ@ fiew Rpprorcinacetyr opyl 20
al cohol. The fithtee Kok it @ icefipEPitire oRFHem abodt 63°C tol 8BBGE At ure

o 610 oot Sg08 S UM el 63, gt ) g speed
The material obPdi ARoreveimtiepiserari ninute/ oRPMI. When the dydogr was

Lemperat e Lo por ot IDeRIpLets, LS of the Wedtlodrtd "N acuum
cogProI éﬁFthe %??mf {ifqé ég 1caieé 4 r9Sdarpl ol eoRraRanol, CPRESRE | o

to maintain a hefi 8i9%y.in 30 the range of 95 to 100@6 After

appr oxi mat el y Oﬁﬁeheﬁfséﬁlllne soliaeﬁ sciﬁgﬂﬂﬁfggﬁ a% fﬂ% content of
the drier is cool ed .and e ls e con Itirons for
conversion to ISPQXQF%%?‘ﬁﬁHEhgﬁFQYe r¥ﬁﬁﬁﬂ§°95PB ¥et in pl ace for
three hours at which tine indications are that 35 conversion of the

| or acar befs nonohydrate is conplete naterlal is then dried at

full vacuum (0.7 psia) at 45C agprOélggte y eight hours.

Loracarbef isopropanolate wet cake (2.5 kg) was

placed in a rotary vacuum dryer (0.85 cubic foot) equipped
with an atomizing nozzle and dried for approximately 12.5

20 hours at a pressure of about 30 mbar and a jacket
recirculating temperature of about 70°C. When the drying
was substantially complete, analysis of the resultant
crystalline solid indicated a residual isopropanol content
of 0.55%.

25

' Example 8§
Loracarbef Monohvdrate
The rotary vacuum dryer containing the

loracarbef anhydrate obtained in Example 7 was used in this

30 Example. First, the jacket recirculating temperature was
decreased to 30°C and then water was added via the
atomizing nozzle (water flow: 0.7 ml/min. and air flow to .
nozzle: approximately 15 standard cubic feet/minute
(SCFM)) for approximately twelve hours. The resultant

35 crystalline solid had a water content of 9.4% and was
identified as loracarbef monohydrate using X-ray
crystallography.
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-11- L . Exanple 6 _

Loracar bef Anhydrate Loracar bef isopropanol ate wet cake
(100 g) was 5 placed in a fluid bed dryer and dried for approximately
t hree hours &oé§gegdgrer ature of from about 63[err] C to aboutpcrusesn2sss
65[err]C with an air flow (bl ower setting 4) and agitator speed of
70 revolutions per mnute (RPM. Wen the drﬁng was substantial ly
conpl ete, analysis of the resultant 10 crystalline solid indicated a
resi dual isopropanol contefie crystal®ind $9Pid was fuir%xcrdiﬁreal 11”91§0| i d

was identified as Ioracarbef r at u5|n X-ray crystall ography-
15 otary vacuum dry aﬂ&)l@"g a pressure %f 53 mbar % iy

Loracar bef Anhydpmoeide a product having @r sasebetonsanmr afasoBat andved Hedke
(2.5 kg) was dens Phypcad o, Biaghmiary vacuum dryer (0.85 cubic foot)

equi pped wth an atom zi ng nozzle and dried for approximtely 12.5
20 houfs at a pressure of about 30 nbar and a jacket

recircul ating tenperature of about 70[ eExaRpleéh8n the drying was
substantially conplete, analysis q‘fgz?ﬁfb&%ﬁ‘rd‘&‘% crystalline solid
I ndi cated a residual isopropanol conten % 25

Exanpl e 8 Loracarbef {gpproRanalapsnyaydedke (1.0 kg) was

The rotary vacuuplatg@rire eniraicairpgvidem dryer ot 85 agisifc Fabyyir édeigtai ned
in Exanpl g o7 was d
recircul a'?llong te#%gtr? ?I]ﬁ}eé&lﬁlﬁg nozzi{? ease& F E% %ﬁc’glgﬁg i‘ﬁerrFrbvat er
was added via thBours at aHZ{mIessirg ﬂf)zazb%lt(\ﬁ&t@batlw & .jrcketni n. and air
Elsg\'/:v |v;§) f n@éeiecummwlc@ﬁbﬁfat&:&e %ﬂ%@l ooRt C fdRh/ Ehalasy, | ng

or appr e e resultan sta I ne
solid had a wat e%g”@éﬁé an ‘Vcé‘ﬁ%f% ana Ys"?d%%t‘%el ér&sgit%rr acar bef
monohydr at e usi ngrxs;glilme sollgr yadi¢ataf #pmesidual isopropancl content

15 of 0.70%.

Next, the jacket recirculating temperature was
decreased to 50°C and then water was added via the
atomizing nozzle (water flow: 3.0 ml/min. and air flow to
nozzle: approx. 20 SCFM) for approximately twelve hours.

20 When the water content of the resultant crystalline solid
reached 22% (approximately 385 ml of water added), the
jacket recirculating temperature was increased to
approximately 70°C and the pressure was adjusted to
approximately 40 mbar and the solid was dried to provide

25 the desired titled product with a water content of 5.2% and
a bulk density of 0.43 g/ml. The crystalline solid was
identified as loracarbef monohydrate using X-ray
crystallography.
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-12- The c was further dried in the
rotary vacuum dryer at 65C a H"ﬂﬂ ﬁ'#ﬂISO nbar to provi de a
product having a water content of 5 ard & bul density of 0.21
g/m. 5 WO 96/26942 Examl e 9 PCT/US96/02586

Lor acar bef Monohydrat e Loracar bef isopropanol ate wet cake
(1.0 kg) was placed in a rotar 3\{_acuumdryer (0.85 cubic foot)

equi pped 10 wi th an atom zi ng ngigkggand dried for approximtely ten
hours at a pressure of about 40 nba a j acket recirculating

tenperature of aboul.70[arpfc:essedion Iprepaying a CrYStQkkimmbstantlally
conpl et e, rapdhydracel fbHR s aésmpound ofcmsﬁ\alal pg) solid indicated a
fesi dual isopropanol content 15 0. 70% Next, the

j acket recircul ating tenperature was decreased to 50[err]C and t hen
wat er was added vi a 2 gtom zing nozzle (water flow 3.0 ml/mn.
and air flowto nzzle: app 20 SCFM for ‘approxinmately twelve

hours. 20 When tReaT efToRTE esul tant ctBjstalline solid
reached 2296(apprOX|nater 385 m of r added), the j acket
recirculating tenperature was increasgd approximately 70[err]C
and the pressure was adjusted to g jely 40 mbar and the solid
was dried to provide 25 the desrred titled product with a water content
of 5.2% and a bulk density of 0.43 gF®PH The crystalline solid was

I dentified as | oracarbef nonohydrate using X-ray crystal |l ography.

which comprises exposing a crystalline anhydrate form of the
compound of formula (I) to a relative humidity of from about
90 to about 100%.

2. A process for preparing a crystalline
monchydrate form of the compound of formula (I) having a bulk
density of greater than or equal to 0.5 g/ml which comprises:

a) exposing a crystalline anhydrate form of the
compound of formula (I} to a relative humidity of from about
90 to about 100% to provide a crystalline monohydrate form of
the compound of formula (I) having a water content greater
than or equal to 10%; and then

b) drying the crystalline monchydrate at a
temperature of from about 55°C to about 75°C at a pressure of
from about 20 mbar to about 50 mbar. '

3. A process for preparing a crystalline
monohydrate form of the compound of formula (I) which
comprises:

a) drying a crystalline isopropanolate form of the
compound of formula {I) at a temperature of from about 50°C
to about 100°C to provide a crystalline anhydrate form of the
compound of formula (I}; and
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o rorine. o AR & 25, ) e

whi ch conprises exposing a crystalllné athydrate formof the conpound of

formula (1) twooeteed2ati ve hum dity of from about 90 to aboutpchisi¥en2sss
2. A process for preparing a crystalline nonohydrate form of the conpound
of formula (1) having a bulk density of -gyeater than or equal to 0.5 g/ m

whi ch conpri ses: ) expsingX RS Eﬁyét%ii’ﬁ]i@urﬁ}%r%%QVQF%o pongor the

conpound of formul a at lve abou

100% t o provFB@p%9%§ eﬂqqmﬁéandﬁéhﬁﬂrSt€e¥%ﬁ¥N%ﬁh%W#9¥9¥nﬁéuﬁaomfabQ#Qnﬂ a
(1) having a%0ateralsmut ergosgreater than or equal to 10% and then

b) drying the crystalline nonohydrate at a tenperature of from about
55[err]C to about 75[err]C at a pressure of from about 20 nbar to about 50
nbar . 3. % prde®IOCESF FPEpRFEPRT INT ray SXAisitiadd inenohydr at e

form orlfthe monphydichod ﬁmmdfat(nle) c\ﬁdﬂpﬁhnﬁ%@ri&ﬁﬁ?la (z) hav1n§)ad151Y1}£‘9 a
Cemperature SPpsohafadtds ol B pSafotB Yoo diny Ehehstgaen
crystal l'ine &ﬁﬁ?ﬂ?@@%?*cEQRQﬁnqI¥§5§oﬁbénnb%obecW¢ngh£KIWhlcandomprlses

a) drying a crystalline isopropanolate form of the
compound of formula (I) at a temperature of from about 50°C
to about 100°C to provide a crystalline anhydrate form of the
compound of formula (I);

b) exposing the crystalline anhydrate form of
the compound of formula (I) to a relative humidity of from
about 90 to about 100% to provide a crystalline monohydrate
form of the compound of formula (I) having a water content
greater than or equal to 10%; and then

c) drying the crystalline monohydrate at a
temperature of from about 55°C to about 75°C at a pressure of
from about 20 mbar to about 50 mbar.

5. A crystalline anhydrate form of the compound
of formula (I)

1§ &
C=—(C=== N, I
“~ (I)
p—=N
dﬁ — Cl

COCH

which has the following X-ray diffraction powder diffraction
pattern:
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- 14- b) exposing the c [' T ate farm of the—conpound of
forimla (T) to a relative humd I'ﬁ“ﬁ’l'"nﬁmmmw 90 to about 100%

4> A process for preparing a crystallune menonydrate form of the conpound

of formula MhNg a bulk density greater than or equal ptousssis2sgéni and
a residual r1sopropanol content |ess than 1% (by wei ght) which conprises:

a) drying a crystalline isopropanol ate %orn1of t he conpound of fornula (1)
at a tenperature of from about, 50] err . 100[err]C to provide a
crystalline anhydrate form of mula (1); b)
exposing the crystalline anhydrate form of the conpound of fornmula (1) to a
rel ative hum dity of fromapout 90 to about 1089gi{o-provide a crystalline
monohydrate form of the conpound of formula (1) having a water content
greater than or equal to 10%- and then c) drying the crystalline
nonohydrate at a tenperatude8®36from about 55p8rBBC to about 75[err]C at a

pressure of from about 204pb ﬁg%%o about 50 nbgP; 0 5 A
crystal line anhydrate forg1o e conpound o&oogagula (1) T[err]
6.7762 25.85
5.8288 87.78
5.1063 32.67
4.9546 -32.40
4.8040 59.97
4.3038 34.39
3.9716 22.22
3.8515 18.12
3.7210 20.95
3.5890 8.50
3.4888 3.49
3.3798 46.57
3.2689 2.08
3.1825 3.59
2.9695 12.56
2.8837 4.10
2.8135 13.75
2.7670 41.37
2.6273 11.93



whi ch has the follow ng '5(-ray diffraction powder diffraction p:ﬁt?é?#?’?&“ﬂ’
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(57) Abstract

The invention is directed to a crystalline anhydrate solvate of loracarbef, and also is directed to a process for preparing a crystalline
monohydrate form of the compound of formula (I) which comprises drying a crystalline isopropanolate form of the compound of formula
(T) at & temperature of from about 50 °C to about 100 °C to provide a crystalline anhydrate form of the compound of formula (T); and
exposing the crystalline anhydrate form of the compound of formula (I) to a relative humidity of from about 90 to about 100 %.




