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(57) Abstract

This invention provides a process for preparing gemcitabine hydrochloride which comprises deblocking 8-1-(2’-deoxy-2’,2’-difluoro-'
3',5°-di-O-benzoyl-D-ribofuranosyl)-4-aminopyrimidin-2-one with a catalytic amount of an alkylamine in the presence of methanol or
ethanol in an environment essentially free of water; treating the resulting solution with hydrochloric acid and an antisolvent; and recovering
the resulting solid gemcitabine hydrochloride.




This invention provi des a process for preparing -genti t abi ne
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a catalytlc anDunt of an al kylamn fre-presence of met hanol or
~ethanol in an environnment essentially fred-of wat er ;

treating the resulting solution with 35 hydrochloric acid and an

anti sol vent; and - _ C) - recovering the resulting solid
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1-(2'-Deoxy-2',2'-difluoro-D-ribofuranosyl) -4~
aminopyrimidin-2-one hydrochloride (also known as 2‘-deoxy-
2’ ,2'-difluorocytidine hydrochloride-or gemcitabine
hydrochloride -~ see Formula I) is one of a series of 2’-
deoxy-2',2’'-difluoronucleosides known in the art. . Such
compounds are disclosed and taught to have antiviral
activity in U.S. Patents No. 4,526,988 and 4,808,614.
European Patent Application Publication 184,365 teaches
that these same difluoronucleosidé agents have oncolytic
activity. Gemcitabine hydrochloride is undergoing clinical
evaluation to determine its usefulness as a treatment for a
variety of cancers, such as pancreatic cancer.

NH;
.HC1

(1)

The synthesis of gemcitabine is a mul;i-step
process - see U.S. Patents No. 4,526,988, 4,808,614, and
5,223,608 and European Patent Application Publi;ations

577,303, 577,304, and 587,364. Most of these synthetic

routes go through the penultimate intermediate P-1-(2'-
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"al kyl am ne" neans an organi ¢ am ne having one, two or t hree al kyl

gr oups .ch is capable of adjusting the pH of 'trﬁ,‘:' 1hggqd M xture
to -at ﬁﬁgf"@‘ﬁ Exanpl es of such - :reagents include, nethylam ne, i
et hyl am ne, propylam ne, 15 isopropylam ne, butylam ne, dinethylam ne,

di et hyl am ne, di propyl am ne, diisopropylam ne, dibutylam ne,
et hanol am ne, trinethylamne, triethyT94mne, tripropylam ne,
N- net hyl - N- et hyl am ne, N-rnet hyl - N propyl am ne, N-methyl - N butyl am ne,

:\t\\e/tem/: onl\lafegﬁg?‘?ggﬁ neai%%%?f?ﬁ%t ngkt?g%-n%éﬁz .rochl or | d%ﬂlrf%slgpgg-be
sol ubl e i Aminopypimidine? some %m-.liiﬁ?ﬂ’i@?g‘*qw &N 3118l 50 on

c;)lndi t :c 0_n§i;rfé hehel Eyhali desshed! pl:l-‘bmsugais‘ o&mtﬂydfunhloride/@aatﬂ.: Ie t ]9
allow for_effective reactj .o vat e & ratures. Fqr. all o

t hese rea§85$,exﬂﬁngiﬁyl 3 '?EQT ?ageg?ﬁti"‘pr%‘%%i'ml %FI §rﬁs‘lﬁ“ém| 0t’hi S

react iSon, lahehdéligetosegr, it s kyaughtheshat lepdreridayl protecting The
term " cat LE AQPLNa MG t Eq?ﬁp : f i ne which will

pr onot e tﬁté‘%%% e%%ﬁi%lencl&g ?ak_z% %ﬁ% i etvﬁlétr%-oé;ls‘%rdﬁee?tpi ng groups by the
protic somedarately syreng|p3se” - oIt imlaksefpuahtethat “diadtti ve to the

[err]-1- jeast one mole equivalent of base is needed for each
LU R UK GO R
pr ef a@rgabl ghéraselof- AnHydrous cammdsia iwwsstdiancls fvd lactompld shiipgeci at ed
oY, 1R95C PHLL! ok ebbesdk \wnddf SBLITY, i, Wil 58 am N enpl ovec
PCT/ US95/ am@enium chloride which is insoluble:in the organic - . :
solvents used and must be removed by treatment with water.
The preparation of geﬁcitabine_hydrochloride -
15 salt is also disclosed in the literature. U.S. Patent No.
5,223,608, at column 11, line 22 et seg., and Example 8
where hot isopropanol and concentrated hydrochloric acid
~are used to generate the crystalline gemcitabine
hydrochloride. _ _
20 This invention provides a more economical and
higher yielding process for preparing gemcitabine
hydrochloride which avoids the use of excess base and loss
of product due to the presence of water.

25 RISCLOSURE OF INVENTION

This invéntion.bro?ides a process for preparing
gemcitabine hydrochloride which comprises:
a) deblocking P-1-(2'-deoxy-2',2'-difluoro-
30 3',5'-di-O-benzoyl-D-ribofuranosyl)-4-aminopyrimidin-2-one
with a catalytic amount of an alkylamine in the presence of
methanol or ethanol in an environment essentially. free of

water; . S
- b) treating the resulting solution with
35 hydrochloric acid and an antisolvent; and _
c) recovering the resulting solid gemcitabine

hydrochloride.



-*4- ' and physical properties of the al kylam ne so |ong as the pH

of the reaction nmxture is nmaintained at no | ess than 9.5.

The phrasew‘P?ﬁ’@ﬁﬂenvi ronment essentially free of wat er rCTIU 9%%5{83%
that the reaction is carried out 5 without any added water. It S
therefore preferred that - the reagents and solvents used be essentially
free of wat er. The reaction mxture -®an be protected from

at nospheric noisture but this precaution is not necessary. Thi s
limtation, which is_.not critical to the deblocking 10 reaction, is
preferred because the final de5|red oenC|tab|ne h drochlorlde S
soluble in water and t Fé=RaLs : . Sk oy

i solated yield of the de5|red product fron1the crystallization

pr ocess. 15 acRiiBg. Ee B For ks SRR AN A!-ddiiy -2+ 21 -

[err]-1-(2[err]-
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am nopyri m di n- 2- one_|j > yhere proti.c n | alyze
by base and tﬁ%+%9%¥¥3T%&%% %%h??ﬂ(#h?: éaéh ﬁg@1°¥egrﬂﬁi§§% to the
reacti on. Wateuahynywebeowhisls wdritch attagdks ttheobenizoylll grioeupenfhdged f or
t he sol vol ysi CLUT @ A ol epably

et hanol and été%%)gtféj %%édr%hanﬁeér?j enptctl)?%g@t%q:as glhgé {)g
preferred forbaseecrze m@@s@mﬁulre +st, the substrate and al kyl am ne
hydrochl qiy de are sol UbWﬁehanE&hﬂﬂOEhlélsaﬁa 1i&@;1on. rasael|ddAg product .

Second, the resylt product is 25 net benzqate which is al so

sol ubl e in net ﬂﬁ]ﬁéia’gﬂ:g leans (3n, QRganis taé'i/ PG P1Cs 0 5¥8p_Kol  or

acetone. The three allkyl netdiugpwlared vhiadd s da;rab]les ofsadjaskiag aheepHent

and as a Iv t t ea u be

essentially f$ge 1§$ %{%ﬁﬂ%(}nn?&:@ teod a@%se%ﬁ% giam%‘? Qg h‘} ﬁuCh

chemi stry: wi Ireagenaappxmlwd@,, methyﬂ@ngn%umhidtmn@t.hmromémeen]

-1-(2[ erpls , hvl ,

-di fl uor o- 3[err?ls‘gfﬁsyl%[1 ?ﬁ%fiéélne?lq% ?ﬁhg#bsﬁﬁf diethylamine

ani nopyri midi & %R&P%e qngylamlne, |
ethanolamlne, trlmethylamlne, trlethylamzne,

tripropylamine, N-methyl-N-ethylamine, N-methyl-N-
propylamine, N-methyl-N-butylamine, N-ethyl-N-propylamine,
20 and the like. As discussed below, this invention requires
that the alkylamine hydrochloride must also be soluble in
the reaction mixture. Further, for effective reaction

-

conditions, the alkylamine should be sufficiently non-
volatile to allow for effective reaction at elevated
25 temperatures. For all of these reasons, diethylamine is
the pfeferred alkylamine in this reaction, although other
alkylamines are operable. '
The term “catalytic amount” refers to an amount
of alkylamine which will promote the nuclecphilic attack on
30 the benzoyl protecting groups by the protic solvent.
Typically 0.1-0.5 molar equivalents (relative to the B-1-
(2'fdeoxy-2',2'-dif1uo:o-3',5'-di—o-benzdyl-D-
ribofuranosyl)-4-aminopyrimidin-2-one employed) are used,
most preferably from 0.2-0.4 equivalents - however, as will
35 be appreciated by those skilled in the art, the optimal
amount of alkylamine employed will depend upon the chemical



protecting groups nust afford a substrate and by-product 35 which are .’

sol ubl e bed above. Moreover, the two pr ot ect | "%%@f do not
have to e sane Thus, substrates wherein the :%[er#’ﬁé's

5[err]- hydroxy groups are WO 96/ 18637 _ :

PCT/ US95/ 14864 : - 5- protected with
ot her bl ocki ng groups, such as subst i t ofed benzoyl (e.g.,

4- et hyl benzoyl) will be operable, if a j udi ci ous -choi ce of al kyl am ne

and pr0t|(1éﬂﬁ\ﬁﬁyefﬁéi proﬁ@ﬂ@f@%e@f'thﬁmﬁiﬁylahﬁﬁe 95f$%n8 o% ﬁ%s es and

are, inb5 dﬁi nore expensi ve to use Sis
best carrlél:f?Jl e feaction Mixtyre é8 PAIRLSiBeA] aboper+ess thanad e3l-
tenperatures are The fhraubk ‘Nﬁéanﬁén%§ﬁbﬁﬁ%?ta@%@%nﬁﬁalh? E?ééth§n o
mi xture el a and di et hyl ani ne, ate_enpl oyed) is
nost pr ef errez‘gt%% r{d& gg%%onﬁaf gﬁ? r?ﬁ8g§8pv¥§y§?§r?’§é Out general |y
conpl et® |mu$h@uno@my added water. Itlnsisherefereeﬂreﬂerre@etmmmunt of

met hanol ofp eoxy 2 §e§8§§ﬁﬁggrg één?§%yﬁ%fg§%% atlve to the

[err]-1- (2[err] uor o- err err -D 15

ri bof ur ano¥ALEL. 5§?F#ﬂenanX§H§es§antbﬁgpngte¢ted from (nL/g) The
opt i TT?| ;a@t?ld@@l;ﬂ)gbﬁ:ﬁ%uQE EﬁEhEHQEt pfécautlohtsléi ? gﬁrr%%érrété % Frgﬂrarlgf
amount o i sql.vent he pr.oxi nat e 0

or ethanol%%' t&PPhoUBﬁcgtH@rnPEtFﬁgthgéloﬁ%r%hﬁe§e¢¥°$¥kﬂg

[err]-10 ( 2freacition, is preferred because the final desired _
gemcitabine hydrochloride is soluble in water .and therefore
the presence of water Wlll reduce isolated yield of the
desired product from the crystallization process.

-As noted above{ the deblocking of the P-1-(2'-

15 deoxy—2‘,2'-diflﬁ0ro-3',5'-di-O—benonl-D-ribofuranosyl)-4-
aminopyrimidin-2-one is one where.the protic nucleophile is
catalyzed by base and therefore it is the protic reagent
that is critical: to the reaction:. While an& protic solvent
can theoretically be employed for the solvolysis to occur,

20 it is preferred that an alcohol, preferably ethanol and.
most preferably methanol, be employed.,Thie_choiee is
preferred for several reasons - first,-the,substrate and
alkylamine hydrochloride are soluble in methanol,. as is the
resulting product. Second, the resulting by-product is

25 methyl benzoate which is also soluble in methanol and in
the precipitating solvent isopropanol or acetone. The use
of methanol also allows for its use both as a reagent and
as a solvent. Finally, as noted above, the reagent should

. be essentially free of water.

30 As those familiar.with this chemlstry will
appreciate, in theory substrates other than B -1-(2'-
deoxy-2',2'-difluoro-3',5"'-di-0O-benzoyl-D-ribofuranosyl) -4-
aminopyrimidin-2-one can be employed - however, the
protecting groups must afford a substrate and by-product

35 which are soluble as described above. Moreover, the two

| protective groups do not have to be the same. Thus,
substrates wherein the 3’- and/or 5’-hydroxy groups are



20 déoxyTZ[err] 2[err]-difluoro-3

[err],5[err] C>benzo | - D-ri bofuranosyl)-4- am nopyri mygi S
gener at ed W%ﬁ’lﬁﬁﬂfromg deoxy- 2, 2- - > ”b@rﬁrs?s/%&

di fl uoro-3, 5- di benzoyl - D-r|bofuranosyl-1-nethanesu|fonate and cytosi ne
(e.g., as described in EPO Patent Application Publ i cati on No. 577, 303),
the yield of [err] -1-(2[err]- deoxy 25 H-err]

,2[err]-difluoro-3[err], 5[ ert]-di-O benzoyl -D-ribofuranosyl) - 4-

an1nopyr|n1d|n 2-00n S W

schene is i ncB?ﬁB?ﬁ?%% w@%?ﬁ‘*‘?%@%ﬁ‘% ?c%u 3 su!cfl"hta@ “Br?tt lgge%gt ﬁgnol
or efhanol usbenzeyhppe o3i med ehgthylbenzoyid wiilimbe opexeble.t 4Lt fe

nmesyl ate star I hf

The fornatlonahag |so$ %ﬁ% of ge ¥1§?£he éaﬁﬂayq}lgéﬁ?%??gg Fgeu$ually
carried out bgmpbevedg-thewever, schew Qifer r%&qvﬂqﬁ%ﬁ‘@dt X &nbiBnt

tenperat urge agget, moggdéﬁﬁbﬁ@hﬁgﬂﬁosugyent such as acetone, acetonitrile,
35 tetrahydrofuran, proggnol anol obutanol but anol , or:

t
preferably i sopropanol nﬁP@KBE §lﬁa§§ ?ﬁ% carriei@?ﬁ%ﬁTEGB
PCT/US95/1486éemperatures from 0°-80°C; elevated temperatures| Ryeani ne, the

al kyl am ne hydr g de, b hi

m xture; howe¥ EF% § ﬁ Tﬁlgﬁf %tlofe%o e%r}&hfijoéralcgq'ld& h&xggg%r IeS :
genti t abi ne (50h§8f@oshen imgthanal mt@euma@mmnee e!'@éotﬁ ddr d8ucts 5
and unre gggégﬁPEfeﬁké& rGHEeF tHese! doAPItidkl the IWHlRRAQBighLgri de

IS genera as gaseous hydrogen chlorlde or concentrated
hydrochlorlc generadly gemplegesin 1-8 hours.

It is preferred that the amount of methanol or
ethanol used be approximately 15-25 volumes relative to the
B-1-(2'-deoxy-2',2'-difluoro-3',5'-di-0-benzoyl-D-

15 ribofuranosyl)-4-aminopyrimidin-2-one starting material
(mL/g). The optimal ratio is 20 volumes of methanol. It
is also preferred that the amount of antisolvent be
approximately equal to the amount of methanol'or ethanol_
used, although other ratios are operable. If the P-1-(2'-

20 deoxy-2',2'-difluoro-3*,5'-di-0O-benzoyl-D-ribofuranosyl)-4-
aminopyrimidin-2-one is generated in situ from 2-deoxy-2,2-
difluoro-3,5-dibenzoyl-D-ribofuranosyl-1l-methanesulfonate
and cytosine (e.g., as described in EPO Patent Application
Publication No. 577,303), the yield of P -1-(2'-deoxy-

25 2¢,2'-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-
aminopyrimidin-2-one is usually approximately 70% - if this

‘reaction scheme is incorporated -into the present process,
the amount of methanoi or ethanol used is approximately 10-
20 volumes relative to the mesylate starting material -

30 see, e.g., Example 3 infra.

- The formation and isolation of gemc1tab1ne
hydrochloride is usually carried out by cooling the
solvolysis reaction mixture to ambient temperature and
adding an anti-solvent such as acetone, acetonitrile,

35 tetréhydrofuran, propanol, butanol, isobutanol, sec-
butanol, or preferably isopropanol. Gemcitabine base, the



to 2.0; excess acid, particularly hydrochloric acid, is unneceséary’and ’
may adversely affect yield. Al though 10 concentrated hydrg C
éﬁ’ b m%?#’ ‘1’?‘1/ af f ect

cont ai nWOMYBE37  hi s ni ni mal amount of water will not .
t he yield. ' The resulting gentitabine-hydrochloride is then

I solated.fromthe reaction m xture by conventional neans, e.g.,
filtration, centrifugation, decantatiorf-etc. 15 The starting
materials and internedi ates for t he preparation of the compounds of the

pr esent i N e | | n adily

prepared b 1’8(%%?1’#’31 h%&% %&% ﬁé‘ﬁq%@}%@& " ahid ﬂ%ﬁ} nce's to

speci fi c | benzoate caye cakl waigike igi tﬁd&@l}ﬂﬂ&@e@k@pﬁ‘esu&nn listed
LELLSYLQ% ﬁi‘?‘f’fﬁus”atﬂﬁwm R he desized gemcitiBinzo | O N0
i nvent i on. hygeochloridany Ty Shaodiidke) gy whiddsoshe SV'PFPQBFFEtlon only
25 anfl sar eamtuﬁﬁeézg:ed)&saagaftsasmlmﬁamﬂ e %fég.mggh thQPe L nstgnt

i nvention jn an wa and abbrevj at.ions used in
theo 7 pariden Hiaride is @RRSTaTINAIIRG At § 25 0USs Y OrOBRRer i se
desi gned, élmlonx@e‘rmze conddntratefc hy drodhlgir i30 apd df azbrranpa bfqi 8

chrormat °9r€‘<9h2’ 0; [EFddss Jtﬁffr}éﬁ;pﬁla%%r g%trg%}hfl'o%ic ,',.1Eefers to

mllinole; refers , _heans

millili terunnan:essary and avo aﬁitea:sedw rﬁ[ﬁf&citt yieldy. " Akshaughol ar
gg#}n%gg?aﬁggéghtrated\N§H¥6€H55&1c acid contains water, this minimal
amount of water will not materially affect the yield.

The resulting gemcitabine -hydrochloride is then
isolated from the reaction mixture by conventional means,
e.g., filtration, centrlfugatlon, decantation, etc.

15 The starting materials and intermediates for
the preparation of the compounds of the present
invention are commercially available or can be readily
prepared by other methods known in the literature.
References to specific literature procedures are cited

20 in the examples and listed following the example section
hereinbelow.

The following examples further illustrate the
preparation of the compounds of this invention. The
examples are provided for purposes of illustration only

25 and are not to be construed as limiting the scope of the
instant invention in any way. ' .

The terms and abbreviations used in the
instant examples have their normal meaning unless
otherwise designed.'for example, “HPLC” refers to high

30 performance liquid chromatography;"°C“ refers to
degrees Celsius; “mmol" refers to millimole; *g* refers
to gram; "L" refers to liter; *mL" means milliliter; *"M"
refers to molar or molarity; “eq.” means molar
equivalents.

35



-7- . Exarrple 1

1-(2[err] QS‘ Qgerr] 2[err]-difluoro-D-ribofuranosyl)-4- pCT/US9S/14864
am nopyri mdin-2-one hydrochloride 5
[err]-1-(2[err]-deoxy-2[err],2[err]-difluoro-3[err],5err]-di-O benzoyl -

D-ri bof uranosyl ) - 4-am nopyri m di n- 2-one (Q. 24 g, 0.51 mmmol, 1 eq.) .was
slurried in nethanol (7 nlL):then diethylamine (0.01 nL, 0.102 mmol, 0.2
eq.) was added. The mixture.-was 10 heated to 55[err]C for 2 hours and 20
m nut es. - To isol ate thgExmpdecty the mxture was filtered
and the filter was rinsed with isopropanol (3.5 nL). The fiItrate and
rinse were conbi ned ust e

concent r at ed hydrocﬂlgslcg% g I§EEiﬂ?r°'gfﬁ+%%£ﬁﬁﬁ%ﬁi§¥ d mnthln 1
to 2 mnutes. The m mnunepymimﬁ.aen 2toneechyatochborideperature for 2

hour s and filtered. The solid was washed with isopropyl al cohol (5
m.) then anth acetone ( . HPLC anaIyS|s showed the Jpotency of the
above product to be gre T%T %haQE@wVﬁ%ré%nr iglporo- -3 .5 -di-Rrbengudity of
the major Corﬁ’%ﬁfgrhé%ﬂlc re rence ¥y ARS8 e B2oRe! 90, éﬁdgbyoasbphﬁol

conparison with aut stan ards. The assay sanpl e
was pr epak R LY YASSHFTied in rethangle (oAl Ghesodietdylgpine 10 ny

to 15 ng of 1td 2d:?rxﬁﬂ. ABo02 AL, .R2ed. ) didsuaaded. 2Phe mixture was

-ri bof urangsyl nop dmJdin-2-0ne in nl, fl ask, then diluting
to vol umdow SR S BREs iy 20 RAgUERRel uant: A = 0. 05M
acetate at.pH of 5 0; Bre 1solatetthntpr¢ducﬁJ(nhezmxxunrelﬂisﬂﬂmﬁuamed.

El uant profil Se e ﬁﬁg I Or 45 tes

gradi ent 30 %oefrls'c;len%e Origlesrécﬁen ovegé%ga%oﬁ'ut(éssnhﬂr "fhﬁo

percent A 70fqab¢mﬂ and grinsernwane sonkinad ang aﬁnpgr:eént:o a pH of
"1.5 to 2.0 by adding concentrated hydrochloric acid (0.3

15 mL). A precipitate formed within 1 to 2 minutes. The
- mixture was then stirred at room temperature for 2 hours
and filtered. The solid was washed with isopropyl alcohol
(5 mL) then with acetone (5 mL). HPLC analysis showed the
potency of the above product to be greater than 99 percent.

20 - The identity of the major components of the
solution was characterized by a HPLC comparison with
authentic reference standards. The HPLC assay saﬁple was
prepared by placing 0.6-0.8 g of the reaction solution or
10 mg to 15 mg of 1-(2'-deoxy-2',2'-difluoro-D-

25 ribofuranosyl)-4-aminopyrimidin-2-one in a 50 mL flask,
then diluting to volume with water. The column was eluted
with eluant: A = 0.05M acetate at pH of 5.0; B =
acetonitrile; flow rate at 1.5 mL/minute. Eluant profile
is 97 percent A, 3 percent B hold for 5 minutes, gradient

30 to 30 percent A, 70 percent B over 10 minutes, hold at 30

~ percent A, 70 percent B for 5 minutes, return to 97 percent
A} 3 percent B over 2 minutes and hold for 13 minutes. The
column employed was a 25 cm Zorbax RxC8 column. The

~detector had a wavelength of 275 nm, the column flow rate
35 was 1.5 mL/minute and the injection volume was 10 p L.



A, 3 percent B over 2 mnutes and hold for 13 mnutes. The coldnn '
enploye3H$%@%@B 5 cm Zor bax RxC8 columm. The detectorpéfnkwyﬂ“ﬁuelength

of 275 olum flowrate 35 was 1.5 ni/mnute and the injection /,
volune was 10 [err] L. WO 96/ 18637 .
PCT/ US95/ 14864 ' - 8- - The
HPLC assay established retention ti mes~85 follows: a) cyt05|ne and
other inpurities, 2.4 to 2.6 m nutes; b)

err -1 -(2L er ] - dsoxad gupilo e ém-_famqrs@le& eetemrlaaoemes as

4-am nopyri m_di n- 2- one, t n1nuteg Lerré deoxy- _5

2[err], 2[ efolloms: UGQOCDFPFBBFUPQQOQ§ fr41ERPﬁb YR ni di A- Eoo%es to 7

ninutes dmilmertesi;c bdcioc1-A@* Pdebxywﬂnuﬂésdlélumrpzperupefuranosyl)-

d 2 f: L9~ 2Q¥%li—

deoxy- 2Ler W aiiopl o s 368 b 9lALaLLERIOSD BRI Reony:
benzoat®; 28. B'bdlflubrnrﬁurebpfandngyyﬂéPéfamadﬁpgrlmldiﬂ—z one, 6

deoxy- Z[Grr%a%[ghkht%bf'H@rB§§E8&E]aﬁLﬁrriodtoci?eHEHM£e£*répoiuifnosy') 4- .
am nopyri mi

Exanpl e 2 4goxy-2' ,2'-difluoro-3' or S'-mono-O-benzoyl-D-

1-(2[err]- Qq%&u%h%sgga[-ar-alnabbw@ma@ntnbeﬁaram@sub)w m:.nutes, £)

i |
?Q}pr{rkgﬂgt deoxy ;??? F uoPgtgfér ?dS?E ?]1dﬁ C)benzoyl-

D-ri boior adedwy)-24- 2m-ddfluoiodBn-, BJ edg-~ ()Obéﬁzgylenéﬂummhranosyl) -4-
aminopyrimidin-2-one, 19 to 20 mlnutes

'd_ _

15 _ 1-(2'-deoxy-2',2'-difluorp-D-ribqfuranosyl)-4—
aminopyrimidin-2-one hydrochloride

B-1-(2'-deoxy-2',2'-difluoro-3',5"~-di~0-benzoyl-
D-ribofuranosyl)-4-aminopyrimidin-2-one (0.24 g, 0.51 mmol,
20 1 eqg.) was slurried in methanol (7. mL) and propylamine
(0.0084 mL, 0.102 mmol, 0.2 eq.) was added The mixture
was heated to 55°C for 3 hours. _
To isolate the product, the mixture was filtered
the filter was rinsed with-isoprppanol (3.5 mL) and the
25 combined filtrate and rinse was adjusted to a pH of 1.5 to
2.0 by adding concentrated hydrochloric acid (0.3 mL). A
precipitate formed in 1 to 2 minutes. The mixture was then
stirred at 0°C to 5°C for 90 minutes and filtered. The
solid was washed with isopropyl_alcohol (5 mL) then with
30 acetone (5 mL). An HPLC analysis, carried out as described
in Example 1, showed the potency of the isolated solid to
be 98.9 percent.



go 1'eq.5 was slurried in nmethanol (7 nL) and propyl am ne (0.0084 ni,
. 102 mol . 0. .) was added. The m xture was heat ed per/obéstisaedsC f or
3. hours. Wo%?la%q To isolate the product, the mxture was filtered
the filter was rinsed with isopropanol (3.5 nmL) and the 25 conbined

filtrate and rinse was adjusted to a pH 05 1.5to0 2.0 by adding
concentrated hydrochloric acid (0.3 niL). precipitate formed in 1 to
2 mnutes. The mxture was then . stlrred at O[err]Cto 5[err]C for 90
mnutes and filtered. The " soli dpxagpd@shed with i sopropyl alcohol (5

gt) then with 30 acetone (5 mL). An HPLC analysis, carried out as
escri bed I n Exa h

be 98.9 percent. n'%v\[%g 2 Oﬁegzthgl &oezué:y Ortllgohfux'-asi%s%} e)d golid to
PCT/ US95/ 14864 aminopyrimidin-2-one hydroeHLorlde

Exanpl e 35 1-(2[err]-deoxy-2[err], 2[err]

-di fl uoro=D-ri bof urano one

BB o o B B el
hydrochl oride 5 (2' -degxy~ 31:éb[é#%ﬁlu°r0 -di enzoyl
- deoxy-2[ err]p. f%éﬂufaﬂ3§§QDQ43Eﬁﬁhbp§kgh1hiﬂL2Cbﬁ@”%@ﬁtalned from

D-ri bof uranosyl am nopyri ni di n-2-onhe btaln d fro reacti on
3.836'g of 2-%Ras&ion nfyi¥.83& & 9i52106eMYo¢ 2-difluoro-3,5- dfSenzoyt-

D- ri bof ur anogylripdmizRatasul-fcarichahdst lFonakeand . 20mfiol) 18nd (2800 ngrol )  of
20503 s CREH et} pf cPrcBiHl as acdRibed' 18 eRE phEBRE " MO
Application Publication No. 577,303) was slurried in
methanol (54 mL). The mixture was héated to 50°C with
stirring and adjusted to a pH of 10 by adding diethylamine
(0.3 mL, 2.9 mmol, 0.34 eg.). The stirring continued and
15 the mixture was heated to 55°C to 60°C for 14 hours.
To isolate the product, decolorizing charcoal
(0.17 g) and isopropyl alcohol (40 mL) were added and the
mixture was stirred at 20°C to 25°C for 1 hour. The
mixture was cooled to 0°C to 5°C, stirred for 30 minutes,
20 then filtered through a pad of filter aid. The filter cake
was washed with isopropyl alcohol (14 mL). The combined
filtrate was adjusted to a pH of 1.5 to 1.8 by adding
concentrated hydrochloric acid (0.95 mL). A precipitate
'formed and the mixture was stirred at 0°C to 5°C for 2
25 hours then filtered. The solid was washed with isopropyl
alcohol (2 x 15 mL) then with acetone (1 x 15 mL). &An HPLC
analysis, carrled out as described in Example 1, showed the
potency of the isolated solid to be 99.4 percent. The
overall yvield of the product was 57.6 weight percent (based
30 on mesylate). '



met hanol (54 nL). The mi xture was heated to 50[err]C with sfirring éhd

adj usted to H of 10 by addi ng di et hyl am ne (0.3 nmL 9§§§#“ 0.34
eq.). fg{&%{‘?ﬂgi ng continued and 15 the m xture was heatlé Itug 55[err]Cto
60[err] C for 14 hours. To isolate the product, decolorizing
char coal (0.17 g) and isopropyl alcohol (40 nmL) were added and the

m xture was stirred at 20[err]Cto ZSI%QT]C for 1 hour. The m xture -
was cooled to O[err]Cto 5[err]C, stirred for 30 mnutes, 20 then filtered

through a pad of filter aid. The ?&Pﬁﬂﬂgggke was washed with isopropyl
al cohol (14 nL). The conbi ned ITtrate was adjusted to a pHof 1.5 to

1.8 by adding concent rat ed hydrpghloric acjd:é$.95 m). A precipitate
formed and the nixtdr sORAEYSE( rfeaddtlepretRrieBiranqsy¥lsi42 25 hours

then filtered. The sohmindpgrinmiaen-1ubdie i pdtedhloride al cohol (2 x 15 nl)
t hen m%th.acetone (1 x 15-M). An HPLC analysis, carried out as -
described in Exanple 1, showed the potency of the isolated solid to be

99. 4 percent. The B-Tbved 'xtdepmidf &' Gid lnozerdt’ \dsds70sbgargHL ~per cent
(based 30 . A - k80334 _ a . -
PCT/USQSIfﬁ%@iﬁﬁﬂw#ﬁéﬁ?l) 4 amlndﬂgigﬁﬁa§ﬁ %-one (2.58 9. 5.48 mmol)
Exanpl e 4 was slurried in methanol (56 mL). The mixture was heated

1- (2[ err] e qorc2ker ub*@[ Qith- St itHORe-Sha i RE UPRNREYSEda o 10 by
am nopy i M Q42 A LAY 9% ®ae> 0.97 mmol, 0.2 eq.). The
stirring continued and the mixture was heated to 50°C to
60°C for 6.5 hours. The mixture wasfthen stirred at 20-
25°C overnight (15 hours). S -
To isolate the product, decolorizing charcoal

15 (0.2 g) and isopropyl alcohol'(42 mL) were added and the
mixture was. stirred at room temperature for 1 hour.' The
mixture was filtered through a pad of filter aid and the
filter cake was Washed with isopropylzalcohol (14 mL).
Methanol was added to the combined filtrate to adjust the

20 total volume of solution to 112 mL. The solution was then
divided into two equal volumes. One solution was adjusted
to a pH of 1.5 and the other adjusted to a pH of 2.5 by
adding concentrated hydrochloric acid. Both solutions were
cooled to 0°C to 5°C, stirred for 2 hours, then filtered.

25 The solid filter cake from each solution was washed with
isopropyl alcohol (5 mL) then with acetone (5 mL). After
drying, a product yield of 89.6 weight percent from the 1.5
pH solution and 82.8 weight percent from the 2.5 pH
solution was obtained. 'An HPLC analysis, carried out as

30 described in Example 1, showed the product potency of the
material obtained at pH of 1.5 to be 99.1%; the potency of
the material obtained at pH 2.5 was 99.6%. '



[ferr]-1-(2[err]-deoxy- 2[err],2[err]-difluoro-3[err],5[err]-di-O benzoyl -
Dri bofuran&,mg% am nopyri md| n-2-one (2.58 g, 5. 48 Mol )  pCT/OS9E14864
surrledl 3 (56 nmL). The m xture was heated to 40[err]Cto
45[err]C with stirring and the pH adjusted to 10 by 10 adding diethylam ne
(0.1 m, 0.97 mmol, 0.2 eq.). The stlﬂ6| ng continued and the m xture
was heated to 50[err]Cto 60[err]C for 5 hours. The m xture was then
stirred at 20- 25C overnight (15 hours). : To isolate the
product, decol orizing charcoal 15 (OE&agbj.?M i sopropyl al cohol (42 niL)
wer e added and the m xture was stirre roomterrperature for 1 hour.
The. m xture was fil dthr ug of filt dandthe filter
cake was washed withl |§é ojf:on?gﬁu% -D-ri IF?é"rﬂﬂY]\R/aé “added to
the conbined filtrate to ad;nﬂﬁbpyhﬂnmln{mmewwmhﬁomcdmtl on to 112 ni.
The sol uti gn vas t hen di vided into two equal vol unes. one sol uti on was
adj ust ed to a pH of é.S and t he ot her_ ad] stedtoapHof

addi ng concentrated hydr & Qa2 'B& Ir HAWoreTs 'wer's 1'°°PSBF@81t‘o
O[err]Cto 5[ e fyQrg - Lhl e I

filter cake ff%rﬁ]l(ceﬁao dpsslllcgn 4wa%gﬁ\%§ gé'hliaeﬁ 2 Bﬁ%sggrgg ? a c% OIPIQ?S m.)
then with acetwsfe qlslmedmaethano(}r W’ngL) acpnsadaingi 8} 83 orL89. 6 wei ght

parcent fer{n tdiethyd atﬂmeoHc?S@thmn a0d58%q&1we')ghtTﬁerﬁe?Euféggaé he 2.5
p sol yti Qqn was_o Si s ri ed out as .

descri bed?® %}&ﬁ&ﬁde ai.,d} gﬁe pY’bgﬁcFXbBFéﬂ%y BF PhROUTS. mieri al

obt ai ned at pH of 1.5 tordﬂaélﬂlélﬂé thee madinty, ahe mixtheenwaer cabledt ai ned

gtCT/ USSS?lngZ 4'? 9- r6o8m temper\éQu%@ %%gsz.sopropyl alcohol (7 mL) was added

The pH of the mixture was adjusted to pH 1.5 by adding
concentrated hydrochloric acid (0.30 mL). After ‘stirring
15 for 2-3 minutes, a precipitate formed. The stirring
" continued for 1 hour at 0°C to 5°C; the mixture was then
filtered. The vield of the product (0.15 g) formed was 98
weight percent. |



-11- Exanpl e 5

1-(2[ er 4o %Z[err] 2 -difluoro-Dribofuranosyl)-4- PCT/US95/14864
am nopyril drochloride 5

[err]-1-(2[err]-deoxy-2[err],2[err]-difluoro-3[err],5 err]-di-0O benzoyl -

D-r|bofuran uﬂﬂ di n- 2-one.,(0.24 g, 0.51 mol) was.

slurried i n ﬂ"qmﬂ””npont ai ni ngi& 03 nL di et hyl am ne (0. 26 mml
xt

0.5 equiv.). Thé ni ré wds 10 heated to 50[err]C to 60[err]C with

stirring for 6 haurs. To isolate the product, the m xture
was cool ed 1alif;Foom tenperature and isopropyl alcohol (7 nL) was added.
The pH of ghe mXxture was adjusted to pH 1.5 by adding concentrated

hydrochloric acid (0.30 nL). After stirring 15 for 2-3 mnutes, a
precipitate forned. fhe ShLbEbEGss fOEOBEgBHFgR§O§e% ﬁé Oferr]Cto
e

5[err]C the _m xture, was product (0.15
g) forrmed hgdrogh 101’1%%%% QmEpRises: WO 98/ 1_8637
PCT/ US95/ 14864 - al) cl dielmlocking B-1-(2‘'-deoxy-2',2"'-

difluoro-3',5'-di-0O-benzoyl-D-ribofuranosyl) -4-
aminopyrimidin-2-one with a catalytic amount of an
alkylamine in the presence of methanol or ethanol in
10 an environment essentially free of water; |
b) treating the resulting solution with
hydrochloric acid and an antisolvent; and
c) recovering the resulting solld
: . gemcitabine hydrochlorlde.
15 2. The process of Claim 1 wherein the
alkylamine is diethylamine.

3. The process of Claim 1 whereln the solvent
of step (a) is methanol.

4. The process of Claim 3 whereln the

20 antisolvent of step (b) is selected from acetone,
acetonitrile, tetrahydrofuran, propanol, butanol,
isobutanol, sec-butancl, and isopropanol.

5. The process of Claim 4 wherein the
~antisolvent is isopropanol.

25 6. The process of Claim 5 wherein the ratio of
methanol to isopropanol is 1:1.

7. The prodess of Claim 3 wherein 15-25 mL of
methanol is used per gram of B-l-(Z'-deoxy-Z',2'-difluoro-
3+,51-di-0O-benzoyl-D-ribofuranosyl) -4-aminopyrimidin-2-one.

30 8. The process of Claim 7 wherein 20 mL of
. methanol is used per gram of B-1-(2'-deoxy-2',2'-difluoro-
3*,5'-di-0O-benzoyl-D-ribofuranosyl)-4-aminopyrimidin-2-one.

9. The process of Claim 1 wherein the B-1-(2'-
deoxy-2',2'-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl) -4-

35 aminopyrimidin-2-one is generated in situ from 2-deoxy-2,2-
difluoro-3,5-dibenzoyl-D-ribofuranosyl-l-methanesulfonate
and cytosine.



T A prbcess for preparing gentitabine 5 hydrochloride which conprises:
a) debl ocki n err]-1-(2[err]-deoxy-2[err],2[err]- S05/14864
di f I uor o- SYV@r’Fﬁ'%[ Yerr]-di - O benzoyl - D-ri bof ur anosyl ) - 4- PCT/USS5N

e wth a catalytic amunt of an al kyl am ne in
Jvmﬂﬁ(ﬂesence of met hanol" or ethanol in 10 an environnment essentially

m”""“""l”lﬂrochl oric acid andbz;m _ajtr?rfgf): ani hea:]gsul ting solution
recovering the.resy ti 'ﬁ&}]esgfo%esr? of Clalﬁegthﬁ@{’éﬂﬁ' f%lgie(g’ﬁxﬂ:. ¢ de. 15

: The process of daimil amne 1s am ne.
3. The proceshapplcligi usedvber egriamhef sdtdeomy- 2 2- Qﬂffmﬁ‘@a)s

met hanol . diben oyg. D-rlﬂofurzﬁégﬁiofeﬁétﬁnélﬂm&ﬁ@ere' n'the 20
antisolvent of step (b) .is selected from_ac cetonitrile,

t et rahydrofuran, pr opar;Hi e mzocess o gB&f“a?rel “mgﬁﬁlﬂu?lé?\ol and

i sopropangl . antisolvent is 1s5prop§h61process of Claim4 wherein the

anti solvent is isopropgnol. he ces f m 5
wherein the ratio of 12 t’ﬁ%ar%‘:& 585 8fr E&S‘r‘rﬁ‘l 1;[ WEQ’I&S En€'rét 8 7
The process off flethandlwber ésoptdpabolblisfapproxindtely li:sl.used per gram of

[err]-1-(2[err]-deoxy- Zﬂfrr]&%r?ge]ssd'ffolz“%?égarl emcitabine

3[err],5[err]-di-0O benzoyl - ur anosy opyrimdi n-2-aone.

8.  The pro §é‘°@hlelréﬂﬁ1 subRtaBtharly n@s gperel e slesar ibedy WﬂéP gram
of [err]18- ( HeFerkndeoxy: ahgr bk, 2her ekaspissor o-

3[err],5[err]-di-0O benzoyl -Dri bofuranosyl)-4-am nopyri m di n-2-one.

9. The process of Caim1 wherein the [err]-1-(2[err]-

deoxy-2[err], 2[err]-difluoro- 3[err], S[err]-di-0Obenzoyl -D-ri bofuranosyl) - 4-
35 am nopyri mdin-2-one is generat ed in situ from 2-deoxy- 2, 2- .
di f | uoro- 3, 5-di benzoyl - D-ri bof ur anosyl - | - net hanesul f onat e and cytosi ne.
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VI 96/18634_8961 (peT PCT/ US Mé '
- 13- ( ) . The process of . Clairm9 wherei glzl_&'o#‘\PR 1996
t hanol is used per gran1of 2- deoXy- 2, 2-di fl uoro- 3, 5-

di benzoyl - D-ri bof ur anosyl - 1- met hanesul f onat e. 11. The process
of Claim 10 wherein the 5 antisol vent -i1s- i sopropanol . 12. The
process of Caim1ll-wherein the ratio of methanol to isopropanol is
approximately 1:1. 13. A process for preparing gentitabine
hydrochl ori de substantially as herei nbefore described with 10 reference to
any of the exanpl es. TITLE

PROCESS FOR PREPARING 1-(2'-DEOXY-2',2'-DIFLUORO-D-
5 RIBOFURANOSYL ) -4-AMINOPYRIMIDIN-2-ONE HYDROCHLORIDE

BACKGROUND ART

1-(2'-Deoxy-2',2'~difluoro-D-ribofuranosyl)-4-
10 aminopyrimidin-2-one hydrochloride (also known as 2’-deoxy-
2',2’'-difluorocytidine hydrochloride or gemcitabine
s hydrochloride - see Formula I) is one of a series of 2'-
' deoxy-2’,2'-difluoronucleosides known in the art. Such
- compounds are disclosed and taught to have antiviral .

15 activity in U.S. Patents No. 4,526,988 and 4,808,614.
European Patent Application Publication 184,365 teaches
that these same difluoronucleoside agents have oncolytic
activity. Gemcitabine hydrochloride is undergoing clinical
evaluation to determine its usefulness as a treatment for a

20 variety of cancers, such as pancreatic cancer.

NH>
*HC1
- | N? I
0¢i\‘N
HO '
0 (I)
F
HO F

The synthesis of gemcitabine is a multi-step
25 process - see U.S. Patents No. 4,526,988, 4,808, 614, and
5,223,608 and European Patent Appllcatlon Publlcatlons'

577,303, 577,304, and 587,364. -Most of these synthetic
routes go through the penultimate intermediate P-1-(2'-

AMENDED SHEET



