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A (hereinafter, "azalide(s)") that are useful as antibacteri
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adni ni st éting the novel comounds%ﬁ%@mm processes to
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antibiotics, the macrolide compounds of the present invention possess potent activity against
various bacterial infections and protozoa infections as described below.

The production of the subject azalides at commercial scale has presented several
difficulties, including, but not limited to, poor yields and instability of some synthetic
25 intermediates, as well as the presence of undesirable impurities.



.

"R8 is C1-Cl10 al kyl; and R15 is Hor Cl1-Cl10 alkyl. In a preferred enbodi nent

of the process, R8 is propyl and R15 is H I'n a particularly 1 preferred

- enmbodinent, R8 is n-propyl and R15 is H 1% In a particularly preferred
.enbodi nent) the organic solvent is isopropanol. -3 In another preferred

enbodi ment, the invention relates to a process for preparing a conpound of
the formula 1 a or a pharmaceutically acceptable salt thereof, ."" HO CH

o ST HONG L O ey of HeddvAmon .- HO —=-= O
5 by reacting a conpound of formula 2z W -tpropy. e in an organic
sol vent conpri si ng 'iNEBFSE yention fiatesIp A Pracess faLRreRaFR0 7 corpraupd eidheigrmula 1 4
tenperature of at |east about 40CH In a particularly preferred enbodi nent
t hereof, the organic solvent is i opanol. It is to be noted that the
terns "solution"” and "m xture" ' erei Ny unl ess ot herw se indi cated,
are used interchangeably wt onbhe gtate of dispersion of the
10 conponents thereof. The phrase morgpnic s ent conprising isopropanol”
as used herein, unless otherwseg ndicat S a non-aqueous sol vent or
m xture of non-aqueous sol vents, efein at pedst onelsolvent is
i sopropanol . In this applicatio®, e Oerm "conpound of formula 1" includes
both the conpound of formula 1 and®t onpound of formula 1 a. The
compound of formula 1 a is a particu /wpreferred enbodi ment of the
conpound of fornmula 15 1) to which .ahk, t he enbodi nents and preferred
enbodi nents of the processes descri ’ﬂiﬁepé"l n apply. In an enbodi nent of
the processes described herein) the tenperature is |ess than about 95C, and
in a preferred enbodi nent thereof, the tenperature is | ess than about 80C.
In a nore prePeR PRAIMBTAYEFHIhRATEPiER palidhereqf yhighopRFsESUr e i s from about 50C
to about 576C. 20 | meaatingee dompolraydfyoripuleer red enbodi ment t hereof, the
tenperature is fromabout 50C to abgut 55C. In a preferred enbodi ment of
t he processes described herein, theN+eaction is carried out at about
at nospheric pressure. In this appkcatiyoi, the term "atnospheric pressure"
means a pressure within the noH ange,Of it tebﬁ_gl ogi ¢ at nospheric
pressure for a particular 25 al te

Pre;

"l e T-hegpterm "el evated pressure”
means a pressure above at nosphegd ot her, enbodi nent of the
processes described herein, the regctipn is caxried out at el evat ed
pressure. |In another enbodi nent @ “igvention\ triethylam ne may be
present in addition to isopropanol

addition to applicants' preferred
embodi ments, the reaction of the conpddndjof formula 2 with an amne to
produce the conpound of formula 1_ has N successfully performed in
sol vents other than those conprising isdpr@panol. Accordingly, this
invention also relates to a nethod for %repari ng a conpound of formula 1 by
reacting a conpound of 5 formula 2 with an am ne of the fornmula HNRBR~ 5,

in an organi cygRby&hhe ofhEfofthia f—lhﬂaﬁm,Woréﬁic%ﬂv@ﬁttc&qprﬁsﬁrﬂﬂép%%ﬂ;oup

consi sting of benzyl alcohol, acetone, neth |ISObUt%/| ket one, ~ DIVBO,
t-butanol, n-but andfereitheEaMHanFIcatRL put aba temperatyre gt 2t (RpREbIUAOIF, and
conbi nati ons t her eghereinherein the reaction is carried out at a tenperature
of at legst about 4QC. Lhﬁ geaction may be carried out at el evated
pressures, but is FEHNRYR Carried out at about 10 at nospheri c pressure.
In a further embodigent thepepf  the reaction is accelerated by the
addition of a cat aFytl ¢! g?ﬂ)ﬂﬁ{? ang a Lewis acid. In an enbodi nent thereof,
the Lewis acid is ngq.g@rrgré%cgmy@s magnesi um br om de, potassi um i odi de,
|'i thi um perchl orate, nmagnesium perchlorate, lithiumtetrafl uoroborate,
pyri di ni um hydr ochirog preferredémboainienbofttyd provess, RFE pegiidad R afteriablpgriciiagy
Lewis acid is magnesi um br onigde. )

preferred embodiment, R® is n-propyl and R19is H.

15 In a particularly preferred embodiment, the organic solvent is isopropanol.



15 In an enbodi nent of the processes described herein, the nolar anount of
amne is at |east about five tines the nolar anount of the conpound of
.formula 2. In another enbodi nent of the pr&cesses described herein, the
concentration of amne in isopropanol is at |least about 5 nolal. In a
particularly preferred enbodi nent, the concentration of npropylamne is
approximately 6 - 7 nolal in isopropanol. 20 In an enbodi nent of the above
processes, the conmpound of forrmula 2 is reacted with the am ne for at |east
about 24 hours. In a referred enmbodi nent thereof, the nolar unt of the
anmine is at |east dh8 "“r.Prféeftqdrrg'gw'ﬁeﬂh{neawveatmdﬁtateaﬁ°?W&)ce beffReAHe 2
formul a 2 and coipoundspibe fodimolé 18 or aphaemaceuticallyeaccémablensdititherdot am ne for at

| east about 24 hours. In a nore prqjerred enbodi ment thereof, the
tenperature is fromabout 50C to a 80C. In a still 25 nore preferred
enbodi nent thereof, the nolar a “the am ne is about twenty tines the

nol ar anmount of the conpound oflOof oxyrul Hthe concentration of amne in

i sopropanol is about 6 nolal, ag cdmpou of formula 2 is reacted with
the am ne for at |east about 24, exature of from about 50C to
about 55C. Anot her enbodi nent of the e d scrrt")ed herein further

conprises 30 crystallizing the f f or mof \t he conpound of formula 1.
In an enbodi ment, the free base for of t he conpound of fornula 1 is
crystallized froman agueous sol vent xtyre. In a preferred enbodi nent
thereof, the aqueous solvent mxture, i"ses water and a nonaqueous

sol vent selected fromthe group consrﬁb' ©@of nethanol, ethanol,

i sopropanol and acetone. In another e ﬁ iment the free base form of the
compound of forrmula 1 is 35 crystallize rom an organi c (Cg-C~ 0)al kane
solvent or m xture of such organic al kane{solvents. In a preferred

enbodi nent thereof, the conpound of fornmula 1 is crystallized by heating

t he conpound together wi th the al kane solvent followed by cooling to effect

crystalligzation. : r 0

(Cg-C~0) a E\zkane sol \rl}éq?&rt'ﬁé gefﬁg)togﬁg)? P HIE Ztane oém%ﬁ{ﬁg?reernggp fgan olventbI y
hept ane. | n aSeTPEINIdIPREARRMRS Thereisthe reast'qregerrr'trbwt Bed &ﬁWPetaFwée Pfr%@abta?é’@mi S
prepared from4efre. #Cd shriRdidHy br@fbrr&dlbrﬁ'rb&fmérhQreﬁ‘ébﬂmbﬁgian%fsofv@rﬂtr&lkébrobanélt isto

be understood that “al kan notc—ti%s }hgfs 4 8 ten Sl ndi |55 S‘m%urée'gﬁ? ?relg %eés

i ncl udes sat urat ed nbnoval en droc ons havi n PES
br anched noi etotheswisegpdiggited; areeeedt h&ﬁf@@ﬂgeaglylwrh@trqgatmrth@wedt qlmmsmfofthee

processefy des %maﬁentb@rreeédr TRE pﬁr%‘sél @gatrct sowant ngﬁg Isbﬁtoﬁéhﬁp%' rageopﬁerem
formula 1 is pre h a solution

db ti
Lommrt i g on SRR o, e Det: 2 BT fenl B ngiipatl BorRaERnt
t hereof , the aoclvehtswherein@hleast oneldelvent is isoprophndl.i iprthis epplication.rfge tefre “eoppendnd

of formila 1 g Srincildes aotrmreeconrpeurﬁrcrf%tmerah%u Weontphsrrde&tommaqa&ﬁred i's
phosphoric acid, L- ég{j}oarr c,acid or di tartarr c acid

ot cul ar 1y GPEPERY BHOBTHA U8 oA PO Yoo ot e SO LT | 1
anot her tfore pr tofvwhicheall of tioemraimbentshandewreferredh embadients ofctberprocesses dedeevas .

I'n another pretgivp ?‘ enbodi ment thereof, the above processes further
conprise isolating he acid addition salt of the conmpound of formula 1.

an enbodi nent, t he pbemediBer of te; Rergsins destibgd (S‘E’I%‘ethé teHRgsBIedS &ssft'(‘.ﬁ‘hul a
1 15 which is aacbut PEEs andiib Wpriereed embodimentthereafthy teripetatias s 1BSLtharuabout 803d.

most pref er ably, ghyd ﬁ@f@heogéra/ﬁo%w%t thlereloPWetthﬁyeerrure ik %ml%[b%t 5?"& fout e

i nvention pro Lee Il e suitable
for use # thé é@ﬁ"ﬂ‘i&tﬁﬁ‘u Pferregrampodiment tﬁefﬁﬁfethﬁrt@BBﬁf@Ft‘iedﬁ f’@’f‘ aPB‘ﬂr?QT%tq #Hedt f or
parenteral admggig.stration. The requirenents of parenteral fornulations are
wel | - known in the X [ I i ! |

ol ut i on. and 201 3 by erBESERY P PR e dkieh beltod Rl Relcepfonts SRS "
(see, Reni n4t out S almyhatmesretic prassust inthis @gplicatieokthetgmmi’ @mpwe&mwnse meaRs on,

Pa., 18th Edi ta fEssulcmthiti Pe reelnar(r Oaf m&@&@ngr&%sﬂ;ﬁ&Q préd%ur%r\@lt 8 Yarticular
preferre errbo nt t her eof processe e treating

Phe aci i ERAE o U5 S5 o Ba GrRial mg.A Piassurd e FiiBherE preselid

m xt ure of watreendier gmbodimaningfotheprasessee rescrived yieeingd theheeattiopds Ivamied fogt at of
the conpound @fevit&d prbésirel - In Ianotﬁerrmru%d.ﬁreﬁt&rtr@ﬂv&h&pdr.éw&mmﬁéﬁeé pretéh@ .rbase
is a dibasic carbonate salt, and in a particularly preferred enbodi nent

the dibasic c3PHIRAT BRI 5 ot assi um carbonate. | n another nore
preferred enbodi nent thereof, the nonpolar solvent is dichloronethane. In
still another enbodi nent, the process further conprises crystallization of
the free base formof the 30 conpound of forrmula 1 as descri bed above, and
the further enbodinents relating thereto which are described above. This
|nvent| on aI SO reI at es to a process. for preparr ng a corrpound of for mula 2

o . o o Y



(c) deprotecting the product of step (b) to yield t he conpound of fornula
2; wherein R4 is a hydroxy-protecting group.” In an enbodinent, the above

- process further conprises isolation of thed4conmpound of formila 2. In a
preferred enbodi nent thereof, the conpound of fornula 2 is isolated in the
10 formof a hydrate, nore preferably, t he nonohydrate. In an enbodi nent
thereof, the water content is determ ned by the Karl-Fischer nethod. In an

enbodi nent t her eof ’|nt438|tuécip’ 5”;}8 s’ Bn*é?eﬁ’e&"’eﬁbeénﬂgﬁté‘ tﬂé )f‘éawc{?'n &Qﬁ'é @?rﬂbdﬁgd Lpe

conmpound of forrmula 2 an ent or solvent

acet one, acet dABIUREZSN 3t ambrdP r%?ﬁ“ﬁﬁ@%ﬁﬁ“ﬂﬂ?ﬂ#ﬁﬁ&ﬁ‘!‘ﬂﬁel h?ﬁw b@ﬁ“h@#CCGSSfU"Y
enbodi ment s, ltﬂwomwmp@uaderms‘ oth@TthaH thosk tdinprising &bpdﬂ.ﬁm | AccoRirly this ilﬁadnhon
L-tartrate sa Vi rtrate sal T nven |on rel at

t he nmonohydr atatésoorfe |ag'e§et98t§r? e%anflc)f FP?'; 89 RGPIPYNd, i formf)'? éfbé(rr?% ge?rﬁ%’ﬁ?%@ﬁt of
t he aboves pr ogessua Réith &n hanneyu msmmbWBRW in 8N erighit sweaf aheem therBehbinfrent

of the above R ( t m
about -80C to %bo@? 2 A@é H?O&%’r# %o%%o g)f bg%I c?r@rlit §c hyhsoét# egc?&
the free base DMP@ tdutanplen-byansh Wikeprebylebenra mixtige pfsM'bBEap'mléMF.fanémlablnaiiohsj

addi tion salt tﬁéreéfhewr@emmansac%n fsCHaFﬂéH%uBat d Renfpefdié of 5tadas¢m9aﬁl4a@t The
t hereof, the aci addi ti on fl uoroacetjc jtion salt. In

ot her _enbod: maRSob ey e S0 b b SBUE PrepTEs D IRIFEPY Fodip oo dhnut
conpound1®f f catmudpher® presserel do tacfdrtiier @mbadichetitetharegf] thB-réaxtion it azcderbted by the

L-tartrate saldqqitey ofaa REARL BAbSNt %@é LewJ Q&d afni Al ﬁoam%ttthé}gofstﬁg f.éw@fam& ky

conpounds di scl osed herei’'n are read q;é are conventi onal neans.
an enbodi nent r@ﬁ‘geﬂhéucﬁb?ﬁ/@a%@@sgmmt e Pet sf"’(?i’hl rﬂé‘f‘h‘ﬂﬂ Perehlorate, mag”es'“m
di met hyl sul f orpetanioratd, ithiumcketrafluoroborpte efyeidiniedh hgarbcrdoride,ndr tdtlabutgamhmbiiiem iodide.

di met hyl sul f orj, &gpag@ttﬁg‘:lévggadlélsg{asﬁ&guggbrp%dgeact| ng a trimethyl sul fonium

hal i de or sul fonat 8‘? na nore preferred 7.
enbodi nef® t her eof )In 8" eMPedirpeny e ProrRsass dearribge herging the molapamewit plamine is at

preferably trigast hjzsbmuﬁvbonhwrtrbr fnidiatl amduht aﬂ(ﬂiehe&m;ﬂmh@ dIr fokmeud ed leraa.eahbnent
ther EOf the t I’ I H&X 0§ 't”e h@escrq:t%ﬁ hgre ngceMratIO{'I IOC%P@% Flf)g%lr()&agﬁrjse d

an inert organlc sol'vent o u es ereor IR R par

enbodi ment t heat degst abawe ﬁrféfP'@' b‘r gepsrtisulsdy preferred 39"5)0@!119@% e censknteation ofwni ch
I's nmost pref erp?gﬁynénﬁr@t.ggdpy&rnm‘tw@m mifal iRt isepropaHot Of tetrahydrofuran and

di chl or oget hane. an e rises ¢

hydr ogenat i on V\/ner gb(ﬁ'é ﬂ%%(?@é(? Er S;};es c&"}??‘ﬂ?deq? %%Xléé%ﬁiaﬁ%qﬁ"th

t hereof, the di#t @mrystor Bbeast Reouh g4 hageniatd pefeired embadimhend ihereot dveboolarcamauny st .

I'n a particul aflng il i8 bl 1885t 8HR e Rits)thd R@Iapﬁh&ﬁ%ﬂﬁé E@ﬁse;and moﬁﬁﬁ@i w i s
10% Pd/ C (Johnson Va ment oOf ep

(]
(). the broddie SpPouL ey ra & deriieg vt e doee e oot 2 gy n @ mors
hydr ogenat i on,preferesideanatiotipneni théreefitine neropardtonerisifrem abolt G0TCh tonakohta805C. i a still

further fsfbod'nﬁmgbpefew@emm th@feoﬁttr?eomélg')arﬂo%nttcyfﬂ'ﬁ .ms & Bbit hheénty tndadhd D

prior to hydrogenation. Suitable sol'vents for enatlon process are
acet one, et hy|MoRAMPURY of fng-comppppd of BB?'%gaWGI“"‘&"H%tFPBI SAtneniatispRApencl js 15
pref erred sol \aboit 6insolalcarid dmeecomphurgd of fiarsuntai 208 reakted witke thatamting for atheast about 24

2'-b I ° H,. ~OH~~," ORN., ,
O.' ,e,nz% ??ycq’??@?ﬁ t(%gpg'taﬁﬁé&%ﬁ’%@%% 4oci”bgm 5(?r)’rnd_|tot| ng step (c) of the

above processes. THSthem\asediBgnt &f athes Pf%‘re%?eﬁr glessghedr d\ereﬂ‘r &pier nepnaprises
conpound3mf f erysialiging the fidei@sérdrm @fithe, compoliidN\of formula, ) In 43 embodiment, the free

base form of the compound of formula 1 is crystallized from an agueous solvent mixture. In a
preferred embodiment thereof, the aqueous solvent mixture comprises water and a non-
aqueous solvent selected from the group consisting of methanol, ethanol, isopropanol and
acetone. In another embodiment the free base form of the compound of formula 1 is
35 crystallized from an organic (Cg-Cqg)alkane solvent or mixture of such organic alkane

solvents. In a preferred embodiment thereof, the compound of formula 1 is crystallized by
heating the compound together with the alkane solvent followed by cooling to effect
crystallization. In a preferred embodiment thereof, the organic (Cg-Cqg)alkane solvent is

selected from heptane or octane, most preferably heptane. In another embodiment, as



30l~000,,,,, 0O 20 8 by oxi dation of the C 4" hydroxy group of

a conpound of formula 4 HN"", HO_ OH(,, OH""~ ORS" S ey s @)

..', 040,,, 000,,,,, 4 OH wherein R45i s a hydr oxy protectlng group.
In an enbodi ment, the oxidation is perforned by addi ng di nethy/sul foxi de

("DVBO') 5 to a solution conprising the conpound of formula 4 and a

sol vent, cooling the m xture to about -70C, and then adding trifluoroacetic

anhydride, f oldeeaméd BYlowROslL tfrleg Bagdf .staréﬁéaym%ﬁl%md Ia@d.@&nh@ant S iRP Edrphé of t he
DMSO i s activated usi 833 oxa y

X et byl 1|y ek 0 & SotaRBod st akaie' 3 S3pg et s otpgrvise cated
anhydri de. | n imclddes siterated miomdvalent hydrévarbend havidgestriaightp eyciid oir rarichedrmioiatias, ned
bet ween -70C %%ure@%@re%ﬁ” ng the 10 addition of trifluoroacetic anhydride.

| n anot her enbo ereof, the solvent is dichloronmethane. A particul ar
advant ageS of the aU@)\?éurﬂTebé@é%d'm%"ttoﬁﬁ‘el iocepses dgsaripederein. YT aqihetdition seltef

presence of thge édhﬂﬁbﬂ\d’léf férruRMok pre‘ﬁ@bﬁby &&é!lhé&etd&&p&ﬁﬁrﬁﬂfdrrﬁlﬁla @fwuh Rfsdlutiér es
typically encountere | nvol.

T o LA B A o S o DB TR O 4 e BRSbo Platebt R 1
I n an enbodi nmealutiont i @ddddde @ solutioresanpfising ﬂ‘@rcomomndlowxmulsdlammwagpram aoioe

addi tion salt &éfeﬁéaeeremmn%e%f frod abil 3 §hosbﬁbr@ ééfdef_ﬁ‘érfaﬁé' a@lHtHPQﬁHEﬁ:EB bhe
acid addition salt rate

act o ad0l L1 On Sk P S BBt lhreoh 1 e B %spﬁvf&aé?s % or

prepari ng the anhothéd moreogrefetred eabodimerttcthéreafn treasdiveof ccanpmcmelhawbl ofinfamotmat a 3
whi ch i t - t
I'ch conpri S??eférFe%a%du% irhd 1550 Ot datfdle TP cgég g drtfd (cBm gué Is\é\ﬁﬁ(n‘raafhﬁ éF%ﬁd e

acid; and 20 stall1zing the resultin |t|on S el n
a hydr oxy- pr otaéé'i"?"rﬁj'tgfrtbﬁ5°m9%"%1°f59‘81“@r -ed embodi ment of the above process,
R4 is benzyl oxycar bmayémbddnnamoﬁd’lﬁbcq%&fde&dfrtbdd Rerbin gracy a edmpobed elieniela 1

process: e il i2ahdct 80y Sakd. mof SERHT'4 LG bshe AR HRRIAPAA a2t e

still ano her preferre I OCESS,
salt is cryst &8 pusel iy RAMiIcHIafthe proeesses ﬁ%ﬂ‘ﬁwvéﬁ@"cﬂﬁqdﬁﬁq aé’OQHQP"ﬁelf figrmula 1
tert-butyl et mamng & hpritl Mordfle I U6 @dri USe B tHé cAfHfoldOSF forfHulas1 ww@f@drdﬂyn bhe

processes of Qr{'n%lahmﬁ tda? nt&gleadrr}\mstrep r Ceerléat'n e?hlelnt\é o?%%r%RtefaaP o?rhulatfons are,

provi de excellent puri 'OR BNd '5ta
and transport wsii-kagysy @pthea@@ gaarewcwgomtpeﬁtvaw pralk h@’ﬂ@@rﬁi’er oi %ﬂlUtlon and

prepar at pn Offorﬁﬂmlffard&eﬁ]fty BAd el @iminatibm oﬁ@yr@ﬁ@@dﬂs@@ MBenthatdnACPREAAN@utical
process, t he on‘Rounﬂ r orul 4 | s re IR{F Eo%tm
2' - hydr oxy gré&-ﬁ—?ﬁ? f TN iE 1‘9 ( pag
1545-1580.
In another preferred embodiment thereof, the above processes further comprise
treating the acid addition salt of the compound of formula 1 with a base in a mixture of water
25 and a nonpolar solvent, to yield the free base f/orm of the compound of formula 1. In a more
preferred embodiment thereof, the base is a dibasic carbonate salt, and in a particularly
preferred embodiment, the dibasic carbonate salt is potassium carbonate. In another more
preferred embodiment thereof, the nonpolar solvent is dichloromethane. In still another
embodiment, the process further comprises crystallization of the free base form of the
30 compound of formula 1 as described above, and the further embodiments relating thereto
which are described above.

This invention also relates to a process for preparing a compound of formula 2
which comprises:



Mttt HO_ HOH "'~ OHN,,,,, O..,,, _,,, _0O22S0O0.,, OO _0,,,,,
"77,) 4. OOH In a preferred enbodi nent, the '2'-hydroxy group is protected
wi t h benzyl oxycarbonyl. In another preferctged enbodi nent, the conmpound of
dformula 5 is reacted with at | east two nol ar equival ents of
benzyl chl oroformate. In a nore preferred enbodi nent, the reaction is
carried out in dichloronethane. In a still nore preferred enbodi nent, the
di chl oronet hane is 10 present in at |east a 15-fold excess volune relative
to the volume of starting material. This invention also relates to a
trifluoroacetic aci® ERPElNg; b freqbasedmioha ceropaypdipidorBmladr mul a 3, wherein R4
I s benzyl oxycarbonyl: OH1 ORN~~0 3 OO,,,,, OOHN""" HO~OH,,,, OO
~~~ 0O -10 In a preferred enbodi ne thereof, the salt has the structure
shown in fornula 3a ."" HO CH ~ LO'" O 2CFR3cooH o0 o0,,,,, OO 3a
wherein R4 is benzyl oxycar bonyl [ ntion also relates to a

di benzoyl -D-tartrate salt of the 3 Of forpyla 3, wherein, R4 is
benryl oxycar bonyl . The tern1"h¥gh‘xy-pro,ectinQqupup", as used herein,

unl ess ot herwi se indicated, incMide® aget | oxycar bonyl, and vari ous
hydr oxy-protecting groups famliar fhose skilled imdthe art include the
groups referred to in T. W Geeng, H s, "Protective 10 G oups In
Organic Synthesis,” (J. Wley & Sons, ). Preferably, the
hydroxy-protecting group R4 is benzyl ofycafbonyl ("CBZ"). The term "hal 0",
as used herein, unless otherw se inditat d)oLlncludes fluoro, chloro, or
bronmo, and the term"halide" refers to t@e correspondi ng nono ani ons, F',
Cf, or B~ , respectvivelsyifonidm hbylideiom " al kyl *, as used herein, unless

ot herwi se | ndi cat e, | nglyds, saluraled ARROVA) nt. o ocarban ¢ adical s

havi ng straight, cy nched ol O B ARE R
5 the product into a non-aqueous solution; and
(c) deprotecting the product of step (b) to yield the compound of formula 2;

wherein R4 is a hydroxy-protecting group.
In an embodiment, the above process further comprises isolation of the compound of
formula 2. In a preferred embodiment thereof, the compound of formula 2 is isolated in the
10 form of a hydrate, more preferably, the monohydrate. In an embodiment thereof, the water
content is determined by the Karl-Fischer method. In an embodiment thereof, the hydrate is
obtained from a mixture containing the compound of formula 2 and a solvent or solvent
mixture selected from acetone, acetone/water, acetone/heptane and MTBE/heptane. In other
embodiments, the compound of formula 2 is isolated as its acetate salt, L-tartrate salt or
15 dibenzoyl-D-tartrate salt.
This invention relates to the monohydrate of the compound of formula 2. In a

preferred embodiment of the above process, R4 is benzyloxycarbonyl.
in another preferred embodiment of the above process, step (a) is carried out at a
temperature of from about -80°C to about -45°C.

20 In a another embodiment, the above process, the free base form of the compound of
formula 3 is prepared from an acid addition salt of the compound of formula 3. In a preferred
embodiment thereof, the acid addition salt is a triflucroacetic acid addition salt. In other
embodiments of the above processes, the acid addition salt of the compound of formula 3 is
selected from a dibenzoyl-D-tartrate salt, a L-tartrate salt, or a phosphate salt. The acid

25 addition salts of the compounds disclosed herein are readily prepared by conventional
means.

In an embodiment of the above process, the sulfonium methylide is dimethylsulfonium
methylide. In a preferred embodiment thereof the dimethylsulfonium methylide is prepared by
reacting a trimethylsulfonium halide or sulfonate with a strong base. In a more preferred



"The phrase "pharnmaceutically acceptable salts), as used herein, unless

ot herwi se indicated, includes salts of acidic or basic groups which may be
- present in the conmpounds of 20 the present7-i nventi on. The conpounds
prepared by the processes of the present invention that are basic in
nature, particularly e.g., the free base formof the conpounds of formula
1, are capable of formng a wide variety of salts with various inorganic

and organi c a%gﬁ!aa.mme tR&TbSIS sh%#méi%ul%meﬂasrde é COgde. wh.aﬁ m?sce feqsaw y

accept abl e aci dition salts of such basic conpounds
i nvention ar e HMRYSUIGNM ¢ Biomideon Ny Bioten care, f?”?ﬁ‘n %‘%ttf°f’§"e"§5thP'°8f eyt s
cont ai ni ng phainmagEutaica hblideais cemtabvith air strrm); isase Hin &R ihére ol'gpdnccxbivlemr ode,

hydr obr omi de, nﬁ%&“@% !th%qalofj §n a 2)' %tz[:t‘?};rﬁ' ;irgfg récférﬁb dpﬁe%\" Hel%%? mepuhé}? Ql{agrqig sol?éé'lit %

phosphate, isonicotinate,

citrate, & art eagther souepioWhiehistreost MPf@ﬁithﬁ%{taé}’df%@B-r%ét’@"tu@tﬁ’é@if?}ap@furﬁm?@at e,
genti si nate, fdikABroriethang! uconate, gl ucaronate, saccharate, -11 formate,
benzoate, glutamate, nethanesul fonate, ethanesul fonate, benzenesul foqat e,

pt ol uenesul f onat e é{hdanpgmggq"@eqt @tep (c) comprises catalytic hydrogenation where R% is

é T hmi‘t hyl en@ekdyRxycarobiilr Ih)h}’pr&erl?apdﬁﬁﬂwmeﬁ) thergef, the catillyﬁ f&r QHEYdDGEnibIe B ed

y the processe i nve |nc

f orm phar nacelﬁ’?lfag%fwcarb ccea%\?yﬁg " &aPY 'CU%HY f?r%EarF (o] Hoéi}ﬁ' o tﬁ%lp(?@adm)ﬁcar%n
addi tion'®o t netamtu@ws Hﬁ@wﬂomd-mﬁbﬁwypel’ A02028-19): tnrafurthes embodisent efestep
herein, unles %)Qh@ﬁfo%cﬁ Rf sta,siw;ast&grotécwal ayct%uy&.@ﬁaﬂsreea}dmganawn %@v&mw'mn of

a bacteri al infectlo zoa ro

the present i ﬁU’EWP'i“B‘nO"ﬁaﬁ Pﬂ?@ﬁ‘e’ﬁf"t'h?’?ﬂ?/gﬂtal @'ﬁ Sl bﬁ%ggﬁt fog pé?ﬁﬁo%ﬁ%? @? %t he
present i nventrated withrfullerisesaitd pobatonydegenatian.| ySeitableprolvbhte forathe dydrbganeticdn,
wherein one Orro%wsearbmétemeerahypaéd@a@)mﬁ tmwnsoaropeﬁdﬂeémﬁbpm Aefandp! aced
by i sot opes thereo ounds may be useful as research and

di agnost 1% t o8reéerief sﬂ\‘é?”éﬁ(ﬂ"?@ ‘phar macoki neti ¢ studies and in binding
assays. DETAI LED DE&ERivERiofklsOFelatédHo tHe\Z=hEnz{bixyLarbding proteoted sempdund e pr esent
invention may be carried out accorgding to Schenes 1-4 bel ow and the
description that follows. In the f ow ng Schenes, unl ess otherw se

i ndi cated, substituents R3, R4, ang+R15 are as defi ned above. 12
Scheme 1 HN ."" HO o ff "OH h® 2,'0HO~. Oo,,,OOO(,,,,,,,,,
f OO HNRS8R~5 i sopropanol 40- 958 H. «:HO@%‘\'g-l ,, HON-,,)1,,,, O
""o0o0,,, 000 ¢(,,,, HO-R3. e Sche

which is obtained by omitting step (c) of the above processes.
This invention relates to a process for preparing a compound of formula 3

Iw

20
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wherein R4 is a hydroxy protecting group.

In an embodiment, the oxidation is performed by adding dimethylsulfoxide (‘DMSQO")
to a solution comprising the compound of formula 4 and a solvent, cooling the mixture to
about -70°C, and then adding trifluoroacetic anhydride, followed by addition of triethylamine.
In other embodiments, the DMSO is activated using oxalyl chloride (with or without
trimethylsilylacetamide), polyphosphoric acid, pyridine=SO3, or acetic anhydride. In a further
embodiment thereof, the temperature is maintained between -70°C and -60°C during the
addition of trifluoroacetic anhydride. In another embodiment thereof, the solvent is
dichloromethane. A particular advantage of the above process is the in situ activation of
DMSO in the presence of the reacting alcohol, which avoids the formation of impurities
typically encountered in activated DMSO oxidations, which usually involve the introduction of
the alcohol to a solution containing activated DMSO.

In an embodiment, the above process further comprises isolating an acid addition salt
of the compound of formula 3. In a preferred embodiment the acid addition salt is a
dibenzoyi-D-tartrate salt or a phosphate salt. In a particularly preferred embodiment, this
invention relates to a process for preparing the trifluoroacetic acid addition salt of a compound
of formula 3 which comprises treating the compound of formula 3 with trifluoroacetic acid; and
crystallizing the resulting acid addition salt;

wherein R4 is a hydroxy-protecting group.

in a preferred embodiment of the above process, R4 is benzyloxycarbonyl.

In another preferred embodiment of the above process, the acid addition salt is
crystallized from isopropanol.

In still another preferred embodiment of the above process, the acid addition salt is
crystallized from a mixture of methylene chloride and methyl tert-butyl ether.

The trifluoroacetic acid addition salts prepared by the processes of this invention are
not pharmaceutically acceptabie, but provide excellent purification and stability, allowing the

HO
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'o1,,, 000O,,, OO -15 The conmpound of fornula 4, used as a starting
material for the processes of the present invention is readily prepared
. fromconmpound 5, i.e., in which R4 is hyd-ogen, see, WO 98/56802, and
_United States patents 4, 328,334, 4,474,768 and 4,517,359, all of which are
i ncorporated herein by reference in their entirety. 5 The Schenes given

above are illustrative only and are described in further detail bel ow and
in the Exanpl g dodrdndefanisd {ebﬁbﬁar&watelaaﬁtdﬁ%enas it iR e&%ds: parafidilb@ 2
is converted to an anmine o l'a 1, wherein R3is - wherein R15

and R8 are as COBPQUALYOTABBYRL | n the npst preferred enbodlnent of the

i nvention, the am mean embodiniendyl thgiabeve process, teScanpotindosfdgryiulaaiid priparddsoyH.
10 To prepare f formula 2 is
preferably trg?ott&g lt‘lr%dz ﬂ%dr%(‘gﬂar# %fﬁ?’e Cﬁn&tug?%?a 15R8, wherein R15 and
R8 are as defined above, in the presence of an appropriate solvent such as
i sopropanol, or a m xture of organik sol vents conprising isopropanol,
preferably at a tenperature of fro about 40C to about 95C. The nost
preferred tenperature to perf fon is fromabout 50C to about 15
55C, but higher tenperatures nay‘ ,usedOHe p., 76C. The nost
preferred pressure to perforntth reactlon i szat Mbbut at nospheric
pressure; however, the reacti on ormed at gel evat ed
pressures. In one previous nethod epoxi de“of fornula 2 (see,
WO 98156802, Exanpl es 48, 50, 51%an hydr oxy group was

pr ot ect ed, and t he production of the npound of formula 1 (or fornula 1
a, respectively) required the sinultarequg«hydrolysis of the protecting
group and the amination of the epoxide. S process was not preferred
because perform ng the hydrol ysis duringuythe epoxi de opening step is
inefficignt, and isolation of the conpound of formula 1 was nmade nore

di ffi It d to t f th d t d

ot her I mpur 1 11 es. - 117 BRGTRLS LD TEHIGN, oredpas B LG R WPmRabdl a 2
(in which t helrﬂéndﬂ;edlpqurredsembothmpntothecctoeqb)aund/\a‘sfommﬂa:s éxireactedh withirag least two

al kyl am ne, m%lar eéMl\; létof%re%n:hlﬁrowlln&%ntln alnﬁbre E"e?’en%?%ﬁtbodlptgntr ﬁ‘u@%écﬂ?h

proceeded sl o e norna erature o

48C) . Consequé‘l‘ft'?@”t i"rFj Srarupethanep Inog ﬁ'g'é“%{ﬂ p@l’%’\?ﬁteé‘t?mt"é‘ﬁ'iﬁe‘ih&f’l‘}t"@’°mteﬁ’@"e '5
reacti omo;/vas pteseratin £tll€as0h ad-fgid esesy Glunfe +e;m3e forteé eslimé of starting K)itaﬁhal This
conmerci a P t g, a
yield of 11 O/g?nllgrgl&( §f§8 rgl%@? ?(g %Etﬁ@gc?dg%g%aézpi gddﬁlorq EI?BP{hg %?@B?@g dft}%u& 3,
Applicants rrad/aerbheR4ds serayletygarbdrgl: a m xture of n pr opyI am ne and

i sopropanol has a boiling point, at anbient atnospheric pressure, of about
76C, which allows the reaction to pr ed at high yield (over 85%, at a
tenperature of about 50C to 55C, wif houdthe use of a pressurized reaction
vessel or catalyst(s). Applicant@; t hod,@tovi des high yield (85% and a
better purity profile than earlier v 355d\ al lows a variety of
crystallization procedures for gt t.ee bagse Norm and acid salts of

t he conpound of fornula 1, to affor of fgrmula 1 in highly
purified formsuch as is desirabl® U darenteral fornul ations.

-16 In Schenme 2, the conpound of fornula may b& prepared by treating the
conpound of fornula 3 wth a sul fur neﬂhyllde at a tenperature of from
about -80C to about -45C, followed by.» Al of the 2' -protecting group by
conventional nethods, to provide the conpoufd of fornula 2. The starting
material for the process of Schene 2 is preferably the 5 trifluoroacetic
acid addition salt of the conmpound of fornmula 3, which is first converted
to the free base form cooled to | ow tenperature, about -70C, and then
reacted with a |low tenperature solution of the sulfur nmethylide. The sul fur
methylide is preferably a di nethyl sul fonium nethylide, e.g., (CH3)2S+CH2',
prepared by conventional neans, e.g., by treating a trinethylsulfonium
salt, e.g., (CHg)gSX, wherein X is halo, preferably bronmo, or a 10

sul fonate, nore preferably trinmethylsul foniumbrom de, with an activating
agent such as potassi um hydroxi de, potassiumtert-butoxide, sodium

t ent - but oxi de, potassi um et hoxi de, sodi um et hoxi de, potassi um
hexanet hyl di si |l azi de (KHVDS) or sodi um nmet hoxi de, preferably potassium
tent-butoxide, in an ether solvent such as THF, or in CHzCl Z, DWW, or DWMSO
or a mxture of two or nore of the foregoing solvents. The protecting group
is renmoved by 15 conventional neans, e.g., catalytic hydrogenation when R4
is CBZ. In Schenme 3, the 4" ketone is prepared fromthe conpound of fornula
5 in a single vessel, continuous process. In the first step of the process,
the 2' hydroxy group |s selectlvely protected by conventlonal nmeans,

Y o, M 1 N R = Y - —~ A - [T




35 situ by adding trifluoroacetic anhydride to the chilled solution of the
conpound in DMSO, followed by addition of triethylam ne. The reaction
. mxture is then added to water and graduatiBy warned to anbi ent tenperature.
The m xture is preferably washed in water to yield a solution of the
compound of formula 3. -17 The trifluoroacetic acid salt of the conpound
of fornmula 3 nmay be prepared by washing the reaction m xture of the
oxi dation step wi thnwptetdred eRbbdvel tHeYeoR tdl dait sk 16 stucturd $HOWA AFLBIMWa 3CI d and
then a solvent suitable for crystalllzatlon of the salt, for exanple
i sopropanol or a mxture of nethylene chloride and nethyl tert-butyl ether
("MIBE"). Oher 5 acid addition saltk, such as the di benzoyl-D-tartrate
salt and the phosphate salt, may aI Jprepared, in a conventional
manner. The di benzoyl - D-tartratﬁ ph S te salts are useful in the
processes of the invention, but 8 feégedlconpared to
trifluoroacetic acid. As shomn PN Schene =0gefifter the invention
relates to a process for prepariy Ohé(Cof formula 1 in two stages:
in the first stage, the conpound ofadfaornula 3\is AO pregrcCedH n a
si ngl e-vessel process invol ving b&hzy[ox arbd% protection of the
2' - hydroxy group of the conpound of for a 5 to'yield the conpound of
formula 4, followed directly by oxidatijon pf the 4"-hydroxy group of 4 to
yield the ketone of fornula 3, which S éerably isolated as its
trifluoroacetic acid addition salt. In tRe Second stage, the free base form
of the conpound of fornmula 3 (preferably prepared fromits trifluoroacetic
acid salt) is converted 15 to the 4"-epoxide of formula 2, the

-protecting group is renoved to restore3ghe 2'-hydroxy, and the epoxide
is opened with an amine by heating in a m xture containing isopropanol, to

yield the conpound Schene 4 First stage HN"", HO OH
oH."" OH,,,, _ “&?Te,"%wbgnzéﬂ%"?r,b%ﬁyb .+ ..., 4. OOH Second stage H
N.",, HO® OH ,,,,. ToRdnveqsen also relates tp a dlb@pzoyl D-ta@at&sattmf@e@:qmppund of formula3 OO

Protection H Iﬁ &Herelm@bg_z'yloxycar%yl s O 7

The term “hydroxy-protecting group®, as used herein, unless otherwise indicated,
includes acetyl, benzyloxycarbonyl, and various hydroxy-protecting groups familiar to those
skilled in the art include the groups referred to in T. W. Greene, P. G. M. Wuts, “Protective

10 Groups In Organic Synthesis,” (J. Wiley & Sons, 1991). Preferably, the hydroxy-protecting
group R4 is benzyloxycarbonyl (‘CBZ").

The term “halo”, as used herein, unless otherwise indicated, includes fluoro, chloro,
or bromo, and the term “halide" refers to the corresponding mono anions, F°, CI, o; Br,
respectively.

15 The term “alkyl”, as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, cyclic or branched moieties, or mixtures
thereof.

The phrase "pharmaceutically acceptable salt(s)", as used herein, unless otherwise
indicated, includes salts of acidic or basic groups which may be present in the compounds of

20 the present invention. The compounds prepared by the processes of the present invention
that are basic in nature, particularly e.g., the free base form of the compounds of formula 1,
are capable of forming a wide variety of salts with various inorganic and organic acids. The
acids that may be used to prepare pharmaceutically acceptable acid addition salts of such
basic compounds of the present invention are those that form non-toxic acid addition salts,

25 i.e., salts containing pharmacologically acceptable anions, such as the hydrochloride,
hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid phosphate,
isonicotinate, acetate, lactate, salicylate, citrate, acid citrate, tartrate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucaronate, saccharate,



~00~~"" 0004 OH Oxidation HN ."" HOCH,,, OH."" 41 () ,,,) ORN_

"' 0 0~~~~~ 0o0o0,,,,, 3 ~~'~~- OO Epoxidation Deprotection HN ."",
-HO OH OH HO NO ~~~~' ~~~~"000O0,,,,, 2-1.,, Oj O Amnation HN """ HO
OHHO\NOH' O~~~ O0O,,, OOO,,,. 1.,,,, HO~R3 O -19 The
conpounds prepared by the processes of the present invention that are basic
in nature are capable of formng a wde variety of different salts with

various lnorgmteaménﬁa&etrguaa@aedﬁetréhéshm{a Siehestitbriate, "Béhben@Sulfonate, p-

pharmaceuti cal | a stratio

B BRBRE a0 pETaat (L5 D A AaeD Sopiatel ot -
processes of tdomppunds ergpared b thieipoatesses of thh preserd dvention that tnaiude ars araino moiety
pharnaceutlcal t ck
to the free barée co%oun @‘c@[{lyﬁ%&%pﬁs%\tﬂpt hgér{ﬁ% ﬁmf‘?%éé[ﬁ{ gna%%ﬁ?'l‘ﬁ)%ggﬂgs% in
subsequer | y reefdenedReovs: for the preparation of a pharmaceutically

accept agl e aci d addihki tefin Stéddtmenth asagied mbim_tmrwe"sssahérwls@fmdn&mabmaes the g
conpounds pre , t. r are
by Treatng ¢ HEeGionEk stotEnBh SR EReivebish 3B ER b BR 8 ploRR) BB o
the chosen i reéthalpresentdvgationc acid in an aqueous sol vent mediumor in a

sui tabl e or gam c sq*nwaéseanéhus,avr@fuués ﬂn\éa&ﬁ{péﬁdcﬁrbf%e regerﬁ%oéﬁmm ah@ehe
desired The .desire can

or ect i ¢ i e PRameaeEeHY AfsRionp SRt WiSen Sie friors Pitnget °§%1°0é}‘|‘[°989°'
addi ng t o t he other afone mreateplagasir ypsatertee threrenér Shichogompogradsineayaei LGefuTI'.’aBaresearch
conpounds of f.qg ma{;@esﬂc 18516 Pah &sboidm Pmmgédnmstmfd.e%%nefn tirfdliriy asﬁapent' on,

t he pharnaceutlcal y acceptable salts thereof (hereinafter € active
conmpounds”), may be adm nistered through oral, parenteral, topical, or

rectal routes in the treatnentD EmMMEIQESCBPTgnQOQWHEQMWENHO ectlons I n
general , }é he acti V@rnngHaQéé'BﬁhfﬁrS%éﬁPn%erﬁ'iSé 9'%&@@&"0?\ a%}{r&.ﬁ@ ?ch@%@qgts

rangi ng trom about about
200 ny/ kg/ day bP'ﬁWﬁ*ﬁ&leé’e%'Pm"f \f?”ﬁ\é‘ﬂ lﬂ'd%@"wn%sfshem%r\wsst @}herwerew&awé
day), a'thOUgQuMﬁ&bﬁ&h@ﬂ$‘W@Ehd?@sﬁ %é%bh%d%ﬁ@%r dependi ng upon the

speci es, weight and condition o e subject being treated and the
particul ar route of adm nistration chosen. However, a dosage level that is
in the range of about 4 ng/kg/day to about 50 ngl kgl day is nost desirably
enpl oyed. Variations may neverthel ess occur dependi ng upon the species of
mammal , fish or bird being treated and its 25 individual response to said
medi canment, as well as on the type of pharnmaceutical fornulation chosen and
the time period and interval at which such adm nistration is carried out.

I n sone instances, dosage |evels belowthe lower limt of the aforesaid
range may be nore than adequate, while in other cases still |arger doses
may be enpl oyed without causing any harnful side effects, provided that
such larger doses are first divided into several small doses 30 for

adm ni stration throughout the day. The active conpounds may be adm ni stered
al one or in conbination with pharmaceutically acceptable carriers or

di luents by the routes previously indicated, and such adm nistration nay be
carried out in single or nultiple doses. Mre particularly, the active
conpounds nay be administered in a wide variety of different dosage forns,
i.e., they may be 35 conbined with various pharmaceutically acceptable
inert carriers in the formof tablets, capsules, |ozenges, troches, hard
candi es, powders, sprays) creans, salves, suppositories) jellies, gels,
pastes, lotions, ointnents, aqueous suspensions, injectable solutions,
elixirs, syrups, and the like. Such carriers include solid diluents or
fillers, sterile agueous nmedia and vari ous non-toxic organic solvents, etc.
Mor eover, oral pharmaceutical compositions can be



-20 suitably sweetened and/or flavored. In general, the active conpounds
are present in such dosage forns at concentration |evels ranging from about
-5.0%to about 70% by weight. For oral adm2tstration, tablets containing
various excipients such as mcrocrystalline cellulose, sodiumcitrate,

cal ci um carbonate, dical cium phosphate and gl ycine may be 5 enpl oyed al ong
with various disintegrants such as starch (and preferably com potato or
tapi oca starch), alginic acid and certain BRbgx silicates, together with
granul ati on binders |ike polyvinylpyrrolié%%€7‘§ucrose, gelatin and acaci a.
Additionally, lubricating agents such as nmagnesi um stearate, sodium |l auryl
sulfate and talc are often very use& for tabletting purposes. Solid
conpositions of a simlar type “be enployed as fillers in gelatin
10 capsul es; preferred materialHoi n_t hils oennectidon al so i nclude | actose or
m |k sugar as well as high nol equYar Okkight H hyl ene glycols. Wen
aqueous suspensions and/or elix| (S are, gesired f oral a@mnistration, the
active compound nmay be conbined with v ri ofs ening or flavoring
agents, coloring natter or dyes, @ 'ﬁoso desi ned, enul sifying and/ or
suspendi ng agents as well, together W thfsuch diluents as water, ethanol,
propyl ene glycol, 15 glycerin and vari©QusY i ke conbi nati ons thereof. For
parenteral adm nistration, solutions gk a “Hctive conpound in either sesane
or peanut oil or in aqueous propylene glgc@—may be enpl oyed. The aqueous
sol uti ons should be suitably buffered i® necessary and the liquid diluent
first rendered isotonic. These aqueous solutions are suitable for

i ntravenous injection purposes. The oily solutions are suitable for 20
intraarticular, intranmuscul ar and subcutjaneous injection purposes. The
preparation of all these sol utions under| sHHNRER& conditions is readily
acconpl i shed by standard pharnaceutical |telgbpropanel W || known to those
skilled in the art. Additionally, it is |al4p-p8®ci ble to adm nister the
active conmpounds of the present inventign topically and this may be done by
way of creans, jellies, gels, pastes, patches, 25 ointnents and the |ike,

i n accordance with standard pharnaqputical practice. For admnistration to
ani mal s ot her than humans, such as Nea&f{tle or donestic animals, the active
conpounds may be adm nistered i e fped of the animals or orally as a
drench conmposition. The actived@onRou scﬁh% al§ﬂ_pe adm nistered in the
formof |iposone delivery 30 sys emOH steh ase spal | unil?nellar vesi cl es,

| arge unil anell ar vesicl es antk\y 6i% es\ cl es. LEposones can be
formed froma variety of phospholipidg, such s /chol esterol, stearylam ne
or phosphati dyl cholines. The act bve al so be coupled with

sol ubl e polyners as targetable drug kcardjers. Such polyners can incl ude

pol yvi nyl pyrrol i done, pyran copol yner 9@ 3 pol yhydr oxypr opyl met hacryl am de
phenyl , pol yhydr oxyet hyl aspartam de-p \, or polyethyl eneoxi de- pol yl ysi ne
substituted with pal mtoylresidues. Fyf‘ge@mre, the active conpounds may
be coupled to a class of biodegradabl e polyners useful in achieving
controlled release of a drug, for exanple, polylactic acid, polyglycolic
acid, copolyners of polylactic and polyglycolic acid, polyepsilon

caprol actone, pol yhydroxy butyric acid, _21 _ polyorthoesters,

pol yacetal s, pol ydi hydropyrans, pol ycyanoacryl ates and cross-1|inked or
anphi pat hi ¢ bl ock copol yners of hydrogels. The foll owi ng Exanpl es further
illustrate the method and i nternedi ates of the present invention. It is to
be understood that the present invention is not limted to the specific
details 5 of the Exanples provided bel ow Exanple 1 Preparation of

(2R 3S, 4R, 5R 8R, 10R 11

R, 12S, 13S, 14R) - 13-[ ( 2, 6- di deoxy- 3- C- et hyl - 3- Onet hyl - a- L-ri bo- hexopyr anosyl
) oxy] - 2-ethyl -3, 4, 10-tri hydroxy-3,5, 8, 10, 12, 14- hexanet hyl - 11[ [ 3, 4, 6-tri deox
y- 3- (di met hyl am no) - 2- 0- [ (phenyl net hoxy) car bonyl ] - (3-D xylo 10

hexopyr anosyl j oxy] - 1- oxa- 6- azacycl opent adecan- 15-one. To a solution of 25
kg of (2R, 3S, 4R 5R 8R, 10R, 11

R, 12S, 13S, 14R) - 13-[ ( 2, 6- di deoxy3- C- net hyl - 3- O net hyl - a- L- ri bo- hexopyr anosy!l
)oxy] - 2-ethyl -3, 4, 10-tri hydroxy-3,5, 8, 10, 12, 14hexanet hyl - 11-[[ 3, 4, 6-tri deox
y- 3- (di met hyl am no) - ( 3- D- xyl o- hexopyr anosyl ] oxy] - 1- oxa- 6azacycl opent adecan-
15-one in 425 L of methylene chloride cooled to 0-5C was added a 15
solution of 13.7 kg benzylchloroformate in 25 L of nethylene chloride, at a
rate to maintain the tenperature under 5C. The resultant m xture was
agitated at this tenperature for three hours and then concentrated to 148 L
to obtain a dry solution containing approxinmately 26.6 kg (90% of product
(by HPLC - Waters Symmetry C8, 15 cmx 3.9 mm LD. colum, 25nM potassi um

[T 1 — - A 2= N T S AN M~ A\ N .




To the solution obtained in Exanple 1 was added 58.6 kg di net hyl sul f oxi de
("DVMsO') followed by cooling to -70C. Wiile maintaining the tenperature

- between -70 and 60C, 16 kg trifluoroacetiel3anhydri de was added and the

m xture was stirred for 30 minutes, 30 then 17.2 kg triethyl am ne was
added, and the resultant m xture was stirred for an additional 30 m nutes.
The reaction m xture was added to 175 L of water and after gradual warm ng
to anmbient tenperature the |ayers were ggpsmeded. The organic | ayer was
washed twice with 170 L of water and concentrated to approximately 100 L.
Next, 7.8 kg of tritluoroacetic acid was added, followed by 236 L

i sopropanol, and the m xture was ncentrated to crystallize 35 out 29.5 kg
(87.9% product which was 9896puréf HPLC. Anal ytical data: np=187-192C.

El emrental Analysis. (Calculate MH76F6N2018~ C 53.74; H, 6.99; F
10.41; N, 2.56; Found: C, 53. 840 o, 10.12; N, 2.59. HPLC System
same as Exanple 1; retention Tj. Ut 5.4 X- Ray Powder Diffraction (d
-22 space): 6.3, 8.3, 8.8, 9:4,. 1. 8, . GN—13. 0, 314.3, 15.4, 15.9,
16.4, 17.1, 17.4, 17.8, 18.1, 19. . 80 <'21.1, 21.5, 21.7, 22.8)
23. 4, 24.0. Exanple 3 Preparati «2R, 3S, 4R R, 8R 10R 11

R, 12S, 13S, 14R) - 2- et hyl - , 10-tri hy, 138

[[(3S,4S, 6R, 8R) - 8 nethoxy 4 8- di et hyl 5- di oxaspi ro[ 2. 5] oct-6-yl ] oxy] 3, 5,
8,10,12, 14 - o

hexanet hyl - 11-[[ 3, 4, 6-tri deoxy- 3- (dl neflhydani no) - 2- O [ (phenyl net hoxy) car bon
yl]-[i-D xyl ohexopyr anosyl ] oxy] - 1- oxa- €- azacycl opent adecane- 15-one. (a) A
solution of 109 kg of the product of Exanmple 2 in 327 L of nethylene
chloride was treated with a solution of 27.5 kg potassi um carbonate in 327
L of water. The 10 | ayers were separatefl, the aqueous | ayer was washed with
327 L of nethylene chloride, and the cofrbi ned organic |ayers were dried and
evaporated to about 327 L, and cooled tp -70C. (b) In a separate vessel, a
suspensi on of 29.7 kg of trinmethylsulfophiumbromde in 436 L of
tetrahydrofuran ("THF") was evaporated §o approximately 170 L, cooled to
-12C and treated with 36.8 kg of potassiumtent-butoxide for 75 m nutes at
-10 to -15C. This 15 m xture was then added to the nethyl ene chloride
solution of step (a), over a period of about 30 m nutes, while maintaining
the tenperature at -70 to -80C, and the resultant m xture was allowed to
warmup to ~5C and stirred for at |le#ést 1 hour. The m xture was then added
to a solution of 55.4 kg of ammoni u oride in 469 L of water. After
stirring the mxture at 1525C qu) tgﬁ% the |l ayers were separat ed,

the aqueous |ayer was washed wit ; Hbylene—chlorlde and the

conbi ned organic |ayers were evapo ated to appr mately 227 L. To the
resultant m xture was added 750
evaporated to 227 L of solution con i pikng approxtrately 70.1 kg (80% of
the title product (by HPLG- HPLC SPstdm @etaSil A® C18 col umm (from

Met aChem part nunber 0520-250X046), 50 ot assi um phosphat e buffer (pH
8.0): Acetonitrile: Methanol (30:60:10) bi | leephase, 1.0 25 m/min flow
rate, electrochenical detection. Retent r Woe=31.1 mnutes). This mxture
was used directly in Exanple 4. Exanple §-Preparation of

(2R, 3S, 4R, 5R 8R, 10R 11

R, 12S, 13S, 14R) - 2-et hyl -3, 4, 10-tri hydroxy- 13[ [ ( 3S, 4S. 6R, 8R) - 8- net hoxy- 4, 8-d
met hyl - 1, 5- di oxaspi ro[ 2. 5] oct-6-yl ] oxy]-3,5,8, 10, 12, 1430

hexanet hyl - 11-[[ 3, 4, 6-tri deoxy- 3- (di net hyl 2m no) - ( 3- D- xyl o- hexopyr anosyl ] ox
y] - 1- oxa- 6azacycl opent adecane- 15-one. The sol ution containing the product
of Exanple 3 was conbined with 11 kg activated carbon, 17.5 kg of 10%

pal | adi um on carbon (Johnson-Matthey type A402028-10), and 637 L of

acetone. The resultant m xture was treated with hydrogen at 50 psi at
20-25C until the 35 reaction was conpleted and then filtered. The filtrate
was concentrated to approximtely 350 L and then 1055 L of water was added
over 90 mnutes. The crystallized product was collected by filtration)
washed with a m xture of 132 L of water and 45 L of acetone, and dried to
yield 57.5 kg (94.4% of the title epoxide as a nonohydrate (water content
by Karl -Fi scher nethod). -23 Analytical data: HPLC system sane as
Exanmpl e 3; Retention Tine=13.3 m nutes.




X-Ray Powder Diffraction (d space): 6.0, 8.5, 9.4, 11.9, 12.7) 13.4, 15.2,
16.9, 17.5, 18.0, 18.9, 19.4) 19.9, 20.7, 21.2, 21.6, 22.8. Exanple 5 5
Preparation of (2R 3S, 4R 5R, 8R, 10R, 11 -14-

R, 12S, 13S, 14R) - 13-[ ( 2, 6- di deoxy- 3- C-nret hyl - 3- Onet hyl - 4- C- [ (pr opyl am no) net h
yl ]-a-L-ri bo-hexopyranosyl)oxy-2-ethyl -3, 4, 10-tri hydroxy3, 5, 8, 10, 12, 14- hexa
met hyl -11-[[ 3, 4, 6-tri deoxy- 3- (di net hyl am no) - - D- xyl ohexopyr anosyl ] oxy] - 1- ox
a- 6- azacycl opent adecan- 15-one, bis phggameni ¢ acid salt. 56 kg of the
epoxi de nonohydrate of Exanple 4 was conbi ned with 280 L of 10 i sopropanol
and 108.2 kg n-propyl am ne. The m xtyre was heated at 50-55C for thirty
hours and then concentrated under vag to approximately 112 L. To the
concentrate was added 560 L of et d"44.8 L of water. To the
resultant m xture was added, o the coursgHof about, two hours, 16.B kg of
phosphoric acid in 252 L of et st al | ore thg_product. After
stirring the resultant suspensi o E xture was filtered,
the solid was 15 washed w th 28 product dried to
yield 64.6 kg (88% of the title co (by HPLC -HPLC Syst &m YMC- Pack
Pro C18 (YMC Inc. Part #AS-1250315¢4 ‘68 mVl pBragsi um phosphat e di basic
buffer (pH 8.0): Acetonitrile: Methanol pl:2§:1 S nobiMe phase, 1.0 m/mn
flow rate, electrochem cal detection. Repéntyon Ti me=26.4 mnutes). 20
Exanpl e 6 Preparation of (2R,38,4R,5R,8R,19R M

R, 12S, 13S, 14R13-[ ( 2, 6- di deoxy- 3- C- et hy#- hyl-4-C- [ (propyl am no) net hyl
] -a-L-ri bo- hexopyranosyl ) oxy-2-ethyl-3,4,1 hydr oxy3, 5, 8, 10, 12, 14- hexane
thyl-11-[[3, 4, 6-tri deoxy- 3-(di net hyl am no) -~ D- xyl ohexopyr anosyl ] oxy] - 1- oxa-
6- azacycl opent adecan- 15-one, free base. 3: 64.6 kg of the product of

Exanpl e 5 was combined with 433 L of netHylRrotecl®l ori de, 433 L of water and
27.6 kg of potassium carbonate. After sti
m nutes, the layers were separated, an
32 L of nethylene chloride. The conbin rgani c | ayers were clarified by
filtration and evaporated to approxi el yN\&S L. To the concentrate was
added 386 L of heptanes, and the ;@%ut'on 0 vgm evaporated to about 155 L
and cooled to 20-25C to effect cr & n,ﬁﬁteﬁ#stﬁﬁjing the m xture
for six hours, the solids were col ledted by fliltratizon,,Mashed with 110 L
of heptanes and dried to yield 403 77 64 t he/TTW\l e conpound (by

HPLC, sanme systemas in Exanple 5; Retegntign tiﬁ% 6.4 pminutes)4 -24
CLAIMS What is clainmed is: 1. A proces conmpound of the
formula 1 ..", HOOH HO\N,,, ~CH (,,”,, ,, oxowwo~.,,, O0,,,,, HO
~R3 O 5 or a pharmaceutically acceptabl e sah ereof, which conprises
reacting a conpound of formula 2 HN ."" o j&HHO NO,,, ",02O0,,, O
_0,,,, v,ys,, O Owth an am ne of theufo HNR8R15, in an organic

sol vent conprising isopropanol; wherein the r onis carried out at a
tenperature of at |east about 40C, 10 wherein: is -CH2NR8R15; R8 is
Cl-Clp alkyl; R15 is Hor Cl-Clp al kyl.

ring the mxture for thirty
the aqueous | ayer was washed with

l Oxidation

fw




2. The process of claim1l1l, wherein the organic solvent is isopropanol. 15
3. The process of claim1, wherein R8 is propyl and R15 is H 4. The
-process of claim11, which conprises preparisag a conpound of the formula la
-25 ."" HOOHOOH """, HON,, O, .,,,~00,,,001la O,,,,. HOIl~~~ OHN or
a pharmaceutically acceptable salt thereof, by reacting a conpound of
formula 2 wwth n-propylam ne in an organi c solvent conprising isopropanol;

wherei n the reacti Ofhel oripdlidd SFoffiifa &usdd L8P RERKY hatenbl fa.‘tthbeﬁ&fes&l@q&mne‘loc
5 5. The process of claim1l, whereinthe tenperature is |ess than about

95C. 6. The prrvesestinysntion isiraadiy prepanedifiamt ctmmppmq)b rigt i whiphs R isohydedgent se80C
to about 76C. \g Q_EVHBS(W QRE TRt StQﬂeé‘TSﬂeﬁts 8'3@4 472868 %ﬁ&h 59113405 aff B Whig

out at about atrpspheric pressure. rocess of claim 1. wherein
the nol ar ano@® '”69’9%{%9% reig by refergncein QB'()E’E"’?‘ ve times the nolar anount of
t he conposind of f orThel $chémesd givdh @bgve cee diastaitivec baly rnd. arentescitbeti Un further detail

conprises cry | [

10T A process Je 3 At %Sa"fg‘%ﬁtﬁ%%ﬁﬁ%ﬁ'ﬂ?é’%v? il el M el EP%”"'%%"S

vy, . OO H N .cohertelDtq anGihiné of@or@ulb5!, wherein REOspCHNFS SR8 whaein R15 and RB are as
defined above. In the most preferred embodiment of the invention, the amine is n-

propylamine, i.e., R8 is n-propyl and R19 is H.

10 To prepare a compound of formula 1, the compound of formula 2 is preferably
treated with a compound of the formula HNR15R8, wherein R15 and R8 are as defined
above, in the presence of an appropriate solvent such as isopropanol, or a mixture of organic
solvents comprising isopropanol, preferably at a temperature of from about 40°C to about
95°C. The most preferred temperature to perform the reaction is from about 50°C to about

15 55°C, but higher temperatures may also be used, e.g., 76°C. The most preferred pressure to
perform the reaction is at about atmospheric pressure; however, the reaction may also be
performed at elevated pressures.

In one previous method of opening the epoxide of formula 2 (see, WO 98/56802,
Examples 48, 50, 51 and 70) the 2'-hydroxy group was protected, and the production of the

20 compound of formula 1 (or formula 1a, respectively) required the simultaneous hydrolysis of
the protecting group and the amination of the epoxide. This process was not preferred
because performing the hydrolysis during the epoxide opening step is inefficient, and
isolation of the compound of formula 1 was made more difficult due to the presence of the
unhydrolysed protecting group and other impurities. In another previous method, the

25 compound of formula 2 (in which the 2'-hydroxy is not protected), was reacted with pure
alkylamine, i.e., without organic solvent. In this case, the reaction proceeded slowly at the
normal boiling temperature of n-propylamine (about 48°C). Consequently, in order to produce
an elevated temperature, the reaction was run at elevated pressure, a less preferred feature
at commercial scale. (See, WO 98/56802, Example 8 (Preparation 2), having a yield of 11%).

30 In addition, a catalyst was used in the reaction. Applicants made the discovery that a mixture
of n-propylamine and isopropanol has a boiling point, at ambient atmospheric pressure, of
about 76°C, which allows the reaction to proceed at high yield (over 85%), at a temperature of
about 50°C to 55°C, without the use of a pressurized reaction vessel or catalyst(s).
Applicants' method provides high yield (85%) and a better purity profile than earlier methods,

35 and allows a variety of crystallization procedures for both the free base form and acid salts of
the compound of formula 1, to afford the compound of formula 1 in highly purified form such
as is desirable for use in parenteral formulations.



(a) reacting the free base formof a conpound of formula 3_ HN"", HO OH
"H"."ORal,,,, N_O.,,,,030~000,,,,, Owth a sulfonium
.methylide ion; (b) quenching the reaction-td step (a) with an aqueous weak
acid and partitioning 5 the product into a non-aqueous solution; and (c)
deprotecting the product of step (b) to yield the conpound of fornula 2;
wherein R4 is a hydroxy-protecting group. 11. The process of claim10,

ree base formof 1t hacete BUA compbing diIEmble 8 e rofardl F g e E&hihunde
ree pase 1orm..o e _conpound O r I S P J d
2dd tion sal t | SHOTHE 3 51O FHELr SRethsifon & rembeiaure ph SO AGEUS 0 T RS
wher ei n t he acfolibwaddyt recroval adf tthe 2'-pritecting ngroupnby ebnventionall metBodss ta provide the
trifluoroaceti ' Lt I ; %ﬁé ' L nhas el
step (c) conpr %gg)gh@a?g%%!a? h@%r%agné ;‘P?to%?foﬂg esgéfn%g%hg]zi%p?or m');ISt 292
OH HO \ N'§ ~~ tgifluopoacetip acid additiomsaltofithe\compoungtef fenpula 3, which s firstopyerted tq the g
monohydrat e. . #feéEbdg. 10, Afbled&Sdow %rﬁpe?&hreﬁaﬁ&&--?‘h%ﬁgrﬁﬂ MinAeacted with a low-
E. A {_. ABS. AING BSH, AR, AR PR AN ARRL Al A ROL- AIPAATRNG 6 Werbratly s
dimethyisulfonium methylide, e.g., (CH3)»S'CHZ", prepared by conventional means, e.g., by
treating a trimethylsulfonium salt, e.g., (CH3)3SX, wherein X is halo, preferably bromo, or a

10 sulfonate, more preferably trimethylsuifonium bromide, with an activating agent such as
potassium hydroxide, potassium tert-butoxide, sodium tert-butoxide, potassium ethoxide,
sodium ethoxide, potassium hexamethyldisilazide (KHMDS) or sodium methoxide, preferably
potassium tert-butoxide, in an ether solvent such as THF, or in CH,Cl,, DMF, or DMSO, or a
mixture of two or more of the foregoing solvents. The protecting group is removed by

15 conventional means, e.g., catalytic hydrogenation when R4 is CBZ.
In Scheme 3, the 4" ketone is prepared from the compound of formula 5 in a single-
vessel, continuous process. In the first step of the process, the 2’ hydroxy group is selectively
protected by conventional means, preferably by treating the 2'-hydroxy of formula 5, wherein

R4 is hydrogen, with benzylchloroformate in dichloromethane to yield the compound of

20 formula 4 wherein R4 is benzyloxycarbonyl (*CBZ"). Preferably, at least 2 molar equivalents
of benzylchloroformate are used, in order to ensure complete conversion of the 2'-hydroxy
group to its protected form. Dichloromethane is preferred as solvent, wherein the reaction is
performed using at least 15 volumes of dichloromethane relative to the volume of starting
material, thus minimizing the formation of bis-CBZ impurities. The compound of formula 4,

25 wherein R4 is CBZ, may be isolated as its dibenzoyl-D-tartrate salt, which allows purging of
potential bis-CBZ impurity. However, aqueous extractive workup of the compound of formula
4 is not preferred, because the isolated product is unstable due to the presence of a
benzylamine formed by amine alkylation of the compound of formula 4 by benzylchloride
(formed by the decomposition of benzylchloroformate). Accordingly, after the protection step

30 the reaction mixture is preferably carried forward directly to the second step without isolation
of the compound of formula 4. The second step, which may be carried out in the same vessel
as the first step, comprises oxidation of the 4"-hydroxyl group to yield the 4"-ketone of
formula 3. The oxidation is preferably an activated-DMSO oxidation as described above, i.e.,
performed at reduced temperature, e.g., -60 to -70°C, and involving activation of the DMSO in

35 situ by adding trifluoroacetic anhydride to the chilled solution of the compound in DMSO,
followed by addition of triethylamine. The reaction mixture is then added to water and
gradually warmed to ambient temperature. The mixture is preferably washed in water to yield
a solution of the compound of formula 3.
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acids. Although such salts must be pharmaceutically acceptable for administration to
mammals, it is often desirable in practice to initially isolate a compound prepared by the
5 processes of the present invention from the reaction mixture as a pharmaceutically
unacceptable salt and then simply convert the latter back to the free base compound by
treatment with an alkaline reagent, for use in subsequently reactions or for the preparation of
a pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds prepared by the processes of this invention are readily prepared by treating the
10 base compound with a substantially equivalent amount of the chosen mineral or organic acid
in an aqueous solvent medium or in a suitable organic solvent. Upon careful evaporation of
the solvent, the desired solid salt is readily obtained. The desired salt can also be
precipitated from a solution of the free base in an organic solvent by adding to the solution an
appropriate mineral or organic acid. The compounds of formula 1 prepared by the processes
15 of this invention, and the pharmaceutically acceptable salts thereof (hereinafter “the active
compounds”), may be administered through oral, parenteral, topical, or rectal routes in the
treatment of bacterial and protozoa infections.

In general, the active compounds are most desirably administered in dosages ranging
from about 0.2 mg per kg body weight per day (mg/kg/day) to about 200 mg/kg/day in single

20 or divided doses (i.e., from 1 to 4 doses per day), although variations will necessarily occur
depending upon the species, weight and condition of the subject being treated and the
particular route of administration chosen. However, a dosage level that is in the range of
about 4 mg/kg/day to about 50 mg/kg/day is most desirably employed. Variations may
nevertheless occur depending upon the species of mammal, fish or bird being treated and its

25 individual response to said medicament, as well as on the type of pharmaceutical formuiation
chosen and the time period and interval at which such administration is carried out. In some
instances, dosage levels helow the lower limit of the aforesaid range may be more than
adequate, while in other cases still larger doses may be employed without causing any
harmful side effects, provided that such larger doses are first divided into several small doses

30 for administration throughout the day.

The active compounds may be administered alone or in combination with
pharmaceutically acceptable carriers or diluents by the routes previously indicated, and such
administration may be carried out in single or muitiple doses. More particularly, the active
compounds may be administered in a wide variety of different dosage forms, i.e., they may be

35 combined with various pharmaceutically acceptable inert carriers in the form of tablets,
capsules, lozenges, troches, hard candies, powders, sprays, creams, salves, suppositories,
jellies, gels, pastes, lotions, ointments, aqueous suspensions, injectable solutions, elixirs,
syrups, and the like. Such carriers include solid diluents or fillers, sterile aqueous media and
various non-toxic organic solvents, etc. Moreover, oral pharmaceutical compositions can be
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magnesium stearate sodlum lauryl sulfate and talc are often very useful for tabletting
purposes. Solid compositions of a similar type may also be employed as fillers in gelatin

10 capsules; preferred materials in this connection also include lactose or milk sugar as well as
high molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are
desired for oral administration, the active compound may be combined with various
sweetening or flavoring agents, coloring matter or dyes, and, if so desired, emulsifying and/or
suspending agents as well, together with such diluents as water, ethanol, propylene glycol,

15 glycerin and various like combinations thereof.

For parenteral administration, solutions of an active compound in either sesame or
peanut oil or in aqueous propylene glycol may be employed. The aqueous solutions should
be suitably buffered if necessary and the liquid diluent first rendered isotonic. These aqueous
solutions are suitable for intravenous injection purposes. The oily solutions are suitable for

20 intraarticular, intramuscular and subcutaneous injection purposes. The preparation of all
these solutions under sterile conditions is readily accomplished by standard pharmaceutical
techniques will known to those skilted in the art.

Additionally, it is also possible to administer the active compounds of the present
invention topically and this may be done by way of creams, jellies, gels, pastes, patches,

25 ointments and the like, in accordance with standard pharmaceutical practice.

For administration to animals other than humans, such as cattle or domestic animals,
the active compounds may be administered in the feed of the animals or orally as a drench
composition.

The active compounds may also be administered in the form of liposome delivery

30 systems, such as small unilamellar vesicles, large unilamellar vesicles and multilamellar
vesicles. Liposomes can be formed from a variety of phospholipids, such as cholesterol,
stearylamine or phosphatidylicholines.

The active compounds may also be coupled with soluble polymers as targetable drug
carriers. Such polymers can include polyvinylpyrrolidone, pyran copolymer,

35 polyhydroxypropylmethacrylamide phenyl, polyhydroxyethylaspartamide-phenol, or
polyethyleneoxide-polylysine substituted with palmitoylresidues. Furthermore, the active
compounds may be coupled to a class of biodegradable polymers useful in achieving
controlled release of a drug, for example, polylactic acid, polyglycolic acid, copolymers of
polylactic and polyglycolic acid, polyepsilon caprolactone, polyhydroxy butyric acid,
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Preparation of (2R,3S,4R,5R,8R,10R,11R,128S,13S,14R)-13-[(2,6-dideoxy-3-C-methyi-3-O-
methyl-a-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4,10-trihydroxy-3,5,8,10,12,14-hexamethyl-11-
([3,4,6-trideoxy-3-(dimethylamino)-2-O-[(phenylmethoxy)carbonyi}-8-D-xylo-

10 hexopyranosyl]oxy}-1-oxa-6-azacyclopentadecan-15-one.

To a solution of 25 kg of (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-dideoxy-
3-C-methyl-3-O-methyl-a-L-ribo-hexopyranosyl)oxy]-2-ethyl-3,4, 10-trihydroxy-3,5,8,10,12,14-
hexamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-B-D-xylo-hexopyranosyl]oxy}-1-oxa-6-
azacyclopentadecan-15-one in 425 L of methylene chloride cooled to 0-5°C was added a

15 solution of 13.7 kg benzylchloroformate in 25 L of methylene chloride, at a rate to maintain the
temperature under 5°C. The resultant mixture was agitated at this temperature for three
hours and then concentrated to 148 L to obtain a dry solution containing approximately 26.6
kg (90%) of product (by HPLC - Waters Symmetry C8, 15 cm x 3.9 mm |.D. column, 25mM
potassium phosphate buffer (pH 7.5):Acetonitrile:Methanol (35:50:15) mobile phase, 2.0
20 mi/min flow rate, electrochemical detection. Retention Time=8.2 minutes). This mixture was

used directly in Example 2.

Example 2

Preparation of (2R,3S,4R,5R,8R,10R,11R,12S,13S,14R)-13-[(2,6-dideoxy-3-C-methyl-3-O-

methyl-a-L-ribo-hexopyranosyljoxy]-2-ethyl-3,4,10-trihydroxy-3,5,8,10,12,14-hexamethyl-11-
25 [[3,4,6-trideoxy-3-(dimethylamino)-2-O-[(phenylmethoxy)carbonyl])-B-D-xylo-

hexopyranosyl]oxy]-1-oxa-6-azacyclopentadecane-15-one, bis trifluoroacetic acid salt.

To the solution obtained in Example 1 was added 58.6 kg dimethylsulfoxide

("DMSO") followed by cooling to -70°C. While maintaining the temperature between -70 and -

60°C, 16 kg trifluoroacetic anhydride was added and the mixture was stirred for 30 minutes,
30 then 17.2 kg triethylamine was added, and the resultant mixture was stirred for an additional

30 minutes. The reaction mixture was added to 175 L of water and after gradual warming to

ambient temperature the layers were separated. The organic layer was washed twice with

170 L of water and concentrated to approximately 100 L. Next, 7.8 kg of trifluoroacetic acid

was added, followed by 236 L isopropanol, and the mixture was concentrated to crystallize
35 out 29.5 kg (87.9%) product which was 98% pure by HPLC.

Analytical data: mp=187-192°C. Elemental Analysis. (Calculated for C4gH76FgN20O1g: C.

53.74;, H,6.99; F, 10.41; N,2.56; Found: C, 563.87; H, 6.99; F, 10.12; N, 2.59. HPLC
System: same as Example 1; retention Time=9.5 minutes. X-Ray Powder Diffraction (d



10"" 1 F% 10% " & () -

H 11Ol TJ{Y7uS10! D! "9, #10% "& ()-M R 9, #10% " & ()-M

9, #109R& () - MLOY% & () - ! 310%0& ()-Z ! P310%"*" & ()-Z
JK=KKLMDQ[ Y7uS10! DI | * &$#10%6 " & () -1  &$#10922:& ()- 11" &$H100% " & () -1+ &$#10%

"&()- &&S#10% &

()-"9, #10% & () - MDOPPPPP' RRr P10! D! ! ~ &$#109% " ! L

109&' ()-! FT#109%&' ()- &Z10%& ()- 10"" 10""

10"" ! &$#10% " & () -

10! " O#109& ()-Igga?
& ()- ElO%—IH&

RSI TOTWUXUYUZUni [ MLO! D! ! * &$#1096 10 10
1686 4 )s:8, 9|48%1@9(&8(*)zé h%lﬂ%ﬁqéh 181, Yk AUy 2 ME®, 184! 10%

9Y10%4& () - uv%%&f%?“ %ﬁéﬁg& Mé"%@%\"\l& ()-11910% s! s& () -310%%&:’ (

)-110%& () - 0% f& ()-VW VI V'V VOV4Vr EfaMpld 894 1

i‘sﬁ%@ngﬁ?lé‘l%&) i@l GRIBARIAR AR 12595 R v BRI v

)-1v 109&5 () - '3D¢

85 Bwemw g-imethyh b5 ioxaspirolRgloehBaxiioxyd$ e §:10.13 f‘i‘O%&' ()-

10t 10t hexamethyl-11-[[3,4 6-tr|deoxy-3 (dimethylamino)-2-O-[(phenylmethoxy)carbonyl]-B-D-xy

QTR 0 e e A
Y1098 () - WAMWITW W(mdtysqymbn of 109 kg of the product of Example 2in 327 L of methylene
109%&: () - @ 10‘V«Fehb}|d@:éshﬁbﬁ&vnﬁ)as@uﬂ&‘@5&5 (@ @%W@arlfenéﬂw@i? L FWdter. (P () -

VW W\W{gl\wmqayers wer separa{g)dD {%e(dz]ueous Iayer)(vas waslgngéd(valth 327 E%F mglgylene ch(o?'lde and

15

20

25

30

35

the combined organic layers were dried and evaporated to about 327 L, and cooled to -70°C.

(b) In a separate vessel, a suspension of 29.7 kg of trimethylsulfonium bromide
in 436 L of tetrahydrofuran (“THF") was evaporated to approximately 170 L, cooled to -12°C
and treated with 36.8 kg of potassium tert-butoxide for 75 minutes at -10 to -15°C. This
mixture was then added to the methylene chloride solution of step (a), over a period of about
30 minutes, while maintaining the temperature at -70 to -80°C, and the resultant mixture was
allowed to warm up to -65°C and stirred for at least 1 hour. The mixture was then added to a
solution of 55.4 kg of ammonium chloride in 469 L of water. After stirring the mixture at 15-
25°C for 15 minutes, the layers were separated, the aqueous layer was washed with 360 L
methylene chloride and the combined organic layers were evaporated to approximately 227 L.
To the resultant mixture was added 750 L of acetone. Finally the mixture was evaporated to
227 L of solution containing approximately 70.1 kg (80%) of the title product (by HPLC- HPLC
System: MetaSil AQ C18 column (from MetaChem, part number 0520-250X046), 50mM
potassium phosphate buffer (pH 8.0):Acetonitrile:Methanol (30:60:10) mobile phase, 1.0
ml/min flow rate, electrochemical detection. Retention Time=31.1 minutes). This mixture
was used directly in Example 4.

Example 4

Preparation of (2R,35,4R,5R,8R,10R,11R,128S,13S, 14R)-2-ethyl-3,4,10-trihydroxy-13-
[[(3S,4S,6R,8R)-8-methoxy-4,8-dimethyl-1,5-dioxaspiro[2.5]oct-6-yi]oxy]-3,5,8,10,12,14-
hexamethyl-11-[[3,4,6-trideoxy-3-(dimethylamino)-B-D-xylo-hexopyranosyl]oxy]-1-oxa-6-
azacyclopentadecane-15-one.

The solution containing the product of Example 3 was combined with 11 kg activated
carbon, 17.5 kg of 10% palladium on carbon (Johnson-Matthey type A402028-10), and 637 L
of acetone. The resultant mixture was treated with hydrogen at 50 psi at 20-25°C until the
reaction was completed and then filtered. The filtrate was concentrated to approximately 350
L and then 1055 L of water was added over 90 minutes. The crystallized product was
collected by filtration, washed with a mixture of 132 L of water and 45 L of acetone, and dried
to yield 57.5 kg (94.4%) of the title epoxide as a monohydrate (water content by Karl-Fischer
method).
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560 L of ethanol and 44.8 L of water. To the resultant mixture was added, over the course of

about two hours, 16.8 kg of phosphoric acid in 252 L of ethanol, to crystallize the product.
After stirring the resultant suspension for 18 hours, the mixture was filtered, the solid was

15 washed with 28 L of ethanol, and the product dried to yield 64.6 kg (88%) of the title
compound (by HPLC -HPLC System: YMC-Pack Pro C18 (YMC iInc. Part #AS-12S03-
1546WT), 50 mM potassium phosphate dibasic buffer (pH 8.0):Acetonitrile:Methanol 61:21:18
mobile phase, 1.0 ml/min flow rate, electrochemical detection. Retention Time=26.4
minutes).

20 Example 6
Preparation of (2R,3S,4R,5R,8R,10R,11R,125,138S,14R)-13-[(2,6-dideoxy-3-C-methyl-3-O-
methyl-4-C-[(propylamino)methyl]-a-L-ribo-hexopyranosyl)oxy-2-ethyl-3,4,10-trihydroxy-
3,5,8,10,12,14-hexamethyl-11-[3,4,6-trideoxy-3-(dimethylamino)-B-D-xylo-
hexopyranosyl]oxy]-1-oxa-6-azacyciopentadecan-15-one, free base.

25 64.6 kg of the product of Example 5 was combined with 433 L of methylene chioride,
433 L of water and 27.6 kg of potassium carbonate. After stirring the mixture for thirty
minutes, the layers were separated, and the aqueous layer was washed with 32 L of
methylene chloride. The combined organic layers were clarified by filtration and evaporated
to approximately 155 L. To the concentrate was added 386 L of heptanes, and the solution

30 was evaporated to about 155 L and cooled to 20-25°C to effect crystallization. After stirring
the mixture for six hours, the solids were collected by filtration, washed with 110 L of
heptanes and dried to yield 40.3 kg (77%) of the title compound (by HPLC; same system as in
Example 5; Retention time 26.4 minutes).
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5 or a pharmaceutically acceptabie salt thereof, which comprises
reacting a compound of formula 2

N

with an amine of the formula HNR8R15, in an organic solvent comprising isopropanol;
wherein the reaction is carried out at a temperature of at least about 40°C;
10 wherein:

R3 is -CHoNRBR15,
R8 is C4-Cqg alkyl;

R15 is H or C4-C4 alkyl.

2. The process of claim 1, wherein the organic solvent is isopropanol.
15 3. The process of claim 1, wherein R8s propyl and R15is H.
4. The process of claim 1, which comprises preparing a compound of the

formula 1a
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or a pharmaceutically acceptable salt thereof,

by reacting a compound of formula 2 with n-propylamine in an organic solvent
comprising isopropanol;

wherein the reaction is carried out at a temperature of at least about 40°C.

5 5. The process of claim 1, wherein the temperature is less than about 95°C.
6. The process of claim 5, wherein the temperature is from about 50°C to about
76°C.
7. The process of claim 1, wherein the reaction is carried out at about

atmospheric pressure.
10 8. The process of claim 1, wherein the molar amount of amine is at least about
five times the molar amount of the compound of formula 1.
9, The process of claim 1, which further comprises crystallizing the free base
form of the compound of formula 1.
10. A process for preparing a compound of formuia 2

(V]

15 which comprises:
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with a sulfonium methylide ion;
(b) quenching the reaction of step (a) with an aqueous weak acid and partitioning
5 the product into a non-aqueous solution; and
(c) deprotecting the product of step (b) to yield the compound of formula 2;

wherein R4 is a hydroxy-protecting group.

11. The process of claim 10, wherein R4 is benzyloxycarbonyl.

12 The process of claim 10, wherein the free base form of the compound of
10 formula 3 is prepared from an acid addition salt of the compound of formula 3.

13. The process of claim 12, wherein the acid addition salt of the compound of

formula 3 is a trifluoroacetic acid addition salt.
14, The process of claim 11, wherein step (¢) comprises catalytic hydrogenation.
15. The compound of formula 2

N

15
which is a monohydrate.



