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S. Provisional Application No. 60/14136beossf i | ed on June 28, 1999. 10
Background of the Invention Field of the Invention 15 The invention rel ates
to a process for preparing substituted-tycl opentane derivatives represented
by the formula (I) ,CO2R~ i,~~" R4 Y R3 HNHCOR2 (1> 20 wherein R~, R2, RS,
R4, X and Y are as described bel ow, and pharnaceutically acceptabl e sal ts
t hereof . The PROER$SF PR HREFARING| %&T%TRT&T@Dpﬁ&@b@BEPFENEQ@EﬁGFIMWE@ t he
conmpound of fornula (Ip IFERO¥RY sEANSIN Isvr@gc&@m@ ﬁiEp&m conpound of
formula (la). WO 01100571 -2NH2 HN HN . , +,. -OH HNHCOCH3 (I a)
PCT/ US00/ 16013 The conpounds of fornul a (I) are neur am ni dase i nhibitors,
useful for the treatnent of influenza and other viral infections. 5 The
conpounds of formula (1) and nethod of maki ng and usi ng conpounds of
forsula (1) are descri Bedss Refambnmg dppRetatédPrRdLce81084626871, fil ed
Dec. 17, 1997. 10 The invention relates to a nore efficient process of
preparing the conpounds of formula (1), nore particul arIy a process which
permts nigh vyi el Bhis Glomliioat oen t ¢l idssithedbspef Boiahibr S-wi t hout the need
for chromat ogr Gpi GrRYr i Fb%&aefbn NoL5 6801861, ST %rOfuhberd pvent i on
The present I nvention relates to process for preparl ng a corrpound of
fornmula (1) 19%D 01100571

10

Background of the Invention

Field of the Invention

15
The invention relates to a process for preparing
substituted cyclopentane derivatives represented by the

formula (I)

@
20
wherein R', R?, R} R', X and Y are as described below,
and pharmaceutically acceptable salts thereof.
The invention further relates to a process for
25 purifying the compound of formula (Ia) and novel

crystalline forms of the compound of formula (Ia).

R
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-3 ,C02R~ ,i, R4 Y R3 HNHCOR2 (I) wherein PCT/US00/ 16013 5 Rl is sel ect:ed
fromthe group consisting of hydrogen, alkyl, cycloal kyl, aryl and aral kyl ;
Rz is sel e m t he group consi sting of hydrogen; al kyRCT/GSoH6MS ky| ,

hal ogen substituted al kyl, aryl and 10 substituted aryl; R3 and R4 are

i ndependently selected fromthe group g?[\si sting of hydrogen, alkyl,

al kyl ene, cycl oal kyl, aryl and substitufed aryl, provided that at |east one
of R3 or 15 R4 is alkyl; Xi s NHC ( =NH ) NHZ ; Y is selected fromthe
group consi sting of hydrogen, 20 quorml_F, hydr oxy, ORS, OCORS, NHZ, NHCORS
and NR5R6, where R5 is selected from , aryl, CORE or COOR6; and where
R6 is selected from hydrogen, al N=Tal kyl ene, cycl oal kyl, aryl or
substituted aryl; 25 and pharmaceutjtally a abl e salts thereof;

conprising the steps of: WO 01/ 00574, CO2R~ + RO O R3 an aln
PCT/1JS00/ 16013 1 R4 WH (1V) ng a conpound of forrmula (I11),
wherein Wis an N-protecting g nitrite oxide of formula (111)

by cycl oaddition, at a tenperaturs,_whj gyent s uncontrol | ed
deconposi tion of the conpound of for# (1 , toyield a mxture of two
st ereoi somers of two regioisoners oH tN@GQ@HuIa () and (1V),

rospect) Yel Y. W THESHRmES o3 Tokfula ) VEED fefPlnMidase T R2 O

R3 MWHN~ CO2 M+
inhibitors, useful for the treatment of influenza and

other viral infections.

The compounds of formula (I} and method of making and
using compounds of formula (I) are described in pending
application PCT US 98/26871, filed Dec. 17, 1997.

10 The invention relates to a more efficient process of
preparing the compounds of formula (I), more particularly
a process which permits high yield isolation of the
desired stereoisomer, without the need for chromatographic
purification.

15

20 Brief Summary of the Invention

The present invention relates to a process for

preparing a compound of formula (I)



ON Rs (v') PCT/US00/16013 WHN, COzH ., - *\ Ra ~N~-O R3 Nn WHN, CO2H ., *
*Ra"O~~ R3 (V') WHN~~ CO2 Q+ WHN, COzR~ Ra NN\O Ra NN\O R3 ~ Rs (I Va)
reacting tiorossare of the compounds of fornula (1V) and KdTyiSooRs013
hydrol yzing to the corresponding alkali netal salts of forrmula (V) and
(V'), where Mr represents an alkali netal ration or a tetra-al kyl-anmoni um
ration; reacting the resulting mxture of-salts of formula (V) and (V')
with a acid to formthe corresponding acids of fornmula (VI) and (VI");
reacting the acids of formula (VI) and (VI') with anmonia or an amne, to
precipitate the correspondi ng salt Rf formul ec%) where Q+ represents
NHQ+ or substituted ammoni um ration’) eaC salt of formula (VII) to
’ WO O /00571 6 5to 15 (IVa) NCH

yield the conpound of formula (1Va);

NNl 2 WHN- ,C02R~ ,. ., R4 -. PCT/ US00/ 16013 WHN CO2R~ 4 R
R3 NH20H Vi a) reducing the coff la (1Va) using sodium
borohydride and NiCl z to yield a)m re of ywo stereoisonmers of the

correspondi ng am noal cohol of_§ rmJLSol I-@ olating the desired

di astereoner of fornula (I Xa)Rby rétryiN OR%U on f®m an organi c sol vent
or al cohol/water m xtures (Ixa) WH (R2C0)20 (~ R4 or R2COV (~ R3 H COZR1
.. OH COR2 can reacting the am noal cohol of formula (1Xa) with a conpound
of formula (X) or whexgigound of fornmula (XI), where V is chlorine or

brom ne, to produce the correspondi ng conpound of formula (XI1); WHN~-

CO2R~ .. ., 4 (xn) .. RY R3 HNHCOR2 (XI 1") WO 011 00571
5 R!' is selected from the group consisting of hydrogen,

alkyl, cycloalkyl, aryl and aralkyl;

R? is selected from the group consisting of hydrogen:
alkyl, cycloalkyl, halogen substituted alkyl, aryl and
10 substituted aryl;

R® and R' are independently selected from the group
consisting of hydrogen, alkyl, alkylene, cycloalkyl, aryl
and substituted aryl, provided that at least one of R? or

15 R* is alkyl:;

X 1is NHC (=NH)NH,;
Y is selected from the group consisting of hydrogen,
20 fluorine, hydroxy, OR®, OCOR®, NH,, NHCOR®> and NR°R®, where
R® is selected from alkyl, aryl, COR® or COOR®; and where R®
is selected from hydrogen, alkyl, alkylene, cycloalkyl,
aryl or substituted aryl;

25 and pharmaceutically acceptable salts thereof;

comprising the steps of:



_'7_ 5 PCT/US00/ 16013 if in the conmpound of formula | Y is other than
hydroxy in the configuration as set forth in fornula (XIl1), the conpound of
formul a (Xwoo1wss7i urt her converted to the conpound of for mgraspefideld by
known met hods, for exanple as described in pending application PCT US

98/ 26871, filed Dec. 17, 1997.; H2N, Co2R ., ., (XIl) 4 * . or R(XII") Y
R3 H NHCOR2 (XI11) H21,) @02 MOR~ --."4~ C X~~~ ",,, 2RAYRa YR3 ~ N
HCOR2 R H NHCOR2 (~ (n 10 renmoving the N-protecting group fromthe conpound
of formula (XII) or (XII') to produce the corresponding am ne of formula
(XI1r), or salt thereof; hydrolyzing the conpoynd of formula (XII1) tq the
corresponding acid salt of fornmula (XIV); and rieactwsMN t he cgjmeuﬁnd of
formula 15 (XIV) with a guanylating agent, to groduce %€ sghpound of
formula (1). wo olioos~l _g_ PCT/US00/16013 Hor the co nd of formnula
(XI1r), if Y represents NHZ or NRSR6 where R6 i{s hydrogg
protected with a protecting group other than W| wg#ch ote€ing group is
renmoved by knawmNnet hcgctszl-'(‘ol | owi ng t he guanyl at|i on stjep. N"I'n anot
aspect, the invetisgsis dirgsted tg gorecrystdlli zaRPon procedure for
purification and § jat i eocrystalliine formof the conpourjd of
formula (la) NH2 MN=HN.. -~ 2H OH COCH3 (la) [to conprisihg the stepq of
di ssol ving the crude conpou of formula (la) iln a\ﬁi ure of 1

wat er / met hanol at r@f | ux tenperatuge; and coolijng to Y Iﬁ'%the pur e
conpound of forrmula (la). 15 The process of thils inventlas descri hed
herein, is advantageous over previously disclosed nmethodg— that4it does
not require chromatographic separation or puriflication;git doesfot rqquire
the use of highly flammable or toxic 20 solvent|s such as>~efhef, CHzCl 7, and
the like; and it results in high product yield|and purity; makBng it
suitable for large scale production. The recrystallization as descfYbgd
above may be 25 directed to produce either of two crystalline forns Of the
WO 011 00571 PCTNS00/ 16013 -9 conpound of fornula m xture thereof. (la),

| abel | ed Form A af@arsingBa epmpownd uef hEermstiect 10fr WHRETELAI HedSi A%ent i on

is directed Jitpdreweling ¥ebabl i NerBt & uet tF £ xildie FomReWNd 20f Tfof mul a
(la), nore particularly Form A and Form B, characterized b}é their

“F¢ n
respecti ve XaFYsondSAidirhr agti dntpRRe R ML e 8y RTRVE he conpound of
formul a (1a) drsdiyr®likablecbapebabges on b mpawridaiifveEokmuildi ty.

(ITI), to yield a mixture of two stereoisomers of two

regioisomers of the formula (IV) and (IV’'), respectively;



Detail ed Description of the Invention 15 20 As used herein, the term

"al kyl " whet her used al one or as part of a substituent group, include

strai ght argb fgagghed chains containing one to eight carbopcpteftheots
preferably one to three carbon atons. For exanple, alkyl radicals include
met hyl , ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, t-butyl,
pentyl and the |like. As used herein, thé-<erm"al kyl ene" whet her used 25 30
al one or as part of a substituent group, include straight, branched or
cyclic unsaturated hydrocarbon groups containing two to eight carbon atons,
preferably two to thred carbon atons. Exa
vinyl, 1-propenyl, alll , VBHNY o eﬂ¥%
and the like. As used h
denote cyclic aliphatidg
PCT/ US00/ 16013 eight cdr g
al kyl groups typically g
substituent gr s are |presBnt. Suitab
i ncl ude cycl oprdpyT—5 |cycl obutyl,
As used herei navanl ess
carbocyclic aromatic gr
phenyl, 10 napht hyl, an
unl ess ot herw se not ed,
with an aryl group. Su

t hyl - 1- pr opemN, , cycbshpent ¢nyl
wi se noted, " 2 "
three to 0571 -10
i ng, opt
arbon atpms. JUsublily one o
xanpl es pf cy¥l oal kyl gr%h
ntyt>"cycl ohexyl, and the Iike.

ryl" sha r to ubs

to four ee\&% ‘Céﬁam

bly phenyl. As

an any a kyI gra suhgtituted
A xal kyl gy oups th] de benzyl, 15

phenyl et hyl, and the lilke. As usedRrBer unl ess ptherw se ngg3ed,

substituents on the aryl_and aral kyl gr S are one_or nore, prefer

or two, of halogen. 20 As used herein, "hal ogen" shall nean chlori ne,

brom ne, fluorine and iodine. As used herein, "am ne" shall nean a primary,

secondary 25 or tertiary amne such as ethylamne, t-butylam ne,

di et hyl am ne, diethy ne triethyl am ne, piperidine, nor phol i ne,

N- et hyl nor phol i ne, 599 As used herein, " gk | tlcmngigent

shal | nean an agent 30 mh| adds a LQLﬂBﬂLdLﬂE_gLQup to qﬁ'an1ne ni t rogen.

Sui t abl e exanpl es of a gugny ating agent include formam ¢y sul fonic acid,

S-net hyl iso-thiourer? @zol e- 1car boxani di ne n%goh & ocdl ori de,

1Htriazol e-1- carboxani gsne WO Oam§0571 - 11 PCT/ USbo/160Y3 Va)

nmonohydr ochl oride, and the like. Preferably, the guanyRating agenf

illi pyr azo: e- i car bé&aﬁﬁ.gl:gnehﬂmﬂﬁhmgf@&ﬁf QrHegQ:oﬁ\bounds of formula (IV)

triazol e-1-car bgx I ne . nono roc ride, more prefer

T t 11 azol o I°8 G0 xR BVRESREAAY rbcitoa oRePLEY ROFELH, M bss

ot herwi se notedtsanfNEfprotdat (Vig guabuﬂf's)halwhermam angpfemmhtsrmi group that

i's bonded dirg e pons at 10

t.he N. Such pro%g¥t#ggggrgg%gggr%§K%§%%H%' Qﬁgﬂ %ﬁﬁ%br exgggbé’as

descri bed i nrPrRotaBEI Ve Gresipbtimg Qrigeivine @Ifemadttrsy ofeforgutaWVMcond e,

Pl enum Press, 197 n ect i 15 € S S 3 d

Edition, T. va Qegﬁgﬂag EE?& % f&&ﬁE{HgN%df}éga%% l%gn$@E?§98§ The 15

appropri ate &RsmBé&2ofVah ﬁP%réYe Y i epasitomy ¢he BeifgdetnfosmalakiYikd in

the art. As aﬁed(09r¢bﬁltﬁh§mﬁ5ﬁfald¥1an arShal,| tdepeteibheapeesgace of a

ster eogeni c center
10 corresponding salt of formula (VII), where Q' represents

NH,* or substituted ammonium cation; reacting the salt of

formula (VII) to yield the compound of formula (IVa);



Where the conpounds of the invention have one stereogenic center, they

exi st as enantioners. Wiere the conpounds possess two or nore stereogenic
centers, tNe0IHI8Iti onal ly exist as diastereoners. It is tRCHRS0BF6013
understood that all such isonmers and m xtures thereof are enconpassed

w thin the scope of the present inventipn. Wth reference to substituents,
the term"i ndependently" neans that when nore than one of such 30
substituents is possible, such substituents may be the sanme or different

from each ot her. WO 01/ 00571 -%@‘JPCT/ U§§0é116013 As L\& her ei he term
"a tenperature which prevents Moy it La| |sed2'deconposi tign" |$ n a

t enper at ure saf el el ow t he deconp® I on tenperature. Anpl e, when
in the conpound) o (I'l'l#, Rp—=aqd 5 Rg—are—eachgethy he

t enperature which prevents unco conposition | ¥ H
Phar maceutical ly acceptabl e sal e conpounds of horEurH{1) include

t hose derived from pharmaceutical lH to acceptable, inorgaiic and organic
acids and bases. Exanples of suitable ggids include hydrochl or axs

hydrobrom c, sulfuric, nitric, perchloric, fumaric, malefic, phgosphoric,
giycolic, lactic,PeGia ithe SQREPHPE, op- Formetes(dfniUS10CasParPe, aceti c,
citric, 15 medieigstildooning MiQLl €o PRIADIL mikRu@Rl ©f two

napht hal ene-2sul fonic, tri E g roaceti c_andg, benzenesujlcf ni.c afci ds. Salts
derived fron?SPTUPTINRE Kds&SC REFHAEPATRAPY HBRH In€Es tEA™HE2s 0di um
pot assi um ankthelddleimndh20 dasipad udiastsrsaodr ast diommuilam(IZbky|
ammoni um and the |ike.l. preferred e | en |.ai med invention is
used in pre;r;basfi]ﬁegc ogrgrcpaolulnlgsﬁ&?’%t %goﬁtogrﬁuggg%l'g@v%%lr‘;e%ﬁ:%, 25 Rz, R3 and R
ar e i ndependehtdho setadutredifxtamelydr ogen or C1-C4 al kyl, R5 is hydrogen and
Yis OH More preferably, the clained invention is used to prepare the
conpound of forrmula (la) . WO 01/ 00571 PCT/ US00/ 16013 -13 NH~ (la) 5 The
present invention relates to a process fof preparing a conpould of fornula
(1) as illustrated in Scheme 1 bel ow. WHN CgRMN+ (1 1) GB,R'D -=N-0 -R3
(rer)y (rv-~4 (1 v, WO 011 00571 - 14 2 §

(R*C0),0 ®

Y

([Xa)
or R2COV (X1

10
reacting the aminocalcohol of formula (IXa) with a
compound of formula (X) or a compound of formula (XI),
where V is chlorine or bromine, to produce the

corresponding compound of formula (XII);

&y ———

15 — -



WHN, CO2H -. * *~ Ra ~N~OR3 WHN,, CO2H -. * * R4 O-N R3 (~) (~f)

PCT/ US00/ 16013 WHN C02 Mr - * *~ R4 ~N ~O R3 (~ WHN,, ,C02 Mk ., .. * *
R4 O-N R3 (W p1ddétiN, , ~, CO2 Qr WHN,, CO02 .. .: R4 NCO R4 PefuSnkofs!) R3
NaBH4, NiCl2 WHN,, CO2R~ .: 4 ROHRs * NH2 H (-~ WH'' R4 R~ (IVa) ~.,R ~

NH OH z yxe) WD 01100571 -15 (RZCO)ZO (X) R or R2COV R3 (XII)
PCT/ US00/ 16013 WHN~' , ~COPR~ R4 Y R3 HNHCOR2 WHzN, CO2R~r . R4 OH R3 H
NHCORZ (XI11) H2N COz M+ R OH R3 H NHCOR~

if in the compound of formula I Y is other than
hydroxy in the configuration as set forth in formula
(XII), the compound of formula (XII) is further converted
5 to the compound of formula (XII’) by known methods, for
example as described in pending application PCT US
98/26871, filed Dec. 17, 1997.;

(X1I)
or —_— —_— -
(XIrY)
(XIII)
X, FOR’
—_— R4
3’ § Y

R H NHCOR?

B ] @O
10 removing the N-protecting group from the compound of

formula (XII) or (XII’) to produce the corresponding amine
of formula (XIII), or salt thereof; hydrolyzing the
compound of formula (XIII) to the corresponding acid salt
of formula (XIV); and reacting the compound of formula

15 (XIV) with a guanylating agent, to produce the compound of
formula (I).



HZlyr COZR~ .. RA + Y R3 ~ NHCORZ H (XII1") H2Nr Cue. M+t r. R Y R3 H NHCOR2
(XI'V~) WO 01/00571 - 16 5 10 15 20 25 .CO2R~ R4 OH R3 H NHCORz (IDb)

PCTI USO0/ 1692 81/0080zR~ .... R4 Y R3 H NHCOR2 (1) SCHEME 1 wer/ese/1613 Rz,

R3, R-, X, Y, Q V and Ware as described above. Mre particularly, an

N- protected conmpound of forrmula (I1), asknown conpound or conpound prepared
by known nethods, is added to a nitrite “oxide of formula (111), a conpound

prepared in situ by known methods, by cycloaddition in an inert organic
sol vent such as taluene, benze Xyl .Lycl ohexane, and jshe Likes.at a

t enper at ure whi ch98¥§\9éﬂ¥lg°‘tlﬁc°3ﬁ?wﬁ (Z(Eﬁbéfg%ﬁ’i?é?ie’t’tfﬁﬁ{zd’ﬂﬁg E’bFFﬁg{Jrﬁsd of
formula (111 hydiopéd, eenbt i pRétedied RN B pAStedtAg RATupREHEr ARAW, WHiEh pitecaRout 90C,
in the presence of a tertiary amne such as triethyl am ne,

di i sopr opy! etEFgHPdRTemovedbysedyn methededplloyang theguemdation|sep. pref er abl y
triethylamne, to yield a mxture of two stereoi soners of two regioisoners
of formula (1V) and (IV‘E. The substituted nitrite oxide of formula (111)
can be produced i ARsPPAtBEKABRRAC hret HRISINdrionaBisy dpyeRESE BY @ suitably
subst : tuted d&@c@@fé@éilm_ﬁzéfaﬁj@ﬁ%E&ED&QJM&%E{]&*%%E@EBBR#%%%&EM% é98§or
exanpl e, as scribed.in rran,. D. P. e, S. A, Tetrahedron, :
013 30450858 SLaplol FEUBTALL YT PRSI0/ B0 S5 TRGUEEI Lt UERYL Soi ate

t he desired gstzaneoi soner, that is the conmpound of formula (IVa), the
~mxture of (IV) and (IV'), present in the organic solvent, is hydrolyzed
wi th a basic aqueous solution, such a @ &li um hydr oxi de) pot assi um

hydr oxi de and the |ike, preferabINquZ;un1hydroxide, to produce a m xture

of the corresponding al kali netal sallts of E&ﬂg{a (V) and (V),
respectively The aqueous phase (conﬁahnwﬂe 5 kali metal salts) is

separated fromthe organi c phase and m ith a suitable solvent such as
an organic ether, for exanple_goethyl te put yl et her; an organic ester,
for exanple ethyl acetate; a hydrogarh#n, exanpl e tol uene; a water

i i sci bl e ketone, for exanple mephyl§\ sobuty/ ketone; or a water

i mmi sci bl e al cohol, for exanple n-buttalNHCOCHpr ef labbl y t he sol vent is
nEtE | tert-butyl ether. The resulting mxture is treated wth an acid,

such as acetic, hydrochloric, sulfuric, and the like, preferably
hydrochloric, to sopbrdsinbothe Istrppraf alimsiof viingatpkl ofudsooemuound
produce the gor :eeRAAdI NP, RCEAS, Gfi FQLDIE WMk raRdthihol - af hee £ G@NI C
phase is separated and treated mn;% ammoni a or _an amne) preferably t-butyl
am ne, pref efgpPgratuges eaper @ et Nd ineery sdsddil 285180CPULS FOFROWIES er abl y
at room t enperratrekaul 80¢28F), resulting in precipitation ofthe
correspondi ng salt, a conpound of forrmula (VII), where Q+ represents NHa+
or $Ubstituted ammoniumcation. Alternatively, the reaction mxture

confjai ni n% t he com‘pewﬁks%éﬁs Ldlfr g LR il\/&l)?rﬂﬁ%nzoa(sgdg\;s&ﬁik@?él;d diea‘riee]gl,vxiilh an
acid, such as ,acetic rochloric, s ric, and the like, preferably

vl ochl or i ¢ SSPEREARRT TR PaRgLoTL kit nsadane B i tpeFoth ok i n

t he range of dabeutofl- 2Zquiixrepchdunatddmmpidra espandt hon compourindscatidor mul a
(VI) and (VI';)} JBgs oo e%ru‘l'}%S%PéSu%é‘e& %@‘Lgﬁﬁgt %@ﬁ’rﬁ%ﬂé 25t ¢dy Ykt h ammoni a
or an organi ¢ amne, preferably t-butylamne, preferably at a tenperature
bet ¥een abouisolBeBDE sumiy @xBtpeef eCBbLy, and o Lékperandirid resuptdduce

the correspongdi §g9qk FRAMNG Qfi hQr B Gurity; making it suitable for

large scale production.

The recrystallization as described above may be

25 directed to produce either of two crystalline forms of the



(M) as a precipitate, wherein Q+r is as previously defined. WO 011 00571
PCTNS00/ 16013 -18 If in the conpound of forrmula (l11), R is hydrogen, then
t he conpouwd edfoodrernula (11) is reacted with the conmpound pgdr/dsesigehs (111),
under the above described conditions, to produce the conpounds of formula
(M) and (M") directly. 5 The salt of fornula (VIl) is suspended in an

al cohol of the formula R OH, a conmpound®of fornula (VIIIl), preferably
treated with a correspondi ng ortho-ester. The resulting suspension is
treated with a strong non-aqueous acid such as_gaseous HCl, gaseous HBr,
perchl ori ¢ &AWPOYRG Sfudre™aidpr dApe: ambethed | TEn Frasrdhe EBTy BgaSéods HOl
at a tenper atiire< t2@eeofesul ting in formati on of the conpound of formula
(I'va). If 1o the N-protecting group on the conpound of formula (VIl) is

t - but oxycar bonyl (Boc), the solution is further treated with di-tert-butyl
Bi car bonate (Boc pa_rfhux%eqe)as%@@taoketﬁeaéyaﬁﬁ@@eiﬂ&{ti% tird efipl-aaune,

di i sopropyl et hyl am ne, N nethyl norpholine, and the |ike, preferabl

triéthyl an i€ PEYeA RYFIGLHERE, SEFUERRIRE p? bt ER] | FRIPRKY %n fpﬁé‘uﬁénpound
of formula (Md)), nore Palr@xyeaakeRyFotBoR)and heo ke mpowh refctfearimaba (VI 1)

i s suspendedq in_ an organi c solvent such as acetone, 2-butanol,

noeton tri | @Y B e SameE t LR ar Ak HOUREE Giel PR AR ATEREd i th a
base such as potassium carbonate, sodium carbonate, and the |ike, or an

al kal i hydroxi de such sodi hydr oxi.de, pofassium raxj de,. an he |i ke,
or a 20 m xture tEf?é:rmeé\‘ , (%Ip%g’]fee%gﬁl??uﬁgn?gt%r emlfjhjaer ch/ﬁ‘ sluscrlfldars? 5%%B%f%ure of
soddum hydr coa denaangessdei ambdanbonaletiPe eiembbity. t he resul ting suspension
is heated to renove the am ne byproduct of Qt, and then treated with an

al kyl ati ng agent such as an al kyl halide, dinmethyl sulfate, and the like,
preferably dinmethyl sulfate, to yield the correspondi ng conpound of fornula
(lva). 25 The stereoisonmer of formula (I1Va) is reduced to the correspondi ng
conmpound of forrmula (IX) using sodi um borohydride, preferably in the range

of about 2-3 nolar equipgabenta, D@QQr%?g@f&L shlald dgwepitaberably in an
amount 30 equal to at urvarent, 1n an alcohol such WO
01490571 -19 PGI/ US00/ 16013 as nethanol, ethanol, and the like, preferably
in an al cohol of forimddaneYelih), tpeeterabtylayl a vepaiatise @flohess than
10C. The product is isolated Eé agdit' on_of sodi mcgitrite, mm%{ um

hydr oxi de aff &S mCEhRofP8E L5 PRE LIT P Ry iJrf“fL;']r‘é?pﬁttraﬁ’i 8P% he
correspondi nramsheenloh@liols ebntadmihg ¢h&) to Tésglte stamybrdisststmesr, eomer of t he
conpound of foryul | Xa). i.s i.sol at r talljzat] fro organic
10 sol vent ?urc%f%s?%tlg'l t?g’)ﬁae,toeg: §Fea§gf§¥%,§§é%§t heklgfr“lz%e’é;a rleél c@(%%gll/ wat er
m R0 ur e suchragsi amishamcllivet eethyihaathyhateropyind idwodddkd;, pugivér abl y

tol uene. Al tiﬁ%ﬁiﬁ‘?' Yo L BE OGS Eegu?'&,?stﬁér@pynpr%&g iy nuha 15 (1 Xa) is

i sol ated by sol'viing the mixfure o ormul a (I in a weak acidi c aqueous
sol ution such as aqueous hydrochloric acid, acetic acid, and the |iKke,

adj usting the pHxaf ke $eklinONthe BERY W iby ARONIWHBURNE Qe and
extracting wi.th an organi c solvent such as ethyl 20 acetate. The conpound

of formula A1RRR i @feRarsoPdt 8dSBYSkhbWAR el TRy, AT VAR Fd&Z2dgRor  of
;orzsru: a EI X;ﬁrd'zr&hre@af@txe@g\l@iltib anﬁéﬁﬁﬁgﬂé?ol?ydﬁcfaﬁhébr( >@rdii’pfsa cglrrpoundhof
ormula (Xl), 25 prefera a _coppound of formula ,__prefera with 1to
2 equi val ent®P5drabgr &er %B’I ﬁlgggufa’ib%rdu?m%'nt?r(‘???rfﬁﬂiyn%’ﬁo 5Pgani ¢
sol vent suchlazd caxrdoe, acbhgl. aErbmpies anfl 4 hieylearee, gyagfserialalydieol uene,
to yield the .correspondin o] of _formula (X1), Af o in t conpound
of fornula (Vll)ny\%’i 2 gtrﬁgre%ty%égggwrgbx%/ ?ﬁoé%n con in}geutrh tq'l oln pé:s%ps?g lf orthin
formul a WO ET/oentEny2Q and the like.

30

As used herein, unless otherwise noted, “cycloalkyl”

shall denote cyclic aliphatic groups containing three to



PCT/ US00/ 15013 (XII), the compound of formula (XII) is further converted to
the conmpound of formula (XIl1') by known nethods, for exanple as described

i n pendi ng vap@ldogat i on PCT US 98/ 26871, filed Dec. 17, 19917(IT/§SOI)?@)13
N-protecting group on the conpound of formula (XII) or (XII") is renmoved by
known met hods, to produce the corresponding amne of forrmula (X I1) or
(Xrrry, respecti vely, or salts thereofl0Owhich anines or salts |0 thereof
are present in their dissolved forns within the separated aqueous phase.
When the N-protecting group on the conpound of formula (X 1) or (XI1") is
Boc, the N-pP&fREt¢HPYY Gp™Fsinsthensved @9t%@%%1ﬂ§hg3utbﬁélél§ﬁﬁ‘édﬁdﬂbf

formula (X | Elﬁ&l(?ﬁlduﬁs g8y IHh BhObd_NLS SOk vcee&tbonwattbman acid such
as aqueous h%droc oric or aqueous hydrobrom c, pref erablé aglieous

hydr ochl ori cUs&elhy fpg o1t I’ié’or a%%tld:fue@%grﬁ%? eﬁ’%%IFSFGLSG htabhs

pr ef ergbl y tﬁxanplrw c%ﬁazﬁzraneéekablg/rogipsalhem’a@éa%ytgﬁpmf:w?xr ?ln)ge of 0 20C,

to produce the t t he correspondi e o r myl, or

(XI17Y, respReETUYL, FICIRER 63%&&688036‘ hadte dokEai ni ng ¢ he

corrpound of formula (XII1) or 25 (XI II i's added a base, such as aqueous

sodi um hydr oxi de, ssr dr “I ik just the

pH to between abou?q%seefg%e%(r%éﬁéra Ot% gﬁ téfg' é( era gijat a

t enperature Défdelestso tureubett i egted Qarb@lwaﬂldzoaomaasm tgrngpsn t he conpound

of formula ( ‘%‘i; ) to QF%F énV%JaX* ;J;o&&g sQld QN -HOR fu ning the
orrru a { % 5

conmpound of IS a ded®a guanylatin nt, at a pH
in the 30 rahgehoiyl, o thpr teeamnefiegabhy pPherjel of 8- 10, at a
tenperature in the range of 0-90C, WO 01 /00571 -21 PCT/ US00/ 16013
preferably at a tenperature in the range of 10-50C, to yield the compound
of formula (Ib) obs($5ed hezgaByi VelSEsS POLENABRYROTed J@ARYKAEL nePakent s

1tH py{ azol e- ﬂe&@ré}@(ﬁ?l@lmQréuﬁmmﬁrtﬁrtﬁ%auoﬁiﬂlﬂ atuacaiqxil atrogp pH agout 9d5

at a tenmperature .in er e or ri e- - car boxam di ne
nmonohydr ochl ?rﬁ%bleafd‘é‘d‘piﬁg gl—?‘?fgdiya §rogpsa3tn%lut‘£en% &F4¥ute in the range
of 30-30C. Mphenyrefrariablaydt bre Quickyy.l ati ng agent i s

1Ht ri azol e- 1- car boxam di ne nonohydrochl oride. to Alternatively, the
conmpound of forrmula (XII) may be hydrolyzed prior to renoval of the
protecti ng gr oup.As fused tiege¢onpaniessofothermibe fojed? subsotiheentsham

hydr ogen, at ﬁkgiz% t o mul a
(XI'11) or (XI I% |ls at%(réeg'?ggggrfr ect G %gg Bh gggltﬁjéa}%yl g??%gpg%%ugn%;t a pH
in the rangec®ftwe 504 hagpgerrably in the range of 8-10, at a tenperature
in johe range of 0-90C, preferably at a tenperature in the range of 10 50C,
to yield the corresponding conpound of fornula (I1b) or (1), respectively.
The conpound of &% MAsse ERIPiNs PRALIIeRd Epadr-s%%?%r%otrﬁéecrlaﬁ%‘“m%duct in
a 20 m xturerpiormeihamal ivaigs, preferably in the range of 5:95 to 50: 50,
nore preferably 10:90, at reflux tenperature. Preferably, the solution is
mai ntai ned at reflux until the boiling tenperature reaches between about
85-100C, nore pr eAeneddy h88elAPClanimer edalli ngas o yrimarys secbrethrnyo

pregi pitate f|e d a). 25 Recrystallization of
thg{scorrpound<E R gf“?ﬁ% %@éhd%scr?bgggﬁ I(()%/'e will yield one of two novel
crystalline tmuﬂsylaﬁumm Adbre taylarBneer daethxtamime,héréethyFomimel i s

obt ai ned by TGy S N th | ution, where
t he vol une oI?hﬁ:Tv"ri'Lea{_?L eyut #gkﬁ#éﬂj NfEnQ'i%gi‘ c\!\%geraj’{)ri(l% ?%TL?I?Q ;)irﬂeferabl y
where initial precipitation WO 01/ 00571 PCT/ usoo0/ 16013 22 occurs at <_

30C. Form B is obiaied BerBPHE ‘fﬁfarﬂzl%%%&jséééﬁt'zastﬂaqfl fn&-Qﬁ“ &rﬁ‘eagent
wat er / met hanol sol uti on, where the volume of Solutionis <

pr e¥er abl y WHEr iadidsi & |f1areer3;ﬁltra IERUBCERIraR aatmli@oeltFB%l?B or a mxture

of Form5 A amotalmremeﬁaapme@eop@T@uehghxtm@vajézﬁd ihe 1686 NFSrmitfnistingr i Ng
the solid in preferably at g tenperature Qf > 20C re preferably
at a tenperat nd'IC A646t @ylaﬁdopggf%‘r”a?ﬁ'y ]S'bé’lyrrﬁéor?)ng t enperature of
about 05C . ¢QHeiedahkymofatiydrdchs opt@par Bi-Hui dzapiedlresriystiadildinat i on of
t he conpound of fornula (la) to produce FormB or a mi xture of Form A and
Form B, followed by conplete conversion to Form A. 15 The novel crystalline
forms of the conpound of formula (la) nay be characterized by their
respective xray powder diffraction patterns utilizing a Philips PW710
based powder diffractonmeter using CuKa radiation and the follow ng system
conditions: 20 a) CuKa radiation, 30mA, 40KV b) Optics 1/12 divergence
slit 0.2 receiving slit



25 ¢c) Scan 4 to 352A at a scan rate of 0.016 2A/second d) Al um num sanpl e
hol der Form A of the conpound of fornula (la) appears as 30 small, high

density shyvayessspt al s, may exist as a di- or VO 01/ 005 Bkrinsshb/iéapd/ 16013
- 23 tri-hydrate and may be characterized by its X-ray diffraction

pattern: FORM A - POADER X- RAY DI FFRACTI ON RESULTS An le 29d S acin

~Rel ati ve -11-

I ntensi 4. 2720. 7016. 14. 7418. 65100. 06. 0814. 5443. 06. 4913. 6226. 27. 6111. 6119. 97.
7011.4718.59. 019. 8120. 79. 309. 5065. 09: 419. 4032. 310. 098. 762. 811. 087. 981. 711. 9
67.4023. 512. 0870BR22BOCHIORIE, 12803 he 8BEke373Prefergoby 8 1td®: 713. 286. 6619. 913

. 926. 3624. 4l %ugggl§9g,3a8gg@nic755841593%&?95,12%@%5;@,“%@42o. 017.185. 1611.
818. 624. 7635.°418. 814, 7121 219.624. 5247. 020. 114. 4146. 52D, 274. 3847. 320. 7b4. 28

42.321. 334. 18250BYArscl guige o2 1Hgbr ol esizcayBoraudiryy 203, 6858. 924. 813

. 9931. 3 VWOn@hHROSKdch sk iliel/ Wsea/ %ﬁ&ﬂ&a&ﬁ- 38- 4046, 326-1-
S03. 3647. 727. 253. 2726, 727. 833, 204S. 328. 603. 1223. 029. S63. 0233. 330. S02. 9341. 1

30. 72. 9038. §3¥boRampEe menphygroghbariey 632. 6629. 234. 262. 6220. 2 Form A
of the compound of formula (la) may be characterized by an X-ray

diffraction pattern conprising the_follow ng .najor aks: FORM A - .PONDER
X- RAY DI FFRACT ﬁ%ﬂﬁ%gﬁﬁﬂﬁé%ﬂnuPéeéédoggéﬁhﬁ? ~ﬁ8F§§fv%P N-BRotect ing

| nt ensi 4. 741866206096l G8dh 2443 £ORCH I 16226uB 741 11 6 @A 309. 5065. 010.
098. 762. 811. 087, 981. 712..087.3228. 013, 006..813Q. 7|3, 926. 3624 415, 175, 8469. 416
2205, 9420, 01 FLERet R (66 e M 2RE, 38 Seanab I BT B HuBEOs Fpattion Ot
S2010764. 2842 tB21NSSASQER [r 5221883, 88ThS 2% e7 k8oWrn48n XMk 203.,6888. 924. 81

26, 503, 3647, 97553 S0 530 Bo- 1205 rective Groups in Organic

029. 563. 0233CB80isHRY A RM. T3 F.¥#g2MeeRle 5 FLeunn. Bo2is 832 'bB2.26629. 2 34. 26

2.62 ~_ 20. 2pEQE a8 (f d%g%O'IHOBPQaHIcf%FHH%éiHai‘daﬁc@?@ién,asr 5.FORM B -
PONDER X- RAY DI FFRACTI ON RESULTS An |le 20d S acin ~)Rel ative

| nt ensi 8. 909Gygexre sand FOF -Yu3Husse. I ARV 05988, 48P %12 The7 0344. 112. 79

6. 9¢535. 613. 76ppAdrr S TH>1tR64£534. -d43218&5qAd e Hh b na8e. BP9. 517. 31
5.129.417.944.8436,719.414.574.220.39 . 3532.820. S94.3136. 121. 184. 191. 422. 70
3.91100. 023. 988, §bbhled A 3827885  124. 003. 7014. 624. 563. 6226. 225. 323. 5210. 62
5.883.44~ 42.6 fluffy, low density needles, exists as a di-hydrate and may

be characterized its. X-ray diffraction patlern: 01/0Q571 -26

PCT/ US00116013 2GR%8%?%6?*?5%?@4§L§0&%¢%5§£h33.12%6?%!%%”3te(¥%e

833. 0923. 129p883efdd 6o 220 .54830341123erB®2..8412. 031. 872. 8112. 132. 082. 7912. 5
32. §)62. 7215. 333.442. 6818.5

Where the compounds of the invention have one
stereogenic center, they exist as enantiomers. Where the
compounds possess two or more stereogenic centers, they
additionally exist as diastereomers. It is to be

25 understood that all such isomers and mixtures thereof are

encompassed within the scope of the present invention.

With reference to substituents, the term
“independently” means that when more than one of such
30 substituents is possible, such substituents may be the

same or different from each other.



Form B of the conpound of fornula (la) may be characterised by an X-ray
diffraction pattern conprising the follow ng maj or peaks FORM B - POADER

X- RAY Dl FFRIVOFTIMAJIOR PEAKS An | e 28d S acin r~)Rel ati vePCT/US00/16013

| nt ensi 8. 909. 9325. 210. 178. 7072. 910. 488. 439. 712. 597. 0344. 112. 796. 9235. 613. 76
6. 432. 314. 65b. 0492. 815. 595. 689. 517. 315. 129. 417. 944. 9436

719. 414.574. 220. 594. 3136. 122. 703. 91100. 023" . 303. 8223

. 723.623. 7632. 124. 563. 6226. 225. 883. 4442. 627. 043. 3019. 028. 433. 1430. 428. 833. 0
923. 129. 333. 0416. 231. 532.,8 - ~n_ 2. 0571 -27

Dol Usoo) 10013 57 5 338y Hefelly end el " rikerhuy g\\ﬁwgéégxam es
descri be the ipmeflertnitgnuhqogtealber—d dée@cimp@id:i@mé’ ismaéﬂ;dadatloal | lustrate the
i nvention, bu rati,an

2-Et hyl - I\I—hyd?tg%%%ﬁt%gﬁlk bTbhsply befohd T ﬁ;e/ ShpRaRlon Ere{é“éﬁr%ﬂlrdae (230. 1g,
3.31 nol) was Feg @xgubleedw ﬁnp{ﬁl|¢h%§mm<’>(/?i0§?rm¢gﬁuéﬁé1('74® Grdwas
added; followed Dye agghiil | Qihpf, et ek ewtakeedauﬂ@h(ﬁe%&ms 3.15 nol ). The
t wo- phase mi xture was stirred vigorous whi | e cool i ng. Sodi um hydr oxi de
sol ution (ca. uBGent£631lgd Geddmpmsltimas Jaﬁddie@0§¢ovm y over about |h. 15
(Addition is very exothermc) to maintain a tenperature between 15-25C. The
m xture was stirred for an additional 30-60 mn, then allowed to stand to
separate the | ayer haThacenfapatly sacgeptedircaisriltg thetbgi remparrduissd in
the next step fW'rESUQHt (ftWiH@Iu&é eawef'é“tdel%%u ERlgr BﬁHEﬁaEéHw@aﬁ}ﬁS
(421.2g, 3.15 nol) was suspended i1 n dinethylformam de g) and
cool & to aboB€CEPtELlThel bR e 56| ARd GF daRicCoRGeRE 3¢ 113aﬁ9$) was added

slowy over a@xb%%sZBfV\gubtaMéI&dﬁg i$RahidRI niyargehnbai 8, t he reaction
tenperature between 10 25C. fThe reaction is exothermc, but _heat 25

evol ution i s AYFTPRREBIGL eSUIFRET% IR tndlr| PRASHAPS 161 fHB2B ¢ me sol ution
(about 5% wemaladdedph@hmohﬁa,t @wﬂdmncgn lkegak, theitghdtndeicOinidie

sol ution was adg g% fé addltl on._of the_oxine, the mxture was
stirred at 15F2 Fnﬁ?u %%Jt T15yy BeEd ChafaFt t€1050g) was added

sl oMy (sli ghmedahanlaeuhf@r)lo,vefoﬁ:ﬂcm enzidie, maadbaini ngaphehd beyper2at ure at
10-30 C The t irr a -25 C and the
| ayers were s\égangﬁ%g n}l‘ﬁlﬁ‘? ezctylecg a%/aﬁsfb Flsz%’glfegg(]i %ict%"l%ilc?s\/\o 01/ 00571
-28 PCTNS00/ 16013 organic Iayer washed with purified water (3 X 1050g). The
organi ¢ | ayer cont 3, nta0udhey&h! OB opRS k80LALEY ndibgetipene next
step wthout further purification. (The solution is lachrymator). Exanple 2
| 0 (3aR, 4X, 6SmehaE Fadiony fipthyaetIpdiafmaRrtassipp¢ 1aad the like; and

di mejghyl et hoxynmah benyidee iedn 3 BraRirYk)r @R¥k) - 8@mén SuBA- 4l raty dr o- 4H
cycl opent[d]lioxazol e-6-carboxylate ( 1 S, 4R -{-)-Mthyl-[ [(

1, 1-di nethyle Hﬁﬁy) carbonyl ] am no] cycl opent - 2-ene-1 carboxyl ate (SO g,

0.207 nmol) was dissolved in toluene (310 g) and trlethyl am ne (62 9 15 g,

0.622 nol) and the.reactio u shat tQ,60-7

nyar oxybut ani mi doy IR THRE (o BR5 Tea3s RBP) CHATRAT MRETTER 0) s
added over 2. Ehedoml‘nermmwm$mqmcmmdsAowhlthe $okmdlar €T] piliextesich R
(trigthyl ammbgR: ugsc rd n anct} 0 xture
was %’[I rred fgr aﬁn ghgl ?I ?Tlra égﬁc%rgte%g%g%g& T‘%ggkgggt%%éfp%itureé wra}émcool ed
to 20-25C, théiphesilpyiatB® viss hvsiroges Bpd2y 15| OHat iMerarrreferatilver cake
was washed w t R ( n e S JHth a
sol ution of S%gl u(?ni ydrox?g’&%tlo-ﬁhqs?%@gd 7 EFEE%%V\B}}[{%rC6W g) at 15C.
The tenperat uferwasai hkdleased slowy to about BOC The reaction m xture was
diluted with water (294 g), and the phases were separated. The organic
phase was extracted with water (50 g) and the conbi ned aqueous phases were
extracted with 25 toluene (SO g). tert-Butyl nethyl ether (250 g) was added
to the aqueous phase, and the pH of the m xture was adjusted to 4.0 by
addition of concentrated HO (26.1 g, 0.265 nol). The phases were
separated, and the aqueous phase was extracted with tert-butyl nethyl ether
(250 g). The conbi ned organi c phases were dried over nmagnesi um sul fate (20
g). The drying agent was filtered off, and rinsed with tert-butyl methyl
ether {50 g). 30 The conbined filtrate was diluted with tert-butyl nethyl
ether (250 g), and treated with



WO 01/ 00571 PCT/ US00/ 16013 -29 tert-butylamne (15.2 g, 0.207 nol) at

20-25C. The product precipitated as a white solid. The m xture was stirred

for 3h, thgpdilesspreci pitate was collected by filtration, pormseshécns h

tert-butyl nmethyl ether (75 g) and dried for 16h at 40C. Yield 56.68 g

(bb%, purity (LC) > 98% 5 Exanple 3 (3aR 4R, 6S, 6aS) - (+) - Met hyl

4-1[ (1, 1-di met hyl et hoxy) car bonyl ] am no}d3=(1' et hyl propyl ) - 3a, 5, b, 6a-t et rahy

dro- 4H-cycl opent [ d] i soxazol e- 6- car boxyl ate to

{3aR 4R 6S, 6aS) - 1, 1- di net hyl et hyl anmoni um

4-1[ (1, 1di net hyl et hoxy) car bonyl ] anmi no] ;MHg1' - et hyl propyl ) -4, 5, 6, 6a-t et r ahyd

ro- 3aHcycl opent [ d] i soxazol e- 6- carQN ate (100 g, 0.242 m)l) was suspended

in nmethanol (200 g). Trimethylorthofdrnmate (30.8 g, D.290 nol) was added,

and the reaction mxture was cool edHN) 1020800 gas (11.0 g, 0.302 rml)
ﬂ :

was bubbled into the 15 reaction m xt uf r 15 mn (maxi num tenperature
200C); the m xture becane a clear soluti he solution was stirred for 2-3h
at 18-25C. Di-tert-butyl dicarbonate(Bglanfiydride) ( 13 .2 g, 0.06 nol) was
added and stirred for 5 mn, fai ne (®H0 g, 0.089 nol) was then
added to adjust the pHto bet weer NReOoBHut i orgapas stirred for 15-30
mn, then cooled to 12-18C, and dlluted wth water (120 g). The solution 20
was seeded and stirred for 15-30 min, while the product started to
precipitate. Addifrin@nghkecwaher 1 6208t 0On Was1 Addedio tah@>r%'d:%B%n$an was cool ed
to 0-5C and stirred for an additional 1-2h. The proq_a oIIected by
filtration, RASREFIRC:R GARBPURA18H F9TMHE driledS i éﬁ?GSa da&050C. viel d
82.82 g (96. G%hemeuni byr16We) 99.2% 25 WD 01/00571 -30 Exanple 4

PGT/ US00/ 16013 ( 1S, 2S, 3S, 4R 1' S) -Methyl 3- ( (1' -amno-2' -ethyl )
butyl ] -4 [[(2, 1-di net hyl et hoxy) car bonyl ] am no] - 2

hydr oxycycl opent ane- 1- car boxyl ate 5 (3aR 4R 6S[6aS) - (+) - Met hyl ]
4-1[ (1, 1-di et hyl et hoxy) car bonyl ] am no] - 3- (1 W-HN
et hyl propyl ) -3a, 5, 6, 6a-tetrahydro-4H-cycl opent| d] i Sox&ze
(100 g, 0.282 nol) and nickel chioride hexahydfate (70.
di ssol ved in nethanol (254 g). The green sol ut|on was ed to 0-5C] while
a suspension fornmed. Sodi um hydroxide (0.5 g, D.@hl a@ sodi um

bor ohydri de (RHl 9. Ocd4R! mol) were to dissol yed im rretNhanoI (2241Y) and
added over 4h to g s [feact i og4mi xt Uéegat 0-10QG (reag®ion is highly
exothermc). A bl3& suspgnsi nmed _al,ophg with strong gas for
After conpl ete add on of t boro ri de sol ption, the teacti on m
was stirred for 30 mn at 0-SC. A soI ution of sodlw}g1 Qitritesd
mol ), ammoni um chl oihde (56. | g, AR5 nol), aphd 25% &g, s
(65 g, 0.954 15 nol) in water (639 g) was added at a ra  hat mai nt
the reaction tenperature at or bel ow 25C. The pl ack sol #d3di ssol,ved
t'’hi ck bl ui sh suspensji on was fornmed. [The ni xturg was stdLr g 12-16h at
20-25C. The precipit Was ed by filtrption and \Nashd twicejwith a
sol ution of 25% aq. amoni unp hydroxide ( 136 g) in water (86R g) a9 ield
wet crude product (300 g). The wet crude product was suspended in
tol uene (1500 g) and 25% aq.| #hewRi=n hydroxi de (1S0 g). The suspensi on was
heated to 70-80C for 30-60 min. A clear two-phase system jas obtai ned. The
phases were separated, and 25% aq. ammoni um hydroxide ( I50 g) was added to
the organi c phase. After heating to 70-80C t he phases wer¢ separated, and a
solution of ethylene diamne tetraacetic acid (EDTA) di sol¥ium salt

di hydrate (150 g) in water (200 g) was 25 added. After heating for 30-60
mn to 70-80C, the phases were separated and the organic | ayer was cool ed
to 0-5C over 2-3h. Ajelly-like suspension was forned. After stirring for
an additional 2-3h at 0-5C, the product was collected by filtration and
rinsed with toluene (200 g). The wet product was dried in vacuo at 40-50 C
Yield 74.0 g (73.2%, purity (LC) 98.2% WO 01/00571 -31 PCT/US00/ 16013
Example 5 ( 1S, 2S, 3R, 4R 1" S) - (-) -3- [ ( 1' -Acetylamno-2' -ethyl )
butyl ] 5 4-[[(am noi mi no) met hyl ] am no] - 2- hydr oxycycl opent an- 1car boxyl i c
acid (1S 28S, 35 4R 1' ' S) -Methyl 3- [ ( 1' -amno-2' -ethyl ) butyl ]

1
-s-gp@gr boxyl at e
/ 0.296 nol) were




4-1[ (1, 1-di net hyl et hoxy) carbonyl ] am no] - 2hydr oxycycl opent ane- 1- carboxyl ate
(21.16 g, 0.060 nol) was | 0 suspended in toluene (88.7g) and cooled to 0-5
C. Acetic wory@es’tde (7.02g, 0.069 nol) was added over 10 PCA/USPUVIOBO C. The
reaction mxture was stirred for Ih at roomtenperature and then extracted
with a solution of sodium carbonate (5.§ , 0.047 nmol) in water (50g). The
agueous 15 phase was di scarded, the organic phase was added over 5 nin to
37wt 0 hydrochloric acid (23.2g, 0.235 nol) at 0-5 C. Gas evolution was
observed. Gas_evol ution decreased after 15 m n—After stirring for{ h at
0-10 C, the jayers were separated,| and the organic |ayer was washed 20 with
wat er (10g) . | The-EiNibi neC@gHleous |l ayers were t r &Ntk .8 hCOBMwt ~
sol ution of podium Flroxi de (a tqtal of 36.1d, 0.271% in water| added
slowy at 0-[L0 C unda H-control .| The pH was [adj usted)to 12.5. Initially,

t he pH decreaseg qui and sodijum hydr oxi dg 25, sol {ti ofnhad to bp added
to maintain | hRs—gH \N'GQ. Rfter 45mn, the pH te Astant at 1p.5. The
solution was|stir for an adgyfyijonal 30 minjat 0-g8C. V)

1,2,4Tri azol g- 1-f Or mam di ne hydrodhloride (10.{78g, 0.073 nol) was apded at
0-30 C. The Euspensi on was stirredq for 15 30 in and the pH was adj usted to
8.4 by addi ng 30~ aqueous_sodi um hydr oxi de soljuti . 0g, Q8 ,amo] ). A

cl ear solutipn A @C Bt er dbout 2h a whi te\R/;UN: té??%ﬁw

01/ 00571 - 32| PCT/ USO 13 to prgcipitate. The reacti
stirred at rpomtenpe ure oyernijght while tHe pH inc
suspensi on was cool Q) R’ and [stirred for |additi ogal R™The product
was col l ectefl by filtTH{ioh, and ashed 5 with water (IiNg). The prpduct is
either air-dfied or used g3 a " cake for thg recrystalli zRP on(s\,s)t p.
Exanple 6 10| Recrystallization'of’|( 1S, 2S, 3R_4R 1' S - (-) -3= (1
Acetyl am no-2' -ethyl)butyl]-4-[[(am noi m no) net hyl ] am no] 2- hydr oxycycl opent
an- 1- carboxylic acid ude (1S,2S, 3R 4R, 1'S)-(-)-

3-[(1" - Acetyl am no-2' {et hyl ) butyl]-4[[ (am noi m no) et hyl ] am no] - 2- hydr oxycy
cl opent an-1-carboxyli ¢ acid (97.0 g, 0.273 15 nol, a 1.5 hydrate) was
mxed with distilled water (600 nL) and nethanol (70 nL). The m xture was

heated to boi ywognintil gdhs @olid dissolved. The j on filtered
to renove any dust? 'ﬁsofubl e particles. Heati nm&, Wfrom an
—H d 99-100C,

initial boiling poi f 84C unt+H—the—ber-Hnrg—peint re

resulting in distilgatson of the nethanol, to a final s ion volunme of
about 6nl/g. ure was cooled to roomtenpgsat ur di@i ng 20 which
time the product lgrecipitat ed(ﬁﬁ white needl es of crystaMNine Form B. The
m xture was stirRed overnight' at roomtenperature. TR solid was @¥8n

col lected by filtration, rinsed with cold (5-10C) water (50 ni) and.air
dried to yield FormA prodchdrﬂ“,,, Yi ehd eé7l’02i"-’sol ated .
solid: 88.5 g (84.7% of theory) n% 1 second crop
(8.59, 8% wasNdHLAVifRd after
stirring 25 overnight. WO (%
(3aR, 4R, 6S, 6aS) - 1, 1- di et hyl et AyfanporPidm 4-[[ (1, 1 s S NH
di et hyl et hoxy) car bonyl ] am n&™- 33(1 “®t hyl propyl ) -3a, & 6,@a-r¥ &t r ahydr o- 4H
cycl opent[d]i soxazol e- 6-carboxylate 5 A sol ution of

(3aR, 4R, 6S, 6aS) - (+)-Methyl 4-[[ (1,1 &Xnhethyl et hoxy) carbonyl ] arﬁnﬁ'&] -3-(

1' -et hyl propyl)-3 a,

5, 6, 6a-tetrahydro-4Hcycl opent [ d] i soxazol e- 6-carboxylate and its

di astereoi soners in toluene ( 1943 g, 0.73 nol) was treated with a sol ution
of sodi um hydroxide (46 g, 1.15 nol) in water (300 g) at 20-25C. The two
phase systemwas stirred for 2 5-3.5 h. 37 wt % hydrochloric acid 10 (142.9
g, 1.45 nol) dissolved in water (257 g) was added within 30 m n. The phases
wer e separated, and the acidic aqueous phase was di scarded. The organic
phase was treated with tert-butylamne (62.17 g, 0.85 nol) at 20-40C. The
product precipitated as a slightly yellow solid. The reaction m xture was
heated to reflux, the resulting suspension was stirred at 90-100C for 2.5
h, then cooled to 20-25C over 2h, and 15 stirred for a further 60 mn. The
precipitate was collected by filtration, rinsed with acetone (500 g) and
dried for 12 h at 50C. Yield 286.24 g (67.4%, purity (LC > 97% 20

Exanpl e 8 (3aR 4R, 6S, 6aS) - (+) - Met hyl

4-[[ (1, 1-di met hyl et hoxy) car bonyl ] am no] - 3- (1

et hyl propyl ) - 3a, 5, 6, 6a-t et rahydr o- 4H cycl opent [ d] i soxazol e- 6- car boxyl at e
{3aR, 4R, 6S, 6aS) - 1, 1-di et hyl et hyl ammonium 4-[[ (1,1

di et hyl et hoxy) carbonyl Jam no]-3-( 1'-ethyl propyl)-4, 5, 6,6a-tetrahydro-3
aH 25 cycl opent[d] i soxazo) e-6-carboxylate (422 g, 1.0 nol) was suspended_in

T T | L O™ NN

xture wa
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g) Trinethylorthoformate (137.96 g, 1.3 nol) was added, and the reaction

m xture was cooled to 10-15C. A solution of HCO gas (6.0 nol/L) in nethanol
(216.7 g, Wwoorws7y was added over 15 min (wth the tenperagcigsodiégis ai ned
at a maxi mum of 25C). The WO 01/ 00571 -34 PCT/ US00/ 16013 sol uti on was
stirred for 2-2.5 h at 15-25C. Di-tert-butyl Bicarbonate (BOC anhydride)
(S4.56 g, 0.25 nol) was added and stirr® for 10 min. Triethyl am ne (30.36
g, 0.30 nol) was then added to adjust the pH to between 8-9. The sol ution
was stirred for 30 mn and then cooled to 10-15C. A solution of 25% ag.
ammoni um hydr oxi de (20.0 g, i \f/ﬁlt er (480 g) was then adfed,

whil e the tenperature was i) @HRI4C The ol WitHhn yagaRedpd and
a sol ution of ZWQ ampnl (200 g, 0 29 nol? wat er | (480
g) was added. The reSulti ng nsi was cqol ed,t stirred for 2

h. The product |1 washed i th (Y500 g) and
dried in vacuo Waﬁ@ ?’g{) 6343 N34c@rA 96./9%) , pUIRS y|§ cO. 6%
Exanpl e 9 (3aR 4R, 6S, 6aS) - (+
4-1[ (1, 1-di met hyl et hoxy) car bonyl ] anqégfé] -3-(1'f 15 (XIr')
et hyl propyl )-3a, 5, 6, 6a-tetra 4H- Cycl opent [ d] i sexazol e- 6: car boxwy at e
(3aR, 4R, 6S, 6aS~- 1, 1-di net hyl et hyl a nium4-[[1,1 dinethyl et[oxy) car bonyl ]

amno]-3-( 1 '-ethylpropyl)-4, 5, 6, 6a-tetrahydro-3 aH

cycl opent[d] i soxazol e- 6-carboxylate (211 g, 0.51 nol) was suspended in
acetone (400 g). Potassium carbonate (6.9 g, 0.05 rmlr) was added, followed
by a solution of 30w % 20 spdi um-l];l'ydrom<(:I®zR|1 ter (66.7 g, 0.50 m)l). 300
g of solvent were distilled| off, adefond (300 ) was
anot her 300 g of solvent wefe dj stil\Led ofd’ he sol
40-45C. Di net hyl sulphate( 1.8%g, £.7 apl) s ther
suspension. The resulting t égsg ﬁﬁgé%m was| stirrg 4 40- 45C
and then cooled to 15-20C. | uth o 25% afj. amu nRhmjwd-mnﬂzde 4.0 g,
0.06 25 nol) in water (96 g) was added. The repction|m xture was stinred
for 20 min, nmethanol (100 g) was add8#D the rehction |m xturqxuas coolled to
0-5C, seeded and stirred for 20 mn, Ieesultl ng in the crysta Iiozatlon of

to

the product as fine needles. Over a period of 45 mn a solutign of 25% aq.
ammoni um hydroxide (6.0 g, 0.088 nol)¥Yin water (144 g) was 01/ 00571
PCTNSO0O/ 16013 -35 added at 0-SC to conplete crystallization. The product

was col lected by filtration, #insed with water (300~g) and dried in vacuo
at 45-50C. Yield 174.51 g (96. 9%N purigas MLE) 99. 200 Eé,@npl ec%QM*

(1S, 2S, 3S, 4R, 1" S) - Met hyl K > 2 S

3-[(1' -am no-2' -ethyl ) butyl]{4a i met hy| et hoxy am no]}t 2- hydro
xycycl opent ane- 1- car boxyl at e R, 4FQH6S, 64S) - (+) -

Y
4-1[ (1, 1-di et hyl et hoxy) carb ] &nivhedr23- (1] et hyl p &6, 6ar tetrahy
dr o- 4H cycl opent [ d] i soxazol e{6- ca?boxylate (¥0.5 g, and nj cke
chloride hexahydrate (50 0 g, 0.21 ®w) werefdissol Hggqanol 180 Q).
The green solution was cool ed-to 0-5C. Sodi&nlhydrokide (0, Dl nol )
and sodi um borohydride (20.0 g, 0.53{ nol) were dissolved in nethanol { 160
g) and 15 added over 2 h to the reaction mxture, while the|reaction
m xture tenperature was maintai ned 0-10C. After conpletejaddition of the
borohydri de solution, the reaction xture was stirred for 30 mn at 0-5C
and then warned to 10-15C. 37wt % hydrochloric acid ( 12.0 g, 0.122 nol) was
added) followed by addition of a solution of sodiumnitrite (7.0 g, 0.10
nol) in water (3 5 g)) at a rate that maintained the reaction 20
tenperature at or below 25C. After the addition of nitrite was conplete,
the pH of the solution was adjusted to 6.85 by adding 37wt % hydrochloric
acid (about 35.7 g, 0.36 not) The reaction m xture was stirred at 20-25C,
until all of the black precipitate was di ssolved and a green suspensi on was
formed. A solution of anmmoniumchloride (22.0 g, 0.41 nol) in water (70 Q)
was added. 25% aqg. amoni um hydroxi de (about 180 g, 25 2.64 nol) was then
added until a pH 9.6 was reached. A solution of 30wt % of sodi um hydroxi de
in water (about 20 g, 0.15 nol) was added to adjust the pHto 9.87. The
m xture was stirred overnight at 20-25C. The precipitate was col |l ected by
filtration wo ol ioos~i -36




PCT/ US00/ 16013 and washed once with a solution of 25% ag. ammoni um . .
hydroxide (30 g) in water ( 170 g) to yield wet crude product (230 g). The
wet crude WOdEX1 was suspended in toluene (870 5 g). ThePSURSeMSPIN was
heated to 75-80C for 20 mn. R two-phase system was obtai ned. The phases
wer e separated, and 25~ ag. anmoni um hygé oxi de (110 g) was added to the
organi ¢ phase. The ni xture was agai n heated to 80C, the phases were
separated, and 25~ ag. ammoni um hydroxide (110 10 g) was again added to the
organi ¢ phase. The m xture was again heated to 80C, the phases were
separated and the organic |ayer ¥as<cogf@Rto 0-5C over 1.5 h. Theopgoduct
was col lected by filtration and ri with toluene (30 g).%
was dried in vacuo at 40-50Cg415 Y& 51.63 g (70 %, purit
Exanmple 11 20 < oOH
(1S, 7S, 3R 4R 1'S)-(-)-3-[ (1 sAcef ¥l ami np-2' - et hyl ) but yl H (am nbi m no) met
hyl ] am no] - 2- hydr oxycycl opent ant1- 'ﬂ"éﬁz%xyl ic acid ( 1R g NHCOR?

S, 2S,3S,4R 1'S)-Methyl 3-[( 1'-am nod® -ethyl)butyl]-4-[[( 1, 1]

di et hyl et hoxy) car bonyl ] am no] - 2- hydr oxycycl opent ane- 1- car boxyféte (2990 g,
8.34 nol) was suspended in toluene (17090 g) and heated to 48-53C. Acetic
anhydride (929 2s g, 9.10 nol) was adsleEMD I he slurry over 40 mn at

48-53C. After the_ additiop;: of_ .t hgsacatylating,agent fini_shed the
resul ting sol uti onﬁﬁéglf‘hgd sptfrgefd J(ab%th q?ﬁarl? t eanreasasqw ckly as

possi bl e, a selsgribado&b@¥es aq. ammnl um hydroxide (752 g, 11.0 nol) in

wat er (3002 g) was added. The phases were separated, the aqueous phase was
di scarded, while the organic phase was washed once with water é37 . The
organi c 3o phase Wasethentaddedrly 30 Wrrrerecser| 6pmpourfdof 3 tgla 33 3
mol ) over30 niRy  ah Qnowm%mlor %EHB%HSB%%Q%Q BOGméh er stirring

for 2 h at 812C the | ayers were separated he organi c_| ayer was
washed with WELEPIF1439 @Sideq'h"eo c%rﬂﬂqfé&ea&&éﬁlﬁsoﬁaﬁéf-@u@\%rélﬂ ted wWith a

30 y¢ % sol ut iceRpelingogi-uph hydr oXi derf Byt AndwnOhe488dsp By 36 06 nol) in
water - the first portion (about 2750 g, 20Q.57 rml% was added at 0-10C,
resulting i ncé(cllpégdiﬁlﬁ‘?l 1o 3 ARRAT EPRREC SRIVERE SBERNES pbrtishe.
(exactly 1. 85eﬁqahléal ﬁpléneZOWcﬁargaxal’é %&dnmh)s wake}l hep added at -5-5C
over a periog_ he lrslo ution S sti &‘% tﬁ? g addi ti oQaI 60. m n at
about 0 C 1, §mReﬁ‘F8’28|‘é 18 Frintt Sné”’r%? SERIGF HECPMASHIT KR 1 2 ol )
was t hen addeueatoﬁpéiﬁthdné Saosperesi (T Was pseiferedlioat 15 tempetdmure

t enperature s al | owed to one toﬁgo 25% and the pH was adj u§ted to
8.3!8.5 by ad8rH§eB0963Yt 1 Cs&a‘udu RYEr 821 %e b S STEEE2F99°*1270 ol ). A.
clear sol uti @arwasrosmere é\ié}eraﬁbﬂ;l,ﬂet&@lam\ihbte solid started to
preci pitate. The reactio ] Xture rred roomte r.e overni ght
BhiTe the preePRESEUL Fhnl bR, EhathvingioRat 1880, 8t ot fina sti rred
for additionakeZeBably Theietlogltinggs tewolliedtied hyxtukérafiom and washed
Wth water (g | Liz

(1S, 2S, 3R, 4R ?f%gg?g%omééf Eqﬁr%:etgﬁz%naﬁ%é’@% pE ?%ﬁi@l?l {J¥) and

[[ (20 noi m ndfwet hyl ] am no] 2- hydroxycycl opent an- 1- car boxylic acid 20 Crude
(1S,2S, 3R 4R 1'"S)-(-)- 3-[ (1 Acetyl am no-2' -ethyl)butyl]-4

[ [ (am noi m no) net %I ] am no] - 2- hydr oxycycl opent an- 1-carboxylic acid (3142 g)
was suspended in @eﬁiu}QStU@S‘Bﬂ nitrHd es g¥adaspénfaaBuheat BH k ccarefdeux and
65 5 g of sob¥eaac$@r§ndgf£alﬂchr9§vin mm%oagspggétegaw Ef%é‘& gy at
70-80C and water (655 g) was added. Activated carbon C, 33 g) and
met hanol (21§Bl§§b%\%r%u%ﬂ*d€@lt% CFH@rP@éé@@oﬁrﬁPiﬁﬁ?@t%sblﬁe‘é’t%d to reflux

andxfilter edf@YﬁﬁlkNlﬁ%@Cﬁ%‘?tlﬁ%hOlﬁ)loo EDr ekagpilel, tgrs @é%@r%éd%hed with
met hanol ( 100 g%p The co |ned filtrates were again heated to reflux) and
|

sol vent was &P§ e of f urfi9iR% boi Bi-mg TEEFAPEBFOB0- 198 B0t Wels’ reached.
The m xture Bagseppled to 70-80 C, during which time the product WO

01/ 00571 -38 PCT/US00/ 16013 precipitated. The m xture was stirred overni ght
at 70-80C, until phase transformation to form A had taken place. The
suspensi on was then cooled to 0-5C. The solid was collected by filtration,
rinsed with cold (0-10C) water (1302 g) and air dried over a bow of water
to yield Form A product as a trihydrate, as white solid/crystals. Yield:
2297 g, purity 99.91% np 256-258 C (deconposition). WO 01/ 00571

PCTI USO0/ 16013 -39We Claim 1. A process for preparing a conpound of the
formula (1b)



R~4 -OHRHNHCOR2 5 wherein Rl is selected fromthe group consisting of
hydr ogen, al kyl, cycloal kyl, aryl and aralkyl; to R2 is selected fromthe

group cons f hydrogen al kyl , cycl oal kyl, hal ogen Séﬁzls | al kyl ,
aryl and sb@éélﬂﬁ?}?ed aryl; . 15 R3 and RQ are independentl é@#ﬂé@%&jg from
t he group consi sting of hydrogen, al kyl, al kyl ene, cycl oal kyl, aryl and
substituted aryl, provided that at |eastjzone of R3 or R' is alkyl; 20 X i s

NHC ( =NH ) NHZ ; and pharnaceutically acceptable salts thereof; conprising
25 reacting an N-protected conpound of fornula (11), wherein Wis an

N-protecting groupro seléé@vﬁl(sgﬁ&%e déited\étehdofsbrmEt, Hal BlURDUrRad of formilbh @

nitrile oxide of formula , 0 ~- —N-0R3cnn at a tenperature

whi ch prevent §Vah germixire eyl &&@Hﬁosreseinbm th¢ orgagic selrprbLim Hydselyzedrwith &
(1), J.[O yi elkglc Hgﬁ%&g&?w§uc?1fasf58c§1%|hgdlfolx1\& Qgs&{;n\{}yﬁroxildelzné kh 1k¥v A

C02R-~ reactrng the m xt'u € co oun s of
fornmula (1V) preférably\ofiuirohyidesxide, feprodiideaspatuse ﬁﬂth&b&ﬁésporﬂ’dﬁ@ﬂkﬁﬁhétﬁl of 10

ot al ky - DA GHFUACY b (V' GESPEEBlS T e Fasep P kot CovEnasts i - co2
Mt *~ R4 ~N~Qn&3i s(al’is)W ﬂﬂirate@%nwhe organﬁ"ph%‘e dNd mixed with a suitable solvent such
as an organic ether, for example methyl tert-butyl ether; an organic ester, for example
ethyl acetate; a hydrocarbon, for example toluene; a water immiscible ketone, for
example methyl-isobutyl ketone; or a water immiscible alcohol, for example n-butanol;
10 preferably the solvent is methyl tert-butyl ether. The resulting mixture is treated with an
acid, such as acetic, hydrochloric, sulfuric, and the like, preferably hydrochloric, to a pH
of about 3-5, preferably to a pH of about 4, to produce the corresponding acids of
formula (VI) and (VI’). The organic phase is separated and treated with ammonia or an
amine, preferably t-butyl amine, preferably at a temperature between about 15-30°C,
15 more preferably at room temperature (20-25°C), resulting in precipitation of the
corresponding salt, a compound of formula (VIE), where Q" represents NH," or

substituted ammonium cation.

Alternatively, the reaction mixture containing the compounds of formula (V) and
20 (V’) is acidified with an acid, such as acetic, hydrochloric, sulfuric, and the like,
preferably hydrochloric, to a pH in the range of about 0.5-3, preferably to a pH in the
range of about 1-2, to produce the corresponding compounds of formula (VI) and (VI’)
The organic phase is then separated and treated with ammonia or an organic amine,
preferably t-butylamine, preferably at a temperature between about 15-30°C, more
25 preferably at room temperature, to produce the corresponding compound of formula

(VII) as a precipitate, wherein Q" is as previously defined.



Rs (v.) reacting the m xture of the compounds of formula (V) and (V.) with
an acid to formthe corresponding acids of fornmula (VI) and (VI')~ WHN
CO2H . * * WQE/005H#O R3 (~) WHN CO2H -. * * R4 O- N R3 (ViBQT/8S0p/@d3 i ng t he
conpounds of formula (VI) and (VI') with ammbnia or an anmine to precipitate
the corresponding salt of fornmula (VII),, where Q+t represents NHq+ or
substituted anmoni um cati on; WO 01/ 00}387'1 -42 PCT/US00116013 WHN,, C02 Q+
-. RA NNOR3 (VIl) reacting the conpound of formula (VI1) to yield the

d of f Iva); R 5 (1 . ing th d f |
CPVRy Usi ng sodt b tecRyeTeot e AR5 Tyath S GLHRRORA S ng
ani noal cohol @l rdadtédVith méldbkngmd%ff&ﬂm 1M and&Ghe/sHorb lésehibid t he

conpound of formula (IXa) froman 10 organic sol vent or an al cohol /water

m xture, to ieuslitians, toipsoduse thewpmpepndg of pulay Domd (¥ ddirectlyl Xa); WHN_
CO-R~ Ra ~~O H Rs NH2 reacting the conmpound of forrmula (I Xa) with a
conpound of formula (X), (RzCO 20, or a conmpound of formula 15 (XI), RzCOv,
where Rz is as deThe sdhadd fodaaieVaT)ds dspended in\4 abhGIGTF The forrtilla RSOHIDa chl or i ne

or brom ne, of fornul Xl 1) PCT/USQ0/ 16013.t o produce the, correspondin
conpound W Hpumwg%f ?on(nula ()V’III), preferalgy treate w1t}1 ac rresp%ngmg ortho-ester. $‘I%e 'ng

resulting suspension is treated with a strong non-aqueous acid such as gaseous HCI,

gaseous HBr, perchloric acid, p-toluene sulfonic, and the like, preferably gaseous HCI,
at a temperature < 20°C, resulting in formation of the compound of formula (IVa). If
10 the N-protecting group on the compound of formula (VII) is t-butoxycarbony! (Boc),
the solution is further treated with di-tert-butyl dicarbonate (Boc anhydride) and a
tertiary amine such as triethylamine, diisopropylethylamine, N-methylmorpholine, and

the like, preferably triethylamine.

15 Alternatively, if the N-protecting group on the compound of formula (VII) is t-
butoxycarbonyl (Boc), the compound of formula (VII) is suspended in an organic
solvent such as acetone, 2-butanol, acetonitrile, and the like, preferably acetone, and
then treated with a base such as potassium carbonate, sodium carbonate, and the like, or
an alkali hydroxide such sodium hydroxide, potassium hydroxide, and the like, or a

20 mixture thereof, preferably a mixture thereof such as a mixture of sodium hydroxide and
sodium carbonate. Preferably, the resulting suspension is heated to remove the amine
byproduct of Q”, and then treated with an alkylating agent such as an alkyl halide,
dimethyl sulfate, and the like, preferably dimethyl sulfate, -to yield the corresponding
compound of formula (Iva). "

25
The stereoisomer of formula (IVa) is reduced to the
corresponding compound of formula (IX) using sodium
borohydride, preferably in the range of about 2-3 molar
equivalents, and nickel chloride, preferably in an amount

30 equal to at least 1 molar equivalent, in an alcohol such



R4 3!'" ° O2 R HNHCOR cxln renmoving the N-protecting group fromthe
conpound of fornula (XIl) to produce the correspondi ng conpound of formula

(X1, orwodieodrper eof ; HZH CO2R~ R4 OH R3 H NHCORZ (X! | 'P)L?‘rlfé% ' t he
conpound of forrmula (XII1) to the corresponding acid salt o o#ﬁ%ﬁg (XI'V);

H2f ~ COZ M+ Ra OH R3 H NHCORZ (XIV) reacting the conpound of fornmula (Xl V)
wi th a guanyl ating agent, to produce thd9eorrespondi ng conpound of fornula
(I'b) . 15 2. A process for preparing a conpound of forrmula (I): WO
01/00571 - 44 R~ R4 R3~ H ~NHCORZ (i) wherein PCTIUS00/ 16013 R1 is
sel ected froms hetipeoop,cehbasolngamd tyalrldidgen, I:Bf%ﬂelqab,lycs'ml eal kyl , aryl
and aral kyl ; selce or %%Hgﬁégﬂg n ; al kyl,
cycl oal kyl , h§%€%§% ggbgk?ﬂﬁgédngiﬁf P ar an ts%|?%P§§g§?gF? ?8 R3 and
R' are indepamdsnthpnsebéctexEHd(pndduatgumupsomaSEQtbpga@aihyﬂtGgEn al kyl,
ed a | east one

al kyl ene, c¢ cIo | and substi.tu rovided th
o o e ey P e Rk, PRRRBER R AR Y g et PRARFEAE oy oup
consssting otehwdmoggn;nfpuecupetahyﬁxox@ tHERS,0r@EERSndliHg, NHCORS and

NRSR6, where | gt aryl, CORE or COOR6; and where
R6 is selecteélqL Bg%F b ?oggnﬁgr%%Pglabrkylene cycl oal kyl, aryl or

substituted aryl; and phar maceutical |y acceptable salts thereof; 25

compri si ng reacti %aeaaegh\g\%etsfg Stk LOSRALNE Alnd Bl b cWPRLELN Wi S

an N-protecting grou 01I0 571 - wtha nitrite oxide
of fornula (IIIKR) R& @se)latedl\bz) FecpeivalsSigatdens feBR an arganperat ure

whi g preventsm%ggntsﬁehl gd éoﬂﬁéxﬁléfpoéﬂﬂ}lprhc@tatt%e %%GPQH@deRefOBEM a
(rrr), to yield the conmpounds of fornula (I d (I'V (M
alcohol/water mixture such as methanol/water,

ethanol/water, and the like; preferably toluene.

Alternatively, the desired diastereomer of formula
15 (IXa) is isolated by disscolving the mixture of formula
(IX) in a weak acidic agueous solution such as aqueous
hydrochloric acid, acetic acid, and the like, adjusting
the pH of the solution to pH>7 with ammonium hydroxide,
and extracting with an organic solvent such as ethyl
20 acetate. The compound of formula (IXa) is then isolated

by known methods.

The aminoalcohol of formula (IXa) is reacted with a
compound of formula (X) or a compound of formula (XI),

25 preferably a compound of formula (X), preferably with 1 to
2 equivalents, more preferably about 1 equivalent, in an
inert organic solvent such as toluene, ethyl acetate, and
the like, preferably toluene, to yield the corresponding
compound of formula (XII).

30

If in the compound of formula (I) Y is other than

hydroxy in the configuration as set forth in formula



WHK CO2R~ * * Ra O~/ N3 R (rv') reacting the m xture of the conpounds of
formula (I1V) and (IV') to the corresponding alkali nmetal salts of 10

formul a (V)wandooSxr ), where M+ represents an al kali netal prer/Use/16013a
tetra-al kyl -ammoni um rati on; WO 011 00571 PCTNSOOI 16013 -46 WHN,, C02 M+
.. **~Ra ~NNOR3 (v? WHN, ,C02 M+ .. * * Ra O-N R3 (v, > reacting the

m xture of the conpounds of formula (V)'zgﬁd (V') with an acid to formthe
correspondi ng acids of forrmula (VI) and (VI'); WHN,, C2H * *~ Ra ~N~O R3

(~) WHN,~) * Ra O-N R3 (vt=) .s.reacting.the c unds, of fornul a
(V) and' (V1" {70 b Ao Roir o REARORBOLE BEb! pid A . SOAYEERERdI ng
salt of formta {Hh4 [gompaverde o freprnéseX I NHAzy ofnaubgtd tthetdsd domoni um
cation; Wo ' =+ 44 PCT 00/1 ; -, ,OR3 (M1)
reacting the ég%ér%lencfsoﬁefsg%gg ?‘@I ?)gﬁg(l)xér%)p t%aetqgoonrrppocﬁﬁéﬁof formul a
(Iva); 1 F 5 38A268Tledddileg Diec.compodRB76f fornmula (IVa) using sodium

borotgydri de and NNClz to yield the correspondi ng am noal cohol of fornula

(IX);7 WHN. CO-R~ R4 R3 , /*' NH2 recrystallizing the conmpound of formula
(I Xa) froman 10 dilgaN-proglecéingopranpadt obind /wwatrerund xfurfermudai sol at e

the corresponging campeytd)of; of QERULa(bFaknoW b HAF to produce

the corresponding amine of formula (XIII) or (XIII'),
respectively, or salts thereof, which amines or salts
10 thereof are present in their dissolved forms within the

separated agqueous phase.

When the N-protecting group on the compound of

formula (XII) or (XII’') is Boc, the N-protecting group is

15 removed by treating the compound of formula (XII) or
(XII’'), present in an organic solvent, with an acid such
as aqueous hydrochloric or agqueous hydrobromic, preferably
aqueous hydrochloric, at a pH in the range of 0-3,
preferably to a pH<l, more preferably to a pH 0O,

20 preferably at a temperature in the range of 0-20°C, to
produce the salt of the corresponding amine of formula
(XIII) or (XIII'), respectively.

To the separated aqueous phase contairging the compound of formula (XIII) or
25 (XIIT’) is added a base, such as aqueous sodium hydroxide, aqueous potassium
hydroxide, and the like, to adjust the pH to between about 6-13, preferably to a pH of
12-13, preferably at a temperature of less than or equal to about 10°C, resulting in the
compound of formula (XIV) or (XIV"), respectively. To the solution containing the
compound of formula (XIV) or (XIV’) is added a guanylating agent, at a pH in the
30 range of 7.5-14, preferably in the range of 8-10, at a temperature in the range of 0-90°C,



R4 ;~0 HR3 , , NH2 (1xa) reacting the conmpound of formula (1Xa) with a
conpound of formula (X), (RzCO 20, or a conmpound of formula 15 (XI), RzCOv,
where Rz iwoenooescri bed above and Vis WO 01/ 00571 - 4&cdrnidooséoh®ri ne or
brom ne, of formula (Xl 1 ) PCT/US00/ 16013 to produce the corresponding

compound WH ~,~ C0O2R~ .. Ra OH R3 H NHCOR2 (XIl) converting the conpound
of formula (XI1) to the compound of forfita (XI1'): WHN~ CO-R~ .. R4 Y R3
H NHCOR2 (XIl') renoving the N-protecting group fromthe conpound of
formula (XI1') to produce the correspondi ng conpound of formula (XII1"), or
sal t t her eof preferalily atemtstmipargturéiin thorapgeieidl (5 0°Cotayield tiegompoynd ef forraula
correspondi ng[bf/ﬁri 8) sréisl % of , formula (XIV); WO 01/00571 - 49 PCT/ US00/ 1
@013 H2N. Q0 ) TESP ?QAYEW' R3 H NHCOR2 (xlv,> reacting the conpound of

formula. (XIV') with a guanyl ating agent, to produce the correspondi ng
conpound of forrula (I A process for prepari ng a cqonmpound of the

). 5 3. S
formula (1b) R- 4Prefsmbly, pegyapylatingagens i rryrazoln! -fabepmidigen: Rz i s
selected fro : 3N r . A \
nal gen subsrePUBe iR aTLE i it oul i RiiBmpdiuft fifhe mbE HORLSFC,
I ndependent | yr Hditdadold 1 Lcarbaxantidingmonghydrchlositie, addaf athayd agend.Sastlay| |
al kyl ene, cycloal kyl, aryl 2o _and substituted aryl, provided that_ at |east
one of R3 or tqqmergur&pxkghp;range of 20-30°C. More preferably the guanylating agent 1s 1H-

triazole-1-carboxamidine monohydrochloride.

10 Alternatively, the compound of formula (XII) may be
hydrolyzed prior to removal of the protecting group.

If in the compound of formula (I) R' is other than hydrogen, the separated
aqueous phase containing the compound of formula (XIII) or (XIII') is treated directly
15 with a guanylating agent, at a pH in the range of 7.5-14, preferably in the range of 8-10,
at a temperature in the range of 0-90°C, preferably at a temperature in the range of 10-

50°C, to yield the corresponding compound of formula (Ib) or (I), respectively.

The compound of formula (Ia) is purified by dissolving the crude product in a
20 mixture of methanol:water, preferably in the range of 5:95 to 50:50, more preferably
10:90, at reflux temperature. Preferably, the solution is maintained at reflux until the

boiling temperature reaches between about 85°-100°C, more preferably 98-100°C. The

resulting solution is cooled to precipitate the purified product of formula (Ia).

25 Recrystallization of the compound of formula (Ia) as
described above will yield one of two novel crystalline
forms, Form A or Form B, or a mixture thereof. Form A is

obtained by slow recrystallization from the water/methanol

solution, where the volume of the solution is 27mL/dg,

30 preferably >10mL/g, preferably where initial precipitation



WD 01/00571 -50 X is NHC (=NH) NHz; PCT/US00/ 16013 and pharmaceutically
acceptable salts thereof; 5 conprising reacting an N-protected conpound of
formula (I Iwoopmtein Wis an N-protecting group, WHN CO2RcvutdangeBi trite
oxide of fornmula (111), R4 OONOR3 to ~Bn at a tenperature which
prevents uncontrol |l ed deconposition of the conpound of formula (I11), to
yield the corresponding acids of fornul-@2(-V1) and 15 (VI' ) ; WO 01J00571
-51 WHNrr ,CO2Hri .. * *~ Ra ~N~NOR3 (~) WHNrr CO2Hrr * * Ra O-N R3
(Vh) PCLl'/US00/ 16013 reacting the conpounds of formula (VI) and (VI') with
ammoni a or anceFirTRe ato PECLpi t Bernthel  ohtedpeddibygmeakt rapidlormul a (VI 1),

where Q repr + .Qr. it d g{]m' td 0N+ VW HN 2 QF -.
Ra N, O R3 (VI f?%%c%%gzﬁlﬁ%guﬁggoyéFor mﬁ]&a %bi]la)éétlgl tyl}éé)l'd(ﬂth ﬁgg
conpound of fuienk@Elyie/a)t sARtichVal KOml Agluq et drdad lgombheurd iaftial nul a
(I'va) using sodi um borohydride and NNClz to yield the correspondi nkg

ami noal cohol BfediRihataqn @ccurs @o ppelHs 7 Forgy ByopNg mzRere of Form

5 A and Form B can be completely converted to Form A by

stirring the solid in water, preferably at a temperature
of 220°C, more preferably at a temperature of about 70-
80°C, and preferably cooling to a temperature of about 0-
5°C.
10
Preferably, Form A is prepared by rapid recrystallization of the compound of
formula (Ia) to produce Form B or a mixture of Form A and Form B, followed by

complete conversion to Form A.

15 The novel crystalline forms of the compound of
formula (Ia) may be characterized by their respective x-
ray powder diffraction patterns utilizing a Philips PW3710
based powder diffractometer using CuK, radiation and the

following system conditions:

20
a) CuKa radiation, 30mA, 40KV
b) Optics
e 1/12° divergence slit
e 0.2 receiving slit
25 c) Scan 4 to 35°20 at a scan rate of 0.016°
20/second
d) Aluminum sample holder

Form A of the compound of formula (Ia) appears as

30 small, high density shiny crystals, may exist as a di- or



RA OHRs * NH2 H PCTNS00/ 16013 (~ recrystallizing the conpound of
formula (I Xa) froman organic sol vent or an al cohol/water m xture, to
i sol at e t hg¢oamosaspondi ng conpound of formula (IXa): W HNpcTUSORI¢e13 . Ra OH
R3 _ NH2 5 reacting the conmpound of formula (IXa) with a conmpound of
formula (X), (R2C0)20, or a conpound of formula (XI), RZCOV, where RZ is as
descri bed above and V is chl ori ne or brdhine, to produce the correspondi ng
conmpound 10 of formula (X | ; WH-,~ C0O2R~ .. Ra OH R3 H NHCOR2 (Xl 1)
removi ng the N-protecting roup fromthe Cconpo g of. forrrula (XI1) to
produce the 66#r8¥ﬁ6ﬁ6?n@n‘g |1&e?x VIyESof~58Yt thereof; WO
01/ 00571 - 53 ghlfkra G ﬁﬂtmrﬁe H NHCCRZ (XI1rn) PCT/ US00/ 16013 react i ng
t he conpound of fornula (XI1l) to the corresponding acid salt of formula
(XIV); H2~"I CO2 Mt R4 OH R3 H NHCOR2 ~M 5 reacting the conpound of formula
]£X| V) | Wi Ehl g) guany| at kg agentpoWIERP KCRATE DI FERAQT I OF PRSI LTS corrp]?ugd of
ornmul a

formula (Ib) |smmﬁeﬂ_mi§wﬂﬁ@i[a (1 a) Relatiye Intensiy nr gcess of
Claim4, whereiph thed47protecti ng2§7®up i s |t-but xoycdé.bonyl. 15 6. The
process of Caimb5, figat her |conpriigiedg addijng the corgemund of fornmula (I11)
to the conpound|of TgipRul a VWO G34/530571 1 - 1)) at a
t enperature of @O- ' PreSgIGe of 3 tertlaryzg@ ne.— 7. The process
of Claim#6, whel COoTTY tds—5—g¢f—formot=a F—amd—v') are
reacted with an : ' 55 L S (D léﬁ
,70 Hhe |]14 uu;ynallﬂrﬁ J.Ulg.g

9.01 9.81 20.7

9.30 9.50 65.0

941 9.40 32.3

10.09 8.76 2.8

11.08 7.98 1.7

11.96 7.40 23.5

12.08 7.32 28.0

12.43 7.12 8.3

12.88 6.87 32.1

13.00 6.81 30.7

13.28 6.66 19.9

13.92 6.36 24.4

14.06 6.30 13.8

15.17 5.84 69.4

15.33 5.78 51.5

16.60 5.34 20.0

17.18 5.16 11.8

18.62 4.76 354

18.81 4.71 21.2

19.62 4.52 47.0

20.11 4.41 46.5

20.27 4.38 473

20.76 428 423

21.33 4.16 25.8

21.85 4.06 22.5

22.88 3.88 27.5

23.77 3.74 43.2

24.20 3.68 58.9

24.81 3.59 31.3




20 8. The process of Claim7, further conprising treating the conpound of
formula (IVa) with di-tert-butyl dicarbonate and triethylamne. 9. The
process of WO /0§58, further conprising reducing the conpolREI/ES00A@IIul a
(I'va) with about 2-3 nolar equival ents of sodi um borohydride and at least 1
nmol ar equi valents of NN 2. 10. The pr oggss of Claim9, further conprising
i solating the conpound of forrmula (I1X) Dy adding sodiumnitrite. 11. The
process of C ai m 10, the corrpound of forrrul a toluene. wherein in

13 iner ef ' the [oompBiAl or{ ot B vay o roact e bt apos]
equi val ent of the cof®30nd of fornds i 77 locess of
Claim 12, whereiln_th&’8prot écting32d groud on the c@&Jound of fdrmul a
(XI1) is removed witR7.83ueous hydr 3&RI ori c |aci d. V@531 / 00571
PCT/ US00/ 16013 {55 128.60he process3daf C aim 13, wher @8 t he guanyl ating
agent is 1H pyrazol eadsgar boxam di pgp nonolydrochl orizgg. 5 15. The process
of Claim13, wh¢rern3ghg guapyrati hgzagent IS T (11 g4ql e- I-car bgi m dam de,
nonohydr ochl ori ¢e: J.?O 76116 P[UTESS,§ Crai IJ_5','_f—UT_l_f3'§T—C'OTT'pTT5'|_rg reacting
10 t he COTTpOUﬂd of 1312 o \ pct ‘v’) v'\1l2_t ke Lla'"y t ggggcut at pH about
8.5 and a tenpetaturp-Fh—thet+anrge=g 0 1+ gcess—f-or mrifying

t he conpound of [for rn';llg%La; 15 r‘n?ﬁg ising-idi anl \ ng 48hn crude—gonpound of
formula (la) inla m33:88e of | wat er 286t hanol| at reflu¥92enperature. 18. The
process of Caiml7 3hébein the ne2Bdnol . vater 20 ni2R2ure is présent in a
range of 5:95 to 50:50. 19. A crystalline formof the corrpound of formul a

(la) 25 (la) char cterlze the follo powder fr ction
pattern: WO 01 GUBﬁo #gqﬂc{queg}f wggl%):wﬁ%\c har. Jay

DI FFRACTI ON RiRblsiba fﬁﬂeﬂn%oglggm%ﬁa@'f&loﬁm ﬁﬁ Zf
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15.17 5.84 69.4

16.60 5.34 20.0

17.18 5.16 11.8

18.62 4.76 35.4

19.62 4.52 47.0

20.11 4.41 46.5

20.76 4.28 423

21.85 4.06 225

22.88 3.88 275

23.77 374 432

24.20 3.68 58.9

24.81 3.59 31.3




1. Acrystalline formof the conpound of fornula (la) conprising the

followng x-ray diffraction peaks:
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(la) is preparefl_as Poha b2 T§184nr acesls of Cl.ai r%sé wherein
conpound of forfula §937 is brepar83%as Forjm B. 3. TH8%rocess of
wherein the compound1®#8fornula (18W3is prdpared as &9.#i xture of
10 Form B. 4. The prozess of | C ai n7®3, furtjher conpri4dilng convert
to Form A by stirringtée sofid I ngwater. 35.6
. 13.76 6.43 23

14.52 6.10 62.5

14.65 6.04 92.8

15.47 5.73 97
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20.59 431 36.1

21.18 4.19 14
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24.00 3.70 14.6
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25.32 3.52 10.6

25,88 3.44 42.6
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formul a
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Claim4,
Form A and
ing FormB



15 5. The process of Claim26, further conprising heating to a tenperature
of >20C. 6. The process of Claim27, wherein the tenperature is 20 in the
range of 7&@BBOO57T. A process for preparing a conpound of Hauvusob/esofdvl 1) Qr
(V1) WD 01/ 00571 -61 PCT/US00/ 16013 wherein R3 and RQ are

I ndependent|ly selected fromthe group c?gm sting of hydrogen, alkyl,

al kyl ene, cycloal kyl, aryl 5 and substitufed aryl, provided that at |east
one of R3 or RQIis al kyl; Wis an N-protecting group; 10 and Q+ is NH9+ or
substituted ampai-um-catioR—conpr-sing—tregcti-Rg—a—xi-ure—ef—conpounds of
formula (1V) ang—(l \/26-,18\/\hpr bin R13i%Q seledted from f%L group congsi sting of
hydrogen, al kyl | cycPb8#kyl . laryl 338 15 arlalkyl . WHPO CZR- * [*~ Ra ~N~O
(I'V R3 WHf ~ CO2R~ .2843 * *| Ra O-3N4R3 (Il~', to forApd¥he correspondi ng

al kali metal salts opgg»rnulp (V) amd (V' ),[ where M 28apresents an al kal i
metal cation or[a tepy g3 al'ky[ - ammoRigym cat ijon; WO @Q4»00571 PCTI|US00/ 16013

-62 WHN. CO- Y OgigyMF  Ra O~ 7 g3 reacting t he
m xture of the gompoy ISI? of—formot 854V7 an \v VR Llfmll acid—tolformthe
correspondi ng ag¢ids 9] o5 OF Tt -a— (W ant—(Cv—-—WHH 1 2H—=—*——Ra ~N O R3
NO WHH) .02H ' }—=—= mhm'\ﬂésimm‘f-ng *hﬂf‘?.:]eurdrs et—Hornul a
(Vl )_and (Vl ' ) with Mnl a br._an 2#9np iila) p[P(‘I 1|'\| i aﬂ&_t_h_e_c_o_r_r_e_q pondi ng
salt conpound of_fordB& (Vi]) 2.72 15.3

33.44 2.68 18.5

Form B of the compound of formula (Ia) may be characterized by an X-ray

diffraction pattern comprising the following major peaks

5 FORM B - POWDER X-RAY DIFFRACTION MAJOR PEAKS
Angle °20 d Spacing (4) Relative Intensity

8.90 9.93 25.2
10.17 8.70 72.9
10.48 8.43 9.7

12.59 7.03 44.1

12.79 6.92 35.6
13.76 6.43 23

14.65 6.04 92.8
15.59 5.68 9.5

17.31 5.12 9.4

17.94 4.94 367
19.41 4.57 4.2

20.59 4.31 36.1
22.70 3.91 100.0
23.30 3.82 23.7
23.62 3.76 32.1
24.56 3.62 26.2
25.88 3.44 42.6
27.04 3.30 19.0
28.43 3.14 304
28.83 3.09 23.1
29.33 3.04 16.2
31.53 2.84 12.0
31.87 2.81 12.1




WO 01/00571 PCT/ US00/ 16013 - 63 8. The process of Caim30, wherein R3 is
ethyl, Rq is ethyl, Wis t-butoxycarbonyl and Q+ is t-butyl ammoni um
cation. 5 WOWmsmcess for preparing a conpound of fornul ap€i§oonédt, CO2R~
- . .. Ra OHRs * NH2 Hwherein R is selected fromthe group consisting
of hydrogen 10 al kyl, cycl oal kyl, aryl 2nd aral kyl: R3 and R4 are

I ndependently selected fromthe group cGNsi st ng of hydrogen, al kyl,

al kyl ene, cycloal kyl, aryl and substituted aryl, provided that at |east one

of R3 or 15 R" i : \Wi-s—ah I\Lnrnf ecti Rg—gH-OLH- hnrrnrl S ng
reducing a conpound 3%86ormila (1VAY2WHN |~ CopR- BA:320 (1Va) using

sodi um bor ohydrilde aB¥4&i 0 2/t o vi @68 the dorrespondil8¢ conpound lof formul a
(X . wo ol /aos~~ 10. A corrpound of formula (VII) UR4A t BuNH3+ (VII) 5

wher ei n PCT/ US00/ Jﬁpl%oRgP%nﬁg - 1ésnd§é3 ]id ntI S‘?Lln%cﬁq rgm t he group

consi sting of hydrogen ene, “oal k ¢ silbstituted
aryl, provi dedtealtar altetlaeéstindnergf mc-;em‘tecmmam@smmwe tWa S an

N-protecting I nd + uhstituted ammni umcation. 15 .AL;
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Example 1
Preparation of 2-Ethyl-N-hydroxybutanimidoyl chloride

Hydroxylamine hydrochloride (230.1g, 3.31 mol) was

10 dissolved in purified water (220g). Toluene (740 g) was
added, followed by addition of 2-Ethylbutyraldehyde
(315.6g, 3.15 mol). The two-phase mixture was stirred
vigorously while cooling. Sodium hydroxide solution (ca.
30%, 463 g, 3.47 mol) was added slowly over about 1lh.

15 (Addition is very exothermic) to maintain a temperature
between 15-25°C. The mixture was stirred for an
additional 30-60 min, then allowed to stand to separate
the layers. The organic layer, containing the oxime, was
used in the next step without further treatment.

20

N-Chlorosuccinimide (NCS) (421.2g, 3.15 mol) was suspended in
dimethylformamide (DMF) (499.4 g) and cooled to about 10 °C. The oxime solution in
toluene (3.15 mol) was added slowly over at least 2h with sufficient cooling to maintain
the reaction temperature between 10-25°C. (The reaction is exothermic, but heat

25 evolution is not immediate. Initially small amounts of the oxime solution (about 5%)
were added. Once heat evolution began, the remainder of the solution was added).
After complete addition of the oxime, the mixture was stirred at 15-25° for at least 30
min. Purified water (1050g) was added slowly (slight exothermic) over 15 min while
maintaining the temperature at 10-30 °C The two-phase mixture was stirred for 15

30 min. at 15-25 °C and the layers were separated. The water layer was discarded and the
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methanol (254 g) The green solutlon was cooled to 0-5°C, while a suspension formed.

Sodium hydroxide (0.5 g, 0.011 mol) and sodium borohydride (28.0 g, 0.741 mol) were
10 dissolved in methanol (228 g) and added over 4h to the reaction mixture at 0-10°C
(reaction is highly exothermic). A black suspension was formed along with strong gas
formation. After complete addition of the borohydride solution, the reaction mixture
was stirred for 30 min at 0-5°C. A solution of sodium nitrite (20 g, 0.291 mol),
ammonium chloride (56.1 g, 1.05 mol), and 25% aq. ammonium hydroxide (65 g, 0.954
15 mol) in water (639 g) was added at a rate that maintained the reaction temperature at or
below 25°C. The black solid dissolved and a thick bluish suspension was formed. The
mixture was stirred for 12-16h at 20-25°C. The precipitate was collected by filtration
and washed twice with a solution of 25% aq. ammonium hydroxide (136 g) in water
(864 g) to yield wet crude product (300 g). The wet crude product was suspended in
20 toluene (1500 g) and 25% aq. ammonium hydroxide (150 g). The suspension was
heated to 70-80°C for 30-60 min. A clear two-phase system was obtained. The phases
were separated, and 25% aq. ammonium hydroxide (150 g) was added to the organic
phase. After heating to 70-80°C the phases were separated, and a solution of etﬁy]ene
diamine tetraacetic acid (EDTA) disodium salt dihydrate (150 g) in water (200 g) was
25 added. After heating for 30-60 min to 70-80°C, the phases were separated and the
organic layer was cooled to 0-5°C over 2-3h. A jelly-like suspension was formed. After
stirring for an additional 2-3h at 0-5°C, the product was collected by filtration and rinsed
with toluene (200 g). The wet product was dried in vacuo at 40-50 °C
Yield 74.0 g (73.2%), purity (LC) 98.2%.
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hydroxycyclopentane-l-carboxylate (21.16 g, 0.060 mol) was

10 suspended in toluene (88.7g) and cooled to 0-5 °C. Acetic
anhydride (7.02g, 0.069 mol) was added over 10 min at 0-30
°C. The reaction mixture was stirred for 1lh at room
temperature and then extracted with a solution of sodium
carbonate (5.0g, 0.047 mol) in water (50g). The aqueous

15 phase was discarded, the organic phase was added over 5
min to 37wt% hydrochloric acid (23.2g, 0.235 mol) at 0-5
°C. Gas evolution was observed. Gas evolution decreased
after 15 min. After stirring for 1h at 0-10 °C, the
layers were separated, and the organic layer was washed

20 with water (10g). The combined aqueous layers were
treated with a 30 wt% solution of sodium hydroxide (a
total of 36.1g, 0.271 mol) in water, added slowly at 0-10
°C under pH-control. The pH was adjusted to 12.5.
Initially, the pH decreased quickly, and sodium hydroxide

25 solution had to be added to maintain this pH value. After
45min, the pH became constant at 12.5. The solution was
stirred for an additional 30 min at 0-10°C. 1,2,4-
Triazole-l-formamidine hydrochloride (10.78g, 0.073 mol)
was added at 0-30 °C. The suspension was stirred for 15

30 min and the pH was adjusted to 8.4 by adding 30% agueous
sodium hydroxide solution (1.0g, 0.08 mmol). A clear

solution was formed. After about 2h a white solid started
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Example 6

10 Recrystallization of (15,25,3R,4R,1’8)~-(-)-3-[(1'-
Acetylamino-2’ -ethyl)butyl]-4-[[ (aminoimino)methyl Jamino] -
2-hydroxycyclopentan-l-~carboxylic acid

Crude (15,28,3R,4R,1°8)-(-)- 3-[(1’-Acetylamino-2’-ethyl)butyl]-4-

[[(aminoimino)methyl}amino]-2-hydroxycyclopentan-1-carboxylic acid (97.0 g, 0.273

15 mol, a 1.5 hydrate) was mixed with distilled water (600 mL) and methanol (70 mL). The
mixture was heated to boiling until the solid dissolved. The solution was hot filtered to
remove any dust or insoluble particles. Heating was continued from an initial boiling point of
84°C until the boiling point reached 99-100°C, resulting in distillation of the methanol, to a
final solution volume of about 6ml/g. The mixture was cooled to room temperature, during

20 which time the product precipitated as white needles of crystalline Form B. The mixture was
stirred overnight at room temperature. The solid was then collected by filtration, rinsed with
cold (5-10°C) water (50 mL) and air dried to yield Form A product as a white solid/crystals.
Yield of isolated solid: 88.5 g (84.7% of theory) mp 256-258 °C (decomp;)sition). A second
crop (8.5g, 8%) was obtained after concentration of mother liquor to 250 mL and stirring

25 overnight.
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18:)/@'&?-?;/& ( %)()/gn%étg *yzgzz{ggx%sélﬁsrg ?g%?gﬁylg)bdpylfda 5,6,6a-tetrahydro-4H-
cyclopent[d]lsoxazole-é-carboxylate and its dlasteremsomers in toluene (1943 g, 0.73
mol) was treated with a solution of sodium hydroxide (46 g, 1.15 mol) in water (300 g)
at 20-25°C. The two phase system was stirred for 2 5-3.5 h. 37 wt% hydrochloric acid
10 (142.9 g, 1.45 mol) dissolved in water (257 g) was added within 30 min. The phases
were separated, and the acidic aqueous phase was discarded. The organic phase was
treated with fers-butylamine (62.17 g, 0.85 mol) at 20-40°C. The product precipitated
as a slightly yellow solid. The reaction mixture was heated to reflux, the resulting
suspension was stirred at 90-100°C for 2.5 h, then cooled to 20-25°C over 2h, and
15 stirred for a further 60 min. The precipitate was collected by filtration, rinsed with

acetone (500 g) and dried for 12 h at 50°C.
Yield 286.24 g (67.4%), purity (LC) > 97%.

20 Example 8

(3aR,4R,6S5,6a5)-(+)-Methyl 4-[[(1,1-dimethylethoxy)carbonyl]amino]-3-(1’-
ethylpropyl)-3a,5,6,6a-tetrahydro-4H-cyclopent[d}isoxazole-6-carboxylate
(3aR,4R,65,6a5)-1,1-dimethylethylammonium 4-[[(1,1-
dimethylethoxy)carbonyljamino]-3-(1’-ethylpropyl)-4,5,6,6a-tetrahydro-3aH-
25 cyclopent[d]isoxazole-6-carboxylate (422 g, 1.0 mol) was suspended in methanol (500
g) Trimethylorthoformate (137.96 g, 1.3 mol) was added, and the reaction mixture was
cooled to 10-15°C. A solution of HCI gas (6.0 mol/L) in methanol (216.7 g, 1.3 mol)

was added over 15 min (with the temperature maintained at a maximum of 25°C). The
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and stirred for 2 h. The product was collected by filtration, washed with water (500 g)

and dried in vacuo at 45°C.

10 Yield 343.34 g (96.9%), purity (LC) 99.6%.

Example 9

(3aR,4R,6S5,6a8)-(+)-Methyl 4-[[(1,1-dimethylethoxy)carbonyl]amino]-3-(1’-
15 ethylpropyl)-3a,5,6,6a-tetrahydro-4H-cyclopent[d]isoxazole-6-carboxylate
(3aR,4R,6S,6aS)-1,1-dimethylethylammonium 4-[[1,1-
dimethylethoxy)carbonyl]amino]-3-(1’-ethylpropyl)-4,5,6,6a-tetrahydro-3aH-
cyclopent[d]isoxazole-6-carboxylate (211 g, 0.51 mol) was suspended in acetone (400
g). Potassium carbonate (6.9 g, 0.05 mol) was added, followed by a solution of 30wt%
20 sodium hydroxide in water (66.7 g, 0.50 mol). 300 g of solvent were distilled off,
acetone (300 g) was added, and then another 300 g of solvent were distilled off. The
solution was cooled to 40-45°C. Dimethyl sulphate (91.0 g, 0.71 mol) was then added
to the suspension. The resulting two phase system was stirred for 60 min at 40-45°C
and then cooled to 15-20°C. A solution of 25% aq. ammonium hydroxide (4.0 g, 0.06
25 mol) in water (96 g) was added. The reaction mixture was stirred for 20 min, methanol
(100 g) was added, the reaction mixture was cooled to 0-5°C, seeded and stirred for 20
min, resulting in the crystallization of the product as fine needles. Over a period of 45

min a solution of 25% aq. ammonium hydroxide (6.0 g, 0.088 mol) in water (144 g) was
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Example 10
(15,25,35,4R,1°S)-Methyl 3-[(1’-amino-2’-ethyl)butyl]-4-[[(1,1-
dimethylethoxy)carbonyl]amino}-2-hydroxycyclopentane-1-carboxylate

10 (3aR,4R,65,6aS)-(+)-Methyl 4-[[(1, 1-dimethylethoxy)carbonyl]amino]-3-(1°’-
ethylpropyl)-3a,5,6,6a-tetrahydro-4H-cyclopent[dJisoxazole-6-carboxylate (70.5 g, 0.20
mol) and nickel chloride hexahydrate (50 0 g, 0.21 mol) were dissolved in methanol
(180 g). The green solution was cooled to 0-5°C. Sodium hydroxide (0.44 g, 0.01 mol)
and sodium borohydride (20.0 g, 0.53 mol) were dissolved in methanol (160 g) and

15 added over 2 h to the reaction mixture, while the reaction mixture temperature was
maintained at 0-10°C. After complete addition of the borohydride solution, the reaction
mixture was stirred for 30 min at 0-5°C and then warmed to 10-15°C. 37wt%
hydrochloric acid (12.0 g, 0.122 mol) was added, followed by addition of a solution of
sodium nitrite (7.0 g, 0.10 mol) in water (35 g), at a rate that maintained the reaction

20 temperature at or below 25°C. After the addition of nitrite was complete, the pH of the
solution was adjusted to 6.85 by adding 37wt% hydrochloric acid (about 35.7 g 0.36
mol) The reaction mixture was stirred at 20-25°C, until all of the black precipitate was
dissolved and a green suspension was formed. A solution of ammonium chloride (22.0
g, 0.41 mol) in water (70 g) was added. 25% aq. ammonium hydroxide (about 180 g,

25 2.64 mol) was then added until a pH 9.6 was reached. A solution of 30wt% of sodium
hydroxide in water (about 20 g, 0.15 mol) was added to adjust the pH to 9.87. The

mixture was stirred overnight at 20-25°C. The precipitate was collected by filtration
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The wet crude product was suspended in toluene (870
5 g). The suspension was heated to 75-80°C for 20 min. A
two-phase system was obtained. The phases were separated,
and 25% agq. ammonium hydroxide (110 g) was added to the
organic phase. The mixture was again heated to 80°C, the
phases were separated, and 25% agq. ammonium hydroxide (110
10 g) was again added to the organic phase. The mixture was
again heated to 80°C, the phases were separated and the
organic layer was cooled to 0-5°C over 1.5 h. The product

was collected by filtration and rinsed with toluene (30

g). The wet product was dried in vacuo at 40-50°C.
15 Yield 51.63 g (70 %), purity (LC) 96.7%.
Example 11
20 (18,285,3R,4R,1’S)-(-)-3-[(1’-Acetylamino-2’-ethyl)butyl]-4-

[[(aminoimino)methyl]amino]-2-hydroxycyclopentan-1-carboxylic acid
(15,25,35,4R,1°S)-Methyl 3-[(1’-amino-2’-ethyl)butyl]-4-[[(1,1-
dimethylethoxy)carbonyljamino]-2-hydroxycyclopentane-1-carboxylate (2990 g, 8.34
mol) was suspended in toluene (17090 g) and heated to 48-53°C. Acetic anhydride (929
25 g, 9.10 mol) was added to the slurry over 40 min at 48-53°C. After the addition of the
acetylating agent was finished the resulting solution was then stirred for about 3 min,
then as quickly as possible, a solution of 25% aq. ammonium hydroxide (752 g, 11.0
mol) in water (3002 g) was added. The phases were separated, the aqueous phase was
discarded, while the organic phase was washed once with water (3751 g). The organic

30 phase was then added to 37 wt% hydrochloric acid (3277 g, 33.3 mol) over30 min, at 0-
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wt% solution of sodium hydroxide (a total of 4807.5 g, 36 06 mol) in water - the first
portion (about 2750 g, 20.57 mol) was added at 0-10°C, resulting in a rise in pH to

5 about neutral pH, the second portion (exactly 1.85 equivalents, 2057.5 g, 15.43 mol)

was then added at -5-5°C over a period of 2h. The solution was stirred for an additional
60 min at about 0° C. 1,2,4-Triazole-1-formamidine hydrochloride (1501 g, 10.2 mol)
was then added at 0-5°C. The suspension was stirred for 15 min, the temperature was
allowed to come to 20-25°C, and the pH was adjusted to 8.3-8.5 by adding 30% aq.

10 sodium hydroxide solution (227 g, 1.70 mol). A clear solution was formed. After about
2h a white solid started to precipitate. The reaction mixture was stirred at room
temperature overnight while the pH decreased to 8.5. The suspension was cooled to 0-

5°C and stirred for additional 2-3 h. The product was collected by filtration, and
washed with water (1160 g).

15

Example 12
Recrystallization of (18,25,3R,4R,1’S)-(-)- 3-[(1’-Acetylamino-2’-ethyl)butyl]-4-
[[(aminoimino)methyl]amino]-2-hydroxycyclopentan-1-carboxylic acid
20 Crude (15,25,3R,4R,1’S)-(-)- 3-[(1’-Acetylamino-2’-ethyl)butyl]-4-
[[(aminoimino)methyl]amino]-2-hydroxycyclopentan-1-carboxylic acid (3142 g) was
suspended in water (10656 g). The suspension was heated to reflux and 655 g of
solvent were distilled off. The suspension was cooled to at 70-80°C and water (655 g)
was added. Activated carbon (Norit® C, 33 g) and methanol (2110 g) were added.
25 The reaction mixture was heated to reflux and filtered over Hyflo Super Cel® (100 g).
The filter cake was washed with methanol (100 g). The combined filtrates were again
heated to reflux, and solvent was distilled off until a boiling point of 99-100°C was

reached. The mixture was cooled to 70-80 °C, during which time the product



y109%&' ()-9% A y10%&' ()-% ' 8s|cccccccckMd: A y10%&' () -9% "' 8s%A y10%& () - % A
y109%&' ()-%4 A y10%&' ()-9%"' 8sYA y1l09%& ()- % ccccccccc{[; A yh NIO%& ()-" h
N10%&' ()-"~WOoonQsa ()- YAO%& ()-' Yl Z10%& ()- 10 10 10ccRaIfEsoe/sholh
N1O%&' ()-~ '8[hh N10%& ()-~ h NLO%& ()-" h NIO%& ()-~ '8[h NLO%& ()-~
cccceccceE+; h N10%&' ()-h N1O%&' ()-~ h N1Q¥&' ()-~ h N10%&' ()-~ '8[-h
N10%&' ()-~ h N10%& ()-” ccddd dddhL, ; h 'NE0%& ()-~ h N1O%& ()-~ '8[h
N10%&' ()-" h

precipitated. The mixture was stirred overnight at 70-80°C, until phase transformation
to form A had taken place. The suspension was then cooled to 0-5°C. The solid was
collected by filtration, rinsed with cold (0-10°C) water (1302 g) and air dried over a
bowl of water to yield Form A product as a trihydrate, as white solid/crystals.

5 Yield: 2297 g, purity 99.91%; mp 256-258 °C (decomposition).
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We Claim:
1. A process for preparing a compound of the formula
(Ib):
5
wherein

R' is selected from the group consisting of hydrogen,
alkyl, cycloalkyl, aryl and aralkyl;
10
R? is selected from the group consisting of hydrogen;
alkyl, cycloalkyl, halogen substituted alkyl, aryl and
substituted aryl;

15 R® and R* are independently selected from the group
consisting of hydrogen, alkyl, alkylene, cycloalkyl, aryl
and substituted aryl, provided that at least one of R® or
R* is alkyl;

20 X 1s NHC (=NH)NH,;
and pharmaceutically acceptable salts thereof;
comprising

25 reacting an N-protected compound of formula (II),

wherein W is an N-protecting group,



N1O%&' ()-" ddebe@Ke\e}]=,;h NIO% t109%& ()-< t109& ()-< t10%& () -

109 ()- lylo9& ()- Ify: 109k ()- G e] ebeheneoet ezehl, ;< t109& ()-<

t 109 () -' woordfY& ()-< t10%& ()-< t109%& ()-' Fnzeeeeeeee®Briuson/16013

t109%& ()-"Fn< t109& ()-< t109& ()-< t109%& ()-' Fn< t10%& () - eeeeeeeeE+; <
t109& ()-< t10%& ()-< t109%& ()-< t100/ "Fn-< t109%& ()-<

t 109& () - eeeeeeeehl, ;< t10%& ()-< t 109 (%') "Fn< t10%&R' ()-< t109%& ()-<

t 109& ()-' FneeeeeeeeeGH; < t10%& ()-'Fn< t109&' ()-< t10%& ()-< t10%&' ()-' Fn<
t 109 ()-eeeeeefeE+; < t109%& ()-< t109%& ()-< t10%& ()-< t10%& ()-' Fn-<
t10%& ()-< t109%& ()-ffffffflfhL, ; YWIHRNYE () CORL0O%E ()-' Fn< t10%& ()-<
t109& ()-< t10%& ()-'Fn!f&F ' f-f2f 7f 8f 5@

l

m

with a nitrile oxide of formula (III),

R¢ ® O
>»——EEN—{)
R3
a1
at a temperature which prevents uncontrolled
5 decomposition of the compound of formula (III),
to yield the compounds of formula (IV) and (IV'):

o ———

CO,R'

(/

W-HN

II,,

N av)

u “ |
reacting the mixture of the compounds of formula (IV)

and (IV’) to form the corresponding alkali metal salts of

10 formula (V) and (V’), where M' represents an alkali metal

cation or a tetra-alkyl-ammonium cation;



t10%& ()-'Fn< t109%& ()-< t109%& ()-< t10%& ()-'Fn<

t109& ()->FCFIfIfFPFVI[feE+; < t109%& ()-< t109& ()-< t10%& ()-<

t 10%&' () -' o 61/d08AY& () -< t10%&k ()-[f\fbfhfnfofufzfhlL,; < t3OEsdohsdis
t10%& ()-'Fn< t10%& ()-< t109%& ()-< t10%&' ()-'FnzffffffffeGtH <

t10%& ()-'Fn< t109%& ()-< t109%& ()-< t10%& ()-'Fn< t109&R ()-fffffffeEt; <

t 1098 ()-< t109%&' ()-< t10%&' ()-< t10%& - Fn-< t109%& ()-<

t109& ()-ffffffffhlL, ;< t109%& ()-< t10%& ()-'Fn< t10%& ()-< t109& ()-<
t109%& ()-"Fnfffffffffr=<110% | F"10%k#s& ()- | YI0%sk#s& ()-101010<

t109%& ()-'Fn< t109%& ()-ffgggggaEr=< t10% |v 10%sk#s& ()- '<rv 10%sk#s& ()-

v 10%k#s& ()- v 10%sk#s& () - W-HN, CO, M*
4 e
R AN
R3 V)
+

V)

e, —

reacting the mixture of the compounds of formula (V)
and (V') with an acid to form the corresponding acids of
formula (VI) and (VI’);

W-HN COzH

2, ~
) ~
7, S

R3 (VD)

(V')

reacting the compounds of formula (VI) and (VI’) with
ammonia or an amine to precipitate the corresponding salt
of formula (VII), where Q' represents NH," or substituted

ammonium cation;



| f 9109%sk#s& ()-999 g&g+g0geE =< t10% | v 10%sk#s& ()- v 10%k#s& ()-.v
10%sk#s& ()- '<rv 10%k#s& ()- v 10%k#s& ()- 0glg7g<gAgBgHgMghL, =v
10%k#s& (WOR/OTIsk#S& ()- '<rv 10%k#s& ()- v 10%k#s& (BCT/NSIMDEEBK#S& () -
' <r MJRgSgYg~hgcgdgj geGt=v 10%sk#s& ()- '<rv 10%k#s& ()- v 10%sk#s& ()- v
10%sk#s& ()- '<rv 10%sk#s& () - jgogtgug@gggeE+:v 10%sk#s& ()-v 10%sk#s& () -

v 10%sk#s& ()- v 10%sk#s& ()- '<r-v 1096K#s& ()- v 10%sk#s& () -

99999999j J*v

(VII)

reacting the compound of formula (VII) to yield the

compound of formula (IVa});

W-HN CO,R!

Z
Z,

(/) 1

R4 N/O

R3
reducing the compound of formula
borohydride and NiCl,; to yield the corresponding

(IVa)

(IVa) using sodium

amincalcochol of formula (IX):
W-HN COoR!

W

R4

vy

recrystallizing the compound of formula (IXa) from an

organic solvent or an alcohol/water mixture, to isclate

(IXa);

10
the corresponding compound of formula

W-HN CO.R’

[
2
%

i 5
R™ R
(xXa)

reacting the compound of formula
(R’C0O) 0, or a compound of formula

(IXa) with a

compound of formula (X),

15 (XI), R®COV, where R? is as described above and V is



10%sk#s& ()- v 10%k#s& ()- v 10%k#s& ()- v 10%k#s& ()- v 10%sk#s& ()- v
10%sk#s& ()- '<rgggggghdD*v 10%sk#s& Y 109%#& ()- 10%& () - T 109%#& () -
10%#& () - vewiPefde#s & () - ' <r hh#h$h) h. h3heE*v 10%sk#s&' Y 10% &/ (3006013

10%6& ()-Y 10%#& ()- (' K&Y 10%#& ()-Y 10%#t& () - 3h4h: h?hDhEhKhPhhL, Y

10%6#& ()-Y 10%#& ()-' KY 10%#& ()-Y 10%& ()-Y

10%#&' () -' KPhUnVh\ hahehf hl heG+Y 10%#&' (-¥#3-KY 10%#& ()-Y 10%t&' ()-Y
10%#& () -' KY 10%t& () -1 hghvhwh} hhheE+Y 10%#& ()-Y 10%#& ()-Y 10%#& ()-Y
10%#& ()-' K- Y 10%#& ()-Y 10%¢t& ()-hhhhhhhhhL, Y 10%#& ()-Y 10%#t& ()-' KY
109%t&' ()-Y 16@@nggneyor bromine, to produce the corresponding compound

of formula (XII):;

removing the N-protecting group from the compound of
5 formula (XII) to produce the corresponding compound of
formula (XIII), or salt thereof;

i X1 _J

reacting the compound of formula (XIII) to the
corresponding acid salt of formula (XIV);

10 L _
reacting the compound of formula (XIV) with a guanylating

agent, to produce the corresponding compound of formula
(Ib) .

15 2. A process for preparing a compound of formula (I):



10%t& () -' KhhhhhhhheG+Y 1096& ()-' KY 109%& ()-Y 10%t& ()-Y 10%t& ()
109%& () - hhhhhhheE+Y 109%& ()-Y 109%& ()-Y 109%& ()-Y 109%& ()-' K-Y
10%t&' () - YWOOMPESTL ) - hhhhhhhhhL, Y 109%& ()-Y 10%t& ()-' KY FOTAE0)60)s

109%+& ()-Y 109%*& ()-' Khhhii iiieGrY 10%& ()-' KY 10%#& ()-Y 10%& ()-Y
10968 () - KY 10068 ()-ii1i"i"i,ieE+Y 1096& ()-Y 10%#& ()-Y 10%H& ()-Y
10%4& ()-' K-Y 1094& ()-Y 109%& ()-,i-i 3187 <i =i G Hi hL, Y 10%& ()-Y
10968 ()-' KY 10%t& ()-Y 109%& ()-Y 10%t& ()-' KH NG Ui Zi i ifieGHY

109%#&' () -' KY 10%#& () Y 10%t& () Y 109& ()-' KY 1004& ()-fikipiqiw |iieE+Y
10968 ()-Y 109%#& ()-Y 10%#& () - 10%&' ( -805R

wherein

R' is selected from the group consisting of hydrogen,

5 alkyl, cycloalkyl, aryl and aralkyl:;

R? is selected from the group consisting of hydrogen;
alkyl, cycloalkyl, halogen substituted alkyl, aryl and
substituted aryl:

10

R® and R' are independently selected from the group
consisting of hydrogen, alkyl, alkylene, cycloalkyl, aryl
and substituted aryl, provided that at least one of R® or
R* is alkyl:

15
X 1is NHC (=NH) NH;;

Y is selected from the group consisting of hydrogen,
fluorine, hydroxy, OR®, OCOR’, NH,, NHCOR® and NR’R®, where
20 R® is selected from alkyl, aryl, COR® or COOR®; and where R®
is selected from hydrogen, alkyl, alkylene, cycloalkyl,
aryl or substituted aryl;

and pharmaceutically acceptable salts thereof;
25
comprising
reacting an N-protected compound of formula (II),

wherein W is an N-protecting group,



10%& () - ' W6 okl ()-ii'j(j)j*i6j;jJjvuay "&10% & ()- @S Ydsobéors %

| &GLOYR & () - LO#10#10# y10%*& ()- 3&10%*& ()-JjPj Ui YjZ "jej eEvU4Y " &l10c
t109% & ()-Dc t109% & ()-D .dc t10% & ()-Dc t10% & ()-Dc t 109

& ()-Dejjjkigivi{jlijeGr4c t10% & ()-DP45dc t10% & ()-Dc t109%R & ()-Dc
t10% & ()-D .dc t10% & ()-DijjjjjjeE+dc t10% & ()-c t10% & ()-Dc t 109
& ()-Dc t10% & ()-D .d-c t10% & ()-Dc t10% & ()-DijjjjjjjhL, 4c t10%
& ()-Dc t10% & ()-D .dc t10% & (W-BN t10%@.R) - Dc t 1092

& ()-D .djjjjjjijeGrac t109R & ()-D .dg w0 & ()-Dc t10%R & ()-Dc t109%
& ()-D .dc t100R &'()-DjjjjjjjeE+4ct1 ()-c t109%R & ()-Dc t10%

& ()-Dc

an
with a nitrile oxide of formula (III),

R¢ ® ©
>—-: -0
R3
an
at a temperature which prevents uncontrolled
5 decomposition of the compound of formula (III),

to yield the compounds of formula (IV) and (IV’);

e ——

av)

v’

reacting the mixture of the compounds of formula (IV)
and (IV’) to the corresponding alkali metal salts of
10 formula (V) and (V’), where M' represents an alkali metal

cation or a tetra-alkyl-ammonium cation;



t109% & ()-D .d-c t10% & ()-Dc t109% & ()-DjjjjkkkNkhM 4 |f&L10%& ()-c -
t109% & ()-D .dc t10% & ()-Dc t109% & ()-Dc t109% & ()-D . dNKkkkkkk~"@ 4
| f &1096 3NAWOPHEITT) - A 109& ()-A 109& ()- |s9L109%& ()- | S1OYECTIUSRKKRIKKK) J* A
109&' ()-A 109 ()-A 10% ' ()-' 3nA 10%&' ()-A 109%& ()-A 109 ()-kkl [1111hL, A
10% ()-A 10% ()-' 3nA 10%& ()-A 10% () A 10% ()-'3nll |& + 0 11 7| eG+A
109& ()-' 3nA 109& ()-A 109%& ()-A 109%& (‘% 3nA 10%& ()-71 <l @A G LI Q eE+A
109 ()-A 10%: ()-A 10%: ()-A 10%& ()-'3n-A 10%& ()-A

10%: ()-Q R XIJlalblhinhL, A 100&' ()-A 10%& ()-' 3nA 10%& ()-A 10%& ()-A
109 () 3nmi gl rlx }I111eGA J0%& () ' 3nA 100/&'&1 A 10%& ()-A 10% ()-' 3nA
109& ()-1 111111 eE+A W-HN, L0
R3 V)
+

V")
- —

reacting the mixture of the compounds of formula (V)

and (V') with an acid to form the corresponding acids of
formula (VI) and (VI’};

W-HN LOH

-,
A
2,

R? (VD)

(VT)

reacting the compounds of formula (VI) and (VI’) with
ammonia or an amine to precipitate the corresponding salt
of formula (VII), where Q represents NH,” or substituted

ammonium cation;



109& ()-A 109 ()-A 109 ()-A 109 ()-'3n-A 109 ()-A 109 ()-11111111hL, A
109& ()-A 109 ()-' 3nA 109& ()-A 109& ()-A 109%& ()-'3nl1111111eGrA

1098 ()-' 33d okt ()- A 10%& ()-A 10%& ()-'3nA 10%& () -1 1| Idrhabifsoid%& () - A
109& ()-A 109& ()-A 109 ()-'3n-A 109%& ()-A 109 ()-11mm mmhL, A 109%& ()-A
109& ()-' 3nA 109& ()-A 109 ()-A 109 ()-' 3nmmsBm) m m nbmeG+A 109 () -' 3nA
109& ()-A 109 ()-A 109 ()-' 3nA 109%& {4Z5m nPm@FnKnPmeE+A 109& () - A

109& ()-A 109%& ()-A 109 ()-'3n-A 109%& ()-A 109 () - PmQm mdni nj nkm mmhM@A
1010A 109%& ()-' 3nA 109 ()-A 109%& ()-A

10

15

W-HN CO, Q°

R4 N/O

R3 (VII)

reacting the compound of formula (VII) to yield the

compound of formula (IVa):

W-HN COR!

N

R (IVa)

reducing the compound of formula (IVa) using sodium
borohydride and NiCl, to yield the corresponding

aminoalcohol of formula (IX):

W-HN COR!

o

R4
RB * NHzOH
H
ax)
recrystallizing the compound of formula (IXa) from an
organic solvent or an alcohol/water mixture, to isolate

the corresponding compound of formula (IXa):

W-HN,

7,
2,
%

reacting the compound of formula (IXa) with a
compound of formula (X), (R?C0O),0, or a compound of fornula
(XI), R*COV, where R?’ is as described above and V is



109%& () -"' 3nmmnezmmmiln3noN-3 |~ 10%#& () - 1s10%#t& ()- | f10%& ()-A

| F"9109%#& () - | S10%#& ()- | &Y10%#& ()-103n=nnopprzY8-3 | s ( %WOW#*& () -
| &109%#& () wo oMdbdAve# & () -" ~MBLO%#& () - PCT/US00/16013

| MBLOYEA&' () -! OMBLO%##& ()-rrYssttttt|obU4l | LF10%#& () - 10#10##10#

| s4$1094& () - s4$10%"*& ()- |1 10%#& ()- s ( %WOWw"*& ()-tt% |tttt|[: bUAl
| 1Y10%t& ()- | 10%t& ()- |Y 10%t& ()- t4®9s& ()- 13"910%t& () -

| S10%#& () -t/ uzuuuDvv|[: bWl | |g 10%#& () - I10%#& ()- 1y 310%t& ()- |
10%#& () - | 10%#& g%@ | F10%#& () - vw; Xy I_}/8 {{| -410#I | S6$10%#&' &%-
| 010%t& () - p &QE)brpwiggng(ﬁn Pfreppondlng compound

109%& () - {{{ bl IfbbAﬂlQ#kxl[ﬂ 109%#& ()- |~ 10%#& ()- tH 1094 & ()-- Ff
109R4RS’ ()-- D(Ff 1006& ()-- 10#10#| p}~|[:-410# 1" 110%& ()- | @/ 10%:& () -
| OO ()~ © OO0 ()-t | SO | Ecl et |1 Z10%¢& () - MAALOH 1 1Y
MLO%4#&' ()- | "1094& ()- |f10%& ()- 1YV !
| YL09%#& () - 10#10#M// | [ : A410#l | 10 /$#& (
f#1094& ()- |Y 10%& ()- | @O%t& [ RN # |1 L0 109%& () -
| .- #10%&' ()- | Y(10%&' ()- | &" 109 ge ) S (McBRO%HE () - | S10%:& () - #hvUAL0
| SLOUBHER ()- | YLO%U@MEER () - 10#1p%104H] y%‘ %t&] ()- 1310%¢& ()- 11
10%t& ()- P{Z9vU410 , hT&L09%B&' ()-# , hT&sp&' () {# | @OYDO@E () -
| ps$10%@O@E () -g! s$109%& ()-g | F" L0v@e@® () - 4F~ | obUs10
NTR0088 1) 1 (o O s oo ek Ptk e ()

] o & - 0 & -
G $10%& () - CPm1 %13@5&”?) QOF%&%WQ%ET() i(pUcd| [9+4 10'1s! (10%& ()- s!'(10%
& ()- s!'(109E & ()- 110%& ()- [t &$10%& () -

"10%E () - | 10%+& () - |

0% & ()- defry >4 10! IfY

L 1096& ()- | "L10%& ()- | 10%& () WIHN.OYE& EDoRI VLZ109%& () - 10 104i ~| [: >4
10! | nmlO%& ()- | y#10%:& ()- | 10%t& ()2 0%t ()- | 10%t& ()-
| &109%4&' () -~ |[:>4" 10! |1 +10%:&] () - 0& ()b 1Y(10%& ()-

| y"310%t&' ()- |!10%& ()- |1 "10%&K*
1S2 109%*& ()- | 0$10%& ()- |/ 1004& )- PbA4 10# | | Y$10%:t&' () -
| 10048 ()- | F"109%& ()- | 10%t& (]R3T YIDOMRCOR?10 10#P1 8k|[: A4 10#

| "10%&' ()- |!z#10%& ()- | F | z10%& ()- | f10%& ()- | S109%& () -

| 109%& ()-kfe|[: A4 10# | 0$109%& ()- | *mLO%a® ()- | ("109%& ()- | L' 10%& () -
| 9GLO%HE () - | & 10%t& () - ekl mvB410 Yg 10%1#a&' - Yg 10%t& () - 10#10#10%#
| 5109%#& ()- |4 10%#8o¢)ng| y2d OWR (DedE@nig grbap0frbikl OB&EEEHpoUrBADDE & () -

Oacnes (15 SRt POl AN Ll oblig| EMd 15207107107

04 0%+ &
() formula (XIII ), or salt thereof:;

| 5109%& ()- |3 10%& () -

10
reacting the compound of formula (XIII’) to the

corresponding acid salt of formula (XIV');



0d0%t& () -

| y109%6& () -

$394.0% 0!

‘D] [:bU4A10 | "3 $10%& ()- 13 $10%"& ()- | 10%:& ()-

| 3" 109%& ()- | 109%& ()-{Z9bU410 / 940% & ()-Z | #$3940%& () -
| | B $S0A0%) ()& ()0 13 S10% () 3 $10% (heyimnkitO
10%-#& () -

| Y"'s10%-#& ()-( | 10%-#& ()-( | Y10%#& ()-' 10#104#10# |/

040%#& ()-ZF| [:vU410 | | Y$S10%#& ()-1 | 10%#& ()-1 |1310%#& ()-1 |

0L0%#8& () -
| 09$10%#& () -

10%-#& ()- | Ysz#10%#& ()~496] [ vU410 | 1y2 10%#& ()-|
| 1L*10%#& ()-1 1(z 10%#& ()- |f& s10%#& ()-

| 940%-#& ()-<vU410 | "&10%& ()- 1f10%& ()- IFIO%&' - 10~#10~#10~#

| 5Y10%-#8&' () -
10%1961& () - 101010 | 10%&' ()- | miQoe N [ .y U4
| yZ10% % & ()-f |,10% % & ()- |1°]10% % &

| 410%-#8&' () - 789: c\U410 | 10%% Sm " F9S 10%#d& ()- F9S
T 10% % & () -
109% !} & () -

| FYs10% % & ()-Sn|[:-410T T | 90" 1098 Ty&s()- 190" 140% , & ()- I, -

10% % & () -

" 10%E& () -
& ()- !0y

1910% % & ()- @ 9409
11L10% $ & ()- |f1000§3
10T T XngyX7A410T T | 10% $ & ()|-
"109%& ()-"1y "10%-& ()- & | [: A410T. T L9-$10%>g#>&' ()-

( | ymL0% % & ()-. XbA410T T 1 vy
O 110%$ &'( - 13°Y10% $ & ()-10T T
19%@*%@6) "0Ys& ()-" |y "10%t!

LO- $10%UCSCE ()- eS3%40% [& ()- |PS394090! 9& (FVIS3040%.! L& ()- 1!110% $
& ()-9%=yX710T T 13 10%"s& ()- Tyl0%X#s& ()- | Y'S10%X#s& ()-
| Ylo%;X#s&' () - 10X 1> gosPoYngyos Eprmbkb o] (" )y ¥ALOY ar

| 109 X#s& () glfa }M@&g@nt y1a r(a)iucey%ﬁe@ clrfds }‘le%ri‘&@ﬁ’ﬂ% dd-> 13

10%Ps& ()
109 & () -
5

10

15

20

X710 /(>x#>& St (310%H & ()=t

Bs> ﬁm%adI()) Fl |s mlO%;}s&'() F> iSm

3. A process for preparing a compound of the formula
(Ib):

wherein
R! is hydrogen;

R’ is selected from the group consisting of hydrogen;
alkyl, cycloalkyl, halogen substituted alkyl, aryl and
substituted aryl;

R® and R* are independently selected from the group
consisting of hydrogen, alkyl, alkylene, cycloalkyl, aryl
and substituted aryl, provided that at least one of R?® or
R' is alkyl:



1094 & ()-F<> vU410 | "10%#& ()- | S10%& () -

|| Z10%#&" () - 105 X#s10sX#s10sX#s1 | 010%s X#s&' ()-> |/ 10%X#s& ()-- 4] [: vU410 |
| 1096t& () MO QUSPSTLO%E () -1 | &S109%& ()- |iy10%& ()- ML YPCOWESOE160)3 V>
W10%&' ()-M, 3| [:vU410 | | $$10%t& ()-1 | & 10%t& ()-1 | 10%t& () -

b109B& ()-1 110% & ()-> @10%: ()- W[>1§610f 109 ()-M 1 1$109%& () - I

1$1096G& ()- |-10%"& ()- &L "X- 109C& 27U $$10% () - bA4110 | 10%t& () - -

| +10%:& ()- | MLO%t& ()- |f10%:& ()- || Z10%#& () - 1010$h{ Z9A4110 | Y10%

"& ()-5! & O YLO%& 51 1006 | f @0%#& () -

AV 0)- 9M{Y"8/§4§5f§i9(%&§5 )() 5111 Y100%& 8 51 00600k ()-5!5 | YL0%T
& ()-5!1YL09% & ()-5! " PYL0%& ()-5!".14vUA11 | 310%& ()-3 | 109%& ()- 4

| Goowe () ( | PO k0O | ia0s (e SN ey |

| 109%6&' () -1 | YL0%& () -1 1S109%& ()-gl 1" 10%8& (). 1fL10%#& ()- 109

1098 ()-<y: |[[:vUALLl | |S 010%& ()-I S oo k ()-1 s' %0%4" 48 ()-|

| S$1694& () - | #10%His gl 0%H& () - @ =zvU41l | f 10%H& () -

v Z10%e ()-1010100 1L3@0%() . < L3GO%E 0%4:&; 9vUA11

| 3" 109! &'(%)-!3" FRARVE @P- Nr mie@ (‘501111&%%{)%% fﬂrmui(l) 1<65 & ()-,

| 810968t& () - | Mtlenddhll is abl@UBEoELctindIGONMHS () -  9310%v& () -|

9$10% & ()- | @! 10%& ()- 3"10%#0& ()-/2Y811 |y10%#& ()-- |1 10%& ()--
| FZ109%#& () - - 102#102#102#10%#&' ()W-HN $10%G@5R) -, | [: 2Y811  E 910%:& ()-

9109 & ()- | 910%4"4& ()- G3 10%t& ()- % 5ok ()- i3 109 & ()-|[:zY811
2 “SF( 10%r& ()- SF(  109%Y & ()- :#}&()-3 I'm 10%& ()-32 I'm

109 & ()-3 | 10%& ()-vU41l | "s109%& () -\=2=20%& ()- | FSZ10%& () - 10#10#10#2
| €0109%6& ()- |,/ 10%& ()-|[:vU4ll | | ‘10%#&' ()-1 |3s,10%¢&' (O)-1 1:10%& ()-
| x109%& ()- 2 10% & ()-° *RL0%& () - vUa1l || %310%&& ()-1

| #109%t& ()- | 1110%& ()- uy Llo%(&«gg 2 LlO%(& l)

yL10%& () - 2kt')*| P&Mlm#lw@@#& p¥i |0f Iﬂ)ru @$10% & () -

| 0y-s10% & ()-'2 Sy-s10%& ()-' r& | 3$l0v%& *+ 8 ?Bj bA4110# | 10%t& () - -
| s- 109%#& ()- | 10%t& ()- | 10%t& () - :Ylowg -10#10#1y| Z9A4110 |

Z10%+& () - & Z10YRR& ()- Z10%s#<& () - 1 -10%& ()

| 3" L10%& () - #4*, -zY</ 410!, &10% & (R>3 |y 10% & () @ 109%& ()-- |

109%t& ()-- Jy 109%& ()--!0Oy 10988& ()--./: BRagh@10! | gX10%& ()- 10%& () -

| 3"9009%4& ()- |10%t& ()- |1 Z109%:& ()-10! € quo3s|[: @10! |s10%t& ()- |s
10%t& () -3 g 10%t&t( - tehperd OM#H& which & (t)s uncbitrb&1eh-

decomposition of the compound of formula (III),

to yield the corresponding acids of formula (VI) and
15 (VI*)



5GRDR| [ : - 410# 0s$10%& ()- @ 0s$10% & ()- @ *$10%¢& () - |' 10%t& () -
| YOLOU& ()- p 9y 109& ()-bA4L10# | @O%& ()- |!10%& ()- |f10%& ()-
| SLO%& () wo AAYEE () - LO#10#eo{ ZOAA10# 84109%& () - & | 10%keTi0soddor3

y910%t& ()--& , "10% @@ ()-@*, "10%& ()-@!, "10% ()- @AM  vU410

| y109%6#& ()-( |1 LGLO%& () - (LO#10#10# | & 109%#& ()- |f 9%MLO%H& () -

mMOo%" & ()- ms|[:vU410 | 1098!1& ()-tIS1- 10%j! & ()-t 8, m 10%& ()-F
|, m10% ()-Fu, m10%& ()-F 1, m10%& ()-Fcv|[:vUW410 | 11 @

109 ()-sl M@ 1098'& ()-s |1$10% & ()- =$10%& ()-_ | "L10%& ()- 7 °
10%+& () -twyz| [ >141104#*s109%& [()-: Y1#10%& ()- | Y/ 10%& ()- | 9*10%& () -G
| L' 109%& ()-T Bl @ 10%& ()-s7{| bARIARY |, GO & ()1 | ~@0%& () -

@OYGHGE ()-" | @0%t& ()- |1Z]0%t& () -
fz10% # & ()- L1096 & ()- @,[L10%#&' ()
| $ 10%& ()-!$ 10% KI K& ()- 4 109%2f 2& /M N 06 10%& ()- |'s $10%t& ()--!Ps
$10%& ()-)*+7<JcrbAL0# | | Y'U109R ~Q 109 1s&()- 110%r"s& ()-
| 10%sX#s& () - | LF1096X#s& () - JO#10#r thzXTALO#
| 6F"! 1096 X#s& () - @ nY, $10% t &|() R
=3Y, $109DX#D& () -! PY, $109MLW.E ()-! PY, $10%& ()- GY, $1090 N& ()-' *| _RES#
108X#&! 108&XH#&L0&XH& IMLOYEXHEE () - V& 3109&X#&&' ()@ 210% X#s& () -
Q8 10YRX#&&' () - @ | +F10%sX#s&' (|) - r |\V-RIB# . 1I0@ghdok#& () - X | 10%#&' ()-
| 109&#& () - | 109%K#& ()- | F"109k#& ()- KILOPK#& ()-r|[: RES#

b 18 | 100Kk#& ()- | 109%#& () -
Y#109%&' ()-DP|[:-810f Uf LO" 109 Reu& ()- Z*#10% k#t & ()- |
FOL0%" & ()- @- HFYAO0USK#GE ()|- - M 1098IFGET() - | LbABL0f UF L
Uy  $1098M & ()-S | 1y  $109%+& ()-S F' 10% # & ()g3\| z(ﬁgf/é & ()-& |z
109%¢& () - &10f UF 10f UF 9| [ 9A810f Uf ! 7/: 109 W & () - 1'210%4& ()- |L' 10%& ()-
| 64#SH10%& () - @ L&S10%& () - |, &310%t& () - $& () 5D zVB10f UF | S10%& () -
| "109& ()-- | YZ10%€3Otingo#ie: CORPPNREs4RE (Fernyla ok @Rd sVAED YF1BPUF | Sq
109%& ()-p, ' <dGerk O Rnd ad@U&' €d- PricifPBatae -the |corC¥ R rdingEE¥8 0 Uf

| Sg 109&' - p,
q () F)oquormula (VII), where Q' represents NH,” or substituted

#\ ] [ A4110 | f210% & () -
"10%#& ()1 L@OY& ()- " s()yWs) 10#

5 ammonium cation;

W-HN £oy Q’

W

R3 (VII)
reacting the compound of formula (VII) to yield the

compound of formula (IVa);

(IVa)
10 reducing the compound of formula (IVa) using sodium
borohydride and NiCl,; to yield the corresponding

aminoalcohol of formula (IX):



10%& ()-p,q 10%& ()-p,' <dq 10%& ()-p,q 109%& ()-p, hL, 8q 10%& ()-p,q -
10%&' ()-p, ' <dg 10%& ()-p,q 109%& ()-p,q 10%& ()-p,' <deG+8q 10%& S)-p, ' <dq
1098 () -p, FOAQMST) -p, g 109%& ()-p,' <dq 10%&' ()-p, eE+8q 1CRE/YS00/E6013
109%& ()-p,q 10%& ()-p,q 109%& ()-p,' <d-q 10%& ()-p,q 109%& ()-p, "#(-hL, 8q
109& ()-p,q 10% ()-p,' <dgq 109& ()-p, q.3P%& ()-p,q

10%& ()-p, ' <d-239>BCl eG+8q 10%&' ()-p, ' <dq 10%& ()-p,q 10%& ()-p, q

10%& ()-p, ' <dg 10%& ()-p, | NRSY ceE+8q 10%&' ()-q 109%& ()-p,q 10%& ()-p,q
109%& ()-p,' <d-q 109%& ()-p,q LO%&' () cdi ot Lt%c?l.RBq 1098 ()-p, q

109 ()-p,' <dg 10%& ()-p,q 109 ()-p, & JOWES()2p, ' <deG+8q 10%& ()-p, ' <dg

R4
H
H

Ix)
recrystallizing the compound of formula (IXa) from an
organic solvent or an alcohol/water mixture, to isolate

the corresponding compound of formula (IXa);

W-HN,

)
2,
%,

reacting the compound of formula (IXa) with a
compound of formula (X), (R?’CO),0, or a compound of formula
(XI), R?COV, where R? is as described above and V is

chlorine or bromine, to produce the corresponding compound

10 of formula (XII);

removing the N-protecting group from the compound of
formula (XII) to produce the corresponding compound of

formula (XIII), or salt thereof;



10%&' ()-p,q 109 ()-p,q 10% ()-p, ' <dq 10%&' ()-p, eE+8q 10%&' ()-q

109& ()-p,q 10%&' ()-p,qg 109%& ()-p, ' <d-q 10%& ()-p,q 10%& ()-p, hL, 8q
10%&' () - p, qwvd-0068571) - p, ' <dq 109%& ()-p,q 10%& ()-p,q 10%& ()prErismaénsq
10% ()-p, ' <dg 109%& ()-p,q 10%& ()-p,q 109 ()-p, ' <dg 10%& ()-p, eE+8q
10%' ()-q 109 ()-p,q 109% ()-p,q 10%& (%-p, '<d-q 10%&' ()-p,q 10%& ()-p,
$)hL, 8q 10% ()-p,q 109%& ()-p,' <dq 10%&-?3=p,q 109& ()-p, q

109%&' ()-p," ' <d)./5:?2@eG+8q 10%& ()-p, ' <dg 10%&' ()-p,qg 10%& ()-p,q

10%&' ()-p, ' <dq 109 ()-p, FKPQWaeE+8g 10%& ()-qgq 10%&' ()-p,q 10%& ()-p,q
10%& ()-p," ' <d-q 10%& ()-p,q 109 ( q

(XI1ID) J

reacting the compound of formula (XIII) to the

corresponding acid salt of formula (XIV);

5 reacting the compound of formula (XIV) with a guanylating

agent, to produce the corresponding compound of formula

(Ib).
4. The process of Claim 1, wherein the compound of
10 formula (Ib) is represented by the formula (Ia):
(1a)
5. The process of Claim 4, wherein the N-protecting
group is t-butxoycarbonyl.
15
6. The process of Claim 5, further comprising adding the

compound of formula (II) to the compound of formula



109% ()-p, q 10% ()-p,' <dq 10%& ()-p,q 10%& ()-p,q 10%& ()-p,' <d~eG+8q
10% ()-p, ' <dq 10% ()-p,q 10% ()-p,q 10%& ()-p,' <dq 109%& ()-p, eE+8q

10% ()-q MOORUSUp q 10%& ()-p,q 10%& ()-p,"' <d-q 10%& () - PCT{US00/16013

10% ()-p, hL, 8q 10%& ()-p, q 109%&' ()-p,' <dgq 109%& ()-p, q 109%& ()-p, q

10%: ()-p, ' <deGr8q 109& ()-p.' <dq 10% (};p q 10% ()-p,q 109 ()-p." <dg
109%' ()-p, eE+8q 109%&' ()-q 10%& ()-p,q 109 ()-p,q L0%& ()-p," <d-q

109% ()-p,q 10% ()-p, &hL, 8q 10%& ()-p, q 10%& ()-p,' <dgq 10%& ()-p, q

109 ()-p, q 109% ()-p.' <d29;; <=>JO'=q 10%.Y, 10%& (): YF Z10%:& () - 1Q1010q
10%& ()-p, ' <dq 100/&1?}2 p® bl htRea %%fvléjol‘é%%z (52 gk &rc%?é“%e) q%l

a tertiary amine.

7. The process of Claim 6, wherein, when the compounds
5 of formula (VI) and (VI’) are reacted with an amine,

the amine is t-butylamine.

8. The process of Claim 7, further comprising treating
the compound of formula (IVa) with di-tert-butyl

10 dicarbonate and triethylamine.

9. The process of Claim 8, further comprising reducing
the compound of formula (IVa) with about 2-3 molar
equivalents of sodium borohydride and at least 1

15 molar equivalents of NiCl,.

10. The process of Claim 9, further comprising isolating
the compound of formula (IX) by adding sodium

nitrite.
20
11. The process of Claim 10, wherein in recrystallizing
the compound of formula (IXa), the organic solvent is
toluene.

25 12. The process of Claim 11, wherein the compound of
formula (IXa) is reacted with about 1 equivalent of
the compound of formula (X), in toluene.

13. The process of Claim 12, wherein the N-protecting

30 group on the compound of formula (XII) is removed

with aqueocus hydrochloric acid.



1098 () - K 109%t& ()- Y"" 10%t& ()-uzeEr=q 10% YK 10%8& ()-K 10%& () - K
1098 ()-' 8nK 1098&' ()- K 109%:& ()-hL, =K 109%t&' ()-K 10%t&' ()-' 8nK 10%:& ()-K
108" () - KDoA ) - ' 8neGr=K 109%t&' ()-' 8nK 10%& () - K 10%&.{) <

10%#&: () - A 8 ()-eE)K 10%#&' ()--K 10%:&' ()-K 10%t&! (§E-f;§§%q'6ﬂ6°‘3

1098 ()- K 109%t& ()-K 100%& ()- A)K 10%& (' 8n' K 10%& ()- K 10%t& ()- K
109%#& ()- K 109%t& ()-K 10%:& ()- (ZbB) K 1088 (. 10%t&' ()-. L10%H& ()-

1098 ()- f109%& ()- 3100%& ()-K 10%t& ()-eGr 109%& ()-' A 10%H&' ()-.
1098 ()-. 109%t& ()-' A 10%t& ()-eE+. 109%& ()-. 10%:& ()-. 10%:& ()-.
10%#& ()-' A-.14. The process of Claim 13, wherein the guanylating

agent is 1H-pyrazole-l-carboxamidine,

monohydrochloride.

5 15. The process of Claim 13, wherein the guanylating
agent is 1lH~triazole-l-carboimidamide,

monohydrochloride.

16. The process of Claim 15, further comprising reacting
10 the compound of formula (XIV) with the guanylating

agent at a pH about 8.5 and a temperature in the

range of 20-30°C

17. A process for purifying the compound of formula (Ia)
15 comprising dissolving the crude compound of formula
(Ia) in a mixture of water/methanol at reflux

temperature.

18, The process of Claim 17 wherein the methanol:water

20 mixture is present in a range of 5:95 to 50:50,

19. A crystalline form of the compound of formula (Ia)
NH;,

>
>

H NHCOCH; @
characterized by the following x-ray powder diffraction

25 pattern:



109%+& ()-. 109%#& ()-hL,. 109%#& ()-. 10%#& ()-'A 10%H& ()-. 10%H& ()-.
109%& ()-' A eGr. 109%& ()-' A 10%& ()-. 10%& ()-. 10%& ()-'A

1096& ()-! WO @®B1 1094:& ()-. 109%& ()-. 109%*& ()-. 1094+& RCTAUSH0/16013
109%+& ()-. 109%t& ()-239>CDIOHL,. 109%#& ()-. 109%& ()-' A 10%& ()-.

10%:& ()-. 10%& ()-' AOTU “efleGr. 10%& ()-' A 10%& ()-. 10%& ()-.
109%& ()-' A 109%t& ()-1 quwp eE+. 109%& (VO 109%& ()-. 10%& ()-.

109%& ()-' A-. 109%& ()-. 10%& ()-hL,. 109%& ()-. 109%& ()-'A 10%& ()-.

10%:& () -. 10%:& ()-" 2% al0%8ublr £ raf Wil iR rHVEsbhTs

Angle °20 d Spacing (4) Relative Intensity
427 20.70 16.1
474 18.65 100.0
6.08 14.54 43.0
6.49 13.62 26.2
7.61 11 61 19.9
7.70 11.47 18.5
9.01 0.81 20.7
9.30 9.50 65.0
9.41 9.40 323
10.09 8.76 ] 2.8
11.08 7.98 1.7
11.96 7.40 23.5
12.08 7.32 28.0
12.43 7.12 8.3
12.88 6.87 32.1
13.00 6.81 30.7
13.28 6.66 19.9
13.92 6.36 244
14.06 6.30 13.8
15.17 5.84 69.4
15.33 5.78 51.5
16.60 5.34 20.0
17.18 5.16 11.8
18.62 4.76 354
18.81 471 21.2
19.62 4.52 47.0
20.11 441 46.5
20.27 4.38 473
20.76 4.28 42.3 -
21.33 4.16 25.8
21.85 4.06 22.5
22.88 3.88 27.5
23.77 3.74 43.2
24.20 3.68 58.9
24,81 3.59 313
26.23 3.40 46.3
26.50 3.36 47.7
27.25 3.27 26.7
27.83 3.20 453




109%& ()-' A
109%& ()-. 10

10%#&' ()-eE+. 1

%t& ()-hL,. 10%#& ()-

10%#&' () - ' woltnostP8#& () -' A
109%& ()-"#). 4eE+. 10%*& () -
109%4&' ()-. 109%t& ()-45; @FLQhL, . 109&

109%& ()-. 10

%& ()-' AQUW bg

0%t&' ()-. 10%t& ()-. 10%t& ()-

. 109%t& ()-' A 10%t& () -
109%& ()-. 109%t& () -

109%& ()-. 100%& ()-. 10%& () -

hieG . 109 {)-

109%+& () -
109%& () -

10%+& (Pk:'rm‘éoonams

109%& ()-' A 10%& ()-.
"A 1094& ()-. 10%& ()-

1098 ()-' A 109%t& ()-i] kI xvV6. 10 10%#z& ()- 10%#z& ()- 10%#z& () -
0% #2& ()-%3[ 10%#z& ()-

3"s1l0%#z& () -
10%#z& () -

SE10%#z& () -

10#10#10#eG+6

10%#28 2860 3[ 100% #783.13 - eE+6 | 10%#2&' (23.0
29.56 3.02 333
30.50 2.93 41.1
30.76 2.90 38.9
31.28 2.86 295
31.95 2.80 21.8
33.63 2.66 292
34.26 2.62 20.2

A crystalline form of the compound of formula (Ia)

comprising the following x-ray diffraction peaks:

FORM A - POWDER X~-RAY DIFFRACTION PEAKS

Angle °20 d Spacing (4) Relative Intensity
4.74 18.65 100.0
6.08 14.54 43.0
6.49 13.62 26.2
7.61 11.61 19.9
9.30 9.50 65.0
10.09 8.76 2.8
11.08 7.98 1.7
12.08 7.32 28.0
13.00 6.81 30.7
13,92 6.36 24.4
15.17 5.84 69.4
16.60 5.34 20.0
17.18 5.16 11.8
18.62 4,76 354
19.62 4,52 47.0
20,11 441 46.5
20.76 4,28 42.3
21.85 4.06 22.5
22.88 3.88 27.5
23.77 3.74 43.2
24.20 3.68 58.9
24.81 3.59 31.3
26.50 3.36 47.7
27 83 3.20 453
28.60 3.12 23.0
29,56 3.02 33.3




10%#z& ()- 10%#z& ()- 10%#z& ()-'3[- 10%#z& ()- 10%#z& () - eE+6.
10%#z& ()- 10%#z& ()- 10%#z& ()- 10%#z& ()- 10%#z& ()-' 3

10%#z& () waefoh§n10%#z& ( FI0%R#&' ()- F 109#& () - F&LO%RHSudebneo13
10%#z& ()-'3[ 10%#z& ()-Ze~"@6 10%#z& <h 109R2#& ()-\ 10%2#& ()-\
1092#& () -\ F91092#& ()- FFL109R#& ()-jJ* 109R2#& ()-\ 109%R2#& ()-\

1092#& ()-\'<h 109R#& ()-\ 10%#& ()-\ 4¥R#& ()-\hL, 10%#& ()-\

1092#& ()-\'<h 1092#& ()-\ 109%2#& ()-\ 109%#& ()-\'<h eG+ 10%#& ()-\'<h
1092#& () -\ 109R2#& () -\ 109%R#& ()-\'<h 109@#& ()-\!& eE+ 10WR#& () -

1092#& () -\ 109%2K& ()30S0L0%RHA& () -\2.%h- 109R#& () -\ 19P@#& () -\*+[16; <BGL,
109%R2#& () -\ 1092K& ()31\28<h 2.86 295

31.95 2.80 21.8

33.63 2.66 29.2

34.26 2.62 20.2

1. A crystalline form of the compound of formula (Ia)
NH,
HN

>
S

H NHCOCH;  @a)

characterized by the following x-ray powder diffraction

5 pattern:
FORM B - POWDER X-RAY DIFFRACTION RESULTS
Angle °20 d Spacing (&) Relative Intensity
8.90 9.93 252
10.00 8.84 35.6
10.17 8.70 72.9
10.48 8.43 9.7
12.59 7.03 44.1
12.79 6.92 35.6
13.76 6.43 2.3
14.52 6.10 62.5
14.65 6.04 92.8
15.47 5.73 9.7
15.59 5.68 9.5
17.31 5.12 94
17.94 4,94 36.7
19.41 4.57 4.2
20.39 4.35 32.8
20.59 4.31 36.1
21.18 4.19 1.4
22.70 3.91 100.0
23.30 3.82 23.7
23.62 3.76 32.1




109R#8& () -\ 109R#& ()-\ 109R#& ()-\' <hGLMBX\]ceG+ 109R#& ()-\' <h
10948 ()-\ 109R#& ()-\ 10%R#& ()-\'<h 10%R#& ()-\chl mey}eE+ 109R#& ()-
109R#8& () - woe#s () -\ 10%#& ()-\'<h- 10%#& ()-\ 109%R#&ddwssonbiis
109R#& ()-\ 109R#& ()-\'<h 109@#& ()-\ 109R#& ()-\ 109R#& ()-\' <heGt
109R#& ()-\' <h 109R#& ()-\ 109@#& ()-\ 109@#& ()-\'<h 109@#& ()-\eE+
109R#& ()- 109R#& ()-\ 109R#& ()-\ 109@#¥1)-\'<h- 109R#& ()-\

109R#&' ()-\hL, 109R#& ()-\ 109R#& ()-\'<h 109R#& ()-\ 109R#& () -\

109@#& ()-\' <heE,__10%R#& 10%R#& () -\ 100@#& ()-\ 100R#& ()-\'<h 109@#& ()-\

1092#& ()-\ | obA 24.00 3.70 14.6
24.56 3.62 26.2
25.32 3.52 10.6
25.88 3.44 42.6
26.18 3.40 9.1
27.04 3.30 19.0
28.43 3.14 30.4
28.83 3.09 23.1
29,33 3.04 16.2
29.43 3.03 14.2
31.53 2.84 12.0
31.87 281 12.1
32.08 2.79 12.5
32.86 2.72 15.3
33.44 2.68 18.5
1. A crystalline form of the compound of formula (Ia)

comprising the following x-ray diffraction peaks:

5 FORM B - POWDER X-RAY DIFFRACTION PEAKS
Angle °20 d SpacinL(A) Relative Intensity
8.90 9.93 252
10.17 8.70 72.9
10.48 8.43 9.7
12.59 7.03 44.1
12.79 6.92 35.6
13.76 6.43 2.3
14.65 6.04 02.8
15.59 5.68 9.5
17.31 5.12 9.4
17.94 4.94 36.7
19 41 4.57 4.2
20.59 431 36.1
22.70 3.91 100.0
23.30 3.82 23.7
23.62 3.76 32.1
24.56 3.62 26.2
25.88 3.44 42.6
27.04 3.30 19.0
28.43 3.14 30.4




109R2 F YL09E#& ()-)102#102#102# SMLOYR#E& ()- 109@#& ()-\' <h 109@#& ()-\

/5 ?2@"@bA 10% <r

109EH#& ()- 109EH#& ()- 109EH#& ()- FF' 109EH#& () -

F1O09EHE () WRIOTgsYiej J* 109EH& ()- 109EH& ()- 109EHE& ()-' <r PADOEIOASIL) -
109E#& ()- 109EH#& ()-ef | quwihL, 109EH#& ()- 109EH#& ()-' <r 109EH#& () -

109E#& () - 109EH#& ()-' <reGr 109EH& ()-' <L 109EH#& ()- 109EHE& ()-

109E#& ()-' <r 109EH#& ()- eE+ 109EH#& ()- 1OYE#& ()- 109EH#& ()- 109EH& ()-' <r-
109E#&' () - 109E#& ()-hL, 109EH#& ()- 109EH#& ()-'<r 109EH#& ()- 10VEH& () -

109E#& () -' <reGH
10%E#& () - eE+ 1

13.09 nogsgl (). 23.1

. . 7 16.2
31.53 2.84 12.0
31.87 2.81 12.1
32.86 2.72 15.3
33.44 2.68 18.5

10

15

20

The process of Claim 4, wherein the compound of

formula (Ia) is prepared as Form A.

The process of Claim 4, wherein the compound of

formula (Ia) 1s prepared as Form B.

The process of Claim 4, wherein the compound of
formula (Ia) is prepared as a mixture of Form A and

Form B.

The process of Claim 24, further comprising
converting Form B to Form A by stirring the solid in

water.

The process of Claim 26, further comprising heating

to a temperature of >20°C.

The process of Claim 27, wherein the temperature is

in the range of 70-80°C.

A process for preparing a compound of formula (VII)

W-HN Co, Q*

s
3

R3 (VII)



109EHE& ()-' <r- 109EH#& ()- 109EH#& ()-$% 2hL, 109EH& () -
109E#8 () - 109E#& ()- 10YE#& ()-' <r27890dC, 109E# 33FL0%H#& () -
3Y100K#&' (Wo GAMSKHE () - L0VEH& ()-' <r
109Kk#& ()-K Fw 109&K#& ()-K 109K#& ()-K 109K#& ()-KeGr 109KH&
109Kk#& ()-K 109K#& ()-K 109&#& ()-K Fw 109kK#& ()-K'& - 27eE+
109Kk#& ()-K 109&k#& ()-K 109k#& ()-K Fl- 109&k#& ()-K

109k #& ()-K78>CH OThL, 109&#& ()-K 109k#& ()-K Fw 109&#& ()-K
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R® and R’ are independently selected from the group

consisting of hydrogen, alkyl, alkylene, cycloalkyl,
R' is alkyl;
W is an N-protecting group:;

10 and Q" is NH," or substituted ammonium cation;

aryl

and substituted aryl, provided that at least one of R® or

comprising reacting a mixture of compounds of formula

(IV) and (IV’), wherein R! is selected from the group

consisting of hydrogen, alkyl, cycloalkyl, aryl and
15 aralkyl;
W-HN, SOR!
% W
4 . -0
R N~ av)
R3
+
v’

to form the corresponding alkali metal salts of
(V)

cation or a tetra-alkyl-ammonium cation;

formula

and (V’), where M' represents an alkali metal
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-

oy,

V)

—

' ()-eGr= t 10%#& () -' <d

reacting the mixture of the compounds of formula (V)

and (V') with an acid to form the corresponding acids of

formula

reacting the compounds of formula

(VI) and

(VI’);

(VD

(V1)

(VI)

and (VI') with

ammonia or an amine to precipitate the corresponding salt

compound of formula

(VII).
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wherein

R' is selected from the group consisting of hydrogen,
10 alkyl, cyclcalkyl, aryl and aralkyl;

R?® and R! are independently selected from the group
consisting of hydrogen, alkyl, alkylene, cycloalkyl, aryl
and substituted aryl, provided that at least one of R® or

15 R* is alkyl:;

and W is an N-protecting group:;

comprising reducing a compound of formula (IVa)

W-HN CO,R’

2, N
7 ~
2 -

3
R (IVa)
using sodium borohydride and NiCl, to yield the

20

corresponding compound of formula (IX).
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and substituted aryl, provided that at least one of R® or
10 R* is alkyl;

W is an N-protecting group;

and Q" is NH," or substituted ammonium cation.
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