PROCESS FOR PREPARI NG AN Amt ADENOSI NE RECEPTOR AGONI ST AND I TS

POLYMORPHS [0001] This Application clains priority to U. S.

. Provi si onaWORVEHE3Appl i cation Serial No. 60/801, 857, fHOTAS2008H03R,

©.2006, and to U.S. Provisional Patent Application Serial No.

60/ 765, 114, filed February 3, 2006, the conplete disclosures of which

are hereby incorporated by reference. Field of the Invention

[ 0002] The present invention relates to a process for the |arge scale

preparation of an A2A- adenosi ne receptor agonist, and also relates to

pol ynor phs of that conpound, and to nethods of isolating a specific

pol ynmor ph. Background [ 0003] Adenosine is a naturally occurring

nucl eosi de, YRICHEAXEORPRASARING QN & g_mﬁmsmmmﬂrqrcﬁ@mmﬂmm

fam |y of adénosine receptors known as

. whi ch nodul at e |nportatrphysrologrE%iJ§EXEE§§E§P ne of the

" biological effects of adenosine is to act as a coronary vasodil ator,

#this result being produced by interaction with the A2A adenosi ne

receptor. This effect denosi .ne has ,been_found, t useful. as an

50 o mgithor ¢ heisranelesian R msdpaRaRy & bOviAaeL P Aspicaton
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presence or S&B%NEEGOQ 6% b 4 Febryagy 3» %ﬂoget%g@‘)@alr‘??%%‘s‘gﬁﬁ“é?srﬁfﬁ@ﬂ‘?h #Ffie

: advant age ofhefdb§linébrb@eRaivgueferdnckhat it avoids the nore traditiona

- met hod of inducing coronary vasodil ation by exercise on a treadml|,

which is clearly undesirable for a patient that has a coronary

di sease. [0004] However, adm nistration of adenosine has several

di sadvant ag&icldadgrdpieadideas a very short half life in humans (Il ess

than 10 seconds), and also has all of the effects associated with At,

Aza, Am and0P0Zr ecFpe presemjonvestivn Riales torrepraesss & the kegasealepeepaption of

adenosi ne regept ory.4000

produci ng ?%#gnéﬁs vasO%’E?ﬁgt&ruzL ?Rﬁg¥??§ﬁ a?#yﬁiﬁéﬂmﬂﬂﬁﬁgggﬁ%ﬁggﬁmundf.

- life and fevndfto mﬂmda@fepia@@g@spf@ﬁ@mlmms of Conpounds

" possessing these desirable properties was disclosed in U S. Patent

-No. 6,403,567, the conplete disclosure of which is hereby

|ncorporated b reference. In particular, one conpound disclosed in

‘thi s patent,B BE(4S, 2R 3R 5R) -

3, 4-di hydr ox hydr oxynet h ol an- 2- amni.no razqg
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[ 0008] Thus, it is an object of this invention to provide convenient
syntheses for the large scale preparation of

(1-{9-[ (4SWRROBRITYY - 3, 4- di hydr oxy- 5- PCT/US2007/003022

- (hydr oxymet hypoxol an- 2-y1] - 6- am nopuri n- 2-yl } pyrazol - 4-y1) - N-net hyl ca
‘rboxam de, and pol ynorphs thereof, preferably as its nonohydrate.
JAccordingly, in a first aspect, the invention relates to the
“preparation of a conpound of the Fornula I: WO

200 10923 12 Reckbdeg ORCABRRGE Bt PRAOVA AT ier LORRILh BOSr o side ettts.

enbodi nent the reaction I's conduct eous ’so

et hyl at ni negpodsy t i @lélﬂssfﬁf c@nfp@%rpﬁﬁéégﬁn e?é)&'éfralge]ri eﬁfé'sg\gx 8ﬁ’>¥ed in

warmng to aput 50- 7 Al'ternatively, react| on 1S con
. above gut i nUa gé@P@H" [ﬁ"&%iﬁ o theccampigte d{SGiQ%?Pﬁthbesbwdblembwpmnthy

the product feferirel m&u@m e e&ﬁﬁmﬂfamyaéé @%%a?en%,gg—.{pi gc%,ﬁl%lgR,SR)_
product in a solvent, for exanple dineth oxi de, addition’o
purified wat®f-didrexyrs- ﬂ'@’de'%mgqthyl}oym%an Ylﬂ-érmuopm%ﬂi@ytdzel—fi-yl)ﬂ—

contents of &Bﬁyfchﬁbbﬁﬁmﬂbt RasWRER Shdwil o BWehi gﬂﬁ gélg aﬂ@n&ﬁ@’ ' 1@&3{3}6

solid that remal ns under vacuum at a tenp re t #oes no eed
40C. [ 0011] |38°8Ish @pdipressytly pndergeing ﬁl}@mlumﬂs AR awsawozasmlator usefirl in
preparati on &kdidc medgagind of  the formula (3): Non conpri sing:
contacting a conmpound of the fornmula (2): NH2 HaNHN' tOH 0 HO

[0006] Given the heightened interest in this and similar compounds, it has become
desirable to find new methods of synthesis that provide a convenient method for
making large quantities of the material in good yield and high purity. The patent that
discloses the compound of interest (U.S. Patent No. 6,403,567) provides several
methods for preparing the compound. However, although these methods are suited to
small scale syntheses, all synthetic methods disclosed in the patent utilize protecting
groups, which is undesirable for large scale syntheses.

[G007] Additionally, it was discovered that the desired product (that is (1-{9-
[(4S,2R,3R,5Ii.)—3,4-dihydroxy-5 -(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-
y1}pyrazol-4-yl)-N-methylcarboxamide) is capable of existing in at least three different
crystalline forms, the most stable of which is a monohydrate. This polymorph is stable
under relative humidity stress conditions, up to its melting point. Accordingly, it is

. desirable that the final product produced in the new syntheses is obtained as the stable
monchydrate,

SUMMARY OF THE INVENTION

[0008) Thus, it is an object of this invention to provide convenient syntheses for the
large scale preparation of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl] ~-6-aminopurin-2-y1} pyrazol-4-yl)-N-methylcarboxamide,
and polymorphs thereof, preferably as its monohydrate. Accordingly, in a first aspect,

the invention relates to the preparation of 2 compound of the Formula I;



with ethyl 2-fornyl-3-oxopropionate. 1001211 n one enbodi nent, the
reaction is conducted in ethanol, at a tenperature of about 80C, wth
. about 1.1 Wol297/@efT2 val ents of ethyl 2-fornyl-3-oxopr ofCIAER7/003022
f0013]In a third aspect, the invention relates to the preparation of
a conpound of the formula (2): NHz "OH O HO (2) WO

2007/ 092372PCT/ US2007/ 003022 conpri sing: contacting a conpound of the
formula (1): NH2 HO (1) with hydrazine. [0014] The above descri bed
synthesis is suitable for the | arge scale synthesis of the desired
product, which is provided in good yield, although one mnor inpurity
Is seen in the final product. This inpuritysas been shown to be
unchanged internedi ate of the formula (2); tlhat is, the conpound of

. the formula: hi o >
7 T_/J\N/

P \\\\OH
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Formula I
comprising:

contacting a compound of the formula (3):
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with methylamine.

[0009]} In one embodiment the reaction is conducted in an aqueous solution of
methylamine, initially at a temperature of about 0-5°C, followed by warming to about

50-70°C. Alternatively, the reaction is conducted as above butin a sealed pressure

reactor.

[0010] In a second embodiment, the product is isolated as the pure monohydrate by
dissolving the product in a solvent, for example dimethylsulfoxide, addition of purified
water, filtering the slurry thus formed, washing the contents of the filter with water
followed by ethanol, and drying the solid that remains under vacuum at a temperature
that does not exceed 40°C.

[0011] In a second aspect, the invention relates to the preparation of a compound of



nni 2 HZNHN  (2) HO Although this inmpurity can be renoved fromthe
final product by crystallization, it was decided to seek an

al ternati vwog9uTtob233i s t hat had all of the advantages offCTS2maiyo0se22
synthesis but did not give the conpound of fornula (2) as an inpurity
in the final product. [0015] Thus, in a fourth aspect, the invention
relates to a nethod of synthesizing (1-

{9-[(45, 2R, 3R, 5R) - 3, 4-di hycl r oxy- 5- ( hydr oxynet hyl ) oxol an- 2-y1] - 6-am n
.opurin- 2- y&%@*ﬁﬁﬁpsq4-yl)-N-nethyIcarboxanide by contacting a
conpound of etornula (4): (4) with nethylam ne. [0016]1n one
enbodi ment the reaction is conducted in ansgqueous sol ution of
methylamne, initially at a tenperature of jabout 0-5C, followed by

warm ng to about 50-70C. Preferably, theare f is conducted in a
seal ed pressure reactor. [0017]4n a secomd epbodynent, the product is
i sol ated as the pure nonohydrate&._b ~§S0 ng ¥he product in a

sol vent, for exanple dinethylsy¥foxidef additionpof«furified water,
filtering the slurry thus f4rned, washing the eontents of the filter
with water foll owed by ethanol, and drying the 4, t hat remains
under vacuum at a tenperatde that does not excegd 40€} [0018]'In a
fifth aspect, the invention relates to a nethod of synthesizing a
conmpound of the formula (4): (4) (3)

comprising:

contacting a compound of the formula (2):

NH

HO:
with ethyl 2-formyl-3-oxopropionate.

[0012] In one embodiment, the reaction is conducted in ethanol, at a temperature of

about 80°C, with about 1.1 molar equivalents of ethyl 2-formyl-3-oxopropionate,

[0013] In a third aspect, the invention relates to the preparation of a compound of
the formula (2):



WO 20071092372PCT/ US2007/ 003022 conpri sing contacting a conmpound of
the formula (2): Nalz #0H O tfOH HO (2) wth an excess of ethyl
2-fornyl- IWOBP8ITdnat e, preferably about a 2-10 fol d PEXESZW73032e
preferably about a 5-10 fold excess. [0019]1n one enbodi nent, the
reaction is conducted in ethanol, at a tenperature of about 80C. The
et hyl 2-fornyl-3-oxopropionate is present in a 5-10 fold excess.
Definitions and General Paraneters [O0020]FIGURE 1 is all-1 NWR
spect r um of %1:-..9;[(48,2R,3R,5R)-3,4-dihydroxy:

5- (hydr oxymetFRIPOXB% an- 2- y1] - 6- ami nopuri n- 2-yl } pyrazol - 4-y1) - Nmet hyl ¢
ar boxam de mno h dratenéﬁ gé@f 0021} FI GURE 2 shows the thernal
anal ysi s of fﬂ? 1):

di hydr oxy- 5- (hydroxyrnethypoxolan 2-y11:6-am noPurin-2-3, 1} Pyrazol -
5/ 1) - Nmet hyl car boxam de nonohydr at e. 22] FI GURE 3 shows the X-Ray
di ffraction pattern for (1-{9-[(48, 3R, SR

4: 34) Nnet hyl car boxam de nonohydr aie FI GURE 4 shows the X-Ray
‘diffraction pattern for (1-{9-[(48, 2R :

with hydrazine.

[0014] The above described synthesis is suitable for the large scale synthesis of the
desired product, which is provided in good yield, although one minor impurity is seen
in the final product. This impurity has been shown to be unchanged intermediafe of the
formula (2); that is, the compound of the formula:

OH

-
%
“OH

HO

Although this impurity can be removed from the final product by crystallization, it was
decided to seek an alternative synthesis that had ail of the advantages of the above

synthesis but did not give the compound of formula (2) as an impurity in the final
product.

[0015] Thus, in a fourth aspect, the invention relates to a method of synthesizing
(1- {9—[(4S,2R,3R,5R)-3,4-dihyd,roxy—S-(hydroxymethyl)oxola.n—Z—yl]—G—aminopurin—Z—
y1}pyrazol-4-yl)-N-methylcarboxamide by contacting a compound of the formula (4):



3, 4- di hydr oxy- 5- (hydr oxynet hypoxol an- 2-y11- 6- am noPuri n-2-yl } pyrazol -
4-y1) - Nmet hyl car boxam de Form B. [0024] FI GURE 5 shows the X-Ray

di ffracti owopeertoerm2 f or (1-{9-[ (48, 2R 3R 5R)- PCT/US2007/003022

3, 4-di hydr oxy- 5- (hydr oxymet hyl ) oxol an- 2-y1] - 6- am nopuri n-2-yl } pyrazol
-4-y1) - Nnet hyl car boxam de Form C as conpared to Form A. [ 0025] As
used in the present specification, the follow ng words and phrases
are general ly intended, to have the neanings as set forth bel ow,
except to the extent that the context ip which they are used

i ndi cates otherw se. [0026]"Optional " of "of tionally" neans that the
subsequent |y descri bed event or ci#ty, pay or may not occur,

and that the description includes instancles mhere sai d event or

ci rcunst ance occurs and instances in whi irt" does not . [ 0027] The
~term"therapeutically effective anount” reférs to that anount of a
conpound of Forrmula | that is sufficient t treatnent, as
defined bel ow, when adm ni steredgto a_nma eed of such
treatnment. The therapeutically ef Il zyary depending
upon the subject and di sease iti eing tr &, the wei ght and
age of the subj.ect, the severity of the diseasé\condition, the manner
of adm nistration and the |ike, which can readil bé%ﬂeternlned by
one of ordinary skill in the are. [0028] The tw "treatnent" or
"treating"” nmeans any treatnent of a disease in a manmal, i ncluding:
(i) preventing the disease, that is, cau®ng the clini cal synmpt oms of
t he di sease not to develop; (ii) inhlbltlng the di sease, that is,
arresting t 178 @Bﬁﬁﬁﬂﬁt of clinical synptbns and/ or (iii)relieving

t he di sease, cau5| the regreSS|on of cl.inical sy
[ 0029] As uselﬁbfﬁire. sfehth%rm‘— ipnds eeiugisRdn an pqyegps sq ‘Fﬂﬂntﬂfes

any and al | rﬁ&h}ﬂ%ﬁr&, uﬂmaqwmt&apmaaofa@aaﬂw@ foRNrbPREHBIhiRk tPdtdut

antifungal agents, isotonic and absorptiOn delaylng agents and t he
like. The usW-TFCsRrferably, éheawacrwgém@dn@tﬁd phaserirdenressare regcteret i ve
subst ances |s well known in the art. cept insofar as any

convent i onal[O%¥di a &t 2 sggepd eF’?"‘ihﬁE’BhﬂﬁtRf yet {gisqlated as H@tﬁﬂWHOHOhYdrate by
i ngredi ent, didsSivitePihb E}r&ﬂl@t nEdoPRSH tfb&xﬁﬂmm%ﬂ%mfbﬁde %Hﬁi%H'o@Eﬁﬁ'ﬁ ed

Supplenentary active ingredients_can_al so be incorporated into t
conposi t i onsYaToBHEIngBC sk, thpsfoymedssrpshing thegantpnisok the filiey wigh water
anor phous angnseévey @cﬁaﬂ:ﬁ 4nl drying the solid that remains under vacuum at a temperatuie
{9-[(4S, 2R 3R 5R) - 3, 4-di hydr oxy -E (hydr oxymet hypoxol an- 2-y1] - 6-am nop
urin-2- yl}ghetaest n%eﬁﬁe-d?%%@t hyl carboxam de. [0031]1t has been

di scovered thﬁi this conBound is capable of existing in at |east
three differl@8lcrylaafft ﬁgpch,,tlﬁmvmgrr?l@tyqq)aﬁ@ Pfgenthesizinge For m

B, Form C, amﬁgaﬁn@apm@mgﬂaﬂpggduct [ 0032] Form A: Thi s pol ynorph can
be produced by crystallizing 149-
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[ (48, 2R, 3R, 5R) - 3, 4- di hydr oxy- 5- (hydr oxyr net hyBoxol an- 2-y1] - 6- am nopur
in-2- pyrazol - 4-y1) - N-net hylcar boxam de fromprotic solvents, for
exanpl e etWeanoi7/082372t hanol /water m xtures, or from a pECIUVSSOF/(ISHA2,
for exanpl e di nmet hyl sul f oxi de/water. Form A has been shown to be a
nonohydrate, and is the nost stable of the various pol ynorPhs at

anbi ent tenperatures. It is stable under relative humdity stress
conditions up to its nelting point. [0033] Form B: This polynorph is

produced by evaporati .under_vacuyum.a sol ution of 1-

(9-[(4S, 2R,@ﬁfpﬁ‘l%“agf{"ﬂ&gmﬂFW@Q@EA@?%%W&%@%poxol an- 2-y1] - 6- -

am nopurin-2-yl }pyrazol - 4-y1) - N- net hylygar boxam de in trifluoroethano
at anbi ent tenperatures. The X-ray andglysis of the crystals was
distinctly different fromany other h (see Figure 4), but it
was difficult to determne its consffitutjon®»as the X-ray analysis
gave di sordered broad peaks, and t rph contai ned varying
amounts of water. It was found ¥0" be diffic¥lt tenreliably reproduce
the preparation of this polynorph. [0034] Fg = This polynorph is
produced by slurrying 1-{9-[(4S, 2R, 3R, 5R) -° .
3, 4- di hydr oxy- 5- ( hydr oxynet hyBoxol an- 2- y1] - §=antggpuri n- 2-yl | pyrazol -
4-y1) - Nret hyl carboxam de in acetonitril g a long period of tine at
60C. The X-ray analysis of the crystals was distinctly different from
any ot her polynorph (see Figure 5). Pol ymorph C was shown to be a

vari abl e hydrate, which, at el evated tenperatures, desolvates to an

unst abl e f owfth afh @R&E}E Afehph b fiemiyhs erxxopdopiondie prefrodbly Rizrat b 2-10 foldeiseesd
by heating Form A.pal rph ature of up to 200C. This
pol yror ph i?0{%?%5%&;%0#%;%9%%%%}%%?% at nospheric noi sture,
formng vary hydr j /] Eed HOELARINR 2 temperature of
Techni ques *@?bﬁnaﬁgé’ﬁégﬁoﬁﬁgﬁé(&%%ggéﬁgﬁgﬁ%rpheous Mater?a?e X- Ray
Powder Di f f atsoat BOYC. THOSEJDR-fannybdwateprogionateds picsrmt LBERAD)foRxLsses
were carried out on a Shinmdzu 3MD- 6000 X-ray powder diffractoneter
using Cu Ka radiation. The instrunent was equi pped with a fine focus
X-ray tube, and the tube voltagé and anperage'wefe set to 40 kV and
espBefihifiohy andiGengtal Rargmeters and scattering slits were set_ at -
1" and the receiving slit was set at 0.15 nm_Diffracted r? [

di.atio .
was détectelPdgl a URB il s # [H VB sreropet oo (1 { X[ GRAR3 RS- ‘?ﬁé@‘&y‘s}m‘y’
cont i nuous. 'ﬁﬁi’ﬂﬁﬁ“ﬁ ' sjqrc]é_ StfR)vi o-4o7 1 81-20 was used.
A silicon sf%gn ar V\éﬂg&gg:(e%wf% C egtl?gt?oﬁe insst(?%}geﬁﬂnt al |5Lgnmant. Dat a
were col | ecmethyleribonemige mgnolydije Fayedbo v. 4.1 software.

[0037] X-ray powder diffinction (XRPD) analyses e d
usi ng an | né0ZRG. IVGTIRE Rrsbaws &%?@%“@W%&ﬁ@?@ﬁ(ﬁ’&ﬁ(@%g
Posi ti on Sepgiyiatoxs)s-A8fdeséyaietM¢ljokoRn 2Byl BngeinOpurihied -yl Pezbhéy e nt
calibration was pérforned u5|€)9 a silicon reference standard. The

t ube vol tag@“’é‘ﬁﬂcaéh%“gg%%P de- 1o 40 kV and. 30 mA, respectively.

The nonochr tor sli et at 80 u I K

- an ol um AR anp PSS shot Bie Xy iRl e R (o JREcnbaR sy
XRPD- qual i t B 4-giapitoksrd-@sdrdxyatethypkdlhalyylvasmimpmtiod -y pyragol-4-yl)-N-
oni oneter he that is..notorjz to permt spinning of the capillar
gur! ng data“f@%ﬂ?@?%%ﬁdﬁ&ﬂmhcﬁ%eﬁatg wer e cgl | ect gd usi ng CuPKa Y
radiation alegsdesokibiRE 43%10%&%%% ay W REAbS Yot olPER (NRDG(AI SRIsRY.

over a peri Secon ata pofnts w thi he ran%e

of 2.540 29 34-dihgdspyesrfdiaxymsthybloyelend-sRbRmineruEnNS Y} PHEEkd-31)
Anal yses [Oqgﬁggﬁsgpg{@é Agtgic (TG analyses were carried out on a
nts or

TA I nstrune t her nogravi netric anal yzer. The

cal i bration nlﬁé dar geGURESs fHowsthe ROy MitRENparRrRIrq 3- (D (48, Pk SREGR)-
m e

in an alum nu anp an, inserted into the TG furpace, and
accurately W—Qﬂw&om@@ﬁmw%moheﬁ%ﬁrwmm%ﬁi ypyrazol-4y Ny

methylcarboxamide Form C as compared to Form A.




pl aced in either crinped pans or hernetically seal ed pans that
contained a pinhole to allow for pressure rel ease. Each sanple was
heat ed und®o 20070p23g2Nn at a rate of 100/ mn to either 3POTES2H0I3022

I ndi um netal was used as the calibration standard. Tenperatures were
reported at the transition nmaxima. Infrared Spectroscopy

[0040] Infrared spectra were acquired on Magna 860(r) Fourier
transforminfrared (FT-M spectrophotoneter (N colet Instrunent
Corp.) equipped with an Ever-A@ o md/far 112 source, an extended
range potassi um br orri de beansplitter, and a deuterated triglycine

sul fate (DT ete r. Un| ess st at ed_ot her aSectra Tech,

e, Cdit f usdOPRR e aebsegeawsm%c%wﬁ%f a6l plyasés are
sanpl i ng. Eag%heﬁuswﬂtémrtena@mehﬁa&ﬁ@s é‘dkeﬁfﬁi}ﬂncbe&ﬁﬁfb%c@it t@ithe RRfeht @bt the
resolution of 4 ¢ reparation for the conpound consi sted of
pl aci ng t he ?&FF&F%"VWPB@VWQP%?&} SHiEP IBFEIeng the material with a.
frosted glass slide. A background data set was acquired with an
aligrunent mrror in place. The spectra represent a ratio of the

vavel engt h PR ot | GREGTT e APHOTH AR Ens Bl PP Rt g defigrbed Stent o

pﬁl ystyrene. cxﬁhﬁsﬁpm:mayscﬁpy rbﬂéhbﬁi,ﬁnﬂﬂiatﬂmd&bmﬁmahhﬁﬂﬂels frecinces wiiere
t AM 250
spict“?éﬁefﬁ?s”%{)egsaﬁr»goi b0, SRR B fiFertPu ot NooBFA% 50" ey

Ti d

2caui st ron PR of T “%&9%%§'°8§feaffe§“£é§8%§f Fotfs 40 i PRuBBEe )

A total of I®pg®dandaf qunmlnf thaherse ot B:cttféﬁati trfatmehia radéiond deloay whene
of 5's econdsad\%@gxsﬁ A L s Bfﬁﬁhﬁgﬁ&m’?aﬁﬂe Ak e&%‘aﬂ% YRLGRE! Y

consi sted of coaveraged transients esse
utilizing GRSt il ﬁ@rywbemangupmethss'dnec@a@@dlsam comdmon trpaed, the

decay (FID) r

and exponent EPEEEb e Ry b kot i el S s QUi Ehoflon, @b aBRULS
prior to Fomdrmniswmmlhaﬂlkanvhmhm nepdi}ydrst deterppimed Hyrpmerofi gidiyary skill in
ref erenced ttg tramet hyl silane (0 ppn) that was added as an internal
st andar d. 3%?AI ternatively, NWVR anal ysis was carried out as

descr  bed | NoB%&™! &pd terndbimbR @F&&hﬂ@%@@ﬁ@%m&aﬁ%ﬁéﬁeawm

[ 0043] Mvi sture sor ption/desorption data“were collected on a :
SGA- 100 Vapdna@@mbtlil@hdlnﬁal yzer. Sorptien and desorption data vvere

col I'ect ed over range. of 5%to 95%rel ative humidity (RK) at 10% RH
intervals u ndel(l) aPrRYtEgdhe fiseage. thatduicaraing the clivialswiplomegighe discase not
pol yvinyl | pyrroligdceRreeiopYP) were used as the calibration standards.
Equilibriumcriteria used for anal ysis were less than 0.0100% wei ght
change in 5 i qff @hibithid fhe Aisase] flafis Satbstindihaidedloprne® of blidiSd synptones
lithe weight criterjon was not net. The plotted data have not been
corrected for the®™df% i aI noi sture content. Nomencl ature [0044] The

?L%S?EE;EE? hy! 1% f?lﬁﬁk‘f" e el Sy SRR Do i pinmeny 1 ¢
o (43, 215, 3P9H o ALY her T PRl acodprable pporer ncludes spy spd it
am nonur i n- 2solyents; dispersipnymedial-aoetites] a!mbb@madé a{1 Sql@@tmmc fost
the |arge sc thgﬁ?‘l{%p%&o‘]@ lnd %Jﬂlﬁ%sﬁgugﬁbé@Lﬁ ?heéla ﬂd agents ft

di hydr oxy- 5- y r oxyme am nopuri n- razocir 4-y1
) - Nnet hyl carpfexmpsapticply @qwubqﬁmwé ebirkngumdnihe art. vﬁ}cept msofar as any

2007/ 092372FGHy Wﬁ%ﬁé%%g@ﬁ%h%ﬁﬁ@ﬁh khe active ingredient, its use in the

therapeutic compositions is contemplated. Supplementary active ingredients can also

be incorporated into the compositions.

[0030] The term “polymorph” is intended to include amorphous and solvates of (1-



Step 1 - Preparation of Fornula (2) [0046] The conpound of fornula (2)
I's prepared fromthe conpound of forrmula (1) by reaction with

hydr azi ne wonodmnszsate i n the absence of a sol vent. The pceastionm3iz
conducted at a tenperature of about 40C plus/m nus 5C. Wen the
reaction is conplete, the product of fornula (2) is isolated by
stirring wwth a protic solvent in which the conpound of fornula (2)
has [imted solubility, for exanple ethanol or isopropanol. The

m xture is ' K out.,1-5 h s, and then filfered. The sol,d
T bur 11 ed yASERAE RS TR b BnrlY Sareien 2 S PRt er
fol | owed byyi}popeapeyiN-arthydtdieskatiigdeer vacuum which is taken to the
next step without purification. Step 2- Preparation of Formula (3)
[0047] The cinopplind Iohasfmendisaoye2gd thst thisenmpoundistcepatiooexisimg ou atleast

2 Formy1. 3. B BRR EPething 35 bttt R bt A SRS S M e
reaction i samonpiuvedwdduet. a protic sol vent, preferably ethanol, at

about reflux tenperature, for about 2-4 hours. After cooling, to
about 0C, t[(®32b| i Form Ai | Thisqelymidrph varsbeprodicdd byairgktatitiog d+{%- and

dried under [°% b 11(B) ! @an to
the next ot LASAR Rt o hidsefy SV A e MR Sl clmbpop
Product [ 09B8}rhhel-4-pRaf-nmtiad caboxamipe Spanreotid sdvantsh Eorcaapplerethanpl or
formila (3) [ ' ] ' I .adl .

ot hyl ant necRURAE Ao, & Bk QR fvenp o Sl aAME M Toxicg water
for about 4FhuwuAshasbhen phavdutetbeslf memphydtate, rnd & the mlogh tablgpgf the various
conventi-ona - [ afil i . ld Wth
cold et hano??lggﬁgﬁl sélfr‘ jg/tlrn 35"}‘3{%5% r%ﬁ%c%?%%%ﬁ%?%%@%’%ﬁ%%%
Starting Macenditgns up to its melting point.

[ 0049] (4S, 2R, 3R 5R) - 2- ( 6- ani no- 2- chl or opur.i n-9-y1) - 5- ( hydr oxynet hypox
ol ane- 3, 4- #18P]i s”HesmBas Thispodymomy ivereavded by syaparaipg undepyapuuma
conpound i ss&gﬁ&ggﬁ-@l[y4s§gmsts<§§§i)%,4-hﬁ8&%k _sbaiydroxymethlyl)pxolan-z-yl]z-ﬁ- y

2-fornyl-3-oxopropanoate is used as a Starting nmaterial ‘in step

i s commer ci AMixePTRFEhPEazeIré-HRN-Bethyicaboxamidoindriflperpetharal ahanRirene
U. REACTI mtégﬂmek.l The X-ray analysis of the crystals was distinctly different from any other

polgrmorph (see Figure 4), but it was difficult to determine its constitution, as the X-ray

analysis gave disordered broad peaks, and the polymorph contained varying amounts of
water, It was found o be difficult to reliably reproduce the preparation of this
polymorph.

{0034] Form C: This polymorph is produced by slurying 1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-ylI]-6-aminopurin-2-yl} pyrazol-4-yl)-N-

methylcarboxamide in acetonitrile for a long period of time at 60°C. The X-ray
analysis of the crystals was distinctly different from any other polymorph (see Figure
5). Polymorph C was shown to be a variable hydrate, which, at elevaied temperatures,

desolvates to an unstable form.

[0035} Amorphous Material: - This polymorph is produced by heating Form A
polymorph at 2 temperature of up to 200°C. This polymorph is unstable in the presence

1

of atmospheric moisture, forming variable hydrates.



EU) OEt CO2Et where Et is ethyl [0051)Ethyl 3, 3-diethoxypropionate is
reacted wth ethyl formate in the presence of a strong base,

pr ef er abl yweadinmzsrydri de. The reaction is carried out rer/EbowizR25C,
for about 24 hours. The product is isolated by conventional neans,
for exanple by the WD 2007/092372PCT/ US2007/003022 addition of water
and extraction of inpurities with a conventional solvent, for exanple
t-butyl methyl ether, acidification of the aqueous phase with, for
exanpl e, hydrochloric aC| d fol | oned by extraction with a sol vent
such as di chiXsehniaeesfarAnalys A hipathebtiomateiial dri ed
extract under_reduced pressure. [0052]A preferred nethod for the
|arge scal e SiRewEewderPiffraction [ (4S, 2R 3R, 5R) -

3, 4-di hydr oxy- 5- (hydr oxynet hypoxol an- 2-y1] - 6- am nopu2-yl | pyrazol -4-y1
) - Nret hyl car ﬁ%@?&&n de*17aY SRwdpr diffration CXRPD Brtatyses ﬂm@“ﬁﬁ@a cﬁﬂ:bEMEh{dzddzu

Step 1 - Prepatmi6000 X0fayfRwadt &gk é&%ﬁ%}rﬁf@ forml a
i's prepared frommge coigoound of fo?mj %y reac %‘ogh\llﬁ fﬁtmment

hydr azi ne mof8HFRLYER AdinedacuspGeriube fand thegihevaliag hed ampehgowsieset to
conduct ed at 48 kﬁﬂﬁiﬂ%@hﬂl@sﬁn@? U%é&vé@%&y ézllgl s%t@ﬁﬁg ?lﬁi’g t“)%e et ap £ and

of for

reaction is | et e, d

stirring wt ﬁ‘egl:gb‘?‘ﬁf‘gé ‘%‘G’P‘W?ﬁf‘tq o - cﬂlfﬁ‘hiéefétﬁWHdvaaﬁefeoteﬁbbra N4I)

has limted sﬁhﬁhaddntdéteci&r ASHBERWS tRY 85 nu ssch?QﬁOifﬂHﬂi;k‘a 41%1}&% 2° step)
tere

m xture is s msfg Qr. .about 1-5 hours, and t e S0

is purified %&9 O 74 V\?ﬁst‘ﬁeq/\ét w}icon standard W, USQMP QXEthhegnwmiervat er
fol l oned by elifanait. DitaveRPEsIRRAlan@ Bk eu% Q0BG VLY BRER, 1S
taken to the next step without purification. tep 2- reparatlon of

Egr ch)| ﬁd( 312 [@B51] Tmrajbpmdrieg(aﬂéf:ﬁfagﬁ&{ m&&myggssgag;&lss%%ﬁﬁ&ﬁu&& &h
u | ex

2- Fgr ny1- 3- oxiﬂop%gﬁl 8&%@ gl%ﬁ?%?mgs?’éﬁ%ﬁ‘@eg ity CP g (Guivgd ES%UOE)S%??S%#‘&I)I y

about 5-10 fdétdcteuwﬁha%'li’a&gerﬁaam OThé FsiE@AeH ChBStalich RaPpQtdrmed using

S0, o . ARG A, O Lk o e

washed with mA deapecrmw Tieswloncheshatoelait wag SGe nith 8530 80, SBEpIEN Gere

roduct of f i s taken,t ext,. step wthout
BUI‘I ficati Oana@%H:% aglﬁé)lummum saniple golaer\w asxhcon i‘lesert or in glass XRPD-quality -

capillaries. Each capillary was mounted onto a goniometer head that is motorized to
permit spinning of the capillary during data acquisition. Real time data were collected
using Cu-Ko radiation at a resolution of 0.03° 20. Typically, data were collected over a
period of 300 seconds. Only the data points within the range of 2.5-40° 20 are
displayed in the plotted XRPD patterns.

Thermal Analyses

[0038] Thermogravimetric (TG) analyses were carried out on a TA Instruments
2050 or 2950 thermogravimetric analyzer, The calibration standards were nickel and
Alumel™. Samples were placed in an aluminum sample pan, inserted into the TG
furnace, and accurately weighed. The samples were heated in nitrogen at a rate of
10°C/min to either 300 or 350° C. Unless stated otherwise, samples weights were
equilibrated at 25°C in the TGA furnace prior to analysis.

[0039] Differential scanning calorimetry (DSC) analyses were carried out on a TA
Instruments differential scanning calorimeter 2920. Accurately weighed samples were

10



[ 0055] The conpound of forrmula (4) is drawn as a (2E) al kene
derivative, as this is the mgjor isoner forned in this reaction.
However, |iWOsH®OZE7be noted that a significant anount @CTUY00{/203922

al kene derivative may also be formed in this teaction; that is: OH HO
named as et hyl

(22)-3-({9-[(45, 2R, 3R 5R) - 3, 4-di hydr oxy- 5- (hydr oxynet hyl ) - oxol an2-y1]
-2- (4- (et hoxycar bonyl ) pyrazol yl ] puri n 6- yI }am no) - 2- f or myl pron- 2- enoa

te. [0056] A alth h t und .of f | 4) i
or baony b SEbE i Giler o el bl SRR B oo ehi poniiings hpitnle o
fornul a (4)"allew fompmshad réleaslenﬁcldamﬁmtvbs helfaeedhﬂﬁbﬂﬁ&agmra&atetofl Sf
| el th th t
She bt oduat | TECHREORS im0 8abE LA el hae b3 Aiehs caPrasion stadside

is also pr esﬁwhperﬂfhmswmampsﬂemaﬂhetrhﬁslmﬁ»uﬂﬁ of for rruI a (4) to the
final product by reaction with nethylam ne as described in Step 3
proceeds in the sanme manner whet her the conpound of fornula (4) is
present as the (2E) isoner or as a mxture of the (2E) isoner and the
(22) isoner. h@@ad_ﬁzvﬂ@gemr ation of Final Product [0057] The fi nal
product is prepared fromthe compound of fornula (4) by reacting with
met hyl ar ni nel000lef eMafinred sppoba weraaahirecion Magnd BE0® Eauticraraniform infrared

initially cagi f

b eosut e raachg B Ehol R (hcafer Lt o WlibRed ARG WA "
over about lm*ﬁéfﬁfma‘ﬂﬂcwW@Fﬁ?ﬂw@nsmﬁot@%mbmd%btfmpﬁﬁeﬂmdn drutezated
The product #igijcRelsaimd B Ql\éﬁe{oi- Oﬂﬂfesg'@ﬂgé thglqvglsaeﬁ%?lﬁaﬁ'&hc B‘I%l ' ng

to 0-5C and mai ntai_ning a vacuum for about rendvi ng
met hy| ani ne. SftHEs seEleetamac ascossorithg Cc&h@ror%waemd@ngmdmge fash mmdmn

at 0-5C for mprek@astsP3&-MdedlsBins at Qkﬁé%ﬂ@ﬁeﬂutidﬂ c;if @érh'@ Ng Q@ g? étﬁon

t hus obt ai ngfg i S washed with water | owed by et hanol
under reduced* piE€sepPpnd f%?{ﬁﬁfrfpéacm&fb@ sample e G@@}GYOGUP and leveling the

(1-{9-[(4S, ARat3RalSitn S frdsteil BIHEE X A-back d data set h an
(hydroxymet hy] ) oxol an- 2- £6 am nopuraf ng-mflill }apa srea;vgs ?cqu;/rfgl)fgt met hyl c

ar boxam de lg?’{‘@“trfﬂﬁ?ﬂ%'y’@i Pice. T FRECITBISPHASPIIR e ¢ ofthesamplesinglribiai data
by di ssol vi ngt tdﬂlﬂl:ﬁﬁﬂnﬁ%ﬁg%%&ﬁl ddih-Adt O REIARN cafibiatoh BPHE 51&5&%&%
W ’

fromthe sol ution ecipitating the nonohydrate from sol ution
addi‘ti on of AREHO EPPlysiF@Bar ati on of

Et hyl - 2-f or nv1- 3- oxoprovi onate CO2Et [0059] A three- or four-neck
round bottom fl ask equi pped with nagnetic stir bar, ther m)coupl e,

digital therppae as inlet and outlet and addition furnel was

fl ushed V\nth—a'r-g%ﬁ'lw—tr'E%TWSSdlethoxyproplonate(6459) in T

t et rahydr of i funnel .. ium hydri de
(21 2 5 of 300k ai SoiohaRhe 2 SR BEallordhl kU IEaureT R Pl B otature
fol | owed by ctneqBaﬂiyumﬂdrm-zmwewmgmqaemmghes B T anescfranetsd'H €

0- 5Cin an aviba. Poimal Th

m xture was 205?))0| ed} ?gn%[&g%gﬂ;%%at he Cgﬁi{édﬁ\?s?n%%p%%wgag@ ??‘8#535?1%I
added dr opwiasguisitian dieg off IngB Hrrerondervent SRGGprNJ@ﬁW@f 6000 HgsA tiétalrnf36,384
The i ce- bat it B50ikt8 %Y@Qol%ﬂadt ﬂ%eﬁ?ﬁ‘o%ﬁfeﬁ Qgﬁdsekgnmg&%]m bRt een

tenperature. Consunption of hoxypropi onat
moni t or ed bF@E@%ﬂE‘W‘s‘P&a Serﬁé’lq@@a@wwd@\ﬁfsl%mnwwdb;anmmtTMpmn—a
i ce-wat er ( hfer p¥Rkdsed %ﬂﬁmﬁﬁmﬁ&m‘iﬁ AN &8 At AE Serdioh edf”f}%'&ete RN SN

ether (5.4 vol each} and e organic Ig%/ers di scar e aqueous
phase was acieqss (Fad) Wiz geredftied ta Jonr sienss dhe runaher of defa poisits aid exponentially

The aci di fi egui@ghaPweh E@Nﬁfbr@ﬁfénﬁ&étﬂié&tcﬁ@ 6118 Briby tg"}%ui%xt@ansfo ation.

di chl oronet hane _and t he conbi ned organic | ayers over so

sul fate. The¥of\FRARtrapere Mpmaty r?f?ﬂ@%?edrteéﬁ!ﬂ@wﬂb'ﬂ%@%f%w@mat% added

resi due di Staslah @detmatigindagg,uum to provi de et hyl
2-fornyl-3-oxopropionate, 27.92 g, 70%yield. EXAMPLE 2 A Preparation

[0042] Alternatively, NMR analysis was carried out as described in BExample 4.
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NI -12 )1% . H2NHW (2) HO [0060] A fl ask equi pped with a mechani cal
stirrer, gas inlet, gas outlet and thernocouple was flushed with
argon. 2- Gkbapwadsmpsi ne hem hydrate (53.1 g) was addeacCTiustdonoesazby
hydr azi ne nonohydrate (134 g). The m xture was stirred while heating
to 4045C for 2 hours. The progress of the reaction was followed by
TLC anal ysis. When the reaction was conpl ete, the heat source was
renoved and et hanol (800nl) was added. The m xture was stirred for 2
hours at ambient tenperature, then the precipitate collected by
filtration. The filter cake was washed with ethanol and dried under

reduced pr eﬁl%—iﬁtﬁ-efsgﬁati%%ﬂéé&? tEﬁrAx-lraLik?seém ids were transferred to a
clean flaskK equipped wth mechant cal stirrer and water (300 nil)

was added. us i j r
our o and OESE PREGSLAT o7 ddebicBfn Ak SAANURERE LAY 1 SGA- 1R vapor
washed wi t hS¢rpdor Hpalysen SorRtBEComdideyorpitin dargwetncolesiedbvenatringead Stotod

et hanol ( 30§kg \Eh§m§ 'ggﬁ? o Qgﬁﬂ e
provi de 2- ﬁ%ﬁ?ﬁoa engist%’ e %tlfb’if}égﬁig : %%F%ﬁﬂb"%éﬁ%r |S%’§5um
B. Al t er nat i Yeonme(diaCa Mmowwmflmgﬁfpm&é’h vsiansed 25 thejcoligatign
reaction ve 0 biHeRsh ‘A7l Pqivels

heated to 4%%(%& ‘%ﬁ% he V\B.%%‘?é%ég?g 2- c?ﬁfsgre(()r%%gsng?ﬁ ﬁgﬁﬁg@rﬁ\ﬁ%zﬁhgn &
(100 g) wasitaoEmisshWHb ampadsuRguHibstinntigne ofel 80anipatea if fhe weitghhedigrion
45-55C.  Thewbemehd! The piaed i8Rha®l nditiesn ESGTRBIELHLE ihifikl drhwgtutl@wﬁem.
and then dei oni zed water (500 m) was added over a period of 30

m nutes, nmaintaining the tenperature at 45-55C. The m xture Was then
gradual ly cooled to 0-5C over a period of 3 hours, then stirred at
this tenperature for a further 30 mnutes. The solid was then
filtered off, and washed with cold (2-5C) deionized water (200 m),
foll owed by ethanol (400 m ). The s@lddenshsturdri ed under vacuum for 12
hours, to provide 2-hydrazi noadenosi ne. EXAMPLE 31 Preparation of '
Et hyl 1-494(08%#R, 3hSRru@nre-afithy chmaponn8 ({-H9-AMASBRBR ISR dihadroRy-5-

v1l- 6-am no 1 Qs 2- (i I - vl I .
> FormyL. 5 SYasRYBE RSB P-Ar o Bhni P pimidoe WP Akl N boamie
equi pped wiislas fidbiwesni cal stirrer,-gas inlet, gas outlet and refl ux
condenser. 2-Propanol was added to the flask followed by

2- hydr azi noadenosi ne (44.45g, 0.15 nol). The. mixture was heated .to
reflux under stirring for 2-4 hours, following the progress of the
reaction by TLC anal ysis. Wen the react kon udged conplete, the
heat source was renoved and thg m xture ¢ool e roomtenperature.
The suspensi on was cool ed undek st i#T A e-bath for 1.5 to 2

hours. The solids were isolate vacium fil tralyj ongoand washed with
ice-cold 2-propanol. The proadfftt, e 1-{9- :

[ (4S, 2R, 3R, 5R) - 3, 4- di hydr oxy- 5- (hydr oxymet hypox
n-2- yll pyrazol e-4-carboxyl ate, was dried under
constant weight. Yield 54.29g, purity (by HPhé&

ans.2-yl] - 6-am nopur i
edut%sl pressure to a
6. 6% EXAMPLE 4

Synthesis of (1-{9-[(48,2R.3R,5R)-3.4-dihydroxy-5-(thydroxymethyl)oxolan-2-y1}-6-

aminopurin-2-vl azol-4-y[)-N-methylcarboxamide

[0045] One method for the large scale synthesis of (1-{9-[(48,2R,3R,5R)-3,4-
dihydroxy-S-(hydroxymethyl)oxolan-2-yl]-6-aminopusin-2-yl} pyrazol-4-yl)-N-
methylcarboxamide is shown in Reaction Scheme 1.
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Preparation of

(1-49-[(4S, 210t 5R) - 3. 4- di hydr oxy- 5- (hydr oxvnet hvf | oxol an-2-1, 11- 6-

am nopur i nNW2-20008%7azol - 4-vl) - N- net hvl car boxai ni de PCOASINA003022

m xture of ethyl 1-{9-[(4S, 2R, 3R, 5R) - 3, 4-di hydr oxy- 5-

(hydr oxynet hyDoxol an- 2-y11- 6- am nopuri n-2-yl ) pyrazol e- 4- car boxyl ate
(46.4 g) and nethylam ne (40%in water, 600 nm) was stirred at -
anbi ent tenperature for about 4 hours, followi ng the progress of the
reaction by HPLC anal ysis. The majo "&bfﬁnQE s mnet hyl am ne was
renmoved under reduced pressure, andE#%e—renargﬁﬁéiﬁixture cool ed at
OC for 2 hours. The solid ngterial was filteredwff, washed with
ice-cold 200 proof ethanol,) and dried under redyced pressure thE
provide (1-19-[(4S, 2R 3Ry N

i | oyol an-2-yl] - 6jam rjopu in-2Ly yrazol
-4-y1) - Nmet hyl car boxam-de £ nonohydnad purity_gg_éﬁL,.
tl@ﬂ" n’atﬁn&dﬁaieﬂul
anal ysi s
(see Figure 2) provided results -'srstent wt® the Rresence of one
nol ecul e of water. X-Ray powder di f feact i on patterns wer €%bt ai ned
(Figure 3) NH2 111 and BC™WR spectra were obt™§

dined in the
foll owi ng manner. Two sanples of the material obtained above were
wei ghed out and dissolved in d5-DVSO - 5.3 ng was used for the
flspectra, and 20.8 ng waswysed for 13C spectra. Al spectra were
acquired at anbient tenpergture on a JECL Eclipse 400 spedf?oneter

operating at 400 MHz forx "\d100 MHz for 13C. Label shlft(ppn)
111 shift(ppm e I\/Ultipli/ﬂl\tl/) splttlng(Hz) 2 150.5 or 03
_+
¢ F QO "
Eto ===N o I ‘\\\OH
— R ]

“y |
&3] “oH | "ty

Step 1 - Preparation of Formula (2)
[0046] The compound of formula (2) is prepared from the'compound of formula (1)

by reaction with hydrazine monohydrate in the absence of a solvent. The reaction is
conducted at a temperature of about 40°C plus/minus 5°C. When the reaction is
complete, the product of formula (2) is isolated by stirring with a protic solvent in
which the compound of formula (2) has limited solubility, for example ethanol or
isopropanol. The mixture is stirred for about 1-5 hours, and then filtered. The solid is
purified by stirring with water, filtering, and washing with water followed by
isopropanol and dried under vacuum, which is taken to the next step without

purification,

Step 2 - Preparation of Formula (3)

[0047] The compound of formula (2) is then converted to a compound of formula
(3) by reacting with about 1-1.2 molar equivalents of ethyl 2-formyl-3-oxopropionate.

13



- 4 156.4 - 4a 117.9 - 6 140.0 8.41 s 7a 150.5 or 150.3 - 1’
86.9 5.94 D, 6.2 2

WO 2007/092372 PCTNUS2007/003022

The reaction is conducted in a protic solvent, preferably ethanol, at about reflux
temperature, for about 2-4 hours. After cooling, to about 0°C, the solid is filtered off,
washed with cold ethanol, and dried under reduced pressure. The product of formula

(3) is taken to the next step without purification.

Step 3 - Preparation of Final Product

[0048] The final product is prepared from the compound of formula (3) by reacting
with methylamine, preferably aqueous methylamine. The reaction is carried out at
about room temperature, for about 4 hours. The product of Formula [ is isolated by
conventional means, for example by filtration, washing the solid with cold ethanol, and -

. drying under reduced pressure.

Preparation of Starting Materials

[0049] (48,2R,3R,5R)-2-(6-amino-2-chloropurin-9-y1)-5-(hydroxymethyl)oxolane-
3.4-diol is used as a starting material in step 1. This compound is commercially

available.

[0050] Ethyl 2—fonny1—3-oxopropaﬁoate is used as a starting material in step 2. Itis

commercially available, or may be made as shown in Reaction Scheme 1L

‘REACTION SCHEME J1

Ot . o) o
[ ]
o ' NaH ”
+ - —— % H H
H OEt
EtO OBt COEt

where Et is ethyl

[0051] Ethyl 3,3-diethoxypropionate is reacted with ethyl formate in the presence
of a strong base, preferably sodium hydride. The reaction is carried out at about 0-3°C,

for about 24 hours. The product is isolated by conventional means, for example by the

14



73.7 4.62 m2'-CH- 550D 6.23 70.54.17 m3' -OH- 5.23 D, 4.7

4!

85.7 3.96 m5" 61.5 3.67, 3.57 m

WO 2007/092372 PCT/US2007/003022

addition of water and extraction of impurities with a conventional solvent, for example
t-butylmethyl ether, acidification of the aqueous phase with, for example, hydrochloric
acid, followed by extraction with a solvent such as dichloromethane, and removing the

solvent from the dried extract under reduced pressure.

[0052] A preferred method for the large scale synthesis of (1-{9-[(45,2R,3R,5R)-
3,4-dihydroxy—S-(hydroxymethy])oxolm~2—y1]-6-aminopun'n-z-yl}pyrazol-4-y1)—N-
methylcarboxamide is shown in Reaction Scheme II1.

REACTION SCHEME 1T
NH, INH,
coR
N ”\ Ny ”\> H \IHYH
A > Y
o N HNHN N n N
JOH WOH -
- a where Et is ethyl
) @
%, - R ""OH
H H

/\ I " ' . NH!
/H . N \ N 1
H N CH;NH, o )(JI \>
NS ng\ " N
N/k # > [ o
y{ W N —0nH =N -~
! e
/~o o :
o

i/
“on

Step 1 - Preparation of Formula (2

[0053] The compound of formula (2) is prepared from the compound of formula ( 1)
by reaction with hydrazine monohydrate in the é.bsence of a solvent. The reaction is
conducted at a temperature of about 45-55°C plus/minus 5°C. When the reaction is
complete, the product of formula (2) is isolated by stirring with a protic solvent in
which the compound of formula (2) has limited solubility, for example ethanol or
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5'-CH - 5.02 Db, 5.7 A 140.9 8.07 D, 0.8 B 120.2 - C 129.6 8.95 D,
0.8 D161.7 - E 25.6 2.76
WO 2007/092372 PCT/US2007/003022

isopropanol. The mixture is stirred for about 1-5 hours, and then filtered. The solid is
purified by stirring with water, filtering, and washing with water followed by ethanol or
isopropanol and dried under vacuum, which is taken to the next step without
purification.

Step 2 - Preparation of Formula (4)

[0054] The compound of formula (2) is then converted to a compound of formula
(4) by reacting with an excess of ethyl 2-formyl-3-oxopropionate, for example a 2-10
fold excess, preferably about 5-10 fold excess. The reaction is conducted in a protic

solvent, for example ethanol, at about reflux temperature, for about 2-4 hours. After
cooling, to about 0°C, the solid is filtered off, washed with cold ethanol, and dried

under reduced pressure, and the product of formuia (4) is taken to the next step without

purification.

[0055] The compound of formula (4) is drawn as a (2E) alkene derivative, as this is
the major isomer formed in this reaction. However, it should be noted that a significant

amount of the (2Z) alkene derivative may also be formed in this reaction; that is:

)i‘t/\
)\)?EB

/ N
ﬁ o>£i -““‘\\OH

-
'/
“OH

HO

named as ethyl (22)-3-({9-[(45,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-oxolan-
2-y1}-2-[4-(cthoxycarbonyl)pyrazolyljpurin-6-yl} amino)-2-formylprop-2-enoate.

[0056] Accordingly, although the compound of formula (4) is represented as the

(2E) alkene derivative only, the term “compound of formula (4)™ is intended to include
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D, 4.6 NH2 - 7.77 bra NH- 8.35 Q 4.6 Purification of (1-

-19-114S, 2R, 3R 5R) - 3, 4- di hydr oxy-5- (hydr oxynet hyl ) oxol an- 2-y11- 6-

am nopur i rw@-200wl0e2392 azol - 4- vl) - N- et hyl car boxam de non®@EvaIS20E 003022

[ 0065) A solution of (1- {9-[(4S, 2R 3R 5R)- 3, 4-di hydr oxy- 5-

(hydr oxynet hypoxol an- 2-y1] - 6- am nopuri n-2-yl ) pyrazol - 4-y1)-N-net hyl ca
rboxam de nonohydrate (100 g) in dinmethylsul foxide (300 mM) was
filtered through a 0.6 to 0.8 mcron prefilter and a 0.2 mcron
filter to remove any solid inpurities. The filtrate was then slowy
added over a9t thegastancewhese it is splelsths@Erisomsr.and the instarge)where the major
stirring, angbribeosthlpfdtubiiy | fo@Fti

hour. The sgld)i d was f?)l tergad%ﬁ@\%&gﬁgaﬁdv%?ﬁ&ég?%ﬁﬁ%éhﬁg?gﬁ?%r%ﬂiso

liter), and R¥FFEH Threanvesionphthesompoungd of formyla{4) torthe finahmyedust bed
product was reh@ibnSkide feRiiaatiat Bs &ésﬁﬂbéﬁeih%ﬁfﬁéirg\é@éﬁ E\n {ht-samb daBhdr Ji¥ner
W

not less than 2 hours, filtered off, and washe: th deionized water
(1 liter) fdhr&aRRowd ofifenrule 6)ds esant 28 theq2R) pomyrer a5 drTnixiusel ofhe (2R
was dried und@heﬂﬁﬁuyg(m) igbmegmper at ure of not nore than 40C for not

| ess than 12 hours, to provide (1-{9-

[ (4S, 2R, 3R, 5R) - 3, 4-di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-y11- 6- am nopur
in-2- yllpyrazol -4-y1)-N-net hyl car boxam de nonohYdrate free of any

2- hydr azi noaitep8s iPaeparationod Firiay ProduEXAMPLE 5 Preparation of Et hyl
(2E)-3-(19-114S, 2L3R, 5R) - 3, 4- di hydr oxy- 5- ( hydr oxvnet hvnoxol an- 2-y11- 2
- 14- (et hoxyd@esanv| Mhy faalgprpdhgp is prapdred frbanthe odmedndroNfbiidpedd be pexdting

[ 00661A mi xt - hydrazin osine (100. . 34 )., .ethyl -
2-fornyl- 3- dgffgf)n%gh i on a? ’ep%?%ff% g’gj gqll.e'?ush‘ﬂfa Y b’@bﬁ rﬁ?%%ﬁlﬁ%q@ REies
charged to autetstont 0-586dot dbeutr® hbuseprofepdbiylint Opreeitdpéadtor, fald@dby.
When the reactiiin was fudged_co ete, .the heat source was renoved
and the m xt"@F& 35%’3??‘3‘}“‘%&8 Pé‘cﬁ@% oxegpentl Bourganiippigtpinpe thefgppeature
The slurry was1530miiadtes.OThSprodhetis B6latdd HyosvERitRSY Bé4hs Sfor @behpld By

m xture filtergg. T&goéolid material was washed with cold (5-100
absol ute et RGPS 11a°¢ AR T RIRIng e A dor Abeut 1 howrethpe Famaying teat

di d not excegehdfdfaind. OTRY LA i8+diddved, 2N 1i remaining contents held at 0-5°C for at
({9-1(4S, 2R 3R 5R) -3, 4-di hydr oxy- 5- (hydr oxynmet hyl ) oxol an- 2- y11- 244-

( et hoxycar bdfgst PO Feipaiss|foletied by Blisption nThnielid. thesy ohjripecois-veas tlo water
[00671An el egRBwad bPBMNS SnddB¥R1 drldbr fe@bde@Wrdgmeesul ts: C, 48.75% H,
4.86% N, 18.05% 0, 27.57. Theoretical; C, 49.72% H, 4.74% N,

18.45% 0, 20088 Tmisagﬁaéa@bmcd&tﬁg@ﬂgﬂ@;szmmhkﬁtswmgmgisal error
limts to th hem'hyglrgﬁte of tgﬁ desired product  (C, 48.89% H, )
4.81% N, 1ghydpoxpmetyl)osglan-grdlq-prinopurg-2radpyireldndd tY-metyjcarboxamide
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400 MHz for rbhehydratdfoionhtion by3dditibhefehaam cal shifts were
referenced to the DVBSO solvent, 2.50 ppmfor 1H and 39.5 ppmfor 13C

EXAMPLE 1

Preparation of Ethvl-2-formvl-3-oxopropionate

CO,Et >
H H ’

Q ®

[0059] A three- or four-neck round bottom flask equipped with magnetic stir bar,

thermocouple, digital thermometer, gas inlet and outlet and addition funnel was flushed
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WO 2007/ 092372PCT/ US2007/ 003022 RESULTS [0069] The 111 and 13C

chem cal shifts are listed in Table 1. Two isoners in a ratio of

-60/ 30 werwoabewsazl i n both the and the 13C spectra, [pevaISend7/ats022
maj or and mnor in the table. Atom 13C Chemical Shift (ppm 111
Chemi cal Shift (ppm Miltiplicityb, Splitting (Hz) 21 (major) - 192.4
9.96 d, 3.6 21(mnor) 187.6 9.83 S 22(mnor) 167.1 - - 22(mgjor)

with argon. Ethyl 3,3-diethoxypropionate (64.5 g) in tetrahydrofuran were charged to
the addition funnel. Sodium hydricie (21.2 g of 2 60% dispersion) was charged to the
reaction flask followed by tetrahydrofuran. The contents of the flask were cooled to 0—
5°C in an ice-bath, and ethyl formate (257 g) was added. The mixture was cooled to 0—
5°C and the contents of the addition funnel added dropwise, maintaining an internal
temperature of less than 5°C. The ice-bath was removed and the contents allowed to
warm to ambient temperature. Consumption of ethyl 3,3-diethoxypropionate was
monitored by TLC analysis. The reaction was quenched by addition of ice-water (10.6
vol), and extracted three times with methyl t-butyl ether (5.4 vol each), and the organic
- layers discarded. The aqueous phase was acidified with cone. hydrochloric acid to a
pH of 1 to 1.5. The acidified agqueous layer was extracted three times with
dichloromethane and the combined organic layers dried over sodium sulfate. The
solvent was removed under reduced presstre, and the residue distilled under vacuum, to

provide ethyl 2-formyl-3-oxopropionate, 27.92 g, 70% yield.

EXAMPLE 2
A Preparation of 2-Hvdrazinoadenosine (2
NH2
(0
/}\ Ty
HyNHN N
WOH
[+]
@
K
HO

{0060] A flask equipped with a mechanical stirrer, gas inlet, gas outlet and
thermocouple was flushed with argon. 2-Chloroadenosine hemihydrate (53.1 g) was
added, followed by hydrazine monohydrate {134 g). The mixture was stirred while
heating to 40-45°C for 2 hours. The progress of the reaction was followed by TLC
analysis. When the reaction was complete, the heat source was removed and ethanol
(800ml) was added. The mixture was stirred for 2 hours at ambient temperahfre, then
the precipitate coltected by filtration. The filter cake was washed with ethanol and

dried under reduced pressure for 30 minutes. The solids were transferred to a clean
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165.2 - - 15(mnor) 161.8 - - 15(major) 161.7 - ._ 6(major) 153.1 - -
6(mnor) 152.9 - - 2(mnor) 149.4 - -

WO 2007/092372 PCT/US2007/003022

flask equipped with a mechanical stirrer and water (300 ml) was added. The
suspension was stirred at room temperature for 18 hours, and the solids isolated by
filtration. The filter cake was washed with ice-cold water (300 ml) followed by a wash
with ice-cold ethanol (300 ml). The solid was dried under reduced pressure to provide
2-hydrazinoadenosine (41.38g, 81.4% yield, 99.3% purity).

B. Alternative Preparation of 2-Hvdrazinoadenosine (2)

[0061] A reaction vessel containing hydrazine hydrate (258 g, 250 ml) was heated
to 40-50°C. To the warm mixture 2-chloroadenosine hemihydrate (100 g) was addedin .
portions, maintaining the temperature between 45-55°C. The temperature was kept at
this temperature for two hours, and then dejonized water (500 ml) was added over a
period of 30 minutes, maintaining the temperature at 45-55°C. The mixture was then
gradually cooled to 0-5°C over a period of 3 hours, then stirred at this temperature fora
further 30 minutes. The solid was then filtered off, and washed with cold (2-5°C)
deionized water (200 ml), followed by ethanol (400 ml). The solid was dried under

vacuum for 12 hours, to provide 2-hydrazinoadenosine.
EXAMPLE 3

Preparation of Ethyl 1-{9-[{4S.2R.3R,5R}-3.4-dihydroxy-5-(hydroxymethvl)oxolan-2-

11-6-aminopurin-2-yl azole-4-carboxvlate (3

HOr

{00621 Ethyl 2-formyl-3-oxopropionate (23.93g, 0.17 mol) was placed in a flask

equipped with mechanical stirrer, gas inlet, gas outlet and reflux condenser. 2-Propanol
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2(major) 149.3 - - 19(mnor) 148.0 9.22 d, 13.0 4(ninor) 147.9 - - ..
4(major) 147.8 - - 19(mmjor) 147.5 - .9.26 d, 12.4, d, 3.6 8(mmjor)
144.9 WO 2007/092372 PCT/US2007/003022

was added to the flask followed by 2-hydrazinoadenosine (44.45g, 0.15 mol). The
mixture was heated to reflux under stirring for 2-4 hours, following the progress of the
reaction by TLC analysis. When the reaction was judged complete, the heat source was
removed and the mixture cooled to room temperature. The suspension was cooled
under stirring in an ice-bath for 1.5 to 2 hours. The solids were isolated by vacuum
filtration, and washed with ice-cold 2-propanol. The product, ethyl 1-{9-
[(48,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-dminopurin-2-
yl}pyrazole-4-carboxylate, was dried under reduced pressure to a constant weight.
Yield 54.29g, purity (by HPLC) 96.6%.

EXAMPLE 4

Preparation of (1-49-[(48.2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethyDoxolan-2-y1]-6-

aminopurin-2-yi gzol—tt- N-N-methylcarboxamide

jonesy

\
o

",
7
R

HO

[0063] A mixture of ethyl 1-{92-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl}-6-aminopurin-2-yl} pyrazole-4-carboxylate (46.4 g) and
methylamine (40% in water, 600 ml) was stirred at ambient temperature for about 4
hours, following the progress of the reaction by HPLC analysis. The majority of the
excess methylamine was removed under reduced pressure, and the remaining mixture
cooled at 0°C for 2 hours. The solid material was filtered off, washed with ice-cold
200 proof ethanol, and dried under reduced pressure, to provide (1-§{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-
methylcarboxamide as its monohydrate, 36.6 g, purity 99.6%.
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8.87 s "8(mnor) 144.7 8.85 s 12 143.1 8.20-8.23 in 14(mnor) 132.8

9.20 d,

-0.7 14(major) 132.6 9.12 d,-0.7 5(major) 120.7 _ - 5(m nor)

WO 2007/092372 PCT/US2007/003022

[0064]) The structure of the material was confirmed by 'H NMR (see Figure 1 and
below). Thermal analysis (see Figure 2) provided results consistent with the presence

of one molecule of water. X-Ray powder diffraction patterns were obtained (Figure 3)
. "
y “__N
jonl
N2 N/ E L
,£ r

Ho—4&,

Q a
b
HaC——nH
e ¢

'H and '*C NMR spectra were obtained in the following manner. Two samples of the
material obtained above were weighed out and dissolved in d¢-DMSO - 5.3 mg was
used for the "H spectra, and 20.8 mg was used for 1°C spectra. All spectra were
acquired at ambient temperature on a2 JEOL Eclipse” 400 spectrometer operating at 400
MHz for 'H and 100 MHz for 1*C. '

Label PC shift(ppm) 'H shift(ppm)._ Multiplicity,
splitting(Hz)
2 150.5 or 150.3 -
4 156.4 -
4a 117.9 -
6 140.0 8.41 s
7a 150.5 or 150.3 -

1’ 86.9 5.94 D, 6.2
2’ 73.7 4.62 m
2°-OH - 5.50 D, 6.2
¥ 70.5 4,17 m
3°.0H - 5.23 D, 4.7
4’ 85.7 3.96 m
5° 61.5 3.67,3.57 m
5°-0H - 5.02 D, 5.7

A 1409 8.07 D,0.8

B 120.2 - -

C 129.6 8.95 D, 038

D 161.7 ' -

E 25.6 2.76 D, 4.6
NH, - 7.77 brs
NH - 8.35 Q, 4.6
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120 _6 -

13 116.7 - - 20(ninor) 107.2 - - 20(mgjor) 106.1 - - 1'

(major) 87.9 6.07 d, 5.3 1" (mnor) 87.9. 6.06 d, 5.3

WO 2007/092372 PCT/US2007/003022

aminopurin-2-yl}pvrazol-4-y1)-N-methylcarboxamide monohydrate

(0065} A solution of (1-{9-[(48,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl}oxolan-2-yl}-6-aminopurin-2-yl} pyrazol-4-yl)-N-methylcarboxamide
monohydrate (100 g) in dimethylsulfoxide (300 ml) was filtered through a 0.6 to 0.8

micron prefilter and a 0.2 micron filter to remove any solid impurities. The filirate was

then slowly added over a period of 1 hour to deionized water (1 liter) with stirring, and
the shury thus produced stirred for not less than 1 hour. The solid was filtered off,
washed with deionized water (2 x 1 liter), and dried under vacuum for not less than 1
hour. The dried product was then slurried again with deionized water (1.5 liter) for not
less than 2 hours, filtered off, and washed with deionized water (1 liter) followed by
absolute ethanol (750 ml). The purified product was dried under vacuum at a
temperature of not more than 40°C for not less than 12 hours, to provide (1-{9-
[(48,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-
yl}pyrazol-4-y1)-N~methyIcarb;)xamid;:: monoh)}drate free of any 2-hydrazinoadencsine

. impurity.
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4' 85.8 4.02 ¢,3.9 27(ninor) 74.1 4.62 q, -5.4 2 '(mgjor) 74.1 4.61
3" 70.14.22 q,4.2 5 61.0 3.62, 3.73 in 23, 16 60.3-60.8 4.25-4.39
WO 2007/092372 PCT/US2007/003022

EXAMPLE S

Preparation of Ethyl (2E)-3-({9-[(48.2R.3R.5R)-3 4-dihydroxy-5-(hydroxymethvl)-

AN "
| o
\ N
3 /jL\,/ :>
/= "

4,
7
oH

[0666] A mixture of 2-hydrazinoadenosine (100 g, 0.34 mol), ethyl 2-formyl-3-
oxopropionate (242g, 1.7 mol) and absolute ethanbl were charged to a reactor, ﬁnd the
mixture heated to reflux for 2 hours. When the feaction was judged complete, the heat
source was removed and the mixture gradually cooled to 5-10°C over a period of 3
hours. The slurry was stirred for 30 minutes at this temperature, and the mixture
filtered. The solid material was washed with cold (5-10°C) absolute ethanol, and then
dried under vacuum at a temperature that did not exceed 40°C, to provide ethyl (2E)-3-
({9-[(48,2R,3R,5R}-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-2-{4-
(ethoxycarbonyl)-pyrazolyl]purin-6-yl} amino)-2-formylprop-2-enocate.

[0067] An elemental analysis gave the following results: C, 48.75%; H, 4.86%; N,
18.05%; O, 27.57. Theoretical: C, 49.72%; H, 4.74%; N, 18.45%; O, 27.09. The
analysis corresponds within experimental error limits to the hemihydrate of the desired
product. (C, 48.89%; H, 4.81%; N, 18.1%; O, 28.12)

[0068] 'H and *C NMR spectra were obtained in the following manner. 20.2mg of
the compound of formula (4) was dissolved in ~0.75 ml of DMSQ-d6, and the spectra
obtained at ambient temperature on a JEOL ECX-400 NMR spectrometer operating at
400 MHz for "H and 100 MHz for '*C. The chemical shifts were referenced to the
DMSO solvent, 2.50 ppm for 'H and 39.5 ppm for 1°C.
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m1l7,24 14.1-14.2 1.28-1. 38
11.47 d,13.0 2'-OH (mmj or)
WD 2007/ 099922 @Y23EE2007/ 00

m 18( maj or)

3022

- 12.51 d,

12. 4 18(m nor) -
- 5.63d, 6.1 V-OH (m nor)

- 5.62d 6.1
PCT/US2007/003022

RESULTS
[0069] The 'H and *C chemical shifts are listed in Table 1. Two isomers in a ratio
of ~60/30 were observed in both the "H and the *C spectra, labeled as major and minor
in the table. _
Atom® YC Chemical "H Chemical Multiplicity®,
Shift (ppm) Shift (ppm) Splitting (Hz)
21(major)- 192.4 0.96 d, 3.6
21(minor) 187.6 9.83 S
22(minor) 167.1 - -
22(major) 165.2 - -
15(minor) 161.8" - -
1 5(majox) 161.7 - -
6(major) 153.1 - -
6(minor) 152.9 - -
2(minor) 149.4 - -
2(major) 149.3 - -
19(minor) 148.0 9.22 d, 13.0
4(minor) 1479 - -
4(major) 147.8 - -
19(major) 147.5* .9.26 d,12.4,4d,3.6
&(maijor) 144.9 8.87 5
8(minor) 144.7 8.85 5
= 12 143.1 8.20-8.23 m
14(minor) 132.8 9.20 d, ~0.7
14({major) 132.6 9.12 d,~0.7
5(major) 1206.7 - -
5(minor) 120.6 - -

13 116.7 - -
20(minor) 107.2 - -
20(major) 106.1 - -

1’ (major) 87.9 6.07 d, 5.3
1’ {minor) 87.9- 6.06 d, 5.3

4’ 35.8 4.02 q,3.9
2’ (minor) 74.1 4.62 q,~5.4
2"(major) 74.1 4.61 q,~5.4

3 70.1 4.22 q, 4.2

5" 61,0 3.62,3.73 m

23,16 60.3-60.8 4.25-4.39 m
17,24 14.1-14.2 1.28-1.38 m
18(major) - 12,51 d, 12.4
18(minor) - 11.47 d, 13.0
2°-0OH (major) - 5.63 d, 6.1
2°-OH (minocr) - 5.62 d, 6.1
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3'-0H5.30d, 5.1 5 -O.08t, 5.5 The conpound of formula (4) was
confirnmed to be a m xture of the following two isoners: CH3 24
0.--1 23 29D200®9237218 H 19 4 N 3 11 6 N N 5' 4G | 10 PCTHSR7/B03022
hid OH0 is 2 C. ' 16 17

3'-0H - 5.30 d, 5
5-OH - 5.08 5.5

The compound of formula (4) was confirmed to be a mixture of the following two
isomers:

CHy 24 ' 24 ch,

I P o L

21 o Q

20 K22 22 1 20
9] (@) o H 21
HJI8 18
~ H
N H1s "‘N H
QN 5 4 a 5 4 19
N 3 N
H_</ N3
8 I e M sH—" || 11
6 N 10N N 12 \ 7 N 6 N N~ 12
g 4 "1' 1 H 5 4 R 1 10 N H
HC s J fepq H 13 TheH
a = = 2 Q ' = = ' 4
HO ©H 0’15 \__ ¥nud BHe 0”15
CHg CH
15 17 16 3
. 17
- Major Minor
i P
EXAMPLE 6

Preparation of (1-{9-[(48.2R 3R 5R)-3.4-dihydroxy-5-(hydroxymethyl)oxolan-2-y1]-6-

aminopurin-2-vi azol-4-v)-N-methvlcartboxamide from Compound (4

jos
!

0

/

“—NH

“‘\\\\on

v,
“on
HO

[0070] Aqueous 40% methylamine solution (1300 ml) was placed in a pressure
reactor, cooled to 0-5°C, and the product of Example 5 (ethyl (2E)-3-({9-
[(45,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyloxolan-2-yi]-2-[4-
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Maj or EXAMPLE a Preparation of
(1-1.9-1148, 212., 3R 5R1- 3, 4-di hydr oxy- 5- (hydr oxwnet hyboxol an 11- 6-
am nopur i nWO200U8¥7 7 ol 4- y11- N-net hvl car boxani de from @&Wﬂ@&W&yPﬁ@

[ 0070] Aqueous 40% net hyl am ne solution (1300 m) was placed in a
pressure reactor, cooled to 0-5C, and the product of Exanple 5 (ethyl
(2E) - 34{9-

(48, 2R, 3R, 5R) - 3, 4- di hydr oxy-5- (hydr oxynet hyl ) oxol ari -2-y1]-244- WO
2007/ 092372P . . '

(et hoxycar bo O?Jg’y Faz 3&??’10 ZlP’F]R“%n‘f? PERIRS2-RraiRrgP i Bl 2t APR &) added.
(100 g) adde’ﬂhe ﬁhﬂum’lw}islstiﬁ'ed\laﬁ()-S?C fored 1eait Lhduts, hehnitoting @RSEaBicAFsy S,
nonitoring the for orrpletlon. When conpl efe,. the m xture

was war med, Frar A?‘ i 'ngeR FER E'E‘F‘pg’l‘sé‘?lﬁ UEe Bat V@@F%W%ﬂ%@ﬁf §mpgrature

hour, and t hﬁﬁweﬁcﬁoeéhdt@"bqsﬁl hba) mﬁﬂ@e@&&i]e&oﬂ@is‘tﬁ% ﬂf“C]oJEPH berio G
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pressure of _11% Yéten the togepertirs was §elone3q° Cnthe miktire wes degsssed asmgtao
b5 The mghuch ot gtighyh il ikt g e,

mai nt ai ni ng ‘the pressure at
di sconti nuednaﬂﬁeter“@pbtin'etﬁaﬂﬁé?m fomgmast Mummﬁniahgngﬁeptﬁaﬂixehalw-esmt
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Mul tiplicit I'ng
: 5.3 mg was used for the "H spectra, and 20.8 mg was used for C spectra. All spectra

L=

were acquired at ambient temperature on a JEOL Echpse 400 spectrometer operating
at 400 MHz for 'H and 100 MHz for °C.

Label °C shift(ppm) 'H shift{ppm) Mutltiplicity,
splitting(FHz)
2 150.5 or 150.3 -
4 156.4 -
4a 117.9 -
6 140.0 8.41 s
7a 150.5 or 150.3 -
1’ 86.9 5.94 D, 6.2
2’ 73.7 4.62 - m
2>-OH - 5.50 D, 6.2
3’ 70.5 4.17 m
3°-0H - 523 D, 4.7
> 857 3.96 m
s 61.5 3.67, 3.57 m
5-0H - 5.02 D, 5.7
A 140.9 8.07 D, 0.8
B 120.2 -
C 129.6 8.95 D, 0.8
D 161.7 -
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4 156.4 -
5.94 D, 6.

4a 117.9 - 6 140.0 8.41 s 7a 150.5 or 150.3 - 1' 86.9

2 2 73.7
WO 2007/092372 PCT/US2007/003022
E 25.6 2.76 D, 4.6
NH; - 7.77 brs
NH . 8.35 Q.46

[C072) An elemental analysis gave the following results: C, 43.96%; H, 4.94%; N,
27.94. Theoretical: C, 44.12%; H, 4.94%; N, 27.44%; O, 27.09. The analysis

corresponds within experimental error limits to the monchydrate.
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4.62 m2'-OH- 550D 6.23 70.54.17 m3-0H- 5.23 D, 4.7 .4
85.7 3.96 m5" 61.5 3.67, 3.57 m5'-01l

CLAIMS:

1 A method for the large scale preparation of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
{hydroxymethyl)oxolan-2-yl}-6-aminopurin-2-yl}pyrazol-4-y1)-N-methylcarboxamide:

Ny
OH

comptising:

reacting a compound of the formula (3)
l/l:[;[
/= -
@)

with methylamine wherein the compound of formula (3) is reacted with an aqueous solution of
methylamine at an initial temperature of about 0-5°C followed by warming to about 50-70°Cin

a sealed pressure reactor,
2. The method of claim 1, further comprising wherein the {1-{9-[(4S,2R,3R,5R}-3,4-

dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl)pyrazol-4-yl)-N-

methylcarboxamide end product is isolated as the pure monohydrate by
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- 5.02 D 5.7 A140.9 8.07 Db, 0.8 B 1202 - C 129.6 8.95 D, 0.8 D
161.7 - WD 2007/ 092372PCT/ US2007/ 003022 E

(a) dissolving the product in a solvent,

(b) adding purified water,

{c) filtering the slurry thus formed,

{(d} washing the contents of the filter with water followed by ethanol, and
{e) drying the solid that remains under vacuum at a temperature that does

not exceed 40°C.

3. The method of claim 2, wherein the solvent of step (a) is dimethyisulfoxide.
4, A method of preparing a compound of the formula (3):
NH;
>H\j:h'\
)\ / r>
Ve N
'4 ,p\\OH
"t
3

comprising:

reacting a compound of the formula (2}

Ny
N
A

NS
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25.6 2.76 D, 4.6 NH2 - 7.77 br s NH- 8.35 Q 4.6 [0072] An el enent al
anal ysis gave the following results. C, 43.96% H, 4.94% N, 27.94.
Theoretical: C, 44.12% H, 4.94% N, 27.44% 0, 27.09. The anal ysis
corresponds within experinental error limts to the nonohydrate.
CLAIMS: 1. A nethod for the |arge scale preparation of

(1-{9-[ (45, 2R 3R, 5R) - 3, 4- di hydr oxy- 5-

(hydr oxynet hyf |l oxol an-2-y1J- 6- am nopuri n-2-y1} pyrazol -4-yl)-Nnet hyl c
arboxam de: conprising reacting a conpound of the formula (3) (3)
wi th nmethylam ne wherein the conpound of forrmula (3) is reacted with
an aqueo¥ith &byl diferaryl-3oxepropignaipivhereigabayt I hinelpegaunalepbefathm &-fesmybbout
0-5C f ol §, BuRHioRite NEE LB WP trRRBHbo R of AfinlfA (5 1P § &ififle P essur e

reactor.

5. The method of claim 4, wherein the solvent is ethanol.
6. The method of claim 5, wherein the reaction is conducted at a temperature of about
80°C.

7. A method of synthesizing (1-{9-[{45,2R,3R,5R)-3,4-
dihydroxy-5-{hydroxymethyl)oxolan-2-yl}-6-aminopurin-2-yl}pyrazol-4-yl}-N-

methylcarboxamide
[

N

P
Ser
M

comprising contacting a compound of the formula (4):
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2. The nethod of claim1, further conprising wherein the

(1-{9-[ (45, 2R 3R, 5R) -3, 4-

di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-y1] - 6- am nopuri n-2-yl ) pyrazol -4-y

1) - Nmet hyl car boxam de end product is isolated as the pure nonohydrate

by (a) dissolving the product in a solvent, (b) adding purified

water, (c) filtering the slurry thus fornmed, (d) washing the contents

of the filter with water foll owed by ethanol, and (e) drying the

solid that remains under vacuum at a tenperature that does not exceed

40C. 3. The nethod of clagm 2,0 wherein the solvent of step (a) is

di met hyl sul foxi de. 4. A Iz of preparing a conpound of the fornula

(3): NFit conprisipeg™~gactipg~a compound of the formula (2) (2)

wi th ethyl 2-forny1-3-oxopr:pioﬂéte wherein about 1.1 nol ar

equi val ent of ethyl 2-formy:3- pxopropionate is reacted with the

conpound of forrmula (2) i WOl vent. S. The nethod of claimd4,

wherein the solvent is ethanolf. 6. The nethod of claim5, wherein

the reaction is conducted aj~d piler at ure of about 80C. 7. A nethod

of synthesizing (1-(9-[ (45,1 ) - 3, 4-

di hydr oxy-5- (hyd | W€ #4y1] - 6-am nopurin-2-yl } pyrazol -4-y
ont%g}ing a conpound of the

1) - Nmet hyl car boxam
1.

formula (4):

@

with an aqueous solution of methylamine at an initial temperature of about 0-5°C followed by

warming to about 50-70°C in a sealed pressure reactor,

8. The method of claim 7, further comprising wherein the (1-{9-[(4S,2R,3R,5R)-3,4-
dihydroxy-5-{hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-y1} pyrazol-4-y1)-N-
methylcarboxamide end product is isolated as the pure monchydrate by

(a) dissolving the product of claim 11 in a solvent,

(b) adding purified water,

{c) filtering the slurry thus formed,

{d} washing the contents of the filter with water followed by ethanol, and

(e} drying the solid that remains under vacuum at a temperature that does

not exceed 40°C,

9. The method of claim 8, wherein the solvent of step (a) is dimethylsulfoxide.
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(4) with an aqueous solution of nethylamne at an initial tenperature
of about 0-5C followed by warm ng to about 50-70C in a seal ed
pressure reactor. 8.The nmethod of claim7, further conprising wherein
the (1-{9-[(45, 211, 311,511)-3, 4-

di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-y11- 6- am nopuri n-2-y1)

pyrazol - 4-y1) - Nret hyl car boxam de end product is isolated as the pure
nonohydrate by (a) dissolving the product of claim1l in a solvent,
(b) addimg pwméthsaiomﬁmeﬂz:ﬁ%:achdohﬁdbfrtgefohﬁulﬁwrry thus forned, (d)
washi ng the contents of the lter with water followed by ethanol

and (e) drying the solid thatgrenpi ns under vacuum at a tenperature
t hat does not exceed 40C. 9. Thg neffhod of cl ains, wherein the sol vent
of step (a) is dinethyl 4) conprising contacting a
conmpound of the fornula (2): an _excess of ethyl
2-fornmyl- 3- oxopropi onat e wher e} paﬂt a 2-10 fold nolar excess of
ethyl 2-formyl-3-oxopropionate is eacted with the conpound of the
formula (2) in a solvent. 11 The e of claim 10, wherein the
solvent is ethanol. 80C 13.T pf cIa|n110 wherei n about a

5-10 fold nolar excessf e
with the conpound of fo // (

4

comprising

contacting a compound of the formula (2):
NHp
D6
A
HN N

HO

2)

with an excess of ethy! 2-formyl-3-oxopropionate wherein about a 2-10 fold molar excess of

ethyl 2-formyl-3-oxopropionate is reacted with the compound of the formula {2) in a solvent.

11.  The method of claim 10, wherein the solvent is ethanol.
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12.  The method of claim 11 wherein the reaction is conducted at a temperature of about

80°C.

13. The method of ¢laim 10, wherein about a 5-10 fold molar

excess of ethyl 2-formyl-3-oxopropionate is reacted with the compound of formula (2).
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