PROCESS FOR PREPARI NG AN ATA- ADENCSI NE RECEPTOR

AGONI ST AND | TS POLYMORPHS [ 0001] This Application
wolaomw2yrei ority to U.S. Provisional Patent AppCrambkeocno3o22

Serial No. 60/801,857, filed May 18, 2006, and to U S.

Provi sional Patent Application Serial No. 60/765,1 14,

filed February 3, 2006, the conplete disclosures of

whi ch are hereby incorporated by reference. Field of

the I nvention [0002] The present invention relates to

a process for the |large scale preparation of an

A2A- adenosi ne receptor agonist, and also relates to

pol ynor phs of that co oound andrto nethods of
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Field of the Invention

[0002] The present invention relates to a process for the large scale preparation of
an Asa-adenosine receptor agonist, and also relates to polymorphs of that compound,

and to methods of isolating a specific polymorph.

Background

[0003] Adenosine is a naturally occurring nucleoside, which exerts its biological
effects by interacting with a family of adenosine receptors known as A, Aza, Azp, and
As, all of which modulate important physiological processes. One of the biological -
effects of adenosine is to act as a coronary vasodilator; this result being produced by
interaction with the A, adenosine receptor. This effect of adenosine has been found to
be useful as an aid to imaging of the heart, where coronary arteries are dilated prior to
administration of an imaging agent (for example thallium 201), and thus, by
observation of the images thus produced, the presence or absence of coronary artery
disease can be determined. The advantage of such a fechnique is that it avoids the more
traditional method of inducing coronary vasodilation by exercise on a treadmill, which

is clearly undesirable for a patient that has a coronary disease.

[0004] However, administration of adenosine has several disadvantages.
Adenosine has a very short half life in humans (less than 10 seconds), and also has all
of the effects associated with A;, A2a, Azp, and Az receptor agonism. Thus the use of a

selective Aza adenosine receptor agonist would provide a superior method of producing



adm ni stration of an imaging agent (for exanple

thal lium 201), and thus, by observation of the inages
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artery di sease can be determ ned. The advant age of

such a technique is that it avoids the nore _
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small scale syntheses, all synthetic methods disclosed in the patent utilize protecting

groups, which is undesirable for large scale syntheses.

[06007] Additionally, it was discovered that the desired product (that is ( 1-{9-
[(4S,2R,3R,51i)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-z-yl]-6-aminopurin—2-
yl}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
monohydrate.

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-Z~y1]—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:
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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 but 1n 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



and pol ynorphs thereof, preferably as its nonohydrate.
Accordingly, in a first aspect, the invention rel ates
woaodim2zeepar at i on of a conpound of the For nulP@Tius2007/003022
:Formula | conprising: contacting a conpound of the
formula (3): (3) with nethylam ne. [0009] In one
enbodi nent the reaction is conducted in an aqueous
solution of nethylamne, initially at a tenperature of
about 0-50C, followed by warm ng to about 50-70C.
the Yely, the reaction is conducted as above but
in a sealed pressure reactor. [0Ql0] In a second
enbodi nent, the product is isolatet as the pure
nonohydr at e by di ssol ving the o] ct.NNn a solvent,
for exanpl e dinethyl sul foxide, [ of purified
water, filtering the S§lurryt , washi ng the
contents of the filte KL h ter"foll wed gy et hanol,
and drying the s9yfdothat mai ns und Cuum at a
tenperature that”“does not exceed 400C\ [0D11] In a
second aspect, the invention relates t ¢ THeg
preparati on of a compound ofthe fok (3): (3)
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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):

NH,

WOH
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conprising: contacting a conpound of the formula (2):
with ethyl 2-fornyl-3-oxoprorionate. [0012] In one
wemnharchoranat , the reaction i s conducted in ethaprgirjusaio7@03022
tenperature of about 800C, with about 1.1 nolar
equi val ents of ethyl 2-fornyl-3-oxopropionate. [0013]
In athird aspect, the invention relates to the
preparation of a compound of the formula (2):
(2)conprising: contacting a conpound of the formnula
(¢9mpfigipgwi t h hydrazi ne. [0014] The above descri bed
synthesis is suitable for the large scale synthesis of
t bental@ g ecbmpadidaif, theiidratula 1)pr ovi ded in good vyi el d,
al t hough one mnor inpurity is seen in the fina
product. This inpurity has b&en shown to be unchanged
internmedi ate of the fornmula (2); that is, the conpound
of the formula: Although t ' ity can be renoved
fromthe final product by jgrystlallpyzation, it was
deci ded to seek an altesg ' thesis that had all
of the advantages of the above WOH
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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 intermediate of the

formula (2); that is, the compound of the formula:

NH;

@
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—dihydr0xy—5~(hydroxymethyl)oxolan—2-yl]~6—arninopurin-2-
yl} pyrazol-4-yl)-N-methylcarboxamide by contacting a compound of the formula (4):



synthesis but did not give the conpound of fornmula (2)
as an inpurity in the final product. [0015] Thus, in a
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synt hesi zi ng
(1-{9-[(4S, 2R 3R, 5R) - 3, 4-di hydr oxy- 5- (hydr oxynet hyl ) ox
ol an- 2-yl]-6-am nopuri n-2-
yl }pyrazol -4-yl ) - N net hyl carboxam de by contacting a
compound of the formula (4):(4) with nmethylamne. '
[0016] In one enbodinent the feactiion is conducted in
an aqueous sol ution of yl initially at a
t enperature of about 0-50C, °fol Jowed by warning to
about 50-700C. Preferably, the acti on i s conduct ed
in a seal ed pressure reactor."[00}7] In a second
enbodi nent, the product is |sola asy the pure

nnnohydrate by di ssolving the plodu t ™\ a solvent,
for exanpl e dinmethyl suNf oxi of purified
water, filtering the s)u tﬁus ornmey, washing the

contents of the filfer withWater fol|Owed by ethanol
and -drying the solid that remains und )
tenperature that does not exceed 400C. /[0018] In a
fifth aspect, the invention rel atest a nmet hod of
synt hesi zi ng a conpound of the formula (4):

(4) conprising contacting a coﬂ%%und of the formula

(3‘1211 methylamine. I

[0016] In one embodiment the reaction is conducted in an aqueous solution of
methylamine, initially at a temperature qf about 0-5°C, followed by warming to about

50-70°C. Preferably, the reaction is conducted in a sealed pressure reactor.

[0017] 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.

[0018] In a fifth aspect, the invention relates to a method of synthesizing a
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compound of the formula (4):



(2) with an excess of ethyl 2-fornyl-3-oxoprorionate,
preferably about a 2-10 fold excess, nore preferably

wahonr09zs75- 10 fol d excess. [0019] In one enbodPaEmS2007/003022
the reaction is conducted in ethanol, at a tenperature
of about 800C. The ethyl 2-fornyl-3-oxopropionate is
present in a 5-10 fold excess. Definitions and Cener al
Paraneters : [0020] FIGURE 1 is a 1H NWR spectrum of
(1-{9-[(4S, 2R, 3R, 5R) - 3, 4- di hydr oxy-

chm{phigtirgooontasting|a) apxarioand 24 i fo@mai;q @dpurin-2-yl} ,
pyrazol -4-yl)-N : nethyl car boxam de nonohydrate (Form
A). [0021] FIGURE 2 shows tH& thernmal analysis of
(1-{9-[(4S, 2R 3R 5R) - 3, 4- N
di hydr oxy-5- (hydr oxyrret:\fg}:% anX¢-yl ] -6-am nopurin-2

-yl } pyrazol - 4-yl ) - Nnmet hyl gar bgxkam gde nonohydr at e.
[0022] FI GURE 3 showswninTe
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with an excess of ethyl 2-formyl-3-oxopropionate, preferably about a 2-10 fold excess,

more preferably about a 5-10 fold excess.

[0019] In one embodiment, the reaction is conducted in ethanol, at a temperature of

about 80°C. The ethyl 2-formyl-3-oxopropionate is present in a 5-10 fold excess.

. Definitions and General Parameters _ . _
- [0020]) FIGURE 1 is a "H NMR spectrum of (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-~
* 5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N- '
methylcarboxamide monohydrate (Form A).
[a021] FIGURE 2 shows the thermal analysis of (1-{9-[(4S,2R,3R,5R)-3,4-
dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-
methylcarboxamide monohydrate.
[0022] FIGURE 3 shows the X-Ray diffraction pattern for (1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-yl)-N-
methylcarboxamide monohydrate.
[0023] FIGURE 4 shows the X-Ray diffraction pattern for (1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-y1)-N-
methylcarboxamide Form B.
[0024] FIGURE 5 shows the X-Ray diffraction pattern for (1-{9-[(4S,2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl}-6-aminopurin-2-yl} pyrazol-4-yl)-N-

methylcarboxamide Form C as compared to Form A.



Form B. [0024] FIGURE 5 shows the X-Ray diffraction
pattern for (1- {9-[(4S, 2R 3R, 5R) -
w0 2de7chotarar oxy- 5- (hydr oxynet hyl ) oxol an- 2- yl | - 6Pamiuse@an03022

i n-2-yl }pyrazol - 4-yl)-Nmet 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

generally intended to have the neanings as set forth

bel ow, except to the extent that the context in which

they are used indicates otherw se. [0026] "Optional”

or "optionally" neans that the subsequently descri bed

q0025] or A usedin tiensresameypeeificabipn) i folowing ands ahd phrases are
ncl des i.nstance e said event

t he descr or
SN R DB AS HrHEES AL o GHOEh SR PR e cXlent that the

Rehtext mﬁichTEB@y hRri¥ed IlBEARLothicakd.y ef fective
anmount"” refers to that amount of a compound of Formul a

| that is sufficient to effect treatnent, as defined
bel ow, when adninistered to a manmal in need of such

ljoezé)me nt“ lidgal R a8 dlg2hheans tHR Md MBDs&RUNY débdrbed event or
vary depen i ng upon the subject and di sease condition

[sEsCHERstanea ey, oY el QFer, and thay theodeseriptigisiclides instances where
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adm ni stration an can rea
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e term "treat nent reating” nmeans any treatnen
sbmpoyind ef Ferrnnlad that is sufﬁment to effect treatment, as defined below when
administered to a mammal in need of such treatment. The therapeutically effective
amount will vary depending upon the subject and disease condition being treated, the
weight and age of the subject, the severity of the disease condition, the manner of
administration and the like, which can readily be determined by one of ordinary skill in

the art.

[0028] The term “treatment” or “treating” means any treatment of a disease in a

mammal, inclﬁding:

(1) preventing the disease, that is, causing the clinical symptoms of the disease not

to develop;

(ii) inhibiting the disease, that is, arresting the development of clinical symptoms;

and/or
(iih)relieving the disease, that is, causing the regression of clinical symptoms.

[0029] As used herein, “pharmaceutically acceptable carrier” includes any and all
solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents and the like. The use of such media and agents for
pharmaceutically active substances is well known in the art. Except insofar as any
conventional media or agent is incompatible with the 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-



mammal , including: (i) preventing the disease, that
is, causing the clinical synptons of the di sease not
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arresting the devel opment of clinical synptons; and/or
(iii)relieving the disease, that is, causing the
regression of clinical synptons. [0029] As used
herei n, "pharnmaceutically acceptable carrier" includes

nd all_ sol vents, dispersion nedia, coatings
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existing in at least three different crystalline

Femmg, hasdreen shewn & hep &ronokydreds. and is fsmess stabli of the various

PAOYInRBphs at ambient temperatures. It is stable under relative humidity stress

conditions up to its meklting point.

[0033] Form B: This polymorph is produced by evaporating under vacuum a
solution of 1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-Chydroxymethyl)oxolan-2-yl]-6-
aminopurin-2-y1}pyrazol-4-yl)-N-methylcarboxamide in trifluoroethanol at ambient
temperatures. The X-ray analysis of the crystals was distinctly different from any other
' polgrmorph (see Figure 4), but it was difficult to defermine its constitution, as the X—ray‘
analysis gave disordered broad peaks, and the polymorph contained varying amounts of

water. It was found to be difficult to reliably reproduce the preparation of this
polymorph.

{0034) Form C: This polymorph is produced by slurrying 1-{9-[(4S.2R,3R,5R)-
3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-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 elevated temperatures,

desolvates to an unstable form.

[0035] Amorphous Material: - This polymorph is produced by heating Form A

polymorph at a temperature of up to 200°C. This polymorph is unstable in the presence

t

of atmospheric moisture, forming variable hydrates.



anor phous product. [0032] Forr1?5 Thi s pol ynor ph can
be produced by crystallizing |I-{9-
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-yl ]-6-am nopuri n- 2- _ _
yl } pyrazol -4-yl)- N net hyl car boxam de fronprotic
sol vents, for exanple ethanol or ethanol/water
m xtures, or froma polar solvent, for exanple
di met hyl sul f oxi de/water. Form A has been shown to be a
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pol ymor phs at ambi ent tenperatures.” It 1S stablre under
r A-Riay \PowderDdftactishr ess condi ti ons up to its nmel ting
poi nt. [0033] Form B: This pol ynorph is produced by

eYe(3%] at | Kgraypsiavdey aedBlich BERPDY 9Ba19fes Were carried out on 2 Shimadzu
{9-].(4 %K?BR, 5R) - 3, 4- di hydr oxy-_g?"?ahgdr oxyme?]ﬁlyld) O.XOfla

n %T@pé_ -ray powder diffractometer using Cu Ko radiation. The instrument was
aBg

ibpéd Witk yfindcad K- aﬂr‘t%é, ahlanp'@% g:%éle Q/%[tgé)él(%ng %_enp%gge were set to

T
trifluoroethanol at anbrent te ures.=
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I | gMre 4 but .it wa

o e R Bl a0 OBl B i g Mestept y 2 et
aprnydationdsiectoli. sA thita-ewo thaa domanalons fsc&ﬁhdatt Bh&nilnt(m ssec/0.02° step)
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P EORPoR 20 N0, X eoR B R gt caestibe mstrument
prlégranenti DataohertlubHeqied ybipllyzd0R3H XRY-5068 v. i Software.
pol ynorph is produced by slurrying 1-
{ BOBUHLS, 2R:18RpoRYer diffraction (XRPD) analyses were also performed using an

Inel XRG-3000 diffractometer equipped with a CPS (Curved Position Sensitive)

detector with a 28 range of 120°. The instrument calibration was performed using a

. silicon reference standard. The tube voltage and amperage were set to 40 kV and.30

- mA, respectively. The monochromator slit was set at 5 mm by 80 um. Samples were
placed in an aluminum sample holder with a silicon insert 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° 24. 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 péttems.

Thermal Analyses

[0038] Thermogravimetric (TG) analyses were carried out on a TA Instruments
2050 or 2950 thermogravimetric aﬁalyzer. 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
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weacei7maiei | e for a long period of tine at 600€CT/TISe007/003022
X-ray analysis of the crystals was distinctly

different fromany other polynorph (see Figure 5).

Pol ynmor ph C was shown to be a vari abl e hydrate, which,

at elevated tenperatures, desolvates to an unstable

form [0035] Anorphous Material: This polynorph is

mlachdda @itbyr drempedparBanrheAnpidajiysepled phnathacenaniatd & §inhole to

0 hi | ynor ph i nstable.in the

ioP Brauit velch, S R SEPAL ot Bt s Totreit rate of

hhdCanastolethenBOLies35@C. Andluys nfetdl fwdsQis88 afthefbalibrad#dd standard.
r pheous Nhterialg§-3%¥ Powder Diffraction [0036]

-%&rﬁt&me‘?efaif??%e LAV RPN WAXYAes were carri ed

out on a Shimadzu XRD-6000 X-ray powder diffractoneter

using Cu Ka radiation. The instrunent was equi pped

th i ne focus X-ray tube, and the tube voltage and
gﬂégm& to 40 kV and 40 mA respectively. The

' ttering slits were set at 1" and the
AoBEHTT nGeTRl shedrampreianraconMazmn BDBGE i Hansfomm infrared

(S pSBotabas i RS EC ) LR i i

erdsag it sourge.pnsgxdende repgenctass e brogaide bsamisplitter, and a deuterated
Fibi | Ast r dent
ShibiyeRre S%'iﬁ%g@'let}%tyéﬁlld ﬁ&e%ﬁ%dém&% a §gle(h|}©a—Tech, Inc.

al rgnment . a were collecte zed
Kifugoeflegtance accgssoryfihe Collector™) was used for sampling. Each spectrum

represents 256 co-added scans at a spectral resolution of 4 cm™. Sample preparation

for the compound consisted of placing the sample into a microcup and leveling the
material with a frosted glass slide. A background data set was acquired with an
alignment mirror in place. The spectra represent a ratio of the sample single-beam data

set to the background single beam data:set. ‘Wavelength calibration of the instrument

was performed using polystyrene.

NMR. Spectroscopy

[0041] Solution phase 'H NMR spectra of the were acquired at ambient temperature
on a Bruker model AM-250 spectrometer operating at 5.87 T (Larmor frequency: 'H =
250 MHz). Time-domain data were acquired using a pulse width of 7.5 ps and an
acquisition time of 1.6834 second over a spectral window of 5000 Hz. A total of 16,384
data points were collected. A relaxation delay time of 5 seconds was employed between
transients. Each data set typically consisted of 128 coaveraged transients. The spectra
were processed utilizing GRAMS132 Al software, version 6.00. The free induction
decgy (FID) was zero-filled to four times the number of data points and exponentially
multiplied with a line-broadening factor of 0.61 Hz prior to Fourier transformation.

The 'H spectra were internally referenced to tetramethylsilane (0 ppm) that was added

as an internal standard.

[0042] Alternatively, NMR analysis was carried out as described in Example 4.
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[0037] X-ray powder diffraction (XRPD) anal yses were
al so perforned using an I nel XRG 3000 diffractoneter
wequ7meexdzwi th a CPS (Curved Position Sensiti vVeLT/us2007/003022
detector with a 28 range of 120. The instrunent
calibration was performed using a silicon reference
standard. The tube voltage and anperage were set to 40
kV and. 30 mA, respectively. The nonochromator slit was
set at 5 mMm by 80 mm Sanples were placed in an
al um num sanpl e holder with a silicon insert or in
gl ass XRPD-quallty capillaries. Each capillary was
HEIBYLE POFR RegIpiiep@nalyseead that is notorized to
ﬁern1t splnnlng of the capillary during data
&3 si tYleigturReeIptionfdeserntion detaavere cplestesdions (Vi SSBAKEDO Vapor

St A?:Ely%&r (aJSJrﬁﬁglll Yhé ﬁgsogé} <9} 9%6 égre (]:&me' Fe?ll A&%{ a(;%iée of 5% to

were coll écte over a peri secon
Wb zelployerhwmigity (RE Ot 4t elO%aﬁgbnmfrvéis Sadd antragem purge Sodium

y R s R R SR T

standardsd Hyplitoiuma ciferlanssed tﬁ‘ﬁf&ﬁia‘ﬁysﬁs()@&edéss&ﬂ&ﬂo 01 OO% welght change

L her o éavh tric. anal tThe cal gé ti.on sI 5%1
SRR S T R TE e precEie of flaiitatisdhs fefeht orterion
vedsuiot ) Theplicttadodhta hiveaidt ©deh Bb@edt@tBfol €hd i tha GEoisRRE content.
accurately wei ghed. The sanples were heated in

nitrogen at a rate of 10C/ mn to either 300 or 350 C

Unl ess stated ot herw se, sanples weights were

Nomenclature

[0044] The structure of the compound (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl}-6-aminopurin-2-yl} pyrazol-4-y1)-N-methylcarboxamide

ﬁ/@

HO

1s as follows:

WOH

S\mthesis' of (1-{9-[(4S.2R.3R,5R)-3.4-dihydroxy-5-(hydrox ymethvyl)oxolan-2-y1]-6-

aminopurin-2-vl azol-4-y1)-N-methvlcarboxamide

[0045] One method for the large scale synthesis of (1-{9-[(4S8,2R,3R,5R)-3,4-
dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl1} pyrazol-4-yl)-N-

methylcarboxamide is shown in Reaction Scheme 1.

12



equilibrated at 25C in the TGA furnace prior to

analysis. [0039] Differential scanning calorinetry
wODR&C)0vza1al yses were carried out on a TA | nstr BOBAIS2007/003022

differential scanning calorinmeter 2920. Accurately

wei ghed sanpl es wereplaced in either crinped pans or

hernetically seal ed pans that contained a pinhole to

all ow for pressure rel ease. Each sanple was heated

under nitrogen at a rate of 10C/mn to either 300 or

3500C. Indium netal was u I tion

standard. Tenperatures were reported at the transition

maxi nma. Infrared”*Spectroscopy [ 0040] I rared spectra

were acquired o gna 860(r) Fourier yangform CozEt

infrared (FT-I'R) s ecaN%ophotorreter Ki cO et\y nstru H

Corp.) equipp ' Ever—&e m g f aLll R/source, as o

ext ended rafige p¥tassyum broni deveansplitter, and a—>

deuterated triglycine R e s gWwhere Etis ethyl
stated otherw se, a ra Tech, In di fd
refl ectance acdBssory vg, Col | ectorg?rr)) as—uged for

sanpl i ng. Each spectrgim re|8'i’esents 256 co-ded @cans

at a spectral resofution of 4 cm1 . Safpl e

preparation for the conpound consisted of placing the

sanple into a mcrocup and leveling the material wth

a frosted glass ) i de. A background data set was

acquired with anf alignment mrror in place. The f{**

spectra repres tio of the sanple single-b

dat@ set to the bafkgriound single beam data s)(‘\

VWav of—+the=instru
OH N
o / SeH
—NH —=N -

",
0/
“oH

EtO =

4,
“on

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.
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was perfornmed using polystyrene. NVR Spectroscopy

[ 0041] Sol ution phase 1H NMR spectra of the were
weaceowimwexf2zat anbi ent tenperature on a Bruker mpdeiUus2007/003022

AM 250 spectroneter operating at 5.87 T (Larnor

frequency: 1H = 250 MHz). Ti me-domain data were

acquired using a pulse width of 7.5 ps and an

acquisition tine of 1.6834 second over a spectral

wi ndow of 5000 Hz. A total of 16,384 data points were

Tiod teactiondis candudted it & prototedodyent,i preferbl g ctheneln akabpas reflux

enpl oyed bet ween, tr.ansi ept.s. Each $~ Ly DI
EilherbFica iS5t 1R0E Ao0F rtid: Bt g dEMER iphttered ort
WesH dRVige 8518 &8hanbl, land idrigd @RAbSkddcdd presdutavalles produst affformula
6.00. The free induction decay (FID was zero-filled
€30 1§ taden {9 thehexhgep HAthept BRICA9 N oi nt s and
exponentially nmultiplied with a |ine-broadening factor
of 0.61 Hz prior to Fourier transformation. The H
pectra were internally referenced to
D P ICRWALON O 8 PRMCt t hat was added as an
i nt ernal _standard, %0042] Alternatively, Qk@ anal y%s .
{0048L ar r Thefippipraduqydspieppred from ghesampeund\glifemyyla (3) by reacting
withRheRORESE rp%fe%l}ﬁ&?&éb%@ tadtAddlndVorid reh@ion is carried out at

a

sor pti on/ desorption a were collected on a VT

I
gt ToTn epperase.for abrukifdioprer Theproguriof Resgula 1is isolated by
g@{}%&ﬂfjﬁzﬁ!}n ﬁfo\agﬁﬁnﬁ%l ﬂgﬁﬁ%ﬁoﬂvﬁéshﬂlé ﬁ’l@%@lilﬁ’f\mﬁfy&(}j&l@ egmanol, and -

elative mdity (RK) at 10% RH ihtervals under
dining geder pedhiped pSodiigm

Preparation of Starting Materials

[0049] (48,2R,3R,5R)-2-(6-amino-2-chloropurin-9-yl)-5-(hydroxymethyl)oxolane-
3,4-diol is used as a starting material in step 1. This compound is commercially

available.

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

commercially available, or may be made as shown in Reaction Scheme II.

"REACTION SCHEME 11

OEt ‘ o °
o
' NaH ;
H OEt
o) OEt CO,Et

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 0-5°C,

for about 24 hours. The product is isolated by conventional means, for example by the
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chloride (Nadl) and pol yvinyllpyrrolidone (PVP) were

used as the calibration standards. Equilibrium
wondi7avea2used for analysis were | ess than 0. 0RODAS2007/003022

wei ght change in 5 mnutes, wth a maxi num

equilibration tinme of 180 mnutes if the weight

criterion was not net. The plotted data have not been

corrected for the initial noisture content.

Nonencl ature [0044] The structure of the compound

(2ddigorf pA8aRABReSR)ctidn oL dinpydtiescyitha conventional solvent, for example
(h oxql.an:.2- - 6- am nopurin-2-yl } pyrazol - .
ALY il KR PR e Sl e i, fare bl ydrochloric

| acid,| fBHoWaEhP RR IR ui3with disbent such as dichloromethane, and removing the
5- fhvd t hyr) oxo] an-2- | - 6-

) |

g%(#%e&ﬁ &hom, &%X‘%P ééto‘fndﬂ i 9¥f\¢ REEHfPcar boxani de

E @Q?Zﬂ : (O”Lé pge%[erg%? g%}(i{ogt 123? S AL ML -%99[243,211,311,511)-
d3,h-)dﬂ]ﬁﬁifﬁxﬁ%((hydlfoﬁtWyll')blxb%@@ﬂ262211¥1|ir_ldp@is'i%g%gﬁgﬂﬁ{a{zgl-g—yl)-N-

-yl yr.azol - 4-yl)-Nret hyl carbokxam de is
%SQIW%%‘SISLREA@T taHpEeme Bk hyl Step 1 -
Preparation of Forrmula (2) [0046] The conpound of
formula (2) is prepared fromthe conpound of formnula

(1) by reaction with hydrazi ne nonohydrate in the
absence of a sol vent. ﬁﬁéﬁ.ﬂﬂﬁ&ﬂﬂMEm

NH, NH,
XN g S
Jos e .

H,NHN
WOH

Y

WOH
™ where Et is ethy!

m @

"q,, ",
7, %
“oH “om

] O
/\(/lEEI\H ' Nz
~H N \ " v

H

|
N CH;NH, N\
o T ey { .
%N N/ N .~\“\\\
/
Ve =" ' '
“@

—NH —==N

HO'

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 absence 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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conducted at a tenperature of about 400C pl us/ m nus
50C. When the reaction is conplete, the product of
woOaoomi2s7¢2) is isolated by stirring with a preciras2007/003022
solvent in which the compound of fornula (2) has
[imted solubility, for exanple ethanol or
i sopropanol. The m xture is stirred for about 1-5
hours, and then filtered. The solid is purified by
stirring wwth water, filtering, and washing with water
iﬁmrbpamdl hhe insiﬂpxr@ pastioteddfod alghrit ddS boaesy andothen fiterddi. CPhe solid is
reggje s I Sn t h e %()tﬁeﬁﬁfhe WI t h nlilé.lhféhgvg#slg ﬁorlll %ﬁ%yzethanol or
1&@rﬂp&1&>1 @ﬁd dnsd hhéér eRuval wacbht i® tacenctammmdct efepfoittiout a
g E Y reacting with about 1-1.2 nolar equivalents of
N9 or ny| - 3- oxopr opi onat e. The reaction is
conducted in a protic solvent, preferably ethanol, at
about reflux tenperature, for about 2-4 hours. After
oollno to.abo he solid is filtered off,
Ve ARt aterl, and dried under reduced
lﬁressure The proguct of formula (3) is taken to the

8331 st dhesompound of forra(2)dn thegrgmverted o 2pompaeyspf formula
ﬁ by 'rék%hng AtHET X048t ethiiner ?drﬂﬂ}l 3p6}@5f#6%10h§tepfo$ RR4BHle a 2-10

fromthe conpound of fornula (3) ﬁﬁg reac
&

feld Weﬁﬁﬁ’ﬁ%’mﬁb@%@ﬂé Brip JHAEHEM S “copacted in a protic

ot 'fefle)ka?tnﬁléreﬁia%gl %Jab&ut r@myte @S?éﬂﬁeeﬂ%ﬁhf% =3 hofupsr After
about 4 hours. e product of For I's 1solated by

cooling, to about 0°C, the solid is filtered off, washed with cold ethanol, and dried

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

purification.

[0055]) The compound of formula (4) is drawn as a (2F) 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:

e o
H)‘jfj\o/\
H NH
N N
PP,
o

/ N N/ N

2~ -
/\ d
“om
HO

named as ethyl (22)-3-({9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)-oxolan-
2-yl}-2-[4-(ethoxycarbonyl)pyrazolyl]purin-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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conventional neans, for exanple by filtration, washing

the solid with cold ethanol, and drying under reduced
wonesgwey2 Preparation of Starting Materials [ 2043]52007/003022

(4S, 2R 3R, 5R) - 2- C6- ani no- 2- chl or opuri n-9-yl) - 5- (hydr ox

ymet hyl ) oxol ane- 3,4-diol is used as a starting

material in step 1. This conpound is comercially

avai |l abl e. [0050] Ethyl 2-fornyl-3-oxopropanoate is

used as a starting material in step 2. It is

danththecinaiahye ataiel iaizl slelp the@F) Vi@n’iﬂid@cﬁ@le SiPAtei where the major
i s

Rea t|o Sche CIl ON SCHEME wher e Et

GG POUSTHO Rtk th (SENTEIIRE AR SR ORRLEOR &1 @2 dsomer s also
V]brbibnet 'rmb coVeiBb e of the denBa ¥TEEmAT1a )5 rtﬁ’é‘ﬁanﬁ?r@duct by
preferably sodi um hydri de.. The reaction’is carried out
deagipmuyt % mgtlylamge %ﬁ?ﬂbﬂi iRcieR;3 PWF@G@? wdthe saing manner whether
[
B0La I oF BRISD (9T BAAS od 08 RIATLE Pk e pf e o)
dsemerant thefaf) iseeent , for exanpl e t-butyl met hyl
ether, acidification of the aqueous phase with, for
exanpl e, hydrochloric acid, followed by extraction
W|th a soI vent such as di chi or omet hane, and renovi ng

pAratiQ el Piroiduaek ext ract under reduced

pressure [0052] A preferred nethod for the |arge
40958 sy riihedinat prfduct s-prepdrédi BogRh8 RoBRpund of formula (4) by reactmg

with methylamine, preferably aqueous methylamine. The reaction is initially carried

out at about 0-5°C for about 8 hours, preferably in a pressure reactor, followed by
raising the temperature to 50-60°C over about 1 hour, and maintaining the temperature
for 15-30 minutes. The product is isolated by conventional means, for example by
cooling to 0-5°C and maintaining a vacuum for about 1 hour, thus removing the
methylamine. The vacuum is removed, and the rémaining contents held at 0-5°C for at
least 30 minutes, followed by filtration. The solid thus obtained is washed with water

followed by ethanol, and dried under reduced pressure.

[0058] = This process provides (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. This polymorph can be further purified by dissolving in

dimethylsulfoxide, filtering any solid impurities from the solution, and precipitating the

monohydrate from solution by addition of water.

EXAMPLE 1

Preparation of Ethyl-2-formyl-3-oxopropionate

CO,Et
H H

O O

[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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3, 4-di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-yl ] - 6- am nopur

i n-2-yl }pyrazol -4-yl)-Nret hyl carboxam de is shown in
weeaxnioomT2 Schene 111. REACTI ON SCHEME m St ep 1PET/US2007/003022

Preparation of Forrmula (2) [0053] The conpound of

formula (2) is prepared fromthe conpound of fornula

(1) by reaction with hydrazi ne nonohydrate in the

absence of a solvent. The reaction is conducted at a

tenperature of about 45-55C plus/mnus 5C. Wen the

r\eaﬁ bt goh. IBhlBPldedtRox fpr6piBhatd (64.5 ¢f) i etrmlyarofiddant Iwaere charged to
oIa ed by stirring wth. a Erotlc solvent in whic
& aeéz‘ﬁ’ﬁ&f\ﬁ‘b“eé'f Spei hydnids) ChZse p #PO%adispirsion) e Geharged to the
f&ﬁctﬁ%ﬂ?ﬁk@oﬂ&\b@@ 8l t&fﬁ@ﬁ%f@ﬁﬁn@m c-Bh?en@ S tHE ?la'sl@ were cooled to 0—
stirred for about 1-5 hours, and then filtered. The

soIG i ansicprbpity pediethyl farmagq @é?ﬂ)mswdﬂed The mlmuurcnyas cooled to 0—
affué: W&'e% an%rbﬁ?ée g&dl 1 dJé Mga@%d%% T it a%nat&nenr]]lgtag mternal

i sopropano rvacuum
t temppeturef dgss \ﬂila;lhiﬂﬁ ‘Phe ickibatit was renBbvadl dhd-the contents allowed to

Pr e t f For 4 0 T d of .

PSR EhpBlinPlenindEiited Cotbpinghon b SRR Piopignse was
(rﬁ))mbyred ®&CIII].(D gnaliyti. The ee(a:ccaSﬁ wak gatidHed by addition of ice-water (10.6
2-f or i.onat e or

e.a 2-10 fol .
xalbasd emf@%ta §HisPb 58 ot et P ebbbes 5.4 abeach, and the organic
rieget QR aided C Ohe ugheshsi phase Whohdiaifed Wigh tond. BN dR¥AIBRc@cid to a
et hanol , at about reflux tenperature, for about 2-4
REAPEL t g‘fltSerThe acidified aqueous layer was extracted three times with

dichloromethane and the combined organic layers dried over sodium sulfate. The
solvent was removed under reduced pressure, and the residue distilled under vacuum, to

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

EXAMPLE 2

A. Preparation of 2-Hydrazinoadenosine (2

NH2

@
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 temperatlire, then
the precipitate collected 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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cooling, to about 0OC, the solidis filtered off,

washed with cold ethanol, and dried under reduced
wonresgwexd2 and the product of formula (4) is takemwskm7/003022

the next step without purification. [0055] The

conmpound of formula (4) is drawn as a (2E) al kene

derivative, as this is the major isonmer forned in this

reacti on. However, it should be noted that a

signi ficant annunt of the (22) al kene derivative m

ﬂhsioeqmpﬁedrwaﬁdamwhhmwalrm ach waten 800 m1l) wasraddeds The

et h %Z §tn&é L tLr(o ot)??pgra(t\hre é‘r 0 ;(8 Pr%ltlrﬁy?_t}d the sPhds isolated by
ﬁltbdtl]onZ Thd-flek hakeywaﬁ bashydd) wih é‘ﬁb@d:cydi Jrateri (BO6 mAb Jalwiwred)by a wash

2-f.ornyl prop- 2-enoa 0 ordingly,. although .
B S RIBFHATO! NN THeApif v ited SoiPeianged REHbio provide
alangitRabrine/@ 188y 81.ubeyieRt, 99.3epppatnd of forml a
(Alf{)y? is intended to includeboth the ?ﬁgtance where it
Is solely the (2E) isonmer, and the instance where the-
maj or portion of the product is the (2E) isoner and a

Bl nor AiRhdtive Patpdrigod 872-Hyesedioddenadin®(r esent . The
conversion of the conmpound of forrmula (4) to the final

gnmipct R¥rei @Rt vease] bbhRini®s hydrasing @ By tta@mrg,k:zed nlf was heated
e

roceeds in the sane manner her th

507a &P thewatmanixiye 2<chipreadanosing hepahydrpte (109 ghpvas added in -
Qr S [

PrBie ndplhE RLcpIR AR NI 3P, IRt Mgping wos konta
fHie tehprahtuy fod ted hbersp aspthea defoniradtvaercGi®Poul) dvasfadded over a

f or nul 4) by reacti
period o? 3(S mlnutgs mgmtalmgg 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 for a
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-(hydroxymethyloxolan-2-

y1]-6-aminopurin-2-vl}pyrazole-4-carboxylate (3)

NN
: l/lj[\
Vo %

3)

WOH

“om
HO

[0062] 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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wi th nmet hyl am ne, preferably aqueous nethylam ne. The

reaction is initially carried out at about 0-50C for
weahowrooB7hour s, preferably in a pressure react 8CT/US2007/003022

foll owed by raising the tenperature to 50-600C over

about 1 hour, and maintaining the tenperature for

15-30 m nutes. The product is isolated by conventiona

nmeans, for exanple by cooling to 0-50C and mai nt ai ni ng

a vacuum for about 1 hour, thus renoving the

nRiduddetie ehe Ak mﬁswam)'y 2-liphaechdeadené (4.4 B @ 15 @gl). The
contents held at 0-50C for at |east 30

EP{teReYRpPated *Prfaﬂ%HndefﬁEf%‘lﬂ fog ZrM%uréb@PWé%s the progress of the
Rshesh W Thoaleasfsid WhAWBRE rR¥tish BB PhdgedtdntPiéie dhb MefT source was

reduced pressure. [0058] This proceSs provides (1-
{rgnjovad apRitsRnGHyreogled; th yeipm tgmperature. The suspension was cooled

(Mﬁ% Expleé Lo %th 28iam. m%ﬁiylgrgvteg; Js%lfegzlﬂl Jacuum

car oxan1dé as '1ts nono
pibﬂtgannn,pmmduaaslbé wWith icheold2uprdpasdl. bheprodotty ethyl i +{9-

X filt ng an ies from
A BAR b Bk vgrout FE R Ao R bbb D ks T pgR -2
S [}plymmebyczaﬁdxﬁmnwaé dided arider el prdsshireap aravhbtant weight.
forny ropionate [0059] A three- or
f%lﬁ% 3?&%&1(!&5?’?%% a@f? equi pped with magnetic
stir bar, thernocouple, digital thernoneter, gas inlet
and outlet and addition funnel was flushedw th argon.

Et hyl 3, 3-di et hoxypr opi onat ) in
tetrahydrofuran were charg 4PI§E9,

Preparation of (1-{9-[{4S.2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethyoxolan-2-v1}-6-

aminopurin-2-vl gzol—4— 1)-N-methvlcarboxamide

e

HO

\\\\OH
N o

",
/7
“oH

[0063] A mixture of ethyl 1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yi]-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-y1)-N-
methylcarboxamide as its monohydrate, 36.6 g, purity 99.6%.
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the addition funnel. Sodium hydride (21.2 g of a 60%
di spersion) was charged to the reaction flask foll owed
woyod7aveabydr of uran. The contents of the fl askPrPegms2007/003022
cooled to O- 5Cin an ice-bath, and ethyl formate (257
g) was added. The m xture was cooled to 0- 50C and the
contents of the addition funnel added dropw se,
mai ntai ning an internal tenperature of |ess than 5C
The ice-bath was renoved and the contents allowed to
WG]t o ahbis&nttutfeaame abatedal waBRSHfRhE® By OF MR/ (see Figure 1 and
- i i onat e_was nitored by TLC anal ysi s,
PR LR it BeE R 87 Mt defirettl oceo gat fith the presence
(©f0né muddcule afld'at%l(t KeRh PotviEea fiidiRn ﬂMtEﬁs'Wér@)bbtamed (Figure 3)
t-butyl ether (5.4 vol each), and the organic |ayers
di scarded. The aqueous phase was agtdified with cone,
hydrochloric acid to a pH of 1 tosfl.5. The acidified
aqueous | ayer was extracted thrg :ﬁ;th
orggni c

di chl or onet hane and t he conbi ne ayers dried
over sodi um sul fatef\ The > N ved under
reduced pressure, an re i stilged under
vacuum to provide_gf hyP\e-Ldr nyl - 3- oxoppapi ehit e,
27.92 g, 70%yield. EXAMPLE 2 A Prepary ) “of

a nechanlcal stirrer, gas inlet, gas out Jet * &t
t her nrocoupl e was f1ushed with ar gon.Ho2—@nl or oadenosi ne
hem hydrate (53.1 g) was

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

Label '°C 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°-0OH - 5.50 D, 6.2
3’ 70.5 4.17 m
3°-0OH - 5.23 D, 4.7
4 85.7 3.96 m
5’ 61.5 3.67,3.57 m
5°-OH - 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 -

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

21



added, followed by hydrazi ne nonohydrate (134 g). The
m xture was stirred while heating to 40-450C for 2
wbaw79923fhe progress of the reaction was fol | ored/usg007/003022

TLC anal ysis. Wen the reaction was conplete, the heat
source was renoved and et hanol (800m ) was added. The
m xture was stirred for 2 hours at anbient
tenperature, then the precipitate collected by
filtration. The filter cake was washed with et hano
and dried under reduced pressure for 30 m nutes. The
solids were transferred to a cleanflask equi pped wth
aPurEf'mannco:ﬁl(l-39+f(4%ERaiid5R7&Bwdlha&&me)—(hAﬁS?MﬂQHvl)&ﬂ’lﬂan-z -y1]-6-

iture for

rdre

flis’lﬂ{i%iw 5 %@aﬁﬁ?ﬂ%ﬁke 63%2%% Ewgés%"?n ) he
S(Qb/dﬁ)x\j)ﬂﬁet}@ﬂ)cﬁ(@laiﬂﬂ%l] saﬂmgﬁr@ ? Q4w1pw-ﬂﬁthy1carboxamlde

2- hydra2|noaden03|ne E

gupieRyyiratg (1006} rdime wmm@w ot ves itered 1 through 20.6t0 0.8
Zmidysl ﬁl@ﬂ‘l@?gﬁ@ 29 NRidré) fi [ltgp@]ﬂenﬁvre %ﬁg%gﬁ%%(ﬁ&%ﬁés The filtrate was

cont ai ni ng hydrazi ne hydrate (
Hben slewly ad,@):(g@@r apsriod@f\Wdour m d@lgmeed water (1 liter) with stirring, and

205 BB ARAERRILEE BALINAEL £ MR 9T B0HRS B g o

Twieshed npthy @sthmeeclva@tdx €Pix lalutet)ham:l deedendsr waemfm fort et less than 1
n%%'s‘l"hg r&gie}l ?&}u%gl 28 Itl%ee dsll\ll\r%teﬁgfg%?lgﬁtjt}mﬂé d Wa(ijerc%l 5 liter) for not

ver a peri O m nu
tlessphmaﬂ UnoersatfiltétedsdiE;. an’dh@sﬁbd(wmeie\imﬁzéd’wmteg( 1aHted) foVlowed by

g{)lﬁl?esetg%rm; Z?g? H‘ﬁg T@e B@Eflie%dpr%]:luc% vpz?s ed Ut.ntgi%p vgct:ulugj{ Stda
temperature of not more than 40°C for not less than 12 hours, to provide (1-{9-
[(4S,2R,3R,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-
yl}pyrazol-4-yl)—N—methylcarbexamide monohydrate free of any 2-hydrazinoadenocsine

. impurity.
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further 30 mnutes. The solid was then filtered off,

and washed with cold (2-5C) deionized water (200 m),
woabd7meet2 by et hanol (400 m). The solid was dpPCeaS2007/003022

under vacuum for 12 hours, to provide

2- hydr azi noadenosi ne. EXAVPLE 3 Preparation of Ethyl

1-

9-[Y4S, 2R 3R 5RV3, 4- di hvdr oxy- 5-f hvdr oxynet hvnoxol an- 2

- vn-6-am nopurin-2-yl)pyrazol e-4-carboxyl ate (3)

[0062] Ethyl 2-fornyl-3-oxepsopiiiake (23-93g, 0.17
nol) was placed in a fl ask‘eqcrr‘pperE‘éfsvm t h nmechani cal

‘fftrérgérrgtfon { th'vp l’ ﬁ) 3. 9801 (ﬁgtﬁfﬁR %58 1{ 4? fdllﬁjvxjdr%c oxng iﬂysgroxmethyl)-

Panol wa acga 10 tne I'TdSK IUII

was heated to reflux under stlrrlng for 2-4 hours

foll owing the progress of t hef reagtion by TLC

anal ysis. Wen the react ed conplete, the
heat source was renoved and thelnixfhre cooled to room
tenperature. The suspension wa ooled under stirring
in an ice-bath for 1.5 to 2 h8urs.) The solids were

i sol ated by vacuumfiltration, a fled with

i ce-cold 2-propanol. The prodgimh%ethyﬁ

[ (4S, 2R, 3R, 5R) - 3, 4-di hy nmet hyl ) oxol an- 2
-yl ]-6-am nopurin-2- yl/fpWazpl e-4-car
dried under reduceg pressurg to a con

oxylet e, was
Yield 54.29g, purity (by HPLC) 96.6%

C wei ght .
LE 4

““on

H

[0066] A mixture of 2-hydrazinoadenosine (.1 00 g, 0.34 mol), ethyl 2-formyl-3-
oxopropionate (242g, 1.7 mol) and absolute ethanol were charged to a reactor, and the
mixture heated to reflux for 2 hours. When the reaction was j-udged 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-yl1]-2-[4-
(ethoxycarbonyl)-pyrazolyl]purin-6-yl} amino)-2-formylprop-2-enoate.

[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

b4

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 DMSO-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 >C.
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Preparation of C -

{9-r(4S. 2R 3R 5RV3. 4-di hvdr oxy-5-fl i vdr oxynet hvnoxol an

WO 20072352 am nopuri n-2-yl | pyrazol -4-yl)-N-m PCT/US2007/003022
et hvl car boxam de [0063] A mi xture of ethyl

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

(hydr oxymet hyl ) oxol an-2-yl ] - 6-am nopuri n-2-yl }pyrazol e
-4-carboxylate (46.4 g) and nethylam ne (40%in water,

600 m) was stirred at ambient tenperature for about 4
hours, followi ng the progress of the reaction by HPLC
analysis. The majority of the excess nethyl am ne was
RESBMAS under reduced pressure, and the remaining

m xture cool ed at 00C for 2 hours. The solid materi al
[0969% i | t EnetH ohd *Crelmeidalshifts dredisted|in Table b Bwp isomers in a ratio

?{' t?gglﬁ)v g‘?f%“ e(%ﬂ%%ﬁ)en%fngemégf&ﬁg labglearag\(ﬂa(jgr and minor
ﬁmtﬁedamydroxy 5- (hydroxymat hyI )oxol an- 2 yI] 6- ami nopur

| n- 2 vl h\lLQ'lf'\! 18 Y/ t-h - Y5t .
nonchizdra{‘%’,mscs. 6 MB 506 (b g};;g ?5)“515}
of tlhe nmaterial was bl 1 RRp Yoo tglg,
and |hel AWmajgikr np| anal¥%sts (see l:l ?@ 2)
resuyl ts Zdminend) ent | wi t h18hé prek erul%
of t er22(XiRay powder Wef-iraction patterns re -
obt ai ned2A(Fagup e 3) 1H dd213C NVR spectra were -
obt di nedi S(mikdre foll ow bgl.8Bannef. Two sanpl es| of the
mat er i al 1 syhfaporped abovelgrre wejghed out and [di ssol ved
i n d<5- DERfhjor>- 3 g wags3aised for the 1H specfra, and
20. § g g@ﬁingge‘_d for I3Gsspectira. Al speciraj were .
acquirTed; iREpTent Tempgg aturejon a JEQC EcTy pse 400
specitT OMgE &L PPET a1y g 400 - R
19(minor) 148.0 9.22 d, 13.0
4(minor) 147.9 - I
4(major) 147.8 - -
19(major) 147.5" .9.26 d,12.4,d,3.6
8(major) 144.9 8.87 5
8(minor) 144.7 8.85 S
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) 120.7 - -
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 85.8 4.02 g,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(inajor) - 12.51 d, 12.4
18(minor) - 11.47 d, 13.0
2°-OH (major) - 5.63 d, 6.1
2’-OH (minor) - 5.62 d, 6.1
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MHz for 1H and 100 MHz for 13C. Purification of

(1-]19-rr4S. 2R 3R, 5RV3. 4-di hvdr oxy- 5-f hvdr oxynet hyl ' ) ox
wol2e07/08237k | - 6- PCT/US2007/003022

am nopurin-2-yl) pyrazol - 4-vi yN- et hyl car boxam de

nonohydrate [0065] A solution of ( 1-

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

(hydr oxymet hyl ) oxol a

-2-yl]-6-am nopurin-2-yl}pyrazol -4-yl)-N net hyl car box

am dg nmonghysifat e ([I00 g). 1 n di fet hyT slzpoxi def (30Q, il )

was [TTTekeghgnhroudh a 0.5 10 U8 M CE@R prefiTter; and

a 0. 2—mcrom fitter to renbve any sot T d Tpurities.

The filtrate was then slowy added over a period of 1

Hithercotmponiei of ifemaklagd eway confirined t) bemthixétre of thegfollawang two

t.he slurry t hus produced stirred for not less than 1

AP The solid was filtered off, washed with

dei oni zed water (2 x 1:H3|2t4er) and dri ed undeHvacuum

for not less than 1 h Uy The dried product S then

slurried agai n Wi t hodei Oni zed water (1.5 li®eNgforg

not | ess than?? h,_Q,u 2 filtered of f, and washed] wjt

dei oni zed wat r) foll owed by absol u

(750 m). Theypur f| ed product was dried undg_[ d¢uum o
at a terrperatur of Hmt nore than 400C for H
t han 12 h8 55 e provi de (I-{9- 19
[ (4S, %Il hydroxy 5- (hydroxymst OXojan- 2
-yl]- rl,n 8 ]2 11
yl }p razol -6/ ;_boxar ni de nonp KeeN 12
of 420 draz noa i |rrpur|t§/ : LE® 1] M>—H
FH@para "ok Et Ryl -f 19- H 13 -
| TAS, 2R SR !‘ps 1 di @xy 5- rhvgr Aotk 14

HO OH 0’15 \\CH;; ¥ud  BH? 015

6 16 CHs
) 17
Major . : . Minor
EXAMPLE &

Preparation of (1-{9-[(4S.2R.3R.5R)-3.4-dihydroxy-5-(hydroxymethylloxolan-2-y1]-6-

aminopurin-2-vl azol-4-yI)-N-methvlcarboxamide from Compound (4

xﬁ\>

HO

o

""/,/,
OH

[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-
[(4S,2R,3R,5R)—3,4—dihydroxy—5-(hydroxymethyl)oxolah-2~yl]-2—[4-
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oxol an- 2-yl 1- 2-r 4- (et hoxycar boriv

pyrazol yl | purin-6-yl >am noV2-forrnyl pro r-2-enoate
wpQOG@p23x2 M xt ure of 2-hydrazi noadenosi ne (100rPgT/U82@4/003022

nol ), ethyl 2-fornyl-3- oxopropionate (242g, 1.7 nol)

and absol ute ethanl were charged to a reactor, and the

m xture heated to reflux for 2 hours. Wen the

reacti on was judged conplete, the heat source was

renoved and the m xture gradually cooled to 5-100C

demnxgcqmmnﬂﬁawizosylmmsﬁ-ymlabpnannﬂprcgmrehsgcef(mo g) added.
es at Ihlste ature, and the m xture

i et’Bn S Rt OntrCetor af It bﬁgﬁéBOWngctbpdeactlon for
(o'énﬂg@&@n aBeh ebs Ffété" @lﬁc‘?hnxt"i'lpe‘fjwﬁé1 alﬂﬂﬂﬁﬁ% \ﬁ?ectgﬂ{yerature

at a tenperature did not excee
dehy¢en FRnd60°C for 1 hour, and then cooled to less than 30°C over a period of 1

(h{O%E (&fl]%hgﬁ? ﬁe@hpse@ﬂuré \i‘{'ag LQX ﬁ))&}é ﬁle m}/}g:trlr%x e{;e c{eg%é,s)eg )1(1(s)1lng a
(pRéRAREYSTAROMSU thnP M2 AR WinbREE ’teﬁuﬁré/tll}eatm deBease {ocq] BYEP The

rop-2-enoate. [0067] An el enental” anal ysis gave t
mRXEEavweg stitrsdlat 8-5°C, fon 8t Iza9] hdur An8itd4iniNg 1Be PE¥surOat 100-150

4. 74% 18. 45%
Shmale TREOATNS Bas viep liBihed tonplheba briispainatmiaining the
ewmperatdrerht @-5rC fbhﬁ)othema thygl g?/hﬁrli'@tfesi ‘éﬁfli’xg:/ geed ﬁl%@uctzv)vas then filtered
48. 899
b GF R TR RO L i Fhea Wbk aDRsi A RO (625mD. The product
f | -
wids %ﬁ%ﬁlg‘?gﬁgg %ﬁt %ﬁ@viﬂ% tﬁ@f‘e{xﬁ%%%f@tg e%te%io{(ﬁ@ % provide (1

szdé‘%S Rt AR S e éﬂlyémyeﬁ?(h)tdemen@thul)@cq}m-a -ylEGaminopurin-2-
%’%y%&gl NW}—%\P—%&H}Q%LS}E&S%@ ggtls rrk%no‘iuydrate .

[0071] '"H and *C NMR spectra were obtained in the following manner. Two
samples of the material obtained above were weighed out and dissolved in dg-DMSO.-
5.3 mg was used for the 'H spectra, and 20.8 mg was used for '>C spectra. All spectra

were acquired at ambient temperature on a JEOL Eclipse” 400 spectrometer operating
at 400 MHz for 'H and 100 MHz for 1>C.

Label >C 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

3 70.5 4.17 m
3’-OH - 5.23 D, 4.7

4’ 85.7 3.96 m

5’ 61.5 3.67, 3.57 m
5°-OH - 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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400 MHz for 1H and 100 WMHz for 13C. The chemi cal

shifts were referenced to the DMSO sol vent, 2.50 ppm
woaoo7iwezad 39.5 ppm for 13C RESULTS [ 0069] Thecthisand/003022

13C chemi cal shifts are listed in Table 1. Two isoners

in aratio of ~60/30 were observed in both the 1H and

the 13C spectra, |abeled as major and mnor in the

t abl e. The conmpound of formula (4) was confirned to be

a mxture of the followng two isoners: 17 Major M nor

EXAVEEE 6 Prepar at2®a of 2.76 D, 4.6
(1 - {19Hs (4S,|2RIR. 5RV3. 4- di hvdf oxy- 5- (An7 brs

gdr ox@aret hynoxol an- 2-yI'l - 6- 8.35 Q, 4.6

am nopuri n-2-yI >pyrazol - 4-yI VNF et hylcar boxani de from

Con&oiund (4) [0070] Aqueous 40% et hyl am ne sol ution
(19868 ni YAwmelsmented avalysis gayr thefollewinzaesdts; Gotd. a6t H, 4.94%; N,

, : 08 @F . o2l Eln.3- =
(oo TR & AP0 B 4 Ao R BLer 0 I
-oprfesporids-wighih expeoambual¢ryayliraieo o/ b puoriohy8rayd.} ani no) -
2-fornyl prop-2-enocate (100 g) added. The m xture was
stirred at 0-50C for at least 8 hours, nonitoring the
reaction for conpletion. Wen conplete, the m xture
was war med, naintaining the tenperature between 50 and
600C for 1 hour, and then cooled to |less than 30 C
over a period of 1
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hour. Wen the tenperature was bel ow 300C, the m xture

was degassed using a pressure of 100-1 50 nmm Hg,
walbanvioray2t he tenperature to decrease to 0- 50CPCThS2007/003022

m xture was stirred at 0-50C for at |east Zlhour,

mai ntai ning the pressure at 100-150 nmm Hg. The vacuum

was then di scontinued and replaced by nitrogen,

mai ntai ni ng the tenperature at 0-50C for not |ess than

30 mnutes. The solid product was then filtered off,

W®§Qﬁd.mﬁth water (3 x 500 m), then wth absolute

et'fia Bllm’(625 m ). The product was dried under vacuum

g?gv al MR 080k FIPRE Tl et pes s eedn A0 (0l Q4s,2R 3R 5R)-3,4-

{dihydréy-3RhyRoxifhrethytyotiotdZ-§XY6 -ami My XY FBpIYAZ0P RO IR N-

n- 2-yl]-6-am nopurin-2-

ynethylcathoxamida:y - N- et hyl car boxani de as its
nonohydrate. [0071] 1H and 13C NVWR spectra were
obtained in the follow ng manner. Two sanpl es of the
mat eri al obtai ned above were wei ghed out and di ssol ved
in de-DVMSO - 5.3 ng was used for the 1H spectra, and
20.8 ng was used for 13C spectra. A | spectra were
acquired at ambient tenperature onja JEOL Eclipse4 400
spectroneter operating at 400 i { 1kl and 100 VHz
for 13C.[0072] An el enental anal }/si s jgavs t he

following results: C ,R43. 962 L 4. N 27.94.
Theoretical : C 44. 12%—HZ 4 ¥4% N 27\4% Q 27.09.

The anal ysis correspahds W n experi error
limts to the nonohydrate.W Claim 1.9 t hod for
the | arge scal e preparation of ( 1- "y,

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

comprising:

reacting a compound of the formula (3): -

N X
. | )
< A
Vandha

3

with methylamine.

2. The method of claim 1, 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°C.
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di hydr oxy- 5- (hydr oxynet hyl ) oxol an- 2-yl ] - 6- am nopuri n- 2

-yl } pyrazol - 4-yl ) - Nnmet hyl car boxam de : conposi ng:
woeaanioorgza conpound of the formula (3): (3) wWeCIlUS2007/003022

nmet hyl am ne. 2. The nethod of claim 1 wherein the

compound of formula (3) is reacted with an aqueous

solution of nethylamne at an initial tenperature of

about 0-50C fol |l owed by warnm ng to about 50-70 C. 3.

The method of claim1, wherein the reaction is

conducted in a seal ed pressure reactor. 4. The nethod

of claim1l wherein the (I-{9-[(4S, 2R 3R 5R) -3, 4-

d| hydrxy- 5Thayatthod oftlhiyt ) owbérain the ytdctibn dseoraimatedrin 2 sealed
la%éﬂyé Qloz4-yl) - Nnet hyl car boxani de end product is
i'sol at ed as t he pure nonohydrate by (a) dissolving the
product in a solvent, (b) adding purified water, (c)
filtering the slurry thus formed, (d) washing t he
gogt engs of Thg?n tl!lOOI. eircla.l Wt Tw etre(:';rrl tlgeoz @NF&S% gﬁ% -3,4-
d1hydroxy—5-(hydroxymethyl)oxolan—Z-yI]-6—aminopunn-2—yl}pyrazol—4-yl)-N—

methylcarboxamide end product is isolated as the pure monohydrate by
(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.

5. The method of claim 4, wherein the solvent used in step (a) is
dimethylsulfoxide.
6. A method of preparing a compound of the formula (3):

‘\\\\\\OH

N Xy
: fI>
G

/\-o ===N

HO:

.

",
&/
“OH

3)
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(e) drying the solid that remains tinder vacuum at a
tenperature that does not exceed 400C. 5. The net hod
wohoalaeae 4, wherein the solvent used in step eay/uS2007/003022

di met hyl sul f oxi de. 6. A method of preparing a conmpound

of the formula (3): (3)conposing: reacting a conpound

of the formula (2): with ethyl

2-fornyl - 3-oxopropi onate. 7. The method of claim 6,

wherein the reaction is conducted in ethanol. 8. The
.claim7 wherein the reaction takes place at

ggéﬁﬁggrgture of about 800C. 9. The nethod of claim§6

68 s T0ibuda R ArHRRA" 100 X et hoa for the

preparation of a conpound of the fornula (2):
(2)conprising: reacting a congound of the fornmula (1):

wi t h hydrazi ne. N RN
N\
/LN/ N>

HoNHN
WOH

“on
HO

with ethyl 2-formyl-3-oxopropionate.

7. The method of claim 6, wherein the reaction is conducted in ethanol.

8. The method of claim 7 wherein the reaction takes place at a temperature
of about 80°C.

9. The method of claim 6, wherein about 1.1 molar equivalent of ethyl 2-

formyl-3-oxoproionate is used.

10. A method for the preparation of a compound of the formula 2):

NH,
N X N
A )
H,NHN N/ N
WOH
o
“on
HO
@
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11. A nethod of synthesizing (
1-{9-[(4S, 2R, 3R 5R) - 3, 4- di hydr oxy- 5-
wOhyavooxyreret hyl ) oxol an- 2-yl ] - 6- am nopuri n- 2- yl poymnazemi7A03022
4-yl)- N net hyl car boxam de by contacting a conpound of
the formula (4): (4) wth nethylamne. 12. The net hod
of claim1l, wherein the conpound of fornula (4) is
reacted with an aqueous solution of nethylam ne at an
initial tenperature of about 0- 5C foll owed by warm ng
RQijl,- 50- 700C. 13. The method of claim 11, wherein
it
reaCtion is conducted in a seal ed pressure

?%ﬁflgng[a(c&)éfbfﬂﬂg%fg%g%g&pa a§! @ m 11 wherein the

di hydr oxy-5- (hydr oxynet hyl ) qx,
ol an- 2-yl]-6-am nopurin-2-yl
}pyrazol - 4~yl ) - Nret hyl car j end product is
isolated as the pure nnno@ydra e (a) dissolving the
product of claim1l in .~ (b) adding purified
water, (c) filtering t fie slurry tyus fernmed,. (d)
washi ng the contents of the filt i'th water followed
by ethanol, and (e) drying the s&lid that remins
under vacuun1at a tenperature tha) ddes,

HO:

1)

with hydrazine.

11. A method of synthesizing (1-{9-[(4S,2R,3R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-y1)-N-methylcarboxamide

by contacting a compound of the formula (4):
/\/lEEiL
fI D

[e}

o

",
“%
OH

G

with methylamine.

12. The method of claim 11, wherein the compound of formula (4) is
reacted with an aqueous solution of methylamine at an initial temperature of about 0-

5°C followed by warming to about 50-70°C.
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not exceed 400C. 15. The nethod of claim 14, wherein
the solvent used in step (a) is dinethylsulfoxide. 16.
waé 0oazad2 of synt hesi zi ng a conpound of the foprPauiua2007/003022

(4): (4)conppsing contacting a conpound of the formula

(2): (2) with an excess of ethyl

2-fornyl - 3- oxopr opi onat e oxopropionate. 17. The net hod

of claim 16, wherein the reaction is conducted in

et hanol . 18. The nethod of claim 17 wherein the

reacti on takes place at a tenperature of about 800C.

19. The nethod of claim 16, wherein about a 2-10 fold

nDIar1@xce§&eeﬂﬁ§¢dgfdﬁnnﬂWJWhﬂﬁxdbﬁéﬁﬁmﬁmesP@W%@E@lﬂaseﬂed
The t hod of claim 19, wherein about a 5-10 fold

.W8F%¥68§%§§3 of ethyl 2-formyl-3-oxoproionate i s used.

14. The method of claim 11 wherein the (1-{9-[(4S,2R,3R,5R)-3,4-
dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-6-aminopurin-2-yl} pyrazol-4-y1)-N-

methylcarboxamide end product is isolated as the pure monohydrate 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.

15. The method of claim 14, wherein the solvent used in step (a) is

dimethylsulfoxide.

16. A method of synthesizing a compound of the formula (4):

N l M
H N/H
SN
: //fNI,}

@)
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comprising

contacting a compound of the formula (2):
NH,
NIJ\IN\>
/l\N/ N

HO:

2)

with an excess of ethyl 2-formyl-3-oxopropionate oxopropionate.

HaNHN
WOH

",
2,
7OM

17. The method of claim 16, wherein the reaction is conducted in ethanol.

18. The method of claim 17 wherein the reaction takes place at a

temperature of about 80°C.

19. The method of claim 16, wherein about a 2-10 fold molar excess ethyl 2-

formyl-3-oxoproionate is used.

20. The method of claim 19, wherein about a 5-10 fold molar excess of ethyl

2-formyl-3-oxoproionate is used.

33



