Met hod of Preparing Deoxyri bofuranose Conpounds FlI ELD OF THE | NVENTI ON

[ 0001] The invention relates to nmethods for maki ng deoxyri bof uranose
conpoundswotzobpsaroe usef ul internediates in the preparaPCoUSRHI09/064605
pharmaceuti cal conpounds such as 5-am no-3-(2' -0 acetyl -3' -deoxy-

b- D-ri bof uranosyl ) - 3H-t hi azol o[ 4, 5-d] pyri m di n-2-one and the |ike.
BACKGROUND OF THE | NVENTI ON [ 0002] Nucl eosi de anal ogs are an inportant

cl ass of compounds that are useful in the treatnent of disease. For

exanpl e, nucl eosi de_ anal ogs_have been used in the treatnent of cancers and
viral infections. meého‘%%ft?‘&?p?ﬁpg Deoxyribofugangsg SamRowls) ogs are
frequently phosphoryl ated by nucl eosi de sal vage pat hways in which the

anal ogs are phosphorylated to the correspondi ng nono-, di-, and

tri phosphates. Anong other intracellular destinations, triphosphoryl ated
nucl eosi de anal ogs often serve as substrates for DNA or RNA pol ynerases and
becone incorporated into DNA and/or RNA. Were triphosphoryl ated nucl eosi de
anal ogs are strong pol ynerase inhibitors, they nmay induce premature

term nation of a nascent nucleic acid nol ecule. Wiere triphosphoryl ated
nucl eosi de anal ogs are incorporated into nucleic acid replicates or

transcripts, gene expressi0ﬁ¥@£Dg?§ﬁqﬂéEﬁqggirﬁﬁﬁction may result. [0003]
Some nucl eosi de anal ogs may _ : e of their ability to
| nhi bi tAdEPOSHAE Kl NAS e ALSBR RS SN ARE SRR Rt 5. BRASRARGY! ati on of
adenosin

which are useful intermediates in the preparation of pharmaceutical compounds such as

5-amino-3-(2’-0-acetyl-3’-deoxy-p-D-ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one
and the like.

BACKGROUND OF THE INVENTION

[0002] Nucleoside analogs are an important class of compounds that are useful in the
treatment of disease. For example, nucleoside analogs have been used in the treatment of
cancers and viral infections. After entry into a cell, nucleoside analogs are frequently
phosphorylated by nucleoside salvage pathways in which the analogs are phosphorylated
to the corresponding mono-, di-, and triphosphates. Among other intracellular
destinations, triphosphorylated nucleoside analogs often serve as substrates for DNA or
RNA polymerases and become incorporated into DNA and/or RNA. Where
triphosphorylated nucleoside analogs are strong polymerase inhibitors, they may induce
premature termination of a nascent nucleic acid molecule. Where triphosphorylated
nucleoside analogs are incorporated into nucleic acid replicates or transcripts, gene
expression or disruption of function may result.

[0003] Some nucleoside analogs may be efficacious because of their ability to inhibit
adenosine kinase. Adenosine kinase catalyzes the phosphorylation of adenosine to
adenosine 5'-monophosphate (AMP). Inhibition of adenosine kinase may effectively
increase the extracellular level of adenosine in humans and thereby serve as a treatment

of ischemic conditions such as stroke, inflammation, arthritis, seizures, and epilepsy.



adenosi ne 5' -nonophosphate (AMP). Inhibition of adenosi ne ki nase may
effectively increase the extracellular |evel of adenosine in humans and

t her eby swOwve104s7®3t r eat ment of ischem ¢ conditions sucBRCRAISIAOKS)S
inflammation, arthritis, seizures, and epil epsy.[0004] The | ast few decades
have seen significant efforts expended in exploring therapeutic uses of

nucl eosi de anal ogs. For exanple, certain pyrinido[4 5-d] pyri m di ne

I i di d 041,542, t t al.
bei g of REBF 1 Hf -85 Trad hayaisroo dnitiret FITALEPRI<Uan SRIBNTE onal |y,
3-b-D-ri ﬁﬁ@fa!ﬂé@tmﬂ bhﬁ@%'s%%nﬁogﬁ]Mrdxﬁlﬂnﬁlen@e%taﬂﬁmﬁﬁﬁdbﬁi S-Gg)yﬁlnﬁﬂ'inﬁsl cant
|nnunoact|V|ty |nclud|ngpgaééggvﬁﬁueen cel roliferation and in Vi vo

act i vi t ynusdesisisiss aisatisclder 8,044,542 &1 Bebios etcali ay boing cffegtive Mos.

5,041, 426 _and 4 880, /BAol:Q i ns. et ubl i atl have al so
descrlbeﬁeanﬁn E?“% ﬁﬂgerﬁég?1ve§ A¥ﬁgﬁnf¥%|az§*nﬁ%h 8?% (ﬁige noi ety.
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HET. GHEM . 30, 1341-49 (1993): and Lewis et al.. 3 - HET. CHEM
547-56 (ROYEyatiqnyodsn Vsyosmtav%&aﬂm@ Sewbkipresivirps aet disgosegy U %%ﬁtn 2-one

conpoun at

prgBaEaSESQ%QEQ usepgpﬁggé%%%g?%?gﬁc Sg@@@ﬂ cgkﬁb@%&égg%%gcussed in US.
Appl i cat dsoribRdranegtycaspl Mwah)&%&ﬁ@bid)thﬂa@ﬁﬁms(dqpﬁlmﬂpmlrnmattyl Ge,Nog.,

11/ 304, 6 n 873,202, both of whjch are

i ncor porajia) Q%éi %g%‘bf?]e?@ri%%é&%ﬁ@}‘@r ety ?éiﬁrT HEMUNORRY LP THE

| NVENTI %9@9}3%& LINR o AV eNHOITIks. 937, 8av 84 (1999, method for preparing
conmpound (2)" conpri sing

[0005] 3,5-Disubstituted-3H-thiazolo[4,5-d]pyrimidin-2-one compounds have been
shown to have immunomodulatory activity. The preparation and usefulness of this class
of compounds is discussed in U.S. Application Publication No. US2006/0160830 (U.S.
Application No. 11/304,691), and U.S. Application No. 11/873,202, both of which are

incorporated herein by reference in their entireties.

SUMMARY OF THE INVENTION

[0006] The invention is directed to a method for preparing compound (2)
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2 OAc

comprising

(1) reacting compound (4) with an alkyl ketene acetal and catalytic acid

HO

to form a cyclic compound of Formula (5)



(i) reacting conpound (4) with an al kyl ketene acetal and catalytic acid to
forma cyclic conmpound of Fornula (5)wherein RL is a |ower alkyl, (ii)

hydr ol ysiw@ 20tee0s¢wapound of Fornula (5) with water and &CTAISa0906450Dr
stoichionetric anmount of acid to forma m xture of nonoacyl substituted
conpounds (6) and (7), (iii) equilibrating the m xture of nonoacyl
substituted conpounds (6) and (7) to cause an excess of conpound (6), (ivV)
oxi di zing the m xture of conpound 6 and conpoynd 7 to formthe m xture of
ket one of conpound (8) and hydrated onpound (9) (v) reducing the
m xture of ketone of conpound (8) afld hydriat ed ketaompe of conmpound (9) to
form conmpound (10) or reducing conpqund (8)_and conpound (9) separately to
form conmpound (10)(vi) sulfonating d Q) w sul fonati ng agent
in the presence of a base to formc npdﬁnd f Fogtul\a ( 11) wherein R2 is
an optionally substituted al kyl R&+—aryl, (vi) displacing the sulfonate
ester conpound of Fornmula ( 11) with a halogen atomto form a hal ogen
conmpound of Forrmula (12) wherein X is halo, (viii) reducing the hal ogen of
t he For nwharenlR)isadopeatuikylt 0 a hydrogen atomto form conpound (13) (i x)
treating ¢ ound (13) with an acid catalyst and acylating agent ta form
conpou nd(1§ %%WFWPG comperendetfiioampis{p) Yﬁtz Wriaﬁ@éﬁﬁﬁaﬁﬁp ORBOICNIOIGINC o

) - amount of acid to form a mixture of monoacyl substituted compounds (6) and (7),

(ii1) equilibrating the mixture of monoacyl substituted compounds (6) and (7) to cause an
excess of compound (6),
(iv)  oxidizing the mixture of compound 6 and compound 7 to form the mixture of

ketone of compound (8) and hydrated ketone of compound (9)

(v) reducing the mixture of ketone of compound (8) and hydrated ketone of compound
(9) to form compound (10) or reducing compound (8) and compound (9) separately to

form compound (10)



[0008] In one enbodi nent of the invention, R2 is an optionally substituted
C -C al kyl or phenyl. In another enbodinent, R2 is -CF -CH3, or -C H CH3.
| n anot hewoentyadirrwent R2 is -CF3. [0009] In another enb@dmﬂﬁnmmﬂm4ﬂﬁ
invention relates to a nethod of reacting conmpound (4) with ketene

di et hyl acetal in the presence of catalytic nethanesulfonic acid to form
tricycle conpound (5A) in isopropyl acetate [0010] In another enbodi nent
the invention is drawn to a {ret hod of preparing a m xture of nono

acetyl ated conpounds (6) and] (7) by treating conpound (5A) with water and 1
nol e percent of nethane sul fjonic acid. [0011] I n anot her enbodi nent the

invention is drawn to a My LiAkating a m xture of conpounds (6)
and (7) to cause an excess of conpouny heat| ng above 70 0C. [0012]

I n anot her enbodi nent the invention iS t met hod of equilibrating a

m xture of conpounds (6) and (7) to cduse<an ex e greater than 90% of

conpound (6) over conpound (7).[00%@{ I n ahot enbodi nent the invention
re

is drawmn to a nethod of equilibrating a xtU f conpounds (6) and (7) to
favor conpound (6) by heating above 70 J' in the presence of isopropyl

t at 0 14 th nbodi d t
et hod o o B Siedmid L 0P ChBnae R koS er e 8 BRaE stpBina (o)
and its &yﬂ&a@g@fﬁgﬁﬁné@yg [ 0015] In anot her enbodi nent the invention is
drawn to a nethod of OX|d|2|ng a

gazet

7
S
\O

wherein R” is an optionally substituted alkyl or aryl,
(vii) displacing the sulfonate ester compound of Formula (11) with a halogen atom to

form a halogen compound of Formula (12)

wherein X is halo,
(viii) reducing the halogen of the Formula (12) compound to a hydrogen atom to form

compound (13)



m xture of conpounds (6) and (7) to form conmpound (8) and its hydrated form
(9) by using sodium hypochlorite in the presence of TEMPO and sodi um
acet at e bwphawvesaloBy wi th i sopropyl acetate. [0016] |n &adDtusesossdsodii nent
the invention is drawn to a nethod of reducing conmpounds (8) or (9) or a

m xture thereof to formconpound (10) as a single isoner. [0017] In another
enbodi nent the invention is drawn to a nethod of reducing a m xture of
conmpounds (8) and (9) tp form conpound (10) as a single isonmer using sodi um
triacet oxyborohydri de. [[[0018] In another enbodi nment the invention is drawn
to a method of reducing a mxture of conpounds (8) and (9) to form conpound
(10) as a single i triacetoxyborohydride in wet isopropyl
acetate. [0019] In another he |nvent|on is drawn to a net hod of
[0020] I n anot her enbodi nent the
ound (8) to form conpound

invention is drawn to a net hod of 90|ng
(10) as a single isoner. [0021] In anat enbodi nent the invention is
drawn to a method of reducing conpound (8) to form conmpound (10) as a
single isomer using a platinumon Ehrbon catalygjy in the presence of
hydrogen. [0022] In another enbodiment the invention is drawn to a nethod
of sul f oqis treating oompound (3 PYvithviat lacid catalysoarat doylptiagepent itm farhvecoprpesedce of
DVAP t o &Srn1a conpound of

[0007] In one embodiment of the invention, R is -CH;3 or -CH,CHs.

[0008] In one embodiment of the invention, R* is an optionally substituted C;-Cs alkyl

or phenyl. In another embodiment, R? is -CFs, -CHs, or -C¢HsCHs. In another

embodiment R? is -CFs.

[0009] In another embodiment, the invention relates to a method of reacting compound

(4) with ketene dimethylacetal in the presence of catalytic methanesulfonic acid to form

tricycle compound (5A) in isopropyl acetate

@)

-0

H,C——O 5A

[0010] In another embodiment the invention is drawn to a method of preparing a
mixture of mono acetylated compounds (6) and (7) by treating compound (5A) with
water and 1 mole percent of methane sulfonic acid.

[0011] In another embodiment the invention is drawn to a method of equilibrating a
mixture of compounds (6) and (7) to cause an excess of compound (6) by heating above
70 °C.

[0012] In another embodiment the invention is drawn to a method of equilibrating a
mixture of compounds (6) and (7) to cause an excess greater than 90% of compound (6)

over compound (7).



Formula ( 11). [0023] In another enbodi ment the invention is drawn to a
nmet hod of sul fonating conpound (10) with a trifluoronethanesul fonic

anhydri dewpreotons7wsesence of DVAP tof orm conpound ( 11 ApClitush@giosoh® use of
hal ogenat ed sol vents or tenperatures below 0O OC [ 0024] In anot her

enbodi nent the invention is drawn to a nethod of sulfonating conmpound (10)
with trifluoronmethanesul fonic anhydride in the presence of DVAP to form

d [ A) i i xt f . [ | t at d diret th t
510 0. 10885} b Erarer e g ROt OB H)ah e PO RBUPg ot had of
di 5Pl aci i el dreBMbo SRS drd@FocR IR RSholnd [y Wickling AHES0AE ih BRS t han 60

OCin lower boiling organic so?jvents to form conpound (12A) [0026] In
anot her piebwgs peiopionel dcptatanndovatetel at es to a met hod of di spl aci ng sul f onyl

substitu conpound (11 wi th .sodium.i odide in t, i sopr.opyl acetate and
i et hox BT AEAGY S0t Ceoftbna i BRI R CY2Ag o G N RS her

enbodi mepy flcBMB B \ $h e} ! sappound (12A) to
form hydroxégﬂr%%cgﬁpgﬁ%d&?g%) .qugtg;fg] fﬁmﬁﬁéﬁg? Q%%gmtﬁ? ft he invention is

drawn t o[041fket hoehcherrcedodinmyt denpeamion (L@&Ajntto ahotimdyfdragzang eonpound (13)
051 Col AL I oBRTRLL o 002l L npbler, sTpodL et (hglnvert | on
(13) usi pgnPadiadihypRREHON B8 pRAKRIIAENIPO AN T8HLS ekl Bistakichfly t he
presence of hydrogén.[0030] In another enbodinment the invention is drawn to
a met hodwgh isoedmy?m@tate.

[0016] In another embodiment the invention is drawn to a method of reducing

compounds (8) or (9) or a mixture thereof to form compound (10) as a single isomer.

[0017] In another embodiment the invention is drawn to a method of reducing a

mixture of compounds (8) and (9) to form compound (10) as a single isomer using

sodium triacetoxyborohydride.

[0018] In another embodiment the invention is drawn to a method of reducing a

mixture of compounds (8) and (9) to form compound (10) as a single isomer using

sodium triacetoxyborohydride in wet isopropyl acetate.

[0019] In another embodiment the invention is drawn to a method of isolating

compound (8) from compound (9).

[0020] In another embodiment the invention is drawn to a method of reducing

compound (8) to form compound (10) as a single isomer.

[0021] In another embodiment the invention is drawn to a method of reducing

compound (8) to form compound (10) as a single isomer using a platinum on carbon

catalyst in the presence of hydrogen.

[0022] In another embodiment the invention is drawn to a method of sulfonating

compound (10) with a sulfonating agent in the presence of DMAP to form a compound of

Formula (11).

[0023] In another embodiment the invention is drawn to a method of sulfonating

compound (10) with a trifluoromethanesulfonic anhydride in the presence of DMAP to



conmpound (12A) to form hydrogen conpound (13) using hydrogen and catal ytic
pal | adi um hydr oxi de on carbon (Pearlman's Catal yst) in the presence of an
am ne baswoosaw3di i sopropyl et hyl ami ne or triethyl am RET/USO@3Dp46DH

anot her enbodi ment the invention is drawn to a nethod of reducing conpound
(12A) to form hydrogen conpound (13) using hydrogen and catal ytic pall adi um
hydr oxi de on carbon (Pearlman's Catal yst) in the presence of

di i sopropyl et hyl am i.n .et hanol angd i sopropyl, acet at e. 032] .1 n _anot her
crbod meltmhBERUL P e e DS B BN P bRl Einst e aR S (228t o
f orm hydvogen conmpound (13) using hydrogen and catal ytic pall adi um on
carbon in the presence of triethylamne in ethyl acetate. [0033] In another
enbodi ment the invention is grawn to a nethod of treating conpound (13)
with a catalytic anmount of splfuric acid and addi ng over 12 hours acetic
anhydride as an acyl atin i ieoacid to form conpound (2). [0034]
The method of the invention is ParticularlyNuseful for the scal able
comerci al production of the conp i herein. The nmethods are
operationally sinple, robust a articular, the nethods are
particul arly useful for scaleg§§b~pgoductidn\o €oxy sugars. Furthernore,
the nmethods are cost-effectime”and d8nonst rae elfici ent t hroughput and a

significantly higher overall yield as conﬁﬁ%ed to the preparation nethods
used in the art. DETAI LED DESCRI PTI ON OF | NVENTI-ON

[0024] In another embodiment the invention is drawn to a method of sulfonating

compound (10) with trifluoromethanesulfonic anhydride in the presence of DMAP to
form compound (11A) in a mixture of isopropylacetate and dimethoxyethane at 5-10 °C.
[0025] In another embodiment the invention relates to a method of displacing sulfonyl
substituted compound (11A) with iodide at less than 60 °C in lower boiling organic

solvents to form compound (12A)

12A

[0026] In another embodiment the invention relates to a method of displacing sulfonyl
substituted compound (11A) with sodium iodide in wet isopropyl acetate and
dimethoxyethane at 55 °C to form compound (12A).

[0027] In another embodiment the invention is drawn to a method of reducing
compound (12A) to form hydrogen compound (13).

[0028] In another embodiment the invention is drawn to a method of reducing
compound (12A) to form hydrogen compound (13) using catalytic hydrogenation.

[0029] In another embodiment the invention is drawn to a method of reducing
compound (12A) to form hydrogen compound (13) using palladium hydroxide on carbon

(Pearlman’s Catalyst) in the presence of hydrogen.



[ 0035] The term "conprising" (and its grammatical variations) as used
herein is used in the inclusive sense of "having" or "including" and not in
t he excl \sDvelsn®d of "consisting only of. The terns "&CTAISA0Y0LEHOS as used
herein are understood to enconpass the plural as well as the singular.

[ 0036] As used herein, the term"halide" or "halo" refers to fluoride,

chl oride, brom de and iodide The term hal ogen refers to fluorine,

hl or | odi 0037] .Th d h
ol ass olaD O LRSI e, U R AP Bdo Remeu SRR ocar bon
radi cal Scd'iﬁpdu'ﬂg(§2A)atb%1tmh?dr@?&h&ﬂnpd%d@l’ﬁ'dsﬁlgf}ﬁruﬁig'eﬁﬁnd eansrlb—u@h ng fused and

bridged bicyclic and spirocyclic nnletles) or a conbination of the

f or egoi ngeﬂbd@mi bxdroride onmarRpR (Peagimangs Casallisty i by prdsenaewif en iaméne base gr oup
nmust have at east t hr carbon 0038] The term"aryl", as used
her ei n, ﬂﬁﬁaggu ﬂmg%anml calghﬁapﬁh udes an organi c radical derived

froman mogrpt ie armfﬁé %%eﬁﬁbn%erlﬁuamh iP8raRR8o AYRARI  rediedy @s phenyl or
napht hyl . [0039] The "al ary dlﬁg})oups are optional |y substituted

by 1-5 sedBpaund éhis) tgefbmzwogmmnmmun orsingiidrogien @sd edtilytic aryl al kyl ,

G S ol Yty RS ik bRl S i R BT T ey saa be”

further gdptdpyletigdariintin OMEndandRoprdpl agems. [0040] The term "Ac” neans
acetyl. [0041] The term "al kyl ketene acetal” neans 1, 1-di al koxyet hene.

[0042] TH832ker tn amdberleptbodimant hesingdntionvodnivado emetlatd ofgediwing cat al yst .
compound (12A) to form hydrogen compound (13) using hydrogen and catalytic
palladium on carbon in the presence of tricthylamine in ethyl acetate.

[0033] In another embodiment the invention is drawn to a method of treating
compound (13) with a catalytic amount of sulfuric acid and adding over 12 hours acetic
anhydride as an acylating agent in acetic acid to form compound (2).

[0034] The method of the invention is particularly useful for the scalable commercial
production of the compounds described herein. The methods are operationally simple,
robust and efficient. In particular, the methods are particularly useful for scaled-up
production of deoxy sugars. Furthermore, the methods are cost-effective and
demonstrate efficient throughput and a significantly higher overall yield as compared to

the preparation methods used in the art.

DETAILED DESCRIPTION OF THE INVENTION

[0035] The term “comprising” (and its grammatical variations) as used herein is used in
the inclusive sense of “having” or “including” and not in the exclusive sense of

(13 ”

“consisting only of”’. The terms and “the” as used herein are understood to
encompass the plural as well as the singular.

[0036] As used herein, the term “halide” or “halo” refers to fluoride, chloride, bromide
and iodide. The term halogen refers to fluorine, chlorine, bromine and iodine.

[0037] The term "alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, branched, or cyclic moieties (including

fused and bridged bicyclic and spirocyclic moieties), or a combination of the foregoing

8



[0043] The term "stoichionmetric" neans an equi val ent anmount. [0044] The
conpounds of the disclosure nmay exist as single stereoisoners, racenates
and/ or vawpablog®smogt ures of enantiomers and/ or di ast er e@EEUS200006468%1Ch
singl e stereoi soners, racenmates and/or variable m xtures of enantioners
and/ or di astereoners are intended to be wthin the scope of the present

di scl osure. [0045] As used herein, the term "oxidizing agent" refers to a

peti g Lt N IR R

chem cal o#Bsfcitb@y. [0046] The term "i mmunonodul at or™” refers to natural or
synthetic products capable of nodifying the normal or aberrant inmune
syst em t [0088igh The itaro "atyloras asedsheppin agdess mhemtsd ?t}di&ln@i iretudes 4iROrgand " S"

i ndi cate the eci fic stereoch cal . confi gur f .a substjtuent at an
oyt FOALEBERG Hof i Fomatn BRIaIbes P abons it oRhai The
conpoundshe@f| é@phihyent i on may exhi bit the phenonenon of tautonerism Wile

the fornmul ae set forth herein cannot expressly depict all possible
tautonerﬁw39brﬂ%e“akyrendémb@’gnd@yatopﬁnmhymubmmmt®bwmhhmeGUmﬁmrth her ei n

"ot ¢ osied Forne CHE TeRer G 618 SERT rrekdo st Ry S bR erde By the
formul a W@M& @1@1 bQQﬂ&Bxﬁﬁkﬂ%ﬁé' tycyeﬂ@ra%{@@@ tG% dihRpBmdd Whegkid n the

art, an optlca1 y pure conpound having ohe chiral center (i.e., one
asymrret r the atanl Browpacanye fustheraibstitated ootisinstos negs dalogedst y of one of the two

ur e coniBURE HGHG: ths GHRAASHo chiral cont or is bhe that is both
[0041] The term “alkyl ketene acetal” means 1,1-dialkoxyethene.
[0042] The term “catalytic” means of involving or acting as a catalyst.
[0043] The term “stoichiometric” means an equivalent amount.
[0044] The compounds of the disclosure may exist as single stereoisomers, racemates
and/or variable mixtures of enantiomers and/or diastereomers. All such single
stereoisomers, racemates and/or variable mixtures of enantiomers and/or diasterecomers
are intended to be within the scope of the present disclosure.
[0045] As used herein, the term “oxidizing agent” refers to a substance or species that
gains electrons in a chemical reaction and the term “reducing agent” refers to a substance
that loses electrons in a chemical reaction.
[0046] The term “immunomodulator” refers to natural or synthetic products capable of
modifying the normal or aberrant immune system through stimulation or suppression.
[0047] The terms “R” and “S” indicate the specific stereochemical configuration of a
substituent at an asymmetric carbon atom in a chemical structure as drawn.
[0048] The compounds of the invention may exhibit the phenomenon of tautomerism.
While the formulae set forth herein cannot expressly depict all possible tautomeric forms,
it is to be understood that the formulae set forth herein are intended to represent any
tautomeric form of the depicted compound and is not to be limited merely to a specific

compound form depicted by the formula drawings.



di astereonerically pure and enantionerically pure. Preferably, the
conpounds of the present invention are used in a formthat is at |east 90%
free of owbepioasarsi oners or di astereoners of the conpoRadaiS2e00m6460S, a
formthat contains at |east 90% of a single isomer (80% enantioneric excess
("e.e.") or diastereoneric excess ("d.e.")), nore preferably at |east 95%
(90% e.e. or d.e.), even nore preferably at |least 97.5% (95% e.e. or d.e.),

oo o SRS IR e R o0RRY PSR ipthe frt G singr AR aale SRS oo

such as Byaip W&l&?cen%gp@t e BymHERAXY carbor Atb P s MR Xbsists
3H-t hi azol o[ 4, 5-d] pyri m di n-2-one (3) and pharnaceutlcally acceptable salts

t her eof . essentiadly of pheef tihﬁ typ sossmﬁma@apmﬁ (No, lsmﬁ@mne‘z@zlyphr@) and an

deoxyrl bof %Jcr ﬁnosree CCO flj Jm rn re Ou IlleeC 1r nt r 1S png that i

5- am no- @%—9 YB“OI8P? ﬁ ﬁld 33 ¥o° PO rn108n§ound (3) [0051]
Corrpounddl(a%rebﬁleﬂsa?r pule ﬁ]fﬁiélﬁdﬁorﬁl@tﬁcaﬂlz%fd BreRiabily, eNesrhmaindi se@dse. For

i nstance, conpound (3) is used in net of treating o reventing the
onset anpfeet mvmgtﬁ@s%rp gpedoin a fgr that éyat deasc s frepod gthgr §@m§g@ar8&re net hods

ft t , l e,
or trea &leﬁ%gmgfs Wﬁ%é&%duﬂ@??ﬂdt% al?é{r 9&&9&9@@@@%@ Oéfg%lgﬁér(]gm() 3)e .

viruses I ncluding tis B'virus or is
al so usedombr Q’%ﬁ%]ﬁdl&tl@lﬁl@ﬂ@d?tde&t (“0g.” mnimﬂeneymekc peceaCt del’t) y mdeXAMPLES

Lg? SiZLt lgrgg%g‘th}ll g‘y\feas% 9?& @BL Oees e. aorr% ef )OrevelnI r!ngrsetprre era%?y ap Lfera%‘? 876?0 o()(B.!Sy and are
or d.e.), and most preferably at least 99% (98% e.c. or d.¢.).
[0050] Compound (2) is useful as an intermediate in the preparation of a
pharmaceuticals compounds such as 5-amino-3-(2’-O-acetyl-3’-deoxy-B-D-
ribofuranosyl)-3H-thiazolo[4,5-d]pyrimidin-2-one (3) and pharmaceutically acceptable
salts thereof. As described in U.S. Application No. 11/873,202, the deoxyribofuranose
compound (2) is coupled with 5-amino-3H-thiazolo[4,5-d]pyrimidin-2-one (1) to form
compound (3)

1 2 3 “0Ac

N
\\\\\\

[0051] Compound (3) is used in methods for treating or preventing discase. For
instance, compound (3) is used in methods of treating or preventing the onset and/or
progression of tumors or cancers. Also disclosed are methods of treating or preventing
infection by a pathogen such as, for example, viruses including Hepatitis B virus or
Hepatitis C virus. Compound (3) is also used in methods of modulating immune
cytokine activity.

EXAMPLES
[0052] The following examples are for illustrative purposes only and are not intended

to limit the scope of the claims.
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tolimt the scope of the clains.[0053] In the synthetic schenes descri bed
bel ow, unless otherwi se indicated all tenperatures are set forth in degrees
Cel si us amo 2aldospmwst s and percentages are by wei ght. [O0®EZ|USRmagessHS wer e
pur chased from comercial suppliers such as Al drich Chem cal Conpany or
Lancaster Synthesis Ltd. and were used wi thout further purification unless
otherwi se indicated. Al solvents were purchased fromcomrercial suppliers

such as Fi sher and used as. recgi yed. [0055] The
Feact | ontD0S RSBy Reres SonebSte S TS RleP it FUGHlE bressure o
ni t r ogentcRfpemi@eNadtsc@Brta HPH Rt @RS ﬁh%ﬁpa(r@d%h@?@rc@ﬁt@@és%@@y fkahed) in

anhydr ous soI vents, and the reaction flasks were fitted with Tubber septa

for the [Gﬁﬁﬂbdﬂcage@m wérewmsedtfeﬁsnamdmeaa@esup}shws suchys iAddrechoCheamcaddi t i on
funnel far i ui or a powder _f for sol.i.ds 056] . The reacti ons were
assayed bymRE it BRSSP e TR AP eaP S T ahety Tt he

consunpt d)t%m%e i%EiféﬁtTebl NG\ INR1RAhtsalere PORMYIH FRIm Edthiet @ QLpAREOARA @@ aphy
(TLO vvas(ﬁ formed on gl ass-plates precoated with silica gel 60 F254 0.25
E

mm pl at edl h/EEMDe@h@aicglﬁ orgitsdiem@uabd geweoiedh UV |ight (254 nn) and/ or

I odine o and/o h TLC stai ns such _.as ethanolic
phosphorr&"gléti 3%8 54 IOIbSa“Fh i %’ﬁfe‘s%lgﬁﬁr WRder 2 epitve Hlieﬁ%’r&r/%l#
sol uti onmt@g&@@@rgm ﬁ%ﬁl%ﬂﬂé}ﬂ@érﬁ‘pe?@chfét(‘uﬁl%ssoéth@ﬁﬁéeest@tb'dl)fﬁtaﬁhﬁf%&&t i on.
Preparative thin ayer chromatography (prepTLC) was perforned on

gl ass- pl sithesntyp ped tatreattion tflaslesi wére dittge withguplRs 4crpa for plltlaﬂe@m@m x 20 cm

from Thorr%strates g&({ reagen%s via syrmg)é or 3N gdgll[lgllil %mn%fa%r unlgs Or a poxg(ri]ér f{lnne nm .
for solids.
[0056] The reactions were assayed by TLC and/or analyzed by LC-MS and terminated
as judged by the consumption of starting material. Analytical thin layer chromatography
(TLC) was performed on glass-plates precoated with silica gel 60 F,s4 0.25 mm plates
(EMD Chemicals), and visualized with UV light (254 nm) and/or iodine on silica gel
and/or heating with TLC stains such as ethanolic phosphomolybdic acid, para-
anisaldehyde solution with acid, ninhydrin solution, potassium permanganate solution or
ceric sulfate solution. Preparative thin layer chromatography (prepTLC) was performed
on glass-plates precoated with silica gel 60 Fys4 0.5 mm plates (20 x 20 cm, from
Thomson Instrument Company) and visualized with UV light (254 nm).
[0057] 'H-NMR spectra and BC-NMR were recorded on a Varian Mercury-VX400
instrument operating at 400 MHz. NMR spectra were obtained as CDCl; solutions
(reported in ppm), using chloroform as the reference standard (7.27 ppm for the proton
and 77.00 ppm for carbon), CD;0OD (3.4 and 4.8 ppm for the protons and 49.3 ppm for
carbon), DMSO-ds (2.49 ppm for proton), or internally tetramethylsilane (0.00 ppm)
when appropriate. Other NMR solvents were used as needed. When peak multiplicities
are reported, the following abbreviations are used: s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet), br (broadened), bs (broad singlet), dd (doublet of doublets), dt
(doublet of triplets). Coupling constants, when given, are reported in Hertz (Hz).
[0058] Infrared (IR) spectra were recorded on an ATR FT-IR Spectrometer as neat oils

or solids, and when given are reported in wave numbers (cm™). Mass spectra reported
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[ 0057] 1H NWR spectra and 13C-NVR were recorded on a Varian Mercury- VX400
instrunment operating at 400 MHz. NWVR spectra were obtained as CDCl 3

sol uti onswOrepast®wd i n ppn), using chloroform as the rePerase@Isssntiar d
(7.27 ppmfor the proton and 77.00 ppm for carbon), CD30D (3.4 and 4.8 ppm
for the protons and 49.3 ppmfor carbon), DVSO-d (2.49 ppmfor proton), or
internally tetrarret hyl sil ane (0.00 ppn) when appropri at e. Clher

ol | owi reabbPeoT Apy 8 EE 515 eurieuERi g RupiyBea Crabiinebsoar ey %)f' i et g
(quartet )\nad’?s @Mrﬁdc@hﬁ‘éal& Ry, El@tﬁl@l@gﬁaﬂﬁ%es Wére(cBhatsShynab @Itbantléjd (doubl et

of doubl ets), dt (doubl et of tri pl ets).” Coupling constants, when given, are
reportedMIWOHérInz i0RRreropy 8] Makfingapoders (NR) weisetstaraingdoa an@peRded on an
ATR FT-1 R ectro neter, as neat 0|I or solids, and when given are reported

in wave fit pliar ui)an 4 ungog% % ra reportedare (+)-ES or APClI (+) LCO M5

conduct eﬂ)oby] t g AakiKtd Gakn AR & aﬁE&%{ehHI%ﬁ{al locAnadysaPhgis@ceut i cal s,

| nc. El enmental ana?;es wer e conduc he Atlantic Mcrolab, Inc. in

Nor cr os smamAcotveph ichgmisal abbsevianons JRYIE (de?t @nﬁh@eﬁa cthanghn MR (mat[blyl | ary
cper ot gl PTGy B T SET ) T ERS eN D e Mi B L one. DV
(1, 2- di neiahenokypiopang) Ac Mo m@mwcetbﬁﬁmep Wryfbe ety BOC {{EMPO
(2,2,6, 6-Tetranet eridine 1-o0x 2, 2- DMP 2- dlmsthox ane) Ac
(acetyl )b utsama{b&@@golgz bepgayy), DiH (bgﬁi)zegza‘ylcycmé 4 ébﬁ@%? @@@yclaflsﬁ&/ 5)
g?i%%%x%@% 5 ?qo(réling%%?’l I%%El(?’[f:(&élﬂl %é?hang%whl% ?%{l S et hane),
DEAD (diethylazodicarboxylate), DIEA (diisopropylethylarmne), DMA (N,N-

dimethylacetamide), DMAP (4-(N,N-dimethylamino)pyridine), DMF (N,N-

dimethylformamide), DMSO (dimethyl sulfoxide), EDC (1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide hydrochloride), Et (ethyl), EtOAc (ethyl acetate), EtOH (ethanol),

HATU (O-(7-azabenzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate),

HBTU (O-benzotriazol-1-yl-N,N,N’,N’-tetramethyluronium hexafluorophosphate), HF

(hydrogen fluoride), HOBT (1-hydroxybenzotriazole hydrate), HPLC (high pressure

liquid chromatography), IPA (isopropyl alcohol), KO'Bu (potassium tert-butoxide), LDA

(lithium diisopropylamide), MCPBA (3-chloroperoxybenzoic acid), Me (methyl), MeCN

(acetonitrile), MeOH (methanol), NaH (sodium hydride), NaOAc (sodium acetate),

NaOEt (sodium ethoxide), Phe (phenylalanine), PPTS (pyridinium p-toluenesulfonate),

PS (polymer supported), Py (pyridine), pyBOP (benzotriazol-1-

yloxy)tripyrrolidinophosphonium hexafluorophosphate), TEA (triethylamine), TFA

(trifluoroacetic acid), TFAA (trifluoroacetic anhydride), THF (tetrahydrofuran), TLC

(thin layer chromatography), Tol (toluoyl), Val (valine), and the like.

Example 1: Preparation of Compound (6) (major) and Compound (7) (minor)

(a) Step 1: Formation of Tricycle Compound (5A)
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(di ethyl azodi car boxyl ate), DI EA (diisopropylethylam ne), DVA

(N5SNdi et hyl acet am de), DMAP (4- (N, N-di net hyl am no) pyri dine), DWW

( N5SNdi mretwol2bvosaresde), DVSO (di net hyl sul f oxi de), EDC PCT/US2009/064605
(1-(3-dinethyl am nopropyl )-3- ethylcarbodiimde hydrochloride), Et (ethyl),
Et OAc (ethyl acetate), EtCOH (ethanol), HATU (O (7-azabenzotriazol- 1-yl)-
1,1, 3, 3-tetranet hyl uroni um hexaf | uor ophosphate), HBTU

(O benzotriagol-1-yl-N, N N, N -tetraget hyl uroni um hexaf| uorophosphate), HF
(hydr ogepofT uON d€)\ HOBT ( 1-hydroxybenzotriazol e hydratep, HPLC (high
pressure |iquid\chropat-egraphy), (1 sopropyl Bu (potassium
te/t-butoxide), A/(1ithium diisopr@pyt am de),
(3-chl oropero enzoi.c Fd), Me (methyt>, Me iYe),

(met hanol ), NAH (godiam hydri de), (NafAd! (sodi um agetad®) , NaQEL Sodi um
et hoxi de), Phe (phenyl al anine), PRIS Gpyridipicum -t ol uenesul Ponate), PS
(pol ymer  suponeszeione Rylofpyri di ne), pyBOP (benzotriazol - 34

yl oxy)tri pyrrolidi nophosphoni um hexaf | uorophosphate), TEA (triethylam ne),
TFA (trifluoro acetic acid), TFAA (trifluoro acetic anhydride), THF

(t et rahy060lur & liteTH @e¢kddi frask ageppahwbimanogreap mit, addtior( fupheloyl ), Val

i : d the |like., Exanple 1. P ti f d ' d
CompoundtE TR 4P SRR Eer e AR R E SRS VDb LN (54 [ 0060)
A 4 it egrathsnguk@shol) 8 KsopedpyRRetN 1200 sl Niddrseieied uhiil Bt sol@ddidsbRRd f unnel ,

t hernoneter, and nechanical stirrer was charged w th nonoacet onexyl ose

(152. 16 yrkiie a dahtineisiufy aeldtivs ofelopsdimethytacetal B2BOmhi3p. Semaodtvasr ed unt i |
the S0l el Ra flavssleiot cGhelh 193 ScTUENLle GLOURLASLAM Y cid 0.52 m

Ket enedi
8 mmol) was added followed by the dropwise addition of ketenedimethylacetal (80 ml,

844.5 mmol) over 45 minutes. The reaction temperature reached 10 °C during the
addition. When the addition was complete TLC, using 80% MTBE in hexane, indicated
a complete, clean conversion to the much faster running tricycle SA. The ice bath was
removed.

(b) Step 2: Hydrolysis of Compound 5A to a Mixture of Monoacetates

o]
: /L S °
o - H,0 HO
-5 2 ¢ ) o -0
—_— ---0 .
S \“ /k CH3SOz;H .
0 . o) N
HO o O

i-propOAc

5A 6, Minor 7, Major
[0061] Water (72 ml, 4000 mmol) was added all at once to the above reaction and the
mixture stirred at ambient temperature for 90 minutes. The TLC of the reaction using
80% MTBE in hexane indicated two new mid-polarity products were formed with the
slower running of the two being the major product.

[0062] The reaction was transferred to a 2 liter separatory funnel and shaken with a 120
ml of an aqueous solution (60 ml 1.0M NaHCOs, 60 ml 30% NaCl), the phases split and
the organic phase was transferred to a round bottom flask and the volatiles were removed
in vacuo.

(¢) Step 3: Equilibration to Compound (6).
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added and the reaction cooled to 3 OC using an ice bath. Methanesul fonic
acid (0.52 mM, 8 mmol) was added foll owed by the dropw se addition of
ket enedi reoylozsetoal (80 m, 844.5 nmol) over 45 m nut ePCTSR0MB645DF On
tenperature reached 10 OC during the addition. Wen the addition was
conplete TLC, using 80% MIBE i n hexane, indicated a conplete, clean
conversion to the nuch faster running tricycle 5A. The ice bath was

renoved. S 2 :.Hydrolysis of Co und 5A to M, xt ur e of

Vononce: 0BY1 7R rfiral KOLREHE R paBTRooRrer ReoSs it SbB6R ol ) was added
all at 0@61%;;91@1&&%% 2bmoan!) @A¢ Walh (AN&)tHE hehtsd W 87 o ifdi 1@thoats, aFi ent
tenperature tor 90 mnutes. The TLC of the reaction using 80% MTBE i n

hexane i eadleskioaabion teraneratiee polRE anglysis adingtd /nbIBE oy heaananindisatede sl ower

running @f. the two bein he major product . [0062] The reactio S
tr ans or Pifnp it ZuRiodFe bR Mo RIO B oS Rl REL T MET of an
aqueous  sewbit tu@hing Gdnidr ples@id NaHCO , 60 m 30% NaCl ), the phases split and
t he organi c phase was transferred to a round bottom flask and the volatiles
wer e rentdédl i A Gacisampls)ofShersagion EgtirE s avinpnated toGhmmess tayicB) 37T 0063]
The material. i splat om t he evaporation s reconstituted in fresh

! sopr opy Mk ar it ¢ 150pT R RTBTIRYsT eSS chRRRIRLE KRS G e 1
hours, tH@EGu&odHeMMRA400MIIBAICTHERPR LIS, A F3G ARRlYsIi -S4 866 (21 n§0% MIBE i n
hexane indicated that the faster running of the two products is t he maj or
product h2¢h4a8(yHam)rate- 61194, m), 2.98 (1H, d, /= 4.0 Hz), 2.11 (3H, s), 1.51 (3H,

s), 1.33 (3H, s).
Example 2: Preparation of Compounds (8) and (9)

[0065] The 4 liter flask that already contains approximately 0.8 Moles of compound (6)
in wet isopropylacetate from the previous step was equipped with a nitrogen inlet,
thermometer, addition funnel and a mechanical stirrer. TEMPO (800 mg) was added and
the mixture was stirred and cooled in an ice bath. In a separate flask an aqueous solution
containing 64.3 grams of sodium bromide, 98.4 grams of sodium acetate dissolved in 320
ml of deionized water was cooled to 5 °C. When the reaction temperature reached 5 °C
the pre-cooled aqueous solution was added to it to form a biphasic reaction mixture. To
this cold solution was added dropwise 735 ml of aqueous sodium hypochlorite solution
(titrated directly before use, 10.15% or 1.36M, 1.002 Moles, 1.25 equivalents) over 2
hours, keeping the exothermic addition at or below 7 °C. When the addition was
complete stirring was continued for 30 minutes and the TLC (80%MTBE-hexane)
indicated a complete conversion to the slower running ketone.

[0066] The reaction was transferred to a 4 liter separatory funnel and the phases split.
The dark organic portion was washed once with 160 ml of aqueous 2.5% sodium
thiosulfate solution. The resulting pale yellow organic portion was washed with 160 ml
0f 30% sodium chloride solution. The aqueous phases were combined and 44.1 grams of
solid sodium chloride was added and stirred until all of the salt dissolved. The resulting
aqueous solution was extracted twice with 400 ml portions of isopropylacetate, the
organic extracts were combined, and washed once with 50 ml of 30% sodium chloride

solution. All of the organic portions were combined to give a slightly cloudy solution.
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sl ower running isomer present. [0064] A 0.2 nml sanple of the reaction

m xture was evaporated to dryness to yield 37 ng of a solid. 1H NWMR
confirms whabiwdselodesi red acetate conpound (6) is the vecy/usagoonespdduct. 1
NVMR (400 MHz, CDA 3) d: 5.92 (IH d, J =3.3 Hz), 4.51 - 4.56 (2H, m, 4.24
- 4.28 (IH m, 4.13 - 4.19 (2H, m, 2.98 (IH d, J = 4.0 Hz), 2.1 1 (3H,
s), 1.51 (3H, s), 1.33 (3H, s) Exanple 2 : Preparation of Conpounds (8)
and (9) 4 liter sk that alread ntain pr.oxi mately 0.8
Vol 5 b 0BADoAGZS 8 PPt BS by rik vp b B BEBIRSRET STL) v
equi ppedNME Borﬁirﬂisttﬁ%‘éﬁbﬂcé‘b%othttllibekéi&{@in@rthe Retthte1a9Bn hppoLimaald 1a

mechani cal stirrer MPO (800 was added and the m Xture was stirred
and coolm@ktwﬁ aH NM& (480 MHZ rClaCh)s@eﬁ@ﬁ dH.ldadk %Haqﬁ@mp@micﬁ)ui Bén

i ssol veld T i 420 o SRR o Dok O el e s 4 bR o0 B CAmRRaD: -

reacti ong 5gqPEray ures Heachagoundds, 4. b6 - prue (QH%e@oﬁhﬂH@r%% Aalytd op-was added
toit to forma biphasic reaction mxture. To this cold solution was added

dr opwi se. 2352Irh mo@Olaqmétda§ agd @).uh¥thyHoe K2 bring Corspdunds Srand O).t2: bt S#l. di rect | y

cecpi ng CRIPAS et B° Coat b taFs b B3p s Dol A TIEOEST i on s

conpl et eCsipbiind®), Was (310N, iCdupduhdr), IBENBAYS Eondstaint 9g TLC ( 80%MIBE- hexane)
i ndi cated a conpl ete conver Si on to t he sl ower running ketone. [0066] The
reaction was EXéHh@Pér 8 of Gompepnd eir at ory funnel and the phases

split. o
o,
o
NaBH(OAc)3 -0
/k wet i propOAc /\Q
Ho” ™
10

[0068] A 4 liter 4-necked flask equipped with a nitrogen inlet, powder funnel,

thermometer, and mechanical stirrer was charged with the cloudy organic solution of
ketone (8) and its hydrate (9). This was cooled while stirring to 4 °C using an ice bath.
To this cold solution was added four 42.4 gram portions of solid sodium
triacetoxyborohydride in 15 minute intervals. After the final addition the reaction was
stirred at 5 °C for 60 minutes.

[0069] While stirring at 5 °C 1.0 M aqueous sodium carbonate solution (800 ml) was
added quickly. The reaction temperature rises to 12 °C and a small amount of gas
evolution occurs. The mixture thickens substantially. After stirring 15 minutes the
reaction is transferred to a 4 liter separatory funnel and the phases split, the aqueous
portion contains some solid. The organic portion was stirred with 2.0 M aqueous sodium
carbonate solution (400 ml) for 10 minutes, the phases split and both aqueous phases
were combined. The solid in the aqueous phase was filtered and then was dissolved in
water (600 ml) and added back to the resulting homogeneous aqueous phase. The
aqueous phase was extracted with two 200 ml portions of isopropylacetate and the
organic portions were combined. The total weight of the organic phase was 2,370.5

grams.
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The dark organic portion was washed once with 160 m of aqueous 2.5% sodi um
thi osul fate solution. The resulting pale yell ow organic portion was washed
wi th 160 WD 20f0/B08Bsodi um chl ori de sol uti on. The aqueou®CPpRES@9/ OGSO

conbi ned and 44.1 grans of solid sodiumchloride was added and stirred

until all of the salt dissolved. The resulting aqueous solution was
extracted twice with 400 m portions of isopropyl acetate, the organi C

t t d d h d th 50 f .30 di hl d
ol uti ont00TDE & B By aR e P e o e CRE kOt e oL PY R Ly <
cl oudy Sé%lykﬁllh@&i ﬁ&%%cd&n@ @zﬁcﬂhteﬂ@[&d 0705 §r5¥h§soslﬁ’tlldﬁi 9'243\’%§Em‘?svap0r at ed to

give 14 ng of a solid. 1H NVMR confirns the presence of both 't ket one and
t he hydrpodugiss gramappliosa dtl @2yerams (490xuneol, O2%VRE carppoundzL0. BR d: 6.09

(R do, mEeto it G PRl o Rigk o v Dlag: S @”93””9399) 2

Corrpounngy 458 (30, o /L 43 HAM 4T DoapoL dsa BiaDE I 1, 206 4RO 21 m

Compounds 8 and éﬂdﬂ ounds 1 (3H, s,

Conpoundmy)3. 932 3)87(@&1 mk38(lo1ﬁ38)h 81)),,2ﬂ558H($H 0. 8(13&3102)&1@168}9)8) 113%0 (3H

s, Corrpo 38]1{3%3 s, Conpound 8), 1.36 (3H, s, Conpound 9). Exanple
X Prep on ound (10) [0068] A 4 liter 4- necked fl ask equi pped

WI th a n[ofovppem ﬂie@mne@pé&dﬁdskfeq@@ﬁéd wtthersﬁmsmrdlstmaqoﬂrﬁ@afaayI cal stirrer
was charged with the cl oudx organi ¢ solution of ketone (8) and its hydrate

(9). Thi empastwoprey antinlashatical rsturrglgt\mszbh@(gedl sz\rltrlnqhea 3788 granlorganies t hi s col d
sol ution_was ded four . 42.4 gr ort id.,sodiumtri oxyboro
nyclri do DRSS A @oHtRd BFiood R S RS af Smatp e R Tty BEShTon ves

isopropylacetate (1500 ml) was added to the flask and 1500 ml were removed by

distillation. The reaction flask was then diluted with 920 ml of isopropylacetate to give a

slightly cloudy solution. This solution is now ready to be taken to the next step.

Example 4: Alternative Preparation of Compounds (8) and (10)

(a) Step 1: Preparation of Compound (8)
[0072] The flask that contained Compound 6 (approximately 0.2 mol in wet isopropyl
acetate from Example 1 was equipped with a nitrogen inlet, thermometer, addition funnel
and a magnetic stirrer. TEMPO (200 mg) was added and the mixture was stirred and
cooled in a 0 °C ice bath. In a separate flask an aqueous solution containing sodium
bromide (16.08 g) and sodium acetate (24.6 g) dissolved deionized water (80 mL) was
cooled to 5 °C. When the reaction temperature reached 5 °C the pre-cooled aqueous
solution was added to it to form a biphasic reaction mixture.
[0073] To this cold mixture was added dropwise an aqueous sodium hypochlorite
solution (labeled 10-15%; 180 mL) over 1 h, keeping the exothermic addition at or below
7 °C. When the addition was complete TLC (80% MTBE-hexanes) indicated a complete
conversion to the lower Ry ketone. The cooling bath was removed and solid NaCl (25 g)
was added. After stirring for 30 min., the mixture was transferred to a 1-L separatory
funnel and the phases were then separated. The dark organic portion was shaken with 1.0
M NaHCOs; (25 mL), and then 2.0 M Na,SO; (30 mL) was added and shaking was

continued until all of the color dissipated (some out-gassing occurred).
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stirred at 5 OC for 60 m nutes. [0069] Wiile stirring at 5 0C 1.0 M aqueous
sodi um car bonate solution (800 m) was added quickly. The reaction

t enper at We 20i08881080 12 OC and a snal |l anmount of gas eveCutusetnInessos s. The
m xture thickens substantially. After stirring 15 mnutes the reaction is
transferred to a 4 liter separatory funnel and the phases split, the
aqueous portion contains sone solid. The organic portion was stirred with

2.0 M di t | ut 40 f i nut he ph
spl it antionst 156 reBl st Bt e s tpned ke Bt S v HuS Mitdous phace
was filteoadlpnrhd &R ov@sidiRsOWedatsfer@ilieh 1(ERsktquigied witlded back to the

resul ti ng honbgeneous aqueous phase. The aqueous phase was extracted with
two 200 emppitue orebeot dissbyicagdihdoat anagnaieistiriag ol batksimpepsueivensciier e

conbi ned J@?ogi l‘ffltlﬁ\é%iv%rq{[ \%161% ﬂ1€ e 9ahs nstghasde he glpéérg’tﬁ(f)e v5v5 @15%% (LOO?O] A

5 gran1p%rt|on organi ¢ phase was ev of oi

that crystzaid toz@shplatdetic digdlation. Caé aishnziteﬂl ﬂ/dsﬁkxdts ca&z@t&a@blaﬂfs sol ution x
0. 243 granms product/5 grans solution = 11 grans (496.15 nmol, 62% of
conpoundtemperafye jyRthefaxEse ags dipted “ﬁthds%ﬁ?l%b’ wFaée CRRple: AGIVRIOR (400 MHz,

GES) s oty o ot (14 50
- 3.87 (forl90m)in. Thémixture wds fi .lket%dll@mg Géil)e, ardl. thé€ s¢18ls, wesg waéheﬂSm(h’SH s), 1.38
Gi ot 1] abhRRPHGsHa 21@;@&? Sherds soBanitie BRah 2 s & ?ﬁoﬁ% B char ged
wi th thesg, R Qwright M XN & evaporated to yield 0.189 g of a pale yellow oil.

Calculation showed a solution concentration of 0.41 M of Compound 8 and total yield of

22.86 g (49.6% from monoacetone xylose). 'H NMR (400 MHz, CDCL) 8: 1.43 (3H, s),

1.50 (3H, s), 2.05 (3H, s), 4.21 (1H, dd, J; = 11.9 Hz, J,=3.9 Hz), 437 (1H, d, /= 4.7

Hz), 4.40 (1H, dd, J; = 12.5 Hz, J, = 3.2 Hz), 4.56 (1H, t, /= 3.1 Hz), 6.09 (1H, d, J =

3.8 Hz). 'H-NMR showed that only Compound 8 was present (Compound 9 was absent).

b. Step 2: Preparation of Compound (10)

H,
—— 3% Pt-C -
~0 ~~0
i- PrOAc
\\o

[0075] A 250-mL three-necked round bottom flask equipped with a temperature probe,
a balloon filled with hydrogen gas, and magnetic stirring, was charged 62 mL of the 0.41
M solution of compound 8 prepared above and wet 3% Pt-C (2.05 g, Johnson Matthey
type B101018-3, lot C-9264, 58.25% water). The temperature was equilibrated to 26 °C,
the mixture degassed with house vacuum and flushed with hydrogen gas three times, and
the mixture was then stirred vigorously under a hydrogen atmosphere for 16 h. GC
analysis indicated a complete conversion to Compound 10. The solution was filtered

through Celite filter aid, the solids were washed with isopropyl acetate (2 x 30 mL), and

17



phase. This was heated to renove 2400 ml of distillate at atnospheric
pressure. Fresh isopropylacetate (1500 m ) was added to the flask and 1500
m were reowowdsbyw3di stillation. The reaction flask wasPChams2@oloetces] with
920 m of isopropylacetate to give a slightly cloudy solution. This
solution is now ready to be taken to the next step. Exanple 4 : Alternative
Preparati on of Conpounds (8) and (10) (a) Step 1: Preparation of Conpound

8 007 The f d d tely.O. 21 i
Col Foonfhshe sl it SR PEPo RS et S A AR T ehyStalsga s o o |
t her WDWENMRc&ﬁﬂhfeH%rﬁﬁ&%ﬁ@kl(ﬁrﬁgt@ d’F?ﬁ\@Hh@t stirrer. TEMPO (200 ng) was
added and the m xture was stirred and cooled in a O OCice bath. In a

separ at e f| askxampla§udseparaivnefiGomponnd 6ilfing sodi um broni de (16.08 g) and
sodi um acet@ate (24.6 g) dissolved dei oni zed water (80 nL) was cooled to 5
0C. V\hen)tkgt\r eaction tenperatur eql a 50Ct me cool ed aqueous

sol ution d to it toforma,s S|creac [0073] To
this cold mxfure d dropWi se an dtueous sodi ¥m hyfyoch rlte

solution (Iabeled - (%) nmLy—over I 1, keepi ngot rmic addition

at or bel ow 7 0C\Wemt ddi tlDMﬁP}q/aﬁ conpl et e TLOY -h es)
indicated a conplete cofive)si on {8 ‘ower Rf kem,co/e ‘Thellgoﬁ i Ng bath
was rermoved and solid Nad (25 g) was added. After stirring for 30 mn.
the m xture was transferred to a 1-L separatory funnel and the phases vvere

e s Sk SRy Ry RS SR e MBS (25
10 in dry isopropylacetate from Example 3 was equipped with a nitrogen inlet,
thermometer, rubber septum and a mechanical stirrer. In a separate flask DMAP (90.92
grams, 744.23 mmol, 1.5 eq) was dissolved in 255 ml of hot DME. The hot solution was
added to the reaction flask and the reaction was cooled in an ice bath to 5 °C.
Trifluoromethanesulfonic anhydride (104.34 ml, 620.19 mmol, 1.25 eq) was added at
1.17 ml/minute using a syringe pump. The maximum temperature reached during the
addition was 7 °C. When the addition was complete and the reaction temperature
returned to 5 °C a TLC (20% EtOAc-Toluene) indicated a complete, clean conversion to
the faster running triflate.

[0077] To the 5 °C reaction was added 1.0M HCI (745 ml) causing a 9 °C exotherm.
After stirring 5 minutes the reaction was transferred to separatory funnel and the phases
split. The organic phase was washed with two portions of 1.0 M HCI (300 ml) and once
with 240 ml of an aqueous solution (120 ml 1.0 M NaHCOs, 120 ml 30% sodium
chloride). All of the aqueous phases were combined and extracted once with 500 ml of
isopropylacetate. The extract was washed with two 100 ml portions of 1.0 M HCl and
once with 80 ml of aqueous solution (40 ml 1.0 M NaHCOs3, 40 ml 30% sodium
chloride). All of the organic phases were combined to get a slightly cloudy solution of
the triflate 11A.

[0078] A 0.25 ml portion of this solution was evaporated to get 22 mg of an oil. 'H

NMR indicates this is a very pure sample of the triflate along with a small amount of

residual isopropylacetate. "H NMR (400 MHz, CDCls) 6: 5.85 (1H, d, J=3.9 Hz),, 4.85
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continued until all of the color dissipated (sonme out-gassing
occurred).[0074] The resulting clear organic portion was washed once with
15% aqueowi® 2NeCIs71020 L) . The cl ear organi ¢ phase was t PamafSeemocscdd a 1-L
flask equi pped with a tenperature probe, a distillation head, and nagnetic
stirring. The tenperature was set to 85 0Cto distill the solvent. Wen the
distillation stopped the tenperature was raised to 105 OC to conplete the

he m xt Ve e "G PuFed w0k 87 S0y Bt 64100 T2 TG ACed car bon

(Darco G994 (PHGM), was @ _?rﬂl%ﬂC{Sth MyEimeynwas stirred at anbl ent
t enperature for 90 nin his mxture was filtered usi ng Celite and the

sol i ds wer e wBsdHepic ® tHﬁenaﬁatwmmf\Qonmeunda(]&Hb x 30 mL). The pale yellow
filtrate wepghed 220.5 g. 2.0 m_ of this sol ution (weight = 1.826 g) was
evaporated fo yield 0.189 g of a pale yellow oil.¢Cal culation showed a
sol ution cen of 0.41 M of Conpound 8 a t ot al y| eld of 22.86 ¢
(49. 6% f rom n®hoac xyl ose). 1H NWR (400 .43 (3H, s),

1.50 (3H s)® 2205 (3H,/s){ 4.21 (IHMNIdd, J1 = 11. 9 Hz -9 Hz), 4.37
(IH d, /Hz) “40 ; ddﬂ%—ﬂ—ﬁ»Hz J2 4156 (IH t,
J 3.1 Hz)FC/S UQO(I H do~J\ = 3.8 ihizjaac-bDMENVR shovved th onhy und 8

was present (Conpoundi® was absent) b. Step 2 : Preparatlo&A of ©Colpound
(10) 8 10 [0075] A 250-nL three-necked round bottom fl ask equi pped with a
tenperature probe, a balloon filled with hydrogen gas, and nagnetic

ZE)iO\r/rei 2% éloﬁ]ts %h?[ﬁt&?% ?a(ea‘ﬂaeﬁ @ﬁﬁ%so‘ﬁ’&h Mnﬁfﬁg‘éh 508, RimPIRRWAshS Prepared
condenser and mechanical stirrer was charged w1th the 1sopr0pylacetate solution of the
triflate (assumed to be 496.15 mmol) and 255 ml of DME. Solid sodium iodide (111.55
grams, 744.23 mmol, 1.5 eq) was added and the mixture stirred at 55 °C for 17 hours. A
TLC (10% EtOAc-Toluene) indicates a complete conversion to iodide.

[0080] Water (400 ml) was added and the mixture stirred rapidly for five minutes. The
mixture was transferred to a separatory funnel and the phases split. The organic phase
was washed once with 400 ml of an aqueous solution (200 ml of 1.0M NaHCO3 and 200
ml of 30% NaCl). The aqueous phases were combined and extracted once with the
isopropylacetate (400 ml). The extract was washed once with water (100 ml) and once
with 100 ml of aqueous solution (50 ml of 1.0M NaHCOs; and 50 ml of 30% NaCl). All
of the organic phases were combined.

[0081] The solution of compound 12A was transferred to a 3 liter round bottom flask
equipped with a short path distillation head. Two liters of solvent were removed by
simple distillation. The mixture was cooled to ambient temperature and the residual
volume was determined to be 500 ml. To this was added 183 ml of isopropylacetate and
208 ml of 200 proof ethanol to generate a 0.5M solution of compound 12A in a 20%
ethanol/isopropylacetate solution.

[0082] A 0.2 ml aliquot was removed and evaporated to get 42 mg of an oil. 'H NMR
indicates this is a very pure sample of compound 12A. "H NMR (400 MHz, CDCls) §:
6.02 (1H, d, /=29 Hz), 5.04 (1H, d, /=29 Hz),4.35 (1H, d, /= 3.1 Hz), 4.15 - 4.24
(2H, m), 3.77 - 3.80 (1H, m), 2.10 (3H, s), 1.52 (3H, s), 1.33 (3H, s).
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type B101018-3, | ot C 9264, 58.25% water). The tenperature was equilibrated
to 26 0C, the m xture degassed with house vacuum and flushed w th hydrogen
gas t hreewDi2025788d the mi xture was then stirred vi gor ®a3/Us2em686460%

hydr ogen atnosphere for 16 h. GC analysis indicated a conpl ete conversion
to Conpound 10. The solution was filtered through Celite filter aid, the
solids were washed with isopropyl acetate (2 x 30 nlL), andthe clear,
colorlessfilﬁﬁé% t hen. ev rated give 5.74 g of oil that
crystallized as the only product. Exanple 5 :
Preparati oncof Conmpound (HA) [0076] The 4 liter flask that already contains
appr oxi mat %/!y 496. 15 nmol of conpound 10 in dry ¢ sopropyl acetate from
Exanpl e with a nitrogen inlet, thglm)mater rubber septum
and a mechani Cal rrew...ln a seplsd@bi¢ ask % pans, 744.23
mmol, 1.5 eq) was dissof ved in 255 mipef hot DMVE. TRe hot sol LLgn was

d the reacthon was cool ed i [ bath to 5
0C. Trifl uor omet hanesul foni anhydride (104.34 nm, 62¢,19 mmL eq)
was added at 1.17 nil2#i nute using a syringe punp. The maxi numéee ber at ur e
reached during the addition was 7 0C. Wien the addition was conpl ete and
the reaction tenperature returned to 5 0C a TLC (20% Et GAc-To | uene)

i ndi cat ef)o83[C O BlcP roldERROMOMSR regmaﬁe& Rith Q%@@ﬁ{agﬁet{clm bRgydy i flate.
[0077] To the 5 OC reaction was ad OMHO (745 m) causing a 9 0C
exot her n@hapquemtlsthersolungn 8f pompruad I2Ae(apsmaestidfh. l\ﬁ/asrnolraras(? &M selution
Pt O B o BB D SRy s G AT o RS PRy sped Wi e

two port}
eq) and 20.37 grams of 20% Pd(OH),/C (Pearlman’s Catalyst). While stirring rapidly the

reaction was degassed with a light vacuum and then filled with hydrogen gas three times.
The reaction was then stirred under an atmosphere of hydrogen for 18 hours. A TLC
(10% EtOAc-toluene) indicated a clean, complete conversion to the slower running
hydrogen compound.

[0084] The reaction was filtered through Celite and the dark solids washed with two
200 ml portions of isopropylacetate. The filtrate was transferred to a 4 liter separatory
funnel and washed once with 1.0 M HCI (645 ml), once with 200 ml of an aqueous
solution (100 ml 2.5% sodium thiosulfate, 100 ml 1.0M NaHCOs) and once with 200 ml
0f 30% NaCl. All of the aqueous phases were combined and extracted with two 200 ml
portions of isopropylacetate. The extracts were combined and washed once with 80 ml of
an aqueous solution (40 ml 2.5% sodium thiosulfate, 40 ml 1.0M NaHCO3) and once
with 80 ml of 30% NaCl. The organic portions were combined, transferred to a 3 liter
round bottom flask and 1.5 liters of solvent was removed by atmospheric distillation.

The cooled residue had a volume of 450 ml. 50 ml of isopropylacetate was added to form
a solution close to 1.0 M and 10 grams of Norit charcoal was added and the mixture
stirred two hours at ambient temperature.

[0085] This was then filtered through Celite to give a clear, golden colored filtrate.

The filtrate was concentrated in vacuo to give 103.47 grams (478.52 mmol) of a golden
colored clear oil. "H NMR indicates a very high purity of compound 13. "H NMR (400
MHz, CDCL) 6: 5.83 (1H, d,J=3.7 Hz), 4.74 (1H, t, /= 4.2 Hz), 4.39 - 4.45 (1H, m),
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with 240 ml of an aqueous solution (120 mM 1.0 M NaHCG3, 120 ml 30% sodi um
chloride). Al of the aqueous phases were conbi ned and extracted once with

500 m ofwD=0prispyBacet ate. The extract was washed w t hPCRAS2@O/0M60Porti ons
of 1.0 MHO and once with 80 m of aqueous solution (40 m 1.0 M NaHCO

40 M 30% sodium chloride). Al of the organic phases were conbined to get

a slightly cloudy solution of the triflate 11A [0078] A 0.25 m portion of

this sol r et tes this
o' 5 very bUMs B a5y A8 Rl HEL TR ATB WP e Ul e BT st dua
| sopropy} acei@tm), 1161NV59(14©Qn)M14252 (m)S) 3%315 525 (IH d, J =3.9 H),,
4.85(1H, dd, J1 = 8.6 Hz, JZ = 4. ,J:4.3Hz),4.37-
4. 42 (2|—[008§] ASOﬁﬁ)oundllQﬁaI(lbd-ﬁthm%r ptﬁlﬂbdby(\&btlum)hstlllla‘rﬁb]n if &quirsy., BP=40 ( 3H,
S). Exa ation of Conmpound (12A) Nwmali [0079] A4 liter 4
necked f é%a%%gg%ﬁﬁﬁhﬁnth a nitrogen inlet, tenperature probe, condenser
and nechanlcatxéﬁp%@eqqﬁﬁﬁmﬁﬁqEq%gnwmh@cghe i sopropyl acetate sol uti on of
the triflate (assunmed to be 496. 15 mmol) and 255 ml of DME. Solid sodi um
i odide ( 114.55 grams, 744.23 nnDI 1.5 eq) was added and the m xture
stirred at 5 OC for 17 hours. A TLC (10% EtPAc- To Iuene)\kgggwates a

conpl et e~Ton I O\i odi de. [ooqp] vater 400 nl) was added and the

m xture stirred rap dly/feo five mnute KT vas tfansferred to a

separatory funnel he phasesysplacdu The organic P was washed once

with 400 nml ofl3an aqueohg lution (200 M o f 1.0M WNa _ffz;foo
(6]

(e}

[0087] A 25 mlround bottom flask equipped with magnetic stirring and a rubber
septum was charged with compound 13 (640 mg, 2.96 mmol) and 5 ml of acetic acid. In
a separate flask acetic anhydride (0.562 ml, 6 mmol, 2 eq) was diluted to a total volume
of 2.0 ml with acetic acid and 0.1 ml of this acetic anhydride solution was added to the
reaction mixture. Sulfuric acid (0.15 ml of a 1.0M solution in acetic acid, 0.15 mmol,
0.05 eq) was added to the reaction, and then the balance of the acetic anhydride solution
(1.9 ml) was added over 12 hours using a syringe pump. A TLC (30% EtOAc-hexane)
shows a very clean conversion to the desired compound 2.

[0088] The reaction was diluted with toluene and evaporated in vacuo. The residue
was dissolved in MTBE, stirred with 10% sodium carbonate for 15 minutes and the
phases split. The organic portion was dried (MgS0O,), filtered through a small pad of
silica gel and evaporated to get 680 mg (2.61 mmol) of a clear oil. "H NMR shows this
to be a clean mixture of both anomers.

[0089] It is important to note that the construction and arrangement of the methods and
steps shown in the exemplary embodiments is illustrative only. Although only a few
embodiments of the present disclosure have been described in detail, those skilled in the
art will readily appreciate that many modifications are possible without materially
departing from the novel teachings and advantages of the subject matter recited in the
claims. Accordingly, all such modifications are intended to be included within the scope

of the present disclosure as defined in the appended claims. The order or sequence of any
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m o f 30% NaCl). The aqueous phases were conbi ned and extracted once with
the i sopropyl acetate (400 ml). The extract was washed once with water (100
m ) and omoeowasnor00 ml o f aqueous solution (50 m of PCTASRMABGHO3 and 50
m of 30%NaCl). Al of the organic phases were conbi ned. [0081] The
solution of conpound 12A was transferred to a 3 liter round bottom fl ask
equi pped with a short path distillation head. Two liters of solvent were

removed by sinmple distillation. The m xture s cool ed to anbi ent

t emper at G B0 AR TR AR A ENE" (e ouRes Arooedne & HETs0om | To this
was addegnB&BmBhts O Dthe QRBLRUI0AC BbatfRaBM cRAR e hnPdmAIBnPHAOHe Btdaanp! to
generate a 0.5M sol ution of conpound 12Ain a 20% et hano 171 sopr opyl acetate

sol ut i onthe[dgggm]oparagng cemditipnscpudarppgemaentoldig carvgdienpovihed departjeg 42 ny

of an oil., NVR indicates this is a very pure sampi f compound 12A. 1H
R ( 400t Rt RS S48, BRAEE o prcgs Byt LB i BRIRGS RGPS 576" 1y
4.35 (IH, d, J =3.1 Hz), 4.15 - 4.24 (2H, m, 3.77 - 3.80 (IH m, 2.10
(3H, s), 1.52 (3H, s), 1.33 (3H, s).Exanple 7 : Preparation of Conpound
(13) [0083] A3 liter round bottom flask equi pped with a | arge magnetic
stir bar was charged with the solution of compound 12A (assuned 496. 15 nmol
as a 0.5 Msolution in 20% et hanol /i sopropyl acetate), Diisopropyl ethylam ne
( 112.34 m, 644.8 mol, 1.3 eq) and 20.37 grans of 20% Pd(OH)2/C
(Pearlman's Catalyst). Wiile stirring rapidly the reaction was degassed
with a light vacuumand then filled wth hydrogen gas three tinmes. The
reaction was then stirred under an atnosphere of hydrogen for 18 hours. A
TLC
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(10% Et OAc-tol uene) indicated a clean, conplete conversion to the sl ower
runni ng hydrogen conpound. [0084] The reaction was filtered through Celite
and the dsokopglsiws washed with two 200 ml portions of PSDAISe@EYloedses at e.
The filtrate was transferred to a 4 liter separatory funnel and washed once
with 1.0 MHO (645 m), once with 200 ml of an aqueous solution (100 mi
2.5% sodiumthiosulfate, 100 m 1.0M NaHCO3) and once with 200 m of 30%
NaCl . Al of the aqueous phases were conbi ned and extracted with two 200 m
portions of isopropylacetate. The extracts were conbi ned and washed once
with 80 m of an aqueous solution (@PAMs2. 5% sodi umthiosulfate, 40 m
1.0M NaHCO ) and once with 80 m of 30% NaCl. The organic portions were
conbi ned!. t r aAsnethed®rpeerariag Fompeundddhd bottom flask and 1.5 liters of

sol vent was renoved by atnospherig distgyllation. The cool ed residue had a
vol une of 450 m. 50 m of i&oprop etate was added to forma sol ution
close to 1.0 Mand 10 granms of Norit}\char omas added and the m xture
stirred two hours at ambient tenperature/ [0085] This was then filtered
through Celite to give a clear, golden c6Gored filtrate. The filtrate was
concentrated in vacuo to give 103. 47 gganso@éWS 52 nmmol) of a gol den
colored clear oil. 1H NVR indicates a very high purity of conpound 13. 1H
NVR (400 MHz, ﬁ%}l%} d: 5.83 (IH, d, J =3.7 Hz), 4.74 (IH, t, J = 4.2 Hz),
4.39 - 4.45 (TH"'™ %.28 (IH dd, J1 = 11.8 Hz, J2 = 3.1 Hz), 4.08 (IH, dd.
J1 = 12. @) HactinkZompourd bik))witlﬂarﬂz?lkyl Ktch? aCethd andjcatalytioictd 1. 69 (I H, m), 1.52
(3H, s), 1.33 (3H, s). [0086] Cg oundO 13 can be further purified by vacuum
distillation if required. BRz

HO s

to form a cyclic compound of Formula (5)

(11) hydrolysing the compound of Formula (5) with water and a catalytic or stoichiometric

wherein R' is a lower alkyl,

amount of acid to form a mixture of monoacyl substituted compounds (6) and (7),

2

(ii1) equilibrating the mixture of monoacyl substituted compounds (6) and (7) to cause an

excess of compound (6),
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70 OC at 0.025 mm Hg. Exanple 8 : Preparation of Conpound (2) [0087] A 25
m round bottom fl ask equi pped with nmagnetic stirring and a rubber septum
was char gwo 20i0ds7®wenpound 13 (640 ng, 2.96 mmol) and 5 WCTAS2@0064605 aci d.
In a separate flask acetic anhydride (0.562 m, 6 nmol, 2 eq) was diluted
to a total volune of 2.0 M wth acetic acid and 0.1 m of this acetic
anhydride solution was added to the reaction mxture. Sulfuric acid (0.15
m of a 1.0Msalutiao n .acetic aci 0. 15 mmol ,, 0. eq) was added to the
feact i onlivhnao e he R iSsPotis Gid o tyHp net dotRrsho 1 o )
was addegktonest chapdahd &) whl RYdratcdKetdnd & f BotiPountt (91-C ( 30% Et CAc- hexane)
shows a very clean conversion to the desired conpound 2. [0088] The

reaction was fdiluted with toluene and evaporated in vacuo. The residue was
di ssol ved in BE, stirred with 10% sodi carbonate for 15 m nutes and the
phases spl it—Jhe [ ortion was i altered through a

(261 mmol ) of a clear
o be/acPean mi xture of both anoffers2 [0089] It is
' of the nethods and

smal | pad of silPca ge
oil. 1H NWR shows this
i nportant to note that
steps shown in the e | ary~ e Tments is illustrfative,onlx: Al t hough
only a few enbodi nents of theOpre ent disclosure have bee®” descri bed in
detail, those skilled in $he art |l readily appreci@te that ‘many

nodi fications are possible without materially departing fromthe novel

t eachi ngg,) a0 RIMRNERAGER dFHkcloRe of BhFGInd TR &RiNhydeaid Bondbiiddpound

(9) to form compound (10) or reducing compound (8) and compound (9) separately to

st

(vi) sulfonating compound (10) with a sulfonating agent in the presence of a base to form

form compound (10)

compound of Formula (11)

z/\, %

wherein R” is an optionally substituted alkyl or aryl,
(vii) displacing the sulfonate ester compound of Formula (11) with a halogen atom to

form a halogen compound of Formula (12)
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claims. Accordingly, all such nodifications are intended to be included
within the scope of the present disclosure as defined in the appended

cl ai ms. TWO 20rodsr10dr sequence of anynet hod or method st @p3/usagedloedsvdri ed or
re-sequenced according to alternative enbodi ments. Ot her substitution,

nmodi fication, changes and om ssions may be made in the design, operating
condi tions and arrangenent of the enbodi nents w thout departing fromthe
spirit of the present disclosure as expressed in the appended clains. CLAl M5
1. A nethod for preparing conmpoynd (2) conmprising (i) reacting conpound (4)
wi th an al kyl ketene acetal Eg%ﬁiiTalytic acid to forma cyclic conmpound of
Formula (5) wherein RL is a L

Formula (5) with water and a catal§%ic or
forma m xture of nonoacyl substituted co
equi librating the m xture of nonoacyl
cause an excess of conpound (6), (iv) oxf xture of conpound 6
and conmpound 7 to formthe m xture of etonf of *conpound (8) and hydrat ed
ket one of conpound (9) (v) reducing the m xt@re of ketone of conpound (8)
and hydrated ketone of conpound (9) to form conpound (10) or reducing
compound (8) andvhesrmaudalog) separately to form conpound (10) (Vi)

sul f onat I r‘é&ﬁ@?ﬂ%@g 5‘%&%@@% ngnﬁﬁ'l%fgi}actoh{f)%uﬁ@%“é hjdloddiGdh G5 BRe Of a

base to forrmco
compound (13)

ionetric amount of acid to
and (7), (iii)
unds (6) and (7) to

@)

A~

o)
“==-0

13 , and

(ix) treating compound (13) with an acid catalyst and acylating agent to form compound

(2).

2. The method of claim 1 wherein R is -CH; or -CH,CHs.

3. The method of claim 1 wherein R? is -CF;, -CHs;, or -C¢H4CHa.

4. The method of claim 1 step (i) wherein compound (4) is reacted with ketene
dimethylacetal in the presence of catalytic methanesulfonic acid to form tricycle

compound (5A) in isopropyl acetate.

5. The method of claim 1 step (iii) further comprising equilibrating the mixture of

compounds (6) and (7) to cause an excess of compound (6) by heating above 70 °C.

6. The method of claim 5 wherein equilibrating a mixture of compounds (6) and (7)

causes an excess greater than 90% of compound (6) over compound (7).
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wherein Ris an optionally substituted alkyl or aryl, (vii) displacing the
sul fonate ester conpound of Formula ( 11) with a halogen atomto forma

hal ogen cwopowmd7wB Forrula (12)wherein X is hal o, (vii PLTUSAWeI0640% he

hal ogen of the Formula (12) compound to a hydrogen atomto form conpound
(13) (ix) treating conmpound (13) with an acid catal yst and acyl ati ng agent
to formconmpound (2). 2. The nethod of claim1 wherein Rlis -CH3 or
-CH2CH3. 3. The nethod of claim1l wherein R is -CF, -CH3, or -C H CH3. 4.
The nethod of claim1 step (i) wherein conpound (4) is reacted with ketene

di met hyl acet afrhd methdg o ERER N GRpQLY) GetcddiN tcCmiXBirB 3nestps AL fo)ambi @719 form

tricycle conpound (5A) in isopropyl acetate. 5. The nethod of claim1l step
(iii) fuexifieed byaphimihygodderite ibhgtpresgneced THMPQraad spdivargseiatrds (6) and (7)
to causebaﬂmﬁﬁ/e%%ﬂpfoqpnq%ngm(G) by heating above 70 0C. 6. The net hod of
claim5 erelnyeqU|§|%P%Xiﬁ% a m xture of conpounds (6) and (7) causes an
excess greater than 90% of conpound (6) over conpound (7).7. The nethod of

claim1l step %iv) wherein the m xture of conpounds (6) and (7) is oxidized

by sodi ufn hypbhmsthod of claim A steprEs whesingiommpypd( Hhds Suard as asaglt e
biphasicggﬁ%rmﬁ%y%%%ggP%Q§%F2%§%g%§gﬁ8. The nethod of claim1 step (v)

wher ei n conmpoun singl e isomer using sodium
triacet oxybor ohydri de.

9. The method of claim 1 wherein compound (8) is isolated from the mixture of
compounds (8) and (9).
10.  The method of claim 9 further comprising the reduction of compound (8) to form

compound (10) as a single isomer.

11.  The method of claim 10 wherein the reduction is carried out using a platinum on

carbon catalyst in the presence of hydrogen.

12. The method of claim 1 step (vi) wherein the base is DMAP.

13.  The method of claim 1 step (viii) wherein the reduction of the Formula (12)

compound uses palladium hydroxide on carbon (Pearlman’s Catalyst) in the presence of

hydrogen.
14. A method of preparing a compound of Formula (11) comprising
(1) oxidizing compound (6) to form compound (8)




9. The nethod of claim1 wherein conmpound (8) is isolated fromthe m xture
of conpounds (8) and (9). 10. The nethod of claim9 further conprising the
reduct i orwoR0aspwand (8) to form conmpound (10) as a si RGrAISR@OMB4605 11. The
met hod of claim 10 wherein the reduction is carried out using a platinum on
carbon catalyst in the presence of hydrogen. 12. The nmethod of claim1l step
(vi) wherein the base is DVAP. 13. The nethod of claim1l step (viii)
wherein t.he reduction of t ormula (12 ound uses pal | adi um hydr oxi de
on carboﬁo(Peﬁﬁ?ﬁﬁ%cgﬂﬁﬁFgﬂ§%§%ﬁWqV? Oﬁ%gégﬂge of hydrogen. 14. A nethod
of preparing a conpound of oFormula ( 11) conprising (i) oxidizing conpound
(6) to formconpound (8)(i]f) reducing conpound (8) to form conpound (10)
(iii) sulfonating conpoun 10) wth a sulfonating agent in the presence of
a base to form conmpound™ of b wherein R2 is an optionally
substituted al kyl or aryl. 15. The f--gl aim 14 wherein R2 is -CF3,
-CH3, or -C6H4CH3. 16. The nethod of icl ai/m 14\wherei n conpound (6) is
oxi di zed by sodi um hypochlorite in y}he phkesen TEMPO and sodi um acet ate
bi phasically with isopropyl acetatd. 17. Th thod of claim 14 wherein the
reduction of conmpound (8) fornms a singl@

, and
(i)  sulfonating compound (10) with a sulfonating agent in the presence of a base to

form compound of Formula (11)
0

A~

@)

O
N/
S~y “

11

-0

R2

wherein R is an optionally substituted alkyl or aryl.

15. The method of claim 14 wherein R? is -CFs, -CHs, or -CgH4CH.

16.  The method of claim 14 wherein compound (6) is oxidized by sodium
hypochlorite in the presence of TEMPO and sodium acetate biphasically with isopropyl

acctate.

17. The method of claim 14 wherein the reduction of compound (8) forms a single

isomer of compound (10).

18.  The method of claim 15 wherein the reduction is carried out using a platinum on

carbon catalyst in the presence of hydrogen.
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i somer of compound (10). 18. The met hod of claim 15 wherein the reduction
is carried out using a platinumon carbon catalyst in the presence of

hydr ogen.w0.20iis71w8t hod of cl ai m 14 wherei n the sul f onaPChgSageio64605
trifluoronethanesul fonic anhydride and the base is DVAP. 20. The net hod of
claim14 further conprising displacing the sulfonate ester conpound of
Formula ( 11) wth a hal ogen atomto form a hal ogen conpound of Fornmul a

(12) wherein i s halo, redyci t.h ha; n of the, Formul 12)..conmpound
Lo n hydlgenT s BriTPH O gl 45 Wituriatie o ST Bacierd) S BB BS prs UTER. an
aci d cat glhyatideumnel @6 phatis pyiapent to form conpound (2) 2 1. The nethod of
claim 20 wherein the reduction of the Fornmula (12) conpound uses pall adi um

hydr oxi de on carbon (Pearlman's Catalyst) in the presence of hydrogen. 22.
The, et il o 16! AR R T S SO AL RN BB GefL g e

acyl ati ng agen I'c anhydrid Sele
compound of Formula (11) with a halogen atom to form a halogen compound of Formula
(12)

wherein X is halo,
reducing the halogen of the Formula (12) compound to a hydrogen atom to form

compound (13)

“==-0

13 , and

treating compound (13) with an acid catalyst and acylating agent to form compound (2)

0,
AcO

OAc

7
2,
%
7

2 OAc

21. The method of claim 20 wherein the reduction of the Formula (12) compound

uses palladium hydroxide on carbon (Pearlman’s Catalyst) in the presence of hydrogen.
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22.  The method of claim 20 wherein the acid catalyst is sulfuric acid and the acylating

agent is acetic anhydride.

23. A compound selected from

o
AV
et N/
HO' o e 0 o
3
, and .
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