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BACKGROUND OF THE INVENTION
HCYV infection has reached epidemic levels worldwide, and has tragic effects
on the infected patients. Presently there is no effective treatment for this infectilon
and the only drugs available for treatment of chronic hepatitis C are various forms of
25  alpha interferon (IFN-a), either alone or in combination with ribavirin. However,
the therapeutic value of these treatments has been compromised largely due to
adverse effects, which highlights the need for development of additional options for
treatment.
HCV is a small, enveloped virus in the Flaviviridae family, with a positive
30 single-stranded RNA genome of ~9.6 kb within the nucleocapsid. The genome
contains a single open reading frame (ORF) encoding a polyprotein of just over
3,000 amino acids, which is cleaved to generate the mature structural and
nonstructural viral proteins. ORF is flanked by 5’ and 3’ non-translated regions

(NTRs) of a few hundred nucleotides in length, which are important for RNA
1 .
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The present invention as disclosed herein relates to
various internedi ates and synthetic nethods for the
wo@e@pases on of compounds of general formnul as Pei/uards/032406
[I1T], RB XR30 X I Il wherein X is halogen (F, d,
Br), Yis Nor CH Z |§ haI?gen oH OR, SH SR,

N2, NHR , or R R2 is St8§7of C1-C3, vinyl, or
ethynyl; R3 and R5 can be sanme or different H, alkyl,
aral kyl, acyl, gyclic acetal such as
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Reagents: a) SOCI»/CH3Cl, reflux; by NaOEVEtOH/ reflux; c) TIPSDSCla/pyridin/rt;d) CrOs/AcO/pyridine, rt;
) MeLVEt,0, -78°C; f) MeMgBI/Et,0, -50 °C:; g) TBAF/THF;h) Ac,Olpy; i) DAST/Toluene; j) NHyMeOH; k) 1N NaOH/THF/60 °C

Previously known methods for the preparatio‘n of (2’R)-2’-deoxy-2’-fluoro-
2’-C-methyl nucleosides, and its analogues, from D-xylose, cytidine; or uridine
employed DAST or Deoxofluor® for the key fluorination reaction. However, DAST
and Deoxofluor® are expensive, hazardous for industrial synthesis, and provide
often unreliable results. Therefore, these alkylaminosulfur trifluorides are not
suitable for industrial production.

As a part of an effort to find better fluorination conditions, it has been
discovered that opening of a cyclic sulfate with non- alkylaminosulfur trifluoride
fluorinating agents is an excellent way to synthesize the anti-HCV nucleoside, (2°R)-
2’-deoxy-2’-fluoro-2’-C-methylcytidine. In addition, it was discovered that this
novel synthetic route can be adopted to other nucleosides including the anti-HCV
nucleoside, D-2-deoxy-2-fluoro- cytidine (Devos, et al, U.S. Pat. 6,660,721), anti-
HBYV nucleosides, D and L-2’,3’-didehydro-2’,3’-dideoxy-2’-fluoro-nucleosides
(Schinazi, et al, U.S. Pat. 6,348,587) (I and II, Figure 3) as well as other 2’-
substituted nucleosides such as D- and L-FMAU (Su, et al., / Med. Chem, 1986,
29,151-154; Chu, et al., U.S. Pat. 6,512,107).
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C2-C6, optionally substituted | ower al kenyl of C2-C6,
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Definitions The ter is used erein

in8ependent|¥
heovali abl e, which
applied, varie endently from appl
application. Th yn a conpound such as
wherein Ra is "'nde endent |y carbon or 4trogen bot h
Ra can be carﬁ%ﬂ b?&h Ra can be nltrJﬁg of one Ra
an be carbon and thg other Ra nitrogen. As usqg
herein, the terns "enantionerically pure" or

" enawhé¢remer i cal | y

X is halogen (F, Cl, Br),

i ndi cate th

Y isNor CH,
Z is, halogen, OH, OR’, SH, SR’, NH,, NHR’, or R’
15 R? is alkyl of C;-Cs, vinyl, or ethynyl;

R* and R can be same or different H, alkyl, aralkyl, acyl, cyclic acetal such
as 2’,3’-O-isopropylidene or 2°,3-O-benzylidene, or 2°,3’-cyclic

carbonate.

R% R* and R’ are independently H, halogen including F, Cl, Br, I, OH, OR’,
20 SH, SR’, N3, NH,, NHR’, NR’,, NHC(O)OR, lower alkyl of C,-Cs,
halogenated (F, Cl, Br, I) lower alkyl of C;-C¢ such as CF3 and
CH,CH,F, lower alkenyl of C,-C¢ such as CH=CH,, halogenated (F,
Cl, Br, I) lower alkenyl of C,-Cg such as CH=CHCI], CH=CHBr and
CH=CHI, lower alkynyl of C,-C¢ such as C=CH, halogenated (F, Cl,
25 Br, I) lower alkynyl of C,-Cg, lower alkoxy of C;-C¢ such as CH,OH
and CH,CH,OH, halogenated (F, Cl, Br, I) lower alkoxy of C;-Cs,
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drugs for treatment of Flaviviridae infection.

20 The present invention provides an efficient preparation of nucleosides and

intermediates containing the 2-deoxy-2-fluoro-2-C-methyl-D-ribofuranosyl moiety.

Definitions
The term “independently” is used herein to indicate that the variable, which
25  isindependently applied, varies independently from application to application.
Thus, in a compound such as R*XYR?, wherein R? is “independently carbon or
nitrogen”, both R? can be carbon, both R? can be nitrogen, or one R? can be carbon
and the other R® nitrogen.
As used herein, the terms “enantiomerically pure” or "enantiomerically
30  enriched"refers to a nucleoside composition that comprises at least approximately
95%, and preferably approximately 97%, 98%, 99% or 100% of a single enantiomer

of that nucleoside.



and unsubstituted forns as defined above. Unless
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difluoromethyl, fluorochloromethyl, and the like. The hydrocarbon chain may also

be interrupted by a heteroatom, such as N, O or S.

20 The term “lower alkyl,” as used herein, and unless otherwise specified, refers
to a C; to C,4 saturated straight or branched alkyl group, including both substituted
and unsubstituted forms as defined above. Unless otherwise specifically stated in
this application, when alkyl is a suitable moiety, lower alkyl is preferred. Similarly,
when alkyl or lower alkyl is a suitable moiety, unsubstituted alkyl or lower alkyl is

25  preferred.

The term “cycloalkyl”, as used herein, unless otherwise specified, refers to a
saturated hydrocarbon ring having 3-8 carbon atoms, preferably, 3-6 carbon atoms,
such as cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. The cycloalkyl group
may also be substituted on the ring by and alkyl group, such as cyclopropylmethyl

30  and the like.

The terms “alkylamino” or “arylamino” refer to an amino group that has one

or two alkyl or aryl substituents, respectively.



phosphoni ¢ aci d, phosphate, or phosphonate, either
unprotected, or protected as necessary, as known to
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to C al ky|Th9[enQ“af'y@ ”%u?&%ﬁdklféi‘e?fn aﬁﬁlufa%%‘&ﬁeﬁégeesrp%m 163 refers to

as al kyl or aral kyl" sul inclu
het hakesyl bigheyyl, ot mhthyn and drefeﬁrabls/ @h@{wswh@teﬂnﬁﬁélﬁdes both

: : : ;?Woéﬁtff%n c%lsg)snéqt?derpﬂy lcsls u"ﬁ'[sjzialy}t' uéglfmba;nhzgyslubstltuted with one
di D%ﬁ%bf%ﬁéﬁtﬁéﬂté’ |1ncl i %} bg{ R&Hﬁnlkﬁ[ﬁh&) Iﬂ?dr?)%&].eé% o1 amino,

optimally include’a rou
r ef ealkyllamua), grybaxmnOI alkdn&y ﬁmmvl ﬁtrB{ &afd), -suIﬂMiIe ra@lkinsﬁate
i's a_s nq . nched al k cycl oal kyl, am no
aci dp @‘I’ A< LRJHOF&%QWWOSP q@&f} alrﬂwr ugprtdeidd, or prlf:tected as
l. t
incl H&'e%r}bgﬁl@{d n f%l Yl 1fd lin th%czﬁrtug r'ed Iﬂﬁfgt 5 éﬁ%ﬁ Yl W.

aryl oxyal Kyl suc enoxyne

al kyGre(enmedeHms;I Nﬂmr“P&btkqdv)a Graﬁpd ml()igbrkiQS?ﬂhQsh@ﬂYﬂd ed., John

opti I sub futed with chloro, brono | uoro
|gdoa}]%?'8¥§ é\éﬂ(yl or G to C4 al koxy, sulfonate

esters Suph @fnd*dfifdry®or %l@l%” SHROAN Xllkyli 5‘81'115" B9y aryl
substituent. The terms “aralkyl” or “arylalkyl” refer to an aryl group with an alkyl
20 substituent, as for example, benzyl.
The term “halo,” as used herein, includes chloro, bromo, iodo and fluoro.
The term “acyl ester” or “O-linked ester” refers to a carboxylic acid ester of
the formula C(O)R” in which the non-carbonyl moiety of the ester group, R’, is a
straight or branched alkyl, or cycloalkyl or lower alkyl, alkoxyalkyl including
25 methoxymethyl, aralkyl including benzyl, aryloxyalkyl such as phenoxymethyl, aryl
including phenyl optionally substituted with halogen (F, Cl, Br, I), C, to C, alkyl or
C to C4 alkoxy, sulfonate esters such as alkyl or aralkyl sulphonyl including
methanesulfonyl, the mono, di or triphosphate ester, trityl or monomethoxytrityl,
substituted benzyl, trialkylsilyl (e.g. dimethyl-t-butyl
30 silyl) or diphenylmethylsilyl. Aryl groups in the esters optimally include a phenyl
group.
The term "acyl" refers to a group of the formula R”’C(O)-, whereinR”’ is a

straight or branched alkyl, or cycloalkyl, amino acid, aryl including phenyl, alkylaryl,
8



met hanesul fonyl, the nono, di or triphosphate ester,
trityl or nononethoxy-trityl, substituted benzyl,
wa@bdangi72s ar al kyl includi ng benzyl, al koxyal kyPCT/US2005/032406
i ncl udi ng met hoxymet hyl, aryl oxyal kyl such as
phenoxynet hyl . Aryl groups in the esters optinal
conpara&el laclpﬂmgwn@ﬂmm;pxyalﬂ(ybacwmalrmthom;dthsg,rampsyalkyl such as
acet f l.uor.0

cy ol WSrapyTaiY: of bt Ra ARG E e B osRer A5 bppighipeluding pheny

but Y(Sﬁﬂonal'ly'i%'s'ﬁﬁﬁfe&i'w1t}hﬁﬂé‘r’601¥ﬂomoh ﬁﬁéx%ni&ib CPRIENMMY or C, to C4
neo- hept anoyl , phenylacetyi 2-

acet dkgxy? s1;ifma§pl estoedt syllch agl albhle(nweslbydtsylphonyfamdimkyg

3 iR BR ISR & S o S etid oy monomethoxy-tity,
2 chsl.u@mm%d%enfyl PJI'I@&?}’I' ﬁ%ﬂ(?'l/incluanfgm&éﬁ AkGRANKA BRAldg

trinethyl acetyl”,” chl orodi f| uor oacet
per fingiboyguehyl aryfdxpalkplesseh g phdupbm@hﬂl Aoyl @aeps yi the esters

gﬁ |t Q%éafﬁﬁéﬁmpgg%fi yF h o eﬁ%ﬁéf’%}ﬂ;’l agev’ggry}lps include acetyl,

phe W@ﬁﬁ&é{&b rrieﬁfylé@b'ttyy |c§@6§%bylaédty10$ycwwEéﬂ)oxy, propionyl,
nonochl oro-acetyl, di ¢hl or oacet yl

oH d@dmhﬁstqbumﬁelmxamgu hepp@pyll, g@a@yhéxspdmsanoyl phenylacetyl, 2-
7H do d

7. Chz]lcg ggl uorﬁﬁ%ﬁ@ﬁ‘@g%@ﬂ%‘:ﬁ yl, a-methoxy-o-trifluoromethyl-phenylacetyl,

/- Chﬁ&h&a@é@ﬂ%—%ﬁt%&@é&eﬁ@@ét@ﬁ Qéé'hloro-benzeneacetyl 2-chloro-2,2-
7H dodecaf | uor ohept anoyl , 7Hdodeca- fl uor ohept anoyl ,

nonadiphenylaset3), &-chla-prepylacdyl, fimethyatatdr chlgodifluioroacetyl,

di oxahenpt f | uor.oh | b
o orshaglanal; B Lue ShepiTEnL, LURIRIERY
B 6- 611'1 Eﬁl{a@et?r @Elbf&ﬁbfom@y |3—m@ﬁ1()kyph%nﬁac?e'tyl phenoxyacetyl, tert-

tetraf | uor o- et hoxy) - benZoy br ono- pr opi onyi

onegbutylatetplc Em;hydrg)acclb'd:, anmyplchlon_p m;ddi;gldnwtqty]s ﬁHg}oylbcaﬂuoro-

Oa?éd O%g%&ép?ﬁlorithpé%lw %Iélcgq(i}fzzae—ﬂuorogept%an%k "7-chlorododecafluoro-

1- adgamo9108- &?Jr@%ﬁéoaﬂﬁéﬁ%'—&lﬂ%aﬂe7Hﬂfo@@é‘2m|uoro%e§ranoyl 7H-
pyri di nedi ¢arboxyl, cycl opropane= carboxyl,

cycl Maﬂeomaamm,,nopeﬂﬂlbmii,é@@iadhwi@byh netdlupto-3,6-

TN T I A

| H i ﬂ%@!ﬁﬁl@pﬁen‘e%w,,3,(Zdichloro-2-methoxy-benzoy1 4-(1,1,2,2-
tetrafluoro-ethoxy)-benzoyl, 2-bromo-propionyl, omega-aminocapryl, decanoyl, n-
pentadecanoyl, stearyl, 3-cyclopentyl-propionyl, 1 -benzene-carboxyl, O-
acetylmandelyl, pivaloyl acetyl, 1-adamantane-carboxyl, cyclohexane-carboxyl, 2,6-

25  pyridinedicarboxyl, cyclopropane-carboxyl, cyclobutane-carboxyl,
perfluorocyclohexyl carboxyl, 4-methylbenzoyl, chloromethyl isoxazolyl carbonyl,
perfluorocyclohexyl carboxyl, crotonyl, 1-methyl-1H-indazole-3-carbonyl, 2-
propenyl, isovaleryl, 1-pyrrolidinecarbonyl, 4-phenylbenzoyl. When the term acyl is
used, it is meant to be a specific and independent disclosure of acetyl, trifluoroacetyl,

30 methylacetyl, cyclopropylacetyl, propionyl, butyryl, isobutyryl, hexanoyl, heptanoyl,
octanoyl, neo-heptanoyl, phenylacetyl, diphenylacetyl, ct-trifluoromethyl-
phenylacetyl, bromoacetyl, 4-chloro-benzeneacetyl, 2-chloro-2,2-diphenylacetyl, 2-

chloro-2-phenylacetyl, trimethylacetyl, chlorodifluoroacetyl, perfluoroacetyl,
9



propenyl, isovaleryl, 1-pyrrolidinecarbonyl,

4- phenyl benzoyl . When the termacyl is used, it is
wore@ant3t’es be a specific and i ndependent di scl oBUTF/&SD5/032406

acetyl, trifluoroacetyl, nethylacetyl,

cycl opropyl acetyl, propionyl, butyryl, isobutyryl,

hex ahwybacetyspramodiflnometetyl o3Hthioplenedvel,dempltylacetyl,

phe

ct - t%ﬁﬁ?’&@%gpﬂedl ppgﬁéﬁl% %’ilt(@thors?@%éegtp9¥¥benzoyl, 2-bromo-
4- cmreﬁlenple@gc%ﬁ@ﬁcx?gyﬁtade%am Qfedryd, 32c>¢@1<5£ﬁ@y.&,%myh,,1 _benzene-

- chl oro- 2- phenyl acetyl, trimetHyl acet
chI cnadm)dyl Lpuradxmted:qtj/l 1-pdamhdnioreaadsixyl, cf¢loloaxaas-edrpbxyl, 2,6-

brom)djf etyl, 2-thi opheneace
Per (DBATFR IR, CYle AR SATO Vr CY%WW@%W& drrysthylbenzoyl,

di chl gy, ﬁC?Wéth¥l ﬁ}%%l Z&Yﬁon?lgﬁtﬁreﬁ@l@/f QRIVRIK)L,; 4-phenylbenzoyl.

decanoy n- pen ecanoy ste
3- cycl opehiteterm fopicoagyll’) refers b:emzmybgmnpuxwhmhm y aboygldefined, is
acet ]ui damant ane- car boxyl , cycl ohexane-car boxyl ,

IO‘WW ¥nedi car boxyl, cycl opr opane-carboxyl,

Cy ¢ l obut &Fl?e ?ﬁlral nﬁcl'gfcttms’é %ﬁz%$dlﬁ€& 9&&8)! Ibase refer to
| - met hyl -1 H-1 ndazol e- 3-carbonyl, 2-propenyl,

1i0s oV'plueing/l or "@ypimehyé"ﬁmmscayldeﬁﬁ'ddebeﬂwm "l ower acyl"”
refers to_an acyl Qup,, ich efined,. i
overal kYR teriapyienob ylmifiae pare it aleseul s agmiteato,
modi gdei?lﬁilenl‘ie Llﬂ’(&/f?uhﬁéseN6 ra@leﬁﬁnﬁ& (Wﬂ%inna%yl @rC(O)(alkyl aryl alkylaryl,
"pyrimdine" es as defined below. Thé te Jpuar

or " qyarylaikgl)is® ber&sftpunnc,ledMdeme N%vmtytpuhnmN ea:tetydﬁmc purine,

ade&l %yépks;ﬁelz g 1&%&){2{?@1 e aC%O% rl%‘;ﬁ%péwr)erﬁk%logﬁ/cyl purine,
0 DRMZN MR AeN’] gﬁ@' (BRBLHAR, thbind, BYORHE [Duorocytosine, 5-

N6- acetyrenic purin cyl pufine, hydr oxyalkyl
puri methy]\d@toainlep@thmwnmmdme megludibg 6fazaytdsmel 2-pandiard:

o B 2 S SRS
R < DA g EEp i Al i
5 f | gGnatyladc Ipymﬁﬁhneal(]éwcﬂypynmldhma,dﬁ _acetylcytosine, N*-
quﬁnég{gg%ghgaﬁ}lﬂ ea%l%yl pyrlml 1ne é/ o yryrodxlygl?(yl purine, C’-amidopyrimidine,
C3-cyanopyrimidine, ,C’-iodopyrimidine, C®-lodo-pyrimidine, C-Br-vinyl
pyrimidine, C®-Br-vinyl pyriniidine, C>-nitropyrimidine, C®-amino-pyrimidine, N*-
alkylpurines, N*-alkyl-6-thiopurines, 5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl, and pyrazolopyrimidinyl. Purine bases
25  include, but are not limited to, guanine, adenine, hypoxanthine, 2,6-diaminopurine,
and 6-chloropurine. Functional oxygen and nitrogen groups on the base can be
protected as necessary or desired. Suitable protecting groups are well known to
those skilled in the art, and include trimethylsilyl, dimethylhexylsilyl, ¢-
butyldimethylsilyl, and ¢-butyldiphenylsilyl, trityl, alkyl groups, and acyl groups such
30 as acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.
The term "amino acid" includes naturally occurring and synthetic ¢, 8y or &
amino acids, and includes but is not limited to, amino acids found in proteins, i.e.

glycine, alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan,
10



C5-acetyl enic pyrimdine, C5-acyl pyrimdine,
N4- acetyl cyt osi ne, N4- benzoyl cyt osi ne, N4-al kyl
W@ dehe, C5-hydroxyal kyl puri ne, PCT/US2005/032406
C5- am dopyri m di ne, C5-cyanopyri ni di ne,
, C5-i odopyri m di ne, C6-1odo-pyrimdine, C5-Br-vinyl
pyr i P HRG; écru(%ﬂ]gﬁormlqﬂyyst?jw,|tyfp§1§1: rgparagine, glutamine, aspartate,

y .
ol ko BN b Ay AT AR 1 ShrhE Dibagiment, b amino acid
5- azig i aeil-gonfighratian lewyativdlya tHe,antind deid hiw Py h detiiviyilve of alanyl,

pyrr ol opgrl m di nyl, and pyrazol opyrl m di nyl . Purine
bas e¥plinifk [gyaiyl, piteusiy ], perliny. phersdal fua;nylg tmmpnlazanyl methioninyl,

en h
& crp R AR Wb, Qe SULRREE P A gpinyp psparon.
on t gletab@s dysiayl, frgindiy0tiaeaidie] %alﬁﬁﬂeﬁ&aﬁﬁ’yl,oﬂ ledeinlyT, Bdsoleucinyl,

Sui t abl e prot ectin Ig groups are well known to those
ski | §-geplinyl, Grzhenylalanimyhy 3rtﬁ@|tQR§1énX1r B-metiignisyl, Piglycinyl, B-serinyl, B-

- but&‘]t% éréy@y%r%yl - Bﬁ"&s%%},lﬁj, ﬁsﬁ)%lyafg%'é/i ?u%g%mé% 8§ﬂartoy1 B-

gr ouglatasm IB-Bsi ?r; Btar 1nﬂfydoxp/B ﬁi@u@myl , Wieh irnesuhhprYkcid is used, it

and p-tol uenesu The term "am no aci d" incl udes

Wat us apnsydfzsed:tﬂbq m@ealﬁs ag indepenidentzdisahosyranef eacland the esters of o, 8
aci d Orﬁa c1|nnc;h¥nq§es leuﬁe iel?lcfﬁg 1scl)leu 1rt1ee(rjnetthlbn I, p%enﬁgllagf%e

f oun el ns, ani ne,

| eUCﬂrﬂﬂophaﬁ%r@Uﬁdz @&md‘f&{rébr@ﬂiﬁ B%telﬂé’l eyphiat aiépzﬁ@gme glutamine,
trypt ophan, proline, serine threonlne cyst ei ne,
t yr oxspardate, ﬁwama&j» fysinegarginmeiang histdpgrin e argi Lrcapfigugations.

Lﬁ; Io 3 ie - ﬁ?l?é {él:lrg AlhaldgikA w &%epth{lﬁ QHIE&’? @I!’ug L8 used throughout

mnoaC| IS I'n

WAl t etheapdcrdayion t&@es&ﬂbd’lzﬁlyqﬂllaﬂn&aﬂtldhﬁyacd';@tdb‘lleaiformetsmh as an ester,
al anyl, valinyl, |euci n% i sol eucinyl, prolinyl,

phenhiosphse ?ﬁ?‘FY sali g spihen 3 related OBR afiA congnoy@? Fpich, upon

seri c ,

as pa%llmns; {1&9{5 %yzlu’ent ?gisotvgdgggﬂretagh% chfﬁédgpb)lflh?maceutlcally

|'ysi gugkptable galed inylude imlosd dldiHvB{sl’ Ifnoml &mwtxcally&w@tmwmrganic or
/ 3-1eucinyl, /3-isoleucin roliny

| 3- pHTEARAF ﬁas?ﬁ iang peids. sslmayétss ﬁude tl}ose d@uvﬂd&mrﬁylkah metals such
iO?’ g!isypcc;t&gfulm an%' s%ﬁ{urrp % kahFe e§@r§?£ s%w:h a{ csa]c%{rﬁtaga rf}}/aghesmm

rrosi n -aspar dg
J 8 agspedg ﬁl)theroﬁ)s otﬁhtacars@wu, kn{oaml 1M$lhd’bﬂarmé&uﬁ6£ lafti Nyl

or - pkllasfltlllagelu?%lllly mggtalglg Sal%serrrlag) :llsng geoac?ci: {Izl(ijdltll(;c’n sua?tg gvheil tformed with
a nitrogen atom. Such salts are derived from pharmaceutically acceptable inorganic
or organic acids, such as hydrochloric, sulfuric, phosphoric, acetic, citric, tartaric,

25  and the like. Pharmaceutically acceptable prodrugs refer to a compound that is
metabolized, for example hydrolyzed or oxidized, in the host to form the compound
of the present invention. Typical examples of prodrugs include compounds that
have biologically labile protecting groups on a functional moiety of the active
compound. Prodrugs include compounds that can be oxidized, reduced, aminated,

30  deaminated, hydroxylated, dehydroxylated, hydrolyzed, dehydrolyzed, alkylated,
dealkylated, acylated, deacylated, phosphorylated, dephosphorylated to produce the

active compound.
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Is considered to be a specific and i ndependent

di scl osure of each of the esters of a, b g or d
w@baosiosg2s al ani ne, valine, |eucine, isoleuci nePCT/US2005/032406

met hi oni ne, phenyl al ani ne, tryptophan, proline,

serine, threonine, cysteine, tyrosine, asparagine,

gl ut am neApldsqaaﬁSthaV@devglqpﬁémpteel m@nqalaandanfgcmnmoms@lfor the

hi t f Th
o he s P 2 R e S b urap o defikBugg e key
t hr oahebdiafed & BPEhEMS @Lb&fﬁeﬁ’ﬁaﬁ‘%%cahﬂ aﬁalagues thereof using or

pharmaceutical |y acceptable form (such as an ester,
phoswhiaau usisg ehlral§ataiy5tsf The key step iothe aynthésast efol 4gis @sopl)metrlc

o ovicisepne 4Lty 32 bR R e B Gtentn: g pRioS Bictosea

acceghatis os# Fe?luirg@ bHﬁ'ﬁleﬁ@magﬁﬁsltsV 8thfds @Mydroquinidine (DHQD)
phar maceuti cal |y acceptabl e inorganic or organi c bases

and adli dsl:gvatswst"ﬂtﬂ mreseal ingentivnl agdescidsed kerdmrelated té th@m

al kal i al.s such as assj.um and sodi u al kal i

oar Lo lctve peRaaBon B 4 S i e et S ARy manganate
NUIMEL QKGut %f&‘ﬁrcat%fysfis T‘H%'abpl'fv%%n ks bidSeri? ﬁ}ﬁfeﬁﬁ&?&lﬁé Halelop a

art. Pharmaceutically acceptable sa?ts may al so
i dpracidiat ammieffalkcttsprodess fdrohawydthesis bf 49 ﬁ'onrétﬁgsznusamg)th\e
Such salts _are deriyed from pharyaceutically. )
acc ewciﬂ&@lh.c r?BF‘@}Bﬁ ok gevelicgubinie %&ga%emes@dﬂ highly stereospecific and
hydr ' r ist :
o P e T RS Rpl e 1B RF b & 5L e the curren
pr odmethed béél&ﬁcd ﬁ)r prepaapiocisyahtichdtof i1 4 anbicddhied derdadtivésor
exanpl e hydrol yzed or oxidized, in the host to form
t he compound of the present invention. Typica
ﬁﬁanples of prodrugs include ggupauynds that have

iologically labile protecting groups on a functiona
noi ety of
conpound
deaninah

yhe active conpound. Prodrug
hat can be oxi djcaged, raduced,
hydroiylaﬂ€6?<§ehydruxylate
Al kyl at ed, d&xFkyl aed, acyl at

produce the active conpound Appl i cants have d xeloped
a novel, pr3ttical and ef M ci ent process for t

7/“0 HiC, OH ¢ 71“0 HsC, OH d +0 Fe CHs
o
\)V)Qcoza 0,Et v O,Et
\ 71% 60%
H OBz H OBz
44

H OH

42

HO £ HO BzO
e f Ha f g
HO.
OZEt Hj; H;
58% 91%
\ /
H Bz BZO/ ‘F BzO \F
45 49
Reagent: (a) CH;Cl,, rt, 12h (b) AD-mix-B , 1:1 ~BuOH-H,0, MeSO;NH,, 0 °C, 24 h;or (b'): stereoselective
dihydroxylation without chiral catalysts; (c) BzC1/Py, rt; (d) DAST/THF, rt; (e) MeCN/H,0/CF,CO,H, 80-90
azeotropic distillation; (g) BzCl/Py/CH,Cl,, rt.
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synt hesi s of

2- C-al kyl - 2- deoxy- 2- substi tut ed- D ri bof ur anose
waeovtowatieyes, the key internedi ates to 14 (Schera®U%3005/032406

and derivatives and anal ogues thereof using or wthout

using chiral catal ysts. Sdtmm&k®y step in the synthesis

of 14 is asymmetric conversion of 41 to 42 using

i tal ysts (Scheme 4) Lprevious dbsgl gsed
af_ 42 fequi r gd: S%EAE cat a y‘:g@%ﬁch

Fhy#; oquini di ne (D%cep) antl_dertVatives. The—*"
present” i'nvention as di scl os&d herein rel at estot o cthe

stereosg) ective preparation of 41 to 42 using q'grri um
osmat e or permanganate w thout chiral cat ald%Zt& The

applicants in this present invention also elop a

practicgb_and efficient, process for the synthesis of
49 from 42 singth;:&ﬂ%aphilico ' of the
cyclic sul fatec50 (Scheme, 6).dun highl y%"ecifi c
and regi oggl egli ve manner,. The procedure depfcted in
Schemes 4, 5 and 6 are the current metho&dof cehoice
for preparaus ve synthesis sf 14 and rel ated,
derivatives. Schenme 4 39 40 41 Reagent: (a) CH2d 2,
rt, 12h (b) AD-niix- b 1:1 J- BuOH H2O, MeSO2NH2, O
0C, 24 h:or (b1 PlefYEQR BRSO ¥y dr oxyl at i on

wi thoutchiral catalysts; (c) BzO /Py, rt; (d)
DASTVTHF, rt; (e) MeCNH 20 CF 3CO2H, 80-90 (
azeotropic distillationSclieme ®zCl/Py/ CH 2C 2,
rt..Scheme 5 48 49 47 Reagent: (a) HCI/EtOH (b) BzCl/ Py
L§¥_QA§E hene 6 Reagent . %;) SOCl 2 , Et 3N, /CH2C 2.
( FO( (c) AcH ¢

EMPNaQCl, (g) T
+ Cl Et (g—UAl [
silyl bases/ Vor br uggen Mion; (j) NH3/M

ot h) Ae20~; ©
PREPARATI ON OF THE COMPOUNDS (1) Synthesis of the
cyclic®ulfite (11ia) and cyedic sulfate (IHa) 51 R-0509Nen,

e
B0 oL | B20— Bz0 H
CH h H ’ ° '
3 H3 CH3 Hj
B
z 54': Bz BzO F H
56 49 53

N

Bz—NH NH,
BzO ¢N
z OJ\;lN/Bz Ow 3C,
H Bz
55

55-alpha 14

Reagent: (a) SOCI,, Et;N, CH,Cl,, (b) TEMPO-NaOCI, (c) TEAF (d) HCI (¢) AcOH or Dowex-H* (f) BzCl/Py; (g) LIAI(O Bu-t);H;
5 (h)Ac20 ; (i) silylated bases/Vorbruggen condition; (j) NH;/MeOH
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This invention relates to the process for the

preparation of the 2'-Fnucl eosides and ot her 2'-
wa@aipsst7es ed nucl eosi des of the general fornul BCT/BSZ0#032406

| BL- by using the nucl eophilic opening of the cyclic

sulfite, IHa (X = SO, sulfate, IHb (X = SO2), of the

f or nkul EREPARARION | THE CAHMBORREPS i ¢ and

regi os tive. er. viacdh ct anes  of e

formit O Ut GHITIRE cvols Pyt Sk s e sulghe oo

f ol I owi NOTSP aRichiiGitdel 336 tHlprbest RESRENESHhtioh & thWEF-

al kyl go.-ces) i ncluding, but not limted to methyl,

et hytuclegpidepared ¢t§xersa’mtgstgtuteé@ugih@qn@qs,of ¢t gempral foymula IB and IB-
ubstituted benzyl; .alternatiy IS rtof

Serbcouyas BRBoshatil ficiiia ofte e ebtsls.Bta <3 SO, suae,

tri rRidYk e f) - FRCIAEHS; I P high Bt GYShES PSR WaidElective

cyclic hexanyl group; R2, R3 are’independently

hy driogmrer, vaa theveatorss lof the(fomds)IVi.ncl udi ng, but not

l[imted to nethyl, hydroxynethyl, nethoxymnethyl,

hal onet hyl including, but not [imted to fiuoronethyl,

et hyl, propyl, optiswe I ubstituted et erg)yl

i ncluding, but not Ii to vinyl, hal q¥

(F-CH=C), optionally bstigkut ed et hnyl ri

not limted to hal oethn (F-CC), optionalTy

substituted allyl incledi Rg, but not |im¥ed+“to

hal oal I yl (FHC=CHCH 2-); R4 is independenty hydrogen,

aryl including, but not limted to phenyl, aryl alKkyl

i ncluding, but not limted to benzyl, |ower alKkyl

including, but notlimted to, methyl, ethyl, pyl .
Nu is halogen (F, Q. Br), N3, CN, NGB, \

where R is acyl incl ngi\§ut not linitedd SN
benzoyl, arylal kyl i w&nﬁ{%g\dgmt not limtedito
benzyl, |ower alkyl incltudirng, but not |imt®d to,

met hyl, ethyl, propyl, CH2R where R is hydrogen, |ower
al kyl including, but not ljmted to, nethyl, e}hyl,

lpor opyl;

Wherein the formula IB, IB-L, ITI, IV has following specifications:

R' is independently a lower alkyl (C;-Cg) including, but not limited to
methyl, ethyl, optionally substituted phenyl, optionally substituted benzyl;
alternatively R' is a part of cyclic alkylene including ethylene (-CH,CH,-), or

15 trimethylene (-CH,CH,CH,-) forming cyclic pentyl or cyclic hexanyl group;
R?, R? are independently hydrogen, a lower alkyl (C,-Cg) including, but not
limited to methyl, hydroxymethyl, methoxymethyl, halomethyl including, but
not limited to fluoromethyl, ethyl, propyl, optionally substituted ethenyl
including, but not limited to vinyl, halovinyl (F-CH=C), optionally

20 substituted ethnyl including, but not limited to haloethnyl (F-C=C),
optionally substituted allyl including, but not limited to haloallyl (FHC=CH-
CH,-);
R* is independently hydrogen, aryl including, but not limited to phenyl, aryl

alkyl including, but not limited to benzyl, lower alkyl including, but not

14



Xis S, SO, or CO and Bis a natural or nodified

nucl ei ¢ base. In one enbodinent, fornmula, IBis: lalb
wob@emsr12s R2, R3 are independently hydrogen, arP¢DWE2005/032406

al kyl (G -C6) including, but not limted to methyl,

hydr oxynet hyl , met hoxynet hyl , hal onet hyl includin

but not |limitedte, msthyl,eEbisemy Nugs h@lpgenﬁﬁoﬁwBr) 3 CN, NO;,

optional | ¥gs h d

P e 2 R A RPN bl Bl sce, byt
subst i t ut gdlaidyhin¢ludingdud dotigmitdilio beatyl) loWiet ﬂﬁyltlﬁcludmg, but not
hal oet hnyl ~( F- CC), ftlonally substituted al

i ncl udi nghmﬁ@d top Brethyl, ethyb prenyl, rféﬁid%awhyrle R xsmétqg@ru lowgr: alkyl

% is a na aﬁﬁs‘ﬁ g ggt HP]IF he present

|nvent|on as et & f W%P tocesses for
t he synt hgss sop,fsoi of OB QHAd,
2-al kyl -4, 5-di rot ect ed- 2, 3- di hydr oxy- pent anoi c- aci
d ester oBl&matmﬁ)P@mw@e@en@malbweor mul a 42B, which is
the inportant internediate in the synthesis of
anti - HCV nucl eosi des of general fornulas [I] and [I1]
( bel BWhe Wh®o@infenk fornila AB i§OPr opyl i dene, benzyl i dene
or cycl ohexylidene or a like, or a part of cyclic
group including ethylene (-CH2CH -), or tri hyl en
(- CH2CH2CH2-) forming cych®panyyf or cycl ohe
group, respectively; R and R be i ndependent
| ower al kyl OFC 1-C6, or aryl &%-czo) benzyB
ot her optionally substituted yl, trialkylsilpd, g
- butyl - di al kyl syl , -butyldlphenyIS|IyI TI PDS, THP,
MOM  MEM and ot her optional |y & her protecting groﬁps
H, acetyl, benzoyl and other optionally substituted
acylwﬁgeﬁpd R are -C(O-R wherein R can be | ower

R?, R? are independently hydrogen, a lower alkyl (C,-Cg) including, but not
limited to methyl, hydroxymethyl, methoxymethyl, halomethyl including, but
not limited to fluoromethyl, ethyl, propyl, optionally substituted ethenyl
15 including, but not limited to vinyl, halovinyl (F-CH=C), optionally
substituted ethnyl including, but not limited to haloethnyl (F-C=C),
optionally substituted allyl including, but not limited to haloallyl (FHC=CH-
CH»-); '
B is a natural or modified nucleic base.
20
The present invention as disclosed herein relates to processes for the
synthesis of a compound, 2-alkyl-4,5-di-O-protected-2,3-dihydroxy-pentanoic-acid
ester of the following general formula 42B, which is the important intermediate in
the synthesis of anti-HCV nucleosides of general formulas [I] and [II] (below).
25

15



al kyl of CG-C6 , or aryl O C6-C20, benzyl or other
optionally substituted benzyl); R, R2 are

w0 nabefsriadent | y hydrogen, aryl (C6-C 0) and a | P@EUS2005/032406
al kyl (G -C 6) including nethyl, hydroxynethyl,
met hoxynmet hyl , hal onet hyl i ngl ud| ng fl uoronet hyI
ethyl, propyl, optionally suhstit t/@éiii et henyl
i ncl udi ng vinyl, hal oviRi tionally
substituted ethnyl includi R co) |
optionally substituted allyl ¢ladli ng hal oal Iyl
(FHC=CH CH2-); and R3 is independently hydrogen, aryl
i ncl udi ng phenyl, aryl alkyl im2Buding, but not
limted to benzyl, lower alkyl (G -6) including
met hyl, ethyl, or propyl. The invention as disclosed

L1 20 SR SRR GO oo
psr epsftegelid group hehldiyg ethylene (-CH,CH»-), or trimethylene (-CH,CH,CH,-)

4,5-di - O prot ect ed- 2, 3-di hydr oxy- pent anoi c-aci d .ester
der i PERIDgEIclgpenyiEl R cyFlohexaRyl SoTRs pspectively; Bi #ndri cange

R5 C]ﬂ g‘lﬁ{zg%qp\%&dﬁﬁl gglcﬁz oya}ryﬁg Cﬁ&?@%gé&? | othd" optionally

4 chélmstﬁxbeﬁmuiyl tﬁalkblsﬂylobbmgzpyﬂalky&yl; Wborynhpmmmsilyl TIPDS, THP,
4- met hyl benzoyl , 3-net hyl benzoyl, 2-nethyl benzoyl
par yM@%?@QIOthG&ﬁHtl%‘%aﬂéleﬂ@bPW%eﬁHPg grospyrit, @9@&1 benzoyl and

yI otil %ﬁpgalﬁss&%gtgutgﬁ:(agll o(rﬁ aanr% aag? b%éﬁ)gg e\yﬁé’}%ﬁrﬁ &a?ﬁ be lower
4 rre:tllayawma@y lorand o@tjaﬁl’zo,(mhz}o oabihyr sptioshily mIbetituted benzyl);
benzyl (R3 and R5 can be independentl|y aryl

c20), trikyRe afer nnéﬁrr@yﬂ%rrtlmydrqg%mwh( mCao)kayFi;;JPWCr alkyl (C1-Co)

- but
opt i SRR TAE, o MS merrhbiy MBS ARG
[ ndeﬂmdmeﬂqw eﬂiyk)plropyﬂ dﬁtloﬁilly&)lbstﬂﬁteRBtmm 1ﬁiﬂudihg v1ny1 halovinyl

| inked through -SIR 2-O-SiR 2- or -, where
Ix af GHEP),agmynalbr%lbﬁltWéwﬂ&lyl WEIUdElg ham:eﬂqnybGF <2=Cbr0ptlonally

b L&y including haloallyl (FHC=CH-CH,-); and

R3 is independently hydrogen, aryl including phenyl, aryl alkyl including, but
not limited to benzyl, lower alkyl (C;.¢) including methyl, ethyl, or propyl.
The invention as disclosed herein also relates to processes for making
20  compounds of the following general formula 49B, which are prepared from 2-alkyl-

4,5-di-O-protected-2,3-dihydroxy-pentanoic-acid ester derivatives of general

formula [42B].
R%0 o
HsC O

RG  F
25 49B

wherein R* and R’ can be independently H, CHj3, Ac, Bz, pivaloyl, or 4-

nitrobenzoyl, 3-nitrobenzoyl, 2-nitrobenzoyl, 4-chlorobenzoyl, 3-chlorobenzoyl, 2-

16



X is halogen (F, d, Br), Yis Nor CH Z is, halogen,
OH, ORL, SH SR, NH2, NHR, or RL R2 is alkyl OC
wQa2@8/03vesayl , or ethynyl R3 and R5 can be sanmePOF/US2005/032406
different H, alkyl, aralkyl, acyl, cyclic acetal such
as 2',3 -0Oisopropylidene or 2',3-0 benzylidene, or
 Fhloybzeyc amﬁﬁb@zoms a2 o, e

i nde}agndl% nt | L R&d gﬁ]ﬁf’zg& %&&%ﬂ%{gﬁnd 12151%365&0)& R can

al kype iaflefehder.lowad £ TMU?IC (,lor afll of 8f-C,{)) bdrye B-methoxybenzyl
al kyl of %l rﬁ:@ such gg CF3 a6n CﬁZ F, 2I)ovver\'lfll kenyl

of Cmdgheswptonallycrkstithied benayb R rrad & cerbe @idepgydently aryl of Cs-

éﬁl:mecﬁﬁo?l %wé?ﬂ%l&g,ﬁ nglcf?glkgg%ywcqﬁép@c@?%i‘uﬁﬂd THP, MOM,

hal 10 T 11n n enaen

ah%ﬂl}%{%ﬁi og%rgﬁlc llly ether bR&E g\@l@a créo?rl@g%g gﬁgﬂtm?g dently
y

aBiC1-G1p), preﬂn(hRg;}Z%)}m&ﬁd through - SMSIR}@R‘—SIRz , Wherein
CF%OQ d, R
and}_%ls %Pglvelr ﬁlé(y%r?gp S?Choq%% ﬂéﬂ ar e opti onglnl y

substituted alkyl of C- C 2 (particularly when the
al kyl is an am no acid residue), cycloal kyl,
Khtionally substituted al kynyl OFC -C6, optionally
substituted | ower al keny] O C2-C6, or optionally _,
substituted acyl. Thg rgaction of the cyclic sulfiate
ester, 50 (Schenme 6) wthntetraethyl ammoni um oninde
or tetranethyl ammoni lﬁlﬁ oride 51(Scheme 6
guantitatively generate fluorinated sulfgate, NI nR?
hi ghl y st er eosPeci R®O o,

R

15

RGO X

wherein
20 X is halogen (F, Cl, Br),
Y is N or CH,
Z is, halogen, OH, OR', SH, SR, NH;,, NHR', or R’
R?is alkyl of C;-C3, vinyl, or ethynyl
R* and R® can be same or different H, alkyl, aralkyl, acyl, cyclic acetal such
25 as 2',3'-O-isopropylidene or 2',3-O-benzylidene, or 2',3'-cyclic

carbonate.

RZ, R4, R> and R® are independently H, halogen including F, Cl, Br, I, OH,
OR!, SH, SR/, N3, NH,, NHR', NR”, NHC(O)OR', lower alkyl of C;-
Cs, halogenated (F, Cl, Br, I) lower alkyl of C,-C¢ such as CF; and
30 CH,CH,F, lower alkeny! of C,-C¢ such as CH=CH,, halogenated (F,
Cl, Br, I) lower alkenyl of C,-C¢ such as CH=CHCI, CH=CHBr and
CH=CH]I, lower alkynyl of C,-C¢ such as C=CH, halogenated (F, Cl,

17



regi osel ecti ve manner. Follow ng acid catal yzed
cyclization afforded the 2'-fluoro- 2-C
WO p@blog1728)- r i bonol act one, 53 in high yield TheCpPUSRes032406
invention is based on this discovery and provides a
process for the preparation of the 2'-deoxy-2'
-substituted Brgl)dosemakynyl oBGHCE|lowersilkaxytdfeC,-Cs such as CH,OH

L%ﬂ‘czi ons Sfifa%bﬁ‘é%éiﬁb‘ii %\o&%x%t@zg“gm B, ] lower alkoxy of C;-C,
5- t et r ahydr oxye@;HREGHR REONAD CONBR! %@Nﬁv' CRSEEICO.H,

(42B), can be prepared by asymmetric di hy roxylation
(AD) or stered3é+€@HOOR'; dndyydr oxyl ati on of the Wttig

duct 41 t hout I t
Sﬁ oduct & anf‘i‘htag‘{ W%“seaggb@?%'rereﬁsv %6%8 lysg\!s(gl,tﬁt?q@lkyl of C;-
protecteq g'&mﬁémw@haﬁm ‘QFky( §Qa|ﬂeaﬂ1?1§o doid §asmu\ef;1 QY& oatkyl,

i's |ndepen ently a’l oner C6) including, but
not |im tcmﬂlondlyrmtbwutedetldyyyl ofdht('ﬂ@naﬂmr;allslstdﬂmttcd over alkenyl

henyl, optionally s ti . O RlLis a part
gf. c§c| i 6&526‘2@05 g '%Iﬂl é?‘t‘fgﬁd Z%/ CH2CH? - )I or
tri met hyl-gReeAciEhREHREnd sl Rid8shg, gycslcrs)aﬁ@sy»bnm

cycl ohexanyl group, reSpectively.
liond eipreawtieyiarhmohydr Bgeitle oa tétmrmth)daxklylbm(ufn ﬂl@ﬁ@\de 51(Scheme 6)

i ncl ud| ut not m to rox met hyl ,

met h‘B%S} i Y gerwa%#@eﬁfw nated B %ﬁ% in B\%F YT ?ﬁpﬁqlfeand

to f _
et hesE RSN C s BeNonMRI et @t iadkp® HiEHed Hear-luoro

(F- Qﬂéf;)netm/ﬂ)twrm:ibllaytoﬁukmtlnhtgthgﬁielét hnyl i ncludi ng, but

not limted to hal get hné optional ]y
substhetnigssat @vestioninbasgdon 1s SGFOW anq I?FPY‘éES g process for the

! QoL L PSR GR 00 b B0 AR B Bencions

but deeéridedmeteidl t o benzyl Iovver aI kyI (CI -IO)
including, but not limt ed eth

G2R wherlaSrit < ybi-Sheiy s SEeyl-2 &4, Steahyarosy-2-methyl-
ISnﬁlap q{aggfc R etﬂﬁtestje} {Hﬂﬁq:ah Be p%ta@é' by a@%}}ﬁlemcp IR)QM)XyIatlon

(AD) or stereoselective dihydroxylation of the Wittig product 41 with or without

20  chiral catalysts. Wittig product 41, in turn, can be prepared readily from the
protected (R) glyceraldehyde (Schemes 7, 8), where R' is independently a lower
alkyl (C,-Cs) including, but not limited to methyl, ethyl, optionally substituted
phenyl, optionally substituted benzyl. Or R' is a part of cyclic group including
ethylene (-CH,CHs;-), or trimethylene (-CH,CH,CH,-) forming cyclopentyl or

25  cyclohexanyl group, respectively. R?, R? are independently hydrogen, a lower alkyl
(C,-Cg) including, but not limited to methyl, hydroxymethyl, methoxymethyl,
halomethyl including, but not limited to fluoromethyl, ethyl, propyl, optionally
substituted ethenyl including, but not limited to vinyl, halovinyl (F-CH=C),
optionally substituted ethnyl including, but not limited to haloethnyl (F-C=C),

30  optionally substituted allyl including, but not limited to haloallyl (FHC=CH-CH,-);
and R* is acyl including, but not limited to acetyl, benzoyl, arylalkyl including but
not limited to benzyl, lower alkyl (Ci.10) including, but not limited to, methyl, ethyl,

18
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39B " B 4 1B 42B The diol (42B) can be converted to

the cyclic sulfite (Ilia) by treatnment with thionyl
wehbwrsdes (SOC 2) in presence of al kyl am ne suB@T/@s2005/032406

triethylam ne, diisopropyl ethylamne, or pyridine,
propyk CHoRrwhdneR ibbydragah, loackr alkiyh(Citib)encludidgring netdieitedio,

f&&g\ﬂaélrst group consisting O Rud 3, KMNOX4, and
mMPEYETYY PRORdmbi nati on of the first group and one of

the second group consisting ONal 04, KIO4, H &4,

nCPBA, NaOCl, and oxone. The solvent of this step is

sel ected fromone or nor 8clidmd¢ he group consi sting of
chl orof orm nethyl ene chloride, 1,2- dichloroethane,
di ethyl ether, tetrahydrofuran, benzene, and tol uene,
alone or in conbination with water. (Gao Y et al J.r
Chem Soc.r1988, 110, 7 7539, sBerridge etr
g\ _Chgm* 199 bRy TZ2T1-12 i s al S0 possi
that tfre did¥is directly conv wkte cyclic
sul fareé (Vb) by treatnment with sul faurylchloride, or R ™
sulfuryl dii m dgzole. On the other hand, the diol 42B
can®be converted to the cyclic caﬁﬁbnate(lllc) by
treatment with carbonyl diim dazole or carbonyl
di met hoxi de (Schene 8) (Chang, et al Tetrahedron Lett.
1996 Thadiol G2B) carbeyorSetiedo te cmw(sulfyte AyIn) e sieatmsht with

th b 2-d t 53B Th
iy FhIoGs FSO0EE) B SR L OB RSB UARED o ¢ ne
dﬁédyb@cﬁdyﬂ athoEmity, bR RHER, %&i‘cahhﬁenf&rmﬁed i} theehRIARts
high yield and with high regiosel ectivity and

selmevcb@elp@dmt grouycorsisting ebRn€ht KMNQy, and TEMPO or a

R A sHORIAON O OEP Berope i cosisth of Nafbl, ¢
Ki@}, rfﬁ@4,rli/lb§m 'Na@f@lfz{n'd%bg@ ’fﬂ—é-:s%'f\)ent Qf thls step is selected from
t et'rabut yl anmomi um fl uori de ( TBAF),

one or more of the group consisting of chloroform, methylene chloride, 1,2-

428

dichloroethane, diethyl ether, tetrahydrofuran, benzene, and toluene, alone or in
combination with water. (Gao Y et al J. Am. Chem. Soc. 1988, 110, 7538-7539,
Berridge et al J. Org. Chem. 1990, 55, 1211-1217). It is also possible that the diol is
directly converted to the cyclic sulfate (Vb) by treatment with sulfurylchloride, or
sulfuryl diimidazole. On the other hand, the diol 42B can be converted to the cyclic
carbonate(IIlc) by treatment with carbonyl diimidazole or carbonyl dimethoxide

(Scheme 8) (Chang, et al Tetrahedron Lett. 1996, 37, 3219-3222).
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25

tris(dinmehtylam no)sul fur (trinmethylsilyl)difiuoride
(TAS-F) (Fuentes J, et al Tetrahedron lett. 1998, 39,

WG 2618/03132) in a protic polar solvent such as BCERUSINNG5/032406

tetrahydrofuran, iV.TV-dinethylformam de, or

acetonitrile (Schene 9).ScMahaB fl uorides such as

silver fluoride (AgF), potassiumfluoride (KF), cesium

fluoride (CsF), or rubidiumfluoride (RbF), can be

uged al one or with catal ytd'c anount of
gletraal kyl ammoni um f | u@rd
ol yet iy ene gli2&n®e or se tr
oKl fate (Hl b)
sul fates of theftoriftl a 51B by
w th DsBH4, aal kyl anmoni um,ghl ori de,

t et ragl kyl anmoni brom de, NaN3 or Li N3 HACR,
NI—MSCELO(I@ESI t et r aki

| met hybgan yl ene ( TDAE),
angl tetraal kyl ammoni um ni oet al J. Am
R%E@ Sec, 1988, 110, 7538-7538Y2 KON, Li Cu(R)2 where
' |, ethyl, ethylenyl, or ethnyl. Simlarly,
Rtite (Hla) can be converted to the
substr’tit ed ester 52B (Chang et al. Tetrahedron Lett.
1996, 3k, 3219-3222). Then conpounds of the formula
51B and 52B can be converted to the substituted
| act onesof the fornula 53B by treatnent with an acid
(i) Syh@Esis oftlé sibsgtuwed drdeoxy-dl-vibnno-ydatonesSiBt hanol ,

?ngfgéﬁé{%l}ﬁﬁ %@EQJ&I@ emféS]l {]ﬁﬂg}%rcg}{k%eg%bthe%onnated sulfate
esﬂePG {4e 'f&gnulzp l5t1 BN8EhdmdM)t ﬁﬁné}??qréﬁf il wighiidh 9&@169%16'351{'1 dy

oxymet hyl", hal omethyl 1 Rcluding, but not limte
antl etefdoumo«ﬁmtth tregolayt w1t1p teupylkylaomqrmnn flugrideinsiuding: bet

Bl Lo bt P Bl
fufdPle kTmfg e@raﬁﬁ\&ﬁmluﬁﬁ’l&%e (PBRAFORRI |y

substitutéd all i ncl udi n but not Iimted to

mh(aimaitylymn(meanaﬁmgmymﬂusnha(wg%ﬁ) (Fyent J, &) ,

T qtrﬂ@chN 1 degt- 1998 3% 714%N715%an ar protlc po ar $0 vel?lt 'such as%lcetone

tetrahydrofuran, N, N-dimethylformamide, or acetonitrile (Scheme 9). Metal

fluorides such as silver fluoride (AgF), potassium fluoride (KF), cesium fluoride
(CsF), or rubidium fluoride (RbF), can be used alone or with catalytic amount of
tetraalkylammonium fluoride, crown-ether, diglyme, or polyethylene glycol, or other
phase transfer catalyst.

The cyclic sulfate (IIIb) can be converted to other 2-substituted sulfates of
the formula 51B by treatment with NaBH4, tetraalkylammonium chloride,
tetraalkylammonium bromide, NaN3 or LiN3, NH,OR, NH4SCN, CF;l-
tetrakis(dimethylamino)-ethylene (TDAE), and tetraalkylammonium nitrate (Gao et
al J. Am. Chem. Soc. 1988, 110, 7538-7539), KCN, LiCu(R)2 where R is methyl,
ethyl, ethylenyl, or ethnyl. Similarly, the cyclicsulfite (IIIa) can be converted to the
substituted ester 52B (Chang et al. Tetrahedron Lett. 1996, 37, 3219-3222). Then

compounds of the formula 51B and 52B can be converted to the substituted lactones

20



but not limted to acetyl, benzoyl, arylalkyl
including but not limted to benzyl, |ower alkyl (G

weo b@y/0817es udi ng, but not limted to nethyl, etbPgl/sS2005/032406
propyl, CH2R where R is hydrogen, |ower alkyl (Ci-10)
includin?, but not limted to nethyl, ethyl, propyl.
Scheafghgforinply 5@?5*»( freatmentiyeitharoacid i zD-gentaining organic solvent
D-ri bono n be selectively
or ots&g? 8%%\?1 8 gthano:f or a?&o&%

propriate pro?ectlon agents to the 5-

pr ot ect e%'F@ﬁh@lﬁ@SB@Rz tHrels ﬁmeﬁbﬂdan@,zﬁydmgdﬁ &lbwer alkyl (C;-Ce)
appropri ate base in an ap Brlate sol vent. The
pr otigeluding, lgut@gbhmﬁed @d@g b hydrpxymeshyl, mgihospmetbyk halomethyl

ISO lb lulfolVYngI%E %Jy 11IFllt%(P {'Iqb elhozrlo ngt)&(lhly | ?\P{ v %rdpgé r?ggolilally substituted
t ol Ugldnyl ﬂicﬂlldﬁ@/ butbﬁiﬂ nfNled t@vmz@ halo@ilhyl‘l(-lmCHEGP esptionally
2-, 3-, or 4-chlorobenzoyl, er substituted benzoyl.

The syastéutied@tmab@cluldmg, bt nobtimitedric kedoatianyd fie-C=C), optionally

foll I
0 s a5 By e Bof ke i stosiyHEHC=CH-CRo). Nuis
di i sipggRRYFatin Bbamﬂ@N ﬂ:oé} @'&?S@N‘ ORCHNR &n&kwﬁtaemncmdmg,

The solvent’ i nclUdes, is nhot imted %o t he
IfOOI Ilwmnghmpgd fodica], bdnzdyll ardatsylhiaclading bhonawfliorited to benzyl, lower

Al kAL iof Jrengie, phads Rt sato Bl T g ylr CHaR pbgre R is
W4 I RGP\ S (2 S5 ShAMAGTL ootk o8 ARGy

base “in ‘an appropriate sol ven The protecting group
(R5, R6) includes, but is not limted to the
fol | ow ng: nEthoxynethyI §??¥$thyl
benzyl oxynet hyl , et hoxymet hyl Coy1, triethylsilyl,
tsbut yl di met hyl si lyl, t-butyldi phenylsilyl, acyl
|nclud|ng acetyl, pivaloyl, benzoyl tol uoyl, 4-phenyl
benzo1IR 2-, 3-, or 4-nitrobeizoyl, 2-, 3-, or
ot heM* dubB 4 adjbénzoyl The base

i ncl ud@. ' ae limte mnng list:
i m dazol e 2 Ne, 4- (dlnet yI di ng,
. 'RA ' 0
triethytlam ne® éﬁk Bk
b solvent
R1
R13LO R3p M* Nu" R17ZO Nu, R3
R4 O. 4
\/)\?%i:tgcb \/)\2{>i\cch
R R2 OH
llla 528

(iii) The protection of the D-ribono-y-latone, S3B
53B can be selectively protected with appropriate protection agents to the 5-
20  protected lactones of the formula 53C with an appropriate base in an appropriate
solvent. The protecting group includes, but is not limited to the following: trityl, t-
butyldimethylsilyl, t-butyldiphenylsilyl, benzyloxymethyl, benzoyl, toluoyl, 4-phenyl
benzoyl, 2-, 3-, or 4-nitrobenzoyl, 2-, 3-, or 4-chlorobenzoyl, other substituted
benzoyl. The base includes, but is not limited to the following: imidazole, pyridine,

25  4-(dimethylamino)pyridine, triethytlamine, diisopropylethylamine, 1,4-
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di i sopropyl et hyl am ne, |, 4-di azabicycl o[ 2, 2, 2] oct ane.
The solvent includes, but is not limted to pyridine,
waole@iklosr7esret hane, chl oroform 1, 2-di chl or oet haP@T/US2005/032406

tetrahydrofuran (Schene 10).(iv) Conplexation directed
b-gl ycosylati on Scheme 10a 54-ii Coupling of
2- dsha@ﬁbayﬂb[zo} a]rczct@méim;sblvpmboclud@snbstu islpot(l5ditedNg-the following:
R3=Me, . R5= p| val )
V- beigie e BBraraethae) sttt s efiOraettine Agrabysipfuren
trifluoronethanesul fonate (TMSOIf) in CHCO 3 gave a
m xture of a/b- anoners with a ratio of 2/1 in favor
of a-isonmer. However, b-anonéchenesl®bt ai ned as nmaj or
Eroduct (a/lb =1/4.9) in the sane reaction catal yzed

y SnC 4 under simlar conditions. Possible nechani sns

are pro in Scheme 10A ( nd R6 are QOpr ot @b+
groups thagc be acyl or silyl | kyl or aral I%
with Cl- 2893—Rr eafment of 54 Flylated

L"- benzoyl d@thsi ne in the pres enof TMSOTT i n Nu
formed an oxgg uminternmediate 54;i. Silylated base ,4g
could attack 54-Nfrom up-side to gﬁve b- anoner B or
frombottomto pro se of

st er eohi nderance at up-side caused by 2- rret hyl group,
silylated base attacked internediate 54-i mainly from
bot t om (| Akenativetye divilactenesBB cabd)e fully pfdtentell witrapgiropmeate
of a/b-anonmers with a ratio of 2/1 in favor

a- ariSREFLOTpgents Wikheal 3pprIPTIC e i) %Ihap@rmaé& Spent. The protecting
g ?’B@?&x )Olﬁ&l'ﬂ&%s' E‘uttlg]ﬁotmhﬁ&ﬂ%q}fl@follm metlﬁ)xymethyl

conplr e ormed 1 nst 0X0n|

Si | ymbthdx)ke%h}ﬂ),dmmglbwmaﬂsylnﬁh@twmlk;éﬁn@d tmet}ﬂytsdm t-
| essst er.eohj nd m xtur

al b, wﬁ@@eghwl&ieéwﬂmbe@@sﬂy} Soyiindludihs aEH T, kalgne benzoyl,
thgpt? g,uaih%ﬁgg%ﬁz % hﬁl%b@ﬁ 2?@ ed érapétﬁ&%béﬁzoyl other

reduced wi'th DI BAL-
[ i t hdubsnitiited -beszoyl. b’Dlhd)b@salimmdesl,r’nuh}sd‘rat tmited to the followmg hst

15  imidazole, pyridine, 4-(dimethylamino)pyridine, triethytlamine,

diisopropylethylamine, 1,4-diazabicyclo[2,2,2]octane. The solvent includes, but is
not limited to pyridine, dichloromethane, chloroform, 1,2-dichloroethane,

tetrahydrofuran (Scheme 10).
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and ot her hydride reducing agent to the lactol, which

can then converted either to the acylate by acylation
weonreds/acys hal i de, or acyl anhydride, in presenCEUSL005032406

appropriate base in an appropriate solvent. Acyl

hal i de or acyl anhydride includes, but is not limted

to t(® Complesatign|diecteddglycesytatiomr i de, optional ly

substituted benzoyl chloride, jaceti¢ anhydri de,

optionally substituted benzoyﬁﬁ% ﬁh The base

i ncludes, but is not limted to the follomﬁng:

i m dazol e, pyridine, 4-(dinmethylam no)pyridine,

triethytlam ne, diisopropylethylamne, 1,4-

di azabi cycl o[ 2, 2, 2] oct ane. The sol vent includes, but

is not limted to the following listy pyridine, s

di chl or onet hane, chloroform 1, 2-dicf)l oroet hane, +C

t et rahydrofuran. (v) Synthesﬁs off o h t*nyclegsrﬂes, are

I B-L The processes for the D ser e Qf t bgueh ormul a |

Bz—NH

and |1 ®amhe used fof"s@if eparati gn of '\t hevas (minor)
L- nucl eosi the,iﬁrﬁﬁPa, | BOL % r omthe
(S)-glycera des (Schenme 11). S$ghene 11 S?\ps St

d hyde 42-L 1 B-L (vi) Synthesis of 04i>N
2- al kyl - 4, 5-sdi - 0- prot ect ed-2, 3-di hydroxy- pentanoic -
acid ng&ﬁgggxmgtme nost preferable procedure for thg
SynthGShSwQﬁm&UC eosides of general structures | andmajon

Il is the preparation o deri vati ve s@edt he
2- deoxy- 2- fl uoro- 2- G- met hyl - ri bof'Ur &fosyl noiety of
| and Il as shown in Schene 4, me 5 and Schene 6,

above through (i) synthesis of t
derivatives of 2-alkyl-4,5-
di - O protected-2, 3- dlhydroxy pe jc-acid ester of
gener al structure I, (ii)conversi of 42B into the
3, 5-protected 2-deoxy-2-f|uoro-Z-QHmEthyI-D-ribono- g-

‘ﬁnternediate, bo e form

s ,- major

Coupling of 2-deoxy-2-fluoro-2-C-methyl-ribofuranoside (54: Nu=F,
R3=Me, R’=R®=pivaloyl) with silylated N*-benzoylcytosine in the presence of
trimethylsilyl trifluoromethanesulfonate (TMSOTY) in CHCl; gave a mixture of o/p-
anomers with a ratio of 2/1 in favor of a-isomer. However, B-anomer was obtained
10  as major product (o/p = 1/4.9) in the same reaction catalyzed by SnCl, under similar
conditions. Possible mechanisms are proposed in Scheme 10A (R’ and R® are O-
protecting groups that can be acyl or silyl or alkyl or aralkyl with C,_39). Treatment
of 54 with silylated N*-benzoylcytosine in the presence of TMSOTf in CHCl;
formed an oxonium intermediate 54-i. Silylated base could attack 54-1 from up-side
15  to give B-anomer 55B or from bottom to provide a-anomer S5B-alpha. Because of
stereohinderance at up-side caused by 2-methyl group, silylated base attacked
intermediate 54-i mainly from bottom (less stereohindered side) to afford a mixture
of a/B-anomers with a ratio of 2/1 in favor of a-anomer. While treatment of 54 with
silylated N*-benzoylcytosine in the presence of SnCls , a complex 54-ii was formed

20 instead of oxonium 54-i. Silyated N*-benzoylcytosine attacked 54-ii from less
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| at one of general structure 49B, and (iii) conversion

of 49B into purine and pyrim di ne nucl eosi des of
w@eotsnal72structures of | and Il. The key step POT/Bstome32406

4 is the stereosel ective osm um catal yzed

st dexy! @tgl@@too%v@al RildtleSriont %ﬁ@iﬁ@ﬂs%& &fatib BE @/5413 fhdr

the presence of e expensi ve Sharpless AD catal yst.

of Bsineadr.of the Sharpl ess catalyst, if other chiral

compounds such as L-quinidine are used, the reaction

al so Cguapouadsdca he ’@1@@‘? figmitheprptasteddactane ofithe farmyla, 498,
A aR b pICHR N AL 03 g b

5  ak@bdles hydrideaedmjgy agenitto siee latol, edidH n thaiddhvetgiwithento the
the face of the olefinic bond opposite to that of the

%Ylé@%y%ylﬁﬁ(’fhy&h agylihalide, gr peyk pnhyglridayin presengesH éa appropriate

a5 BBpr A soft R e PR B SR E ST, Bl it
lﬁrﬂfeﬂ to tlfbefol’[awﬁfg 13e:edetid chisridegoptionallp sehistitudetl hz&H Q%lorlde
fromthe anti side of the oxygen on the neighboring

ageticomdinde aptiaally sphetiinted bepzeyl @phydridet |T\hr~1b9sei 1§Clﬁ‘é€ts but is
10 n'ai gﬁétafi‘i’ou&gf&?%ﬂg%%ﬁ%gv ét Qe(%irﬁ?ﬁgglilg%eé%dﬁ?et_l 0

tﬁetﬁytlaﬁhlﬁe Fdli@oﬁapylethﬂaﬁﬂnel 1 4X diazabldybipPA,2,2 Bidjane RAh¢ solvent
= acetoni de6_Encour aged by

“Péil%?ls @tmn@ hrWﬁdéH tf&r@E@Wt@ lishayndine dicklpemaiearest ry
chi%réf‘ahﬁui 34 ?&1&8etﬁ£4 teﬂgwg%}-&rhe preferential

proach”’ o osm um 0 occur on the face of
the ol ef m ¢ bond opposite to that of the preexisting

Eﬁ%droxyl or. al koxyl grou& di hydr oxyl ati ons of 41
15 (¥h&¥nthiepis of thet-maicleodfles. dBdns but wit hout any chiral

The processes for the D-series of the formula I and II can be used for
preparation of the L-nucleosides of the formula, IB-L from the (S)-glyceraldehydes
(Scheme 11).

20 Scheme 11

R Steps R Steps

R2 - Nu OH

S)glyceraldehyde
(Sraly y [B-L

42-L

(vi) Synthesis of 2-alkyl-4,5-di-O-protected-2, 3-dihydroxy-pentanoic acid
Currently, the most preferable procedure for the synthesis of nucleosides of
25  general structures I and II is the preparation of a derivative of the 2-deoxy-2-fluoro-
2-C-methyl-D-ribofuranosyl moiety of I and II as shown in Scheme 4, Scheme 5 and
Scheme 6, above through (i) synthesis of the intermediate, derivatives of 2-alkyl-4,5-
di-O-protected-2,3-dihydroxy-pentanoic-acid ester of general structure I, (ii)
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catal ysts, including Sharpless AD catal yst, were
conduct ed. Di hydroxyl ation of 41 using
wEe@kas by 6/ K2OsO2( OH) 4/ K2CO3 system wi t hout chCT/@K2005/032406
catal ysts gives the product in 77%yield, which
product is a 5:1 mxture of isoners with the
pr e domyversion of $3Bantoliks B}Q-nrhtectdégtdeew -3Aluothe- G.mdml-@qnbono ¥-

f olefin .41 w
N onptee oRaF st ool ARt (1) FodotmiAdh emrpsend
gav &, dimidihe 'HuélteH&@esQﬂ‘f ghrer@Ndrubfudes cTQFRA 11 nl“l?&c/ég%'te? ifl Scheme 4 is

Most  'surprisingly, when tbutyl hydroperoxide (
us edthasteeoseleaitveiosmivne cgrlyzehdibydrbxdatial qﬁald'lracmmmnedfate 41

. |n acef one and ni um ac e buffer (the
Peag@it %161 ¢ FRBSTISR OpiRe ¢ eesg%rb?weé%@ﬂée%?@ﬁ alygt. #Stead of the
al d'g %%Eﬁqyﬂﬁe%% @uﬁﬁ?s&g as X 1n1m%'£}de used, the

1982 e crystalline product so
t he neacrttdmaildoygopm sreoctab/ gieitg 4l deIhecS42)rK£shd¢trae hase proposed that in
therefore far superio 0 the OsQ4ZNMO and Fe

et h98: dihydrowylade %frallyﬁa pleohqlleriypives featess, @th%%gqeéals or ketals),

for ”‘Ef‘lg n?ﬁcﬁj cldﬁfsé o %’ﬁg@é&?ﬁbﬁld o%@dr%%etﬂe ke §f %’e%‘leﬁinqc b(%}ﬁl ogposue to

conta er isomer was detect

10 odthat oflilte ynegnsm@hﬁh-bﬂym alkevkyf gecp, (Tetiabedtonh Leﬂx,rlm 24,
that in GsO4 oxidation the internediate i s cyc

osmat¥3V Perar shymRles e ghVn I hews LA{Astrahsdion, Lett1 4%, 24, 3947).
522, In7e§/)e% c%es tlg JHX ?%h@tta'r ff&; Q&cﬁﬁ%ﬂ‘éf %(24%0m the anti side of

pot assi u pefnan I'n a ne ne

Knowe foRygetlont the ﬁﬂgﬁbdﬂﬂg&eédﬂdbﬂy@@hna b webi, seoroseldctivity is not
Chem . Soc, 1925, 127, 1628), and this reaction appears

to phigkenerehrpopigparalivgnifiesigst er Vi. Thus attenpts at

per manganat e di hydroxyl ati on have been perforned.

Previ ous reports have indicated that pernmanganate

di hydroxyl ation of olefins in acid or neutral

condi ti ons causes over-oxidation of the initial diol
products wi th concom tant production of ketones and
carboxylates. Only in alkaline conditions
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further oxidation of the diol products can be

decel erated. As 41 is a carboxylic ester the reaction
waamaes1iRe done in aqueous al kali. Hazra et al PCTAWS2005/032406

Chem Soc. Perkin Trans. |, 1994, 1667) descri bes

successful dihydroxylation of highly substituted

olefins to the correspondi ngSdhahsldisi ng

tetradecyl trinethyl ammoni umyper manganate (TDTAP) in a

m xture of -ByOH, dichl or,@sr?gh ne gnd water in the 9" §"

presepge of &/ J7egyiyal ent of KOH ASApplicati OﬂoMWcoza

nmet hod to dj oxyl ati on of~4T~ye ojn rapid &, 4,

formation (Wethin 10 m nutes at tenperature) of a

mxture of 42 and its diastereon®f in an 8:1 ratio. ...

whi ch i sreieseffat ed in 71% yi el dReigxtisefat i on occurs HUCH r o e

faster in sinmlar reactions wthout KOH but the yield

of 42 is not inproved. Mikaiyama et al. (Chem Lett.,

1983, 173) dP9¥tfrosed di hydroxyl #4'8h of olefins wit

KVhO4 PithaeP- .GAMEE et hePhHiGR-.di“shl-SfHathet han&atO

400C. Attenpts| at  di hydroxyl ation |of 41 under

Muk aimeaies-s ~oOM¥FT i ons but” at

t enper at ur esof f a 6:1 mxture of

di astereonmer in 50%yield at -400C and the sane

mxture in 94%ay OgPL 1Q0C. Surpgrsiingly, in

contrast to the teagching of the pri f art which Me

di scl oses that oxidayion of a douBfe\gond with KMhO4 O"/

proceeds via diol whekein the resultant diol is

r api ey 19gxi=giPpaf urt her wi t Reoert4+1t he presence ofRapayie,

di ol 42 was found to be isol abl e when the

corresponding 41 is treated with KVMhO4 wi t hout added

al kali and crown ether. In pure -butganol, oxidation

does not proceed even at roomgd enperpture conditions

for two days. Addition ofmHwat e mxture ,

promot es the reaction._ |t_i S foundokhake t HE®Abt e~ hate?

in the reacti#fedia the faster the reactjgn, PLRGEES, ce

with poor selectivity 6542 production; the | ess water

the slower the reacti df bu¥e i nproved sel ectivity hi

any case, the yield is rather poor due to further

oxi dation. Mst surprisingly, and in contradiction to

t he pri or Earduraged bpKishi's ndé, wiiichmptelents that the stereochemistry is

PhH,CO.

5  formulated as arising from the preferential approach of osmium tetroxide to occur on
the face of the olefinic bond opposite to that of the preexisting hydroxyl or alkoxyl
group, dihydroxylations of 41 under the original conditions but without any chiral
catalysts, including Sharpless AD catalyst, were conducted. Dihydroxylation of 41
using KesFe(CN)¢/K,0s0,(OH)4/K,COj5 system without chiral catalysts gives the

10 product in 77% yield, which product is a 5:1 mixture of isomers with the
predominant isomer being the desired 42. The reaction of olefin 41 with OsO, using
N-methylmorpholine N-oxide (NMO) as the oxidant without chiral catalysts gave a
5:1 mixture of 42 and its isomer in 79% yield. Most surprisingly, when t-
butylhydroperoxide (TBHP) is used as oxidant in the presence of catalytic amount of

15  OsO; in acetone and ammonium acetate as buffer (the reagent combination was used

in the synthesis of alditols by Masamune and Sharpless (J. Org. Chem, 1982, 47,
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KM1O4 in acetone is found to give a 10:1 mxture in
guantitative yield, the desired 42 being the major

w@omposrt . The stereoselectivity is found to PET/US2005/032406
i mproved by performng the reaction in a m xture of

acetone and pyridine. The fol | ow ng Exanpl es are set
f or t 730, Bleckrystalline Rradut ssokated is gheovirtudlly pure desiied42. This

|T2It 2;}%? qu[ 'eolrs] ttk'éesretgpe fa{ thpﬁggr t((j) the Os@ﬂgﬂvﬁﬂ %ﬁi??@ﬁ\bg expethods At 10

for tlhmomartsbﬁe Gh@dié¥eredMiot B2 fsoﬂohﬁc\iﬂ é)lwsﬂ%fl}t @hd 1sﬁ§iﬁ&f%’& E%7% yield.
EXAMPLE 1 (28 3R 4R)-4, 5-Oisopropylidene-2

3 O Nocoutagpinagion By mesnlmtlmﬁy alved dytepteden thyd mredlm byivigorous 'H

dw§b$%ﬁdester (H'b, RL = CH3, R2 =H R3 CH3) To
(2S, 3R, 4R) -4, 5- C>isopropy|idene 2, 3,

4, 5-tet rl@lihyﬂélpkﬂov%r thaﬁhfwdo4nﬁmaﬁ6ﬂlt& laféhqe(ﬁhtlayé cﬁﬁtz 8Emate V
(RL = CH3, R2 = CH3) mol ) in
an hy@ﬁbué (ﬁG@WI élﬁélge Hmr%mn (kﬂ}6ng§2 Géhtcax ﬁlillmsgiroxylatlon of

trieth ) add d at 0C. t.hi .
chl ortPis Ph Befifir pBmas bR i B i s B gy for quite
The doasdtihé (BobifRatah@ RoBinkéMECRES. Sdl r1oesl 2y, (4338, cahd this
10 min, diluted with cold ether (100 nL), washed Wi th

Mat eteagtBm appeas 12>)pramd rriongh ¢ eFligtester Y], Tbms Agmpits H
sodi um sul f a e c%nc trgtt ed t e a residue
P O TR BBt Gaftd s o

(HI was di ssol ved
in acetonitrile-tetrachl oronethane (10: 10 nL). To the

obt ai ned sol ution was added at room tenperature sodi um

periodate (2.58 g, 12. (& ), rut h@nMEO-rlchl oride
(16 nmg, 0.077 mol), an ter (14 niy sequently

The resulting reacti onn xt e was irr room
tenperature for 10 m n, )eiKut ed et he 00 m_), washed
wth water (50 nL x 2),/ sathrated sodi um\bi carbonat e

solution (50 nmL x 2), an¥ brine (50 mVk 2), dried
wi th sodium sul fate, concentrated, and coevaporat ed
with toluene (30 nL x 3) to a syrupy residue, the

sul fate HbRy{ofs fpofts have indicated that permanganate dihydroxylation of olefins
in acid or neutral conditions causes over-oxidation of the initial diol products with
concomitant production of ketones and carboxylates. Only in alkaline conditions
further oxidation of the diol products can be decelerated. As 41 is a carboxylic ester
the reaction cannot be done in aqueous alkali. Hazra et al. (J. Chem. Soc. Perkin

20  Trans. I, 1994, 1667) describes successful dihydroxylation of highly substituted
olefins to the corresponding diols using tetradecyltrimethylammonium permanganate
(TDTAP) in a mixture of --BuOH, dichloromethane and water in the presence of 0.1
equivalent of KOH. Application of this method to dihydroxylation of 41 results in
rapid formation (within 10 minutes at room temperature) of a mixture of 42 and its

25  diastereomer in an 8:1 ratio, which is isolated in 71% yield. Oxidation occurs much
faster in similar reactions without KOH, but the yield of 42 is not improved.

Mukaiyama et al. (Chem. Lett., 1983, 173) disclosed dihydroxylation of

olefins with KMnOQy and 18-crown-6 ether in dichloromethane at —40°C. Attempts

at dihydroxylation of 41 under Mukaiyama's conditions but at different temperatures
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89% which was used for the next reaction w thout
further purification. 1H NWVR (CDC 3) d (ppm 5.04 (d,

WO R)06d3:729. 6 Hz, H 3), 4.37 (m |IH H4), 4.29p¢TUSDBE/032406
J =7.6 Hz, CH2CH3), 4.17 (dd, IH J = 5.6, 96Hz
H—5)405(dd IH J =3.2, 9.6 Hz, H5"), é
3H, GHfr2)6;1 muggre(q:f 4231d itg digsterepm)er i 508% yqqld a13+40° and the same

6f ?;'Z&ixtlggnm yle%'g\!\/—PllOECZ Tet r abut yl ammoni wn sal t
0

4R) - 2-f | USH ﬁn@ly@nb&ﬁ’ﬂ%s@ﬂ%hb eabking offBlehor 8f art which discloses
sul f ooxy-3 4 5-1 droxycgwnt anoi ¢ acid ethyl ester
Jot

(5l Bhatmudatlgnwf a@dpuble po itk KOs prgceeds viddiol wherein the resultant

§Lle1t‘é$§l§|fﬁ%) ?1? 85*&%33&5 etrgm %%thggreagﬁ%% ﬁ}:qgﬁnjl ﬂi was found to be
anhydsiasie wih R dilrdﬂ& 4¥as trastde diRtK 0, without added alkali and

t et rabutyl ammoni um fluori'de (IMin tetrahydrofuran,
dri egown temenAInnmreeblhtamolsmmdaw)l deopotipseceod evenbat moam temperature

There ul ti reactio rred at or .

20° icndtions Fitaro 5 Aaig ot S e b monts ffgeaction. 1t
(I M ik RorfrRitth AN S mBFdAv &8s indhd f%dctmnt HedtAHEDh&6Mh8 Feaction proceeds
sieves, 3 nL) was added, and then the reaction m xture

Mas with poerelectiGy 612 mochmups,, the tess weten tderslovadralk reagtebn but

o grpeoye seirettPOdi amyiea oyl B rang Boobgiep ghg oxidation
ng, 38% . MmbH %sﬁ%@jagﬁ 1rijco(nﬁ'ﬁﬂi):tlén @)Gthé gﬁor ArH’treﬂtment of 41 with

9.6, 25.6
|+ 4)KM41(1aon adkIQR 1$ fonnd4®1g1v|era510 mmamm gu&tamn(erwel&kﬂhe desired

1 SO PRI A PEPORE iRy BieTepselset iy (niyines b raipved by
G ’pel'fo%?ﬁrf]%tgé re(a@ﬂior?i'ﬁ‘_a BRAE B acetdrld a}ld% (idin@: 96 (T,
12H,” J = 6.8 Method 2 t

. To a solution o he cyclic
sul f at e |Hie {oll8@ingExain& anersdt Yortntoaadhyrdarourslerstanding of the

tetrahydrof yran was added at OC tetrab | ammoni um o
f | uofVef8of mhﬂsrﬁet:%?f} ’QWHW?@W ﬁ’fL r{{l%/ofga inferppeted to, limit in
HF- DYy Wiy e inertiSFdet BrBPWREI MR wic ¥ dltow! tREreafter.

20 EXAMPLES

EXAMPLE 1
(2S, 3R, 4R)-4,5-O-isopropylidene-2,3-O-sulfuryl-2,3,4, 5-tetrahydroxy-2-methyl-
pentanoic acid ethyl ester (Illb, R' = CH;, R* = H, R* = CH3)

25 To a solution of (2S, 3R, 4R)-4,5-O-isopropylidene-2, 3, 4, 5-tetrahydroxy-2-
methyl-pentanoic acid ethyl ester (R' = CHs, R* =H, R? = CH3) (2.0 g, 8.06 mmol)
in anhydrous methylene chloride (40 mL) containing triethyl amine (3.4 mL) was
added at 0°C thionyl chloride (0.88 mL, 12.08 mmol) dropwise over 10 min. The
resulting reaction mixture was stirred at 0°C for 10 min, diluted with cold ether (100

30 mlL), washed with water (50 mL x 2) and brine (50 mL x 2), dried with sodium
sulfate, and concentrated to give a residue (Illa, R'= CHa, R?2=H, R}= CH3;) which
was dissolved in acetonitrile-tetrachloromethane (10: 10 mL). To the obtained

solution was added at room temperature sodium periodate (2.58 g, 12.06 mmol),
28



resulting reaction mxture was stirred for 39 hours,
concentrated, and purified bysilica gel colum
wae beoswai7egyr aphy (CH2A 2: MeCH = 10: 1) to the flpoT/UsREDEN2406
sulfate as a syrup (280 ng, 39% . EXAMPLE 3
2- Deoxy-2-fluoro-2-C nethyl-D-ri bono- g-|atone (53B,
R2 ::cheaaxnm&hlqmle:el:t) mg, B0%T mmeolpfand maten (bl svdfsequently The
i fiuoroace

(0. SERSTE BAE B 7o A 2RRP PO ALES o140 R Wilted eer
heat@do %{ ngaéﬁeﬁ WithlwieNBUMSL x 3D, setusleddiug bitétbonate solution

acet ate ( , washed with water (10 nL) and
sat upameld xs%,dandrhnm € bbrradledred with sedigmGuifhte, CGnh@ltrated and co-

ueousl wi th NaCl ad xtr
v apapfelstul B L AL il R .o o
was  ghjol, Pehith s B86H foMtrUlek AleBotionl WitiRfue ﬁlrth'éf]gunﬁcatlon 'H NMR
concentrated to give a residue, which was purified b

y
si | i @D@e) 5 erpm)rirD4c(ds dHI o GréckinyH-Bhebdihes,: 181, i:4), 4.29 (q, 2H, T =

=1 0 1
Zéif?eiizegy@éﬁéﬁéti?@dwﬁ T 6 Fa el BT o oIt 132, 96 1,
g'\/&ﬁ%@% 8;3_?:; “@8) @3@% H&ij{ ¢ 22(‘%)6‘[ (3§ ({3 3HZ 41%1?12 'CH,CH,),
B)981(3ﬁ@h;|3H|,(€_3)2©) 7.2, 8.0, 23 2 Hz, H3), 3.78 (ddd,

IH J =2.0, 5.2, 12.8 Hz, H5), 3.55 (ddd, IH, J 4.4,
5.6, 12.4 Hz, H5), 1.48 (d, 3H J = 24 Hz, CH3-2);

13C NWR (cDd 3) d (ppm) 17 )gM(g;LElz_ 21.2 Hz, C1),

92.5 (d, J = 177.5 Hz, C-2), 83.37° (¢ 4), 70.2 (d, J =

15. 9T éz‘mbu@‘l@)zmoiilgnﬂa(t@ BIR, 325'7411) IfAuorb-4 525 isdprdpylidene-2-methyl-3-
-C—

,5- Dfu}e@@éﬁfow;‘zéﬁ?éwt@om%%thz’ S IR 5 Fﬁ@o’ﬁo H R =

g;l atone (49B, R2 ez R3-= %=t3§ab‘utﬁémn5§zun§z =
F) The conpound of Exarrpl e '3 (60 ny,

di ssol vedMiethodrih{dracakitioy i thersalfgte I[I‘vriﬁj)rraEmbrmﬁz 63(628 mg, 2.02

chl orrnimcz) igl anl%ycl%&s t\(levt?ghy%lq q'uran W-g; %.d(rieedsal'tI 'oté te%abutylammomum fluoride
(1M in tetrahydrofuran, dried with 4A molecular sieves) dropwise over 5 min. The
resulting reaction mixture was stirred at 0°C for 20 min, another 2 m L of

20 tetrabutylammonium fluoride (1M in tetrahydrofuran, dried with 4A molecular
sieves, 3 mL) was added, and then the reaction mixture was stirred at 0°C for 2
hours, then concentrated, and purified by silica gel column chromatography (EtOAc)
to give to the fluorinated sulfate, as a syrup (350 mg, 38%). 'H NMR (CDCls) &
(ppm) 4.66 (dd, 1H, J = 9.6, 25.6 Hz, H-3), 4.48 (dd, 1H, J = 5.2, 8.8 Hz, H-4), 4.20,

25  4.07 (2m, 4H, H-5, OCH,CHs), 3.21 (m, 8H, N(CH,CH,CH,CHs)y), 1.69 (d, 3H, ] =
22.4 Hz, CH3-2), 1.59 (m, 8H, N(CH,CH,CH,CH3),), 1.39 (m, 8H,
CH,CH,CH,CHj3)4), 1.27-1.25 (m, 9H, OCH,CHj, (CH3),C), 0.96 (t, 12H, ] = 6.8
Hz, CH,CH,CH,;CH3)a.

30 Method 2: To a solution of the cyclic sulfate IIIb (480 mg, 1.55 mmol) in
anhydrous tetrahydrofuran was added at 0°C tetrabutylammonium fluoride (1M in
tetrahydrofuran, neutralized with HF-pyridine, 3.1 mL) dropwise over 5 min. The

resulting reaction mixture was stirred for 39 hours, concentrated, and purified by
29



reaction mxture was stirred at roomtenperature for

20 mn, water added ( 1 nL), stirred for 20 m n,
waldoaoad2si t h et hyl acetate (5 nlL), washed w t PCTVEHEZ05/032406

(2 m) and IMHA (2 nL x 3), and dried with sodi um

sulfate. Upon filtration and concentration, the

r esidlika gehsolpumnichiomthtégragyl {CH.esMeOH &tA:1) to the fluorinated sulfate

chr omat ogr h ethyl acetate = 10:1) to give
3, 5-i? %%{Péﬁ% (gagé(ggoxy 2-fluoro-D-ribono- g-Iatone
as a white solid ( 118 ng, 87% . 1H NWMR (CDC 3) d

(ppm 8.08 (m 2H, aromatic), 7.99 (m 2H, aromatic),
7.63 (m IH, arorratic) 7. 583XAMPLE3arormtic) 7.49

(5 leDegp[yo 1ti(|9f%) -G etzglén rg)ode-y( ﬁ}i%rr?tﬁ#.?a_'ﬁfws— IéiR’gg%H3 Nu =F)

(Sdg 12 ﬁ}lx?ﬁl‘@%f SLg d;%ﬁcz x"_ﬁ}nple‘:1 2@9/0%1% g 370 mrillCHg trsﬂuoroacetlc

EXANRLI( (B8 ﬂfﬂl)raﬂlt\hgttbﬁ@mhb um&tdnitnhf(l()éiﬁ) B8 heated at 80 °C for 1.5

1 o R R AR bR s e

]
tet rosuiih pLRarkontle SStiEn (1 mPM Theaaubuciaver was sppurated with NaCl

1Sul fz&tdee)dtﬂdbtedS@lhemyB)lce@a’le 980 mL)B 'Hié mmiiu)led prganic layer was dried
anhydrous_ N,/ V-di net hyl f or mam de was, added at
0 C Vih ﬁ%tnﬁyqubfﬁ%ﬁlt%rﬁﬁhﬁnd@p%@nﬁva ﬁ%sa/e(alregéu@ ngclwas purified

mmlg éxﬂca"@e‘i fcg omﬂ%groh me&hﬂ% cf'ikﬁf'f‘%%ét% M X 4H ], Clo:MeOH

I rre rate
co eavapar) ab eilenht menlmmmﬁpdmdg:s\mwmts eolid eﬁﬂ m@ (60%). 'H NMR

crude, proton NVR showed virtuall
b odeaig & »cpmwp@m@; BY. 1=(bbHe HGD).(ulS (4 1, § =48 Hz, HO-S),

1y 5545808, 1H: b dos fadal EF- 10 @aT 24749 3 #aa, g1,y - 20,

= 7 £2sz 8 If{zQHZQHa)s«S)(ddd, 189 X(€4.4315,6, 124 122; H$ )L|21 48 (d, 3H, J =24
- 1.31- Né@ & 21H, OCH2CH3, J

N( cHﬂ GHBbI42); ACDGlo) & (epmui7loh (@f Fh?é %IﬂZf &b, 925(d, I =

HI b fﬁ‘.‘?H”,gc-z?, 547 (B 10'2d, T = 15.9 Hz, C-3), 59.0 (C-5), 17.1 (d, J = 25.0
Hz, CH3-C-2).

20 EXAMPLE 4
3,5-Di-0-benzoyl-2-deoxy-2-fluoro-2-C-methyl-D-ribono- y-latone (49B, R*=H R’

= CHj, R’ = Bz, R® = Bz, Nu = F)

The compound of Example 3 (60 mg, 0.16 mmol) was dissolved in
anhydrous pyridine (1 mL) and enzoyl chloride (0.3 mL) was added. The resulting
25  reaction mixture was stirred at room temperature for 20 min, water added (1 mL),
stirred for 20 min, diluted with ethyl acetate (5 mL), washed with water (2 mL) and
IM HCI (2 mL x 3), and dried with sodium sulfate. Upon filtration and
concentration, the residue was purified by silica gel column chromatography
(hexanes:ethyl acetate = 10:1) to give 3,5-di-O-benzoyl-2-deoxy-2-fluoro-D-ribono-
30  y-latone as a white solid (118 mg, 87%). 'H NMR (CDCl5) & (ppm) 8.08 (m, 2H,
aromatic), 7.99 (m, 2H, aromatic), 7.63 (m, 1H, aromatic), 7.58 (m, 1H, aromatic),
7.49 (m, 2H, aromatic), 7.43 (m, 2H, aromatic), 5.51 (dd, 1H, J=7.2, 17.6 Hz, H-3),
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anhydrous acetonitrile (2 nL) was added at 0 C

tetraet hyl ammoni um fl uori de hydrate (107 ng, 0.717
wonRwk)31725 one portion. The resulting reacti on PCRUSI085/032406

was stirred for 24 hours, concentrated, and

co-evaporated with toluene to give a sem solid (257
ng, GOWthe, LEpridbdpr. MVRdsHbWet30i 12.844 H-Dné Spddidet § =5.2,12.8

(b0 I Rhalbd 2 A B CHr 2% 0.3

5-di pi val oyl ri bof uranosyl)- N 4-benzoyl cytosine (lib,
R5=R6=pi val oyl , R2=H, R3=Me) To a sol ution of 49B,
( Schene 6) (Nu F, R2 H R3= IFQ(AMS’J:Eéz i val oyl , 3. 44qg,

0.36 THF d O
13. 47 aet )’Kﬂ’{"ﬁo "iﬁ Sn’k fﬁﬁ) t4 gwﬁ 8 ?-)]zi%'o.é 5-0-
and &bgro WEV%tﬁﬂlﬂiwfbﬁx)ﬂ@&tﬁdzé 688 cAyl eskENSIBR' = CHy, R =

15C for (i sol uti on was added an additi onal
Li Al (t-BuO) 3HH, Rl =36HmiNu T F38{ nrettjacthydpmmenivm) ut i on

haded. | THECWDY 408 daelRiopef g il EBRR Db p:32 mmol

and jhRehRIrGa W .N-digkey] foRBarifie RE0ImY) ths waderat 0bCi ne and
dried (Na2SO ). Solvent was renoved to give

16r udetraathydammiohizim ﬂmrldm hyduts/deB9 & 93RxaR])(i8 OnerpyrtiomoThe
o i ot s SRS s (U ind PO gy it co-evaporated
tri npithwidgaety kivell s@fhi 48id @by (385Y crude %ot%NMR@Ho&@tﬁvmually

m xture was stirred room tenperature for
WAt esne(p20duct)) H\NMlhd@BfEls)ﬁmpmhémeﬁ,lllfﬁ, hg9n’zl >215uﬁr1éz \B38), 4.51

s GBGE, T 250 B ek ot Gt b ST E: a1, 1=

1*3f | ey 1N é@ﬂ&%ﬁ@@'\'@@ﬁ;mf 7303y On, \5,_J eﬂ?l’ a(ﬁf 21H,

the resi du evaporated wth tol ue

t o gDCH,@He (), CnNECHeCH9t.e (5, 6.74g) for the next
coupling reaction without purification. A suspension
of L”-benzoyl cytosine (6.06 mmol, 1.30 g) and

( NH4) 28041\4(ﬁpl’1gd 8, d gbllh'[@%f(tﬂ@suﬁafg-ﬁfbm 18 b W BHnidY in

h, and e clear solution was
anhydrous acetonitrile (2 mL) was added at 0 °C tetraethylammonium fluoride

20  hydrate (107 mg, 0.717 mmol) in one portion. The resulting reaction mixture was
stirred for 24 hours, concentrated, and co-evaporated with toluene to give a semi-

solid (257 mg, crude, proton NMR showed virtually one product).

EXAMPLE 6
25 Preparation of 1-(2-deoxy-2-fluoro-2-methyl-3,5-O-3, 5-dipivaloyl-
ribofuranosyl)—N" -benzoyleytosine (11b, R*=R°=pivaloyl, R*=H, R’=Me)
To a solution of 49B, (Scheme 6) (Nu=F, R>=H, R*=Me, R’=R°=pivaloyl,
3.44g, 10.36 mmol) in THF (70 mL) was added LiAl(#-BuO);H (13.47 mmol, 1M in
THF, 13.47 mL) at —20 °C to —10 °C and the resulting solution was stirred at —10°C
30 to-15°C for 2 h. To the solution was added an additional LiAl (+-BuO);H (1.35 mL,
1.35 mmol) and the solution was stirred at —10 C for 1h. Ice water (50 mL) was
added. The mixture was extracted with EtOAc (200 mL), and the organic layer was

washed with water, brine and dried (Na,SO;,). Solvent was removed to give crude
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concentrated to dryness under reduced pressure. The

resi due was dissolved in 1,2- dichloroethane (50 ni).
waooobloz17e®l uti on were added crude 54 (1.96 g, BCHER®0§)32406
and SnCd 4 (1.42 nm., 12.12 mmol) at roomtenperature.

The solution was refl u_xed for 24 h. and cooled to O
0C. lagol Which otasdissolvedineCHde (6 ONBHLOB0 (he solukign wege idled Et;N

(2 i) Wby 4240 Riabrelob gVt [F s PR ol

at rtﬁﬁi@tﬁﬁzﬂi@% ah1dfife 2017 Afhol2s5 me), iadd Yﬁ?‘mfx@ﬁf@‘(@a@ stifed at room

filtration e organi ¢ sol ution was washed with
wat aempbratune farié hdrWetr (24agE0%)s addsd) andrihe wadting moxtate was

. TS Urh Bt e B R e o
Was éé'ltﬁﬁ)ﬂl\yﬁ%dsﬁed\@%'w(ate} Bﬂ-r)e &ld (ﬁ'gs ast(94)t BSlvent was removed

sol ution was added hexanes he m Xture was
al | camddhe mssiuayvaat:ow@mzttmeh mluqm (Bn20 mﬂi) td gige a@ﬂ@@

for 2 h | | filt
¢ rnlsRsdied b U Torine e Eoutmegbarsion Vo RoydRIrAIAA0R
20.3% fr omséﬁbenmb@bm* béﬂzg?xx%owaé (COORRL B8@E) 4 (Ng(l) )2304 (30

dryness and purified by col urm chromatography (20-5
1Bt QAomigh i@ NVEDS 616.7 mLY ivae refbized tbrdrio pnd thesdear spINNGR was

ChA3) : d 8.82 (b .
(7 5200(1%«?“%?(1 gt it paftagd rissti e sl vigitsplyed n 1.2-
" %whléro%@laﬁ@bd IHL) Hl“@thksol‘ﬁhéé w(ege ad]ied: m%d@'sla (1. bb"g, Scheme 6)

22. Qdtid, Sn€HY (1M® mL;LlZZW nﬂ:ncﬂBat[reenn tdrﬁ;btrat(nfa\féﬁlﬁ]soluﬁ)éAN@E Eefluxed
7 (2S, 3R -3-f(4R) -2, 2-Di e é&]
3] di 9% 8 Anansl gprjedzo 03Cy i Ta the 9“‘2“ Wé‘ter?ﬁ'ﬂ?ﬁ BpHER: £0-4ke.d2.72

@ hyﬁ&?@]‘ £ BrHAL (é‘o l\ﬁ)h%‘o'ﬁ% ARk Sop@éﬂ %ep fPmi SR¥Y, and the

umcatal'y To a stirre
co m@ﬂﬂdnéﬁm{tﬁﬂe&vi@tm@d 4t yoon temiperatubel € 20nmiar Sahg ovas removed by
was added a sol ution of 4-nethyl norpholine N oxid

(0. 4fltrgiion.5Bhe,pragpis olytipwyas wamé)vvl etk bERe prl @%@Vaﬁ@)

A 2. §olven{ Wil lremé)vela t8 W’u%'ys cﬁfde%)%ﬂugg of @/on-anomers with a ratio of
4/1 in favor to B-isomer. The crude product was dissolved in MeOH (1 mL) at 50

20  °C. To the solution was added hexanes (10 mL). The mixture was allowed to stay at
room temperature for 1h, then 0 °C for 2 h. Crystals were collected by filtration,
washed with hexanes to give product 55, Scheme 6 (323 mg, 20.3% from 49).
Mother liquor was concentrated to dryness and purified by column chromatography
(20-50% EtOAc in hexanes) to give second crop of 55. H-NMR (CDCls): 6 8.82 (br

25 s, 1H, NH), 8.10, 7.89, 7.62, 7.52 (m, 7H, H-5, H-6, 5Ph-H), 6.41 (d, J = 18.4Hz,
1H, H-1’), 5.10 (m, 1H, H-3"), 4.45 (d, ] =9.6Hz, 1H, H-4’), 4.36 (t, ] = 2.8Hz, 2H,
H-5%), 1.35 (d, J =22.0Hz, 3H, Me), 1.29, 1.23 [ss, 18H, C(Me);].
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tert-bvAy\ al cohol (0.51 nL) is added, and the m xture

is stirred for 5 h at roomtenperature in a water
whadok/03i7ke m xture i s evaporated in vacuo to aPCYUNN5/032406

which is azeotroped with H20 (3 x 10 nL) to renove

4- et hyl nor pholine. The residue is dried by addition

and evaporation of EtOH (2 ﬁ&@MﬁLﬁlo gi ve a residue,

witn 2079 R RER b T 3 it O PP e

product and its isoner (196 ngepibRfY as a solid.
Proton NMR indicates that the ratio of the desired
product to its isomer is alr?dLﬁffd’lBSt&r (4Recrystal lization

g e " S AMITIASEATIN oS55I TL8 G RS

I(EIL ys g ﬁl '] '_’P&a §@llréc§jsollﬂldﬂ'\6¥(cﬁﬁy§@d %_g 13 rr;g<3 o1t rzmﬂ)lhn? -BtOH under

CH3) grgdn w8s fdded 3HolubioTE ) megh)dmo(nhohﬂe N-leQe @47 111LH§0 wt %

2x§g§3ﬁ‘§@§g}1$’f 8) gn‘i)yafeWO y) n-;,'))G A'_&g [ ‘/(dql t%% ostiim Raaoxide in

exchapy |a°:’c)oh MRLEL Bis @dded, 3 th% hik R isAtirred for 5 h at room
2- D net hyl - 3] di oxo an4y]

B di ﬂammnye m awatey bgiho giho mm:tua?cls dvmomtbd @stagno {o42yyrup, which is
Pot assi um fer.ri oxi dant wit m . . .
cat ateSPed iR & §inGT00 risRte 4 sl epliP e dprpyidue i

a na&{b%ltﬂ}%d%hi&raﬁﬁ aevhp%rﬁﬁﬁrcﬁ%ﬂOW @i fo ML) &f give a residue, which was
tert-Db\x\'y\ al cohol, nmL of water, and a m xture

O‘ K3re(fer)by s{lizagsl g)lumxzh)mla@ctgrapbyg’ylth 2 KO0 (hekpnes to

(3, 2 2 TR BB pon e

el | puicafB ithanRSHid Qm%gﬁreﬁ%dﬁﬁﬁ tolifs id¢H&ds afouhdbg.
point. The mxture is cooled to O OC whereupon sone of

sal tReqyy@a;lhpattcmt@ thaumijxt@re zfromghc(xa&esyﬁq'tbyl)aceiﬁtetgmes pure product (91
conmpound 41 is added at once, and the heterogeneous

sl urinyg, 3R4%tfrom edrtinggnateris) ys adrySallice balid. LH NMR DMEBO-dg) &
m xture is added solid sodiumsulfite (1.5 g) while

stir l'il&gt, ét: m H@q 31&;"@@}&@1@9@4 (Ss 3H, CH3) 1.25 (S’ 3H’ CH3)’ 1.28 (Sa

3H, 2-CH,3), 3.67 (t,J= 7.2 Hz, 1 H), 3.85, 4.06 and 4.12 (m, 4 H), 4.97 (s, 1H, 2-
20  OH, D,0 exchangeable), 5.14 (d, J= 7.6 Hz, 2-OH, D,0 exchangeable).
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m xture is allowed to warmto roomtenperature and
stirred for 30-60 mn. Ethyl acetate (10 nlL) is added,
war@eadt’es separati on of the | ayers, the aqueoRPST/PRESE032406
is further extracted with EtOQAc. The organic |layer is

dried over Na2SO4 and concentrated to dryness. The
residue is purified by siIid%XlgMPlﬁoSurm

. pr oAGer0U 6 Mg, 7 2 g i Tl e ARk et i S S mety-

i ndi cat es t hat theratlo of thepRag red product to its
i soner is around 5:1. Recrystalfjl zation of the m xture
Wi t h hexanes/ et hyl acetatelcgiaaﬂevlpﬂﬂ'e(‘lé)ol product (102

, 41%fro rti mat er.i C a
i d. The THRGRBRTRUET S ofderd il ey A
'( ggm i cal At190 tntLaiouﬂﬁ-b@ﬂoﬁH& nad\, | b@;lﬁ;ﬂ&%l@l?@ maBn ¥ kikred is charged

3R) - Bith (4R oDrep-Mityketl dopbl, FImBphiveten|aad adnigiure of Bake Gk (0.98 g),

LU SR Dl aSh e t?%%éqa&@ (epgipgire produced

Wi t hn@élbd:“ﬁh&s%& Ghy ﬁiwer'ﬁq@&m ha%fe af)}l)z %lwd Wi th

magnetic stirrer, is charged with acetone 214
iy (Methanesu)fondmide ﬁ?ﬁ)mgﬁlszaﬂdec% thng pofnt ther\mdunehli @oled to 0°C

and O, 3 of te dr o

o RSt IR e s BUbg 1 Efsds atrag ol cpRppund 41 is

Et ANCRIRd @t &8 2dndtRE HEtbRBenedud Qhﬁ% 'Iheéill’rreﬁ W%Jr@@sw 3107 for 24 h. To
solution is cooled in an ice

( 2. Sthewndixfure is-aBded-olidsodidheshlfita (bh g) p/dnlp stoming at 0 °C and then the

Thesol uti on i atel y becones brown
1 i Rl & aFenp dati dreppH ol SR R Rl b By
153 aa]lée%‘f@ﬂ OLRL VB b HA O af P&F8r LETHPRIAIMTIR 137K, Stﬁé Mu%gug PHase is
. The rest of the procedure is done exactl
s arreﬁmmr @xsradied evithiEs) Axh Obhe. ormcelayefrl laélhed:@\ran ﬁﬁazSO4 and

chronmat o 178 720 S I ned as
o RSl e ey rE e R PR EET By g o
obs eéﬁf@l‘ﬁat%?ragh)lw%ﬁ 2dorvd Iﬁ@hbnﬂh&me%%@m@tr@fpr@dhct (190 mg, 77%)
i somer ess than 4% in the product
as a solid. proton NMR indicates that the ratio of the desired product to its isomer is
20  around 5:1. Recrystallization of the mixture with hexanes/ethyl acetate gave pure
diol product (102 mg, 41% from starting material) as a crystalline solid. The 'H

NMR spectrum of this product is identical to that of an authentic specimen.

EXAMPLE 9
25 (2S, 3R)-3-[(4R)-2,2-Dimethyl-[1,3] dioxolan-4-yl] -2, 3-dihydroxy-2-methyl-
propionic
acid ethyl ester (42)
t-Butylhydroperoxide as oxidant at room temperature with Osmium catalyst.
A 50 mL of flask, equipped with magnetic stirrer, is charged with 2 mL of

30 acetone, 214 mg (1 mmol) of compound 41, 65 mg of Et,NOAce4H,0, and 0.3 mL
of tert-butyl hydroperoxide (5§ ~ 6 M in decane). After stirring at room temperature
until the Et4NOACc a clear solution is obtained, the resulting solution is cooled in an

ice bath and 5 mL of OsO4 (2.5 wt% in t-BuOH) is added in one portion. The
34



EXAVPLE 10 (2S, 3R)-3-[(4R) -2, 2-Dinethyl-fl
, 3] di oxol an-4-yl]-2, 3-dihydroxy-2-nethyl propionic
wa@ediod/oztkyl ester (42) t-Butyl hydroperoxi de asPORUSZNS032406
at 0 OCwith Gsmiumcatalyst. A 250 nL of fl ask,
eqw pped with magnetic stirrer, is charged with 20 nL
awéwtmemnze hately beaqmathseynish pepiep ddieri1 hhe | @5 bathygs sxmoved

Eégane g% fc‘%ér s?‘ u?rre :ﬁ-aﬁ%I e!?pr/tgom et%ée?%fe p&“ﬁﬁre af‘h?ﬁ{fed for 14

Et ANQAThéRSt cﬁltﬁépﬂo\l&ﬂlxe ishilené emhy Ithgsaﬁ@de #ekdibed above. After
cooled in an ice bath and 5 nL OO0sM (2 W% in

- Budlpshicelugaieomatograghy dr8 imeg(72Yn et @tﬂdmcti léﬁbtamed as a solid. Inan

[ d| at el vi br owni sh I ¢

e ah R HSRACE RN 1 BB 54 "B ERTH B8 progence ofan
by TisémetiaXasd @in 2% iy thepesivat. e 4 1 Rf = 0.18).

Et her (40 m.) is added at 0 0OC and the resul ting

m xture is treated with 5 nL of freshly prepared 10 %

NaHSO 3 solution in one por |ce bath is
renoved and stirring is conﬁmgl‘ﬁgp Et CAc (100

m) and 2@@)@5@(4@)2 2DonaRdgy, 3y@zok$vanmyz} QBedzhﬁfrb,%}’ 2 methyl-

separatl on of the layers, the aqueous phase is further
Mktracted with Et OAc. The or gamep®nicayer is washed with
brine, dried (MJSO4) and con trate The residue is
purified by a flash sili c &t gfcﬁ’t”c{(‘fftﬁrn%zéhr omat ogr aphy

with 20 % Etd @a@ymyalr&ﬁxm&sawa&{n@m glec Wi nReM Chralyst.
(2.16 g, 87% as a solid. No contam nation of an

i somer i sAdébeel eﬂﬂask unlrwedwamm@glwc viigesy tsu:balgleri NMR 20 mL of

3] i BRTa b §I0 BT ok crpap e SRkt F A Qg 3 mL of

B hYler@5UtRIhyh ro-ﬁf‘cfer(gde@M fnl dEBdey | ﬁff@foﬁirﬁﬂg at room temperature

Per rranganat e( TDTAP) as Oxidant. To a stirred solution

of cmrp(u]nﬁrﬁt‘;Ng)A(cZM drsgolvdd, tireie§yltingisolBin®Hs cddledrin an ice bath and 5
mL of OsO4 (2.5 wt% in -BuOH) is added in one portion. The solution immediately
becomes brownish purple. The reaction mixture is then stirred at 0 °C for 6.5 h
(monitored by TLC, hexanes: ethyl acetate = 4:1, Rf = 0.18). Ether (40 mL) is

20  added at 0 °C and the resulting mixture is treated with 5 mL of freshly prepared 10
% NaHSOj solution in one portion. The ice bath is removed and stirring is
continued for 1 h. EtOAc (100 mL) and H,O (50 mL) are added to the mixture.
After separation of the layers, the aqueous phase is further extracted with EtOAc.
The organic layer is washed with brine, dried (MgSQ,) and concentrated. The

25  residue is purified by a flash silica gel column chromatography with 20 % EtOAc in

hexanes to provide the product (2.16 g, 87%) as a solid. No contamination of an

1somer is detected in this product by vigorous 'H NMR analyses.
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and CH2A 2 (2 nmL) at roomtenperature is added a

solution of KOH (6 ng, 0.1 mol) in water followed by
wapmwae3(7@s 420 g, 1.12 nmol) in small portions PUBUSA05/032406

period of five mnutes. TLC after 5 m nutes showed

that the reaction is conplete. The solution is

quenched by using 10 nL of EXAMBELEdlsodi um bisulfite.

fosi dud S DaEl G R AP 2T oo Pner

dried (Na2SO ), evaporated topgpwaia White solid,
which is further dissolved in 5 nL OCH 20 2, passed
it through a plug of sili caidghlegppedwith Celite,

shed with ethyl, .acetate (50 . The fi e is.
thied i n vletiserye BEG R Pebiangarelp B G
as an 8: Ir¢nh Xﬁﬂé@s&ﬁtidhfﬂf‘ébmgbﬁh&ﬂegqmn%a,rltmﬂﬁgﬁﬁft-BLK)H (10 mL)
the titled conmpound. EXAMPLE 12 (2S, 3R)-3-[( R&-z,
2- Di andtEiy4Cli (2 mB) el rorul temperatprq isadded a solution of KOH (6 mg, 0.1

ot <BSRU Saferm el BT Arig3ab &, F o raSgiimA fFoktions over 2
et hi;ﬁerio& of &Eve nftRutBOTLCTaReR 5SRinktel Rovald tBTTRE HABtidhlis complete.
(214 nmg, 1 mol) in CH2A 2 (10 n) and 18-

6 oviPhessodutivaris @enchechy using 1Gmbl of sieraseitisndiumChisaifitg. 1B reaction

, 1. l. i 1] t - C, . dith [ .
00;  iliRad costeiged Rl iR st AR Gr e B ith 8 gogtate 3 x 15
ti nemLBlerireS@Nﬁi.S@l),@V%ifdﬁtSd 108108 a (White 3IKd, M fﬁftﬁeﬁ Qissolved in

the reaction was conplete, mxture is quenched with
sat u¥ atleef Gt ipessedit throtilumphigsaflstlica gel topped yith Thlte, washed

| t] | or | i is. fil d t hr ough. .
o ot A EGiefite P0G Ehy Bl Sisairian i Vswn f B8 disfons qib174 me
76 2571 ki _uprds@ﬂ 8¢ Nageet)of HMLHRE ?\%ﬁbﬁlﬂ{aﬁgisbﬁeﬂfs\fﬁe ftled

vi scous "oil" consisting of 10- 20% of unreacted olefin
st ar¢edmppupdt eri al al ong with the desired diols and its
isomer in aratioof 6:1 ( 1HNW). Oefin starting
mat eri al can be renoved by passing

EXAMPLE 12
(28, 3R)-3-[(4R)-2,2-Dimethyl-[1,3]dioxolan-4-yl]-2,3-dihydroxy-2-methyl-
20 propionic
acid ethyl ester (42)
Potassium Permanganate as Oxidant with 18-Crown-6 ether — A (at —40 °C).
To a solution of compound 41 (214 mg, 1 mmol) in CH,Cl, (10 mL) and 18-
crown-6-ether (37.5 mg, 0.1 mmol) is added KMnO, (158 mg, 1 mmol) in portions
25  at—40°C, and the mixture stirred for 2 h at the same temperature. During this time
the reaction mixture turns to dark brown. After the reaction was complete, mixture
is quenched with saturated solution of sodium bisulfite (10 mL). The resulting
colorless mixture is filtered through a frit, and extracted the filtrate with ethyl acetate
(2 x 25 ml), dried (Na,SO4) and concentrated to give a viscous oil consisting of 10-
30  20% of unreacted olefin starting material along with the desired diols and its isomer
in a ratio of 6:1 ("H NMR). Olefin starting material can be removed by passing

through a small pad of silica gel using 5% ethyl acetate: hexane. A 6:1 mixture of
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through a small pad of silica gel using 5% et hyl

acetate: hexane. A 6:1 mxture ofthe desired diols is
welkwbmsli 723 om t he col um with 20% et hyl acet at eP¢IEKS2065/032406

and obtained as a white solid (200 ng -80% upon

evaporation of the solvent. EXAMPLE 13 (2S,

3R) -the pqsmsi dplpismlyed ﬁymt[w cap@nFRs %(M»&thyl peetatedberangnd

por 1R SERESETR R0 e oo E ol BardsfRlor 1 RBAL ™

-10 0C). To a solution of conmpound 41 (214 ng, 1 nmol)
inCH2CIZ(10rﬂ)|sadded375rr]g&01rrrml)of
18-crown- 6- et her, and mi xt uEEAMPEBdBed to -10 OC.

"t ur &S ORERL 2B ST SRy DOl p PR Wt

the reaction mxture turns tq,rgplrok,,cbrom which is
treated with saturated-solution of sodiumbisulfite
(10 nL). The resulting mﬂtflldre‘éh)ilgsteirtf‘fﬂéred through a

T
white soltgla @&ﬁﬂoﬁ@f cobohb@ 413 msﬂ Iﬁg | ﬂﬂ;rﬁ)fl) ﬁlr(ﬁiédﬁf'(loqﬁll) is added

product and its isomer in aratio of 6:
102S,37.5 mg (0.1 mmol) of 18-crown-6-ether, and mlxture is cooled to 10 °C KMnO4

3R) R l. di ox £}
o037 ke hor BB SRR perigbane BedBpti syt dbidor 21
Per nBagias i sSims tHorkablioh miRtude t%nfs}’t@'dbrkﬁ#&dn wRicR is treated with
sol ution of conpound 41 (214 n% in /-BuOH (9

mL) sahwtated @)l(lth_n M_s)oda{m blsgujw & Ogaledl hqwn(gdthgg@wtm is filtered

nd the Sti
s amet a2 AP a1 el LB Shalie g flgaris
G 5 MWL) Cb%d'é%atb@toc@% geaitabslid (220 Mgl DU4e;)icdnsisting of the
stirred for another 30 mnutes. After work up as

abovdssir¢@prodyct(@d 4 isvinea imd satigrof 60k i soners in a ratio
of 8:1 is obtained as a

EXAMPLE 14
(28, 3R)-3-[(4R)-2,2-Dimethyl-[1,3] dioxolan-4-yl] -2, 3-dihydroxy-2-methyl-
20 propionic
acid ethyl ester (42)
Potassium Permanganate as Oxidant in 1:9 H,0/t-BuOH.
To a solution of compound 41 (214 mg, 1 mmol) in ~-BuOH (9 mL) and H,O
(1 mL) at 0 °C is added KMnQ, (237 mg, 1.5 mmol) in portions and the mixture
25  stirred at the same temperature for 2h. An additional amount (79 mg, 0.5 mmol) of
KMnO; is charged and the mixture is stirred for another 30 minutes. After work up
as above, 128 mg (50%) of a mixture of isomers in a ratio of 8:1 is obtained as a

white solid in which the major component is the desiredproduct.
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white solid in which the maj or conponent is the
desi redproduct. EXAMPLE 15 (2S, 3R -3-[(4R) -2,
wQ@2m608t72y| - [ |, 3] di oxol an-4-yl]-2, PCT/US2005/032406
3- di hydr oxy- 2- net hyl propi onic acid ethyl ester (42)
Pot assi um Per manganate as Oxidant in 9:1 H2qg/t-BuCH
To a solution of conpound 4EXAMBLEd; 1 mol) in H20

(S 7 AR B o 05 P Gk .

tenperature for 30 mnutes. Duppigidhis tine the
m xture turns to dark brown. Saturated sol ution of
sodiumbisulfite (10 nl) iasideadgddste(42he mi xt ure,

ch filtgred dthe filtrate, is. ract i.th
Uyl acet at et Riiagonae a Redapfin 9L FROH Bl
concent r af &4l s810t&H U@co%ﬁlmﬁd 1] {(2 lulrrﬁg,olf mFHo%' 1n'}E@@rﬁLﬁéld t-BuOH
a white solid (128 ng , he tit

conp@unk) at$ ‘Crie ad@dd{Mm@mﬁbWemg, 1. EWLE pbﬁitl@gand stirred at the
3R)-3-[(4 dj, oxol a

o Rl e Ry PR bt P A ey S e ekt fmosp aarc brown.

Pot ag.ghidied PSfuﬁBﬁ‘ Q?E@ﬁ@m %?sufﬁ% @ﬁﬂ‘hL; ity a'd&% t%tthQn{?)QureA\whwh is
solution O KMIO4 (158 nm, O (10 nl)

ldddefiltéred, @odrpmuitraté is éﬂﬂaﬂ:tadgyﬂlﬂethyimlcgtatea(amﬁt nd, diied (ﬂN‘aeSO4)
is stirred at [

OC for hour reaction
e AR TPREE 40 S5 il BRTUHES it tnd Bhig peliE @28 me,

(10 sdo)), 1@@910}1% t‘i'ﬂle’ﬁtdéﬁﬁ)ohﬁd WRh& Jodt'féoﬂﬁo@_i’ﬁve A
white solid that is obtained is a 4:1

m xt ure of d| oI |somsrs in which the titled conpound
is the predom nant conponenﬁéqmg 17 (2S
3R -3-[(4R)- 2, 2- Di net hyl - [ n-4-yl]-2,3-di hyd
IOXy- 2- it syl RYQR).O-Bimethyl-[1,3] dioxolan-4-yl] -2, 3-dihydroxy-2-methyl-
propionic acid ethyl ester (42)
Potassium Permanganate as Oxidant in H,0 at 0 °C.
A solution of KMnO, (158 mg, 1.0 mmol) in H,0 (10 mL) is added to
compound 41 (214 mg, 1 mmol), and the mixture is stirred at 0 °C for 1 hour. The
20  reaction mixture is quenched with saturated solution of sodium bisulfite (10 mL),
and the mixture is worked up as above. A white solid (80 mg, 32%) that is obtained
is a 4:1 mixture of diol isomers in which the titled compound is the predominant

component.

25 EXAMPLE 17
(28, 3R)-3-[(4R)-2,2-Dimethyl-[1,3] dioxolan-4-yl] -2, 3-dihydroxy-2-methyl-
propionic acid ethyl ester (42)
Potassium Permanganate asVOxidant in Acetone.
To a solution of compound 41 (214 mg, 1 mmol) in acetone (10 mL) is added

30 37.5mg, 0.1 mmol) and cooled the reaction mixture to 0° C. To this cold solution is

added KMnQO, (237 mg, 1.5 mmol) in portions, and the reaction mixture is stirred for

2 h at the same temperature. During this time the reaction mixture turns to dark

brown. The reaction mixture is quenched with saturated solution of sodium bisulfite
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acid ethyl ester (42) Potassium Pernmanganate as

Oxidant in Acetone. To a solution of conpound 41 (214
worgeos3rmedl ) in acetone (10 nL) is added 37.5 PQI/US2005/032406
nmol ) and cool ed the reaction mxture to 0 C. To this

cold solution is added KvMnO (237 ng, 1.5 nmmmol) in

por t (18nel) whaee the, @lu@@tchemew@dpde% The reagtionguiixfuge isexgracted with

o BF BB R MR PR R g s o

quengbegk 49,3 th thatdtioadfgd:1sol uti on of sodi um
bisultite(10 M) where the sol ution becones col orl ess.

The reaction mxture is extracted with ethyl acetate
(3 x 25 m), dried and evapa;gd&g E m xture to give
white solid (245 ng, 96.4 n % e ratio of 10: 1.
EXANPLE%SS.?R)Z.S[ 54&?)2 - BPlké)i=(2,3] gzoxolan 4-yl]-2,3-dihydroxy-2-methyl-
t

2-Di e di oxol an-4-yl] -
3- dlhydroxy 2- nethylprbﬁ%@ﬂﬂ%a@éﬁﬂwbﬂﬁyK4@ster (42)

Pot assi WT) Per n% anat es’as(axz%J in & mz a}ure i%fé‘e%ag ﬁ'id Pyridine.

an
Acet one an ég 0O a SO |on O oun

(214 nyg, '10 aﬂa@lluilom of @Iﬁ@daha 4e ém ﬁ&ewth %4@1)(1%8@1%%@?66 acetone (9
M,

ridine m) at 0 OCis a
PARIS IR @@dﬁ@rIéMmDe a8t ma. 1 shraglh ghd stirred at

k f h b
o wiitfec Slogb el R AR Yol i T8 B fon FiufEks :BVE 164 me
Vi gofarus) of NS0 B @hichas praei@dly puftrodud. GW{&&% MMR analyses

contai ns about 6% of the diastere-oner etitled
conpeyedl thepdwhita solidxontadm)abguf (%4 RY the diastere-omer of the titled
2-Di et hyl -fl, 3]dioxolan-4-yl]-2,

3- di WHFORY- 2- net hyl propionic acid ethyl ester (42) in
the RuCUf CeChZNal 04 systemIn a 50 nL round- bottoned
flask equi pped with nmagnetic stirri n% bar, a

EXAMPLE 1
(28, 3R)-3-[(4R)-2,2-Dimethyl-[1,3] dioxolan-4-yl]-2, 3-dihydroxy-2-methyl-
propionic
acid ethyl ester (42) in the RuCl3/CeCl3/NalQy system
20 In a 50 mL round-bottomed flask equipped with magnetic stirring bar, a
mixture of NalO4 (321 mg, 1.5 mmol) and CeCl;. 7H,0 (37 mg, 0.1 mmol) in 0.45
mL of water is stirred and gently heated until a bright yellow suspension is formed.
After cooling to 0 °C, EtOAc (1.25 mL) and acetonitrile (1.5 mL) are added and the
suspension is stirred for 2 minutes. A 0.1 M aqueous solution of RuCls (25 pL) is
25  added and the mixture is stirred for 2 minutes. A solution of the compound 41, (214
mg, 1 mmol) in EtOAc (0.25 mL) is added in one portion and the resulting slurry is
stirred at 0 °C for 1 hour. Solid Na,SO, (0.5 g) is added followed by EtOAc ( 3 mL).
The solid is filtered off, and the filter cake is washed several times with EtOAc.
Then the filtrate is washed with saturated Na,SO; solution and the organic layer is
30  dried (Na;SO4) and concentrated to dryness. The residue is purified by silica gel
column chromatography with 20 % EtOAc in hexanes to provide a syrup (150 mg,
60%). '"H NMR indicates that the ratio of the desired product to its isomer is

approximately 1.6:1.
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m xture ONal&4 (321 ng, 1.5 mmol) and Ced 3. 7H20 (37
mg, 0.1 mmol) in 0.45 nL of water is stirred and
w@emwbloy17keat ed until a bright yell ow suspensi oPCT/8S2005/032406

fornmed. After cooling to 0 0OC, EtOAc (1.25 nL) and
acetonitrile (1.5 nL) are added and the suspension is
stirred for 2 mnutes. A 0.1 NX4MPRIEs2(650l ution

ORUC 3 (25 nl) is added and the m xture is stirred

for 2 minutes. A s&edsign asf AcHatien ugd 47 (214 my,

1 mol) iR, g&(@ﬁﬁor( O 25 dflehzdyi-224slR4- ol &89?9 - ROhLBRitRAG-1actone

the resultin urry is stirred at our .
SoI | @INEBRSOH. 77 @arbolgjcheme &dde dnlﬁ)mllrdanHﬂiF b@DOEhl(j)was @ddd L1A1(

he solid is fil ff
e HRBUSEd? AL | Frind the TR Varisad O epeTaRO S ingd 1] 110 oC

washed i ¢ ul%lgé gélﬁh&gwh\??ﬁ?‘% at %é’stahférlerﬁggaﬁlt‘%xﬁfl QA Cstarting

| ayer is and concentrate dryness.
The metstislueasi ®npumdéd. iAddr byosis) +Hh2@’6lsta¢migmmtenal was left, therefore

chr omat ogr with 20 9 OAc in hexa rovi de a
syr usidt mﬁﬁ%%leﬁ%mﬁmémﬁi - d’i“E‘ﬁB @ﬁi? $age; tgmperature
gf ALt @kﬁ%hff FHo%P'g/EEn TECHB&cété@BWPEtah r%qnge&af Imt:&hsxlmed To

0 Reduction and Acy atio ound
JZ4¢) Tthlsaemilontrmmmroﬁvere added DMAP (7.5 g) and Ac,0 (58. 2 g, 616 mmol) and

35d|benzoyl 2-fl uoro- oXY. thI-Drlb olact
ne (Yo solygyn WéiSt’F‘?edn%llg ‘gf r?egbrrﬁp?% pn (as
(40 | !

O Iebi Y T TR Spc bl e Wy e?%?l %%“E@OO ml) and
an d IO(Emt efSwitet. The Stgautcl layer was sqtaratedeghdathe bdpeosalmger was washed
terrperature until__all ?e starting materjal was

constHBgthyhgeetate @WQ mal). Thegonrpaned osganiclgysrayasryaghedyish water
iSe f S3xt1 ?@fn dgﬁg r&éd%@} aI&IS’ ﬁia 8‘64 '!Fhé%({lg él%g ?b'ﬁ'lcéi%g under
at t stirre

e sane er ature an
f or Rﬂu&hﬂlp’ressimemnd'hﬁbmpﬁhatbdt\ﬁdl @llens (22X 100ngLmatgive @lide acetate as

was consuned. To this reaction mxture were.adde P
(7. 58 gparhiawpeRO TheIbwas Pt th*?é‘lgil i G el and washed
was St @b@detﬁ’};l acdtBreREex i uitl 31 the alRAL W FRLEELA TH solvent was

reacti on
evaporated under reduced pressure to give the desired acetate (54, 32g) as a colorless

20  oil

EXAMPLE 21
1-(2-deoxy-2-fluoro-2-methyl-3-5-O-dibenzoyl- f—~D-ribofuranosyl)-N4-
benzoylcytosine (55)

25 To a suspension of N*-benzoylcytosine (20.39 g, 94.74 mmol) in 400 ml of
HMDS was added (NH4),SO4 (250 mg) and heated under reflux for 4h. Excess
HMDS was removed under reduced pressure. The oily residue was dissolved in
chlorobenzene (1L). To this solution were added a solution of the acetate (25 g) in
chlorobenzene (250 mL) and SnCl; (190.4 mmol, 49 g) and the mixture was stirred

30  at room temperature for 2 h followed by heating at ~65 °C for 16 h. The reaction
mixture was cooled to 0°C to which NaHCO; (96 g, 1.14 mol) and ethyl acetate
(500 ml) were added followed by careful addition of water (20 ml). This mixture

was allowed to stir at room temperature for 30 min. The mixture was filtered under
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i ndicated by TLC) the reaction m xture was dil uted

wth ethyl acetate (400 mM) and 200 ml of water. The
worgeandr2s ayer was separated and the agueous | BgEUSNAS032406

washed with ethyl acetate (2X100 m). The conbi ned

organi c layer was washed with water (3x150 ml), brine

and wequsan, Bgaesidysyashed pishethylestae)| Rherprcanisslayeysaserpshed with

(2 bR S B SR HL Co S AR B B NSO, BN removed

Thi sufek ratasedpesack %@ﬁ@@hl@y@lo&kﬁs@ﬁro&ln' sofid. FRis whW@issolved in
g) and washed with 20% eth acet at e/ hexanes until all

the MeOFh{20ual) heé@é\yl@ﬁ@'d‘eﬁq)hg)ré}g|rméhqes,mgleé\v(awnmemerature
( ier%@l ‘?q" BivE s dsi éggl%ﬂuaé%&%af ) as"aotr Shfie 315,

- (2- deoxy2f|uor02msthyl 350d|benzoyl b-D-ri bof
uranosyl) - N4- benzoyl cyt osi ne (55}1’ To a suspension of
N4- benzoyl cyt osi ne (20.39 gEX®MMPRERRpl) in 400 m of

S e SO0 ST 2 O R kBl 19

pressure. AKgeRbibM of 88 HIHEENRI6D $ 1. ¥ 8B0. Himmol, scheme 6) was
chl orobenzene (I'L). To this solution were added

Hbl utreased with niethanobe ammopi2q7§) miln 7¥hindyloBH) malr(ezlsab room
nd Sndc

st | r B R UIF g%rnfzt%?e?f’&e°r°&?ﬂ?ré‘“‘%&8)déy‘ﬁssr‘8} B(rﬁrbﬁé“g’ypres\é%re to give pale

heat {diBwadolidd THI 400 rmLJ)G\wﬁ adIé'tPto&ﬁ@leidoe[hd'He%ﬂé@ hﬁdéﬂ@éﬂux for 30
cooled to QOC to which NaHCG3 (96 g, 4 nol)

et hymimdes adeoBd o rom teeperatutdedhé mlidfﬂeaedoyas:mlbmﬂ by

ot r e and Pesfisanaih Tt o iVede T e by i aafr & i pohcer.

f4 1 tered undervacuum the residue washed W|th et hyl
acetate. The organic | ayer was washed with water,
brine (2 X 250 nL) and dried over anhydrous Na2SO4.
Sol vent was renoved under reduced pressure to give a
pal e yel |l owi sh-brown solid. This was dissolved in
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MeOH (250 nmL) heated under reflux for 30 m nutes,

cooled to roomtenperature and filtered, to give the
waele®cnad2pr oduct (55, 8.0 g) as a off-white soPCTIUS2005/032406

EXAVPLE 22

| - (2- deoxy-2-fl uoro-2-C- nethyl -b-D-ri bofuranosyl ) cytos

i ne WEACLAIMuspensi on of 55 from Exanple 2 1 (16.7 g,

30.8 mmol, schene 6 s treated w,th hano],i

armoni a (750 n‘gmeﬂl%q (\#BSWé 12‘5%8zéii?orxﬁ'ér%tﬂai’mr'%’@é{“ethyl’ﬁ'l)'

te ; . to dryness under

" odute %?gsgisg‘?cé&%b&gﬁ@ge %gpgﬁ%fﬁf%@vg'sm id.” THE (400

n.) was added to the solid and heated under reflux for

30 m nutes and cooled to roomtenpgjature. The solid

formed was col |l ected by filtrati%;?%nd washed wth THF

to give 14 (6.7 g, 88% as an off}wﬂ%te powder . \E

CLAIM 1. A nethod of synthﬁ i zi nONQ

2' -deoxy-2'-fluoro-2'-C net é - OQ-/Dr i bof ur anosyl

nucl eosi de of the following fo a: conprising the

follow ng steps: (a) reducing HeFIactone of formula

49, BzO- , v.0 \- (-CH 3 BzO 49 to the correspondi ng

sugar followed by acetylation ta yield the conpound of

fornmul a 54B; wherein L is any |eaving group; 54B (b)

conderpitsing{he follondng$teRfict of step (a), 54B, in a

catal yst, with,a S'Jeﬁbcﬁﬁ§ﬁle9§<§&§t&f&mﬁé’ﬁ§, a mxture

a,

of protected nucl eosi des; 55 andb5-

BzO o o
10 BzO F
49

to the corresponding sugar followed by acetylation to yield the compound of formula

54B; wherein L is any leaving group;

BzO
L

OBz F

15 54B

(b) condensation of the product of step (a), 54B, in a catalyst,

with a silylated base to produce a mixture of protected nucleosides, 55 and55-a;

Bz—NH
[ )
N/Lo BzO
BzO + H4C
H,C N
3 OBz F O‘L/j B
- Zz
OBz F N N/
. 55-alpha N
20 55

(c) separation of the anomers of step (b), 55 and 55-alpha; and
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(c) separation of the anoners of step (b), 55 and

55-al pha; and(d) deprotection of the protected
woe@bmasetle of step (c), 55, to produce the deBCT/EH2005/032406

nucl eosi de. 2. The nmethod of claim1l, wherein the

silylated base of step (b) is silylated )
LA- benzoyl cyt d&i ne denentectign of Breauetestedinueieesidesatstep (¢), 535, to

I ' .3 A
g, g(}%?&%teg}rléo eé’gtg(gg@%ocfé%ky- 2-fluoro-2-C nethyl -D-ribon
0- ¢

- lactone of the follow ng general fornula: R3O F
wherein R3 and R5 can_be i ndependent|

H CH, [, .
benzoyl , i val By meibpd atcIaim 1.GgEARB e sizlaid bis hsey (5 is
?h In Iostrilg E‘gﬁ‘%ﬁ?@“ﬂfhﬁi‘? %{g? g‘gﬁg%%J?t?g_g%%%rrﬁgﬁg%é;%oiat@fn alcohol.

2- et hyl benzoyl , paraphenyl benzoyl, and ot her

opti onal Ir% substituted acyl &RS and RS are -C(O-R R
can be i ntlependlértiyOtpsolestedriidepx R dinoe-2-C-methydnD ribeyfo-v-
Cr- benzvl,, 4-nethoxybenzyl and other optionally
subggﬁ%{’ﬁ %@ﬂﬁiﬁmm% %legﬁﬁorﬁgﬁ%an be i ndependently
aryl of C7- C20), trityl, trialkylsilyl,

t-butyl -dial kyl syl, t-butyldiphenylsilyl, TIPDS, THP,
MOM MEM and ot her opti qfg et her protecting groups;
or alternatively, R3 and R5 ake }Prked through
-SiR2-O Si R2- or -Si R2-, wher €4 [ O ower al kyl
such as CH3, ethyl, and n-Pr o /{ 4. The cyclic
sulfite (lIlia), cyclic sulfate ¢ -, and cyclic

QR bonate (Hic) of the foll ow’sgp gengral fornmula: |
1ffI b I'llcwherein RL is independently a | ower alkyl
(C1-C6) including nethyl, ethyl, optionally

substj t ut yl ., . optjonal l u i tut benzyl.:

a1t v b P R o s Renly B CR SeBb s rRE PivAig: o +

et hyligB8erko B GiHsbenz, 2-nitrobenzoyl, 4-chlorobenzoyl, 3-chlorobenzoyl, 2-
chlorobenzoyl, 4-methylbenzoyl, 3-methylbenzoyl, 2-methylbenzoyl, para-

15  phenylbenzoyl, and other optionally substituted acyl (R? and R’ are —-C(O)-R, R can
be independently lower alkyl of C,-Cs , or aryl of C7-Cy), benzyl, 4-methoxybenzyl
and other optionally substituted benzyl (R* and R’ can be independently aryl of Cs-
Cyo), trityl, trialkylsilyl, z-butyl-dialkylsyl, z-butyldiphenylsilyl, TIPDS, THP, MOM,
MEM and other optionally ether protecting groups; or alternatively, R* and R’ are

20  linked through -SiR,-O-SiR;- or -SiR;-, wherein R is a lower alkyl such as CHj3,
ethyl, and n-Pr or I-Pr.

4, The cyclic sulfite (IlIa), cyclic sulfate (I1Ib), and cyclic carbonate

(I1Ic) of the following general formula:

1 R1 R1
R! 3 R 3 R? 3
O2Ry O2Ry O2R
R b/éo R? O/(é)o R?
25 IIla IIIb Ilec
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trimethylene (-CH2CH2CH2-) form ng cycl opentyl or
cycl ohexanyl group, respectively; R2, R3 are
w0 nabefsrident | y hydrogen, a | ower al kyl (G -C 6pCT/US2005/032406
i ncl udi ng net hyl, hydroxynethyl, nmethoxynethyl,
hal onet hyl including fluoronmethyl, ethyl, propyl,
opt iwhetiny substituted ethenyl including vinyl,

hal ovi nyl_ (.F- onal bst,i.t d et

i ncl udi ng® ]( |“2%e_e':i‘ﬂ‘?-ﬂ?P8f%i %bf‘? ﬁ%?:‘P%LJ @a%%eﬂl gyl optionally
al lyl Inoﬂuﬁ&itﬁ@dbﬁémldpﬁbnaﬁﬁlﬂ@s@hh@hibaniyl and R4 is

i ndependent |y hydrogen, aryl including phenyl aryl

al kyl i ncalmmaﬁgelyb%ﬁlzylpartlOcS\s&mthgrkw 1npwdmgohth1@en¢e(t¢ishCHz) or

Bol | ow na"BAfa GRS TR bRl hbedatbydind i growp,

i ndependegideytively;oner al kyl (G -C 6) |nclud|ng nethyl
et hyl, opt ogally substituted phenyl, optional
subst i t utRd Roerezpticpeadantlyhadiogenyy, Tower al Y4 Coie) m@hldmg methyl,

AR R A N O e ——

cycl ohexagy 195;Quﬂany SbREEtdd\Eeniyl 1881,ud8%v@%¢ halovinyl (F-CH=C),
i ndependently hydrogen, a | ower

lioncl udi ngoptenhly subbtytdted ethmyt imyludm@tamﬂmyé(m@b(:) optionally

opt  onal 1308t eliae gt BRpr M ERCTCHCoPRg R

hal ovi nyl p{ e

i ncl udi nth’agﬂ‘?e""?Qdeng%@&B d Xﬁay‘;figﬁgh%g A ERSTIo! including,
fal [yl i nchandylnlpweahbligl ﬂnylud(nlghﬁbtméth&l drprapg. R4 i s

i ndependent |y hydrogen, aryl including phenyl, aryl

al kyl i ncl udi ng,

15 5. The cyclic sulfate (IIIb) of the following general formula:
R1
szLO R3O
M\C%R‘t
r? 680
1ITb
wherein

R' is independently a lower alkyl (C;-Cs) including methyl, ethyl, optionally
substituted phenyl, optionally substituted benzyl;

20 alternatively, R' is a part of cyclic group including ethylene (-CH,CH,-), or
trimethylene (-CH,CH,CH-) forming cyclopentyl or cyclohexanyl group,
respectively;

R?, R® are independently hydrogen, a lower alkyl (C;-Cs) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,

25 propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
optionally substituted ethnyl including haloethnyl (F-C=C), optionally
substituted allyl including haloallyl (FHC=CH-CH,-), and
R* is independently hydrogen, aryl including phenyl, aryl alkyl including,
benzyl, lower alkyl (Cg.10) including methyl, ethyl, or propyl.
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benzyl, |ower alkyl (C6-10) including nmethyl, ethyl,
or propyl.6. A process for the preparation of a
wa@eopposntds of forrmula H a of claim4, conprisi nBCT/US2005/032406
reacting a conpound of formula, 42B, 42B with a
thi onyl conpound in presence of a base wherein the
base is &-tri ahRyACEH faetheipreparation 9éacompouriad formada Bda of claim

f d h I
el ob FovRin REERHT = bph B AemRERREC | 0o cds ot

claim6, wherein the trial Ryl anine is selected from

the group consisting of ,trfethyl am ne, diisopropyl

et hyl ami ne and pyridin 2 ¥ for preparation

of a conpound of formul a L m 5, _conprising:

(a) nixing conpound Hi a of (4 wi CR2Bhe or more
oxidants in one or nore solvengsbb) alternatively,

m xi ng a conpound of the formula, 42B of claim6, with
sul furyl chloride or sulfuryl diimdazole in presence

of a base, in a solvent. 10. Th&2Brocess of claim9,

whe Mgitt'a 'ﬂﬁ sﬁ @éﬁpbl?hdslﬁlp?{s % Jfra%é) %e {H%rb%sé)ifs a tﬂglkylamme
group consisting o ira am ne |nc

t5r i ahlysbhrhne, diisopropyl ethyl anm ne, and pyr| di ne.

11. The process of claim6, wherein the solvent is

sel ected fromone or nore of the group consisting of

chl or of or ' o thi

di et hyl e‘{nhereh{keérg{ﬁigml mgﬁh%%ﬁ}%n@mn? {) ueé@?gasntg tonyl
wat eghldridle oA tiioawlsisnidlanold he preparation of a conpound

of formula, H e of claimby,

10 8. The process of claim 6, wherein the trialkylamine is selected from the

group consisting of triethylamine, diisopropyl ethylamine and pyridine.

9. A process for preparation of a compound of formula IIb of claim 5,
comprising:
15 (a) mixing compound IIla of claim 4 with one or more
oxidants in one or more solvents;
(b) alternatively, mixing a compound of the formula, 42B of claim 6,
with

sulfuryl chloride or sulfuryl diimidazole in presence of a base, in a solvent.

20
10.  The process of claim 9, wherein the base is selected from one or more
of the group consisting of trialkyl amine including triethylamine, diisopropyl
ethylamine, and pyridine.
25 11.  The process of claim 6, wherein the solvent is selected from one or

more of the group consisting of chloroform, methylene chloride, 1,2-dichloroethane,

diethyl ether, tetrahydrofuran, benzene, toluene, and water.
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42B conprising m xing a conpound of the fornula, 42B,

W th carbonyl diimdazole in presence of a base, in
waeloemst725 or alternatively, with di nethyl carbPeEUS2085/032406

an el evated tenperature. 13. The nethod of claim§,

wherein the oxidant is selected fromone or nore of

t he grouplZonsh Procsss fof thrwpesraratieneda compriad ofarmmya, e of claim

KIXM, HO, nCPBA, NaOCd , and oxone. 14. The process

of c?a|n112 wherein the base is a trial kyl am ne or

pyridine. 15. The process of claim 12, wherein the

solvent is selected fromone or nore of the group

consi sting of: chl orof orm Rethyl ene chloride, 1,2-

di chl or oet hane, di et hylgt rahydrofuran

16. A conmpound of the foI formul a 51 B:

wherein, R 1 is indepen Cg kkyl (Cl-C6)

i ncluding nmethyl, ethyl, optiongkly subStituted

phenyl, optionally substitutedR yl; alternatively,

Rl is a part ofcyclic group including ethylene

(-CH2CH2-), or trimethylene (- CH2-) form ng

cycl opentyl or cycl ohexanyl, respectively; R2, R3 are

i sndeguaiptitg iixiys egeound off cheeformmhlky42R| Glith@ybonyl diimidazole in

i ncludi ng net hyl, hydroxynmethyl, mnethoxymnet hyl

hal oPFeseRg® of HdsadniglveNt, Bt dieEtatyely, wtthﬂrmetbyléaghonate at an

opti uted et henyl including vinyl,

han@?ﬁ?%y%éﬁgéﬁ%§ optionally substituted ethnyl

i ncl udi ng hal oet hnyl (F- CID optionally substituted

al |yl includinghhaloall ( FHC=CH CH2-) ;
13. e method of claim 9, wherein the oxidant is selected from one or

10 more of the group consisting of RuCl;, KMnQO,4, TEMPO, NalO4, KIO,, HIO,,
mCPBA, NaOCl, and oxone.

14.  The process of claim 12, wherein the base is a trialkyl amine or

pyridine.
15
15.  The process of claim 12, wherein the solvent is selected from one or
more of the group consisting of: chloroform, methylene chloride, 1,2-
dichloroethane, diethyl ether, and tetrahydrofuran.
20 16. A compound of the following general formula 51B:
R1
O\)X\COZR“
R<0OS
518 (%VI
wherein,
R! is independently a lower alkyl (C,-C) including methyl, ethyl, optionally
25 substituted phenyl, optionally substituted benzyl; alternatively, R' is a part of
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R4 is independently hydrogen, aryl including phenyl,
aryl al kyl including benzyl, |ower al kyl (C6-io0)
w0 p@bosi7ayy net hyl , ethyl, propyl; Nu is hal ogePCT/BS2005/032406
Br), N3, CN, NGB, CF3, SCN, OR or NR where Ris acyl
i ncl udi ng acetyl, benzoyl aryl al k&H i ncl udi ng benz
2

| ower al layrlig ar@pnmqlfgh%@ pne eChyCHaprasppmethglapR(- zCHzCHz)

\évtnﬁ;/le Rolrtggg%l y?gggenéy 1%&%§01a#é§¥hylgl{é%/ cg rﬁrg?nﬁm %héﬁ'e’ independently
i ncl udi nthydedgen loyleRAIRPINIONT ) irudagy Ihb‘t'h?ﬂ'ﬂ?dl‘bidﬁhethyl

tetranet hyl ammoni um or netal cation including sodiu
pot assi urietbexymgiyly kideraeth, inelyding ifluprametiaylj &Sy, propyl, %Ptlona“y

gg (r)I g re le f O {)st t}lt%d E%R@rlgél}l(?lﬂ%&%g? %n}%gynry? §F ﬁg{ H% gptlonal g
conpound s‘%sﬁtﬁl%d feﬁinbfpﬁﬂblﬁﬂmfg‘ﬂaméﬂﬁ\gl dﬁ' O= C}"Qpﬁbﬁamy%hbstltuted allyl
| east one fluoride Source and ase transfer

cat al yst lnduémgélpbﬂﬂyir(FHﬁeCébC\Haﬁt wi th NaBH4,
L?g:nagleky@mmnmc{}i)urq ng ﬁﬁk%{} ary {n% uldlfr}/g p%nn?lnarymlkyl including
CF3l-tetr ( e Gcl 1.(

tetraal kylfélghmﬁ%om ummrglwt%(ge) cgdlhgh%ﬂ%'\’&-@i\@rm%ere Ris

lIOO\r/]velr al kl?:il ISd‘raklzg?yl(F Cl, By FI),ZCNIINOQ i SCEﬂeO;&/cbrNRwhereRis
et et en or efhnyl. 18. .net 0 aim
ToM Lher itk FbainedEe S BOGENE v ST BRE RO Sy et

t f
T B IS T PR QMHHIR iy WRIBER, Tower alky!
t et r abut yineludinginethyfl] ethylj efepropyl; and
(et et Vet ST kyaBionEs th ding terahupyiupmppigy e
16A9F) , pq%@ﬁhwml&bﬁﬁm @éraﬁr@ylarﬁﬁ%hﬂﬁm bl Hietal d8idnGa¢thding

and rubidium fluoride (Rb
sodium, potassium, cesmm rub1d1um and silver cations.

17. A process for the preparation of compounds of the general formula
51B of claim 16, comprising:

20 mixing a compound of the following formula, IITb

R1

Rfo R
Q. o 4
%

b
with at least one fluoride source and a phase transfer catalyst in an appropriate
solvent,

25  with NaBHy, tetraalkylammonium chloride, tetraalkylammonium bromide, NaNj or
LiN3,NH4SCN, CF;l-tetrakis(dimethylamino)-ethylene (TDAE),
tetraalkylammonium nitrate, KCN, NH4OR, HNR where R is lower alkyl or acyl,
LiCu(R),; where R is methyl, ethyl, ethylenyl, or ethnyl.

47



19. The nmethod of claim 17, wherein the solvent is
sel ected fromone or nore of the group consisting of ,

wo diogestrgs f or mam de, tetrahydrof uran, acetone, PCi/E81v9$/032406
et her, diglyne, polyethylene glycol, DI\/SO MeCN, and

di oxane. 20. A conpound of the foll ow gener al

fornul a 558: mmﬁbﬁ‘épf\dalml? svllermr@ tdbyzouxw Bwelected from
al ky a ally

subst'f ugd:oﬂ%%tﬁlﬁo#ggr 6r?'a?qu°f§ll51 ﬁe{? zyl; or

RL i t§tr§et]ﬂ’)ﬂ£ﬂmﬁﬁluﬁyﬂhdr€deqmﬁw) lteﬁéwdylﬂﬁnﬁhﬂﬁfrl ﬁ{ﬂ@hde
CH2-), or tri meths/l ene (-

CH2CH2-
|( nde(ﬂ“&fdjéﬁm@m@xgyl@gmq sulfur (jm,ethglskly])dlé]@pn@ﬁAS -F), 51lver fluroide

R R

optional Iy substituted ethenyl |nclud|ng vi nyl,
hal ovi nyl (F-CH=C), tional I substituted et hn%
i ncl udi ngl%al cBhermeth Eﬁf@@)”nl phiesrinthasobigntisiselaeted from one or

[Tyl i di h R4

" napeisad s b0l st e YL B g iget iyt dgpgran, acetone,
al kydjethrcdthet ﬂh@ly‘&%é&k@th&l@ﬁ‘@él @dlkmMsqulqé@Nn&drmbmb,

et hyl , propy Nu is halogen (F, d, B) N3, CN, NOB,
I0F3, SCN, OR or NR2 where R is acyl including acetyl,

ol ot ngtnet nyeomeRg otibE By el B 128

met hyl , hal omat hyl (fI uoronet hyl), ethyl, ethylenyl,
or ethnyl; and R3 is hydrogen, a |ower alkyl
including, but limted to, hyl , hal onet hyl
(fluoronethyl), ethyl, ethy I NUBethnyI 21. A
nmet hod for the preparation g4of formul a
52B of claim 20 conprising m xi ngga conpound of

iy

formula, 51B, wherein Rl, R2, g R4 and Mr
wherein,
15 R' is independently a lower alkyl (C;-Cs) including methyl, ethyl, optionally

substituted phenyl, optionally substituted benzyl; or R' is a part of cyclic
group including ethylene (-CH,CHa-), or trimethylene (-CH,CH,CH,-);
R?, R’ are independently hydrogen, a lower alkyl (C;-C) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,

20 propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
optionally substituted ethnyl including haloethnyl (F-C=C), optionally
substituted allyl including haloallyl (FHC=CH-CH,-);

R* is independently hydrogen, aryl including phenyl, aryl alkyl including
benzyl, lower alkyl including methyl, ethyl, propyl;

25 Nu is halogen (F, Cl, Br), N3, CN, NO;3, CF3, SCN, OR or NR; where R is
acyl including acetyl, benzoyl, arylalkyl including benzyl, lower alkyl
including methyl,ethyl, propyl, CH,R where R is methyl, halomethyl
(fluoromethyl), ethyl, ethylenyl, or ethnyl; and
R? is hydrogen, a lower alkyl including, but limited to, methyl, halomethyl

30 (fluoromethyl), ethyl, ethylenyl, or ethnyl.
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are as defined in claim20, with a catal ytic anmount of
acid and water in an appropriate solvent with or
wWowakost72a cosol vent. 22. The net hod of cl ai m PAT/US2005/032406
wherein the acid is selected fromone or nore of the
group consisting of HO, H2PO3, H2SO4, TsOH, CH3CO2H

CF3002H, HopH arethaddoBihe prerarasion oRaicempoynst ¢fyformula 52B of claim
h henyl .. met hyl hy! The melihgd .of R
Pl 212 cortiait i f ¥orap Ol of ifbfhute, S 1, LfitpiAy Bind€oR " and M

mor er@hs 4mediPHlRing20si sting of diethyl ether,
t et rahydr of uran, di oxane, di gl ynE, t ol uene, MeCN,
4.

et hanol , benzene, and net hangl . The net hod of
claim 17, wherein the phasefr erNeafRal yst is

sel ected fromone or nore of fkeg ¢ .84 ng of
crown- et her, diglynme, and pol yet hyl sgeycol . 25. A
process for the preparation of a conpoundmof fornula
53 conprising: 53 (a) treating a co Jund of the
fsormula 51 B or 52B:with an acid in at | east one
solvent, (b) optionally, faollowed by azeotropic .
di stWith a¢atakytic Amgupif geidand pwaterdm an ppprppréae prlgengith or without a
aci d,, GRentThe process of claim25, wherein the acid
from eltﬁe’r step (a) or step (b) is selected fromone
or nore of the group consisting of HO, H2PO, H2SO4,

22. The method of claim 21, wherein the acid is selected from one or
10 more of the group consisting of HCI, H,PO3, H,SO,4, TsOH, CH;CO,H, CF;CO,H,
HCO,H and RSO3H, wherein R is 4-methyl phenyl, phenyl, methyl, and ethyl.

23. The method of claim 21, wherein the solvent is selected from one or
more
15  of the group consisting of diethyl ether, tetrahydrofuran, dioxane, diglyme, toluene,

MeCN, ethanol, benzene, and methanol.

24,  The method of claim 17, wherein the phase-transfer catalyst is
selected
20  from one or more of the group consisting of crown-ether, diglyme, and polyethylene

glycol.

25. A process for the preparation of a compound of formula 53
comprising:

25

53
(a) treating a compound of the formula 51B or 52B:
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TsOH, CH3CO2H, CF3CO2H and HCO2H. 27. The process of
claim25, wherein the solvent fromstep (a) is
w@edoeosEds f rom one or nore of the group consi sSPCHYSWN5/032406
MeOH, EtOH, 1-PrCOH, CH3CN, THF and water. 28. A
conpound of the follow ng general fornula 53B:
"wherein, R2, R3 are independently hydrogen, a | ower
al kyl (G -C) incl ing nmet hyl , hydr oxymnet hyl ,
met hoxymet hyl, hal dit hyl i;ncl udi ng, fl uoronetiyl
ethyl, propyl, optyomal "gxfSubstituted ethenfy RF°
i ncl ud| ng vi nyI & &R2H=C), optiona O,R4
substituted ethnyl I na2adRg hal oet hnyl (F-CQ), RZOH
optionally substituted g}l WMl ncl udi ng, haloal |yl
(FHC=CH CH 2-); andNu is halogen (F, d, Br), N3, CN,
NO3, CF3, SCN, OR or NR where R is acyl including,
acet benzoyl ,, aryl al i ncl udi ng benzyl, | ower
al ky ltlilﬁ‘&f“aé ‘%': lﬁfbsfﬁ l%elnﬁ propyl, CH2R where R is
kydrogen, |ower al kyI i ncl ud| ng met hyI , ethyl, or
propyl. 29. A process for the preparation of a :
conpound of t hd) bptianally, feBSvedbbipadesiropjc disti}latierainbegzene or
compound of the fornula 5B or 52B: with an acid with
a sol vent: whePBA°{he sol vent is selected from one or
rmrgp\lrggenwgf&ngup consi sting of MeOH, EtOH, i-PrOH,
CH3CN, THF, and water; (b) optionally, followed by
azeotropic distillation in benzene or toluene in

resence an.acid. 30, ,The ess
el T o e O ey 2 Soaf R e L Bl By srep @ or step
sel %Lz%efe%&mm%ﬁé o6 oFihd H6uPENRIELBSHEN | HPOS, H,S0,,
TsOH, CH3C02H CF3C02H and HCO,H.

27.  The process of claim 25, wherein the solvent from step (a) is selected
15  from one or more of the group consisting of MeOH, EtOH, I-PrOH, CH3CN, THF

and water.

28. A compound of the following general formula S3B:

20
wherein,
R?, R? are independently hydrogen, a lower alkyl (C,-Cs) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including, fluoromethyl, ethyl,
propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
25 optionally substituted ethnyl including haloethnyl (F-C=C), optionally

substituted allyl including, haloallyl (FHC=CH-CH,-); and
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TsOH, CH3CO2H, CF3CO2H and HCO2H. 31. The process of
claim 29, wherein the solvent is selected fromone or
woreeoe/08f723 he group consi sting of MeOH, EtCOH, 1PEr/Os2005/032406
CH3CN, THF and water. 32. A conpound of the foll ow ng
gener al R3_ are_i ndependent |

f | a, : in, .
hydr ogen, Ig‘ggul&i%ﬁeggﬁéfsg)g\% %I}IR’ZHQ@I Gl AgNaERgnNR Whefe R is

hydr oxyne h I ly: ] [
11 tor oner i) ey QT S ARIEOMlsreN e, Bier kol
et henyl iincludihigmeethylngthyl, prapply CHyR wierd RE D ydrogen, lower alkyl
optionally substituted ethnyl including hal oethnyl
(F-cC), opelugingmethyd gyl erreylal |yl i ncl udi ng

loallyl (FHC=CH CH2-); R5 includes trityl,
t-butyldinmethylsilyl, t-butyldiphenylsilyl,
benzyl oxy2et hyA préxeszioy the pregavaion, of 4-cph@byid &fahe @ytmula 53B
2-, 3-, or 4- nitrobenzoyl, 2-, 3-, or
4- chtBrRSB¥EI®z 0yl , ot her substituted benzoyl; and acyl

AN L L L

where R is acyl including, acetyl, benzoyl, arylal kyl

i ncluding benzyl, lower alkyl (G -io) including

nmet hyl , et hxl,, ropyl, CH2R where R is 1h rogen, | ower

al kyl (a -Ni 4R ng net hyl, et hyR; QI .
33. A proces$ gpfaration of a '

formula 53C conprg sel ective protection fb he
-hydroxy of the formmh 53B: 53B with a prolgcting
gent, and a base 1n a solvent. 34. The process of
claim 33, wherein the protecting agent is selected

with an acid with a solvent; wherein the solvent is selected from one or more of the
group consisting of MeOH, EtOH, i-PrOH, CH3;CN, THF, and water;
(b) optionally, followed by azeotropic distillation in benzene or

15  toluene in presence of an acid.

30.  The process of claim 29, wherein the acid from either step (a) or step
(b) is selected from one or more of the group consisting of HC1, HoPO3, HySOy,
TSOH, CH3C02H, CF}COzH and HCOzH

20
31.  The process of claim 29, wherein the solvent is selected from one or
more of the group consisting of MeOH, EtOH, I-PrOH, CH3CN, THF and water.
32. A compound of the following general formula, 53C:
25
R5
R2 R
HO Nu
53C
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fromone or nore of the group consisting of trityl
chloride, t-butyldinethylsilyl chloride,

wao 20a0y17e5 phenyl sil yl chl oride, benzyl oxymet hyPCT/US2005/032406
chl oride, acyl halide or acyl anhydride including but
not limted to benzoyl chloride, toluoyl chloride,
4- phﬁwyﬁnbenzoyl chl oride, and benzoyl anhydri de. 35.

from one e R girenfaiy i Es APEeP AR (b5 G WEBHRE menw.
pyri di ne, hyﬂrc{)@hﬁﬂwﬂ%amm&mlrchmﬁethwlh@nmg lrBioRsthyl, ethyl,

di i sopropyl et hyl am ne, and
di azabi cyR,fpm[lQOPZIOZ]%SC%l@ﬁ@uw@@thew’emﬁhud@és@n)&fhaéQVaIil)fh(F -CH=C),

3" the. oresignrSReY FRY i BPe el B GRE RRkanaty

chl or of OrJﬁbstiltut%d aﬂ%rlqﬁélﬁalﬂg‘hﬁl%ﬁﬁyl (RAC=Cet-Capydr of ur an.

37. A conpoun ow ng general fornula, 49B:
49B wher eanl@Rldemltxdr ebutpldapeshyleityl] tybthyldrpdlgmd&ly& | ower

e ey g R o et SR Ry - or &

et hyl, prrﬁﬁ%enz@ﬁt 2.08alol 4. cﬁlb@@&én&%gl e&hﬁtshﬁﬁﬁﬁted benzoyl; and acyl
|nclud|ng vinyl,” hal ovi ny optionall'y

Wubst it uteth €Mzmy¢ludmg balmomgalfdailmlbﬁnmd (F-CO,

o2 onel 4 B B I8 BB o

optional | ﬁh&?ﬁhhigua&@yl b&eﬂ%&h, ar&lralktyl/lncluH[ﬂgeJehi’i/lSlok&bék alkyl (Cy-10)

t- butyldlnethy Si | di phenyl si |

met hoxy nellrlhljaﬂlngMIHWyl mylhm)oyglt Ejr]zR(WE‘sm Rii 1s hydrogen lower alkyl (C;.
benzyl oxynget h t nzoyl, 2- , 3-, or

4- n|trobe£§ ﬁ‘ YIQ%flﬁ @ﬂ?grobenzoyl, t ol uoyl ,

G ot her substltuted benzoyl; and acyl with G- 0
i ncl udi ng benzoyl and pivaloyl; and Nu is hal ogen (F,
d, Br), ¥B, OCAlpradess foCH®, prg@rtiodRf erconRounhelferrmuila$3C

comprising

selective protection of the 5-hydroxy of the formula 53B:

H

R2
HO Nu
20 53B

with a protecting agent, and a base in a solvent.

34.  The process of claim 33, wherein the protecting agent is selected
from one or more of the group consisting of trityl chloride, t-butyldimethylsilyl
25  chloride, t-butyldiphenylsilyl chloride, benzyloxymethyl chloride, acyl halide or acyl
anhydride including but not limited to benzoyl chloride, toluoyl chloride, 4-phenyl
benzoyl chloride, and benzoyl anhydride.
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i ndependently acyl including acetyl, benzoyl,

aryl al kyl including benzyl, |ower alkyl (G -10)

wo palosiTag net hyl, ethyl, propyl, CH2R where RPCHUS2005/032406
hydrogen, |ower alkyl (G -io) including nethyl, ethyl,

or propyl. 38. A process for the preparation of a
compound X% f oThnpracesagsslgmn 83, avhers thedwapisisslentgd from one or

el cBPBP TICROBR EoTgistg L bl RHE P3O EEHERTDlapyngpyridine
et hexnRidie, &imoﬁfdpﬁﬁth)ﬁl@hh@&)’l@tlw|d1&5$1@?d15{@;2 2]octane.

benzyloxynethyl | oride, ethoxynethyl orid
trltyl chl ori de, trlethyIS|IyI chloride,

but yl di et hyl.si | t.- but
c,shl ori de, %gcett}f éﬁ?eg amége?t |1Eerelgﬁh F {% fﬁ%%?i from one or
anhyglpieds thd@BaPYdnstsihg bf Pridihd) |dit§hl/dro§1€ih@ﬁé @moroform 1,2-
4- phenyl, benzoyl chloride, 4- n|trobenzoyl chlorlde

and mcwhﬂmﬁ@b@ﬁmdyﬁﬂ@hmﬁﬁnde and a base in a solvent.
39. The process of claim 36, wherein the base is

sel ected fromone or nore of the group consisting of
i m dazol e37, pyrA@bﬁgouIﬁr&ﬂhmmwlmdm@wwmﬁumms
triethytlam ne, dllsopropylethylan1ne and 1,4

di azabi cycl o[ 2, 2, 2] oct ane. g process of claim
36, wherein the solvent S sel. ‘r; romone or nore
of the group consisting of pyridfm€E, dichloronethane,
chloroform and 1,2- dichl or oeRifah¥, and

iet rahydr of ur an and the like. 4 koBA conmpound of the
follow ng general fornula, 56: 56 wherein R2, R3 are
i ndelB¥E@nt |y hydrogen, a | ower alkyl (Gi-C8)

R AT, LSRRI cvin

opti onal Iwcﬁmdtlt)u,tmethexﬁmw harlmhexﬂyhgcludmglﬂuoromethyl ethyl

hal ovi nyl (F-CH=C), optignally su uted et [
i ncl udi ngpqqulogetwlly Etpbs@tu@d e%lbeﬁltyr dp&g vinyl, haqgvmyl (F-CH=C),
15 optionally substituted ethnyl including haloethnyl (F-C=C), optionally

substituted allyl including haloallyl (FHC=CH-CHs-);
R’ are independently methyl, benzyl, optionally substituted benzyl, trityl,
triethylsilyl, t-butyldimethylsilyl, t-butyldiphenylsilyl, methoxymethyl
(MOM), methoxyethyl (MEM), benzyloxymethyl (BOM), acetyl, benzoyl, 2-
20 , 3-, or 4-nitrobenzoyl, 2-, 3-, or 4-chlorobenzoyl, toluoyl, or other
substituted benzoyl; and acyl with C,_5¢including benzoyl and pivaloyl; and
Nu is halogen (F, Cl, Br), N3, CN, NO;, CF3,»SCN, OR or NR; where R is
independently acyl including acetyl, benzoyl, arylalkyl including benzyl,
lower alkyl (C,.10) including methyl, ethyl, propyl, CH,R where R is
25 hydrogen, lower alkyl (C;.10) including methyl, ethyl, or propyl.

38. A process for the preparation of a compound of formula, 49B of

claim 35, comprising treating a compound 53B:

53



substituted allyl including haloallyl (FHC=CH CH2-);

R5 is nethyl, benzyl, optionally substituted benzyl,
W eoobpB1723 ri et hyl silyl, tbutyldinmethylsilyl, PCT/US2005/032406

t - butyl di phenyl silyl, nmethoxynmethyl (MOM, nethoxyet hyl

(MEM , benzyloxynethyl (BC!\/DP| acetyl, benzoyl, 2-, 3-,

or 4- nitrobenzoyl, 2-, 3-, or hl or obenzoyl ,

tol uoyl, or other subst|tutedR ; and acyl with

G -20 including benzoyl and pi l; and Nu is

hal ogen (F, 4, Br), N3, CN, 3, SCN, OR or NR2

where R is acyl including acetyl 53Ebenzoy| aryl al kyl

i ncl udi ng benzyl, |ower alkyl including nEthyI, et hyl ,

propyl, CHZR where R is hydrogen, |ower alkyl

i nclwidh AProteitinglagertsbigtted BomPSTRMRY Imord 3f the ?{hﬁﬁ@%&sﬁﬂg of
the preparation of a conpound of fornula of claim4

1 Cdﬁwpmﬁhrlﬂémdﬁgmath@m&w Alogle, thazylorymetay! chipade,
\ég: ;Pﬁ ﬁ%d 9109@? r{}lt)}l C gngfeo ltIYé?tg)ngl yé}%hlorlla‘(*-i3 tpo ?}‘f‘lgﬁ%‘et}%ﬁsﬂyl

he“r é u0|n

hyd rd%d&ﬂbutﬂd@lﬁhﬂ@ﬁﬁ%b%de | agktyl éfﬁon&m aééticnartﬂi'ﬁde benzoic
met al dride is selected fromone or nore of

t he
gr ou@h& , Benizey! drlonglepmluay! gilarids, vrpherylk benzoyl chloride, 4-
_ t erd; r%e%zXﬁtcﬁmrﬁlénaﬁy Eﬂlg ber?%a/l G 88E3 ﬁas%fln gl @#'vgﬁt

erern e solven ron10ne or
the group consi sting of d|chloronEthane chloroforn1
benzene, toluene, and 1, 2-dichl oroethane. 46.

A
1(90n'pound . t hBherpreesst af claim B, wiisesiathe tree isrglegied from one or
| nde end%nltle %/Tﬁ ¥ d(gns%%ng o?lmfa\ﬁz'eole,%%Hme,(E(dn%%?hylammo)pyndme,

i ncl
tnethytlamlne, diisopropylethylamine, and 1,4- diazabicyclo[2,2,2]octane.

40. The process of claim 36, wherein the solvent is selected from one or
15  more of the group consisting of pyridine, dichloromethane, chloroform, and 1,2-

dichloroethane, and tetrahydrofuran and the like.

41. A compound of the following general formula, 56:
R5
HAONOH
R R3
R°O Nu
20 56
wherein

R?, R? are independently hydrogen, a lower alkyl (C,-Cs) including methyl,

hydroxymethyl, methoxymethyl, halomethy! including fluoromethyl, ethyl,

propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
25 optionally substituted ethnyl including haloethnyl (F-C=C), optionally

substituted allyl including haloallyl (FHC=CH-CH,-);

R’ is methyl, benzyl, optionally substituted benzyl, trityl, triethylsilyl, t-

butyldimethylsilyl, t-butyldiphenylsilyl, methoxymethyl (MOM),
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hydr oxynet hyl , met hoxynet hyl , hal onet hyl i ncl udi ng

fluoronethyl, ethyl, propyl, optionally substituted
wetdveiogl72s ncl udi ng vinyl, hal ovinyl (F-CH=C), PCT/US2005/032406

optionally substituted ethnyl including hal oethnyl

(F-CO, optionall¥ substijtuted allyl includin

hal oal | y1melpksaty! BN, beezylaxumelbLBUANMAcEy T beteyl 2+ 3- or 4-
benzyl, opt.i Y SHDSE st Y, [ : .
triethyl sliafr?/?%h%;-’lb% 7 gl’gl} ﬁ&ﬂ o?&ﬁg?w,’ ﬂoluo&f, ot X!her substituted benzoyl;
t - but yl di pidexyl with ¢l inattidiay pembolhyind(fRaWyl; and
nmet hoxyet hyl (MEM, benzyl oxynet hél éﬁBO\/& car bamat e )
car bonat &N iscealggen (Berly Bpy NN, NOs, G, $CN, ORoprMBoyhere R is

, 3-, 0 - r [ . I
Subst 1§ ut 63 BEOTCOFR A8 eyt AR oo BmE B ey
benzoyl ajpdlufingahalyl, ethid, pplaColgR wHeke R @ hydBbgden, INer alkyl
CN, NGB, CF3, SCN, OR or NR where R is acyl including
acetyl, bepkding methyl ghyyer praeyludi ng benzyl, | ower
alkyl (C MO including nethyl, ethyl, propyl, CH2R
where R is hydrogen, lower alkyl (G - 10) including
met hyl , eddyl , A@kodessofpy the prephrdlionfa computid ofoormula 56 of claim
nodi fi ed nucleic base . 47. A process for the
1 ephl campsising trepting msempgunst ofttﬁ%fww‘%m : wherein
R2, R3 are independently hydrogen, a |ower alKkyl
(G -C6) including nethyl, hydroxynethyl,

met hoxynet hyl , hal omet hyl i RPugliqng 1 uor onet hyl |
ethyl, propyl, optionally substj{tu et henyl
i ncl udi ng vinyl, halovinyl (F- ~optionally

substituted ethnyl including h@®étthnyl (F-CC),
optionally substituted allyl inclsggdi ng hal oal |yl
(FHC=CH CH 2-); Nu is halogen (F, d, Br), N3, CN,
NO3, CF3, SCN, OR or NR where R is acyl including

ZFE; h?egélgﬁ&%geQHXL%LK¥ht'”C'“d'”g benzyl, | ower

15

43,  The process of claim 42, wherein the reducing agent is a metal

hydride.

44,  The process of claim 43, wherein the metal hydride is selected from
20  one or more of the group consisting of DIBAL-H and lithium tri-tert¢-

butoxyaluminum hydride.

45.  The process of claim 42, wherein the solvent selected from one or
more of the group consisting of dichloromethane, chloroform, benzene, toluene, and

25 1,2-dichloroethane.

46. A compound of the formula, 57:
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i ncluding nmethyl, ethyl, propyl, CH2R where R is

hydr ogen, |ower al kyl (C6. 10) including nethyl,
we@edvglo317es propyl; and B is a natural or nodi f P€rUS2005/032406

nucl ei c base; conprising treatment of a conpound of

the formula, 57 57 with al kyI anmo |umfI uori de, or,

amoni um fl uori de when R, R or acid when RS
is trityl or al koxymet hyl ; f olge by sodi um
met hoxi de, or base, when R5 is R%48. A process for

the preparation of the L-enantg S, IB-L I B_
(S)-glyceral dehyde wherein, Rl is independently a

| ower al kyl (Ci -C6) including nmeshyl, ethyl,
optionally substituted phenyl, optionally substituted
benzyherer R1 is a part of cycli c group incl udi ng

et hyl ene g2 D 5
f ormi ng Cl§d| openty d peg?énéyli})aﬁotg% ey g’gﬂr Eg%@%@lc}udmg methyl,

respect i vigldyoxymethyR méﬁoxmmnwm&thylhydﬁ@@g Iﬂ,uoﬁ)methyl ethyl,
| ower al kyl (G -C6) including nethyl, hydroxynethyl,
et hoxy memrﬁpyl omwnéﬂbwbytltwt%tthWu@rva raJvinyl (F-CH=C),

vi - “nerar R SR M SRR CoFY pttoRhy
et hnyl i nﬁib@@tutw allg 1(ﬁ€lhhﬂx‘g|ha(o'5ﬂ§IQFHG3ﬂM-I o) y
substituted al I(é e| ncl udi ng hal oal Iyl ( FHC=

p

CH2-) ;
Nu i s hal Bgem u( Imentanyethyﬂ@enm optiogallyambstitard henaykatrityl,
where R i 0 |al
i ncl udi ngts ex zSﬂP'i %\i’gdlmg hR’Psel P ncPt&' gjn leeyl?{rlgltlﬁ %eﬁlo{( %mFthyl
wopyl, BM/WﬁlEtho dtﬁyl I‘QMHME @Bmzﬂmyﬁfeﬂﬁyn tqyd)M), carbamate,
|nclud|ng nmet hyl , et propyl; and
carbonate, acetyl enzoyl 2-, 3-, or 4-nitrobenzoyl, 2-, 3-, or 4-
chlorobenzoyl, toluoyl, or other substituted benzoyl; and acyl with Cy.5o
including benzoyl and pivaloyl;
Nu is halogen (F, Cl, Br), N3, CN, NOs, CF3, SCN, OR or NR where R is
15 acyl including acetyl, benzoyl, arylalkyl including benzyl, lower alkyl (C;.10)
including methyl, ethyl, propyl, CH,R where R is hydrogen, lower alkyl (C,.
10) including methyl, ethyl, or propyl; and

B is a natural or modified nucleic base .

20 47. A process for the preparation of a compound of the formula I:
H
R R3
HO Nu
|
wherein

R?, R’ are independently hydrogen, a lower alkyl (C,-Cs) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,
25 propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
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Bis a natural or nodified nucleic base, conprising
using the (S)-glyceral dehyde as the starting nmaterial.
w@ 3ygloyoes al det yde 49. A process for the prepaP@l/Usw08632406
compounds of the formula | fromclaim47 fromthe
followi ng internedi ate: 42B wherein Rl is

i ndependeoptionally subsitnitedlekyiyl includmg)haleethinydl (Frg=RRxtdpyipnally

ethyl, optiona subtltue ally
subst | ¢ S g ErRa MY IPHCSRELETE o oup

i ncl udi noNgtidpaleRe (FCHBHHRR ) CNONOL FCFEEON, ©/R€or NR where R is
(- CH2CH2CH2-) form ng C¥)C| opentyl or cycl ohexanyl

group, respbiacivdaigyacetRl ] emyhﬁylalhﬂep@n@egbbgzyl lower alkyl (Ce.10)

dr ogen, l.ower (g cl.udi
ar oxy mirRyHPERRs Rt %59?56 R AR RRlegdenpwer atot C
fluor onetllayllncluq{dgyhethﬁr &h or };}gf,ﬁog}ﬁi |y substituted
et henyl including vi ny al ovi ny (F-CH=C), optionally

subst i t utBds @natwpl ot medified ngclmalbe@l; hnyl (F-CO),
optlonall sub t|tu ed al | d|n | oal |yl
( FHCOBIRI 8 Yeatmen o C?@p?%@eﬁnﬁ% % E@dr ogen, aryl

i ncl udi ng phenyl, aryl alkyl |nclud|ng benzyl, | ower

al kyl (G -10) i ncI udi ng nmethyl, ethyl, and propyl.

usi ng the methods of any of Réth vious clains. 50. A
process for the preparation ofg ounds of the
formula, IB-L fromclaim48 fro 3fol | owi ng

intermedi ate: 42B-L wherein Rlgs erependent ly a
| ower al kyl (G -GC6) including rret hy et hyl

Rptionally

with alkyl ammonium fluoride, or, ammonium fluoride when R is silyl; or acid
when R’ is trityl or alkoxymethyl; followed by sodium methoxide, or base, when R’
is acyl.

15

48. A process for the preparation of the L-enantiomers, IB-L

R1
B
o e
RS R? \)YO
Nu H R2
IB-L (S)glyceraldehyde

20  wherein,
R' is independently a lower alkyl (C;-Cs) including methyl, ethyl, optionally
substituted phenyl, optionally substituted benzyl, or R' is a part of cyclic
group including ethylene (-CH,CHa;-), or trimethylene (-CH,CH,CH,-)
forming cyclopentyl or cyclohexanyl group, respectively;

25 R?, R? are independently hydrogen, a lower alkyl (C;-Cs) including methyl,

hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,
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substituted phenyl, optionally substituted benzyl; or
Rl is a part of cyclic group including ethylene
WO 2@61a8¥25 ), or trinethylene (-CH2CH CH2-) f orPETyS2005/032406
cycl opentyl or cycl ohexanyl group, respectively, R2,
R3 are independently hydrogen, a |ower alKkyl

i ncl udi ngprapylheptionh mltb%srwmdreyhenyh@@hdmm)ﬂyhalovmyl (12 -CH=C),

opt 1 onal | Sprent il SRS R Hia higeityin FGRO). optionatt
hal ovi nyl subkrttddd@ly 1199111&%%%1031@%@% -eg1,8t hnyl

i ncl udi ng hal oet hnyl

optionally subst it ut ed

al 1yl i ncNw h@omal(ﬁ,aﬂlll 8K, NEI—@QGJIOQI-@FQ ORacmNMWh@eRis acyl
ndependent

i h |
a?l Kyl i nclflfilb‘?i yaﬁégg%ﬁzop'%ég al qR?ﬁ U¥§%B e 1%%%[%&yﬁbrlcludmg
methyl,  GhBinb, i pﬁfng)deRl«'\ﬁhéigIlt@ﬁy&?%gé}{)qi&yé}fal@pﬁmmdlng

t he previ ous cl ai s

i nternedi at e of

formul a mnahyuzmprrapxCandzo wherei n42B 42B-L Ris
i ndepend G - C6) including nethyl,
et hyl , o?@? %%%PVPQUBg$ﬁP%P% mﬁﬁgﬁil optionally

substituted benzyl; or RL is a part of cyclic group
i ncluding ethylene (-CH2CH2-), or trinethylene

10 CHaaMGHE- Ysifedthed Deelyseedldyivde 98 thestacting odtesany |
group, respectively; R2, R3 are independently
hydrogen, a lower al kyl (G -C6) including nethyl,
hydr oxynet hyl , met hoxynet hyl , hal onmet hyl i ncl udi ng
fluoronet hyl, ethyl, propyl, optlonqlly substituted

et henyl including vinyl, haIOV|nyI
optionally substituted ethnyl

(F-C C, optionally substituted al/lyl
hal oal | yl (FHC=CH CH2-); and R4 & i
hydr ogen, aryl including phenyl, ar

15

20

25

R F- CH=0) ,
di

g hal oet hnyl

i ncl udi ng
eg@ent |y

yl including

(S)glycerddehyde

49. A process for the preparation of compounds of the formula I from

claim 47 from the following intermediate:

R'Q- R3fH
R'O
O,R*
R¢ OH

428
wherein
R' is independently a lower alkyl (C;-Cs) including methyl, ethyl, optionally
substituted phenyl, optionally substituted benzyl; or R! is a part of cyclic
group including ethylene (-CH,CH,-), or trimethylene (-CH,CH,CH,-)
forming cyclopentyl or cyclohexanyl group, respectively;
R?, R® are independently hydrogen, a lower alkyl (C;-Cs) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,
propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
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benzyl, lower alkyl (C O including nethyl, ethyl, and
propyl. 52. A

WQ2@bkyl723, 5- di - O-rr ot ect ed- 2, 3- di hydr oxy- pent BODUS2088032406
d ester of the follow ng general fornmula (42B) and its

i somer (42B-L): 42B 42B-L wherein R, R' =

i sopr opy| dntienally sestityted ¢thme] inglpdingthaloptingbfeCs€),@ptionally

(- crocre. SoRGhed Ayt e SR BRE s e g

cycl opentyd isQdep¥ideRIL KpdR¥Eend LY lelfdﬂ'%(iﬁﬁ?yl\,é&ly}éagkﬁ including
0 <Co, " or

and R' can be independently [ ower al

aryl Of Cobegzg, lowen aly! (&hdo)oncﬂedmgpﬂhyhaelthw, andipsepyl.ut ed
enzyl, trialkylsilyl, -butyl-dialkylsyl,

butyl di phenylsilyl, TIPDS, THP, MOM MEM and ot her
opt i onal |1)éu%tth€fneﬁ{o% Sﬁaﬂ}f&‘tﬁéﬁﬂéﬁﬁus Shink$. acetyl,
benzoyl and other optionally substituted acyl ( R and
R' are -C(O) R, wherein R can be |lower alkyl OG-C 6,
, or aryl er _option

Subst Lt ut 36 bebZycsss 1 Helserarion ol gaRRkS o the'formula, 1B-L

hy dr & R1aiR48! frdPireF3AdwBdn@rrh&gs: al kyl (G -C 6)
i ncluding nethyl, hydroxymethyl, nethoxynethyl

hal onet hyl |nclud|ng fluor hyl , propyl
optionally substituted g di nq%w nyl ,
hal ovi nyl (F-CH=C), option i PReRd et hnyI

i ncl udi ng hal cet hnyl (FC= O, Qb jrpnal |y substituted
allyl including haloallyl (FHC=CH CH2-); and R3 is
iondependent |y hydrogen, aryl i#28-uding phenyl, aryl

al kyl hl ncluding, but not limted to benzyl, |ower
al kyV"{&™ 6) including nethyl, ethyl, or propyl. 53. A

process fp¥ 1st1ﬁ&p§ﬁ&hﬁg§%\@&‘ta'llé§@ (O-EParatdiap nf¥hyd ethyl, o dotlonally
conpound of fornmula 42B of claim?51, mxing a conmpoun

of f or nmul substatuted\phemad; qp_tllqnglll?y subsmtgtggb@pwu atdhds a part of cyclic

veret! gy AL EE ) e P .

iy 1 met hyl @Rgidg-cyclopentyl or cyclohexanyl group, respectively;
R?, R? are independently hydrogen, a lower alkyl (C,-Cs) including methyl,
hydroxymethyl, methoxymethyl, halomethyl including fluoromethyl, ethyl,
propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),
optionally substituted ethnyl including haloethnyl (F-C=C), optionally

20 substituted allyl including haloallyl (FHC=CH-CH,-); and
R* is independently hydrogen, aryl including phenyl, aryl alkyl including
benzyl, lower alkyl (Cs.10) including methyl, ethyl, and propyl.

using the methods of any of the previous claims.
25
51.  Anintermediate of the formula 42B, 42B-L, 42C, 42D:

wherein
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CH CH2CH2-) form ng cyclopentyl or cycl ohexanyl group,
respectively; RL and R' can be independently | ower
wa@bkdoglo3obs C] - C6, , or aryl O C6-C20, benzyl anPCDUREN5/032406
optional l'y substituted benzyl), trialkylsilyl,
- butyl -di al.kyl syl,, tbutyldi phenylsilyl, TIPDS, THP
1 bbtional |y et her protect Eﬁ%
g ot her optionalR'g_su
are -G%O) R, wherein R can ),
Mr al kyl of C-C6, or aryl ofg?
C6- C20, benzyl %% other optionally substituted
benzyl); R and can be independently | ower al kyl423"'
oc-C6, , or aryl of COC20); R, R2 are
i ndependent |y hydrogen, aryl (C6-C20) and a | ower
al kyl (G -C 6) including nethyl, hydroxynethyl,
met hoxynet hyl , haI Lomet hyl i ncl udi ngf | uor orret hyl ,
et hyl, pr oﬂ% I Iy substituted ethengh R3
substitute

i ncl udlﬁtﬂ@ i Vi né (F-CH=C), opti onal y P
' | i nEi ng hal oet hnyl O,R*
optionally subgtitdtut ed al Iyl including haI oal | yI

(FHC=CH- CH2-); apd. R3 is independently hydr ogelﬁi2 |

i ncl udi ng phenyl ""aryl al kyl including, benzyl, Isomer

al kyl (G -6) including nethyl, ethyl, or propyl , Wth

a catalytic or stoichionetric anount of an osm um

agent, w{hqu

The pr oce%sgo d? Xde%ﬁ zi‘ov\s;\ir @1 Ké ?Q 1ch@dl§1%n¥e?}yl etl’?fl optionally

GO, or qubp@ued p55ny1T oﬁil@ﬂﬁl‘bsutﬁfedcbleﬂi}m cﬁrC‘Rl 1%@ﬁﬁloﬁcychc
the oxidant is selected fromone or nore of thengou8
»CH,CH;-)

donsi st i ngjowr ingludingeathylenedr GHefPilnd-ortranethilene (-C
di
?g“ clygﬁl HQWSC%B%%ME%? ge%@;%rorl {ée%,sgan h}lﬂkyl

per oxi de RY) rRAeyd ingefcndends), hyaftfgeﬁg Slotvst alkilt(€4-GQY including methyl,
unsubst i t ut ed per benzoi ¢ acid. 56. The process

f
cl ai m 53, hydrenyaathyliaetsoryreqteyli I@al@wéxltle@luﬁma rﬂusf@leéhyl ethyl,
propyl, optionally substituted ethenyl including vinyl, halovinyl (F-CH=C),

3’

10 optionally substituted ethnyl including haloethnyl (F-C=C), optionally
substituted allyl including haloallyl (FHC=CH-CH,-); and
R* is independently hydrogen, aryl including phenyl, aryl alkyl including
benzyl, lower alkyl (Cy.10) including methyl, ethyl, and propyl.

15 52. A 2-alkyl-4,5-di-O-protected-2,3-dihydroxy-pentanoic-acid ester of
the following general formula (42B) and its isomer (42B-L):

RO Ry OH

R"O
OzR2 R,0,C

5 OH
42B 42B-L
wherein R',R" = isopropylidene, benzylidene, cyclohexylidene or a like, or a

20 part of cyclic group including ethylene (-CH,CH,-), or trimethylene (-
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nore of the groups consisting of hal ogenated

hydr ocar bon i ncl udi ng net hyl ene chl oride, chloroform
wa@a0oeosi7eet rachl ori de, ethyl ene dichloride, di P€L/g1005/032406
formam de, di nmethyl acetam de, hexanet hyl

phosphorani de, water, tert-butanol, i-PrOH THF, and .

pyri di ne. CHICHCHy bosminercyelopentylqrenelobenaayk groep, respectively; R’

P ehar al ! B 1ol bE RBUN AL 10 T Pof3BCRlor SHRTGFLRD, benzyl

conprising: mXing a
oxi dant, dnd dthet optiesatiycabgitutad bedzzl, ytilRylsilyl, -butyl-dialkylsyl, -
stoichionetric ampunt of an osm um agent, or potassium

r ut henat ebutyidiphenylabd. YRS, THRGMOM; apg| offlagsopGenally ether
L Bt S g 11, USSRy gped s
4- N- met hy( Raihp ROl areeC(9) R i vigsreih IR @nkiel lawenatk PN OIS |, or aryl of
pot assi um ferricyani de, hydrogen peroxide, chlorite,
an al kyl @efoxberzyl a4 othsriopsiaeplly sybgiuted berzyDor

bsti tyt | ' .d. 59 T
O R, S ARGl LS GBS 3lan O

60. The pihoamg mdthyl Ridid:5metiianethox ii@hgdaliaénisthyl iScluding
sel ected fromone or nore of the group_ consi sting of )
Wuch as dilvgremedyl. sthal, peopybraptipnalysubstiutgd ethgmyljigadeding vinyl,
di hydr oqui ni HQ)_ A [ yati : : i
Lo RN 18ﬂ?%i@ggp@/@g%%ﬁtks‘ﬁ?utéa’éﬁnyl including haloethnyl (F

N, N - di al kb, %pﬁbnéﬂk@%srti@&té&l hINg ihd1@BAE BaloARA %_FHC=CH-CH2-); and
N,N,N,N - tetranethylethylenediam ne. 6.1. The . '
process oR;: islisdepesientlywhpdregen, ané inshldjrgphenyl, gol elkykigcluding, but

bl ogenat it Ry IR 4R krtiah IUF AR adhg ipginefbt et o propy.

exanmet hyl phosphoram de, water, tert-butanol, i-PrOH,
THF, and g%ri di ne. 62. A process for the
st er eosel &bt i vA ppecspaionthicsterefselgciivpepaietiasfof a compound of

formula 42B of claim 51, mixing a compound of formula, 41,
R
R" 1
/
O4R,
R3

20 wherein R',R" = isopropylidene, benzylidene, cyclohexylidene or a like, or a
part of cyclic group including ethylene (-CH,CHj-), or trimethylene (-
CH,CH,CH;-) forming cyclopentyl or cyclohexanyl group, respectively; R’
and R" can be independently lower alkyl of C;-Cs,, or aryl of Cs-Cyo, benzyl
and other optionally substituted benzyl), trialkylsilyl, z-butyl-dialkylsyl, ¢-

25 butyldiphenylsilyl, TIPDS, THP, MOM, MEM and other optionally ether
protecting groups or H, acetyl, benzoyl and other optionally substituted acyl (
R’ and R" are —C(O)-R, wherein R can be independently lower alkyl of C;-Cs,
or aryl of C¢-Cyo,benzyl and other optionally substituted benzyl), R andR’
can be independently lower alkyl of C;-Cs , or aryl of Cs-Cy);

30 Rj, R; are independently hydrogen, aryl (C4-Cy0) and a lower alkyl (C;-Cg)

including methyl, hydroxymethyl, methoxymethyl, halomethyl including
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formula 42B of claim 51, conprising: mxing a conpound
of formula 41 with a pernmanganate conpound, in

wa@iobabl7es sol vent, optionally with a base. 63.PdNes2005/032406
process of claim®62, wherein the permanganate is
sel ected fromone or nore of the group consisting of
KMhO4 t etﬂlaniemyﬂhb'}r eyt pydpahwpthmallyesummgach ethenyl Tiwfwddg vinyl,

quater Lzﬁfﬁﬂ MZ?E##=’@"§&%S§ BP0 God TR ooyt
MO, Il)'h fbnalty siiktiBfted Qlﬂn 1&¢ud1§§j§£§{1@?ﬁfﬂ{@ —@ko, - ); and

aa- C20 64 e process of claim®6 wherein the
sol vent iR; 1sexh®pt:rai¢nﬂy bydrogen, eryl metualingf phehy, gtryballhyl including,

onsi st haI ted droc di met h
cetam d enﬁfélx gle@é%‘ﬁ‘ﬁg% éf‘q\’/\%tp or pmp%
tert- but anol i - PrC]—| THF, and pyridi ne. 65 The

process of clai m 64, wherein the hal ogenerated

hydrwitiagp bataly‘tis os ethizbiomttiic ampwiief en osmiue agent, mathgnoany chiral
conscﬁai S&g thyI ene chloride, chloroform carbon

t et rEHYG e §Phy| ene dichloride. 66. The process of

cl ai m 63, wherein the base conpri ses KOH, NaCH,

pyridine, and trial kyl ammoni a. 67. A process for the

X er eosel ¥t i VEhqurepas af ¢leim 63, veherompimursthiwh agentris0a04, or
42B of cl ai m 51, conprising: mxing a conpound of

formul a 4% h a ruthenium system optionally with a
chiral or achiral catalyst in a solvent. 68. The

process of claim®67, wherein the rutheniumsystem
corrpr i sesSRuCl TigY Becss 8f NainC83, vagereiAthe oxidant 1s selected from one or

t
gmore ofp ﬁeogr%ﬁlt) ggns%stlglg %)f(x-l\?-methy?morp%ohn )y ée pyrlclhne ?\I oxide
15 trialkyamine-N-oxide, potassium fericyanide, hydrogen peroxide, chlorite, an alkyl

peroxide an acyl peroxide, and a substituted or unsubstituted perbenzoic acid.

56. The process of claim 53, wherein the solvent is selected from one or
more of the groups consisting of halogenated hydrocarbon including methylene
20  chloride, chloroform, carbon tetrachloride, ethylene dichloride, dimethyl formamide,
dimethyl acetamide, hexamethyl phosphoramide, water, tert-butanol, i-PrOH, THF,

and pyridine.

57. A process for the stereoselective preparation of a compound of
25  formula 42B of claim 51, comprising:

mixing a compound of formula 41

30  with an oxidant, in the presence of a catalytic or stoichiometric amount of an

osmium agent, or potassium ruthenate, with a catalyst, and an inert solvent.
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| actone of the follow ng general fornmula (49B) and its
L-isomer (49B-L): 49B 49B-L wherein R3 and R5 can be

wo pdepariadent |y H, CH3, acetyl, benzoyl,, pivalpgi/pSmns/032406
4-ni trobenzoyl, 3-nitrobenzoyl, 2-nitrobenzoyl,

4- chl orobenzoyl 3-chl orobenzoyl 2- chl or obenzo ,
4- et hy| b¥hz oy Fhe BFogsss R{ fl8am ) byyherein ﬂ?ﬁe‘l’ﬂ%‘lﬁ@rﬁfg’ﬂed from one or

par i\ Ru -
e RS B X 80 o e A EARLING FHRAL i amine
al kyd)x1dé pOtas&im, ferricgnid, mb/dmger@eroﬁaé),,chhﬁ‘ﬂé,)ah alkyl peroxide, an
4- met hoxybenzyl, and ot her ,optionally substituted

benz3ayl a‘%drﬁﬂhs"ltufqdloél“ﬁ%@PW%d perspedic agidal kyl syl |

tg butyl di phenylsilyl, TIPDS, THP, MOM MEM and ot her

opt| onal ly ether protecting groups; alternatively, R3

and R5 ar$9.| i nKiedprobdse uftlainbs RAvKer&h he ospiumSigBR-is OsO,4 or
wherein Ris a |ower alkyl such as CH3, ethyl, and

n- Pros®ate.. pr. 70. A process for the preparation of the

| actone of claim®69, conprising: (a) reacting of a

conpound of the fornmula 39. O HO 39 with

(1- al koxy&@r boTiyd grobwsk oflelai) 57,rwipdnein yhepdana pet oy seieeted from one or
under the Wttig condi t|>9$n in a. sol vent

1 o rwgEeTdis £9UD APHIRINS F%@.aéﬁﬂmdrqu@m@ﬂ?)ﬁQD) and its
i/\/ln: ﬁ& h edﬁi}dlrosulﬂ{rféxgﬁﬁ%)taaﬁ 11‘3'd9hvzf’tgle99fu rﬁfgﬁléllgx c@&r}]lccilme,

treat nent of
42 V\DNBG@L NyN'-dialkyl-ar2'-dlpyabhiding tigardsyamdaN 26N’ M6 ( d)
sel ective OP ?te tion of primary and secondary OH
gr ou’&ggalinsthyle hylenediamine.

15 61.  The process of claim 57, wherein the solvent is selected from one or
more of the group consisting of a halogenated hydrocarbon, dimethyl acetamide,

hexamethyl phosphoramide, water, tert-butanol, i-PrOH, THF, and pyridine.

62. A process for the stereoselective preparation of a compound of
20  formula 42B of claim 51, comprising:

mixing a compound of formula 41

with a permanganate compound, in suitable solvent, optionally with a base.

25 63.  The process of claim 62, wherein the permanganate is selected from
one or more of the group consisting of KMnQ, tetradecyltrimethylammoium
permanganate (TDTAP), cetyltrimethylammoium permanganate (CTAP) and other
quaternary ammonium permanganate such as RR;R3 RyN* MnOy’, wherein
R; R; Rj R4, can be independently alkyl of C;-Cyo.

30
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yield 3,5- di-Oprotected derivative 47; and 47 (e)
fluorination of compound 47 to provide the desired

wo 2608625 71. A process for the preparation of P¢1E52005/032406
| act one of claim69, conprising: (a) selective

O protect egh of BRABICAL ¥ kO U Ofr, GOIBRUAL 92 42 B0 e or

yield the nono-O protecte rrvatty )

f | uormemtdfote grbug consisting ofi3 hmgg@faﬁewlgfardc%oﬁ,l d{&(r%{}?/%c%gamide,
product 44 44 (%Iagtonizatlon of 44 with aci o

gi veﬂfeﬁémﬁthb’]af&}toé ramidegyyaten tegt-beatpnely oPEH.,i THF,aind tplyeidine.
primary OH to provide the desired |actone.72. A nethod

for the synthesis of an internmediate in the synthesis

off a | act dige 5 3TheTRo@es1pPdaif064, Werdih tﬁe!’]ﬁlo%e &%@Hﬂ(ﬂpcarbon is
of formul g, 42B, 42B with thionyl chloride or thlo_y
di i msaﬂ.%‘@? £romhons @gnere of Hie giotménasistingofmkthgiehe tidoride,

' ' ' : . A,process for
S eparietoltl SRR o Hend MBABSER compr i si ng,

66.  The process of claim 63, wherein the base comprises KOH, NaOH,

10 pyridine, and trialkylammonia.

67. A process for the stereoselective preparation of a compound of

formula 42B of claim 51, comprising:

mixing a compound of formula 41
R'
R" 1
/

CO4R;
15 Rs

with a ruthenium system, optionally with a chiral or achiral catalyst in a solvent.

68. The process of claim 67, wherein the ruthenium system comprises
RuC13/CeC13/NalO |
20 ,
69. A 3,5-di-O-protected-Z-deoxy—Z-ﬂuoro-2-C-methyl-D—ribono-y-
lactone of the following general formula (49B) and its L-isomer (49B-L):
RSO_‘ir 0] RS
0 o)
! \ o CH3 v E
RO F OR3
49B 49B-L
25

3

wherein R® and R can be independently H, CH;, acetyl, benzoyl,, pivaloyl

or 4-nitrobenzoyl, 3-nitrobenzoyl, 2-nitrobenzoyl, 4-chlorobenzoyl, 3-
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50B wherein R ,R' = isopropylidene or cycl ohexylidene

or a like, or a part of cyclic group including
webdnglogries (- CH2CH2-), or trimet hyl ene (- CH2CH2EERUF2005/032406

form ng cycl opentyl or cycl ohexanyl group,

respectively; R and R' can be independentl

trial kyl s¢hlgrpbenzpyl 9101119'“3?%Wﬂﬁ'meilwiheylllwlp%myébqnwyl, 2.
TI PDS, THP Nﬁ%@ and, ot her opt.i | | t her )
or ot et rgey BV oA PuduGhe A e tp o apostinuted acyt, -

opt i onal | g(®uRSthdrel Resin &6 Yhdepereiid 1dWerlakyl of C,-Ciq,, or aryl of Cs-
-C(O-R wherein R can be lower alkyl OG-C, , or .
aryl of Chodrpzpepnyithanderavhard ¢pen aptianally sippiztuted beeeyl, trityl,

) GRS DE ORI BE b v

hydr ogen, M@Ny | anll Gereedptioray ethet pifedctial kddup§;Glteflively, R? and R
i ncl udi ng nethyl, hydroxynethyl, methoxynethyl,
hal onet hyare ﬂln@m@rmhfS%r%ﬁel{mw ;SiRp-hmherepy Bps/4 lower alkyl such

optional | bstituted £t henyl including vinyl,
hal ovi nyl élS(@bﬁé@’,“‘ZBfﬁé’ﬁéW’y substituted ethnyl
i ncl udi ng hal oethnyl (FC C), optionally substituted

al lyl including haloallyl (FHC=CH CH2-); and R3 is .
ithdependett| y Aypocsseior therpyeparativneditheglagineangf claigr §9, comprising:

al kyl includin but n limte enzyl .- | owner
il (G 6 Enertind oo td of e PRGN 30 TV
conprising mxing the product 5 fromclaim70 with
an oxidant in a solvent or a ﬁ%g%i%ation of solvents;
or alternatively, m xing a conpeundguof the fornula,

‘42B of claim51, with sulfuryl chboride or sulfuryl
di i m dazole in presence of a base, in a solvent. 74.

1Bhe witp¢eskoRfcatdoali@hiB dentd) irgibeny1pBosphbEAd tindes the Wittig condition
sel ected fromone or nore of group consisting O RuC
3, KRHGQIVETEMPO, Nal O4, KIO4, H O4, nCPBA, NaOCdl and

oxone. (b) stereoselective dihydroxylation of the olefin intermediate 41 to

provide the diol 42 optionally or with chiral catalyst;

Ha PH
O ,Et
H OH

20 42

(c) treatment of the compound 42 with an acid in an alcohol to

provide 46;

HO

HO CH,
25 46 ‘
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75. A conpound of the follow ng general fornula 51B:

51B wherein R ,R" is isopropylidene or cycl ohexylidene
w@r00a/0Bi7R®, or a part of cyclic group includi nBCT/US2005/032406

et hyl ene (-CH2CH2-), or trinethylene (-CH2CH2CH2-)

form ng cycl opentyl or cycl ohexanyl group,

respectively; (@lsaiertive Qpiotastion ptippaaryent sgcondary OH groups to

trial kylsi.lyl, .- yl -di a l syl )

r- but vyl di’Bﬁ%@yﬁ's&F@Tp,mt?‘ftﬁ%)@m?ﬁlﬁ 41308 MEM and ot her
optionally ether protecting grom bl acetyl,
benzoyl and other optionally substitie yl ( R and

Rare -C(O-R, wherein R can be | ower\_alk@HO C -C 6, |,
or aryl of C6-C20, benzyl and other _ogtiopally
substituted benzyl); R and R can b&*?ndefBadent |y

| ower al kyl of G -C6, , or aryl of C64€20); R, R2 are

ialn E; Ip © ? dQ'e E] tcl )6/) (}é?/ ﬂ{}c?%&%’ﬂa %ﬁécltq%éﬁcll’ﬁﬁa%g% Bf(lc{]yﬂ%etqh%l &g\sﬁrred lactone.

et hoxynet hyl, hal omet hyl including fluoronethyl,
ethyl, propyl, optionally substituted ethenyl .
i ncl udi ng7 i nyh pravassofer thelpr¢pRratian©f thedpetpamel dlgim 69, comprising:

substituted ethpyl incl.uding hal oethnyl . (FC= C
optionally sub@pi t Lﬁege&l“é‘? @gﬂ%ﬁeﬁtsﬁab?%én%gm%?@ of compound 42
(FHC=CH CH2-); R3 is independently hydrogen, aryl

i ncl udi ng phenyl, aryl A ' di,ng, to benzyl,

| ower al kyl (G -6) includi ethyl, or propyl;
d Nu is halogen (F, d, B 8, CF3, SCN,
OR NR™, NHRL", or NR "2 where/lh R" is H or acyl

i ncludi ng acetyl, benzoyl, aryIHaI yl i ncl udi ng benzyl,
| ower al kyl (C6-10) including mnet hx#, et hyl , propyl,
CH2R wherein R is hydrogen, lower alkyl (G . i0)

i ncl udi ngtorpedlé e meidiPlproected dopydtiveddgd M+ i s

t et raal kyl ammoni um i ncl udi ng tetrabutyl amoni um

et r aet hyl ammoni um tetranet hyl ammoni um or netal
cation including

o))

Ha PH
/
OEt
0Bz

43

(b)  fluorination of compound 43 to provide the fluorinated

product 44;
&
O ZEt
0Bz
44
15 (c) lactonization of 44 with acid to give the y lactone 45; and
HO
0 o
CH;,
BzO F
45

(d) protection of the primary OH to provide the desired lactone.
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sodi um potassium cesium rubidium and silver
cations. 76. A process for the preparation of
w@orposr1ds of the general formula 51B of cl ai nP@BUS2005/032406
conprising: (a) mxing a conpound of the follow ng
formula, 50B 50B wherein R ,R' = isopropylidene or .
cycl ohexyi2: denf mathed for the syathesis plant intgrmediateiin thgrsynthesis of a
i nclu ioneq§§t hyl ene (-CH2CH2-), or trinmethylene (-CH

CH2 orm ng cycl opentyl or cycl ohexanyl group,
respectively; R and R can beloi pendent |y
trialkylsilyl, -butyl-dialkyls

7-butyl di phenyl silyl, TIPDS, THR MEM and ot her

optionally ether protecting greaps or H, acetyl,
benzoyl and other optionally subgtituted acyl ( R and
Rare -C(O-R wherein R can be lower alkyl OC-C 6 ,
or aryl of C6-C20, benzyl and other optionally

ubst | .benzyl); R and R can be i ndependently
I‘csome(t‘rdrﬁe#{fsﬁ' of G-C6, , or aryl OFC6-C20) ; R, R2 are
I ndependent | y (ay etigmgn,coapylind bfoftAvlh, 40B] a | ower
al kyl (G -C 6); including nmethyl, hydroxynethyl,
met hoxynet hyl , hal omet hyl i ncl udi ng fl uoronet hyl,
ethyl, propyl, optionally smibsti trt ¢ et henyl
i ncl udi ng vinyl, hal ovi,{g# ( optionally
substituted ethnyl inclu t b,RFC= O),
optionally substituted allyl infkuding hal oallyl
(FHC=CH CH2-); and R3 is indep m@i’htly hydr ogen, aryl
i ncl udi ng phenyl, aryl alkyl i nch&%i ng, obenzyl, | ower
alkyl (G -6) including nmethyl, ethyl, or propyl; wth
one fluoride source or in conbination with phase

4 g i b oY EarB i arol® psibort AP BBl 8 stvent o

yield the intermediate S0A;
R’ 1
R"MO 2R2
o/g‘o

R
50A

e,

73. A process for preparation of a compound of formula S0B

15  comprising,

50B

wherein R',R" = isopropylidene or cyclohexylidene or a like, or a part of
cyclic group including ethylene (-CH,CH;-), or trimethylene (-CH,CH,CH>-)
20 forming cyclopentyl or cyclohexanyl group, respectively; R' and R" can be
independently trialkylsilyl, -butyl-dialkylsyl, ¢-butyldiphenylsilyl, TIPDS,
THP, MOM, MEM and other optionally ether protecting groups or H, acetyl,

benzoyl and other optionally substituted acyl (R and R" are -C(O)-R,
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77. The process of claim 76, wherein the base is

sel ected fromone or nore of the group consisting
w@kMaBs25 t et r aal kyl ammoni um chl ori de, PCT/US2005/032406

t et raal kyl ammoni um brom de, NaN3 or Li N3 NHASCN,

CF3l -tetrakis %glnethylan1no) et hyl ene (TDAE),

t et r aal kyWherawm can b lowar dkyledG- ryl g€ vhrebenzidl ang other
le? \t,1\§|r o k‘{ﬁtﬂogé{%l))? &%gfrltu{eetdh%é{’g)l)z%v\%iﬂ-ﬁ" &nlf lggépf%her‘tlg lower alkyl of

75, mhere@pcghsr&@p@ﬁ@pﬁm;ource is sel ected fron1the

group consisting of tetranethyl amoni um fluoride

( T™AF) , tBt &@fmhylﬂﬁmﬁémtlyrhqugemw (Ceam)and a lower alkyl (C;-Co)
}3,&2;3 u: ?/mg@‘g%%gﬁe I de eItl% methoxymethyl halomethyl including

( tri met hyfledrbmedhdh, fe{hbyp Ij)hﬂﬁll (oﬁﬁ&qdﬁ)y suBdtidined ethehyl including vinyl,

conbination with a fluoride source selected from one
or nore dialQ\h@yldF&Ié:@bﬁB‘iI@IaﬂMQuhﬁltléﬁid ¢tbnylfingluding baloethnyl (F-

a1 uby et ep ity Shesaesd By r SR B G L ERr e s and

with crovg; ﬁtlﬁi%'i)endgng&lﬂ og@pbl};ﬂrﬁl/dd%ge piHny. nyl Qlkﬁl including, but

ot her phase transfer ca A conpound
0ol | owi ngnajdimated|to bmmllewmw 0B wirdw nmnﬁthyﬂ?eth;vl or propyl;

i sopropylidene, benz ene lid

kb o7 SoTRnecRRge F BrRGo STA R eirt O SR anaidant in
(- CH2CH2- goveRif ouemlhmh&mssrve&bﬂ&%w ) forning
cyclopentyl or cyclohexanyl group, respectively; R

and R’ can be i ndependent | y tri al kyI sil yI

0 A SR R B PRy 5 o

o Fsulﬁs:ﬁtcniondbepglgﬁlrymmne&ziafémqyééemﬂ%awbﬁhlsbl%ﬁd
acyl (R” and R’ R, wherein can

i ndependent |y Iovver aI kyI of G- C6, , or aryI of

gznchﬂo) ?e%y 'glqdpr%tcepsg rof glglt I 9? hx%m tﬂg 8)t(1darl1{ 1S selected from one or

more of group consisting of RuC1;, KMnO4, TEMPO, NalO,, KIO4, HIO4, mCPBA,
NaOCl1 and oxone.

20
75. A compound of the following general formula 51B:
R Ny Ri
R" 02R2
R3 OSO
51B
wherein R',R" is isopropylidene or cyclohexylidene or a like, or a part of cyclic
25 group including ethylene (-CH,CHj-), or trimethylene (-CH,CH,CHj;-) forming

cyclopentyl or cyclohexanyl group, respectively; R' and R" can be independently
trialkylsilyl, ¢-butyl-dialkylsyl, ¢~-butyldiphenylsilyl, TIPDS, THP, MOM, MEM
and other optionally ether protecting groups or H, acetyl, benzoyl and other
optionally substituted acyl (R and R are -C(O)-R, wherein R can be lower alkyl
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R' can be independently |ower alkyl of G -C6,, or aryl
of C7-C20) ; R, R2 are independently hydrogen, aryl

W@ @We@2025 and a | ower al kyl (G -C6) including PEL/NF1005/032406
hydr oxynet hyl, net hoxynethyl, hal omethyl including

fl uororret hyl , et hY propyl, optionally substituted
et henyPf Cnleuar aryl of Gy Cao.hearyand pfher rpicynatly substituted benzyl); K

t I t. I FC
3. optrd ki Sv%gh%e;ﬁf ol AR ob -G S REPEC o
( FHC—CH— GH2R), aretind@enwﬁ@msydﬁigeﬂl Vary1yQ§-05§and aﬂ(y\lver alkyl (C,-Cg)
i ncl udi ng phenyl, aryI al kyl including, benz

al kyl ( Giinclgyingmeqtin mi»girwrmhyl @thgxymeélpylph%cpiwthylan@ludmg
%lélls haI r%rp‘(:tﬁﬁ qul pé/l I\%norg\‘l’yﬁll}%%r%l’tutgfgt’hergr nccljl%fég vinyl,

acetyl, hﬂmwlFm Kﬂlri[llswéltﬁﬁcbﬁmzl ThcieRalosthnyl (E-
al kyl (C6-10) |r(1clud|nj yoa? v )Mmc %aoet yi(

ro
where R |@—@rhphwnalluaubmmtb@allxlﬁmqlmmmga f/y) (FRERGH:CH,-);
ethylenyl for

pr epar at iR eger&y?ﬂﬂ}_’)ﬁ qfo%‘?np %IW}?Bﬁp?ﬁyg?lh& ingluding, to
(8) heati 't%zﬂ mgnts}ﬁ(cq 5) indRud{ridth, kiR, oF plégﬁ 4518

52B with an acid in a solvent or a conbination of
¥ol vent s;Ng ts)h&bfpgemﬁﬁ,aﬂlll Br), NoJ Cl 03 0y :a3€EDdE OchNR NHR", or

oot AR BN B WO G PRI PR ntucing

is sel ectipgl fIr RWepARyPr nore of the group consisting
of acidic pol yner reS| ns, HA, H2PG3, H2SO4, TsCOH,
CH3CO2H, (@gggmqlpdlag]memmyl propyl CH,R wherein R is hydrogen lower

alkyl (C,.1p) including methyl, ethyl, or propyl; and
15 M is tetraalkylammonium including tetrabutylammonium,
tetracthylammonium, tetramethylammonium, or metal cation including

sodium, potassium, cesium, rubidium, and silver cations.

76. A process for the preparation of compounds of the general formula
20  51B of claim 75, comprising;:

(a) mixing a compound of the following formula, 50B

R .

O-R»
~0
3

50B

25 wherein R',R" = isopropylidene or cyclohexylidene or a like, or a part of
cyclic group including ethylene (-CH,CHj,-), or trimethylene (-CH,CH,CHj,-)
forming cyclopentyl or cyclohexanyl group, respectively; R and R can be
independently trialkylsilyl, +-butyl-dialkylsyl, -butyldiphenylsilyl, TIPDS,
THP, MOM, MEM and other optionally ether protecting groups or H, acetyl,

30 benzoyl and other optionally substituted acyl (R and R’ are -C(O)-R,

69



82. The process of claim80, wherein the solvent is

sel ected fromone or nore of the group consisting of
wok@kl03EROH, i -PrOH CH3CN, THF, and wat er. 83. P&T/US2005/032406

process for the preparation of a conmpound of the

formula 49B: 49B wherein R3 and R5 can be

i ndependewhérgintR cadH: loweraliryl of §ar{Zsoydr aryliof &lsdyzh,benzyl and other

4-nitrobenzoyl., 3-nit enz ; 2-0itrobenzoyl

4~ chi or ontiatyy SibMiled BRRARK R, oft R Labhe3pdRbaeny ower alkyl of

4- et hyl b@‘ln@gybﬁa ot gl henzoyl, 2- nethyl benzoyl,

par a- phenyl benzoyl, and ot her opti onal Icéﬁsubstitut ed

acyl (R3 Rn®:Re adependyntly-Irdrogamrasyl{CRaring @ loweralkyl (C1-Co);

}l_ I:%It hgiyggﬁ&v%%ﬂ%ylgﬁﬁé%‘bﬁy Oaf:tg’%)p%r%eggﬂfz lifziﬁ?rgathyl including

benzyl; R¥ucofleti9l, @ﬂllm, l@@oﬁyﬂ%?ﬁ@ﬁﬁﬂ@%hbéﬁtﬁé&’ kthehyl Gecltdfg vinyl,
trityl, trialkylsilyl, -buty dlalk_ylsg/l, ) _

- but yI di pradewindi(FyGH=Q), pp®)naitysubs ovingl ardduding baloethnyl (F-
optionall y ether. ot ect. ups; ..and alter i vel .

R and ReaCk oplistdd ser g A riaiesdhubahg [HGHEB-¢h,); and
wherei n RRi§ ifddpORNtIFh &R AR IdiD piieh byl 8IRY1 includi -
n-Pr or | -%Dr ;l cegrrpri s?ngd[rg%ot’ e{:yti on of I%hep%y[gr oxg melucing. o
§r oups ofbenkg, fosvemalkal G3.shinchidmgomethyc ethyly ongrepyl;

sel ected fromone or nore of the group consisting of

trityl chloride, t-butyldinethylsilyl chloride,

t - buf,ih dhPR8AdeSNoldde of il UrhisiBati &gy f)l%é! ahd! catalyst in a solvent;
chloride, acyl halide or acyl anhydride including

benzaryl chloride, toluoyl chloride, 4-phenyl benzoyl

chioride, benz(%¥ laltgmng]t V%U rglleiing\,\él 'c::cbmgou% So? t}ilenfo?mﬁl%! g’O‘i{]%vith a base.

15

77.  The process of claim 76, wherein the base is selected from one or

more of the group consisting of NaBH,, tetraalkylammonium chloride,
tetraalkylammonium bromide, NaN3 or LiN3;,NH4SCN, CF;l-tetrakis
(dimethylamino)-ethylene (TDAE), tetraalkylammonium nitrate, KCN, NH4OR,

20  HNR where R is lower alkyl or acyl, LiCu(R), where R is methyl, ethyl, ethylenyl, or

ethnyl.

78. The method of claim 75, wherein the fluoride source is selected from
the group consisting of tetramethylammonium fluoride (TMAF),

25  tetracthylammonium fluoride (TEAF), tetrabutylammonium fluoride
(TBAF),tris(dimehtylamino)sulfur (trimethylsilyl)difluoride (TAS-F), alone or in
combination with a fluoride source selected from one or more of the group
consisting of silver fluroide (AgF), potassium fluoride (KF), cesium fluoride (CsF),
and rubidium fluoride (RbF); optionally in combination with crown-ether, diglyme,

30  polyethylene glycol or other phase transfer catalyst.
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79. A compound of the following general formula 52B:

R Ny Ry
R O2Ro
A
R3 OH

52B

wherein R',R" = isopropylidene, benzylidene, cyclohexylidene or a like, or a
part of cyclic group including ethylene (-CH,CH;-), or trimethylene (-
CH,CH,CHj;-) forming cyclopentyl or cyclohexanyl group, respectively; R’
and R" can be independently trialkylsilyl, t-butyl-dialkylsyl, ¢-
butyldiphenylsilyl, TIPDS, THP, MOM, MEM and other optionally ether
protecting groups or H, acetyl, benzoyl and other optionally substituted acyl
(R' and R" are —C(O)-R, wherein R can be independently lower alkyl of C,-
Cs, , or aryl of C7-Cyp,benzyl and other optionally substituted benzyl); R' and
R" can be independently lower alkyl of C;-Cs, or aryl of C7-Cy);

R,, R; are independently hydrogen, aryl (C7-Cy) and a lower alkyl (Ci-Ce)
including methyl, hydroxymethyl, methoxymethyl, halomethyl including
fluoromethyl, ethyl, propyl, optionally substituted ethenyl including vinyl,
halovinyl (F-CH=C), optionally substituted ethnyl including haloethnyl (F-
C=C), optionally substituted allyl including haloallyl (FHC=CH-CH,-);

R; is independently hydrogen, aryl including phenyl, aryl alkyl including,
benzyl, lower alkyl (C,.s) including methyl, ethyl, or propyl; and

Nu is halogen (F, Cl, Br), N3, CN, NO;, CF3, SCN, OR, NR", NHR", or
NR"™, where R" is H or acyl including acetyl, benzoyl, arylalkyl including
benzyl, lower alkyl (Cs.10) including methyl,ethyl, propyl, CH2R where R is
methyl, halomethyl (fluoromethyl), ethyl, ethylenyl, or ethnyl.

80. A process for the preparation of a compound of formula 53

comprising:
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(a) heating a compound of the formula 51B or 52B:

518 528

with an acid in a solvent or a combination of solvents;
(b) optionally, followed by azeotropic distillation in benzene or

toluene in presence of an acid.

81.  The process of claim 80, wherein the acid is selected from one or
more of
the group consisting of acidic polymer resins, HCI, H,POs, H,SO4, TsOH,
CH;3CO,H, CF;CO,H, and HCO,H.

82. The process of claim 80, wherein the solvent is selected from one or

more of the group consisting of MeOH, EtOH, i-PrOH, CH3CN, THF, and water.
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83. A process for the preparation of a compound of the formula 49B:

R0 o)
\ CHj
()
R3O F

49B

wherein R? and R® can be independently H, CHj3, acetyl, benzoyl, pivaloyl or
4-nitrobenzoyl, 3-nitrobenzoyl, 2-nitrobenzoyl, 4-chlorobenzoyl, 3-
chlorobenzoyl, 2-chlorobenzoyl, 4-methylbenzoyl, 3-methylbenzoyl, 2-
methylbenzoyl, para-phenylbenzoyl, and other optionally substituted acyl
(R3 and R® are —C(0)-R, wherein R can be lower alkyl of C;-Cyo,, or aryl of
C-Cpo, benzyl, 4-methoxybenzyl and other optionally substituted benzyl; R’
and R® can be independently aryl of Cs-Co, trityl, trialkylsilyl, -butyl-
dialkylsyl, r-butyldiphenylsilyl, TIPDS, THP, MOM, MEM and other
optionally ether protecting groups; and alternatively, R* and R’ are linked
through -SiR,-O-SiR;- or -SiR;-, wherein R is a lower alkyl such as CH3,
ethyl, and n-Pr or I-Pr;

comprising protection of the hydroxy groups of the formula 53 with a
protecting agent selected from one or more of the group consisting of trityl
chloride, t-butyldimethylsilyl chloride, t-butyldiphenylsilyl chloride,
benzyloxymethyl chloride, acyl halide or acyl anhydride including benzoyl
chloride, toluoyl chloride, 4-phenyl benzoyl chloride, benzoyl anhydride,

with a base in a solvent.

73



