NEW METHOD FOR PREPARI NG | SOFAGOM NE AND | TS DERI VATI VES

CROSS- REFERENCE TO RELATED APPLI CATI ONS 5This application clainms the
benefit of U S. Provisional Application Serial No. 60/939,519, filed
May 22, 2007, which is hereby incorporated by reference inits
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known as 1FC£A?£&%%%?g?y%53|dase i nhi bitor which was synthesized in
anticipation that it would be effective as a liver glycogen

hosphoryl ase inhibitor for t es (see U S.
E 842 10% to Sierks et al. ﬁﬁﬁgﬁkégqégglﬁgiﬁhﬁgﬁien gt al., both of
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descri bed i nMYNEAcBLy BRSPSl AeTTHHvSerdhcingslts fof nyesss phgmnaciHicel j s
her eby |ncor@9&g§§@H@y reference. |FG and | FG Derivatives | FG and/or
N-allcylated | FG derivatives are described in the follow ng: 30U. S.
patents 5,844,102 to Sierks, 5,863,903 to Lundgren, and 6, 046,214 to
Kristiansen et al.; Jespersen et a em, lint. ed. Engl.
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al ., D abétes. 1996; A4bniSdsug®i areGokusindibitets adiglycosidases. Azasugars of the

isofagomine family are inhibitors of configuration-retaining pB-glycosidases due to the

formation of a strong electrostatic interaction between a protonated endocyclic
nitrogen at the anomeric center of the imino sugar and the catalytic nucleophile of the
enzyme. The inhibitors mimic the transition state in the hydrolysis of the glycosidic
20 bond. Isofagomine, (3R,4R,5R)-3,4-dihydroxy-5-hydroxymethylpiperidine, also
known as IFG, is one glycosidase inhibitor which was synthesized in anticipation that
it would be effective as a liver glycogen phosphorylase inhibitor for the treatment of
diabetes (see U.S. 5,844,102 to Sierks et al., and 5,863,903 to Lundgren et al., both of
which are herein incorporated by reference). |
25 IFG Tartate Salt, its production and its use to treat Gaucher Disease
has also been described in U.S. Patent Application Serial No. 11/752,658, which is
hereby incorporated by reference.
IFG and IFG Derivatives
IFG and/or N-alkylated IFG derivatives are described in the following:
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et al.; Jespersen et al., Angew. Chent., Int. ed. Engl. 1994; 33: 1778-9; Dong et al.,
Biochem. 1996; 35:2788; Lundgren et al., Digbetes. 1996; 45:82 521, Schuster et al.,
Bioorg Med Chem Lett. 1999;9(4):615-8; Andersch et al., Chem. Eur. J. 2001; 7:
3744-3747, Jakobsen et al., Bioorg Med Chem. 2001, 9: 733-44; 36:435; Pandy et al.,
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trimethylsilylmethylamine radical cation to a tethered acetylene moiety, for the
25  generation of an aminomethyl group next to a stereocenter (1-[Benzyl(trimethylsilyl-
methyl)amino]-1,4,3-trideoxy-2,3-0-(1-methylethylidene)-threo-pent-4-ynitol),
starting from tartaric acid, in the synthesis of 1-N-iminosugar type glycosidase
inhibitors, including isofagomine.
Andersch and Bols described IFG synthesis starting from D-arabinose
30 by applying a C-4 oxidation method to benzyl a-D-arabino-pyranoside. Subsequent
Henry reaction of the obtained aldoketose with nitromethane provided the required

branched carbohydrate precursors, which resulted in IFG (17-21 % overall yield).



Best et al. described synthesis of IFG from D xyl ose, which converted
to benzyl 2,3-0-isopropylidene-13-L-xyl opyranoside via a derived
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piperidene via stereoselective epoxidation and regioselective ring-cleavage in a highly
25  sterco-controlled manner.
Zhou et al. describe synthesis of IFG by 1,2-reduction of substituted

pyridines beginning with methyl nicotinate.



10at its native location in the |ysosone, thereby increasing enzyne
activity by increasing the I evel of enzyme that is processed instead
of degraded. IFG an inhibitor of GCase, binds in the active site of
both wild-type and nutant GCase and stabilizes the enzyme during
synt hesi s and processing (Steet et al., Biochem Phannacol 2007,
73(9):1376-83; Lieberman et al., Nature Chem Biol. 2007;3(2):101-7).
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expressing mutations in the B-glucocerebrosidase gene (Gba) gene (unpublished

30  data). Recently, IFG tartrate has been shown to increases the activity of human
GCase in healthy volunteers up to 3.5 fold in Phase 1 clinical trials. In Phase 2
clinical trials IFG tartrate has also shown an increase in GCase activity in Gaucher

paticnts cxpressing certain missense mutations that create misfolded GCase.



ar abi nose derivative; converting said arabi nose derivative to a
triprotected xyl ose derivative; converting said xylose derivative to
a triprotected nitrile; converting said nitrile to a protected di ol
and deprotecting said diol. In another enbodi ment, the invention
optionally conprises a step 25converting said arabinose derivative to
sai d xyl ose derivativehuﬁdbmghhaniamwﬂvaﬂdﬂsbvﬁﬁédEMhenehmﬁbhethe
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wherein the activated syste optionally, isol ated . for on ion
fol | oned by &?‘?ﬁ?%‘é‘ﬁ%‘% huggs ugi ;}“8&’82@9% terozygous in 1"1‘1“33?9{ @ﬁBg
enbodi neng, Mf?atioﬁ\fﬂﬂ&dll‘?@séélé‘fate@%{h| tYpCLMBA NS @Snchatit @bdAbN@ S et a]
nitrile after purifying said g ose derivative.

anot her enmbodfakefntrer. dfegal. AG&HTPOIN0IO). onanpersdigyy ﬁ%fé@n%m)’@rwlih"ng
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inversion reaction to forman inverted ester derivative and
sapon|f|cat|6ﬁGGtH3&ﬁamh@R4%ﬁﬁDMMH@nnwynhﬁbmm@bﬂmnanmpsﬁwkmsal@ba

met hod for pr eLRE%IOIHQ QAhSalr o rgton} ztﬂe gegtﬁsgxﬁg e\é}?g@;ﬁgz% ?g?%ﬁbd&a&h&i;gn S

t hereof, conprising pro ect
D- (-) - ar abi nas¢Gandhbr daseramtamtshmg s@hopphdlegit fianaey ct@sigdRironal loss,

protecting the 2-. and h droxyl rou of ch05|de usin
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sai d arabi nogg, gewmﬁaaﬁéuvﬁqsmemﬂ RigRing eWe Rl 41088/, @%FqétVﬁTe!aB@f 2004;
converti ng sai xyl ose derivative to a tri protected nitril

10convert|ng3§dﬂ33ﬂnrlle to a protected isofagom ne salt and
deprotecting said isofagom ne salt. In yet anot her
enbodi nent, the invention provides a nethod for preparing

i sof agomilhc, its derivatives, or acid salts thereof; conprising
protecting the anoneric hydr q; vENTI8 inose with a
protecting group to forma = f e 2- and 3-

hydr oxyl groups of sai Uhfglbrymsmd@ltfuﬁlpﬂgl@s &n%thodlf@:rlﬁeﬁa@mgﬁyofagamme its
trlprotected ar.abj nose d r|v tiv g converting said arabi
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i nvention pr gya'bgl%§e @er%ﬁ%?goﬂvgfting rsﬁg@{a'bﬂ'gse derivative to a triprotected xylose

derivative; converting said xylose derivative to a triprotected nitrile; converting said
nifrile to a protected diol and deprotecting said diol.
In another embodiment, the invention optionally comprises a step
25  converting said arabinose derivative to said xylose derivative through an activated
system wherein the activated system is optionally isolated before conversion.
In another embodiment the invention optionally comprises a step of converting said
xylose derivative to said nitrile using an activated system, wherein the activated
system is optionally isolated before conversion followed by displacement by a cyano
30  source.
In another embodiment, the invention optionally comprises a obtaining

said nitrile after purifying said xylose derivative.



i sofagom ne, its derivatives, or acid salts thereof, conprising
protecting the anoneric hydroxyl group of D-(-)-arabinose with a
protecting group to forma glycoside; further protecting by
converting said protected glycoside to an acetoni'de using a ketal or
ket one; converting said acetonide to an al koxi de and reacting with an
al kyl ati ng agent 25to froarmfanerebdﬁérmpntc‘fbnmcmtimg)pgathaﬂlye:bmeﬁsets«Joxafectiugl
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I n anot her enbodi ment, the invention provides a net for preparing
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xyl ose deriva Q ecls .._convert sai.d nitrile
tg a protect egl Waﬁ‘ée 8%‘%?‘“‘%%‘15&%’1 'gvn’é%f‘%“’a frgg o aIthrgth%ﬂélf r1f(ie,
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a nmet hod of usi_ng thi S| corrpound to make i sofagom ne, its derivatives,
or acid sal t $54RPEsFsalt )DETAI LED DESCRI PTI ON Definitions The terms

and abbrevi ations usedd yot hittser 8RB64i G tH: O HBAREHBLiYs NA¥Bod for
preparing isofagominc, its derivatives, or acid salts thereof, comprising protecting the
anomeric hydroxyl group of D-(-)-arabinose with a protecting group to form a

15 glycoside; protecting the 2- and 3- hydroxyl groups of said glycoside using a 1,2-
dione to form a triprotected arabinose derivative; converting said arabinose derivative
to a triprotected xylose derivative; converting said xylose derivative to a triprotected
nitrile; reducing said nitrile to a triprotected primary amine; deprotecting said primary
amine to a diol and using catalytic hydrogenation.

20 In another embodiment, the invention provides a method for preparing
isofagomine, its derivatives, or acid salts thereof, comprising protecting the anomeric
hydroxyl group of D-(-)-arabinose with a protecting group to form a glycoside; further
protecting by converting said protected glycoside to an acetonide using a ketal or
ketone; converting said acetonide to an alkoxide and reacting with an alkylating agent

25  to form an ether; converting said ether to a diol having protecting two protecting
groups; further protecting said diol using selective etherification to form a triprotected
arabinose derivative; converting said arabinose derivative to a triprotected xylose
derivative using an activated system; converting said xylose derivative to a
triprotected nitrile using an activated system; converting said nitrile using catalytic

30 hydrogenation.

In another embodiment, the invention provides a method for preparing
isofagomine, its derivatives, or acid salts thereof, comprising contacting L-(-)-xylose
with an alcohol, an activating agent and optionally a solvent to form a protected

glycoside; converting said glycoside to a triprotected xylose derivative; converting



their ordinary neanings in the art, within the context of this
invention and in the specific context where each termis used.
Certain terns and abbreviations arc 15di scussed bel ow, or el sewhere
in the specification, to provide additional guidance to the
practitioner in describing the nethods and conpositions of the

i nvention. "CsF" nmeans cesiumfluoride. "DVA" nmeans
ti,Ndinethylaniline. "DVF" nmeans N, N-di net hyl | ormam de. 20 " NWP"
means N-met hyl pyrrolidone. "DNI SO neans di nmet hyl sul f oxi de. "LO'
nmeans Leaving G oup "MIBE'" neans nethyl tert butyl ether. "Pd/C
means pal | adi umagixybsrdedntive 25 tifPel¢«@nR1Connwidng saiqyatkiledek ey dr oxi de
on carbon in anyiolohd dehSeMg atsar.f or ms i ncl udi ng Pearl man's cat al yst
or any of the ”Hn'feStaﬁdSWﬁaQﬁ&hﬁQmQﬁQHéé&ﬁp£é%§LMﬁ&mm B, and " P0O2"

means a hydr oxyl rotectlng group. "Pt02" nmeans platinum oxi de,
i ncl udi ng hydra? forms. "THF" neans tetrahydrofuran. "TLC' neans
t hi n-1 ayer chromat ography. neans benzyl. The term

"hydroxyl protecting group" or "P
protecting group for hydroxyl kn
art to 5avoid undesired act'i
4- met hoxybenzyl , benzyl,

or "P&"includes any conmon
to those of ordinary skill in the
such as, but not limted to,

and a method of using this compound to make isofagomine, its derivatives, or acid

salts thereof.

10 DETAILED DESCRIPTION
Definitions
The terms and abbreviations used in this specification generally have
their ordinary meanings in the art, within the context of this invention and in the
specific context where each term is used. Certain terms and abbreviations arc
15  discussed below, or elsewhere in the specification, to provide additional guidance to
the practitioner in desoribing the methods and compositions of the invention.
“CsF” means cesium fluoride.
“DMA means N,N-dimethylaniline.
“DMF"” meang N,N-dimethylformarmide,
20 ‘“NMP" means N-methylpyirolidone.
“DMS0O” means dimethylsulfoxide.
“LG” means Leaving Group
“MTBE™ means methyl tert butyl ether.
“Pd/C" means palladium on carbon.
25 “PA(OM)/C” mesns palladium hydroxide ou carben in any of its various forms
{ncluding Pearlman’s catalyst or any of the manifestations called Degussa catalyst.
“PG" and “PG™ means a hydroxyl protecting group.
“Pt0," means platinum gxide, including hydrated forms.
“THTE means tetrahydrofuran.



trimethylsilyl, acetals, ketals and fused di ketals. "PG' and "P02"
may be the sanme or different. The term "Il eavi ng group”
or LG includes |eaving groups known to those of ordinary skill in the
art, such as, but not limted to al kyl and aryl sul fonates 10(such as
benzenesul fonate, tosylate, nesylate), halides (such as 1, Br, and

Cl ), carboxyl“aL€s nesucthindgyeackbataegrapand trifl uor oacet at es) and
cyanate (such,as thi anate) groups. The abbrevi ation
"I FG' nmeans |§8f qﬁﬁzyr (3R, 4R, 5R)-3, 4-

di hydr oxy- 5- hydr oxyrret e teirh PiRfdr&liyD rotdcfife gy Mot ey of “HE@ribludes any
C6FI 131 NO3 and a 15 nol ecul ar. wei ght of 147.17. |[FGis described In
U. S. patent SO8Meniseqtisg grauper *éftimévl kngwet t thessolgndingry skilliaghectt et
al ., bothsof a\oau%hdérr@d J&%ﬁ;ﬁy sha&&rm ot mﬂnaytor@wh%;e%mﬁ%n%s the

foll owi ng structure: I sof agom ne (3R

5R) - 3, 4-di hydmmﬁtbylswlwaﬁabxmsm}dﬁlmdgbkqtds né’@’oarEG‘Pd?ei’ mapbe thesame or
i ncl udes nol %?fg that can be prepared from|FG using a general
chem cal reaction technology that is known to one of skill in the art
at the time of the fi | Tingteof “leinisg gyopp’i @diG owrludes leaving groups swised

herein, subst| dalk efers to, al rouswh in one Qr nore
of the hydroélé% 8 ai‘ﬂ[)‘é‘é}?F %ﬁ?ﬁ‘@é@%? d&@@@y?@%@ﬂﬁuﬁonmeq
hydr oxy, 1am mﬁzcﬁééwmméwona@n@oggﬂatéaﬁ& mdgrnénaésl{ydchwbﬁrl éﬂéft@l@l by

al kyl as above), am ne (}Lertlar f% substi tut ed al kyl as

defined abov&¥Poxyiptes fsuch aspegsptes H@fh&ﬂ oroacetates) and CYanﬂ@ (%1%65 her ei n,
substituted @Mggﬁ%tg)yémﬁpgf ers to cycloal kyl substituted with an al kyI
group, wherein alkyl”7s as defined above or a group wherein one or
nore of the hydrogen allgnbbiratibe8iFG eptaas sdfaggmacival By eR, SRxygen,
hydroxy, am rE!lﬁ?h),/droxy-S-hydrcmymewthyl-pipm'idine. IFG has molecular formula CsH;:NO; and a
15 molecular weight of 147.17. IFG is described in U.S, patent 5,844,102 to Sierks et al.
and 5,863,903 to Lundgren et al., both of which are hereby incorporated by reference,

and has the following structure:
OH

H z
N
H
IFG
Isofagomine
(3R, 4R, 5R)-3,4-dihydroxy-
5-hydroxymethyl-piperidine

20 IFG derivatives includes molecules that can be prepared from IFG
using a general chemical reaction technology that is known to one of skill in the art at
the time of the filing of this application.

As used herein, substituted alkyl refers to alkyl groups wherein one or
more of the hydrogen atoms has been replaced by a halogen, oxygen, hydroxy, amine

25 (primary), amine (secondary-alkyl substituted by alkyl as above), amine (tertiary-
alkyl substituted by alkyl as defined above), sulfur, —SH or phenyl),

As used herein, substituted cycloalkyl refers to cycloalkyl substituted
with an alkyl group, wherein alkyl is as defined above or a group wherein one or more

of the hydrogen atoms has been replaced by a halogen, oxygen, hydroxy, amine



(primary), am ne (secondary-al kyl substituted by al kyl as above),
amne (tertiary-al kyl substituted by al kyl as defined above), sulfur,
-SH or phenyl, As used herein, substituted aryl refers to an aryl
ring substituted with one or nore substituents sélected fromthe
group consisting of alkyl, alkenyl, alkynyl, halo, alkoxy, 5acyl oxy,
am no, hydr oXprimag), bone, (s@ymw-alhyltsubstinabd(w alhjflcasahm\/eb harow (krtiarwher e

al kyl thio refe to t I th| fersto an
al kyl group A [ Stbfﬂtggﬁg%t% deéﬂ?%‘?%u e é{l%]fy | FG and | FG
Derivatives SQyad méih SsubdtitdtEuri e fugta a&a@qaﬂag @@@,amwdoxlapémrm&@ a

1, 2-di one. hydrogenation CHcatal yst H2 PCGO - S+) -Tartaric Acld
OH oht HO sp@e@ﬁeme oqﬁ%rgﬁéwﬁs% of alkyl, alkenyl, alkynyl, halo, alkoxy,

5  acyloxy, amino, hydroxy, carboxy, cyano, nitro, alkylthio and thioalkyl where alkyl
thio refers to the group —S-alkyl and thioalkyl refers to an alkyl group having one or

more —SH groups.

Synthesis of IFG and IFG Derivatives
10 Synthesis of 1IFG through D-arabinose protected with a 1,2-dione.



catal yst PE@'LOH2 OH OH. HX IFG Tartrate OH HO base then |

-41. Trtarir. HHO COO HO (C001- wherein RI and R 2 are
i ndependently substituted or unsubstituted alkyl (e.g. Cl-Cs 5a|ky|)
substituted or unsubstituted aryl (eg, benzyl or napthyl), or

together Rl and R2 can forma substituted or unsubstituted cycl oal kyl
such as a cycl ohexane (from cycl ohexanedi one starting material).

D- Ar abi nose can be converted to the correspondi ng protected gl ycoside
(A) using an appropriate alcohol with or w thout solvent (neat
reaction), 1l0and an activating agent. For instance the range of

al cohol s that can be used for the hydroxy group includes benzyl

al cohol, substituted benzyl

al cohol s such as nethoxybenzyl al cohol ,

chl orobenzyl al cohol,
di phenyl net hanol s,
al cohol

di phenyl net hanol ,

nmet l#anol

substltuted 2 oR®
ethanoIOHlsopropanoI qy%bohexylnethyl

and the |i kB~ The%hrote gt$?ﬁfj
or w thout a solvent, ch as

PGO™ O

D-{-}-Arabinoss

@&ct“ﬁ@werray é’fejifo@r med with

2 z
R’YT<OR3 R1 Lore
hydroxyl worl @ R30}|/|<9
activation Ou A LG “Q" source Orj/OH
PGQT O PGO" O
¢ ]
R? 2
R‘%ORE R'\}Oﬂa
k (o} ; o)
hydroxyl RO H REQY 3
activation 0 LG CN anicn source OD-“CN H?
PEOT TQ PEOT O
E F
o oH N hydrogenation oH
ol catalyst HOL A HOL__COOH
Ha \O/\OH \(
D — ——d
PGO" 70 L-(H)-Tartaric N " HO"CooH
G Acid
IFG Tartrate
o R hydrogenation OH . OH
AwON  catalyst  HO, A HO._~
J\\/j \ Hz \O/\OH base \(j/\OH HOICOO['
R e —————
PGO™ O ot N . HX then N " HOY Tcoor

-~

i -4V Tartarin

wherein Ry and R; are independently substituted or unsubstituted atkyl (e.g. C1-Cq
alleyl), substituted or unsubstituted aryl (eg. benzy] or napthyl), or together Ry and Ry
can form a substituted or unsubstituted cycloalkyl such as a cyclohexane (from
cyclohexanedione stﬁﬂing meaterial},

D-Arabinose can be converted to the corresponding protected
glycoside (A) using an appropriate alcohol with or without solvent (neat reaction),

10 and an activating agent, For instance the range of alcohols that can be used for the



5 nmet hyl ene chloride, chloroform THF, dioxane, DVF, DVA, NWP or

m xtures thereof The activating agent may include HCl, HBr, H2SO4,
sone other mneral acid, acetyl chloride, propionyl chloride, or
anot her acid chloride of a carboxylic acid. The reaction can be run
at tenperatures rangi ng from about anbient tenperature to about 100
C, for tines hydmgj( agup Iilﬂ:tndabb&lizy]%.wdholél&iﬂ’stltuﬁﬁmzyiyl ekolsibsich bt ed

benzyl al cohal prefe and | ¢

ety o P BT bR LA e e St BB Fted o1 on,
and nore prefigiheRfmctaMeatimdtieask, t@hnol Rk &ahsidc@edhicx Atk Mgl ca&%t gnd the
i ncl ude acet I chloride and H2SO4, and nore preferred is acety

chl ori de. ike.phhs dietction feaston way be Wf%r:%wga opyYithewd @isplivenit %‘h ai t h
a non- pol @r %%tas@afe <hibhiie RRFSTLFE R KRR, B ISVRCRARfiénk Rirest N S
product is methyl-t-butyl” ether 15at "anbi ent tenperature.

The gl ycosi déhatef. Thnadseating aghetrmapriotlods 841, &BraHdiOuesomie qtB)r ngperal acid,
reaction wth .0 ce
of & protic Agfy eyrile by il 3 BTGk SHOFREH s bl USSR
t he sol vent . ré&etion cesittencest tahpgriates o:arxgrnga”rcﬁmmliducaxﬂblemeanw&rbreas about

1, 2- but anedi o cl ohexanedi on - . 20dip I et nedi on
3 10 phonant NDGHEfar FBHETBIE LRE ouc) b JoRnY D SUA G e Car) Eagiors
with a vilgi nale geflred,And Berpr 86@RCR nifre BreRiRE] Orcd@icd soMeks aRludel,
H2SO4, canphorsul fonic acid, p-toluenesulfonic acid, or a Lewis acid

such as bor odiexane. (Tirar deataeasapmagd srore preferrd neatTpassian o Piefared An
al cohol such ,8i.fifk BARAR inciBINREGN chibRARERATOL and BSrd frkre@ ooty
m xtures thereof nay be used as a so Preferred 25conditi o‘r‘;
this reacti om:hb)rléc 10@e pudastedi bmm&dﬁﬂy liolzmdw: puhpxaimedyidnenor-polar
net hanol at anbie t canphor.su [
boron trifl uo?llv P%E etrreg kjbrgnet aB?e %Il"a(tau e%o(g r‘%h gg)guct 18 met‘ﬁyl-tcbu?cl egner
1, 2- but anédi anambisntfehpamote. at 35 C with canphorsul fonl c acid. Pure

product may be readil y t.ai ne or & crystal lization from
i sopropanol , isopr opang @H&O*’ngpgf\; ﬁ%ﬁ{ﬂt ds-:keédrln&ﬁh &Pft'SRe.
The triprot eQ{E;ﬂida 1.0 HRhEBAIha UR ISR Hﬁ:&%f fehk }ﬁ%kén\é@oi( roR@8ci®P6r a Lewis
directly converted to the correéspondi ng@xyl ose derivative (D) through

an acti vat ed a¥lenéd an pleyhohkhet may afsp agias Henplyent. Fenppapcecrlnplptic dhe
route invol V%?on?aq%'d‘i’cﬂl%é %h%g ,bhﬁt@%@i@hé"? a)?%ﬂ D¥diode01 8. di screet,

i sol abl e activated system fol | owed isp acerrenf W th

i nver si or30us|dn@ea)rietbwg®nc,s:mer@aahasanithrdleqamenb breﬂhenvcoﬁftsgom:hrtg' ketetlg dan

system (C) isolated to.be. t he
wviose der i variebd @by TA B pdFe kgt itk i a BN ELURS Stk e
activated w tchmplorasfoaic a21dc p- t(ﬂﬁelﬁﬁﬁlﬂinwem&ﬁ ut 4 Daveik acid sedhhameswul f onat e,
trlfluoronetha. esulf&gate and t i ke

he | ro t he
5cor r espondi AU gPetE l@w%fﬁwhle%@f‘oﬁtugs ?wa 458 appstaprlectipnoln

organi c base 1%%&1}?& Y lik&liaR® miGeleh t@idLmalHOL@dSs P8SIQent. Preferred
triethylamne, in a non- poI ar sol vent such as nethyl ene chlori de,

chl or of oRf @Pﬂ416‘l’fl§éﬁ1‘efh§treac0€%@zﬁedt%\?lé@eﬂ}oéﬁplab%ﬁﬁ’c101250211@‘1!@@&5@Eﬂfham’f
anbi ent tenp r c

chloride or ? E ?xﬁ%lgtrt%n%&ﬁg%etgg gw{%ﬁ %ﬁ‘ﬂ’}a&ﬁ gﬁg%ﬁh Hlelgb‘%%ynef&:a ﬁhe

met hyl ene chleterate More-Rfei@d@nditlonsd Itiybutzsmtilam rmnmﬂharloha Bulfrwaitlat e

ester wt hou'[cax%%drédl%%%c‘ a8 AR proguc?may Ii)e readily obtained, for example, by

f or

crystallization from isopropanol, isopropanol and heptane, or ethyl acetate and
30  heptane.
The triprotected intermediate arabinose derivative (B) can be directly
converted to the corresponding xylose derivative (D) through an activated system (C)
where LG represents a Leaving Group. The route involves activation of the arabinosc

hydroxyl to a discreet, isolable activated system (C) followed by displacement with

11



conditions use trifluoronmethanesul fonic anhydride and pyridine in

met hyl ene chloride at -20 C followed by isolation of the triflate

W t hout purification. Displacenent wth inversion of the
configuration can be acconplished with oxygen nucl eophil es,

preferably alkali or earth alkali metal nitrite or tetraal kyl anmoni um

nitrite in sé‘FWé‘i‘ﬂI’s“S%@é‘rﬁ’%gﬁ“fo%Eas Fléicat?ﬁp%lo‘t"yaée B‘Ttl"ra‘é’géﬁt%(cbm@ :
met hyl ene chhygil B8y n&aRLEYMed ik co%@% Fﬂh@e defiRetivetD) | TienyRikoxy

t enper at ures fron1about 0 Cto about 40 eferred conditions for
di spl acenent gefuptohéhetgemppenrdeB gra b§QQFi\(sitﬁdO’fltfﬁ@teaESM@hﬁhpﬂ@lm@blﬂf@ﬂw
at anbient  GIRGHALMD e, il SREARRIARNM I el ARRLAY LARTRDI um
tetraethyl ammonium tetrapropyl anmonium or te ut yl'amoni um
nitrite i A DNBjrespOodingaety dudde, orlvbifmy[bcldbﬂderledhmﬂdnw adng oggaeicdash wwah or
potassiumnitrite.in ne e rature or yl anmoni um
Pt e e i acs Pt aeolist dRTE s Fk: SEVERS i Sred SRR o
this inventi eictiwi@kehlofige, cARYEHEH Qﬂﬂtdlﬁen@dﬂteﬂpbﬂa@lﬂés flomohitut @0 °0ftot he
activated system (C), preferred condjtions

trifluoromet ﬁé%%’ibfe&h‘ieﬁlpsfﬁﬂw IPM@T%HWPMS% tplyenesi Ay befdorids %6y i de
at -20 C fol |t1‘?ﬂ\ﬁﬁoﬁ?é’thﬁﬁ$&lfdﬂ9§énﬁ?drﬁi‘e a%@ﬂﬁﬁ(ﬁﬁ@&%t@]&ié%loqﬁe‘éf bhec

i sopr opanol , lution wth acetone, and addition of

t et r aet hypamf@lmmbmisqlaétomﬁt}wnﬁcpmtﬂmstnmwhwtlpueﬁe@ttloanmoemrefened
tenperature. CE’HJ@MS?& R{fﬂg%% H‘ng %ﬁiﬂdhﬁe ledt @Jri@lﬁ% 1p}§1eth lene chloride
crystallization froma system usi ng pol-ar and a

non- pol ar corxpdﬂéﬂtfoﬂdﬂml WIedlaruneﬁ tlmrtytﬁmahhﬁhmtt;junﬁcamhv Entptactoenttwiths
reaction are.iso ol 30The, tri.nrotected, x L
Gorvati ve ofGEmu SNy s ANy CEe S LSS oF TG Vet BB r 1 o

conpound (F) préifédibly AN S edHhOfikLiandhIGHHTiaS drOfirdalky DGionAiin aftifeiab@eknts
system Simlar to the method described above, the route involves

activatidn ofompenkinsedor HyPex ol reegion s smptdziene shigndspicstonet TRt ed
system (E) f @INipvsihaDxnviib, SRk B8R A tehBe@nFHan SOME 6 8¢ ol ounid 7d.t €
conmpound (F) may al so be ‘obtained frdmthe xylose derivative (D)

Wi t hout i sol &ré¢femedofonditiensiot displeesthenyaf therir{fE)e. ard bralivmy dir potassigmouipitoin
t he xyl ose d t

ot ol uenesal f ol B iSRRG S o Rtk ARG . ana
the like, fonmdthﬁzrammdnhm cterrapecgagmdnmgum,rdnyafabd@lanﬁn@mlm oityte in DMF,
chl ori de bn t he res E Cg 5or anlc base such Hi% %lne
Col 11 dindd HFhAssercy SIS pFriSg KRR SR epolasR BRI RIS o
sol vent such aabidiBlchiptRiRe Sik@ietideam GOkt Mt Th afdtoreQl MABRNEAEmperature.
tenperatures fromabout -20 C to about ambient tenperature. Preferred
conditions ud® alﬁ)_thetr smbadient qf(jlwy IveRIQyrVipse e conversion is run without isolation
trifluoronet i r | oride
at 120 C ol I B e R B T o,
10More pr ef eran@dirldg et pyrhrs insethyldng Ict]brldfnﬁt a&?fééajlomda bE destriuytétmi afe
and pyridi.ne oride al i on of
the b1 118t o “Be B il FRb RoB SR imbrcificeRrmdbodieh 81 o
conf|gurat|omxeamyhﬁmammmmpfmemﬁdﬂmﬁ&&emahhynwumhmkaagﬁmkmnsucmHﬁ&d

ol Snebne S5bh aELS bHeLh S i e SR BN
in polar, ap I t“he
15li ke at tempRE atdd &h-fdl@Porpekknt OTHe ﬁr@feﬁ&?%stﬂi@zéﬁon@él@&% foRehis

condi tions for
reaction are isopropanol and heptane.

30 The triprotected xylose derivative of general formula (D) can be
converted into the nitrile compound (F) with inversion of configuration through an
activated system. Similar to the method described above, the route involves
activation of the xylose hydroxyl to a discrect, isolable activated system (E) followed

by displacement by a cyano source. The nitrile compound (F) may also be obtained

12



di spl acenent of the triflate use tetraethyl ammoni um cyanide in THF at
anbi ent tenperature. Wien the conversion is conducted w thout
isolation of the activated system (E), preferred conditions use
trifluoromethanesul fonic anhydride and pyridine i'n nmethyl ene chloride
at -20 C foll owed by destruction of unreacted anhydride with

20i sopr opanolfiondiht wylosrdenivative TH withowt isdkdiot iof theattitasddrsgatiny Eantieni um

cyani de at anbient te ratu urified roduct be obt ai.ned by

Xt racti on | GPVGE Ty DEo Sy ars S aer e el s WEhaH PO SOTVeRr Wi t h
or without a télefreRfodliteSatHaRtUIGHER, RiSuHRXRIRNCSOER a8 end BE like)|foreia.
The preferred solvent systemis |soprg1|atganol and heptane The nitrile

(F) can be o8} e gowsseprdingeanky disle s § F sRlerideva f*(eayreszm of Bsritd
purification O%ankhﬁsé( X\%c‘ﬂsag dihd/ %Blh\ﬂﬁle(l@lm s base, t J,etlﬁylan%mea‘aﬁ'd fok ke mozf

the general formula (F e converted to a the gener al

fornula (G wordpolansaeEngsich asvecthyleoe clelnrl@;]glelo@@moos@lwemt teyparamcs
The acid may C s I | fonic
acid, and theﬂ'0 %(b%q?'?h b Jé!t'ljl%(’) ?%%tﬁe@gérg%e (? é(IffleggJ Oggttllam\%gt er at
room t enper attmlnmeﬁxdfonalbmttndz of ﬁlfhlbmmﬁeﬂ%eﬁﬂhmc'Enh}tchnﬁahmcblﬁyrfdllr&rm a

non- pol ar sol v readi Ly Rnr.qvi de the diol rnatjvely,_the

oy odbot (0 e ERsiar oY o iyl cuipuiot of s s CRibo L otifebie
or ethyl 13cetadrd prafirtdd Bhdivbish@u triffioRaittRebail o5l MBids BEdpyariikaxane,
hept ane, or toluene. Preferred conditions for this reaction are water

and trifl uor Gaslstiens chleride aft-29 cbir!lopedhaiwlaiioa of e riflate withpyt pydldcagyn.
sol vent ev apﬁg gﬁéc%eﬁ%tﬂ‘ﬁ%r%ﬁ of Ednfﬁg{h%hé e at:éb??ﬁh?lg‘fi anff@ra?f HPt

Conversion o nitrile 1 nterned ate of t e genera
i sof agomi ne aeigdnts such ag alkalb er athrailal noal cyamidmeordetegalikiylanpmanpen ch0| ce

of protecti ng ou
Nitrile reduct |I%(§1651d%% ro?%&“f %Orllv%tlts Suf'uh asaﬁ%fewgb[gen lNl\% mgbb ngsﬂ&? e,
and hydr ogenajtke aﬂembefaﬂa&sdiym atout O e dant mcacdnéfbdrus&aﬁdltmﬁls farsi ngl e

step under enatl ditiaons OVI de iso jne acjd salt
T b gn vt e dpehey of Befg i uetarbR RO el o apil
variety of CQéH?BBatQ&t Finentise don0eksibRls @HALIRGHIRAE RIS of (RECAHThBY
Pd/ C, Pd(OH)2/ Pt 02, 10 Pd(QAc)2 or a conbination of catal ysts at

| oadi ngs of swsierd (Bowrcfard sendijeisage iifvarmathasesutfanic aplyidrge prdpwridine
psi to 100 psgj me{ngleﬁé Qﬁl‘)ﬁd@art il éf’%d118w9@ty€‘aesﬁ8+tvo%%ff%ﬁre%t&f ﬁ{hg!%a’e With

al cohol such ano I sopropano or w thout water
co-sol vely. Espepsndidhitias with AHG plyd adigematf éstraethippnnaneratyansle ahet hyl

ccetate oan g eabRabeat: ol o NETRl ERGRRART SRLIBERIBNO P,

or a car bOXy|cl')&taﬂ€Zadozﬁﬁt@h aﬁ&lcbﬁdltca;blventaﬁlﬂdorﬁﬁtmei heh-ptérGolviiatsact bat
acetic acid can serve as the so&gent as well, with.or w thout gater

as the co- solGEAHC, Nepiaae 10y ¢ BisfeLigd SB‘@GIF&}&S’E%%S 189pseRang)and RERtNfe d

periods of tine as di ctgd ﬁehl@mtcla@bé abieined FoRNNSIrabiAtke dER QL (B
conditions use Pd(OH)2/C with | oadi ngs of 5% to 20% under pressures

from40 psi tvgtheatpyssication of heayydeshpinetisd(Rent and water 20with HCI,
acetic acl d, or tartariG;agl & thé\/ggngrapfo%ﬁfar(?fica%%%bﬁée%:? 1S £ PP the

| oadi ng
general formula (G} with an acid in water or an aqueous co-solvent system. The acid

may include trifluoroacetic acid, trifluoromethanesulfonic acid, and the like. The
deprotection can be carried out in water at room temperature for about 2 to about 24
30  h. Trituration from a non-polar solvent can readily provide the diol. Alternatively,
the product (G) can be crystallized from solvent systems such as alcohols or ethyl
acetate, with or without a non-polar solvent such as hexane, heptane, or toluene.

Prcferred conditions for this reaction are water and trifluoroacetic acid at room

13



Pd(OH) 2/ C under 80 psi hydrogen gas in isopropanol and water with
L-(+)-tartaric acid. If isofagomne is forned as the hydrochl oride or
sonme other acid salt, it can be converted to the _free base and then
to the tartrate salt. This method al so serves to purify isofagom ne

fromany salt form i.ncludj the tartrate. . fly 25 .01 |

The | nt o medibErarEpsSe o gy 5t 0t BPRaton g ieplne Bitvaieef the
the xyl ose degdcMadt pré€udtD) by M tsunobu inversion to the inverted
ester derivative (C) and saponification. The Mtsunobu reaction can
be carried out with a Garicetan offs nitgiqaptegneate af e ggrcal dermlpcl)de

di et hyl azodi ¢ ' | r ' ' : lke,

t oget her wi tﬁﬁg&gﬁ%{sﬁgﬁﬁ%&?ﬁ%ﬁé ‘%‘z‘@@rﬁ‘g eonrfé;%%h\gg%ﬁg?lm Otf%ﬁ)té&lhg
tri but yl phosghiupe (c.@bdnayher 4-inkthpxylientyl graps)o d%irilé cdaaiod, depattection at

ni t robenzoi c acj rivative. Mtsunpbo reactio axe.described
Generatly i n R DnREE bR Ml SRORR ERE A B MBI R REE 1067,
40, 2380- 2382¢cohiptisitdsldn akinBlcatddyindddgdiogerdanox ybmlittnaRdprovide isofagomine
Tri phenyl phosphi ne. in Synthesis and Transformation, of Natural .
Products M t§ﬁﬂa§a{n gt S5 fatahei Pydrprchirion candbecptisd ont Wit 2 RTEY Pbact
1983, 29, 1, chlahgsataRsts hsed%lgaucﬁﬁ%ﬁ%gen&@tglziﬂclﬂaing33@:‘, SaHpgbgs, , D.
L. Og. Prep. 1996, 28, 127-164. (Review) each of which are hereby

i ncor por dPed PHPAS! e wersebination pEeatalisiy ytleadings 06 Plode 8P toeendsohiregen mes
use diisopropylsazofiheRe R Ao fdo! RN GMYbEic & aprotic polar solvents, preferably

an alcohol such as methanol, ethanol, isopropanol, with or without water co-solvent,
Esters such as isopropyl acetate, ethyl acetate or methyl acctate can also be used. The
hydrogenation can be carried out in the presence of a mineral acid such as HCI, HBr,
15 HCIO4, HiPO4, HySOy, or a carboxylic acid such as tartaric acid or acetic acid. Note
that acetic acid can serve as the solvent as well, with or without water as the co-
solvent. The hydrogenation can be run for short or extended periods of time as
dictated by the rate of conversion. Preferred conditions use Pd{OH),/C with loadings
of 5% to 20% under pressures from 40 psi to 100 psi in an alcoholic solvent and water
20 with HCI, acetic acid, or tartaric acid. More preferred conditions are 20% loading
Pd(OH),/C under 80 psi hydrogen gas in isopropanol and water with L-(+)-tartaric
acid. If isofagomine is formed as the hydrochloride or some other acid salt, it can be

converted to the free base and then to the tartrate salt. This method also serves to

o~ - <
X — Iry — X¥

purify 1sofagomine from any salt form, including the tartrate.

25

The intermediate arabinose derivative (B) can also be converted to the
xylose derivative (D) by Mitsunobu inversion to the inverted ester derivative (C*) and

saponification. The Mitsunobu reaction can be carried out with a variety of



tri butyl phosphi ne, 4-nitrobenzoic acid or 2,4-dinitrobenzoic acid or
3,5-dinitrobenzoic acid. Mre preferred conditions use

di i sopropyl azodi car boxyl ate, triphenyl phosphi ne, and 4-niftobenzoic
acid. The preferred solvent for the reaction is THF. The tenperature
of the reaction can range fromroomtenperature to reflux. The
preferred 15tenperature is m xture of the reaction conponents at 40 C
foll owed by heating to 60 C. Purification can be acconplished by
crystallization of C fron1an appropriate aIcohoI solvent, with or

\cl)mr t Q?Eta ngl n\(,)\nn ¢ Eoge?kylagpc{%c xy|1|atc uac{ﬁ%s die kazo(a&cﬁg \6]r1!.e L%glnyogl%];yi? thQ anol

conditions are cradtimllikd, zmthf@wﬂ}ﬁ ¥ ﬁmphm fuehres Ilﬂph@alp@ﬁmfiedakwoiﬂm% he
i nternedi ate est efnq 3 iLCwln § QutlolBic X3d Q&ﬁlsgﬁlﬁrb‘ﬁéﬁ’éolc\é@d é@la‘tﬁ@-@diﬂ_ﬁnobu

acconpl i shed in an al cohal solvent an on .o I i meta
base, at tenper at GFEPAHGFRH B yd%M“f“@%eﬂ?a{ e Se?‘ﬁugh Sferred
conditions for st hIapanrle@cm 2180AB%, Br Uad < Blindly! Saedibarmsylgetidanol or

i sopropanol wi t h &Emﬁ’e% gﬁﬁﬁ%@ygﬁs@%&gﬁn oi{}@ﬁl?al ﬂ@tﬁ;cﬁ Mll@&luobu
conditions are rret a an

Ez roxi de at ro rature.
After aqueous wor Ruyntese L8 b%%CEF@Pl Bt Prgrdiesss 1993) 29 hﬁh‘ﬂ& %Uquqg ‘ed by
cryst allizati on f R@B BINAnEeS-636, Bnhasentl. Ofg. Bran 1996, 26518 1 6. (Reder) each

puri fication. R2 O BRaRR WELINALOgENAL a0t Acaliahinay 9t rongCH

Conver si on of 3ﬁ nitrite offrafyyed @*}ﬁéﬁ‘“aPSCFWWBIPY&H(W"?’%’]&&‘BPIE@H @l
i sof agomi ne aci d gdhtipabpHinee1-gedbetzsit adidd BYdiitfobdnsiddd oe AR dingrogatolci ed

out in one step acid, More preferred conditions use diisopropylazodicarboxylate, triphenylphosphine,
and 4-nitrobenzoic acid. The preferred solvent for the reaction is THF. The
temperature of the reaction can range from room temperature to reflux. The preferred
15 temperature is mixture of the reaction components at 40 °C followed by heating to 60
°C. Purification can be accomplished by crystallization of C* from an appropriate
alcohol solvent, with or without a non-polar solvent. Preferred solvents include
isopropanol or ethanol with or without heptane, or methanol. More preferred
conditions ave crystallization from methanol. Saponification of the intermediate ester
20 (C) to the xylosc derivative (D) can be accomplished in an alcohol solvent and a
solution of an alkali metal base, at temperature ranging from: room temperature reflux.
Preferred conditions for this reaction are an aleohol such as methanol or isopropanol
with sodivm-or potassium hydroxide. More preferred conditions are methanol and
sodium hydroxide at room temperature. After aqueous workup the xylose derivative

35 (D) can be purified by crystaliization from a nonpolar solvent or can be used without

purification.
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by proper choice of the protecting group at the anoneric center (e.g.
benzyl or 4- methoxybenzyl). Nitrile reduction, deprotection at the
anoneric center, ring closure, 5and hydrogenation of the cyclic imne
can be acconplished in a single step under hydrogenation conditions
to provide isofagom ne acid.salt in_high yield, Catalytic
hydrogenati on can be cSPHYeEEPTIRfte Riirdsofdhs ggnpwet @f@ﬂla@{@l%?@ed

i ncl udi ng Pd/igefadBeiddAchd it oﬁl@%ﬁn@%f@%&lggﬁb AXG LN RbuPhh one step
catal ysts at | oadi ngs of about 1% to about 20% under hydrogen gas
pressure rangiymEPrer Shpid the Drafegiig greypedh igtandderipesinter {OF. heprydoi € or
aprotic pol ar ; : 0, 0|

et hanol , i so&%@gﬁg‘%}‘%ﬁ\;ﬁ gﬁﬁ%ﬁé%}%ﬁ%g@ p%? tg(%h %6}?%0 @gﬁ% Qg%'gs?ta@l CI%SS{:
as i sopropyl aadbydbgenawdrinflthagetiaireine canietdydmschédina saaie s@rudeas

o esence of ORCRAD Ao Lk brpatosEaberint ShedlHaruld (Bebic o

a carboxyl i ¢ hggiogertiom caisbetafriedohCwak b Sarty aC@tdlytsAatiddind\p@/C, ¢ aci d
can serve 15as the solvent as well, w or w thout water as

th th
co-sol vent. THERlAeCHP: p&V s ‘?f_ri’g°°§¥3\néﬂﬁﬁ9lil of Gatalienty 4 lasdugt of R
aci ds, al | owiapg,thyéll RERR AL 8LNMAL bﬁsAﬁ?&e{HhQﬁ%ﬁB@) aBBﬁthgﬁn{jtg%bgﬁtQHﬁ) si,

intact. The hydrogenation can be run for short or ext peri ods of
time as dlct at pgtipgr apetia padas selvertapvefergblyan aRpkdl encheas nuatireatiol ethaoluse
Pd(OH) 2/ C wi t Mglef %t 20% under pressures_fr.om
Zbout” 40 pet FB ARV S, S RRRL b RPRE B O BB AR HA R
w th HCl, acetétate acmethybicetaterdaastree acdptoticdblventpr Bheliydesheaativgichh baS

are 20% | oadi ng. Pd 2/ C under, 80. psj hydroge i n.i.sopropanol
and wat er Wi tcﬁ‘%ﬁﬁﬁ t(?ﬁ)ﬂ'é?cpéﬁeﬁceaogiadmngrﬁle“ﬂf%*f’gg% QGE%EE& ngf‘r %éé) @an be
purified or aBpOQeet@dowlicheltsufiis thitGRtabdbr addiR akdOoARBRAdEcan serve
derivative of the general formula (I) can be converted 25into

. ( ) .
i sof agonitAe Byhenelvares gisllovithorvishque walst & thecewahemt. oFhegikelefpseessing
co- 50l vent SyShem uAGiFSatEY Gl M8, difok % vl Becpi
trifluoromnet )r%?r%lgs_ulllf on)?qdaci d, n%%herobili@d%ﬁ%%gﬁ 1'8%6?%% tll;%
carried out iprotegingeraap intedmlhehybogenation danbe almdiat sh@rtton eatbadetd p2dods.

Sol vent renoval. .y r .ha dvant age
evapor ati ng égb%l? {&?%o’g@eﬁigﬁ (%g%%%vogl%é I Sé&dfpé‘%lgégge‘fl A Rlé)P usregjr%glél&’lc
during the deythdb®iiigsefialsduep% t¢hbousQ0BImbtEH prgshEGTromnbhe 40 el tatbshtas

a free bgse form.or an acid salt. . IFG A conpound of the general
formul a ?ﬁ) Jhpyidn ?@@&@@30 é@vmﬁ én%?fﬁé&f%ﬁ@ﬁ@ﬂgﬁacwapwa -l%@icﬁ oy,
for exanpl e, pidi@radtohditioRarb YO &I UENOBT/Glndch BRI Al 4rahagms iy dr i de,
selectride, borane, and the |ike, or by catalytic )
isopropanol and water with HCl or acetic acid. Thé protected isofagomine can be
purified or deprotected without purification.
The isofagomine derivative of the general formula (I) can be converted
25  into isofagomine by the action of a protic acid in water or an agqueous co-solvent
system. Acids may include trifluoroacetic acid, trifluoromethanesulfonic acid, and
the like. The reaction may be carried out in water at room temperature for about 2 to
about 24 h. Solvent removal under reduced pressure has the advantage of evaporating

volatile acids and volatile diones that are removed during the deprotection step. The

30 resulting IFG can be isolated as a free base form or an acid salt.
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hydrogenation in the presence of an am ne. Such conditions include
Pd/C in the presence of triethylam ne or Hunig' s base.

Deprotection of (J) to the diol of general formula (K) can be
acconpl i shed using conditions previously set out in this application
or known in the 10art A conpound of the general formula
(K) can be conver tRé g0 | FG by catalytic hydmﬁﬁgpation usi ng the
condi tions setRb%pkgn this application. be further converted
to | FG Tartra@%ﬁ'a]gb usi ng tmaﬂeond|t|Qﬂ§‘ etx out in thhSmg
application for € Gl r [¥0ersi on or® - eal] an sl sol i d
support foll owed conversion to 151 FG Tartrlate A
conpound of thB5genéral formula (K) can beG@ccéssed by reduction of
thc nitrilc in a cogpound of the general formuja (G . The reduction
can be acconplished by hydrogenation using a netal catalyst and
hydrogen in the preg, nce 20 of ni,2. Congitions include Raney

ni ckel and hydr gen as at preg i% of ygbout 14 psi to about 100
psi, in an alco QHzmnthouq mater re erpéd conditions are
Raney ni ckel and dr gen at 50 psr—TTm et ) and vat er . The
reduction can BFSo be acconpllshéﬂ‘u5|ng a metal hyarlde Condi ti ons
i ncl ude reagents sugh as |ithium alum num ride. 5 PGO H+

Two of the steps outlined previously can be Teversed so that a
conpound of general fornula (J) can be hydrogenated using the

condi tions set out in hi s awghg, tion rovide a c ound of the
general formula (1). THRiS™BP ttﬁ%%eﬁé%’%ﬁldl(ﬂ/ca@&ﬁ\’i goithit 0 1 FG
| FG aci d sal teofrk Sndlfé%ﬂ_lﬁérﬁrraﬁﬁl% (JI9ETvEEShRNLE ActichQfr ag@idenget Ar trat e
can be acconpll Vi a ?eneratlon
lithium alummum hydride, selectride, borane, and the like, or by catalytic
hydrogenation in the presence of an amine. Such conditions include Pd/C in the
presence of triethylamine or Hunig’s base.

Deprotection of (J) to the diol of general formula (K) can be

accomplished using conditions previously set out in this application or known in the
10 art.

A compound of the general formula {(K) can be converted to IFG by
catalytic hydrogenation using the conditions set out in this application. IFG can be
further converted to IFG Tartrate, also using the conditions set out in this application
for either direct conversion or purification on solid support followed by conversion to

15 IFG Tartrate.

I‘j"\ I‘j.“\\

A compound of the general formula (K) can be accessed by reduction
of the nitrile in a compound of the general formula (G). The reduction can be
accomplished by hydrogenation using a metal catalyst and hydrogen in the presence

20  of ammonia. Cenditions include Raney nickel and hydrogen gas at pressurcs of about

14 psi to about 100 psi, in an alcohol with or without water. Preferred conditions are
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of the free base, purification on solid support, addition of tartaric
acid, and crystallization of the product. The free base can be
converted to the tartrate salt without purification on solid support.
The free base can be fornmed by addition of a base such as a m neral
base, anmonia gas or |iquid, amoni um hydroxi de solutions, 15 or by
exposi ng t he Raadytnithe! halsiydrages k50 §S0in rdetBaﬂoDm’d\BatéIﬂ dth dc&iusﬂidni @a agel

neutral or SIC al a .at vari . Aac Vlt S,
hoel 6y ool . BeptroRshihe dsibe  ar Bt cordierhdaie e it apusy
provi de the thagniseya@eM ne in a purified form Conversion to the

tartaric acid salt can be done with a range of acid to base rati os.
Since tartaric acid is a diacid, the tartrate can be fornmed using 0.5
nol ar 20equi val ents up toRﬁmﬁmlar equi val ent of tar he relative to
i sof agomi ne free baseRt%#ﬁ ric aci VE@ﬂ”ﬁ@”Wac he Dor -L
form or one of threr3sileredi soneric {6 { 3@‘ ‘form the D-(-)
form and the nieso forﬁ}ﬁ#j “nﬁgd4yyn#&44#5 forTr?iI@P®@e
tartrate salt use anmoni hydr oxi de soHution to gengrate the free
base, 9:1 ethanol/anmf®umtydroxide to elute the frel base on a

silica gel colum, 25evaporation of solvent and excess ammoni um
hydr oxi de? fornatlon of the tartrate salt in water/ethanol, and

crystallization fromwater/ethanol. IFG and tartaric acid can be
conbi ned over a range D&/ostmb@t@pmﬁm evx&lsl}@nb@?dv@fsb&soatﬁhtdl Is a
diacid, nolar ratiqs _of 2:1 to 1l IFGtartaric acid provide stahle

salts. The pFeneindefl Beqeras Fortou 4] canrhs hyioRetSHsnEyhe eoRgigiopsset out in
appl i cabl e 1 Qy@hdalibRRARS rodfcbbhbnk AR n§ﬁéf‘fohﬁ§l%_|0frhﬂs':%cﬁ%aht s

derivatives using a ketal internediate
D-(-) - Arabi nds esadiy cqrerted into IFG, IFG acid Q.al’t like IFG Tartrate.

10 Conversion to isofagomine tartrate can be accomplished via generation
of the free base, purification on solid support, addition of tartaric acid, and
crystallization of the product. The free base can be converted to the tartrate salt
without purification on solid support. The free base can be formed by addition of a
base such as a mineral base, ammonia gas or liquid, ammonium hydroxide solutions,

15  or by cxposing the salt to basic resin. Solid supports include silica gel, neutral or
basic alumina at various activity grades, or a column of basic resin. Elution can be
done with polar or non-polar solvents to provide the free isofagomine in a purified
form. Conversion to the tartaric acid sait can be done with a range of acid to base
ratios. Since tartaric acid is a diacid, the tartrate can be formed using 0.5 molar

20  equivalents up to | molar equivalent of tartaric relative to isofagomine free base.
Tartaric acid can be racemic (the D or -L form) or one of three stereoisomeric forms,
the L-(-+) form, the D-(-) form, and the meso form. Preferred conditions for making
the tartrate salt use ammonium hydroxide solution to generate the free base, 9:1
ethanol/ammonium hydroxide to elute the free base on a silica gel column,

25  evaporation of solvent and excess ammonium hydroxide, formation of the tartrate salt
in water/ethanol, and crystallization from water/ethanol.

IFG and tartaric acid can be combined over a range of stoichiometries.

Since tartaric acid is a diacid, molar ratios of 2:1 to 1:1 IFG/tartaric acid provide
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hydr oxyl activation OPG3 P&0, 1/4,' 0" source oPG3"
hydro yl P&3/4,---- \do-un activation OPG3 ON ani on source OPG3

, hydrogenation "catal yst OH OH

stable salts. The preferred ratio is 1:1. The stoichiometry range is applicable to all
isomers of tartaric acid.

Synthesis of IFG and its derivatives using a ketal intermediate

R,
R
Q’k PG2 halide,

ketal or E
HOIj OH  paoH HO \\OH ketone ~ HO O base
- ——————————— Y
HO™ ~O PGO PGO™ "O
D-{-}-Arabinose L
R‘Rz
o ROH o QP83
2 : 2 : 2 ~
PG OIj‘\\O minera] aCid PG OJ\\/j‘\\OH stno G O]:j.\\OH
e i
3 .
PGO” ™0 PGO” 0 PG halide, PGO” 0
halide agent
M N 0
hyd I oPc? oPG® hydroxyl
ydroxy! 2 : 2 H I
activation PG OD»‘LG "Q" source PG0 OH  activation
rere———_ - ——— Y-
PGO” ~O PGO™ O
P Q
QPG oPG? hydrogenation C:)H
2 : 2 : H :
PG ol/j,u_e Eo“,ﬂf‘c'gf’" PG20 WON T ativst ODAOH
- - HX
PGO” N0 PGO” O Hz N
S proton source H

D-Arabinose can be converted to the corresponding protected
glycoside (A) using an appropriate alcohol with or without solvent (neat reaction),
and an activating agent. For instance the range of alcohols can include benzyl
alcohol, or substituted benzyl alcohols such as methoxybenzyl alcohol, chlorobenzyl

10 alcohol, methanol, ethanol, isopropanol, cyclohexylmethyl alcohol and the like in a
solvent. Suitable solvents include, but are not limited to, methylene chloride,
chloroform, THF, dioxane, DMF, DMA, or NMP, with an activating agent such as
HCI, HBr, HS04, or some other mineral acid, or acetyl chloride, propionyl chloride,
or another acid chloride of a carboxylic acid. The reaction can be run at temperatures

15  ranging from about ambient temperature to about 100 °C, for times ranging from

about 2 to about 48 h. In one embodiment, the preferred alcohols are benzyl or
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PGOPGOH2 HX proton source 5 D Arabi nose can be converted to the
correspondi ng protected glycoside (A) using an appropriate al cohol
with or without solvent (neat reaction), and an activating agent. For
i nstance the range of al cohols can include benzyl al cohol, or '
substituted benzyl al cohols such as net hoxybenzyl al cohol,

chl or obenzyl stigitwehiinzymisohelncingd nerhpmiired issepridpknpdl, Preferred solvents
cyclohexylneg&%km%ﬁcoho

I dthe |li.ke in_a solvent. Sujtable sol.vents
Trel e but e GARL TG el Seadif Al el FR is o BT PRI
di oxane, DM actBMAng agenbRclude atcbty&fhl@ﬁieiaVldes@,a@@ﬂlbrespteﬁrr&SisldEétfl HBr ,
H2SO4, or so other mneral acid, or. acetyl chl|oride,. propio
chl ori de, orqﬁﬁ8§ﬁe‘HQBFHUQWF%E?HémBVS m@é%%B%?WP@“&dV .aWﬁéﬁgéaction
can be run alsoeATP Thabf@Rd %&&éﬂ&h@%rﬁp@ﬁ%r@ﬁﬁlﬂﬁm ﬁ{m{l&% mEBPIPEH A SRy
to about 100 C, for tinmes ranging fromabout 2 to about 48 h. I'n one

embodi ment , @h@ﬁﬁﬁﬁﬁ@ﬁW§ﬁuﬁ4cphols are benzyl or substituted benzyl
al cohol s, ‘and nore prefgt figd, 1 S1DeR7Y %}n&?&'ﬂ%muﬁ%%ﬁ{ ﬁee@rtﬁglp\’cﬁ&itesd

i ncl ude di oxane, THF or neat reaction, nore preferred IS nea
reacti on. Pr ef enr paetbnide at the 3- and 4-hydroxyl groups by conversion of (A) to ketal (L) with

a ketone or a dimethylketal, or enolether thereof, in the presence of an acid, with or
10 without (neat) a polar co-solvent. For instance, aliphatic or aromatic ketones such as
acetone, 2-butanone, benzophenone, cyclohexanone, or acetophenone, or their
corresponding dialkylketals, can react with a vicinal diol in the presence of an acid
such as H,SOy4, p-toluenesulfonic acid, camphorsulfonic acid, or trimethylsilyltriflate.
Co-solvents include methylene chloride, DMSO, DMF, DMA, and NMP. In some
15 cases the ketone can also be the solvent, such as acetone. Reaction temperatures can
range from about ambient temperature to about 100 °C. For this reaction, the
preferred conditions are acetone and 2,2-dimethoxypropane with p-toluenesulfonic
acid at 40 °C. Pure product can readily isolated by crystallization with a two
component system including a polar and a non-polar component. Preferred conditions
20 for this purification are ethyl acetate and heptane.

The acetonide (L) can be further protected as an ether at the 2-
hydroxyl group by conversion to the corresponding alkoxide followed by subsequent
reaction with an alkylating agent to provide a compound of general formula M.
Previously reported protection utilized more expensive benzyl bromide and costly

25  silver oxide. Formation of the alkoxide is readily accomplished with a strong base
such as and alkali hydride in a polar aprotic solvent such as dialkyl ethers or THF,
DMF, DMA, NMP, or DMSO corresponding to PG*. PG? Alkylating agents include
benzyl halide or substituted benzyl halides. Reaction temperatures can range from -
20 °Cto 20 °C. For this reaction the preferred conditions are sodium hydride in DMF

30  to generate the alkoxide at 0 °C to 10 °C, followed by alkylation by benzyl chloride.
Pure product can be readily isolated by precipitation with water and a non-polar wash
to remove excess water. The preferred non-polar solvent for this purification is

heptanc.
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activating agents include acetyl chloride and H2SO4, and nore
preferred is acetyl chloride. Pure product can be readily isolated by
precipitation with a non-polar 5solvent. The preferred sol vent and
tenperature for this product is nethyl-t-butyl ether at anbient

t enper at ur e. The obt ai ned gl ycosi de of general fornula A
can be further protectRdnasl afthaaetandda tiat cotrpeudt ofagederdt foyrthile XM to
groups by conversion of. (A to ket (L) wt ket one or, a :

G ot iyl et AP afgatenie R ab Ry it rpalived il e e Tinliabadid sigh
or 10w t hout af FEAHBRHRSD.Af 26 AtcBBdI\GEEH as riR@Kanbl) Sthamdl SisoprbpaRbiabkd Sntdnt
aromati ¢ ketones such_as acetone, 2-butanone, benzophenone,

cycl ohexanonémpsratyge Fapthisdegstion.dhe praisyred e@}dﬂ&l@émf%n methanol at

di al kyl I cet al s -~ W LG 1.0 q:1, 1 Lan
aci d such as TBIE BRSO A AT Bl 1 i el RS ERRE R iy,
trimet hyl si | watariafid aten-p@er sohve rnwvie eeteasiwatmp t Fhel paeferrationriodie solDMEBO,
DVF, DMA, an%%. mli o ma%i&ages the ketone can al so be the

sol vent, such as ALEt Bne. "RERE T on t enperatures can range from about
anbi ent tenperature toAdthiduohal pBecGon bbthe tivl & reqaet fanmmodifietipn ef e r ed

conditions are aceton 2, 2- di et hoxypr opan ith

o Tol Uenesul FORTAENE SETcai st R S G b byl osppiacQUcsy
crystal | ijgat ibeRcdtndphisidtudRg GANRPREIBY aFsicam b Waletdrdd8oing 91 3¢nt aNefiak
non- pol ar conponent. Preferred conditions 20for this purification are

ethyl acet at écrapfeptieptodlqeed by ctherification atypedegdeteampigirgst i efferp gan be
further prot %tn?eg u%g%ﬂ%ﬁl(gpz{rylaﬁ ?\@5\%{ egg}'sﬁggéﬁgaﬁ,ﬁﬂﬁetﬂ I, #BHYE S on

to the corresponding a |defol}( reacfion with an
al kyl ati ng agasdbutyd, qdmetyitén exidoimpprotid sofcrgeneh ab béngemmutoducke, or xylene.

Previously r rted ofection utilize r.e pensi ve benzyl brom de
ond cost 1y oSLiebish B0t pibetbtamA SR R AR BT A RYP BTG S
acconpl i 9bed behdyhbidnsdd @gnbaskiotds MMiaeanon adnkal dccdiyraied deoigh the wel ar
aprotic solvent such as dial kyl %Ity,ers or THF, DMF, DNVA, NWVP, or DMSO
cor r espondi n§* #4MBEECh meﬁiy;rdat- TR ShIPTidS, ARbrepeieR mISEtIIGS
substi t ut ed henpeonh@oufgfbicReaR At MRRE BEOHESER s [RBgRnfikom - 20
Cto 20 C. For this reaction the preferred conditions are sodium

hydride in DyFfgtrdomefborbrsat eibpiylinaxidadn cduane apd benzyl chipride it b Psietfc by
al kyl ation by %@mﬁ&%mnm%‘%g %BhQﬂ{éﬁtcar?ﬁ‘é‘ﬁQ@gIa%@&h@}éhéé at ed

by precipitation w wat er and a non-pol ar was renove excess

wat er. TRE pmedcgritagoh oiche polecagens elithevaterf Gmat prioduqyoan e abédinedbyi s

hept ane. . Renoval, of the acetonide . in the co und -of
general 1 or iSRRI AR LS Lt Tny ThuREIEe porhipATRRpRELS
acconpl i shed thik tdactiondiré ethenoraidlieptanaci d such as HCL, HBr, H2SO4 in an
al cohol such as nethang|, et hano({_, iso(gropag_ol%dﬁt_ anbi enlfa .
tenperature. For this reaEPFErted RisTRswste pragigosesistv g ran By draqdy in

met hanol at RoAMEHe@ RS tht SHRApEIA (y IR REQEEGS thédNbh §RRctREtcH SRR 1P).
er an

isolated by precipitation wth wate él a non-pol ar wash to Tenove
excess wafer .Thymopice petivatien piche pabiapseduipantto eliscrehi olsbleiariiedad on

I's heptane. system (Q) followed by displacement with inversion using an inexpensive oxygen

source. Activation can be with esters such as p-toluenesulfonate, methanesulfonate,
trifluoromethanesulfonate, an the like, formed from the corresponding anhydride or
sulfontyl chloride in the presence of an organic base such as pyridine, collidine,

30  Hunig’s base, triethylamine, in a non-polar solvent such as methylene chloride,
chloroform, or toluene at temperatures from about -20 °C to about ambient
temperature. Displacement with inversion of configuration can be accomplished with
oxygen nucleophiles, preferably alkali or carth alkali metal nitrite in solvents

commonly used for this type of reaction, e.g., methylene chioride, acetone, THF,
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Addi tional protection of the diol is required for nodification to the
target nolecule. Selective etherification to a nolecule of the
general fornmula (0) can 10be acconplished using a tin directed
approach in a water-azeotroping solvent at reflux tenperatures

foll owed by etherification at noderate tenperatures. Tin ethers can
be fornmed us DMF diDMIAIgNIMR; mndatmcllikt: iant(:mWramxdscfem shwoh0 &S tmlailqoheﬁy:lc

di met hyl , di i, s.obut or d| In oxide apr

sol vent's suc% émﬁi odifgns "t%ltrﬂj% éom?f %}qléﬂlé: anélf&kdgaﬂ%}ﬁn IPWI ation
can be accorert@I@fé cWiotible & -ky PC estionlel bl aoytioh af ihe @sflseiethas ke iy
brom de or benzg chloride. The reaction can be accel erated through

the use of aguntietignchrefredsmditionsderdigtlapsmanhededrlanpsSPdEm And

reaction ge 4
hout 1007 PR a8 R T r o eaca S |

oxi de in tol gklicdhy be@htlyathzhﬂr@mad\go polvent eysparessergcepaddr and a non-polar
tetrabutyl o &{&Phh{% Qﬁmf&g il a?l%hg@?;]&ﬂp{opﬂug %%fok%re%(g}%@%bﬁhed

by 20preC|p|t on of agen can
be obt ai ned bydhqyamalllzatlon fron1a two sol vent system The
preferred crystalllzathgn sol vg for, thiss reacti ar.e

t t | d
hept ane. C e Erhaiet e atrra Bragf (gLaa R’ "

derivative C%Bn\féﬁ'eﬂj[rﬂ@ﬁf& nitriQRYRIth @frcisRnlof Qo AiS R 6k dhGin ey iSR!
derivative (Q through an activated system (P). 25The invol ves

activation ofY¥%He ainabf HU@@ﬂrﬁgb@fidﬁgﬁrlbffbﬂb&\f%&.t&f'cﬁ%@tqul%Pﬁﬂflﬁ@on of the
activated sysiem ffdofld @H@&eéxsﬁéﬁ@ﬁéﬁz B steth g]itb th INGE Sy %ﬂ%a%'e&gman

i nexpenS| ve oXygen source. Activation can e Wt esters suc
p-t ol uenesul frgrayemo mtchaﬁeswibonmbcdqnmagalmmtbmt:ﬂs@ﬁelkull dramdt e, an

the Iike, for rom co I n h or sul fonyl
chloride in tHeonp#es 3 era {oliueﬁgsu%n%gﬁ%ghe%gwh l%é§ pyri di ne,

col | i di neg5 BQMHUr@n&hhﬁsiﬂfonhﬂ%] z&idhlyékam naichiwerafonaat fiahalc @adkspentinguch
as net hyl ene chl ori de, .chl or of or tolue t te ratur es from
Shout 30" ¢ ek T R B TS pra et B S pil claRbegs SHFh A er o) on
of confi gur atpzﬁam@@aui@amagaﬁxgmlwaw&Qtwlédﬂn@wgm 1k 64 £8RNpd18Ssolvent
preferably alkali or earth kali nmetal nitrite in solvents commnl

used for t hi sughgsenehylensghlorign, chioreform, s tysne pbitcpmpighiesdon abauprid °
THF, DVF, I%JNWmléI@ﬁ'thrg#‘@atuek %1?1&56&‘1 it M(r@rﬁoﬁ BP&@?%BO@C.&Q O

about 40 C Preferred conditions use tr uororret hanesul foni c

anhydr i d€0andcgymlidhadepréfarabiytvig eagentstsidr asodkaditor caith dkdlombtelwydnidgs, or

i sol ati on of ,t.h |f| te with he nee ri.fi

Preferred con%fm?[kg D%m r ap (fa%ge Ol%r %’fmt? SO?VtePtlgg TCht e%%frﬁégg\%%l%%%r 5
pot assi um ni INMPE3MSD, E)M%hahkaalhexﬁpﬁraﬁmﬁrﬁefrﬁdbunm °(Pwrabbuteid °pr oduct

can be readily obt |ndb rystalli atl fro .Iwo solyent system
isi ng . pol ar el EeaoBE B REmeS iR PPk pagpyridine i
crystal | i zat ingihy3&e\BREge Eto-rl(}t’@' Prf@ ARGl oAt sTol GSHMRRRAQIS e flate are
heptane. 25  tetraethylammonium cyanide in THF at ambient temperature. Purified product can be
obtained by extraction followed by crystallization from an alcoholic solvent. The
preferred solvent is ethanol.
Conversion of the nitrile intermediate to isofagomine hydrochloride
can be carried out in onge step depending on the choice of protecting groups. Nitrile
30  reduction, triple deprotection, ring closure, and hydrogenation of the cyclic imine can
be accomplished in a single step under hydrogenation conditions to provide
isofagomine in high yield. Catalytic hydrogenation can be carried out with a variety

of commeon catalysts used for such hydrogenation including Pd/C, Pd(OH),/C, PtO,,
Pd(OAc), or a combination of catalysts at loadings of 1% to 20%, under hydrogen gas
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The triprotected xyl ose derivative of general formula (R) can be
10converted into the nitrile (S) with inversion of configuration
through an activated system Simlar to the nethod descri bed above,
the route involves activation of the xyl ose hydroxyl to a discreet,
i sol abl e activated system (R) foll owed by displacenent by a cyano
source. Acti PESPHBAZREREBOmHIest Hyesi i abovhl 08k ppratic ¢ dpydticaplaar v
sul f onat es, I 5
trifluoronet Egﬁé@% F%%gt gta%lgﬁﬂggﬁﬂ F‘RE%EM| c;ﬁ{w@&) H*p% &aé({%?tﬁg)sh?li he
cor r espondi ngcaighgdr iThe h@drogmdﬁ@fmy lcarciadl onti id ¢hel presehe qcfrdesedse:hon% 3: 91

mld organic S u S di ne, .col .l di nc
triethylam né—ﬁfl ﬁ&@‘hg@ﬁ)(ﬁ‘kgg‘?&é » 3945 e btflg}lorggcfe\}gﬁflg’sc%éﬁtaég aﬁ%tﬂﬁfl ene
chl ori de, 5chhgdefamivn can ﬁeQ’bthﬁﬁi@hc&t0ﬁeﬁtﬁﬁ&écﬁ;§dﬂo&§oﬁt&@éﬁvﬁbﬁ@lh3k @Gréiico
about ambi ent, t enperatuyre. CP%Cﬁcerrent W th inversion

I

conf i gur at i oRSEEHPORIEoBBrEEEHF SﬁFeetPéwa*&P\yech%awtl@ of Hdfl as

al kali or earah@P@('d{rﬁblC WRE ﬁJadi‘ﬁ%ﬁB‘ﬂd@S& S‘J/QEo duetr ABh Kﬁ’de@ﬁ?&@s’ﬁkéﬂr}?o%/%hﬂes
in polar, aprotic solvents suc NVP, DMSO, and the

DVA,
| i ke at tenpépa?@upébotﬁﬁaf?rpsaryb@n algphglig @pla%mthmicl\/lqw pregaricd gonditions
conditions u %/@aalrﬂ Shd
nmet hyl ene chi%%r lltor e Olaalﬁé %}3 éorl?%{ %ﬂ?@%jgﬁgd pg_?‘i{g‘ 8{3)5%%992? of
the trifllate eﬁaaeolzﬁtiﬂéﬂ a'ﬂudﬁl}oidacmhtmida maltgaarbiedenverted’ tdl%hatsoﬁgdnhmatacid
t enper at ur e. lklrmﬂ ¢ %%'“ uct  can be obtai ned by extraction followed
Plon® Prom di°x

by crystalliZ¥ [®®ohol i ¢ sol vent. The preferred sol vent

i s ethanol. Conv gysthedis of IRChehrbadh Lg/1ésat er nedi ate to
i sof agom ne hydrochl oride can be carried out in one step depending on

the choice of protecting groups. Nitrile 30reduction, i ple
deprotection, ring closure, and hydrogenation of the cyﬁbgé i mne can
be acconplished in a single step under hydrogenati on condi Ions to

provi de i sofagoni ner”i n-high yiel d® al ytic hydrggenatio be

carried out with atariety of co n_catal ysts used for h

hydr ogenati on including PcUC, Pd(OH) 2/C, Pt02, Pd(OAc)2 or a

conbi nation of catalysts at |oadings of 1%to 20% under hydrogen gas
pressure rangi ng fromabout 14 psi to about 100 psi, in protic or
aprotic polar solvents, preferably al cohols such as nethanol,

et hanol , jksopropanol , pI-)e&§i6deSan Qo 86 BicdGo ﬁﬁwmofig@nmdrm @xtdaﬁﬂ}e' S
carried out in the presence of an acid such as HC ,

H3PO4, H2SO4 comaied & the Ferrespending pipiseied lyeosidei(d) usng @na%mvarletea&oaol
The Shydr ogenali QniGak blaﬁfeﬁﬁ@mjt Phach rcInd%E @ﬁ‘Ja‘ﬁgQ g%np effdr%lﬁmgé th% ' nE

with no risk of product deconpositio Preferre ditions are
run the reactinga ofiklcthods erinxnaluwds b@ﬁzdeyCGIuﬂnst@tii(qudi)bzﬁz@l wicohivld smahiasngs

of about 5% to .about 20% essy t 0, about
100" psi i . ARt PO R RRFRR! Il (PRIl BBt TV one
are 10% l20adidiyhenfimPbatslsmebtikibh bibacbl ngap%b(aﬁlﬂ) &fcShundmieth§lalgashivl and the
hydr ogen gas hj[kn' 10 et hag‘}%}1 wth Eio -|Ihl ?chl ori dg sal t_can_be
converted to 'FA& # LHRGBIT A MY EIE &F ©7ichs CHIRO T d ikt SRV EnDMA,
Synt hesi s of o} Ko, RFiUBhckival @8&t such as HCI, HBr, H,S04, or some other mineral
acid, or acetyl chloride, propionyl chloride, or another acid chloride of a carboxylic
acid. The reaction can be run at temperatures ranging from ambicnt tempcerature to
25  about 100 °C, for times ranging from about 2 to about 48 h. For this invention the
preferred alcohols are benzyl or substituted benzyl alcohols, and more preferred is
benzyi alcohol. Preferred solvents include dioxane, THF or neat reaction, and more
preferred is neat reaction. Preferred activating agents include acetyl chloride and

H,S04, and more preferred is acetyl chloride. Pure product can be readily isolated by
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15L-(-)- Xyl ose can al so be used to nake isofagom ne. The sugar can be
converted to the corresponding protected glycoside (T) using an
appropriate alcohol with or without solvent (neat reaction), and an
activating agent. For instance the range of aI cohol s can i ncl ude
benzyl al cohol, substituted benzy hoI ch, as hox L, .

al cohol , chl BicsBE#Ip With THMGIolar PR an |S°1"§fi‘h§§ ef“cﬂ%g“ Hof this

20di pheny| e bR Smc PG cthoP LA tdnﬁiéﬁu’[t&@an()' cycl ohexyl et hyl
al cohol and like 1h a solvent such as nethy Ien

@éﬁ de, . .
chl orof orm THF, di oxahte shyseFide (Fgan be tq*@RADdlrWlV o % otal ) PG

such as HCL,  HBr LAle AGipthticQkidak @l ¥vis acid
chl ori de, prt‘%p?o‘%%‘#é or%y@&gqh%%%? tﬂyﬂzg%l d ech grl 1éI:e 1of B

car boxyl i &8 aendlan él[d:tﬂlokmatcxm)oaisccmame salvenat F@relmiwa,tahlpb@lcroaﬁmgcf rom
anbl ent 1 e Aba8y hOL 2R 000 Gyalb PLab AR [ 208G, LhauRRouE 2

to about 48 préferie are berzyl
or substi t ut edohmezinthredcqoinenes or tasid corersporpiigs letals deacswitemziginabdiclahol .

Preferred solvents inglude dio e, neat reaction,.,and nore
preferred i s thigagscreteirgic aP’rJegf‘&?' ?%%E@t%%f?%oéﬁl AP AU de
acetyl chl or g ROdoHRIH, oﬁmevﬁ@ héid &H&fae b4 tﬂ;ﬁucﬁmekmbraedur@ﬁandﬁn
Pure product can be readily isol ated éﬂi}haérem g|tat|on Wi th

p

a
non- pol ar0soltaiaalloridh e‘\lpfp@ﬂselﬂ?lédﬁ -‘S@PK? dlooaelp sychiag stipgel. ¢thgnel,

product is nmefh fﬁl??ﬁ EOREHALHW R to reflux. Preferred
The gl ycomde%@aﬁmh&%g etlg{ﬂﬂ rec m%l ketal (D) B;Crugac{? l(:f)lrrrl

with a 1,2 dicomktians fm’rthlsdeeatidnydtrkét?albutatrhéuoe@br i zrcyﬁehqan@ﬁmeenmeﬂanol
protic acid or Lewis acid 5 l~an. al coho t he
ﬂ&lgﬁ&(‘éﬂp(‘é?t}ll‘ﬁﬁ%?? 1tha?a I,P&Prsgff L BY: @&ﬁr?trﬁﬁ%n@é

sol vent . For % lones suc
1, 2- but anedi @fRyatdl , Mo&ﬁéf&h@@ﬂeﬂbme 1 2 Ruddicpbeninl reéthaonbaiaohént or

9, 10- phenant hr enequi naone, or th corres ket.al t vmth a
vi ci nal dPol t§HRPE eﬁYl@s‘éﬁ’(Péoré‘f‘l %{”Cp*?'%‘{l%“ qugucggscqq S@l@ qi}&i A

canphor sul f onj & @lffon P- tol uenesul fonic acid, or a Lew s aci d such
as boron trifi‘uori de étherate or titani um 10tetrachl oride. Al cohols
i ncl ude sinple aliphatic al cohols suUBRANRIES hanol , et hanol ,

 sopropanol . and the |irke,ale, &@Pﬂ?ﬂwﬁ@rﬁe{&@&mgbg@ R cxOmBlet O

reflux. Pr ef erred condi i'S reaction are” 1, 2- but anedi one or
1, 2- cycl ohexgnedhtedbslown Thetlshtalf @hch examples is illustrative only and in no way limits

20  the scope and meaning of the invention or of any exemplified term. Likewise, the
invention is not limited to any particular preferred embodiments described herein.
Indeed, many modifications and variations of the invention will be apparent to those
skilled in the art upon reading this specification and can be made without departing
from its spirit and scope. The invention is therefore to be limited only by the terms of

25  the appended claims along with the full scope of equivalents to which the claims are

entitled.

EXAMPLE 1: Synthesis of IFG Tartrate through dioxane-fused arabinose
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at anbient tenperature to 35 C, with canphorsul fonic acid or boron
trifluoridc etherate. More preferred conditions are 1, 2-butanedi one

i n met hanol at anbient 15tenperature with canphorsul fonic acid. Pure
product is readily obtained by crystallization. EXAMPLES

The present invention is further described by neans of the exanples,
presented bel ow. The use of such exanples is illustrative only and in
no way limts 20 the scope and neaning of the invention or of any
exenplified term Likew se, the invention is not limted to any
particular preferred enbodi nents described hgggpn. | ndeed, many

nodi fications and variatgns of the inventi methaid | be appgr AL to
those skilled in bpe artg n readlgﬂ this Smﬁﬁlflcathngﬁé can be
made wi t hout depa Cghfm@aplts spi k't and §HOWe)ls Theconven |onk%:

therefore to B anry py jgﬂﬁrqffs of 69%t he_appe

along with the f scopgeof equival ents to whijch the cl aj re
entitled. EXAW?LEol Syntﬁe5|sBG® PG Tartrajﬁlb r oughBef? ox&ne- f used

ar abi nose Step)-Rabindsh PYr CH2C 2,1 20 C Step 4 NaNO®2, DMp room
tenp OCH3 H3af BnOL.0

Step 3 \(J<OCH3 Step 4 ﬁ/kOCHS
gﬁoélpyr . HiCO"] Q 5 NaNOz, DMF  H,CO"
2Clp, -20 ° ~OS room temp
Fs BnO™ O

BnO™ O
3

Step 5 \(QOCHQ, Step 6 \*OCH;;
T£,0, pyr heoo'l 9 EtNCN, THF  Hoon] 2
CH.Cls, -20 °C Q O\SO room temp O ~CN

CFs BnO" O

BrO™ O
5 6
Step 7 Step 8
9:1 gg(OHle OH
CFLCO;H psl Ha z
e Hon EtOH HO HO\ECOOH
room : .
BnO +)~Tartar|c N oY “COCH
temp Acid H
7 oom temp IFG Tartrate
Step 8a
30Pd9(OOH)2H on
HO ~CN pst Ha .
EtOH AcOH HO OH 1, ag NH,OH
. IFG Tartrate
BnO room temp N 2. L-(+)-Tartaric
H AcOH Acid
7 IFG Acetate
5 Step 1: D-arabinose (250 g, 1.67 mol) and benzy! alcohol (606 mL,

5.83 mol) were stirred at 20 °C under nitrogen. Acetyl chloride (50 mL, 0.7 mol) was

added at such a rate that the reaction temperature remained at 20 — 30 °C. The
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4 OHHO,CN7 Step 8 Pd(OH)2, 80 psi H2 EtOH L-(+)-Tartaric Acid
roomtenp OHHO, ,,r, COOH HO)----COOH | FG Tartrate

10

i5

20

25

30

reaction was heated to 50 °C for 16 h and reaction was monitored by TLC. The batch
was cooled to 20 °C and diluted with MTBE (600 mL). The batch was further cooled
to 0 °C for 3 h then filtered. The solid was washed with 3 X 300 mL MTBE and dried
under vacuum. The product (1)was obtained as a white solid (349 g, 87%). "H NMR
(300 MHz, DMSO-dg): & 7.32 (m, SH), 4.76 (s, 1H), 4.66 (d, J = 12 Hz, 1H), 4.59 (m,
3H), 4.45 (d, J = 12 Hz, 1H), 3.70 (m, 4H), 3.47(dd, ] = 12, 3 Hz, 1H).

Step 2: Benzyl arabinose (1, 225 g, 0.94 mol}, 2,3-butanedione (90
mL, 1.03 mol), trimethylorthoformate (338 mL, 3.09 mol), and camphor-10-sulfonic
acid (B) (10.3 g, 47 mol) were mixed in methanol (1 L) under nitrogen at 20 °C. The
mixture was heated to 60 °C and monitored by TLC until the reaction was complete,
typically 16 hours (SiO; plates, 5% methanol in dichloromethane for the starting
material, 35% ethyl acetate in hexanes for the product). The reaction was quenched
by adding triethylamine (20 mL) at 50 °C then cooling to room temperature. Solvent
was evaporated and the product (2) was crystallized from isopropanol (45%). m.p.
147 — 148 °C. '"H NMR (300 MHz, CDCly): 8 7.32 (m, 5H), 4.95 (d, ] = 3 Hz, 1H),
4.75 (d, J= 12 He, 1H), 4.68 (d, ] = 12 Hz, 1H), 4.16 (m, 2H), 3.93 (s, 1H), 3.81 (d, J
=12 Hz, 1H), 3.70 (d, J = 12 Hz, 1H), 3.27 (s, 3H), 3.22 (s, 3H), 2.62 (s, 1H), 1.33 (s,
3H), 1.31 (s, 3H).

Step 3: (25,35,4aS,5R,8R,8aR)-5-(benzyloxy)-2,3-dimethoxy-2,3-
dimecthylhexahydro-2H-pyrano[4,3-b][1,4]dioxin-8-o0l (2, 150 g, 0.423 mol) and
pyridine (137 mL, 1.7 mol) were mixed in methylene chloride (1.5 L) under nitrogen
at room temperature. The solution was cooled to -20 °C and trifluoromethanesuifonic
anhydride (114 mL, 0.68 mol) was added dropwise such that the temperature did not
exceed -5 °C. The mixture was stirred at -20 °C for one hour, then excess reagent was
quenched with 2 N HCI (500 mL). The solution was further washed with saturated
sodium bicarbonate (800 mL), water (800 mL), and brine (500 mL). N,N-
Diisopropylethylamine (15 mL} was added to the organic phase. The combined
organics were dried MgSO,, filtered, and cvaporated to dryness at 20 — 30 °C. The
product (3) was used without further purification. "H NMR (300 MHz, CDClz): &
7.33 (m, 5H), 4.99 (m, 2H), 4.72 (s, 2H), 4.25 (dd, J = 12, 3 Hz, 1H), 4.08 (dd, I =11,
3 Hz, 1H), 3.91 (d, J= 14 Hz, 1H), 3.79 (d, ] = 14 Hz, 1H), 3.26 (s, 3H), 3.22 (s, 3H),
1.32 (s, 3H), 1.27 (s, 3H).
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Step 8a OHPd( OH) 2, VO tONl=i OH 1. aqg NHMCH BnOt---
7 roomtenp 5Step 1: D arabinose (250 g, 1.67 nol) and benzyl

al cohol (606 nL, 5.83 nol) were stirred at 20 C under nitrogen.
Acetyl chloride (50 nL, O 7 nol) was added at such a rate that the
reaction tenperature remained at 20 - 30 C. The reaction was heated

to 50 C for 16 h and r&act:(08,384sS,6R3R 5ased-(bynzTlb))-2Thdinaihoxly-Es
cooled to 20.C and diluted with Om). . T bat ch was. f urther
Cooled to o dmaNtadtanthE Smiviaho MR b1 AR el by fGonad B SoRs ()
300 nL MIBE &ofh ¢ pedioUles wyaakdamp id MeVIP e GitrokEN@R blakdesP@s a
white solid (349 g, 87%. 114 NVR 5(300 MHz, DVBO d5): 67.32 Sm 5H),
4.76 (s, 1H) Potassgsn piite as addedyp onejpgytionsangghq myxtugpyvas agiteeday 30 335°¢)
Hz, 1|_|) , 7 . y = . . .
b2yl ar ot By ichres Fie&utlen sbionf Soskforaiilrich a olution temperhEPac
mol ), trimet BYHEOR0Mbe natdae (@3 8hrminatograpBedmml sjlicagabusing 30% cthyl acetate

E:Eir’rE;] OL;}ég; S ﬁr% l%e%g%e h %g% 9@8&%?(4%%;0%@%3(1%3 IRl (1956, %%)eg'tﬂ 3 mEbhgnol
'HNMR (300 MHz, CDCl:): § 7.31 (m, 5H), 4.86 (d, ] =4, 1H), 4.76 (d, ] = 13 Hz,
1H), 4.66 (d, J = 13 Hz, 1H), 4.03 (t, J = 10 Hz, 1H), 3.85 (m, 1H), 3.68 (m, 1H), 3.56
10 (t, J=10 Hz, 1H), 3.30 (s, 3H), 3.23 (s, 3H), 2.25 (m, 1H), 1.34 (s, 3H), 1.32 (s, 3H).

Step 5: (28,38,4aS,5R,8S,8aR )-5-(benzyloxy)-2,3-dimethoxy-2,3-
dimethylthexahydro-2H-pyrano[4,3-b][1,4]dioxin-8-ol (4, 105 g, 0.3 mol) and pyridine
(96 mL, 1.2 mol) were mixed in methylene chloride (1 L) under nitrogen at room
temperature. The solution was cooled to -20 °C and trifluoromethanesulfonic

15 anhydride (80 mL, 0.47 mol) was added dropwise such that the temperature did not
exceed -5 °C. The mixture was stirred at -20 °C for one hour, then excess reagent was
quenched with 2 N HCI (350 mL). The solution was further washed with saturated
sodium bicarbonate (500 mL), water (500 mL), and brine (500 mL). N,N-
diisopropylethylamine (10 mL) was added to the organic phase. The combined

20 organics were dried MgSQy, filtered, and evaporated to dryness at 20 — 30 °C. The
product (5) was used without further purification.

Step 6: (25,35,4a8,5R,8S,8a8)-5-(benzyloxy)-2,3-dimethoxy-2,3-
dimethylhexahydro-2H-pyrano[4,3-b][1,4]dioxin-8-yl trifluoromethanesulfonate (5)
from the previous step was mixed with dry THF (700 mL) under nitrogen.

25  Tetraethylammonium cyanide (50.1 g, 0.32 mol) was added as one portion and the
mixture was heated to 35 °C for 16 h. The reaction was cooled to room temperature
and diluted with ethyl acetate (700 mL). The organic phase was washed with brine (2
X 500 mL). The combined aqueous washes were washed with ethyl acetate (700
mL). The organic phases were combined and dried with MgSQq. The organic phase

30  was filtered and cvaporated to dryness. The crude mixture (121 g) was dissolved in
isopropanol (450 mL) at 50 °C, then cooled to room temperature with stirring. The
solution was cooled to 5 °C for 16 h. Solid was filtered and washed with heptane (2
X 100 mL). The solid was dissolved in isopropanol (420 mL) at 60 °C and heptane
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10 m xture was heated to 60 C and nonitored by TLC until the reaction
was conplete, typically 16 hours (8i02 plates, 5% nethanol in

di chl oronet hane for the starting material, 35% ethyl acetate in
hexanes for the product). The reacti on was quenched by addi ng
triethyl am ne 420 m.) at C then cooling to roomtenperature.

Sol vent was év&ﬁakhwwdé%siﬂw@ whibsde empopiufp yackeps etai0- e & - fThsm

| 32
'( rsn Op[‘aﬁll;?nz g(sél%%/%n whl &01&5&%m éﬂﬁ%e&turé Jghﬁ'%&%@& 1z T%%ﬂd?’%%w?g
= 12 Hz, 1H) obmr@@ by ,qutrmegl,, w@hgigw(tg hepl«h@e (1@ 8L), @dd dr:jed:un];lzr wzyur K0, 65

3.70 (d, J =1 ogﬁint%%g—elﬁsge@@ﬂﬂ@oﬁﬁ% Hedy 73782155 u o -

1.33 (s, 3H)

(2S, 3S, 4a8, 5B, %,13@,!2)71%(21@0&2191@/) 2235 Btknn{)hmw(cai 3 9 4 Hz, 1H),390
20di net hyl hexgcr dr% rano% }5%@ 41di oxi n- 150 g 423
ol ) and pyr A& BRI GEiy el EontRed oo ABRIA AR BREBP (e
(1.5 L) undermyif30gef1Tat 3Q@pm_1lt)errperature The sol ution was cool ed
to -20 C and trifluoromethanésulfonic anhﬁdrlde (114 nlL, 0.68 nol)

was added dropwi se suchtepAat2St3retabSd&s elbetizgllonp)-2.3xlopetionys, The
m xture was X e
quenched w ¢ R Rk ot B 1 o SR BSERRR € SR o0
s at ur at ed0sodvas mikidoeirtbhar fucf@@eticdcjd/waat @0 n{I3G0201] nndenditlogemend( 500
N, N Dii thyl am ne (15 nL added organi c
Dhse " The cORBRHERT6F oAl BEE S Grinelr s 0B mer s bGr da Cainins (5
evaporated t %]Qrwaﬁ&ddﬁld% mix8Re was FABorRfcad Uhs re@ﬁ)le %@m&%@ﬂﬂ‘l’!‘kﬁeﬁl@h@
further puri f| cation, (300 MHz, CDCl3): 99

(m 2H), 4.7%¢aD Qqq)stzrr&d @g 3(16 ol hepolid m@dgct@) waﬁp.golatgpi l@g}g Igra@pn yashegi

gH)HZ 3151)2 (s“%sﬁ }kﬁbane]gg—x }6o H&abeﬂah*)dneéuﬁc%r (baurh (73,44, 4986). M) 108- 364(5

(2S, 3S, 448, SRCSIIHEHQ €3BOQ\HénﬂaDGD€W 3018 Sdﬂ)maﬁih(iky—Z!Bz 1H), 4.61 (d 3—12

Fonate. (3) 1 Phm the HRbvol kD vt (eakamous e kS e Mo s Bgen
and cool ed tQH;@B(dE’QI%$§l2LEm anra (Sﬂé(dWaJS—a@dH@z I1AD),0N® @Qrnon and
the m xture was agitated at 30 The m xture was filtered,

then sol vent was evapo§1§2§({3\%r4tﬁq55a6@o§ (hep@ﬁowé-ﬁﬁeqhgxdﬁ@tg{ahWO 2H0 C

The residue ?ﬁﬁnﬁgb&%itﬂg:r(ﬁph% (Pﬁbcﬁmbl') Gas %ledwh%a%gf)%@ I haggh@t e
i n hexanes. roduct (4) was obtained as a solid , (099

mp. 51 282 & mn(egmthmh@rcomjmﬂfpltereg Thgsolfmn \5¢ﬂ)m1qu ®8h pater (8 mL}ﬂ,
R
3.30 (s, 3H) PAR@I23 of sarb8it))(0.425) 2Fhd myxtdrelwas i3 (nsler 13idhaged ga&Z(S() psi) &H) .
i ot by hexaar G257 by PO oy e SR e 0Byt o Bt tousg
nmol ) and pyr lddlltd’iﬁaceous earth. Solvent was removed under reduced pressure. The residue was
25  dissolved in water (15 mL) and washed with dichloromethane (2 X 10 mL). The
aqueous phase was stirred with charcoal 0.6 g), metal scavenging agent (0.3 g),
alumina (0.3 g), and florisil (0.3 g) for 16 h at ambient temperature. The mixture was
filtered and ethanol (75 mL) was added dropwise over 1 h. The mixture was cooled
to 0 °C for 3 h and filtered. The solid was washed with ethanol (30 mL). The solid
30 was dried under vacuum and IFG tartrate was obtained as a white solid (0.578 g,
48%).
Alternative Step 8: Step 8a: (3R,4R,58,68)-6-(benzyloxy)-4,5-

dihydroxytetrahydro-2H-pyran-3-carbonitrile (7, 1.2 g, 0.005 mol) was mixed with
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(96 nm., 1.2 nol) were mxed in nethylene chloride (1 L) under
nitrogen at roomtenperature. The solution was cooled to -20 C and
trifluoronethanesul fonic 15anhydride (80 nL, 0.47 nol) was added
dropwi se such that the tenperature did not exceed -5 C. The m xture
was stirred at -20 C for one hour, then excess reagent was quenched
with 2 N HCIeﬂﬂﬁﬂ(&lmL)Ehﬁt&ﬁﬁQﬂD@ﬂnﬂ@&mﬁ&k@hﬁaTW@@BHHJWEMWWZE%urated

a1 sopt opy! e AYTARPAEDED g el iriotr PN D g EspRadsC Thibh

conbi ned 20 qn@aities Wb i(§doMiSHs cirit) bed 8dporand t@éﬁ?ﬁ&&at ed to
dryness at 20 - 30 C. The product (5) was used w thout further
puri fi cati onChromatography ongiligp ggl;with 9:1 ethanol/29% aq NHqOH yielded the product as

2S5, 3S, 4a§, SR S 35
G met hy | hRxah T Sehy T anar g A Y e BT g Iscfyetin shoncl (el and
fonate (5) fstomed HeTmaamiaoitds{Oéﬁ%g) wcasdlsspbvedhn/\wthdmou&ly iflHfAnd Z0@dnm pne

under nitrog Tetd ni_u n 0.3
nded as. onoDlsiefACE iR PO E Ha0NE Serbip e o SR b, G
reaction was tanat eds fidertdand wahpeivith usle ethatb]dihbutied whdetvaetlny (0.348 g,

acet ate (700 H%é The organi ¢ phase was washed with brine (2 X 500
The conB d aqueous washes were washed with ethyl acetate (700

rrL) Thel@r9@@#&8@6&&%%&?@1’%@@5‘1@6@ edssng dried with MgSO4. The
organi ¢ phase 30 was red and evaporated to dryness. The crude

m xture (121 g) was dissolved in isopropanol (450 nmL) at 50 C, then
cooled to roomte efature with stirring. The solution was cooled to
5 Cfor 16 h. SeLQE( 3f||t Hkand washegs®Hsh hept ane (21X 100
m.). The sol i soIv § ﬁoahqﬁﬁ 6l "§420 nL) at @BCEHKhnd
hept ane (120 mL)© f@ja rature Wa8 kept at
50 - 60 C. The sol yti gn was—eeeted—to roonltegger ure W tdamstirring
for 16 h. The sBiqd ©6) Wast@{’?t‘ﬁPmed by filtyation, Addshedenwi t h

hept ane (100 nlL), angl dried under vacuum (601 6p 9’5 8 . mp. 121 -
122 C. 1H NWR (300 MHz, CDC13): 57.34 (m 5H), 3 7 %ﬁ J = 53 Hz,
1H, 4.71 (s, 2H, 4.21 (dd, J = 12, 5 Hz, 1H), 4.03 (dd, J =9, 4
Hz, 1H), 3.90 (ddb =12, 2 Hz, 1H), 3.79 (dd, J =92, | Hz, 1H

3.26 (s, 3H H , 2 99 H, 1.33 (% 2 (s, 3H).
Step 7. (2S, 3?4?22@8%%@5H Ma—dlmog } I
di met hyl hexahydr oN2H- pyr 4'3-b][1, 4] di oxi ne-8-carBonitril ?6 20
g, 0.055 nol) 10Was m xed with 9:1 trifluoroacetic aid/ water (40 L)
at 20C under ni tiFegefiuaddatetitd rred for 16 h. The m xXFGHgdwaBloride

evaporated to dryness at 30 - 35 C. Heptane (50 nL) was added and the
m xture was evaporated. The residue was m xed with heptane (50 ni)

and stirred for 3 h. Tae,sphid 79 ZSdJrg:itaS s@sxy@aﬁz)tﬁ%ﬁiﬁ& RY 3-dimethoxy-
filtration, washed wt ept ane nL), and dried “Under Vacuum

(13.6 g, 1@9%‘2 3- mthytb@@hysbwﬂ m5ra® 453111 101, NRx (g BecaranitrinZ6,)2.0 50.33

(7 514, Sl bt i A iy Sy e
(lH) 1§|) 73 (d&IOUNE/WZ20% PHiZQHI];Id)l carBomF 0088 g), dndstiktrd whdddhydibeln gl3.(80
m

o t 8. ) )
(3R, 4R, 5S, 65562 eﬁztgf %) The waction s SK§icd (ViARPargUSEB At F2pUPEd i
trile (7, 1. @& @yndds 00 feEitle GBS Ay wak ike@twiarml tr{fRQrdikotic oRialae t o

20 (5 mL)at 20 °C under nitrogen and stirred for 4 h. The mixture was evaporated to
dryness at 30 — 35 °C. The residue (IFG Trifluoroacetate) was chromatographed on
silica gel with 70:30:5 methylene chloride/methanol/29% aq NH4OH. The product
was 1solated by evaporation, dissolved in 1 N HC! (5 mL), and lyophilized to yield
1FG Hydrochloride. m.p. 128 — 129 °C. The conversion to the tartrate salt is

25  described in this application.
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2035 C, stirred with charcoal, and filtered. The solution was m xed
with water (8 nL), and L-(+)-tartaric acid (0.662 g, 4.4 nol), and
Degussa Type E101 NE/W (20% Pd(OH)2 on carbon) (0.4 g). The m xture
was stirred under hydrogen gas (80 psi) at 30 C for 24 h. The m xture
was diluted with water (10 nL) and filtered through di at onaceous
earth. Solvent was |[regpyed under reduced gressyre. The residue was 25
di ssol ved in watep~{t35 nL) and washed WingHSgi chl or et Hée (2 X 10
m). The aquebl® phase was stirred WeER gharcog| 0 met al
scavengi ng agent 737g), ablamiRieP (0.3 g ;&fiiff ortsil (0.3 g) for
16 h at ambi ent _t § tuma«&ﬁhggomitﬁbe § il Dered and et hanol (75
m) was added dPBPwi Se over ITHE The nfXfuré& was cooled to 0 C for 3
h and filtered. The golid was washed with eshanol (30 nL). The solid
30 was dried under vacuumand IFG tartrate was obtained as a white
solid (0.578 g, 48%. Alternative Step 8. Step 8a:

(3R, 4R, 55, 65) - 6- (benzyl oxy) - Ha

di hydr oxyt et r ahydr o- 2H pyran-g- carbonitrile (7, 1.2 g, 0.005 nol) was
m xed with ethawmﬁOHEﬁﬁdé_ acetdre acid (0.025 nL), and Degussa Type
E101 NE/ W (20%_R&{z:CH).2 on caf bo (0.6 g), and stirred under hydrogen
gas (60 psi) at 20 C for ﬁ he m xture was filtered (di atonaceous
earth) and evaporated to dryness. Chronatography on silica gel with
9:1 ethanol/29% aq NH4OH yiel ded the product as 5 a free base. The
sol vent was evaporated; product was dissolved in ethanol (6 nL) and
stirred. L-Tartaric acAtef®uvk2Beth)d fvas 2do 4s@B)3&8daBARRHZaROIS- (11 nl)

and added in _pne portjon. at 45 Th at ch was,,cool e m .

Fempor at ur e AREEUBRPL &S - ps I S e Pans it BT Rt o
wi th col dset fiarsod, 0.00B edvl h'irﬁlén}!lﬁd)@ﬁhiﬂélgu 8mg( 0.08%hof, and4AitrolRey acigal
of the steps 7 and 8 also is possible: OCH3 OPd(COH) 2i H3C0''-30 - 90
psi H2 0 Et 0@?.5%\5@_{)%@0 wersHaged okt (§8pf.) under nitrogen and heated to 40 °C.

Diisopropylazodicarboxylate (9.13 g, 0.045 mol) was added dropwise, then the

mixture was heated to 62 °C for 17 h. The reaction was cooled to room temperature,
solvent was evaporated, and the product (8) was crystallized from methanol (86%).

10 mp. 170~ 171 °C. 'HNMR (300 MHz, CDCls): & 8.21 (d, J =9 Hz, 2H), 8.10 (d, J
=9 Hz, 2H), 7.37 - 7.19 (m, 5H), 5.14 (m, 1H), 4.85 (d, ] =3.6 Hz, 1H), 4.71 (d,J =
12.6 Hz, 1H), 4.61 (d, ] = 12.6 Hz, 1H), 4.31 (t, J= 9.9 Hz, 1H), 3.89 - 3.77 (in, 2H),
3.58(t,J=10.6 Hz, 1H), 3.39 (s, 3H), 3.21 (s, 3H), 1.28 (s, 3H), 1.19 (s, 3H).

(25,35,4aS,5R,88,8aR)-5-(benzyloxy)-2,3-dimethoxy-2,3-

15 dimethylhexahydro-2H-pyrano[4,3-b][1,4]dioxin-8-yl 4-nitrobenzoate (8, 6.7 g, 0.013
mol) was suspended in isopropanol (80 mL) at 20 °C. A solution of SN NaOH (5.4
mL) was added dropwise and stirred at 20 °C for 14 h. The reaction volume was
reduced by two thirds, methylene chloride was added (80 mL) and the organic phase
was washed water and 10% NaCl. The solvent was evaporated and the product was

20  obtained as a foam (quantitative). The NMR was identical to compound 4 as reported

in this application.

EXAMPLE 2: Synthesis of IFG and IFG tartrate via a ketal intermediate
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H20 | FG Trifl uoroacet atel FG Hydrochl ori de Steps 8, then 7:

(28, 3S, 4aS, 58, 8R, 8aR) - 5- (benzyl oxy) - 2, 3-di net hoxy- 15

2, 3-di met hyl hexahydr o- 2H- pyr ano[ 4, 3-b] [ 1, 4] di oxi ne-8-carbonitrile (6,
2.0 g, 0.002 mol) was m xed with nmethanol (100 ni), acetic acid
(0.025 nL), and Degussa Type E101 NE/W (20% Pd(OH) 2 on car bon) (0 985

g), and stirred under oglen gas (60 psi) &te® C for 72‘P
reaction was filtered (d| maceous @-fth) &ad @vapor at e@-to dr C‘?‘Peg)s

The residue (H D8t e) a s m t ROI9: 1,tXI\fI u

acid/ water 20 (5 nm)) at —Ze—e-under i trlogen—and-stirred fqr 4

m Xt ure was ted to dryness - 353‘@‘0“?hesrr:si§e (I FG
Trifl uoroacetlﬁ eg amg echromat ographed, on silica gel wt t'b 70: 30: 5

nmet hyl ene chl© dél'met’hanol / 29% aq NH4OH. The product was isol ated by

evapor ation, di ssolv dinlNHCA (5 n), and |yophilized to yield
| FG Hydrochl or i de 0 p 911129 C. The convergli,qp to the t ar ppat e

salt is 25desgpi it Me§Happlaheat on o deraat jove
nethodfrom2to4 (25, X8Hghs g'a "ER 8R 8RR) - 5220
(benzyl oxy) - 25 thoxy 2, 3- d|B y) exah;ﬁtﬂﬁbB@Hprr ang [ 1, 4]

cl i oxi n- 8- ol , 0.023 nol ), "triphenyl phddysiene (11. Jor 045
nol ), and 4- nltrot?enzmc acid (7.54 Ep 0.045 nol) were mxed1 THF
(80 mL) under nitrogen and heated to 40 C

Di i sopropyl azodipagboxyl at c E§19 13 g, sRp@45 nol ) was addedgsgy @pw sc,
then the mxtute ¥aS heat e®®'o 62 C,\]‘a% 17 h. The??®acti \,A_.@Ts cool ed

to roomterrperoa,tz@ e, sﬁﬁ‘zn} BV apH at ed, Bwoﬁrﬁ (8) was
crystallized f—r—mﬂ—wethano (8695, 16mp> 170 - |171 C VHz
CDCI 3): 68.21 (d, J =B 2H) | é10(d J Bnf PR, 2H), 7.37 - 7.19
(m 5H), 5.14 (m 1H), 4.85%;(d, J 3.6 Hz, 1H), 4.71 (d, J = 12.6

Hz, 1H), 4.61 (d, J = 12.6 Hz, 4.31 (t, J =9.9 H, 1H), 3.89 -
3.77 (m 2H), 3.58 (t, J= 10. "1H), 3.39 (s, 3H). 3.21 (s, 3H),
1.28 (s, 3H), 1.19 {8y 3H) Ei:ja 0Bn fé?opg)z
CF4 80 psiH
BnO” O BnO” O ol RO
14 15
OH OH
HOL_A -(+)-Tartari :
\(j/\OH BqNHOH 1 harane HOU/\OH HO\[COOH
-~ HCI i L.
N N HO™ ~COOH
IFG Hydrochloride [FG Tartrate

Step 1: D-Arabinose (50 kg, 330.04 moles) and benzyl alcohol (132.2

kg, 4.33 equivalents) were stirred and heated to 35 °C. Acetyl chloride (10.9 kg, 0.42

5 equivalents) was added slowly, keeping the temperature < 45 °C, then stirred 50 °C
overnight. The mixture was cooled to 20 °C and diluted with MTBE (600 kg). The
mixture was stirred for 0.5 — 5 h. The solids were collected by filtration and washed
with MTBE (2 x 40 kg). The material was dried in a filter dricr. 2-Benzyl-D-
arabinose (1) was obtained as an off-white solid, 70.9 kg (88.6%). '"H NMR (300

10 MHz, DMSO-dg): & 7.32 (m, 5H), 4.76 (s, 1H), 4.66 (d, J = 12 Hz, 1H), 4.59 (m, 3H),

4.45 (d, J = 12 Hz, 1H), 3.70 (m, 4H), 3.47(dd, J = 12, 3 Hz, 1H).
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(2S, 3S, 4aS, 5R, 8S, 8aR) - 5- (benzyl oxy) - 2, 3- di net hoxy- 2, 3-

15di net hyl hexahydr o- 2H pyr ano[ 4, 3-b] [ 1, 4] di oxi n-8-y14-ni tr obenzoat e

(8, 6.7 g, 0.013 nol) was suspended in isopropanol (80 nL) at 20C. A
solution of 5N NaOH (5.4 nlL) was added dropvvi se and stirred at 20 C
for 14 h. The reaction_volunme was reduced two thirds, nethylene

chloride was added (80S&RY: aRgnad- @ﬁ@ﬁ?ﬁeél ;5’]3!&551@ WA hameleevaaniaed and
10% NaCl . TheyisQlced ( mﬁgfrwgm&ms F!%aﬁé’@ts RIQApeL M@a@%% @Jgfaa&éaed

as a foam(quantltatlveé entical ‘to c npoun
reported in thowe popipin folewehby EXMNVREREIRNic 8yidneohydrat (39:1331}1100%6

tarts g}ngFa el ban, YRGB SmBl il EBPITRRE fer teiRibiioPWED 1O
complete, triethylamine (193 mL, 0.0046 equivalents) was added. The solvents were
removed at 30 °C under reduced pressure until a thick oil was obtained. The residue
was co-evaporated with ethyl acetate (2 x 20 kg). Ethyl acetate (19.2 kg) was added
to form a solution. Heptane (145.8 kg) was added in one portion to the solution and
cooled to -10 °C to 0 "C over night. The solids were collected by filtration and

10 washed with heptane (2 x 51.5 kg),. The material was dried in a filter dryer with a
nitrogen purge. The acetonide derivative (3aR,6R,78S,7aS)-6-(benzyloxy)-2,2-
dimethyltetrahydro-3aH-[1,3]dioxolo[4,5-¢]pyran-7-ol (8) was obtained as an off-
white solid, 70.4 kg (82%). m.p. 58 — 59 °C. '"H NMR (400 Mz, CDCL): & 7.34 (m,
5H), 492 (d, J=4 Hz, 1H), 479 (d, ] = 12 Hz, 1H), 4.54 (d, ] = 12 Hz, 1H), 4.20 (m,

15 2H),4.00 (dd, J= 13,3 Hz, I1H), 3.92 (dd, J =13, 2 Hz, 1H), 3.80 (m, 1H), 224 (d, J
=7Hz, 1H), 1.52 (s, 3H), 1.35 (s, 3H).

Step 10: The acetonide derivative (8, 78.2 kg, 278.97 moles) was
mixed with DMF (295 kg, 3.77 kg/kg starting material) and cooled to 5 °C. Sodium
hydride (13.4 kg, 1.2 equivalents) was added to the reactor in 3 to 4 portions,

20  maintaining the reaction mixture below 10 °C then stirred for 1.5 hours. Ata
temperature of 2 °C, benzyl chloride (45.9 kg, 1.3 equivalents) was added over a 1
hour pertod. The reaction was stirred at 10 °C to 15 °C for 12 h. After the reaction
was complete, the mixture was cooled to 2 °C and water (20 kg) was added over 1 h.
An additional charge of water (570 kg) was added over 4 hours. The mixture was

25 stirred at this temperature for 10 h. The product was collected by centrifuge filtration
and washed with water (2 x 10 kg) and heptane (2 x 15 kg) spun dry overnight, The
dibenzyl derivative (3aR,6R,7S,7aR)-6,7-bis(benzyloxy)-2,2-dimethyltetrahydro-
3aH-[1,3]dioxolo[4,5-c]pyran (9) was obtained as a white solid, 74.0 kg (71.6%).
Step 11: The dibenzyl derivative (9, 37.6 kg, 101.50 moles) was added to methanol,

30 AR (259 kg, 8.7 kg/kg starting matcrial) and the contents were cooled to 15 °C. A 2.5
N HCl solution (76.2 kg, 1.8 equivalents) was added over 1 hour. Additional water
(20 kg) was added and the mixturc was stirred for 12 hours at 15 *C. Water (1035 kg,

4 x vol methanol, AR) was added to the reactor and stirred for at least 0.5 h. The
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80 psi H2 HCl, EtOH 1415 OHOH L-(+)-Tartari cOH aq
NHAOHAci d HCl | FG Hydrochl oridel FG Tartrate Step 1:
D- Ar abi nose (50 kg, 330.04 noles) and benzyl al cohol (132.2 kg, 4.33
equi val ents) were stirred and heated to 35 C. Acetyl chloride (10.9
kg, 0.42 5equival ents) was added slowy, keeping the tenperature < 45
C, then sti rrpanﬂu&@ve@ﬁhemdmh@ﬁcenﬁfegerﬂnﬁmsmdmiﬁl waol @ck 100kg? ndhapreic

diluted with The re,. | 3T r 0.5 - 5 h.

The sol i ds wé M I?Eé"é gﬁB@W"F?% T\Rﬁ*m@aﬁé@e@qﬁfh MIBE (2 x 40
kg). The nat &fs(i@hzpes, y@trigdrd- I’Jﬂfpyfcﬂnli £8iod (108 vas SotBasZ o Fhitcabali NGse
(1) was obtai ned as an off-white solid, 70.9 kg (88.6% . 1HNVR (300

10MHz, DVBO 48Y94%87.32 (m 5H), 4.76 (s, 1H), 4.66 (d, J = 12 Hz,
1H), 4. 595(”11 3H), 4. 4% ﬁ The‘duﬁ%exli%rtwé-gﬁé} 3’351? 1(1@1514111'(91% @aé@ﬁ)@g J

= 12, 3 Hz, 1H). Benz ar ab |nose (1, 73.5
kg, 305.92 miwibdyluores26q. &éa&\ﬁkﬁka@‘gdldh@nctﬁhﬂykmmde (3l.1kg, 1.1

2,2-Dimet h“%&&@ﬁ&ﬂs 'i"l%e egct&%as]qulpﬁaf%f‘(ﬂl Bk %ta}{}@}ﬁapggggqm the reactor

contents were heated to reflux (approx. 110 *C) until water no longer collected for
removal (8 — 12 h). The reactor contents were cooled to 35 °C and

10 tetrabutylammonium chloride (18.3 kg, 0.5 equivalents) was added in one portion.
Benzyl chloride (15.8 kg, 1.1 equivalents) was added at a rate that kept the
temperature <40 “C and stirring continued at 35 °C for 12 h, The addition and 12 h
stirring were repeated daily for 4 days until the reaction was complete. After the
reaction was complete, the mixture was cooled to 25 °C, water (150 kg) was added in

15 one portion, and the contents were stirred overnight. The reaction mixture was filtered
through a bed of Celite (1 kg/kg of diol) and the bed was rinsed with toluene (10 kg).
The filtrate was allowed to settle (1 h) and the layers were separated. Water addition,
stirring, filtration, and separation were repeated. The aqueous layers were combined
and extracted with ethyl acetate (25 kg), and the layers were separated. The organic

20 layers were combined and concentrated under vacuum at 45 °C to a minimum stirable
volume. Heptane (102.6 kg) was added. The mixture was stirred for 20 minutes,
cooled to 0 °C, and stirred for 8 — 12 h. The solids were collected by filtration and
washed with heptane (10 kg). Crude solids were dissolved in 6:1 heptane/200 pf
ethanol (7 kg/kg crude solid) at 35 °C, cooled to -5 °C to 0 °C and stirred overnight.

25  The solids were collected by filtration and washed with heptane (10 kg).. Typically, 2
or more re-crystallizations were required to remove the impurities. The purified
tribenzyl derivative was dried in a vacuum oven at 30 °C. (3R 4R,55,6R)-4,5,6-
Tris(benzyloxy)tetrahydro-2H-pyran-3-ol (11) was obtained as a white solid, 17.5 kg
(37%). m.p. 59— 60°C. '"H NMR (400 MHz, CDCl3): & 7.38 (m, 15H), 4.89 (d, ] = 4

30 Hz 1H),4.82(d,J=12 Hz, 1H), 4.71 (m, 3H), 4.57 (d, ] =12 Hz, |H),4.55(d, J=
12 Hz, 1H), 4.01 (brs, 1H), 3.95 (dd, J = 10, 3 Hz, 1H), 3.83 (m, 2H), 3.71 (dd, J =
12,2 Hz, 1H), 2.56 (br s, 1H).
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in one portion followed by p-tol uenesul fonic acid nonohydrate (39.3
g, 0.0007 equivalents). The m xture was stirred at 40 C for 18 hours.
After the reaction was 5 conplete, triethylamne (193 nL, 0.0046
equi val ents) was added. The sol vents were renoved at 30 C under
reduced pressure until a thick oil was obtained. The residue was
co-evaporated with et h§iep dgettattebdnZyMraBhobeyjeriviiivryll,dcdtlat 28.64MoRskQ)

dded to f | utj, on. t 45 k dded
bortion to ¢t AESEBKE FEHPhiaas HRBIMNEL 2 k8o 8 1l e e Bvifayiand iane
solids were ¢oi. 3E§,t5&dlubfyleflib} irfdajobef tand *COVEshesmyhidsiRianBydrdieX
51.5 kg), 2 r’rﬁerla dried jn a filter dryer with a nitrogen
purge. The aédb sd@%wvwflﬁswaf(%ﬂéﬁé gire ris tl?aé;‘_f,?méhe('ﬁ@ﬁ%r?‘lu&(‘iﬁ}QVQ‘)zC

di met hyl tetr qu%aeﬁéﬁhmurémg Qﬁﬁa‘d‘%& 41,o5c% @yc%ﬁl?stzﬁjtmé BlichBSyQbt ai ned
as an off-white soli . NVR (400 MHz,

CDCl 3): 8 7. Iansumed @Dce cqmg!@te( ale rgacﬁomnmurem); waahevlgw(hj? 5% Hi:imlumzn
1) 3 02 (ad X 58k ooyl Rt bl byf 5 e, gle Gy 8
éH) 1t 52 ( ? éhe:&i;aqﬁgﬁ nﬁﬁtu(esyas&h@mtallned at <5 °C. The @Bixyre ébﬁs ad] hﬁc(e(hmqifb’m lge
erivative . 2.Ka, es e : ,
3.77 kgl kg st“aaF*PF%&“EgtSefz ﬁgﬁ}%ééﬁ “‘é%%) 53@1188]%‘@%5’ W#ﬁrﬁ?’ﬁiﬁz%( 13. 4

kg, 1.2 aqui vakeptsiemswaddae 4@ thd@ghdaphae Wa@dﬁedmmarmgaﬁowﬂgzog
20mai nt ai ni ngét he reaction mxture below 10 C then stirred for 1.

hours. At a grhl equdvadints. B’e pieRys vachitasd g congnyated to drynpss whder

equi val ent s) d Lt ed
at 10 C to 1%’\&@‘0’%?2% WY 98, Crogi NS B, ig;*“é@%&%tmy% L

m xture was @y@ngdylttoflgor@nethanosslfospte((22). RF@\; tiyfdage ‘aelfd@dd wAtBout butification.

mxtur e was 200 RSP BEE GPER Bl 2T Brts TA OB IRAlES v

col | ect edsby Hzemm,mmqe ¥ ktHa,tllmm amqnvm@mdom Tk ongg aH),(z24e<(d1§J I8g)
and hept ane ove |benz% éderl vative
r

(3aR oh 7o 7Ry T a5te Il Pl 05 SROd ikt My eGP i 82 (i, 3P0,

3aH41, 3] di oxol o[ 4, 5-c] gy qm TS (el Hﬁ?ol@éhﬁ‘mlbh% @15@21{%&@
kg (71.6% . Step 11: e di benzyl derivative (9, 6 kg,

mol es) was ad@dmstroaterist radeboledOAR (250diky, mtgt@(ﬂ@di&éﬂs:mmlcmtg) was
rater 1 al) angejdleu ot 8. IRERERUER L AdPAEC hat B N ALt o

(76.2 kg equi va was ad over our onal
(20 kg) \Z\’/as addeditoalrdd Ctth @5 AC ehdisteroddsr &t + t 6 RdHeonixth: ham:rosledtto 15CC

Water (1035 k 4 x I ano R dded act or_an
stirred for AfYPaLE 1\58 kgmﬁﬁ quﬁ%b%lé %ﬁj\gga‘?}ﬁ’é 3P %]‘@Flté@?gﬁt‘ﬁm%f”amm< 3
centrifuge and. mslemmg fﬁﬁmﬁatmeg aglitdted al 00 mforarmeuﬂaemeacﬁﬁds(\aerx filkorek 9)
and spun dry overni diol (3R 4R 5S, 6

bi s(benzyl oxyM @fﬁh&%yfdﬁhd\-fam( g;riarlfgh The §itgred 6(1165% Wﬁéf‘sdlé‘lﬁ*mﬁ ieethy gcetate

white solid, (3ig ﬁg,k]% l(ﬁlgg@tamﬁghﬁ&rﬂtg THENB L #bR vl &R inka itk Srind Brs. 5312g),
kg, 113. 51 nDIes)

dried with MgSO4 (2 5 kg), filtered, and the filtrate was concentrated to dryness under
vacuum at 35 °C. Isopropanol (9.5 kg) was added and heated to 75 °C to dissolve the
crude product. Heptane (24.6 kg) was added to the solution and the mixture cooled to
15 °C to 25 °C. The mixture was further cooled to 0 °C and stirred overnight. The
solids were filtered and washed with heptane (2 x 8.2 kg). The material was dried in a
30 vacuum oven. (35,4R,58,6R)-4,5,6-Tris(benzyloxy)tetrahydro-2H-pyran-3-ol (13)
was obtained as a yellow solid, 5.3 kg (44%). '"H NMR (300 MHz, CDCls): 6 7.37 (m,
15H), 4.96 (d, J = 11 Hz, 1H), 4.80 (m, 2H), 4.68 (d, J = 12 Hz, 1H), 4.61 (m, 2H),
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with toluene (207.6 kg, 5.5 kg/kg of diol) and dibutyltinoxide (31.1
kg, 1.1 equivalents). The reactor was equi pped with a Dean-Stark
apparatus and the reactor contents were heated to reflux (approx. 110
C until water no longer collected for renoval (8 - 12 h). The
reactor contents were cooled to 35 C and 10t et rabutyl ammoni um

chlori de (18433Kd,J 015HegiH)yaleans)HMAS7 adddd), B0 ¢di J oy, BiHan I HBer2y |
chl oride (15. ﬁr k%q 1.1 equivalents) was added at a rate that kept the
t enperature L 0" };\nd stirring continued at 35 C for 12 h. The

addition and 12 h stirgiepgs vrafeenb@@ﬁaylegt &b@lbht)/vef(m 1@ 4d@g¥§4 Phtnbolest NQ
reacti on was co Iete ter t c&g(reactlon was conpl ete, the m xture

was cool ed t & th mathziene qherided$s fke. apkeds ﬁﬁ%mngsn%?{éﬂ)ﬁ@m%wn%?rﬁj
the contegtsy uﬁ.w{ dnPMRIAighig ocT

filtered throdgn & bed of Col P80 T RIGPREERM RIS (T de
rinsed with tled tféhléal(ﬂlf@) ‘k%})addqth@ afrpte thag kept Weegermberatweschetaov 6 &€t Tee (1 h)
and the | ayero, MBI BidEB btk A 1PC BYUCHIR starkhl bt wld dohlldion:
and separation were repeate e aqueous Tayers re conbi ned and
extract ed w tUncethypletactbt ateticn2bixkg) waawekhttheith §y/é4 HOhmlehcsﬂﬁarfﬂt%d

The organic ers, were co concentr nder vac m at
45 Cto a m %‘P’hi}a {Valreaﬁ @]%%%n(g? gﬁ&a%élﬁég%f S equ‘f raé‘b‘ﬂé’ eThe
Mo Xture Was Sédcisieslidas wa0 minib@st <600l B hignde Gas m@teﬁttb pﬁedwor 8
- 12 h. The SO|IdS were collected by filtration and wa

hept ane (10 RFhingpiihstaaicddeHi) wobities (4 ke); Fﬂ‘ﬁhnafn@st(%&g éb%)k%kg
et hanol (7 kg{al‘tgl Qﬁdi'a?ai)ssz%s' aq}lecfa&ndsée &garﬁ@ﬁllla%gwlaﬁdr@ it Qﬂ@dx@u@ﬁ%tog

stirred overni 25The solids were collected [tration and

washed with Iﬁbgtk&rﬂal eaudvakayys). Theypixgag s filkored andwpeccntratcd to dryncss under
re-crystalli r

pur i flyed tri ﬁ’g‘%‘fz“%\n 332??\?% §qﬂ° ?ngﬁl Jsegglj’éﬁ) agﬁéﬂlﬁ@\gm\y Yﬁ?tr%l’)%&'ZH'
(3R, 4R, 535 6RpyAnS; ﬁ-tnffmursr@bfﬁm&:yﬁlﬁmyi)et(ﬁ)r ahydro- 2H pyran-3-ol (11) was

o o 53y Cerae” ( oestel s i tedte b3 Yhs afidhie T rine s ke Ak (302

12 Hz, 1H), 4ta?tihg(rﬁﬁter§1|ﬂ)a,nd‘&0513d {odLo ¢ ?eﬂraethmam&lb%unﬂcy%dé ga, 6 Hg,3. 212
Hz, 1H) 4.01 (br s, 1H, J = 10,

3.71 (dd, J sqqg'galergs)p&as agiLqI%d thg sglgtlcerhqaxogherqq:q; then the reactlon m1xture \g;sep 13:
The tri benzylggapionese aqgrsﬁ%@éfom ﬁlﬁthyi]-gcegté@/l 343) wis SRLFdd WS

m xed with nmethylene chloride (7 Starting material)
and pyri @Pne ofganicPhisy, was v@qhnd\mtiem%wagh@lmml(éd 114(3 k) 0TIE: combined

Trifl uoronet i n nts was
added at a rgﬁ&%ﬁﬁia{{&E%{e Eng (!a‘rqrglérgta? {Jarcgé(%e(#g% )%ﬂé‘ m% la acstwecr)%

m xture was sbtmbined datd wiiﬁ MY (0 kE), fiittried, a&tlabﬁdeﬂtgatffaﬁo&ii‘jn&hq wilsr.
consuned. Ch e reaction ture wa 5%
HCL sol ution ?‘? lﬂg@? &%32§#gféaa a%?éﬂgéﬂ*it%fja)f)a‘ﬁ%f %ﬁz&?i@m% E@% &fp. ng
the washes, uheoiveiiperat produsf Th@ItRAG @Fo1Ed HLIOre, Wes filfkbNdaldaqs s at
<5 C. The m xture was adjusted to pH>6 by washi ng wth 7.5% NaHCC3

sol ution?f55.9 3%§tme¢r°|"%‘?1fﬁ}¢ drie seliqsovere Rieregant ‘k@ﬁ%bwibh@ﬁ@et@ pg0-4
material) wagopedad;@adod gﬁgsog i l;rtﬁzé 1eAn u/g@éhd!gwgﬁﬁepéétéh ‘%H@%&#d?%re

K2CO3 (1.2 kg, 0.1 equiva ered an
concentr at ed ﬁﬁtgred layctws@le(il mitérhentamm(am Hr4 20. Che ma%lamasodrgd\nea vacuum

35, 4S, 5S, 6R).- 4 dro
hanesul t onaPeet PSSR RS PR B LAY BB B i P bl R
El S(EgHZM-lz CD@thbtaﬁZdaslah@uhﬁm(daoha,Ednﬁ kg 5933, ‘EbRvR (3bb*MHf}L$ﬁ:1§)d5 J =

g J =11 Hz, | H, 4.64 (m 2H), 4.50 (d, J = 9

He, 1H), 3@ 48 3(1c§m SHD, 8.90d, I /) Hz.g yy4 8 g 4.73 (eomplex, 3HuA T01(dy | = 32 8.

(d, J = 14 Hip W (314 12 1312 468Yd, 39 12 Hz, 1H), 3.99 (dd, 1 =9, 5 Hz, 1H), 3.91
(dd, J =12, 3 Hz, 1H), 3.82 — 3.74 (overlapping signals, 2H), 3.13 m, 1H).
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Step 14: The triflate (12) was dissolved in DM (36.2 kg, 3.02 kg/kg
starting material) and cooled to 10 C. Sodiumnitrite (5.9 kg, 3.0
equi val ents) was added, the solution exotherned to approximately 30
C, then the reaction mxture was 20cooled to 15 Cto 25 C and stirred
for 12- 16 h. The m xture was cooled to 5 C, and water (152 kg, 4.2
kg/ kg DVMF) was added a&gaﬂaﬁ@rlitﬁ&tdekiemvet(h‘é Z‘tfelcg;éf&anmlcsé m&ﬂiséblvéﬂie
resulting m i t.e 5

filtered and)éié/)\élaé Lﬁe gﬁ%o?ﬁb%al kéﬁsl alf‘%hea%fft é? Cuﬁ‘h Cflﬁiaff -Ehno&l 0%%”1

di ssol ved i n Mdiftyhedaabiditma o(12&rb6n kg adHe&(Zﬁg/gL(g{)%tvam |fﬂlgwa1tlgrrpda&c)mm

Koy, Fi 1t er ol S SD e dobs whh g e ot dan o T Thehlde’ Broeracd °
vacuum at 535 rfice hﬁt@&ﬁtﬂ%@ﬂ@ﬂd &&e@ulﬁq.)yd §n aﬁ@%@mefoﬂ WaE Ble8GritQl 1680 Gsit O

di ssol ve the crude product t ane ) was added to the
sol ution and “tiﬁélﬂ%i%?%@ff%ﬁb@% afed te 58,Cff@ 7%510@8 TPRESSHIRING B negassary.
further cool q(ﬂehﬁxtgre%ﬁrf?teﬁetd'aﬁ& Sl'té:@ et %Erva-mlﬁnﬁpjd “tstg\’ﬁ%“ fdr'llcli ered

and washed w th heptane e materia rie
30vacuum ovemsofagomine hydrochloride was mlxed with aq NH4OH (3 L). The solution was

obt i ned s AN ER Bl LHTAR TS i BRSO By Mgt

7.37 ( m 1(&5 Hpolvént Qﬁ;tc(m‘l Tkile [ﬁ*o&dct Was ca‘t‘ld}ntra‘ﬂeda&déﬂﬂacﬁhﬁ at 3$ ‘ﬁ&o @d°Cd The 12
I(_Ifn’ 3H) éF((@ g% %gsoewagﬁlsgcﬁ}gggn £ olut?ethgno(l g{, 7 glL/g_;_qfldue) and fi I]_tl)eredBLSt ep
15: The t " i benzyirayik asie (ﬂl%fs (Ij% /lé‘r‘@lcﬁl@%was]@ssﬂlvlég in Afolid JMLESY MRS/

e

m xed with netgylene chlori % 8start|n mat eri al )
and pyri di ne¢6iug), Sikgredsind globanddsd &9 t aﬁ@uwféa ti cthamgpl. CThis solution
Trifl uoronet %ﬁgf z

added at a rgi?3 g éltfeﬂléﬁnﬂ{ag%dﬂé%e?r@é%g% %?gég%“%g\%%g%@ %%é??%LZ%tS on®e

m xture Was statariaBd Tat proliQct@as driéd © aonstart vmgyttn' ngpeneh evémdt 446, 1FG

consurred. Once, conpl et e he r act I 7. 5%
Fa ot i on s wasoiieed S ERTURT ) Kl el PR R ki 0 G
Buring the maﬂmess70 (uhemmefmuwes ab tsha% (ﬂrpzﬁse@c;s'(ﬁmm XLgare reags

mai ntai ned at <5 C. The m xt was adiusted to pH>6 by ‘Washing with
sat urat ed NateoEs 817t érriézﬁlz éHDed)SS—T Vefmyltlni ne (0.4 kg, 0.3 kol kg
starting materlal) was added and the organi c phase was dried with
anhydr ous, g, O. Y - 0L Xt iltered
and concentrat e(}ﬁto d¥yness§yun elr o@éﬁﬁﬁ}%g@ﬁ@m@ﬁ%ﬂﬁ%d%ﬁ%sfeyI el d
(35,45,5S,6R)-4,5,6-tris(benzyl oxy)tetrahydro-2H 15pyran-3-yl

trifluoromet hanesul f onat e (14). Step 16: The triflate (14)
was dissolved in THF (29 kg, 2.8 kg/kg starting material) [gnd cool ed
to 10 C. Tetraethyl ammoni um cyani de (4.6 kg, 1.2 equiva S) was

added, the sol ytihn exotherned, thenithe reaction mi xture s cool ed
to 20 C and stiﬂ gfor 42~ Et hy actat kg) was ad d and
the 20 organic e was washed w % NaCl oI ution ( 4 3 kg)
The conbi ned aqueous |ayers were extracted ethyl acetate (21.8
kg). The organic | ayers were conbined, dried with MgSH (2 kg),

S oo g TS ) s S5l B o e

crude productyercldtieres @l Mt@ QidenaBrogen| Lt @hidRAS30tIe M f2unsihens sRel ed
to 5 25 C and stirred overnight. The solids were filtered and washed
wi t h hepfane S{ acapdha) thegpactiop {estbgratyre smadedrat 872 @be pretanhgsdieated to

(7nl/ g sol i dgp -pas: 6aPeat @QUOJ Res aﬁhé’\gé bYeie. fEixklEh gﬁaéoh\mt}ed Wi th

heptane (2 x 10.4 kg). The terial s dried 1n a vatuum oven
(3R, 4R, 5S, 6SyenpvEd andarw@@b@kmyssmyjrhebmelhy&@lm\wh BB @20boh) and | e

(Cg-)gl. 3;’\’5‘5 obt gédlgéjto%%cafok H@Ht TR; M5 %v%l’e' fﬂtere% %aslﬁgd (N%[%O%O mlil\ﬁ'lﬁ%o

dried under vacuum. Benzyl xylose (16) was obtained as a white solid (118 g, 49%).
30 m.p. 120 °C. "HNMR (400 MHz, DMSO-de): 8 7.40-7.28 (m, 5H), 4.93 (d, 1H,
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30 7.31 (m 15H), 4.90 (d, J =3 Hz, I H, 4.81 -4.73 (conplex, 3H),
4.70 (d, J =12 Hz, | H), 4.62 (d, J =12 Hz, 1H), 4.55 (d, J = 12
Hz, 1H), 3.99 (dd, J 9, 5Hz 1H), 3.91 (dd, J = 12,3 Hz, 1H), 3.82

- 3.74 (overl apping S|gnals 2H) 3.13 m 1H. Step 17:
The nitrile derivative (15, 2.5 kg, 5.8 noles) was dissolved in
absol ut e et hamdB Hzl.38/1(dkg], Jand Hraat 8d4.38 (85210, ﬁﬁﬁ i(d, 14, &tl@drHe)ottdd i on

w1 ol | owldh By Ip5F PR 0P £R 300 SRS A S . T

hydrochl ori ¢ acid (0. 65t) 19 Brazgalyldse O, Was4.pumgey) 23t mitaedioht (0.4 mL,

psi wth hyardgemelurreRi e Al e d 98 es  gpd 38 i S °°
repressurkzi @%Sﬁ) (09462 S@b Ynm(;l-j‘@ex@rﬁﬁ&éﬂ 8 n%ﬁanf)l dlb%l%dmé&dntrogen at 20
concentrated under vacdumat 30 Cto C. Crude isof agom ne

hydr ochl or i déCndde miister Wﬁbthhdteshfowmné@qy)toreqf?@é T4.6] wtil Bhg rméwn was
filtered and r

t o1 ag. neoEP Bt o BBl B o P b ARP b ihaltih 00 *
vacuum at 35ti@ nrodtmﬂ(@waih‘maﬂkﬁi by eeolaserapmswidh §%adtivie dedtate mbs oI ut e

P/ res! duef eI b T Prr e of JIC: EPRMI (BO iErdSl Bubdive, &

fil tered,loan@ @;t;gml@bta@d;deﬂ)rﬁ Bivedeno90tbethhedadef | FG in ethanol. This
sol uti on was stlrred for 45 mnutes, filtered, and washed with

ethanol (2.5 L, 1 n/g starting 15mater|al) The product was dried to
constant wei ght in a vacuumoven at 44 G |FGtarkrate was obtai ned
as a white solid 1.2 kg. Ili NWR (300 MHz, D20): 8 4.40 (s, 2H), 3.70
(dd, J:12 4Hz 1H, 3.66 - 3.58 (m 2H), 3.38 (m 3H), 2.83 (t,
J = 13 Hz, 2,79 (

EXAVPLE 3: Synt heS| s of hiiﬁiﬂéesfﬂg Qﬁm Hj%(o%otlab %ﬁgléegid ig?ogj@bywsmaﬁc

Step 18: 1E- xygnbsdinmci@egribdd inpéip. Brided) eazous rrajdﬁhiaﬂd)ns(dﬂ& intgntidn B nol )

were stirred nder . .Acetyl chlorid 42 nol)
nes aduod o “Bbon i HOF BaMbid SR vl BEaesnpaie fubdri i icig ar
0 C. The reagiohdiic ¥sedA h@%ﬂcﬁ&'lﬂtﬁn‘l@d fclaedoriRnyin@ Aguk S aSilch MbdVastions are
conplete by TLC. Exces enzyl al cohol was renmpved under reduced

pressure. Théended fp {dlavithiin Ge seppgiof emmemded doimsn) and cooled to 0 C
for 16 h. Theft@ﬁlrth@ﬁowuﬁdérgdo @{h@fﬂaw@ﬂamg %otluéa'éQ allka iAo

dried under vacuum Benzyl xylosc t al ned as a ite solid
(118 g, 29% de@@pmrp 120 C. NWR (400 MHz, DWVBSO-do): 8 7.40-7.28 (m

2y, 465 (4 11 12t Pl ai?ﬁh{ Hond oty e@w esifiosnddnti
2H), 3. 36- 3. drotéanls BePitedIhidbgidul thig applitdtpn, the disclosures of which are

incorporated herein by reference in their entireties for all purposes.
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Step 19: Benzyl xylose (16, 1 g, 4.2 mmol), 2, 3-butanedione (0 4 ni,
4.6 mmol ), trinmethylorthoformate (1.5 m, 14.7 mmol), and
canphor-10-sulfonic 5acid (f3) (0.116 g, 0.5 mml) were mxed in

met hanol (10 nlL) under nitrogen at 20 C. The mi xture was heated to 60
C and nonitored by TLC until the reaction was conplete. The reaction
was cooled to roomtenperature. Solvent was evaporated and the
product (4) was obtained by chromatography with 7% et hyl acetate in
di chl oronet hane (427 ny, 29% . IH NVMR (300 MHz, CDCl1l3): identical to
t he 10spectrum obt ai ned from i nversi oncpiivgonpound 3. The present
invention is not to be limted in scope by the specific 15enbodi nents
descri bed herein. Indeed, various nodifications of the invention in
addition to those described herein will beconme apparent to those
skilled in the art f4omticddof prprgos irgfagegog, iiptdeoyatimsdot frgd salts thereof,
acconpanying figures. Such nodifications are intended to fall wthin
the scope of the dppeirrgdrrerdingghe anomeriq pydraxyk govwrhef Dt(o-dwdingsedeitis ¢ ood
that all values are approxi mate, and are provi ded for_ 20description.
Patents, patent apgplicess sievst o sheatiicopstecinedenic tnditdeiopt gones, of and
protocols are cited throughout this application, the disclosures of
whi ch are i ncor por'3f VWV AEfe D) FetidireAdem™ A PRgieret ARPINEE | BLva gy

all purposes. CLAINMS 1. A.nethod for preparing.isofagonmne, its .
derivatives, or acidE4p f@%ﬁ%‘?"éfi)??v%@ﬁ%ﬁ%?}ﬁ thff’ii'ﬁoég??‘W@‘VFWBWWHE
anoneri c hydroxyl gr f.D-.(-)-arabingse.with a.protecti ro to
forma gl ycosi de; S%F‘ gy‘gsceﬁe rﬁ‘%%%% agr-lpwg?]c?f(a:?&n]ﬁyc ?‘8)%?@ Si%jgrI 5@5‘%{3%1‘]3 §e§|e§

gl ycosi de using a dlui%acﬁdeg.'agcﬁn s%i&?ﬁim a triprotected arabinose
derivative; converting said arabi nose derivative to a triprotected

Xyl ose derivative; @GRl LPEHHA ﬂu‘tﬁéétc&ﬁﬁis_ ?rc&%@ﬁi;lg Said Banose derivative

triprotected nitrile; converting said nitrile to a protected diol and

deprotecting said wis@h xyloke T0RafRL R0 ed@hBd dysfed! (RQEIn CRANEAIAT
converting said arabinose derivative to said xylose derivative

t hrough an acti vatsg@dens ¥ shimmiedfidbemad dna@gidnvat ed systemi s
optionally isol ated before conversion. 3. The nethod of claim1l
further conprisiing Tenwdotl ioAgaisal duikytlcongisthardonmatting @aif @yiswidehivatitertb | e
using an activated system wherein said activated systemis

optional | y isol at edid befridr wing emeaivgedaysténl Whewadald\eciiaep bstere nttio)ly a
cyano source. 4. The nethod of claim 1l further conprising obtaining
said nitrile aft erisqhidiprapgnversion followed by displacement by a cyano source.

4, The method of claim 1 further comprising obtaining said nitrile after purifying
said xylose derivative.

5. The method of claim 1 further comprising converting said arabinose derivative
to said xylose derivative by a Mitsunobu inversion reaction to form an inverted
ester derivative and saponification.

6. A method for preparing isofagomine, its derivatives, or acid salts thereof,
comprising protecting the anomeric hydroxyl group of D-(-)-arabinose with a
protecting group to form a giycoside; protecting the 2- and 3- hydroxyl groups of
said glycoside using a 1,2-dione to form a triprotected arabinose derivative;

converting said arabinose derivative to a triprotected xylose derivative; converting



said xyl ose derivative. 5. The nmethod of claim1 further conprising
-converting said arabinose derivative to said xylose derivative by a
M t sunobu inversion reaction to forman inverted ester derivative and
saponification. 6. A nethod for preparing isofagonmne, its
derivatives, or acid salts thereof, conprising protecting the
anoneri c hydroxyl group of D-(-)-arabinose with a protecting group to
forma glycoside; protecting the 2- and 3- hydroxyl groups of said

gl ycosi de” usi ng a StIzvigeglsdvatiye ogriraeqiadingrilst wetesénsanapitHe e protected
derivative; conver.ting said arabinose derivative to a triprotected
xyl ose derivati ve; SCERVEF c11Rd desiieriingPudwigering At ve to a

triprotected ni t7ri Ir{g; co:avji%r_ti_n%.sai nitrile to a protected

i sof agoni ne sal t'* arfd "YBFoPE CIPHGPESETRBOMUGT 43 GRTARVeS aftt 2¢id7 s2lta thagoRod
foi pieparing isof m.ne, Jts rivatives, or acid.salts thereof,
conpri si ng prot ectclgﬁ Y e 1é’tfr?(c:}m ﬂﬁ% al}?ﬂﬁ?‘bgwm“ﬁ[ 8P Sf Eti')(@w}b-‘“f??eaﬁ’iﬂhése
wth a protecting L b r side: .protecting the 2- and 3-
hydr oxyl groups ofpg(gt%:dg" %1?8%1 c@sf{p(]]lga %@6%% gg%fc%‘?g(fﬁ%%eaﬂ ?)q]_(ygrrmrﬂléwum oq
Lriprotected arabiass,dakd vald ¥oio GORVRI LERG SRloedd ARLNOR Yerivaive;
derivative to a tripr ot ected xylose dlerl vative; "converting said
xylose derivative cbpvefing5hiRhQbRGEE 8FivRivEEd d Qprof8INGIRY daREGeNohlddag T O
a triprotected primary amne; deprotecting Said primary amne to d

di ol and using catsaldyylose dayeHioOe Al dr&tbicdBitilt CdiRE BRniffle Bl AliStecled 6
and 7 wherein protecting of said anoneric hydroxyl group of

D- (-)-arabi nose i griaesonmiht; skedetitisngidaninalc ahigé o anidchd idbd Bgalagent
and optionally a solvent; and formation of said arabi nose derivative
i s acconplished usiygegantiaaci d and an al cohol. 9. A nethod for
preparing isofagomne, its derivatives, or acid salts thereof,

conpri sing prot éct i Tig ndiwd ahdaerilcé myddh ebeydin groecpgof st {fnokedr lgbionds e
with a protecting group to forma glycoside; further protecting by
converting said presteef Bd-grapressisescemplishes sengomiatfehaksin agivatingagal andr
ket one; converting said acetonide to an al koxide and reacting with an
al kyl ating agent tEUPBHNR apIveatfas forpgion of sdithgrakingse datvadte 1§ ercampfisead
havi ng protecting it‘wo protecti nig groups; further protecting said diol
using sel ective etoEM L aRa Y% orma triprotected arabi nose
derivative; con&ertén S ilpl_atabi nose, der i vatti ve 1o a _tri.(gragte te

xyl ose derivative usi TR En At PUHLERE B EERFRTD g A i Hse
derivative to a triprotected nitrile using. an activated system .
converting sai d ni PP eEaMetd rivifdt APy 3R EFO-SEHRE bt oo

for preparing i SOf}Q&Q«!ﬁEQ?},}:ﬁuﬁatt@ AgL ia\\I/\FiH?\!igé’ fuﬁlfi:er ﬂ)ﬁtgct@%lbgscolj%ﬁ{ngosfai’d

conpri sing contacting xyl ose an alco ctirvatrng

agent and opti onal |¥eQqSph¥eit £ IRfMua uﬁgé)tae@ta@q)r gée%ﬁé?séo%'ting said
converting said glycoside to a triprotected xyl ose derivati ve;

converting said X}’alc&&ﬂdéj@rain\é%j{i‘d@ath'eﬁtiIEF' Wi & 8ehR6g Bidn! ol B5m an ether;
converting said nitrile to a protected diol and deprotecting said

diol. 11. A conpouspdvedfngtsae diRf P diol havibg protétenE OPROEHn® froabaifiihdrl

wherein PGis benzyl. 13. A conpound selected fromthe group

consi sting of protecting said diol using selective etherification to form a triprotected arabinose
derivative; converting said arabinose derivative to a triprotected xylose derivative
using an activated system; converting said xylose derivative to a triprotected

nitrile using an activated system; converting said nitrile wsing catalytic

hydrogenation.



0OH PQD4, 2<, :OH PGOOPGOrte-; PGO CHOPG PA."."..-c, O0H PGO
OCH3L. 00H3 OPGOPGD H3CCI - H3COVO. cOHPGO. , HAOH, , CN and H3CO 0 0O-' CH3
PGO 14. The conpounds of claim 13, wherein PGis benzyl. 15. A
nmet hod for preparing isofagomne, its derivatives, or acid salts
t hereof conprising the step of coverting the conmpound of any one of
clainms 11 to 14 to make isofagom
i ne,itsderivatives, oraci dsal t st hereof.
10. A method for preparing isofagomine, its derivatives, or acid salts thereof,
comprising contacting L-(-)-xylose with an alcohol, an activating agent and
optionally a solvent to form a protected glycoside; converting said glyceside to a
triprotected xylose derivative; converting said xylose derivative to a triprotected

nitrile; converting said nitrile to a protected diol and deprotecting said diol.

11. A compound of the formula

CH
\7)<8 2 NO;
HaCO oﬁorg

PGO" O ©

12, The compound of claim 11 wherein PG is benzy],
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13. A compound selected from the group consisting of

PGO” "0 PGO™ 0 . PGOT O :
oH OPG
Peoj\/'j.\oms PGOI:j_‘\OH
PGO” O : PGO” O .
OCH, | LOCH,
OPG OPG 70 w9
PGOIj,OH PGO. _A_.CN O OI’j,OH HaCO or’j_.\om
PGO” O . PGO” O . PGO” O . PGO” O .
o
oH OH _ CHs NO,
Hor?j on o OH HCO, OYQ
PGO” 0 : N . epeo” o © :
oo
iF 0 QH
H3CO‘ B H
o\(j/\OH HO\]\/j/\OH
N . AcCH N - CF3COQH
H ; H ! and
ol
Q Ty
HO. A & OCH
PGC” O

14. The compounds of claim 13, wherein PG is benzyl.
I5. A method for preparing isofagomine, its derivatives, or acid salts thereof
comprising the step of coverting the compound of any one of claims 11 to 14 to make

isofagomine, its derivatives, or acid salts thereof.
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