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COMPOUNDS AND METHODS FOR AM NO- ALKYLENEDI OL SYNTHESI S
The present invention relates to conpounds and net hods

wais@Buor77dn t he synthesis of am no-al kyl enedi ol BCT/EP2087/063835

particularly, the present inyqn;ion relates to

i nt ermedi ate conpounds and the preparation of these

i ntermedi at e conpounds that conprise a protecting

group that facilitates the isolation of the

am no- al kyl enedi ol in an aqueous environment.

Am no- al kyl enedi ol s, such as 3-am no-1|, 5-pentanedio

are introduced as a key fragnent in the synthesis of

pyr iGIYOUNIE ABS RETHIEDS FaiR ARSNNAL RV EREDIOBSYNTHESIS
hydr oxyal kyl substituted pyrido-7-pyrimdin-7-ones.

The pyridopyrimdines and their derivatives are useful
intr ealt Thkgpr‘éﬁd’nit Mn@dxs&aad@rts cbm%oal)matahe ictiydd ussfel in the
currently heing eval.uated as P38(4) MAP Ki nase .

PR ISt @gmilqﬁal?%wg?%%ﬁt Mpgs paﬁﬂ@ﬁ%@ ShePrasanh Fveption refages to

RESRRNAL aﬂnpbﬁmadﬂﬁﬁlethgg;e?a}aabﬁ of fhek@WPmed8R doRlpounds that

exanpl e United States Patent Application Publication

oQOPAT rOTaOsting granp thanfedaates e 4sdationf ththamiaosligylenediol in an
' t hods of synthesizing these

éﬂ%hggéPé§ﬁ§%%g?o|s. However, these nethods often

i nvol ve Aymtdiekkiyknédiolansuabjuedusisy-$ Sepantsictig! areanttodesd as a

hat regui.re agueous rk, up.prpcedures.. The
st S RS o Do RS o Rarivaty oo pyeh s
B drbk ity sabitite@pyrido-BpriinedinEeHea C THE Bytidi@SEimidines and their
conpounds in high yield. Significant loss in yield )
afteH Ve areeiin figating yajous RSPty Bri RSHICRUEE STHFERIEY $eing
EV Ot e PR US PAOLSORABRRbrs IAGCHNEND Br ¥heuhM86i8 arthritis. The

exi sts a need for a new nethod to nmake these conpounds
pisoteide af thyscanaterials i kylowni dleg for example United States Patent

Application Publication 2005/0107408 A1 and WO 2002/2064594 A2.

There are various known methods of synthesizing these amino-alkylenediols.

However, these methods often involve synthesis in an aqueous system using reactions
that require aqueous work up procedures. The hydrophilic nature of the aminodiol
moiety makes it difficult and inefficient to manufacture these compounds in high yield.
Significant loss in yield often occurs in the final extraction of these products from the
aqueous environment. Accordingly, there exists a need for a new method to make these
compounds economically and in high yield.

The present invention achieves this result. It provides a method and
intermediate compounds that facilitates the manufacture of amino-alkylenediols
economically and in high yield by allowing isolation of the intermediate compounds in
an aqueous environment, and the final product in a non-aqueous environment.

The amino-alkylenediols have the structure

NH;
@
HO—R—OH

wherein R is an alkylene group having from 2 to 20 carbon atoms. In one embodiment, R
in Compound I has the formula —CH,(CH,CH(NH;)CH,),CH,— wherein n is an integer
SJ/26.10.2007
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The present invention achieves this result. It
provi des a nmet hod and i nternedi ate conpounds t hat

WO 208071792 es t he manuf acture of am no- al kyl eneRCDEB2007/063835

econom cally and in high yieIQZQy all owi ng isolation
of the internedi ate conpounds i'n an aqueous

SEYP RS BB P LI B BT AR s

1011
ronnen m
BitdgeebfifremNH3 640- R | - OH a) wherein R is an al kyl ene

g:r‘ggg i Irﬁm | o%%,%r{h%?@%qﬁgggé gleﬁlao{qb rt]lfq%tgg%gl}oﬁllj:ggl%?iges the introduction

o%@&ﬁ%m’@ﬁz‘mgw&» suMBREHE iflerinfedaife EdHhRARHS rnagzbe
SJ/ 26. 10.2007of from1l to 6. In another enbodi nent
practodAianniz) ACeEH)WERpent gifieicailn hhe Bangie otrtaaglep axsfreferred to
hérGfihiter 8 erote AR fTPAL ollcing DouBE RASAT cifning
fumanoiladity of the heeriiedsite sangppuntsi{Cdarygotinds HramddIIat €ompound 111
conpounds be extracted from an ueous envirpnnent.

S aacr ) B oRErRuie TBY sty BE sy Foligt g Fthifica

o med i ﬁlﬁ_f ir@éigﬂdﬁfd)dhcﬁqiduﬁ@. g][ oup. TheI pr ot e;:t i Eg

group 1s I nked to the am no.funct] ona |ty,o t he

i nt er rredlnaétneh% AseRI<hg @aﬁ%&%ﬂ@ firp i5Emedipty compound

d 1)lid cGRERED RASe amBRLd1k PbnddRMeRFolAd 1) ThesRairk
mag direnersltuobfstﬁi% lﬂr(leertlltlol corrr(le Cllrijsgse Sedbginaa%lijarﬂhf i(a?r(rjlino)alk | enamine (e.g.
¢mbo p 2 y y g
benzylenaminediester) to a dialkyl(amino)alkyl diester (e.g., benzylaminodiester),
subsequently reducing the diester to the first intermediate compound, which may be
extracted from an aqueous medium, and then converting the first intermediate directly to
the amino-alkylenediol (Compound I) by, for example, removal of the benzyl group(s)
via hydrogenation or hydroformylation in a non-aqueous environment.

In yet another aspect of the invention, a purified form of the first intermediate
compound is prepared from the second intermediate after which the purified first
intermediate compound may be converted to the amino-alkylenediol (Compound 1) by,
for example, the method(s) set forth in the previous paragraph.

The present invention also provides novel intermediate compounds. One
intermediate compound of the invention comprises a laminodiol having a benzyl group
linked at the nitrogen. Another intermediate compound of the invention comprises a salt
of the benzylamino diol.

The first intermediate compound may be represented by the formula:

H (11)

—X—Z—<—N

HO—R—OH

wherein R is as defined above, X and Y are independently a divalent linking moiety or a

single bond, and Z is the protecting group.
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formof the first internedi ate conpound. In another
aspect of the invention, the first internediate

W@ 09potrTed (Conmpound 11) is converted to the  PCI/EP2007/063835

am no- al kyl enedi ol ( Conmpound [%: A speci fic enbodi nent
of this nmethod conprises reducing a

di al kl yl £tam no) al kyl enam ne (e.q. ]

penzyl aniis oo ot SSRGS MRole iy brrsmsspieghovdhe Grmple

(e.g., benzylam nodi ester), subsequently reducing the

diester to the first intechediate conpound, which may

be extracted from an aquequs medi um and t hen

converting the first inte diate directly to the

am no- al kyl enedi ol (Conpoynd 1) by, for exanple,

renmoval of the benzyl grodﬂ%ﬁ}“ﬁja h ogenati on or

hydrof ornyl ati on i n a non-jagueous envivonnment. |In yet

anot her aspect of the invention, a purified form of

the first internedi ate coffpound is prepared fromthe

second internedi ate aﬁbgL wﬁkﬁp the purified first

i nt er medi at e conpound nabee converted to the

am no- al kyl enedi ol (Compound 1) by, for exanple, the
tho et torth in the Rprevio ar a h. The .

BRGBER Dbt v b A5eiPREEE R TP g sl fpece e

Cenpgwsds-). One internedi ate conpound of the invention

conprises_a_| am nodi ol having a benzyl group. |inked. at
Ianother epgadimenh dhnriessnh inyeniian prexidebarpisthed for thewenthesis of an

hRMR Rk Pllio F QIR BESthe sRB ol pRipatifiea BER ZMEATIRRe SiBhound
The fifst internmed ate conpound hay be represented by
edraprisargian amingaligylene diol wherein the amino functionality comprises a
protecting group. Preferably the method comprises the further steps of (i) preparing a
second intermediate compound comprising a salt of the first intermediate compound and
(i) preparing a purified aminoalkylene diol from the second intermediate. Preferably the
step of preparing the first intermediate compound comprises reducing a
dialkyl(amino)alkyl enamine to a dialkyl(amino) alkyl diester and preferably comprises
reducing the dialkyl(amino) alkyl diester to the first intermediate compound. More

preferably, in the above mentioned process, the first intermediate compound comprises

the formula

Z
|
|
TH (D)

—X

HO—R—OH

wherein R is a divalent alkylene radical e.g. having 5 carbon atoms, X and Y are
independently a divalent linking moiety or a single bond (e.g X is a single bond and Y is
a divalent linking moiety e.g. -CH;-), and Z is a protecting group, ¢.g. formyl, acetyl,
trifluoroacetyl, benzyl, benzyloxycarbonyl, tert-butoxycarbonyl, trimethyl silyl, 2-
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NH (Il) X HO R OH wherein Ris as defined above, X
and Y are independently a divalent |linking noiety or a

w@rwghz77ond, and Z is the protecting group. ThRRCHERWNTU063835

i nt ermedi ate conpound nmay be [%Qresented by the
formula: wherein R X, Y and Z are as described above,
- 1 0l

O AR A 0o SRS,
fred ool linethyldxgcaponlesirs-vefatigiv xgoarboaf kaHd @intlinations thereof, most

conpr.i si t he step of aring.a first internediate
Ef&ﬁ%m g% Bﬁr&ﬂ-i\{'ﬂ% pa#e%ﬁfsﬁ ahihﬁ??la%wema@t&ne%@cs%sntb@ﬁscond
ﬁl"t’@rﬁfédfawé‘otrﬁpwﬁh id Of tROTRMuKES a protecting group.
Preferably the nethod conprises the further steps of

(i) preparing a second internedi ate conpound
conprising a salt of the firsg internedi ate conpound
and (ii) preparing a purified|am noal kyl ene diol from
the second internediate. Preferably the step of
preparing the first internedi 4fte compound conprises
reduci ng a di al kyl (am no) al kyNHE(T@@ne t aig

di al kyl (am no) al kyl diester &nd preferably conprises
reduci ng the dial kyl (am no) aKkyl diester to the first
i nternmedi ate conpound. Mre pieferably, in the above
nmentioned process, the fifQT Rat@Fnedi ate conpound
conprises the formula Y NH (I1)

wherein R is a divalent alkylene radical having from 2 to 20 carbon atoms e.g. having 5
carbon atoms, X and Y are independently a divalent linking moiety or a single bond (e.g
X is a single bond and Y is a divalent linking moiety e.g. -CH,-), TsO™ is toluene
sulfonate, and Z is a protecting group e.g. formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl, tert-butoxycarbonyl, trimethyl silyl, 2-trimethylsilyl-ethanesulfonyl,
trityl and substituted trityl, alkoxycarbonyl, 9-fluoroenylmethyloxycarbonyl, nitro-
veratryloxycarbonyl, and combinations thercof, most preferably Z is benzyl. More

preferably, in the above mentioned process, the aminoalkyl diol has the formula

HOROH
| Wy

NH,
wherein R is a divalent alkylene radical having from 2 to 20 carbon atoms e.g. having 5
carbon atoms.
More preferably, in the above mentioned process, the first intermediate compound is

derived from a benzyl enamine of the formula
R'OCCH=CCH,COR'
O NH O
ITA

wherein R' is an alkyl group having from 1 to 20 carbon atoms, most

preferably methyl.
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X HO R OH wherein Ris a divalent alkylene radical
e.g. having 5 carbon atons, X and Y are independently

w@2@B0l7ent | i nking noiety or a single bond (ePQI/EP1087/663835

single bond and Y is a divalent linking noiety e.g.
-CH2-), and Z is a protecting group, e.g. fornyl,

acetyl., trifluoro tyl, benzyl . .benzyl.oxycarhbon .

F et it Rl v T SRS hthesis of
t r iIm@CHYCHCBINIE:)bEREBLDO Haoylprisingi t yl and substituted
trityl, alkox carbonﬁj,.Q- : :

f | uor oeny| fretMHgRAERG @ }rﬁdﬂ‘vp{ledla‘ce compound having the structure

ni tro-veratryl oxycar bophgcHanH . CPOM . H icHs t her eof ,
most preferably Z is benzyl " Mfe prieferably, in the
above nentioned process, the seqggnd internediate
conmpound is of the formula wheréin Ris a divalent

al kyl ene radi cal having from 2 6,20 carbon atons e.g.
having 5 carbon atons, X and Y _&re independently a

di val ent linking noiety or a ginghe bond (e.g Xis a
single bond and Y is a divale nki ng noi ety e.qg.
-CH -), TsOis toluene sul fonate” and Z is(ﬁ,
protecting group e.g. fornyl, acetyl, triflud%o
acetyl, pognrziyg a sbemdyihtexyahstb Gyl the first intermediate, the second
tert-but.oxycarbonyl, . trinmethyl silyl,
2-trineﬂﬂ?ﬁggﬁ?FFéﬂﬁﬁ%%%ﬁWLbnyl, trityl and
substituted trityl, al WGZHQGHQGMCHZCHZOH

9-f | uor oenyl net hyl oxycar bonyl ,
nitroveratryl oxycar bonyl, and cmpmﬁcﬁgjons t her eof ,
nost preferably Z is benzyl. Nbiezp efgrably, in the
above nentioned process, the a 'H@alkyl di ol has the
formula HORCH (1)

(I117)
wherein TsO™ is p-toluene sulfonate.
In yet another embodiment, the present invention comprises a compound comprising;:

¢ a hydroxyl terminated divalent alkylene radical having from 2 to 20 carbon
atoms, most preferably having 5 carbon atoms, more preferably the amino
group is linked to the third carbon atom in the alkylene radical;

e an amino group linked to one of the carbon atoms in the backbone; and

e a protecting group linked to the amino group e.g. an atom or grouping of
atoms that when linked to the amino group reduces the reactivity of the amino
group, ¢.g. formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl, tert-
butoxycarbonyl, trimethyl silyl, 2-trimethylsilyl-ethanesulfonyl, trityl and
substituted trityl, alkoxycarbonyl, 9-fluoroenylmethyloxycarbonyl, nitro-
veratryloxycarbonyl, and combinations thercof, most preferably benzyl;.

most preferably the compound is of the formula I1°:
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NH2 wherein Ris a divalent al kylene radical having
from2 to 20 carbon atons e.g. having 5 carbon atons.

wovee/opred er ably, in the above nmentioned proceRGI/EP1987/063835

first internediate conpound is _derived froma benzyl
enam ne of the fornmula wherein Rl is an al kyl group
having from1l to 20 cag ferably
nmethyl.In a further engggﬁwgﬁﬁgﬁﬁﬁggg%tgﬁfion
conprises a nethod for the synt is of HOCH 2CH2CH( NH
2) CH 2CH20H conprising prepari Eﬁa first internedi ate
conpound having the structure HOBH 2C preparing a
second internediate fromthe fijfst internedi ate, the
second internediate is of the qul a wherein TsO s
p-tol uene sul fonate. et anot hg pbodi ment, the
present invention conprises a~g@®ound conprising: a
hydroxyl term nated dival ent al kyl ene radi ¢4 havi ng
1 O Andr QB d 1P OO QU R coMRSinPERhRiAY: Y having 5
carbon atons, nore preferably the am no group is

| i nked teo & hpdibkylrtdrnuastbd divateotralkpletdrmdadaklydvemgefrom 2 to 20
radi cal ; anbanuno group %anFd to one of the carbon
atoms in t HEPHLERBENEOS BBt SR RS gr oup I nked

to the am jpa@dUbsydats grddip 1Rk SMPEncBTIRPERN L Pdto AL dhe divalent
that when linked to the am no group reduces the )
reacti vit yalsylenpeadigs. mapre preferably the amino group is attached to the third

carbon atom in the divalent alkylene radical; and

e a protecting group linked to the amino tosylate group group e.g. an atom
or grouping of atoms that when linked to the amino group reduces the
reactivity of the amino group, e.g. formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl, tert-butoxycarbonyl, trimethyl silyl, 2-trimethylsilyl-
ethanesulfonyl, trityl and substituted trityl, aklyoxycarbonyl, 9-
fluoroenylmethyloxycarbonyl, nitro-veratryloxycarbonyl, and
combinations thereof, most preferably benzyl;

most preferably the compound is of the formula

HOCHZCH2(|3HCH2CHZOH

NH," (TsOy

CH,

(I117)
where TsO™ represents toluene sulfonate.
As used herein, the following terms have the following meanings, unless
otherwise indicated:
“Alkyl” means a linear or branched monovalent, saturated hydrocarbon radical having
from 1 to 20 carbon atoms that may optionally contain one or more heteroatoms therein,
preferably containing no heteroatoms therein. More preferably “alkyl” refers to a

branched or straight hydrocarbon chain having 1 to 6 carbon atoms, such as methyl,
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group, e.g. fornyl, acetyl, trifluoro acetyl, benzyl,
benzyl oxycar bonyl, tertbutoxycarbonyl, trinethyl

waR00gl077720 t ri met hyl si |l yl - et hanesul fonyl, trityPCEHREB2007/063835

substituted trityl, alkoxycarbonyl,
9-f | uor oenyl net hyl oxycar bonyl ,

nytroveratryl oxycar bonyl., .a conbi nat i ons._t her.epf

AlbLE RSFRRL Mo eh BOPY iRl SPERLR RN 60T BB b most
pef@ibly hestliydr mul a | F: HOCH2C Anot her enbodi nment

o I ses a conpound. conpr.ising, a hydroxyl : :
calkilcnar maan & @ﬁlﬂtqéﬂeﬂ Tehienahag SaaaratﬁfgByﬁéca‘fb%aél%havmg
BOnCRia catt o miBRt mRY 8hES RN YoRtafiAS R} nitr MBteroatord)

am no tosylate group |linked to one of the carbon atons

prisfarplly gpiiameg noahstgpenes thaaeisaMoraipietergef dkplong refees to a
AL, G50 SRRl g A RABAL o
tthplead propylére, butyleoc,tpesiyllaicemgstquefegubbyupCld:-GH, €rH &bt Ho-.

r gr [ ng of atons that when |inked th ] NO,.
or oup MBIAHRE o BRp i gty et Do S linked to the
emfho drotipmcducaeld sehetiviityl Iflthodrmina@edu by RefgMhg it from unwanted
bgnzyloxycarbony , %ert-butoxycarbony}, érinethﬁ%
gifl¢ JRactiontsy  ExaRles of Pfecting SERRF £FNYA foupd it Yy Wakygeen and P. G.

BURSLitdSAGHbl s Yh Or8dsliy eRYHBRFDIAWiley P ed., 1991) and Harrison and
f I uor oenyl net hyl oxycar bonyl ,

Herrsen gedlaConpandion pbéviyherichgacis dbithadsi ¥aks. 118ddedur Wiley and
S5 91 1 AR R BB PSSR PR
sackyfl ptimditueroacetyl, benzyl, benzyloxycarbonyl, tert-butoxycarbonyl, trimethyl silyl, 2-
trimethylsilyl-ethanesulfonyl, trityl and substituted trityl, aklyoxycarbonyl, 9-
fluoroenylmethyloxycarbonyl, nitro-veratryloxycarbonyl, and combinations thereof.

“Divalent linking moiety” means a moiety that links two atoms or groups
together. Examples of divalent linking moieties useful in the invention include an
alkylene radical, a cycloalkylene radical, an arylalkylene radical, and combinations
thereof. Preferably the divalent linking moiety is methylene.

Turning now to the various embodiments of the invention identified above,

the method comprises the preparation of a first intermediate compound (Compound IT).

This may be accomplished by a variety of methods known in the art. One method for

preparing the first intermediate compound is shown in Scheme 1 below.
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As used herein, the followng terns have the foll ow ng
meani ngs, unless otherw se indicated: O "Al kyl" neans

wW@2008002a99 or branched nonoval ent, saturated hyRPCDER20DTO63835

radi cal having from1l to 20 carbon atons that may
optionally contain one or nore heteroatons therein,
preferably contalnlng no hq§%roatons therein. Mire
preferably "alkyl" refers -o—gmﬁranched or straight
hydrocarbon cfain hagng 1 to 6 carbgp atoms,gsuch as
met hyl , et hyl , én propyl , Jsopropyl, n-putyl, i[fobutyl,
sec-butyl CHb@CngNpentyl hex@k}(ﬁ@@HCbg©®Erably
met hyl . "Al kyl enel' nmeans a di val ent li nedr or
branched, saturath¥d hydrocarbon radical R&Ving from 2
to 20 carbon atomp4t hat may optionally com,ain one or
nor e het er oat ons, preferably contai ni ng o het eroat ons

therein. Mre p gy abl y "al kyl ene" ref to a
di val ent branchg strai ght hydrocar hai n havi ng
2 to 5 carbon atofs, such as ethyl ene, pylene

but yl ene, pentylene nost preferably Cm

-CH - . "Protectﬁﬁb group” neans an ato B} grouplng
of atonms that when linked to the am no group reduces
the reactivity of the am no group by protecting it
fromunwanted side reactions. Exanples of| protecting
groups can be found in T.W Geen and P. Fut s,
Protective Goups in Organic Chemstry, (Wley 2nd
ed., 1991) and Harrison and Harrison et al, Conpendi um
of Synthetic Organic Methods, VolROCH,E,CHEMCNAEY
and Sons, 1971-1996). Representative exapp] es of
useful protecting groups include fornyl, jacetyl,
trifluoro acetyl, benzyl, benzyl oxycarbofyl,,

tert-butoxycarbonyl, trinmethyl silyl, 2-i

trimethylsilyl-ethanesul fonyl, trityl ubstituted

trityl, aklyoxycarbonyl, 9-

(IT)

Compound IIB can be prepared by reducing Compound ITA using any of a
number of reducing agents. This reduction can be readily carried out in a solvent that is
inert under the conditions of the reaction.

Examples of useful reducing agents and acids include sodium boron hydride
in acetic acid (NaBH4/HOAC), sodium boron hydride in methanol (NaBH4+/MeOH),
sodium boron hydride in phosphoric acid (NaBH4/Hs;POj) and tert-butyl amino borane in
sulfuric acid (t-BuNH,.BH3 in H,SO4, also referred to herein as TBAB), and
NaH,Al(OCH,CH2)C,Hs (also referred to herein as Vitride). Suitable solvents for use in
the reaction include toluene, tetrahydrofuran (THF), etc. The reduction can be carried
out at a temperature of from about -20°C to about 120°C. Typically the reduction is
carried out at a temperature in the range of from about -20°C to 40°C.

Reduction of Compound I1B provides the Compound II. This reduction may
be carried out with NaBH4 in an appropriate but optional solvent (e.g., MeOH) in
refluxing THF. Less than 3 equivalents of the reducing agent (e.g., NaBH4) are needed

to allow the reaction to go to completion. The reduction can be carried out at a
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f 1 uor oenyl net hyl oxycar bonyl ,
nitro-veratryl oxycarbonyl, and conbi nati ons thereof.

WO DiosarEme | i nking noiety” nmeans a noi ety thatPCT/RR207/063835

two atons or groups together. Exanples of dival ent
l'i nking noi eties useful in the’invention include an

| kvl ene r.adi cal cyvcl oal k adi cal a . .
Bl RS Bt 0" i AR a TR T Be P BByetion s caried out
Peaiefatic\oiffoen shoval C tb 30%G.ng noi ety is nethyl ene.

Tur ni ng ﬂOMIt th? various enbodi nent of.thﬁ )

i nvent i oh§ Belhef of the myaan maycompring theaptipha! stse af peeparing
RIcBRAmAdrhRBialf cotnfduhd (CHRpSIRIEIH) Atrgis GRIFA HR I(iFPEMOHRE
I1). This may be ‘acconplished by a variety of nethods
ieripwtic forped daring paparatier Rbdetipt ipteapetista gCompoyrndrlEy. An

WEHEHREdhahE GO PR b O el TR B o is shonp fpscheme
Zaplobe prepared by reduci ng Conpound HA using any of a
nunber of reducing agents. Jhis reduction can be
readily carried out in a s&%@gﬁggthat is inert under
the conditions of the reaction. Exanples of useful
reduciqg agents and aci ds include sodi um boron hydride
i n acdlPeHaeHdCHRERGHAQRMC) , sodi untHBSsC e CHgCHROH
met hanol (NaBH|ZNbOH), sodi um boron hydride [in,
phosphori c aci#FKNaBH ZHsPO ) and tert - but yINEyri(eO)
borane in sulfggjc acid (t-BuNH2.BH3 in H S al so
referred to hefeln as TBAB), and NaH Al ( OCH J)CH
(al so referr herein asvitride). Suit

sol vents for in
(1 (1"

This process comprises forming a tosylate salt of Compound II, crystallizing

that salt and isolating that salt by reacting Compound II with an appropriate acid (e.g.,
para-toluene sulfonic acid), crystallization of the salt in solvent (e.g., THF/CH,Cl,) and
isolation of the salt.

Conversion of the tosylate salt (Compound I11) to a purified form of the first
intermediate compound has been found to improve the yield of the desired amino-
alkylenediol (Compound I). An illustrative method of preparing a purified version of the

first intermediate compound is shown in Scheme 3.

Scheme 3
HOCHZCH2(|3HCHZCHZOH HOCHZCH2(|3HCHZCH20H
NH," (TsO) NH
CH, CH,

() (1)
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the reaction include toluene, tetrahydrofuran (THF),
etc. The reduction can be carried out at a tenperature

W@RooB0TITPEDbOUt -200C to about 12Q0C. Typi cal | yPE€TIBP2007/063835

of from about -200C to 400C. Reduction of Conmpound HB

provi des, t he dll. .S re tion ma Lo
et ea BUPSIARR s, et g dfim SR aRa by agptine the
pHlofanblvert WlutioWeOQonipoun® il txa pg oT ffom LB$4 ahdatiradting the

equi val ents of the re [ gent (e. NaBH 4) are . .
RIS v 3 el T o SN A IE?C%’(W BP9 4o Brorfn bprashicved in
eduehicpn can be carried out at atenperature of from

about -2Q0C to about 120Q0C. Typically the reduction is
carried eompeynddl maythercanyartedde thordssiredenmo=alodamedipl by a

ARG TP, TELBE Rl SRckayeNt | on may compri se the
ptional step of preparing second intermnedi ate
conpound (Conpound 111). THichestdp is useful in
removi ng, 1 QPUL|ti r during preparation of the
first i%@gﬁleél"a g%d [1). Anillustrative

nmet hod for prepafing the second internedi ate conpound
is shown in Schejfe' 2 bel ow. Schemgoti C':ILIQCNCPI CHIOW
process conprisegHorning a tosylate saltof Cénpéund
I'l, crystallizin fhat salt—ands-sol at | ng Nfpat salt by
reacti ng Conpo | with an appropriate acid (e.g.,
par a-tol uene s ic acid), crystallizatia,n of the
salt in solven eg~g., THF/ CH2Cl 2) and iso ation of
the salt. Conversion of the tosylate salt (Conpound
1) to a purifi&ﬂ formof the first

reduction is carried out at a fenperature in the range

The transformation of Compound II to Compound I may be accomplished by
any of a number of processes. For example, Compound Il may be dissolved in a solvent
or blend of solvents and then charged to a pressure reactor along with a suitable catalyst.
The reactor can then be sealed and heated to a desired temperature. The transformation
reaction is allowed to proceed, preferably with stirring for a suitable period of time. The
transformed product (i.e., Compound I) is then recovered from the reactor.

It is to be appreciated that although the schemes illustrated above indicate exact
structures and compositions of the various compounds being prepared, the method of the
present invention applies widely to any analogous compounds, given appropriate
consideration to protection of the amino functionality employed therein. That is, the
amino functionality is shiclded from unwanted side reactions during other chemical
reactions at other sites on the molecule. The protecting group can then be removed to
provide the desired molecule (Compound I).

The preceding discussion has been directed to a multi-step process for
forming Compound II. In one version, an enamine (Compound ITA) is converted to a
diester (Compound IIB) with subsequent conversion to the diol (Compound II). In
another version, an intermediate step is added in which a purified version of Compound
IT is formed by converting Compound 11 to a salt (Compound I1I) and then converting
Compound III back to Compound II.

In an alternative embodiment, Compound Il may be formed directly from

Compound ITA. In this embodiment, the Compound IIA may be reacted with a suitable
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i nt ermedi ate conpound has been found to inprove the
yield of the desired am noal kyl enedi ol (Conpound 1).

WoR00BI0T1I82 r at i ve met hod of preparing a purifi eBCVEPROTO63835

of the first internediate conppund is shown in Schene
3. Schenme 3 H2CH2OH (H )In this nethod, Conmpound Il is
dj.usti

f d f.rom ound 111 by.a the pH 0

3l TERo UL TR SERR ahhrbusttig R, Aul At RERls, Empaynd 1

mag 5@ xéacadtwitgH ey ihQﬁMb%l%K}@tlSaﬁhb (DMHE)ho @gﬂ dueat sfuery®f the imine.
. . A recove % or no n be achi.e in

ﬂi‘ff gmﬁ)ﬁﬁwgw.m@ofﬁﬁ%% a&{eﬁ tﬂﬁyﬁlﬁf@ %fra?ﬂﬁ@?ﬁ E&t 106051’8\{)%\% and

Hastcl et LadsRed Ak xé.%oedlioa%s) wth@tiﬁh%c eSR r844¢i0n dsixfuf@ay then be

shown in Schene 4. Schenme 4 HOCH H1) Th

2
p¢ded 490 aserenil shirprofObibuRd--13) eq)oin@iw%o@nddethf%yndo@armed to
' . .a . f
RERTPL. 929 BUARY 2ludh QUOTBLLol T ARERARSg) o e 12
béwendr mbreyolThe ntastiamohixtiiermahthey éd ceaeditopoessamperature (e.g.,
SRS R Sl H P E OURLdeb BB A et

hehp el €zen BB lutioa RSdonpTet) e pHasfahd RActich rAlxhraethytte
ith stirring for sui t abl e

%ﬁfﬁgﬁg%fs%{, e T Shirier fsade ﬁﬁtseﬁﬁ%cf squpragtimes with a suitable
SRR YOG DMIESarddNBOrsIERY BF il fratestBaibiRaas @fve Compound 11,
This is typically a pale yellow oil. Yields of greater than 65% can be achieved with this
method.

The preparation of Compound II can also be accomplished in a single
reaction vessel. An illustrative example of this “one-pot” process is set forth below in
Example 1. In this process, at least steps 1A through 1D are carried out in a single
reaction vessel.

Additional advantages, features and benefits of the present invention will be
apparent to those of skill in the art based upon the following illustrative examples, which
are not intended to limit the present invention.

Example 1 :

3-amino-1,5-pentane diol was prepared according to the following procedure.
Step 1A

Benzylenamine was reduced to benzylamino diester according to the

following steps:

TBAB
H,S04
IPA
THF

0 HN 0 @) HN 0

cHy, A AN _CHs cHs A AN A CHs
3o F o ~o0 o

Benzylenamine Benzylaminodiester
MW = 263.3 MW = 265.3
Cy4H17NO, C14H19NO,



10

15

20

It is to be appreciated that although the schenes
illustrated above indi cate exact structures and

W@ op0%i79e ons of the vari ous conpounds bei ng pPEPEPAT/063835

the nethod of the present invpn}jon applies widely to
any anal ogous conpounds, given ‘appropriate
consideration to protection of the amno functionality
enpl oyed therein. That is, the amno functionality is

shi el deMdtedm unwant ed We reaginobns dumb@n©Ot her Ratio to LR

0fIpeRd] (MFeact i ons at| other sites on| the Jl[egul €. The | mi/g

RERLRCIDNEoHE PHR,SERY [ N7 19€ [TMBwed Tqprovidg The; eq.
Cl

S [ERULE ( CoNpoRgY; ) 41§ Pr eCEgrma
fﬁﬁg@ %ﬁ%ﬁ%s een d rg(?:' &t 57"(Ljnu tif'gtep ot . -
F 0 o d n A ﬂl

0O a
AT 7D convert edt o a-dt ot o2 Cotpaind. 1| MU
WA Q?ﬂﬁ%%u:ent convef si0ar% ¢t HEVdi bl lﬁiomyglﬁfd !!1;1.{
W#tSnot her version, ah internediate st qu s ladled iR ml/g
regnismdiydiopided cQrg ks on of  Conpound| | 111i% florgred By9 | /g

BéninasemictigneodoMund 1] to a salt (Coneddd 11 ml and.5 ml/g

Bhea(dowt?e) t i ng Conpound |11 |back to| Codsgoundnill .| 1B ml/g

an alternative enbodi nent, Conpound Il may be forned

directly from Conpound . .Ln this enbodi t,. the
Corrpoén‘y Sﬁﬂiklsrfﬁ‘?rggg “P@]a]c({gaﬂ eﬁopwpan%lmgaﬂgﬁg G- t(tl}ncentrated
. | I i i Qfj o
B ety R AR PO s b afiorc
dihere’.A exyretatyienigDhE)ant coppled (EBAB) sb asolptiof irt Fi5 ml THF is

[ e. The jm .slurry ma e added t.o a sl

el irepiegh gy eptropi 35" I5Pat For aageflbipuen the
EdUFRe 8hSaddifor1OPES) 15V § BertAAdnhiinte as BNS1tRAGH BOD ml THF is then
m xture may then be added t0 a second slurry O NaBH

gdgled, keepingdhy additidMEmparatirethai{ol and warmed to refl ux

(0.9, TRl Mabhbigh e, £ B0 Lon o BLEH e 922 Rind tired
for at least 2 hours. A sample is taken to analyze for reaction completion. When the
reaction is deemed complete, the batch is added to 90.0 ml water. The THF is then
distilled off (150 mmHg/45°C bath), and 11.9 g concentrated ammonium hydroxide is
used to adjust the pH of the batch to 9.5 (£0.5). The batch is then extracted twice with
52.5 ml dichloromethane. The organic layers are combined and extracted once with 75.0
ml 11 wt% brine solution. The organic phase is then stripped (300 to 5 mmHg/45°C
bath) to yield the benzylaminodiester product as a clear colorless oil (97-100% yield

based on benzylenamine).

Step 1B
Benzylaminodiol was prepared using the following procedure by reducing

the benzylaminodiester.
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hours or nore). The reaction m xture may then be
cooled to roomtenperature (e.g., 2000 and added

WGQL@sH0y7790 water. A significant anount of hydrRPQERPI9AY063835

be rel eased. Wen the hydroge_n13eyol ution is conplete,
the pH of the reaction m xture may be adjusted to,

e.qg., 12-13. The slurry may then be extracted se al
times with @ abl e solvent (e.g., DVE) and t
resulting ¢ phases c¥iidened to gi ve Conpg .
This is typhca a pale y&lyevw oil. Yields of r

§e achi eved Wit this method. The
Conpound TT can arso be acconplished in

t han 65% can
preparation q

a single rggCtign vessel . An illustrative exanpie of
this jjone-pot" process is set forth below in anmpl e
I~ ' esg” at | east steps | Aygfo I e NoH

carried out in a single reaction vessel. Additional

advant aggs, f res and benefits of th [ nt..

i nventi g%mlgfﬁgéesa%par ent to those of %ﬁﬁﬂ%ﬁgﬁm{%e

art baseg, ypeo, the followi ng illustrativeexypl es,

which are not Intended to |limt the present invention.
Exanple 1 : 3-amino-1 5-pentane diol _was prepare

accor di Matedak he fol | pwiM¥ prioddegl e| StAIpou Ratio to LR
Benrzydrneinadicsier was r educk¥d.}lo |bepz | api Aéd.Mi ester | LR
Actcadrydiafgran dTHRE f ol | pwi ng stjeps: BenhzylOdnani nd 6.2 ml/g
Béandy| am nodi est er 202.17 141.3 44.0 g 2.5 eq.
(NaHzAl(OCH2CH20MG)2,

65 wt%)

20 wt% Citric acid 225.0 g 15 g/g
Water 60.0 ml 4 ml/g
50 wt% NaOH 27.0 ml 1.8 ml/g
Dichloromethane (DCM) 2x101.0 | ml | 2x6.7 | ml/g

A vessel is charged with 15.0 g benzylaminodiester from step 1A and
dissolved in 60.0 ml THF. This is cooled to 0-3°C. Then 44.0 g vitride (65 wt% solution
in toluene) is added over approximately 1 hour keeping the addition temperature <10°C.
The batch is then stirred at 0-10°C for 30 minutes, and is then sampled for reaction
completion. Upon reaction completion, the batch is slowly poured into 225.0 g 20 wt%
citric acid (pre-cooled to 0-3°C), keeping the addition temperature <10°C. Hydrogen gas
is given off through the course of the addition. The reaction vessel is rinsed into a
quench vessel with 30.0 ml water twice and 30.0 ml THF. The pH of the batch is then
adjusted to 12.5 (£0.5) with 27.0 ml 50 wt% NaOH. (All solids should dissolve at the
elevated pH). The THF is then distilled from the batch (150 mm Hg/45°C bath). The
batch is cooled to 20-23°C, and i1s then extracted twice with 101.0 ml DCM. The DCM

phases are combined and are then concentrated to a total volume of 60 ml.
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MN = 263.3 MV = 265.3 C 4HL7NO4 C 4H1I9NO4A vessel is
charged with 16.5 ml i sopropanol cooled to 0-30C

w@eseritrpat ed sul furic acid ( 11.2 g) is then BCD®PI007/063835

added, keeping the addition tepperature 10C. Then 5.0

g tert-butyl am ne borane conplex (TBAB) as a sol ution

in 52.5 g@ TEF i s added, keeping the addition

t enper at B '~10C, Hydrogen gas is given off through

t he courBenmtaniihediatkdilatevas Therprdfmréd geilethz b kovaing peocedure.
as a solution in 30.0 mM THF is then added, keeping

the addition tenperature 15C. After the additions are
conpl et e, abatch is warned to 20-23 0C and RN ed

for at |e§ hours. A sanple is taken to an§
reaction i on. \WegrsopeHgoeaction is dee
conpl et e, gAatch is apgedciio 90.0 m water.
is then dist|lled off (150 nmmHg/45C bath), and 11.9 ¢

pH of thedwatch to 9.5 (0.5). The batch is thdwm
eX%LQE;89L§Q$933MAth 52.5 ni dichloron?phg;%,LIQF/\\
BOganie”| ayers aoe comnbi ned and extrHOf ed ce th OH
75.0 M 11 wt% brine solution. The organic phase is
then stripped (300 to 5 mrHg/ 45C bath) to yield the
benzyl| anBergdamispdiel product as a cl ear collePhi &l oi l
(97- 1000 W%?(g-ibased on benzyl enani ne). MY e& l‘-}%

Benzyl a FRdENSt was prepared using the f%ﬁtﬁﬁ%ig
procedure by reducing the

benzyl a[v[ﬁ@lthst er. BGI’]ZMW’H M O@}I%i er B%ﬁuﬁlﬂrﬂ n()lethio to LR
BWzylARimodioWVV = 2UY. 31 20929 56.4 11.8 g LR
p-Toluenesulfonic acid 190.22 56.4 10.7 g 1.0 eq.
hydrate

Tetrahydrofuran (THF) 23.6 ml 2.0 ml/g
DCM 112.5 ml 9.5 ml/g
Benzylaminodiol tosylate 381.49 0.013 50 mg | 0.004 g/g

A vessel is charged with 10.7 g para-toluenesulfonic acid hydrate. The
hydrate is dissolved in 23.6 ml THF and 65.3 ml dichloromethane and cooled to 5-10°C.
The diol solution from Step 1B is slowly added to the pTsOH solution, keeping the
addition temperature <10°C. When approximately 60% of the diol solution is added, 50
mg seed crystals of benzylaminodiol tosylate are added, and the batch is allowed to
crystallize for 15 minutes. Addition of the diol solution is resumed, keeping the
temperature <10°C. The addition line is rinsed with a small amount of DCM. After the
addition is complete, the batch is stirred for at least 2 hours at 5-10°C. The batch is then
filtered, and the cake is rinsed 4 times with 11.8 ml dichloromethane. The salt is dried
(10 mmHg/40°C/4h) to yield the benzylaminodiol tosylate as a bright white solid (88-
90% yield from the diester).

Step 1D

Purified benzylaminodiol was prepared according to the following procedure.
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C1l4H1I9NO4 C12H19NO2 A vessel is charged with 15.0 g
benzyl am nodi ester fromstep I A and di ssolved in 60.0

WOrR0ogmiFI799Thi s is cooled to 0-30C. Then 44.0 g RCT/EP2067/063835

(65 Wt % solution in tol uene) }91 added over
approxi mately 1 hour keeping the addition tenperature
10C. The batch _is then stirred at 0-10 OC for 30
m nut es, and en sanpled for reaction conple )
Upon reactio pl etion, the batch is slowy polred

into 225.0 g % citric abf@H(pre-cooled to 030
keepi ng the addftion tenperaPtlMe 10C. Hydrogen gas s
given of f throygh the course of tife addition. The
reaction vesg@l 4oOH Nsed into a quench vessel Wy

30,0 mM water twice and 30.0 ml THF. The pH of the
bat,qa/ls\x/hgn\ad'fhs@ﬁd to 12.5 (0.5) wi g~ 2M0-f OH
wt % NaOH. (Al solids should dissolve at the el evated
pH . The THF is then distilled fromthe batch (150 nm
Hg/ 45C bgtstoH Salthe batch is cool ed to 20B28zyiHmincarel i s
then extmactaghiwce with 101 .0 ml DCMMWke0o®@M

phases ateHeN@iSi ned and are t hen concentGdtid.t 0o a

total volune of 60 ni. Step 1C Benzyl am nodi ol tosylate

—was—the I m"“"i’ et—ust lg }*? fOINIO‘Vﬂ fg—Pt uCcuw € -
anzyvl o NnTa 3_5? u’]&t’I = Ratio to LR
'?{I'yl}ﬁ alﬁﬁ@ﬁﬁ% \f{;&c@nl g ‘cha 2\M tth 80l7 IR
t

d_hydrate  Theldgdrat@lid 723 | mlg

[|
P%-t nI uenesul fnnl c_acid hyrra

ANNaMed in 23.6 M THE and |65.3 nl| di%if or it hades eq.

Watercool ed to 5-100C. | The dial sol utj o5 om 8tlep 1Bl | L/mol

is slowy added to the pTsOH sol ution, keeping the
Benzylaminodiol tosylate from step 1C (19.2 g) is slurried in 132.9 ml
dichloromethane and 55.4 ml water in a suitable vessel. Then 62.9 ml 1N NaOH is
added to adjust the pH of the aqueous phase to 12.5 (£0.5). This two-phase mixture is
stirred for 15 minutes and allowed to settle. The bottom organic phase is separated to a
separate flask. The organic phase is heated to reflux, and the condensate is cycled
through the aqueous phase to achieve a sort of continuous extraction. Samples are taken
of the aqueous phase. The extraction is continued until analysis shows no diol remaining
in the aqueous phase. The organic phase is then stripped (300 to 5 mmHg/45°C bath) to
yield the benzylaminodiol a clear colorless oil (92-94% yield based on the tosylate salt).

Step 1E

3-amino-1,5-pentane diol was prepared according to the following procedure.

H5 (35 psi)
10% Pd/C
° NH,
/\/\/\
HN Toluene/MeOh HO OH
/\/\/\ o0°¢
HO OH

Benzylaminodiol 3-amino-1,5-pentanediol
C12H19N02 C5H13NOZ
MW = 209.3 MW = 119.2
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whersprand nodi ol

addi tion tenperature 10C. Wen approxi mately 60% of

the diol solution is added, 50 ng seed crystals of
tosylate are added, and the beCT/HP1087/063835
allowed to crystallize for 15 [gnutes Addi tion of the

1N

di ol sol ut| on is resuned, keep| ng t he tenperature 10C.
||$ addy ot a Dllfﬂ.;qlé am%ﬂt BatIOtOLR

A
H Hnsed—wth

D_ (42

o O ¢ pamount .
095 BatlcHR s

|

CM-—AfEE Ieud:fo conp Bl

o7 Inelj stl 2 _.WZIQ_'Q H 39
A4ipeg with
dried (10

19a’oheprlmpa g CasHwstt he cake (s rinsed

5078Wst) di chl or onet hane. The|salt is (

MetksahaDC/ 4h) to vield the benzyl ani nodild) t eglyllate as
dolenght white solid (88- 90% vyield firdddt henldilest er).

Gtkp | D Purified bengyl am nodi ol was |pr épar ed

BReemndl ng to the fol | ow ng procedure.|pTaOH Sal t

B 0% YR Sullc MW = 381.5 MW= 209. 3 GI9 5

CIZHI9NOZ Benzyl am nodi of tosylate fromstep 1C (19.2
g) is slurried in 132.9 nl dichl oronet hane and 55.4 ni
wat er i nA@rewircapiceonieelveged Wite A0B2w@ Pebrimpn’sa@Flyss. The
t
?%gggn{m?%aqglj 11’]08&1 s{eﬁqﬂg@%q{ X%) d? gm&qye(flﬁﬁ?ég ¢ 14%551]%) gld toluene
(iid0uhles waindh 1&kﬁe®wmdrgbd) testht rtaetorT e beicton i @a@dnﬂ)urged (5 x 35 psi

B e TR DA R TLAT A e CRmgsho e DHGh i stired under

iesdueslat 3 Owghd hbas. am@fau@tiﬁag 56 bhteh A& lf%@dahﬁ)@glﬁ a@elite pad
cont 1 nuous extract i on. are taken of

genddhpeasalist P wised ﬁ’étthl raﬁha@l EDREP At Imtsmvents are then

%‘}JV}é&'uﬁdéer e&‘ redbid ﬁfs@%'s%ﬁqqg ngt’@%aﬁig’t@gk}é phase.
e organic phasé is then stripped (300 to 5 / 45C

Eyanhr)o S Yo pentanedlol product as clear colorless oil (quantitative yield).

Example 2

3-amino-1,5-pentane diol was prepared according to the following procedure.

Step 2A

Benzylamino diester was prepared as described in Step 1A of Example 1.

Step 2B
Benzylaminodiester was reduced to benzylaminodiol according to the

following procedure.

NaBH,

THF, Reflux
e ——

CHj3
\O

C14H19NO,
MW = 265.3

)
| HN
—C_A\_-COCHs

Benzylaminodiester

0
HN
|

HO/W\OH

Benzylaminodiol
C12H19N02
MW = 209.3
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yield the benzyl am nodiol a clear colorless oil
(92-94% vyield based on the tosylate salt). Step IE

W@2@81071599 , 5- pent ane di ol was prepared accor di PGI/ER20DT1@63835

follow ng procedure. Benzyl am ppdiol 3-amno-1
5- pent anedi ol C12H19NO2 C5H13 MV = 209.3 MN =

’119. ZApresspre react s chargedwth-50%wet.—,

ear oA 80EL: o) yst MXV b\,nz@: [’1 roHAH‘O“!n;fo.". Ra&lﬁ tp LR

BRLYSIBNOTIEST o5 o] vbd 2093 et hatre? (1HY: hil) Sand 1l ene
S

fHEQ M) which i hen charged to H§(34r(=ff-xml r 3.3he mlg

Pedipmdiorohydsidal ed, puPged (5 w188 psiS7H )|, orlesdur i zea
(NaBHAHydr ogen (35 psi), and warned|[to 500C. The batch

Metlsinpl r ed under pressure dt 500C flor74 hoo s|. 0Aflt erml/g

Vaindri ng, the batch was filtlered thrjough) a fél|i t &5 padnl/g

§S 1 and the catalyst pad |is rinsed2srth amethamsl | (dl/g

BC&p ML). The solvenls are [Then renosey Unger| 3essiced/g

piRSedBe (150 to 5 mHg, 450C bath) #16 9N | 2.11 | mlg

3—amno-1, 5-pentanedi ol —product—as ctear cotortess orl
(quantitative yield). Exanple 2 3-am no-1, 5-pentane
di ol waslnpr Hpadmedkadocartoli auginpod whth o letgdeomiroggn inlet, a

BB+ S VP L AR T R MRS e .
Beivzidraed madilesice in WEIF (Reauseth 4 sepbewre ffdsknhe ®dhBllaminodiester
ﬁ%%%r g)i ig gisgocivetdh iIel 1fHO1£ |(405V3\A.rnrl]3, fnrdq[ﬁee gelglrll(tefng solution is added directly to the
borohydride slurry. Methanol (72mL) is then added with vigorous stirring. Hydrogen
gas is evolved during and after the addition, so the vessel is adequately swept with
nitrogen. The batch is then warmed to reflux (56°C internal temperature, 60°C bath) and
stirred for at least 12 hours, and tested for reaction completion.

Upon reaction completion, the batch is cooled to 0-5°C and added to water
(1510mL; no hydrogen evolution). The batch is then stripped under reduced pressure
(200mm Hg/45° bath) to remove the organic solvents. The pH of the batch is then
adjusted to 2-3 with 3N HCL Acidification of the batch causes hydrogen gas to be
evolved. The vessel is well vented, and the acid is added slowly to avoid excess frothing.
The addition is exothermic, and the batch is kept <10°C through the course of the
acidification. When the desired pH range is reached, the batch is warmed to 20°C and
dichloromethane (297mL) is added, the batch is stirred for 15 minutes, settled for 30
minutes, and phase separated. The organic phase is discarded. The product-containing
aqueous (top) phase is then cooled and made basic (pH to 11-12) by the addition of 50%
sodium hydroxide. This addition is also exothermic, and cooling is required to keep the
batch temperature <10°C. The batch is then warmed to 20°C, and is extracted five times
with a dichloromethane (584mL each). The organic layers are combined and

concentrated to benzylaminodiester as a clear colorless to clear yellow oil.

Steps 2C and 2D
Purified benzylamino diol was then prepared as described in Steps 1C and 1D

of Example 1
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Benzyl am nodi est er Benzyl am nodi ol Cl14H19NO4 C12H19NO2
MV = 265.3 MW= 209.3In a 2L 4-necked reactor equi pped

WOREB/0Z77bar ge nitrogen inlet, a thernocouple, BCTEBPI00%063835

condenser, and a nechani cal agj4ator, sodium

bor ohydri de (57.4 g) is charged and slurried in THF
(8Inm). #@ apseparate flask, the benzyl am nodi ester
(100.7 g Ps™di ssol ved in THF (453nL), and the

resul ti ngragidait Sqieniade dibdeds grapetlagcdroinghe the following procedure.
borohydride slurry. Methanol (72nmL) is then added wth
vigorous stirring. Hydrogen gas is evolved during and
after the addi timg,  so theaypssel, i s adequately swept

wi th nitrogen bat ch js fhen warmed to reflux (56C
i nternal tenpd , 60 Mep@nd stirred for at

| east 12 hour sS\\gAd test%%i orreaction conpl eypon.

Upon reaction coppl etion,”"tthe batch is cogled jo 0-50C
and added to waper (15 IOWL; no ﬁydrog@ﬁ/§Vskﬁ%?sﬁf;\OH
The batch is HMen stripped under reduced pressure
(ZOOnHLbQLég/bgip)\{o renove the organic solvents. The
pH ofH@he YWat ch™M's tdwen adjusted to 2-3 with 3N HO .
A@idificggéggmﬂgm&he batch causes hydrogen gas tQ;Rfio
evol ved. ¢ Jhengessel is well vented, and the aci @ dSno,

added sl mw ¥2dom avoi d excess frothing. The addi mMveoa g2
exothermc, and the batch is kept 10C through the

—course of the acidifigcation \Vhep th 44ma¥;______
i s reach&erighe batch| | MWar nred The 2p0EhM@agrehi| oMptio to LR

met hane (297m) is added, the HAmeh js stirred for 15

Bemaylassinodiet t | ed for BROAut e238&nd| pH8de separ at dR

Feeelngmga@atelyphase i s di scarded. The prodldct {cont ai dDeYy | g/g

Mypeads (top) phase is then gool ed apdi4mlle badi ¢ (¥ | mlg

Toeludde 12) by the addifion of {50% 140.0 ml 2.8 ml/g

Celite 5.0 g 0.1 g/g

Methanol 50.0 ml 1 ml/g
Operations:

The Pearlman’s catalyst is charged to a pressure reactor. The benzylaminodiol, as
a solution in toluene, is then charged into the reactor. Methanol is charged to the reactor.
The reactor is then sealed and purged 3x with hydrogen. The reactor is warmed to 50°C
with stirring and held at temperature for 2 hours. The reactor is then vented and a sample
is taken to measure for reaction completion. Once the reaction is complete, the batch is
cooled and filtered through a Celite. The Celite is rinsed with methanol. The catalyst is
deactivated with a 10 wt% sodium sulfite rinse. The batch is then vacuum distilled down

to the 3-amino-1,5-pentane diol as an oil.

Example 3

Benzyl enamine to benzyl aminodiol without intermediate isolation.
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sodi um hydroxi de. This addition is al so exotherm c,
and cooling is required to keep the batch tenperature

wae@s/oTed batch is then warned to 200C, and i SPCT/EP2007/063835

extracted five tines with a di gﬂ oro met hane (584nL
each). The organic layers are conbl ned and
concentyated to benzy am nodiester as cl ear

to clear yellow @ teps 2¢ and 2D

pbenzyl am no| di ol hen prepared as

~o‘ iNgBIG; s 1C and Exanpl € 1S8trap 2E

3-am ng- 1, 5;pgRt ane fli ol was |prepared aceording-to |the
fol | owiRg, procedure. | Benzyl am nodi ol Anii nodi ol

C1219NGY" C5QI3NCR MV = _g.s Wv =0119.]2 Qperati ons: |
7 ! WAt al Y Sired e pfeSSrHYé\/\/\OH

reactor. The benzylam nodiol, as a soluUtion in

t ol ugpRyidnaminen charged béﬂz9laﬁ1rr‘1@d|5§§fc or. Met h@&%&/laﬂn%odlol
char ged to the reactor. The rea%é is then seal ed” and
purged 3x with hydrogen. THEY¥HEDr is warmed to 500C
wth stirring and held at tenperature for 2 hours. The

Meaghiar 1S then ventegrwnd|a S@IPI € TR MRKRiket P Ratio to FL
measure for reaction conpl etiygpe ONCce the reaction is
g&w&faﬁmé e bat oif i3 60T edy@pd | HgtETed g i pupR 3
Futhe The Celite TS Trmsed vt i M pioim e 4 | mijg
LI TTL O A (I MU DT (ol A 10 T
S0 FT O D 4 D0 i O M M WER T
Toluene B - 100.0 | ml 5 | mlg
Vitride (70%) 73.0 ml 3.65 g/g
HCI (30%) As specified
Citric acid (10%) As specified
Sodium Hydroxide (20%) As specified
Water As specified
Dichloromethane 700.0 ml 35 ml/g
Toluene 400.0 ml 20 ml/g

To a stirred slurry of NaBH4 in 100 mL of toluene cooled to -10°C in a 1000 mL
3-necked round bottom flask equipped with overhead mechanical stirrer and a
thermometer was added a solution of benzylenamine and HOAc in 80 mL of toluene in
20 min. The addition funnel was rinsed with 20 mL of toluene. The batch was allowed
to stir and warm up to 15-18°C slowly overnight. The 16 h HPLC sample showed the
enamine had been consumed. The mixture was cooled back to -10°C and Vitride was
added via an addition funnel slowly in 1 hour. The batch was kept below 0°C during the
addition. After the addition, the light yellow milky mixture was stirred at a temperature
of between -5 to 0°C. HPLC after 30 min. showed 0.7% diester left. The slurry was
stirred for a total of 2 hours. The batch was quenched by adding slowly to a mixed
solution of 80 mL of 30% aqueous HCI and 80 mL of 10% aqueous citric acid cooled at
5°C in 20 min. The temperature of the batch was not allowed to exceed 20°C. The pH at
this time was about 1-2. The addition funnel was rinsed with a mixture of 20 mL of 30%
aqueous HCl and 20 mL of 10% aqueous citric acid. After warming up to room
temperature, the layers were separated. The organic layer was extracted with 100 mL of

10% aqueous citric acid. The combined aqueous portion was then cooled to 0-5°C, and
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Exanpl e 3 Benzyl enam ne to benzyl am nodi ol w thout
internmedi ate isolation.(not isolated) To a stirred

W@ LasH0y77% NaBH i n 100 nL of toluene cool ed to PADBR00TI063835

a 1000 nmL 3-necked round bott_o%BfI ask equi pped with
over head nechanical stirrer and a thernpneter was

BB 5SS A PR o B0 e v
ﬁ&drfhr ofsiig®| Tiendoudihaixbhat ofas tas e&trhaw fhithy s100 m&l’tﬁf CH,Cl,.

rm to 15-18C sl oWy overni 16 h. HPLC
Ui R hBnci His <GSR e e SRBAY biiGe Aedghic T remaned clear

FAKEMN S ségﬁﬁlté‘cp Ofl%dco@ﬁﬁﬂfedtd}garﬁ@ﬁ&t@ﬁ QvaYSirﬁ}_Fg@ td/\@ﬂsmﬁdﬂl%i’l 2x200

via an addition funnel slowy in 1 hour bat ch was
rémf tplaresvenddgd end gersalitigaavas stippedq erelioyeoil. Toluene was then

ution, .t [ I i ] dnf 1 ed
R} B o SR A T Ve g ot " 50
mn. showed 0.7%diester left. The slurry was stirred
for a_tot abﬂ f 2 hours. The batch was quenched by
addi ng ‘i/) to a m xed solution of 80 nL of 30%
aqueous HC and 80 niL of 10% aqueous citric acid
cooled at 5C in 20 mpn. The tenperature of. the ba
Was nBENZl4TeNER! pbsten ¢B arpyspeny Bﬁhea%mmﬂﬁhglwth%ut the use

?/ﬁ@ﬁyﬂro éen%tloﬂ— th BEHatd, %Jdtfog@t{‘ﬁhns\f@% ﬁieﬂ%@ geﬂ%\teh[h@benzyl

of 30% aqueols HO L
a@lﬁ@@ug gedupr |Té1uac31 -i-bepgxlpentyier hﬁﬁgollﬁboét 6%@@@1 rnmol 1 equlV) is
I o &
s B O B Y88 0P 3D By B ARMf (). To
Ehms rsl add’ddethc pridomgehir e amoosiiypo fdrimate (3§ nighémmobll @ dqtiv) and the
andba kCl i f ed

o) f .200
s FRUGET kA0 R 80 e Ayl ety and washed

Mtﬁsmdﬂlgyleﬂémlkcrhdet(dy nﬂl)XEWIﬁbrM@ﬁ divin ek caloties oM (oh ng).
the extraction, the aqueous

Fargﬁ)ep 1%&\@\4& Saaw ﬂt?mﬁxp?%gf? B efafRT N reyRnAnGas #af RERIOR NOBR also

confirms the material as the desired product. Gas chromatography after derivatization

shows the presence of both the disiloxy and trisiloxy derivatives as separate peaks.

Other embodiments of this invention will be apparent to those skilled in the art upon
consideration of this specification or from the practice of the invention disclosed herein.
Various omissions, modifications, and changes to the principles and embodiments
described herein may be made by one skilled in the art without departing from the true

scope and spirit of the invention which is indicated by the following claims.
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and easily separated. The conbi ned organi c portion was
stripped to an oil. Then 2 x 200 niL of tol uene was

w@owes7amd t he solution was stripped to a yel | p@X/BP1007/063835

Tol uene was then added to the residue to give 46.2 ¢

of a yell ow benzyl am nodi ol sofution. Exanple 4
Benzyl am ndi ol of step ZBltg%éﬁaconverted to the

am nodi ol without the use c ic hydro genation. In
this case, hydrogen transfer is used to renove the
benzyl [ I T ,

3. F\ll- ben%%g%?afggt-hg gﬁ’tﬂem Hus ammoe#léyl diol co nﬁolflng the step of
equi v) ipgeRiregel fvetdnteﬁnadlsue@prrgpogﬁd wwmmg:a(l 200myllgbyes diol
vet) | n Ak AR AR il Jn%b‘?ecﬁﬁ%%‘EQﬁd the
proton source, anmoni um

equiv) and the mxture is refluxed for 40 m nutes. The
hot solution is filtered through celite and washed

e e T R AT AR o

expecte dntchn@hatc aompuutrdecsmmmmtrgsa mtd)f plnmﬁnsmanbﬁieéﬂaMOmpound
fi t t t.h d d
chr ot ¢5F SpHYERF e niBU ARSI FB R b RS ipisgmediate.

of both the d|S|ony and trisiloxy derivatives as
separate_pea odiments of this i ve ti.on

wi 19 be %5&?@9& %alfrhbg@e@m 1 atfpiaf piqRariag the Jgatﬁntermedlate
consi dergiy P@ﬂn@éoﬁqﬁﬁs@s %%Eﬂng'a“(ﬁéﬂ(ﬂ(‘arﬂhofaﬂ@%ﬁﬁﬁme to a

practice of the invention di'sclosed herein. Various

om ssi orskalkyttraning balkylohesterand redvamgdle diglkyl{amino) alkyl diester to
pr|n0|puﬁ§ﬁgp t?ﬂggghﬂﬁﬂﬁﬁ)ggscr'bed herein may be
n

made by one s tHe art without departing from
the true scope and spirit of the invention which is

Fortt e Syrtabefel drbh Bkl Qe gt ifing pmprics

step of the formula

Z
|
i
TH (ID)

—X

HO—R—OH

wherein R is a divalent alkylene radical, X and Y are independently a divalent

linking moiety or a single bond, and Z is the protecting group.

5. The method of claim 4 wherein R comprises five carbon atoms, X is a single

bond, and Y is a divalent linking moiety.

6. The method of claim 1 wherein Z comprises an atom or grouping of atoms

that when attached to the amino group reduces the reactivity of the amino

group.
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preparing a first internedi ate conpound conprising an
am noal kyl ene di ol wherein the amno functionality

W@vpNTEes a protecting group. 2. The met hod oPCTERIOAT/63835

conprising the further steps 05 (i) preparing a second
i nt er medi ate conpound conpr|3|ng a salt of the first

i nternmedi ate conpound and (ii) preparing a purified

am noal kyl ene diol fromthe second internedi ate. 3.
They. met hidd mdéthed &ff dhiln MhderimZ tinelsteprah f@nep; arcbnyg

the first.internedjate und rises reducing a

di al kyl (Hﬂ}l‘?fB?‘%ﬂ Doz RRTHA g oo Dol RYTUYRGPO @ﬁksﬂmethyl

di ester sapd 2ftﬁ€ﬁéﬁiym1yl B@aslisal fdfﬂ;h(@mlragm s%slﬁydtedj!rﬁﬁt er

to the first internediate compound.” 4. The nethod of

cl ai m 1 ahexEsarbartyd 9rﬂvcsrpemmméﬂlﬁ@amrbo%ﬂ%gwaratryloxycarbonyl,
Conpr'S%ﬁ?%@ﬁb&@ﬁ&%ﬁﬁm%oNH (I'1)y XHO> R OH wherein R

is a dival ent ene radical, X and Y are
|ndependently a dlvalent I|nk|ng noi ety or a single

o & 4 edpasfod & oBior FER TR SO o Bt pomprises

singl e hawntbrmand Y is a divalent |inking noiety. 6.
The nmethod of claim1l wherein Z conprises an atom or
groupi ng of atons

z
|
|
TH2+(TSO)' (111)
|
HO—R—OH

wherein R is a divalent alkylene radical having from 2 to 20 carbon atoms, X
and Y are independently a divalent linking moiety or a single bond, TsO™ is

toluene sulfonate, and Z is a protecting group.

9. The method of claim 1 wherein the aminoalkyl diol has the formula
HOROH
| )
NH»

wherein R is a divalent alkylene radical having from 2 to 20 carbon atoms.

10.  The method of claim 1 wherein the first intermediate compound is derived

from a benzyl enamine of the formula
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that when attached to the am no group reduces the
reactivity of the am no group.7. The nethod of claim®6

Wab@serI¥ i s selected fromfornyl, acetyl, trpET/BR2007/063835

acetyl, benzyl, benzyloxycarbpgyj,

tert-butoxycarbonyl, trinmethyl™silyl,
2-trinmethylsilyl-ethane 1Y trityl and
substituted trityl, akl@gkaggf$%ﬂﬁ??é

9-fl uor oenyl net hyl oxycarb yI,NH 0

nitro-veratryl oxycarbonyl,” andjconbi nati ons thereof.

8. The nethod of claim2 wheregit v _the second

i nt ermedi ate conpound conpri jlhe formula wherein R
is a dival ent al kylene radicg aving from2 to 20
carbon atonms, X and Y are indépéndent IM a dival ent
linking noiety or a single bond, TsO is tol uene
sulfonate, and Z is a protecting group. 9. The nethod
of cl ai mitkreih®’ & an dlkd gaoimieadingyfromdilab 20asrtohatdnm. mul a
HOROH wherein R is a dival ent al kylene radical having
from2 to 20 carbon atonms. 10. The nethod of claim1
wharei n A ketddrist th BY&heeds O CERTPRUAMNHS)(IB U comprising
froma benzyl enam ne, of the formnul anherein Rlis an
al kyl group HASRAHEE RIBH INCEMeHate SPHBAUIS Raying thy strygture
nmet hod for the synthesis O HOCH2CH2CH( NH2) CH2CH2OH
conprising preparing a first internedi ate conpound
havi ng the structure HOGEE,GHeGHGHEHGRRcond

internmediate fromthe first intérnediate, the second

I
CH

2

ar)
preparing a second intermediate from the first intermediate, the second

intermediate comprising the formula

HOCHZCH2(|3HCHZCHZOH

NH," (TsOy

CH,

(1I1)
wherein TsO™ is p-toluene sulfonate.

12. A compound comprising:
a hydroxyl terminated divalent alkylene radical having from 2 to 20
carbon atoms;
an amino group linked to one of the carbon atoms in the backbone; and

a protecting group linked to the amino group.
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i ntermedi ate conprising the fornmula wherein TsOis
p-tol uene sul fonate. 12. A conpound conprising: a

woyaso7wyd term nated di val ent al kyl ene radi caPCTERI00T063835

from2 to 20 carbon atons; an guino group linked to

one of the carbon atons in the"backbone; and a
protecting group linked to the am no group.13. The
compound of claim 12 wherein the am no group is |inked

t g 1Bhe ﬂmerogmpfamlixlbmf dhiam mhmﬁl tht ﬁmliren@mn@d;i livkkd tolthe third
The conpoynd of claim.1 erein the protecting group
conpr i sé’%H’Sﬁ ARTY PR @‘P%?y%?ﬁiri‘éc%f atoms that when

linked to the am no group reduces the reactivity of

the am no group. 15. The conmpound of claim 14 wherein
t he4pr otletconoyrberlaign Eawbercaithe pEnedtive myoup @ewripps an atom

trifluor

ter t but Sy S Y e AP HIRKS proup reduces the

2-t ri metrbadtisity pf thetabane guponyl , trityl and

substituted trityl, aklyoxycarbonyl,

9-fl uor oenyl net hyl oxycar bonyl ,

ggtlﬁg\éerﬁierc)bh@&gﬂca?M?ﬁm 14 ?gd‘eﬁloﬂﬁb &)ft_ﬂéd'tﬁig%rélpﬁﬁ @alécted from
: e conpound of. claim conprising t or mul a:

17. A céﬁra%ﬁn%fe%ﬁ&ﬂpgﬁ%@etyh ke nﬁrbsn%e/%gw%fﬁﬁ?ﬂa&e&d

di val enty,gdoyA868y 1M @SR} sHAY D REMEMIIZ1-EtBarkBu G P ARyl and

at ons;
substituted trityl, aklyoxycarbonyl, 9-fluoroenylmethyloxycarbonyl, nitro-

veratryloxycarbonyl, and combinations therecof.

16.  The compound of claim 12 comprising the formula:
HOCHZCH2(|3HCHZCHZOH
ITIH
CH,
ar)
17. A compound comprising:

a hydroxyl terminated divalent alkylene radical having from 2 to 20
carbon atoms;

an amino tosylate group linked to one of the carbon atoms in the divalent
alkylene radical; and

a protecting group linked to the amino tosylate group.

18.  The compound of claim 17 wherein the amino group is attached to the third

carbon atom in the divalent alkylene radical.



an am no tosylate group linked to one of the carbon
atons in the divalent alkylene radical; and a

w@e@setidng group |inked to the am no tosyl at ePQr/BRN7/063835

10

18. The compound of claim 17 pg rein the amno group
is attached to the third carbon” atomin the dival ent
9in117 wher ei

al kyl ene.,radi cal . 19. .The . compound of cl n
©her of HECORGOybE e R bE PRSI Brosfi D e P g an atom
at ons t hatgrovpiiy dtdi@ahedt el fteached ahGLdind dgredhiedsces the
the reactivity gf the am no group. 20. The conpound of

cl ai m 17¥EHPY PEINSGF PR 298Pl a: where TsO represents

t ol uene sul f onat e.

20.  The compound of claim 17 comprising the formula:

HOCHZCH2(|3HCHZCHZOH

NH," (TsO)y
CH,

(11°)

where TsO™ represents toluene sulfonate.



