WO 2004/ 089960 PCT/ EP2004/ 003504 Process for
preparation of cyclosporin A analog This invention

WO e00ag®ed 0 a new process for the preparati on BET/EP2004/003504
cyclosporin A analog of formula I: 000 .HH NN N Ni
"'N%OOI~1 OTyg~/NOO OH=OHNNNN - )~0
HOAs well as internediates for this process and
processes for the preparation thereof. The
cyclosporin A analog of fornmula | is structually
identical to cyclosporin A except for nodification at
the 1-amino acid residue. This analog is disclosed in
WO 99/ 18120 and pkbdBss Bf pebsia€iBalof BAl@pbriARPAriatat i on
No. 60/346,201. Hereinafter this analog is nentioned
as (E)-1SA247. Tetrahedron Letters, Vol.22, No. 29,
p2751- 2752, 1981 discl oses one of the internedi ates
of the process of this invention, nanely pinaco
( E) - Thiyinmentivp rslategito a heypoprescios theqreprinéon ahercloeorin A
ahhgk 3t R ecess using it. WO 2004/ 089960
PCT/ EP2004/ 003504 -2 Tetrahedron Letters, Vol. 36,
No. 10, p1583, 1995 discloses allylation process using
tartrate nodified (E) -y- (trimefjhylsilyl)
allyl boronate. In a first aspect,\yhis invention
provi des a process for the prepardfion of a

cycl osporin A analog of fornula I "N NN, ,H
| OHO"'
NN N N NT

As well as intermediates for this process and processes for the preparation
thereof.

The cyclosporin A analog of formula I is structually identical to cyclosporin A
except for modification at the 1-amino acid residue. This analog is disclosed in
WO 99/18120 and U.S. Provisional Patent Application No. 60/346,201.

Hereinafter this analog is mentioned as (E)-ISA247.

Tetrahedron Letters, Vol.22, No.29, p2751-2752, 1981 discloses one of the
intermediates of the process of this invention, namely pinacol (E)-1-trimethylsilyl-

1-propene-3-boronate, and the allylation process using it.
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conprising a-i) allylating a conpound of fornmula Il
w@20g/08P6®~.. .~ u ,%HH NN~ O, wherein PpCT/EBPH04/003504

protecting group and the dotted_&[nes mean that the

remai nder of the conpound has thé sane structure as

t hat f.ar 004 960

PCT/ ngfgéﬁ‘?%égggﬁgﬁog&%?ﬁ Oée’c@#égufr?& 5 SRR AT APy process

| REingtvsate mpdifieR  E)-ir (trimeghatsdilipliRborsnaty dr ogen, C1_8

al kyl or C3_8 cycloal kyl and/or, when R is- hydrogen,

a tringh ffekpQt, thi iffenfivh prodlidslAbiNgrA 1EOopREMAAPbf a
ﬁ& a rﬁl a |V O@%BEQZ

f %grgléjslp%rilnlA \émnalcr)]g of fcocr)nrggﬂ%nd of for

comprising

a-i) allylating a compound of formula II

i
swherein Pg is a protecting group and the dotted lines mean that the

remainder of the compound has the same structure as that of the

compound of formula I,
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OOR2 TMs5,,.~B,OIV 10 wherein R2 is Cl1_8 al kyl or
C3_8 cycloalkyl; or a-iii) allylating a conpound of

wo oooriog®ed | with a compound of forrmula V O TREI/EP20B4/003504

NH O V or WO 2004/089960 PCT/ EP2004/003504 -4
a-iv) allylating a compound of fornula Il wth a
conpoung 0 I IMS o yirpsy > BF3 KVI VI or 5
a-v) aﬁﬁlﬁ%ﬁ;fﬁgg‘g“%%frr%’gﬁ}%’&% formula Il with a
conpound of forrmula VII O TMS,~ . B-O VII or a-vi)
allylating a conpound of formula Il _wth a reaction
m xture 10 obtained by a process (ﬁ“rprisi ng; i)
reacting allyltrimethylsithane wthg utyllithiumto
form trimethylsilylallyllit am” i i Reacti ng
trimethylsilylallyllithiumwth triisopropyl borate or
trimethyl borate, and then conddldti ng agueous work up,

,wherein R' is hydrogen, C,.3 alkyl or Cs.5 cycloalkyl and/or, when R} is
hydrogen, a trimer thereof;
or

a-if) allylating a compound of formula II with a compound of formula
IV

o)
OR?
o OR?
TMS _~_B~g .
v

wherein R?is C; 5 alkyl or Cs_g cycloalkyl;
or

a-iii)  allylating a compound of formula IT with a compound of formula
\%

O
1
NH
TMS\/\/E \/I

or
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15

15 or a-vii) allylating a conmpound of formula Il with
a reaction mxture obtained by reaction of the

W edoaosdrgd sil yl al [yl 1ithiumw th diethylal um nR@T/EP2004/003504

chl oride, or WD 2004/ 089960 PCT/ EP2004/ 003504 -5
a-viii) allylating a conpound of4fornmula Il with a
reaction m xture obtained by reaction of the

trimet byivsi | yellghting & carhpowndwt tarmitadhivitna compound of formula
tetrai sopropoxide or titaniumchlorotriisopropoxide, 5
to forma conmpound of formula XI; I TM5 + TIM HO HO
O+ 0", HH NN OO Xl whereinPg is+as defined
above; and b) convertiﬁ@%$h%45Qynﬁﬂpd gf formula Xl
to the cyclosporin A 10 anal’og of formula I. In a
second aspect, this invention,provides internediates
for th process nentioned above. In a third aspect,
this invention provides processes for the preparation
of these internediates. 15 Also, within the process as
defined above [it will be referred to in the

follow ng under (i)], preferred are the foll ow ng
procesggs: (ii) The process of (i), wherein step b) is
conducted by b-i) converting the conmpound of formula
Xl to a conpound of formula Xl

a-v) allylating a compound of formula I with a compound of formula
VII
‘?Jg<
TMSWB‘O
Vi
or

a-vi)  allylating a compound of formula II with a reaction mixture

obtained by a process comprising;

i) reacting allyltrimethylsilane with butyllithium to form
trimethylsilylallyllithium;

ii) reacting trimethylsilylallyllithium with triisopropylborate or

trimethylborate, and then conducting aqueous work up,
or

a-vii)  allylating a compound of formula II with a reaction mixture
obtained by reaction of the trimethylsilylallyllithium with diethylaluminum
chloride,

or



WD 2004/ 089960 PCT/ EP2004/ 003504 -6 ae e~\HH o00 O

Xl wherein Pg is as defined in (i), under acidic
w@oovdiogdoems; and b-ii) converting the PgO gr oupCDEP1004£003504

conpound of forrmula XII to a 5 hydroxyl group. (iii)

The process of (i) or (ii), wherein Pg is acetyl

group. (iv) The process of (iii), wherein step a-i),

a-ii) oevid) vi allyilmrxgcamd»ttqioadd of fortdiga NHESENEACSn mixture

oot ERpipdy eaGid PR bR it i

di chl ortetratdyacpodde sofitdginen cKlMﬂo)tnfEBﬁroEbﬁ@l@ss of (iii),

wherein step a-iii) is conducted int presence of
BF3. Et 20, formc acid, acetic acid or tartrate esters.
(vii) The process of (vi), wherein step a-iii) is

conducted in water/dichloronmethane or water/tol uene.
15 (vi itp forfhe cpnpowsboftbriindia)XI; wherei n step a-iii) and
b-i) are conducted in dichloronethane or
tetrahydrofuran and in the presence of BF3. Et20. (iXx)
The process of (vi), , wherein step a-iii) ',s conduct ed
in acetic acid and/e(+fT&t¥ic acid; or in biSur e of
acetic acid and /or fdrmic acid and one or]two
cosol vents sel ecte a group consisﬁ% ¢
di chl or onet hane and 20 t]et r ahydr of ur an. 20p4/ 089960
PCT/ EP2004/ 0035040907:, The process Qu,
step a-iii) is cofduc éd Hn .acetic aQ| an anep b-1i)

\!

i s conducted by z\f B'f\formc ac Q \
reacti on m xture. xi ) IThe process of (| X), &rein
step a-iii) and b- |) ar® conducted in form Pacid or
acetic acid/ formc acid.
Xl

wherein Pg is as defined above;

and

b) converting the compound of formula XI to the cyclosporin A

analog of formula I.

In a second aspect, this invention provides intermediates for the

process mentioned above.

In a third aspect, this invention provides processes for the preparation

of these intermediates.

Also, within the process as defined above [it will be referred to in the

following under (i)], preferred are the following processes:
(ii) The process of (i), wherein step b) is conducted by

b-i) converting the compound of formula XI to a compound of
formula XII
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5 (xii) The process of (i) or (ii), wherein step a-iv)
is conducted in water/dichloronethane or

wowioensed uene. (xiii) The process of (iii), WhET/EPIV04/003504

step a-iv) and b-1) are conducted in dichloronetane,
tetrahydrofuran or toluene in the-presence of

BF3. Et 20. (xiv) The process of (iii), wherein step
a-v) is conducted in the 10 presence of BF3. Et20

(xv) The process of (xiv), whe hin step a-v) and b-i)
are conducted in dichloroneth , tetrahydrofuran or
toluene and in the presence of BH3. Et20  (xvi) The
process of (iii), wherein step a- is conducted in
the presence of formc acid Sr acefic acid. 15 (xvii)
The process of (xvi), mhereigﬂ@m ) and b-i) are
conducted in formc acid o acels't Hcyd/fornic aci d.
(xviii) The process of (XxViA9)TN "/ step a-v) and
b-i) are conducted in a mxtuje ofl acetic acid/formc
acid and co-sol vent selected from ™di chl or onet hane,

tol uene, ethyl acetate and isoprgpyl acetate. 20 (xiXx)
The process of (xviii), wherein co-solvent is

i sopropyl acetate. (xx) The process of (xvi), wherein
step a-v) is_conducted in acetic acid and step b-i)

i s condinstedyPays adgfinedis 0 fornmic acid to the
reaction mxture. (xxi) The process of (iii), wherein
step auMbédacidic 6ANHHSIeshdy allylating the conpound
of formula Il with a reaction m xture prepared by
reactign_ 25 of the trinethylsil¥lalIyIIithiun1mAth

di et hyPabum nGamvasiieg thed'sOgrerp pt thesopmesad of frmyild X3l to a
wher ei Ry&lo®pl gdodp.i 1) is conducted by allylating the

" conmpound of formula Il with a reaction m xture

prepared by reacti on WO 2004/ 089960 PCT/ EP2004/ 003504
-8 of (iti i met hyI'Hid prbeds$ of (i) dehiidyivivdréin Plgiid adetylBroup.
tetrai sopropoxide or titanium chlorotriisopropoxide.

The f oW ng r ed-i.n the specification and
cl aj n‘@leave t hteﬁle AN %Sgésjf(naéwg\e/\ﬁelrg;%epcﬁ})baﬁll)l?ﬁ |a.-.V1g1§ conducted
uleldre peesenee afdadtagss. st rai ght chain or branched al kyl

residues containing a to b carbon atoms. Therefore,
for exgnple, " @he%r@ée@’(gf kiiﬂ?@ﬁ&eﬁt st& Qlfﬁt, a-ii) or a-vi) is

conducted in dichloromethane or toluene.

(vi) The process of (iii), wherein step a-iii) is conducted in the

presence of BFs.Et,O, formic acid, acetic acid or tartrate esters.

(vii) The process of (vi), wherein step a-iii) is conducted in
water/dichloromethane or water/toluene.

(viii) The process of (vi), wherein step a-iii) and b-i) are conducted
in dichloromethane or tetrahydrofuran and in the presence of BFs.Et,O.

(ix) The process of (vi), wherein step a-iii) is conducted in acetic
acid and/or formic acid; or in a mixture of acetic acid and /or formic acid and one
or two cosolvents selected from a group consisting of dichloromethane and
tetrahydrofuran.
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chain or branched al kyl residues containing 1 to 8
carbon atons, such as nethyl, ethyl, propyl,

wo s@posgayd , butyl, isobutyl or tert.-butyl. "QBCBEP2004/003504

cycloal kyl" refers to a saturated nonoval ent cyclic
hydrocarbon radical 10 of three7to eight ring carbons
e.g., cyclopropyl, cyclobutyl, cyclohexyl. "Protecting
gr oup'(xr ef er s t”ﬁheap@ce};sl pf ix), W[hex‘HIfoBp tahﬂ) is\wb@ducted in acetic

PLEREDRAD o LERRICL R Uad & B fRLSEH IR R0 mixture.

uces o prevents react|V|
protectlng groups can be found in T W Geen and P. G
Futs, ot ect i vEhaRioaps of (in). wheesin deromsin andly) arevomincted

2ﬁﬂf@(§mcl&9b}a@éﬂﬁa&@?fdr&ﬁ@a@@.ﬁj Harrison et al., 15
Con'pendi um of Synthetic Organic Methods, Vols. 1-8

(John W, ey andSons ¢ I.n the structuyral

f or mul &4 pr eseﬁ}éoprﬁéelﬁ%f’ Orb(?‘gk‘@?'nerﬁlﬁiﬁﬁe?(a -1y 15 ‘)‘mﬁuded n
devadtrédichleromethinat ortwegerdtiohsehiet uent i s bel ow t he pl ane
of the paper and a wedged bond( denotes that the

substidpent is Bcdsb6r (fﬂ %el%h];t&g R&?pa%rdb 0.d I(?on dlcted

foll ovm ng abbrevi ations us i'on an

c ' Aigklorgmgkeng; teaah @f@rem @dolusag ﬂlﬁ@r«fsgnwmwngtzo

si gni fi cances: MTBE methyl tert-butylether THE

t et r al¥idt of ur arfhe pesess ml’éf‘ﬁhﬁﬁlﬁéfﬁ? ) pesolucted in the
dipp@thoe FWH, exiode  HVPA hexamet hyl phosphor ami de  TMEDA
tet ramet hyl et hyl enedi am ne TMS tetranethyl sil alne I\/\DI
2004/ 960 PCT/ EP2004/003504 -9 TMS- trinethylsily

Et et 293 %/Pﬁyrocefsmf (xigbprhspyp stsp BoY) B \pH) “ame conducted

ageliihloromethane, tetrahydrofuran or toluene and in the presence of BFs.Et,O.

(xvi) The process of (iii), wherein step a-v) is conducted in the

presence of formic acid or acetic acid.

(xvii) The process of (xvi), wherein step a-v) and b-i) are conducted

in formic acid or acetic acid/formic acid.

(xviii) The process of (xvii), wherein step a-v) and b-i) are conducted
in a mixture of acetic acid/formic acid and co-solvent selected from

dichloromethane, toluene, ethyl acetate and isopropyl acetate.
(xix) The process of (xviii), wherein co-solvent is isopropyl acetate.

(xx) The process of (xvi), wherein step a-v) is conducted in acetic

acid and step b-i) is conducted by addition of formic acid to the reaction mixture.

(xxi) The process of (iii), wherein step a-vii) is conducted by
allylating the compound of formula II with a reaction mixture prepared by reaction
of the trimethylsilylallyllithium with diethylaluminum chloride.

(xxii) The process of (iii), wherein step a-viii) is conducted by

allylating the compound of formula II with a reaction mixture prepared by reaction
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RT room t enperature HPLC hi gh performance |iquid
chromat ography MS nass spectroscopy 10 TLC thin | ayer

w@ booatstoogr aphy NVR nucl ear nagneti c r esonancePCT/EP2004/003504

spectroscopy 2D COSY 2- dinensr%nal correl ated
spectroscopy 2D TOCSY 2-di nensi"onal total correlation:

S ctr 0 nucl r .Single.

SRR E R e B LA St S Rt S e

nihdoratiiisopmpse¥ideh hours The starting materials and

reagents used in the process of the present 20

i nven

suppl ?:‘Ié‘?gbugwﬁl ﬁ%ﬁﬁ%‘is&a?@ Eﬂe%?éﬁiéagﬁgﬁ]aﬁa I ﬁ?gﬁ'n?\ge thﬁ meamngs
devnsi n, USA), Bachem (Torrance, California, LE%Q

Enka- Chenie or Sigma (St. Louis, Mssouri, USA),

May br t@lgellé a‘éhseﬁ)’s’i&n%éh@ﬂ&& btidight chinQr bBéMch@é Qﬁcyl re51dues

Co 5316% a to fy sar 9c%2 8{11309"5%@?% %1? %{%mph' h%%lgqr ﬁleans straight
V‘dlaels or bﬂé)l;heﬁmﬂtyl Raiduek tahtain{ig Isto. 8 @Bbdmatenshsuth as methyl,

A@r%ﬂﬂﬁﬁﬁ%8§gﬁ%§b§%®ﬂgg#m§gfg§% 9471-?302:gaﬁT%§

(B-2440 Ceel, BF) or are prepared bY met hods _known to
t hos e "@kicyrlegkylnrefern & apatusaic BoReHglent erckia diydepcarron radical

f ofthPeeitd e fgﬁf AhE0LBEnSHUENRIPFHSS, Q&cl@ﬁﬁityﬁc?é&ﬁe(x? )
0 onn

Reagent s r Crganlc Synt’hesi s,” Vol unes 17

W ey,.and Sons 99 Rodd
Copo Ao GBS b g T I LA oAt VEFSRURGr o o
SoheegrsuPind meleenls mdsBE 99ductr ggnbenRethat teactsvity. Examples

V81} %H&%]ér%u%g Q%ewoluﬁ%{ 1@@%&%{%@1 \?\#? 9:@ Fuég“ %&Qcﬁ:\re Groups
m@g_mﬁlm&wc

V\éley,@) sﬂndé{@rlg@m pd Harrison et al.,
TEaRSERITR d)maﬂ{a{@brg L VRRESR, VOG- 1-8 %]%%%Mﬂ&hﬁld Sons,

starting materials and the I nternediatés of

r E9dc1%6R)-maybe isolated and purified if desrred usi ng

conventional techniques, including but not limted to

1 0 fildthabireaturdfahidlaapresnteddieyéh albrolzaatboard, ( "' ) denotes
af {H%tsggstﬁgehr% isb Lfc():wh tlgrealglaergel c?fJ tRe g%yer gr?d awedged bond ( =™ )

denotes that the substituent is above the plane of the paper.

The following abbreviations used in the specification and claims, otherwise

specified, have the following significances:

MTBE methyl tert-butylether

THF tetrahydrofuran

DCM dichloromethane

DMSO dimethylsulfoxide

HMPA hexamethylphosphoramide
TMEDA tetramethylethylenediamine

T™MS tetramethylsilane
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characterized using conventional means, including
physi cal constants and spectral data. Conpounds of

wo coons®eld are prepared as illustrated i n ScheP@&I/BP20041@3504

allylmetal reagent also referred herein as allylating
reagent is to be taken in a 15 .general sense and may
conprise reagents where the netal part is based on
boronTM#g-t hough it isimehylpgl se a metal. WO
2004/ 089960 PCT/ EP2004/ 003504 -11- Scheme A: PR
TNB,.gg,_, B'OR II%hICRZ a-j) QOrRz TMs,.op~B OO
IV 417TM5 B NH of | ' TMs TVS V TMS, , , ~BF3+ K a-iv)
HO Ho P go PgO-p + Pg0"'' b~ _ P9Or A1l "VI ITOHHO
HHOMH NHN+ athyNti NNNN p TMS,. VII A, B
i Ol XI'I Ol XINTO a-vii) Aiylalumnumreagent

i
a- vii ipr isopropyl

Bu butyl

Ac acetyl

RT room temperature

HPLC high performance liquid chromatography
MS mass spectroscopy

TLC thin layer chromatography

NMR nuclear magnetic resonance spectroscopy
2D-COSY 2-dimensional correlated spectroscopy
2D-TOCSY 2-dimensional total correlation spectroscopy
HSQC Heteronuclear Single Quantum Coherence
Cryst. crystallization

Cpd compound

min. minute(s)

h hours

The starting materials and reagents used in the process of the present
invention are either available from commercial suppliers such as Aldrich Chemical
Co., (Milwaukee, Wisconsin, USA), Bachem (Torrance, California, USA), Emka-
Chemie, or Sigma (St. Louis, Missouri, USA), Maybridge (Dist: Ryan Scientific,
P.O. Box 6496, Columbia, SC 92960), Bionet Research Ltd., (Cornwall PL32 9QZ,
UK), Menai Organics Ltd., (Gwynedd, N. Wales, UK), Butt Park Ltd., (Dist.
Interchim, Montlucon Cedex, France), Fluka (CH-9471 Buchs, CH), Acros
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Alyltitaniumreagent (Pg is a protecting group, the
dotted |ines nean that the remai nder of the conpound

wha®4nsmeEane structure as that of t he conpounBPCDEP2004/003504

formula I, R is 5 hydrogen, é al kyl or C3_8
cycl oal kyl and, when Rl is hydr én, a conpound of

f | 1] t h R2 | Cl. .
i, LT 3B T Bty At

Cﬁﬁ?] @‘Sﬁﬂbwmgﬁaratsﬂiﬂbe}édet fofthfia ltd&fﬂlieacdslsut}SasBlﬁksyﬂ @tdeitiesknys

{//Pe%\%q%yf rlgfmc #%tﬂet%s, oluglag?rlt7 X(?ghxf Wﬂn‘}'lj ol é(&rls’, 1d9\‘f.’), l%c.id s

j Sheiisyy hbGodbt @bmpotaicb,o‘mium;s 3<t adcopplesnentals Gisewier Science

Xﬁ.lﬁ FQlr 21 88 ?%%Lng RESUS R, %lurﬁr& la@@ Bhﬁl\f\lfﬂ/éx%ﬁ@oﬁs angh),

atlon o ydes see

O‘Vé’éﬁbhﬂé@%ﬁnl%@f%an&%ﬁ“@ﬁ%é o Y&ﬂ@&?ﬁl ??@ﬁd agid Larock’s

PelaaiFeRihsive €5 8anid/Plandformfods G&H P\ibthﬁfﬁiliﬁB‘; 0989
Asao in "Selective Reactions Using Allylic Metal s”

Chem R 1 Th

STeThRe sftimeaRsiels ang i jpferEhies ST e radriGn SPHe Uotsted
( 3nd plisified rfdhmedfllsaxgrcentrenmdnlal tdelpeqakesoincluding but not limited to
a' tmx{ gegﬁlduitgag taﬂlg%t d cﬁr%?@tsgrgﬁ Lssteﬂ n&e&er@sg faym

d phetra@fsnmd L@fnamngnongmsrtmt wchding p Wtcapstﬁ@%ig@ﬁ gRectral
S@g,: 1. H Chan in "Silylallyl Anions in O ganic
Synthesis: A St udy in Regio- and Stereoselectivity",

Chem cal Revi 95, .95, pl279- coh
is often QPéW? % rm}arfa‘;p re&’aEeﬁ]}aq E‘zspaffg 1B SHRe ge Jhe
r la]h;@nietadl F@lgéﬁt&ho?rtfatred hadefipasralfylting deagant is to be taken ina

2 R 3 b BAB) 885530 BN B oo

SeltleoreghBt ISﬂoRpéi' sa'mgital-M R'RSi ~~ M$ OH R R'RSi
anti-isomer M$ OH RSIRR'RRS RR'RS RRR
syn-isomer |In such a transition state, the al dehyde
side chain preferably adopts a pseudo equatori al
position in order to mnimze 1,3-diaxial steric
interactions. The relative
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5 configuration of the (3-silylalcohol fragnment wll
therefore be determ ned by the configuration of GC

waelowblogoobond of the allylnetal reagent. Ther ef BECBHEP28€003504

of trans- or cis-y-silylated allylnetals reagents
should I ead predomnantly to tHd -anti - or
syn-(3-silylal cohol isoner respectively. This holds in
genergfﬁaF%ﬁ‘exanple, for the allyl-boron, -titanium
and -alum num reagents,. 10 Exception to this rule is
found for exanple whén a y-silylated

trial ykl al | yl st anffaiie ¥eagent is added to al dehydes
under Lewi s acidicqconditipns, in that case the
mechani smis differéﬁtzéhqtthe reaction provides

mai nly the syn 13£ syl al'tohol isonmer. In step b),

t he j3-si|y|aléb,o? of ﬂQ%?ula Xl is converted to
(E)-1SA247 of 15 poymula~. Step b) can be carried

out as illust™ated?ii i Scheme C.l Sche C ""TMS I, TMS
HO HO111 Petersonfﬁgé Depr.ot ect Npfrs(r) O™ 0 + PgO,s e

Pgo HLO H H M EeElimpati os§ H H LStep b-ii)
% N5 ep b-iYuK | AN~ E-FBaed7 Rbeas L We
20041 089960+ PCT/ ER2004/ 0035044 A3Y Pdhyaineiit he ddttied<

li nes! have t ptAg as definkdoabove. P In step'mﬁ
b-i), the 0-silyMal cohol=igf formula XI undergoes a
Peterson elipination (For asgeneral discussion about
Peterson elimnations, se&™/ D. J. Ager in "The

Pet erson Reaction", Synthesis 1984, p384-397 as well
as references cited™wsntheeein.) and the interna
doubl e bond is generated, i.e. the elimnation of
si(Paisal protacting theip! Sreslottyd Bhesahedn titet @ik YeragigdesSof the

compound has the same structure as that of the compound of formula I, R is
hydrogen, C;.g alkyl or Cs g cycloalkyl and, when R’ is hydrogen, a compound of
formula I1I includes a trimer thereof, and R*is C;.g alkyl or Cs.g cycloalkyl.)

In step a), protected cyclosporin A aldehyde of formula II is allylated by y-
silylated allylmetal reagent of formula III, IV, V, VI, VII, VIII etc. to form a mixture
of B-silylhomoallylic alcohol diastereomers of formula XI (For a general discussion
about allylmetals and allylation of aldehydes see : W. R. Roush in “Allyl
Organometallics”, Comprehensive Organic Synthesis, , Pergammon Press, Vol 2,
pp 1-53; Y. Yamamoto, N. Asao in “Selective Reactions Using Allylic Metals”,
Chemical Reviews 1993, 93, p 2207-2293). The control of the relative anti or syn
configuration of the B-silylalcohol fragment will depend on the allylmetal reagent
and conditions used to perform the aldehyde allylation step (For a general
discussion of y-silyl substituted allylmetal reagents see : T. H. Chan in “Silylallyl
Anions in Organic Synthesis: A Study in Regio- and Stereoselectivity”, Chemical
Reviews 1995, 95, p1279-1292). This alcohol is often believed to form via a chair-
like 6-membered ring transition state (also referred as Zimmerman-Traxler

transition state) as shown in Scheme B.



In view of achieving a high degree of double bond
isoneric purity, the success of the
w@bdoglosos®n- Pet er son el i m nati on sequence r el i BGT/BP20D41@03504
sel ective introduction of a relative anti or syn
configuration of the (3-silylalcdhol noiety. 10 | ndeed
the Peterson elimnation is known to be
st®hewsPecific. Anti isomers wll provide one
i sonmeri c doubl e bond when the syn isonmers will produce
the other double bond isoner under the sane
conditi@ns_ags.l | lustratefd_in Scheme D-mBEthene D:. on
., TM% @S?Ergébf/f\e’r"?m-snﬁji‘%h AABHOHO ", B~
Oacidic conditions PO {, NH HH N N rrG&
basic conditions O anti-isoners basic conditions
™™ ,,, TM5 HO HO acidic conditions P(fig "' 00, 36 4 |

..HN ,HN HNI~Xx,,1 (OJ %yn-isonersong
and th d@tteqf??ﬁ%s haye t 7&g§?rn as_defi ned
i ve the

above.) Anti iS8BIRErs shoul ¢|di ve trans doubfe Tbold
under acidic Peterson elinPh8€i on conditions MG§$§§§

syn isonmers would provide the cis double bond.

2004/ Q089960 PCT/ EP2004/ 003504 _-14 The reacti on

proce Héu% yiransiiiomstatesthe aldshwdeside dhory prgigrabinadarsisa pseudo

SielyhtogalgpeRiodri@ order to minimize 1,3-diaxial steric interactions. The relative
5 configuration of the B-silylalcohol fragment will therefore be determined by the
configuration of C-C double bond of the allylmetal reagent.

Therefore, use of trans- or cis-y-silylated allylmetals reagents should lead
predominantly to the anti- or syn-B-silylalcohol isomer respectively. This holds in
general, for example, for the allyl-boron, -titanium and -aluminum reagents.

10 Exception to this rule is found for example when a y-silylated
trialyklallylstannane reagent is added to aldehydes under Lewis acidic conditions,
in that case the mechanism is different and the reaction provides mainly the syn B-
silylalcohol isomer.

In step b), the B-silylalcohol of formula XI is converted to (E)-ISA247 of
15 formula L.

Step b) can be carried out as illustrated in Scheme C.

Scheme C:

Peterson Deprotection
——— ——— e i
Elimination (Step b-ii)
(Step b-i)

E-ISA247
X )
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15

in an anti conformation prior to elimnation. The
situation is opposite when the Peterson elimnation is

w@eoiossyed under basic conditions, in that caBEI/EP®04/003504

reacti on proceeds via a nechani smwhere the 5

deprot onated hydroxyl and the sil13 group are in a syn
conformation prior to elimmnation. Therefore, in

pri nci fgmndghe doted linesdaehtheinidaaimgtno dofireddndel) somer

by controlling the formation of either the syn or

ant! IRIApIHS, GRB-LEMIAN.POF BEmbAXT inddtdoU 2bGARGH

noi ,et_y or usi ng .t er acl SIC T erson
el SRR oY OE 8 gERERlHEcussien hput Reteproaskiminatinnsnter oR; J. Ager
t riarfThy Petetsph Reedioal’| Hhmiah 84, 8aYLBY Bl Q] 4S8RrdnQEs cited

al Lyl aty on, of . prot ect closporin.A al.dehyde of :

F ot 4 s it o s BB P E@ﬁi}mlw%ﬂ%fﬁéﬁnol
di fash ¢hefpiylslcaiol hosiatyloaciék.. Theref ore, a Pet erson
elimnation is performed under acidic condition to
form ! ' [ . .

o 0. dn ANt LabinG 2 0B e R icierl Winy, the

f opasees efcheallyéationr Fsfespe chmingiopsedvanesislitomm teacledtive

t GhralhdRnQIQR LG ACIH or HRIEAN RN 31 B-silylalcohol moiety.
trifluoroacetic acid and various Lewi s acids.

Preferred ids are ..sulfuric acid, formc acid,, . .

et har UG Bh P SeR0r dliiRr RIS BDw tleiar ayiig e
aofitl préadadmee isemeriadoutBéBorid Rhkn tHeispn Boeferowill preduce the other

COE gty 05 LEVETRESERN S AR nf 5P

nore preferably 20 Cto 40 C for formc acid.
Prefeﬁﬁ@§n¢@hperature range is 0 Cto 40 C, nore
preferably 20 Cto 30 C for sulfuric and

nmet hanesul fonic acid. Preferred tenperature range is
-80 C to 50 C, preferably -80 Cto 25 C, especially
-80 Ctp 0 C for BF3, Et20 E—acg&x&h%@ﬁgﬁz can be
purifie \mWscrystalllzq%gon in MIBE (Tor exanple yi
25 sol vent
or inP wat er m xd
pr ot eqt 1 roup i8%g
gr oupllo ¥ carkgn {8 @
reagents tlo“be enﬁ%ﬁpe depeng,. on the protectif
group useéi whi ch are Khown cdnatiotshose skilled in theo
art. Acyl gfUi™R C(O-; whereM_ R is & linear
saturated nonoval ent hydrocarbon radi 30 of one
Si x carjpon atons or nonoval en

es. In step b-ii), the
ed, ret ukimdagidkhe funceiqgn
n al cohol~ Iﬁémﬁﬁﬁditkgnssan@,

A

brancbﬁﬁﬁ&at

hydr ocarpa¥s radi cal “Qfk™™shr ee t at ons)
such as jgcetyl, propignyl, butyryl, isobutyryl,
O W . - PO,
val erylJ' cgn prefergé@y e used as aicpsnatosCt i Nng @r
When b tecting dn is ) \ 4
‘N NI?< \ N\ N/,( | O/
(I I &

syn-isomers

(Pg and the dotted lines have the meaning as defined above.)

Anti isomers should give the trans double bond under acidic Peterson

elimination conditions whereas syn isomers would provide the cis double bond.
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WO 2004/ 089960 PCT/ EP2004/ 003504 -15 an acetyl group,
it can be renoved, for exanple, by the treatnent with

wWK20988990 net hanol and water. Under these conPiT/EP2984/003504

the isonmeric purity of the diene fragnment is

preserved. Therefore the doubl elbend isoneric purity

of E-1SA247 reflects the double bond isoneric purity
oThEractoy prdc8AR 4. a Badesisot Wheretthalydropdtad shasityl groups are
CAl BPRAL &k BRYRE: WSBthihgiderove the protecting

group 1 ncl i um hydr oxi de, sodi um carbonate,

sodi um al koxi de and pot assi um al koxi de. Synthesis of

(E) - | Shosituagipnds pRRastE When thedistrrsonnglinginatipis psyformed under

Ybsdid ésdr@lﬁt@cﬁm@ﬂﬂ tihth@tOfe F@2EER br&%lecis(iﬁdw hécmdrhsn@ K/v'hl%l\é the
ner a exce

10..1.n
+ BBl 1T ipd o Son Brdh e aaBid it B to
t Hémadatiphat i on of acetyl -cycl osporin A al dehyde (I1")
within an acceptable tinmefranme. Hi gher conversion and

[ at eSTRERAC hi ﬁylﬁagﬁyofﬂé;&@d ggadggiwle\f%hﬁﬁ 188 Mot tY
a tartrate ester and |1 C or onet hane as
( @af)tr@bn&thqtformwoaaf@rthgﬁb@ syroon dvéi rglapiae a¢niigvediion afithe B-

OfilyPRE MR FroRdy HSby ﬁ EBRYSBH 0P badiOPUtBn kliln® £RR conditions.
potentlally eX|st he 15 formof cyclic triner

(bor oxi ne) mers (For X | e.of such
behay b greses’ 186513}%“ “rsihdeled alTnelaly wagents e vsed for
Kaityildteomenf pibtedtiad syuasporia mdal&lehy&a ofiforirmld 1 to fdoasa giixtafe of

Beru?g | tﬁgflaﬁéggf ﬁﬁ&% %51%9 nan r%(l)usl&e' ?‘gcihé%fogl (a%ét%&fodl elimination

Re#et ptmsd undkus@r: coaiﬂlttqapeto,tfmen adeams Gheble band.Soci et y
1998, 120, p6920-6930.). When triisopropyl borate is

used Tﬁhcil REdPIRRRE Abd- PorﬁBteaQeiclﬁ%n%Qe{ htlﬁﬂe QlifdrRecid,

; Ug,gqéfg ggatﬁbge{rff a&ﬁm wgbl 5o re%ﬁ*ﬁifeéra gp ioporcadd, 2

&ohicHe GHdGirH}uBrc(a&tha)o?d anct V0218us LewRnoplaNPlef@esicicalsede

(5
i il s RO P i RE Y i w7 R BoR Sepblwityic

addigyl fatmisracideagdits. Etah.t hout purification. 25

Alternatively, a solution of reagent of fornula Illa
can bengeReial 6 ccm’duc{&ﬁdﬁ Q lré’a%hén @émg Qﬁllrgﬁoﬂf 7008 kg oC,
V_in organfc solvent ter mxture suc

as a
dPefreddsmpaahiase mg@rls 0 t 61ta &R eCyimprs preferapfy 20 °C to 40 °C for
afeRindd &ﬁ&\ﬁpﬁferrealf%ﬁ@fﬁﬁfre rarfpR i e & 40 W hSre Prefédbg:20 °C to

ps e a di ané/ water_ m xture, preferap
%0 I(ﬁé)rﬁl‘%%‘é IBFt%éHESH ped tP referrpy femperaties gnge 1s - 4oec
Cth)I 30reqy prdferablyi-gh) *GQumats I, a.qjedi,auy -80 °C to 0 °C for BF3.Et;0.

E-acetyl-ISA247 can be purified by crystallization in MTBE (for example via

solvent exchange from dichloromethane to MTBE) or in MeOH/water mixtures.

In step b-ii), the protecting group is removed, returning the functional group
on that carbon to an alcohol. The conditions and réagents to be employed depend
on the protecting group used, which are known to those skilled in the art. Acyl
group (R’C(O)-; wherein R’ is a linear saturated monovalent hydrocarbon radical
of one to six carbon atoms or a branched saturated monovalent hydrocarbon
radical of three to six carbon atoms), such as acetyl, propionyl, butyryl, isobutyryl,
valeryl can preferably be used as a protecting group. When the protecting group is
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30 preferably acetic acid. Allylation of
acetyl -cycl osporin A al dehyde with a dichl oronet hane

w@o0ounswee0 of reagent of forrmula I[1la prepared BSI/EPED4/003504

descri bed can reach high conversions using as |ow as

2 equival ents of the reagent. I-nst-his case, isopropyl
derivatives are of course absent. Wthout tartrate
aciagellyl gouOt 200K 1@8296d) (RCRARRR) B {003&Mhent With K,CO3 in

T%&ﬁm%ﬁa »{gﬁ u%ﬁﬁ‘aeﬁﬁle&% }agﬁfonfsomh Esﬁgg%c ﬁ%%g,g Jé Al8dienc

however,

t Heaggepb ischrpssaved. Fherefre fheadduble bonddsameniepuray @b 8-15A247

leeﬁ’JctSn;ﬁBd@ﬁ@l’é@bﬂ@lsbﬁﬁn@%hﬁ%ﬁi a&(’?ﬂflgﬁé‘@} YBases other than
dlchloromatgane Wien tartrate additive is omtted

2l OSSP Panal; REmAKPg Uisel 1P Gt 1R peotecting group include

disotiiuat bydrvhideesodiind garBosaacediunableekideobid borsdimtalkexide.
crude boronic acid(> 10% preferably ca 50%

t R f f la 111
concent batlion IR L el figage gl Tormia L1

and/or, when Rl is hydrogen, a trlmer thereof are
those m&@@nrbVW‘ISﬂlVlﬂte '.‘,AIPD, i d " o

_%ngpyl butyl or benzyl; nDrerpreferany Rl is 10
rogen, nethyl, ethyl, propyl I sopropyl or butyl

Lﬂi D L AL oge Mot S B e
pehd aﬂyﬂmd)nl of a%tgl&?tbsp@ﬁwﬂmtdehw&dﬁ(lﬁ)swﬁhhydn acejtalble timeframe.

glrfl—gge: g ugerlglrc])n ar ﬁ(l;)?.tg e M l%leved%glulﬁ oa],c{w%mg agentsuchasa

ditaitiaty esteztahdfve dlCﬂnimeme]Ehaef: es (’fbDyollvmtt &h aeqvedarce to the general

d r
Fl‘:t))rgﬂée\gglﬁ(%ﬁ}é)tﬂ@ﬁ@ ac1§§ ﬁf? fe én\( 0 R){g'g %ZC?‘:? B%@ﬁﬂy exte? in the

r deige Af cstic fime b arqm@@aﬁ lga@neréaﬂ?w aagexgpleef such behavior of
| lalbesbiahed, dea: IOqERE 5. Behielre, M. MitsulotBdhd HI MaiEhoto in

o et et oo ot 5 o

| Enantioselective Diels-Alder Reactions”, Journal of the American Chemical Society
1998, 120, p6920-6930.). When triisopropylborate is used for the preparation of
the solution of the crude reagent of formula IlIa, reagent of formula IIla can also
contain diisopropyl boronate ester (TMS-CH=CH-CH,-B (OiPr)y), from
isopropanol generated from B(OiPr)s) and mixed derivatives such as TMS-
CH=CH-CH,-B(OH)(OiPr). This solution can be used as an allylation reagent
without purification.

Alternatively, a solution of reagent of formula IIla can be generated by
hydrolysis of complex of formula V in organic solvent/water mixture such as a
dichloromethane/water, toluene/water, ethyl acetate/water, THF/water,
chloroform/water mixture, preferably a dichloromethane/water mixture, preferably
in the presence of an acid such as sulfuric acid, chlorhydric acid, acetic acid,
preferably acetic acid. Allylation of acetyl-cyclosporin A aldehyde with a
dichloromethane solution of reagent of formula Illa prepared as just described can
reach high conversions using as low as 2 equivalents of the reagent. In this case,

isopropyl derivatives are of course absent.

Without tartrate activation




in solution DCMRT "JMS | TM5 AcO H2SO4 HO 1 HO 01

KzCOs O' H THF/ RT AcO,+ AcOO HH; ., N*-- . 0ll H
WOoR2@4/089960 NS, McOH water AN, i '~ Work-up st PPCI/EPIN04/@3504

000 XIlI" XI' 20 (RL and the dotted |ines have the

meani ng as defined above.) WO 2094/ 089960

PCT/ EP2004/ 003504 -17 The allylation of

acet yTelayhcosin usaé afsotedefor dieesé tdachiond) however, marked solvent

of i tanr B e B g5 ol P he A Eargnb SRt
npelamorRToemihapinglsdlyemsts,mirsferably dihlaritmethane.
(3-trimethylsilylal cohol diastereoners (XI'). The

Pet er Wn%ﬂtﬁk@@&dz&% i l@ﬁm}?&l Ql%‘litﬁfﬂ‘i? gré’féﬁaﬁl& g@%ﬁﬂé’@nﬁ

the .crude a afion
5 Eﬂw@ﬁn%ﬁ\‘f%r%ncaevate 3 solpteR Ahtheer  barpaic acid(>10%,
Pfeie&rrslﬂ N cebiwicoatdnentieay take place di rectly on the
lylation reaction mxture by addition of THE and

i ol et el ORI 1o SIGRG Ve B G

( Eacl@ﬂ@i gahd/blsmﬂ (RXlig hyydrpgenva teser ilprebSA@4TOsEMhereid ® ' is

V‘é%ﬂt on o a s qr%%)léloﬂoltﬁ%}ﬁlhgﬂ\fghbpbe%%? Hﬁ)ré: reh{??oly R'is

10 Lbydragen, megitrffhtlarmopsh soprepyls @er pre faalﬂr V(#r@gen,
aﬁl@ﬂ{yl B, i prab e or b1, RepRnille p@e@éxdbly%fydfdg@ﬁum lhﬁ&alsby
gener at |dn8 in-sit the or rt ondi ng,ll_ﬁ:o nat e e%
© Bt ipred T8 OB S R0V DR S0V ACE 1AL ' {4 Ueien FHPTOTgIR o
hdlghlo&brhy%atle, (plﬁef:élabb/tm‘ét}tyyaceﬂéhe tdslaanrt]d dn&thlGrdﬂil&harae, more
tlLa e te
PERESRNIT DR e or i BlorPRic Mot Y210 f ARRBRASEALEE, |

Scherre F: O R
15 For example, the synthesis of (E)-ISA247 by the reagent of formula III can be

carried out as llustrated in Scheme E.

Scheme E:
1. BuLWTHF/RT
2. B(OiPr), / -78°C OH
A TMS > TMS B~
Z 3. HCl, / DCM extract. ~FN-on
4. Concentration HE

in solution

20 (R" and the dotted lines have the meaning as defined above.)
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HO OR drying agent 0 TMS~/B(OHa + HOOR OOCR O (R
is C1L_$ alkyl, preferably C1_6 al kyl, nore preferably

woreaohpsooeet hyl or 20 i sopropyl, especially nep¢EyEPI004/003504

Allylation with reagent of formula IV is perfornmed in
organi c solvent such as ethyl -ddetate, THF, tol uene,
chl or of orm or di chl oronet hane, pref erabl,g in ethyl

acet atlde allgptiemel asetyliciropronetrdrbydatl e ipdishiorampiiane
:j QlePiOJ&ﬂﬁ\{ ‘I%T acl B(Wéi |lser@ieR R BGllQmi@fcﬁ)&f-‘é'aé\lﬁésleE@S% fconversion
i chl.oronet hape. . For exa , _Lhe synthe
(351911 R3in B&Efﬁl&gfr BTG O A Batr«r%ftflgﬂfi%im%&i med
a?é%%skdrgkggéﬁggg).i meSEdtgﬁ@lS&imﬂ’ﬁiaﬁ) Odid B@ﬁ&ﬁ&me/d afte;* aqueous
PCT/ EP2004/,003504 - Sche Q el i [ THELRT. .
oo Ry tRa R e Bt i PR Sigege.
OveterivBively, the Pe@eonvmination-@n t3ke pidieatirectly pih @\ allylation
e ™ ol UL @NA .
TAESF o g T T g
- [crysfalligafion yiejqsihe (Fraqel-E5A2474 (KIOC H; ~ N m N Wor k- up
“Gyst. N,~O Al (r) ooll' X"
Hydrolysis of the (E)-acetyl-ISA247(XII’) provides (E)-ISA247 (I).

With tartrate activation

As shown in Scheme F, the addition of a tartrate ester, such as, for example,
L-(+)-dimethyltartrate in the presence of a drying agent, activates the boronic acid
of formula ITIa by generating in-situ the corresponding boronate ester, a reagent
class known in the literature to exhibit very high allylation reactivity. The reaction

then proceeds partially or mainly through the generated boronate ester increasing

the rate of the allylation.
Scheme F:
-0
OR
HO drvi
rying agent
TMS _~_-B(OH), + 82 AR e ;p 0
HO N\F NP0 YR
0

~ (Ris Cy.g alkyl, preferably Cy.¢ alkyl, more preferably methyl, ethyl or
isopropyl, especially methyl.)

Allylation with reagent of formula IV is performed in organic solvent such as
ethyl acetate, THF, toluene, chloroform or dichloromethane, preferably in ethyl
acetate, toluene or dichloromethane, more preferably in toluene or

dichloromethane, especially in dichloromethane.

For example, the synthesis of (E)-ISA247 by the reagent of formula IV is
performed as illustrated in Scheme G.



K2C03 MeOH water HOO,,. Il ~~H N O (The dotted

I i nes have the neaning as defined above.) 5 The
w@emenstoson of the reagent of fornmula IVa' by PEREPIPOEH003504

solution of boronic acid of fornmula Illa wth

L-(+)-dinmethyltartrate, in the wesence of a drying

agent such as nol ecul ar sieves or nagnesi um sul f at e,

pr ef escabing gragnesi um sul fate, is evidenced by 11B and

1H NWR anal yses. Allylation of acetyl-cyclosporin A

al dehyde (II') with a boronic acid reagent 10 in-situ ©

activated by} %‘,ﬂ ’R’?@J& of L-(+)- deeth}/Itart ate at a

tenpepatuis ot 0 C tao RH'MS\QFQ/ Y s %/e a 9 g

m xt ure of antmlaqqasl\m«}ayl al cot] astem@@:mars ?

Agqueous wor k-up followed by, E@n Peterson elim nat| on Iva

in THE with sulfuric acid provides, after work-up and

OMe

Me

crystalli lat i on, (E)-acetyl -l SA247 (XI |'). Hydrolysis
of the acdtyl protecting grogp'yi el ds | SA247 (1)
15 Care shotd d be ts%ken t hat Xeaction i«yol ving the aco,

use of ck4q roﬁFgRTam d Acgol tion th or \M..U:LO.LLO !
tartrat e adif Wat i er—shoul do bé ey for f‘illl"m
aC| di ¢ pHN(b tihee}“g“ Yand JIJJ\ Ner ,
Indeec& when t he pH is WD 2804/ 0899604 "
PCT/ EP20041003504 -19 over 7, supstantial amount of a
si de-product igdentified as the vi ﬁ'yIS| | ane of formula
XV are for{redecondatest reaction (perfornmed w thout
tartrate activation) where Et3N am ne was added to
reach a pHl of 9-10 led to the al nost exclusive
formati on B¥f the vinylsilane product XV (as evi denced

by M5, 1H , COSY, TOCSY and HSQC 5 NMR

experi rrenb,s) Such an effect was totally unexpected.
TMS TMS § Hs yHO Aco(r)ee + AcQoo ~,. "IOHHO.H
HN N N

(The dotted lines have the meaning as defined above.)

The generation of the reagent of formula IVa’ by mixing a solution of
boronic acid of formula II1a with L-(+)-dimethyltartrate, in the presence of a
drying agent such as molecular sieves or magnesium sulfate, preferably magnesium
sulfate , is evidenced by ''B and 'H NMR analyses.

Allylation of acetyl-cyclosporin A aldehyde (II") with a boronic acid reagent
in-situ activated by addition of L-(+)-dimethyltartrate at a temperature of 0 °C to
RT, preferably at 0 °C, give a mixture of anti B-silylalcohol diastereomers (XI°).
Aqueous work-up followed by the Peterson elimination in THF with sulfuric acid
provides, after work-up and crystallization, (E)-acetyl-ISA247 (XII’). Hydrolysis of
the acetyl protecting group yields (E)-ISA247 (I).

Care should be taken that reaction involving the use of crude boronic acid
solution with or without tartrate activation should be performed at neutral or
acidic pH (between 3 and 7, preferably between 5 and 6). Indeed when the pH is
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"NNO1lO XV (The dotted |lines have the neaning as
defi ned above.) Allylation by y-silylated allyl boron

wo eagostocdf formula V (step a-iii)) Wthout acPCwEP10041003504

t he di et hanol am ne conplex of fornmula V does not react

10 at RT with acetyl -cycl osporim -A al dehyde in non

protic solvents |ike dichloronethane or THF. However,
tdier ¢oupitesxtiffandodntbf Bsidé- pﬁﬁﬁﬁﬁﬁﬁﬁui&:&dsabé @nylsianecs fainula

GEY e BPBRR & et CeliofRe Ay ot GER taliBy Pyhere B

dingink ome azﬂzdlddatneea:sh atpdl aEhe) ledrteftes ablogt exclnygive é@maéltoé of the
dj; & Il;lﬁlhg :%g%cﬁﬁﬂ eVC)('és Ex@éiéﬁ%@c?by %\/955 IWMRPCQ%W’?@@Y and HSQC

dirchloro m Xture prefe In the presence of
MR speriments)s dpqhuan atfegicyas tO@Hy épmﬁﬁeé acid or
acetic acid, preferably acetic acid, the

di et hanol ani ne conPex v is hydi®dhyzed and |iberates
the reactive boronic acid as sho for exanple in

cyclosporln A aldgiégﬁ

Schene H / B NH

AcOH Ilia in solutil
PCT/ EP2004/ 003504 - Iylatlohlof

acetyl -cycl osporin A al dehyde (I11") under such

conditions provides a m xtwve of anti

(3-trimethyl silylal cohol diasteroners (XI'). After the

wat er r nged to THF,
and SO Tan et R e R el B P et son

el i m nation. Aqueous wor k- up and crystallization,,

pr ovi Aldats 12 yiated allythora agent f_fO auHa NASstep

hydrol ysi s ylelds (E)-1SA247 (1). Aternatively,

| SO' anﬁhBu@ﬁctivBﬁo&rtﬂéj@Le‘aiahblafrﬁné camEehyf oihyladl dodsalot react

SR SEr T Rarr i QAGETs Raaess SR

dlchloromethane or THE. However, the complex of formula V represent a stable

source of the corresponding boronic acid.

When treated in a water/organic solvent, (such as ethyl acetate, THF,
dichloromethane or toluene, preferably ethyl acetate, dichloromethane or toluene,
more preferably dichloromethane) mixture preferably in the presence of acid such
as sulfuric acid, chlorhydric acid or acetic acid, preferably acetic acid, the
diethanolamine complex V is hydrolyzed and liberates the reactive boronic acid as
shown, for example, in Scheme H, which can then reacts with the acetyl-
cyclosporin A aldehyde (II'), preferably at RT.

Scheme H:
o/ﬁ
DCM/water
TMS\/\/B —_— e TMEANB(OH);
o\) AcOH Na
in solution

\
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(concentrated sulfuric acid in THF) furnishes
E-acetyl -1 SA247. For exanple, the synthesis of

W@ E)o4ho®Bant 7 by the conplex of formula V can 1BCDEP2004/003504

performed as illustrated in Schene |I. Schene I: "' TMs
TMS AcODCM/ H OO0 3 equiv..¢OH + TMS B~ HI1 4':
in solution H2SO4 / THF OC ->RT work-up Cryst. HO

K2CGQ, AE?%IOeﬂ & acktyl- M’Jﬁ)wﬂh @raldelHdE(1§) I}]ﬁe{gérasggﬁ TH&ditions
| S |
STt AP ERroat o Atare o B R e n R me G AL ARy the

caatenpsase isakigcapdeic solvenn d;&ixchngedimJEHiESarﬁiBth acid is added to
dfa{r?o%}r{ %eWe{eEso%oMﬁ rI Ac@feg}fi 01¥< qug y‘staﬁ]lzgt1+n provides

efH) easetylr ESA43| (K& Smbxqqumet }delwlbﬁeldaé@HSAZQE (.
aﬂﬁ’él@iﬁtﬁé?}; ofatfinl (ﬁ 4 cﬁd@%@Bﬂﬁ&ﬂe@ﬁ&lﬁl&la@&)ﬁH Gia@&lothers after

and/or formc a co-so| vent
AP B PR ﬁ%ﬁ%ﬁ bmﬁeterme HPinpiige ppder sianslasd conglitions

peohamiRted sulfaciebiid iRTHF) lﬁ@ﬁu\iﬁe@EﬂIetﬁllnEAQ57 C. This
provi des a m xture of anti - sil yI al cohol

di ast The ates coul

cour s LSRRI S s %ﬁ%@é@%@gﬁéﬁe Bty Gedada v e
-12elpdxﬁqrnted@8ﬁhtstra®dmn§¢hemedat| on can be conducted in
one pot by addition to the reaction mxture of an

aci d ggyeheas formc acid, sulfuric acid or

met hanesul fonic acid, preferably formc acid. Aqueous
wor k-up and crystallization yields (

AcO, 0 DCM/H,0
o ™ 3 equiv. AcOH
\/‘JLN \ H\ TIMS AN toao
5 ’ RT o.n.
| 0o O\) water phase discarded
1§ v
_ X —
in solution
H,S0, ITHF
0°C ->RT
work-up
Cryst.

AcO,,
o

———
. \\ &
7 MeOH/water /‘JLN

o e

(The dotted lines have the meaning as defined above.)

Allylmetalation of acetyl-cyclosporin A aldehyde (II’) can also take place
under non-aqueous conditions directly with complex of formula V. Indeed, protic
solvents such as carboxylic acids are particularly effective. Solvent mixture could be
acetic acid and/or formic acid or a combination of acetic acid and/or formic acid
and a co-solvent such as dichloromethane and THF. The allylation is best
performed in acetic acid between RT and 35 °C. This provides a mixture of anti 3~

silylalcohol diastereomers (XI’). These intermediates could of course be isolated -
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acetyl -1SA247 (XI'1'). Subsequent hydrol ysis furnishes
(E)-1SA247 (1). 5 When formc acid is present in

we ofoftiogd9ent anounts in the solvent m xture uskCI/EP2004/003504

the allylation, the Peterson elimnation can take
pl ace in one-pot leading direcily to
(E)-acetyl -1SA247. Another alternative consists in
ﬂﬁi’tfth)&‘ Pétagoh kiémarchtion icambetorzhwpden oot pot oy addiontathe
ri

%é[%/%nsrﬁ&%rg%@% aadﬁ%&l zgqg%%l% égléios&l R atcﬁeor%@cﬁ%ﬁlf&{lc
raetah preferabiytforsieacid: 2qQueens werkpar dnsk %ﬂalhﬁatwnsml%ﬁﬂ
; aﬁtg -8 iz Ry, %\%&é@ﬁ@& é\_&?ﬁﬂ{/‘@ Rlnidhds§TREs A141(®).

|ng from-40 C Un er these conditions, the

al lyla can dlrectl pe fol.l d by th t
o1 § 1 VER BTy P HEPeFhiD STy 2Bt A SATARTe

(aébcﬂ fdr thAhllmita;tn cite Iyt s diphiabtioh ednl yakbploninr@sgsiticading

a‘?f%ﬁ{[?? %ﬁ) %Fé’gg§‘g2t 4 V)) ;ﬁdR:gg: Iylngc;rrjleospori n A

al dehyde (Il"') in a blphaSIC wat er / or gani ¢ _sol vent,
pr ef ekmisher alistwativdicomrissy iormstfeamingrthg pddigiog of complex of

V‘Bh’ﬁﬁg t\ﬂd@d@ﬁd E};&i&%‘bﬁn ATRHENyE %ﬁ%ﬁ kQlllé’plresence of a Lewis acid

wat er [ oro m xture at

riugh af B a@Etz@n #pr eample flg 1eg¢tan W%B&ﬁ%& P§§1P8’Pf%ﬂ‘°éjr wa
(s8lveht suthtag dichigomeaiage opMBIFat b Serflp &Goairel&th uigffeom —40 °C to

m n t f d T
B30 PR s o R St R0y B pf Foeon
paliawiinatiiowg yid)ing clet exbedt SN 7acetll-134247 (REf er son
elimnation can also be perfornmed under standard

condi L 0% d - 'tg Ui dioh Pealiorabislla e okt

the a [ coho i as ereoners

gi ve E—acet I-ISA247 The aII an al so

o ook ating e AlelRiGuatebera i AL bR eEIoPRan @Behvde () in

al Bi;()htﬁi‘qé wgte%éga&lheso%hg W&aEly'WHtéf&htlﬂBr&ﬁﬂhir&k@u@h@Qﬁ
i n-Si or, exa

ti BFS
gy ‘ﬁ@}edﬂl’%‘ffe;;lﬁf”ﬁﬂ pee oy e e Geths alﬁ%\vr‘a agxr
cprooldss i txtafe afatiyf-tyeltyilohl dads&ebmders (XT). Afténthe

hi t
PR s B R e o
Soldmatfusicfioid at h éempfa@w@@f QarGetcnR amvedlgg KBergetd H<(XIT).
glb&ﬁxlsgﬂ Ql'ﬁ?ﬁ %Bﬁ'cai;illgo BE el%&rﬂéal HRIRE staﬁﬁﬁﬁ%ﬁﬁ@ﬁﬂbns (sulfuric

| or onet hane |on y-Si or on
entHs) aﬁt‘%irlfﬁhtbf’n\ﬁflth‘f ieh- tﬂnv}l} Vs biona) %sﬁéféemers to give
P@$k§§pﬁ@@ﬁ@03504 -22 Allylation of al dehydes with
this reagent is known fromthe literature to

The allylation can also be promoted by a Lewis acid. In that case, the
allylation and the Peterson elimination can take place in-situ. For example,
addition of excess BF3.Et,0 to a suspension of allyltrifluoroborate VI (2 equiv.) in a
solution of acetyl-cyclosporin A aldehyde (XII’) in dichloromethane at —70 °C
provides after 60 min. reaction and aqueous work-up, (E)-acetyl-ISA247 (I).
Solvents for the reaction are organic solvent such as dichloromethane, THF or

toluene, preferably dichloromethane.

Allylation by v-silvlated allylboron reagent of formula VII (step a-v))
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proceed slowy (1 to several days at RT). Accordingly,
allylation of acetyl- cyclosporin A al dehyde (I11")

wawndaohogyeess of reagent of formula VII (5-10 PCT/EP2004/003504

equi val ents) in solvents such as THF, dichl oronet hane,
t ol uene, DVMF and DMSO 5 proceegls slowy at RT.
Heating, use of large excess of reagent or high

conc M&l’éﬁbh @‘ﬂal@ d@s Wit ﬁlﬁ@ﬁﬁgeﬂt hekn@befrofm the dterhture to

| d
Srersaovbdt aSe TG o1l Brsiirelnaiilon ekt
Gﬁﬂmmmhlﬁcdddmﬂs (B)otitlasccess ofiteegasiod fcmmld@&(ﬂ ((5 Hki d
gﬂw@?lgr?rﬂﬁ% E rtm ag %HFyd Cfﬂgr(ﬁﬁgﬁgﬁ@ t&lﬂ@né' #NEE @hd DMSO

OF 1 NS ance, when performed in acetic
@m@eds sawlyeeRion of acetyl cyclosporin A al dehyde
(I'l") can reach conversion of over 95% wthin 5 hours

at REMihg) vde Sﬁﬂbli’géfizlx%E, Sf 1o4 eh@a;glﬁgh cohceh@mativh @oMt increase

providing t - sily Fur t

Bl r’f‘CEE’P FkareTnad bY‘gﬁ'FglltVE‘Eg?hlégvﬁeFIé pygfer lternative
Qlals foual byanpropE) chatetoflselhGA247 (XI1') is obtained
after extractive work-up 15 ascertaining the relative

ant i (is r’&gg %S&Sﬁcﬁﬁefgrmﬁbgcld Ff felBdLiatRre found to dramatically

(3-si erson elimnation can also b
pehdrze mlmra@m@feqﬂybtxand Heingtones vhemBefemmedinaceticrid i n

tigd bES Asb8An of alddigd@ each conversion of over 95%
}gﬁt rl?ﬁnet hc)?tyzle}ILyISgI cghoai %ﬁa??}e?émr ach conversio °

(i Doy At SAAHH 2GRS o g Aa Sy Boviding the b-
ﬂﬁb)lwladls o RFwReRE hddideh df ﬁﬁtdl(fd@[d’l})tbtﬁﬁbﬂth@%mhsomo

ehavnize (Cpbedrspa b R afi PR R

Becteetraﬁﬁmg ﬂielrﬂ]ianaet arﬁnstetancheakﬁrmfetbe mtﬂnm@atp 61»811)7]%};05013
/e sc{nrﬁél 2 Flﬁt% fﬁxcﬁgd )gegfog ag Qnﬁfl‘r S fda88 kc%cﬁﬁ@n%ﬁ-lfunc

Ion o cycl ospori
mﬁ“éﬂf)mﬂeowoh@op@tf dresiahi %mrﬁ?ﬁhm Iyl C?g%@hﬂ%fv%qm%% give

C‘(ggl\gggtﬁq@,mwthl n 60 mn. at RT wth 1.5 equival ent
reagent. Aqueous extractive vvork up and 25

cryst alliz on f i.shes ace X

M Xt OB a%i ax p]@yeég\?l}ﬂ ace ﬁﬂfa’eog 8 egﬁ aa agllall(f Jr%llc)aad (such

G9Ts 1 utas eaﬂscainseffdaavm&nt IDi thin cas et dilyhegtalation and the
uene qacetate or s cetraty .

F;o t Vélll'lg g|e§r§ 1na 101 cgigléc#et éggqu%b g)e%ulge oglsblnatlon Of

cretiod cidmid fo@am m écau Inl vehdeiallylagor ahagstylspdespesg A

VWRR, dyﬂdlgleqoﬁcﬂvlﬁg ¥R RonRUkiddHoR S0 Sheb 90%%&&&&6h &dthin
b Xcrea5| the Feactign 30 tenperature. . %u‘xﬁlsj

rpme bl B el . p et isdlentind repeetip ARPEAU S ERSHY i
r@&'ﬁﬁpﬁltlonffﬁfﬂlé}ﬁ?‘ €1S)- 4 dalyl 1S (X(1). -

Mixture of acetic acid, formic acid and a suitable co-solvent can also be used.
Dichloromethane, toluene, ethyl acetate or isopropyl acetate, preferably isopropyl
acetate could be used as co-solvent. Decrease in reactivity can be observed when
using a co-solvent but this could be compensated by increasing the reaction

temperature.

Hydrolysis of the acetate protecting group with K,CO3 in aqueous methanol
furnishes (E)-ISA247 (1). “



WO 2004/ 089960 PCT/ EP2004/ 003504 -23 For exanple, the
synthesis of (E) -1SA247 by the reagent of fornula VI
w@ a0v4bog996per formed as illustrated in Schenme J.PONIEP2004/003504
2004/ 089960 PCT/ EP2004/ 003504 -24- Scheme J: , % TMS
TM5 AcO HO HO O AcOH /HCO H_-%3Ali N + TM5/~ B_ Aco +
AcCEa NO OO RT: Il ,,HHall ; HHNNNN- |
I+ Vi e, tRe synitites3Qf BB A2 4ASPhHelgent offolinila VI ddn be
Neow“&ég‘ear.“*%l Ncl\}é(%g 0 X1’ Th%ig% of the
ipsefpeaekrf Hesraied ip WPewAE reagent of formula VI, when
used 5 in carboxylic acid solution |ike acetic acid
and formc acid, could cone fromthe high polarity and
the | ow conpl exing ability of these solvents. Another
effect could be found in the ability of these sol vent
to provide acidic catalysis of the allylation by
activation of the carbonyl group of the al dehyde
t hrough protonation. The addition of reagent of
formula VIl to acetyl cyclosporin A aldehyde (I1') 10
can be pronoted by a Lewis acid such as BF3.Et20 at a
tenperature of -70 Cto 0 Cin toluene, THE or
di chl oronet hane, preferably tol uene or
di chl oronet hane, preferably dichlorornethane. Under
the allylation reaction, the Peterson
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elimnation also occurs and (E)-acetyl-1SA247 (XI'1")
can be obtained after extractive aqueous work-up . 15

w®ohgewse of (E)-1SA247 by allyltitani um r eagkCit/BP2004/003504

Reaction of acetyl-cycl sporine A al dehyde with a
y-trimethylsilylallyltitanium rgagent prepared from
trimethylsilylallyllithiumand titani um

di chl o¥abdmiedopr opoxi de, titani umtetrai sopropoxide or
titanium chlorotriisopropoxide, preferably titanium
tetrai gopropoxi de or titanium 20 chl orot iisopropox”de
perforngd in THF, at a tenperature of -8QGme® 0 C
-80 Cto -30 nore preferabl

worK-Up,g & mixture of diastreonBric apli £3:N¢ 3
silylalcohols XI'. Peterson elininationijundef the*
standaf'd conditions {'H2S04 in THF) furnishes X'

E-acetyl -1SA247 (XI1'). Synthesis of (E)-ISA24I by

N
I

al Iyl al um num reagents 5 Reaction of

acetyl -cycl spori ne A al dehyde with a y-
trinmethylsilylallylalum numré¢agent prepared f
trimethylsilylallyllithium andayethyl al um num
di chl oride or diethylal um num &l ori de, preferal Iy
di et hyl al um num chl ori de, pegéor [
tenperature of -80 Cto 0 CQ ‘fiefer ably - 80
C, nore preferably -80 C tox~ asBaehal B,
10 60 C furnishes after aqueols gwrk-up a m xtjur
di astreoneric anti (3- silylalgohols XI'. Peterson

el i m nation under the standard conditions (H2SC4"in

THF) furnishes E-acetyl-1SA247 (XlI1'). Preparation of

the y-silylated allylnetal reagents 15 The y-silylated

al lylnetal reagents required for the allylnmetal ation
step apeorigasf theinsressekpctivignot the reagentasfifomailay1l, when used

2l VDot NBRSIANbRBAME bR LLRMnd D AMRBA, YAdIf coffl from the
age uat e, metgl reagent and optionally by tur Rer

c PﬁglPé’i%R%ﬂ dre loWeomplaing ability objhese soliyanp| Anathgyafidet could
Thefougluh theupiliyageidss ssladht te SR REiOLAINGI 6f the allylation by

[om

T T e MR

silyl-substituted allylsilanes could obviously have
been Ubeadditionef teagenstofifdrsiula/VIIde neatpitdyslespaeacs aldehyde (1)

MedH PRSP R Gy £E R IEA sult A8 Bl D& aséehx\gerature of-70°C to
0°Cin toluene, THF or dichloromethane, preferably toluene or dichloromethane,
preferably dichloromethane. Under the allylation reaction, the Peterson
elimination also occurs and (E)-acetyl-ISA247 (XII’) can be obtained after
extractive aqueous work-up .

Synthesis of (E)-1SA247 by allyltitanium reagents

Reaction of acetyl-cyclsporine A aldehyde with a y-trimethylsilylallyltitanium
reagent prepared from trimethylsilylallyllithium and titanium
dichlorodiisopropoxide, titanium tetraisopropoxide or titanium
chlorotriisopropoxide, preferably titanium tetraisopropoxide or titanium
chlorotriisopropoxide performed in THF, at a temperature of ~80°C to 0 °C,
preferably ~80 °C to —30 °C, more preferably —80 °C to -50 °C, especially —80 °C to
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fragnent is | ost upon Peterson elimnation. Mny
conditions for the deprotonation of allylsilanes have

whe@a/ogned i shed. in the literature and usual | BCTYER®04/003504

use of n-butyllithium (or the sec- and tert 25
i somers) in an organi c solvent _ggenerally THF) in
conbi nation or not wwth a co- solvent or co-reagent

SUGh @ iVRRs, aﬁMEQﬁ.\leg s ngkaﬁ a%mk&ulk@tgfg.ﬁ g@orﬁ@rlc anti B-
ten‘per(giure§ ran rom - (S e

retesmeliminatian 9919% thwtas&\@ﬁré ﬁgnﬁiﬁoef Giﬁpé in

Symnbe@ﬂrﬁshesAE-st:@ts)MSMALRQmm and Stereosel ectivity",

Chemi cal Revi ews 1995, 95 p1279 1292 ; Kohei Tanmo,

Eiji hi 30|t0|n Si | af uncti onal

conpo l351§o ﬁ-§(£H €a tslated

al Il yl am nosi |l ane: a new, pr actl cal reagent for the

st er eBsedt@mqf‘a@etﬁHp'h]apOllm@ablﬁbtﬁelwlﬂatl ¥on of al dehydes
et Hfl@aﬂylﬁufﬁﬁﬂim% ared %Hf Hthet@fsi lﬁgﬂitﬁluﬁp&nd

DO B R S A A ared SO} ittt

pﬁt@@?umm@‘% dichlpridejgr g algminym CWQ EPSPrF rabg | j con

| Rljet :Ilﬁﬂl‘ﬁﬁirﬁ chll)@ldeTﬂh?fo(rtfrrfe]lti i} THLFU&H Stetripleatiile)df - %UHGM@O °C,
al en nveyr on o
Npaéf%aﬁlgs Ol Res el B B 502t Fbstielly -8 to -

Agerc Mmhéhafmr agliedsd sicekyup B ikturt@Z d1appe<5tﬁadc &O10- ;

s@ﬁ%h(gh xS ’Pelterg&%%]ﬁ'h{yah% Pnga‘e(h? stgﬁ rgstggg(ﬁtbhy IIIZ\SCB n

i tut ecl es
EITébE)lf@mNHeéE acdtyl- (3ﬁ2i4VréKHy)L si | yl )al k- 2- enyl pot assi um
Conpounds”, Synthesis 1998, pp 707-709 ; E. Schaumann
and A Kirschni ng in "Ring-opening of oxiranes by
silyl- subst ituted allyl anions. A regiochem cal
chane eon .. retrahedr g I tlers 1988, 29, pp 4281-
4284) Prepgrafion; qiithey-siylaig IS  he
al lyltrinet hyI Si I ane i s deprotonated by n-
but yI ITht lisilpheted alldmetd] reagentyperatedifer thanlylngtdlatom DeGire
t %eg% %rﬁt@g ?1];)% a:%l c%rregggdﬂcﬁ%algflsﬁ’aﬁégquazéep?otfoﬁﬁtlg‘kp tfymeg with
t ranméccnwfsmr:tﬂ rehgept |and eptipnalbrtberfieheraomplestion of the metal rest

' 'P)Sr%rsﬁﬁgiléhﬁmﬁo%e%m%‘ ﬁéagaeﬁ'tsscfaﬁ ddpen &g\ ¥l tRBir @bty and

[ n rans conf| guration
('F eB’-TOC@Fp{h? ‘15?’5 t“S?Iﬂ%?Il%ﬂLf?tﬁqli ’A@? H‘% in Organic
Synthesis: A Study in Regio- and Stereoselectivity",

Chem edthofRely bi&\eﬁsﬂy&?ﬁosﬁﬁ&ﬁd @llyﬂslﬁnéslféﬁid dvioGhhhos been used,
RADE BTN der ™ PR oyt PR amstse udes e s

adragment is senpedPeteseonichmRegion- and St er eocont rol | ed

Reactions : Conformational
Many conditions for the deprotonation of allylsilanes have been published.

in the literature and usually make use of n-butyllithium (or the sec- and tert-
isomers) in an organic solvent (generally THF) in combination or not with a co-
solvent or co-reagent such as HMPA, TMEDA or potassium t-butoxide at
temperatures ranging from —100 °C to RT. (see for example: T. H. Chan in
“Silylallyl Anions in Organic Synthesis: A Study in Regio- and Stereoselectivity”,
Chemical Reviews 1995, 95, p1279-1292 ; Kohei Tamao, Eiji Nakajo, and Yoshihiko
Ito in “ Silafunctional compounds in organic synthesis. 33. Metalated
allylaminosilane: a new, practical reagent for the stereoselective .alpha.-

hydroxyallylation of aldehydes to erythro-1,2-diol skeletons”, Journal of Organic
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Mobilities and Preferences", Tetrahedron 1993, 49,
pl0175-10203). This anion is 20 then trapped

W@ ooaisayed al at ed) by an el ectrophilic nmetal soORPCTEP2004/003504

usually at a tenperature of -80 Cto -60 C
generating the correspondi ng trpgns-allyl netal
reagent. Depending on the netal rest, these reagents

q’lﬂz%nﬁ%%gﬂ 5lznp1§957u— 964 JE. @hﬁng@addmlﬂﬁlgﬁﬁs mdiSilven in
i sol atéed f idter use. It can al so be transf or
SpbthesingOHEhe (i By ol ThAprgger ool o the

i n order to |vat he reagen

é@qxwrétqn(gf yéesaqrq TORESRLO ]garcg?l}ean ]%%ﬁz?%h%zﬁmemcan
Aéh-@/ﬁca@gédet)/ i@’ég 1—0& fgﬁ @G@éﬂ?@ﬁ' @W SUAIOEMD, L. Franbni in “The

activation

Begmsﬂethwgfwﬂawwm NhinesgisaeriyTorgyFeratilys 1
w&?)a@ﬂl Bt&lp%@m% Y}?o@l@mf | 8HR0ER 1998 PP 707- 709 ; E.

003504 " - 27 M are a netal
fScharamn MvterISSChgmghé Bﬂﬁtga@PeélﬁbB qfroirpRes d&Vl)’S“bStltuted

Eﬁl?%q{) d R%%&h@ﬂléﬁh Pﬂirﬁéleér?’ag@t%he)fro‘?ﬂe%@tl% 29, pp 4281-

oron reagent of forrmula Illa 5 A solution of
ci28de boronic acid of fornula IIIa i s obtained after
deprotonation of allyltrinethylsilane, trapping with

lectrophilic b k- up.
?—Reed&‘;n&‘%é’ma inbene & Py trmeRy Frr SR aers P
t}ﬂﬁlﬁul‘ﬂ'lﬁ hreutew! thinb Bilatife riaglineeom® T @b °85pferably
s, S Ay
tﬁrﬁh&wlhb,ﬂaalyﬁltmunhmmbalam i Thiintepyadidio mesteprepably exists in

LT o PR ESipp R BF Rt hto ufanS PRIGAKLROIIALE ChElien
[ ‘f&l&hﬂﬂdﬁm@m iniQuganic ﬁygt}ép@gﬁ Stydy m Regier an‘gleS[th?q%e&tlwty”,

b@ﬁé’%ﬁ?ﬂ zgj%@wﬁ@@% ﬁ@z@ 1:99"2@1\43%%&3&&1) OWespBAAS R, DEhRANN,
mn. toO hour s

e tra

tFiMerdhgnd Gt wwhgﬁhwﬂbﬁ |Ha lﬁlt éﬁﬁﬁéﬁéfl’%&%f&ﬂl?‘ﬂe‘iaﬁcﬁré? Ker
bﬁﬁah?edia%esﬁﬁ nzfeg)ibr@éd betaesintrobd Kaatichs- €dn@riwatiode!

e o e b O M B OESDY G i
then trapped (transmetalated) by an electrophlhc metal source usually at a
temperature of —80 °C to —60 °C, generating the corresponding trans-allylmetal
reagent. Depending on the metal rest, these reagents are reacted in-situ with the
aldehyde or can be isolated for later use. It can also be transformed into another
complex by addition of a proper reagent in order to activate the reagent for the

allylation or to allow their isolation.

Scheme K:
; : Transmetalation activation .
P BUITHE Ll e e TMSGAAM o TMS AN M
Z RT or
isolation
1-trimethylsitylallyllithium °
lgscegén situ RCHO

ESg
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acid is kept in solution (P. G M Wits and Y.-W Jung
in "The Addition of y- (Trimethylsilyl)allyl boronates

W eookmsaes” , Journal of Organic Chem stry 1991PCHBBP2004/003504

p365- 372(see comment in the exanple for the
preparati on of compound 9); W2R- Roush, K Ando, D
B. Powers, AL D. Palkowitz and R L. Halterman in 20
"Asymetric Synthesis Using Diisopropyl Tartrate
Modi fi ed (E) and (2)- Crotyl boronates; Preparation of

t he I I I I
Al de@ﬂ(fmzﬁ‘i our nagfimg?ja %‘%‘gn%ﬁ%g}%%ggfﬁt%aﬁﬁggﬁggﬁq
1990, 112 6339 (see refer ence 17)). Concentrated

: 3 geson, for exanple ca 50%
concentratr on) are not stable at RT and deconpose.

They Prss'ﬂﬂ'ldjceq aﬁ%bbﬁﬁi @hyent 6£fbrmah [Ifa needed they shoul d

gehs ore a]tc maxi rrumcI I n accordance to the gener al
ehavi our.. 0 c_aci

For mit SR R bR Pt P DT s BeRiedt fer, e

fdlepmt@ﬁatﬁ)nagf allylorirhethyisil ar(eatrsppmgtrvhthdnaldghpphlhn &prqy reagent

ol I,gq e

689%{1“3011% W % ng) The %@ﬁ{o?%%'gn ggﬁ?lﬁgnéthglﬂiﬂe it AR5 ARMlin

e can rocess),

(KX with hugdlgthgpy;be@s@qze@rp Esanh 35 °C, preferably between 0°Cdnd 25°C
( % 7 Q?o ﬁh%rs EF‘%QIE&}@}E;%@H eda@ent FVBHS 1etdZsubh as
en
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of@he frﬁﬁéfh&l@l}ﬂdlcgﬂlthmm ifh@Medititd withdriisptdpyhimorate is
e
w%rﬁﬁer&%&s%r S CRTGILR PUARl b EREL 0 fi e N ana“'?'sf."s?
SHN)MS 'Dhaltnapylngkbéﬂt@drmthylsl\@laﬂ@mﬂn@@gg@medlate with trimethyl
o ngt%t% 004 1919% %Qé\ieen 28y as i fy (sdefor BHEiiPleG hours.

oners, dinmers and triners

shoul d- be hydr ol yzed and converte e ronic
aci d)lt isknpwnrihat allgibpronic agds are yRstab e’rtgﬁl‘@gﬁ?’ £ crusle haropic

| aled Pis T(@IS’L iR @olﬁﬁ@ﬂ@!’ a¢l Nyw by Hdot ywi. fur@fin C‘@‘h’@ IAéAitiafn of y-

f
e VORI RARGT Hetrames't Bl ek CHeFrghTooSs
as38b B7e( s‘é@tcﬁﬁmeﬁﬂllﬁ/thaéﬁmple firdhopepatatian of Ctvmxownde% W.R.
chl or t f:
Olfsﬁel?ﬁ%’%dser?cg g anrigcrl51 suc e“édslﬁuéf E{%ﬁ%r%% gr 2oty
cmsymrn;aum 8yrelésis, Using Diisopropyd Tartpate MadiBied (B and £2)-
%ﬂo%lb?rro%?@ %ﬁlﬁ?a’c‘?&n 5t Chirhd (Ylloﬂlﬁéiroﬁhie){ hﬁ@R@ﬂtctmns with

kel Blsehdean T nabof ghreAericagicgniat Socichy 19900 P12, 853 Gee

reference 17)). Concentrated solutions (>10% concentration, for example ca 50%
concentration) are not stable at RT and decompose. They should be rapidly used.
If needed they should be stored at 5 °C maximum. In accordance to the general
behaviour of boronic acids, the boronic acid of formula IITa might in principle also

exists in the form of a cyclic trimer (also called a boroxine) or oligomers. Since

isopropanol coming from triisopropyl borate can also present (depending on the
process), (mixed) isopropyl boron esters (TMS-CH=CH-CH,-B(OH)(OiPr)
and/or TMS-CH=CH-CH,-B (OiPr),) could also be present. Indeed, 'H NMR and
1B NMR analyses of concentrated solutions of boron reagent of formula Illa (ca
50%) diluted with an equal volume of CD,Cl, shows the presence of several

boronate species, although reverse phase HPLC analysis shows mainly the boronic
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TMS~B(G Pr), RT -80 to -60C lithium n-allyl conplex

W@ owen8m60 wor k-up TMS~/B(OH)2 1lla in sol utiPCI/EP2004/003504

y-silylated allyl boron reagent of fornula IV 15
Boronate reagent of fornmula |V.yhere Ris d-g alkyl,
preferably C1_6 alkyl, nore preferably nmethyl, et hyI

0£c1d1 @gnfe@ pyd FIPES @sﬁdlﬁbhé( ﬂ[@dl@blneksg ARR&R BhE EHirk¥rs should be
%gg{on rea fornula Ma with the required

veLte 'i?é e ?‘é’%‘ Gc¥of a drying agent such
rml ecul ar sieves or magnesium sul fate, preferably
magnelltenmma s vdlf, atselutip OR%gﬁTttof tﬁtﬁrnﬁd:i Hid @nlbégrepaed by

Pf f&%gfy?g &)/ggorﬁtvlﬁ:k Eg%)%}l%%w x{ %F?% &Qﬁt‘fwﬁ&{ %b&&re such as a
pdicklenemethne/ watey. taljengwater sﬂﬁ]@ﬂ aCﬁ’iﬁIe/é@mraTH§( waiers or
naﬂ&%%ﬁagk@wrfﬁk%e,ﬁﬁ@é%%@ Mcﬂ@ﬂﬂﬁ&h&ﬁ@/@é’t‘ef ﬁ‘ﬁ)&ur eferably

evi den VR anal | at e

ain the BbfiS%TFFeera@ ariel sugh gssptiimrigaq, 3@@*512@64 iy B0Bts acid,
Pﬁf&ﬁﬂg@é&d}%ﬁm -29 This reagent can be prepared by
treating boron reagent of formula Illa with the

requi s ed a .coh resence of

Cucn speitoar o R PIERENEG R Lo Pl (9% bor
p@@ﬁmlatpleyfonaghwﬂumasad 1h§t€hemé>hef erred bor onat e
reagent of formula IV wherein RL is C1_8 al kyl or
C3_9% eygehpral.kyl are those wherein R is nethyl, 5
ethyl, propyl, isopropyl, butyl or benzyl, nore

preferably R is methyl, ethyl, opyl | sopr opyl or
butyl, furt heps pIB@{/éF"-abF‘ RY < Ry vt byl L ad@sppy!
or butyl esSpeci alky Ry rablg()ta?agds met’hy

y-silyl ated all yl boron reagent of formula ;gggo@
sol uti on of crude bor ofif™<qePd of fornmula || baekup

preparation of which was
TMS ~_-B(OH),

llla
in solution

v-silylated allylboron reagent of formula IV

Boronate reagent of formula IV where R is C,.g alkyl, preferably C,.¢ alkyl,
more preferably methyl, ethyl or isopropyl, especially methyl is prepared by
treating boron reagent of formula [I1a with the required tartrate ester in the
presence of a drying agent such molecular sieves or magnesium sulfate, preferably

magnesium sulfate.

Reagent of formula IVa’ is prepared by mixing a solution of boronic acid of
formula IITa with L-(+)-dimethyltartrate, in the presence of a drying agent such
molecular sieves or magnesium sulfate, preferably magnesium sulfate , as evidenced
by ''B and "H NMR analyses.

v-silylated allylboron reagent of formula IIT




10 descri bed above, is added di et hanol am ne. Sol vent

exchange to heptane and crystallization provides the
walr@iisared am ne conpl ex of fornmula V as a sol i BCT/BP2004/003504

special feature of this reagent is the presence of an

i nteracti on between the nitroge®9-lone pair of the

di et hapol am ne fragnent and the boron atom (i

conpl g[;i’é% jeggendan t’?@feﬁﬁltefi oY sisatindhotop rtmnb@ﬁfoﬁnaladﬁy with

ashemqdaed elcbyolid B eAte NSRRI g@?& stieh Tolexulkh BRMs or
relatlvetullfggzs E2 ext er pal ren e . Preparatlon

ofPRERE Y gt aprstrrafly maﬁ%tsatmﬁ %n]?re sddhoremaie (pagant of
f dorrexladijlvérereip & isdilrgeiﬂ(yﬂiSr Cid q&bﬁmyﬁﬁelthbs&mﬁf’@n M is methyl,

TR R Siosiig bR ety g oo

c diepreny] at bl urthwsrkeferblyd 'é¢ tathyl, athyhe ropB,or Buly especially
T feﬁg Zsnfetncrystallization Ilia V in solution

y- Si I yl ate [ yI bor on reagent of formula VI Schene
N.H-J.rT F., K Ilia VI as a

met hadsilviatadllvlbaranseagrmi oblogmuls \ocT/ EP2004/ 003504
-30 In general aI I yI t ri fI uor oborate potassiumsalts
ar ep ﬂ‘epeabhmobtyo fichektti omgmt bad o<f ﬁfrhﬁﬂ:pﬂ[bd Ipﬂ@abﬁfdhrtif@vhtch was

\ th |
10 s%rl%"{aa hbésve g 'd{ & &etﬁusn 8’9(1% é’ Vengezéﬂcﬁan% pgﬁg and
DrYa‘@lﬂ@ﬂ’@@lS etCéfttdqs viee dibthgheleingre conablexGrbyhalai\oas a solid. A
R@ﬁ’é&a‘l %ﬁlr@fof ﬁllﬁ%?%éﬁ%?s e Bﬂ:sgf&: QFgh Hﬂkﬂctéaé Bet@?@gn fhe nitrogen

y { r | u tes un
%@t hagglagope Gogyent and the boron atom (i. e complexation of

the mtrogen atom by the boron atom) as evidence by ''B NMR of the complex (8 =
15 11ppm relative to BF;.Et,O, external reference).

Preparation of the y-silylated allylmetal reagent of formula V is, for example,
performed as illustrated in Scheme M:

. .t
BuLi/THF [} B(OiPr), - L
ANTMS = A TMs ———  TMS A~ _-BOiPY),
RT -80 to -60°C
lithium

n-allyl complex \ﬁﬁﬁs

diethanolamine

TMS B NH =  TMS =~ _-B(OH)
! _J ostalization \ﬁa\/ :

v in solution
20 y-silylated allylboron reagent of formula VI
Scheme N:
H - s
TMS\/\/(EP:\OH _ﬂpz__, TMS A~-BF; K
lla Vi

as a methanol solution
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However, direct application of these procedures to the
preparation of trifluoroborate of fornmula VI lead to

W ba40829p@mt i on of substanti al anpunts of PCT/EP2004/003504

allyltrinmethysilane via protodeborylation due to the

~acidic pH of the reaction mxtsge. 10 Mdification

was made in order to avoid this side-reaction. Thus,

as i [n gsteraf zébﬂthﬂu&dbefme @otaﬁlu’fﬁtsil&n@é peephieditgnreating the

bar tre ents .of, KHF S
g LR Rl e
Rirolff@nt migured see fortmamelsi: Rual Bgepani l@laSatdosela:ltleze Abytetierand

btrf)ﬂyiahbﬁtﬂegalon-gl?)?rﬁmpéﬁ@ QliftCPoteRhith gl ah

trifluoroborate sa 'S concentrate unger reduced
pleeyliriflugsolorates umleptogisacid Catabysisst Arvhesied00 pp-280-498).
T[BE)V\ferélf, HH@JtQ??Ii@h@nSﬂkﬁeséﬁbrotéﬂdré@tlo&h@grﬁtpﬁraftiohtdfat ion

agqﬁmqrgﬁora %&émy 83}1@%@%}2&} ofg%%aﬁg]grg PH (s)tr:]m’glal amoqmts of

d allzstlhanﬂhmﬁanevia@m@ﬂodxbmﬂaﬁm du¢ @ tHeianidic pH of the reaction
%¥1 di chl oromethane m xture in the presence of an

aci'd such as acetic acid. The aqueous phase is

di scarded and the 20 sol vent is _exchanged from

di chi dlashiicaianavas snasstinmardisr to ayoidnasifleatagtionnhEhus, as

d ?ﬁis?at@@ kB HRen O r@hﬁiha}{?l%lhti‘%% df%%@'ortﬁb ﬁ@i&‘idt ae%\fd with 2
starti,n e trif rate saltls
qu‘ﬁWéfng 85%%% el eéP%CF»aat M glﬁrffosﬁsm@n 1?18&“%&53@ for
y 68 inliiy) '@heﬁesﬂidayd)ﬂg@ﬁﬁ@alfse@@&ﬁiov@ﬁ by dilthatich. Vile M&thdigolix

© SelbtoDBr B RRAO LS At Rta iR rBuickd Bressyugand the
pmahl@t is chistallized @t 0-Grf GriThe trifuorebetate sadtdviais isRiRtaiiy filtration
th@ “&P€§§5R£35ﬁﬂ under reduced pressure. The pinacol
can t

conp en be distilled under |ow pressure
or used directly in the aIIyInetaIatlon steF . The
pr epaf 8¢ Fesiirss bp?@ll@a%ecéutl%ﬁmr@@rﬁ Y Bréralyaingithe j s,

f aretmamlﬁe cm fesa lofeEni®a B6h 4 Watts1dieHl 6@ nhetheheRRurd i 1n the
Schenme 0: / 089960 PCT/.EP2004/ 003504 ejJaﬁ)guu

TERes¢nce @f 61 Pﬁl guc 35 acgtic 4o hﬁ@g $RKES Phase is dBS(: )agd the
Riolveédfd it exch@{ped from dichloromethane to methanol.

Alternatively, the diethanolamine complex V can be used directly as starting
material. The trifluoroborate salts VI can be prepared, however, crystallization does

not occur.

y-silylated allylboron reagent of formula VII

To a solution of crude boronic acid of formula Illa, preparation of which was
described above, is added pinacol. The reaction mixture is stirred at RT and then
concentrated under reduced pressure. The pinacol complex VII can then be
distilled under low pressure or used directly in the allylmetalation step. The
preparation of the pinacol complex of formula VII is, for example, performed as
illustrated in Scheme O.

Scheme O:
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lithium n-ally) conplex aqueous work-up pinacol -~
Q-- TMo~~B(OH)Z O Ilia WVII in solution

w@\dognsmso vel y, the trapping of the PCT/EP2004/003504

1-trimethylsilylallyl lithiumcan be performed with
2-1sopropoxy-4,4,5,5-tetranmet hy3+ 1, 3, 2- di oxabor ol ane,
leading 5 directly after aqueous work-up to the

pi nacol boronate of formula VI ternatively, the
reagent %Qﬁlam pﬁéﬂiﬁfed“gy ARPrO0Rat | o Qb_a(oPy,
all.ytrinmethyl sil are at om t edvpenat ure Wt
butyllithium quench of ftths al.|.ylithiumj agueous
internediate with tri- i"%"ﬁ’)'f%ﬁ'% borate (bet \A%e”ﬁfk'ﬂl?}o Cto
-20 C,  preferably betwedgn -80 L.and -30 C), addition
of pinacol and then aqugoys work—16—up. Tepar&tdian of
the allyltitani UNfr€agehbs The la
(trimethylsilyl)allyltitani umreagents are,Qrgpared
in-situ via deprotonation of allyltrinethylsilane to
formtrimethylsilylallylithium as described above,
and reaction of this internmediate with titanium

di chl gr odi j. i d i t.ani-um. ' i d
or t 1 RAFEAT AL b pi s o s b BN BB el 10
t parfaired pritpbisogeommy 4,4 ahitetmrotthpl b 2 disxhooplons deading
“gepenal eﬂfugo@sfwélgﬁl@&_ e phaCol RASAAL BPIYmuBDV (7. t O

nor e prefer C, especially 80
Cto -60 C, The resulting titaniuymreagents, are used
in si tlieTrativelihgheepganseatphe Pl‘@?ar53 6Y derrdtenaiend¥porin A
allfehveRslsillAlbya tehpetatute @sthito _llitfhaﬁﬁ)ﬁc%fe@aﬁ eftte are

T TN S i e

Rirefitably between -80 °C and -30 °C), addition of pinacol and then aqueous work-
up.

Preparation of the allyltitanium reagents

The (trimethylsilyl)allyltitanium reagents are prepared in-situ via
deprotonation of allyltrimethylsilane to form trimethylsilylallylithium, as described
above, and reaction of this intermediate with titanium dichlorodiisopropoxide,
titanium tetraisopropoxide or titanium chlorotriisopropoxide, preferably titanium
tetraisopropoxide or titanium chlorotriisopropoxide at a temperature of —80 °C to
0 °C, preferably —80 °C to —30 °C, more preferably —80 °C to —50 °C, especially —

80 °C to —60 °C. The resulting titanium reagents are used in situ for the allylation

of protected cyclosporin A aldehydes. Putative structures for theses reagents are

presented below :
Lt

TMS A~ _-TIOPY),

. rm or

S BuLi/THF  Lj Ti(OiPr),

—_— ™S ——— T™S Ti(OiPr
ad =T %/ or A\ TI(OPT),

CITI(OiPr) or
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2004/ 089960 PCT/ EP2004/ 003504 -32 Preparation of the

w@bkdoygsdosomi num r eagent s The PCT/EP2004/003504

(trinmethylsilyl)allylalum numreagents are prepared
in-situ via deprotonation of aldxdtrinethylsilane to
formtrinmethylsilylallylithium as described 5 above,
and reaction of this internmediate with a

di al kyl al um num chl ori de such as di et hyl al um num

c{wlholr |p}%a95myﬂ 5]‘_#11_%}1%@1;?%%}1&5&3 gggg dIyCh| ?LI de such as

di et hyI alum numchloride, at a tenperature of -80 C
to 0 CGhefirapehylsiyallghlumingm wageaots are peepprask inrsityl e - 80

C de‘pﬁbtoﬁﬁlcﬁ of%ﬁ?l@ﬁmé\ﬂﬂyléﬂa@eoco@mtn@ tﬂﬁ@thg;lsﬂﬁgﬁylftﬁﬁkﬂ bl B8 cribed

mnum,rea are use

oA RO P e SRt er RN Al it sloride such as
p Lthahylu]ﬂinﬁhumaﬁﬂtrreiefdjrmﬂﬂﬁl dkyliloeseumeddesride dush as

P o AL R UM dride Meberti b e B Kot o
cylempepbire nf A08Cde W@epmﬁerﬁvlm&@f@ob fgﬂcﬂCosrpna preféably —80 °C
a' geaw@ eeﬁecfaggmsb bGP, bme I%saﬁ g)%ﬂlrﬁ&drﬁ Léaggi{t%r%%sed in

cheme P.
N.s1tu fozf q%e allylagion of erFecyquyd@p@n@A dehydes.

A putative structure for one of these reagents is presented below :

™S Buli/THF 1 ELAICI |
O~ — T™MS —————=  TMS A~ AlEL,
“ RT /\/\§/

Preparation of protected cyclosporin A aldehvyde

Protected cyclosporin A aldehyde of formula I can be prepared as illustrated in
Scheme P.

Scheme P:

c-i) c-ii)
———— FégO/,” B e ] ggo/lz,
SRR s A0 R,
\ N ~ \ N;\
1Y 4 \ N ’
I 6 I 5
XV Il

(The dotted lines have the meaning as defined above.)

In step c-i), a protecting group is introduced in cyclosporin A of formula XIII,
to protect hydroxyl group at the B-position of the side chain of the 1-amino acid

residue. Protecting groups are well known in organic synthesis, and have been
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X111 XiVi i (The dotted lines have the meaning as
defi ned above.) In step c-i), a protecting group is

WO niosogheeed i n cycl osporin A of fornula Xl 11, PQBEPI®04/003504

protect hydroxyl group at the a-position of the side

chain of the 1-amino acid resids®:- Protecting groups
are well known in organic synthesis, and have been WO
204ia9we8dde0d. RATAERR004MEPEE0AThe Bdtetitivaws adebhbls," bf 1R
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t Cfottﬁﬁl@orpoﬁabﬁlgﬂﬂs?ﬁ?é&ua@Nda By 8l Im S R6indBe afdridiene 10
and DVAP; and ket ene. 5 |s a useful acyl at’i on

cat al yst. _bec f t|on of a
react ?@\S/e 1'%I?:y’l glyﬁ At {}’rﬂlg Wtc P‘brr‘r‘? @H%P%W%f?sd‘é‘ acgigfe by
examping cydorpofid- faKXHHOhtIDiceqd( dhloslrie; rettiyl Acdtste orebabimdions
asthé‘@oﬁ?cﬁ' ?g@’co ' e&gpﬂ: %‘ﬁ“ 0%3881[1 D 1 a(1>qher gxample, the B-
ac cetat’e, r'conblna Ions’

wiqoée undfew AGUE epl@bﬁp@imqn tyesstiy hnleydeldesfooming aetyl
| tydlB§PoRrA 8X@BRNR acldN T hE i tRhs 9ﬁ9|be URAREIRES ﬁle presence
nu Ieo |IC addj tio ? tic anhydride, formn

R g (WMAR) Rbeic a0 aetor s enndde gaes the

nayhha:carrled out in the presence of _
di met hyl am nopyri di ne (DWAP) mhere an excess of acetic

a?gyg; g@ ogﬁ &fe p%gpe rg‘ﬁ 038/% ce cafr oﬁlpéfrllll’? Léqwler [ &stablished in the
eéﬁ%fb‘luif% eillibe 3119!?@0132@1 by ﬂleﬁt‘aikdbé in ithe ant tHat peotecting groups
appkR hat a"c@ta?é’es&!??ﬁﬁ @ukécﬂq rxﬂr@tetﬂﬁe grshcc;}p)ﬁ)f the 1- abmmo acid

r ot ctlng gr oups acet at esters
Eg l%ecpfﬁ%?s&@fmt%eﬂ(@e arq,tecﬁmg gapupsHBaylinghida be@&maﬂe esters,
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|nc nzoa er.s, sSubstituted enz te esters,
P BB T 2Rk o d

KRS STQUYR PTQTis e Hn eqn@ ts;d@geactlons such
c @ndlmlntanel;l andh bydiobtsal Sinet btehicgtesy; others & dRilgnehdrPare

u %ﬂ@r? h{oqplegls’?ang % Lft8G Heorgg’ctl%%g Qnder those same reaction conditions, it

is often advantageous to employ such protecting groups in place of acetate.

In step c-ii), the protected cyclosporin A of formula XIV is converted to a
protected cyclosporin A aldehyde of formula II.

This step can be carried out, for example, by using ozone as an oxidizing
agent followed by work-up with a reducing agent to form a protected cyclosporin A
aldehyde (II). Ozonolysis step is conducted at a temperature range from about —80
°Cto 0 °C. The solvent used during the ozonolysis may be a lower alcohol such as
methanol. The reducing agent may be a trialkylphosphine such as
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25 as elimnation and hydrol ysis. Since benzoate
esters, ethers and silyl ethers are often nore
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reaction conditions, it 1is often advantageous to
enmpl oy such protecting groups i3t place of acetate. In
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at2dd994), wapiNnvel @yficietones rﬁcm(édtalym©mdhtlch Rmcqhms b Org.
p&ﬁ?ﬁ-ﬁnifo 'ggipe gﬁﬂggﬁ g 8react| on is carried out
Y

prefe r’ab ove Thi s epOXI dati on reaction
is foll ovved by oxi datlve cI eavage poxi
per i obhcusgf guigeniya prsaarEdiang S 3@% et ﬁwssegiy\% J.
C@ﬁﬂ’deh 'e@ilsml "ApGieafplhproved gr&?édﬂ@ﬁbﬂkut&h@ﬁu&ﬁl’@etromde
Y eav can, e C
o BB A R SRR P oD Lt ek e S 3 Ty Bl PP
Y@B@ 3768 (H81). CmrléeA e€al. fohreat,ihistGidatlp) thiKetemee M‘Iruthenlum
|
%ﬁ é}ovfdeésa%:{ﬁ?eﬂl&g foﬁ@%?ééx%ﬁ\&}h%%t gﬁ%alt"ﬁ%ﬁ%§%ﬂﬁ5§ El’?edmost
(Hm@r of avhich ed glericjask prhygsichlosie ﬁsmto@apmewq exidants. These
gs%g%t‘aps I?ﬁﬂ&'é'l@é@ ®f catdlyti Bivity FBAYL theQurse®F thP@Raction with
the conventional use of ruthenium which they postulated to be due to the presence
of carboxylic acids. The addition of nitriles to the reaction mixture, especially
acetonitrile, was found to significantly enhance the rate and extent of the oxidative

cleavage of alkenes in a CCly/H,0O/IO4  system.

For example, protected cyclosporin A aldehyde (II) can be produced from
protected cyclosporin A (XIV), such as acetyl cyclosporin A, by dissolving it in a
mixture of acetonitrile and water, and then adding first sodium periodate and then
ruthenium'chloride hydrate. The aldehyde (II) may be extracted with ethyl acetate.
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20 The use of ruthenium based oxi di zi ng agents has
been discussed by H J. Carlsen et al. in "A Geatly

WO pro08%60 Procedure for Ruthenium Tetroxi de QCatHER204003504

Oxi dations of Organic Conmpounds,” J. Org. Chem, Vol.
46, No. 19, pp 3736-3738 (1981)35.Carlsen et al. teach

that, historically, the expense of ruthenium netal

provided an incentive for th&xadeMpiEpnment of catalytic
procedures, the nost 25 popul ar of which used

'ﬁ)'ﬁrels gdﬁ}t ne@évgﬂé %?ééﬂrz&%ons %gggxfrﬁo@'esca% g%{l i;{%» gr%a%i(e t%%ge skilled in
adhe eitty muye Flagrlt Wedesgandendto prhetioe élafcpnesmlt wivehtion.hEhey
g%msslratﬂo@ Bakosssered a§1ﬂm§1 IeHim \Agé 6k 'I&%Béng% twﬁtqﬁ&aytagbemg

due to the presence carboxylic aci
adHy§iagNe an FﬁPF?SFWéEW? @ef%’é reaction m xture,
especially acetonitrile, was found to significantly
e n han Q’étﬁdﬂ@h Ih@dse ofihd eexhplas hok bEé'tEpl@(fidéatfbl\/’@le aﬁﬁatlon—

e kenes in t.e
LR e ia T B ey Bupeh R R RPRR YA Ry OrBrprplscting
prgndu}metdllcﬂ tropmncppbtbe(ulsebl Q@faiuoepis willbe(lihigd bistelr as
I t

o f o éliug%‘f}% %Pe an élmp%orn%tﬁﬁ ay B tglg p'as 1113)96 réhBve them

s s genthde Peerdde (Bn§ARALN ruthenlun1 chlorlde
hydrate. The al dehyde (I1) may be extracted with ethyl
acetate. WD 2004/ 089960 PCT/ EP2004/ 003504 -35
EXAMPLES The follow ng preparations and exanples are
given to enable those skilled in the art to nore
clearly understand and to practice the present

i nvention. They should not be considered as limting
the scope of the invention, but nerely as being 5
illustrative and representative thereof. Although nost
of the exanpl es have been provided for the allylation-
Peterson elim nation sequence on acetyl-cycl osporin A
al dehyde, other protecting group could in principle
be used. O course, this will be imted by their
conpatibility with the reaction conditions as well as
the possibility to renmove them 10 efficiently to
provide (E)-1SA247. WO 2004/ 089960 PCT/ EP2004/ 003504
-36- Exanple 1 i) Preparation of a solution of crude
the boronic acid of forrmula I11
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(E) -3-(trimeth Isil |y )allylboronic acid 20 g (169.8
mol, 1 equiv.) of allyltrinethysilane (Fluka 06073)

wer®4888sEsol ved in 140 m of dry THE (Fl uka SFGGBP2084/003504

RT. 106.1 m (169.8 mmol, 1 equiv.) of a 1.6 M
solution of butyllithiumin hexase (Acros 181270100)
was added in 10 mn. maintaining the tenperature

bet wedixagpled and 25 C. After 30 min. reaction, the
resulting yellow to orange solution was cooled to -70

C_40,p4 meerfa}ﬁ%n b%iunoﬁ&%ﬁd‘é the E&ﬂon?eoa%{&’@é’ﬁ Pfﬁﬁﬁtlﬁz

(Fl.uka’ 92085 Keeprng t
téﬁbéﬂ&u&ﬂiﬁﬂﬁiﬁ&@£m@£¥ﬁﬁﬁher 30 n1n reaction at

-74C, the cold solution was poured onto 170 m of a

1M aq l.le(gt{%%rﬁ@l Ueq@n.) ofﬂl@yl’c@iﬂxé@ﬁﬁsﬂa@éﬂ HStQb0Y D) vasB

A B giRavly Gl SRR, o s

e)equmjtqf(arl 6 Mirselutixinesf bpbhdlthina $n heepar Atres 1m:fo1oo> was added

"85 §¢ Mlﬁcxﬁ}g‘ﬁté%%g tﬁeotempe%tﬁxdeé)% een%;ehhaln;a%5 E\f&eé 80 mm

sequent |
ofreaétlgmtﬁﬁ sesellingqeBow so MaGke sditinn was COO&ﬁdﬁbl-ﬁé 4C. do.2énl

OV €49, Wl eidlbt; %1@6’pr@?_ﬂb81%ﬁ§ﬁ%l(a"%@8’?%‘ Q@cfedrlﬁ%%%ﬂ

pressur uti1 on MBS
adfeering ettsmssraéﬂ@ bBI)‘?Waéal €1 %10 mif-ricipB bt FlRethersold

?gdmlghava@pbafea o@t@@nﬁ&%ﬁmwd q@Bo R HORRRIdh. AHeDH was
se

(5ot 0 Lheah Lges b b ke s anel 200

( ZBG At Kﬂlrﬂ!lﬂqromedqume We)re alded d@t extractyal. OBlprowatar fhase was

Qp%%‘g% gﬂ\% léee e)g]{ag:ﬁe %ﬁg 80 111']1 %%Mﬂoﬁ%thg#ec Hil oqrg%lg %ﬂgses
p r&@v@ vasdied smpaﬂbde@@ i%mbo%msa@rg@ﬂ@gums(wlsomon,
C QB&%H{eﬁaHh&I‘%veWa%%g tﬁlﬁgrre]:ﬂ\',a\gg Qﬁ‘.%ﬁﬁ%ﬁeg?ﬁdﬁg %ﬁu&ed pressure to
conver
ready fin The Wmilt e%‘ﬁ?ﬁ SEREODMBR AR 6 § %madﬁa’rlon/sef ca
851@53rmrpetha&1e ibrdedtd 6btﬁﬁ1fjamé! @p/j; Mg.'n;i&h@f borOfu_c acid (tb_ased on

st er.eo tained. iii eterson elimnation
ﬁ@ %@ﬁgggﬁﬂﬁgﬁaﬁvﬁ§1 m was conducted directly on the

reaction m xture. 20 m of THE wer e added and the

r eact fipAllpiation 5% ) Jelgde2. 7 30 ml (48.69
mol, 3 equiv.) of concentrated sulfuric acid were

added; 20 $1 6. Q?ffﬁ’ﬁ(ﬁafr lﬁv WBfads a%gg%sg:%r Ta alé%ﬁﬁe were dissolved

| et ft
&&z i bt s artoebomas o neisob asaraved tan

%; 015 bR ed Bbﬂdﬂll&f):ld’@l@t@&f'r(cg 8086 ncentration) were added in
PCT/ EP /

0350
one por 10n e conversmn of the reaction was monitored by HPLC. Reaction

(00]

was complete within 1-3 hours at RT. A ca 85:15 mixture of B-trimethylsilyalcohol
diastereomers was obtained.

iii) Peterson elimination
The Peterson elimination was conducted directly on the reaction mixture.

20 ml of THF were added and the reaction mixture was cooled to 0 °C. 2.7
ml (48.69 mmol, 3 equiv.) of concentrated sulfuric acid were added. The
temperature was raised to RT. After completion of the reaction (ca 1 hour), 100 ml

of water were added. The organic phase was separated and washed 2 times with 50
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-37 M water. The water phases were re-extracted
sequentially with 50 m  di chl oronet hane. The conbi ned

woe@angwephases were dried over Na2SO4, filterBCI/ER2004/003504

concentrat ed under reduced pressure at 30C. The
resulting white foamwas re-disgalved in 250 ml MIBE
and after a few mnutes, the crystallization started.

5 f veter. srherwatagp}ﬂa5esmzae r@Ext&Et@lrL@ qeerRIY it@ts0Gni2 C,

R RN N W AT L

u mhelrconp@rﬂm:@lchq:dee sesimrced prEsquroi 3(ﬂ)éC1!D‘h2 rgguldfng white foam was

o Ex)rel @%@Rﬁ%g{\% E’% P2 W{n *Lﬁg&z ﬁge%’rgéta?lgﬁ{oh started.

r e@ﬂtwﬂmng Hegimypt BT 9s6| \lmgs qtr@ez Yolthelsuspenshon was filtered. The

di G425 RERVIARAT vaith 'S@?x@c%ﬁifM?BE éburoe»@ aqd%ea am@@-@@ °¢ RRder
sol vent, to MTBE foncentr

S SRee o ar pride Gof BRB I ragH - FErE o b owdRcingos%
406 aatk pefieat00ngH: Heaevaper ation 2 to three tines).

The solution is cooled to roomterrperat ure and t he

cryst [ Lt s. The
cuapent Sre SR PSR S P e B8R g
3ctirhdormmeti@ne Bheoors tanperatmirsant eX( anmgthplsowsmM'ﬁBE (by

' Sa‘aldﬁ{ Tﬁﬁt &)rncé thdeli Bl thO oluMGs Mflw \Hi]u ér}gduced

under uce pressure at 40C. ysis
I—WF%PVS?IT 406+ ar@ rgeatmgthgﬁx@nvraﬁpg%t@ éferef )nep)sm yolption is
9%o0lldde vhdie thepdaturs Qxﬁ@ﬂie%r)@tbﬂliztaﬁoﬁ Wen'ﬂ'?elr@wﬂl%g a few minutes.

%u&pe&&pé 155{11? q%%p(grrr]llt?r;lgerﬁulrg ZE)an% 30m1n at 6 Léd%he

3-crpstalsref (By-lasétylylSAARY wieiseoland eftadiltatios washing4QttbEITBE and
: j | yl,td+4 met hysi | ane were di ssol ved

W@?@gd%%%?‘@éﬁ?&fﬁfﬁ%#b& 25.35 nl (40.56 mol, 10

equiv.) of a 1.6Msolution of 25 butyllithiumin

hexané"Mdydoligided in 5 nin. maintaining the

tenperature between 14 C and 16 C. After 60 mn.

react iTopiralysisdf EhbQyL Bauhy bitidedl (ERMs A 21730 @9%86 double bond

Sol ut | o el %Bgyto O AT (40.56 mmol , 10

edfﬂr’{}erjcﬂ‘%r}t}'gwgﬁ ]S ‘borate were added in 10 nin.

keeping the tenperature below -65 C. After 60 m n.

react ibxamaple 2 70 C, the cold solution was poured onto

35 mM of a 1M aqueous HO 30 solution (pH=7-8). The

react i; Py 5l %N 6 ¥R3ut 6ARE e d¥bPom adl o Formula I1Ta IlTa: (E)-

3-(trimethylsilyl)allylboronic acid

6.67 ml (40.56 mmol, 10 equiv.) of allyltrimethysilane were dissolved in 33.3
ml of dry THF at RT. 25.35 ml (40.56 mmol, 10 equiv.) of a 1.6M solution of
butyllithium in hexane were added in 5 min. maintaining the temperature between
14 °C and 16 °C. After 60 min. reaction at RT, the resulting yellow to orange
solution was cooled to —70 °C. 9.614 ml (40.56 mmol, 10 equiv.) triisopropylborate
were added in 10 min., keeping the temperature below -65 °C. After 60 min.
reaction at —70 °C, the cold solution was poured onto 35 ml of a 1M aqueous HCI]
solution (pH=7-8). The reaction mixture was extracted with 30 ml of
dichloromethane. The water phase was separated and re-extracted with 30 ml of
dichloromethane. The organic phases were washed sequentially with 30 ml of a
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di chl oronet hane. The water phase was separated and
re-extracted with 30 ml of dichloronethane. The

woe@angwephases were washed sequentially wi th BOI/RP2004/003504

a WD 2004/ 089960 PCT/ EP2004/ 003504 -38 saturated
aqueous NaC sol ution, conbined;3gdried over Na2SO4,
filtered and concentrated under reduced pressure to

C Ratdated aqueons Baabsohitic) c@rfnbiéféﬂ ch@d’chBirﬁf lﬁﬁﬂim lﬁlﬁérﬁl a?d
i met hyl si -ally

I -Cﬂceé‘?rfh\édjf“é%%éﬁe&u%?ds\?fégsﬁ%& |ac5cb1 Moxylic acid dimethyl

ester) 5 and A I yl atl on of acetyl cycl osporin A

al dehylde AGERTY sbarr fl larf¥ghe

L apdylylakign el aqeidioye inpk gldehyrdenoyrs stirring at
t he suspenS| on was cool ed to 0O Cand 5 g (4.056 mol,
1 eqUI4\88)g (@086 Yhmel ¢ egio) inBgresRing Qi1 feed e detedeeddis

t t
oG BOR RGO S5 Rl MRk ”e'qw‘%rm% b aface.
atAf&r C hotitrsstistisp@riRT,dhe swaperfsidit wassshobddo ORE dnidl 3 ¢ 64.@56 mmol,
L N
sol &%?%gg}g%ﬂb ﬁgﬁ}" s%?éu g? glg;e;g dgtg(gg% .Tl?‘ % eamon
arvens sEmtoreshy HRRE (enfQ9d comesnem afmsrd haywp ) tA s 1711ﬁérs Stlrrmg
gqu g Z@ Sthe 6&1&%@3 ﬁlgeéag gﬁd aﬁtmd%ﬁgvtala w\'%g;égﬂ with 50 a1 galf
| S SEes
oVRpT wpu% N?ﬁgf 5@3 53 Hﬂ ?tafaésd aquegys ﬁ E‘%&%«rsolutwn
r add Ge dllmalisstufaeed @qu@blthldEI soldtich. grmfaqae@& ptasedvere re-
X1 S| er eone
St Rl SRR Y b8l SO SopthiRed SRR RS B dried
@VtHNaEéDm)ﬂlErd@/aicb@lmoéntchtakdteﬁOé ©nerder rddxted pregsute g, provide
”"IZ%W F 1307 ananty e ARROhSTALIRH dlrehalhe I igR

weelbovaaided dropwi se mai ntai ning the tenperature
between 20 C and 25 C. After 2 hours at RT, 50 m
hal f satpaiatarelagineaels NaCl sol ution were added. The
resulting m xture was extracted twice with 50 mi MIBE.

sat ur Jre g ERTRERUT Sl B P b teghBrne P o

0\4@56 N SD4vaa ddsdvercier2srmak B Fuhdidr mi @ducenmot Ssyguy. Jat
S:% enya gﬁ:ﬁﬁllé {Egﬂ rﬁﬁﬁg&i ﬁm’f;v@&%ﬁhtalﬁlgﬁg gl%e dt\é’ﬂ'ﬁnerature between

I SSO onet

c éiﬁ denpd 35 &d- Affee? hpewsat B, 7t mb baf saturptrs agugeles Ne@dghttion
VWarr A RRA! YRErdsHItREG mixture was extracted twice with 50 ml MTBE. The

organic phases were washed with 50ml of a half saturated aqueous NaCl solution,

combined, dried over Na,;SO4 and concentrated under reduce pressure at 40°C.
The resulting crude E-acetyl-ISA247 was re-dissolved in 20 ml dichloromethane
and concentrated under reduced pressure. The crude product was dissolved in 60
ml MTBE. The crystallization started within 10 min. The suspension was stirred
for an additional 15 min. at RT and 2 hours at —10 °C. The crystals were isolated by
filtration, washed with 20 ml cold MTBE (-20 °C) and dried under reduced
pressure to provide 3.6 g of (E)-acetyl-ISA247 in ca 98% isomeric purity by NMR.

Example 3
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m MIBE. The crystallization started within 10 m n.
The suspension was stirred for an additional 15 mn.

W@eooR0s®rd 2 hours at -10 C. The crystal s wer ePCEBPADEM3IS04

by 30 filtration, washed with 20 m cold MIBE (-20 C
and dried under reduced presswsto provide 3.6 g of
(E)-acetyl -1SA247 in ca 98%’isoneric purity by NWR
Exanpli® 3 \2repafdiod8F A6:Hh ACT R 004HRY P @A mul B9 : 2} (E-(3-

Prepar {1 t | ami.ne conpl ex of fornula V :
2%@%6%%%—?%& (136,21

di oxazaborocane 50 g (424.5 mmol , equi v.)
al | yt ri0rgt4Ry.b shmhah é eqrive a&imrmgj@hylslhnt mere dacgeiddn the reaction

v ev%§s%i foﬁl@tvk@w 50y $B@. Ao hERtear &)lérﬂ%@%ﬁlﬁ?gn \9%1] gﬂh&f N

sol ut1on were added 5 dropw se over
( SASPYISERBH, 15@@5 1éaéurvl (497 mamol, 7P aitiy)) (of & Bi7Mnputyllithium

S leﬁtidﬁrin lhepﬂaﬁé;tnadiﬁtalﬂrﬁg EHe&bﬁE@x&ter BeilvRENCH AL UNHE 26 °C. After 2
\Ne en u

at
oS o K e orae Nebtastivasiroolsg tor 7 g s ml s 5
( Ao 1.05nmjlujv. )i pespylbor)tetwer¢ sdried dpypbios atee 208iie.,

O AR IS BB B o TR P& L0, thegsaction
r eamtmr@ﬁvai powied onte2 3wl phaMdaqomw chehydriofidsdition
acryeauﬁl o5y dAft& 1RGhth. §t@1|rﬁltg'f fn Wa@riﬁx‘dgx{]v\f&%eggated and

ter 10 stirrin
s éb%ffi%r@éd 12416 (40112 mupeleft95 49uix) élerhareelasnwrre agdedto the
eqpanic ghat) hﬁﬁ@irﬂ@ﬂld}ﬁwﬁ‘@ftﬁ‘reﬂdﬁﬁ@ 89n.1ahRT, U@ adlikeptane were

h splu 0
e aREh TR Rt R 0h St ner i sratieataitil o T ey sont
P aDIViem cﬂiytllbdh ueddrredwedd presdre CA(veldtenbeipitdts appavediind the
di 'sﬁ§ gg)wag Qt%ﬁed 5 ﬁgHﬁe&g R"i'r %% lﬂﬁﬁ)epﬁa‘ow(ﬁg Elt%reg ¢ 'I‘BE %Etg solid

app uspensi on was

Ras Trashesh it A2 @hhvmgnef 3nid drieslnt 47RE vndet redyedd; p:resswer:s
W RaHzILh Brvi® 95,7 HEPiRMGtBI bl HhIne @oﬁrprei%fformﬂev

reduced pressure overnight to provide 85.7 of

di et h np| f f | v,
o 1 ARBR G50, Pshin folr tod VS 565 Borap 1Rt 15%;5 re 832 (4,
(dH), 20 (&:BH),3.55 ((xlra2P2)tDZ95:6m55H0 . 72<'rh,,2HZ), 959 ((m ZPZ)HD ,(s, 9H).
2.72 (m 2H), 1.29 (d, 2H), 0O ( MR ( DVB

el gy RuesRol 61 to%r%%rzgaﬁgsp étloh@g grs

M cr oana
Karl - Fi scher_titration) Calcd : C 52. 43% H 9.71% N
6. 129%MiBropnglysis : Gontens0704 eawing di20 ty Kal-Gisvherriteat®ady N
6.36% B 4.79% Si 11. 3%

Calcd : C52.43%, H 9.71%, N 6.12%, B 4.72%, Si 12.27%

Found : C 52.04%, H 9.63%, N 6.36%, B 4.79%, Si 11.3%
ii) Allylation

7.375 g (32.46 mmol, 2 equiv.) of diethanolamine complex of formula V, 20 g
(16.23 mmol, 1 equiv.) acetyl-cyclosporin A aldehyde and 80 ml dichloromethane
were charged in the reaction vessel at RT. 40 ml water and 2.79 ml (48.69 mmol, 3
equiv.) acetic acid were added under stirrihg. After 10 min. stirring, a clear

biphasic mixture was obtained. The reaction was monitored by HPLC.

iii) Peterson elimination
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25 1i) Alylation 7.375 g (32.46 mmol, 2 equiv.) of
di et hanol am ne conplex of formula V, 20 g (16.23

wOornmk/089be@equi v. ) acetyl -cycl osporin A al dehyderP@maPR04/003504

m di chl oronet hane were charged in the reaction

vessel at RT. 40 ml water and 2499 m (48.69 mvol, 3
equiv.) acetic acid were added under stirring. After

10 m Aftestvertighigreadion gfrorghiblapérasdsGeprrxiet bRd WaSwater phase

er s%%iee-rha-‘:6 nﬁgfﬁo W\I@%M‘? ﬂ%&ﬁ%%q?’ SEPJEg%%lB%%Wﬂs

zmlcmfl&retred ovdentiedined peesstiean 30 (@0 berl@iawedumay €00 MASHE were
S@&&ﬁ%@@h@%ﬁ%&%ﬁ&ﬁ%@& A edrhs[e CRAg og'waéQcHHéted to 100

re add to the organic
caw é@f thecelutioa gvpe saclpd écs@@fé? d813anlc32-46 mnel, 2

I &V PE@HE@?UQ-’L?@ élﬁ'ffur-irdﬁld/\ﬁ&% _f_rﬁﬂ@(ﬂ@ﬂ)pﬁ% dvBes ﬁﬁ’lll Ufﬂaﬁﬂammg
r e e

t ol une was .a ust e
16 (SRRF St RS T i 000 S ree™ eoUREPAD vgs smoved
Candlth8 1@mpira(B2 wabraisetd ko RZ. Adgu A\Yloilrscr@itm@ﬁt 4@k drater were
SQAJeHrfbl‘fov%%' %’gﬁﬁfl\éﬂn%%r gl; g;raog% ous awegwef seB\?raged’ and discarded.

mal nt al ni n
adloé elgenic phhse wasawshehwith 40 i GNabHE B aedd mbsabwretdd Natd,q, 40

t ﬁ‘@ sdtEIREN R & MBS ¥ RSSO |, ?rlt d aﬁﬁtc?ﬁce% JQ%W 0 nﬁl under

ction, 40 M. water_ were
M‘F pcedmpiessfy ddsTydp Rspced ééé%\wa% Téddléﬁ@hfeérl% 36} eb Y[ TBE
1ﬁ1d|_ hostalligaionGtRRASAIMAS ARG Aﬂer41@ Hln. NekiCERd g, hours

oA RSP B G eyt SRSl ot B g &0 AP

r cérd«td:ﬁcSOﬁCemsiar eeduddtiepressutketobgiacist 45l ¢ dfYBPATet VRIS A247 as a

B AP AR €7 15 R ane

2.5 hours at 0 C, the suspension was filtered, the
crystiy) Bydedsissashed with 50 ml MIBE and 15 dried at
50 C under reduced pressure to give 18.45 g of

( E) - arigt Yhed W& as Bydrolybdet IS ROB i BB Ineric

pur it V) FVdronS|s hi s crude product was
tg%y%%L o give (E)-1SA247 in 99% i sonmeric purity
by HPLC. 20 Exanple 4 i) Allylation 10.02 g (44.1
mol ,Exnegdedv. ) di et hanol am ne conpl ex of formula V
obt ai ned

i) Allylation

10.02 g (44.1 mmol, 2 equiv.) diethanolamine complex of formula V obtained
by the method described in Example 3, i), and 30 g (22.05 mmol, 1 equiv.) of
acetyl-cyclosporin A aldehyde were charged in the reaction vessel. 36 ml acetic acid
were added at RT. A clear solution was obtained after 15 min. stirring at RT. The
reaction was monitored by HPLC.

ii) Peterson elimination

After ca 6 hours reaction at RT, 60 ml formic acid were added, maintaining
the temperature below 30 °C. The clear light yellow solution was stirred overnight
at RT. 18 ml dichloromethane and 300 ml MTBE were added followed by 180 ml
of a 10% NaCl,q solution. The aqueous phase was separated and discarded. The
organic phase was washed with 180 ml water, 300 ml 2M aqueous NaOH and 90 ml
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by the nethod described in Exanple 3, i), and 30 g
(22.05 mmol, 1 equiv.) of acetyl-cyclosporin A

w@baekyweo wer e charged in the reaction vessel . PGBEP1004/003504

acetic acid 25 were added at RT. A clear solution was
obtained after 15 min. stirring4at RT. The reaction
was nonitored by HPLC. ii) Peterson elimnation After
caafer hBhe srgpeiaphh@waatcorent@@dit RiToundee raluicel pessire. The

TR N RS Ly
atmcmbncmtrﬁﬁe th ehi38manetitrantrringd B300s sl RVABEL \heneat 0-2°C,
agﬁ%lf&hkﬁ@f@l@n Bvhs h&erell TRE cf"ysgag%é}l@gag%ds«mﬂ]% RMMTBand

yepus phase was, separat ed and di scar
e s T ep e MBI T EEE0 S Obe ey SO 2ppphite
ag@&@@éiﬁn NG dortleHdndl isMEZODMIOBIIEUR.
PCT/ EP2004/ 003504 -41 water. The organi c phase was

concent)lrz]gi [% at RT under reduced pressure. The

crysta started and the suspension was dil uted

by addition of 300 mMl MIBE and concentrated to ca 330

m . Alhispraduct wanlydgolhizadrts girte (RFFLSAZ71n1969P6 doutde Boxg]

t REMAL bEri on was filtered. The crystals were
washed with 50 nl MIBE and 5 dried at 50 C under

reducgd pressure to give 27.4 g of (E)-acetyl-ISA247

as a 5povvder i n >98% doubl e bond isoneric purity

by NVR iii) Hydrolysis This product was hydrol yzed to

gi ve (E)6.85A424d, 1 eqiR) 68tydatyblbepdrined\ aldslpe iiege disdolded in 10

bl flchfor *?th%%@ne QoL PRI 7T Boh el ethapojgmine
mordplslhb oG ﬁéﬂbtah@dlbamhdnhﬂloﬁeﬁsq@edin 82ampiel3, )2 The
eﬁwbm s&u%s DR Qeaemm = ?ﬁm@g? {a‘g &&rom' 'Rl a8k ned

e nmethod descri b turbid
s%%ﬂﬂoi”éﬁ ethgrate wereaddedkeepmecthe mlpqrat@ss lonroh0 °Q. After 1
elﬁbﬁr\ét >-4bet,qhe dSvling {bﬁﬂl&ﬁ%ﬂ 1?&09&&@’5@&1@ rWR¥iBn addes RIRALe was

rature bel.ow e ou

dqmq@e%%ﬁ g rRgEoR éh%@@g raﬁ%ft 3 1A agReus @C%
moﬂnltm’rewm&ddmh rThediqugodsehRie wisf sbpira&ﬁ aftl Re-ex@atéd with 15 ml
a%éﬁgror%{%hgﬁe Olfhe%og% aseer%al%C ge S sw re rleﬁg)lvgrnl\/flvgb‘;, filtered

ueous ar a
r@decanncemeé@ﬂ widdn radiced pradsurh hbct(b‘iiétormweo 994 ef dHrasetykd

053287 t PHRF ASule bEnd IsbRERBREHEMINGR) af b WHRE EShm.

Example 6

i) Preparation of the pinacol complex of formula VII : 4,45,5-tetramethyl-2-
(B-(3-trimethylsilyl-allyl))-[1,3,2]dioxaborolane

20 g (169.8 mmol, 1 equiv.) of allyltrimethylsilane were dissolved in 60 ml
THEF. 69.18 ml (186.8 mmol, 1.1 equiv.) of a 2.7M butyllithium solution in heptane
were added dropwise over 10 min. maintaining the temperature between 20 °C and
26 °C. After 2 hours reaction at RT, the yellow solution was cooled to —78 °C.
42.26 ml (178.3 mmol, 1.05 equiv.) of triisopropylborate were added dropwise over
10 min., maintaining the temperature below —65 °C. After 1 hour reaction, the

reaction mixture was poured onto 100 ml of a 2M aqueous chlorhydric acid
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20 and concentrated under reduced pressure at 40 Cto
give 0.99 g of (E)-acetyl- 1SA247 in >95% doubl e bond

WO 3189960 purity (NVR) as a white foam  ExanpP@r/BP10)4/003504

Preparation of the pinacol conplex of formula VII
4,4,5, 5-tetranethyl-2- 25 (E- -42-
(3-trimethylsilyl-allyl))-f 1, 3,21di oxaborol ane 20 g
( Si@tich (rawiltinglpié Geii)v 2P nnifdldﬂdny)lrmmlhmwmé sddedrradwbe water

\AEI%SSQ 'w\é? ge]p'aﬁt%f)aﬁ% cgsc-g{_%d. ﬁ'% 1@%&% Q’Va% dﬁ@ﬁ oveIJMéSO4,

Irt@efée@ré@prme@mﬁeé & st 1Q@rrﬂq . 48@ lﬁ%mmﬁb Iitraquiv:) pinacol

t fEReHat V5 %&%ﬁmg%%l&@%s sabre@18 AbLiRrat RTH thesfeacuon
reacti on at S C

Dggrq@aszzgnﬁqntl(aiel;agat§8 n%nderl leggce(élcmps‘ﬁuye aé]?il tlele resultmg 011 was
t ﬂistlE@Wt@B-}ElOU@ﬁﬁider R meb 2 ghaleeuidrro pive SB.2Qwe . coldlesd ail.,
mai ntaining the tenperature below -65 C. After 1 hour

react j. | s poured onto 100 ni
of a he o?all At 915%} gﬂéﬁrﬁfrﬁt 5004/ 089960

PCT/ EP2004/ 003504 -42 solution (resulting pH 6- 7% 20
n  di ¢hg O5denmehd aquive) efddel-arstpspoiin Vel dghydpprd 8444

5@2@9%%1 qryjeq@hﬁ)cﬁhgé%ﬁ corhPRx @beAMGin i PURT 30/R$ a&'h'c %Elld were
over MgS fllterﬁﬂﬁaﬁd concentr at %d L Cfabout

nfharged 1a egreeq_tgyg) ¥Es yn réagmlg )3 gr fdermic e Were
agited vder Wier lmﬁ gbdlirzg n&@htuhhmh%anpéramebletﬂvserhms °C.
S bl eieafn 08T I R P u G R b g B e Stdea
dfodlbived byl 120 mJleﬁ S aqmdms NaCR solption. p’fbswamee phoegiage
3?7€P§Tage<ﬁ{n &c%féﬁ' g% oI %n a}%ﬂa)se %@Wﬁ:ﬁ% gn%l 120 rn]lwater, 204 ml

at1 on/Peterson el

jagupoustNaQRidisolutiop end £p srliwete. éﬂh@@ﬁwec Rlrage wameomcgntrated
( #2308 Hthe chystalBEHON starRIAN 200 n] SPTHY @ﬂéreoﬂﬂéd BRd e

and, 30 ni acetlc cid wer .A}*,%Car mrr% pg

BERSHM Wsconrenifat OLFﬁ&éP t W&“ 8% 2 poysapd for
a;: h8uwvioe2 ‘Koldheisuspaﬁionmiseﬁltdaai hn&cs@hd Ras washedtvaitinBenl

erat.ur.
QPR R So S WA Tedice s ropre T b ide DORORE waree

VESAG47 defewhité pbwvdesd >199%1dgnbid bafd isorheds pupierd by NVAK).
solution. The water phase was separated and

di scag g%% J[g organi ¢ phase was washed with 120 ni
wat er, 1‘5’ . 2M aqueous NaCOH solution and 60 m

wat er . The ani c se, was C ntrate a
unti| hlﬁer%ﬁyg WO%WWO&%@EE A%@Gnﬁg %é@iﬁegend
aldd@enapdnﬁyl*lngBMspen& on was concentrated to ca 220
m. After stirring at RT for 2 hours and for

Example 7

2 g (1.623 mmol, 1 equiv.) acetyl-cyclosporin A aldehyde and 779.8 mg
(3.246 mmol, 2 equiv.) pinacol boronate obtained by the method described in
Example 6, i) were dissolved in 20 ml dichloromethane. The solution was cooled to
—70 °C and 1.28 ml (10.22 mmol, 6.30 equiv.) borontrifluoride etherate were added.
After 30 min. at ~70 °C, the reaction mixture was slowly warmed up to 0 °C and
reaction was continued for 60 min. at 0 °C. 20 ml water were added. The organic
phase was separated, washed with 20 ml of a 5% aqueous NaHCOj3 solution, dried

over MgSQOy, filtered and concentrated at 40 °C under reduced pressure to give 2.1
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1 hour at 0-2 C, the suspension was filtered. The
solid was washed with 30 M MIBE and dried at 50 C

wapaensaetluced pressure to provide 18 g of (E)PEDEP2004/003504

20 | SA247 as a white powder in >98% doubl e bond
isomeric purity (by NMR). iii-¥3Hydrolysis This
product was hydrolyzed to give (E)-1SA247 in 99. 7%
offERatroyld SAREDmer9506 gomble hong ishiRledc pEXgNEINMRY 298 whitg
Qﬂa 23 mol, 1 equiv.) acetyl-cyclosporin A al dehyde
779.8 my (3.246 mmol, 2 equiv.) pinacol boronate
obtalned gy the nmet hod described in Exanple 6, i)
wer e ed in 20 m dichl oronet hane. The sol ution
was cooled to -70 Cand 1.28 ml (10.22 mol, 6.30
e q ui \1) ) b oPagpiardtiohudilldaiftioseb@be redeat: adeadum BME€B-
Y . Y JCﬂuth%.r%actlon m xture was slowy

10— d—30 teaction was conti nued for 60
mn. at O C. 20 n1 wat er were added. The organic
phas& g/dd.38 epaprhi eduivhabdiethanpleminocamplef okbfaiud ydevus

Na&EES déthHéd ﬂlrExaﬁ{[Jl@f?' i), 29811 di@&%ﬁleftmnfeei@gﬂ Ay and 2.44

concentrate at d reduced ssure to |ve
anbi(47 peynak éssm ap@m/aE Vitrs cheraship ¢ ¢ rgpgtiog Vespel under

(sE}magazﬁttM - AFBAZH Inin sth¥5 Y thewhie phagedvissepaitted apd distyrded.

ration of

PR e e el Pt E1etdd he orSRTE Pg%é:%%‘?ﬁ% Bftten sz 5

tcbncmithyécbat 49 PCainkiet deflutad fressoredb Gr Hl wml. 540gym{ gikiiHol were

f |
TBEd foofiby s 52tz @595 Bﬁﬂ@xe%‘]ﬂ@ ) %@g@@r@ﬂ afirfidg at RT,
dhe tenerivimg selidhwas Bitered disearded. aFer Htrate Waﬂw(lqezltm@ﬁdmﬁﬂ

Ze & Hrdss@eat | 4@°(§‘€6 & wehe %B%Qn'%skhﬁeﬂ%@?lzr%nd the a
Lrr

vessel “under n

w%atwswsxﬁﬁa@é %ﬁﬁ%@@&nan% Og? g@&ﬂ%@bspea%owaﬁ#hered
bRl dWess Qvaamlth @olﬂhﬁetﬁiir&ﬂ 20 °phasédriad dnddreeduced

sol uti on4¥\@é congg dt at C under reduced

AP ESHGA £0 g1ge 1 er;éa[ fol were added

foIIovved by 3.34 g (42. 70 mol, 2 equiv.) KHF2. After

60 ni'H NMR (DMAQ, ain KT rel tIeTMébraﬁ ﬂ;ﬁ AYLsds).i 1 awdsd, d), 3.5 (2H,

er tvs?art&? 1d1u§ﬁ_grnql)eg( fihg filtrate was concentrated

ressuré at 40 Cto ca 25 m. The

soI ut,j on was cool ed to 0-2 C and tfw
B NMR (8 in ppm rel. to BF;.Et;O externa ref. ) 3.8 (q)

Microanalysis : C;5H;3FsBKSi (contains 1.08 equiv. H,O by Karl-Fischer
titration and 0.5 equiv. KF) :

Calcd : C26.83%, H 5.65%, F 24.78%, B 4.02%, K 21.8%, Si 10.5%
Found : C 26.33%, H 5.74%, F 24.71%, B 3.89%, K 22%, Si 9.93%
ii) Allylation

2 g (1.623 mmol, 1 equiv.) acetyl-cyclosporin A aldehyde were dissolved in 10
ml dichloromethane. 10 ml water were added, followed by 735 mg (3.246 mmol, 2
equiv.) of trifluoroborate obtained in i). After 2 hours stirring at RT, the organic

phase was separated and the water phase discarded.

iii) Peterson elimination
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15 white suspension was obtained. After 30 mn. at 0-2
C, the suspension was filtered and the solid was

wo®heshds t h col d net hanol (-20 C) and dried uPKEEP2004/003504

reduced pressure at 40 Cto give 3.4 g of a white
powder. '"H NVR (DMSO, 6 in ppm4el. to TM5) : 6.15
(1H, dt), 5.15 (1H, d), 3.5 (2H, br s water), 1.1
(2H, Bnl TOIH Ve aé@ied @0hd dbEpaRhake dml thp soludibn waecooled to 0-

g’; %@3&3@5@% g\?fn% ferbtgatgd S\ﬁ%urwﬁ%o‘g&% kﬁd%ds '_:,F he reactlon

t MEtHTY Was vgap;gled up t@@{ﬁ \Aftqqsprrmme@ught, 28 Y5y werE added
5Tﬁ5 %ue%u?ﬂ &%ﬁs s&Aated Ahd Hlsé’a]fd&/o TI§! or Qm"é‘iéhas%%h@ Qvashéa
5 29 %qfﬁf’/%%qu(’sﬂu% @HF%PBGQ@U flefl Qé”&b f%éSP4> flkcred and
ae@tcyhtmy@ Ladaatdiced patseigfayd 20 YR tegite 3 goif VEdadetyl-IOA24T as a

B R AR Aptle Bond B Rl PP YA B bor ate

obtal ned ini). After 2 hours stirring at RT, the
or ganfxmplb8se was separated and the water phase
di scarded. 30 iii) Pet erson elimnation WO 2004/ 089960

PCT/ EP Qpéﬂéﬁ&%ﬁﬂ% e §cef’5}1 sﬁ%?fneA %@Eﬁeta‘ﬁdtﬁg mg (3.246
i c

%%?q? | L3 gcfxggétnfgxn)éalmf@te)o lé%}% tf’é?iﬁgillj g?ﬁﬁﬁgég‘é‘c‘%z’@mple 8,1)

VA\ﬂi&Z@ﬂﬂi ﬂﬁhloﬂihﬁet!h&ﬁ@ f/vk:ﬁa{thafge&ﬁmﬂﬁ: régesionaiesseld The stlﬁpeﬁﬂion
er | Il
AiSineded Gl P oG au e Zsd 1037 sl lB e o S oyt o
phhsatewse wdd;drde A fervi0tohin28X +70 °Gf 20684 wgtee vese AMallkkCCBhe organic
Y gia&% ey %ggggaée%d yggggﬁlrwe X %BFC& 5O gqeaﬁgwaﬁepc eNbfieh &ied

( Byer MeiQu filtgad a7d gencgntrofsil pedd i’ﬁﬁndqﬁ rs@g%l dErsHIE theive 2.0
'e§ BB LdeiRIS AN 7 (R Y oBiRloubtyHAl iSorferd Surit- ;ﬁ@ﬁlﬂﬂ@ whiile

ny

ui v.’) acetyl-cyclosporin A al dehyde and
(2246 10 nmmol, 2 equiv.) trifluoroborate obtained by
the method described in Exanple 8, i) and 20 ni
di chl Bxampie hane were charged in the reaction vessel.
The suspension was cooled to -70 C and 1.28 nm (10.22

mml, . a%gi a};aﬁ o tugf!a Bde etherate were

added O nm water were added.

The organic
2.67 ml (16.23 mmol, 10 equiv.) allyltrlmethylsllane were dissolved in 6 ml

THF. 10.14 ml (16.23 mmol, 10 equiv.) of a 1.6M butyllithium solution in hexane
were added dropwise maintaining the temperature between 14-20 °C. After 30 min.
at 26 °C, the orange solution was cooled down to —75 °C. 4.8 ml (16.23 mmol, 10
equiv.) titanium tetraisopropoxide were added dropwise over 10 min., maintaining
the temperature below —68 °C. After 1 hour reaction at-77 °C, 2 g (1.623 mmol, 1
equiv.) in solution in 6 ml THF were added dropwise maintaining the temperature
below —72 °C. The reaction mixture was stirred for 2 hours at —76 °C. The
temperature was slowly raised to —40 °C and the stirring was continued for a
further 2 hours at —40 °C. The reaction mixture was poured onto a mixture
consisting of 32.5 ml of a 1M aqueous HCl solution and 20 ml MTBE. 16.2 mlofa
1M aqueous HCl solution and 25 ml water were added. The aqueous layer was
separated and re-extracted with 25 m! MTBE. The organic layers were washed with
30 ml of 0.5 M HCl,q, combined, dried over Na,SO,, filtered and concentrated
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phase was separated, washed with 20 ml of a 5% aqueous
NaHCO3 sol ution, dried 15 over MgSO4a filtered and

w@emgeswosmt ed at 40 C under reduced pressure tBCHERM04/003504

2.0 g of (E)-acetyl-1SA247 in >98% doubl e bond
isoneric purity (NVR) as a whi-t46 - foam Exanple 10 i)
Al lylation by an allyltitaniumreagent 20 2.67 m
(ub@e2Rdnvadl pressOresdDVC Yo givk 912612 afettlel mixtemof digpisreomeric

qlhﬁ%o{r}/ﬁgp&l&lﬁld&lolszygwhfl-@ sdfnm (16.23 nmol, 10

6M butyl11thiurn sol ution in hexane
wer e added dr?pvvl se mai ntaining the tenperature
bet L r 30 mn. at 26 C, the orange
solution was cool ed down to -75 C. 4.8 (16. 23 nmol
10 ahdicYude frold@dnivaRdiseslved BO[rIcnakTHE ane 68 atictetentrated

&tgw gcg%%\éreerag%fe g Eeagt?o |t gxg.?f L s eateg?t %f F@%’ﬁtﬂ&r
(ahd@ﬁéh eoobdd, toRT. elq?lmllw;ter wen;ealddeqi amd the rsaqtﬁonmmtme was
%Qﬁgﬁe@wﬁﬁm%ﬂ NTRBRL &40 'aageo'ﬁ@ ?has%rm@ &@tem&tecp@hm 12

€ reaction mxture irred Eours at. -76

AMTHEe The ergaaicdeysr wevgisasbpdwith 11 aiﬂsvéaderv gomigimed; digl 95E
SNMZSOL rﬂﬂ:ei’é@%n@%@hbéﬁﬂﬁ@ecf A1o0ac ufndéﬁ Reticed prossuse @tgivediO8 g of

v @ rangy siogs” o i BEvad 16 calie rrefud o Fi-Girsalyeg in
25 11 MIVBBEt RT6 Thertyseiflizatiod Masted emhm Heew mituted. dheand
Sk T S Eo G o Rl PS5, Y Rtered. The soid
ovayavwisleed wifle rl A WEFBE wad e o 4oh°c wolentedyicedpEsMreit gite 1.02
%@ggg%%ﬁﬁ 2Oy le\'g%@% infch loB&S RALABbHEPRGERNE Bleg

04/ 003504 -45 under reduced
PdBLre at 40 C to glve 2.26 g.of crude m xture of
dlastereonerlc anti (3-trinethylsilyal cohols as a
whi t eixheam 11 i) Peterson elimnation The crude product
was dissolved in 11.15 nl THE and 268 d concentrat ed

5 sul. c aci d [_tadded Thd reaction m xture was
heat é @%@M&—%d then cooled to RT. 22
mM water were added and the reaction m xture was

ext r dc87egl( Wgiscm2el, i) epriBe. of Tdtrimerbplsitansheese disgadved in 20 ml
1o 5@1@1* %%7% 585 nliﬁ!nol Wﬁgglmm%a Qrmr}.bﬁltioﬁ)@'bugﬂ[tﬁmm

washed w t wat er dried over
fip |hﬁéﬁaédwamdésq11 deqiwise QT étmla@ eePiRebe teaperaiye cBétneen

PieeE o0t e, Qifee 1hoBP stiridg at RT, the yellow to orange solution was
cooled to —76 °C. A solution of 4.22 g (15.85 mmol, 10 equiv.) of titanium
chlorotriisopropoxide in 10 ml THF was added dropwise over 4 min., keeping the
temperature below —60 °C. The resulting brown-red solution was stirred for 30
min. at —75 °C. A solution of 2 g (1.585 mmol, 1 equiv.) of acetyl-cyclosporin A
aldehyde in 10 ml of THF was added dropwise over 5 min. maintaining the
temperature below —60 °C. After 30 min. at —75 °C, the cooling bath was removed
and the temperature was raised to —10 °C over ca 15 min. The reaction mixture
was added to a biphasic mixture consisting of 40 ml MTBE and 35 ml of a 2M

aqueous HCl solution. The aqueous layer was separated and discarded. The
organic phase was washed with 24 ml of 1M aqueous HCl solution, 15 ml of a 10%
aqueous NaCl solution, 15 ml of a half saturated aqueous NaCl solution, dried over
NazSQy, filtered and concentrated under reduced pressure to provide 2 g of the
crude mixture of anti B-trimethylsilylalcohol diastereomers as a solidifying oil.
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10 crude (E)-acetyl-1SA247 as a bei ge powder. The
crude product was re-dissolved in 20 m MIBE at RT.

wah@4/0896d al | i zati on started within a few m nUPEHEPZh€003504

suspensi on was stirred 30 mn. at RT, 45 mn. at -10 C
and was filtered. The solid wa-washed with cold MIBE
and dried at 40 C under reduced pressure to give 1.02

g of i{)Detengat ainiBAB4Y as a white powder in ca 98%
doubl e bond isoneric purity 15 (NWR). Exanmple 11 i)

Al y I-ffd &Hd%roﬂﬂc@%a{sydl{sb*f@&im ?‘?ﬂﬁﬁtRTl Be QidtiRBR

rgb% trinmethylsilane were
oqos>1-,6é| t9 @di Gf Oéﬁorﬂthra&e v arpd pere arisled gropyate.
1Phadmhip¥ratur@fwad radsed tYIROddd the Bea@flolb eliytulré Whd $8Fred2® Hors.

t%m@%ﬂgﬁﬁﬁd L R TS YL el B hese e and

sdn;crafdﬁg Tk oREnid pleasy ehd washed 16 ndnd e 5%0dqucponNaEEO;

f .85
:ﬁiﬁlon’ 59 Pﬂ E? 3 Il Ealf Satﬁl%lt# a'(g;?l ey Neﬁ%lé%lg%g&ilcgn n%a%ﬁég
rwla@da@m@ntmto@w@@ rgdn,qed @remnﬁe to gige éigr&gOftCﬁ‘éde E-acetyl-

Tr{g@f af M&u@f{ii?i% wgé)%hg%ol\%a% b€ %Hld‘idlﬂ&oﬁ{e@l’{%er Q@' ml MTBE

Syg,q:rgp > B @e@o{upogggas ﬁﬁ;é(pentrftegl(?ﬁ 40 ()L, uaf;ler reduced pressure to
At it vomfﬁé OBROasttwA opatatiehy Wes depedtéd tHredfimédo inasder to

o TR B adh Bt g PR P ERROThe Stgioney pepled o

CRID b dh thelraysalhivasion estapted dvitham el favhmineap eFlat suspensms was stirred
r el (G n

B g e
nsiedmithds oai MEBEandMried vaderasdacehi@resspret B RC taiae 1.1
WQ&&%IHS‘H@@ WB0586 BRI B6h PREmEI S ﬁﬁﬁﬁﬁ(@IMﬁb‘ &s a white
organi ¢ phase was washed with 24 n -d of 1M aqueous
HOWESH ution, 15 M of a 10% aqueous NaCl sol ution,

15 mM of a half saturated aqueous Nad sol ution, dri ed
over Exapd¥p filtered and concentrated under reduced
pressure to provide 2 g of the crude m xture of anti
(3tr> 3 ] liastereoners as a

sol i di $G60 PCT/ EP2004/ 003504

-46- i) Peterson eI i mnation The crude product was
di ssol-§kgl(i585emmol TiaEquiv. JFf allptrémetbyistansiverg disseliest BP0 ml

&P a@?%ﬁlwas B meRNaeRLEAN) M a UM uahﬁoﬁ@rfeummum
added dropw s ete eraturg(vvas r.ai se

e iaat MeE AL BT Do b i Sedgo R s Empetature befieen
20 °C and 25 °C. After 1 hour stirring at RT, the yellow to orange solution was

cooled to =75 °C. 8.6 ml (15.85 mmol, 10 equiv.) of a 25% solution of

diethylaluminum chloride in toluene were added over 10 min., keeping the

temperature below —55 °C. The resulting clear colorless solution was stirred for 30
min. at =75 °C. A solution of 2 g (1.585 mmol, 1 equiv.) of acetyl-cyclosporin A
aldehyde in 10ml of THF was added dropwise over 5min. maintaining the
temperature below —60 °C. After 30 min. at —75 °C, the cooling bath was removed
and the temperature was raised to —10 °C over 15 min. The reaction mixture was
slowly added (under cold water bath cooling 10 °C) to a biphasic mixture
consisting of 40 ml MTBE and 35 ml of a 1M aqueous HCl solution. The aqueous
layer was separated and discarded. The organic phase was washed with 35 ml of
1M aqueous HCl solution, 25 ml of water, 25 ml of a saturated aqueous NaCl
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540 mM MIBE and 15 ml of water were added. The water
phase was separated and discarded. The organi c phase

wom4msbhed 15 m of a 5% aqueous NaHC(r)3 soPTI/EP2904/003504

15 mM of a half saturated aqueous NaC solution, dried
over Na2SO4, filtered and conc&htrated under reduced
pressure to give of crude E-acetyl- |1SA247. The

cyoligtéord feiad ovgrN uﬁ@s&?&s«r@e@l and. cppcestragidaindse serRvcethpResSuPLo

MhroMEBE & thebRidadidethre 8Nfhtf RerigRtyisiiPRlWRS] diastercomers as a
c gegtrat ed at 40 C under reduced pressure to half

&°%: The last two operations was repeated three
t| nmes to in order to exchange the solvent from
di chlibrRet@thadéninatiMiBE. The sol uti on was cool ed to
RT and the crystallization started within a few

! ;
30 mi e a1 P RRRRTE SRR T Ll TP KO0 T Sl R
wepolerola e anshehulief cancauiBizdantfuds ped Werriatded daereiee
pfl?egt%ﬂfp%raﬁﬁre%sq’ai%éﬂ e R’F—‘aﬁd t:heGeac’ﬁBn EniRGRE Was &tﬁ@&i"{?vehﬁght

>95Y% omerl C as a whit

p%&ml %@ﬁﬁ%ﬂl&? 3tewv?r§7|a dtor{fwaéﬁq Bhast WA ??H?ﬁated and

r @lla@edﬁd 2R I;)lgzﬁﬁc phds¢ %aBﬁ’aiHEdhmthlPo‘dmhwaﬁér,)lSQﬁl of a 5% aqueous
n e ol ve

el s B0, 1 SEOE M Srth 3 s No B orlion Ffefidand

smn@tmtmiecbﬂn@utryqueth@mrertmgﬂepﬁa&f onedecE-actdelSA247. The

d e

c%ﬁ%‘!"&ég gr\.!l?fed%s@'véﬂ in 35aPbMATRRE ThE Hgéfaﬁfz%&-hpc%t% gc&}n a

ter 1 hour stl rri ng}g
t SWoRmHERS. Bt tsPeisianayas sizsH ddopgs at Bl ad %0 winyat P 1G. ghe
Rbensid wOUErdd. OfhedoB@ Uas WhiHel AAtHOf5 APMTBE and dried under

O SLam T SRS LSS 1 b ol cne, ypre Saed NP

r 86mkiic parig (BAVRYE @b amhiis posdetit i on was stirred for 30
mn. at -75 C. A solution of 2 g (1.585 nmol, 1

equi v etyl-cyclosporin A aldehyde in 10m of
THE w]%r)gs—apddg dropwi se over 5min. maintaining the
terrperature beI ow1 60 C After 30 mfn at -75 C t he

I‘@hﬁﬁgqugvhg{g,l&rgﬁﬁrac@ m n. The reaction i xture was
sow y "added "(under cold water bath cool ing 10 C) to a

bi phasi ¢ m xt consi.sti.n f .40 MI'BE. and
ot "o Sl St T refi of RO R e SRRt Or T Byl ¥ ghkrepared
SlQLEd'aﬁipﬁﬂB -gndlastisobededl6 iﬁh of dF @idhlocornbthage (mﬁte\ms& ed
ous sol.
it Bpromdh®), oS LB RO T3 SR R et added,
2@:{14#\76)18996 lpCwaer20bd bPhagomixture was stirred for 20 min. at RT to
give a light yellow clear biphasic mixture. Stirring was stopped, the water phase

was separated and discarded. The organic phase (16 ml volume) consisted in a
solution of boronic acid of formula IITa as evidenced by "'B NMR and 'H NMR.

B NMR (8 in ppm relative to BFs.Et,O as external reference) : 31.7

'H NMR (in CD,Cl,, & in ppm relative to TMS) : 6.1 (1H, dt), 5.6 (1H, d),
1.77 (2H, d), 0 (9H, s).

Example 14
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-47 solution, dried over Na2SO4, filtered and
concentrated under reduced pressure to provide 2 g of

w0 b4o8a96e nm xture of anti (3-trimnethyl silyl al BOBP2004/003504
di astereoners as a solidifying oil. ii) Peterson
elimnation 5 The crude product48was di ssolved in 10 ni
THE at RT. The soI ut| on vvas cool ec%l to 0-5 C and ZOOEd

Tignek l I—ﬁl‘l e dicﬁda@@r%latn@ zﬁfdﬁﬁﬁa fc e[c@@ﬁinh | ] ester

mxture was stlrre overni g

et L E R R e fgroRPLd St

V@]Taﬁ}brepél‘éd 13 daf:nbecﬁﬁf)BQb‘@ﬁleLIB MreNﬁﬂd@ﬂB96 ﬁigL(lZl?Qﬁmola daiv.)

a ur at.ed
ARl GBS P Sn et gl Sty gt B Syt
ofihgiratge The awteyslem gA2gitredrioe40 orindé RT) andewagetdtered. The
rfﬂrrreg@s\sﬁﬁz rgﬁNrgiR M M;%EOWE fe@c&frtxet 2 tbi rb@ﬁ‘ct the

start ew m nu es. The suspensi o
shqr?maéﬁeszelmﬁf@réméﬁ I a5 Arideeredbi theappgarencerple OHSIStent "'B and
s‘yﬁpmfsglgﬂhw_vas filtered. The solid was washed with 15

m MIBE and dri ed under 15 reduced pressure at 40 Cto

?Is\cg(rarelgff g%r’r%t 1}1 %%4%18:‘}#? fg%&%ﬁ[g g}%grgﬁ.gqegerirge):

Pdepar ati on of a sol ution of boron reagent of formula
I[l1lTa :(E)-3- (trimethylsilyl)allylboronic acid 20 2 g

(8.81 [ f

o mil A VR fn BIYCE: & i bpfl EhER ST SR, It 4,
i 12316 Hrid) ¥ (9 sbll chl or omet hane (deut er at ed

di chl oronet hane). 759 1(13.2 mml, 1.5 equiv.) of

acet iBxaggldisver e added, followed by 4 m of water.

The biphasic mxture was stirred for 20 min. at RT to
glve S ygllS \ ; m xture. Stirring
was re—=water— phase Z5-Was separated and

di scar ded. The or gani c phase (16 M vol une) consi sted

i n a 15gdluO4 emmok, 1lequivniof Eaaketrl-03AF4G rwane dissdlied 44K T in 270

r&%ﬁ&ﬁmyé&%ﬁmm{%ﬁa% Hy marlﬁeig?r@ @pbrassmrr}

atrve to aseterna refer
Nwrbonarr 1w ailnd vertervas grdedkespingdhe tﬁnwe)ture I%V %T PE- he
diite saspenkibil wadheated 1d 30 (@ HIhdeactfbr( W4 mEhitordd bR, & frer

]2% hours of reaction, the methanol was evaporated at 40 °C under reduced pressure.

The residue was taken up in 150 ml of ethylacetate. The water phase was separated
and discarded. The organic phase was washed with 45 ml of a 5% aqueous solution
of citric acid and 45 ml of a half saturated aqueous NaCl solution, dried over
Na,SOy, filtered and concentrated under reduced pressure at 40 °C to give 15.1 g of
E-ISA247 (85% assay). Purification can be performed by chromatographic
techniques like preparative HPLC.

Example 16

i) Preparation of the pinacol complex of formula VII : 4,4,5,5-tetramethyl-2-
(E-(3-trimethylsilyl-allyl))-[1,3,2]dioxaborolane

100 g allyltrimethylsilane (1 equiv.) were charged in reactor 1 followed by 300
ml THE. The solution was cooled to 10-15 °C and 374 ml of 2.5M Butyllithium
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WO 2004/ 089960 PCT/ EP2004/ 003504 -48 Preparation of a
sol ution of boron reagent of fornmula IVa' : (R R)-2-f

W@ E)o4096a ri net hyl silyl-allyl)1l-f 1,3,21 PCT/EP2004/003504

di oxabor ol ane- 4, 5-di carboxylic acid di nethyl ester To

4 mM (2.2 mol, 1 equiv.) of th#® solution of the

boronic acid of formula 1Illa, prepared as described

isrcbhEioa]nmJ leexiBe (Wkrequidddede 386edrigeephrg?threnmeinperhtiengtielow 25 °C
+

S%)%far C 50 r}mrg%wg\tggy Etmzal%otr.{ ?5}6205129 é%?m{@ll&%%é ogﬂ%) ’sol:htlgﬂ was

mlesit +5¢ &€ f dr’:’3 40 TisoprenyltRTatand -Qhasqwivi) t weredaddpdedropwise

flidebin@liR anak b F @ WBSL5SH o8 Algfunnel
g ! em?c%ﬁtigg%o%m% es?er gf ??r]nrgl aefnj:uﬁo —j&%rcltnea

e‘@i@sdié(ﬁ%’@g “rS‘;f/ht RemhdbBhar Affgle 3G MR ikt at 138
N¥RitIngeRl 2.4 b BndYR(( leqm@DZﬁZ]lED il THTFpw adled] k&@mg the

to BF3. Et 20

s TSR il o6 e, BT el wag iaflyed W3 bl TE.
SAfiet 3 hiund)t —501°@30 (-201,°CelYhe Cor(teM, o%§eact|§xdnwhsepg_15red5under
Fbﬁifﬁé ycﬁitg a%veil:‘ur%co%t |2 C%z?@(?ﬁﬁ(é &(2) @1\\%\2 g?és-gg%e{é%fj(cgétalned
RIL rﬁwt@m kerﬁpmsft ﬁﬁm@we betwesn 29 rﬁoReaf&orslswgs washed with

(3P ol , 9 equiv.) of potassium carbonate in 60
m of water was added keepi ng the tenperature bel ow 27

C. Th whi t d

€ S SRR SR 2 Sal R DSt and
r éisakden, Thé ergmidiayne|wasasskahpitha250dnhivated. Thenetganic phase
r edu%qigflgtéaecsg L[:Io ca .?P]J ?nq { 1SI ‘iﬁ%o‘“%s 1‘585%6 nli'lp rz ' 56('3:? ngni‘oluene

ase Was se
dwseadde;bandrﬂe weyEaphasp h\as eowqastrmdﬁe @OWml HT4s 48t5001C, Tj =

as5p8e; a%{?%‘?ré%aqamﬂo@ Ml Q’Ehféh& rV\"e?e agad ang tﬂg’ ogéan@d‘ pBase was

hal f sat ura ueous tion, dried

Neemserated ppgh eonian V@b%’eﬂil rafl%é Sy = &iifcekp0-10 mbar) to
I‘?ﬁﬂércﬁlcﬁat plﬁQccEcbﬁhpEb(V@ >9§% Yigd.oThe Z&nﬁl'ek S be(1BBddirectly

ass Purificatio f

clﬂrtg%’ra% SRFEron SR Gseee R0 BF Epidjatileppipder reduced
Ep(t@muke(ﬁ& ¢a)65P G fldesatd a@rs06€, P k). Qﬂ ﬁdéonhbarbrrpl ex of
formula VII : 4,4,5 5-tetranethyl -

(B (3 AR Kl 22k iinkdord. 21 i oxabor of ane

40 g acetyl protected CsA-Aldehyde were charged in a feed vessel followed by
80 ml isopropyl acetate. The suspension was transferred to the reactor. The feed
vessel was washed with 50 ml acetic acid which was transferred to the reactor. A
clear solution was then obtained. Pinacol complex (1.25-1.5 equiv.) was added.
The clear solution was heated to 40 °C. 50 ml formic acid were added. After
completion of the allylation and Peterson elimination as evidenced by HPLC
analysis (after ca 15-20 hours), 246 ml isopropyl acetate were added. The reaction
mixture was washed twice with 200 ml water, 300 g of 2M aqueous KOH solution
(pH of the aqueous phase set between 5-8, if necessary with additional KOH
solution) and 200 ml of 5% aqueous ammonium formiate. The organic phase was-
concentrated to ca 120 ml (Ti = ca 40 °C, ca 200 mbar) and was diluted with 300 ml
methanol. The organic phase was concentrated to ca 120 ml (Ti = ca 40 °C, 200
mbar) and was diluted with 240 m! methanol (Ti = ca 40 °C, 200 mbar). The

organic phase was concentrated to ca 280 ml. 130 ml water were added over ca 60



30 100 g allyltrinmethylsilane (1 equiv.) were charged

in reactor 1 followed by 300 m THF. The sol uti on was
weomkeghos® 10-15 C and 374 ml of 2.5M Butyl | i t PCT/RPAMN/003504

2004/ 089960 PCT/ EP2004/ 003504 -49 solution in hexane

(1.1 equiv.) were added keepi ngGhe tenperature bel ow

25 C (over ca 30 min.). After 1-2 hours at 20-25 C

tEL 26120020 £6 oFtentpsulsing mthisnsuspeisicoovhe stizr&D 6. mi:h? at goom

Ttempaﬁ@mpy*rmdﬁﬁdewsslmgéga%cy m&%@mﬁ%wg %€l of a

keepi n he tenperature over ca 3

nWeIY mef#ﬁéwbwbtﬁr% §ried Reer wicam S intih comstant weight to
TﬁﬂEwdAﬂ.ﬁeq@%m@ ci 85 d). hour at -50 Cto -40 C, a
solution of 102.4 g of pinacol (1 equiv.) in 100 m
THF was added, keeping the tenperature below -30 C
The dropping funnel was washed with 25 m THF. After
30 min. at -50 Cto -30 C, the content of reactor 1
was poured, under stirring, onto a mxture of 61.2 g
AcOH (1.2 equiv.) and 250 ml water (contained 10 in
reactor 2), keeping the tenperature between 0-25 C
Reactor 1 was washed with 50 ml THF. Stirring was

di scontinued in reactor 2, the aqueous phase was
separated and discarded. The organic | ayer was washed
wth 250 Ml water. The organi c phase was concentrated
to ca 500 M (Ti = 20-40 C, 150-200 nbar). 500 m

Tol uene 15 were added and the organi c phase was
concentrated to 500 M (Ti = 40-50 C, Tj = 50 C
150-40 nbar). 500 m Tol uene were added and the
organi ¢ phase was concentrated until constant vol une
(Ti =40-50 C, Tj =50 C, 150-10 nbar) to provide
crude pinacol conplex in >90%yield. The conpl ex could
be used directly 1in the allylation-Peterson

el i m nation sequence or could be distilled under
reduced 20 pressure (Ti = ca 65 C, Tdest = ca 50 C, P
= 0.05-0.15 nbar). ii) One-Pot Allylation-Peterson

Eli mnation 40 g acetyl protected CsA- Al dehyde were
charged in a feed vessel followed by 80 m isopropyl
acetate. The suspension was transferred to the
reactor. The feed vessel was washed with 50 m acetic
acid which was transferred to the reactor. A 25 clear
sol ution was then obtained. Pinacol conmplex (1.25-1.5
equiv.) was added. The clear solution was heated to
40 C. 50 M formc acid were added. After conpletion
of the allylation and Peterson elimnation as

evi denced by HPLC



anal ysis (after ca 15-20 hours), 246 nl isopropyl
acetate were added. The reaction m xture was washed

wao Mogesossd h 200 M water, 300 g of 2M aqueous KOHMEP2004/003504
solution 30 (pH of the aqueous phase set between 5-8,
I f necessary with additional KoHl-solution) and 200 m
of 5% aqueous ammoni um form ate. The organi ¢ phase was
concentrated to ca 120 m (Tlaimsca 40 C, ca 200 nbar)
and was diluted with 300 mMl nethanol. The organic
phase was concentrated to ca 120 ml (Ti = ca 40 C, 200
nbar) and was diluted with 240 ml nethanol (Ti = ca 40
C, 200 nbar). The 35 organi c phase was concentrated to
ca 280Llm . B3gondss fuatthe pwpratiad déd cylesporia Astnalyg of formula I
2004/ 089960 PCT/ EP2004/ 003504 50 mn. at 20-25 C. The
resulting white suspension was stirred 60 mn. at room
tenperature. The solid was isolated by filtration,
washed twice with 52 ml of a watelj/ nmethanol m xture,
dri ed under vacuum (T=50 C) until nstant weight to
provi de E-acetyl-1SA247 (ca 35 g). % WD 2004/ 089960
PCT/ EP2004/ 003504 -51 Clainms 1. A process for the
preparation of a cyclopporin A an f formula I 11
CO01" O ~HHNN"' Y’\I#(ﬁacg
NNNNN"'"I AY-.% HOYJ] O

N N

O o)
|
comprising
a-i) allylating a compound of formula II
1
Pg
Oy,
N\ 1 \\\H H '/
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5 conprising a-i) allylating a conmpound of formula II
O Pg 00/)% N O | | WO 2004/089960 PCT/ EP2004/ 003504

WO 3@4/08%9e0 ein Pg is a protecting group and thePCDEP®A4/003504

lines mean that the remainder of the conpound has the
sane structure as that of the-donpound of formula I,

with a conpound of fornmula Il _?R1L. TMS. B~R1L 111 5
, wher eWReTRID Pgis Aypartseidg sroup andhadotisd Lipgs meey taptheky |

and/ Ot er e & thé §om{3M@ﬁcPH§s"the shrhd dtPREu RS f&%f ﬂfar
all)alllatln%ﬁ ? npound of fornmula Il wt
mala o

conpouREreHn fof IlVORR OOR TM-. BOO IV
wherein R2 is C1 8 alkyl or C3_8 cycloal kyl; or

a-ii |)mg{£ygrg§¢¢}gjﬁf§ﬁﬁ@@qnd of fornula Il W|th a
conmpound of formula

PR
TMS B
W \OR1
i
,wherein R! is hydrogen, Cyg alkyl or Cs.g cycloalkyl and/or, when R is
hydrogen, a trimer thereof;

or

a-ii)  allylating a compound of formula II with a compound of formula

vV
o)
OR?
o OR?

wherein R*is C,.5 alkyl or Cs.g cycloalkyl;
or

a-iii)  allylating a compound of formula Il with a compound of formula
v

2 I
TMS\/\/g \/l

\'
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15 VIM,,,~ B NH O) V W 2004/ 089960
PCT/ EP2004/ 003504 -53- or a-iv) allylating a conpound

w@booosayel a |1 with a compound of formula TMPCT/EP2004/003504

.,~BF3 K VI VI 5 o0or a-v) allylating a conpound of
formula Il with a conpound of fsgrmula VII O TMs,,.
B-O VII 10 or a-vi) allylating a conpound of formula
Il with a reaction m xture obtained by a process
conprising; i) reacting allyltrinethylsilane with
butyllithiumto form trinethylsilylallyllithium 15
i1) r@icting trinmethylsilylallyllithiumwth
triisopropylborate or trinethylborate, and then

condugtivNg aGHARIS WRkousR.of Brni AOGM H888PBund of formula
PCT/ EP2004/ 003504 -54 a-vii) allylating a conpound of

formula Il with a reaction m xture obtained by
reaction of the trimethylsilylallyllithiumwth
di et hyl al um num TMSWBFS K
Vi
VI
or

a-v)  allylating a compound of formula II with a compound of formula
VII

or

a-vi)  allylating a compound of formula II with a reaction mixture

obtained by a process comprising;

i) reacting allyltrimethylsilane with butyllithium to form
trimethylsilylallyllithium;

ii) reacting trimethylsilylallyllithium with triisopropylborate or

trimethylborate, and then conducting aqueous work up,

or
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chloride, or 5 a-viii) allylating a conpound of
formula Il with a reaction m xture obtained by

wo eaaswro of the trinmethylsilylallyllithium w BEI/EP2004/003504

titanium tetraisopropoxide or titanium
chl orotriisopropoxide, to form.g4conpound of formula
Xl: ~ ,TMs1 TMS HOHOB'" 0%+ 0% ,,.HH%HHN- N

N N 0 a0vii)X ally@atimfgfﬂ’@irﬁpo?@dicﬁ’f@ﬁmd@fﬂ Wﬂlﬂda adaon 6n mirtiee

b) convert the conpound. of . .o
c)ycl oséﬁrﬁlﬁa Y ARG LR Fishsty ety Wﬁflgeeé@éalummum

accor dichpride, cl aim 1, wherein step b) is conducted by
15 b-i) converting the conpound of fornmula XI to a
compound of fornula XII WO 2004/ 089960
PCT/ EP2%04/ 003504 -55 PgOee e\\HHN'9 o~ e N~
O xIl wherein Pg is as defined in claim1,

a-viii) allylating a compound of formula II with a reaction mixture

obtained by reaction of the trimethylsilylallyllithium with titanium

tetraisopropoxide or titanium chlorotriisopropoxide,

to form a compound of formula XI;

Xl
wherein Pg is as defined above;
and
b) converting the compound of formula XI to the cyclosporin A

analog of formula I.
2. The process according to claim 1, wherein step b) is conducted by

b-i) converting the compound of formula XI to a compound of
formula XII
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under acidic conditions; and 5 b-ii) converting the
PgO group of the conmpound of formula Xl to a

wWhyano39960 gr oup. 3. The process accordi ng to CPEI/RPD04003504

2, wherein Pg is acetyl group. 4. The process
according to claim3, wherein st®r a-i), a-ii) or
a-vi) is conducted in the presence of tartrates. 10
5. The process according to clg m 3, wherein step
a-i), a-ii) or a-vi) is condugked in dichloronethane
or toluene. 6. The process accofrgjng to claim3,
wherein step a-iii) is conducted|in the presence of
BF3. Et 20, formc acid, acetic acidyor tartrate esters.
7. The process according to pé i m wherein step
a-iii) is conducted in 15 warefd or omret hane or
wat er/tol uene. 8. The procegf_ac dnqg to claimbé,
wherein step a-iii) and b-i7)% aNe onducted in

di chl or onet hane or tetrahydrof&ranoand in the presence
of BF3.Et20 9. The process according to claim®6,
wherein step a-iii) is conducte&lfn 20 acetic acid
and/or formc acid; or in a mxture of acetic acid and
/or formc WO 2004/ 089960 PCT/ EP2004/ 003504 -56 acid
and one or two cosol vents selected froma group

consi sting of dichl oronethane and tetrahydrof uran.

10. The process according to claim9, wherein step
a-iii) wherebwRg st defingd inakémils acid and step b-i) is
conducted by addition of formc acid to the 5 reaction
m xt ur : d S ccording to claim9, wherein
step aﬁpﬁl Cg§§§g€®%ﬁgféuﬁconducted in formc acid or
acetic acid/ formc acid. 12. The process according to
cl ai m B-ibr 2 copysting thedtgehgraupwy thecorgrumdtoddorniifa Kiil to a
wat er / gdi, glkar, ‘hane or water/toluene. 13. The
process according to claim3, wherein step a-iv) and
b-i) are conducted in dichloronmetane, tetrahydrofuran
or t ol denelheprogess prassding ko dhim BEB 2EwREein Pg is acetyl group.

4. The process according to claim 3, wherein step a-i), a-ii) or a-vi) is

conducted in the presence of tartrates.

5. The process according to claim 3, wherein step a-i), a-ii) or a-vi) is

conducted in dichloromethane or toluene.

6. The process according to claim 3, wherein step a-iii) is conducted in

the presence of BF;.Et;0, formic acid, acetic acid or tartrate esters.

7. The process according to claim 6, wherein step a-iii) is conducted in

water/dichloromethane or water/toluene.

8. The process according to claim 6, wherein step a-iii) and b-i) are
conducted in dichloromethane or tetrahydrofuran and in the presence of
BE;.Et;0.

9.  The process according to claim 6, wherein step a-iii) is conducted in

acetic acid and/or formic acid; or in a mixture of acetic acid and /or formic
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14. The process according to claim3, wherein step
a-v) is conducted in 15 the presence of BF3. Et20 15.

wabh@4psweess according to claiml4, wherein stBQI/AP0P4/003504

and b-i) are conducted in dichloronethane,
tetrahydrofuran or toluene and-3%+the presence of

BF3. Et20 16. The process according to claim 3,

wher ei riciskagsl enevr tive comiitnitstseldctied frop0a gheipmoesistingofof
formc t The process according
to cl alcgn&%%()%vﬁ%}g%% ahﬁst&gih(}gr % raé% d b-i) are conducted
in formc acid or acetic acid/formc acid. 18. The

pr ocess0ac ddredipesst ercetdangriolaimherherain stepp-it) is)condierted in
b-i) ara@ett&&f@étﬁ &Eb b7 n1 B cFhdih d%}Pidd?t? b o?rﬁ | OLTHE
acid and co-solvent™ sel ecte from | 'or onet hane,
t ol uendcacgiphyhixiret at e and |sopropyl acetate. 19. The
process according to claim18, wherein co-solvent is

| sopronyl TaGBHALE OIROYIRAY0ECT! FEZOON) BORIOA.

- 57 . ocess accordin

step a-CQ’j1 m@e%mfatmtceald 91 acat@feqcndi famlkst agidd step b-i)

is conducted by addition of formc acid to the

reaction m xture. 21. The process according to claim

3, wherein step a-vii) is conducted by 5 allylating

the co oung.of formul a W th a reaction mxture

pr epar gg € PEQLEPS a(gpprgfngttﬁélalm 1 or 2, wherein step a-iv) is conducted

trimet 'i‘ﬁ/kvﬁtelrbdlléﬂeﬂﬁh{e'tﬁaiﬂ'e wnwatet Roldiegd, hyl al um num
chl oride. 22. The process according to claim 3,

wher ei n steﬁ¥a VIII) i s..conduyct ed hy aIIyIatlng the
conmpound COFREASRAICPTAINE B Faipehitliesin sieptapivband b-i) are
prepar egndicted @AHENISRdnRartel teiRh{bsirhY bR td1Mddelih fhd4Pesence of

Wi th tlﬁ:anl um tetrai sopropoxide” or 10 titanium
chl or oB FfE'E? I‘OpOXI de. 23. A process for the
preparation of the conmpound of forrmula Illa ?H

TVE~i ~B4 OHThE boce@t8ing th kialB3, Whele8Pftep a-v) is conducted in
the presence of BF;.Et,0.

15.  The process according to claim 14, wherein step a-v) and b-i) are
conducted in dichloromethane, tetrahydrofuran or toluene and in the

presence of BF3.Et,0.

16. The process according to claim 3, wherein step a-v) is conducted in

the presence of formic acid or acetic acid.

17.  The process according to claim 16, wherein step a-v) and b-i) are

conducted in formic acid or acetic acid/formic acid.

18. The process according to claim 17, wherein step a-v) and b-i) are
conducted in a mixture of acetic acid/formic acid and co-solvent selected

from dichloromethane, toluene, ethyl acetate and isopropyl acetate.

19.  The process according to claim 18, wherein co-solvent is isopropyl

acetate.
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conprising reacting the conpound of formula V with
water in 15 dichl oronethane. 24. A conpound of

wo oooageed/ O TMS-,~B NH G V 25. A process POI/EP1964/003504

preparati on of a conmpound of forrmula V, conprising WO
2004/ 089960 PCT/ EP2004/ 003504 -5758 i) reacting
allyltrinmethylsilane with butyllithiumto form )
t ri metdy| siheypragessadeprdingite claiin 16; whereitgep a-v) is conducted in
bri met S add i bl gg'cUHi‘l rddy LddiGAPEOBURROIAE & BE
trimethyl borate; 5 1i conducti’ng aqueous work up;

and i vfaqi@agpixaget he conpounds formed in iii) with

di et hanolam ne to forma conmpound of forrmula V. 26. A

conmpound Whe{p‘?&@% e didMS claifBE Jéreiy !ste% Q141 is Dnducted by
process for the preparation of _a conpound of fornula

Vi, cdietins therompauadef fergnude Bovifourraciedn mertha prepared by
with T nt : : .
TN, - ] GOk R R Vb chloride
of the separated organic phase of the reactjon

mi xt url@- obthEiPAREEss #rcatding {30) claig 3rathergip ptep a-viil) is conducted by

allylating the compound of formula IT with a reaction mixture prepared by

reaction of trimethylsilylallyllithium with titanium tetraisopropoxide or

titanium chlorotriisopropoxide.

23. A process for the preparation of the compound of formula ITla

and/or a trimer thereof,

comprising reacting the compound of formula V with water in

dichloromethane.

24. A compound of formula V
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25. A process for the preparation of a compound of formula V,

comprising
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iii)

reacting a solution of conpound of formula M

obtained in step ii) wth KHF2 to form a conpound of
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i) reacting allyltrimethylsilane with butyllithium to form
trimethylsilylallyllithium;

ii)  reacting trimethylsilylallyllithium with triisopropylborate or
trimethylborate;

iii)  conducting aqueous work up; and

iv)  reacting the compounds formed in iii) with diethanolamine to

form a compound of formula V.

26. A compound of formula VI
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27. A process for the preparation of a compound of formula VI,

comprising

1)  reacting a compound of formula V with water to form a

compound of formula IITa

OH
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and

ii) exchanging the solvent of the separated organic phase of the

reaction mixture obtained in step i) to methanol,

iii) reacting a solution of compound of formula IIla obtained in

step ii) with KHF, to form a compound of formula VI.

28. A compound of formula [Va
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