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PCT/EP2004/003504, Documentos adjuntos al Petitorio.

1.

Salicitud PCT/EP2004/003504 en inglés, tal como fue presentada el 2 de abril do
2004 con petiforio, descripcién, reivindicaciones y resumen, con noftificacién del
nimero de fa solicitud infermacional y fecha de la solicitud irfernacional de Ia
Oficina Europea de Patentes del 11 de mayo de 2004. (66 folios).

Carta Oficina Europea de Patentes sobre recibo del poder de las empresas F.
Hoffmann-La Roche AG y isotechnika inc. al apoderado, de fecha 15 de marzo de
2004. (2 folios)

Traduccién de ja solicitud PCT/EP2004/003504 presentada el 2 de abril de 2004
con descripcibn, reivindicaciones y resumen. (77 folios)

Formulario PCTAB/301, notificacién del recibo de copia regisirada de la solicitud
PCT con lista de palses designados con fecha de envio PCT del 8 de junio de
2004 (1 folio).

Formulario PCT/IB/304, notificacion del recibo del documento de prioridad No. EP
03007921.4 del 8 de abril de 2003, con fecha de envio del PCT del 10 de junio de
2004. (1 folio).

Formularioc PCTASA/202, nofificacién del recibo de la copia de la busqueda
internacional fechado o/ 11 de mayo de 2004, enviado por la Oficina Europea de
Pafentes del 17 de junio de 2004 (1 folio).

Formulanoc PCT/RQ/132, comunicacién de la Oficina Europea de Patentes, para el
caso en los cuales ningin ofro formato es aplicable, de focha 29 de junio de 2004
(2 folios)

Respusesta de /a empresa F. Hoffrmann — La Roche Lid. a la comunicacién para
casos on los cuales ningin formafo es aplicable, junio con formulanio
PCT/RO/101, del 8 de julio de 2004. (3 folios)

Soficitud de Cambio en el nombre y direccitn del agents bajo el articulo 92 bis, del
2 de agosto de 2004 a la OMP] (2 folios).

10. Sohcrtuddeaamhodelapemnadeisoﬁa!artabapelatﬂadoszm enviado ei

2 de agosto de 2004 a la OMP. (4 folios)

11. Formulario PCT/IB/345 comunicacién para casos en jos cuales ningin otro

mfoesapﬁcabb, enviado por ja Oficina de la OMP! ef 17 de agosto de 2004 (1
0).
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12. Formulario PCT/ISA/208 sobre la invitacién a pagar tasas adicionales junto con 6f
resuitado parcial de la bisqueda de antecedentes y opinién escrita, enviado por la
Oficina Europea de Patentes del 19 de agosto de 2004. (7 folios)

13. Respuesta de la empmsa ISOTECHNIKA INC., a la invitacién a pagar tasas
adicionales, con fecha 27 de agosto de 2004. (2 folios)

14. Raspuesta de la empresa ISOTECHNIKA INC., a la comunicacitn para casos en
los cuales ningin otro formato es aplicable, con fecha 1 de septiembre de 2004 (3
folios)

15. Formulario PCT/IB/306 Notificacién de Regisiro de un Cambio de nombre de
apoderado, enviado por la Oficina de la OMP, del 22 de septiembre de 2004. (1
folio).

16. Formiudaric PCT/ISA/220 y 210, notificacidn envio del Reports de la Bisqueda
internacional y Opinion Escrita del 15 de actubre de 2004 de la Oficina Europea
de Patentes (25 folios)

17. Formulario PCTAB/311, notificacion y copia de la Publicacidn intemacional en la
Gaceta Oficial del PCT No. WO 2004/089960 A2 del 21 de Octubre de 2004. (32
foiios).

18. Formulario PCT/B/308 Primera notificacidn informando comunicacion de la
Oficina del PCT sobre la solicitud infemacional a jos palses designados, lo cual no
aplica 30 meses tiempo limite bajo el Arifculo 22(1), de fecha 11 de Noviembre de
2004. (3 folios).

19. Formulario PCT/1B/311, nofificacién y capia de la Solicitud Intemacional tal como
fue publicada por segunda wex en la Gaceta Oficial dei PCT No. WO
2004/0089960 A3 del 6 de Enero de 2005. (4 folios).

20. Fornulario PCT/IB/308 Segunda y nolificacion suplementaria informando al
solicitante la comunicacién de la Oficina del PCT sobre Ja solicitud intemacional a
los palses designados, que aplican el perfodo limite de 30 meses bajo el Arliculo
22(1), del 11 de agosto de 2005. (1 follo).

21, Tarjeia Archivo Temético y Tarjeia Propistarios.
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International Application No.
REQUEST
International Filing Date
The undersi uests that the present
international application be processed
according to the Patent Cooperation Treaty. ‘Nmofmdm' Offios and “PCT Insernational Application™

7 Karacsers murimang Case 21711

BaxNe.l  TITLE OF INVENTION
Process for preparation of cyclosporin A analog

BoxNo.Il  APPLICANT DThispenoniullnim
Name and address: M nawe; fora lagel sndy, Al official dexignation.
n’:‘“nu“.,ﬂ“f'ﬂ.m.ﬂmﬁ "? Loy 747 61668 11 11
F. Hoffmann-La Roche AG Facsimile No.
Grenzacherstrasse 124 +41 61688 1385
CH-4070 Basel, Switzeriand Teleprinter No.
Applicant's registmtion No. with the Office
~State (that is, country) of nationality: State (that is, country) of residence:
CH CH
epmim [ FIEpmer, [ oean [Shmeans
BoxNaIll FURTHER A?PLICANT(S) AND/OR (FURTHER) INVENTOR(S)
e e e o Sy o T8 L A | T
et icant
Isotechnlka Inc. '"’I_ m’
2100 College Plaza S m:m:;r ;vmwr -
8215-112th Street guly a4
Edmonton, Alberta TEG 2C8, Canada ket do wot 71 n bek)
Applicant's registration No. with the Office

State (that is, country) of nationality: Stute (that is, country) of raaldence:
CA

B et ] faaieet [ o e [ iy [ viamarin
[¥] Further epplicants and/or (further) inventors are indicated on a contimuation sheet

Box No.IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

ofun' .pplmmm hm eumpem’ hmﬂulMﬂ:n.:umqu [X] agem Dmm“m"'"
Name and address: o followed .ﬁnmﬁruhﬂqﬂm siexignation. | Telephone No.
s incle parial code ol nome +41 81 688 20 74
Facsimile No.
KJELLSAA-BERGER, Hanny +41 61 688 1395
Grenzacherstrasse 124, Teleprimter No.

CH-4070 Basel, Switzerland

Agent's registration No. with the Office

D mmwauykﬁ:i%-buw g:nl ummvembmwwh

Form PCT/RO/101 (first sheet) (January 2004) See Notes 1o the request form




Continuation of Box No. III FURTHER APPLICANT(E) ANDVOR (FURTHER) INVENTOR(S)
{f none of the following sub-boxes is ured, this sheet should not be included in the request.

addrexs inclicoed In s
Bex isthe qpplicant's mm-u qumvmmq isindicated below,) D applicant cnly

ADAM, Jean-Michel _
Im Reinacherhof 187 ] -w"umu--v;u
CH-4153 Reinach, Switzerland |!| no!, ﬁllh below,)

Name and address: M brm,f-h-f-ﬂvﬂwm This person is:

Applicant'aregistration No. with the Office

State {that Is, country) of nationality: State (that iz, counry) of residence:
e pen et [ et [ e e ot etes ] ofAmariaonly [ ] e Stpplemeaati ox
il A Ay ey . S ? e e e n s | Thi8 pervon fn:
B {s the applicant’s S fWhat is, mqmmhﬁnﬂumm r_'l applicant enly
ABEL, Mark ticant and i
11530-8A Avenue D inventor
Edmonton, Alberta T6J 7B2, Canada R] s marind, mﬂm below,)
Applicant’s registration No. with the Office
State (that is, country) of nationality: State (that is, country) of residence:
E:lrmnunppﬂmt D all designated Duﬂ‘ﬂ“ Dth-l.hmuuu Dmsu-hdlm:dm
Name and address: (Famtly abﬂﬂvﬂ devignation. | This person is:
The address mast inciue pesinl code -ﬂ-—huu
Box s the applioant's mﬂum::yw r qﬂ-lm g [] spplicant only
JAYARAMAN, Seetharaman . .
11812-13 Avenue e s
Edmonton, Alberta TeJ 7E9, Canada e g by
Applicant*s registration No. with the Office
State (tha? Is, country) of nationality: Stats (that i, country) of residence:
'l'hil“senon lpphm D Dﬂ‘ﬁﬁ?ﬁ."ﬁ'ﬂ D#wm Du-m-muum
o e
Box s theappiicant’s mmu coumory) of resisonce s is indicased below.) [] spolicant cnly
[] applicant and invemor
Applicant’s registration No. with the Office
State {tAat ls, country) of nationality: State (that is, coupstry) of residence:

Pl Lot -l U el W 4~y b7~ A W R

[[] Forther spplicants andor (frther) inventurs are indicated an another contimuation sheet

Form PCT/R0/101 (continuation sheet) (January 2004) See Notex io the requast form
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BexNo.V  DEEIGNATIONS

Tho filing of this request constitwites under Rule 4.9(a), the ﬂnnofnllcmmz' States bound by the PCT on the international
ﬁlh;dmhrlhemofmﬁndofpme&nmﬂlbhmmmiﬂﬂsh morbu&quiullndnlﬁmllmu.

However,

] DE Genmany Is not designated for any kind of national protection

[J XRRepublic of Koves is not designated for my kind of nstional protection
] RU Russian Federation ls not destgnated for any kind of national protection

(The check-boxas above huldtouﬂnbﬂnnuﬂ)ﬁt tions concernad in order io avold the cearing of the uffect, under
lhulhldhw.ofmm' mmﬂlmm Is elximead. Sex the Notez 1o Bax No. Fuwﬂmd
such national low provisions in thexe and certain other Statex)

BoxNo. VI PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing date Number Where carlier spplication is:
ofadiulwliuli)on of earlier applicstion 5 IW: sonal spplication:® el spplication
(demanihiyear, country or Member | ™ regional Office receiving Office

item (1)
0B/ApHU2003 03007521.4 EP
| (nan4008)
item (2)
itemn (3)

] Purther priority claims are indicated in the Supplomental Box.

The receiving Office is requasted to prepare and trensmit to the Internationsl Bureau a certified copy of the eardier application(s) fonly {f
the earlier application was flied with the Office which for the purpasas of this intsrnational application is the receiving Offics} identified
above as:

[ stiem B iem() 0O iem) O wem® [7] other, sec Supplemental Bax

* Where the acriler applicarion is an ARIPO Indlcate a1 least one couniry party (o the Pariz Convention for the Protection
Industrial Property or one Member of the Wi mwpmmmmmﬁuaﬁ:ua@mﬁf

----------------------------------------------------------------------------------------------------------

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Choilce of Internstional Searching Authority two International Searching Awtkorities are competent o ouf the
International search, mmamﬂwm&sﬁummum: e ey

Request to use resulis of earller search; refersace to that search ({/an earilier search has been carried out by or reuerted from the
International Searching Authority):
Date (daymonth/ywar) Number Country (or regional Office)

Box No. VIII DECLARATIONS

The following deciaratioas are contained in Boxes No. VI (i) 1o (v) (imark the applicable Number of
check-baxes balow and Indicaze in the right column the mumber of ench type of declaration): declarations
[J BoxNo.vIn() Declaration as to the identity of the inveontor
[ BexNe. vIn (@) Declaation #1 to the applicam’s entitlement, as at the internptional filing

date, to apply for and be granted a patemt
[ Box No. vIH (i) Declaration as to the applicant's entiticment, as st the international filing

date, 1o claim the priority of the earlier application
[0 BoxNo. vil (iv) Declaration of inventorship (caly for the purposes of the designation of the

Unitad States of America)
D Box Ne. VIII {v} Declaration as to non-prejudicial disclosures or exceptions to lack of novelty

Form PCT/ROV101 (second shaet) (January 2004) Ses Notes to the request form
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This international application contains: This international application is accompanied by ﬂnfollwving Number
) |.pq.mﬁemmmof l.ﬂlﬂ)‘m** wﬂuz_kmbdﬂw indicate in of items
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.bm 1| 50 mnmtcxphimullctofllmm
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paper. ki
“m“ammﬁz" 9. D1 quencelinting i computer eadable torm
? subrnittad for the purposes of international search
see (¢) bolow) ® Umuwdy(uﬂmtuwt.oﬂ;emwmhm):
Total number of sheets 64 (i) uﬂmm ﬂ’dwhw m
(Scction BOT(a)(i)) mepomdf:temmnl mm d :
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items 90{) and/or 10, In right column)
Figure of the drawings which Language of fMing of the Enalish
should accompany the abstract: international application: ng
BoxNo.X  SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE

\
Hanny K]alhéﬂorgor

For receiving Office use only

1. Date of actual receipt of the purported

2. Dmawings:

Dmeivd:

timely recoi

gen ved papers or drawings ¢

spplication:

3 Cmuewddlboflcmllmelptduhllmrlm

4, Dlhofﬂmlymﬂ mluud

[ ot recsivest:

International Searching Autharity
(fm«mmeow) ISA/
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FEE CALCULATION SHEET _ .
Annex to the Request International Application No.
gplium'ln'qmt'l
reference Case 21711 Date stamp of the receiving Office
Applicant
F. Hoffmann-La Roche AG / Isotechnika Inc
CALCULATION OF PRESCRIBED FEES
1. TRANSMITTALFEE . . . . -+« v o e e e e e e e e | 100 [T]
2 SBARCHFEE . » » o v v o oo et e e e eeee e ns | 845 [5]
Internatiooal search to be cartied out by
(1f two or more International Searching Authoritles are competant to carry out the
international search, indicate the name of the Autkority which ix chosen to carry out
the iniernational search.)
3. INTERNATIONAL FILING FEE
Where itemns (b) and/or (¢} of Bax No. IX apply, cater Sab-total number of shests 84
Where itemns (b) and (c) of Box No. IX do not spply, enter Total number of sheets J —
i) fist30uboots . - . ..o L 902[i]
@ 34 x 10 -] 340/[iz]
mmnher of sheety fee per sheet
in excoss of 30
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thereto are ine:ﬂm form under Section 301(aX(i),
or both in that form and on paper, under Section 801{a)(ii));
400 x -L rlﬂ
fee per shoat
Add amouns entered st i1, 2and {3 and entertoral @21 . . . . | 1242 [1]

{Applicants from urf:lu States $ entitied loharmdn'li'tlan of 75% ‘:f') the
international Where cant applicants 0
entitlad, the total to be entered a1 I is qfﬁtmz:ahdﬁﬂuﬁa)

4. FEE FOR PRIORITY DOCUMENT (ifapplicable) . . . . . . . . .. | 30 [F]
5. TOTALFEESPAYABLE . . . . . . . . .. vt v v v v v e EUR 2317

Add amounts entered at T, S, I and P, and enter total in the TOTAL bex TOTAL
MODE OF PAYMENT
X depui.ue;ug(mﬁlw) [ posal moneyorder [ cash [ coupons
AUTHORIZATION TO CHARGE (OR CREDIT) DEPOSIT ACCOUNT
mmqumum&uw:zmw Receiving Office: RO/__ EPO Munich

: Deposit Account No.: __2811.0019
Authorization to charge the total fees indicated above. Mardh 29
X %M-h: bemarked cnly ik conditons fordepaslt account Date: » 2004
or credit any ovupny:utin wmm Name: F. |]u’ l/Tm""n'La Roche AG Q

Authorizxtion to charge the fiee for priority document. Signature:

Form PCT/R0O/10] (Annex) (January 2004) See Noles fo the fee calculation sheel
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Case 21711

for pr ion of rin

Tilil invention relates to a new process for the preparation of cyclosporin A
analog of formula I:

Az 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.

YN/ 13.2.2004
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-2- |
Tetrahedron Letters, Vol.36, No.10, p1583, 1995 discloses allylation process
using tartrate modified (E)-y-(trimethylsilyl)allylboronate.

In a first aspect, this invention provides a process for the preparation of a
cyclosporin A analog of formula I

comprising

a-i) allylating a compound of formula II

Pe
o
H H
) 4
)@‘N o
b0

!
,2Wherein Pg is a protecting group and the dotted lines mean that the

remainder of the compound has the same structure as that of the
10 compound of formula I,
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= o

with a compound of formula I1I
Pr
]
,wherein R' is hydrogen, C,.g 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
v

0]
OR’
OR’
')

wherein R? is C,.5 alkyl or Cs.4 cycloalkyl;
or

a-iii)  allylating a compound of formula II with a compound of formula
\'4

ms\/\,a J

or
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-4-
a-iv)  allylating a compound of formula II with a compound of formula

- +
vi

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

VII
i<

vil

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

ii) reacting trimethylsilylallyllithium with triisopropylborate or
trimethylborate, and then conducting aqueous work up,

or
a-vii)  allylating a compound of formula I1 with a reaction mixture
obtained by reaction of the trimethylsilylallyllithium with diethylaluminum
chloride, .

or

M
/
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16
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;
l ™S l TMS
HO HO
)EO + PgO
H H )\i H
. ol N e
I 0 | (o)
X
wherein Pg is as defined above;
and

b) converting the compound of formula XI to the cyclosporin A
analog of formula 1.

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:

(i)  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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under acidic conditions; and

b-ii) converting the PgO group of the compound of formula XII to a
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) or a-vi) is conducted
in the presence of tartrates.

(v) The process of (iii), wherein step a-i), 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 BF,.Bt;0O, 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;0.

(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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(x) The process of (ix), wherein step a-iii) is conducted in acetic
acid and step b-i) is conducted by addition of formic acid to the reaction mixture.

(xi) The process of (ix), wherein step a-iii) and b-i) are conducted
in formic acid or acetic acid/ formic acid.

(xii) The process of (i) or (ii), wherein step a-iv) is conducted in
water/dichloromethane or water/toluene.

(xiii) The process of (iii), wherein step a-iv) and b-I) are conducted
in dichlorometane, tetrahydrofuran or toluene in the presence of BFs.Et;O.

(xiv) The process of (iii), wherein step a-v) is conducted in the
presence of BFs.Et;O.

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

in dichloromethane, tetrahydrofuran or toluene and in the presence of BFs.Et;0.

(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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of trimethylsilylallyllithium with titanium tetraisopropoxide or titanium
chlorotriisopropoxide.

The following terms used in the specification and claims have the meanings
below:

"Ca-b alkyl" as used herein denotes straight chain or branched alkyl residues
containing a to b carbon atoms. Therefore, for example, "C, 5 alkyl" means straight
chain or branched alkyl residues containing 1 to 8 carbon atoms, such as methyl,

ethyl, propyl, isopropyl, butyl, isobutyl or tert.-butyl.

"Cs.4 cycloalkyl” refers to 2 ssturated monovalent cyclic hydrocarbon radical
of three to eight ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl.

"Protecting group" refers to a grouping of atoms that when attached to a
reactive group in a molecule masks, reduces or prevents that reactivity. Examples
of protecting groups can be found in T.W. Green and P.G. Futs, Protective Groups
in Organic Chemistry, (Wiley, 2™ ed. 1991) and Harrison and Harrison et al.,

Compendium of Synthetic Qrganic Mcthods, Vols. 1-8 (John Wiley and Sons,
1971-1996).

In the structural formulae presented herein a broken bond ( ***"' ) denotes
that the substituent is below the plane of the paper and a wedged 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

TMS tetramethylsilane
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iPr

Bu

RT
HPLC

MS

2D-COSY’
2D-TOCSY

HSQC

Cryst.
Cpd
min
h

trimethylsilyl

ethyl

methyl

isopropyl

butyl

acetyl

room temperature

high performance liquid chromatography
mass spectroscopy

thin layer chromatography

nuclear magnetic resonance spectroscopy
2-dimensional correlated spectroscopy
2-dimensional totel correlation spectroscopy
Heteronuclear Single Quantum Coherence
crystallization

compound

minute(s)

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

.4
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Organics (B-2440 Geel, BE) or are prepared by methods known to those skilled in
the art following procedures set forth in references such as Fieser and Fieser's
Reagents for Organic Synthesis, Volumes 1-17 (John Wiley and Sons, 1991), Rodd's
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science
Publishers, 1989), Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991),
March’s Advanced Organic Chemistry, (John Wiley and Sons, 1992), and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc., 1989).

The starting materials and the intermediates of the reaction may be isolated
and purified if desired using conventional techniques, including but not limited to
filtration, distillation, crystallization, chromatography. Such materials may be
characterized using conventional means, including physical constants and spectral
data.

Compounds of formula I are prepared as illustrated in Scheme A. The
allylmetal reagent also referred herein as allylating reagent is to be taken in a
general sense and may comprise reagents where the metal part is based on boron
although it is not per se a metal.
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Scheme A:

(Pg is a protecting group, the dotted lines mean that the remainder of the
compound has the same structure as that of the compound of formula I, R" is

hydrogen, C,.g alkyl or Cs.¢ cycloalkyl and, when R! is hydrogen, a compound of
formula III includes a trimer thereof, and R? is C.g alkyl or Cy.3 cycloalkyl.)

In step a), protected cyclosporin A aldehyde of formula II is allylated by y-
silylated allylmetal reagent of formula II1, 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™,
Chermical Reviews 1953, 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-sily} 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.
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In such a trangition state, the aldehyde side chain preferably adopts a pseudo
equatorial position in order to minimize 1,3-diaxial steric interactions. The relative
5 configuration of the p-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-p-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 p-
silylalcohol isomer.

In step b), the p-silylaicohol of formula XI is converted to (E)-ISA247 of
15 formula I.

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

Scheme C:

é ;‘5 == % = 4}
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(Pg and the dotted lines have the meaning as defined above.)

In step b-i), the B-silylalcohol of formula XI undergoes a Peterson
elimination (For a general discussion about Peterson eliminations, see : D. J. Ager
in “The Peterson Reaction”, Synthesis 1984, p384-397 as well as references cited

5 therein.) and the internal double bond is generated, i.e. the elimination of silanol
from the B-silylalcohol moiety occurs.

In view of achieving a high degree of double bond isomeric purity, the
success of the allylation-Peterson elimination sequence relies on the selective
introduction of a relative anti or syn configuration of the p-silylalcohol moiety.

10 Indeed the Peterson elimination is known to be stereospecific. Anti isomers
will provide one isomeric double bond when the syn isomers will produce the other
double bond isomer under the same conditions as illustrated in Scheme D.

’&;;"" X '*‘mﬂm¢ L
41}& ﬁ%@z ot

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

Anti isome:'l's should give the trans double bond under acidic Peterson
elimination conditions whereas syn isomers would provide the cis double bond.
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The reaction proceeds via a mechanism where the hydroxyl and the silyl groups are
in an anti conformation prior to elimination.

The situation is opposite when the Peterson elimination is performed under
basic conditions, in that case the reaction proceeds via a mechanism where the
deprotonated hydroxyl and the silyl group are in e syn conformation prior to

elimination.

Therefore, in principle, one could reach either double bond isomer by
controlling the formation of either the syn or anti relative configuration of the p-
silylalcohol moiety or by using either acid or basic Peterson elimination conditions.

In the present invention, trans-y-silylated allylmetals reagents are used for
allylation of protected cyclosporin A aldehyde of formula II to form a mixture of
anti-B-silylalcohol diastereomers of formula XI. Therefore, a Peterson elimination
is performed under acidic condition to form a trans double bond.

Typical acids for the acid-promoted reaction may include sulfuric acid,
formic acid, chlorhydric acid, methanesulfonic acid tetraflnoroboric acid,
perchloric acid, trifluoroacetic acid and various Lewis acids. Preferred acids are
sulfuric acid, formic acid, methanesulfonic acid and BF;.Et;0, especially sulfuric
acid, formic acid and BFs.Et;0.

This step can be conducted at a reaction temperature from -70 °C to 50 °C,
Preferred temperature range is 0 ° C to 50 °C, more preferably 20 °C to 40 °C for
formic acid. Preferred temperature range is 0 °C to 40 °C, more preferably 20 °C to
30 °C for sulfuric and methanesulfonic acid. Preferred temperature range is -80 °C
to 50 °C, preferably -80 °C to 25 °C, especially -80 °C to 0 °C for BFs.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 reagents 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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an acetyl group, it can be removed, for example, by the treatment with K;COy in
methanol and water. Under these conditions, the isomeric purity of the diene
fragment is preserved. Therefore the double bond isomeric purity of E-ISA247
reflects the double bond isomeric purity of E-acetyl-ISA247. Bases other than
potassium carbonate that may be used to remove the protecting group include
sodium hydroxide, sodium carbonate, sodium alkoxide and potassium alkoxide.

In general, excess of the reagent of formula IIl or IV is needed to complete
the allylation of acetyl-cyclosporin A aldehyde (II') within an acceptable timeframe.
Higher conversion and rates are achieved by using an activating agent such as a
tartrate ester and/or dichloromethane as (co)-solvent. In accordance to the general
behavior of boronic acids, the reagent of formula IIla can potentially exist in the
form of cyclic trimer (boroxine) or oligomers (For an example of such behavior of
a boronic acid, see: K. Ishibara, H. Kurihara, M. Matsumoto and H. Yamamoto in
“Design of Bronsted Acid-Assisted Chiral Lewis Acid (BLA) Catalysts for Highly
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 ITla, reagent of formula Ifla 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 IITa can be generated by
hydrolysis of complex of formula V in organic solvent/water mixture such asa
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 ITla 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 actiyation
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Toluene can be used as solvent for these reactions, however, marked solvent
effects have been observed in these reactions. The allylation is best performed in
polar non-coordinating solvents, preferably dichloromethane.

When tartrate additive is omitted, allylation is preferably performed in
5 dichloromethane using a concentrated solution of the crude boronic acid(>10%,
preferably ca 50% concentration).

Preferred reagent of formula III wherein R' is hydrogen, Cy.4 alkyl or Cyg
cycloalkyl and/or, when R' is hydrogen, a trimer thereof are those wherein R’ is
hydrogen, methyl, ethyl, propyl, isopropyl, butyl or benzyl, more preferably R is

10 hydrogen, methyl, ethyl, propyl, isopropyl or butyl, further preferably hydrogen,
methyl, ethyl, propyl or butyl, especially preferably hydrogen. Allylation 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.

15 For example, the synthesis of (E)-ISA247 by the reagent of formula III can be
carried out as illustrated in Scheme E.
Scheme E:
1. BULWTHFRT
e 2. B{OIPr), / -78°C 3:,,., )3\
’ 3. HCL_, / DCM etract N i
4. Concentration
n solution \l/
HO' Ho
HO i THFIRT MO + ADO,
>¥~ H)L' MeOHAwator Q"i' W Workun Workp He
T ;
! xr xr

20 (R! and the dotted lines have the meaning as defined above.)
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The allylation of acetyl-cylcosporine A aldehyde (IT') in dichloromethane
with 10 equiv. of a ca 50% solution of boronic acid reaches over 95% conversion
within 60 min at RT and yields a mixture of anti p-trimethylsilylalcohol
diastereomers (XI'). The Peterson elimination can be performed after aqueous
work-up on the crude allylation product at 0 °C to RT in THF with sulfuric acid.
Alternatively, the Peterson elimination can take place directly on the allylation
reaction mixture by addition of THF and sulfuric acid. Aqueous work-up and
crystallization yields the (B)-acetyl-ISA247 (XII').

Hydrolysis of the (E)-acetyl-ISA247(XII") provides (E)-ISA247 (I).
wit -

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 I[1Ia 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.

Scherne F:

o]
OR Crying egent
H;N#‘ 0 bR

(R is C,.5 alkyl, preferably C,¢ 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)-15A247 by the reagent of formula IV is
performed as illustrated in Scheme G.
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Scheme G:
o
1. BULUTHF/RT ’
g 2 BOPh/-T8°C SN 4 ? |_.(+).¢nmu1y|um
3. HC,, / DCM exdract. e
T solution
Ir
l mm
HO,

(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 la 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 (XT).
Aqueous work-up followed by the Peterson elimination in THF with sulfuric acid
provides, after work-up and crystallization, {E)-acetyl-ISA247 (XIT'). 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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over 7, substantial amount of a side-product identified as the vinylsilane of formuls

XV are formed. A test reaction (performed without tartrate activation) where EtaN

amine was added to reach a pH of 9-10 led to the almost exclusive formation of the

vinylsilane product XV (as evidenced by MS, 'H NMR, COSY, TOCSY and HSQC
5 NMR experiments). Such an effect was totally unexpected.

& B

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

Without activation, the diethanolamine complex of formula V does not react
10 at RT with acetyl-cyclosporin A aldehyde in non protic solvents like
dichloromethane or THF. 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,
15 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.

20 Scheme H:

]
In solution
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Allylation of acetyl-cyclosporin A aldehyde (II') under such conditions

provides a mixture of anti $-trimethylsilylalcohol diasteromers (XI'). After the
water phase is discarded, solvent is exchanged to THF, and sulfuric acid is added to
pexrform the Peterson elimination. Aqueous work-up and crystallization provides
(E)-acetyl-ISA247 (XII'). Subsequent hydrolysis yields (E)-ISA247 (I).
Alternatively, isolation of the crude anti B-trimethylsilylalcohol diasteromers after
aqueous work-up, followed by Peterson elimination under standard conditions
(concentrated sulfuric acid in THF) furnishes E-acetyl-ISA247.

For example, the synthesis of (E)-ISA247 by the complex of formula V can
be performed as illustrated in Scheme 1.

Scheme I:

— _ y T
a° . g’\ a?mfaﬂu'gu ~l .
W v L . .,::h‘ _
HS0, THF

o"C>RAT

o
HO KGO, AcD
e s, s

(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 -
silylalcohol diastereomers (XI'). These intermediates could of course be isolated
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but the Peterson elimination can be conducted in one pot by addition to the
reaction mixture of an acid such as formic acid, sulfuric acid or methanesuifonic
acid, preferably formic acid. Aqueous work-up and crystallization yields (E)-
acetyl-ISA247 (XII'). Subsequent hydrolysis furnishes (E)-ISA247 (I).

When formic acid is present in sufficient amounts in the solvent mixture
used for the allylation, the Peterson elimination can take place in one-pot leading
directly to (E)-acetyl-ISA247.

Another alternative consists in performing the addition of complex of
formula V to acetyl-cyclosporin A aldehyde (II) in the presence of a Lewis acid
such as BFy.Bt;0. For example, the reaction with BFs.Et;0 can be performed ina
solvent such as dichloromethane or THF at a temperature ranging from —40 °C to
RT. Under these conditions, the allylation can directly be followed by the Peterson
elimination, yielding the expected (E)-acetyl-ISA247 (XII').

Reacting the allyltrifiuoroborate VI and acetyl-cyclosporin A aldehyde (IF’) in
a biphasic water/organic solvent, preferably water/dichloromethane mixture or
water/toluene mixture, more preferably water/dichloromethane mixture at RT
provides a mixture of anti B-trimethylsilylalcohol diastereomers (XI'). After the
water phase is discarded, the Peterson elimination is performed by addition of THPF
and sulfuric acid at a temperature of 0 °C to RT providing (E)-acetyl-ISA247 (XIT’).
Peterson elimination can also be performed under standard conditions (sulfuric
acid in THF) after isolation of the anti B-trimethylsilylalcobol diastereomers to give
B-acetyl-ISA247.

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 BFs.Et;O 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-1SA247 (I).
Solvents for the reaction are organic solvent such as dichloromethane, THF or
toluene, preferably dichloromethane.
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Allylation of aldehydes with this reagent is known from the literature to
proceed slowly (1 to several days at RT). Accordingly, allylation of acetyl-
cyclosporin A aldehyde (II') with excess of reagent of formula VII (5-10
equivalents) in solvents such as THF, dichloromethane, toluene, DMF and DMSO
proceeds slowly at RT.

Heating, use of large excess of reagent or high concentration could increase
the rate of acetyl cyclosporin A aldehyde allylation, however, a better alternative
was found by a proper choice of solvent.

Carboxylic acids such as formic acid or scetic acid were found to dramatically
enhance the rate of allylation. For instance, when performed in acetic acid,
allylation of acetyl cyclosporin A aldehyde (II’) can reach conversion of over 95%
within 5 hours at RT with 2 equivalents of reagent of formuls VI, providing the fi-
silylalcohols (XI"). Further addition of formic acid promotes the Peterson
elimination. (E)-acetyl-ISA247 (XII') is obtained sfter extractive work-up
ascertaining the relative anti stereochemistry of the intermediate B-silylalcohols.
Peterson elimination can also be performed under standard conditions (sulfuric
acid in THF) after isolation of the anti f-trimethylsilylalcohol diastereomers to give
(E)-acetyl-ISA247.

Formic acid or preferably a combination of acetic acid and formic acid (such
as ca 1:1 v/v) as is also an effective solvent. In that case, the allylmetalation and the
following Peterson elimination can take place in one-pot. In a combination of
acetic acid and formic acid (ca 1:1 v/v) the allylation of acetyl-cyclosporin A
aldehyde and the following Peterson elimination reach over 909 conversion within
60 min. at RT with 1.5 equivalent of reagent. Aqueous extractive work-up and
crystallization furnishes (E)-acetyl-ISA247 (XII").

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 conld 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 K2CO; in aqueous methanol
furnishes (E)-ISA247 (I).
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For example, the synthesis of (E)-ISA247 by the reagent of formula VI can be
performed as illustrated in Scheme J.
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Scheme J:
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The origin of the increased activity of the reagent of formula VII, when used
in carboxylic acid solution like acetic acid and formic acid, could come from the
high polarity and the low complexing ability of these solvents. Another effect could
be found in the ability of these solvent to provide acidic catalysis of the allylation by
activation of the carbonyl group of the aldehyde through protonation.

The addition of reagent of formula VII to acetyl cyclosporin A aldehyde (II")
can be promoted by a Lewis acid such as BFy.Et;O at a temperature of -70 °C to
0°C in toluene, THF or dichloromethane, preferably toluene or dichloromethane,
preferably dichloromethane. Under the allylation reaction, the Peterson
elimination also occurs and (B)-acetyl-ISA247 (XII') can be obtained after
extractive aqueous work-up .

is of (E)~

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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—60 °C, furnishes, after aqueous work-up, a mixture of diastreomeric anti f-
silylalcohols XI’, Peterson elimination under the standard conditions (H2S0, in
THF) furnishes E-acetyl-1SA247 (XII").

Synthesis of (E)-ISA247 by gllvialumi

Reaction of acetyl-cyclsporine A aldehyde with a y-
trimethylsilylallylaluminum reagent prepared from trimethylsilylallyllithium and
ethylaluminum dichloride or diethylaluminum chioride, preferably
diethylaluminum chloride, 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°Cto ~
60 °C furnishes after aqueous work-up a mixture of diastreomeric anti p-
silylalcohols XI". Peterson elimination under the standard conditions (H;SO, in
THF) furnishes E-acetyl-1SA247 (XIT’).

The y-silylated allylmetal reagents required for the allylmetalation step are
best generated from the corresponding allylsilanes via deprotonation, trapping with
an adequate metal reagent and optionally by further complexation of the metal rest
by a suitable ligand. The resulting reagents can, depending on their stability and
the process, be used in situ or be isolated and stored.

Although other silyl-substituted allylsilanes could obviously have been used,
the trimethylsilyl derivative leads to minimum amount of waste. Indeed, the silyl
fragment is lost upon Peterson elimination.

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
allylaminogilane: a new, practical reagent for the stereoselective .alpha.-
hydroxysllylation of aldehydes to erythro-1,2-diol skeletons”, Journal of Organic
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Chemistry 1987, 52, pp 957 — 958 ; E. Ehlinger and P. Magnus in “Silicon in
Synthesis. 10. The (Trimethylsilyl)allyl Anion: A B-Acyl Anion Equivalent for the
Conversion of Aldehydes and Ketones into y-Lactones®, Journal of the American
Chemical Society 1980, 102, pp 5004-5011 ; M. Schlosser, L.Franzini in “The
Regioselectivity of 1,3-Disubstituted Allylmetal Species Towards Electrophiles: 1-
(Trimethylsilyl)alk-2-enylpotassium Compounds®, Synthesis 1998, pp 707-709 ; E.
Schaumann and A. Kirschning in "Ring-opening of oxiranes by silyl-substituted
allyl anions. A regiochemical chameleon®, Tetrahedron Leiters 1988, 29, pp 4281-
4284).

As illustrated in Scheme K, the allyltrimethylsilane is deprotonated by n-
butyllithium in THF at a temperature ranging from 0 *C to 35 °C, preferably
bewteen 0 °C and 25 °C for 30 min. up to 3 hours. This generates
a trimethylsilylallyllithium intermediate. This intermediate most probably exists in
solution as a x-allyl complex of lithium in a trans configuration (T. H. Chan in
“Silylallyl Anions in Organic Synthesis: A Study in Regio- and Stereoselectivity”,
Chemical Reviews 1995, 95, p1279-1292; M . Schlosser, O. Desponds, R. Lehmann,
E. Moret and G. Rauschschwalbe in “Polar Allyl Typer Organometallics as Key
Intermediates in Regio- and Stereocontrolled Reactions : Conformational
Mobilities and Preferences®, Tetrahedron 1993, 49, p10175-10203). This anion is
then trapped (transmetalated) by an electrophilic 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 Jater 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:
Bull/ THF Transmetatation activation
—— ——— m S——
P — x’m By M — TMB, g M
1-rimethytallylallylthium olstion
uudcl,n sltu l RCHO



10

15

25

30

39

(M and M’ are a metallic fragment comprising the metal and its ligands.)

P j f n e

A solution of crude boronic acid of formula IlIa is obtained after
deprotonation of allyltrimethylsilane, trapping with an electrophilic boron reagent
and aqueous work-up. The deprotonation of allyitrimethylsilane is performed in
THEF with butyllithium, between 0 °C and 35 °C, preferably between 0°C and 25°C
for 30min. to 3 hours. The electrophilic boron reagent is a trialkyiborate such as
triisopropyl borate or trimethyl borate, preferably triisopropyl borate. The
trapping of the trimethylsilylallyllithinm intermediate with triispropyl borate is
performed between —80 °C and —20 °C, preferably below —60 °C for 30 min. to 2
hours. The trapping of the trimethylsilylallyllithium intermediate with trimethyl
borate is performed between —80 °C and —60 °C for 30 min. to 2 hours.

It is known that allylboronic acids are unstable, therefore, the crude boronic
acid is kept in solution (P. G. M. Wuts and Y.-W. Jung in “The Addition of y-
(Trimethylsilyl)ailylboronates to Imines”, Journal of Organic Chemistry 1991, 56,
p365-372(see comment in the example for the preparation of compound 9); W. R.
Roush, K. Ando, D, B. Powers, A. D. Palkowitz and R. L. Halterman in
“Asymmetric Synthesis Using Diisopropyl Tartrate Modified (E)- and (Z)-
Crotylboronates; Preparation of the Chiral Crotylboronates and Reactions with
Achiral Aldehydes®, Journal of the American Chemical Society 1990, 112, 6339 (see
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 ITla 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
''B NMR analyses of concentrated solutions of boron reagent of formula IlTa (ca
5096) 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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acid (under the HPLC conditions, the oligomers, dimers and trimers should be
hydrolyzed and converted to the boronic acid).

Alternatively, a solution of reagent of formula ITla can be prepared by
hydrolysis of complex of formula V in an 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.

Preparation of the y-silylated allylmetal reagent of formula Illa is, for
example, performed as illustrated in Scheme L.

Scheme L:
Bull / THF B(OIPY), - (;;L
* RT ™ -30 to -80°C
Mhium
x-alyl compiet —hp
M(OH)'
Nia
In solution
y-silylated allylboron reagent of formula IV

Boronate reagent of formula IV where R is C,.5 alkyl, preferably C, s alkyl,
more preferably methyl, ethyl or isopropyl, especially methyl is prepared by
treating boron reagent of formula [T 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 ITIa 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.
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This reagent can be prepared by treating boron reagent of formula [Tla with
the required alcohol in the presence of a drying agent such molecular sieves or
magnesium sulfate, preferably magnesium sulfate. Preferred boronate reagent of
formula IV wherein R! is C,.¢ alkyl or Cs.4 cycloalkyl are those wherein R! is methyl,

5 ethyl, propyl, isopropyl, butyl or benzyl, more preferably R' is methyl, ethyl, propy},
isopropyl or butyl, further preferably R' is methyl, ethyl, propyl or butyl, especially
preferably R' is methyl.

-8 b. t \'A

To a solution of crude boronic acid of formula IIla, preparation of which was
10 described above, is added diethanolamine. Solvent exchange to heptane and
crystallization provides the diethanolamine complex of formula V 25 2 solid. A
special feature of this reagent is the presence of an interaction between the nitrogen
lone pair of the diethanolamine fragment and the boron atom (i.e. complexation of
the nitrogen atom by the boron atom) as evidence by ''B NMR of the complex (3 =
15 11ppm relative to BF3.Et;O, external reference).

Preparation of the y-silylated allylmetal reagent of formula V is, for example,

performed as illustrated in Scheme M:
pme BT B e,
RT Y -80 %0 80°C
m
=-aliyl complex m
’\I —— TME N AB(0H),
TMB\ g~ H
{ b —
in solution
v
20 ot t
Scheme N:
MH _.ﬂ... Mﬁ :(
e Vi

da a mathanal solution
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In general, allyltrifluoroborate potassium salts are prepared by treating the
corresponding boronic acid with 3 equivalents of KHF; in a water/methanol
solvent mixture (see for example : R. A. Batey in “Diastereoselective Allylation and
Crotylation Reactions of Aldehydes with Potassium Allyl- and
Crotyltrifluoroborates under Lewis acid Catalysis®, Synthesis 2000, pp 990-998).
However, direct application of these procedures to the preparation of
trifluoroborate of formula VI lead to the formation of substantial amounts of
allyltrimethysilane via protodeborylation due to the acidic pH of the reaction
mixture.

Modification was made in order to avoid this side-reaction. Thus, as
illustrated in Scheme O, a methanol solution of boronic acid is treated with 2
equivalents of KHF; as flucride source, at RT. The suspension is stirred at RT for
60 min. The residual organic salts are removed by filtration. The methanolic
solution of trifluoroborate salt VI is concentrated under reduced pressure and the
product is crystallized at 0-5 °C. The trifluoroborate salt VI is isolated by filtration
and dried under vacuum.

The required boronic acid solution is prepared by hydrolyzing the
diethanolamine complex of formula V in a water/dichloromethane mixture in the
presence of an acid such as acetic acid. The aqueous phase is discarded and the
solvent is exchanged from dichloromethane to methanol.

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

not occur.
y-silylated allylborop eagent of formula VII

To a solution of crude boronic acid of formula IIla, 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 allyimetalation 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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BullJ THF BIOPY), N
M —— ™S —= TMS o~ -B(OFr),
RT -80 tp -20°C
Ikhium
x-aliyl complax ‘lqmunu";
-——— M B{OH
g iy S B(CH),
Hia
Vil in solution

Alternatively, the trapping of the 1-trimethylsilylallyl lithium can be
performed with 2-isopropoxy-4.4,5,5-tetramethyl-1,3,2-dioxaborolane, leading
directly after aqueous work-up to the pinacol boronate of formula VII.

Alternatively, the reagent can be prepared by deprotonation of
allytrimethylsilane at room ternperature with butyllithium, quench of the
allylithium intermediate with tri-ispropylborate (between -80 °C to -20 °C,
preferably between -80 °C and -30 °C), addition of pinacol and then aqueous work-
up.

p ion of the allvititani

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,
titanjum 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 :

- u
TMB o~ _-THOPT),
Bull/ THF THOIPY), *
P T TMS _cr_- TMB, g~ TIOPT),
CITHOIPY), or

IPr
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Preparation of the allylaluminum reagents

The (trimethylsilyl)allylaluminum reagents are prepared in-situ via
deprotonation of allyltrimethylsilane to form trimethylsilylallylithium, as described
above, and reaction of this intermediate with a dialkylaluminum chloride such as
diethylaluminum chloride or with an alkylaluminum dichloride such as
ethylaluminum dichloride, preferably with diethylaluminum chloride, 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 aluminum reagents are used in
situ for the allylation of protected cyclosporin A aldehydes.

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

Protected cydosporin A aldehyde of formula IT can be prepared as illustrated in
Scheme P.

Scheme P:
- o, PGO, L. I
H H H
)&T i 'i'; io e % K
O
Xl XIv Il

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

In step c-i), a protecting group is introduced in cyclosporin A of formula X1,
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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discussed by J. R. Hanson in Chapter 2,"The Protection of Alcohols," of the
publication Protecting Groups in Organic Synthesis (Sheffield Academic Press,
Sheffield, England, 1999), pp. 24-25. Hanson teaches how to protect hydroxyl
groups by converting them to either esters or ethers. Acetate esters are perhaps the
most frequently used type of chemistry for protecting hydroxyl groups. There are a
wide range of conditions that may be used to introduce the acetate group. These
reagents and solvents include acetic anhydride and pyridine; acetic anhydride,
pyridine and dimethylaminopyridine (DMAP); acetic anhydride and sodium
acetate; acetic anhydride and toluene-p-sulphonic acid, acetyl chloride, pyridine
and DMAP; and ketene. DMAP is a useful acylation catalyst because of the
formation of a highly reactive N-acylpyridium salt from the anhydride.

For example, the B-alcohol of cyclosporin A is protected as an acetate by
reacting cyclosporin A (XIII) with acetyl chloride, ethyl acetate, or combinations
thereof, forming the compound, acetyl cyclosporin A. In another example, the B-
alcohol undergoes a nucleophilic addition to acetic anhydride, forming acetyl
cyclosporin A and acetic acid. These reactions may be carried out in the presence
of dimethylaminopyridine (DMAP) where an excess of acetic anhydride acts as the
solvent.

Although the preparation of acetyl cyclosporin A is well established in the
literature, it will be appreciated by those skilled in the art that protecting groups
other than acetate esters may be used to protect the B-alcohol of the 1-amino acid
residue of cyclosporin A. These protecting groups may include benzoate esters,
substituted benzoate esters, ethers, and silyl ethers. Under certain reaction
conditions, the acetate protecting group is prone to undesirable side reactions such
as elimination and hydrolysis. Since benzoate esters, ethers and silyl ethers are
often more resistant to such side reactions under 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 I1.

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
°C to 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



10

15

20

25

30

-34-

tributylphosphine, a triarylphosphine, & trialykylamine such as triethylamine, an
alkylaminosulfide, a thiosulfate or a dialkylsulfide such as dimethylsulfide. When
working with tributylphosphine as the reducing agent, the person of ordinary skill
in the art will know that the reaction is dose-controlled.

Furthermore, a protected cyclosporin A aldehyde (II) can be prepared by
converting the protected cyclosporinA XIV, such as acetyl cyclosporin A, to the
protected cyclosporin A epoxide with a monopersulfate, preferably oxone, in the
presence of a ketone, such as acetoxyacetone or diacetoxyacetone. This step is
performed in an organic solvent which is inert under these reaction conditions
such as acetonitrile and water. Ethylenediamintetra-acetic acid disodium salt is
added to capture any heavy metal ions which might be present. The epoxidation
reaction is carried out preferably at a pH over 7. This epoxidation reaction is
followed by oxidative cleavage of the epoxide with periodic acid or periodate salt
under acidic conditions. Optionally, the oxidation and the oxidative cleavage can
be combined in a work-up procedure. These reactions have been discussed by Dan
Yang, et al, in "A C; Symmetric Chiral Ketone for Catalytic Asymmetric
Epoxidation of Unfunctionalized Olefins," ]. Am. Chem. Soc., Vol. 118, pp. 491-
492 (1996), and "Novel Cyclic Ketones for Catalytic Oxidation Reactions," ]. Org.
Chem., Vol. 63, pp. 9888-9894 (1998).

The use of ruthenium based oxidizing agents has been discussed by H. J.
Carlsen et al. in "A Greatly Improved Procedure for Ruthenium Tetroxide
Catalyzed Oxidations of Organic Compounds,” J. Org. Chem., Vol. 46, No. 19, pp
3736-3738 (1981). Carlsen et al. teach that, historically, the expense of ruthenium
meetal provided an incentive for the development of catalytic procedures, the most
popular of which used periodate or hypochlorite as stoichiometric oxidants. These
investigators found a loss of catalytic activity during the course of the reaction 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 CCL/H,0/I0 " 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 (IT) may be extracted with ethyl acetate.
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EXAMPLES

The following preparations and examples are given to enable those skilled in
the art to more clearly understand and to practice the present invention. They
should not be considered as limiting the scope of the invention, but merely as being
illustrative and representative thereof.

Although most of the examples have been provided for the allylation-
Peterson elimination sequence on acetyl-cyclosporin A aldehyde, other protecting
group could in principle be used. Of course, this will be limited by their
compatibility with the reaction conditions as well as the possibility to remove them
efficiently to provide (B)-ISA247.
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20 g (169.8 mmol, 1 equiv.) of allyltrimethysilane (Fluka 06073) was
dissolved in 140 ml of dry THF (Fluka 87368) at RT. 106.1 ml (169.8 mmal, I
equiv.) of a 1.6 M solution of butyllithium in hexane (Acros 181270100) was added
in 10 min. maintaining the temperature between 20 °C and 25 °C. After 30 min.
reaction, the resulting yellow to orange solution was cooled to —70 °C. 40.24 mi
(169.8 mmol, 1 equiv.) triisopropylborate (Fluka 92085) is added in 10 min.,
keeping the temperature below -60 °C. After 30 min. reaction at —74°C, the cold
solution was poured onto 170 ml of a IM aqueous HCl solution. The pH was
adjusted to 7-8 by further addition of of 1M HCl,, (in this particuler case, 26 ml).
80 ml of dichloromethane were added for extraction. The water phase was
separated and re-extracted with 80 ml of dichloromethane. The organic phases
were washed sequentially with 150 ml of a saturated aqueous NaC] solution,
combined, dried over Na;SO,, filtered and concentrated under reduced pressure to
ca 40 ml. The weight of the solution waa adjusted to 53.6 g by addition of
dichloromethane in order to obtain a ca 50% solution of boronic acid (based on
the starting allyltrimethylsilane).

ii) Allylation of acetyl-cvcl in A aldchvd

20 g (16.23 mmol, 1 equiv.) of acetyl-cyclosporin A aldehyde were dissolved
in 100 ml of dichloromethane at RT. 25.66 g (81.15 mmol, 5 equiv.) of the
previously prepared boronic acid solution (ca 50% concentration) were added in
one portion. The conversion of the reaction was monitored by HPLC, Reaction
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 mi 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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ml water. The water phases were re-extracted sequentially with 50 ml
dichloromethane. The combined organic phases were dried over Na,;SO, filtered
and concentrated under reduced pressure at 30°C. The resulting white foam was
re-dissolved in 250 ml MTBE and after a few minutes, the crystallization started.
After stirring 15 min. at RT and 2 hours at 0-2 °C, the suspension was filtered. The
crystals were washed with 50 ml cold MTBE (-20 °C) and dried at 40-50 °C under
reduced pressure to provide 19.2 g of (B)-acetyl-ISA247 as white powder in >98%
isomeric purity (400MHz 'H NMR).

(E)-acetyl-ISA247 can be recrystallized by dissolving the solid in
dichloromethane at room temperature and exchanging the solvent to MTBE (by
adding MTBE, concentrating the solution to half its volume under reduced
pressure at 40°C and repeating these operation 2 to three times). The solution is
cooled to room temperature and the crystallization then starts within a few minutes.
The suspension is stirred at room temperature for 2h and 30min at 0°C. The
crystals of (E)-acetyl-ISA247 are isolated after filtration, washing with MTBE and
drying under reduced pressure at 40°C.

iv) Hydrolysis
Hydrolysis of E-acetyl-ISA247 provided (E)-ISA247 in 99.5% double bond
isomeric purity (by HPLC).

6.67 ml (40.56 mmol, 10 equiv.) of allyltrimethysilane were dissalved 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 HCl
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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saturated aqueous NaCl solution, combined, dried over Na,SQ,, filtered and
concentrated under reduced pressure to ca 50 ml.

d jon of 1- i e

4.88 g (40.56 mmol, 10 equiv) magnesium sulfate dihydrate were added
under stirring, followed by 7.23 g (40.56 mmol, 10 equiv.) L-(+)-dimethyltartrate.
After 2 hours stirring at RT, the suspension was cooled to 0 °C and 5 g (4.056 mmol,
1 equiv.) acetyl-cyclosporin A aldehyde were added in one portion. The reaction
was monitored by HPLC (ca 90% conversion after 3 hours).- After 17 hours stirring
at 0 °C, the suspension was filtered and the filtrate was washed with 50 ml half
saturated aqueons NH,Cl solution, 50 ml half saturated aqueous NaHCO, solution
and 50 ml half saturated aqueous NaCl solution. The aqueous phases were re-
extracted with 50 ml THF and discarded. The combined organic phases were dried
over Na;SOy, filtered and concentrated at 40 °C under reduced pressure to provide
11.1 g of a ca 75:25 mixture of p-trimethylsilyalcohol diastercomers as a light
yellow oil.

iii) Peterson elimipation

The crude B-trimethylsilyalcohol diastereomers mixture (11 g, maximum
4.056 mmol) was dissolved in 25 ml THF. 0.679 ml (12.16 mmol, 3 equiv.)
concentrated sulfuric were added dropwise maintaining the temperature between
20 °C and 25 °C. After 2 hours at RT, 50 ml haif saturated aqueous NaCl solution
were added. The resulting 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;SO, and concentrated under reduce pressure at 40°C.
The resulting crude E-acetyl-1SA247 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-1SA247 in ca 98% isomeric purity by NMR.

Example3
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50 g (424.5 mmol, 1 equiv.) allytrimethylsilane were charged in the reaction
vessel followed by 150 ml THF. To the clear colorless solution were added
dropwise over 15 min., 165.1 ml (445.7 mmol, 1.05 equiv.) of a 2.7M butyllithium
solution in heptane, maintaining the temperature between 20 °C and 26 °C. After 2
hours reaction at RT, the orange solution was cooled to —78 °C. 105.7 ml (445.8
mmol, 1.05 equiv.) triisopropylborate were added dropwise over 20 min.,
maintaining the temperature below —60 °C. After 1 hour at 70 °C, the reaction
mixture was poured onto 250 ml of a 2M aqueous chlorhydric acid solution
(resulting pH : 5-6). After 10 min. stirring, the water phase was separated and
discarded. 42.4 g (403.3 mmol, 0.95 equiv) diethanolamine were added to the
organic phage. The solution was stirred for 60 min. at RT. 750 ml heptane were
added. The biphasic emulsion was partially concentrated at 40 °C {ca 750ml
solvent distilled) under reduced pressure. A white precipitate appeared and the
suspension was stirred 2 hours at RT. The suspension was filtered. The white solid
was washed with 125 ml heptane and dried at 40 °C under reduced pressure
overnight to provide 85.7 g of the diethanolamine complex of formula V.

'H NMR (DMSO, in ppm rel. to TMS) : 6.5 (br s, 1H), 6.15 {(dt, 1H), 5.32 (4,
1H), 3.7 (m, 2H), 3.55 (m, 2H), 2.95 (m, 2H), 2.72 (m, 2H), 1.29 (d, 2H), 0 (s, 9H).

I8 NMR (DMSO, rel. to external ref. BF;.Et;0) : 11.1 br. s
Microanalysis : (contains 0.11 equiv. H;0 by Karl-Fischer titration)
Calcd : C 52.43%, 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 aciq were added under stirring. After 10 min. stirring, a clear
biphasic mixture was obtained. The reaction was monitored by HPLC.

iil) Peterson climination
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After overnight reaction, the organic layer wus separated and the water phase
was discarded. 50 ml THF were added to the organic phase. The solution was
concentrated under reduced pressure at 30 °C to half its volume. 100 ml THF were
added and the solution was concentrated to 80 ml. The volume was adjusted to 100
ml with THF and the solution was cooled to 0-2 °C. 1.812 ml (32.46 mmol, 2
equiv.) concentrated sulfuric acid were added dropwise over 5 min., maintaining
the temperature below 5 °C. After addition, the reaction cooling bath was removed
and the temperature was raised to RT. After 4 hours reaction, 40 ml water were
added followed by 20 ml MTBE. The aqueous layer was scparated and discarded.
The organic phase was washed with 40 ml NaHCOj3 o, 20 ml saturated NaCl,g, 40
ml saturated NaCl,,, dried over Na;SO,, filtered and concentrated at 40 °C under
reduced pressure. The crude E-acetyl-ISA247 was re-dissolved in 200 ml MTBE
and crystallization started within a few minutes. After 15 min. at RT and 2.5 hours
at 0 °C, the suspension was filtered, the crystals were washed with 50 ml MTBE and
dried at 50 °C under reduced pressure to give 18.45 g of (E)-acetyl-ISA247 as a
white powder (>98% isomeric purity by NMR).

iv) Hydrolysis

This crude product was hydrolyzed to give (E)-ISA247 in 99% isomeric
purity by HPLC.

Example 4

i) Allylatiop

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,, solution. The aqueous phase was separated and discarded. The
organic phase was washed with 180 ml water, 300 ml 2M aqueous NaOH and 90 mi
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water. The organic phase was concentrated at RT under reduced pressure. The
crystallization started and the suspension was diluted by addition of 300 ml MTBE
and concentrated to ca 330 ml. After stirring 3 hours at RT and 1 hour at 0-2 °C,
the white suspension was filtered. The crystals were washed with 50 ml MTBE and
dried at 50 °C under reduced pressure to give 27.4 g of (E)-acetyl-ISA247 as a white
powder in >98% double bond isomeric purity by NMR.

iii) Hydrolysis

This product was hydrolyzed to give (E)-ISA247 in 99.6% double bond
isomeric purity by HPLC.

Example 5

1 g (0.82 mmol, 1 equiv.) acetyl-cyclsoporine A aldehyde were dissolved in 10
ml dichloromethane followed by 369 mg (1.62 mmol, 2 equiv.) diethanolamine
complex of formula V obtained by the method described in Example 3, i). The
turbid solution was cooled to —40 °C. 180 pul (369 mmol, 2 equiv.) boron
trifluoride etherate were added keeping the temperature below —40 °C. After 1
hour at —40 °C, the cooling bath was removed and the reaction mixture was
warmed up to RT. After 50 min. reaction at RT, 15 ml of a 5% aqueous NaHCOQO,
solution were added. The aqueous phase was separated and re-extracted with 15 ml
dichloromethane. The combined organic phases were dried over MgSO,, filtered
and concentrated under reduced pressure at 40 °C to give 0.99 g of (E)-acetyl-
ISA247 in >95% double bond isomeric purity (NMR) as a white foam.

20 g (169.8 mmol, 1 equiv.) of allyltrimethylsilane were dissolved in 60 mi
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 hoyrs 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

5}
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solution (resulting pH 6-7). 20 ml dichloromethane were added and the water
phase was separated and discarded. The organic layer was dried over MgSO,,
filtered and concentrated to about 100 ml. 20.48 g (169.8 mmol, 1.0 equiv.) pinacol
were added and the resulting solution was stirred 18 hours at RT. The reaction
mixture was concentrated at 40 °C under reduced pressure and the resulting oil was
distilled at 43-50 °C under 0.2 mbar pressure to give 37.2 g of a colorless oil.

i) Q ¢ allvigtion/P Jimingt

20 g (15.06 mmol, 1 equiv.) of acetyl-cyclosporin A aldehyde and 5.427 g
{22.59 mmol, 1.5 equiv.) pinacol complex obtained in i} and 30 ml acetic acid were
charged in the reaction vessel at RT under stirring. 30 ml of formic acid were
added under water bath cooling, maintaining the temperature between 20-22 °C.
After 2 hours reaction at RT, 12 ml dichloromethane and 200 ml MTBE were added
followed by 120 ml of a 10% aqueouns NaCl solution. The water phase was
separated and discarded. The organic phase was washed with 120 ml water, 204 ml
2M aqueons NaOH solution and 60 m! water. The organic phase was concentrated
at 30 °C until the crystallization started. 200 ml MTBE were added and the
suspension was concentrated to ca 220 ml. After stirring at RT for 2 hours and for
1 hour at 0-2 °C, the suspension was filtered. The solid was washed with 30 ml
MTBE and dried at 50 °C under reduced pressure to provide 18 g of (E)-acetyl-
ISA247 as a white powder in >98% double bond isomeric purity (by NMR).

iiiy Hydrolysis

This product was hydrolyzed to give (E)-ISA247 in 99.7% double bond
isomeric purity by HPLC,

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 NaHCO; solution, dried
over MgSOy, filtered and concentrated at 40 °C under reduced pressure to give 2.1
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g of (B)-acetyl-ISA247 in >95% double bond isomeric purity (NMR) as a white
foam.

5 g (21.35 mmol, 1 equiv) of diethanolamine complex obtained by the
method described in Example 3, i), 20 ml dichloromethane, 20 ml water and 2.44
ml (42.70 mmol, 2 equiv.) acetic acid were charged in the reaction vessel under
stirring at RT. After 30 min. stirring, the water phase was separated and discarded.
20 ml methanol were added to the organic phases and the solution was
concentrated at 40 °C under reduced pressure to 5-10 ml. 40 ml methanol were
added followed by 3.34 g (42.70 mnol, 2 equiv.) KHF;. After 60 min. stirring at RT,
the remaining solid was filtered discarded. The filtrate was concentrated under
reduced pressure at 40 °C to ca 25 ml. The solution was cooled to 0-2 °C and the a
white suspension was obtained. After 30 min. at 0-2 °C, the suspension was filtered
and the solid was washed with cold methanol (-20 °C) and dried under reduced
pressure at 40 °C to give 3.4 g of a white powder.

'H NMR (DMSO, 8 in ppm rel. to TMS) : 6.15 (1H, dt), 5.15 (1H, d), 3.5 (2H,
br s water), 1.1 (2H, m), 0 (9H, s).

"B NMR (8 in ppm rel. to BFs.Et;O external ref.) : 3.8 (q)

Microanalysis : C;sH;3F3BKSi (contains 1.08 equiv. HzO by Karl-Fischer
titration and 0.5 equiv. KF) ;

Calcd : C 26.83%, H 5.65%, F 24.78%, B 4.02%, K 21.89, 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) P Jiminati
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5 ml THF were added to the organic phase and the solution was cooled to 0-
2°C. 181 pl (3.246, 2 equiv.) concentrated sulfuric acid were added. The reaction
mixture was warmed up to RT. After stirring overnight, 20 ml water were added.
The aqueous layer was separated and discarded. The organic phase was washed
with 20 ml of 5% aqueous NaHCO, solution, dried over MgSO,, filtered and
concentrated under reduced pressure at 40 °C to give 2 g of (E)-acetyl-ISA247 as a
white foam in >98% double bond isomeric purity (by NMR).

Example 9

2 g (1.623 mmol, 1 equiv.) acetyl-cyclosporin A aldehyde and 735 mg (3.246
mmol, 2 equiv.) trifluoroborate obtained by the method described in Example 8, i)
and 20 ml dichloromethane were charged in the reaction vessel. The suspension
was cooled to —70 °C and 1.28 mi (10.22 mmol}, 6.3 equiv.) borontrifiuoride
etherate were added. After 60 min. at 70 °C, 20 ml water were added. The organic
phase was separated, washed with 20 ml of a 5% aqueous NaHCO; solution, dried
over MgSOy, filtered and concentrated at 40 °C under reduced pressure to give 2.0
g of (E)-acetyl-ISA247 in >98% double bond isomeric purity (NMR) as a white
foam.

Example 10
i) Allylation llititan;

2.67 ml (16.23 mmol, 10 equiv.) allyltrimethylsilane were dissolved in 6 ml
THE. 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.) titanjum 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 ml ofa
1M aqueous HC] solution and 25 ml water were added. The aqueous layer was
separated and re-extracted with 25 ml MTBE. The organic layers were washed with
30 ml of 0.5 M HCl,y, combined, dried over Na;SO,, filtered and concentrated
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under reduced pressure at 40 °C to give 2.26 g of crude mixture of diastereomeric
anti B-trimethylsilyalcohols as a white foam.

if) p fiminat

The crude product was dissolved in 11.15 ml THF and 268 pl concentrated
sulfuric acid were added. The reaction mixture was heated at 33 °C for 1.5 hour
and then cooled to RT. 22 ml water were added and the reaction mixture was
extracted with 22 ml MTBE. The aqueous phase was re-extracted with 11 ml
MTBE. The organic layer were washed with 11 ml water, combined, dried over
NaySOy, filtered and concentrated at 40 °C under reduced pressure to give 1.89 g of
crude (B)-acetyl-ISA247 as a beige powder. The crude product was re-dissolved in
20 ml MTBE at RT. The crystallization started within a few minutes. The
suspension was stirred 30 min. at RT, 45 min. at--10 °C and was filtered. The solid
was washed with cold MTBE and dried at 40 °C under reduced pressure to give 1.02
g of (E)-acetylISA247 as a white powder in ca 98% double bond isomeric purity
(NMR).

Example 11

i) Allylatiop by an gilyititanjum reagent

1.87 g (15.85 mmol, 10 equiv.) of allyltrimethylsilane were dissolved in 20 ml
of THF at RT. 5.87 ml (15.85 mmol, 10 equiv.) of a 2.7 M solution of butyllithium
in heptane were added dropwise aver 5 min., keeping the temperature between
16 °C and 20 °C. After 1 hour stitring 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 ce 15 min. The reaction mixture
was added to a biphasic mixture consisting of 40 mi MTBE and 35 ml of a 2M
aqueous HCl solution. The aqueous layer was separated and discarded. The
organic phase wag 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
NazSO,, filtered and concentrated under reduced pressure to provide 2 g of the
crude mixture of anti f-trimethylsilylalcohol diastereomers as a solidifying oil.

40
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ii) Peterson elimination

The crude product was dissolved in 8 ml THF at RT. The solution was
cooled to 0-5 °C and 200 pl of concentrated sulfuric acid were added dropwise.
The temperature was ruised to RT and the reaction mixture was stirred 10 hours.
40 ml MTBE and 15 ml of water were added. The water phase was separated and
discarded. The organic phase was washed 15 m! of a 59 aqueous NaHCO;
solution, 15 ml of a half saturated aqueous NaCl solution, dried over Na;SO,,
filtered and concentrated under reduced pressure to give 1.8 g of crude E-acetyl-
ISA247. The crude diene was dissolved in 20 ml dichloromethane. 20 ml MTBE
were added, and the solution was concentrated at 40 °C under reduced pressure to
half its volume. The last two operations was repeated three times to in order to
exchange the solvent from dichloromethane to MTBE. The solution was cooled to
RT and the crystallization started within a few minutes. The suspension was stirred
2 hours at RT and 30 min. at 0 °C. The suspension was filtered. The solid was
washed with 15 ml MTBE and dried under reduced pressure at 40 °C to give 1.1 g
of E-acetyl-ISA247 in >95% double bond isomeric purity (NMR), as & white

powder.
Example 12
i) Allylation by allylalumipum reagent :

1.87 g (15.85 mmol, 10 equiv.) of allyltrimethylsilane were dissolved in 20 ml
of THF at RT. 5.87 ml (15.85 mmol, 10 equiv.) of a 2.7M solution of butyllithium
in heptane were added dropwise over 5 min., keeping the temperature between
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 2 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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solution, dried over N2,50,, filtered and concentrated under reduced pressure to
provide 2 g of the crude mixture of anti B-trimethylsilylalcohol diastereomers as a

solidifying oil.
H)P n eliminati

The crude product was dissolved in 10 ml THF at RT. The solution was
cooled to 0-5 °C and 200 pl of concentrated sulfuric acid were added dropwise.
The temperature was raised to RT and the reaction mixture was stirred overnight.
40 ml MTBE and 15 ml of water were added. The water phase was separated and
discarded. The organic phase was washed with 15 ml water, 15 ml of a 5% aqueous
NaHCO; solution, 15 ml of a half saturated aqueous NaCl solution, filtered and
concentrated under reduced pressure to give 1.8 g of crude E-acetyl-ISA247. The
crude diene was redissolved in 35 ml of MTBE. The crystallization started within a
few minutes. The suspension was stirred 2 hours at RT and 30 min. at 0°C., The
suspension was filtered. The solid was washed with 15 ml MTBE and dried under
reduced pressure at 40 °C to give 1 g of E-acetyl-ISA247 in >95% double bond
isomeric purity (NMR), as a white powder,

2 g (8.8 mmol, 1 equiv.) of diethanolamine complex of formula V as prepared
in Example 3-i) was dissolved in 16 ml of d;-dichloromethane (deuterated
dichloromethane). 759 ul (13.2 mmol, 1.5 equiv.) of acetic acid were added,
followed by 4 ml of water. The biphasic mixture 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 IIIa as evidenced by 'B NMR and 'H NMR.

"B NMR (8 in ppm relative to BF;.Et;O as external reference) : 31.7

*H NMR (in CD,Cl;, 8 in ppm relative to TMS) : 6.1 (1H, dt), 5.6 (1H, d),
1.77 (2H, d), 0 (SH, s).

mui:
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To 4 ml (2.2 mmo), 1 equiv.) of the solution of the boronic acid of formula
IMMa, prepared as described in Example 13, were added 396 mg (2.2 mmol, 1 equiv.)
of L-(+)-dimethyltartrate and 265 mg (2.2 mmol, 1 equiv.) of magnesium sulfate
dihydrate. The suspension was stirred for 40 min. at RT and was filtered. The
filtrate was snalyzed by NMR and was shown to contain, as main product the
boronate ester of formula IVa’ as evidenced by the appearance of consistent ''B and
'H NMR signals.

113 NMR (in CD;Cl,, 8 in ppm relative to BFs.Et;0 as external reference) :
342

'H NMR (in CD,Cl, & in ppm relative to TMS) : 6.07 (1H, dt), 5.64 (1H, d),
1.93 (2H, d), 0 (SH, s).

Example 15
Hydrolysis of E-acetyl-ISA247 to E-JSA247

15 g (11.94 mmol, 1 equiv.) of E-acetyl-ISA247 were dissolved st RT in 270
ml of methanol. A solution of 14.85 g (107.5 mmol, 9 equiv.) of potassium
carbonate in 60 ml of water was added keeping the temperature below 27 *C. The
white suspension was heated to 30 °C. The reaction was monitored by HPLC. After

22 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;50,, filtered and concentrated under reduced pressure at 40 °C to give 15.1 g of
E-1SA247 (85% assay). Purification can be performed by chromatographic
techniques like preparative HPLC.

100 g allyltrimethylsilane (1 equiv.) were charged in reactor 1 followed by 300
ml THF. The solution was cooled to 10-15 °C and 374 ml of 2.5M Butyllithium
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solution in hexane (1.1 equiv.) were added keeping the temperature below 25 °C
(over ca 30 min.), After 1-2 hours at 20-25 °C, the yellow to orange solution was
cooled -50 °C. 173 g Triisopropylborate (1.05 equiv.) were added dropwise
keeping the temperature below —40 °C (over ca 30-45 min.). The dropping funnel
was washed with 25 ml THF. After 30 min. to 1 hour at —50 °C to —40 °C, a
solution of 102.4 g of pinacol (1 equiv.) in 100 ml THF was added, keeping the
temperature below -30 °C. The dropping funnel was washed with 25 ml THE.
After 30 min. at 50 °C to -30 °C, the content of reactor 1 was poured, under
stirring, onto a mixture of 61.2 g AcOH (1.2 equiv.) and 250 ml water (contained
in reactor 2), keeping the temperature between 0-25 °C. Reactor 1 was washed with
50 ml THF.

Stirring was discontinued in reactor 2, the aqueous phase was separated and
discarded. The organic layer was washed with 250 m! water. The organic phase
was concentrated to ca 500 ml (Ti = 20-40 °C, 150-200 mbar). 500 ml Toluene
were added and the organic phase was concentrated to 500 ml (Ti = 40-50 °C, Tj =
50 °C, 150-40 mbar). 500 m! Toluene were added and the organic phase was
concentrated until constant volume (Ti = 40-50 °C, Tj = 50 °C, 150-10 mbar) to
provide crude pinacol complex in >90% yield. The complex could be used directly
in the allylation-Peterson elimination sequence or could be distilled under reduced
pressure (Ti = ca 65 °C, Tdest = ca 50 °C, P = 0.05-0.15 mbar).

ii) One-Pot Allylation-Peterson Elimination

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 mi (Ti = ca 40 °C, ca 200 mbar) and was diluted with 300 mi
methanol. The organic phase was concentrated to ca 120 ml (Ti = ca 40 °C, 200
mbar) and was diluted with 240 ml methanol (Ti = ca 40 °C, 200 mbar). The
organic phase was concentrated to ca 280 ml. 130 m! water were added over ca 60
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min. at 20-25 °C. The resulting white suspension was stirred 60 min. at room
temperature. The solid was isolated by filtration, washed twice with 52 ml of a
water/methanol mixture, dried under vacuum (T=50 °C) until constant weight to
provide E-acetyl-ISA247 (ca 35 g).
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A process for the preparation of & cyclosporin A analog of formula I

comprising

a-1)

allylating a compound of formula II
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,wherein 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,

with a compound of formula III
PR
TMS\/\/B\)R1
m
,wherein R' is hydrogen, Cy.¢ alkyl or Cs.4 cycloalkyl and/or, when R’ is
hydrogen, a trimer thereof;
or

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

Q
OR®
OR?
™S _~~B-o 5
[\
wherein R? is C,.g alkyl or Cs 4 cycloalkyl;

or

a-iii)  allylating a compound of formula II with a compound of formula
\'4

TMSWQ J
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a-iv)  allyleting a compound of formula II with a compound of formula
- +
TMS _~-BF; K
vi
VI
or
a-v)  allylating a compound of formula IT with a compound of formula
VI
9)§<
TMS _~B-g
vil
or
a-vi) allylating a compound of formuia II with a reaction mixture
obtained by a process comprising;
i) reacting allyltrimethylsilane with butyllithium to form

trimethylsilylallyllithium;

if)

reacting trimethylsilylallyllithium with triisopropylborate or

trimethylborate, and then conducting aqueous work up,

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

or

a-viii) allylating a compound of formula IT with a reaction mixture
obtained by reaction of the trimethylsilylaliyllithium with titanium
tetraisopropoxide or titanium chlorotriisopropoxide,

to form a compound of formula XI;
I T™S l TMS
HO HO
Q + )EO
H H H
b ;
N n){ NN R
| (o) | o
Xl
wherein Pg is as defined above;
and

b) converting the compound of formula XI to the cyclosporin A
analog of formula 1.

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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wherein Pg is as defined in claim 1,

under acidic conditions; and

b-ii)  converting the PgO group of the compound of formula XII to a
hydroxyl group.

3.  The process according to claim 1 or 2, wherein 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 BFs.EtO, 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
BF4.E;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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acid and one or two cosolvents selected from a group consisting of
dichloromethane and tetrahydrofuran.

10. The process according to claim 9, wherein step a-iii) is conducted in
acetic acid and step b-i) is conducted by addition of formic acid to the
reaction mixture. '

11. The process according to claim 9, wherein step a-iii) and b-i) are
conducted in formic acid or acetic acid/ formic acid.

12. The process according to claim 1 or 2, wherein step a-iv) is conducted
in water/dichloromethane or water/toluene.

13. The process according to claim 3, wherein step a-iv) and b-i) are
conducted in dichlorometane, tetrahydrofuran or toluene in the presence of
BF,.Et;0.

14. The process according to claim 3, wherein step a-v) is conducted in
the presence of BFs.Et;0.

15. The process according to claim 14, wherein step s-v) and b-i) are
conducted in dichloromethane, tetrahydrofuran or toluene and in the
presence of BFs.Et;O.

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, ethyt acetate and isopropyl acetate.

19. The process according to claim 18, wherein co-solvent is isopropyl
acetate.
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20. The process according to claim 16, wherein step a-v) is conducted in
acetic acid and step b-i) is conducted by addition of formic acid to the
reaction mixture.

21. ‘The process according to claim 3, 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.

22. The process according to claim 3, wherein step a-viii) is conducted by
allylating the compound of formula II with a reaction mixture prepared by
reaction of trimethylisilylallyllithiom with titanium tetraisopropoxide or
titanium chlorotriisopropoxide.
23. A process for the preparation of the compound of formula ITla

(PH

B

TME A~ “OH

and/or a trimer thereof,

comprising reacting the compound of formula V with water in
dichloromethane.

24. A compound of formula V

TMSWQ J

25. A process for the preparation of a compound of formula V,
comprising

VY
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i)  reacting allyltrimethylsilane with butyllithium to form
trimethylsilylallyllithium;

ii) reacting trimethylsilylallyllithium with triisopropylborate or
trimethylborate;

ili) 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

- +
Vi

27. A process for the preparation of a compound of formula VI,
comprising

i)  reacting a compound of formula V with water to form a
compound of formula ITla

oQH

ii) exchanging the solvent of the separated organic phase of the
reaction mixture obtained in step i) to methanol,

iif) reacting a solution of compound of formula ITla obtained in
step ii) with KHF; to form a compound of formuia VI.

28. A compound of formula IVa
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The invention is concerned with a new process for the preparation of a
cyclosporin A analog of formula I

comprising
a) allylating a protected cyclosporin A aldehyde with a allylmetal reagent and

b) converting the compound cbtained in step a) to the cyclosporin A analog
of formula I.
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WO 2004/089960 PCT/EP2004/003504

Proceso para la preparacién del andlogo de ciclosporina A

El presente invento se relaciona con un nuevo proceso para la preparacion de

andlogo de la ciclosporina A de ia formula |:

Iguaimente se aplica a los intermedios para este proceso y demas procesos

utilizados en su preparacion.

El andlogo de la ciclosporina A de la formula | es estructuraimente idéntico a la
ciclosporina A excepto por las modificaciones que se encuentran en el residuo del
1-amino #cido. Este andlogo se divuiga en los documentos WO 68/18120 y en la
Solicitud Provisional de Patente U.S. No. 60/346.201. En este documento se
conocerd con el nombre de (E)-ISA247.

El documento Tetrahedron Letters, Vol.22, No. 29, p2751-2752, 1981 divuiga uno
de los intermedios del proceso del presente invento, principalimente el pinacol (E)-
1-trimetilsilil-1-propene-3-boronato, y el proceso de alilacion que lo utiliza.
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El Tetrahedron Letters, Vol.36, No. 10, p1583, 1895 divulga el proceso de alilacion

que utiliza el tartrato modificado (E)-y-(trimetilsilil)alilboronato.

En un primer aspecto, este invento proporciona un proceso para ia preparacion de

un anaiogo de ciclosporina A de la formuia |

J)YIY{;‘;F i
AL
Sases e

Que comprende:

a-) alilacién de un compuesto de la formula II

donde Pg es un grupo protector y las lineas punteadas significan que el resto del
compuesto tiene la misma estructura que la que se encuentra en el compuesto de
la formula 1,

con un compuesto de la formula Ill

[ 38
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W
donde R' es hidrégeno, alquilo C,.g 0 cicloalquilo C3 y/o, donde R' es hidrogeno,
O uno de sus trimeros;

0

a+ii) alilacién de un compuesto de {a formula Il con el compuesto de la formula IV

Ty
k] i

“w-}*ihﬁ
o~

donde R? es alquilo C1.g 0 cicloalquilo Ca;
0

a-iii) alilacién de un compuesto de la formula || con un compuesto de la formula V

Ranar 9

o
14

a-iv) alilacion de un compuesto de la formula Il con un compuesto de la formula VI
¥
e o JPF, ¥
] il

o

a-v) alilacion de un compuesto de la formula Il con un compuesto de la formula VI

3 T ?uuun -
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v

b3

[]
R, e - -n )
Ll

]
a-vi) alilacion de un compuesto de la formula Il con una mezcla de reaccion que se
obtiene mediante un proceso que comprende;

i) reaccion del aliltrimetilsilano con butillitio para formar trimetilsililalillitio;

ii) reaccién del trimetilsililaliliitio con el triisopropilborato o con el trimetilborato,
y luego la realizacion de la conformacién acuosa,
0
a-vii) alilacion de un compuesto de la formula Il con una mezcla de reaccién
obtenida mediante la reaccién del trimetilsililalillitio con el cloruro de dietilaluminio,
o
a-viii) alilacién de un compuesto de la formula |l con una mezcla de reaccién
obtenida mediante la reaccién del trimetilsililalillitio con tetraisopropoxido de titanio
o clorofriisopropoxido de titanio,

para formar un compuesto de la formula XI;

L,uﬂ HN
EY [ B
Tt i r -
PO I § I3

donde Pg comesponde a la definicién dada anteriormente;

y
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b) la transformacion del compuesio de la formula Xl en el andlogo de la

ciclosporina A de la formula i.

En un segundo aspeclo, este invento proporciona intermedios para el proceso
mencionado antes.

En un tercer aspecto, este invento proporciona procesos para la preparacion de
estos mismos intermedios.

Igualmente, dentro del proceso que se definié anteriormente [el cual se analizard

mas adelante en el numeral (i)], se prefieren los siguientes procesos:

(i) El proceso de (i), donde el paso b) es realizado por:
b-i) transformacion del compuesto de la formula X! en un compuesto de la formula

Xl

donde Pg se define en (i),
bajo condiciones &cidas; y
bHii) la transformacion del grupo PgO del compuesto de la formula Xl en un grupo

hidroxilo.

(i) Elproceso de (i) o (i), donde Pg es el grupo acetilo.

¥ /]
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(iv) Elproceso de (jii), donde el paso a-1), ai) o a-vi) se realiza en presencia de
tartratos.

(v) El proceso de (iii), donde el paso ad), a-ii) o a-vi) se realiza en
diclorometano o tolueno.

(vi) El proceso de (jii), donde el paso a-ii) se realiza en presencia de BFa.Et0,
dcido férmico, acido acético o esteres de tartrato.

(vii) El proceso de (vi), donde el paso a-ii) se realiza en agua / diclorometano o
agua / tolueno.

(viii) EI proceso de (vi), donde el paso a-ili) y b-i) se realizan en diclorometano o
tetrahidrofurano y en presencia de BF3.Etz0.

(x) El proceso de (vi), donde el paso adii) se realiza en dcido acético y/o dcido
formico; o en una mezcla de &acido acético y/o acido formico y uno o dos
cosolventes seleccionados a partir de un grupo conformado por diclorometano y
tetrahidrofurano.

(x} El proceso de (ix), donde el paso a-iii) se realiza en acido acético y paso b-)
que se realiza por adicién de dcido formico a la mezcla de reaccion.

(xiy El proceso de (ix), donde el paso a-ii) y b-i) se realizan en dcido formico o
Acido acético / acido férmico.

(xii) El proceso de (i) o (ii), donde el paso a-iv) se realiza en agua/diclorometano
0 agua / tolueno.

(xiii) El proceso de (jii), donde el paso a-iv) y b-i) se realizan en diclorometano,
tetrahidrofurano o tolueno en presencia de BF3.Et;0.

(xiv) El proceso de (iii), donde el paso a-v) se reaiiza en presencia de BFa Et;0.

mm(mmin
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(xv) El proceso de (xiv), donde el paso a-v) y b-i) se realizan en diclorometano,
tetrahidrofurano o tolueno y en presencia de BF3.Et;0.

(xvi) El proceso de (jii), donde el paso a-v) se realizan en presencia de dcido
férmico o acido acético.

(xvii) E! procese de (xvi), donde el paso a-iv) y b-i) se realizan en el acido formico
o acido acético/dcido formico.

(xviii) El proceso de (xvii), donde el paso a-v) y b-i) se realizan en una mezcla de
acido acético/acido formico y co-solvente seleccionado a partir de diclorometano,
tolueno, etil acetato e isopropil acetato.

{xix) El proceso de (xviii), donde el co-solvente es isopropil acetato.

(xx) El proceso de (xvi), donde el paso a-v) se realiza en Acido acético y el paso
bH) se lieva a cabo mediante la adicién de acido férmico a la mezcla de reaccion.
(cd) El proceso de (jii), donde el paso a-vii) se realiza por alilacion del
compuesto de la formula li con una mezcla de reaccion que se prepara mediante
la reaccion del trimetilsililalillitio con cloruro de dietilaluminio.

(xxii) El proceso de (jii), donde el paso a-viii) se realiza mediante la alilacion del
compuesto de la formula Il con una mezcia de reaccién preparada por reaccidn del

trimetilsililalillitio con tetraisopropoxido de titanio o clorotriisopropoxido de titanio.

Los siguientes términos utilizados en la especificacion y reivindicaciones tienen los

significados sefialados a continuacion:

s gnos
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"alquilo C,+" tal y como se utiliza en este documento denota una cadena recta o
residuos alquilo bifurcados que contienen atomos de carbono a a b. Por
consiguiente, el ejempio “alquilo C+g" significa una cadena recta o residuos de
alquilo bifurcados que contienen atomos de carbono de 1 a 8, tales como metilo,

etilo, propilo, isopropilo, butilo, isobutiio o tert-butilo.

"Cicloalquilo C34" se refiere a un radical de hidrocarbono ciclico monovalente
saturado de tres a ocho carbonos anulares, por ejempio, ciclopropilo, ciciobutiio, o

ciclohexilo.

“Grupo protector” se refiere a una agrupacion de 4tomos que cuando se adhieren
a un grupo reactivo en una molécula enmascara, reduce 0 evita tal reactividad.

Entre los ejemplos de ios grupos protectores se pueden citar 10s encontrados en la

obra T.W. Green v P.G. Futs, Protective Groups in Organic Chemistry, (Wiley, 2™

ed. 1991) y Hamrison y Harrison et al., Compendium of Synthetic Organic Methods,
Vollimenes 1-8 (John Wiley y Sons, 1971-1998).

En las formulas estructurales presentadas en este documento el enlace
discontinuo (") denota que el sustituto se encuentra por debajo del plano del papel

y el enlace acuilado (~) denota que el susfituto estd por encima del plano del

papel.

Las siguientes abreviaturas utilizadas en la especificacion y reivindicaciones

especificadas en el texto, tendran los significados siguientes:

Ros. 3096 o 1ﬂwlﬁ.bm
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MTBE
THF
DCM
DMSO
HMPA
TMEDA
™S
TMS-
Et

Me

iPr

Bu

Ac

RT
HPLC
MS
TLC
NMR
2D-COSY
2D-TOCSY
HSQC
Cryst.
Cpd

min.

metil tert-butileter

tetrahidrofurano

diclorometano

dimetilsuifoxido

hexametilfosforamida

tetrametiletiienodiamina

tetrametilsilano

trimetilsililo

etilo

metilo

isopropilo

butilo

acetilo

temperatura ambiente

cromatografia liquida de alto desempefio
espectroscopia de masa

cromatografia de capa delgada

espectroscopia de resonancia magnética nuclear
espectroscopia comelacionada de 2 dimensiones
espectroscopia de comeiacion total bidimensional

Coherencia Heteronuclear de Un Solo Quantum

Cristalizacion
compuesto
minuto(s)
GABRI| C
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Los materiales de inicio y los reactivos utilizados en el proceso del presente
invento se pueden obtener a través de proveedores comerciales tales como
Aldrich Chemical Co., (Milwaukee, Wisconsin, USA), Bachem (Torrance, Clifornia,
USA), Emka-Chemie, or Sigma (St. Louis, Missouri, USA), Maybridge (Dist: Ryan
Scientific, P.O. Box 6496, Columbia, SC 92960), Bionet Research Ltd., (Comwall
PL32 9QZ, UK), Menai Organics Lid., (Gwynedd, N. Wales, UK), Butt Park Lid.,
(Dist. interchim, Montiucon Cedex, France), Fluka (CH-8471 Buchs, CH), Acros
Organics (B-2440 Geel, BE) 0 se preparan siguiendo los métodos conocidos por
expertos en esta técnica, segun procedimientos de la literatura como el de Fieser
and Fieser's Reagents for Omganic Synthesis, Volimenes 1-17 (John Wiley and
Sons, 1991), Rodd's Chemistry of Carbon Compounds, Volimenes 1-5 y
Suplementarios (Elsevier Science Publishers, 19889), Omganic
Reactions Voliimenes 1-40 (John Wiley and Sond, 19891), March's Advanced
Omanic Chemistry, (John Wiley and Sons, 1992), y Larock's Comprehensive
Omanic Transformations (VCH Publishers Inc., 1989).

Los materiales de inicio e intermedios de la reaccion pueden aislarse y purificarse
si as( se desea aplicando técnicas convencionales, incluyendo pero no limitdndose
a la fitracion, destilacion, cristalizacion, y cromatografla. Estos materiales se
pu den caracterizar aplicando medios convencionales, entre los cuales estsn ias

constantes flsicas y los datos especirales.
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Los compuestos de la formula | se preparan segun se ilustra en el Esquema A. El
reactivo alimetal al cual se hace iguaimente referencia en este documento como
reactivo de alilacion debera tenerse en cuenta dentro de un sentido general y
puede comprender reactivos en ios cuales la parte metélica se basa en el boro

aun cuando no se trate de un metal por si mismo.

Esquema A:
.q-f'l;
1
ATRE N
!-E. 'x'
[ L -f'-
L i
. .
L]
Tt » .i' » t . lm ‘q.'
o “m - a
' 2 gl e LY T p.;-.f!.q + h-pi_-r- — :.-ﬂ:":
£ -l.-l a ’ e li %t..:_ . ™ I'“.‘.‘l'
AN ri. & T IT X .
s " - - ’

(Pg es un grupo protector, en donde las lineas punteadas significan que el resto
del compuesto tiene la misma estructura que el compuesto de la formula |. R' es
hidrégeno, alquilo C1.s 0 cicloalquilo C3¢ y cuando R es hidrégeno, un compuesto

de fa formula Ill incluye uno de sus trimeros, y R? es alquilo C+.5 o cicloalquilo Css).

En el paso a), el aldehido protegido de ciclosporina A de la formuia |l es alilatado

por el reactivo aliimetalico sililatado y de la formula lll, 1V, V, VI, VI, VIl etc., para

T ol Oficial
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formar una mezcla de diasterdmeros del alcohol B-silihomoalilico de la formula XI
(El anélisis general sobre los alimetales y la alilacién de los aldehidos se
encuentra en: W. R. Roush en "Allyl Organometaliics”, Comprehensive Organic
Synthesis, Pergammon Press, Vol. 2, pp 1-53; Y. Yamamoto, N. Asao en
"Selective Reactions Using Allylic Metals", Chemical Reviews 1993, 83, p 2207-
2293). El control de la configuracion reiativa anti o sin del fragmento B-sililalcohol
dependerd del reactivo aliimetélico y de ias condiciones utilizadas para realizar el
paso de alilacién del aldehido (para un anélisis general de los reactivos aliimetales
sustituidos del y-sililo consuitar: T: H. Chan en "Silylallyl Anions in Qrganic
Synthesis: A Study in Regio- and Stereoselectivity", Chemical Reviews 19985. 85,
p1279-1292). Frecuentemente se considera que este alcohol forma un estado de
transicion via anillo de 6 miembros que se asemejan a una silla (conocido también
como estado de transicién de Zimmerman-Traxier) segun se puede apreciar en el

Esquema B.

Esquema B

~ 4
- o
J o~ —(Wf""""' " “'wé"
b
g

- s
‘jl- ;’: — %-E’:"‘fl - "";::I:P

i

En este estado de fransicibn, la cadena lateral de aldehidos adopta

preferiblemente una posicibn pseudo ecuatorial con el fin de minimizar
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interacciones estéricas de 1,3-diales. La configuracion relativa del fragpmento R-
sililalcohol se determinara por lo tanto mediante la configuracion de doble enlace
C-C del reactivo aliimetal.

Por consiguiente, el uso de los reactivos alilmetilicos trans - cis-y-sililatados
deberd conducir principaimente al anti o syn-B-sililaicohol isdmero
respectivamente. Lo anterior se aplica en términos generales para el alil-boro,

titanio y reactivos de aluminio.

Una excepcion a esta noma se encuentra por ejemplo en los casos en los cuales
un reactivo trialildalilestanani y-siliiatado se adiciona a los aldehidos bajo
condiciones de acido Lewis, caso en el cual el mecanismo es distinto y la reaccion

proporciona principaimente el isémero sin B-silifalcohol.

En el paso b), el B-sililalcohol de la formula X| se transforma en (E-ISA247 de la
formuia I.

Paso b) se puede realizar segun se ilustra en el Esquema C.

Esquema C
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En el paso b-i), el B-sililalcohol de la formula XI se somete a una eliminacion
Peterson (para el analisis general sobre estas eliminaciones Peterson, consultar la
obra: D. J. Ager in "The Peterson Reaction", Synihesis 1984, p384-397 al igual
que las referencias alli citadas), generandose un dobie eniace interno, es decir
eliminacion del silanol a partir de la ocurrencia del medio B-sililaicohol.

Con miras a alcanzar un alto grado de pureza isomérica de doble enlace, el éxito
de ia secuencia de eliminacion de alilacion-Peterson descansa en la introduccion

selectiva de una anti 0 syn coniiguracion relativa del medio B-sililaicohol.

En realidad la eliminacién de Peterson es estereoscopica segun se sabe. Los anti
isémeros proporcionaran un doble enlace isomérico cuando los syn isomeros
produzcan los demds isémeros de doble enlace bajo las mismas condiciones

segun se ilustra en el Esquema D.

Esquema D
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(Pg y lineas puntadas con significado segtin se indicé anteriormente).
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Los anti isomeros deberdn producir el enlace trans doble de acuerdo con las
condiciones de eliminacion acida de Peterson en tanto gque los syn isémeros
podrian proporcionar el cis doble enlace. La reaccién procede via un mecanismo
en el cual el hidrdxilo y los grupos sililo se encuentran en una anti conformacion

con anterioridad a la eliminacion.

La situacion es opuesta cuando la eliminacion Peterson se realiza bajo
condiciones bdsicas, y en tal caso la reaccion procede via un mecanismo en el
cual el hidroxilo deprotonatado y el grupo silio se encuentran en una syn
conformacién con anterioridad a la eliminacién.

Por consiguiente, y en principio podria alcanzarse bien un isomero de doble
enlace controlando ia formacion de la syn o anti configuracién relativa del medio 3-
sililaicohol o bien utilizando condiciones de eliminacion dcidas o basicas de

Peterson.

De acuerdo con el presente invento, los reactivos trans-y-sililatados de aliimetales
son utilizados para la alilacion de aldehidos de ciclosporina A protegidos de la
formula il para formar una mezcla de diasterémeros anti-B-sililaicohoi de la formuia
Xl. Por lo tanto, se realiza una eliminacién de Peterson bajo condiciones Acidas

para formar un trans doble enlace.

Los acidos tipicos para la reaccion promovida por el dcido pueden incluir el acido
sulfurico, el férmico, el clorhidrico, el metanosulfénico, tetrafluorobdrico,
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percldrico, trifluoroacético y diversos dcidos Lewis. Los Acidos preferidos son el
sulflrico, férmico, metanosulfonico y BFs.Et;O, especialmente el dcido sulftirico, el

férmico y el BFs.Et;0.

Este paso puede realizarse a una temperatura de reaccion desde -70°C hasta
50°C. E! rango preferido de temperatura es de 0°C hasta 50°C, mas
preferiblemente de 20°C hasta 40°C para el acido férmico. El rango de
temperatura preferida es de 0°C hasta 40°C, mas preferiblemente de 20°C hasta
30"C pam el acido sulfirico y metanosulfénico. El rango de temperatura preferida
es de -80°C hasta 50°C, preferiblemente de -80°C hasta 25°C, y especiaimente
entre -80°C y 0°C para BF3.Et;0.

El E-acetil-ISA247 se puede purificar por cristalizacion en MTBE (por ejempio via
intercambio de soiventes a partir del diclorometano hasta el MTBE), 0 en una
mezcia de MeOH/agua.

En el paso b-ii), el grupo protector se retira, regresando el grupo funcional de ese
carbono a un akohol. Las condiciones y reactivos que deban utiizarse
dependerén del grupo protector utilizado, que se conoce entre los expertos en esta
técnica. El grupo acilo (R'C(O)-; donde R' es un radical de hidrocarbono
monovalente saturado y lineal de uno a seis 4tomos de carbono de un radical de
hidrocarbono monovalente saturado y bifurcado de tres a seis atomos de

carbono), tales como el acetilo, propionilo, butirilo, isobutirilo, valerilo, pueden
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utilizarse preferiblemente como grupo protector. Cuando el grupo protector es un
grupo acetilo, puede retirarse, por ejemplo mediante el tratamiento con K.COj en
metanol y agua. Bajo estas condiciones, la pureza isomérica del fragmento dieno
se conserva. Por lo tanto la pureza isomérica de doble enlace de E-ISA247
refiejard la pureza isomérica de doble enlace de E-acetilHiSA247. Las bases
distintas del carbonato potdsico que pueden utilizarse para remover el grupo

protector incluyen hidroxido sodico, carbonato sddico, alcoxido sddico y alcoxido

potésico.
Sintesis de (F)-1SA247 por reactivos de alilboro

Alilacion por reactivo -y-sililatado alilboro de la forma It o IV (paso a-) y a-ii))

En términos generales, el exceso de reactivos de la formula Il o IV se necesita
para completar la alilacion del aldehido acetil-ciciosporina A (II'), dentro de un
periodo de tiempo aceptable. Se logran niveles y frecuencias de conversion mas
elevadas utilizando un agente de activacion tal como el éster de tarirato y/o
diclorometano como (co)-solvente. De acuerdo con el comportamiento
generalizado de los Acidos boronicos, el reactivos de la formula Itla puede existir
potenciaimente en forma de trimero ciclico (boroxina) u oligémeros (como ejempio
de este comportamiento de dcido bordnico, consultar: K. Ishihara, H. Kurihara, M.
Matsumoto y H. Yamamoto en "Design of Bronsted Acid-Assisted Chiral Lewis
Acid (BLA) Catalysts for Highly Enantioselective Diels-Alder Reactions”, Journal of
the American Chemical Society 1998, 120, p6920-6930). Cuando se utiliza el
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triisopropilborato para la preparacion de la solucion del reactivo crudo de la
formula llla, el reactivo de ia formula llla también puede contener éster diisopropiio
boronato (TMS-CH=CH-CH>-B (QiPr)), a partir del isopropanol generado a partir
del B(OiPr)s) y derivados mezclados tales como el TMS-CH=CH-CH-B(OH)(OiPr).

Esta solucién se puede utilizar como reactivo de alilacion sin purificacion.

De manera alterna, se puede generar una solucion del reactivo de la formula llla
por hidrélisis del complejo de la formula V en una mezcla de solvente
orgénicofagua tal como la combinacion de diclorometano/agua, tolueno/agua, etil
acetato/agua, THF/agua, cloroformo/agua, preferiblemente se utilizara una mezcla
de diclorometano/agua, preferiblemente en presencia de un acido que puede ser
el sulfirco, el clorhidrico, acético, prefiriéndose el dcido acético. La alilacion del
aldehido acetil-ciclosporina A con una solucién de diclorometano del reactivo de ia
formula flla preparado segun se describié anteriormente podra alcanzar un alto
nivel de conversién utilizando como minimo hasta 2 equivalentes del reactivo. En

este caso en particular, los derivados del isopropilo estan por lo tanto ausentes.

Sin activacién por tartrato
El tolueno puede utilizarse como solvente para estas reacciones, sin embargo, los
efectos marcados del solvente han sido observados en estas reacciones. La

alilacion se realiza en mejores condiciones en solventes polares no coordinantes,

preferiblemente el diciorometano.
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Cuando se omite un aditivo de tartrato, preferiblemente ia alilacion se realiza en el
diclorometano utilizando una solucion concentrada del dcido bordnico crudo

(>10%, preferiblemente en concentraciones de aproximadamente el 50%).

El reactivo preferido de la formula Ill donde R' es hidrégeno, alquilo Cis ©
cicloaiquilo C3s y/o0, cuando el R? es hidrégeno, uno de sus trimeros son los que
se encuentran cuando R' es hidrégeno, metilo, etilo, propilo, isopropilo, butilo o
bencilo, y mas preferiblemente R' es hidrogeno, metilo, etilo, propilo, isopropilo o
butilo, y més preferiblemente hidrogeno, metilo, etilo, propilo o butilo, preferibie en
forma especial hidrégeno. La alilacion se realiza en solventes organicos tales
como etil acetato, THF, tolueno, cloroformo o diciorometano, preferiblemente en
etil acetato, tolueno o diclorometano, y mds preferiblemente en tolueno o
diclorometano, especiaimente en diclorometano.

Por ejemplo, la sintesis de (E)ISA247 por el reactivo de la formula lll puede

realizarse como se ilustra en el Esquemna E.

Esquema E:
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(R'y las lineas puntadas tienen los significados definidos anteriormente).

La alilacion del aldehido acetil-ciclosporina A (II') en diclorometano con 10
equivalentes de una solucion de aproximadamente el 50% de &cido bordnico
alcanza una conversion superior al 95% dentro de un tiempo de 60 minutos a
temperatura ambiente (RT) y produce una mezcla de diastdomeros anti R-
trimetilsililalcohol (XI'). Se puede realizar la eliminacién de Peterson después de ia
elaboracion acuosa en el producto de alilacion cruda a una temperatura de 0°C
hasta un nivel de temperatura ambiente (RT) en THF utilizando dcido sulfirico. De
manera alterna, la eliminacion Peterson puede tener lugar directamente en la
mezcla de reaccion de alilacion mediante adicion de THF y Acido sulfirico. La

elaboracion acuosa y la cristalizacion produce el (E)-acetil-ISA247 (XII').

La hidrdlisis del (E)-acetril-iSA247 (XII') proporciona (E)-ISA247 (1).

Con activacion del tartrato

Como se observa en el Esquema F, la adicién de un éster tartrato, tal como el L-
(+)dimetiltartrato por ejemplo en presencia de un agente para el secado, activara
el dcido boronico de la formula llla generando in-situ el éster de boronato
comrespondiente, que es una clase de reactivo que se conoce en |a literatura que
muestra una reactividad de alilacion muy elevada. La reaccion procede luego en
forma parcial o principalmente a través del éster generado de boronato

incrementando la frecuencia de alilacion.



*
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(R es alquilo C4, preferiblemente alquilo C1s, y mas preferiblemente metilo, etilo o
isopropilo, especialmente el metilo).

La alilacién con la reactivo de la formula IV se realiza en un solvente orgénico que
puede ser el etil acetato, THF, tolueno, cloroformo o diciorometano,
preferiblemente en etil acetato, tolueno o diclorometano, y mas preferiblemente en
tolueno o diclorometano, especiaimente en diclorometano.

Por ejemplo, la sintesis de (E)-ISA247 por el reactivo de la formula IV se cumple

segun se ilustra en el Esquema G.

Esquema G:
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(Las lineas punteadas tienen los significados definidos anteriormente).

La generacion del reactivo de ia formula IVa' mezclando una solucion de dcido
boronico de la formula lila con L-(+)-dimetiltartrato en presencia de un agente para
secado tal como las cribas moleculares o el sulfato de magnesio, preferiblemente

sulfato de magnesio, se evidencia mediante ''B y 'H NMR en andlisis.

La alilacion del acetil-ciclosporina A aldehido (I') con un reactivo del &cido
boronico in-situ que se activa por adicién de L-(+)-dimetiltartrato a una temperatura
de 0°C a temperatura ambiente, preferiblemente a 0°C, proporcionard una mezcia
de diasterdmeros anti B-sililalcohol (XI'). La conformacion acuosa seguida por la
eliminaciéon de Peterson en THF con dcido sulfurico proporciona después de la
elaboracién y cristalizacion, el (E)-acetil-ISA247 (XII'). La hidrolisis del grupo

protector de acetilo proporciona (E)-1SA247 {(I).

Debe tenerse especial cuidado en que la reaccion que involucre el uso de solucion
de acido borénico crudo con o sin activacion de tartrato debe realizarse en neutro
o con un pH acido (entre 3 y 7, preferiblemente entre 5 y 6). En realidad cuando el
pH es superior a 7, se formard una cantidad sustancial de un producto lateral
identificado como el vinilsilano de la fomula XV. Una reaccion de prueba
(realizada sin activacién de tartrato) donde EtsN amino se adiciond para aicanzar
un pH de 8-10 condujo a una formacién casi exclusiva del producto vinilsilano XV
(segin se evidencia mediante MS, 'H NMR, COSY, TOCSY y HSQC NMR en

experimentos). Un efecto de esta naturaleza fue totaimente inesperado.
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Sin activacion, el complejo de dietanolamina de la formula V no reacciona a
temperatura ambiente con el aldehido acetil-ciclosporina A en solvente son
préticos como el diclorometano o el THF. Sin embargo, el compiejo de la formula V

representa una fuente estable del dcido bordnico correspondiente.

Cuando se hace un tratamiento en un solvente de agua/organico (tal como el etil
acetato, THF, diclorometano o tolueno, preferiblemente etil acetato, diclorometano
o tolueno, mas preferiblemente diclorometano) o una mezcia preferiblemente en
presencia de dcidos como el dcido sulfurico, clorhidrico o acético, preferiblemente
el acético, el complejo V dietanolamina se hidroliza y libera el acido bordnico
reactivo como se muestra en la ilustracion, por ejempio en el Esquema H, que

puede luego reaccionar con el acetil-ciclosporina A aldehido (II'), preferiblemente a

temperatura ambiente.
)
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Esquema H:
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La alilacion del aldehido de acetil-ciclosporina A (II') bajo tales condiciones
proporciona una mezcla de diasteromeros anti B-trimetilsililalcohol (XI'). Después
de descartar la fase hidrica, el solvente se intercambia por THF, y se agrega écido
sulfurico para realizar la eliminacion Peterson. La conformacion acuosa y la
cristalizacion proporciona (E)-acetil-ISA247 (XII'). La hidrélisis posterior produce
(E)-ISA247 (i). De manera altema, el aislamiento de los diasteromeros crudos anti
R-trimetilsililalcoho! después de la conformacion acuosa, seguida de la eliminacién
de Peterson, bajo condiciones estandar (écido suiflirico concentrado en THF)
suministraré el E-acetil-ISA247.

Por ejemplo, la sintesis de (E)-ISA247 mediante el complejo de la formuia V se

puede realizar segun se ilustra en el Esquema .

Esquema [:
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(Las lineas punteadas tienen los significados establecidos anteriormente).

La aliimetalizacion del aldehido acetil-ciclosporina A (II') también tiene lugar bajo
condiciones no acuosas directamente con el complejo de la formula V. En
realidad, los solventes proticos tales como los &acidos carboxilicos son
particularmente eficaces. La mezcla de solventes podria ser acido acético y/o
dcido férmico o una combinacion del dcido acético y/o dcido férmico y un co-
solvente como el diclorometano y THF. La alilacion se realiza en mejores
condiciones en Acido acético entre temperatura ambiente y 35°C. Lo anterior
permite lograr una mezcla de diasteromeros anti RB-sililaicohol (XI'). Estos
intermedios podrian obviamente aislarse, sin embargo la eliminacion Peterson se
puede realizar en un recipiente mediante la adicién a la mezcla de reaccién de un
dcido como el formico, el sulfurico o el metanosulfénico, preferiblemente acido
férmico. La conformacion hidrica y la cristalizacién producird (E)-acetil-ISA247
(XII"). La hidrolisis posterior suministrara (E)-1SA247 (l).

Cuando el acido formico se encuentra presente en cantidades suficientes en la
mezcla del solvente utilizada para la alilacion, la eliminacion Peterson podra tener

lugar en un recipiente conduciendo directamente al (E)-acetil{SA247.

Otra alternativa consiste en realizar la adicion del complejo de la formula V al
aldehido acetil-ciclosporina A (lI') en presencia de un acido Lewis tal como el
BF3.Etz0. Por ejemplo, la reaccion con 8F3;.Et,O se puede realizar en un solvente

de tal manera que se emplee el diclorometano o THF a una temperatura en un
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rango de -40°C hasta temperatura ambiente. Bajo estas condiciones, la alilacién
puede estar directamente seguida de la eliminacion Peterson, produciendo el valor

esperado de (E)-acetil-ISA247 (XII').

Alilacion por reactivo alilboro y-gililatado de la formula Vi (paso a-iv))
La reaccién del aliltrifluoroborato VI y acetil-ciclosporina A aldehido (II) en un

solvente bifdsico agua/sustancia orgénica, preferiblemente una mezcla entre
agua/diclorometano o mezcla de aguaftolueno, y mas preferiblemente la mezcla
de agua/diclorometano a temperatura ambiente proporcionard una mezcla de
diasteromeros anti B-trimetilsifilaicoho! (XI'). Después de descartar la fase hidrica,
se realiza la eliminacion Peterson mediante adicion de THF y dcido sulfurico a una
temperatura entre 0°C y temperatura ambiente proporcionando (E)-acetil-iSA247
(Xil). La eliminacion Peterson también se puede realizar bajo condiciones
estandar (acido sulfurico en THF) después del aislamiento de los diasterdmeros

anti R-trimetilsililalcohol hasta lograr E-acetil-ISA247.

La alilacion se puede igualmente promover mediante un acido Lewis. En tal caso,
la alilacién y la eliminacién Peterson pueden tener lugar in-situ. Por ejemplo, la
adicion de un exceso de BF3 Et;O a una suspension de aliltrifluoroborato VI (2
equivalentes) en una solucion de aldehido acefil-ciclosporina A (Xil') en
diclorometano a -70°C proporciona después de 60 minutos una reaccién y una
conformacion acuosa (E)-acetil-ISA247 (I). Los solventes para la reaccién son

orgénicos como el diclorometano, THF o tolueno, preferiblemente diclorometano.
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Alilacion por reactivo alilboro y-silitatado de la formula VII (paso a-v))

La alilacién de los aldehidos con estos reactivos se conoce a partir de la literatura
en el sentido de avanzar lentamente (1 a varios dias a temperatura ambiente). En
este orden de ideas, la alilacion del aldehido acetil-ciclosporina A (II') con exceso
de reactivo de la formula VII (5-10 equivalentes) en solventes tales como el THF,
diclorometano, tolueno, DMF y DMSO procederda lentamente a temperatura

ambiente.

El calentamiento, uso de grandes excesos de reactivo o altas concentraciones
podrian aumentar la frecuencia de alilacion del aldehido acetil-ciclosporina A, sin
embargo, se encontré que una mejor altemativa seria una escogencia adecuada

del solvente.

Los acidos carboxilicos tales como el formico o el acético demostraron mejorar de
manera sorprendente la frecuencia de alilacion. Por ejemplo, cuando se realizé en
acido acético la alilacion de! aldehido de ciclosporina de acetilo (II') se pudo lograr
una conversion de mas del 95% dentro de un término de 5 horas a temperatura
ambiente con 2 equivalentes del reactivo de la formula V!, proporcionando el B-
sililalcoholes (XI'). La adicién del dcido férmico promueve [a eliminacion Peterson.
El (E)-acetil-ISA247 (XII') se obtiene después de la elaboracién extractiva
demostrando la relativa anti estereoquimica del B-sililalcohol intermedio. La

eliminacién Peterson también se puede realizar bajo condiciones estandar (dcido

crgfEnaoD

2 Rive. 5350 dy 108 det Min. do Jrsticls
1 Min. de Raincionns Exieviorss



sulfirico en THF) después del aislamiento de los diasteromeros anti B-

trimetilsililaicohol para lograr el (E)-acetil-ISA247.

El 4cido férmico o preferiblemente una combinacién de 4cido acético y acido
formico (tal como una relacion aproximada de 1:1 v/iv) tal y como se proporciona
es también un solvente eficaz. En tal caso, la aliimetalacion y la posterior
eliminacion Peterson puede tener lugar en un recipiente. En una combinacién de
dcido acético y acido férmico (ca 1:1 viv) la aligaciéon del aldehido del acetil-
ciclosporina A y ia posterior eliminacién de Peterson aicanzan una conversion
superior al 90% dentro de un lapso de 60 minutos a temperatura ambiente con 1.5
equivalentes del reactivo. La conformacion extractiva acuosa y la cristalizacion

proporciona (E)-acetil-iISA247 (XII').

La mezcla de dcido acético, formico y un co-soivente adecuado pueden
iguaimente utilizarse. E! diclorometano, tolueno, etil acetato o isopropil acetato,
preferiblemente isopropit acetato podrian utilizarse como un co-soivente. La
disminucién en reactividad puede observarse cuando se utiliza un co-solvente,

pero este hecho podria compensarse aumentando ia temperatura de reaccion.

La hidrolisis del grupo protector de acetato con K:CO; en metanol acuoso
proporciona (E)-1SA247 (I).
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Por ejemplo, la sintesis de (E)-ISA247 por un reactivo de la formula VI se puede

realizar segun se lustra en el Esquema J.

Esquema J:
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Ei origen de la mayor actividad del reactivo de la formula Vi, cuando se utiliza en
solucion de dcido carboxilico como &cido aceético y acido férmico, podria derivarse
de ia alta polaridad y baja complejidad de tales solventes. Otro efecto podria
encontrarse en la capacidad de dicho solvente de proporcionar catalisis acida de
la alilacion por medio de la activacion del grupo carbonilo del aldehido a través de

la protonacion.

La adicion del reactivo de la formula Vi al aldehido ciclosporina A acetilo (II') se
puede promover mediante un acido Lewis de tal manera que pueda emplearse

BF3.Et,O a una temperatura de -70°C hasta 0°C en tolueno, THF o diclorometano,
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preferiblemente tolueno o diclorometano, o preferiblemente diclorometano. Bajo ia
reaccion de alilacion, puede también ocurrir la eliminacion Peterson pudiéndose

obtener el (E)-acetil-ISA247 (XiI') después de la formacion extractiva acuosa.

Sintes| - 7 activos de aliltitanio

La reaccién del aldehido acetil-ciciosporina A con un reactivo y-trimetilsiiilalittitanio
que se prepare a partir del trimetilsililalillitio y diclorodiisopropdxido de titanio,
tetraisopropoxido de ftitanio o clorotriisopropéxido de titanio, preferiblemente
tetraisopropoxido de titanio o clorotriisopropéxido de titanio en THF, a una
temperatura de -80°C hasta 0°C, preferiblemente -80°C hasta -30"C, y mas
preferiblemente de -80°C hasta -50°C, especiaimente de -80°C hasta -80°C,
proporcionara después de la formacion acuosa, una mezcla de anti 8-sililalcoholes
Xi' diastoméricos. La eliminacion Peterson bajo las condiciones estandar (H.SO,

en THF) proporciona E-acetil-[SA247 (XII').

Sintesis de (E)-1SA247 por reactivos de alilaiuminio

La reaccion del acefil-ciclosporina A aldehido con un reactivo y
trimetilsililalilaiuminio que se prepare a partir de trimetilsililalillitio y dicloruro de
etilaluminio o clorure de dietilaluminio, preferiblemente cloruro de dietilaluminio,
realizado en THF, a una temperatura de -80°C hasta 0°C, preferiblemente de -
80"C hasta -30°C, y mas preferiblemente de -80°C hasta -50°C, especiaimente -

80"C hasta -80°C proporcionara luego de la formacion acuosa una mezcla de anti
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R-sililaicoholes XI' diastomérico. La eliminaciéon Peterson bajo las condiciones

estandar (H;SO, en THF) proporciona E-acetil-ISA247 (XII").

Preparacion de los reactivos aliimetales y-sililatados

Los reactivos alimetales y-siliatados requeridos para realizar el paso de
alimetalacion se generan en mejores condiciones a partir de los alilsilanos
comrespondientes via deprotonacion, atrapado con un reactivo metélico adecuado
y opcionaimente haciendo una complexacién posterior del reposo del metal a
través de un ligando adecuado. Los reactivos resultantes podrdn de acuerdo con

su estabilidad y el proceso, utilizarse in situ o aislados y luego aimacenarse.

Aun cuando otro alilsilano silil-sustituidos pudieran haberse utilizando obviamente,
el derivado de trimetilsilio conduce a una cantidad minima de desechos. En

realidad, el fragmento sililo se pierde mediante la eliminacion Peterson.

Se han publicado muchas condiciones para la deprotonacion de los alilsilanos en
la literatura y usualmente se hace uso del n-butillitio (0 de los sec- y tert- isémeros)
en un solvente organico (generaimente THF) en combinacion o no con un co-
solvente o co-reactivo tal como HMPA, TMEDA o t-butdxido potdsico a
temperaturas en un rango de -100°C hasta temperatura ambiente (ver por
ejemplo: T. H. Chan en "Silylallyl Anions in Organics Synthesis: A Study in Regio-
and Stereoselectivity", Chemical Reviews 1985, 95, p1279-1282; Kohei Tamao, Eiji

Nakajo, y Yoshihiko Ito en "Silafunctional compounds in organic synthesis. 33.
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Metalatedallylaminosilane: a new, practical reagent for the stereoselective .alpha.-
hidroxuallylation of aldehydes to erythro-1,2-diol skeletons", Joumal of Organic
Chemistry 1987, 52, pp957-858; E. Ehlinger y P. Magnus en "Silicon in Synthesis.
10. The (Trimethyisilyl) allyl Anion: A. B-Acyl Anion Equivalent for the Conversion
of Aldehydes and Ketones into y-Lactones", Joumal of the American Chemical
Society 1980, 102, pp 5004-5011; M. Schiosser, L. Franzini en "The Regiosiectivity
of 1,3-Disubstituted Allyimetal Species Towards Electrophiles: 1-(Trimethylsilyl)alk-
2-enylpotassium Compounds", Synthesis 1988, pp 707-708; E. Shaumann y A.
Kirschning en "Ring-opening of oxiranes by silyl-substituted allyl anions. A

regiochemical chameleon", Telrahedron Letlers 1988, 29, pp 4281-4284).

Como se ilustra en el Esquema K, el aliltrimetilsilano es deprotonatado por el n-
butillitio en THF a una temperatura en un rango de 0°C hasta 35°C,
preferiblemente entre 0°C y 25°C durante 30 minutos en un término maximo de 3
horas. Esta preparacion genera un intermedio de trimetilsililafillitio. Este intermedio
existe mas probablemente en soiuciones tales el complejo n-alilo de litio en una
frans configuracion (T. H. Chan en "Silylallyl Anions in Organics Synthesis: A
Study in Regio- and Stereoselectivity”, Chemical Reviews 1895, 85, p1279-1292;
M. Schiosser, O. Desponds, R. Lehmann, E. Moret y G. Rauschschwalbe en "Polar
Allyl Typer Organometallics as Key Intermediates in Regio- and Stereocontrolled
Reactions: Conformational Mobilities and Preferences”, Tetrahedron 1883, 49,
p10175-10203). Este anién es luego atrapado (transmetalatado) por una fuente
metdlica electrofilica usualmente a una temperatura de -80°C hasta -80°C,
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generando el reactivo correspondiente del trans-aliimetal. De acuerdo con el
reposo metdlico, estos reactivos se hacen reaccionar in situ con el aldehido o bien
se pueden aislar para uso posterior. Iguaimente se puede hacer la transformacion
en otro complejo mediante la adicién de un reactivo apropiado con el propésito de

activar el reactivo para la alilacion 0 permitir su aislamiento.

Esquema K:
[T TR S by 5~ 1 A prvuyicr
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(M y M' son fragmentos metalicos que comprenden el metal y sus ligandos).

Preparacion de los reactivos del alilboro

Reactivo alijboro y-sililatado de la formula Jjla

Se obtiene una solucion de acido borénico crudo de la formula lila después de la
deprotonacion del aliltimetilsilano, que se atrapa con un reactivo de boro
electrofflico y conformacion acuosa. La deprotonacion del aliltrimetilsilano se
realiza en THF con butillitio, entre 0°C y 35°C, preferiblemente entre 0°C y 25°C
durante 30 minutos hasta un méximo de 3 horas. El reactivo de boro electrofilico
@S un trialquilborato tal como el borato de triisopropilo o el borato de trimetilo,
preferiblemente borato de triisopropilo. E! atrapamiento del intermedio de
frimiteilsililalilitio con borato ftriisopropilc se realiza entre -80°C y -20°C,
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preferiblemente por debajo de -60°C durante 30 minutos hasta un méximo de 2
horas. El atrapamiento del intermedio trimetilsililalillitio con el borato de trimetiio se

realiza entre -80°C y -80°C durante 30 minutos hasta un méximo de 2 horas.

Se conoce perfectamente que los dcidos alilborénicos son inestables; por lo tanto,
el &cido bordnico crudo se mantiene en la solucidn (P. G. M Wuts y Y.-W. Jung en
“The Addition of y-(Trimetyisilyl)aliiboronates to Imines", Joumal of Organic
Chemistry 1991, 58, p358-372 (ver comentarios en el ejempio para ia preparacion
del compuesto 9); W.R. Roush, K. Ando, D. B. Powers, A.D. Palkowitz y R.L.
Halterman en "Asymmetric Synthesis Using Diisopropyl Tartrate Modified (E)- and
(@)-Crotylboronates; Preparation of the Chiral Crotylboronates and Reactions with
Achiral Aldehydes", Joumnal of the American Chemical Sociely 1980, 112, 8338
(ver referencia 17)). Las soluciones concentradas (concentracion a >10%, por
ejemplo aproximadamente una concentracion de 50%) no son esiables a
temperatura ambiente y se descomponen. En estas condiciones deben utilizarse
rdpidamente. Si fuere necesario, deberan aimacenarse a una temperatura de 5°C
méximo. De acuerdo con el comportamiento generalizado de los acidos bordnicos,
el cido borénico de la formula llla podria en principio también existir en ia forma
de un trimero ciclico (denominado también boroxina) u oligémeros. Debido a que
el isopropanol que se deriva del borato triisopropilo puede estar también presente
(de acuerdo con el proceso), los esteres de boro isopropilo (mezclado) (TMS-
CH=CH-CH>-B(OH)(OiPr) y/o TMS-CH=CH-CHz-B (OiPr)z) podrian también estar

presentes. En realidad, 'H NMR v "B NMR un andlisis de soluciones
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concentradas de reactivo de boro de la formula llla (aproximadamente 50%)
diluidos con un volumen equivalente de CD,Cl;, mostrard la presencia de varias
especies de boronato, aun cuando el analisis reversivo de fase HPLC demuestra
principalmente el écido borénico (bajo condiciones HPLC, oligdmeros, dimeros y

trimeros pueden ser hidrolizados y transformados en écido borénico).

De manera altemna, se puede preparar una solucion del reactivo de la formula lila
mediante hidrolisis del complejo de la formula V en una mezcla de solvente
organico/agua tal como mezclas de diclorometano/agua, tolueno/agua, etil
acetato/agua, THF/agua, cloroformo/agua, preferiblemente mezcla de
diciorometano/agua, preferiblemente en presencia de un décido como el suifurico,

clorhidrico, acético, y preferiblemente acido acético.

La preparacion del reactivo aliimetalico y-sililatado de la formula llla se realiza por

ejemplo segun se ilustra en el Esquema L.

Esquema L:
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Reactivo alilboro y-siiilatado de la formula IV
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El reactivo de boronato de 'a formula IV donde R es alquilo Cy.a, preferiblements
alquilo Cye, y més preferiblemente metilo, etilo o isopropilo, especiaimente metilo
se prepara mediante un tratamiento del reactivo de boro de la formula lila con el
éster requerido de tarirato en presencia de un agente de secamiento como ias

cribas moleculares o el sulfato de magnesio, preferiblemente sulfato de magnesio.

El reactivo de la formula IVa' se prepara mediante el mezclado de una solucién de
dcido bordnico de la fomula ilia con L-(+)-dimetiltartrato, en presencia de un
agente de secado tal como cribas moleculares o sulfato de magnesio,
preferiblemente este Gltimo, segin se evidencia mediante los andlisis ''B y 'H

NMR.

Reactivo alilboro y-sjlilatado de la formula ili

Este reactivo se puede preparar tratando el reactivo de boro de ia formuia lila con
el alcohol requerido en presencia de un agente de secado como cribas
moleculares o sulfato de magnesio, preferiblemente este iltimo. El reactivo
preferido de boronato de la formula IV donde R! es alquilo C+.s 0 cicloalquilo Cs.s
son aquelios en los cuales R' es metilo, etilo, propilo, isopropilo, butilo o bencilo, y
més preferiblemente R' es metilo, efilo, propilo, isopropilo o butilo, y més
preferiblemente R! es metilo, etilo, propilo o butilo, especiaimente se prefiere R’

como metilo.

Reactivo alilboro y-sililatado de la formula IV
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A una solucion de acido borénico crudo de la formula iila, cuya preparacion fue
descrita anteriormente, se le agrega dietanoiamina. El intercambio de soivente por
heptano y cristalizacion proporciona el complejo dietanolamina de la formuia V en
forma de sdlido. Una caracteristica especial de este reactivo es la presencia de
una interaccion entre el par nitrogeno lone del fragmento dietanolamina y el 4tomo
de boro (es decir, complexacion del atomo de nitrégeno por el atomo de boro)
seglin se evidencia por "B NMR del complejo (5 = 11ppm en relacion con

BFs.Etz0, 2 manera de referencia externa).

La preparacion del reactivo aliimetdlico y-sililatado de la formula V se realiza por

ejemplo segun se ilustra en el Esquema M:
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Reaclivo alilboro y-sililatado de la formula V!
Esquema N:
3]
l1 m L}
H:;%JENN' —— T:_—_ mm.ﬁ ﬂ lJ :
f 2 Lo wilamiyivsy A

GAoRGL REDACHADIC

Tiathuctor @ Interprete Oficlal
37 Rus, 866 de TRE2 tol i, de il
M s Relecxmes Exeriorse



En términos generales. las sales de potasio de aliltrifiuoroborato se preparan
mediante el tratamiento del acido borénico correspondiente con 3 equivalentes de
KHF3 en una mezcla de solvente de agua/metanol (ver por ejemplo, R.A. Batey en
"Diastereoselective Allylation and Crotyiation Reactions of Aldehydes with
Potassium Allyl- and Crotyitrifluoroborates under Lewis acid Catalysis", Synthesis
2000, pp 980-898). Sin embargo, la aplicacién directa de estos procedimientos a ia
preparacion del trifluoroborato de la formula VI conducen a la formacion de
cantidades sustanciales de aliltrimetilsilano via protodeborilacion debida al pH

acido de la mezcla de reaccion.

La modificacién se realizé con el fin de evitar esta reaccion colateral. De esta
manera, segun se flusira en el Esquema O, una solucién de metanol de acido
borénico se trata con 2 equivalentes de KHF. en forma de fuente de fluoruro, a
temperatura ambiente. La suspensién se agita a temperatura ambiente durante 60
minutos. Las sales organicas residuales se remueven mediante filtracion. La
solucion metandlica de sal de friflucroborato VI se concentra bajo presién reducida
y el producto es cristalizado a 0-5°C. La sal de trifluoroborato Vi se aisia mediante

filttracion y se seca al vacio.

La solucion de dcido bordnico requerida se prepara mediante la hidrolizacion def
complejo de dietanolamina de la formula V en una mezcla de agua/diclorometano
en presencia de un acido como el acético. La fase acuosa se descarga y el

solvente es intercambiado a partir del diclorometano por metanol.
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De manera alterna, el complejo V de dietanolamina se puede utilizar directamente
como material de partida. Las sales de trifiuoroborato VI pueden prepararse sin

embargo no ocure cristalizacion.

Reactivo alilboro y-sililatado de la formula Vil

A una solucion de &cido borénico crudo de la formula lila, cuya preparacién se
describié anteriormente, se le agrega pinacol. La mezcia de reaccion se agita a
temperatura ambiente y luego se concentra bajo presion reducida. El complejo VI
de pinacol puede luego destilarse bajo presion baja o utilizarse directamente en el
paso de aliimetalacion. La preparacion del complejo de pinacol de la formula VIl se

realiza por ejemplo segun se ilustra en el Esquema O.

Esquema O:
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De manera altemna, el atrapamiento del 1-trimetiisililalilo litio se puede realizar con
2-isopropoxi-4,4,5,5-tetrametil-1,3,2-dioxaborolano, que conduce directamente

después de la formacion acuosa al boronato de pinacol de la formula Vil.
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En forma altema, el reactivo se puede preparar mediante deprotonacién del
alitrimetiisilano a temperatura ambiente con butilitic neutralizando e! intermedio
de alillitio con tri-isopropilborato (entre -80°C hasta -20"C, preferiblemente entre -

B0°C y -30°C), con adicion de pinacol y luego formacion acuosa.

Preparacién de los reactivos aliltitanio

Los reactivos aliltitanio (trimetilsiliio) se preparan in situ via desprotonacién del
alitrimetilsilano para formar trimetilsililalitio, segin se describié anteriormente, y la
reaccion de este intermedic con el diclorodiisopropoxido de titanio,
tetraisopropoxido de titanio o clorotriisopropéxido de ftitanio, preferiblemente
tetraisopropoxido de fitanio o clorotriisopropdxido de titanio a una temperatura de -
80°C hasta 0°C, preferiblemente -80°C hasta -30"C, més preferiblemente de -80°C
hasta -50°C, especiaimente -80°C a -80°C. Los reactivos resultantes de titanio se
utilizan in situ para la alilacion de los aldehidos ciclosporina A protegidos. Las

estructuras putativas de estos reactivos se presentan a continuacion:
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Los reactivos alilaluminio (trimetilsililo) se preparan in situ via desprotonacién del
aliltrimetilsilano para formar trimetiisililalitio, segin se describié anteriormente, y ia
reaccion de este intermedio con un cloruro el diaiquilaluminio tal como el cloruro
dialquilaiuminio o con un dicloruro alquilaluminio como el dicloruro etilaluminio,
preferiblemente con cloruro dietilaluminio, a una temperatura de -80°C hasta 0°C,
preferiblemente -80°C hasta -30°C, y més preferiblemente de -80°C hasta -50°C,
especiaimente de -80"C a -80°C. Los reactivos de aluminio resultante son

utilizados in situ para la alilacion de los aldehidos ciclosporina A protegidos.

Una estructura putativa para uno de estos reactivos se presenta a continuacion:
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Preparacion del aldehido ciclosporina A protegido

El aldehldo ciclosporina A protegido de la foomula Il se puede preparar como se
ilustra en el esquema P.

Esquema P:
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(Las lineas punteadas tienen los significados definidos anteriormente).
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En el paso cH), se introduce un grupo protector en la ciclosporina A de la formula
XIil, con el fin de proteger el grupo hidréxilo en la posicion B de la cadena lateral
del residuo del dcido 1-amino. Los grupos protectores son bien conocidos en la
sintesis orgdnica, y han sido analizados por J. R: Hanston en el Capitulo 2, "The
Protection of Alcohols”, de la publicacion de Protecting Groups in Organic
Synthesis (Sheffield Academic Press, Sheffield, England, 1989), pp. 24-25.
Hanson enseria como proteger los grupos hidroxilos convirtiéndoios en esteres o
éteres. Los esteres de acetato son posiblemente el tipo més frecuentemente
utilizado de quimica para la proteccion de los grupos hidroxilos. Existe una amplia
gama de condiciones que pueden emplearse para introducir el grupo acetato.
Estos reactivos y solventes incluyen anhfdrido acético y piridina; anhidrido acético,
piridina y dimetilaminopiridina (DMAP), anhidrido acético y acetato sodico;
anhidrido acético y tolueno p-dcido sulfénico, cloruro de acetilo, piridina y DMAP; y
cetona. EL DMPA es un catalizador de acilacion dtil debido a la formacién de sales

altamente reactivas de N-acilpiridium a partir del anhidrido.

Por ejemplo, el B-alcohol de la ciclosporina A se protege como un acetato
haciendo reaccionar la ciclosporina A (Xill) con cloruro de acetilo, etil acetato, o
sus combinaciones, formando el compuesto acetil ciclosporina A. En ofro ejemplo,
el alcohol B se somete a una adicién nucleofilica al anhldrido acético, formando
acetil ciclosporina A y 4cido acético. Estas reacciones se pueden realizar en
presencia del dimetilaminopiridina (DMAP) en donde el exceso de anhidrido

acético actia como solvente.
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Aun cuando la preparacion del acetil ciclosporina A esta bien establecido en la
literatura, los expertos en la materia podrén apreciar que los grupos protectores
distintos de los esteres de acetato pueden ser (tiles para proteger el B-alcohol del
residuo 1-amino acido de la ciclosporina A. Estos grupos protectores pueden
incluir esteres de benzoato, esteres sustituido de benzoato, éteres, y silil éteres.
Bajo ciertas condiciones de reaccion, el grupo protector de acetato es propenso a
reacciones colaterales no deseables tales como la eliminacion y la hidrélisis.
Debido a que los esteres de benzoato, éteres y silil éteres son frecuentemente
mas resistentes a tales reacciones colaterales bajo tales condiciones de reaccion
iguales, resulta frecuentemente ventajoso utilizar tales grupos protectores en lugar

del acetato.

En el paso cHi), la ciclosporina A protegida de la formula XIV se transforma en un

aldehido de ciclosporina A protegido de la formula II.

Este paso se puede realizar por ejempk utilzando el ozono como agente oxidante
seguido de una elaboracion que se hace utilizando un agente reductor para formar
un aldehido de la ciclosporina A protegida (l1). El paso de ozonolisis se realiza en
un rango de temperatura de -80°C hasta 0°C aproximadamente. El soivente
utilizando durante la ozonolisis puede ser un alcohol inferior como metanol. E!
agente reductor puede ser una ftriaiquilfosfina como ftributilfosfina, triariifosfina,
trialiquilamina como la trietilamina, puede ser un alquilaminosulfido, un tiosulfato o

un dialquilsulfido como el dimetilsulfido. Cuando se trabaja con el tributilfosfina
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como agente reductor, la persona con conocimientos basicos en la materia sabra

que la reaccion es controlada por dosificacion.

Por otro lado, se puede preparar un aldehido de ciclosporina A protegido (ll)
mediante la transformacion de la ciclosporina A protegida XIV, como la acetil
ciclosporina A, en el epoxido de ciclosporina A protegida con un monopersulfato,
preferiblemente el oxono, en presencia de la cetona, como la acetoxiacetona o
diacetoxiacetona. Este paso realiza en un solvente orgénico que es inerte bajo
estas condiciones de reaccién tal como el acetonitrilo y el agua. La sal disédica del
dcido etilenediamintetra acético se adiciona para capturar iones de metales
pesados que pudieren estar presentes. La reaccion epoxidacion se lieva a cabo
preferiblemente a un pH por encima de 7. Esta reaccion de epoxidacion es
seguida de una excision oxidativa del epéxido con Acido periddico o sal de
periodato bajo condiciones Acidas. Opcionaimente, la oxidacién y la excision
oxidativa pueden combinarse en un procedimiento de elaboracion. Estas
reacciones han sido analizadas por Dan Yang, et al, en “A C; Symmetric Chiral
Ketone for Catalyc Asymmetric Epoxidation of Unfunctionalized Olefins,” J. Am.
Chem. Soc., Vol. 118, pp. 491-492 (1996), y “Novel Cyclic Ketones for Catalytic
Oxidation Reactions® J. Org. Chem., Vol. 683, pp. 9888-8804 (1898).

El uso de los agentes oxidanites de base de rutenio ha sido analizado por H. J.
Carisen et al. en “A Greatly Improved Procedure for Ruthenium Tetroxide

Catalyzed Oxidations of Organic Compounds,” J. Org. Chem., Vol. 48, No. 18, pp
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3736-3738 (1681). Carlsen et al.,, ensefia que historicamente el gasto del metal
rutenio proporcionaba un incentivo para el desarrolio de los procedimientos
catallticos, y que el mas conocido utilizaba periodato o hipocldrito a manera de
oxidantes esioicométricos. Estos investigadores encontraron una pérdida de Ia
actividad catalitica durante el curso de la reaccion mediante el uso convencional
del rutenio que postularon se debia a la presencia de los dcidos carboxilicos. La
adicion de nitrilos a la mezcla de reaccién, especialmente acetonitrilo, demostrd
mejorar significativamente la frecuencia y alcance de la excision oxidativa de los

alquenos en un sistema de CClL/H2010,.

Por ejemplo, el aidehido (ll) de la ciclosporina A protegida se puede producir a
partir de la ciclosporina A protegida (XIV), tal como el acetil ciclosporina A,
disolvidndola en una mezcla de acetonitrilo y agua, y luego adicionando el primer
periodato sodico y posteriormente el hidrato de cloruro de rutenio. El aldehido (1)

se puede extraer con etil acetato.

EJEMPLOS
Las siguientes preparaciones y ejemplos se proporcionan con el fin de permitire a
las personas expertas en la materia comprender mas claramente y practicar el
presente invento. Estas préacticas no deben considerarse como limitantes del
alcance del invento, sino simplemente como ilustraciones y representaciones del

mismo.

smue('mm

ucior &
iyad 1952 ol il oo SR

45 Alin. cie RelaOnes



Aun cuando |la mayor parte de los ejemplos han sido suministrados para la
secuencia de eliminacion de alilacion - Peterson en los aldehidos acetil-
ciclosporina A, podria en principio utilizarse ofro grupo protector. Obviamente, esta
practica estara limitada por su compatibilidad con las condiciones de reaccién al

igual que con la posibilidad de retirarlas eficientemente para lograr el (E)-ISA247.

Elemplo 1

P racion de una solucién bo do de |a formula
Ii: écido (E)-3-{trimetiisililaliibordnico
Se disolvieron 20 g (166.8 mmol, 1 equivalente) de aliltrimetilsilano (Fiuka 08073)
en 140 ml de THF seco THF (Fluka 87368) a temperatura ambiente. Se
adicionaron 106.1 mi (86.8 mmol, 1 Equivalente) de una solucion de 1.6 M de
butillitio en hexano (Acros 181270100) en un lapsc de 10 minutos, conservando la
temperatura entre 20°C y 25°C. Después de 30 minutos de reaccion, la solucion
resultante de color amarillo a naranja se enfrio a -70°C. Se adicionaron 40.24 ml
(169.8 mmol, 1 Equivalente) de triisopropilborato (Fluka 92085) en 10 minutos,
manteniendo la temperatura por debajo de -80°C. Después de 30 minutos, de
reaccion a -74°C, la solucién fria fue vertida en una solucion de 170 ml de 1M
acuoso HCI. El pH se ajusto a 7-8 mediante adicion de 1M HCl,, (en este caso en
particular, 26 ml). Se agregaron 80 ml de diclorometano para extraccion. La fase
acuosa se separo y se extrajo con 80ml de diclorometano. Las fases orgdnicas se
lavaron secuenciaimente con 150 mi de una solucién saturada acuosa de NaCl, se

combinaron y se secaron con Na:SO,, luego se fitraron y concentraron bajo
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presion reducida hasta 40 mi aproximadamente. El peso de la solucion se ajusto
53.8g mediante la adicién de diclorometano con el fin de obtener una solucion de
aproximadamente el 50% de dcido boronico (de acuerdo con el aliltrimetilsilano de

inicio).

i) Alilacién de aldeh(do acetll-ciclosporina A
Se disolvieron 20g (6.23 mmol, 1 equivalente) de acetil-ciclosporina A aldehido en

100 ml de diclorometano a temperatura ambiente. Se agregaron 25.66 g (81.15
mmol, 5 equivalente) de la solucién de acido borénico previamente preparada
(concentracion aproximada de 50%) en una porcion. La conversion de la reaccion
fue monitoreada por HPLC. La reaccién quedo completa en un témqmino de 1-3
horas a temperatura ambiente. Se obtuvo una mezcla de aproximadamente 85:15

de R-trimetilsililalcohot en diastomeros.

lli) Eliminacién Peterson

Esta eliminacion se realizé directamente en la mezcla de reaccion.

Se agregaron 20 ml de THF y la mezcla de reaccién se enfrio a 0°C. Se agregaron
2.7ml (48.69 mmol, 3 equivalente) de acido sulfirico concentrado. La temperatura
se elevd a temperaiura ambiente. Después de terminar la reaccion
(aproximadamente 1 hora), se agregaron 100ml de agua. La fase organica se
separd y se lavo dos veces con 50 ml de agua. Las fases de agua fueron re-
extraidas secuencialmente con 50 mi de diclorometano. Las fases orgdnicas

combinadas se secaron en Na;S0Q, se filtraron y concentraron bajo presion
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reducida a 30°C. La espuma blanca resultante se re-disolvio en 250 ml MTBE y
después de unos minutos, se inicié la cristalizacién. Después de agitar durante 15
minutos a temperatura ambiente y 2 horas a 0-2°C, se filtré la suspension. Los
cristales se lavaron con 50ml en frio MTBE (-20°C) y se sacaron a 40-50°C bajo
presion reducida hasta lograr 19.2 g de (E)-acetil-ISA247 en forma de polvo blanco

en una pureza de >98% isomérica (400MHz 'H NMR).

El (E)-acetil-ISA247 se puede recristalizar disolviendo el sélido en diclorometano a
temperatura ambiente e intercambiando el solvente por MTBE (mediante la adicion
de MTBE, concentrando la solucion a la mitad de su volumen bajo presion
reducida a 40°C y repitiendo estas operaciones de dos a tres veces). La solucién
se enfria a temperatura ambiente y se inicia luego la cristalizacién dentro de unos
cuantos minutos posteriores. La suspension se agita a temperatura ambiente
durante 2 horas y 30 minutos a 0°C. Los cristales de (E)-acetil-ISA247 se aislan
después de filtracién, lavdndose con MTBE y secdndose bajo una presidn
reducida a 40°C.
iv) Hidrélisls
La hidrélisis del E-acetil-ISA247 proporciono (E)-ISA247 en una pureza de 89.5%

isomérica de doble enlace (mediante HPLC).

Elemplo 2

i) Preparacién de una solucién del dcido borénico crudo de la formula lila

llia: dcido (E)-3-(trimetilsilil)alilbordnico
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Se disolvieron 8.67mi (40.56 mmol, 10 equivalente) de aliitrimetilsilano en 33.3 mi
de THF seco a tamperatura ambiente. Se agregaron 25.35 ml (40.56 mmol, 10
equivalente) de una solucién de 1.8 M de butillitio en hexano en 5 minutos,
conservando la temperatura entre 14°C y 16°C. Después 80 minutos, de reaccién
a ternperatura ambiente, se enfrio la solucion resultante de amarillo a naranja a -
70°C. Se agregaron 9.614 ml (40.56 mmol, 10 equivalente) de triisopropilborato en
10 minutos, manteniendo la temperatura de -85°C. Después de 60 minutos, la
reaccién a -70"C, enfrio se virtid en una solucién HCI acuosa de 1M en cantidad
de 35 ml (pH=7-8). La mezcla de reaccion se extrajo con 30ml de diclorometano.
Se separd la fase hidrica y se re-extrajo con 30mi de diclorometanc. Las fases
orgdnicas se lavaron secuencialmente con 30ml de una solucién NaCl acuosa
saturada, combinada, secada en Na,SO,, fitrada y concentrada bajo presion

reducida a 50ml aproximadamente.

i)y Generacion del reactivo de boro de la formula IVa' ((R.R}-2{(E)-(3-

alilacién del aldehido acetil-ciclosporina A
Se agregaron 4.88 g (40.56 mmol, 10 equivalente) de dihidrato de sulfato de

magnesio agitdndose, seguido de 7.23g (40.58 mmol, 10 equivalente) L-(+)-
dimetiltartrato. Después de 2 horas de agitacion a temperatura ambiente, la
suspension se enfrio a 0°C y 5g (4.056 mmol,1 equivalente) de aldehido acetil-
ciclosporina A se agregaron en una porcién. La reaccion fue monitoreada por
HPLC (conversion aproximada de 80% después de 3 horas). Después de 17 horas
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de agitacion a 0°C, la suspensién se filtrd y el filtrado se lavé con 50ml de solucién
NH,C| acuosa medio saturada, solucidn NaHCOs acuosa medio saturada de 50 ml
y solucion NaCl acuosa medio saturada de 50ml. Las fases acuosas fueron
extraidas con 50 ml THF y desechadas. Las fases organicas combinadas se
secaron en Na;SO, filtrado y se concentraron a 40°C bajo presion reducida hasta
lograr 11.1g de una mezcla de aproximadamente 75:25 de diasterémeros &-

trimetilsililalcohol en forma de aceite amarillo pdlido.

iii) Eliminacién de Peterson
La mezcla de diasterdmeros crudos B-trimetilsililalcohol (11g, méximo 4.056 mmol)
se disolvid en 25 ml THF. 0.679 ml (12.16 mmol, 3 equivalente) y se agregd
sulfurico concentrado por goteo manteniendo la temperatura entre 20°C y 25°C.
Después de 2 horas a temperatura ambiente, se agregd solucion NaCl acuosa
medio saturada en cantidad de 50 ml. La mezcla resultante se extrajo dos veces
con 50ml MTBE. Las fases organicas fueron lavadas con 50 ml de una solucién
NaCl acuosa medio saturada, combinada, secada con Na,SO, y concentrada bajo
presiéon reducida a 40°C. El E-acetil-ISA247 crudo resultante se re-disoivic en
diclorometano 20ml y se concentrd bajo presion reducida. El producto crudo fue
disuelto en 80ml MTBE. LA cristalizacién se inicio dentro de los 10 minutos
siguientes. Luego la suspension fue agitada durante 15 minutos adicionales a
temperatura ambiente y durante 2 horas a -10°C. Los cristales fueron aisiados

mediante filtracién, lavados con 20ml de MTBE frio (-20°C) y se secaron bajo
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presion reducida hasta lograr 3.8g de (E)-acetilHISA247 en una cantidad

aproximada de 98% de pureza isomérica por medio del NMR.

Elempio 3
1) Preparacién del complejo dietanolamina de la formula V: 2{E-{3-
trimetiisilil-alll}}-[1.3,6.2ldloxazaborocano

Se hizo una carga de 50g (424.5 mmol, 1 equivalente) de aliltrimetilsilanoc en el
recipiente de reaccién seguida por 150ml THF. A la solucién transparente e
incolora se le agregaron por goteo durante 15 minutos, 185.1ml (445.7 mmol, 1.05
equivalente) de una solucion de 2.7M butilitio en heptano, conservando la
temperatura entre 20°C y 26°C. Después de 2 horas de reaccion a temperatura
ambiente, la soluciébn naranja se enfric a -78°C. Se agregaron 105.7mi
(445.8mmol, 1.05 equivalente) triisopropilborato por goteo durante 20 minutos,
conservando ia temperatura por debajo de -80°C. Después de 1 hora a -70°C, la
mezcla de reaccién se virtié en 250m! de una solucién de 2M acuosa de écido
clorhidrico (pH resultante: 5-8). Después de 10 minutos de agitacion, se separd la
fase de agua y se descarto. Se agregaron 42 4 g (403.3 mmol, 0.95 equivalente)
de dietanolamina a la fase organica. La solucién se agité durante 70 minutos a
temperatura ambiente. Se agregaron 750 ml de heptano. La emulsién bifasica fue
concentrada parciaimente a 40°C (aproximadamente 750m| de soivente se
destilaron) bajo presién reducida. Luego aparecié un precipitado blanco y la
suspension se agitd 2 horas a temperatura ambiente. La suspension fue luego

filtrada. El sdlido blanco se lavé con 125ml de heptano y se secd a 40°C bajo
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presion reducida durante la noche hasta lograr 85.7g del complejo dietanolamina

de la formula V.

'H NMR (DMSO. en ppm rel. hasta TMS): 6.5 (br s, 1 H), 6.15 (dt, 1H), 5.32
(d,tH), 3.7 (m, 2H), 3.55 (m, 2H), 2.85 (m,2H), 2.72 (m, 2H),1.20 (d,2H), O (s,8H).
"B NMR (DMSO, en relacién con referencia externa BF 3.Et;0): 11.1br.s
Microandlisis: (contiene 0.11 equivalente HO por titulacién Karl-Fischer)

Calculo: C 52.43%, H 9.71%, N 6.12%, B 4.72%, Si 12.27%

Resultado: C 52.04%, H 9.63%, N 6.36%, B 4.78%, Si 11.3%.

if) Alilacién
Se hizo una aplicacion de 7.375 g (32.48 mmol, 2 equivalente) del complejo de
dietanolamina de la formula V, 20g (16.23 mmol, 1 equivalente) de aldehido de
acetil-ciclosporina A y 80ml diclorometano en el recipiente de reaccién a
temperatura ambiente. Se adicionaron 40ml de agua y 2.79 ml (48.88 mmol, 3
equivalente) de acido acético en agitacion. Después 10 minutos de agitacion, se
obtuvo una mezcla bifdsica transparente. La reaccion fue monitoreada mediante

HPLC.

iii) Eliminacién de Peterson
Después de la reaccién durante la noche, la capa orgdnica se separé y se
descartd la fase hidrica. Se agregaron 50ml THF a la fase orgdnica. La solucion se

concentrd bajo presion reducida a 30°C hasta alcanzar la mitad de su volumen. Se
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agregaron 100ml THF y la solucion se concentré a 80ml. El volumen se ajusto a
100mi con THF y la solucion se enfrio a 0-2°C. Se agregaron 1.812 ml (32.46
mmol, 2 equivalente) de dcido sulfirico concentrado por goteo durante 5 minutos,
conservando la temperatura por debajo de 5°C. Después de la adicion, se removid
el bafio de enfriamiento de la reaccién y la temperatura se elevé a temperatura
ambiente. Después de 4 horas de reaccion, se agregaron 40ml de agua seguidos
de 20ml de MTBE. La capa acuosa se separd y descarto. La fase orgdnica fue
lavada con 40m! NaHCOz.4, 20 mi de NaCl., Saturado, 40ml de NaCly, saturado,
se seco en Naz;SO,, se filtrd y concentro a 40°C bajo presion reducida. El E-acetil-
ISA247 crudo se re-disolvié en 200mt MTBE y se inicié la cristalizacién dentro de
unos cuantcs minutos después. Luego de transcumridos 15 minutos a temperatura
ambiente y 2.5 horas a 0°C, la suspension fue filirada, y ios cristales se lavaron
con 50ml MTBE y se secaron a 50°C bajo presién reducida hasta obtener 18.45 g
de (E)-acetil-ISA247 en forma de poivo blanco (>98% de pureza isomeérica por
NMR).
iv) Hidrélisis
Este producto crudo fue hidrolizado hasta obtener (E)-ISA247 en 99% de pureza

isomérica por HPLC.

Elemplo 4
i) Alilacion
Se hizo una carga de 10.02g (44.1 mmol, 2 equivalente) del complejo de

dietanolamina de la formula V obtenida por el método descrito en el Ejemplo 3, i) y
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30g (22.05 mmol, 1 equivalente) de acetil-ciclosporina A aldehido dentro del
recipiente de reaccion. Se agregaron 38ml de Acido acético a temperatura
ambiente. Se obtuvo una solucién transparente después de 15 minutos agitdndose

a temperatura ambiente. La reaccion fue monitoreada por HPLC.

ii) Eliminacion de Peterson
Después de una reaccion de aproximadamente 6 horas a temperatura ambiente,
se agregaron 80ml de dcido formico, manteniendo la temperatura por debajo de
30°C. La solucion transparente amarilla pdlida se agitd durante la noche a
temperatura ambiente. Se agregaron 18ml de diclorometano y 300ml de MTBE
seguidos de 180ml de una solucidn de NaCl,q al 10%. La fase acuosa se separd y
desechd. La fase orgénica se lavd con 180ml de agua, 300ml 2M acuosa NaOH y
90ml de agua. La fase orgdnica se concentrd a temperatura ambiente bajo presién
reducida. La cristalizacion se inicio y la suspension fue diluida mediante adicién de
300ml MTBE y luego se concentro a 330ml aproximadamente. Después de agitar
3 horas a temperatura ambiente y 1 hora a 0-2°C, se filtrd la suspension bianca.
Los cristales fueron lavados con 50ml MTBE y secados a 50°C bajo presion
reducida hasta obtener 37.4g de (E)-acetii-lSA247 en forma de polvo blanco en

>88% de pureza de doble eniace isomérico mediante NMR.

iii) Hidrolisis
Este producto fue hidrolizado hasta obtener (E)-1SA247 en 99.8% de pureza

isomérica de doble enlace por HPLC.
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Elemplo &
Se disolvieron 1g (0.82 mmol, 1 equivalente) de aldehido acetil-ciclosporina A en

10mi de diclorometano seguidos de 362 mg (1.62 mmol, 2 equivalente) del
complejo de dietanolamina de la formula V obtenida mediante el método descrito
en el Ejemplo 3, i). La solucion turbia fue enfriada a -40°C. Se agregaron 180 pl
(369 mmol, 2 equivalente) de eterato de trifluoruro de boro manteniendo la
temperatura por debajo de -40°C. Después de 1 hora a ~-40°C, se retird el bario de
enfriamiento y la mezcla de reaccion se calenié hasta alcanzar la temperatura
ambiente. Después de 50 minutos, de reaccion a temperatura ambiente, se
agregaron 15ml de una solucion acucsa al 5% de NaHCO;. La fase acuosa se
separd y se re-extrajp con 15ml de diclorometano. Las fases orgénicas
combinadas se secaron en MgSO,, se fitraron y concentraron bajo presion
reducida a 40°C hasta lograr 0.89g de (E)-acetil-ISA247 en >95% de pureza

isomerica de doble enlace (NMR) en forma de espuma blanca.

Elemplo 6
i} Preparacion del compiejo pinacol de la formula VII: 4.4,5 5-tetrametil-2-(E-

3-trimetitsilil-alil}{1. 3,2]dioxaborolano

Se disolvieron 20g (168.8 mmol, 1 equivalente) de aliltrimetilsilano en 80mi THF
689.18 ml (188.8 mmol, 1.1 equivalente) de una solucion de 2.7M butillitio en
heptano se agregaron por goteo durante 10 minutos manteniendo la temperatura
entre 20°C y 28°C. Después de 2 horas de reaccion a temperatura ambiente, se

enfrio la solucién amarilla a -78°C. Se agregaron 42.26ml (178.3 mmol, 1.05
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equivalente) de friisopropilborato por goteo durante 10 minutos, conservando la
temperatura por debajo de -85°C. Después de 1 hora de reaccion, la mezcla de
esta reaccion fue vertida en una solucion de 100 ml de 2M de dcido clorhidrico
acuoso (resultando pH 6-7). Se agregaron 20ml de diclorometano y la fase acuosa
se separd y desechd. La capa orgédnica se secé en MgSQ,, se filtrd y concentrd a
100ml aproximadamente. Se agregaron 20.48g (169.8 mmol, 1.0 equivalente) de
pinacol y la solucion resultante se agité durante 18 horas & temperatura ambiente.
La mezcla de reaccion se concentrd a 40°C bajo presién reducida y luego el aceite
resultante se destilé a 43-50°C bajo una presion de 0.2mbar hasta obtener 37.2g

de un aceite incoloro.

ii) Alilacion en un recipiente / eliminacién Peterson
Se hizo una carga de 20g (5.08 mmol, 1 equivalente) de aldehido acetil-
ciclosporina A y de 5.427g (22.59 mmol, 1.5 equivalente) del complejo pinacol
obtenido en i) y 30m! de acido acético dentro del recipiente de reaccion a
temperatura ambiente bajo agitacion. Se agregaron 30ml de acido férmico en
condiciones de enfriamiento con baflo de agua, conservando la temperatura entre
20-22°C. Después de 2 horas de reaccién a temperatura ambiente, se agregaron
12ml de diclorometano y 200ml de MTBE seguidos de 120m! de una solucién NaCl
acuosa al 10%. La fase hidrica se separd y retind. La fase orgénica fue lavada con
120ml de agua, 204ml! de solucion acuosa 2M NaOH y 80mi de agua. La fase
orgdnica fue concentrada a 30°C hasta cuando se inicid la cristalizacién. Se

agregaron 200ml MTBE y la suspension fue luego concentrada a 220ml
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aproximadamente. Después de agitar a temperatura ambiente durante 2 horas y
durante 1 hora a 0-2°C, se filtré la suspension. El sclido fue lavado con 30ml
MTBE y secado a 50°C bajo presiéon reducida hasta lograr 18g de (E)-acetil-
ISA247 en forma de polvo blanco en pureza >988% isomérica de doble enlace (por

NMR).

iii) Hidrdlisis
Este producto fue hidrolizado hasta obtener (E)-ISA247 en 99.7% de pureza

isomérica de doble enlace por HPLC.

Elemplo 7

Se disolvieron 2g (1.623 mmol, 1 equivalente) de aldehldo acetil-ciclosporina A y
779.8mg (3.248 mmol, 2 equivalente) de boronato de pinacol obtenido mediante el
método descrito en el Ejempio 8, i) en 20ml de diclorometano. La solucion fue
enfriada a -70°C y se agregaron 1.28ml (10.22 mmol, 6.30 equivalente) de eterato
de borontrifiuoruro. Después de 30 minutos a -70°C, la mezcla de reaccién se
calentd lentamente a una temperatura de 0°C y luego la reaccion se continto
durante otros 60 minutos a una temperatura de 0°C. Se agregaron 20 ml de agua.
La fase orgdnica se separo, se lavo con 20 ml de solucion acuosa de NaHCO; al
5%, y se seco con MgSO0,, luego se filtrd y concentrd a una temperatura de 40°C
bajo presion reducida hasta obtener 2.1g de (E)-acetil-HiSA247 en >985% de pureza
isomeérica de doble enlace (NMR) en forma de espuma blanca.
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Se hizo una carga de 5g (21.35 mmol, 1 equivalente) del complejo dietanolamina
obtenido mediante el método descrito en el Ejemplo 3, i), 20 ml| de diclorometano,
20ml de agua y 2.44ml (42.70 mmol, 2 equivalente) de acido aceético dentro del
recipiente de reaccidén bajo agitacion a temperatura ambiente. Después de 30
minutos de agitacion, la fase hidrica se separd y se desechd. Se agregaron 20ml
de metanol a las fases orgénicas y la solucion se concentrd a 40°C bajo presion
reducida a 5-10ml. Se agregaron 40ml de metano! seguidos de 3.34g (42.70mmol,
2 equivalente) KHF;. Despuéds de 60 minutos de agitacion a temperatura
ambiente, el solido restante fue filtrado y descartado. El filtrado se concentré bajo
presion reducida a 40°C hasta 25ml aproximadamente. La solucion enfriada a 0-
2°C y se obtuvo luego una suspension blanca. Después de 30 minutos, a 0-2°C, la
suspension fue filtrada y el sdlido se lavé con metanol frio (-20°C) y posteriormente

se sect bajo presion reducida a 40°C hasta obtener 3.4g de un polvo blanco.

'H NMR (DMSO. 5 en ppm rel. a TMS): 8.15 (1H. dt). 5.15 (1H.d). 3.5 (2H. br s
agua), 1.1 (2H, m), 0 (SH, s).

MBNM (5 en bom en relacién con referencia extema BFa.Et,0): 3.8 (a)
Microandlisis: C1sH13FaBKSi (contiene 1.08 equivalente. HO por titulaciéon Karl-
Fischer y 0.5 equivalente KF):

Calculo: C 26.83%, H 5.65%, F 24.78%, B 4.02%, K 21.8%, Si 10.5%
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Resultado: C 26.33%, H 5.74%, F 24.71%, B 3.89%, K 22%, Si 8.93%.

if) Aliiacién
Se disolvieron 2g (1.623 mmol, 1 equivalente) de aldehidos acetil-ciclosporina A
en 10m| de diclorometano. Se agregaron 10ml de agua, seguidos de 735mg
(3.248 mmol, 2 equivalente) de frifluoroborato obtenido en i). Después de 2 horas
de agitacion a temperatura ambiente, la fase orgénica se separd y se descarté la

fase de agua.

iii) Eliminacion de Peterson
Se agregaron 5ml THF a la fase orgénica y la solucion se enfrio a 0-2°C. Se
agregaron 181yl (3.248 mmol, 2 equivalente) de &cido sulfirico concentrado. La
mezcla de reaccién se calentd a temperatura ambiente. Después de agitar durante
la noche, se agregaron 20ml de agua. La capa acuosa se separo y se desecho. La
fase organica se lavé con 20ml de solucion acuosa de NaHCO; al 5%, y se secd
con MgSO,, luego se filtrd y concentrd bajo presion reducida a 40°C hasta lograr
2g de (E)acetil-ISA247 en forma de espuma blanca con >88% de pureza

isomérica de doble enlace (por NMR)..

Elemplo 9
Se hizo una carga de 2g (1.623 mmol, 1 equivalente) de aldehido acetil-

ciclosporina A y 735mg (3.248 mmol, 2 equivalente) de frifluoroborato obtenido

mediante el método descrito en el Ejemplo 8, i) y 20ml de diclorometano dentro del
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recipiente de reaccién. La suspensién se enfrio a -70°C y 1.28 ml (10.22 mmol, 8.3
equivalente) de eterato de borontrifluoruro se agregaron a esta mezcla. Después
de 80 minutos a -70°C, se agregaron 20ml de agua. La fase orgédnica se separo, y
luego se lavdé con 20ml de una solucion acuosa al 5% de NaHCOs,, y Se seco en
MgSO,, luego se filtrd y concentrd a una temperatura de 40°C bajo presion
reducida hasta obtener 2.0g de (E)-acetil-ISA247 en >98% de pureza isomérica de

doble enlace (NMR) en forma de espuma blanca.

Ejemplo 10
i) Alilacién por medio del reactivo aliltitanic

Se disolvieron 2.67ml (16.23 mmol, 10 equivalente) de aliltrimetilsilano en 6mi
THF. Se agregaron 10.14ml (16.23 mmol, 10 equivalente) de una solucion de 1.6M
butillitio en hexano por goteo manteniendo ia temperatura entre 14-20°C. Después
de 30 minutos, a 26°C, la solucién naranja se enfrio a -75°C. Se agregaron 4.8ml
(16.23 mmol, 10 equivalente) de tetraisopropdxido de titanio por goteo durante 10
minutos, manteniendo la temperatura por debajo de -88°C. Después de 1hora de
reaccion a -77°C, se agregaron 2g (1.623 mmol, 1 equivalente) en solucién en 6 mi
THF por goteo manteniendo la temperatura por debajo de -72°C. La mezcla de
reaccion se agité durante 2 horas a -78°C. La temperatura se aumento lentamente
a -40°C y se contintio la agitacién por ofras 2 horas a -40°C. La mezcia de
reaccién se virti6 en una mezcla consistente en 32.5ml de una solucion acuosa
HCI de 1M y 20ml MTBE. Se agregaron 16.2ml de una solucion acuosa HCil 1M y
25ml de agua. La capa acuosa se separd y se re-extrajo con 25ml MTBE. Las
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capas orgdnicas se lavaron con 30ml de 0.5M HCl,,, Se combinaron y se secaron
en Na;SO, para luego filtrarse y concentrarse en presion reducida a 40°C hasta
lograr 2.26g de la mezcla cruda del anti B-trimetilsililalcohol diasteromérico en

forma de espuma blanca.

ii) Eliminacién de Peterson
El producto crudo se disolvié en 11.15ml THF y se agregaron 268yl de &cido
sulfdrico concentrado. La mezcla de reaccion se calentd a 33°C durante 1.5 horas
y luego se enfrid a temperatura ambiente. Se agregaron 23ml de agua y ia mezcla
de reaccién se extrajo con 22 ml MTBE. La fase acuosa fue re-extraida con 11ml
MTBE. La capa organica fue lavada con 11ml de agua, combinada, secada en
Na;SO, filtrada y concentrada a 40°C bajo presién reducida hasta obtener 1.88g
de crudo (E)-acetil-ISA247 en forma de polvo beige. El producto crudo fue
redisuelto en 20m| MTBE a temperatura ambiente. La cristalizacién se inicio dentro
de unos cuantos minutos mas. La suspension fue agitada 30 minutos a
temperatura ambiente, 45 minutos a -10°C y iuego se filtr6. El sdlido se lavé con
MTBE frio y se sect a 40°C bajo presién reducida hasta obtener 1.02g de (E)-
acetil-iISA247 en forma de polvo blanco en aproximadamente el 98% de pureza

isomerica de doble enlace (NMR).

Elemplo 11
i) Alilacion por reactivo de aliltitanio
Se disolvieron 1.87g (15.85 mmol, 10 equivalente) de aliltrimetilsilano en 20 ml de

THF a temperatura ambiente. Se agregaron 5.87ml (15.85 mmol, 10 equivalente)
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de una solucién de 2.7M de bultillitio en heptano por goteo durante 5 minutos,
manteniendo la temperatura entre 16°C y 20°C. Después de 1 hora de agitacion a
temperatura ambiente, la solucién amarilla a naranja se enfrio a -76°C. Se agregb
una solucion de 4.22g (15.85 mmol, 10 equivalente) de clorotriisopropdxido de
titanio en 10ml THF por goteo durante 4 minutos, manteniendo la temperatura por.
debajo de -80°C. La solucién resultante pardo roja se agité durante 30 minutos a -
75°C. Se agregé una solucion de 2g (1.585 mmol, 1 equivalente) de aldehido
acetil-ciclosporina A en 10ml THF por goteo durante 5 minutos manteniendo la
temperatura por debajo de -80°C. Después de 30 minutos a -75°C, se retird el
bafic de enfriamiento y la temperatura se elevd a -10°C por 15 minutos
aproximadamente. La mezcla de reaccion se agregd a una mezcla bifasica
consistente en 40ml MTBE y 35ml de una solucion acuosa HC! de 2M. La capa
acuosa se separo y descartd. La capa orgdnica fue lavada con 24mi de solucion
acuosa HCI de 1M, 15 ml de una solucion NaCl acuosa al 10%, 15 ml de una
solucién NaCl acuosa medio saturada, de cada Na;SO,, fitrada y concentrada
bajo presién reducida hasta lograr 2g de la mezcla cruda de los diasterémeros de

anti A-trimetilsililalcohol en forma de aceite solidificante.

i) Eliminacion Peterson
El producto crudo fue disuelto en 8 ml THF a temperatura ambiente. La solucion
se enfrié a 0-5°C y se agregaron 200yl de acido sulfirico concentrado por goteo.
La temperatura se elevo a temperatura ambiente y la mezcla de reaccion se agitd

durante 10 horas. Se agregaron de 40 ml MTBE y 15 mi de agua. La fase acuosa
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se separu y descartd. La fase organica se lavd en 15ml de una solucién NaHCO,
acuosa al 5%, 15ml de una solucion NaCl acuosa medio saturada, de cada
Na;SO,, filtrada y concentrada a presion reducida hasta lograr 1.8g del crudo E-
acetilHHSA247. El diene crudo se disolvié en 20ml de diclorometano. Se agregaron
20mi MTBE y la solucion se concentrd a 40°C baijo presion reducida hasta la mitad
de su volumen. Las ultimas dos operaciones se repitieron fres veces con el fin de
intercambiar el solvente a partir del diclorometano en MTBE. La solucion se enfrid
a temperatura ambiente inicidandose la cristalizacion dentro de unos minutos. La
suspension se agitd durante 2 horas a temperatura ambiente y 30 minutos a 0°C;
luego se filtrd la suspensién. El sdlido se lavé con 15ml MTBE y se secé a presitn
reducida & 40°C hasta obtener 1.1g de E-acetil-ISA247 en >95% de pureza

isomérica de doble enlace (NMR), en forma de polvo blanco.

Ejemplo 12
i) Alilacion por reactivo de alilaluminio

Se disolvieron 1.87g (15.85 mmol, 10 equivalente) de aliltrimetilsilano en 20ml de
THF a temperatura ambiente. Se agregaron 5.87ml (15.85 mmol, 10 equivalente)
de una solucion de 2.7M de butillitio en heptano por goteo en 5 minutos,
manteniendo la temperatura entre 20°C y 25°C. Después de 1 hora de agitacién a
temperatura ambiente, la solucién amarilla a naranja se enfric a -75°C. Se
agregaron 8.8ml (15.85 mmol, 10 equivalente) de una solucién al 25% de cloruro
de dietilaluminio en tolueno durante 10 minutos, manteniendo la temperatura por

debajo de -55°C. La solucion resultante transparente e incolora se agito durante
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30 minutos a -75°C. Se agregd una solucion de 2g (1.585 mmol, 1 equivalente) de
aldehido acelil-ciclosporina A en 10mi de THF por goteo durante 5 minutos
manteniendo la temperatura por debajo de -80°C. Después de 30 minutos a -75°C,
se retird el barfio de enfriamiento y la temperatura se elevé a -10°C durante 15
minutos. La mezcla de reaccion se agrego lentamente (bajo condiciones de bario
de agua fria para lograr 10°C) y obtener una mezcla bifasica en consistente en
40ml MTBE y 35mi de una solucién acuosa HCI de 1M. La capa acuosa se separd
y descarto. La fase orgdnica se lavo con 35ml de una solucién acuosa HCI de 1M,
25 ml de agua, 25ml de una solucién NaCl acuosa saturada, se secd en Na;SO,,
se filtré y concentrd bajo presién reducida hasta lograr 2g de la mezcla cruda de

los diasteromeros anti R-trimetilsililalcohol en forma de aceite solidificante.

ii) Eliminacién de Peterson
El producto crudo se disolvié en 10m! THF a temperatura ambiente. La solucion se

enfrié a 0-5°C y se agregaron 200 pl de acido sulfurico concentrado por goteo. La
temperatura se elevé a temperatura ambiente y las mezclas de reaccion se
agitaron durante la noche. Se agregaron 40m|l MTBE y 15 mi de agua. La fase de
agua se separd y descartd. La fase orgdnica se lavé con 15ml agua, 15 ml de
solucion NaHCOs acuosa al 5%, 15ml de una solucion NaCl acuosa medio
saturada, se filtrd y concentrd bajo presion reducida hasta obtener 1.8g del crudo
E-acstil-ISA247. El diene crudo se re-disolvi6 en 35ml de MTBE. La cristalizacién
se inicié dentro de unos minutos. La suspension se agité 2 horas a temperatura

ambiente y 30 minutos a 0°C. La suspensién se fiitr6. El sélido se lavé con 15ml



MTBE y se seco bajo presion reducida a 40°C hasta obtener 1g de E-acetil-ISA247

en >95% de pureza isomérica de doble enlace (NMR) en forma de polvo blanco.

Elemplo 13

Preparacién de una solucién de reactivo de boro de la formula llla: (E)-3-
(trimetilsilil) dcido alilbordnico
Se disolvié 2g (8.8 mmol, 1 equivalente) del complejo dietanolamina de la formula
V como se preparo en el Ejemplo 34) en 16ml de dy-diclorometano (diclorometano
deuterado). Se agregaron 759ul (13.2 mmol, 1.5 equivalente) de acido acético,
seguidos de 4ml de agua. La mezcla bifdsico se agitd durante 20 minutos a
temperatura ambiente hasta obtener una mezcla bifasica transparente de color
amarillo pdlido. Se suspendid la agitacion, y luego la fase hidrico se separd y
descartd. La fase orgdnica (16 ml de volumen) consistié en una solucion de acido
bordnico de la formula lila segun se evidencia mediante ''B NMR v 'H NMR.
1B NMR (5 en ppm en relacién con BF3.Et,O como referencia extema): 31.7
'H NMR (en CD:Cl;, 5 en ppm relativo a TMS): 8.1 (1H, dt), 5.8 (1H,d), 1.77

(2H,d), 0 (9H,s)

Elemplo 14
Preparacién de una solucion de reactivo de boro de la formula (Va'. (R,R)-2-

A 4ml (2.2 mmol, 1 equivalente) de la solucién del dcido borénico de la formula

Illa, que se prepard segun descripcion del Ejemplo 13, se le agregaron 396 mg

13A
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(22 mmol, 1 equivalente) de L-(+)-dimetiltartrato y 285 mg (2.2 mmol, 1
equivalente) de dihidrato de suifato de magnesio. La suspension se agito durante
40 minutos a temperatura ambiente y luego se filtré. El filtrado se analizé6 mediante
NMR y demostré que contenia como producto principal el éster boronato de la
formula IVa'. sealin se evidencia por la presentacién del ''B v de las sefiales

THNMR consistentes.

"BNMR (en CD;Cl;. 5 en ppm en relacién con BF+Et;,0 como referencia extena):
34.2

'H NMR (en CD:Cl;, 5 en ppm relativo a TMS): 8.07 (1H, dt), 5.84 (1H,d), 1.93
(2H.d), 0 (8H,s).

Elemplo 15
Hidrolisis de E-acetil-|SA247 hasta E-ISA247

Se disolvieron 15g (11.94 mmol, 1 equivaiente) de E-aceti-iSA247 a temperatura
ambiente en 270ml de metanol. Se agrego una solucién de 14.85g (107.5 mmol, ©
equivalente) de carbonato potésico en 60 ml de agua manteniendo la temperatura
por debajo de 27°C. La suspensién blanca se calenté a 30°C. La reaccion fue
monitoreada mediante HPLC. Después de 22 horas de reaccion, el metanol se
evaporo a 40°C bajo presion reducida. El residuo fue captado en 150ml de
etilacetato. La fase de agua se separd y descartd. La fase orgdnica se lavé con 45
ml de una solucidn acuosa al 5% de acido citrico y 45ml de una solucion acuosa

de NaCl medio saturada, secada en Na;SO,, filtrada y concentrada bajo presion
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reducida a 40°C hasta obtener 15.1g de E-ISA247 (ensayo al 85%). La purificacion

se puede realizar mediante técnicas de cromatografia como el HPLC preparativo.

Elemplo 16
i) Preparacion del complejo pinacol de la formuia Vii: 4.4.5.5-tetrametil—2-

E-(3-trimetilsilil-alil 2]dioxaborolano

Se hizo una carga de 100g aliltrimetilsiiano (1 equivalente) en el reactor 1 seguida
de 300 ml THF. La solucién se enfrid a 10-15°C y 374 ml, se agregaron 2.5M
Butillitio en solucion en hexano (1.1 equivalente) manteniendo la temperatura por
debajo de 25°C (por espacio de 30 minutos aproximadaments). Después de 1-2
horas a 20-25°C, se enfrio la solucion amarilla a naranja a -50°C. Se agregaron
173g de trilsopropilboraio (1.05 equivalente) por goteo manteniendo la
temperatura por debajo de 40°C (durante aproximadamente 30-45 minutos). El
embudo de goteo se lavd con 25mi THF. Después de 30 minutos hasta 1 hora a -
50°C y hasta -40°C, se agreg6 una solucion de 102.4g de pinacol (1 equivalente)
en 100 ml THF, manteniendo la temperatura por debajo de -30°C. El embudo de
goteo se lavé con 25ml THF. Después de 30 minutos a -50°C y hasta -30°C, el
contenido del reactor 1 fue vertido, bajo agitacién, en una mezcla de 81.2g AcOH
(1.2 equivalente)} y 250 mi de agua (contenida en el reactor 2), manteniendo la
temperatura entre 0-25°C. El reactor 1 fue lavado con 50ml THF.

La agitacién se descontinué en el reactor 2, y la fase acuosa se separd y descarto.

La capa orgénica se lavt con 250ml de agua. La fase organica se concentrd a 500
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ml| aproximadamente (Ti = 20-40°C, 150-200 mbar). Se agregaron 500 ml de
Tolueno y la fase organica se concentrd a 500ml (Ti = 40-50°C, Tj = 50°C, 150-40
mbar). Se agregaron 500 mi de Tolueno y la fase orgdnica se concentrd hasta
cuando se obtuvo un volumen constante (Ti = 40-50°C, Tj = 50°C, 150-10 mbar)
con el fin de lograr el complejo crudo pinacol en >80% de produccion. El complejo
pudo utilizarse directamente en la secuencia alilacion-eliminacion Peterson o bien
se pudo destilar bajo presion reducida (Ti = aproximadamente 65°C, Tdest =

aproximadamente 50°C, P = 0.05-0.15 mbar).

ii) Alilacién en un Recipiente - Eliminacién de Peterson
Se hizo una carga de 40g de CsA-Aldehido protegido por acstilo en un recipiente
de alimentacion seguido por 80ml de acetato isopropilo. La suspension fue
transferida al reactor. El recipiente de alimentacién se lavo con 50ml de acido
acético el cual se transfiric al reactor, Se obtuvo luego una solucion transparente.
Se agrego el complejo pinacol (1.25-1.5 equivalente). La solucion transparente se
calenté a 40°C. Se agregaron 50ml de acido formico. Luego de terminar la alilacion
y la eliminacién Peterson segtn se evidencia en el andlisis HPLC (después de 15-
20 horas aproximadamente), se agregaron 248 ml de acetato de isopropilo. La
mezcla de reaccion se lavd dos veces con 200ml de agua, 300g de solucion
acuosa KOH en 2M (pH de fase acuosa establecido entre 5-8, y si fuere necesario
con solucién adicional KOH) y 200ml de formiato de amonio acuoso al 5%. La fase
orgdnica se concentré a 120ml aproximadamente (Ti = aproximadamente 40°C,

200 mbar aproximadamente) y luego se diluyé con metanol en cantidad de 300mi.
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La fase orgénica se concentro a 120ml aproximadamente (Ti = 40°C
aproximadamente, 200 mbar) y se diluyéd con 240ml de metanol (Ti = 40°C
aproximadamente, 200 mbar). La fase orgdnica se concentrd a 280ml
aproximadamente. Se agregaron 130 ml de agua en 80 minutos aproximadamente
a una temperatura de 20-25°C. La suspension blanca resultante se agité durante
680 minutos a temperatura ambiente. El sélido se aisio por filtracion, se lavo dos
veces con 52ml de una mezcla conformada por agua/metanol, luego se seco al
vacio (T=50°C) hasta cuando se obtuvo un peso constante para lograr el E-acetil-
ISA247 (aproximadamente 35g).
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Reivindicaciones

1. Un proceso para la preparacion de un andlogo de ciciosporina A de la formula |:

Q wu-
eyt ﬁ'xr“*

Que comprende:

a-i) alilacion de un compuesto de ia formula I|

donde Pg es un grupo protector y las lineas punteadas significan que el resto del

compuesto tiene la misma estructura que la que se encuentra en el compuesto de

la formula |,
con un compuesto de fa formula Il
7
Tt} - -F':hh _,,—F'.\T‘ 41

v

4
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donde R’ es hidrégeno, alquilo C1.s 0 cicloalquilo Cag y/o, donde R' es hidrdgeno.
O uno de sus trimeros; o

a-ii) alilacién de un compuesto de la fonmula [l con el compuesto de la formula IV

donde R? es alquilo C1.g 0 cicloalquilo Css;
0
a-iii) alilacién de un compuesto de la formula il con un compuesto de la formula V

T

e, ““"E "\'-l

LY
¥

o

a-iv) alilacion de un compuesto de la formula If con un compuesto de la formula VI

t
‘“ﬁ-‘.a.,_wﬂf ] ﬂ
Wi

o

a-v) alilacion de un compuesto de la formula [l con un compuesto de la formula Vi

L

-
1 r\
198 gm0
W
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)
a-vi) alilacion de un compuesto de la formula [l con una mezcla de reaccion que se
obtiene mediante un proceso que comprende;

i) reaccion del aliltrimetilsilano con butillitio para formar trimetilsililalillitio;

i} reaccién del trimetilsililalillitio con el triisopropilborato o con el trimetilborato,
y luego la realizacién de la conformacion acuosa,
o
a-vii) alilacion de un compuesto de la formula Il con una mezcla de reaccion
obtenida mediante la reaccién del trimetilsililalillitio con el cloruro de dietilaluminio,
0
a-viii) alilacion de un compuesto de la formula Il con una mezcla de reaccién
obtenida mediante la reaccion del trimetilsifilalillitio con tetraisopropoxido de titanio
o clorotriisopropoxido de titanio,

para formar un compuesto de la formula XI;

b -

[ IJ

v ,.nr.._‘f'--

’;‘?Jﬁ(}-“ MySe

donde Pg comesponde a la definicion dada anteriorments;
y
b) la transformacion del compuesto de la formula XI en el andlogo de la

ciclosporina A de la formula L.
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2. El proceso segun la reivindicacion 1, donde el paso b} es realizado por:
b-i) transformacion del compuesto de la formula X! en un compuesto de la formula

Xl

donde Pg corresponde a la definicion dada en la reivindicacioén 1,
bajo condiciones dcidas; y
bAii) la transformacion del grupo PgO del compuestio de la formula Xl en un grupo

hidréxilo.

3. El proceso sagun las reivindicaciones 1 0 2, en donde Pg es el grupo
acetilo.
4. El proceso segun la reivindicacion 3, donde el paso a-1), a-i) 0 a-vi) se
realiza en presencia de tartratos.
5. El proceso segun la reivindicacion 3, donde el paso a-i), a-ii) 0 a-vi) se
realiza en diclorometano o tolueno.
6. El proceso segun la reivindicacion 3, donde el paso a-ii) se realiza en
presencia de BFs.Et;0, acido formico, acido acético o esteres de tartrato.
7. El proceso segun la reivindicacion 6, donde el paso a-ii) se realiza en
agua / diclorometano o agua / tolueno.
7 GABRIE{ RUERACHADID
Traductor @ interprets Oficlal

Ree. 30908 de 192 cill Min. de Jesiicle
Adin, o Fainaionss Extariores



8. El proceso segun la reivindicacion 6, donde el paso a-ii) y b-i) se realizan
en diclorometano o tetrahidrofurano y en presencia de BFs. Et:0.

9. El proceso seglin la reivindicacion 6, donde el paso a-ii) se realiza en
acido acético y/o acido férmico; o en una mezcla de Aacido acético y/o acido
férmico y uno o dos cosolventes seleccionados a partir de un grupo conformado
por diclorometano y tetrahidrofurano.

10. El proceso segln la reivindicacion 9, donde el paso a-ii) se realiza en
dcido acético y paso b-) que se realiza por adicion de acido fémmico a ia mezcla de
reaccion.

11. El proceso segun la reivindicacion 8, donde el paso a-ii) y b-i) se
realizan en acido formico o acido acético / dcido férmico.

12. El proceso segun las reivindicaciones 1 o 2, donde el paso a-iv) se
realiza en agua/diclorometano o agua / tolueno.

13. E! proceso segun la reivindicacion 3, donde el paso a-v) y b-) se
realizan en diclorometano, tetrahidrofurano o tolueno en presencia de BFs.Et:0.

14. El proceso segun la reivindicacion 3, donde el paso a-v) se realiza en
presencia de BFs.Et;0.

15. El proceso segun la reivindicacion 14, donde el paso a-v) y bd) se
realizan en diclorometano, tetrahidrofurano o tolueno y en presencia de BFs.Et;0.

16. El proceso segun la reivindicacion 3, donde el paso a-v) se realizan en
presencia de acido férmico o écido acético.

17. El proceso segun la reivindicacion 18, donde el paso a-iv) y b-) se

realizan en el cido formico o acido acético/acido formico.

14
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18. El proceso segun la reivindicacion 17, donde el pasc a-v) y b4) se
realizan en una mezcla de écido acético/dcido formico y co-solvents seleccionado
a partir de diclorometano, tolueno, etil acetato e isopropil acetato.

19. El proceso segun la reivindicacion 18, donde el co-solvente es isopropil
acetato.

20. El proceso segln la reivindicacion 18, donde el paso a-v) se realiza en
dcido acético y el paso b-) se lleva a cabo mediante la adicién de acido formico a
la mezcla de reaccion.

21. El proceso segun la reivindicacion 3, donde el paso a-vii) se realiza por
alilacién del compuesto de la formuia [| con una mezcla de reaccion que se
prepara mediante la reaccion del frimetilsililalillitio con cloruro de dietilaluminio.

22. El proceso segun la reivindicacion 3, donde el paso a-vii) se realiza
mediante la alilacion del compuesto de la formula Il con una mezcla de reaccion
preparada por reaccion del trimetilsililalilitio con tetraisopropoxido de titanio o

clorotriisopropoxido de titanio.

23. Un proceso para la preparacion del un compuesto de ia formula llla

o
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que comprende la meaccion del compuesto de la formula V con agua en

diclorometano.

24. Un compuesto de la formula V

h‘\

o |
.. 5""‘-#3 'l.:-l
-

25. Un proceso para la preparacion de un compuesto de la formula V, que
comprende:

)] 'reaccién del aliltrimetilsilano con butilitio para formar
trimetilsililaliliitio;

i) reaccion del trimetilsililaliliitio con triisopropilborato o trimetilborato;

i) realizacion de la formacién acuosa; y

iv) reaccion del compuesto formado en iii) con dietanolamina para

formar un compuesto de la formula VI.
28. Un compuesto de la formula VI

- -‘:-T.._'_—'-__ ____.-E r.

Vi

27. Un proceso para la preparacion de un compuesto de la formula VI, que

comprende:

GABRIEY RUEDASHADY
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i) reaccion de un compuesto de la formula V con agua para formar un

compuesto de la formula lila

v
EIL J N | S

) intercambio del solvente de la fase organica separada de la mezcla
de reaccion obtenida en el paso i) hacia metanol,
i) reaccion de una solucién de un compuesto de la formula Illa que se

obtiene en el paso ii) con KHF; para formar un compuesto de la formula VI.

28. Un compuesto de la formula IVa

! :l;.-'.?.\-";
L - "\ e
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La anterior es traduccion oficial de un documento presentado originaimente en
Inglés. Esta traduccion fue realizada por GABRIEL RUEDA CHADID, Traductor

Oficial. Resolucion 5086 del Minjusticia, por o cual estampo mi sello y fima.
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Iniemalionsl Appiicstion No. PCT/EP2004 /003

FURTHER INFORMATION CONTINUED FROM PCTASA/ 210

This International Searching Authority found multiple (groups of)
inventions 1n this international application, as follows:

1. claims: 1-22

Methods for the preparation of (E)-ISA 247 by means of the
addition reaction between a cyclosporin-aldehyde derivative
and a 1-(trimethylsilyl)-propen-3-y1 organometallic
compound, followed by Peterson elimination.

F —

2. claims: 23-25 and 27
Diethanolamine 1-(trimethylsilyl)-propene-3-horonate ester,
its preparation and conversion to other
1-(trimethyls11yl )-propene-3-boron compounds.

3. claim: 26

Potassium 1-(trimethylsilyl)-propene-3-boron-trifluoride.

4, claim: 28

dimethyltartrate 1-(trimethylsilyl)-propene-3-boronate
ester.

il
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i)  reacting allyltrimethylsilane with butyllithium to form
< o ethylsitvialivilithium;
ii)  reacting trimethylsilylallyllithiom with triisopropylborate or
trimethylborate;
ili) 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

- +
vi

27. A process for the preparation of a compound of formula VI,
comprising

i} reacting a compound of formula V with water to form a
compound of formula ITla

and

ii) exchanging the solvent of the separated orgenic phase of the
reaction mixture obtained in step i) to methanol,

ili) reactinga solution of compound of formula Illa obteined in
step ii) with KHF, to form a compound of formula V1.

28. A compound of formula IVa

755

PCT/EP2004/003504 Z‘]b
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20. The process according to claim 16, wherein step a-v) is conducted in
acetic acid and step b~i) is conducted by addition of formic acid to the
reaction mixture.

21. The process according to claim 3, wherein step a-vii) is conducted by
allylating the compound of formula Il with a reaction mixtnre prepared by
reaction of the trimethylsilylallyllithium with diethylaluminum chloride.

22. The process according to claim 3, wherein step a-viii} is conducted by
allylating the compound of formula II with a reaction mixture prepared by
reaction of trimethyisilylallyllithium with titanium tetraisopropoxide or
titanium chlorotriisopropoxide.
23. A process for the preparation of the compound of formula Illa
?H
™S A~Bon

and/or a trimer thereof,

comprising reacting the compound of formula V with water in
dichloromethane.

24. A compound of formula V

TMS.\/\,? J

25. A pracess for the preparstion of a compound of formula V,
comprising
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acid and one or two cosolvents selected from a group consisting of
dichloromethane and tetrahydrofuran.

10. The process according to claim 9, wherein step a-iii) is conducted in
acetic acid and step b-i) is conducted by addition of formic acid to the
reaction mixture.

11. The process according to claim 9, wherein step a-iii) and b-i}) are
conducted in formic acid or acetic acid/ formic acid.

12. The process according to claim 1 or 2, wherein step a-iv) is conducted
in water/dichloromethane or water/toluene.

13. The process according to claim 3, wherein step a-iv) and b-i) are
conducted in dichlorometane, tetrehydrofuran or toluene in the presence of
BFs.Bt;O.

14. The process according to daim 3, wherein step a-v) is conducted in
the presence of BFs.Et;0.

15. The process according to daim 14, wherein step a-v) and b-i) are
conducted in dichloromethane, tetrahydrofuran or toluene and in the
presence of BFs.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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wherein Pg is as defined in claim 1,
under addic conditions; and

b-ii}  converting the PgO group of the compound of formula XII to a
hydroxyl group.

3.  The process according to claim 1 or 2, wherein 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 tetrabydrofuran and in the presence of
BF.Et;0.

9.  The process according to claim &, wherein ;2ep a-iii) is conducted in

acetic acid and/or formic acd; or in a mixture of acetic acid and /or formic °
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a-vii) allylating a compound of formula II with a reaction mixture
obtained by reaction of the trimethylsilylallyllithium with diethylaluminum
chloride,

or

a-viii) allylating a compound of formula I1 with a reaction mixture
obtained by reaction of the trimethylsilylallyllithium with titanium
tetraisopropoxide or titznium chlorotriisopropoxide,

to form a compound of formula XI;
I T™S
HO
+
\ H H
I o
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 X1
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a2-iv)  allylating a compound of formula IT with a compound of formula

- +
Vi

a-v)  allylating a compound of formula IT with a compound of formula

VII

or

a-vi) allylating a compound of formuls I with a reaction mixture
obtained by a process comprising;

i)  reacting allyltrimethylsilane with butyllithium to form
trimethylsitylalyllithium;

if) reacting trimethylsilylaltyflithium with triisopropyiborate or
trirnethylborate, and then conducting aqueous work up,

or
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,wherein Pg is a protecting group and the dotted lines mean that the
remainder of the compound has the same structure as that of the
c.aompound of formula [,

with a compound of formula I

PR
NSWB\0R1

mn
,wherein R! is hydrogen, Ci.g alkyl or Cs4 cycloalkyl and/or, when R is
bydrogen, a trimer thereof;

or

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

A-or?
or®
TMSWB-O b
N
wherein R?is Cy.3 alkyl or Cs 5 cycloalkyl;

or

s-iii)  allylating e compound of formula IT with a compound of formula
\'4

TMS\/\/E/NNH
—d
v

o)

Vv

}4} A
233
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L. A process for the preparation of a cyclosporin A analog of formula I

COmprising

a-i)  allylating a compound of formula I
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min. at 20-25 °C. The resulting white suspension was stirred 60 min. at room
temperature. The solid was isolated by filtration, washed twice with 52 ml of a
water/methano] mixture, dried under vacuum (T=50 °C) unti] constant weight to
provide B-acetyl-ISA247 (ca 35 g).

1P
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solution in hexane (1.1 equiv.) were added keeping the temperature below 25 °C
(over ca 30 min.). After 1-2 hours at 20-25 °C, the yellow to orange solution was
cooled —50 °C. 173 g Triisopropylborate {1.05 equiv.) were added dropwise
keeping the temperature below —40 °C (over ca 3045 min,). The dropping funnel
was washed with 25 ml THF. After 30 mip. to 1 hour at -50 °C to —40 °C, a
solution of 102.4 g of pinacol (1 equiv.) in 100 ml THF was added, keeping the
temperature below -30 °C. The dropping funnel was washed with 25 m! THF.
After 30 min. at =50 °C to -30 °C, the content of reactor 1 was poured, under
stirring, onto a mixture of 61.2 g AcOH (1.2 equiv.) and 250 ml water (contained
in reactor 2), keeping the temperature between 0-25 °C. Reactor 1 was washed with
50 ml THF.

Stirring was discontinued in reactor 2, the aqueous phase was separated and
discarded. The organic layer was washed with 250 ml water. The organic phase
was concentrated to ca 500 ml (Ti = 20-40 °C, 150-200 mbar). 500 mi Toluene
were added and the organic phase was concentrated to 500 ml (Ti = 40-50°C, Tj =
50 °C, 150-40 mbar). 500 ml Toluene were added and the organic phase was
concentrated until constapt volume (Ti = 40-50 °C, Tj = 50 °C, 150-10 mbar) to
provide crude pinacol complex in >90% yield. The complex could be used directly
in the allylation-Peterson elimination sequence ar could be distilled under reduced
pressure (Ti = ca 65 °C, Tdest = ca 50 °C, P = 0.05-0.15 mbar).

ii) One-Pot Allylation-Peterson Elimination

40 g acetyl protected CaA-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 mi 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
mixrure was washed twice with 200 ml water, 300 g of 2M aqueons 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 wus 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
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To 4 ml (2.2 mmol, 1 equiv.) of the solution of the boronic acid of formula
ITTa, prepared as described in Example 13, were added 396 mg (2.2 mmol, 1 equiv.)
of L-(+)-dimethyltartrate and 265 mg (2.2 mmol, I equiv.) of magnesium sulfate
dihydrate. The suspension was stirred for 40 min, at RT and was filtered. The
filtrate was analyzed by NMR and was shown to contain, as main product the
boronate ester of formula IVa’ as evidenced by the appearance of consistent '*B and

'H NMR rignals.

'} NMR (in CD;Cl, 8 in ppm relstive to BFs.Et,O as external reference) :
342

'H NMR (in CD;Cl, 8 in ppm relative to TMS) : 6.07 {1H, dt), 5.64 (1H, d),
1.93 (2H, d), 0 (9H, 5).

Emmple 15
Hydrolysis of B-acetyl-ISA247 to E-]SA247

15 g (11.94 mmol, 1 equiv.) of B-acetyl-ISA247 were dissolved at RT in 270
ml of methanol. A solution of 14.85 g (107.5 mmol, 9 equiv.) of potassium
carbonate in 60 ml of water was added keeping the temperature below 27 °C. The
white suspension was heated to 30 °C. The reaction was monitored by HPLC. After

22 hours of reaction, the methano! 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 agueous NaQ selution, dried over
Na350,, filtered and concentrated under reduced pressure at 40 °C to give 15.1 g of
B-ISA247 (85% assay). Purification can be performed by chromatographic
techniques like preparative HPLC.

100 g ellyltrimethylsilane (1 equiv.) were charged in reactor 1 followed by 300
ml THE. The solation was cooled to 10-15 °C and 374 ml of 2.5M Butyllithium

230
A\
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solution, dried over Na;SO,, filtered and concentrated under reduced pressure to
provide 2 g of the crude mixture of anti f~trimethylsilylalcohol diastereomers as a
solidifying oil.

i) P limigati

The crude product was dissolved in 10 ml THF at RT. The solution was
cooled to 0-5 °C and 200 1l of concentrated sulfuric acid were added dropwise.
The temperature was raised to RT and the reaction mixture was stirred overnight.
40 ml MTBE and 15 ml of water were added. The water phase was separated and
discarded. The organic phase was washed with 15 ml water, 15 ml of a 5% aqueous
NaHCO; solution, 15 ml of & half saturated aqueous NaCl solution, filtered and
concentrated under reduced pressure to give 1.8 g of crude E-acetyl-1SA247. The
crude diene was redissolved in 35 ml of MTBE. The crystallization started within a
few minutes. The suspension was stirred 2 hours at RT and 30 min. at 0 °C. The
suspension was filtered. The solid was washed with 15 m| MTBE and dried under
reduced pressure at 40 °C to give 1 g of B-acetyl-ISA247 in >95% double bond
isomeric purity (NMR), as a white powder.

2 g (8.8 mmol, 1 equiv.) of diethanolamine complex of formuia V as prepared
in Example 3-i) was dissolved in 16 mi of d;-dichloromethane (deuterated
dichloromethane). 759 pl (13.2 mmol, 1.5 equiv.) of acetic acid were added,
followed by 4 mil of water. The biphasic mixture 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 valume) consisted in a
solution of boronic acid of formula Iz as evidenced by *B NMR and 'H NMR,

13 NMR (5 in ppm relative to BFs.Bt;O as external reference) : 31.7

'H NMR (in CD>Cly, & in ppm relative to TMS) : 6.1 (1H, dt), 5.6 (1H, d),
1.77 (3H, d), 0 (9H, s).

Egample 14
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The crude product was dissclved in 8 ml THF at RT. The solution was
cooled to 0-5 °C and 200 ul of concentrated sulfuric acid were added dropwise.
The temperature was raised to RT and the reaction mixture was stirred 10 hours.
40 ml MTBE and 15 ml of water were added. The water phase was separated and
discarded. The organic phase was washed 15 ml of a 5% aqueous NaHCOs
solution, 15 ml of a half saturated aqueous NaCl solution, dried over Na;SO,,
filtered and concentrated under reduced pressure to give 1.8 g of crude E-acetyil-
ISA247. The crude diene was dissolved in 20 ml dichloromethane. 20 mi MTBE
were added, and the solution was concentrated at 40 °C under reduced pressure to
halfits volume. The last two operations was repeated three times to in order to
exchange the solvent from dichloromethane to MTBE. The solution was cooled to
RT and the crystallization started within a few minutes. The suspension was stirred
2 hours at RT and 30 min. at 0 °C. The suspension was filtered. The solid was
washed with 15 ml MTBE and dried under reduced pressure at 40°Ctogive .1 g
of B-acetyl-ISA247 in >95% donble bond isomeric purity (NMR), as a white

1.87 g (15.85 mmol, 10 equiv.) of allyltrimethylsilane were dissolved in 20 mi
of THF at RT. 5.87 ml (15.85 mmol, 10 equiv.) of & 2.7M solution of butyllithium
in heptane were added dropwise over 5 min., keeping the temperature between
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 2 25% solation of
diethylaluminam chloride in tolaene 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 5Smin. 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
lsyer was separuted and discarded. The organic phase was washed with 35 ml of
1M aqueous HO solution, 25 ml of water, 25 m] of a saturated aqueous NaCl
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under reduced pressure at 40 °C to give 2.26 g of crude mixtare of diastereomeric
anti B-trimethylsilyalcohals as a white foam.

i) P Jirninat

The crude product was dissolved in 11.15 ml THF and 268 ul concentrated
sulfuric acid were added. The reaction mixture was heated at 33 °C for 1.5 hour
and then cooled to RT. 22 ml water were added and the reaction mixture was
extracted with 22 ml MTBE. The aqueous phase was re-extracted with 11 ml
MTBE. The organic layer were washed with 11 ml water, combined, dried over
Na;SOy, filtered and concentrated at 40 °C under reduced pressure to give 1.89 g of
crude (E)-acetyl-ISA247 as a beige powder. The crude product was re-dissolved in
20 ml MTBE at RT. The crystallization started within a few minutes. The
suspension was stirred 30 min. st RT, 45 min. at -10 °C and was filtered. The solid
was washed with cold MTBE and dried at 40 °C under reduced pressure to give 1.02
g of (B)-acetylISA247 as a white powder in ca 98% double bond isomeric purity
(NMR).

Exarople 11
i) Allylation by gn altvititanium reagent

1.87 g (15.85 mmol, 10 equiv.) of allyltrimethylsilane were dissolved in 20 ml
of THF at RT. 5.87 ml (15.85 mmol, 10 equiv.) of a 2.7 M solution of butyllithium
in heptane were added dropwise over 5 min., keeping the temperature between
16 °C and 20 °C. After 1 hour stirring 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 bedow —60 °C. The resulting brown-red salution was stirred for 30
min. at—75 °C. A solution of 2 g (1.585 mmol, 1 equiv.) of acetyl-cyclosporin A
aldebyde 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 agueous 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
NazSO,, filtered and concentrated under reduced pressure to provide 2 g of the
crude mixture of anti B-trimethylsilylaicobol diastereomers as a solidifying oil.
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5 ml THF were added to the organic phase and the solution was cooled to 0-
2°C. 181 pl (3.246, 2 equiv.) concentrated sulfuric acid were added. The reaction
misture was warmed up to RT. After stirting overnight, 20 m! water were added.
The aqueoas layer was separated and discarded. The organic phase was washed
with 20 ml of 5% aqueous NaHCO solution, dried over MgSO,, filtered and
concentrated under reduced pressure at 40 °C to give 2 g of (E)-acetyl-ISA247 as a
white foam in >98% double bond isomeric purity (by NMR).

Exampple 9

2 (1.623 mmol, 1 equiv.) acetyl-cyclosporin A aldehyde and 735 mg (3.246
mmol, 2 equiv.) trifluoroborate obtained by the method described in Example 8, i)
and 20 o] dichloromethane were charged in the reaction vessel. The suspension
was cooled to -70 °C and 1.28 ml (10.22 mmol, 6.3 equiv.) borontrifluoride
ctherate were added. After 60 min. at -70 °C, 20 ml water were sdded. The organic
phase was separated, washed with 20 ml of a 5% aqueous NaHCO; solution, dried
over MgSO,, filtered and concentrated at 40 °C under reduced pressure to give 2.0
g of (E)-acetyl-ISA247 in >98% double bond isomeric purity (NMR) as a white

2.67 ml (16.23 mmol, 10 equiv.) allyltrimethylsilane were dissolved in 6 mi
THEF. 10.14 mi (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 mixtnre
consisting of 32.5 m] of a 1M aqueous HCl solution and 20 ml MTBE. 162 ml of a
IM aqueous HCl solution and 25 m] water were added. The aqueous layer was
sepuarated and re-extracted with 25 ml MTBE. The organic layers were washed with
30 m! of 0.5 M HCly; combined, dried over NSO, filtered and concentrated
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g of (E)-acetyl-1SA247 in >95% double bond isomeric purity (NMR) as a white

foam.

Example 8

5 g (21.35 mmol, 1 equiv) of diethanclamine complex obtained by the
method described in Example 3, i), 20 ml dichioromethane, 20 ml water and 2.44
ml (42.70 mmol, 2 equiv.) acetic acid were charged in the reaction vessel under
stirring at RT. After 30 min. stirring, the water phase was separated and discarded.
20 ml methanol were sdded to the organic phases and the solution was
concentrated at 40 °C under reduced pressure to 5-10 mL. 40 ml methanol were
added followed by 3.34 g (42.70 mmol, 2 equiv.) KHFE.. After 60 min. stirring at RT,
the remaining solid was filtered discarded. The filtrate was concentrated under
reduced pressure at 40 °C to ca 25 ml. The solution was cooled to 0-2 °C and the a
white suspension was obtained. After 30 min. at 0~2 °C, the suspension was filtered
and the solid was washed with cold methanol (-20 °C) and dried under reduced
pressure at 40 °C to give 3.4 g of a white powder.

'H NMR (DMSO, & in ppm rel. to TMS) : 6.15 (1H, dt), 5.15 (1H, d), 3.5 (2H,
br s water), 1.1 (2H, m), 0 (9H, s).

''B NMR (5 in ppm rel. to BF3.Bt;0 external ref.) : 3.8 (q)

Microanatygis : C,sH,3FsBKSi (containg 1.08 equiv. H;O by Karl-Fischer
titration and 0.5 equiv. KF) :

Caled : C 26.83%, H 5.65%, F 24.78%, B 4.02%, K 21.8%, 5i 10.5%
Found : C 26.33%, H 5.74%, F 24.71%, B 3.89%, K 22%, i 9.93%
ii) Allylation

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

iif) Peterson eliznipation
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sojution (resulting pH 6-7). 20 ml dichloromethane were added and the water
phase was separated and discarded. The organic layer was dried over MgSO,,
filtered and concentrated to about 100 ml. 20.48 g (169.8 mmol, 1.0 equiv.) pinaco}
were added and the resulting solution was stirred 18 hours at RT. The reaction
mixture was concentrated at 40 °C under reduced pressure and the resulting oil was
distilled at 43-50 °C under 0.2 mbar pressure to give 37.2 g of a colorless oil.

i) 0 Tviation/P it

20 g (15.06 mmol, 1 equiv.) of acetyl-cyclosporin A aldehyde and 5.427 g
(22.59 mmal, 1.5 equiv.) pinacol complex obtained in i) and 30 ml acetic acid were
charged in the reaction vessel at RT under stirring. 30 ml of formic acid were
added under water bath cooling, maintaining the temperature between 20-22 °C.
After 2 hours reaction at RT, 12 ml dichloromethane and 200 ml MTBE were added
followed by 120 ml of a 109 aquecuns NaCl golution. The water phage was
separated and discarded. The organic pbase was washed with 120 ml water, 204 m]
2M aqueous NaCH solution and 60 m] water. The organic phase was concentrated
at 30 °C until the crystallization atarted. 200 ml MTBE were added and the
suspension was concentrated to ca 220 ml. After stirring at RT for 2 hours and for
1 hour at 0-2 °C, the suspension was filtered. The solid was washed with 30 m}
MTBE and dried at 50 °C under reduced pressure to provide 18 g of (E)-acetyl-
ISA247 as a white powder in >98% double bond isomeric purity (by NMR).

iii) Hydrolysis

This product was hydrolyzed to give (R)-ISA247 in 99.7% double bond
isomeric purity by HPLC.

Bxample 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.) borontriflucride 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 m! water were added. The organic
phase was separated, washed with 20 ml of a 5% aqueous NaHCOs solution, dried
over Mg5S0,, filtered and concentrated at 40 °C under reduced pressure to give 2.1
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water. The organic phase was concentrated at RT under reduced pressure. The
crystallization started and the suspension was diluted by addition of 300 mi MTBE
and concentrated to ca 330 mlL After stirring 3 hours at RT and 1 hour at 0-2 °C,
the white suspension was filtered. The crystals were waghed with 50 m] MTBE and
dried at 50 °C under reduced pressure to give 27.4 g of (E)-acetyl-ISA247 as a white
powder in >98% double bond isomeric purity by NMR.

iti) Hydrolysis

This product was hydrolyzed to give (B)-ISA247 in 99.6% double bond
isomeric purity by HPLC.

Example 5

1 g (0.82 mmol, 1 equiv.) acetyl-cyclsoporine A aldebyde were dissolved in 10
ml dichloromethane followed by 369 mg (1.62 mmol, 2 equiv.) diethanolamine
complex of formula V obtained by the method described in Example 3, i). The
turbid solution was cooled to ~40 °C. 180 pl (369 mmol, 2 equiv.) boron
trifluoride etherate were added keeping the temperature below —40 °C. After 1
hour at —40 °C, the cooling bath was removed and the reaction mixture was
warmed up to RT. After 50 min. reaction at RT, 15 ml of a 5% aqueous NaHCOs
solution were added. The aqueous phase was separated and re-extracted with 15 ml
dichloromethane. The combined organic phases were dried over MgSO,, filtered
and concentrated under reduced pressure at 40 °C to give 0.99 g of (E)-acetyl-
ISA247 in >95% double bond isomeric purity (NMR) as a white foam.

20 g (165.8 mmol, 1 equiv.) of allyltrimethylsilane were dissolved in 60 ml
THEP. 69.18 ml (186.8 mmol, 1.1 equiv.) of a 2.7M butyllithinm 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 mi (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 m! of a 2M aquecus chlorhydric acid
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After overnight reaction, the organic layer was separated and the water phase
was discarded. 50 ml THF wexe added to the organic phase. The solution was
concentrated under reduced pressure at 30 °C to half its volume. 100 ml THF were
added and the solution was concentrated to 80 mL The volume was adjusted to 100
ml with THF and the solution was cooled to 0-2 °C. 1.812 ml (32.46 mmol, 2
equiv.) concentrated sulfuric acid were added dropwise over 5 min., maintaining
the temperuture below 5 °C. After addition, the reaction cooling bath was removed
and the temperature was raised to RT. After 4 hours reaction, 40 ml water were
added followed by 20 ml MTBE. The aqueous layer was separated and discarded.
The organic phase was washed with 40 m} NaHCO3 o, 20 ml saturated NaClyg, 40
ml saturated NeCl,,;, dried over Na;SO,, filtered and concentrated at 40 °C under
reduced pressure. The crude E-acetyl-ISA247 was re-dissolved in 200 ml MTBE
and crystallization started within a few minutes. After 15 min. at RT and 2.5 hoors
at 0 °C, the suspension was filtered, the crystals were washed with 50 ml MTBE and
dried at 50 °C under redoced pressure to give 18.45 g of (B)-acetyl-ISA247 as a
white powder (>98% isomeric purity by NMR).

iv) Hydrolysis

This crude product was hydrolyzed to give (E)-1SA247 in 99% isomeric
purity by HPLC.

Example 4

i) Allylation

10.02 g (44.1 mmol, 2 equiv.) diethanolamine complex of formuls V obtained
by the method described in Example 3, i), and 30 g (22.05 mmol, 1 equiv.) of
acetyl-cyclogporin 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.

H) P liinati

After ca 6 hours reaction at RT, 60 ml formic acid were added, maintaining
the temperature below 30 °C. The dear light yellow solution was stirred overnight
at RT. 18 ml dichloromethane and 300 ml MTBE were added followed by 180 ml
of a 109 NaCl,, solution. The aqueous phase was separated and discarded. The
organic phase was washed with 180 ml water, 300 m! 2M aqueous NaOH and 90 ml
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50 g {424.5 mmol, 1 equiv.) allytrimethylsilane were charged in the reaction
vessel followed by 150 ml THE. To the dear colorless solution were added
dropwise over 15 min., 165.1 ml (445.7 mmol, 1.05 equiv.) of a 2.7M butyllithium
solution in heptane, maintaining the temperature between 20 °C and 26 °C. After 2
hours reaction at RT, the orange solution was cooled to —78 °C. 105.7 mi (445.8
mmol, 1.05 equiv.) triisopropylborate were added dropwise over 20 min.,
maintsining the temperature below 60 °C. After 1 hour at—70 °C, the reaction
mixture was poured onto 250 ml of a 2M aqueous chlorhydric acid solution
{resulting pH : 5-6). After 10 min. stirring, the water phase was separated and
discarded. 42.4 g (403.3 mmol, 0.95 equiv) diethanolamine were added to the
organic phase. The solution was stirred for 60 min. at RT. 750 mi heptane were
added. The biphasic emulsion was partially concentrated at 40 °C (ca 750ml
solvent distilled) under reduced pressure. A white precipitate appeared and the
suspension was stirred 2 hours at RT. The suspension was filtered. The white solid
was washed with 125 ml! heptane and dried at 40 °C under reduced pressure
overnight to provide 85.7 g of the diethanolamine complex of formula V.

'H NMR (DMSO, in ppm rel. to TMS) : 6.5 (br s, 1H), 6.15 (dt, 1H), 5.32 (d,
1H), 3.7 (m, 2H), 3.55 (m, 2H), 2.95 (m, 2H), 2.72 (m, 2H), 1.29 (d, 2H), 0 (s, 9H).

8 NMR (DMSO, rel. to external ref. BF:.Bt;0) : 11.1br. s

Microanalysis : (contains 0.11 equiv. H;O by Karl-Fischer titration)

Calcd : C 52.43%, H 9.7196, N 6.129%, B 4.729%, Si 12.27%

Pound : 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 mi dichloromethane
were charged in the reaction vessel at RT. 40 ml water and 2.79 ml (48.69 mmol, 3

equiv.) acetic acid were edded under stirring. After 10 min. stirring, a dear
biphasic mixture was obtained. The reaction was monitored by HPLC.

i) P rinati
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saturated aqueous NaCl sohrtion, combined, dried over NasSOy, filtered and
concentrated under reduced pressure to ca 50 mlL

4.88 g (40.56 mmol, 10 equiv) magnesium sulfate dihydrate were added
under stirring, followed by 7.23 g (40.56 mmol, 10 equiv.) L-(+)-dimethyltartrate.
After 2 hours stirring at RT, the suspension was cooled to 0 °C and 5 g (4.056 mimol,
1 equiv.) acetyl-cyclosporin A aldehyde were added in one portion. The reaction
was monitored by HPLC {ca 90% conversion after 3 hours). After 17 hours stirring
at 0 °C, the suspension was filtered and the filtrate was wagshed with 50 ml half
saturated aqueous NH(l solution, 50 ml half saturated aqueous NaHCO, solution
and 50 ml half saturated aqueous NaCl solution. The aqueous phases were re-
extracted with 50 ml THF and discarded. The combined organic phases were dried
over Na;S0,, filtered and concentrated at 40 °C under reduced pressure to provide
11.1 g of a ca 75:25 mixture of B-trimethylsilyalcohol diastereomers as a light
yellow oil.

ifi) P limigati

The crude B-trimethylsityalcohol diastereomners mixture (11 g, maximum
4.056 mmol) was dissolved in 25 ml THF. 0.679 mi (12.16 mmol, 3 equiv.}
concentrated sulforic were added dropwise maintaining the temperature between
20 °Cand 25 °C. After 2 hours at RT, 50 ml half setursted aqueous Na(Ql solution
were added. The resulting mixture was extracted twice with 50 ml MTBE. The
organic phases were washed with 50ml of a half satorated aqueous NeQ solution,
combined, dried over Na;SO, and concentrated under reduce pressure at 40°C.
The resulting crude B-acetyl-1SA247 was re-dissolved in 20 ml dichloramethane
and concentrated under reduced pressure. The crude product was dissolved in 60
ml MTBE. The gystallization 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 MTBR (-20 °C) and dried under reduced
pressure to provide 3.6 g of (E)-acetyl-ISA247 in ca 98% isomeric purity by NMR.

Bxample 3

22

PCT/EP20040003504 /bq/



10

15

20

25

WO 2004089960 PCT/EP2004/0035H

-37 -

ml wuter. The water phases were re-extracted sequentially with 50 ml
dichloromethane. The combined orgenic phases were dried over NaaSO,, filtered
and concentrated under reduced pressure at 30°C. The resulting white foam was
re-dissolved in 250 ml MTBE and after a few minutes, the crystallization started.
After stirring 15 min. at RT and 2 hours at 0-2 °C, the suspension was fltered. The
crystals were washed with 50 ml cold MTBE (-20 °C) and dried at 40-50 °C under
reduced pressure to provide 19.2 g of (E)-acetyl-1SA247 as white powder in >98%
isomeric purity (400MHz 'H NMR).

(E)-acetyl-ISA247 can be recrystallized by dissolving the solid in
dichloromethane at room temperature and exchanging the solvent to MTBE (by
adding MTBE, concentreting the solution to balf its volume under reduced
pressure at 40°C and repeating these operation 2 to three times). The solution is
cooled to room temperature and the crystallization then starts within a few minutes,
The suspension is stirred at room temperature for 2h and 30min at 0°C. The
crystals of (E)-acetyl-ISA247 are isolated after filtration, washing with MTBE and
drying under reduced pressure at 40°C.

iv) Hydrolysia
Hydrolysis of B-acetyl-ISA247 provided (E)-ISA247 in 99.5% double bond

6.67 ml (40.56 mmol, 10 equiv.) of allyitrimethyzilane 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 aqueons HCl
solution (pH=7-8). The reaction mixture was extracted with 30 mi 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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20 g (169.8 mmol, 1 equiv.) of allyltrimethysilane (Fluka 06073) was
dissolved in 140 ml of dry THF (Fluka 87368) at RT. 106.1 m! (169.8 mimol, 1
equiv.) of a 1.6 M solution of butyilithium in hexane (Acros 181270100) was added
in 10 min. mainteining the temperature between 20 °C and 25 °C. After 30 min.
reaction, the resulting yellow to orange solution was cooled to —70 °C. 40.24 ml
(169.8 mmol, 1 equiv.) triisopropylborate (Fluka 92085) is added in 10 min.,
keeping the temperature below -60 °C. After 30 min. reaction at—74°C, the cold
solution was poured onto 170 ml of a 1M aqueous HCl solution. The pH was
adjusted to 7-8 by further addition of of IM HCl,, (in this particular case, 26 mi).
80 ml of dichloromethane were added for exixaction. The water phase was
separsted and re-extracted with 80 ml of dichloromethane. The orgenic phases
were washed sequentially with 150 ml of a saturated aqueous NaCl solution,
combined, dried over Na;SO,, filtered and concentrated under rednced pressure to
ca 40 mL The weight of the solution was adjusted to 53.6 g by addition of
dichloromethane in order to obtain a ca 509 solution of boronic acid (based on

20 g (1623 mmol, 1 equiv.) of acetyl-cyclosporin A aldehyde were dissolved
in 100 ml of dichloromethane at RT. 25.66 g (81.15 mmol, 5 equiv.) of the
previously prepared boronic acid solution {ca 509% concentration) were added in
one portion. The conversion of the reaction was monitored by HPLC. Reaction
was complete within 1-3 hours at RT. A cu 85:15 mixture of B-trimethylsilyalcohol
diastereomers was obtained.

if]) Pl fiminati
The Peterson elimination was conducted directly on the reaction mixiure,

20 m] of THF were added and the reaction mixture was cooled to 0°C. 2.7
ml (48.69 mmal, 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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EXAMPLES

The following preparations and examples are given to enable those skilled in
the art to more clearly understand and to practice the present invention. They
should not be considered as limiting the scope of the invention, but merely as being

5 illustrative and representative thereof,

Although most of the examples have been provided for the allylation-
Peterson elimination sequence on acetyl-cyclosporin A aldehyde, other protecting
group could in principle be used. Of course, this will be limited by their
compatibility with the reaction conditions as well as the possibility to remove them
10 effidently to provide (E)-ISA247.
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tributylphosphine, a triarylphosphine, a trislykylamine such as triethylamine, an
alkylaminosulfide, a thiosulfate or a dislkylsulfide such as dimethylsnlfide. When
working with tributylphosphine as the reducing agent, the person of ordinary skill
in the art will know that the reaction is dose-controlied.

Purthermore, a protected cydosporin A aldehyde (II) can be prepared by
converting the protected cyclosporinA XIV, such as acetyl cyclosporin A, to the
protected cyclosporin A epoxide with a monopersulfate, preferably oxone, in the
presence of 2 ketone, such as acetoxyacetone or diacetoxyacetone. This step is
performed in an organic solvent which is inert under these reaction conditions
such as acetonitrile and water. BEthylenediamintetra-acetic acid disodiuny salt is
added to capture any heavy metal ions which might be present. The epoxidation
reaction is carried out preferably at a pH over 7. This epoxidation reaction it
followed by oxidative ceavage of the epoxide with periodic acid or periodate salt
under acidic conditions. Optionally, the oxidation and the oxidative clesvage can
be combined in a work-up procedure. These reactions have been discussed by Dan
Yang, et al.,, in "A C; Symmetric Chiral Ketone for Catalytic Asymmetric
Epoxidation of Unfunctionalized Olefins," J. Am. Chem. Soc., Vol 118, pp. 491-
492 (1996), and "Novel Cyclic Ketones for Catalytic Oxidation Reactions," J. Org.
Chem., Vol. 63, pp. 9888-9894 (1998).

The use of rathenium based oxidizing agents has been discussed by H. J.
Carlsen et al. in "A Greatly Improved Procedure for Ruthenium Tetroxide
Catalyzed Oxidations of Organic Compounds,” J. Org. Chem., Vol. 46, No. 19, pp
3736-3738 (1981). Carlsen et al. teach that, historically, the expense of ruthenium
metal provided an incentive for the development of catalytic procedures, the most
popular of which used periodate or hypochlorite as stoichiometric oxidants. These
investigators found s loss of catalytic activity during the course of the reaction 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 CCL/HzO/I0,~ syatem.

For example, protected cyclosporin A aldehyde (II) can be produced from
protected cydosporin A (XIV), such as acetyl cpdosporin A, by dissolving it in a
mixtare of acetonitrile and water, and then adding first sodium periodate and then
ruthenium’chloride kydrate. The aldehyde (IT) may be extracted with ethyl acetate.
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discussed by J. R. Hanson in Chapter 2,"The Protection of Alcohols,” of the
publication Protecting Groups in Organic Synthesis (Sheffield Academic Press,
Sheffield, England, 1999), pp. 24-25. Hanson teaches how to protect hydroxyl
groups by converting them 1o either esters or ethers. Acetate esters are perhaps the
most frequently used type of chemistry for protecting hydrozyl groups. There are 2
wide range of conditions that may be used to introduce the acetate group. These
reagents and solvents include acetic anhydride and pyridine; acetic anhydride,
pyridine and dimethylaminopyridine (DMAP); acetic anhydride and sodium
acetate; acetic anhydride and toluene-p-sulphonic acid, acetyl chloride, pyridine
and DMAP; and ketene. DMAP is a useful acylation catalyst because of the
formation of a highly reactive N-acylpyridium salt from the anhydride.

For example, the B-alcohol of cyclosporin A is protected as an acetute by
reacting cyclosporin A {XIII) with acetyl chloride, ethyl acetate, or combinations
thereof, forming the compound, acetyl cyclosporin A. In another example, the p-
alcohol undergoes a nucleophilic addition to acetic anhydride, forming acetyl
cyclosporin A and acetic acid. These reactions may be carried out in the presence
of dimethylaminopyridine (DMAP) where an excess of acetic anhydride acts as the
solvent.

Although the preparation of acetyl cyclosporin A is well established in the
literature, it will be appreciated by those skilled in the art that protecting groups
other than acetate esters may be used to protect the f-alcohol of the 1-amino acid
residue of cyclosporin A. These protecting groups may include benzoate esters,
substituted benzoate esters, ethers, and silyl ethers. Under certain reaction
conditions, the acetate protecting group is prone to uadesirable side reactions such
as elimination and hydrolysis. Since benzoate esters, ethers and silyl ethers are
often more resistant to such side reactions under 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 formaula XIV is converted o 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 (IT). Ozonalysis step is conducted at a temperature range from about ~80
°C 10 0 °C. The solvent used during the ozonolyeis may be a lower alcohol such as
methanal. The reducing agent may be a trialkylphosphine such as
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The (trimethylsityl)allylaluminum reagents are prepared in-situ via
deprotonation of allyltrimethylsilane to form trimethylsilylallylithium, as described
5 above, and reaction of this intermediate with a dialkylaluminum chloride such as
diethylalurminum chloride or with an alkylaluminum dichloride such as
ethylaluminum dichioride, preferably with diethylaluminum chloride, 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 aluminum reagents are used in

10 situ for the allylation of protected cyclosporin A aldehydes.
A putative structore for one of these reagents is presented below :

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

Scheme P:
HO ) RN _o, p,o%
X )?”f x )3\'4 y e )@7 : K
Xl XV [

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

In step c-i), a protecting group is introduced in cycdosporin A of formula X111,
25 to protect hydroryl group at the p-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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Alternatively, the trapping of the 1-trimethylsilylallyl lithium can be

performed with 2-isopropoxy-4,4,5,5-tetramethyl-1,3,2-dioxaborolane, leading
5 directly after aqneous work-up to the pinaco] boronate of formula VII.

" Alternatively, the reagent can be prepared by deprotonation of
allytrimethylsilane at room temperature with butyllithinm, quench of the

allylithinun intermediate with tri-ispropylborate (between -80 °C to -20°C,
preferably between -80 °C and -30 °C), addition of pinacol and then aqueous work-
10 up.

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,

15 titanium tetraisopropaxide 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 resgents are
20 presented below :

TMB. o TUCET),
BuLl/ THF THOPY), il
ANNE ™E ———a TMB\ g~ THOPY),
CITIOPr), or
QPr

™R AT N TMS
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In general, sllyltriftuoroborate potassium salts are prepared by treating the
corresponding boronic acid with 3 equivalents of KHF; in a water/methanol
solvent mixture (see for example : R. A. Batey in “Diastereoselective Allylation and
Crotylation Reactions of Aldehydes with Potassium Allyl- and
Crotyltrifluoroborates under Lewis acid Catalysis”, Synthesis 2000, pp 990-998).
However, direct application of these procedures to the preparation of
trifluoroborate of formula VI lead to the formation of substantial amounts of
allyltrimethysilane via protodeborylation due to the acidic pH of the reaction
mixture.

Modification was made in order to avoid this side-reaction. Thus, as
fHlustrated in Scheme O, a methanol solation of boronic acid is treated with 2
equivalents of KHF, as fluoride source, at RT. The suspension is stirred at RT for
60 min. The residual organic salts are removed by filtration. The methanalic
solution of trifluoroborate salt V1 is concentrated under reduced pressure and the
product is crystallized at 0-5 °C. The trifluoroborate salt V1 is isclated by filtration
and dried under vacuum.

The required boronic acid solution is prepared by hydrolyzing the
diethanolamine complex of formuls V in a water/dichloromethane mixture in the
presence of an acid such as acetic acid. The aqueous phase is discarded and the
solvent is exchanged from dichloromethane to methanol

Alternatively, the diethanolansine complex V can be used directly as starting
material. The trifiuoroborate saits VI can be prepared, however, crystallization does
not occur.

To a solution: of crude baronic acid of formula ITla, preparation of which was
described shove, 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
llustrated in Scheme O.

Scheme O:
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This reagent can be prepared by treating boron reagent of formula Illa with
the required alcohol in the presence of a drying agent such molecular sieves or
magnesiutn sulfate, preferably magnesium sulfate, Preferred boronate reagent of
formula IV wherein R' is Cy4 alkyl or sy cycloalkyl are those wherein R® is methyl,

5 ethyl, propyl, isopropyl, buty} or benzyl, more preferably R' is methyl, ethyl, propyi,
isopropyl or butyl, further preferably R' is methy}, ethiyl, propyl or butyl, especially
preferably R' is methyl.

To a salution of crude boronic acid of formula [TTa, preparation of which was
10 described above, is added diethanolamine. Solvent exchange to heptane and
crystallization provides the diethanolamine complex of formula V as a solid. A
special feature of this reagent is the presence of an interaction between the nitrogen
lone pair of the diethanolamine fragment and the boron atom (i.e. complexation of
the nitrogen atom by the boron atom) as evidence by 'B NMR of the complex (5 =
15 11ppm relative to BF;.Et;O, external reference).

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

20
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acid (under the HPLC conditions, the oligomers, dimers and trimers should-be
hydrolyzed and converted to the boronic acid).

Alternatively, a solution of reagent of formula Illa can be prepared by
hydrolysis of complex of formula V in an organic solvent/water mixture such as a
dichloromethane/water, toluene/water, ethyl acetate/water, THF fwater,
chloroform/water mixture, preferably a dichloromethane/water mixtare preferably
in the presence of an acid such as sulfuric acid, chlorbydric acid, acetic acid,
preferably acetic acid.

Preparation of the y-silylsted allylmetal reagent of formula 4 is, for
examaple, performed as illustrated in Schemne L.

Scheme L:
L ™ -80 1o 40"C
=2yl complex m
TMB. g~ BIOH),
e
In solution

Boronate reagent of formula IV where R is C,.g alkyl, preferably C,.4 alkyt,
more preferably methyl, ethyl or isopropyl, especiafly methyl is prepared by
tresting boron reagent of formula ITla 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 solntion of boronic acid of
formula Ifla with 1-(+)-dimetiryltartrate, in the presence of a drying agent such
molecular sieves or magnesium sulfate, preferably magnesium sulfate , as evidenced
by B and 'H NMR analyzes.
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{M and M’ are a metallic fragment comprising the metal and its ligands.)
Preparation of ailylborog reagepty
—si I t Ia

A solution of crude boronic acid of formula I1Ia is obtained after
deprotonation of allyltrimethylsilane, trapping with an electrophilic boron reagent
and aqueous wark-up. The deprotonation of allytrimethylsilane is performed in
THF with butyllithium, between 0 °C and 35 °C, preferably between 0 °C and 25 °C
for 30min. to 3 hours. The electrophilic boron reagent is a trialkylborate such as
triisopropyl borate or trimethyl borate, preferably triisopropyl borate. The
trapping of the trimethylsilylallyllithium intermediate with triispropyl borate is
performed between —80 “C and —20 °C, preferably below —60 °C for 30 min. to 2
hours. The trapping of the trimethylsilylallyllithium intermediate with trimethyl
borate is performed between —80 °C and —60 °C for 30 min. to 2 hours.

[t is known that allylboronic acids are unstable, therefore, the crude boronic
acid is kept in soluton (P. G. M. Wuts apd Y.-W., Jung in "The Addition of y-
(Trimethylsilyl)allylboronsates to Imines®, Journal of Organic Chemistry 1991, 56,
p365-372(see comment in the example for the preperation of compound 9); W. R.
Roush, K. Ando, D. B. Powers, A. D. Palkowitz and R. L. Halterman in
“Asymmetric Synthesis Using Diisopropyl Tartrste Modified (E)- and (Z)-
Crotylboronates; Preparation of the Chiral Crotylboronates and Reactions with
Achival Aldehydes®, Jowrnal of the American Chemical Society 1990, 112, 6339 (see
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 st 5 °C maximum. In accordance to the general
behavionr of boronic acids, the boronic acid of formula ITla 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-CHz-B(OH)(OiPr)
and/or TMS-CH=CH-CH;-B (OiPr);) conld also be present. Indeed, 'H NMR and
‘'3 NMR analyses of concentrated solutions of boron reagent of formula Ifla (ca
5096) dilated with an equal volume of CD,Cl; shows the presence of several
boronate species, although reverse phase HPLC anslysis shows mainly the boronic
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Chemistry 1987, 52, pp 957 — 958 ; E. Ehlinger and P. Magnus in “Silicon in
Synthesis. 10. The (Trimethylsityl)allyl Anion: A f-Acyl Anion Equivalent for the
Conversion of Aldehydes and Ketones into y-Lactones®, Journal of the American
Chemiml Society 1980, 102, pp 5004-5011 ; M. Schlosser, L.Franzini in “The
Regioselectivity of 1,3-Disubstituted Allyimetal Species Towards Electrophiles; 1-
(Trimethylsilyl)alk-2-enylpotassium Compounds®, Synthesis 1998, pp 707-709 ; E.
Schaumann and A. Kirschning in *Ring-opening of oxiranes by silyl-substituted
altyl anions. A regiochemical chameleon”, Tetrakedron Letters 1988, 29, pp 4281-
4284).

As fllnstrated in Scheme K, the allyltrimethylsilane is deprotonated by n-
butyllithium in THF &t a temperature ranging from 0 °C to 35 °C, preferably
bewteen 0 °C and 25 °C for 30 min. up to 3 hours. This generates
a trimethylsilylallyllithium jntermediste. This intermediate most probably exists in
solution as a x-allyl contplex of lithium in a trans confignration (T. H. Chan in
“Silylallyl Anions in Organic Synthesis: A Study in Regio- and Stereoselectivity”,
Chemical Reviews 1995, 95, p1279-1292; M . Schlosser, O. Desponds, R. Lehmann,
E. Moret and G. Rauschschwalbe in “Polar Altyl Typer Organometallics as Key
Intermediates in Regio- and Stereocontrolled Reactions : Conformational
Mobilities and Preferences®, Tetrahedron 1993, 49, p10175-10203). This anion is
then trapped (transmetslated) by an electrophilic metsl source usually at a
tempersture of =80 °C to —60 °C, generating the corresponding trans-allylmetal
reagent. Depending on the metal rest, these reagents are reacted in-sitn 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:
Trenemeisixion aciivation
1-trimethylelyiallyliem olation
used In sftu
B4 J oo

EYN

TME ™S



10

15

25

WO 2064A9960 PCT/EP2004/003504

-25.

—60 °C, furnishes, after aqueous work-up, a mixture of diastreomeric anti f-
silylalcohols XT'. Peterson elimination under the standard conditions (HzS0, in
THEF) furnishes E-acetyl-ISA247 (XOT).

Reaction of acetyl-cyclsporine A aldehyde with a y-
trimethrylsilylallylaluminum reagent prepared from trimethylsilylaliyllithivm and
ethylaluminum dichloride or diethylaluminum chloride, preferably
diethylaluminum chloride, 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 —
60 °C furnishes after aqueous work-up a mixture of diastreomeric anti -
silylaleohols XT. Peterson elimination under the standard conditions (H250 in
THF) furnishes E-acetyl-ISA247 (XIT').

The y-silylated allylmetal reagents required for the allylmetalation step are
best generated from the corresponding allylsilanes via deprotonation, trapping with
an adequate metal reagent and optionally by further complexation of the metal rest
by a suitable ligand. The resulting reagents can, depending on their stability and
the process, be used in situ or be isolated and stored.

Although other silyl-substituted allylsilanes could obviously have been used,
the trimethylsilyl derivative leads to minimum amount of weste. Indeed, the sifyt
fragment is lost upon Peterson elimination.

Many conditions for the deprotonation of allylsilanes huve 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
temperstures 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 Naksjo, and Yoshihiko
Ito in © Silafunctional compounds in organic synthesis. 33. Metalated
allylaminosilane: 2 new, practical reagent for the stereoselective .alpha.-
hydroxyultylation of aldehydes to erythro-1,2-diol skeletons”, Journal of Organic
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The origin of the increased activity of the reagent of formula V11, when used
in carbaxylic acid solution like acetic acid and formic acid, could come from the
high polarity and the low complexing ability of these solvents. Another effect could
be found in the ability of these solvent to provide acidic catalysis of the allylation by
activation of the carbonyl group of the aldehyde through protonation.

The addition of reagent of formula VI to acetyl cyclosporin A sldehyde (I1°)
can be promoted by a Lewis acid snch as BFs.Bt;O at a temperature of —70 °C to
0 °C in toluene, THF or dichloromethane, prefersbly toluene or dichloromethane,
prefersbly dichloromethane. Under the altylation reaction, the Peterson
elimination also occurs and (B)-acetyl-ISA247 (XII') can be obtained after
extractive aqueous work-up .

Reaction of acetyl-cydisporine A aldehyde with & y-trimethylsilylallyltitanfum
reagent prepared from trimethylsilylallyllithium and titanium
dichlorodiisopropoxide, titanium tetraisopropoxide or titanium
hlorotii ide, prefersbly titanium tetrel de or titani
chlorotriisopropoxide performed in THF, at a temperature of -80°C t0 0 °C,
preferably —80 °C to —30 °C, more preferably —80 °C to -50 °C, especialty —80 °C to
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For example, the synthesis of (E)-ISA247 by the reagent of formula VI can be
performed as illustrated in Scheme J.
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Allylation of aldehydes with this reagent is known from the literature to
proceed slowly (1 to several days at RT). Accordingly, allylation of acetyl-
cyclosporin A aldehyde (II") with excess of reagent of forroula VII (5-10
equivalents) in solvents such as THF, dichloromethane, toluene, DMF and DMSO
proceeds slowly at RT.

Heating, use of large excess of reagent or high concentration could increase
the rate of acetyl cyclosporin A aldehryde allylation, however, a better alternative
was found by a proper choice of solvent.

Carbaxylic acids such as formic acid or acetic acid were found to dramatically
enhance the rate of allylation. FPor instance, when performed in acetic acid,
allylation of acetyl cyclosporin A aldehyde (I') can reach conversion of over 95%
within 5 hours st RT with 2 equivalents of reagent of formula VI, providing the -
sitylalcohols (XT'). Purther addition of formic acid promotes the Peterson
elimination. (E)-acetyl-ISA247 (XIT") is obtained after extractive work-up
ascertaining the relative anti stereochemistry of the intermediate §§-silylalcohols.
Peterson elimination can also be performed under standard conditions (sulfaric
acid in THF) after isolation of the anti p-trimethylsilylalcohol disstereomers to give
(E)-acetyl-ISA247.

Formic acid or preferably a combination. of acetic acid and formic acid (such
as ca 1:1 v/v) a8 is also an effective solvent. In that case, the allylmetalation and the
following Peterson elimination can take place in one-pot. In a combination of
acetic acid and formic acid (ca 1:1 v/v) the allylstion of acetyl-cydosporin A
aldehyde and the following Peterson elimination reach over 90% conversion within
60 min. at RT with 1.5 equivalent of reagent. Aqueous extractive work-up and
crystallization farnishes (B)-acetyl-ISA247 (XI1).

Mixture of acetic acid, formic acid and a soitable co-solvent can slso be used.
Dichloromethane, toluene, ethyl acetate or isopropyl acetate, preferably isopropyl
acetate could be used a5 co-solvent. Decrease in reactivity can be observed when
using & co-solvent but this could be compensated by increasing the reaction
temperature.

Hydrolysis of the acetate protecting group with KaCOj3 in aqueous methanol
farnishes (B)-ISA247 (I).
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but the Peterson elimination can be conducted in one pat by addition to the
reaction mixture of an acid such as formic acid, sulfuric acid or methanesulfonic
acid, preferably formic acid. Aqueous work-up and crystallization yields (E)-
acetyl-ISA247 (XII'). Subsequent hydrolysis furnishes (B)-ISA247 (I).

When formic acid is present in sufficient amounts in the solvent mixture
used for the allylation, the Peterson elimination can take place in one-pot leading
directly to (E)-acetyl-[SA247.

Another alternative consists in performing the addition of complex of
formula V to acetyl-cyclosporin A aldehyde (IT") in the presence of a Lewis acid
such as BF:.Et;0. For example, the reaction with BFy.Et;O can be performed in a
solvent such as dichloromethane or THF at a temperature ranging from —40 °C to
RT. Under these conditions, the allylation can directly be followed by the Peterson
climination, yielding the expected (E)-acetyl-1SA247 (XOT').

Reacting the allyitrifluoroborate VI and acetyl-cyclosporin A aldehyde (') in
a biphasic water/organic solvent, preferably water/dichloromethane mixture or
water/toluene mixture, more preferably water/dichloromethane mixture at RT
provides a mixture of anti §-trimethylsilylalcohol diastereomers (XI°). After the
water phase is discarded, the Peterson elimination is performed by addition of THF
and sulfuric acid at a temperature of 0 °C to RT providing (E)-acetyl-15SA247 (XIT').
Peterson elimination can also be performed under standard conditions (sulfuric
acid in THF) after isolation of the anti B-trimethylsilylalcohol diastereomers to give
E-acetyl-1SA247.

The allylation can also be promoted by a Lewis acid. In that case, the
allylation and the Peterson elimination can take place in-sitn. For example,
addition of excess BFs.EtzO to a suspension of allyitrifluoroborate VI (2 equiv.) ina
solution of acetyl-cycdlosporin A aldehyde (XII’) in dichloromethane at—70 °C
provides after 60 min. reaction and aquegus work-up, (B)-acetyl-ISA247 (I).
Solvents for the reaction are organic solvent such as dichloromethane, THF or
toluene, preferably dichloromethane.
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Allylation of acetyl-cyclosporin A aldehyde (I’) under such conditions
provides a mixture of anti B-trimetirylsilylalcohol diasteromers (XI'). After the
water phase is discarded, solvent is exchanged to THF, and sulfuric acid is added to
perform the Peterson elimination. Aqueous work-up and crystallization provides

5 (E)-acetyl-ISA247 (XII"). Subsequent hydrolysis yields (B)-I1SA247 (I).
Alternatively, isolation of the crude anti f-trimethylsilylalcohol diasteromers after
aqueous work-up, followed by Peterson elimination under standard conditions
{concentrated sulfuric acid in THF) furnishes E-acetyl-1SA247.

For example, the synthesis of (B)-ISA247 by the complex of formula V can
10 be pexformed as illustrated in Scheme L.

Scheme I:
e ™8
MO DCM/H,0 HO o
. E ; 3 axuilv. AnOH Ao + AD
RTan
waler phawe diarsrded
r v L Xr _
n sclulion
W80, ITHF
oC>RT
i
Crysl.
MO, I5,CO, AaD
MaOHAslur
| xir

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

15 Allylmetalation of acetyl-cyclosporin A aldehyde (IT') 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 dichioromethane and THF. The allylation is beat

20 performed in acetic acid between RT and 35 °C. This provides a mixture of anti p-
silylalcohol diastereomers (XI’). Thege intermediates could of course be isolated -
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over 7, substantial amount of a side-product identified as the vinylsilane of formula

XV are formed. A test reaction (performed without tartrate activation) where BtsN

amine was added to reach a pH 0f 9-10 led to the almost exclusive formation of the

vinylsilane product XV (as evidenced by MS, '"H NMR, COSY, TOCSY and HSQC
5 NMR experiments). Such an effect was totally unexpected.

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

Without activation, the diethanolamine complex of formula V does not react
10 at RT with acetyl-cyclosporin A aldehyde in non protic solvents like
dichloromethane or THF. 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,
15 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 (IT"), preferably at RT.

20 Scheme H:
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(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 ITla with L-(+)-dimethyltartrate, in the presence of a
drying agent such as molecular sieves or magnesium sulfate, preferably magnesinm
sulfate , is evidenced by ''B and 'H NMR analyses.

Allylation of acetyl-cydosporin A aldehyde (II') with 8 boronic acid reagent
in-situ activated by addition of L-(+)-dimethyltartrate at a temiperature of 0 °C to
RT, preferably at 0 °C, give a mixture of anti p-silylalcohol dinstereomers (XT’).
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)-1SA247 ().

Care should be taken that reaction involving the use of crude boronic acid

salution 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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The allylation of acetyl-cyicosporine A aldehyde (II") in dichloromethane
with 10 equiv. of a ca 509% solution of boronic acid reaches over 95% conversion
within 60 min at RT and yields  mixture of anti p-trimethylsilylalcohol
diastereomers (XI'). The Peterson elimination can be performed after aqueous
work-up on the crude allylation product at 0 °C to RT in THEP with sulfuric acid.
Alternatively, the Peterson elimination can take place directly on the allylation
reaction mixhzre by addition of THP and sulfuric acid. Aqueous work-up and
crystallization yields the (E)-acetyl-ISA247 (XII').

Hydrolysis of the (E)-acetyl-ISA247(XII") provides (E)-ISA247 (I).

wid .

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 Illa by generating in-situ the corresponding boronate ester, & 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
o ?’C;:’
drying agent
By + i
TMB o~ BIOH), Ho:[;'L;: b d
o

_ (R is Cy.3 alkyl, preferably C, ¢ 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)-1SA247 by the reagent of formula IV is
performed as illustrated in Scheme G.
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Toluene can be used as solvent for these reactions, however, marked solvent
effects have been observed in these reactions. The allylation is best performed in
polar non-coordinating solvents, preferably dichloromethane.

When tartrate additive is omitted, allylation is preferably performed in
5 dichloromethane nsing a concentrated solution of the crude boronic acid(>10%,
preferably ca 50% concentration).

Preferred reagent of formmla ITY wherein R is hydrogen, C,.5 alkyl or Cyy
cycdloalkyl and/or, when R' is hydrogen, a trimer thereof are those wherein R is
hydrogen, methyl, ethyl, propyl, isopropyl, butyl or benzyl, more preferably R' is

10 bydrogen, methiyl, ethyl, propyl, isopropyl or butyl, further preferabiy hydrogen,
methyl, ethyl, propyl or butyl, especially preferably hydrogen. Allylation is
performed in organic solvent such as ethy] acetate, THF, toluene, chioroform or
dichloromethane, preferably in ethyl acetate, toluene or dichloromethane, more
preferably in toluene or dichloromethane, especially in dichloromethane.

15 For exaraple, the synthesis of (E)-1SA247 by the reagent of formula ITT can be
carried out as flustrated in Scheme B.

Scheme E:

;'?'m:wc )3\
,”ALTME  — —— TME E
3. HCl,, / DCM ewdract. OH
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Workap
MoOHAvater ey
! xr

20 (R' and the dotted lines have the meaning as defined above.)

g3
3
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en acetyl group, it can be removed, for example, by the treatment with K;CO, in
methanol and water. Under these conditions, the isomeric purity of the diene
fragment is preserved. Therefore the double bond isomeric purity of B-ISA247
reflects the double bond isomeric purity of E-acetyl-ISA247. Bases other than
potassium carbonate that may be used to remove the protecting group include
sodium hydroxide, sodium carbonate, sodium alkoxide and potassium alkoxide.

In general, excess of the reagent of formula [T or [V is needed to complete
the allylation of acetyl-cyclosporin A aldehyde (II') within an acceptable timeframe.
Higher conversion and rates are achieved by using an activating agent such as a
tartrate ester and/or dichloromethane as (co)-solvent. In accordance to the general
bebavior of boronic acids, the reagent of formula [lIa can potentially exist in the
form of cydic trimer (boroxine) or oligomers (For an example of such behavior of
a boronic acid, see: K. Ishihara, H. Kurihara, M. Matsumoto and H. Yamamoto in
“Design of Bronsted Acid-Assisted Chiral Lewis Acid (BLA) Catalysts for Highly
Enantioselective Diels-Alder Reactions®, Journal of the American Chemical Society
1998, 120, p6920-6930.). When triisopropyiborate is used for the preparation of
the solution of the crude reagent of formula Ia, reagent of formula Iila can also
contain diisopropyl boronate ester (TMS-CH=CH-CH;-B (OiPr)a), 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
withont purification.

Altematively, a solution of reagent of formula ITla can be generated by
hydrolysis of complex of formula V in organic silvent/water mixture such asa
dichloromethane/water, toluene/water, ethyl acetate/water, THE/wuter,
chloroform/water mixture, preferably a dichloromethane/wster mixture, preferably
in the presence of an acid such as sulforic acid, chlorhydric acid, acetic acid,
preferably acetic acdd. Allylation of acetyl-cyclosporin A aldehyde with a
dichloromethane solution of reagent of formula ITla prepared as just described can
reach high conversions using as low 25 2 equivalents of the reagent. In this case,
isopropyl derivatives are of course absent.

Without tarixate activetion
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The reaction proceeds via a mechanism where the kydroxyl and the silyl groups are
in an anti conformation prior to elimination.

The situation is opposite when the Peterson elimination is performed under
basic conditions, in that case the reaction proceeds via a mechanism where the
deprotonated hydraxyl and the silyl group are in e syn conformation prior to
elimination.

Therefore, in principle, one could reach either double bond isomer by
controlling the formation of either the syn or anti relative configuration of the -
silylalcohol moiety or by using either acid or basic Peterson elimination conditions.

In the present invention, trans-y-silylated allylmetals reagents are used for

allylation of protected cyclosporin A aldehyde of formula IT to form a mixture of
anti-B-sitylalcohol disstereomers of formula XI. Therefore, a Peterson elimination
is performed under acidic condition to form a trans double bond.

Typical acids for the acid-promoted reaction may include sulfuric acid,
formic acid, chlorhydric acid, methanesulfonic acid tetrafiuoroboric acid,
sulfuric acid, formic acid, methanesulfonic acid and BFs,Et,O, especially sulfuric
acid, formic acid and BFs.Et;0.

This step can be conducted at a reaction temperature from -70 °C to 50 °C.
Preferred temiperature range is 0 ° C to 50 °C, more preferably 20 °C to 40 °C for
formic acid. Preferred temperature range is 0 °C to 40 °C, more preferably 20 °C to
30 °C for sulfuric and methanesulfonic acid. Preferred temperature range is -80 °C
to 50 °C, preferably -80 °C to 25 °C, especially -80 °C to 0 °C for BFy.Et;0.

E-acetyl-[SA247 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 reagents 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 ssturated 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

2y
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(Pg and the dotted lines have the meaning as defined abaove.)

In step b-i), the B-silylalcohol of formula XI undergoes a Peterson
elimination (For a general discussion about Peterson eliminations, see : D. J. Ager
in “The Peterson Reaction”, Synthesis 1984, p384-397 as well as references cited

5 therein.) and the internal double bond is generated, i.e. the elimination of silanol
from the p-silylalcohol moiety occurs.

In view of achieving a high degree of double bond isomeric purity, the
success of the allylation-Peterson elimination sequence relies on the selective
introduction of a relative anti or syn configuration of the p-silylalcohol moiety.

10 Indeed the Peterson elimination is known to be stereospecific. Anti isomers
will provide one isomeric double bond when the syn isomers will produce the other
double bond isomer under the same conditions as fflustrated in Scheme D.

Scheme D:

& &=
=><

& &

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

-Za

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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In such a transition state, the aldebyde side chain preferably adopts a psendo
equatorial position in 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-sitylated allylmetsls reagents should lead
predominantly to the anti- or syn-B-silylalcohol isomer respectively. This bolds 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 -
silylalcohol isomer.

In step b), the p-silylalcohol of formula XI is converted to (E)-1SA247 of
15 formulz 1.

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

Scheme C:

o, l_ . Ao Puswon  pyg Deprotection 10
Stmiraton ¢ oo
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Scheme A:

.y
k‘j:.\

(Pg is a protecting group, the dotted lines mean that the remainder of the
compound has the same structure as that of the compound of formuia I, R" is

5 hydrogen, Cy.5 alkyl or Csg cycloalkyl and, when R’ is hydrogen, a compound of
formula Il includes a trimer thereof, and R? is Cy.5 alkyl or Csq cycloalkyl.)

13 ;.w..j_ X

In step a), protected cycdlosporin A aldehyde of formmla II is allylated by y-
silylated allylmetal reagent of formala Ifi, IV, V, VI, VII, VIII etc. to form a mixture
of B-silylhomoallylic alcohol disstereomers of formula XI (For a general discussion

10 about allylmetals and allylation of aldelrydes 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-silylalcobol fragment will depend on the allyimetal reagent

15 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 Stereosdlectivity”, 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

20 transition state) as shown in Scheme B.
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Organics (B-2440 Geel, BE) or are prepared by methods known to those skilled in
the art following procedures set forth in references such as Fieser and Fieser's
Reagents for Orgmic Synthesis, Volumes 1-17 (john Wiley and Sons, 1991), Rodd’s
Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science
Publishers, 1982), Orgunic Reactions, Volumes 1-40 (John Wiley and Sons, 1991),
March’s Advanced Organic Chemistry, (John Wiley and Sons, 1992), and Larock’s
Comprehensive Organic Transformations (VCH Publishers Inc_, 1989).

The starting materials and the intermediates of the reaction may be isolated
and purified if desired using conventional techniques, including but not limited to
fiitration, distillation, crystallization, chromatography. Such materials may be
characterized using conventional means, including physical constants and spectral
data.

Compounds of formula I are prepared as illustrated in Scheme A. The
allylmetal reagent also referred herein as allylating reagent is to be taken in 2
general sense and may comprise reagents where the metal part is based on boron
although it is not per se a metal.
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The starting materials and reagents vsed in the process of the present
invention are either avuilable 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, Coluinbia, 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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of trimethylsilylsltyllithium with titanium tetraisopropoxide or titanium
The following terms used in the specification and claims have the meanings
below:

"Cov alkyl" as used herein denotes straight chain or branched alkyi residues
containing a to b carbon atoms. Therefore, for example, "C;-a alkyl" means straight
chain or branched alkyi residues containing 1 to 8 carbon atoms, such as methyl,
ethyl, propyl, isopropyl, butyl, isobuty] or tert.-butyl.

"Cag cycloalkyl” refers to a saturated monovalent cyclic hydrocarbon radical
of three to eight ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl.

"Protecting group" refers to a grouping of atoms that when attached to a
reactive group in & molecule masks, reduces or prevents that reactivity. Examples
ofpmtachnggroupscanbeﬁmnmeW Green and P.G. Futs, Protective Groups

wghm ('Wiley 2""ed. 1991) and Harrison and Harrison et al.,
' - thods, Vols. 1-8 (John Wiley and Sons,

1971 1996)

In the structural formulae presented berein a broken bond { "' ) denotes
that the substituent is below the plane of the paper and a wedged 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 tetrabydrofuran
DCM dichloromethane
DMSO dimethylralficide
HMPA hexsmethylphosphoramide
TMEDA tetramethylethylenediamine

TMS tetramethylsilane

20
N
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(x) The process of (ix), wherein step a-iii) is conducted in acetic
acid and step b-i) is conducted by addition of formic acid to the reaction mixture.
(i) The process of (ix), wherein step a-iii) and b-i) are conducted
in formic acid or acetic acid/ formic acid.
(xid) The process of (i) or (ii), wherein step a-iv) is conducted in

water/dichloromethane or water/toluene.

{xiii) The process of (iii), wherein step a-iv) and b-I) are conducted
in dichlorometane, tetrehydrofuran or toluene in the presence of BFs.Et;0.

(xiv) The process of (iii), wherein step a-v) is conducted in the
presence of BFs.EtzO.

(xv) The process of (xiv), wherein step a-v) and b-i) are conducted
in dichloromethane, tetrahydrofuran or toluene and in the presence of BPs.Et;0.

(avi) ‘The process of (ifi), 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
dichloramethane, 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 conduncted by
allylating the compound of formula II with a reaction mixture prepared by reaction
of the trimethylsilylallyllithium with diethylaluminum chloride.

{cxii) The process of (iii), wherein step a-viii) is conducted by
allylating the compound of formula I with a reaction mixture prepared by reaction
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wherein Pg is as defined in (i),
under acidic conditions; and

b-ii) converting the PgO group of the compound of formula XII to a
bydroxyl group.

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

(iv) The process of (iit), wherein step a-i), a-ii) or a-vi) is conducted
in the presence of tartrates.

(v) The process of (i), wherein step a-i), 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.Bt;0, formic acid, acetic acid or tartrate estexs.

(vii) The process of (vi), wherein step a-ifi) is conducted in
water/dichioromethane or water/toluene,

(viii) The process of (vi), wherein step a-iii) and b-i) are conducted
in dichloromethane or tetralrydrofuran and in the presence of BFs.Et:0.

(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
tetrahydrofuren.
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a-viii)  allylating a compound of formula II with a reaction mixture
obtained by reaction of the trimethylsilylallyllithiumn with titanium
tetraisopropoxide or titanium chlorotriisopropoxide,

5 to form a compound of formula XI;

T™S

HO

O
. HH.
'i' N,{

o)

Xl

wherein Pg is as defined above;
and

b) converting the compound of formula XI to the cyclosporin A
10 analog of formula 1.

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.

15 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 X1
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a-iv)  allylating a compound of formula II with a cornpound of formula

- +
Vi

or

a-v)  allylating s compound of formula I with a compound of formula

0%

- TMS A Bg
Vil

or

a-vi)  allylating a compound of formula I with a reaction mixture
obtained by a process comprising;

i) reacting allyitrimethylsilane with butyllithium to form
methylsiyialivitithiam:

1i) reacting trimethylsilylallyllithium with triisopropylborate or
trimethylborate, and then conducting aqueous work up,

or

a-vii)  allylating a compound of formula I1 with a reaction mixture
obtained by reaction of the trimethylsilylallyllithium with diethylsluminom
chloride,

or

B
PCT/EP2004/003504 fﬁ‘\
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with a compound of formula III
PR
M A Bt
i
,wherein R' is hydrogen, C,.; alkyl or Ca.4 cycloalkyl and/or, when R' is
hydrogen, a trimer thereof;
or

a-ii)  allylating a compound of formula II with 2 compound of formula
v

Yo
OR?
™S _~~_B~0 S
v
wherein R? is C, 4 alkyl or Ca cycloalkyl;
or

a-iii)  allylating a compound of formula IT with a compound of formula
\'4

TMS\/\/‘? \)

or
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Tetrahedron Letters, Val.36, No.10, p1583, 1995 discloses allylation process
using tartrate modified (B)-y-(trimethylsityl)allylboronate.

In a first aspect, this invention provides a process for the preparation of a
cyclosporin A analog of formula

comprisi
a-i) allylating 8 compound of formula I

|
,wherein Pg is a protecting group and the dotted lines mean thet the

remainder of the compound has the same structore as that of the
compound of formula I,

%

0

. RN
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This invention relates to a new process for the preparation of cyclosporin A
analog of formula I:

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)-1SA247.

Tetrahedron Letters, Vol.22, No.29, p2751-2752, 1981 discloses one of the
intermediates of the process of this invention, namely pinacol (B)-1-trimethylsityl-
1-propene-3-boronate, and the allylation process using it.



y o
’L97‘

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Inteflectus) Property AR

inemaions Buron By NEINEENIEE RN
TETEES et "Wo e T

(S1) Internations| Putent Clanflcathon™: COTFSAZ  (74) Agenis WILKS, Snsan, Sutlerfivkt: lsotechnia Inc.

{21) Imernailonal Applicailon Number:
PCTAFYNANNE50

(22) Inierpailonal Fillng Date: 2 Apcl XI04 (02,04 20041

(25} Filing Language: linglish
i26) Publication Langusge: Fnglish
(38) Priorily Dala:

07921 4 £ Aprl X003 (NB.042003) HP

(M) Appllesnl (for all designaisl Siates excepr  US):
ISOTECHNIKA INC. [CAJ/CA|: 2100 College Plaza
#215-1121h Street, Edmonton, Alherta T6G 2CR (CA).

{72) Invenlors; and

(75) Iovenioww/Applcants (fr S  onivk ADAM,
Jeun-Michel [BIV/—]: Im Reinacherhol IR7. ClI-l153
Retomch (CHY. ABEL, Mark [CA/—-: 11530-9A Av-
enoe, Rdmonun, Albore TR) 7B2 (CA). JAYARAMAN,
Sestharaman [CA/—}: 1IRI2-13 Avenue, Hdmonion
Alberta TG TH9 (CA).

Suite 100. 17301 North Perimeler Drive. Scottsdoke, AZ
35255 (US).

(31) Dosignaied Siates (imlesy ntherwise Indicated, for every
kind of natiorssl prosectiom avallabiel AlL AG. Al AM,
AT. AU. AZ. BA. BB. BG. BR, BW. BY, BZ, CA, CH. CN,
C0O. CR. CU, CZ. DE. DK, DM. DZ, EC. BB. I, IS, A,
R, (D, GE, GH. GM. NR. HU. ID. IL., IN. IS. JP. KE
KQ.KP. KR, KZ IC. LK LR, LS. LT, LU. LV. MA. MD,
MG. MK. MN. MW. MX. MZ, NA, N1. NO. NZ. OM. PG,
P11 PL. PT. RO. RU. SC. SD, SIL. SG, SK. SL. SY.T1, ™™,
TN.TR. TT.TZ. VA. UG, US. UZ, VC. VN, YU, ZA, ZM,
.

(84) Desigoeted States timiess otherwise indicated. for every
kind of regional protecsion avallabler: ARIPO (BW. GII.
GM. KIL 1.S. MW, MZ. SD. SL. 57, TZ. UG, ZM. ZW\,
Hurnsian (AM, AZ. BY. KG. KZ MDY, RU. TJ. TM), Huro-
pesn (AT. BE, BG. CH, CY, CZ. DE. DK. EE. ES. Fl. FR.
GB.GR, HU. I IT. LU. MC, NI, PL. PT. RO. S SI, SK.
TR). OAP1 (BF: Bl. CE. CG. Cl. CM. GA. GN. GQ. GW,
ML. MR. NE. SN. TD. TG).

Publshed:
without imternational searnh report ond i he republighad
upon revelps of that report

{Continned on next page/

WO 2004/089960 A2 |15 R S50 54 5 i B 0000 G A VO MO

(54) Tithe: PROCESS HOR PREPARATION OF CYCLOSPORIN A ANALOG

{57 Abstract: The invention is
concemed with & new process for the
preparmtion of a cytlasporin A anslog
of formula I comprising. #) allykting a
protocted cyclosporin A aldehyde with
a allylmetal reagent and. b} converting
the compound obiained in siep a) to the
cyclosporin A analog of formals L



22
WO 2004/089960 A2 |NEIBNEENINNEEREEEIG

For iwa-letser codes and osher abbreviations, refer o the “Guid- ’)}P
dn'e Notes on Codes o Abbrevidtions™ appearing at the hegin-
wdng of each reqular ixsue of the CT Gazelte.




PATm COOPERATION TREf -‘, [ VAR S gF AV IV TV

Co GA

From the INTERNATIONAL BUREAU Vb
PCT
NOTIFICATION CONCERNING wi Suttefield
TRANSMITTAL OF COPY OF INTERNATIONAL . Susan, Sutts
APPLICATION AS PUBLISHED OR REPUBLISHED Sulte 100
T CKETED 17301 r:l:'m AFz'erllnater Drive
Logeliqloth Do ETATS-UNIS D'AMERIQUE
Dawe of mailing (day/manthyear)
21 October 2004 (21.10.2004)
Applicant's or sgent’s ke refprenyy
Case 21711 ) C‘? oy IMPORTANT NOTICE
Intermsationa] upplicution No, Imemationul filing dule {day/wniveur) Priority dute ( chymonth/yrar)
PCT/EP2004/003504 02 April 2004 (02.04.2004) 08 April 2003 (08.04.2003)
Applicam

ISOTECHNIKA INC. &t al

The Inwernationul Buresy tranimits herewith the following documents:

copy of the intemutional spplicutiun us published by the Intermnstione] Burasw va 21 October 2004 (21.10.2004} under
No. WO 2004009960

D copy ol inkamnutional upplication s republishad hy the Intermutions] Burcau on under
No, WO

Yor un cxplanation ax o the resson for this republication of the mrmutionul spplicution. reference is mude: 1o INTD codes {15), ()
ur (88 (us the 2use muy be) on the front pape of the atisched document.

The Imemational Buremu of WIPO Authorized officer
3, chemin des Colombeties
121} Geneva 20, Switzertand Ellen Moyse

Facsimile No.+41 12 740 14 35
Form PCT/AB/A 11 (January 2004)

Facsimile No.+41 22 33889 75




WRITTENOI ION OF THE International application N
INTERNATI NAL SEARCHING
AUTH RITY (SEPARATE SHEET) PCT/EP 0

A

Re tam V1.
8. CERTAIN PUBLISHED DOCUMENTS (Rules 64.3 and 70.10 PCT).

8.1 D1 and D2 disclose synthetic methods, which fall within the scope of claim 1 (see
point 1.1 above). These documents have been published on 24.04.2003 and
relate to International Patent Applications, which have been filed on 17.10.2002
and claim the priority dates of 19.10.2001 and 05.04.2002.

Re item Vil.

9.1 Contrary to the requirements of Rule 5.1(a){ii) PCT, the relevant background art
disclosed in the documents D1, D2 and D5-D7 is not mentioned in the descriptior
nor are these documents identified therein.

9.1* In addition, D4 is not correctly identified in the description on page 2, line 1 (see
the wrong page number for this document).

Re ltem VIIL.
10. CLARITY (Art. 6 PCT).

10.1 It is clear from the description on page 14 {see lines 10-13) that acidic conditions
for Peterson elimination (see step b) of claim 1) are essential in order to obtain th
trans double bond characterizing the desired cyclosporin analogue (E)-ISA 247.
The acidic conditions for the Peterson elimination are therefore among the featun
essential to the definition of the invention. Since independent claim 1 does not
contain these features it does not meet the requirement following from Article 6
PCT taken in combination with Rule 6.3(b) PCT that any independent claim must
contain all the technical features essential to the definition of the invention.

Form PCT/Separais Eheet/237 (Shest 10) (EPO-January 2004)
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the prior art as reactants for the addition reaction with aldehydes (see D5, point
1.4 above, and paint 1.12 above).

The choice of the methyl groups for the dialkyl-tartrate moiety is therefore to be
considered a selection among equivalent alternatives, i.e. lower alkyl groups,
which come within the customary practice followed by the skilled person. Such a
selection can only be regarded as inventive, if it presents unexpected effects or
properties in relation to the other possibiiities. No such effects or properties are
indicated in the application, and therefore no inventive step is present in the
subject-matter of claim 28.

7. INDUSTRIAL APPLICABILITY (Art. 33(4) PCT).

7.1 Claims 1-22 relate to methods of producing a cyclosporin analogue, which can be
applied in the pharmaceutical industry. Hence, the subject-matter of these claims
is to be considered industrially applicable according to article 33(4) PCT.

7.2 Claims 23-28 relate to chemical compounds and methods for their preparation.
Said compounds and methods can be made or used in industrial processes, e.g-
for the synthesis of cyclosporin analogues, and therefore the subject-matter of
these claims is to be considered industrially applicable according to article 33(4)
PCT.

Form PCT/Separuie Sheet/237 (Shest 8) (EPO-Janumry 2004)
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4.4* (to claim 23) the hydrolysis of boronic acid esters comes within the customary
practice of the skilled person;

4.4° (to claim 25) the prior art discloses the esterification of boronic acids with
diethanolamine (see for example point 1.13 above);

4.4° (to claim 27) the skilled person would have considered allylboron-trifiuoride
derivatives for solving the problem posed (see paragraph 6 below).

5. INVENTIVE STEP (Ast. 33(3) PCT) **** Non-Unity Subject 3 ****.

5.1 Following the observation of point 4.1 above, the problem to be solved can be
regarded as the provision of an alternative 1-{trimethyisilyl)-propene-3-boron
organometallic compound as reagent for introducing a diene group on an
akiehyde functionality.

5.2 The solution proposed in claim 26, i.e. boron-trifluoride, cannot be considered as
involving any inventive step because the addition reaction between allylboron-
trifluoride compounds and aldehydes is known (see point 1.10 above). Moreover,
this reaction also occurs in the presenca of substituents on the distal carbon of th
allylic doubie bond {(see the reaction involving the crothyl moiety). Hence, the
skilled person would have considered to modify the 1-(trimethyisllyl)-propene-3-
boronate esters of D4 and D5 into the corresponding boron-trifiuoride derivativas
in order to solve the problem posed, thereby obtaining an organometallic
compound according to claim 26.

For this reason, the subject-matter of claim 26 does not involve any inventive ste;
over D4 or D5 in combination with D10 and/or D11.

6. INVENTIVE STEP (Art. 33(3) PCT) *** Non-Unity Subject 4 *=**.

6.1 Following the observation of point 4.1 above, the problem to be soived can be
regarded as the provision of an alternative 1-(trimethyisilyl)-propene-3-boronate
ester as reagent for introducing a diene group on an aldehyde functionality.

6.2 The solution proposed consists in the dimethyl-tartrate ester or the allylboron

derivative and cannot be considerad as involving any inventive step because
dialkyl-tartrate esters of the same organometallic reagent have been disclosed in

Form PCT/Separate Sheet'237 (Sheet 8) (EPO-January 2004)
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4. INVENTIVE STEP (Anrt. 33(3) PCT) "™ Non-Unity Subject 2 =*. “

4.1 D4 and D5 can independently be considered as representing the relevant state of
the art because they discloses 1-(trimethyisilyl)-propene-3-boronate esters as
reactants for introducing & diene group on an akiehyde functionality by means of:
(i) the addition reaction between said akiehyde and the allylboron moisty, and (ii)
the successive elimination reaction involving the trimethyisilyt group. The
organometallic compound of claim 24 differs in that it corresponds to the boronats
ester of diethanolamine, rather than a boronate ester of pinacol or dialkyl-tartrate.

4.2 The problem to be solved can therefore be regarded as the provision of an
altemative 1-(trimethyisilyl)-propene-3-boronate ester as reagent for introducing a
diene group on an akiehyde functionality, eventually by converting it to an other
1-(trimethylisilyl)-propene-3-boron reactant.

4.3 Having regards to the reaction scheme (see for example D4), the boron
substituents other than the allyl moiety are not invoived in the addition reaction
with the aldehyde. These are cleaved, together with the boron atom, before the
successive reaction step takes place. Accordingly, the skilled person woulkd have
considered the nature of these substituents, i.e. the structure of the alcohol moiet
forming the allylboronate ester, as not essential for the reaction. The skilled
person would therefore have attempted to modify the allylboronate esters of D4
and D5 by replacing the pinacol or dialkyl-tarirate moiety with any of the alcohol
moleties known to form allylboronate esters in order to solve the problem posed.
For example, he could have considered the diethylamino group of the
allylboronate ester disclosed in D9, thereby obtaining an organometaliic
compound according to claim 24. Hence, the claimed subject-maiter is to be
considered as the result of a the selection of diethanolamine among known
alcohol moieties for allylboronate esters. Such a selection can only be regarded &
inventive, if it presents unexpected effects or properties. No such effects or
properties are indicated in the application and therefore the subject-matter of
claim 24 does not involve any inventive step over D4 or D5, eventually in
combination with D9.

44 Claims 23, 25 and 27 do not contain any features which, in combination with the

featuras of the compound of claim 24, to which they refer, meet the requirements
of the PCT in respect of inventive step, because:

Form PCT/Sepanyte Sheet/237 (Sheet 7) (EPO-January 2004)
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3. INVENTIVE STEP (An. 33(3) PCT) **** Non-Unity Subject 1 ***.

3.1 As indicated on page 1 of the present application (see lines 8-11), the cyclosporin
analogue (E)-ISA 247 is known. This has been produced by means of a synthetic
method, which differs from the claimed subject-matter in that it does not invoive
the use of any of the 1-{trimethylsilyl)-propene organometallic compounds of clain
1 (see point 1.3 above).

3.2 In view of that, the problem to be solved can be regarded as the provision of an
altemative process for the preparation of this cyclosporin analogue.

3.3 The soiution proposed in claim 1 of the present application cannot be considered
as involving any inventive step because the use of 1-(trimethyisilyl)-propene
organometallic synthetic fragments for attaching a terminal diene onto an
aldehyde functionality is of customary practice in the synthesis of organic
compounds (see points 1.4 and 1.6 above). Any of the allylating reagents of clair
1 is therefore to be considered a selection of a specific reagent structure among
the 1-(trimethyisilyl)-propene organometallic compound disclosed in the prior art ¢
similar equivalent synthetic fragments. Such a selection can only be regarded as
inventive, if it presents unexpected effects or properties. However, no such effect:
or properties are indicated in the application. Hence, no inventive step is present
in the subject-matter of claim 1.

3.3" Moreover, such unexpected effects or properties should be the same for all the
different reagents of claim 1 in order to have a unifying technical relationship
among these different reagents (Rule 13.1 and 13.2 PCT).

3.4 Dependent claims 2-22 do not contain any features which, in combination with th
features of any claim to which they refer, meet the requirements of the PCT in
raspect of inventive step because they relate to embodiments which comes withir
the customary practice of the skilled person and do not lead to any unexpected
effect or property, given the disclosure of the cited prior art (see points 1.4 and 1.
above).

Form PCT/Separxie Sheet/237 {Shest 8) (EPO-January 2004)
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2. NOVELTY (Art. 33(2) PCT).

*** Non-Unity Subject 1 ****

2.1 The subject-matter of claims 1-22 is novel because the available prior art does nc
disclose any process for the synthesis of the cyclosporin analogue (E)-ISA 247 by
means of a 1-(trimethylsilyl)-propene organometallic compound as claimed. For
example, the methods for producing cyclosporin analogues disclosed in D3 and
D6 differ in that triphenylphosphonium reagents are used (see points 1.3 and 1.8
above).

*** Non-Unity Subject2 ™™

2.2 The subject-matter of claim 24 is novel because-none of the avallable prior art
documents discloses the claimed compound of formula (V), namely diethylamine
1-(trimethyisilyl)-propene-3-boronate ester. The prior art only discloses similar
boronate esters, which lack the trimethyisilyl substituent (see for exampie point 1.
above).

2.2" The subject-matter of claims 23, 25 and 27 is also novel for the same reason.
These claims relates to the preparation of the novel compound of formula (V) anc
its conversion to other 1-{trimethylsityl)-propene-3-boron esters.

= Non-Unity Subject 3 ™**

2.3 The subject-matter of claim 26 is novel becauss the avallable prior art does not
disclose the claimed compound of formula (VI), namely potassium 1-
(trimethyisilyl)-propene-3-boron-trifluaride. The potassium allylboron-trifluoride
derivatives disclosed in D10 and D11 differ in that the trimethylsilyl substituent is
missing {see point 1.10 above).

**** Non-Unity Subject 4 =

2.4 The subject-matter of claim 28 is novel over the dialkyl-tartrate 1-(trimethyisilyl)-
propene-3-boronate esters, which are disclosed in the available prior art, in view «
the methyl groups of the tartrate ester moiety. Indeed, the known dialkyl-tartrate 1
(trimethyisilyl)-propene-3-boronate esters are diethyl- or diisopropyl-tartrate
derivatives (see points 1.5 and 1.12 above).

Form PCT/Separwie Sheet/237 (Sheet 5) (EPO-January 2004)
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1.4 D4 and D5 disclose pinacol and diisopropyt-tartrate

1-(trimethylsilyl}-propene-3-boronate esters as reactants for the addition reaction
with aldehyde functionalities to produce substituted allyl groups, which are then
converted to dienes by means of Peterson elimination (see: D4, the abstract and
the reaction scheme on page 2751; D5, page 11, line 28 to page 12, line 34 and
figure 5).

1.6 D6 and D7 disclose organometallic compounds, which are obtained by contacting
the 1-(trimethylsilyl)-propene carbanion with triethyl-aluminium or tetraisopropyl
orthotitanate, as aldehyde-reactive synthetic fragments for introducing allyl group
in the synthesis of arganic compounds. The conversion of such an allyl group to 1
terminal diene is also suggested (see D6, reaction equation 2 on page 4598 and
equation 3 on page 4599; D7, paragraph joining pages 1449 and 1450).

1.8 D8 discloses the cyclosporin analogue (Z)-ISA 247 and a method for its
production involving ally-triphenyiphosphonium reagents (see compound 1.24 or
page 8, compound 6.3 on page 23 and example E).

1.9 D9 discloses tetrahydro-2-(2-propenyl)}-4H-1,3,6,2-Dioxazaborocine, i.e. the estet
of 1-{trimethyisilyl)-propene-3-boronate and diethanolamine, among allylborane
reactants for a substitution reaction (see the last reaction scheme on page 3 and
lines 52-54 on page 4).

1.10 D10 and D11 disclose the addition reaction of allyltrifluoroborates with alkdehydes
in organic and biphasic media and the preparation of the allylboron reactants fror
the comresponding boric acids (see: D10, tables 1-2 and scheme 2; D11, tables 2
and 3).

1.12 D12 discloses the diethyl-tartrate 1-(trimethylisilyl)-propene-3-boronate ester as
reactants for the addition reaction with akiehydes (see compounds 15-17 of the
reaction scheme on page 1583).

1.13 D13 discloses the preparation of boronate esters from the corresponding acid. In
particular, the boronic acid ester of diethanolamine is prepared (see page 1486,

third paragraph).
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Re Item V.
1. DOGUMENTS.
The following documents are referred to in this communication:

WO 03/033527 A;

WO 03/033526 A;

WO 99/18120 A;

Tsai D. J. S. et Matteson D. S., Tetrahedron Leit (1981) vol. 22, no. 29,

pages 2751-2752;

WO 88/48791 A;

Yamamoto Y. et Al., Tetrahedron Lett (1982) vol. 23, no. 44, pages 4597-

4600;

: Reetz M. T. et Al., Chemische Berichte (1985) vol. 118, no. 4, pages 1441-
1454;

D8: EP0296122 A;

D9: EP1291347 A;

D10: Batey R. A. et Al., Tetrahedron Lett. (1999) vol. 40, pages 42894292,

D11: Thadani A. N. et Al., Organic Lett. (2002) vol. 4, no. 22, pages 3827-3830;

D12: Marron T. G. et Al., Tetrahedron Lett. (1995) vol. 36, pages 1581-1584,

D13: Rathke M. W. et Al., J.Org.Chem. (1976) vol 122, pages 145-149.

§8 B8RS

g

1.1 D1 and D2 disclose the cyclosporin analogue (E)-ISA 247 and processes for its
preparation, which involve: (i) the addition reaction between the corresponding
cyclosporin aldehyde and 1-(trimethylsilyl)-propene-boron compounds, and (i) the
Peterson elimination reaction to obtain the terminal diene group (see D1: page
21, line 30 to page 26, line 23; page 40, line 23 to page 41, line 4; figures 2A,5,6
and 12 and D2: page 31, second paragraph; page 52, third paragraph; figures
2A,5,8 and 12).
in particular, the pinacol 1-(trimethyisilyl)-propene-boronate ester is used.

1.3 D3 discloses the deuterated cyclosporin analogue (E)-ISA 247 and a process for
its preparation, which invoives two successive addition reactions between a
cyclosporin aldehyde derivative and a triphenylphosphonium compound (see
figure 4 and examples 5 and 7).
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U.4 Accordingly, the synthetic methods of claim 1-22 and each of the different 1-
(trimethyisilyl)-propene-3-baron compounds of claims 23-28 relate to separate

inventions, which are not so linked as to form a single general inventive concept.

U.4* Subject 1: claims 1-22.
Methods for the preparation of (E)-ISA 247 by means of the addition reactio
between a cyclosporin-alkdehyde derivative and a 1-(trimethyigilyt)-propen-3-
yl organometallic compound, followed by Peterson elimination.

U.4" Subject 2: claims 23-25 and 27.
Diethanolemine 1-(trimethyisilyl)-propene-3-boronate ester, its preparation
and conversion 1o other 1-(trimethyisilyl)-propene-3-boron compounds.

U.4° Subject 3: claim 26.
Potassium 1-(trimethylsilyl)-propene-3-boron-trifluoride.

U.4° Subject 4: claim 28.
Dimethyl-tartrate 1-(trimethyisilyl)-propene-3-boronate ester.
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Re item II. ME’

P. PRIORITY (Rule 64({1)(b)(ii)).

P.1 The priority document, namely the European Application EP03008721, does not
disclose any of the specific embodiments relating to the choice of the solvents an
solvent mixtures of present claims 16-19. Hence, the priority date of 08.04.2003
cannct be accorded to the subject-matter of these claims.

P.2 The priority date appears to be validly claimed for the subject-matter of claims 1-
15 and 20-28.

Re item IV.
U. UNITY (Rule 13.1 PCT).

U.1 The common concept, which would link together the subject-matter of claims 1-22
and claims 23-28, is the 1-(trimethyisilyl)-propen-3-yi structure of the
organometalfic compound.

U.1* This is not a single inventive concept according to Rule 13.1 PCT because it is nc
novel in view of the 1-(trimethyisilyl)-propene-3-boronate esters and the 1-
(trimethylsilyl)-propene-3-aluminlum/Aitanium eompounds disclosed in the prior arl
(see points 1.4 and 1.6 below). In particular, these boronate esters and
organometallic compounds are disclosed as synthetic fragments that react with
aldehydes and produce substituted allyl groups, which are eventually converted &
the comresponding dienes.

U.1° A lack of unity "a posteriori® is therefore indicated.

U.3 The subject-matter of claims 1-22 is further characterized by the specific use of
the 1-(trimethylsilyl)-propen-3-yl organometallic species for the preparation of the
cyclosporin analogue (E)-ISA 247, whereas the subject-matter of claims 23-28 is
further characterized by the substituents around the boron atom.

U.3* In view of the prior art and the different characterizing features, there is no
common technical relationship among the subject-matter of claims 1-22 and 23-2
involving one or more of the technical features, to which an inventive step could
be addressed (Rule 13.2 PCT).
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Box No.V Reasoned statement under Rule 43bis.1(a){) with regard to novelity, inventive step o
industrial epplicsbliity; citations and explanations supporting such statement
1. Statement
Novelly (N) Yes: Claims 1-28
No: Claims -
Inventive atep (IS) Yes: Claims -
No: Claims 1-28
industrial applicability (IA) Yes: Claims 1-28

No: Clams -

2. Citations and explanations
800 separais sheet

Box No. VI  Certaln documents cited

1. Certaln published documents (Rules 43bis.1 and 70.10)
and /or

2. Non-written disclosures (Rules 43bis.1 and 70.9)
see form 210

Box No. VIl  Ceriain defects in the International application
The following defects in the form or contents of the intemational application have been noted:
soo separaie sheet

Bax No. Vil Certain obsarvations on the intornational appiication

The following observationa on the clarity of the claims, description, and drawings or on the question whethe
ciaims are fully supported by the deacription, are made:
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Box No. Il Priority
1. 00 The following document has not been fumnished:
O copy of the earlier application whose priority has been claimed (Rule 43bis.1 and 68.7(a)).

O translation of the earller application whose priority has been claimed (Rule 43bis.1 and 88.7(

Cansequently it has not been possible to conaider the validity of the priority claim. This opinion has
nevertheless been established on the assumption that the relevant date ia the claimed priority dats.

2. 00 This opinion has been established as if no priority had been claimed due to the fact that the priority «
has been found invalid (Rules 43bis.1 and 84.1). Thus for the purposes of this opinion, the intematic
filing date indicated above is considerad to be the relevant date.

3. Additional obeervations, if necessary:

200 separate sheet

Box No. IV Lack of unity of invention
1. B  In reaponse o the invitation (Form PCTASA208) to pay additional fees, the appiicant has:
B paid additional fees.
O paid additional fees under protest.
O not pak additional fees.

2. O This Authority found that the requirement of unity of invention is not complied with and chose not to
the applicant to pay additional fees.

3. This Authority consiiers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 an

O complied with
B not complied with for the following reasons:
800 soparate sheet
4. Consequently, this report has heen established in respect of the following parte of the imemational applk
B all parts.
O the parts relating to claims Noa.

Form PCTAPEA/237 (January 2004)
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Box No.| Basis of the opinion

1. With regard to the language, this opinion has bean established on the basis of the intemational applicati
the language in which it was field, unlegs otherwise indicated under this item.

0 This opinion has been esiablished on the basis of a translation from the original language into the fo
age , which is the language of a transiation fumished for the purposes of intemational searc)
{under Rules 12.3 and 23.1(b)).

2. With regard i any nuclectide andibr amino acld sequence disclosed in the international application as
necessary to the claimed invention, this opinion has been eatablished on the basis of:

a. type of material:

B asequence listing
O table(s) related to the sequence Lsting

b. format of material:
O in written format
O in computsr readabile form

c. time of fllingéumishing:
0 contained in the intemational application as filed.
O filed together with the intemational application in computer readable form.
O tumished subsequently to this Authority for the purposes of search.

3. O In addition, in the case that more than one version or copy of a sequence listing andbr table relating

has been flled or fumished, the required statements that the Information in the subsequent or additi
coples I8 identical to that in the application as filed or doas not go beyond the application as filed, as

appropriate, were fumished.
4. Additional comments:
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Date of maling
(dapinanthirar) sse form PCTASAZ10 (second shest)
Applicant’s or agens fie refersnce FOR FURTHER ACTION
see form PCTASA220 See paragraph 2 below
intamational appication No. intemasional filng Gae (Gaydnonthyear) Priortty dete (deyionthyear)
PCT/EP2004003504 02.04 2004 08.04.2003
Insmational Pxient Classification {IPC) or both national classificetion and IPC
CO7K784, CO7F502
Applicant

F. HOFFMANN-LA ROCHE AG

& BoxNo.1  Basis of the opinion

@ BoxNo.ll  Priority

[ Box No. Ili

B BoxNo.IV Lack of unity of invention
E Box No.V

& BoxNo.VlI Certain documents clted

will not be so considerad.

whichever expires later.
For further options, see Form PCTASA220.
3. Forfurther detalls, see notes to Form PCTASAZ20.

1. This opinion contains indications refating to the following items:

Non-establishment of opinion with regard to novelty, inventive step and industrial applicabiiity

Reasoned statement under Rule 43his.1{a)(l) with regard to novelty, Inventive step or indusiria
applicabiilly; clitetions and expianations supporting

such stxtement

B Box No. VIl Certain defects in the intemational epplication
B Box No. Vill Certain obssrvations on the international application

if a demand for Intsmational preliminary examination Is made, this opinion will usually ba considered to be a
written opinion of the inlemational Preliminary Examining
the applicant chooses an Authority other than this cne to
international Bursau under Rule 68.1bis(b) that written opinions of this International Searching Authority

Aullnﬂg(‘lPEA'). Howeves, this does not when
be the {PEA and the chosen [PEA hunaﬂ‘:gpﬂ'l,-

i this opinion Is, as provided above, corskiered 1o be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of three
morntha from the date of malling of Form PCTASAZ20 or before the expiration of 22 montha from the priorlly dats

Name and maling address of the ISA:

Ewopesn Patent Ofice

D-80208 Munich

Tel. +49 80 2389 - 0 Tx: 523656 epmu d
Fax: +40 89 2309 - 44853

Fausti, S
Telsphona No. +49 89 2309-7380
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BoxNo. IV  Text of the abstract (Continuation of tem 5 of the first sheet)
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Y BATEY R A ET AL: "Potassium Allyl- and
Crotyltrifluoroborates: Stable and
Efficient Agents for Allylation and
Crotylation®

TETRAHEDRON LETTERS, ELSEVIER SCIENCE
PUBLISHERS, AMSTERDAM, NL,

vol. 40, no. 23, 4 June 1999 (1999-06-04),
pages 4289-4292, XP004164628

ISSN: 0040-4039

tables 1-2; scheme 2

Y THADANI AVINASH N ET AL: "A mild protocol
for allylation and highly
diastereoselective syn or anti1 crotylation
of aldehydes in biphasic and aqueous media
ut1lizing potassium allyl- and
crotyltrifluoroborates.”

ORGANIC LETTERS. 31 OCT 2002,

vol. 4, no. 22,

31 October 2002 (2002-10-31), pages
3827-3830, XP002296391

ISSN: 1523-7060

tables 2 and 3

Y MARRON T 6 ET AL: "Diastereoselective
Synthesis of N-Benzoyl Mycalamine, the
Fully Elaborated Trioxadecalin Nucleus of
Mycalamide A. Control of the Key N-Acyl
Aminal Stereocenter via Carbamate
Acylation® ---

TETRAHEDRON LETTERS, ELSEVIER SCIENCE
PUBLISHERS, AMSTERDAM, NL,

vol. 36, no. 10,

6 March 1995 (1995-03-06), pages
1581-1584, XP004028537

ISSN: 0040-4039

cited in the application

page 1583, the compounds 15-17 and the
corresponding reaction scheme

Y RATHKE, M. R.; CHAO, E.; WU, G.: "The
preparation and reactions of esters of
dichloromethaneboronic acid”

JOURNAL OF ORGANOMETALLIC CHEMISTRY,
vol. 122, no. 2, 1976, pages 145~149,
XP002296392

page 146, third paragraph

26, 27\99,

26

25
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TSAI DJ S ET AL: "A STEREO CONTROLLED
SYNTHESIS OF Z AND E TERMINAL DIENES FROM
PINACOL E-1 TRI METHYLSILYL-1
PROPENE-3-BORONATE"

TETRAHEDRON LETTERS,

vol. 22, no. 29, 1981, pages 2751-2752,
XP002288404

ISSN: 0040-4039

cited 1n the appiication

abstract; reaction scheme on page 2751

NO 98/48791 A (YANG GE ; MYLES DAVID C
(US); HARRIED SCOTT S (US); UNIV
CALIFORNIA (U)

5 November 1998 (1998-11-05)

page 11, 1ine 28 - page 12, 1ine 34;
figure 5

YAMAMOTO, YOSHINORI ET AL: “Regforeversed
reactions of the trimethylsilyl or
phenylseleny! allylic carbanion with
carbonyl compounds via allylic aluminum
"ate" complexes”

TETRAHEDRON LETTERS , 23(44), 4597-600
CODEN: TELEAY; ISSN: 0040-4039, 1982,
XP002288405

reaction equation 2 on page 4598 and
equation 3 on page 4599

MANFRED T REETZ ET AL: "Stereoselective
addition of organotitanium reagents to
carbony! compounds"

CHEMISCHE BERICHTE, VERLAG CHEMIE GMBH.
WEINHEIN, DE,

vol. 118, no. 4, 1985, pages 1441-1454,
XP002117771

ISSN: 0009-2940

paragraph joining pages 1449 and 1450

EP 0 296 122 A (SANDOZ AG ; SANDOZ AG
(CH); SANDOZ A6 (DE))

21 December. 1988 (1988-12-21)

page B,aline 50; examples E,F; compounds
1.24,6.

EP 1 291 347 A (CLARIANT GMBH)

12 March 2003 (2003-03-12)

page 3, the last reaction scheme; page 4,
1ines 52-54

-f—

1-27 l%(g

1-28

1-22

1-22

23-25,27
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inemational Application No. PCT/EP2004 1

FURTHER INFORMATION CONTINUED FROM  PCTASA/ 210

This International Searching Authority found multiple (groups of) \%v\
inventions in this international application, as follows:

1. claims: 1-22

Methods for the preparation of (E)-ISA 247 by means of the
addition reaction between a cyclosporin-aldehyde derivative
and a 1-(trimethylsilyl)-propen-3-y1 organcmetallic
compound, followed by Peterson elimination.

2. claims: 23-25 and 27
Diethanolamine 1-(trimethylsilyl)-propene-3-boronate ester,
1ts preparation and conversion to other
1-(trimethy1s{1yl)-propene-3-boron compounds.

3. claim: 26

Potassium 1-(trimethylsi1yl)-propene-3-boron-trifluoride.

4. claim: 28

dimethyltartrate 1-(trimethylsilyl)-propene-3-boronate
ester.




1 (&

Box Il Observatios.. where certain clains were found unssarcha. . (Coniinuation of lem 2 of firet shest)

This intemnational Ssarch Report hes not been estahlished in respect of certain clalms under Article 17(2){a) for the reaeons:;

)

1. D Claims Nos.:
bacause they ralate to subject matier not raquined to be searchad by this Authorlty, namely:

| imemational Search can be camied out, speciiically:

8. D Claims Naa:
bacause they an dependent ciaime and amne not drafied n accordance with #he secand end third sentences of Fule §.4(a).

Box I Obeervations where unity of invention ls lacking (Coniinuation of Rem 3 of first shest)

Thia intemationai Searching Authority found multipis inventiona In this inametional eppiication, as foliows:

see additional sheet

1. As all requined acditional ssarch fegs were timsly paid by the appicant, this international Sasrch Report covers all
starchable claime.

2 [:]AlllIunmﬂulﬁhhucnudh.lﬂﬁt.duﬂhﬂtdtﬂ]ﬂl&Mulnltlhulh.thAuhquddnmhwhlpnmnm
of any actditional tes.
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Remark on Protest ' [:]1hnamlhnu-uuhnnnumanunmpnnubymannmnuwhnuu-
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INTERNATIONAL SEARCH REPORT
(PCT Astice 18 and Rules 43 and 44)

A

Appicarts or agent fle reference FOR FURTHER a0 Form PCTIGA/ZZD

Case 21711 ACTION a5 well as, where applicabls, ttem 5 below.
Intematione] appiication No. imsmettional fllng date (daymontivyear) {Eariest) Priority Dete (day/monthyeas)
PCT/EP2004/003504 02/04/2004 08/04/2003
Applosnt

F. HOFFMANN-LA ROCHE AG

mational Bearch this intemational Authorlly and is tranamilind
T S R e ke ote aptes

This intamational Search Raport conshsts of & total of -] shests.
EI k Is also accompaniad by a copy of each prior art document citad In this report.

1. Basis of the report

o With regard 1o the language, the intemational search was castiad out on the basias of tha intemational application tn the
language In which It wes fled, uniesa otherwiss indicated undar this kem.

The intermational search waa camied out on the basis of a tranalation of the intemational application fumished to
D this Authorlty (Rule 23.1(b)).

b |:| With regard to any nuoisotide and/or amino scid sequence disciosad In the intemational application, see Box No, |
2 [[] Cortaincisims were found unsesrchable (See Box If).
8 [X] unityofinvention ia lacking {see Box Ii).

4. With regard 1o the tite,
[] thetextis approved as submitisd by the applicant
[X] thetsat hes boun sstablished by this Authortty to read as follows:

5. With regard io the abstract,
[] thetsxtis approved as submitiad by tha appiicant.

the text has been asteblished, according to Rule 38.2(b), by this Auth It appears In Box No, IV. The applicant
x] ey within ons month from the dats of inaling of th ot W'r:pom-QOmmmny

8. With regarda to the deawings,
a. the figurs of the drewings trbe published with the abatract s Figure No.
[] = sugoestsd by the appiicant.
[[]  esseiectsd by thia Authority, because the appiicant falisd 1o suggest a figure.
[] =nssiectad by this Autharity, becausa this figure bettar characterizes the invention,
b- [] noneof the figures is to ba published with the sbetract

PROCESS FOR PREPARATION OF CYCLOBEORIN "A" AMALOGUEE HAVING A TERMINAL DIENE GRO

Form PCTASA/210 (first sheet) {January 2004)
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NOTES TO FORM PCT/ISA/220 [ % \

These Notes are intanded fo give the basic instructions concaming the filing of amandmentis under article 18. Tha
Notes are based on the requirements of the Patert Coopenation Treaty, the lations and the Administrative instructions
under that Trealy. In casa of discrepancy beiwean thesa Notes end those requiements, the latier ere applicable. For more
detallad information, see also the PCT Applicanr’s Gudde, a publication of WIPO.

In these Nots, "Article”, "Rule”, and “Section” refer to the provisiona of the PCT, the PCT Regulations and the PCT
MHIMWIMMMW

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having recelved the Intemational search report and the writien oplnion of the Intsmational
Searching Authority, one opportunity to amend the elalms of the intemational tion. It should however be emphastzed

thet, since all paris of the Intamational application {claima.deacription and drewinga) may be amanded during the
intsmational prefiminary examinatien procadure, there ks mmnmmmmmummw
axept where, o.g. the applicant wanis the latter to be for the purposas of provisional protection or has ancther
reason for amsnding the claims before intemational jon. Furthermore, it shoulkd be emphasizad that provisional
protection s avaliable in some Statss only (see Applicant’s Guids, Annaxas B1 and B2).

The attention of the Is drewn io the fact that amendmenis to the claima under Articie 16 are not allowed whare
the intamational Aﬂnwm.mmwmmmmmmmuh
established (ase PCT Volume VA, paragraph 288).

What parte of the Intemational application may be amended?
Undar Articie 19, only the claims may be amended.

mmuhmmm.umﬂymumwmmmmmum
the International Preliminary Examining Authority. The description and drawings mey only be amended under
Article 34 bafore the Intemational Examining Authority.

Upunomymhnlﬂunlpl'ma afl parts of the Intemational epplication may be amendad under Article 28
or, whare epplicable, Article

When? Wihin 2 months from the date of transmitial of the Intamational search report or 16 morths from the priorty
ciate, whichever time imit axpires Iater. it should bs noted, however, that the amendments will be considered
nhMMMmﬂmHMmMWhlmmmwhmd
wrmmmhmphﬂmdhhdnHMﬁmm

Whare not to flls the amendmants?

The amendments may only be flad with the intemstional Bureau and not with the receiving Office or the
Intemational Ssarching Authority (Rule 46.2).

Where a demand for intsmational prefiminary ecamination has been/is filed, see betow.

How? Elther by cancefiing one or more entire clalims, by adkiing ane or more new clalms or by amending the text of
one of more of the claims aa flled.

AMMmmmmmmmunmm on account of an amendment or
amendmants, dilfers from the sheet originally iled.

Al the claims appearing on a replacement shest must be numbered in Arabic numerls. Where a claim s
cancefied, no renumbering of the other claims Is required. In all cases wheve claims are renumbared, they must
be rsnumbered consacutively (Adminlatraiive instructions, Section 205(b)).

The amendments must be mada In the language tn which the international application |s to be publishad.

What documenis musi/may accompeny the amsndmanta?
Latter (Section 205({b)):
The amendments must be submittad with a leftter.

The letter will nat be published with the intamational appiication and the amendad claims. it should not be
curﬂundvvlﬁﬂn'sulmamundlkﬂde 18{1)" (eee below, under "Btatement under Article 19(1)").

TholomrmullhhindllhorFrlneh.lthdloluulmo leant. However, i the language of the
wmnhsnﬂhh , the letter must be in ;Illlnllwoﬂh.lm-mlhmllpﬂluﬂnn
Is Franch, the be in French.

Notes to Form PGT/ISA220 (first sheet) (January 2004)



PATENT COOPERATION TREATY

NOCKETED

From the INTERNATIONAL SEARCHING AUTHORITY

Ta:
¢ NOTIFICATION OF TRANSMITTAL OF

Orlentierung Uus

KJELLEAA-BERGER, Hanny THE INTERNATIONAL SEARCH REPORT AND
124 Grenzacherstrasse \ ;HEAEH\?;EIILTGEH U‘?I'ngh% OSH-ITEI g'l;:l;ERNATIO_I?gL
CH-4070 Basle 9‘/\. , OR CLARATION
BWITZERLAND Frist: [g.”-OL'L/

15,12 .oy/%

F. HOFFMANN-LA ROCHE AG

E] (PCT Rule 44.1)

Date of maling
(deyimonthviear) 15 710/2004

Applicant's or agen{s file reference

Case 311.10: 2652, PCT FOR FURTHERACTION  See paragrephs 1 and 4 below

intermartional application No. international fiing Gate

PCT/EP2004/003504 (deymonthiyeer)  02/04/2004

Applloart

1. Tha sppiicant is hereby notifisd that the insmational ssarch report and the written opinion of the lmemmations! Searching

Filng of amendments and ststlamant under Article 19:
The applicant la antitad, if he 30 wishes, 10 amend the cleims of the Intemational Appiication (sea Rule 46):

Whan? The time fmit for such amendments is normally 2 months from the dete of tranamittal of the
Imemational Search however, for more detafis, see the noiea on the accompanying sheet.

Where? Dlrecty tothe Inmmationsl Bursau of WIPO, 34 chemin des Colombetten
1211 Ganeves 20, Switzariand, Fascimlle No.: (41-22) 740.14.35

For more detallad Instructions, soe the notse on the accompanying sheet.

2 [] The appllcantis hereby notified that no intemational search report will be established and that the declarstion urder
Article 17(2)(a) to that effect and the written opinion of the Infsmtional Searching Authority are tnsmitisd hergwith.

3. El With regard to the protest against payment of (an) addilional fee{s) under Ruls 40.2, the applicant is notifled that:

the together with the decislon thereon has besn tranamitiad to the Intamational Bursay together with the
D mmmwhmdhmdmmmwhmMnmhMmdm.

[] o decialon tme been made yet on the proest; the applicant will be notified as soon as & declsion Is made.

4. Reminders
Shortly after the expiration of 18 montha from the priorfty date, the intemaiional epplication will be publishad by the
Irsmational Bureau. If the applicant wishes to of paktpons publication, a of withdrewal of the intamational
application, or of the priority cleim, must reach the intemational Bureau as provided In Rules 80biiz.1 and 80hie3, respectively,
bedore the compistion of the technical preperations for intamatlonal publication.

The epplicant may submit commanis an & informal basis on the writtan opinion of the intemational Searching Authortty to the
immmational Bursau. The Intemational Bursau wil eend a copy of such comments to all designated Offices uniess an
intumational preliminary examination report has been or ia o ba established. Thase comments woul also be made avaliable to
the public but not befors the expiration of 30 months from the prorily date.

Within 19 montha from the priority date, but only In respect of some designated Offices, a demand for intamational preliminesy
e i sioma Officen avan iy hariue, o Soplcait Mt wikin 20 uontha ram e prcey caie. petie the priacrioed

n some aven 3 3 n 20 mo » X
mgrmmuﬁmm nated Offices.

hmﬁdﬂmdﬂhmﬁd%hﬂmmdlﬂm {or later) will apply even if no deman |s fled within 19
mo

Sag the Annex to Form PCT/IR/301 and, for detalls about the applicable time Emits, Office by Office, ses the PCT Applicantd
Guids, Volume |l, National Chapteie and the WIPO intemet site. a

Name and maliing address of the intamational Searching Authorlty | Authorizad officer

= Eurcpean Patent Office, P.B. 5818 Patentiaan 2
NL-2280 HV Rijswilk Bruno Danti
Tel. (+31-70) 340-2040, Tx. 31 851 epo nl,
Feax: (+31-70) 340-3018

Form PCTIIA220 (January 2004)  Bitte sofort Literatur im Zedo (S notes on accompanying sheet)

eintragen und Fehlendes beschaffen
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E}"‘ EWIE m \7;0{
(S (&f2] From the INTERNATIONAL BUREAU
PCT To:
NOTIFICATION OF THE RECORDING WILKS, Susan, Sutterfield
OF A CHANGE isotechnika Inc.
Suite 100
(PCT Rule 92bis.1 and maeter
Administrative Instructions, Section 422) ;1?&”::“;:5 Drive
United States of America
Dete of mafling (day/month/year)
22 September 2004 (22.09.2004)
Applicant's or sgent’s fils reference
Case 21711 IMPORTANT NOTIFICATION
international applicetion No. intamational filing date (day/month/year)
PCT/EP2004/003504 02 April 2004 (02.04.2004)
1. The following Indications appeared an record conosming:
D the appiloant D the inventor E] the agem D the common representative
Name and Addreas State a N.mm'lﬁ :h“ of mlﬂ
EJELLS?‘A;:EHGEszlianny
CH-4070 Basel
Swiharlan:i” (61) 888 20 74
" Facsimile No-
(61) 888 13 95
Teleprintsr No.

2. The Intermational Bureau hereby notifies the applicant that the following change has besn revorded conoceming:

[X] the porson [] tename [T] theuddress  [] the nationaitty [[] e residencs

Name snd Address mllv_ State of Nesidence
WILKS, Susan, Sutterfleld
igla T
ui
17301 NcirthAr:_!ealsrrznsger Drive 480 505 0540 ext3213
Scottsdale, . Facsimlis No.
United Statas of America 480 505
-ﬁhprlrmr No.

3 Further observations, if necessary:

4. A oopy of this natificstion has besn sent to:

IZI the recelving Office D the designated Offices concernad
E(] the Intsmastional Searching Authority [} the eloctsd offioss concemed
D the International Preliminary Examining Authority D other:
The| tonal B oA WO Authorized officsr
34, chamin des Colombettes Rosana REYES (Fax : 338 89 76)
1211 Geneva 20, Switzreriand
Famsimile No. (41-22) 338.88.76 Telephone No. (41-22) 338 8471

Form PCTAB/308 (March 1884) 008438420
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POWER OF ATTORNEY
{for an internatinnal appiication fled wnder the Patent Cooperation Treaty)
(PCT Rule 90.4)

The undersigned applicant(s) (Names rhould be indlicated as thay appear in the request):

ISOTECHNIKA INC.

2100 College Plaza
8215-112th Street
Edmonton, Alberta T8G 2CB
CANADA

hereby appoints (appoint) the following porson as: E agent D common repregentative

Name and address

(Family name followed by given name: for o legal erlty, fill official dexignarion. The aridress s include posiod cade and name of country. )

WILKS, Susan SUTTERFIELD, and DAY, Sharon L., of ISOTECHNIKA INC., 17301 Novth Parimeter Drive,
Sutte 100, Scotisdals, Arizona 85255, UNITED STATES OF AMERICA

10 represent the undersigned before [X] ait the competent Intemational Authorities
[] the Intemationat Searching Authority only
[[] the tntemational Preliminary Examining Autharity only

in connection with the international application identificd below:
Title of the luvention: PROCESS FOR PREPARATION OF GYCLOSPORIN A ANALOG

Applicant’s or agent's flls reference: 2650.PCT

Interaational application number (if siready avallable): PCT/EP2004/003504

flled with the following OfMcs _Europsan Patent Office us roceiving Office
and to make or recolve payments on bohalf of the underwigned.

Signature of the applicant(s) (iwher share are arvarnl appiicats, anck of thess st sign; mixt iv ench sigrature, inlicate ihs name of the parsen sigeieg and
the capacky v whish fw parsos sigas. ¥ sech copeily it not elvisws from recding the reywest or this power):

ISOTECHNIKA INC.

By:  Joseph Kozlak
Title: Exacutlve Vice President

- S&ﬁ?‘ 200Y

Form PCT/Model of power of sttomey (for a given intemational spplicstion) (July 1992)



THE INTERNATIONAL BUREAU OF WIPO

APPLICANT : ISOTECHNIKA INC.
FOR : PROCESS FOR PREPARATION OF
CYCLOSPORIN A ANALOG

INTERNATIONAL APPLICATION NO.: PCT/EP2004/003504

INTERNATIONAL FILING DATE ~ : 02 APRIL 2004
(02.04.2004)

INTERNATIONAL PRIORITY DATE : 08 APRIL 2003
(08.04.2003)

ATTORNEY DOCKET NO. : 2650.PCT

RESPONSE TO COMMUNICATION IN CASES FOR WHICH
NO OTHER FORM IS APPLICABLE

The International Bureau of WIPO
34, chemin des Colombettes

1211 Geneva 20
SWITZERLAND

Sir:

In response to the Communication in Cases For Which No Other Form Is Applicable
dated 17 AUGUST 2004 (17.08.2004), Applicent encloses herewith a Power Of Attorney,
which has been duly executed by Joseph Koziak, Executive Vice President of Isotechnika
Inc. Itis respectfully requested that the Intemnational Burean proceed with the recordal of the
requests for change of the Applicant and Agent under PCT Rule 92bis submitted to the
International Bureau on August 2, 2004, and that the undersigned be notified of the change
once the recordal has been effected.

Respectfully submitted,

Date f i Susan Sutterfield Wilks, Reg. No, 48,192
Associate General Counsel
Isotechnika Inc.

17301 North Perimeter Drive, Suite 100
Scottsdale, AZ 85255

Telephone: (480)-505-0540 (ext. 3213)
Fax: (480)-505-0545
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CERTIFICATE OF FACSIMILE TRANSMISSION

1 hereby certify that this communication is being transmitted, via facsimile 011-41-22-
338-89-75, to the International Bureau of WIPO, 34, chemin des Colombettes, 1211 Geneva
20, SWITZERLAND, on this 1% day of W 2004,

Pamela A. Matheis




IN EUR PA OFFICE
APPLICANT : ISOTECHNIKA INC.
FOR : PROCESS FOR PREPARATION OF
CYCLOSPCORIN A ANALOG

INTERNATIONAL APPLICATION NO.: PCT/EP2004/003504

INTERNATIONAL FILING DATE : 02 APRIL 2004
(02.04.2004)

INTERNATIONAL PRIORITY DATE : 08 APRIL 2003
(08.04.2003)

ATTORNEY DOCKET NO. 1 2650.PCT

RESPONSE TO TION TO PAY ADDITIONAL

Buropean Patent Office

Erhardtstrasse 27

D-80298 Mumich

GERMANY

Sir:

In response to the Jnvitation To Pay Additional Fees dated 19 AUGUST 2004
(15.08.2004) received in connection with the above-identified International application,
Applicant hereby submits the additional fee in the amount of USD $5,720.58. Applicant
further submits that the fce is being timely paid within thirty days from the mailing date of
the Invitation.

Also enclosed are copies of 2 Change In The Person Of The Applicant Under 92bis
together with a Change In The Name And Address Of The Agent Under 92bis, which were
sent, via facsimile, to the International Bureau of WIPO on Aungust 2, 2004, for recording.

A copy of this comnmunication is being forwarded to the International Bureau of
WIPO s0 that they may update their records accordingly.

Respectfully submitted,
Qupust 37,2009 St S WLl
Date Susan Sufterfield Wilks, Reg. No. 48,192
. Associste General Counsel
Isotechnika Inc.

17301 North Perimeter Drive, Suite 100
Scottsdale, AZ 85255

Telephone: (480)-505-0540 (ext. 3213)
Fax: (480)-505-0545
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CERTIFICATE OF D BY FED S

I hereby certify that the attached Response To Invitation To Pay Additional Fees,
together with enclosures, is being sent via Federal Express Label No. 7913 2592 1763 this
date, in an envelope addressed to Bruno Danti, European Patent Office, Erhardtstragse 27,
D-80298 Munich, Germany.

aﬂgz«&z?, 200y  (Rucele Q. MALR L,
Date; o Signature of Person Depositing

Federal Expreas Mail

Name: Pamela A, Matheis




inamational Appiicaion No ;
“domaion on puisck fenly mambers | PCT/EP2004/003504 \05)
Patent document Pulbiication Paient famlly Publication

cliad in ssarch repart date meambaer(o) dais

EP 0296122 A Jp 1045396 A 17-02-1989
Jp 2116212 € 06-12-1996
Jp 8032724 B 20-03-1996
P 2772372 B2 02-07-1998
JP 8048696 A 20-02-1996
KR 9710927 Bl 02-07-1997
NZ 225041 A 26-03-1991
PT 87745 A ,B 01-07-1988
sK 411791 A3 11-07-1995
us 5525590 A 11-06-1996
ZA 8804345 A 28-02-1990

Farm FCTABAION (patard farnlly snnew) Liuly 1902, reprint Jamary S004)

page 2 of 2




Patent Family Annex

" mational Applealion No

“GrREIon on petert Gy mambers | PCT/EP2004/003504 l?{V
Patant documnant Publication Paiant family Publication

clied In esarch report dale member(s) dais

WO 03033527 A 24-04-2003 WO 03033526 A2 24-04-2003
MO 03033527 A2 24-04-2003
WO 03032949 Al 24-04-2003
CA 2460685 Al 24-04-2003
CA 2461730 Al 24-04-2003
CA 2461740 Al 24-04-2003
EP 1436321 A2 14-07-2004
EP 1436322 A2 14-07-2004
EP 1435910 Al 14-07-2004
US 2003139326 Al 24-07-2003
US 2003171264 Al 11-09-2003
US 2003212249 Al 13-11-2003

MO 03033526 A 24-04-2003 WO 03033526 A2 24-04-2003
WO 03033527 A2 24-04~2003
WO 03032949 Al 24~04-2003
CA 2460685 ‘Al 24-04~2003
CA 2461730 Al 24-04~2003
cA 2461740 Al 24-04~2003
EP 1436321 A2 14-07~2004
EP 1436322 A2 14-07~2004
EP 1435910 Al 14-07~2004
US 2003139326 Al 24-07-2003
US 2003171264 Al 11-09-2003
US 2003212249 Al 13-11-2003

W0 9918120 A 15-04-1999 AU 750245 B2 11-07~2002
AU 9454298 A 27-04~1999
BR 9811716 A 18-07~2000
CA 2298572 Al 15-04~1999
CA 2372639 Al 15~04~-1999
EP 0991660 Al 12-04-2000
W0 9918120 Al 15-04-1999
JP 2001519355 T 23-10-2001
JP 2004143168 A 20-05-2004
N0 20001020 A 29-02-2000
NZ 502362 A 25-05-2001
Us 6605593 Bl 12-08-2003
US 2002132763 Al 19-09-2002

WO 9848791 A 05-11-1998 AU 7267298 A 24-11-1998
WO 9848791 Al 05-11-1998

EP 0296122 A 21-12-1988 AT 95193 T 15-10-1993
AU 614086 B2 22-08-1991
AU 1767988 A 22-12-1988
CA 1338728 C 19-11-1996
cZ 9104117 A3 17-02-1993
cY 1939 A 16-05-1997
DE 3884470 D1 04-11-1993
DE 3884470 T2 10-03-1994
DK 326588 A 18-12-1988
EP 0296122 A2 21-12-1988
ES 2059558 T3 16-11-1994
HK 152796 A 16-08-1996
HU 9500332 A3 30-10-1995
IE 62482 B1 08-02-1995
I 86751 A 27-02-1994

Farm FCTABAERS foaleni familly srn) (uly 100E; reprint Jarmpry 2004)

page 1 of 2
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imemational appiication No. \\
INVITATION TO PAY ADDITIONAL FEES PCT/EP2004/003504 \"s

1-22 and 23-28 involving one or more of the technical features to which
an inventive step could be addressed (Rule 13.2 PCT).

Accordingly, the synthetic methods of claim 1-22, and each of the
different 1-(trimethylsilyl)-propene-3-boron compounds of claims 23-28
relate to separate inventions, which are not so 1inked as to form 2

single general inventive concept.




A

Inemafional applcation No. 0
INVITATION TO PAY ADDITIONAL FEES PCT/EP2004/003504 \’75

This International Searching Authority found muitiple (groups of)
inventions in this international application, as follows:

1. claims: 1-22

Methods for the preparation of (E)-ISA 247 by means of the
addition reaction between a cyclosporin-aldehyde derivative
and a 1-(trimethylsilyl)-propen-3-y1 organometallic
compound, followed by Peterson elimination.

2. claims: 23-25 and 27

Diethanolamine 1-(trimethyls1lyl)-propene-3-boronate ester,
{ts preparation and conversion to other
1-(trimethyls11yl )-propene-3-boron compounds.

3. claim: 26
Potassium 1-(trimethylsilyl)-propene—-3-boron-trifiuoride.

4. claim: 28

dimethyltartrate 1-(trimethylsil1yl)-propene-3-boronate
ester.

The common concept, which would 1ink together the subject-matter of
claims 1-22 and claims 23-28, 1s the 1-(trimethylsilyl)-propen-3-yl
structure of the organometallic compound.

This is not a single inventive concept according to Rule 13.1 PCT because
1t 1s not novel in view of the 1-(trimethylsilyl)-propene-3-boronate
esters and the 1-(trimethylisiliyl)-propene-3-aluminfum/titanium compounds
disclosed in the prior art (see for example: Tsal & Matteson (1981),
compound 1; W098/48791, 1ine 7 on page 12 and figure 5; Yamamoto et Al.
(1982), reaction equation 2; Reetz et Al. (1985), paragraph joining pages
1449 and 1450). In particular, these boronate esters and organometallic
compounds are disclosed as synthetic fragments that react with aldehydes
and produce substituted allyl groups, which are eventually converted to
the corresponding dienes.

A lack of unity "a posteriori™ is therefore indicated.

The subject-matter of claims 1-22 1s further characterized by the
specific use of the 1-(trimethylsilyl)-propen-3-y1 organometallic species
for the preparation of the cyclosporine analogue (E)-ISA 247, whereas the
subject-matter of .claims 23-28 1s further characterized by the
s:bstituents. other than 1-(trimethylsilyl)-propene, around the boron
atom.

In view of the prior art and the different characterizing features, there
is no common technical relationship among the subject-matter of claims

Form PCTABA/208 (extra shest) (July 1962; regrint January 2004) page 1 of 2



Arr-~x 10 Form PCTASA/208
COMMUMIC. N RELATING TO THE RESULTS
OF THE PARTIAL INTERNATIONAL SEARCH

‘emationsl Appiication No
| PcT/EP2004/003504 \ b

«

C{Continustion) DOCUMENTS CONSIDERED TO BE MELEVANT

[ Category *

Clation of Socumant, with Indication, whers Spgvoprinie, of the relivan! pastages

Relwani o claim No.

Y

NO 98/48791 A (YANG GE ; MYLES DAVID C
(US); HARRIED SCOTT S (US); UNIV
CALIFORNIA (U)

5 November 1998 (1998-11-05)

page 11, 11ne 28 - page 12, 1ine 34;
figure 5

YAMAMOTO, YOSHINORI ET AL: “Regioreversed
reactions of the trimethylsilyl or
phenylselenyl allylic carbanion with
carbony! compounds via allylic aluminum
"ate" complexes”

TETRAHEDRON LETTERS , 23(44), 4597-600
CODEN: TELEAY; ISSN: 0040-4039, 1982,
XP002288405

reaction equation Z on page 4598 and
equation 3 on page 4599

MANFRED T REETZ ET AL: “Stereoselective
addition of organotitanium reagents to
carbonyl compounds”

CHEMISCHE BERICHTE, VERLAG CHEMIE GMBH.
WEINHEIM, DE,

vol. 118, no. 4, 1985, pages 1441-1454,
XP002117771

ISSN: 0009-2940

paragraph joining pages 1449 and 1450

EP 0 296 122 A (SANDOZ AG ; SANDOZ A6
(CH); SANDOZ AG (DE))

21 December 1988 (1988-12-21)

page 2,311ne 50; examples E,F; compounds
1.24,6.

1-22

1-22

1-22

Foun PFCTASASDA (Anrws, continustion shesl) Luly 1682 repeint Janvery 2006

page 2 of 2



A~ 10 Form PCTASAZ208 -
COMMUNIC, M RELATING TO THE RESULTS amational Appication No
OF THE PARTIAL INTERNATIONAL SEARCH | PCT/EP2004/003504

1%

1.The present communication is an Annex o the irvitation to pay additional fees (Form PCTASA/206). it shows the
resulis of the Intemasional search éstablishad on the perts of the imemational application which relate 1 the invention
first mentioned in daims Nos.:

2 TS emnaliAT 100 FS Ratu2d) L1088, 585 uch wil be estabiened acoording to Articie 16 and Fuie 43,

3.1 the appllcant does not pay any additional search fees, the iInformation appearing in this communication will be
considered as the resul of the intemational search and will be iIncluded as such in the intemational search mport.

4.if the pays additional fees, the inlemational search report will comain both the information appearing in this
S’ Wil i bage pai ™ Ot ™ lemetions! Soaich on cer pait of 1 Iremefonsl sppioslian for which such
]

Y

C. DOCUMENTS CONSIDENED TO B RELEVANY

Cxiegory * | Clation of docunest, wilh insicalion, whers spprogriate, of the relevan! pusages Ralsvant to daim No.

P, X W0 03/033527 A (FOSTER ROBERT T ; 1-22
ISOTECHNIKA INC (CA); NAICKER SELVARAJ
(CAR); YATSCOF) 24 April 2003 (2003-04-24)
page 21, 1ine 30 to page 26, 1ine 23; page
40, 1ine 23 to page 41, 1ine 4; figures
2A.5,6 and 12

P,X WO 03/033526 A (JAYARAMAN SEETHARAMAN ; 1-22
ABEL MARK (CA); FOSTER ROBERT T (CA);
ISOTECHN) 24 April 2003 (2003-04-24)

page 31, second paragraph; page 52, third
paragraph; figures 2A,5,6 and 12

Y W0 99/18120 A (FOSTER ROBERT T ; 1-22
ISOTECHNIKA INC (CA); NAICKER S SELVARAJ
(CA); YATSC) 15 April 1989 (1999-04-15)
cited 1n the application

figure 4; examples 5,7

Y TSAI D J S ET AL: "A STEREO CONTROLLED 1-22
SYNTHESIS OF Z AND E TERMINAL DIENES FROM
PINACOL E-1 TRI METHYLSILYL-1
PROPENE-3-BORONATE"

TETRAHEDRON LETTERS,

vol. 22, no. 29, 1981, pages 2751-2752,
XP002288404

ISSN: 0040-4039

cited in the application

abstract; reaction scheae on page 2751

Ry S

m Further documents ase Betad in the continuation of box C. D Putant family members are lsted In annax.
e ——— " e ot e s g et e
A mw&-mmnnmhu clind ip undenstand tha principie or theory underiying the
"E" earfier cocumant but published on or aiar the inlamesional "% clocumant of pariiculer relevence: the clskmed invention

Ting drte cannol be conaidared novel or cannol be considened i
n mlmmnww“ pri g or involve an imniive atep when the docamant ls talan alons

chation or other spacial resson (as spactisd) v unmquh-unuwnmnﬂlﬂm-n--;-nm-
0" documant refarring io an arel diaciogure, uss, axhihiion or docusynt s combinad with one or more ofhar such dotu-

ather mans mants, mch combination baing obviots b a parson shilled
"7 dncument published prior K the Inlamational fling dass bul nthesr

Iinr than the priostly dale claimad *5* cocument member of $ha seme petent temily

Form PCTABARONE {Arnax, fimt shaat} (July 1008; reprint January 2004)
page 1 of 2
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CLP

From e INTERNATIONAL sEARCHING AuTHoRTY  DOCIKETED PCT l 60(

Te:

KJRLLSAA-BERGER, Hanny INVITATION TO PAY ADDITIONAL FEES
1324 Grenzacherstrasse
-4 1
bl ¢ Qﬁ’\ (PCT Article 17(3)(e) and Rule 40.1)
e 22D - © {
Orenionng US 5/ 3.3 0¥ XJN u{

Dats of mafing
(deymonth/yss:)  419/08/2004

m—_——

Appicants or agent’s flle refersnce PAYMENT DUE

Case 21711 mrndﬁdmdm

Internetional appiication No. international fing date

PCT/EP2004/003504 (deymonthyear)  02/04/2004

Appicer

F. HOFFMANN-LA ROCHE AG

1. This international Searching Authority

considen thet there (number of} inventions claimed in the intermations application covered
L wmmmu:d'mﬂmmm 0

and it considers that the internationsl sppiication does not comply with the requirements of of Inverition
{Fades 13.1, 13.2 and 13.9) for the ressons |ndicateckO@Bir/on the exim sheet: unly

@ [X] hascanied outa partiel nematonal search (see Annex) [[] wil estabiish the intemationsl search report
on those parts of the international application which reiaie 1o the invention finst mentioned tn clalms Nes.:
see annex
will establish thw [ntemational search report on the othar of the intsemationad appication b, andto the mdent
© %o which, additionn! fees are paid pers oy
2. Theapplicant is hersby Invited, within the time imit indicated above, to pay the amount indicated below:
EOR 1.550,00 _  x a_ - _ENBR 4.650.00
Fea par ackitional Invention number of addiional inventions total amount of additional feas
Or, 4
The appiicant is informad that, thll c}, the addittional fse be made undar protest,
Le., 8 masonad statement to the effect ( m wlﬂlﬂnuqulrm:mofunhy of invention

nrﬂmhmmdlhomulmddllhdho

3. [[] Ciaim{s)Nos ! heve baen found 10 be unssarchable under

Arlhhﬁm(b)murddmwnhrm 17mmwummmmmmwmm

Name and maliing address of the Intamationsl Searching Authorlty | Authorized officer

—a5 Europsan Pient Office, P.B. 5818 Patentiaan 2
jm—amwnm

Tol. (+31-T0) 340-2040, Tx. 31 651 epo n,
Fax: (+31-70) 340-3016

Form PCTASA/208 (July 1662) Bitta sofort Li*eratur im Zedo
eintregen und r&tilendes beschaffen
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From the INTERNATIONAL BUREAU
PCT Ta:
DOCKETED| sUTTERFIELD WILKS, Susan
Isotechnika Inc.
COMMUN'ICATION IN CASES FOR WHICH 17301 North Perimeter Drive
NOC . ! Suite 100
Scottsdale, AZ 85255
UNITED STATES OF AMERICA
Date of mailing {daywmonth/wear)
17 August 2004 (17.08.2004)
Applicant’s or agent's file reference REPLY DUE
Cuse 21711 sec paragraph | below
International applicstion No. Interostionsl filing date (day/month/year)
PCT/EP2004/003504 02 April 2004 (02.04.2004)
Applicant
ISOTECHNIKA INC.

0 REPLY DUE within | months/days from the above date of maling
[ ~o REPLY DUE, however, see beiow
[] mrorTANT coMmuNICATION

[] mwrormaTiON ONLY

COMMUNICATION:

The International Bureau acknowledges receipt of a request for change under PCT Rule 92bis
for the applicant and agent.

Where the change of applicant has been duly recorded (see attached PCT Form IB/306), the

agent may only be changed upon receipt of a power of attorney signed at least by the deemed
common representative.

Please send the required document to the fax number below; upon its receipt, the change witl be
recorded promptly.

A copy of the present communication is being forwarded to the agent of record and to the
receiving Office (RO/EP) for information.

The Internatianal Bureon of WIPO Authorired officer

3, chemin des Colombeties Antonia MULLER (Fax : 338 89 75)
1211 Ceneva 20, Switzeriand

Facsimile No. (41-22) 338.89.75 Telephone No. (41-22) 338.82.43

Form PCT/IB/345 (July 1992)
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its successors, legal representatives and assigns, but at the cost and expense of the
Assignee, its successors, legal representatives and assigns;

AND the Assignors hereby request the Commissioner of Patents to issue any and all said
Letters Patent or Patents to.the Assignee as the Assignee of said inventions, the Letters
Patent to be issued for the sole use and behalf of the Assignee, its successors, legal
representatives, and assigns.

F. HOFFMANN-LA ROCHE LTD

X_ e e et XKoo T
Name: Ulrike Heiroth Witness Name: X Denise Strebel

Title; Holder of Procurement
Address X Im Medertolzboden 48

X anet, 20

Date

X 1Yo PR X ‘R - .

;‘l;l':e H:lfl‘; of Procurement Witness NW:KM
Addrens:x Megastrasse 25

X amet, am X 4123 Allscu]

Date
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ASSIGNMENT

For valuable consideration and pursuant to an agreement entitled “Second Amendment to
Development Collaboration and Licensing Agreement” dated April 19, 2004;

F. Hoffmann-La Roche Ltd, a Swiss Company having a place of business at
Grenzacherstrasse 124, CH-4070 Basel, Switzerland (hereinafter the Assignor);

bereby assigns, sells, transfers and sets over to:

Isotechnika Inc., a corporation of Canada having a place of business at 2100 College
Plaza, 8215-112" Street, Edmonton Alberta, Canada T6G 2C8, its successors, legal
representatives and assigns (collectively hereinafter called “the Assignee™);

Assignor’s entire right, title and interest in and to the invention(s) described in European
Patent Application 03007921.4 filed 8 April, 2003 entitied PROCESS FOR THE
PREPARATION OF CYCLOSPORIN A ANALOG this Assignment including said
applications, any and all United States and international patents, utility models, and
design registrations, including any divisionals, continuations, continued prosecution
applications and continuations-in-part thereof, confirmations, and reexamination
certificates, renewals, reissue patents, patent extensions, SPCg and patent term
restorations throughout the world, the right to file applications on zaid inventions and
Asgignor's entire right, title and interest in and to any applications for Letters Patent of
the United States or other countries claiming priority to said applications, the same to be
held and enjoyed by the Assignee, for its own use and behalf and the use and behalf of its
successors, legal representatives and assigns, to the full end of the term or terms for
which Letters Patent or Patents may be granted as fully and entirely as the same would
have been held and enjoyed by the Assignors had this sale and assignment not been
made;

AND for the same consideration, Assignor hereby covenants and agrees to and with the
Assignee, its successors, legal representatives, and assigns that the Assignor and its
employees will, whenever coumsel for or an authorized representative of the Assignee, or
the counsel or representative of its successors, legal representatives, and assigns, shall
advise that any proceeding in connection with said inventions or said applications for
Letters Patent or Patents, or any proceeding in connection with Letters Patent or Patents
for said inventions in any country, including interference proceedings, is lawful and
desirable, or that any application claiming priority to said application, division,
continuation, or continbation-in-part of any applications for Letters Patent or Patents, or
any reissue or extension of any Letters Patent or Patents to be obtained thereon, is lawful
and desirable, sign all papers and documents, take all lawful caths, and do all acts
necessary or required to be done for the procurement, maintenance, enforcement, and
defense of Letters Patent or Patents for said inventions, without charge to the Assignee,
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IHE INTERNATIONAL BUREAU OF WIPO
APPLICANTS : F. HOFFMANN-LA ROCHE AG and
ISOTECHNIKA INC.
FOR : PROCESS FOR PREPARATION OF
CYCLOSPORIN A ANALOG

INTERNATIONAL APPLICATION NO.: PCT/EP2004/003504
INTERNATIONAL FILING DATE 1 02 APRIL 2004

(02.04.2004)
INTERNATIONAL PRIORITY DATE : 08 AFRIL 2003

(08.04.2003)
ATTORNEY DOCKET NO. : 2650.PCT

The Intarnational Buresu of WIPO
34, chemin des Colombettes

1211 Geneva 20
SWITZERLAND

S

Pursoant to an executed Assignment datad 01 JUNE 2004 (01,06.2004) between
Applicsuts F. HOFFMANN-LA ROCHE LTD and ISOTECHNIKA INC,, the person of the
Applicant bas been changed for ths above-raferenced International application. A copy of the
sxecuted Assignment is attached berewith.

In accordsmce with Rule 92bis Section 422, the Internativoal Bureau is respectfully
requested 10 record s changs In the person of the Applicant by removing F. HOFFMANN-LA
ROCHE AG a3 an Applicant in this application so that the application will proceed in the
nzxae of sole Applicant ISOTECHNIKA INC,

Raspectfully submitted,

X Base! Juiy 23,0 tacas

Dats o Hanny Kjellsas-Berger
Ageut of Record
F. Hoffinamn-La Roche Ltd
Grenzachersirasse 124
CH-4070 Basel
SWITZERLAND
Telephone: (41)-61-688-2074
Pax: (41)-61-688-1395
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CERTIFICATE OF FACSIMILE NSMISSION

[ hereby certify that this communication is being transmitted, via facsimile 011-41-22-
740-14335, to the International Buresu of WIPQ, 34, chemin des Colombettes, 1211 Geneva

20, SWITZERLAND, on thisMy of aa?u-Jg 2004,
(oneta Q. hpin el

Pamela A. Matheis

Y
¢’
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APPLICANTS

FOR

INTERNATIONAL APPLICATION NO.:

INTERNATIONAL FILING DATE

INTERNATIONAL PRIORITY DATE

ATTORNEY DOCKET NO.

CHANGE IN THE NAME

The International Bureau of WIPO
34, chemin des Colombettes

1211 Geneva 20
SWITZERLAND

Sir:

ERNATIONAL

UREAU OF WIPO

: F. HOFFMANN-LA ROCHE AG and

ISOTECHNIKA INC.

: PROCESS FOR PREPARATION OF

CYCLOSPORIN A ANALOG

PCT/EP2004/003504

: 02 APRIL 2004

(02.04.2004)

: 08 APRIL 2003

(08.04.2003)

: 2650.pCT

ADDRESS OF THE AGENT UNDER 92bis

In accordance with Rule 92bis Section 422, the International Bureau is respectfully
requested to record a change in the name and addregs of the agent of record to the following:

WILKS, Susan Sutterfield
[SOTECHNIKA INC.

17301 North Perimeter Drive, Suite 100
Scottsdale, Arizona 85255

UNITED STATES OF AMERICA
Telephone No. (480)-505-0540 (ext. 3213)
Facsimile No. (480)-505-0545

_Qu.&., 2%, 200f

Date

ly submitted,
Susan Sutterfield Wilks, Reg. No. 48,192
Associate General Counsel
Isotechnika Inc.
17301 North Perimeter Drive, Suite 100
Scottsdale, AZ 85255

Telephone: (480)-505-0540 (ext. 3213)
Fax: (480)-505-0545
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CERTIFICATE OF FACSIMILE TRANSMISSION

I hereby certify that this communication is being transmitted, via facsimile 011-41-22-
740-1435, to the International Bureau of WIPQ, 34, chemin des Colombettes, 1211 Geneva

20, SWITZERLAND, on this 2~y of Qu—av-w‘b 2004,
Goance by A WMatPrry

Pamels A. Matheis
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Continuation of Box No. Il FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)
[ none of the following sub-boxes is used, thir sheet should not be included in the requaest.

gk Ay e o e . ok .:-yma-muu pemacn i
Box is the applicant’s Skxte (that is, cowniry) of residence [fno Sicie s inclicend below,)

A M = e

DAM, Jean-Michel —~

Im Relnacherhot 167 et e b
CH-4153 Relnach, Switzerland O i e i ek

Applicant's registration No. with the Office

State (that s, country) of nationality: State (that is, country) of residence:
BE CH

Dirmari— [Ja&w~ [Jitousve: Fnssy [

Name and address: (Fosdly nome followed by, name; fora legal entlyy, fil official detignstion. | This person i
ﬁubﬂ%f&ﬁﬁﬁl— “.llhhﬂlhbwsl e [] spplicant oty
ABEL, Mark - oeat and |
11530-9A Avenue imvestor oaly (ks chech-bax
Edmonton, Alberta T68J 782, Canada O u-u“ﬂuﬂnw
Applicant's registration No., withthe Office
State fthat &s, country) of nationality: St (that ir, country) of residence:
CA CA
Birmarien [Jise~ [isepbver, [Fo2p []ohmsems
Naene and address: (Fimaily aome fillowsd by given nome; for o legal ssity, Al official designation. | This person is:
ﬁuuﬁmfﬁmﬁm’ 1£¢‘ - n“hb-sl et D applicant oaly
JAYARAMAN, Seetharaman . . .
11812-13 Avenue pplicant and p i
Edmonton, Alberta T6J 7E9, Canada O n—ﬁuﬁuﬂmw
Applicent’s registration No. with the Office
State (that Ls, country) of nationality: State (that Ls, coiry) of reaidence:
CA CA
apmon B[] i [ o e e ok, amrcamy || e Sppiamml fox

Nz addr m&w:—-;{-ﬂlﬂﬂﬂm Thip person ia:

huumtumgmﬂ%m%nw&-? " [] spplicant ouly
] sppticant and invemtor

[ Feira SR s

Applicant’s registrgtion No. withthe Office

State (that is, country) of nationatity: Staie (that is. country) of residence:

e ke CitERerit. [Janamy [k

D Further spplicanty and/or (farther) inventors are indicated on another continuation sheet,

Form PCT/RO/101 (continuation sheet) (January 2004) See Notes to the request form



International Application No.
REQUEST
International Filing Date
The undersigned requests that the present
. ionat soplication be 7
according to the Patent Cooperation Treaty. Nlﬂuflmiw_nl' Oﬁuﬂmwﬂw .
S (0 haracors meztmary G288 21711

BoxNo.l  TITLE OF INVENTION

Process for preparation of cyclosporin A analog
BoxNo.1  APPLICANT [ ‘his pexson is also inventor
Name and address: (Feonlly none followsd by _;f-m-mﬂﬂm

Telephone No.
e o o e s Bgeors o ot saima; ™" | +41 61 688 11 11

Facalmils No.
E:nmz.ch'ﬂm" LamnoTze:‘AG +41 61688 13 85
CH-4070 Basel, Switzerland Teleprinter No.
Applicant’s registration No. with the Office
" State (Bhat Is, country) of aationality: State (that Is, country) of residence:
CH CH

e thpupat [ P R e s [ fimmeaony [0 Appionema Bax
BoxNo.JH FURTHER APFPLICANT(S) ANDVOR (FURTHER) INVENTOR(S)

Name and sddreas: (Family naws fllowed Asme; entiyy. Al qficial derignation, -
maﬁ-.umpuwauu-? et ;.'.'q' acdress inclcated {n sy | TRIS paraon it
afresidence {fwo Suis s ndcxted beivw,)

Bax iz the applicont’s Sicie {that is, cousdry) .

Isotechnilca Inc. phemanly

2100 College Plaza (] sppticant md imvestor
8215-112th Street [ ivomeecaty (i check bt

Edmonton, Alberta T6G 2C8, Canada

Applicant’s registration No. with the Office

State (that is, cnoury) of saticnality: Stam (that &5, country) of residence:
CA CA

Ry [ie— Fitmetece Oskdsy ek
Further applicants and/or (further) inventors sre indicated on a contimmtion sheet.
Bex No.IV  AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR
The person identified below is heenqpohudnuml_nhlf agmt D

of the before the International Authoritics as: represcntative
Name and address: e foliowed Ly given neme for & lagel ansliy; fuli deignation. | Telcphone No.
"'"“"3"""""""'“""’“ +41 816882074
Facsimile No.
KJELLSAA-BERGER, Hanny +41 616881395
Grenzacherstrasse 124 Teleprinter No.
CH-4070 Bassl, Switzerland
Agent’s registration No, with the Office

D whﬁrhmm!bm?mmmm‘mmm ndthe

Form PCT/RQO/101 (first ahoot) (January 2004) Ses Notes 1o the request form




Registered — Case 21711 WO
European Patent Office
Erhardtstrasse 27

D-80298 Munich

Basel, July 8, 2004

International Patent Application No. PCT/EP2004/003504 filed on April 2, 2004

Case 21711 WO

Dear Sirs,

We refer to your communication of June 29, 2004.

Attached please receive replacement sheets No. 1 and 2 of the PCT request indicating the

inventor as applicants for the United States of America. At the same time the state of
nationality and residence of the inventors/applicants were completed.

Yours sincerely,
F. Hoffmann-La Roche Ltd

F. Kla D.él

F. Hoffmann-La Roche Lid CH-AD70 Baml Patent Dapartment emal:
Bidg. 678 / #th floor danige.strebei@rocha.com
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The applicant's attention is drawn to the fact that according to the national law
of the United States of America, only the inventor is entitied to file a national
application (Article 27(3)). The United States of America is designated in the
international application, however,

() the named inventor(s) is (are) not also indicated as applicant(s) for the
purposes of the designation of the United States of America, and is (are) not
indicated as being deceased; or

(i) no inventor is indicated.
if no inventor is indicated as applicant for the purposas of the designation of the

United States of America, the application may be rejectaed by the United States
Patent and Trademark Office as a designated Office.”
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From the RECEIVING OFFICE

55

CLP arf. . &2,

PCT

24

Te:
EJELLSAA-RERGER, Hanny
Grenzacheratrasse 124

159

COMMUNICATION IN CASES FOR WHICH

5;'};32{" Basle NO OTHER FORM IS APPLICABLE
Dats of mailing
(dy fmonth (yeur) 29 06 K
Appliosat’s or agent’s [ie reference REPLY DUR
Case 21711 See paragraph 1 below
internstionsl sppliesion No. Internstional flling date
PCT /EP2004 /003504 (daymomsh yesr) 02/04/2004

F. HOFFMANN-LA ROCHE AG

REPLY DUE within '! mantheMayr from the abovs date of mailing

IMPORYTANT COMMUNICATION

INFORMATION ONLY

i
|'_'| NO REPLY DUE, howsver s below
L]
]

Nmﬂmﬂhﬂwd‘ﬂulﬂmmﬂ:
momn.n.mnmmn:

'IU. (+Jl-70 m-m
—aw¥ Pgx (+231-70) 340-2016

Authorized officer
J.ds

‘Form PCT/RO/132 (uly 1993; reprint Jamuary 2004)
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CLP

From the INTERNATIONAL BEAROHING AUTHORITY PCT \ 6\{
To:
NOTIFIOATION OF RECEIPT
KJELLEBAA-BERGER, Hanny
124 Grenzacherstrasss OF BEARCH OOPY
CH-4070 Basle
SWITEERLAND (PCT Puie 25.1)
Dais of maling
(dynonihiyser) 17/06/2004
~ n IMPORTANT NOTIFIGATION
Case 21711
PCT/EP2004/003504 02/04/2004 08/04/2003
Applioant

F. HOFFMANN-LA ROCHE AG
1. Wharethe intsrmaiionsl Searching Authorily and the mesiving Ofics are not the same offios:

The applicant is hereby notified that the search copy of the intarmnational applioation was received by this Intemational Searching
Autharity on the dais indiosisd below.

Whase the intsmnstional Gearching Authorfly and the recsiving Ofios we the asms offics:
The spplicant s hereby nolified that the ssarch copy of the inlsmational appliostion was recelved on the dele indiosied balow.

11/05/2004 (duis of receipt).

2 [] Thessachoopy was scoompanied by & mxiectide andior amino aid ssquance sting or tabiss relsied thereto In computer
readshle form.

3. Thoe Eni for esisbishment of international ssarch report ansd writian opinien of the Infamsiional Searching Asthority

The appliount Is informed that the time imik for ssiablishing the inlemaiional ssarch report and the withen opinion of the
inlemational Searching Authority is tiwee months from the dalw olrecsipt indiosted shove or nine monthe from the pricelly dele,
whichever ime imi expires sler (Fades 42.1 and 43bis.1(a))

4.  Acopy of this notifieation has been sent o the Inlsmational Buresu and, where the first seniance of paragraph 1 applles,
o the receiving Offies.

Name and maling address of the inlernational Searching Authorlty | Authorized officsr
ﬂ Pd-lOﬁ-,PB.UilPI.M!

ISA/EP
Tol m-‘m 'n. 1 651 epori,
F-: (+31-70) 340-301

Form PCTABA/200 (Jamuary 2004)
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PCT/EP2004/003504

R 14, Juni 2004 6
From the INTERNATIQNAR'BUREAU l
PCT To:
NOTIFICATION CONCERNING
SUBMISSION OR TRANSMITTAL KJELLSAA-BERGER, Hanny
OF PRIORITY DOCUMENT Grenzacherstrasse 124
(PCT Administrative Instructions, Section 411) g:ﬁ:-::“l
Dats of malling (day/month/year]
10 June 2004 {10.06.2004)
Appllosnt's ar agent's fils referonce
Case 21711 IMPORTANT NOTIFICATION
intsmstional application No. international filing date (day/monthiyear)
PCT/EP2004/003504 02 April 2004 {02.04.2004)

Imtermational publiostion dete (day/month/yvear)
Not yet published

Priority date (day/montivyssr)
08 April 2003 (08.04.2003)

Applloant
F. HOFFMANN-LA ROCHE AG et al

reasonable under the ciroumstanoes.

which is reasonable under the croumstances.

Priority data

{08 Apri 2003 (08.04.2003) 03007921.4

1. By meam of this Form, which replacss any previously issued notification concsming submission or transmitial of priority
documents, the applicant is hereby notifiad of the date of receipt by the irternational Bursau of the priority dooumaent(s)
relating to all sariler appliostion{s) whoas priority is claimed. Unisss otherwise Indiostsd by the [sttars "NR", In the
right-hand column or by an asterisk appsaring naxt to a date of recelpt, the priority document concemnad was submitted or
transmitiad to the Intemnational Buresu In compliance with Ruls 17.1(a) or (b).

2. ({ applivabls) The iutiess "NR" appaaring In the right-hand column danots a priority domsmant whish, gn the dats of mafiing
s this Form, had nat yet bosn received by the internstionsl Busy  under Rule 17.1{a) or (b). Whers, under Rule 17.1(a} , the
dooument must be submitted by the applicant to the recsiving Offios or the intamational Bureau, but the appiicant
fuils to submit the priority dooument within the appiloable time limit under that Rule, the attention of the applicent is directed
to Rule 17.1(c) which provides that no designated Office may disregerd the priority olaim oconcsmed before glving the
applicant an opportunity, upon sntry Into the national phese, to fumnish the priority document within a time limit which Is

4. (H sppligable) An asterisk{*) appearing next to a date of regelpt, In the right-hand oolumn, denotes a priority docment
submitted or transmitted to the intemnstional Buresu but not In complianas with Rule 17.1(s) ar () (the priority documnent
was received after the time limit presaribad In Rule 17.1(a) or the request to prepare and tranamit the priority document was
submittad to the recelving Offios after the applicable time limit under Rule 17.1{b)}. Even thaugh the priority document was
not fumished in compliance with Ruls 12.1(a) or (b), the International Bureau will nevertheless transmit a copy of the
dooument to the dasignated Offices, for thelr considerstion. in case such a copy is not acoeptad by the designated Offics
as priority doocumant, Rule 17.1{a) provides that no designated Office may disregard the priority claim aonosmad before
giving the applicant an apportunity, upon entry nto the netional phase, to furnish the priarity document within a time limit

PriortvapplicationNe,. @™ = CountrvorragionaiOffioe ™ Date of receint
orPCTreoeiving Offios ™~  of oriority documant

EpP

26 May 2004 (26.05.2004)

The Internytional Buresu of WIRO
34, chamin des Colombetins
1211 Geneva 20, Switzeriand

Faosimlle No. (41-22) 338.85.76

Authorized offioer
Slivie STENDER

Telephone No. (41-22) 338 5028

Form PCTAB304 (January 2004)

006287181




PATENT COOPERATION TREATY

From the INTERNATIONAL BUREAU

PCT To:
NOTIFICATION OF RECEIPT OF
RECORD COPY KJELLSAA-BERGER, Hanny
Grenzacherstrasse 124
(PCT Rule 24.2(a)) CH-4070 Basel
Switzerland

Duts of maliing (day/month/year}

08 June 2004 (08.08.2004) IMPORTANT NOTIFICATION
Applicant’s or agant’s fils referanoe intermnstional appllostion No.
Case 21711 PCT/EP2004/003504

The applicant Is hereby notified that the imernational Bureau has recsived the record copy of the intemational sppliostion as
detalled below.

Namels) of the applicant{s) and Stats(s) for which they are applicants:
F. HOFFMANN-LA ROCHE AG et al {for all designatad States except US)

International fliing dete 02 April 2004 (02.04.2004)
Priority date(s) cleimed 08 April 2003 {08.04.2003)

Date of recsipt of th rd
by the |mm.|%{.'£u oy 13 May 2004 (13.05.2004)

List of designated Offices

AP :BW,GH,GM,KE,LS,MW,MZ,SD,SL,SZ,TZUGZM,ZW
EA :AM,AZ,BY KG,KZ,MD,RU,TJ,TM

EP :AT,BE,BG,CH,CY,CZ,DE,DK EE,ES,Fl,FR,GB,GR,HU,IE,IT,LU,MC,NL,PL PT,RO,SE,S|,SK,
TR

OA :BF,BJ,CF,CG,CI,CM,GA,GN,GQ,GW,ML,MR,NE,SN,TD, TG

Nstional :AE.AG,AL,AM,AT.AU,AZ,BA,BB,BG,BR,BW,BY,BZ,CA,CH,CN,CO,CR,CU,CZ,DE,DK,DM,
DZ,EC,EE EG,ES,Fi,GB,GD,GE,GH,GM,HR,HU,ID,IL,IN,IS JP,KE KG KP,KR,KZ LC LK LR,LS,
LT,LU,LV,MA MD,MG,MK,MN,MW,MX,MZ,NA,NI|,NO,NZ,OM,PG,PH,PL,PT,RO,RU,SC,SD,SE,SG,SK,
SL,SY,TJ,TM,TN,TR,TT,TZ,UA,UG,US,UZ,VC,VN,YU,ZA ZM,ZW

ATTENTION

The applioant shouid carefully cheok the deta appearing In this Notiflestion. In cass of any discrepancy between these data
and the indleations In the International application, the applloant should immediately Inform the internstionsl Bureau.

in addition, the applicent’s sttention is drewn to the information gonteined In the Annsx, relating to:
|z| time limhs for sntry Into the national phase - sas updated important information (ss of Apsil 2002)
E requirsments regarding priorty doouments ( applicabls)

A copy of this NatHloation is being sant to the recslving Offios and to the iInternationalSearching Authority.

The international Buresu of WIPO Authorized offloer:
34, chernin des Colombsties Mathieu BLANC (Fax 338 89 75)
1211 Ganeve 20, Switserland
Facsimile Na. {41-22) 338.80.76 Telephane Na. (41-22) 338 8988
Form PCTAB/A01 (Jenuery 2004) 008280083



INTERNATIONAL SEARCH REPORT
infermotion on pitert fomilly mambere

YAY

PCT/EP2004/003504
t docu Patant Publication
L Pttt g s
EP 0296122 A JP 1045396 A 17-02-1989
JP 2116212 C 06-12-1996
dp 8032724 B 29-03-1996
JP 2772372 B2 02-07-1998
JP B048696 A 20-02-1996
KR 9710927 Bl 02-07-1997
NZ 225041 A 26-03-1991
PT 87745 A ,B 01-07-1988
SK 411791 A3 11-07-1995
us 5525590 A 11-06-1996
ZA 8804345 A 28-02-199%0
EP 1291347 A 12-03-2003 DE 10143979 Al 27-03-2003
EP 1291347 A2 12-03-2003
JP 2003096083 A 03-04-2003
Us 2003096995 Al 22-05-2003
Us 2004039233 Al 26—02-2004

Pown POTARARIO jputent farekly mrvies) Jmnumry SH04)

page 2 of 2



PATENT COOPERATION TREATY P"T’E'f‘!gfg*

From the INTERNATIONAL BUREAU

4
PCT B 2

SECOND AND SUPPLEMENTARY NOTICE

INFORMING THE APPLICANT OF THE WILKS, Susan, Sutterfleld
COMMUNICATION OF THE INTERNATIONAL Isatechnlka Inc.
APPLICATION (TO DESIGNATED OFFICES %'g 11 ag 1 Perimeter Drive
WHICH APPLY THE 30 MONTH TIME gl o
LIMIT UNDER ARTICLE 22(1)) ErmATs-UNIS  EERIGUE

ey (PCT Rule 47.1(c)) DOCKETE D

11 August 2005 (11 08.2005)

Applicant’s or egent's filo ntference
Case 21711 26 Lo P C'r IMPORTANT NOTICE
Iniemalional application No. Imemational filing doie {duwmonthyear) Priority daic {dawmontivyear)
PCT/EP2004/003504 02 April 2004 (02.04.2004) 08 April 2003 (08.04.2003)
Applican

ISOTECHNIKA INC. et al

1. ATTENTION: For any designated Office(s), for which the lire Hmil under Article 22(1), ax in force from | April 2002 (30 months from
the pricrity date), does not apply, please sce Form PCT/1B/308(Hirst Notice) iwued previcusly.

Notice is horoby given that the following designated Office(s), [or which the time limil under Article 23(1), a8 in forcs from | April 2000,
does apply, has/have requested that the communication of the imemational application, es provided for in Article 20, be effecied imder
Rule 93bls.1. The late~~ional Bureau hus effected that communication on the date indicaled below:

21 Uctober 2004 (21.. _4)

AU, AZ, BY, CN, CO, DZ, EP, HU, KG, KP, KR, MD, MK, MZ, NA, RU, SY, TM, US

In accordance with Rule 47.1(c-bix)(i), those Offices will accep the present notice as conclusive evidence tha the communlcation of the
internatiopal application has duly teken place on the dae of mailing indicated above and no copy of the inlemational application is mquired
0 be furmished by the applicant 1o tho designated Office(s).

3. The foliowing desigmaied Offices, for which the time limit under Article 21}, a8 in force from | April 2002, does apply, have not

requested, as ot the lime of mailing of the present notice, that the commmunication of the international application be effected undar Rule
93bls.1 :

AE, AG, AL, AM, AP, AT, BA, BB, BG, BR, BW, BZ, CA, CR, CU, CZ, DE, DK, DM, EA, EC, EE, EG, ES, Fl, GB, GD,
GE.GH, GM, HR, ID, IL, IN, IS, JP, KE, KZ, LG, LK, LR, LS, LT, LY, MA, MG, MN, MW, MX, NI, NO, NZ, OA, OM, PG,
PH, PL, PT, RO, SC, SD, SG, SK, SL, TJ, TN, TR, TT, UA, UZ, VG, VN, YU, ZA, ZW

In accomance with Rule 47, 1(c-bis)(fi), those Offices accept the present nolice as conclusive evidence that the Contracting State for which
hlmmnndwommmmmmﬁm.nﬂmwnhylluapplinmotawpyol‘llninmﬁnml
application.

4. TIME LIMITE for entry into the national phase

For he designaiad or alected Office(s) listad ahave, the spplicable time limit for entering (he nalional phase will, subject io what Is mid in
the following paregraph, be 30 MONTHS from the priority date.

In practice, time limiis other than the 30-month time Bmit will continue 10 apply, for varlous periods of time, in respect of certain of the
designated ar elected Office(s) ligted above. For regulur npdates on the applcable-time Bmits (30 or 31 montha, or other time limil),
Office by Office, refor 1o the PCT Gazette, the PCT Newslester and the PCT Applicent's Gulde, Volume I1, National Chapters, all available
from WIPO's Internoi xite, at hiip://www.wipo.int/perven/index html

1t is the applicant's sole responsibility 1o monilor all these lime limite.

13
H

The Imemational Burean of WIPO Authorized officer
34, chamin des Colombenes
1211 Geneva 20, Swineriand Ellen Moyse
Facaimile No.+41 22 740 14 35 Pacsimile No.+41 72 338 89 78

Form PCT/1B/308(Second and Supplementary Notice) (January 2004)
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SICRDEUSTRIA ¥ COERCTBPIN

SUPERINTENRBENCIA BE IMDUSTRIA Y COMERCIO Radicarien : BI014M DOGEGUNR Folioss Bi6
Fecha GAER): 2BIG-10-86 1B11S\09

NIT : 800176089-2 ryyaaite : W11 PCT-PATENT 378 FASE WOCT A1l PRESENTRC
Sependencia: 2820 DIVISION DE MUEWS CRERCIONES

) SHLATANSTRL ¥ CERCI0

m OFICIAL DE CAJA : ::mm 2:’5:';“5 Radicacion-s-L5J01444 60000000 Falioss 24
Fecka (ND): 205 TTO62:
Trasite Tn:mhumﬂnw
Dependenciar 2020 DIVISIOH Dt MEWS CHACINED

it CONSIBNACION st

DEPOSITANTE TIFG PABD BAMCD CUENTA No. PRBD FECHA PBD Vr. PASD

NARIQ DELGADO ECHEVERRY CONSIGNACION  BANCD POPLLAR  050-00110-6 14364947 23/08/2005 ,894,000.00

it C O N CEPT O I

CANY. RENTISTICO CONCEPTO TOTAL CONCEPTOD
i 30005-01-01 GOLICITUDES 1 TRAMITES DE 80L. Df PATENTE DE IN 443,000.00
TOTAL 1 $ 443,000.00

S0N1  CUATROCIENTOS CUARENTA Y TRES MIL PESDS

— ()%

RECIBD DE CAJA APLICARD AL EXPEDIENTE Wo.
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REQUISITOS NECESARIOS PARA PRES™ ™ ™"\ V AGILIZACION DEL

SPERTNUSTRIA Y CONERCIO(COPTR)

TRAMITE tdicacion » B4 e Folios: 24
Fni_n (NS): 2305-10- O LT )

Trmite ; PCT-MTENT 378 PR it A1 peEsENTAC

m‘ll m '.NIEIE-! NS RERCIONES

PATENTE DE INVENCION )5 MODELO DE UTILIDAD ()Y ()

- Indicacién de olicita ia concesibn de una patente. - 4) {

- Datos de Ident?li“:;: del ao;celomn:e o dela persoma que se presentala soliciiud.  { ) (ﬂ

- Descripcién de la lnvencién. {) ?)?

'~ Dibujos de ser esios pertinentes. () )
= Comprobante de Pago de las tasas eslablecidas.
. COMPLETA (h INCOMPLETA ( ) ()

DISERO INDUSTRIAL { )

- Indicaclén de que se solicita el registro de Disefio industrial { ) ()
- " Datos de identificacion dei solicifanie o de la persona que presenta (Y {)
- la solicitud. .
- Representacion grafica o fotografica del Disefio Industrial o muestr del
. Material que incorpora el disefio. (). ()
Comprobante de pago de las tasas establecidas { ) { )
COMPLETA { ) INCOMPLETA () ( })

ESQUEMADE TRAZADO ()

- Indicaclén de que solicita el registro de un Esquema de trazado. () {)
- Datos de ldentificacion del soicitante o de la persona que presenta
La solickud. () ()
RepresentaclSn grafica del ma de trazado () ()
Comprobante de pago de las establecidas, ( ) { )

_

COMPLETA ( ) ' INCOMPLETA () ()

Firma Responsable:

Fecha:
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REPUBLICA DE COLOMBIA

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

Bogoté,
2020

Doctor{a)
DELGADO VILLEGAS JAIME EDUARDO

REFERENCIA Radicaciém No. 5 101444
Solicitud internacional EP2004/003504
Fecha iniclio fase nacicnal 08/11/2005

Trémite 11

Evento 378
Actuacién 4

oficio No. 1??36“'-’.

Como resultado del examen de forma, realizado con fundamento en el articulo 38 de
la Decisidén 486 @e la Comiglén de la Comunidad Andina, articulo 27 del Tratado de
Cooperacién en Materia de Patentes (PCT), regla 51 bis del Reglamento y Circular
Unica de la Superintendencia de Industria y Comercio, se le commica que:

1. La solicitud no contiene la copla del documanto en que consta la cesifn del
deracho & la patenta del inventor al solicitante o a su causante. (Art. 26-k)
Declsibn 486.

2. La solicitud no contiene el poder debidamente otorgado, con el lleno de los
requisitos exigidos por los articulos 63 y subsiguientes del Cédigo de
Procedimiento Civil. Adicionalmente, deberi presentar el documento que acredita la
aexistencia y representacifn legal de la socliedad solicitante, cuando &sta fuere
persona juridica.

En cumplimiento de lo dispuesto por el articulo 39 de la Declgilm 486, se lea
requiere para que dentro del término de dos meses siguientes a la fecha de
notificacién del presenta oficlo, complete los requisitos anteriormente enunciados.
En caso de no dar cumplimiento al presente requerimiento, la solicitud se
conslderari abandonada y perderf su prelaciém.

Notifiquese el presente oficlo conforme a lo dispuesto en el numeral 5.2, literal
e), del capitulo quinto del titulo primerc de la Circular Unica No.10 de 2001.

Ve

Jefe de 1 vigién de Nuevas Creacliones (E)

El anterior requerimiento fue notificado por fijaciénm en 1lista de
fecha

adpall



