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SUMMARY OF THE INVENTION

[0002] Provided herein are processes for preparing compounds of formula (I-a):
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comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound
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of formula (II-a): R?-O , wherein

R' is H or an alcohol protecting group;

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

[0003] In some embodiments, the compound of formula (I-a) is (R)-N-(3,4-difluoro-2-(2-fluoro-4-

iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane- 1-sulfonamide:
0\5//
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[0004] In some embodiments, the compound of formula (II-a) is (R)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonyl chloride:



[0004] In sone enbodi nents, the conpound of forrmula (I1-a) is

(R)-1-42, 2-di net hyl-1, 3-di oxol an-4- yl ) nmet hypcycl opr opane- 1- sul f onyl

chl ori de: WO 1209341 009541 PCT/ EP2010/ 004222 BHC 093080_RCITE®2210/0D£2@D5] Al so
provi ded herein are processes for preparing conpounds of fornmula (I1-b):
conprising, contacting
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al cohol protecting group; R2 is H or an al cohol protecting group; or R and
R2 toget hep Woth the carbon atons to which they are attached forma cyclic
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comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound
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of formula (1I-b): R%-O , wherein

R' is H or an alcohol protecting group;

R’ is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
[0006] In some embodiments, the compound of formula (I-b) is (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonamide:
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[0007] In some embodiments, the compound of formula (1I-b) is (S)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonyl chloride:
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[0008] Also provided herein are processes for preparing (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, comprising, contacting a compound of

formula (I-a) with an acid, a base or a nucleophile; or exposing the compound of formula (I-a) to UV light:
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[0010] Also provided herein are processes for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, comprising, contacting a compound of

formula (I-b) with an acid, a base or a nucleophile; or exposing the compound of formula (I-b) to UV light:

‘\S/O
\@ O formula (I-b)

R' is H or an alcohol protecting group;

wherein

R’ is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
[0011] In some embodiments, the compound of formula (I-b) is (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonamide:
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enbodi nents, R is Hand R2 is an al cohol protecting group. In further or
addi t i onaWwoenbdwbsents, R2 is Hand R is an al cohol pr@c&apeig/ogroup. In
further or additional enbodinents, both Rl and R2 are al cohol protecting

groups. In further or additional enbodinents, both R and R2 are hydrogen.
In further or additional enbodi nents, the protecting groups are the sane.

| n fBHG 098080 diC-Teaddi t i onal enbodi nents, the protecting groups are different.
In further or additional errbodi ments, R and R2 together with the carbon

t which t h d f | 2-di.o t
D R B LB R e PSRRI, & 015,
| s anfbodinwineRds K ynd R'Gs 4n deddblyrotpeting gtdup Mg fugtheruy additionhLenitodimeots, h@dﬂi ‘tand RA
nbodi th | di o} 1
g, 2%8% ﬁ%’?ﬂlﬂmic“%gc C I % %‘%d "853? % séé)ht%r"‘t)not\H/|ﬁ{ded1 R &redrogen; I et Shds
us efadditibreat emmlqmspdna atqte@mgﬁrm(pﬁe)merthe(samd Il fufrtheroor @dditiqn} dnibedimpatd, the protecting
'f gg%&ggwggm%%}. ﬁ%@%@?ﬁ’dﬂmﬂ%ﬁ%béﬁn@&,@{‘ hd b Q2P LR We 5661 RRhOBAMEH! - Sul
di f Itheyrage tagid Farmorayclit- I, bdiosietngting giop) In @umqn@@mmqb)odmwe@,, tBe eyichy B2 dio) pr
| d
opy ;){@1{ glhggrgﬁgrg %errjl_tﬁe%gd ggaem Aol JJ"Q‘P‘SL% Fllhy h@m?%idlmmténbofht}smg qpgpounds

(R oxofl an- cycl opropane-1- sul fonyl
chl swelitd , 2adidl protectmg group is 2,2-dimethyl-1,3 d10xolan-4-y

(S) -[do 3¢ Aasc%rgﬁglé?%lre% ade gdng%%d@'ﬁse%ul%r)tﬁ@ﬁrgﬁé%)fﬁb Qedlﬁ-uo?&hj(ﬁm{droA-

chloride are provid d n sonme enbodi rrents e conpound
(R lsdomenzlammﬁmhozmwwbk %rﬂxhudrmmwcyclewepazwécwkfwldeaﬁ K%M Bet-and

S 1>-8R " bpefineni de ar e
érévﬂdgﬁ) 26218%@%?}{(\% %e%y%ﬁnﬂ?&?gmgﬂ)%d pp(rlziongh exr%og?mrrgﬁtg isutnhe conpounds

sodisyHeremjdea 42, 2- di net hy1- 1, 3- di oxol an- 4 yQOret hypcycl opr opane- 1-sul fonat e
and (804} Udn® enllﬂaam%nﬁl taetdmpbanks R -2 0 ldahetyl M |3} dIB oM RICY fh 3 OjBdpEopAne-1-

sul fonate are p odi ment s nds

o ol B BN §58 2 e ot ool RS aPIHIERLS, ) L0 CPpoHRdS

(S) 'pléWdea di met hy1l- 1, 3- di oxol an-4-yl ) net hyl ) cycl opr opanet hi ol are provided:
\ jo,:pc SH \ |c) ?)cSH /8 (\5\0 2011/ 009541PCT/ EP2010/ 004222

xrxc'xm

[0015] In some embodlments, the compounds (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl

chloride and (S)-3-(2,2-dimethyl-1, 3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride are provided:
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[0016] In some embodlments, the compounds sodium (R)-1-((2,2-dimethyl-1,3-dioxolan-4-
yDmethyl)cyclopropane-1-sulfonate and sodium (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-

sulfonate are provided:

>< mSOf Na* ><Oj/KSO3' Na*
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[0017] In some embodiments, the compounds (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiol
and (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiol are provided:

><OTKSH | ><ZJ/KSH
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Sc hdysactipns” Rad Eda V. yBenfasun, dncgMenlo Park, Calif. T972; T. L. Gilchrist, “Heterocyclic Chemistry”, 2nd

N- ( B4 36l Witkgrsos o, (Newl YR 19924 3. lh@ﬁle?h@dwﬁmfgaaw EhemBinyORMBERE Wiachahistnd art

di hydroxypr o cycl opropane-_ 1-sul
yStructur%p 4thpFX1p V%ley-hﬁersc?ence New York, 1992. Additional suitable reference books and treatise that

detail the synthesis of reactants useful in the preparation of compounds described herein, or provide references to
articles that describe the preparation, include for example, Fuhrhop, J. and Penzlin G. “Organic Synthesis:
Concepts, Methods, Starting Materials”, Second, Revised and Enlarged Edition (1994) John Wiley & Sons ISBN:
3-527-29074-5; Hoffman, R.V. “Organic Chemistry, An Intermediate Text” (1996) Oxford University Press,
ISBN 0-19-509618-5; Larock, R. C. “Comprehensive Organic Transformations: A Guide to Functional Group
Preparations” 2nd Edition (1999) Wiley-VCH, ISBN: 0-471-19031-4; March, J. “Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure” 4th Edition (1992) John Wiley & Sons, ISBN: 0-471-60180-2; Otera, J.
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Met hod B: Synthesis fromchiral starting materials [0030] Schenes 2a, 3a,

4a, 5a and 6a show synthetic routes by which
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fonam de coul d be prepared, and are di scussed bel ow. [0031] Schenes 2b, 3b,

4b, 5b and 6b show synt hetlc routes by which
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(R N-( di fI’'uor o- 2- (2- f 1 uor o- 4- 1 odophenyl ar ni no) - 6- met hoxyphenyl) - 1- (2, 3

- di sm} 5)3%?’6W|@%%'|°6@86 ﬂ%lllf:g 1R this, arts $#HPY commer01ally available chemicals and/or
(S) -n{ confpothids ldekefiveddn (hé chdmied Grethnir® d@aﬂﬁﬂ&iaﬂ%m)bléchenucals" may be obtained from

met hoxyphe droxy ropy cl opropane- 1 ul fon m e or t he
racéﬁP‘{a"?ﬁ%%{Yﬁ)‘%al S?}E‘i?éﬁ’(ﬁi“ﬂég éﬁwf‘ %g‘npe{@ @Wf.ﬂ‘ ¥ Met hod
B, Rediidéhg!Sigmad Chetical dng IFluky), Aiplhbaérfﬁaztls ap qmm@afmpm@adb m&eam (LirR&hire

o RN Ty GPrmePotima e Rrirelfk G eadmetfodies By Epelet o Comen

S ul fGhemilcaladd. CHduﬂphu@‘NY), E&&nﬁ(ﬁt@hﬁdﬁbhﬁhﬁdﬁls Eastman Kodak Company (Rochester NY), Fisher
|od e. The
o AP B BAY B b pEab bl PR IR RRER domn T ed o
t he Rigroddapls dpy I(Cg;rad«lqzsa QAY, qumxgalny:s e(rvynwaﬁ rﬁaKJ),llragcaptexcﬂyamtswn@Vlgdlmmpﬁ-I)r enoved
as r el s di f 27
[ odop:ﬁ'gmIi %;%r}ﬁg rﬁug L frjrtg’g omwa né&%aﬁ @&g‘c%cﬁ? @r%ﬁ% opa>1/t BauFr b aneu?’ sul
f ondMY)dRplyorganix (Houston TX), Plerce Chemical Co. (Rockford IL), R1edel de Haen AG (Hanover Gennany)

S I 26 -4 - ge[tgg 3-d
i(hglddlbt)xypf%ﬁh‘lty Pg@éﬁo% gwga\kg%ggéf W?EP egljtl)crq@ e rac m c ﬁ%@%&?ﬂ%gy&@ndl ng
on t(RecksﬂlaMD)r@dﬁ’éﬂkeﬂlamCéﬁﬁSbM (RiflggedVABot h of these routes require as
st arpd9p sgﬁécf?é én%'analé’go% ﬁhu M Oh %D dehé?ﬂa%%@%g‘h”tﬁ@xﬂ@icés of kv ohex‘{x‘léél%‘reﬁ@é’d be

prepar ed ding t Oow ng schene: Prot ect Deprot ect
PG2 by dherfzhemingl fAlpstragt prfvme @éthe Aagrican ChmicalSpriety-@hich are available in most public and

umver51ty libraries, as well as through on-line databases. Chemicals that are known but not commercially

available in catalogs may be prepared by custom chemical synthesis houses, where many of the standard chemical

supply houses (e.g., those listed above) provide custom synthesis services.

Method A: Achiral Synthesis, followed by chiral separation

The achiral synthesis of N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide has been described previously, (see US published patent
application US 2008/0058340 A1), and is summarized below in scheme 1. The product is obtained as a racemic

mixture of the (R) and (S) enantiomers, which are separated via chiral HPLC.
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[0030] Schemes 2a, 3a, 4a, 5a and 6a show synthetic routes by which (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide could be prepared,
and are discussed below.
[0031] Schemes 2b, 3b, 4b, 5b and 6b show synthetic routes by which (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide could be prepared,

and are discussed below.
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Scheme 2a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
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Scheme 2b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
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[0032] Method B, Route I: A cyclopropyl group is introduced across the alkene of diol-protected 4-iodopent-4-
ene-1,2-diol, to form the protected 3-(1-iodocyclopropyl)propane-1,2-diol derivative, which is then sulfonylated.
Coupling with 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine and final deprotection
yields (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic mixture, depending on the
starting material employed.

[0033] Method B, Route II: In a slightly different approach to route A above, the cyclopropanation reaction may
be affected after coupling with the diaryl amine. Diol protected 4-iodopent-4-ene-1,2-diol is converted to the
sulfonyl chloride and then coupled with 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine.
The amine functionalities are protected, as necessary, the alkene converted to the cyclopropyl group and finally
any remaining protecting groups removed as required to yield (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-
2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the
racemic mixture, depending on the starting material employed.

[0034] Both of these routes require as starting material, a diol-protected 4-iodopent-4-ene-1,2-diol, which may be

prepared according to the following scheme:

..................

0 o0 N :
J) Protect J) gz HO’J/\ Deprotec J/\ lodination HO, J/\[(I Prfed  pe? Oﬂ 5
i - - :

HO”  *pG'on" PG'-O PG'-0 PGP PG-0 "pG3 on" pc;3

..................

Scheme 3a: (R)-diol-protected 4-iodopent-4-ene-1,2-diol

0 0. N\
J> Protect J> pe ”oj/\ Deprotect j/\ lodination HO]/TI Protect | : P2 Oj/\‘(
-~ - o

HO”  "PG'on" PG'-O PG'-0 "PGof" PGI-0 PG on” PG

..................

Scheme 3b: (S)-diol-protected 4-iodopent-4-ene-1,2-diol
[0035] Starting material, glycidol is available commercially as the (R) enantiomer, the (S) enantiomer or the
(R/S)-(+/-)- mixture. The alcohol can be protected, for example by reaction with ‘butyldimethylsilyl chloride, or
other suitable protecting group. Alternatively, the TBS protected glycidol is available commercially as the (R)
enantiomer, the (S) enantiomer or the (R/S)-(+/-)-racemic mixture. Coupling with a protected acetylene, followed
by deprotection and iodination with a reagent such as 9-iodo-9-borabicyclo[3.3.1]nonane (9-1-BBN), provides 4-
iodopent-4-ene-1,2-diol, which is then diol-protected. Note that although there is no inversion of stereochemistry

during this synthesis, starting with (R)-(+)-glycidol will result in the formation of (S)-N-(3,4-difluoro-2-(2-fluoro-

10



[ 0037] Synthetic schenmes for the preparation of
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sul fonyl chloride
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) S020120

4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide; starting with (S)-(-

)-glycido! will result in the formation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-

1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide.

[0036] Method B, Diol protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonyl chloride: In some

embodiments, the diol protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonyl chloride intermediate is used.

1,2 Diol protecting groups are well known in the art such as, though not limited to 1,3-dioxolane, 2-methyl-1,3-

dioxolane, 2,2-dimethyl-1,3-dioxolane, 2-'butyl-1,3-dioxolane, 2-phenyl-1,3-dioxolane, 1,4-

dioxaspiro[4.5]decane, di-para-methoxybenzyloxymethyl ether, di-butyldimethylsilyl ether, and the like:
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Protectlng
Groups

f = <I %f XI&HI
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= YT el T O

0 O
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[0037] Synthetic schemes for the preparation of 1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-

sulfonyl chloride are provided below:
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Method B, Route III
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Scheme 4a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)

-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide
S0,0Bu

j} s HO $0,08u HO, SO,Cl
j/x j/x Couple  Deprotect

PG-0 PG-0O PG-O

HO Osg0
NH r
: HO (o} n
NHp \, F "PG off" - \@\
N
geqet e
| . F

F

F
Scheme 4b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide

[0038] Coupling the protected glycidol with cyclopropanesulfonate ester, such as butyl cyclopropanesulfonate,
yields butyl 1-(2-hydroxy-3-protected-hydoxypropyl)cyclopropane-1-sulfonate. Conversion of the sulfonate to the
sulfonyl chloride provides the sulfonyl chloride derivative, 1-(2-hydroxy-3-protected-
hydoxypropyl)cyclopropane-1-sulfonyl chloride, which is then coupled with 5,6-difluoro-N'-(2-fluoro-4-
iodophenyl)-3-methoxybenzene-1,2-diamine. Removal of any residual protecting groups, as required, yields (R)-
N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane- 1-
sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic mixture, depending on the starting material

employed.
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Method B, Route IV
o
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Scheme 5a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide

0
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Scheme 5b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane- 1-sulfonamide
[0039] 5,6-Difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine is coupled with cyclopropane
sulfonyl chloride to provide N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)cyclopropanesulfonamide. The amine groups are protected as required, using suitable protecting
groups, such as, but not limited to propyl, di-propyl, para-methoxybenzyl, di- para-methoxybenzyl, cyclic
groups, and the like:
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-di f | uowo-R-¥2-f | uoy of4-YodophghyF am nb) - 6 hoxylpheny 1F -
- di hydr &xypropyl ) cyicl opr opane- F1 - sul f onaf de, F
(S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- net hoxypheny1)-1- (2, 3-
di hx{émrmﬁigp%(rbr)e&whf(@,aqm%.i.(ﬁm&@wabyﬁenﬁammﬁsx acenic mxture,
depending on the starting material enployed. Schene 5a:
( R) methozyphepylcyqionrepapesuboramidsripcaupled Eh potegied slyeidgl. whirkafies 93] mapgypd of
- 1- (potetrifll P6EsO2HBEURRY, lyletdé R PRL(9P A RoA- 5 (- f1dRA40 dd6 phenylamino)-6-methoxyphenyl)-1-

(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-

dproxy - 3- pr8t gBedhydoXypo L)cngsgpr e- 1284 f ghyl
hen Eourked v 5, & dW NUoF o- M 2 FITudr o- & F
hp ) o
i

methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane- 1-sulfonamide or the racemic mixture, depending on the

glycidol employed.
Method B, Route V
Q o
1] - .
R " Om " oo, SH
e RS" N PG /J/”?ZK PGA F
' socl . PG-0 '
-0 N\©\ 2 0 N@\ PG-0O _0 N_ t
F | F | F |
F F F
0.0 [ ) ‘
Oxidaton PG~0O., S/\NH Deprotect HO.,, “NH
A
PGA F L F
PG-0" _O__A_N HO” o H
- "PG off" -
") A [
F | F

Scheme 6a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide

15



Schene 5b:

(S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- met hoxyphenyl )

-1- (2, 3- dvbydrizeysan opyl ) cycl opr opane- 1- sul f onam de [ 003®9LT/EP2010/004222

5, 6-Di fl uoro- NI - (2-fl uoro-4-iodophenyl) - 3-net hoxybenzene-1, 2-diamne is
coupl ed with cycl opropane sul fonyl chloride to provide

N- (3, 4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6-

met HBGQIBBAVAC Teyic| opr opanesul f onam de. The ami ne groups are protected as
required, using suitable protecting groups, such as, but not limted to
propyl, di-propyl, para-nethoxybenzyl, di- para-nethoxybenzyl, cyclic

groups, and the I i ke: WO 2011f 00954 1PCI#c=e; 42%gl_-i§HC 098080_FC- Text
‘14 0% R 8 % "t 20, pms N rli %pea 0 CF3 Oz | MBI Flga\ (NH 1-
F , ONZON N NrO

BOCL: [ 0044)] m,m br ot REed PG-0~ _O N
N—(3 74- (‘Z—f‘r’uoro- doI am noj - 6- \Q‘F
met hoxy I sgCchopr opanesul e ¢ ™ coupled wth protect ety grrychéory

whi ch af frer final renoval of p=rot ecti ng groups, as required, yirlds
(R -N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- rret hoxyphenyl) 1-

(2, 3-di hydr oxypropyl )cyoLogropane 1- sul f onani def | g0

(S) - N- ( 3 0dieatibf | ST oro 4- i odophemydcani (5 ST

et hoxyphenyt) - 1% y ro pfopyl)cy-d—opropang 1- namd t he
racem c m xture é’pend IyC| st ofenpl pyed. M t¢ V
Schene 6a: "PGA off"

(R -N(3,4-difluoro-2-(2- fLuoro 4- |odophenyl am no) - 6- rrethxyphenyl)

-1- (2, 3-di hydroxypropyl ) cycl opropane- 1- sul f onam~de

Scheme 6b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)
-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide

[0041] 5,6-Difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxy-N'-protected benzene-1,2-diamine is treated with
thionyl chloride, converting the primary amine to the thiazate. Coupling with diol protected (1-(2,3-
dihydroxypropyl) cyclopropyl)lithium yields the sulfinamide derivative which is oxidized to the sulfonamide.
Final removal of protecting groups, as required, yields (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide or the racemic
mixture, depending on the starting material employed.

Method C1: Synthesis utilizing chiral reagents — (i) chiral epoxidation

Osg20 °\‘S"°
“NH
om PGA F
_0 N
Oxz©
m “NH Chiral F |
| PGA F epoxidation F NaH "PG* off"
] ———-
_0 N or

HO... °\\sf:zH
F PGA m y F

HO” o N\©\

F I
F

[0042] Chiral epoxidation (eg Jacobsen epoxidation (J. Am. Chem. Soc., 1991, 113, 7063-7064 or J. Am. Chem.
Soc., 2003, 125, 5250-5251) using sodium hypochlorite / Mn-salen catalyst; or Shi epoxidation (J. Org. Chem.,
2007, 72, 4093-4097) using glucose-derived ketones and Oxone) of amine protected 1-allyl-N-(3,4-difluoro-2-(2-

fluoro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-sulfonamide, followed by epoxide opening and

removal of protecting groups, as required yields the desired chiral products.
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Schene 6b:

(S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- met hoxyphenyl )

-1- (2, 3- aviparigwypid opyl ) cycl opr opane- 1- sul f onam de [ 004 PLT/EP2010/004222
5,6-Di fluoro-M (2-fl uoro-4-iodophenyl) - 3-nmet hoxy-N - prot ect ed
benzene-1,2-diamne is treated with thionyl chloride, converting the
prinary amne to the thiazate. Coupling with diol protected (1-(2,3-

di h WPdEyTe)“ cyclopropyl)lithiumyields the sulfinam de derivative
which is oxidized to the sul fonam de. Final renoval of protecting groups,

N- 4-i odoph I 6-
o Rl oM oL Bl | pdopheny]am o)

(S) N- (3, 4-difluoro-2-(2-fluoro-4- 0520

i odophenyl am no) - 6- met hoxypheny1l) - 1- ( 2, 3- di hydr oxypr opyl )cyclﬁoﬁap e-| gsul
fonam de or the racem c m xture, depending on the starting 4@t e N

enpl oyed,o Met hod CI Synt&tegr s utilizi ng chrds\aio reagent s - Nchir

epox n\o’FF $0,, . HO PGA F ' NH B8e Fepoxi dat ifonNaH
" P ' 1 0&2 | r % on adobsen—epoxi dat fon (J.
Am Ch 1991 113 4 or CPsAoﬂOOS 125, oor
5250- 52 Isodr um hy e / I\/h sal

epoxi dat iron (J O g. Chem, F2007 72, 4093-409%)

fl uor o- 4-i odophenyl am no) - 6- net hoxyphenyl ) cycl opr opane-1 - sul f ona @
fol |l owed by epoxi de opening and renoval of protecting groups, as rgq

yields the desired chiral products. WD 2011/ 009541PCT/ EP2010/ 004222 BHC
093Q6@13F @xixive deivhgd e§DzonBlykit beksdntiewtt Johisan gdatibh)odlamine peeseted 1-allfi-N-Y3,&hi r al

ket C)dn f?uoro -?f}htllo?QA-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-su1fonamide, followed by conversion

t OI-';OS |O\/O
u5|ng glucos - r E
ket ones and Oxone) of am ne protected 1-allyl- N-(3 4-di f | uowas- 2o :
as

to the a-hydroxyketone, chiral reduction of the ketone (eg Corey CBS reduction) and removal of protecting
groups, as required yields the desired chiral products.
Method C3: Synthesis utilizing chiral reagents — (iii) chiral alkene oxidation

\/ \/O Oy-0 \/

HO S Oy CF
\ 3
GF00R0 X 050, ]/X N )P

cr3 *
0 — HO® O N — HO
EtN'Pr2 MeOH
F | HO
F

where L is a chiral auxiliary
[0044] Protection of 1-allyl-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1-
sulfonamide as the trifluoroacetamide, followed by asymmetric dihydroxylation (eg Sharpless asymmetric
dihydroylation), and removal of protecting groups, as required yields the desired chiral products.

Method C4 : Synthesis from chiral starting materials

[0045] Scheme 7a below shows a synthetic route for the preparation (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide.

[0046] Scheme 7b below shows a synthetic route for the preparation (S)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide.
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[0043] Oxidative cl eavage (eg Ozonol ysis or Lem eux-Johnson oxi dation) of
am ne protected 1l-allyl-N (3, 4-

di f | uor o-OQ2811fdoge 0- 4- i odophenyl am no) - 6- met hoxyphenyl PEFdPepOONRAZ- | - sul f
onanmi de, followed by conversion to the a-hydroxyketone, chiral reduction of
the ketone (eg Corey CBS reduction) and renoval of protecting groups, as
required yields the desired chiral products. Method C3: Synthesis utilizing
chi rBéicqg’E‘%&éﬁtEX'- (iii) chiral al kene oxidation where L is a chiral
auxiliary [0044] Protection of

1-al Iyl -N- (3, 4-difluoro-2-(2-fluoro-4-iodophenyl am no)-6-ne
opr opgne; 1< ,&ionani de aspddhe rP%6tUor oacet am de, f o] ki) asymretrl C

di hydr oxyll aty on (eqc&har pl ess I hydroeyrbtet | pn)

pr ot &&t- Png gr oups quPFe yi Nség& r eg—ehi . h¢d
gl fromchiral starti | s "P&O#S5] | Schene slpows

asyn’toh for t he preparatim(R)-l\l—{3,4-difI

i odophe >6- net hoxyphenyl)- 1 -(2,3 -di hydr oxypropy gpTopane-

1- sul fongﬁm de [0046] Scheme 7b bel ow shows a synthetic route for the
preparation (S2hei¥ £a3(R-Nl{F 4- Hiﬁﬁ&o&‘ (Qzluf)}om)i'o@opﬁenylammo) 6-methox heny]?

i odophenyl am no) - 6- net hox%pcma % - di h;/cﬂ:o propylyfcyc opr opane-
1-sul f onani de. Scherre y oxypropyl)cyc opropane-1 onamide

(R -N(3,4-difluoro-2-(2- fI uor o- 4- i odophenyl am no) - 6- net hoxyphenyl )

-1- (2, 3-di hydr oxypr opyl ) cycl opr opane- 1- sul f onam de Schene 7h:

(S) - Maé-8 -digolz@oro 2- (2- f papay 0-4°%3sgtlophenyl am no) - 6- h 9 nyl )

-1-(2, 3- r oxypr @pyk) cycl opl ogane™ - sukf onarresteted 047 1ng
di ol -Pﬁi‘@tected 1- (-3 hymﬁymmrop&ﬂe——l- ’dﬂfon? ide i th

5, 6-dif| B?r 2-fl'uor o- 4-i odophen oxybenrene- 1, 2- di e yildes
the di% ed product. In sonme g nstances the coupling mays be perfofned
at elev fper at ures. Fi nal deprotection yields

(R -N-(3F4- d|fluoro 2-(2-

fluoro-4-i OdO.Qliléﬁlé’ibagﬂ)ﬁﬂl?Aﬁdlﬂ%rbmﬁmﬂ%}’ﬂx})débhéx&laﬁnxﬁjd)Wﬂé@&‘yﬂ{e‘ﬁw| ) cycl oprop
ane-| -sul f onam de

di fl uoro-2- (2-f1l uoro- 4‘1t@é%@fﬂiﬁ?ﬁyﬂ?&w@’%@%bW{?ﬂ%ﬂ?‘i) 1- (2, 3-di hydr oxypr
opyl [bmcyp |&Dﬁlﬂ@%ﬂﬂ3—pﬂotec&ld|lf@ Bafiydfox firopyleydlpeane] - mlf@hwcmondeewmsi baglueid-N'he

star Condj tions for, d ectio end on the
o o et BT T B RS b 3-amg RIS BE AL S auct 15 S Tsancest
Or gamy cupling Masbe yerfdrﬂaﬂﬁ]elehohem«aﬁlperitmres tFial gepepaficd yields @)-N-(3st-difladre-pY(Dt ect ed

i & e e P PR e T Rt P sra b peit T o O B

/ s uldiftuoyd-2x(2-fuvro-4-iodophenylamino)- 6 methoxyphenyl) 1-(2,3-dihydroxypropyl)cyclopropane-1-

sulfonamide or the racemic mixture, depending on the starting material employed. Conditions for deprotection
will depend on the protecting group(s) used and will be known to one of skill in the art of organic chemistry.
[0048] Methods for the preparation of the diol-protected 1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonyl
chloride include:

Route i Via glycidol-acetylene coupling / halogenation / cyclopropanation /sulfonylation:

i) Protect i) Deprotect i) Protect
*PG' on® HO.. N *PG2 off" HO-., Hal g3 one PG-0., Hal Sulfonylation PG*Ov. S0Cl
HO XN PG-0 " . HO PG3-0 PG3-0
if) \\PGz if) Halogenation i) Cydopropanation
[Hal=1, Br]
iii) Deprotect
PG off*
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I )Proted "PGL on* ii) P& 1) De protect "P& off" ii) Hal ogenation HO
[Hal =1, Br] iii) De protect ?G off" Hal Sul fonyl ati onSQ2CI PG3-0 WO
2011/ 009N ORCI/(®FEAD10/ 004222 BHC 093080_FC- Text [ OOROT/EBREHO0D422
material, glycidol is available commercially as the (R) enantiomer, the (S)
enantiomer or the (R/'S)-(+/-)- mxture. The al cohol can be protected, for
exanpl e by reaction with 'butyldinethylsilyl chloride (TBS-Cl), or other
sui B @3 JiCekekt ng group. Alternatively, the TBS protected glycidol is
avai l abl e commercially as the (R) enantioner, the (S) enantioner or the
(R'S) - (H gahwk acem ¢ m xtung, &oupling wti,a protected acetylene, (E PRX)

follo hodepradestion gl 4 odi pati alMpfd) A T Nl 15 UGRny@iSn PG>0 SOLI
9-i od\(fg- & bi c% 2% Snane (§- | IBBN)%—JE?MOV%QK — j/x
4- i oopentg- eme=al, 2- di ol ,;gbisdn HE thggy di ol - preteected. A cycl eopyl

group is | nt?dduced acrosswi=he) al kene OF “FIBIPr ot ect ed
4-i odopent - 4-ene- 1, 2- di ol ,;deRuefiOr m t he protected
3-(1-iodocycl opropyl ) proparme’ds; 2- di ol derivative, which is then

S, )y DB LSO LSk (g e
( S) -(RES)EH4)- thixuira e afzol{o can| ba prasected; foriexsmeleyy asrctias) with butyldimethylsilyl chloride
e KRG e a0 g6} 80 Bl ST o
( R) -asithegRyengntfones ths: (3) grantiqmes pithe, (R/BHG rhersgmia miiers - Gruptingwith ppreissted acstylepe, 3-
di hydrpeiry RIIARMRS XieproRE R AREvdindn VAR TeAent such as 9-iodo-9-borabicyclo[3.3.1]nonane (9-1-
BBN), provides 4-iodopent-4-ene-1,2-diol, which is then diol-protected. A cyclopropyl group is introduced across
the alkene of diol-protected 4-iodopent-4-ene-1,2-diol, to form the protected 3-(1-iodocyclopropyl)propane-1,2-
diol derivative, which is then sulfonylated. Note that although there is no inversion of stereochemistry, starting
with (R)-(+)-glycidol will result in the formation of (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-
methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-sulfonamide; starting with (S)-(-)-glycidol will result in
the formation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide.
Route ii) Via 3,3'-(1,1'-disulfanediylbis(cyclopropane-1,1-diyl))dipropane-1,2-diol intermediate (wherein PG’ =
2,2-dimethyl-1,3-dioxolane):

Route ii-a
0 0
. K s LK
A Sy+ ><0"/‘(\Br Base ><0m3~s o K sy . ><0]/\Br Base ><Oj/xs\s o
0 0 (0] 0
Route ii-b
o-TBS O,
(@) i) Deprotect w
TBS-0O TBS-0O i)\ OMe /o

><OMe
O-TBS le)
S y @) Base 2): i) Deprotect Z): ><
6 ~s -+ J) — HO]/KS\S OH ><OJ/XS\S fe)
o)

TBS-O TBS-O i ><°M°
OMe

[0050] The 1,2-bis(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl) disulfane intermediate can be
prepared either directly by reacting 1,2-dicyclopropyldisulfane with 4-(bromomethyl)-2,2-dimethyl-1,3-dioxolane
(route ii-a), or by coupling 1,2-dicyclopropyldisulfane with fert-butyldimethyl(oxiran-2-ylmethoxy)silane,
followed by removal of the TBS protecting group and protection of the resulting diol (route ii-b).
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Route ii) Via

3,3 -(1,11-di sul fanedi yl bi s(cycl opropane-1, 1-di yl))di propane- 1, 2-di ol

i nt er medisiDao(vileeF4ei n PG3 = 2, 2-di et hyl- 1, 3- di oxol ane) PCR&ERR@0/0D4222 : r Base
VI' "0 Route ii-b As ,s7+H0j--",/c OBase TBS-0-"j TBS-0 -TBSOv i)
Deprotect ii) OV Owe (3Base jP TBS-0 O-TBS i) Deprotect

BHC 093080_FC-Text

[0051] The 1,2-bis(1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl) disulfane can be directly converted
to the sulfonyl chloride (route ii-c), or via the sulfonate salt, which is then converted to the chloride (route ii-d).
Alternatively, the disulfane can be reduced to the suifide, which is then oxidized to the sulfonate and converted to

the sulfonyl chloride (route ii-e):

Route ii-¢
5 s s ot
+ X X
@] o]
O><
£S\Sy ><Oj/\Br Base XOTXS\SX):O
+
O (@]
Route ii-d

o
>< AcONa POCI3
><0“/"/XS\S g ><o,,/,rxsoa‘ Na* XOTKSOZCI
o Hy0, AcOH /X o
o
>< AcONa POCI,
5 H,0,, AcOH 5

Route ii-¢

°>< PPhg, HCI NaOH POCl
OIJ/KS\S gy /l/XSH - . J/XSO;; Na* IKSOzCl
><0 Dioxane, H,0 >< >< ><

°>< pph3 HCl NaOH POCl,
><0]/KS\S 0 >< ]/XSH —_ >< TKSO;; Nat ___ >< ]/KSOZCI
0]

Dioxane, H,O

II. PROTECTING GROUPS

[0052] In the reactions described, it may be necessary to protect reactive alcohol and/or amine functional groups.

Protecting groups are used to block some or all alcohol and/or amine functional groups to prevent them from
participating in chemical reactions until the protective group is removed. In some embodiments, wherein more
than one protective group is required, each protective group is removable by a different means. In other

embodiments, wherein more than one protective group is required, multiple protective groups are removable by
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OH/\() TBS-0Ow OQOwe [0050] The

1, 2-bis(14(2, 2-di met hyl-1, 3-di oxol an-4-yl ) net hypcycl opropyl ) disul fane

i nt er mediwO0UA9933¢ prepared either directly by reacti ng@CT/EP2010/004222

1, 2-di cycl opropyl di sul fane wi th 4-(bronmonet hyl)-2, 2-di net hyl-1, 3-di oxol ane
(route ii-a), or by coupling 1, 2-dicycl opropyl disulfane with

tert-butyl di net hyl (oxiran-2-yl met hoxy)silane, followed by renoval of the
TBS BHCHPEBPiFefe¥r oup and protection of the resulting diol (route ii-b). WO
2011/ 009541PCT/ EP2010/ 004222 BHC 093080_FC- Text [0051] The

1,2-bis(1-((2,2-dinethyl-1, 3- I 4 I ). di f
can ﬂbelasa'%F Fné%tsl '5 s%%ge%? dargengsy W 7{81)’(1?“ anony%e%%?eﬁ{%o% L%f’(r:ls(')fcj) e:%iyzi ‘)E:n}'gﬁé érg!w%get he
,SAI u![ fgﬁma}[maymlsbd tomte;!n nﬂuklpterfetmlonmma(bgdcytcbc grivgp) divbteativel ];gro(upsmatl be remoglgd by

r Lve ISy can |
oXi nt Wllh%/aﬁlg l%au onaf%’ y(% el?lgly{ ? %Li)?'%g?c%l?re Eo §1Hi1t org%?mm%ﬁ)n {J‘le?eot ?grn
ii- &)&am;ﬂb gtomps suclgas trityl, Ronﬁth;)xymt)d acetallapd ¢- Ml‘sﬂ}'l @?&JﬁSabll[eQQ@m}s sigh as he

[ CAGHIRI P dre ke Wi SRE ERERBALN LG ABREE bnd BACH ehlERRA and/ of

am ne | ona roups. groups-are use al |
aI c atradvedyfdiother f@ml n@rbt@ctmugmalls iegy fpswitich rompeynd or inkamnedigamex be atterlsdt Ang

gﬂ&% ﬁélresﬁo% Glatthed Wthd Jeﬂﬁ htat REREGSE drdi 19610484 hrii daRFBRYeREL: Ohdd raggrgai from

nments, er ern nore an one (gi'lOt ecti ve group i's reqU| red each
pr ottkecresin ghegfiustipnal gropp iswyailsbls toyteagt. Gherpeatesting grevnssplus descsipHens of BkUSENt S

whe rasﬁlﬂalﬂp fo? a&(h?grhng %M&tp?&édtl‘ﬂg gf0NURe deScribedlitivbRtbctiflblolpy if ORSaRic &Thth %R

o O%@ Grg:;g &r\%lrxrtls) V3‘?a ed1t10n 1999 John Wiley and Sons, Inc., New York, NY, incorporated herein by
reference.
[0053] In some embodiments, intermediates comprising a protected alcohol are required. Alcohol protecting
groups are well known to those of skill in the art of organic chemistry, and are well described in the literature (see
for example "Protecting Groups in Organic Synthesis" by Greene & Wuts, 3" edition, 1999, John Wiley and Sons,
Inc., New York, NY; Chapter 2 — "Protection for the Hydroxyl Group, Including 1,2-and1,3-Diols"). Examples of
alcohol protecting groups include, but are not limited to substituted methyl ethers, such as methoxymethyl,
benzyloxymethyl, p-methoxybenzyloxymethyl, t-butoxymethyl, tetrahydropyranyl, methoxycyclohexyl,
methoxytetrahydropyranyl, tetrahydrofuranyl; substituted ethyl ethers, such as ethoxyethyl, ¢-butyl, allyl,
propargyl; substituted benzyl ethers such as p-methoxybenzyl, picolyl, diphenylmethyl, triphenylmethyl;
silylethers, such as trimethylsilyl, triisopropylsilyl, #-butyldimethylsilyl, tribenzylsilyl, triphenylsilyl; esters,
carbonates, sulfonates and the like.
[0054] In some embodiments, intermediates comprising protected 1,2-diols are required. 1,2-Diol protecting
groups are well known to those of skill in the art of organic chemistry. Examples of 1,2-diol protecting groups
include, but are not limited to 1,3-dioxolane, 2-methyl-1,3-dioxolane, 2,2-dimethyl-1,3-dioxolane, 2-'butyl-1,3-
dioxolane, 2-phenyl-1,3-dioxolane, 1,4-dioxaspiro[4.5]decane, di-para-methoxybenzyloxymethyl ether, di-
‘butyldimethylsilyl ether, and the like:

1,2 Dio!
Protectlng
Groups

f :> ,J/ _< /|/ >< f Ph—< f <:>< /|/ PMBM—OT\ TBDMS—O:./.|/\

PMBM-0 TBDMS-O

1,2 Diol
Protectlng
Groups

H oA o\ PMBM-OL A\ TBDMS-Ou A
O:( = <]/ = :( >< ]/ Sl T F’h—<o]/ <:><o]/ PMBM-o]/ TBDMS-O]/
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WO 2011/ 009541PCT/ EP2010/ 004222 BHC 093080 FC- Text the sanme neans. |In sone
enbodi nents, wherein nore than one protective group is required, a single
prot ecti yogpuneskybe used to protect mnultiple functi oRaTiEPR@ES/004£202 a
cyclic group). Protective groups can be renoved by treatnent with acid,
base, a nucl eophile, hydrogenolysis or by exposure to UV light or a

conbi nation thereof. For exanple, groups such as trityl, dinethoxytrityl,
acetHIC QH0tEGsTexty| di net hyl silyl are acid | abile; groups such as nethyl,

et hyl and acetyl are base l|labile and groups such as t-butyl carbamte and
benzyl are hydrolytically renoved. ﬁ%@ formof protecting group is a
resin to which a conpound or inter §ray be attached. As |long as the

r esi[0e55] iBhe atdngplds@nd preparduiens grevided telvmt fufthem diustoateadnd gramppify the bédnagmkiads of e
cannot react. Once fromthe resin,. i i
cvairaet N pliop @ el BeBrlp i cdmobiat i bbE uh RSl Ml B B presen

t ec hnveguess ag pilmitedinl agy vay byathd sqoge aftile folpwing expmples prdtprepaeptignoups ar e
described in "Protecting Goups in Organic Synthesis" by Greene & Wits, 3'd
edition, 1999, John WIley and Sons, Inc., New York, NY, incorporated herein
by rle9561 EXAMPLBASXR)-N-(3.4diflmore20@ dfluerat-ipdophenydanin)iGametboxyphroyl)41(A4- a
protg,g-];j? equl ... Al cohol protecting groups are well known to
t hose "o qg‘ﬁ%"f’@b "Jrllot gn{afrag‘ﬂg)?ﬁglﬁaani c chem stry, and are well described in
the litegat W& A see for exanpl ggpRrotecti ng Geeps i n O gansmeBynt hesi s" by
G eene @M&ngrd e% 1999 John% 2y SoRs, I NC. rpEW ¥erds, :
Chapisgto 2 - —Prot egdst for T’ﬂ%e_zlczglfdr@g G oup—kncl udi flg ——

1, 2-and1, 3-%%89&%)  Exanpl es of M&tc hol, protedcMng ¥ oups i pekidddeT®StUt are

not |¥M% ed '8 substituggd, methyl ethens, such as nethoxynet hyl

benzft nmet kglo, P neth @Bz Yyl oy syl ,  to; but oxyr o 0. SO.C!

t et raﬁzg*&vopyranyl , th&ewycl o] yl—ret haxy ahg%d-{]'—LQ%)L/)r any ,

t et r B¢Rpekereof UFBENY| ; substTTuthed et hydPtsicMer s, such asi &:Hoxyet /1, t-butyl,
allyl, propargyl; substituted benzyl ethers such as p-nethoxybenzwh,, F

pi col yl, di phenyl nethyl, triphenyl nmethyl; silylethers, ssredw ps© N
trimethylsilyl, triisopropylsilyl, t-butyldinethylsilyl Py benz i :
triphenylsilyl; esters, carbonates, sulfonates and the like. [0054] In sone
enbodi ments, internedi ates conprising peoi@cted 1, 2-dtels are rgguired.
1,2-Diol protecting groups are wel IW&HO t hose of HgKi bk@% eH art _of
organi c chem stry. Exanples of 1,2-gol opr t dct i ng groups herel tgle bt lare
not limted to 1,3-dioxol ane, 2-nmethyl - 1,B-Hfi ane, \©\
2, 2-di nmethyl-1, 3-di oxol ane, 22butyl-1, 3- oXoltand, 2-phenyl -1, 3- dxol'ank,
1, 4- di oxaspi r o[ 4. 5] decane, di - par a- net hoxybenzyl oxynet hyl et her,
di | butyl di methylsilyl ether, and the I|ike: 1,2 Diol Protecting G oups
(0" :STEP A\ (R)Butert-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4-yn-2-ol

HO,,J/\

TBS-O ™S

[0057] tert-BuLi (12.4 ml, 1.7M, 21.1 mmol) was added to a solution of TMS-acetylene (2.12 g, 21.7 mmol) in
THF (40 ml) at -78°C and the reaction mixture was stirred for an additional 30 min. (R)-tert-

F

butyldimethyl(oxiran-2-ylmethoxy)silane (2 g, 10.6 mmol) and BF;.EtO; (3g, 21.1 mmol) were added and stirred
at -78°C for 4.5 hours. The reaction was then quenched by addition of aqueous ammonium chloride solution and
the mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic layers were washed with brine,
dried (MgSO,) and concentrated under reduced pressure to afford the desired material in a quantitative yield. The

material was used in the next step with no further purification.

STEP B: (R)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol

HO.,
s

TBS-0O
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[0058] Potassium carbonate (2.14 g, 15.5 mmol) was added to a solution of (R)-1-(tert-butyldimethylsilyloxy)-5-
(trimethylsilyl)pent-4-yn-2-ol (3 g, 10.6 mmol) in methanol (100 mL) and the mixture stirred at room temperature
for 8 hours. The solvent was removed under reduced pressure and aqueous ammonium chloride solution (100 mL)
was added to the resulting oil. The mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic
layers were washed with brine, dried (MgSO4) and concentrated under reduced pressure. The crude material was
purified by flash chromatography (biotage) using a gradient of EtOAc in hexane to afford (R)-1-(tert-
butyldimethylsilyloxy)pent-4-yn-2-ol (1.81g, 8.44 mmol, 80%).

'H NMR (CDCl,, 300MHz): 6 3.78-3.86 (m, 1H), 3.71 (dd, 1H), 3.64 (dd, 1H), 2.52 (d, 1H), 2.36-2.44 (m, 2H),
0.96 (s, 9H), 0.05 (s, 6H).

STEP C: (R)-4-Iodopent-4-ene-1,2-diol

HO
[0059] 9- Iodo-9-borabicyclo[3.3.1]nonane (9-1-BBN) was added dropwise to a solution (R)-1-(terz-

butyldimethylsilyloxy)pent-4-yn-2-ol (476 mg, 2.22 mmol) in dichloromethane (2 mL) at 0°C and the reaction
stirred at 0°C for 4 hours. Glacial acetic acid (0.26 mL) was then added and the mixture was stirred for an
additional hour at 0°C. The reaction was quenched by addition of an aqueous mixture of Na,CO3/Na,S,0; (40 ml,
1:1) and the resulting solution extracted with ethyl acetate (3 x 30 mL). The combined organic layers were dried
(MgSO0,) and concentrated under reduced pressure to afford (R)-4-iodopent-4-ene-1,2-diol.

'H NMR (CDCl;, 300MHz): 6 6.11 (s, 1H), 5.85 (s, 1H), 3.98-4.07 (m, 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62 (d,
2H), 2.19 (bs, OH), 1.64 (bs, OH).

STEP D: (R)-5-(2-i0doallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

TBS-O., [

TBs—oJ/\Ir

[0060] A solution of (R)-4-iodopent-4-ene-1,2-diol (224 mg, 1 mmol) in THF (6 ml) was cooled to 0°C, and
pyridine (293 mg, 3.7 mmol) and tert-butyldimethylsilyl trifluoromethanesulfonate (TBSOTf) were added
dropwise. The reaction mixture was warmed to room temperature, stirred for an additional 20 mins and the
solvents removed under reduced pressure. The crude material was dissolved in chloroform, washed with brine,
dried (MgSO,) concentrated under reduced pressure, and purified by flash chromatography using a gradient of
ethyl acetate in hexane, to afford (R)-5-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (254
mg, 56%).

'H NMR (CDCl;, 500MHz): § 6.13 (s, 1H), 5.79 (s, 1H), 3.86-3.95 (m, 1H), 3.64 (dd, J= 10, 4 Hz, 1H), 3.49 (dd,
J=10, 6 Hz,1H), 2.52 (d, J = 6 Hz, 2H), 2.35 (d, /=4 Hz, OH), 0.89 (s, 18H), 0.04 (s, 12H).
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I -(of )(OA tBu--< HO ) 00 WO 2011/ 009541PCT/ EP2010/ 004222 BHC
093080_FC- Text EXAMPLES 100551 The exanpl es and preparations provi ded bel ow
further iWPp28tvmWpeland exenplify the conpounds of the pPETERR010M40LA21 on and
nmet hods of preparing such conpounds. It is to be understood that the scope
of the present invention is not limted in any way by the scope of the

foll ow ng exanpl es and preparations. 100561 EXAMPLE 1:

( R) BRCO23080_§C{TExSor 0- 2- ( 2- f | uor o- 4- i odophenyl ami no) - 6- met hoxypheny1) - 1-( 2, 3-

STEP E: (R)-5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

T8S-0,, |

TBS—OJ/X

[0061] Trifluoroacetic acid (TFA; 281 mg, 2.47 mmol) was added to a solution of diethyl zinc (ZnEt,, 2.5 mL,
2.5M in hexane) in DCE (1 mL) at 0°C and stirred for 35 mins. Diiodomethane (CH.I,, 66 mg, 2.5 mmol) was
then added at 0°C, and the mixture stirred for an additional 20 min. A solution of (R)-5-(2-iodoallyl)-
2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (step D; 188 mg, 0.41 mmol) in DCE (2ml) was added and
the reaction stirred at room temperature overnight. The reaction was then quenched by addition of a mixture of
methanol (5 mL) and brine (0.5 mL). After stirring for an additional hour, the mixture was concentrated under
reduced pressure. The crude material was extracted with aq.NH,CI/CHCl, and the organic layer washed with
brine, dried (MgSO,) and concentrated under reduced pressure. The crude material was triturated in hexane and
the solution filtered and evaporated to afford (R)-5-((1-iodocyclopropyl)methy})-2,2,3,3,8,8,9,9-octamethyl-4,7-
dioxa-3,8-disiladecane (148 mg, 77%).

'H NMR (CDCl;, 500MHz): § 3.91-3.95 (m, 1H), 3.60 (dd, J= 10, 5 Hz, 1H), 3.47 (dd, J = 10, 6 Hz,1H), 1.95
(dd, J=10, 4 Hz, 1H), 1.28 (dd, J = 10, 6 Hz,1H), 0.99-1.07 (m, 2H), 0.75-0.90 (m, 2H), 0.89 (s, 18H), 0.12 (s,
3H), 0.08 (s, 3H), 0.04 (s, 6H).

STEP F: (R)-3-(1-iodocyclopropyl)propane-1,2-diol

Hoj/xl

HO

[0062] Aqueous HCI solution (0.3 mL, 1N) was added to a solution of (R)-5-((1-iodocyclopropyl)methyl)-
2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (step E, 281 mg, 0.598 mmol) in THF (2 mL) at 0°C. The
mixture was slowly warmed at room temperature and stirred for 24 hours. The reaction was quenched by addition
of aqueous NaHCO; solution and extracted with ethyl acetate. The combined organic layers were washed with
brine, dried (MgSO,) and concentrated under reduced pressure to provide (R)-3-(1-iodocyclopropyl)propane-1,2-

diol (0.598 mmol), which was used in the next step with no further purification.

STEP G: (R)-4-((1-iodocyclopropyl)methyl)-2,2-dimethyl-1,3-dioxolane
xoj/xl
o)
[0063] 2,2-Dimethoxypropane (140 mg, 1.337 mmol) and pyridinium p-toluenesulfonate (PPTS, 6 mg) were

added to a solution of crude (R)-3-(1-iodocyclopropyl)propane-1,2-diol (step F, 0.598 mmol) dissolved in

dichloromethane (3 mL) and the mixture stirred at room temperature for 2 hours. Solvents were removed under
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STEP A: (R)-1-(tert-butyldinethylsilyloxy)-5-(trimethylsilyl)pent-4-yn-2-ol
TBS-O0TMS [0057] tert-BuLi (12.4 m, 1.7M 21.1 nmol) was added to a

sol uti on O 2INBOAERt vyl ene (2.12 g, 21.7 mmol) in THF (4@CKEP2&0/00428C and
the reaction mxture was stirred for an additional 30 mn.

(R -tertbutyl di met hyl (oxiran-2-yl met hoxy)silane (2 g, 10.6 mmol ) and

BF3. Et 02 (3 21.1 mmol) were added and stirred at -78C for 4.5 hours. The
rea&HQﬂ%%ﬁgﬂcﬁféh guenched by addition of aqueous ammoni um chl ori de

sol ution and the m xture was extracted vvlth ethyl acetate (3 x 50 nL). The
combi ned, or e

condEHErEa e e il Bl CpuRE R nith bl RSy Sy it T e BRE 110 g
quanb effert (R)ed- g(iledddcyclﬁpmpyrmehyl)ﬂ ZWasethﬂ-éd-dlwotahe(%@)g, 5&6kp with no further

pur i [ . - e i X L siyl nt - 55,
Tes. 1 0 GO BN A b BB TR 8 SR TR AR 22 e
car boifdme2KIR 1 84 (g SH)L 3.08-1rhingin) 2Ha 8. 98-8 ¢ (n.t 141) 0. Bl it (np AH) f
(R-1-(tert-butyldimethylsilyloxy)-5- (trinethylsilyl)pent-4-yn-2-ol (3 g,
10.6 mml ) in nethanol (100 nL) and the mixture stirred at roomtenperature
for STER By (- 1-(hé-diptipdd - digrslapdrideethylexsaproparpabatifopyl éblenidee and aqueous
NiounCldog i de sol ution (100 inL) was added to the resulting oil. The
m'xt e extracted with ethyl acetate (3 x 50 inL). The conbi ned organic
| ayer € were washed with brine, dried (MyJSO4) and concentrated under reduced
pr eq46064¢. terTlBﬁtyClithﬁhﬁl (0RtnelL, 083K nmuas], PIM) Wasaddddyto & basthonof(R)Aal(Bgr aphy ( bi ot age)
usin radl Ac i f t.er
di r’ré?‘}?ﬁ'% H‘%H t)hfﬂlént 4methy19 %& (ﬁmﬁi&epa(té’ 424“ %ﬁunoplmoéd%&lerﬁﬂj%ﬁh7§ &ota,

300 MrizihixtuBe BirEB AR B (oliTBO alht)s A 30117ti|on(od duonSzH)hloriBe @6 (Ll th, ethiet (0§ mR) &2 theh adddd) |

2. 36 2 44 96 0. 05
(R) -4 € Fesh S,bghrtan sglhlgorﬁ_w;ks( om te rftaﬁgg?l ccglcenlﬁ'ateg under reduced pressure. The

| odaesfdueavas bnsmy\eti af aﬂcﬁoﬁln]rm (ﬁﬂtanae an(dadried Biidy redarsd ptsbact tol pifgrdiR)el -(2,2 sligathyll j3on
(R -1- |SI ).RenN N-2s (476 mg, 2.22 mmol ) in

di ch od‘rt)rre ane g&ymF - JO%l %c &e 3);fmgbn-p)s)tl rred at 0C for 4 hours.

A aow/aF 28Epdt+d. aci d (0 26 nmL) was then added and the m xture was stirred
for an additional hour at OC. The reaction was quenched by addition of an
aqueous m xture of Na2CO3/ Na2S203 (40 m, 1:1) and the resulting sol ution
ext reEP BdRINt B, 4edifliyolro- zrﬂaﬂmre“(@ionh@@lamp) 6-eghogymibi el (SR gimethyl{l Sydioxolandr e

dri e}g, g%§8,%) gnecpm@)ﬁgiﬁgg ed under reduced pressure to afford

(R) open -ene-1,2-diol. "HNW (CDC13, 300MHz): 8 6.11 (s, 1H), 5.85
-4 07(m 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62 (d, 2H),

> 19>{D 1764 (bs, OH). STEP D:

(R) -5- (2( -2,2,3,3,8,8,9,9-oct anet hyl- 4, 7-di oxa- 3, 8-di si | adecane

TBS-0,,. T F[ ] A solution of (R)-4-iodopent-4-ene-1,2-diol (224 ny,

1 mml) in F (6 M) was cooled to 0OC, and pyridine (293 ng, 3.7 nmmol) and
t er tpgydf YA thmt RY 5 BidiMlord AL (E'ﬂﬁgto%hkﬁa@mﬁ freekyBedzdRo0T Qo] 268 ah6s

dI’O W Se. he reacti on m xture was O room tenperature, strrred for

an emrmlt mcstxmpyr@@erw Bl s added AR DB 4-difuory T6R- lyniesf-iodophrawampetésur e.  The
c rN;ctﬁetﬁmyﬁfehﬁs 1082- &Hnstﬁgl1@@%&&@5@:&&5@%9&1@@@9@@ sHEdnBmide l(ge@ h) dﬁd @6lmixture

concentrated under reduced pressure, and purified by f
Chr GHEEbH TR PIRERINE oYergishiT B tolvsnt was R repqyed pndey tﬁdtféstarﬁeuretaad Q‘P featdae
( I?) -desséled @@@@i dc¥tdte - wWasRed3with Hin8, Pie® (MG BRIdBAcefitrafeddb @fférd 3rule (R)N-(Bdlecane
(2 4d1fg.1%’ro 2- (2/?]uoro-4 iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonamide, used without further purification in the next step.

m/z =611 [M-1T

STEP J: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide
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| HNMR (CDC13, 500MHz): 8 6.13 (s, 1H), 5.79 (s, 1H), 3.86-3.95 (m 1H),
3.64 (dd, J= 10, 4 Hz, 1H), 3.49 (dd, J= 10, 6 Hz,1H), 2.52 (d, J= 6 Hz,
2H), 2. 35V0Q011)8981Hz, OH), 0.89 (s, 18H), 0.04 (s, 12HPCT/EREZP10/004222
2011/ 009541PCT/ EP2010/ 004222 BHC 093080 _FC- Text STEP E:
(R -5-((1-iodocycl opropyl)nethyl)-2,2,3,3,8,8,9,9-octanet hyl -4, 7-di oxa- 3, 8-
di si |l adecane TBS-0,, TBS-0 [0061] Tl’lf| uoroacetic acid (TFA; 281 ng, 2.47
moBHCRESQEEdextt o a sol ution of diethyl zinc (ZnEt2, 2.5 nl, 2.5Min
hexane) in DCE (1 nmL) at OC and stirred for 35 mns. Diiodonethane (CH2I 2,
rI% o5 4émol ) was then added at OC, and the mixture stirred for an
addl 580 mm. A sol ution of (R -5-(2-iodoal | y1)-
2,373,868 9(:9 ctanet hyl- 4, 7-di oxa- 3, 8-di si |l adecane (step D, 188 ng, 0.41
PB i was added and the reaction stirred at roomtenperature
over ni ght . iion was then quenched by addition of a m xture of
met hanol (5 nL) and brine (0.5 nmL). After stirring for an additional hour,

t he F wRsle @ﬁéﬂ% Clpogimmiyei sal was
L 1 SUHt ehfae tRINASR AT o andﬁﬁdﬁﬁ*“gg‘ﬁ%gﬂ?% oGl AR RS

dri éwxylee@wYeba@eﬁprlﬂanamwwﬂé teeaaﬁwég@@f EHF fh@wac’@ &’a%l&rq R
was nfiy dnlt uﬁ&éde&eﬂn{ghhﬁWteﬁpéam&cgbwkﬁ@wer% kén‘i&é@ﬁhd@ﬂ@d&%@ §s§ffeQﬁ'd theresfahor d
(R -54(1-i odocycl opropyl ) net hyl) 8 oct anet h

di ofigsaived injethy! |aa%%§hé°'(gm8pb?@e W%smsﬁe m ém@(’)a 08) g1 3. 95
(m cgﬂd}:ntra?ed@(oaffdiiﬂi(R N(ﬂﬂdxiﬁoﬂd& (2JﬂTﬂ)ro-ﬁloﬂgph€1@%mlﬂéﬁ &ﬁem@(ybﬁen&b{)lrai 95 (dd,
J= 10, 4 Hz, 1H) dd, J é %5!)8 0.99-1.07 (m 2H), 0.75-0.90
(m MOXW‘B’M)@@WTQPB“EPH"“(“ “3‘%‘8’%‘ (s, 3H), 0.04 (s, 6H). STEP F:

( R) {6bef)L Th@dmpbﬁh@msaamwearbg marlﬂﬁ}-llhagc HPOC udikl 4 ORBRJLPAGUADUS cdiiGiin @050 on

dded t ti f ) hyl ) -
2. 2 PG 0O GBS E BRI B R B FOURRG (IR B Ryt e
0. 598e¢rivh |w)1s ¢atricbHht £t25mh1)n Pite r@Xhtiom Kighe NWax Hergrainsd s i8] 2whiy coveespanding o theom

of BBt Ekar oo e Gabol i R AP R B3 PR i e

or gapdleprépayet-sulfuppreidashed with brine, dried (MgJSO4) and concentrated under

r edggggﬂe mgﬁftﬁg \%\IELEQrapJoSq\ﬁhegc?udfe@ate%ﬁl( do- 1@:@{3@ g@h AL lid &Wf@}"]‘ 953 9. Iggrt on

STEKbb&ne@R)a-cmrél(sg_parayd@ewe coeraip yijtane At ,,sgmgs)dl methyl - 1. 3-di oxol ane X' 2
100 1. 337 I d di
O bR TR L QRN Gude b, ol ) and pyri di ni um

onat were added to a solution of crude
(R) Fgu(elL(¢)@ﬁ@e§718L6|@rua@mﬂﬂ)emr@5baw@n11 Qo-meéledevstbetpatﬁlenec soplagfshe)(trnayiemged i n
di clbifiRARINANRA stphrdiibh oML racdific Hixthrd bEbih 155&'1&% roomtenperature for 2
hours. Sol vents were renoved under WO 2011/ 009541PCT/ EP2010/ 004222 BHC
093080 _FC- Text reduced pressure and the crude product purified by flash
chr omat ogr aphy using ethyl acetate/hexane (1:10) eluant to afford
(R -4((1-iodocycl opropyl ) net hyl)-2,2-di net hyl -1, 3-di oxol ane (84 ng, 509%.
"H NWVR (CDC13, 500MHz): 8 4.31-4.37 (m 1H), 4.16 (dd, J=10, 5 Hz, 1H)
3.56 (dd, J= 10, 8 Hz, 1H), 1.72- 1.80 (m 2H), 1.35 (s, 6H), 1.04-1.11 (m
2H), 0.90-0.94 (m 1H), 0.73-0.77 (m 1H). STEP H.
(R -1-((2, 2-di net hy1-1, 3-di oxol an-4-yl ) net hyl ) cycl opr opane- 1- sul f onyl
chloride vo"rso,ci /\o
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100641 tert-Butyl lithium (0.2 inL, 0.34 mmol, 1.7M was added to a
solution of (R)-44(1- iodocyclopropyl)nethyl)-2,2-dinethyl-1, 3-di oxol ane
(step G WO 2a14/0008416 nunol) in ether (1 nL) at -78C and PCREPAIINI004222 stirred
at -78C for 30 mins. A solution of thionyl chloride (26 !'IL) in ether (0.5
m.) was then added. The resulting orange solution was warned to room
tenperature and concentrated under reduced pressure. The residue was

di s BHCP88Y ACI_¥tor of orm filtered and dried under reduced pressure to
afford (R)-14(2, 2-di net hyl-1, 3- di oxol an-4-yl ) net hypcycl opr opane- 1- sul f onyl

hl Qf,i 3 , 99,. = M1, - 13
(R T0oHE EXAMALES. (78052 X5 Rt hdonh Rl metiomphend L@ 142, 2.
di neihygroxyprépyliéysloptopanedl-sujfohamstiy| ) cycl opr opane- 1- sul f onami de [00651 A

sol ution of
5, 6-di fl uoro- N1- (2-fl uoro-4-iodophenyl) - 3- met hoxybenzene- 1, 2-di am ne (22

mg, 0.06& mfoF)' in dry pyridingebd. 8 i) was sadded to STEP D
(R) - N (314- d*fﬁwyoro- Y2~ uorq: 4 i odopE/e?rsel aEdn0) rA- | Tesorr TBS-O I
met hayyphenyl) - 14( Rs2-ti met Ml 13- qisox0l an- 4-yl) et iy ycl_apx.opane-jﬁ?ﬁl fo

nam de (st &UEXNd the mi xt ur eMeeH | Lf.ed at room temper at ur @ @xer Fsglit. The
sol vesfEPBrvas 'ffen renov nder reduged, pressure and resi due di ssol ved

E
in etypFaacetats, washed, wi ko _brineo.deied §MISOH) and Goncendr at esh,d o
af for &'#% ude (R 3,4-'(\% @gpx e

di f | ucane=rd- ( BSfd"uor o- 4- itedopbieny| ambwogm 6- N®t hoxypheng.g) - 14( 272- di net hyl - 1,
3-di oxol an-4- yOnet hypcycl opr opane- 1-sul f onam de, used w t hout fuﬁthherF
purification in the next step. mz = 611 [ MAl STEP J:  gpi | O N
(R -N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no)-6- rr@kdhp%yph 12

-(2, 3- di hydroxypropyl)cycl opropane-| -sul fonam de WO I :
2011/ 009541PCT/ EP2010/ 004222 BHC 093080 FC-Text F [0066] Crudéa
(R -N(3,4-difluoro-2-(2-fluoro-4-m b’dﬁyl am no) - GS-ngt yﬁ‘sﬁﬁé) -1-02, 2-
di mret hyl - 1, 3- di oxol an-4-yl ) nmet hypc panef 1- suk+enanid s |digsél ve
ina mxture of THF (1 nL) and HC "P1. . ) ame stifPred ight  at
room tenperature. The solvents were reno iy , reduced press A he
resi due di ssolved in ethyl acetate. The organi c phase was washedfwi th

aqu I dr.i nd.congentrated to afford
(R St g'\@' et tﬁg%ﬂ?@?{*@'@ﬁ@%ﬁ-@megﬁO@ﬂ)@ﬁ;ﬁ}ﬁnne%gl) ~6- met hoxypheny1) - 1- ( 2, 3-
di hyd™ pyl ) cycl opr opane-1-sul fonam de (1.4 ng, crude). [0067] The

conpgilgd was™mal yzed by normal - phase HPLC using a CH RALPAK AD-H col um

anc 1987 cesEy Tt a0 Sr0des St oo SRSttt G URL TP bt o T

nm mik@relsair@tot Mradditioml damin )eerrbagidiniethyl(exiZa-2nilmethaxy)siisyeqiel)) agd BB, Bthe

retention tj f. o o . :
() R ade P ot it ey BeSSiny o AR R @R H9R AL s ARSIy
opy Ichlodgecdomtivo palregtrictesiwithatgiaatate (Bik)gTescoibmpd orgaridigydriPir€whshad eith brigehdried
cru terial o-injected w t L. . <) enantioner
(b SieR2R 50 Sreonified DIEEABL iRty MO R for SARREAL sG] 2000, L
Fi gutrimethysilyl)mnttdamn-HPL.C trace of the crude material Figure 1(c) is the HPLC
trace of the crude material, co-injected with an authentic sanple of the
(+) enantioner (obtained via chiral separation of the racem c m xture of
bot ISTEBBNS)-3Yters-buiplddoathyl s ydsPPCH-EF2011 0/ 004222 BHC 093080 _FC Text [0068]
EXAMPL 2+
(S)-N- (3, 4-8 fl uoro-2-(2-fluoro-4-iodophenyl am no) - 6- net hoxypheny1) - 1- (2, 3-
di hy'@%&xypr opyl ) cycl opr opane-1 - sul f onam de

[0070] Potassium carbonate (1.5eq) is added to a solution of (R)-1-(tert-butyldimethylsilyloxy)-5-

(trimethylsilyl)pent-4-yn-2-ol (1eq) in methanol and the mixture stirred at room temperature for 8 hours. The
solvent is removed under reduced pressure and aqueous ammonium chloride solution added. The mixture is
extracted with ethyl acetate (3x) and the combined organic layers washed with brine, dried (MgSO4),
concentrated under reduced pressure and purified by flash chromatography (biotage) using a gradient of EtOAc in

hexane.
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F ,O0STEP Jo ,0 '"NHHCI ' NH HH HONN THE STEP A:
(S)-1-(tert-butyldinethylsilyloxy)-5-(trinethylsilyppent-4-yn-2-o0l HO

TBS- 0TVS WOoQ6Boopst - Butyl lithium (2eq) is added to a POITIPREIN/004222

TMS- acetylene (2eq) in THF at -78C and the reaction m xture stirred for an
additional 30 nm (S)-tert-butyldi nethyl (oxiran-2-yl methoxy)silane (Ieq)
and BF3. Et02 (2eq) are added and stirred at -78C for 4.5 hours. The

r eac#HOP3988_Fsuksthed by addition of aqueous armmoni um chl oride sol ution and
extracted with ethyl acetate (3x). The conbi ned organic | ayers are washed
with brine, dried (MgSO) and concentrated under reduced pressure to afford
(S)-1-(tert-butyldinethylsilyloxy)-5- (trimethylsilyl)pent-4-yn-2-ol. STEP
B: (BErC: (I)drlbddpantyd-cherte-diyl si | yl oxy) pent - 4-yn-2-o0l HO TBS-0 [ 0070]

Pot agsi um carbonate (1.5eq) is added to a solution of

(R -1-{tdrt-butyldimethylsilyloxy)-5- (trinmethylsilyppent-4-yn-2-ol (1 eq)

I n hanol and the m xture stirred at roomtenperature for 8 hours. The
sol Vi) Iﬁloa@mmélcmq% 1 HaHe @sl1- BB‘F@ %%@edaﬁqmagu@%@u@mw gpchl oride
solutlon added he"m xture is extracted with ethyl acetate (3x) and the

co nth“ﬁ%mﬁhb‘éwl??‘y? BRPET-IN-depd Hiedichigremethane a0°Capd @a re(ambos@zwed g 8ch@ﬁt‘ hayred

unded;aéif AR dcil sSR14H Bd BHGhiRtdfel was S@rrddfor dnadditi6hAl RITRALQYC MR Yealtidral f@Adhed ) NY
a gradient_ of EtOAc. in hexane. W) 2011/009541PCT/§52010/004%2 BHC
09 3Cp§élt1p@oﬁa§)gﬂueous mixture of Na,COy/Na,S,0, (40 ml, 1:1), extracted with ethyl acetate (3x) and the

combined organic layers dried (MgSO,) and concentrated under reduced pressure to afford (S)-4-iodopent-4-ene-

1,2-diol.

STEP D: (S)-5-(2-i0doallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

TBS-O !

TBS—O”

[0072] A solution of (S)-4-iodopent-4-ene-1,2-diol (1 eq) in THF is cooled to 0°C, and pyridine (3.7 eq) and tert-
butyldimethylsilyl trifluoromethanesulfonate (TBSOT() added dropwise. The reaction mixture is warmed to room
temperature, stirred for an additional 20 mins and the solvents removed under reduced pressure. The crude
material is dissolved in chloroform, washed with brine, dried (MgSO,) concentrated under reduced pressure, and
purified by flash chromatography using a gradient of ethyl acetate in hexane, to afford (S)-5-(2-iodoallyl)-
2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane.

STEP E: (S)-5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

TBS-O. |

TBS--Oj/>S

[0073]) Trifluoroacetic acid (8eq) is added to a solution of diethyl zinc (16 eq) in DCE at 0°C and stirred for 35
mins. Diiodomethane (8 eq) is added at 0°C, and the mixture stirred for an additional 20 min. A solution of (S)-5-
(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane (1 eq) in DCE is added and the reaction stirred
at room temperature overnight. The reaction is quenched by addition of a mixture of methanol and brine. After
stirring for an additional hour, the mixture is concentrated under reduced pressure. The crude material is extracted
with aqueous NH,CI/CHCl; and the organic layer washed with brine, dried (MgSO,) and concentrated under
reduced pressure. The crude material is triturated in hexane and the solution filtered and evaporated to afford (S)-

5-((1-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane.
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STEP C. (S)-4-1odopent-4-ene-1, 2-diol HO HO [ 0071]

9-1 odo- 9- bor abi cycl o[ 3. 3. 1] nonane (9-1-BBN) is added dropw se to a sol ution
(S)-1-(t evOlzatydogli4met hyl si |l yl oxy) pent-4-yn-2-ol in di cRCoEpaeioosze2 at 0C
and the reaction stirred at OC for 4 hours. 3 acial acetic acid is added
and the m xture was stirred for an additional hour at OC. The reaction is
quenched by addition of an aqueous m xture of Na2CO3/ Na2S203 (40 m, 1:1),
ext BEE0a3P80FCHextt hyl acetate (3x) and the conbi ned organic |ayers dried
(MySO4) and concentrated under reduced pressure to afford

(S) d 2-di ol . P.D:

() SgEfg &ggggf"lﬁﬁ?ﬂ% foﬁ?'lg’,r%p,age,'g,}:g,mé- oct anet hy1- 4, 7- di oxa- 3, 8- di si | adecane
TBS-H9 e [0072] A solution of (S)-4-iodopent-4-ene-1,2-diol (1 eq) in
THF | led to OC, and pyridine (3.7 eq) and tertbutyldinethylsilyl

tri 1o uor onet hanesul fonate (TBSOTO added dropw se. The reaction m xture is
war a4l c\quemHIC sdeticatisiadded totaispluben df 6)-Sak( ! -zadaéyciopieayDmahyh-H3.3.488: 3 he
soleaksy ;nwx%ga 9§%§1ﬁéeg&u%@ﬁa9w§wf@ mlmgi iSOG wWaRh& tb Aond Emlrsigebyed 1 n

chl or 6 rine, drie concéntrated under reduced

pr e§sm¢def0r 2rhpupsuFliefreastionis apenghed bmﬁ@m Qfgwpw\l AT Qygolytion;, s¥Tastsd Wish etdylhy |
acet,alige iafq heXdRbined &gﬁfcflﬁ)feg washedSnithdirin@@eied MES0,) and concentrated under reduced
2,2,3,378,8,9,9-oct anet hy1-4, 7-di oxa- 3, 8- di si | adecane. STEP E:

(S) presgyra toj pRyisiey§)- %;plr@swﬁerrﬁwlbpr@a@ lsi -3ioB(099 mmobc t anet hyl - 4, 7- di oxa- 3, 8-d
i sil adecane TBS-0l TBS-0 [0073] Trifluoroacetic acid (8eq) is added to a
solution of diethyl zinc g% i,n DCE at,Oq and stirred for 35 mns.

Di i cHBRET @ﬁe((l(ngdgc@(ybprgp)é{ml) 2-gigmethylsh 3 dioxolagest ure stirred for an

addit 20 min. A solution of (S)-5-

(2- |>é 1)-2,2,3,3,8,8,9,9-octanet hyl- 4, 7-di oxa- 3, 8-di si | adecane (1 eq)
in DCI?ls added and the reaction stirred at roomtenperature overnight. The
r eaq007sh 2,5Dopnettneiedpaoy araiyridinmm mfolunasilfinate greaidadeo haolgionafi(B)Brilne. After

stirr for it d
or cd bl RioripyBikoBREN 2. R8s O o el i RN Bl OGRS
or gamis. Jodveats angashegd \mdeh reidnded pressyre aed tl'(e vydenodeat durd't‘;ﬂ(bé Hashecheorhatpgraehy
red material is triturated in hexane and the
sol ulﬁglﬁge&?ﬁ%ia%%e IQQ fb?/glg%rtat ed to afford (S)-
5-((!l-1odocycl opropyl )nmethyl)-2,2,3,3,8,8,9, 9-oct anet hyl -4, 7-di oxa- 3, 8-di si
'ad ?ﬁ (S)V* QP&HeQ{}?%JdP&I{aEB%%Q(th&%%Br 05% chtbrideext STEP F.
1 |o cyc opr opyl ) propane-'1, 2 074] Aqueous HCl sol ution

:g °4 solution of (S)-5-(0- |odocyclopropyprrethyl) 2,2,3,3,8,8,9,09-

oct hyT - 4 7-di oxa 3,8-disiladecane in THF at 0C. The moxture is sl ow y

o T8 L BIB B U O3PSO B
ac etcmxelancaﬁdq)tltn ahcmnﬂbi&ﬁ@ dndtheyavirtare btimed at—R&S Fre 0 wiinshA Iselitian of dmrefbchéqvglsm@
and g{%{'%% athc,eﬁt )étllﬂ‘g %m?e)%%]ﬁ)ggl t%&%ﬁﬁf@ gndtc%?&'hﬁ)éfé&jtﬁlder r)educeclrptressure The residue is

oc ¢l opr opyl ) propane-1, 2-di ol

(S) dﬂSSW@-lﬂ@th@Mo@MMﬁéﬂW)ierZe@m?ﬁH’i@?ﬁlﬁs’/l 1, 3- di oxol ane X rxl

STEP I: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropane-1-sulfonamide

OO
° “NH F
H
geast
F |
F

[0077] A solution of 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine in dry pyridine is
added to (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-((2,2-dimethyl-1,3-dioxolan-

4-yl)methyl)cyclopropane-1-sulfonamide and the mixture stirred at room temperature overnight. The solvent is
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o [0075] 2, 2-Di net hoxypropane and pyridi ni um p-tol uenesul fonate are added
to a solution of (S)-3-(1- iodocycl opropyl)propane-1, 2-diol dissolved in
di chl or orEORaNAasId t he m xture stirred at room t enper aPOCTEPR@O/0242RDUr S.
Sol vents are renoved under reduced pressure and the crude product purified
by flash chromat ography using et hyI acet at e/ hexane (1:10) eluant. STEP H
(S)-1-42, 2-di met hyl-1, 3- di oxol an-4-yl) met hypcycl opr opane- 1- sul f onyl

chl GHGAIRBBFSERR  /\ o [0076] tert-Butyl lithium (2eq) is added to a

soI ution of (S)- 4 ((1 |odocycl opropyl)rret hyl) -2, 2-di met hyl -1, 3- di oxol ane

ure stirred f
(b S B PR PR Bt DS P bl resto g
t enpenahumtel. and concentrat ed under reduced pressure. The residue is
di ssolved in chloroform filtered and dried under reduced pressure. STEP I|:
(S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- met hoxyphenyl)-1-((2, 2
- di rﬁamhyJ(S)kNasaida‘imro 2(R-AuorgHiedsphenlylaowyo)-b-opthopgheny)- 8% F-onam de \ i 00, sl ai

@%Q#Lp)@tfggp? ﬁ%%gﬁfma l(‘)i|eoheny1) 3- et hoxybenzene-1, 2-diamne in dry

pyr| dded to

(S) - - |fHI ubro- 2- (2-fl uoro- 4-i odophenyl am no) - 6- met hoxypheny1) - 14( 2, 2-
di ma’t y -0 | an4-yl ) met hypcycl opropane- 1- sul f onam de and the m xture
stirred at erature overnight. The solvent is WO

2011/ 009541,CT/ EP2010/ 004222 BHC 093080 FC Text renoved under reduced

8; ?j@bj{sﬁé%)(g gﬁg{ eSI_ —éﬁ{h? :a?s%ol ) I?ggrjlen%?g (0:)%:[p enyl) IV\@ZS?% e\ﬁdlyli-l?ﬁpd’i(i)xgﬁh#-

(S) Wﬂ(e&yﬂc}dlobfopmd—ﬁllfbﬁ’a{ﬂlﬂm dissolved mda)qnb:amg/bfé]fﬁm)i-lﬁ}l aad fiimoeyt pYeemighlt at herh2, 3-

d|hydrox [ c Ne; l,.- sul f ona

(S) t ?‘lﬁ gﬁ%lsglv%?s agep r(:gxg under rg ulc%drl 55 %rﬁ%@ chg %dB ]1 eth?fll acetitf Tfﬁ (2, 2-
di nmmiC-phaSE4mask@I vaith-afpueopk NnﬁCﬁy;duyttﬂI‘brﬂfbpamﬂecomcesmtédanam de i s di ssol ved
in a mxture of THF and HC1 and stirred overni ght at roomtenperature. The

solvents are renoved under reduced pressure and the residue dissolved in
et hylPO79L EXAMPLERe (Rrdg@i2-dimphysle3-fioxelanshipron-1anearenitony chioH®O3, dri ed

(Na2SO™4), and concentrat ed. STEP C
o~ A HOL A STEPB Lol STEPD
J/\ms K,COy J/\\ 9--BBN HO.. XK O, | i) Bui, ki, £,0 o C,
TBS-0 — TBS-0 >< ><
MeOH DCM HO PPTS/DCM Y i) SOzClz

STEP A: (R)-1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol

Ho,,J/\§
TBS-O
[0080] Potassium carbonate (2.14 g, 15.5 mmol) was added to a solution of (R)-1-(tert-butyldimethylsilyloxy)-5-
(trimethylsilyl)pent-4-yn-2-ol (3 g, 10.6 mmol) in methanol (100 mL) and the mixture stirred at room temperature
for 8 hours. The solvent was removed under reduced pressure and aqueous ammonium chloride solution (100 mL)
was added to the resulting oil. The mixture was extracted with ethyl acetate (3 x 50 mL). The combined organic
layers were washed with brine, dried (MgSO4) and concentrated under reduced pressure. The crude material was
purified by flash chromatography (biotage) using a gradient of EtOAc in hexane to afford (R)-1-(tert-
butyldimethylsilyloxy)pent-4-yn-2-ol (1.81g, 8.44 mmol, 80%).
'H NMR (CDCl;, 300MHz): & 3.78-3.86 (m, 1H), 3.71 (dd, 1H), 3.64 (dd, 1H), 2.52 (d, 1H), 2.36-2.44 (m, 2H),
0.96 (s, 9H), 0.05 (s, 6H).
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[ 0079] EXAMPLE 3:

(R -3-(2,2-di nethyl-1, 3-di oxol an-4-yl ) prop- 1- ene- 2-sul fonyl chloride

HO, , STEP WOSTHMWOR41 TMS K2CC39- | - BBN HO,, TBS-e M:OHDc mPHOEPINB00422] |

10,,,1 i) tl:TDLElI,PEt20 PPTS/DCM i) 502012 7 \e STEP A

(R -1-(tert-butyldimethylsilyloxy)pent-4-yn-2-ol HO I TBS-0 [ 0080]

Pot assi um carbonate (2.14 g, 15.5 mpl) was added to a solution of

( R) BHYOMBOFeheyy di net hyl silyl oxy)-5- (trinethylsilyl)pent-4-yn-2-0l (3 g,
10.6 mml) in nmethanol (100 nmL) and the m xture stirred at roomtenperature

for s%pgugﬁ_‘; IIEb%er?tQJ %/nurlt2 s renoved under reduced pressure and aqueous

anmoni um thlori tion (100 nL) was added to the resulting oil. The
m xt®r- Is extracted with ethyl acetate (3 x 50 inL). The conbi ned organic
| ayefy re washed with brine, dried (MgSO4) and concentrated under reduced

pressure. The crude nater purified by flash chromato hty (bi ot age)

o APRAT g i RorBiey B A Iromeaecd A RPND ovan a5 BropYpe 04 BHE (LA i rret by

si | )blu r}ﬂ:?tﬁmx )iben&AO}n 2(61 #160m }_5&2%4111%1))& ,dich¥¥omethae (VIR Y DCLahd 1k(edkign : 8
e

?m7 8sm1:5d at @ gourg #Blacmé S@Bc OGZIQ)mIS wag then acﬂ_% anc? the mlx(ture waskgtxrreg fo?gn 2. 44

additional hour at O°C The reaction was quenched by addition of an aqueous mixture of Na,C0O3/Na,S,0; (40 ml,
1:1) and the resulting solution extracted with ethyl acetate (3 x 30 mL). The combined organic layers were dried
(MgSO,) and concentrated under reduced pressure to afford (R)-4-iodopent-4-ene-1,2-diol.

'H NMR (CDCl;, 300MHz): § 6.11 (s, 1H), 5.85 (s, 1H), 3.98-4.07 (m, 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62 (d,
2H), 2.19 (bs, OH), 1.64 (bs, OH).

STEP C: (R)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane

XY

[0082] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (R)-4-
iodopent-4-ene-1,2-diol in dichloromethane and the mixture stirred at room temperature for 2 hours. Solvents are
removed under reduced pressure and the crude product purified by flash chromatography using ethyl

acetate/hexane (1:10) eluant.

STEP D: (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride

[¢ F o}
YRS
[¢)

[0083] tert-Butyl lithium is added to a solution of (R)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane in ether at —
78°C and the mixture stirred at —78°C for 30 mins. A solution of thionyl chloride in ether is then added, the
mixture warmed to room temperature and concentrated under reduced pressure. The residue is dissolved in

chloroform, filtered and dried under reduced pressure.

[0084]) EXAMPLE 4: (S)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride

STEPC
HOL A~ STEPA 4o « STEPB (I) (I) STEP D
j/\ms KoCOs T\\ 9--88N HO. o o I i) tBuLi, Et20 % C|
T8S-0 —— TBS-0 — — >< ><
MeOH DCM HO prrsocM O i) SOzCIz
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WD 2011/ 009541PCT/ EP2010/ 004222 BHC 093080_FC- Text STEP B:

(R)-4-1odopent -4-ene-1, 2-diol HO ,. HO [0081] 9-

| odo- 9- bowvarrtywb# 3. 3. 1] nonane (9-1-BBN) was added dr op@eirg®2e10/08428| ut i on
(R -1-(tertbutyl di nethyl silyl oxy)pent-4-yn-2-ol (476 ng, 2.22 mol) in

di chl oronethane (2 nL) at OC and the reaction stirred at OC for 4 hours.

A acial acetic acid (0.26 nL) was then added and the m xture was stirred

f or BRI O438PFCOS® hour at OC. The reaction was quenched by addition of an
aqueous m xture of Na2CO3/ Na2S203 (40 rri 1:1) and the resulting solution

ext rﬁﬁ%%g@ (pert P}){Jlmgt% %ﬁ}l?xggpem_“ . The conbi ned organic | ayers were

drie conce und reduced pressure to afford

(R - 4W°3mnt 4 ene-1,2-diol. 'H NIVR (CDbC13, 300ML-1z): 8 6.11 (s, 1H),
5.855({%7 1H), 3.98-4.07 (m 1H), 3.74 (dd, 1H), 3.54 (dd, 1H), 2.62 (d,
2H), 2.19 (bs, Ol—% 1.64 (bs, G—? STEP C , , , ,

( R) -19985b Pri3sririm Farhopats isaddediapsolation of (Y lskes -t dimethylsilyjepg)5-(trimethylsilyl)pent-4-
2, Zymnmrh@&umopmrm: rﬁﬁdu@stﬂeaihtr}wmcﬂrpmiumeshﬂ&ma& @h(eFfHI&)noaecamae}ded to
a solution of (R)-4- iodgpe t4ene1rba%%i ndlchloro ntﬁandt

mi xt* éedsﬂr?sﬁ‘f"é&q “Sr%ﬁ?‘t“g'ﬁﬁ‘é?%&e&i"ét‘? g, FhemixagF OFAED YAETEECthder
r edume dorﬂﬁfaéiisdﬂga@lcaﬂ;éﬁtai’@w&hmmm Udied pugsdg,e%&mﬁdaam&m&&w&mﬁeg&aﬁay

usi ng_.get cet at exane (1:1 STER

(R J‘gi‘ﬁ?,r%-fh% ogfa Y@?‘%é%fr e‘g‘}iaﬁ‘*‘%{}?% giadb?ﬂfé 2-sul fonyl chloride xo"

Ao [0083] tert-Butyl lithiumis added to a solution of
(R S4ﬂ:£ﬁ atsﬁ)_gqo‘%?pg{#)“ eygé Al(r)]l‘et hyl-1, 3-di oxol ane in ether at - 78C and.the

m xture strrre 30 mins. A solution of thionyl chloride in

et heto-j 'lhen added, the mxture war med to roomtenperature and

conce ted under reduced pressure. The residue is dissolved in

chl oroform filtered and dried under reduced pressure. [0084] EXAMPLE 4.

( S) -[8086p 92ladp-Rehorapicyalof3. %ﬁ]eﬁ@ém%(ﬁJzBBgN))lmdéﬁidp@H&meP%Hﬁ l-§&ttori de STEP C
1 GuBidiméthyisiHIAH pent-Ph 2Rl (RDRpéiidihaht B2 bl @O Adeiidn stirred at 0°C for 4 hours.

Glacial acetic acid is added and the mixture stirred for an additional hour at 0°C. An aqueous mixture of
Na,CO,/Na,S,0; (1:1) is added and the resulting solution extracted with ethyl acetate (3x). The combined organic

layers are dried (MgSQO,) and concentrated under reduced pressure.

STEP C: (S)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane

XY

[0087] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (S)-4-
iodopent-4-ene-1,2-diol in dichloromethane and the mixture stirred at room temperature for 2 hours. Solvents are
removed under reduced pressure and the crude product purified by flash chromatography using ethyl

acetate/hexane (1:10) eluant.

STEP D: (S)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride

02O
Xoﬂ\s‘/\c
o}

[0088] tert-Butyl lithium is added to a solution of (S)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane in ether at —
78°C and the mixture stirred at —78°C for 30 mins. A solution of thionyl chloride in ether is then added, the
mixture warmed to room temperature and concentrated under reduced pressure. The residue is dissolved in

chloroform, filtered and dried under reduced pressure.
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BHC 093080_FC- Text STEP A: (S)-1-(tert-butyldinmethylsilyloxy)pent-4-yn-2-ol
HO TBS-0 [ 0085] Potassium carbonate is added to a solution of
(S)-1-(tevo-2buroppditmet hyl sil yl oxy)-5-(trinmethyl silyl) peRCTAEP210/004202 | n

met hanol and the mxture stirred at roomtenperature for 8 hours. The
solvent is renoved under reduced pressure, aqueous anmmoni um chl ori de

sol ution added, and the m xture extracted with ethyl acetate (3x). The
contBHCABBP.FEHied | ayers are washed with brine, dried (MySO4), concentrated
under reduced pressure and purified by flash chronmat ography (biotage; ethyl

acet &ggﬁé?gﬁ Sggﬁcﬁ ?%bﬂug&oh éﬁzBﬂ?g S—l-l@gﬁ’egﬁplﬁlgg aéan%trcl}g)g'}ghengg 3O{§ 2'19m£t9)(118 ]
soI Uti dmxo(lafﬁ}4-ﬂl)pé'¢per-bm yldhamstiély| si | yl oxy) pent-4-yn-2-ol in

di chl oronet hagg @t 0C andgtdpg reaction sigd ed at OC fagep hours. d aci al
acet i ¢ i s added and the mxture stirred for ap, dltlonal heujo at OC.

An aquedus “Wi*RtHY E0qi~pEFCEP ?’1" Bl EpQ f\% o dY P
sol UF¥8n ext r_lg’e ef Ayl at 3E§)"T i ned_grogAi c,l dyet s jare
dried (MgSO4) and concent /)ied under ducea pressure. &f P C - m
(S)-4-(2-iodoal lyl)-2,2-dingthyl-1, 3- d| oxol ane [ 0087] “‘?,52 Di et h e

and pyrldlnlun1p toluenesulfonate (PPTS) are added to tion off (S)-4-
i odopent - 4-ene-1, 2-diol in dichloronethane and the mni xtlure ‘st'irred at room
tenperature for 2 hours. Solvents are removed under reduced pressure and
the cr ude@{jroduct purified b}/ flash chromat ography using et hyl
acetSTER AR rigompapeni-enst el STEP D (S)-3-(2, 2-dimethyl -1, 3 -di oxo

| an-+Hb,, rop- 1- ene- 2-sul fonyl chloride zo" Ao [0088] tert-Butyl
l'ithiumils added to a sol ution of

(S)-#-(2-iodoal | y1)-2,2-di net hyl-1, 3-di oxol ane in ether at - 78C and the
m Xt[ﬂﬂ%] A salutiodl 9-dromofB-EorhimcycBI)3.Ail ienanA(%Bt-BBNpin dehlotdmethayé (10My|1616inde) was

et her. ird hen.add r :

conadi it G ot R (LSRR S BRARLETREES el 8 o in

chl aincmiommqthahe (4trek et 0% dndithe e@&tum d@redrae@ﬂﬁicfem puess Slacigl acetit@cid (0. 65 ml, 11.35

(o RS R iR O it | B e e -

di mati¢edand the Mixting 2Bdvead-td wemniogpom te@wera@res Uhe wsersind was qusruipd by aidigion gy
aqueous mixture of Na,CO3/Na,S,0; (40 mL, 1:1), extracted with ethyl acetate (3 x 30 mL), and the combined

organic layers dried (MgSO,) and concentrated under reduced pressure to afford (R)-4-bromopent-4-ene-1,2-diol.
m/z =182 [M+1].

STEP B: (R)-4-(2-iodoallyl)-2,2-dimethyl-1,3-dioxolane

o... Br
Y
[0091] 2,2 Dimethoxypropane (993 mg, 9.5 mmol) and pyridinium p-toluenesulfonate (PPTS, 320 mg, 1.27
mmol) were added to a solution of (R)-4-bromopent-4-ene-1,2-diol (1.15 g, 6.36 mmol) in dichloromethane (15
mL) and the mixture stirred at room temperature for 4 hours. Solvents were removed under reduced pressure and
the crude product purified by flash chromatography (ethyl acetae:hexane, 1:10 eluant) to afford (R)-4-(2-
iodoallyl)-2,2-dimethyl-1,3-dioxolane (1.12g, 80%).
'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.34 (s, 3 H), 1.39 (s, 3 H), 2.52 (dd, J=14.49, 6.05 Hz, 1 H),

2.73 (dd, J=14.67, 6.60 Hz, 1 H), 3.60 (dd, J=8.16, 6.14 Hz, 1 H), 4.06 (dd, /=8.07, 6.05 Hz, 1 H), 4.34 (quin,
J=6.28 Hz, 1 H), 5.78 (d, /=1.10 Hz, 1 H), 6.13 (d, J=1.10 Hz, 1 H).
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DCM HO STEP B Br PPTS/ DCM v0O- " O- STEP A

(R)-4-bronopent -4-ene-1,2-diol HOr Br HO [0090] A solution

9- br ono- Wbanubiogise! o] 3. 3. 1] nonane (9-Br-BBN) i n di chl orowgrh@amo{22] 10. 6
m.) was added dropwi se to a solution of

(R -1-(tert-butyl dinmethylsilyloxy)pent-4-yn-2-ol (755 ng, 3.53 mmol) in

di chl oronethane (4 nL) at 0C, and the m xture stirred at OC for 4 hours.

A adiHgl 0930861HCeTeatci d (0.65 m, 11.35 nmol) was added and stirring continued
at OC for an additional 1 hour. Ethanolamne (2.5 nm., 41.5 mml) was added

e R R e P -SRI oRT S0t B RDCRt NaoS203 (40 L. 1: 1),

extragt edow@ h ethyl acetate (3 x 30 nlL), and the conbined organic |ayers
drie ( 04 and concentrated under reduced pressure to afford

(R) -"4dbronppent - 4-ene-1,2-diol . mz = 182 [Mr1]-. STEP B:

(R) -[foep-A QHRRh oY k) b%tﬁn@lluﬂﬁh IEXQ&né(lW'%%IQ%S gﬁded dafoplvid@ Bld soRutidn of (R)4-(2-

Di met hoxypr opane di ni um p-t ol uenesul f onat e

( ppTgioal@QbZ Mlmelh)&'} 3rﬁmojang\gr?é & Ml)tle d{g}/ gther ( at -78°C, and the reaction stirred
(R) -a- ﬁ@‘@f@? B6 Rirr. $udRf-dlehdordt @o,Cil; 553 1, 6.5 mAR 1 WRladdeld thSlinGdlro harRk RAREm( 15

m.) and the mxture stirred at room tenperature for 4 hours. Solvents were
r endereReraiseland the splycaly remmeved ppdsr rgdered pressuey e Rsedyefunas Uisdnn the et pigp Mithap

chr %ﬁ{epg.[rﬁﬁbﬁ/on( et hyl acetae: hexane, 1:10 eluant) to afford (R)-4-(2-

i odoal | y1) di met hy1-1, 3-di oxol ane (1.12g, 80% . I|IHNWR (500 MHz,
CHLOROFORMd) 8 ppm 1.34 (s, 3 H, 1.39 (s, 3 H), 2.52 (dd, J=14.49, 6.05
Hz, S']TEHi) R3- @ 4-8itluord 21@4-ffaéro-FiodEpheltylandind))6-meh &G phead)-3 1= 8-difethyd-1 Bddidiblan4-
H) , (dd,, J=8.07, 6.05 Hz, 1 H, 4.34 (quin, J=6.28 Hz, 1 H), 5.78 (d,
J= 1Yi)®f°P&"e“$2ﬁ)“lf°‘€mid§ (d, J=1.10 Hz, 1 H). WD 2011/ 009541PCT/ EP2010/ 004222
BHC 083 FC- Text STEP C.

(R >{ 2- metrhyl- 1, 3- di oxol an-4-yl) prop- 1- ene-2-sul fonyl chloride zo"

hel

F
[0093] (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride from STEP C was dissolved in

pyridine (12 mL) and 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine (2.56 g, 6.5 mmol)
added. The solution was stirred at 100°C for 2 hours and then partitioned with water and ethyl acetate. The

organic layer was washed with brine, dried (MgSO,), concentrated under reduced pressure and purified by flash
column chromatography on silica (30% ethyl acetate/hexanes eluant) to afford (R)-N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonamide (651mg,
17%).

'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.32 (s, 3 H), 1.39 (s, 3 H), 2.57 - 2.64 (m, 1 H), 2.64 - 2.72 (m,
1 H), 3.59 (dd, J=8.25, 6.60 Hz, 1 H), 3.78 (s, 3 H), 4.00 - 4.13 (m, 1 H), 4.27 - 4.36 (m, 1 H), 5.72 (s, 1 H), 5.92
(s, 1 H), 6.21 (s, 1 H), 6.41 (td, J=8.62, 5.14 Hz, 1 H), 6.47 (dd, J/=11.19, 6.60 Hz, 1 H), 7.15 (s, 1 H) 7.25 (s, 1
H), 7.35 (dd, /~10.45, 1.83 Hz, 1 H).

[0094] EXAMPLE 6: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-
1,3-dioxolan-4-yl)prop-1-ene-2-sulfonamide
STEP A STEPB STEPC STEPD

j/\\ 9-Br-BBN Hoj/\[rar PPTS/DCM >< ]/\“/Br i) BuLi, E,0 >< j/\ﬂ/ c| Pyndme

DCM HO >< )SOzClz 0 100°C

o— 0
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Ao [0092] A solution of tert-butyl lithiumin hexane (1.7M 7.65 nL) was
added dropwi se to a solution of (R)-4-(2-

i odoal | yiwo2op/mp3set hy1l- 1, 3-di oxol ane (1.21, 6.5 nmol) PaTdireatpbs2er her (12
m.) at -78C, and the reaction stirred at -78C for 30 mn. Sulfuryl

di chl ori de (S02C12, 538 gL, 6.5 nmol) was added, the m xture warnmed to room
tenperature and the solvents renoved under reduced pressure. The product
was BHEOY308 FClextnext step with no further purification. STEP D

(R) N (3, 4-di fl uoro-2-(2-fluoro-4-iodophenyl am no) - 6- net hoxyphenyl)-3-(2, 2-

th di oxol [ Op- 1- ene- 2-sul fonam de [0093]
(R) {% é)'g bﬁ%‘?or?ﬁ’fgqe’@ lcﬁy‘ggol an- 4-yl ) prop- 1- ene- 2-sul fonyl chl oride from
STEM Brdi ssolved in pyridine (12 nm.) and
5, 6-diJ| uoro-M (2-fluoro-4-iodophenyl) - 3-net hoxybenzene-1, 2-di am ne (2.56
g, 6% mol) added. The solution was stirred at 100C for 2 hours and then
par t[0a9sp resblusion B-brembce?- bemlde;&ldﬁ;'B 1 momina {%=Br-BBE) iodghlvrandtlayeis added dvapsisedb avi t h

F1 aoRud] TSP ot RIRRVL PRSP YRR o SRS RERRVET nBO B LR Y

af f @°Q fqrR)hodis ((anﬂ,aldpeftilc wod @-azd(@nﬁ Ismrgng)commued at O°C for an addmona] 1 hour. Ethanolamine

i od rop- 1-

oo AR R Bt Bk APBKRBETY dbinteqerdi THElbply oifinp() Adninbtant °F

(s, agueslys ml}stl@@Of(l‘@,zCQMzSch (BY), extpctgdywithrpthyl apgfate (3x)5 4nd the combumoraanﬂ)layens 59
dd sur (o T I‘O O (<] (4 4 27 4 36

( dix‘éq:ﬁvlg?S? %%d?gncj_ztratcjd,dﬁ')éer gregiugtgi ;(r& St |_A)fﬁo d‘kSp@b th ght-(4r9n :1-2"(21(:} )=8. 62

514Hz 6.47 (dd, J=11.19, 660Hz 1H),715(s 1H)725(sl
1 s7m3§ &51!1 (2 %ﬂ&&llyﬁiz éhm%élyﬁia dJoxbi)me [0094] EXAVPLE 6:

(S) N-( -d|f| uor 0-2- (2-fl Goro-4-i odophenyl am no) - 6- net hoxypheny1) - 3- ( 2, 2-
rr% 8 di oxol an- 4- yl )prop 1-ene-2-sul fonam de WO

201Y/@09541PCT/ EP2010/ 004222 BHC 093080 _FC- Text STEP A

() . _
(Dol QPR s 3ad) il pltBl SRR Al soionor s
dr opmapente-ened G-dioli (6¢9) of di¢h8yromethane and the myAtefe m;reldy:lt pmyi¢rapeyatyse far 4 hoyrp,- 2- 0I
in @o%dt?ﬁx@ p@ﬁd@@@&n reQ&ted gultegﬁd me%ltuﬁé Sro&;d %&Wd%ﬂ%@cm&aégﬁw (30% ethyl
G acial acetic acid is stirring continued at OC for "an "addi ti onal
1 hoeetate/Ixaamelant- ne i s added and the mixture allowed to warmto room
tenperature. The reaction is quenched by addition of an aqueous m xture of
Na2CO3/ Na2S203 (1: 1%y extracted with et hﬁ): acetate (3x), and the conbined
or gTERCt @)ar(3.2¢imet l(lpéuswa%w%%km s fenyl gleréde r educed pressure to
afford) ( Spsgdo bronopent - 4-ene- 1, 2-diol . STEP B:
(S) -Noddal 1y1) - 2, 2- d| nmet hyl 1, 3-di oxol ane Aon Br [0096] 2,2

Xypropane (7. 5eq) and pyridi nium p-tol uenesul fonate (1 eq) are added

an d"’lg@‘?i Py éo 1019 Lf &B)bug/ dllth{ummgﬂﬁle ﬁﬁ‘%e@@ao?kd)&mﬁv%?&% a sQlugdrF&fl(g))r—p(EEt hane

ure stirr at room t efrper at hours. Sol vent's are
re mq@dllﬂhaédlmedm&mwbse (le@) indigthytrsheg ptrd® Cpgnd dgcreagsion stirfed @t §°G fopdtmin.
chr Bélérg de Q l]eq E %%&&lﬁ' th@ﬁx@(tnﬁ't: g/am %om%rﬁiﬁﬁwrc andMELBIVents removed under
(S)-3- I meth 1, 3-di oxol an- 4-yl') prop-1-ene-2-sul fonyl chloride O
[Oogqqucwgﬁﬁlﬂfl on of tert- butyl lithiumin hexane (1.7M 2eq) i s added
dropwi se to a solution of (S)-4-(2- iodoallyl)-2,2-di rrethyl , 3-di oxol ane
(le in diethyl ether at -78C, and the reaction sti for 30 mm
Sul fTEYP: & dq@éwle@or?i! (é&yomé-laeﬂ%elylwmwwépmﬁ- -<92 "?%‘Hﬁ]?éé%@%fur e
and yt])g Bp3anventBodagidved under reduced pressure. STEP D
(S) g i fluoro-2-(2-fluoro-4-iodophenyl am no) - 6- net hoxyphenyl) - 3-(2, 2-

TTW di oon an-4- yl)prop-1 -ene-2-sul fonam de
H

[0098] (S)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride (leq) is dissolved in pyridine and
5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine (1eq) added. The solution is stirred at

100°C for 2 hours and then partitioned with water and ethyl acetate. The organic layer is washed with brine, dried
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NH [0098] (S)-3-(2,2-dinethyl-1, 3-di oxol an- 4- yppr op- 1- ene- 2- sul f onyl
chloride (leq) is dissolved in pyridine and

5, 6-di f | WO@ONI00P3H f | uor o- 4- i odophenyl) - 3- met hoxybenzen@CT/ER2el0atd202 (| eq)
added. The solution is stirred at 100C for 2 hours and then partitioned
with water and ethyl acetate. The organic |layer is washed with brine, dried
35 WD 2011/ 009541PCT/ EP2010/ 004222 BHC 093080_FC- Text (MgSO4),

condBit PVABAFCiteter reduced pressure and purified by flash col um

chromat ography on silica (30% et hyl acetate/hexanes el uant). [0099] EXAMPLE

(7::h| gﬁgéé()gégéﬁgj tg; \lﬂ%ﬁég&licﬁhg IeSgSil(rgl Eaaunf%hﬁpéxd Ro2 tggr%phy on sﬂlca @61% ethyl

1, 2-aBetsté/hex@fid)ehidnt®- di met hy1- 1, 3- di oxol an- 4- yQOret hyl ) cycl opr opyl ) di sul f ane
"o())( /\Vo [00100] n-Butyl lithium (1.7 Min hexane, 1.2 eq) is added

dropwi se over 1 hour to a solution of 1,2- dic clopropyldlsulfane 51 eq) in
THF 00995 EXAMBRE|T) (R)d+((2,2dimgthyl-1 ,3-dioxolan-4-yl)methy’ )cyclopropane-l sulfonyl chlori

(S)-4-(bromonet hyl ) -2, 2-di met hy1-1, 3-di oxol ane (4.1 eq) is then added at
a d|

-78 C and_st rrlng at -78 C contlnued for ional 4 hours. Saturated

aqueous ni u de smkit i NBSHCUr e, Ds. 8 ed

wth etéayl acetg>%gdg;? The—conb ganlc extracts—are:ﬁ? d ZANa2SO4)

and purlfled by sh chr omat ogr ﬁy (et hyl acet at e4,0,MebRxan@ el uant). STEP
2, 2-di met hyl- 1, 3-di oxol an-4-yOneth cycIoFropane 1-sul fonyl

dhl o?TiEaé 5é@x{(mldﬂwmﬂwwmlanﬂmlmﬂw@sop@p&laelsu faneadded to a mixture
of 2 MHCL (0.6 nml ) and acetonitrile (3.4 ni./mol) and cooled to 10 C

is(1-(((R)-2,2-di methyl-1, 3-di oxol an-4-
?}%ﬁbggbloprOpyI)dlsquane (2 5 eq) in acetonitrile (0.25 mM/mol) is
added dropwi se to the m xture, which is stirred below 20 C for 20 m nutes.
_ i [0e10ploRyty! lishipra (1.7 Moinfesanerd|2)eq) is addrdaleppaisg overd howrgp aselatianagasdi c | ayer

Was f@&cn\%&pylmemﬁe g ﬁ@k %%Q,ﬂ/)mfagnﬁemercat@d (Uf&%hqeﬁ?‘ﬁ@@%ﬂm@tﬁﬁslsy&@xcﬁﬁ@

the crude nateri al gurl fl ash chromat ogr acetate in

hexdhd @) ig e yddedpe &\f%mdgu’éﬁs 27§ PC canyinpadder ag, adgmml 4 lztzvrs Satarated gqueoysor

addidyinyAfim itk kQutioh QOHALd anBXYRbFrdis extracted w1th ethyl acetate (3)? The combined organic

1, 2- Blsgl (&18) 2,2-dimethyl-1, 3-di oxol an-4-yl)net hyl)cyc yl ) di sul f ane
extracts are dried (NaZSO4) and purified by flash chromatography (Yathyl acetate in hexane e uant?

STEP B: (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

><0 m SO,CI
(o)

[00101] N-Chloro succinimide (NCS, 1 eq) is added to a mixture of 2 M HCI (0.6 mL/mmol) and acetonitrile (3.4
mL/mmol) and cooled to 10 °C. A solution of 1,2-bis(1-(((R)-2,2-dimethyl-1,3-dioxolan-4-
yDmethyl)cyclopropyl)disulfane (2.5 eq) in acetonitrile (0.25 ml/mmol) is added dropwise to the mixture, which
is stirred below 20 °C for 20 minutes. Di-iso-propyl ether (15 ml/mmol) is added and the isolated organic layer
washed with brine, dried (Na,SO,) concentrated under reduced pressure and the crude material purified by flash
chromatography (ethyl acetate in hexane eluant). See Nishiguchi ez al, Synthesis, 2006, 24, 4131-4134 for
additional details.

[00102] EXAMPLE 8: 1,2-Bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane

><Z]A8r Base_ >< ]/K Uo>< NCS, HCI >< ]/Ksozd

H,0, MeCN
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Ov Base\/ONCS, HCl O'\0H20, MeCN WD 2011/009541PCT/ EP2010/ 004222 BHC
093080_FC- Text STEP A:

1, 2- Bi s( Wa(8)1/@91 di met hy1- 1, 3- di oxol an- 4- yQOret hyl ) cyclPepmE®pao)o22l f ane
r-ov )c?L-cf\ 1001031n-Butyl lithium (1.7 Min hexane, 1.2 eq) is added
dropwi se over 1 hour to a solution of 1,2- dicyclopropyldisulfane (1 eq) in
THF (1.5 mUnmol ), at -20 C. (R)-4-(Brononet hyl) -2, 2-di net hyl-1, 3- di oxol ane
(1. BH§)09380 Aeelextadded at -78 C and stirring at -78 C continued for an

addi tional 4 hours. Saturated aqueous ammoni um chl ori de solution is added

and L e te he conbi ned organic
ext ﬁ;"@? ’é}nlat?tg (ﬁlel((lés:} 2((’3{% %ﬁl)efj gp}ﬁr}lﬂ Mmatﬁc'%yg‘ %{oéﬁi(d?ﬂ’ l(g?{’]ﬁt ogr aphy (et hyl
acetate in ml uant). STEP B:

(S) - ; 1, 3-di oxol an- 4-yl ) net hypcycl opr opane- 1- sul fonyl chl ori de
\ / 0s0gLi 0104[N—Ch| oro succini mde (NCS 1 eq) is added to a m xture of 2
MHCL (0.6 nL/mo and acetonitr m_/ nmol ) andcoled 10 C A
sol JQQIE}N "oﬁu%,llfvaé’( 1%4(@7*32? J 2&%%@ ropyTsgPYgE gl 19 2 olution of 1

yl ) edybigprepyadianfatd§ ehplin THF (@3 enl(/@Ambdl) £ ) 201 °C. @yeit @dérhdvhdtiey)A2-dimettyl-1(BDI ) is

D - rpe Pyt fet sEadacitd e tes a3 LSS B LRy rutBer

Wﬁ.s hqabo\gs dnfim@iurh ell;lolﬁlcrel s_ﬁﬂtnﬁd&i&ﬁ&@él)mdmmmmnké Bteethcted chéth efhgtiacernd (memeutbmblaedj

t

nox SHEnERER e s thE-S0p Gtitafney B BB hBRRLPEbOatu S g5 T £ o,
adel_tl onzzal_ qet ai l SL [05)195] EXAI\/PLE 9: I ] tomvl ohlori de
A

(R) ~le 2081 met hy1- 1, 3- di oxol an- 4- yOnet hyl ) cycl opr opane- 1- sul f onat e
Nvof/ Na* /\0 [00106] 30% Hydrogen peroxi de (9 eq) is added to a

3373{’41'?9 Ghlamsagfiﬂiw WER @ Fadelfo i QP R maon gy sesoniils ¢

aci dnL(/Eanm)/aﬁmaio)ed td DE@°G QA sdlutivh off $,2 besglt- &(S)aIZ-(BﬁetﬁylfIQJ-dlbxdlﬂw cool ed,

conc und S essu g h rlal rlfled b

- ecopBeRpDPsieprarieBRE s Bl 3 iR 102} MEpRe ol i e b e B, Hier

1988s stitréd pdlpw 2@ 3 4@ 20 trinrutea ddli-sa-propy] ethet (aiS hé/mmol) is added and the 1solated organic layer
washed with brine, dried (Na,SO,) concentrated under reduced pressure and the crude material purified by flash

chromatography (ethyl acetate in hexane eluant). See Nishiguchi et al, Synthesis, 2006, 24, 4131-4134 for
additional details.

[00105] EXAMPLE 9: (R)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

o)
. >< AcONa POCl,
><0,,/,(XS\S "0 —_ ><0msos- Na* XOMSOZG
o H,0,, AcOH 0 0

STEP A: Sodium (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate

><o ﬂ SO; Na*
O

[00106] 30% Hydrogen peroxide (9 eq) is added to a solution of 1,2-bis(1-(((R)-2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropyl)disulfane (1 eq) and sodium acetate (2 eq) in acetic acid (5 mL/mmol). The solution is
heated at 80 °C for 1 hour, cooled, concentrated under reduced pressure and the crude material purified by
recrystallization. See Fernandez-Bolanos, et al, Carbohydrate Research, 1988, 173(1), 33-40, for additional

details.
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WO 2011/ 009541PCT/ EP2010/ 004222 BHC 093080 FC- Text STEP B: (R)-1-((2,2-D

i met hyl-1, 3-di oxol an-4-yl)nethyl)cycl opropane-1-sul fonyl chloride [00107]
A sol ut i oNO@bP11498540m PCT/EP2010/004222

(R -14(2, 2-di met hyl- 1, 3- di oxol an- 4- yOret hypcycl opr opane- 1-sul fonate (1 eq)
and phosphoryl trichloride (POC13, 0.7 mlImmol) is heated at 80 C for 1
hour. The reaction m xture is cooled to roomtenperature, poured onto ice,
st i BHEPOIASP_FE e nut es and extracted with chlorof orm (2x). The conbi ned
organic extracts are dried (MgSO4) and concentrated under reduced pressure.
STER, A ' . . .

(S -SHE BIRHiTa imetnyt L desp e A0S RP T SISO s ul 1 onat e ) S03-
Na+ Vp.. 8@ 30% Hydr ogen peroxide (9 eq) is added to a sol ution of

1, 2- i s 144S) - 2, 2-di et hy1-1, 3-di oxol an-4- yl ) et hypcycl opropyl ) di sul fane
(1 eq) and sodium acetate (2 eq) in acetic acid (5 nL/mmol). The sol ution

i s HeMoEA wiutien ofsoflizm (R) A d(%2-dipwthyk3-dioselerehrybDmetbd)celapropaned ciebienater(b e and

and } Pl / i i = anos,
o OB SO, DML oih BYed Q5 Mo} | REl! PRt ceddflin REATRO 280 HPkoR O

STERo®n teByratyzy, poupedginigsice: ytirred far 3 minupsand sxtactedwith yespfarmd20p Ahecombingi f ony|

chl QfdH8 ektfactsPfe &Qa?d%%& I AnsRlrittd @ReQEduR afibrtire.
(S)-1-((2, 2-di net hy1l-1I, 3-di oxol an-4-yl ) met hyl) cycl opr opane- 1-sul fonate (1
eq) and phosphoryl trichloride (POC13, 0.7 niL/mmol) is heated at 80 C for 1

hourgo1dRIEXAMPLEQ0: (3)-1 (L EDin%etlyR0 3 KbxbRN-UGDMeth§NBRloploPiR, 1 -Rfdiy chierdeO i Ce,
sti r[r ed@lfor 30 m nu('zg?asi(e2 d ext}?gct ed wt hg?hl or?lg?grm 2x) . The conbi ned

organi c extracts are, dri ( ) and concentrated der reduced pressure.
[00111] EXAMPLE &1: Ve POCK

- +
(R -1-02, &~ 17 3-Qi oxolan-4- mg?ﬁc?%pr opane- 1>§%m02%|h| ori de
Cv PPh3, PCCI 3 0 H Di N,09AcOHS -S02C1 oxane, 2 a 3 /\07\0
WO 2011/ 009541PCT/ EP2010/ 004222 BHC 083080_FC— Text STEP A:

( R) -SIFRP(A&:, Sddin(8}- (252 -dimeByl- Ig3-divedlaradryimsthyl rpdlbpropacs-¢-shlfpaepanet hi ol

>< ,,J/Xsoa- Na’
o}

[00109] 30% Hydrogen peroxide (9 eq) is added to a solution of 1,2-bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-
yl)methyl)cyclopropyl)disulfane (1 eq) and sodium acetate (2 eq) in acetic acid (5 mL/mmol). The solution is
heated at 80 °C for 1 hour, cooled, concentrated under reduced pressure and the crude material purified by
recrystallization. See Fernandez-Bolanos, et al, Carbohydrate Research, 1988, 173(1), 33-40, for additional
details.

STEP B: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

>< msozm
0

[00110] A solution of sodium (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate (1 eq) and
phosphoryl trichloride (POCl;, 0.7 mL/mmol) is heated at 80 °C for 1 hour. The reaction mixture is cooled to
room temperature, poured onto ice, stirred for 30 minutes and extracted with chloroform (2x). The combined

organic extracts are dried (MgSO,) and concentrated under reduced pressure.

[00111]EXAMPLE 11: (R)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride

°>< PPh,, HCI NaOH POCI,
OTKS\S “10 . OTZSH — omsog' Na* - OI'J/KSOZU
><o Dioxane, Hzo ><O DMF ><0 ><0
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1001121A sol ution of

1,2-bis(1-0(R) -2, 2-di net hyl-1, 3-di oxol an-4-0) net hyl ) cycl opr opyl ) di sul f ane
(1 eq) armiowneiiyees#yl phosphine in a m xture of di oxane aR@TERRE0/004222 )
containing two drops of concentrated hydrochloric acid is stirred at 40 C
for 20 mn and concentrated under reduced pressure. The crude material is
purified bg fl ash chromat ography (ethyl acetate in hexane eluant). See

Ov erBHGP9MBOLC-Tedy nt hesi s, 1974, 59-60 for additional details. STEP B:
Sodium (R)-1 ((2,2-dinmethyl-1 , 3-di oxol an-4-yl ) net hyl)cycl opropane-1

- sul . p + [0 di,um hydroxjd ) is added to a solution
of W&'@?ﬁ@i%ﬁ%g%’}%oc’]‘f’g?(él'y r'{l-eﬁ'y{)c é?@'?’ﬁéﬂ%ﬁo@cl opropanethiol (1 eq) in
DVF \( ©-. S%ol ), and stirred at room tenperature overni ght and hydrol yzed.
The 1y is extracted with ethyl acetate (3x), and the conbi ned organic
| ayers dried ,(IVgSO4%), concentrated under reduced pressure and th? crude
mat dPP1AR1 A whytipr o511 (RyPepdimethyls), 3-dioxelansg;yimethylgyclopropyl)disulfane (1 eq) and

- d: Q?(iﬁﬂeﬂﬂpl}fb’sﬁﬂﬁih B YR P @b 218 BRY waker (3M) coh@imitlg twh iRpd iR ohdeRtrdt&lylrbiMoric
solut]Qon OT SO

1L.um . .
(R -ai»ﬂcszﬁtlfsﬂi*t#@tﬁﬁr-@,r@n andsearenraiad YRorrRstyso bR ITGp T Bpsrde maeid FaNEE 1 eq)
and fpkospdtdtography (¢t detattain GEXhd duank). JeerGvkeitianle) alj Synlkesad, @974a59-80foCadditiondl
hour, The reaction mxture is cooled to roomtenperature, poured onto ice,
stirdeBifor 30 minutes and extracted with chloroform (2x). The conbi ned
or g STEP BSodiant (R)-a1(@,2ddimettlyl¢ IV 84)laramg)methgliEmtlomopde-lindémateeduced pressure.

[00115] EXAMPLE.12:
(S }Sé]m net hy1- 1, 3- di oxol an- 4-yl ) met hypcycl opr opane- 1- sul fonyl chl ori de
0) ( , NCl NaOHPQOCI 3 S03- Na+ /\O0Di oxane, H20 /DMF STEP A: (S)- 1

- (( - I J1R - | =4 l)eys aret l \locsn H/\O0
6 Oig@fﬂgzg%ﬁ.ﬁ{ygrg%m% fir &) R486ANG sotbuloTRE (! QS ARKORRI R4 |

1, 2-ybims(hyBgySlop@pancthiahét ¢n) in DME-(Bwkoirae]), 4ndatiradathgdn) eyetrapreopyymiet andl f ane
(1 q.ghro@%h. Thd MARRY s BREZREWAA el felllXSHll e OO A Geitda iRl Bled (1690.)
containi'ng two drops of concentrated hydrochloric amé is stirred at 40 C

f or cpurepirdtedndercedvecdresaure and thejerpdeaaieread epcyptellizedr e,  The crude material is
pur irEtcRi)-1 18,2269 D5 43R6TEA ERARL R DA R p BIEG-AR3ABOEGEText 1 ash

chr omat ogr aghéi(l (ethyl "acetate in hexane eluant). See Overnan et al,
Synt?@sg’ s;g, ¥74, 59-60 for additional details. STEP B: Sodium

(S) - , 2-di met hy1- 1, 3- di oxol an- 4- yOret hypcycl opr opane- 1- sul f onate S03-

Na* 00117 odi u i,.de i.s added. t sol uti.on, -of

() 140Gt ool o TG . S 850t R Ba Bt - et epaniyre
(0. pivbsphorgl ichlentt (ROCK,0etimbimma pirhéasauipe BatQfoe1 baver Thephaictiamahidtyre iscogledd. The
m Xt (S tract | ; - : hRe all

oy P 5Pl g ont b ik oWor SRR ol i GO RBR O PEARR

mat ergaaic extwastsyasd dried (Me80.) and concentrated under reduced pressure.

[00115] EXAMPLE 12: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfony! chloride

°>< PPhg, HCI NaOH POCl
><0 ms\ S 0 —_ ><0]/KSH — ><0 ]/xsoa' Na* ><0 ]/KSOZCI
0 Dioxane, H,O 7 0O DMF o] 0

STEP A: (S)-1-((2,2-Dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropanethiol
o) SH
XJ K
[00116] A solution of 1,2-bis(1-(((S)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane (1 eq) and

triphenylphosphine in a mixture of dioxane and water (4/1) containing two drops of concentrated hydrochloric

acid is stirred at 40 °C for 20 min and concentrated under reduced pressure. The crude material is purified by
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STEP C.

(S)-1-((2,2-D net hyl-1, 3-di oxol an-4-yl ) nmet hyl ) cycl opr opane- 1-sul f onyl

chl ori de wbasoZwhs47\ 0 1001181A sol ution of sodium PCT/EP2010/004222
(S)-14(2, 2-di met hyl- 1, 3-di oxol an-4-yl ) net hyl ) cycl opropane-1-sul fonate (1
eq.) and phosphoryl trichloride (POC13, 0.7 nmL/nunol) is heated at 80 C for
1 hour. The reaction mxture is cooled to roomtenperature, poured onto

i ce BHEO93A8BFCfIsxt 30 mi nutes and extracted with chloroform (2x). The

conbi ned organic extracts are dried (MgS™) and concentrated under reduced

P TRl Srosta bk (FT Sostit 18 heons D s TSR ¢ b Bt 107 S BT bR ™
ngglaanld HNVR (400 MMz, CD30D) 8 ppm 0.39 (ddd, J=9.85, 6.71, 5.27 Hz, 1 H),
I 1§T§6°B-§69M>2-l-'i&ﬁgd°m tﬁng L8Ry yihyblypeostgotafe 2y t,elz?ég(?ﬁd,

m%Nﬂz : 307(dd J=13.80, 4.27 Hz, 1 H), 4.51 - 4.62(m 1
12 EXAMPLE 14 Figure 3 shows the '3C NWR spectrum of sodi um
-1

(2, 2-di met hyl-1, 3-di oxol an- 4- yOret hypcycl opr opane-1- sul fonate in
wad@llﬂwmmy@vmﬂmls@d9edsomﬂwtm o8($)- 11( 2rqimethyl-R3-diogplan-4- 38, 88,

0 93 é'gmeégl)(% ?@é\HATghaol épéz YrﬁDMF\@S M(ﬁp Wét@&x@éﬁfp@x@ﬂlmeﬁlﬂg{ and

A process for preparing a conpound of
for r}:miraly&qd. 5516 mixture.i§ ﬁ’]ﬁtchgefj I‘i‘@th e%](ﬂcst&el(.ﬁ@ and the combined organic layers dried (MgSO,),

S5, 6- cdhéeh&@ém%r(ré’dutémés@uréamﬁl@&bw@samsree@gmwbenzene 1,2-dianine with a
compound of for

o b e SRt propine T A ot 21119 ot

XO]/KSOZCI

[00118] A solution of sodium (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonate (1 eq) and
phosphoryl trichloride (POCls, 0.7 mL/mmol) is heated at 80 °C for 1 hour. The reaction mixture is cooled to
room temperature, poured onto ice, stirred for 30 minutes and extracted with chloroform (2x). The combined

organic extracts are dried (MgSO,) and concentrated under reduced pressure.

[00119] EXAMPLE 13

Figure 2 shows the "H NMR spectrum of sodium (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-
sulfonate in CD;0D.

'H NMR (400 MHz, CD;0OD) & ppm 0.39 (ddd, J=9.85, 6.71, 5.27 Hz, 1 H), 0.57 - 0.76 (m, 2 H), 0.76 - 0.89 (m,
1 H), 1.31 (s, 3 H), 1.51 (dd, J=13.30, 2.76 Hz, 1 H), 1.57 (s, 3 H), 1.94 - 2.07 (m, 1 H), 2.89 (dd, J=13.80, 8.03
Hz, 1 H), 3.07 (dd, J/=13.80, 4.27 Hz, 1 H), 4.51 - 4.62 (m, 1 H).

[00120] EXAMPLE 14

Figure 3 shows the °C NMR spectrum of sodium (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-
sulfonate in CD;0D.

3C NMR (METHANOL-d,) 8 ppm 10.30, 15.17, 21.75, 30.13, 38.88, 54.79, 58.37, 67.15, 101.78.
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RI and R2 together with the carbon atons to which they are attached forma
cyclic 1,2-diol protecting group. 2. A process for preparing a conpound of
fornul a (Welp11/00954¢onpri si ng, contacting PCT/EP2010/004222

5, 6-di fluoro-M (2-fluoro-4-iodophenyl) - 3-net hoxybenzene-1,2-diamne with a
conmpound of forrmula (I1-b): R1-0 R2-c formula (l1-b), wherein Rl is H or
an al cohol protecting group; R2 is Hor an alcohol protecting group; or R
and W@é‘{f@iﬁ@e’?ex\/vith the carbon atons to which they are attached forma
cyclic 1,2-diol protecting group. WO 2011/009541PCT/ EP2010/ 004222 BHC

093 T rocess for preparing
(R Q&ﬁaf@@&nﬁ%ﬁ&gz (2-fl uoro-4-iodophenyl am no) - 6- net hoxyphenyl)-1-(2, 3-

di hyidr oxyppropass Jor pepdrimpg i opapumnd df forrhflodia)i de, conpri sing, contacting a
conmpound of for rrul a (l-a) with an acid, a base or a nucl eophile; or

R'- O,
: | formula (I-

comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound
of formula (II-a):

/

R'-O,,
/(K cl formula (II-a),

RZ-0

wherein
R' is H or an alcohol protecting group;
R’ is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

2. A process for preparing a compound of formula (I-b):

\\S//
\<ij[ \©\ formula (I-b)

comprising, contacting 5,6-difluoro-N'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-1,2-diamine with a compound
of formula (1I-b):

/

R1_
j/x ¢ formula (II-b),

R2-0

wherein
R' is H or an alcohol protecting group;
R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.
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exposi ng the conpound of formula (1-a) to UV light: wherein R is H or
an al cohol protecting group; R2 is H or an alcohol protecting group; or Rl
and R2 t oyoethawoopd4th t he carbon atons to which they arePamtERet1e80420z m a
cyclic 1,2-diol protecting group. 4. A process for preparing
(S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenyl am no) - 6- net hoxypheny1)-1- (2, 3-
di hydr oxypr opyl ) cycl opr opane-| - sul f onam de, conprising, contacting a
conphG3a8P_FCientul a (1-b) with an acid, a base or a nucl eophile; or
exposing t he conmpound of fornula (I-b) to UV l'i ght: wherein R1 is H or

| t ect I R1
andRe t GuEbiier BepeneR 0ot b iy e oo Ry PR e R B P
cycldllrydrbx)a)razbyl)bqum;mnﬁl nudfogamide) corbprikingy ocess as in any of clainms 1-4,
wher8likufi» B JTR HOBRIE A kil U, £BLRSM, ALRBRib o1 CN they are attached

forma C
exposing the compound of formula (I-a) to UV llght

\<j[ \@\ formula (I-a)

R' is H or an alcohol protecting group;

R'- 0,

wherein
R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

4. A process for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-1-(2,3-
dihydroxypropyl)cyclopropane-1-sulfonamide, comprising,
contacting a compound of formula (I-b) with an acid, a base or a nucleophile; or

exposing the compound of formula (I-b) to UV light:

- ‘\S”
\<"j[ \@\ formula (I-b)

R' is H or an alcohol protecting group;

wherein

R? is H or an alcohol protecting group; or

R' and R? together with the carbon atoms to which they are attached form a cyclic 1,2-diol protecting group.

5. A process as in any of claims 1-4, wherein R' and R? together with the carbon atoms to which they are

attached form a cyclic 1,2-diol protecting group.
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WO 2011/ 009541PCT/ EP2010/ 004222 BHC 093080 _FC-Text 6. The process of claim
5, wherein the cyclic 1,2-diol protecting group is a 5-nenbered cyclic

1, 2-di ol WOHMPHG group. 7. The process of claim6, RAEERROOOKE2ZYCIicC
1,2-diol protecting group is 2,2-dinethyl-1, 3-di oxol an-4-yl. 8. The
conpound

(R -1-((2,2-di net hyl-1, 3-di oxol an-4-yl ) net hyl ) cycl opr opane- 1-sul f onyl
chId?KH%qugpfﬁé conpound

(S)-1-((2, 2-di net hyl1-1, 3-di oxol an-4-yl ) net hyl ) cycl opr opane- 1- sul f onyl

chl gri de: 4. 0 10.. The. . n . . . . .

(R0 % (5 15t e s, M S SRR 2ol provsctigg gromp i rmeters eyl o
The powerpogigrduy(. S) - 3- (2, 2- di met hy1- 1, 3- di oxol an-4-yl ) prop- 1- ene- 2- sul f onyl
chloride: AO

7. The process of claim 6, wherein the cyclic 1,2-diol protecting group is 2,2-dimethyl-1,3-dioxolan-4-yl.
8. The compound (R)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride:

0.0
X

o

9. The compound (S)-1-((2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropane-1-sulfonyl chloride:

XJ &

10. The compound (R)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride:
0.0
O, >S<
SR
O .
11. The compound (S)-3-(2,2-dimethyl-1,3-dioxolan-4-yl)prop-1-ene-2-sulfonyl chloride:

Xy
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