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IM (54) Title: PREPARATION OF (R)- AND (S)-N-(3, 4-DIFLUORO-2-(2-FLUORO-4-IODOPHENYLAMINO)-6- 
METHOXYPHENYL) -1- (2, 3-DIHYDROXYPROPYL)CYCLOPROPANE-l-SULFONAMIDE AND PROTECTED
DERIVATIVES THEREOF

(57) Abstract: The present invention relates to 1 
preparation of (R)-N-(3,4-difluoro-2-(2-fluoro· 
iodophenylamino)-6-methoxyphenyl)-1 -(2,3-dih 
droxypropyl)cyclopropane-1 -sulfonamide and C 
N-(3,4-difluoro-2-(2-fluoro-4-
iodophenylamino)-6-methoxyphenyl)-1 -(2,3-dih 
droxypropyl)cyclopropane-1 -sulfonamide. (I)
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PREPARATION OF (R)- and (S)-N-(3,4-DIFLUORO-2-(2-FLUORO-4- 
IODOPHENYLAMINO)-6-METHOXYPHENYL)-1- (2,3-

DIHYDROXYPROPYL)CYCLOPROPANE-l-SULFONAMIDE AND PROTECTED 
DERIVATIVES THEREOF

5

BACKGROUND OF THE INVENTION
[0001] The present invention relates to the fields of pharmaceutical chemistry and synthetic organic 

chemistry. (R)-N-(3,4-Difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-l-sulfonamide and (S)-N-(3,4-difluoro-2-(2-fluoro-4-

10 iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide are known 

to possess inhibitory properties against MEK enzymes and are of therapeutic value (see US published 

patent application US 2008/0058340 Al). Described herein are methods for their preparation.

SUMMARY OF THE INVENTION
15 [0002] Provided herein are processes for preparing compounds of formula (I-a):

comprising, contacting 5,6-difluoro-A1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine

R1-O,, O5S?o
Cl

20

with a compound of formula (ΙΙ-a): O , wherein

R1 is H or an alcohol protecting group;

R2 is H or an alcohol protecting group; or

R1 and R2 together with the oxygen 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)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-

1-sulfonamide:

[0004] In some embodiments, the compound of formula (ΙΙ-a) is (R)-l-((2,2-dimethyl-l,3- 

dioxolan-4-yl)methyl)cyclopropane-1 -sulfonyl chloride:

25

1
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[0005] Also provided herein are processes for preparing compounds of formula (I-b):

formula (I-b)

comprising, contacting 5,6-difluoro-/V1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine

with a compound of formula (ΙΙ-b): , wherein

R1 is H or an alcohol protecting group;

R2 is H or an alcohol protecting group; or

R1 and R2 together with the oxygen atoms to which they are attached form a cyclic 1,2-diol

1010

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)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane- 

1-sulfonamide:

[0007] In some embodiments, the compound of formula (ΙΙ-b) is (S)-l-((2,2-dimethyl-l,3- 

dioxolan-4-yl)methyl)cyclopropane-1 -sulfonyl chloride:

1515

[0008] Also provided herein are processes for preparing (R)-N-(3,4-difluoro-2-(2-fluoro-4- 

iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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:

2
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R1 is H and R2 is an alcohol protecting group; or
R2 is H and R1 is an alcohol protecting group; or
both R1 and R2 are alcohol protecting groups; or
R1 and R2 together with the oxygen atoms to which they are attached form a cyclic 1,2-diol 
protecting group.
[0009] In some embodiments, the compound of formula (I-a) is (R)-N-(3,4-difluoro-2-(2-fluoro- 

4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-

10

1-sulfonamide:

[0010] Also provided herein are processes for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-

iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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:

15

formula (I-b)

20

R1 is H and R2 is an alcohol protecting group; or
R2 is H and R1 is an alcohol protecting group; or
both R1 and R2 are alcohol protecting groups; or
R1 and R2 together with the oxygen 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)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-

1-sulfonamide:

3
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[0012] In some embodiments, R1 is H and R2 is an alcohol protecting group. In further or

additional embodiments, R2 is H and R1 is an alcohol protecting group. In further or additional

embodiments, both R1 and R2 are alcohol protecting groups. In further or additional embodiments,

both R1 and R2 are hydrogen. In further or additional embodiments, the protecting groups are the

5 same. In further or additional embodiments, the protecting groups are different. In further or 

additional embodiments, R1 and R2 together with the oxygen atoms to which they are attached 

form a cyclic 1,2-diol protecting group. In further or additional embodiments, the cyclic 1,2-diol 

protecting group is a 5-membered cyclic 1,2-diol protecting group. In further or additional 

embodiments, the cyclic 1,2-diol protecting group is 2,2-dimethyl-l,3-dioxolan-4-yl.

10 [0013] Also provided herein are compounds useful for the preparation of (R)-N-(3,4-difluoro-2-

(2-iluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l- 

sulfonamide or (S)-N-(3,4-diiluoro-2-(2-iluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-1 -sulfonamide.

[0014] In some embodiments, the compounds (R)-1-((2,2-dimethyl-1,3-dioxolan-4-

15 yl)methyl)cyclopropane-l-sulfonyl chloride and (S)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-l-sulfonyl chloride are provided:

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

2-sulfonyl chloride and (S)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride are

2 0 provided:

[0016] In some embodiments, the compounds sodium (R)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-l-sulfonate and sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-l-sulfonate are provided:

[0017] In some embodiments, the compounds (R)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropanethiol and (S)-1 -((2,2-dimethyl-1,3-dioxolan-4- 

yl)methyl)cyclopropanethiol are provided:

4
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[0018] In some embodiments, the compounds l,2-bis(l-(((R)-2,2-dimethyl-l,3-dioxolan-4-

yl)methyl)cyclopropyl)disulfane and l,2-bis(l-(((S)-2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane

are provided:

INCORPORATION BY REFERENCE

[0019[ All publications and patent applications mentioned in this specification are herein incorporated by 

reference to the same extent as if each individual publication or patent application was specifically and 

individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The novel features of the invention are set forth with particularity in the appended claims. A better 

understanding of the features and advantages of the present invention will be obtained by reference to the 

following detailed description that sets forth illustrative embodiments, in which the principles of the invention are 

utilized, and the accompanying drawings of which:

[0021] Figure 1 represents three HPLC traces of N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6- 

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide, wherein the top trace 1(a) is the HPLC 

trace of the crude material, co-injected with an authentic sample of the (-) enantiomer (obtained via chiral 

separation of the racemic mixture of both isomers); the middle trace 1(b) is the HPLC trace of the crude material; 

and the lower trace 1(c) is the HPLC trace of the crude material, co-injected with an authentic sample of the (+) 

enantiomer (obtained via chiral separation of the racemic mixture of both isomers).

[0022] Figure 2 represents the *H NMR spectrum of sodium (S)-1-((2,2-dimethyl-l, 3-dioxolan-4-

yl)methyl)cyclopropane-l-sulfonate in CD3OD.

[0023] Figure 3 represents the 13C NMR spectrum of sodium (S)-l -((2,2-dimethyl-l, 3-dioxolan-4-

yl)methyl)cyclopropane-l-sulfonate in CD3OD.

DETAILED DESCRIPTION OF THE INVENTION 

[0024] While preferred embodiments of the present invention have been shown and described herein, it will be 

obvious to those skilled in the art that such embodiments are provided by way of example only. Numerous 

variations, changes, and substitutions will now occur to those skilled in the art without departing from the

5
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invention. It should be understood that various alternatives to the embodiments of the invention described herein

may be employed in practicing the invention. It is intended that the following claims define the scope of the

invention and that methods and structures within the scope of these claims and their equivalents be covered

thereby.

[0025] It is often desirable to have alternate methods for the preparation of useful compounds. Described herein 

are various methods for the preparation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6- 

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide and (S)-N-(3,4-difluoro-2-(2-fluoro-4- 

iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide which are known to 

possess inhibitory properties against MEK enzymes.

I. PREPARATION OF COMPOUNDS

Method of Chemical Synthesis

[0026] The discussion below is offered to illustrate how, in principle, to gain access to the compounds claimed 

under this invention and to give details on certain of the diverse methods available for use in assembling the 

compounds of the invention. However, the discussion is not intended to define or limit the scope of reactions or 

reaction sequences that are useful in preparing the compounds of the present invention. The compounds of this 

invention may be made by the procedures and techniques disclosed in the Examples section below, as well as by 

known organic synthesis techniques.

[0027] Methods known to a practitioner of ordinary skill in the art may be identified through various reference 

books and databases. 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, "Synthetic Organic Chemistry", John Wiley & Sons, Inc., New York; S. R. Sandler et al., "Organic 

Functional Group Preparations," 2nd Ed., Academic Press, New York, 1983; H. O. House, "Modem Synthetic 

Reactions", 2nd Ed., W. A. Benjamin, Inc. Menlo Park, Calif. 1972; T. L. Gilchrist, “Heterocyclic Chemistry”, 2nd 

Ed., John Wiley & Sons, New York, 1992; J. March, “Advanced Organic Chemistry: Reactions, Mechanisms and 

Structure”, 4th Ed., Wiley-Interscience, 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.

6
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(editor) “Modem Carbonyl Chemistry” (2000) Wiley-VCH, ISBN: 3-527-29871-1; Patai, S. “Patai's 1992 Guide 

to the Chemistry of Functional Groups” (1992) Interscience ISBN: 0-471-93022-9; Quin, L.D. et al. “A Guide to 

Organophosphorus Chemistry” (2000) Wiley-Interscience, ISBN: 0-471-31824-8; Solomons, T. W. G. “Organic 

Chemistry” 7th Edition (2000) John Wiley & Sons, ISBN: 0-471-19095-0; Stowell, J.C., “Intermediate Organic 

Chemistry” 2nd Edition (1993) Wiley-Interscience, ISBN: 0-471-57456-2; “Industrial Organic Chemicals: 

Starting Materials and Intermediates: An Ullmann's Encyclopedia” (1999) John Wiley & Sons, ISBN: 3-527- 

29645-X, in 8 volumes; “Organic Reactions” (1942-2000) John Wiley & Sons, in over 55 volumes; and 

“Chemistry of Functional Groups” John Wiley & Sons, in 73 volumes.

[0028] In general, the compounds used in the reactions described herein may be made according to organic 

synthesis techniques known to those skilled in this art, starting from commercially available chemicals and/or 

from compounds described in the chemical literature. "Commercially available chemicals" may be obtained from 

standard commercial sources including Acros Organics (Pittsburgh PA), Aldrich Chemical (Milwaukee WI, 

including Sigma Chemical and Fluka), Apin Chemicals Ltd. (Milton Park UK), Avocado Research (Lancashire 

U.K.), BDH Inc. (Toronto, Canada), Bionet (Cornwall, U.K.),Chemservice Inc. (West Chester PA), Crescent 

Chemical Co. (Hauppauge NY), Eastman Organic Chemicals, Eastman Kodak Company (Rochester NY), Fisher 

Scientific Co. (Pittsburgh PA), Fisons Chemicals (Leicestershire UK), Frontier Scientific (Logan UT), ICN 

Biomedicals, Inc. (Costa Mesa CA), Key Organics (Cornwall U.K.), Lancaster Synthesis (Windham NH), 

Maybridge Chemical Co. Ltd. (Cornwall U.K.), Parish Chemical Co. (Orem UT), Pfaltz & Bauer, Inc. (Waterbury 

CN), Polyorganix (Houston TX), Pierce Chemical Co. (Rockford IL), Riedel de Haen AG (Hanover, Germany), 

Spectrum Quality Product, Inc. (New Brunswick, NJ), TCI America (Portland OR), Trans World Chemicals, Inc. 

(Rockville MD), and Wako Chemicals USA, Inc. (Richmond VA).

[0029] Specific and analogous reactants may also be identified through the indices of known chemicals prepared 

by the Chemical Abstract Service of the American Chemical Society, which are available in most public and 

university 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)-l-(2,3- 

dihydroxypropyl)cyclopropane-l-sulfonamide has been described previously, (see US published patent 

application US 2008/0058340 Al), 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.

7
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P0^0 
'Cl HO'

pyridine
-10°C 0^,0 

A 0 BuLi

KNCS
P\ WIC

SOCIj
60’C
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F

F AChiral 
Separation

F F

Scheme 1: Achiral synthesis ofN-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-1 -sulfonamide

Method B: Synthesis from chiral starting materials

[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.

8
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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

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

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

9
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[0032] Method B, Route I: A cyclopropyl group is introduced across the alkene of diol-protected 4-iodopent-4-

ene-l,2-diol, to form the protected 3-( l-iodocyclopropyl)propane-1,2-diol derivative, which is then sulfonylated.

Coupling with 5,6-difluoro-/V'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine and final deprotection

yields (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-

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

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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-/V1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,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)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide, (S)-N-(3,4-difluoro- 

2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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:

j>X>G2 H0'··,
Protect

HO "PG1 on" PG PG’-O'' ru "PG2off" PG1-O'

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

Deprotect Ηθ''·.

Protect

"PG1 on" PG'-O'

Deprotect

’PG2 off” PG1-0

lodination HO.

HO

PG2 „o

pg2 ;

Scheme 3b: (S)-diol-protected4-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-I-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
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4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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.

[0036] Method B, Diol protected l-(23-dihydroxypropyl)cyclopropane-l-sulfonyl chloride: In some 

embodiments, the diol protected 1-(2,3-dihydroxypropyl)cyclopropane-l-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-l,3- 

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

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

1,2 Diol 
Protecting

PMBM-O,..,

PMBM-O'

TBDMS-0

TBDMS-0

λ

1,2 Diol 
Protecting 

Groups Λ Λ Λ Λ Λ"V <yx -yxyyx «yx p#^x Q/y
HQ·" Ο O ' Ο Ο O '—’ O

ΡΜΒΜ-Ο^γΛ TBDMS-O^/\ 

PMBM-O"1 TBDMS-O^

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

sulfonyl chloride are provided below:

Route i:

HO,, OEt BH3xSMe2

EtO^O °

HO,,

HO

OEt PyH+ OTs'

x:OMe

OMe

O-.

0

OEt [>Ti(OiPr)2
X“^

OH Br2 1 PPh3

Pyridine, DCM

i) ’BuLi, Et2O
ii) SO2CI SO,CI

γγ

o
HO^ ^.OEt BH3xSMe2 

EtO'^O 0

O

HO,

HO

OEt PyH* OTs·

X,OMe

OMe

X O^xxOEt >i(OiPr)2 O^^OH Br2/PPh3

ΧΧΠ — AX* Pyridine, DCM

i) ‘BuLi, Et2O
ii) SO2CI2 x°niSO2CI
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Route ii:

HO-.'/'s^OEt i)Reduce . O-../\xOH PPh3,lm, l2 0,.../'x/1 Na2SO3 χ O-..^\xSO3Na 

Protect AA DCM AA EtOH

ΗΟ,,-x^OEt i) I 
EtO^O ° '*)

NMe2CH2l

^0-,./\p°3Na

HO'

Bx ,SiMe3 \ .OMe 7 Me3SOI
O Xf i) Br2 A Z ') BuLl NaH

" HO,. /-xsXSiMe3 ii) NaOMe HO,. /x.Br ' OMe 0„ ") SO2CI2pr — HOpr — x/y
Mg HOX

18C6/ acetone

N^N

αΡΛα

SO2CI

p·/EtO^O °

H0*^^x0Et ') Reduce . Ο·^^\^-θΗ pph3 >lm· h \ O

ii) Protect AA DCM z O

I Na2SO3 . q

EtOH ' 0

SO3Na

NMe2CH2l

Brx.SiMe3

O T
\ OMe

')Bf2 /V„
HOv/^x/SiMej ii) NaOMe ΗΟχ/\.ΒΓ ' OMe 0.

Mg HOX

MU\ZVW υΜΒ \ ΟχζΑ/pr - \pr
HO 0

i) ‘BuLi 
Br ii) SO2CI2

SO3Na

Me3SOI
NaH

SO3Na

nP
18C6/acetone I ciPPi

SO,Cl

Route iii:

LG ASO2OBu
SO2OBu SO2CI

LHMDS, THF 
-78°C - RT

QZlc ASO2OBu

LHMDS, THF 
-78°C - RT

χΎΧΑ*— ppSO2CI
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Method B, Route III

ASO?OBu

PG-O'

HO/, x^x^-SOjOBu

J Δ -
PG-0

Scheme 4a·. (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl) 

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

^.SOjOBuA HO

PG-0

SO2O8U

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 l-(2-hydroxy-3-protected-hydoxypropyl)cyclopropane-l-sulfonate. Conversion of the sulfonate to the 

sulfonyl chloride provides the sulfonyl chloride derivative, l-(2-hydroxy-3-protected-

hydoxypropyl)cyclopropane-l-sulfonyl chloride, which is then coupled with 5,6-difluoro-/V'-(2-fluoro-4- 

iodophenyl)-3-methoxybenzene-l,2-diamine. Removal of any residual protecting groups, as required, yields (R)- 

N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l- 

sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-

dihydroxypropyl)cyclopropane-l-sulfonamide or the racemic mixture, depending on the starting material 

employed.
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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

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-/V‘ -(2-fluoro-4-iodophenyl)-3 -methoxybenzene-1,2-diamine is coupled with cyclopropane 

sulfonyl chloride to provide 7V-(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:

14
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[0040] Amine protected jV-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-

methoxyphenyl)cyclopropanesulfonamide is coupled with protected glycidol, which after final removal of 

protecting groups, as required, yields (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l- 

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

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

glycidol employed.

Method B, Route V

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

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

15
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Oxidation Deprotect

"PG off' 
"PGa off'

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

-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide

[0041] 5,6-Difluoro-/Vl-(2-fluoro-4-iodophenyl)-3-methoxy-/V1-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)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide, (S)-N-(3,4-difluoro-2-(2-fluoro-4- 

iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide or the racemic 

mixture, depending on the starting material employed.

Method Cl: Synthesis utilizing chiral reagents - (i) chiral epoxidation

[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 I 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-l-sulfonamide, followed by epoxide opening and

removal of protecting groups, as required yields the desired chiral products.
16
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Method C2: Synthesis utilizing chiral reagents - (ii) chiral ketone oxidation

[0043] Oxidative cleavage (eg Ozonolysis or Lemieux-Johnson oxidation) of amine protected l-allyl-N-(3,4- 

difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)cyclopropane-1 -sulfonamide, followed by conversion 

to the α-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

EtN'Pr2

ov,o
\ OVCF3 

NH I F(CF3CO)2O

------- AzLn

T F

UOsO4 J* Δ NH | F
-CF,

F 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)-l-(2,3-dihydroxypropyl)cyclopropane-l-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.

17
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Scheme 7a: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl) 

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

Scheme 7b: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-meth0xyphenyl)

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

[0047] Coupling diol-protected 1-(2,3-dihydroxypropyl)cyclopropane-l-sulfonyl chloride with 5,6-difluoro-T/1- 

(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine provides the diol protected product. In some instances 

the coupling may be performed at elevated temperatures. Final deprotection yields (R)-N-(3,4-difluoro-2-(2- 

fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide, (S)-N-(3,4- 

difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l- 

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 l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonyl 

chloride include:

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

i) Protect i) Deprotect

"PG1 on' 'PG2 οίΓ
” 1./ PG2 "

ϋ) 2 PG θ ii) Halogenation
PG [Hal=l, Br]

iii) Deprotect 
"PG'off

HO-.,

HO'

π
i) Protect 

Hal "PG3on·

ii) Cyclopropanation

PG3’O-.,/\/Hal Sulfonylation PG3O-,.^\^SO2CI 

pg3-o^ pg3-o>
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HO

i) Protect 

■PG' on’ HO.

PGUO
I PG*

i) Deprotect 

’PG2 off"
PG2 ”

ii) Halogenation 
[Hal = I, Br]

"Ti1

HO

i) Protect 
Hat ·ρ630Π. PG3'0y^^Hal Sulfonylation PG^O^^v^SOjCI

ii) Cydopropanation
pg3-o pg3o

iii) De protect 
■PG’off’

[0049] 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 

(TBS-C1), 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, 

(ξ-PG2) followed by deprotection and iodination with a reagent such as 9-iodo-9-borabicyclo[3.3. l]nonane (9-1- 

BBN), provides 4-iodopent-4-ene-l,2-diol, which is then diol-protected. A cyclopropyl group is introduced across 

the alkene of diol-protected 4-iodopent-4-ene-l,2-diol, to form the protected 3-(l-iodocyclopropyl)propane-l,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)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide; starting with (S)-(-)-glycidol will result in 

the formation of (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-l-sulfonamide.

Route ii) Via 3,3'-(l,r-disulfanediylbis(cyclopropane-l,l-diyl))dipropane-l,2-diol intermediate (wherein PG3 = 

2,2-dimethyl-1,3-dioxolane):

Route ii-a
.7

')°’Χ'Β' - + y°T'Br ..x0<
Route ii-b

Τ' Base
s + ------------ HO-..

TBS-O TBS-O

p-O TBS j)Deprotec, X/
— κ:"s ' a

X·OMe

V7 O-TBS
Base „ \7 I

s + l> ---------
TBS-O"3 TBS-O "

i) Deprotect

ϋ) κ OMe 

/'OMe

/X'x

[0050] The l,2-bis(l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropyl) disulfane intermediate can be 

prepared either directly by reacting 1,2-dicyclopropyldisulfane with 4-(bromomethyl)-2,2-dimethyl-l,3-dioxolane 

(route ii-a), or by coupling 1,2-dicyclopropyldisulfane with Zer/-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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[0051] The l,2-bis(l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropyl) disulfane can be

directly converted to the sulfonyl chloride, or via the sulfonate salt, which is then converted to the

chloride (route ii-d). Alternatively, the disulfane can be reduced to the sulfide, which is then

oxidized to the sulfonate and converted to the sulfonyl chloride (route ii-e):

Route ii-c

20
10

27
57

80
 

11
 Se

p 2
01

5

10

Route ii-e

PPh3, HCI NaOH

NaOH

POCI3

15

PPh3, HCI

II. PROTECTING GROUPS
Dioxane, H2O DMF

[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

20
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the same means. In some embodiments, wherein more than one protective group is required, a single protecting 

group maybe used to protect multiple functionalities (eg a cyclic group). Protective groups can be removed by 

treatment with acid, base, a nucleophile, hydrogenolysis or by exposure to UV light or a combination thereof. For 

example, groups such as trityl, dimethoxytrityl, acetal and ί-butyldimethylsilyl are acid labile; groups such as 

methyl, ethyl and acetyl are base labile and groups such as /-butyl carbamate and benzyl are hydrolytically 

removed. Another form of protecting group is a resin to which a compound or intermediate may be attached. As 

long as the residue is attached to the resin, that functional group is blocked and cannot react. Once released from 

the resin, the functional group is available to react. Other protecting groups, plus descriptions of techniques 

applicable for adding and removing protecting groups are described in "Protecting Groups in Organic Synthesis" 

by Greene & Wuts, 3rd edition, 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, 3rd edition, 1999, John Wiley and Sons, 

Inc., New York, NY; Chapter 2 - "Protection for the Hydroxyl Group, Including l,2-andl,3-Diols"). Examples of 

alcohol protecting groups include, but are not limited to substituted methyl ethers, such as methoxymethyl, 

benzyloxymethyl, p-methoxybenzyloxymethyl, /-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-l,3-dioxolane, 2,2-dimethyl-l,3-dioxolane, 2-'butyl-l,3- 

dioxolane, 2-phenyl-l,3-dioxolane, l,4-dioxaspiro[4.5]decane, di-para-methoxybenzyloxymethyl ether, di- 

'butyldimethylsilyl ether, and the like:

1,2 Diol 
Protecting

HO,..A Groups

<=>
HO^

1,2 Diol 
Protecting

HO-A

ΗΟ-^

Groups

PMBM-0

PMBM-0

PMBM-0

PMBM-0

TBDMS-0

TBDMS-0

TBDMS-0

TBDMS-0

21



WO 2011/009541 PCT/EP2010/004222

EXAMPLES

[0055] The examples and preparations provided below further illustrate and exemplify the compounds of the

present invention and methods of preparing such compounds. It is to be understood that the scope of the present

invention is not limited in any way by the scope of the following examples and preparations.

BHC 093080 FC-Text

[0056] EXAMPLE 1: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3 

dihydroxypropyl)cyclopropane-1 -sulfonamide 

_ STEP A

TMS
TBS-0

STEPE
Et2Zn/TFA,

CH2I2

*BuLi,BF3.EtO2 
THF

HO,,.

TBS-0

STEPB 

TMS K2C°3

STEPF

MeOH

HO,.

TBS-0

STEPC 

9-l-BBN HO,,.

DCE/hexane

TBS-O,

TBS-0

HCI(aq) H0'-pp'

STEPGI I
°x°

DCM

ΤΎ

HO

STEPD 

TBSOTf TBS-O,,.

THT HO PPTS/DCM

X^'
STEPH

Pyridine TBS-0

pY

Step A: (R)-l -(tert-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4-yn-2-ol

H°r^
P TMS

TBS-0

[0057] Ze/7-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- 

butyldimethyl(oxiran-2-ylmethoxy)silane (2 g, 10.6 mmol) and BF3.EtO2 (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 (MgSO4) 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)-l-(/er/-butyldimethylsilyloxy)pent-4-yn-2-ol 

HO

TBS-0
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[0058] Potassium carbonate (2.14 g, 15.5 mmol) was added to a solution of (R)-l-(/er/-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)-l-(Zer/- 

butyldimethylsilyloxy)pent-4-yn-2-ol (1.81g, 8.44 mmol, 80%).

’H NMR (CDCL, 300MHz): δ 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).

STEPC: (R)-4-Iodopent-4-ene-l,2-diol 

HO,,

HO'

[0059] 9- Iodo-9-borabicyclo[3.3.1]nonane (9-I-BBN) was added dropwise to a solution (R)-l-(Zer/- 

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 Na2CO3/Na2S2O3 (40 ml, 

1:1) and the resulting solution extracted with ethyl acetate (3 x 30 mL). The combined organic layers were dried 

(MgSO4) and concentrated under reduced pressure to afford (R)-4-iodopent-4-ene-l,2-diol.

Ή NMR (CDC13, 300MHz): δ 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).

StepD: (R)-5-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane 

TBS-O,. 1

tbs-o

[0060] A solution of (R)-4-iodopent-4-ene-l,2-diol (224 mg, 1 mmol) in THF (6 ml) was cooled to 0°C, and 

pyridine (293 mg, 3.7 mmol) and /er/-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 (MgSO4) 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 (CDC13, 500MHz): δ 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 Ηζ,ΙΗ), 2.52 (d, J= 6 Hz, 2H), 2.35 (d, J= 4 Hz, OH), 0.89 (s, 18H), 0.04 (s, 12H).
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StepE: (R)-5-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

TBS-O,. I
J Δ

TBS-0

[0061] Trifluoroacetic acid (TFA; 281 mg, 2.47 mmol) was added to a solution of diethyl zinc (ZnEt2, 2.5 mL, 

2.5M in hexane) in DCE (1 mL) at 0°C and stirred for 35 mins. Diiodomethane (CH2I2, 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.NH4Cl/CHCl3 and the organic layer washed with 

brine, dried (MgSO4) and concentrated under reduced pressure. The crude material was triturated in hexane and 

the solution filtered and evaporated to afford (R)-5-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7- 

dioxa-3,8-disiladecane (148 mg, 77%).

*H NMR (CDC13, 500MHz): δ 3.91-3.95 (m, 1H), 3.60 (dd, J= 10, 5 Hz, 1H), 3.47 (dd, J= 10, 6 Ηζ,ΙΗ), 1.95 

(dd, J= 10, 4 Hz, 1H), 1.28 (dd, J= 10, 6 Ηζ,ΙΗ), 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-(l-iodocyclopropyl)propane- 1,2-diol

[0062] Aqueous HCI solution (0.3 mL, IN) was added to a solution of (R)-5-((l-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 NaHCO3 solution and extracted with ethyl acetate. The combined organic layers were washed with 

brine, dried (MgSO4) and concentrated under reduced pressure to provide (R)-3-(l-iodocyclopropyl)propane-l,2- 

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

StepG: (R)-4-((l-iodocyclopropyl)methyl)-2,2-dimethyl-l,3-dioxolane

[0063] 2,2-Dimethoxypropane (140 mg, 1.337 mmol) and pyridinium/j-toluenesulfonate (PPTS, 6 mg) were 

added to a solution of crude (R)-3-(l-iodocyclopropyl)propane-l,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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reduced pressure and the crude product purified by flash chromatography using ethyl acetate/hexane (1:10) eluant

to afford (R)-4-((l-iodocyclopropyl)methyl)-2,2-dimethyl-l,3-dioxolane (84 mg, 50%).

'H NMR (CDC13j 500MHz): δ 4.31-4.37 (m, 1H), 4.16 (dd, 7= 10, 5 Hz, 1H), 3.56 (dd,7= 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).

STEPH: (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride 

so2ci

[0064] ZerZ-Butyl lithium (0.2 mL, 0.34 mmol, 1.7M) was added to a solution of (R)-4-((l-

iodocyclopropyl)methyl)-2,2-dimethyl-l,3-dioxolane (step G, 45 mg, 0.16 mmol) in ether (1 mL) at-78°C and 

the mixture stirred at -78°C for 30 mins. A solution of thionyl chloride (26 pL) in ether (0.5 mL) was then added. 

The resulting orange solution was warmed to room temperature and concentrated under reduced pressure. The 

residue was dissolved in chloroform, filtered and dried under reduced pressure to afford (R)-1-((2,2-dimethyl-1,3- 

dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride (23.7 mg, 57%).

m/z = 255 [M+l]'.

STEP I: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4-  

yl)methyl)cyclopropane-1 -sulfonamide

F

[0065] A solution of 5,6-difluoro-V1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l ,2-diamine (22 mg, 0.065 

mmol) in dry pyridine (0.8 mL) was added to (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6- 

methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonamide (step h) and the mixture 

stirred at room temperature overnight. The solvent was then removed under reduced pressure and the residue 

dissolved in ethyl acetate, washed with brine, dried (MgSO4) and concentrated to afford crude (R)-N-(3,4- 

difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-l-sulfonamide, used without further purification in the next step. 

m/z = 611 [M-l]'

Step J: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3-

dihydroxypropyl)cyclopropane-1 -sulfonamide
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[0066] Crude (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3- 

dioxolan-4-yl)methyl)cyclopropane-l-sulfonamide was dissolve in a mixture of THF (1 mL) and HCI (1.2N, 0.15

ml) and stirred overnight at room temperature. The solvents were removed under reduced pressure and the residue 

dissolved in ethyl acetate. The organic phase was washed with aqueous NaHCO3, dried (Na2SO4), and 

concentrated to afford (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-l-sulfonamide (1.4 mg, crude).

[0067] The compound was analyzed by normal-phase HPLC using a CHIRALPAK AD-H column (20 x 250

mm) at room temperature, using a mobile phase consisting hexane and 2-propanol (80:20) at 12 mL/min. The 

detection was carried out at 254 nm. The retention time was determined to be 22 min corresponding to the 

retention time of (+)N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)phenyl)-l-(2,3-dihydroxypropyl) 

cyclopropane-1 -sulfonamide.

Figure 1(a) is the HPLC trace of the crude material, co-injected with an authentic sample of the (-) enantiomer 

(obtained via chiral separation of the racemic mixture of both isomers).

Figure 1(b) is the HPLC trace of the crude material

Figure 1(c) is the HPLC trace of the crude material, co-injected with an authentic sample of the (+) enantiomer 

(obtained via chiral separation of the racemic mixture of both isomers).
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[0068] EXAMPLE 2: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-l-sulfonamide

r STEP A

TMS
TBS-0

STEPE

Et2Zn/TFA,
CH2I2

HO,

TBS-0
*BuLi,BF3.EtO2 

THF

TBS-O^/xM

DCEZhexane TBS-0'

TMS

STEPB

K2CO3

MeOH

HO,

TBS-0

STEPG

STEPC 

9-l-BBN HO,

STEPD 

TBSOTf TBS-O,

DCM

'pr'

STEPF 

HCI(aq)

THT HO PPTS/DCM

°X? XW

“nr1

HO Pyridine TBS-0

STEPH

STEP A: (S)-l-(ter/-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4-yn-2-ol
HO,

TBS-0 TMS

[0069] ZerZ-Butyl lithium (2eq) is added to a solution of TMS-acetylene (2eq) in THF at -78°C and the reaction 

mixture stirred for an additional 30 min. (S)-/er/-butyldimethyl(oxiran-2-ylmethoxy)silane (leq) and BF3.EtO2 

(2eq) are added and stirred at -78°C for 4.5 hours. The reaction is quenched by addition of aqueous ammonium 

chloride solution and extracted with ethyl acetate (3x). The combined organic layers are washed with brine, dried 

(MgSO4) and concentrated under reduced pressure to afford (S)-l-(/er/-butyldimethylsilyloxy)-5- 

(trimethylsilyl)pent-4-yn-2-ol.

STEP B: (S)-l-(/erZ-butyldimethylsilyloxy)pent-4-yn-2-ol 

HO,

TBS-O"

[0070] Potassium carbonate (1.5eq) is added to a solution of (R)-l-(/er/-butyldimethylsilyloxy)-5-

(trimethylsilyl)pent-4-yn-2-ol (leq) 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.

27



WO 2011/009541 PCT/EP2010/004222

BHC 093080 FC-Text

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

HCX /1upr
HO

[0071] 9-Iodo-9-borabicyclo[3.3.1]nonane (9-I-BBN) is added dropwise to a solution (S)-l-(Zer/-

butyldimethylsilyloxy) pent-4-yn-2-ol in dichloromethane at 0°C and the reaction stirred at 0°C for 4 hours. 

Glacial acetic acid is added and the mixture was stirred for an additional hour at 0°C. The reaction is quenched by 

addition of an aqueous mixture of Na2CO3/Na2S2O3 (40 ml, 1:1), extracted with ethyl acetate (3x) and the 

combined organic layers dried (MgSO4) and concentrated under reduced pressure to afford (S)-4-iodopent-4-ene- 

1,2-diol.

StepD: (S)-5-(2-iodoallyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane 

tbs-ok Xpf
TBS-0

[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 (TBSOTf) 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 (MgSO4) 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.

StepE: (S)-5-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane

tbs-o^/ î

TBS-cr

[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 NH4C1/CHC13 and the organic layer washed with brine, dried (MgSO4) and concentrated under 

reduced pressure. The crude material is triturated in hexane and the solution filtered and evaporated to afford (S)- 

5-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9-octamethyl-4,7-dioxa-3,8-disiladecane.
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StepF: (S)-3-(l-iodocyclopropyl)propane-l,2-diol 

HCX M"ffi
HO'

[0074] Aqueous HCI solution is added to a solution of (S)-5-((l-iodocyclopropyl)methyl)-2,2,3,3,8,8,9,9- 

octamethyl-4,7-dioxa-3,8-disiladecane in THF at 0°C. The mixture is slowly warmed to room temperature and 

stirred for 24 hours. The reaction is quenched by addition of aqueous NaHCO3 solution, extracted with ethyl 

acetate, and the combined organic layers washed with brine, dried (MgSO4) and concentrated under reduced 

pressure to provide (S)-3-(l-iodocyclopropyl)propane-l,2-diol (0.598 mmol).

Step G: (S)-4-(( 1 -iodocyclopropyl)methyl)-2,2-dimethyl-l,3-dioxolane

[0075] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate are added to a solution of (S)-3-(l-

iodocyclopropyl)propane-l,2-diol dissolved 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.

STEPH: (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

[0076] Zeri-Butyl lithium (2eq) is added to a solution of (S)-4-((l-iodocyclopropyl)methyl)-2,2-dimethyl-l,3- 

dioxolane (leq) in ether at -78°C and the mixture stirred at -78°C for 30 mins. A solution of thionyl chloride in 

ether is added, the mixture warmed to room temperature and concentrated under reduced pressure. The residue is 

dissolved in chloroform, filtered and dried under reduced pressure.

Step I: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-1 -sulfonamide

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)-l-((2,2-dimethyl-l,3-dioxolan- 

4-yl)methyl)cyclopropane-l-sulfonamide and the mixture stirred at room temperature overnight. The solvent is
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removed under reduced pressure and the residue dissolved in ethyl acetate, washed with brine, dried (MgSO4) and 

concentrated.

STEP J: (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-(2,3- 

dihydroxypropyl)cyclopropane-1 -sulfonamide

[0078] (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-l-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropane-l-sulfonamide is dissolved in a mixture of THF and HCI and stirred overnight at room 

temperature. The solvents are removed under reduced pressure and the residue dissolved in ethyl acetate. The 

organic phase is washed with aqueous NaHCOj, dried (Na2SO4), and concentrated.

[0079] EXAMPLE 3: (R)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride

STEPC

HO,,

TBS-O
TMS

STEP A

K2CO3

MeOH

HO,,

TBS-O

STEPB

9-I-BBN HO,,

DCM HO
TT °x°

STEPD
1 i)'BuLi, Et2O

PPTS/DCM ii) SO2CI2

o o

Step A: (R)-l-(/erZ-butyldimethylsilyloxy)pent-4-yn-2-ol 

HO

tbs-o

[0080] Potassium carbonate (2.14 g, 15.5 mmol) was added to a solution of (R)-l-(/erZ-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)-l-(ZerZ- 

butyldimethylsilyloxy)pent-4-yn-2-ol (1.81g, 8.44 mmol, 80%).

*H NMR (CDC13, 300MHz): δ 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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STEPB: (R)-4-Iodopent-4-ene-l,2-diol

ΗΟγΎ

HO

[0081] 9- Iodo-9-borabicyclo[3.3. l]nonane (9-I-BBN) was added dropwise to a solution (R)-l-(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 Na2CO3/Na2S2O3 (40 ml, 

1:1) and the resulting solution extracted with ethyl acetate (3 x 30 mL). The combined organic layers were dried 

(MgSO4) and concentrated under reduced pressure to afford (R)-4-iodopent-4-ene-l,2-diol.

*H NMR (CDC13, 300MHz): δ 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).

STEPC: (R)-4-(2-iodoallyl)-2,2-dimethyl-l,3-dioxolane

[0082] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (R)-4- 

iodopent-4-ene-l,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.

StepD: (R)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride

[0083] /er/-Butyl lithium is added to a solution of (R)-4-(2-iodoallyl)-2,2-dimethyl-l,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-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride 

STEPC

HO,

TBS-0
TMS

STEP A

K2CO3

MeOH

H0v

TBS-O'

I STEPB . , «,4- U
9-I-BBN Πθ^/γ1 °X? i),BuLi'Et2°

DCM HO PPTS/DCM 0 ») SO2CI2 0

STEPD

i) ‘BuLi, Et2O
o.vo
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Step A: (S)-l-(ZerZ-butyldimethylsilyloxy)pent-4-yn-2-ol

tbs-o

[0085] Potassium carbonate is added to a solution of (S)-l-(ZerZ-butyldimethylsilyloxy)-5-(trimethylsilyl)pent-4- 

yn-2-ol in methanol and the mixture stirred at room temperature for 8 hours. The solvent is removed under 

reduced pressure, aqueous ammonium chloride solution added, and the mixture extracted with ethyl acetate (3x). 

The combined organic layers are washed with brine, dried (MgSO,»), concentrated under reduced pressure and 

purified by flash chromatography (biotage; ethyl acetate / hexane gradient).

STEPB: (S)-4-Iodopent-4-ene-l,2-diol

[0086] 9- Iodo-9-borabicyclo[3.3. l]nonane (9-I-BBN) is added dropwise to a solution (S)-l-(ZerZ-

butyldimethylsilyloxy) pent-4-yn-2-ol in dichloromethane at 0°C and the reaction 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 

Na2CO3/Na2S2O3 (1:1) is added and the resulting solution extracted with ethyl acetate (3x). The combined organic 

layers are dried (MgSO4) and concentrated under reduced pressure.

Step C: (S)-4-(2-iodoallyl)-2,2-dimethyl-l,3-dioxolane

[0087] 2,2-Dimethoxypropane and pyridinium p-toluenesulfonate (PPTS) are added to a solution of (S)-4- 

iodopent-4-ene-l,2-diol in dichloromethane and the mixture stined 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.

StepD: (S)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride

[0088] ZerZ-Butyl lithium is added to a solution of (S)-4-(2-iodoallyl)-2,2-dimethyl-l,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.

32



WO 2011/009541 PCT/EP2010/004222

BHC 093080 FC-Text

[0089] EXAMPLE 5: (R)-N-(3,4-Difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-

1,3-dioxolan-4-yl)prop-l -ene-2-sulfonamide

HO,,.

TBS-0

STEP A

9-Br-BBN HO,,.

STEPB

,Br PPTS/DCM

DCM HO'
π — xj*

,0-

o—x

STEP A: (R)-4-bromopent-4-ene- 1,2-diol
ΗΟ γβ,

HO

[0090] A solution 9-bromo-9-borabicyclo[3.3.1]nonane (9-Br-BBN) in dichloromethane (IM, 10.6 mL) was 

added dropwise to a solution of (R)-l-(/er/-butyldimethylsilyloxy)pent-4-yn-2-ol (755 mg, 3.53 mmol) in 

dichloromethane (4 mL) at 0°C, and the mixture stirred at 0°C for 4 hours. Glacial acetic acid (0.65 ml, 11.35 

mmol) was added and stirring continued at 0°C for an additional 1 hour. Ethanolamine (2.5 mL, 41.5 mmol) was 

added and the mixture allowed to warm to room temperature. The reaction was quenched by addition of an 

aqueous mixture ofNa2CO3/Na2S2O3 (40 mL, 1:1), extracted with ethyl acetate (3 x 30 mL), and the combined 

organic layers dried (MgSO4) and concentrated under reduced pressure to afford (R)-4-bromopent-4-ene- 1,2-diol. 

m/z =182 [M+l]'.

Step B: (R)-4-(2-iodoallyl)-2,2-dimethyl-l,3-dioxolane

[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-7) δ ppm 1.34 (s, 3 H), 1.39 (s, 3 H), 2.52 (dd, 7=14.49, 6.05 Hz, 1 H), 

2.73 (dd, 7=14.67, 6.60 Hz, 1 H), 3.60 (dd, 7=8.16, 6.14 Hz, 1 H), 4.06 (dd, 7=8.07, 6.05 Hz, 1 H), 4.34 (quin, 

7=6.28 Hz, 1 H), 5.78 (d, 7=1.10 Hz, 1 H), 6.13 (d, 7=1.10 Hz, 1 H).
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STEPC: (R)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride

[0092] A solution of tert-butyl lithium in hexane (1.7M, 7.65 mL) was added dropwise to a solution of (R)-4-(2- 

iodoallyl)-2,2-dimethyl-l,3-dioxolane (1.21, 6.5 mmol) in diethyl ether (12 mL) at -78°C, and the reaction stirred 

at -78°C for 30 min. Sulfuryl dichloride (SO2C12, 538 pL, 6.5 mmol) was added, the mixture warmed to room 

temperature and the solvents removed under reduced pressure. The product was used in the next step with no 

further purification.

StepD: (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-methoxyphenyl)-3-(2,2-dimethyl-l,3-dioxolan-4- 

yl)prop-1 -ene-2-sulfonamide

F

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

pyridine (12 mL) and 5,6-difluoro-/V‘-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,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 (MgSO4), 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-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonamide (651mg,

17%).

*H NMR (500 MHz, CHLOROFORM-/) δ 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, /=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,/=8.62, 5.14 Hz, 1 H), 6.47 (dd,/=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 STEP B
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STEP A: (S)-4-bromopent-4-ene- 1,2-diol 

HO*HOwBr

HO^

[0095J A solution 9-bromo-9-borabicyclo[3.3.1]nonane (9-Br-BBN) in dichloromethane is added dropwise to a 

solution of (S)-l-(/er/-butyldimethylsilyloxy)pent-4-yn-2-ol in dichloromethane at 0°C, and the mixture stirred at 

0°C for 4 hours. Glacial acetic acid is added and stirring continued at 0°C for an additional 1 hour. Ethanolamine 

is added and the mixture allowed to warm to room temperature. The reaction is quenched by addition of an 

aqueous mixture of Na2CO3/Na2S2O3 (1:1), extracted with ethyl acetate (3x), and the combined organic layers 

dried (MgSO4) and concentrated under reduced pressure to afford (S)-4-bromopent-4-ene-1,2-diol.

STEPB: (S)-4-(2-iodoallyl)-2,2-dimethyl-l,3-dioxolane

An8'

[0096] 2,2 Dimethoxypropane (7.5eq) and pyridinium p-toluenesulfonate (leq) are added to a solution of (R)-4- 

bromopent-4-ene-1,2-diol (5eq) in dichloromethane and the mixture stirred at room temperature for 4 hours. 

Solvents are removed under reduced pressure and the crude product purified by flash chromatography (10% ethyl 

acetate/hexane, eluant).

Step C: (S)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride

[0097] A solution of tert-butyl lithium in hexane (1.7M, 2eq) is added dropwise to a solution of (S)-4-(2- 

iodoallyl)-2,2-dimethyl-l,3-dioxolane (leq) in diethyl ether at -78°C, and the reaction stirred at -78°C for 30 min. 

Sulfuryl dichloride (leq) is added, the mixture warmed to room temperature and the solvents removed under 

reduced pressure.

STEPD: (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

[0098] (S)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride (leq) is dissolved in pyridine and 

5,6-difluoro-/V'-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine (leq) 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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acetate/hexanes eluant).

BHC 093080 FC-Text

[0099] EXAMPLE 7: (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride 

-S. V "

Br Base

O

S., "O x NCS, HCI \ O„

Ο" ' O' H2O, MeCN O

STEP A: 1,2-Bis( 1 -(((R)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane

SO2CIA

[00100] «-Butyl lithium (1.7 M in hexane, 1.2 eq) is added dropwise over 1 hour to a solution of 1,2-

dicyclopropyldisulfane (1 eq) in THF (1.5 mL/mmol), at -20 °C. (S)-4-(bromomethyl)-2,2-dimethyl- 1,3-dioxolane 

(1.1 eq) is then added at -78 °C and stirring at -78 °C continued for an additional 4 hours. Saturated aqueous 

ammonium chloride solution is added and the mixture is extracted with ethyl acetate (3x). The combined organic 

extracts are dried (Na2SO4) and purified by flash chromatography (ethyl acetate in hexane eluant).

StepB: (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

SO2CI

[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 l,2-bis(l-(((R)-2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)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-zso-propyl ether (15 ml/mmol) is added and the isolated organic layer 

washed with brine, dried (Na2SO4) 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.

[001021 EXAMPLE 8: l,2-Bis(l-(((S)-2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane

.s. V

XXB' Base "O x NCS, HCI SO2CI

H2O, MeCN

A
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STEP A: l,2-Bis(l-(((S)-2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropyl)disulfane

[00103] π-Butyl lithium (1.7 M in hexane, 1.2 eq) is added dropwise over 1 hour to a solution of 1,2- 

dicyclopropyldisulfane (1 eq) in THF (1.5 mL/mmol), at -20 °C. (R)-4-(Bromomethyl)-2,2-dimethyl-l,3- 

dioxolane (l.leq) is then added at -78 °C and stirring at -78 °C continued for an additional 4 hours. Saturated 

aqueous ammonium chloride solution is added and the mixture is extracted with ethyl acetate (3x). The combined 

organic extracts are dried (Na2SO4) and purified by flash chromatography (ethyl acetate in hexane eluant).

StepB: (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride 

,so2ci

[00104]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 l,2-bis(l-(((S)-2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)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-rio-propyl ether (15 ml/mmol) is added and the isolated organic layer 

washed with brine, dried (Na2SO4) 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.

1001051 EXAMPLE 9: (R)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

Oz, "0
AcONa

Oz.
POCI3

SO3- Na+ ____ „ Oz, SO2CI

H2O2, AcOH

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

.SO3- Na*
•O-1

[00106] 30% Hydrogen peroxide (9 eq) is added to a solution of l,2-bis(l-(((R)-2,2-dimethyl-l,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, etal, Carbohydrate Research, 1988,173(1), 33-40, for additional 

details.
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STEP B: (R)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

[00107] A solution of sodium (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate (1 eq) and 

phosphoryl trichloride (POC13, 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 (MgSO4) and concentrated under reduced pressure.

[001081 EXAMPLE 10: (S)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

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

,SO3- Na*
o-1

[00109] 30% Hydrogen peroxide (9 eq) is added to a solution of l,2-bis(l-(((S)-2,2-dimethyl-l,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)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride

7 cr

[00110] A solution of sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate (1 eq) and 

phosphoryl trichloride (POC13, 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 (MgSO4) and concentrated under reduced pressure.

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

XX

XX PPh3, HCI NaOH

Dioxane, H20

SO3'Na+
POCI3

\ O,../\xs°2cl
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STEP A: (R)-l-((2,2-Dimethyl-l ,3-dioxolan-4-yl)methyl)cyclopropanethiol

,SHΧΎΧ

[00112] A solution of l,2-bis(l-(((R)-2,2-dimethyl-l,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 

flash chromatography (ethyl acetate in hexane eluant). See Overman et al, Synthesis, 1974, 59-60 for additional 

details.

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

,SO3- Na+
o-1

[00113] Sodium hydroxide (4 eq) is added to a solution of (R)-1-((2,2-dimethyl-l,3-dioxolan-4- 

yl)methyl)cyclopropanethiol (1 eq) in DMF (0.5mL/mmol), and stirred at room temperature overnight and 

hydrolyzed. The mixture is extracted with ethyl acetate (3x), and the combined organic layers dried (MgSO4), 

concentrated under reduced pressure and the crude material recrystallized.

STEP C: (R)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl chloride 

SO2CI

[00114] A solution of sodium (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate (1 eq) and 

phosphoryl trichloride (POC13, 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 (MgSO4) and concentrated under reduced pressure.

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

PPh3, HCI NaOH
S03- Na+

POCI,

/rfi ninxane, H20

\ 0^z\/S02CI

DMF
O'' Dioxane, H2O z o" ' 0'

STEP A: (S)-l-((2,2-Dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropanethiol

,SH

[00116] A solution of l,2-bis(l-(((S)-2,2-dimethyl-l,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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flash chromatography (ethyl acetate in hexane eluant). See Overman et al, Synthesis, 1974, 59-60 for additional

details.

STEP B: Sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate

[00117] Sodium hydroxide (4 eq) is added to a solution of (S)-l-((2,2-dimethyl-l,3-dioxolan-4-

yl)methyl)cyclopropanethiol (1 eq) in DMF (0.5mL/mmol), and stirred at room temperature overnight and 

hydrolyzed. The mixture is extracted with ethyl acetate (3x), and the combined organic layers dried (MgSO4), 

concentrated under reduced pressure and the crude material recrystallized.

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

[00118] A solution of sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate (1 eq) and 

phosphoryl trichloride (POC13, 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 (MgSO4) and concentrated under reduced pressure.

1001191 EXAMPLE 13

Figure 2 shows the *H NMR spectrum of sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l- 

sulfonate in CD3OD.

‘H NMR (400 MHz, CD3OD) δ ppm 0.39 (ddd, /=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, /=13.30, 2.76 Hz, 1 H), 1.57 (s, 3 H), 1.94 - 2.07 (m, 1 H), 2.89 (dd, /=13.80, 8.03 

Hz, 1 H), 3.07 (dd, /=13.80, 4.27 Hz, 1 H), 4.51 - 4.62 (m, 1 H).

1001201 EXAMPLE 14

Figure 3 shows the l3C NMR spectrum of sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l- 

sulfonate in CD3OD.

13C NMR (METHANOL-/4) δ ppm 10.30, 15.17, 21.75, 30.13, 38.88, 54.79, 58.37, 67.15, 101.78.
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[00121] It is to be understood that, if any prior art publication is referred to herein, such reference

does not constitute an admission that the publication forms a part of the common general

knowledge in the art, in Australia or any other country.

[00122] In the claims which follow and in the preceding description of the invention, except

5 where the context requires otherwise due to express language or necessary implication, the word

“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense, i.e. to 

specify the presence of the stated features but not to preclude the presence or addition of further 

features in various embodiments of the invention.
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WHAT IS CLAIMED IS:
1. A process for preparing a compound of formula (I-a):

comprising, contacting 5,6-difluoro-/V1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine 

with a compound of formula (Il-a):

R1-O,,

R2-O'

10

formula (Il-a),

wherein

R1 is H or an alcohol protecting group;

R2 is H or an alcohol protecting group; or

R1 and R2 together with the oxygen 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):

YX
S r\

R-O,

R2-O' formula (I-b)

comprising, contacting 5,6-difluoro-A1-(2-fluoro-4-iodophenyl)-3-methoxybenzene-l,2-diamine 

with a compound of formula (Il-b):

formula (Il-b),

'^Cl

5

wherein

15 R1 is H or an alcohol protecting group;

R2 is H or an alcohol protecting group; or

R1 and R2 together with the oxygen atoms to which they are attached form a cyclic 1,2-diol 

protecting group.

20

41
6893258_1 (GHMatters) P89220.AU KIRSTENA 11/09/15

P89220.AU


20
10

27
57

80
 

11
 Se

p 2
01

5

3. A process for preparing (R)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6- 

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-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:

5 wherein

R1 is H and R2 is an alcohol protecting group; or 

R2 is H and R1 is an alcohol protecting group; or 

both R1 and R2 are alcohol protecting groups; or

R1 and R2 together with the oxygen atoms to which they are attached form a cyclic 1,2-diol 

10 protecting group.

4. A process for preparing (S)-N-(3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6- 

methoxyphenyl)-l-(2,3-dihydroxypropyl)cyclopropane-l-sulfonamide, comprising,

15 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:

formula (I-b)

wherein

R1 is H and R2 is an alcohol protecting group; or 

R2 is H and R1 is an alcohol protecting group; or

2 0 both R1 and R2 are alcohol protecting groups; or

R1 and R2 together with the oxygen atoms to which they are attached form a cyclic 1,2-diol 

protecting group.

2 5 5. A process as in any one of claims 1-4, wherein R1 and R2 together with the oxygen atoms

to which they are attached form a cyclic 1,2-diol protecting group.
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6. The process of claim 5, wherein the cyclic 1,2-diol protecting group is a 5-membered 

cyclic 1,2-diol protecting group.

7. The process of claim 6, wherein the cyclic 1,2-diol protecting group is 2,2-dimethyl-l,3- 

dioxolan-4-yl.

8. The compound (R)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonyl 

chloride:

1515

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

chloride:

2020

10. The compound (R)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride:

11. The compound (S)-3-(2,2-dimethyl-l,3-dioxolan-4-yl)prop-l-ene-2-sulfonyl chloride:
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12. The process of any one of claims 1-4, substantially as herein described with reference to 

any one of the Examples.

5
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FIGURE 2
’H NMR spectrum of sodium (S)-l-((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l-sulfonate in CD3OD

ppm (δ)
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FIGURE 3
l3C NMR spectrum of sodium (S)-l -((2,2-dimethyl-l,3-dioxolan-4-yl)methyl)cyclopropane-l -sulfonate in CD3OD

...............I...................I................I................I..................I...................I................I............... I................... [....1..-..1................ .
1 96 S3 60 72 64 56 46 40 32 24 16

ppm (δ)
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