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CHIRAL SYNTHESIS OF N-t3,4-DIFLUOR0-2-[(2-FLUOR0-4- 

10DOPHENYL)AMIN0]-6-METHOXYPHENYL)- 14 2, 3-DIHYDROXY- 

PROPYL1CYCLOPROPANESULFONAMIDES. 

c 	FIELD OF THE INVENTION 

The present invention relates to a novel enantioselective method of preparing 

(S)- and (R)-enantiomers of N-i3,4-difluoro-24(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl}-1- [2, 3-di hyd roxy- propyl]cyclopropanesulfonamide, 	to 	novel 

10 	intermediate compounds, and to the use of said novel intermediate compounds 

for the preparation of said (S)- and (R)-enantiomers of N-[3,4-difluoro-24(2- 

fluoro-4-iodophenyl)amino]-6-methoxyphenyl}-142,3-dihydroxy- 

propylicyclopropanesulfonamide : 

HO HO 

6H OH 
2 	 2 

NH NH 

(S)-14 	 (R)-14 
BAY 86-9766 
RDEA 119 

BACKGROUND TO THE INVENTION 

N-[3,4-difluoro-2- [(2-fluoro-4-iodophenyl)amino]-6-methoxyphenyl}-1- [(2S)- 

2,3-dihydroxy-propyl]cyclopropanesulfonamide 	(hereinafter 	referred 	to 	as 

20 	"(S)-14", 	"BAY 86-9766" or "RDEA 119") is a highly potent and selective 

MEK1 /2 inhibitor currently under development in clinical trials for treatment 
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of late stage cancer patients refractory or intolerant to other anticancer 

therapies [ref. 1]. 

The initial synthesis of (S)-14, shown in Scheme A, infra, published in US 

2008/0058340 [ref. 2] comprises an osmium catalyzed dihydroxylation of the 

allyl sulfonamide substituted core followed by chromatographic separation of 

the enantiomers using a chiral stationary phase : the initial synthesis of (S)-14 

provides the target compound as a racemic mixture that needs to be separated 

by chiral chromatography [ref. 2]. 

Scheme A: Racemic synthesis of (S)-14 according to US 2008/0058340 : 
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RDEA 119 ((S)-14) 

NMO 4mwthylmorpholine 4-oxide monohydrate 

In Scheme A, supra, a racemic mixture of the (5)- and (R)-enantiomers of N- 

[3,4-difluoro-24(2-fluoro-4-iodophenyl)amino]-6-methoxyphenyl}-1- [2,3-

dihydroxy-propyl]cyclopropanesulfonamide is produced which, as seen, must 

be 	separated 	by 	chiral 	chromatography, 	in 	order 	to 	provide 	the 	single 

enantiomers. This separation of the enantiomers by chiral chromatography 

after the last step of the synthesis is a significant drawback in that in addition 

to the chiral separation step, more than double amounts of all intermediates 

have to be produced to obtain the same quantity of (S)-14 (RDEA 119). 

S 
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As mentioned supra, another drawback of prior art synthesis of Scheme A is 

the use of very toxic osmium tetroxide which requires additional effort to 

remove the content of osmium to acceptable levels. 

Another synthesis of (S)-14, shown in Scheme B, infra, published in PCT patent 

application under WO 2011/009541 Al [ref. 7], describes a chiral preparation 

of 	(R)- 	and 	(S)-N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl}-1-[2,3-dihydroxy-propyl]cyclopropanesulfonamide 	and 

protected derivatives thereof. 

Scheme B, infra, illustrates the synthesis of (R)-N-(3,4-difluoro-2-(2-fluoro-4- 

iodophenylamino)-6-methoxyphenyl)-1-(2,3-dihydroxypropyl)cyclopropane-1-

sulfonamide according to WO 2011/009541 Al [ref. 7] : 
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The synthesis as described in WO 2011/009541 Al starts from commercially 

available glycidol which is converted via protection of the alcohol and coupling 

(Step A) with a protected acetylene followed by deprotection (Step B) and 

iodination with 9-I-BBN (Step C) to provide 4-iodopent-4-ene-1,2-diol, both HO 

s groups of which are protected (Step D). A cyclopropyl group is introduced 

across the alkene of diol-protected 4-iodopent-4-ene-1,2-diol (Step E) to form 

the protected 3-(1-iodocyclopropyl)propane-1,2-diol derivative, which is then 

deprotected (Step F) and protected again (Step G), before the iodo group of 

which is transformed into a sulfonyl chloride group in Step H. 

10 

It has been discovered, and this provides the basis of the present invention, 

that (S)-14 can be synthesised via a chiral synthesis of sodium 1-[[(4S)-2,2-

dimethyl-1,3-dioxolan-4-yl]methyllcyclopropanesulfonate (hereinafter referred 

to also as compound "(S)-7") starting from (S)-epichlorohydrin (hereinafter 

Is also 	referenced 	as 	compound 	"(S)-1") 	and 	alternatively 	from 

enantiomerically pure glycidol derivatives, as illustrated in Schemes 1 and 2, 

infra. 

The R-enantiomers have been prepared in the same manner. 

20 

Scheme 1, infra, 	represents a general illustration of the steps used in the 

chiral 	synthesis 	of 	sodium 	1 -[[(4S)-2,2-dimethyl-1, 3-dioxolan-4- 

yl] methyllcyclopropanesulfonate ((S)-7) according to the present invention : 
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SCHEME 1 
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It is seen that the steps in Scheme 1 relate to the enantioselective synthesis of 

(S)-7, using the (S)-enantiomers of all the intermediates involved in said 

5 synthesis 	: 	as 	is 	understood 	by 	the 	person skilled 	in 	the 	art, 	the 

enantioselective synthesis of (R)-7 is identical to the synthesis of (S)-7 as 

illustrated in Scheme 1, supra, except that it uses the (R)-enantiomers of all 

the intermediates instead of the (5)-enantiomers. 
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Starting from economically priced chiral epoxypropane derivatives, chiral 

sodium 	1-[[(4S)-2,2-dimethyl-1,3-dioxotan-4-Amethyl)cyclopropanesulfonate 

((S)-7) was prepared (Scheme 1, supra), which was converted to chiral 1- 

W4S)-2,2-dimethyl-1,3-dioxolan-4-ylimethyljcyclopropane 	sulfonyl 	chloride 

s (S)-10, which, in turn, was converted to the final product, N-[3,4-difluoro-2- 

[(2-fluoro-4-iodophenyl)amino]-6-methoxyphenyl)- 1 - [(25)-2, 3-dihydroxy-

propyl]cyclopropanesulfonamide (S)-14), according to Scheme 2, infra. 

Scheme 2, infra, 	represents a general illustration of the steps used in the 

io chiral 	synthesis 	of 	N -[3,4-difluoro- 2 - [(2- fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl)-1- [(2S)- 2, 3-dihydroxy-propyl]cyclopropanesulfonamide ((5)-14) 

from 	 sodium 	 1-[[(4S)-2,2-dimethyl- 1 , 3-dioxotan-4- 

yl] methyljcyclopropanesulfonate ((S)-7) according to the present invention : 
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SCHEME 2 
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It is seen that the steps in Scheme 2 relate to the enantiosetective synthesis of 

(S)-14, using the (S)-enantiomers of all the intermediates involved in said 

5 
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synthesis 	: 	as 	is 	understood 	by 	the 	person 	skilled 	in 	the 	art, 	the 

enantioselective synthesis of (R)-14 is identical to the synthesis of (S)-14, 

except that it uses the (R)-enantiomers of all the intermediates instead of the 

(S)-enantiomers. 

5 

The synthesis of RDEA 119 as depicted in Schemes 1 and 2 of the present 

invention delivers compound 14 containing 79-85% of the desired enantiomer 

(S)-14 (via steps A, B, C), hence, only 15-21% of the undesired isomer needs 

removing via chromatography. The amounts of intermediates and waste as 

io well as the production costs of (S)-14 are thus reduced significantly using the 

synthesis of the present invention. Further, the use of toxic osmium tetroxide 

is avoided. 

Further, the synthesis of RDEA 119 as depicted in Schemes 1 and 2 of the 

15 present invention delivers compound 14 as the desired enantiomer (S)-14 (via 

steps E, F, G), alleviating the technical problems of the separation of the 

enantiomers by chiral chromatography, and of the use of toxic osmium 

tetroxide. The amounts of intermediates and waste as well as the production 

costs of (S)-14 are thus reduced significantly using the synthesis of the present 

20 invention. 

The synthesis of the sulfonyl chloride (S-10) depicted in Schemes 1 and 2 

according to the present invention involves 5 steps (Steps A, B, C, D and H, or 

Steps E, F, G, D and H), including one protection step (Step C, starting from 

25 (5)-1, or Step G, starting from (S)-8). 

Further, the synthesis of the sulfonyl chloride (S-10) depicted in Schemes 1 

and 2 according to the present invention proceeds with an overall yield of 

>60% from (S)-8 (Steps, E, F, G, D, H). 

30 
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All reagents used in the synthesis of the sulfonyl chloride (5-10) depicted in 

Schemes 1 and 2 according to the present invention (phosphoryl chloride, 

dimethoxypropane, sodium methoxide) are cheap and available in bulk. 

5 The synthesis of the sulfonyl chloride (S-10) depicted in Schemes 1 and 2 

according to the present invention provides the chiral sodium 1-[[(4S)-2,2- 

dimethyl-1,3-dioxolan-4-Amethyl)cyclopropanesulfonate 	(S)-7, 	as 	an 

intermediate, which is a solid which can be purified by crystallization. 

io As seen in the Experimental section, Example 9b, it was found that the 

reaction 	of 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-Amethyl)cyclopropane- 

sulfonyl 	chloride 	(compound 	(R)-10) 	with 	5,6-difluoro-N1-(4-fluoro-2- 

iodophenyl)-3-methoxybenzene-1,2-diamine (compound 12), in the presence of 

4-dimethylaminopyridine 	in 	pyridine, 	provided, 	under 	the 	conditions 

is described, only a percentage yield of 38.9 % of N-[3,4-difluoro-2-[(2-fluoro-4-

iodophenyl)amino]-6-methoxyphenyl)-1-[[(4R)-2, 2-dimethyl-1, 3-dioxotan -4-

yl]methyljcyclopropanesulfonamide (compound (R)-13). However, surprisingly, 

the bromide-promoted method of the present invention as depicted in Scheme 

2, Steps J and K) provides the pure (S)-14 product in very good yield : as seen 

20 specifically in the Experimental section, Example 9a, it was surprisingly found 

that 	the 	reaction 	of 	1-[[(4S)-2,2-dimethyl-1,3-dioxotan-4- 

yl]methylicyclopropanesulfonyl chloride (compound (S)-10) with 5,6-difluoro- 

25 

N1-(4-fluoro-2-iodophenyl)-3-methoxybenzene-1,2-diamine (compound 12), in 

the presence of tetrabutylammonium bromide in pyridine and sulfolane, 

provided, under the conditions described, a percentage yield of 92.2 % of N- 

[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- methoxyphenyl)-1-[[(45)-2,2- 

dimethyl-1,3-dioxotan-4-yl]methyljcyclopropanesulfonamide 	(compound 	(S)- 

13), thus representing an increase in percentage yield of product of over 50% 

when directly comparing the method in Example 9a with the method in 

30 Example 9b. This is clearly advantageous from a chemical developmental point 
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of view, in view of the productivity of the method and the decrease in the 

amount of impurities. 

5 

Further, more importantly, as seen in the Experimental Section, Example 10a, 

it was surprisingly found that : 

- 	the 	reaction 	of 	1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4- 

Amethyl)cyclopropanesulfonyl chloride (compound (S)-10) with 5,6- 

difluoro- Ni- (4-fluoro-2-iodophenyl)-3-methoxybenzene-1,2-diamine 

io (compound 12), in the presence of tetrabutylammonium bromide in 

pyridine and sulfolane, then, after complete conversion to N-[3,4-

difluoro-2- [(2 -fluoro-4-iodophenyl)amino] -6 -methoxyphenyl)-1 -[[(4S)- 

2, 2-dimethyl- 1,3 -dioxolan-4-Amethyl)cyclopropanesulfonamide 

is 

(compound (S)-13), 

- 	followed by stirring the resulting reaction mixture with hydrochloric 

acid, 

provided, under the conditions described, a percentage yield of 91.6 % of N- 

[3,4-difluoro-2- [(2-f luoro-4-iodophenyl)amino] -6-methoxyphenyl)- 1- [(2S)-2,3-

dihydroxy-propyl]cyclopropanesulfonamide (compound (S)-14) : this "one-pot" 

20 method 	of 	Example 	10a 	is 	clearly 	advantageous 	from 	a 	chemical 

developmental point of view, in terms of process efficiency. 

Further, it was surprisingly found that the preparation of (S)-13 from (S)-10-Br 

and the one pot conversion to R-14 proceeds much cleaner and at a 

25 temperature of 23°C, as compared to the preparation of (S)-13 from (S)-10 and 

the one pot conversion to R-14, which proceeds at a temperature of 70°C. 

The method of preparation of (S)-14 from (S)-10 of the present invention, 

particularly the one-pot method of preparing (S)-14 from (S)-10, as described 

30 and defined herein, is thus clearly surprisingly technically advantageous. 
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The following description provides further general details of each step shown 

in Schemes 1 and 2, supra, together with the technical advantages thereof. 

I. In re. Scheme 1, Steps A, B, C, E, F, G, and D, supra : 

s 

Synthesis 	of 	Butyl 	1-[[(45)-2,2-dimethyl-1,3-dioxolan-4-yl]methyllcyclo 

propanesulfonates 6 

Deprotonation of butyl cyclopropanesulfonate 2 with n-butyllithium and 

io reaction with (S)-epichlorohydrin (S)-1 provided the chloroalcohol 3 in good 

yield (vide Scheme 1, Step A, supra, and Scheme 3, infra). Chloroalcohol 3 was 

converted quantitatively to the epoxide 4 with aqueous sodium hydroxide in 

tetrahydrofuran (vide Scheme 1, Step B, and Scheme 3, infra). 

15 Scheme 3: Stereoselective synthesis of epoxides 4 starting from (S)-

epichlorohydrin (S)-1 : 

1. n-BuL), THF, -78°C 
2. BF3  etherate, 14Claq 	 NaOH 0Bu 	 0Bu 5..„,,a + 	,s,-mi 	 ,s- 	 s ...,„ 

0,  0 	 0,  ‘‘0 	 0 0  

(sy, 	 (2) 	 step A 	 (S)-3 	 step B 	 (S)-4 

20 

Performing the first step of the sequence without additives resulted in up to 

65% by-product formation caused by competitive self alkylation (vide Scheme 

4, 	infra). 	Several 	additives 	such 	as 	TMEDA 	(N, N,N., N.- 

Tetramethytethylenediamine ), DMI (1,3-Dimethyl-2-imidazolidinone ), DMPU 

z5 (1,3-Dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone), Cul, Lil were screened 

but showed no significant improvement : it was surprisingly found that 1 

equivalent of boron trifluoride etherate led to a significant decrease in by-

product formation : 
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Scheme 4: By-product formation 

1. n-Bull, THF, -78°C 
7 	0Bu 	2. additive 	 4. s- s'0,„ ,s,0Bu 

,, % 	 c, 	
, 0 	 0 ,‘‘ 	.., „,, 

0 0 

2 

s 	From reactions performed with magnesium bromide, 1-bromo-3-chloropropan- 

2-01 was isolated as the only product, no conversion was observed when 

triethylborane was used as additive. 

Of all additives tested, boron trifluoride etherate was identified as the most 

10 	promising. Good results have been obtained with 1.0 equivalent of boron 

trifluoride etherate whereas 	more equivalents resulted 	in 	formation of 

polymers. 

The 	reaction 	of 	isopropyl 	cyclopropanesulfonate 	with 	(S)-2- 

15 	(benzyloxymethyl)oxirane in the presence of 0.83 equivalents of hexamethyl 

phosphoric triamide (HMPT) was published in international patent application 

WO 2010/145197 Al [ref. 3]. As HMPT exhibits carcinogenic and mutagenic 

properties, it was preferred to use boron trifluoride etherate instead of HMPT 

as additive for industrial preparation (vide Scheme 5, infra). 

10 

Scheme 5: Direct conversion of epoxides 4 to dioxolanes 6 (vide Scheme 1, 

Step C, supra) : 

0, , 
l'.. 	,0Bu 	a) or b) 

S. ‘,N 	 ,C6u 
0 0 	 'A‘ 

(111-4 	 step C 	 (R).6  0 	0 

a)I3F3  etherate, acetone: 58.2%ee 
b) phosphotnolybdc add hydrate, acetone: 69.8°/cee 
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As shown with (R)-4 direct conversion of the epoxide 4 with acetone catalyzed 

by boron trifluoride etherate or phosphomolybdic acid 	hydrate yielded 

dioxolane 6 as a mixture of enantiomers with 58.2 and 69.8% ee respectively 

(scheme 5). 

Alternatively, chiral diol 5 was obtained, without racemization, from TBDMS- 

and 	THP-protected 	glycidols 	(9a 	and 	9b, 	respectively) 	and 	butyl 

cyclopropanesulfonate (2) under the same conditions optimized for the 

preparation of chloroalcohol 3 in good yield (vide Scheme 1, Step E, supra). 

Fortunately, TBDMS- and THP-protecting groups could be easily removed by 

acidic 	treatment 	of 	protected 	intermediates 	9a 	and 	9b 	providing 

enantiomerically pure diol 5 (vide Scheme 1, Step F, supra, and Scheme 6, 

infra). 

Scheme 6: Chiral synthesis starting from protected glycidols 

OH 1. n-BuLi, THF, -78°C 
0, 	 $'3Bu 	2. BF3  etherate; 	 PGO ABu 

S , \\ 
0 0 

1..„,, OPG 	+ 	
\ 

S‘  
0/  c, 	 step E 

(S)-8a or (S)-8b 	2 	
(S)-9 

(S)-8a : PG =TBDMS (tert-butyldimethylsily1)  HCIaq 
(S)-8b : PG = THP (tetrahydropyranyl) step F 

---71— 	
2,2-dimethoxypropane, 	 OH 

0 	 PPTS 
ABu 

,S, 
0  

v, 
o 

HO 
0 	 0Bu 

S, 	 step G \N 
(S)-6 u 	0 	 (S)-5 

>99%ee 

PPTS = pyridinium p-toluenesulfonate 

5 

I0 

15 



WO 2012/163799 
	

PCT/EP2012/059717 

14 

Reactions performed without additives resulted in up to 65% by-product 

formation caused by competitive self alkylation (vide Scheme 7, infra). 

Therefore several additives like TMEDA, DMI, DMPU, Cui, Lil were screened but 

showed no significant improvement (vide Scheme 7, infra). 

5 

Scheme 7 : By-product formation 

1. n-BuLi, THF, -78°C 7 ,0Bu 	2. additive 	 ,0Bu 	+ 	,OLi 
S, 	 ,S ,,,SA 	 , 	 \\ v 

0 '0 	 0 0 	 C 	0 

2 

10 From reactions performed with magnesium bromide 1-bromo-3-chloro-propan- 

2-01 was isolated 	as sole 	product, 	no conversion was observed when 

triethylborane was used as additive. Of all additives tested boron trifluoride 

etherate was identified as most promising. Good results have been obtained 

with 1.0 equivalent of boron trifluoride etherate whereas more equivalents 

15 resulted in formation of polymers. 

The 	reaction 	of 	isopropyl 	cyclopropanesulfonate 	with 	(S)-2- 

(benzyloxymethyl)oxirane in the presence of 0.83 equivalents of hexamethyl 

phosphoric 	triamide 	(HMPT) 	was 	published 	[ref. 	3]. 	As 	HMPT exhibits 

carcinogenic and mutagenic properties we preferred boron trifluoride etherate 

20 to HMPT as additive for industrial preparation. 

Chiral diol 5 was obtained without racemization from TBDMS- as well as THP-

protected glycidols (8a and 8b, respectively) and butyl cyclopropanesulfonate 

2. 

25 Fortunately TBDMS- and THP-protecting groups could be easily removed by 

acidic treatment providing enantiomerically pure diol 5 (vide scheme 1, step 

F, supra). 
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Chiral diol 5 was converted subsequently to the desired dioxotane 6 with 2,2-

dimethoxypropane catalyzed by pyridinium p-toluenesulfonate in good yield 

(vide Scheme 1, Step G, supra). 

s II. In re. Scheme 2, Steps H, J (and I), and K, supra : 

Synthesis of (S)-14 via sulfonyl chloride (S)-10 

As seen supra, formation of sodium sulfonate 7 was achieved by using sodium 

10 methoxide instead of the considerably more expensive potassium thiocyanate 

[refs. 1,2] (vide Scheme 1, Step D, supra, and Scheme 8, infra). Pure sodium 

sulfonate 7 was obtained from crystallization with ethanol or isopropanol. 

Reaction of 7 in pyridine with phosphoryl chloride [ref. 4] proved to be a more 

economical route to sulfonyl chloride 10 compared to cyanuric chloride [ref. 

1s 5] as chlorination reagent (vide Scheme 2, Step H, supra, and Scheme 8, 

infra). After aqueous work up, 	10 was obtained in good yield without 

deterioration of the dioxolane protecting group. Reactions with oxatyl chloride 

or 	triphenylphosphine/sulfurylchloride 	[ref. 	6] 	were 	less 	effective. 

Enantiomeric purity of 10 was assessed by chiral HPLC of the corresponding 

20 anilides 11 (vide Scheme 2, Step I, supra, and Scheme 8, infra). The reaction 

of sulfonyl chloride 10 with aniline was accelerated by addition of lithium 

bromide. 

25 

30 
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Scheme 8 : Synthesis of chiral amides 

DME, NaOMe, 
reflux 

0Bu 
S%  ,S

C)Na 

(S)-6 	0' %tr) 

O 	 H 

step D 	 (S)-7 

aniline, 
LiBr, 

-0 CH202  

0 %0 

pyridine, 
POCI3 stepI-I 

S% 	
®

step I 	
0\)7 ,CI 

, S%  
(S)-11 	0'  0 (S)-10 0' %,C) 

5 Starting 	from 	sulfonyl chloride (S)-10 	enantiomerically 	pure 	(S)-14 was 

prepared 	with 	tetrabutyl 	ammonium 	bromide 	as 	additive at 	70°C 	in 

sulfolane/pyridine 	2:1 	followed by acidic deprotection of (S)-13 	during 

aqueous work up (vide Scheme 2, Step K, supra, and Scheme 9, infra). The 

amide formation was accelerated by addition of tetrabutyl ammonium bromide 

10 (vide Scheme 9, infra). 

Sulfonyl chloride (R)-10 furnished the enantiomer (R)-14 accordingly (vide 

Scheme 9, infra). 

The enantiomeric purity of 14 was determined by chiral HPLC. 

is Scheme 9 : Stereoselective synthesis of (S)-14 

ej  

o (4-10 e 00 NH 	F HO _ 
H 
N 

TBAB, 70°C 

40 	40 	
sulfolene, pyridine 0 	02,

NH 	 140aq H 
(SH 02S,

NH 
N / 0 	
H 

/ 0 	N 	 • 
K step)F 	I  ®®step 

®F 

12 (P-13  RDEA 119 (s)-14 
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Hence, in a first aspect, 	the present invention relates to a method of 

preparing 	N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6-methoxyphenyl)- 

1-[(2S)-2,3-dihydroxy-propyl]cyclopropanesulfonamide of formula (S)-14 : 

HO . 
OH 

2 
NH 

H 

0 0 

(S)-14, 

via the following steps shown in Schemes 1 and 2, infra : 

5 
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SCHEME 1 

0 
\ Cl .,..// 

0 
PG0 .2 \ 

((S)-1) 
((S)-8) 

Step A  K /),.,......, Step E 
SO, 

(2) 

CI ,0„,.........................• 
SO2  

((S)-3) 

Step B 

OH 
,O....,,,..-..... SO2 

PGO ,O............/%.,....../ SO , 
((S)-4) ((S)-9) 

Step C Step F 

OH 
Step G 

HO 6.0......................"„e 0„,........„.......,„,.. 
SO, SO2  

((S)-6) ((S)-5)  

Step D

O 

 

C0 
SO2 	Na 

((S)-7) 
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SCHEME 2 

,(:) 
SO2 	Na 

((S)-7) 

Step H!    

4 

O  Step I O H 
,CI 

SO2
,N 

SO2  

((5)-10) 	 ((5)-11) 

NH2  
H 

Step J 

0

F  

I. 

O (12) 

NH 
H 

401  101  

F 
((S)-13) 

Step K 

HO 

()1-1 O2\
NH F  

H 

(.1  0 

F 

((S)-14) 

5 
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In an embodiment of the first aspect, the present invention relates to a 

method of preparing a compound of formula (S)-14 : 

HO 

OH 
2 NH 

H 

. 0 

5 (S)-14 ; 

comprising : 

i) the following step J : 

wherein a compound of formula (S)-10 : 

to 

,c1 
sot  

(S)-10 

is allowed to react with a compound of formula (12) : 

NH2  

110 0 

15 (12) 
in the presence of a bromide, such as tetra-n-butylammonium bromide or 

lithium bromide for example, optionally in the presence of a base, such as 

pyridine for example, optionally in a solvent, such as sulfolane for example, 
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thereby providing a reaction mixture containing a compound of formula (S)- 

13 : 

2 NH 
H 

0 101  

• ((S)-13) 	 p 

5 

and, then, 

ii) the following step K : 

10 wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

added to said reaction mixture containing a compound of formula (S)-13, 

thereby providing a compound of formula (S)-14. 

15 

Alternatively, 	in 	the 	above-mentioned 	step 	J, 	a 	catalyst, 	such 	as 4- 

dimethylaminopyridine for example, can be used instead of said bromide. 

Alternatively, in scheme 2, step J, the compound of formula (S)-10-Br : 

20 

1:1r* 
,/ S 

0 	‘,0 

(S)-10-Br 
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may be used instead of the compound (S)-10. 

Hence, in an embodiment of the first aspect, the present invention relates to 

a method of preparing a compound of formula (S)-14 : 

5 

HO 

OH 
2 NH 

H 

10 0 

F 

comprising : 

(S)-14 ; 

io i) the following step J : 

wherein a compound of formula (S)-10 -Br : 

O ,Br 
SO2  

(S)-10-Br 

is is allowed to react with a compound of formula (12) : 

NH2  

101  0 

(12) 
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optionally in the presence of a base, such as pyridine for example, optionally 

in a solvent, such as sulfolane for example, 

thereby providing a reaction mixture containing a compound of formula (S)- 

5 13 : 

NH 
H 

0 0 

io 

• ((S)-13) 	 ; 

and, then, 

ii) the following step K : 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

added to said reaction mixture containing a compound of formula (S)-13, 

1s thereby providing a compound of formula (S)-14. 

In another embodiment of the first aspect, the present invention relates to a 

method of preparing a compound of formula (S)-14 : 
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HO 

OH 
2 

NH 
H 

0 0 

F 

(S)-14 ; 

comprising the following step K : 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

5 	added to a compound of formula (S)-13 : 

—A-0 
2 

NH 
H 

0 101  

((S)-13) 	 • 

thereby providing a compound of formula (S)-14. 

10 	In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-13 : 
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O 

O 
2 NH 

H 

0 0 

((S)-13) 

is prepared by the following step J : 

wherein a compound of formula (S)-10 : 

5 

--74-0 
0 ,CI 

SO2  

(S)-10 

is allowed to react with a compound of formula (12) : 

NH2  

0 0 

10 (12) 

in the presence of a bromide, such as tetra-n-butylammonium bromide or 

lithium bromide for example, optionally in the presence of a base, such as 

pyridine for example, optionally in a solvent, such as sulfolane for example, 

is 	thereby providing a reaction mixture containing a compound of formula (S)- 

13 : 
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O 

O 
2 NH 

H 

101 1101 

((S)-13)  

Alternatively, 	in 	the 	above-mentioned 	step 	J, 	a 	catalyst, 	such 	as 4- 

dimethylaminopyridine for example, can be used instead of said bromide. 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-13 : 

—\----6 
OZ~NH 

H 

1101 10 

((S)-13) 

is prepared by the following step J : 

wherein a compound of formula (S)-10-Br : 

--74-0 
0 ,Br 

SO2 

(S)-10-Br 

5 

I0 

15 
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is allowed to react with a compound of formula (12) : 

NH2  

0 0 

(12) 

optionally in the presence of a base, such as pyridine for example, optionally 

5 in a solvent, such as sulfolane for example, 

thereby providing a reaction mixture containing a compound of formula (S)- 

13 : 

O 
O 

NH 
H 

* 10 

((S)-13) 	 . 

0 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (5)-10 : 

—71-0 
0 

,c1 
SO2  

5 (S)-10 

is prepared by allowing a compound of formula (S)-7 : 

1 

1 
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O 	
C) 

SO2 	Na 

(S)-7 	 p 

to react with a chlorinating agent, such as P(0)03, PCl3 or SOCl2 for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

compound of formula (5)-10. 

5 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-10-Br : 

-.71-0 
0 S1E11' 

, 
0/  ‘10 

10 (S)-10-Br 

is prepared by allowing a compound of formula (S)-7 : 

----/-0 
0 	

ID 
SO2 	Na 

is 

(S)-7 	 , 

to react with a brominating agent, such as P(0)Br3 or PBr3 for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

compound of formula (S)-10-Br. 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-7 : 
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O 	
0 

SO2 	Na 

(S)-7 

is prepared by allowing a compound of formula (S)-6 : 

--71-o 
o 

S62°  

(S)-6 

5 	to react with a sodium alkoxide, such as sodium methoxide for example, 

optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-7. 

In a further embodiment of the first aspect, the present invention relates to a 

10 	method of preparing a compound of formula (S)-10 : 

--4-o 

sot  

(S)-10 	 , 

wherein a compound of formula (S)-7' : 

---/Lo 
o o,„ 

SO2 	K 

15 	is allowed to 

(S)-7' 	 , 

react with a chlorinating agent, such as P(0)Cl3, PCl3 or SOCt2 for 

example, optionally in a solvent, such as pyridine for example, thereby 

providing a compound of formula (S)-10. 
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1 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-7' : 

—71—o 
o 

o 
SO2 	K 

(S)-7' 

s is prepared by allowing a compound of formula (S)-6 : 

----74-o 
o o.,.........„-,,,,,,..- 

SO2  

(S)-6 

to react with a potassium alkoxide, such as potassium methoxide for example, 

optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-7'. 

0 

A further embodiment of the first aspect of the present invention relates to a 

method 	of 	preparing 	N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl)-1-[(2S)-2,3-dihydroxy-propyl]cyclopropanesulfonamide 	of 

formula (S)-14 : 

5 

HO 

OH 
2 

NH 
H 

0 0 

(S)-14 ; 

comprising the following step D : 

wherein a compound of formula (S)-6 : 
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O 
0 

S02 
 

(S)-6 

is allowed to react with a sodium alkoxide, such as sodium methoxide for 

example, optionally in a solvent, such as methanol for example, 

5 thereby providing a compound of formula (S)-7 : 

-74-0 
0 4:: 

SO2  Na 

(S)-7 . 

A further embodiment of the first aspect of the present invention relates to a 

to method 	of 	preparing 	N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl)-1-[(2S)-2,3-dihydroxy-propyl]cyclopropanesulfonamide 	of 

formula (S)-14 : 

HO 

OH 
2 NH 

H 

0 0 

1 5 

(S)-14 ; 

comprising the following step D : 

wherein a compound of formula (S)-6 : 



WO 2012/163799 
	

PCT/EP2012/059717 

32 

---/-0 
0 

SO
.0
2
0 ............„0".......0„....- 

(S)-6 

is allowed to react with a potassium alkoxide, such as potassium methoxide for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (5)-7' : 

-74-0 
0 (:) 

SO2 	K 
(S)-7' 	. 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-6 : 

--74-o 
o 	

43 
so 

(S)-6 

is prepared by allowing a compound of formula (S)-4 : 

s02°  
(S)-4 

to react with either : 

a) boron trifluoride, optionally in the form of a complex, such as a boron 

trifluoride 	etherate 	complex 	for 	example, 	such 	as 	a 	boron 	trifluoride 

5 

10 

15 
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tetrahydrofuran complex, or a boron trifluoride diethylether complex for 

example, optionally in a solvent such as acetone for example, or 

5 

b) phosphomolybdic acid hydrate, optionally in a solvent such 

example, 

thereby providing a compound of formula (S)-6. 

as acetone for 

In a further embodiment of the first aspect of the 

above-mentioned compound of formula (S)-4 : 

present invention, the 

s62°  

10 (S)-4 

is prepared by allowing a compound of formula (5)-3 : 

OH 

CI 	 ,C1 
SO2  

(5)-3 ; 

15 

to react with a base, such as sodium hydroxide for example, 

solvent, such as water for example, 

thereby providing a compound of formula (S)-4. 

optionally in a 

20 In a further embodiment of the first aspect of the 

above-mentioned compound of formula (S)-3 : 

present invention, the 

OH 

CI ,..0.....s......"...........,..• 
SO2  

(5)-3 ; 

25 is prepared by : 
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a) allowing a compound of formula 2 : 

K .co sot  
(2) 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

5 

b) adding a compound of formula (5)-1 and boron trifluoride, optionally in the 

form of a complex, such as a boron trifluoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 

10 

c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (S)-1 : 

0 

is (5)-1 	; 

thereby providing a compound of formula (S)-3. 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-6 : 

20 

---/-0 
0 o sot .„,,,,,,......„.„..,  

(S)-6 

is prepared by allowing a compound of formula (S)-5 : 
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OH 

HO 	 ,or: 
SO2  

(S)-5 

to 	react with 	2,2-dimethoxypropane, 	optionally 	in 	a 	solvent, 	such 	as 

tetrahydrofuran for example and optionally in the presence of a catalyst, such 

5 	as pyridinium p-toluenesulfonate for example, 

thereby providing a compound of formula (S)-6. 

In a further embodiment of the first aspect of the present invention, the 

above-mentioned compound of formula (S)-5 : 

10 

OH 

HO 	 ,0 
SO2  

(S)-5 

is prepared by allowing a compound of formula (S)-9 : 

OH 

15 
SO2 

(S)-9 ; 

wherein PG represents a protecting group, such as a t-butyldimethylsityl- 

group (compound (S)-9a) or a tetrahydropyranyl group (compound (S)-9b), for 

example, 

20 	to react with an acid, such as hydrochloric acid or p-toluene sulfonic acid for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-5. 

In a further embodiment of the first aspect of the present invention, the 

25 	above-mentioned compound of formula (S)-9 : 



WO 2012/163799 
	

PCT/EP2012/059717 

36 

OH 

PGO 	 ..O 
SO2  

(S)-9 ; 

wherein PG represents a t-butyldimethylsilyl- group (compound (S)-9a) or a 

tetrahydropyranyl group (compound (S)-9b), 

5 	is prepared by : 

a) allowing a compound of formula 2 : 

K 
SO2  

(2) 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

10 

b) adding a compound of formula (S)-8 and boron trifluoride, optionally in the 

form of a complex, such as a boron trifluoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 

15 

c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (S)-8 : 

0 

PG0--\ 

(S)-8, 

20 	wherein PG represents a t-butyldimethylsilyl- group (compound (S)-8a) or a 

tetrahydropyranyl group (compound (S)-8b), respectively, 

thereby providing a compound of formula (S)-9. 

In a further embodiment of the first aspect, the present invention relates to a 

25 	method of preparing the compound of formula (S)-14, wherein each of said 
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steps A to K as shown in Schemes 1 and 2, supra, are described in relation to 

Schemes 3 to 9, supra. 

In accordance with a second aspect, 	the present invention relates to 

s intermediate compounds which are useful in the preparation of the above-

mentioned compound of formula (S)-14. 

In an embodiment of said second aspect, the present invention relates to a 

compound : 

10 

1 -[[(4S)-2,2 -dimethyl- 1 , 3-dioxolan-4-yl]methyljcyclopropanesulfonyl 	bromide 

(S)-10-Br : 

Br 
,S\  

0/ \ID 

15 (S)-10-Br. 

In an embodiment of said second aspect, the present invention relates to a 

compound : 

20 potassium 	1 -[[(4S)-2,2-dimethyl- 1 ,3-dioxotan-4-Amethyl)cyclopropane- 

sulfonate (S)-7' : 

c),  
SO2 	K 

(S)-7' 	 . 

In an embodiment of said second aspect, the present invention relates to a 

25 compound : 
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Butyl 1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4-Arnethyl)cyclo propane sulfonate 

(S)-6 : 

....................,•• sot
0  

5 (S)-6 . 

In an embodiment of said second aspect, the present invention 

compound : 

relates to a 

i o Butyl 1-[(25)-2,3-dihydroxypropyl]cyclopropanesulfonate (S)-5 : 

OH 

HO 	 ,I:: 
SO2  

(S)-5 . 

is 

In an embodiment of said second aspect, the present invention 

compound : 

relates to a 

Butyl 1 -[(2S)-oxiran-2-ylmethyl]cyclopropanesulfonate (S)-4 : 

s62°  

(S)-4 . 

20 

In an embodiment of said second aspect, the present invention 

compound : 

relates to a 

Butyl 1 -[(2S)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (S)-3 : 
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OH 

CI ..0..............".............. 
SO2  

(S)-3 . 

In an embodiment of said second aspect, the present invention relates to a 

5 	compound : 

Butyl 1- [(2S)-3-Utert-butyl(dimethyl)silygoxy)-2-hydroxypropyl] cyctopropane-

sutfonate (S)-9a : 

OH 

\ 	0 	 ...O.........„.."......../...• 
(Si 	 SO2  

10 (S)-9a . 

In an embodiment of said second aspect, the present invention relates to a 

compound : 

1 5 	Butyl 	1 

sutfonate 

- [(2S)-2- hydroxy- 3- (tetrahydro- 2H -pyran-2-yloxy)propylicyclopropane 

(S)-9b : 

OH 

S
,
2
0 

O 

(S)-9b. 

20 	In a third aspect, the present invention relates to the use of the intermediate 

compounds according to the second aspect, supra, for preparing the compound 

of formula (S)-14, supra. 



WO 2012/163799 
	

PCT/EP2012/059717 

40 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4-Amethyl)cyclopropanesulfonyl 	bromide 

5 (S)-10-Br : 

Br 
S 

O' \0 

(S)-10-Br 

10 for preparing the compound of formula (S)-14, supra. 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

15 potassium 	1 -[[(4S)-2,2 -dimethyl-1,3-dioxolan -4-Amethyl)cyclopropane- 

sulfonate (S)-7' : 

o 
SO2 	K 

(S)-7' 	 • ) 

for preparing the compound of formula (S)-14, supra. 

20 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

Butyl 1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4-yl]methyljcyclo propane sulfonate 

25 (S)-6 : 
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O
o.,........,..........7,  

SO2  

(S)-6 ; 

for preparing the compound of formula (S)-14, supra. 

5 	In an embodiment of said third aspect, the present invention relates to the use 

of : 

Butyl 1-[(2S)-2,3-dihydroxypropyl]cyclopropanesulfonate (S)-5 : 

OH 

HO 	 ,C:: 
SO2  

10 (S)-5 ; 

for preparing the compound of formula (5)-14, supra. 

In an embodiment of said third aspect, the present invention relates to the use 

15 	of : 

Butyl 1-[(2S)-oxiran-2-ylmethyl]cyclopropanesulfonate (S)-4 : 

S62°  

(S)-4 ; 

20 

for preparing the compound of formula (S)-14, supra. 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

25 

Butyl 1-[(2S)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (S)-3 : 
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OH 

CI ..0..............".........../ 
SO2  

(S)-3 ; 

5 	for preparing the compound of formula (S)-14, supra. 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

to 	Butyl 1-[(2S)-3-[[tert-butyl(dimethyl)sityl]oxy)-2-hydroxypropyl] cyclopropane- 

sulfonate (S)-9a : 

OH 

\ 0 ,.O.....%/o„."...........„..,  
SO2  

(

Si 

(S)-9a ; 

is 	for preparing the compound of formula (S)-14, supra. 

In an embodiment of said third aspect, the present invention relates to the use 

of : 

sulfonate 

20 	Butyl 	1-[(2S)-2-hydroxy-3-(tetrahydro-2H-pyran-2-yloxy)propylicyclopropane 

(S)-9b : 

OH 

,0 
S O2 

 

(S)-9b ; 
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for preparing the compound of formula (S)-14, supra. 

In a fourth aspect, the present invention relates to a method of preparing N- 

[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6-methoxyphenyl)-1-[(2R)-2,3- 

dihydroxy-propyl]cyclopropanesulfonamide of formula (R)-14 : 

HO 

OH 
2 NH 

H 

0 0 

(R)-14, 

via the following steps shown in Schemes C and D, infra : 

5 

10 
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SCHEME C 

0 0 
CI 	.L\ PGO sl-\ ‘,.% 

((R)-1) 
\‘,.. 

Step A ,O.s.....,..„.......„-, 
((R)-8) 

v...% Step E 
SO2  

(2) 
OH 

CI ..0 
2

........„,....„......"- 
SO 

((R)-3) 

Step B 

OH 

.."'XS62° PGO „. 0............---.........„.• 
SO2  

((R)-4) ((R)-9) 

Step C Step F 

I 

Step G 
OH 

 
,
2
0...........................,  

SO 
HO 4.

2
0 ........„..-.............., 

SO 

((R)-6) ((R)-5) 

Step Di 

--.14-9 
0 	7: 

,4:1 
SO2 	Na 

((R)-7) 

5 
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SCHEME D 

(:) 
SO2 	Na 

((R)-7) 

Step H 

Step I p H 
,CI ,N 

02 	 SO2  

((R)-10) 	 ((R)-11) 

NH2 
H 

Step J 

0 0 

F 
O (12) 

2 NH 
H 

(001 0 

F 
((R)-13) 

Step K 

HO 

OH 
OZ~N 

H 

0 101 

F 

((R)-14) 

5 



WO 2012/163799 
	

PCT/EP2012/059717 

46 

In a further embodiment of the fourth aspect, the present invention relates to 

a method of preparing the compound of formula (R)-14, wherein each of said 

steps A to K as shown in Schemes C and D, supra, are described in analogy to 

the preparation of (S)-14 in Schemes A and B, and Schemes 3 to 9, supra. 

In an embodiment of the fourth aspect, the present invention relates to a 

method of preparing a compound of formula (R)-14 : 

HO 

OH 
NH 

H 

0 0 

(R)-14 ; 

comprising : 

i) the following step J : 

wherein a compound of formula (R)-10 : 

,c1 
SO2  

(R)-1O 

is allowed to react with a compound of formula (12) : 

5 

10 

15 
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NH2  

1101  0 

(12) 

in the presence of a bromide, such as tetra-n-butylammonium bromide or 

lithium bromide for example, optionally in the presence of a base, such as 

pyridine for example, optionally in a solvent, such as sulfolane for example, 

5 

thereby providing a reaction mixture containing a compound of formula (R)- 

13 : 

O 
O 

NH 
H 

1.1  0 

((R)-13) 	 • ) 

10 	and, then, 

ii) the following step K : 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

is 	added to said reaction mixture containing a compound of formula (R)-13, 

thereby providing a compound of formula (R)-14. 
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Alternatively, 	in 	the 	above-mentioned 	step J, 	a 	catalyst, 	such as 	4- 

dimethylaminopyridine for example, can be used instead of said bromide. 

Alternatively, in scheme D, step J, the compound of formula (R) -10-Br : 

5 

----A-9 0 	: 	,Br 
,S 

0' \\,c) 

(R)-10-Br 

may be used instead of the compound (R)-10. 

10 Hence, in an embodiment of the fourth aspect, the present invention relates 

to a method of preparing a compound of formula (R)-14 : 

HO 

OH 
2 

NH 
H 

0 0 

F 

is 

(R)-14 ; 

comprising : 

i) the following step J : 

wherein a compound of formula (R)-10-Br : 



WO 2012/163799 
	

PCT/EP2012/059717 

49 

O ,Br 
SO2  

(R)-10-Br 

is allowed to react with a compound of formula (12) : 

NH2  

110 110 

5 (12) 

optionally in the presence of a base, such as pyridine for example, optionally 

in a solvent, such as sulfolane for example, 

thereby providing a reaction mixture containing a compound of formula (R)- 

io 	13 : 

2 NH 
H 

0 I. 

((R)-13) • ) 

and, then, 

is 	ii) the following step K : 
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wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

added to said reaction mixture containing a compound of formula (R)-13, 

thereby providing a compound of formula (R)-14. 

In another embodiment of the fourth aspect, the present invention relates to a 

method of preparing a compound of formula (R)-14 : 

HO 

OH 
2 NH 

H 

101  0 

(R)-14 ; 

comprising the following step K : 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

added to a compound of formula (R)-13 : 

—\---0 
2 NH 

H 

0 1401  

((R)-13) 	 • p 

thereby providing a compound of formula (R)-14. 

5 

10 

15 
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In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-13 : 

2 NH 
H 

10 0 

((R)-13) 

5 

is prepared by the following step J : 

wherein a compound of formula (R)-10 : 

-ci 
SO2  

(R)-10 

I0 

is allowed to react with a compound of formula (12) : 

NH2  

0 0 

(12) 

in the presence of a bromide, such as tetra-n-butylammonium bromide or 

is lithium bromide for example, optionally in the presence of a base, such as 

pyridine for example, optionally in a solvent, such as sulfolane for example, 
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1 

thereby providing a reaction mixture containing a compound of formula (R)- 

13 : 

O 
O 

NH 
H 

. 0 

((R)-13) . 

5 Alternatively, 	in 	the 	above-mentioned 	step J, 	a 	catalyst, 	such 	as 4- 

dimethylaminopyridine for example, can be used instead of said bromide. 

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-13 : 

0 

--\---0 
2 

NH 
H 

10 11.1  

((R)-13) 

is prepared by the following step J : 

wherein a compound of formula (R)-10-Br : 

15 
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O 
,Br 

SO2  

(R)-10-Br 

is allowed to react with a compound of formula (12) : 

NH2  

0 tel  

5 (12) 

optionally in the presence of a base, such as pyridine for example, optionally 

in a solvent, such as sulfolane for example, 

thereby providing a reaction mixture containing a compound of formula (R)- 

io 	13 : 

2 
NH 

H 

0 0 

((R)-13)  

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-10 : 

15 
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O 	
,CI 

SO2  

(R)-10 

is prepared by allowing a compound of formula (R)-7 : 

(:) 
SO2 	Na 

5 

(R)-7  

to react with a chlorinating agent, such as P(0)Cl3, PCl3 or SOCl2 for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

compound of formula (R)-10. 

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-10-Br : 

io 

---71-9 
0 	: 	1:31* 

S 
0/  c, 

(R)-10-Br 

is prepared by allowing a compound of formula (R)-7 : 

—74—o. 
o 	s 	o, 

SO2 	Na 

15 (R)-7  

to react with a brominating agent, such as P(0)Br3 or PBr3 for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

compound of formula (R)-10-Br. 
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In a further embodiment of the fourth aspect of the present invention, 

above-mentioned compound of formula (R)-7 : 

the 

o 
SO2 	Na 

(R)-7 

5 

is prepared by allowing a compound of formula (R)-6 : 

0 
so 2 

 

(R)-6 

lo 

to react with a sodium alkoxide, such as sodium methoxide for 

optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (R)-7. 

example, 

In a further embodiment of the fourth aspect, the present invention 

a method of preparing a compound of formula (R)-10 : 

relates to 

----/-9. 
o : _cl 

SO2  

(R)-10 	 p 

15 

wherein a compound of formula (R)-7' : 

o 
,c) 

SO2 	K 

(R)-7' 	 p 
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is allowed to react with a chlorinating agent, such as P(0)C13, PCl3 or SOCt2 for 

example, optionally in a solvent, such as pyridine for example, thereby 

providing a compound of formula (R)-10. 

5 

10 

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-7' : 

,c) 
SO2 	K 

(R)-7' 

is prepared by allowing a compound of formula (R)-6 : 

co ...„....„...-•..N.„,..,  so 

(R)-6 

to react with a potassium alkoxide, such as potassium methoxide for example, 

optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (R)-7'. 

1 s A further embodiment of the fourth aspect of the present invention relates to 

a 	method 	of 	preparing 	N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyl)- 1 - [(2R)-2, 3-dihydroxy-propyl]cyclopropanesulfonamide 	of 

formula (R)-14 : 
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HO 

OH 
2 NH 

H 

0 1401  

F 

(R)-14 ; 

comprising the following step D : 

wherein a compound of formula (R)-6 : 

5 

o 
2

...0 
S 	

........../..---................-• 
O  

(R)-6 

is allowed to react with a sodium alkoxide, such as sodium methoxide for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (R)-7 : 

1+9 

-4-2 
0 	 40 

SO2 	Na 

(R)-7 	 . 

A further embodiment of the fourth aspect of the present invention relates to 

a 	method 	of 	preparing 	N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

1 s 	methoxyphenyl)-1-[(2R)-2,3-dihydroxy-propyl]cyclopropanesulfonamide 	of 

formula (R)-14 : 
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HO 

OH 
2 NH 

H 

0 0 

(R)-14 ; 

comprising the following step D : 

wherein a compound of formula (R)-6 : 

---/-9. 
o  

(R)-6 

...„,,,,........„..-- 
so

...
2
0 

is allowed to react with a potassium alkoxide, such as potassium methoxide for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (R)-7' : 

---/-9. 
= 0 o, 

SO2 	K 

(R)-7'  

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-6 : 

5 

10 

15 
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O 	

° SO2  

(R)-6 

is prepared by allowing a compound of formula (R)-4 : 

,,,, 'off  
SO2 

(R)-4 

5 

to react with either : 

a) boron trifluoride, optionally in the form of a complex, such as a boron 

trifluoride 	etherate 	complex 	for 	example, 	such 	as 	a 	boron 	trifluoride 

tetrahydrofuran complex, or a boron trifluoride diethylether complex for 

I() example, optionally in a solvent such as acetone for example, or 

b) phosphomolybdic acid hydrate, optionally in a solvent such as acetone for 

example, 

thereby providing a compound of formula (R)-6. 

Is In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-4 : 

,,, 

(R)-4 

is prepared by allowing a compound of formula (R)-3 : 

20 

OH 

CI 	 ,,0 
SO2  

(R)-3 ; 
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to react with a base, such as sodium hydroxide for example, optionally in a 

solvent, such as water for example, 

thereby providing a compound of formula (R)-4. 

5 

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-3 : 

OH 
.:: 

CI 	 ,1:1 
SO2  

10 (R)-3 ; 

is prepared by : 

a) allowing a compound of formula 2 : 

K .0 
SO2  

(2) 

15 

20 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

b) adding a compound of formula (R)-1 and boron trifluoride, optionally in the 

form of a complex, such as a boron trifluoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 

c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (R)-1 : 

25 

0 

Clos. ./--\ 
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(R)-1 ; 

thereby providing a compound of formula (R)-3. 

In a further embodiment of the fourth aspect of the present invention, the 

5 above-mentioned compound of formula (R)-6 : 

...0 
sot  o2 

 

(R)-6 (R)-6 

10 is prepared by allowing a compound of formula (R)-5 : 

OH 

HO 	 ,4:: 
SO2  

(R)-5 

to 	react 	with 	2,2-dimethoxypropane, 	optionally 	in 	a 	solvent, 	such 	as 

tetrahydrofuran for example and optionally in the presence of a catalyst, such 

1 5 as pyridinium p-toluenesulfonate for example, 

thereby providing a compound of formula (R)-6. 

In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-5 : 

20 

OH 

HO 	 ,0 
SO2  

(R)-5 

is prepared by allowing a compound of formula (R)-9 : 
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9H 

PGO 	 ..O 
SO2  

(R)-9 ; 

wherein PG represents a protecting group, such as a t-butyldimethylsilyt- 

group (compound (R)-9a) or a tetrahydropyranyl group (compound (R)-9b), for 

5 example, 

to react with an acid, such as hydrochloric acid or p-toluene sulfonic acid for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (R)-5. 

to In a further embodiment of the fourth aspect of the present invention, the 

above-mentioned compound of formula (R)-9 : 

OH 

PGO 	 ,0 
SO2  

(R)-9 ; 

1 5 wherein PG represents a t-butyldimethylsilyl- group (compound (R)-9a) or a 

tetrahydropyranyl group (compound (R)-9b), 

is prepared by : 

a) allowing a compound of formula 2 : 

K 
SO2  

(2) 

20 

25 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

b) adding a compound of formula (R)-8 and boron trifluoride, optionally in the 

form of a complex, such as a boron trifluoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 
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c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (R)-8 : 

0 
PGO 	../- ,„.• 

5 (R)-8, 

wherein PG represents a t-butyldimethylsilyl- group (compound (R)-8a) or a 

tetrahydropyranyl group (compound (R)-8b), respectively, 

thereby providing a compound of formula (R)-9. 

io In a further embodiment of the fourth aspect, the present invention relates to 

a method of preparing the compound of formula (R)-14, wherein each of said 

steps A to K as shown in Schemes C and D, supra, are described in relation to 

Schemes 3 to 9, supra. 

Is In 	accordance 	with 	a 	fifth 	aspect, 	the 	present 	invention 	relates 	to 

intermediate compounds which are useful in the preparation of the above-

mentioned compound of formula (R)-14. 

In an embodiment of said fifth aspect, the present invention relates to a 

20 compound : 

1-[[(4R)-2,2-dimethyl-1,3-dioxotan-4-Amethyl)cyclopropanesulfonyl 	bromide 

(R)-10-Br : 

4
Br 

0 0 

25 

(R)-10-Br . 
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In an embodiment 

compound : 

of said fifth aspect, the present invention relates to a 

potassium 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-ylimethyl)cyclopropane- 

5 sulfonate (R)-7' : 

o 
SO2 	K 

(R)-7' 	
• 

In an embodiment 

compound : 

of said fifth aspect, the present invention relates to a 

10 

Butyl 1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-Amethyl)cyclo propane sulfonate 

(R)-6 : 

-
2
0 

so 

(R)-6 . 

15 

In an embodiment 

compound : 

of said fifth aspect, the present invention relates to a 

Butyl 1-[(2R)-2,3-dihydroxypropyl]cyclopropanesulfonate (R)-5 : 

OH 

20 

HO ,O.............--...„..../...,  
SO2 

(R)-5 . 

In an embodiment 

compound : 

of said fifth aspect, the present invention relates to a 
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Butyl 1-[(2R)-oxiran-2-ylmethyl]cyclopropanesulfonate (R)-4 : 

so
t .,...,,,...-..,, 

(R)-4 . 

5 

h an embodiment of said fifth aspect, the present invention relates to a 

compound : 

Butyl 1-[(2R)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (R)-3 : 

OH 

CI 	 ,4C: 
10 

SO2 

(R)-3 . 

In an embodiment of said fifth aspect, the present invention relates to a 

compound : 

15 

Butyl 1-[(2R)-3-lltert-butyl(dimethyl)sitylioxy)-2-hydroxypropyl] cyclopropane-

sulfonate (R)-9a : 

OH 

\ 	4::0 	- 	...0................•••%...„...,  
SO2 

(R)-9a . 

20 

In an embodiment of said fifth aspect, the present invention relates to a 

compound : 

Butyl 	1-[(2R)-2-hydroxy-3-(tetrahydro-2H-pyran-2-yloxy)propylicyclopropane 

25 sulfonate (R)-9b : 
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OH 

,
2
0 

SO 

(R)-9b. 

In a sixth aspect, the present invention relates to the use of the intermediate 

5 	compounds according to the fifth aspect, supra, for preparing the compound 

of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

of : 

10 

1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]methyl)cyclopropanesulfonyl 	bromide 

(R)-10-Br : 

Br 
A\  

0 0 

15 (R)-10-Br 

for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

zo 	of : 

potassium 

sulfonate (R)-7' 

1 -[[(4R)-2,2-dimethyl-1, 3-dioxolan-4-Amethyl)cyclopropane-

: 



WO 2012/163799 
	

PCT/EP2012/059717 

67 

O 
C) 

SO2 	K 

for preparing 

(R)-7' 	 • , 

the compound of formula (R)-14, supra. 

5 	In an embodiment of said sixth aspect, the present invention relates to the use 

of : 

Butyl 1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]methyl)cyclo propane sulfonate 

(R)-6 : 

io 

---/-9. 
o 	s 

sot0..............."............," 

(R)-6 ; 

for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

is 	Of : 

Butyl 1-[(2R)-2,3-dihydroxypropyl]cyclopropanesulfonate (R)-5 : 

OH 

HO 	,0 
SO2  

(R)-5 ; 

20 

for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

of : 
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Butyl 1-[(2R)-oxiran-2-ylmethyl]cyclopropanesulfonate (R)-4 : 

.0..„.....,..,..,,...,,-- so2 

(R)-4 ; 

5 

for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

of : 

10 

Butyl 1-[(2R)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (R)-3 : 

OH 

CI 	 ,O~ 
SO2 

(R)-3 ; 

15 

for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

of : 

20 

Butyl 1-[(2R)-3-lltert-butyl(dimethyl)silyt]oxy)-2-hydroxypropyl] cyclopropane-

sulfonate (R)-9a : 

OH 

\ 	4:21 	 ,C0 
SO2 

(R)-9a ; 

25 
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for preparing the compound of formula (R)-14, supra. 

In an embodiment of said sixth aspect, the present invention relates to the use 

of : 

5 

Butyl 	1- [(2R)-2- hydroxy- 3- (tetrahydro- 2H -pyran- 2-yloxy)propyl]cyclopropane 

sulfonate (R)-9b : 

OH 

SO
„.
2
0.s......"••••• 

(R)-9b ; 

10 

for preparing the compound of formula (R)-14, supra. 

Within the context of the present invention the term "solvent", as optionally 

present in any reaction step of the method of the invention, is understood, as is 

1 s by the person skilled in the art, as meaning any substance in which other 

materials dissolve to form a solution, such as, without being limited to : a polar 

solvent, such as a polar protic solvent, such as water, n-butanol, isopropanol, n- 

propanol, ethanol, methanol, or formic acid or acetic acid, etc., for example ; a 

polar 	aprotic 	solvent, 	such 	as 	1,4-dioxane, 	tetrahydrofuran, 	1,2- 

20 dimethoxyethane, acetone, acetonitrile, dimethylformamide, sulfolane, pyridine 

or dimethylsulphoxide, etc., for example ; or a non-polar solvents, such as 

pentane, 	hexane, 	benzene, 	toluene, 	diethyl ether, 	methyl ethyl ketone, 

dichoromethane, 	chloroform, 	tetrachloromethane, 	ethyl acetate, 	etc., 	for 

example ; or any mixture of the solvents listed above. 

25 

It is understood that any combination of the definitions given in the above- 

mentioned embodiments is possible within the context of the present 

invention. 
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The invention will be better understood upon reading the Examples below, 

which are provided as an illustration of the present invention. The Examples 

below in no way whatsoever constitute a limitation of the present invention as 

5 described in the present text and as defined in the claims appended hereto. 

EXPERIMENTAL SECTION 

EXAMPLES 

10 Abbreviations 

The following 

TMEDA 

used : 

abbreviations used in the Examples have the following meanings : 

N,N,N.,N.-Tetramethylethylenediamine 

is DMI 

DMPU 

conc. 

h 

THE 

1,3-Dimethyl-2-imidazolidinone 

1,3-Dimethyl-3,4,5,6-tetrahydro-2(1 H)-pyrimidinone 

concentrated 

hour / hours 

tetrahydrofuran 

20 1H-NMR 

s 

bs 

d 

proton 	nuclear 	magnetic 	resonance 	spectroscopy : 

chemical shifts (6) are given in ppm. 

singlet 

broad singlet 

doublet 

25 dd 

t 

General 

doublet of doublets 

triplet 

30 Butyl cyclopropanesulfonate 2 and 5,6-difluoro-N1-(4-fluoro-2-iodophenyl)-3-

methoxybenzene-1,2-diamine can be prepared as described in [ref. 2, Example 
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12, Step B, and Example 50, Step B, respectively]. All other reagents are 

commercially available. 

Example 1 : General Procedure for the synthesis of substituted Butyl 1-[2-

hydroxypropyl]cyclopropanesulfonates (GPI) : 

A solution of butyl cyclopropanesulfonate 2 (1.2 g, 6.7 mmol) in THE (24 mL) 

was cooled to -78' C and n-butyllithium (1.6M in n-hexane, 5.0 mL, 8.1 mmol) 

was added within 5 min. The mixture was stirred for 30 min and epoxypropane 

io derivative 	1 	or 8 	(8.1 	mmol) was added followed 	by addition of boron 

trifluoride diethyl etherate (0.84 mL, 6.7 mmol). The solution was stirred for 1 

h at -78' C, the cooling bath was removed and stirring was continued for 2 

additional hours. For aqueous work-up diluted hydrochloric acid (10%, 0.8 mL), 

water (10 mL) and ethyl acetate (20 mL) were added. The organic layer was 

15 concentrated 	at 	40`C 	to 	afford 	the 	corresponding 	butyl 	1-[2- 

hydroxypropyl]cyclopropanesulfonate 3. 

According to GPI the following compounds were prepared : 

20 Example 1a : Butyl 1-[(2S)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate 

(5)-3 

OH 

CI „.0............„.e............../...- 
SO2  

(S)-3 was obtained from (S)-epichlorohydrin (S)-1 in 81.3% yield. 

Rf: 0.19 (silica gel, n-hexane/ethyl acetate 3:1) 

25 MS (DCI): m/z = 288.0 [M+NH4]*(100), 271 [M+Hr(14) 

1H NMR (400 MHz, Chloroform-d) 8 = 0.90 - 1.04 (m, 4 H) 1.15 - 1.23 (m, 1 H) 

1.39 - 1.57 (m, 4 H) 1.67 - 1.80 (m, 2 H) 1.90 (dd, J=15.28, 8.68 Hz, 1 H) 2.15 

(dd, J=15.41, 3.67 Hz, 1 H) 2.5 - 3.0 (br. s, 2H) 3.51 - 3.73 (m, 2 H) 4.13 - 4.34 

(m, 3 H) ppm 
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• Example 	1b 	 Butyl 	1-[(2R)-3-chloro-2- . 

hydroxypropyl]cyclopropanesulfonate (R)- 3 

OH 

CI 	.13 
SO2  

5 (R)-3 was obtained from (R)-epichlorohydrin (R)-1 in 98.7% yield. Analytical 

data see (S)-3. 

Example 1c : Butyl 1-[ 3-ch loro-2-hydroxypropyl]cyclopropanesulfonate rac- 

3 

H 

10 

CI 	 -0.........„..-...„..„., 
SO2 

rac-3 was obtained from epichlorohydrin in 72.5% yield. Analytical data see 

(S)-3 

Example 	1d 	: 	Butyl 	1-[ (2S)-3-f[tert-butyl(dimethyl)si lyl]oxy}-2- 

15 hydroxypropyl]cyclopropanesulfonate (S)-9a 

OH \ 
Sr° 	S\ CD4Bu 

0' \co 

(S)-9a was prepared from tert-butyl(dimethyl)[(2S)-oxiran-2-ylmethoxy]silane 

in 100% yield (crude product). 

20 Rf: 0.43 (silica get, n-hexane/ethyl acetate 3:1) 

GC-MS: m/z = 384.1 [M+NH4]+(100), 367.0 [M+H]'(8) 

The crude product was converted without further purification to (S)-5 

Example 	le 	: 	Butyl 	1 -[(2R)-3-Htert-butyl(dimethyl)si lyl]oxy}-2- 

25 hydroxypropyl]cyclopropanesulfonate (R)-9a 
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\ I 	9H 
Sr° 	' 	sCol3u 

S\  
0' \c, 

(R)-9a was prepared from tert-butyl(dimethyl)[(2R)-oxiran-2-ylmethoxy]silane 

in 100% yield (crude product). 

5 GC-MS: 70% (R)-9a, 7% (R)-5 

Rf: 0.43 (silica gel, n-hexane/ethyl acetate 3:1) 

MS (DCI): m/z = 384.0 [M+NH4]+(34), 367.1 [M+H]+(38), 270.1 [M(R)-2 +NH4]+ (100) 

The crude product was converted without further purification to (R)-5 

10 Example 	1f 	: 	Butyl 	1-[(2R)-2-hydroxy-3-(tetrahydro-2H-pyran-2- 

yloxy)propyl]cyclopropanesulfonate (R)-9b 

OH 

s
ABu 

O 	: 	,, 
15 (R)-9b was prepared from 2-[(2R)-oxiran-2-ylmethoxy]tetrahydro-2H-pyran in 

100% yield (crude product) and converted without purification to (R)-5 

Rf: 0.29 (silica gel, n-hexane/ethyl acetate 3:1) 

MS (DCI): m/z = 354.0 [M+NF14]+(5), 337.1 [M+H]+(4), 270.1 [M(R)-2 +NFI4]+ (100), 

253.1 [M(R)-2 +H]+ (15) 

20 

Example 2 : General Procedure for the Synthesis of Butyl 1-[oxiran-2-

yInnethyl]cyclopropane-sulfonates 4 (GP2) : 

To a solution of 3 (22.1 mmol) in tetrahydrofuran (29 mL) was added a solution 

25 of sodium hydroxide (33.2 mmol) in water (22 mL) and the mixture was stirred 

overnight at room temperature to complete conversion (TLC silica get, 

toluene/ethyl acetate 5:1). The reaction mixture was washed with ethyl 
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acetate (30 mL), the organic layer was concentrated and the crude product 

purified by chromatography (silica get, toluene/ethyl acetate 5:1). According 

to GP2 the following compounds were prepared: 

s Example 2a : Butyl 1-[(2S)-oxiran-2-ylmethyl]cyclopropanesulfonate (S)-4 

o.......,,,,,,...,...- SO2  

(S)-4 was obtained from (S)-3 in 85.0% yield 

Rf: 0.40 (silica get, toluene/ethyl acetate 5:1) 

io 

MS (DCI): m/z = 252.1 [M+NHa]+(100), 235.0 [M+H]*(10), 

1H NMR (400 MHz, Chloroform-d) 6 = 0.89 - 1.06 (m, 4 H) 1.14 - 1.23 (m, 1 H) 

1.37 - 1.55 (m, 4 H) 1.61 - 1.79 (m, 3 H) 2.40 (m, J=15.28, 4.52 Hz, 1 H) 2.48 

(dd, J=4.89, 2.69 Hz, 1 H) 2.76 - 2.85 (m, 1 H) 3.14 - 3.23 (m, 1 H) 4.25 (td, 

J=6.48, 0.98 Hz, 2 H) ppm. 

15 Example 2b : Butyl 1-[(2R)-oxiran-2-ylmethyl]cyclopropanesulfonate (R)-4 

›.'.'"XS62°  
(R)-4 was obtained from (R)-3 in 86.3% yield. Analytical data see (S)-4 

Example 2c : Butyl 1-[oxiran-2-ylmethylicyclopropanesulfonate rac-4 

.0.,......„----,,.....„-- 
SO2  

20 

rac-4 was obtained from rac-3 in 92.5% yield. Analytical data see (S)-4 

25 
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Example 	3 	: 	General 	Procedure 	for 	the 	Synthesis 	of 	Butyl 	1-[2,3- 

dihydroxypropyl]cyclopropane-sulfonates 5 by Acidic Deprotection of 9a 

(GP3) : 

5 To 9a (6.7 mmol) was added hydrochloric acid (10%, 4 ml) and methanol (24.5 

mL) and it was stirred until TLC (silica get, hexanes/ethyl acetate 3:1) 

indicated complete conversion (1h). For aqueous work-up ethyl acetate (50 

mL) was added and it was washed with a saturated aq. solution of sodium 

hydrogen carbonate (2 x 20 mL). The organic layer was concentrated and the 

io residual oil was purified by chromatography (silica get, 1. hexanes/ ethyl 

acetate 3:1, 2. ethyl acetate). 

According to GP3 the following compounds were prepared: 

15 Example 3a : Butyl 1-[(2S)-2,3-dihydroxypropyl]cyclopropanesulfonate (S)-5 

OH 
HO 	 ,0Bu 

S\  
0/  43 

(S)-5 was obtained from (S)-9a in 97.1% yield 

20 Rf: 0.36 (silica gel, ethyl acetate); 

MS (DCI): m/z = 270.1 [M+NH4]*(100), 253.1 [M+H]+(17) 

1H NMR (400 MHz, Chloroform-d) 8 = 0.90 - 1.03 (m, 4 H) 1.12 - 1.19 (m, 1 H) 

1.38 - 1.54 (m, 4 H) 1.68 - 1.79 (m, 2 H) 1.84 (dd, J=15.41, 9.29 Hz, 1 H) 2.00 

(dd, J=15.41, 3.42 Hz, 1 H) 2.55 (m, 1 H) 3.23 (d, J=3.91 Hz, 1 H) 3.47 (dt, 

25 J=11.37, 5.81 Hz, 1 H) 3.60 - 3.72 (m, 1 H) 4.11 (dt, J=6.11, 2.81 Hz, 1 H) 4.25 

(td, J=6.60, 1.47 Hz, 2 H) ppm 
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Example 3b : Butyl 1-[(2R)-2,3-dihydroxypropyl]cyclopropanesulfonate (R)- 

5 

OH 
HO 	S,0Bu 

, 
O
,\\

.0 

(R)-5 was obtained from (R)-9a in 88.2 yield. 

Rf: 0.36 (silica get, ethyl acetate); 

MS (DCI): m/z = 270.1 [M+NH4]+(100), 253.1 [M+H]+(17) 

1FI NMR (400 MHz, Chloroform-d) 8= 0.90 - 1.03 (m, 4 H) 1.12 - 1.19 (m, 1 H) 

1.38 - 1.54 (m, 4 H) 1.68 - 1.79 (m, 2 H) 1.84 (dd, J=15.41, 9.29 Hz, 1 H) 2.00 

(dd, J=15.41, 3.42 Hz, 1 H) 2.55 (m, 1 H) 3.23 (d, J=3.91 Hz, 1 H) 3.47 (dt, 

J=11.37, 5.81 Hz, 1 H) 3.60 - 3.72 (m, 1 H) 4.11 (dt, J=6.11, 2.81 Hz, 1 H) 4.25 

(td, J=6.60, 1.47 Hz, 2 H) ppm 

Example 	3c 	: 	Preparation 	of 	Butyl 	1-[(2R)-2,3- 

dihydroxypropyl]cyclopropanesulfonate (R)-5 by Hydrolysis of (R)-9b 

OH 
HO 	= 	,0Bu 

,S 
0/ \\,0 

Crude (R)-9b (10 mmol) was dissolved in methanol (38 mL), p-toluene sulfonic 

acid (30 mg) was added and stirring was continued for 5.5 h until the reaction 

was completed (TLC, silica gel, ethyl acetate). The mixture was concentrated 

and the residue purified by chromatography (silica get, ethyl acetate) to yield 

a colorless oil. 

Yield: 1.1 g, 40.4 % 

Rf: 0.36 (silica get, ethyl acetate); 

MS (DCI): m/z = 270.1 [M+NH4]+(100), 253.1 [M+H]'(17) 

'H NMR (400 MHz, Chloroform-d) 8= 0.90 - 1.03 (m, 4 H) 1.12 - 1.19 (m, 1 H) 

1.38 - 1.54 (m, 4 H) 1.68 - 1.79 (m, 2 H) 1.84 (dd, J=15.41, 9.29 Hz, 1 H) 2.00 

(dd, J=15.41, 3.42 Hz, 1 H) 2.55 (m, 1 H) 3.23 (d, J=3.91 Hz, 1 H) 3.47 (dt, 

5 

10 

15 

20 

25 
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J=11.37, 5.81 Hz, 1 H) 3.60 - 3.72 (m, 1 H) 4.11 (dt, J=6.11, 2.81 Hz, 1 H) 4.25 

(td, J=6.60, 1.47 Hz, 2 H) ppm 

Example 4 : General Procedure for the Synthesis of Butyl 1-([2,2-dimethyl- 

1,3-dioxolan-4-yl]methyli-cyclopropanesulfonates 6 from diols 5 

To a solution of 5 (0.6 g, 4.0 mmol) in THE (2.4 mL) was added 2,2- 

dimethoxypropane (1.5 ml, 	11.9 mmol) and pyridinium p-toluenesulfonate 

(29.9 mg, 0.1 mmol). It was stirred until complete conversion overnight (TLC, 

silica get, ethyl acetate). Ethyl acetate (20 mL) and a saturated aq. solution of 

sodium hydrogen carbonate (10 mL) were added; the organic layer was washed 

with brine (10 mL), dried over magnesium sulfate and concentrated at 40°C. 

The residue was purified by chromatography (silica gel, hexane/ethyl acetate 

3:1). 

Example 	4a 	: 	Butyl 	1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4- 

yl]methyl}cyclopropanesulfonate (S)-6 

--1----0 
0 

,sABu  
0' \\0 

(S)-6 was obtained from (S)-5 in 84.1% yield. 

Rf: 0.40 (silica gel, n-hexane/ethyl acetate 3:1) 

MS (DCI): m/z = 310.1 [M+NH4]`(27), 293.0 [M+H]+(100), 277.0 (6), 235.0 (14), 

196.0 (3) 

1H NMR (500 MHz, Chloroform-d) 8 = 0.83 - 0.96 (m, 4 H) 1.12 - 1.20 (m, 1 H) 

1.27 (s, 3 H) 1.31 (5, 3 H) 1.33 - 1.44 (m, 4 H) 1.62 - 1.70 (m, 2 H) 1.75 (dd, 

J=15.11, 8.32 Hz, 1 H) 2.27 (dd, J=15.15, 4.31 Hz, 1 H) 3.46 (dd, J=8.05, 6.98 

5 

10 

15 

20 

25 
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Hz, 1 H) 4.05 (dd, J=8.16, 6.10 Hz, 1 H) 4.12 - 4.22 (m, 2 H) 4.28 - 4.39 (m, 1 

H) ppm 

Example 	4b 	: 	Butyl 	1-[[(4R)-2, 2-dimethy1-1,3-dioxolan-4- 

5 Amethyllcyclopropanesulfonate (R)-6 

,sABu  
0' \‘,0 

(R)-6 was obtained from (R)-5 in 74.8% yield. 

io Rf: 0.40 (silica get, n-hexane/ethyl acetate 3:1) 

MS (DCI): m/z = 310.1 [M+NH4]+(27), 293.0 [M+H]+(100), 277.0 (6), 235.0 (14), 

196.0 (3) 

1H NMR (500 MHz, Chloroform-d) 8 = 0.83 - 0.96 (m, 4 H) 1.12 - 1.20 (m, 1 H) 

15 

1.27 (s, 3 H) 1.31 (s, 3 H) 1.33 - 1.44 (m, 4 H) 1.62 - 1.70 (m, 2 H) 1.75 (dd, 

J=15.11, 8.32 Hz, 1 H) 2.27 (dd, J=15.15, 4.31 Hz, 1 H) 3.46 (dd, J=8.05, 6.98 

Hz, 1 H) 4.05 (dd, J=8.16, 6.10 Hz, 1 H) 4.12 - 4.22 (m, 2 H) 4.28 - 4.39 (m, 1 

H) ppm 

Example 5 : General Procedure for the Synthesis of Butyl 1-[[2,2-dimethyl- 

20 1,3-dioxolan-4-yl]methyl}-cyclopropanesulfonates 6 directly from epoxides 

4 (GP4) 

According to GP4 the following compounds were prepared: 

25 
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Example 5a i) : Synthesis of Butyl 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4- 

yl]methylicyclopropanesulfonate (R)-6 from Epoxide (R)-4 

s
,0Bu 

O'"° 

To a solution of (R)-4 (12.5 g, 53.3 mmol) in 115 mL acetone was added boron 

trifluoride diethyl etherate (1.8 g, 12.8 mmol). The solution was stirred for 2 h 

at room temperature. Ethyl acetate (235 mL) and sat. aq. sodium carbonate 

(235 mL) were added, the organic layer was separated and concentrated in 

vacuum. The residue was dissolved in ethyl acetate (250 mL) and washed twice 

with water (50 mL each). The organic layer was concentrated in vacuum. 

1 o Yield: 15.3 g, 98.1% 

Optical purity: 58.2% ee (determined by chiral HPLC of the corresponding 

anilide (R)-1 1 ) 

Example 5a ii) : Synthesis of Butyl 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4- 

yl]methyl}cyclopropanesulfonate (R)-6 from (R)-4 

-4-o 

,s
,0Bu 

0' \‘0 

To a solution of (R)-4 (0.6 g g 2.5 mmol) in 5 mL acetone was added 

phosphomolybdic acid hydrate (50 mg, 0.03 mmol). It was stirred for 2 h at 

room temperature until TLC (silica gel, ethyl acetate) indicated complete 

20 conversion. The crude product was purified by chromatography (silica gel, 

ethyl acetate) to furnish an oil. 

Yield: 0.65 g, 86.8% 

Optical purity: 69.8% ee (determined by chiral HPLC of the corresponding 

anilide (R)-1 1 ) 

15 



WO 2012/163799 
	

PCT/EP2012/059717 

80 

Example 6 : General Procedure for the Synthesis of Sodium 	14[2,2- 

dimethyl-1,3-dioxolan-4-yl]methyl}-cyclopropanesulfonates 7 (GP5) 

To a solution of 6 (0.5 g, 1.7 mmol) in 1,2-dimethoxyethane (3.3 mL) was 

5 added a solution of sodium methoxide (30% in methanol, 0.49 mL, 2.6 mmol). 

It was stirred under reflux temperature until complete conversion (TLC, silica 

get, ethyl acetate) (1.5 h) and concentrated at 45°C to yield a solid. The solid 

was stirred with hexanes (5 mL), isolated by filtration, crystallized from 

ethanol (3.5 mL per g) or isopropanol (8.0 mL per g) under reflux temperature 

io and dried in vacuo at 45°C. 

According to GP5 the following compounds were prepared : 

Example 	6a 	: 	Sodium 	1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4- 

15 yl]nnethyl}cyclopropanesulfonate (S)-7 

4-0 
0 

S
,ONa 

0' \\ O 

 was obtained from (S)-6 in quantitative yield. 

20 MS: m/z = 281.0 [M+Na]' 

1H NMR (400 MHz, DMSO-d6) 8= 0.36 - 0.50 (m, 2 H) 0.78 - 0.90 (m, 2 H) 1.23 

(s, 3 H) 1.26 (s, 3 H) 1.69 (dd, J=14.18, 7.58 Hz, 1 H) 1.91 - 2.01 (m, 1 H) 3.48 

(t, J=7.70 Hz, 1 H) 4.02 (dd, J=7.82, 5.87 Hz, 1 H) 4.44 (s, 1 H) ppm 

Optical purity: 	>99.9 % ee 

25 (obtained from (S)-8 via steps E, F, G, D (cf. Scheme 1 supra) 

(determined by chiral HPLC of the corresponding anilide (S)-11) 
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Example 	6b 	: 	Sodium 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4- 

yl]nnethyl}cyclopropanesulfonate (R)-7 

S
,ONa 

0' c, 

5 

(R)-7 was obtained from (R)-6 in quantitative yield. 

MS: m/z = 281.0 [M+Na]' 

'H NMR (400 MHz, DMSO-d6) 8 = 0.36 - 0.50 (m, 2 H) 0.78 - 0.90 (m, 2 H) 1.23 

(s, 3 H) 1.26 (s, 3 H) 1.69 (dd, J=14.18, 7.58 Hz, 1 H) 1.91 - 2.01 (m, 1 H) 3.48 

io (t, J=7.70 Hz, 1 H) 4.02 (dd, J=7.82, 5.87 Hz, 1 H) 4.44 (s, 1 H) ppm 

Optical purity: 	99.4 % ee (R)-7 obtained from (R)-8a 

99.7 % ee (R)-7 obtained from (R)-8b 

(determined by chiral HPLC of the corresponding anilide (R)-11) 

15 

Example 7 : General Procedures for the Synthesis of 1-[[2,2-dimethyl-1,3-

dioxolan-4-yl]methyl}cyclopropanesulfonyl chlorides 10 (GP6a and GP6b) 

GP6a: To a suspension of 7 (0.50 g, 1.9 mmol) in 5 mL pyridine was added 

20 under cooling phosphoric trichloride (P(0)Cl3) (0.30 g, 1.9 mmol) and the 

mixture was stirred overnight at room temperature. The suspension was added 

to water (10 mL) and toluene (15 mL). The aqueous layer was separated and 

washed with toluene (10 mL). The combined organic layers were concentrated 

at 45°C. Two portions of toluene (5 mL each) were added and stripped off to 

25 remove any traces of hydrochloric acid. 

According to GP6a the following compounds were prepared : 
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• Example 	7a 	 1-[[(4S)-2,2-dimethyl-1,3-dioxolan-4- . 

yl]nnethyl}cyclopropanesulfonyl chloride (S)-10 

--is- 
0 

,s
,CI  

OS
0/ \c, 

(S)-10 was obtained from (S)-7 in 96.0% yield. 

Rf: 0.53 (silica gel, n-hexane/ethyl acetate 1:1) 

MS (DCI): m/z = 255.1 [M+H]'(100), 223.1 (40), 196.2 (10), 148.2 (4) 

'H NMR (400 MHz, Chloroform-d) 8 = 1.29 - 1.37 (m, 4 H) 1.39 (s, 3 H) 1.56 - 

1.65 (m, 1 H) 1.70 - 1.87 (m, 2 H) 2.06 (dd, J=15.41, 9.05 Hz, 1 H) 2.56 - 2.67 

(m, 1 H) 3.59 (dd, J=7.83, 7.09 Hz, 1 H) 4.15 (dd, J=8.07, 6.11 Hz, 1 H) 4.40 

(d, J=6.11 Hz, 1 H) ppm 

Example 	7b 	• . 	1-[[(4R)-2,2-dimethyl-1,3-dioxolan-4- 

yl]nethyl}cyclopropanesulfonyl chloride (R)-10 

"-'21-9 
0 	: 	a 

0 ,s 
0
, 

(R)-10 was obtained from (R)-7 in 86.2% yield. 

Rf: 0.53 (silica get, n-hexane/ethyl acetate 1:1) 

MS (DCI): m/z = 255.1 [M+H]`(100), 223.1 (40), 196.2 (10), 148.2 (4) 

'H NMR (400 MHz, Chloroform-d) 8 = 1.29 - 1.37 (m, 4 H) 1.39 (s, 3 H) 1.56 - 

1.65 (m, 1 H) 1.70 - 1.87 (m, 2 H) 2.06 (dd, J=15.41, 9.05 Hz, 1 H) 2.56 - 2.67 

(m, 1 H) 3.59 (dd, J=7.83, 7.09 Hz, 1 H) 4.15 (dd, J=8.07, 6.11 Hz, 1 H) 4.40 

(d, J=6.11 Hz, 1 H) ppm 

5 

10 

15 

20 

25 
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GP6b: To a suspension of 7 (5.0 g, 19.0 mmol) in 36 mL pyridine was added at 

60' C a solution of thionyl chloride (SOCl2) (13.8 g, 116.0 mmol) in toluene (38 

mL) over 10 min. The mixture was stirred for 30 min at 60' C. After cooling to 

room temperature, toluene (75 mL) was added and the reaction suspension 

s was added to cold water (60 mL). The organic layer was separated and washed 

twice with cold water (60 mL each). The combined organic layers were 

concentrated at 50' C. 

According to GP6b the following compound was prepared : 

10 

Example 	7c 	: 	1-[[(4S)-2, 2-dimethy1-1, 3-dioxolan-4- 

yl]methyl}cyclopropanesulfonyl chloride (S)-10 

,CI 
S 

0 / \\,c) 

15 (S)-10 was obtained from (S)-7 in 95.1% yield. 

Example 7-Br : General Procedure for the Synthesis of 1-[[2,2-dimethy1- 

1,3-dioxolan-4-yl]methylicyclopropanesulfonyl bromides 10-Br (GP6-Br) 

20 

To a suspension of 7 (5.00 g, 19.4 mmol) in 50 mL pyridine was added under 

cooling phosphoric tribromide (P(0)Br3) (8.33 g, 29.0 mmol) and the mixture 

was stirred for 1h at room temperature. The suspension was added to water 

(100 mL) and toluene (150 mL). The aqueous layer was separated and washed 

25 with toluene (100 mL). The combined organic layers were concentrated at 

45"C. Two portions of toluene (50 mL each) were added and stripped off to 

remove any traces of hydrochloric acid. 
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According to GP6-Br the following compounds were prepared : 

Example 	7d.1 	• . 	1-[[ (45)-2, 2-dimethy1-1, 3-dioxolan-4- 

yl]methyl}cyclopropanesulfonyl bromide (S)-10-Br 

----it-0 
0 

s,Br 

0/  % 
5 

(S)-10-Br was obtained from (S)-7 in 89.8% yield. 

Rf: 0.53 (silica get, n-hexane/ethyl acetate 2:1) 

MS (DCI): m/z = 317.9, 315.9 [M+NH4]+(20), 301.0, 299.0 [M+H]*(100), 196.2 

io (18), 136.1 (46), 130.2 (16), 102.2 (70) 

1H NMR (400 MHz, Chloroform-d) 8 = 1.31 - 1.43 (m, 1 H) 1.34 (s, 3 H) 1.40 (s, 3 
H) 1.61 - 1.69 (m, 1 H) 1.69 - 1.77 (m, 1 H) 1.84 (m, 1 H) 2.04 (dd, J=15.41, 
9.05 Hz, 1 H) 2.57 - 2.64 (m, 1 H) 3.60 (dd, J=8.19, 6.72 Hz, 1 H) 4.16 (dd, 
J=8.31, 6.11 Hz, 1 H) 4.39 (dd, J=6.24, 3.06 Hz, 1 H) ppm 

15 

Example 	7e 	• . 	1-11(4R)-2,2-dimethyl-1,3-dioxolan-4- 

ylimethylicyclopropanesulfonyl bromide (R)-10-Br 

S
Br 

O"
x  
0 

20 

(R)-10-Br was obtained according to GP6-Br from (R)-7 in 86.9% yield. 

Rf: 0.55 (silica get, n-hexane/ethyl acetate 2:1) 

MS (DCI): m/z = 318.0, 316.0 [M+NH4]+(25), 301.0, 299.0 [M+H]+(100), 238.2 

(20), 221.1 (34), 196.1 (70), 180.1 (20) 

25 'H NMR (400 MHz, Chloroform-d) 8 = 1.31 - 1.43 (m, 1 H) 1.34 (s, 3 H) 1.40 (s, 3 
H) 1.61 - 1.69 (m, 1 H) 1.69 - 1.77 (m, 1 H) 1.84 (m, 1 H) 2.04 (dd, J=15.41, 
9.05 Hz, 1 H) 2.57 - 2.64 (m, 1 H) 3.60 (dd, J=8.19, 6.72 Hz, 1 H) 4.16 (dd, 
J=8.31, 6.11 Hz, 1 H) 4.39 (dd, J=6.24, 3.06 Hz, 1 H) ppm 
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Example 8 : General Procedure for the Synthesis of 1-[[2,2-dimethy1-1,3-

dioxolan-4-yl]methyllcyclopropanesulfonamides 11 (GP7) 

5 To 10 (0.67 mmol) in dichtoromethane (0.35 mL) were added at room 

temperature lithium bromide (57.9 mg, 0.67 mmol), pyridine (270 pL, 3.3 

mmol) and aniline (54.7 pL, 0.6 mmol). The suspension was stirred overnight, 

dichloromethane (5 mL) was added, the organic layer was washed three times 

with hydrochloric acid (2.5%, 17 mL each), dried over magnesium sulfate and 

io concentrated to an orange oil. 

The enantiomeric purity of 6 was determined by chiral HPLC (CHIRALPAK IB, 

5 pm column length 25 cm, internal diameter 4.6 mm; temperature of the 

column oven 35°C; eluent n-heptane/ethanol 95:5 v/v; flow rate 1.0 mL/min; 

detection wavelength 228 nm; retention time (R)-11 approx. 10.6 min, (S)-11 

is approx. 13.4 min. 

According to GP7 the following compounds were prepared: 

Example 	8a 	: 	1-[[ (45)-2, 2-dimethyl- 1, 3-dioxolan-4-yl] methyll-N- 

phenylcyclopropanesulfonamide (S)-11 

20 

----1--  0 
0 	 H 

OAP

A 

0 

(S)-11 was obtained from (S)-1 0 in 70.0% yield. 

Rf: 0.48 (silica get, n-hexane/ethyl acetate 1:1) 

25 MS (DCI): m/z = 329.0 [M+NH4]*(67), 312.2 [M+H]+(100), 254.1 (35), 223.1 (5). 

1H NMR (400 MHz, DMSO-d6) 8 = 0.80 - 0.92 (m, 1 H) 0.92 - 1.01 (m, 1 H) 1.07 

(s, 2 H) 1.16 - 1.24 (m, 3 H) 1.26 (s, 3 H) 1.89 - 2.02 (m, 1 H) 2.02 - 2.18 (m, 1 



WO 2012/163799 
	 PCT/EP2012/059717 

86 

H) 3.41 (s, 1 H) 3.96 (s, 1 H) 4.15 - 4.31 (m, 1 H) 7.09 (s, 1 H) 7.18 - 7.27 (m, 1 

H) 7.29 (d, J=7.34 Hz, 2 H) 9.80 (br. s, 1 H) ppm 

Example 	8b 	: 	1 -[[ (4R)-2, 2-dimethyl-1, 3-dioxolan-4-yl] methyll-N- 

5 phenylcyclopropanesulfonamide (R)-11 

O 	 H 
,N 

0 
Ah  011 

(R)-11 was obtained from (R)-10 in 81.9% yield. 

10 Rf: 0.48 (silica get, n-hexane/ethyl acetate 1:1) 

MS (DCI): m/z = 329.0 [M+NHa]+(67), 312.2 [M+H]+(100), 254.1 (35), 223.1 (5). 

1H NMR (400 MHz, DMSO-d6) 8 = 0.80 - 0.92 (m, 1 H) 0.92 - 1.01 (m, 1 H) 1.07 

(s, 2 H) 1.16 - 1.24 (m, 3 H) 1.26 (s, 3 H) 1.89 - 2.02 (m, 1 H) 2.02 - 2.18 (m, 1 

H) 3.41 (s, 1 H) 3.96 (s, 1 H) 4.15 - 4.31 (m, 1 H) 7.09 (s, 1 H) 7.18 - 7.27 (m, 1 

is H) 7.29 (d, J=7.34 Hz, 2 H) 9.80 (br. s, 1 H) ppm 

Example 9a : Synthesis of N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]- 

6-methoxyphenyl}-14[(4S)-2,2-dimethyl-1,3-dioxolan-4- 

yl]methylIcyclopropanesulfonamide (S)-13 

20 

0 S , 
- 	NH 

H 
N 

la la 
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To a mixture of 5,6-difluoro-N1-(4-fluoro-2-iodophenyl)-3-methoxybenzene- 

1,2-diamine 	[ref. 	2, 	Example 	50, 	Step 	B] 	(0.9 	g, 	2.3 	mmol) 	and 

tetrabutylammonium bromide (0.74 g, 2.3 mmol) in pyridine (0.76 mL) and 

sulfolane (1.5 mL) was added (S)-10 (0.8 g, 3.0 mmol). It was stirred at 70°C 

5 for 18h. It was diluted with ethyl acetate (20 mL) and hydrochloric acid (10%, 

5 mL). The organic layer was separated, washed with sat. aq. sodium hydrogen 

carbonate (20 mL), and with water (10 mL). The organic layer was dried over 

magnesium sulfate and concentrated to a solid. The solid was purified by 

chromatography (silica gel, hexane/ethyl acetate 1:1). 

io Yield: 1.3 g, 92.2% 

Rf= 0.46 (silica get hexanes/ethyl acetate 1:1) 

MS (DCI): m/z = 613.3 [M+H]*(100), 555.2 (30), 459.1 (20), 393.0 (45) 267.1 

(10),219.0 (5) 

'H NMR (400 MHz, DMSO-d6) 8 = 0.82 - 1.02 (m, 4 H) 1.24 (s, 3 H) 1.29 (s, 3 H) 

is 2.07 (dd, J=15.28, 7.70 Hz, 1 H) 2.35 (dd, J=15.28, 4.52 Hz, 1 H) 3.46 (t, 

J=7.70 Hz, 1 H) 3.83 (s, 3 H) 4.03 (m, J=7.34 Hz, 2 H) 4.19 - 4.29 (m, 1 H) 6.48 

(td, J=8.80, 4.65 Hz, 1 H) 7.07 (dd, J=12.59, 7.21 Hz, 1 H) 7.33 (d, J=8.56 Hz, 

1 H) 7.36 - 7.41 (br. s, 1 H) 7.56 (dd, J=10.76, 1.71 Hz, 1 H) 9.14 (s, 1 H) ppm 

20 (S)-13 was obtained from (S)-10-Br in 100.0% yield 

To a mixture of 5,6-difluoro-N1-(4-fluoro-2-iodophenyl)-3-methoxybenzene- 

1,2-diamine [ref. 2, Example 50, Step B] (0.9 g, 2.3 mmol) in pyridine (0.76 

mL) and sulfolane (1.5 mL) was added (S)-10-Br (0.94 g, 3.0 mmol). It was 

25 stirred at 23°C for 18h. 	It was diluted with ethyl acetate (20 mL) and 

hydrochloric acid (10%, 5 mL). The organic layer was separated, washed with 

sat. aq. sodium hydrogen carbonate (20 mL), and with water (10 mL). The 

organic layer was dried over magnesium sulfate and concentrated to a solid. 

The solid was purified by chromatography (silica gel, hexane/ethyl acetate 

30 1:1). 

Yield: 1.4 g, 100.0% 
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Example 9b : Synthesis of N-[3,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]- 

6-methoxypheny1}-1-{[(4R)-2,2-dimethyl-1,3-dioxolan-4- 

yl]nethyllcyclopropanesulfonamide (R)-13 

5 

O 
0S 

- 	NH 
H 
N 

0 0 

A 	mixture 	of 	(R)-10 	(400 	mg, 	1.57 	mmol), 	5,6-difluoro-N1-(4-fluoro-2- 

iodophenyl)-3-methoxybenzene-1,2-diamine 	(618 	mg, 	1.57 	mmot) 	and 

io 4-dimethyl aminopyridine (38 mg, 0.31 mmot) in pyridine (5 mL) was stirred at 

50°C for 45h. The solvent was stripped off in vacuum and the residue purified 

by chromatography (silica gel 1. dichtoromethane, 2. methanol) to give 820 mg 

of crude product. 

Rf= 0.28 (silica get, dichtoromethane) 

15 The crude product was purified by a second chromatography (silica get, 

hexanes/ethyl acetate 1:1). 

Yield: 350 mg 38.9% 

Rf= 0.46 (silica get, hexanes/ethyl acetate 1:1) 

MS (DCI): m/z = 613.3 [M+H]+(100), 555.2 (30), 459.1 (20), 393.0 (45) 267.1 

20 (10),219.0 (5) 

1H NMR (400 MHz, DMSO-d6) 8 = 0.82 - 1.02 (m, 4 H) 1.24 (s, 3 H) 1.29 (s, 3 H) 

2.07 (dd, J=15.28, 7.70 Hz, 1 H) 2.35 (dd, J=15.28, 4.52 Hz, 1 H) 3.46 (t, 

J=7.70 Hz, 1 H) 3.83 (s, 3 H) 4.03 (m, J=7.34 Hz, 2 H) 4.19 - 4.29 (m, 1 H) 6.48 

25 

(td, J=8.80, 4.65 Hz, 1 H) 7.07 (dd, J=12.59, 7.21 Hz, 1 H) 7.33 (d, J=8.56 Hz, 

1 H) 7.36 - 7.41 (br. s, 1 H) 7.56 (dd, J=10.76, 1.71 Hz, 1 H) 9.14 (s, 1 H) ppm 
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Example 	10a.1 	: 	Synthesis 	of 	N-j3,4-difluoro-2-[(2-fluoro-4- 

iodophenyl)amino]-6-methoxyphenyl}-14 (2S)-2,3-dihydroxy-

propyl]cyclopropanesulfonamide (S)-14 

HO 

OH 02S,
NH 

 
H 

0 	N 

0 la 

5 

To a mixture of 5,6-difluoro-N1-(4-fluoro-2-iodophenyl)-3-methoxybenzene- 

1,2-diamine 	[ref. 	2, 	Example 	50, 	Step 	B] 	(0.9 	g, 	2.3 	mmol) 	and 

tetrabutylammonium bromide (TBAB) (0.74 g, 2.3 mmol) in pyridine (0.76 mL) 

to and sulfolane (1.5 mL) was added (S)-10 (0.8 g, 3.0 mmol). It was stirred at 

70°C for 18h to achieve complete conversion to (S)-13. The reaction mixture 

was stirred with hydrochloric acid (10%, 4 mL) for 1h. It was diluted with ethyl 

acetate (20 mL), the organic layer was washed two times with water (30 mL, 

2x 15 mL), dried over magnesium sulfate and concentrated to a solid. The solid 

is was purified by chromatography (silica gel, ethyl acetate). 

Yield: 1.2 g, 91.6% 

Rf: 0.12 (silica get, ethyl acetate) 

MS (DCI): m/z 590.1 [M+NH4]+(40), 573.0 [M+H]+(28), 395.0 (76), 372.9 (18), 

269.0 (100), 247.0 (25), 130.0 (20), 114.0 (16) 

20 1H NMR (400 MHz, DMSO-d6) 8 = 0.88-1.04 (m, 4 H) 1.79 (dd, J=14.98, 9.41 Hz, 

1 H) 2.32 (dd, J=14.92, 2.38 Hz, 1 H) 3.21 - 3.37 (m, 2 H) 3.56 - 3.66 (m, 1 H) 

3.83 (s, 3 H) 4.50 (d, J=5.32 Hz, 1 H) 4.57 (t, J=5.53 Hz, 1 H) 6.49 (td, J=8.85, 

4.55 Hz, 1 H) 7.03 (dd, J=12.62, 7.24 Hz, 1 H) 7.34 (d, J=9.29 Hz, 1 H) 7.45 

(br. s, 1 H) 7.56 (dd, J=10.91, 1.86 Hz, 1 H) 9.04 (br. s, 1 H) ppm 

25 Optical purity: >99.9% ee 
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(S)-14 was obtained from (S)-13 which was prepared from (S)-10-Br 

A mixture of (S)-13 (1.3 g, 2.1 mmol) in pyridine (0.76 mL), sulfolane (1.5 mL) 

and hydrochloric acid (10%, 4 mL) was stirred for 1.5h. It was diluted with 

5 ethyl acetate (20 mL) and water (30 mL), the organic layer was washed two 

times with water (30 mL, 2x 15 mL), dried over magnesium sulfate and 

concentrated to a solid. The solid was purified by chromatography (silica gel, 

ethyl acetate). 

Yield: 1.1 g, 91.6% 

to Rf: 0.12 (silica gel, ethyl acetate) 

MS (DCI): m/z 590.1 [M+NH4]+(40), 573.0 [M+H]+(28), 395.0 (76), 372.9 (18), 

269.0 (100), 247.0 (25), 130.0 (20), 114.0 (16) 

'H NMR (400 MHz, DMSO-d6) 5 = 0.88-1.04 (m, 4 H) 1.79 (dd, J=14.98, 9.41 Hz, 

1 H) 2.32 (dd, J=14.92, 2.38 Hz, 1 H) 3.21 - 3.37 (m, 2 H) 3.56 - 3.66 (m, 1 H) 

is 3.83 (s, 3 H) 4.50 (d, J=5.32 Hz, 1 H) 4.57 (t, J=5.53 Hz, 1 H) 6.49 (td, J=8.85, 

4.55 Hz, 1 H) 7.03 (dd, J=12.62, 7.24 Hz, 1 H) 7.34 (d, J=9.29 Hz, 1 H) 7.45 

(br. s, 1 H) 7.56 (dd, J=10.91, 1.86 Hz, 1 H) 9.04 (br. s, 1 H) ppm 

Optical purity: >99.5% ee 

20 Example 	10b 	: 	N43,4-difluoro-2-[(2-fluoro-4-iodophenyl)amino]-6- 

methoxyphenyll-1-[(2R)-2,3-dihydroxy-propyl]cyclopropanesulfonamide 

(R)-14 

HO 
OH 0S, 

- 	NH 
H 

0 	N 

0 0 

25 

A solution of (R)-13 (120 mg, 0.6 mmol) in tetrahydrofuran (2.5 mL) and 

hydrochloric acid (10%, 2 mL) was stirred at room temperature until TLC (silica 
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gel, ethyl acetate) indicated complete conversion (2h). Ethyl acetate (2.5 mL) 

and a saturated aq. solution of sodium hydrogen carbonate (2.5 mL) were 

added, the aqueous layer was extracted with ethyl acetate (2.0 mL), the 

combined organic layer was washed with water (2 x 2 mL), dried over 

5 magnesium sulfate and concentrated to a solid. The solid was purified by 

chromatography (silica gel 1. ethyl acetate, 2. ethyl acetate/methanol 10:1). 

Yield: 61 mg 54.4% 

Rf: 0.12 (silica gel, ethyl acetate) 

io 

MS (DCI): m/z 590.1 [M+NH4]+(40), 573.0 [M+H]+(28), 395.0 (76), 372.9 (18), 

269.0 (100), 247.0 (25), 130.0 (20), 114.0 (16) 

1H NMR (400 MHz, DMSO-d6) 8 = 0.88-1.04 (m, 4 H) 1.79 (dd, J=14.98, 9.41 Hz, 

1 H) 2.32 (dd, J=14.92, 2.38 Hz, 1 H) 3.21 - 3.37 (m, 2 H) 3.56 - 3.66 (m, 1 H) 

3.83 (s, 3 H) 4.50 (d, J=5.32 Hz, 1 H) 4.57 (t, J=5.53 Hz, 1 H) 6.49 (td, J=8.85, 

4.55 Hz, 1 H) 7.03 (dd, J=12.62, 7.24 Hz, 1 H) 7.34 (d, J=9.29 Hz, 1 H) 7.45 

is (br. s, 1 H) 7.56 (dd, J=10.91, 1.86 Hz, 1 H) 9.04 (br. s, 1 H) ppm 

Optical purity: >99.9% ee 

(R)-14 was obtained from (R)-10-Br 

20 To a mixture of 5,6-difluoro-N1-(4-fluoro-2-iodophenyl)-3-methoxybenzene- 

1,2-diamine [ref. 2, Example 50, Step B] (0.8 g, 2.0 mmol) in pyridine (0.68 

mL) and sulfolane (1.3 mL) was added (R)-10-Br (0.7 g, 2.4 mmol). It was 

stirred at 23°C for 18h to achieve complete conversion to (R)-13. The reaction 

mixture was stirred with hydrochloric acid (10%, 6 mL) for 1.5h. It was diluted 

25 with ethyl acetate (20 mL) and water (30 mL), the organic layer was washed 

two times with water (30 mL, 2x 15 mL), dried over magnesium sulfate and 

concentrated to a solid. The solid was purified by chromatography (silica get, 

ethyl acetate). 

Yield: 1.1 g, 90.5% 

30 Rf: 0.12 (silica get, ethyl acetate) 
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MS (DCI): m/z 590.1 [M+NHa]'(40), 573.0 [M+H]'(28), 395.0 (76), 372.9 (18), 

269.0 (100), 247.0 (25), 130.0 (20), 114.0 (16) 

'H NMR (400 MHz, DMSO-d6) 8 = 0.88-1.04 (m, 4 H) 1.79 (dd, J=14.98, 9.41 Hz, 

1 H) 2.32 (dd, J=14.92, 2.38 Hz, 1 H) 3.21 - 3.37 (m, 2 H) 3.56 - 3.66 (m, 1 H) 

5 3.83 (s, 3 H) 4.50 (d, J=5.32 Hz, 1 H) 4.57 (t, J=5.53 Hz, 1 H) 6.49 (td, J=8.85, 

4.55 Hz, 1 H) 7.03 (dd, J=12.62, 7.24 Hz, 1 H) 7.34 (d, J=9.29 Hz, 1 H) 7.45 

(br. s, 1 H) 7.56 (dd, J=10.91, 1.86 Hz, 1 H) 9.04 (br. s, 1 H) ppm 

Optical purity: >99.6% ee 

to The enantiomeric purity of 14 was determined by chiral HPLC (CHIRALPAK AD- 

H, 5 pm column length 25 cm, internal diameter 4.6 mm; temperature of the 

column oven 35°C; eluent n-heptane/isopropanol 8:2 v/v; flow rate 1.5 

mL/min; detection wavelength 300nm; retention time (S)-14 approx. 10 min, 

(R)-14 approx. 16 min. 

15 
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CLAIMS 

1. A method of preparing a compound of formula (S)-14 : 

HO 

OH 

NH 

MO 0 

F 

(S)-14 ; 

comprising : 

i) the following step J : 

wherein a compound of formula (S)-10 : 

—77---o 
o
\..
ky

, 
 

s oca  

(S)-10 

is allowed to react with a compound of formula (12) : 

NH, 

0  N 

(12) 

in the presence of a bromide, such as tetra-n-butylammonium bromide or 

lithium bromide for example, optionally in the presence of a base, such as 

pyridine for example, optionally in a solvent, such as sulfolane for example, 
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thereby providing a reaction mixture containing a compound of formula (S)- 

13 : 

O 

NH 

110 IP 

5 

((8)-13) 

and, then, 

ii) the following step K : 

• / 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

io added to said reaction mixture containing a compound of formula (S)-13, 

thereby providing a compound of formula (5)-14 ; 

said compound of formula (5)-10 : 

----71-0 
0\}

,,..
)7

. 
 
SOca  

15 (S)-10 

being prepared by allowing a compound of formula (S)-7 : 

--1--o 

o,, 
SO2 	Na 

0\„...ky. 

(S)-7 
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to react with a chlorinating agent, such as P(0)Cl3, PCE3 or 5002 for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

compound of formula (5)-10 ; 

said compound of formula (5)-7 : 

----/—o 

o, 
SO2 	Na 

0 

5 (S)-7 

being prepared by allowing a compound of formula (S)-6 : 

-71—o 
O 0 

c \Z. ..Z. so 

(S)-6 

to react with a sodium alkoxide, such as sodium methoxide for example, 

io optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-7. 

2. A method of preparing a compound of formula (S)-14 : 

HO 

OH 

OZ~N 

110 .1 

F 

15 (S)-14 ; 

comprising : 

i) the following step J : 

wherein a compound of formula (S)-10-Br : 

20 
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---/-0 
O

x.......
ky

, so
,
2
Br 

(S)-10-Br 

is allowed to react with a compound of formula (12) : 

NH2 
H N 

10 

5 (12) 
optionally in the presence of a base, such as pyridine for example, optionally 

in a solvent, such as sulfolane for example, 

thereby providing a reaction mixture containing a compound of formula (5)- 

10 	13: 

O 

OZ~NH 
H 

110 II 

((S)-13) • 

and, then, 

is 	ii) the following step K : 

wherein an aqueous mineral acid, such as hydrochloric acid for example, is 

added to said reaction mixture containing a compound of formula (5)-13, 
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thereby providing a compound of formula (S)-14 ; 

said compound of formula (S)-10-Br : 

—A° 
O

x.....„
LX 	

Br 
SO 
i  

5 (S)-10-Br 

being prepared by allowing a compound of formula (5)-7 : 

-71--o 
o
x
)

,,,,
y

, 
	

0,.. 
SO2 	Na 

(S)-7 	 , 

to react with a brominating agent, such as P(0)Br3, PBr3  or SOBr2  for example, 

optionally in a solvent, such as pyridine for example, thereby providing a 

lo compound of formula (S)-10-Br; 

said compound of formula (S)-7 : 

---/-o 
0 	

o, 
SO2 	Na 

(S)-7  

15 being prepared by allowing a compound of formula (S)-6 : 

—7L-o 
0

\____cy S6
2°  ------.... 

(S)-6 

to react with a sodium alkoxide, such as sodium methoxide for example, 

optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-7. 
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3. The method of claim 1 or 2, wherein said compound of formula (S)-6 : 

—71-0 

o\ANXsot0..„.„.„.„---.,.......„--• 

(S)-6 
is prepared by allowing a compound of formula (S)-4 : 

5 

1›..N...X 	,0„,„,..„.........,„„z 
SO2  

(S)-4 

to react with either : 

a) boron trifluoride, optionally in the form of a complex, such as a boron 

10 

is 

trifluoride 	etherate 	complex 	for 	example, 	such 	as 	a 	boron 	trifluoride 

tetrahydrofuran complex, or a boron trifluoride diethylether complex for 

example, optionally in a solvent such as acetone for example, or 

b) phosphomolybdic acid hydrate, optionally in a solvent such as acetone for 

example, 

thereby providing a compound of formula (S)-6. 

4. The method of claim 3, wherein said compound of formula (5)-4 : 

t>•%..-7- off/  SO2  
(S)-4 

is prepared by allowing a compound of formula (S)-3 : 

.7.0 
OH 

.._...„.„„..-...„‘„,„..- 
s02  

(S)-3 ; 
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to react with a base, such as sodium hydroxide for example, optionally in a 

solvent, such as water for example, 

thereby providing a compound of formula (S)-4. 

5 5. The method of claim 4, wherein said compound of formula (S)-3 : 

OH 

Cl...„.„...."..k.......„7„ 	n 
SO2  SO2  

(S)-3 ; 

is prepared by : 

10 

a) allowing a compound of formula 2 : 

K. A,. 
SO2  

(2) 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

15 

b) adding a compound of formula (S)-1 	and boron trifluoride, optionally in the 

form of a complex, such as a boron trifluoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 

20 

c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (S)-1 : 

o 

ci.,
,e
1 

25 (S)-1 ; 

thereby providing a compound of formula (S)-3. 

6. The method of claim 1 or 2, wherein said compound of formula (S)-6 : 
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—A° 
o

\...,,ky sot0 .„.......7--.....„,....• 

(S)-6 

is prepared by allowing a compound of formula (S)-5 : 

OH 
„_,.........„.............„,- 1-10,j,,..X 	0 SO2 5 

10 

(S)-5 

to 	react 	with 	2,2-dimethoxypropane, 	optionally 	in 	a 	solvent, 	such 	as 

tetrahydrofuran for example and optionally in the presence of a catalyst, such 

as pyridinium p-toluenesulfonate for example, 

thereby providing a compound of formula (S)-6. 

7. The method of claim 6, wherein said compound of formula (5)-5 : 

OH 
HO.„.i.,.....„7„ 	„0..„,..z-N.N„.....„--- SO2  

15 (S)-5 

is prepared by allowing a compound of formula (S)-9 : 

OH 
,_.„.„....,,,-...,......„-- PG0............J.,..X 	0 

SO2  
(5)-9 ; 

20 

25 

wherein PG represents a protecting group, such as a t-butyldimethylsilyl-

group (compound (5)-9a) or a tetrahydropyranyl group (compound (S)-9b), for 

example, 

to react with an acid, such as hydrochloric acid or p-toluene sulfonic acid for 

example, optionally in a solvent, such as methanol for example, 

thereby providing a compound of formula (S)-5. 
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8. The method of claim 7, wherein said compound of formula (S)-9 : 

OH 

_..„,..„...-- PG0.,.
„.
A2 

so, 

(S)-9  ; 

5 wherein PG represents a t-butyldimethylsilyl- group (compound (S)-9a) or a 

tetrahydropyranyl group (compound (S)-9b), 

is prepared by : 

a) allowing a compound of formula 2 : 

7, 	70 ........„................7...... 
SO2  

(2) 

10 

is 

to react with a base, such as n-butyllithium for example, optionally in a 

solvent, such as tetrahydrofuran for example, 

b) adding a compound of formula (S)-8 and boron triftuoride, optionally in the 

form of a complex, such as a boron triftuoride etherate complex for example, 

such as a boron trifluoride tetrahydrofuran complex, or a boron trifluoride 

diethylether complex for example ; and 

c) allowing the thus-formed deprotonated compound of formula 2 to react 

with a compound of formula (5)-8 : 

0 

PG0.„.....„,..L\ 
20 

(S)-8, 

wherein PG represents a t-butyldimethylsilyl- group (compound (S)-8a) or a 

tetrahydropyranyl group (compound (S)-8b), respectively, 

thereby providing a compound of formula (S)-9. 

25 

9. One or more relevant compounds selected from : 
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1-f1(4S)-2,2-dimethyl-1,3-dioxotan-4-Amethylicyclopropanesulfonyl 	bromide 

(S)-10-Br: 

-4-0 
0

\...
),y. S.,Br 

5 

0" \\c, 

(5)-10-Br ; 

I-W4R)-2,2-dimethyl-1,3-dioxotan-4-yilmethylicyclopropanesulfonyl 	bromide 

(R)-10-Br : 

0 
0
\„),N

y 
,S

--Br 

10 0 /  \\(:) 

(R)-10-Br; 

15 potassium 	1-{[(4S)-2,2-dimethy1-1,3-dioxolan-4-Amethylicyclopropane- 

suifonate (S)-7' : 

---/-0 

0\kX 0,,. 
so2 	K 

(S)-P' 

potassium 	1-[[(4R)-2,2-dimethy1-1,3-dioxolan-4-Amethylicyclopropane- 

20 sulfonate (R)-7' : 
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0 
0  

\,...
:..1 	

O.. 
SO2 	K 

(R)-7' 

Butyl 	1-[[(45)-2,2-dimethyl-1,3-dioxolan-4-yl]methylIcyclopropanesulfonate 

5 	(5)-6 : 

---1--o 
o
\

LX 	
„
2
0 ............„....____z 

SO 

(S)-6 ; 

Butyl 1-[[(4R)-2,2-dimethyl-1,3-clioxolan-4-yl]methyl}cyclopropanesulfonate (R 

10 	)-6 : 

9-  0 
0„.........„---,,,,,,,  so2  

(R)-6 ; 

Butyl 1-[(25)-2,3-dihydroxypropyl]cyclopropanesulfonate (S)-5 : 

OH 

Ho, 7LY. 	„_ o .,...„,„„--.....„.„.„-- 
SO2  

15 

(S)-5 ; 

Butyl 1-[(2R)-2,3-dihydroxypropyl]cyclopropanesulfonate (R)-5 : 

CH 

HO 	 O „ N,..z--",- 
S°2 

20 (R)-5 ; 

Butyl 14(2S)-oxiran-2-ylmethylicyclopropanesulfonate (S)-4 : 



1 

1 

2 
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11:)

>N.

y 

SO
o.......„.„......,,,.,,,. 

2 

 

(S)-4 ; 

Butyl 1-[(2R)-oxiran-2-ylmethyl]cyclopropanesulfonate (R)-4 : 

o 

5 0  2  
............z.„,..„.z 

(R)-4 ; 

Butyl 1-[(25)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (S)-3 : 

OH 
ok,,,,,,,I,,,X ' - \/..\/- so2  

o (S)-3 ; 

Butyl 1-[(2R)-3-chloro-2-hydroxypropyl]cyclopropanesulfonate (R)-3 : 

OH 
Cl...,,, 5Z, ,PC: 

SO2  

(R)-3 ; 

Butyl 	1-[(2S)-3-fitert-butyl(dimethyl)silygoxy}-2-hydroxypropylicyclopropane- 

sulfonate (5)-9a : 

\ 

Or  771-I 

,,,,,c)c 
	
O.,,s.v...... SO2O 

SI ( 

) (S)-9a ; 

Butyl 	14(2R)-3-{[tert-butyl(dimethyl)silygoxy}-2-hydroxypropyl]cyclopropane- 

sulfonate (R)-9a : 
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OH 
\ 	....0 	' ,(:) .,z-.. 

(S\I 
SO2 

(R)-9a ; 

Butyl 	1 -[(2S ) -2 -hydroxy-3 -(tetrahydro -2H -pyran -2 -yloxy)propyl]cyclopropane 

sutfonate (S)-9b : 

OH 
0 ..-- 	••,..z 0j,,5Z alt .,_,......z...„.....„....- 

so2  

5 \/ 

(S)-9b ; 

Butyl 	1-[(2R)-2-hydroxy-3-(tetrahydro-2H-pyran-2-yloxy)propyt]cyclopropane 

sulfonate (R)-9b : 

OH 
0 ...--- 	'N.,/ ()\---;LX ,O.,„,„...,.......„....„." 

SO2  

10 (R)-9b; 

used in any one of the method steps of claims 1-8. 


