BHC 103028 FC Process for the preparation of pan-CDK inhibitors of the formula (I), and intermediates of
the preparatignJigsopavention relates to a novel process for the preparation of pan-CDK inhibitors of the
formula (1), and to intermediates of the preparation. The novel process relates to compounds of the
formula (1), in particular the compound 2R,3

[4-(S- cycloprogpﬁﬂ%‘iﬂﬁ%ﬁ%%%ﬁﬁ%? 18R ﬁé%@’%@fﬁf@b?éﬁﬁ‘ét%%ﬂ?ﬂ%&ﬁ? nyimsdierahoeol
(compound A), which develop their anti-tumour pcthatytidaa a cytotoxic mechanism. A preparation process
for a compound of the general formula (1) has now been found, in which R4is a C1-C6- aIkyI group or a
C3-C7- cycloq,lrlfé/l rmgilon (igté% i_swtable forogesga%le- an(Ij oV rc:(%rre:%sktlr}ﬁz1 glsadvtarﬂt fthe
preparation processes Of r ar?‘f%rpt o hL RS RS prepar 101 1 pro %artlcularly
suitable for tﬁé%mm@mﬂﬁiw@ CNIFH'e @F%@@?npound A BHC 103028 FC The appllcatlon is based on the
following definitions: A C1-C6-alkyl group is to be understood in each case as meaning a straight-chain or

b hed al I I , isobutyl, butyl
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tert-butyl, pentyl, Is
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Compounds gidkhébgeamezall ficamptau(b A) phidicddselafsihéng-compoanidii and protessesdoatiseir
preparation are disclosed in W020 10/046035A1, the disclosure of which forms the closest prior art.

A preparation process for a compound of the gerieraiula(l) has now been found,
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in which
R* is a G-Cs-alkyl group or a ¢ C-cycloalkyl ring,
which is suitable for a scale-up and overcomeslib&dvantages of the preparation processes of the

prior art for this substance class.

This preparation process is particularly suitabletfie compound A
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The process according to W02010/046035A1 is a 10-stage convergent process with an overall yield for
the longest sgquange0Eea. 7%. The process according to W02010/046035A1 involves at least one of the
following steps: a) Oxidation of a nitrophenyl-sulphide of the formula (I-1) to give the
nitrophenyl-sulphoxide of the formula (I-2). 1 _ (1-2) bl)Direct imination of the nitrophenyl-sulphoxide of
the formula (I"?5 ORYRAS D HHRASFSRB RO IRMIELEEA M ophenyl-sulphoximine of the formula (I-3). BHC
103028 FC b2) Imination of the nitrophenyl-sulphoxide of the formula (I-2) to give a
nitrophenyl-sglphoyigine of the formula (I-11) and subsequent insertion of the protective group to give a

trifluoroacetateprotected nitrophenyl-sulphoximine of the formula (1-3). F F__.c)Reduction of the
compoundt of e (A8 e B BB GP ST aTOR (LN SO SHARIANG) | 0(1-3)
d) Functionali@difidinsofiirs 495 G5RMBPIG oM BN PBLRSOB [RRTYiNE IBgorsd cliombiivh §dBho-protected
diol of the forehia, (k&peieyiaiina agrgotesies hydroxyalkoxypyrimidine of the formula (16).

C5-Cq-cycloalkyl
A C;-C;-cycloalkyl ring is to be understood as meaning@apropyl, cyclobutyl, cyclopentyl,
cyclohexyl or a cycloheptyl ring.

Compounds of the general formil®, in particular also the compound A and processethkir

preparation are disclosed in WO2010/046035A1, tbelasure of which forms the closest prior art.

The process according to WO2010/046035A1 is a dflestonvergent process with an overall yield

for the longest sequence of ca. 7%.
The process according to WO2010/046035A1 involvésast one of the following steps:

a) Oxidation of a nitrophenyl-sulphide of the folm(-1) to give the nitrophenyl-sulphoxide of the

formula (-2).
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b,) Direct imination of the nitrophenyl-sulphoxide thie formula I-2) to give a trifluoroacetate-

protected nitrophenyl-sulphoximine of the form(ik3).




Ri ,A.."OPG.- HO .N CIR2 R3ClI ...1.... ... L.....N-N(1-5)N-N I ...".....".OPG (1-6) e) Preparation of the
protected 5-GR3ipigsmediate (I-7). CI .k, N.."- N 1R1:/0,AXOPG R2R3  FF (1-6)(1-7)

b,) Imination of the nitrophenyl-sulphoxide of therfaula (-2) to give a nitrophenyl-sulphoximine
of the formula(l-11) and subsequent insertion of the protective groupue a trifluoroacetate-

protected nitrophenyl-sulphoximine of the form(ik3).
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C) Reduction of the compound of the formull88] to give a compound of the formulla4)

o (-3 (I-4)
d) Functionalization of the 4-position of 2,4-dictd-5-iodopyrimidine by reaction with a mono-
protected diol of the formuld-6) to form a protected hydroxyalkoxypyrimidine oktformula (-
6).

(-6)
e) Preparation of the protected 5:;@fermediatelf7).
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BHC 103028 FC f) Coupling of the compounds of the formula (I-7) and (I-4) to give a doubly protected
anilinopyrimidine, gfghe fermula (I-8). Cleaving off of the protective group (PG) to form a singly protected
anilinopyrimidine (1-9). F FF F  (1-8)(1-9) h) Cleaving off of the protective group on the sulphoximine to
form compounds of the formula (I). BHC 103028 FC where in W02010/046035A1 121is a methyl, ethyl,
propyl or Isopropyl group, and R2 andR3independently of one another are hydrogen, a methyl or ethyl
group, and Rélis adiphapeatkylcgnopmtscoCGBeGatroyierpalicy [-Anth dieadiastey @orreetsdf the formula | were
separated by meang RhpfirRartbeeh aphy. The experimental details are given in
W02010/046035A1. For the compound A, in W02010/046035A1, the following conditignstere disclosed
for the individual synthesis steps: Preparation of the intermediates -
1-cyclopropylsulphanyl-4-nitrobenzene (I-1-A) Th\I;:éé.ﬁyclopropaneth olin 'gHﬁ/di thyl ether was
admixed in portions with sodium hydride and stirred at temperature. 1-Fluotg-4-niffobenzene was
then added in porfions. The mixture was stirred§gf'2 Rours at 40C. After cgoling; themixture was added
to water and exgracted with benzene (3x). >ombinéd organic phases Werg.toncentrated by
evaporation and.t S rusoweas purified romatography (hexanefgcetic ester 95:5). (Yield: 61%).
(RS)-1-cyclopropgnesulghry1l-4-nitrebenzefe (I-2-A) cii _FCS/’CIoproWVELuphapy1-4-nitrobenzene in
acetonitrile was- ixed with iron(lll) chloride and stirred at room te per ture. Periodic acid was then
added in portionsFThe mixture was stirred for 30 minutes and then addgd, Wﬁ%’rjmng, to a cooled,
saturated sodium thidsQiphate solution. Extrdcflon was carried out wit

cetic ester (29). The combined

Cleaving off of the protectiv up (PG) to ingly prot amlmopyn)riidinb%).
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was purified 8}/ means of chr matogéﬁlpeh&/r (ghexane/a%élgl rt]agﬁter 1.e 16)t e(é{leld, 76%
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h) Cleaving off of the protective group on the sudgpimine to form compounds of the formuld.



BHC 103028 FC (RS)-S-cyclopropyl-S-(4-nitropheny1)-N-(trifluoroacetypsulphoximide (I-3-A) F F A
suspension RSlubcyelopropanesulphinyl-4-nitrobenzene, trifluoroacetamide, iodobenzene diacetate
and magnesium oxide in DCM was admixed, under argon, with rhodium(ll) acetate dimer and stirred
overnight at room temperature. The mixture was filtered off with suction over Celite and concentrated by
evaporation. "WHEG &AL 3 as purified by means of chromatography (hexane/acetic ester 2:1)
(vield: 78%).RRS)-S-(4-arisinoptbyly a8 - oyapglooisypidptrflaopoacetypsulphoximide (1-4-A) F F A solution
of (RS)-S-cygopigry!-S-(fiaisarisny b-Hidibireraratybganaimidg i shanahand THE was admixed
with palladium,on carbon and hydrogenated for 0$our under atmospheric pressure at 25C. Palladium on
carbon was dtlded again ff'n%?ﬁéﬁ'ﬁi)&iﬂ@%% ?lfj;' 68@1%6{ 81‘5}961 further 4.5 hours at atmospheric
pressure. The mixture was filtered, the filtrate was again admixed with palladium on carbon and finally
hydrogenateded#stendaries. of e fabsiure Wk fHipee ghaiish eopgaapateldynayamonaiiny.(yield: 93%).
(2R,3R)-3-beé1>%\élr%¥ t%%’{%-lgla‘k%f@b%q\f&m}g‘j%aﬁt’-\@R’SR)_bUtane_Z’s_diOI in THE was admixed at
room temperature with potassium lert-butylate and the mixture was refluxed for 15 minutes. The mixture
was cooled to ca. 50C and admixed with benzyl bromide. The mixture was refluxed for 3 hours, then
stirred overnigivttad rootpoteTh pe nati@2 0O 4630 Wesfaligiechdiiitnaeetie distérsaddbsdaium chloride
solution and thandyashatheétdhsiepi-hydrogen chloride solution (1x) and sodium chloride solution (2x). The
organic phase was dried (Na2S04), filtered and concentrated by evaporation. The residue obtained was
purified by means of chromatography (hexane/acetic ester 1:1) (yield: 43%). BHC 103028 FC
4-((1R,2R)-2 Rseparplntyof-the thigimregeiep) - 2-chloro-5-iodopyrimidine (1-6-A) ClI
(2R,3R)-3-Banzydexysiyianpi=ohindigihd edrr wewg admixed with sodium hydride in portions at 0C with
stirring. After 10 minutes, the ice bath was removed andthe mixture was stirred for a further 3 minutes at
room temperature. The suspension formed was ) at\? to a solution of
2,4-dichloro-5-iodopyrimidine. The mixture was. for 4 hours at 40C and then admixed with dilute
sodium chloride solution. The mixture was exthacted with acetic ester (2x). The combined organic phases
were dried (Na2S04), filtered and concentrated by evaporation. The resulting residue was purified by
means of chroyniatogpapétyifhexenie/dietiicetstewds Hd(yiagodbis) with sodium hydride and stirred at

4-((1R,2R)-2:h&en2MIaxAie YRIIBRMilrpe YR wA L HUAE A MMM IFHEIRBAlrd vibs Siralpen of

44(1R,2R)-2-benzyloxy-1-methylpropoxy)-2-chloro-5-iodopyrimidine in NMP and THF was admixed at
oo temporatTE i G A LA LS ) AR AR AR s benzen (545 T
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was added teldviaspdpmn eBandecabiiasrasdextaeisd with acetic ester (2x). The combined organic
phases were dried (Na2S04), filtered and concentrated by evaporation. The residue obtained was

purified by means of chromatography (hexane/acetic ester 4:1) (yield: 54%). BHC 103028 FC
(RS)-1-cyclopropanesulphinyl-4-nitrobenzene (1-2-A)
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1-Cyclopropylsulphanyl-4-nitrobenzene in acetoldtwas admixed with iron(lll) chloride and stirred
at room temperature. Periodic acid was then adueditions. The mixture was stirred for 30 minutes
and then added, with stirring, to a cooled, satirabdium thiosulphate solution. Extraction was
carried out with acetic ester (2x). The combineghaic phases were dried ($4),), filtered and
concentrated by evaporation. The residue obtairedpurified by means of chromatography
(hexane/acetic ester 1:1) (yield: 76%).



(RS)-S-(4-1[4-{[(1R,2R)-2-(benzyloxy)-1-methylpropylioxyl-5-(trifluoromethyl) pyrimidin-2-
yllaminolphegyl)-@:e¥§lepropyl-N-(trifluoroacetypsulphoximide (I-8-A) F F
44(1R,2R)-2-benzyloxy-1-methylpropoxy)-2-chloro-5-trifluoromethylpyrimidine and (RS)-S-(4-
aminophenyl -S-cyclopropyI-N-&rifl_uoroacetyl sulphoximide in acetonitrile were admixed with a 4N
solution of hyGRIgeRYEIBITRY 7 diouErRE AN -Bti E%QWFY@&F@BP’S@@?NF%&OOIM@ the mixture was
diluted with acetic ester and washed with saturated sodium fiydrogen carbonate solution and saturated
sodium chloride solution, dried (Na2S04), filtered and concentrated by evaporation. The resulting residue
was purified by means of chromatography (hexane/acgf] ter 4:1) (yield: 56%).

(RS)-S-cyclopropyl-S-(4-1[4-{[(1R,2R)-2-hydroxy-ketdylprapyl]oxyl-5-
(trifluoromethyppyrimidin-z-ylIaminolphenyl)-N- roacefypsulphoximide (I-9-A) F F A solution of
(RS)-S-(4- 1 [4-f [(lR,2R)-2-(benzyloxy)-1-ﬂm1 ylpropylloxy} -5- (tri

fluoromethyppyrimidin-2-y|]amino}phenyl)-S-c'pycIopropyI-N- (trifluoroacetypsulphoximide in ethanol was

admixed with palladium on car?EQCglO% and h}/ rogt_ein ited under atmofsgher_ic pressure at room
[ € |

temperature. THERRIAGPLIWES HEHSPRIANSR R RS BIHGPR B0 9 098I PBAe S 03028 FC
Preparation ¢fa¢riateaijgonaghesiiRs)Bleiclipvbpgs 8ddixpfledd@dr, 2Rh-thogidraily acatadjmropyl]oxyl -5-
(t;iﬂuorgmetrfladmfrﬂm(xe%%ﬁaaﬂim&pi@ainélaéi}}le(tmﬂu%maewwmpmmi@lﬁﬁarﬁ&/é;]ab@ﬂif@aﬂwnol V\éelre .
admixed with_potassium carbonate. and stirr r 1.5 hours at room tempetature. The mixture was dilute
it saturate g A AR A B e Sl B e
phases were(BFEIRESISEHFr Ritbretfldnd&Bncentrated by evaporation. The diastereomer mixture was
separated into the pure stereocisomers by means of preparative HPLC: Column:Chiralpak 1A 5n. 250 x 30

min Eluents:l(#%ag_?[@gpmhg' IB:-@-\QS}@IQon ﬂmjﬂrﬂ%ﬁg@fy%ﬁgﬁo&iﬂ%@_ g_q]m?rature:Room temperature

Retention time:10.8-13.4 min; stereoisomer 1 13.6-18.5 min; stereocisomer 2 (compound A) This
preparation of the compound of the formula () according to WQ20 10/046035A1 is unsuitable for a
production process. The most critical points are The m:f\l}'or' of the intermediates are purified by means
of chromatography. This is expensive and complex oR @ lanyer scale. The starting material (I-1) was
prepared from cyclopropyl sulphide, which is n mé@ y available in large amounts.

H,N

A solution of (RS)-S-cyclopropyl-S-(4-nitropheny)trifluoroacetyl)sulphoximide in ethanol and
THF was admixed with palladium on carbon and hydraged for 1 hour under atmospheric pressure
at 25°C. Palladium on carbon was added again anchikture was hydrogenated for a further

4.5 hours at atmospheric pressure. The mixturefiteed, the filtrate was again admixed with
palladium on carbon and finally hydrogenated fom#iButes. The mixture was filtered and

concentrated by evaporation (yield: 93%).

(2R,3R)-3-benzyloxybutan-2-ol (I-5-A)

Ho/:\é/o\)@

A solution of (2R,3R)-butane-2,3-diol in THF waswiged at room temperature with potassium
tert-butylate and the mixture was refluxed for 1iButes. The mixture was cooled to ca. 50°C and
admixed with benzyl bromide. The mixture was refldxor 3 hours, then stirred overnight at room
temperature. The mixture was diluted with acettereand sodium chloride solution and then washed
with 1 N hydrogen chloride solution (1x) and sodiahtoride solution (2x). The organic phase was
dried (NaSQy), filtered and concentrated by evaporation. Tis&ltee obtained was purified by means

of chromatography (hexane/acetic ester 1:1) (yiBds).
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A racemic oxidation method was used for the preparation of (I-2). The stereocisomers therefore have to be
separated bysmeanasQf ghromatography at the end of the synthesis. Since the separation only takes place
at the end of the synthesis, the overall yield for the synthesis sequence is drastically reduced. In the
preparation ofél-s), large amounts of rhodium(ll) acetate dimer are used. This is expensive and the
rhodium has % (BBv?@hgﬁﬁ@@mé{'%%'%WBWbﬁtEWﬂFPaWWQH@@&Ni@'ﬁgredient. lodobenzene
diacetate is unsuitable for a scale-up since it is not very available in large amounts and it is a potential
explosive material. The alternative access to (I-3) via (I-2) and (I-213) is not easy to carry out for safety
reasons since toxic and explosive substagces such as sodium azide or
o-mesitylenesulphonylhydroxylamine re used. The sy# is of (I-5-A) is not selective since
double alkylation also occurs The yield lis thdreforé only43%. @ 103028 FC The sequence (I-6) to
(I-7) is not convergent since the trifluorométhy (g{om)ﬁé not already entrained in the pyrimidine building
block. The yields of both steps is poor. Sipce the corversions proceed with the formation of many
secondary components, it is additionally necessary to carry out chromatography, which is complex.
Intermediate (R8T Re-ProtRFNRLER-&iP Wk fAIRA S BHIY BEEESEE SO HHELRIBIC KT BRIURBY AASHY. On an
industrial scaléhtsterog oaiteohbynieukesn the icevititidwieule dadditie stotagensiabilitgd sopedurdmmpared to a
solid. In stageniintledhe @@ﬁﬁ%ﬁﬁ;}ﬁ&%&@ﬁ%é%ﬁ@?%ﬂ%ﬁa&@ﬁﬁt m;@tha%ssoTMigd%M;ry Co_m?r']exl arl[d
expensive. Moreover ch of the overall yield Is lost sjnce separation is carried out in the las
ynihesis st RS AN T T B BTG R S L P e g e
synthesis to 88 IFREIWP kG E0lvipas the raifdvee AR SRR’ vithregiesant (AventiefamRindide a process
for the pan-Cixeiiphiess weit ergerysa) fararettaty, donpaftratdabiosveporpmmdigiisibiciidees not have
the aforemengianad;flsagvaRIAass ol SHhaReFS R PR ArERICIRg Ji%'lﬁé_l&‘.’ﬁ'f%%” in the preparation of
compounds of the general formula (I) The preparation process according to the invention is characterized
by various advantageous preparation steps and also intermediates. The process according to the
invention for #h¢lR2Rarabtiemybxyo petnyisopbiye Jyenemrabfdiiowiadt)ipwheiriot€HZzed by at least one of
the following steps: 1.a). Alkylation of 4-nitrothiophenol in the presence of potassium carbonate in
N-methylpyrrolidinone (NMP) to give a nitrgphenyl-sulphide of the formula (I-1)

A solution of 4-((1R,2R)-2-benzyloxy-1-methylpropg»2-chloro-5-iodopyrimidine in NMP and THF
was admixed at room temperature with stirring wibpper(l) iodide, potassium fluoride and
(trifluoromethyl)trimethylsilane. The mixture watireed for 5.5 hours at 80°C. After cooling, the
mixture was added to dilute sodium chloride soluand extracted with acetic ester (2x). The
combined organic phases were dried,@), filtered and concentrated by evaporation. Tiselres

obtained was purified by means of chromatograpkydhe/acetic ester 4:1) (yield: 54%).



where X is Br, Cl, I, 0-502-CH3 or 0-502-(4-methylphenyl) BHC103028 FC I.b). Oxidative amination of
the nitrophemnylsiiphisle-gf the formula (I-1) to give a trifluoroacetateprotected nitrophenyl-sulphilimine of
the formula (I-10) 1-11-10 I.c) Oxidation of the trifluoroacetate-protected nitrophenyl-sulphilimine of the
formula (I-10) to give a trifluoroacetate-protected nitrophenyl-sulphoximine of the formula ( 1-3) and
subsequent dBproteétibhild BigR) 2 nieaprHemisttRYRIRRexBr THE Ty memSARY M- Racemate
cleavage of altatnopharylybitptyolopmpybtitefiormadeatyl)<ii) widimite (help)of (+)-di-O-p-toluoyl-D-tartaric
acid 1-3-RI-11-R where the R enantiomer of the nitrophenyl-sulphoximine of the formula (I-11-R) is then
released from the salts and the trifluoroacetate protecti[%égup is inserted again to form the R
enantiomer of the trifluoroacetate-protected nitrophgnyl-stlphoximine of the formula (I-3-R), BHC103028
FC l.e) Hydrogenation of trifluoroacetate-protecied 11% enyl-sulphoximines of the formula (I-3-R) to
give trifluoroacetate-protected anilino-sulpho of e formula (I-4-R) with an iron-doped palladium
catalyst IT). Preparation of (2R,3R)-3-(bengyloxy)butan-2-ol (I-5-A) in a two-stage process via
(4R,5R)-4,5-dimethy1-2-phenyl-1,3-dioxol [-12-A), whe e first stage is carried out with pyridinium
p-toluenesulphonate in toluene and then al tg)uMa)u i ydride reduction takes place in toluene, Il

F

4-((1R,2R)-2-benzyloxy-1-methylpropoxy)-2-chlorastuoromethylpyrimidine and (RS)-S-(4-
aminophenyl)-S-cyclopropyl-N-(trifluoroacetyl)sulgkimide in acetonitrile were admixed with a 4N
solution of hydrogen chloride in dioxane and stdrfer 5 hours at 80°C. After cooling, the mixture
was diluted with acetic ester and washed with aé¢drsodium hydrogen carbonate solution and
saturated sodium chloride solution, dried {81&,), filtered and concentrated by evaporation. The

resulting residue was purified by means of chrogaiphy (hexane/acetic ester 4:1) (yield: 56%).

(RS)-S-cyclopropyl-S-(4-{[4-{[(1R,2R)-2-hydroxy-1-nethylpropyl]oxy}-5-
(trifluoromethyl) pyrimidin-2-ylJamino}phenyl)-N-(tr ifluoroacetyl)sulphoximide (I-9-A)
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A solution of (RS)-S-(4-{[4-{[(1R,2R)-2-(benzyloxy}-methylpropyl]oxy}-5-
(trifluoromethyl)pyrimidin-2-ylJamino}phenyl)-S-cylopropyl-N-(trifluoroacetyl)sulphoximide in
ethanol was admixed with palladium on carbon (188 hydrogenated under atmospheric pressure
at room temperature. The mixture was filtered amttentrated by evaporation (yield: 79%).



l.g) Coupling of (I-5-A) with 2,4-dichloro-5-trifluoromethylpyrimidine to give 4-f [(2R,3R)-3-
(benzyloxy)bgtanmdnsdoxyt-2-chloro-5-(trifluoromethyl)pyrimidine (I-7-A) with Li bases in ethereal solvents
I-5-A 2,4-Dichloro-5-trifluoromethylpyrimidinel-7-A BHC 103028 FC I.h). Preparation of
benzenesulphonic acid salts of doubly protected anilino-pyrimidines of the formula (I-8-R-BSA) by
benzenesulpRERRA2HIB-H4b517SBH ng of (I-7-A) and (I-4-R) 1-8-fl-BSA Li). Cleaving off of the
protective groRPsIrchaozendssHERpr{i ERiZRSlisydfdgtbiyhpimegtiedydsilinopyrimidines of the formula
(I-8-R-BSA) Mﬂ‘%‘%%ﬁ%ﬂ%ﬂdﬁh—ﬂ?ﬂ%i%ﬁ&w%ﬂ%ﬁﬁ%%@%ﬁﬁ&m@%ﬁﬁ@gﬁw@ metaRek-dnd also by

treatment with potassium carbonate in methanol to give ounds of the formula .
were admixed wﬁh potassium ca?bonate and%tlueﬁc.gnt%urs at room temperature.(lPhe mixture
was diluted with saturated sodium chloride soluaod extracted with acetic ester (3x). The combined

organic phases were dried @S8&)), filtered and concentrated by evaporation.

The diastereomer mixture was separated into the gtereocisomers by means of preparative HPLC:

Column: Chiralpak IA 5p 250 x 30 mm
Eluents: Hexane/ethanol 8:2

Flow: 40.0 ml/min

Detector: UV 254 nm

Temperature: Room temperature

Retention time: 10.8-13.4 min; stereoisomer 1

13.6-18.5 min; stereocisomer(@mpound A)

This preparation of the compound of the form{lijaaccording to WO2010/046035A1 is unsuitable for

a production process.

The most critical points are

- The majority of the intermediates are purified byams of chromatography. This is expensive and
complex on a larger scale.

- The starting materigl-1) was prepared from cyclopropyl! sulphide, whichas commercially
available in large amounts.

- A racemic oxidation method was used for the prajaraf (I-2). The stereoisomers therefore
have to be separated by means of chromatographg anhd of the synthesis. Since the separation
only takes place at the end of the synthesis, Wieeatl yield for the synthesis sequence is
drastically reduced.

- In the preparation di-3), large amounts of rhodium(ll) acetate dimer aedud his is expensive
and the rhodium has to be removed so that there c®ntamination in the active ingredient.
lodobenzene diacetate is unsuitable for a scaknge it is not very available in large amounts and
it is a potential explosive material.

- The alternative access @©@3) via (I-2) and(I-2/3) is not easy to carry out for safety reasons since
toxic and explosive substances such as sodium aridenesitylenesulphonylhydroxylamine
(MSH) are used.

- The synthesis ofi-5-A) is not selective since double alkylation also esciihe yield is therefore
only 43%.



CF3 [-8-R-BSA [-9-R-BSA (1) 13 BHC 103028 FC Preparation steps of the "north hair' of the
compounds agcarding teformula (1) I.a) Preparation of nitrophenyl-sulphides of the formula (I-1) One
subject matter of the invention relates to the alkylation step of 4-nitrophenol. The starting material (I-1)

was prepared in accordance with W02010/046035A1 from cyclopropyl sulphide. The latter is not

commercially aVafa5 i o Bl OUR ROV YREIRTFE S RE el e5 BT I IARBA S EB mercially available
4-nitrothiophenehtathedllkyladi pgriage nésb (R4 bincth & pr pisari detb istapaispharydiasethesbareedsisrBr, Cl, |,

0-S02-CH3 or (530t dvmaHy gk oREBAS é&%ﬁ&?i%@a‘&%f@ﬁ%é&@&%ﬁﬂ%%%@te or

caesium carbonaﬁgmp{gfera}lgly >\;ﬁwotﬁ\ssmrrnn qéarbonate. uitable solvents are N,N-dimethylformamide,

N-methylpyrroli inone diffeth s'ﬁlp'%?(l e, )N,Ndimethylacetamide, preferably N-methylpyrrolidinone.
- Intermediatg1-8) is produced as an oil which can only be cleanethbgins of chromatography.

On an industrial scale, the oil can only be hangig difficulty and the storage stability is poor
compared to a solid.

- In stagg(l-9), the diastereomers are separated by preparatitredse This is very complex and
expensive. Moreover, much of the overall yieldoist Isince the separation is only carried out in the

last synthesis stage.

These aspects have to be reworked and/or optinmzing course of expanding the synthesis to a

multi-g or kg scale.

It was therefore an object of the present inventiioprovide a process for the pan-CDK inhibitors of
the general formul@), in particular for compound A, which does not h#we aforementioned

disadvantages.

I. Process steps according to the invention in thereparation of compounds of the general

formula (1)

The preparation process according to the invensi@haracterized by various advantageous

preparation steps and also intermediates.

The process according to the invention for the araion of compounds of the general form{lljas

characterized by at least one of the following step

l.a). Alkylation of 4-nitrothiophenol in the pressnof potassium carbonate in N-methyl-

pyrrolidinone (NMP) to give a nitrophenyl-sulphidéthe formula(l-1)

X

SH N4
R 5\4
R
O,N O.N

2

where X is Br, Cl, I, O-S@CH; or O-SQ-(4-methylphenyl)
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X? 4 Fig. | Further subjects of the invention relate to the oxidative amination of nitrophenyl-sulphides of
the formula (ke 19:gbseddfluoroacetate-protected nitrophenyl-sulphilimines of the formula (I-10) (Fig. 2)
and the subsequent oxidation to nitrophenyl-sulphoximines of the formula (I-11) (Fig. 3). |.b) Preparation
of the trifluoroacetate-protected nitrophenyl-sulphilimines of the formula (I-10) 1-11-10 Fig. 2 State of
the art for thé-Pref2f4aBYe SrUtAIANiA Re HESNH SR8 fifdof AR AtiEhabeIPIHAER s YR7e the
trifluoroacetate-prpteeteednilpiphienihesipthihicanttea éadijel®ed for preparative purposes, using simple
starting materials such as e.g. BHC 103028 FC 2,2,2-trifluoroacetamide (C§3CONH2 ). Carreira et al.
(Org. Lett. 1999, /, 149-151) describes the Cu-catalyzed direct amination to|give trifluoroacetate-protected
sulphilimines with the help of a lithiated IFA-hydroxilarmee/ but this has to"be prepared beforehand in two

. . . . Base, . . . . . .
stages and is not commermSIéRThls reaction takes place gnan nglectlvely with stoichiometric
amounts of a nitride-Mn complg elv. Chim. Acta. 2002,3773-3 BolMm et al. reports (Tetrahedron
Letters 2005) that a direcbyetal~ffee imination of sulphides is pgssiblg! p-Nitrophenylsulphonamide
(nosylamide, Nos-NH2) and (diacetoxyiodo)benzene (Phl(O%L)2) are proposed, and nosyl-protected
sulphilimines are obtained aftéireflux for 16 h. However, these conditions are not very suitable for a
scale-up since the p-nitrophenylsulphonamide protective group can only be removed with difficulty and
(diacetoxyiodo)benzene is not commercially available in large amounts. Suitable oxidizing agents in the

reaction aCC‘?T%?”Q)'&E?dﬁ?%rirb‘f%if?lﬁﬁd&c@&;&%ESc%H%tPJ%-%WBRﬂm%U&QHH%i%|£°@89‘?o sodium

hypobromide, 1,3-dibromo-5,5-dimethylhydantoin, N-chlorosuccinimide and trichlorocyanuric acid in the
presence of the bAYELHBGIRACERE I A LRI RMT PR 130 [T i ELag i seseiiF8bus sodium
hydroxide solutiortesoeteatiomietbisa el ateoduaiylruipinasoladsy odiula Fiidride (NaH) in the solvents
methanol, dichloromethane, tetrahydrofuran/water, acetonitrile, acetonitrile/water, tetrahydrofuran (THF),
propionitrile, methyl tert-butyl| ether, 1,4-dioxané, chlorobenzene. A preferred oxidizing agent is
1,3-dibromo-5,5-dimethyl om. Preferred solvent/base inations are the comfinations

acetonitrile/caesium carbgnate, 1,4- dioxane/sgdium hyd@dg, dichlor methane/pot ) \tgrt-butylate,
aceonitrile/sodium de, tetrahydrofuran/sodjum hydrige or Riethyl utyl e godiumn hydride. The
desired reactiQ proggeds to completion at just20C4dthip a few hours witho(% a0ding a catalyst.

Compared to the routes Kri@wn from the literatur®'the novel®xidative aminatfon, as shown in Fig. 2, gives
rise to the following advantages: it is possible to-dispense with the expensive and potentially

explosion-hazardous (diacetoxyiodo)benzene and also with the addition of metal salts;
I.d). Racemate cleavage of a nitrophenyl-sulphoxéf the formulgl-11) with the help of

(+)-di-O-p-toluoyl-D-tartaric acid

O. ,NH
(@] o) \S/
,,R4
e

O,N

I-3-R I-11-R

where the R enantiomer of the nitrophenyl-sulphdaxérof the formulgl-11-R) is then
released from the salts and the trifluoroacetatéeptive group is inserted again to form the R

enantiomer of the trifluoroacetate-protected nitr@myl-sulphoximine of the formul&8-R),

11



barely any sulphoxide is formed and the reaction proceeds under mild conditions at just 20C using
commercially;avaisdds bgilding blocks and reagents; the trifluoroacetate group can be hydrolysed very
easily (e.g. potassium carbonate in methanol) and is therefore of high preparative value. BHC103028 FC
It is not only nitrophenyl-sulphides of the formula (I-1) which can be aminated oxidatively according to step

1.b). Further frfluof&/4624508Y9r 08 HBP QAT IftRTR RS CEHrBIsH Y RBY AT HRE R U 1 shows
further sulphiliminesgaecedsitecesing thieprcastinsteppboxiSulistarioerBldphiiteaigth! 0 N"'CF, S

3
O ,N« CF,
~g’ O\\ //N«

s/
R* o S, , O
- L
O,N H.N

I-3-R 2 1-4-R

I.f). Preparation of (2R,3R)-3-(benzyloxy)butan{2de5-A) in a two-stage process via
(4R,5R)-4,5-dimethyl-2-phenyl-1,3-dioxolafiel2-A), where the first stage is carried out with
pyridinium p-toluenesulphonate in toluene and thetisobutylaluminium hydride reduction
takes place in toluene,

I
Oo_ 0O
. /—( I-12-A I-5-A

0_0 ]
Ho/\':/OH —_— —_ : O\Q
: HO™ Y

I.g). Coupling of(I-5-A) with 2,4-dichloro-5-trifluoromethylpyrimidine toiee 4-{[(2R,3R)-3-
(benzyloxy)butan-2-ylloxy}-2-chloro-5-(trifluorombyl) pyrimidine (I-7-A) with Li bases in
ethereal solvents

cl Li base cl
: Q )\ ethereal )\
; 0 A8 solvent X }
N Y, )

I-5-A I-7-A
2,4-Dichloro-5-trifluoromethylpyrimidine

12



H,C 88% 0 A NCF3 MeD 80% 4 C NCF. S'CH (7.402 75% 5 O NrI'CF O'S'cH3 74% 6 0 NiCF, g., CH3 40
BHC103028_FC

I.h). Preparation of benzenesulphonic acid salttoobly protected anilino-pyrimidines of the
formula (-8-R-BSA) by benzenesulphonic acid-catalysed couplin@-@fA) and(l-4-R)

Cl CF

A

S”’ 4 o SO;H
JOR
Benzenesulphonic iCId H)N\
Vo)
K%\o/\/o

CF, :

I-8-R-BSA

l.i). Cleaving off of the protective groups in benesulphonic acid salts of doubly protected anilino
pyrimidines of the formulél-8-R-BSA) by hydrogenation with palladium on activated carbon
and hydrogen in methanol, and also by treatmetit potassium carbonate in methanol to give
compounds of the formui@d)

o /CFs
SN & CF
s

3 SO, H 3
IIIRA O 3 O\\ //N%
S., 0
,R4
HN
o8 g4
V\o)\/o N| NN .
CF, H K%\O/\E/OH

-8-R-BSA —
O NH 1-9-R-BSA
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71% Tab.1 BHC 103028 FC I.c) Preparation of nitrophenyl-sulphoximines of the formula (I-11) The
oxidation of thgdyiigesopsetate-protected nitrophenyl-sulphilimine (1-10) to give the
nitrophenylsulphoximine (I-11) preferably takes place with potassium peroxomonosulphate (Oxone ) as
oxidizing agent. Fig. 3 The desired oxidation proceeds particularly rapidly in the basic pH range. Under
these conditiBFRARENMiATEFR{ RO YR i81¢ BISt FREPEARIdRIEYAdHNing that the deprotection
step which optionally follows can be carried out as a one-pot reaction. The reaction is particularly
preferably carsedRrapénagiametmirupiwmatiesutphitiskeoatid tetnatadthylenesulphone (sulpholane) is added as
solubility promoter. The potassium peroxomonosulphate (Oxone ) is added in portions and the pH is
adjusted to pH 10 after each dosing step. Id)Racemate resolution of nitrophenyl-sulphoximines of the
formula (I-1197& fyFISetr Satfes! Mrattvpaiahelsies irtiploitnisrreftedrPrisedacemate resolution of
nitrophenylsutpéexinmigesatdrtiiel joresupee faicl) inTdve dialaa beaté  @30Rt0r0 5 beetliy bl dbe gl lowing step:
BHC 1030285 chfe. thSHiRH N aledhits has b ahaseIge SXATAL VoL e ABrOBRRMEW ghoimine of

the formula (I-11-A) that, using (+)-di-O-p-toluoyl-D-tartaric acid, a ratio of th e_ﬁnantlomers of 95:5 in the

crystallizate SRS C@BW/@H@' MY@HE‘B}%“HE PR AHRERS, WABPBRIATRIL BF RIRRSNES Preference
is given to acdtenividiay pespiovititeX Ther cpystallistlib nritctads-cwthipe ianetr Stediinbdabes greparation

process by cmmﬁ%@ﬁ&h&ériﬁy@@mt@&@@ra@&iy&gmg Dby B&E%%ﬁildf@aﬁ%h@!éate in methanol,

and reacting rude nitrophenyl-s m|ne 1 +)-di-O-p- rtaric acid to give

(I-ll-R-D-To%’I?"gr% cij_yentg are Rly dunPeth)% ormam deJIQI nyhﬂzrro dg t)J 9 etth LXphox% 6‘\IRI
dlmethylacetamlde preferably N-methylpyrrolidinone

X4

R

SH K,COg, NMP s
N_4
ON O,N

2

Fig. 1

Further subjects of the invention relate to thelative amination of nitrophenyl-sulphides of the
formula(l-1) to give trifluoroacetate-protected nitrophenylghilimines of the formuldl-10) (Fig. 2)
and the subsequent oxidation to nitrophenyl-sulphimes of the formuldl-11) (Fig. 3).

I.b) Preparation of the trifluoroacetate-protected nitrophenyl-sulphilimines of the formula

(-10)

o]
Oxidizing agent / NJI\CF
S 4 Base 1] :

R —_— > Swv_a

R

O,N
O,N
-1 -10
Fig. 2

State of the art for the preparation of sulphiliggn

The aim was a direct amination of sulphides to ginvetrifluoroacetate-protected sulphilimines, that

can be readily used for preparative purposes, wsingle starting materials such as e.g.

14



The toluoyl-D-tartaric acid is removed from the salt by basic extraction and the optically active
nitrophenyl-sgilphexizing-of the formula (I-11-R) can be protected in the one-pot process with
trifluoroacetic anhydride in the presence of triethylamine to give (I-3-R). BHC 103028 FC Fig. 6 Le)
Hydrogenation of tHfluoroacetate-protected nitrophenyl-sulphoximines of the formula (I-3-R) to give

trifluoroacetafe BrittOas A BedABROkimined Girthel AbFRHYE(:-42R8 h ¥aPreb Hasetish¥ter of the
invention relatesatlyredyteogeniatomabd itkelvihacesaetpprieteedeulipititophenyits thpheipmires (1-3-R) to

give t”f|U0r°%{J‘rﬁz§€’é§'ﬁthﬁ§dF‘d§<ﬁMiH9 EU{F?H%'&E'R)Q% WH%?@H'&%Q‘ i Bhe Qﬁ%ﬁg%? of an
iron-doped palladlum (Pata ﬁt Thg—F reduction of the EltroE oup in he compound (-3 |ntot

rcia actlon take t|ve with st hlome
corresponding anifin PReL psiage effici nt?;P Varogenaton wi |mmo'bcllzea aﬁl%oaum
catalysts. Préfidhbls oivex kel vrsihlafofyde E—)@@%\éﬁ]@r%@%}ysts on carbon. Solvents WhICh can be used

are methanok@thanal, rwg@@mbrtmdw@mana@aaeemm@éefﬁr@msﬁ &gjmmé@ imethanol

1-3-R1-4-R P (I) .f)
Preparation Egg@%ﬁ%{g?oxo%ﬁ% %%Izggi %R%W%nzﬁéﬁ%gﬁqég% %,&%f /Eﬂ? ject
matter of thePFe¥BAPIRYeHtOPPRY|RLICthe el aRaRRRIS AR 54! %H‘%%W"?"er t ese
phenyl-1,3-dioxdt@ne {telAranslifaReIR)a3¢hlenmdiig putarpRenyCphahfonideergectihelptfupf

compounds QhHEPHE A Ve \GRREHRGIIP WO QAR Adn dhe R eymRISal A AHaRIEIN

(R,R)- butane 2,3-diol IS, converted using benzyl chloride in one stage to the monobenzylated (I-5-A).
Since, as is exge&ea B conversion does not proceed selectively to give the mono compound, the
reaction mixture has to be purified by means of chromatography and the yields are therefore < 50%. As
an alternatives adwe sxiagm@egeassimtie keghdprasanietdndEmergioMatinGChemaleethietCg, 16, 186-190). 0
0 N-bromosuccinimide, iodine, sodium hypobromide:dil&omo-5,5-dimethylhydantoin,
N-chlorosuccinimide and trichlorocyanuric acid lire toresence of the bases caesium carbonate,
potassium tert-butylate, sodium tert-butylate, agisesodium hydroxide solution, sodium methanolate,
sodium ethanolate, sodium hydride (NaH) in the esals methanol, dichloromethane,
tetrahydrofuran/water, acetonitrile, acetonitrilater, tetrahydrofuran (THF), propionitrile, methyl

tert-butyl ether, 1,4-dioxane, chlorobenzene.
A preferred oxidizing agent is 1,3-dibromo-5,5-dimghydantoin.

Preferred solvent/base combinations are the cortibinsacetonitrile/caesium carbonate, 1,4-
dioxane/sodium hydride, dichloromethane/potassientaliutylate, aceonitrile/sodium hydride,
tetrahydrofuran/sodium hydride or methyl tert-buggfier/sodium hydride.

The desired reaction proceeds to completion a2@d€C within a few hours without adding a catalyst.

Compared to the routes known from the literature,rtovel oxidative amination, as shown in Fig. 2,

gives rise to the following advantages:

* itis possible to dispense with the expensive atdngially explosion-hazardous
(diacetoxyiodo)benzene and also with the additiometal salts;

» barely any sulphoxide is formed and the reacti@t@eds under mild conditions at just 20°C
using commercially available building blocks andgents;

» the trifluoroacetate group can be hydrolysed vasilg (e.g. potassium carbonate in methanol)

and is therefore of high preparative value.
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(2R,3R)-Butane-2,3-diol 1-12-A1-5-A Fig. 8 One subject matter of the invention is the clarification of the
experimentalgendiigps-for a complete conversion, and also a simple isolation and purification which are
suitable for an industrial scale. The intermediate (4R,5R)-4,5-dimethy1-2-phenyl-1,3-dioxolane (I-12-A) is
obtained in a suitable manner by reacting benzaldehyde dimethyl acetal and an excess of
(2R,3R)-butathk- Q%%'MIWW?HB%Y&%@HE@%%‘Rfyﬁﬁlfﬁfﬂh%%)twmghﬁ%hﬁ?rﬂfﬂ'a?éeﬁ1%ﬂ?é'ﬁ%'%%cgi’}f@@ﬁt The
reaction wastesmpleip BurBGC it dtacpmpadiptitimeth ano lauhd piepalistilledlitfaontinuously at
reduced pressure. In the course of the aqueous work-up, the excess diol was removed by extraction. The

remaining to
diisobutylalu

AR

ic phase d|

S‘ny‘él'rl

i

b
Sisisd

PSS

|nt

A !

rec

equent stage. For the subsequent reduction with
Cbuf'y?éﬁ minium hydride in toluene was used

at 55-60C. For the work-up, sodium sulphate BHC 103028 FC decahydrate was metered in and the
solvent was distilled off after filtration. This gave the compound (I-5-A) in good purities and yields. The

product can be used in the subsequent stage wit
4-{[(2R,3R)-3-(benzyloxy)butan-2-yBoxy}-2-chlorg-
monosubstitution of a chlorine atom t glve comfherzially availa

Qfluorom

trifluoromethylpyrimidine preferabl{ pro@eedSTn-trTe—Z‘prfsmon a/étF v1-5-A1-7-A
2,4-Dichloro-5-trifluoromethylpyrimidine Fig. 9 'l‘ta:ﬁlﬁsgﬁﬁb'hsmgly been found that the substitution can be
steered to the desired 4-position by varying the condptlons It has been shown that Li bases in ethereal

t feirther purification. 1.g) Preparation of

;‘Lﬁ/zl)pyrimidine (I-7-A) The nucleophilic
@#-dichloro-5-

solvents at -30C

producesglgeod convers

ions and, mithe:dbest case, pi

oducedvaigatio of 4-

isomer/2-isomer

of 1.2:1. Solven
1,4-dioxane, me
cyclopentyl met}
hexamethyldisilg

s which camn be used ar
thyl tert-butyl ether, diisg
yl ether. Préference is ¢
1zide, n-butyllithium, lithi

ren-to lithiim- - hevamathy

, forexample, tetranydrofura
ppropy! ether, n-giberyl ether,
iven to tetr ran. Base

um diisogkopytamide or lithiuf
ldiclazide The tamneratiire

n, 1,2-dimethoxyetf
2-methyltetrahydro

AncA 1o

Preference is gi
step according t
tetrahydrofuran
to 46% and purit
compounds acc

IS AR ISR IR R BN N AV VANC IR R A Y | I)

D the invention was deri
at -30C andproduces th
ies of > 95% area. Couy
prding to formula (1) 1.h)

The
IUIOII(J.I_IUU LILILAZ L%IIIPCI(]LUIC

ed from this, aqgﬂcgperates W
e desired is gL 7-A) follo
ling of tp% h and south h;
reparation of anilino-pyrimi

QIIuC 1S 78C l.U TL
ith lithium hexamet
ving chrésvatograpt
alves and preparati
ines of the formula

1ane,
uran or

s which®4n be used are e.g. lithium
n-2,2,6,6-tetramethylpiperidine.

C. The process
hyldisilazide in
ny in yields of up
bn of the
(1-8-R-BSA) The

two building blog
acids are, for ex
methanesulphor

ks (I-7-A) and (I-4-R) ar

e coupled to glve,l(I 8 R) This

5 reaction is acid-m

ediated. Suitable
d,

ample, hydrachloric acid, p-toluenes QJC acid, benzenesuigghonic aci
ic acid. Preference is given to bg sulphonic acid.
0]
II\rIJJ\CF3
4 : S‘ng 75%
Cl
A

74%

71%

Tab.1
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BHC 103028 FC The free bases (I-8-R) are usually oils, which makes purification and also storage more
complicated. SpidRyigHa0P, it has been found that when using benzenesulphonic acid, the resulting
benzenesulphonic acid salts (I-8-R-BSA) crystallize out of the reaction mixture. The salts (I-8-R-BSA) can
be purified by crystallization and are storage-stable. Fi(%. 10 Alternatively, toluenesulphonic acid or
methanesulptanid SRR e s eny-BytahraRv RS the feamibiidds of the formula (1) In the last two
steps, the protective groups are cleaved off (Fig. 11). [-9-R-BSA Fig. 11 The hydrogenation at
atmospheric pressure.tak | with palladium/carbon and hydrogen jn.methanpl within a few hours to
qive the inter e PR e e R R RN ER D LR Wi
(1-9-R-BSA) &Hliuifing i ke aralernbly deksp 1lasivwith @ @ng srageomes dnbalr@sirorahe group can be
completed wishidigtssient. carbonate and the crystallization of the end stage takes place from ethyl
acetate/n-heptane. Il. Intermediates Further subjects of the present invention are the following
intermediates IL a) Trifluoroacetate-protected nitrophenyl-sulphilimines of the formula (I-10), in particular

(I- 10-A) 1-101-1 O-A 1. b) §N trophenyl-sulphoximines of the fopmula(]-11-R), in particular (I-11-A) and
(I-11-A-R) I-11-R N Ner /ﬁj o NH
1 3 Oxone® o h‘ CF, \\//
R m—
O,N O,N
10 o -3 11

Fig. 3

The desired oxidation proceeds particularly rapidlthe basic pH range. Under these conditions, the
trifluoroacetate group is cleaved off at the saime t meaning that the deprotection step which
optionally follows can be carried out as a onepattion.

The reaction is particularly preferably carried mua methanol/water mixture and
tetramethylenesulphone (sulpholane) is added abitity promoter. The potassium
peroxomonosulphate (Oxo%eis added in portions and the pH is adjusted td pkafter each dosing

step.

l.d) Racemate resolution of nitrophenyl-sulphoxiesirof the formuldl-11).

A further subject matter of the present inventielates to the racemate resolution of nitrophenyl-

sulphoximines of the formul@-11).

The racemate resolution is based on the followiapg:s
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I-11-A 1. ¢) (R)-enantiomers of trifluoroacetate-protected nitrophenyl-sulpho mines of the formula (I-3-R),
in particular g3-fyRs £&-3-R)(1-3-A-R) BHC 103028 FC IL d) Salts (I-11-R-D-Tol-Tart.) of the
nitrophenyl-sulphoximines of the formula (I-11-R) with (+)-di-O-p-toluoyl-D-tartaric acid, in particular
(I-11-A-R-D-Tol-Tart.) 1-11-R-D-Tol-Tartl-11-A-R-D-Tol-Tart I.e) Anilinopyrimidines of the formula

(I-8-R-BSA), in particular (I-8-A-R-BSA) wher: Is in gach case a C1-C6-alkyl group or a
C3-C7-cycloalkyl ring. BHC 103028 FC I-A. Prep of the compound A Preparation of the "north hair
of compound A I-A.a) Preparation of cyclopropyl-nitropheny -SLfPﬁhildﬁ I-Dl%A?)T
-11-R-D-Tol-Tart
o, NH
ON o, NH

S,
R
I-11 (rac.)
O,N

Fig. 4

Surprisingly, it has been found, for example fa ttitrophenyl-sulphoximine of the formullal1-A)
that, using (+)-di-O-p-toluoyl-D-tartaric acid, atio of the enantiomers of 95:5 in the crystalkzit
obtained. Solvents which can be used are acetenjtriopionitrile or toluene. Preference is given t

acetonitrile or propionitrile.

The crystallization process can be integrated timégpreparation process by cleaving off the
trifluoroacetate protective group i) with potassium carbonate in methanol, and reat¢tiagrude

nitrophenyl-sulphoximinel{11) with the (+)-di-O-p-toluoyl-D-tartaric acid to gil-11-R-D-Tol-

Tart.).
CF,
0. ,,N~< O,  NH
N\ S S
/@/ ~gt O /©/ SRt
O,N O,N
-3 (rac.) I-11 (rac.)
Fig. 5

The toluoyl-D-tartaric acid is removed from thetdgl basic extraction and the optically active
nitrophenyl-sulphoximine of the formu{&11-R) can be protected in the one-pot process with

trifluoroacetic anhydride in the presence of tryédimine to give I€3-R).
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In the first step of the reaction sequence, 4-nitrothiophenol is alkylated with bromocyclopropane in the
presence of polassityp garbonate. The desired reaction proceeds in N-methylpyrrolidinone (NMP) within
8-10 h at a preferred temperature of 135C. B Fig. 12 The isolation of (I-1-A) was carried out by metering
the reaction mixture on to ice-water, and the crude crystallizate was isolated with a good purity of typically
89-93 area% wi ield,of 82-87%. 1-A.b) Preparation of the trifluoroacetate-protected
cyclopropyl-nitro sulghilimine (I- 10-A) Fig. 13 In the second step, an oxidative aminagign to give
the trifluoroacetate-proteetéd &clopropylnitrophenyl-sulphilimine (I-10-A) takes plagg. IR road
screening, the conversjon,of he cyclopropyl-nitropheiil-%vépwgde (I-1-A) into tI Jsfoacejate-protected
Ul

cyclopropyl-nitrophenyl-sulphjlimifien(I-10-A)swas inyestigateR Suitabke oxidizi gents in the reaction
according to the invention a8 in are N-bromésuceinimide, 1,3-dibrgme=5:5-<dimethylhydantoin in
the presence of the base® potssium tert- BHCA03028 FC butylate, sodium hydride in the solvents
dichloromethane, téfudsan or acetonitrile. The desired reaction proceeds in a temperature window

from 0-50C, with 20( g preferred. The oxidizing agents tested were I-3-R
1,3-dibromo-5,3dimethylhydantoin, N-chlorosuccinimide and trichlorocyanuric acid in the presence of the
bases potassium tertBafyfaie!-Bodium tert-butylate, aqueous sodium hydroxide solution, sodium
hydroxide, sqgisgn methanolate, sodium hydride in the solvents methanol, dichloromethane,
tetrahydrofuran/water, acetonitrile, acetonitrile/water, tetrahydrofuran, propionitrile, methyl tert-butyl ether,
dioxane, chlq.re beHz ne. Fig. 14f|{Pi fhe coque of the raa(ition th?a%ip ium hr}é%riq%qinftertﬁa]gydrofuran was

introduced as'i itiaycﬁ%gr%neaaonndocyéc B%rrooa&? ?r%?t'l%ﬁ eé:tney %G?BH%‘& [ JWas added d)rropl'\'/wse with

trifluoroacetamidel(\A/[th lESBIfmE T HOsAGEGH T Al SR iathrB - S RRAMTBINGA Y EHRSAUR {efrahydrofuran was
metered in and the mixture was stirred at room temperature. Work-up is by reductive (sodium sulphite)

means, and %r¥srttﬁlllza%on from dusf?t?ﬁrf')ég‘yl etherlmggpetggg(was;_erfqm d. This gave the product

(I-10-A) in goodl yléﬁﬁssuaﬁg Bquarﬁ fes. ﬁggﬂarrea 10N 0 898[106'%'&@1'1% r8"r’11frent|(§%')9f3£§ﬁtru robenzene

(I-11-A) The BiXTRRRH GHIPROWTINSFoHED 6L GTBQEWR REAGP RIS SH RN RS- 2) 1! give
1-(cyclopropydsuinaonimidays graidrrenzaned!dbped panairnalstidies place with potassium
peroxomonosulphate (Oxone ) as oxidizing agent. Fig. 15
The reduction of the nitro group in the compoyi@-R) into the corresponding anilife4-R) takes
place efficiently by a hydrogenation with immobdi palladium catalysts. Preference is given to-iron
doped palladium catalysts on carbon. Solvents wtéchbe used are methanol, ethanol, isopropanol,

tetrahydrofuran or acetic acid. Preference is gteemethanol.

I-3-R I-4-R

Fig. 7
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BHC 103028 FC The reaction was carried out in a methanol/water mixture and tetramethylenesulphone
(sulpholane) yias a@dgdas solubility promoter. The potassium peroxomonosulphate (Oxone ) is added in
portions and the pH is adjusted to pH 10 after each dosing step. After 5 h, 99% conversion is already

observed to the desired racemic 1;(cyclopr9%Isulphonimidoye4-nitrobenzene (I-11-A). Work-up is by
aqueous (soffiFRAENPhIEPHRIAMR spiithehRIGarPRUBAR N1F /et Brithe organic phase (methylene
chloride) after drying over magnesium sulphate from n-heptane. I-Ad) Racemate resolution of

1-(cyclopropysul phepantaoye-dR R obetznadiexdidie-A)1 21¢ aadeRR)eeasghutiamntiobased)on the following
step: [-11-A (rac.) (1-11-A-R-D-Tol-Tart) Fig. 16 Surprisingly, it has been found that with

(+)-di-O-p-tolyqykRrtartaic agidinarstaeitieiAdalmek RN RIS & @k Isash SxRiRthe

crystallizate is obtained, The yjelds were 40-45%. Alternativ I%( to aﬁgtonltrile itis al %E ssible to use

propionitrile.ﬁt}?é]y &%gdoﬁﬁ ;ﬁ'c%@e%fﬁ@r%ﬁ?p%%%%é %{ﬁ 31’?84%6}?% sed i

ilQor
propionitrile. Tmeenpsilizagitrimutitess can be integrated into the preparation process by cleaving off the
trifluoroacetate protective group in (I-3-A) with potassium carbonate in methanol and reacting crude
nitrophenyl-sulphoximine (I-11-A) with (+)-di-O-p-tolugyl-D-tartaric acid in acetonitrile to give
(I-11-A-D-TaftSFEIIE Po¥E28 1O 4PNEA ISR E Rlb SRR AT R RHIRORi A€ PRREE By basic
extraction andstigebeprytebterdtminlmesiegedd pne ceswmbiatantifub) oliveticeanhyeidteth the presence of
triethylaminedigh gdv&dd-dobs Rt proceed selectively to giveribao compound, the reaction mixture has to be

purified by means of chromatography and the yial@dstherefore < 50%.

As an alternative, a two-stage process has besemexl Bioorg. Med. Chem. Lett. 2006 16,

186-190).
| |
(Té)
: o_0O

A S N §

(2R,3R)-Butane-2,3-diol
-12-A I-5-A

Fig. 8

One subject matter of the invention is the claaifion of the experimental conditions for a complete
conversion, and also a simple isolation and putitn which are suitable for an industrial scale.

The intermediate (4R,5R)-4,5-dimethyl-2-phenyl-dlj8xolane(l-12-A) is obtained in a suitable
manner by reacting benzaldehyde dimethyl acetabarekcess of (2R,3R)-butane-2,3-diol in the
presence of pyridinium p-toluenesulphonate in touas solvent. The reaction was complete at 50°C

within 3 h, during which methanol should be distilloff continuously at reduced pressure.

In the course of the aqueous work-up, the excedswdis removed by extraction. The remaining

toluenic phase can be used directly in the subsectiege.

For the subsequent reduction with diisobutylaluommihydride (DIBAL), a 1.5 M solution of

diisobutylaluminium hydride in toluene was use®260°C. For the work-up, sodium sulphate

20



1-3-A-Ft 1-1 1 -A-R-D-Tol-Tart Fig. 17 The route to the trifluoroacetate-protected
nitrophenyl-sgilphexining-(I-3-A) described in W02010/046035A1 produces the north building block as
racemate. I-A.e) Hydrogenation to give the tHfluoroacetate-protected anilino-sulphoximine (I-4-A-R)
1-3-A-Ftl1-4-A-Ft Fig. 18 Conversion of the nitro group in the compound (I-3-A-R) to the corresponding
aniline (I-4-A%%§ DM REELAYY ASY BNt AT bATAE A BAIRMITRG QYR SO ularly clean
product is obgatnsdibyassipgrities aiopéeldsaliae ipnoviceltedydision tbarbaeddeth atagkiwigrafeivebeas solvent.
The trifluoroaggiatgpsotected anilino-sulphoximine (I-4-A-R) can be isolated after crystallization with a
yield of at least 88%. Preparation of the "south hair of compound A BHC 103028 FC The construction of
the south half éaf CBF@P&H{F&%@J@?RO%%%W%%RH}%-i{/]}é%}i?f&rﬂérmsl:9) and Coupling of north and
south halves I-A.h) Preparation of N-[(4-1[4-{](2R,3R)-3-(benzyloxy)butan-2-ylloxy}-5-
(trifluoromethypp fﬂ%fﬁ@%}@ﬁﬁﬂ'@léﬁ@ﬁ%{&/clopropyl)oxido-lambda6-
sulphanylidene]-2,2,2-trifluoroacetamide benzenesulphonic add salt (I-8-A-R-BSA) In the first step, the
two building Ec =7~ éj” -4 @ 0 ive (1-8-A-R).. Thi ion jsacid-mediated The
free base (I-E?—_ eﬁﬁ%%?r@g?ﬁﬂ U&Sﬁg%}l ﬁﬁ%ﬁ%ﬁ% ottign\éﬁ/t _5?5@??5293@%)’ %%%%o%ér@ @grggvent, the
resulting benF@HeSMERYIRY '%W%é’l'ie(g iGN, RSEFUS MRIERAFAEY from the reaction mixture. Fig. 19 The
crystallization can be c:n:/li?with n-heptane, and the desiredc!}l-[(4-{ [4-{ [(2R,3R)-3-
(benzyloxy)butanz2-ylJoxy -5-(triffluoromethyl)pyrimidin-2-yl] amin
Iphenyl)(cyclcp@o’m«l}oQ a _a|_6-su Rylidene]-2,2,2-trifl getamidee benzetiesulphonic acid salt
is obtained in good yields. The salt (I-8lA-:B<BSA) is crystailine@%{torg,{e/a@d it ated with a typical
o~ Y

purity of ca. 90 area%. BHC103028 FC cl
CFs CF

I-5-A 1-7-A
2,4-Dichloro-5-trifluoromethylpyrimidine

3

Fig. 9

It has surprisingly been found that the substitutan be steered to the desired 4-position by rgryi
the conditions. It has been shown that Li baseshareal solvents at -30°C produced good
conversions and, in the best case, produced aaafiesomer/2-isomer of 1.2:1. Solvents which can
be used are, for example, tetrahydrofuran, 1,2-tfiomxgethane, 1,4-dioxane, methyl tert-butyl ether,
diisopropyl ether, n-dibutyl ether, 2-methyltetrdhgfuran or cyclopentyl methyl ether. Preference is
given to tetrahydrofuran. Bases which can be usee.g. lithium hexamethyldisilazide,
n-butyllithium, lithium diisopropylamide or lithiur2,2,6,6-tetramethylpiperidine. Preference is given
to lithium hexamethyldisilazide. The temperatunegais -78°C to +20°C.

The process step according to the invention wasetkfrom this, and operates with lithium
hexamethyldisilazide in tetrahydrofuran at -30°@ anoduces the desired isonfkei7-A) following

chromatography in yields of up to 46% and purités 95% area.

Coupling of the north and south halves and preparaon of the compounds according to

formula (1)

I.h) Preparation of anilino-pyrimidines of the formula (I-8-R-BSA)

The two building blocksl{7-A) and (-4-R) are coupled to givd-8-R). This reaction is acid-
mediated. Suitable acids are, for example, hydaovahhcid, p-toluenesulphonic acid,

benzenesulphonic acid, methanesulphonic acid. ferefe is given to benzenesulphonic acid.

21



I-A.i) Preparation of the compound A In the last two steps, the protective groups are cleaved off (Fig. 20).
I-8-A-BSAI-9pARBA Methanol K2ZCOE 0 NH  Compound A Fig. 20 The intermediate 1-9-A-R-BSA was
not isolated, but further reacted directly to give the end stage. The cleaving off of the trifluoroacetate
group was completed with potassium carbonate in methanol and the crystallization of the end stage was
performed frdRfd ATIRARRS 6 RHYF 4B tife piRiA MEETAEE3E NP AEYASS AR RIRITeA ticle name
Structure 1UFRAQ@s0ig, Midd Heentfopibthyt-sbphid@gzeeesulphonic acid, the resulting benzenesulphonic

acid saltsIf8-R-BSA) crystallize out of the reaction mixture. The s@i8-R-BSA) can be purified

by crystallization and are storage-stable.

S.
&
cl CF
N 3
O. / HN
S SRS T
. +O R NOSN
O/\_/ H.N Benzenesulphonic ! = /\/O
: 0 :

CF3 = 2 acid
I-7-A I-4-R s
I-8-R-BSA
Fig. 10

Alternatively, toluenesulphonic acid or methanebolgic acid can be used.

I.i)  Preparation of the compounds of the formula ()

In the last two steps, the protective groups aeawdd off (Fig. 11).

0 3
N\ N — ] N7

S, fe)
“w, 4 SO.H 3 S . 4
0 R 3 O N Q R
HN - Fjl\

A

CF, MO/:\/ OH CF, =
CF, :
I-8-R-BSA — —
1-9-R-BSA (0]
Fig. 11

The hydrogenation at atmospheric pressure takes piéh palladium/carbon and hydrogen in

methanol within a few hours to give the intermegliat the formulgl-9-R-BSA).
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ON,4)1 I\I+1_0 I-1-A cyclopropyl- nitrophenyl-sulphide 4 1-(cyclopropylsulphanyl)-4- nitrobenzene
195.24 1w,pitseplaepyl- sulphoxide |

The intermediate of the formu(&9-R-BSA) can be further reacted directly to give the endestahe
cleaving off of the group can be completed withggstum carbonate and the crystallization of the end
stage takes place from ethyl acetate/n-heptane.

Il. Intermediates

Further subjects of the present invention are elieviing intermediates

Il. @) Trifluoroacetate-protected nitrophenyl-suilphines of the formulgl-10), in particular

(I-10-A)
L X,
N CF N
Il ’ II
O,N
-10 -10-A

II. b) Nitrophenyl-sulphoximines of the formulaX1-R), in particular(I-11-A) and(l-11-A-R)

O, _NH
N N NH 8 NH
0y 4 sZ S.,
R /@/ N /@/ "y
O,N O,N O,N
-11-R -11-A -11-A-R

Il. ¢) (R)-enantiomers of trifluoroacetate-protettétrophenyl-sulphoximines of the formula3:-R),
in particular(l-3-A-R)

P F F
F F
N o, N
\\S// \\//
"/R4 S":, O
O+ O~ /©/
) N
(@] 07
(I-3-R) (I-3-A-R)
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0 0 lIR4 1-3 trifluoroacetate- protected nitrophenyl- sulphoximine ON \\ # 0 sR4 0 FF I-3-R (R)
enantiomer of jpeifldoreacetate-

II. d) Salts(I-11-R-D-Tol-Tart.) of the nitrophenyl-sulphoximines of the formdlgl1-R) with
(+)-di-O-p-toluoyl-D-tartaric acid, in particuld-11-A-R-D-Tol-Tart.)

o, ,NH
S"’/ R4
o, NH
s,
O,N
I-11-R-D-Tol-Tart I-11-A-R-D-Tol-Tart

I.e) Anilinopyrimidines of the formulé-8-R-BSA), in particular(I-8-A-R-BSA)

[-8-R-BSA [-8-A-R-BSA

whereR” is in each case a,@s-alkyl group or a @C;-cycloalkyl ring.
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te procted nitrophenylsulphoximine O\W# S, OFF N .1R4 |3 AR (R) enantiomer of the
trifluoroacetate-pretested cyclopropyl- nitrophenyl- sulphoximine 0"/ S, 0

I-A.  Preparation of the compound A
Preparation of the “north half” of compound A

I-A.a) Preparation of cyclopropyl-nitrophenyl-sulphide (I-1-A)
In the first step of the reaction sequence, 4-tiitophenol is alkylated with bromocyclopropanelhie t

presence of potassium carbonate. The desiredeagmtdceeds in N-methylpyrrolidinone (NMP)

within 8-10 h at a preferred temperature of 135°C.

Br<
SH
/©/ K,CO, NMP S
O,N o
O,N

2
2

Fig. 12

The isolation ofl-1-A) was carried out by metering the reaction mixturémice-water, and the

crude crystallizate was isolated with a good pusityypically 89-93 area% with a yield of 82-87%.

I-A.b) Preparation of the trifluoroacetate-protected cyclopropyl-nitrophenyl-sulphilimine

(1-10-A)
(0]
Oxidizing agent / NJ‘J\CF
S Base 1 ¢
v — Y
O,N
-1-A 1-10-A
Fig. 13

In the second step, an oxidative amination to theetrifluoroacetate-protected cyclopropyl-

nitrophenyl-sulphilimingl-10-A) takes place.

In a broad screening, the conversion of the cydpylrnitrophenyl-sulphidé€l-1-A) into the
trifluoroacetate-protected cyclopropyl-nitrophesylphilimine (-10-A) was investigated.

Suitable oxidizing agents in the reaction accordnthe invention as in Fig. 13 are
N-bromosuccinimide, 1,3-dibromo-5,5-dimethylhydantim the presence of the bases potassium tert-
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FF NI(R)-cyclopropyl1(4- nitrophenyl)oxido-lambda6- sulphanylidene]-2,2,2- trifluoroacetamide 322.26 N
BHC103028 gi¢-Nams Agticle name Structure [IUPAC name MW 1-4 trifluoroacetate- protected anilino-
sulphoximine NH2 FF ~

butylate, sodium hydride in the solvents dichlortmee, tetrahydrofuran or acetonitrile. The desired

reaction proceeds in a temperature window from @5@ith 20°C being preferred.

The oxidizing agents tested were 1,3-dibromo-5tbeatihnylhydantoin, N-chlorosuccinimide and
trichlorocyanuric acid in the presence of the basgassium tert-butylate, sodium tert-butylate,
aqueous sodium hydroxide solution, sodium hydraxédeium methanolate, sodium hydride in the
solvents methanol, dichloromethane, tetrahydrofwater, acetonitrile, acetonitrile/water,
tetrahydrofuran, propionitrile, methyl tert-butyher, dioxane, chlorobenzene.

0

R
O EE A

I-1-A 1-10-A
Fig. 14

Oxidizing agent /

2

CF,

In the course of the reaction, the sodium hydndeirahydrofuran was introduced as initial charge
and cyclopropyl-nitrophenyl-sulphidé1-A) was added dropwise with trifluoroacetamide. With
cooling, a solution of 1,3-dibromo-5,5-dimethylhydain in tetrahydrofuran was metered in and the
mixture was stirred at room temperature. Work-upyiseductive (sodium sulphite) means, and
crystallization from diisopropyl ether/n-heptanesweerformed. This gave the prod@eiiO-A) in

good yields and purities.

I-A.c) Preparation of 1-(cyclopropylsulphonimidoyl)-4-nitrobenzene (I-11-A)

The oxidation of the trifluoroacetate-protectedaphenyl-sulphilimine ({-10-A)) to give
1-(cyclopropylsulphonimidoyl)-4-nitrobenze(lel1-A) preferably takes place with potassium

peroxomonosulphate (Oxo%aas oxidizing agent.

0 _ o
L. A, .
s s
OV — v — O
O,N O,N

2 oA o -3-A -11-A

==

Fig. 15
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ON "I" 10s-%Ft4 1-4-R (R) enantiomer of the trifluoroacetate- protected anilino- sulphoximine NH, FF
ON#S"0  BHc103028 FC

The reaction was carried out in a methanol/wateture and tetramethylenesulphone (sulpholane)
was added as solubility promoter. The potassiurajmnonosulphate (Oxo%is added in portions

and the pH is adjusted to pH 10 after each dosew s

After 5 h, 99% conversion is already observed &désired racemic 1-(cyclopropylsulphonimidoyl)-
4-nitrobenzenel{11-A). Work-up is by aqueous (sodium sulphite) meanstiagroduct is
crystallized from the organic phase (methyleneritid) after drying over magnesium sulphate from

n-heptane.

I-A.d) Racemate resolution of 1-(cyclopropylsulpimitoyl)-4-nitrobenzengl-11-A)

The racemate resolution is based on the followiapg:s

e} /NH
NSk
I-11-A (rac.) /©/S
O,N

(I-11-A-R-D-Tol-Tart)

Fig. 16

Surprisingly, it has been found that with (+)-dip@eluoyl-D-tartaric acid in acetonitrile, a ratid the
enantiomers of at least 95:5 in the crystallizatelitained. The yields were 40-45%. Alternatively t
acetonitrile, it is also possible to use propidkatrThe optical purity can be further improved by

recrystallization from acetonitrile or propionitil

The crystallization process can be integrated timgpreparation process by cleaving off the
trifluoroacetate protective group {R3-A) with potassium carbonate in methanol and reactinde
nitrophenyl-sulphoximinel{11-A) with (+)-di-O-p-toluoyl-D-tartaric acid in acetdrile to give
(I-11-A-D-Tart.).
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'R4  1-4-A-R (R) enantiomer of the trifluoroacetate- protected cyclopropyl-anilino- sulphoximine H FF
aminophenylygyeiepsemgpoxido- lambda - sulphanylidene]-2,2,2- trifluoroacetamide 292.28 ON * S. 40.4

[-5-A
The optically active nitrophenyl-sulphoximine ide&sed by basic extraction and then protecteden th

one-pot process with trifluoroacetic anhydridehia presence of triethylamine to give3(A-R).

I-3-A-R

I-11-A-R-D-Tol-Tart

Fig. 17

The route to the trifluoroacetate-protected niteph-sulphoximingl-3-A) described in

W02010/046035A1 produces the north building blogkacemate.

I-A.e) Hydrogenation to give the trifluoroacetate-potected anilino-sulphoximine (I-4-A-R)

I-3-A-R I-4-A-R

Fig. 18

Conversion of the nitro group in the compoyh8-A-R) to the corresponding anilirfe4-A-R) takes
place via a hydrogenation with immobilized palladioatalysts. A particularly clean product is
obtained by using iron-doped palladium catalystsamon. Methanol is preferred as solvent. The

trifluoroacetate-protected anilino-sulphoximifiel-A-R) can be isolated after crystallization with a

yield of at least 88%.

Preparation of the “south half” of compound A
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E 41 Ho'\, 1 (2R,3R)-3-(benzyloxy)butan-2-ol 180.25 1-6 protected hydroxyalkoxy- pyrimidine CI NA N RI
e KOPG (1483 330dg 7rprotected CF3 intermediate F NAN CI Rl

The construction of the south half of compound Ketaplace according to the invention as in I.g) and
.f).

Coupling of north and south halves

I-A.h) Preparation of N-[(4-{[4-{[(2R,3R)-3-(benzyloxy)butan-2-ylJoxy}-5-
(trifluoromethyl)pyrimidin-2-ylJamino}phenyl)(cyclo propyl)oxido-lambda®-
sulphanylidene]-2,2,2-trifluoroacetamide benzenesphonic acid salt (I-8-A-R-BSA)

In the first step, the two building blockis7-A) and(l-4-A-R) are coupled to giv@-8-A-R). This
reaction is acid-mediated. The free bds®&A-R) is an oil. Surprisingly, it has been found thaewh
using 1,4-dioxane as solvent, the resulting beraadpkonic acid salf-8-A-R-BSA) crystallizes

from the reaction mixture.

S.._ 0O
)Cl _<CF3 /@” NV
O N HN
X
\N : \S?“/ O )\
| ? + VY ——— NSy
o O/\/O B Iphonic acid | :
: H.N enzenesulphonic aci _ H 1)

CE H 2 dioxane, 60C
3 then heptane 95-98%

I-8-A-R-BSA

Fig. 19

The crystallization can be completed with n-heptame the desired N-[(4-{[4-{[(2R,3R)-3-
(benzyloxy)butan-2-ylloxy}-5-(trifluoromethyl) pyrindin-2-ylJamino}phenyl)(cyclopropyl)oxido-
lambd&-sulphanylidene]-2,2,2-trifluoroacetamidee benzah@®nic acid salt is obtained in good
yields. The sal(l-8.A-R-BSA) is crystalline and storable and it is isolatechveittypical purity of ca.

90 area%.
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R2R3 F F |-7-A benzyl-protected CF3 intermediate N F ...1..._L..)..... CI -N=E4 oc) FF 4- t
[(2R,3R)-3-(hgnzysyey pdtan-2- ylloxy}-2-chloro-5- (trifluoromethyppyrimidine 360.77 BHC103028 FC
Name B

I-A.i) Preparation of the compound A

In the last two steps, the protective groups azeved off (Fig. 20).

CF, —

o. N CF
74 3
\S"” %o SOH o, //N%
v VA
HN PdIC, H,
)\ HN
NN )\
k%\ /E\/O N| =N H
07 Y — A__OH
: kH\O/\K
CF, :
CF, -
- —lnot isolated
18-A-BSA I-9-A-R-BSA
Methanol
K,CO,
O\\ NH
S..,
Y
L
= “_OH
KH\O/\/
CF, -
Compound A

Fig. 20
The intermediaté9-A-R-BSA was not isolated, but further reacted directlyiteedhe end stage. The

cleaving off of the trifluoroacetate group was céetgd with potassium carbonate in methanol and the

crystallization of the end stage was performed feomixture of ethyl acetate/heptane.
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Article name Structure IUPAC name MW 1-8 doubly protected anilinopyrimidines oN 4' SR 4 o HN

w1

NN QfL_AQRG 6263 £k8-R- BSA benzenesulphonic acid salt of doubly protected anilinopyrimidines
CF3 0" N-(OR40 SOHHN IS

7. Concordance

Name Article name Structure IUPAC name MW
S\R4
I-1 nitrophenyl-sulphide o
\\,if
A
S
1A cyclopropyl- W 1-(cyclopropylsulphanyl)-4- 195 24
nitrophenyl-sulphide O.N nitrobenzene ’
2
0]
g
-2 nitrophenyl- \R4
sulphoxide
O\ +
o\
o
F F
‘%F
. O, N
trifluoroacetate- \Y/4
-3 protected nitrophenyl- S\R4 o
sulphoximine
OQN‘*
|
O
F F
F
(R) enantiomer of the O\\//N
1-3-R trifluoroacetate- S., . O
protected nitrophenyl- /O/ R
sulphoximine
p 0§N+
|-
O
F F
(R) enantiomer of the F
trifluoroacetate- 0\\ / /N N-[(R)-cyclopropyl(4-
1L3-AR protected s, O nitrophenyl)oxido-lambdfa 322,96
cyclopropyl- ‘V sulphanylidene]-2,2,2- ’
nitrophenyl- o trifluoroacetamide
sulphoximine NN
|-
O
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N-:02,41 CF3

[-8-A-R- BSA benzenesulphonic acid salt of doubly protected cyclopropylanilino-

pyrimidines GE3 @38 (¢ .0 SO 3H N-[(4-t [41 [(2R,3R)-3- (benzyloxy)butan-2-yl] oxy}-5-

(trifluoromethyflpyrimidin-2- ylJamino Iphenyl)(cyclopropyl) oxide o-lambda6-sulphanylidene]-
2,2,2-trifluoroacetamide benzenesulphonic acid salt (1:1) 774.76

Name Article name Structure IUPAC name MW
F F
F
trifluoroacetate- o\ /N
I-4 protected anilino- \s/\ o
sulphoximine /@/ R
NH;
F F
F
(R) enantiomer of the o N
1-4-R trifluoroacetate- \//
protected anilino- S':,R4 S
sulphoximine /@/
NHZ
F F
(R) enantiomer of the F N-[(R)-(4-
trifluoroacetate- O\ /N aminophenyl)(cyclopropyl)oxido-
I-4-A-R protected \S{ o lambda- 292.28
cyclopropyl-anilino- i sulphanylidene]-2,2,2-
sulphoximine ;; trifluoroacetamide
NH;
I-5-A Ho/z\:/o\)@ (2R,3R)-3-(benzyloxy)butan-2-ol 180.2%
jl\
protected NN .
I-6 hydroxyalkoxy- | R
pyrimidine 2 OPG
H/LO/\\{
R® R’
|
L
NT SN
1.7 protected Ck | A
i i A OPG
intermediate = O/\(
R® R®
F F
F
Cl
benzyl-protected GF | | SN Q 4-{[(2R,3R)-3-(benzyloxy)butan-2
I-7-A intermediate NN ylloxy}-2-chloro-5- 360.77
(trifluoromethyl)pyrimidine
F F
F
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411 HNv so ..l... N /:41) CF3 1-9 singly protected anilinopyrimidines CF30N---/0'0S,,, R40HN
... N) - NE glic18hf & CF3  1-9-R- BSA benzenesulphonic acid

Name Article name Structure IUPAC name MW

(6]
S<
/@/ R* (0]
18 doubly protected HN

anilinopyrimidines )\
NS

Sip4 O SOH
I-8-R- benzenesulphonic acid
BSA salt of doubly protected HN

anilinopyrimidines )\
AN

CF,
CF,
O\\ //N
S',,,vo SO,H N-[(4-{[4-{[(2R,3R)-3-
. A (benzyloxy)butan-2-ylloxy}-5-
| B [T (orometnypyrmicn-2
BSA cyclopropylanilino- )\ yllamino}phenyl)(cyclopropyl) 774.76
rimidines NN oxide o-lambd&sulphanylidene]-
Py | \/@ 2,2,2-trifluoroacetamide
%O/\/O benzenesulphonic acid salt (1:1)
CF, :
CF

S., (o)
o«
-9 singly protected HN

anilinopyrimidines

S., R4 e}
I-9-R- benzenesulphonic acid SO,H
salt of singly protecte HN

BSA . s E
anilinopyrimidines
Py JY
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salt of singly protected anilinopyrimidines OON-4 ,\" CF3s03H OOR4 HN N..***Nrlllr CF3 BHC
103028 FC Namepsysiclecname Structure IUPAC name MW 1-9-A-R- BSA

Name Article name Structure IUPAC name MW
CF,
O N
\\S// X N-[cyclopropyl(4-{[4-{[(2R,3R)-3-
. A ", hydroxybutan-2-ylJoxy}-
benzengsulphonlc aqd v 5-(trifluoromethyl)pyrimidin-2-
1-9-A-R- salt of singly protecte| . .
BSA cyclopropylanilino- HN SO_H yllamino}phenyl)oxido- 684.64
dimidines )\ lambdé&-sulphanylidene]-2,2,2-
py NI N - trifluoroacetamide
benzenesulphonic acid salt (1:1
K%\ oo p (L:2)
CF, :
)Ci\
trifluoroacetate- H CFs
I-10 protected nitrophenyl- S
sulphilimine R4
O,N
trifl tat 7
rifluoroacetate-
protected N&F N-[cyclopropyl(4-nitrophenyl)-
I-10-A cyclopropyl- g F F lambdd-sulphanylidene]-2,2,2- | 306.27
nitrophenyl- W trifluoroacetamide
sulphilimine
O,N
e} NH
\//
; S
111 nitrophenyl- R4
sulphoximine
O,N
O\\ NH
R enantiomer of the S. R
I-11-R nitrophenyl-
sulphoximine
O,N
O\\ ,NH
S
cyclopropyl- ) - A
-11-A nitrophenyl- W 1 (cycIopr';)i?r)(/jlztélrﬁ);g:émldoyl) 4 226.26
sulphoximine
O,N
O\\ ,NH
R enantiomer of the S.,,
AL cyclopropyl- 7 1-(R-cyclopropylsulphonimidoyl)-
F11-AR nitrophenyl- 4-nitrobenzene 226.26
sulphoximine O,N
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benzenesulphonic acid salt of singly protected cyclopropylanilino- pyrimidines HN ....t. N.." N 1 CF3 CF3
V SO,H : Nlcygloprepy IH4-f[4-[[(2R,3R)-3- hydroxybutan-2-ylJoxy}- 5-(trifluoromethyl)pyrimidin-2- yl]
amino }phenyl)oxido- lambda6-sulphanylidene]-2,2,2- trifluoroacetamide benzenesulphonic acid salt (1:1)
684.64 |I-10 trifluoroacetate- protected nitrophenyl- sulphilimine 40

Name Article name Structure IUPAC name MW
toluoyl-D-tartaric acig
1-11-R-D- salt of the R- 1-(R)-
Tol-Tart enantiomer of (cyclopropylsulphonimidoyl)-4-
’ nitrophenyl- nitrobenzene
sulphoximine
toluoyl-D-tartaric acig
salt of the R- (2S,35)-2,3-bis[(4-
I-11-A-R- enantiomer of . methylbenzoyl)oxy]succinic acid 612.62
D-Tol-Tart. cyclopropyl- Ho 1-(R-cyclopropylsulphonimidoyl)- :
nitrophenyl- o, NH © o//\\©\ 4-nitrobenzene (1:1)
sulphoximine S,
Y
O,N
o__O .
1-12-A (4R,5R)-4,5-dimethyl-2-phenyl-1,3- 178.23
dioxolane ’
o NH
N\ S-,,
AV4 (2R,3R)-3-{[2-{[4-(R-
HN cyclopropylsulphonimidoyl)phenyl]
Comﬁound compound A )\ amino}- 430.45
Nl NN - 5-(trifluoromethyl) pyrimidin-4-
IJoxy}butan-2-ol
NN ylJoxy}
F F )
F
o\\ //NH
e
HN
Compound g
the f(?)rmula Nl N cH,
A OH
= O/\E/
CH
F F 8
F
Table2.
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NO F3ii S R4 1-10-A trifluoroacetateprotected cyclopropylnitrophenyl- sulphilimine F N 11 SF 40
N-[cyclopropyldwitsaphenyl)- lambd a4-sulphanylidene]-2,2,2- trifluoroacetamide 306.27 |-11
nitrophenyl- sulphoximine 4111 oNH %// S.,...4

Example

Preparation of 1-(cyclopropylsulphanyl)-4-nitrobenzne (I-1-A)

v,

S

O,N

I-1-A

A solution of 80 g (0.51 mol) of 4-nitrothiophen@0%) in 400 ml of N-methylpyrrolidinone (NMP)
was added over the course of 30 min to a suspeni®?.6 g (0.67 mol) of potassium carbonate in
400 ml of NMP. The temperature increased during thi30°C.

93.6 g (0.77 mol) of cyclopropyl bromide were adtte¢the reaction mixture, which was stirred for

8 h at 135-140°C. The mixture was cooled to 20°€ ahmixed with 4.0 g of activated carbon. The
following were then carried out: heating to 65°@yimg for one hour, filtering and after-washingthv
80 ml of NMP. The mixture was cooled to 20°C andered over the course of 1 h on to 3 | of water.
Filtration was carried out and the filter cake washed three times with in each case 400 ml ofrwate
The mixture was then stirred with 800 ml of a 1 &1 ydrochloric acid and filtered again, and the
filter cake was washed three times with in eacle é&9 ml of water. Finally, it was dried in vacuo a
40°C, giving 86.6 g (86%) of the title compoufid.-A) with a purity of 91.2 area%.

The crude material can be further purified. Fos 80 g of the crude material are dissolved in 700 m
of n-heptane, heated to 65°C, ca. 400 ml of n-mepisidistilled off and seed crystals are addedewhi
cooling to 20°C. The mixture is stirred for one hati0-5°C and filtered, and the residue is washed
with 100 ml of cold n-heptane. After drying, 81 fitlee title compoundl-1-A) with a purity of

100 area% are obtained.

NMR and MS analysis: Luecking, Ulrich; Krueger, May Jautelat, Rolf; Siemeister, Gerhard.
Preparation of pyrimidinylaminoarylsulphoximines as cyclin dependent kinase (CDK) and/or
vascular endothelial growth factor (VEGF) inhibitors: WO 2005037800, page 105.

HPLC method A: Column Zorbax SB-Aq 150 x 3 mm, 348; gradient: 0-20 min from 95% agq.
phosphate buffer pH 2.4/5% acetonitrile to 20%pdmpsphate buffer pH 2.4/80% acetonitrile, flow:
0.5 ml/min, detection at 210 nm, T = 45°C;

Retention time ofl{1-A) with method A: 16.7 min
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R I-11-R nitrophenyl- sulphoximine R enantiomer of the 400, ,,NH [-11-A cyclopropyl- nitrophenyl-
sulphoximineB,_]l&J@gOQSQFl}.}H S 1-(cyclopropylsulphonimidoyl)-4- nitrobenzene 226.26

Preparation of N-[cyclopropyl(4-nitrophenyl)-lambda®-sulphanylidene]-2,2,2-trifluoroacetamide
(1-10-A)
0

A

CF,

AT

I-10-A

n==z

A solution of 11.5 g (58.9 mmol) of 1-(cyclopropylshanyl)-4-nitrobenzen@-1-A) and 10.0 g

(88.4 mmol) of 2,2,2-trifluoroacetamide in 46 mitefrahydrofuran (THF) was metered at 0-5°C over
the course of 30 min into a suspension of 2.1 gi®l) of sodium hydride (60% in mineral oil) in
50 ml of tetrahydrofuran.

A solution of 25.3 g (88.4 mmol) of 1,3-dibromo-gjBnethylhydantoin in 86 ml of tetrahydrofuran
was added to the reaction mixture at 20-25°C dweicburse of 15 min and the mixture was after-
stirred for 14 h.

For the work-up, 70 ml of a 25% strength sodiunpiité solution and 140 ml of toluene were added.
The organic phase was washed three times withcim ease 140 ml of water, concentrated in vacuo to
ca. 80 g, admixed with 40 ml of n-heptane and &ftiered for 1.5 h at 20°C. The following were
carried out: filtration, washing twice with in eachse 25 ml of n-heptane and drying in vacuo aC40°
This gave 14.5 g of the title compoufidl0-A) with 100 area% purity. This corresponded to adyiel

of 80.8%.

Larger scale:

A solution of 80.0 g (409.8 mmol) of 1-(cyclopropylphanyl)-4-nitrobenzeng@-1-A) and 69.5 g
(614.6 mmol) of 2,2,2-trifluoroacetamide in 320 @ITHF were metered in to a suspension of 14.8 g
(368.8 mmol) of sodium hydride (60% in mineral @il)360 ml of THF at 0-5°C over the course of
45 min.

A solution of 175.7 g (614.6 mmol) of 1,3-dibrom@&-simehylhydantoin in 550 ml of THF was then
added at 0-5°C over the course of 45 min. The maxivas thawed to 20°C and left to stand for 14 h.
For the work-up, 560 ml of a 10% citric acid sadumtiand 1.1 | of toluene were added. The organic
phase was washed with 560 ml of a 25% sodium delgbiution and three times with in each case
650 ml of water. The organic phase was concentiatedcuo to ca. 750 g and admixed with 525 g of
n-heptane. The following were carried out: aftémrisg for 1 h at room temperature, filtration with
suction and washing with 50 ml of a 1:1 mixturéa@iene/heptane. Drying in vacuo gave 90.7 g
(72% vyield) of the title compoun@10-A) with 99.1 area% purity.

HPLC method A: retention time fofl-10-A): 14.8 min.

MS (CI): [M+H]" = 307, [M+NH,]'= 324
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I-11-A-R R enantiomer of the cyclopropyl- nitrophenyl- sulphoximine 1010 00 NH "
1-(R-cycloprepyssiphopimidoyl)- 4-nitrobenzene 226.26

'H NMR (400 MHz, DMSOdq) 8 ppm 1.09 - 1.19 (m, 1 H) 1.21 - 1.38 (m, 3 H) 3:@315 (m, 1 H)
8.13 - 8.23 (M, 2 H) 8.42 - 8.54 (m, 2 H).

Preparation of 1-(S-cyclopropylsulphonimidoyl)-4-ntrobenzene (I-11-A)

O\\ //N H

SV

(I-11-A)

To a solution of 100.0 g (326.5 mmol) @f10-A) in 850 ml of methanol, 130 ml of
tetramethylensulphone (sulpholane) and 590 ml aémaere added 341.2 g (555.1 mmol) of
potassium peroxomonosulphate (Ox%)wepread over eight portions at 25°C. After eadtitaxh, the

pH was adjusted to pH 10 using a 47% aqueous patasarbonate solution. In total, ca. 350 ml of
potassium carbonate solution were used. The cdoversas complete after one hour at 25°C.

960 ml of dichloromethane were added and the méxivas stirred for 1 h at 20°C. It was filtered with
suction and the residue was washed twice with @h ease 400 ml of dichloromethane. The combined
organic phase was washed with 400 ml of a 10% agusadium sulphite solution and four times with
in each case 1 | of water. After separating thespbadrying was carried out over magnesium sulphate
and concentration to ca. 450 g. 100 ml of n-heptegre added, and the mixture was concentrated

in vacuo to ca. 400 ml and after-stirred for onartat 0-5°C. It was filtered with suction and the
residue was washed twice with in each case 10 ndld n-heptane. Finally, the mixture was dried

in vacuo at 40°C, giving 68.5 g (92.8%) of theetitbmpoundl-11-A) with a purity of 100 area%.

HPLC method A: retention time fofl-11-A): 9.5 min

MS (CI): [M+H]" = 227

'H NMR (400 MHz, DMSO#d;) 5 ppm 0.86 - 1.06 (m, 3 H) 1.15 (dt9.96, 4.19 Hz, 1 H) 2.69 - 2.88
(m, 1 H) 4.65 (s, broad, 1 H) 8.15 (#8.80 Hz, 2 H) 8.41 (d}=8.56 Hz, 2 H).
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BHC 103028 FC Name Article name Structure IUPAC name MW I-11-R-D- Tol-Tart. toluoyl-D-tartaric
acid salt of thgyRreg8pantiemer of nitrophenyl- sulphoximine 400 0,,0H HO, Q NH o 'S: 1. 0 2 1-(R)-
(cyclopropylsulphonimidoy1)-4- nitrobenzene
Preparation of (2S,3S)-2,3-bis[(4-methylbenzoyl)o}putanedioic acid-N-[(R)-cyclopropyl(4-
nitrophenyl)oxido-lambda®-sulphanylidene]-2,2,2-trifluoroacetamide(1:1) (I-1-A-R-D-Tol-Tart.)

O. NH
.S,
L
O,N

(-11-A-R-D-Tol-Tart.)

At 20°C, 116.4 g (301.2 mmol) of di-p-toluoyl-D-taric acid were added to a suspension of 64.9 g
(286.8 mmol) of F11-A) in 1.3 | of acetonitrile and the mixture was stirfer 16 h at 20°C. The
mixture was filtered with suction and the residuieswvashed twice with in each case 90 ml of
acetonitrile. It was dried in vacuo at 40°C to drys, giving 71.1 g di-11-A-R-D-Tol-Tart .) This
corresponded to a yield of 40.4%.

HPLC method A: retention time fofl-11-A-D-Tart) : 9.6 min (36.2%) & 14.7 min (63.8%).

HPLC method B (L159-16EE): Chiralpak IC (DAICEL) length: 250 minfernal diameter: 4.6 mm,
particle size: 5 um, gradient: 1:1 n-heptane/ ispanol isocratic; flow: 1.0 ml/min, detection at
252 nm, T =35°C

Retention time for R enantiomer: 9.3 min; retentiome for S enantiomer: 8.4 min; Enantiomer

excess (ee): 99.6%.
MS (ES+): [M+H] = 227; MS (ES-): [M-H]= 385
'H NMR (400 MHz, DMSO#dg)  ppm 0.91 - 1.06 (m, 3 H) 1.10 - 1.20 (m, 1 H) 2416 H) 2.72 -

2.84 (m, 1 H) 4.64 (s, broad, 1 H) 5.82 (s, 2 MP7d,J=8.07 Hz, 4 H) 7.90 (d}=8.07 Hz, 4 H) 8.09
-8.20 (m, 2 H) 8.33 - 8.52 (m, 2 H) 13.85 (s, loka2H).
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| 11 A R D-Tol-Tart. toluoyl-D-tartaric acid salt of the R- enantiomer of cyclopropyl- nitrophenyl-
sulphoximines;8,84853HHO0 0 ,NHO 010, 40 (28,38)-2,3-bis[(4- methylbenzoyDoxy]succinic acid -
1-(R-cyclopropylsulphonimidoyl)- 4-nitrobenzene (1:1) 612.62 1-12-A -,.. 00 411
(4R,5R)-4,5-dimethy1-2-Pher%/I-1,3- dioxolane _ . _

Preparation of N-[(R)-cyclopropyl(4-nitrophenyl)oxido-lambda’-sulphanylidene]-2,2,2-

trifluoroacetamide (I-3-A-R)

CF
o, N—
O,N

(I-3-A-R)

3

A solution of 72.1 g (117.7 mmol) ¢f11-A-R-D-Tol-Tart.) in 720 ml of dichloromethane was
stirred for 60 min with a solution of 24.4 g of pssium carbonate in 350 ml of water at 20°C. The
aqueous phase was extracted with 360 ml of dichietbane and the combined organic phase was
washed with 720 ml of water and dried over magmesulphate. The mixture was filtered and the
filtrate was admixed with 49 ml (353.1 mmol) okttiylamine and then with 49.9 ml (353.1 mmol) of
trifluoroacetic anhydride over the course of 40 i20-25°C. It was after-stirred for 10 min andrth
added to 1.1 | of a saturated sodium hydrogen catlecsolution. After separating the phases, washing
with 1.0 | of water was carried out, followed byithg over magnesium sulphate, and the solvent was
distilled off in vacuo. The residue was taken up2® ml of isopropanol and the resulting suspension
was stirred for 1 hour at 0-5°C. It was filteredidahe residue was washed twice with in each case

30 ml of cold isopropanol. It was dried in vacuet@tC, giving 27.3 g (75%) df-3-A-R.).

HPLC method A: retention time fo(l-3-A-R): 16.4 min (99.6%).

HPLC method C (L159-10EE): Chiralpak IC (DAICEL) length: 250 mimfernal diameter: 4.6 mm,
particle size: 5 um, gradient: 1:1 n-heptane/ethaaratic; flow: 1.0 ml/min, detection at 240 nm,
T =35°C

Retention time for R enantiom@r3-A-R): 4.5 min; retention time for S enantiomer: 3.7 min;
Enantiomer excess (ee): 100%.

MS (DCI): [M+H]* = 323, [M+NH,]* = 340
'H NMR (400 MHz, CHLOROFORM) § ppm 1.11 - 1.29 (m, 1 H) 1.36 - 1.52 (m, 2 H) 1-2488

(m, 1 H) 2.69 - 2.89 (m, 1 H) 8.14 (#8.80 Hz, 2 H) 8.47 (dl=8.80 Hz, 2 H).

Preparation of N-[(R)-(4-aminophenyl)(cyclopropyl)oido-lambda®-sulphanylidene]-2,2,2-

trifluoroacetamide (I-4-A-R):
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178.23 Compound A compound A HN F OtNH (2R,3R) 3 a2 a4 (R cyclopropylsulphonimidoyephenyl]
amino)- 5-(trifiyergsasshy@pyrimidin-4- yl] oxylbutan-2-0l 430.45 NN 4 EEFF Compound of

CF3
O\ Y N
H2N
I-4-A-R

A suspension of 40.0 g (124.1 mmol)(bB-A-R) and 10.0 g of palladium on carbon (Pd/C: 5% Pd,
1% Fe, 55% water) in 800 ml of methanol was hydna¢ed for seven hours at 2.5 bar. The mixture
was filtered over kieselguhr and after-washed twitte in each case 200 ml of methanol. The filtrate
was concentrated in vacuo and then 800 ml of wedee added. The mixture was stirred for one hour,
filtered and washed twice with in each case 400frlater. The crystals were dried in vacuo at 40°C.
This gave 33.4 g (292.3 mmol) of the desired aaili-A-R). This corresponded to a yield of 92%.

HPLC method A: retention time fofl-4-A-R): 14.4 min (96.1%).
HPLC method C: retention time for R enantiom@r4-A-R): 13.7 min; retention time for S
enantiomer: 12.2 min; enantiomer excess (ee): 100%.

MS (DCI): [M+H]* = 293, [M+NH]" = 310

'H NMR (400 MHz, CHLOROFORM) & ppm 1.00 - 1.16 (m, 1 H) 1.17 - 1.40 (m, 2 H) 1.3671
(M, 1 H) 2.74 (tt)=7.79, 4.92 Hz, 1 H) 4.33 (br. s., 2 H) 6.67 - (@0 2 H) 7.58 - 7.74 (m, 2 H).
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the formula () HNFFONHW\#S., 411) R4 LN .../OH:: CFH3 Table 2. BHC103028 FC Example
Preparation @H%ﬁgégggﬁr@pylsuIphanyl)-4-nitrobenzene (I-1-A) 1-1-A

Preparation of (4R,5R)-4,5-dimethyl-2-phenyl-1,3-dixolane (I-12-A)

o_.0

aw

I-12-A

A solution of 300 g (3.33 mol) of 2R,3R-butanedi#?2 g (2.78 mol) of benzaldehyde dimethyl acetal
and 7.0 g (27.7 mmol) of pyridinium p-toluenesulpate in 1.2 | of toluene was heated to 50°C. At
600-800 mbar, ca. 400 ml of distillate were takéroger the course of 3 hours. It was cooled ared th
reaction mixture was added to 500 ml of a 1 M swodiydroxide solution. The phases were separated
and the organic phase was washed twice with in east 500 ml of water. The organic phase was
dried azeotropically, with ca. 250 ml of toluenénigedistilled off.

The product obtained in this way in toluene (10b%vgs used directly in the next stage. For the

analysis, a part amount was evaporated to dryness.

The preparation of the compou(iell2-A) can inter alia also take place in accordance thigh
literature (Chemistry Letterd 999, 4, 263-4; Journal of Organic Chemist8003, 68(9), 3413-3415,
TetrahedronX989, 45(2), 507-16; Journal of Organic Chemist®009, 70(20), 8009-8016;
Bioorganic & Medicinal Chemistry Letter2@06, 16(1), 186-190; Journal of Organic Chemistry
(1999, 64(20), 7594-7600).

GC method A Column RTX-50 (fused silica, 100% methylphenyjmiloxane)

length: 30 m, internal diameter: 0.32 mm, film #mess: 1.0 um; flow: 3 ml/min; carrier gas
hydrogen; detector FID 320°C, injector tempera88°C; analysis program: T=80°C, holding time
2 min, heating rate 10°C/min up to T=300°C, holdiinge 6 min.

Retention timgl-12-A): 12.1 min (98%), toluene 3.3 min.

MS (DCI): [M+H]" = 179

'H NMR (400 MHz, CHLOROFORM) & ppm 1.30 - 1.35 (m, 3 H) 1.36 - 1.41 (m, 3 H) 3. 3487
(m, 2 H) 5.94 (s, 1 H) 7.32 - 7.41 (m, 3 H) 7.48,@7.70, 1.83 Hz, 2 H).
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A solution of 80 g (0.51 mol) of 4-nitrothiophenol (80%) in 400 ml of N-methylpyrrolidinone (NMP) was
added over thgcrurse @E30 min to a suspension of 92.6 g (0.67 mol) of potassium carbonate in 400 ml of
NMP. The temperature increased during this to 30C. 93.6 g (0.77 mol) of cyclopropyl bromide were added
to the reaction mixture, which was stirred for 8 h at 135-140C. The mixture was cooled to 20C and
admixed wittPZEBXPEP Al ARt bR Y IR TOROWHEURSRIIPén carried out: heating to 65C, stirring for
one hour, filtering and after-washing with 80 ml of NMP. The mixture was cooled to 20C and metered over
the course of 1 h on to 3 1 of water. Filtration was carried oyt and the filter cake was washed three times
with in each case 400 ml of water. The mixture:was then with 800 ml of a 1 M ag. hydrochloric acid
and filtered again, and the filter cake was Was,h?eq/thb e ith in each case 400 ml of water. Finally, it
was dried in vacuo at 40C, giving 86.6 g (%9/0) of:the title compound (I-1-A) with a purity of 91.2 area%.
The crude material can be further purified. For this 90 g of the crude material are dissolved in 700 ml of
n-heptane, heated to 65C, ca. 400 ml of n-heptane is distilled off and seed crystals are added while
cooling to 20C. The mixture is stirred for one hour at 0-5C and filtered, and the residue is washed with
100 ml of cold n-heptane. After drying, 81 g of the title compound (I-1-A) with a purity of 100 area% are
obtained. NMR and MS analysis: Luecking, Ulrich; Krueger, Martin; Jautelat, Rolf; Siemeister, Gerhard.
Preparation df{5yPHABIRSPAHRRSE R ORISR BL DR R s AR AMLE (B IRY 'SREIRS Vascular
endothelial ghawvbatfthetor (VEGF) inhibitors: WO 2005037800, page 105. HIPLC method A: Column

Zorbax SB-AgbbKiReln. A3. SoRibnatadianti&r 2R myoof s @hderad ke sphetenB ulaied &:4/5%
acetonitrile tcg 2e0% aq. C}Phos;%hate ugl

pH 2. % tonitrile, flow: 0.5 ml/min, detection at 210 nm, T
e ot R RN 0 I R e AT S R BB e R B8
N4cycloprop§tiacHiFpIRe iy ARl SLTBR APARIEEIER YRS arldaf QuRs HREAHIRSOTRMEIAY & NACE, V
[-10-A A solmmaaa_c‘:ldésgs(ﬁéhﬁqmjcﬂ@@@ b (@yatlopsopiistsipivaalin-gooitro betozene. fHirsipands 0.0 g (88
4 mmol) of 2%.%&&'%9&8@&%6%&%@93% f&?&ﬁ%@wf &m&z&%%%ﬁ@ﬂ%@Q%oé%&\éﬂr the

course of 30 min into a suspension of 2.1 g (53 mmol) of sodium_hydride (60% in mineral %lé in 50 ml of
tetrahydrofurd92ASBIGTBN G UESH68 ‘ﬁ%%ﬁ%f)%‘f‘f%%ﬁ%?ﬁé’léﬂ'ﬁ‘?ﬂiﬂ%‘fh%ﬂﬁ%éﬁ?éiﬂaiﬁ W of
tetrahydrofurtimtamhdtiettAd ithe petietiopnreisiane A28 wvied tloebdoiieae’ 674 S anitvasthgre mixture
was after-stirred for 14 h. For the work-up, 70 ml of a 25% strength sodium sulphite solution and 140 ml of
toluene were added. The or ggei% rgagggg_ washed three ti a%% with in each case qahég ml of water,
concentrated in vacua 1o ca, g admixed with 40 mfof A- ep are and after-sarred 1or 1.5 h at 20C. The
following werBeEdiHi®d out: filtration, washing twice with in each case 25 ml of n-heptane and drying in
vacua at 40(Biddigagia\eeMeigadCtizentitie Comemioad 16101835 Wiih EOQ 2023862 tbyrianis terresponded
to ayield of %?’f&a"r@ﬁﬁﬂiégﬁ%bfgtﬁgg#}ﬂ%?fﬁ%gﬁ—%qg;%d&m%f%rganic Chemistt990, 55(10), L
1-(cyclopropylsulphany1)-4-nitrobenzene (I-1-A) and 69.5 g (614.6 mmol) of 2,2,2-trifluoroacetamide in
320 ml of THE-Weré metered in to a suspension of 14.8 g (368 8 mmol) of sodium hydride (60% in
mineral oil) in 360 ml of THF at 0-5C over the course of 45 min. A solution of 175.7 g (614 6 mmol) of
1,3-dibromo-gra-dimahythxdrsisifoin thRl)-shpf 1bHmimas thes.added at 0-5C over the course of 45 min.
The mixture was thawed to 20C and left to stand for 14 h. For the work-up, 560 ml of a 10% citric acid
solution and 1.1 1 of toluene were added. The organic phase was washed with 560 ml of a 25% sodium
sulphite solufibh(&Ho' tvedltimE&Lwith in each case 650 ml of water. The organic phase was concentrated
in vacuo to ca. 750 g and admixed with 525 g of n-heptane. The following were carried out: after-stirring
for 1 h at room) (@iRPEkss Wik, EIAUSRPERIMCHRRART WRshBeNMlR UMY 9F &1 L LA BbWiS0bs

toluene/heptane. Dr mghm vacua gave 90.76g gl 2%5yield of the title compound (I-10-A) with 99.1 area%
purity. -3.36 (m, 1H) 3.61 (quind, J=6.54, 6.54, 6.55462.69 Hz, 1 H) 4.43 (d, J=11.49 Hz, 1 H) 4.66 (d

J=11.49 Hz, 1 H) 7.26 - 7.38 (m, 5 H).
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[IPLC method A: retention time for (I-10-A): 14.8 min. MS (Cl): [M+H] = 307, [M+NEt]= 324 BHC103028
FC 111 NMRs(490dHdz=HOM50-d6) 8 ppm 1.09 - 1.19 (m, 1 H) 1.21 -1.38 (m, 3 H) 3.03 - 3.15 (m, 1 H)
8.13-8.23 (m, 2 H) 8.42 - 8.54 (m, 2 H). Preparation of 1-(S-cyclopropylsulphonimidoy1)-4-nitrobenzene
(I-11-A) To a solution of 100 (326 5 mmol) of (I-10-A) in 850 ml of methanol, 130 ml of
tetramethyle FSERBFAIRAE ?éﬂtﬂ@#ﬁ%)%@&@g@mb&%a&d e ciiRIe P 4uiusrg BN mmol) of potassium
peroxomonosutiphdie (O%a@)e ) spread over eight portions at 25C. After each addition, the pH was
adjusted to pH 10 using a 47% aqueous pgptassium carbonate solution. In total, ca. 350 ml of potassium
carbonate solution were used. The convefsion was complete after one hour at 25C. 960 ml of
dichloromethane were added and the m’%&w was stirred for 4 20C. It was filtered with suction and
the residue was washed twice with in éhch dase 400 mbof dig dmethane. The combined organic phase
was washed with 400 ml of a 10% aque S diﬁm\sdlph' ¢ solution and four times with in each case 1 1
of water. After separating the phases, dr was carried out over magnesium sulphate and concentration
to ca. 450 g. 100 ml of n-heptane were addéd, and the mixture was concentrated in vacua to ca. 400 ml
and after-stirred for one hour at 0-5C. It wia&4iltered with suction and the residue was washed twice with
in each case 100 ml of cold n-heptane. Finally, the mixture was dried in vacua at 40C, giving 68.5 g
(92.8%) of that tishe’ Canthoendh@-colkag ofigl aipudit off 208 lahenYbeHiheEhyieibibdide netentieterdrhe for
SjtlllAgg% 5 mm\gaafea M4t 5 @47, @mbgmza%gla é.ﬁmgmwwm.qesm 1%@; ff(% 1.15

Z roa z
1=8.56 Hz, 2 %ﬁ[&%@%%ﬂ? E’?’e;ﬁrﬁ%ﬁn of %‘rg)wﬁ%b e[%f r]Tﬁ e%?z%@[? xy sz)tanedlom
acid-N-[(14)- 5961%F@M@W@WWMWM%@GQ@W&@H@M@1129ioiémﬂfo?ét&&é’l%?mde(l 1)

(I-11-A-R-D-hotidhaithe piaREweAbs4arEded ahdheol) aéwlispptio kidpelad antato@eicbnaxaiadstied Thea
suspension of,04:8.0 (785,R PRk (ohlehkied 5 L ALARSRRIIS 806 the B YasAigghdor 16 h

at 20C. The mixture was filtered with suction and thé residue was washed twice with in each case 90 ml

of acetonitrild"'i %< Frietiah LRATSRUDE P INASHERHURTEAI B 61Y0- USRS B 3%t ) This
correspondeévapargieddrofat0od Fis| PAVE 238HhodAhecsddatt aisraebfow(l-dil AAsexordrbateheniime(36 2%) &
14.7 min (63 3% g&gﬂecg,rmmda%ﬂhwggg@aﬂf@gimg IC (DAICEL) length: 250 mm, internal
diameter: 4. rticle size: 5 ent: tane/ isopr olis tlc flow 1, O ml/min,
detection at ”yﬂjggaqe %BERE %PH ?jmés O]V szﬁpm% tanéigrﬁﬁesrr}g e!Lnic')C]tﬁl t1!Jor d&nantiomer:

8.4 min; Enaﬁlfﬁfﬁs’éw'éyaé%@rcéaoe@g@eehﬁé E(Eisqtas th pgagnsages. 9'9%@%99&% THeNMR (400
MHz, DMSOedfofhapfitaiedweteafitdrag v KedBigdn@@nea, dudryr2ghdsiu siphd2, -aABhdsuhetty 4.64 (s,

broad, 1 H) 3,3 (§sAis Jﬁ“in%Jo 8r+9e7 rg%u% ey c%%&eépﬁ%oogvtlzms“kb')ﬁsﬁ%?a 149 (fin 2 H) 8.33- 8.52

(m, 2 H) 13.85 (s, broad, 2H). 8 FC Preparation
N-RR)-cycloprBpyEee! ﬁ?ﬁB&ﬁ%‘ﬁ&%%dU"%ﬂ?%a&él&?ﬁ%ﬁgﬁmﬂ%‘ﬁ 9 J RSt ackamiied ai8-A-Rr)

contained 58 area%b-7-A).

HPLC method A: Retention timé€l-7-A) (4-isomer) 21.6 min (95%); retention time of thes@mer:
21.0 min

MS (ES-API): [M+H] = 361
'H NMR (400 MHz, DMSO#s) & ppm 1.16 (dJ=6.36 Hz,3 H) 1.32 (d]=6.36 Hz, 3 H) 3.74 (quin,

J=6.17 Hz, 1 H) 4.46 (dI=11.98 Hz, 1 H) 4.61 (d=11.98 Hz, 1 H) 5.44 (quid=6.24 Hz, 1 H) 7.11
-7.46 (m, 5 H) 8.85 (s, 1 H).
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(I-3-A-R) A solution of 72.1 g (117.7 mmol) of (I-11-A-R-D-Tol-Tart.) in 720 ml of dichloromethane was
stirred for 604ny yetbsagolution of 24.4 g of potassium carbonate in 350 ml of water at 20C. The aqueous
phase was extracted with 360 ml of dichloromethane and the combined organic phase was washed with
720 ml of water and dried over magnesium sulphate. The mixture was filtered and the filtrate was
admixed wﬂkPﬂ%PWt(%S‘ff‘ﬁﬁ?ﬂ%@?ﬁl%ﬁiﬁéﬁﬁﬂ@"&hﬁ%@?\ witlead o FHilpeEne YR B tRifluoroacetic
anhydride oveylheico}missyif(@@iopropy R:@SEmibdsasuafvermgtieel -2, 2@rithioreackttheideadded to 1.1 1 of a
saturated soguHTLRYCIREER CARUARIE SPWHON RAdek)separating the phases, washing with 1.0 1 of water
was carried out, followed by drying over magnesium sulphate, and the solvent was distilled off in vacuo.
The residue was taken up in 120 ml of isopropanol and the resulting suspension was stirred for 1 hour at
0-5C. It was filtered and the residue was washed twice witffin each case 30 ml of cold isopropanol. It was
dried in vacuo at 40C, giving 27.3 g (75%) of (I-3 SR RU L%é:gtmd A: retention time for (I-3-A-R): 16.4
min (99.6%). IIPLC method C (L159-10EE): L) length: 250 mm, internal diameter 46
mm), particle size: 5 pm, gradient: 1:1 n-hepta thano Isgcratic; flow: 1.0 ml/min, detection at 240 nm, T
= 35C Retention time for R enantiomer (#8-A-R): 4.5 min; retegtion time for S enantiomer: 3.7 min;

Enantiomer excess (cc): 100%. MS (DCDAM+H] = 323, [M+ =340 1H NMR (400 MHz,
CHLOROFORM-d) ppm 1.11 - 1.29 (m|1 H}'1.36:- 1.52 (m, 1.74 - 1.88 (m, 1 H) 2.69 - 2.89 (m, 1 H)

8.14 (d,./=8.80 Hz, 2 H) 8.47 (d,./=8.80 Nz~ /Pre,p

N-RR)-(4-aminophenyl)(cyclopropyl)oxidg ?mbdaG-sulphanylldenel -2,2,2- trifluoroacetamide (I-4-A-R):
BHC103028 FC A suspension of 40.0 g (f 4.1 mmol) of (I-3-A-R) and 10.0 g of palladium on carbon
(Pd/C: 5% Pd, 1% Fe, 55% water) in 808 mRdiShethanol was hydrogenated for seven hours at 2.5 bar.
The mixture was filtered over kieselguhr and after-washed twice with in each case 200 ml of methanol.
The filtrate WASYSHSEER et ih VAT HRMBE B thP S PNt L A e hikid ¢ Wa¥8tirred for
one hour, filtefdt@redesalpheadwaiie iwigd 2nmeathliioaseeA@dked | fof Waternt PheCcristalsxvecendsietleim vacuo at

40C. This gaye.334 042863 Ramed) ﬁHJJge @&séﬁ@qs%ia{iaﬁvég 4fviRdd s perearAnded, Eg@y's#ﬁ of 92%.
EIPLC method A: retention time for (I-4-A- 14.4 m|n (96. 1%ZLeEIPLC method C: retenfion time for R

enantiomer (P4RIFY™M 557 7k nvaeR 8n'{ 5 fijred Wgrﬁf’c%é sl SR AU RN WBRAEP WA cc): 100%.
MS (DCI): [IVef i ioxape®-IRPENIE t{1=1 BAGd IMAINRAR 400 NiER., ICHRTIREIRO RNASHNBVigRt IN0GeUR. B6 (m, 1
H) 1.17 - 1.40dm, Phk)ghv611477d (1005h)Hd) Rl debitekror tbige distdid) 4.33 (br. s., 2 H) 6.67 - 6.79 (m,
2H)7.58-7.74 (m, 2 H). BHC103028 FC Preparation of (4R,5R)-4,5-dimethy1-2-phenyl-1,3-dioxolane
(I-12-A) 0 0 I-1 2-A A solution of 300 g (3.33 mol) of 2R,3R-butanediol, 422 g (2.78 moI) of benzaldehyde
dimethyl acet#'dneteg Ao Retantiap ey Adiitif) RlohiBRELATphEHEMAR e o ATeAwas heated to
50C. At 600-ga@ahbaepcteA€xDtrifiLiofod istit gt el vee b dipke h 0ffroimg R did)course of 3 hours. It was cooled and
the reaction mixture was added to 500 ml of a 1 M sodium hydroxide solution. The phases were
separated and tdfz anic phase was washed twice with in each case 500 ml of water. The organic
phase was dle 5?0233%5%5”% {vith ca. 250 ml of toluene being distilled off. The product obtained in this
way in toluene (1061 g) was used directly in the next stage. For the analysis, a part amount was

evaporated ta AR Se0l e LIRS Hinkhe1eqm Pauy 1 1d-Er -4 §Q4@ﬁ$r3@|)aﬁi%% kedplage in

e i R T R B8 ey s Cry (000
8009-8016; BipctghniesdMeédiciAallCRedtistry Letters (2006), 16(1), 186-190; Journal of Organic
Chemistry (1999), 64(20), 7594-7600).
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GC method A: Column RTX-50 (fused silica, 100% methylphenylpolysiloxane) length: 30 m, internal
diameter: 0.32,pwpsdknethickness: 1.0 pm; flow: 3 ml/min; carrier gas hydrogen; detector RD 320C,
injector temperature 280C; analysis program: T=80C, holding time 2 min, heating rate 10C/min up to
T=300C, holding time 6 min. Retention time (I-12-A): 12.1 min (98%), toluene 3.3 min. MS (DCI): [M+H] =
179 1H NMRPEBF ML OICER. SRSHO VI BpIoPY st ansg den) e eyiag8nal:41 (m, 3 H) 3.74 - 3.87 (m,
2 H) 5.94 (s, g-(Hijl toB2nethylfpyrimidir-B-V]d9y foldzb=7ol @c ©r8@okin] 2)H). BHC 103028 FC Preparation of
(2R,3R)- 3-(phenylmethoxy)-2-butanol (I-5-A) 1-5-A The toluenic solution of (I-12-A) obtained from the
previous stage was divided and further reacted in two batches: 530 g of the (I-12-A) solution were diluted
with 500 ml of toluene, heated to 55C and admixed @9@1’ the course of one hour with 2.21 of a 1.5 M
diisobutylaluminium solution in toluene. The k6 was stirred for three hours at 50-60C. The reaction
Vas

mixture was added over the course of one At ZO-WC to a suspension of 500 g of sodium sulphate
decahydrate in 500 ml of toluene. FiltratjgrWasgcarried out, followed by after-washing ten times with in
each case 500 ml of toluene. The combined organic phase was filtered over kieselguhr and the solvent
was distilled off in vacuo. This gave 280 g(4.27 mol) of (I-5-A) in a partial conversion. This corresponded
to a yield of ca. 76% over two stages. HQ%E@ ai%t!‘g@af the compound (I-5-A) can inter alia also take
place in accordance with the literature: Bjoordanic & Medicinal Chemistry Letters (2006), 16(1), 186-190;
EP 1291336A2; Journal of the American@hemical Society (1997), 119(19), 4541-4542; Journal of
Organic Chemistry (1990), 55(10), 3129-37. EIPLC method A: Retention time (I-5-A): 12.5 min (97.4%).
MS (El+): [M+H] = 181 111 NMR (400 MHmp@HEBGROFORM-d) 8 ppm 1.16 (t, J=5.99 Hz, 6 H) 2.77 (d,
J=2.69 Hz, 1 H) 3.25 -3.36 (m, 1 H) 3.61 (quind, J=6.54, 6.54, 6.54, 6.54, 2.69 Hz, 1 H) 4.43 (d, J=11.49
Hz, 1 H) 4.66 (d, J=11.49 Hz, 1 H) 7.26 - 7.38 (m, 5 H). BHC 103028 FC Preparation of
4-{[(2R,3R)-3-(benzyloxy)butan-2-3Thxyl-2-chloro-5-(trifluoromethyl)- pyrimidine (1-7-A) CF3 1-7-A At
-35C and ovéP/Hedes¥as ate o sgbas erenaon it ket kaRrth g8 840 03P mBtered into a
solution of 14aqgopfGdettaminfm|} dfa2 Arobehieiis- brétrifis hing etlyy Daryidthodine @ndedAgubrgafd 7@iéemmol) of
(I-5-A) in 1.0 LR Eifen The Tistys wapstires %)Sftba‘f‘a%w%ﬁéé WHE allib@R iRm0 D Apd admixed

with 1.0 1 of water over the course of 15 min. 1.0 1 of acetic ester was added, the phases were separated
and the aquéBﬁgjf?n‘ﬁ%Wé%dé%r}agt%z\%i% 300 ml of acetic ester. The combined organic phase was
concentratedoytbeaeokatin A0 ¥ atwetes andaRheodflichngtisne me wadied Withatl@ausphzsewds was dried
or:/er SO(;iium ?la&atﬂmfﬂ{emﬁbwftbmm HuaE &i&sﬂlﬁﬁb&[ﬁa@map@&aéewm@g?@ﬁmm 9e0'g %88'?1 g of
the crude pro rown oil. A secqnd ba n me sc raduced a further 236 crude
product. BotWé{agth%@g were com dl'rlljgndggr?ﬁ ac??éﬁ?&%ﬁ) %"n@' dm uz’f%'@ \;%g%dga%getféwe%bé?gl%ﬁ%%g (lg_nixture
was filtered Wftﬂ'@ﬂ%ﬁ?ﬁﬂ%\?@?sﬁﬂ%@@?@@"@%d’Wﬁgﬁé’ﬁ’ﬂﬁi@eWﬁﬁ%%dﬁ%é’é?@@‘i'%ﬂ%@e‘if@%%‘ter. The
combined filteatesanve eelhitexbdibvErSdaselgehtaandTt Hehoas rstinegriesidrmsLdphete sancddhexsdlvents

were distilled,gffinAGYE- of & EBRIALErHAR IR @HPQ@B‘W&W%#@KQ&#&]@Q{QSL@QW '

n-heptane/acetic ester 15:1. This gave 171 g of (I-7-A) (35%) and 63 g of a mixed fraction which still
Contgined 58“@%5@%%9-%‘31'““@ og J e’.)l(e(ea5 2;) and with’100 g of n-heptane. Drying

was carried out in vacuo at 30°C to constant miss.gave 47 g (69%) of the target compound.

n-heptane (70 g)/ac

HPLC method A: Retention timeompound A 14.24 min (100%).

MS (ESI): [M+H]" = 431

'H NMR (500 MHz, DMSO#) & ppm 0.92 (m, 3H) 1.10 (m, 4H) 1.30 (d, 3H) 2.62 ) 3.85 (m,
1H) 4.08 (s, 1H) 4.91 (d, 1H) 5.31 (m, 1H) 7.83ZH) 7.94 (d, 2H) 8.59 (s, 1H) 10.50 (m, 1H).
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[IPLC method A: Retention time (I-7-A) (4-isomer) 21.6 min (95%); retention time of the 2-isomer: 21 0
min MS (ES-AR) oBbEHI= 361 111 NMR (400 MHz, DMSO-d6) 6 ppm 1.16 (d,1=6.36 Hz,3 H) 1.32
(d,1=6.36 Hz, 3 H) 3.74 (quin, 1=6.17 Hz, 1 H) 4.46 (d, J=11.98 Hz, 1 H) 4.61 (d, J=11.98 Hz, 1 H) 5.44
(quin, J=6.24 Hz, 1 H) 7.11 - 7.46 (m, 5 H) 8.85 (s, 1 H). BHC103028 FC Preparation of
N-[(4-1[4-{[(2'-ﬁ%t§pé§é§@énzyloxy)butan-2-y|IoxyI-5-(trif|uoromethyl)pyrimidin2-y|Iaminolphenyl)(cyclopropyl
Joxido-lambda6-sulphanylidene]-2,2,2-trifluoroacetamide benzenesulphonic add salt (1:1) (I-8-A-R-BSA):
C F31-8-A-R1BSAptyshisengienebadd e dddmpynall of ilefghbridid9 (144 mmol) of (I-4-A-R) and 22.8
g (144 mmol) of benzenesulphonic acid in 842 ml of dioxane was stirred for 16 h at 20C. The mixture was
then heated at 55-60C for 19 hours. For the isolation, it was admixed at 20C with seed crystals and
diluted with 1.68 1 of n-heptane. It was stirred for oRg,Bur, filtered with suction, washed with 240 ml of
dioxane/n-heptane (1:1) and with 240 ml of n-begptara®e-.|{.was dried to constant weight in vacua at 40C.
This gave 113.7 g (100%) of the desired pro as beige crystals. IIPLC method A: Retention time
(I-8-A-R-BSA) 22 3 min (94%)); retention tippe¥ar-the already partially deprotected trifluoroacetate
cleavage product 19.1 min (2 4%). MS (ES): [M+H] = 617 1H NMR (500 MHz, DMSO-d6) 6 ppm 1.10 (m,
2H) 1.19 (m, 3H) 1.34 (m, 3H), 1.45 (my 18.38 @n, 1H) 3.77 (mg)lH) 4.49 (d, 1H) 4.60 (d, 1H) 5.52 (m,
1H) 7.30 (m, 7H) 7.60 (m, 2H) 7.92 (m, |2H} .09 (m, 2H) 8.63 (m, 1H) 10.71 (m, 1H). BHC103028 FC
Preparation of 0" Y
(2R,3R)-3-1[2-1[4-(S-cyclopropyisulphonimidoyl)pheiyBaminol5-(trifluoromethyl)pyrimidin-4-yBoxylbutan-
2-ol (compound A) NH 0, Compound ytrogen was bubbled through a suspension of 120 g of
(I-8-A-R-BSA) and 60 g of 10% Pd/C in 640 g of methanol for 6 h at atmospheric pressure. Washing was
carried out over kieselguhr and twice with in each case 100 g of methanol. 53 g of potassium carbonate
were added tQ Hmgcfiltrate and the mixture was stirred for 1 h at 20C. For the work-up, 900 g of water and
700 g of dichlgromethane were added. The aggg%:_scyha% was extracted with 700 g of dichloromethane
and the combined organic p?‘l SESWErE Washed with o gyo¥t Water and dried over sodium sulphate.
Filtration was carried out, followed by after-washing with 400 g of dichloromethane. The solvent was
distilled off inchacideritbe besidersvoas disselstehingl€eyp of acetic ester and admixed with 125 g of
n-heptane. The mixture was stirred for 10 min at 20C and admixed again with 125 of n-heptane. The
following were carried out, stirring for two hours at 20C, filtration, washing with a mixture of n-heptane (70
g)/acetic estéP{asYYHEWIK THRY SRR SARR PSR ROASTURSY MIBT PRUBeEY50C to constant
mass. This gave 4¥1tp(i60sedNYiE)targee comipobeacyH$RbTdétbefoumataRéiention time compound A 14.24
min (100%). MS (ESr): [M+H] = 431 1FINMR (500 MHz, DMSO-d6) 6 ppm 0.92 (m, 3H) 1.10 (m, 4H) 1.30

(d, 3H) 2.62 (m, 1H) 3.85 (m, 10 4.08sfs, 1H) 4.91 (¥nH) 5.31 (m, 1H) 7.83 (d, 2H) 7.94 (d, 2H) 8.59 (s,
1H) 10.50 (m, 1H). BHC 1 /@/ N

t

O,N O,N

where X is Br, Cl, I, O-S@CH; or O-SQ-(4-methylphenyl),
I.b). Oxidative amination of the nitrophenyl-suldiiof the formulgl-1) to give a trifluoroacetate-
protected nitrophenyl-sulphilimine of the formlal0)

o]
Oxidizing agent / NJI\CF3
S 4 Base I
R _— S< 4
R
O,N
O,N
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Patent Claims 1.Process for the preparation of compounds of the general formula (1) in which R4is a
C1-Ce-alkyl graupQha £3-C7-cycloalkyl ring, characterized by at least one of the following steps: I.a).
Alkylation of 4-nitrothiophenol in the presence of potassium carbonate in N-methylpyrrolidinone (NMP) to
give a nitrophenyl-sulphide of the formula (I 1) where Xis Br, Cl, I, 0-S02-CH3 or

0-S02-(4-me Ip en [.b) Oxid tlvea atlon of the nitr sulphide of the f la (I-1) to give a
trifluoroacetalt IOTRC eP ni t? terﬁfy RS p ﬁ%t% Hmp erﬁﬁfg Eﬂ&ﬁ}'ngfﬂﬁgfﬂnﬁﬁ%@) 28 FC l.c)
Oxidation of the t%%&@&&@%%@é%ﬁ@ﬁﬁ’@ﬁ?ﬂﬂtﬁﬂﬁ"ﬁﬁ@ BTN DIPRe GiEta
trifluoroacetate-protpesedtirapfieanyl ubphexyniimprokinm dasnerad(d3)1and subsequent deprotection to

give a nitrophenyl-sulphoximine of the formula (I-11) Id). Racemate cleavage of a nitrophenyl-sulpho
mine of the formula (I-11) with the help of (+)-di-O-p-toluoyl-D-tartaric acid 1-11 (rac.)I-11-R-D-Tol-Tart
— 0

N)J\CF3 NJJ\CF
Il ol ® \\//
/©/S\R4 E—— \S\ 4 — SNge
O,N ON
I-10 O,N 2
’ -3 I-11

I.d). Racemate cleavage of a nitrophenyl-sulphoxéf the formulgl-11) with the help of

(+)-di-O-p-toluoyl-D-tartaric acid

I-3-R I-11-R

where the R enantiomer of the nitrophenyl-sulphaxerof the formulgl-11-R) is then
released from the salts and the trifluoroacetadéeptive group is inserted again to form the R
enantiomer of the trifluoroacetate-protected nitrenyl-sulphoximine of the formuld8-R),

l.e). Hydrogenation of trifluoroacetate-protectétiaphenyl-sulphoximines of the formu{&a3-R)
to give trifluoroacetate-protected anilino-sulphuiies of the formulél-4-R) with an iron-

doped palladium catalyst
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I-3-RI-11-R where the R enantiomer of the nitrophenyl-sulphoximine of the formula (I-11-R) is then
released frorg{hessaits pRd the trifluoroacetate protective group is inserted again to form the R
enantiomer of the trifluoroacetate-protected nitrophenyl-sulphoximine of the formula (I-3-R), I.e)
Hydrogenation of trifluoroacetate-protected nitrophenyl-sulphoximines of the formula (I-3-R) to give
trifluoroacetate-protected anilino-sulphoxsmjines of the formula (I-4-R) with an iron-doped palladium
catalyst BHC103028 FC  I-3dRrI-4 . Preparation of (2R,3R)-3-(benzyloxy)butan-2-6HJ-5-A) in a
two-stage process via (4R,5R)-4.$:dimetyy1-2-phenyl-1,3-dioxolane (I-12-A), wherdthg first stage is
carried out with pyridiniu Iuen@sulphonate intoluene agd then a diis ﬁm,agmi@n hydride
reduction takes place iptaluere, (2R,3R)-Butane-2,3-diol I-1 2-AI-5-AL@ﬁpling of (I-5-A) with
2,4-dichloro-5-trifluBedmethylpyrimidine to give 4-f [(2R,3R)-3- H,N
(benzyloxy)butan-2-ylJoxyB-&-chloro-5-(trifluoromethyl)pyrimidine (I-7-A) witlh ki bases in ethereal solvents
[-5-A 2,4-Dichloro-5-trifluoromethylpyrimidinel-7-A BHC 103028 FC I.h). Preparation of
benzenesulpE nicacid salts of v protected anilino-pyrimidines of the formula (1-8-R-BSA) by
penzenesulpiin T SLen S 59 BV Ao A oL Bt e
(4R,5R)-4,5-dimethyl-2-phenyl-1,3-dioxolafiel2-A), where the first stage is carried out with

pyridinium p-toluenesulphonate in toluene and taelisobutylaluminium hydride reduction

takes place in toluene,

[
o0_.0O

P
2 ’

0_0 .
Ho™ > O" . . OQ
: HoT Y

(2R,3R)-Butane-2,3-diol
I-12-A I-5-A

I.g). Coupling of(I-5-A) with 2,4-dichloro-5-trifluoromethylpyrimidine toiee 4-{[(2R,3R)-3-
(benzyloxy)butan-2-ylloxy}-2-chloro-5-(trifluorombeyl)pyrimidine (I-7-A) with Li bases in

ethereal solvents

] c Cl
OQ N)*N N)*N
HO™ Y + N - -
: K%\CI '

I-5-A I-7-A
2,4-Dichloro-5-trifluoromethylpyrimidine
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Li). Cleaving off of the protective groups in benzenesulphonic acid salts of doubly protected
anilinopyrimidines, gf-the formula (I-8-R-BSA) by hydrogenation with palladium on activated carbon and
hydrogen in methanol, and also by treatment with potassium carbonate in methanol to give compounds of
the formula (I) [I-8-f-BSA 1-9-fFBSA  BHC 103028 FC 2. Process according to Claim 1, where, in

step 1.b) 1,3£h3rog10g5cftgﬁn?&}éllh dan&gln Iscléll%%dsa? 3{ |zm%§gg Tnd tn;llnuwroace}?hmlde is used as

reagent. 3. cess accordin aim Mefs Ins ep & oxid RAKES nﬁace With potassium
peroxomonosulphREWEXHE FSM PY@@@gg%ééWﬁ'ﬁ %'@P&Fﬁiﬁ?@\mfé'ﬁﬁ@@rﬁmwﬁ@
nitrophenyl-sulphoximine of the formula (I-11) is crystallized with (+)-di-O-ptoluoyl-D-tartaric acid in
acetonitrile or propionitrile. 5(.:|Process according to Claim 1, where, in step |@p, the lithium base used is
lithium hexamethyldisilaz de nd the ethereal soIant used is tetrahy 6 Intermediates of the

formula (1-10) and (I-10- A)NKI-HI‘:N -1 @ A /@, R o

I-7-A I-4-R

CF,

O\\ //N %

S, e 0 5O
Benzenesulphonic
acid HN
N

P
*

l.i). Cleaving off of the protective groups in benesulphonic acid salts of doubly protected anilino
pyrimidines of the formulél-8-R-BSA) by hydrogenation with palladium on activated carbon
and hydrogen in methanol, and also by treatmetit potassium carbonate in methanol to give

compounds of the formui@d)

1-8-R-BSA —
O\ NH 1-9-R-BSA
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where R4is a C1-C6-alkyl group or a C3-C7-cycloalkyl ring. 7.Intermediates of the formula (I-11-R),
(1-11-A) and g Aok f&NH 02N [-11-R I-11-A where R4is a C1-C6-alkyl group or a
C3-C7-cycloalkyl ring. BHC103028 FC 8.Intermediates of the formula (I-3-R) and (I-3-A-R)
(I-3-R)(1-3-A-R) where R4is a C1-C6-alkyl group or a C3-C7-cycloalkyl ring. 9. Salts of the formula
(I-11-R-D-ToRTart.FéPsftoptreMing (sH8RMines of the formula (1-11-R) with (+)-d -0-p-toluoyl-D-tartar ¢
acid and the sh#refithadoHinulB{iibbnefR:Ddinsdtiyn)ants used as oxidizing agent and

trifluoroacetamide is used as reagent.

3. Process according to Claim 1,

where, in step I.c), the oxidation takes place witkassium peroxomonosulphate (O)é%)ne

4, Process according to Claim 1,

where, in step I.d), the nitrophenyl-sulphoximirighe formula(l-11) is crystallized with (+)-di-O-p-

toluoyl-D-tartaric acid in acetonitrile or propidnie.

5. Process according to Claim 1,

where, in step 1.g), the lithium base used isuithihexamethyldisilazide and the ethereal solvead us
is tetrahydrofuran.

6. Intermediates of the formu{a10) and(I-10-A)
| X
NJ\CF3 N CF,
Il [l
/©/ ~R? /©/5\
O,N O,N
I-10 I-10-A
where R is a G-Cg-alkyl group or a @C;-cycloalkyl ring.
7. Intermediates of the formu(a11-R), (I-11-A) and(l-11-A-R)
o NH NH NH
o 0
W \/ N/
O/S%Rél i: /S\ [ j/s'm
O,N O,N O,N
I-11-R I-11-A I-11-A-R

where R is a G-Cg-alkyl group or a @C;-cycloalkyl ring.
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1-11 -R-D-Tol-Tart1-11 -A-R-D-Tol-Tart where R4is a C1-C6-alkyl group or a C3-C7-cycloalkyl ring.

10Intermediaips phi3g fexmula (I-8-R-BSA) and (I-8-A-R-BSA) 1-8-fl-BSA 1-8-A-R-BSA BHC 103028 FC
where R4 is a C1-C6-alkyl group or a C3-C7-cycloalkyl ring.

8. Intermediates of the formula3-R) and(I-3-A-R)

(-3-R) (I-3-A-R)

where R is a G-Cs-alkyl group or a @C.-cycloalkyl ring.

9. Salts of the formulé-11-R-D-Tol-Tart.) of nitrophenyl-sulphoximines of the formullal1-R)
with

(+)-di-O-p-toluoyl-D-tartaric acid and the salttbe formula(l-11-A-R-D-Tol-Tart.)

Oo_ _NH
AN 4

S.,/, 4

R

O\\ ,/NH
S.,,/
02N
I1-11-R-D-Tol-Tart I1-11-A-R-D-Tol-Tart

where R is a G-Cg-alkyl group or a @C;-cycloalkyl ring.

10. Intermediates of the formule8-R-BSA) and(I-8-A-R-BSA)

I-8-R-BSA I-8-A-R-BSA
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BHC103028_FC

where R is a G-Cs-alkyl group or a @C;-cycloalkyl ring.

53



