Process for preparing pan-CDK inhibitors of the formula (1), and

i nter ' Ly the preparation The invention relates t
proceggq%%&gﬁﬁ%ﬂbreparation of pan-CDK inhibitors of theo#orﬁﬁﬁgb?$??s
and to internedi ates of the preparation. The novel process relates to
conpounds Mcéshﬁ)rﬁm%ﬂmha 4-CDK Rhitddold df thHorh g (ﬁomaquéaﬁn&ﬁﬁe@ﬁ)mé
f[2- { [4-(S -cycl opropy sulphonlnldoylephenyl] am no
-5-(trifluoronethyl)pyrimdin-4- WERR$NYUL an- 2- ol (conpound A,

whi ch devel op their anti-tunour activity via a cytotoxic nechanism A
preparation process for a conpound of the general formula a) has now
been f dPfigventiphrefgigsdpa payekpracess fore HIeR%FP“QﬁrOé pg-ePK dnhiigtogrof iedboayls Ay
ring, v mtértedidied thprbkatian.scal e-up and overcomes the

di sadvant ages of the preparation processes of the prior art for this
substance class. This preparation process |s partlcularly SU|tabIe

for t hen&uvBIgHeEssAelbtes tolNbinYoddlk &Y the fonmh'a\ C% | kvl
al Ky

application |s based on the faollow n i ons:

G - 05- )-3gHdup-iScyeigpeay priepiatdny P]F%ﬂé@@ﬁo}c%géﬂ%mﬁﬁhﬂ]mgm@m-4-
strai gia[qox@ -051 (BEARGRER), Akl de v (B antiStGHraStivid, Of %@kc% Aanism.
met hyl , Eﬁ$ prop;%% |so%ropylefﬁﬁiyl mﬂgobugy ?ﬂgeéﬁb atyl, cchanism
tert- butyl pentyl i sopentyl or a hexyl radi cal . Q C7-cycl oal kyl A
&3- Cr- ﬁ)fﬁép@ﬁhkﬁ/;{)roéds@ﬂrh&ﬁﬁbuﬁ@oﬂﬁ@%‘eﬁ&ﬁ%%@@ f@a@@lb@geéﬁ &yl opropyl
cycl obutyl, cyclopentyl, cyclohexyl or a cycloheptyl ring. Cbnpounds
of the general formula (1), in particular also the conmpound A and
processes for their preparation are dls@losed in W2010/ 046035A1, the
di scl osure of which forns the cl osest\ 6r|or art.
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in which
R* is a C,-Ce-alkyl group or a C3-Co-cycloalkyl ring,

which is suitable for a scale-up and overcomes the disadvantages of the preparation processes of the

prior art for this substance class.

This preparation process is particularly suitable for the compound A
NH
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The process according to W201 0/ 046035A1 is a 10-stage convergent

pr ocessvobdiboggaipveral | yield for the | ongest sequence of pgq; onﬁmg'd}gs
process according to W20101046035A1 invol ves at |east one OF

foll owi ng steps: a) Oxidation of a nitrophenyl-sul phide of the

f or mul &h¢ dpplipation idiaved dnhig: folléwiapbermtongul phoxi de of the fornul a
(1-2). bl)Direct i mnation of the nitrophenyl-sul phoxi de of the
formula (1-2) to give a trifluoroacetate- protected

ni t r opReRykiksul phoxi r ni ne of the formula (1-3). F F

V‘02012/0 841 /EP201 /06 5 | m nation of th

1 1 oA LT SR e S PP B Sk S50 TG @ g or branched alkyl
ni t r op reelivyl, siwhilap faixampie, aohetbestiydrpiapyR isoprogsd) bugdshulys BELURR, tert-butyl,

i nsertion 1of t he % (}ﬁ{‘ﬁﬁ lye, group to give a trifluoroacetateprotect ed
ni t r opREM STIPEhSA AN RL the formula (1-3). F F c)Reduction of the
conpound of the formula (1-3) to give a conmpound of the fornmula (I-4)

F FF F; C 51-135# i-4) d) Functionalization of the 4-position of
2, 4- di chfEr5% dopyrim dine by reaction with a nono-protected diol
of t he Af@r@rdyaloglkylaingtiniobe udeastqadat el dreg;dlbpmyﬁl dapyRyr byiigdkme, of

the for ohex;Sl orgcycﬁ)heptyl ring. ,44.0PG HO .ic CRR3

Compounds of the general formula (I), in particular also the compound A and processes for their

preparation are disclosed in W02010/046035A1, the disclosure of which forms the closest prior art.

The process according to WO2010/046035A1 is a 10-stage convergent process with an overall yield

for the longest sequence of ca. 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).
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by) Direct imination of the nitrophenyl-sulphoxide of the formula (I-2) to give a trifluoroacetate-

protected nitrophenyl-sulphoximine of the formula (I-3).
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f) Coupling of the conpounds of the fornula (1-7) and (| toogigil/(\j/ﬁéigs

doubly protected anilirtopyrimdine of the formula (1-8). C eaving
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c) Reduction of the compound of the formula (I-3) to give a compound of the formula (I-4)

o {I-3) (I-4)
d) Functionalization of the 4-position of 2,4-dichloro-5-iodopyrimidine by reaction with a mono-

protected diol of the formula (I-5) to form a protected hydroxyalkoxypyrimidine of the formula (I-

6).
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(1-9)(1) where in W2010/046035A1 RIis a nethyl, ethyl, propyl or

I sopr oy 285444311 and R2 and R3i ndependently of one anot he

hydrogen, a methyl or ethyl group, and Rdis a Cl-CB-aIkylﬁgﬁ@g%ngPa%%;
C3-Cr7-cycloallcyl ring. The diastereonmers of the formula | were
separated by neans of preparative chromat ography. The experi nent al
detailg are gjiven . in W2010/046035A1, For, the conpound A, in
102010P04 5038 PPEhﬁ EOPRAPPGVGE Y g E7bed (hé} e ettegdowlerrotesied t he

i ndi vi dualanBiyiosy@adisc stepSimmdts @grati on of the intermedi ates

1- eyel opr opyl sul phany1-4-nitrobenzene (1-1-A) Cycl opropanethiol in
THF/ di et hyl ether was adm xed in portions with sodium hydride a
stirred at roomtenperature. 1-Fl uoro-#-npitrobenzene was then ad

in portions. The m xture was stirred fo hours at 40C. AR g¥

cooling, tfe mxture was added to,wgtey and extracted wih lmpze
(3x). The nbi ned organi ¢ phases WereNconcentrated b ordtion
and the uer'was purified POmatggraphy (hexane gtic ester
95:5). ( - ABL%eG (BS) - 1- propanesul phi ny1- 4%i t robenzene
(1-2-A) 0 1-8y,gzl‘ propyl suln - 4-ni t r obenZene irngcetonitrile was
adm xed w iron(l11) chloride and stirred at ro t & ature.

Peri odi cfati was then added in portions. The nixt
30 m nutes angyt hen added, vvithl_gfii rring, to a cool
sodi um t hi osul phate sol uti on. traction was carri ut with H8tic
ester (2x). The conbi ned organi c phases were dried (fNa2SM4), filtered
and concentrated by evaporation. The residue obtained was purified by

means &F CLRYBHBE hina pIrel retaurd P EtietPren puingly protegipd pxjlinapyrimmignzyI-9).
(RS) - S-cycl opropyl -S-(4-nitrophenyl)-N-(trifluoroacetyl)swd ppoxi m de
(I-3-A) FF Il _ 0 A susp jon E

(RS) - 1- cycl opr opanesul pCELH 1/4-ni trobenzene, trifluoroacetdm de,

i odobenzene di acetate akhgy magnesi um oxi de in DCM was Q@dﬁ] d, under
argon, with rhodiu Saget@te dimer and stirreeNg ﬂéqgr@ at room
tenperature. The e was filtered off with s on over Celite

and concentrat ed poration. The renaini n§ esidue was purified

g’\sf%r ed for
d, Saglgated

by neans of chrifmat ography (hexarmefarcetic est®r 2:1) (yield: 78%.
(RS)-S-(4-am n eNny1)1-S- cycl opropyl - N-(tri LI
R

r oacet ypsul phoxi m de
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h) Cleaving off of the protective group on the sulphoximine to form compounds of the formula (I).
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F F A solution of

(RS) - Swaygdioptgqapy! - S- (4-ni trophenyl)-N-(trifl uoroacetyps %’ﬁﬁi‘ 1

in ethanol and THF was adm xed with palladi um on carbon ;i;\ 3081 Bt
hydrogenated for 1 hour under atnospheric pressure at 25C. Pal |l adi um
on car bbereva®2O0EMcagRAIN and the m xture was hydrogenated for a
further;4.5 hours at ﬁ&lwheri&?press re. The mxture was filtered,
the fiftrate was ZJaT A SdRiPER W IPPIRYI EdPu#hidon carbon and fmal |y
hydr ogehatdetf f or irdiBpemilenily @Sone Bh@hdriard vy s niettlyt @ref1 @66b, and

concentsated by evaporation ield: 939. )

(2R, 3R)- 3- benzyl &?)&/a(gaéﬁéﬁ&l@ggré’%g?rla-(g’-'%cyﬁ/(f)?al}‘yl Mg sol uti on of

(2R, 3R) - but ane-2, 3-diol in THF was adm xed at roomtenperature with
pot ass';bjm.t%rt-but%] agie aqd t he m'xtHrbe was refluxed for 15 nminutes.
The m APGPEHENL Y| W oTg i e oreaala Dy BTFRQAPHRPIH G SheprloBRBh das
The m wipetigemalsietait dre @eh MOV O30 I0AMEE A1 hen stirred overni ght at room
tenperature. The m xture was diluted with acetic ester and sodi um
chl oride solution and then washed with 1 N hydrogen chloride sol ution
(1x) anek thocinpruahh an Wie20s 0ugoRen1, (ZXblowiRec M BBA Werb HioGeseivas 1y | ed
(Na2SO™4 i\@xig{tetﬁfd and concentrated by evaporation. The residue

obt ai nBY HEE FPFYIE&%by means of chromat ogr aphy (hexane/ acetic ester
1:1) (yield: 43%.

4- ((1R,2R) - 2- benzyl.oxy- | - met hyl pr opoxy) - 2- chl or o- 5-i odopyri m di ne
(1-6- /Ff}’fe Eﬁ%lﬁ?ﬁé}g@ﬁ?ﬁﬂ‘ﬂﬁ@but an-2-ol in diethyl ether were adni xed
Wit h sodidoproygiilpiéanyRd-pardbefitie at1-C W th stirring. After 10

m nutes, the ice bath was renoved and the m xture was stirred for a
further 3 mnutes at roomtenperat @ B@spensi on fornmed was
added, at OC, to a solution of 2,4 | or ov5-i odopyri m di ne. The

m xture was stirred for 4 hoursSSgt” 26C and then adm xed with dilute
sodi um chl ori de solution. The m'&ture was extracted with acetic ester
(2x). The conbi ned organi c phases were dried (Na2SO™4), filtered and
concenfyeomdpansthioliaJdiratictyl ctlitheasradminet] imngpriic@s it oddas hptide hhdedirly at

4 17 SepObRERLGIL R4 ARKOREBREL S S0k Rnaberthe o Fior Sty sy

m di ne2 pdury atAP°ClA fieAcabhg) theomixtbrd Was added to water and extracted with benzene (3x). The

| R 2R) - 2- = 1-net hyl pr -2-chl.or o-.5-i od rimdi in NWP
and Tl—ﬁf%ﬂ\/\%géa?d%qg %%8%5% W?rgﬁ%%fe Iﬁ%ge)eé&teﬁﬁpgrz\%}ﬂ ﬂldg?? ??&%"W?‘Fﬁ%ﬁ’%er (1)
i odi deghrpottagsphyrthdxhnedacktibeesneb: )t (YiéllueQmet hyl )tri net hyl sil ane. The
m xture was stirred for 5.5 hours at 80C. After cooling, the m xture
was added to dilute sodiumchloride solution and extracted with

acet i c(R%tlecyclofrogpandshiphinyivdiniteebeazaa@i-z-Aphases were dried (Na2SOH4),
filtered and concentrated by evaporati one, The resi due obtai ned was
purified by means of chromatography (hexiane/ acetic ester 4:1) (yield:

549 . S
(RS)-S-(44[4-{1(1R 2R - 2-( benzgl oxtmr opyl ] oxy}-5-(trifluorom
N

et hyDpyri m di n- 2-

yl | am no} phenyl) - S-cycl opropyl -Ni{trifluoroacetypsul phoydnm de (1-8-A)
44( 1R, 2R) - 2- benzyl oxy- 1- met hyl peroxy) -2-chloro-5-trifluoronethyl pyri
m FII ne1-aydofiBS)lsulphbdyl-4-nitrobenzene in acetonitrile was admixed with iron(fIl) chloride and stirred
am nophenyl) - S-cycl gpropyl - N-(trifl uoroacetypsul phoxi m de in

acet onfitPT R JrRadithols was thenadged dn prriiens- Bie miyareorps stinsed for 3 Gbminutes
di oxangdansh léd; waEstrahe, B DRI, @Mﬁ&ﬁs‘odiﬁﬁlﬁtﬁesmﬁéeismm]{ Rt WEE

was diluted with acetic ester and washed with saturated sodi um

hydr g it h B tEie S {4%0n hasemRiaed freaniscPhatsa mgin deind V3@ Jotersdiand,
dried {dNoehB@it)l by Eabbili @0 TROEIGRIUbERMN Ha®Bhrited BY AR LB BmardPpohy

resultjng residue was purified by means of chromatography
( hexan@FHOgRTEc s¥edrl) gl 19%el d: 5699 .



(tri fluoronethyppyrimdin-2-yl] am no }

phenyl wdz2eyekapr opyl - N-(trifl uoroacet ypsul phoxi m de in ebRpgplor NVass205
adm xed with palladiumon carbon (10% and hydrogenat ed under

at nospheric pressure at roomtenperature. The m xture was filtered
and co(ig@)ps-mmdom-semamomhgm«yﬂim(ﬂaaczmulph&imma(Ias-mn of the
conmpound A

( RS) -S-cyclopropyl -S-(4-{[4-{[ (1R 2R) - 2- hyd: xy-1- met hyl propyl | oxy}

(trlfluoronethyl)pyrlmdln 2-yl | am no}(@\b}é )-N-(trifluoroacetyl)sulp
hoximde in 35 m of nethanol were d W th potassium carbonate
and stirred for 1.5 hours at roomera e. The m xture was
diluted with saturated sodi unPghl-6 e solution and extracted with

acetic ester (3x). The conbi nedjorgani c phases were dried (Na2SO4),
filtered and concentrated by ev&poration. The diastereoner nixture
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Ret ent | :

st er eo%nggdsrtr%ﬂf Hrg %’9%]% ag‘l%b% QA%&.\WEE e[rhrggﬂd%(rglgtl O%ﬂt%]@ d ?%g%éﬁ%m%ﬁ‘é?r GPlitE Ard
f or mul goncentraged by rcdipatptitn TWO Rnakdi 04608548 pursfiad g michahlfehbmntography

pr oduc critical points are The majority of the
i nter rréﬂd?%e%é&g%géﬂupl leﬁl)?%f means of chromat ography. This is
expensi ve and corrpl ex on a Iarger scale. The starting material (I1-1)

fvai | aBr e PR SR RS EN Aot Bt alitte BGRE Lsca T or

the preparation of (1-2). The stereoi sonerd Fherefore have to be
separated by neans of chronatography at the}efd of the synthesis.
Since the separation only takes pl aceptytlle end of the synthesis,

the overall yield for the synthesis se‘é;)(den is drastically reduced.
In the preparation of (1-3), |argg ahoun f rhodiun(ll) acetate
dimer are used. This is expensive dJ the M hodi um has to be renoved
so that there is no contam natidn ™ the active ingredient.

lodobenzene di acetate is unsuitable for a scale-up since it is not

very apdPlutipn f (RR)-Payeerrembdrt-siteopbienyd)-N- @Hﬁuqmﬁcetmlt)suaihmemeoe pthaol and
mat er i fHF wad Remidkd @ﬁ@ﬁzﬁl‘aéﬁﬁm@)ﬁ%%& 1 gdrogdnat\éd orlt :hoar)un%&gitl %dn%)pressure

not easy to carry o saf ety reasons-si nce tox
subst aff@esC-Jiatarivg on %PW%@NP@ aggin @dfb%mxwrewe@mdpimdrfym foxhdrani ne

(MBH)  as@okts %md@ﬁer@ﬁés%@ I'fhe %xt\(llje \és f\gel b8 1R lvgscatgﬁi\ﬂ%dr%l g ith

doubl e al kyl ation al so occurs. here ore
palladium on carbon and finally hydrogenated for 45 mmutes The mixture was ﬁltered and

concentrated by evaporation (yield: 93%).

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

L

A solution of (2R,3R)-butane-2,3-diol in THF was admixed at room temperature with potassium

5
e
e
o

tert-butylate and the mixture was refluxed for 15 minutes. The mixture was cooled to ca. 50°C and
admixed with benzyl bromide. The mixture was refluxed for 3 hours, then stirred overnight at room
temperature. The mixture was diluted with acetic ester and sodium chloride solution and then washed
with 1 N hydrogen chloride solution (1x) and sodium chioride solution (2x). The organic phase was
dried (Na,SQ,), filtered and concentrated by evaporation. The residue obtained was purified by means

of chromatography (hexane/acetic ester 1:1) (yield: 43%).
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The sequence (1-6) to (1-7) is not convergent since the
triflugy®smblydsigroup is not already entrained in the pyrjpdi

bui I di ng block.lghe yi el ds of both steps is poor. Since thgbﬂbﬂﬁhmmngs
conversions proceed with the formation of many secondary conponents,
it is aqdiRirNRblityIoRE eSs@ipprlopoRLdhldRbl-i6dbpPRBidas @Rby) which is
conplex. Internediate (1-8) 1s produced as an oil mhlch can only be
cl eaned by neans of chromatography. On an industrial scale, the oi
can only be handled with diffdculty and the storage stability is poor
conpared to a solid. In stag (1 9), the diastereoners are separated
by preparative nethods. ThN very conplex gnthexpensi ve. NMoreover,
much of the overall yield il | ot srnce the ‘ ation is only
carried out in the last syn pects have to be
rewor ked and/ or optimzed in|the course of expandlng the synthesis to
a multi-g or kg scale. It wad t her ef orfe an obj ect of the present

|nvent rovi d cess_for. the inhibitors of th
gener a zwﬁ)%ﬁ%{uflﬁy Y aﬁ%‘g 1 Fighy they B’F’rec"glﬁ"&c‘é?(ﬂh 2O iuim e @é@“ﬁ’@‘é at 0°C
have t ithafioing Metet | ©medhicd] thady Bk agesmoled 428 Qﬁ:%iﬁtuﬁ:tv@i@ StRQIGRY LuRFert O

the inyention in the ati on of conpound t he general formul a
Y e S R ol e B i G0 v B, A fogicion of

characnekhdmﬂobymM@ﬁmﬁM&maﬁw&mﬁa&aﬂu%uﬁéﬁﬁﬁdE&t@ﬂ4@tQQEHQBQmﬁh§@wnh
|ntern§€|at he. pr cess ccordln%%to the invention for the
r

pr epar S{{torPagEm Btéonof‘r REUe NET Afragiest with ageliq gster @xp e aentingdzed
by at beast ponRe v(affre ﬂﬂi’tﬂ (’N@JSDQ)\{\ﬁIﬂ@echtlﬁQSncehtrﬁéd byAkAfoydiah IT88 rQhilting residue
4-nitrothio &p % resence, of potassium carbonate in

N- et h)‘?’fﬂ?ﬁ}?&% AR ERRRyoF P (%%/%F?%%‘ﬁh‘éh%/ﬂyl%ﬁb%] de of the
formula (1-1) where X is Br, d, I, 0-502-CH3 or

0-502- (4 yl phenyl | . Ckldatlve am nation of the

nitr op%’iﬂ&fﬁgtﬁ%é’%kqw RESPORY)-3-chlore $-triffugyoipethylpyrimidine (I-7-A)

trifluoroacetateprotected nitrophenyl-sul philimne of the fornula
(1-10) 1-11-10 Lc). Ckidiit:n of the trifluoroacetate-protected

ni trophenyl - sul philimne of t e formi a (1-10) to give a
trifluoroacetate-protected nitxophenyl - sul phoxi
1-3) and subsequent deprotegtiofi tozgive a
of the formula (I-11) Id epat e ©Sheav
ni tr ophenyl - sul phoxi m ne of the f8rnuLa (I-ll) with the hel p of
(+)-di-O p-tol uoyl - D-tartar%

ne of the formula (
phenyl - sul phoxi m ne

A solution 4-((IR,2R)-2-benzyloxy-1-methylpropoxy)-2-chloro-5-iodopyrimidine in NMP and THF
was admixed at room temperature with stirring with copper(l) iodide, potassium fluoride and
(trifluoromethyljtrimethylsilane. The mixture was stirred for 5.5 hours at 80°C. After cooling, the
mixture was added to dilute sodium chloride solution and extracted with acetic ester (2x). The
combined organic phases were dried (Na,SQ,), filtered and concentrated by evaporation. The residue

obtained was purified by means of chromatography (hexane/acetic ester 4:1) (yield: 549%).



where the R enantionmer of the nitrophenyl-sul phoxi mne of the formula
(1-11-Ro r5246%ay rel eased fromthe salts and the trifl “Orf@ﬁﬁlf;ﬁﬁﬁosews
protective group is inserted again to formthe R enantioner the
trifluoroacetate-protected nitrophenyl-sul phoxi m ne of the formula

(11- 3- @s)- S-(4-{QA}-{[(lmmpgﬁi%ﬁwlm)@fm&hylﬁoﬁ& &@psl(ﬁifﬁm%n@étﬁﬁjﬁdimmm-z-
nitrop % ﬁf&t}ogl m nes { formul a ive

triflu at TP GY LR R ?%'t}" H?)“’é‘iﬂ“ﬂ}?ﬁ')?f]ﬁ’? (Bf“the forml a
(1-4-12) with an iron-doped pall adi um cat al yst If). Preparation of
(2R, 3R) - 3-(benzyl oxy) butan-2-ol (I1-5-A) F Fa t wo- st age process via
(4R 5R) -4, 5-di net hyl- 2- phenyl - 1, 3- di gx 9 e (1-12-A), where the first
stage is carried out wth pyri di ni umyg+t 6f uenesul phonate in tol uene

and then a diisobutylal um niumh e uction takes place in

t ol uene, l.g). Coupling of ( ) with
2,4-dichloro-5-trifluoronethylpyrimdine to give 4-{[(2R 3R)-3-
(benzyl oxy) but an- 2-yl ] oxy} - 2- ro-;5-(t ri f romet hyl ) pyri m di ne
(1-7-A) with Li bases in ethekg ) h). Preparation of

benzenesul phonic acid salts of doubdl y pr ot ected anilino-pyrimdines
of the fornmula (1-8-R BSA) byr zenesul phoni ¢ aci d-cat al ysed
coupling of (1-7-A) and (I-4- R’ CF3 I-8-R-BSA l.i). Oeaving off
of the protective groups in benzenesulphonic acid salts of doubly

rotec I|n s of the formula (I-
IElydr og%ﬁ(g{@% ZVGC 06‘&1 F’HﬁFﬁPﬁ"B‘ﬁ‘y CEPOSr %H‘ﬂéaﬁ(‘)ﬂ’ﬁﬁli‘y]ém@%%hsrﬂ'
net hanmomdylﬁsagcmyogyn ela(&lﬁmmoawymu@ﬁ@mﬁib WNceRARNN LR AbRixEBRARRAN

to give t h nul a CF3
9 lutm%?hj dd rogen chlorlcﬁa in 81roxane an st ed for 5 hours at 80°C. After cooling, the mixture

was diluted with acetic ester and washed with saturated sodium hydrogen carbonate solution and
saturated sodium chloride solution, dried (Na,SO4), filtered and concentrated by evaporation. The

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

(RS)-S-cyclopropyl-S-(4-{[4-{[(1R,2R)-2-hydroxy-1-methylpropyl]oxy}-5-
(trifluoromethyl)pyrimidin-2-yl]amino}phenyl)-N- (trifiluoroacetyl)sulphoximide (I-9-A)

A solution of (RS)-8-(4-{[4- {{(1R,2R)-2-(benzyloxy)-1-mecthylpropyljoxy}-5-
(trifluoromethyl)pyrimidin-2-ylJamino} phenyl)-S-cyclopropyl-N-(trifluoroacetyl)sulphoximide in
ethanol was admixed with palladium on carbon (10%) and hydrogenated under atmospheric pressure

at room temperature. The mixture was filtered and concentrated by evaporation (vield: 79%).



WO 2012/ 038411PCT/ EP2011/ 066295 Preparati on steps of the "north hal f"
of thevwapsnouids; according to formula (1) |.a) Preparati

ni t rophenyl - sul phides of the formula (1-1) One subject naoﬁg{rmofw%ﬁéws
invention relates to the allcylation step of 4-nitrophenol. The
starti Bgelj?fﬁét&ihioakhe(dom}g))uﬂm pr epar ed in accor dance with W201

0/ 0460 py! The latter is not commercially
avail a Qjﬁ‘f‘?’c OBF‘)@ 1‘%’%&%’[‘{@1{% g &81%?’ ae WWQB’% o-an allcyl ation
of comuEfcirakbtitylRwainidabbel) émmb }ﬁh@ﬁ}lmLN%ﬁﬁ&badMyﬁ)Ehlﬁ{oKﬁﬁhéé inng n%gﬁﬂféﬁlanol

(X-R4) in the re ence. of aux wherexls Br

0- 502- FFFdErxep ¥ fofe%%‘f ffﬁé'ﬁﬁ Tiows abjaem dermpesanish i pixture
car bonakedilupall itiSdatibat &3 HOMThBried sob A6 hﬂﬂ'@xﬁ‘r@d’t&ﬂﬂlﬂ{ Ketid¥sRF B5RhY combined
pot assi um.car bonat e. %L%g g@ﬁ ol vents are N, N-di net hyl f or manm de,

N- et h{IERYF Posesdt Wofried (HpasEnfiter “Bﬁ%%ﬁ@tedlﬁyﬂmﬂ?@t“ﬁ?l acet am de,
preferably N-methyl pyrrolidinone. Fig. | Further subjects of the
i nvent |T€n relate to the oxidative am nation of nit rophenyl sul phi des
of t he TFOPRUFECRC] Myt rag peparaiep ity  PBACEIeAEUP BY BERBa! proparative HPLC
ni t r opltemtin- sul phi | i rmﬂﬁﬁpagﬁAtSEQS(ﬁ eBoa (1-10) (Fig. 2) and the
subsequrphts:0xi dat i on Hexané/ttha@phepy! - sul phoxi m nes of the fornul a
(I-11) Flo: g. 3). |.Db)4dwepakati on of the trifluoroacetate-protected
ni t r opbenytbr: sul phi | i minessaf, the formula (I-10) 1-1 Fig. 2 State
of theTamperdtae: t he prepahddmpeRueé sul philim nes The aimwas a direct
am nat Re@ant@h stk phi deso.8a3ginve; stddd@isbnkd 1 uor oacet at e- prot ect ed

sul philirnines, that p}i@l@gnﬁ@@ﬂfdoﬁoﬁdé-@qc&ﬁﬁoﬁﬁqgar ative purposes,
u3| ng sinple starting nmaterials such as e.qg.

1 fluoroacetam de ( Carreira et a

Tooo. Fhis PGETE 0T YESerpyg of e Koo DRrHaEE 81 QR OATEAT imeiglofes
trifl u@pﬁa@@bﬂp@c&eot ected sulphilirnines with the help of a
lithiated TFA-hydroxyl am ne, but this has to be prepared beforehand
in tw stages and is not comercially available. This reaction takes
pI ace ﬂ?ﬂ@ﬁibdteﬁmaﬁe&lﬁty%y wi th stoichionmetric anpbunts of a nitride-M

npl ex &{)—ie X Acta 2002, 3773-3783). Bolmet al. reports,
(Tet r ahedroR JE’éEYtOS iBsemeiatenare Purilifd O areanseaf srompiegraply; Rais issrpepive and
sul phi de&m}ﬁem&ﬂm@hlescam Ni t r ophenyl sul phonani de (nosyl ani de,
Nos- NH2) di ace odo benze e (Ph1(0Ac)2) are proposed, and
nosyl - prg %? ’Eﬁ’%‘ﬁP‘E?ﬁ@'/ ﬁ‘i"'ﬁ@&ep%.rf:‘é %‘Bfé‘il‘?i’é%?yé?‘thg?der whicky ¢ nplrorpgrgially
However , ataliggeindaneihé@ns are not very suitable for a scal e-up since
t he p-ni r ophenyl sul phonam de pr ctive group can only be renoved
wi th i f e Sxdrio 15) H‘F‘&B%WMF%%@B@W%%@%@ (i Theosifreoisomars|therefore

avai | abl Rave o beepRatadBiRés oﬁiht&n@d%g@apﬂ% hidhZédads ﬁﬁ%ﬁ{tﬁesis sikd2ehd RAKhHERN
accordin toth i nv ntldn(gtas in %95 are, inter

ali
N- br oS tTE FFTRIERS & heSuRifcaih By BB DRHAET the symthesi sequence is
1, 3- di br gia®icblbreghice®t hyl hydant oi n, N-chl orosucci ni m de and
trichlor 1\4anur| c.acid in the presence. of_ the bases caesium

car bonat & e pyeracation of fle?‘r)’tlargﬁﬁ??%sé’f rhodiym(ih gostete-dyperyiredised. Thigiscwrpensive
sodi um hmrtﬁé(ﬂhdﬁuﬁ%h%lb@ RerncS /@l 4t RS- 118 RO b St Bnins R it ik %tﬂ%@!}%}eakﬁt

sodi um h%gl’l de }g I-% in the solvents nethanal, dichloronethane,

t et r ahy dR8PRFPEHP WREEHIS 1S BBKIERIF for @ Serle-uroabtos i 1§ Pt Ve iiale in large amounts and
t et r ahy dit @f dfoddntig) B );Slvfgﬁﬂaﬁggpm trile, methyl tert-butyl ether,

1, 4-di oxahe, chl orobenzene. preferred. oxidizing agent is
1, 3-di br iﬁ*ﬁﬁ ligrngtivg ageaship) (H%‘éﬁ Qo%) ANd [Br28Y &y ok epsy &) GPEH PRidaRsatety reasons since

conbi nat oRRSN@ESIdsHE st BEdhARSoda el o bih &1t AARRIIHPABIR
1, 4- di oxane/ sodi Em hydride, dichl oronethane/ potassiumtert- butyI at e,

acet oni t Py aEBEEhm hydride, tetrahydrofuran/sodium hydride or nethyl
t ert - but yhe hinesid SQOE Wi Ed&8ve since double alkylation also oceurs. The yield is therefore

only 43%.



The desired reaction proceeds to conpletion at just 20C within a few

hours gﬁ ding a catal yst. Conpared to the routes Kﬁ from
t he Irtera %@éﬁ he novel oxidative ani mation, as shown i é%§%30159mﬂ95

gives'rise to the follow ng advantages: it is possible to dispense

Wi th thetaxg gﬁb’ibé’ﬁ @rbdan%%reoﬁrérgenﬁgﬁme% tggumﬁaﬁﬂg@g ot already

(di acet oxyi odo) benzene and al so W't It1on sal t's;
barel y apiraingfl sHbs pxsemidige bejidinecdbloghdlhetvécldseod beth siapsis ma&imemhmmvmlm

condi ti OBI%G&H vdul}ﬁﬂe f%%tl‘dﬁ b Gars QPIRELY @AIJI Bk l%ﬁﬁﬁﬁ y ng%%&vmo%% out

and reagents; the trifluoroacetate gro can
easily (ehemﬁpeeeeswhﬁheamm@h&te in nethanol) and is therefore of

hi gh pr eﬁﬁ‘érﬂltséhyt% (IV @l i86roduckd ad A o WhiAhY ofll b & @&]M}If m Bpéhg(%?at hg'e
Vol SL,

fornula ép can be ani nated oxi I ve accor

1) rndvrrtrlrllswé? duedcan enlpbohasdiedyits dif@cwﬂtrf and the sonaafnstdllllsm ispor
prepared dibatddits s Wag. Table 1 shows Either sul philimnes accessible
usi ng thfgﬂgiocegs step. 0 Br-- "INN-Br CFs Ra"S'''Rb Substance
Sul phi ti i fheee A-B) dre diagfejeomeyemre s¢pa@i¢d by @lepragve methods. This is very complex and

expensive. Moreover, much of the overall yield is lost since the separation is only carried out in the

last synthesis stage.

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

multi-g or kg scale.

It was therefore an object of the present invention to provide a process for the pan-CDK. inhibitors of
the general formula (I), in particular for compound A, which does not have the aforementioned

disadvantages.

L Process steps according to the invention 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 the preparation of compounds of the general formula (¥) is

characterized by at least one of the following steps:

La). Alkylation of 4-nitrothiophenol in the presence of potassium carbonate in N-methyl-

pyrrolidinone (NMP) to give a nitrophenyl-sulphide of the formula (I-1)

X

SH ~ = d
R 3\4
R
c
O,N O.N

2 2 1-1

where X is Br, Cl, I, 0-SO,-CHj; or O-SO,-(4-methylphenyl)

10



N.
S

"CF, -,-.i"CH, ii 88% O :1 ;crH3 11 MeO' 80% 4 O NA CF CF, 40
CH o Mthaeit N - CF TCH2 74%6 PCT/EP2011/066295

Lb). Oxidative amination of the nitrophenyl-sulphide of the formula (I-1) to give a trifluoroacetate-

protected nitrophenyl-sulphilimine of the formula (I-10)

9]
Oxidizing agent / NJJ\CF3
S 4 Base I
R —_— S\t
R
O,N
O,N

-1 110

Lc). Oxidation of the trifluoroacetate-protected nitrophenyl-sulphilimine of the formula (I-10) to
give a trifluoroacetate-protected nitrophenyl-sulphokimine of the formula ( I-3) and subsequent

deprotection to give a nitrophenyl-sulphoximine of the formula (I-11)

1 - ]
N CF, NJJ\CF o NH
I ol : \V4
\R4 2n \S\ 4 S\ 4
- : /©/ ) - /©/ )
O,N O,N
1-10 O,N 2
? -3 111

Ld). Racemate cleavage of a nitrophenyl-sulphoximine of the formula (1-11) with the help of
(H)-di-O-p-toluoyl-D-tartaric acid

O. NH g ON
‘s’\ 1-11-R-D-Tol-Tart
g —
O,N l
I-11 (rac.)
CF,
g 0. ,NH
O\\ ’/N \\Sll 4
S., [ j’ “R
/@/ R? O
D
O.N
O,N 2
i-3-R -11-R

where the R enantiomer of the nitrophenyl-sulphoximine of the formula (E-11-R) is then
released from the salts and the trifluoroacetate protective group is inserted again to form the R

enantiomer of the trifluoroacetate-protected nitrophenyl-sulphoximine of the formula (I-3-R),

11



O NCF, CH 10 71% . I.c)Preparation of nitrophenyl-sul phoxi m nes

of thew@si¥oR4ild -11) The oxidation of the trifluoroaceta

ni trophenyl - sul ]hI limne (1-10) to give the nitrophenyl su#gﬁg?(%btl%g&%
(1-11) pref erabl y takes place with potassi um peroxononosul phat e

( Oxonegy). asy@stdhhiddong 1R acetate-pfokdied RitrbPRendiEsi dih@ﬂm@i&b gahl RPmPh PL8egS
particularly rapidly in the basi¢ pH range. hese condi tions,

the trifl uE?raé‘éf'é@@‘é@%“@?@[?ﬁ“?“éedrﬂné’é@éﬂlpmmﬁﬁs Qflﬁ‘@ Toma @4l Wlﬁ%ﬂf@g
t hat the d@@fe@bﬂﬁﬁiuﬁ{baﬁﬂ)@p whi ch optionally follows can be carried
out as a one-pot reaction. The reaction is particularly preferably
carried out in a nmethanol/water m xture and tetranethyl enesul phone
(sul phol ane) is added as s Fabi lity pronoter. The potassium

per oxononosul phat eO( OxN is added in porti ons and the pHis CF,
adjusted to pH

Q af ser £ dosing step. |.d)Racemate re@QI ,yN of
ni t rophenyl - S|m®s of the fornula (I 11). A furtker Subj e

matter of the[present invention relates to'the racem Esol R on of
nltropher@jl | pRe%i m nes of the fornula (1-11). The at e

resol ution’is based pgR he foll owing st ep: Fi g. gNSurprlang y, it
has been found, for exanple for the nitrophenyl-sul phoximnne of the
formula (1-11- A) that, using (+)-di-Op-toluoyl-D-tartaric acid, a
ratio pf,. tP@paﬁtﬁﬁtdfpmm) p@be&%lo'iy)bﬂtaﬁh%1 qtstﬁs Al thz alage hiscRbLidl ned.

Sol vents whi ch can used are acetonitril r0|on|tr|Ie or

t ol uene. #&%é‘%@m&wlgw%w%b%&@é%?ﬁ @TIP‘IAé %lFerff)ﬁh@)ﬁTSbﬁftaerﬁ gagriedToye with

crystal | i Zggdaiud bS8 s I5HINAE in tHh 88 -A8 8Rn laHﬁé&bﬁt?ﬁlnﬁﬁlﬁ%'h?&rid@@eductmn
process by cleaving off the trifluoroacetate protective group in

(1-3) wthtabﬁ’t%Eiq}muE%ﬁ bonate in methanol, and reacting the crude
ni trophenyl - sul phoxi mne (1-11) wth the
(+)-di -0 p-tol uoyl - Dtaétarllc acid to give (1-11-R-D-Tol Tart.).

Lg). Coupling of (I-5-A) with 2,4-dichloro-5-trifinoromethylpyrimidine to give 4-{[(2R,3R)-3-
(benzyloxy)butan-2-ylJoxy}-2-chloro-5-(trifluoromethyl)pyrimidine (I-7-A) with Li bases in

ethereal solvents
cl Li base Cl
: \/@ )\ ethereal )\
HO/\;/O +  NTSN solvent NTSN L \/@

I'S'A I"‘T A
2,4-Dichloro-5-trifluoromethylpyrimidine )



Fig. 5 The toluoyl-D-tartaric acid is renoved fromthe salt by basic
extrac he optically active nitrophenyl -sul phoxi m ne of the
forrrulgJ %1%[113%1%‘) can be protected in the one-pot proces8-IF¥}f11/066295
trifluoroacetic anhydride in the presence of triethylanm ne to give
(I1-3-R). 1-11-R-D-Tol-Tart Fig. 6 Le) Hydrogenation of

trifluproa r he fo | a
R i s e e e e e Al

t he formnul @n(aqlaﬂl &B)B%)fh:frb@w@nesslub?mamdﬁmtﬁlﬁﬁd o:fuphrtm)ﬂ(hve:)hmd)(ﬁ-z;-R)
relates to the hydrogenation of trifluoroacetate-protected

ni t rophenyl - sul phoxi mnes (1-3-12) to give trifluoroacetate-protected
ani | i no-sul phoximnels of the fornula (1-4-R) in the presence of an

i ron-doped pal | adi upn catal yst. The reduction of ti@; Nt£ o group in

t he compound (I-3N1IyNinto the cor# ond| ng an &J -11) takes

pl ace efficiently |by/ hyér ogsnatl zed | adi um

catal ysts. Preferenge |s/g|\y/ on- dopﬁ$‘ adi um cat al ysts on
o]

carbon. Sol vents gh can be used are net |, ethanol,

i sopropanol, tetrahydrofuran or acetic acid. Pr eference is given to
met hanol. CF3 0,,, pNACF3 S.,4 0,i RPd/Fe, H2R4R S : 0 RI1-3-R-4-R
Fig. 7 WD 2012/038411PCT/ EP2011/ 066295 Preparati on steps of the
"south half' of conpounds of the fornmula (1) ‘\1) Feparati on of

(R R) -di et hyl di oxol ane (I1-12-A) and (R R)- tanediol (I1-5-A) A
further subject matter of the present inv to the.
preparation of (4R'5 i methyl-2- p
and (2R 3R)- 3- (benzy%?zﬁaﬁ“ qu'Ca doI (1M

conpounds of the formula (1). NJ§N
| § \/O

CF, :

I-8-R-BSA

Li). Cleaving off of the protective groups in benzenesulphonic acid salts of doubly protected anilino-
pyrimidines of 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)
N r— R
\\ "/ % CF

S0O,H 3
R o | o\\ ,/N%
S.,_40
; T
)§ > HN

-8-R-BSA fe} — —

{1}
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According to W201 0/ 046035A1, the commercially avail able

(R R)- - -diol is converted using benzyl chloride in one stage
to the%?\@g@%ﬁ% ated (1-5-A). Since, as is expected, t heP CHEVERLDoH5
does not proceed selectively to give the nono conpound, the reaction
m Xt Ur - 038addd shps Bk kh&ifa Ritr ! . the yields
are thef‘g?o?e < (S)% As an a%it er %ﬁové?ﬁg&stgm%@gfﬁgga%@%eI)s has been
presented (Bioorg. Med. Chem Lett. 2006, 16, 186-190). 00

| - 12- AlLapb- Rrépiagatiod oDaitraphibyydgilphided @rthoforinil (i-myvention is the
clarification of the experinental conditions for a conplete
conversion, and also a sinple isolation and purification which are

sui t abloge bifjecBRattdR dPSL fvaltion & D68 FEO4rat
(4R, 5R)r-3,Lg’§_e§i et hy 1o - pheny| -f‘?sé?g?%%%_ﬁﬁe  ofaggehenol, i ned in a
sui t ablla ffinematsial (e hictds e phsd Recersiapdewidh M2 1/04698340 frem dycdepropyl

excess sQnhif RndRherhttd e&ml%eéraﬁ} Q«Jaﬂm? &ﬁ&g@éﬁ}ﬁ@ﬂ?@e Herd?¥h b L4 D

p-tol uenesul phonate in toluene as sol vent. reaction was conplete
at 50CAwleterrigommerginly avpilable dmitroetionhersl with elildtitsngdits €-Rlaul thofpfesence
contin H%iﬁiu)(ili@xty braﬁigﬁﬁ&g XAk B %‘1‘,&%-8@-(&*} Gr é%zﬁg-n%fhy};}ﬂgné%q%{&ﬁ% bases are
wor k-up, the excess diol was renoved by extraction.” "The renal ni ng

t ol uenFph ot dRssiug carbenateas chspivpreartivaats ivfereile netassiuaperbofge. t he
subseqygitble SAEGE he N Mdiherti foRRbY Nah il ip] ' - -5
M sol utjon of diisobdtyl Hhblifof um&yﬁ,\h}?ﬁ’ HIBIHTUEL Uideah Phafiodine A0 e
55- 60CAinEdylacetamigermelogbly Sompthvirgttlidinate decahydrate was netered in
and the solvent was distilled off after filtration. This gave the
conpound (1-5-A) in good purities.and yields. The product can be used
in the subsequent stage without further purification. |.Q)
Preparation of 4-{[(2R, 3R)-3-(benzyl oxy) but an-2-yl | oxy}-2-chl oro-5-
(trifluoronethyppyrimgds

rimdi-fe (|- %% NMe nucl eophil i c_pongsubstitution
of a chlorine ato ive -corrercialy-—awai | abl (}m40r0-5-

trifluoronethylpy ne preferably proceeds in_the 2-position N C
CF3 2, %-‘ DiIchI or 8- 54ri fl uor onet hyl pyri m dine CP\N -1
ig.

Further subjects of the invention relate to the oxidative amination of nitrophenyl-sulphides of the
formula (I-1) to give trifluoroacetate-protected nitrophenyl-sulphilimines of the formula (I-10) (Fig. 2)

and the subsequent oxidation to nitrophenyl-sulphoximines of the formula (I-11) (Fig. 3).

Lb) Preparation of the trifluoroacetate-protected nitrophenyl-sulphilimines of the formula

(I-10)
0
Oxidizing agent / N/U\CF
S _4 Base 1 #
R — Saa4
R
O,N
O,N
-1 -10
Fig. 2

State of the art for the preparation of sulphilimines

The atm was a direct amination of sulphides to give the trifluoroacetate-protected sulphilimines, that

can be readily used for preparative purposes, using simple starting materials such as e.g.
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O00F31-7-A Fig. 91t has surprisingly been found that the

substi be steered to the desired 4-position by j

condi tm%ﬁglogﬁﬁlas been shown that Li bases in ethereal s%ﬁ%%gllg{%%s
- 30C produced good conversions and, in the best case, produced a

ratio ob MrinseRE:2id-30rRIONL, )]-Cgrréra PRl MBBLSMYos 1y ?@hds*??déga%s alke.

for: exarrpl e t et rahydrof ur an, di met hoxyet hane, i Oxane

met hy| Cewpiplyges dhrectanprarion i alged{sﬁw%cetétpmmtectqqtswplees withthe help of a

2- et hlﬁlh&a@éd“ﬁ‘%ﬁ'i@éﬁ[aﬁﬂn@ﬁut%?hé@Wﬁf!epa%tggﬂeh%ﬂﬁ kwo & £g%§ ﬁ{d%‘&ﬁ i's
given to tetrahyd uran. Bases whi ch ‘can be used are €.
hexanetPyrersly &‘?ilehie Thispeaction talch plaps eopntioseleativell with pﬁOGbWJatmc d@om‘ts ¢ ofa
Lithi U%ﬁde&\dﬁc&nﬁl@i(fmﬁetﬂ%! th@eiobﬂ'ﬁ?a%ﬁ@?f erence is given to lithium
hexanet hyl di si |l azi de. The tenperature range is -78C to +20C. The
proces §°g‘$ g3l aenens et @”eéfﬁ’”tlﬁéef’ﬁ AYSH thalorditgaiemeldlrfieg dmingticorf suiptddes and
oper at g&ssitie B—Nlﬁ&dﬂk%fb%ﬁﬁﬁ&é’(ﬁ&s la%deaﬁbéjﬁH'f)rhnB GLJC%X)%&%?%%H& ﬁémgc%@c%)

and produces the desired isoner ow ng chromat ography

yi el ds2&Prepgsadoandeosyareptysted iselpliimiges arc glst%ledr after re%evufw 1y Ffwevtrethassr t h
and sopdyial ¥89018R sqrtﬁ@@faagc% Lo q&p@ Gkl

formul a (11 h)OPrérpar ati gn of él(r%l ml noeS ri 4 I'ne lgﬁu gg%técﬂvei;roup
(1-8- R‘@Sﬁ%y bRHEMPVRS VB KGR wy @t Ekiaestoryio ‘1?)12@9@ not cmezglalhrr@a@bupned
to gi VarddanBufis. This reaction is acid-nediated. Suitable acids are,
for exanple, hydrochloric acid, p-toluenesul phonic acid,

benzenesul phoni ¢ aci d, nethanesul phonic acid. Preference is given to
benzeng&%mmlﬁngaé\g’eﬂs 1n tMQeg(QﬁI)gé&%%th) N 111-::P 2ihh ks %Gﬁg%rér heef {1

bases (1-8-12) are usually oils, which nmakes purification and &

st or ag&-MPResuEEnplidee ndivg. sodiwmbypebramgiis | 3rcilbfh%il9 -Sfedimethplhydintofat when
usi Ng REMEOKSGARNRMNE RGIothoydnife S&ESMld

salts (1-8-12-BSA) crlysta0 |C%e O?.I of tt }g&fg%c%t%lﬁ%%%%%@g%%aﬁﬁl Salts
(1 - 8- RvBssiuntlar-bpylain, padiumgrithytviats, aquepys seditindwdnide splwion, sodium methanolate,
St or a0GsdhlrAbhshotate. SrdRPRAL BNarhh M LANARIYBIY, abAbUEBESH Phon! C
acid or nethanesul phoni c acid can be use Preparation’ of the

c onpou FFedbsifolpe waigr. geAtenitrile) aceionitiie/ waigs tetrapysirafieap §TH heropipwitride meﬂefl

gr oups tAiRit bEaY d-@fxbnd EliGrobehtdne. Fi 9. 11 The hydrogenation at

at nospheri ¢ pressure takes place with palladi um carbon and hydrogen
in nmethanol within a few hours to give the internediate of the

formul & felreReddxBPAg agediN1 me%rﬁgaghj‘%lhﬁetﬁflh%\gﬁoﬁlor mul a (1-9-R-BSA) can
be further reacted directl’y to give the ‘end stage. The cleaving of f

of the group can be conpleted with potassi um carbonate and the
cryst ab}e!ﬁ%ég b&l{?en%aste b&nlﬁﬁ'ﬂlo% ﬁgﬁlekéﬁﬁﬁatﬁhﬂ&%tohﬁr@%&bﬂ}ﬁ carbonate, 1,4-
acet at e/ n- hept ane. . Internmedi ates Further subjects of the” present
i nvent figxangsedivg éY‘frlﬂei Gl ergmpthanspaiesiiuan g-butylate, acetonitrile/sodium h}’drlde

tetrahydrofuran/sodium hydride or methyl tert-butyl ether/sodium hydride.

The desired reaction proceeds to completion at just 20°C within a few hours without adding a catalyst.

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

gives rise to the following advantages:

¢  itis possible to dispense with the expensive and potentially explosion-hazardous

(diacetoxyiodo)benzene and also with the addition of metal salts;

¢  barely any sulphoxide is formed and the reaction proceeds under mild conditions at just 20°C

using commercially available building blocks and reagents;

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

and is therefore of high preparative value.
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[1. a) Trifluoroacetate-protected nitrophenyl-sul philimnes of the

f I t I [-10-A 1. b

R, et b forra (1’ 1o parteEBgps
(1-11-A) and (1-11-A-R -11-R 1-11-A 11. ¢) (R -enantiomers of
t f | 1 ce o
(lr._S %gr%ggg?ﬁogg&ggaﬂmp ey bony ggghgwe&r&_%gti&iﬁ{n@@o({)@#w% giding

t he ni %q%qpﬁégﬁuﬁbw@ﬂimaﬁﬂmr%ﬁcteﬂ [selphibmings ean(also bd piRpared infthis way.
(+)-di-Op-toluoyl-D-tartaric acid, in particular

(1-11-A-R-D-Tol-Tart.) 1-11- R-[_}Tol_-Ta_rt | -11-A-R-D-Tol -Tart 1|.e)
Ani | i ndpRie | photyis Aerghepsulphilaninesragerssble psigs thisESAss siep. parti cul ar
(1-8-A- R BSA) CF3 |-8-R BSA o
Br—. )J\ ~Br
N N
O
) ~CH
o cH, ° NJLCF
a/S\ b 1l
R R > RH/S\. b
NaH, CF,CONH, R
THF, 20°C
|
Substance Sulplulimine Yield
o
N7 CF,
1 e B 81%
o.N 7
2
N,
2 | - 1S CH. 88%
H,C '
o
. N e, o
’ E—’;:‘"'-_{.f.‘-s-CHs 80%
MeQ
o
rlleJLcF3
4 S. 73%
e
o}
5)
i NTeE,
5 S 4%,
o PN 74%
)
0
NJLCFZ
6 ES‘CH3 1%

Tab. )
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where R4 is in each case a Cl-05-al kyl group or a C3-C7-cycl oal kyl
ring. ration of the conpound A Preparation of

hal f' (‘),%(s cﬁé#g%gﬁg Al-A a) Preparation of lt"gﬁE ﬂ)?%&zsvs
cycl opropyl - ni trophenyl -sul phide (1-1-A) In the first step of the
reacti pg Seppnsifon of nitioblicliniugRbanles bsmalkyliated)w th _
bronocycl opropane in the presence of potaSS|un1carbonate The desired
reaction proceeds in N-nethylpyrrolidinone (NWP) within 8-10 h at a
pr ef er TRGoL@NBL b BheH BluShack rotected hiftophtRyl % ?hﬂﬁ]ﬂle"ﬁ 160 vae e ni]tfd%)wn 1-
was carried out by metering the reaction mxture on to I Ce- er, and
the cr ﬂd@loémyfﬁ @11} prafeenblydaker ploteavidobaissim aenguapnpeniplate (Gkomeypziscal ly
89-93 g %@ dh a yield of 82-87% 1-Ab) Preparation of the
trlfluoroacet te-protected cycl opropyl -nitrophenyl -sul philimne
(1-10-A) Fig. 13 In the second step, an oxidative am nation to give
the trifluoroacetafe-protected cycl opropyl nitrophenyl -sul philimne
(I-1 0-A) takes pljface. In a broad[screening, tkhe conversion of the
cycl opropyl -nitr Qy! - sul phide (I-1-A) intolMhe

trifluor oacet at eH pr ot éct ed wyre? opr| opyl - heny - ul phi l'i m ne _O\\//NH
(I-10-A t4 gat ed. §UItaL‘)I_ in the r egs E\R
accor di ng e invention as in FKig. i ni mp

1, 3-di g - di nmet hyl hydant oi n |i ; t he basg

D
potaSS|ﬂn1tert-!1butylate sodi um .
di chl or onet hane, tetrahydrofuran gr acetonitrile. The desired =11
reaction proceeds in a tenperature w ndow from 0-50C, with 20C bei ng
pref er Fed3 The oxi di zing agents tested were
1, 3-di brono- 5, 5-di et hyl hydant oi n, N-chl or osucci ni m de and
trichlorocyanuric acid in the presence of the bases potassium
telrt bmhq/deait-ed oxiaftaﬁd)mprb&edlstpahmhlﬁﬂﬁtamdl)&ﬁlﬂl&maSlc §Hdzirigmlﬁm€1[]tﬁé§%d%1d1t1ons tlF]e
sol uti um net hanol.at sodi um ride.in the
ol ventIrpRRRTh O BT s it e as PtRy o S piRiie s e which
acet onditiondlly, fokkeet canbé carﬂc&i/ommsefqneipetrreahyﬁir of ur an pr opi on| trile,

et hy| ’l“ltleerreg.c’ugrllJ }s)f)amcular?y pregra yabg?ried%gtl 1821%1% ano Water rmxture lan -Al-10-A

tetramethylenesulphone (sulpholane) is added as solubility promoter. The potassium
peroxomonosulphate (Oxone®) 1s added in portions and the pH is adjusted to pH 10 after each dosing

step.

Ld)  Racemate resolution of nitrophenyl-sulphoximines of the formula (I-11).

A further subject matter of the present invention relates to the racemate resolution of nitrophenyi-

sulphoximines of the formula (F-11).

The racemate resolution is based on the following step:
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Fig. 14 In the course of the reaction, the sodium hydride in

tetrah was i ntroduced as initial charge and

cycl opyr“eﬁp)f/ul(lh/ﬁl t%lophenyl sul phide (1-1-A) was added dropwi E%T/EP%O%UO“MS
trifluoroacetam de. Wth cooling, a solution of

1, 3-di brono- 5, 5-di net hyl hydantoi n i trahydrofuran was netered in
and the m xture was stirred at roo0 epapure. Work-up is by
reductive (sodiumsul phite) neans, ‘srd cKystiallization from

di i sopropyl ether/n-heptane was per f or me®. hi% gave the product (I-
0-A) in good yields apd @yrlties |-A.c) Pr ra?i‘b‘?fnﬂf’”a”

1- (cycl opropyl sul phonitgl doy1l) - 4-ni trob e {1- -A) The oxidation
of the trifluoroag€etsy e}pg‘ﬂotected ni trophetnyé,lmne ((1-10-A)
to give 1-(cycl og Isulphonlmdoyl) 4-ni trobe e (I-1 1-A
preferably tead#s prace with potassium peroegorrﬂgosul phate (Oxone) as

oxi di zi ng agent Fig. 15 The reactig RS carri ed out in a
nmet hanol / wat er t e and tetranet hyl g I pHane (sul phol ane) was
added as sol ubi I VC'E)rom)ter. The pot ak m per oxononosul phat e

(Oxonee) is added in portions and ¢ pH’is adjusted to pH 10 after
each dosing step. After 5 h, 99% conversion is already observed to

t he dedigéd racenic 1-(cycl opropyl sul phoni mi doyl)- 4-nitrobenzene
(I-11-A). Work-up is by agueous (sodium sul phite) neans and the
product is crystallized fromthe organi c phase (nethyl ene chloride)
after amy'risi@ln\i@ms heegdegidLfin sutnpledorshd nioophentieppboxémint eAthejonkale €vht-a)

resolu C i -4-nitro e

The.r aamy R ¢ Eab P IRV B, g O ST B¢ T gt
Sur pri ebtaigédy Soliventdraksiclhemrpe figadrack dcktetitrile, phopionitrile or toluene Preference is given to
(+)-di rtaric acid in acetonitrile, a ratio of the
enanti %c%@gﬁgfopg%b Ogiaﬁsl? 95:5 in the crystallizate is obtained. The
yields were 40-45% Alternatively to acetonitrile, it is also
possi b I i cal urlt e. fur
sttt R P e T e I R S S
cryst atriflupma¢etate mrpmiesgrcmam #) mith eqaattmdcarhrmhﬂe tﬂmthnnep ammaeung the crude

pr OCeS@uﬁffqe }1 t{;h&gm& A ilj‘%m}hr !E.ef Ra ek tﬁ Ei) %E-t%f% (fgk‘ﬁgéﬁq"o[-

(-3 AssTUm carpona reac
nitropﬂiext;)l-sul phoxi mne (I1-11-A) with (+) d| Op t ol uoyI D-tartaric
acid in acetonitrile to give (1-3l-A-D-Tart.). The optically active

ni t rophenyl - sul phoxi tnine_is rel gased by basic ext rag}i Oﬂ and t hen
protected in the one-pot Bt\odes with trifluoroaceti {]'dride in
the presence of triethyhs '%eRboOgi ve (I-3-A-R). ~17 The route
to the trifl uoroacet3 i/ ot ect ed ni~troptenyl - in1'n5(|-3-A)
described in W2Q10L6%¢ bt Hdi ng bl ock as
racemate. |-A e) drogenation to give the tT¥ifl uoroacetate-protected
ani | i no-sul phoxi mne (I-4-A-R)

I-3 (rac.} I-11 (rac.)

—
&
>
=y

©
=
(@]
o
c
(@]
()
(7))
—
=y
D
=]

Fig. 5

The toluoyl-D-tartaric acid is removed from the salt by basic extraction and the optically active
nitrophenyl-sulphoximine of the formula (I-11-R) can be protected in the one-pot process with

trifluoroacetic anhydride in the presence of triethylamine to give (-3-R).
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|-3-A-RI-4-A-R Fig. 18 Conversion of the nitro group in the conpound

(I-3- AWJ@) 5/938t4i119 correspondl ng aniline (l1-4-A-R) takes p%@griﬁl%gﬁz%

hydrogenatl on Wi th i mobilized palladium catalysts. A par
cl ean product is obtained by using iron-doped palladium catal ysts on

carbon. Methanol is preferred as solvent. The
trifluor -@ at,@- protected anilino-sul phoximne (1-4-A-R) can be
i sol ated aft’er\cr t Ilization with a yield of at | east 88% (;,:3

Preparati on of @he "south hal f' of conpo d A The constructi g

the south hal f_ ofrcpnpound A takes pl ace <4t di ng to the i vengro

as inl g) and® Couphing of || nort oat h halyes I-

Preparati on of l\plfﬁ)ﬁ-\.(\l(ZR 3R) - zyI oxy) but an- 2- -5-
(trifluoronethyl pyé]hm di n-2-yli am phienyl ) (cycl opr(ﬁaypom do | anbda
6- sul phanyl i dene 2,2-trifluor oacet am de benzenesul phonic acid
salt (1-8-A-FEBS) 1R the first step, the two building blocks (I-7-A)
and (1-4-A-R e coupled to give (1-8-A-10. This reactil8i® is

aci d-medPg¥ed.~The free base (I-8- AR an oil . Surprisingly, it

has been foundiiirmtolrhren using 1, 4- d| oxane as solvent, the resulting
benzenesul phonic acid salt (I-8- AR BSA) crystallizes fromthe
reacti h‘»’ﬁ1xture | -7-Al-4-A-RCF3 1-8-A-R-BSA Fig. 19 The
crystallization can be conpleted with n-heptane, and the desired

N-RA- { [ 4 { igé:eﬁﬁgﬁhoﬁ of %%X%%Y%M&%ﬂ%uﬁ%;]heﬁ)})'i}éulpﬁommmes of the formula

-(trifluor
phenyl ) (cy@toBi @xgywlﬂdgttan%ﬂa@gmtghmm sidpigixiRings of the fofthula(badRdt am
i dee benzenesul phonic acid salt is obtained in good yields. The salt
(1-8.A-R-BSA) is crystalline and storable and it is isolated with a

typi cal fﬂmﬂdr tybj@f meteer oBflc afveain relét@ 18 %ny&%g&ém/uﬁﬁ%%aétﬁéﬁ%%ted
onpound the | ast, two steps,

[-A1) t f t
pr ot ecfnltr\? g{’lgsﬁk’ggﬂg]ﬁwﬁ Be”aéétﬂ' ﬂb‘fe'fmf%‘ff’ir%f‘cet%‘}’mte"tedIa“%‘“%zs‘%ﬂl"mgn% oRiisA

formula (¥-4-R) in the presence of an iron-doped palladium catalyst.

The reduction of the nitro group in the compound (I-3-R) into the corresponding aniline (I-4-R) takes
place efficiently by a hydrogenation with immobilized palladium catalysts. Preference is given to iron-
doped palladium catalysts on carbon. Solvents which can be used are methanol, ethanol, isopropanol,

tetrahydrofuran or acetic acid. Preference is given to methanol.

CF,
o, N CF,
Svpt O pyren, \\S/’N «O
————— o
IO
ON HN
-3-R l-4-R

Fig. 7
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1 Met hanol K2CO3 Conpound A Fig. 20 The internedi ate |-9-A-R-BSA was

not isgl t further reacted dlrectly to give the e . The
g(?%(!ﬁ?IO%Q n%f/h&%?l/ﬂﬁ&%

cl eavin he trifluoroacetate group was conpl eted
pot assi um carbonate in nethanol and the crystallization of the end

st age aBRIch QFNE 8 thE OBuh RIS bSinpfun g&@yﬂhe?&ﬁm heptane. WO
2012/ 038411PCT/ EP2011/ 066295 7. Concordance Nane Article nane

Structure TUPAC nane MW 1-1 nitrophenyl-sul phide O NO O J- 1-A
Lf) Preparation of (R,R)-dimethyldioxolane (I-12-A) and (R,R)-benzylbutanediol (I-5-A)

A further subject matter of the present invention relates to the preparation of (4R,5R)-4,5-dimethyl-2-
phenyl-1,3-dioxolane (I-12-A) and (2R,3R)-3-(benzyloxy)butan-2-ol (I-5-A) for the “south half”’ of

' compounds of the formula (I).

According to WO2010/046035A1, the commercially available (R,R)-butane-2,3-diol is converted
using benzyl chloride in one stage to the monobenzylated (I-5-A). Since, as is expected, the
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 alternative, a two-stage process has been presented (Bioorg. Med. Chem. Letr. 2006, 16,
186-190).

z HO/\/

(2R,3R})-Butane-2,3-diol

Fig. 8

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

The intermediate (4R,5R)-4,5-dimethyl-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)-butane-2,3-diol in the
presence of pyridinium p-toluenesulphonate in toluene as solvent. The reaction was complete at 50°C

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

In the course of the aqueous work-up, the excess diol was removed by extraction. The remaining

toluenic phase can be used directly in the subsequent stage.

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

diisobutylaluminium hydride in toluene was used at 55-60°C. For the work-up, sodium sulphate
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cycl opropyl - nitrophenyl -sul phide 40 1-(cyclopropyisul phanyl)-4-
ni t r ob@ryA\L0kI0: 24 1-2 nitrophenyl - sul phoxi de . .perMNedor1/866205
-R

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 without further

purification.

Lg) Preparation of 4-{[(2R,3R)-3-(benzyloxy)butan-2-yl]oxy}-2-chloro-5-
(trifluoromethyl)pyrimidine (I-7-A)

The nucleophilic monosubstitution of a chlorine atom to give commercially available 2,4-dichloro-5-

trifluoromethylpyrimidine preferably proceeds in the 2-position

VS
: Ao %o/:\;/o

CFs CF
17-A

s z
1-5-A

2,4-Dichloro-5-trifluoromethylpyrimidine

Fig. 9

It has surprisingly been found that the substitution can be steered to the desired 4-position by varying
the conditions. It has been shown that Li bases in ethereal solvents at -30°C produced good
conversions and, in the best case, produced a ratio of 4-isomer/2-isomer of 1.2:1, Solvents which can
be used are, for example, tetrahydrofuran, 1,2-dimethoxyethane, 1,4-dioxane, methyl tert-butyl ether,
diisopropyl ether, n-dibutyl ether, 2-methyltetrahydrofuran or cyclopentyl methyl ether. Preference is
given to tetrahydrofuran. Bases which can be used are e.g. lithium hexamethyldisilazide,
n-butyllithium, lithium diisopropylamide or lithium-2,2,6,6-tetramethylpiperidine. Preference is given
to lithium hexamethyldisilazide. The temperature range is -78°C to +20°C.

The process step according to the invention was derived from this, and operates with lithium
hexamethyldisilazide in tetrahydrofuran at -30°C and produces the desired isomer (I-7-A) foliowing

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

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

formula (I)

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

The two building blocks (1-7-A) and (¥-4-R) are coupled to give (1-8-R). This reaction is acid-
mediated. Suitable acids are, for example, hydrochloric acid, p-toluenesulphonic acid,

benzenesulphonic acid, methanesulphonic acid. Preference is given to benzenesulphonic acid.
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1-3 trifluoroacetate- protected nitrophenyl- sul phoximne ON, + ..--

N O FFuiho Sirt4 0 l-3-R (R) enantioner of the
trifl uoroa&c%t at 21_ protected nitrophenyl- sul phoxi mne O PCTIRE1E 066255

110 FF
The free bases (I-8-R) are usually oils, which makes purification and also storage more complicated.

Surprisingly, 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.

CF3
SO,H
Cl CF
(O /7 HN
N%N ' .S, 4\\<o PR
O/\-/ H.N Benzenesulphomc |
: =
CFS = 2 acid
I-7-A -4-R % '
I-8-R-BSA
Fig, 10
Altemnatively, toluenesulphonic acid or methanesulphonic acid can be used.
Li) Preparation of the compounds of the formula (I)
In the last two steps, the protective groups are cleaved off (Fig. 11).
\\ p N‘§ — — Oy N

o 4 O SOH CF; 3
sy . 4
ol sl o
HN “ HN

1-8-R-BSA — —
I-3-R-BSA n

Fig. 11

The hydrogenation at atmospheric pressure takes place with paliadium/carbon and hydrogen in

methanol within a few hours to give the intermediate of the formula (I-9-R-BSA).
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N\ 0'R4 l-3-A-R (R) enantioner of the trifluoroacetate-

pr ot eclgslyfi¥fdsapr opy! - nitrophenyl - sul phoxinine ON, 1 _ 0.0 A\ [/ o
1011

The intermediate of the formula (I-9-R-BSA) can be further reacted directly to give the end stage. The
cleaving off of the group can be completed with potassium 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

II. a) Trifluoroacetate-protected nitrophenyl-sulphilimines of the formula (¥-10), in particular
(I-10-A)
0

M JL

UJ:Z

10 [10-A

IL. b) Nitropheny!-sulphoximines of the formula (I-11-R), in particular (I-11-A) and (1-11-A-R)

O
\\S NH \\ /NH
4 ¢
e e o
ON
i-11-R -11-A I-11-A-R

IL ¢) (R)-enantiomers of triflnoroacetate-protected nitrophenyl-sulphoximines of the formula (I-3-R),
in particular (I-3-A-R)

FF F F
F F
o, N N
Y/} \V/;
S i/ Rd o S ", O
O\ + 8]
\Iil -:':.N+
_ |
o o)
(I-3-R) (I-3-A-R)
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FF N N-[(R) -cycl opropyl(4- nitrophenyl)oxido-|ambda6-

sul pha - trifluoroacetam de 322. 26 .. 10
2012/ o%ﬁ?@g@;“éﬁzoll/ 066295 Nane Article name Structure P?Uﬁﬁ\@lh’aﬁéé%
MN 1-4 trifl uoroacetate-

I. 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.)

I-11-R-D-Tol-Tart 1-11-A-R-D-Tol-Tart

Le)  Anilinopyrimidines of the formula (I-8-R-BSA), in particular (I-8-A-R-BSA)
CF3 CF,

SO,H /@/8 _<O SO,H
HN HN
N)§N . N™ SN -
I : I :
= O/\/O s O/\/O
CF, : CF,

1-8-R-BSA I-8-A-R-BSA

where R is in each case a C,-Cq-alkyl group or a C3-Cy-cycloalkyl ring.
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protected anilino- sul phoximne NH FF ON \\ //\ $40 1-4-R (R

enant i wlg&tﬁ‘ﬂe trifluoroacetate- protected anilino- sylphoximne

NH2 10

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-nitrothiophenol is alkylated with bromocyclopropane in the

presence of potassium carbonate. The desired reaction proceeds in N-methylpyrrolidinone (NMP)

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

Br.
SH
/©/ K,CO, NMP 8
. V4
O,N /©/
O,N

2
2

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% with a yield of 82-87%.

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

(1-10-A)
0
Oxidizing agent / N/u\
S Base ]
O v,
02N Q/
-1-A I-10-A
Fig. 13

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

nitrophenyl-sulphilimine (I-10-A) takes place.

In a broad screening, the conversion of the cyclopropyl-nitrophenyl-sulphide (I-1-A) into the
trifluoroacetate-protected cyclopropyl-nitrophenyl-sulphilimine (I-10-A) was investigated.
Suitable oxidizing agents in the reaction according to the invention as in Fig. 13 are

N-bromosuccinimide, 1,3-dibromo-5,5-dimethythydantoin in the presence of the bases potassium tert-
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ON. .
trifl uswoageladser protected cycl opropyl -

\\ //\ S'0 ,R4 1-4-A-R (R) enantionmer of the o
ani | i no- sul phoxi g-pgapiies8es

F F N-RR)-(4- am nophenyl) (cycl opropypox do- |ambda6-
sul phanyl i dene] -2, 2,2- trifluoroacetam de

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

reaction proceeds in a temperature window from 0-50°C, with 20°C being preferred.

The oxidizing agents tested were 1,3-dibromo-5,5-dimethylhydantoin, N-chlorosuccinimide and
trichlorocyanuric acid in the presence of the bases potassium tert-butylate, sodium tert-butylate,
aqueous sodium hydroxide solution, sodium hydroxide, sodium methanolate, sodium hydride in the
solvents methanol, dichloromethane, tetrahydrofuran/water, acetonitrile, acetonitrile/water,
tetrahydrofuran, propionitrite, methyl tert-butyl ether, dioxane, chlorobenzene.

o

Oxidizing agent / JL

v @rw

2

-1-A 1-10-A

Fig. 14

In the course of the reaction, the sodium hydride in tetrahydrofuran was introduced as initial charge
and cyclopropyl-nitrophenyl-sulphide (I-1-A) was added dropwise with trifluoroacetamide. With
cooling, a solution of 1,3-dibromo-5,5-dimethylhydantoin in tetrahydrofuran was metered in and the
mixture was stirred at room temperature. Work-up is by reductive (sodium sulphite} means, and

crystallization from diisopropyl ether/n-heptane was performed. This gave the product (I-1 0-A) in

good vields and purities,

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

The oxidation of the trifluoroacetate-protected nitrophenyl-sulphilimine ((I-10-A)) to give
1-(cyclopropylsulphonimidoyl)-4-nitrobenzene (I-11-A) preferably takes place with potassium

peroxomonosulphate (Oxone®) as oxidizing agent,

o] _ o —]
NJLCF JJ\ o NH
[ oddl O N/
s X8 s
S
ON 1-10-A O,N ON
: I-3-A ’ 1-11-A

Fig. 15
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292. 28 O N\ // S 1-5-A HO 410
(2R, 3Ry Hedagy! oxy) butan-2-ol  180. 25 PCT/EP2011/066295

The reaction was carried out in a methanol/water mixture and tetramethylenesulphone (suipholane)
was added as 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-(cyclopropylsulphonimidoyl)-
4-nitrobenzene (I-11-A). Work-up is by aqueous (sodium sulphite) means and the product is
crystallized from the organic phase (methylene chloride) after drying over magnesium sulphate from

n-heptane.

I-A.d) Racemate resolution of 1-(cyclopropylsulphonimidoyl)-4-nitrobenzene (I-11-A)

The racemate resolution is based on the following step:

O~Q\ //NH

O, 4 NH
S.
I-11-A {rac.) /@/ .,,,V
O,N

{I-11~A-R-D-Tol-Tart)

O,N

Fig. 16

Surprisingly, it has been found that with (+)-di-O-p-toluoyl-D-tartaric acid in acetonitrile, a ratio of the
enantiomers of at least 95:5 in the crystallizate is obtained. The yields were 40-45%. Alternatively to
acetonitrile, it is also possible to use propionitrile. The optical purity can be further improved by

recrystallization from acetonitrile or propionitrile.

The crystallization process 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-toluoyl-D-tartaric acid in acetonitrile to give
(I-11-A-D-Tart.).
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The optically active nitrophenyl-sulphoximine is released by basic extraction and then protected in the

one-pot process with trifluoroacetic anhydride in the presence of triethylamine to give (I-3-A-R).

[-3-A-R

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

Fig. 17

The route to the trifluoroacetate-protected nitrophenyl-sulphoximine (I-3-A) deseribed in
W02010/046035A1 produces the north building block as racemate.

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

s CF

o, ,,N—<
S.. O S, O
@r Y — \
ON H,N

"3‘A‘R l'4"A'R
Fig. 18

Conversion of the nitro group in the compound (I-3-A-R) to the corresponding aniline (I-4-A-R) takes
place via a hydrogenation with immobilized palladium catalysts. A particularly clean product is
obtained by using iron-doped palladium catalysts on carbon. Methanol is preferred as solvent. The
trifluoroacetate-protected anilino-sulphoximine (E-4-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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The construction of the south half of compound A takes place according to the invention as in 1.g) and

L9).

Coupling of north and south halves

I-A.h) Preparation of N-[(4-{[4-{[(2R,3R)-3-(benzyloxy)butan-2-ylloxy}-5-
(trifluoromethyl)pyrimidin-2-yl|amino}phenyl)(cyclopropyl)oxido-lambda®-
sulphanylidene]-2,2,2-trifluoroacetamide benzenesuiphonic acid salt (I-8-A-R-BSA)

In the first step, the two building blocks (I-7-A) and (I-4-A-R) are coupled to give (I-8-A-R). This
reaction is acid-mediated. The free base (I-8-A-R) is an oil. Surprisingly, it has been found that when
using 1,4-dioxane as solvent, the resulting benzenesulphonic acid salt (I-8-A-R-BSA) crystallizes

from the reaction mixture.

CF,
O« ,,N—< SO,H
S.,q 0
1 o v
N /N HN

VY + oS0 A
oy v . L

H Ben fphonic acid H

o7 ) e (A A 0
3 then heptane 85-98% 2
17-A -4-A-R ©Fs
I-8-A-R-BSA

Fig. 19

The crystallization can be completed with n-heptane, and the desired N-[(4-{[4-{[(2R,3R)-3~
(benzyloxy)butan-2-ylJoxy} -5-(trifluoromethyl)pyrimidin-2-yl]Jamino} phenyl)(cyclopropyl)oxido-
lambda®-sulphanylidene}-2,2,2-trifluoroacetamidee benzenesulphonic acid salt is obtained in good
yields. The salt (I-8.A-R-BSA) is crystalline and storable and it is isolated with a typical purity of ca.

90 areca%.
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Preparation of the compound A

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

1-8-A-BSA

Fig. 20
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PdIC, H,

H

A

kl)\

HN

A

Yl

CF,

N
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v

P O/\;/OH

I-9-A-R-BSA

Methanol
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\\ l,

v

N

CF,

O/\/OH

Compound A

oFy
O\\ ’fN \<
W O

PO

==l not isofaled

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 from a mixture of ethyl acetate/heptane.
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E_
o
S
1 cyclopropyl- :; 1-(eyclopropylsulphanyl)-4-
I-1-A nitrophenyl-sulphide /©/ nitrobenzene 195.24
O,N
O
g
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sulphoxide
O‘:}I;f
o
F F
%F
O, N
trifluoroacetate- \V/3
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sulphoximine
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-
0O
F F
F
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.
O
F F
(R) enantiomer of the F
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sulphoximine Q‘rif
&
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CF,
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sulphoximine
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O, NH
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S
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Name Article name Structure TUPAC name MW
toluoyl-D-tartaric acid
I-11-R-D- salt of the R- 1-(R)-
Tol-Tart enantiomer of (cyclopropylsulphonimidoyl)-4-
" nitrophenyl- nitrobenzene
sulphoximine
toluoyl-D-tartaric acid
salt of the R- (28,385)-2,3-bis[(4-
I-11-A-R- enantiomer of methylbenzoyljoxy]succinic acid - 612.62
D-Tol-Tart. cyc]opropyl— 1-(R-cyciopropylsulphonimidoyl)- .
nitrophenyl- 4-nitrobenzene (1:1)
sulphoximine
L12-A (4R,5R)—4,5-di_methyl-2-phenyl—1 »3- 178.23
dioxolane )
0\\_s ':":'H
A\ (2R 3R)-3-{[2-{[4-(R-
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F
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R
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= H OH
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trifl uoroacetam de 306. 27

Example

Preparation of 1-(cyclopropylsulphanyl)-4-nitrobenzene (1-1-A)

v,

S

O,N
I-1-A

A solution of 80 g (0.51 mol) of 4-nitrothiophenol (80%) in 400 ml of N-methylpyrrolidinone (NMP)
was added over the course of 30 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 30°C,

93.6 g (0.77 mol) of cyclopropy! bromide were added to the reaction mixture, which was stirred for

8 h at 135-140°C. The mixture was cooled to 20°C and admixed with 4.0 g of activated carbon. The
following were then carried out: heating to 65°C, stirring for one hour, filtering and after-washing with
80 ml of NMP. The mixture was cooled to 20°C and metered over the course of 1 h on to 3 1 of water.
Filtration was carried out and the filter cake was washed three times with in each case 400 ml of water.
The mixture was then stirred with 800 ml of a 1 M aq. hydrochloric acid and filtered again, and the
filter cake was washed three times with in each case 400 ml of water. Finally, it was dried in vacuo at
40°C, giving 86.6 g (86%) 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 65°C, ca. 400 m] of n-heptane is distilled off and seed crystals are added while
cooling to 20°C. The mixture is stirred for one hour at 0-5°C 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 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, 3.5 uM; gradient: 0-20 min from 95% aq.
phosphate buffer pH 2.4/5% acetonitrile to 20% aq. phosphate buffer pH 2.4/80% acetonitrile, flow:
0.5 ml/min, detection at 210 nm, T = 45°C;

Retention time of (I-1-A) with method A: 16.7 min
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Preparation of N—[cyclopropyl(4-nitrophenyl)—lambda“-sulphanylidene] -2,2 2-triflnoroacetamide
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PR

CF,

STV

I-10-A

n==z

A solution of 11.5 g (58.9 mmol) of 1-(cyclopropylsulphanyl)-4-nitrobenzene (I-1-A) and 10.0 g
(88.4 mmol) of 2,2,2-triflucroacetamide in 46 ml of tetrahydrofuran (THF) was metered at 0-5°C over
the course of 30 min into a suspension of 2.1 g (53 mmol) 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-5,5-dimethylhydantoin in 86 ml of tetrahydrofuran
was added to the reaction mixture at 20-25°C over the course of 15 min and the 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 organic phase was washed three times with in each case 140 ml of water, concentrated in vacuo to
ca. 80 g, admixed with 40 ml of n-heptane and after-stirred for 1.5 h at 20°C. The following were
carried out: filtration, washing twice with in each case 25 ml of n-heptane and drying in vacuo at 40°C.
This gave 14.5 g of the title compound (E-10-A) with 100 area% purity. This corresponded to a yield
of 80.8%.

Larger scale:

A solution of 80.0 g (409.8 mmol) of 1-(cyclopropylsulphanyl)-4-nitrobenzene (I-1-A) and 69.5 g
(614.6 mmol) of 2,2 2-trifluoroacetamide in 320 ml of THF were 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 0-5°C over the course of
45 min.

A solution of 175.7 g (614.6 mmol) of 1,3-dibromo-3,5-dimehylhydantoin in 550 ml of THF was then
added at 0-5°C over the course of 45 min. The mixture was thawed to 20°C 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 solution and three times with in each case
650 ml of water. The organic phase was concentrated in vacuo to ca. 750 g and admixed with 525 gof
n-heptane. The following were carried out: after-stirring for 1 h at room temperature, filiration with
suction and washing with 50 mt of a 1:1 mixture of toluene/heptane. Drying in vacuo gave 90.7 g
(72% yield) of the title compound (I-10-A) with 99.1 area% purity.

HPLC method A: retention time for (I-10-A): 14.8 min.

MS (CI): [M+H]" = 307, [M+NH.]'= 324
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40 O ,NH 1V 1-(R-cycl opropyl sul phoni m doyl)- 4-nitrobenzene 226.

VO 2012/ 038411PCT/ EP2011/ 066295
"HNMR (400 MHz, DMSO-ds) 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-cyclopropyisulphonimidoyl)-4-nitrobenzene (I-11-A)

\Val

SV

(-11-A)

To a solution of 100.0 g (326.5 mmol) of (I-10-A) in 850 ml of methanol, 130 ml of
tetramethylensulphone (sulpholane) and 590 ml of water were added 341.2 g (555.1 mmol) of
potassium peroxomonosulphate (Oxone®) spread over eight portions at 25°C. After each addition, the
pH was adjusted to pH 10 using a 47% aqueous potassium carbonate solution. In total, ca. 350 ml of
potassium carbonate solution were used. The conversion was complete after one hour at 25°C.

960 ml of dichloromethane were added and the mixture was stirred for 1 h at 20°C, It was filtered with
“suction and the residue was washed twice with in each case 400 ml of dichloromethane. The combined
organic phase was washed with 400 m! of a 10% aqueous sodium sulphite solution and four times with
in each case 1 1 of water. After separating the phases, drying was carried out over magnesium sulphate
and concentration to ca. 450 g. 100 ml of n-heptane were added, and the mixture was concentrated

in vacuo to ca. 400 ml and after-stirred for one hour at 0-5°C., It was filtered with suction and the
residue was washed twice with in each case 100 ml of cold n-heptane. Finally, the mixture was dried

in vacuo at 40°C, giving 68.5 g (92.8%) of the title compound (E-11-A) with a purity of 100 arca%.

HPLC method A: retention time for (I-11-A); 9.5 min

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

"H NMR (400 MHz, DMSO-ds) 8 ppm 0.86 - 1.06 (m, 3 H) 1.15 (dt, /=9.96, 4.19 Hz, 1 H) 2.69 - 2.88
(m, 1 H) 4.65 (s, broad, 1 H) 8.15 (d, /=8.80 Hz, 2 H) 8.41 (d, /=8.56 Hz, 2 H).
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Preparation of (28,35)-2,3-bis[(4-methylbenzoyl)oxy]butanedioic acid-N-[(R)-cyclopropyl(4-

nitrophenyl)oxido-lambda6-sulphanylidene}-z,2,2—triﬂuoroacetamide(1:1) (I-11-A-R-D-Tol-Tart.)

o, ,NH
s.,
v
O,N

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

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

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

HPLC method B (L159-16EE): Chiralpak IC (DAICEL) length: 250 mm, internal diameter: 4.6 mm,
particle size: 5 pm, gradient: 1:1 n-heptane/ isopropanol isocratic; flow: 1.0 mi/min, detection at

252 nm, T =35°C

Retention time for R enantiomer: 9.3 min; retention time 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)2.41 (s, 6 H) 2.72 -

2.84 (m, 1 H) 4.64 (s, broad, 1 H) 5.82 (s, 2 H) 7.40 (d, J=8.07 Hz, 4 H) 7.90 (d, J=8.07 Iz, 4 H) 8.09
- 8.20 (m, 2 H) 8.33 - 8.52 (m, 2 H) 13.85 (s, broad, 2I1).
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-1 1-A-12- D-Tol-Tart. toluoyl-D-tartaric acid salt of the 12-
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" NO* ,,H 411 (28,3S)-2,3-bis[(4- nmethyl benzoyDoxy] succini ¢ acid -

1- (R-cycl opropyl sul phoni m doyl)- 4-nitrobenzene (1:1) 612.62 1-12-A
0 1110Préparation of N-[(R)-cyclopropyl(4-nitrophenyl)oxido-lambda®-sulphanylidene]-2,2,2-

trifluoroacetamide (I-3-A-R)

CF

3
o, ,}N—<
O
Vv

Q/S -"
O,N

(-3-A-R)

A solution of 72.1 g (117.7 mmol) of (}-11-A-R-D-Tol-Tart.) in 720 ml of dichloromethane was
stirred for 60 min with a solution of 24.4 g of potassium carbonate in 350 ml of water at 20°C. 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 with 49 ml (353.1 mmol) of triethylamine and then with 49.9 ml (353.1 mmol) of
trifluoroacetic anhydride over the course of 40 min at 20-25°C. It was after-stirred for 10 min and then
added to 1.1 | of a saturated sodium hydrogen carbonate solution. After 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 mi of isopropanol and the resulting suspension
was stirred for 1 hour at 0-5°C. It was filtered and the residue was washed twice with in each case

30 ml of cold isopropanol. It was dried in vacuo at 40°C, giving 27.3 g (75%) of (I-3-A-R.).

HPLC method A; retention time for (I-3-A-R): 16.4 min (99.6%).

HPLC method C (1.159-10EE): Chiralpak IC (DAICEL) length: 250 mm, internal diameter: 4.6 mm,
particle size: 5 um, gradient: 1:1 n-heptane/ethanol isocratic; flow: 1.0 ml/min, detection at 240 nm,
T =35°C

Retention time for R enantiomer (1-3-A-R): 4.5 min; retention time for S enantiomer: 3.7 min;

Enantiomer excess (ee): 100%.
MS (DCD): {M+H]" = 323, [M+NH,]" = 340
'H NMR (400 MHz, CHLOROFORM-d) 8 ppm 1.11 - 1.29 (m, 1 H) 1.36 - 1.52 (m, 2 H) 1.74 - 1.88

(m, 1 H) 2.69 - 2.89 (m, 1 H) 8.14 (d, J=8.80 Hz, 2 H) 8.47 (d, /=8.80 Hz, 2 H).

Preparation of N—[(R)—(4—aminophenyl)(cyc]0pr0pyl)oxido-!ambda“—sulphanylidene]-2,2,2—
trifluoroacetamide (I-4-A-R):
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(4R 5R) -4, 5-di net hyl- 2- phenyl- 1, 3- di oxol ane 178.23 Conpound A
conpounb Ao1bRbghiF O,. smi ' sf, (2R 3R -3- ([2-([4-(R PCT/EP2011/066295
cycl opropyl sul phoni m doyDphenyl ] am no} -
5-(trifluoronethyl)pyrimdin-4- yl]oxy}butan-2-o0l 430.45 NN -

..... N... HE F
CF3
O\\ ,/N
o
H,N
l4-A-R

A suspension 0f 40.0 g (124.1 mmol) of (I-3-A-R) and 10.0 g of palladium on carbon (Pd/C: 5% Pd,
1% Fe, 55% water) in 800 ml of methano! 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
was concentrated in vacuo and then 800 ml of water were added. The mixture was stirred for one hour,
filtered and washed twice with in each case 400 ml of water. The crystals were dried in vacuo at 40°C.

This gave 33.4 g (292.3 mmol) of the desired aniline (I-4-A-R). This corresponded to a yield of 92%.
HPLC method A: retention time for (I-4-A-R): 14.4 min (96.1%).

HPLC method C: retention time for R enantiomer (I-4-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-d) § ppm 1.00 - 1.16 (m, 1 E) 1.17 - 1.40 (m, 2 H) 1.56 - 1.71
(m, 1 H) 2.74 (tt, /=7.79, 4.92 Hz, 1 H) 433 (br. 5., 2 H) 6.67 - 6.79 (m, 2 H) 7.58 - 7.74 (m, 2 H).
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Preparation of (4R,5R)-4,5-dimethyl-2-phenyl-1,3-dioxolanes (I-12-A)

l‘\“\\

O
O

-12-A

A solution of 300 g (3.33 mol) of 2R,3R-butanediol, 422 g (2.78 mol) of benzaldehyde dimethyl acetal
and 7.0 g (27.7 mmol) of pyridinium p-toluenesulphonate in 1.2 1 of toluene was heated to 50°C. At
600-800 mbar, ca. 400 ml of distillate were taken off over the 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 the organic phase was washed twice with in each case 500 ml of water. The organic phase was
dried azeotropically, with 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 to dryness.

The preparation of the compound (E-12-A) can inter alia also take place in accordance with the
literature (Chemistry Letters (1995), 4, 263-4; Joumnal of Organic Chemistry (2003), 68(9), 3413-3415,
Tetrahedron (1989), 45(2), 507-16; Journal of Organic Chemistry (2005), 70(20), 8009-8016;
Bioorganic & Medicinal Chemistry Letters (2006), /6(1), 186-190; Journal of Organic Chemistry
(1999), 64(20), 7594-7600).

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

length: 30 m, internal diameter: 0.32 mm, film thickness: 1.0 pm; flow: 3 ml/min; carrier gas
hydrogen; detector FID 320°C, injector temperature 280°C; apalysis program: T=80°C, holding time
2 min, heating rate 10°C/min up to T=300°C, holding time 6 min.

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

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

"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.30 - 1.35 (m, 3 ) 1.36 - 1.41 (m, 3 H) 3.74 - 3.87
(m, 2 H)5.94 (s, 1 H) 7.32 - 7.41 (m, 3 H) 7.49 (dd, J=7.70, 1.83 Hz, 2 H).



Table 2. Exanple Preparation of

1- (cyckapinapyisad phanyl) - 4-ni trobenzene (1-1-A) 1-1 A

80 g (0.51 nol) of 4-nitrothiophenol (80% in 400 m Ppfei HscHs
N- net hyl pyrrol i di none (NWP) was added over the course of 30 mMmnto a
suspenBiaparaion 92 (2R, IR)( B-(Fhenimiethoad)-pouaasi wsmar bonate in 400 nil of
NMP. The tenperature increased during this to 30C. 93.6 g (0.77 nol)
of cycl opropyl brom de were added to the reaction m xture, which was
stirred for 8 h at 135-140C. The m xture IS cooled to 20C and

adm xed with 4.0 g of activated carbon. IIovving were then
carried out: heating to 65C StI}I\IDngO hour, filtering and
after-washing with 80 m of NW® The mxture was cool ed to 20C and
netered over the course of 1 h on to 3 1 of water. Filtration was
carried out and the filter cake was washed three tinmes with in each
case 400 m of water. The m xtisA,e was then stirred with 800 m of a 1
M aq. hydrochloric acid and filtered again, and the filter cake was
washed three tines with in each case 400 m of water Finally, it was
dried in vacuo at 40C, giving 86.6 g (86% of the title conpound

(1 - 1- AVheyotugnig sqdufranto§ (Iolfz'@)fl.(’b@l@dé@% thhrevions sthegre was divided anddwrtHeereacted in
furt hep,duifdntd- ed. For this 90 g of the crude material are dissolved
in 700 M of n-heptane, heated to 65C, ca. 400 mM of n-heptane is

di st i | P¥oe oithe ﬁﬂa—z%é@ldtlm\y@@ dilwedwith HWdelcf whiche hedel toiG°Q nd20BixcT loger

t e'cour i) ii 0 ¢ e(%vas
s was b g s B a2 o Ml byt . SRR W
title #bred &m@re% lpaqaadxﬁoﬁﬁqw The p'aquon ynighire 1GO adied a6 Hreaownit @f ione HourNNR
and NSZ@@@bﬁb&sp&Hﬁ)ﬁ'o% ot{glmﬁduﬁ@ lpﬁté’&’e@ﬁ{dﬂ %ﬁlﬁ%(ﬂ’rﬂ gﬁiﬂﬁe ealﬁltra? 101 Whs
? am noar sunl g

Sieneister, Gerhard. Preparation of pyrim
as cyceameddub dollisied by phrrsasiGDeCimanyitibin eadmas.ﬂ P ném'ﬂtmﬂdmé rrab ccgn‘mmtdh

fcg-lch(r)r:] r%%{g%%sésvg@ fﬁief'e(a over Mﬂ%@ggggtﬁgg@%np@%edm}@gd %#gtv CLO, rTF.\ gave%&}oc

aq. phdsyy Hml)aOflﬂrﬁfAérm @PﬂanltkvbrS%Sme'ﬂumqrremoaddddo 2 Oivddad ca. FhGShEve stages.
buffer pH 2.4/80% acetonitrile, flow 0.5 m/mn, detection at 210
nm T = 45C, Retention time of (1-1-A) with method A 16 7 mn

Pr epar &g mgpagttion of the compound (I-5-A) can inter alia also take place in accordance with the

Nlcycl gprapy1(4-ni trophenyl) - | anbda4- sul phanyl i dene] -2, 2, 2-trifl uoroa
cetamde (1-10-A) 0 NCF, V 1-10-A
Bioorganic & Medicinal Chermstry Letters (2006), 16(1), 186-190; EP 1291336A2; Journal of the

American Chemical Society (1997), 119(19), 4541-4542; Journal of Organic Chemistry (1990), 55¢10),
3129-37.

HPL.C method A Retention time (I-5-A): 12.5 min (97.4%).

MS (EI+): [M+H] = 181

'"H NMR (400 MHz, CHLOROFORM-d) & 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 1) 4.43 (d, J=11.49 Hz, 1 H) 4.66 (d,
7=11.49 Hz, 1 H) 7.26 - 7.38 (m, 5 H).
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A solution of 11.5 g (58.9 mvl) of

1- (cycivopeepwbsei phanyl) - 4- ni trobenzene (14-A) and 10.0 g

of 2,2,2-trifluoroacetamde in 46 m of tetrahydrofuran (%ﬁlﬁé?ﬁv%mdﬂs
metered at 0-5C over the course of 30 mn into a suspension of 2.1 g
(53 mmgpamitmnﬂmmh;smﬁdeex(z@m%)bmamznﬁmy} Diehlipro N (tBifuddonRinyl)-
tetrahégngjéjra solution of 25.3 g (88.4 mmol) of

1, 3-di t hyl hydantoin in 86 nml of tetrahydrofuran was
added to the reactl on m xturgjat 20-25C over the course of 15 m n and
the m xture was after-stirred for 14 h. For the work-up, 70 ml of a

25% strength sodi um sul phi fy ution and 14 of toluene were
added. The organi c phase wdis hed:three ti ith in each case 140
m of water, concentratedmﬁﬁjﬁgﬁqg/?e\gép dm xed with 40 m of
n- heptane and after-stirred flor 175 h:at 20C. The follow ng were

carried out: filtration, waskifgg twicé with in each case 25 nl of

n- heptane and drying in vacuo at 40C. This gave 14.5 g of the title
conmpound (1-10-A) with 100 ar'®a® purity. This corresponded to a yield
of 80.8% Larger scale: A solution of 80.0 g (409.8 nunol) of

1- ( cyclaom@sopyhdauepiha Biitde-of 30 i, elERZEMEel Mllﬂlglmﬁ‘}le}éﬁgth§9dlélagldé @Jﬂ% rfktered
mol ) of Zﬁoﬁm{%oih‘{%‘uor oacetam de in 320 were netered in to

a susp&fe? g6 §é§11%01}ﬁ1€8p47d16$10r§z§dﬁrgﬂﬁowhy&}mgwiatp;i H2reg al
0i 1) | (678%0nmbl) 6ff(I “517!5 nam 00 oBEHPVBE nlitBreGRN 5SedQhr rfh%e H&di's atP3PB! i, On

of 175h %ﬁﬁ tIledlbrorm 5, 5-di nehy ){antomln 550 m
of THY et afﬁdﬁé@&*eﬁw 1§ ofyaler q‘ﬁétheafew@fé?m% frhof qustc epox piag e
was t hayded, th@plfé%u%ﬂeba@it&dirﬁﬂ%agﬂ&ug ﬂﬁasé—&asfbxtrg&éd &1‘%}{3300@15.1‘61"9&th 5&@(9‘ Tile
of a 10%citric acid solution and 1.11 of toluene were added

or gani EPHA AL RRASHEE RISy fraparatian Do9euodep vphse phis: 181 ant washed

sol uti emhand o'l:"ﬂéteﬁ Itthiﬂﬁed/‘dnfehsddﬂmﬁs'&ﬁJﬂat@%&re@mth%ctf& NBUEL el Gng
or gani c hasg 1glq(%entrat ed in vacuo to ca. 750 and adm xed with
;H"t‘é?ﬁ‘é

525 g SYAPRLANS S2YH P AW Hg ks Brodugt A wbrowaeil %ﬁ@@ﬁi@tqhmnuthﬂfame

for Eba&tprédneéﬂdfaﬂmaaé pbEorudeigrdduat i on wi t h suctl on and washing with
50 m 1 m xture of taoluene/ heé)t ane. in vacuo gave 90.7

g (72%% ﬁhgﬁfaﬁlesa‘feﬁf toanbined prd dgsaiyeding7e 9611%1 an%ﬁtteﬁc epter 1: la ¥ esixpue ey .

HPLC mafibredwit sdcﬂ&rﬁcb’ﬁei‘ Ql"catgeﬂ@ 4n@ Rwaﬁléd M't:é)'}rlth doabh R 1 VPodLac esthMﬁE

307, [ MENH4A+=_ 324 1N , DMB0-d6) 8 PPm 1.09 - 1.

H 1.2 neégilfﬁtﬁs vseref_&' gocgier lqgselgghr(aﬁfl drleq_q)vegmg_glemmg s@glua(qrg11d2th$-§ol‘83nk$2

- 8. S4weradisBlléd off iﬁrv@ﬁﬂ;r Bhd refidiRfwas chromatographed over 15 k% of s111ca gel 60 with
enzene a solution

1- (S-eycl opr honi m doy1)-4-nitro

o \ 200T e HeTBRE D B Sk i 4] (O HABEO ARG g Factaomhich ol
t et r anedoiked 38 Wtephiqne-A)sul phol ane) and 590 m of water were added
341.2 g (555.1 mmol) of potassi um peroxononosul phate (Ozone) spread
over eight portions at 25C. After each addition, the pH was adjusted
to pH HRLCShago@ALR oA BRITLRA) AESHMEN SRS hANALS), %&E&{Ioh%ﬂre of hebQher:
ca. 35%)&1 of potassi um carbonate solution were used he conversion
was co B after one hour at 25C. 960 m of dichl ororret hane were
added and the m xture was stirred for 1 h at 20C. It was filtered
with suction and the residue was washed twice with in each case 400
m  of ﬁ%%éhgaﬁl’ﬁiﬂ%ﬁ%e 30the conbi ned or gani ¢ phase was washed w th 400
m of a 10% aqueous sodi um sul phite solution and four tinmes with in
each case 11 of water. After separati ngéthe phases, drying was

carri ed YR GU&MHragMSS-dsht Bom pHALS Jah 36 BoA BB 4d.Von34 Hz.EdH) ¥B(qgin,
100 m ref1mahephang h r c e
100 -7l a0 ot aikded mand (e knAnes, GAROZRLA R Py
filtered? %W&ﬁ@@ﬁgﬁl(ﬁ)ﬁ }é)nd the residue was washed twice with in each
case 100 m of cold n-heptane. Finally, the mxture was dried in
vacuo at 40C, giving 68.5 g (92.8% of the title conmpound (I-11-A)
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MS (ES+): [MrH T = 227; MBS (ES-): [MH = 385 | FINVR (400 Mz,

DVBO- d6)o Bo1ppseaf 91 - 1.06 (m 3 H) 1.10 - 1.20 (m 1 H) gcﬁépg(ﬁ 10805
H 2.72 - 2.84 (m 1 H 4.64 (s, broad, 1 H 5.82 (s, 2 a0 (Y
J=8.07 Hz, 4 H 7.90 (d, J=8.07 Hz, 4 H) 8.09 -8.20 (m H)833

-8.52 ?mpaﬁatid):l ofBI~[845{[(1—5{[(ZR,BRQH-(héﬂz})loxy)ﬁitﬁﬁ)alf}&i]bkﬁKB-@flﬂuoromethyl)pyrmndm—

N[(R) 5 |tro | i dene]

triflusd acefgﬁlp% 6@“ PR I&?'Ila % pﬁb@%ﬁﬁﬂeraﬁ Erofc“é"“f"ifﬁ 7
mol ) bénzghesilphduiRadid it (1T (E-8- )A-R-IBSZZ:O m of dichl oronet hane was
stirred for 60 min with a solution of 24.4 g of potassi um carbonate
in 350 mM of water at 20C. The aqueous phase was extracted with 360

m of dichl oronmethane and the conbi ned or i ¢ phase was washed with
720 M of water and dried over magnesim ul phate. The m xture was
filtered and the filtrate was ady xe‘,,y\n &D A (353 1 mmol ) of
triethylamne and then with 49.(8 (3 ol ) of trifluoroacetic
anhydri de over the course of 40 It at - It was after-stirred
for 10 nm and then added to’:ﬁ‘.ﬁll of a satufaped sodi um hydrogen
carbonate solution. After separating the phases, washing with 1.0 1

of water was carried out, | d by dryi er magnesi um sul phat e,
and the solvent was distillled f A vaxuo g residue was taken up
in 120 m of isopropanol andJthe&Gesulting suSpension was stirred for
1 hour at 0-5C. It was filtemsy and t‘he residue was washed twice with
in each case 30 ml of cold |so ro anol. It was dried in vacuo at 40C,
giving 27.3 g (75% of (I-3"34RBSA 4P| C nethod A retention tinme for
(1-3-A-R): 16.4 mn (99.6%. HPLC met hod C (L159-10EE): Chiral pak IC
( DAl CER)suspersianief 528@ (b4 minnl) ef ﬁeﬂ-A}d Aaiet(et4 mzﬁol@ offi4-pR) b2 ES § (@ mifol)

ot et Fon Byt <R S4ERFL B Sne SROFIRY $50 k3Rl Mgy nd wes then

(I - 3- AbeRyed g 55-6AT farettdehmmisofot therdsdiagion, St ewaara&mxadalat 2BCAvift Keed crystals and

R0 REESE L Rmetal b B e e sityop iyl

(m 2 ¢f)digxanen-hent@® ({ r}j arl viHjh 240681 of nZheB@nd. iy waks dri)ed&) Sodhstled ,weigheh BRuo at

Hz, coT , tlon of
N- KR) 4- amﬂ% f%%elg/ cyc ofotpgdg?rf%gogﬂ??s a@’s@lﬁi phanyl i dene) -2, 2, 2
- trifluoroacetam de (1-4-A-12): | -4- A-R A suspensi on of 40.0 g

(124.1 | I de, a Lum on Pd/ 5%
o 10FER erBhd A RefiofgBe Ak sty 80,3 R (A0 Bk T e ?rthéﬁﬂffﬂe%'
seven prstigdly dgprotzctsd wiflnorodietatenloavage prodag 1PilIniek2espver ki esel guhr and
after-washed twice with in each case 200 m of nethanol. The filtrate
was concentrated in vacuo and then 800 m of water were added. The

m xt ur®MSKES ) dMHFled6iDr one hour, filtered and washed twice with in
each case 400 ml of water. The crystals were dried in vacuo at 40C
Thi s gave 33.4 g (292.3 mmol ) of the desired aniline (1-4-A-R). This

cor r espoNMRA50OMALZyDEISO-4f & SR . IHHh,QH‘mtlIQQﬁh A Bt @)BHYN 45 I(Iﬂeuﬁimas (m,

cnant | 50677 fof R iy Shoal TS PR T8 oo oS 0 Rl 2hnsnos

m n; e(naﬁHD&ﬁﬁ(mebH)ngl (e elt). 100% IVB (DCl): [MtH = 293, [MrNH4] + =
310 111 NWR (400 MHz, CHLOROFORMd) 6 ppm 1.00- 1.16 (m 1 H) 1.17-
1.40 (m 2 11) 1.56 - .72 (m 1 H 2.74 (tt, J=7.79, 4.92 Hz, 1 H)
4.33 (br. s., 2 H 6.67 - 6.79 (m 2 H 7.58 -7.74 (m 2 H).
Preparation of (4R 5R)-4,5-diniethyl-2-phenyl -1, 3-di oxol anes (I-12-A)
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Nr_( 1-12-A A solution of 300 g (3.33 nmol) of 2R 3R-butanediol, 422
g (2. 73voeeipesdaibenzal dehyde di methyl acetal and 7.0 g (Zicfmﬁiﬂih/hs(%s
pyr| di ni um p-tol uenesul phonate in 1.2 1 of toluene was heated to
At 600-800 nbar, ca. 400 ml of distillate were taken off over the
cour se P@ép@aﬁmnf@R,BR)-M[@ -{tbE- fr}dloprnbylshmhbmaﬁddyl)pheﬁylghmrze}.was added
to 5004 e solution e phases were
separ atgjt 59?%1]1%&%#? Qﬁ@ }(b“qan" Ol %’81’?%“ with in each case
500 m of vvater The organic phase was dr| ed azeotropically, with ca.
250 m of toluene being distilled off. The product obtained in this
way in toluene (1061 g) was used dore,e f"y in the next stage. For the
anal ysis, a part anount was evapsra ed to dryness. The preparation of
t he corrpound (I-12-A) can inte a af take pl ace in accordance
with the literature (Chem str pers (Y1995), 4, 263-4; Journal of
Organi c Chemistry (2003), 68 9) 3413- 3415, Tetrahedron (1989),
45(2), 507-16; Journal of O.4anic Chem stry (2005), 70(20),
8009- 8016; Bioorganic & Fciyal €hemstry Letters (2006), 16(1),
186- 190; Journal of O gani y _OK999), 64(20), 7594-7600). GC
met hod A: Col um RTX-50 (fusg¢d s‘p |c 100% net hyl phenyl pol ysi | oxane)
|l ength: 30 m internal diamete 0. 32 mm filmthickness: 1.0 gm
flow. 3 nlmn; carrier gas hy ogen detector F1D 320C, injector
tenperature 280C; anal ysi s 1p£ an, T=80C, holding tine 2 mn,
heating rate 10C/ mn up to %%U’ﬂ flol di ng tinme 6 mn. Retention timne
(1-12-A): 12.1 mn (98%, toluene 3.3 mMTm Ms (DCl): [M141]t = 179
11-1 NWR (400 MHz, CHLOROFORMd) 8 ppm 1.30- 1.35 (m 3 H) 1.36- 1.41
(m 3H 3.74 - 3.87 (m 2H 594 (s, 1 H 7.32 - 7.41 (m 3 H 7.49
:(3 d((j hJ Hydidgen as@abibied thibubl) a suspineipabEIA0Qvf Ok 85 (&AaR,B'STh R) anc} 60 g of 10% Pldfc in
phe - e toluenjc_solution
of (I- %d ge ta %ﬁal ne agﬁﬁgﬁ?ﬁ?ée%rpé#%g%@%é”aw%%a‘@alﬂa%?&uwwéwe
react e@hthnn tanly cdsa i Ghest mdBoly SHE of foeasfilm TZbMateS@ireliddemionsd Bluste hid £d

with 5 of tal ed to 55C and adm xed over the course of
one ho%gm\ﬁet {5 itmfd Oqf%aégﬁﬁcg M di i sobut yl al um ni um sol ution in

t ol uen&or thérgorikiup; 206 ofadites tnd TO@@ df dichlohth@thabOwEs added SPreGQCeousiM8se was

reacti ed o se of one hour at 20-25C to a
suspe ng}igleaﬁteé L%E 88 o‘faq’g%{aﬁnﬁt ‘gﬁﬁ B%%"Hic 8se} Wemoshad with 900 g of
t ol uenwateFarddtdriad i omn soiduem efpHatceFlilteitiby wﬁmahiadl@dt Ryioatd B afwaSBinRG Wiluo0 g

£ase 500 uene. conbi ned organi c phase

times

was fif \A%&e“:’kel" m““‘t ‘2:? “SlvGUnyes Sﬁ‘aﬁecdﬁ’gfl 8 §Pen 1‘*\}&%%‘1“8 was flipgolygd B 10 g of acetic

vacuo. estdriasd g:bm&edZ\Blﬁl IJZS(g]of Hlle]i@rhe) T mixtur®&wAY) stitrd for P fokid :ﬂbom‘d%ﬂﬂ)@@

Thi s corresi%opgqﬁl Lo @ y PI . ca. 76% over two stages.

prepar St on of tHhE EBRPo t]rﬁ% opqwige )Xfrec?ﬁﬁleg Atteftirps fgr %{"I"?B"‘Its 5‘k7é) ol @iy

accor demgéngnitha hixerd oftielieptaue 70 Paat esi(45 & aMesite i 0Bl o @ﬂ@ﬁlaﬁé Dfying
rnal Arrer i can

Lett 200 190; EP 12 6A2: J
Cnem o3 GREREPY N (A667 X7 18T nsh Thirsas 47 AQ Lt BF e gaRPEInd
Chem stry (1990), 55¢( 10) 3129-37. HPLC nethod A: Retention tine
-5- NVR (400 MHz,
mg—hﬁh%}f'&?thgaﬁ é?‘i“t R °°‘j’£1%“‘§%’* Fé%glﬂl-ﬁ)l 02/8)77 (d, 1= (2 69 Hz, 1 H)

325 -3.36 (m 1 H 3.61 (quind, J=6.54, 6.54, 6.54, 6.54, 2.69 Hz, 1
I(—I)m 454&53(@@)1:?&%%9:%, 1 H 4.66 (d, J=11.49 Hz, 1 H 7.26 - 7.38

"HNMR (500 MHz, DMSO-ds) 8 ppm 0.92 (m, 3H) 1.10 (m, 4H) 1.30 (d, 3H) 2.62 (m, 1H) 3.85 (m,
1H) 4.08 (s, 1H) 4.91 (d, 1H) 5.31 (m, 1H) 7.83 (d, 2H) 7.94 (d, 2H) 8.59 (s, 1H) 10.50 (m, 1H).
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Preparati on of

4-{[ (2WER)1283%4dpeNnzy| oxy) but an- 2-yl i oxy} - 2-chl oro-5- (tri f pPEPIRY O¥d2)s
- pyrimdine (1-7-A) A N 0O CF3 1-7-A At -35C and over the course
of 30 mm 680 nml of a 1 MIithium hexanethyl disilazide were netered

i nt o aPatentiClaims of 140.4 g (647.3 mol ) of
2,4-dichloro-5-(trifluoronethyppyrimdine and 122.5 g (679.6 mmvl ) of
(1-5-A) in 1.0 1 of THF. The m xture was stirred for three hours at
-30C. It wlsochwmderalt frepa@fiomnticonghounds df the tdnerhl Brhulof{f) wat er over the
course of 15 min. 1.0 1 of acetic ester was added, the phases were
separated and t he aqueous phase was extracted with 300 ml of acetic
ester. The conbi ned organi c phase vwag, gehcent r at ed by evaporation in
vacuo to a volune of ca. 1.5 1 and wagied with 1.0 1 of water. It was
dried over sodium sul phate, fil{&rey with suction over kieselguhr and
evaporated in vacuo. This gave 2 8.4 of the crude product as a brown
oil. A second batch on the sire Sedl e produced a further 236 g of
crude product. Both batches re conbi ned and dissolved in 470 m of
hept ane/ acetic ester 1:1. Fh%gplxturcﬁ was filtered with suction over
silica gel 60 and washed t thei h each case 1.0 1 of acetic
ester. The conbined filtrat td over |desel guhr and dried
over magnesi um sul phate, and fhe Solvents were distilled off in
vacuo. The residue was chr(r)F graphed}gver 15 kg of silica gel 60

W th n-heptane/acetic este 1. This gave 171 g of (I-7-A) (35%
and 63 g of a m xed fraction which still contained 58 area% (1-7-A).
HPLC nmethod A: Retention time (I-7-A) (4-isoner) 21.6 mn (95%;
retenti E me of the 2-isomer: 21 0 mn M5 (ES-API): [I\/H—I]4 = 361
111NNRFO\?hl MHz, DMVb0-d6) 8 ppm 1.16 (d, J=6.36 Hz,3 H) 1.32 (d,
J=6.36RHz, 3 H) B a7)- ~Coeplicyh grobp61 d.Cs-Elegyclbalidyl rihgd 6 (d J=11.98 Hz, 1 H)
4.61 (d, J=11.98 Hz, 1 H 5.44 (quin, J=6.24 Hz, H)711-746(m
5H 885 (s, 1 H. Preparation of

N- [ ( 4- §liagacidric@Ry3Rlcad ofbefithyfotlxyinpskpmn- 2- yI | oxy}-5-(trifl uoronethyl)p
yrimdin2-yl]

am no} phenyl ) (cycl opr opyl ) oxi do- | anbda6- sul phanyl i denel -2, 2, 2-trifl uo
r oacet bai délkyéizeoebuilrphophachipiti sekebce L pd)ssifin-c3rhAndR: BSAethyl-

o A R AP B 2t § (3

842 m of dioxane was stirred for at 20C. The m xture was then
heat ed at 55-60C fo Q_hof@iHs. For th lation, it was adni xedgat
20C with seed cryst nd diluted W|th .68 1 of n- hept apg waﬁ:{‘;
stirred for one hoy |tered with suction washed with P

di oxane/ n-hept am#l"(17¥) and with 240 ml of n-heptane.,|
constant weight in vacuo at 40C. This gave 113.7 g (100% of t he -1
desired product as beige crystals. |ITPLC nethod A: Retention tine
(I-8-A-R-BSA) 22.3 min (94%; retention time for the already

partially deprotected trifluoroacetate cleavage product 19.1 mn (2
4% . N5 ( EShere KNiBf, Ct 160B01EHNMROCBO0 4 bty BRSO, d6) 8 ppm 1.10 (m

vy & 59 Griofe apdfon B eirdunedy SRphl b gty 0 rved g B

7.92 (m 2piptegtedBitrpphenPlknlpBiliBBod ehithelibfmulOH(A8) (m 1H) .

Oxidizing agent / )J\

S\R4 Base II\II 3
o = A
O.N |

ce
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Preparation of

(2R, 310 B1daddaiq 4- (S- cycl opropyl sul phoni m doyl ) phenyl i an}@gipzou,%&gs
S-(trifluoronethyl)pyrimdin-4-ylloxy}butan-2-ol (conmpound

Conpound A Hydrogen was bubbl ed t hrough a suspensi on of 120 g of
(1-8-A-R-BSA) and 60 g of 10% Pd/C in 640 g of methanol for 6 h at

at mos pher | Oxpréssitie. triﬂm@icﬂgemmecuﬂmitfoeuenguﬁulpmdﬁmné of tesfeln@ilh (I- 20p &b

twice with an ot

carbonat e IVQ & ﬁﬂg@rog&%e'% %%Ct?d P%méﬁa gbnas' HP h?}h %%Qnﬁ Pfcg'm\%gii 4 ??I}dﬁ&ﬁs@ﬂ%ﬁm
1 h at ZOOdepraIcctlphum s daigphe®ulghafmmabithe fonenld @011y of

di chl oronet hane were added. The aqueous phase was extracted with 700
g of dichl oronet hane and the conbi ned organi c phases were washed with
900 g of water andfldried over sodjum sul phat FiTtrati on was carried
out, followed by aﬂt\gr washing with 400 g ofkchl or onet hane. The

sol vent was di stf'lle 3of f in vacup. The res‘v} du&grynas di ssol ved |
25 g Qf \‘;'L;hept ane. The m X §

of acetic e énﬂ4 adm xed with
stirred fe:.ﬁmat 20C and adm
fol |l ow RY,-eEL carried out, stirr
Hf nTheppane (700 g)/&eetic estﬁ
0

filtration, washitf®g with a m xtur
(45 g) and with 100 g of n-heptang.
at 30C to constant mass. This gave 47 g (69% of the target conpound.

|[4ch nii&)zgﬂad%ma\!g%eig{;%b 8, ﬁdrsgﬁl mg&@@gy&gnﬁe %ngjgmgﬂm 1@30‘4%% t}%@ QPE§F>

1.30 (d, 36)-dpOgptolueyl Dithrtagc 88d (m 1H) 4.08 (s, 1H) 4.91 (d, 1H) 5. 31
(m 1H) 7.83 (d, 2H) 7.94 (d, 2H)85(s 1H) 10.50 (m 1H). WD
2012/ 038411PCT/ EP2011/ 066295 Pat e s OlpPr ocess for QheNH

preparation of conpounds of the gene ¢'mu (1) R4 s a
C - C6-al kyl group or a C3-C7-cycl oaI lcyl rign (blarac ed y at

| east one of the followi ng steps: I.a). Al Ky ion o

4-ni tr ot hi ophenol i notheNir esence of pot ags| oa@bﬁ‘)nate in

N- net hyl pyrrol i di pape SQNP) to give a nitrophen hi de of the
formula (I1-1) eXR‘é Br._d ., J, 0-S020

0- S02- ( 4- met hyl phe ), I.b). Oxidative am natlon he

ni t rophenyl &M phide of the formula (1-1) to give a

trifluoroacetateprotected nitrophenyl-sul philimne of the fornula
(I-10) Oxidizing agent / Base

i-11 (rac.) I-11-R-D-Tol-Tart
3
O\\ r,N ‘< O\\ S’/N H

I-3-R I-11-R

where the R enantiomer of the nitrophenyl-sulphoximine of the formula (I-11-R) is then
released from the-saits and the trifluoroacetate protective group is inserted again to form the R

enantiomer of the trifluoroacetate-protected nitrophenyl-sulphoximine of the formula (I-3-R),

Le). Hydrogenation of trifluoroacetate-protected nitrophenyl-sulphoximines of the formula {I-3-R)
to give triflucroacetate-protected anilino-sulphoximines of the formula (I-4-R) with an iron-

doped palladium catalyst
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02N 1-10 1-1 Lc). Oxidation of the trifluoroacetate-protected

ni t r opheagdrzgss4phi | i mne of the fornula (1-10) to give a pcT/EP2011/066295
trifluoroacetate-protected nitrophenyl-sul phoxi mne of the formula (
1-3) and subsequent deprotection to give a nitrophenyl -sul phoxi m ne

of the fornula (I-11) l. Racemat e cl eavage of a
nitrophenyl-sulphOX| tﬁ% formula (1-11) with the help of

(+)-di -0 p-tol uoyl - D- %p _ﬂéc acid 1-11 (rac.)Il-11-R D-Tg %%

| -3-Rl-11- R wher g=the an®i oner of the nitrophenyl - sulph ﬁée of
the formula (1I- is then rel eased—++omishe salts gr

trifl uoroacﬁﬁ e ective group is inserted again -w
enant i omer the trifluoroacetate-protected n|tr¢p~~n

of the fornula (d3-R-11), |.e). Hydrogenation of
trifluoroacetate-protected nitrophenyl-sul phoxinm nes of*Rhe fornul a
(1-3-R) to give trifluoroacetate-protected anilino-sul phoxim nes of

}D he f ol Pul @reﬁabra?ﬁﬂf (IR, BR)- :a(behiymlayysagagiitcn@i _5.a9 idww%%tag!a ¥Sbess tha t
reparatio oxy) but an- in a two-sta
process vi 241?( gl]ﬁ ‘ﬁ%mﬁfﬁa%ﬁ@}@i dyxa%%gtllﬁ)swmrﬁ% Iﬁéﬁﬁ glageris gaprion) out wih
wher e the piddiiugtpagRetesulfidnht @ttoRbite i tten RYNEMHaWMinium hydride reduction
p-tol uenes?%%égnat e in toluene and then a diisobutylal um ni um hydride

reduction acﬁll%l@ “h tol uene,

m t he R
Ssul phoxi m ne

I
o_0

‘. _OH
HO/\E/ - > - O\/©
H HO/\/

(2R,3R)-Butane-2,3-diol

Lg). Coupling of (I-5-A) with 2,4-dichloro-5-trifluoromethylpyrimidine to give 4-{[(2R,3R)-3-
(benzyloxy)butan-2-yl]oxy}-2-chloro-5-(trifluoromethyl)pyrimidine (I-7-A) with Li bases in

ethereal solvents

—o

- C

I: :l A

Ho ™y + UL —— 0 v@
H H)\CI \\{LO/_\/O

I-5-A I-7-A
2,4-Dichloro-5-trifluoromethylpyrimidine h
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I | -12-Al-5-A 1.g). Coupling of (1-5-A) with
2, 4- di ™0 2me34ir i fl uoromet hyl pyrimdine to give 4-{[ (2R &R/ER011/066295
(benzyl oxy) but an-2-yl ] oxy}-2-chl oro-5-(trifluoronethyl)pyrimdine
(1-7-A) with Li bases in ethereal solvents 1.h). Preparation of
benzenesul Egoni c acid salts of doubly protected anilino-pyrimdines

D Y.

of 't hel-Bor Rigpaatianogbrzpsayiphepiciseid sdies doybhamptectetindinogysindiws of the
coupling o e, . Clh gayl Ng O of
The. proteo v SrER B0 tyeehuphonte did et couptoldor (1. 39464
protected anilinopyrimdines of the fornmula (I-8-R-BSA) by

hydr ogenati on wi th ®al | adi um on activated carbon d hydecegen in

nmet hanol , and al so hy treatnent w th potassium ca%&og%lbg i n et hanol

A
.

to give conpoundNof® he formul a | - 9- R- BSA B., 1+ O
2012/ 038411PCT/ Ed@%{(ﬁ%oz eSS accor toRCaim1, where,
in step |I.b) 1,3-dMorond-55-diet Ny hydan't_‘ I, ¥ used as oxidi zi ng
agent and trifl uorqgget am dé i s used as reaggnt.

I-7-A I-4-R

S'-, R4 0 SOH
Benzenesulphonic
acid HN

1-8-R-BSA

Li). Cleaving off of the protective groups in benzenesulphonic acid salts of doubly protected anilino-
pyrimidines of 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}

Nl ° — —

ENZARN CF

s. O SOH o. N 3
', \\ /7

H/J\O/;\_/O NE\N :
\ S I\]//’J\O/\E/OH

I-8-R-BSA N )
0 NH -
N

,)—%
m-&-
Y

I-9-R-BSA
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3. Process according to Claim1l, where, in step Lc), the oxidation

t akes M2E2M38NL pot assi um per oxononosul phate (Oxone). 4PCPERPIASB66295
according to Caim1, where, in step Id), the

ni t rophenyl - sul phoxi m ne of the fornmula (1-11) is crystallized with
(+) - di 20 pt Broggypecordingte S4iw laci d in acetonitrile or propionitrile.
5. Progass, iasept 8 NYdbRnid-25 Mintethy MBS Hoin lsisst R RBxidiANwackind 1 t hi UM
base used is I?t,ﬁ): um hexanet hyl diygii}I az?%es zsand t}ﬁle1 etgﬁérea?d sol vent
used i Siftugropeiappife s ypedns reagent.| nt er nedi ates of the fornula (140) and
(1-10-A 1-101-1 O-A where R4is a G -Co6-al kyl group or a
C3-C7-cycloallcyl ring. 7.1nternmedi ates of the fonma (1-11-R),

(1- 11-A) anBrocess ggeomlingyto Claijfler e R4i s a Cl-05-al kyl group or a
C3-C7-cyclaal |l cyl, ring., .WD 20121038411PCT1EP20111066295 ®

81 nt e MGG S By T REHBRRIED B ofagly Peo¥qIonoRIPhais Oane 3k A- 12)
where R4is a C -C6-al kyl group or a C3-C7-cycloallcyl ring. 9. Salts
of the formyla (1-11-R-D-TJol-Tart.) of nitrophenyl -sul phoxi m nes of
the fofmul QE’(OF@S geopyding tp FFIalmL

where, in step 1.d), the nitrophenyl-sulphoximine of the formula (I-11) is crystallized with (+)-di-O-p-

toluoyl-D-tartaric acid in acetonitrile or propionitrile.

5. Process according to Claim 1,

where, in step L.g), the lithium base used is lithium hexamethyldisilazide and the ethereal solvent used

is tetrahydrofuran.

6. Intermediates of the formula (I-10) and (I-10-A)

ﬁJJ\CF3 HJI\CFS
: /5\R4 l /@,S\
O,N O,N
1-10 1-10-A

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

7. Intermediates of the formula (I-11-R), (I-11-A) and (1-11-A-R)

0, ,NH NH o. ,NH
N Vi N/
o o oS
ON O,N ON
-11-R -11-A I-11-A-R

where R is a C)-Cg-alkyl group or a C3-Cy-cycloalkyl ring.
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(+)-di-Op-toluoyl-D-tartaric acid and the salt of the formula

(1-11- HQe@m2p@4irart.) 1-11-R-D-Tol -Tartl-11- A- R- D- Tol - TRCT/EPE0A 1866295
R4is a Cl-C6-al kyl group or a C3-Cr7-cycloallcyl ring. 10.

Interrredi ates of the forrmula (I1-8-R-BSA) and (I - 8- A—R—BSA)

| -8-R- -8-A-R-BSA where R4 is a Cl-C6-al kyl group or

C3- C7- ycI qngg}lat%c,? formula of the formula (I-3-R) and (I-3-A-

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

whereR*  isa C-Cs-alkyl group or a C;-Cy-cycloalkyl ring.

9. Salts of the formula (I-1i~-R-D-Tol-Tart.) of _nitrophenyf-sulphoximines of the formula (I-11-R)
with

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

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

where R®  is a C-Cg-alkyl group or a C;-Cs-cycloalkyl ring.

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

3 3
O\\S?,I:]«o SO,H
@’ J O
HN HN
PY

4© '

CF, CF ;

CF CF

3

I-8-R-BSA I-8-A-R-BSA
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where R* isa Ci-Ce-alkyl group or a C;-Cr-cycloalkyl ring.
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