CHEM CAL PROCESS This invention concerns a novel chem cal
process, and nore particularly it concerns a novel chem cal process
for the manufacture of rosuvastatin and its pharmaceutically
acceptabl e salts, especially rosuvastatin calcium as well novel

i nternedi ates used in said process and processes for the manufacture
of the novel internediates. Rosuvastatin and its

phar maceutical ly acceptable salts are HMG CoA reductase inhibitors
and have use in the treatnent of, intef.alia, hyperchol esterolem a
and m xed dyslipidem a. kosuvastatin calcium (Formula (A)) is

mar ket ed under the trademark 10 CRESTORTm European Pat ent
Application, Publication No. (EEEMERIPROCERSsc| oses
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Rosuvastatin and its pharmaceutically acceptable salts are obtained therein by
condensation of methyl (3R)-3-[(fer#-butyldimethylsilyl)oxy]-5-ox0-6- ‘
triphenylphosphoranylidene hexanoate with 4-(4-flucrophenyl)-6-isopropyl-2-(N-methyl-
N-methanesulfonylamine)-5-pyrimidinecarboxaldehyde, followed by deprotection of the

20 3-hydroxy group, asymmetric reduction of the 5-oxo group and hydrolysis,

Other processes for the preparation of rosuvastatin and its pharmaceutically
acceptable salts are described in WO 00/49014 and WO 04/52867. The compound and its
pharmaceutically acceptable salts are obtained in WO 00/49104 by reaction of diphenyl [4-
(4-fluoropheny)-6-isopropyl-2-[methyl(methylsulfonyl)aminojpyrimidin-5-ylmethyl]



5 met hanesul f onyl am no) - 5- pyri m di necar boxal dehyde, followed by
deprotection, asymmetric reduction of the 4-oxo group and hydrol ysis.
However there is a continuing need to identify alternative processes
for the manufacture of rosuvastatin and its pharmaceutically
acceptabl e salts. Such processes may, for exanple, when conpared to
previ ously known processes, be nore convenient to to use, be nore
suitable for large scale manufacture, give the product in a better

yi el d, reduce the nunber of steps invgved, use internediates which
are nore easily isolated, require | ess conplex purification

techni ques, use |ess e gensive reagents and/ or be nore
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the number of steps involved, use intermediates which are more easily isolated, require less
complex purification techniques, use less expensive reagents and/or be more
environmentally friendly.
WO 03/064382 describes a process for manufacture of statin compounds such as,
15 inter alia, pitavastatin and rosuvastatin, based an an asymmeiric aldol reaction using a
chiral titanium catalyst. WO 03/42180 describes a similar process for the synthesis of
pitavastatin.
We have now discovered a particularly useful process for preparing rosuvastatin
and its pharmaceutically acceptable salts, using a variant of the process in WO 03/064382
20 which we have found to be particularly beneficial in terms of yield and/or enantiomeric
excess of the product,
According to a first aspect of the invention, there is provided a process for the

manufacture of a compound of formula (T)

25

or a pharmaceutically acceptable salt thereof, comprising

&) reaction of a compound of formula (1)



SKR), SKRI),
(1-6C) al kyl,
aryl (1-6C) al

a titanium (1V) catalyst of formula (1V) 10

OR wherein each Rl is independently selected from

and Ris selected from (1- 6C)al kyl, (3-6C)cycloal kyl

or

kyl; with a conmpound of fornmula (DI) in the presence of

(I'V) (wherein each R2

i s independently selected from (1-6C)al kyl and the bi napht hyl noiety
isin the S-configuration), an alkali nmetal halide salt and an am ne,

in an inert
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solvent, to give a conpound of formula (V); 15 OR
-3.

= OR

(I
wherein each R! is independently selected from (1-6C)alkyl, and R is selected from (1-

6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)alkyl;
with a compound of formula (IIT)

in the presence of a titanium (IV) catalyst of formula (IV)

0, "

O™
Ti
<N
O 0\
RZ
(Iv)

(wherein each R? is independently selected from (1-6C)alkyl and the binaphthyl moiety is
in the S-configuration), an alkali metal halide salt and an amine, in an inert solvent, to give

a compound of formula (V);




b) reduction of the keto-group in the conpound of formula (V) to give
a conmpound of formula (VI); (VI) and c) renoval of the R group to
gi ve the conpound of fornmula (1) or a salt thereof; optionally

foll owed by formati on of a pharmaceutically-acceptable salt.

Sui tabl e conditions for the reactions are described below. toStep a)
The use of the alkali netal halide and the am ne are believed to be
essential for obtaining good yield and enantioneric excess for this
reaction with the conpound of fornmula4-11). The nolar ratio of the
al dehyde of formula (111) and a conpound of fornula (rr) 15 |n|t|aIIy

resent int o L Sndanyen between 1:1 and 1:6,
: I Hj?edﬁ&al%fﬂk Bt e E‘F q,g% we t({i)y‘lglﬁe aaﬁ‘?B‘PT“%o such as

such as frogrqﬁ% : 4, convenl ent

1: 2. Qﬂ'ratlo of the tltanlun1(IV) catal yst of formula
(I'V) to the al dehyde of fornula ElI1) initially present in the
reaction m xture i s convenientl etween 0.01:1 and 0.15:1, such as
between 0.01:1 and 0.05:1. 20Th lar ratio of the alkali netal
halide to the al dehyde of fornu (III)oHrmglaIIy present in the
reaction m xtures is convenientl n D.0#:1 to 1:1, particularly
between 0.1:1 and 0. 4: 1. Thﬁ ﬁﬁﬂt quant Ty of @ kal i metal halide to
be used will be understood yN #skill ed person to depend on which
am ne is used and/or the anou@éc f fhe titaniumcatalyst used, and/or
the concentration of the reaction solution. The quantities given
above 25 are particularly suitable wid@h the alkali metal halide is

l'i t hi um chl ang de. The nmol ar ratio of the amne to the al dehyde

of fornula res in the reaction m xture is
conveni ent |y ’bm%"ﬁ%%ﬁ‘ged% g‘&"h e%’mf"“nf)affff"in}&‘li‘l(ﬁﬂ asalhBergefen 0. 5:1 and

optionally followed by formanon of a pharmaceutically-acceptable salt.
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Suitable conditions for the reactions are described below.

o Stepa)

‘The use of the alkali metal halide and the amine are believed to be essential for
obtaining good yield and enantiomeric excess for this reaction with the compeund of
formula (III).

The molar ratio of the aldehyde of formula (IIL) and a compound of formula (IT)

15 initially present in the reaction mixiures is conveniently between 1:1 and 1:6, such as from
1:1 to 1:4, conveniently between 1:1.5 and 1:3, such as 1:2.

The molar ratio of the titanium (IV) catalyst of formula (IV) to the aldehyde of
formula (III) initially present in the reaction mixture is conveniently between 0.01:1 and
0.15:1, such as between 0.01:1 and 0.05:1,

20 The molar ratio of the alkali metal halide to the aldehyde of formula (1IE) initially
present in the reaction mixtures is conveniently between 0.03:1 to 1:1, particularly between
0.1:1 and 0.4:1. The exact quantity of alkali metal halide to be used will be understood by
the skilled person to depend on which amine is used and/or the amount of the titanium
catalyst used, and/or the concentration of the reaction solution. The quantities given above

25 are particularly suitable when the alkali metal halide is lithium chloride,

The molar ratio of the amine to the aldehyde of formula (1T} initially present in the
reaction mixture is conveniently between 0.015:1 and 2:1, particularly between 0.5:1 and



1.5:1, preferably about 1:1. The exact quantity of am ne to be used
wi |l be understood by the skilled person to depend on which amne is
used and/or the anmount of the titanium catal yst used and/or the
amount of nmetal salt used and/or the concentration of the reaction
solution. The quantities given above are particularly suitable when
the am ne i s TMEDA The reaction may be carried out in a polar
aprotic solvent, such as tetrahydrofuran, diethylether or

di met hoxyet hane, preferably tetrahydr.gLuran. A combi nation of

sol vents may al so be used. The reaction may be carried out at
a tenperature fromabout 0C to about 70C, such as from about 10C to
about 60C arich:bpifembiziabopt k:F.Jhe aees aanti ef amine atissed3oibe updustasd 8 er r ed

al kal'i net althel%ﬁh]b rsbﬁtoldbﬂeﬂ% SHW A2k G@ised and/or theAmpinefeliert@divan ne i s
N, NN N Ntetra t ene ter nati ve..am nes
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N, Ndi net hyl mop@maaiherqea.nuﬂma ganeabawmmpﬂ?elﬁremta@dwmtw@slmnseﬂ@% nt at e.

Exanpl es of (1- @e%akt%\ihna? ﬂgéaﬂﬁgoﬂﬁf-zﬂ%ua %bYleen@JuQ}:pééltetraﬁya@ﬂlf'@pyl and
tert-butyl. 15 Exanples o

cycl obut yl , %We@ﬁb%tiwtham e%?cﬂf%fﬁ%‘sc@of?lk l Inéls"%'&gmﬂ% ‘?ﬁg %%) al kyl

i ncl ude benzmbahobemmBU|tably each e group is nethyl. Suitably Ris

sel ected from ( 1T1%§gagtli0i§¥1jlapf 89 Med (0\15{ faartleﬂ%eﬁtu&'ersiﬁ'o% Jﬂ&h O‘H’A d of

formula (11) ma d-accord procedu escrlbed 20
in Vw03/0643®ﬂuaﬁdmvwmﬁﬂﬁQK8©mﬂ@Wﬂmmhﬂﬁb#@mﬁﬂmﬁ@mﬂISEGOﬂmﬁggﬁf p. 830.

A conpoung of fOgg}é!f%edAuéalmhéa@elpﬁﬁaﬁ%ﬁ&l&ccordl ng to the

procedures described 1in W03/064382 a
conmpound of f or nfHPELETRY ayingis DGR Nefsme 'gvv‘gﬁeé‘eqlwe BAE)N)%‘B?TU? e, as

25 i || ust r at @ifinds ichite DABCOpatiyiabigyciaridoesc)anepi@inesinddMN-i n Schene 1
bel ow. Sche@ﬁ ﬁﬁééﬁ$$$hﬁ gﬂ&g&& &p%m%gg£b%gm%doresent i nvention
enconpasses e e cC or mul a DI made by any
sui tabl e method Erapies ofrféﬁc}ﬂ%nﬁmh@ﬁ velotyh aerd, H%S’Rﬁpyl and tert-butyl. ~ -
15 Examples of (3-6C)cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl. Examples of aryl(1-6C)alkyl include benzyl.
Suitably each R! group is methyl. Suitably R is selected from (1-6C)alkyl,
particularly R is efhyl.
A compound of formula (IT) may be prepared according to the procedures described
20 in WOO03/064382 and WO03/42180, and in J. Am. Chem. Soc., 1993, p. 830.
A compound of formula (IV) may be prepared according to the procedures

described in WO03/064382 and WO003/42180.

A compound of formula (II[) may be made by the following procedure, as

25 illustrated in the accompanying Examples and as shown in Scheme 1 below.



5 in the above schene. However the route shown in Schene 1 is
believed to be novel and is provided as a further independent aspect

of the invention. In a further aspect of the invention, there is
provi ded a process for the nmanufacture of a compound of forrmula (I11)
conprising: - W) i) formng a conmpound of fornmula (XI) froma

compound of fornula (X); and Br N NIN SO Me0=8=0 (X) (XI) 5ii)
converting the conpound of fornmula (X) to the conpound of formula

(R) -6-
F F F
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Scheme 1
Tt will be understood that the present invention encompasses the use of the
compound of formula (1) made by any suitable method and is not restricted to that shown
s in the above scheme, However the route shown in Scheme 1 is believed to be novel and is
provided as a further independent aspect of the inventjon.
In a further aspect of the invention, there is provided a process for the manufacture

of a compound of formula (1T} comprising:



Sui tably the conmpound of formula (XI) nay be made by reacting the
conpound of forrmula (X) with acrylonitrile in the presence of a
transition netal catalyst, such as a palladiumcatal yst, such as

Pd[ P(tBu) 3] 2 [pre-prepared or generated in situ from for exanple

bi s(di benzyl i deneacet one) pal | adi um(0) (Pd(dba)?2) or

tris(di benzylideneacetone)di pal | adi um(0) (Pd2(dba)3) and

kl 3u3P11-BF4]. A phase transfer catalyst, such as tetrabutyl anunoni um
brom de may be used. Sui t ably, .ganversi on of the conpound of
formula (XI) to the conpound of fornmula (RD may be carried out by
reduction using DI BAL (diisobutylalum niumhydride). Further suitable
reduci ng agents include the follow ng fand conpl exes thereof: Raney
nickel (with a 15source of 112), tin hl oride, |ithium

triethyl borohydri de, potassium 9-sec- 1- 9-

bor at abi cycl o[ 3. 3. 1] nonane, dii sopropy alqplnun1hydr|de l'ithium

tri et hoxyal um nurn hydride, |ithium §feyhoXyatium num hydride, sodium
di et hyl al umi num hydri de, [ithium atyHn hydride, |ithium
tris(diallrylam no)al um ni um hydrhdgs, and trial kyl silanes in the
presence of appropriate Lewi s acidsl! More suitably, conversion
of the conmpound of fornmula (XlI) to thecﬁﬁnpound of forrmula (111) may
be carried out by reduction using MEAL,” for exanple in toluene at

<0C. Fub fareing s erntpeiyid of fommvdi KD afcorpouiico formaan G0 s may be
found in the acconpanyging 5 exanples, or are yell known in the art.
The conpound of formulla (111), nanely
trans-N-(4-(4-fluoro y1l) - 6-i sopropyl -

( 3- oxoprop- 1- enyf | py di n-2-yl)- N—nethylne
bel i eved to be novel agdsis provided as a f

i nvention. The conpaound| of forrmula (VII), na
4-(4- quorophenyITN “Insopropyl pyri m di n- /gg is believed to be
novel and is prOV|dq@eas a éﬁrther aspectO Ot he'i nventi on. The
compound of formula (VII1),Ynanmely 5-brono-4- (@mfluorophenyl) 6-

i sopropyl pyri m di s believ an ded as a
further Epect of‘) %Oﬂ‘@ﬂinﬁ@%ﬁﬁp(?ﬁ’%o?%mgagﬁ °8m yotne for'f‘lglf/’gmbrul a (1X),
namel y 5- br onp- 2Sgitably the cehapodudfdf &@n@pﬁ@)m)be GadeDbs rdaginp tho pyAmeyrdiofi di ne

I's believed ﬁ wﬂmﬁdﬁﬂmk51tperlﬂééwéesifa%@mgﬁeﬁn@@y@%a&%aof the
i nvention. The conp ound f or mul

N- (5- br ono- 4pa€1ﬁiufn|1 ﬁ@ﬂy@tpﬂ%%g f)il’_PgBu)g]z [%zézprepgred or ggnerated in gitn from, for

i sopr opy! pyr éx@ngle Bis@ibynkyliddheaetchaypaietingO)aBd(ifapam de is believed to be
novel and_ is e The
conpound of ?ég $i?§%§%mﬁﬂ&%%%ﬂﬁﬁ@ﬂ@@ﬁﬁé$§£?%nggggj?Ih&ﬂmn 4-
fIuorophenylsﬂ%Wi§@b#ﬁ§?ﬁﬁﬂﬂﬂﬁﬁﬂﬁﬂmﬁm@qmﬂ H@ﬂhylnethanesulfonanlde
is believed to b@uieNSlonARn bthPloaipbeie df Bsma (K1) kd thedomBsipe st for@ulat he

I nvention. (1) may be carried out by reduction using DIBAL (diisobutylaluminium hydride). Further

suitable reducing agents include the following and complexes thereof: Raney nickel (with a

nesul fonam de is

15 source of Hp), tin(M)chloride, lithium triethylborohydride, potassium 9-sec-amyl-9-
boratabicyclo[3.3.1]nonane, diisopropylaluminum hydride, lithium triethoxyaluminum
hydride, lithium diethoxyaluminum hydride, sodium diethylaluminum hydride, lithium
aluminium hydride, lithium tris(dialkylamino)aluminium hydrides, and trialkylsilanes in

the presence of appropriate Lewis acids.



An al ternative process for making the conmpound of formula (I11)
reaction of a conpound of formula (X) with an appropriate vinylic
boron species. 25Therefore according to a further aspect of the

i nventi on,

formula (111) (as hereinbefore defined) conprising A)

there is provided a process for form ng a conpound of

conmpound of forrmula (X) (as hereinbefore defined) with a vinyl
boronate of formula (XIl1) YXBORS 30 wherein BY is selected from
B(OH) 2, B(011)3", B(OH)2.1r, BX3" (whar-ein X-hal ogen), B(OR5) 2,
B(OR5) 2F, B(OR5)2(CHI, B(OR6)(O0R7), E(OR6)(0R7)(O—I)" B(0R6)(0R7)F
BR52, BR5201-1" and ER5F- R5 is selected from -60) al |l cy

(3- 6C) cycl oal | cy?’mﬁﬁ‘ﬂ‘aQV’fP‘(virS‘B@%WPP“%“éﬂﬁmR

i's by

reaction-of a

@é‘&tcﬂ%l"’“i“b‘ffm a two

or three carthatulagitl) e} Bnarried oud ferebretimasing DIBATL fabexamgly Hasisent @ Whi ch
they are attgehed, optionally substituted by 1, 2, 3 or 4 nethyl
phenyl groups; or R6 and R7 together forma phenyl ring;, and 12.3 is
a protecting grofipthorswiablearaditings ferdlisserpastians may hedoussl PdhencdempBgd of

formul a (XBlegkampl€, or&H well known in the art.
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The compound of formula (IIT), namely frans-N-(4-(4-fluorophenyl)-6-isopropyl-5-
(3-oxoprop-1-enyl)pyrimidin-2-yl)-N-methylmethanesulfonamide is believed to be navel
and is provided as a forther aspect of the invention.

The compound of formula (VII), nantely 4-(4-fluorophenyl)-6-isopropylpyrimidin-
2-ol is believed to be novel and is provided as a further aspect of the invention.

The compound of formula (VII), namely 5-bromo-4-(4-flucrophenyl)-6-
isopropylpyrimidin-2-ol is believed to be novel and is provided as a further aspect of the
invention.

The compound of formula (IX), namely 5-bromo-2-chloro-4-(4-fluorophenyl)-6-
isopropylpyrimidine is believed to be novel and is provided as a further aspect of the
invention.

The compound of formula (X), namely N-(5-bromo-4-(4-fluorophenyl)-6-
isopropylpyrimidin-2-yl)-N-methylmethanesulfonamide is believed to be novel and is
provided as a further aspeet of the invention.

~ The compound of formula (XT), namely trans-N-(5-(2-cyanovinyl}-4-{4~
fluorophenyl)-6-isopropylpyrimidin-2-yl)-N-methyimethanesulfonamide is believed to be
novel and is provided as a further aspect of the invention.

An alterpative process for making the compound of formula (IIT) is by reaction of a
compound of formula (X) with an appropriate vinylic boron species.

Therefore according to a further aspect of the invention, there is provided a process
for forming a compound of formula (IIT) (as hereinbefore defined) comprising
A) reaction of a compound of formula (X) (as hereinbefore defined) with a vinyl boronate
of formula (XIT)

vp "0

(XI)

or



OCa and B) oxidation of the conpound of fornula (X) to give the
conmpound of forrmula (M. Suitable values for 13.3 include well
hydr oxy protecting groups, and include 15 for exanple Si (R4)3
(wherein each R4 is independently selected from (1-6C)allcyl),

t etrahydropyranyl, benzyl, p-nethoxybenzyl, methoxymethyl (MOV) and

benzyl oxynet hyl (BOV). Preferably 01t3 is not an ester group.

one aspect,

le is Si(R4)3 (for exanple trinethylsilyl, or

known

In

tertbutyldimethylsilyl). In another aspect R 3 is tetrahydropyranyl.
20Suitably BY is B(OR6)(0127). Exanples of B(OR6)(O0R7) include:

OBO

10

15

20

wherein BY is selected from B(OH),, B(OH)s", B(OH),F", BX;™ (wherein X=halogen),
B(OR®), B(OR*):F", B(OR®)2(OH)’, B(OR®(OR"), BOOR®(OR"YOHY, B(OR*)(ORN)F,
BR®, BR*0H" and BR'F;
R’ is selected from (1-6C)alkyl, (3-6C)eycloalkyl and aryl(1-6C)alkyl;
R® and R together form a two or three carbon alkylene bridge between the two oxygens to
which they are attached, optionally substifuted by 1, 2, 3 or 4 methyl or phenyl groups;

or R® and R7 together form a phenyl ring;
and R® is a protecting group;

followed by deprotection fo give a compound of formula (XIII):

F
N " 0H
O=?=O
(XI)

and
B) oxidation of the compound of formula (XIIT) to give the compound of formula (IIT).

Suitable values for R® include well known hydroxy protecting groups, and include
for example Si(R”); (wherein each R* is independently selected from (1-6C)alkyl),
tetrahydropyranyl, benzyl, p-methoxybenzyl, methoxymethyl (MOM) and
benzyloxymethyl (BOM). Preferably OR? is not an ester group.

In one aspect, R? is Si(RYs (for example trimethylsilyl, or tertbutyldimethyisilyl).
In another aspect R’ is tetrahydropyranyl.

Suitably BY, is BOR®(OR).

Examples of B(ORG)(OR7) include;

10



Ph Ph Ph Ph In one aspect, B(OR6)(OR 7) is: OB Suitably the
reaction of (XIl1) with (X) may be carried out in the presence of a
pal | adi um cat al yst such as

(1,1 -bis(di-tert-butylphosphino)ferrocene)pall adiunDl) chloride. The
reaction nay be carried out in acetonitrile and water, in the
presence of a io base, such as potassium carbonate. Alternatively,
the reaction may be carried out in the presence of fluoride, see for
exanple J. Og. Chem 1994, .59, 6095-8097. It will be

appreci ated that for sone values of R3 (for exanple when R3 is

Si(R4)s, the silyl group may be renoved in situ during step A . Wen
R3 is tetrahydropyrgay, a separate step nmay be required '"4ﬂeprotect
the internedi ate al I\ether t ive the algahol 15 (M . -&hi.® may be
carried out for g by hy OR sis usin aqypous hyd oric
acid. This deprotectdign step e carrieg_lﬁ W t hout ation of
the internediate allyl ether, as illustrated in the acconpanyi ng

exanpl es Wien R3 is p-nmethoxybenzyl group, it may be renoved under
oxi dative COﬂdItIOﬂSOMhBCh si mul t angaysl y oxi di se the hydroxy group

to give an al deh de ornula (11 2Qpui tably the oxidation of (M)
to give (I11) (S nay be carrided Out using manganese di oxi de,
for exanple in toI .PHKX her oxi ddt\i on conditions well known in the

art may al so be use for exanple variations on the Swem oxidati on,
such as woul d be achi eved usi ng chl orine and di nethyl sul fide.

Furt her sgltablehgﬂggﬁ&*%ﬂﬁv(ggyg@ese reactions may be found in the
acconpanyi ng exanpl e R conmpound of forrmula (XII1), nanely
trans- N- (4- (4-f1 uor §pHeny1) - 5- ( 3-

hydr oxypr opThenyl <1 ®opropyl pyri m di n-2-y1)-N-net hyl net hanesul f onam
ide is believed 5 to/pe novel and forms a further aspect of the
i nvention. Step b) Reduction of the keto group in the conpound

of formula (V) ”BMtaplg tt@?JaEtioﬁgf(R‘}ﬂ witllod %@eﬁ%@tﬂ&?m%e sence of a.

di (1 owneral ky hoxybor ane, as dle yl met hoxyborane or io
di but yl met ho?é&eb%%?? YS'éﬁ‘ihtaéﬂl*]yb’d deterpriret R EBroamerileduadn.  The

reaction is @ﬁmﬂe a“hé act@r mayee camtikd oirin a:eqeﬁ{raaeranas@ht&aﬂfthe p&b&ﬁl&: i3
tetrahydrof ug u or . Qr a
1 & ta?sl O%I%Lna'?e &penﬁaveg/e&e 18ac 1011 maaﬁcbe teaer{1 cwgl 18 %8 furan

m xture of such or exa qp ure
and met hanol presence of ﬂuonde see for example J, Org. Chen., 1994, 59, 6095-6097,

It will be appreciated that for some values of R? (for example when R is Si(R™);

the silyl group may be removed in situ during step A). When R? is tetrahydropyranyl, a
separate step may be required to deprotect the intermediate allyl ether to give the alcohol

15 (XIID); this may be carried out for example by hydrolysis using aqueous hydrochloric acid.
This deprotection step may be carried out without isolation of the intermediate ailyl sther,
as illustrated in the accompanying examples. When R? is p-methoxybenzyl group, it may
be removed under oxidative conditions which simultaneously oxidise the hydroxy group to
give an aldehyde of formula (1Y),

20 Suitably the oxidation of (XIII) to give (III) (Step B) may be carried out using
manganese dioxide, for example in toluene. Other oxidation conditions well known in the
art may also be used, for example variations on the Swem oxidation, such as would be

achieved using chlorine and dimethylsulfide.



The reducing agent is suitably a hydride reagent such as sodi um or
l'ithium 15 borohydride, particularly sodi um borohydri de. The
reaction nmay be carried out at reduced tenperatures, such as about
-20C to about -100C, particularly about-50C to about -80C. Simlar
chiral reductions are described in EP0521471. 20Step c) The R
group in the conpound of forrmula (VI) may be renoved by hydrolysis
under conditions well known in the art, to formthe conpound of
formula (1), or a salt thereof. Such sal.ts nay be

pharmaceutical l y-acceptable salts, or may be transforned into
pharmaceutically ce le salts. For exanple, R may be hydrol ysed
by treat nent MAtﬁmgg’%ﬁﬁgﬁﬂgﬁﬁﬁﬂwﬁﬁ¥%ﬁﬁpﬁﬁFH%“?@“@@% PREPETHEUM sal t
of (I1). A suixaalése pharnmaceutically acceptable salt includes, for

exanpl e, an al kakj, S5 E’@ﬂgld‘?‘ﬁjﬁmulagﬁm ‘5%‘%'{19)"1"‘9’3% (ﬁgﬂhuor nalﬁ?& ssi um

salt, an al kaline ear magnesi um
salt, an anmbHosArPatfYbp-isgpreppinyrigidin ﬁhN@?e@alme@aﬂswﬁ@amme@Wtd)r ds a
physi ol ogis cab by navelaapioat adurtal ds@t,of fhomvaxanpl € wi t h nmet hyl ani ne,

et hyl am ne, 30 di net hyl anai ne, trinethyl arnine, norpholine,

di et hanol am ne, tris(2-hydroxyethyEam ne and

tris( hydr oxy¥&tHyOret hyl ami ne. - 12 - The conmpound of formula

(1) is marketed asaubﬁosoméleaoug%ugﬁmeo%& gﬁé@fﬁﬁﬁﬁ(@ﬁﬁ LR ALG.im The
cal ci um sal t ma roduct of the reaction to

d
renove the ¢ %‘L@?ﬂ%ﬁ%ﬁﬂﬁify@?@%f%ﬁ@s 9ty mpeedeHee B for mul a
(VI) withe aq@@&d@etmvmanmsm;ebwawthumethwbomﬁmid ahgpkicti@iis geperhlly

2003/ 01146850k o@ynggo@dazal@a s@&a@leﬁ%@t@fumﬁgrﬁﬁ obhoPlactt Nne %{Hﬁ&und of

formula (1), such as the sodium sal ueous so Ion of a
suitabl e cal @7th €8 HItwe oiguhrermE fexmunin BHUREE s bEPMeadal ci um

chl ori de andmelneli um acetate. This is illustrated in Scheme 2: (vOleg

Cad 2 Ca2. 10Sch ndltlon for tr orrratlon of
t he sodi um sal t ?%ch‘ﬁcm%%%m%%&a%g at% y%fraema%eséﬂr“f Be8Y %@’?1471

wi || be apprieeshudrics peerlaty sedipeordbydridy cal ci um salt may be ret reat ed
if desired in or d&Srede@onQhly 8k Burfll bhcal BBkcdl@hdelales, sSdnaEano@l2@bhS er ent

hysi cal for
phy arpout -100°C, particularly about -50°C to about -80°C,
Similar chiral reductions are described in EP0521471,

20 Stepc)

The R group in the compound of formula (VI) may be removed by hydrolysis under
conditions well known in the art, to form the compound of formula (I), or a salt thereof.
Such salts may be pharmaceutically-acceptable salts, or may be transformed into
pharmaceutically-acceptable salts. For example, R may be hydrolysed by treatment with

25 aqueous sodjum hydroxide to form the sodium salt of (I).

A suitable pharmaceutically acceptable salt includes, for example, an alkali metal
salt, for example a sodium or potassium salt, an alkaline earth metal salt, for example,
caleium or magnesium salt, an ammonium salt or a salt with an organic base which affords
a physiologically-acceptable cation, for example with methylamine, ethylamine,

30 dimethylamine, trimethylamine, morpholine, diethanolamine, tris(2-hydroxyethyamine
and tristhydroxymethyl)methylamine.



15 (such as anorphous vs crystalline) by processes known in the art
(see for exanple International Patent Applications WO0O0/42024 and

W2005/ 023779) . In a further aspect of the invention, there is
provi ded a process for the nmanfacture of a conpound of formula (VI)
- 13 - conprising: a) reaction of a conmpound of formula (I1)

OSKR1) 3 051(R1)3 OR (1) wherein each R is independently selected
from (1-6Calkyl, and Ris selected from (160)al kyl, (3-6C)cycloalkyl
or aryl(1-6Callcyl; 10 with a conmpoungd-of fornula (BCD in the
presence of a titanium (1V) catalyst of forrmula (1V)
The compound of formula (T) is marketed as its calcium salt as described

hereinbefore. The calcium salt may be formed directly as & product of the reaction to

remove the R group (for example by treating the compound of formula (VI) with agqueous

calcium hydroxide, see patent application US 2003/0114685) or by treating an alternative

5 salt of the compound of formula (), such as the sodium salt, with an aqueous solution of a
suitable calcium source. Suitable calcium sources include calcium chloride and caleium

acetate, This is illustrated in Scheme 2:

vi
eg CaCl,

Ca?

10 Scheme 2

Suitable conditions for transformation of the sodium salt to the calcium salt are
described in EP0521471. It will be appreciated that the resulting calcium salt may be
retreated if desired in order to obtain different particle size, or different physical form

15 (such as amorphous vs crystalline) by processes known in the art (see for example
International Patent Applications WO00/42024 and WO2005/023779).

In a further aspect of the invention, there is provided a process for the manfacture

of a compound of formula (VI)



15 - 14 - (wherein R2 is (1-6C)al kyl and the binaphthyl noiety is in
the S-configuration), an alkali netal halide salt and an am ne, in an
inert solvent, to give a conmpound of fornmula (V); 5 and b) reduction
of the keto-group in the conpound of formula (V) to give a conpound
of formula (VI). Suitable conditions for steps a) and b) are as

her ei nbef ore descri bed. In a further aspect of the invention
there is provided a process for the manufacture to of a conpound of
formula (V) (V) conprising reactiaqnsof a conpound of formula (11)

(VD

comprising: 4
5 a)reaction of a compound of formula (i)
0si(R"), OSIR");

/OR

()
wherein each R! is independently selected from (1-6C)alky], and R is selected from (1-

6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)alkyl;
10 with a compound of formula (I)

in the presence of a titanfum (I'V) catalyst of formula (IV)

RZ
4
2, o

O™
,TI\

o O\
RZ

v

15



OSKR1) 3 081(R1)3 (10 wherein each Rl is independently selected from
(1-6C)alkyl, and Ris selected from(1- 6Callcyl, (3-6C)cycloal kyl

or aryl(1-6C)alkyl; with a conpound of fornmula (11) - 15 - in the
presence of a titanium (1V) catalyst of formula (I1V) 5 (17) (wherein
R2 is (1-6C) al kyl and the bi naphthyl nmoiety is in the
S-configuration), an alkali nmetal halide salt and an ami ne, in an
inert solvent. Sui tabl e conditions for this reaction are as
descri bed hereinbefore for process a)410ln a further aspect of the
invention there is provided a process for the manufacture of a
conpound of forrmula (VI) conprising a) formng a conpound of fornula
(V) as her ei(wizefioR’ds dsSmikiybad the dinephfhymdicy is ndkeii-donfigyeption), an alkali

metal halids salt and an amine, in an inert solvent, to give a compound of formula (V);

5 and
b) reduction of the keto-group in the compound of formula (V) to give a compound of
formula (VI).
Suitable conditions for steps a) and b) are as hercinbefore described.
In a further aspect of the invention there is provided a process for the manufacture

10 of a compound of formula (V)

OH 0 9
¥ X OR
o
SO,CH,
2]

comprising
reaction of a compound of formula (II)
0Si(R"), OSI(R");

= oR
15

oy
wherein each R! is independently selected from (1-6C)alkyl, and R is selected from (1-

6C)alkyl, (3-6C)eycloalkyl or aryl(1-6C)alkyl;
with a compound of formula (TiI)



b) reduction of the keto-group in the conpound of formula (V) to give
a conmpound of formula (M). IS OR (W - 16 - According to a
further aspect of the invention, there is provided a process for
form ng a conpound of formula (1) or a pharnaceutically acceptable
salt thereof, conprising a) formng a conmpound of formula (V) and b)
formng a conpound of formula (VI) as hereinbefore described; and
further conmprising c) renoval of the R group to give the conpound of
formula (1) or a salt thereof; optionails-y foll owed by formation of a

pharmaceutical | y-accept abl e salt (I') 10Under certain conditions,
as illustrated in the acconpanyi ng eéanples, it is possible
\ 0
NSy
H3C ~ | e
NN
SO,CH,
(1)

in the presence of a titanium (IV) catalyst of formula (IV)

OO, "

[0 N
T
<N
o] O\
R
5
Iv)

(wherein R? is (1-6C)alkyl and the binaphthyl moiety is in the S-confignration), an alkali
metal halide salt and an amine, in an inert solvent.
Suitable conditions for this reaction are as described hereinbefore for process a).

10 In a further aspect of the invention there is provided a process for the manufacture

of a compound of formula (VI) comprising

a} forming a compound of formula (V) as hereinbefore described; and further comprising

b) reduction of the keto-group in the compound of formuia (V) to give a compound of

formula (VI).

15




to carry out the reduction of conpound (V) to conpound (Vi) and the
subsequent conversion to conpound (1) or a salt thereof, w thout
isolation of the internediate conmpound (VI). Tel escoping two
reactions into one step in this way woul d be expected to be efficient
and cost effective, provided product quality is not conprom sed. 15
According to a further aspect of the invention, -there is provided a
process for formation of a conpound of formula (1) or a salt thereof,
wherein steps b) and c) are carried outg-wi t hout isolation of the

i nternedi ate conmpound of fornmula (VI). Exanples zoln the fol |l ow ng
non-limting Exagg gﬂi unl ess ot herw se stated: 429

evapor ati ons wer ‘!gl%ﬁﬁ‘HJEPEaSBVt?félieé‘i‘ﬁ‘?“@%%&m‘ﬁ‘#dﬁﬁr%% b and

wor k- up pr oclduingscowpmed offomivadl) owd pharfh@titichiraosephblofaltfieebglual sol i ds
such as dryltq)glgg@gnts by filtration; (ii) operations were
carried out at roomterrperature that is in the range 18-25C 25 and
under an at nb<PREEa ceprou of fepyla (Y3 anddby Arming2 eomgeymd of omiviar(Bhen: - 17
- s (1 hekeinbyfofe| dek@ritred Qan@fuvtedd cdnpkisihd | ust rati on onl y and are not
necessarily p.att ) th uctures of

t he end- pr od‘ép%oqa?k{ﬁu ﬁﬁlveglf F%mpounﬂé’f%’gﬁflﬂl’r%ﬁs >l ear
(general | y proessy foﬁﬁ\gﬁﬁ@v fgmation mhmac(em-acgpf@blmltrmgnet ic.
resonance 5 chem cal shift values were neasured on the delta scale
(relative to tetranethylsilane) and peak nmultiplicities are shown as
follows: s, singlet; d, doubl et triplet; m multiplet; br, broad;
g, quartet, quin, quintet; (von | By epnedi at es were not
necessarily fully characterised and _purltylwag assessed by thin | ayer
chr omat ogr aphy (TLC), nelti n eﬁ\ T (M), hirgh-gerformance io liquid
chr omat ogr aphy (HPLC), i nf r'% (AR) or NWVR anal ysi s; (vi)
Purification by chromatograph)é generally refers to flash col um
chromat ography, on silica unl esé bt herwi se stated. Col um

chromat ogr aphy was generally carried @ut using prepacked silica
cartridges (fro

Hertford, l§Hut S, mUﬁ&r w?ta%l? %nggiglgsl) aﬁgﬁmteﬁ% & ﬁ%io%gng‘n? e’%n% ltILiJsi'-J%otS Stiqu
system 15( v‘iolcﬁrfyl-‘ilu e R@{?B‘Pﬂtﬁfmﬂi"’w&ég) tg ﬂé@f’\lﬂé (Wﬁ Sﬂ@ﬁcalc%ﬁ/as

gener at ed us¢oﬂgarsﬁ?onM (:‘dh@ﬂiﬁﬁfﬁl) biGRalt ﬂléf&)f@flthf)dt isgBdon CBESMERRAKIEOMEL er .

(viii) reltipdg ?\t’l) wer.e gener al asyr.ed u5| Differential
Scanni ng Cal of |p i RS PRETRG acuo'ﬁel?t?(l I}?n%’ LﬁPS B e %e SKPRTTHER
quoted are ol?pseéﬁmep‘ewé eqs‘aqffgqctge prov1ded product quality is not compromised,

15 According to a further aspect of the invention, there is provided a process for

formation of a compound of formula (I) or a salt thereof, wherein steps b) and c) are

carried out without isolation of the intermediate compound of formula (VI).

Examples
2 In the following non-limiting Examples, unless otherwise stated:

(i) evaporations were carried out by rotary evaporation in vacuo and work-up
procedures were carried out after removal of residual solids such as drying agents by
filtration;

(i) operations were carried out at room temperature, that is in the range 18-25°C

35 and under an atmosphere of an inert gas such as argon or nitrogen;



20The invention will be illustrated by the follow ng exanples, in
which the following abbreviations are used: DI BALdi-isobutyl
al um ni um hydri de DCMIi chl or onet hane Et OAcet hyl acet ate

25CDC13deut er ochl or of or m DM~di et hyl f or raanm de MIBEnet hyl

et her

18 - Exanple 1:

(3R 5S)-trans-7-(4-(4-fluorophenyl!|-6-isopropvl-24N-

met hyl met hyl sul f onam do) pyri m di n-5-ylity-3, 5-di | p, M oxyhept - 6- enoi e

acid,

calciumsalt

10

15

20

25

(iii) yields arc given for illustration only and are not necessarily the maximum
attainable;

(iv) the structures of the end-products of the Formula (1) were confirmed by
nuclear (generally proton) magnetic resonance (NMR); proton magnetic resonance
chemical shift values were measured on the delta scale (relative to tetramethylsilane) and
peak multiplicities are shown as follows: s, singlet; d, doublet; t, triplet; m, multiplet; br,
broad; q, quartet, quin, quintet;

(v) intermediates were not necessarily fully characterised and purity was
assessed by thin layer chromatography (TLC), melting point (Mp), high-performance
liquid chromatography (HPLC), infra-red (IR) or NMR analysis;

(vi) Purification by chromatography generally refers to flash column
chromatography, on silica unless otherwise stated. Column chromatography was generally
carried out using prepacked silica cartridges (from 4g up to 400 g) such as Biotage
(Biotage UK Ltd, Hertford, Hexts, UK), eluted using a pump and fraction collector system.

(vii) High Resolution Mass spectra (HRMS) data was generated using a Micromass
LCT time of flight mass spectrometer.
(viii) melting point data were generally measured using Differential Scanning

Calorimetry (DSC) using a Perkin Elmer Pyris 1. Values quoted are onset temperature.

The invention will be illustrated by the following examples, in which the following

abbreviations are used:

DIBAL di-isobutyl aluminjum hydride
DCM dichloromethane

EtOAc ethylacetate

CDCl; deuterochloroform

DMF dimethylformamide

MTBE methyl tert-butyl ether

tert-butyl



5 Under a nitrogen atnosphere, (8)-trans-ethyl
7-(4-(4-fluorophenyl)-6-isopropyl-2-(N

nmet hyl net hyl sul f onam do) pyri m di n-5-y1) - 5- hydr oxy- 3- oxohept - 6- enoat e
(200 ng, 0.39 mmol) and nmethanol (0.67 nL) were dissolved in 5 nL
tetrahydrofuran and cooled to -70C. To this solution was added

di et hyl met hoxyborane (1 Min tetrahydrofuran, 430 F.L, 0.43 mmol)
dropw se via syrine over 25 mnutes. The resulting pale yell ow
solution 10 was stirred 30 m nutes at.y478C, then sodi um borohydri de
(16.3 ng, 0.43 mmol) was added. The m xture.was stirred for two hours
at -78, then t he reactlon was quenched with acetic acid (86 ng, 1.44

mrol ) and alBzampld 11 GRESrans-G-(4-Weflnorophanab-AisgpuspylPgNe hi s was added 2
nil., of 1M@£M!§Nﬁ9ﬂﬂm %ﬂ%ﬁriuhanrsﬁlslstdgm roxPhept-6-SividVan, &lcom ed f or
90 m nutes. This was then uted wwth 5 nL water and 5 nlL tol uene,
stirred 30 utes, separated, 15 and aqueous concentrated in vacuo

to give a pale oil. The oil wag dissolved in 5 nL water, heated to
40C, then aqueous cal cium chl orixde (0.93 M 300 )IL, O. 28 mrol ) was
added dropw se via syringe. Th sI urry was cooled to room
tenperature over 60 m nutes, ds were collected via
filtration with a 1 nL water wasyr eetel,..sol i ds were dried
over ni ght under vacuumto W lq.AR 8)-trans-7 4444- 20

fl uorophenyl) - 6-i sopr opyl- 2-A |- et hyl met hyl sul f onam do) Pyri m di n-5- 34
)-3,5- di hydroxyhept-6-enorcl acid, calciumsalt (122.6 g, 62%yield)
as a white crystalline solid. PhyS| cal data were identical to

exi sting st aWefisranitzngen arpespiseR(S)-gHuEghad <G t-forphenyl)-6-ispeyopyl-2-(N-

(3R, (58) f ][ r anﬁe@hﬁé{]ﬁylsulfonamldo)pynmﬂm- -yl)-5- hy?]rmlcy—?’-oxohept-&enoate (200 mg, 0.39 |
744- (4 uor o 6-1 S0 A 0 rimdin-
5-y1)-3,5- mﬂg‘g‘%‘éﬂ? el Pl ere%’Lf#[né“{r émﬁt‘ oyg,dg"g‘hga“taﬁggg"%g%

(5) - t r ans- et HAPPC. Tro(tifs (ollmbn‘m@raécpﬂém}lﬁl)ﬂﬁt@WWP 6@9?-@13{1?@10@“ 430

net hyl net hyl Iof499@nm QBL@MJ thyﬂherbvéa@m&ré M%ﬂmemeﬂﬁmﬁ enoat e
(506 ng, 1.0 '5584§’ 01\9 10 nL

n th r
t et r ahydr 8f u?"%ﬁf'“%’?ﬁ%%‘feéﬁt'?%% e ﬁd‘u’ﬁ‘ggf%]ﬂ%ﬁ% 3%6?5 on vvas added
di et hyl met houdah Imanmixfuie Wes Miried fireta Iainy ar-63°uthaurthe rdacti@ wrs quetche&witno| )

dropwi se vi a,syri. ] LB Swed I \Garh cRBer Rk eTNEIk AW
sol uti on was C% Jd ﬂ‘%ﬁ%ﬁ 4§9‘ meglmaaﬁo%Y %J tﬁjzﬁéng%dlgeum bong%ud” de

(43.5 ng, 1. &@eﬁmwf \%équms %Ia%dndﬂrf@su#e&m%wmeﬂ?t PP 8RSt wo
hours at - 65his WMRnrdﬂeecna&cstmlomtmm T pnbedstinkd 30 sicwedsi cpagatsidd (224

(]:i-l E'ug'éa \:/))\fst h ue)lgﬁl_s GO cen%rat ﬁzr va% ?gt alpalFSlﬂ r@gﬁ&gﬁﬂg‘g@eﬁwm%&e

stirred vi goh@@gﬁqﬂw(bﬁhﬂ&@qumuﬁeﬁtlw Chﬂfhiéfr{@e%ﬂa?%tpeoo 28mpreol) W5 addedr gani ¢
phase was waghedisiVii Hrigdd, @‘ﬁer@@ﬁiﬁé slu:%%a%ooﬁ:ﬁdﬁﬂﬁﬂp@ﬂlﬁemﬁﬁd\laHm
solution, and _then with 20 nlL vl\g ce@% at ed |r3fh15 vacua to
give a pal e SHRtesn @ seds Wi 9 ?t?éid’mot@tr P’b‘f” VRS rabhy (50: 50
Et 0OAdhexane) colizctyd ®lidd weteairitd ¢vemighirundin gdomind8 Ficlig3 R, BB ¥ensiTetd)- as a

white solid. Zy). Ildin-§0p-3 3. 28 (311,
t), 2.45 (11 |fﬁ°rgi§%%9 6(‘51‘%?%22) @‘dé;m%ﬁ%h ﬁ?f&af%) S 3. Sg%! (377, , 3.57
(311, s), 3. B4ygrewhept-prncicarid, alomm sply §32.6 g p2% yiell) as 4 White ﬁ’%* 4.22
(1H, in), 4. 48yscAlddta werd)identicatb existing stldrd anf ltﬁléhb(lshﬂsﬂ.descdlﬂt)qn 7.09 (211,
dd), 7.65 (211, dd). ©Mp: 92-94C. 20 FIRMS cal cul ated for

C24- H32FN306S 509. 1996, found 509 1999.




- 20 - (9)-trans-Etltyl
7-(4-(4-fluorophenyb-6-isoororrd-24Nmet hvl met hvl sul f onam do) pyri m din
-5-vl)-5-hydroxy- 3- oxohept - 6- enoat e N O=a=0 Under a nitrogen

at nosphere, trans-N-(4-(4-fluorophenyl)-6-isopropyl-5-(3-oxoprop-1-
enyl ) pyri m di n-2-y1) - N-net hyl net hanesul f onam de (1.00 g, 2.65 mmol),
(8)-(-)-1,1"-Dbi (2-napht hyl oxy) (di i sopropoxy)fitanium (41.8 ng, 0.093
nmml ), and lithiumchloride (40.2 ng, 0.94 mmol) were dissolved in
tetrahydrofuran (15 nL) at room tenpgfpature. The solution was stirred
for 10 mnutes, then NN, N N -tetramethyl et hyl enedi am ne (3971. 1"
2.51 mmol) was added Vi a syrlnge cau5|ng the solution to change from
red to oran@&.sSia 4 gyl 1

1,3-bis(tripeh meﬁl isfamm&o g 3§-dﬁdib t{6lenéRe 9, 5. 30 nunol)
via syringe our. e reaction mxture was stirred
over ni ght at roon1tenperature, hen quenched at OC with 20% aqueous
trifluoracetic acid (2.5 nlL) allowed to warmto roomtenperature
over 1 hour. The m xture was ed QQ,QQ o hen 25% aqueous
phosphoric acid (4 nL) was adde edct illon _was allowed to warmto
15 roomtenperature. It was stirired fo 17hotir,” then diluted with
met hyl tert-butyl ether (50~ m xture was separated, and the
aqueous |ayer was extractegs= @hjh thyl ten-butyl ether (2 x 50 inL).
The conbi ned organic fracti ons were washed with water (2 x 100 m),

dri ed 80 d, Ly |
PL:’?fI ((:g'? io HB‘%Q nge%%t%% erf)’ﬁ&'ﬁ(a? g@g%gq—@glrutgﬂ reﬂ%dﬁ‘) dfs%#% B Oz\dvhg;(ane)
gave the st i me@ymrm@uﬁwnp@mdzes -H)-5-dumry P e eipptSeenenis {aPEamen {0V

99. 3% enant hﬁ{%r SXmEI P 7mL $ MV Rsso HOQOMHE L, CREY &b fubin add BB 621, d)

1.28 (311, t) 111 3 34
(111, m, 374% (Tzi‘ﬂs Elj“’n vgs %@e%%‘itg “g‘éf%°xyb§’%é7(l%ﬁfﬁ ' “Jf'd“%;‘%“ﬁ DH. Q) .
4.65 (111, mjL, 155 Amol) Acbdwisechd) syrime. o8t 30 fdrites. by resupting paie yellpw s@bt)on 7. 6 3
(211, dad). was stirred 30 minutes at —75°C, then sodium borohydride (43.5 mg, 1.15 mmol) was

10 added. The reaction was stirred for two hours at —65°C, then the reaction was quenched
with acetic acid (224 pL, 3.75 mmol) and allowed to warm to room temperature. It was
diluted with 100 mL of methyl fers-butyl ether and 20 mL water, stirred vigarously for 10
minutes, then separated. The upper organic phase was washed with 20 ml. water, 20 mL
saturated aqueous NaHCOj3 solution, and then with 20 mL water, then concentrated in

15 vacuo to give a pale oil, which was purified by Biotage chromatography (50:50
EtOAc/hexane) to yield the title product (182 mg, 36% yield) as a white solid, "H NMR
(400MIiz) (CDCl) 5: 1.27 (6H, d), 1.28 (3H, 1), 2.45 (11, s), 2.47 (1H, d), 3.37 (1H, m),
3.52 (3H, 5), 3.57 (3H, 5), 3.58 (1H, br. 5), 3.74 (11, br. 5.), 4.19 (2H, ), 4.22 (1H, m),

4.46 (1H, m), 5.46 (1H, dd), 6.64 (1H, dd), 7.09 (2H, dd), 7.65 (2H, dd). Mp: 92-84°C.
s HRMS caleulated for CaaFaFN306S 509.1996, found 509.1999.



11RMS cal cul ated for C2411301"N3068 507. 1839, found 507.1870. 25 -
21 - (S)-(-)-1,1?-bi-(2-napht hvl oxv) (dlisouroDoxyltitanium Under a
nitrogen atnosphere, (S)-(-)-1,1" 1m 2-naphthol) (500 ng, 1.74 mol),
titanium 5 tetrai sopropoxide (500 uL, 1 69 nmol) and powdered 4A

nol ecul ar sieves (500 ng) were suspended in dichloromethane (25 ni)
and stirred for one hour at roomtenperature. The solids were
filtered off, and the filtrate concentrated in vacuo to provide
(S)-(-)-1,1"-bi-(2- napht hyl oxy) (dii sogr.opoxy)titanium (980 ng, 126%
yield) as a dark red powder which was used in subsequent reactions

Wi t hout further purlflcatlon 10

444- F| uor oph@hiars-kgh B ¥{N-HO N The reactor used
for this eXpﬁEth@Bﬂthﬁﬁm&lhiﬂﬁ]ﬁ_mﬁhm-ﬂl g&ggmsaﬁmébmer@% a tol uene

distillation prior to use. Fresh.toluene (100 nL) and potassium
tert-butoxide (7.50 g, 64.8 15 nol) were charged to the vessel and
stirred to forma slurry. The ure was cooled to - 9C and

3- et hyl - 2- but anone (3.63 g, 4Ix# mMmolgy gfdded. The m xture was war med
to - 5C and stirred for 30nins t byl -X4- fll udi obenzoate (6.25 g, 36.8
mmol ) was di ssol ved in tol uene 4|nL aind add®d Via a syringe

foll owed by a small toluene Tmﬁhm ne wash. The m xture was stirred
for 10 minutes at 0C, warned= §Q)10 and then stirred at this

Under a nitrogen atmosphere, trans-N-(4-(4-fluorophenyl)-6-isopropyl-3-(3-oxoprop-1-

5 enylpyrimidin-2-y}-N-methylmethanesulfonamide (1.00 g, 2.65 mmol), ($)-(-)-1,1"-bi-
(2-naphthyloxy)(diisopropoxy)titanium (41.8 mg, 0.093 mmol), and lithium chloride (40.2
mg, (.94 mumol) were dissolved in tetrahydrofuran (15 mL} at room temperature. The
solution was stirred for 10 minutes, then N,N,N’N’-tetramethylethylenediamine (397 pL,
2.51 mmol} was added via syringe, causing the solution to change from red to orange. To

10 this solution was added 1,3-bis(trimethylsiloxy)-1-ethoxybuta-1,3-diene (1.45 g, 5.30
mmol} via syringe pump over I hour. The reaction mixture was stirred overnight at room
ternperature, then quenched at 0°C with 20% aqueous trifluoracetic acid (2.5 mL} and
allowed to warm to room temperature over 1 hour. The mixture was cooled to 0°C, then
25% aqueous phosphoric acid (4 mL) was added and reaction was allowed to warm to

15 room temperature. It was stirred for 1 hour, then diluted with methyl feri-butyl ether (50
mL). The mixture was separated, and the aqueous layer was exiracted with methyl ter-
butyl ether (2 x 50 mL). The combined organic fractions were washed with water (2 x 100
mL), dried (MgSQy), and concentrated irn vacuo to give a light yellow oil. Purification by
chromatography (Biotage cartridge, 40:60 EtOAc/hexane) gave the title compound (1.221

20 g, 91% yield) as a pale oil in 99.3% enantiomeric excess.

"H NMR (400MHz; CDCly) &: 1.26 (6H, d), 1.28 (3H, 1), 2.65 (1H, d), 2.66 (1H, s), 2.89
(1H, br. 5), 3.34 (1H, m), 3.44 (2H, 5), 3.51 (3H, s5), 3.57 (3H, 5}, 4.21 (2H, q), 4.65 (1H,
m), 5.45 (1H, dd), 6.67 (1H, dd), 7.11 (2H, dd), 7.63 (2H, dd).

HRMS calculated for CaqH3pFN305S 507.1839, found 507.1870.

25



20 tenperature overnight. The nobile slurry was warned to 25C and
acetic acid (4.4 nlL) added, followed by water (37.5 nlL). The m xture
was stirred thoroughly for 5 mnutes and then allowed to stand. The
| ower phase was run off and di scarded. A 5% sodi um bi carbonate
solution (16 nL) was charged to the upper phase, stirred for 5
mnutes and - 22 - then allowed to stand. The | ower aqueous | ayer
was run off and the upper organic phase washed twice wwth water (5
m.). The remaining toluene solution was. dried by azeotropic
distillation (refluxing with Dean- s Stark trap in place) and the
solution cooled to 60C. Uea (5.1 g, 84.9 mmol ) and i sopropanol (20
m.) were ché&fgad.12hbCaephthdexvifdiisenrapoaylitagians ng t he additi on of
hydrochloric acid (5 to 6 Min isopropanol, 32.3 nL, 183mvl). The
solution was heated to 80C and ed fox_48.5 hours before charging
more hydrochloric acid in isopsogaget o 2 , 11 mmol ). After a total
of 112 hours at 80C, the nixture wds cdsled to 60C and jo water (50
nm.) added. After stirring for ' Ses, e mxture was allowed to
stand and the | ower aqueous pha of f ‘and retai ned. The aqueous

. phase was stirred and sodi um ded portion
w se until ﬁ&@ﬂ?nﬁTﬁ@aﬁFﬁﬂﬁﬁ%gﬁ9@g?§R¥ &@qfégﬁ?égﬁ Fg%l and was then
cool ed t 0s 20€kaisTeposiot (500 Mas.69 innblpad dowdefed 4k dholgaddr sidves (BEmEMITEh wat er

( 20 m‘) and ﬂsr len% 15'310?10?6@1%&%2@‘&& alﬁtstn'iqgor%ﬂﬁfom ﬁ%m temperature The
4- (4-ftuorop 3

I sopropyl pyrim di n-2-ol
i sol ated as & IWF@tEfS% pod the Migle GGURERIRIEE RprEP i pré“df? l\(l%li’lwﬁ’deﬂsz
CDC13) 8: 1.dfhiHytk{(diiegpropdxyRifan(uii(d80 niy 1266 3699:1) @dldldirk red powdsr thl(l 211,

dd), 8.14 (211 13. %ho-217C. HAMS cal cul at ed
for C131113NﬁBEﬁgg§ﬁTﬁ§§g‘?%ég%W@%%ﬁ%%%@ J?ed i n subsequent reaction

w t hout fmuurther purification.

5Bmmy¢(%@@w@@@m@%@@ﬂﬂLmMﬂwnmdu1Zm

4- (4-Fl uorophenyl) - 6-1 sopropyl pyrim din-2-ol (8.00 g, 34.1 mmol) was
charged to a reactor followed by DVF [100 nL). The suspension was
stirred, cooled to -3C and Nbronbsugq imde (6.25 g, 34.8 mol)
added. The reaction m xture was warreagd-to 20C 25 and stilted
overnight. Water (100 nL) was chargedjto the reaction m xture and the
crystalline mxture stirred for 1 h before filtering off. The

i solated solid was washed tw ce wt ater- (25 nL) and the solid
dried in a vacuum oven at 50C. 5- ﬁ?on%-4 (4- - 23 -

f1 uorophenyl)-6-isopropyl pyrimdin-2-ol (10.45 g, 97%yield) was

obt ai ned as ﬁhewbuctoeusscbfor tlis expletihivRv{sAQONERY drighby Syrvigg ot a Blyeres 11, d)

3.57 (I, hllZ?oL%n&Ztagme qujl toluZneQﬁ)O(uaLéqmd géﬁusmni\(&t bR INEEH. At

199C. HRIVB c a 10. 01 und
15 mmol) were charged to the vessel anc? stn'rq:to form a slurry. J[Ze n:nxture was cooled to -

9°C and 3-methyl-2-butancne (3.63 g, 41.7 mmol) added. The mixture was warmed to -

5°C and stirred for 30mins. Ethyl-4-fluorobenzoate (6.25 g, 36.8 mmol) was dissolved in
toluene (4 mL) and added via 2 syringe followed by a small toluene (1ml) line wash. The
mixture was stirred for 10 minutes at 0°C, warmed to 10°C, and then stirred at this

2  temperature overnight. The mobile slurry was warmed to 25°C and acetic acid (4.4 ml)
added, followed by water (37.5 mL). The mixture was stirred thoroughly for 5 minutes and
then allowed to stand, The lower phase was run off and discarded. A 5% sodium
bicarbonate solution (16 mL) was charged to the upper phase, stirred for $ minutes and



5 310. 0116; used in subsequent reaction w thout further purification.
5- Brono- 2- chl or 0- 4- (4-fl uor opher wO- 6-i sopropyl pyri m di ne

Phosphoryl chloride (5.00 nL" 53.8 mmpl ) was added to

5- brono- 4- (4-fl uorophenyl)-6- io isopropyl pyrimdin-2-ol (5.027 g,
15.28 mmol ) and the reaction m xture was heated to an internal
tenperature of 90 C. The m xture was then stirred for 150 m nutes at
this tenperature, then allowed to cool to 25C. The reaction m xture
was quenched by dropwi se addition (w_ 30 nL of EtOAc rinses) into a
stirred mxture of ice (60 g), water %40 and sodi um bi car bonat e
(10 g). After conpletion of the addition, sodi um | s bicarbonate (13
g) added t o ilzsslinvwed petand. dlhi togrer alitﬁeusrﬁyxtwnse-mwﬁ@nct thewpextzasicrlas wit h

et hyl acet atigediwice Wit Water 5 11§, OF gani ¢ phases were conbined and dri ed
wi t h anhydrous magnesi um suI phate. The sol ution was filtered through
a pad of di atonaceous eart and . ¢ centraf e ua ta.yleld the
i P cormolHERAgE Hipersaoh B e oy peotp p sl el 1 50
(6H, d), 3. %Ktiabinplav)elanc'lthﬁoh(t@ﬂd_ooledi@)SO"C?Um(5(12ﬂi49@@))1)alizlo Mp:

99- 101C. ERVG,CalGbAkBydOhatladbilkNer us1§a&mgzlzgddnfogupd 327.9752;

used in subse uent. reaction w thout fur
N- ( 5- Br ono- ziwirachkorlab%%%wﬂ m@fqubﬁ%b%plf?@wlﬁ ”2 &%Wﬁﬂﬁ@fﬁﬁw met ha
nesul f onam dego°C salkitten fy48rsihders $efor@aging 30re@ydrnbloric 0Pk sous@pemsdi on i n

mneral oil) % %%ﬁ%&hﬁ%&&%&%%ﬁﬂ?ﬁ&&eﬂ ﬁ(ﬁfl)&he]t%xtm‘e)was ada a0 )

was t hen ad rono- 2
(4- 11 uor ophermF1 e adsied ééfyq sy fer i autgsqthomixtug wag gllayedizsieyd anghe
resul ting susfiens h@i&oﬂé@ﬁas@ﬁ@ bﬂzdldtraameac'rha B@eth pekdwis iteh amiassditd onani de

(2. 585 G, 23,3000l d o8 SG0GHa MBSNAL bl LA du§t%8,stmhge,i a3he

m xture was a1 Ut e acetate
(80 la), tolxlstenapd @e thﬂlzl)wol@ﬁ@imﬁﬁt'@ﬁ 504142’@5 ﬁﬂ_I)EdOffﬁ@“@Fb@%‘?ﬁK@ Whase was

i 0 separat edwate’iigﬂrﬁj. %@&M@ﬂl&%&ﬁ&ﬁ%&‘eﬁm @é%ﬂh%ﬁtt £d. Mtofobheaylm-xt ure of
et hyl acetate

The .or.
conbi ned,* md%%?@ywd%ﬁ’t"é 4%% glatﬁ‘?js a3 RHAH “g‘%{'}l s 6‘3 )}Y\eand
dried over aNMR@UCOMIZERCIHSI Ui (§HJ DB E1H, Teh.68 (IELB) DIV (WBsid), 8.14
~ (2H, dd), 13.57 (1H, br. 5). Mp: 215-217°C. HRMS calculated for CyaH1aN;OF 232.1012,

found 232.0963; used in subsequent reaction without further purification.

20 5-Bromo-4-

4-(4-Fluorophenyl)-6-isopropylpyrimidin-2-ol (8.00 g, 34.1 mmol) was charged to a
reactor followed by DMF (100 mL). The suspension was stirred, cooled to -3°C and N-
bromosuccinimide (6.25 g, 34.8 mmo!) added. The reaction mixture was warmed to 20°C
25 and stirred overnight. Water (100 mL) was charged to the reaction mixture and the
crystailine mixture stirred for 1 hour before filtering off. The isolated solid was washed
twice with water (25 mL) and the solid dried in a vacuum oven at 50°C. 5-Bromo-4-(4-



concentrated in vacuo (with 2 x 20 nL hexane azeotropes) to yield the
title conpound (5.50 g, 91%yield). 15NVR (400MHz; CDCl13) 8: 1.32
(6H, d), 3.49 (311, s), 3.55s), 3.63 (1H, m, 7.16 (2H, dd), 7.77
(2H, dd). Mp: 122-125C. HAMS cal cul ated for C131-117N302FSBr

401. 0209, found 401.0225; used in subsequent reaction wthout further
purification.

trans- N (5- (2- Cyanovi nyl) - 4-(4-fl uorophenyl)-6-i sopropyl pyri mdin-2-y
11- N20 net hyl net hanesul f onam de -_2h -

N45- Brono- 4- (4-f 1 uor ophenyl) - 6-i sopropyl pyri m di n-2-y1) - N-net hyl net ha
nesul fonam de (20.0 g, 49.72 mol ), tetra-N-butyl amoni um brom de
(3.24 g, 10fmmphinylyérsbpivpeprinidin-2ok GOEYS PHoviek) was phiainedas p whe0) (1. 48
g, 2.89 mmoljqwere charged to a 500ml round bottom flask. The flask

was flushed,for five mnutes with nitr . the LU 200 m), $
di cycl ohexyll%WﬁWéC?élﬂ.aS 19%5‘*‘?‘2?73-%)"})’ J;’cﬁg%}%g‘f’?r f&ﬁzg E@g 60 i,
54. 67 mol ) MyeDeoasdecht 149eC. SN hgiulatadiot GeHEEHEBT HA0Wdsfowdi rred. The
resul ting, aghef & Akt QRS 68h Gndfindfl: fldscligl.n at SOC for 7
hours, over Ich tinme a Deige precipitate began to form The
reaction was allowed to cool to roomtenperature, was diluted with

I sSo- hexane E2H6mékxhlofdBA- Beh i) -GHish Ihwimi@i@e The precipitate was
collected by filtration and washed wgth 10 iso-hexane (4 x 100 nmL) to
give a crude product (31g wet) considting of roughly 85%trans

i soner. To the crude product was adfed) net hanol (130 nlL) and the
resul ting suspension was stirred at >xebtmtenperature for 30 m nutes,
then cooled to -8C. The white crystallline solids were collected by
filtration and dried overnight in d*ﬁq‘uun1oven to give the title
conmpound (13.1 g, 70%yield) as Qka% e.crystalline solid. 151H NWMR
(400MHz; CDC13) 5: 1.32 (61-1, d), 3.29|(111, m, 3.51 (311, s), 3.58

(311, s), 5.31 (111, 3{% , (.18 gZH, dd), 7.49 (1H, ‘2% 7.58 ﬁ H, dd);
Mp: 134. 5C. By shlovidess emk., .8 erush paspdipdoo Bommer -5 fupronpgpiig-
374.1210. isopropylpyrimidin-2-o (5.027 g, 15.28 mmol) and the reaction mixture was heated to an

internal temperature of 90° C. The mixture was then stirred for 150 minutes at this
temperature, then allowed to cool to 25°C. The reaction mixture was quenched by
dropwise addition (with 30 mL of EtOAc rinses) into a stirred mixture of ice (60 g), water
(40 mL), and sodium bicarbonate (10 g). After completion of the addition, sodium
15 bicarbonate (13 g) added to assure neuirality. The mixture was then extracted with ethyl
acetate (4 x 70 mL). The organic phases were combined and dried with anhydrous
magnesium sulphate. The solution was filtered through a pad of diatomaceous earth, and
concentrated in vacuo to yield the title compound (4.98 g, 99% yield).
'H NMR (400MHz; CDCly) &: 1.34 (64, d), 3.64 (1H, m), 7.17 (2, dd}, 7.73 (2H, dd).
20  Mp: 99-101°C, HRMS calculated for Cy3H11NFCIBr 327.9778, found 327.9752; used in

subsequent reaction without further purification.



trans- N (4-(4- Fl uorophenyl)-6-i sopropyl - 5- (3- oxopr op- benyl ) pyri m di n-
2-y1) - N20 net hyl net hanesul fonanmide 0 N 0=S=0

trans- N (5-(2-Cyanovi nyl)-4-(4-fluorophenyl)-6-isopropyl pyriinidin-2-
y1) - Nret hyl met hanesul f onam de (12.83 g, 34.27 mmol) was di ssolved in
toluene (750 ailL) and cooled to -9C. To this solution was added DI BAL
(20% solution in toluene, 34 m,, 41.1 25 mmol) over 45 mnutes via
syringe punp, nmaintaining an internal tenperature of below - 6C
After the addition was conplete, the_.pgaction was allowed to warm
slowy to roomtenperature overni ght and then quenched w th net hanol
(3 InL) follomed by 1 M HCI - 26 - (41. 1 nL) The resulting
suspensi on \Ax Sl $nyle apylpyipddin-ZydN-of the filtrate was
separated. Th&n gﬂﬁkﬁﬂﬁﬁmﬁwe(ﬁ the f||trate was treated with 1 M HC1
(100 nL), and t%e resultlng suspensiop was filtered. The |ayers were
shed with brine (125 n),

separated and the organic |ayer was
saturated aqueous NaHCO3 (125 nmi), wat er (125 nmL), 5 then treated
with MgSat and Novit SX 1G carbon, f ered, and conentrated in vacuo
to give 12 g yellow oil. This was purifigd by chr omat ogr aphy (Bi ot age
cartridge, 100% DCM to yield the ti conpound (9 7 9, 76%yield)
as a pale yell ow anorphous soI|d~\.ii (400MHz; CDC13) 5: 1.32
(611, d), 3.39 (111, m, 3.53 (311§ S 3.60 (311, s), 6.22 (111,
dd), 7.15 (2H, dd), 7.52 (111, d), 7'59 (211, dd), 9.61 (I, d); M:
86.5C. to HRVBusakh&ide atd, $000 mbdl Hot2Mphi3as & ndefal 22)38s whsbedvdih377. 1196.
trans-N-(4-(,4- Fl uoroPhenv1l: 5-(3-hydraxv Ped - 7.0-1 5S¢ ylywim
i di n-2-y 15 I&%%HFI xn@tr%}_ghaézé ]3.])}\4? (S%Oamnﬂ]:%véts % a@ﬁe(a, fohow%@ g);' f} Er@mb SSRGS
(4~fluorophenyl)-6-isopropylpyrimidine (4.944 g, 15.0 mmol). The resulting suspension

was cooled to —7°C and N-methylmethanesulfonamide (2.585 g, 22.5 mmol) was added,
washed in with DMF (10 mL). The mixture was stirred for 17.5 hours, then diluted with
ethyl acetate (80 mL), toluene (100 mL), and water (120 mL). The organic phase was

10 separated, and the aqueous phase was extracted with a mixture of ethyl acetfate (20 mL)

and toluene (30 mL). The organic phases were combined, washed with water (2 x 40 mL)
and then brine (20 L), and dried over anhydrous magnesium sulphate. The solution was
concentrated in vacuo (with 2 x 20 mL hexane azeotropes) to yield the title compound
(5.50 g, 91% vield).

15 'HNMR (400MHz; CDCly) &: 1.32 (6H, d), 3.49 (3H, s), 3.55 (3H, s), 3.63 (1H, m), 7.16
(2H, dd), 7.77 (2H, dd). Mp: 122-125°C. HRMS calculated for Cy3H;7N30,FSBr
401.0209, found 401.0225; used in subsequent reaction without further purification.
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15 To a roomtenperature sol ution of

(1, 1*-bis(di-tert-butylphosphino)felTocene)Pall adi un(11) chloride
(162 ng, 0.249 rnnol) and potassium carbonate (10.3 g, 74.6 mol) in
acetonitrile (40 nm.) and water (40 nL) was added
trans-4,4,5,5-tetranet hyl-2-(3-

(tetrahydro-211- pyran-2-yl oxy) prop-1-enyl)-1, 3, 2-di oxabor ol ane (see
Synt hesis, 2004, p. 201814-1820; 11.9 g (70% strength), 31.1 nmol) as
a solution in acetonitrile (35 nmL) wi¥-a water rinse (12.5 nL). The
m xture was stirred for 5 mnutes, then N (5- brorm 4-(4-

E'13°{)°gf‘e”y Ly (ﬁsioﬁeagsgﬁx&g%agws.lsogm%gf)g‘@ c{é\%ﬁ B h “esg LS Oﬂgerm de
(12.5 nl). T(%O BTG 0R mmeaieis-Mhbuitlapingniiny badoided3 (2475,@0 mnp&ran@bxs(mwm

t enper at ur e)buftwhoiphme)pél@diﬁﬁ(o) d b@@ 2st Eﬁﬂﬁz‘%‘éﬁ #2810 ol 500:hIQAY Bettom
ral

t enper at ur e. and ter 150 ral),
separ at ed, lt(t—#vwﬁg%lt%sr é"ﬁﬁﬁ% eld\%fglye i‘gte olignp (20 r (50 nlL)
then concent @a’_@]@bbxylmemw@mc? (36 oli H7 mgpol)Facrylopfiila(3lse mﬁmm ImmoT)ivies:

mat eri al was,gdi ahd Wclrofdiidhdbas RERH. OfHetszﬁl ﬁ:%er 56‘119:{&1 was %:Zted in
t enper at ur e, @503%% r{fl&ueous hydr ochl ori ¢ aci c?

added. The rB<HPPRALOr SoF (Poumsyqyer vdiqh e 4 beigsprosmitgs lrfa%né%foa@- Theyom
t enper at ur e, re¢dienwayatiovet ecovlitd loors @ehperinde] ve:a i aith ish-Bexaize (@00 nd0), mml ).
The mixture ﬁﬁ@?cogﬂs& fdﬁﬁeg o%l('h T%Qérgﬁvgﬁﬁ(%éc%ﬂé%é bﬂﬂglgﬁﬁ,\@ g.li% agl:teiﬁn

separated, and organic
The organfc F‘H%F“%%“@r éP%‘(Fércmémpdjlﬁﬁ(%REIWGQF@SIS%NE@Wa%%dmm

valcuo anfl) pftdcsrbefrl Bdthbuucréfisfoaﬁmt | G AP bthinbl (1302@9 aﬁmamwhﬁgl ns1én50 g
Silica ge 0 Tl e._.C ou o 1,e

i ght yeI | ow""%‘“’.s?{“e%fﬁrf e %6815/2@’“ ‘&b@g’ 3°°§d% Sf%%ﬁéﬂe ‘j;fa ing 3
(1H m, 3. 5sph@s34c¢re allected bB{lirgiea and dsipd ovdmipBe if @ dabyumchven 6 gB5Mhe Gitkl, ddd)

6. 58 (111 d 0 ﬁq é%}ylel@%awﬁteig'sﬁm sofll) . HRMB cal cul ated for
C13H22|:N3035I

trans- N (4- (4 é | LB S?-2845L ot 61 - BIRERYPRH di n- 2
0, 71) - Nnmet haﬂﬁtd)amhﬂs(ﬁiﬂifdﬁ)aam dH, )58 Tee, ddx oL daspqer at ure sol uti on of

trans- N- (4- (Ar{sUQLRRREMQR ks, S ¥ 91 RLePr 180y T 1 -

nmol ) was

trans-N-(4-(4-Fluorophenyl)-6-isopropyl-5-(3-oxoprop-1-enyl)pyrimidin-2-y1)-N-

2c  methvlmetharesnlfonamide

O=

trans-N-(5-(2-Cyanovinyl)-4-(4-finorophenyl)-6-isopropylpyrimidin-2-y1)}-N-
methylmethanesulfonamide (12.83 g, 34.27 mmol) was dissolved in toluene (750 mL) and
cooled to —9°C. To this solution was added DIBAL (20% solution in toluene, 34 mL, 41.1
25 mmol) over 45 minuics via syringe pump, maintaining an internal temperature of below —
6°C. After the addition was complete, the reaction was allowed to warm slowly to room
temperature overnight and then quenched with methanol (3 mL) followed by 1 M HCI



6- i sopropyl pyri m di n-2-y1)- N net hyl met hanesul fonam de (1.81 g (95%
strength), 4.53 mmol) in 25 nL tol uene was added nanganese di oxi de
(10 g (85% strength), 97.77 nraol). The resulting suspension was
stirred for 18 hours, then filtered through a pad of Celite with a
toluene rinse. The solvents were renoved fromthe filtrate in vacua
to give 20 the title compound (1.33 g, 75%yield) as a yellow oil
that rapidly becane a crystalline solid. IHNWR (400MHz) (CDCl1l3) 8:
1.32 (611, d), 3.39 (111, m, 3.53 (324, s), 3.60 (311, s), 6.22 (1H,
dd), 7 15 (211, dd), 7.52 (111, d), 7.59 (211 dd), 9 61 (H, d). Nb:
R A

u e Oof a-‘co of
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R lect
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1 S(110 s then treated with MgSO, and Novit $X 1G carbon, filtered, and conentrated ir vacuo to
give 12 g yellow oil. This was purified by chromatography (Biotage cartridge, 100%
DCM) to yield the title compound (9.7 g, 76% yield) as a pale yellow amorphous solid.
11y NMR (400MHz; CDCl3) 8: 1.32 (6H, d), 3.39 (1H, m), 3.53 (3H, s), 3.60 (3H, s), 6.22
(LH, dd), 7.15 (2H, dd), 7.52 (1H, d), 7.5% (2H, dd}, 9.61 (1H, d); Mp: 86.5°C..
10 HRMS calculated for CigHaoFN;03S 377.1209, found 377.1196.

frans-N-(4-( 4-Fluoronhenvl)-5—(3—hvdroxvprop-1-env1)—6-isopropvlpvrimidin-z-vl)-N-

methylmethanesulfonamide

N -"0H

\l}‘ \N
o= ?=O
15
To a room temperature solution of (1,1°-bis(di-tert-butylphosphino)ferrocene)palladium(il)
chloride (162 mg, 0.249 mmol) and potassium carbonate (10.3 g, 74.6 mmol) in
acetonitrile (40 mL) and water (40 mL) was added trans-4,4,5,5-tetramethyl-2-(3-
(tetrahydro-2H-pyran-2-yloxy)prop-1-enyl)-1,3,2-dioxaborolane (see Synthesis, 2004, p.
s 1814-1820; 11.9 g (70% strength), 31.1 mmol) as a solution in acetonitrile (35 ml) with a
water rinse (12.5 mL). The mixture was stirred for 5 minutes, then N-(5-bromo-4-(4-
ﬂuorophenyl)-6-isopropylpyrimidin—2-y1)~N—methy1methanesulfonamide (10.0 g, 24.9
mmol) was added as a white solid followed by water (12.5 mL). The reaction was heated
to reflux (77°C internal temperature) for five hours, then allowed to cool to room
»s  temperature. It was diluted with MTBE (150 mL) and water (150 mL), separated, and the
organic layer was washed twice with water (50 mL) then concentrated in vacuo, providing

16 g of a brown oil. This material was dissolved in 150 mL acetonitrile at room



in the presence of a titanium (I1V) catalyst of formula (1V) -29 -
(1'V) (wherein each is independently selected from (1-6C) al kyl and the
bi naphthyl noiety is in the S-configuration), an alkali nmetal halide
salt and an amine, in an inert solvent. 2. A process for the

manuf acture of a compound of formula (VI) conprising ~a) formng a
conpound of forrmula (V) according to claim1l1; and further conprising
b) reduction of the keto-group in the conpound of formula (V) to give
a conmpound of forrmula (VI). 10 OR 32A process for formng a
compound of formula (1) or a pharmaceutically acceptable sal t

t hereof, conprisin for n and b
formng a c SEES: ?5’2!?? @Z T@%gejh%nc aci 8‘6 nﬁ '(;'?J mm85 was agdegiv’}he )
resulting mixture was siirred for 45 minutes at room temperature, then quenched with
sodium bicarbonate (2.52 g, 30 mmol). The mixture was diluted with toluene (150 mL)
and water (150 mL), separated, and organic layer was washed twice with water (40 mL).

5 The organic layer was dried over sodium sulfate, concentrated in vacuo, and purified by
chromatography (1:1 iso-hexane/EtOAc, 450 g silica gel) to yield the title compound (8.29
g, 72% yield) as a light yellow oil. "H NMR (400MHz) (CDCly) 8: 1.27 (6H, d), 3.38
(1H, m), 3.51 (3H, 5), 3.57 (34, ), 4.20 (2H, d), 5.65 (1H, ddd), 6.58 (1H, ddd), 7.09 2H,
dd), 7.59 (2H, dd). HRMS calculated for CisHzoFN301S8 379.1366, found 379.1392.

10

trans-N-{4-(4-Fluorophenyl)-6-isopropyl-5-

methylmethanesulfonamide

15 To aroom temperature solution of trans-N-(4-(4-fluorophenyl)-5-(3-hydroxyprop-1-enyl)-
6-isopropylpyrimidin-2-y1)-N-methylmethanesulfonamide (1.81 g (95% sirength), 4.53
mmol) in 25 mL toluene was added manganese dioxide (10 g (85% strength), 97.77
mmol). The resulting suspension was stirred for 18 hours, then filtered through a pad of
Celite with a toluene rinse. The solvents were removed from the filtrate in vacuo to give

20 thetitle compound (1.33 g, 75% yicld) as a yellow oil that rapidly became a crystalline
solid. 'H NMR (400MHz) (CDCl;) &: 1.32 (6H, d), 3.39 (1H, m), 3.53 (3K, s), 3.60 3H,
s), 6.22 (1H, dd), 7.15 (25, dd), 7.52 (1H, d), 7.59 (2H, dd), 9.61 (1H, d). Mp: 86.5°C.
HRMS calculated for CigHzoFN308 377.1209, found 377.1196.



according to claim?2; and further conprising c) renoval of the R
group to give the compound of formula (1) or a salt thereof;
optionally followed by formation of a pharmaceutically-acceptable
salt. -30 - (1 4. A process according to claim3 wherein
steps b) and c) are carried out without s isolation of the
i nternedi ate conmpound of fornmula (VI). 5. A process according to any
one of clains 1 to 4 wherein the alkali nmetal halide is |ithium
chloride. to 6. A process according to-28Ry one of clains 1 to 5
wherein the amine is NN, N N tetranethyl et hyl enedi ami ne (MAEDA). 7. A
process accorgding to any one of clains 1 to 5 wherein each Rl is
nmethyl. u 8. cess according to any one of the preceding clains
wherein Ris (1-6C) al kyl .

1, A process for the manufacture of a compound of formula (V)

oH 0
N AN OR
HC, ‘ N
; SO,CH,
)]

comprising
a) reaction of a compound of formmla (IT)

= OR

0 (In)
wherein each R’ is independently selected from (1-6C)alkyl, and R is selected from (1-

6Q)alkyl, (3-6C)cycloalkyl or aryl(1-6Calkyl;
with a compound of formula {117

Y
Hac\N/l\N/
éCﬁCHs

15 (I]I)‘

in the presence of a titanium (IV) catalyst of formula (IV)



9. A process according to any one of the preceding clainms wherein the
conmpound of forrmula (I) is isolated as its calciumsalt. 20 10. A
process for the manufacture of a conpound of formula (110 as defined
inclaiml conprising: -31 - i) formng a conpound of fornula (XI)
froma conmpound of formula (X); and N ..., ..... l.z..ANN..-1"IN I1

SO2Me0=T=0 (X) (XO sit) converting the conpound of formula (X) to the
conpound of forrmula (Dl).

-20-

2

2, "
Oy
0"\

O\
L e
)

(wherein each R is independently selected from (1-6C)alkyl and the binaphthyl moiety is
in the S-configuration), an alkali metal halide salt and an amine, in an inert solvent.

2. A process for the manufasture of a compound of formula (VI) comprising

2) forming a compound of formula (V) according to claim 1; and further comprising
b) reduction of the keto-group in the compound of formula (V) to give a compound of
formula (VI).

L)

3. A prodess for forming a compound of formmla (I} or a pharmacentically acceptable
salt thereof, comprising

15 a)forming a compound of formula (V) and b) forming a compound of formula (VI)
according to claim 2; and further comprising
¢) removal of the R. group to give the compound of formula (T) or a salt thereof;
optionally followed by formation of a pharmaceutically-acceptable salt.



11. A process according to claim 10 wherein step i) is carried out by
reaction of conpound (X) with acrylonitrile in the presence of
Th:1113(03u)312.. to - 12. A process according to claim10 or claim
11 wherein step ii) is carried out by reaction with DD3AL. 13. A
process for form ng a,conpound of forrmula (111) (as defined in claim
1) conprising 15 A) reaction of a conpound of forrmula (X) (as defined
inclaim8) with a vinyl boronate of fornula pap Yx80OR3 (XI) - 32 -
wherein BY is selected fromB(OH)2, B(fl1l)3, B(OH)2F, BX3" (wherein
X-ahal ogen), B(OR5)2, B(OR 5)2F, B(OR5)2(011); B (011.6)(0R7),
WR6XO0R7) (011); B(016) (OR7)F, BR,_BR52011- and BRSF; 12! is selected
from(1-6Callcyl, (3-6Ccycloal kyl or aryl(1-6Calkyl; 5 R6 and R7
together forma two or three car al I cyl ene bridge between the two
oxygens to which they are attac opt}gn&%lg substituted by 1, 2, 3
1

or 4 nethyl or phenyl groups; or oget her form a phenyl
ring; -

4, A process according to claim 3 wherein steps ) and c) are carried out without
5  isolation of the infermediate compound of formula (VI). '

5. A process according to any one of claims 1 to 4 wherein the alkali metal halide is
lithium chloride.

w 6 A process according to any one of claims 1 to 5 wherein the amine is N,N,N,N-
tetramethylethylenediamine (TMEDA),

7. A process according to any one of claims 1 to 5 wherein each R' is methyl.
15 8. A process according to any one of the preceding claims wherein R is (1-6C)alkyl.

9, A process according to any one of the preceding claims wherein the compound of
formula (I) is isolated as its calcium salt.

20 10. A process for the manufacture of a compound of formmula (IIT) as defined in claim 1

comprising:



and R3 is a protecting group; foll owed by deprotection to give a
conpound of fornula Qv and B) oxidation of the conpound of
formula (XIIl) to give the conpound of formula (I1). is 14. A process
as claimed in Claim13 wherein R3 is tetrahydropyranyL 15. A process
as claimed in Caim13 or Caim14 wherein the BYx is B(OR6) (0R7).
16; The conpound '

N- (5- bromp- 4- (4-f 1 uor ophenyl) - 6- |sopropyl pyrimdin-2-yl)-N

met hyl met hanesul f onar ai de.

F
Br
N -
~ S .
SOMe 0=§=0
X
) [
s ii) converting the compound of formula (X) to the compound of formula {T).

11. A process according to claim 10 wherein step 1) is carried out by reaction of
compound (X} with acrylonitrile in the presence of PAIP({Bu)slz.

w ~12, Avprocess according to claim 10 or claim 11 wherein step i) is camried out by
reaction ‘with DIBAL.

13. A process for forming a compound of formula (UT) (as defined in claim 1)
comprising

15 A)reaction of a compound of formula (X) (as defined in claim 8) with a vinyl boronats of
fornmla (XIT)

Y xB/'"\\/“\ OR®
(X0



10

15

16.

-32 -

wherein BY, is selected from B(OH),, B(OH)s", B(OH),F, BX; (wherein X=halogen),
B(OR)z, B(OR*)F, B(OR)(OHY, B(OR®)(OR”), B(ORD(OR™)(OHY, B(ORH)(OR'F',
BR%, BR%,OH" and BR'F;

RS is selected from (1-6C)alkyl, (3-6C)cycloalkyl or aryl(1-6C)atkyl;

R® and R7 together form a two or three carbon alkylene bridge between the two oxygens 1o
which they are attached, optionally substituted by 1, 2, 3 or 4 methyl or phenyl groups;

or R® and R? together form a phenyl ring; ‘

and R? is a protecting group;

followed by deprotection to give a compound of formula (XIIE):

£

and

B) oxidation of the compound of formula (XIH) to give the compound of formula (III).
14. A process as claimed in Claim 13 wherein R® is tetrahydropyranyl.

15. A process as claimed in Claim 13 or Claim 14 wherein the BYy is B(ORH(OR").

1
|
- The compound N-(5-bromo-4-(4-fluorophenyl)- g-isopropylpyrimidin-2-y1)-N- II

' methylmethanesu]fonap}:ide.



