WD 03/ 070733 PCT/ 1 NO2/ 00032 TITLE OF THE | NVENTI ON Novel Boronate esters
FI ELD OF THE | NVENTION 5 The present invention relates to optically active
di hydr oxywolmsparieat e derivatives of forrmula Ha and nore pactuisod/eosy to
conmpounds of formula Il which are useful internediates for the synthesis
of HMG CoA enzyne inhibitors |Iike atorvastatin, cerivastatin,

rosuvast at i TITLE OFSTHE ¥ VEF’F@@ in. 10 BACKGROUND OF THE | NVENTI ON
Esters and g-eri vativesﬁg Nhe ornur‘a 1 ORI OR2 HO CO2R3 where Rl and R2

are independently chosen al kyl No@épmﬁaeg edfefd bons and R3 is al kyl
of from1l to 8 carbon atons, alternatively conpounds of fornula la, RS 2

4 O O HO CO2R3 wherein RL and R2 are i ndependently chosen from al kyl of
one to three carbons, phenyl or RL and R2 taken together as -(CH2)n-

wlher ein 20FIELDOF THEINVENTFIONY! of from1l to 8 carbon atons and
o 5 The present invention relates to optically active dihydroxy
hexanoate derivatives of formula IIa and more particularly to
compounds of formula II which are useful intermediates for the
synthesis of HMG-CoA enzyme inhibitors like atorvastatin, cerivastatin,
rosuvastatin, pitavastatin, fluvastatin.
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BACKGROUND OF THE INVENTION

Esters and derivatives of the formula 1,
OR, OR,

HO CO,R,
where R; and R, are independently chosen alkyl of one to three
15 carbons and Rs is alkyl of from 1 to 8 carbon atoms, alternatively

compounds of formula 1a,
R2

R1><

0~ O
HOM002R3
wherein R; and R; are independently chosen from alkyl of one to
three carbons, phenyl or R; and R, taken together as -(CH2)n- wherein
20 nis4 or5 and R;is alkyl of from 1 to 8 carbon atoms and also

compounds of Formula 1b



conmpounds of Fornula Ib 1 WO 03/070733 PCT/1N02/00032 R R2 Si0 O'Si  HO
CO2R3 wherein Rl and R2 are alkyl of from1-5 carbons and R3 is as defined
above is wowaloeb e structural elenment for synthesizing eomuoe32 which
are known as anti-hyperchol esterol em c agents s having an inhibitory effect

on HVG CoA redgst ase. ERP,Q 319 847 describes a process for the preparation

of conpounds fornula$ starting fromL-Malic acid. This process,

however, suffedis fromthsi fact that the process is not industrially
scal abl e and al s®pos&¥sses purification problens due to the non- 10

crystalli ngygaturke of i he tﬂS nmedi ates. US 5,399, 722 describe a process
starting from | a 2 a&i | abl e ethyl ea-cl oroacetoacetate or its
benzyl oxy derivative. The disadvantages of this process are that a stereo

sel ective reducwhereinsRpand Rodrievalkyl of Trom BLSRRA XRH R:gf-gggbgyed

and the desired 15 conpound of fornula 1 is obtained in six st

5,481, 009 definadabave iscasmalaabld shaidtaeal éié?ﬁéﬁF Eoﬁﬁybghéﬁ%iﬁqu d i

n
about 5 steps. The process uses expensive materia met hyl

hydr oxyl ancompeuntisz avhichsare knowrvzerahtishypercivlebtaidleidie aifsited
o OdUCt's having an inhibitory effect on HMG-CoA reductase.

EP 0 319 847 describes a process for the preparation of
compounds of formula 1 starting from L-Malic acid. This process,
however, suffers from the fact that the process is not industrially
séalable and also possesses purification problems due to the non-

10 crystalline nature of the intermediates.

US 5,399,722 describe a process starting from commercially
available ethyl m-cloroacetoacetate or its benzyloxy derivative. The
disadvantages of this process are that a stereo selective reduction
using a costly ruthenium-BINAP catalyst in employed and the desired

15 compound of formula 1 is obtained in six steps.

US 5,481,009 describe a process starting from 4-phenyl-3-
butenoic acid in about 5 steps. The process uses 'expensive materials
like - N, O-Dimethyl hydroxy]amine and hazardous steps (ozonolysis)
to obtain the desired product.

20 US 5,998,633 describes a process for the prepafation of
protected esters of 3,4-dihydroxy butyric acid from a carbohydrate
moiety which is transformed into the desired 3,4-dihydroxy butanoic
acid derivatives in about 4 steps. The 3,4-dihydroxy butanoic acid

2



20 US 5,998, 633 describes a process for the preparation of protected
esters of 3,4-di hydroxy butyric acid froma carbohydrate npiety which is
t ransf or nwo i3ntw3s he desired 3, 4-di hydroxy butanoi ¢ aci dpdariNvsaoszes in
about 4 steps. The 3, 4-di hydroxy butanoic acid 2 WD 03/070733
PCT/ 1 NO2/ 00032 derivative is then functionalized into conpounds of fornula

| invol vi rderivativetis thenfurictiondlized ito COMpauRds B fdrsulcbBinvolvingess
for producing butyric acid derivatives starting froma butene derivative

fol l oned &y makipleatumiber obstepsiddi ti on reagent capabl e of adding across
t he doubl e bond. However, this procedure does not afford chiral nolecules

and hence necddSi6,44855Rdescibésa process for produeing batyric@cidso

descri bes a process for the preparation of 5- hydroxy-3-o0xo pentanoic acid

deri vat i vedetivativey iskartimg dfom adbuitehexigrivative follewiedaby weactitewith

derivatives nentioned in this patent are racem c nol ecul es and thus

necessist atam@dditionateadent sapablabé addingtacressithehdopbledonds to .provi de
a sinple and industrially scal able process for the preparation of

deri vat i vadowfeverpthis procedare dogst notratferdechiral moleculesand hence
I nexpensive malic 1is acid. 3 WD 03/070733 PCT/1N02/00032 Sunmary of the
i nvent i on necessitates the need for a resolution step.
EP 0 104 750 describes a process for the preparation of 5-
hydroxy-3-oxo pentanoic acid derivatives by alkylation of 3-
10 hydroxybutyrate derivatives. The derivatives mentioned in this patent
are racemic molecules and thus necessitating a resolution step.
The objective of the present is to provide a simple and
industrially scalable process for the preparation of derivatives of
formula I starting from commercially available and inexpensive malic

15 acid.



To achieve the said object the present invention provides a product of
formula Ha and nore particularly a conmpound of formula Il Ar I  OWB,, O
R4JICO2R3WOD3a7Ees mula Ha HOIR3 O 1, "? 0 Bl Ar 10 Fomraoiiaod/doo3anher ein
Ar = unsubstituted or substituted aryl or heteroaryl R3 = alkyl from1l to
8 carbons, aryl or aralkyl 15 R4 = O OH OCN or a halogen and a = single
bond or doSummany ofikhe invearTHOIPCT/ | N02/ 00032 The present invention

al so provides for a process for the manufacture of conpounds of forrmula Il

To achieve the said object the present invention provides a

product of formula ITa and more particularly a compound of formula II

10

Formula II
wherein
Ar = unsubstituted or substituted aryl or heteroaryl
R; = alkyl from 1 to 8 carbons, aryl or aralkyl
15 R4s= 0, OH, CN or a halogen and

a = single bond or double bond



HOO' 0 B Ar Ar = unsubstituted or substituted aryl or heteroaryl 5 R3
= alkyl from1l to 8 carbons, aryl or aral kyl which conprises of: (a)
reacti ng wormpomtds of fornula Il with the anion of tertiargT/iNut/g3zacet at e
to give a conpound of formula IV, where Gis tetrahydropyranyl,
tert-butyldi rrethklll silyl or trityl and R3is 10 alkyl from1 to 8 carbons,
aryl or aral kyl'The present tinveation Oalso0 Provides! ot | b Rerotdss |fér( Bhe
subj ecti ng conpound of forrmula IV to reduction to give, a 15 compound of

formul a v,mamnfacture of corappdndsyofifgrmulaIl- butyl dimethyl silyl or
trityl and R3 is alkyl from1l to 8 carbons, aryl or aralkyl, G"3 0 0 0 20

Formula V 5 WO 03/070733 PCT/ | / 00632
HO R;
o_ 0 O
B

Ar

Ar = unsubstituted or substituted aryl or heteroaryl
5 Rs = alkyl from 1 to 8 carbons, aryl or aralkyl
which comprises of:
(@ reacting compound of formula IIT with the anion of tertiary
butyl acetate to give a compound of formula IV, where G is
tetrahydropyranyl, tert-butyldimethyl silyl or trityl and Rs is
10 alkyl from 1 to 8 carbons, aryl or aralkyl,

D G e Y Y Y

o] O o) o (e}

Formula III Formula IV
(b) subjecting compound of formula IV to reduction to give a

15 compound of formula V, where G is tetrahydropyranyl, tert-
butyldimethyl silyl or trityl and R; is alkyl from 1 to 8 carbons,
aryl or aralkyl,

G\me

o} o] o

20 Formula V



( c) protecting the conmpound of formula Vwith ArB(OH)2 to give a conpound
of fornmula VI, where Ar is unsubstituted or substituted aryl or

het er oar yW0.03@70733 t et r ahydr opyranyl, tert- butyl di met hyl ®cmaNozooosxityl
and R3 is alkyl from1l to 8 carbons, s aryl or aralkyl, and GO OILR3 O 8
0 Ar Fornmula VI (f) deprotection of the conpound of fornmula VI using mld

acid catalyst T(Le) giﬁmtécﬁiﬁ@f’%édcehﬁ?llﬂna' af ! formdlaSa anithBAPB(OHY, to

bor oni ¢ aci d. e conmpound Of formula I's oxidized to a conmpound ©

formula VI, \glveeaRéohﬁpéhhw of rforduler VA, cvheres Araly luisulsstituted apd

15 Ar is unsubstituted or substituted aryl or heteroaryl using pyridinium

chi oro_ohr oma! sutistPMBEOE | ofhatefisaryl, GXis CateaRdFopgriyIY! tertThe

conmpound of formula I'l is further converted to a conpound f*fornul a
I X, where R3 i putiyidimétioph Isilyd d ddtybohd Rayis atkydrfebky!l t6r8 carbons,
5 aryl or aralkyl, and
G‘OMO\W
O\B/O (o]
|
Ar
Formula VI

(f) deprotection of the compound of formula VI using mild acid .
catalyst to give a compound of formula II.

10

Said ArB(OH); is boronic acid.

The compound of formula II is oxidized to a compound of
formula VIII, where R; is alkyl from 1 to 8 carbons, aryl or aralkyl and
15 Ar is unsubstituted or substituted aryl or heteroaryl using pyridinium

chloro chromate or DMSO/oxalyl chloride.

Ar
]

o"%o
O%)\)\/COst
Formula VIII
The compound of formula II is further converted to a compound
20 of formula IX, where R; is alkyl from 1 to 8 carbons, aryl or aralkyl, Ar
is unsubstituted or substituted aryl or heteroéryl and X is a halogen.



I's unsubstituted or substituted aryl or heteroaryl and X is a halogen. 6 WD
03/070733 PCT/1N02/00032 X ,R3 O1 B .110 O Ar Formula | X The conpound of
formul a Iwoios/ofarss her converted to a conpound of fornul apdiriiNoaMvese R3 i s
al kyl from1l to 8 carbons, aryl or aralkyl, Ar 5 is unsubstituted or
substituted aryl or heteroaryl. Ar O B,, ONC COZR3 Fornula VII The

product of forrmula Ha and mr&W%&SOf formula Il are used in the
synthesis of atorvastatin, cerivastalinll pitavastatin, 10 fluvastatin or
rosuvastatin. Detailed Descriptiongdf the invention Conpound of fornula Il
serves as a good internediate for tthe synthesis of inportant substrates,
whi ch are useful in the synthesis 8f statins. Conpound of forrmula Il can
be converted into a facile | eaving 15 group by treating with tosyl
chl oride, nethane sul fonyl chl orﬁQImL'Hﬁg[Xt he resulting internediate can be
di spl aced with_cyanide to give conpounds of formula VII,
Thé compound of formula IX is further converted to a compound
of formula VII, where R; is alkyl from 1 to 8 carbons, aryl or aralkyl, Ar

5 is unsubstituted or substituted aryl or heteroaryl.
Ar
|

PN

Q o

Nc\/u\/cost
Formula VII
The product of formula IIa and more particularly of formula II
are used in the synthesis of atorvastatin, cerivastatjn, pitavastatin,
10 fluvastatin or rosuvastatin.
Detailed Description of the invention
~ Compound of formula II serves as a good intermediate for the
synthesis of important substrates, which are useful in the synthesis of
statins. Compound of formula II can be converted into a facile leaving
15 group by treating with tosyl chloride, methane sulfonyl chloride and
the resulting intermediate can be displaced with cyanide to give
compounds of formula VII.
Compound of formula II can be converted to formula IX by
reacting with aqueous HBr solution or by reaction with triphenyl
20 phosphine and CBr4 which is then converted to compound of formula
VII.



Conpound of fornmula Il can be converted to fornula I X by reacting with
aqueous HBr solution or by reaction with triphenyl 20 phosphi ne and CBr4
whi ch i s wbhaen/ooosyerted to conmpound of formula VII. 7 WOPOI/IRTDWER
PCT/ 1 NO2/ 00032 Compound of formula Il can be oxidi zed using standard
procedures to Ei ve a conmpound of forrmula VIII. The present invention

rel ates to optCompoundtofforntiaiiboan beoxidized usimg standardf formul a Ha
whi ch are useful internediates for 5 the synthesis of HMG CoA enzyne

i nhi bi t orprodedurasoto giveid compoiindofaformulao¥iliast atin, pitavastatin,
fluvastatin. The invention is further illustrated with exanpl es bel ow,

whi ch are notThetpresenttioveatiomtrelatgs totopically activesdittyaroxyy of net hyl
4-tri phenyl nmet hyl oxy-3- hydroxybutyrate (Forrmula 111) To 25g of nmethyl

3, 4- di hy dnexahoate gerivativesof dormuladiemwhich bes useful interviediatesson ve
and 19.8g of pyridine was charged and 15 cooled to OC. 41.4g of trityl

chl orisde thes syhthesisaf HMG ceénzyme inhibitess dikecatonvastating or 15 nin.

The tenperature was allowed to rise to RT and was stirred at RT for 17h
Vat er wascerdviastaling nosuvasiating pikavastating fluvastatia. or gani ¢ 1 ayer was
washed with brine, dried and concentrated. The residue was triturated with
25mL of cycl ohexane

The invention is further illustrated with examples below, which

are not intended to be limiting.
10

Example 1: Synthesis of methyl 4-triphenylmethyloxy-3-
hydroxybutyrate (Formula III)
To 25g of methyl 3,4-dihydroxybutanoate was added to 250ml of

DCM and stirred to dissolve and 19.8g df pyridine was charged and

15 cooled to 0°C. 41.4qg of trityl chloride was dissolved in 50ml of DMC
and was added at 0-5°C for 15 min. The temperature was allowed to
rise to RT and was stirred at RT for 17h. Water was added and the |
layers were separated. The organic layer was washed with brine, dried

~—

and concentrated. The residue was triturated with 25ml of cyclohexane
20 and the product was purified to give 15g of the pure product.
NMR (CDCl3) : 4.25 (m, 1H), 3.6 (s, 3H), 3.15 (d, 2H), 2.5 (m,
2H), 7.2-7.4 (m, 15H)
Example 2: Synthesis of tert-butyl 6-triphenylmethyloxy-5-
hydroxy-3-oxohexanoate (Formula IV)
25 To 125ml of THF, 24g of diisopropylamine were charged and was

cooled to -15°C. 168ml of 1.2N n-BuLi was added at -15 to -5°C and
8



20 and the product was purified to give 159 of the pure product. NWR
(cba3) @ 4.25 (m 1H), 3.6 (s, 3H, 3.15 (d, 2H), 2.5 (m 2H), 7.2-7.4
(m 15H) Wwanpre3®: Synthesis of tert-butyl 6-triphenyl nmetrlayingeoss:2

hydr oxy- 3- oxohexanoate (Formula 1V) 25 To 125ml of THF, 24g of

di i sopropyl am ne were charged and was cooled to -15C. 168nl of 1.2N n-BuL

was addedwas stimeddors30min. 2 1b6eRoD tertsbubdddetatednodSmieaf IHF red for
30m n. 21.56g of tert-butyl acetate in 45nl of THE which was pre-cooled to

- 45C was winich was prercooled te -458Cawasadded enaintainidg the-tebeperatuaeni n.
Cool the reaction mxture to -45C and 30g of exanple-1 in THE was added
over a pebebween -Znta -268Csfarm@0min: :Goal thesreaction uaiktatre-tebA5%  90ni n.
Water was added and the |ayers_were separated. The aqueous |ayer was
ext r act ecandi3g oft exanapte-ihin Thifbwasiaddeshovet aypesioskof 28mirednd t h
brine, water, dried and concentrated to give the title conpound which was
used as sthenstioringhwaseontinued ab-25Xofor 90mirsy Water was added aad)|
6-tri phenyl net hyl oxy- 3, 5- di hydroxhexanaote (Formula V) To the crude
mat eri al l‘étﬁ layers wereseparated. T8weraqueousHayer wasdextractedwsingy 15m  of
MeOH and was chilled to -60C. 26m of MDEB (50% solution in THF) was added
over a peEt@Acancdthercamdinedsorganicdayess wena washadwiththrim@er 30ni n.
The reaction m xture was . . .
water, dried and concentrated to give the title compound which was
used as such for the next step.
10  Example 3: Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-
dihydroxhexanaote (Formula V)
To the crude material obtained in example-2, 150ml| of THF was
added followed by 15ml of MeOH and was chilled to -60°C. 26ml of
MDEB (50% solution in THF) was added over a period of 20min and
15 stirring was continued for a further 30min. The reaction mixture was
cooled to -80°C and 5g of sodium borohydride was added in portions
and the after completion of addition the reaction mixture was stirred
for 5h at.-78°C. Acetic acid was added to adjust the pH to 7 and water
was added. The aqueous layer was extracted using EtOAc, washed
20 with brine, dried and concentrated to give the title compound which
was used as such for the next step.
Example 4: Synthesis of tert-Butyl 6-triphenylmethyloxy-3,5-
phenylboranatohexanoate (Formula VI)
The crude product from example-3 was dissolved in 100ml of

25 toluene and 5.6g of phenyl boronic acid was added. Water was

9



cooled to -80C and 5g of sodi um borohydride was added in portions and the
after conpletion of addition the reaction m xture was stirred for 5h
at.-78C. woagiozn7axi d was added to adjust the pHto 7 and watranNo2/wax added.
The aqueous | ayer was extracted using Et QAc, washed 20 with brine, dried
and concentrated to give the title conmpound which was used as such for the

next st eprerioved bydazedtropis distilfation overty befidd of Bty Thet feddtion 3, 5-

phenyl bor anat ohexanoate (Forrmula VI) The crude product from exanple-3 was

di ssol vedmixturedwasotookid tolRIEmnc tolterfawss ramoied aifrltrcradiicedas
added. Water was 9 WO 03/ 070733 PCT/ 1 NO2/ 00032 renoved by azeotropic

di still atpressure:. 30pelr obrethatiol Was addediand thegarﬁe"a;?mae@cydli@ﬁwm RT

and toluene was renoved under reduced pressure nmet hanol was added

and the p‘illdzereﬂlttat@wesw dofntise title Pfoddcto give 10y of the title product.
5 Exanple 5: Synthesis o tert-butyl 6-hydroxy-3,5- (phenyl

bor anat o) Examglecst Synthesis ofitefshityl6- dflm(y-f3 exanpl e-4 20m  of
DCM was added and was chilled to OC. 5ntl of TFA was added and was stirred

at 20C f(phenylboranate)hexanoatea(Fornsula JI)i c | ayer was washed with

to bicarbonate, brine, dried and concentrated to give the title product,

\;\/n|4 c g \g/a? mpur1 L‘;‘ oeﬁ;g gf?hf ;()rn?du%t frormogxawiple-NZBNICOEDCM was’added(m 2H),
and was chilled to 0°C. 5ml of TFA was added and was stirred at 20°C
for 6h. Water was separated and the organic layer was washed with

10 bicarbonate, brine, dried and concentrated to give the title product,
which was purified by column chromatography.
NMR (CDCl3) : 7.7-7.8 (m, 2H), 7.4-7.5 (m, 1H), 7.3-7.4 (m, 2H),
4.5 (m, 1H), 4.2 (m, 1H), 3.6 (m, 1H), 3.5 (m, 1H), 2.55 (m, 1H), 2.45
(m, 1H), 2.0 (m, 1H), 1.7 (m, 1H) 1.5 (s, 9H)
15 Example 6: Synthesis of tert-butyl 6-cyano-3,5-
(phenylboranato)hexanoate (Formula VII)
5g of the product obtained from example 5 was taken in
dichloromethane (50mL) and pyridine (10mL) was added. The contents -
were cooled to -10°C and methanesulfonyl! chloride (1 eq) was added
20 drop wise. After 5-6 hours of stirring at 0°C, the contents were
washed with bicarbonate, water and brine. The solvent was removed
under réduced pressure to afford the O-methanesulfonyl derivative,
which was used as such for the next step.
The crude mesylate was taken in DMSO (5 vols.) and 1.5

25 equivalents of potassium cyanide was added. The contents were

10



4.5 (m 1H, 4.2 (m 1H, 3.6 (m 1H, 3.5 (m 1H), 2.55 (m 1H), 2.45 (m
1H, 2.0 (m 1H, 1.7 (m 1H 1.5 (s, 9H 15 Exanple 6: Synthesis of

tert - but yWoeBoyam®- 3, 5- (phenyl bor anat o) hexanoat e ( For nul 2C¥IN)2/@g30f t he
product obtai ned fromexanple 5 was taken in dichloronmethane (50n) and
pyridine (10m.) was added. The contents were cooled to -10C and

met hanes yhaintgined atr feflux fora) pesiadedfid8-20hdr DMSOs@rasfdrtioved hours of

stirring at 0C, the contents were washed with bicarbonate, water and

brine. Tunder reducedpressure@nd thercortents wereestractedd asimy ethye

0- met hanesul fonyl derivative, which was used as such for the "nhext “step.

The crudacetate and wes washed withBisulfitepbrine and dofvertowegurarpoveics of
pot assi um cyani de was added. The contents were 10 WO 03/070733

PCT/ | No2Ameierzredhicechipregsate tofafferd theadesiréd proidued: 22h. DVBO was

renmoved under reduced pressure and the contents were extracted using ethyl

acetas e Exampled: Synthesisi of t-butyl l6+oxoaBg5sol vent was renmoved under

reduced pressure to afford the desired product. s Exanple 7: Synthesis of

t-butyl @henytboranatohexameatefommda VIIT) a Vi1 1) 4.3g of
di met hyl sul f oxi de was added drop wise to a solution of 2.4ml of oxalyl
chloride in 16084 of dimethylsolfexide evasiadded etopt wise' $6.a Sofutibrtof e was
stirred at that tenFeratuhe for a period of
2.4ml of oxalyl chloride in 100ml of dichloromethane maintained at -
78°C. The mixture was stirred at that temperature for a period of
10 15min and 5g of the compound from example 5 dissolved in
dichloromethane was added drop wise. After stirring for 15min, 17ml
of triethyl amine was added and the reaction mixture was allowed to
warm to ambient temperature in 2h period. Reaction mixture was
concentrated and the residue was dissolved in water and extracted

15 using diethyl ether. Removal of solvent affords the title compound.

11



lo 15m n and 5g of the conmpound from exanple 5 dissolved in

di chl or onet hane was added drop w se.

After stirring for

15mn, 17mL of

triethyl woiae70vdas added and the ~ reaction m xture was alpiCowmoR/40032 war mto

anbi ent tenperature in 2h period. Reaction m xture was
t he residue was dissolved in water and extracted 15 using di et hyl
of solvent affords the title conpound. 11 WO 03/070733

Renoval
PCT/ | NO2/

0032 Formula | Formula Ib ORS

concentrated an
et her

OR2 R1 R2 HO CO2R3 si~, 0 0."

d

%1

HO CO2R3

carbons R
carbons F
and R2 ar
or substi
froml to
OH, CN or

RoranylaR2 are alkyl i to 3 car
and R2 are alkyl from1l to 5

br mul a Fofiyla Ha R1 ><R2 A

QR
¢! kyl J1 toj3 ¢ 0ps or taken
.ﬂma‘graég?w (CH2)

8 carbons, aryl or aral kyl R3

R ety ag sk i R3F8°Bond R4 = O a

R3 is alkyl from 1 to 8 carbons

bBoemidtailh al kyl from1 to 8
carbons R 3 is alkyl from1l to

r OB O O H® C2R3 R4, CO2R3 4
togst her as - Ar uhsubsti t ut
n- wheyre is 4 or 5 R3 al kyl
j 5O QRto 8 carbons R4

nd a = doubl e bond
R1 and R2 are alkyl from 1 to 5 carbons

R 3 is alkyl from 1 to 8 carbons

Formula 1a
R2

R1
>,

o
o _L__coR,

R1 and R2 are alkyl 1 to 3 carbons or taken together as -
(CH2)n- wherenis4or§
R3 is alkyl from 1 to 8 carbons

Formula Ila

Ar
I

/B\

Q- ©O

R{MCOzRS

a S
Ar = unsubstituted or substituted aryl or heteroaryl
R3 = alkyl from 1 to 8 carbons, aryl or aralkyl
R4 = OH, CN or X and a =singfe bond
R4 = O and a = double bond

Formula I1

Ar = Unsubstituted or substituted aryl or heteroaryl and R3
Is carbon from 1-8 atoms, aryl or aralkyl

Formula III

N

0O O\/

O o

G = tetrahydropytanyl, tert-butyldimethyl silyl, trityl

Formula IV
Go O.
(0] () O

G = tetrahydropyranyl, tert-butyldimethyl silyl, trityl and R3
= alky! from 1 to 8 carbons, aryl or aralkyl

Formula V

G.

o<
O

R3

o] o O

G = tetrahydropyranyi, teri-butyldimethyl sityl, trityl and R3
= alkyl from 1 to 8 carbons, ary! or aralkyl

Formula VI

G = tetrahydropyranyl, tert-butyldimethy! silyl, trityl and Ar
= Unsubstituted or substituted aryl or heteroaryl and R3 is

Formula VII

Ar
|

/B\

0" o
Nc\/K/l\/cozR3

Ar = Unsubstituted or substituted aryl or heteroaryl and R3
is carbon from 1-8 atoms, aryl or aralkyi

carbon from 1-8 atoms, aryl or aralkyl

8
Ri
ed

12



Formula Il Fornmula Il HO OR3 GAO 1), 10 0 B O O G = tetrahydropyranyl,
tert-butyldinmethyl silyl, trityl Ar = Unsubstituted or substituted aryl or
het er oar ywoan@7®33 i s carbon from 1-8 atons, aryl or aral kplCTESo2003R | V
Formula V GAO O-R3 GO 0O,R3 OO OO O O G = tetrahydropyranyl,
tert-butyldimethyl siyl, trityl and R3 G = tetrahydropyranyl,

tert-butyl Fomitlal VEID yl, trityl and R3 | Fopiiula I om 1 to 8 carbons, afyl

or aralkyl = alkyl from1 to 8 carbons, aryl or aral kyl Forrmula VI Formula

VIl Go o/R3 Ar r 0 00 Ar NC CO2R3 G F 9+anyl ,
tert-butyldimethylgsiyl, trityl and Ar AT = %suéstiont uted or substituted
aryl or heteroagyT agd R3 = Unsubstitutled or “gdbstituted aryl or
het er oaryl and is]is carbon from1-8 atons, jaryl or aral kyl carbon ffom

1-8 at omsJ O3B W0 03/ 070733 PCTALNO2/ 00032 Fornula VI |
Formula | X Ar x "R3 0O B
Ar = Unsubstituted or substituted aryl or heteroaryl and R3

is carbon from 1-8 atoms, aryl or aralkyl

Ar = Unsubstituted or substituted aryl or heteroaryl and R3
is carbon from 1-8 atoms, aryl or aralkyl and x = halogen

13



O CO2R3 Ar Ar = Unsubstituted or substituted aryl or heteroaryl and R3 Ar
= Unsubstituted or substituted aryl or heteroaryl and R3 is carbon from 1-8
atons, arwb wn7@sal kyl and x = halogen is carbon from 1-@catmwesgoosxr yl or
aral kyl 13 WD 03/070733 PCT/1 N02/00032 Scheme - 1 Gp GOO R3 00000
L1 1V Schnﬁ-zoo, RB3GAOO R3 O0000OIVV s Scheme - 3 GO
O'R3 ArB(O—ﬁQ €Mg-R 000 0"00VA VI Schene - 4 GAO O R3 HO 9B
O0OB.100 O1B 110 0 Ar Ar

G G.

o O © O o
i v
Scheme - 2
) O o (o] (o] o]
v \'

Go oL
Gl OWO\Rs ArB (OH )2 O/Y\mr R3

Q (o} (o} — O\B/O o
v 4
Vi
Scheme - 4
G 0/\(\7/\[]/0\'*3 H OMO\M
o, © — SN
B
| {
Ar Ar
Vi U
Scheme - 5
O.
Ho/mr R3 X/MO\R?)
\?/O o\B 0 0o
Ar .ll\r
10 I IX
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VI Il Schene - 5 HOOR3 ~( 0, R3 O 1100 O BIOO Ar I Ar 10 11 IX
Schene - 6 14 WO 03/070733 PCT/I1N02/00032 X O R3rl(/ 93 0.11 00.1 8B
.10 0 Arwaro3/or®3d/ 1 Schene - 7 HO-~O-R3 O 0, R3 0 17. 1@cTOf0o00320 O Ar

Ar 11 MII 15 WD 03/070733 PCT/1 N0O2/ 00032 W claim 1. The product of
formul a Ha o
Xm “R3 NC/W\H/O\RE’
SN o0 ©
I B
Ar /I\r
IX Vii
Scheme - 7
HO/YY\H/O\RS . OA(Y\H/O\Ra
o, P © o0 ©
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Ar | OMB,, OR4A C2R3 5 a wherein Ar = unsubstituted or substituted aryl
or heteroaryl R3 = alkyl from1l to 8 carbons, aryl or aralkyl R4 = O OH,
CN or a mabagem7and 10 a = single bond or double bond 2. PChaNnmadict as
claimed in claiml1l wherein said product is a conpound of formula Il HO "R3
0'1 0B Ar 15 wherein Ar = unsubstituted or substituted aryl or
het er oaryl W&laimtkyl from1 to 8 carbons, aryl or aral kyl 16 WO 03/ 070733

PCT/ 1 NO2/ 00032 3. A process for the manufacture of conpounds of forrula Il
HOG O po

1.  The product of formula Ila

,?‘r
o’B‘o
R"t\)\)\/oost
5 a’
wherein

Ar = unsubstituted or substituted aryl or heteroaryl
R; = alkyl from 1 to 8 carbons, aryl or aralkyl
Rs= O, OH, CN or a halogen and

10 a = single bond or double bond

2.  The product as claimed in claim 1 wherein said product is a
compound of formula II

15 wherein

Ar = unsubstituted or substituted aryl or heteroaryl
R; = alkyl from 1 to 8 carbons, aryl or aralkyl

16



Bl Ar Ar = unsubstituted or substituted aryl or heteroaryl R3 = alkyl
froml to 8 carbons, aryl or aral kyl 5 which conprises of: (a) reacting
conpound wbhoBoratesa 111 with the anion of tertiary butyl paraNev@oto gi ve a
conpound of formula IV, where Gis tetrahydropyranyl, tert-butyldinethyl
silyl or t alkyl from1 to 8 carbons, aryl or aralkyl, 10

rytyl and R3 is
Go yo G 3 l@mcessnfoa theimeputactune/of igonapopieads obfeienntaidd of

formula IV to reduction to give a corrpound of formula V, where Gis

tetrahydropyranyl, tert 15 butyl a~get ityl and R3 is alkyl
from1l to 8 carbons, aryl oHGr al k Forﬁ%ﬂavzo (c) protecting
the conpound of forrrul avVv vmth Ar B( b e a conpound of fornula VI,
where Ar is unsubstituted or

Ar

Ar = unsubstituted or substituted aryl or heteroaryl
Rs = alkyl from 1 to 8 carbons, aryl or aralkyl

5 which comprises of:
(@) reacting compound of formula III with the anion of tertiary
butyl acetate to give a compound of formula IV, where G is
tetrahydropyranyl, tert-butyldimethy! silyl or trityl and Rz is
alkyl from 1 to 8 carbons, aryl or aralkyl,

10 '
G. o~ G
Formula III Formula IV
(b) subjecting compound of formula IV to reduction to give a |
compound of formula V, where G is tetrahydropyranyl, tert-

15 butyldimethy! silyl or trityl and R; is alkyl from 1 to 8 carbons,
aryl or aralkyl,

G
\OWE

o o o}

Formula V
20 () protecting the compound of formula V with ArB(OH), to

give a compound of formula VI, where Ar is unsubstituted or
17



WO 03/ 070733 PCT/ 1 NO2/ 00032 substituted aryl or heteroaryl, Gis
tetrahydropyranyl, tert- butyldinethyl silyl or trityl and R3 is alkyl from
1 to 8 cawbamyo73aryl or aralkyl, and GO 0O, R3 O B p OPCT/IRO2/@0%20r mul a
VI (f) deprotection of the conpound of forrmula VI using mld acid catalyst
to give a conpound of formula Il. 4. A process as clained in claim3

wherel n ArB( O Qubstibieen bpyPot etedSaryl, 6 B RapaRyaPoBy RN thft-c| & m'3

wher ei n conpound o i's oxidized to formula VII

where R3 is al kpjy bstltuwds@'rlﬁ*m  aftR; %aﬂ{ﬂ'ﬂfbmalnfbgcaﬂ)on

unsubstltuted or s heteroaryl usi ng pyridiniumchloro

chromat e or r o h e Ar | AOB'"O Oco2R3 -Z~~ 15 Fornmul a
Vil 6. A process as ¢ d I'n claim3 wherein conmpound of forrmula II is
further converted to a conpound of Fgr Oafere R3 is al kyl
B
|
Ar
5 Formula VI

() deprotection of the compound of formula VI using mild acid
catalyst to give a compound of formula II.

4. A process as claimed in claim 3 wherein ArB(OH), is boronic acid.
10

5. A process as claimed in claim 3 wherein compound of formula II

is oxidized to a compound of formula VIII, where Rj is alkyl from 1 to

8 carbons, aryl or aralkyl and Ar is unsubstituted or substituted aryl or

heteroaryl using pyridinium chloro chromate or DMSO/oxalyl chloride.

Ar
|

~B<

07 0
OMCOZR3

Formula VIII

15

6. A process as claimed in claim 3 wherein compound of formula II
is further converted to a compound of formula IX, where Rj; is alkyl
20 from 1 to 8 carbons, aryl or aralkyl, Ar is unsubstituted or substituted

aryl or heteroaryl and X is a halogen.

18



20 from1 to 8 carbons, aryl or aralkyl, Ar is unsubstituted or substituted
aryl or heteroaryl and X is a halogen. 18 WO 03/070733 PCT/ 1 N02/ 00032 X
0,R3 O "Wo@3/0rB3Ar Fornula | X 7. A process as clai ned i nPclraNnm/@osther ei n

conmpound of forrmula Il s is converted to conmpound of formula | X by
reacting conpound of forrmula Il with agqueous HBr solution or by reaction
with triphenyl phosphine and gess as claimed in claim6 or 7

wher ei n conpound of to formula | X §s further converted to a conpound of
formula VII, where R3 is alkyl from” to 8 carbons, aryl or aralkyl, Ar is
unsubstituted or substituted aryl dr heteroaryl. Ar O'B'O NC CO2R3
Formula VII 15 9. The product as cldfned in claim1, used in the synthesis

of atorvastatin, cerivastatin, pfi:tavaft%t(i n, fluvastatin or rosuvastatin.
19 ormula

7. A process as claimed in claim 6 wherein compound of formula II

s is converted to compound of formula IX by reacting compound of
formula II with aqueous HBr solution or by reaction with triphenyl
phosphine and CBr,,

8. A process as claimed in claim 6 or 7 wherein compound of
10 formula IX is further converted to a compound of formula VII, where

Rs is alkyl from 1 to 8 carbons, aryt or aralkyl, Ar is unsubstituted or
substituted aryl or heteroaryl.

Formula VII
15 9. The product as claimed in claim 1, used in the synthesis of
atorvastatin, cerivastatin, pitavastatin, fluvastatin or rosuvastatin.
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