16 MA' 2005 TITLE OF THE | NVENTI ON Novel Boronate esters FlIELD OF THE

| NVENTI ON 5 The present invention relates to optically active di hydrigs 2005
hexanoat e derivatives of formula Ha and nore particularly to conpounds of
formula Il which are useful internediates for the synthesis of HMG CoA
enzynme inhibitors |ike atorvastatin, cerivastatin, rosuvastatin,

pi tavastatin, fluvastatin. BACKGROUND OF THE | NVENTI ON Esters and
derivati vEETBE OF THEANYENTION oR2 HO CO2R3 where R and R2 are

i ndependent|y chosen al kyl of one to three ~s carbons and R3 is al kyl of
from1 to 8 carbon atons, altNowel Boronateeskers of formula la, RL R2 0-O
HO CO2R3 wherein RL and R2 are independently chosen from al kyl of one to

t hree carbons, phenyl or R and R2 taken together as -(CH2)n- wherein 20 n
is 4 or 5 and R3 is alkyl of from1 to 8 carbon atons and al so conpounds of

Formul a | FIELD QR THESINVENTION
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
synthésis of HMG-CoA enzyme inhibitors like atorvastatin, cerivastatin,

rosuvastatin, pitavastatin, fluvastatin.

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 Rj is alkyl of from 1 to 8 carbon atoms, alternatively

compounds of formula 1a,
R1._ 2

>

0" 0o
HOMCOZR3
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 nis4or5andRj3is alkyl of from 1 to 8 carbon atoms and also

compounds of Formula 1b



| I Si-~ 0 O.Si HO CO2R3 wherein R and R2 are al kyl of from 1-5 carbons
and R3 is as defined above is a valuable structural element for 1§ MAR 2006
synt hesi zi ng - conpounds, which are known as anti-hyperchol esterol em c agents
having an inhibitory effect on HMG CoA reductase. EP 0 319 847 describes a
process for the preparation of conpounds of formula 1 starting fromL-Mlic
acid. This p%giess ver, suffers fromthe fact that the process is not
industrially calable| d al so possesses purification problens due to the
non- io crysgalllne nawire of the internediates. US 5,399, 722 describe a
process startin frdﬁ1conner0|ally avai |l abl e ethyl co-cl oroacetoacetate or
Its benzyhgfy derivative. 6“% di sadvant ages of this process are that a
stereo se ' 'éﬁ &ing a costly ruthenium BI NAP catal yst in

enpl oyed and the desired 15 conpound of fornula 1 is obtained in six steps.

US 5,481, 009 dggeirelt Ry anddRs arstalkyl of fiammi 45 l@laﬁfbmhsﬁ’anéLR rspas acid in

about 5 steps. The process uses expensive materials D et hyl
hydr oxyl mﬂﬁear@bda@éas@val&élsl@ssmémﬁélﬁement @opb ntﬁetllzm eSI red
product. US 5,998, 633 describes a process for the pre aratlon prot ect ed

e Srcoun ancha ko e e e
about 4 shgpig EreinhiBitBirpyeffedy oPUHMB CoAYeductaBeMt 2005

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
scalable 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 w-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 hydroxylamine and hazardous steps (ozonolysis)
to obtain the desired product.

US 5,998,633 describes a process for the preparation 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
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derivative is then functionalized into conpounds of fornmula | involving a
mul tiple nunber of steps. ,( US 6,140,527 descri bes a process for%gr&g %}ng
butyric acid derivatives startlng froma butene derivative fol | oWBd 3~J
reaction with an addition reagent capable of adding across the doubl e bond.
However, this procedure does not afford chiral nolecul es and hence

necessi t %éﬁvéﬂﬁeﬂgetﬁefrpfuﬁcﬁéﬁahz@d (?ntétélm pEtnds1of falruie IanveRding

process for the preparation of 5- hydroxy- -oxo pent anoi ¢ acid deriVvatives

by al kyl & |nq)l|]|tqj|e3num5y,dbf)>sy@|y§yr ate derivatives. The derivatives nentioned
in this patent = are racem c nol ecul es and thus necessitating a resol ution

step. The obj qg§ied 4%, 5p7edesenbas a proeess fui frodusing Ibutgrit atifustrial Iy

scal abl e process for t'he preparation of derivatives of formula | starting

from com@éﬁvatlws@tarﬂnﬁglﬁom% blene Heariative ifellowed ¥ Feadid® WitR 2005

Summary of the invention“To achieve the said object the present iInvention

P oo e® i eSS DApatie cRMIARERapesds e fdubie Baneund of
However, this procedure does not afford chiral molecules and hence
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.



wherein Ar = unsubstituted or substituted aryl or heteroaryl R3 = alkyl
froml to 8 carbons, aryl or aralkyl P.4 = 0, OH CN or a halogen an R_'
singl e bond or double bond 4 16 MAR 2005 The present invention al so gﬁ(@\ 3@@
for a process for the manufacture of conpounds of formula Il HO Ar =
unsubstituted or substituted aryl or heteroaryl R3 = alkyl from1l to 8

car bons, Sumimary.of #ye inventiannpri ses of: (a) reacting conmpound of
formula Il with the anion of tertiary butyl acetate to give a conpound of
formul a 1V, wier cachieve tthe #aidr objeanythe tprasantt yhdentiomy | provigesoa
trityl and R3is 10 alkyl from1l to 8 carbons, aryl or aralkyl, Formul a
111 Forrraneduvt(df)fommula:Hmgndonmnmpantﬁcmlmrlwaacommumcécofc%jmmuia)ngi ve a
conmpound of forrmula V, where Gis tetrahydropyranyl, tert- butyldi nethyl
silyl or trityl and R3 is alkyl from1 to 8 carbons, aryl or aralkyl, 00O
0O Formula V 1 6 MAR 2005 ( c) protecting the conpound of fornmula V with

ArB(OH) 2 to /'\r
B
07 0
RA&\/\\/I\/C()st
) a )
Formula Ila

o\B o O
i
10
Formula II
wherein

Ar = unsubstituted or substituted aryl or heteroaryl
R3; = alkyl from 1 to 8 carbons, aryl or aralkyl
E Rs= O, OH, CN or a halogen and

a = single bond or double bond



gi ve a conmpound of formula VI, where Ar is unsubstituted or substib%t@ﬂ( 2005
aryl or heteroaryl, Gis tetrahydropyranyl, tert- butyldi nmethyl silyl

trityl and R3 is alkyl from1l to 8 carbons, aryl or aralkyl, and 20 5 GO 7
70,R3 , 00BI A Formula VI (f) deprotection of the conmpound of formula

VI using mld acid catalyst to give a conpound of fornmula Il. 10 Said
ArB(CH) 2 is bartymi presént iversdonowiso ofprbeides afdt as procéissedoro the
conmpound of formula VIIl, where R3 is alkyl from1l to carbons, aryl or

aral kyl ~gndnufactiureupf cosnhpobuheld of formela Thted aryl or heteroaryl using
pyridi nium chloro chromate or DVMSQO oxal yl chloride. COZR3 Fornula VIII The

conpound of forrmula Il is further caomyert tom _conmpound of formula IX
where R3 is alkyl from1l t¢@ carbgns, yl ar\ngyI, Ar is unsubstituted
or substituted aryl or het eroarylO nd Xiis aohal ogen. 6 16 MAR 2005

N

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

which comprises of:
(a) reacting compound of formula III with the anion of tértiary'
butyl acetate to give a compound of formula IV, where G is
tetrahydropyranyl, tert-butyldimethyl silyl or trityl and R; is

10 alkyl from 1 to 8 carbons, aryl or aralkyl,

A0 Y Y

O O o] o] o)
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 Rs is alkyl from 1 to 8 carbons,
aryl or aralkyl,

G\O/\I/Y\H/O\Ra

0 0 0

Formula V



R3 Formula I X '0 The conpound of fornmula I X is further converted to a
conpound of formula VII, where R3 is alkyl from1l to 8 carbons, aryl?ﬁrMAR?UUS

aral kyl; Ar s is unsubstituted or substituted aryl or heteroaryl. Ar | O
B, O NC -~C2R, Formula VIl The product of formula Ha and nore particularly
of formula Il are used in the synthesis of atorvastatin, cerivastatin,

pitavastatin, t fluvastatin or rosuvastatin. Detail ed Description of the
i nventi on Conpo(r@) oproteating the seempounrd aof) dermulae Mrawitht ArB§OH e to
synthesis of inportant substrates, which are useful in the synthesis of
statins. Conmpougivefafeempeund ohkrfasmulanyd; twheret Araig ams$ubstéatedg ors
group by treating with tosyl chloride, nethane sulfonyl chloride and the
resul ting i nter sedishitatedn aryl dosphatedoaitlh G ais deetrahydvepyramylputest-of
formula VII. Conpound of forrmula Il can be converted to fornula I X by
reacting with aduiyldim&thydolsifyi or tnityhy ansh®;i isnalioyd from ghéoy8 carbons,
phosphi ne and CBr4 which is then converted to conmpound of formula WVII. 7 1,
6 MP0005 Conpoutybdrfaratkylaand can be oxidi zed using standard

20

S G\ O\

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 Rs 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.

Formula VIII
The compound of formula II is further converted to a compound
of formula IX, where Rj; is alkyl from 1 to 8 carbons, aryl or aralkyl, Ar

is unsubstituted or substituted aryl or heteroaryl and X is a halogen.



procedures to give a conpound of fornula VIII. The present inventioqjiﬁ&ﬂm&§
to optically active di hydroxy hexanoat e derivatives of fornmula Ha ~

are useful internediates for s the synthesis of HMG CoA enzyne inhibitors

| i ke atorvastatin, cerivastatin, rosuvastatin, pitavastatin, fluvastatin.
The invention is further illustrated with exanpl es bel ow, which are not

intended to be limting. Exa e L nthesi s of nethyl

4-tri phenyl net hyl oxy- 3- hydrggtay%?r§¥§/(?@rnula 111) To 25g of methyl

3, 4-di hydr oxybut anoat e was added®.t 90250nL of DCM and stirred to dissolve
and 19.8g of pyridine was charged?and is cooled to OC. 41.4g of trityl
chloride was dissolved in 50m of \DMC and was added at 0-5C for 15 min. The
tenperature was allowed to rise to RT and was stirred at RT for 17h. Water
was added and the |ayers mereF%¢ hatpd. The organic layer was washed with
brine, dried and concentrated. e residue was triturated with 25nl of

et AHESOMRORRS AR Triokuhybeeg bo! SRRHPRUELC! -
g;]drg;? - 0XO0 g%aﬂ&m%ﬁgligfqlwr g??fllgi/'fggBmtddgpﬁﬁ%!é%g%kaﬂ,'Ar
wes Sddag igee, G Sl pRtdtdd iy oFORE0sYL 1 Pc for Somin. 21. 56g of

tert-butyl acetate in 45m of THE ﬁwhich was pre-cooled to -45C was added

mai ntai ni ng the tenperature _B.
07 o

NC\/|\/K/COZR3

Formula VII
The product of formula IIa and more particularly of formula II
are used in the synthesis of atorvastatin, cerivastatin, pitavastatin,
1 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 sulfony! 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 CBr, which is then converted to compound of formula
VIL.



between -45 to -25C for 60m n. Cool the reaction mxture to -45C and 30g 85f
exanple-1 in THE was added over a period of 20mn and 5 the stirri nd@v&é‘gm
continued at -25C for 90m n. Water was added and the | ayers were separated.
The aqueous | ayer was extracted using EtOAc and the conbi ned organic |ayers
were washed with brine, water, dried and concentrated to give the title

compound whi clueipoutie & Torasih Peahiise eRidIZEPsirg sEidghe 3 Synthesi s

of tert-butyl b6-t nyl oxy- 3, b- di hydr oxhexamaot e ormula V) To the

Srude MYRECRHABL0TaHc B GHMRRUTG OSBRI VI ves  adted Toloved by
Lo 15 STI B R B oSBT A
v Sd9eha RO BERyatii OF faEETa JOARRICIPBE A e rhegeRche

7 and ] ‘%Wﬁ;‘% i i i Et CAc,
f/\/gshegnZ(gﬁngﬁntbhﬁseﬁgﬁﬁgj an% Co ce%tI@ﬁggor%grlﬁééfma%??gﬁéngon;)ou(r:ld
whi ch ; : ; t hesi f
t elr tC - Bﬁ#@ﬁ?@ﬁ‘éﬁréﬁgé’t%%"i’%ﬁgfé,ﬂ%é{a%ﬁgﬁy|f@c§féa§r?§tﬁo 'ex%gat gSI( IS:o(r)rruI aVv)

The crude product from exanpl e-3 was dissolved in 100m of toluene and 5. 6g
of phenyl boronic acid was added. Water was 9 16 MAR 2005 renoved by

Coared to rT anif 8y SERORUELAFLAET Isatet nitiGakARPIeS beiBl, Whichs

are not intended to be limiting.

Example 1: Synthesis of methyl 4-triphenylmethyloxy-3-
hydroxybutyrate (Formula III)
To 25g of methyl 3,4-dihydroxybutanoate was added to 250mi of
DCM and stirred to dissolve and 19.8g of pyridine was charged and
15 cooled to 0°C. 41.4q 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
2~ and the product was purified to give 159 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, 249 of diisopropylamine were charged and was

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



pressure. 30m of nethanol was added and the precipitated solid was

filtered to give 10g of the title product. < Exanple 5: Synthesis of 1§Max 2005
tert-butyl 6-hydroxy-3,,S- 25 (phenyl boranat o) hexanoate (Formula 11) To 5g
of the product from exanple-4 20m of DCM was added and was chilled to OCC.
5m of TFA was added and was stirred at 200C for 6h. Water was separated

Soncol 188 B TP S oot ST A S8 of P
. NVR (CDC13), ;. 7,ZLz1.8 , (.4-7.5 1-1 7.3-7.4
nt hesi PEWeRN -AR,tq r25°6,ior paMiR. Cqolithi feastionmbiLte |
\S}|y|n§ hg;l g‘;@mﬁ ducqt/I ob aianedﬂ_@__om exaaa}egyS was t;ken iE t. ormi a
0, SO LGl ey o oo
S tor 55, dhioarEing wabquided a2 Tt for Bhshin, IWalsr wiss addad and " °¢
bi carbon% wat er and brine sol vent renoved under ,reduced

pressure BYessIVERR W@ﬁ@&g e sapecus laygriwas extihactedalSinged as such
L o, O S el o b 5 i
onoved Water, aried and concentrated to give the title compound which was.
used as such for the next step.
1w 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
is  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 100m! of

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

9



under reduced pressure and the contents were extracted using ethyl qaéet,ggﬁw
and was washed with bisulfate, brine and sol vent was renoved under ¥ Heie st
pressure to afford the desired product. 5 Exanple 7: Synthesis of t-butyl
6- oxo- 3, 5- phenyl bor anat ohexanoate (Fornula VII11) 4.3g of dimethylsulfoxide
was added drop wise to a solution of 2.4m of oxalyl chloride in 100m of

Lerper at JEEpREc By AZtdtFdpf distlfitonl 0felid Bt B Ao hE et ¢
trm of pRuR s pRSRL RS BB AN Pl efovid Einchi feddied ey o0
and 1 ho TGy oS0 M0t Fetarip BEE, AddatEid thRBreuBidrl SpIEr AR o f fer -
ort - but ﬂt%%d it P08f ﬂi@ttst‘éﬁréﬁ RSt hi hal enyl ) bor andt ohexanoa e
P %)mpi Eoﬁnﬁﬂﬁ Siidlterk %Eﬂaf@aéphy%?ioﬂ “Vater vas
&Eg:iﬁﬁ: Lphghy ?ﬁ#éa RN B BRI T [action 38’n€t of
{rﬁte ?lnt(:)l e\MSfod Qt qr}c{_é{tehgrérec |tat ed soI I d Vﬁi@l‘if 'f'b&W?N&t]é)a 14g of
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 (CDCls) : 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)
- 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 reduced 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



Exanple 9: Synthesis of tert-butyl 6-triphenyl nethyl oxy-3, 5-

(2- met hyl phenyl ) bor anat ohexanoate (Formula Vib) 5 The crude product ildnMAf 8h
exanpl'e-3 was di ssolved in 100m Q&ENbgbqﬁ@;%Sand 6. 1g of 2-methyl phenyl -
boronic acid was added. Water was renoved by azetropic distillation over a
period of 3h. The reaction mxture was cooled to RT and tol uene was renoved
under reduced _p;agﬁsure 30 of mataanol was added_ and the precipitated

sol i d wasmaintaigeshat 6efLXelorg parieB o 181420 dINSO wasreraoved' synt hesi s
of tert-butyl 6-triphenyl nethyl oxy-3,5- (4-pethoxyphenyl)horanat ohexanoate
(Formul a und)ermdtmgba@:?w&an -1 ERRRENES welgseytrasteddasing e of
toluene is and 6.3 g of 4-Het hoxﬁBenyé boroni c acid was added. Water, was
renoved bgcataier apdavassvashed Witnobisultitecbripg andsolvent wasdensaved xt ur e
was cooled to RT and tol uene was renoved upder reduced pressure. 30nl of
met hanol WBEesdes p[ﬂ%slﬁrea@@f?@dﬂh@ gsredproductered to give 12g of
the title product._20 Exanmple 11; Synthesis of tert-butyl

6-t ri phenEXaMplec?y Synthesisof bbufyl 6roxar3/Bxancate (Formula Vif) The

crude product from exanple-3 was dissolved in 100nm of toluene and 6.1g of
qui nol i nephenythotanatohexanoate (RommulasVIIE)ved by azetropic
distillation over a period of 3h. The reactjion mxture was 12 4 6 M AAK
12705 AMVENDED #Atgrofdisnethylsultoxidr was addedwdtopeanise: to anselutien fed
pressure. _30nml of nethanol was added and the precipitated solid was
filtered 2otmilwf oxalyl chloride in 100ml of dichloromethane maintained at -
78°C. The mixture was stirred at that temperature for a period of
0 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.

Example 8: Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-
(1-napththalenyl)boranatohexanoate (Formula VIa)

The crude product from example-3 was dissolved in 100 ml of toluene

and 7.1 g of 1-napthalene boronic acid was added. Water was

removed by azetropic distillation over a period 3h. The reaction

mixture was cooled to RT and toluene was removed under reduced

pressure.30ml of methanol was added and the precipitated solid was
25 filtered to give 14g of the title product.

11



11g of the title product. 5 Exanple 12: Synthesis of tert-butyl 1.6 tas 2005
6-tri phenyl net hyl oxy-3,5- J5 (3-nitrophenyl)boranat ohexanoate (Fornul‘a VVdﬁ
The crude product from exanple-3 was dissolved in 100m of toluene and 6.1
g of 3-nitrophenyl boronic acid WYSENFIRRMAGCKAt er was renpved by azetropic
distillation over a period of 3h. The reaction io m xture was cooled to RT
and tol uene was renoved under reduced pressure. 30nml of nethanol was added
and the precipitated solid was filtered to give 10g of the title product.
Exanpl e 13: Synthesis of tert-butyl 6-triphenyl nethyl oxy-3,5 -

(2, 6-di f Bxcampplen)9?) Sy nthesis ef dart-butylu6ati 6ei§|y¢m?thvlox9d9;5-f rom
an .3 go

exanpl e-3 was dissolved in 100m of toluene

2, 6-di f1 {Q-pnethylphenyl)betanatoshesarbaté (Fommula VIb)ed by azetropic
distillation over a period of 3h. The reaction mxture was cooled to RT and
tol uene was renoved under reduced 20 pressure. 30mlL of nethanol was added

and the precipitated solid was filtered to give 12g of the title product. S

13 165 MAT h@@'ruééﬁh’@'ﬁh&ﬁfﬁrd)m Example-BheasudiasolvedRin @BURhI B HO CO2R30
0,si HOCO2R3 Rl and R2 are alkyl 1 to 3 carbons
toluene and 6.1g of 2-methylphenyl boronic acid was added. Water
was removed by azetropic distillation over a period of 3h. The reaction
mixture was cooled to RT and toluene was removed under reduced
pressure. 30ml of methanol was added and the precipitated solid was

filtered to give 129 of the title product.

Example 10: Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-
(4-methoxyphenyl)boranatohexanoate (Formula VIc)
The crude product from example-3 was dissolved in 100ml of toluene
15 and 6.3 g of 4-methoxyphenyl boronic acid was added. Water was
removed by azetropic distillation over a period of 3h. The reaction
mixture was cooled to RT and toluene was removed under reduced
pressure. 30ml of methanol was added and the precipitated solid was
filtered to give 129 of the title product.
20
Example 11: Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-
(8-quinolinyl)boranatohexanoate (Formula VIf)
The crude product from example-3 was dissolved in 100ml of toluene
and 6.1g of quinoline-8-boronic acid was added. Water was removed

by azetropic distillation over a period of 3h. The reaction mixture was

12



R3 is alkyl from1 to 8 carbonsRl and R2 are alkyl from1 to 5 carbarpmR 30°
Is alkyl from1l to S carbons Fornmula |laFornula Ha RL \ /RRAr 1 0 00 O

HO , CO2R3R4 / C2R3 a Rl and R2 arg ﬂi?ﬂ I;h 3 carbons or taken together as
A = unsubstltut ed or substitut ed ar or heteroaryl (CH2)n- where n is 4
or 5R3 = alkyl from1l to 8 carbons, aryI or aral kyl R3 |s al kyl from1l to 8
carbonsI N = CN or X.and a =single bondq R4 = 0O = doubl e bon

For nul a poplﬂdrﬁoa‘?ﬂand@qwenemaswmoweg under reduged opkessure. 30m

tetrahydr qpyr tert-bu th Si | | At Unsubpstituted or
substit u ﬁygne} d&% Nghtth reglpﬁaat@&sca dmwvas filterad fogive or

ar al kyl ForrmlaIVFrrruIaVCiOY~01R3GO’\/yO RBOOOCOOO0 G-=

t et r ahydddgyehthe tilerprageh. di net hyl silyl, trityl and R3G =
tetrahydropyranyl, tert-butyldinmethyl silyl, trityl and R3 = alkyl from1l to
8 carbons, aryl or aral kyl = alkyl from1 to 8 carbons, aryl or aralkyl

For mul a VI For mul a

s Example 12 Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-

2> (3-nitrophenyl)boranatohexanoate (Formula VId)
The crude product from example-3 was dissolved in 100ml of toluene
and 6.1 g of 3-nitrophenyl boronic acid was added. Water was
removed by azetropic distillation over a period of 3h. The reaction

10 mixture was cooled to RT and toluene was removed under reduced
pressure. 30ml of methanol was added and the precipitated solid was

filtered to give 10g of the title product.

Example 13: Synthesis of tert-butyl 6-triphenylmethyloxy-3,5-
(2,6-difluorophenyl)boranatohexanoate (Formula VIe)
The crude product from example-3 was dissolved in 100ml of toluene
and 6.3 g of 2,6-difluorophenyl boronic acid was added. Water was
removed by azetropic distillation over a period of 3h. The reaction
mixture was cooled to RT and toluene was removed under reduced

20 pressure. 30ml of methanol was added and the precipitated solid was
filtered to give 129 of the title product.
S

13



GO A ,0 Y* R3P 0 OHO O~ eNC Q2R3 Ar G = tetrahydropyranyl, 1f§m
tert-butyldinmethyl silyl, trityl and ArAr = Unsubstituted or substitute
aryl or heteroaryl and R3 = Unsubstituted or substituted aryl or heteroaryl
and R3 isis carbon from 1-8 at ons’ CdSal kyl carbon from 1-8 atons,
aryl or aral kyl 14 20 AMENDED PAGES Fornula VIIIFormula I X 1x 4 7 tt OR3
O C2R3nr Ar = Unsubstituted or substituted aryl or heteroaryl andAr =
Unsubstituted or substituted aryl or heteroaryl and R3 is carbon from 1-8

atonms, aryl or aralkyl and x = R3 is carbon from1-8 atons, aryl or
ar al kyl haFogeaul&dr nul a ViaForrmula VIb Q'F8emdaBb O O O 00 O Ph Ph O
OR, OR, S'!“ EZ
HO CO,R, ~o o

n

R1 and R2 are alkyl 1 to 3 carbons
R3 is alkyl from 1 to 8 carbons

HO\/K)\/CozRa

R1 and R2 are alkyl from 1 to 5 carbons
R 3 is alkyl from 1 to 8 carbons

Formula 1a
R2

R1
>,

0O
HO\)\)\/002R3

R1 and R2 are alkyl 1 to 3 carbons or taken together as -
(CH2)n- where nis4 or 5
R3 is alkyl from 1 to 8 carbons

Formula IIa

Ar = unsubstituted or substituted aryl or heteroaryl
R3 = alkyt from 1 to 8 carbons, aryl or aralkyl

R4 = OH, CN or X and a =single bond

R4 = O and a = double bond

Formula II

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

Formula III
R o
0] O

G = tetrahydropyranyl, tert-butyldimethyl silyl, trityl

Formula IV
G O.
o] (@] O

G = tetrahydropyranyl, tert-butyldimethy! silyl, trityl and R3
= alkyl from 1 to 8 carbons, ary! or aralkyl

Formula V
G. o.
O o] O

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

Formula VI

G = tetrahydropyranyt, tert-butyldimethyl silyl, trityl and Ar
= Unsubstituted or substituted aryl or heteroaryl and R3 is

carbon from 1-8 atoms, aryl or aralkyl

Formula VII

NC\/K)\/C(JzRa

is carbon from 1-8 atoms, aryl or aralkyl

Ar = Unsubstituted or substituted ary! or heteroaryl and R3 1

{

14



e

Ph*O O- Ph O Ph Ph tert-Butyl 6-triphenyl nethy4oxy-3,5-(1- tert- Butqyeu an 200
6-tri phenyl net hyl oxy- 3, 5-( 2- naphthalenyI)boranatohexanoateneth | hen” |

bor anat ohexanoat e Fornmul a VI cFor myngeNbiEh PAMBENO y\ 2 O'0 0 O-B~ B O Ph Ph
Ph O O-Ph *0 04--- Ph Ph tert-Butyl 6-triphenyl nmethyl oxy-3,5-(4- tert-Butyl
6- trlphenylnethyloxy 3,5-(3- netho hen boranato

3 nat
I Tat

hexanoat eptt+rophe bot-at o—hexanoat Forn lefeo
Eormala VT " Formula X

OMC02R3 /|\r

Ar = Unsubstituted or substituted aryl or heteroaryl and

Ar = Unsubstituted or substituted aryl or heteroaryl and
&4 k4 R3 is carbon from 1-8 atoms, aryl or aralkyl and x =

R3 is carbon from 1-8 atoms, aryl or aralkyl

halogen
Formula VIa Formula VIb
B
N
O 0] B
° \/K/UJ\
Ph
° Ph\\‘/o o/k
Ph P
tert-Butyl 6-triphenylmethyltoxy-3,5-(1- h
naphthalenyl)boranatohexanoate tert-Buty! 6-triphenylmethyloxy-3,5-(2-
methylphenyl)boranatohexanoate
Formula VIc
Formula VId
OMe
N02

Ph
Ph
tert-Butyl 6-triphenylmethyloxy-3,5-(4- tert-Butyl 6-triphenylmethyloxy-3,5-(3-
methoxyphenyl)boranato hexanoate nitropheny!)boranato hexanoate

Formula Ve Formula VIf

15



6 M-~

111

Schenme -

2 AMENDED PAGES a G

Schenre - 3 GOO,R3 000V

2005 AMENDED PAGES Ph Ph tert-Butyl
di Fl.uor ophenyl ) boranat o hexanoate Ph 16 Ph tert-Butyl
met hyl oxy- 3, 5- (8- quinolinyl)bora

AR phY

6-tri phenyl met hyl oxy- 3, 5- (2, 6-
6-tri phenyl
te 1 6 MAR 1005 Schene -

OO0 GO O,R3 O0OO0OIV-

tert-Butyl 6-triphenylmethyloxy-3,5-(2,6-

difluorophenyl)boranato hexanoate

tert-Butyl 6-triphenylmethyloxy-3,5-(8-
quinolinyl)boranato hexanoate

16

16 MR 2005
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ArB(OH)2 IV GO O,R8 OOOV G.OOR3S of -00B A VI Scheme - 4 ...
GO,-T--~0,R3 O I'DOB A VI Schene - 5 HO 0, R3 HO~0, O 10 bEHARY
Il 0-000 10 0 Ar B

AMENDED PAGES
Scheme - 1
o) o) (e} (o] (e}
1 \Y;
Scheme - 2
(e} (o] (@) (o] (o] (o]
\V; \
5 Scheme -3
o) Cs O~ 3
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O\ /O O
(o] 0 (e} - B
v A
Vi
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Scheme - 5
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Ar 11 I X .0 R3 R3 17 1 6 MAR 2005 AMENDED PACES Schene -
Ar Ar 11 R NCO ONP O B Ar VII Oyy Ar R3 0 R3 18
' AMENDED PAGES
Scheme - 6
O\
Y Y
O\B/O O O\ /O (e}
B
Lr /l\r
IX Vil
Scheme - 7
HO/Y\|/\H/O\R3 o Osrs
O\ /O O - O\ /O O
B
l l
Ar Ar
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16 M AR 2005 AVENDED PAGES W claim 1. The product of fornula Ha Ar b 005
CO2R3 a 10 wherein Ar = unsubstituted or substituted aryl or heteroaryl R
R3 = alkyl from1l to 8 carbons, | or aralkyl R4 = O OH CNor a halogen
and a = single bond or double bo‘H% BDEREAGES oduct as claimed in claim1
wherein said product is a conpound of forrrula [l HO 15 wherein Ar =
unsubstituted or substituted aryl or heteroaryl R3 = alkyl from1l to 8
carbons, Welclaingral kyl 19 16 MAR 2005 AMENDED PAGES 3. A process for the
manuf acture of conmpounds of formula Il HO Ar Ar = unsubstituted or
substituted aryl or heteroaryl

1.  The product of formula IIa

wherein

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

Rs = 0, 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

19



R3 = alkyl from1 to 8 carbons, aryl or aral kyl s which conprises of: (a)
reacting conpound of fornula Il'l with the anion of tertiary butyl aqpigtE05
to give a conmpound of formula lv’ﬁwﬂ‘ﬁ[%@/’i@s t et r ahydr opyranyl , ’
tert-butyldinmethyl silyl or trity 3 | al kyl from1l to 8 carbons,
aryl or aralkyl, 0 0 G-ol I I Il -R 00O Formula Ill Formula IV (b)

subj ecting conpound of fornula IV-to reduction to give a conpound of

formul a V3. wheAepradeass for tig anapyfacture ofcompoundgl off fartrhula di 1yl or
trityl and R3 is alkyl from1l to 8 carbons, aryl or aralkyl, 0 O O Formul a
V ( c) protecting the conpound wit® ArB(OH)2 to give a
conpound of formula VI, wheHO Ar i stitigted 20 1 6 MAR 2005 AMENDED
PAGES P3 substituted aryl or hetergaryl,! Giglltetrahydropyranyl, tert-

butyl di methyl silyl or trityl and i g”al kyMfrom1l to 8 carbons, aryl or
aralkyl, and Q07 77-0 R3 , '0 ®B
Ar
Ar = unsubstituted or substituted aryl or heteroaryl

R; = alkyl from 1 to 8 carbons, aryl or aralkyl

s 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 R is
alkyl from 1 to 8 carbons, aryl or aralkyl,

G e Y Y

0] O 0 o] 0
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 butyldimethyl silyl or trityl and Rs is alkyl from 1 to 8 carbons,
aryl or aralkyl,

G\O/\mrom

O O O

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

give a compound of formula VI, where Ar is unsubstituted or
20



B 1 Ar 5 Formula VI (f) deprotection of the conpound of formula VI _using.
mlqg acid catalyst to give a conpound of fornula Il. A process as &5&@#&@4
in claim3 wherein ArB(OH)2 is boronic acid. 5. A process as clainmed in
claim 3 wherein conpound of for mufYENPEDFAGERi di zed to a conpound of formula
VIIl, where R3 is alkyl from1l to 8 carbons, aryl or aralkyl and Ar is
unsubstituted or substituted aryl or heteroaryl using pyridiniumchloro

chromat e or D\sigbstituted ahyloor thieterganyl, @&%t?ahydr@p}lramylﬁ.teﬁt-process as

clainmgd in claim3 wherein conpound of fornmula Il is further converted to a

conpound of f oputyldimethyhesitylRe tritydl apd R9is atkylifrom d tau&gashonsy! or

aral kyl, Ar is unsubstituted or substituted aryl or heteroaryl and X is a
hal ogen. 21 1 &ryWhit apdlkyBMBNEBED PAGES X )-' 7 j{ O R3 O '/O0 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.

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.

Formula VIII

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

aryl or heteroaryl and X is a halogen.

21



Formula I X 7. A process as claimed in claim6 wherein conpound of fgﬁﬁwg%w¢l
Is converted to conmpound of formula | X by reacting conpound of for v
wi t h aqueous HBr solution or by reaction with triphenyl phosphine and CBr4.
8. A process as clainmed in clai m&MENDEDRAGESI n conmpound of io formula I X is
further converted to a compound of fornmula VII, where R3 is alkyl from1 to
8 carbons, aryl or aralkyl, Ar is unsubstituted or substituted aryl or

heteroaryl. Formula VIl 1 9./Igg»p%9dﬁpb\as clainmed in claim1, used in
t he synt hesis of atorvastatin, deriVvastlatim, pitavastatin, fluvastatin or
rosuvastatin. 22 L °

8

Formula IX

7. A process as claimed in claim 6 wherein compound of formula II is
converted to compound of formula IX by reacting compound of
formula II with aqueous HBr solution or by reaction with triphenyl

phosphine and CBry,

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, aryl or aralkyl, Ar is unsubstituted or

substituted aryl or heteroaryl.

Formula VII
1: 9. The product as claimed in claim 1, used in the synthesis of

atorvastatin, cerivastatin, pitavastatin, fluvastatin or rosuvastatin.
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