ESCOBAR - URIBE ASOCIADOS

A B O G A D O S

Carrera 1) A No, 476 - O£.305 - 0. Baox 94948, Bonodk, 1D.C. - Colombia
Telx: (571) 6162051 - Fax (5716 DE INDUSTIIA ¥ COMERTIO

www.escuhmruribe.com - infoffiescot Rad: 02-111163- -00008-0000

Fee: m-us-umo.« D
Tre 11 PATENTE ep. 220 NUECREACIONES

Eve: 370 FASENAGIQMLII
2505/P Act 444 RESPUESTAREQUE  Folioe: 13

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: Expediente No. 02.111.163
Solicitud de patente 2 nombre de
AstraZeneca UK Ltd.

Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de mi firma, domiciliada en
la carrera 11 A No. 94-76, Of. 305, obrando como apoderada de la sociedad AstraZeneca UK
Ltd,, domiciliada en Stanhope Gate, Londres, Gran Bretafia, solicitante de la patente de la
referencia, en respuesta al oficio No. 2374 notificado por fijacidn en lista el 16 de febrero de
2007, relacionado con el concepto técnico No. 0211, me permito acompafiar los siguientes
documentos solicitados por el examinador:

e JUN-ICHI SAKAKI: “LIPASE CATALYSED ASYMETRIC SYNTHESIS OF 6-(3-
CHLORO-2-HYDROXYPROPYL)-1,3-DIOXIN4-ONES”

TETRAHEDRON: ASYMETRY, vol.2, No. 5, 1991, paginas 343-6
XP002178271

ELSEVIER SCIENCE PUBLISHERS, AMSTERDAM,

NL

ISSN:0957-4166

s F.BENNETT ET AL: “METHYL (3R)-3-HYDROXYHEX-5-ENOATE”
JOURNAL OF THE CHEMICAL SOCIETY, PERKIN
TRANSACTIONS 1.

Vol 1, 1991, pigins 133-140, XP002178272
CHEMICAL SOCIETY, LETCHWORTH, GB
ISSN: 1472-7781

Espero con esto haber dado cabal cumplimiento a lo solicitado por ese despacho y de
conformidad con lo indicado en los articulos 3°, inciso 3, 35 inciso 2 y 59 inciso 2 del CCA, al

anglizar este memorial, atentamente solicito se traten todas las cuestiones planteadas con
motivo del mismo.

Sefior Superintendente,

JIMENA QC@BAR URIBE

C.C. 39.779.452 de Usaquen
T.P. 68.228

Cod. 5376

EUA/m.

07



v ten

1" il ! 'ﬁx e (.- W .. _!l ‘/..! _-?_-, .?)(_. U“(i

L 2 . =

(A

M 002178271 PD 100 -00-tay) | TRmRmE
P:au3- 6

Lipase-catalyzed Asymmetric Synthesis of 6-(3-
Chloro-2-hydroxypropyl)-1,3-dioxin-4-ones and
Their Conversion to Chiral 5,6-Epoxyhexanoates!

Jun-ichi Sakakl,* Hiroko Sakoda, Yoshlakl Sugitu,
Masayuki Sato, and Chikars Kaneko
Pharmacewsies! lomitute. Tohoku Usivomity, Aobayams. Scndei 980, Japan
{Recelved 20 March 1991)

Absiract: Highly enantioselective gyntheses of (R)- and (§)-6-(3-chloro-
2-hydroxypropy))-1,3-dioxin-4-ones by mecans of lipase-camiyzed
kinetic resolutions are described. Chira! dioxinones thus obtained have
been converted 10 optically active 5.6-epoxyhexanocates, wbich are
important precursors for a sericy of biclogically active compoands.

During secent ycars enzyme-catalyeed ssymmetric synthesis has been well
secognized as one of the most offective methods for the synthesls of chiral bullding
blocks.? Previously, we reported that prochiral methyl ketones having 4-ox0-1,3.
dioxin-6-yl group as the terminal unii were enantioscleciively reduccd by baker's
yeast.3 The same roduction if spplied to the higher methylcne homologs (RCO: R#Me),
however, gavc poor chemical and optical ylelds. For the purposc of creating more
verastilc chiral synthons, we havc bocn Interested in the lipase-caialyzed
asymmetric synthesis of (R)- andfor ($)-6-(3-cbloro-2-hydroxypropyl)-1,3-dioxin-
4-ones (R-3, 5-3). Since the dloxinonca mc known as thc manipulaable aynthons in
a vericty of ways under mild conditions.* chiral oncs if obtained as EPC can be
convertoed to optcally active 3.6-cpoxyhcxanoates: the prooursoss either of chiral 6.
subatituted 3-l)aciones or of d-hydroxy &-lactones.

According to the two-step procedurc claborated reccntly by us® racemic
chioroalcohol (2) was prepared from 2,2,6-trimethyldioxisone (1). Afier some
preliminary screcning 1o find the suitable enzyme for asymmetric (ransestsrification
of 2 In vinyl acetzte. Amano PS (Pseudomonas sp.) was found to be the besi choice.6

O
ref. 5 i
L 22, 205t e e
Mc DMn a OMe

1 2 R-3 X-4
Conditions: 1) Amano PS, viny] acetate, 28 °C, 7 4.
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Both isomers (R-3, S-4)7 were obtained in quantitative chemical ylelds with high
cnantiomeric excesses (298% e.c.).b

The nbsolvie configuration of chiml chlorcalcohol [R-3: lalp20 +19.3 (¢ 1.67,
CHCl13)] thus obtained was detcrmined by conversion to ethyl (R)-4.chlore-3-
hydrexybutanoate (5)° (degradation of a dioxinonc ring by ozonolysis followed by
acid medialed estwcrification), which was synthesized previously by Sih er al. as the
key intermediate of L-carnltine (Scheme 2).10 Aucmpted hydrolysis of the

acciylated product [§-4: [e]p20 +0.12 (¢ 1.20, CHCl3)) in basic medium failed to give

the desired alcoho! and the deacerylated product (6) was obtained as thc major
product, irrespective of the reaction conditions (e.g. K2C0O3/McOH, 2N NaOH/cther,
cic.). It has been found, however, tha enzyme.mediatsd hydrolysis of S-4 by lHpase
MY (Meito, Candide Cylindracea mov. sp.) preccoded smoothly to give the antipode
(5-3) In 83% chemical ylald with >08% ee.

1) 03-Mea$ OH O ref. 10 + QH
R - 3 ——— T ——pt R
2) R1OH, H* A Ao M°3N~/\j,‘om
"

C
5
L - Camltine
Scheme 2
Chemical !
OAc o mmethods H
a 'OA'”‘ e ' E"" a Mo
Mo 0" Me Me
S-4 5-3 6
i ] }

Condjtlona: i) Lipase MY, 0.1M pH 7.2 phosphate buffer, 28 “C, 4 d

Scheme 3

5.6-Epoxyhexanoales are known as efficient precursors for 6-substituted &-
lactone devivatives which are fairly- common umits among natura] productt and In a
varicty of biologicelly active molocules.!! Thur 5.6-opoxyhexanoate derivatives (11,
121 were mrepared from the corresponding chiral ¢hlorcalcohol (§-3). Following one-
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pot lactonization reaction developed in our laboratory,12 6-chloromethyl-B-keto-5-
lactone |7: mp 98-99 °C, {a}p25 -834 (c 1.07, MeOH)] was prepared from 5-3 in B4%

yield. Catalytlc hydrogenation of kcto lactone (7) over PtOQz gove cis-4-hydroxy
lactone: [38: jelp2? +13.3 (¢ 1.25, CHOY3)) and its deoxy derivative [9: [a)p30 077 (¢
103, CHCRy)] in 73% and 20% yiolds, respectively. The laucr lactope (9) was also
prepared by two-step procedurel? (acid-catalyzed debydration followed by causlytic
hydrogenation over 10% Pd-C) from 8 via unsatovated lactonc [10: [a)p?3 -144.8 (c
3.09, CHCl3)] in satisfactory overall yield. When saturated lactone (9) was treated
with K3CO3 in MaOR at room temperawre, opoxyester [11: [olp24 -15.7 (¢ 1.94,
CHCh): liL)) fa)p23 -16.2 (¢ 0.58. CHCl3)] was oblained directly in 79% yicld. The.
reaction proceedcd obviously by mcthoxide mediated lacione ring opering followed
by formution of cpoxide ring. Nichida e al. bas demonstrutcd that this cpoxide (11)
can be used as the common precorsor for m varlety of optically active 6-substitutcd
8-laciones.!! Finally, methyl (3R, 55)-5,6-cpoxy-3-hydroxyhexanoste (12),)4 which
is tht important precursor'3 for compactln or mevinolin (HMO-CoA reductase
inbibitor), has been synihesized a3 u so0l¢ prodnct from unsaturated lactone (10) by
iraatment with sodium methoxlde in methanol.16
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Conditions; i) K3CO4y, MeOH, room temp,, 84%; ii) H;. P1O;. AcOB1, 1 atm, T h:
iii) p-TsOH, benzene, A, 1.5 h, 88%; tv) Ha, Pd-C, MeOH, 30 min, 90%;
v) K2COy, McOHl, room temp.. 5 h, 79%; vi) NaOMe, MeOH, -50 °C — room temp., 40%

Scheme 4
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In summary, succassful use of lipase to the readily available chlorosicohol (2}
provided highly enantioselective routc to the versatile synthons {(K) and (§)-6-({3-
chioro-2-hydroxypropyl)- 1.3-dioxin-4-ones] which were efficiently converted (o
chiral 5.6-epoxyhexanoates.
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Methyt (3R)-S-Hvdroxyhu-ﬁ-enoate as a Precursor to Chiral Mevinic Acid

‘Analogues

Frank Bennett,® David W. Knight"# and QGarry Fanton®

» Chemistry Department, Univer.
# Rhone-Poulenc Ltd.. Dagenham, Essex, UK

Fark, Notlingham NG7 2RD, UK

Baker's yeast reduction of methyl 3-oxohex-6-enocate 14b provides methyl (3R)-3-hydraxyhex-5-
encate 16b with 78% enantiomeric enrichmant. Subsagquent ssleno- and iodo-lactoniration of
derived hex-5-anoic avids leads to valsrolactones 18, 19. 26 and 28 which are sultabla for thwy
subsequent elaboration of a veristy of mevinie acid analogues. The ebsoluta configurstion of tha
major snantiomer produced In the inltial yeast reduction was determined by correlation with natursl

(S)-(+)-parasorbic scid 23.

Tbe ability of the mevinic scids, most notably compactin 1a’
and neavinolin 1b3 as well s» 3 pumber of closely related
compounds,’ effectively 1o lobibit the biosynthesis of chol-
ssterol in humans bas gonerated a considemble amonnt of
Intcrent botb in the synthesis of be natural materials a5 woll s
in tho design and alaboration of simpler and possibly wore
potont synthesic analogues. The key structural feature common
10 al] the mevinic acids is the f-hydroxyvalerolactone function 2
which, ls his open form, clossly mimics mavalonic acid, a orucial

i1 .

1+ w:R = 4 [{+}-compadin] 2
B R = Me {f+}-mevinolln]

incrmodiate in the terpenoid bicsynthetic palbway leading 1o
cholesterol The compounds acl as potent mhibitors of the
patbway by blocking & major rate-imiting enzyme, 3-hydroxy-
J-mcthylglutaryl cocnzyms A reduciese (FMGCoA reductasc)
which is responsible for the conversion of HMGCoA mto
mevalonlc acid.*-* ;

A commonly usad tactic for incorporation of the key chiral
hydroxy lactono fuoction 2 in sypthesas of both the natural
compounds and syntholic analogues thereof Is to croploy the
masked laciel 3 a5 ap clecirophilic spesies.® This type of
intermedate has often been oblained by carbohydtats degrad-

=i

ation ™" as well as from L-malic acid,* (§)-4-hydroxymethy)-
butyrolactone,'® aod from an asymmetric [1,3}-dipolar

ition.'! Chira) 23 well as racemic matorial has bee:
obialned nsing s Dicls—Alder reaction as the key atep ! as weil
a8 by other approaches.%:2%:}4 Other viable lotermadiates ars

" the abiral epoxy csters 4 which have béen oltainad Gom

varioty of precursors '? and which undergo oxtromely efficient
couplings with aryl cuprate reagaots lcading dinectly 1o mavind =
acid apalogues, Altcrnative opsa-chain precarsors, based on &-
bydroxy fi-keto exter systerox have been oblained in optically

active form using 2 number of chiral auxiliaries}® The .

ssymmetric Sharplcss epoxidation hus also besn used t3
prepare some relatod chirsl intermediatos.!?

The design of synthotic apalogues of compactin 1a and
mevinolin 1b has becn governed by two major consideraton:,
pamely the reyuirement for a hydroxyvalerolactone fimction 2
end the dasirability of having a much simpler array io place c4
the complex decalin systcros pressnot in the natural preduct:
lpitial work focussed on the prepamation of a varicty «d
mcvalonate analogucs, of which ladione 5 was a potable
example ip terms of itz bioactivity.)* The selated nnalogues ¢,
which Iack a 4-methy] substituent and which thereforc moxe
tloscly resemble the mcvinio aclds, were gensrally most active
when the subgtiteent R was arylcthyl or (£)-arylethenyl,"" ao
example baing the lactons 7 which In itz dihydroxy acld fonie
displays 28 times the activily of natural compactip 1a in
HMGCoA rodoctase inhjbition.!® The Tequirement for rapid
socess to a wide range of chiral lactopor B suggested that the
salenos or lodo-Iactones 9 (X = ScPh or 1) coald be valuab'e
intenmodiates in this respoct, We reasoned that the lactoncs §
thonld be available from the unsaturetcd bydroxy aclds 1

- which, in turn, should be obtainable in optically active form by

asymmsiric reduction of the conesponding keto esters 11, T«

b
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viabllhy of thess lactones in such synthescs has boen stnphasised
by alternative spproaches which were reported *° prior 1o the
complation of our rstudics®’ Thus, the optically pure

todolactone 12 was prepared from a-n-glucosc in 17 steps
whercas its (45.6R)coantomer with 700{ enantiomeric
enrichment was obinined from acotonedicarboaylic acid, the
key asymmeiric step being partial sapopiflication of the
cofresponding &ipropyl osler using porcine llwer esterasc
(PLE).2? Others have also baom more or loes successful in
achieving such an enzyme medisted preparation of chiral 3.
hydroxyghutarate derivatives,?®?? Very rcoenily, & related
enzymic hydrolyzs by slectric ec) acetylcholincstcrase has been
used 10 prapare the cyclohepicnatriol derlvative 13 from which
elther enantiomer of  chiral irans-mevinie acld analogoe 8 can
he prepared by appropriate protection steps followed by
uxkiation, ring cleavage and coupling 1o an aryl cuprsie,*

Renulis and Discassion

Qur studies began with syntheses of the 3-oxohex-5-enoates 11.
Such cklars can be prepared by a Grignerd naction between
altylmagneum bromide and & cyanoacetate followed by mild
hydrolysls of thc resulting cowmine esicr.** Although this
preccdure it not partienlarly efficion, the yiclds ware improved

by using tetrabydrofuran (THF) in place of ether as the solvent .

for the Grignard sien: the miligating feature of the method is
that it can be conveniently carried put on a farge scale. Both the

N

14 o:A=Et 18 R-Et 4% 1% a;Ra €1
b; Rwe Ma 0 A Ma 7T8% ob b‘.H-_Mr

sthy! J4a and methyl 14b esters were prepared in this way and
both could be isolamed as pure regioisomert by vacuum
disiflaton bedow 70°C. Above this temperature, both
compounds displayed 8 marked tendency 10 isomerize 10 he
conjugated hea-d-enoaie isomers 16. An alicrnative and more
eflicient approach 1o these estcrs is by the procedure of Hamana
snd Sugasawa?® m which the samc cyanoucetutes are

-

e
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condensed with allyltrimethylcllanc in the prescnce of boray
trichloride. However, this mora expansive procadure was not i
amcnablc 1o large scale preparationy of esters T4

Of a number of possibilitics for the ssymmetric redoction o
these p-keto esters. the use of baker's yeast 2 seemed to offer 5
tumber of advantages, nolably choapness and case of handlinyg
as wall ax the innocuous nature of this “resgent’. Using tin
toethod described in detall by Becbach and hiy colleagues,
incubation of the eatere 14 with fermeniing baker's yeast for co
24 h ot 30 *C led 10 the hydroxy estax 15 in 65709 isolaux
ylelds. The usc of 1ap watcr was exsentlal; in deiondized water, dly .
reduotione tended to sop at around 50%; vonvamwion. If the ke x
eater pubstrates were conlaminated with varyiog smounts of tx
corraponding hex-4-cnoates 16 {vide spra), this was of lie
conraquence a3 no products ariging from these compouods wen
fsolated. Poesibly these conjugated tromers react by a Michae
afddition process: although the fate of the resnliing gpecies i
uncicar, hydrolyss and decarboxylation 10 give volauh
fragments would seam a distinct possibility. The inftlal yeas
reduction produais 8 were virtually free from hmpurities whia
solated by s simplc solvent extraction, Converelon into tly .
Mosher’s sster derivatives?* and mubscquent NMR gxalyri
thowed the sthy! ester 15a to have an enantlomeric ~ime)
of 432 (71.5:24.3) while the corresponding value for the methy
eoter 15b was 78% (89:11). The higher e2 value asscciatod wil
the smaller methyl ester function (ollows = pattern typical ¢
such yeast reductions.2”® Attempts 1o increase the cnantis
solectivity ol thc yoasl reduction by the additon of ally
aleoho),*® by reduction of the corrcsponding carboxylatc salt
or by changes to the concentration or raactant ratios ?? were na
succeasful. Our samples of the hydroxy ester 15b {789 ce
showed [e)y —23.5* (¢ 1.1; CHCL,). While our work was i
progress, Tamm snd hix colleaguen reported an alternatiy *
proparntion of this compound by a kinetic hydrolysis of racemi
methy] 34-epoxybutanoate catalyced by PLE, lollowsd °)
coupling with vinylmagnetivy bromide in the presence ¢
copper(l) lodide.*? Thess wuthors quoto [«]y =~ 12.6* (c 1.
CHCl;) bai no enantlomeric eprichmemt value. Howews
conversion of the inftial 34-spoxy ester into y-amino-f
hydroxybutyrie acid (GABOR) gave material with an as of 97,
based on ihe rotation of B recrystaliized sample. Other than
fractional crysualization cffoct, we cannot offar an explanatin
for this discrepancy.

The absolute copfiguration of the major enamtiomgfiwnl ta
rydrovy estar 1Xh wan datermined ducing oor first in tir -
imlo waye to convert the hydroxy esters 15 Into mevinic i
amalogucs. Hydrolysia of the ¢ster 13b ked to the hydroay ai
17, [e]o —27.3" {c 1.0; CHC,) which, upon scienolactonizati s
under kinctie conditions?® gave a ea 10:1 mixiure of 1
selanolactiopes 182 and 19a but in only a modest 40%, yleld. ]

HO. HO, HO, b
m
H i
~R n
" '

17 18
h: RwSePh #: A= Ball
bi Am H b:AmH

contrast, sclenolactonization uging thermodynamic conditicr
gave ao improved 657 isolated yield of the same lacionss, bu

a ratio of 1:1. The relative sioreochemisirios of these tv
Jaclones were dewcrmnined by reductive removal of the seieni
group using Uiphenyllin hydride** prior to separation of i
nsulting methyl-substituied lactones 18b und 196 by colua
chromatography. The lesi polar isomer exhibitcd resonance:
3 4.38 (br quin, J/Hz: 3.T) und a1 8 4.87 {ddq. J/Hz L 1.3, 6410
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3.1) which were amigoed to the 4-H and 6-H, reapectively, on the
basis of appropriats decoupling and COSY experiments. On the
reasnoable assumplion that the larger methyl group will adopt
an equatorial positlon, this is the frans isomer 18b which exists
in the chalr enpformation 20. In canteast, the mare polar Bomer
cahibited the comresponding resonances at § 4.25 (dddd, J/H=:
9.1, 7.6. 5.8 and 5.6, 4-H) and 3 4.37 {ddq, //Hz: 11.7, 6.2 and 3.0,
5-H). Theae data ere consistent with this being the elr isomer

H
He 3

19b which exinix in the conformation 21, in which both the 4- and
o-protons are in Axial pntitions. The downfield shift of the 6-H
resonance in the rrans thomer (A5 0.5 ppm) i alro congistent
with a [1.3]-diax{al relationship between this proton and the
4-hydrony group.

The absolute configurations of these Inctones and hence of
the Initial yeast reduction product 15 were determined by
conversion of both slmmo lactona igamar into pararorbic acid,
a metabolite of the mountain ash, or rowan (Serduy aucuparia
1.} The natural materia) has an {a]n of +206° (¢ 1; EtOH) and
the {68 )-configuretion 23.3! Dehydration of the frans-hydroxy
Inctone 18 by treatment with phosphores oxychioride in wann
pyridine gave the dibydropyran-2-onc 22 which showed [a]n
=112° {¢ 0.87; B10OH) and which iz tharefora the non-natural
(6R) enantiomer. Similer treatment of the cis-hydroxy lactone
155 lad to a pyran-2-one which showed [a)p +¥8° (¢ 1.8; EtOH)
corresponding to the storeochamistry of natural parasorbic acid
23, Therefore, the absolute configurations of tha lactones 18 and
19 are as depicted and the major cosotiomer produced during
the yenst roduction has the AR abmolute configuration 24.
SigniGicantly. this corresponds to the natural stereochemistry of
the mevinic acids and to that of the more biologically active
analogues.!® The somewhnt lower than expected ppilcal rota-
tions of the twa aynthetic samplés 1w vnlikely 10 he due to
racemization and Is more ltkely associated with the difeuhies
in handling snd purilying emall amounts of the volatile and
sanghtive Inctonss 22 and 23, The maximum rotstions expected

-—

- o

from our xamples were 3. 159°, based on the maximum value of
the natural compound (-+206°) and an optioal purity of 78%
(vicde aupra)®® The synthetic utllity of the scleno Ingtones 18
and 19n and higher homologues has been exemplified in an
alicrmative stratagy in which the initial yeast reduction product
15b Is homologated prior to inctonization.?”

Wae than turned our atlention to jodolactonizations of the
hydroxy acid (¢f 17) and some of its derivatives. Direet
jodoluclonization under kinclically controlied conditions *® led
to a poor yield (23%) of the iodo lactones 25 and 26s in a ratio
of 3:1 (Scheme 1). However, such cyclizations were much more
productive when carried out on the corresponding sliyl ethere
Thus, the t-butyldimethylsilyl derivative 24b gave & slmilar 3:1
trans-cfe ratio of the sxpected lodo lacioncs 2%b and 26k,
respecuvely In 845, isolated yleld. The trans isomer 265 could
be mepurated hy fractional crystallization [rom pentane. In-
crauses in the bulk of the sllyl ether function resulted in higher

RO,
H* H + M
| h

i H “H
'\.l "
=R I?l. ¥s it
' Az
b By'GiMoy 3 ,&m
c; Bu'siPh, 4 1874}
&:R = Pr,SI 55 1(81%)
Schome &

sterepsalections; the t-butylWdipbenylsilyl ether 24¢ gave a rans—
¢ls ratio of 4: 1 which was improved to 5.5:1 in the casc of the
trisopropylsilyl cther 24d. Although the isomers weme pot
scparated in this Iatier oxaemple, coaditions for obtaining the
trans isomar 25¢ (=12) have recently been rcported.?® The
relative starsochemistries of all the foregoing isomers were
dednced from proton NMR specta in exactly the same manoer
a5 outlined above for the seleno lactones 18a and 19a. Ancmpts
to efect similar mlonslacionizations of the silyl athers 24 were
not succrssiul,

Tohc origma of {he sereosclections obesrved in  the
iodolactonizations arc not clcar, Such eyclizations of 3-mathyl-
hex-5-copic acid, vader kinstic or thetmodynamic eonditions,
lcad to a prepondemnee of the cis-4,f-disubatituted lacione
which is coonistent with the mvolvement of a chalrike
transition state’ As the sicrcosslection of the present
cyciizations increases in Bxvour of the inms Bomer with am
increass in the bulk of the sllyloxy group, complexation helween
the carboxylic acld function and the silyloxy group would
sppear pot to be the comrolling factor. Later work established
tha! incorporatinon of substitusnia at the distal end of the 3-
silyloxy neid incnaases the sterecsslection of cyclization even
further.?” It ks tharefore possiblc thet the cyclisations procesd
predominantly vig £ boat-likc tranzition state, parhaps braught
about by the steric demands of the bulky silyloxy and lodonium
substituents.

The major products obtained from theee iodolacionizations
have the s2me nbsolute stereochemistry of the mevimic acids and
their biologically most active analogues. Onc way to gain access
to such compounnds from the lodo laciones is by dircet, radical-
mediaiad coupling resclions with 3 varlety of stannancs. For
example, treatemnent of the stereocharpical mixture of Iactones
25b and 26b with allyltributylstannane (AIBN, toluene, £0 °C,
16 hYy* followed by aolumn chromatography pave mn
isomorically pure mmple of the frans-butenyl lactone 27a. A
similar coupling’! with petributylotaonylstyrens led to the
phenylpropenyl derivative 23s. Both products wore cleanly

-deprotected by treatment with bydrogen fluoride to give the

corresponding hydroxy lactonos 27h and 28b, respoctively. Both
coupling reuctions proceeded in unoptimized yeilds of cz 40%;:a
more efficlent method for the claboration of a wide varety of
mevinic acid analogucs is 10 convert the lodo lactoncs into the
correaponding epoxy eatcrs 29a and 29b (/- 4 by treatment with

27a; R n Bu'BiVa,
.:ﬂ-“

205 R m By'S0M,

BiRAwH

20 g; R w Bu'SiMe,
b: R w Péy8i
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sadium carbonate in methanol*? Theopoxy esters wene isolatel
in 93% and 853, yicids, respectively. Such derivatives, differing
only in the type of hydroxy proteeting group, have beco found
Lo give exantiolly quantitative yiclds of mevinie acld analogues
by coupling with a range of benzylic Grignard reagents in the
presence of copper(l) bromide-dimethyl sulphide complex.!$

Experimental :
General Detalis—For general details, ses ref. 43 All J valucs
are in H2.

Metiylond Eshyl 3-oxphex-5-ctioate 143 and 14b,~Largo scale
proparations were carried omt uking the methed of Anderson
and co-workers 7* by reaction beiwssn the appropriate cyano-
scpiate esier and allylmognesivm bromide. Yields were im-
proved when THF rather than cther was employed as the
solvent. In a typical run. methyl cyanoacetate (38 g) gave methy]
3-oxohcx-5-enoats 14b (13 g) which showad bp 63-64°Cat 3
mmHg: &; 336 (2 H, d, J 3. CHCHCH;), 3.54 (2 H, »,
COCF,00) 1.7 (3 H, 3, CO.CH,), 506-540 (2 H, m,
CH-CH) and 5.61-6.39 {| H, m, CH,CH) (Found: C, 9.5 H,
1.2 Cale. for CH o04: C, 59.2: H, 1.1%).

Somewhat smalicr quantities of these esters were prepared by
Lewls-gcid calalysed addition of allylicimethyldlane to the,
SAamc Cyanoacetates accornding to the procedure of Hamana and
Sugosawn.? Tyolated yhelds were typically 65-70%,

Methyl (AR)-3-Mydroxyhex-5-enoate 15h—A nupension of
maihyl 3oxohex-3-cnoate 14b (587 g) in tap waler {425 m]) was
maintaioed at 30 °C and treated successively with sucrone (78 g)
and drind baker's yeast (52 g) The resulting mixture was sticred
gently for 24 h at this tomperatune and then cooled, tranted with
Cclite (30 g) and suction fhered The solid was thorpughly
washed with water and tho filtrais extructed with chloroform
(4 » 100 ml). The combinéd extractz were dricd and svapor.
ated. Subssquent chromatography of the residuoc over sllica gal
eluted with 207, ether in hexanes gave the Apdroxy ester 15b ws a
enlourless o] (4,04 g 69%), [«)p —21.5* (¢ 1.1; CHQLy) [, 1
[adp = 126° (¢ 1.3; CHCYy)): v fom™ 3470, 1728 and 1644; 5,
220-2.65(4H m, 2 x CH;), 16{1 H,brs, OH), A73(3H, s,
OCH,), 4.16 (1 H, apparent quin, J 6.8, CHOH), 5.02-5.31 (214,
m, CH,CH) and 5.68-6.14 (1 H. m, CH,CHY; m/z 127 (85%,
CyH,, 03 M — OH), 126 (16, M ~ H;0), 103 (30, C,H,0,,
M - C,H,). 85 (100, C,H,0, M — CO,CH,) and 67 (73,
‘.:’H'h M- CO:CH; and H,0) (Fﬂ“l'ld: M* - C,H,,
102.0389. Cale. for CH,0,: M. 103.0394),

Moetkl (3R) and (35)-3-1(R")3,12-Trituorn-2-methoxy-2-
phenyiproplonyloxy)hex-5-enogie.—A solation of (R){+)-a-
mothoxy-e=(trifluoromethyl}phenylncetic acid [(+)}-MTPA]

(0.0% g, 0.4 mmo)) in freshly distilled thionyl chloride (1.7 ml)

was heated al reflux for 13 h and then ¢vaporated. To the
rasidue was wdded a solwion of the hydroxy ester 15b (0.029 g,
0.2 ovmol) in dry carbon tetrachloride (1 mi) and dry pyridine
(3 drops). The resulting solution was stirred ai amblent
temperature for 48 h and then a second equal portion of the acid
chloride was added. Alter & further 16 h, the solution was diluted
with water and extracted with other (2 x 5 mi). The gombined
ether solutions were washed with 2v HC] and water then dried
and cvapornted. Chromatogruphy of the rsidue over silica gel
cluted with ethar—hcxanes (1: 10) aforded the Moshet's esters 29
(O.042 g. 66°) a3 a yellow oil, v fem*' 1741 aud 1641; 8,400
MHz) 242 [1.78 H, ddt, J 1.1, 6.6 and 1.0, (R}CHCH,], 2.92
{022 H. ddt, J ca. 1.0, 6.5 and 1.0, (5 )-CHCH,].261-272[2 H,
w. {R) and {8) CI,CO;], 3.53 [2.34 H. q, Jyr L0, (R)-QOCH,],
354 [0.66 H, q. Jy 5 ra. 1.0, (SYOCH, T, 3.57 [086 H, 5, (S)-
OCH,). 3.66 [234 H, 5. (R)-OCH,], 5.00-5.18 2 H, m), 533~

\ «
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581 (2H,m), 7.26-7.41 (3 H, m) and 7.51-7.53 (2 H, m% m/r 18>
(1003, CoH,F305). 127 (21, C;H,,0,) and 91 (7, CyHa).

(3R }( - )-3-Hydroxyhex-5-enoic Acid 17.~Agquouu sodlun)
hydroxide (30 mb; 2m) was added 1o the methy] ester 15b (2.48 ¢,
15.7 ;mol) and the mixture stirred at ambicnt temperature fo:
24 h_ The reaction mixturc was then washed whh chioraform;,
acidified to pH 2 using 2M HC and continuously sxtracied witl,
chioroform for 18 h. The resulting chloroform solution wai
dried and evaporated to give the acid 17 (2.45 g, 96%:) as an of,
[edp =223 (c 1.0: CHEYY) or [a)y ~26.5° (¢ 2.1: CHC,:
Vag/tth? 3360, 1710 and 16426, 2.15 277 (4 F,m, 2 » CH,',
4.13(1H, apparcat quin, J 6.3 CHOH), 5.00-5.03 (2 H, m, CH,},
3.60-6.11 (1 H,m, CH) and .25 (2 H, br s. O& and CO,HY, m/.
112 (5%, C4Hy02 M = H,0),'89 (94, C,H,0,, M — C;H,,
xod 71 (100, C4H,y0,) (Found: M* - C,H,, 890243, C,H,0 ,
requites M, 89.0238). The compound was at least 9555 pun;
according to TLC and the NMR duta.

(4RSER)  and  (4R,55)4-Hydroxy-6-phenplselenomethy!
tetrahpdropyran-2-one 184 and (92 —Banzenesalanenyl chlor
ide (0.18 g, 0594 mmal) was addad portionwise 10 a stirrex,
solution of the acid 17 (0.11 g. 0.84 mmol) in dry THF 1 mi,
muintained below —70 °C using a solld CO,-acetone bufs T
resulting orange solution was stirred at this temperature Jor 0.2
h and then allowed (o warro to amblent temperaturc during 0.7
h. The solvent was removed under raduced prewsurc and the
resjdue chromatographed on slica gel psing ether as tha ehuan
10 give an inpeparable mixture of the selenides 18a and 19a (0.10
E. 427{) u3 & colourlass oil, v, fem™' 3400 and 1725; 8, 1.57--
451 2 H, m), 2.64 (2 H, apparent d, J 405, 3-CH,). 297-3.3t:
(2 H, m, PbSeC/T,y), 3.52 (1 H, br s, OH), 4.33 (1 H, apparen,
quin, J 1.5, 4p-H), 490 (1 H, m, So-H), 7.21-7.29 (3 H, m) am!|
T43-7.59 @ H.m): m/= 206 (9634, M* . C,3H, (Q,°Se), 171 (34,
C1H,""Se), 158 (47, C,H ""Sc) 11] (54, C,H,0,), 97 (59,
CsH,0,) T7 (91, CgH{) and 73 (100, C;H,0,) (Found: M”,
286.0083. C,,H,,0,*°Ss requircs 286.0106).

The isczmer ratio eonld not be determined very accurateh:
fromn theso data, but was approximately 10:1 in favour of ds:
trang lsormer [vide nfra).

In another run, 2 cquiv. of benreneseicnenyl chioride wen:
used with ather in placs of THF as the solvent and tricthylnmim:
(0.5 m!) was added afiar warming 1o amblent tempersture, Thi:
resulling solution was then stirred for 72 b prior to work-up as
sbove and gave an mpproximately 1:1 mixture of ?.;"..lm-
wormers in 2 combined vicld of 65%. L

(4R 6R)- and (4R ,65)-4-Hydroxy-G-methyltesrahydropyran-2-
ana 18b and [9b.—A solntion of triphenyltin hydride (.73 g, .i
mmol) in dry toluene (S mi) was added to the mixture of seleno
lactones 18» and 19a (1:1) (0.47 g, 1.6 mmol) obluined by thy
latter roule (prolonged rouction in cther in the prescoce cf
trigthylatalne) and the resulting solution was heated a reflux for
23 h. It was then coolcd and evaporated under reducerl
pressure, Careful chromatography over silice gol sluted wity
cther gave first the (AR.ER)-trans facrone 18b (0.053 g, 25°0) 20 1
colourless ofl, [aly = +23.1* (¢ L.0; CHCL), v jem™' 03
and 1725 8,(400 MHz) 141 (3 H, d, J64,6CH,). 1.72 () F,
ddd, J 144, 11,3 and 3.2, 5§-H), 2.00 (1 H, dddd. 7 144, 3.7, 3.1
and 1.6, Sa-H}, 2.62 (1 H, ddd, 7 172, 3.6 and 1.6, 3e-H), 2.72(1
H.dd.J 17.2 und 3.6, 3p-11), 2.85 (| H, br o, OH), 438 (1 H, Er
quin, J 3.7, 4p-H) and 4.37 (1 H, ddq. S 11.3. 64 and 1.1, 6a-H :
8:204(CH,), 36.4 (CH,). 37.3(CH,), 61.5(CH), 719 (CH)an]
170.5 (COX m/z 130 (472, M*, C,H,o0,), 115 {8, C;H,0,,
M- CH;). 97 (ﬁ. C_-,H,O,. M~ CI'I; and H:O) and 44 (101,
C;H.0) (Found: M*, 130.0627. C,H,,0, requires 130.0630).
Sccondly. a mixturs of the two isomears was oluled (0.04 g, 19%)
with & frans~cls catio of 1 :3 and finally the more polar (4R.68 -
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cit Jartone 19b (0.046 g 22%7) was elutad 2 a colourless oll
which shawed [o]p, ~ 20.7* (¢ 0.92; CHCY,): v, jom ? 3409 and
1726; 8, (400 MHx) 141 (3 H. d, 7 6.2, CH,), 1.57 (1 H, ddd. J
138.11.7and 8.1, 58-H), 229 (1 H, dddd, / 13.8. 5.6,29 and 1.3,
Sa-H). 245 (1 H,d4, 7 17.1 and 7.6, 3p-H). 2.87 (1 B, ddd, J 17.1,
5.6 and 1.3, 3-H), 3.57 (1 H, br 5, OH), 425 (1 H, dddd, J 9.1,
7.6, 5.8 and 5.6, 40-H), and 4.37 (1 H, ddq, 7 11.7, 6.2 and 3.0, 6u-
H): & 21.3 (CH,), 35.2(CH,), 9.3 (CH,,). 63.4 (CH), 74.0 (CH)
and 171.8 (CO) mfr 130 (10% M*, C,H,.0,), 115 (M,
Call;0,, M — CH,), 7 (18, CyH40y. M — CH, and H,0)
and 44 (100, C3H,0) (Found: M *, 130,0626),

(6R)-6-Methyi-5,6-dihydro-2H-pyran-2-onc 22—~Phosphors
oxychlorids (0.0356 g, 0.4 mmol) in dry pyridine (1.5 ml) was
added 10 a sirred solution of the (4R,.6R)-frany-hydroxy lactons
18b (0.049 g, 0.4 mmol) in pyridine (0.5 ml) at 0 °C. The resulting
solution wan stirred whirout cooling for 15 win and then beated
a1 65 *C for 50 min. The mixture was cooled ice was added and
the mixture acidifled to pl1 2 with 2u HCL, seturated with
sodiume chloride and then continuomdy sxtracted wilh ether for
12 h. The residuc obiained afier svaporation of the dried ciher
oatract was chromatograpbed over silics gl wsing other-
hexapes (2:3) as eluant to give the (R)-actone 22 (0023 g, 61%)
s a colouriess ofl, [aJp — 111.5° (¢ 087 FtOH), which
exhibited speciral data (IR, 'H end *C NMR and MB)
identien to that displayed by an authantic sample of paresorbic
acid 23 isolated from Rowan berries. 3*

(68)-6-Mcthyl-5.6-dikvdro-28 -pyran-2-one ( Parayarbic Acid )
23— In exactly the same manncr st in the foregoing reaction,
dohydration of the (4R,65)-cis-hydroxy laciona 199 (D.032 g, 0.3
mmal) gave the (§)-lactonc 33 (0.018 g) which showed [a]), +
95 (:-’ 1.8, EtOH) and was otherwize identical to parasorblc
acid,

(3R)-3-[1-ButyNdimethyluilyloxy)hex-S=emolc Acid 24b—
Imidazole (4.53 g, 67 mmol) was added to a stirred solution of
the R-hydroay acid 17 (124 g, 10 mmol) and t-butyldimathy!-
sllyl chloride (3.58 g, 24 mmol) in dry dimethylformamide (25
ml). The solution was stirred a1 45 *C for 3 h and then cooled,
diluted with pentanc (60 mi) and washed with water (3 x 1%
ral), The scparated organic phase was driad and quronmd to
pravide the crude silyl ester which showed v, fem™! 1717 and
1639; 3y 004 (6 H, 0,2 » CH,), 024 (6 H, 5,2 n CH,), 0.86 (9
H, 5, C(CH,}),), 0.90 [9 H, 5, C{CH,);). 2.16-264 {4 H, m,
2 » CH,). 4.1911 H, quin, J 54, CHKOH)], 4.93-5.25 (2 H, m,
CH,CI) and 5.50-6.12 (1 H, m. CH,CI7).

The cruds aster was dissolved in a mixtore of methanol (100
ml} and THT (35 ml) and treated with a solution of potassium
carbonmtz (3.29 g) in water (35 ml). ARer 1 b ai ambient
temperalure, the mivture wai concentrated wnder reduced
preacure, cooled 1o 0°C, acidified to pH 4 with 1M agusous
potassium bydrogen sulphate and extracted with ether (3 x 40
mi). The combined extracis wers washed with saturated brine
and then dried sand evaporated Chromatopraphy of the residuns
over silica gel cluted with ether-hexance (1:5) then gave the acid
24b(1.71 g. 74%) as a colourless ofl, {a]p —19.6° (c 1.2; CHC,);
Vau/cm™ 2692, 1710, and 1641; 5, 0.01 (3 H. 5, SiMe), 003 (3 H,
5, 8IMgc), 0.84 (9 H, », C(CH,),], 2.15-2.57 (4 H. m, 2 x CI1,),
4.15 [1 H, quin, J 5.4, CH(OS)], 491-5.20 (2 H, m, CH,CH)
and 542 602 (1 H, m, CHCHY m/z 203 (13%, CH,,0,Si,
M -~ C'H’L 187 (31, C|H|50,s‘, M~ QH’L 115 (33.
C.H,,5i), 101 {27, C,H,08i), 75 (100, C;H,0Q8!) and 73 (57,
CyHaSi} (Found: M* — C,3H,, 203.1104. CyH,,0,5i requires
203,1102).

(IR )-3-[1-BuiyRdiphenylstiyloa y hex-3enolc  Acid 2de—
This compound wasa preparcd in exactly the saams manger as the
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forepning method by silylation of the hydroxy acld 17 (0.57 g, 4
mmol} using L-bulyldiphenylsilyl chloride (3.02 g 11 mmol) and
imidazolc (2.10 5. 31 mmol) in dimethylformamide (15 mlj,
Subsequent saponification of the resulting silyl ester (150 g)
using potsssivin carbonare in methanol (24 rol), water {8 ml)
and THF (8 ml) then gave the acid 24e (041 g, 31%) as a
colouriees oll, [a]y ~20.7* (¢ 1.0; CHO,); v, /em? 1713, 1632
and 1589; &, 1,01 [9 M, 5, C(CH,),], 220 (2 H, br t, J ca. 63,
CHCH.), 241 (2 H, 4, J 6.3). 4.19 [1 H, quin, J 6.3, CH{OSi)],
4.77-501(2 H, m, CH,CN). 5.36-591 (1 H, 0, CH,CH), 7.23-
748 (6 H, m, aryl CH), 7.$7-7.85 (4 H, o, aryl CH) and 11.44 (1
H, br 8, CO,H); m/x 3)1 (25%. €, H,,0,8i, M — C,H,), 269
{15,C,sH,50,5, M — C,Hyand C,H,), 199 (100, C, ;H, ,08i)
(Fﬂlllld: M+ - C‘Hh 3' l.lm C“H,,'D;Si l‘l:qllil.tl M.
311.1093).

Mathyl (3R)3-[ Trilsopropyistivioxylhex-5-moate —Imida-
zole (3.71 g, 55 mmol) was added to a stirred solution of
triisopropylilyl chloride (5.05 g, 22 mmeol) and the hydroay
extor 15h (3.14 g. 22 mmol) in dimethyHormamide (6 mb. The
resulting solutlon was stirred at ambient temperature for 48 h
and than worked up an i the reactlon to give, afier
chromatography over sfica gel ehited with cther-bexancs
(1:20), the corresponding syl ether (5.67 g, 87%) a5 a colourless

. oll, [a]n ~23.9° (¢ 1.3; CHCL,); veu /o 1739 and 1646; 3,

0.68 (1M, brs.6 »x CH,CHand 3 x CH,CH), 1.86-2.20 (4 1,
m,2 x CHa),3.28 O H,3, OCH,), 1991 H, p, /6.3, CH(OSi)}.
4.33-4.86 (2 H, m, CH;CH) and 5.26-5.70(1 B, m, CH,CH), mjz
257 ('s%. C“HnO;S\i, M bl C.H-,], I45 (lm C'[H| 1’08‘}. ll?
{22, C4H,,08i) and 89 (21, C,H,08i) (Found: M* ~ C,H,,
257.1564. C,3H,,0, 51 requires M, 252.1570).

(3R)-3-(Triisopropylsiiploxy)hex-5-smolc Acid 24d.—-A sol-
utlon of potasslum hydroxide (0.19 g. 3.4 mmol) in methanol (s
mi) was added to the foregoing ester (0.52 g, 1.7 mmol) and the
reulting solution stirred at amblant temperature for 20 h and
thens diluiad with water (15 mi) and washod with ether. The
aquedus solution was then acidified to pH 2 using 24 HCl und
extracted with ether (3 x 15 ml). The combined cxtracis were
dricd and svaponted. Chromatography of the rosidue over
silica gel cluted with ether-hexanes (1:10) gave the ackd 244
(036 g, 747;) us a oolourless oil, (], —120° (¢ 0.97: CHCL,);
Vau/cI™ 1723 and 1640, 5, 0.32 (21 H, br, § x CH,CH and
Ax CH,CH),213-230(dH, m, 2 = CH,;), 4.13 {1 1, quin,
43, CHOSI), 4.84-5.16 (2 H, m, CN,CH), 5.30-6.05 (1 H. m,
CH,CH), and 9.70 (1 H, br s, CO,H); m/x 243 (852
CiaHz0,8L M - C,8B,y), 131 (100, CH,,05i), 103 (39,
CH,08i) and 73 (55 C,H,0Sl) (Found: M* — C,H,,
2411397, C“H“O;Si, mllim M, 243.14'5).

Unchanged mcthyl ester (0.10 g, 1950 was slso isolated,

(4RS.65R)- and (4RE,6RE)-1rans. and cls-4-Fydroxy-6-iodo-
methylieirckydropyran-2-onc 2% and 26a.--~Anbydrous sodiam
hydrogen carbonate (0.95 g, 11 mmol) was added to a stirred
solution of a racemic sampis of the hydroxy acid 17 (0.049 g, 0.4
mmol) in dry acetonitrile at 0 °C. After 5 min, lodine (0.29 g, 1.1
mmol) was added and the resulting mixture stirred for a further
3h. It was then diluted with cther (40 mi) and washed with 102
aqueous sodium thicsulphate, until the excess of lodinc was
removed, and water (1 x 15m]). The saparated organicsalution
was dried and evaporated (o leave the fodo laciones 25a and 26e
(0,022 5. 2330 23 an uvnstable red oil. NMR spectral data
indicated an isomer ratlo of 3:1 in favour of the /7ans isomer,
but the material wes too unstable to permit further purification
and/or lsomer separation. The sample showed v, /om™' 3397
and 1729 and m/x 256 (2%, M*, C,H,I0;), 129 (7, C,H,Q,,
M-T), 127 (3, 1), 115 {5, C,H, » M — CH,D, 111 (42,
CeH;05, M — H,0 and 1), 58 {29. C\H.O) and 43 (100
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C,H,0) (Found: M* 2859599 C,H,O,] requirs M,
253.9397). The major trans isomer 25a exhibited 3230 MHz)
177 (ddd, J 14.2, 11.2 and 24, +H,) 213 (br 4, J oo, 142,
5-114,), 2.62 (apparem d, / 3.6, 3-CH,), 3.32 (Ud, F10.8 and 4.4,
CHH, 338 (dd, / 108 and 5.6, CH,Hy 1), 437 (br quin, J ca.
334-H, \and 459 {dddd, 5 11.2,5.6, 4.4 end cu. 30,6-H,) an_d
8cK.6,35.8, 38.2, 624, 74.1 and 109.9, The minor cis lsomer 26
showed 8y 1.66 (ddd, 7 13.6, 10.8 and 9.7, S-H), ea. 242

(220 Bl &4 (00 T YR TV

and 4.26 (m, 4-H,,). 8; 64, 37.6, 39.1, 63.2, 75.8 and 170.0.

(-IR.63}-IrlnH—[l—Bury!(dmrkyl}ﬂlylnxy]-&hdeyf-
tetrahydropyron-2-one 18 —Anhydrons sodium hydropen
carbonaic (1.23 g, 15 mmol) was added 1o & stirred solution of
tho acid 24b(0.12 g. 0.5 mmol) in dry acetomitrile {1.6 m1) cooled
in an ice-bath, Afier 5 min, jodine (0.37 g, 1.5 mmol) was added
and the mixture stirrad for a further 4 b T1 was then worked up
83 described in the foregoing experiment 1o Eivea 3:1 mixture of
the trans and cis laztones 255 and 26b (0.15 g 84%). Fractional
crysullization from pentane then gave the pure trans fromer 35b
(0.06 g) as colourless needlos, mp. $5-57 °C, [«]p —103%(c2.1;
CHC,): v Jo? 1740; 8,009 (6 H. 5,2 x SiCH,;). 088 [9 H,
5. CYCH,), ], 1.75 (L H, ddd. 7 139, 11.4 a0d 2.3, 5.H_), 2.09 (1
H.dddd, J139,4.2,3.7 and 1.6 Hz, 5Ho) 238 (2H. 4,732, %
CHy), 3.39(2 H, d, 7 4.8, CH,1), 4.33 (1 H, br qurin, J e, 13, 4.
Hy)and 438 (1 H, ddt, J11.4, 4R and 3.7, 6-H,.); 5 —49, &9,
129, 258, 364, 388, 632, 741 and 169.2; m/z 313 (B2
Cal141048i, M — C.Hy), 271 (13, CH,,10,8L M - C,H,
and CH,CO), 145 (57, C,Hy0,80) and 101 (100, C,H,O8)
(Faund; G 3’-2: H, 6.5 Cj |H33'O’Si m“kﬂ G 3.-9" H, ‘Jx’.

The cis lsomer 26b showed the followlng NMR data: 8, 0.09
(s, 8iCH,). 038 [s, C(CH,),). 1.70 (m. 5-1 1), 232 (m, 5-H), 2.44
(m, 3-H), .77 (m, 3-H), 3.9 (d, J48, CH,1),4.16-4.28 (m, 4- and
6-H): 8- —4.8,7.3. 179, 25.8,37.8, 30.7. 640, 75.6 and 1654,

(4R.65)-trang- awd (4R ,6R)-cis-4-[s- Busylidiphonyl stiyioxy]-
S~lodomethyltetrahydropyran-2-one %¢ and 2c. -Using the
foregoing procodurc, jodolacionization of the {R)t-butyl-
(dipbenyliilyloxy acld 24¢ (0.16 g, 0.44 mimol) afforded aa
macparable mixtare of the laciones 15¢ and 26¢ (020 87%)ina
travs--cir vatio of 4:1, as a pale yeow oil, Voodtmr! 1741 and
1590: 5,(400 MY7) 097 (9 H, 5, C(CH,),], 1.45 (0.8 H, ddd, 7
138, 11.6and 2.0, zrans-5-H,,), 1.67 (02 H, ddd. J 13.6, 10.9 and
8.9, cis-5-H,,), 1.95 (0.8 H, dddd, J 133, cq 52,29 and o, 1.5,
trans-5-H,,), .12 (0.2 H, m, cis-5-H_), 231 (08 M, dd, 7 17.6
and 4.0, trans-3-H,,), 2.39 (02 H, dd, 7 17.2 and 7.6 Hy, cis-3
H,.). Z4R (0.8 H, ddd, 7 17.6, 3.1 and ea. 1.5, irans-3-H,,), 2.54
(D.211.ddd, J 172, 5.6 and cu. 1.5, =£0-3-H.‘), 31704 H, m, cly
CH,I), 323 (1.6 1, d, J 52, trams CH,J). 3.87 (0.2 H, m, cir-d-
H, ). 40702 H, m, cis-6-H,), 421 {08 H, m, rans-4-H_ ), 4.63
{08 H,d1d. 7 116,52 and 29, rrans-6-H,,), 721 (6 H, m) and
T51-1.60{AH, m); Bfu: = cist = irans) 7.2 (c}, 8.5 (t), 18.8 (c),
18.9(1).26.7(c), 26.8 (1), 35.8 (1), 37.7 (c). 38.4 (1), 39.2(c), 64.1 (1),
64.7 {c) 74.2 (1), 75.1 (c), 127.8 (¢ + 1), 1300(c + 1), 1327(c +
D, 1334 (e 4+ 1), 1688 (1) and 169.1 (€% m/z 437 (9%
C.nH’ .IQ;SL M - C‘H.). 395 (6. C“H"IO,SEJ, 3'3 (s,
C|gll.l|o]si‘. 269 wl C| ;H"D;Si). 225 (IWI C“HHOSH
and 199 (71, C,,H,,05D) (Found: M* — C.H,, 437.0082,
C..H”.lo,ﬁ fﬁqﬂirﬂ M. 437.@72}.

(4R.68)-trany-  and {JR.GR)-nM-(ntnopwpyMyhxy)-ﬁ-
lodnmethyitetrahydropyren-2-one 25¢ ang 264 -—in exactly the
rame manner 43 abova, lndolactonkzation of the (R)-triinp-
propylsilyloxy acid 244 (0.111 g, 0.388 mmol} gave the lacrones
2% and 26d ax an ol (V.13 & 81%)ina trans—cia isomer ratio of
5.5:1 which were inseparable by column chromatography; the
mixture showed v, /om! 1743; 3,,{400 MHz) 1.06 [I18 H, 4, 7

A

it

1 CHEM S0, FERKIN TRANS. ¢ }015

33,3 x (CH,y),CH], en. 1.08 (3H:m,3 » (CHy),CH), ca. 1.6
(.15 H, m, cis-5-H,.), 1.78 (085 H. ddd, J 140, 114 and 1,
frans-5-11,,), 2.20 (0.85 H, dodd, J 140,39, 3.3 and 1.4, srop -
Hog) 243 (0.15 H, ddad, J 13.3, 4.6, 30 and 1.5, cis-5-H, ). 13
(0.15H,dd, /172 end 7.9, cls-3-H,,), 2.64 (083 H,dd. 7 17.6 s
A9, rrans-3-H,,), 2.66 (0.85 H, ddd, J 17.6, 3.4 and L4, irgn;-3
H,,). 287 (0.15 H. ddd, J 17.2, 5.7 and L3, cis-3-H,,), ra. 33
(030 H, m, cis-CH,I), 341 (1.7 H, d, J 5.1, rans-CH,I), 42

1 im .

m.‘.me,')m 4‘.6, EE'&'? I!ll:d't'd 711.4,5.] and 3,3, rons 6
H,.) 82 7.0 (o), 85 (), 12.0.01), 123 (¢}, 17.7 (). 180 (1), 36.7.¢) ~
38.5 (c), 39.1 (1), 400 (¢), 63.5 (1), 64.4 {c), F4.1 (t). 75.6 (¢, 16
(v) and 169.5 (X myx 327 (9% CioH30l0,8i, M — CiH,ax
CH.CO). 20 (43, C.H,,0,5l). 157 (100, CoH,,080) and 1 x
(30, C4H,,08i) (Found: M* — C,H, and CH,CO, 3127.02'7
CioH1010,8i requires 327.0279).

(-lls.ﬁ'nS)-mnu-ﬁ-(lnr-hnylH-ﬁMmymmh}'drppm-
2-0n¢ 27b.—A so)ution of allyltributyitin (048 g, 1.1 mmol) in
dry tolueac (2 mi) was added 1o the iodo Inctones 28b and 2
(027 3. 0.73 mmol, srans~ciy ratio 3: 1). The solution waa stirnd
for 5 min then azoisobutyronitrile (AIBN) (0.018 g) wa, > “did
and the resulting solution heated to 80 °C for 16 h. Thiaokd
teaction mixture was cvaporated and the residue chromat:s-
graphed on silics gel using ethcr-hexanes (1;5) ar the cluain
1o give the intermodiata alkylated lactone 27a (0.062 g) which
showed v /em*! 1737 and 1641; 8, 009 (6 H, 1, 2 x CH,),
0.96 [9 H, s, C(CH},),], 1.20-2.08 (4 H,m 2 x CR;) 2.20-2:7
(2R, m, CHCH,), 274 (2 H, apparent d, J 4.3, 3.CH,), 4.5611
H, quin, J 3.6, 4.H), 4.83-5.16 (1 H,m, 6-H), 519-352 (2 H. s,
CH,CH), and 591-6.44 (1 H, m, CH,;CH).

The foregoing silyl ether was displvod in acstomitrile (2 ml), |
the solation cooled to 0 *C and traated with aquenus hydrngan
Meride (40%; 1 ml). After 4 h at this iemperature, the solutioz
was concenirated wnder reduced pressure and the regidue
partitioned between chioroform (10 mi) and watcr (5 ml). The
scparated organic layer was washed with watar (2 x S mb) gnd
then dried and evaporated. Chromatography of the residue over
silica gat elutcd with ether afforded the trang factone 27b (0.027
£ M¥% overall), a3 an oil, v jom' 3410, 1725 and 164;;
5u(400 tmmHg) 1.58-1.90 (3 B, m, )-CH, and 5-H,,), 207 (1 K,
dddd, /14,5, 3.5, 2.2 and 1.6, S-H..). 212-2371(2H, m, CHCH,;,
258 (1 H,ddd, J17.7, 3.7 and 1.6, AH) 273 (1 H.dd, F 17"
80d 4.7, 3-H, b ce. 274 (1 H, brs, OH), 4.38 (I H, br quL: L.eq,
38,4-H,).4.73 (1 H,dddd. J11.4, 7.7, 49and 3.2, 6-H,.}, Yol (;
H, dd1, 7 103, 1.7 and ea 1.1, CHH,CH), 507 (1 H, apparcr
dq, 7 17.0 and 1,7. CH,#,CH) and 582 (1 H, ddd, J 17.0, 10.;
agd 6.6, CH.H.CH); 5. 280, 317, 4.9, 376, 61.6, M3 1145
1363 and 169.8: m/z 152 (8%, CgH 40, M ~ H,0), 128 (30
C..H.O;). 1 15(43. C,HqO;LWG& C,H,O;} 92 (92. CTH.) and

. 73 (100, C3H,0,) (Found: M* — H,0, 152.0823. G, ,0,

requires M, 152.0§36).

(4RS.GRS.!’E)-uaal-s-(s'-rh-nylpmp-z'-mﬂH-ﬁeroxy
terrakydropyran-2-onr 28b.—A solution of B-stannylstyrcne*4
(0423, 1.1 mmol) in dry toluene (1.0 ml) wais added to ihe iodo
lacioncs 25b qud 26b (0.2 & 0.54 mmol, trams-eir ratio 31:))
followed by AIBN (0.014 g). The resulting solution was stirred
at B0 *C; after 12 h, a further aliquot of AIRN was added, This
Procedure was eomtinued for 72 h and then further aliguots were
added every 24 h for 96 b. After 2 1otal of 168 h. the solution was
cooled and evaporated. The cryde %ilyl ether 28a (0.11 g) was
isolnted by rapid Sliration of the resdue through shicy gel
elunad with ether-hexanes {1:5).

The crude sily) cther 28a (0.1 ¥) was dissolved in acetoniirile
{1 ml), coolked to 0°C and irealed with aqueous hydrogen
fluoride (40%;; 1.5 mi), Afier 3 h ot this temperature, the solvemt
Was evaporated and the residuc partitioned between chloroform
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(25 m!) and water (10 ml). The scparsted organic layer was
wanhed with water (] x 10 ml) and then dried and evaporated.
Chromatography of the residus over aflica gol using sdher ax the
cluant then gave the trans ketone 28b (0.033 g, 35% overall) as
an oil, v jem™ 3405, 1720 and 1598; 3,(400 MHz) 1.75 (1 H,
ddd, J 144, 11.5and 3.1, 5H,), 200 (1 11,dddd, f14.4,36,3.1,
and 1.4, 5-H,,), 260 (5 H, w, 3- and 1'-CH; and OH), 436 (1 H,
br quin, /1.7, 4-H,,), 484 (1 H. did, 7 11.5, 6.0 and 1.1, 6-H,),
£.21(1 H,d1, F159and 7.2, 2.H), 6 5] (114,d,7159,3.H),and
7.10-2.37 (5 H, Ph); 8; 352, 38.6, 38.8, 62.6, 755, 1238, 1262,
1273, 128.3, 1370, 137.7 und 170.6; mjx 214 (9%, C,,H,.0;.
M - H;0). 117 (33, GH,) and 97 (100, C,H,0,) (Found:
M* — H;0, 2)4.1006, C,(H,0, requires M, 2i4.0949).

Methyl  (3RS5S)-H1-Butpl(dimethylysilyloxy}-56-epoxy-
hrxancate 298.—Anhydrous sodium carbomate (0.073 g, 075
mmol) was added 1o a stirred solution of the iodo lactone 250
(0.24 g, 0.6 mmol) In methanol (7.5 ml). The resulting mixture
was atirred in tha dark for 16 b at ambient temperatore and then
evaporated and the residuc pantitioned betweca ether (40 mi)
snd water (10 ml). The separated organic phass wua drisd and
evapornted. Chromatography of the residue nver slica gel
cluted with ather-haxanex (1:3) than gave the epoxy ester 29n
(©.153 g, $370 o3 a colovrem ail, {aly —23.3° (¢ 1.0; CHClL, )

Yaudom™ 1736; 8,(400 MHz) 0.07 (3 H, 5, SiCH,), 008 (3 H.n. .

SICH,), 0.88 [9 H, a, C(CH,),]. 1.69 (1 H, ddd, J 14.3, 69 and
4.5, 4.4, H,). 1.82 (1 H, ddd, J 14.3, 5.6 and 4.7, 4-H_},), 247 (I
H.dd, J50and 27, 6. H,), 256 (1 H, dd, 7 150 and 56 2-
HH,), 263 (1 H,dd, J 15.0and 7.3, 2-H,H,), 2.77(1 H,dd, J 5.0
and 4.2, 6-H 1), 3.08 (1 H, ddt, /6.9, co. 4.4 and 27,5H), 388
(3 H. s, OCH,) and 4.37 (1 H, ddt, 7 7.3, 5.6 and 48, 3-H); 5.
~4.9, ~4.6, 180, 25.8, 40.3,41., 46.5, 48.9, 5 1.6, 7.6 and 172.0;
M!: 24! (3%, C||H’;O;Sl. M~ 'DCH;). 217 m C‘HI-'D‘Si,
M - c..“g). IRS (ll. C’H’;O’SL M - CH;OH and C.H').
16] (30, CoH,,0450), 157 (M, C,H,;0,8), 143 (58
CaH,,0,51), 115 (51, C,H,,081), 89 (67, CyH,0851) and 75
(100. C,H-,OSI) (Folllld: MT ~ C4H’, ZITMD. C’H|1°45i
requircs 2170895) (Found: C, 56.7: H,9.7. C, 3H,,0,8i requires
C. 56.9; H. 5.6%)

W the readtion was terminmied afior a ahorter period,
sccording 1o the Jength of time varying amounts of the
jotermediate indohydrin eould be isolated using the same
chromatographic system ns sbove. The jodohydrin showed
Vempy/om~! 3463 and 1736; 5, 0.10 (3 H, 8, 85iCH), 012031, s,
SICH,), 092 [9 H, 5, C(CH,},], 179—1.96 (2 H, m, 4-CH,}, 2 61
(2 H.d. J72,2-CH;), 287 (1 H, br 5, OH), 3.27-3.49 (3H. m,
CH,J and 3-H). 3.75 (3 K. 5, OCH,) and 441 (1 H, quin, J 6.8,
3-H): m/fz 345 (1%, CoH,,10,8i. M — C,H,), 271 (18, CeH, s
10,51). 233 (26, C,H,c10,), 143 (72, C,H,0,50) and 101
(100, C,H,081) (Found: M* — CH,, 345.0032 C,H,,10,5i
ccquires M, 34500213

Mrikyl (3R,58) and (3R,SR)-3-{ Tritsoproppisibyloxy}-5,6-
cpoxyhcxonoate 39b.——sing exactly the game method ma in the
foregoing reaction, treatment of the iodo lactones 258 and 264
(trans-eis 5.5:1) (0.10 £ 024 mmol) with sediam arbonate
{0.028 g 0.27 mmo)) in mathanol (3.5 ml) gave the Epoxy asiers
29h (0.064 . 85%) as a colouriens vil, v, /em 1738; 8y (400
MHz) 105 [045 H, m, ant/-(CH,),CH], 1.06 [255 H, m, on-
(CH),CH), 1066 [15.3 H, br s, anti-(CH,),CH], 1073 [T H,
be 8, £yn-CH1),CH), 1.69 (0.85 H. ddd. J 14.3, 7.2 and 40, zy-4.
N H,) 1.73-1.85 (0.3 H, m, an:/4-CH,), 1.94 (085 H, ddd, J
14.3,6.) and 4.3 Hz, syn-4-H, H,). 247 (0.85 H,dd,J 5.1 and 2.7,
spn-6-H H,), 249 (0.15 H, dd, J 5.1 and 2.2, emrl-6-5,H,), 2.60-
273 (0.3 H, m, anti-2-CH,), 267 (1.7 H, apparcat £,/ 63, sym-2-
CH,), 2.70 (0.83 H. dd, 7 3.0 and 4.1, 3yn-6-H,H,). 219 (D.15 H,
dd. J 5.0 and 4.1 Hz, anri-6-H, H,), 3.05 (0.15 11, dddd, J 6.6, 51,
4.0and 2.6, ami-5-11), 3.11 .85 W, did. 7 7.2, 4.] and 2.7, tyn-5-
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H), 3.67 (3 H, s and anti OCH,) and-4.47-4.54 () H. m, 2yn
aod anri-3-H); 8¢ 12.5 (1), 126 {ansi), 17.7 (5ym), 18.1 (ansi),
40.2(sy), 40.7 (@1}, 419 (sym), 429 (@), 46,5 (aym), 47.3 (ames),
48.7 (xyn), 49.1 {aned), 51.5 (syn and antl) OCRH,}, 67.6 (andi), 68.0
(-‘7")- 1Nz (Mn) and 171.9 lm)', m{: k) (50%. C‘]H:’D.sl.
M — C,H;), 217 (64, C, o H,,045i), 199 (24, CaoH 0580, 1N
{33, CoH,,08l), and 75 (100, C,H,0Si) (Found: M* — C3H,,
I73.1521. C,3H,,0,Si roquires M, 273.1522).
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

2020/
Bogota, D.C.,
Doctora OficloNe 6927
Jimena Escobar
Apoderada
REFERENCIA Radicaclén 02 111163
) Trémite 002

Evento 001

Actuaclén 430

Follos 008

Como resultado del examen de patentabilidad de la solicitud de patente de invencién N°
02 111163, realizado segin el articulo 45 de la decision 486 de la comisién de la
Comunidad Andina, se notifica:

Documentos estudlados:

. Descripcion: follos 26-32

. Ejemplos: folios 32-35

. Capltulo reivindicatorio estudiado: follos 36-38

- Se reivindica prioridad, presentada en Holanda el 19.07.00, bajo el nimero 1015744

Objeto de la Invencién

Segun las relvindicaciones 1 a 15 de la presente solicitud, se refiere a un procedimiento
para la preparacion de un derivado de écido 2<(6—sustituido-1,3-dioxan-4-il) acético de
férmula (1), partiendo de un compuesto de férmula (2), haclendo uso de un agente
acetallzante, en presencia de un catalizador écido.

Clasificacién intemacional de patentes A 61 K 31/357

Claridad de |a solicitud

El art. 30 de la decisién 488 contempla que “Las reivindicaciones definirén la materia que
8o desea proteger mediante la patente. Deben ser ciaras y concisas y estar entsramente
sustentadas por la descripcién”

Los términos “grupo faciimente eliminable”, "agente acetalizante® y “catalizador &cido”
usados en la relvindicacién 1 son muy amplios y pueden llegar a incluir grupos, agentes y
catalizadores que no se encuentran revelados en la descripcion.

En la reivindicacién 11 se dice que X es "'como 80 ha definido anteriormente”, esto de
debe aclarar, porque no se hace referencia especifica a alguna reivindicacion.

Favor hacer las aclaraciones y comecciones del caso



Determinacién del estado de la técnica;

Consultadas las fuentes de iInformacién con que cuenta este despacho, se encontraron los
sigulentes documentos, anteriores a la fecha de prioridad de la presente solicitud -
31.05.00-, relacionados con la materia de la presente solicitud:

N° | Documento Titulo Fecha de
publicacién
WO 9113876 | “Imidazoles” 19.00.91
2 “Sintesis asimétrica catallzada por lipasa de 6- 1001
(3-cloro-2-hidroxipropil)-1,3-dioxin-4-onas”
“Metil{3R)-3-hidroxihex-5-enoato” 1901
US 5278313 “Procedimiento para la preparacion de 11.08.94
derivados de 1,3-dloxano Utiles en la
preparacién de inhibidores de HMG-CoA
reductasa”

Evaluaclén de los requisitos de patentabllidad:

El articulo 14 de la decisién 486 de la comisién de la comunidad andina establece que:
"Los palses miembros oforgarén patentes para las invenciones, sean de producto o de
procedimiento, en todos los campos de la tecnologla, slempre que sean nuevas, tengan
nivel inventivo y sean susceptibles de aplicacién industrial

En cumplimiento del articulo 14 de la decisién 486 de la comisién de la comunidad andina,
se procedi6 a evaluar los requisitos de novedad, nivel inventivo y aplicacién industrial con
el fin de establecer la patentabllidad de la invencién reivindicada en la solicitud en estudio.

Evaluaclén de la NOVEDAD

El articulo 16 de la declsién 486 establece que “Una invencién se consideraré nueva
cuando no esté comprendida en el estado de la técnica”

La publicacién WO 9113876 se relaciona con la sintesis de imidazoles, en la pagina 57,
revela el compuesto 4-hidroxi-6-iodometilpiran-2-ona

El articulo “Sintesis asimétrica catalizada por lipasa de 6-{3-cloro-2-hidroxipropil)-1,3-
dioxin-4-onas”, ensefia la sintesis de esta clase de compuestos, ademés revela dentro de
su contenido el compuesto 8

El articulo “Meti{3R)-3-hidroxihex-5-enoalo”, enseiia que éste compuesto es un
precursor de andlogos del cido mevinico quiral; ademés revela dentro de su contenido los
compuestos 18a y 18a.

Comparando elemento por elemento, el compuesto de la reivindicacién 11 es Igual a al
compuesto 4-hidroxi-6-iodometilpiran-2-ona de WO 9112876, al compuesto 8de D2y a
los compuestos 18a y 18a de D3. De Igual manera, el compuesto de la reivindicacién 15
es igual al compuesto 8 de D2.

Evaluacién del NIVEL INVENTIVO

El articulo 18 de la declsién 486 establecé que “Se considerard que una invencion tiene
nivel inventivo, si para una persona del oficio normalmente versada en la materia técnica
correspondients, esa invencién no hubiese resultado obvia nl se hubiese derivado de
manera evidente del estado de /a técnica”



La patente US 5278313 ensefia compuestos de la férmula general:

N ®
M«iﬂh—«-ﬂ-«: , dentro de dichos compuestos se incluyen los
compuestos de férmula:
.I\ ,.l ~m
o/
=-ﬂ'u-t'=-="n-zﬂ-°h-!-ﬂ’ , que son intermediarios para la preparacién de
inhibidores de HMG-CoA reductasa

Los compuestos de las reivindicaciones 13 y 14 son sugeridos por dicha patente y, porlo
tanto, una persona versada en la materia.estaria en capacidad de sintetizarios, es decir
son una derivacién evidente del documento citado.

Ademas, no se demuestra que los compuestos de las reivindicaciones citadas tienen algiin
efecto sorprendente 0 mejorado respecto a los revelados en US 5278313.

Finalmente, las formas de las particulas de la reivindicacién 12 parece que no le dan una
caracteristica técnica mejorada a un compuesto que ya es conocido. (ver punto de anélisis
de la novedad.

En conclusion los requisitos de patentabllidad de la presente solicitud se encuentran
afectados asl:

Ne Documento Relvindicaclones Requisito que
afectadas afecta
1 WO 9113876 11, 15 Novedad
2 *Sintesis asimétrica catalizada 11, 15 Novedad
por lipasa de 6-{3-cloro-2-
hidroxipropil)-1,3-dioxin-4-
onas”, ’
3 “Metil-{3R)-3-hidroxihex-5- 11, 15 Novedad
enoato”
4 US 5278313 13-14 Nivel Inventivo

En cumplimiento del articulo 45 de la Decisidn 488 de la Comisidn de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias contados
a partir de la fecha de la notificacién de la presente comunicaclén. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesién, se denegard la patente. -

Notifiquese el presente oficlo conforme a lo dispuesto en el numeral 5.2, literal ), del
capitulo 5 del tftulo prim e la Circular Unica N° 10 de 2001

Alix CanhenZa Céspedes de Vergel
Jefe de’la Division de Nuevas Creaciones.

88 2L 200

E! anterior requerimiento fue notificado por fijacién en lista, de fecha

CONCEPTO TECNICO EXAMINADOR TECNICO
NGmero 0812 Cédigo 202024




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
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GO Tite: IMIDAZOLES
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(57) Abstract

Imidazole derivates of goneral formmia (1) in which R! is hydrogen or one or more substitoents, k is 0, lor2,Qisa
straight or branched atkylens group and Z is iydrogen or & substitnant group and pharmaceatically acceptahls salts thereof
mWWMquMW:MWM:W
of the binding of thromboxane TXA; to its receptors, and are useful in therspy.
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Calculated:- C,70.38;H,6.16;N,7.14;5,8.17%.
By again proceeding in a similar manner, but
replacing the 5-(iodomethyl)=-2-furancne by
(4R, 48) (6R,68) =4-hydroxy-6~iodomethylpyran-2-one, there
was obtained, after chromatography:-
BP (4R, 48) (6R,6B)-6-[ (4, S5-diphenylimidazol~-2-
yl)thiowmethyl]~4-hydroxy-3,4,5, 6-tetrahydropyran-2-one,
m.p. 191-192¢C,
[Elemental analysie:- C,66.32;H,5.26;N,7.3;S,8.2%;
Calculated:~ C,66.29;H,5.30;N,7.36;5,8.43%] and
BQ (3R, 38) (5R,58) -ethyl 6=[ (4,5~diphenylimidazol-
2-yl)thio]~3,5-dihydroxyhaxancats, B.p. 94=-95°C.
[Elemantal analysis:- C,64.4;H,6,02;N,6.48;8,7.5 &%;
Calculated:- C,64.77;H,6.14;N,6.57;8,7.52%).
HMR (in CDC13)=- 1.21(3H,t), 1.5-2.1(2H,m),
2.22-2.6(2E,m), 2.9-3.2(2H,m), 4.16(2H,q}, 2.2-2.4(2H,m).
EXAMPLE 17

Compound BR

A mixture of 4,5-diphenylimidazole-2-thiol (3.5q9)
and anhydrous potassium carbonate (2.9g9) in anhydrous
dimethylformamide (60ml) was stirred at room
temparature for 30 minutes. It was then treated
with (2R, 25) -2~ (iodomethyl) ~6-oxo-1, {-dioxane (3.49)
and the raesulting mixture stirred at room temperature
for 3 days. The mixture was poured into wataer (600ml)
and the product collected by filtration and dried at
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57 ABSTRACT

A novel, overall process for the preparation of & com-
pound of the formula I:

r! o 1))
N/

o N

(]
m-ah—al—ﬂl;—ai—ah-g—m!

where
R!and R?are esch Independently hydrogen, an alkyl
group, a cycloalkyl group, an aryl group or, taken
togetber with the carbon stom to which they are
sttached, form & cycloalkyl group; and
R? 5 hydrogen, an alkyl group, or an aryl group,
or salts thereof, nseful as intermediates in the prepars-
tion of HMQG-CoA reductase inhibitors; novel methods
within the overall process; and novel intermediates

;  produced by those methods.
Mancuso, et al., “Onidation of Long-Chain and Related

4 Cixlons, No Drawings
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unmmmm%n.mogm ™ % f d
PREPARATION OF HMG-COA REDUCTASE X—CHy—CH—CHy—C—CHy—C—on’?
INHIBITORS ’ where X s as defined in formmila. 11 and R3 s as defined
FIELD OF THE INVENTION in formula L

(&) reducing, in the presence of & reducing agent, the
‘The present invention relstes to a process for the compound of the formula IV or salt thereof prepared in
preparation of 1,3-diousne derivatives vseful in the ;5 step (a) to form a compound of the formula V, or s salt
prepamation of AMG-CoA reductase inhibiting com-  thereof:
pounds. The instant invention also relstes to the novel

SUMMARY OF THE INVENTION s X—Ch—tH—C—tn—crC—on?
..ﬁm;;:‘:;“’?“‘” where X is as dafined In formmla IT and R? s aa defined
N, o, _md @ hMawdmmmvmua
~ 30 salt thereof:
I ’ g Rl | )

!Hl;—ﬂl—ﬂh—&l—dlril:'—m’ . N/
e s ?/\L g
where X=CHy=—CH—CH;— CH—CHy—C—OR*?

R! and R2are each independently hydrogen, an alkyl
group, a cycloalkyl groop, an aryl groop or, taken  where
mhummmlmwwﬁchmym” Rt, R2and R} are as defined in formula I; and X is as

atiached, form a cycloalkyl group: and defined in formula II, by reacting the compound of
R3 s hydrogen, an alkyl group or an aryl group; and formula V or salt thereof prepared in step (b) with
salts thersof, & campound of the formula Via, VIb or Vic:
ndqdlﬂyhrthpmﬂudqﬁuﬂyl:ﬂw
such compounds. at x Via)
Cuupmdloﬂh:hmnhlmuuﬂllumm N/
numthepq-nﬂmd'hhlumdthemm!- /c\
hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) o (4]
reductase, which inhibitors sre vseful, for exampls, in v Nps
the treatment of h hyperlipopro- 4o
teinemis, byperlipodemia and atherosclerosis. The in- Rl—C—p1 VD)
stant invention provides a convenlent process for the ]
prepamstion of compounds of the formula [ in good 0
ylelds, particularly for the preparstion of chiral com-
pounds of the formuis I having the 4R,68 confguratian 43 '"‘""T s wi
which are preferred in the preparation of HMG-CoA
reductase inhibitors. s
The process of the instant invention comprises the
steps of: . whare
(v) condensing & compound of the formuls II: 50 R!and R2are as defined in the formula I;
R and R2} are each independently hydrogen, an
o ] an ﬂkﬂm-mmm-ﬂgﬂnp
- 4 - taken together carbon atoms which
X—CHr—Ci—cHy—C—0% s mmmm:lwm
where ] 8
Xia - and R3and RS are cach independently an alkyl group,

in the presence of an acidic condensation
R* is an alkyl group, & cycloalkyl group or an aryl @m.lmmmdﬂmmml.ﬂl
goup, thersof:
with a compound of the formula ITI, or a salt thereof: “h
1 Rl (v
an '/\c/
HC=C=0=R}
o § 7 o %
where R? is as defined above for the formuis I; in the R'—C—0—CHy—CH— CH;—CH—CH—C—0—R3
presence of a condensation agent, to form a compound
of the formula IV, or a salt thereof: where

q
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The method of siep (d) is novel. Further, compounds  (S)-6-chloro-S-hydroxy-3-oxchezancic acid, 1,1-dime-
of the formuls VIII where R it an alkyl group are thylethyl ester (formuls IV);
snd are profersbly prepared by the imstant  (§)-6-bromo-3-hydroxy-3-ozohexancic scid, 1,1-dime-

in thylethy
& compound of the formula VIII where R7 is aryl &8 (mﬁl.lmwuwuvg
I:nmdnq(e_),nwdﬁm - w acid, l.lw oster (formula
_mula VIII prepared in step () sbove. Any hydrolyzing (4R-cis)-6-[(benzoyioxy)methyl]-2,2-dimethyl-1,3-dios-

ployed. are basic com- and
bydrozides example (UR-cls 2,2-8tmethryl-1,3-dioxsne-
duwwhﬂw?mhrm 4-acetic acld, 1,]1-dimethylethyl ester (formula I).

- : . . well as the malt or free form of the compounds, may be

bonste is perticolarly preferred m the hydrolyzing A ial

gt The molar rmio of hydrolysing ageut % the Slvanes may be ceganio solvates o, preferably, by-

compound of the formula VIII is preferably from sbout o, - g 0 SaL TVl s Tncrpanic
:g.mlhmtl:!.nonrehlblyﬁmmndmlbml or ic acids or bases. Exemplary salts include salta
Use of & mikdly basi hum is particularly advant whhmmlcuhu;mh-;l'muﬂ(&r

the product formed in step () is the compound of the . pury] and n-butyl.
ula I, for czample, an amount greater that about The tarm “lower alkyl”, as used in this specification,
f:‘hmpﬂmuémpw.muw preferably desiotes an afkyl group s carbon
A ) 1
h;‘ﬂ’:‘mmﬁ A h.Mwhmﬁmlwlmmﬂ:ly to 6,
used i jon, a base” is a base having “sycloalkyl”, in this specification,
a pKa of from about 5 to about 12, most preferably from ﬂwm..:u:du:ﬁmmm
Mtﬁmmﬁll:gmﬁwﬂﬁhﬂhm baving from 110 3 rings and from 3 to 21 carbon atoms.
metal carbonates a3 sodium carbouate, and particu- 45 Exemplary cycloalkyl groups include cyclopentyl, cy-
Myp@uu@unmmmm clohexyl and cycloheptyl.
be determined by the method described in Cookson, The term “cycloalkeny!™, as nsed in this specification,
Chem. Rev., 74, 3-28 (1974). . preferably denotes a partially unsatursted carbocyclic
In addition to allowing selective hydralysis, use of 8 . ring systemn having from 1 to 3 rings and from 3 to 21
mild base and mildly basic medium is advantageous in 30 carbon atoms. Exemplary cycloalkenyl groups include
lvuidiuinnllilily_dthmddhnuhl.fu- cyclopentenyl, cyclobexeny] and cycloheptenyl.
example, elimhluon_ of the growp —O—C(RINR- The term “aryl”, as used in this specification, prefera-
5)—O— (ring opening), which may occur under by denotes an unsaturated monocyclic or bicyolic car-
strongly basic conditlons. bocyclic ring rystern having from 6 to 121 carbon atoms.
The method of step (¢) is preferably conducted at & 55 Exemplary aryl groups include phenyl, biphenyl and
temperature of from about 0° C. to sbout 100° C, most  naphthyl.
prefersbly from about 10° C. to about 40° C. Aleoholic Each of the alkyl (including lower alkyl), cycloalkyl,
* solvents are prefershly employed, exemplified by alks-  cycloslkenyl or aryl groups described above may op-
noly puch as methanol. tionally be substituted, Appropriste substituents include
The method of step (c) is novel where () 4 mild base 60 those groupe allowing preparation according the meth-
or mildly basic mediom is employed snd/or (i) s com-  ods of the present invention. For exsmple, the cycloal-
pound of the formula VIII is employed where R7isan kyl, cycloalkenyl or aryl groups described shove may
alkyl group. Use of a compound of the formula VIII  be sbstituted by one or more alkyl groups.
where R7is an alky! group is particularly advantageous The term “halogen”, as used in this

for the reasons above. 65 denntes fluorine, iodine ar preferably, bromine or chlo-
Exemplary compounds falling within the scope of the  rime.
present invention inclnde: The present invention contemplates preparation of

any of the compounds herein which may be in the form
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