2244705 PREPARATI ON OF ANTIHYPERCHCLESTERCLENIC TEARAZOLE CONI POUDS AND
| NTERWEDI ATES THEREOF SUMWARY OF THE | NVENTI ON The present invention

provi dés novel internedi ates and processes for the preparati gi.c

of the fornulas [err] Illa - [err] in gg% %#g?gﬁﬁa§§ '
the cis formwherein R9, RLO and R12 are as defined bel ow which are usefu

for thé preparation of inhibitors of the-enzyme 3-hydroxy-3-nethyl gl utaryl
coenzyme A (HMG CoA) reductase, and therefore, are useful in the treatnent

of hyperchol esterol em a, hyperli poproteinem a and. at heroscl erosis. The

present invention also provides a sinple and conveni ent chiral process for

the preparation of inhibitors of HMG CoA reductase and to certain chiral

i ntermedi ates thereof. . ' '

PREPARATION OF ANTIHYPERCHOLESTEROCLEMIC
TETRAZOLE COMPOUDS AND INTERMEDIATES THEREOF




DESCRI PTION OF THE INVENTION.This is a divisional of U K Patent s

* Application Nunber 8903604.0, said patent application which discloses thé:J_
preparation of inter- nediates useful in the preparation of N

anti hyperchol esterol em c agents. 5 The present. invention al so provides

i nternedi ates which are useful for the preparation of

anti hyperchol esterol em ¢ agents, and which have the fornul ae 10

[err] [err] [err] SUM™MARY OF THE INVENTIDN[err] [err] 15
[err] ' : [err] in substantially the cis formwherein R9
and R10 each are C Cl-4al kyl or R9 and R10, taken 20

together with the carbon atomto which tgeg are_ittaghed, i.s cycl opoentyl,
cycl ohexyl - ofhey @rsseRty | invapt ¥an provides novel ipiarpgdiates and
Cl-4al kyl orf a netal cation. 25 . . his _inventian _,al o  provides g
process§§°°F5Fe%ﬂﬁ%ﬁn&hﬁu&ﬁ??ﬁf%ﬁ*?%eogoﬁﬁgﬁﬂaggéf°20F#ﬁlZ@rWFﬂé“and I11b-

------ and processes for the preparation of
N0 ' '&><:§ 0

I1Ia - | : IIIb | u

10 12

in substantially the cis form wherein Rg, R and R are as
defined below which are useful for the preparation of
inhibitors of the enzyme-3-hydroxy-B-methylglutaryl ccenzyme
A (HMG-CoA) reductase, and therefore, are useful in the‘ i
treatment of hypercholesterolemia, hyperlipoproteinemia and
atherosclerosis. The present invention also provides a
simple and convenient chiral process for the preparation of

inhibitors of HMG-CoA reductase and to certain chiral

intermediates thereof..



ant i iyperchol esterol eni ¢ agents of the fornul ag ~~~~~~~~~~~ Re [err] 30
[-err]\-—{err] [err] - [err] [err] |

I wherein RL and R4 each_are independently hydrogen hal ogen,

Cl- 4al kyl, C1-4al koxy or trlfluor onethyl; R2, R3, R5" and R6 each are
[ ndependent | y hydrogen, hal oge ! - and Ris

hydr ogeh, a hydrol yzabl e est®&rg¥ pForrH a non-t oxi c
pharmaceutically a table salt The ter ns " Cl 4a| kyI ", "Cl-6al kyl" and
" Cl- 4al koxy" as usé@lﬁd’%l%déﬁ’élpﬁa%ﬁg Ui Petent Appdicdtdon dmbet 89036041%S

ot her wi se) rreamdjrﬁumehaﬂpmcabi@mm@hcﬁiééné&e%ylther Péd%‘ri}éh&{ Odfp%nigfh as
met hyl , et hyl:raﬁq%%é ngro% but | sobut y ut hexy
etc. Pr eferably, s'gsed:s n?%ﬁpﬁgﬂ:’cﬂﬂ Ly %EWGP agentts .
pr ef erably, they contain 1 or 2 carbon atons. UnI ess
The present invention also provides intermediates which are
useful for the preparation of _antihyperchole_sterolemic agents, and
which have the formulae

10 Q? 10 ' r? 10
' gR1e o W\/L’\cam

15 IITa | I1Ib

in substantlally the cis form whereln
R® and R'® each are ¢C,_,alkyl or R’ and R"o taken
20 together with the carbon atom to whlch they
' are attached, is cyclopoentyl, cyclohexyl
or cycloheptyl; and ' ‘

r12 is hydrogen, C,_,alkyl or a metal cation.

25 This invention alsoc provides processes for the
preparation of the compounds of Formulae IIIa and IITIb
and processes for the preparation of

antihypercholesterolemic agents of the formulae
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'

ot herwi se specified in the particular instance, the term "hal ogen" as used
herein and in the claims is intended to include chlorine, fluorine, brofpe
and iodine while the term"halide" as used herein and in the claims is .,

i ntended to include chloride, brom de and iodide anion. The term"a cation
to forma non-toxic pharmaceutically acceptable salt” as used herein and in
the clains is intended to include non-toxic.alkali netal salts such as -
sodi um potassi um cal.ci ym and .nagnesi um the ammoniumsalt and salts wth
non-t oxi ebarehasRsugnda® 't eisghk @ reniimsie pedidsertApt didmoserys bk Ingen,

N- net hyl.nor phol i ne, N-nethyl pi peri di ne and ot her_ amses [ have peen
used to Forgfik¥ils 6f _qarboxy o triddiuesomghhyaks &ﬂher&my@é‘qs]rﬂé’!ﬂfﬂed, t he

term"a hydyolyzabl e ester gr,oup” Aas used_herein a in the clains is
i ntended® Bﬁiﬁ%FuHBSSRG8§F€?13r%Jd%ﬂﬁﬁﬂhihgi&%ﬁﬂ%Jgiyaﬁiﬁii'éE%eptabIe and
hydr ol bl e der .physi gl Qgi ¢al, condi ti_oRs h as Cl-6al kyl henyl net h
.a%d pi¥;¢byk%§€ﬂ§?ﬁsﬁ¥§:% 3%2%%8ﬁﬁéﬁﬁés%b‘%é§ﬁ%ﬁ%a ﬁ% ﬁ%?egkgﬁﬁﬁP)g%, 'ty
is int - b ; | - nfj ' i.e.,
R e e e R
.salt. '

The terms 601_4alky1“, "Cl_sglkyl“ and "Cl_aalkoxy" as
used herein and in the claimé (unless the context indicates ;J
otherwise) mean unbranched or branched chain alkyl or alkoxy
groﬁps such as methyl, ethyl, propyl, isopropyl, butyl,
| isobutyl, t-butyl; amyl, hexyl, etc. Preferably, these
groups contain from 1 to 4 carbon atoms and, most
preferably, they contaiﬁ_l or 2 cafboﬁ.atoms.. Unles§
otherwise specified in the particular instance, the term ,
"halogen" as used herein and in the_claihs is inteﬁded to’
include cﬁlbrine, fluorine, bromine and iodine while the
term "halide" as used herein and in the claims is intended o
to include chloride, bromide and iodide anion. The term "a ~
cation to form a non¥toxi¢-pharmaceuticaily acceptable salt"
as used herein and in the claims is inténded ﬁo include
non-toxic alkali metal salts such as sodium, potassium,
‘calcium and magnesium, the ammonium salt and salts with
non-toxic amines such as trialkylamines, dibenzylamine,
pyridine, N-methylmorpholine, N-methylpiperidine and other

amines which have been used to form salts of_carbokylic



fornulge used herein and in the clains. Wereas in the conpounds of
Formul@e 1V, V, VI, VIl, VIll:and IX, it is intended that the configuration
of the double bonds are trans; .cis or m xtures thereof i.e., (B), (2 when
n=0 and (E)(E), (2 (2), (E)(2 and (Z)(E) when n=l; "as indicated herein and
in the ¢lains. As the conpounds of the present inventlon possess two
asymetric carbon atons, the invention includes the enantioneric and

di ast er eonjidiQsf.0r Phdsd hee hdb@f C&ﬁ@@ffﬁéal'zﬁg tBrjhegP g@?%%%% qr the

preparation of compounds of Fornulae T and escri be rein-an

the clai nsesthe GaHUPNGss Qfs é@rHatéth lafddih | tHBi eDagRBE 2isN ihibR neRid q:ros of

asymetry nmay have four possible stereoi soners designated as the RR, RS, SR
and SS enadticdmmetes .an Spad f | geddy , which chspshinsSo dogeadlyaal ceptiand ef WO
asynmmetric carbon atons bearing the hydroxy groups in the 3 and 5 position
may have femd @mﬁmdﬂx;ahkﬁeunéﬁwmnbywint¢ga¢eldeengmatedsasutheas (3R5S),
(3S,5R), (3R 5R) and (3S, 581 stereoi soners. As used herein and in the
claims, th ltgﬁ%kﬁ%quﬁh%ﬂy @#ﬁhﬁ%ﬂﬁﬂﬁiRkVa}QIhﬂéymethiure of (3R 5S) and
(3S, 5m

In the compounds of formulae I, 1II, XI aﬁd XII, it is
intended that the double bonds are in the trans
e configuration, i.e., (E), as indicated in the structural
formulae used'herein an& in the claims. Whereas in the
compounds of Formulae IV, V, VI, VII, VIII and IX, it is
intended that the configuration of the double bonds are

trans, cis or mixtures thereof, i.e., (E), (2) when n=o and

(EY(E), (2)(Z), (E)(Z) and (Z)(E) when n=1, as indicated

herein and in the claims.

As the compounds'of the preseﬁt invention possess two
asymmetric carbon atoms, the invention includes the
enantiomeric and diastereomeric forms of the intermediates
utilized in the processes for the preparation of compounds
of Formulae I and II as described herein and in the claims.
The compounds of Formulae I and II which contain two centers
of asymmetry may have four poésible stereoisomers désignafed
as the RR, RS, SR and SS enantiomers. Specifiéallx, the
compounds of Formula I having two asymmetric carbon atoms
bearing the hydroxy groups in the 3 and 5 position may have

four possible stereoisomers which are designated as the

-5~



enantioners, and the term"threo" is intended to include a m xture of -~
(3R 5R) and (3S;5S) enantioners. The use of single designati.on such as g
(3R 5S) is intended to include substantially one stereoisoner. The |actone
conpounds of Formula Il also have two asymetric carbon atons at the 4 and
6 position, and the resulting four stereoisoners may be designated as the
(4R, 6S), (4S, 6R) (4R, 6R) and (4S 6S) stereoisoners. As used herein and-in

the cl agsm,ss étstsrmn)trcmz R’oyct:ﬁ{w ctsssls%)en&@éré&w&ﬁéy&'e asgi xture of
(4R, 69) and ( R) ‘enantioners whi | he’term "cis" lactone is intended to

i ncl udeugedi KLH‘I’eQnOEnﬁ4Rn6|R)1ealﬂdl4~& SPhe erenth i VeByshrdheigse of a single
" designation such as (4R 6S) is intended to include substantially one
enant i oimtendedctondnclibdesabstiixtutmxl df IR pS@hearwdnpdSinsR) of For nul a

[l1la, Illb and other sim]|ar conpounds descrlbed herein and in the clains
al so coenanhipwerssyandt the deon thxes' ats tintended o pisclide as shown
bel ow, [err] and the resulting four stereoisomers nmay be designhated as

mlxture of (3R,5R). and (35,5S) enantlomers. The use of
single designation such as (3R,58) is intended to include
substantially one stereoisomer. The lactone compounds of
Formula II also have two asymmetric carbon atoms at the 4
and 6 position, and the_resuiting_four'stereoisomers may be
designated as the (4R,6S), (4S5,6R), (4R,6R) and (4S,68)
stereoisomers. As used herein and in the claims, the term
"trang' lactone is intended to include a mixture of (4R,GS)
ané (45,6R) enantiomers while the term "“¢cis" lactone is
intended to include a mixture of (4R,6R) and (45,6S).
enantiomers. The use of a single designation such as ,
(4R,6S5) is intended to include-Substantiaily one

enantiomeric lactone.

The substituted 1,3-dioxane compounds of Formula w
IIIa,-IIIB and other similar compounds described herein and
in the claims also contain: two asymmetric carbon atoms at

the 4 and 6 pos1t1en as shown below,



the (4R, 6S), (4S,6R), (4R,6R)'and (4S, 6S) stereoi soners. As used herein and
in th€ -clains, the term"trans"-1, 3-dioxane is intended to include a

m xture of (4R 6R) and (4S, 68) .enantiomers while thé term"cis"
-1,3-dioxane is intended to include a mxture of (4R6S) and (4S, 6R
enantloners Since the nost preferred enantioner of the |actone conpounds
of Formula Il has fortuitously the sanme (4R, 6S) stereoisoneric designation

h d d f th
e AR RSP Sl g

and 11 1o, T GV EFY, POEE RT, COURIIRD, apl) (R RIRRAFE Son i Uy,

with the Q&reqpm@ém t&amiﬁhtnaemamsat tﬁehegml S't%%lsmqntﬂdl&aféa%@hexy'

or cycl oheptyl. Preferably, RO and each are methyt or RI and

t aken toggthampddded heoCﬁvsepadat anmﬁtu/@bcbft har,8R9 Andqler, 69y _
cyclohexyl. It is preferred that R12 is hydrogen, methyl or a metal cation
especi al | yerddrthiomars hteiTe stheotermolcib¥-1o0pdinsanel ilsorimdenddd &d S
preferred and the cis-(4R, 6S) isomer of the conmpounds of Fornula Illb is

nmost pr ef dnvedoidéThee mint typeo EnohBs68) obndi (48¢6BJurtandfi ofEmaul adilnce
the most'preferréd ehantidmér of the lactone compounds of
Formula II has fortuitously the same (4R,6S) stereoisomeric
K; designation as the most preferred enantiomer of the

1,3-dioxane intermediates of the present invention, the

" : ”

additional designation of "trans" or "cis" is included to.

avoid any possible confusion.

In the compounds of Formulae IIIa and.II'Ib'.’R9

10 9 10

and R each are Cl_halkyl or R and R, taken together !

with the carbon atom to which they are attached, is

cyclopentyl, cyclohexyl or cyc¢loheptyl., Preferably, R9 and

10 9 10

R each are ﬁethyl or R and R™°, taken together with the

carbon atom.tb which they are attached, is cyclohexyl. It

is preferred that'R12

is hydrogen, methyl or a metal cation
especially lithium. The cis isomer of the compounds of
Formula IIIa is preferred and the cis-(4R,6S) isomer of the

compounds of Formula IIIb is most preferred.

The antihypercholesterolemic compounds of Formulae I

and II may be prepared by various procedures and preferably



and Il may be prepared by various procedures and preferably -7- by T
enploying the internediates of the formulae [err] [err] Illa W/
- Illb in substantially the cis formwherein R9, R10
and R12 are as defined previously. Thus, the present invention prcvides a

process for the preparation of the internediates of Fornmulae Illa and IIllb
and al so proVides an i nproved processs for the preparation of conpounds- of
the For Ithzhﬁneemeu@d%eef oFORHY 4% deddmeand 111b may be
pr epar ed e reactlon of an al dehyde of Fornula IV with an ester of

acetoacetlc aC|ggan
Formula VI follo
VIl and optional
Schene 1

nghen reacting a ketone or i th a compound of
y hydrol ysis of the resulti_ % 3- @i oxane of Fornul a
: ing the acid of Formul§ VIIJl, #s shown in Reaction

12
0R12 ®

IIIa S - I1IIb

10 12

in substantially the cis form wherein Rg, R and R are as
defined previously. Thus, the present invention prcvides a
process for the preparation of the intefmediatqs of Formulae
IITa and IIIb and also provides an improved processs for the

preparation of compounds of the Formulae I and II.

The compounds of Formulae.IIIa.and I1Ib may be prepared
by the reaction of an aldehyde of Formula IV with_an ester
of acetoacetic acid and then reacting a ketone or kétal with
a compound of Formula VI followed by hydrolfsis of the
resulting 1,3-dioxane of Formula VII and optionally
resolving the acid of Formula VIII, as shown in Reaction QJ

Scheme 1,



Reaction S chene 1 [err] [err] [err] 1V [err] OH O oV
ferr§=VI [err] [err] [err] VII [err] [err] [err] , :
RI ‘. toSt [err] Illa B I11b In
Reaction Schenme 1, R7 and R8 each are i ndependent |y, hydrogen,  Cl-6al kyl
or phenyl which 1is optlonally

Reaction Scheme 1

BN )’\H.CHMRH_____.

Iv
R® OH 0 0
R? NG (\\)Wonii
\w‘ v
RS oW OH O _
R (§)n)\/K/U\GRn -
vIi
rR® 10
Ra . (1] 0 N )
Vi '

0><0 0
12
MOR“ OR
Illa | I1Ib



substituted-by one or two Cl-4al kyl, hal ogen, C1- 4al koxy or _
trifluoronmethyl. In a particular enbodinent R7is nethyl / 5 and R8 is J
hydr ogen. Al so in Reaction Schene R11 is a hydrolyzable ester group,-nis
zero or 1 and RO and R10 are as previously defined. The ketoester of
Formula V may be prepared by the reaction of an ester of acetoacetic acid

with an al dehydg HededliBH Bdney 1f afedinERMBLEnKAREN i haepeniiapta kil | ed

in the art in an inert or%ianlc sol vent such as tetrahydrofuran at

t enper at UPRERAIN} er r FE-¢JKYB[ ] C PREPNE pridiifRe dfS a BREdODIHYas
sodi um hy @irks i tutdd WY Brie Q¥ ofyd ae] damﬁi nﬂaatddéﬁ he Uma1kexy or The

starting materials of Formula IVV\/nerJe =0'and n=1 are own or

readily b rp‘r@dﬁ?’éﬁ“?ﬁh%ﬂﬂmlﬁe?hwtlﬂ}@a& aﬁ’?‘?‘?@“ﬁ%‘f‘%rﬁal ésof“%l alvVv
wher éi 5 na!ncrranaah%) bydﬁég\?ar ed mstoheme&@aldtrioei sen_aﬁan%"of i§orguula 1V

wher ei n n=0 ttig eagents . . such 20
tri phenyl W&‘iﬂ?&’é}mq ﬁ?@%ﬁ%‘l‘ﬂeh& FREO Prl rﬁe‘?‘f’mo‘ﬁs IR¥hewe in the
art. It shaylge Cd@fade&y t rpge Kekidd by rbf heoRhti1 & het mfa*}e gl ative

S?QH?ﬁQ%f’e&q‘%&x ﬁﬁ%ﬁeﬁ%oﬁﬂﬁ% by SAEEs af Rt RRGPEL 8 Xibr cof
The rel at iwdstharanurdaefydGa ot emmetla cIVsbyfepréEédure(sZ}Jeml-knm:rdeicer m ned
by conirr il fVaL1 PPAA 1Y Phe' Y8t in an inert organic solvent such
as tetrahydrofuran at temperatures of 0°C to -78°C in the
presence of a base such as sodlum hydrlde, lithium
- diisopropylamide and n-butylllthlum. '

15 The starting materials of Formula IV wherein n=0 and
n=1 are known or may readily be prepared by known methods.
The starting materials of Formula IV wherein n=1 may also.
be prepared by the reaction of compounds of Formula IV
wherein n=0 with Wittig reagents such as

20 triphenylphosphoranylidene acetaldehyde and other methods
well-known in the art. It should be appreciated by those
skilled in the art that the relative configuration of the
double bond (n=0) or double bonds (n=1) in the starting
materials of formula IV may be trans, g._;g "or mixtures _

25 thereof. The relative amounts of each geometric isomer (E) \J
or (Z) will be determined by commercial availability or the
reaction conditions employed in the preparation. In a
specific example described herein, .a mixture containing
mostly trans

30
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reactin conditions enployed in the preparation. -. In a specific exanple
described herein, a m xture containing nostly trans 30.35 - 10 - (B

i somer was enpl oyed. Even thaugh a small percent of “the other isonmer may
be present throughout the serices of reactions shown i'n Reaction Schene 1,

it should be evident to those skilled in the art that the relative anmount
of isonmers.is not critical since the double bond is oxidized and thereby
renoved in the ozonol ysis reaction. The ketoester of Forrmula V may be
reduced to(Eleidomedr svase smplafed-or Even \thoyghedusriadil getdmntket fnehe
group with reducing agents well-known in the art. Preferably, the reduction
i s carriedobberi Asameme mayk R iFTeS shthnehreyshoufo téree F estig e heci fic -
reduction in order to maxinize the production of the preferred erythro

i somer of FRACHIRPS: SHPegt &t ??eatﬁﬁlrﬁﬂ £ Shemey ’stlérég’sc’p’e‘é{fq% $®HEeREoN i s

carried Ou{:ow&:hgster 's l:{qitelcf Lgnectq'lekyal.rbtortal'rx]a?é’the relative amount of
isomers is not critical since-the double bond is oxidized

and thereby removed in the ozonolysis reaction.

The ketoester of Formula V may be reduced to the
dihydroxyester of Formula VI by reduction of the ketcne
group with reducing agents well-known in the art.
Preferably, the reduction is carried out in a stereospecific
manner.by a two-step stereospecific reduction in order to
maximize the production of the preferred erythro iscmer of
.the dihydroxyester of Formula VI. The stereospecific
reduction is carried out_with trisubstitutedalkylboranes,:
-preferably triethylborane or tri-n-butylborane, or
alkoxydialkylboranes, preferably'methoxydiethjlborane or
(. .ethoxydigthylborane [Tetrahedron Letters, 28, 155 (1987)]1 at

a temperature of

-70?0 to

ambient temperature.
The complex which is produced is then reduced with sodium

-50°C to -78°C

borohydride at a temperature of
in an inert organic solvent such as tetrahydrofuran,
diethylether and 1,2-dimethoxyethane, preferably

. tetrahydrofuran. The reduction is then coméleted by the
addition of methanol wiﬁh or without the a&dition of aqueéus
hydrogen'peroxide and buffer. Some of the compounds of

Formula VI are known and described in U.S. Patent No.

-11-



'preferably triethyl borane or tri-n-butyl borane, or afkoxydialkylboranes“

preferably methoxydi ethyl borane or ethoxydi ethyl borane [Tetrahedron o/
Letters, 28, 155 (1987)] at a tenperature of -70[err]Cto ------ '
anbi ent tenperature. The conplex which is produced is then reduced wi th
sodi um borohydride at a tenperature of  -------- -50perr[Cto -----

-78[err]Cin an inert organic solvent such as tetrahydrofuran, diethylether
and 1, 2-di ne-t hoxyet hane, preferably tetrahydrofuran. The reduction is then

| et gd th t th ' ti f
ggﬂgoﬁs$h§§§b%§$ gggOX| FQE r?? %géé}(gn¥me cg#% 5 gdg+ kgpnﬁla VI

k t 4,248, 889 d Feb 3,
1981) antte) Bgﬁsfé*a?@ﬁﬁ' “295 01330q<.8£’8ed MBrGh 17 19(8'7)55”$he compounds.

of Formula VII may. be prepared fromthe conpounds of Formula.VI by reacting
a ketone such as 2-propanone, 3-pentanone, cyclopentanone and cycl ohexanone
in a suitable |nerneOégﬁpbﬁnaalb&nWoﬁmulatvllﬂmuy Beerpediea pEd XFLene at

tenperatures of about 20[err]C to the reflux tenperature of the solvent
enpl QyethencdhpopndscafeFormala VI by reacting a ketone such as
2-propanone, 3—pentanoné, cyclopentanone and cyclohexanone -
in a suitable inert organic solvent; e.g. foluene, benzene
or xylene at temperatures of about 20°C to the reflux
temperafure of tﬁe solvent enployed in the presende-of a
small amount'bf organic, mineral or resih.acid, e.g.,
p-toluenesulfonic acid and sulfuric acid and optionally
. removing the water which is formed with a drying agent, -
e.gB., NaéSO4, MgSO4 and molecular sieves or by azeot;oﬁical
removal with a Dean-Stark trap or similar apparatus. The
reaction of # compound of Formuia VI with a ketone may also
be carried out without solvent. Alternatively, the reaction
describedlabove of compounds of Formula VII may bé carried
out with a ketai such as 2,2-dimethoxypropane, 1l,l-dimeth- QJ
oxycyclohexane ahd fhe like.

The compounds of Formula IIIa whereln rR1Z is a
hydrolyzable ester group, and preferably, C1 aalkyl ‘may be
prepared from the correSponding compounds of Formula VII by
oxidation of the olefinic group to an aldehyde group using
conventional means. | Aiternatively; a combound of Formula
VII is first hydrolyzed by basic hydrolysis to a compound of'

Formula VIiI which is then oxidized to give a8 compound of

-12-



smal |° amount - of organic, mneral or resin acid, ‘e.g., p-toluenesulfonic
acldiahd sul furic acid and optionally renoving the water which is forned
with a drying agent, e.g., Na2So4, MySO4 and nol ecul ar sieves or by
azeotropical renoval with a -Pean-Stark trap or sinilar apparatus. The
reaction of a conpound of Formula VI with a ketone may al so be carried out
w thout® solvent. Alternatively, the reaction described above of conpounds
of Formula VII may be carried out with a ketal such as

2, 2- di met hoxynnopanes T4 Js di 0Bk hr 18xygypbabeyane and plhe ddus-1the

conmpounds of Formula Illa wherein R12 is”a hydrol yzable ester group, and

preferabl y,cdakredil diyt oeydbei pnepachddl tentkhiereactaspord Y CHEyuHES Of
Formula VIl by oxidation of- the olefinic group to an al dehyde group using

convent i ondHormalns . VI ter Ml ivelis, aa daspoundgahikosmlvant Isuch fas st
hydrol yzed by basic hydrolysis to a conmpound of Fornmula VIIl which is then
oxi di zed t enegihemal compaphdacétateFonduinathylanehehdiorike wighhydoogermt A
particularly conveni ent oxidation nethod is the reagtion of a compound of
Fornul a VI ItestpeRaures anf i erT or§8nfct8olvem sééhCas When the

reaction with ozone is complete as evidence by the color of
the reaction mixture, the intermédiate ozonide is decompesed
by ﬁhé addition of a mild.reduciﬁg_agent, e.g., dimethyl
sulfide and triphenyiﬁhOSphine to give the desired aldehyde

of Formula I1Ia.

The preferred cis-(4R,65) aldehydes of Fcrmuia
IIIb may be prepared from the corresponding racemic acid cf

Formula VIII by conventional resolution metheds such as

Hh

fractional crystallization after the introduction ¢f a
suitable salt-forming group. The resulting mixturé of
diastereocisomeric saits which is formed with an optically
active salt-forming agent such as (15,2R)-ephedrine and .
a-methylbenéylamine is separated and the separated resolved
salt is converted to a compound of Formula IIIb.

Preferably, the salt-forming agent is (1S,2R)}-ephedrine and
the method of separation is by fractional crystallization.
The resolution may be carried out in an inert organic
solvent, and preferably, in a mixture of hydrocarbon-alcohol:
solvents, e.g., hekane-methanoi.mixture, in which ‘the

resolved salt may crystallize from the solu;ioﬁ. If it is

desired, the acid of Formulé iIIb may be converted to a salt

~13-



met hanol , . ethyl acetate and nethyl ene chloride with ozone at tenperatures
of -50[err]Cto  ------ -78[err] C. \Wen the reaction with ozdge
is conplete as evidence by the color of the reaction m xture, the

i nternedi ate ozoni de is .deconposed by the addition of a mld reducing
agent, e.g., dinethyl sulfide and triphenyl phosphine to give the desired
al dehyde of Formula Illa. The preferred cis-(4R 6S) al dehydes of Formula

[11b may b r epar glzfromthec resp ondln racem of FormJIa VII1 by
convent i or’fa'}é)’?eeﬁ’b gtl ohSnmét %?fsaguﬁ‘ﬁ 387t P, ct‘?%n%l ﬁé’%f?[qﬁqarbz]eﬁ i PSRt er
the int rod;mu@mmérelﬁunf%\bie sal falfkydi ng group. The resulting m xture of
di astereoi soneric salts which is formed with an optically active

salt-form ng agent such as (1S, 2R)-ephedrine and a-net hyl benzyl am ne is
separ at®d and tThe s prafziokd eantihypezbhoilescbetmardxmbtcomp@umﬂd@ndfof_

Formula 11 errab t r 1S, 2 rine and
t he net hoc}ié}%mg%%éar alfll %)rédl sf'g §@P}ac%’lgo rys quszngt ?ongknrﬁgnﬁgso? tion
may be carFemmnlat IThaaen nekibobyathe gﬁﬂ/@fﬂl angcsdmaam%crmad _

m xture ofhéwéixoca&bpnualscom;htéﬁi Vil ictdon hgé%'l%:l”eﬁBa”Odlén ?ﬁé” e 1n

V\/mchthet{feled‘i salt ma staII ze fromthe solution. |f
desired, t SR5Y i o 195 w{, EaTramrar g opednuation-
7 10 in-part U.S. Patent 4, 897,490 (John J. Wright and Sing-
Yuen Sit)' and in the U.S. Patent Appliéation Serial No.
018,558, filed February 25, 1987 and the cbrresponding
continuation-in-part U.S. Patent No. 4,898,949 '(John J. v
Wright, Sing-Yuen Sit, Neelakantan Balasubramanian and
15 Peter J. Brown). The use of the aldehydes.of Formula IIXa
is shown in Reaction Scheme 2 and the use of the chiral
aldehydes of Formula IIIb is shown in Reaction Scheme 3.

20
25
30

35
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- 13~ wherein R12 is a netal cation or to a hydrolyzable ester group

whekein R12 is Cl-4alkyl. 5. The preferred antihyperchol esterol emc
tonpounds of Formulae | and |l may be prepared froma conmpound of Fornmul a
[1la or Illb by the general procedures described: hereln in US. Patent

Application Serial No. 018,542, filed February 25, 1987 and the
correspondi ng continuation- 10 in-part U 'S. Patent 4,897,490 (John J.
Wight and Sing- Yuen Sit) and in the U S. Patent Appllcatlon Serlal No.
018, 558, pehict8@nFShiéalay 225, 1987 and the correspondi ng
continuation-rn-part U S. Patent No. 4,898,949 (John J. Wight, ‘Sing-Yuen
Sit, Neel akantan _gal asubramani an and 15 Peter J. Brown). The use of the

al dehydes of Fornu~g Illa is shown in Reaction Sche 2 d the use of the
chiral al dehydegfof flogtrula 111b is shown in Reactibs gtheme 3. 20 25 30 35

XTI

Ia

Compound of Formula II

-15-



Reaction Schene 2 [err] [err] [err] [err]
. [err] [err] [err] [err] [err] [err] Conpound of Formula Il [err]
*Reaction Schene 3 RS [err] [err] [err] '

Reaction Scheme -_3

XII

Ib

(4R, 6S) Compound of Formula II

-16-



[err];berr] [err] [err] (4R 6S) Conpound of Formula Il -16- In Reaction
Schenes 2 and 3, Rl, R2, R3, R4, R5, R6, R9,R10 and R12 are as previously
defined-and Z is [err] -[err] i n which
[err] 13 14 R is Cl-4alkyl, R is phenyl which is
unsubstituted or substituted by one or two Ci 4al kyl® or chloro substituents
and X is brono, chloro or iodo. The phosphoniumsalt of Fornmula X and the
phospl honat e of Fornula X is described herein, in U S. Patent Application

Serial No. 018, 558, 9 he rrg8popdi ne
continuation- in- part Ei%f%'b{ entyﬁégmili 38 Egj’Jo lEbWrﬁgl’it{;‘ ﬁ‘g Yuen
Sit, Neel akbnt g Ballésyhyanght aﬁr@nﬂsPs&%m%usBr,owf {0¢d and z is

i @/ '
—P— (011]'3)z or r14 x@m which
\RM - |
13 ., 14 . .
R is Cl_aalkyl, R is phenyl which is unsubstituted or

substituted by one or two Cy_,alkyl or chlore substituents
and X is bromo, chloro or iodo. The phosphonium salt of
Formula X and the phosphecnate of Formula X is described

herein, in U.S. Patent Application Serial No. 018,533, filed

February 25, 1987 and in the corresponding continuation-
in-part U.S. Patent No. 4,898,949 (John J. Wright, Sing-

Yuen Sit, Neelakantan Balasubramanian and Peter J. Brown).The

reaction of a compound of Formula X with a ccmpound of
Formula IIIa or Formula IIIb to produce a compound of

Formula XI or XII, respectively, wherein r12

is 1ky3

is Cl_Qa-Ay-

\s may be carried out in an inert organic solvent such as
tetrahydrofuran and N,N-dimethylformamide in the presence of

a strong base such as n-butyllithium at a temperature of

-50°C Eo —_———=-78°C. When the reaction of a compound
of Formula X is carried out with a compound of Formula IIIa

or IIIb wherein Rlz

is hydrogen, it is preferred to use two
equivalents of a strong base such as n-butyllithium.
Alternatively, the salt of a compound of Formula IIIa or
IIIb may be prepared which is then treated.with a compound -

of Formula X and a strong base. The methods of addition,

-17-



reaction of a compound of Fornula X with a conpound of Formula-Illa or
Formila Illb to produce a conpound of Formula Xl or Xl I, respectively,
wherein R12 is Cl-4al kyl may be carried out in an.inert organic solvent
such as tetrahydrofuran and N, N-di net hyl formam de in the presence of a
strong base such as n-butyllithiumat a tenperature of -50[err]Cto [err]
-78[err]C. \When the reaction of a conpound of Fornula X.is carried out.
with a conmpound of Formula Illa or Illb wherein R12 is hydrogen, it is
preferredlto isematiorgand ay bide prepasttdng basewsldhkaswm et yWHdgdi um
Alternatively, the salt of a conpound of Fornula Illa or II'lb may be
prepar ek ked i in the 2a¥kat eBhoi tAt HagodgograPounsFofnflogmdland a strong

base. The net ho of addition, -17- salt formation_and ylide preparation .
are wel B‘elkrﬂi/w?{fﬁ BHhRe ke bly; depratgrted --gﬁewf’-éﬂ-l’gi‘ef’@ conpounds of
Formul a Xl or, Xl |l may ,be readily deprotected,b -kn ocedures such
as mil dpfcqcoﬁduet.'egs. ,s%c.l'él\fﬁﬂlhﬂdaﬁ.lgN ﬁﬁ'i’noaﬁNrﬁéht 383\3%?‘@ g’(ﬁ éft such
as tetr r - e thro Eo la or the
e %%%%%2&&&?& WP P SER! B0 ERUBRYAIS £8LaROTI bR Y

the erythro compounds of Formula Ia or the (3R,5S) ccmpounds

of Formula Ib which may then be convertgd to the trans

compounds of Formula ITI or (4R,6S) compounds of Formula II

in a conventional manner well-known to tﬁqse ékilled.in'the ;)

art L]

In a preferred embodiment of the inﬁention, the

compounds of Formula IITIa have the structure

R9 ) R1°

o | IIIa

“\U)\)\)Lonia

in substantially the c¢cis form wherein R
9 10 '

10

9 and R each are

Cl_za'lkyl or R” and R™", taken together with the carbon atom
to which they are attached, is cyclohexyl; and Rlz is

hydrogen, Ci_zalkyl_or a metal cation.

-18-



of Fgr-mula Ib which ﬁay then be converted to the trans conpounds of Formula
Il o™ (4R, 6S) conpounds of Formula Il in a conventional nmanner well-known
to those skilled in the art. In a preferred enbodi nent of the invention,

t he conmpounds of Fornula |I'la*“have the structure Jerr] [err] ll1la [err] 9
10 i.n substantially the cis formwherein R and R10O each are 9 10 _
Cl-2al Kyl or RO and R10, taken together with the carbon atomto which they
are attached, is cyclohexyl; and R12 i s hydrogen, Cil-2alkyl or a netal
cation. In a npre preferredcenbodi nent .of e_iznyenti.on, the conpounds
of Fornula Illb g%@éat%%rgt?ﬂ% ﬁf@eﬁeFPF°FéPF%Q o £Re lnveqﬁﬁﬁg'gq%e

cempounds of Formula IIIb have the structure
R% RO - |
0><0 1) IIlb

0

9 10

in substantially the'cis—(hR;GS) form wherein R’ and R

~ each are Cl_zalkyl or R’ and Rlo, taken together with the
carbon atom to which they are attached, is cyclchexyl; and
r12 is hydrogen, Cl_zalkyl or a metal cation.

. The
cempounds of Formula VIII have the structure
RY (AR VIII
R® é><:o ﬁ .
_ RL/E>¢K§>xA\\/J\\/”\ﬂH
N '

in substantially the cis form wherein R7 and R® each are

independently hydrogen, Cl_salkyl or phenjl; R9 and R;O each

10, taken together with the carbon

are Cl_zalkyl or R9 and R
étom to which they are attached, is cyclohexyl; and n is

zeroc or 1.

-19-



in substantially the cis-(4R 6S) formwherein RO and.Rl1D each are _
Cl-2al kyl or R9 and R10, taken together with the carbon atomto which thegy
are attached, is cyclohexyl; and R12 is hydrogen, Cl-2alkyl or a netal
cation. The compounds of Formula VIII have the structure [err] 7 8 in
substantially the cis formwherein R. and R8 each are independently

hydr ogen, Cl-6al kyl or phenyl; R9 and RL0O each are Cl-2alkyl or RO and
R10, taken together with the carbon atomto which they are attached, is
cycl ohexyl;-and n is zero or 1. -19-  The conpounds of Formula I X have
the structure [err] in substantially the cis-(4R, 6S) formwherein R7 and RS
each are iTHepsRgsOhkY BYdFregam1 LI He PEAYdtu A and RLO each are
Cl-2al Kyl or RO and R10 , taken together with the carbon atomto which they
are attached, is cyclchexyl; and n -

R® é><:0 0 | X
RL/E544§341\;/L\/JLmH'

in substantially the cis-(4R,6S) form wherein R7 and R8 each
are independently hydrogen, Cl_éalkyl or phenyl; R9 and RLO o’
each are C;_,alkyl or R? and Rlo, taken together with the
carkon atom to which they are attached, is cyclichexyl; and =«
is zero or 1.
Other novel intermediates have the formula
'SJ

1

in substantially the cis form wherein R™ and R4 each are

independently h&drogen, halogen, Cl_aalkyl, Cl_4a1koxy or

6

‘trifluoromethyl; Rz, R3, RS and R° each are independently

=20~



is zero or 1. Oher novel internediates have the forrmula [err] in
sd'b§fa_ntial 'y the cis formwherein RL and R4 each are independently

hydr ogen, hal ogen, Cl-4alkyl, Cl1 4alkoxy or trifluoronethyl; R2, R3, R5 and
R6 each are independently -20- hydr ogen, halogen, d -4al kyl or

Cl- 4al koxy; R9 and R10 each are Cl-4al kyl or RO and R1O taken together
with the carbon atomto which they are attached, 'is cyclopentyl, cycl ohexyl
or cycloheptyl; and R_ is hydrogen, Cl-4alkyl or a-netql catipp. -

Pr ef er abl By 4Rt eeradbaleogest Eorypalkyd of €4 nattantR alaydthe céachorm

wherein RI, R2, R3, R4, R -and _B6 eacliare i.ndependently 9, 10 hydrogen,
fl uoro, C‘H%rgl-n@‘ﬁﬂfyﬁ' 8F et %‘RQ '%M@ge@b&% with gheofadhonr R
and R10, n,.foget.her .w t he t t ich they ar ttached is
cycl ohexy%é‘é;ﬁdtklgﬁﬁgihf\#rey]ggr# é(ite}:rfe%q%yﬁ *g'{rg e oéier%:taﬁhllebnc.:"celo exy{l

or cycloheptyl; and Rlz is hydrogen, Cl_kalkyl or a metal

cation. -

Preferably

intermediates of Formula XI are in substantially the cis form

1 2 3 4 5 6

S wherein R™, R, R, R, R” and R~ each are independently

hydrecgen, fluoro, chioro, methyl or methoxv; R9 and Rlo each

10

are C;_,alkyl or R? and R » taken together with the carbon

atom to which they are attached is cyclohexyl and R12 is

hydrogen, C;_431kyl or a metal cation.

Other novel intermediates have the formula

XII

4

in substantially the cis-(4R,6S) form wherein R1 and R' each .

are independently hydrogen, halogen, Cl_,*a._lkyl, Cl_4alkoxy

- =21-



/Clher novel internedi ates have the.formula [err] [err] [err] [err] in
substantially the cis-(4R 6S) formwherein RL and R4 each are
i ndependent |y hydrogen, hal ogen, Cl-4alkyl, Cil-4al koxy -21- or
trifluoronethyl; R2, R3, R5 and R6 each are independently hydrogen,

hal ogen,
and R10Q,

metal cat®®ntrpfiperameyrhyds Rntser
substantially the cjs-(4R 6S)_ for erein, Rl
each are hhﬂﬁ%éﬁﬁen%?}g E

10
and R10

'in substantially the c¢cis form'whereiﬁ R

Cl- 4al kyl or Cil-4al koxly; R9 and R10 each are Cl-4alkyl or R9

Y

t aken together. with the carbon atomto which they are attached, is
cyclopentyl, cycl ohexyl or cyclzohe%ylg'; and Rl@ is hydrogen, Cl-4alkyl
o]

t AR FRA I 2 xe| indeppndently
) %1 R41

R2
BfdroGan 4 FiRIcr T Fu st EHe hyr SRRk haxgach

and R6

or

a

FER L oBbERE o7 R and R Skl SecfFLIR Bhataion®

atom to which they are attached, is cyclqpentyl, cyclohexyl

12

or cycloheptyl; and R is hydrogen, Cl_aalkyl or a metal

cation.

Preferably

the intermediates of Formula XII are in'subétantially the

1 2 3 4 .5

, R%, ®?, »*, R® znd R®

cis-(4R,6S) form wherein R each are

independently hydrogen, fluoro, chloro, methyl or methoxy;

9 10 9 10

R’ and R™" each are . Cy_,alkyl or R” and R, taken together

with the carbon atom to which they are zttached, is

12

cyclohexyl and R is hydrcgen, Cl_aalkyl'or a metal catien.

In still another aspect, this invention provides a

process for the preparation of an aldehyde of the formula
R? 10
. T
MRR 1l1a

9 10

-and R each are

9 10

and R™", taken together with the carbon atom

Cl_4a1ky1 or R
to which they are attached, is cyclopentyi, cyclohexyl or

12

cycloheptyl; and R™“ is hydrogen, C;_,alkyl or a metal

cation, comprising the steps of

;22-



with~the carbon atomto which they are attached, is 12 cycl ohexyl and R
i*'s h¥drogen, Cl-4alkyl or a netal cation. In still another aspect, this

i nvention provides a process for the preparation of: an al dehyde. of the
formula [err] [err] in substantially the cis formwherein RO and R10 each
.are Cl-4alkyl or RO and R1O taken together with the carbon atomto which
they are attached, is cyclopentyl, cycl ohexyl or cycloheptyl; and R12 is
hydr ogen, £n4alk or a netal. cation, conpr|3|n% t he. steps of -22- (a)
reacting & e5dng oApdiRidspxy heomBPHAHA Off formulia substantially
the erythro formwherein R7 and R8 each are |ndependently hydr ogen,

Cl- 6al kyl or phenyl which is optionally substituted by one or two

Cl- 4al kyl ,. hal ogen, C1-4arkggy-or.tr&JIu8Lon§§hyl; R VI

R X7 oR1 "

in substantialiy the erythro form wherein R? and R®

each are independently hydrogen, Cl_salkyl or phenyl
gg which is optionally substituted by one or two _

Cl_halkyl, halogen, C1 4alkoxy or trifluoromethyl; R11
is a hydrolyZGb e ester group; and n is zero or 1, in

the presence of a small amount of acid with at least

one equivalent of a compound of formula

R9 _ RID

10

wherein R9 and R are as defined above, to produce a

compound of the formula

- VIiI
h R?/_g/<\\))\/‘\/lLogil |

-23-



I's a hydrolyzable ester group; and nis zero or.1, in the presence of a
'smal I° anount of acid with at | east one equival ent of a conpound of fornula~
[err] [err] 9 10 wherein R and R are as defined above, to produce a
conpound of the formula [err] [err] [err] -23- wherein R7, R8, R9, RI10,
R11 and n are as defined above; (b) optionally hydrolyzing an ester of
Formula VII to proglucega cgnpoypd ofsForrmula VI11 [err] [err] [err] n
wher ei n Rvheyein FROflanﬂsR Rgaréwgs BfellJ'l aad sbere asndefined ztove;

(b) optibnaliy hydrolyzing an este:-of Formula VII to

producé a compound of Formula VIII

. RY 10
R® 0><§ .
A A
R? ~\"‘§>%1' H =

7 8

wherein R°, R, R9

and Rlo are as defined:abcvé; and. A

(¢) oxidizing a compound of Formula VII or a compound of

Formula VIII to produce a cbmpound of the formula

.R, 10
_ u><: g :
. MORIZ IIIa

9 10 12

in substantially the cis form wherin R’, R and R

are as defined above.

In a preferred embodiment, this invention provides a

process for the preparation of an aldehyde of the formula

R’ 10
>< o

: IIIb
Riz :

-24-



(c) tgxidizing a compound of Fornmula VIl or a conpound of Formula VIIIl to
pf oduc¢e a conpound of the forrmula [err] [err] in substantially the cis form
wherin R9, R10 and R12 are as defined above. In a preferred enbodi nent,
this invention provides a process for the preparation of an al dehyde of the
formula [err] Illb -24- in substantially the cis-(4R 6S) formwherein R
and R each are. Cl-4alkyl or R9 and R10, taken together with the carbon
atomto which they are attached is cyclopentyl, cyclohexyl or cycl oheptyl;

d 2 h f
o) Tenct PHEASBIERNr ST 08 KHE, Bhe3(HR, B0 bl A BT el 30 P ©
S”bSta”f'aééé’hté‘?e%}_/E DA i) 97 B R G Ewwgisin Cogether with the

carbon atom to which they are attached, is cyclopentyl,

12

cyclohexyl or cycloheptyl; and R is hydrogen, C1_4alkyl or

a metal cation, comprising the steps of

(a) reacting a dihydroxy compound of the formula

w
R® OH OH O VI
gz/4::~/‘?t~>;l‘\«’J‘\v’lL\0R11
in substantially the erythro form wherein R7‘and R8
each are indepéndently hydrogen, Cl_salkyl or pﬂenyl
which is optionally substituted by one or two )
Cl_4a1ky1, halogen, Cl_aalkoxy or trifluoromethyl; Rll
is a hydrolyzable ester group; and n is.zero or 1, in
-&x . the presence of a small amount of acid with at least

one equivalent of a-compound of formula

R%.  _R10

9 Rid
SN CHy0” “oCH,

or

~25-



each are independently hydrogen, Cl-6al kyl or phenyl which is optionally
substituted by one or two Cl 4al kyl, hal ogen, Cl-4al koxy or

trifluoromethyl; RL1 is a hydrolyzable ester group; and n is zero or 1, .
the presence of a small amount of acid with at |east one equivalent of a

conpound of fornmula [err] [err] -25- wherein RO and R10 are as

-defi ned above,

to produce a conmpound of the fornmula VIl 7 8 9 10

wherein R7, R8,R9, RLO, R11 and n are as defined above; (b) hydrolyzi
by basic hydr-o{’yl?hseilgnRes%%rd q{lq:oarrrgul I\Qel £:0. Pr du‘chgtg%pgégdeof t he

formula [err]

as defined aboggﬁpound of the formula .

€ erelrn \ aﬁd n

| R R o -
Rb’l§>/“=§\) < N TOR

wherein R7, RS,-Rg, Rlo, Rll-and n are as defined

above;

in

11

ng

are

// (b) hydrolyzing by basic hydrolysis an ester 6f Formula VII to produce a

(c)

compound of the formula

_' R  R10 ' :
: u><R _ VIII

| g?/k/‘m/J\/k/U\on

’ n

wherein R7, Rs, Rg, Rlo

and n are as defined above;

resolving the acid of Formula VIII to produce a

compound of the.formula

' ) R’ 10 :
Ra ?<§ . 0 ix .

-26-




(c) rgsolving the acid of Fornmula VIIl to produce a conpound of the
formula [err] [err] [err] -26- -~ in substantially the cis-(4R 6S) form
wherein 'R7, R8, R9, R10 and n are as defined above; and (d) oxidizing the
acid of Formula I X and optionally preparing the ester thereof to produce a
conpound of the fornmula 10 [err] [err] in substantially the cis-(4R, 6S)
formwherein R9, R10 and R12 are as defined above. In still a further
aspect, this invention provides a process for the preparation ok a_gonpound
of the fornul a f&r spbsdentially the cis-(4R,65) form wherein R » R,
9 10 '
R

R, and n are as defined above; and

(d) oxidizing the acid of Formula IX and optionally

preparing the ester thereof to produce a compound of

e
g 0 | I1Ib

A oRle

the formula

in substantially the cis-(4R,6S) form wherein Rg, Rlo

and RI2 are as defined above.
In still a further aspect, this invention provides a

process for the preparation of a compound of the formula

1

in substantially the trans form wherein R™ and R4 each are

independently hydrogen, halogen, CI_4alky1, Cy.4alkoxy, or

727-



in substantially the trans formwherein RL and R4 each are independently
"-hydr'ogen, hal ogen, Cl-4al kyl, C1-4al koxy, or -27- trifluoromethyl; and/
R2, R3, R5 and R6 each are independently hydrogen, hal ogen, C1-4alkyl or
Cl- 4al koxy, conprising the steps of (a) reacting a conpound of the fornula
[err] [err] Jerr] R3 X Jerr] [err] [err]
herein RL, R2,,R3, R4, R5 and R6 are as defined above and Z is 14 [err] [err]
\R 14 o 9 3 5

trifiuoromethylj and R R, R and-RG each are independently
hydrogen, halogeh; gl;qalkyl'or Cl_4alkcxy, comprising the
steps of

(2a) reacting a compound of the formula

wherein RY, ®%, ®3, »*, ®°

and R6 are as definqa above
and Z is
_ _ 14
u o/
—~p—(or1?), —pgr14 ©
\\R14

13 is phenyl which is

wherein R 14

is Cl_qalkyl; R |
unsubstituted or substituted by one of two C1_4alky1 or
chloro substituents; and X is bromo, chloro or iodo with

a compound of the formula
R? 10
><s

0 |
U\oa"' 11Ia

-28-



o] th;gin R13 is Cl-4alkyl; R4 is phenyl which is unsubstituted or
substTtuted by one of two Cl-4al kyl or chloro substituents; and X is brono,
chloro or iodo with a conpound of the formula [err] -[err] in
substantially the cis formwherein RO and R10 each are Cl-4al kyl or RO
and R10, taken together with the carbon atomto which they are attached, is
cycl opentyl, cycl ohexyl or cycloheptyl; and R12 is hydrogen, Cl-4alkyl or a
metal cation, to produce a conpound of the fornula [erg] [errlig Xl in
substantially tHe T4&st¥ntiahdy ethe gispformawhrreipsR'RENARE " REGMNd R12

are as defined above; (b), reacting a gonpound of Formula Xl with acid to

produce a conp&mﬁjé;-4§i3¥grﬂﬁl%.[%?g]R'  taken together with' the
carbon atom to which they are attached, is cyclopentyl,

12

cyclohexyl or cycloheptyl; and R™“ is hydrogen,
Cl_Qalkyl or a metal cation, to produce a compound of

the formdla

XI

1 2 3 4

in substantially the cis form wherein R~, R, R”, R,

5 6 9 10 12

R, R7"y, R, R and R are as defined above;

(b) reacting a compéund of Formula XI with acid to produce

a compound of the formula

Ia

-29-



[err] [err] [eer] -29- wherein ‘R1,R2, 'R3, R4,R5, R6 and RI12 are as
defined above; and (c) ‘'cyclizing a compound of Forrmula la wherein R12 -is
hydrogen, to produce a conpound of forrmula R5 In a preferred enbodi ment,

this invention provides a process for the preparation of a conpound of the

formula [err] [err] [err] I n substantially the trans-(4R 6S) form
wherein-R and 4 R each are independently hydrogen, hal ogen, Cl-4alkyl,
- 1 2 3 4 5 6 12

-wherein-R™, R g;R » R"y R, R and R are as defined

above; and
12

(¢) cyclizing ancompoﬁnd of Formula Ia wherein R is

hydrogen, to p;pduce'a compound of formuia

1 2 3 4

in substantially the trans form wherein R™, R, R”, R s

5 6

R™ and R~ are as defined above.

In a preferred embodiment, this invention provides a

process for the preparation of a compound of the formula

OH
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Cl- 4alkoxy, or trifluoromethyl; and R2, R3, RS and R6 each are
i ndependent |y hydrogen, hal ogen, C1-4al kyl or Cl1-4al koxy, conprising the
steps of "(a) reacting a compound of the formula [erf] [err] [err] X [err]
wher ei-n Rl, R2,R3,R4,R5 and R6 are as defined above and Z is [err] [err]
[err] [err] wherein R13 is Cl-4alkyl; R14 is phenyl which is unsubstituted
or substituted by one or two Cl-4al kyl or chloro substituents; and X is
bromo, chloro or,iodo with a conpound of the formila [err] Il1b -31-
. a

-in substantially the trans-(4R,6S). form wherein R nd

R4 each are independently hydfogen, halogen, Cl_aalkyl,

Cl_aalkoxy, or trifluvoromethyl; and Rz, R3, RS and.R6
each are independently hydrogen, halogen, Cl_aalkyl or

 C1_4a1koxy, comprising the steps of

(a) reacting a compound of the formula

&g
X
wherein Rl, RZ, R3, R4, R% and RS are as defined above
o and 2Z is
-~ ) 14
T AT
—p—(0r'?), —pl g% P
\gl4
13 14

wherein R is Cl_halkyl; R is phenyl which is
unsubstituted or substituted by one or two 'Cy _,3lkyl or
chloro substituents; and X is bromo, chloro or iode

with a compound of the formula
- R? 10
S

_ I1I1Ib
: pil

-.31-



in substantially the cis-(4R 6S) formwherein RO and.10 R each are Cl4a
*lkyl-or RO and R10 taken together with the carbon atomto which they ,
are attached, is cyclopentyl, cyclohexyl or cycloheptyl; and Rl2 is -
hydr ogen, Cl-4alkyl or a netal cation, to produce a conpound of the fornula
[err] [err] XI'l in substantially the cis-(4R 6S)
formwherein Rl, R2, R3, R4 , R5, R6,R9 , R10O and R12 are as defined above;
(b) reacting the conpound of Fornmula X1 with acid to produgp a conpound of
the fornul a IRr$ybseantipddy] ther cis-€4R,65) form wherein R’ and

'RIO 9 and Rlo

edch are Ci_qalkyl or R s taken together

‘with the carbon atom to which they are éttached; is
cyclbpentyl,'cyclohexyl or cycloheptyl;'and R12 is
hydrogen, C;_,alkyl or a metal cation, to produce a

comﬁound of the formula

o’
X1
in substantially the cis-(4R,6S) form wherein ﬁl; RZ,
R3,'R4, Rs, R6, Rg, R0 and r1Z are as defined above;
oo

(b) reacting the compound of Formula XII with acid to

produce a COmpoﬁnd of the formula

Ib
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wherein, R1, R2, R3, R4, R5 and R6 are as defined above; R12 is hydrogen.. (c)

cyclizing the conpound of Fornula Ib wherein R12 is hydrogen, to produce a
compound of fornula [err] [err] [err] [err] in substantlally t he

trans- (4R 6S) form wherein RI, R2, R3 ,R4, R5 and R6 ' are as defined above.
In yet- anot her enbodi nent of thIS |nvent|on there is provided a process for
preparing the conpound of the formula in substantially the trans-(4R, 69)

form conprising the steps of -33- (a) reacting a conpound of the
formula a wher ev!;hezzel's k&rrhz , R5 ana R® are as defined above;

12
R is hydrogen.

(c¢) cyclizing the compound of Formula Ib wherein R12 is

hydrogen, to produce a compound of formula

kz
in substantially the trans-(4R,6S) form whereip Rl, iz,
R3, Ra, RS and R6 are as defined above.
U - In yet another embodiment of this invention there
' s provided a process for preparing the compound of the
formula

.in substantially the trans-(4R,6S) form, comprising the
steps of

~33-



[err] [err] wherein R13 1is Cl-4alkyl;: R14 1is phenyl which is
unsubstituted or substituted by one or two Cl1-4 al kyl or chloro o
substituents; and X is brono, chloro or-iodo with a conpound of the fornula
[err] in substantially the cis-(4R 6S) formwherein RO and R10 each are
Cl-4al kyl or RO and R10, taken together with the carbon atomto which they
are attaghed, i ¢ | SAYA Iy ohex ok.Gychaoheptyl; and R12 is
hydrogen?agl- 4°a~??<§:\ll¥ %%p?nﬁmgl&%%iﬁ,y%% 5?%5‘01% a. conpound of the

formul a Xila 9 10 in substantially the cis-(4R 6S) formwherein R, R
12 and R - are as defined above; (b) reacting the conpound of Fornula Xlla
with acid to produce a conmpound ¢gf the formula :

- Xa
CHy-2Z
LH
\../,
wherein Z is o ' : s
ﬁ @ /n"“
—P—(orM), or  —pZ g} L
AN
_ R14
wherein R® is Cy.q31kyl; R is phenyl which |is

unsubstituted or substituted by one or two C,_, alkyl or
chloreo substituents; and X is bromo, chloro or iodo with a
compound of the formula

\g)\/!\/u\m“ ' o 1 4

9

in substantially the cis-(4R,65) form wherein R’ and
Rlo each are Cl_éalkyl or R9 and Rlo; taken together

with the carbon atom to which they are attached, is
cyclopentyl, cyclohexyl or cycloheptYl; and R!? is
hydrogen, Cl;qalkyl or a metal cation, to produce a

compound of the formula

3%
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[err] wherein R12 is hydrogen;. and (c) cyclizing the conpound of Formula IC
whegein R12 is hydrogen, to produce the conpound of the fornula [err] in
substantially the trans-(4R 6S) form In Vivo Acute Chol esterol .

Bi osynthesis Inhibition in Rats Male Wstar rats (160-200 g, housed 2 per
cage) were mai ntained on normal diet (Purina Rat Chow and water, ad
libirtunm) for at least 7 days on a reversed lighting schedule (7:00 a.m to
5:00 p.m dark). Food was renoved 15 hours prior to dosing. Conpounds were
adm nistered at 8:00 a.m by intragastric intubation using 0.5-1.0. nL of

wat er or propyl ene glycol s&lutions of sodiumsalts, |actones, &LI®

esters of the test corrpou Contg:gl<sa¥=ecei ved equal volunes of the
' ] g
|

vehi cl e.
/'I Nl
- £H
A/]- N)\{‘- 2
\ -/

in substantially'the cis~(4R,6S) form whérein Rg, Rlo

and R ;2 are as defined above;

(b) reacting the compound of Formula XIIa with acid to
produce a compound of the formula
F
, a4 OH g ==
N N s:%8
u&kn/:ﬂ’
A
=
: wherein R!? is hydrogen; and

(c) cyclizing the compound of Formﬁla It wherein R?!?? is
hydrogen, to produce the compound of the formula

CH

¥

S '\i BN r/\I\“
’/'\) %\f":
-

in substantially the trané—(t%R, 6S) form.
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Thirty mnutes after receiving the test substances, rats were injected .
intraperitoneally with 0.9 nL of 0.9% NaCl contai ning approxi mately 120-4Ci
per kg body wei ght of sodium]|[1-14C] acetate (1-3 nCi/mmol). After a 60

m nute incorporation period, rats were sacrificed and |iver and bl ood

sanpl es were obtained. Aliquots of plasma (1.0 nlL) obtained by
‘centrifugation of. heparin + EDTA-treated bl ood, and aliquots of |iver -

hombgengf %4@%«@&6@%&@&&@19 gliig ﬁb:%lvye'ﬂm&bﬂﬁﬁ&t?&%wr
determnati -nydr oxy s for the
liver sanpl es: foI I owed the rret hod of Kates in Techniques in Lipidology, (M
Kates, ed.) pp. 349, 360-363, North Holland Publ.. Co., Ansterdam 1972

while the plMshe Bhsphesraese (1i60eQ00y gsahpusddd fpdd gk Pyweésel ati on of
the digitonin- precipitable sterols. 14Clabelled sterols were quantified
by |i quiadrgrdined| ani narsalndieg (FuriiciseRat dhvoweanstwatdmn pircent
inhibition of 14C incorporated into liver and into plasnma chol esterol was
cal cul dtidd um) gf%ﬂp%togeﬁﬁéaieéaﬁﬁl N § asyesorsarldghtoingachvedube for -
control s, conduct ed &gub{)aneousl k§her ore, the above, test provides

dsr

i nf or mti* 8P G Rhetdbr f PP yPoR ¢ ubs Qﬁ’éeé'atso ZEMAYess L3 HP s novo
bi-osynt h(a‘j.S'i.'S é)t; 3@9&:‘1&?ereémpou\r/z'dgow'e'}er %tdﬁunzst}ere% at 8:00 a.m.

by intragastric intubation using 0.5-1.0 mﬁ.of water or

propylene glycol solutions of sodium salts, lactones, or



dosi ng. For exanple, using the above test, the conpound of Exanple 13

yi el #8d a 50% | nhi bitory Dose (ED50) for both pl asma and |iver chol esterol,
conpar abl e to val ues obtai ned for mevinolin (lovastatin) using a simlar
procedure [Al berts, et al., Proc. Natl. Acad. Sci.,:. 77, 3957-3961 (1980)].
DESCRI PTI ON CF SPECI FI C EMBCDMENTS I n the foll owi ng exanpl es, al
tenperatures are given in degrees Centigrade. Melting points were recorded
on a Thonas-Hcover -capillary melting point apparatus and are uncorrect ed.

Proton magnetbfs’ §80PRBCRektH tr r.e 1, rdad N & B pker AM
300, Bruker vw1§60 or Varfan %ﬁl¥8§ sgﬁﬁﬁfgﬁﬁfgg ﬁl éﬁnrg.mere

det er m nedyé ukdElef PXSOvdfieleD20 unl ess ot herw se |nd|cated and chem ca
shifts are reported in 6 units dowmfield fromthe internal standard
tetramet hyl silane (TMS) and interproton coupling constants are reported in
Hertz (Hz). - Splitting patterns are designated as follows: s, 'singlet; d,
doubl et; t, triPhiéttygnigusesesfter meldeiplieg tive tlesdaduybetignals, doubl et
of doublet ~and dg, doublet of quartet. Carbon-13

rats were injected 1ntraper1tonea11y with 0.9 mL of 0. 9Z

NaCl containing approximately 120 uCi per kg body weight of
sodium [1-140] acetate (1-3 mCi/mmol). After a 60 minute
incorporation period, rats were sacrificed and liver and

blood samples were obtainea. .Aliquots of plasma (1.0 mL)
obtained by centrifugation of heparin + EDTA-treated blood,

and aliquots of liver homogenates (equivalent to 0.50 g

liver wet weight) were taken for determination of

radiolabeled 3-hydroxy sterols. Sterol isolation for the

liver samples followed the method of Kates in Techniques in
Lipidology, (M. Kates, ed.) pp. 349, 360-363, North Holland
Publ. Co., Amsterdam, 1972 while the plasma samples were
directly saponified followed by isolation of the digitonin-

9 precipitable sterols. 14

C-labelled sterols were quantified
by liquid scintillation counting (efficiency corrected).
Mean percent inhibition of‘léc incorporated into liver and
into plasma cholesterol was calculated for-groups of treated

animals and compared to mean values for controls conducted

simultaneously.
Therefore, the above test provides information on the

-ability of test substances to suppress the de novo

biosynthesis of cholesterol in vivo in rats with oral
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nucl ear magneti c resonance (13C NVR) spectra were recorded on a Bruker AM
300 or Bruker WM 360 spectronmeter and were broad band proton decoupl ed. Ai)
spectra were determned in CDO 3, DVMSO d6 or D20 unl ess otherwi'se indicated
W th internal deuteriumlock and chenical shifts are reported in 6 units
downfield fromtetranethylsilane. Infrared (IR) spectra were determ ned on
a Nicolet MX-1 FT spectroneter from4000 cm1 to 400 cm1, calibrated to
1601 cm 1 absorption of a polystyrene filmand are reported in reciprocal
centlneters (cm1l). Relative intensities are indicated as follows: s
(strong), ﬁﬁeﬁsdumﬁO%uﬁ#%wm%eak§SIQs thei pveotesFonshpaFpRSoundeo

det er m ne lheter in CHC 3 at the concentrations
|nd|catedg:'~ qut |Y%$ﬂ$€§d§ iéb&ﬁbb?ﬁ%h9°fﬁléfngag éarr pahout on

precoat ed, siLiga 4 S .« 60F=254 ug% i odi ne
vapors anfl gfkgtagﬁlﬁﬁﬁéf rC e B éf fo?'T%§ 1% eﬁ?ggefa?Lﬁgfﬁﬁﬂollc
or ethanokbe RBOIRRAN YOI wa o€ i $O hegi (b ot (a)
foll owed by 2% cobalt sul phate |n15 and t ﬂar }OEQQQQ

[Alberts, et al., Proc. Vatl. Acad. Sc1., ZZ, 3957-3961

(1980)7.

DESCRIPTION OF SPECIFIC EMBODIMINTS e
In the following examples, all t ¢§ tures are given

in degrees Centigradé Melting peints were recorded on a -
Thomas-Hecver c¢p111~** melting pecint ap cparatus and aée
u*corrected Proton r¢gﬂet1c rescnance ( '“R) spectra
were recorded on a B*Lxer AM 300, Bruker WM 260 6r Varian M
T-60 CW spectrometer. All spectra were determined in CDC13,
'DxSO-d6 or DZO unless otherwise indicated and chemical
shifts are reported in § units doewnfield frem the internal"
standard tetramethylsilane (TMS) and interproton coupling
constants are reported in Heftz (Hz). sSplitting patterns
are designated as follows: s, singlet; d, doublet; t,
triplet; q, quartét; m, multiplet; br, broad peak; dd,
doublet of doublet; and dq, doublet of quartet. Carbon-13
nuclear magnetic resonance (130 NMR) spectra were.recorded
on a Bruker AM 306 or Bruker WM 360 spectrometer and were
broad band proton decoupled. All spectra were determined in

CDC1,, DMSO-d, or D,0 unless otherwise indicated with
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Col umm ch
per f orfred

silica gel -

i ndi cat ed
ozonat or

ronatography, also referred to as flash colum chromat ogr aphy,
in a glass colum using finely divided silica gel (32-63 pmon
H and pressures sdnewhat above at mospheric pressure with the

sol vents. Qzonol ysis reactions were done u$ing a Wl sbach
style T-23. All evaporations of solvents were perforned under

reduced'pressure As used herei.n, the termhexanes is a m xture of

i soneric
the term
ot herw se
2-di met hy
Met hyl 3,

C6 hydrocar bons as %QSC|f|eddﬁ¥ the Anerican Chem cal Society,

interne I dangamrin orirdr sBEAtEL AB.pREPETEAd 4

8. ! g‘q’l(lcastp%céj’lﬁmfé'tar?éﬁyqa’gg}'t‘ HOQ%‘E%?HE%ﬁsﬁJﬁEEU CI'égFﬁrﬁQt ﬁﬁnest er

was

and

- &40 g Rk e BGPTSR BT e et
h i
éﬁqﬁﬂtween it éﬁﬂfgq:éﬁﬁﬂc @Q*FB;QEe&6tQOYEG%ICE sol ution was

catal ytic
partition
sol uti on.

leth and diTute aqueous so

ab5& P iGN o |§W19’ﬁ%f’éﬂ@df{m2§%) are reported in

reciprocal centimeters (cm 1), Relative intensities are

indicated as follows: s (strong), m (medium) and w {(weak).

. Optical rotations [u]D25 were defermine¢ on a Perkin-Elmer

241 polarimeter in CHCl3 at the concentrations indicated.
Analytical thin-léyer chrématograpﬂy (TLC) was carried
out on precoated silica gel plates (60F=254) and wvisualized
using UV light, iodine vapors and/or staining with one of
the following reagents' (a) methanollc or ethanollc |
phosphomolybdlc acid (2%) and heatlng, (b) reagent (a)
followed by 2% cobalt sulphate in 5M HZSO4 and heating.

Column chromatography, also referred to as flash colimn

chromatography, was performed in a glass column using-finely

divided silica gel (32-63 pm on silica gel-H) and pressures'

somewhat above atmospheric pressure with the indicated
solvents. Ozonolysis réa;tions were done using a Welsbach
ozonator style T-23. All evapbrations of solvents were
performed under reduced pressure. As used herein, 'the term
hexanes is a mixture of isomeric CG hydrocarbons as

specified by the Amerlcan Chemlcal Society, and the term

“inert" atmosphere is an argon or nitrogen atmosphere unless

otherwise indicated.

un1b|carbonate



and concentrated under reduced pressure to afford a yellow solid. After
recrystallization fromisopropyl ether, 1.70 g (62% of the title conpound:
was obtained as a white solid; nlp.:84-86.5[err]C. Alternatively, 0.2 g o
solid sodi um carbonate can be added to the 2, 2-di met hoxypropane sol ution-
and the solution stirred vigorously. The solid is filtered through a
fluted filter paper. The excess 2, 2-di net hoxypropane is renoved under
reduced pressure to afford a yellom/solid which is recrystallized from

i sopropyl ether. H NVR (CDC13) [err] 7.37-7.19 (5H, m, 6.59 (1H, d, J =
15.9 Hz), 6.14 (IH dd, . J Erepagatéon Expmpdeb?-4. 35 (1H, n); 4.42-4.35
(1H, m, 3.68 (3H, s), 2.58 (1H, d, J = 15.6, 6.9 Hz), 2.14-(lH dd, J =
15.6, 6.3 Hz), 1.74-1.61 (1H, m, 1.52 (3H, s), 1.43 (3H, s), 1.45-1.35

(| H, .r@ls %e’ ggragme@?ﬁ%d-ﬁf g: Wﬁ?@?é‘thenf_) 1933 dk’oxaﬁ@foé'@gtlg 70. 24;

O s- 2. g@ﬂmnaghM§16E@%@§henylethenyl) 1, 3- di oxane- 4- aceti c aci d

Methyl 3,5-dihyd£§2yF7-phenyi-6?enbate (98% diastereo-
meric purity) (2.37'3;'9;48 mmdl) was stir:ed.éith'z,z-'
dimethoxyéropane (ZO{mL) aﬁd'a catélytic ahcunt of
p-toluenesulfohic:acid_for 16“houfs. Tﬁe solution was N
partitioned between-diethyl éthér and dilute aqueous sodium
bicarbonate solution. The organic lgyer was dried (Nazso4)
and concentrated under reduced pressure to afford a yellow .
solid. After recrystallz ration from 1sopropy1 ether, 1.70 g
(62%) of the title compound was obtained as a white solid;
m.p.=84-86.5°C. |

Alternativ;ly, 0.2 g of solid-sodium carbonate can be -
added to.ﬁhe Z,Z-dimetﬁoxypropané soiutibn and the solution
stirred vigofously. fhe_soiid is'filfered through a fluted
filter paper. The éxcess 2,2-dimethoxypropang is femoved
undér reduced éfessu:e_to afford a.yellow solid which is
recrystallized from isopfcpyl ether. '

' MR (CDC1;) & 3 7.37-7.19 (5H, m), 6.59 (1H, d, J =
15 9 Hz), 6.14 (1H, dd J = 15.9, 6 4 Hz), 4.57-4.35 (1H, m),
4.42-4.35 (1H, m), 3.68 (3H, s), 2 58 (1H, 4, J = 15. 6 6.9
Hz), 2.14 (1H, dd, J = 15.6, 6.3 Hz), 1.74-1.61 (1H, m), 1. 52
(3H, s), 1.43 (3H, s), 1.45-1.35 (1lH, m)



A sol ytjon of 2,2-dinmethyl-6-(2-phenylethenyl)-1,3- dioxane-4-acetic acid
met hyl “ester (8.5 g, 29.3, mml) in 1N NaOH (32 nL) and net hanol (64 nlL)
was heated to reflux for 45 ninutes. After evaporation under reduced
pressure, the agqueous sol ution was washed once with diethyl ether and
acidified with IN HC1 (33 nL).® The precipitate was coll ected and
recrystallized fromethyl acetate/isopropyl ether to afford 7.2 g (90% of
the title conpound as a colorless solid; mp.=153-155[err]C. 1H NWVMR ( CDC13)
6 : 7.37-7.20 (%had, GaBGdélﬁprdﬁlgﬂi.%}i)+@3,7®;1&;(ﬂkt7dﬂ3 J = 16.0,
6.4 Hz), 4.59-4.54 (IH, m, 4.43-4735 8! , M, 2.62 (IH dd, J = 16.0, 7.2
Hz), 2.51 (1H, dd, J 16.0, 5.3 Hz)Fourdzr 1.G2 Q4 mH, 17669¢3H, s), 1.46
(3H, s), 1.50-1.36 (1H, m. Anal . Calcd. for Cl6H2004: C, 69.54; H,
7.30 Found: C, 69.20; H, 7.33. Preparation Exanple 3 Resol ution of

ci s-2, 2-di net hyl - 6- (2- phenyl et henyl )-1, 3- di oxane-4-acetic acid The racem c
ci s-2, 2-di net hyl - 6- ( 2- phenyl et henyl ) - 1, 3- '

Preparation Example 2

Cis-z,Z?dihethzl-G-(g-ohenylethenxi2-1,3-gioxane-4-acetic '

acid

A solution of'2,2+dimethy1-6-(2-pheny1etheny1)-1,3-
dioxane-4-acetic acid methyl ester (8.5 g, 29.3, mmol) in
IN NaOH (32 mL) and methanol (64 mL) was heated to reflux
for 45 minutes. After evaporation under reduced preésure,
the aqueous solution was washed once with diethyl ether
and acidified with IN HCl (33 mL). The precipitate was
collected and recrystallized from ethyl acetate/iséprqpyl
ether to afford 7.2 g (907%7) of the title compound as a -
colorless solid; m.p.=153-155°C.

ly mm (cpcly) 6+ 7.37-7.20 (SH, m), 6.60 (IH, d, J =
16.0 Hz), 6.14 (1H, dd, J = 16.0, 6.4 Hz), 4.59-4.54 (1H,
m), 4.43-4.35 (1H, m), 2.62 (1H, dd, J = 16.0, 7.2 Hz), 2.51
(1H, dd, J = 16.0, 5.3 Hz), 1.77-1.72 (IH, m), 1.54 (3H, s),
1.46 (3H, s), 1.50-1.36 (1H, m). '

7y



di oxane-4-acetic acid (0.31'g, 1.1 nmol) (prepared in Exanple 2) was

di ssolved in a boiling solution of hexane/ ethanol containing o
(IS, 2R) -ephedrine (0.2 g, 1.1 nmmol). The resulting solution was very slomry
brought to roomtenperature to give 0.21 g (41.4% of colorless chiral salt
(the usage of diastereonerically pure seed crystal is recomended during
the resolution): mp.=170-171[err]C. The chiral acid was freed through an
acidic workup (as described in Exanple 4) and its enantioneric purity was
det erni ned Anas IBMGdyy £ E Dpg LCphémylsiri ucw.030 met hyl car bi nol as
a chiral solvent. [a] D25=+5. 45 (c=l, CHC13). Exanple 4

Ci s- (4R 6S)-2, 2-di net hyl - 6- fornyFOQn#B dCox &6 20;adkt i%. 32i d The resol ved
salt of cis-2,2-dinethyl-6-(2-phenyl ethenyl)- 1, 3-di oxane-4-acetic acid and
(1S, 2R) -ephedrine (6.6 g, 14.9 nmol) (prepared.in Exanple 3) was
partitioned between 0.5N HC1 (30 nL) and diethyl ether. The ether |ayer was
washed with brine, dried. (MgSO4/ Na2SO4), and -concentrated under reduced
pressure to afford 4.1 g (99.6% of the free acid.

Preparation Exampie-3

Resolution of cis-2,2-dimethyl-6-(2- Qhenzlethenzll-l,B-

dioxane-4-acetic acid

The racemic cis-2,2-dimethyl-6-(2-phenylethenyl)-1,3-
dioxane-4-acetic acid (0.31 g, 1.1 mmol) (prepared in
Example 2) was dissolved in a boiling;solution_of-hexane/
ethaﬁolzcontaining (15,2R)-ephedrine (0.2 g, 1.1 mmol).

The resulting solution was very slowly brought to room
temperature to give 0.21 g (41.4%) of colorless chlral salt
(the usage of diastereomerically pure seed crystal is
recommended during the resolution): m.p.=170-171°C.

' The chiral acid was freed through an acidic workup
(as described in Example &) aﬁd its enantiomeric purity.ﬁas o/

determined to be 100% by 1

‘H NMR using L- phenyltrlfluoro-
methyl carbinol,as a chzral solvent. [a]D25-+5 45°(e=1,

CHCI3).



This acid was di ssolved in dry nethylene chloride (100 nL) and ozone was
passed through this solution at -78[err]C until there was deep bl ue

col oratton. Excess ozone was ‘removed by purging with-nitrogen and the
ozoni de fornmed was deconposed by addi ng CH3SCH3 (5 ni) and warning the
solution to roomtenperature and allowed to stand for 16 hours. The

sol ution was concentrated under reduced pressure and the residue was

di ssolved in isoanyl ether (ca -100 nL). The benzal dehyde which was fornmed
during the ozonol ysis was azeotroped Exampherdwit h i soanyl ether under
reduced pressure to afford the title conmpound. 1H NMR (CDCl 3) 6: 9.57 (1H,
s), 4.40-4.30 (2H m, 2.60 (1H, dd, J = 16.0,. 7.0 Hz), 2.49 (1H dd, J =
6.0 6.0 K)ot 2 g e f S Dl i Pl - R)a e 82 il (11
-met hyl -1Htetrazol -5- Y1-2-Propen-1-Y11l phosphonate A slurry of

3, 3-bi s-(4-fluorophenyl)-1-brono-2-(1- nethyl-lHtetrazol-5-yl)-2-propane

(1.17 9, 3.0 e ¥l 61ved salt of cis-2,2-dimethyl-6-(2-phenylethenyl)-

1,3-dioxane-4-acetic acid and (15,2R)-ephedrine (6.6 g, 14.9

mmol) (prepared in Example 3) was partitioned between 0.5N

HCi (30 mL) and diethyl ether. The ether layer was washed
g/' with brine, dried_(MgSO4/NaZSO4), and concentrated under
reduced pressure to afford 4.1 g (99.6%) of the free zcid.
This acid was dissolved in dry methylene chloride (100 mL)
and ozone was passed through this solution at -78°C until
there ﬁas deep-blue-coloration. Excess ozone wa$ removed by
purging with nitrogen and the ozonide formed was decomposed
by adding CH,SCH, (5 mL) and warming the solution to room:
temperature and allowed to stand for 16 hours. The"sclution
was concentrated under reduced pressure and the residue was
dissolved in isoamyl ether (ca 100 mL). The benzaldehyde
which was formed during the ozonolysis was azeotroped
togetﬂer wifh‘isoamyl ether under reduced pressure to afford

the title compound.

ly mm (cpc1,) 6+ 9.57 (I1H, s), 4.40-4.30 (2H, m),
2.60 (1H, dd, J = 16.0, 7.0 Hz), 2.49 (IH, dd, J = 16.0, 6.0
Hz), 1.88-1.83 (1H, m) 1.49 (3H, s), 1.46 (3H, s), 1.42-1.31
(lﬁ, m). |
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~trimethyl phosphite (0.41 g, 3.3 mmol) was heated at 100[err]C for 5

* mnutes. After cooling to anbient tenperature; excess trlnethylphosphlte
was renmoved in vacuo to give a light yellaw solid. This solid was
recrystallized fron1ethy| acet at e/ hexane m xture to give the title
conpound as a pure white solid; mp.=140-141[err]C. IR (KBr) vmax: 1604,
1511 cm1; 1H NMWR (CDC13) 6 : 7.7-6.8 (SH, m, 3.6 (3H, s), 3.5 (3H, s),
3.42 (3H, s), 3.2 (2H, d); Anal. Calcd. for C19H19F203N4P: C, 54.29; H,
4.56; N, 13.33 Found: C, 53.83; HExamille § 13.50. Example 6 Cs- (4R
68) 6-[4, 4- bls(4 quorophenyI) 3 (I-nethyl 1H tetrazol - 5 yI
)-1. 3- bdﬂmﬂ&ﬁm -2 ydleSehir al

aC|d prepared in Exanpl e S dlssolved in dry fHF (50 nL) and the
resul ti g lodiey Qg£_1l3n8h8§ d@natey 250 nL three-neck flask. purged with
ni trogen and equi pped with a nmechanical stirrer. After the

A slurry of 3,3-bis-(4-fluorophenyl)-1l-bromo-2-(1-
methyl-1H-tetrazol-5-yl1)-2-propane (1.17 g, 3.0 mmol) and
trimethyl phosphite (0.41 g, 3.3 mmol) was heatgd at 100°C
for 5 minutes. After cooling to ambient temperature, excess
triméthylphbsphite.was'removed in vacuo to give a light;
yellow solid. This solid was recrystallized from ethyl-
acetate/hexane.mixture to give the titlé compound as a
pure white solid; m.p.=140-141°C. |

IR (KBr) v_, : 1604, 1511 em™;

1y ar (CDC15) 6 : - 7.7-6.8 (BH, m), 3.6 (3H, s), 3.5

(3H, s), 3.42 (3H, s), 3.2 (24, d);
Anal. Caled. for 019H19F203N4P 3 _

C, 54.29; H, 4.56; N, 13. 33

Found: C, 53.83; H, 4.48; N, 13.50.

L



solution was stirred vigor.ously and cooled to -78[err]C, n-BuLi (2.5Min
hexan®™ 5.96 nL) was added dropwi se. Toward the end of addition, t he
solution turned into a suspension of white solid- Ilke -gel . A separate flask "
cont ai ning di net hyl [3, 3-bis(4-fluoro-

phenyl)-2-(l-methyl -1 Htetrazol -5-yl)-2-propen-1- yI] phosphonate (6.2 g,
14.7 modl) (prepared in Exanple 5) in THF (50 nlL) under a nitrogen

at nosphere was cooled to -78[err]C and n-BuLi (2.5Min hexane, 5.96 nL) was
added slowly. The resulting red-browExsiple of) was stirred for 15 m nutes

t =78[err]C. This solution of phosphonate anion was transferred through a
doubl e ended needle to the above vigorously stirred suspension at -78[err]C
containing the lithium salt of the chlral aC|d ﬁﬁter the add|t|on t he
resul ting E&ém&ﬁgeﬁés P st o kUQ T oM INEY A :

hours at a D r _ H _ | .
0. 5N HC1 txa - hutadier | jimeth 37 dioxanea’ ony.

dried. (th@gé!E and cgnpentrated under reduced pressure.. The residue was
chr onot agr a gel (66 33: 1/d|ethyl et her: hexane acetic-acid) to

The crude chiral acid prepared iﬁ Example 4 was

dissolved in dry THF (50 mL) and the resulting solution was
e transferred to a 250 mL three-neck fiask'purged with
nitrogen and equipped with a mechanical stirrer. After the
solution was stirred vigorously and cooled to -78°C, n-BuLi
(2.5M in hexane, 5.96 mL) was added dropwise. Toward the
end of addition, the solution turned into a suspension of

white solid-like gel.

A separate flask containing dimethyl [3.3-bis(&-f1uoro-
- phenyl)-2-(l-methyl-1H-tetrazol-5-yl)-2-propen-1-yl]}
phosphonate (6.2 g, 14.7 mmol) (prepared in Example 5) in
THF (50 mL) under a nitregenvatmosphere was cooled to -78°C
and n-Buli (2.5M in hexane, 5.96 mL) was added slowly. The
resulting red-brown solution was stirred for 15 minutes at
-78°C. This solution of phosphonate anion was transferred
through a double ended needle to the above vigorously
stirred suspension at -7§°C containing the lithium salt of
the chiral acid. After the addition, the resulting brown
solution was stirred for 30 minutes at -78°C and 16 hours at °

ambient temperature. The THF solution was partitioned

*s



afford 3.80 g (51.6%overall yield fromthe initi:al ephedrine salt; toluene
was. enpl oyed to azeotrope the residual acetic acid) of the title conpound,
as a yellow foam [a] D25=+106.1[err] (c=2.23, CHC13). 1H NWR (CDCl3) 6 :
7.24-6.82 (8H, m), 6.62 (1H, d, J= 15.0 Hz), 5.32 (1H, dd, J = 15.0, 5.7
Hz), 4.42-4.37 (IH m, 4.30-4.23 (1H, m, 3.51 (3H, s), 2.53 (1H, dd, J =
15.9, 7.0 Hz), 2.42 (IH dd, J = 15.9, 5.6 Hz), 1.62-1.57 (1H, m, 1.46.
(3H, s), 1.33 (3H, s), 1.30-1.20 (1H n). Exanple 7 ' '
Tr ans- GERWERR 0 [ IN JHOL s¢ddf eubydpheeryhte3- ( Theeblrglanild pheiseazads 5-yl ) -1,
3- but adi enyl | -t et rahydr o- 4- hydr oxy-2H Pyran-2-one G s- (4R
68)-6-N@ﬁhﬁﬂsxiWhlhnioghéayg)-éréednéﬂaiﬁohm. and concentrated
tetrazol -5yl )-1, 3-butadi enyl'] -2, 2-di net hyl -1, 3-di oxane-4- acetic acid (3.7
g, 7. 45NAAT )rediscer sSREE§EUTER aTBB| KeFdAUST WEBFChgometpemePheenCL (60

cthyl SR deld oé RS e TaiaRhv T hihee  Paganeuacesaenas it forine (2.
dried QNBZ3q3. f9% Copeery dLeda 198t 169958 the initial

ephedrine salt; toluene was employed to azeotropé the

residual acetic acid)'of the title compound as a yellow

foam. [a]D25=+ios.1° (c=2.23, CHCl,).

ln R (cpe1,) 6 0 7.24-6.82 (8H, m), 6.62 (1H, d, J =
15.0 Hz), 5.32 (1H, dd, J = 15.0, 5.7 Hz), 4.42-4.37 (1H,
m), 4.30-4.23 (1H, m), 3.51 (3H, s), 2.53 (IH, dd, J = 15.9,
7.0 Hz), 2.42 (1H, dd, J = 15.9, 5.6 Hz), 1.62-1.57 (IH, m),
1.46 (3H, s), 1.33 (3H, s), 1.30-1.20 (1H, m). '
Example 7
| Trans-(&R,Gs)-6-[4;4—bis(4-f1uoropheny1)-3-(l-methyl—lﬂ; o/

tetrazol-5-y1)-1,3-butadienyl]-tetrahydro-4-hydroxy-2H-

pyran-2-one

. Cis-(AR;68)-6-[4,4-bist4-f1uoropheny1)-3-(1-methy1-1ﬁ_
tetrazol-5y1)-1,3-butadienyl]-2,2-dimethyl-1,3-dioxane-4-
acetic acid (3.7 g, 7.45 mmol) was dissolved in a solution
of THF (90 mL) and 0.2N HCl (60 mL) and allowed to stand for

16 hours. The solution was partitioned between ethyl

a3



pressure. The residue was  dissolved in dry nethylene chloride (60 nL) and
stirr®d for 4 hours in the presence of 1-cycl ohexyl - 3-(2-norphol i nonet hyl)
car bodi i m de net ho-p- toluenesul fonate (6.6 g, 15.6 mml ). The sol ution
was concentrated under reduced pressure and the residue was partioned

bet ween ethyl acetate and water. The organic |ayer was dried (Na2S04) and
concentrated under reduced pressure. The residue was purified by

chromat ography on silica gel (1:1/ethyl acetate:diethyl ether). After
recryst al lacetabe andnmwaither. addimtergandnelayeg3wgs( waSh%d ofitithd ring e
conpound was obtained as a white solid; mp.= 172-173[err] C

[ a] D25=+23(28) er dfied=-£Nep, 5Q34G1ﬂndF$%%§FaFFéheéx&ﬁﬁP€ gerpaed

3- hydr oxy- 5- oxo- 6, 8- de d|enoa e To a ¢old [err],0) sol |on of net hyl
acet oacet RELIIUTH-g T %ﬁfrﬁ?d'l & r?"aﬁ—IF&fgﬁﬁiﬁfg Was dg‘&tkJ

?'e'sEf’i’raﬁi’yﬁi%ﬁs%“&gemgwﬁag@'f o P T rﬁe“v% 5ie% S0 | ng

(o T SRR e SRR SRR ek 1

tenperatur@le@ﬁegghQBh@&e (6.6 g, 15.6 mmol). The solution was
concentrated under reduced pressure and the residue was
partioned between ethyl acetate and water. “The organic

v layer was dried (Nazso4) and concentrated qnder reduced |

pressure. The residue was purified by chromatography on
silica gel (1: l/ethfl acetate:diethyl eﬁher) After
recrystallization from ethyl acetate- hexane, 1.33 ¢ (40 1% )
of the title compound was obtained as a white solid; m.p.

172-173°C. [a]y2°=+237.8° (c=2.17, CHC1,).

Preparation Example 8

Methylf3-hxdroxx-5—oxo-6,8-décadienoate.

To a cold (-30°C) solution of methyl acetoace;até
(41.5 g, 357 mmol) in THF (500 mL) was added lithium
-diisopropylamide-(476 mL, I.SM solution in cyclohexane, 714
mmol). The resultant solutlon was stirred for 15 minutes at
~-30°C. After cooling to -78°C, 2,4-hexadienal (34.3 g, 357
mmol) was added and the solution stirred for 10 mznutes at

-78°C and for 16 hours at ambient temperature. The soclution
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- was concentrated under. reduced pressure and the residual syrup was
partitioned between 1IN HC1 and ethyl acetate. The organic lLayer was mashgg
with brine (2x), dried (Na2S04), and concentrated. The residue was purified
by chronmat ography on silica gel (diethyl ether:hexane/2:1) to afford 185 g
(24.4% of the title conpound as an oil. 1H NWR for (E) (E) isonmer (200MHz,
CDC13) [err] : 6.3.(1H, dd, J = 14.7, |1.9Hz), 6.02 (1H, dd, J = 14.7, .
11.9Hz), 5.75 (1H, dg, J = 14.7, 6.4Hz), 5.5 (1H, dd, J = 18.7, 6.4Hz),
4.74-4. 1 A . 3S), 2. _ : T Hz), 1.77
(o "95sogtmur s SndPr, régikedprsuauch pad ing rdsfadal

3. 5-di hxsia—%yw@-sé?gmc@mwﬁaaebzewaeﬁolm HCIO[Rid |DhFD| akboacal, matdw!

3- hydr oxy- 5- oxo- 6, 8-decadi enoate (18.5 g, 86.9.mml) in THF (300 nL) was
added t sirghhilch Gragrear (Wids i washied ¢#ifhnbrihk3 (2w0) ) drtbdhéuagso-bqn_mas
stirred for 20 m-nutes. After .the m xture was cooled to -78[€rr|C, .NaBH4 (6
g, 159 andl poacentxtated! (THesSres)duer sagddarrifimd bl uti on was
vigorously stirred for 30 mnutes at -78[err]C and at anbi ent _tenperature

for 3 hebremategraphenviilicdosed (ddethydyathenihaxine/4nd)di & resi due
was par taif.tf.iocrt'geq.Bb.ESt Vg\leepz&!\hf's:lo%ngh%t rt]:)ll.lt:Iaec(?:to{;lntp(lao'l.md as an oil.
1H NMR for'(E)'(E) isomer (200MHz, CDCI3) § . : 6.3 (1H,
‘dd, J = 14.7, 11.9Hz), 6.02 (1H, dd, J = 14.7, 11.9Hz), 5.75
(1H, dq, J = 14.7, 6.4Hz), 5.5 (lH, dd, J = 18.7, 6.4Hz),
4.74-4.5 (1H, m), 3.73 (3H, s), 3.51 (2H, s), 2.6 (2H, d, J
= §5.8Hz), 1.77 (3H, d, J = 6.432).

Preparation Example ¢

Methyl 3,5-dihydroxy-6.8-decadiencate

To a cold (-15°C) solution of methyl 3-hydroxy-5-oxo-
6,8-decadienoate (18.5 g, 86.9 mmol) in THF (300 mL) was
added triethylborane (1M in THF, 113 mL, 113 mmol) and the
solutioﬁ was stirredjfor 20 minutes. After the mixture was
.cooled'to.;78°c, NaBH& (6 g, 159 mmol) and methanol (37.5
mL) wé?é added. The solution was vigorously stirred for 30
.minutes_at -78°C'and'at:ambient temperature for 3. hours.
The solvent was removed under reduced pressure and the

residﬁe was partitioned between 1IN HCl and ethyl acetate.



48  The organic |l ayer was dried (Na2S04) and concentrated. The residue
was pwrified by chromatography on silica gel (diethyl ether:hexane/3:1) to
afford 7.95 g (42.7% of the: t|tIe conpound as a yellow oil. 1H NWMR for (E)
(E) isomer (360N+B CDC13) 6 :" 6.18 (IH, dd, J = 15.1, 10.4Hz), 6.00 (1H,
dd, J = 15.1, 10.4Hz), 5.69 (lH dq, J = 15.1, 7.0Hz), 5.52 (IH, dd, J =
15.1, 6.7Hz), 4.46-4.37 (1H m, 4.29-4 22 (1H, m, 3.69 (3H s), 2.60-2.42
(2H, m, 1.72 (3H, d, J ="7.0Hz), 1.74-1.57 (2H m. Exanple 10 Methy

Ci s- 4- (1, 3ThenpxghoAg Nayes: @ha@xais'merd)r@ 180k camé- conaent nateikt hffhe

3, 5-di hydr oxy- 6, 8-decadi enoate (7.6.g, 35.5 mmol) and p-toluenesulfonlc
acid (0.1 gysaéseauaédppaléy@ﬂo xéﬂEFRWQQKBEPthOOﬂn%¥} eadestirred-for 16

hours at aphi en yell ow s utlon irectly onto
a silica gzgieshﬁhn éxﬁPﬁgﬁcﬂﬁb £ﬁ¥% b7 29 h§|?§§hgéghe£aﬁbe(1 4).
The appropgi &e fractlo S ) s

Elg compoung as a‘yellow oil.

4 MMR for (E) (E) isomer (360MHz, CDC1,) & : 6.18
" (1H, dd, J = 15.1, 10.4Hz), 6.00 (1Y, dd, J = 15.1, 10.4Hz),
5.69 (1H, dq, J = 15.1, 7.0Hz), 5.52 (1H, dd, J = 15.1,
\. . 6.7Hz), 4.46-4.37 (1H, m), 4.29-4.22 (1H, m), 3.69 (3H, s),
2.60-2.42 (2H, m), 1.72 (3H, d, J

7.0Hz), 1.74-1.57 (2H,

m).

- Example 10

Methyl cis-4-(1,3-pentadienyl)-1,5-dioxaspiro[5.5]undecane-

2-acetate

- Methyl 3,5<dihydroxy-6,8-decadiencate (7.6 g, 35.5
'mmol) and p-toluenesulfonic acid (0.1 g) was added to
cyclohexanone {10 g, 100 mmol) and stirred for 16 hours at
ambient temperature. The yellow solution was loaded
directly onto a silica gel column and the product eluted .
with diethyl ether:hexane (1:4). The appropriate fractions
were combined to give 3.52 g (33.6%) of the title compound

as a colorless oil.

(A



were conbined to.give 3.52 g (33.6% of the titl:e coppound as a col orl ess
oil, 1H NWMR for (E) (E) isoner (360MHz), CDCl13) [err] : 6.16 (1H, ddy J
= 15.1, 10.6Hz), 6.00 (1H, dd, J = 15.1, 10.6Hz), 5.71-5.65 (1H, dd, J. =
15.1, 6.5Hz), 5.47 (1H; dd, J = 15.1, 6.4Hz), 4.44-4.39 (1H m, 4.35-4.30
(1H, m, 3.66 (3H s), 2.52 (1H, dd, J 1.54, 7.9Hz), 2.30 (1H, dd J =
15.4, 6.5Hz), 2.1-1.18 (12H, m, 1.72 (3H d, J = 6.5Hz). Anal. Calcd. -for
Cl7H2604: C,,69.36; H, 8.90 Found: C, 69.59; H 9.16. Exanple 11
Cs-4-(1, 3- pe%ﬁaﬂh’f&n!jb)‘- (EJ- (EQx dspimrear [(3 8Mizdec ADEL adketi ¢ Gclél Met hyl

4- (1, 3-pentadi enyl ) -1, 5-di oxaspi ro[ 5. 5] undecane- 2-acetate (3.5 g, 12.4
nmol ) wablHeaddd Jo=r &St bx LA -§HLOLUE-O9 ALHLNIROT F133dY, aHY. 6Hz hanol

26 nmL). t | noved der reduced pressure and the remai nin
gqueoué §0?Ef?gagmé£ﬁ:caahf'e8 dgtﬁ'lﬁ'%@¥_an§'g§nﬁiﬁma dy th i 6t i k
et her. hg, ot gapi I dri.ed 2 -concenjrate The, r esi dua
solid maglgéﬁigs gﬁ?ngggfr@ﬁv H){ 4&@%-%9%% ?Tﬁ’ P AN (5H* ),
2.52 (14, dd, J = 1.54, 7.9Hz), 2.30 (1H, dd, J = 15.4, :
6.5Hz), 2.1-1.18 (12H, m), 1.72 (3H, d, J = 6.5Hz).

Anal. Calcd. for 017H2604; ;C, 69.36; H, 8.90 _
- Found: C, 69.59; H, 9.16. -

Exzmple 11

Cis-h-(143-antédieny1)-l,S-dioxaspiro[S.Slundecane-ﬁ-acetic

acid

Methyl 4-(1,3-pentadienyl)-1,5-dioxaspiro[5.5]undecane-
2-acetate (3.5 g, 12.4 mmol) was heated to reflux in a
solution of 1IN NaOH.(13 mL) and methaneol (26 mL). Methanol
was removed under reduced pressure and the remaining aqueous
solution was acidified with IN HC1 and extracted with
diethyl ether. .The-drganic layer was dried (NaZSOQ) and
concentrated. The residual solid was recrystallized from
ethyl acetate/hexane to afford 2.0 g (55.9%) of the title

compound as a colorless solid; m.p.=144-146.5°C,



ethyl acetate/ hexane to afford 2.0 g (55.9% of the title conpound as a

col or'tvess solid; mp.=144-146.5C. [err] 1H NWR (360MHz, CDC13) [err] :
6.18 (1H, dd, J = 18.0, 12.5Hz), 5.72 (1H dg, J = 18.0, 7.7Hz), 5.99 (1H, -
dd, J = 18.0, 12.5Hz), 5.48.(1H, -dd, J = 18.0, 7.6Hz), 4.45-4.37 (IH m,
4.37-4.25 (1H, m, 2.56 (1H, dd, J = 18.9, 8.8Hz), 2.48 (1H, dd, J = 18.9,
6.1%&),'2.60 1.30 (12H, . n) 1.73 (3H, d, J = 7.7Hz). Anal. Calcd. for
Cl6H2404: 3. 54; H, 8.62 Found: C, 68.36; H, 8.55. Exanple 12
Cis-4-[4,4- bIS(-HWnnxcuﬁsnmma 3epdr oyt byt - | 6k 18t (2@l d8,yl) = 18.0,

1, 3-but adi enyl | - 1. 5- dloxasp|r0r5 51uhdecane- 2- acetic aci d A.

4- For nyl - 1 12-.6H20as (8 rIﬁ5(BﬂlurnH@pe.he= 218cefiz2.28z0,080688 (a¥,pdssed t=hr ough
a solution of 4-(1,3-penta- dienyl)-1,5- dloxasplro&E 5] undecane- 2- aceti c
acid (570 i, 03. zrnﬁir;)a nS 8 hi/ lénedcéhlér’fdwegs PHaD ,- #80A8-64].87 After

t he solution had attained a bléﬁ col or, nltr?%en was passed t hr ough t he

solutlont& oo thed el GHdnem) pi Zedhy(IH J = 18.9, 8.8Hz),
2.48 (14, dd, J = 18.9, 6.1Hz), 2.60-1.30 (12H, m), .

(34, 4, J = 7.7Hz).
Anal. Calcd. for 016H2404: ‘C, 68.54; H, 8.62

N ' : ©°  Found: C, 68.36; H, 8.55,

Example 12

Cis-4-[4,4-bis(4-fluorophenyl)-3-(1-methyl-1H-tetrazol-5-y1)-

1,3-butadienyl]-1,5-dioxaspiro[5.5]undecane-2-acetic acid’

A. 4-Formyl-1,5-dioxaspiro[5.5]undecane-2-acetic acid

Ozone was passed through'a solution of 4-(1,3-penta;
dienyl)-l,S-dioxaspifo[S.S]Qndecane-z-acegic acid (570 mg,
2.0 mmol) in methylene chloride (25 mL) at -78°C. After the
solution had attained a blue color, nitrogen was passed
through the solution ‘to remove the excess ozone. Dimethyl.
sulfide (0.5 mL) was added and the solution was concentrated
under reduced pressure to . afford the title compound as a
viscous o0il which was used without further purification in thé

subsequent step.

S/



sulfide (0.5 nL) was added and the solution was .concentrated under reduced
pressure to afford the title conpound as a viscous oil which was used -«
wi t hout further purification in the subsequent step. 1H NVR (60MHz,
CDC13) [err] : 9.57 (1H, s), 4.52-4.14 (2H, n), 2.60-2.31 (2H, m,
2.10-1.10 (12H, m. B. GC s-4-[4,4-bis(4-fluorophenyl)-3-(1-nethyl-IH
“tetrazol-yl)-1, 3-butadi enyl]-1,5-di oxaspiro- [5.5]undecane-2-acetic acird To
a solution of_dinmethyl [3,3-bis(4-fluorophenyl)-2-

(1- et hyl - 1 H bat sarok s Brti), - ‘2pprgpenyl:] ShepHamt & X,1.4. -4 mmid i n THF
(20 nL) at -78[err]C was added nBuLi (1.6 m_, 4 nmml|, 2.5Min hexane).

The resuk} an?.b0e2n3Led2Hq! wmt)i,oa . 1a@s 1stlior r(éaHf om)30 m nutes at.-78[err]C
Usi ng a doubl e ended needle, this solution was transferred to a solution
cont ai ning 4-forrnyl-1,5-di oxaspiro[5. 5] undecane-2-acetic acid (prepared in
Step A) in THF (10 nL) and nalntalned at -78[err]C After the transfer had
been conpl et Bl; t8as biss 0 [err]C for
1 hour and at ambi ent tegpgra&g ? fo%utégQ%%%l] Hh% solutlon was t hen

tetrazo ~-dioxaspiro- .

[5.5]undecane-2-acetic acid

/

To a solution of dimethyl {3,3-bis(4-fluorophenyl)-2-
(1-methyl-1H-tetrazol-5-yl)-2-propenyl] phoschonate (1.7 g, ;;
4 mmol) in THF (20 mL) at -78°C was added n-BuLi (1.6 mL, &
mmol, 2.5M in hexane). The resultant brewn-red solution was
stirred for 30 minutes at -78°C. Using a double ended

‘needle, this solution was transferred to a sclution -
containing.4-fcrmyl-1,Sfdioxaspiro[S.Slundecane-zfaéetic.
acid (prepared in Step A) in THF (10 mL) and maintained at
-78°C. After the transfer had been completed, the combined
reaction mixture was stirred at -58°C for 1 hour and at
ambient temperature for 4 hours. The solution was then
partitioned Setween 0.5N HCl and ethyl acetate. The organic ~
layer was washed with brine (2x), dried (Nazsoa), and .
.concentrated under reduced pressuré. The residue was .
purified by chromatography on silica gel_(die:hyl-_
-ether:hexane:acetic acid/50:20:1) to afford 342 mg (31.9%

overall yield) of the title compound as a yellow foam.
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partitioned between 0.5N HCl-and.ethyl acetate. The organic |ayer was
washe®*wi th brine (2x), dried (Na2SO»4), and concentrated under reduced
pressure. The residue was purified by chromatography.on silica gel (diethyl
et her: hexane: acetic acid/50:20:1) to afford 342 ny (31. 9% overal |- yield) of
the title conmpound as a yell ow foam | H NVR (360MHz, CDC13) [err]
7.25-6.84 (84, n), 6.66 (1H, d, J = 16.0Hz), 5.32 (1H, dd, J = 16.0,

5. 10Hz), 4.45- 4125 (2H, m, 3.52 (3H s), 2.56 (IH dd, J = 16.0, 7.6Hz),
2.44 (1H dd, J°H NMBR {369MH#s,) CDC )1517 (225~ ﬁ)84EM§ﬁphe)136 66

Trans-6-r4. 4-bi s(4-fl uorophenyl)-3-( I-IF#tetéerr]azoI

yl)-, 3-but &dﬂenﬂl ] Ji &t rléh@(lﬁrzci- 06(332 ‘-'byr-hn- A, /5 riQEa)e of

4-1 4, 4-bi s(4- 1)

teErazoI | Siy gpgﬁéﬁ %I 15% G?l%x% 1r%‘[%5 Uﬁde‘?:domeJZ’ %\éeg’pc acid

i ot ofp éﬁ%‘t?ﬁré i @sf“a?i,g o€ ok b kb, cedn”

bri ne and ethyl acetate. The organic layer was washed with brine (2x)
dried (Na2SO4) and concentrated. The resultant foam (126 ng) was

Exémgle 13

o Trans-6-[4.,4-bis(4-fluorophenyl)-3-(1-methyl-1H-tet:azo0l-5-

v1)-1,3-butadienvl]-tetrahydro-4-hydroxy-2B-pyran-2-one

A mixture of 4-[4,4-bis(4-fluorophenyl)-3-(1l-methyl-1iH-
tetrazol-S-Yl)-l;3-butadieny1]—1,S-dioxaspiro[S.5]0ndecane-2-
acetic acid (280 mg, 0.52 mmol) in 20 mL of THF/0.5N HCl
(1:1) was allowed to stand at“ambient temperature for 26 !
hours. The solution was partitioned between brine #ﬁd etﬁyl
acetate. The organié layer was washed with brine (2x), dried
(Na2504) and concentrated. The resultant feoam (126 mg) was
dissoived in dff methylehe'chloride'(lo mL) and treated with
l-cyclohexyl-ﬁ-(2¢morphoiinomethy1) carbodiimide metho-p--
toluenesui{onate {0.24 g). After 16 hours at ambient -
temperature, the solution was evaporated under reduced
pressure and the residue was purified by silica gel éhroma:
tography using ethyl acetate as eluent. The appropriate
fractions afforded 38 hg (16.6%) of the title compound as a
colorless oil which is a racemic mixture of the compound of

Example 7.
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di ssolved in dry nethylene chloride (10 nL) and treated with
1- cycl ohexyl - 3- (2- nor phol i nonet hyl ) carbodii m de netho-p- tol uenesul fonatg
(0.24 g). After 16 hours at anbient tenperature, the solution was - '
evapor at ed under reduced pressure and’'the residue was purified by silica
gel chroma- tography using ethyl acetate as eluent. The appropriate
fractions afforded 38 ng (16.6% of the title conpound as a colorless oil
which is a racemic m xture of th% GO %ng_of Exanpl e 7. Exanpl e 14
Met hyl 2.2-dinethy1-6-fornyl-1.3=5F3¥§ﬁerﬁ=acetate - '
G s-2, 2-di met hyl - 6- (2- phenyl et henyl ) - 1, 3- di oxane-4- acetic acid nethyl
ester (prepared in Exanple 1) was dissolved in nethanol (10 nL) and ozone
was pageechy Ir 2ughdt e t59l1ulei-g8 raly 1~ 18Regildx a4 - d he god or of the
sol ution turne ue. The reaction m xture was purgéd W th nirtrogen-to
renove excess ozone then dinethyl sulfide was added: :and the tenperature was
allowed to warmup to roomtenperature. The reaction was evaporated in
vacuQ and theisedi2udimeithylas -§arphieay ley herydnkt bt ahiyxame s4+ i ca gel
usi ng di et hyl

J acetz; acid methyl ester (prepared in Example 1) was

dissolved in methanol (10 mL) and ozone was passed through
the solution at -78°C until the color of the solution turned
blue. The reaction mixture was purged with nitrogen to T
remove excess ozone thgn dimethyl'sulfide wa§ added.and the
temperature was allowed to warm up to rﬁom'temperature. The
reaFtion was evaporated in vacuo and the fesidual oil was
' purified by chromatography on silica gel using diethyl
ether-hexane (3:1) as the glueht to afford the title.' f
compound. -
1y am (360MHz, CDCl,) & : 9.53 (1H; s), 4.40-4._23
(2H, m), 3.69 (3H, s), 2.53 (1H, dd, J = 15.8, 7.02 Hz),
2.37 (1H, dd, J = 15.8, 5.98 Hz), 1.85-1.76 (1H, m), 1.44 \ﬁ
(3H, s), 1.40 (3H, s), 1.35-1.23 (1H, m).

+
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et her-fexane (3:1) as the eluent to afford the title compound. 1H NMR

(360MHz,

CDC13) [err] : 9.537(1H, s), 4.40-4.23 (2H n), 3.69 (3H s),

2.53 (1H dd, J = 15.8, 7.02 .Kz), 2.37 (1H, dd, J = 15.8, 5.98 Hz),
1.85-1.76 (1H, m), 1.44 (3H, S);, 1.40 (3H, s), 1.35-1.23 (1H, m.
Preparation Exanple 15 3,3-Bis (4-f |uorophenyl) -1-Dbrono-2-

(1-methyl -l Htetrazol -5- yl )-2-propene A

To a slurry of 1,5-dinethyl Peldradd i dd- BxGmp
tetrahydrofuran (50 nlL) was™ adde ) =

O§gmole) in dry
tRi um i n hexanes (20 ni,

0.05 nole) over a pericd of 15 mnutes at -78[err]C under an inert

at nosphere. This m xture was stirred for 30 m nutes and a yell ow sh
preci pi t at 3 f +BEE ( dufing robhedy e 1 -dethph 2-ddi-the thy 1~ JH= t e DSz obF 8 was
t hen added over a period of 15 mnutes. After stirring for an additional

m nut es,

t hel t+2aproeaaei on m xture was -diluted with water and extracted

with ethyl acetate (3 x 50 nL). The aqueous | ayer was washed

A. S-Ethyl-l-methyl-1H-tetrazole

To a slurry of 1,5-dimethyltetraéole (4.9 g, 0;05
mole) in dry tetrahydrdfuran”(so_mL) was édéed 2.5
n-butyliithium in hexanes (20 mL, 0.05 mole) over a peéicd
of 15 minutes at -78%°c under an inert aimosphere. This

mixture was stirred for 30 minutes and a yellowish

precipitate formed during this time. Methyl icdide (3.7 mL,

0.06 mole) was then added over a pericd of'ls minutes.
After stirring for_an additional 30 minutes, the c;ear't
reaction mixture was diluted with.water and exﬁracted with
ethyl acetate (3 x 50 mL). The aqueous layer wés washed

with chloroform (2 x 25 mL), and the combined organic layer

was dried over sodium sulfate and concentrated under reduced

pressure to give an oil. The oil was purified by

distillation to give 5.2 g (92%) of the title compound; b.p.

= 89-90°C at 0.05 mm Hg.

'y »r (CDC1,) & : 4.05 (s, 3H), 2.86 (q, 2H),

1.41 (&, 3H);

3¢ mm (cDC1,) & : 156.0, 33.24, 16.75, 11.20.

s<

5-Ethyl -1-nethyl -1 H-tetrazol e
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with chloroform (2 x 25 nlL), and the conbined organi¢c |ayer was dried over
sodi um sul fate and concentrat ed under-reduced pressure to give an oil. ~Fhe
oil was purified by distillation to give 5.2 g (92% of the.title conpqund;
b.p. =89-90 Cat 0.05 mmHg. 1H NMR (CDC13) 8 : 4.05 (s, 3H), 2.86 (q,
2H), 1.41 (t, 3H); C NWR (CDC13) [err] : 156.0, 33.24, 16.75, 11.20. B.
| ,1-Bi s(4-fluorophenyl)-2-(l-nmethyl-lHtetrazol- 5-yl)propanol To a
solution of 5-etlhyl-I-nmethyl-lIHtetrazole (5.6 g, 0.05 nole) [prepared in
Step Alpin 6D, MpDé (4 ¥1h8kbaRkAvANURAT W tided -t Fa byt vl | i t hi um (20
m., 0.05 nole) 1n hexane over b mnuies at -78[err]C (bath ténperature)
under an ineSiyhippspared. The mixture was stirred for 30 mnutes and a
solution of 4,4'-difluorobenzophenone (10.8 g, 0.5 nole) in 25 nL of dry

t et rahydrof uran was added over 5 minutes. This mxture was stirred for an

additional 2 hours while_the bath tenperature was slowy warned to -20 C
The reaction was FReachedutidien of Pcethyd -drmetdvdds Mitetxagale

. (5.6 g, 0.05 mole) [prepared in Step A] in 60 mL of dry

tetrahydrofuran was added Z.SM'n;bﬁtyllithiﬁﬁ (ZO-mL, 0.05
mole) in hexane over 5 minutes at -78°C (bath temperature)
under an inert atmosphere. The mixture was stirred for 30
minutes and a solution of.4,4'-difluorobenzopﬁenone-(10;8 g, QJ'
0.5 mole) in 25 wnlL of drj tetrahydrofuran was added over 5
minutes. This mixturé was stirred for an additional 2 hours
while the bath tehpérature was slowly warmed to -20°C. The
reaction was quenched with 1N HCl and extracted with ethyl
acetate (3 x 50 mL) and chloroform'(fo 50 mL). The.
combiﬁed organic lafer was dried ovef sodium sulfate and
concentrated under reduced pressure to give a white solid.
The solid. was pdrified by crystallization from
ethanol-hexane to givé 10.8 g (65%) of the title compound;
m.p. = 160-161°C. - |

1

IR (KBr) Vmax® 3400 cm ;'

4 »r (cDC1,) & : 7.8-7.02 (m, BH), 5.95 (s,

1H), 4.65 (q, 1H), 3.98 (s, 3H), 1.29 (d, 2H).
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acetate (3 x 50 m.) and chloroform (3 x 50 my). The conbi ned organic | ayer
was i ed over sodium sul fate and concentrated under reduced pressure to
give a white solid. The solid:was purified by crystall.ization from

et hanol - hexane to give 10.8-§ (65% of the title conbound m p. '
160-161[err]C. IR (KBr) vmax 3400 cm1; 1H NV\R (CDCl13) 6 : 7.-8-7.02 (m
8H), 5.95 (s, 1H), 4.65 (q, 1H), 3.98 (s, 3H, 1.29 (d, 2H). 13C NWR
(CDC13) [err] : 162,57, 162 37, 159.14, 156.71, 142.48, 140.54, 128. 25,
128.13, 127.52, 127. l? QEDC]%? 41,. 1042837 7815&3136 P99, 35,43, 14.52.
Anal . Cal cd. for C17H16F2N40 C 81; H 4.88; N, 16. 96 Found: C, 61.79;
H 4.90; N56/709.162.48]- B49(.44f,] u@sa@sgnyll2)s. 23 ,1- mm-lmveazazol

5-yl) - |-propene A slurry of |,1-bis(4-fluorophenyl)-2-(I-

met hyl -1 H1B4r&Z 9l 154yhlpr drléndIS W F8256g, 3B.8%%5, rﬁa3e93{p1@p§2ed in Step B]
and 100 ng of p-toluene sulfonic acid

Anal. Calcd. for C17H16F2N40:
cC, 61.81; H, 4.88; N, 16.96
Found: C, 61.79; H, 4.90; N, 17.09.

C.  1,1-Bis(4-fluorophenyl)-2-(l-methyl-1H-tetrazol-

5-v1)-1-propene

A slurry of 1,1-bis(4-fluorophenyl)-2-(1-~
methyl-lHEtetfazol-5~y1)propanol (8.25 g, 0.025 mole)
[prepared in Step B] and 100 mg of p-toluene sulfonic'aéid
monoh)drate in xylene (60 mL) was heated to reflux w1th
Dean & Stark water collect1ng apparatus for a period of 12
hours. The reaction mixture was washed with IN NaOH (10 mlL)
while it was warm and with yatef (100 mL). Concentration of
the organicllayer gave off-white crystals of product. This
was purified by recrjstaliizatioﬁ from ethanol-hexane to
give 7.1 g (91%) of the title cémpound as white crystals;
m.p. = 146-147°C. | |

1

IR (KB?) Ymax® 1575; 1500 cm ~.

ly mm (cDC1,) & : 7.42-6.85 (m, 8H), 3.53

(s, 3H), 2.14 (s, 3H);

sy



nonohydrate in xylene (60 nL) was, heated to reflux wi.th a Dean & Stark
water col |l ecting apparatus for a period of 12 hours. The reaction m xture
was washed with 1IN NaOH (10 nL) while it was warmand with water (100 ni).
Concentration of the organic |ayer gave off-white crystals of product. This
was purified by recrystallization from ethanol -hexane to give 7.1 g (91%
of the title conpound as white crystals; 0 mp. = 146-147[err]C. IR (KBr)
vmax: 1575; 1500 k Fk 13) ﬁg@rh7 iegzog ,8360m1BH . 3.53 (s,
3H), 2.14 (s, 3H); 13C NWR ( 13) [err] : ' 163.°37, 163.708," 160. 13,
155. 61, 1554630, 146,68, 149.34, 136 42 13@ 29, 138.. 22, 13k.99, 131.54,
131.11, 131.01, 119. 53 115. 51 115. 27, - 115. 22, 33.50, 21.20. Anal . Cal cd.
for Cl7HB@E2NM, 131694 37134, 11, 5131&D117194 50und15051651&§"2Hw 4.61; N,
18.09. D. 3, 3-Bi s(4-fl uorophenyl)-1-brono-2-(1- nethyI-IH-

115. 22 33.50, 21.20.

Anal. Caled. fqr 017H14F2N4:
. C, 65.37; H, 4.51; N, 17.94
Found: C, 65.64; H,.4.61; N, 18.09.

D.  3.3-Bis(4-fluorophenyl)-1-bromo-2-(1-methyl-1H-
tetrazol-sﬁyljfz-prqpene .
A slurry of 1, 1 bls(4 fluorophenyl) -2-(1-
methyl- 1H tetrazol 5-y1)- 1 propene (61.46 g, 0.197 mole)
[prepared 1n-Step C], N- bromosuccinimide (35.06 g, 0.197 ‘
mole) and catalytic amoﬁnt of azobis'isobutyroﬁitfiie_or
benzoyl peroxide.in cérbpn tetrachloride (1.2 litérS) was
heated to reflux in an inert atmosphere for a period of 2
hours. The reaction mixture wés cooled to ambient [

temperature and the solid'from.the'reaction waé fiitered.
The filtrate was cénceqtrated under reduced pressuté and the
soiid obtained was fecrystallized from toluene?hexané_to
give 72 g (93%) of the title compound .as whité'cffstals;”
m.p. = 159-160°C..

1

IR (KB;) Vnax’ 1600 CQ .
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tetraiul 5-yl -2- propene A slurry of 1,1-bis(4- quorophenyI) 2-(1-

met hyl™| H-tetrazol -5-yl)-1-propene (61.46 g, 0.197 nole) [prepared in Step
C], N-bronpsuccinimde (35.06 g, 0.197 nole) and catal ytic anount of azobis"
|sobutyron|trlle or benzoyl peroxide in carbon tetrachloride (1.2 liters)
was heated to reflux in an inert atnosphere for a péricod of 2 hours. The
reaction mxture was cool ed to anbient tenperature and the solid fromthe

reacti on was flltergd The fi e_was_cgngentrate nd dyuced_ pressure
and the solid obtai n8d Fé{é@ adl rzédg’r' ot t(B‘Isugﬁ"é m?‘%éfg B g?g 172 g -
(93% Ofﬁ%;§3 tle3§§Fpound as white crystals; n1p = 159-160[err]C. IR
(KBr) 1H NWR (CDC13) ; -7.1 (m8H), 4 44 (s,

2H), 3.53 (s, 3H) 138 N¥a§ ?%§E% {e 3 4 160. 45,

143. 42, 149.68, 135.20, 13 34 %9 1§%§ 32 1%%§3{£1_ b 130. 80,

119.57, 1igo 995, 1163742,13%$%8, 135.20, 135.15, 134.69, 131.43,
131.31, 130.90, 130.80, 119.57, 115.94, 115.77, 115.65,

115.50.
dnal. Caled. for Cy,H)3F,BrN,:

\_ _ : : C, 52.19; H, 3.34; N, 14.32
Found: C, 52.58; H, 3.47; N, 14.49,

" Example 16

[1,1-Bis(4-fluorophenyl)-2-(l-methyl-1H-tetrazol- -11)-

l-propen-3-ylltriphenylphosphonium bromide

_ A slurry of 3,3-bis(4-flucrophenyl)-1l-bromo-

~ 2-(l-methyl-1H-tetrazol-5-yl)-2-propene (1.95 g, 0.005 mole)
[prepared in Preparation Example 15, Step D] and triphenylphosohine
(1.3 g, 0.005 mole) in cyclohexane (25 mL) was heated to
reflux. The reaction mixture became a clear solution after
30 minutes and a white precipitate appeared after 1 hour. ]
The mixture was heated for an additional 8 hours, cooled to
ambient temperature and.ﬁhe solid was collected by
filtration and washed with diethyl ether. This white powder .
was dried in vacuum at 50°C to givé 3.0 g (92%) of the title

compound; m.p. = 254-255°C.
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115.50. Anal. Calcd. for C17H13FZBrN4 C-52.19; H 3.34; N 14.32 Found:
C, '52.58; H, 3.47; N, 14.49. Exanple 16 : ok
[1.1-Bis(4-fl uoro[henyl) “2-(l-methyl -1 H-tetrazol - 5. YI) i
1- pr open- 3-y1l tri phenyl phosphoni um bronide A slurry ‘of

3, 3-bi s(4-fluorophenyl)-1-bronmo- 2-(l-nmethyl-lHtetrazol-5-yl)-2-propene
(1.95 g, 0.005 nole) [prepared in Preparation Exanple 15, Step D and

tri phenyl phosohi ne ( 0. 005 | o ne nm_}1was heated to
reflux. The react |I§n](t¥rgﬁ1r €Mam$§g% %ﬂ%@mﬂgﬁ@n &%g B0 minutes and a
white precipitate appeared after 1 hour. The m xture was heated for an
additional 8 hours, cooled to anbi ent tenperature and the soI id was

collected by filtr e th 4igshyl ggt e ovvdér
was dried |% vacu:?ﬁit a@ﬂ%aqmd?é‘ﬁg ggv: ve fl.ﬁ y(%g/?ﬁ t| tP% cgrrpound

m p. gga 298), ery, ]3(3‘ (s jKBr) vimex: 3450, . 1600, 1500_, 1425 cm 1H NWR
(DWBC)d ) Lerr] -6, 80 (m 23ro 4.94 -

3¢ mr (DMs0-dg) & : 163.53, 163.36, 160.28,

160.87, 154.04, 153.89, 152.76, 135.11, 134.79, 134.16,
133.68, 133.54, 130.53, 130.45, 130.35, 130.21, 130.07,
118.02, 116.89, 116.18, 115.89, 115.62, 115.32, 111.43,

111.39, 34.22, 28.88, 28.22.
Anal. Caled. for C,yqH, BrF, N, P:
C, 64.31; H, 4.32; N, 8.57
Found: C, 64.02; H, 4.37; N, 8.89.
&/
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(6d, 2H), 3.83 (s, 3H); C NMWR (DVBO-d6) [err] : 163.53, 163.36, 160. 28,
160.887, 154.04, 153.89, 152.76, 135.11,°134.79, 134.16. 133.68, 133.54,
130. 53, 130.45, 130.35, 130.21, 130.07, 118.02, 116.89, 116.18, 115.89,

Cooioemn Fonip. c e a1 a3z b o7 Founa: NRRATREEAAE  n

'8.89. - * C L MS - * CLAIMS 1. A compound of- tMhe fornula 5
[err] 10 in substantially the cis-(4R 6S) formwherein RO and RI0O  each
are Cl-4al kyl or R9 , t aken together with the tarbon atomto which
they are attached, is cyclopentyl, cyclohexyl or cycloheptyl; and 15

R12 s 4hydrQoenmpdund &t ke PErfuig!t 2l
5 ' L ' :
PL - nid
%>*<% ; ITIb

10 in substantially the cié-(4R,GS) form wherein
R? ana R!® each are Ci;4a1kyl or R’ and R1°, taken
together with the carbon atom to which
N\ they are attached, is cyclopentyl,
cyclohexyl or cycloheptyl; and
15 R12 is hydrogen, C;_, ‘alkyl or a metal

cation.

2. A'Combound of claim 1 wherein R® and R!® each are

methyl.
20 _ .
3. The compound of claim 2 wherein R'? is hydrogen.
4. The cbmpound of claim 2 wherein R!? is a metal
cation in which said cation is lithium.
o 25
5. The compound of claim 1 wherein R? and R'?, taken
together with the carbon atom to which they are attached,
is cyclohexyl.
30 6. The compound of claim 5 wherein R'? is hydrogen.
7. The compound of claim 5 wherein R!? is a metal
cation in which said cation is lithium.
35
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cation. 2. A conpound of claim1 wherei h R9 ang—R10-each are nethyl. 20Q -
3. The conpound of claim2 wherein RL2 is hydrOﬁen. The conpound QF

claim2 wherein R12 is a netal ‘cation in which sa wmﬁmﬂ"ﬂm,”"’l lﬁm h.25‘"
t t he
30 S B,

5. The conpound of claim1l wherein RO and R10 "
carbon atomto which they are attached, is cyclohexyl: " The
conpound of claimb5 wherein R12 is hydrogen. 7. The conpound of claimb

wherein R12 is g metgl cation %n whi ch sgid cation_is lithium 35 6/ *
C L M S * 87 °A pfdtesTHor  BF e PAPPAG We Hiieh)deh¥feciafl nelia bonpri si ng
t he steps 6PmMPrising (the shapwlgi ng by basic hydrolysis an ester of the

;5 E (a) hydrolyzing by basic hydrolysis an ester.of the
formula .

10

a?/\\«@,;\/\"/'\mu ViI

o/
15
20

25 |

o/
30
35



forml a VIl 1520 2530.35 - * C L M S * mherein-R? and RB8 each are

| ndspendent |y hydrogen, Cl-6 al kyl or phenyl which is opt+enraldly =
substituted by one or two Cl-4 al kyl, hal ogen, C -4 al kox

trifluoromethyl; RO and Rl0"are as defined above; n is z ﬁmm"l&"lﬂmuﬁ"r S
a hydrol yzabl e ester group, to produce a conpound of the

R7, R8, R9,R10 and n are as defined above; (b) resolving an acrd of ®
Formula VI1I to produce a conpund of the fornula in substantially the

Ci s- (4R 6S) forn1mhere|@ Rt , B8 , RO R O-and n are as defined above; and
wherein R’ and R° each are independently hydrogen, 02'.'1 6

alkyl or phenyl which is optionally substituted by cne or

two 01_4 alxyl, halogen, 01_4 alkoxy or trifluvoromethyl

11
R9 and Rlo are as defined above; n is zero or 1; and R 1s a

hydrolyzable ester group, to produce a compound of the formula

R’ -10
r® ' 0
Lol
RN oH --<
1 [} - .
wherein R7, RB', Rg, R"O anéd n are as defined abcve;
(b) resclving an acid of Formula VIII to oduce a cempeund
of the formula
-

n’)\\‘%gj\)\)"\ou | IX

: .7 8 9
in substantially the cis-(4R,6S) form wherein R, R°, R7,

10

R and n are as defined above; and

63



* C L M S * (c) oxidizing an aC|d of Fornmula.lX to produce a
conpound of the fornula [err] Mo in
substantlally the cis-(4R 6S) form wherein R9, RlO flned
above. 9. A process of claim8 wherein RO and R QIL“ Ii‘lﬁl’@ .

A process of claim8 wherein RO and R10, taken tog & W e carbon
atomto which they are attached, is cyclohexyl. 11. A process of claim8
wherein R7 is phenyl, R8 is hydrogen and n is zero. 12. A process of claim

8 wherein R7 is nethyl R8 is hydrogen and n is 1. * C L M S *
13. A pf6deso¥fidi dmman ngcidcohpbarmuds EKetpoprody qeerd [commaynd of

the formula

R’ . 2 0 .
<o o - IIIb

in substantially the cis- (4R,6S) form wherein R9, R*

12 | | o/

R are as defined abcve.
- -~ .'; - S 9 - 10 - .
9. A process of clzim 8 wherein R” and R each are
methyl.
S 10

10. A process of claim 8 wherein R’ and R™7, taxen
together with the carbon atom to which they are attached, is
cyclchexyl.
7 . s -8 . _
11. A process of cla*ﬁ 8 wherein R’ is phenyl, R° is N,
hydrogen and n is zero. -
8

12. A process of claim 8 wherein R7 is methyl,'R is

hydrogen and n is 1.
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[err] [err] in substantrally the trans- (4R, 6S) fornrmher
are ﬁﬁdependently hydr ogen, hal ogen, Cl-4al kyl, Cil-4.ak
trifluoromethyl; and R2, R3 , R5 and R6 each are |ndepen ,mmm,lm MH“I
hal ogen, Cil-4 aIkyI or Cl-4. al koxy, conprising the:steps: o

conmpound of the fornmula R [err] wherein Rl, R2, R3, R4, R5, and areé
as defined above and Z is O [err] [err]

wherein R13 is Cl-4 alkyl; Rl4 is phenyl which is unsubstituted or
substituted by oRd-orAtReocEss fexyprepachngra sempoundentfsthandoxmiuda

brono, chloro or iodo with a conpound of the formula Il1b as. defined in
claim1l to produce a conpound of the fornula Rs
R® .
' H
4 a‘
n’

AN
N £ . 1 4
in substantially the t;ars (42,68) form wherein R™ and R ezch
are inderendently hydrcgen, halegen, C1_4 alxyl, 01_4 alxoxy,
- 1. 2 3 5 4 nb '
or triflucromethyl; and R®, R”, R” and R~ each are
incdependently hydrcgen, halegen, 01_4 alkyl or Cl_4 alkexw,
cemprising the steps of
(a) reacting a ccmpound of the fermula
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[err] [err] * C L M S*in substantlaL#y—%he~ers—64R—68}—form
wherein Rl, R2,~R3, R4, R5, R6, RO, R10 and R12 are as_de 5 ()
reacting a corrpound of Formula XIl with acid to pro “@iﬁbﬂf f t he
formula [err] 10 [err] 15 wherein Rl, R2, R3, R4, R deflned
above; and R12 is hydrogen; and 20 (c) cycl I zing a corrpound of Formul a Ib
wherein R12 is hydrogen, to produce a conpound of formula 25

[err] [ewﬂeﬂéﬁd]Rl, RZ,_Rs, Ra, Rs, and Rs are as defined above and

Z is
0 rl4
I . G-)/.
—p—(or1?), - - —pl Rrl4 Q
. - \R14
13 ., 14

wherein R is Cl-4 alkyl; R is phenyl which is
unsubstituted or substituted by one or two 01_4 alkyl or

chloro substituents; énd X is bromo, chlero or iodo with
a campound of the formula ITIb as defined in claim 1 to produce a
campound of the formula "’

Y= | . xIz

¢



[err]. 30 in substantially the‘trans-(4R, 6S) f_ormwherein R, R2, R3, RAT R5

and R are as defined above. 35 *C ' L *
claim13 for preparing the conpound of the forrrul a [err] [Hlmlﬂmmﬁﬂllmmll
substantially the trans-(4R 6S) form conprising the meaet

a conpound of the fornula Xa [err] [err] [err] whereln Z is 0

[err] ([err]
in sub's_tantiai'ly: the éis-(4R,6$) form wherein Rl, 'Rz,' R3,

R‘, Rs, Rs, R’, Rlo and R12 are as defined above;

5
(b) reacting a compound of Formula XII with acid to
' produce a compound of the formula
RS
. X aH o4 g '
.- R? | o o
N : Rz-—{ l AN gri2 Id
15
wherein R!, R?, R3, R", R3, and R® are as defined
above; and R}? is hydrogen; and
20
(c) cyclizing a compound of Formula Ib wherein R1Z2 is
hydrogen, to produce a compound of formula
o 25
30
in substantially the trans-(4R,6S) form wherein R, Rz, R3,
R%, R® and R® are as defined above.
35
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wherein R13 is Cl-4alkyl; R14 i s phenyl _whi ch |<4unsubs%|tuted or_
substituted by one or two Cl 4 al kyl or chloro substituents; and X is

bromp, chloro or iodo with a conpound of the f fined in ~

claiml to 5 produce a conpound of the formnul 3“““““““‘““““““ r [erfr]
15. 20 25 in substantially the Cis- (4R 6S) forr wierkin"RS, RL0 and R12
are as defined above. 30 35 (b) reacting -the conpound of Formula Xlta

with acid to. perUgepwceQPOUQd nggnhelg%rnzylparepirz.né the compcund

of the formula

CH

in substantizlly the trans-(4R,6S) form, comprising the

steps of

(a) reacting a compcund of the formula

Xa

wherein Z is

13, £ glé O

Nglé

I
—P—(OR

&8



10 rein R12 is hydrogen; and (c) cycliziphg the conmpound of Formula IC
wherel’n R12 is 15 hydr ogen, to produce the corrpnﬁ mm“&m la F
20 25 - in substantially-the trans-(4R 6S) form claim

14 wherein RO and R10 each are nethyl. 30 35 70 16. A process 6f élaim
14 wherein R9 and R10, taken together with the carbon atomto- which they

are attachedheriémycl nﬁ%xylls 17, aanqcess rt4cl dism Ighehiglei rmzmls 14 s

br o, 15, AnsHBsiRE o c|=§{ﬁﬁq¥4t%%ﬁ5 By one cor two c; M H1ky1% or

chloro substltuents ; and X is bromo, chloro or iodo with a
compound of the formula IIIb as defined in claim 1 to
5 produce a compound of the formula '

10 .
' XIla

15

20

U 25 in substantially the cis-(4R,6S) form 'Where.in R9, &° ang

Rlz-are as defined above.

30

35
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[err] ' in which RI3 is, nethy. 19. A g to any
one of clains 1 to 7 substantially as hereinbefore IH\process
according to any one of clains 8 to 18 substantial ¥ as ereq e ere :

described. 21. A conpound when produced by a process according to any one
of clainms 8 ound whe pr dyced rocess according to
any one of g})gl geiggigg @) gompouna fo Hormg?g ?(I& w1€h acid tg -
produce a compound of the formula

5
e O g Ie
GR"' '
/kk/-'*g
10 u—-—u
P wherein R!? is hydrogen; and
~ N . . . 12 '\J
(c) cyclizing the compound of Formula I¢ wherein R is
15 hydrogen, to produce the bomppund of the formula
@
20 I '
SO N
N ,&\Iu/" "
\M;_
25 in subs_tant__j.ally__ the trans-(4R,6S) form.
| : v
15. A process of claim 14 wherein R? and R each are
methyl.
30
35



‘ o mmmw

10

16. A process of claim 14 whereln R9 and R, taken

together with the carbcn atcem to whxch Eﬁey are attached, is

cyclchexyl.

+17. A prccess of claim 14 wherein 2 is

R14
GB/// ' 1
-?-—*Rl4 fj in which R"4 is phenvl
R14 and X is Erermo.

i
——?-—(0213)2 in which RZS is methyl.

19. A compound accorcding to any ore of ciaims 1 to 7

substantially as hereinbefore described.

20. A process according to any one of claims 8 to 18

subsiantially as hereinbefore described.

21. A compound when produced by a process according to any

one of claims 8 to 12.

22. A compound when produced by a process according to any
one of claims 13-18.

-



