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| NTERVEDI ATES 25 30 35 SUMVARY OF THE | NVENTI ON Novel i nternedi at 7
the present invention 5 10 are useful for the preparation of

inhibitors of the enzyme 3-hydroxy-3- 15 nethylglutaryl coenzyme A

(HMG- CoA) reductase, in turn useful in the treatnent of

hyper chol esterol emi a, hyperlipoproteinemia and atherosclerosis. The

i ntermedi ates of the present invention are used in a sinple and conveni ent
chiral process for the preparation of inhibitors of HVG CoA reductase.
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DESCRI PZFl ON OF THE | NVENTI ON This is a divisional of U K Patent

Ap._T’lﬂcat i.on Nunmber 8903604. 0, said patent application which discloses the
pr & 4ration of internediates useful in the prepara%hon of

ant |.ﬁyp-er chol esterol emic teraazol e conpounds. 5 Internediates which are
useful for the preparation of theSUMPBARVOPRTHRINVENEIONI nvention have
the formula [err] [err] [err] 15 in substantially the cis formwherein
Rlerr] and R err] _ each are Cierr]alkyl or Rerr] and R err], taken
toget her with the car MNovehtntermediates of thﬁeyom%eattanh@dulps—eya-e-pem-w—
cycl ohexyl or cycl oheptyl; and 20 Rerr] I s hydrogen,
Cerr]al kl'yl gor a netal cation. In turn the corrpounds of the subject

i nvention are3useful in processes for the preparation of

anti hyperchol esterolenic agents of the formulae 25

10

_ - are useful
. for the preparation of ‘inhibitors of the enzyme 3-hydroxy-3-
~ 15 methylglutaryl coenzyme A (HMG-CoA) reductase, in turn useful in the treatment

of hypercholesterolemia, hyperlipoproteinemia and atherosclerosis. The intermediates
of the present invention are used in a simple and convenient chiral process for the

preparation of inhibitors of HMG-CoA reductase.



e | - . | Il 35 -3- wherein R err] o
and Rlerr] each are independently hydrogen, halogen, (err]alkyl, oA

. P
Jerr]al koxy or trifluoraomet . eLL] e r] and R err] eachyg
are independently hydro ,C ,6 _ THE[E TION err]al koxy; and R i/é -
hydr ogen, a hydrolyzable ester_grqup or a cation to-forma non-{oxi -
- phar maceut i caPi§ d8cepdarreionait of THeK Fahent PeRiicarisn "Nmbﬁeé?q%ﬁ%ﬁyq’".
ang_, "Clerr] al?&ﬁ&yﬂa%%ﬁt L@;ﬁﬂibﬁlfidnnwmc:itdx iilil.;cthsesl tHenPprépatiae son tolifeimlmﬁnediates
i ndi cates ot herw se). megn. unbranched or -branche 0L, /| _.or XV
" groups such aSTHEt hy” @I%y??epﬁfsgﬁ?‘} %3 op%%%%%ﬁ?%%tgyé%%ﬁ%yl ?e{agﬁé%?/l
anyl, hexyl, ampouktssf er abl'y, these groups contain from1l to 4 carbon atons
and, nos$t preferably, they contain 1 or 2 carbon atons. " Unl ess otherw se
specified in the particular instance, the term"hal ogen" as used herein and
in the clai mEtermefiakes hichi AEE UERETUR| BPY e PFERFPREON 5o APR CARIUPLRIi ne
while the = of the subject invention have the formula '

K
.

10
) Ilia IIin .
) -
15 _ _
in substantially the cis form wherein _ _ _ _
- R%and R" each are C, alkyl or R® and R™, taken together with the carbon
atom to which they are attached, is cyclopentyl, cyclohexyl or
cycloheptyl; and '
20 R¥ is hydrogen, C,.alkyl or a metal cation.
In turn thé compounds of the subject invention. _ .
_ are useful in processes for the preparation of antihypercholesterolemic
- agents of the formulae .
25
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term."halfi de" as used herein and in the clains is intended to include
Chlonﬁg brormi de and iodide anion. The term"a cation to forma non-toxic
phar: eutlcally acceptable salt" as used herein and in the clains.is
intended'to include non-toxic alkali nmetal salts such as sodium potassium
cal ¢i um and magnesi um the ammonium salt and salts w th non-toxic am nes
such as trial kyl am nes, di benzyl am ne, pyridine, N nethylnorpholine,

N-met hyl pi per i diihe raith ® hermdiihesashi ghe hiwée peste 6 h9diegah§ahbaogkn,
carboxylic -4- acids. Unless otherw se specified, the t?rn1" 6
hydrol yzabl e esCqr_ ,gldud’, & yselkdrey eon tniif lwotdree thpl gsRls R%uenaednaon
i ncl ude an ester "group which is physiol ogi cally acceptabl e and hydr ol yzabl e
under phy5|oIogﬁé&h<ﬂﬁﬁhﬂﬂdﬁ2$34;ﬂf¥& h1é¥¢$%mkyh31®$¢EnyC i?énér
plvaloyloxyneth t he conpounds of fornulae |, X and XII it is 10
i nt ended t hat tﬁﬁ d&ﬂ@Q§ﬂymﬂﬁ§eﬁe}$rhl%@cg?%nsac@h@¥©h¥ﬁ?b6ﬁ ester, 8FEyp or

as indicated in the truct ur formul ae used herein and.in_,the clai ns
Whereas in the tion % f%r a non- toxf% P armaceutlcaliy acceptable

salt.
The terms "Ci_qaikyl“, "Cy.g3lkyl" and "C,_,alkoxy" as
used herein and in the claims (unless the context indicates
s otherwise) mean uﬁbranched or bfanched chain alkyl or alko#y
groups such as methyl, ethyl, propyl, isopropyl, butyl,
“isobutyl, t-butyl, amyl, hexyl, etc; Preferably, these
group§ cohtain from 1 to 4 carbon atoms aﬁd, most |
preferably, they-contain 1 qr.2 carbon atoms. Unless
otherwise specified in the ﬁarticular instance,_the.term '
"halogen" as uséd herein and in the claims is intended to’
| include éhloiine, fluorine, bromine and.iodine while the
term "halide” as used herein and in the claims is intended
‘to include chioride; bromide and iodide anion. The term "a
catipn to form a non-toxic.phafmacthically'acceptéble salt"
as used herein and in the claims.is intended to include
 non-toxic alkali metal salts such as sodium, potassium, -
calcium and magnesium, fhe ammonium salt and salts with
non-toxic amines such as trialkylamines, dibenzylaminé,
pyridine, N-methylmorpholine, N-methylpiperidine and other"

amines which have been used to form salts of carboxylic



15 ccnpounds of Forrmulae IV, V, VI, VII, VIII and IX, it is intended.that,
the configuration of the double bonds are trans, cis d6r m xtures t hereof”
e., (E), (2 when n=o0 and (E)(E), (2)(2), (BE)(2) and (2) (E) when n=l, };s/
indicated 20 herein and in the clainms. As the conpounds. of the present
I nventi on possess two asymetric carbon atonms, the invention includes the
enant i oner i £ angl. di Bs1 ek 0B heswhgleNs pek itFiedsulthect: dx¥ evaragictas, 46414 zed
in the processes for the preparation of compounds of Formulae | and |1 as
descri bed hertsdm. g foeptonpoused berEéinmahdein &he Idlaimischi L5nteontad té Wo
centers of asynmetry may have four plosm bl e ‘st ereqi soners desi gnated as the

RR. RS, SRm%eﬁ’anﬁﬁéﬁé‘rgr°Sﬁeb FlFbiaIllsyP‘t!ﬁé°é@r8|5cﬂﬁd§f FemEptabke |

havi ng §wo as cay bon -at.ons earl t.he .hyd y groups in the 3 and
5 pos t?onar?ai'm\?% of5iabi6otPEre BhFaanOBHErd RNAT AT HBAGATd a5t he
30 35 -5- Cl( aRh-:5fQ'i lgr"; ?,lf%ﬁt(‘?lf éR}ie?E‘ §§§1§§)y t%r oi soners. As used

her ei n 'S It ended t o i'ncl ude a
m xture of (3R 5S) and (3S, 5R) enanti onmers, and t he tern1 "threo” is

i ntended to include a A o
In the compounds of formulae-I' II, XI and XII, it is

10 intended that. the doob e bonds are in the trans
config tlon, i.e., (;), as 1nd1cated in the structafal
For'"a-ae used he*eln and in the’ clalns Whereas in the e
15 .CCTPCJTGS of Foxuulae IV V VI VLI VITI “and IX,llt is hd

1nteﬁded tnat the coptlguratlon of the dcuble bonds are

trans, cis or_mlwtures thereof, i.e., (E), (Z) when n=oc an
(E)(é), (2)(z), (E)(Z) and (2)(5) when n=1, as indicated

20 uere*n and in the claims.

As the compounds of the present 1nvent10n possess two asymmetnc carbon

atoms, the invention mcludes the enannomenc and diastereomeric forms of the

| subject intermediates utilized i in the processes for the preparation of compounds of :
Formulae I and II as described herem The compounds of Formulae I and II which

25 contain two centers of asymmetry may ‘have four possiblé' stereoisomers designated - -

as the RR, RS, SR. and SS enantiomers. Specifically, the compounds of Formula I
_havmg two asymmetnc carbon atoms bearing the hydroxy groups in the 3 and 5 A
posmon may have four p0351b1e stereo:somers wh1ch are de51gnated as the -
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m xture of + (3R 5R) and (3S,5S) enantioners. . The use of single designation
such gs (3R 5S) is intended to include substantially one stereoisoner. The
| act:gffe conpounds of Formula Il also have two asynmetric carbon atons at
the 4 arfd 6 position, and the resulting four stereoisoners nay be
desi gnated as the (4R, 6S), (4S,6R), (4R 6R) and (4S, 6S) stereoisonmers. As
used herein (3R, 5S (38,5R), (RNSRPIdRL L(F938s) ast QPG SombBEENdegdgto
i nclude a m xture of 84R,68y and'(48;6R) enant | oners..while the term"cis"
l actone is intepged heredal ude a mixture of (ARWR)tend C4Sy /Yo" is
ehantioners. The use of a single designation such as (4R, 6S) 1s intended to
i hcl ude subst anintkhygednéocenaniivdesa milxdotmmer £ THIR si®3t andt €3S 158B) di oxane
cobnpounds of Formula Illa, I11b and ot her simlar conpounds described
herein and i n té&mapkiprers,sendofbhei ke "ddyreet ris nteodedt basinclude 4
an 6 position as shown bel qw, k;rr]d[eng and the resultigg f our
S; er e0| SOner s rmyxsgraeglfgrcapeé san (3 ,SS) enantiomers. ihe use Of
; single designation such as (3R,5S) is intended to include
é substantially one stereoisomer. The lactone compounds of

‘Formula II also have two asymmetric carbon atoms at the &
§ and 6 position, and the resulting four stereoisomers may be

designated as the (4R,6S), (48,6R), (4R,6R) and (45,65)

stereoisomers. As used herein - _ - the term
“trans" lactone ié intended to include # mixture of (4R,6S)
and (4S,6R) enanticmers while ihe term.“gig" lactcne is
intended to indlude a mixture of (4R,6R) and (4S5,6S)
enantiomers. The use of a siqgleldesignatien-such as

(4R,68) is intended to include substantially one

enantiomeric lactone.

The substituted 1,3-dioxane compounds of Formula
A N - IiIa, IIIE and other similar compounds described herein and
in the claims alsp'gontain_twb asymmetric carbon atoms at

- .

the 4 and 6 position as shown below,



t he (4R, 6S), (4s,6R, (4R 6R) and (4S 6S) stereoisoners. As used herein
and in the clains, the term"trans"-1, 3-di oxane i S intended to include’a-

m xture of (4R, 6R) and (4S,6S) enantioners while the term"cis"-|I Ig{'

, 3-di oxane is intended to include a mxture of (4R 6S) and (4S, 6R) . T

enantiorrers. Since the nost preferred enantionmer of the |actone conpounds
~of Formula Il. has fortuitously the sane (4R, 6S) stereoisoneric designation

as the nasd ph@f arersed tdment § e s bérebis ¢mardi meanéel rdteesmmchSaS)f t he
present i'nvention, . the additjonal designation of "trans". or "cis" is.

i ncl udedthe 498i&Sany (FSodiBl e CHRi 6R) oﬁndl ﬁ“ﬁhésdoﬁﬁsu‘msm‘mm.rmlm Illa
d-l111lb, d | kyl d
o on | DsFHCRekeR AR ] She e B %ﬁ%ﬁtﬁ%@y NSO P AR
| | | f
Yl openty tnEXHARCRY sl 1 ohpiMtura ke TRRCEKY, SRR SR BT o
to whi chebARY 1 BMmE rat Wifi%d tﬂ‘f CYFhORERYh. lrgt F;gf{aggf g g tohate SR8 1]

i s hydrogen, nethyl . a met cat1 orfespec m e % 1%omer

of the Ci)HQDuEdSaOfm.EQUi“é' ad (4R ] 6s prener (89, eﬂq thn%a%m(e‘}'? 65k siyyrer  of
t he conmpounds of Formula Il1Ib 1Is nost preferre -

the most pfeferred enantlomer of the lactone compounds of
rorncla II has fortu1tously the same (4R 65) scereo*somerlc
ces1g“atlcn as’ the most p*eFe red enantiomer of the

1,3 cicxane 1ntermed1ates of tne present 1nvent*on, the :3
"erzns" or "eig" .

rzn8" or "cis" is included to

additicnal designation cf

avoid any possible confusion.

In the connounds of forwu ze IIIa'and'IIIb;_R9

cnd R‘O each are C1 4a1 1 or R9 and Rlo, taken togéfheri

-

with the carbon atom to h;lch ‘they are attached, is’

cyclepentyl, cyclohexyl or cyc;oheptyl. Pre*erably, R9

10 each are methyl or R9 and Rlo,-taken together with the

and
R
carbon atom to whlch thev are. attacued, is cvclohexyl It

12 is’ hydrcsen, methyl or a metal cation -

is p*eferred that R
especially 11thlnm. _Ihe-c1s Lsomer of the compounds of
Formula IIIa is prefer}éd:and'fhé oiS}(4R568)'i§omer'of the

compounds of Formula IIIb is_mosf;preferred.




5 10 15

The conpounds of Fornulae Illaand II1b may be prepared by

t he-redction of an al dehyde of Formula 1'V with an ester of acetoacetic acid
andihen reacting a ketone or ketal with a conpound of Formula VI followed
by*Nydrol ysis of the resulting 1, 3-dioxane of Formula VII and opt.ionally
resolving the acid of Formula VIIl, as shown in Reaction Schene 1. 20 25 30

35 -8 - React irom—Sctreme—t—ferri—ferr—tVvTerri—Terri

10
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25
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The compounds of Formulae IIla and IIlb may be prepared by the reaction
of an aldehyde of Formula IV with an ester of acetoacetic acid and then reacting a
ketone or ketal with a compound of Formula VI followed by hydrolysis of the
resulting 1,3-dioxane of Formula VII and optionally resolving the acid of Formula
VIII, as shown in Reaction Scheme 1. ' ' '



[err] [err] VI [err] [err] VII [err] | - [err.].‘___.

Lerr] MII : oI X-[err] [err]
[err] [err] ' [err] Illa T
- I11b 7 - 8 In Reaction Schene 1, R and R each are independently, =~
hydrogen, Clerr]al kyl or phenyl which is optionally substituted by one or
two Clerr]alkyl, halogen, C[err]al koxy or trifluoromethyl; R is a’
hydrol yzabl e ester group, n is zero or 1 and Rlerr] and Rerr] are as
previ ousl® edetﬁ.nggSchgm et oester of Formula V- may be prepared by the _
*/ )j\H 4 CHMcgli .____.....—)
IV
RS OH 0 ©
s A
R 'R0 cRY —
v |
- | S o/
R® ~ oH QH 0 | -
R ‘x’_n/.l\/vkoan' —
vi _
R, _g10 =
7/k/<' /k)\/u\
R \\)n 6RY
VIiI

. . . —_— . . . )
RV /.(§)-)\/,\/tk0i4 R /‘%)M”

IIla | IIIb



reaction of an ester of acetoacetic acid with an al dehyde of Fornula IV by
procedures well-known to-those skilled in the art in an inert organic
soIQ@@t such as tetrahydrofuran at tenperatures of : Jerr]Cto
-78[erriCin the presence of a base such as sodi um hydride, |ithium

di i sopropyl am de and n-butyllithium The starting materials of Formula |V
wherein n=0 and n=l are known or nmay readily be prepared by known nethods.
The starting materials of Formula IV wherein n=l _may al so be prepared by
the reaction of conmpoundsyf R EQEEWLA kY wher qi"nRﬁ:Qawi &9 Widd g Jeagents
such as triphenyl phos- phoranyli dene acetal dehyde and ot her nethods

wel | -knowt in tifttidfdndent 1$RYEdoREnaP.ECiaaked by phese iskiHiad g the
art that the relative configuration of t doubl e bond (n=0 or double
bonds (n=l) indpEictaily ngubmtétubkd by Boemolrathy Gy  Jad ylanhalicgear,

m xtures thereof. The relative anounts-of eachjgeonetric isonmer (E) or (2)
will be deternmithed, dlkeamer ctat favarpasithydy 8 t ke pedodzonlyeatdie egter
enpl oyed in the preparation. 1In a gpecifi g exgngug descri bed herein, a

mi xture contai ®HRPRoR IS t7aRe ofol and R™ an dre as previously

defined. The ketoester of Formula V may be prepared by the
reaction of an ester of acetoacetic’acid with an aldehyde of
Formula IV by procedures well-known to these skilled in the

"art in an inert organic solvent such as tetrahydrofuran at

temperatures of 0°C to -78°C in the presence of
a base such as sodium hydride, lithium diisoproprylamide and

n-butyllithium.

The starting materials of Formula IV wherein
n=0 and n=1 are.knbwn or may readily be prepared by knewn’
metﬁods. Thé sfarting'materials”of ?orﬁdlé IV wherein n=i
m;y élso be prepared7b§ the reaction of cempcunds of Formula
IV wherein n=0 wifh witfig'reagents such as triphenylphos-
éhéranylidene acétaldehyde and other methods well-known in
the art; It shouia.ﬁe éépreqiﬁted By those skilled in the
art that the relative configurition of the double bond (n=0)
or double bondﬁ (h=1)_in the Stértihg materials of Formula
Iv mé? be ggggg,:gig:or mixtbreé thereof. The relative
amounts 6f eéch geomeﬁfic isoher {E) or (Z) will be
détérmined bj commercial availability or the reaction
conditions emplqyéd.in the prepa:atioh;' In a specific

example described herein, a mixture containing mostly trans

-10-




(E) isoner was enpl oyed. Even though a small percent of the other isoner
may be present throughout the series of

1, it should be evident to those skilled in the art that the rel ative

anount of

t hereby renoved in the ozonol ysis reaction.
be reduced to the di hydroxyester of Fornmula VI
group with

isomers is not critical since the doubl e bond iss oxidi zed and

Leduci n ents | -k own, in_th r Pr ef er.abl y,
i s carried(%St %%%s %d@ﬁ% ?%7¢- nehRER 5§°33 - $P@p L PErE8BPetEr tie
d f. h
" $Pa0K Teodd TG WE% e RE OUNELLNAAL HAS BeShiLr g CIi O

is carri edreaatwn& téﬂ@.&b%%@é@i&w benanesi,pyef %eta'm bei el hykherane
or tri-n-butylborane, or al koxydi al kyl bor anes, prefera y

met hoxydi etbythoe&neslameémoi«yohteé hytboehae khet krahadior hﬁtbhﬁf:sof_ZB 155

reductlon
i soner

reactions shown in Reaction Schene -

F a

The ketoester of Fornula 'V ﬁay
by reduction of the ketone
t he reduction

(1987)] at a tenperature of - -70[err]Cto - - -ambi ent -
tenperaturescﬁhescompMQc\waﬁn¢aﬂFﬁtﬂeeeuhesdbhbﬂerbdndedsmpkhdsoddum .
borohydride at a tenperature of: -50[err]Cto ~-78[err]Cin an

‘i nert orga®dné §beweﬁwsﬁﬁﬂp%eﬂtknr%m@deepup&m81§|éeﬁymepner and.
1, 2- dlnethoxyethane preferably '

The-ketoester of Formula v may be reduced”to the
dlhydrOt\ester of Formula V- by recuctlon of the xctone

group with reduclng agents nell -Xnewn in the art.

manner by a two-step sterecspecific reduction in ordes to .

maximize the production of the-preferred'erzthro'iSCmer of

the dihydroxyester of Formula VI The stereospecific

_ reduction is carried out wi h trlsubstltutedalkylborane

preferably trlethylborane oT tr1 -n- butylborane, or

.-alkoxydlalkylborenes, preferably methoxvdlethylborane or

_ethoxyd*ethylborane [Tet ron Letters, 28 155 (1°87)] at

.a temperature of

_borohydrlde at a temperature of

amblent tenpe ature.

-70 C to
The. complex whlch is produced is then reduced WIth sodium

-50°C to

-78° C

J‘

. in an 1nert organlc solvent such as tetrahydrofuran,

dlethylether;and_l,Zfdzmethoxyetnane, preferebly

- tetrahydrofuran;. The reduction”is then completed by the

Preferably, the reduction 1s.carr1ed out_ln a stereoSpecific'

' addztion .of methanol w1th or w1thout the addition of aqueous

- -hydrogen peroxide and buffer. Some of the compounds of

Formula VI are known and descr1bed 1n U S Patent No.

-11-
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tetrahydrofuran The reduction is then conpl eted by the addition of

met hanol With or w thout- the addition of aqueous hydrogen peroxide and
buﬂ&gﬂ. Sonme of the conpounds of Formula VI are known and described in U S
Patent fNo. - 11- 4,248,889 (issued February 3, 1981) and U.S. Patent No.
4,650,890 (issued March 17, 1987). The conpounds of Formula VII may be

pr epar ed fronlthe conpounds of Fornmula VI by reacting a ketone such as

2- propanone, ratW%M‘ﬂ)pﬁé@@@gegzgndmql)ofae—ma%%e ip3 e it bl e

i nert organic S vent e.g. toluene ene or Xyl ene at terrperat ures of

about 20[err] @ 630,850 efigbudemperehule, oflgehg sol vent enployed in the
presence of a smal I’ amount  of or gani c, m ner al resin acid, e.g.

p-tol uenesul fonic acid and sul furic acid and optlonally renovi ng the wat er
which is formed with a drying agent, e.g., Na2SOerr], .MgSg err] and

mol ecul ar sieves or by dteotcoppeahdseobvBbrmuilla ¥IDeaaySher prepgred from
simlar apparatus. The reaction of a conpound of Fornmula VI with a ketone
may al so be. ca&he epmpaunds Iﬂ)thF%UWbﬁtVIAbVeFﬁ&lclt‘}@lBya kesoneacrualn as

-2-propanone, 3-pentanone, cyclopentanone and cyclohexanone
in a suitable inert organic solvent, e.g._toluene, benzene
or xylene at temperatures of about 20°¢ to the reflux
temperature of the solvent employéd.in the presence of a
'g; small amount of organic, mine:al or resin acid, e.g.,
p-toluenesulfonic acid and sulfuric acid and cptionally
‘removing the water which is formed with a drying agent,
e.B., Nazsoa, MgSO4 and molecular sieves or by azeotropical
removal with a Dea?-Stark'trap or similar apparatus.  The
reaction of a cémpdund of Formula VI with a ketone may also
be carried out without solvent. Alternatively, the reaction
~described above of:compounds of Formula VII may bé carried
out with a ketal such as 2,2-dimethoxypropane, 1,1-dimeth-
- oxycyclohexane and the like.

The compéunds-of Formula IIIa_..whérein'R12 is a
hydrolyzable ester group, and preferably, Cl_qalkyl may be
prepared from the cotreSponding compounds of Formula VII by
oxidation of the olefinic group to an aldehyde group using

' conventional means. Alternatively, a compound of Formula
.'VII is first hydrolyzed by basic hydrolysis to a_compound 6f

Formula VIII which is then oxidized to give a compound of

-12-



descri bed above of conpounds of Fornmula VII may be carried out with a ketal
such as._ 2, 2-di net hoxypropane, 1, 1-dinmeth- oxycycl ohexane and the |ike. The ™
conpounds of Fornmula Illa wherein Rl err] is a hydrolyzabl e ester group,sy/
and preferably, Cerr]al kyl may be prepared fromthe correspondi ng
conmpounds of Formula VI1 by oxidation of the olefinic group to an aldehyde
group using conventional neans. Al ternatively, a conpound of Formula VII Ts
first hydrolyzed by basic hydrol¥§;s ‘to a conpound of Fornmula.VI11 which is
then oxi di PednodagliZaavierpdan® Of islhydrogemaul & parhivhbaely Rlerr] is
hydrogen. A particularly convenient oxjdation nethod is the reaction of a
conpound ofeFoendiratVPKigation methad ikertherpaareienl 98ne S@@hOQBd of

met hanol , ethyl ~acetate and methyl ene, chloride with ozone at nyeratures

of 5’6‘{%‘?‘1‘}% Y&l or VIII 17’8[36‘} r‘]'@rt VIERE T hE FRAFENENSWFRNhEdzone is
comp oL, SoiARRseatly s s dd e f%@?@ﬁzé%ngsagéﬁﬁ dpgargdiate
di met hyl, S&Q&#ggaeeslegrbehemd.-nhawcneca a-give: Ii\@oé.ewﬁgnaéﬁ@hyde

féactibﬁ'wifh:bjédé is complete as evidence by the color of

the rééctibﬁ Mixtdre, the inﬁérmédiéﬁe 6zonide is decomposed

by Eﬁé:aadiﬁibn 6f?a ﬁi1d:feducin€ agent, e;gdgidimethyl

sulfide aha.triﬁhenyi¢h§sphine to give the desired aldehyde

of Formula IIIa. o oo S o [

The preferred cis-(4R,6S) aldehydes of Formula

I1I5 hay'be'prépared from the COrreSponding;raCémic-acid of
' Formula VIII by conventional resdlution methods such as
frac*ionéi.c#ysféliiiation after the introduction of a !
su1;ab1e salt- form1rg g*oup 'Tbé”resu1tihg'mixtu¥e of
dlaSueIEOlSCuerlc salts kh*cﬁ is formed w*th an optlcally

active salt-forming agent such as (1S,2R)-ephedrine and
a-methylbéﬁzylamine is sepérated-and the separdated resolved s
salt is converted to a compound of Formula IIIb. -
Preférabfy,'the saié-forming agent iSf(ls,ZR)-ephedrine and
the method 6f-éé§ar#tion is by.f:actional:cr?stallization.
The fesolutioﬁ may be carried out in aﬁ inert organic
sleent;’and'preferably,'in a.miktdre.of_ﬁydrocarbon-alcohol ﬂ
'solvents;'e;gﬂ, hexanhe-methanol mixture; in whichfthe
resolved salt may crystallize from the_sciutioﬂ._ If it is

deéifed,:the acid of Formula IIIb may be;éonverted-to a salt

-13-



of Forrrula [l1la. The preferred cis- (4R, 6S) aI dehydes of Formula Illb may be
prepar éd fromthe correspohding racemc acid of Formula VI11 by

comgenti onal resol ution nethods.such as fractional:“crystallization after
the ‘i n§ roducti on of a surtable salt formng group. The resulting m xture

of "di ast ereoi sg al L for n.opticall tive .
salt-form ng ag"gﬁ %gh \z"r\/%éa(] gp?feg"ra?rpgdgﬂ&&y?rg.' zVﬁS’Fﬁ“h&‘ s €.
separ ated and thakkybkepar at ed resolved salt is converted to a conpound. of
Fornula I1I1b. Preferably, the salt-formng agent is (IS, 2R)-ephedrine and
the method of separation is by fractional crystallization. The resolution
may be carried OO T am TMert-organic Sorvent, and preferapty,—T1ma

m xture of Igdrocarbon-al cohol solvents, e.q.. hexane-pethanol mixture, in
whi ch 't he resol ved salt may crystallrze fromthe solution. . If it is
desired, the aCI_d'—O'f_"lEUTTIUTd TRy be converrecrto a sart - 13-

wherein R err] 4-s - '
Rlerr] is e[err]. [err]al kyI

P

10 .
' - The use of the aldehydes of Formula IITa is shown in Reaction Scheme

2 and the use of the chiral aldehydes of Formula IIlb is shown in Reaction Scheme
3. '

15

20

25

30

35
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5 10 The use of the al dehydes of Formula Illa is shown in Reaction Scheme 2
and the use of the chiral aldehydes of Fornula Ilbi's-shown in Reaction*® ™
Schene 3. 15 20 25 30 35 - 14 - Reaction Schenme 2-[err] [err] [err]. 2w
[err] [err] ‘Illa [err] [errr] = : o ' S

Reaction Scheme 2

IITa

XI

Ia

Compound of Formula II

-15-



[err] Corrpound of Forrrula II - 15- Reaction Schene 3 Rlerr] [err] [err]
[erw] [err] . [err] [err] ( 4R 6S ) Conpound of
Forg#dla | | - 16- I'n Reactron Schenmes 2 and 3, Rerr], Rerr], Rerr],
R[err] Rlerr], Rerr], Rerr], Rerr] and R err] are as previously defined
and Z is [err] [err] -P- (OR[err])[err] or [err] [err] in which

- Reaction Scheme 3

R
\g)\)\)’\mu

IIIb

XII

b

(4R, 6S) Compoﬁnd of Formula II

-16-



[err] Rlerr] is Clerr]alkyl, Rerr] is phenyl which is unsubstituted or
substituted by one or two CJerr]al kyl or chloro substituents and Xis * 7
“bronmo, chloro or iodo. The phcsphoniumsalt of Fornula X and the v
phosphonate of Fornula X is described herein, in U S. Patent Applicatian
Serial No. 018,558, filed February. 25, 1987 and in the corresponding
continuation- in-part U'S. Patent No. 4,898, 949 (John.%h mgggh&; Si ng- Yuen
Sit, Neel akant an -Bakast el 2 and, et er adg Browd) . gPhe gleagld ogof a
conpound'ofoornuIaIgfag{E a'aﬁg%oundgﬁngéﬁﬁngrawﬁflg'drRLdr%UVa b to-
produce ag€ompdung 18 gy Mt e 0fs M teviOsBEG! Dedinedvaereizn iRl err] is-

C err]al kyl may be carr -ed out ig an 1 nert organic solvent such as
tetrahydrof gran -and N, N dnet®y)K ?nanide in the presence of a strong base.

A

such as n-bjjtyl i thi um at a IHEKaF#?e'Of [err] to [err]. \hen the
reaction efPa-{(ORpOUnRd af FEmAa X tar PRégfout with a conpound of
Formula I1la or II'lb wherein N\ergfd is hydrogen, it is preferred to use two

equi val ents of a strong base steh as n-butyllithium Al ternatively,. the

salt of a_ggnpound of Foryula4l)a qr 111b jmay, be prepare .mhicgEis t hen
treated mﬁthHESCGEpwﬁ%¥X{%*i%%N¥ﬁHéb%?é,d"g§§Pr6ﬁg”ﬂ§§éFQLfH§e £fods of
addltlon,sa Ziituted'by one or two Cl_aélkyl or chloro substituents
and X is bremo, chlcro or iodo. The phcesphonium salt of
Formula X and the phosghonate of Formula X is described -

PR

herein, in U.S. ?atent'Aéplicéticn'Seriai Yo. 013,553; filed EJ'

February 25, 1987 and in the corregpgnding continuation-
in-part U.S. Patent_Nb. 4,898,949 (John J. Wright, Sing-

Yuen Sit, Neelakantan Balasubramanian aﬁd_Peter J. Brown). The

reacticn of a compound of Formula X with a compound of

- -

IIZ2 or Formula IIIb to prcduce a ccmpound of

12

Formula XI cr XII, respectively, wherein R~

[1H]

Formul
is Cy _43lkyl
ey
- may be carried out in an inert organic scilvent such as
tetrahydrefuran and N,N-dimethylformamide in the presence of

a strong bzse such as n-butylli;hiumlat'a temperature of 5@_

——— -350°C to

.-78°C. :Wﬁéhléhe-féaction of a compound
of Formula X £S'§arriéd'out with:é'coﬁpOund of Formﬁig i%Ia_
or II1Ib wherein Rlz is hydroéén, it is.preferred_tq use two
equivalents of-a stfohg base.§u§h as n-buty11ithium.
Alternatively, the salt of a.cémpound 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-



salt for_'mation and ylide preparation are wel | -known to those skilled in the
art.~The tetrazol e compounds of Formula XI or XII may be readily

depxgtected by well- known procedures such as mld-acid, e.g., O 2N HCl and
0.5N"HC]1 in an inert organic solven such as tetrahydrofuran to produce the
erythro conpounds of . Fornul a Ja or the (3R 5 co upds of.. .Formula | b
whi ch may then bé ofﬁvaﬁ?%fha?i yhiie PFSPRFALop Gt knqg W&’oa}‘r’ﬁ? élfqugbran'(eéf’éL The
6S) conpounds of terazuié aonipaunds of dforentd Miadr MIhmeay belreadii deprotectddoby well-
skilled in the ar I AVEih gt :

R1O [err] [err] 1 q@?ﬂ%ggg%gﬁg??%Etlﬁg&(rgdisd?féo$mao\l\gg\r/§ic'{rll iedrsp]ﬁgr%%[aérr}r et
each are [err]al kyrgawic spbviepjsuehhas fetrahydrofusnie tp progueedie corapeunds of Farmula

to which they qregzagt ﬁféﬂfaifko,s'sis cEMPbARRXYE ForfdladB whiRh! hay Shély 86 Q@fverted to the

| kyl t al 2 0 3% -_18 - .
LerrJalkyl or a neta compounds oF ormli:ia. II'or (4R, 6S) compounds of Formula II in a

conventional manner well-knpwn to those skilled in the art.

The compounds of Formula I1la have the structure
10

c>< - IIIa
. . | wcaza .
~ 15 | | |

in substantially the cis form wherein R’ and R* each are C,alkyl or R’ and R",
taken together with the carbon atom to which they are attached, is cyclohexyl; and '
20 R™ is hydrogen, C,;alkyl or a metal cation.

25
30

35
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conpounds of Formula Ilb have the structure [err] in substantially the
cis-(4R 6S) formwherein [err] and [err] each are [err]alkyl or [err]® and
[err], taken together with the carbon atomto which they are attached, i%
cyclchexyl; and [err] is hydrogen, [err]alkyl or a netal cation. conmpoynds
of Formula VII1 have the structure [err] [err] [err] [err]. in substantially
"the ci's form viherein [err] and [err] each are independently hydrogen,
[err]alkyl or phenyl; [err] and {err] each are [err]alkyl or [err] and

[err], taken IQggthe[ with the carbon atomto mhuph they ang attached, is

cyclohexyl and n is zero or (1. -19- .
. ' corﬂounds of Formula IIIb have the structure - .

 9, . _; ..T f1 :;”_I |
nb><o n -  IIIb

H\TT/I\\,/I‘\V/lL\ggla o

N« I

in substantlally the cis- (4R, 65) form kbereln R9 and Rlo

10, taken tcgether with the

“each are_Cl_zalxyl or R9 and R
carton atem to which they are attached, is cyclchexyl; and o/

Rlz is hydrogeh, Cl_zalkyl or a metaI_cation.

ccr“ou.ds of Fo*mula VIII have the structure

RY rR10 _ VIII
R® _ &><:o 0 .

in substantially the cis form wherein R7 and Rs each are

. ) 9 . 0
independently hydrogen, Cl_salkyl or phenyl; R° and Rl

9 and qu

each
are Cy zalkyl or R , taken together with the carbon
atom to which they are attached, is cyclohexyl; and n is

zero or 1.

-19-



The conpounds of Formula | X have the structure [err] in substantially the
crsr(4R 6S) .form wherein R7 and R8 each are independently hydrogen,
[e@gﬁalkyl or phenyl; [err] and [err] each are [err]alkyl or [err] and
[erT], ,taken together with the carbon atomto which they are attached, is
cyclohexyl and n is zero or 1. This i nvention provi des novel
|nterned|ates of the fornula [err] [err] [err] in substantially the cis
formwherein [err] and [err] each are |ndependently hydrogen hal ogen,
[err]al kyl, [err]al koxy—er—tr+iftuoromethyts—ferTi—and Terr eackhare

i ndependent Iy - 20- congbeo9ess PRA-AIED, 1Rehhl-al ki ek duiridrad koxy; [err]
and [err] each are |err]al kyl or [err] and [err], taken together with
the carbon atomto which they are attached, is cyclopentyl cycl ohexyl

o R9 Rlo : I
R® e><:o g -
R7)§‘<,§)MH

in substantialiy the eis-(&R,GS) form wherein'R7 and R8 each
: ; ol - 59 . o510
‘are independently hydrogen, Cl_salxyl cr phenyl; R® and R

9 10

W each ére Ci 2alkyl of R’ and R™~, taken together with the

carkon atem to which tlev are attached, is cyclchexyl; a=n d n

This invention provides novel

intermediates of the formula

XI

1 4

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

~iﬁdependent1y hydrogen, halogen, Cl_aalkyl, Cl_Qalkoxy or

2 3 5 6

trifluoromethyl; R, R°, R’ and R° each are independently

-20-
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12 or cycloheptyl; and R is hydrogen, [err]alkyl or a netal cation.. In a
preferred enbodi nent, this invention provides internediates of Formula’Xl -7

i'n substantially the cis formwherein [err] and [err] each are S
i ndependent |y hydrogen, fluoro, chloro, nmethyl or nmethoxy; [err] and [err]:
each 9 10 are [err]alkyl or [err] and [err], taken together W th the
carbon atomto which they are attached is cyclohexyl a [err lO

hydr ogen hyjdwragen kyhadeganaefal é&i‘D’én°Wt9r1e4ﬁr1é§°é‘rYabI%/ A n%la‘ﬂ@”
%ow ded alrne substant | ?I I y ibe Ci,S fmr iﬁ % ”l';]ﬂfﬁ é’f"r"']q‘ meeé ‘eaa’(':‘?tmére

| kyl
\[/\Elr E:]hat héf%e %t‘%%t:ﬁgggh%r c%gl %%E‘%t&ytegga%%?o exyq’e%fg’glrﬁﬂep@?ﬂ and
[err] or cycldéReP¥§J1998Hd ﬁéer§|h¥hfWéé%'“§ é¥ﬁif”br -Zlnetal

cation.

In a preferred embodiment, this-iﬁvention provides

'1nuermedlates of Formula XI in substaﬁtlally the cis form

_whereln R1 Rz, R3,'R4, R5 and R6 each are 1qdepencent1y-

hydrogen, fluoro, chlo;o, methyl or, nethoxy, Rg_and Rlo each .-
) <

105 taken tcgetHer wl“h t“e carbon o

atom to which they are’ aetached is cyclohexyl avd Rl2 is

9
are C1 2a.lkyl or R end R

hydrogen, C 1- 4alkyl or a metal cation.

More preferably a compound 1s provided in substantlally

the cis form having the formula

wherein

R% and R 1° each are C,_, alkyl or R’ and Rlo,_taken
together with the carﬁdn atom to which they are
attached, is.cycloéentyl,'cyclohexyl_or

, cycloheptyl; and |

_Rlz- ie hydrogeﬂ; Cl_4,alkyl-or a metal cation.

-21-



I n another preferred enbodi ment, this invention provides novel

internedi ates of the fornula RS [err] [err] in substantially the
cixsw( 4R 6S) formwherein [err] and [err] each are independently hydrogen,
ha?%gen, [err]al kyl, [err]al koxy or trifluoronethyl; [err] and [err]
each are independerfit angthegeprefiarsgdnempbodimenity tdvig dmdentkboay: [err]
and [err] each 9 10 are [err]alkyl or [err and [err] , taken

t oget her wi t hPERY idgDRP B bninbeFRrehatray ofr £bgt foamda i s- cycl opentyl
cycl ohexyl or cycloheptyl; and [err] i s hydrogen, [err]alkyl or a netal
cation. 10 In another nore preferred enbodi nent, this invention provides

i nternmediates of Fornula Xl | inssubstantially the cis-(4R 6S) form wherein
[err] and  [err] each are 15 iRidependently hydrogen, fluoro, chlorc,

mett hyl or net hoxy;

X1
e in substantially the cis-(4R,6S) form wherein Rl and R4 each
are independently hydrogen, halogen, C1_431kY1s Cl_aalkoxy
(W



[err] and [err] each are [err]alkyl or [err] and [err], taken togather - _
with the carbon atomto which they are attached, is cyclohexyl and [err] is
hydrogen, [err]Jalkyl or a netal cation. 20 Mdre preferably a compound is i
provi ded in substantlally the cis- (4R 6S) forn1haV|ng the formula 25 . 3
. [err] 30 wherein9 - 10 - 9 10 R and
R each are [err] aIkyI or 5& ang t aken together with the carbon
atomto whi olr ttheif lareerometlgchpR™, i B ,cy.él apenRy| eadlyd:oheidepondantly
cycl oheptyl; and [err] is hydrogen, [err] alkylgor a nféal
cation. -23hydrogen d‘é‘ﬁftﬁﬁb:f Gm#bkm!n az] §r1r_]¢,a[1éq°|x]}’,l R% and R each
. 9 10
and R

are Cl_aalkyl or R ’ taken togetﬁer with the carbon

_ 5 atom to which they #:e aétached 15 c;clopentyl cyclohexyl
or cycloheptyl; #nd Rlz is hyd*ogen, 1_4alxy1 or a metal
caticn. | |

10 | .

In ancther more preferred embodiment, this invention
provices iﬁtermediates of Formula XII in substantially the
cis-(5R,65) form wherein R1 RZ, R3, §4, R; and RS eacn are ;;

15 i:de;eﬁdently.hydrcgen, flucro, chlore, methyl or methoxy;

R? 222 R0 each aze C,_,alkyl or R? 22¢ RI?, taxen tcgecher
with the carbon atom to which they are z:ttasched, is
cyelchexyl and Rlz is hydzxcgen, Cl_Aalkyl cr a metal ca 2

20

. More ﬁreferably a compound is pfovided_in sﬁbstanﬁially
the cis-(4R,6S) form having the formula

25

- 30 wherein

9 10

R” and R eacl}.are.Cl__-4 aikyl or r® and Rlo, takén
. togethef with the carbon atom to which. théf-
35 are attached, is cyc;Qpeptyl, 'éyclohéx?l_ or
cycloheptyl; and
R12 i; hydrogen, C1-4 alkyl or a metal Cation;

-23-



can be prepared in substantially the cis formwherein [err] and [err] each
are [err]alkyl or [err] and [err], taken together with the carbon atomto
WRj_gh they are attached, is cyclopentyl, cyclohexyl or cycloheptyl; and
[eff] is hydrogen, [err]alkyl or a netal cation, conprising the steps of
(a) reactlng a di hydroxy conpound of the forrrula [err] [err] in
substantially the erythro formwherein [err] and [err] each are

i ndependent | y hydr ogeAn aldehydebKitle formplzenyl which is optionally
substituted by one or two [err]alkyl, halogen, [err]alkoxy or -
trifluoronmethyl; Ris a hydrolyzable ester group; and nis zero or 1, in
the presence of a small anmount of acid with at | east one equivalent of a
conmpound of forrmula RO R10 [err] O wherein [err] and [err] are as
defi ned above, to produce a conpound of the fornula [err]

R, 10 ’
<o
-3 %4
Ila

can be prepared in substantially the cis form wherein R® and R* each are C,_alkyl
or R® and R™, taken together with the carbon atom to which they are attached, is
cyclopentyl, cyclohexyl or cycloheptyl; and R* is hydrogen, CHalkvl or a metal
cation, comprising the steps of

-24 -



[erf] [err] [err] wherein [err] and n are as defined above; (b)
optionally hydrolyzing an ester of Formula VIl to produce a conpound of *

Formula VIII [err] [err] [err] [err]. 7 8 9 10 wherein [err] amﬁ#y
[err] are as defined above; and (c) cxidizing a conpound of Fornmula VII.
" or a conpound of Formula VIII to produce a conpound of the fornula in o

‘substantially the cis formwherin [err] and [err] are as defined above. An

al dehyde of )heééﬁéﬂiﬁg'A'&aﬁﬁgrQEyPESBSBSQd of the formula

- R®  OoH OH O VI

in substantially the erythro form wherein R’ and &8

each are'indepéndently hydrogen, Ci 6alky1 or phenyl

which is optlonally substltuted by one or two

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

1 4alky1 halogen, °1- 4a1koxy or’ tr1f1uororethy1 Rll .i:=
" is a hydrolyzable ester group, and n 1s zero or 1, in '
the presence of a small amount of acid wlth at least
one equivalent of a compound of formula
. R9 RIO
R? RlO
0

compound of the formula

| VII -
Rzzl§>,,<:t\),zl\\,/lx\,,lL\°R11 |

:& -



in substantially the cis-(4R 6S) formwherein [err] and [err] each are
[errlalkyl or [err] and [err], taken together with the carbon atomto
whlégfthey are attached, is cyclopentyl, eyclohexyl. or cycl oheptyl; and
[err] is hydrogen, [err]alkyl or a netal cation, conprising the steps of
(a) reacting a di hydroxy conpound of the fornula [err] [err] 7 in

substantially th [ th 10 1 err] _ea
|ndependentlg hygrggén ??h]ﬁbb %$ p%géy} ?EeLﬁflgﬁgﬁpﬁd above;

substituted by one or two [err]alkyl hal ogen, [err]alkoxy or
trifluoronmethyl; Ris a hydrolyzable ester group; and nis zero or 1, in
the presence of(aRsnabhlémamuy<H>d¥axyﬂ!ﬂg & beest operegniival ont 06 a
conmpound of forrmula [err] [err]

p;oduce a compound of Formula VIII

| i VIII
Rz/l§N’4§§)’/L\’/lSV(J\ﬂH -

wherein R7, RB, R9 and Rlo are as defined above; and
b '
(¢) cxidizing a compound of Formula VII or a comgcund of
-Formula VIII to produce a compound of the formula
_ R, 10 .
. 0 .'
wcaiz . Iila
in substantially the cis form wherin R?, R0 ang r12
W, a?e as defined above.

An aldehyde of the formula

Al 1IIb
r12

can be prepared



wherein [err] and [err] are as defined above, to produce a conpound of the
formula.[err] VII wherein [err] and n are as defined above; (b) T
hydrol yzi ng an ester of Formula VII to produce a conpound of the fornula s

VITT [err] wherein [err] and n are as defined above; (c) resolving the
' aciFlof Formula VI11 to produce a conpound of the formula [err] -
I X [err] in substantially the cis-(4R 6S) formwherein [err] 9 10

[err] and n are as defined above; %Pd (c? “oxi di zing, the9a0|d o&oFornuIa ﬂ
| X and quqwﬁyb§tant1ally the cis-(4R,6S) form wherezn

9 10

each are. C,. Aalkyl or R” and R

) taken together with' the

carben atom to which they are attached _1s cycloPentyl

12

cyclohexyl or cycloheptyl' and R™" is hydrogen, C1 4alky1 or

a metal catxon, compr1s1ng the steps of
(a) reacting a dihydroxy compound of the formula

T L OH OH 0 o Vi

in substantially the erxthfo'forﬁ.wﬁéfein'Ry_and &8
. each are independently_hydrogen, Clpsalkyl or phenyl
which is optiénally.substituted'by one or twq'
Cl_qalkyi, haiogen, Ci_4a1koxy.of trifluoromethyl; r1l
is a hydrolyzable 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

R" r10

R? _pl0
NG CH30” NOCH,

or

-27-



prepar,ing the ester thereof to produce a conpound of the fornula in
subsrantlally the cis-(4R 6S5) formwherein [err] and [err] are as defined -
abovE:’ A conpound of the formul R5 [err] can be prepared in substantially
the trans formwherein [err] and [err] each are independently hydrogen,

hal ogen, [err]al kyl, [err]al koxy, or -29- trifluoronethyl; and [err] and
[err] each are |ndependently hydrogen hal ogen, [err]al kyl or [err]al koxy,

conprising the steps r eact a conpou d of the fornula RS R4
RGWFerr] %2 R he eg and hu@ are gg %pqér@ bove, to produce a

compound of the formula

g% R0 -
_ : g8 ”ffjf§\~/ji\ | VII
. ' i : . N . b
a”’£>/*§>) OR™

10 gl1 and n are as defined

8 9' r10,

wherein R7, R, R

above;

(b) hydrolyzing an ester of Formula VII to produce a

compound of the formula

; RY gl | -
. é><<z' VIII
RB ' [« J . .

7 8 9 10

wherein R°y R, R, R and n are as defined above;

(¢) resolving the acid of Formula VIII to produce a

compound of the fdrmﬁla_

_R’ nil
8 6>*(:' 0 | X

(o



1 2 3 4 wherein [err] and [err] are as definéd above and Z is [err]

[err] [err] wherein [err] is [err]alkyl; [err] is phenyl which is )
unsubstituted or substituted by one of two Cl 4al kyl or chloro A/
substituents; and X is brono, chloro or iodo with a conmpound of the fornula.-
[err] I n substantlally the cis formwherein [err] and [err] each afte "

[err]alkyl or [err] and [err], taken together wi.th the carbon atomto

which they are attached, is cyclopentyl cycl ohexyl or cyclohegtyl and
[err] is hydrog@nsqhﬁkaswkyllxwthﬁrﬁiaf(éatﬁéh fb@mpwbdweenak Sund of

the fornula er r err
[ d [(ﬁd] [ n]are as def‘ned above; 'and

(d) oxidizing the acid of Formula IX and optionally
preparing tﬁé.esﬁersﬁhereof to;p:oduce a compound of

the fprmula

-4
o

IIT

in substantially the cis-(4R,6S8) form wherein Rg, R‘O
and Rlz'are as defined above.
A.oanximdiﬁftheiﬁxxula
-/

cmrbe;mqmmai
1

in substantially the trans form wherein R" and R* each are

independently hydrogen, halogen, Cl_aaikyl,'01_4a1kbxy, or.

—2_0’/ |



[err} in substantially the cis formwherein [err] [err] and [err]are as
defined above; (b) reacting a conmpound of Fornmula XI with acid to produce a
coﬁﬁﬁhnd of the forrmula [err] -31- Wherein [err] and [err] are as

defi ned- above; and (c) cyclizing a conpound of Formula la wherein [err] is
hydr ogen, to.produce a conpound of formula [err] [err] in substantially the
trans formwherein [err] 5 6. R and R are as defined above. - A

conpound of -the [farmula rr err er
np erfﬁuorom t yl;[and]R23 ih, RS and R6 each are independently
hydrogen, hangen,'C1_4alky1 or C,_ ,alkoxy, comprising the
steps of o '

(3) reacting a compound of the formula

" wherein R, R“, R, R, R and.R6 are as defined above

and Z is

o 14
Y
- _pl gl }\9

\RM

is C,_,alkyl; R!* is phenyl which is

—P— (01113)2

wherein R13

unsubstituted or substituted by one of two Cy.431kyl or
chloro substituents; and X is bromo, chloro or iodo with

a compound of the formula

. R? 10
: o><§ 0 '.

Zo-



can be prepared I n substantially the trans- (4R, 6S) forn1mhere|n R and
[err] each are independently hydrogen, halogen, [err]al kyl, [err]alkoxy,

or trifluoronethyl; and [err] and [err] each are independently hydr ogen, -ws’
hal ogen, [err]alkyl or [err]al koxy, conprising the steps of (a) reacting a.
conpound of the formula [err] [err] wherein [err] ~and [err] are as defined:
above and Z is [err] [err] [err] wherein [err] is [err]alkyl; [err] is

phenyl whi ch 'inu@%%%tdﬂﬂﬂfﬁyg:tﬁé'béﬁt%ﬁﬂ weegﬁn%”md[ﬁip] abgla' or

chloro substituents; and f o or 1odo wth conpound of the
fornyla_- are Cl 4a1ky1 or R and R ’ taken together w1th the '
carbon atom to whlch they are attached, is cyclopentyl,
cyclohexyl or cycloheptyl; and_Rlz is hydrogen,m.
Cl_qalkyl or a metal cation, to produce'g compéund of

the formula

XI ':a.=.;.;‘_
o/
. | ) e e ool 22 o3 4
in substantially the cis form wherein R, R®, R7, R,
Rs, Rs, Rg, Rlo and R12 are as definéd above;
(b) reacting a compound of Formula XI with agid to produce )
a compound of the formula = | o -\

Ia
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in substantially the cis-(4R 6S) formwherein [err]and each are [err]al kyl
or Jerr]l and [err], taken together with the carbon atomto which they are
atthaghed, is cycl opentyl, cyclohexyl or cycloheptyl; and [err] is hydrogen,
[err]al.kyl or a nmetal cation, to‘produce a conmpound of the formula [err]
[err] in substantially the cis-(4R 6S) formwherein [err] [err] and [err]
are as defined above; (b). reacting the conmpound of Formula XII with acid
to produce a conpoung, of {J;leqiorw[@ll afderﬁ [#Pr]rPesnk alzwa%&eae begifoand
[err] are as defined ebove and cycfl Zi ng t he conpound of Fornu I b
wherein [err] is hydmeged; ;;,deroduce a conpound of formula

(e¢)  eyclizing a compcund of Formula Ia wherein_RlZ is

hydrogen, to prcduce a'compouﬁd of formula

o
. . ... . 1 2 3 .4
in substantially the trans form wherein R*, R®, R7, R,
R5 and R6 are as defined above.
A compound of the formula

OH

3z



[err] [err] [err] [err] in substantially the trans-(4R 6S) form wherein

[err] [err] and [err] are as defined above. In Vivo Acute Cholesterol = .
. Biosynthesis Inhibition in Rats Male Wst'ar rats (160-200 g, housed 2 peﬁ~¢
cage) were mai ntained on normal diet (Purina Rat Chow and water, ad s
libitum) for at least 7 days on a reversed |ighting schedule (7: 00 a.m 'to
5:00 p.m dark). Food was renpved 15 hours prior to dosing. Conpounds

were admi nisterggd. §hb§t@9&t&dﬂ!l)b>’t1‘xé‘t£f‘8ﬁ§1(bﬁ BQl)U%trhOQh‘é%‘eBg\ &5 “and M
of water or propyl ene glycol sol uti onsof soditm Salts, |actones, or

esters of the tw tea@m@winmﬁ@éﬁtIfCByaﬁdgEﬁuaha\lelgléms f tahﬁcyl
vehicle. Thirty mnutes after receiving the test substance s

i nj ected |ntrapeg| aa&@hw%\nﬁftfhfﬂmm:ﬁmeﬁhﬁlﬁhhﬁh ’onpt and R
approximately 12 G per:-kg body weight of 14 -
each are independently hydrogen, halogen, 1_4a1ky1 or

Cl;Aalkoxy, comprlslng the steps of

(a) reacting a compound of the formula

>
X
wherein Rl; RZ, R3, RQ, R° and R® are as defiried above |
and 2 is-
| o e o
—g-'-(onﬁ)z - _-.--'plnl" L

\#14 |

14 is phenyl which is

wherein RY> is'61;4a1ky1; R |
unsubstitgted.b:“substituted by one or two Cl_qalkyl gr'
chloro substituenté;'and.x is bfoﬁo, chloro or iodo
with a compound of the formula

a’ i0

IIIb
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sodium([]l-.C] acetate (1-3 nCi/nmmol). After a 60 mnute incorporation
perifod, rats were sacrificed and |iver-and bl ood sanpl es were obt ai ned.
Aliquets of plasma (1.0 nlL) obtained by centrifugation of heparin +
EDTA-treated bl ood, and aliquots of |iver honpbgenates (equivalent to 0-50 g
liver wet weight) were taken for determ nation of radiol abel ed 3-hydroxy
sterols. Sterol isolation for the liver sanples followed the nethod of.
Kates in Techni quesni Bublspisiiaghly (fhe Kl €5( 4R (63 ) PEoradRhe362n3®d, ahr th
Hol | and Publ . Co.,_%gsterdan1'1972 whil € the phasnaESg"res were directly
saponi fied fol | oweR "Dy ciashl atreorCpf, 4 Hey Hi gf t RNi and pREC, ptakihe tojgeitdler
[err]-labelled sterols were quantlf?ed by liquid scintillation counting
(efficiency correc¥éth the msmbgreratanm tehvibichobhey ar€ ahtecpedstds i nto
liver and into plasnma _chol esterol was cal cul ated for groups of tnreated

ani mal s and conpar 4cA8PREdY hnal Gl ahrxtbre¥ of¥ctohentydd spduRianddusly.

Therefore, the aboye . ,test praoyides . information on the ability of test
subst ances to supp?§9§°ﬁﬁ€’dé%naﬁéuﬂﬂgg?ﬁt%ég?gagfcﬁﬁb?@stEPoPrPﬂufﬁv& in

rats-with oral compound of the formula

\ XII1
in substantially the cis-(4R,68) form wherein Rl, RZ,
R3, Ra, Rs, RG, Rg, Rlo and Rlz are as defined above;

. (b) reacting the compound of Formula XII with acid teo

produce a compound of the formula

Ib

34



~dosing. For exanple, using the above test, the conpound of Exanple 13

yi el ded. a 50% I nhi bitory Dose (EDjerr]) for both plasma and |iver .

chol esterol conparable to val ues obtained for nevinolin.(lovastatin) u5|ngv
a simlar procedure (Al berts, et al., Proc. Natl. Acad. Sci., 77, 3957-3961.: .
(1980)] .. DESCRI ?TI ON.OF SPECI FI C EXBODI MENTS I n t he foll ow ng exanples,*ar
tenperatures ‘are given in degrees Centigrade. Melting points were recorded
on a Thomas- Hooyer capili ary2 nmelsi ngs poj st apar t uggand ;are uncorrected. -
Pr ot on nagnetlé"\"‘reé'ﬂfg e (Ferrt nR) s sBeet ae rezcéFGeGSoﬁeafiBTQﬂ(er AM
300, Bruker or \Varian- T-605CNVspectroneter “All spectra were
determnéd in fﬁ%ﬁerr] C}[err] or [err]0 unless ot herw se i ndi cat ed and
chemi cal shifts are reported in 6 units downfield fromthe internal '
standard tetramethylsilane (TMS) and interproton coupling constants are.
reported Sa)HerctyZd(lH_zz)ng £ | 44O REL S 8T PErh 22028l GRRRI AR Woljpus: s,
singl et; doublet; t, triplet; g, quartet; m nultiplet; br, broad peak;

dd, doubl et of Wy@tdgnin, aul ptpduloeibd etompotar b £t foriatkon- 13 nucl ear
magneti c resonance ([err] NWR) spectra were. recorded on a Bruker ANI300 or
Bruker WM 360 spectroneter and were

in substantially the trans-(éR,GS) form‘wherein Rl, ig, R
R3,'Ra, R5 and:RG'are as defined above.
In Vivo Acute Chblesferol BiosyntheSis Inhibition in Rats

Male Wistar rats (160-200 g hOused'Z per cage) were
maintained on normal diet (Purlna Rat Chow and water, ad
libitum) for at least. 7 days on a reversed llghtlng schedule
(7:00 a.m. to 5:00 p.m. dark), Food was removed 15 hours
prior toudcsing; Comﬁqunds ﬁere:administered:at 8:00 a.m.
by intregastric intubation using.O.S-l.O ﬁL-of.water'or |

propylene glycol solutions of sodium salts, lactones, or

==~



broad band proton decoupled. All spectra were determned in CDC[err],
DVB& [err] or [err] O unless otherw se indicated with -37- I nt ernal
deutetrium |l ock and chenical shifts are reported in[err] units downfield
fromtetranethylsilane. Infrared (IR) spectra were determined on a N col et
MX-1 FT spectrometer from4000 cm1 to 400 cnferr], calibrated to 1601
cnferr] absorption of a polystyrene filmand are reported in reciprocal
centineters (cm ). Relative intensities are indicated as follows: s
(strong), m (estems) ofndhe (bestk)congmuynds . r ofomtvedis| pfeivpdweaual
determ ned on. a_Perkin-El nmer 241 polarinmeter in CHC[err] at the

concent r af i on¥olHmedardd thenMghieks . t hi n-1 ayer chromat ography (TLC) was
carried out on precoated silica gel plates (60F=254) and visualized using
W light, iodine vapors and/or staining with one of the follow ng reagents:

ongent (8) 1o | ouad i IR KT reEe RPie €%, €8 Fikishdncedng,

g‘e"rgg‘:nggr??2&3%2?&*&?{5@%%@{cﬁg{%ﬁi%t%%ﬁf%i'm 6NHOMR! Q¥ Wiy vas
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 livgr and
blood samples were obtained. Aliquots of plasma (1.0 mL)

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

14

precipitable sterols. C-labelled sterols were quantified

by.liquid'scintillation.counting (efficiency corrected).

14C iﬁcorporated into liver and

Mean percent'ihhibition of
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

,—36"



divided silica gel (32-63 umon silica gel-H) and pressures sonewhat above
at nospheric pressure with the indicated solvents. Ozonol ysis reactions were
"~ done using a Wl sbach ozonator style T-23. Al evaporations of solvents -—ww -
were performed under reduced pressure. As used herein, the term hexanes isS.
a mxture of isonmeric [err] hydrocarbons as specified by the Anerican
Chemi cal Society, and the term"inert" atmosphere is an argon or nitrogen
at nosphere, un) ess Q%hermnse nd|cated aration

nple 1 o
522 AR 612X AT IBheRTNEL theqEbod te L Shoebhe IBRHERfly P Eest or

h I Oo 2.3
MR LS ek WL LI TR Lo L U Lt s s s evgr?.?%'fﬁ%aéﬁ) (237
catal ytic My Ofd PriebHepRsYkERRrS 13CIdmbarabl 1Y %;da .{f ikea vas

partitioned between diethyl ether and di l'ut e aqueous so i car onate

sol ution. fokhene¥ PRl in! pYEvavRatdni)edsibRSQ 3AchiOUICPHdAddskrainder reduced
pressure to afford a yel l:-ow solid. -After recrystallization fron1|sopropyl
ether, 1. & lberts, et al., Proc. Natl. Acad. Sci., 77, 3957-39%961

(1980)].

OF SP’CI:IC Lyaon'v-wrs'

"y
]
H

DESCRIPT:
In the fo11c§ing exemples,_all te:ﬁe:atures ate given

in deg ees Cenelgrade Melting points were recorded on a
Thomas- hoeve;.cap11+ary meltipg po*nt a:pa' atus end,ere
unéq:rected. Pretoh.megﬁetiq ﬁescnence ( 1a JMR)-speeera
-wefeefecofded_dn_a Bruker AM 300, Bru 1ker WM -60 or. ’\,a....a"x-r1
'T760 CwW Spectromete-;. 11 spectra were determﬁﬁed in CDC13,
DMSO- d6 or DZO unless o*He*w1se 1nd1ca -ed and che ‘1eal

shifts are reported 1n 8§ units downfle;d from the internal
standard te::emethylsllane (TMS).and interproton coupllng

constants eré reported-iﬁ-Hertz'(Hz);' Splitting patferns A
~are de51gnated as follow5° S, singiet d, doublet' t,

triplet;. q, quartet m, multlplet br, broad peak dd,

doublet of_doublet;-and dq, doublet of quartet. Carbon-13
nucleer.megnetic resonance (13C NMR) spectra were recorded

on a_Bruker'Aﬂ 300 or Bruker Wﬁ 360 speetrometer-and were

broad banﬁlprqton decoupled. All.sbectra.gere determ{ned in '"

CDClB, DMSO_%d6 or Dzouunless otherwise indieated with

.5;7,



(62@@ Qf -the title conpound was obtained as a white solid;

.=84-86.5[err]. Alternatively, 0.2 g of solid sodlunlcarboate can be
ad &d to the 2, 2- di met hoxypr opane .sol uti-on and the solution stirred
vi.gorotsly. The solidis filtered through a fluted filter paper. The
excess 2, 2-di-met hoxypropane is renoved under reduced pressure to afford a
yellow solid which is recrystallized fromisopropyl ether. [err] NWR
(CDC err]) [evtdrnal Adayteriom (Btknyndochemithl ghifts 850 rdportrd i 1H,
dd, J =15.9, 6.4 Hz 4.57-4.35 (1H, m), 4.42-4.35 (1H, ng) 3.68 (3H, s),

r3

2.58 (1H, df ypnits w@fgelé)frqnmemwetbvlsglanfs 61 ned) (IRY74-1. 61
1H, , 1.52 (3H 43 ( 3H, 45- Ana

Gl d for RaeatE oz%fze ‘F—F“%""B’S“?—%u% A pdeagel, e @?Teéveﬁﬁéﬁa}%%n

Ex | 2 C h leth det d A
o of £t 7004, 5 608 Y] ﬁer@?ﬁ@?ﬁ?é FoO4RBY gt © ac

. absorptlon of a polystyrene film and are reported in
reciprocal centimeters (cm'l).. Relative intensities are
indicated as follows: s (strong), m (medium)'aﬁd w (weak).

. Optical rotations [.u]D25 were determined on a Perkin-Elmer
241 polarimeter in CHCl3 at the concentrations indicated.

- Analytical-thiﬁ-layer chromatography (TLC) was carried
‘out on precocated silica gel plates (60F=254) and visualized
using UV light, iodine vapors and/or staining with one of
the foilowing reégents: (a) methanolic or ethanolic
phosphomolybdic acid=(2%)-énd heating; (b) reagent (a)
followed by 2% cobalt sulphate in 5M H2804 ;nd heating. !
Column chromatography, also referred to as flash column |
chromatography, was performed in a glass column using finely
divided silica gel (32-63 um on silica gel-H) and pressures
- somewhat above atmospheric pressure with_the indicated
= 'solvents. Ozonolysis reactions were done using a Welsbach
ozonator style T-23. All-evaporations of solvents were
performed under reduced pressure. As used herein, ‘the term
hexanes is a mixture. of isomeric Cg hydrpéarbons as
specified by the American ‘Chemical Society, and the term
"inert” atmosphere is an argon or nitrogen atmosphere unless

otherwise indicated.
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di oxane-4-acetic acid nethyl ester (8.5g, 29.3, nmol) in 1IN NaOH (32 nl)

and net hanol (64 nL) was heated to reflux for 45 mnutes. After S,
evapor ati on under reduced pressure, the aqueous sol ution was washed once J‘5¢
with diethyl ether and acidified with 1IN HC1 (33 nL). The precipitate was™ -
~collected and recrystallized fromethyl acetate/isopropyl ether to afford
7.2 g (909 of the title conpounﬂg_ th§Jg£5@§g solid; nlp =153-155[ err] .
[err] NVR (CDCerr]) [err] : 7.3 ™, 6-60 (1H, 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'%&) 1.77-1.72 (1H,

m, 1-54 (3H, s), 1.46 (3H s).; 1 50 1.36 .(1H |

[err]: C Chs-842-dimpe findd-phrenyletineny]l | Anesfia Gpl e 3
Resol ution of cis-. % dlnethy - 6- (2 phenylethenyl)-l ‘3- dloxane 4- acetlc
acid The r '

t hyl - 6- (2- phenylethenyl) 1, 3- dloxane 4- acetlc
acid (0. 31 g 1.1 nnDI) (prepared I n _

Methyl 3, 5 dihydroxy-7-phenyl- 6 enoate (984-d1astereo-
meric purlty) (2 37 g, 9. 48 nﬂol) was stirred w1LH 2,2~
dimethexypropane (20 mL) and a Catalytzc a-ount of
‘p-toluenesulfonic acid for 16 qours._-The?splutioa_was
partitioned'between.diethyl'ether and'di1uté agueous scdiﬁm | c; _
bicarbenzate solution. The organic layer was dried (Na, 504)
and concentrated under reduced pressure_tq,affo:d a yellow
solid.” After recrvstaili:ation framﬁisopfapyl ether, 1.70 g.
(62%) of the tltle ccmscund was obtalﬂed as a wnite so’zd

,=84~86.5-C;- | |
.Alte:natively,]O;Z,g-of.salidigodium.cazbgnate can be
" added to fhe 2,2-dimethoxypr6;anéVsolution and the-solution
§tirred vigorously. The solld 18 f11tered through a f1 uted’
filter paper. The excess 2, 2 dlmethoxyp;c ane is removed |
‘under reducedVPreSSure-to‘afford'a yellow solldhwhlch'ls_'. _, s
recrystallized from. 1sopropy1 ether _

Iy R (CDC1,) & @ 7.37-7.19 (S5H, m), 6.59 (lH d, J =
15.9 Hz), 6,14-(1H; dd, J =-15.9,¢6,41Hz), 4.57-4.35 (1H, y),'-
4.42-4.35 (1H, m); 3 58 (3H;-s) '2-58'(iH d, J = 15.6, s.a;u

' Hz), 2.14 (1H, dd, J = 15.6, 6.3 Hz), 1.74-1.61 (1H, m), 1.52
(34, s), 1.43 (3H, s), 1. 45-1.35 (IH m).
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Exampl e 2) was di ssolved in a boiling solution of hexane/ ethanol

contai ning (1S, 2R)-ephedrine (0.2 g, 1.1 nnnl) The resulting solution was
verk:elomﬁy brought to roomteppérature to give 0.21 g (41.4% of colorless
chiral salt (the usage of diastereonerically pure seed crystal is
recommended duri-ng the resolution): mp.=170-171[err]. The chiral acid was
freed through an acidic workup (as described in Exanple 4) and its
enantiomeric purityAnak.deadedi nédrt 6,bB,30Q0% b¥, [H+I2 NWR UbiGY

L- phenyl trifluoro- 25 methyl carbinol "as™a chiral sol vent.
[a][err]=+5.45[err](c=l, CH[err]). Prupdrat Con 7Bef din 7.69.

Cs-(4R 68) 2, 2- dlnethyl 6-fornyl -1, 3-di oxane-4-acetic acid The resol ved
salt of cis-2,2-dinethyl-6-(2- phenylethenyl) 1, 3-dioxane-4-acetic acid and
(1S, 2R)- ephedrlne (6.6 g, 14.9 muol) (prepared in Exanple 3) was
partitioned between 0.5N HC1 (30 nL) and diethyl ether. The ether |ayer was
washed with brine, dried (NQS[err][[eramxﬁraﬁ“wkﬁﬁaﬂﬂﬁr3ted under reduced
pressure to afford 4.1 g (99.6% of.the free acid. :

Q;s-QJZ-dimethyl-6-(g;phenyletheny11;;43-dioxaﬁe—4-acetic

acid

A solution of 2,2-dimethyl-6-(2-phenylethenyl)-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 minu:es.. After evaporatibn under reduced pressure,
the aqueous solutiqh was washed once with diethyl e#her
and écidified with 1IN HC1 (33 mL). The precipitate was
collected and recrystallized from ethyl acetate/isopropyl
ether to afford 7.2 g (90%) of the title compound as a -
colorless solid; m.p.=153-155°C.

U ~ lwwm (cpc1y) 5 ¢ 7.37-7.20 (5H, m), 6.60 (1H, 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 (1H, m), 1.54 (3H, s),
1.46 (3H, s), 1.50-1.36 (1H, m). | '

Lo~



This acid was dissolved in dry nethylene chloride (100 nL) and ozone was
passed .t hrough this solution at -78[err] until there was deep bl ue _
col oration. Excess ozone was renoved by purging with nitrogen and the -
ozoni de formed was deconposed by adding [err] (5 nL) and warm ng the
solution to roomtenperature and allowed to stand for 16 hours. The
sol ution was concentrated under reduced pressure and the residue was -
di ssol ved in.AﬁmhnytaetHerfbcaC%gﬂ gbh; Tiog I8é8nZa ;dehy de. 3ti ch was f or med
during the ozonol ysis was azeot. pé together with isoanyl ether under
reduced pressure to afford the ti Flogndonp&und9 .[28 HNVRITD err]) 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 = 16.0, 6.0 Hz), 1.88-1.83 (IH m 1.49 (3H, s), 1.46 (3H, s), -
1.42-1.31 (1H, m. Preparati on Exanple 5 Di net hyl . '
[3,3-bis(4-fluorophenyl)-2-(l-nmethyl-l1Htetrazol-5- yl)-2-propen-I|-yl]
phosphonate A slurry of 3;3-bjs-| “}Ig ] henyl ) - 1- bromo- 2- (1-
~methyl-1H-tetrazol -5-yl)-2-pr - = mmol ) and

5

ReSélution,cf-cis-ZgzrdimEthi;é6r£24pheny1eth¢n31)f1,3s_

dioxane-4~acetic a¢id

The racehic*cisLZ,Z-dimethyi-G-(Zéphenyletbenyl)¥1,3- e
dioxane-4-acetic acid (0.31 g, 1.1 mmol) (prepared in
| ‘Example 2) Qas'disSolved“in a boiling'solution of. hexane/
ethanol contzining (1S,2R)-ephedrine (0.2 g, 1.1-mmol). .
The résultiﬁg“solufion'was very élowly brbught to room
tempefatu:e ?6 givéfb.Zl-g (41.4%)'6f colorless chiral salt
(the uségé of diastereomerically pure seed cr&stalris .
recommended during the resolution): m.p.=170-171°C. - -
: The chiral.acid was freed through an'acidic“workupl
(as described in Example 4) and its enanticmeric purity was

1

" determined to be 100% by H NMR using L-phenyltrifluoro- - _._ W

methyl carbinol as a chifal'sqlvent. [d]D25=+5.459(c=1,

4

'CHCI3).
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trinmethyl phosphite (0.41 g, 3.3 mmol) was heated at 100[err]C for 5

m nutes. After cooling to anbient tenperature, excess trimethyl phosphite
ma§§ﬁennved in vacuo to give a light yellcw solid. This solid was
recrystallized fromethyl- acetate/ hexane m xture to give the title - :
conpound as a pure white solid; mp. -140-141[err]. IR (KBR) [err]: 1604,
1511 cnferr]; [err] NWR (CDCerr]) [err] : 7.7-6.8 (8H m, 3.6 (3H s),
3.5 (3H, s), 3.42 (3H, s), 3.2 (2H, Prhpardtizin EXagde-4for [err]:. C, 54.29;

H 4.56; N, 13.33 Found: C, 53.83; H 4.48; N, 13.50. Exanpl e 6 Cis-(4R
6S) - 6- r4. 4-bis(4- quorophenyI) 3- (1- nethyI-IH- ' o '
tetrazol -5-yl ). ,t 2

crude chiral ‘ et : : <
THF (50 nlL) and the resultlng solutlon mes transferred to a 250 nL
three-neck flask purged with nitrogen and equi pped with a nmechani cal

stirrer. After thehe resolved 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
HCl1 (30 mL) and diethyl ether.. The ether layer was washed
with brine, dried (Mg504/NaZSO4),'and concentrated under
reduced pressure to afford 4.1 g (99.6% ) of the free acid.
This acid was dissolved in dry methylene chloride (100 mL)
and ozone was passed through this solution at ;78°C uneil
there was deep blue coloration. Ixcess ozone was removed by
purging with nitrogen and the ozcnide formed was deeomposed
by a'_ddi_ng._CHasCH3 (5 mL) and warming the solution to roemi
temperature and allowed to stand for 15 hours. The solution
was-concentrated under reduced pressure and the residue was
dissolved in isocamyl ether (ca 100 mL). The benzaldehyde
which was formed during'the ozonolysis was azeotroped

g%; " together with isocamyl ether under reduced presSQre to afford

the title compound.

Iy mR (CDC1,) 6 @ 9.57 (1H, 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
(1H, m).



solution was stirred vigorously and cool-ed to -78[err]C, n-BuLi (2.5Min
hexane, 5.96 nlL) was added dropwi se. Toward the end of addition, the
solution turned into a suspension of :white solid-like gel. A separate fl asks
cont ai ni ng di nethyl [3, 3-bis(4-fluoro- e
phenyl)-2- (I - et hyl - 1FLtetrazoIpééﬁéﬁtgﬁpggagg 5y|] phosphonate (6.2 g, '

14.7 mmol ) (prepared in Prepara THF (50 nlL) under a

ni trogen at nosphere was cooled to -78[err]C and n-BuLi (2.5Min hexane,
5.96 nmL) was added IomA . The resultlng red br own solutlon was stlrred '
for 15 m thyl ' fduogiophes ‘ dialas: L pt oA
transferre h ough a_doub ended needle to t he- above V|gorously stirred
suspensi o -2 : S2AL 50 honate msalt of the chiral acid. After .

the addition, the resulting brown sol ution was stirred for 30 minutes at
-78[err] and 16 hours at anbi ent tenperature. The THE sol uti on was
partitioned - . N4HGl d ?¥§? 15 N C,phase was
washed with brlne ?g °?lgdg(F§?rQ?Jhd nce t%atg ;g& 2 gguced
pressure. né¥my1e&nduetwaeoqhsovunaqpeamyiﬂu1Gul11wggﬁé daﬁméﬁ)léﬂaethyl-
et her: hexane: acetic acid) to

trimethyl phosphlte (0.41 g, 3.3 nmol) was heated at 100°C

for 5 minutes.’ A;ter~cool;ng.to amblent.tenoerature,'excess.

trimethy phosphlte was removed in wvacuo to give a light

_vellcw solid. -This ;alxd was;recrystalllzed frcm-ethyl- o
_acetate/hexane mixture- to give'tﬁe title compound a2s a
pure white s¢lid; m.p.=140¥141°c; |

IR (RBr) v, : 1604, 1511 cm™; .
H MR (CDCl3) & : 7.7-6.8 (8H, m), 3.6 (3H, s), 3.5
(3H, s}, 3.42 (3H, s), 3.2 (2H, d);

- Ana; Calcd for C19H19F20 N4P._ _ ‘
' ' €, 54.29; H, 4.56; N, 13.33
Found: C, 53.83; H, 4.48; N, 13.50.

e



afford 3.80 g (51.6%overall yield frémthe initial ephedrine salt; toluene
was enployed to azeotrope the reS|duaI acetic acid) of the title conpound
as\afyeIIOM/foanl [a][err] =106. 10 (c=2. 23, [err]) [err] NMR ([err])

[err]: . 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, ), 4.30-4.23 (1H, m, 3.51 (3H, s), 2.53
(1IN, dd, J 15.9, 7.0 Hz), 2.42 (1H, dd, J 15.9, 5.6 Hz), 1.62-1.57 (1H,
m, 1.46 (3H, s), 1.33 (3H s), 1.30-1.2Rampille 6. Conparative Exanple 7
Trans- (4R, 6S)-6-r4, 4- bi s(4-fl uorophenyl)-3-(I-nmethyl -1 H ,
tetrazol -5-y1}-1,3-but adi enyl | -t etrahydro-4-hydroxy-2H pyran-2-one

C s-(4R, 6S) - 6- [4 4- bi s( 4- quorophen I) 3 (1 nethyl H

t et razol - 5y1)Ei5 A4R« G20 2 7 23 @ c VMG AP N2 geld (3.7
g, 7.45 mol) was d| ' ' . . 0 2N HCL (60
nm.) and al | owed . q 4 ¢ 2 : ale O me th s OXANE

bet ween ethyh acetlc ggf&ate and mater The organlc Iayer was washed with
brine

The crude chiral acid prepared in Preparation Example 4 was
dissolved in dry THF (50 mlL) and the resulting solution was
-tranSferred to a 250 mL three-neck flask purged with |

nitregen and equipped with a mechanical stirrer. After the

~ solution was stirred vigorously and cooled to -78°C, n-Buli
(2.5 in hexane, 5.96 mL) wés added drecpwise. Towzrd the
end of addition, the solution turned into a suspension of
white solid-like gel.

A separate flask containing dimethyl [3,3-bis(4-fluoro-
phenyl)-2-(l-methyl-1H-tetrazol-5-yl)-2-propen-1-yl]
phosphonate (6.2 g, 14.7 mmol) (prepared in Preparation Example 5) in
THF (50 mL) under a nitrogen atmosﬁhere was cooled to. -78°C

ot 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 hoﬁrs at

ambient temperature. The THF solution was partiticned

- H’L‘f"



(2x), dried ([err]), and concentrated under reduced pressure. The residue
was di ssolved in dry methyl ene chloride (60 m.) and stirred for 4 hours in.
t he presence of 1-cycl ohexyl -3-(2-norpholinonmethyl) carbodiim de netho-p- *u#_
t ol uenesul fonate (6.6 g, 15.6 nmmol). The solution was concentrated under..
reduced pressure and the residue was partioned between ethyl acetate_and
wat er. The organic | ayer was dried ([err]) and concentrated under reduced .

Preseur  ndBESEsONen Hes B Ly IV oobnO O EL HERsAThe

(1: 1/eth acet at e: er er recrys ron“Trome

t at f
whi t e Eof‘?aé“;““ﬁﬁ’ S gf%%"%[ {3 dimed (46, QPR e Egneghaangare,

Pr epar at i\and &xapelie c8dMVpreglsudey dIThe - fe OXEUS, &ﬁe@n%ﬁa@a{;eaﬁaea oql d
(-30[err]) solution of nethyl acetoacetate (41.5 g, 357 mmo In THF (500

m.) was aﬂﬁbﬂchlgéluﬁﬁdlB§oﬂﬂdp¢ﬂhnkke(h§&5HﬂxaﬂeS&&éDidtaoﬁd)nto

cycl ohexane, 714 mmol ). The resultant solution was stirred for 15.m nutes
at -30.Cafferdr3ec86l anfSdob%78Memdll 2 ie kb Eximnthe (B4igigl 357 mol) was
added and the 'sol-ution stlrred for 10 mnutes at -78[err] and. for 16 hours
at anbhaﬁpf%ﬁﬁb@atﬁ?étiTﬁé §GP&tWﬁ§ emP1°YEd to azeotrope the

residual acetic ‘acid) of the tltle compound as a yellow
foam. [a]D =*106.1° (c 2. 23, CHCl )

Iy o (coc1y) 50 7. 24-*'6--'8--2--(33' m), 6.62 (IH, d, J =
.'1501-:2),532(1'-1 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 (1H, dd, J = 15.9,

7.0 Hz), 2.42 (1H, dd, J = 15.9, 5.6 Hz), 1.62-1.57 (1:—1; m),
1.46 (34, s), 1.33 (3H, s), 1.30-1.20 (1H, m). '

Comparatrnéfkampha7

Trans-(4R,65)-6-[4,4-bis( 4-f-1ubrbj';ﬁéw11)-'-3'-(1-’m-e'tﬁ~.—i -1H-

.tetrazol Sgyl) 1,3- butadlenyll tetrahvdro 4 hxdroxy Zd-“ W

pvran 2 -one

_ .~Cis-(4R,65)-6-[4;4-515(4-f1ﬁor§phényl)-34(l-méthﬁl-;ﬁ_
tetrazol-5y1)-1,3-butadienyl]-2,2-dimethyl-1,3-dioxane-4-
.acetlc acxd (3 7 g, 7. 45 mmol) was dlssolved in a solutlon
of THF (90 mL) and 0. ZN HCl (60 mL) and allowed to stand for

16 hours. The solutlon Was partlcloned between ethyl - -

-5 -



was concentrated under reduced preéssyre and the resi dual syrup was

partiti dned between 1IN HC1 and ethyl. acetate. The organic |ayer was washed
withebrine (2x), dried ([err]), and concentrated. The residue was purified
by chronatography on silica gel (diethyl ether:hexane/2:1) to afford 18.5 g
(24.4% of the title conpound as an oil. [err] NVR for (E) (E) isomer

dd,
14,7, 11 o) nbetabe sAd figeSFL Tho oRdalts Tersk pag Hashsd vifn brine

6. 4Hz 4.74- 3

5. 8rzg 1.77 ?ﬁg) H;}@B(§%&§§d t#eparal?éﬁrééiafga9 ﬁggﬁ(%gdUQEdJ

3. 5-di hydr oxysg §e§sﬁ%ﬁad'@Hﬁﬂf%éﬁadb(%%éi&tééﬂfﬁé&)1ﬁ039§'ﬂatﬁ 1@8khy!

3- hydr oxy- 5- oxo- 6, 8-decadi enoate (18.5 g, 86.9 nmol) in THF (300 nlL) was

added tri et hybhobaade( (W0 M Fand Ik ftred 180+l hodpd ihethel piriegansads of
stirred for 20 mnutes. After the m xture was cooled to -78[err], [err] (6
g, 159 nmmol) andynabhaNMI%3?%2}mngphw&£nemhkhyl]heasbbdtmednamethgepousIy
stirred for 30 mnutes at -78[err] and at anbient tenperature for 3 hours.
The sol vent wholpemesed fipmedre rkif Rl pk2sGureobhd tFhe solution was

concentrated under reduced pressure and the reszdue was
pafticned between ethyl acetate and water. The organic
layer was dried_i.('t\a2 4) and concentrated under reduced
pressute. The residue was purified by chromatography on
S silica gel (1:1/ethyl acetate:diethyl ether). After
:recrystalllzatlon frem ethyl acetate-hexane, 1.33 g (40.17%)
of the-title compound was cbtained as a white solid; m.p.=

25

172-173°C.  [e],“7=+237.8° (c=2.17, CHCl,).

Preparation Examole 8

. Methyl 3-hvéroxy-5-oxo0-6,8-decadienocste

. To a cold (-30°C) solution of methyl acetocacetate

(41.5 g, 357 mmol) in THF (500 mL) was added lithium
- diisopropylamide (476 mL, 1.5M solution in cyclohexane, 71@
mmol). &he:resultant solution wés stirred for 15 ﬁinutes at
-30°C; After cooling to -78°C, 2,4-hexadienal_(34.3 g,.357
mmol) was added and the solution stirred for 10 minutes at

' -78°C and fdr 16 hours at ambient temperature. The solution

/46,



residue was partitioned between IN HC and ethyl acetate. -47- The
organi c layer was dried ([err]) and concentrated. The residue was purifi.ed
by chromat ography on silica gel (diethyl ether:hexane/3:1) to afford 7.95=§
(42.7% of the title conpound as a yellowoil. [err] NWR for (E) (E) isonef
(360MHz, [err]) [err] : ©6.18 (1H, dd, J = 15.1, 10.4Hz), 6.00 (1H dd, J =
15.1, 10.4Hz), 5.69 (1H dqg, J = 15.1, 7.0Hz) 5. 52 &1H dd, J. = 15.1, -
6. 7THz) , ma&a-abrsﬂer(m_ratﬁ)i undeg- xegg':(emprmssqesgw rthe)resideat. 42 (2H, -
m, 1.72 (3H,.d, J 7.0Hz), 1.74-1.57 (2H Preparati on Exanple_10 -
Met hyl cﬁgnpa:baﬁpaaraaFéﬁypf betvges & Hﬁ%s? LﬁEﬁ%kﬂ%ce?aBEetaTBe-

Met hyl 3, 5-di hyd -6, 8-d
p- Eo%/uené’s"iﬁalf%%"’r E:f%%?ﬁ Yﬁsega)sk\f/goaé%&e cyég’f)ﬁego’o%% ?‘f‘bz%%loo ol )
and stlrn%af(gnéghppyggdat §gglggglg%gpggg 1f1 | | ow sol ution was .

| oaded dit6ct] y onto a silica gel columm and t e produc el uted
chromatography.on silica gel (diethyl ether:hexane/2:1) to

- afford 18.5 g (24.4%) of the title comp0und'éS'an oil.

14 mR for (E) (E) isomer (200MHz, CDC1;) & : 6.3 (IH,
dd, J = 14.7, 11.9Hz), 6.02 (1H, dd, J = 14.7, 11.98z), 5.75

(1H, dq, J = 14.7, 6.4Hz), 5.5 (1H, dd, J'= 18.7, 6.4Hz), R
' o/

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 = 6.4Hz). | |
. Preparation Example 9
Methyl 3.5-dihvdroxv-6,8-decadiencate
To a cold (-15°C) solution af.mefhyi-j-hydfoxy-ﬁ-oxo-
6,8-déCadienoate (18.5 g, 86.9 mmol) in THF (300 mL) was ";

added triethylborane (1M in THF, 113*mL; 113"mmoi) and the
solution was stirred for 20 minutes. -After the mixture was
cooled to -78°C, NaBH, '('6.3', 159 mmol) and methanol (37.5 |
mL) were added. The solution*was ﬁigdrously stirred for 30
minutes at"-YBQC'and at ambient temperatu:e for 3 hours.
The solvent was removed under'reducedipré§3dre'éﬁd'the :

-residug'was partitioned between 1IN HC1 and ethyl acetate.

~47-



W th dlethyl et her: hexane (1:4). The appropriate fractlons were conbined to
give 3.52 g (33.6% of the title conpound as a colorless oil. [err] NMR
for XB) (E) isonmer (360MHz), [err]) [err] 6.16 (1H, dd, J = 15.1,
10H6Ft)¢ 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 n), 4.35-4.30 (HL,
nj, 3.66 (3HTHY,oPg5R1k1ayds, wis diaaa,(& :ﬁﬁﬁ’ééﬁﬁeﬁgraged 157fe
6.5Hz), 2.1-1.18 (12H, m, 1.72 (3H, d, J = 5#&% Anal . Calcd. for
[err] C, 6xabidie 8a90pEoifiled By Garﬁmatldgﬂa;irﬁj dii ePPl Béd ogle Fxanpl e 11
Gs-4 -(1. 3- pentadlenyl)l 5- di oxa. spiror[5. 5] undecane- 2-acetic acid Mt hyl
4- (1 3-pent a dﬂﬁﬁbyl1etBEUFbR&Gpe/arB)SF@n@é&nnﬂ DY eg afe2 (BLD of tRed
mmol ) was heated to reflux_ in a solutlon of 1IN NaOH (13 nL) and net-hanol .
(26 ni). Methdnt sREPPenRdVas an¥ellpwdeddd pressure and the remaining
aqueous solution was acidified with 1IN HC1 and extracted wth dlethyl
ether. The organlc l-ayer was -dried ([err]) and

1y MR for (E) (E) isomer (360Miz, CDC1,) & : 6.18
(1H, dd, J = 15.1, 10.4Hz), '6.00 (IH, 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 (1IH, m), 3.69 (3H, s),
| 2.60-2.42 (2H, m), 1.72 (3H, d, J = 7.0Hz), 1.74-1.57 (2H,
s m).

Preparation Example 10

thvl cis-4-(1,3-pen tad e'“.l)-1 S-dioxassirol[5.5Tuadecane-

2-acetate
Hethyl 3 5-dih droxy 6,8-decadiencate (7.6 g, 35.5

- mmol) and p-toluenesulfonic acid (0.1 g) was added to
cyclohexanone (10 g, 100 mﬁol) and stirred for is_hours at
ambient;tempe;atu:e. The yellow solution Q;s.loéded
_directly on:o a silica gel column and the product eluted
with diethyl ether:hexane (1:4)._ The appropriate ffactions
were combined to give 3.52 g (33,6%) of the title compound

as a colorless oil.



concentrated. The residual solid was recrystallized from ethyl

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

solid; mp.=144-146.5[err]. -49- [err] NWR (366MHz, [err]) [err] : 6. %&{g
(1H, dd, J = 18.0, 12.5Hz), 5.72 (IH, dg, J = 18.0, 7.7Hz), 5.99 (1H, dd =i
= 18.0, 12.5Hz), 5.48 (1H dd J = 18.0, 7. 6Ft) 4.45-4.37 (1H, n), :

4.37-4.25 (IH 1M, 2.56 {1 J = 18.9, bu 2.48 (1H, dd, = 18. 9,

6. 1Hz) , 2 80-1." WﬁBuf°#ﬁ E). 6%)(3ﬁpner §36°¥H¥ ) CDRA3D. Scal c.- k&n

Efgr% r4d '??%1$%Lgrg§%éﬁy|§b35%1)gggﬁ69 Cuite odda, 01 2 ?§F}1210 GHZ),
1,3 5 2- F -
W > er}xi[ 5? JSﬁ @gggﬂdzé)’lzrgglet ?‘g] gg g @g?. gCﬁt,l gsﬁm gfﬂHr oug q'rsmi

5- di oxaspiror ¢ Was séd

sol ution @f 4fr-(y1, -3 gl Nm$, 54d89xqspbr 5 ndgcgge cety c acid
(570 nm, g gﬁdgola Ph nethylgﬁg dﬁ?orlde 25@2L?&§t L?é[%r?? 1épae§)the '
sol uti on aadzat(tm nerd a_JJ_|=U.€1 chory. 91111_2099203&/&@11@!@386&1 J = 15.4,

6.5Hz), 2.1-1.18 (124, m), 1.72 (3H, d, J = 6.5Hz).

Anal. Caled. for C,;H 2504 C, 69.36; H, 8.90
| o - Found: C, 69.59; H, 9.16.

Preparation Example 11

Cis-6-(1,3-pentadienyl}-1,5-dicxaspiro[5.5]undecane-2-acetic

acid

Methyl 4-(1,3- peur.e’enyl)-l;S-dioxaepiro[S;5];ndeCane-
2-acetate (3.5 g, 12.4 mmol) was heated to reflux in a
solutfon'ef lNINaOH (13'm7) and methanol. (26 mL)- “ethanol
was reuoved under reduced pressure and the remalnlﬁg aqueous .”i;
solutlon was ac1d1f1ed w1th 1N HCl and extracted with
dlethyl'ether._ The organlc_layer was dried (NaZSOA) and

concentrated. The residual_SOiid'was:recrystallized from
.ethyl acetate/hexane to afford:Z.O_g'(55.9Z) of the title

compeund as a colques§”30116; m.p.51444146.5‘c.



t hrough the solution to rendve the excess ozone D nethyl. sulfide (0.5 nl)
was .added and the sol ution was concentrated under reduced pressure to
affé&d the title conmpound as a viscous oi.l which was used w t hout further
purification in the subsequent step. [err] NVR (60MHz, [err]) -[err]:.

9.57 (1H, s), 4.52-4.14 (2H, m, 2.60-2.31 (2H m, 2.10-1.10 (12H, m. B.
Cis-4-[4, 4-bi s(4- fiuorophenyl) 3-(l-nmetl hyl - -

tetrazol -5-yl)-1, 3 A “’ S I.0 | tiigle e-y-acegi@g, acid
To a solution of di rre I%Fé F?c%ﬁo?ophendys]}ds w G- yacHle,
(1-methyl -1 H{etsgzyl - 5.yb) (amrenfnw l= msoap,hmavt}ezx,l 5.99 ¢1Ryodd,ip JHF
(20 nmL) at -78[err] was added n- B m., 4 nmol, 2.5Min hexane) The
resul tant br oys; 0 gdl20bRE)QN SWES s(tm-rrem f QY -Smanmutkssm) 78] @5¢4 .37 Usi ng
a doubl e ended needle, this solution was transferred to a solution

cont ai ni ng.4-¢m;’rylh)1, 5. 370%a25 (dH. BundedetHacdd i cJ ati W8 (D5 chabBd) b n
Step A in THF (10 nL) and nmaintai ned at -78] After the t ansfer had
been conpl et 6,48 h€lBerddned rFedd:-i%n b ﬁzi)rae z/\veéo'sh?Qe(jl%H» -myjelr{dfor 1

hour and at
(34, d, J = 7. 7Hz).

" Anal. Caled. for CIGHZQOQ: C,_68.54; H, 8.62
" Found: C, 68.36; H, 8.55.

) Example 12
Qis-£4[4;4-bis(4-f1u6rqgheny1)-3-(l—methylblﬁ—tetraioi;S-;ll;
-I.3-butadieny1]-1,S-dioxespi?o[s.5]undecane#2-acetiéxacid’

| aA. 4-Formyl-1,5-dioxaspirof[5.5]undecane-2-acetic acid
| Ozode was passed through a eolution'of 4-(1,3-penta-

dieﬁyi)-l;S-dioanPiro[S.5]undecane-2-acétic acid (570 mg,

2.0 mmol) in methylene chloride (25 mL) at -78°C. After the
solution had attained a blpe'éolor, nitrogen was passed
through the solution to remove the excess ozone. Dimethyl,
sulfide (0;5 mL) was.ad&ed and the solution was concentrated
under redueed.p;esSufe to afford the title compound‘gs'a
viscous o0il which was used without further purification in the

subsequent step.

o



anbi ent tenperature for 4 hours. The seluti-on was then partitioned between
O 5N HC1 and ethyl acetate. The organic. layer was washed with brine ("2x).
dried ([err]), and concentrated under reduced pressure. The residue was,
purified by chronmatography on silica gel (diethyl ether:hexane:acetic, % -
acid/50:20:1) to afford 342 ng (31.9% overall yield) of the title conpound
as a yellow foam . [err] NWVR (360MHz, [err]) [err] @ 7.25-6.84 (8H m,
6.66 (IL.H d, J &l d 9 1 lg)j—iz) 2H,
m, 3.52 (3H, s), %H%%gﬂi ddcﬁ%&* )1(% 0, 7. eﬁ’z?‘l‘g 44 14H ﬂd??’z@“ 6.0,
5.1Hz), 1«@9 b lgoldsh Ppanauovq B 1%h). -
Trans-6-r4.4 - bi s(4- quoropheny ) 3-(l-nmethyl-1Htet azol - 5-

yl) -1, 3- but adi eny1] - t et r ahydr o- 4-'hdr oxy- 2H pyran-.2-one A mni xt ure of

4-[4, 4-bi's(4-fluorophenyl)-3-(1-nmethyl -l H _ - _

tetrazol -5-yl ) -B, 3-8is adr BAyh} bl sSadiFduageatd iy B) 1 hokbametlpr 1 ddbt i ¢ acid
(280 nmg, 0.52 mmol) in 20 nL of THF Q. 5N HCl (1 1) was allomed to stand at-
anbi ent. t enper at ur et¢brazalhdoyd)-1 adie 5L

3;: 23 and et hyl ace{satsﬁun Q:%ngl %rcl:legl g/ er. vyas vvashed W|th br| ne (2x),

To a sclution of dimethyl [3,3~bi;(4—f1uorophény1)-2-
(l-methyl-lH-tetrazdl-s—vl)<Z;prccen§l] phesphonate (1.7 g,
4 mmol) in THF (20 mL) at -78°C was added n-BulLi (1 6 mL, 4' g)
" mmol, 2.5M in hexane). The resultant brown-red scluticn was "
stirred for SO.ﬁinufes at —7é°C; Using a dduble-endéd'
" needle, this solutioﬁ was t*ans?erred.to a solutidn..
containing &4- formyl 1,5- c*oxasp*rc[S 5]upceca te- 2-a¢etic
}aCld ( 'epared in. Step A) in TH: (10 mL) ard nalntalned at
-78°C. After the transfer had been conpleted, the cembined
__reactlon mixture was stlr*ed at -78 C for 1l hour and at
ambient temperature for 4 hours. The solution Qas:thén
-partitionéd betweeﬁ 0.5N HCl and ethylhacétate,f The 6rganié- |
layer was.waShéd with brine (2x), drigd'(NaZSOA); and ' o
concentrated uﬁder reduced pressure. The residﬁe wis |
-pufified by chromatography on silica gel (diethyl
. ethef:hexanefagetic acid/SO:ZO:l)_to:affo:d 342 mg_(31.9z _

overall yield)zof the title compound as a-yeliowifoém,

-5



([err]) and concentrated. " The resultant foan1(126 ng) was dissolved in dry
met hyl ene chloride (10 nL) and treated with = .

-1-§yclohexyl 3- {2- nor phol i nonet hyl ) car bodi mi de net ho- p- tol uenesul f onat e
(0.24 g). After 16 hours at anbient tenperature, -the sol ution was
evapor at ed under reduced pressure and the residue was purified by silica

gel chroma- togr i Alkhyl a as ehuegt r

fractions affordggbﬁgﬂﬁg (f@ﬁg%é é§€§52 Pltlebcgﬁpoung 52%5 C g%% oi |
which is a fagemq, X We, G’ﬁz) hes coppowRd in Q@”Pa'i%t bveszmJ)e

Prepar at.i on Exanple 14 Met hy 2, 2- dlnethy -6- fornyl -1.”37di oxare- 4- acetate
G s-2, 2- di mat.laypl-46-282- mnyﬂﬁ; men:vz)(:ms dboxanss4(m<;eaaq aci=d 1gEtdy|
ester (prepared in Preparation Exanple 1) was dissolved in nethanol (10 ni)
and ozone wds §pas)sed t44 qUidh, tdd, sbl =it Lén0at 5= TBESnr L. 8AFILl. 17hd 1@3 ,0m Yof
the solution turned blue. The reaction mxture was purged with nitrogen to
renmpbve excess ozone then dinmethyl sulfide was added and the tenperature was
allowed to warmup to roomtenperature. The reaction was evaporated in
vacuo and the residual oil was - : '

Comparative Example 13

Trans-6-[4,4-bis(4-fluoropheny})-3-(1-methyl-1H-tet:azol-5-

yl)-lj3-butadienVI]-tetrahvdro-éfhydrexv-ZH-avran-2—one'

A mixture of 4-[4,4-bis(4-£fluor o,heﬁVI) -3-(l-methyl-1H-
tetrazﬁl—S-yl)-l,J-butadienyl]-I,S-dioxaspiro[s.5]undecane-2-
_acetic acid (280.mg, 0.52 mmol) in 20 mL of THF/O.S# ﬁCl
(1: 1) was allewed to staﬁd at aub;ent temperatu*e for 26 !
.hcu&s. The solut*on was part1tloned between brﬂﬁe aﬁd ethyl
acetate. The organic layer was washed with brlne (2x), dried
(Nazsoq) and concentrated. The resultant fcam (126 mg) was
dissolved in dry methylene chloride (10 mL) and treated with
l-cyclohexyl-B-(Z-morpholinomethyl) carbodiimi&é métho-p-
toluenesulfonate (0.24 g). After 16 hours at ambient
temperature, thé solution was evaporated under rgduced..
pressure'and the residue was purified by silica gel chroma-
togfaphy using ethyl acetate aé eluent. The appropriate
fractionﬁ ﬁfforded 38 mg (16.62) of.the title éompound as a

. colorless oil which is a racemic mixture of the compound of
Comparative Example 7.
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pur,ified by chromatography on silica gel using.diethyl ether-hexane (3: 1) .

as the eluent to afford the title conmpound. [err] NVR (360MHz, [err]) [errL~.
: 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 (3H,, #

's), 1.40 (3H, s), 1.35-1.23 (1H, m. Preparati on Exanple 15
3, 3-Bi s(4-fluorophenyl)-I-brom-2- 1-neth | -1Htetrazol -5- yl) -2-propene
A 5-Ethyl-1-nethyl-1H-tetra gF 1,5-dinethyltetrazole

(4.9 g, 0.05 nole) in dry tetrahydrofuran (50 m) was added 2.5M .
n-butyllithiumin hexanes (20 nL, 0.05 nole) over a period of 15 minutes at
-78[ert] un ner. X K X UL L2 08848 for 30 :

m nut es anc(!jéeéh 202 tdi%a@ r‘ra‘le'f'é)‘%lnyﬁsl ERLELE — EEE?LQ t hyl iodi de'
( 3.7 n, 0.06 nole) was then added over a period of 15 nlnutes Af ter '
stirring for an additional 30 m nutes, the clear reaction mxture was
diluted with matEisaﬂdZQH$ME3H¥1%ﬂiﬂﬁ-phenylethenyl)-1,3-dioxane-4-

acetic acid methjl ester (prepared in Preparation Exémple 1) was
dissolved in mefhanolz(IO'mL).aﬁd ozone was passed through
the-solufion.at -78°C until the color of the sclution turned
- blue. The reaction mixture was pu*ged wltﬁ nitrogen to
remove excess oaone then - dlmetlyl Su fide was added ard the e
temperature was alloewed to warm up to room te*ée“ature. The HJ, 
'reacthh was evapo ated in vacuo aﬂd the re51dual o*l was
purl;led by chromato 'raphy on s:;;ca'ggl'uSing diethyl
éthé#~heiane (3:1) as the eluent fo,aff&rd the title
‘compound.
1y wR (360MEz, CDC15) § 9.53 (1H, s), 4.40-4.23
 (2H, m), 3.69 (3H, s), 2.53 (IH, dd, J = 15:8, 7.02 Hz),
2;57 (1€, dd, J = 15.8, 5.98 Hz), '1.85-1.76 (lH,'m),.1.44. _
' (33,7s), 1.40“(3H,~s), 1;35-1.235(13, m);*_ S -' g;
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et hyl acetate (3 x 50 nL). The aqueous | ayer -was washed with chloroform (2

X 25.1)," and the conbi ned erganic | ayer was dried over sodium sul fate and

concé&irated under reduced pressure to give an oil.- The oil was purlfled

by distillation to give 5.2 g (92% of the title conpound b.p. =

89-90[err] at 0.05 mm Hg. H NWMR ([err]) [err] : 4.05 (s, 3H), 2.86 (g, 2H)
B

1.41 (t, 3H); [err] NWR ([err]) [g +id ig.%ﬂ, 16. 75, 11.20.

1. 1- Bi s('4-fl uorophenyl) - 2- (I-net =yl propanol To a
solution of 5-ethyl-I-nethyl- 1FLtetrazoIe (5. 6 g, 0.05 nole) [prepared in
Step A] in 60 nL of dry tetrahydrofuran was added 2.5M n-butyl|ithium (20
nL, 0.05 nvle) Bp3heizne-FleforophenyEs-Bibrotidel+11thethvienpetatta)ol -5~
under an inert atnosphere. The mxture was stirred for 30 mnutes and a
sol ution of 4, 4yidi-Rpaogesezophenone (10.8 g, 0.5 nole) in 25 nL of dry
tetrahydrofuran ‘'was added over 5 mnutes. This mxture was stirred for an
additional 2 hours while the bath tenperature was sIovay warnmed to -20 C.
The

A. 5-Et hvl l-methyl -1H- tetrazole

To a slurry of 1 5- dlmntuyl etrazo1e (4.9 g, 0.05
‘mcle) in dry tetrahydrofuran (50 md) was added Z.SM

n-butyllithium in hexanes (20 mL, 0.05 mcle) over a pericd

0 -

—~—
LS

her

ny

o i5 minutes at -78°C under an inert atmos

mixture was stirred for 30 minutes and a yellowiih_

precipitate formed during this time. Methvl iodide (3.7 mi,
0.0a'mole) was then added cver a period of 15 minutes.

fcer stirring for an addit;cnal 30 minutes, the clear |
reaction mixture was diluted with water and extracted with

- ethyl acetate (3 x 50 mL). The aQueous'ia"er was washed

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

\_ pressure to give an oil. The oil was purified by
distillation to give 5.2 g (92%) of the title compound; b.p.
= 89-30°C at 0.05 mm Hg.

'H MR (cDCl,) 6 : 4.05 (s, 3H), 2.86 (g, 23),

1.41 (t, 3H);

136 (cDcl,) & : 156.0, 33.24, 16.75, 11.20.
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.reaction was quenched with 1IN HO and extracted with ethyl acetate (3 x 50
m.) and chloroform (3 x 50 nm.). The conflined drganic |ayer was dried-:over .
sodi um sul fate and concentrated under reduced pressire to give a white ‘s
solid. The solid was purified by crystallization from ethanol-hexane to ="
give 10.8 g (65% of the title conpound; n1p = 160-161[err]. IR (KBr)
[err]: 3400 cnerr]; 1H NNR ([err]) [err] 7 8-7.02 (n1 8H), 5.95 (s, 1H)
4.65 (q, 3.9 ( 3 2 1 _lerr] = :
162.57,18? 371 ALE o 2L ' 205 127, 52, |
127.42, 114.6%,. 38 78. 56 36. 99 33 43 14.52. Anal. Calcd.
for- [err] §6f£§?uéél'1‘%8 N, -16.96 Found: .C, 61.79; H, 4.90; N, 17.09. -
C. 1,1- BIS(4 fluorophenyl -2-(l-nethyl -1 Htetrazol - 5-y1)-1-propene A
slurry of 1,1-bis(4-fluorophenyl)-2-(1- methyl-IHtetrazol-5-yl)propanol .=
(8.25 g, 0.025 mol &o a solution of 5-ethyl-1- methyl-1H- tetrazole ”

(5.6 g, 0.05 mole) [prepared 1n Step A] in 60 mL of dry
tetrahydrofuran was added 2 5M n- butylllth1um (20 mL, 0.05
mole) in hexane over 5 minutes at -78 c (bath temperature)
under an 1nert atmoephere. The mlxture was stlrred for 30
minutes and a solutlon of 4,4 dlfluorobenzophenone (10 8 g,
0.5 mole) in 2§.mL of dry tetrahydrofuran_was added over 5 -i.it
minutes. This mixture was stirred for an additional 2 hours = N
while the bath.temperature was SIowly'warmed.to -20°C. The’
reactlon was quenched wlth 1N HC1 and extracted w1th ethyl r;_ | 5
-acetate (3 x 50 mL) and chloroform (3 X 50 mL). he | |
comblned organlc 1ayer was drled_over sodlum sulfete and !
concentratedtunderureduced_pressure to giﬁe.a white solid.
- The solid was_purified b& cryStallizatiod:from" |
'ethanol-hexane to give 10.8.g (65%).of:the title compound;
m.p. = 160-161°c;. . L .
Y
3

IR (KBr) vt 3400 cm

ln WMR (CDC14) 8§ 7.8 7.02 (m, 8H), 5.95 (s,

1H), 4.65 (q, 1H), 3. 98 (s, 3H), 1 29 (d ZH)
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[prepared in Step B] and 100 ng of: p-teluene sul fonic acid nonohydrate in
xyl en& (B0 nL) was heated to reflux with a Dean & Stark water collecting
appaxsatus for a period of 12 hours. The reaction mixture was washed with 1IN
NaCH (1Q nL) while it was warmand with water (100 nL). Concentration of
the organic |ayer gave off-white crystals of product. This was purified by
recrystallization from ethanol -hexane to glve 7.19g (919 of the title

d whi t t 413 : 1%£5;: 1500
oA i35 650 (cpeOy ¥ YT P o7 s 8
3H); [err] %CDQZ.Q) 4lger nlso. 5416312%7 251631233; 160148, 545518%. 424}4 60,
145. 34, 136 4 36. 24 136. 19 131. 65 131 54 131.11, 131.01,

119. 53, 115. 51141&5 211412%3.,22133850,7215€0.36\89, 3Tak3(. 14oB2ferr]: C,
65.37; H, 4.51: N, 17.94 Found: C, 65.64; H, 4 61; N, 18.09. D
3.3-Bis(4-f|uoro henyl ) -1 - br ono- 2- (1- et hyl -

- c, 61.81; H, 4.88; N, 16.96

Found: C, 61.79; H, 4.90; N, 17.09.

Cc. 1,l-Bis(é-fluorophenyl)-Z-(l-méthyl-lﬂ-tetrazo;;

/ 5-v1)-1-propene

A slurry of 1,1- bls(4 fluorophenyl) 2-(1-
methyl 1H-tetrazol-5- -yl)propanol (8 25 g, 0.025 mole).
[prepared in Step B] and 100 mg of p-toluene sulfonic acid
monohydrate iﬁ xyléne (60 my) was heated ‘to reflux with ai
Deaﬁ-& Stark wétef collecting apparatus for a periocd of 12
houfs. The reaction miituré was waéhed with 1IN NaOH (10 mL)
while it was warm éﬁd with water (100 mL). Concentration of
the organie_iayer gave off-white crystals of product. This
was purified By recfystailizétion from ethanol-hexane to
give 7.1 g (91%) of the fitie compound as white crystals;
m.p.. = 146-147°C. |

IR (KBr) v___: 1575; 1500 cm™l.

Ly R (CDC1,) § ¢ 7.42-6.85 (m, 8H), 3.53
(s, 3H), 2.14 (s, 3H);



t.etrazol -5-yl)-2-propene A slurry of I,l-bis(¢4-fludrophenyl)-2-(1-

nmet hyl -1 H-tetrazol -5-yl)-1-propene (61 469, 0.197 nole) [prepared in Step
Cl:, N-bronosuccinimde (35.06 g, 0.197 nole) .and catalytic amunt of = A4
azobi s isobutyronitrile or benzoyl peroxide in carbon tetrachloride (1,2 -
liters) was heated to reflux-in an |nert at nosphere for a period of 2 '

hours. The reaction yg xture s co led to ient tenperature and the.
solid fromthe reacti orf vgﬁ’gkf %}33 5TF1e F-glgbﬁzzt’e l\én'%gonég&rlét’ed under

SRR LR, TR S AR SR s
T ) L BT 96 Ry 5

163. 94, 1634 4,2216 $Q0 166 4y, 143.42, 149.68, 135.20, 135.15, 134.69,
131.43, 131731,°730.90, 130.80,' 119.57, 115.94, 115.77, 115.65, 115.50.

B C, 65.37; H, 4.51; N, 17.94
Found: C, 65.64; H, 4.61; N, 18.09.

D. 3.3-Bis(4- fluorcphenyl) 1- bromo 2411 methyl 1H-

tetrazol 5-y1)- ngropene

A slurry of 1 1- bls(4 fluorophenyl) -2- (1-
methyl- IH tetrazol 5 yl) 1- -propene . (61 46 B> O 197 mole)
[prepared in Step C] N-bromosucc1n1m1de (35 06 g, ‘0. 197 v
_mole) and catalytlc amount of azobzs 1sobutyron1tr11e or
benzoyl peroxxde in carbon tetrachlorlde (1. 2 11ters) was
heated to reflux 1n an inert atmosphere for a perxod of 2
hours. The reaction mixture was cOOled”to-ambient
temperature and the solld from the reaction was letered ' _-i}

. The f11trate was concentrated under reduced preSSure and the
solld obtalned was recrystalllzed from toluene hexane to
give 72 g (93%) of the title compound as whlte crystals,
m.p. = 159-160°C.

) A . ) .. ’ - -
_;R (FB:) Vpax® 1600 em” C.
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Anal . Calcd for [err]: C, 52. 19;- H, 3.34; ‘N, 14. 32 Found: C, 52.58; H
3.47; N 14.-49. Preparati om Exanpl e 16 [1,1-Bis

(4- ﬁkﬂoronhenyl) 2-(l-methvl-1Htetrazol -5-1)-

1- propen- 3-yl ] tri phenyl hosphoni um bromi de A slurry of '

3, 3-bi s(4-fluorophenyl)-1-bronmo- 2-(1-nethyl-|Hteerazol-5-yl)-2-propene
(1.95 g, 0.005 nole) [ e 1PneRar.ati qnsExa ! &Py, an

tri phenyl phosphi ne (1.3°g, gsgﬁnﬂl)e) |n7c?/’cl Eﬁ'erxfmrfe @8 rsFL‘) vvgi g?%d to
refl'ux. The 3esgt{op mxture became a clear solution after 30 minutes and a
white precipitate app ﬁEd after 1 hour. The mixture was heated for an

addi tional 8 hours, COMR - ecbce\r%nt) senpenstuné ,ané 3.he saéa, oms
col | ected by f||trat|on and washed t h di et hyl ether. Thi's white powder
was dri gg4| ;156\5ﬁh<étﬁjm 3 02 er k49t 68g| \1@5320,9 1(132(;)’6%5 ,(ifg.gghesftilzglﬂdgrﬁ%nd
mp. = cm

([err]) [erry3L. 371921@8%0 #393&9 41945(76d112|-1)94.3lz;:§ @3, 335.65,

115.50.
Anal. Calecd. for Cl7Hl3FZBrN4

| C, 52.19; H, 3 34; N, 14.32
Found: C, 52.58; H, 3.47; N, 14.49,

Preparation Example 16

Ll,l-Bis(é-fluorochenvl2-2-(;;methvl-lH;tetrazdl-S-y;l;

1 -propen-3-vlltrichenvlzshesphonium brom‘de

A slurry of 3,3-bis(4- fluo‘cphenyl) -1- brOﬂo-
2-(l-meﬁhyl-lg-tetrazol-Séyl)-Z-propene (1.95 g, 0.005 mole)
[prepared in Preparation Example 15, Step D] and triphenylphosphine
(1.3 g, 0.005 mole) in cyclohexane (25 mL) was heafed to
reflux. The reaction mixture became a clear solution after
30 minutes and a white precipitate appeared after 1 hoﬁr. )
The hixture was heated for an additional 8 hours, coocled to
ambient temperature and the solid was collected by
filtration and washed with diethyl ether. This white powder
was dried in vacuum at 50°C to give 3.0 g (92%) of the title

compounﬂ; m.p. = 254-255°C.
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C NWR {([err])[err] : 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, 1.16.18, 115.89, 115.62; 115.32, 111.43, "’
111.39, 34.22, 28.88, 28.22. Anal. Calcd. for [err]: C, 64.31; H, 4.32; hﬁ
8. 57 Found: C 64.02; H,-4.37; N, 8.89. 1. A corrpound of the formula
[err] [err] [err].in substantlally the cis formwherein kﬂ%J ang [err]

ki

each are i ndependent 3R h{&Boyeny QﬁlogéﬁSOBeﬂﬁpﬂJQNSOQH XYy or
trifluoronmethyl; [err] and [err] each are independently hydrogen,
hal ogen, [err]al kyl or [err]al koxy; [err] and [err] each are

whi ch they are
(6d ZH), 3. 83 (s, 3H);

[err]al kyl or [err] pwdm[ngrfbﬁsbaéeri tsoget gergzvmst rb& h(am’caim? ago&to

13c nvR (DMSO-d) & : 163.53, 163.36, 160.28,
160.87, 154.04, 153.89, 152.76, 135.11, 134.79, 134.1s,

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. Calcd for C35 zaBrF2N4P
C 64. 31 H, 4, 32; N, 8.57
‘Found: C, 64.02, H, 4.37, N, 8.89“
o/
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attached, is cyclopentyl, cyclohexyl ot cycloheptyl; and [err] . E

hydpdﬁenf [err]alkyl or a netal' cation. 2. . A conpound of claim1 having

t he ¥6r mul a 3. A conpound of claim.2 wherein [err] I re
met.hyl . «. The' conpound of claim 3 wherein [err] is hummmluﬂllmmm
conpound.of claim2 £ RO and [err], taken together w th tthe *carsbon
atomto which they ar ched, is cyclohexyl. 5 6. The conpound
of claim5 wherein [err] is hydrogen. 7. A compound: of claim 1 having
the formul-a [err] 10 15 in substantially the cis-(4R 6S) form 8. A
conpound of claim7 haviing the formula 20 25 9. - A conpound of claim8
wherein [err] and.[errd eefpoand. &€t lhle. £b@mulaThe conpound of claim9
wherein [err] is hydrogen. 11. A conpound of claim8 wherein [err] and

[err] , taken together with the

N in substantially the cis form wherein

Rl and R4 each are independently hydrogen, halogen,

) C1_4'alky1, .4 aikoxy or trifluorcmethyl;

r?, &%, &’

and R6 each are independently hydrogen, halogen,
) C1_4'alky1 or C1-4 alkoxy;

R’ and R0 each are C;_, alkyl or R? and Rlo, taken
together wifh the carbon atom to witich they are
attaéhed,.is cyclopentyl, cyclohexyl or

_ cycloheptyl; and
- 'Rlz ié'hydrogen, Cl_a'alkyl or a metal cation.

2. A compound of claim 1 having the formula




30- carbon atomto which they are attached, i-s cycl ohex . ' The

;:onpound of. c] aim 11 wherein [err] is hydr ogen. mm‘ “lluﬂmm : accdr’dm&
o any ‘one of-claims 1 to 12 substantially as |bed 35

3 A compound of claim 2 wherem R’ and R’° each are methyl

4.  The compound of claim 3 wherein R"” is hydrogen.

5. A compound of claim 2 wherein R® and R , taken together thh the

carbon atom to which they are attached, is cyclohexyl.
5 6. The compound of claim 5 wherein R* is hydrogen.
7.- - A compound of claim 1 having the formula

10
N\
15
in substantlally the c1s-(4R 6S) form

8. A compound of claim 7 having the formula
20
25 | - W= :

9. A compound of c}axm 8 wherein R® and R’° each are methyl = o/

10.  The compound of claim 9 wherein R" is hydrogen. _
11.. A compound of claim 8 wherein R* and R, taken together w1th the': .
30 carbon atom to which they are attached is cyclohexyl |
12.  The compound of claim 11 wherein R” is ‘hydrogen. B
13. A compound accordmg to any one of clalms 1to12 substanually as
hereinbefore described.

35
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