6- ALKENYL-1, 3 DI OXANE- 4- ACETI C ACI D DERI VATI VES SUMVARY CE@EEE' O
| NVENII ON The present invention provides a conpound of the fo kBéEi“ in
substtanti ally the cis-(4R 6S) formwherein R7 and R8 each are

i ndependent|y hydrogen, Cl1-6 al kyl or phenyl which is optionally
substitutesd by one or two Cl-4 al kyl, hal cgen, O -4al koxy or

trifluoronethyl; RO and RI10 each are -4 alkyl or RO and R10,
taken tcgether with the carbon atomto which they are attached, is
cycl opentyl, cycl ohexyl or cycloheptyl; and n is zero or 1. DI VISIONAL

APPLI CATI ONS Di vi si onal applications containing matter divided out of this
application are filed in applications 9105304. 1 and 9105305. 8 respectively.

6=ALKENYL-1,3 DIOXANE-=4-
ACETIC ACID DERIVATIVES




DESRI PTI ON OF THE '| NVENTI ON Internedlates whi ch are useful for the
prepar ati on of antlhypercholcsterolen1c agents, have the fornul ae [err]_
[err] [err] in substantially the cis formwherein [err]and[err] each
are [err]alkyl or[err] and Rio, taken together-with the carbon atomto. ’%ﬁ
which they are attached, is cylopentyl, cycloexyl c[err] cycloheptyl; and*
Rlerr] is hydrogen; Clerr]alkyl or a metal cation. This invention provides

i nt ermedi at es useful igbﬁﬁ§§@5§psTﬁgrIhbgnﬁ&ggaratron of the conpounds of

Formulae Illa and |11 b above, I C urn are internedi ates for the
pr epar at rae p&—e@aﬁﬁwmﬁf&mcﬁstﬁ@d’mg ageshpothat be Eﬁéwb@»ﬁuﬂ%{ err]
R err] [err] [err] | - [err] - 3-
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tantizlly the cis-(4R,6S8) form wherein
each are. independently hydrogen, C, . o

alkyl or phenvl which is opt*ctally
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n is zero or 1. o . .

DIVISIONAL APPLICATIONS? '

Divisional appllcatlons containing matter'd1v1ded out of this
application are filed in applications 9105304 1 and 9105305.8
respectlvely.



4 wherein R and R each are independently hydrogen, hal ogen, C[err]alkyl,
d er r;}al koxy or trifluoronethyl; R2, R3,R5 and R6 each are indepencdently
hydr ggen, hal ogen, C[err]al kyl or Cerr]al koxy; and R is hydrogen, a

hydr pt-yzabl e ester group or a cation to forma non-toxic pharmaceutically
acceptable salt. The terns "(lLg Lkyl" - Chens akyd s " err]al koxy" as
used herein and in the clai lg‘ o e“%k Cr%’f‘*exl‘t"—‘i"h"cfi—@at@des ot herwi se) nean
unbranched or branched chain al kyl or al koxy groups such as nethyl, ethyl,
propyl, isopropyl, butyl, isobutyl, t-butyl, anyl, hexyl, etc. Preferably,

t hese groups contain froml to 4 carboh-atonrs—ahd:-Inteshediatber ahk yh khey
contain 1 or 2 carbon atons. Unless otherw se specified in the particul ar

i nstance, theetferim fhal pgenpresatisetiohendi ararid ipe tdhe lelsgien® lesient ended
to include chlorine, fluorine, brom ne and iodine while the term "halide"
as used her eigerarsl, iavehehe |farmelaes i nt ended to i nclude chloride, brom de
and i odi de ani on. Tge tefyn"a- cation to forma ng)n-thi c pharmaceutically
acceptable salt" as ﬁ?‘{; erein and in the clai nsRirghiended to include
non-toxi c al kali met sS4l t s8such as sodi um potas

‘\H\/K)J\oaﬁ
|

gri2
0 i}
Izz ITIIb
in substantially the cis form wherein
L4 1 9 1 L
Rg and R'O each zare 01_4a1k31 or R” and R O, tazen
tecgether with the carbon atem to which thayv
are attached, is cyclopentyl, cv¥clohexyl cr
cycloheptyl; and
Rlz is hydrcgen, Cl_4alkyl or a metal cztien.
This invention provides intermediates useful in
processes for the preparation of the compounds of Fermulze
f&j IITa and IIIb above, which in turn ére intermediates for the

preparation of antihypercholesterolemic agents of the

formulae g5

& Nad



cal ci um and nagnesi um the ammonium sal't and salts with non-toxic anines

such as trial kyl am nes, di benzyl am ne, pyridine, N nethyl norpholine, - .
N- net hyl pi peri di ne and ot her am nes whi ch have been used to formsalts of °
carboxylic - 4- acids. Unless otherw se specified, the term"a D

hydrol yc[err]ble ester group” as used. herein and in the clains is intended-
to include an ester group which is physiologically acceptable and. . .

hydrol y[ err] abl®. under4 physi ol agi cal, condi tions,such _as err]al kyl,

ey F AR R RO Cren e Bl BRk e e b e pSHRBeRR  bRAGERE Y 11,
and Xld , if1is5 i ngendegh that _fhe, . arg2i npBhenbrgns .6

conf i gddr'af-talhoIi 1 Eel.‘,‘*? E;«?-Eﬁg%ﬁf%%@éﬁﬁ%ﬂélét rﬁuét Brar & orgtrﬁ%l Re used

herei Aand 44k the Ghalden - 1YVRy &8s LA, the169uRoURdS afybergyl ae IV, V, W,
VIIT, VIII and IX, it is intended tﬁat t he conflguiaﬁlon of the doubl e bonds:

are trANS,aldidkpf dARKIRIES hferegén, i achydtElyzaBleWager=gradg 6B (B,

(2 (2, )(Z) and (Z)(E) when n=l, as indicated herein and in the clains.
As t ha acapoundse ofotinea presetdxiavehéroacpasiesdilywacagptubllei c car bon
at oirs, Hhe i nvention includes the

salt.

The terms "01_4§1ky1", Cl_salkyl“'ahd "Cl_4a1koxy" as

used herein and in'the c1éims (unless the context ihdicates s,
otherwise) mean unbranched or branched chain alkyl or alkoxy -
groups such as methyl,feﬁhyl,'propyl, isopropyl, butyl,

iso@utyl, t-butyl, amyl, hexyl, etc. Preferably, these

groups contain from 1 Eo'4 carbon atdms énd, most

preferably, they contain 1 or 2 carbon atoms. Unless
otherwiseISPéCified in.the particular instanéé,_the_term i

“hélogen“ as used herein and in the claims ié intende& to’

include chlorine, flﬁdriﬁe; bromine and iodine while the

tefﬁ "halide" és used herein and in thé claims ié intended -
to_inciude cﬁldride, bromide and-iddide”ahibn.- The term "a :;
cation to form a non-tbxié_pharmacéutiéaiii”acéeptable salt"

as used herein and in the claims is intended to include

non-toxic alkéli metal salts such as sodium, potassium,

calcium and magnesium, the ammonium salt and salts with

non-toxic amines_guch_;s trialkylamines, dibenzylamine,

pyridine, N-meth}lmorphﬁline, N-methylpiperidine'apd other

amines which have been used to form salts of carboxylic



enantjoneric and di astereonmeric forns of the subjéct internediates utilized
in tha processes for the preparation of conpounds of Fornulae | and Il as
descr\ped herein. The conpounds of Fornulae | and Il which contain two

cent ers of asynnetry may have four possible stereoisomers designated as the
RR, RS, SR an S e an | omer Speci fical l.y,. the qunds, of For 1,
havi ng two &as trﬁt boﬁéh?bnﬁbﬁeaffﬁ e hngo Vi §¥oﬂp21dﬁ°gue“§]éhd
5 position nay 1 S 6. stekeol.s S I Sl; qd a the
(3R, 59 g%R{@l&%@% TR §ter82‘.?é*o%“%ﬁ‘%§s§ ABREhEd T
the cl ai ms, e des i eéyﬁ'é'EOafb\SplﬂieGﬂedst@1" 13Gloude 1@ aiyt We@epEa (3R 59)
and (3SSR) enantioners, and the term"threo" is intended to include a

m xture of (a3 FR)danlly £ 35 5pnéaanpherepdogikea luzendfi tiongl eudhsagnati on
such as (3R 5S) is intended to include substantially one stereoi sonmer. The
| act one comSqundslitfl Foplnemalméethy $oahdveivad cadpmreethy lear bon atonms at
the 4 and 6 position, and the resulting four stereoi soners nay be

desi gnated as the (4R 6S), (4S,6R), (4R 6R) and (4S,6S) stereoisonmers. As
bR BE AR T KL R T S AR i L i

intended that the double tonds are in the trans
configuration, i.e., (E}, as indicated in the structural
formulae used herein z2nd in the claims. Whereas in the
compcunds of Formulae IV, V, VI, VII, VIII and IX, it is
intended that the con-;g- ration-of the decuble bonds are

trans, cis or mixtures thereof, i.e., (E), (Z) when n=c znd

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

herein and in the claims.

As the compounds of the present invention pcssess £w¢
asymmetric carbon atoms, the invention includes the
enanticmeric and diasterecmeric forms of the subject intermediates

\&j- utilized in the processes for the preparation of compound

of Formulae I and II as described herein .
The compounds of Formulae I and II which contain two centers
of asymmetry may have four possible stereoisomars designated
as the RR, RS, SR and SS enantiomers. Specifi£aliy; the

- compounds of Formula I having two asymmetfic carbon atoms
bearing the hydroxy groups in the 3 and 5 position may have

four possible stereocisomers which are designated as the



and (4S,6R) enantioners while the term"cis" lactone is intended to include
a mxture of (4R 6R) and (4S,6S) enantioners. The use of a single C e
desi gnation such as (4R 6S) is intended to include substantially one = -~
enantioneric |actone. The substituted 1, 3-di oxane conpounds of Fornul a \;$
IIla, Illb and other simlar conpounds described herein and in the clains -
al so contain two asynnetric carbon atons at the 4 and 6 position as shown

bel be d ted th
(iR"é“éyR,é@ RS (AR R Rt AT 8T EF o Borer L5 oheTBisedifior of n and i1
th | t "t Y- trend { | ud t

of (AR e ich dE LR s oaRE fien ofRiiee” i”é i oxane 15 ¢
|t ended ord mmm\,wwrﬁgu{egggﬁ@mr@s {45,8R 36138 | omer . S nce the

nost pre ed enantioner of t cbnp la Il has
fortuphawtlibridias SaRl (2 @Rl ISR S'ONEE | £ndERdONE S Of\nél‘fuabeaWDSt

preferred enanti omer of the 1,3-droxane intermediates of the present

i NVenkii @ty deh® RAHR i SRl ardeSi WES Prednt 1 6m88S . OTThEi §Sei 6¢i Ncl uded to
single designation such as (3R,5S) is intended to include ‘
substantially one stereoisomer. The lactone compounds of
Formula II also have two asymmetric carbon atoms at the 4
and 6 position, and the resulting four stereoisomers may be -:3
designated as the (4R,6S), (45,6R), (4R,6R) and (4S,68)

stereocisomers. As used herein and in the claims, the term

"trans" lactone is intended to include a mixture of (4R,6S)

and (4S,6R) enantiomers while the term "gig“ iacfone is

intended to include a mixture of (4R,6R).and (4s,68)

enantiomers. The use of a single designatibn such as .

(4R,6S) is intended to include substantially one

enantiomeric lactone.

. . E ~—
The substituted 1,3-dioxane compounds of Formula -’

IIIa, IIIE and otherISimilar compoundé described herein and

in the claims also contain two asymmetric carbon atoms at

the 4 and 6 position as shown below,



avoi d any possi bl e confusionh. _In the conpounds of Formulae 1Illa and Il1Db,
R9 and R10 each are Cl1 4al kyl or RO and R10, taken together with the
caer%gaton1to whi ch they are attached, is cyclopentyl, cyclohexyl or
cycl pheptyl. Preferably, R and R10 each are nethyl or RO and R10, taken

together with the carbon atomto which they are attached, is cyclohexyl. It
Is preferred that R is hydrogen, nethyl or a netal cation especially
lithium The cis isoner of the conpounds of Fornmula Illa is preferred and

th I s- (4R ' f. th ILLb4LSs d.
The anti hy BB SR U oMo o i e 5, be P EREE el EkL 20
The an | _ i Py “be”pr ep:

Che' Tor mul S (s 6%) STSIGRF 20U, 6r) M ETRUSYESY, FRerkBLERRELAT Of)

the cis fopmad ey Rlad liRtid lc1aoael, Ritgd rdermareraastelipedioxane
previously. Thus, the present invention provides an rnternmedi ate useful in

a process fer iMendeparatindlude thanixd ererasif a{ 4R, 6R) Fandul(4s,&5)a and
I11b and hence al so useful in an inproved process for the preparation of
conpounds efnatntd diermaulviel le arke |term Hic i’ hpbydhediokanéol suiintehikld tomay
be prepared

1nc1udé a mixture of (4R,6S) and (4S,6R) enantiomers. Since
the most preferred enantiomer of the lactone compounds of
Formula II has fortuitously the same (4R,6S) stereocisomeric
o desighation as the most preferred enantiomer of the

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

” : 117

-‘additional designation of "trans" or "cis" is included to

avoid any possible confusion.

In the compounds of Formulae IIIa and IIIb, R9

10 9 10

and R each are C;_,alkyl or R’ and R™", taken together |

with thé carbon atom to which they are attached, is
cyclopentyl, cyclohexyl or cycloheptyl. Preferably, R9 and

10 9 10

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

carbon atom to which they are attached, is cyclchexyl. It

12 is hydrogen, methyl or a metal cation

is preferred that R
especially lithium. The cis isomer of the compounds of
Formula IIIa is preferred and the cis-(4R,6S) isomer of the

compounds of Formula IIIb is most preferred.

Thg antihypercholesterolemic compounds of Formulae I

and II may be prepared by various procedures and preferably



by the reaction of an al dehyde of Formula IV with an ester c[err]

acetcacetic acid and then reacting a ketone or ketal wth a conpound
of Formula VI followed by hydrolysis .of the resulting 1, 3-dixane of -
formula VIl and optionally resolving the acid of Fornmula VI11, as showyl
I n Reaction Schene 1. -8- Reaction Schene 1 R [err] IV [err]-
[err] V [Q5r11§@i EL [e ﬂ{l [err] VlI ! Lgrr]fnlmulue
R gl0 R"\<R".°
<o o 7y
N k/J\_'.‘,R.".E Kl 0& <2
] a
g
IIzZa IIib

qQ
n R, R and R irs 2s

[

in substantially the cis form where

cdafined pre'&iously. Thus, the present invention prazvides ap
intermediate useful in a process for the preparation of the intermediates :;
of Formulae IIIa and IIIb and hence also useful in an improved '
process for the preparation of compounds of the Formulae I and II.

The ccmpounds oI Fermulaze IIIZz and IIIb may be preparsad
by the rezction ¢ an zldehvcde of Formula IV with an estac-
cf acetczcetic acid and then reacting a ketcne or ketzl wizh
a2 ccmpound of Formula VI followed by hydrolysis of the
resulting 1,3-dicxzne ¢f Formula VII and optionally
resciving the acid of Termula VIII, as shown in React

B



VI e I X [err] [err] Illa

I1xb*. In Reaction Scherre 1, Rerr] and R err] each are independently
hydrag; C err]al kyl or phenyl which is 1- 6 optionally substituted by one
or t C err]al kyl, halogen, 11 CJerr]al koxy or trifluoronmethyl; R err]

is a hydrol yzabl e ester group, nis zero or 1 and Rlerr] and Rerr] are
as previously defined. The ketoester of Fornmula V may be prepared by the
reaction of an ester_, qf acqt oacetic acid with an al dehyde of Fornula IV by
procedures&ﬁ@lﬂ—ﬂ%ﬁ#—q:l—%hot £ se skilled in the art in an inert organic

sol vent such as tetrahydrofuran at tenperatures of [err] Jerr]Cto
[err] -78[err]g8in the presence ofgda b8se such as sodium hydride, lithium
di i soprepyl am He and n-RQutyllithi THe startlng materials of Formula IV

wherei n n=0q \ar) Knawe omyhey-Tead iRlY be—prepared by known net hods.-
The startlng materlals of Formula IV where n=1

Iv

R® "oH 0. 0
R?/g/(\\)n/wkoRll >

I.. V
(N
R8 OH QOH 0
R?/&‘%)n)\)\/u\mn _—
vIi

IITa I1ib



may al so be prepared by the reaction_of conpounds of: Forsula 1V wherein n=0
with Wttig reagents such as triphenyl phos- phoranylidene acetal dehyde and,

ot her nmethods well-known in the art. It should be appreciated by those -
skilled in the art that the relative configuration of the double bond (n=g)
or double bonds (n=l) in the starting materials of Fornula IV may be trans,
cis or mixtures thereof. The relative anounts of each geonetric isoner (E)
or (Z2) will be defermned.b onner0|al avallagsllty or. the reaction

condi ti ons enpl o |‘n*"tﬁé°§ gba#atu pe€ierc *&Ranpl e descri bed

herein, ,Qi,mggjt&,l_,r ony 13511 ,,rmgtlyktl e}@s 1 (Bl r was enpl oyed.
Even t hough a sm ?' cent ¢ of tRe b0t PLo h?nVI bec%rggent t hr oughout -

t he seblﬂsc@fawl@acstd‘_og@lg;@@x\e Y Be@cbk-oa SCbemaafhc iit, shewkdybe evident to
those skilled in the art that the rel at;ie ambdafit f{ i'somers i $ not
critical ilaﬂ.&@d,he:ﬂat&)iﬁllb@ﬂdmes sgli;dRzediand tihdroly zaBnevedskr the
ozonol ysis reaction. The ketoester qof Forpyla V may be reduced to the

di hydr expestem dfs Foymuler VI &ydr 8duendoR " of atkeakeporeiguolip with reduci ng
agents wel | -known in.the art. .

defined. e ketoester of rormula V may be prepared by the
reaction of an ester of acetoacetic’acid with zn aldshyde of-
Formula IV by prdcedures well-known to thbsé sxilled in the
art in an inert organic so‘"ent such as tetrahrdrofuran at

2,

temperatures of

0°C t9 e -78°C in the presence cf
a base such as sodium hydride, lithium diisopr=apylamide and

n-butyliithium,

The starting materials of Formula IV whersin

n=0 and n=1 are known or may readily be prepared by
metheds. The starting matef als of For“u a IV whersin n=1
may also be pfepareﬂ by the reaction of cocmpeunds of Formula
IV wherein n=0 with Wittig reagents such as triphenyichos-

phoranylidene acetaldehyde and other methods_well-k:cwn.in

O

the art. It should be appreciated by those skilled in the
art that the relative configuration of the double bend (n—O)
or double bonds (n=1) in the starting materials of Formula

IV may be trans, cis or mixtures thereof. The relative

amounts of each geometric isomer (E) or (Z) will be
determined by commercial availability or the reaction
conditions'employed.in the preparation. In a specific

example described herein, a mixture containing mostly trans

-10-



Preferably, the reduction is carried out in a stereospecific manner by a
t wo- st ep stereospecific reduction in order to maxinze the production of
t he p%gferred erythro i somer of the di hydroxyester of Fornmula VI. The
stereodspecific reduction is carried out with trisubstitutedalkyl boranes,
preferably triethyl borane or tri-n-butyl borane, or al koxydi al kyl bor anes,
preferably net hoxydi et hyl borane or ethoxydi et hyl borane [ Tetrahedron
Letters, 28,gh53 sk )dadteRpiSpRer atgienofndephl a- £8henr bertonc [t e
anbi ent tenperature. The conplex which is produced i-s then reduced with
sodi um bor obyteirde sdnér tvipehatpresoht thif@izhoubOfREr fertas berr]
-78[err]Cin an inert organic solvent such as tetrahydrofuran, diethylether
and 1, 2- di nekhatjettmnshopn eivrbigt tenr dblyeirof Uy aht Fheulddbet evidestt hen
conpl eted by the addition of nethanol with or without the addition_of
aqueous hydtegéhoger osdtidel ethdidufierart skt ofheheetafpyanasouvnt PE mul a VI
are known and described in U. S _Patent No. . 4624f’8§9 (i,ssued Febguary
3, 1981) -andSOMETSpaerfto NS THEBSDT BV S3Tet MR EnT7d $5a9¥F1d R
conmpounds of, Fornula,.Vll_nay b re ed_f g ounds of Fornula Vi
by reactingagdkgﬂﬁﬁ§2ﬁuﬁfﬂé&eg§fh oL 9-0&5&9&?? Eggggﬁog.

The ketoester of Fdrmula V may be reduced to the
dihydroxyester of Formula VI by recuction of the retone
group with reducing zgents well-known in the art.
Preferably, the reduction is carried out in a stereospeciiic
manner by a two-step stereospecific reduction in order tc
maximize the procduction of the preferred ervthro iscmer cZ
the dihydroxyester of Formula VI. Thensterecspecific
reducticn is carried out with trisubstitutedalkylboranes,
preferably triethylborane or tri-n-tutylbecrane, or

alkoxydialkylboranes, preferably methoxydiethylborane or

8, 155 (1987)1 at

ethoxydiethylborane [Tetrahedron Letters,

i a temperature of——_____-70°C t0———-ambient temperature.
The complex which is produced is then reduced with sodium
borohydride at a temperature 6f — " -50°C t0———— -78°C
in an inert organic solvent such as tetrahydrofuran,
diethylether and 1,2-dimethoxyethane, preferably
tetrahydrofuran. The reduction is then completed by the
addition of methanol with or without the addition of aqueous
hydrogen peroxide and buffer. Some of the compéunds of

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

-11-



2- propanone, 3-pentanone, cycl opentanone and cycl ohexanone in a suitable

I nert organic solvent, e.g. toluene, -benzene or xylene at tenperétdres of ,
about 20[err]C to the reflux tenperature of the solvent enployed in the —
presence of a small anmount of organic, mneral or resin acid, e.g., }{
p-tol uenesul fonic acid and sulfuric acid and optionally renoving the water-
which is fornmed with a drying agent, e.g., NaJerr]SOerr], MySO[err] and
mol ecul‘ayl’sd g¥@% (OLsbyededtbopbcal Jrern?\sal) \Mr&hl.asDean--Sta&r kot.rap or
simlar apparatus. The reaction of a cormpound of Formula VI with a ket one
may al $o &0 BFPi bllssuedwiteheit 1ol MERZ) - Alternatively, the reaction
descri bed above of conpounds of Fornula VIl may be carried out wth a ketal
such as 2, 2- dinethoxypropane and 1, 1-dinmet h- oxycycl ohexane .. The
conpounds of Fornula |11 a in Bl2 19 a ﬁ]drol abl e ester group, and
preferably, C[err]é?kﬁ?mﬁﬁb ﬁ Brep&ral Prg Fr@§ﬁ€ﬁ6?ﬁg €éipounds of

F | |1 t I t | deh
omen s SN QIR G el I8 OrCblMeEadhIng b0 1B eI SRRl OfP B! N
hydr ol mz?%t,xyarb@ééc f‘yﬁiémzéﬁséﬁet,Oca;QQgQQHBQOQfe andFRLTLa. YhLL which is.

then oxidized to give a conpound
in a suitable inert organic solvent, e.g. tolue“e, beu-eae

or xylene at temperatures of about 20°C to the reflux

temperature of the solvent employed in the presence of z

O

small amcunt ‘of corganic, mineral or resin acid, e.g.,
p-toluenesulfonic acid and sulfuric acid and optiocnally

removing the water which is formed with a drying agent,

T

e.g., Na,s0,, H3504 and mclecular sieves or by a:éo,'cpical_
removal with a Dean-Stark trap or s1mlla:_appara:L . The

reacticn of a ccmpound of Formula VI with a ketcne may also

rr
ot
e

he rezction

H

be carried out withcut solvent. AlterqagLvel§,

.
Lk ab]
-y o

(]
.

described above of compounds of Formula VIiI may

_tf

e C

.m

out with a ketal such as Z,Z-dlmethqupropane, and 1,1-dimeth-

oxycyclohexane .

O

The compounds of Formula IIIa wherein R;? is a

hydrolyzable ester group, and prefefébly;_ci-éalkyl may be
prepared from the corresponding compouﬁds of Formula VII ﬁy
oxidation of the olefinic group tb an aldehyde group using
conventional means. Alternatively, a compound of Formui; |
VII is first.hyArolyzed by basic hyd;oly§;s to a ﬁgmpouﬁd.of

Formula VIII which is then oxidized to give a compound of



Formula llla wherein R[err] is hydrogen. A particularly ccnvenient

oxi dation nmethod is the reaction of a conpound of Formula VIl or VIII in
[ nert@rgani c solvent such as nethanol, ethyl acetate and net hyl ene
chloride with ozone at tenperatures of [err] -50[err]Cto [err]

-78[err]C.  Wien the reaction with ozone is conplete as evidence by the
color of the reaction mxture, the internedi ate ozonide is deconposed by

t he additiop_of k r edyci deént.,. 8, @81eadi et hyl £ i _
triphenylphbgbﬁ?ﬁganqaiVéufﬁggdgéiréﬁ;éf o 3n§fh%3Fﬁh quﬁﬁéyyiThe
preferred cisa(-4RifRk akdahydes ok :Frdnia dild bedmst fsh ¥ eRar@hfdga the
corresponding racem c acid of Fornmula VIII by conventional resolution

nmet hods suchoasuiravtiroszl venystal ldizaitont addgrnidiesd nidroducidionnsof a
suitable salt-form ng group. The resulting m xture of diastereoisoneric
sal ts whi chméshinoipdethiyi anetptiecaldd/ raxtiivlesaldhforidegiidgem- s ha as
(1S, 2R) - ephedri ne and a-net hyl benzyl amine is separated and the separated
resol ved -sat¢mperabnvest ed —e—a—e oo ind i—Fermi P 1G4 b. ¥Imeftdiaabl y, the
salt-formng agent .is. (1S 2R)-ephedrine and the nefhod qf separation is by
fracti onal E#§SEAPR| YAEPoRZOPRe ISeSAMRITIE Ay DEIENTS (ﬁHLiQ?%ﬁFi%%rt

organi ¢ solvent, and.preferabl i a .m xture,.of, hydrocar ban-a] cohol .
9 the feacglgn m?x%urgg t%e 1ntermedlate3gzon1 e(ﬁs eccmpesaa

by the addition of a mild reducing agent, e.g., dimethyl
sulfide and trighenylgshesphine to give the desired aidehrie
of Formula IIIa.

The preferred cis-{4R,6S) aldehydes of Fermula

IIIb may be prepared from the cerresponding racemic acid ¢
Formula VIII by ccﬁven:iona- resolution methods such as
fractional crystallization after the introduction of a
sﬁitable salt-forming group. The resulting mixture of
diastereoiscmeric salts which is formed with an optically
active salt-forming agent such as (1S,2R)-ephédrine and
o a-methylbenzylamine is separated and the separated resolved
salt is converted to a compound of Formula IIIb.
Preferably, the salt-forming agent is (15,2R)-ephedrine zn
the method of separation is by fractional crystallization.
The resolution may be carried out in an inert organic
solvent, aﬁd preferably? in a2 mixture of hydrocarbon-alcohol
solvents, e.g., hexane-methanol mixture, in which ‘the
reSol&gd salt may crystallize from the solution. If it is
desiréq, the acid 6f Formula iIIb méy be converted to a salt

-13-



solvents, e.g., hexane-nethanol mxture, in which the resolved salt may
crystallize fromthe solution. If it is desired, the acid of Fornmula Illb,
may be converted to a salt -13- wherein Rferr] is a metal caticn or~
to a hydrobyzable aster group wherein Rferr] is Clerr]al kyl. Theie"
preferred anti hypercol esterol em ¢ conpounds of Fornulae | and Il may be-
prepared froma conpound of Fornmula Illa or Illb by the general procedures
descri-bed-hereirt" is U el enic ApRl beatbcn Seriak-Nay1018,642, filed
February 25, 19S7 and the corresponding conuation-in-part ‘U S. Patent’

[err] group wherein R™7 is Nos ¥=897. 490 [err] (John J. Wi ght
and Sing-Tuen Sit), and in t%e U S. Patent Application-Serial No. -
018,553, filed February 25, 1987 and the correspcndi ng contlnuatlon in-part

US . Patent No, - 4.898.949

- (John [err] Vvlgh@ Rﬁ%ﬂf‘“ﬁkﬁﬁ?ﬁt‘V$&%ﬁ%&£hfah ‘Bal2dGbf #aatians and Pet er
J. Bromp The use jﬂédcenyces of For ka llla_is shown_ i n Reaction
Schem®2 BAG thé 2y ea(ff' DERREG a’fecf’éﬁyd%s L3F FoFRIPRYFTIY is shown in

Reac“@@r.ﬁ?b&”?l%‘a or IIIb by the generzl procecu;es described

herein, in U.S. Patent Applicaticn Ser*al No. 013,542, filad

February 25, 1987 and the cerrespending ccocntianuaticn-in-zsacet

U.S. Patent No.4,897.490
! : o,

chn J. Wright and Sing-Tusn \o/
S:.;\:, and in the U.S. Fatent Appiication Serizl Yo. (18,523,
filed Tebruary 23, 1987 and the cocrrespending
centinuaticon-in-part U.S. Tatent NO. -
4,898,949 (Jchn S
Wwright, Sing-Yuen Sit, NeeslzXkantan Balasubramanian and Fezar
+ = N s L R R '
J. Brown; The use of the a.-.c:en;fc.es of Formula IIZz is shewm

in Reacticn Scheme 2 and the use cf the chirzl &

-

Formula IZIIb is shcwn in Rezction Scheme 3.

Q)

-14-



-14- Conpound of Formula Il '~ Reaction Sé_he_rre 3 R5 [err] [err] NJerr]
[errd [err] [err].[err] [err] (4R 6S) Conpound of Formula Il -16-

W

=7

Reaction Scheme_ 2




In Reactlon Schenmes 2 and 3, Rerr] , Rerr], Rerr], Rerr], Rerr]
Rlerr],Rlerr], Rlerr] and Rlerr] are as previously defined and Z is [ert]
[err] \R14 13 14 Rlerr] is (Jerr]alkyl, Rerr] is phenyl~
whi ch is unsubstituted or substituted by one or two CJerr]al kyl or chl or‘ﬁ"
substituents and X is brono, chloro or iodo. The phosphonium salt of
Formul a X and the phosphonate of Forrmula X is described herein, in US..

Pat e llcag Qo Serial No. 018,558, filed February 25, 1987 and in the
cont i%ﬁ%ﬁ—m—pﬁrﬁéﬂ S. Patent No. 4, 898, 949 John J.
Wight, Sing-Yuen Sit, Neel akantan Bal asubramani an and Peter J. Brown. The
reaction of a c@fpound of Formula X with a corrpound of Forrmula Illa or
Formula Il1b to kfeduce a conpound of 12 Forrml Q4 X1, respectively,
wher ei n R[ err]R% Fek%]al kyl may be carried o an inert organic

sol vent such as ahydrof uran and N, N-di net hyl ' [
of a strongRBase uch as n-butyllithium at

50[err]Cto

-78[err]C._ Hation of a conmpound o ' § carri ed out
W tth a cdripy formyla Illa _
R 4 _
N ) IIIb - :
x _
o
X1
Fie
-’
Ib

(4R,6S) Compound of Formula II.



or I1lb wherein R 12 is hydrogen, it is preferred to use two equival ents of
a striong base such as n-butyllithium Alternatively, the salt of a conpound
of Fornula Illa or Illb may be prepared which is then treated with a
conpound - of Fornula X and a strong base. The nethods of addition, -17-
salt formation and ylide preparation are well-known to those skilled in the
art. The tetrazole conmpounds of Fornula XI or XI|I mgy bg readily

deprot ected by wel | - knbwReroticmr &@shenels 3sandl d,aBid, RE,gR™, EkZNRa61 and
0.5N HC1 in gn ingrt gygani c gplvent such as tetrahydrofuran to produce the
erythro confounds ofR Foramd aR[a ®Fet A8 PIRVESYSEFnpBaAaS§dor~EofnéiPa | b

whi ch may then be converted to.theigrans conpounds of Formula Il or (4R 6S)

conpounds of prmula Il in a gpvﬁntional manner wel | -kncwn to those

skilled in the art. Ihe copoungs otéFo 2 Lhliaghave the structure in
substantially%ihe(%%s ﬁbr° whe i% F{e?f?kgnd ﬁ?err] each are ([ err]al kyl

or Rlerr] and Rierr], taken tog Qbﬁ with the carbon atomto which they are
attached, is %yclohexyl; and Rlerr] is
R1 is Cl_Qalkyl, R is phenyl which is unsubstituted or

substituted by one or two Cl_4alkyl or chloro substituents
and I is bromo, chlcro or iocdo. The phosphonium salt of

Formula X and the phosclhionate of Formula X is described

S herein, in U.S. Patent Application Serizl No. 018,558, filed
February 25, 1987 and in the continuatidn-in-part G.8. -
Fatent — No.4.898,949

~John 3. Wright, Sing-Yuen Sit,
Neelakantan Balasubrazmanian and Peter J. Brewn. The
reaction of a cempound of Formula X with a ccmpecund of
Formula II1Ia or Formula IIIb to produce a compound of

' . 1
Formula XI or XII, respectively, wherein R 2

is C,_,alkyl
may be carried out in an inert organic solvent such as
tetrahydrofuran and N,N-dimethylformamide in the presence of
a strong base such as n-butyllithium at a temperature of
-50°C to————é——78°C. When the reaction of a compound
of Formula X-is carried out with a compound of Formula IIXa

or IIIb wherein Rlz

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

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

-17-



hydrogen, Clerr] alkyl or a nmetal cation. -18- = The cconpodnds of Fornul a
I1'1'b have the structure [err] [err] [err] in substantially the Cis-(4R 6S),

formwherein RO and R err] each are (Jerr]alkyl or RO and R10, taken

Pl

together with the carbon atomto which they are attached, is cyclohexyl'%g
and R12 is hydrogen, (err]alkyl or a netal cation. conpounds of Formula -

VII1 have the structure [err] independently hydrogen, (err]al kyl or

phenyl .Riergd -and: Khessd 5 eagd @fsn@@e&]aal Kyl 951BLE££1 .apd BLernl,
together with the carbon atonlto whi ch they are attac
and n ks&iZdre@ ofn lthe 19rt.  The tetrazole compounds of Formula

XI or XIT may be readily deprotected by well-kacwn
procecduraes such as mild acid, e.g., 0.2Y¥ HC1l and 0.5Y HCl in

nert ganic sozwent such as tetranydrofuran to produce

(20

n

4}

the ervthro compounds'of Fermula Ia or the (3R;58) compounds
of Formula Ib which may then be converted to the trzans

compounds of Formula ITI or (%R,6S5) compournds of Formula iz
in a conventional manner well-kncwn to those skilled in the

art.

compeunds of Formula I1iIa have the structure’

o

N & ]
(o]
[}

[ ]
m

in substantially the ¢is form wherein Rs and Rlo each aré
Cl_zalkyl or Rg-and Rlo, taken together with tha carbon atom

to which they are attached, is cyclohexyl; and Rlz is

hydrogen, Cl_zalkyl'or a metal cation.

-13;

t aken

i s cycl ohexyl :
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In the subject invention, the conmpounds of Formula | X have the structure
[err]* Rlerr] [err] in substantially the cis-(4R 6S) form wherein R7
and «a ch are independently hydrogen, Cerr]al kyl or pher.yl; and
Rlerr]” each are CJerr]alkyl or Rerr] and Rlerr], taken together with the
carbon atomto which they are attached, is cyclchexyl; and n is zero or 1.
[err] QG her novel internediates have the fornmula [err] [ger] X
[err] [err] in substantialTy the cis Tormwherein R _and R _each are -

i ndependent|ly hydrogen, hal ogen, (err]al kyl, Cerr]al koxy or
trifluorometdybpcudierek roRkenal LiRtenidvanthR[rctwgach are

i ndependently -20- hydr ogen, hal ogen, (ferr]al kyl or (ferr]al koxy;

Rlerr] and Rl err] each o
R‘B R'.O
| oo o III

N\n)\)\)J\Mla

Q

in substantially the cis-(4%,6S) form wherein R’ 2and R

9 10

each are Cl_zalkyl or R and R7", taken together with the

rhbon aztem to which they cre attached, is cyclchexxl; azd

0O
(D]

12 .. .., .
R is hrdrogen, Cl_zalkyl or a metal catiocn.
The
ccmpounds cf Formula VIII have the structure
R?Y =10 e

R® %)x(; Q . e
a”’kb/0§>¥f\\v/l5~/u\ﬂﬂ _

in substantially the cis form wherein R7 and Rs each are

10

independently hydrogen, Cl_salkyl or phenyl; R9 and R each

9 and Rlo, taken together with the carbon

are C;_,alkyl or R
. atom to which they are attached, is cyclohexyl; and n is

Zero or 1.

-19-



are (CJerr]jalkyl or Rlerr] and Rerr], taken together with the carbon atom
to which they are attached, is cyclopentyl, cyclohexyl or cycloheptyl; ang
Rl err] i-s hydrogen. C. , alkyl or a netal cation. [err] —
Preferably internediates of Fornmula XI are in substantially the cis fornf
wherein Rerr],Rerr],Rerr], Rerr], Rerr] and Rerr] each are *
i ndependent | y hydrogen, fluoro, chloro, nethyl or nethoxy, Rerr] and
Rlerr] éach are ClerrJarkyl or RerrT and K erF] SURISREnI AvEgéionr with the
carbon atomto which they are attached is cyclohexyl and Rerr] is
hydrogegfecfgfﬁT%fRV1 %ﬁBEfWﬁﬁ%ﬁ téiﬁﬁne 9%? FhFeRE¥T®nt er nedi at es have the
formula [err] [err] [err] XIl in
substantially the cis-(4R'6S). formwherein Rerr] and Rerr] each-are

i ndependent |y hydrogen, hal ogen, ©Tersq'al kyl, C[err]al koxy -21-._ or

trifluoromethyl; Rlerr], Rperr] , eg] @nd Rlerr] each are ™
i ndependent|y hydrogen, hal ogen, errfl al kyl or Cerr]al koxy; Rerr] and

Rl err] each are ( errg> (Sl e - wRlerr] , taken together Wi t h
t he carbcn .

in substantially the cis-{%R,6S) form wherein R’ znd RO ezch
are independently hydrogen, Cy_,alkyl or phenyl; R? and }1°
ach ar c I ’- 9 s 10 ) . : . ) . s
each are C; ,aikyl or R” and R"", taken together with the W/
carben atom to which they are attached, is cyclchexyl; z2n2 n
is zero or 1,
Other
novel intermediates have the formula
5
24_.@__86 =9 . R0
QQ/J é>x<o 0
. I —~

in substantially the cis form wherein R1 and R4 each are

" independently hydrogen, halogen, Cl_éalkyl, C1_4alkoxy or

2 3 5 6

trifluoromethyl; R™, R™, R” and R” each are independently

. -20- -



atomto which.they are attached, is cyclopentyl, cyclohexyl or cycloheptyl;
and R err] is hydrogen, C[err]alkyl or a netal cation. Preferably the
internedi ates of Fornmula Xl are in substantially the cis-(4R, 6S) form
whererh Rlerr],Rerr],Rerr],Rerr],Rerr] and Rlerr] each are

i ndependent |y hydrogen quoro chloro met hyl or nethoxy; R err] and
Rlerr] each are (Jerr]alkyl or Rerr] and Rerr] takendogethgp wth the
carbon at orhitdragesh hhéypcare Sthéﬁéﬁl oF £3 . Q@éﬁ@ﬁeXym-amT¢¢%rrFﬂkhs
hydr ogen, C[ernlalkyl or a ne@a cati gﬁaldeh dﬁ of th(?_f Qrmul a can be

prepared 1GH%r

1-4REkYd or R 1pd| Pr sub§ta fy ZPRGtORE &iER dR WREPE R

d R h d K h th
Car bon at oK T CRt hBy hPE AFEaBhBICTa "cycl BHERBYE T Coykt ey "e‘iﬂ By e

cycloheptyl
the steps of

agﬂc &helﬂ?vliyd';zggeﬁlzq.gr LAl n0r c mé,t@(l Y4 %n,.eccgliprl sing

cation.

-Preferably

intermediates of Formula XI are in substantially the cis form

wherein R7,

Rz, R3, Ra, R5 and R® each are independently

10 .

1

N hrdregen, fluoro, chloro, methyl or methoxy; Rg and R each’

10

are Cl_zalkyl or R9 and R, taken tcgether with the carbon

12

atom to which they are attached is cyclohexyl and R™" is

hydrogen, C1_4a1kyl or a metal cation.

Yet further intermediates have the formula

in substantially the cis-(4R,65) form wherein R

X1l

1 and R4 each'

are independently hydrogen, halogen, C.43lkyl, C;_yalkoxy

- -21-



_(a) reacting a di hydroxy conpound of the formula [err] [err] 7 in
substantially the erythro formwherein R and R each are independently .
hydrogen, Cerr]al kyl or phenyl which'is optionally substituted by one or
two Cferr]alkyl, halogen, Cerr]alkoxy or trifluoromethyl; Ris a ag’
hydrol yzabl e ester group; and n is zero or 1, in the presence of a smal [
anount of acid wth at Ieast one equi val ent of a conpound of fornula R9:

R10 [eft] Lokl o2 ,,M,Ulp ekh RedapdgReS argnas: Qe\f}\hﬂ‘égeﬁ@@(@zy-to

produce a conp ound of the fornula [err] Jerr] -2 -
R[err]h%%nlnR[ eillocRleey d; RI&TKY1 oand, n, argoas; dePined riPoveey

are Ci_Qa;xyl or Rg and Rlo, taken together with the carton

atom to which they are attached, is Cyclopéntyl, cyclohexyl

12

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

cation.

Preferablv the 1ntermed1ates of Fbrmula XII are in substantlally the

cis-(4R,6S) form wharein Rl Rz; R3, R4 RS and R6 each aze - At
independently %-d;cge“, *luoré, chloro, ﬂeuhyl or methot"

R9 and R' 10 each are C1 2'1ky1'of'R9'a1d R‘O, taken toge.“ b

wiﬁh the carben atom te which they'ére_a:: ched, is

cyclchexyl and Rlz is de:cgen, Cl_galkyl or a metal catiscna.

An aldehyde.of the formula Ean-be-prepared;

gy _alo -
o g v

- | Iia

cn be prepaced 10

in substantially the cis form wherein Rg-and R
10

each are

Cy.431kyl or R’ and R s taken together with the carbon itom

to which they are attached, is cyclopentyl,'cyclohexyl or

.12

cycloheptyl; and R is. hydrogen, Cl_4alkyI or a metal

qation,'comprising the steps of

-22-



(b) optionally hydrolyzing an ester of Formula VII to produce a conpound
of Formula VIIlI [err] wherein-Rerr], Rerr], Rerr] and Rerr] are as
defi ned above; and (c) oxidining a conpound of Fornmula VIl or a conpound
of F@Fﬁula VIIl to produce a conpound of the fornula [err] [err] [err]

I[1la in substantially the cis formwherin Rerr], Rerr] and Rlerr] are
as defined above. An al dehyde of the fornmula can be prepared -24- in
substantially the cis-(4R 6S) formwherein R err] and R err] each are
Cerr]al kyl(or RferctiagdaRithydrotpkeompogatihef wheh folre:udar bon atomto
whi ch they are attached, is cyclopentyl, cyclohexyl or cycloheptyl; and R12
is hydrogen, (Jerr]alkyl or a nmetal cation, conprising the steps of (a)

reacting a di hydroxy conpound_of the fornmula [err]
- R® °  OH oH O VI

R7/l§/<\\),fk/k/u\ogn .

in substantially the erythrec form wherein R7 and R8

each are independently hydrogen, Cl_salkyl or phenyl
W, .which is optionally substituted by one or two
Cl_4alky1, halogen, Cl_aélkoxy or trifluoromethyl; Rll
- 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

RY 10
R? R10 R
or CHa OCH3
-
wherein R9 and Rlo are as defined above, to produce a

compound of the formula

R, 10 ' .
R a><: 0 .
/l<vr I/L\,/L\,/u\ Vil
RN\ or11

V/

n

e23- L 0T



[err] in substantially the erythro formwherein R err] and R err] each are

i ndependent |y hydrogen, Clerr]al kyl or phenyl which is optionally ..
substituted by one or two CJerr]al kyl, hal ogen, Cerr]al koxy or -~
trifluoromethyl; R is a hydrolyzable ester group; and n is zero or | inse

presence of a small amount of acid with at |east one equivalent of a
conpound of . fopdul 38[ epl] REOr] p 1l .y o lerdd d8E{kea2Ps5, e, Wherein

R[err]“n%md‘?{[ err] = ‘'are'as défined above, to produce a ccnpound of the
formula [err] wherein Rlerr],Rerr],Rerr],Rerr],Rerr] and n are as
defined above; (b) hydrolyzing an ester of Formaula VIl to produce a
compouwyl) of cphechanmyl ay\dirbllysdieemR[estrdr N Fodzkl2r¥i] Rerr] and n
are as defined above; _

prcduce a compound of Formula VIII

. ' R? . 10
RO 0><§ 0.

' ' Viil
CRTRIRNTTS H
] 1 B o . . et
-wherein .7, R-B', R9 and R‘O' are as defined abecve; and \J
(¢) oxidizing a compound of Formula VII or a comgcund of
Formula VIII to produce a compound of the fcrmula
. R, :10
< o
GR“ ZIa
. . 10 12
in sutstantially the cis form wherin R”, R and R
re as defined above. -
An aldehyde of the formula
ITIb

can be prepared

-24-



(c) resolving the acid of Formula VIl to produce a conpound of the

subj ect invention of the fornmula [err] [err] -26- in substiantially the

cis-(4R 6S) formwherein Rerr], Rlerr], Rerr], Rerr] and n are as
defin%ﬂ above; and (d) OX|d|2|ng the acid of Fornmula I X and optionally
preparing the ester thereof to produce a conpound of the fornula [err]

[err] II'lb in substantially the cis-(4R 6S) form
wherein R err], Rerr] and R err] are as defined above. A conmpound of the

o) ke BRSO
C[err]alkaﬁﬁcﬁ”arg7 1 4alkyl or R9 and R , taken together with the

-

carbon atom to which they are attached, is cyclopentyl,

12

cyclohexyl or cycloheptyl; and R is hydrogen, C1_4a1ky1 or

a metal cation, comprising the steps of

(a) reacting a dihydroxy compound of the formula

RS OH OH O VI
r11

in substantially the erythroc form wherein R7_and R8

each are independently hydrogen, Ci_ealkyl or phenyl
which is optionally.substituted by one or two - :
Cl_aalkyl, halogen, Cl_halkoxy or trifluoromethyl; Rll
is a hydrolyzable ester group; and n is zero or-l, in

the presence of a small amount of acid with at least

one equivalent of a compound of formula

or

: SR
20
R WR CHy 0CH,

. =25«



trifluoronethyl; and Rerr], Rerr], Rerr] and Rerr] each are

i ndependent |y hydrogen, hal ogen, Clerr]alkyl or C[err]al kcoxy, conpiising .
the steps of (a) reacting a conpound of the formula RS R4 R6 [err] .-
[err] [err] [err] wherein Rerr], Rerr], Rerr], Rerr], Rerr] and R[e‘r*-ﬁ]
are as defined above and Zis O 14 [err] .
[err] [err] wherein Rerr] is (err]alkyl; Rerr] is phenyl which is
unsubstitute substitu err]al kyl or chloro

didy one of two
subst i tuent‘s‘F‘ﬁﬁd“qu s %}‘{)ﬁ?b cHirds of ¢ F bk vﬁ

Lerr] cempound of the formdf%r]

=8 : : VIiz
R")\\/‘\)n o’
wherein R7, RB, Rg, Rlo, Rll and n are as defined
atove; o
"’/
() Hhydreclyzing an ester of Formula VII to grsduce a
compeund of the formula
. R’ ~l0
VIiZZ
RL(ESZJ\. H
1 . . -4 ..
wherein R7, RS, Rg, R‘O and n are as defined zbove;
-
(c¢) resolving the acid of Fcrmula VIII to produce a
compound of the subject invention of the formula
R, 10
RU 0><: 0 ix .

~26-
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In substantially the cis formwherein R err] and Rlerr] each are
Cerr]alkyl or Rlerr] and Rlerr] , taken together with the carbon atomto
which they are attached, is cyclopentyl, cyclohexyl or cycloheptyl; and-
R[e_rf%ls hydr ogen, C[err]al kyl or a netal cation, to produce a conpound of
the formula R5 [err] [err] in substantially the cis formwherein Rerr],

Rerr], Rerr], New] Rlerr], Rerr], Rerr] , Rerr] aMI{?H ~are as

def i ned above; ”PDHnélgt(Earﬂubakamwhhhxaahda 9 PFoeduce a
conmpound of the:?o nﬁT%&iferr ferr] [err] [err] [err] -29-
R . and n are as defined above; an

] F T 2 i 1
(d) oxidicing the acid of Formula IX and optionally
preparing the ester thereof to produ;a a ccmpeund of
the formula

Rt\*<f1°
o N 0 —

Li.s

-

. . - 5
in substantially the cis-(4R,65) form wherein R, R

D

3}
o
wn
n
(oW
®
th
‘l
ot}
o
.
'
o
o
<
o

.
and R‘Z a

A compound of the formula

¢ e

can be prepared .

. 1 4. -
in substantially the trans form wherein R and R “each are

indepéndently hydrogen, halogen, Cl_aalkyl, Cloaalkoxy, or

-27-



[err] above and cyclizing a conmpound of fornmula I|a wherein Rerr] is

hydr ogen, to produce a conpound of fornula [err] [err] in ' .

substantially the trans from wherein Rerr],Rerr],Rerr],Rerr], and

R err] are as defined above. A conmpound of the formula CH can be ™

prepared -30- in substantially the trans-(4R 6S) formwherein R err] and

R4 each are independently hydrogen, hal ogen, Cerr]alkyl, ([err]al koxy, or

trifluoronmethyl; and R err], Rerr], Rerr] and R err] each are

i ndependent | y - hydr ogen, halggeng(%éﬁr]alkﬁi or (C[err]al koxy, conprising

t he stepflobreapthedct iavgl R cofourRl” cind e fexahul ar¢ einfiependenidyr] [err]

X .
hydrogen, halogen, C;_,alkyl or Cy ,alkcxy, comprising the

steps of

(a) reacting a compound of the formula

X N
wherein Rl, RZ, R3, Ré, Rs-and R6 are as defined above
and Z is
9 @/Rl‘*_
—P—(0R13)2 —plpl%4 2
\ 14 ~
. R ST

14 is phenyl which is

wherein R13 isICl_aalkyl; R
unsubstituted or substituted by one of two-Cl_Qalkyl or
chloro substituents; and X is bromo}'chloro or iodo with

a compound of the formula
R? 10 - CoL

0‘
H\lI/L\\//L\V/lL\ORIe IIla
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[err] wherein Rlerr],Rerr],Rerr],Rerr],Rerr] _and Rerr] are as defined
above and Zis O . [err] [err] [err] wherein
R[eranls Cerr]alkyl; R14 is phenyl which is unsubstituted or substituted
by one or two C[err]alkyl or chloro substituents; and X is brono, chloro or
iodo°with a conpound of the fornmula [err] -31- I n substantially the
cis-(4R, 6S) formwherein Rerr] and 10 . 9 10
Rlerr] each are (Jerr]Jalkyl or-R and R err], taken tggether with the
carbon atom to Mhi sk bt PAEIR! ERENeds EsrayehepeanyR’ endl atExywacer

cycl oheptyl; and Rlerr] is hydrog n,- (e é]alkyl or a netal cation, to
produce a conpquﬁa @{ ghykimraﬁlm [emd]Ri ;riaken together with the

carbon atom to which they are attached, is cyclopentyl,

12 is hydrogen,

cyclohexyl or cycloheptyl; and R
C1_4a1ky1 or a metal cation, to produce a compound of

the formula

XI

in substantially the cis form wherein Rl, RZ, R3, Ra,

5 6 9 10 12

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

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

a compound of the formula

Ta

-29- . -



in substantially the cis-(4R 6S) formwherein Rerr] , Rerr], Rerr] ,
Rlerr] , Rerr] , Rerr] , Rerr] Rerr] and Rerr] are as defined above;
(b) reacting the conpound of Formula XII with acid to produce a conmpoun st
of the fornmula [err] [err] [err] [err] wherein Rerr] , Rerr] , Rer®
, Rlerr] , Rerr] , R[errL and Rl err] are as defined above; and (c) .
cyclizing the.coppguad of2ForAul & b aRherdi p.R13 s hydragane; L .produce a
conpound of fornula [err] R3 [err] 'in substantially the trans-(4R 6S) form
wherein R ergd:-Rerrlk Rerr], Rerr], Rerr] and Rerr] are as defined
above. In Vivo Acute Chol esterol Biosynthesis Inhibition in Rats Mle
Wstar rats (160-200 g, housed 2 per cage) were naintained on normal diet
(Purina Rat Chow and water, ad libitum) for at |east 7 days on a reversed

. -~

| i ghti Ag )schedat ezins & ccnmgeund of Formula 12 wherein R™T is :

w2 a cempound of formula

[¢R
(8]

: : -
aydrecgen, to pre

S
%
);
Q)

i)
"~

)
or
1
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can be prepared
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(7:00 a.m to 5:00 p.mdark). Food was renoved 15 hours prior to dosing.
Conpounds were adnministered at 8:00 a.m by intragastric intubation using
0.5-1,08 nL of water or propylene glycol solutions of sodiumsalts,

| act oRes, or -33- esters of the test conpounds. Controls received equal
vol umes of the vehicle. Thirty nminutes after receiving the test substances,
rats were injected intraperitoneally with 0.9 nL of 0.9% NaCl cont ai ni ng
approximately 120 uG per kg body weight of sodium[1- [err]C] acejate (1-3
nCi /mmol ). Afteinas6bstantielilgcoheoratanst (4&R,i6s) foais wherme acktfagad
and liver and bl ogd sanpl es were obtained. Aliquots of plasma (1.0 niL)
obt ai ned by centRifqgahi@neoﬁndepanﬁnn£1EDﬁ&dn&Eﬁ&¥iHﬂknghn;ﬂﬁﬁgﬁéﬁhpls of
liver honpbgenates (equivalent to 0.50 g liver wet weight) qverestaken gor
det ermi nati on of Cy ag@bkangh ear3tmidlueyomedbnls, argt & ol RsolRitiamd{Rr the
liver sanples followed the nethod of Kates in Techniques in_Lipidology, (M
Kates, ed.) pp. %39h 3p®-3gdePrBreRtilyl hykdoesm . hedosems Gy gt knbror

whil e the plasm_ sa s were directly saponified fpollowed by isolation of
t he digiroﬁin- Cl_zgiﬁoxy, compr§51n t%% steps oé) .y

(a) reacting a compound of the formula

V:.
X
wherein Rl; RZ, R3, R4, R5 and R6 are as defined above
~and Z is
—p—(or!?), —plrl%* P
N\gl4
13

wherein R is Cl_qalkyl; R14 is phenyl which is
unsubstituted or substituted by one or two Cl_4alky1'or
chloro substituents; and X- is bromo, chioro or_ibdo

with a éompound of the formula
R? 10
o o

B : - IIIb
. . Rl! - - )
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‘precipitable sterols.: 14C-labelled sterols were quantified by liquid
scintillation counting (efficiency corrected). Mean percent inhibition of
14C incorporated into liver and into plasma chol esterol was cal cul ated fou
groups of treated animals and conpared to nmean val ues for controls g
conduct ed sinmul taneously. Therefore, the above test provides information on
the ability of test substances to suppress the de novo biosynthesis of

chol esterol in vivo inrats with oral -34 - dosing. For exanple, using
t he aboveinestup stthan teiaidquttheofc iS¢ R ,6 SIB §o wh deue ze HOIR T ndmdi t ory Dose
(ED[err])_fer both plasma and |iver ghol estefgpl, conparabl e to val ues _
obt ai ned Ror mé&Fm@de Qj qeddwdtior) Risiangl R'si o takeproeseither (Al berts, et
al., Proc. Natl. Acad. Sci., 77, 3957-3961 (1980)3. DESCRI PTI ON OF SPECI FI C
EVBODI MENFEE i Efige Gagibsniatgmetgnpibdsh fhey amrrattaeheds elgiven in
degrees Centigrade. Melti ‘points were .recorded on TIwnps- Hoover
capiIIarycﬁﬁthﬁﬁﬁiﬁwucﬁéﬁéﬁﬁﬁy oI FYEIENRG F e R Prif on magnetic,

re§onancehgd[rgrére]nl-’l %)Qasl&c?ﬁt ¥ a metal cation, to produce a

compound of the formula

X1 .
.in substantially the cié-(4R,68} form wherein Rl, R?;
R3, Ra, RS, Rs, Rg,_RIQ and R}? are as defined above;
o~
(b) reacting the compound of Formula XII with acid to -/

produce a compound of the formula

Ib




were recorded on a Bruker AM 300, Bruker WM 360 or Varian (RTM T-60 CW
spectroneter. All spectra were determned in CDCl[err], DM SO-d[err] or

D err]Osunl ess otherw se indicated and chenical shifts are reported in
[err] Units downfield fromthe internal standard tetranethylsilane (TM5)
and interproton coupling constants are reported in Hertz (Hz). Splitting
patterns-are designated as follows: s, singlet; d, doublet; t, triplet; q,
quartet; m nultiplet; br, broad peak; dd, doublet of doublet; and dqg,

doubl et of quar} .Carflony,23 gdcl gér gﬁ ng®bi g §gz? ' r )
spectra were re%§%58&g§§ a Erdkgr'A 30 3r§BrGfg$ %&% g%ié%%%%e er and
were broad band,ppghonagdgcoupled. All spectra were determned in
CDCl[err], DVMSO-d[err] or Dlerr]0 unless otherw se indicated with -35-
internal deuteriumlock and chem cal shifts are reported in [err] units
downfield fromtetranethylsilane. Infrared (IR) spectra were erm ned on
a Nicolet (| &fcipedhgonrbeerohpoond00d@ FTofrexidj ﬂbAMM}naﬁnﬂég, ical i brat ed
to 1601 cnferr] absorption of a polystyrene filmand are reported in

reci procal centhpdregen(crpeprpiiuceRel gempoundt efsifioramlar e i ndi cated as
follows: s (strong), m (nmedium and w (weak).

in substantially the trans-(4R,6S) form wherein Rl, iz,

3 4 5 6

R, R, R” and R™ are as defined above.

In Vivo Acute Cholesterol Biosynthesis Inhibition in Rats

Male Wistar rats (160-200 g, housed 2 per cage) were
maintained on normal diet (Purina Rat Chow and water, ad
libitum) for at least 7 days on a reversed lighting schedule
(7:00 a.m. to 5:00 p.m. dark). Food was removed 1$.hours
prior to dosing. Compounds were administered at 8:00 a.m.
by intragastric intubation using 0.5-1.0 mL of water or

propylene glycol solutions of sodium salts, lactones, or

-o-33c



25 Optical rotations [a][err] were determ ned on a Perkin-El mer 241
polarimeter in CHCl[err] at the concentrations indicated. Analytical

t hi n-1ayer chromatography (TLC) was carried out on precoated silica gel g~
pl ates (60F=254) and visualized using U/ |light, iodine vapors and/or
staining with one of the follow ng reagents: (a) methanolic or ethanolic *
phosphonol ybdic acid (2% and heating; (b) reagent (a) foll owed by 2%
cobalt sulphate in SMHerr]S(err] and heating. Colum chromat ography,

al so ¢ef&rs edft phastbkesbompbuRdschr coRteeNaphvcetdePadfirrred in a gl ass
columm using finely divided silica gel (32-63 pmon silica gel-H and o
pr essuws bsneonefihaheabehdchenospheric pressure with the indicated sol vents.
Qzonol ysi s reactions were done using a Wl sbach ozonator style T-23. - Al
evaporati ons of solvents were perforned under reduced pressure. As used
herein, the termhexanes is a mxture of isoneric CJerr] hydrocarbons as
speC|f|ed Birke mierreanabheri sacedyingt fheatgsthsubstandasor atnnsphere

|s an argon or pitro e t rospher.e unl ess ot her e |nd|c - 36-
rats were Engec %ntragerltonea?iy w&tg W‘% mL of (%

NaCl containing approx1mate1y 120 uCi per kg body weight of
sodium [l-lac] acetate (1-3 mCi/mmol). After a 60 minute
incorporation period, rats were sacrificed_and liver and

blood samples were obtained. Aliquots of plasma (1.0 mL)

O

obtained by centrifugation of heparin +_ﬁDTA-treated blood,
and aliquots of liver hqmogenates (equivalent to 0.50 g
liver Qet weight) were taken for determiﬁation of ‘
radiolabeled 3-hydroxy sterols. Sterol isolation for the
}iver samples followed the method of Kates in.Techniqﬁes in
Lipidology, (M. Kates, ed.) pp. 349, 360-363, chth Hoiland'
Publ. Co., Amsterdam, 1972 while the.plasma samples were
directly saponified followed by isolation of the digitonin-

14

precipitable sterols. C-labelled sterols were quantified

O

by liquid scintillation counting (etficiency corretted).
Mean percent inhibition of 140 incorporated'into iiver and
into plasma cholesterol was calculated for groups of.treated
animals and compared to mean values for controls conducted
simultaneously. | |
Therefore, the above test prov1des 1nformatlon on the

ability of test substances to suppress. the de novo

biosynthesis of cholesterol~1n vivo in rats.with oral

) -34ih-*



Conpar ative Exanple 1

Ci s- 2, 2-di net hyl - 6- (2phenyl et henyl) - 1, 3- di oxane-4-acnetic acid nethvl ester
Met hy| 3, 5- di hydr oxy- 7- phenyl - 6- enoat e (98% di astere- meric purity) (2.37
g, 9.48 mml) was stirred with 2,2- dinethoxypropane (20 nL) and a

catal yti c amount of p- toluenesulfonlc acid for 16 hours. The solution was
partitioned between diethyl ether and dilute acueous ‘Scdi um bi car bonat e
solution  The qrgani ¢, Layen.pas dobedo( Naleabh e Loard eancentsalad wder
reduced pressurée 2o atford a 92||CM/SO After recrystallization from

i scpropyl etghef ;s 7939 Qﬁz%idoa £be tlEH@l@@%@ODBQLWQ$Dg§UaF®Qdcaﬁna whi t e
solid; mnp. =54-'d6. 5[erriC Alternatively, 0.2 g of solid-sodi um carbonate
can be addedh 1asaidiesd 21 di-get hasypsopane ,scbupronbard tbhe adaleut iobn a3 tierdr ed
vigorously. The solid is filtered through a fluted filter paper. The
excess 2, 2- diaretnhoxime dbpanélpgastabied urdee ﬂeeﬂ@ééaﬁré$§ﬁﬁéuﬁG afford a
yellom/solld which is recrystallized fronllsoprog et her. %err] NMVR
(cDCl[err]) Q%xhqrtsv sv-zl19 Egpc.pjlatd.-s Sgi-3 L1353§ 5% ¢ %64 14 (1H,
dd, J = 15. 4 £t 4.57-4.35 (IH, m, 4.42- 4. 35 (1H, m, 3.68 (3H, s),
2.58 (1H, d(kﬁ Wb 6, 6.9 Hz), 2.14 (1H, dd, J = 15.6, 6.3 Hz), 1.74-1.61
(1H, m, 1.52 (3H, s), 1.43 (3H, s), 1.45-1.35 (1H, m.

'DESCRIPTION OF SFE CIFIC EMBODIMENTS

In the foll Ohlﬂg examples, all temperzatures are given

Foints were reccrded cn &

09

in degrees Centigrade. Meltin
Thomas-Hccver capillary melting point apparatus and ace
uncorrected. Proton magnetic rescnance (IH ¥MR) spectfa

/  were recorded on a Bruker AM 300, Bruker WM 560-or Varian [Rﬂ%]
T-60 CW spectrometer. All spectra were determined in CDC13,
D-.‘iSO--d6 or DZO unless otherwise indicated and chemical
shifts are reported in § units dewnfield from the iﬂfe*“al
standard tetramethylsilane (IMS) and interproton coupling
constants are reported in Hertz (Hz). Splitting patterns
are designated as follows: s, singlet; d, doublet; t,
triplet; q, quartet; m, multiplet; br, broad peak; dd,
doublet of doublet; and dq, doublet of quartét. Carbon-13
nuclear magnetic resonance (130 NMR) spectra were recorded
on a Bruker AM 300 or Bruker Wﬁ 360 spectrometer and were
broad band proton decouéled. All spectra were determined in

CDC133 DMSO-d6 or DZO unless otherwise indicated with

. S o -35-



-37- Anal. Calcd. for Cl7Herr]O[err] = C, 70.32; H 7.63 Found:. C,

70.24; H, 7.69. Exanple 2 . _ .
Ci s-2. 2-di net hyl - 6- (2- phenyl et henYl ) -1 . 3-di oxane-4-acetic acid A sol utiops
of 2,2-dinmethyl-6-.(2-phenyl ethenyl)-1,3- dioxane-4-acetic acid nethyl ¥
ester (8.5 g, 29.3, mol) in IN NaOH (32 nL) and nethanol (64 nL) was :
heated to reflux for 45 mnutes. After evaporation under reduced pressure,

N A ek e BT a0E AR S e ST e d P SRRSEH ST 248 from et hy)
aceteatmégpgegxkisweggga  ERFAfen3 100300, Oftidiatdd I@gopround s o

col orless err err 7.37-7.20
(5H,sﬂ'@ct16aG\Qe{‘éHdeéernhrreéGOQ h‘zﬁlc@ﬂa‘f HXHI o, si:e'ctjz@m%te@"l Hz)
4.59-4.54 (1H, m 4.35 (1H, M, 2 (1H, dd, = 16.0, 7.2 Hz), 2.51

(1H.£6h 906016mO0L sosz.w)cml 77ca113rwan o, 135054c(n3|1t, s), 1.46 (3H s),
1.50-1.36 (1H, m. -38- '
absorption of a polystyrene film and are reported in

reciprocal centimeters (cm™ 1). Relative intensities are
indicated as follows: s (strong), m (medium) and w (weak);

. Optical rotations [a]Dzs weére determined on a Perkin-Elmer
241 polarimeter in CHC13 at the concentrations indicated. o

Analytical thin-layer chromatography (TLC) was carried

cut on precoated silica gel plates f60F=254)'and visualized
using UV light, iodine vapors and/or-steining with one of
the following reagents: (a) methanolic or ethanolie
phosphomoiybdic acid (2%) and heating; (b) reagent (a)
followed by 2% cobalt sulphate in 5M stO4 and heating.
Column chrometography,'aiSo referred to as flash ¢olumn -
¢hromatography, was performed in a glass column using finely

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

)

somewhat above atmospheric pressure with the indicated
solvents. Ozonolysis reactions were done'ds;ng'a Welsbach
ozonatof style T-23. All evaporations.ef solvents we:e'
performed under.reduced pressufe. As used Herein,'the'term
hexanes is a mixture of isomeric 06 hydrocefbons as
specified by the Amerlcan Chemical Soc1ety, and the term
"inert" atmosphere is an argon or nltrogen atmosphere unless

otherwise indicated.

336-'



Anal . Calcd. for Cl6H err]O[err]: C 69.54; H 7.30 Found: C, 69.20; H,

7.33.- Exanpl e 3 Resolution of cis-2,2-dinethyI-6-(2-phenylethenyl)-1, 3-

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

di oxame- 4- acetic acid (0.31 ¢, 1.1 nnDI) (prepared in Exanple 2) was

di ssolved in a boiling solution of hexane/ ethanol containing

(1S, 2R)-ephedrine (0.2 g, 1.1 mmol). The resulting solution was very slowy

brought to room tenper at ur e Compayiative) ERdmole( 41. 499 of colorless chiral salt

(the usage of diastereonerically pure seed crystal is recomended during

the resolution): mp.=170-171[err]C. The chiral acid was freed through an

acidic workup (as described in Exanple 4) and its enantioneric purity was

det er m ned kqpbe kﬂQ&@by~$¢[r;kKOM5L&6+ngtic@he yitiBiEkyerec -nethyl i

carbinol as~a chrral sol vent. 'féf[errf’-+5 45[err](c=I, CHCI[err]). -309-
acid methvl ester

“athyl 3,5-dihydroxy-7-phenyl-6-encate (93% diasterec-
meric purity) (2.37 g, 9.48 mmol) was stirred with 2,2-
dimethcexypropane (20 mL) and a catalytic amount of
p-toluenesulfonic acid for 16 hours. The solgtion was
partitioned between diethyl ether and dilute aqueocus scdium
bicarbenate solutinn. The organic layer was dried (ﬂaZSC;)

and ccencentrated under reduced pressure to z2fford a yellcew

‘10

3
-
-

-

so After recrystallization from iscprepyl ether, 1.70 g

(62%

S

of the tit1e ccmpound was obtained azs a white sclid;

[~
[~}

-86.5°C.

g~

m.g.

%‘te*i“tlvelj, 0.2 g of solid sodium carbenate can te
.added to the 2,2-dimethoxypropane solution and the so
stirred vigorously. The solid is filtered through a“flu:ed
filter paper. The excess Z,Z-dimethoxypropang is removed
under reduced pressure to afford a yellow solid which is
recrystallized from isopropyl ether.

'm wm (cpc1y) & ¢ 7.37-7.19 (5H, m), 6.59 (IH, d, J =
15.9 Hz), 6.14 (1H, dd, J = 15.9, 6.4 Hz), 4.57-4.35 (1H, F)’
4.42-4.35 (1H, m), 3.68 (3H, s), 2.58 (1H, d, J = 15.6, 6.9
Hz), 2.14 (1H, dd, J = 15.6, 6.3 Hz), 1.74-1.61 (1H, m), 1.52
(3H, s), 1.43 (3H, s), 1.45-1.35 (14, m).

-37-. . -



Conparative Exanpl e 4 G s-(4R 6S)

" 2-dinet hyl -6-fornmyl-1, 3-di oxane-4-acetic acid The resol ved salt of .
ci s-2, 2-di net hyl - 6- (2- phenyl et henyl ) - 1, 3-di oxane-4-acetic acid and rey
(15, 2R) - ephedrine (6.6 g, 14.9 mml) (prepared in Exanple 3) was b4
partitioned between 0.5N HC1 (30 nL) and diethyl ether. The ether |ayer
was washed with brine, dried (MySO[err]/NaJerr]SJerr]); and concentrated
under reduced pressure to afford 4.1 g (99.6% of the free acid. This acid
was di ssol &nfllinCalgdrefhyl EneHehPgri d€,( 1700 3@:) Hand .6Bone was passed
t hrough this solution at -78Ferr Cuntil there was deep blue coloration.
Excess czone was renoved by qu@Pﬁ&’mﬁFh ﬁpbﬂége#saﬂdﬁﬁhe ozoni de fcrned
was deconposed by adding CH err]SCH err] (5 nmL) and warm ng the solution to
roomtenperature and allowed to stand for |5 hours. The solution was
concentrated under reduced pressure and the residue was dissolved in
i soanyl ether (ca 100 nL). The benzal dehyde which was forned during the
ozonol ysi s was azeotroped togetpgL wWhhhaoi soanyl ether under reduced
préssure to afford the title conpvuﬁgf—%H NVR (CDCl[err]) [err] : 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 (1H, m 1.49 (3H, s), 1.46 (3H, s), 1.42-1.31
(1IN, ¢is-2,2-dimethyl-6-(2-phenylethenyl)-1,3-dioxane-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 6éthanol (64 mL) was heated to reflux
for 45 minutes. After evaporation undgr reduced pressure,
the aqueous solution Qas.washed once with dietﬁyl ether
and acidified with 1IN HC1 (33 mL).- The.precipitate was
collected and fecrystaiiized from etbyl-acététe/isopropyl
ether to afford 7.2 g.(9OZ) of the titlé cémpound as a -
colorless solid; m.p.=153-155°C.

O

y mm (cpcly) 6 @ 7.37-7.20 (5H, m), 6.60 (IH, d, J =

16.0 Hz), 6.14 (1H, dd, J = 16.0, 6.4 Hz), 4.59-4.54 (1H,

m), 4.43-4.35 (1H, m), 2.62 (1H, dd, J = 16.0, 7.2 Hz), 2.51

(1H, dd, J = 16.0, 5.3 Hz), 1.77-1.72 (1H, m), 1.54 (3H, s),
1.46 (3H, s), 1.50-1.36 (1H, m). | '



- 40- Conmparative Exanple 5 Dinethyl [3,3-bis( 4-

furorophenyl )-2-(l-methyl -1Htetrazol-5- yl)-2-procen-[-yl} phoshonate A
slurry_of 3, 3-bis-(4-fluorophenyl)-I-bronp-2-(1-

met hhyl - 1H-tetrazol -5-yl)-2-propane (1.17 g, 3.0 mwol) and tri nethyl
phosphite (0.41 g, 3.3 nml) was heated at 100[err]C for 5 mnutes. After
cooling to anbient tenperature, excess trinethyl phosphite was renoved in
vacuo to give a light yellow solid. This solid was recrystallized from
et hyl - acet at eAm@dan€atiod.urfort & Hﬁ{f/ft dre tG¢ 169 . Tonpdund- 38 a pure white
solid; mp.=140-141[err]C IR (é% [err]: 1604, 1511 cpferr]; [err]H
NVR(CDC1[err]) [err]: 7.7-6.8 (8H, °n=)nd-3 E(HY-29; B, 57¢3f4 ) 3.42 (3H,
s), 3.2 (2H, d); Anal. Calcd. for CJerr]Herr]F[lerr]O[err]Nerr]P:. C
54.29; H, 4.56; N, 13.33 Found: C, 53.83; H 4.48; N, 13.50. -41-

Example 3

Resolution of cis-Z.Z-dimethy1-6-(2-phgny1etheny1)-1,3-

dioxane-4-acetic acid

The racemic cis-2,2-dimethyl-6-(2-phenylethenyl)-1,3-
dioxane-4-acetic acid (0.31 g, 1.1 mmol) (prepared in -
Example 2) was dissolved in a boiling solution of hexane/
ethanol containing (1S,2R)-ephedrine (0.2 g, 1.1 mmol).

The resulting solution was very slowly brought to room
témperature to give 0.21 g (41.42) of colorless chiral salt
(the usage of diastereomerically pure seed crystal is o
recommended during the resolution): m.p.=170-171°C.

The chiral acid was freed through an acidic workup
(as described in Example 4) and its enantiomeric pufity was
determined to be 100% by 1H ﬁMR using L-phenyltrifluoro-
methyl carbinol as a chiral solvent. [a]D25=+5.45°(c=1,
CHC1,). - '



Conparative Exanple 6 Cs -(4R 6S- 6-[- 4,4-bis( 4-

fl uorophenyl)-3-(l-nethyl-IH

tetrazol -5-vl)-1, 3-butadienvll-2,2-dimethyl -1, 3-di oxane- 4-acetic acid Ihe
crude chiral acid prepared in Exanple 4 was dissolved, in dry THF (50 rrL)g
and the resulting solution was transferred to a 250 nL three-neck flask .
purged with nitrogen pdaSayi-EPed Wb a8 Fechani cal stirrer. After the

sol ution was Stlrred‘VTgUTUUSTY‘HﬁU‘CUUEEU to -78[err]C, n-BuLi (2.5Min.
hexane, 5.96 nL) was added dropwi se. Toward the end of addition, the .
solution turned into a suspension of white solid-like gel. A separate flask
cont ai gi Bg (GRUEtIWH2 [B Fmutd(AL {4 ufspav1-1,3-dicxane-4-acetic acid - .
phenyl)-2-(l-methyl-1Htetrazol -5-yl)-2-prcpen-1-yl] phosphonate (6.2 g,_
14.7 mmol ) (prepared in Exanple 5) in THF (50 nL) under a nitrogen :
at nosphere vas cool ed to -78[err]C and n-BuLi (2.5Min hexane, 5.96 nl) was
added s|omAyue'mﬂ§q tﬁqkfrqﬁjqw%wﬁn%oduv¢%m}ha§ {2rphenyierhasydinut es

at -78[err],C. This solution of p anion was transferregd through a
doubl el eAddd odEd & BF e a‘tfd\ﬁe ‘S b%ﬁ@ s‘?w??‘éﬂlgﬁsbénél%n ag 278[err]C

i th i fhe | Lh h
" aoul tPREZr SRregy i wehad of WA effnihirseigbet 9B dY) Hana 1o

hours BE1 (30 mL) and diethyrl ether. The ether layer was washed -~

with brine, dried (Mg504/NaZSO4), and ccncentrated under

O

reduced pressure to afford 4.1'5 (99.6%) of the free acid.
This acid was dissoived in dry methylene chloride (100 mi)
and ozone was passed through this soluticn at -78°C entil
there was deep blue cdlotationu Excess czone was removed by
purging with nitrogen and the ozonide fcrmed wsas decom;osed
by adding C‘-’3.C:‘3 (5 mL) and wzrming the solution to rocm-
temperature and allcwed to stanc for 15 rs} The sciuticn_
was ccncentrated under reduced pressure snd the residue was
dissolved in isoamyl ether (ca 100 mL). The benzaldehyde

which was formed during the ozonolysis was azeotroped

Q

together with isoamyl ether under reduced pressure to afford
the title compoun&;.

L4 M (cDC1,) 8 ¢ 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).
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anbi ent tenperature. The THF sol ution was partitioned -42- bet ween 0. 5N
HCl1 and ethyl acetate. The organic phase was washed with brine (2x),
dried. (-Na[err] SO err]), and conccentrated under reduced pressure. The
resi dué was chronot agraphed on silica gel- (66:33:1/diethyl

et her: hexane: acetic acid) to afford 3.80g (51.6%overall yield fromthe
initial ephedrine salt; toluene was enpl oyed to aseotrope the residual
acetic acid) of the title Compoandvers &:yeddlow ¥ oam

[a] [err] =+106. 1[err] (c=2.23, CHCl[err]). [err]HINWR (CDCl[err]) [err] :
7.24-6.82 (dH:rgihR16P3(IHbAS(4-£ilen @ofitenr1y) F> (Irmetiy L -IH-tprrpzod -5 -
Hz), 4.42-4.37 (1H m, 4.30-4.23 (14, m, 3.51 (3H, s), 2.53 (1H dd, J =
15.9, 7.0 HA 2ezpveden-dgyl] phesrgendite 1) 1.62-1.57 (1H, n), 1.46
(3H, s), 1.33 (3H, s), 1.30-1.20 (1H, nm). Conparative Exanple 7

Trans- (4R 6S) - 6-r4, 4-bi s(4-fl uorcphenyl)-3-(1-nethyl-IH

tetrazol-5-yl)-1, 3- but adj,enyl k- tei.cahydr. - —+ - 2-0Re

G s (4R 69 6,149 BrePar Phodopnata s Hi Ly 1 Bl -01
tetrazol - Syldedhy 31 butradi epykb1252v diymetylochnd 4i1042N¢,43.0 mmol) and

trimethyl phosphite (0.41 g, 3.3 mmol) was héated at 100°C
for 5 minutes. After cecoling to ambient'température, excaess
trimethylphoéphite'was removed in vacuo to give a light_
s yeilow solid. This selid was recrystallized f£rom ethyl-

acetate/hexane mixture to give the titlé cecmzeund as a
pure white solid; m.p.=140-141°C.

IR (K3r) v_._: 1604, 1511 em };

_ max

lu w= (cpe1y) 6 ¢ 7.7-6.8 (8H, m), 3.6 (3H, s), 3.3

(3, s), 3.42 (3H, s), 3.2 (2H, d);

Ana;._Calcd. for 019H19F203N4P:

c, 54.29; H, 4.56; N, 13.33
Found: €, 53.83; H, 4.48; N, 13.50.
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acetic acid (3.7 g, 7.45 nmmol) was dlssolved in a solution of THF (90 nL)
and 0.2N HC1 (60 nL) and allowed to stand for 16 hours. The sol ution was
partitioned between ethyl -43- ~ acetate and water. The organic |ayer awms
washed with brine (2x), dried (Na[err]SO[err]), and concentrated under S
reduced pressure. The residue was dissolved in dry nethylene chloride (60

m) and stirred for.4 hours int 1pne§eqpe of
1- cyclohexyl 3-(2- > i m de et ho- p- toluenesulfonate
(6.6 g, 15.6 mml). The solution was concentrated under reduced pressure

and the residue was partioned between ethyl acetate and water. The organic
| ayer was- dekredsONR[-grar S iar () e 1ande-£Oncent y a4 e undenyiedyced pressure.
The residue was purified by chromat ography on silica g€l (I1:1/ethyl

acet atge dte£ by seligr)L, 3 -Aldterd reenrybi2) 4 1 igid wioy £ DB eyt ameet at e- hexane,
1.33 g (40.1% of the titl'e conmpound was obtained as a white solid; mp.=
172-173fecet Cc aldad/err] 237.8[err] (c=2.17, CHiCerr]). Cbnparative
Exanpl e 8 Met hyl 3-hydroxy-5-oxo-6, 8-decadi enoate To a cold (-30[err]C

sol ution of nethyl acetoacetate - '

The crude chiral acid prepared in Example 4 was
dissolved. in dry THF (50 hL) and the resulting solution Was
transferred to a 250 mL fhree—neck flask pv“*cd ﬁith |
nitregen and cru1pped n-th a “ecxcqlcal stirrer. _After the NG
soluticen was stirred vigorously and cooled to —:8 C, ﬁ--LLl
(2.5M in hexzne, 5.96 mL) was added dropwise. Towazd the

end of addition, the scluticn turned intc a suspension of

A separate flask cont aining diméthyl [3,3-bis(4-fludro-
phenyl)-z-(l-methyl-lg-tetrazol-s-yl)-2?p:cpenél-y1]
phesphenate (6.2 g, 14.7 mmol) (prepared in Exzmple 5) in

THF (50 mL) under a nitrogen atmosphere was cooled to -78°C

¢

and n-Buli (2.5 in hexane, 5.96 mL) was'added slbwiy. 'The
resulting red-brown solution was stirred for 15 mihutes_a£ 
-78°C.. This solution of phosphonate anion was transferred
through a double ended needle to the above vigorously
stirred suspension at -7é°C containing the lithium sait of
the chiral dcid. After the addition,“the resulting brown :
solution was. stirred for 30 minutes at -78°C and 16 hours at

ambient temperature. The THF solution was partitioned
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(41.5 g, 357 mmol) in THF (500 nL) was added |ithiumdiisopropylamde (476
m., X 5Msolution in cyclohexane, 714 mmol). The resultant sol ution was
stirregd for 15 minutes at -30[err]C. After cooling to -78[err]C,

2, 4- hexadlenal (34.3 g, 357 mmol) was added and the solution stirred for 10
n1nutes at -78[err]C and for 16 hours-at anbient tenperature. The solution
- 44- was concentrated under reduced pressure and the residual syrup was
partiti onedthetwean AN HAECAndnét byhydcetatete.Th&her gaghoilcagenswas asashed
with brine (2x), dried (hb[err]SOBerr]) and concentrated. The residue was
purified bywmhﬂwnhvagﬂaphy*Oﬂ §2x) cadgerd( dNepRPy ) et AEE: KexasstZzatpdt o
afford 18.5 g (24.4% of the title co ound as an oil. [err H NVR for (B
(E) isoner (ZEOWHECLOOIf ePFysBre: e(IﬁS‘dac yas §premoifagapyeds ofh

1H, dd, J = 11,9 7 5.5,G61H,_dd, J
S 18.7, 6. 4R ﬁlqﬁ'ﬁfH é?%irr i?dg%t%§9(§Fﬁe§) exapg: fzg%l§) 2 9%, d. J
= 5.8Hz) , 1. 77 t hyl
3,5-dih§dTO 'égg%cadl%ngafe Tog‘eggpg ?Q%EF f?) solhgfgnggf %ethyl
3'hydroxy'5e9¥%dLlne salt; toluene was employed to azeotrope the

residual acetic acid) of the title compeund as a yellow

foam. [a]p?’=+106.1° (c=2.23, CHCl,).

s Ik R (C2€1,) 6 ¢ 7.24-6.82 (8H, @), 6.62 (14, d, J

15.0 Hz), 5.32 (1H, dd, J = 15.0, 5.7 Ez), 4.42-4.37 (1H,
m), 4.30-4.23 (1#, m), 3.51 (3H, s), 2.53 (1H, &d, J s 15.9,
7.0 5z), 2.42 (12, dd, J = 15.9, 5.6 Hz), 1.62-1.57 (1, =),

1.46 (3H#, s), 1.33 (3B, s), 1.30-1.20 (1%, =).

Comparative Example 7

Trans-(4R.68)-6-[4,.4-bis(4- fluorc"nenwl)-3-11-methv1-1H-

tetrczol §-v1)-1.3-butadienyl]-tetrahydroc-4-hvdrexy-2H-

pyran-2-one

Cis-(4R,65)-6-[4,4-bis(4-fluorophenyl)-3-(l-methyl-1H
tetrazol-S&l)-l,3-butadigny1]-2,Z-dimethylil,3-dioxane-4?.
acetic acid (3.7 g, 7.45 mmol) was dissclved in a solution
of THF (90 mL) and 0.2N HCl1 (60 mL) and allowed to stand for

16 haurs. The solution was partitioned between ethyl
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6, 8- decadi enoate (18.5 g, 86.9 mml) in THF (300 m.). was added .

triethyl borane (IMin THF, 113 nL, 113 nmmol) and the solution was stirred.
for 20 mnutes. After the m xture was cooled to -78[err]C, NaBH err] (Q:y,
159 mmol ) and nethanol (37.5 nL) were added. The sol ution was vigorously
stirred for 30 mnutes at -78[err]C and at anbient tenperature for 3 hours
The sol vent was rennved under reduced pressure and the residue was

partltk?ggg Re veen. gteg{?qnﬁﬁeia}gr *“STbgb“uraP:P% gyer was dried

(Na[ er¥ err and concen rat resi due was

chromay ognaply :Qy SinNd Co 9! {«h eécny&exe@h@fe@eéaﬂ@é%k)_ukedaffOrd 7.95 g
(42.79% of the title cenpbund as a yellowoil. [err]H NWR for (E) (E)

i sonerp¢368WMde,. CRGH erddiddderds dfsdditdd, ifddry methylendO. 4Hz), 6.00
(1H, dd,J = 15.1, 10.4Hs), 5.69 (1H, dq, J 15.1, 7.0OHz), 5.52 (1H, dd, J
15.1, 6h¥biryded (46 413V did styrred 267 ©oh¢uts ih, tBe6Prédehcs)o£2. 60- 2. 42
(2H, nl 1. 72 (3H, d, J 7.0Hz 1.74-1.57 (2H, m . Conparative Exanple 10
Met hl &fsval GiJES—VIie'rﬁt'a&ﬁ'éﬂM')h" i e ek hi eat P e blmkdecantho 2 acet at e

toluenesulfonate (6.6 g, 15.6 mmol). The solution was
concentrated under reduced pressure and the residue was
particned between ethyl acetate and watexr. The organic

layer was dried (\a2504) and concentrat ed under reduced

s~
pressure. The residue was purified by c"rOﬁhtog‘aij on \J
silica gel (1:1/ethyl acetate:diethyl ether). After
recrrystallization from ethyl acetzte-hexzrne, 1.33 g (40.1%)
of the title compound was cbtained as a white solid; m. P.
172-173°C. [e],%%=+237.8° (e=2.17, CHCL,).

Comparative Example 8

Methyl 3-hvdroxy-5-oxo-6,8-decadiencate : ::

' To a cold (-30°C) solution of methyl acetoacetate
(41.5 g, 357 mmol) in THF (500 mL) was added lithium
diisopropylamide (476 mL, 1.5M solution in cyclohexane, 714
mmol). Thé-resultant'solution was stirred for 15 minutes at
--30°C. After cooling to -78°C, 2,4-hexadienal (34.3 g, 357
mmol) was added and the solution stirred for 10 minutes at

-78°C and for 16 hours at ambient temperature. The solution
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Met hyl 3, 5-di hydr oxy- 6, 8- decadi enoate (7.6 g, 35.5 nnDI) and _
p-tol.uenesul fonic acid (0.1 g) was added to cycl ohexanone (10 g, 100 mmol)
and stirred for 16 hours at anbient tenperature. The yell ow sol ution was

| oadéd directly onto a silica gel colum and the product eluted with
dlethyl et her: hexane (1:4). The appropriate fractions were conbined to

give 3.52 g (33.6% of the title conpound as a colorless oil. -46-

[err]H NWVR fwis o¢0(\E)m6-E)1t|e§om<’e(t36@I\?Hz:)ed CUGE[sartd )and gylyg repdugl( 1H,
dd, J = 15.1, 10.6Hz), 6.00 (1H, dd, J = 1, 10.6Hz), 5.71-5.65 (111, dd,
J = 15.1, 6.5HYP 5a47peﬂq¢d&~e§ bets-efn é“4|14£)1 apdi£thnh qoryatey, the
4.35-4. 30 (1, 3. s) 1H =.,1..54, oHz)., 3 (1H,
dd, J = 15. &8 %I%HE) 35eF gy Izﬁ t"“1%72‘ 2% f“‘éﬁz S0adal

Cal cd. for rrl Q rr] 1eCr , C, 69 59; H,

9 16. Cbnparé%g &d k&gékL k%d Txe 893 s %ngq

G s-4-(l.3- p&%@ﬂaea%khp%y%w @ﬂsrelar g}[e ghu@ctmn%@r@m{é@m@ﬁzd Yetchy!
4- (1 3- pent adi enyl ) 5-di oxaspi ro[ 5. ecane-
afford 18.5 g (24.4%) of the title compound as an cil.

1H NMR for (E) (E) isomer (200MHz, CDCI3) § : 6.3 {iH,
dd, J = 14.7, 11.9Hz), 6.02 (1H, dd, J = 14.7, 11.95z), 5.75
o (IH, dq, J = 14.7, 6.4Hz), 5.5 (1H, dd, J = 18.7, 6.4Hz),
4.74-4.5 (1H, m), 3.73 (3H, s), 3.51 (24, s), 2.6 (24, d, J.
= 5.8%z), 1.77 (3H, d, J = 6.4Hz). '

Comparative Exzmple 9

Methv]l 3,5-dihvdroxy-6,8-decadiencate

To a cold (-15°C) solution of methyl 2-hydroxy-5-oxc-
6,8-decadiencate (18.5 g, 86.9 mmol) in THF (300 mL) was
added triethylborane (1M in THF, 113 mL, 113 mmol) and the
solution was stirred for 20 minutes. fter the mixture was
cooled to -78°C, NaBH, (6 g, 159 mmol) and methancl (37.5
mL) were added. The solution was vigorously'stirred for 30
minutes at -78°C and at ambient temper-ature for 3 hours.
The solvent was removed under reduced pressure and the

_residue was partitioned between 1N HCl and ethyl acetate.
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2-acetate (3.5 g, 12.4 nmol ) was heated to reflux s n a,solution of I N NaCH
(13 nL) and nethanol (26 nL). Methanol was renovéd under reduced pressure
and the renai ning aqueous solution was acidified with 1IN HC1 and extract-ed
with diethyl ether. The organic |ayer was dried (Na2SO4) and concentrat®d
The residual solid was recrystallized fromethyl acetate/hexane to afford *
2.0 g £h&. % aefid Nautdd hxsCorprand(ias, 90 LDl ) 685-80ht Hited. The

m p. =l 44-146.5[err]C.. -47- - [err]H NVR 360VHz, CDC13) [err] : 6.18 (
1H, ddredidub8ss BhbHAkd B/ ZHAdhatdeg raplsy 13 Os: Vidklzdal 5. 99 (1H, dd, J
= 18.0, 12.5Hz), 5.48 (1H, dd, J = 18.0, 7.6Hz), 4.45-4.37 (1H m,
4.37-4(@5eEhi]l mthex:d@ex@ang/ dd) Fo abiord §F.8¥)g Q42874 NHEf dhe J = 18. 9,
6. 1Hz), 2.60-1.30 (12H, m, 1.73 (3H d, J = 7.:7Hz). Anal. Calcd. for

- Jerr] H el eparcpnd @s ggysdlay w2 Found: C, 68.36; H 8.55.
Conparative Exanple 12 1. 3-butadienyll-1.5-dioxaspiror5.5]

undecane- 2-acetic acid A 4-Forny-1, 5-dioxaspiror[5.5]undecar-e-2-acetic

acid Qzone \'Ngs:‘.pﬁ{ssf%dr' t(r%r)o.Ltg_J} e}_s'so(l)r!euxti&dg“zﬂf,- %&:E)senét e&- 6.18
(1H, dd, J = 15:1, 10.4Hz), 6.00 (1H, dd.,.'J = 15.1, 10.4Kz),
5.69 (1H, dq, J = 15.1, 7.0Hz), 5.52 (1K, d&d, J = 15.1,
6.7Hz), 4.46-4.37 (IH, m), 4.29-4.22 (1H, m), 3.69 (3, s),
2.60-2.42 (2H, m), 1.72 (3H, d, J = 7.0Hz), 1.74-1.57 (2H, :J

m).

Comparative Example 10

Methvl cis—é-(1.3-pentadiénv1)-1.5-dicxas:irc?5.STu:decané-

Methyl _3,5-dihydr_oxy-—6,8-decad'ienloate (7.6 g, 35.5
mmol) and p-tblhenesulfonic acid (0.1 g) was adﬁed to | :;‘
cyclohex;nqne (10 g, 100 mmol) and stifred f#r.lﬁ h§urs aﬁ
ambient temperature. _Tﬁe_yellow solution was loaded
dirgctly qnﬁo # silica_gei column and the.product eluted  ..
with dietbjl etherihgxape (1;4); The appfopriate fractions
were combinedlto'give 3f32 g (33.6%) of the tiéle.coﬁpeuda |

as a colorless oil.
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di enyl ) -1, 5-di oxaspi ro[ 5. 5] undecane-2-acetic acid (570 ng, 2.0 mmol) in

met hyl ene chloride (25 nL) at -78C. After the solution had attained a bl ue
col or, -nitrogen was passed through the solution to renove the excess ozone.
Di nefﬁyl sulfide (0.5 nL) was added and the sol ution was concentrated under
reduced pressure to afford the title conpound as a viscous oil which was
used without further purification in the subsequent step. -48- [err]H,
NVR (60MHz, CDC [énrkﬁg[@b&]xE)Q(Eﬁ Gkae&)(34632:411¢3@G@J isn):;, 3.6G 2.31
(2H, m, 2.10-1.10 (12H, . B. ' o '

G s- 4-[ 4- bi s(Wf | ddr, oghenylls). 13- ¢0- Get=Nyl 6180 (1iH, dd, J = 15.1, 10.¢Hz),
tetrazol -5-yl)-1, 3-butadi enyl | -1, 5-di oxasDi ro- [5.5]undecane-?2 -aceykc1acid

To a sol uti oh- ot - 8 fét Kyil.[ 993- Bi §( 45 luoopienyl p-47 (1H, dd, J = 13.1,
1-nmet hyl -1H-tetrazol - ,5-yl ).-2-pr.openyl 0 n 2 (1..7 g, ) i,n THF

EZO nL)yaI -%8%5‘ ; édﬁgd%néguﬁ&Hcgmgxn%;%g‘%ﬁgﬁ,?ggﬁﬁﬂ)n %eééng¥ﬁ')?he
resul tant br 5T sol,utian _was.stiored fior ,3Q,m nut es, at - 78[erp] C

Usi ng a deu ggénggg’ng dlg,'rﬁr§430ﬂu§g63’W&SgpréﬁgfeFngJf6 g%sglution

containing 4 forgyl -3, 3-91 9%agRLEO[ %)3] YNGLCRAR, 243CH L g 51z) .

Anal. Caled. for Cl7H2604: C, 69.36; H, 8.90
Foeund: C, 69.59; H, 9.16.

Comparative Exsmple 11
Cis-&-(1.3-centadienvl)-1,5-dicxaszirol 5.5 undeczne-2-acetic
acid

Yethrl 4-(1,3-pentadienyl)-1,5-dioxaspiro[3.5]undecane-
2-acetate (3.5 g, 12.4 mmol) was heated to reflux in a
solution of 1N NaOH (13 mL) and methanol (26 mL). Methanol
L .
N

was removed under reduced pressure and the remaining aqueous
solution was acidified with 1N HCl and extracted with
diethyl ether. The organic layer was dried (Nazsoa) and
concentrated. _The residual solid was recrystallizeé from
ethyl acetate/hexane to afford 2.0 g (55.9%) of the title.

compecund as a colorless'solid; m.p.=144-146.5°C.
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acid (prepared in Step A in THF (10 nL) and. mmintained at -78[err]C
After the transfer had been conpleted, the conbinéd reaction mixture was .
stirred at -78[err]C for 1 hour and at anbient tenperature for 4 hours. ==
The solution was then partitioned between 0.5N HC- and et hyl acetate. THe
organic | ayer was washed with brine (2x), dried (Na[err]So[err]), and ’
concentrated under reduced pressure. The resi due was purified by

chronatograghy on silica gel dleth ethe{ hffane acetic acid/50:20:1) to
afford 342 nif NBR SFHSEVEIH= IC“ﬁ]ej h) of theld it 1R cfpodna 48- %’yel | ow f oam

-49- H, , 6.66
(1H, dlzjgrr% th%z(e(g‘a; '5('4114 ﬁ%lé,[g 731"15 1%l-§§ tiHastdre ™ (2H m),
3.52 7. $4173 , 61 d.yJ37 16.0,

5. 1FE§§H 08)1% E%ﬁ ?HJyj( aratlve ExanﬁfeéﬁﬁsTr%ng -% - 4.4-bis (4-
quorogﬁ] anvi) ,- 8- 1(71-4thghy(Im 1Iﬂ,)t etz ag®l €1®; dd, J = 18.9, 8.8H=z),

yl)-1 butadlenyl] tetrahydro 4- hydroxy ZFprran 2-one A m xture’ of

4-14, 42bga(41ﬁluaaqphe&yuﬁ aﬁﬂﬂnﬂ}na -60+1.30 (12K, m), 1.73
tetrazol -5-yl)-1, 3- but adi enyl] , 5- di oxaspi ro[ 5. 5]undecane 2- acetic acid
(280 ngaao.az trsl y.7®=20 nl of THF/O 5N HC1

Anal. Caled. for CjgHy 0% C, 63. 54 'H, 8.62

Found: C, 68.36; H, 8.55. 3
C_o_m_p_argtiye Exzmple 12._
Cis-4-[4,4-bis(%-fluorochenvl)-3-(1-methvl-1H-tetrazol-5-v1)-
l‘3-butadienyll-i;S-di?xasﬁiro[s.SJundecgne*Z-acetic§cid
A. &4-Formyl-1,5- d‘OYaSDer[S S-u"de;a.n -2-acetic zcid
Ozone was passea through a so‘utlon of 4 (1,3- penga- ::

dienyl)-1,5- d10xasp1ro[5 5]undecane-2- dcetic acid (570 mg,

2.0 mmol) in methylene ‘chloride (25 mL) at -78°C. After the
solution had-attéined'é blue color, nitrcgen wés'passed o
thréugh thé solutionsfo rem;ve the excess ozone. .Dihethy1_
sulfide (O.S mL) ﬁas added and the solution was concentrated
under reduced pressure to afford the title compound as a
viscous oil which was used without further purification in the

subsequent step.

. "48'-_ - .' --_ - - ] A - .



(1:1) was allowed to stand at anbient tenperature for 26 hours. The
solution was partitioned between brine and ethyl acetate. The organic

| ayer. was washed with brine (2x), dried (Na[err]so[err]) and concentrated.
The i&sul tant foam (126 ng) was dissolved in dry nethylene chloride (10 ni)
and treated with 1-cycl ohexyl - 3-(2-norphol i nonet hyl) carbodii m de netho- p-
tol uenesul fonate (0.24 g). After 16 hours at anbient tenperature, the

sol ution was evapOoHaie® (odekizr,e@d€dd psessurde dhd Ithe Tesidle -fiad 4pdriHi ed
by silica gel chroma- tography using ethyl acetate as eluent. The

appropri at e W} aci 6As 2afflodd&d 3'8-n3-(196.16%0 dfl2%the Yt 1 e conpound as a
colorless oil which is a racemc mxture of the conpound of Exanple 7. -50-
Conpar ative Exanple 14 Methyl 2, 2-di enmet hyl -6-fornyl -1, 3-di oxane-4-acetate

G s-2, 2-di et hyl - §- (2-phenyl.et henyl ) 1,.3- di oxane- 4-y aceti ¢ acid met hyl
ester (prepared ig'Ex & i&l‘é‘%@#@é—‘ﬁﬂ% ) eu(—fﬁg%:f)*ﬁ%d- ozone
vas passed through the 30lubkod.g4)- 18heRLIG A LNE LU G ldloibhE
sol ution turned bl ue. T ' ' '

[5.5]undecane-2 -acetic acid

to

7

To a solution of dimethyl [3,3-bis(4-fluorophenyl)-2-
(1-methyl-1H-tetrazol-5-yl)-2-prepenyl] phesphonate (1.7 g,
- 4 mmol) in THF (20 mL) at -78°C was added n-BuLi (1.6 mL, %
mmol, 2.5M in hexane). The resultant brown-red sciluticn wes

stirred for 30 minutes at -78°C. Using a céouble erded

8]

needle, this solution was transferred to a solutio

-78°C. After the transfer had been completed, the combined
reaction mixture was stirred at -78°C for 1 hour and at
ambient temperature for & hours. The solution was then
partitioned between 0.5N HC1l and ethyl acetate. The orgznic
layer was washed with brine (2x), dried (Na2504), and
concentrated under reduced pressure. The residue was
purified by chromatography on silica gel (diethyl
ether:hexane:acetic acid/50:20:1) to afford 342 mg (31.9%

overall yield) of the title compound as a yellow foam.



renove excess ozone then dinethyl sulfide was added and the tenperature was
allowed to warmup to roomtenperature. The reaction was evaporated in
vacuo and the residual oil was purified by chromatography on silica gel =
usi ng diethyl ether-hexane (3:1) as the eluent to afford the title '
conpound. [err]H NNR (36CN+E CIKES)[err] [err] : 9.53 (1f[err], s), )
4. 40-4. 23 n& Cé 2.53 dd, = 15.8, 7.02 FE) 2. 37
(11H, dd, J* it 8(360§B huFD 39581 767(£ﬁ 5wﬁ4 i°hh (BH, 6s$6 1. 40 (3H,

S bt i Db it g1 = 111 QFFA20 38 3 RhurRy o = 1304i el RpFdet raci 6 (4.9 g
O 05 nlpl %) 4 nqgr%__%gtﬁghygrggur(gﬁ (ggr,mz) S\ga%igddgg % 5ML|g Butyl lithiun in

hexanes’ over 'mndt €s af 8[err] C under
an Ine;rtaﬂl sphegec 1N g4 st ur g eV@s Stithegd 1f 8o- ?1016"
yellomnsﬁ pFEC|p|ta% or ned during this tlze Ia|od des(S 7 m

0.06 nole) was then added over a pericd of 5 n1nutes After stirring for
an additional 30 nminutes, the clear ' o _

Comparative Example 13
Trans-é-[4.4-bis(44f1udr0phenvl)-3-(l-mgthvlflﬂ-tet:azol-i-

C

v1)-1,3-butadienvl]-tetraghvdro-4-hvdroxy-2H-pvran-2-one.

4

A mixture of 4-[454«bis(4-f1uorophenyl)73-(1-meth31-1§-
tetrazol-5-y1)-1,3-butadienyl]-1,5-dioxaspiro[5.5]undecane-2-
scetic acid (2830 mg,'o.sz mmol) in 20 mL of THF/0.SY HC1
(1:1) was allewed to stand at ambi ent temperature for 26
hours. The solution was partitioned between brine znd ethyl
acetate. The crganic layer was washed with brine (2x), dried
(Na2504) and concentrated. The resultant foam (126 mg) was
dissolved in dry methylene_chlori&e (10. mL) and treated with
1-cyclohexyl-3-(2-morpholinomethyl) carbodiimide_metho-p-
toluenesulfonate (0.24 g). After 16 hours at ambient
temperature, the solution was evapqrated under reduced

" pressure and the residue was purified by silica gel chroma-
tography using ethyl acefate as eluent. The appropriate
fractions afforded 38 mg (16.6%) of the t1t1e compound as a
colorless oil which is a racemic mixture of the compound of

Example 7.

-50-



reacti.on mxture was dilutedwith water and extracted with ethyl acetate (3
x 50.m). The aqueous | ayer ‘was’ washed with chloroform (2 x 23 nL), and

t he conblned organi c |l ayer was dried over sodium sulfate and concentrated
under - reduced pressure to give an. oil. The oil was purified by
distillation to give 5.2 g (92% of the title compound; b.p. 89-90[err]C
at 0.05 mmHg. HNWR (CDCl[err]) [err]: 4.05 (s, 3H), 2.86 (a, 2H), 1.41

(t, 3H; C NWR (CDCl[err]) [err]: 156. 0, 33.24, 16.75, 11.20. -52- B.
1,1 -Bis(4-fluorohpenyl) -2; 1-_ %h | .1Htetrazol - 5-yl)Propanol To a
solution of 5- ethyl-l-net -6 g, 0.05 nole) (prepared in

Step Al in 60 dgy tetrah drofuran s.added 2. 5M n- but II|th|un1(20
m., 0.05 nnFé#—thh%xaﬁ€—3$é¢-é;ﬁih%%%élgg 3 FgF#Fé;Fééﬁﬁngﬁperature)
under an inert atnosphere. The m xture was stirred for 30 mnutes and a
solution of 4,4'-difluorobenzophenone (10.8 g, 0.5 nole) in 25 niL of dry

tetrahydrof uran vess agdedqoMetn51 0k Kb ephe P S tREXYENE 1MAS a3bikLedsfor an
addi ti onal 2 hours

acetic acid methyl ester (prepared in Example 1) was
dissolved in methanol (10 mL) and ozone was passed throuzh

the soluticn at -78°C until the color of the sclution turned

blue. The reaction mixture was purged with nitrcgzn to
A remove excess ozone then dimethyl sulfide was added and the
" temperature was allowed to warm up to rcem temperature. The

reaction was evaporated in vacuo and the residual oil was
purifieé by chromatogrzphy cn silica gel using diethyl
ether-hexane (3:1) as the eluent to afford the title

cempound.

i mm (3600mz, CDC1,). 6 ¢ 9.53 (1H, s), 4.£0-4.23

(2H, m), 3.69 (3H, s), 2.53 (14, dd, J = 15.8, 7.02 Hz),
2.37 (14, dd, J = 15.8, 5.98 Hz), 1.85-1.76 (1H, m), l.44
(3H, s), 1.40 (3H, s), 1.35-1.23 (14, m).
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while the bath tenperature was slowy warned to -20[err] C.. The reacti on was
quenched with 1IN HCl and extracted with ethyl acetate (3 x 50 nL) and
chloroform (3 x 50 nmL). The conbined organic |ayer. was dried over sodiune
sul fate and concentrated under reduced pressure to give a white solid.
solid was purified by crystallization from ethanol -hexane to give 10.8 g
(659 of the title conmpound; mp. = 160- 161[err]C. IR (KBr) v[err] 3400
cnl; HNWR (CDCl[err]) [err] : 7.8-7.02 (m 8H), 5.95 (s, 1H), 4.65 (q,
1H), 3.98 (s, 3H), 1.29 )3 err] C NMR (CDCl[err]) 6 : 162.57,
162. 37, 159.14, 156. 71, —tH> A8 1At DA—F28. 25, 1128, 13, 127.52, 127.42,
114. 67, ,114 41q ;;5,38'ﬂ78.561 3@.994_ 14 52 Anal . Calcd Lfor

derr] q - =2 =51.79; H
4.90; N,137-0%: Gone 1 1- Bls(4 quorophenyI) 2- (1 nethyl-lk#tetrazo

L]

5-yl)-1I= rry of 1, 1-bis(4-fluorophenyl)-2-(1-
A. S~Ethvl-1-methﬁl-lﬁ—tetrazole
To a slu#ry cof l,S-dimethyltet:aﬁcle (4.2 g, 0.35

mole) in dry tetrahvdrofuran (S0 mL) was a&ded_z.iﬁ'
0

n-butyllit Zum 11 hox:nes {20 mL 05 mcle) over a perics '\J
cf 15 minutes at -48-C under an Iinert atmcschere.. This

-

0.06 mcle) was then aéded cver a pericé of 13 minutes.

After stirring fcr;an additional 30 minutes, the clear

reacticn mixture Wwas diluted with water and extracted wizh

ethvl acetate (3 X Su mL) The aguecus layer wzs washed

with chlorcicrm (2 % 253 mL), ané the combinad organic laver

was éried cver sodlun sulfa and concentrated under recuced .

pressure to give an: 011 The oil was. pur;f;ea by
distillation to give 5.2 g (92%) of the tltle comgound; b.p.
= 89-90°C at 0.05 mm Hg.

5 MR (cpcly) 6 : 4.05 (s, 3H), 2.86 (q, 2H),

1.41 (t, 3BH);

13 wmr (cDC1,) & : 156.0, 33.24, 16.75,.11.20.

=52~



met hyl - 1H-t et razol - 5-yl ) propanol (8.25 g, 0.025 nole) [prepared in Step B]
and 100 ng of p-toluene sulfonic acid nonohydrate in xylene (60 nmL) was
heated-to reflux with a Dean & Stark water collecting apparatus for a
peridﬁ‘of 12 hours. The reaction mxture was washed with 1IN NaOH (10 i)
while it was warmand with water (100 nmlL). Concentration of the organic

| ayer gave off-white crystals of product. This was purified-by

recrystallization frqn1ethanolfhexane to give 7.1 :919%9 of the title
conpound aB-whi felcBisi(4l-£1lugrpphenyip) 127 1o ma tthy k- te, 1- 1575; 1500

cml. [err]H NMR S 1[err]) [err] : 7.42-6.85 (m 8H), 3.53 (s[err] 3H),
2.14 (s, 3H); '12€-§Bg2@€98i|err]) 6 : 163.37, 163.08, 160.13, 155.61
144.60, 145.34, 136.47, 136.42, 136.24, 136.19, 131.65, 131.54, 131.11,
131.01, 119.53, 115.51, 115.27, 115.22, 33.50, 21.20. Anal. Calcd. for

FEURERERHRE S Pon SpRImE el e S

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

tetrahydrofuran was added 2.5M n-butyllithium (20 mL, 0.0S
mole) in hexane over 5 minutes at -78°C (bath temperature)
under an inert atmosphere. The mixture was stirred for 30
minutes and a solution of 4,4'-difluorobenzophencne (10.8 g,
0.5 moie) in 25 ml of dry tetrahydrofuran was added over 5
minutes. This mixture was stirred for_ah additional 2 hours
while the bath_Eemperature was slowly warmed to -20°C. The
reaction was quenched with 1N HC1 and extracted with ethyl
acetate (3 x 50 mL) and chloroform (3 x 50 mL). The ﬂ
combined organic layer was dried over sodium sulfate and !
- concentrated under reduced pressure to give a white solid.
The solid was purified by crystallization from |
e;hanol-hexane to give 10.8 g (65%) of the title compound;
'  m.p. = 160-161°C.
1

IR (KBr) Vmax' 3400 cm ;'

'y mm (cpe1,) 6 @ 7.8-7.02 (m, 8H), 5.95 (s,
1H), 4.65 (q, 1H), 3.98 (s, 3H), 1.29 (d, 2H)."

o . -53- " - : ._ .' - © -



tetrazol -5-yl)- 2. propene A slurry of I,I-bis(4-fluorophenyl)-2-(l-

met hyl -1 Htetrazol -5-yl)-1-propene (61.46 g, 0.197 nole) [prepared in Step

Cl, N-bronosuccinimde (35.06 g, V.197 nole) and catal ytic anount of azoits
isobutyronitrile or benzoyl peroxide in carbon tetrachloride (1.2 litersy
was heated to reflux in an inert atnosphere for a period of 2 hours. The

reaction mxture was cool ed to anbient tenperature and the solid fromthe
reacti on was fkg§ered The filtrate was concentrated under reduced pressure
and the solid obt@i N8 €&PClqor ¥st:al ILi62ed Z.r dri2.AAueriSheldane to give 72 g

(93% of the title conmpound as white crystals; mp.- 159- 160[err]C | R
(K 156y 142148 413,828 25 20 VR DGR erkd3 - 42cr] 1 7.5-7.1

(1'213.3 ‘*1@%417111&21%%5%6,12133 %8 %gé E%er9rf]49c3g8'v3‘31'351%435{3] )15[er1r2]4 :69 |

131.43, '131.31, 120.90, 130.80, 119.57, 115.94, 115.77, 115.65, 115.50.

h ]

Anal. Caled. for Cy;H) F,N,0:
c, 61.81; H, 4.88; N, 16.96
Found: C, 61.79; H, 4.90; N, 17.09.

c. l;l—BiS{&—fluoroﬁhenyl)-2=(l-methyl-lﬂitetrazol-

S-yl)-l-propene

A slurry of 1,1-bis(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 aéid
monohydrate in xylene (60 mL) was heated to reflux with a'
Dean & Stark water collectlng apparatus for a period of 12
hours. The reactlon mlxture-was washed with 1N NaCH (10 mL)'
while it was warm and with water (100 mL);' Concentration of
the organic layer gave éff-white crystals of'product. This QJ
was purified by recrystallizatioﬁ from ethanol-hexane to
give 7.1 g (91%Z) of the title compound as white crystals;

m.p. = 146-147°C. |
fl.

IR (KBr) v, 15755 1500 cm

Ly R (CDC1,) & : 7.42-6.85 (m, 8H), 3.53

(s5 3H), 2.14 (s,. 3H);



Anal . Calcd. for (Jerrll7Herr]Flerr]BrNlerr]: C 52.19; H 3.34; N 14.32
Found: C,.52.58; H, 3.47; N, 14.49. Conparative Exanple 16 [1,1-3
Bis(4;f|uorophenyl)-Z-(I-nethyl-1FFtepazoI-5-y1-)-

1- Propen- 3-yl1] tri phenyl phosohoni um bromi de A slurry of

3, 3-bi s(4-fl uorophenyl)-1-bronmo- 2-(1l-nethyl-1Htetrazol -5-yl)-2-propene
(1.95 g, 0.005 nole) Egrepared in Exanple 15, Step D] and

tri phenyl phosphi ne (1-3ScgNi4R. QOBChple¥d iin 2$8l.0Mgxa68.035 6P . MBS heated to
reflux. The reaction m xture becafre a clear solution after 30 m nutes and
a white precipibéhtelappétycliehiBes 13hohv, TRE.M2xt 4P6.%4s AS4t.dd,for an
additional 8 hours, cooled to anbient tenperature and the solid was
collected bi3%i$%y5alddnS4ndldhshted h3LhO0dsedAPl- 586hdRS5 . 5thi $18hi2t’e powder
was dried in vacuumat 50 Cto give 3.0 g (92% of the title conmpound; mp.
254-255 C. 1E55.22, 3&.-pRpr¥l-%Perr]: 3450, 1600, 1500, 1425 cnierr]. 1H
NVR (DMSO-d6) 6 @ 7.92-6.80 (m 23H), 4.94 (6d, 2H), 3.83 (s, 3H);

Anal. Caled. for Cl‘7H14F2N4:
Cc, 65.37; H, 4.51; N, 17.94
Found: C, 65.64; H, 4.61; N, 18.09.

~ D. 3.3-Bis(4-fluorophenyl}-1-bromo-2-(1l-methyl-1H~
tetrazol-5-yl)-2-propene
A slurry of 1,1-bis(4-fluorophenyl)-2-(1-
methyl-1H-tetrazol-5-yl)-1l-propene (61.46 g, 0.197 mole)
[prepared in Step C], Nfbromosuccinimide (35.06 g, 0.197.{ |
mole) and catalytic amount bf azébis isobutyronitrile or |
benzoyl peroxide in carbon tetrachloride (1.2 liters) was
heated to reflux in an inert atmosphere for a period of 2
\ hours. Thg reaction mixture was cooled to ambient o

temperature and the solid from the reaction was filteréd.
The filtfﬁte.was concentfated under feduced.pressure and the
solid obtained was recrystallized from toluene-hexane to
give 72 g (932) of tﬁe title compound as white crystais§
m.f. = 159-160°C.

1

IR (KBr) Vinax® 1600 cm ~.
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13C NMWR (DNBC>d 6) [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, 111.43,7
111.39, 34.22, 28.88, 28.22. Anal. Calcd. for C35H28Br F2N4P: C, 64. 31; Ff

z

4.32; N, 8.57 Found: C, 64.02; H 4.37; N, 8.89.. -57- CLAIMS: 1. A
conpound of the ﬁornyla [ uhstanti aII h (4R,,6 f ormwherein

Rl err] and Rlerrft R (5§&ﬁ3§ & |ngeﬁeﬁdé ?Wy ﬁf r'og"e?")4 &Ser #filal kyl or
phenyl C |S,Q§t|onally substituted by one or two (Jerr] al kyl, hal ogen
C[err]a] triifluoronmethyl; Rlerr] and Rerr] - each are C[err]alkyl
or Rlerr] and R[éﬂ&]LVQaKQBCQOgekher W%@hgmhelggrbqn qg@ngbo which they are
attached, is cyclopentyl cycpohexyl or cycloheptyl and n .is zero or

1. .- 160.45, 143.42, 149.68, 135.20, 135.15, .69, 131.43,
| 131.31, 130.90, 130,80, 119.57, 115.94, 115.77, 115.65,

115.50.
Anal. Ca;c§. for Cl7Hl3F2BrN4;
: C, 52.19; H, 3.34; N, 14.32
Found: C, 52.58; H, 3.47; N, 14.49. - W
Comparative _Exa_'mol-e  16
[1,1-8is(&-£l¢ crec“eHVI) 2- (l-ﬂethil 1H- te z0l1-5-v1)-

l-prepen-3-v1ltript enrlghosskﬂ ium brom;dg

A slurzy of 3 3- bls(4 fluoropheﬂu-) l1-bremo-
2- (1¥net“v -1E- ueurazol 5- yl) -2- prcpene (l 95 g, 0.005 mole) B
[prepared.in Exaﬁple 15 Step D] and triphen ylphosph‘ne “i)-
(1.3 g, 0.0C05 mole) 1n cyclohexane (25 mL) was heated to
reflux. The reactlon mlxture became a clear solution after
30 minutes and a whltg_preCLpltate appeared after 1 hour. )
Thé mixture was heatéd.fbr an addifional 8 Hours, cooled c§
ambient temperature énd the solid was collepted'by
filtration and waghed-with_diethyl ether. This white powder
was dried in vacdumfat:SOOC'tb“give 3.0 g (92%) of the title
compound; m.p. = 254;25509.-. | '

2 ;56-_



2. A conmpound of claim.1l wherein R and R each are independently,
Cer¢]alkyl or phenyl; nis zero; and R[eérr] and Rlerr] each are Cerr]

al kyl.: or Rlerr] and R[err], taken together with- the carbon atomto which
they -are attached, is cyclopentyl, cyclohexyl or cycloheptyl. -58- 3.
The conpound of claim2 wherein Rerr] is phenyl, Rerr] is hydrogen, nis
zero; and RO and Rlerr] each are nethyl. 4. A conpound of claim1 -wherein
Rlerr] and Rlerr] each are independently Clerr]alkyl or phenyl;, yn is 1, and
Rlerr] and Rerr] eadR {KBTQ erplLalkyR480,R1E00, PR 435 ‘amken toget her
with the carbon atomto which they are attached, is cyclopentyl, cycl ohexyl
or cycloheptyl. 5. The conpound of claim4 wherein Rlerr] is nethyl, nis 1
and Rlerr] and Rerr]L

are attached, is Cyc|§h§%§F?D§3%€k2 g W%LEgtggﬁgggﬁﬁghﬁggg%ipbggioh Ergyns_

l1tob5 subggggighbx ggagquhnggﬁqre descri bed. -59-
3¢ mr (DMso-d.) & : 163.53, 163.36, 160.28,
160.87, 154.04, 153.89, 152.76, 135.11, 134.79, 134.16,
133.68, 133.54, 130.53, 130.45, 130.35, 130.21, 130.07,
118.02, 116.89, 116.18, 115.89, 115.62, 115.32, 111.43,

111.39, 34.22, 28.88, 28.22.
Anal. Caled. for C35HZSBrF2N4P:
C, 646.31; H, 4.32; N, 8.57
Found: C, 64.02; H, 4.37; N, 8.89.
\/--
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CLAIMS :

1. A compound of the formula

g? 10
I
R?/g.( WIS “oH

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

7 8

R’ and R each are independently hydrogen, Ci_¢

alkyl or phenyl which is optionally
Substituted by one or two 01_4 alkyl,
halogen, Cl;aalkoxy or trifluoromethyl;
9

10 10

R® and R each are 01_4 alkyl or R° and R™", taken

. ]
together with the carbon atom to which
they are attached, is cyclopentyl,

cyclohexyl or cycloheptyl; and

n is zero or 1.

-

8 each are

9

2. A compound of claim 1 wherein R’ and R

independently, Cl-6 alkyl or phenyl; n is zero; and R and
10 9 10

and R™°, taken together with-

R™" each are C;_, alkyl or R
the carbon atom to which they are attached, is cyclopentyl,

cyclohexyl or cycloheptyl.



. * [ L N S *

3. The compound of claim 2 wherein R’ is phenyl, R® is

hydrogen, n is zero; and R9 and Rlo each are methyl.

4. A compound of claim 1 wherein R7 and R8 each are

9 10

independently C1_4a1ky1 or phenyl; n is 1; and R® and R

9 10

each are Cl-qalkyl or R” and R, taken together with the

carbon atom to which they are attached, is cyclopentyl,

cyclohexyl or cycloheptyl.

S. The compound of claim 4 wherein R7 is methyl, n is

10

1 and R9 and R™°, taken together with the carbon atom to

which they are attached, is cyclohexyl.

6. A compound according to any one of claims 1 to 5 subsantially
as hereinbefore described.




