28 March 2006 7- SUBSTI TUTE D- HEPT- 6- ENO C AND - HEPTANO C ACI DS AND

DERI VATI VES THERECF The invention relates to the preparati on of28 March 2006
7-substitut ed- hept-6-enoic and -heptanoic acids and derivatives and
internedi ates thereof. 1. Object The invention concerns a process for the
preparation of a conmpound of formula | 5 3 R-X-CH CH2-CH CH2-000R, OH OH
(1) wherein X is -CH2CH2- or -CH=CH; R, is an ester group inert to the
reaction conditions; and Ris an organic radical having groups which are
inert under reducing conditions, wth the proviso that, when Ris
triphenylnethyl, then R, additionally includes allyl and Xis -OCH2- . It
al so conprises a process for the preparation of earlier internedi ates (of
formul ae Va and VI1, see below). 28 March 2006 -2 The conmmon feature |inking
these various process steps is that they all lead to inprovenents at

vari ous stages in the preparation of 7-substituted-hept-6-enoic and

- hept anoi C7%ﬂ%ﬁbﬁ{£’?§dﬁﬁﬁﬁ|§%ﬁ%ﬁf%§/ﬂ ARerecf cypsch are cholesterol

bi osynt hesi sl ustrated hereunder with a specific
enbodi ment AND DERIVATIVES THEREOF |

. The invention relates to the preparation of 7-substituted-hept-6-enoic and

-heptanoic acids and derivatives and intermediates thereof.

1. Object

The invention concerns a process for the preparation of a compound of formula I

R-X-(EH-CHZ-(EH-CHZ-COOR, ()
OH  OH
wherein
X is -CH,CH,- or -CH=CH-;
R, is an ester group inert to the reaction conditions; and
R is an organic radical having groups which are inert under reducing conditions,
with the proviso that, when R is triphenylmethyl, then R, additionally includes allyl
and X is -OCH,-.
It also comprises a process for the preparation of earlier intermediates (of

formulae Va and VII, see below).



concerning the preparation of one specific cholesterol biosynthesis

i nhi bitor, nanely erythro-(E)-3,5-di hydroxy-7-[3'-(4"-fl uor ophe§yMarch 2006
1'-(1"-nmethylethyl)indol-2"-yl]hept-6-enoic acid in racemc or optically
pure form in free acid, salt, ester or S-lactone, i.e. internal ester,
form The process of the invention for the preparation of a conmpound of
formula | conprises stereoselectively reducing a racemc or optically pure
conmpound of formula Il R- X- C- CH - ~C- CHZ - COORlL 11 Z1 Z2 wherein
R, Rl and X are as defined above and one of Z1 and Z2 is oxygen and the

ot her is hydroxy and hydrogen, to produce a correspondi ng conpound of
formula I. As appears fromfornula | t?e conpounds have the syn, i.e. the
erythro configuration. The synbol (E)~“appearing at the beginning of a
formula or in a nane indicates that a double bond is in the trans
configuratio 2006 .- 3 The invention al so conprises a conpound of

. 28 Marc . '
fornula | as'rr\heefcl"ﬁﬁ?i“ BOVRS itAnking ék‘és%fvacg PYTRFORAT SYeRUCH R the
proporti@eyoillerngatiro imprdvemeots somearicisO9tdges On Othar phemrariompréf er abl y

99.5 07.55u§\l1£|ticﬁxit99-el{e t@gpg.ﬁ,ii@l %X:% Q—%EZténOQCBagird ngth%ro.dug'pse_aggrrpounds of
formula 1, I'ch ‘are ésters, an he “corresponding Tree acids, salts and
cyclic asnépstxwgslghgngqésyhkgheare cholesterol biosynthesis inhibitors.

This link is illustrated hereunder with a specific embodiment
concerning the preparation of one specific cholesterol biosynthesis
inhibitor, namely erythro-(E)-3,5-dihydroxy-7-{3’-(4"-fluorophenyl)-
1’-(1"-methylethyl)indol-2/-yl]hept-6-enoic acid in racemic or
optically pure form; in free acid, salt, ester or §-lactone, i.e.
internal ester, form.

The process of the invention for the preparation of a compound of
formula I comprises stereoselectively reducing a racemiec or optically

pure compound of formula II

R-X-C-Cl ~C- CH - COOR (II)
24 Z,
vherein
R, R; and X are as defined above and

one of Z; and Z; is oxygen and the other is hydroxy and hydrogen,
to produce a corresponding compound of formula I.

As appears from formula I the compounds have the syn, i.e. the
erythro configuration.
The symbol (B)- appearing at the beginning of a formula or in a

name indicates that a double bond is in the trans configuration.



pharmaceuticals, in particular HVMG CoA reductase inhibitors, i .%Mar h 2006
chol esterol biosynthesis inhibitors and, therefore, they are in |ca%ecP for
use for the treatnment of hyperchol esterolem a, hyperlipoproteinema and

at heroscl erosis. 28 March 2006 -4 2. Preferred significances An ester group
R1 preferably is a physiologically acceptable and hydrolyzable ester group
when the desired end product is an ester. By the term "physiologically
accept abl e and hydrol yzabl e ester group” is neant a group which, together
with the -COO radical to which it is attached, forns an ester group which
is physiologically acceptable and hydrol yzabl e under physi ol ogi cal
conditions to yield the correspondi ng @arboxylic acid of the compound of
formula | (i.e. wherein RL is replaced by hydrogen) and an al cohol which
itself is physiologically acceptable, i.e. non-toxic at the desired dosage
| evel , particUibarinreatipn @I sqnseprises riesoBRowdne briorgela dy asedefineR] s
pref er abl yh&le Whes & tR2ei 6 Ghrded Kyplur Ofy BRBE Yihate s GirapddtioR-of WRGEE S’ IS
Cl1- 3al kyl n-hbut y{ﬁ, i-bgty, t - but yl 3{ Benzyl, e.gu& 5@! preferably

i sopr opyl 0o TEOLtRPer L gecial 1% % ObUtipRer K Ry eEeRa BI§ i% X0 Ere X s
-CE-CH, pigiear,abdpecik)lly9oCh: R3poefidgabty is selected froma group A B,
C, D Ea, Eb, Ec, F, G H J, K L, Hor N as follows: A phenyl
trisubstituted by RL1a, R2a and R3a wherein Rla R2a, and R3a are

i ndependent | y Thg dearpennddadfo fofiirldal kywhich Giredeatexal, kyhd thaenyl ; phenyl
SUbStlt'thgrgEépgﬁﬁf%g free acids, salts and cyclic esters (& lactones) are
pharmaceuticals, in particular HMG-CoA reductase inhibitors, i.e.
cholesterol biosynthesis inhibitors and, therefore, they are indicated
for use for the treatment of hypercholesterolemia,

hyperlipoproteinemia and atherosclerosis.



Cl- 4al koxy, C2-al kanoyl oxy, C1-4al kyl or Cl-4hal oal kyl; or -OR4a wh
Rda i s hydrogen, C2-al kanoyl, benzoyl, phenyl, hal ophenyl,

28 March

phenyl (C1-3al kyl ), C1-9al kyl, cinnanyl, Cl-4haloal kyl, allyl,

cycl oal kyl (C1-3al kyl ), adamantyl (Cl-3al kyl) or substituted

phenyl (Cl1-3al kyl) each substituent of which is selected from hal o,
Cl- 4al koxy, Cil-4al kyl and Cl-4hal oal kyl ; whereby the hal ogen atons are

fluoro or

chl oro and cycl oal kyl |nclude540yclohexyl 28 March 2006 -5

wherein Rlb and R2b together form a radical of formula: 87 65 a) -

- C' C -

or b) - CH3- CHZ CH2- CH1- R b Rob wherein R3b is hydrogen,

Cl- 3al kyl ,, Clx | thyl, fluoro, chloro, phenoxy or
benzyl oxy; 2. ‘R4 §g£er% £ 43 ngyI n-butyl, i-butyl, C1-3alkoxy,
I - but oxy, trlfluoronethyl quoro chl oro, phenoxy or benzyl oxy;

R5b is hydrogeg, eQJte?aééaﬁlp,RClpr%@hkw 1&ra fphys)mras@wmy abldnie Ca'ahom

phenoxy or benzyl oxy; wth t provi sos ;that not nore than one of

R5b is trﬂﬂdlfab‘x‘%?r?éﬁh?¥tefn6€°%r"’€e? hee Bevissd Fflfjopéﬁﬂ“%lislﬁn e}§I§E‘h~0xy,
not nore than gpehnef t&4D "dRPsf¥ABgiéally acceptable and hydrolyzable ester

n- but oxy,

group" is meant a group which, together with the -C00-~ radical to
which it is attached, forms an ester group which is physiologically
acceptable and hydrolyzable under physiological conditions to yield
the corresponding carboxylic acid of the compound of formula I (i.e.
wvherein R; is replaced by hydrogen) and an alcohol which itself is
physiologically acceptable, i.e. non-toxic at the desired dosage

level, particularly a group which is free of centers of asymmetry.

R; is preferably R; where R; is C;_4alkyl or benzyl, especially
Ry’ where R;’' is C;.jalkyl, n-butyl, i-butyl, t-butyl or benzyl, e.g.
ethyl, preferably isopropyl or t-butyl, especially t-butyl.

X preferably is X’ vhere X' is -CH=CH-, preferably (E)-CE=CH-.

R preferably is selected from a group A, B, C, D, Ea, Eb, Ec, F,
G, H, J, K, L, M or N as follows:

A phenyl trisubstituted by R;,, R;. and R3, wherein
Riasy Rza. and R3, are independently hydrogen; halo; C;_,alkyl;
C;-~4haloalkyl; phenyl; phenyl substituted by halo,
Cy-4alkoxy, C;-galkanoyloxy, C;-4alkyl or Cy_.haloalkyl; or
-OR,. vherein Ry, is hydrogen, C,.salkanoyl, benzoyl, phenyl,
halophenyl, phenyl(C;.i;alkyl), Cy_,alkyl, cinnamyl, '
C;-4haloalkyl, allyl, cycloalkyl(C;.;alkyl),
adamantyl(C;.jalkyl) or substituted phenyl(C;.jalkyl) each
substituent of which is selected from halo, C;_,alkoxy,
Cy-4alkyl and C;_ haloalkyl; whereby the halogen atoms are
fluoro or chloro and cycloalkyl includes cyclohexyl;

erein
2006
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benzyl oxy; R6b is hydrogen, Cl-3alkyl, C1-2alkoxy, fluoro or chfafh2086/b 1S
hydr ogen, C1-3al kyl, n-butyl, i-butyl, Cl-3al koxy, n-butoxy,
trifluoronmethyl, fluoro, chloro, phenoxy or benzyloxy; Rob is hydrogen,

Cl- 3al kyl, C1-3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or

benzyl oxy; with the provisos that not nore than one of R7b and R8b is
trifluoronmethyl, not nore than one of R7b and R8b is phenoxy, and not nore
than one of R7b and R8b is benzyloxy; with the further proviso that the
free valences on rings Ba and Bb are-ortho to each other; 28 March 2006 -6
C.1 c¢ ~12c Slc wherein one of Rlc and R2c is phenyl substituted by Rsc,
R6c and Fﬂﬁ:and &hg otherliy Cl-3al kyl, n-butyl or i-butyl, Ricis

hydr ogen, t€1-3al k¥I’, ‘ - bytyl, Cl-3al koxy, n-butoxy,

1- but oxy, trifluoromet %G, phenoxy or benzyl oxy, Roc is
hydr ogen, Cl1-3al kyl, pnet hyl ,

Ryb

vherein R;b and R;b together form a radical of formula:
8 7 6 S

a) -¢C =C-C= C - or b) - CH;-CH,-CH,-CH,-
R;b Ryb

vherein

Rib is hydrogen, C;_jalkyl, C;.jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy;

R.b is hydrogen, C;_jalkyl, n-butyl, i-butyl, C;.;alkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy;

Rsb is hydrogen, C;.jalkyl, C;_jalkoxy, trifluoromethyl,
flﬁoro, chloro, phenoxy or benzyloxy;

wvith the provisos that not more than one of Ryb and Rsb is
trifluoromethyl, not more than one of R,b and Rsb is
phenoxy, and not more than one of R(b and Rsb is
benzyloxy;

R¢b is hydrogen, C;_,alkyl, C;_,alkoxy, fluoro or chloro;

R,b is hydrogen, C;_;alkyl, n-butyl, i-butyl, C,.;alkoxy,
n-butoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy;

Reb is hydrogen, C;.3alkyl, C;_j;alkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy;

with the provisos that not more than one of R;b and Rsb is
trifluoromethyl, not more than one of R,b and Ryb is
phenoxy, and not more than one of R;b and Ryb is
benzyloxy;

with the further proviso that the free valences on rings Ba

and Bb are ortho to each other;



fluoro, chloro,
one of R3c and Roc is trifluoronethyl, not nore than one of Cc an
phenoxy and not nore than one of R3c and Roc is benzyloxy, Rsc is

n-butyl, i-butyl, t-butyl, Cl-3alkoxy, n-butoxy, i-buto
trifluoronethyl, fluoro, chloro, phenoxy or benzyloxy, R6c is hydr
Cl- 3al koxy, trifluoronmethyl, fluoro, chloro, phenoxy or
with the provisos that not -sore than one of Rsc and R6¢c is

Cl- 3al kyl ,

Cl- 3al kyl,
benzyl oxy,

phenoxy or benzyloxy, wth the provisos that najsm

trifluoromethyl, not nore than one of R5c and R6c is phenoxy and n

than one of Rsc and R6c is benzyloxy, and R7c is hydrogen, Cl-2alk

Cl- 2al koxy, fluoro or chloro; 28 March 2006 -7 Dd RBa°~ RA R d wh

Rid is hydrogen or prinar% or secondary Cl-6al kyl not containing an
d

asynmmetric

cont ai ning an as

-(CH2) m or

car

(2)-

“R2d is primary or secondary Cl-6al kyl n

arbon atomor Rld and R2d taken together
- wherein mis 2, 3,

borne at om a
tric

|
R4C 2

wherein

one of R;c and R,c is phenyl substituted by Rsc, Rgc and R,e¢
and the other 1s C;_jalkyl, n-butyl or
i-butyl,

R;c is hydrogen, C;_jalkyl, n-butyl, i-butyl, t-butyl,
Cy-3alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro,
chloro, phenoxy or benzyloxy,

Ryc is hydrogen, C;_jalkyl, C;_sjalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy,

with the provisos that not more than one of Ryc and Ryc is-
trifluoromethyl, not more than one of Ryc¢ and Ryc is
phenoxy and not more than one of Rjc and Ryc is
benzyloxy,

Rsc 1s hydrogen, C;_jalkyl, n-butyl, i-butyl, t-butyl,
Cy-3alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro,
chioro, phenoxy or benzyloxy,

Rg¢e is hydrogen, C,_j;alkyl, C;_jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy,

with the provisos that not more than one of Rsc and Rge is
trifluoromethyl, not more than one of Rs¢c and Rgc is
phenoxy and not more than one of Rgc and R4c is
benzyloxy, and

Rs¢ is hydrogen, C,.;alkyl, C;_;alkoxy, fluoro or chloro;

bFodoR™
hydr ogen,

Xy,
ogen,

ot nore

yl,
erein

ot
are



4, 5 or 6; R3d is hydrogen, Cl-3alkyl, n-butyl, i-butyl, t-buty

Cl- 3al koxy, n-butoxy, i-butoxy, trifluoronmethyl, fluoro, chIor%?MBWQﬁg¥y or
benzyl oxy, R4d is hydrogen, Cl-3alkyl, d -3al koxy, trifluoronethyl, fluoro,
chl oro, phenoxy or benzyloxy, with the provisos that not nore than one of
RZd and R3d is trifluoronmethyl, not nore than one of R2d and R3d is phenoxy
and not nore than one of R2d and R3d is benzyl oxy, R5d is hydrogen,

Cl-3al kyl, n-butyl, i-butyl, t-butyl, Clsg3al koxy, n-butoxy, i-butoxy,
trifluoronethyl, fluoro, chloro, phenoxy or benzyl oxy, R6d is hydrogen,

Cl- 3al kyl, C1-3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or

benzyl oxy, with the provisos that not nore than one of R5d and R6d is
triquoron@thyI, not nore than one of R5d and R6d is phenoxy and not nore
than one of R5d and R6d is benzyloxy, R d is hylgogen, Cl1-2alkyl,

Cl- 2al koxy, fluoro or chloro; 28 March 2006 -84 R2e e R ; Rle or Eb Ec

R,a Rsd

wherein

R,d is hydrogen or primary or secondary C,¢alkyl not containing an asymmetric
carbon atom and

R,d is primary or secondary C, calkyl not containing an asymmetric carbon atom or

R,d and R,d taken together are -(CH,),- or (Z)-CH,-CH=CH-CH,- wherein m is 2, 3,
4, 5 or 6; ’

R,d is hydrogen, C alkyl, n-butyl, i-butyl, t-butyl, C, ;alkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy,

R,d is hydrogen, C, jalkyl, C,,alkoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy,

with the provisos that not more than one of R,d and R,d is trifluoromethyl, not more
than one of R,d and R,d is phenoxy and not more than one of R,d and R,d is
benzyioxy,

R,d is hydrogen, C alkyl, n-butyl, i-butyl, t-butyl, C, ;alkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy,

R¢d is hydrogen, C,,alkyl, C,,alkoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy,

with the provisos that not more than one of Ryd and Rd is trifluoromethyl, not more
than one of R,d and R¢d is phenoxy and not more than one of R,d and R is
benzyloxy,

R,d is hydrogen, C,,alkyl, C, alkoxy, fluoro or chloro;



wherein each of Rte, R2e and R3e is independently fluoro, chl egg@archg6deogen
or C1_, alkyl, Rle preferably being nethyl; 28 March 2006 -9 F wherein RI1f
is Cl-6al kyl not containing an asymetric carbon atom each of R2f and R5f
i s independently hydrogen, Cl-3alkyl, n-butyl, i-butyl, t-butyl, Ci1-3alkoxy,
n- but oxy, i-butoxy, trifluoronethyl, fluoro, chloro, phenyl, phenoxy or
benzyl oxy, each of R3f and R6f is independently hydrogen, Cil-3alkyl,

Cl- 3al koxy, trifluoronmethyl, fluoro, chkoro, phenoxy or benzyloxy and each
of R4f and R7f is independently hydrogen, Ci-1alkyl, C1-2al koxy, fluoro or
chloro, with the provisos that not nore than one of R2f and R3f is
trifluoromgghyl, not nore than one of R2f and R3f is phenoxy, not nore than
one of R2f and R3f is benzyloxy, not nore than one of R5f and R6f is

trifluoronethyl, not nore than ong~of RS54 _and R6f is phenoxy and not nore
than one of R5f and Rgf és ben@??gky'\M @ﬂmwmﬂsos that (i) the free
val ence of the pyrazogg ring islin th

3 §§§///

—

Eb Ee

vherein
each of R;je, R;e and Rye is independently fluoro, chloro,
hydrogen or C;_, alkyl, R,e preferably being methyl;



4- or 5- position, and (ii) the RLf group and the free val ence éﬁl ohgl&%to
each other; 28 March 2006 -10 G Rdg Raoq wherein Rag is a singfe" 86 X,
Rbg is R2g, Rcg is R3g, Rdg is R4g and Kis -N ; or J xig Rag is Rig,
Rbg is a single bond to X, Rcg is R2g, Rdg is R3%, and Kis 0, Sor -N f
R4$ Ri g, R2g, R3%$ and R4g independently are Cl-6al kyl not containing an
asymetric carbon atom C3-7cycloal kyl qr phenyl substituted by Rag, R6g
and R7$, or in the case of R3g and R4g~-additionally hydrogen, or for R3g
when Kis O or Sand Xis Xl additionally Ga, and Ga is

-C(R179) - C(R18g) R19g wherein R17$% is hydrogen or Cl-3al kyl and R18g and
R19g are independently hydrogen, C1-3q{k¥I or phenyl,

5

wherein ,

Ryf is Cy.5alkyl not containing an -asymmetric carbon atom,

each of R;f and Rsf is independently hydrogen, C,.;alkyl,
n-butyl, i-butyl, t-butyl, C,;_-jalkoxy, n-butoxy,
i-butoxy, trifluoromethyl, fluoro, chloro, phenyl,
phenoxy or benzyloxy,

each of R;f and R¢f is independently hydrogen, C;.jalkyl,
Cy-jalkoxy, trifluoromethyl, fluoro, chloro, phenoxy
or benzyloxy and

each of R f and R;yf is independently hydrogen, C;.;alkyl,
Cy.zalkoxy, fluoro or chloro,

vith the provisos that not more than one of R;f and Ryf is
trifluoromethyl, not more than one of R,;f and R f is
phenoxy, not more than one of R;f and Ryf is
benzyloxy, not more than one of Rsf and Ref is
trifluoromethyl, not more than one of Rgf and R¢f is
phenoxy and not more than one of Rsf and R¢f is
benzyloxy;

wvith the provisos that
(i) the free valence of the pyrazole ring is in the

4~ or 5- position, and

(ii) the R, f group and the free valence are ortho to

each other;



each R5g is independently hydrogen, Cl-3alkyl, n-butyl, i-but\gudeiitby!
Cl- 3al koxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro, brono,
phenyl, phenoxy or benzyl oxy; each R6g is independently hydrogen,

Cl- 3al kyl, Ci-3al koxy, trifluoronmethyl, fluoro, chloro, brono, phenoxy or
benzyl oxy; and each R7$ is independently hydrogen, Cl-2alkyl, Cl-2al koxy,
fluoro or chloro, with the proviso that there may only be one each of
trifluoromethyl, phenoxy and benzyl oxy-&% each phenyl ring substituted by
R5g1, R6g and R7g; 28 March 2006 -11 R 12. H Noml N-R2 R3 wherein Rlh is
Cl- 6al kyl not containing an asymmetric carbon atom C3-7cycl oal kyl,
adanmantyl - & or phenyl substituted by R4h, R5h and R6h; R2h is Cl-6al kyl not
containing an asymmeigic carbon atom C3-7cycloal kyl, adamantyl-1 or pheny
substituted by R7h, h and Rgh; Rah is hydrogen, Cl1-6 al kyl not containing
an asymetric

Rdg K Rag
vherein
Rag is a single bond to X, Rbg is R;g, Reg is Rig, Rdg is
Rs4g and K is -N- ; or
18
Rag is R;g, Rbg is a single bond to X, Reg is R,g, Rdg is
R;g, and K is 0, S or —?- ;
R.g
R:1g, R:8, Rig and Ryg independently are C;_galkyl not
containing an asymmetric carbon atom, C3_;cycloalkyl or
phenyl substituted by Rsg, R¢g and R;g, or in the case of
R3g and Ryg additionally hydrogen, or for Ryg when K is 0
or S and X is X’ additionally Ga, and
Ga is -C(R;18)=C(R;sg)R; 98 wherein
Ry 78 is hydrogen or C;_jalkyl and
R;sg and R;9g are independently hydrogen, C;.;alkyl or
phenyl,
each Rsg is independently hydrogen, C;_jalkyl, n-butyl,
i-butyl, t-butyl, C;.j;alkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, bromo, phenyl,
phenoxy or benzyloxy;
each R4g is independently hydrogen, C;_jalkyl, C;.j;alkoxy,
' trifluoromethyl, fluoro, chloro, bromo, phenoxy or
benzyloxy; and
each Ryg 1s independently hydrogen, C,_,alkyl, C,_,alkoxy,
fluoro or chloro,
with the proviso that there may only be one each of
trifluoromethyl, phenoxy and benzyloxy on each
phenyl rigg substituted by Rsg, R¢g and R,g;



carbon atom C3-7cycloal kyl, adamantyl-1, styryl or phenyl 5“5?&5%#5&% by

R10h, R11h and R12h;

Cl- 3al kyl, n-butyl,

each of R4h, R7h and R10h i s i ndependently

rogen,
i -butyl, t-butyl, C1-3alkoxy, n-butoxy, |-butoxy,
trifluoronethyl, fluoro, chloro, bronD, phenyl, phenoxy or benzyl oxy,
of Ryh, Rah and R11lh is independently hydrogen, C1-3alkyl, C- 3al koxy,

each

trifluoronethyl, fluoro, chloro, brongf -COOR17h, -N(R19h)2, phenoxy or
8h

benzyloxy, wherein
n-butyl, but yl,,

and each of R6h

Cl- 2al koxy, fluaor'o or g QY with the provisos that not nore than one
i

substituent on éﬁ@hv/phen ng i ndependently is trifluoronethyl, not nore

R17h is hydrogen,

or M wherein R18h is Cl1- 3al kyl

-butyl or benzyl, and Mis as defined above, and each
R19h is |n?epende§t y;Cﬂ-saIkyI not containing an .asymmetric carbon atom

nd R12h i s i ndependently hydrogen, C1-2alkyl,

t han one substituent each phenyl ring independently is phenoxy, and not
nore than one substh nt on each phenyl ring independently is benzyl oxy;
28 March 2006 - 1¢hekdin

R;h

is C;.salkyl not containing an asymmetric carbon atom,
C3-qcycloalkyl, adamantyl-l or phenyl substituted by R,h,
Rsh and Rgh;

is C;.galkyl not containing an asymmetric carbon atom,
Cy-jcycloalkyl, adamantyl-l or phenyl substituted by R,h,
Rgh and Ryh; o

is hydrogen, C;_s alkyl not coﬂtaining an asymmetric
carbon atom, Cy_;cycloalkyl, adamantyl-l, styryl or
phenyl substituted by R;jgh, Ryih and R;;h;

each of R¢h, Ryh and R;oh is independently hydrogen,

Cy-3alkyl, n-butyl, i-butyl, t-butyl, C;_jalkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
bromo, phenyl, phenoxy or benzyloxy,

each of Rgsh, Ryh and R;;h is independently hydrogen,

Ci-.3alkyl, C;.salkoxy, trifluoromethyl, fluoro, chloro,
bromo, -COOR,;,h, -N(Ri9h)2, phenoxy or benzyloxy, wherein
Ri+7h is hydrogén, R;sh or M, wherein
R;sh is C;_3alkyl, n-butyl, i-butyl, t-butyl or
benzyl, and
M is as defined above, and
each Ryoh is independently C;._salkyl not containing an

asymmetric carbon atom, and

each of R¢h, Ryh and R;;h is independently hydrogen,

C;.;alkyl, C;_;alkoxy, fluoro or chloro,

wvith the provisos that not more than one substituent on each

phenyl ring independently is trifluoromethyl, not more
than one substituent on each phenyl ring independently is
phenoxy, and not more than one substituent on each phenyl

ring independently is benzyloxy;



R2j wherein each of Rlj and R2j is independently Cl-6al kyl not éﬁnkﬁi@;ng
an asymetric carbon atom C3-6cychoal kyl or phenyl-(CHZ)n1mher% g QL

1, 2 or 3 and the phenyl group is unsubstituted or substituted by any of
R3j, R4j and R5) wherein R3j, R4j and R5) are as defined below, or R2j is
-Yj-benzyl, -N(R8] for Ja wherein Y] is -0- or -S-; each R8] is

i ndependent |y C1-4al kyl not containing an asymmetric carbon atomor may
formpart of a 5-, 6-, or 7-menbered ripg Jb, ring Jb being substituted or
unsubstituted and optionally also containing one or nore heteroatons; and
28 March 2006 -13 Ja is Ja' or Ja" wherein Ja' is a heterocyclic group which
is unsubstituted or substituted by one or two Cl1-2al kyl or Cl-2al koxy
groups and Ja" is Ja"a or Ja"b R5] Ja"a 1 R4j R5] Ja"b wherein Raj is

hydr ogen, Cl-3al kyl, n-butyl, i-butyl, t-butyl, Cil-3al koxy, n-butoxy,
i - but oxy, Ja R,j
4 1]
-
Nao _N
T
2
wherein

each of R,j and R,j is independently C,calkyl not containing an asymmetric carbon
atom, C, cycloalkyl or phenyl-(CH,),- wherein m is 0, 1, 2 or 3 and the
phenyl group is unsubstituted or substituted by any of R,j, R,j and Ry wherein
R,j, R, and Ryj are as defined below; or
R,j is -Yj-benzyl, -N(R&j))-or Ja wherein
Yj is -O- or -S-;
each Ryj is independently C, jalkyl not containing an asymmetric carbon atom or
may form part of a 5-, 6-, or 7-membered ring Jb, ring Jb being
substituted or unsubstituted and optionally also containing one or more

heteroatoms; and



trifluoronethyl, fluoro, chloro, phenoxy or benzyloxy, R is hydrogen,
Cl-3al kyl, Cl1-3al koxy, trifluoromethyl, fluoro, chloro, phenoxy2éMargeB08| oxy
and R5] is hydrogen, Cl-2alkyl, Cl-3al koxy, fluoro or chloro; with the
provi sos that not nore than one of R and R is trifluoromethyl, not nore
than one of Raj and R41 is phenoxy and not nore than one of Raj and R4j is
benzyl oxy; 28 March 2006 -14 K Rk N 3 Rlk wherein each of Rlk and R2k is
i ndependently (a) phenyl substituted b R5k, R6k and R7k wherein R5K is
hydr ogen, Cl-3al kyl, n-butyl, i-butyl, ? butyI Cl- 3al koxy, n-but oxy,

i -butoxy, trifluoromethyl, quoro, chloro phenoxy or benzyloxy; R6k is
hydr ogen, Cl1-3al kyl, Ci- 3alkoxy fluoro, or chloro; and R7k is hydrogen,
Cl- 2al kyla @sLIar fxyhereinuor o or chloro: (b) hydrogen or a prinary or

- oyel val 11 P ielaRbcIfoabR Naidh Rl BROTTEL Of SeSBRBRRIbENE, o1 2006
-15 Cl_zalkyl or C,,alkoxy groups and

Ja" is Ja"a or Ja"b

R,j =
R4j Rs ] v =
R, j
Ja'a Ja'b

wherein

R,j is hydrogen, C,jalkyl, n-butyl, i-butyl, t-butyl, C, ;alkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy,

R, is hydrogen, C,jalkyl, C,alkoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy and

R4 is hydrogen, C,,alkyl, C,;alkoxy, fluoro or chloro;

with the provisos that not more than one of R,j and R,j is trifluoromethyl, not more

than one of R,j and R, is phenoxy and not more than one of R,j and R,j is benzyloxy;



LRR1 Y1 ! | R11 wherein Yl is -CH=CH CH=N-, -CH=CH- N=CH-, -CHZPI-CHZ or
MaraR 2P

-N=CH CH=CH, R11 is primary Cl-6al kyl not containing an asynne?

atom or isopropyl;

R21 is: a) phenyl substituted by R51, R61 and R71
wherein R51 is t-butyl, Cl-3al koxy, n-butoxy, i-butoxy, trifluoronethyl,

fluoro, chloro, phenoxy or benzyloxy; R61 is hydrogen, C- 3alkyl,

Cl- 3al koxy, trifluoronmethyl, fluoro, chloro, phenoxy or benzyloxy; with the
not nore

provi sos that not nore than one of R51-1dnd R61 is trifluoronethyl,

t han one of R51 and

R61 is phenoxy, and not nore than one of R51 and R61 is

benzyl oxy, R71 is hydrogen, Cil-2alkyl, C1-2al koxy, fluoro or chloro,

primary o¢ secondary Cl-6al kyl not containing an asymetric carbon atom c)
C3-6c¢cycl oal kyl or d) phenyl-(CHZ)n1mQ%gein mis 1, 2 or 3; 28 March 2006 -16

MR m

wherein

2

each of R k and R,k is independently

(a)

(b)

(c)
(d)

phenyl substituted by Rik, R¢k and R,k wherein

R,k is hydrogen, C, ;alkyl, n-butyl, i-butyl, t-butyl, C, jalkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy;

R¢k is hydrogen, C, ,alkyl, C, ;alkoxy, fluoro, or chloro; and

R,k is hydrogen, C,,alkyl, C,alkoxy, fluoro or chloro;

hydrogen or a primary or secondary C, salkyl not containing an

asymmetric carbon atom;

C,.cycloalkyl; or

phenyl-(CH,) - wherein m is 1, 2 or 3;



Ram NON :: i N Rom Rlm wherein RImis Cl-6al kyl not containin N2
asymetric carbon atom C5-7cydoal kyl, (C5-7cycl oal kyl ) nmet hyl , g%@ﬂ&ﬂ‘?o& ),
-, pyridyl-2, pyridyl-3, pyridyl-4, thienyl-2, thienyl-3 or phenyl
substituted by RSm R6m and R7m R2mis Cl-6al kyl not containing an
asymmetric carbon atom C5-7cycloal kyl, (C5-7cycl oal kyl ) net hyl
phenyl - (CH2) m, pyridyl-2, pyridyl-3, pyridyl-4, thienyl-2, thienyl-3 or
phenyl substituted by R8Bm R9m and R1Om -with the proviso that not nore than
one of Rlmand Remis a nenber of the group consisting of pyridyl-2,

pyridyl -3, pyridyl-4, thienyl-2, thienyl-3, _phenyl substituted by RSm R6m
and R7m and phenyl substituted m &n R10m R3mis Cl1-6al kyl not
contai ning an asymretric carbon at C5

by R11lm R12m and R13m R4m isYC1- Z}kyl1not cont ai ning an asymmetric carbon
atom C5-7cycl oal kyl or phenyl SkiN«dfed by R14m R15m and R16m 28 March
2006 -17 wherein each of R5m R8m Rq1n1and R14m i s i ndependently hydrogen,
Cl-3al kyl, n-butyl, i-butyl, t-butyl, ' Cl-3al koxy, n-butoxy, i-butoxy,
trifluoronethyl, fluoro, chloro, bronBﬂ phenyl, phenoxy or

cycl oal kyl or phenyl substituted

wherein Y1 is -CH=CH-CH=N-, -CH=CH-N=CH-, -CH=N-CH=CH- or
-N=CH-CH=CH-,
R,l is primary C,calkyl not containing an asymmetric carbon atom;
or isopropyl;
R,l is:

a) phenyl substituted by Rl, R,] and R,] wherein Rl is t-butyl,
C,,alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy;

R¢l is hydrogen, C, ,alkyl, C, jalkoxy, trifluoromethyl, fluoro,
chloro, phenoxy or benzyloxy;

with the provisos that not more than one of Rl and Rl is

trifluoromethyl, not more than one of Rl and R is
phenoxy, and not more than one of Ryl and Rl is
benzyloxy,

R,1 is hydrogen, C, ,alkyl, C,,alkoxy, fluoro or chloro,

b) a primary or secondary C,alkyl not containing an asymmetric

carbon atom,

¢) C,qcycloalkyl or

d) phenyl-(CH,),- wherein mis 1, 2 or 3;



benzyl oxy, each of Rdm R9q, Rl12m and R15mis independently hy?g@geﬂ?mm
Cl- 3al kyl, C1-3al koxy, trifluoronethyl, fluoro, chloro, phenox e
benzyl oxy, and each of R7m R1Om R13m and R16ém i s independently hydrogen,
Cl- 2al kyl, C1-2al koxy, fluoro or <chloro, with the provisos that not nore

t han one substituent on each phenyl ring independently is trifluoronethyl,
not nore than one substituent on eachbghenyl ring i ndependently is
phenoxy, and not nore than one substitidfent on each phenyl ring

i ndependently is benzyl oxy; 28 March 2006 -18 N R5n wherein each of Rln,
R2n and R3n is independently alkyl of 1 to 4 carbon atons; or phenyl which
may be upgubstituted or substituted either by one or two al kyl or al koxy
groups of 1 to 3 carbon atons, or chl or®smor by one fluoro, brono or
trifluoronethyl substituent; Ran is hydrpgen or alkyl of 1 to 3 carbon
atons, e.g. nethyl; Rsn iR;mydrogen, or al koxy; hal o,
trifluoronethyl; or phenyl,

wherein

R;m is C, calkyl not containing an asymmetric carbon atom, C,_cycloalkyl,
(Cs,cycloalkyl)methyl, phenyl-(CH,),, -, pyridyl-2, pyridyl-3, pyridyl-4,
thienyl-2, thienyl-3 or phenyl substituted by Rsm, Rgm and R,m;

R,m is C, calkyl not containing an asymmetric carbon atom, Cs_,cycloalkyl,
(Cs..cycloalkyl)methyl, phenyl-(CH,),.-, pyridyl-2, pyridyl-3, pyridyl-4,
thienyl-2, thienyi-3 or phenyl substituted by Rgm, Rym and R, m,

with the proviso that not more than one of Rym and R,m is a member of the
group consisting of pyridyl-2, pyridyl-3, pyridyl-4, thienyl-2, thienyl-3,
phenyl substituted by R;m, Rgqm and R,m and phenyl substituted by Rgm,
Rym and R, ,m;

R.m is C,alkyl not containing an asymmetric carbon atom, Cs_.cycloalkyl or
phenyl substituted by R;ym, R;,m and R ;m;

R,m is C calkyl not containing an asymmetric carbon atom, C,,cycloalkyl or

phenyl substituted by R,,m, R;sm and R;;m



wherein the aromatic portion may be unsubstituted or substituted by up to
two groups, one of which may be fluoro, brono or trifluoronet h)?P,MaEﬁhﬁﬂ or
two of which may be | ower al kyl or al koxy, or chloro; R6n is hydrogen,

| ower al kyl or al koxy, halo, or trifluoronethyl; and R7n is hydrogen, | ower
al kyl or al koxy, halo or trifluoronethyl; and any of RAn + Rsn, Rsn + R6n,
or R6n + R7/n may constitute either a -CHCHCHCH or a -(CH2)4- radical to
forma ring which is substituted bysRan which is hydrogen; halo, or |ower
al kyl or al koxy; provided that there be no nore than one trifl uoromnethyl
group and no nore than two brono substituents present on the nolecule. 28
March 2006 -19,Jdhg compounds of formula | may be divided into thirteen
groups, i.e., groups A _to IN depending upon the significance of R i.e.:
A when R = A i®hheh Rres Bn, RoTuied %.J_n &s 1quPﬁh£ﬂ1’tl32Y= D, |E when R =

Ea, Eb or Ec, |F when Rydrbged, CcYhANKRLF fGbutyl, i-butyl, t-butyl,
Cy-3alkoxy, n-butoxy, i-butoxy, trifluoromethyl,
fluoro, chloro, bromo, phenyl, phenoxy or
benzyloxy,

each of Rgm, Ryq, Ry;ym and R;sm is independently
hydrogen, C;-i3alkyl, C;_jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy, and

each of Rqym, Ryom, Riym and R;¢m is independently
hydrogen, C;-ialkyl, C;.;alkoxy, fluoro or
chloro,

wvith the provisos that not more than one substituent on each

phenyl ring independently is trifluoromethyl, not more

than one substituent on each phenyl ring independently is

phenoxy, and not more than one substituent on each phenyl

ring independently is benzyloxy;



IHwhen R=H, iJwhen R=J, iKwhen R=K |IL when R = L, |34 mhemn2086= M
and |INwhen R= N 28 March 2006 -20 3. Stereochem stry Cenerally, when a

hydr oxy- ket o conpound of formula Il is reduced to a dihydroxy compound of
formula I, an additional center of asymmetry is generated. Consequently,
when a racem c conpound of formula Il is utilized, four stereoisoners
(conmprising two pairs of enantioners, i.e. a pair of erythro and a pair of
threo enantioners) of the resulting cqypound of formula | are forned.
Alternatively, when an optically pure conpound of forrmula Il is utilized,
two diastereoisoners (i.e. one erythro and one threo isoner) of the

conpound @f fornmula | are forned, e.g., the 3R, 5S and 3S, 5S

di astereoi soners which result fromthe reduction of the 5S hydroxy
conpound. Di astereoiﬁqﬁers may be separated by conventional neans, such as
by fractional cryskaddiiza cg%unn chromat ography, preparative thin

| ayer chr omat ography_lor Fhe proportlon of erythro to threo isoner
obt ai ned by these ne?bb sually variable and can be e.g. up to about
98 : 1. Wth the stereess e process of the present invention, when a
racemn ¢ conpound of Rgnnul¥ i8gwtilized, only two stereoisoners

vherein

each of Ryn, Ryn and Ryn is independently alkyl of 1 toc 4
carbon atoms; or phenyl which may be unsubstituted or
substituted either by one or two alkyl or alkoxy groups
of 1 to 3 carbon atoms, or chloro; or by one fluoro,
bromo or trifluoromethyl substituent;

Rqn 1is hydrogen or alkyl of 1 to 3 carbon atoms, e.g.
methyl;

R¢n is hydrogen, lower alkyl or alkoxy; halo,
trifluoromethyl; or phenyl, benzyl, or benzyloxy,
vherein the aromatic portion may be unsubstituted or
substituted by up to two groups, one of which may be
fluoro, bromo or trifluoromethyl; or one or two of which
may be lower alkyl or alkoxy, or chloro;

R¢n 1is hydrogen, lower alkyl or alkoxy, halo, or
trifluoromethyl; and

Ryn  is hydrogen, lower alkyl or alkoxy, halo or
trifluoromethyl; and

any of Ryn + Rsn, Rsn + Rgn, or Rgn + Ryn may constitute
either a ~CHaCH-CH=CH- or a -(CH;),- radical to form a
ring which is substituted by Resn which is hydrogen;
halo, or lower alkyl or alkoxy;

provided that there be no more than one trifluoromethyl
group and no more than two bromo substituents present on

the molecule.



(conprising the erythro pair of enantioners) of the resulting cg o%gg éﬁ
formula | are forned al nost exclusively. Alternatively, when an g@ﬁf ap y

pure conpound of formula Il is utilized, only one enantionmer of the
conmpound of formula I is formed al nost exclusively, and this enantioner is
t he corresponding erythro enantionmer. For exanple, the 3R 5S enantioner
results fromthe reduction of the 5S hydroxy conpound wherein X is -CH=CH .
The proportion of erythro to threo i somer obtained with the process of the
present invention is about 99.1 : 0.9 or higher, particularly about 99.5 :
0.5 or higher, especially about 99.7 : 0.3 or higher. 28 March 2006 -21 The
term "stereosel ective" as used herein thpus neans that the proportion of the
erythro to the threo formis 99.1 : 0.9 or higher. The stereoi sonmers of the
conmpounds of formula | wherein Xis -CH=CH according to the present

invention are the 3R 55 and the 3?, 5 i%gner.and t he racemate gonsii%ing
of both of therfhegforppuafs PhLormige vi Reofréided defor thister s SER el Gr #OBPRH2r 1 ed.
The stereojs - d DSorC @RRQselsaRE fw mdl.a | wherein X is -CH2CH2-

accor di ng Fbﬁgﬁéﬁgggg%nﬁ)invedfion are the 3R, 5R and the 3S, 5S isoner and
t he racenmate consi stimnghef Roeth, of them of which the 3R 5R isoner and the
racenmate are preferrﬁPWh%§Rpg&§h 2006 -22 4. State of the art

IC when R =C,

ID when R =D,

[E when R = Ea, Eb or Ec,
IF when R =F,

IG when R = G,

IH when R = H,

IJ when R =1,

IK when R = K,

IL when R =1L,

IM when R = M and
IN when R = N.



Conventi onal processes for reducing the keto group of a conpound of formula
Il have enployed nild reducing agents such as sodi um borohydri k& Marchye006
conpl ex of t-butylam ne and borane, in an inert organic solvent such as a

| ower al kanol, to yield a m xture of diastereoneric forms fromthe
optically pure starting conpound, or alternatively, the racemc

di astereoi soners fromthe racemc starting material. A three-step, partly
st ereosel ective reduction process has been wused to obtain predom nantly the

erythro racemate fromthe racemc starting material. In the first step, a
compound of formula Il is contacted eit¥er with a trial kyl borane conpound
or a conpound of forrmula Ill1: RAOB-(R3)2 in which R4 is allyl or |ower

al kyl having from1l to 4 carbon atons, preferably not tertiary, and R3 is a
primary or3-seStBFEQEReBYSETY having 2 to 4 carbon atoms, preferably not
tertiary, in a reaction nmedium conprising an al cohol and tetrahydrofuran
(THF). In the second step of such processes, sodi um borohydride (NaBH4) is
added to the reaction nedium and reaction proceeds with the reduction of

t he ket o groupGeneaallly,nvheti a hodtd-kotsrbnpoundl of hfvraults iIT horcidated or a

borane conpl ex,of,_ the conpound_of fo a_l. he third step, the
reaction ?tﬁhé'dﬁ%’ﬁf E&PH%"& RE {)°d"fn8§1acdnﬁ?e3<dldgﬁgi9rlﬁ'l 8§’éﬁrc°goronat e ester

I S azeot ragpete iyt bhs rgeinlkeasnodd .or Ceddegoeh t1ygr viadnt ar nademiel yomposnd refat ed in  an
organi ¢ sal ve Lt h agueous: p XY, S..a_peroxide, _e.g.

hydr ogen pér %L%ad\ey,& or “gqgézf%ﬁ‘drﬁ‘g‘, Sé?%%%%@?ﬁsms‘ggg%%ﬁéf‘ §,wt°opa€ﬁse|°8l the
resul ti ng enenpiameds, of.ef. o2 paig ¢f eriyahed endnemaioned threo enantiomers)

of the resulting compound of formula I are formed. Alternatively,
when an optically pure compound of formula II is utilized, two
diastereoisomers (i.e. one erythro and one threo isomer) of the
compbund of formula I are formed, e.g., the 3R,5S and 3S§,5S
diastereoisomers which result from the reduction of the 55 hydroxy
compound. Diastereoisomers may be separated by conventional means,
such as by fractional crystallization, column chromatography,
preparative thin layer chromatography or HPLC. The proportion of
erythro to threo isomer obtained by these methods is usually variable:

and can be e.g. up to about 98 : 1.

Vith the stereoselective process of the present invention, when a
racemic compound of formula II is utilized, only two stereoisomers
(comprising the erythro pair of enantiomers) of the resulting compound
of formula I are formed almost exclusively. Alternatively, when an
optically pure compound of formula II is utilized, only one enantiomer
of the compound of formula I is formed almost exclusively, and this
enantiomer is the corresponding erythro enantiomer. For example, the
3R,5S enantiomer results from the reduction of the 5S hydroxy compound
vherein X is -CH=CH-.

The proportion of erythro to threo isomer obtained with the
process of the present invention is about 99.1 : 0.9 or higher,
particularly about 99.5 : 0.5 or higher, especially about 99.7 : 0.3

or higher.



process is said to provide the erythro racemate with, e.g., abaqjt %?0
selectivity relative to the threo isonmers (Chen et al., Tetrahedron e?ters
28, 155 (1987]). 28 March 2006 -23 5. Detail ed description The process of
t he present invention conprises a nethod for stereoselectively reducing

racem c and optically pure conpounds of formula Il to obtain al nost
exclusively the erythro isoners of fornmula |. Advantageously, the reduction
of the keto group of the conpound of fornmula Il occurs virtually

i nst ant aneously. The conpounds of formula I, i.e. the erythro isoners, are,

additionally, provided in _increased chemcal purity and may be further
enriched to above 99 % chenical purity2by sinple recrystallization.
According to a first step of the process of the present invention [step
(a)], a conmpound of formula IIl is mxed with sodi um borohydride NABH4 in a
reaction medi Ghe Ceapr | siengossteattvholasanird BeFalny dhet means thatatheecond step

(step (b)j}ropdredQENchedlery &iv¥ka dHe ithirdd Fat£0is WHI D t B9 A X gk Obt ai ned
in step (a) under condjtions suitable to obtajn a mXxture containing a

cyclic boronat®® SORPBUATPTEFS fodr fpe L£omPogds RS fprogly Rvhesein EzpcH -
CH2COOR1 2gmlbar dtcbed Dy coneeproéed0i Ak ibY(dDe the 3R,5S and the

35,5R isomer and the racemate consisting of both of them, of which the
3R,5S isomer and the racemate are preferred.

The stereoisomers of the compounds of formula I wherein X is
-CH;CH;- according to the present invention are the 3R,5R and the
35,55 isomer and the racemate consisting of both of them, of which the

3R,5R isomer and the racemate are preferred.



RER3 / 0SOH , I R- X - CHCH2CH - CH2COORL [IV(a)] [IV(Db)] %s8H sbok
R1, R3 and X are as defined above. The |atter predom nates prior to
guenchi ng. However, quenching converts the boron conplex into boronate
ester. 28 March 2006 -24 In a third step [step (c)], the product obtained in
step (b) is cleaved to obtain a correspondi ng conpound of fornula I. Step
(a) is preferably carried out under essentially anhydrous conditions,
preferably in an inert atnosphere, at f#2an about -100 to about +30C,
preferably at from about -80 to about -60 C, especially at from about -78
to about -70C. The reaction nediumenployed in step (a) conprises a mxture
of al cohol4.an8tatet pAhttdr ektiran wherein the alcohol is of formula AlKOH, in
which Alk is alkyl of 1 to 4 carbon atons, e.g. nmethyl or ethyl, preferably
not tertiary. One of the products of step (a) may be R4ACH, derlved fromthe
conpound of fofenyeatiqnalepprarpeds farwsedycingt thes kaoe mecsscsfaaymmnnd all or
part of Alde bgrdiig §1am%v@se,ﬁﬁoy;f@emﬁqdk&uncq9§%@Wzg gy' aiggneral Iy be
present in at |east equinolar anpunt with the corrpoun ormula I, and

nore pref éroaphyAnife sy ghrorpdessf %ﬁeﬁywi@egandr PeRtne, in an inert

organic solvent such as a lower alkanol, to yield a mixture of

diastereomeric forms from the optically pure starting compound, or
alternatively, the racemic diastereoisomers from the racemic starting
material.

A three-step, partly stereoselective reduction process has been
used to obtain predominantly the erythro racemate from the racemic
starting material. In the first step, a compound of formula II is
contacted either with a trialkylborane compound or a compound of
formula III:

R40-B-(R3); (III)

in which R¢ is allyl or lower alkyl having from 1 to 4 carbon atoms,
preferably not tertiary, and Ry is a primary or secondary alkyl having
2 to 4 carbon atoms, pfeferably not tertiary, in a reaction medium
comprising an alcohol and tetrahydrofuran (TEF). In the second step
of such processes, sodium borohydride (NaBH,) is added to the reaction
medium, and reaction proceeds with the reduction of the keto group,
and in turn to the formation of the cyclic boronate or a borane
complex of the compound of formula I. In the third step, the reaction
mixture containing the boron complex and/or cyclic boronate ester is
azeotroped with methanol or ethanol, or alternatively, is treated in
an organic solvent with aqueous peroxy compound, such as a peroxide,
e.g. hydrogen peroxide, or a perborate, e.g. sodium perborate; to
yield the resulting compounds of formula I. The aforementioned
process is said to provide the erythro racemate with, e.g., about 98 %
Selectivity relative to the threo isomers (Chen et al., Tetrahedron
Letters 28, 155 [1987]).



about 1.1 : 1 to about 1.5 : 1 noles NaBH4 per nole of ketone. g?ﬁ ggh@g
ratio of the compound of fornmula Il to the conpound of fornul a“t Mac
| east about 0.5 : 1, and nore preferably fromabout 0.7 : 1 to about 1.5 :
1 nol es of borane conpound per nole of ketone. Step (b) is also preferably
carried out at reduced tenperatures, the internal tenperature being
mai nt ai ned at about -100 to about -40C, especially fromabout -78 to about

-70C. The conpound of forrmula Il is prelerably in a solvent such as
al cohol / THF or THF. Preferably the reaction nediumof step (a) and the
solvent of the conmpound of formula Il which is added in step (b) are

sel ected 50 mMekailedpdascaxdpbiored nedi um wherein the ratio (v/v) of alcohol to
tetrahydrofuran is fromabout 1:3 to about 1:6 of alcohol to THF,

especially fromabout 1:3 to about 1:4. Reduction of the keto group is

exot her mi ¢ andheqraress afi dhe prasent Haveduog, compdiisenra ekthdde fket o conpound
I's desira &essgﬂﬁqim d8ic i3 PRLHRI SndRpt MANY3byrd BRELALY" in the
range of F#oﬁla out -7§pfo g%ogt -70C. The 58 Nhrghhgbog - ﬂpgdﬁ%tion is

al nost i nfesENLandois e@inhelnosscer ISy &dyulthe jaryithes, isquerr pEdfdnpudaldi ng,
e.g., aqueoudqdsartiagadbdiGar bpdaleRuc IHIDBE UiRe REM OIS ¥t akLidompAfiiddor and a
m xture of the desired cyclic horpnate internediagte is obtained. In step
(c) the ré%ﬁf“t“&%rﬂpf’ﬁﬂ‘ﬁﬁﬁ VoF TSy A eEs EOFsBp%QTP°b\H‘4%°|frEt hanol or

et hg_nO! ) er,mxlﬁagl,, ifd_éonﬂlhabetl}fjthﬁe isbnﬁgﬁutar%OQdd_iuIﬂdﬁlllgsaﬁf&viiaéd )anangxfafs
condi ti ons. ternatively an refera : rticular re - H,
t he pr Odubli(:tﬁé%,?({]é‘.gslg)e%l%gﬁf}tglpIa%édﬂay Lg fur?ﬁler enr&g‘xedy to aebove)%di' ’

chemical purity by simple recrystallization.

According to a first step of the process of the present invention
[step (a)], a compound of formula III is mixed with sodium borohydride
NABH, in a reaction medium comprising an alcohol and tetrahydrofuran.

In a second step [step (b)], a compound of formula II is treated
with the mixture obtained in step (a) under conditions suitable to
obtain a mixture containing a cyclic boronate compound of formula
IV(a)

!
R -~ X - CHCH,CH - CH,;COOR, [IV(a)]
and/or a boron complex of formula IV(b)

Ry Rj
'
0 0H

Y 1
R - X - CHCB,CH - CH,;COOR, [IV(b)]
vherein R, R;, R; and X are as defined above. The latter predominates

prior to quenching. Hovever, quenching converts the boron complex

into boronate ester.



by addition of sodium bicarbonate (NaHCO3) is dissolved in an op

solvent, e.g., ethyl acetate, and treated with aqueous (e.qg. % crﬁ%?rogen
per oxi de or aqueous sodi um perborate (NaB03-4H20), initi al I y at reduced
tenperature, e.g. about +10C, and then allowed to warmto a noderate
tenperature, e.g. about 20 to about 30C, to obtain the correspondi ng
conpound of fornmula |I. Alternatively, the cyclic boronate ester from step
(b) may be extracted. with an organic s@kvent such as ethyl acetate and
then treated directly with an aqueous solution of a peroxy conmpound such as
30 % aqueous hydrogen peroxi de or aqueous sodi um perborate solution to
obtain the corIespohdirdgswpnpotspd (o) ] f aheupeoduct Sibtaéneddncsnep cbndid i ons

occur in prflcat‘rlegl oglg rl]ng“e rﬁbf‘é%f’sag%ﬁymﬁqr%%q“‘w tr any substituents

or functioficon t e P5arca nert,”"i.e. that it wll
be free of substituents or functlons whi ch woul d be reactive or suscepti bl e

of alteration gpgderagueh pgg@gtlgbllgnéarﬁeg Wuk@%sggﬁm(iiyoinh[}gg&ﬁ;g or

pr ot ecti ng such unctions or Intrdoducin emat a later stage
2006 - 26 deééh?imn%e?ﬁraibé}'niﬂ an| inWeas:m%Pésbbneutnér@t P&@%né@)O’ftmee

aci ds and §@Jutt5+3¢”@c§§§ﬁ?aﬁw &ORY 6 tdbBdt 8 g00NPO Whduef- éoow@uléplzciafmrel n
Rl has one si ficance into the correspondi npoun wherein it has a

di fferent &% ﬁPFﬁ%’HGe Hhdreraiqito-{he- coﬁ’es‘%éﬁﬂﬁ%me Ly ereiRyedr 1% ree acid
or salts ag&pkmamomisbﬁs@soap@mdﬁeoéff&tah&nahdwraﬁyd@efm&eﬁi dhersnnverted

by convent onal M52%8 M-Sl SIRENY NI {eARET Y QiR { A |
carbon atoms, e.g. methyl or ethyl, preferably not tertiary.

One of the products of step (a) may be R,0H, derived from the
compound of formula III employed. However, it is not necessary that
all or part of Alk be the same as Ry;. The sodium borohydride should
generally be present in at least equimolar amount with the compound of
formula II, and more preferably in slight excess, such as e.g. from
about 1.1 : 1 to about 1.5 : 1 moles NaBH, per mole of ketone. The
molar ratio of the compound of formula III to the compound of
formula II is at least about 0.5 : 1, and more_preferably from about

0.7 : 1 to about 1.5 : 1 moles of borane compound per mole of ketone.

Step (b) is also preferably carried out at reduced temperatures,
the intefnal temperature being maintained at about -100° to about
-40°C, especially from about -78° to about -70°C. The compound of
formula II is preferably in a solvent such as alcohol/TBF or THF.:
Preferably the reaction medium of step (a) and the solvent of the
compound of formula II which is added in step (b) are selected to make
up a combined medium wherein the ratio (v/v) of alcohol to
tetrahydrofuran is from about 1:3 to about 1:6 of alcohol to THF,
especially from about 1:3 to about 1l:4. Reduction of the keto group
is exothermic and occurs rapidly, and therefore, addition of the keto
compound is desirably staged in order to maintain an internal

temperature in the range of from about -78° to about -70°C. The



wherein RL is replaced by hydrogen or a cation, such as an th%q %ﬁ
cation or ammoni um preferably sodi um or potassium and especia y 43

into other ester forns, or into the corresponding 6-lactones, i.e. |nternal
esters. As nentioned above the conmpounds of fornula I obtained according to
the process of the invention are pharmaceuticals. In a further enbodinent,
however, the process of the invention may al so be applied to'the
preparation of chiral internediates, of e.g. formula lu u - OCH2 -
CHCH2CHCH2 - COOR' OH OH wherein wu is triphenylnethyl (trityl) and R' is
allyl or a radical formng an ester inert under the reaction conditions,
preferably allyl or Cl-3alkyl, n-butyl 72%-butyl, t-butyl or benzyl,
especially t-butyl, by stereoselectlvely redu0|ng a racemc or optically
pure conpound of formula Iluu- OCH2 - GCH-C - CH2 - COOR'" Il 11 71 Z2
wherei n uredRctidi ignelik® tales e tdeédusedndiideere®Idhn oHixtute ilgt eheredi at es are

di scl osed 'J}xcﬁeg bz‘,EEdQAégi]%é Thgéue@c{sesbmmcetéﬁbmstusm&hmepar' ng
pharnaceu | cal s. 2656 Startlng material s
hloride or acetic acid, and a mixture of the desired cyclic boronate

intermedlate is obtained.

In step (c¢) the reaction product of step (b) may be azeotroped
with methanol or ethanol, at, e.g., from about 60° to about 80°C,
under essentially anhydrous conditions. Alternatively and preferably,
particularly where X is -CH=CH-, the product having been neutralized
by addition of sodium bicarbonate (NaHCO;) is dissolved in an organic
solvent, e.g., ethyl acetate, and treated with aqueous (e.g. 30 %)
hydrogen peroxide or aqueous sodium perborate (NaB0O,;.4H;0), initially
at reduced temperature, e.g. about +10°C, and then allowed to warm to
a moderate temperature, e.g. about 20° to about 30°C, to obtain the
corrésponding compound of formula I.

Alternatively, the cyclic boronate ester from step (b) may be
extracted with an organic solvent such as ethyl acetate and then
treated directly with an aqueous solution of a peroxy compound such as
30 % aqueous hydrogen peroxide or aqueous sodium perborate solution to

obtain the correspondihg compound of formula I.

Since reducing conditions occur in practicing the invention, it
is understood that any substituents or functions on the radical
employed as R will be inert, i.e. that it will be free of
substituents or functions which would be reactive or susceptible of
alteration under such conditions, e.g. by known methods of masking or

protecting such functions or introducing them at a later stage.



The (primary or secondary Cl-4al koxy or allyloxy)-di (primary ogmarch 2006

C2- 4al kyl ) boranes of formula Ill used as starting materials 1in the process
of the present invention are known [Koster et al, Ann. (1975), 352; Chen at
al ., Tetrahedron Letters 28, 155 (1987); and Chen at al, Chem stry Letters
(1987), 1923-19261. However, they may be prepared in situ fromthe
corresponding tri-(primary or secondary C2-4al kyl)boranes by reaction with
a primary or secondary Cl-4al kanol or allyl alcohol, the concentration of
the former in the latter preferably bei2hg fromabout 0.2 Hto about 1.2 M
especially about 0.5 M The conpounds of formula Il are known or may be
prepared anal ogously to known conpounds of forrmula Il, e.g. as described in
USP 4 739 073The.epmpbonds2£- fopmpdeny, dihei eoERspABIiNgG5 8¢ lncgonénr £7de -

oxygen) . Lh 0 v e} ' are normally
pr epar ed gmb%eac?i%?\'r{gf @%8%%{1%3%% g#%&‘%&g%\/&%p@%&%%’é}é%a \i/\,herei n R
and X ar evBaredBfRnd@samrr/ &Llent Hicappe ditanfimh cOFresrOBAbREISRRIUNOr mul & VI -

CH3 - CO ynh&dddn- 1 COQARLa (Mo Y @lign{¥ichfic@andpbi Q@i@oaﬁﬁv‘éor?ép%&ﬁﬁ 2006
-28 7. Further enbodi nents ,ﬁoncer ni ng ea%l er internedi ates The conpounds of
formul a Voaff tORe fre LEeE FRARN S2LAS faRet KR -enbodi ments, however, the

present inventh@naipsendd e fS@mla NGl if desired be converted by
conventional means into corresponding free acid or salt forms, i.e.
wherein R; is replaced by hydrogen or a cation, such as an alkali
metal cation or ammonium, preferably sodium or potassium and
especially sodium, into other ester forms, or into the corresponding

§-lactones, i.e. internal esters.

As mentioned above the compounds of formula I obtained according
" to the process of the invention are pharmaceuticals. In a further
embodiment, however, the process of the invention may also be applied

to the preparation of chiral intermediates, of e.g. formula Iu

u - OCH; - CHCH,CHCH, - COOR, (Iu)
i - G
wvherein
u is triphenylmethyl (trityl) and
Ry is allyl or a radical forming an ester inert under the reaction
conditions, preferably allyl or C;.3alkyl, n-butyl, i-butyl,
t-butyl or bénz&l, especially t-butyl,

by stereoselectively reducing a racemic or optically pure compound of

formula IIu

u - OCH,; - ﬁ-CHz-ﬁ - CH, - COOR, (IIuw)
2 Z;

vherein u, Ry, Z; and Z; are as defined above.

Such chiral intermediates are disclosed in e.g. EP 244364, They

are indicated for use in pr%paring pharmaceuticals.



process for the preparation of a subgroup of conpounds of fornu&gM h &%nely
the conpounds of fornula Va. R5 (Va) wherein R5 is hydrogen, ar ? F
n-butyl, i-butyl, t-butyl, C3-6cycloal kyl, Ci1-3al koxy, n-butoxy, |-butoxy,
trifluoronethyl, fluoro, chloro, phenoxy or benzyloxy; R6 is hydrogen,

Cl- 3al kyl, C1-3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or

benzyl oxy; with the provisos that not nore than one of R5 and R6 is
trifluoronmethyl, not nore than one of R5 and R6 is phenoxy, and not nore
than one of R5 and R6 is benzyl oxy; one of R7 and R6 is phenyl
trisubstituted by RO, R10 and R11 and t{a@- other is primary or secondary
Cl- 6al kyl not containing an asymretric carbon atom C3-6cycl oal kyl or
phenyl - (CH2)-, wherein R9 is hydrogen, Cl-3alkyl, n-butyl, i-butyl,
t-butyl, 61-3Marekyg manebiglsxy, i-butoxy, trifluoronethyl, fluoro, chloro,
phenoxy or benzyl oxy; RIOis hydrogen, C1-3alkyl, C1-3alkoxy,
trifluoronethyl, fluoro, chl oro, phenoxy or benzyloxy R11 i s hydrogen,
Cl-2al kyl , Cl-Thal kesdpary| eroseconrdashil Gr-oalkey om aklylox)-@i-3: with the
provi sos t(?@imé}‘-}tc{f%ffikW?d%rQH@s Qfe BOmAd RO uked dsf StAMANRIdAYha1 Ot nore

than one o henoxy.
in the process of the present invention are known [Koster et al, Ann.

(1975), 352; Chen et al., Tetrahedron Letters 28, 155 (1987); and Chen
et al,'Chemistry Letters (1987), 1923-1926]. However, they may be

prepared in situ from the corresponding tri-(primary or secondary

C;-salkyl)boranes by reaction with a primary or secondary C;.,alkanol
or allyl alcohol, the concentration of the former in the latter
preferably being from about 0.2 M to about 1.2 M, especially about
0.5 Ml

The compounds of formula II are known or may be prepared
analogously to known compounds of formula II; e.g. as described in
USP 4 739 073 (e.g. for Z, = oxygen) or in EP 216 785 (e.g. for

Z; = oxygen).
Thus the compounds of formula II wherein Z; is oxygen are

normally prepared by reaction of a compound of formula V
R-X-CHO : v)

vherein R and X are as defined above,

vith the dianion of a compound of formula VI-
CH; - CO - CH,;- - COOR; (VI)

whgrein R; is as defined above.



and not nore than one of RO and R10 is benzyl oxy; 28 March 200984§?Q¥P6
starting froma subgroup of conpounds of formula VIl (E) -

N(R12)R13 (VII) wherein R12 is Cl-3al kyl, phenyl or phenyl substituted by 1
to 3 substituents each of which is independently Cl- 3al kyl, C1-3al koxy,
fluoro, chloro, brono or nitro with a maxi numof two nitro groups; and R13
i ndependently has the significance |nd|c%ted above for R12, as well as a
novel process for the preparation of t he? conpounds of formula VII

t hemsel ves. The process for the preparation of the conpounds of formula Vi
i's hereinafteg <a9-.the oroc ss_ for the

preparatidni o B—\ - 3 desi gnated as
"process B". The conpounds of fornulae Va, VII and XVII (see under 7.2.) are

known fromi. h.di sclase oun formula VI
wherein R12 i s §§%%nﬁgand F\%‘I‘f Ssancf 2 ﬁee agf/%t d%’r 9?5@ €€ompounds
of fornul eemYadinenes cdwpeuﬂds toé pfmleutam)((‘dhti,oraadisct rne:mpuissaesoﬁ sdwelconpounds
of formul e .the s i f 4 nd f ct ne and
Gerivart vaeSieed toh "hee pbaiiat foklor RGNS 005 J0%onhun I A0BMAS) 000

i nhi bi t or amglincaet ¢rmpounds Ivift fetmilasiarol synthesis, they I over t he bl ood
chol esterol level a are therefore indicated for use in the treatnent of
hyper chol est erol e a, hyperlipoprgteinenia and at heroscl erosi s.

(Va)

vherein
Rs is hydrogen, C,.jalkyl, n-butyl, i-butyl, t-butyl, Cj.scycloalkyl,
Cy.3yalkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy;
R¢ is hydrogen, Cy_jalkyl, C,_jalkoxy, trifluoromethyl, fluoro,
chloro, phenoxy or benzyloxy;
with the provisos that not more than oné of Ry and R4 is
trifluoromethyl, not more than one of Rs and R4 is phenoxy, and not
more than one of Rs and R¢ is benzyloxy;
one of Ry and Ry is phenyl trisubstituted by Re, Ryio and R;; and the
other is primary or secondary C;_galkyl not containing an
asymmetric carbon atom, Cj.gcycloalkyl or phenyl-(CH;)n-,
vherein
Ry is hydrogen, C;.jalkyl, n-butyl, i-butyl, t-butyl, C;.,alkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy;
Ryo is hydrogen, C;_jalkyl, C,.j;alkoxy, trifluoromethyl, fluoro, .
chloro, phenoxy or benzyloxy; _
Ry; is hydrogen, C;.,alkyl, C,_,alkoxy, fluoro or chloro, and
mis 1, 2 or 3;
vith the provisos that not more than one of Ry and Ry, is
trifluoromethyl, not more than one of Ry and R;o is phenoxy.

and not more than one of Ry and R;y is benzyloxy;



Conpounds of fornmula VII and their synthesis are al so dlsclosquma&habmglsh
Pat ent Specification No. 945 536 and Czechosl ovaki an Pat ent

However, the processes disclosed therein differ from process A mnth respect
to, for exanple, the use of phosgene or phosphorus trichloride,

pentachl oride or oxychloride rather than an oxalic acid derivative. 28 Mrch
2006 -30 7.1. Process A (preparation of the conpounds of formula VII) The
process for the preparation of the conpo&%ﬁs of formula VI (process A)
conprises (i) reacting a conpound of formula VIII OHC - N(R12)R13 wherein

R12 and R13 arg as defined above, wth €$c oun o&E{ornula IX X - COCO
COX (1X) sHESERE Eomi 3 sebERARR, QifRY™AONE r?gng?ﬁ‘ﬂ'g,a ionally in an inert
anhydrous organic nmedium to forn1the cc=respondi ng conpound of fornula X

X - CH_N+(R12)R136§%dpg§Ee|q3% %uﬁg EHB are as defined above, i§ R140 -

reacting that conpou for *compound of fornula XI‘W
CHCH2 (XI) wherein R14 is a nonoval ent group that does not deactivate the

wherein

R;2 is C;_jalkyl, phenyl or phenyl substituted by 1 to 3 substituents
each of vhich is independently C,_jalkyl, C,.,alkoxy, fluoro,
chloro, bromo or nitro with a maximum of two nitro groups; and

R;3; independently has the significance indicated above for R;;,

as well as a novel process for the preparation of the compounds of

formula VII themselves.

The process for the preparation of the cqmpounds of formula VII
is hereinafter designated as "process A" and the process for the
preparation of the compounds of formula Va is hereinafter designated

as "process B".

The dompounds of formulae Va, VII and XVII (see under 7.2.) are
known from i.a. USP 4 739 073 which discloses the compounds of
formula VII wherein R;; is C;_jalkyl and their use for the synthesis
of the compounds of formula Va, the compounds of formula XVII, and the
use of the compounds of formula Va for the synthesis of indole analogs
of mevalonolactone and derivatives thereof which are indicated for use
as HMG-CoA reductase inhibitors. Since they inhibit cholesterol
synthesis, they lowver the blood cholesterol level and are therefore
indicated for use in the treatment of hypercholesterolemia,
hyperlipoproteinemia and atherosclerosis.

Compounds of formula VII and their synthesis are also disclosed
in British Patent Specification No. 945 536 and Czechoslovakian Patent
No. 90 045. However, the processes disclosed therein differ from
process A with respect to, for example, the use of phosgene or
phosphorus trichloride, pentachloride or oxychloride rather than

an oxalic acid derivative.



oxygen atomto which it is attached, optionally in an inert anhydpy %H? 006
organi ¢ nedium 28 March 2006 -31- to forma correspondi ng conpoun

formula XIl (E) - R140 - CHCH - CH N(R12)R13 X.- (XIl) wherein R12, R13,
R14 and X. are as defined above, and (iii) hydrolyzing that conpound of
formula XIl to obtain a correspondi ng conpound of fornmula VIl in free base
or acid addition salt formand, if in ac;}?) addition salt form neutralizing
the acid addition salt with base. In a vatiant of process A step (iii) may
be di spensed with and a corrpound of fornul a XI'l used directly in, e.g.,

process B. 2 ch 2006 - { ie) I arri out
si mul taneon‘ﬁy a§a??  jaf t{w di’8 bfeor P B)I | ows step

(ii) and step (iv) (see hereafter) when errpl oyed follows step (iii). Rl12
s Ri2a where flP4cheesGlIonl ol ool L2 MNBLe BIZDAIDe bR, EXGERLIOn O

Cl- 3al kyl has t I gnificance i d| cat ed above for I S"phen

or phenyl spretéssupedeaRprises 3 substituents each of V\/m chis |ndependently
Cl-3al kyl, Cl-3al koxy, fluoro, chloro, bromo or nitro with a maxi mum of two
nitro groups). R12 is preferably Cl-2alk I and nost preferably nethyl. Rl12b
i s preferabliy Ridactiperecempoyndiaf feemyda Jflbhenyl substituted by 1 or 2
substituents each of which is independently

OHC - N(Ri2)R:3 (VIII)

vherein R;; and R;; are as defined above,

with a compound of formula IX

X. - C0-CO - X, . (IX)
vherein X, is a monovalent leaving group,
optionally in an inert anhydrous organic medium, to form the
ce-responding compound of formula X

Xa - CHaN*(Ry2)Ri; X\~ (X

vherein X,, Ry, and R;; are as defined above,

(ii) reacting that compound of formula X

with a compound of formula XI
R“O - CH-CH; ) <XI)
whersin Ry4 is a monovalent group that does not deactivate the

oxygen atom to which it is attached,

optinally in an inert anhydrous organic medium,



Cl- 3al kyl, C1-2al koxy or chloro, nore preferably R12b" where R5§§E”5500
phenyl or phenyl substituted by 1 or 2 nethyl groups, and npst re?era%ly
phenyl. R13 is preferably Cl-2al kyl and nost preferably nmethyl. R14 is
preferably Cl-6al kyl, preferably primary or secondary C2-4alkyl, nore
preferably n-C2-4al kyl and nost preferably ethyl or n-butyl. Each X4 is
preferably chloro or brono, especially chloro. Each X4 is preferably

chl oride or brom de, especially chloride. The base wutilized in the

hydrol ysis or neutralization of step (kil) is preferably an inorganic base
such as sodi um carbonate, potassium carbonate, sodi um hydroxi de or

pot assi um hydroxi de and nore preferably is sodium carbonate or potassium
carbonate. 28¢dbisch 2006 radforddiglesdpdun®astt EoMmuagngifti ons for process A are
as follows: Step (i) [when carrred out prior to Step (ii)]: Tenperature:
-20 to +50C Tine: 1.5 to 5 hours Reaction nedium [|iquid hal ogenated | ower
al kane, e.g. 1, 2zqi chd,Qooetdmies argh-Netmhyhepge chi m¥-i de; or agetgnitrile;
nmet hyl ene chl oride and acetonitrile being nost preferred Ml ar ratio of
reactants: 1 to 1.5 noles I X per nole VIIl Step (ii) (when carried out
subsequent t ovisdr@fn(R)4, R, JERIQr aidirkR: adé alsod &6£iGed 14bdve, 4443 bei ng nore
preferred

(iii) hydrolyzing that compound of formula XII
to obtain a corresponding compound of formula VII in free base

or acid addition salt form and, if in acid addition salt form,

neutralizing the acid addition salt with base.

In a variant of process A step (iii) may be dispensed with and a
compound of formula XII used directly in, e.g., process B.



Time: 0.5 to 3 hours Reaction nedium sanme as step (i) Mlar
reactants: 1 to 1.5 noles XI per nole VIII utilized in step

step (ii) Molar ratio of reactants: 2 to 4 equival ents base

[ f
Gk al
and (ii) [when carried out simultaneously]: Tenperature: -15 to +35C Ti ne:
2 to 6 hours Reaction nedium sane as step (i) when carried out prior to
step (ii) Mdlar ratio of reactants: 1 to 1.5 noles IXand 1 to 1.5 noles Xl
per nole VII1 Step (iii): Tenperature: 0 to 65C Tine: 0.5 to 3 hours
Reaction nedium water or mixture of wag®f and reaction mediumutilized in

per

mol e | X

utilized in step (i) It is preferred to effect the hydrolysis of step (iii)
w th base. 28 March 2006 -34 The reaction nedi umfor steps (i) and (ii) may,

al ternativel yﬁggps Ry ef & "(‘Ply’maQ} cgg_.rp;d toh% ?T% 9z

reagents int sence ven I or S

R

hSnds of

fornul ae wax [Eobkay sXerrd)s O$t°£Pt é]bif(h ifplions ééﬁmddﬁdsa@f stew ik he(séeand Xl .
This i's VERINREVAN QREPWRpLE N, CeM 138 86 @9iLal point of view

Ry2 is Ryj,, where Ry,, is C;-3alkyl; or R;;p,, where R;,p with

the exception of C;.jalkyl has the significance indicated above for

Ry; (i.e. it is phenyl or phenyl substituted by 1 to 3 substituents

each of which is independently C;.jalkyl, C;_jalkoxy, fluoro, chloro,

bromo or nitro with a maximum of two nitro groups).

Ryza. is preferably C;.,alkyl and most preferably methyl.
Ryip is preferably R;,y ' where Ry3,’ is phenyl or phenyl

substituted by 1 or 2 substituents each of which is independently

C;-3alkyl, C;.,alkoxy or chloro, more preferably R;;p" where R;;p"

phenyl or phenyl substituted by 1 or 2 methyl groups, and most

preferably phenyl.
R;3 is preferably C;.;alkyl and most preferably methyl.

R;s is preferably C;.salkyl, preferably primary or secondary

is

Cy.4alkyl, more preferably n-C,_j;alkyl and most preferably ethyl or

n-butyl.

Each X, is preferably chloro or bromo, especially chloro.

X,~ is preferably chloride or bromide, especially chloride.

utilized in the hydrolysis or neutralization of step (iii) is

preferably an inorganic base such as sodium c¢arbonate, potassium

Each
The base

carbonate, sodium hydroxide or potassium hydroxide and more preferably

is sodium carbonate or potassium carbonate.



since the presence of solvents such as acetonitrile in maste\Mggwbé%zm%he
em ssion of vapours of e.g.nethylene chloride into the atnosphere

avoi ded thereby. The conpounds of forrmulae VIII and I X or, respectlvely, X
and XI can be brought to react in the absence of solvent because they do
not forma solid block when m xed together but, surprisingly, forma
suspension. 28 March 2006 -35 Process A nay be divided into two subprocesses
dependi ng upon the significances of R12 and R13: (1) R12 and R13

i ndependent |y are Cl1-3al kyl (subprocess Aa) and (2) at |east one of R12 and
R13 is other than Cl-3al kyl (subprocess Ab). The product of step (iii) of

subpr 0cess A2 ke £O00LAL 3y 0on BRRLAFIERD! 5 RO 4b LiGosommaUnd of

formula Xl 11 wherein R14 1s as de above,
cor r espondit &R (tié frenopearieddoomsdandtoftenrihidd: Vi1, the rml ar ratio of

the conmpound afenperdvdlra: VIJ2oboed hgoegnmpound of For mul a Xl typically being
about 2:1. Wile it is, of course, possible to separate the conpound of
formula VI frgReE hdt-Sof fHPREFSR XI I | by conventional neans of separation,

it is preferalfegetbns Wb Af: tb@qmlar@@lwgten@fecsuepeéldmmeI g, the crude
conpound of forrmula VII (a m xture of nd of formula VIl with the

correspondi ng conpound of fo?n%ﬂdécy(}?rl"fth?'b‘* §f‘ pRethyjeng cBlorideyy)ox reating
the crude mixture containing aéeoa@fPileidnéfhylene chloride and

acetonitrile being most preferred
Molar ratio of reactants: 1 to 1.5 moles IX per mole VIII
Step (ii) [when carried out subsequent to step (i)]:
Temperature: 10° to 60°C, 10° to 40°C being more preferred
Time: 0.5 to 3 hours
Reaction medium: same as step (i)
Molar ratio of reactants: 1 to 1.5 moles XI per mole VIII
utilized in step (i)
Steps (i) and (ii) [when carried out simultaneously]:
Temperature: -15° to +35°C
Time: 2 to 6 hours
Reaction medium: same as step (i) when carried out prior to
_ step (ii)
Molar ratio of reactants: 1 to 1.5 moles IX and 1 to 1.5 moles
XI per mole VIII
Step (iii):
Temperature: 0° to 65°C
Time: 0.5 to 3 hours
Reaction medium: water or mixture of water and
reaction medium utilized in step (ii)
Molar ratio of reactants: 2 to 4 equivalents base per
mole IX utilized in step (i)
It is preferred to effect the hydrolysis of step (iii) with base.



formula ViIla (E) - OHC - CH=CH - N(R12.)R13 (Vila) wherein R12 ar@%%@ge
as defined above, wth a correspondi ng conpound of fornula Xl -
N(R12.)R13 (XIV) wherein R13, and R13 are as defined above, to convert any
conmpound of forrmula Xl present therein into additional conpound of
formula VIla. 28 . March 2006 -36 Preferred reactants in subprocess Aa are
those (a) wherein R121 is Cl-2alkyl, R13 is Cl-2alkyl, Rl4 is primary or
secondary C2-4al kyl, each X is chloro, and each X, - is chloride; (b) as

(a) but wherein R14 is n-C2-4alkyl; (c)_sgs (b) but wherein R121 is methyl,
R13 is nethyl, and R14 is ethyl; (d)-(ﬁ) as (a)-(c) but wherein the base
utilized in step (iii) is sodium carbonate or potassium carbonate; and
(g)-(i) as (d)-(f) but wherein the base utilized in step (iii) is potassium
carbonate. Preferred reaction conditions for subprocess Aa, particularly
when the react@§t 5eagtdor ResduaffoarupgeRifd) (3D9 (égb T3ie FGerompively and

particul ap L:Hfé/hﬁﬁtl‘%t Q@Ms%@ otfh9§@ nRht s%@@@t@,s i(b), m(ee}ea?telté hn 2R€

especi al ly when ey are_ those of subgroup are: Step

() Semperaiid: 6 W1 6O HEE 0 o 150 PG IrBbe compounds oF

formulae VIII and IX and for step (ii) the compounds of formulae X and
XI. This is very advantageous from e.g. an ecological point of view
since the presence of solvents such as acetonitrile in waste water or
the emission of vapours of e.g.methylene chloride into the atmosphere
is avoided thereby. The compounds of formulae VIII and IX or,
respectively, X and XI can be brought to react in the absence of
solvent because they do not form a solid block when mixed together

but, surprisingly, form a suspension.



preferred and 5 to 15C being even nore preferred Tinme: 1.5 tooghubrenbso6
Reaction nedium |iquid hal ogenated | ower al kane or acetonitrile, or the
neat reagents; nethylene chloride or the neat reagents being nost preferred
Mol ar ratio of reactants: 1 to 1.2 noles I X per nole VIII 1.1 to 1.2 noles

| X per nole VIII being nore preferred; 28 March 2006 -37 Step (ii):
Tenperature: 25 to 40C Tine: 0.7 to 2.5 hours Reaction nedium sane-as step
(i) Molar ratio of reactants: 1 to 1.2 noles Xl per nole VIII utilized in
step (i), 1.1 to 1.2 noles IX per nole MII being nore preferred; Step
(iii): Tenperature: 20 to 65C, 20 to 30(9'bing nore preferred Tinme: 0.75 to
2 hours Reaction nmedium aqueous Ml ar ratio of reactants: 2 to 4

equi val ents base per , mole | X.util] i n,.S i) St i M).. Tenperat ure:
0 to 20C, 10 ??)r%gsbééimr?g Pr%?gelndecl Zi%Qo R‘o ts@@pr(ocl:s'.ses %Qpéndi)ng upon the
significances of R;; and R;j:
(1) Ry; and R;; independently are C;._-3jalkyl (subprocess Aa) and
(2) at least one of R;; and R;3; is other than C;_jalkyl

(subprocess Ab).

The product of step (iii) of subprocess Aa often contains an

appreciable amount of the compound of formula XIII
(E) - OBEC - CH=CH - OR;4 (XIII)

vherein R;4 is as defined above,

corresponding to the obtained compound of formula VII, the molar ratio
of the compound of formula VII to the compound of Formula XIII
typically being about 2:1. While it is, of course, possible to
separate the compound of formula VII from that of formula XIII by
conventional means of separation, it is preferable to subject the
product of step (iii), i.e. the crude compound of formula VII (a
mixture of the compound of formula VII with the corresponding compound

of formula XIII), to step (iv), i.e.:

(iv) treating the crude mixture containing the compound of
formula VIIa

(E) - OHC - CH=CH - N(R;:.)R;:3 (VIIa)

vherein R;;, and R;; are as defined above,

with a corresponding compound of formula XIV
H - N(Ry2a)Ry3 (XIV)

vherein R;;, and R;; are as defined above,
to convert any compound of formuld XIII present therein into

additional compound of formula VIIa.



preferred Tine: 0.3 to 1 hour Reaction nedium Cl1-4al kanol, %ﬁ@ol %ﬁ
nost preferred Mdlar ratio of reactants: 0.15 to 1 nole XIV p f 1]
utilized in step (i), 0.15to 0.4 nole XV per nole VIII being nore
preferred. 28 March 2006 -38 In subprocess Aa step (ii) is preferably
carried out after step (i). Preferably, subprocess Aa conprises (i)
reacting N, N-di net hyl f ormam de (conpound of formula VIII wherein R12 and
R13 are nmethyl) with oxalyl chloride (conpound of forrmula IX wherein X is
chl oro) neat or in nethylene chloride Ci% a tenperature of 0 to 15C to form
the conmpound of formula Xa G - CHN+(TH3)2 C1 (Xa) (ii) reacting the
conpound of fornmula Xa with ethyl vinyI ether (conpound of fornula Xi

Lo 40C to f or FFEIREFed cHRBAAB b v BITRTPECS] P 1 P800 - | it G G Ne( CHB) 2
Cl (Xl a)(q)i wherdipdRp]yZisng; 1 fedkgbmPaunts ¢ -fakknll, aRp4l Ha piitmary or
secondary C,.4alkyl, each‘X. is chloro, and each X, is chloride;
(b) as (a) but wherein R;4 is n-C;.salkyl;
(¢) as (b) but wherein R;;, is methyl, R;3; is methyl, and Ry, is
ethyl;
(d)-(£) as (a)-(c) but wherein the base utilized in step (iii) is
sodium carbonate or potassium carbonate; and
(g)-(i) as (d)-(£f) but wherein the base utilized in step (iii) is

potassium carbonate.

Preferred reaction conditions for subprocess Aa, particularly
vhen the reactants are those of subgroups (a), (d) and (g), more
particularly when they are those of subgroups (b), (e) and (h) and
especially when they are those of subgroups (c¢), (f) and (i), are:
Step (i):

.Temperature: 0° to 20°C, 0° to 15°C being more
preferred and 3° to 15°C being even more preferred
Time: 1.5 to 4 hours
Reaction medium: liquid halogenated lower alkane or acetonitrile,
or the neat reagents; methylene chloride or the
neat reagents being most preferred
Molar ratio of réactants: 1 to 1.2 moles IX per mole VIII
' 1.1 to 1.2 moles IX per mole VIII being

more preferred;



pot assi um carbonate in an aqueous nediumat a tenperature of 20 to 30Cto
forma mxture of the conpounds of formula Vllaa (E) - OHC - CH-28arch\(0@813) 2
and of formula Xilla (E) - OHC - CHCH - OC2H5 (VIlaa) (Xllla) (iv) treating
the m xture of conpounds of fornulae Vilaa and Xilla wth dinethylam ne
(conpound of fornula XIV wherein R12, and R13 are nethyl) in nethanol at a
tenperature of 10 to 20C to convert the conmpound of fornula Xilla into
addi ti onal conmpound of fornmula Vlilaa. 28 March 2006 -39 Mire preferably, in
subprocess Aa (1) the nolar ratio of oxalyl chloride to

N, N-di nethyl formam de in step (i) is fro%l 1to 1.2:1, and step (i) is
carried out by adding oxalyl chloride to N- di met hylformam de neat or in
solution in nethylene chloride over a period of 1.5 to 4 hours at a rate
such t hat he t( rsperature is maintained at 5 to 15C, (2) in step (ii) the
mol ar ratid %f ‘e Hyl vinyl ether to the N N-dinmethylformamde utilized in
step (i) is frOempkrdtume:]1. 25°1t0 418 step (ii) is carried out by adding ethyl

vinyl ether tog hbeﬁ feachion giyture over a period of 0.4 to 1.5 hours at a
rate such that the tenperature does not exceed 30C and, upon conpl etion of
the addition, Refqtdss r?gdi% r 8RS YPxftr e at 35 to 40C for

Molar ratio of reactants: 1 to 1.2 moles XI per mole VIII utilized
in step (i), 1.1 to 1.2 moles IX per
mole VIII being more preferred;

Step (iii):

Temperature: 20° to 65°C, 20° to 30°C being more

preferred

Time: 0.75 to 2 hours

Reaction medium: aqueous

Molar ratio of reactants: 2 to 4 equivalents base per

mole IX utilized in step (i);
Step (iv):

Temperature: 0° to 20°C, 10° to 20°C being more

preferred

Time: 0.3 to 1 hour

Reaction medium: C;_ alkanol, methanol being most

preferred

Molar ratio of reactants: 0.15 to 1 mole XIV per mole VIII
utilized in step (i), 0.15 to 0.4 mole
XIV per mole VIII being more preferred.



0.3 to 1 hour and if indicated recovering as nuch nethylene ch cm’tr 038
possible at a tenperature not in excess of 45C, (3) in step (il |8) e

rati o of potassium carbonate to the oxalyl chloride utilized in step (i) is
from1l:1 to 2:1, and step (iii) is carried out by adding water to the
product of step (ii) stirred at 20 to 30C, allowi ng the tenperature to
rise to 45 to 60C, maintaining this tenperature during the balance of the
addition of the water and for an additio®a 0.3 to 1 hour, cooling the
reaction mxture to 15 to 25C, adding an aqueous solution of potassium
carbonate over_a period of 0.3 to § 25 hogrs t this éer’q)er ture,
extracting t heFMSRPRFOSEHA tAR AR Hyildnts ARREFTPEY afFTdre t94Y PAERTs nuch

met hyl ene seBp oriiyde as possible at a tenperature not in excess of 45C, and
(4) in step (i))  .the . nolar, ratio of dinmethylamne to the

N, N- di et hyl fc?rr)ﬁﬁfﬁ 3t f’ﬁ‘tipﬂ?&e?‘h%ét é%mp(rf)sxfs from0.15:1 to 0.4:1, and
step (iv) (i} caentethgotyt Nodimadbly iy raamider (usnpodndedfhyfbamilaeVIIT ahepei | on of
t he product of .ste ol 1), 0N a i 0 t rate such
that the terrpeRr?ét%?c(eRdbeaé"lengfp@(l!}egghég%%%gqagéﬁ% ?ér)fjgu?pt')gﬁé@s% vent and
any excess di ngchyblanilievkerednt fnper atlare) nerati ar eboc @gshydfend 2gCQor28e Mar ch

2006 -40 Pr eferrega{%ﬁggﬂgﬁ L@ @Qgr%%,&&r@r ghdé Qgﬁ%,_gngérﬁcerei n R12b is

R12b', R13 is éf I'S primary or_ secondary |, each X is
chloro, and eadlermula X chloride; (b) as (a) but wherein R12b is R12b", and
R14 is n-C2-4al kyl ; _

Cl - CHaN*(CH;), Cl- (Xa)

(i1) reacting the compound of formula Xa with ethyl vinyl ether
(compound of formula XI wherein R;, is ethyl) neat or in
methylene chloride at a temperature of 25° to 40°C to form the

compound of formula XIIa
(E) - C;H50 -~ CH=CH-CHxN*(CH,), Cl- (XIIa)
(1i1) hydrolyzing the compound of formula XIIa with

potassium carbonate in an aqueous medium at a temperature of 20°

to 30°C to form a mixture of the compounds of formula VIIaa
(E) - OBHC - CHaCE - N(CH3); (VIiIaa)
and of formula XIIla
| (E) - OBC - CH=CH - 0OC,Hs (XIIIa)
(iv) treéting the mixture pf compounds of formulae VIIaa and XIIIa
vith dimethylamine (compound of formula XIV wherein R;;, and R,
are methyl) in methanol at a temperature of 10° to 20°C to

convert the compound of formula XIIIa into additional compound

of formula VIIaa.



(c) as (b) but wherein R12b is phenyl, R13 is nmethyl, and R14 i or
n-butyl, especially n-butyl; (d)-(f) as (a)-(c) but V\/nerel n the2§t')%%‘trgp'y£006
utilized in step (iii) is sodiumcarbonate or potassium carbonate, and
(g)-(i) as (d)-(f) but wherein the base utilized in step (iii) is sodium
carbonate. Preferred reaction conditions for subprocess Ab, particularly
when the reactants are those of subgroups (a), (d) and (g), nore
particularly when they are those of subgroups (b), (e) and (h) and
especially when they are those of subgmgups (c), (f) and (1), are: Step (i)
[when carried out prior to step (ii)]: Tenperature: -20 to +45C Tine: 1.5
to 5 hours Reaction nedium I|iquid hal ogenated | ower al kane or

acetoni tril e Moret hiydferebDh) ohi dihpabdessnaat oni trile being nore preferred and

st om {100 B9 B0 Y SHCEaty BhiolTOF e BT SHARl py dBaER ghooges:
| X per nole \dtep OB ig frmor é:pref ér ek, anesp:e@l (3 [i\ahearuiaﬂrmm:lbput
;Ubseque“t L34 &Jaﬁ%i chtl‘SPPfJ ac%‘l\‘gen-djiﬁeh%l‘%ggmaﬁli@ negr> S5op0 3 hours
eaction nedium Sanme as.step (1) l"ar reacta 1o 1.3 nol es
Xl per nole \Aoﬂption in methylene chloride over a period of 1.5 to 4 hours at

a rate such that the temperature is maintained at 5° to 15°C;

(2) in step (ii) the molar ratio of ethyl vinyl ether to the
N,N-dimethylformamide utilized in step (i) is from 1:1 to 1.2:1,
and step (ii) is carried out by adding ethyl vinyl ether to the
reaction mixture over a period of 0.4 to 1.5 hours at a rate such
that the temperature does not exceed 30°C and, upon completion of
the addition, refluxing the reaction mixture at 35° to 40°C for
0.3 to 1 hour and if indicated recovering as much methylene
chloride as possible at a temperature not in excess of 45°C;

(3) in step (iii) the molar ratio of potassium carbonate to the
oxalyl chloride utilized in step (i) is from 1:1 to 2:1, and
step (iii) is carried out By adding vater to the product of
step (ii) stirred at 20° to 30°C, alloving the temperature to
rise to 45° to 60°C, maintaining this temperature during the
balance of the addition of the water and for an additional 0.3 to
1 hour, cooling the reaction mixture to 15° to 25°C, adding an
aqueous solution of potassium carbonate over a period of 0.3 to
1.25 hours at this temperature, extracting the mixture with
methylene chloride and distilling as much methylene chloride as
possible at a temperature not in excess of 45°C; and

(4) 1in step (iv) the molar ratio of dimethylamine to the
N,N-dimethylformamide utilized in step (i) is from 0.15:1 to
0.4:1, and step (iv) is carried out by adding anhydrous
dimethylamine to a solution of the product of step (iii) in
methanol stirred at 10° to 20°C at a rate such that the
temperature does not exceed 20°C and distilling the solvent and

any excess dimethylamine at a temperature not in excess of 120°C.



utilized in step (1), 1.1 to 1.25 noles Xl per nole VIII bei ngg gk 2006
preferred; 28 March 2006 -41 Steps (i) and (ii) [when carried out

simul taneously]: Tenperature: -15to +35C Tine: 2 to 6 hours Reaction
medium sane as step (i) when carried out prior to step (ii) Mdlar ratio of
reactants: 1 to 1.5 noles IXand 1 to 1.5 noles Xl per nole VIII; Step
(iii): Tenperature: 0 to 35C, 0 to 30C bghgng nore preferred Tlne 0.5to
1.5 hours Reaction nmedium mxture of water and reaction nedium of step
(ii) Molar ratio of reactants: 2 to 4 equivalents base per nole I X utilized

in step (i). 28:&@4&&2&%&3% Ihes@oﬁro%ewm%eapéecfh%éed variants of

subprocess , hamel % vari ants Abl, In variant Abl R14 is
ethyl and {3evheeaidt Rore ddRian fvo?‘lstie"p@(ﬁlké(ﬁd Rujsj 13 iRFiRaERVATene chl ori de

or, preferabl¥coddagyneal, alRpeRheh BNdsi hlbabi, aiﬂdi eAb? 1gRd1 ARBR1IRIM ;S
n- butyI anﬂ) t he {e)a%t Lon er;gglrlluReriogs tﬁgs, (ar)d ﬁ‘ 1(Sl |n)c2 @?felt onitrile
(¢) as (b) but wherein R;;, is phenyl, R;; is methyl, and Ry, is ethyl
or n-butyl, especially n-butyl;
(d)-(£f) as (a)-(c) but wherein the base utilized in step (iii) is
sodium carbonate or potassium carbonate, and
(g)-(i) as (d)-(f) but wherein the base utilized in step (iii) is

sodium carbonate.

Preferred reaction conditions for subprocess Ab, particularly
vhen the reactants are those of subgroups (a), (d) and (g), more
particularly when they are those of subgroups (b), (e) and (h) and
especially when they are those of subgroups (c¢), (£f) and (i), are:
Step (i) [when carried out prior to step (ii)]:

Temperature: -20° to +45°C

Time: 1.5 to 5 hours

Reaction medium: liquid halogenated lower alkane or

' acetonitrile, methylene chloride and
acetonitrile being more preferred and
acetonitrile being most preferred; or, most
preferably, the neat reagents;

Molar ratio of reactants: 1 to 1.2 moles IX per mole VIII,

' 1.1 to 1.2 moles IX per mole VIII being
more preferred;
Step (ii) [when carried out subsequent to step (i)]:

Temperature: 10° to 40°C

Time: 0.5 to 3 hours

Reaction medium: same as step (i)

Molar ratio of reactants: 1 to 1.3 moles XI per mole VIII

utilized in step (i), 1.1 to 1.25
moles XI per mole VIII being more

preferred;



or, preferably, the neat reagents. In variants Abl and Ab2, S
carrled out after step (i) and in variant Ab3 steps (i) and U:?%&A¢QZM%
carried out sinultaneously; in each variant, step (iii) follows steps (i)
and (ii). Variant Abl of subprocess Ab preferably conprises (i) reacting
N-net hyl formani | i de (conpound of forrmula VIII wherein R12 is phenyl and R13
is methyl) with oxalyl chloride (compound of fornula I X wherein X 1is
chloro) neat or in nethylene chloride at a tenperature of 15 to 45C to form
t he compound of formula Xb G - CH=N+( JCH3 C1 (Xb) (ii) reacting the
conpound of formula Xb with ethyl vinyl "éther (conpound of formula Xl
wherein R14 is ethyl) neat or in nethylene chloride at a tenperature of 150

E:I?L?:I(BLCC}—I(: %Hé{s%g%%?i%%)cggg d)°H c#lgl%gzal@eouf%fg@ound of formula

Xl 1 bl with sodTempecattosat el59 noa+M ¥t ure of net hyl ene chloride and water at
a tenperature .20 tf %Ogi&%%obtain the conmpound of formula VIIb (E) - OHC
- CH=CH N( C6H5 6I(%) 8 rch 2006 -43 More preferably, in variant Abl
of subprocess R¢actiol mdddump| mampaas step Oavyen chkoidddeut o
N-nethyl formanilide in step Qﬁkoian%Qgﬁ%&%)to 1.2:1, and step (i) is
carried out by

Molar ratio of reactants: 1 to 1.5 moles IX and 1 to 1.5 moles

XI per mole VIII;
Step (iii):
Temperature: 0° to 35°C, 0° to 30°C being more preferred
Time: 0.5 to 1.5 hours
Reaction medium: mixture of water and reaction medium
of step (ii)
Molar ratio of reactants: 2 to 4 equivalents base per mole IX

utilized in step (i).



addi ng oxalyl chloride to N-nethylformanilide neat or in sol utb®archB006

nmet hyl ene chloride at 15 to 20C over a period of 1 to 2 hours and, upon
conpletion of the addition, gradually raising the tenperature of the
reaction mxture to 40 to 45C over a period of 0.75 to 1.25 hours and then
refluxing it for 0.75 to 1.25 hours; (2) in step (ii) the nolar ratio of
ethyl vinyl ether to the Nnethylformanilide utilized in step (i) is 1to
1.3:1, and step (ii) is carried out by cooling the product of step (i) to 15
to 20C, adding ethyl vinyl ether over a4period of 0.5 to 1.5 hours at a
rate such that the tenperature does not exceed 30C, and, upon conpletion of
the addition, refluxing the reaction mxture for 0.3 to 0.7 hour; and (3)
in step (iii) Thémwe mpkathveat poefErreddiarirnts Wénsukprivceshadboxmdnelly chl ori de

utilized 1. 1) kS, fr ol N dp St id ) ok arried out by
cooling t Jek%%g%u‘gl’o%ézstaggn%ﬁ' thg v]laga?%t ZA%(Q, R“aggi %\tgﬂ,ylma/réé St:Etlgperi od of 0.5
to 1 hourrezutiogureddymsidrustenrs df) audi(din dar boHutlenatchdordde oguch that t he
tenperatu i.op. g resdas 130, d onpl etion of
he addi T o eir (e te Pedleed, Se® s 3 s s8R RS RO

al | owi ng BHRutilxangr ahe orenspiommedive Fornetepsaé bl andephiblats meeatheitaide phases

and recovgr i Rt bRy 00U nbi OTPehDen . 0200 GaRRASE ARB M &by ,ZQQ?p -A@4yVari ant
Ab2 of subprocess Ab” preferably conprjses (i,) reacting N-nethylformanilide
with oxal ¥§ @RFH4 gutnabierofter (1) and in variant Ab3 steps (i) and (ii)

are carried out simultaneously; in each variant, step (iii) follows

steps (i) and (ii).

Variant Abl of subprocess Ab preferably comprises
(i) reacting N-methylformanilide (compound of formula VIII wherein
Ry; is phenyl and R;; is methyl) with oxalyl chloride (compound
of formula IX wherein X, is chloro) neat or in methylene
chloride at a temperature of 15° to 45°C to form the compound of
formula Xb

Cl - CH=N*(C¢Hs)CH; Cl- (Xb)
(ii) reacting the compound of formula Xb with ethyl vinyl ether
(compound of formula XI wherein R,, is ethyl) neat or in
methylene chloride at a temperature of 15° to 40°C to form the
compound of formula XIIbl

(E) - C3Hg0 - CH=CH-CH=N*(C4Hs)CH, cl- (XIIbl)

(iii) hydrolyzing the compound of formula XIIbl with sodium carbonate
in a mixture of methylene chloride and water at a temperature of

20° to 30°C to obtain the compound of formula VIIb

(E) - OHC - CH=CH-N(CgHs)CH, (VIIb)



acetonitrile at a tenperature of from-20 to +20C to formthe ?%6of
formula Xb (ii) reacting the conmpound of fornula Xb with n-buty nyl et her
(conpound of fornula XI wherein R14 is n-butyl) neat or in acetonitrile at
a tenperature of 10 to 40C to formthe conmpound of fornmula Xl1b2 (E) -

n- C4H90 - CHCH CH N+(C6Hs)CH3 d - (XI1b2) and (iii) hydrolyzing the conmpound
of formula XI1b2 with sodiumcarbonate in a mxture of acetonitrile and
water at a tenperature of 0 to 25C to obtain the conmpound of formula VIIDb.
More preferably, in variant Ab2 of subprékess Ab, (1) the nolar ratio of
oxalyl chloride to Nmethylformanilide in step (i) is froml1l:1 to 1.2:1,
and step (i) is carried out by adding oxalyl chloride to

N-met hyl f or manMerel@raéenabdy, i in sariantoAbl iaf aekatonessidbe at -18 to +8C over

a period ofy)l he n?ollai’ufastioa@fi 0xdRp1) HQBPI & 'tem.qnfethiﬂff&%qhim% jgradual ly
raising the tenp- erature of the reaction mxture to to 20C over a period

of 0.4 to 0.3%ehddr dhdremek: stprki%id,iand few. (@)t s Gagrhedioustbyt hi s

tenperature; Gddid o§£F)F1 th&rﬁd@etM-EEtﬁﬁtbemQTll@dDLHe)élt yi rl)ﬁl s&iigbat o the
N-net hyl formanilide utilized in step s from 1: 2:1, and step

(ii) is carriél RREYBSNSGHL AR d¢- Bﬁtlyﬁ \9? *CeP sy 3t Beﬁil"?é °$)rlod|&c% heprst ep
(i) stirred atnd? uthnZ(QﬁpQEe:[onaoﬁefheOdd@ftiQn5 gradtablyheuisirgt tRer ate such

gggftfgﬁ tgwggx?p%%raghgg%sf rt]}?é reactieon m?g&rean '40%P 20 A%Qgpcl)\%rl Onpé);io%he

of 0.75 to 1.25 hours and then refluxing it for 0.75 to
1.25 hours; ‘

(2) in step (ii) the molar ratio of ethyl vinyl ether to the
N-methylformanilide utilized in step (i) is 1 to 1.3:1, and
step (ii) is carried out by cooling the product of step (i) to 15°
to 20°C, adding ethyl vinyl ether over a period of 0.5 to 1.5
hours at a rate such that the temperature does not exceed 30°C,
and, upon completion of the addition, refluxing the reaction
mixture for 0.3 to 0.7 hour; and

(3) in step (iii) the molar ratio of sodium carbonate to the oxalyl
chloride utilized in step (i) is from 1:1 to 1.2:1, and step (iii)
is carried out by cooling the product of step (ii) to 15° to 20°C,
adding, over a period of 0.5 to 1 hour, an aqueous solution of
sodium carbonate at a rate such that the temperature of the
reaction mixture is 20° to 30°C and, upon completion of the
addition, stirring the mixture at 20° to 30°C for 0.2 to 0.5 hour,
allowing the mixture to separate into two phases, separating the

tvo phases and recovering the product from the organic phase.



reaction mxture for 0.3 to 0.7 hour at 25 to 35C, and 28 Marchg :,{%ﬁ@‘zo&g (3)
in step (iii) the nolar ratio of sodium carbonate to the oxalyl oride
utilized in step (i) is froml:1to 1.3:1, and step (iii) is carried out by
cooling the product of step (ii) to O to 5C, adding, over a period of 0.5
to 1.2 hours, an aqueous solution of sodium carbonate at a rate such that
the tenperature of the reaction mxture is 5 to 12C and, upon conpl eti on of
the addition, adding toluene, stirring%%e mxture at 15 to 25C for 0.2 to
0.5 hour, allowing the m xture to separate |nto two phases, separating the

t wo phases and_recovering_ the product frorp organi ¢ phase. 28 March 2006
-46 Variant ADRTEnt Ahdr BF cUOPRPLERS AR RASLGT F?%ééﬁ and (ii) reacting

N-rret hyl f qaanideadeing thmllybrmﬂmade«imaaaxaamlcrhlaeewmehfIdzeiat -10 to
+30C in the presence, ofln- ¥ %@)gmth ngo#lP nd of fornula
Xb, which compd§f&eYieéd ?eaatctastwpﬁ’fa H‘é ny° é HhENg eact i on
m xture to forrohpeurcloepofarduds XY or mul a XI I b2 and (iii) hydrol yzing the
conmpound of forrmula Xl1b2 with sodium carbonate in a nixture of
acetonitrile and eater at a tenperature of O to 25C to obtain the conpound
of (ii1) reacting the compound of formula Xb with n-butyl vinyl ether

(compound of formula XI wherein R;, is n-butyl) neat or in
acetonitrile at a temperature of 10° to 40°C to form the

compound of formula XIIb2

(E) - n-C,Bs0 - CH=CE-CHaN*(C¢Hs)CH; Cl- (XIIb2)

and

(iii) hydrolyzing the compound of formula XIIb2 with sodium carbonate
in a mixture of acetonitrile and water at a temperature of 0° to
25°C to obtain the compound of formula VIIb.

More preferably, in variant Ab2 of subprocess Ab,

(1) the molar ratio of oxalyl chloride to N-methylform;nilide in
step (1) is from 1:1 to 1.2:1, and step (i) is carried out by
adding oxalyl chloride to N-methylformanilide neat or in solution
in acetonitrile at -18° to +8°C over a period of 1 to 2 hours
and, upon completion of the addition, gradually raising the temp-
erature of the reaction mixture to 12° to 20°C over a period of
0.4 to 0.75 hour and then stirring it for 0.2 to 0.4 hour at this
temperature;

(2) in step (ii) the molar ratio of n-butyl vinyl ether to the
N—methylformanilide utilized in step (i) is from 1:1 to 1.2:1,
and step (ii) is carried out by adding n-butyl vinyl ether to the
product of step (i) stirred at 12° to 20°C over a period of
0.5 to 1.5 hours at a rate such that the temperature does not
exceed 30°C, and, upon completion of the addition, stirring the

reaction mixture for 0.3 to 0.7 hour at 25° to 35°C; and



formula VIIb. More preferably, in variant Ab3 of subprocess Ab, (1) in steps
(I') and (ii), the nolar ratio of each of oxalyl chloride and n2®bMargh 2006ny|
ether to NNnmethylformanilide is from1:1 to 1.2:1, and steps (i) and (ii)
are carried out by adding a solution of N-nethylformanilide and n-butyl
vinyl ether neat or in acetonitrile to oxalyl chloride neat or in solution
in acetonitrile stirred at.-10 to +10C over a period of 2 to 3 hours and,
upon conpletion of the addition, gradually raising the tenperature of the
reaction mxture to 20 to 30C over a period of 0.4 to 1.5 hours and then
stirring the reaction mxture at this tenperature for 0.5 to 1.5 hours; and
28 March 2006 -47 (2) in step (iii), t h&Tol ar ratio of sodi um carbonate to
the oxalyl chloride utilized in step (i) is froml:1to 1.3:1, and step
(iii) is carried out by cooling the product of step (ii) to 0 to 5C

addi ng, o\der i Eepotiidy O0% Wgai.‘?tHSU?E,“Sh“%&&ég‘E@WSW theopxad1sodi um
carbonate at gnhrligeStianibb@tint Beef qApeiatebe 1:Qf ¢b he aneacddqon mixture is O
to 12C and, upon coppletion of the _addit,jon, adding toluene, stirring the
mxture at 15°t% éSgP)f g cariedoowt SYhaRting) HinPRETYGe O FiSkear £ d)o teepar at e
into two phases,tosepey alddigg f beet wo perhdskfadds rtecbyvehiongst ha fuadust from

Subj ected Lo SUEER 11 SPOaihcafeuE tor b5 it hr el e e Rt Fever
there is of the reaction mixture is 5° to 12°C and, upon completion of the
addition, adding toluene, stirring the mixture at 15° to 25°C for
0.2 to 0.5 hour, alloving the mixture to separate into two
phases, separating the two phases and recovering the product from

the organic phase.



usually no reason to do so since the product usually contains tt'r?zoo%r no
conpound of forrmula Xl 1I. 28 March 2006 -48 7.2. Process B (pr MY £BR of
t he conpounds of fornmula Vaafromthe conmpounds of fornula VIII) The process
for the preparation of the compounds of fornula Va (process B) conprises
(i) reacting a conmpound of formula VIlc (E) - OHC - dI-CH N(R12b) R13
wherein R12b and R13 are as defined above, .with a conmpound . of formula XV
PQ(Xb)3 (VII1) (XV) wherein Xb is chloro or brono, or with a conpound
selected fromoxalyl chloride or brom de; phosgene or carbonyl brom de;
phosphorus trichloride or tribrom de; {gmsphorus pent achl ori de or

0

pent abrom de; and an alkyl- or arylsulfonyl chloride or bronide, such as

p-tol uenesul fonyl chloride or brom de or nethanesul fonyl chloride or
brom de; to fgrum.the rrespondin f o formul a X E), - Xb -
CH CH CH N+( R? r%aﬂis“‘%’ﬁaft%@ng?er%s%gﬁeﬁgg%%yoﬁ?’“ ) jfs%é%bg‘z‘,) wherein
Xb, R12b rmadtRif3 Namethyd fdefinidddelvdeh, oxalyl chloride neat or in

acetonitrile at -10° to +30°C in the presence of n-butyl

vinyl ether to form the compound of formula Xb,

vhich compound then reacts with the n-butyl vinyl ether
in the reaction mixture to form the compound of
formula XIIb2, and

(ii1i) hydrolyzing the compound of formula XIIb2 with sodium
carbonate in a mixture of acetonitrile and water at a
temperature of 0° to 25°C to obtain the compound of
formula VIIb.

More preferably, in variant Ab3 of subprocess Ab,

(1) 1in steps (i) and (ii), the molar ratio of each of oxalyl chloride
and n-butyl vinyl ether to N-methylformanilide is from 1:1 to
1.2:1, and steps (i) and (ii) are carried out by adding a
solution of ﬁ-methylformanilide and n-butyl vinyl ether neat or
in acetonitrile to oxalyl chloride neat or in solution in
acetonitrile stirred at -10° to +10°C over a period of 2 to 3
hours and, upon completion of the addition, gradually raising the
temperature of the reaction mixture to 20 to 30°C over a period
of 0.4 to 1.5 hours and then stirring the reaction mixture at

this temperature for 0.5 to 1.5 hours; and



(XVl) 28 March 2006 -49 (ii) reacting that conpound of fornul a %Y "Eobé‘ a
conpound of fornmula XVII (XVIl) wherein R5, R6, R7 and R8 are as cfe%hl ned
above, to forma correspondi ng conmpound of formula XVIII (XVIII)
~CN(RI2b)Ri 3 R7 H and the corresponding anion, e.g. -P02(Xb)2, wherein R5,
R6, R7, R8, Rl12b, R13 and Xb are as defined above, and (iii) hydrolyzing
that conmpound of fornmula XVIII to obtain a correspondi ng conpound of
formula Va. As nentioned above for process A in a variant, in step (i) a
conpound of formula Xl obtained according to process A may be used
directly in place of a conpound of forgwla VIlc. 28 March 2006 -50 The
preferred significances for Rl2b and R13 are set forth above, and the
preferences for Rs, R6, R7 and Re are those set forth for R R R2 and RS,

respectiveby, lhnstté%F’(ﬂu?)S%Qanoﬁéb P{aleb B MiLE GHhBhre Do CAPYLUNT 10
formila Vite pr]?oreird% ué/i]!iszecl.:le?n(:ts%gpw(lit)hig gr%rr;pl ldto 1.3:1, and
’
step (iiil) is carried out by cooling the product of step (ii) to
0° to 5°C, adding, over a period of 0.5 to 1.2 hours, an aqueous
solution of sodium carbonate at a rate such that the temperature
of the reaction mixture is 0° to 12°C and, upon completion of the
addition, adding toluene, stirring the mixture at 15° to 25°C for
0.2 to 0.5 hour, allowing the mixture to separate into two
phases, separating the two phases and recovering the product from

the organic phase.

The product of step (iii) of subprocess Ab may be subjected to a
step (iv) analogous to step (iv) of subprocess Aa. However, there is
usually no reason to do so since the product usually contains little

or no compound of formula XIII.



of formula XV. Steps (i) and (ii) preferably are effected in an iner
anhydrous organic nedium Preferred reactants (and final produ@?&?"ﬁ?@m
(a)-(d) those wherein R12b is R12b', R13 is Cl-2alkyl, each Xb is chloro,
and R5 to Re have the significances of the corresponding vari abl es of
Goups (1), (ii), (xxi) and (xxii) of USP 4 739 073; (e)-(h) those of
(a)-(d) wherein R12b is R12b', and R6 to R6 have the significances of the
correspondi ng variables of Goups (v), (vi), (xxv) and (xxvi) of USP 4 739
073; (i) and (j) those of (e) and (f) whggein R7 is Cl-3alkyl, Re is
phenyl, nethyl phenyl, fluorophenyl, dinethylphenyl or nethyl-fluorophenyl,
RS is hydrogen Cl- 3al kyl or 4- or 6-benzyloxy, and R6 is hydrogen or

met hyl ; (k) ,and, (1) i oANGe (dhle WbRIORIAS Y 5l Yh. £4TR B phenyl,
quorophen gﬁ%%éﬁ,hfi@ﬁ§§aé mEChyr =11 Uor opnenyr, Re 15 CI- ddIKyé, Re is
hydrogen, Cl-3al kyl or 4<cowpo 1a VII8)R6 i s hydrogen or methyl :

(m-(p) those of (i)-(l) wherein R5 is hydrogen, and R6 is hydrogen;
(q)-(t) those of (m-(p) wherein R12b is phenyl, and R13 is nethyl; (u)
that of (g) wherein R7 is 1-nethylethyl, and Re is 4-fluorophenyl; and (v)
that of (s) wherein R7 is 4-fluorophenyl, and Re is 1-nethylethyl. Most

r ef er abl R5 and R6 are hydrogen, R7 .is 1-nethyl et hyl d Re.is
Bara.fl uo?opheThd process foryche %reparatlon of n% zompo de J} formula Va

(process B) comprises
(i) reacting a compound of formula VIIc
(E) - OHC - CH=CH-N(R;25)Ri3 (VIIc)

vherein Ry,p and Ri3 are as defined above,

with a compound of formula XV
PO(Xp)3 - (XV)

wherein X, is chloro or bromo, or

with a compound selected from oxalyl chloride or bromide;
phosgene or carbonyl bromide; phosphorus trichloride or
tribromide; phosphorus pentachloride or pentabromide; and
an alkyl- or arylsulfonyl chloride or bromide, such as
p—toluenesulfonyl chloride or bromide or methanesulfonyl

chloride or bromide;

to form the corresponding compound of formula XVI
(E) - xb - C}§-CH—CH=N+(R12b)R13 (XVI)

and the corresponding anion, e.g. ~P0;(Xy)2,

wherein X,, Ry;p 27d Ri3 are as defined above,



The conmpounds of formula VIIc used for step (i) may be in free % se %%%m
or, preferably, in acid addition salt form e.g. in hydrochlor? a5
addition salt form 28 March 2006 -51 The preferred bases for step (iii) are
i norgani ¢ hydroxi des such as sodi um hydroxi de and pot assi um hydr oxi de,
especially the fornmer. However, as set forth infra, it is nost preferred
not to enploy any base in step (iii). Preferred reaction conditions for
process B are: Step (i): Tenperature: 4910 to +25C, -10 to +10C bei ng nore
preferred Time: 0.1 to 1.2 hours, 0.5 to 1 hour being nore preferred
Reaction nedium |ower alkyl nitrile, acetonitrile being nost preferred

Mol ar rati.o of reactants: t s XV per nole Vllc, 1.1 to 1.3 noles
XV per n&P %??Hggéﬁﬁﬁn“ﬁ%%%ogﬁé e#?ggﬁStep (ii): Tenperature: 60 to 100C,
65 to 85C bewy amhpoph&berergflla Kivie: 2 to 30 hours, 3 to 24 hours being
nore preferred Reaction nmedium sane as step (i) Mdlar ratio of reactants:
1 to5 noles XVI per nole XVII, 2 to 3 noles XVI per nole XVII being nore
preferred (100%vyield in step (f9

l | (XVID

wherein R, Rq, R, and Ry are as defined above, to form a corresponding compound

of formula XVIII

Rg
| j Ry (XVIII)
N -8
R 6 ‘ g /: ‘C\ +
R, H/c= NR3,)R3

and the corresponding anion, e.g. 'P0,(X,),,
wherein R, R¢, R;, Rq, Ry, R); and X, are as defined above,

and

(1ii) hydrolyzing that compound of formula XVIII to obtain a corresponding compound

of formula Va.

As mentioned above for process A, in a variant, in step (i) a compound of
formula XII obtained according to process A may be used directly in place of a

compound of formula Vllc.



assuned in each case) Step (iii): Tenperature: 10 to 40C when ?az@ $2006
enpl oyed and 35 to 60C when it is not Tine: 0.1 to 1 hour when ?' (a

enpl oyed and 2 to 4 hours when it is not Solvent: mxture of water and
reaction nediumof step (ii) Mlar ratio of reactants: when base is

enpl oyed, 4 to 8 equival ents base, preferably sodium hydroxide or potassium
hydr oxi de, per nmole XV utilized in step (i). 28 March 2006 -52 Even nore
preferred reaction conditions for process B, particularly when the
reactants and final products are those 010- subgroups (a)-(v), especially of

subgroups (1), (j), (n) (n), (gq), (r) and (u), are: Step (i): Tenperature:
-10 to +10C Ti ne: 75 to 1 hour Reacti on nedlun1 acetonitrile Ml ar ratio

of reactants: Tlhelpf%fefrsdn%‘lgé‘é IGAN5ES Ao &iwp13nd BuaRrs Spt frafpethevese: 65
to 85C, 8Qnionf3G-beiradcaprRPrREf &, ed, 5Iadrra. #red Qhdbe NQUr Sortd EOr KO, hour s

bei ng mr%,plrlzefa%rdrfid, rggggcttli%rellg?dllnur&?af 8%'}.%" le preferably is chloro.
A compound of formula VIIc preferably is reacted with a compound
of formula XV.
Steps (i) and (ii) preferably are effected in an inert anhydrous
organic medium.
Preferred reactants (and final products) are
(a)-(d) those wherein Ry;y is Ryzp’, Ry3z is Cy-jalkyl, each X, is
chloro, and Rs to Ry have the significances of the
corresponding variables of Groups (i), (ii), (xxi) and (xxii)
of USP 4 739 073;
(e)-(h) those of (a)-(d) wherein R;;p is Rizp", and Rs to Ry have the
significances of the corresponding variables of Groﬁps (v),
(vi), (xxv) and (xxvi) of USP 4 739 073;

(i) and (j) those of (e) and (f) wherein Ry is C,.3jalkyl, R, is
phenyl, methylphenyl, fluorophenyl dimethylphenyl or
methyl-fluorophenyl, Rs is hydrogen, C;.3;alkyl or 4- or
6-benzyloxy, and Rs is hydrogen or methyl;

(k) and (1) those of (g) and (h) vherein Ry is phenyl, methylphenyl,
fluorophenyl, dimethylphenyl or methyl-fluorophenyl, R, is
Cy-3alkyl, Rs is hydrogen, C,.3alkyl or 4- or 6-benzyloxy,
and Rg 1is hydrbgen or methyl;

(m)-(p) those of (i)-(l) wherein Ry is hydrogen, and Rs is hydrogen;

(q)-(t) those of (m)-(p) wherein Ry,, is phenyl, and Ry; is methyl;

(u) that of (q) wherein R; is l-methylethyl, and R, is

4-fluorophenyl; and

(v) that of (s) wherein Ry is 4-fluorophenyl, and Ry is l-methylethyl.

Most preferably, Rs and R¢ are hydrogen, Ry is l-methylethyl and
Ry is para-fluorophenyl.

The compounds of formula VIIc used for step (i) may be in free
base form or, preferably, in acid addition salt form, e.g. in

hydrochloride acid addition salt form.



Mol ar ratio of reactants: 2 to 3 noles XVI per nole XvVil, 2.1 tﬁhMgrcr$2 | es
XVI per nole XVII being nore preferred (100%yield in step (i)™ assuned in
each case) Step (iii): Tenperature: 20 to 55C;, 25 to 35C being preferred
when base is enployed, and 35 to 55C when it is not Tinme: 0.3 to 0.7 hour
when base is enployed and 2 to 3 hours when it is not Reaction nmedium

m xture of water and reaction nedium of step (ii) Mlar ratio of reactants:
when base is enployed, 4 to 6 equival ents base, preferably sodium

hydr oxi de, per nole XV utilized in stefpl-i). It is nost preferred not to
enpl oy base in step (iii). 28 March 2006 -53 8. Ceneral conditions
applicable to all processes Mdst of the nolar anounts (ratios) recited
herei n are neffbeypredeenpd dageantbmuyebe(ddni axg iasrganisvhpdruxitdes onehof

or di nar id lisi DL ' l,13a Of [ in
sub:orocgséégogéhgnhﬁ%gxP%%\é“?hg&\%és%lhg%?gqtr&gir(}eedf )esgés%g?(%é gﬁgkﬁi: )gof
process Bleweter, mefetafanth snye,(iiv)infmosgbprefecsed Aptate enpdbpramy y

carried offse YRdefeARhyfy ous conditions and an inert atnosphere, preferably
dry

Preferred reaction conditions for process B are:
Step (i):
Temperature: -10° to +25°C, -10° to +10°C being more
preferred
Time: 0.1 to 1.2 hours, 0.5 to 1 hour being more preferred
Reaction medium: lower alkyl nitrile, acetonitrile being most
preferred
Molar ratio of reactants: 1 to 1.5 moles XV per mole VIIc, 1.1
to 1.3 moles XV per mole VIIc being
more preferred
Step (ii):
Temperature: 60° to 100°C, 65° to 85°C being more preferred
Time: 2 to 30 hours, 3 to 24 hours being more preferred
Reaction medium: same as step (i)
Molar ratio of reactants: 1 to 5 moles XVI per mole XVII,
2 to 3 moles XVI per mole XVII being
more preferred (100X yield in step (i)
_ assumed in each case)
Step (iii):
Temperature: 10° to 40°C when base is employed and 35° to 60°C
vhen it is not
Time: 0.1 to 1 hour when base is employed and 2 to 4 hours when
it is not
Solvent: mixture of water and reaction medium of step (ii)
Molar ratio of reactants: when base is employed, 4 to
8 equivalents base, preferably sodiua
hydroxide or potassium hydroxide, per

mole XV utilized in step (i).



hel ium argon or nitrogen, or a mxture thereof, usually dry niztsrnﬁ’agﬁ}’EOOGSt ep
(ii1) of process A (including subprocesses Aa and Ab and the variants

t hereof) and process B are often, but need not be, carried out under an

i nert atnosphere. Likew se, nost of the tenperature ranges given above are
merely exenplary. Al tenperatures are internal tenperatures, unless
otherwi se indicated. As utilized above, the term"reaction nedium enbraces
m xtures of liquids and inplies that thesgeaction mediumis a liquid at the
desired reaction tenperature. It should, therefore, be understood that not
all of the liquids listed for a particular step nmay be utilized for the

entire recited tenpgiat Wogel RefRrrid Sewish cahgormsupgiepsbeogs tghat the
reacti on nedi um rruit ‘ZI'EE at | east subst gngl al_l é |c[1ert to the reactants
rat ¥y n e

enpl oyed, FRALEFHES Sherfiasdanh@ndni FloBERqUC tindies thR&e rfact i on

condi ti onsubgtdipseda)d(vishespétingly wrleusgonmst bas, t(he, r@agt (o, t@yperature
may exceed the cEOi i ggrs oint of a reactant or the reaction nediumif a
condenser &7 #¢IYe %/)stem (reaction bonb) is utilized. The reaction
times set drept hiy@bove are also nerely exenplary and may be varied. 28 March
2006 -54 It wi )l also be ungggstoogogcgat conventional work-up procedures

may be enpl oyetfTPPRATYRT'm 801 V@nt*Y Sas utilized herein, enbraces m xtures
of sol vents anTidetpl 0€%5 tthal Hduwe reaction mediumis a liquid at the desired
reaction terrpeI{e[at UL & Unj.ess indicated., otherwise all solvent mxtures are

by vol ume. Ther$aSAP? i TRAERA ASS5RR ¥ 18eans an .

Molar ratio of reactants: 1.1 to 1.3 moles XV per mole VIIc
Step (ii):
Temperature: 65° to 85°C, 80° to 83°C being more preferred
Time: 3 to 16 hours, 3 to 10 hours being more preferred
Reaction medium: acetonitrile '
Molar ratio of reactants: 2 to 3 moles XVI per mole XVII, 2.1 to
2.5 moles XVI per mole XVII being more
preferred (100X yield in step (i)
assumed in each case)
Step (iil): | '
Temperature: 20° to 55°C; 25° to 35°C being preferred when
base is employed, and 35° to 55°C vhen it is not
Time: 0.3 to 0.7 hour vhen base is employed and 2 to 3 hours
vhen it is not
Reaction medium: mixture of water and reaction medium
of step (ii)
Molar ratio of reactants: when base is employed, 4 to
6 equivalents base, preferably sodium
hydroxide, per mole XV utilized in
step (1).

It is most preferred not to employ base in step (iii).



at nosphere that does not react with any of the reactants, integypihdbes Or
end products or otherwise interfere with the reaction. The product of each
process may, if desired, be purified by conventional techniques such as
recrystallization, chromatography or fractional distillation. Al
tenperatures are in degrees Centigrade and roomtenperature is 20 to 30C,
usual ly 20 to 25C unl ess otherw se indicated; evaporations are done under
vacuum enpl oying m nimal heating, drying of organic phases is done over
anhydr ous magnesi um sul fate, and unless otherw se indicated, silica gel is
utilized for all colum chronmatographie83-1t will be appreciated that the
process variants disclosed with the present invention are inprovenents over
known simlar processes; they may be used to obtaln the desired end
products, 8.. eGereradbeoenditdens appilicablroite 3 pegnsesoi ¢ aci ds and
derivatives thereof, e.g. rmre ea5|ly, or in e.g. a greater state of

chem cal or optical purity than can be achieved with conventional nethods.
The above process variants nmay each be used either separately together W th
conventi onal e I [ gn,

arrive at thepﬂééesgleragd&eegqmtl)é%gu%ﬁhwq&ti?{:]p r%g%)% hEPeirP% [E%tc enbodl ment
A speci fi cexemplasyr and orayobet Yarigdnetnlisi avidenity &0 (R.f)‘ﬁceE)tOfdéhél’e)f Isfit By dnhe
above procggs,y@riants concerns the preparation of

Steps (i) and (ii) of process A (including subprocesses Aa and Ab
and the variants thereof), steps (i) and (ii) of process B and,
preferably, step (iv) of subprocess Aa are preferably carried out
under anhydrous conditions and an inert atmosphere, preferably dry
helium, argon or nitrogen, or a mixture thereof, usually dry nitrogen.
Step (i1ii) of process A (including subprocesses Aa and Ab and the
variants thereof) and process B are often, but need not be, carried
out under an inert atmosphere.

Likewise, most of the temperature ranges given above are merely
exemplary. All temperatures are internal temperatures, unless
othervise indicated. As utilized above, the term "reaction medium"
embraces mixtures of liquids and implies that the reaction medium is a
liquid at the desired reaction temperature. It should, therefore, be
understood that not all of the liquids listed for a particular step
may be utilized for the entire recited temperature range. It should
also be understood that the reaction medium must be at least
substantially inert to the reactants employed, intermediates generated
and end products under the reaction conditions utilized. It should be
understood that the reaction temperature may exceed the boiling point
of a reactant or the reaction medium if a condenser or a closed system
(reaction bomb) is utilized.

The reaction times set forth above are also merely exemplary and

may be varied.



erythro-(E)-3, 5-dihydroxy-7-[3" -(4"-fluorophenyl)-1'-

(1"-met hyl et hyl )indol -2'-yl]-hept-6-enoic acid of formula la F P8 March280§ cx
cx-cxl-coo H NN OHOH CH \CH | in racemc or optically pure form in
free acid, salt, ester or S-lactone, i.e. internal ester, form (la) in a
mul ti step process using all the above process variants, nanely processes A,
B and the stereosel ective reduction of a conpound of formula Il, and
conprising: - according to process A a) reacting a conpound of fornula
Villa OHC- - N(R12b)R13 (VIiIla) wherein R12b and R13 are as defined above, 28
March 2006 - 56 with a conpound of form4sa I X, optionally in an inert
anhydrous organic nedium to forma correspondi ng conpound of forrmula Xc Xa
- CH=N~(R12b) R13 Xa (Xc) wherein Xa, Rl12b and R13 are as defined above; b)

reacting that ¢pnpqyngd; of HeOURA¥ A ¥6d that conventional wvork-up procedures

may be employed. The term "solvent"”, as utilized herein, embraces
mixtures of solvents and implies that the reaction medium is a liquid
at the desired reaction temperature. Unless indicated otherwise all
solvent mixtures are by volume. The term "inert atmosphere" means an
atmosphere that does not react with any of the reactants,
intermediates or end products or otherwise interfere with the
reaction.

The product of each process may, if desired, be purified by
conventional techniques such as recrystallization, chromatography or
fractional distillation.

All temperatures are in degrees Centigrade and room temperature
is 20° to 30°C, usually 20° to 25°C unless otherwise indicated;
evaporations are done under vacuum employing minimal heating, drying
of organic phases is done over anhydrous magnesium sulfate, and unless
othervise indicated, silica gel is utilized for all column

chromatographies.

It will be appreciated that the process variants disclosed with
the present invention are improvements over known similar processes;
they may be used to obtain the desired end products, i.e.
7-substituted-hept-6-enoic and -hepﬁanoic acids and derivatives
thereof, e.g. more easily, or in e.g. a greater state of chemical or

optical purity than can be achieved with conventional methods.

The above process variants may each be used either separately
together with conventional processes or, if desired or indicated, in

combination, to arrive at the desired end products.



with a conpound of fornmula XI, optionally in an inert anhydr 0“523&%%%86
medium to forma correspondi ng conpound of fornula Xllc (E) -

CH=CH CH=N+(R12b) R13 Xa (XlIlc) wherein R12b, R13, R' and X. are as defined
above; c¢) hydrolyzing that conmpound of formula Xllc to obtain a

correspondi ng conpound of fornula VIlc in free base or acid addition salt
formand, if in acid addition salt form neutralizing the acid addition
salt with base; according to process B: d) reacting that conpound of formula
VIlc wth a conpound of formula XV or wi$sr a conpound sel ected from oxal yl
chl oride or brom de; phosgene or carbonyl brom de; phosphorus trichloride or
tribromde; phosphorus pentachloride or pentabrom de; and an al kyl- or

aryl sul fony, ¢hdQrrkdeesodbiient de, such as p-tol uenesul fonyl chloride or
brom de or neThanesurtonyl chloride or bromde; to forma correspondi ng
compound of formula XVI and the correspondi ng anion, e.g. 28 March 2006 -57
e) reacting that conpound of fornmula XVI with

3-(4' -fluorophenyl)-1-(1'-methylethyl)-|Hindol t he conpound of formula

SVLL wher of ' oA AHackE art S TAATAS SN ORFne SReERE AN RRE A CaRERG i s

p- f1 uor ophepyb1yi9gf eheNadoCerpreapendiarganaeonaekmf therpaeparaddonl atF . / H
erythro-(E)-3,5-dihydroxy-7-[3’-(4"-fluorophenyl)-1’-
(1"-methylethyl)indol-2’-yl]-hept-6-enoic acid of formula Ia

F

H

/
o=C Ia)
1/ N CH=CHy—CH=CH1—CO0 H (

NH - -
e oH oH
N
c}{, CHs
t

in racemic or optically pure form; in free acid, salt, ester or

$-lactone, i.e. internal ester, form,

in a multistep process using all the above process variants, namely
processes A, B and the stereoselective reduction of a compound of

formula II, and comprising:

- according to process A:

a) reacting a compound of formula VIIIa

OHC- - N(Ri2p)Ry3 (VIIIa)

wherein Ry, and Ry; are as defined above,



-C-N(RIt6x) Rj cs(ca3)2 and the correspondi ng anion, e.g. -P é beﬁ 0
wherein R12b, R13 and X. are as defined above; (XVilla) f) hydr é?c §%%hat
conmpound of forrmula XVilla to obtain

(E)-3-(3 -(4"-fluorophenyl)-1'"-(1"-met hyl ethyl)-1Hindol -2'-yl |- prop-2-enal
(the compound of fornmula Va wherein R5 and R6 are hydrogen, R7 is
1-methylethyl and R6 is p-fluorophenyl); g) reacting that conpound of
formula Va with the dianion of an acett6acetic ester of fornmula
CH3COCH2COOR1 wherein Rl is as defined above, to obtain a corresponding
conpound of forrmula Ila c-c H CHCH2 u-CH2-COO IIl OK O CH CH FH

wherei n Rl i VB: d 1 l 28 March
2006 - 55 L3 SRR, O RARAIS, JphAREE & Rl BhLEBL: BBHE e S
st er eoseligqbiny elcprregdudinggontpeund o fivreuda Xopti cal |y pure conpound of
formula I'la by,

X, - CH=N"(R;,)R;  X,- (Xc)
wherein X, R ,, and R, are as defined above;

b) reacting that compound of formula Xc
with a compound of formula XI, optionally in an inert anhydrous organic medium,
to form a corresponding compound of formula XIlc

(E) - R,,0 - CH=CH-CH=N*(R,,)R,;;, X, (XIIc)

a

wherein R, R};, R}, and X, are as defined above;

c) hydrolyzing that compound of formula XIIc to obtain a corresponding compound of
formula VIIc in free base or acid addition salt form and, if in acid addition salt

form, neutralizing the acid addition salt with base;

according to process B:
- d) reacting that compound of formula Vllc
with a compound of formula XV or
with a compound selected from oxalyl chloride or bromide;
phosgene or carbonyl bromide; phosphorus trichloride or tribromide;
phosphorus pentachloride or pentabromide; and an alkyl- or arylsulfonyl
chloride or bromide, such as p-toluenesulfonyl chloride or broinide or
methanesulfonyl chloride or bromide;
to form a corresponding compound of formula XVI and the corresponding anion,

e.g."P0,(X),;



i. afirst step [- step (a) under 5. above], m xing a conpound of f(aé | a
1l with sodi um borohydride (NaBH4) in a reaction nedi um conﬁ?i“?fct'?gf

al cohol and tetrahydrofuran; in a second step [- step (b) under 5. above],
treating a conpound of fornmula Ila in racemc or optically pure formwth
the resultant m xture under conditions suitable to obtain a m xture
containing a cyclic boronate conpound of forrmula IV(a) and/or a boron
conplex of f:-Tula IV(b) wherein Ris

(3-(4'-fluorophenyl)-1-(1"-nethyl et hyl )-}fl-i ndol]-2-yl, xis -CHCH and R
and R3 are as defined above; and 1- a third step [- step (c) under 5.
above], cleaving the product obtained in the second step to obtain the
conmpound Gf |.a i ester for L jc or optically pure form
and i) ifeqdéé%{e{g,g Ellba?ltvé:rgf’i)%ugndteﬁg g%r%(%ﬁg}g’r%%q%r mula la in ester form by
convent i onal nEdis-fhicrophenyl)ed-ati-cheftbygthyl3alk-ihdohe (ahé urdmpennd est er
formor the S ia b i : e far onpound of fornula la
may be in freeéﬁgitog@&saalxy?Ie%}{Lter%FLg%’ %ﬁﬁa%:ét oar{g,ﬁqqlggeﬁh{@r Aal ester, form
It preferably I-gethyetdelaaid Reoks sprfiluopopdfeaydbl y al kaline salt, especially
sodiumsalt f t I s ¥ ol Sard cem , atively, optically
pure (3R 595 & ?ﬁgﬁﬁg‘%@?%%ﬁ%@#ﬁg ?%dpggégcﬁeﬁ;}fl%ﬁlhsa ?giffaagem c form As
appears from forrmula la that fg is the erythro form 28 March 2006 -59 It
wi || be appreciated that spjeci fic enbodi ment illustrated

(XVIIiia)

CH(CE3)2

and the corresponding anion, e.g. ~“P0;(Xy)i,

wherein R;;,, R;3 and X, are as defined above;

£f) hydrolyzing that compound of formula XVIIIa to obtain
(E)-3-[3'-(4"~fluorophenyl)-1/-(1"-methylethyl)-1H-indol-2’-yl]-
prop-2-enal (the compound of formula Va wherein Rs and R¢ are

hydrogen, R; is l-methylethyl and Ry is p-fluorophenyl);

g) reacting that compound of formula Va with the dianion of an
acetoacetic ester of formula CH;COCB,COOR; wherein R; is as defined
above,

to obtain a corresponding compound of formula IIa
F

H (ITa)
C C/
7"/ a:-qn—-ﬁ-cxz—cooﬂ.
/X ou °
cHy €y

wvherein R; is as defined above; in racemic or optically pure form;



under 9. is effected either in accordance with the procedures éy@%%ﬁﬁﬁg
with this invention or, for sone of the steps, in accordance

procedures known in the art. Thus - steps a), b) and c) are effected as
descri bed above under 7.1. for subprocess Ab, especially steps i), ii) and,
respectively, iii) thereof, e.g. according to variants Abl, Ab2 and/or Ab3
of subprocess Ab; steps a) and b) may thus e.g. be carried out

si mul t aneously as descri bed above for process A - steps d), e) and f) are
effected as descri bed above under 7.2. fLeg. process B, especially steps i),
ii) and, respectively, i1ii) thereof; - step g) is effected according to

procedures published, e.g. in USP 4 739 073, especially in Reaction Schene |

on col um § Aackdi EXARB 6t breoSehiven: GRlc4IDn 4dclgE POl | - step ) is
effected as escrlﬁed abo¥e under 5.; - step i) is cted in conventi onal
manner, e. é%redégjcer‘itﬂga Y redusprg t?:?grﬁeﬁéﬁcegbe?ﬂt FRYLY PURREAMPEHRSChenes
| (Reactions (€ fobmubndIk) bpn col umm 9; Reaction Schenme Il (Reaction L) on
colum 11; Reaction Schene VIII (Reaction EE) on columm 16; and in Exanpl es
6(a), 6(b), 6(c), 8 and 9 on colums 49 and 50 and 52 and 53 thereof,

V\:hhel’ egy THE nays &dr@ntﬁ@pomlyebe(iﬁmhaseob bybew}?,n@hgidm at bemﬁoeﬁeg@lf Fart of
the above stereo e redyct i ra ompoynd o
fornula Ila i* ’ﬁ’ d%é’:iéf’n Ciéiiul"s&ﬁi’gg?ﬁ) (Nﬁgﬁ‘e) gBeﬁl’é'ﬁF%T ”BH?W whi ch

facilitates tdagrisbhgtanoaledholaane! edtivakeydrofarenpure conpound of fornula |
than with a group Rl such as nethyl. Further, surprisingly, the conpound of

formula |I obtained
i= a second step [= step (b) under 5. above], treating a compound

of formula IIa in racemic or optically pure form with the resultant
m:xzure under conditions suitable to obtain a mixture containing a
cvilic boronate compound of formula IV(a) and/or a boron complex of
f-maula IV(b) wherein
R is [3-(4'-fluorophenyl)-1-(1l’-methylethyl)-1H-indol]-2-y1,
X is -CH=CH- and
R. and R; are as defined above; and

\ .
iz a third step [= step (c) under 5. above], cleaving.the product
ob:ained in the second step to obtain the compound of formula Ia in

es:er form; in racemic or optically pure form; and

i) if desired, converting the compound of formula Ia in ester form by
conventional means into the free acid form, a salt form, a further

es-er form or the &8-lactone, i.e. internal ester, form.

The compound of formula Ia may be in free acid, salt, ester or
§-laccone, i.e. internal ester, form. It preferably is in free acid
or salt, preferably alkaline salt, especially sodium salt form. It
preferably is in racemic or, alternatively, optically pure (3R,5S)
enantiomeric form, it especially is in racemic form. As appears from

formula Ia that form is the erythro form.



thereby is conpletely colourless, whereas it has always been obggap8d00sal e
yellow in earlier syntheses. 28 March 2006 -60 As nentioned previously, the
st ereosel ective reduction according to step h) above nay be effected with a
racem c or an optically pure conpound of forrmula Ila. An optically pure
conpound of forrmula Ila is obtained e.g. by chromatographic resolution of a
racem c conmpound of fornula Ila obtained in step g) or, preferably, by an
asymmetrical synthesis. Alternatively, resolution may be effected on a
subsequent step, or on the racem c end product. The starting materials for
this specific enbodinent of the invention are also known or nmay be prepared
in accordance with known procedures. Th®-preparation of

3-(4' -fluorophenyl)- 1-(1' -nethylethyl)-IHindole [a conmpound of formula
XVIl, see step e) _above] is disclosed in USP 4 739 073 as Exanple 5, Steps
1 to 3 on collintkl4beazrpresiatedirthrfigthe Speriticr gBRofiawat Hastratedt i on, of

course, ahsdkrCONCEY RF bRV PIiACREEEIatce Bt @NEhd W o8 LBLRQSPECI fi C
reduction praqcess individually, when aa&#ked to the preparation of the

conmpound ®FSFGERYIE thathls danerHen 8R» soRe (RfeAfe oTH&PS prisc egeprdanaet

speci fi callsh pesesdured ebmein2thdareh 2006 -61 10. Exanpl es The fol | ow ng
Exanples are i|lustrative of the invention. Al tenperatures are in degrees

Centi gr ade. T Udptical purity is
steps a), b) and ¢) are effected as described above under 7.1. for

subprocess Ab, especially steps i), ii) and, respectively, iii)
thereof, e.g. according to variants Abl, Ab2 and/or Ab3 of
subprocess Ab; steps a) and b) may thus e.g. be carried out
simultaneously as described above for process A:

- steps d), e) and f) are effected as described above under 7.2. for
process B, especially steps i), ii) and, respectively, iii) thereof;

- step g) is effected according to procedures‘published, e.g. in
USP 4 739 073, especially in Reaction Scheme I on column 8 and in
Example 5, Step_5 on column 47 thereof;

- step h) is effected as described above under 5.;

- step i) is effected in conventional manner, e.g. as described in
USP 4 739 073, especially in Reaction Schemes I (Reactions C, D
and E) on column 9; Reaction Scheme II (Reaction L) on column 11;
Reaction Scheme VIII (Reaction EE) on column 16; and in Examples
6(a), 6(b), 6(c), 8 and 9 on columns 49 and 50 and 52 and 53
thereof, whereby THF may advantageously be replaced by ethanol.

In the second part of the above stereoselective reduction step
h), preferably a compound of formula IIa is used wherein R, is
isopropyl or, especially, t-butyl, which facilitates the isolation of
a relatively more pure compound of formula I than with a group R; such
as methyl. Further, surprisingly, the compound of formula I obtained
thereby is completely colourless, whereas it has always been obtained

pale yellow in earlier syntheses.



expressed in percentage terns and thus e.g. "99.9 X pure erythg%hkﬁég@@g"
neans that there is at nost 0.9 %threo formin the conpound obtal ned.

10.1. Exanples for the stereosel ective reduction of a conmpound of fornula
Il to obtain a conpound of fornmula | Exanple 1:

(+)-Erythro-(E)-7-[3 -(4"-fluorophenyl)-1'"- (1"-nethyl ethyl)

i ndol -2' -yl ]-3,5-di hydroxyhept-6-enoic acid tert-butyl ester [Formula |I: R
- 3-(4'-fluorophenyl)-1-(1 -nmethylethyl)indol-2-yl; X- (E-CHCH; RL -
t-butyl; in racemc forn] (a) 47.67 g (1.26 noles) of sodium borohydride are
added to a solvent conprising 1.32 1 ofég;y tetrahydrofuran (THF) and 356
m of nethanol under nitrogen at about "=77. To the resulting solution is
added 102 m of 50% (4.09 H) diethyl net hoxyborane in THF over a 15 minute

period, and the fornpd m xture is stirred for an additional, 10 m nytes. (b)
500. 5 (0. a6 mERE] Loty T e Tur ot epeapes putiv befittion adtotdla;

f1 uor ophenyl 3tep h( libowet hyy ciehelf featal w2th \d Jrabeinldivoxsyn Ipax o0&kt pube €noi C
acid tert-hbutvl_ estef in,104 m THF and m . _of t hanol. at _a .t erature
of from al§8ﬁ?g‘fnfi4°%o£9:??&aaf1ea‘ad re‘dopgxrq(gﬁg\n?yse°u5\8/e$°mfp8u{‘%e°f %oﬂﬂl‘e??gr din
(a) over abpaineaddeog. hy5choenatogaaphicheesebulivnngf anratemie csmpdundrefl for an

addi ti onal ] e A f rate i (,C gl ution and
1.75 1 of fﬁgg‘%é?n?é@%féﬁg%"%“o%&ﬁéféﬁ %%g ?f;rf%ﬁgé%’c}"e% 6% tba%gﬁﬁr'%%%ﬁ%n. 500
of ethyl ®yathesdsisAltmmagiidely,andsehgipasudnt bageffected on a subsequent

step, or on the racemic end product.

The starting materials for this specific embodiment of the
invention are alsoc known or may be prepared in accordance with known
procedures. The preparation of 3-(4'—f1uorophehyl)-
1-(1’-methylethyl)~1H-indole [a compound of formula XVII, see step e)
above] is disclosed in USP 4 739 073 as Example 5, Steps 1 to 3 on
columns 44 and 45, starting from fluorobenzene.

The invention, of course, also concerns the above processes 4, B
and the stereospecific reduction process individually, when applied to
the preparation of the compound of formula Ia in combination with

conventional procedures not specifically described above.



mxture is diluted with 3.5 1 of water with stirring for 15 mi A&Mewh20q&e
tenperature of the m xture being about 10. The top organic |layer 1is
separated and washed several tinmes with a total of 2.4 1 of saturated sodi um
chloride solution, pH 7.5, and the organic layer is concentrated at 20-30
mm Hg at a maxi num external tenperature of about 45. To the organic residue
is added 375 ml of toluene, and the solvent is distilled at 20-30 nm Hg at
a maxi num external tenperature of about 4%. (c) 3.73 1 of ethyl acetate is
added to the obtained thick oil (the predom nantly cyclic boronate). 500 m
of 30X hydrogen peroxide solution (4.41 noles) is then added to the ethyl
acetate solygLi opxampllese maintaining an internal tenperature of from25 to 30
(the addition initrally being exothermic), and the reaction mxture is
stirred at 20 to 25 for about 2 hours until thin [ayer chromatography shows
no boronate preBentfollérelrngoBxampjasi aré ajidustsaniashef] the trevenitién. aatdt al of

2.22 1 of saturated sodiumchloride.sol.ution, 7.5, The t rgani c | ayer
is then septaepgfreacf,urﬁ/ﬁsﬁreed tnh?l%%retelsnggn%gtrﬁgg' t@?ﬁl °pfoif°ag.%fi%90fs 10% sodi um
sul fite solexpressedurhi petdentaggareiras| aryderthus e.fgretIvH fepurve deychibi | e
mai nt ai ni ng an_internal .t t yre_of . r | C yer 1S then
mashed tui csoeth W8S cfTRREAL HLTa ladky: 0 I (hOR FLIRNS b8 Sroeked. (T on,
pH 7.5 and dblteimed.vent is distilled at 20-30 nm Hg and a naxi num ext erna
tenperature of about 45. The residue is dissolved in 1.17 1 of refluxing
ethyl acetate, the mxture is filtered while hot, and the filtrate is -
stirred at 20 to 25 for 18 hours. The solids are collected by filtration,

dried undef hedysadoRESSEI ehé AL SOe3Q 1 PO dddlic Ao’ BE 2 WRRPGThdVEN 550 M

formula II to obtain a compound of formula I

Example 1l: (+)-Erythro-(R)-7-[3’-(4"-fluorophenyl)-1’-
(1"-methylethyl)indol-2’-y1}-3,5-dihydroxyhept-6-encic
acid tert-butyl ester

[Formula I: R = 3-(4’-fluorophenyl)-1-(1’-methylethyl)indol-2-yl;
X = (E)~-CH=CH-; R; = t-butyl; in racemic form]

(a) 47.67 g (1.26 moles) of-sodium borohydride are added to a solvent
comprising 1.32 1 of dry tetrahydrofuran (THF) and 356 ml of methanol
under nitrogen at about -77°. To the resulting solution is added

102 ml of 50X (4.09 M) diethylmethoxyborane in THP over a 15 minute
period, and the formed mixture is stirred for an additional

10 minutes.

(b) 300.5 g (0.464 mole) of 71.88 X pure (+)-(E)-7-[3’-(4"-
fluorophenyl)-1/-(1"-methylethyl)indol-2‘-yl]-5-hydroxy-3-oxchept-
6-enoic acid tert-butyl ester in 104 ml THF and 26 ml of methanol at a
temperature of from about -74° to -77°C are added dropwise over to the
mixture formed in (a) over a period of 1.5 hours, and the resulting
mixture is stirred for an additional 30 minutes. 720 ml of saturated

sodium bicarbonate solution and 1.75 1 of heptane are added to quench



of ethyl acetate/heptane (1:4), redissolved in 880 m of ethyl acetate and
stirred at anbient tenperature for 18 hours. The solids are col2BMarah@0Bs
filtration and washed with 480 m of ethyl acetate/heptane (1:2). The
solids are dried under reduced pressure to give a product of 114.5 g (MP.
135-137). 28 March 2006 -63 A second crop is obtained fromthe nother
liquors, to give a total yield of 149.5 g. The product has a chem cal
purity of 99.44% and is 99.67% pure erythro isonmer. It may be resolved into
two optically active enantioners, the #R- 55 and 3S, 5R of which the
former is preferred. Alternatively and preferably in step (a) one half of

the indicated anpunt sqQdi um hor.ohydri de, may be ed. Alternatively in
step (c) HRRIEERST SV ug‘g%gﬁbBEa‘?@y&oFgﬁﬁﬁ Ay eBea‘kgeeddaf‘ﬂ Meaceswitisgg o
hydrogen petwredes sidllutedvith28, SVir olf @0 vbvh Bxampiy Zor 15 minutes,
(t)-Erythro-(E)-7-13"-(4;-%l uorophenyl)-1'- R ,
(1" - met hyF2% h'ﬁ?"??#]t - oF -S}/‘Ie] E”?,’f%-rﬁi ﬁ?%f%)?)yﬂ‘ébtl-%-‘ eHi FOP 58 het HyieTest er
[ Formul a 1¢ depaXatedaand orasBednipdverh]l Rimes withyd total rofcend @ bern (a)
Sodi um borohydride i.s treated,in manner ogays,to Exanple 1, step (a),
Ut ] ngPaeE3 B S PSSR b et TR TS 7 (b S01aths §ERer B Labte)iSor
(t)-(E)-[&b(dEn{¢Qfed it uz0-@GohemyHg -at' a maximum external temperature of about
(17-methyled hyl)i ndoly: 227 LeddWd i QX ¥adsPX P06 o8 ENRlGe 203 TELNY!
solvent is distilled at 20-30 mm Hg at a maximum external temperature
of about 45°.

(¢) 3.73 1 of ethyl acetate is added to the obtained thick oil (the
predominantly cyclic boronate). 500 ml of 30X hydrogen peroxide
solution (4.41 moles) is then added to the ethyl acetate solution
vhile maintaining an internal temperature of from 25 to 30° (the
addition initially being exotﬁérmic), and the reaction mixture is
stirred at 20 to 25° for about 2 hours until thin layer chromatography
shows no boronate present. The top organic layer is washed twice with
a total of 2.22 1 of saturated sodium chloride solution, pH 7.5. The
top organic layer is then separated, washed three times with a total
of 2.61 1 of 10X sodium sulfite solution (until the organic layer is
free of peroxide) while maintaining an internal temperature of 25°.
The top organic layer is then washed twice with a total of 1.72 1 of
saturated sodium chloride solution, pH 7.5 and the solvent is
distilled at 20-30 mm Hg and a maximum exterhal temperature of about
45°. The residue is dissolved in 1.17 1 of refluxing ethyl acetate,
the mixture is filtered while hot, and the filtrate is stirred at 20
to 25° for 18 hours. The solids are collected by filtration, dried
under reduced pressure (about 20-30 mm Hg) at 25°C, washed with 550 ml
of ethyl acetate/heptane (l:4), redissolved in 880 ml of ethyl acetate
and stirred at ambient temperature for 18 hours. The solids are
collected by filtration and washed with 480 ml of ethyl
acetate/heptane (1:2). The solids are dried under reduced pressure to
give a product of 114.5 g (M.P. 135-137°).



ester is treated anal ogously to Exanple 1, step (b) but diIutiq& S ch 2006
effected with 1.42 1 of water and 1.185 1 of heptane, instead o I% g1ﬁ

wat er alone. (c) To the organic residue (the predom nantly cyclic boronate)
is added 2.375 1 of ethyl acetate and the m xture is treated with 264 ni

of 30 X hydrogen peroxide solution (2.328 noles) and worked up as descri bed
": Exanple 1, step (c). The residue is then dissolved in 130 m of

i sopropanol. The mixture is heated to refluxing tenperature. Wile hot, 14
g of boric are added and refluxing is continued for 15 mnutes. The m xture
is then filtered and the filtrate is stirred at 20° to 25 for 18 hours.
The solids are collected by filtration-6%ashed with 100 m of isopropanol,
and dried under reduced pressure to give a product of .110 g (80 %yield).
The product is redissolved in nethanol and recrystalllzed [MP. 124-126'1.
The product i sA $®cord }qenr &s erbtahped riroanshe nothey diqnersbaorgkwe aed into
two opti Catlotgﬂ%te'lﬂn@f 5149t b 3Rhe5Ft@dQQt3l$as Ren&fi W Gl flehjeof YoTREY 1S

preferred. 28 NVar ch

(+) - Eryt hrgd(i %3, é7d| GrE&X@EliS‘{@FT f FgtagphRentasplved into two

-4 - (1" n%rphﬂﬁtﬂ}yhazﬂve ahsﬁwmlelflsl N2z} -8 aid|39)8R} -0 680k Chaci d
tert-butyl ester, (Formula I:

1-(4'-fIuéPéBﬁ%ﬂ?lPrﬂﬁi?Pednethylethyl) 2-phenyl - 1Hinidazol -5-yl; X -
(B)-CE"CE-; Rlalterfativdlyyhnd prafésiblydSh- enegniaprovel BaIOoH the

indicated amount of sodium borohydride may be used.
Alternatively in step (c) aqueous sodium perborate solution may

be used in place of 30 X hydrogen peroxide solution .



(a) 10.27 g (0.27 nole) of sodium borohydride are added to a solg\@ith 2006
conprising 1.67 liter of dry THE and 513 ml of nethanol under nitrogen at
about -76. To the resulting solution is added 387 m of 15 X

di et hyl met hoxyborane in THP over a 30 minute period, while maintaining the
internal tenperature below -77.5, and the formed m xture is stirred for an
additional 5 mnutes. (b) 110 g (0.223 nole) of

(59)-(E)-7-[1"-(4"-fl uorophenyl)-4'-

(1"-met hyl et hyl)-2'-phenyl - 1H i m dazol -564'yl ] - 5- hydr oxy- 3- oxohept - 6-enoi c
acid tert-butyl ester in 304 mM of THE and 76 ml of nethanol at a
tenperature of. ahout, -74 to -77_ar d opwi se to the mxture forned in
(a) over gzéﬁﬁligg‘of(¥ e, s (E £ BTy e tion is stirred at
-76.5 for six hours. @>5mathydfethgh)j-+imdbbe ‘aydpal \fnddhydaoxghep s-s-arsiadded to
guench the reaction, tq% méﬁﬂeragurre bei ng mai ntai ned at about -65." 950 m
of ethyl acetate, 9 and 1.13 liter of water are added, the
tenperature of the m xture being about 5, and the mxture is stirred for 15
m nut es, he resultingtenperature of the m xtur eing about 5. The top

or gani ¢ Ié?/%?m%ls? gépaﬁrlatxean%n 0\%\/;155’?13@ flgui(;’cg‘ésfv%@y\?\ltﬂ’géa%‘?%ﬂ §8fm]}1].4 1 of
saturated sodium chloride solution (pH 7.5), and the solvent is distilled

at 20 to 30 t X] X e opt A45. 28 . March
2006 - 66 (&) Sodeuf oA P LA TP RN Bnloga B3OS R 1 (1 ne
predom nastey @l bet bedogal®e):. dBethyimedfoxydoxarns dnof®h peroxi de sol ution
(3 noles) is then slowy added so as to naintain an internal

(b) 118.5 g (0.28 mole) of (z)-(E)-[7-(3’-(4"- fluorophenyl)-1’/-
(1"-methy1ethyl)indol—2'-yl]—Séhydroxy-3-oxohept-6-enoic acid methyl
ester is treated analogously to Example 1, step (b) but dilution is
effected with 1.42 1 of water and 1.185 1 of heptane, instead of 3.5 1

of water alone.

(¢) To the organic residue (the predominantly cyclic boronate) is
added 2.375 1 of éthyl acetate and the mixture is treated with 264 ml
of 30 %X hydrogen peroxide solution (2.328 moles) and worked up as
described :: Example 1, step (c¢). The residue is then dissolved in
130 ml of isopropanol. The mixture is heated to refluxing
temperature. While hot, 14 g of boric are added and refluxing is
continued for 15 minutes. The mixture is then filtered and the
filtrate is stirred at 20° to 25° for 18 hours. The solids are
collected by filtration, washed with 100 ml of isopropanol, and dried
under reduced pressure to give a product of 110 g (80 X yield). The
product is redissolved in methanol and recrystallized [M.P. 124-126°].
The product is 99.07 X pure erythro racemate, which may be resolved
into two optical enantiomers, the 3R,5S and 3S,5R, of which the former

is preferred.



temperature of 20 to 25, and the reaction mxture is stirred at,20. % 0,°
for about 3 hours until thin |ayer chromatography shows no bor onat 6
present. The top organic |layer is washed twice with a total of 1.6 1 of
saturated sodium chloride solution, pH 7.5. The top organic layer is then
separated, washed three tines (for ten mnutes each tine) with a total of
1.5 1 of 10 %sodiumsulfite solution (until the organic |layer is free of
peroxide) while nmaintaining an internal tenperature of 25. The top organic
layer is washed with 600 m of saturate8sodi umchloride solution (pH 7.5).
The solvent is distilled at 20 to 30 nm Hg at a maxi mum ext er nal
tenperature of_ ahout 45. 106 g _of crude i's obtained. Purification
of 0.68 ggﬁfﬂﬂlﬂaé’crﬁtpe' atvaatara VY A=Y S~ HEne — by : IPBeAMAgr aphy
using ethyl acetat e/ hexgne-fdhdle iyl cpheayil - 18 1lidapel 49 Oy I'D-hielk P.
143-145), which is ggomn,by NAR analysis to confain the erythro 1soner in
98.78% purity (thereJﬁﬁfﬁéJHEELﬁEéBﬂﬁgﬁiaﬁﬁﬁﬁésent); [al 20 a + 6.49 (c
0.77, CH2C12). 28 March 2006 -67 Exanple 4: (3R

5S) - Eryt hr o- di hydroxy-6-tri{yl Qxyhexanoi ci.d tert-butyl ester [Formula
lu: u = trliFPWuf]laR.&t %mf}fﬁ?l-ﬁm(@e -wéﬁrfﬂ&erineﬁ?yc}ﬁﬁFY%%)z-shwlg (148. 4
mol es) of sodi um borohydgifigidazelagldad to a solvent conprising 990 m of
dry THP and 280 m of netg§q$# gng nitrogen at about -76. The tenperature
i ncreases to about - 7%= F8)-YHEEFERH i AGTEANYFON i s added 129.7 m of 15 X

di et hyl met hoxybor ane in f3XHES Xdreapmt someaver faamd0 m nute period, and the
formed m xture is :

£

(a) 10.27 g (0.27 mole) of sodium borohydride are added to a solvent
comprising 1.67 liter of dry THF and 513 ml of methanol under nitrogen
at about -76°. To the resulting solution is added 387 ml of 15 %
diethylmethoxyborane in THP over a 30 minute period, while maintaining
the internal temperature below -77.5°, and the formed mixture is

stirred for an additional 5 minutes.

(b) 110 g (0.223 mole) of (5S)-(E)-7-[{1’-(4"-fluorophenyl)-4’-
(1"-methylethyl)-2’-phenyl-1H-imidazol-5’-yl]-5-hydroxy-3-oxohept-
6-enoic acid tert-butyl ester in 304 ml of THF and 76 ml of methanol
at a temperature of about -74° to -77° are added dropwise to the
mixture formed in (a) over a period of two hours. The resulting
yellow solution is stirred at -76.5° for six hours. 425 ml of
saturated ammonium chloride is then added to quench the reaction, the
tempefature being maintained at about -65°. 950 ml of ethyl acetate,
950 ml of hexane and 1.13 liter of water are added, the temperature of
the mixture being about 5°, and the mixture is stirred for 15 minutes,
the resulting temperature of the mixture being about 5°. The top
organic layer is separated and washed successively with a total of

1.4 1 of saturated sodium chloride solution (pH 7.5), and the solvent
is distilled at 20 to 30 mm Hg at a maximum external tehperature of
about 45°.



stirred for an additional 10 mnutes at from-77 to -76. (b) SG:QJiQ.%gﬁ
nmol e) of (S)-5-hydroxy-6-trityl oxy-3-o0oxo0-hexanoic acid t-butyl F 12008
165 m of THE and 41 ml of nmethanol at a tenperature of fromabout -77 to
-75 are added dropwise to the mxture formed in (a) over a period of 40

m nutes, and the resulting mxture is stirred for an additional two hours
at from-77 to -750. 156 m of saturated anmmoni um chl oride solution is
added to quench the reaction. 500 m of ethyl acetate, 500 m of heptane
and 600 mM of water are then added. The top organic |ayer is separated and
washed successively with a total of 60Q.m of saturated sodium chloride
solution, pH 7.5, and the organic layer 1's concentrated at 20 to 30 nm Hg
at a maxi mum ext er nal tenperature of about 45. (c) 793 m of ethyl acetate
i s added i,pe I i Cr tal a t he
cyclic bo{cgna?efgqig &%tggffcﬁtg?%d%ﬁasg%gm dém!so tBEEg’O I P e?/es) i's

t hen sl ovwrgﬁdadd;lwtlandycltihebpw@ttlem 4ot mk eof §OsZ|h)rde‘dgérorpeabmme 3 hours
until thi r 0, te h rgani c
aver 1o SoRLEL (REETE A3 SR SPONE JH5R 4 PUR" €0 BRRERL 2] iFnd¥BaP oy de
sol uti on, tem—ae?a@rérhé 20D tor gahi @nbaykke riegctinmnigpeneatedstinastet 20Rr ee
tinmes (fo t,en I f % sodi um
sulfite sg uz'?l o?{é&??teﬁ%}auﬁ g’)ﬁy fﬁ;lyrgrlg?%la crhgém%{o@fgbw Shﬁ;g 6 -68

per oxi de) bawsinpée rerieseat ni F§eakrn vreamkd legapersavaskedbftviee vilb a gptabr ganic
layer is fhanewasdiedasueseassydlun Whide@et 96 Ati0h, 2;%)7'115 OfrheSgdg!r at ed

sodi um chloride solution, pH 7.5, and the solvent
: organic layer is then separated, washed three times (for ten minutes

each time) with a total of 1.5 1 of 10 X sodium sulfite solution
(until the organic layer is free of peroxide) while maintaining an
internal temperature of 25°. The top organic layer is washed with

600 ml of saturated sodium chloride solution (pB 7.5). The solvent is
distilled at 20 to 30 mm Hg at a maximum external temperature of about
45°. 106 g of crude material is obtained. Purification of 0.68 g of
the crude dihydroxy ester is done by column chromatography using ethyl
acetate/hexane (1l:2) as the eluant, yielding 490 mg (M.P. 143-145°),
which is shown by NMR analysis to contain the erythro isomer in 98.78%
purity (there being no threo isomer present); [a«]p?? = + 6.49° (c =
0.77, CH;Cl;).



distilled at 20-30 mm Hg and a maxi mnum external tenperature of ﬁﬂ@# mﬁﬁ.
54.3 g of the crude di hydroxy conpound (M P. 84-86) are obtain dklc S

indicated to contain 99.19 X erythro isoner; [[err]]D20 = - 5.59 (c = 1.6,
CH=C12). 28 March 2006 -69 10.2. Exanples for the preparation of
I nternmedi ates of fornmula VII by process A Exanple 5:

3-(N, N-Di net hyl am no)acrolein [= (E)-3-(N, N-Di net hyl am no) prop- 2-enal ]
[Formula VII: R12, R13 - nmethyl] [ Subprocess Aa] Step (i): A 12 1 four-neck
round bottom fl ask equi pped with a stirrer, brine-filled condenser,

t hermronet er, caustic scrubber, additio®7unnel and cooling bath is charged,
under a blanket of nitrogen, with 4.0 1 of nethylene chloride and 438 g
(5.99 noles) of N, N-dinethylformam de. The solution is cooled to 7, and 860
g (6.8 nokemiplefsox&BR|SHETY I birp-idd hpdichxy-6veri tylpeyhexdnoic 2c8dhours at  a
rate such that "ttlﬁeP{lﬂﬂaioéyﬁﬂl and/or reagent is swept into the
condenser, while mai nperature of the reaction mxture at 5
to 10. A white solid formns. Step (ii): 483 g (6.7 noles) of ethyl vinyl
ether is pggya Ny Ot g t ng a

maxi num terrpe?%t?\tjl‘r%{e of p%t?g (ZHS' :it he&tgﬁl tmi“gﬁ(t eF}r(\\%HJ\}gﬁgPieJ;c’;t%hm

brown-red solution results. The reaction m xture is heated at 37 to 38 for

S0 mnutegs) rsiéigl 0948 ARl MR6E: s ARG SHUEYLENECUR d§ &5 possible
solvent comprising 990 ml of dry THF and 280 ml of methanol under

nitrogen at about -76°. The temperature increases to about -74°. To
the resulting solution is added 129.7 ml of 15 X diethylmethoxyborane
in THF dropwise over a 20 minute period, and the formed mixture is

stirred for an additional 10 minutes at from -77° to -76°9.

(b) 56 g (0.122 mmole) of (3)-5-hydroxy-6-trityloxy-3-oxo-hexanoic
acid t-butyl ester in 165 ml of THF and 41 ml of methanol at a
temperature of from about -77° to -75° are added dropwise to the
mixture formed in (a) over a period of 40 minutes, and the resulting
mixture is stirred for an additional two hours at from -77° to -75°.
156 ml of saturated ammonium chloride solution is added to quench the
reaction. 500 ml of ethyl acetate, 500 ml of heptane and 600 ml of
wvater are then added. The fop organic layer is separated and washed
successively with a total of 600 ml of saturated sodium chloride
solution, pH 7.5, and the organic layer is concentrated at 20 to 30 mm

Hg at a maximum external temperature of about 45°.

(e) 793 ml of ethyl acetate is added to the obtained organic residue
(containing predominantly the cyclic boronate). 79 ml of

30 X hydrogen peroxide solution (0.7 moles) is then slowly added, and
the reaction mixture is stirred for about 3 hours until thin layer
chromatography shows no boronate present. The top organic layer is
wvashed twice with a total of 400 ml of saturated sodium chloride
solution, pH 7.5. The top organic layer is then separated, washed
three times (for ten minutes each time) with a total of 576 ml of

10% sodium sulfite solution (until the organic layer is free of



recovered by distillation at 30 to 40 nm Hg and 45 and, after t

distillation ceases, the reaction mxture is nmaintained at 30 ngfyﬁmh§%§ 45
for 30 mnutes to obtain a dark brown stirrable oil. Step (iii): The
reaction mxture is cooled to 20, and 450 ml of water is added over a
period of about 30 mnutes; the exothermis allowed to raise the
tenperature to 60, and this tenperature is naintained for the bal ance of
the addition. The m xture is stirred at 500 to 60 for 30 m nutes and cool ed
to 20. A solution of 1.71 kg 28 March 20@6--70 (12.35 noles) of anhydrous
pot assi um carbonate in 3.6 1 of water is added over a period of 30 to 45
mnutes while maintaining the tenperature at 20 to 22. The aqueous | ayer is

extract ed parbRide)l vRile TRUAYARIIQCHA Oinitdenal henpoid iren®t MsleenertGhk gy i de

| ayer is separft%gj and ghe t%gg gqueous #qégrﬁés extracted four tines with
1 1 porti &F82Btc 12gehyAL A8 RIS AT UeRTastYS thA dREaL LU IpRESes are
conbi ned, sadutg£ekdogedibd@hYonfdeasbyativng sHA.GM snd frakesslv@ntiid ered, and
the solid,is,washe i.ce with 250 m_ portions_of, methyl ene ch] oride. The
wnshi ngs 8L 8F JAT0°aB e B8 A Rr A8 Ao S FRBRE T  g iabEe:

possi bl e i4§5°t ecinér gdobythdi studel dthydroxy 2éhpoand0 (MPHO84ABE°¥5%rde0 oObtain a
thick stirrable oil,.Step (iy): The oil is. cqgl Q. 20, 500 nm o hanol
i s added, °tbﬁ%m d()’xf"m%% it g:%%gcé‘éefloml(ffmgﬁﬁl gg'géj(‘[l.‘-‘ I Reii Lﬁ@ rous

di met hyl am reSi39°added Wi, | €€, 0t ai ni ng a maxi num tenperature of 20. As
much sol vent as possible is recovered by distillation at 20 to 30 nm Hg and
70, the pressure is lowered to 3 to 4 mmHg, and :



distillation is continued while gradually raising the tenperatug; ug&g%
reaches 120 and the vapor tenperature reaches 115 to obtain Mere b pur e
product as an oil (412 g; yield 62 % H. P. of pure product 271-272.8). 28
March 2006 -71- Exanple 6: 3-(N Methyl-N phenylam no)acrolein [a
(E)-3- (N-Met hyl - N- phenyl am no) prop-2-enal] [Formula VII: R12 a phenyl; R13
= nmet hyl] [ Subprocess Ab, variant Abl] Step (i): A 12 1 four-neck round
bottom fl ask equi pped with a stirrer, brine-filled condenser, thernoneter,
caustic scrubber, addition funnel and-68eling bath is charged, under a
bl anket of nitrogen, with 3.0 1 of nethylene chloride and 1.02 kg (7.4
nol es) of N-nethylformanilide. The solution is cooled to 15, and 1.10 kg
(8.67 nolEne.ofExamplys fivll ohe dereparadidadobvirteanpdidted of fbrhubourg at a
rate such that ﬂitékgkég‘Ano solvent and/or reagent is swept into the bottom
of the brine-fi nser, while maintaining a tenperature of 15 to 17
under gentle refluxing. The reaction mxture is slowy warned to 43 over a
period of g, Ief e 45 to obtain a clear yellow
D et on gl s: STONKED: h0 A ROMD o B 95 es) of ethyl vinyl
ether is added over a period of 40 to 60 mnutes while maintaining a
HHX|nun1tenperature of s | bei ery exothermc. The
resul ting brown-red SC)%hIO&ﬁI?%ﬁ% p§333§§§§398 %dg%% 30 mi nutes, refluxing
taking place, and is cooled to 15.

(Formula VII: R;;, R;3 = methyl]

[Subprocess Aa]

Step (i): A 12 1 four-neck round bottom flask equipped with a
stirrer, brine-filled condenser, thermometer, caustic scrubber,
addition funnel and cooling bath is charged,.under a blanket of
nitrogen, with 4.0 1 of methylene chloride and 438 g (5.99 moles) of
N,N-dimethylformamide. The solution is cooled to 7°, and 860 g

(6.8 moles) of oxalyl chloride is added over a period of 2.5 hours at
a rate such that little or no solvent and/or reagent is swept into the
condenser, while maintaining the temperature of the.reaction mixture

at 5° to 10°. A white solid forms.

Step (ii): 483 g (6.7 moles) of ethyl vinyl ether is added over a
period of 30 to 60 minutes while maintaining a maximum temperature of
25° to 28°, the addition being very exothermic. A brown-red solution
results. The reaction mixture is heated at 37° to 38° for 30 minutes,
refluxing taking place. As much methylene chloride as possible is
recovered by distillation at 30 to 40 mm Bg and 45° and, after the
distillation ceases, the reaction mixture is maintained at 30 mm Hg

and 45° for 30 minutes to obtain a dark brown stirrable oil.

Step (iii): The reaction mixture is cooled to 20°, and 450 ml of
vater is added over a period of about 30 minutes; the exotherm is
allowved to raise the temperature to 60°, and this temperature is
maintained for the balance of the addition. The mixture is stirred at

50° to 60° for 30 minutes and cooled to 20°. A solution of 1.71 kg



Step (iii): A solution of 960 g (9.05 noles) of anhydrous sodi car, ate
in 4.5 1 of water is added over a period of 45 to 60 m nutes %HWPg%QB&Q
mai ntai ning a tenperature of 22 to 30, the addition being very exothermc.
The m xture is stirred at 22 to 25 for 15 mnutes and allowed to stand for
15 mnutes to permt separation into two phases. The organic phase is
separated, and the aqueous phase is extracted wth 1.25 1 of nethyl ene
chl oride. The nethylene chloride extract_is 28 March 2006 -72 conbi ned with
t he previous organi c phase, and the comdibred solution is extracted with 1 1
of water. The aqueous extract is back extracted wth 250 m of nethyl ene
chloride and this neth¥leq§ chl ori de e¥tract IS Cfnpg%eg wth the previous
organi ¢ phiees PRL&RICRT ARNH NS POIAESHYHE25RM0Esi B+ 6 & PE3Fer ebf by
di still at kddedabved a @edDodmofHI0 eNdS6Ainemed thider asimkadihing lthes heated at 20
to 30 nm Hg and_60 t o for,,4 hqurs to obtain the 83.5 % pure pyaduct as
an oil (1-99STREIre fl(%e?@ J6 #204 %J.]!‘IS. a%‘f“ﬁfﬁrgaypﬁ;oaﬂc?x"fﬁﬁt?‘gé’é.tﬁ‘;Icl\zh Bt of
pur e produethyléfe &hlbrode,; Shpr bparoal haekdrae 1ehljori@8 Mdyeehi 3RParated, Exanpl e
7: 3-(N-Met hyl - henyl am no)acrol ein_[ = . ,
(B3 (N T P KO ABHOT Siabe by b S EACHSE E9¥5SHBES HR. 1 R 2OTKIODS ofs o
Exanpl e 6}etfhSlbpe axhdosidd., Taeifduwe AbPhylenepcklioridd ghakek care rRedkidedynd
bottom fl ask .equi with a stirrer brinezfille denser, .t her monet er
caustic s&?iflgbg‘(e,lp?é& Fi% af‘ﬂ}ﬁ'%‘é‘?us sbdium suffate angJ f:iqr%ereds, and Bme

solid is washed twice with 250 ml portions of methylene chloride. The

vashings and filtrate are combined and as much methylene chloride as

possible is recovered by distillation at 20 to 40 mm Hg and 45° to

obtain a thick stirrable oil. '

Step (iv): The oil is cooled to 20°,_500 ml of methanol is added, the
mixture is cooled to 10°, and 60 g (1.33 moles) of anhydrous _
dimethylamine is added while maintaining a maximum temperature of 20°.
As much solvent as possible is recovered by distillation at 20 to

30 mm Hg and 70°, the pressure is lowered to 3 to 4 mm Hg, and
distillation is continued while gradually raising the temperature
until it reaches 120° and the vapor temperature reaches 115° to obtain
the 89.7 X pure product as an oil [412 g; yield 62 X%; B.P. of pure
product 271°-272.8°9).



and cooling bath is charged, under a bl anket of nitrogen, w thog¥agchboosof
acetonitrile and 425 g (3.8 noles) of Nnethylformanilide. The solution is
cooled to -15, and 440 g (3.46 noles) of oxalyl chloride is added over a
period of 1.5 hours at a rate such that little or no solvent and/or reagent
is swept into the bottomof the brine-filled condenser maintained at -25 to
-20, while maintaining a tenperature of -15 to -10 under gentle refl uxing.
The reaction mxture is slowy warned to 15 over a period of 30 m nutes and
stirred for 15 mnutes at 15 to 18. Stepi(ii): 339.5 g (3.39 noles) of
n-butyl vinyl ether is added over a period of 45 m nutes while maintaining
a maxi numtenperature of 28 to 30, the reaction being very exothermc. The

reaction ﬁié$g§86j53- flNd 1 at-pHeny Daminol)QErcd@1igi NUtes to obtain a
red- brown™3s0T UT1 on Ta&d"‘_ﬁn S EgcL'o'o"'1 "e'%@f o: U, Step (r117): A solution of 395 g
(3.73 nol es) of anhydrous sodium carbonate in 1.75 1 of water is added over

a period of 40 to 6QantyEutEgNWeJHY 10RLgHealy Dadithod pk&paPeeakf € of 8 to 10, the
addition being very exothermc. 1.75 1 of toluene is added, and the m xture
is stirred at 20 to 22 for 15 mnutes and allowed to stand for 15 m nutes

to permt|samalatvian i R{ P < pRe®13SRS; IRRtBYPRNIi C phase is separated and
washed tm}c W th 1?8 m ortior&t of water. As nmuch toluene as possible is
recover ed %é}ﬂﬁP%?%ﬁ vi B IaPt%Pklo 80 nm Hg and 28 March 2006 -74 600 to
900, and the residual oil is heated at 20 to 30 mmHg and 89 to 90 for 30

m nut es tg)tgpbt(?{l&:n tAh?ZBf'gau)é-ggcrke rg[lr%jub%tttgg ﬁgsgi Lquipped with a
stirrer, brine-filled condenser, thermometer, caustic scrubber,
addition funnel and cooling bath is charged, under a blanket of
nitrogen, with 3.0 1 of methylene chloride and 1.02 kg (7.4 moles) of
N-methylformanilide. The solution is cooled to 15°, and 1.10 kg
(8.67 moles) of oxalyl chloride is added over a period of 1.5 hours at
aArate such that little or no solvent and/or reagent is swept into the
bottom of the brine-filled condenser, while maintaining a temperature
of 15° to 17° under gentle refluxing. The reaction mixture is slowvly
warmed to 43° over a period of 1 hour, refluxed for 1 hour at 43° to

45° to obtain a clear yellow solution and cooled to 15°.

Step (ii): 648 g (8.99 moles) of ethyl vinyl ether is added over a
period of 40 to 60 minutes while maintaining a maximum temperature of
28° to 29°, the reaction being very exothermic. The resulting
brown-red solution is heated at 38° to 39° for 30 minutes, refluxing
taking place, and is cooled to 15°.

Step (iii): A solution of 960 g (9.05 moles) of anhydfous sodium
carbonate in 4.5 1 of water is added over a period of 45 to 60 minutes
wvhile maintaining a temperature of 22° to 30°, the addition being very
exothermic. The mixture is stirred at 22° to 25° for 15 minutes and
alloved to stand for 15 minutes to permit separation into two phases.
The organic phase is separated, and the aqueous phase is extracted

with 1.25 1 of methylene chloride. The methylene chloride extract is



(492 g; yield 85.7 Y; B.P. of pure product 244 (dec.); MP. of %M% %r(gduct
46-47 from i sopropanol /hexane 1:1]. If the reaction mxture is B4 28
to 30 for 30 mnutes instead of at 30 to 35, a 90.7 Y yield of a 92.3 y
pure product is obtained. 28 March 2006 -75- Exanple 7a:

3- (N- Met hyl - N- phenyl ami no) acrol ein |-

(E) - 3- (N-Met hyl - N- phenyl am no) prop-2-enal] [Formula VII: R12, R13 - as for
Exanpl e 6] [ Subprocess Ab, variant Ab2, neat reagents] Step (i): A2.51
four-neck flask equi pped as in Exanple {;2step (i) is charged, under an

at nosphere of nitrogen, with 223.2 m (1.81 noles) of N-nethylformanilide.
The solution is cooled to 15 and 177.6 m (2.07 noles) of oxalyl chloride
is added QuhiRed iRy prz@idﬂsnﬁt:?&ﬂw“ph@sém'aﬂaa!ﬂ REmbiHedS8MRition is
tenperature. A spontaneous gas evolution occurs and an orange, honpgeneous
sol ution fodvtmacteas #hthif ) odaptery The PEURDHSSFtEACthiBUbaAR X sACtether s
added overyitad P%J inQdo pineAlyliduit-@soMud @naBitisah8tiid el éHLoRE AR exteaPEr at ure
of 25 to 30, the react,i ogebei ng exot herm c.. The orange, suspension is

X h
stirred atis46empifedsvith 88 PIYIONE WEPNLS RIGSEed A% m9ch Hefhyiene ): To the
product ofchybepdd ials) pbssidddeds sle@Wh ¥r&liblyNgi QA t1dH0 a1 T1t8S 4@ MaNaSH

solution so that the tenperature doe ot excee 5. .The 'xtureios war ned
up to roorﬁ“@eﬁ@e'r &Pgrg’eaﬁdsg%‘i‘ar]r Qd?ffﬁ q‘&at? ratthg?) %‘03§i P ti8s an9r0° ok ani ¢

| ayer is sspated edhbirs 3 dbtaimehe 80d Rhpumqpeodis: phasen icdlelky.nastieg with
100 m of yq_eligtw.oil Z;T{'&’. of pure product 244° (dec.); M.P. of pure product

46-47° from isopropanol/hexane 1:1].



conbi ned organic |layers are washed twice with 200 m of brine
solvent distilled off at 80/15 Torr over 2 hours to give a thi?@,%FIT&GZOO6
brown-bl ack oil [295 g; yield 92 % chem cal purity > 98 Z; B.P. of pure
product 244 (dec.); MP. of pure product 46-47 from i sopropanol/hexane
1:11. 28 March 2006 -76 Exanple 8: 3-(N- Methyl-N-phenylam no)acrolein [_
(E) - 3- (N- Met hyl - N- phenyl anmi no) prop-2-endBt [Fornula VII: R12, R13 - as for
Exanpl e 6] [ Subprocess Ab, variant Ab3] Steps (i) and (ii): A 12 1 four-neck
round bottom fl ask equi pped with a stirrer, brine-filled condenser,
t her nomet Bxamplaudt | 6—(EHeshyl-N-phenyiaminod aenedeiand cool | ng bath is charged,
under a bl anket of nitrogen, with 1.056 kg (8.15 nmoles) of oxalyl chloride
and 480 m of acetonitrile. The solution is cooled to -10, and a m xture of
1.02 kg (7.395 nol edy 6B)-9- @fmhvérmepvh@msisr@-@?e%l1rm| es) of n-butyl
vinyl ether and 360 nl of acetonitrile is added over a period of 2.5 hours
at a rate such that little or no solvent and/or reagent is swept into the
bot t om of [Rdrauba i&-f i RimdReor@ss épr (Famataibled at  -25 to -20), while
mai nt ai ni p%bioggggeggt W 1Qhe-Addjto -5 under gentle refluxing. The
resul ti ng" horogeneous or ange reactlon mxture is slowy warned to 20 over a
period of 30 mnutes; a slight exotherm raises the tenperature to 28 over a
period of %&3, put @ss Theurlgéod irdlndi bdtdbe ﬂsasﬁtéqdi@ee@twﬁﬁ hosdQrépr 1

|

hour to o n a brown honbgeneous m xture and is
brine-filled condenser, thermometer, caustic scru er, addition funnel

and cooling bath is charged, under a blanket of nitrogen, with 350 ml
of acetonitrile and 425 g (3.8 moles) of N-methylformanilide. The
solution is cooled to -15°, and 440 g (3.46 moles) of oxalyl chloride
is added over a period of 1.5 hours at a rate such that little or no
solvent and/or reageﬁt is swept into the bottom of the brine-filled
condenser maintained at -25° to -20°, while maintaining a temperature
of -15° to -10° under gentle refluxing. The reaction mixture is
slowly warmed to 15° over a period of 30 minutes and stirred for

15 minutes at 15° to 18°.

Step (ii): 339.5 g (3.39 moles) of n-butyl vinyl ethef is added over
a period of 45 minutes while maintaining a maximum temperature of 28°
to 30°, the reaction being very exothermic. The reaction mixture is
stirred at 30° to 35° for 30 minutes to obtain a red-brown solution

and is cooled to 0°.

Step (iii): A solution of 395 g (3.73 moles) of anhydrous sodium
carbonate in 1.75 1 of water is added over a period of 40 to

60 minutes while maintaining a temperature of 8° to 10°, the éddition
being very exothermic. 1.75 1 of toluene is added, and the mixture is
stirred at 20° to 22° for 15 minutes and allowed to stand for

15 minutes to permit separation into two phases. The organic phase is
separated and washed twice with 150 ml portions of water. As much

toluene as possible is recovered by distillation at 20 to 80 mm Hg and



Step (iii): A solution of 948 g (8.94 nol es) of anhydrous sodi ate
in 4.20 1 of water is added over a period of 45 to 60 ninutes:zﬁwé?ﬁﬁw@

mai ntaining a tenperature of 8 to 10, the addition initially being very
exothermc. 3.60 1 of toluene is added, and the mxture is stirred at 20 to
22 for 15 mnutes and allowed to stand for 15 mnutes to permt separation
into two phases. The organic phase is separated and washed twice wth 360
m portions of water. As nuch toluene as possible is recovered by
distillation at 20 to 80 ns Hg and 60 11,90, and the residual oil is heated
at 20 to 30 nm8g and 89 to 90 for 30 mnutes to obtain the 89.1 X pure
product as an oil [1.16 kg; yield 86.6 X; B.P. of pure product 244C.

(dec.); Msb» t0bhopUraidPe e UGl idba¥ bifir 0nHeaepd opanol {hexans g hhd &5 March

2006 -77 10.3. Exanples for the preparation of internediates of formul a Va
by pr OceséoBgoéngr’bl ginutes to obtain the 86.6 X pure product as an oil

E E) - 3- I[ 3 {/6912'.%,?! ymlmplaany:%;- k'.?l( 16'{; rﬁetb%/ﬂh@}dhyt )2m‘zk<]glftql); zZIhP.yloFf;Elm[tbe- enal
ormul a Va: : o - l-nmethyle " - 4-fluoropheny rocess
Bl (i) A Brid‘*cduf’gﬁ‘gckfF%TJﬁCPBB??%qA‘%’éﬂ{yeeaufﬁ‘ped with a stirrer,
condenser, thafnoietreactbstdinikonrd Usnetimed soddngobmich fos Ihatgeths under
a bl anket ,of dry pitraqgen ibh 1 of, dr.y acetonityile and, 174.4 ¢
(1.14 nol LB5te3f f)ﬂo tpﬁ r ut° \gg?yth? %g‘e’ %iﬁgdn?étau%'#si@%f’eﬁf“f‘ﬁt % and a
sol ution obtdi®édg (0.96 nole) of 83.5 X pure

3- (N- et hyl - N- phenyl am no) acrol ein (product of Exanples 6 to 8) in



156 m of dry acetonitrile is added over a period of 45 m nutes while

mai ntai ning a tenperature of -5 to +5. The reaction mxture is 28MaF¢go8t o
to 5 for 10 mnutes. (ii) 115.2 g (0.45 nole) of

3-(4'-fluorophenyl)-1-(1 -nmethylethyl)-IHindole (compound of formula XVIl)
is added over a period of 20 mnutes while maintaining a tenperature of
about 5. The reaction mxture is refluxed at 83 for 9 hours and cooled to
10. (iii) A solution of 228 g (5.7 noles) of sodiumhydroxide in 2.0 1 of
water is slowy added over a period of 303minutes while maintaining a
tenperature of 250 to 30, the addition being very exothermc. 1.6 1 of
toluene is added, the mxture is stirred at 25 for 30 mnutes and filtered
t hrough a E¥dmpde Ta:d. 3F(Me-Mejthy byN anipaddprdlein h 100 ml of toluene, and
the washing is conbined with the previous filtrate. 28 March 2006 -78 The
organic layer is separated, and a m xture of 93.4 g of concentrated
hydrochl oric aci d and=2(E)-3f (Nafeshyil sN-RbgBUI s PP OREP-Byenadd0 nl of saturated
sodi um chl oride solution. The m xture is stirred at 250 for 30 minutes, and
the resultjn sﬁurr is filtered through a _filter pad. The tars are washed
wth 100 mFayma 6|‘G§ﬁe,Rxananhe' a\ﬁaém%g‘apgl%&dbi ned with the filtrate. The
organi c | ayRibprscesscRB| at2d anVasHgdnéat GRajedd3s)2 1 portions of deionized
water and filtered through a filter pad. As much tol uene as possible is
recovered by distillation at 30-50 mm Hg and an external tenperature of 60
to 65 to obfen Qi t A 2kS S ifbuAkHerkoElaskl @Quippedl a9 S nXEgid ROV, step (1)

is charged, under an atmosphere of nitrogen, with 223.2 ml
(1.81 moles) of N-methylformanilide. The solution is cooled to 15°
and 177.6 ml (2.07 moles) of oxalyl chloride is added over a period of

20 minutes while maintaining the same temperature. A spontaneous gas

(LIS

evolution occurs and an orange, homogeneous solution forms.

Step (ii): 278.4 ml (2.16 moles) of n-butyl vinyl ether is added over
a period of 45 minutes while maintaining an internal temperature of
25° to 30°, the reaction being exothermic. The orange suspension is

stirred at 40° to 45° for 30 minutes and is cooled to 0°.

Step (iii): To the product of step (ii) is added slowly during about
90 minutes 4N NaOH solution so that the temperature does not exceed
5°, The mixture is warmed up to room temperature and stirred for a
further 60 minutes. The organic layer is separated in a 3 1 funnel
and the aqueous phase is extracted with 100 ml of n-butanol. The
combined organic layers are washed twice with 200 ml of brine and the
solvent distilled off at 80°/15 Torr over 2 hours to give a thick,
brown-black oil [295 g; yield 92 X; chemical purity > 98 X; B.P. of
pure product 244° (dec.); M.P. of pure product 46-47° from

isopropanol/hexane 1:1].



i s added, as nuch ethanol as possible is recovered by disti IIatW@ﬁ oo%o to
80 mMmm Hg and 60 to 65, and this is repeated twce. 180 nml of ano

i s added, and the m xture is refluxed at 78 for 15 mnutes and slowy
cooled to 20 over a period of 2 hours, «crystallization conmencing at about
55. The slurry is slowly cooled to O to 5 over a period of 30 m nutes,
maintained at 0 to 2 for 1 hour and filtered. The filter cake is washed
three tines with 50 m  portions of cold (0 to 5) 95 X ethanol and vacuum
dried at 60 to 65 for 16 hours to constignt weight to obtain the 98.7 Z pure
product (101 g; yield 71.3 X; H P. 127-128). In a variant isopropanol is
used in place of 95 X ethanol. 28 March 2006 -79 Exanple 10:

(E)-3-[3' Ediplkl 801 GpRmEthyl N-phinyEidinbpidndlkid H i ndol - 2' -yl ] prop- 2- enal
[Formula Vai RS, R6, R/, R8 - as for Exanple 9] [Process B, alternative
procedure] i) A5 1 four-neck round bottom flask equipped with a stirrer,
condenser, therrmrret[er(E)adel'(lﬁ+'mmymm}eplheamthnﬁmobi:rtg:-baéxha]j]s charged, under
a bl anket irt,r og Wi th acetonitrile and 454 g (2.96
mol es) of[gigg% o‘{yuls oxy c’th} dea% ?ggr’ﬁgé ﬁér)eéll s cooled to -5, and a

sol uti on OSubbzdcé&ssgAp2. vgipnt edBlof 85.5 % pure

3- (N-net hyl - N- phenyl am no)acrolein in 406 m of dry acetonitrile is added
over a period of 45 mnutes while naintaining a tenperature of 5 to 70. The
reacti on Bteasul@) iamdsfi¥kiedAal? 30fewr-p@ckoround hovpmeflask rq@iped ¢iithl8

ol es) Ofa stirrer, brine-filled condenser, thermometer, caustic scrubber,

addition funnel and cooling bath is charged, under a blanket of
nitrogen, with 1.056 kg (8.15 moles) of oxalyl chloride and 480 ml of
acetonitrile. The solution is cooled to -10°, and a mixture of

1.02 kg (7.395 moles) of N-methylformanilide, 816 g (7.98 moles) of
n-butyl vinyl ether and 360 ml of acetonitrile is added over a period
of 2.5 hours at a rate such that little or no solvent and/or reagent
is swept into the bottom of the brine-filled condenser (maintained at
-25° to -20°), while maintaining a temperature of -10° to -5° under
gentle refluxing. The resulting homogeneous orange reaction mixture
is slowly warmed to 20° over a period of 30 minutes; a slight exotherm
raises the temperature to 28° over a period of 30 minutes. The
reaction mixture is stirred at 28° to 30° for 1 hour to obtain a brown

homogeneous mixture and is cooled to 0°

Step (iii): A solution of 948 g (8.94 moles) of anhydrous sodium
carbonate in 4.20 1 of water is added over a period of 45 to

60 minutes while maintaining a temperature of 8° to 10°, the addition
initially being very exothermic. 3.60 1 of toluene is added, and the
mixture is stirred at 20° to 22° for 15 minutes and allowed to stand
for 15 minutes to permit separation into two phases. The organic
phase is separated and washed twice with 360 ml portions of water. As
much toluene as possible is recovered by distillation at 20 to 80 ma
Hg and 60° to 90°, and the residual oil is heated at 20 to 30 mm Hg
and 89° to 90° for 30 minutes to obtain the 89.1 X pure product as an
0il [1.16 kg; yield 86.6 X; B.P. of pure product 244°C. (dec.); M.P.

of pure product 46-47° from'isopropanol/hexane 1:1].



3-(4'-fluorophenyl)-1-(1' -nethyl ethyl)-1Hindol e (conpound of f g@qj€2§¥ll)
is added over a period of 10 mnutes while maintaining a tenpefa F
about 7. The reaction mxture is refluxed at 83 for 3 hours and cooled to
22. iii) 2.7 1 of water is slowy added over a period of 15 m nutes while
mai ntai ning a tenperature of 220 to 350, the addition being exothermc. The
reaction mxture is stirred at 35 to 50 for 30 mnutes, heated at 50 to 55
for 1.5 hours (a |onger period of heat-_jyng may be necessary for conplete
hydrol ysis), cooled to 220, mmintained at 22 for 15 mnutes and filtered.
The filter cake is washed three tinmes with 600 m portions of water and
suction driged. atpxa@piy &b cHY oepdration Jf GAtdbmeldontss O FEidYAani | i ne may
be recovered fromthe cogblned‘équeous Tayer and washings). The wet filter
cake is transf %85 ¥e original 5 1 flask, 2.5 1 of toluene and 180 g
of 20 u powdered cellul ose are added, and the m xture is heated at 50 to

55 for 1.5 hours, cooled to 22, maintained at 22 for 15 m nutes and
optionally filtered through a pad of 91 g of 70-230 nesh A S. T.M 28 March
2006 -80 silica gel covered with a filter cloth. The cellulose and silica

el ad shed three i) nBSs th 200

?oluege fﬁéiﬂﬁﬁ%g- .{-;5‘ i S ¥1 558 9--- . :

is recovered by distid’l-giljpropal-&irl o 50 nn1kg and 50 to 65 (external) 280
m of 95 Z ethanol is added to the residual thick oil, the ethanol is
distilled at 20 to 30 nmm Hg and 60 to 65, 280 m  of 95 Z et hanol is added,
and as nudfoertanBh: aRspoBsihHe Rs ~dilseetlyddthyl; Ry = 4-fluorophenyl] '

[Process B]

(i) A 51 four-neck round bottom flask equipped with a stirrer,
condenser, thermometer, addition funnel and éooling bath is charged,
under a blanket of dry nitrogen, with 100 ml of dry acetonitrile and
174.4 g (1.14 moles) of phosphorus oxychloride, the mixture is cooled
to -5°, and a solution of 184 g (0.96 mole) of 83.5 X pure
3-(N-methyl-N-phenylamino)acrolein (product of Examples 6 to 8) in
156 ml of dry acetonitrile is added over a-period of 45 minutes while
maintaining a temperature of -5° to +5°. The reaction mixture is

stirred at 0° to 5° for 10 minutes.

(ii) 115.2 g (0.45 mole) of
3-(4'-fluorophenyl)-1-(1’-methylethyl)-1H-indole (compound of
formula XVII) is added over a period of 20 minutes while maintaining a
temperature of about 5°. The reaction mixture is refluxed at 83° for

9 hours and cooled to 10°.

(iii) A solution of 228 g (5.7 moles) of sodium hydroxide in 2.0 1 of
water is slowly added over a period of 30 minutes while maintaining a
temperature of 25° to 30°, the addition being very exothermic. 1.6 1
of toluene is added, the mixture is stirred at 25° for 30 minutes and
filtered through a filter pad. The filter cake is washed with 100 ml

of toluene, and the washing is combined with the previous filtrate.



at 30 to 80 nmHg and 60 to 65. 700 ml of 95 X ethanol is addedgmarpdotehe
mxture is refluxed at 78 for 15 mnutes and slowy cooled to 20 over a
period of 1 hour, crystallization comrencing at about 55. The resulting
slurry is cooled to O to 5 over a period of 30 mnutes and naintained at 0
to 2 for 30 mnutes, and the solids are <collected by filtration, washed
three tines with 120 m portions of cold (0 to 5 95 % ethanol and vacuum
dried at 60 to 65 for 16 hours to constant weight to obtain the 99.4 X pure
product (276.6 g; yield 75.5 X; H P. 1288430). In a variant isopropanol is
used in place of 95 X ethanol. It is preferred to omt the pad of silica
gel, i.e. the powdered cellulose-containing liquid is subjected to a sinple
filtrati ortheaorkanit layarhdsrtapadased hapais Setheg ofsOeflsBedft hree tines with

200 m  poy, 51‘!; aQLdthi%eﬂlo:a& VB{£and096 81y iRk €adkdd: folloved by
(E)-3-[3' - (° uor ophenyl) - 1: - (1" et hyl ethyl )~ 1H.1 ndol ~ 2"~ y1] pr op- 2- enal

[ Formul a &0 R]é °fR63“R'Pteﬁ 5°dd‘é”“f gt °E>%§Prpff%1“§]l°“{ PFBEe@S?‘tSre aHSt efhedve

procedur el ¢( b3e Aot 30 hifuask, eaudi pRede861 tRGCELbDAY 15 ﬁ&aepé@ tiageug%t ap (1)
is charged, under a hlanket of dry nitro th 170 of
acetonitr |ﬁlgtaﬁd°af®5 The,targ I@rﬁef’ﬁ%e%"bhtgﬁgpam ) ée}‘tﬁ“él’ na“dhﬁg? ochl ori de

salt at r%@hl@fﬁ@ra&wﬁeﬂmﬁmehm falteeté s adde&gaueé layefijyut es 96.6 g of

phosphorusse(g)a( ated?réia(lj ed tggcrek ?OL%Ilogo}tsiongbgg dré%onized vater and
filtered through a filter pad. As much toluene as possible is
recovered by distillation at 30-50 mm Hg and an external temperature -
of 60° to 65° to obtain a thick stirrable oil. 100 ml of 95 X ethanol
is added, as much ethanol as possible is recovered by distillation at
30 to 80 mm Eg and 60° to 65°, and this is repeated twice. 180 ml of
95 X ethanol is added, and the mixture is refluxed at 78° for 15
minutes and slowly cooled to 20° over a period of 2 hours,
crystallization commencing at about 55°. The slurry is slowly cooled
to 0° to 5° over a period of 30 minutes, maintained at 0° to 2° for 1
hour and filtered. The filter cake is washed three times with 50 ml
portions of cold (0° to 5°) 95 X ethanol and vacuum dried at 60° to
65° for 16 hours to constant weight to obtain the 98.7 X pure product
(101 g; yield 71.3 X; M.P. 127°-128°).

In a variant isopropanol is used in place of 95 X ethanol.



(ii) 90 g of 3-(4'-fluorophenyl)-1-(1"-methylethyl)-lHindole (conpound of
formula XVI1) is added at 30. The nmixture is heated to reflux f&8Maich20Q8ur s
at 75 to 83, then cooled to 22. (iii) 250 m of water at 5 are added,

foll owed by 500 m of water at roomtenperature over 15 m nutes. The

m xture is stirred at 35 to 50 for 30 mnutes, then heated at 50 to 55 for
1.5 hour. A dark slurry is obtained. The m xture is cooled to 30,

mai ntained at 30 for 15 mnutes, and the brown slurry is filtered. The
filter cake is washed three tinmes with-m-total of 540 ml of water. The
filter cake 1is suction dried under vacuum for about 4 hours. The solids are
transferred into the original 1.5 1 flask, 750 m of toluene and 54 g of 20

U powder edxagpldiliose @)%a{ﬂie@#"éﬂmxowﬂmqhsenue{nr sevhyl8chly -18-indblect ed
as described 1 n Exanpl,g 1 e g ||) to obtain the product (89 @g; yield

81 Zz MP. 123-129). =K lpg 25u821) 10.4. Exanples for the specific
enbodi nent Exanple 11:

t)-E th diyh 7-43' - f
( ) 1'r'y {[Ey 'Eg% %I nI 6I¥ o ]hie‘pt éﬁenor! gQ%éc)pqgeggdl um salt [Fornula |a:
|n racem cEPf:o)trems Bochlmersaﬂnvef praded8teps (a), (b) and (c):

N-Het hyl formanilide is reacted with oxalyl chloride and ethyl or n-butyl
vinyl ether according to process A, subprocess Ab to produce

3- (N-net hyb- Méhén@mad}ar@nodebqttas flpséceqtioped rvithaaps derér, 7, 7a or 8
[steps (i Lon&édékranfhd&hbhéﬂer,S%&ﬁthg% fdgﬂ%laxﬂadﬁopifHQUQLth is charged,

3- (N-net hyl - N-phenyl am no)acrolein, Is
under a blanket of ‘dry nitrogen, with 263 ml of dry acetonitrile and

454 g (2.96 moles) of phosphorus oxychloride, the mixture is cooled to
~5°%, and a solution of 471.6 g (2.49 moles) of 85.5 X pure
3-(N-methyl-N-phenylamino)acrolein in 406 ml of dry acetonitrile is
added over a period of 45 minutes while maintaining a temperature of

5° to 7°. The reaction mixturé is stirred at 5° to 7% for 10 minutes.

ii) 300 g (1.18 moles) of
3-(4’-fluorophenyl)-1-(1’-methylethyl)-18-indole (compound of

formula XVII) is added over a period of 10 minutes while maintaining a
temperature of about 7°. The reaction mixture is refluxed at 83° for

3 hours and cooled to 22°9.

iii) 2.7 1 of water is slowly added over a period of 15 minutes while
maintaining a temperature of 22° to 3537, the addition being
exothermic. The reaction mixture is stirred at 35° to 50° for 30
minutes, heated at 50° to 55° for 1.5 hours (a longer period of heat-
ing may be necessary for complete hydrolysis), cooled to 22°,
maintained at 22° for 15 minutes and filtered. The filter cake is
wvashed three times with 600 ml portions of water and suction dried at
aspirator pressure for 6 to 16 hours (N-methylaniline may be recovered
from the combined aqueous layer and washings). The wet filter cake is
transferred to the original 5 1 flask, 2.5 1 of toluene and 180 g of
20 u powdered cellulose are added, and the mixture is heated at 50° to
55° for 1.5 hours, cooled to 229, maintained at 22° for 15 minutes and
optionally filtered through a pad of 91 g of 70-230 mesh A.S.T.M.



reacted. w th phosphorus oxychloride as described in Exanple 9, ég or 2&%i,
step (1) to produce the conpound of formula XVI wherein X 1is M@FB, 2b
is phenyl and R13 is nmethyl. Step (e): The above conpound of fornula XVI is
reacted with 3-(4'-fluorophenyl)-I1-(1" -nethylethyl)-IHindole as described
in Exanple 9, 10 or 10a, step (ii) to produce the conmpound of formula
XVIlla wherein X. is chloro, R12b is phenyl and R13 is nethyl. Step (f): The
above conpound of fornmula XVIlla is hydrolyzed as described in Exanple 9,
10 or 10a, Step (iii) to produce

(E)-3-[3" -(4"-fluorophenyl)-1'-(l"-met hyget hyl )- 1Hindol-2"'-yl]

prop-2-enal. 28 March 2006 -83 Step. Under a nitrogen atnosphere a reactor
is charged with 0.5 1 of tetrahydrofuran, the solution is cooled to -10, 60
g sodium d1ydea del( 66 fhedi sper ai ohl ter nliowh.al Tiod [elauosadded siatef yely. Then

237.3 g t-butyl acetoacetate .n 2 f .;TEE are added.carefu over . 45
m nut es V\Aﬂaﬁexfﬁaiwﬁf %Tcﬁﬁﬁée? hteimteérr‘g%rhth2 BQe”‘lb@PB?v{ DS °$’hte° 1?’8%?11 tgh sol ution
is stirredoatend Gilor2@ find washovgs aFlkeconbined eands asomliahd tolw@nelds and 938 ni
of a 1.6 H solut] f.n-butyllithi.um.i ape Jjs ded at gat e such
that the ﬁ@ﬁﬁ%#% Sgegﬁﬁggpﬁ%¥yegégggqbkggggé ﬂgﬂ%hPog%lﬁgnﬁF%§9.%$h8§nixture
is stirredekoermed)mi rd@0esl adf Yhak ethenplbrist edéed tthephegeédualothidk and a
solution Qfs123(h a0 G1s:Qi18d GR B0 AP3YCnd Bgb2s oeoto BEF, Imoadded at
a rate such that the tenperature does not exceed 0 (over about m nut es) .
The reactiaddn95 ¥ etharoli §ssaddededand ag Pesh EShasqluessPessd bpeuisedi pritlded

m xture ofyr 30 to 80 mm Hg and 60° to 65°. 700 ml of 95 X ethanol is added,
and the mixture is refluxed at 78° for 15 minutes and slowly cooled to
20° over a period of 1 hour, crystallization commencing at about 55°.
The resulting slurry is cooled to 0° to 5° over a period of 30 minutes
and maintained at 0° to 2° for 30 minutes, and the solids are
collected by filtration, washed three times with 120 ml portions of
cold (0° to 5°) 95 X ethanol and vacuum dried at 60° to 65° for
16 hours to constant weight to obtain the 99.4 X pure product (276.6
g; yleld 75.5 X; M.P. 129°-130°).

In a variant isopropanol is used in place of 95 X ethanol.

It is preferred to omit the pad of silica gel, i.e. the powdered
cellulose-containing liquid is subjected to a simple filtration, and
it is the residue therefrom that is washed three times with 200 ml

portions of toluene.



248 m of conc. hydrochloric acid and 2.5 kg of ice under vigourous
stirring over 5to 10 mnutes. The m xture is vigourously st i rr eMprgh 2006
further 15 mnutes, the organic phase is separated, washed twice wth 500
m portions of saturated NaC solution and concentrated under reduced
pressure (about 25 mMm Hg). To the residue is added 200 m of toluene and
the solution is concentrated again. The obtai ned crude

(t)-(E)-7-[3" -(4"-fluorophenyl)-1'-(1"=%&t hyl et hyl )indol-2'-yl]-

5- hydr oxy- 3- oxohept - 6 enoic acid t-butyl ester (corrpound of formula Ila
wherein R1L is t-butyl, in racemc_ for ; ure) is used in
t he next EHEEﬁ_guhoheu(BXﬂ3r{3ﬁn<4nn?1WQQ9‘ o ‘ s 9

product is stereosel eptiyyghdop-edecad as descrl bed in Exanpl e 1, steps (a),
(b) and (c) to produce
(t)-erythro-(E)-7-[3 -(4"-fluorophenyl)-1"-(1"-nmet hyl et hyl )i ndol -

2' -yl ] -3, Fodhiydvaxy-figpk; S-F§NORE .acalsdfér xhplester. 28 March 2006 -84 Step
i): To 42[3 g of _the ester, obtai ne 3 er step (h) above in 275 m of THP

i s added GraFe®® M ndt Inapivh 96?‘:‘1 YW®30di um hydr oxi de while maintaining the
tenperature bel ow 10. The solution is stirred for 1 hour at room

tenperature, 275 f t hanol  are .adde ntrated at
25 mm Hg ‘@rd 51,‘5m1eﬁ' 0eh{PBRd 29 (955%%’ dwg?eg}x i: g‘g}deﬁtepd:zg i1 ation is
cont i nuedcHaoged y anaénimglum&urrafodry Mﬂrcrgep,tdmah 38@ mill o6fdmdei oni zed wat er
are added A9ELA0d 1P 1089 Yl b0 i hpEhedntt o LAt 0l 040 M of

y n

t-butyl S. I'S-concentrated at 25
mm Hg and1y450tloloa1dqdalrteaofroainommp&@atmh 220 tﬂme nixtnheeons 2ddedvatver are

added, and the ... g¢.¢ g of phosphorus oxychloride. A dark solution is

obtained.

(ii) 90 g of 3-(4’-fluorophenyl)-1-(1’-methylethyl)-1H-indole
(compound of formula XVII) is added at 30°. The mixture is heated to
reflux for 4.5 hours at 75° to 83°, then cooled to 22°.

(iii) 250 ml of w&ter at 5° are added, followed by 500 ml of water at
room temperature over 15 minutes. The mixture is stirred at 35° to
50° for 30 minutes, then heated at 50° to 55° for 1.5 hour. A dark
slurry is obtained. The mixture is cooled to 30°, maintained at 30°
for 15 minutes, and the brown slurry is filtered. The filter cake is
wvashed three times with a total of 540 ml of water. The filter cake
is suction dried under vacuum for about 4 hours. The solids are
transferred into the original 1.5 1 flask, 750 ml of toluene and 54 g
of 20 u powdered cellulose are added, and the subsequent working-up is
effected as described in Example 10, step (iii) to obtain the product
(89 g; yield 81 X; M.P. 123-129°).



cl ear aqueous solution is |lyophilized over 3 days. The title csymaumgoosi S
obtained (35.9 g; 91 X yield; chemical purity 98.9 X; 99.9 X pure erythro
i soner; boron concentration below detection limt). Alternative procedure
for step (i): To 35.0'g of the ester obtained under step (h) above in 175
m of ethanol is added over 5 mnutes wunder stirring 74 m of 1 N sodium
hydr oxi de solution while maintaining the tenperature below 12. The sol ution
is stirred for 1 hour, the mxture is concentrated at 25 nm Hg and 451,
then 250 m  of deionized water are add#d- distillation is continued to a
remai ning volume of 115 m, then 315 m of deionized water are added and
the solution is washed with a total of 525 ml of tert-butyl nethyl ether
in 3 portions Tuampesecbers theyspedificembodimentted at 25 nmm Hg and 451 to a
vol ume of about 245 m, 185 m of deionized water are added, and the clear
aqueous solution is |yophylized over 3 days. The title conpound is obtained
(29.75 g; colour pure white; 91 X yield; H P. 204-207 (dec.); chem cal
purity 10@xatp1d916:1 L& e YL ()23, 550 Ero cONe 96 ppm .
puri 1y 108xhip1d91 6l m %Zr T(fli)‘lﬂg¥ 15 :EPJ‘?Q) 1300081 §SHopRPn )2
5 di hydr oxy- 7-[ 3" - (4" gthy )indol 27-yl]hept-6-enoic acid sodium
-(1"-nethylethyl)indale2' - yI]hept 6-enoic acid sodium salt (Formula Ia:
in racemic form sodiumsalt forni The title conpound is obtained in a
manner anal ogous to Exanple 11, except that - in step (g) the nmethyl ester
i s produc¢Eermyareact iAMradeniictfdm; sodium salt form] .

Steps (a), (b) and (c): N-Methylformanilide is reacted with oxalyl
chloride and ethyl or n-butyl vinyl ether according to process A,

subprocess Ab to produce 3-(N-methyl-N-phenylamino)acrolein as
described in Examples 6, 7, 7a or 8 [steps (1), (ii) and (iii)].

Step (d): The above product, 3-(N-methyl-N-phenylamino)acrolein, is
reacted with phosphorus oxychloride as described in Example 9, 10 or
10a, step (i) to produce the compound of formula XVI wherein X, is
chloro, Rysp 1is phenyl and R;; is methyl.

Step (e): The above compound of formula XVI is reacted with
3-(4’-fluorophenyl)-l—(l'-methylethyl)-lH—ipdole as described in
Example 9, 10 or 10a, step (ii) to produce the compound of

formula XVIIIa wherein X, is chloro, Ry, is phenyl and R;; is methyl.

Step (f): The above compound of formula XVIITa is hydrolyzed as
described in Example 9, 10 or 10a, Step (iii) to produce
(E)-3-[37-(4"-fluorophenyl)-1/-(1"-methylethyl)-
1H-indol-2’-yl]prop-2-enal.



di ani on of nmethyl acetoacetate instead of with t-butyl acetoac q&§d1mm65tep
(h) is effected as described in Exanple 2, steps (a), (b) and (cC step
(i) is effected by hydrolyzing the nmethyl ester obtained in step (h), as
described in USP 4 739 073, Exanple 6(b) on colum 50. 28 March 2006 -86
CLAIMS: 1. A conbination conprising erythro forma conpound of formula | and
threo formof a conpound of formulal 53 R- X- CH- CH2 - CH- CH2 -
COORS OH OH (1) wherein X is -CH2CH2- or -CH=CH, R is an ester group inert
to the reaction conditions; and R is anggrganic radical having groups whi ch
are inert under reducing condltlons mnth the proviso that, when Ris
triphenyl methyl, then R, addltlonally I ncl udes allyl and XIS -OCH2- or t he
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45 minutes while maintaining the temperature below 2°. The resultant
solution is stirred at -10° to 20° for 1 hour. The mixture is cooled
to -10° and 938 ml of a 1.6 M solution of n-butyllithium in hexane is
added at a rate such that the temperature does not exceed 0° (over
about 60 minutes). The mixture is stirred for 10 minutes at that
temperature, then cooled to -10?, and a solution of 230 g of product
of step f) above in 650 ml of TEF is added at a rate such that the
temperature does not exceed 0° (over about 70 minutes). The reaction
mixture is stirred at 09 for 15 minutes and poured onto a mixture of
248 ml of conc. hydrochloric acid and 2.5 kg of ice under vigourous
stirring over 5 to 10 minutes. The mixture is vigourously stirred for
a further 15 minutes, the organic phase is separated, washed twice
with 500 ml portions of saturated NaCl solution and concentrated under
reduced pressure (about 25 mm Hg). To the residue is added 200 ml of
toluene and the solution is concentrated again. The dbtained crude
(+)-(E)~-7-[37-(4"-fluorophenyl)-1/~(1"-methylethyl)indol-2’-yl}]-
5-hydroxy-3-oxohept-6-enoic acid t-butyl ester (compound of

formula IIa wherein R; is t-butyl, in racemic form) (503.6 g; 70.04 X%
pure) is used in the next step without further purification.

Step (h): The above grude product is stereoselectively reduced as
described in Example 1, steps (a), (b) and (c¢) to produce
(+)-erythro-(E)-7-[3’-(4"-fluorophenyl)~1’-(1"-methylethyl)indol-
2'—yl]-3,5-dihydroxy-h§pt-6-enoic acid t-butyl ester.



proportion of erythro formto threo formis 99.7: 0.3 to 99.9: (% %"4}' 0
Conbi nation according to claim1, wherein the conpound of formuPaME"LPG e
conmpound of formulala H CC/ CHCH2-CHCH2-COON NHI OHCH CH CH3 CH3
28 March 2006 -87 5. Conbination according to claim4, wherein the conpound
of formula lais in racemc or optically pure form in free acid, salt,
ester or 5-lactone, i.e. internal ester, form in a state of purity such
that the proportion of erythro formto threo formis 99.1 :0.9 to 99.9 :
0.1. 6. Conbination according to claim#84-n a state of purity such that the
proportion of erythro formto threo formis 99.9 : 0. 1.

Step (1): To 42.5 g of the ester obtained under step (h) above in

275 ml of THF is added over 5 minutes 90 ml of 1 N sodium hydroxide
while maintaining the temperature below 10°. The solution is stirred
for 1 hour at room temperature, 275 ml of methanol are added, the
mixture is concentrated at 25 mm Hg and 45°, then 300 ml of deionized
wvater are added, distillation is continued to a remaining volume of
140 ml, then 380 ml of deionized water are added again and the
solution is washed with a total of 640 ml of t-butyl methyl ether in 3
portions. The aqueous layer is concentrated at 25 mm Hg and 45° to a
volume of about 300 ml, 220 ml of deionized water are added, and the
clear aqueous solution is lyophilized over 3 days. The title compound
is obtained (35.9 g; 91 X yield; chemical purity 98.9 X; 99.9 X pure
erythro isomer; boron concentration below detection limit).

Alternative procedure for step (i): To 35.0°g of the ester obtained

under step (h) above in 175 ml of ethanol is added over 5 minutes
under stirring 74 ml of 1 N sodium hydroxide solution while
maintaining the temperature below 12°. The solution is stirred for

1 hour, the mixture is concentrated at 25 mm Hg and 45°, then 250 ml
of deionized water are added, distillation is continued to a remaining
volume of 115 ml, then 315 ml of deionized water are added and the
solution is washed with a total of 525 ml of tert-butyl methyl ether
in 3 portions. The aqueous layer is concentrated at 25 mm Hg and 45°
to a volume of about 245 ml, 185 ml of deionized water are added, and
the clear agqueous solution is lyophylized over 3 days. The title
compound is obtained (29.75 g; colour pure wvhite; 91 X yield;

M.P. 204-207° (dec.); chemical purity 100 X; 99.61 X pure erythro

isomer; boron concentration 3.96 ppm).
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Example 12: (4)-Brythro-(E)-3,5-dihydroxy-7-[3’-(4"-fluorophenyl)-
1/-(1"-methylethyl)indol-2/-yl]lhept-6-enoic acid sodium
salt

[Formula Ia: in racemic form; sodium salt form]

The title compound is obtained in a manner analogous to
Example 11, except that
- in step (g) the methyl ester is produced, by reaction with the
dianion of methyl acetoacetate instead of with t-butyl acetoacetate;
- step (h) is effected as described in Example 2, steps (a), (b)
and (c¢);
- step (i) is effected by hydrolyzing the methyl ester obtained in
step (h), as described in USP 4 739 073, Example 6(b) on column 50.
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CLAIMS:

1. A combination comprising erythro form a compound of formula I and

threo form of a compound of formula I

5 3 )
R-X-CHB-CH - CH - CH, - COOR,
o8 o8
wherein
X is -CH,CH,- or -CH=CH,
R, is an ester group inert to the reaction conditions; and
R is an organic radical having groups which are inert under reducing conditions,

with the proviso that, when R is triphenylmethyl, then R; additionally includes allyl
and X is “OCH;-, or the free acid or a salt form or a further ester form or the -
lactone, i.e. internal ester form thereof,

in a state of purity such that the proportion of erythro form to threo form is in a range

of from 99.1: 0.9t099.9: 0.1,

2.  Combination according to claim 1, in a state of purity such that the

proportion of erythro form to threo form is 99.5: 0.5 t0 99.9 : 0.1

3. Combination as defined in claim 1, in a state of purity such that the

proportion of erythro form to threo form is 99.7 : 0.3 t0 99.9: 0.1

4. Combination according to claim 1, wherein the compound of formula [ is the

compound of formula Ia

F
(la)
N c—o/H
i/ /7 ~CH-CH,~CH-CH,-COOH
N N H = 2 E
| OH oH
CH
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5. Combination according to claim 4, wherein the compound of formula Ia is in
racemic or optically pure form; in free acid, salt, ester or 8-lactone, i.e. internal ester,

form, in a state of purity such that the proportion of erythro form to threo form is 99.1
:0.9t099.9:0.1.

6. Combination according to claim 4, in a state of purity such that the

proportion of erythro form to threo form is 99.9 : 0.1.



