-. 1 7-SUBSTI TUTED- HEPT- 6- ENO C AND - HEPTANO C ACI DS AND DERI VATI VES THEREOF
The invention relates to the preparation of 7-substituted-hept-6-enoic and
-heptanoi ¢ acids and derivatives and internedi ates thereof. 1. Object The

i nvention concerns a process for the preparation of a conpound of formula I
53 RX-CHCH2-CH CH 2-000R, OH OH (1) wherein X is -CH2CH2- or -CH=CH;
R, Is an ester group inert to the reaction conditions; and Ris an organic
radi cal havi ng groups which are inert under reducing conditions, wth the
proviso that, when Ris triphenylnethyl, then R additionally includes allyl

and X is -OCH2-. It also conprises a process for the preparation of earlier
internediates (of fornulae Va and VII, see below). -2 The conmon feature
| i nki ng these various process steps is that they all lead to inprovenents

at various stages in the preparation of 7-substituted-hept-6-enoic and
-heptanoi c acid end products and derivatives thereof which are chol esterol
bi osynt hesi.sUBSTIPUTED-HEADiGENOTIC AND FHEPIANO@UCheCEDSIder with a specific

enbodi ment concerning the greRpéar ation of one specific chol esterol
bi osynt hesAND DERIVATIVES ° REQF

‘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

5 3
R-X-CH-CH,-CH-CH, - COOR, (0
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).



inhibitor nanmely erythro-(E)-3,S-di hydroxy-7-[3'-(4"-fl uorophenyl) -

-(1"- nethylethyl)lndol 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 compound of
formula | conprises stereoselectively reducing a racemc or optically pure
conpound of fornmula Il R- X - ~C-CSI -CCE2 -000R1 Z1 Z2 wherein R R1L
and X are as defined above and one of Z1 and 22 is oxygen and the other is
hydr oxy and hydrogen, to produce a correspondi ng conpound of fornmula |I. As
appears fromformula I the conmpounds have the syn, i.e. the erythro
configuration. The synbol (E)- appearingat the beginning of a formula or in
a nane indicates that a double bond is in the trans configuration. -3 The
i nvention al so conprises a conpound of fornula |I as defined above in a
state of opti c&he mammpy fasghre hlkimkihe fhespovariions dfrogeys atepstiz thavo i soner

is 99.1: q&ﬁhie&*ae'io %B@émltx 20-3riofh 3tffes NLIBG pr &5 3&%'% 99.7 -
0.3 or hig er e conpoun ormu are esters,
cor r espond7 FRybist R teféngsetséar-v%i%ﬁad cmputen@sct éF%d (@54 &tqdé‘ﬁés)aﬂér e

phaf’naceUtP£¥ﬂ¢§t1¢éb RﬁEEééﬁJbﬁicHEMQECEH%BE@déﬁaﬁaﬁfoéyﬂlhbkidJHShibl6%rs

chol esterol bigsynthesis inhibitors and, therefore, they are in di cat ed
This 11nk 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)indocl-2’-yllhept-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 racemic or optically

pure compound of formula II

R-X-¢-CH -C-CH - COOR (I1)
2y Z2
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 (E)- appearing at the beginning of a formula or in a

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



for use for the treatnent of hyperchol esterolem a, hyperlipoproteinem a and
atherosclerosis. -4 2. Preferred significances An ester group Rl preferably
is a physiologically acceptable and hydrolyzable ester group when the
desired end product is an ester. By the term "physiologically acceptable and
hydrol yzabl e ester group” is nmeant a group which, together with the -COO
radical to which it is attached, forns an ester group which is
physi ol ogi cally acceptabl e and hydrol yzabl e under physiol ogi cal conditions
to yield the corresponding carboxylic acid. of the conpound of formula I
(i.e. wherein Rl is replaced by hydroged} and an al cohol which itself is
physi ol ogi cally acceptable, i.e. non-toxic at the desired dosage |evel,
particularly a group which is free of centers of asymmetry. Rl is preferably
R2 where R2 isTH idakhylomalbernopbrisspeceaipoynd RE fotmrla R2As idefHed3al kyl
n-butyl, i y I Yia g r opropyl or
t-butyl, es%gtgl !zli?l yslwt)é/ Of%pgﬁrﬁ ker a suchttQXl V\ﬂﬁ gic;{o%*?wn CE- gf-.lm

pref er abl th( Rhrep-igemer F%Spﬁéfbr a@l AL hé&h‘l%fot edeferemin 3f-Sup NS B C, D, Ea,
Eb, Ec, F, \ r, A phenyl trisubstituted by R1"
RL. and R3, 1g\q/\§heéfee|sr%ec§l,lly 9MP U §.s°r;(rﬂghl?ér,1%ependent | y hydrogen; hal o;

Cl 4a|ky| Cl_4hal oal kyl ; phenyl phenyl substituted by halo, Cl_4al koxy,
C=_sal kanoyl O0X¥he Q%mﬁ@lu{% o?rfcghu'ﬂ'ai Oahka ar@rest‘e%?f antherein R4, is

hydr ogen, C2_aal kanoy benqu enyl hal ophenyl , gpen I(C1_3a|ky|)
Cl_yal kyl , cqﬁrﬁﬁgﬁﬂﬂ ng free acids, salts and cyc ic esters (&é-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_4hal oal kyl, allyl, cycloal kyl (C1_3al kyl), adamantyl (Cl1_3al kyl) or
substituted phenyl (Cl-3al kyl) each substituent of which is selected from
hal o, Cl_4al koxy, Cl_4al kyl and Cl_4hal oal kyl; whereby the hal ogen at ons
are fluoro or chloro and cycl oal kyl includes cycl ohexyl; -5 B wherein R b
and R2b together forma radical of formula: 8 76 5a) - C- C- C- C- or
b) - CH2-CH2-CH2-CH2- | R, b Rob wherein b is hydrogen, Cl_ 3al kyl,

Cl_3al koxy, trifluoronmethyl, fluoro, chl©ofo, phenoxy or benzyl oxy; Rab is
hydrogen, Cl_3al kyl, n-butyl, i-butyl, Cl_3al koxy, n-butoxy, i-butoxy,

trifluoronethyl, quéo“ chLpro, phenoxy or benzyl oxy; R5b is hydrogen,
Cl_3al kyl, 1 thyl, fllroro, chloro, phenoxy or

benzyl oxy; with the prOVISOS that not nore than one of R4b and R5b |s
trifluoronethyl q% 1 4P ngh % i n FP nor e
t han one of R4bgnaﬁggﬁgll)§rr L e QQ eﬁblB 3 ’Eﬁ S Capﬁ Qéé/ﬁptg e 3R

Cl1- 2al koxy hyfiteizebde emlea;rmroupszen ghnmségeﬁ en@lPB%dqul is rarbaayér i -butyl,
C1_3al koxy, By the term "physiologically acceptable and hydrolyzable ester
group" is meant a group which, together with the -C00- radical to
vhich 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.
vherein 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
R;’ where Ry’ is C;._j;alkyl, n-butyl, i-butyl, t-butyl or benzyl, e.g.
ethyl, preferably isopropyl or t-butyl, especially t-butyl.

X preferably is X' where X' is -CH=CH-, preferably (E)-CH=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;,, Rz, and Ry, wherein
Rias Rz, and Ry, are independently hydrogen; halo; C;_,alkyl;
Ci-q4haloalkyl; phenyl; phenyl substituted by halo,
Cy-4alkoxy, Cj-galkanoyloxy, C;.4alkyl or C;. haloalkyl; or
-ORy, wherein Ry, is hydrogen, C;_jsalkanoyl, benzoyl, phenyl,
halophenyl, phenyl(C;.;alkyl), C;_galkyl, cinnamyl, '
C,;-4haloalkyl, allyl, cycloalkyl(C,_jalkyl),
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;



n- but oxy, trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy; Rob is
hydr ogen, Cl1_3al kyl, Cl1_3al koxy, trifluoronethyl, fluoro, chloro, phenoxy
or benzyloxy; with the provisos that not nore than one of R b and Rob is
trifluoronethyl, not nore than one of R b and Rob is phenoxy, and not nore
than one of R b and Rob is benzyloxy; with the further proviso that the
free valences on rings Ba and Bb are ortho to each other; -6 C 4lc Roc
wherein one of Rlc and R2c is phenyl substituted by Ryc, R4c and R c and
the other is Cl_3alkyl, n-butyl or i-butyl, Ric is hydrogen, Cl_3alkyl,
n-butyl, i-butyl, t-butyl Cl1_3al koxy, n-butoxy, i-butoxy, trifluoronethyl,
fl uoro, cgloro,Rggenoxy ar /benzyl oxy, Roc is hydrogen, Cl1_3al kyl,

Cl_3al koxy, trifl dor Oxe R, phenoxy or benzyloxy, with the
provi sos that not nore RoC is'" trifluoronethyl, not
nore than one of R3c
Roc is Ryb

Rsb

vherein R;b and R,b together form a radical of formula:

8 7 6 5
a) -C=C-C3C- or b) - CHy-CH,~CH,-CH,-
R;b Rab
vherein '

R;b is hydrogen, C;_3alkyl, C;_jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy;

Rb is hydrogen, C;_i;alkyl, n-butyl, i-butyl, C,.j;alkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy;

Rsb is hydrogen, Ci_jalkyl, C;_jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy;

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

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

R;b is hydrogen, C1-3alkyl; n-butyl, i-butyl, C,._ alkoxy,
n-butoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy;

Rsb is hydrogen, C;.;alkyl, C;_3jalkoxy, 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 Rsb is
phenoxy, and not more than one of R;b and Ryb is
benzyloxy;

vith the further proviso that the free valences on rings Ba

and Bb are ortho to each other;



benzyl oxy, Ryc
Cl_3al koxy, n-bu
benzyl oxy, R6c
chl oro, phenoxy
Rsc and R6c is
phenoxy and not
hydr ogen, Cl1_2al

hydrogen or prinmary or secondaryCl 6al kyl

car bon atog1and
asymmetric carbo
CH=CH- CHZ wher ei
n-butyl, i-butyl
fluoro, chloro,

s hydrogen, Cl1_3al kyl, n-butyl, i-butyl, t-butyl,

toxy, i-butoxy, trifluoronethyl, fluoro, chloro, phenoxy or

s hydrogen, d _3al kyl, Cl1_3al koxy, trifluoronethyl,

fluoro,

or benzyloxy, with the provisos that not nore than one of

trifluoronmethyl, not nore than one of Rsc and R6c is

nore than one of Rsc and R6c is benzyloxy, and Rc is
kyl, Cl1_2al koxy, fluoro or chloro; -7 D wherein Ridis

not containing an asynmetric

R2d is primary or secondaryCl. 5al kyl not containing an

n atomor R d and R2d taken together are -(CH2) m or
B mis 2, ¢ 4, 5 or 6; R3d is hydrogen, d _3al kyl,
3t- butyl,

henzyl oxy, R4d is hydrogen, C, -, alkyl,

(2)-CHZ

1 3al koxy, n-butoxy, i-butoxy, trifluoromnethyl,

Cl_3al koxy, trifFlor ong | uoro, chloro, phenoxy or benzyl oxy, wth the

provi sos that no

t han one of R2d
benzyl oxy,

vherein

one of R;c and R;c is phenyl substituted by Rgc, Rgc and Ryc
and the other is C;_jalkyl, n-butyl or
i-butyl,

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

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

wvith the provisos that not more than one of Ric and Ryc is*
trifluoromethyl, not more than one of R;c and R4c is
phenoxy and not more than one of Ryc and Ryc is
benzyloxy,

Rsc is hydrogen, C;_3;alkyl, n-butyl, i-butyl, t-butyl,
C;-3alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro,
chioro, phenoxy or benzyloxy,

Rsec is hydrogen, C;_s;alkyl, C;_sjalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy,

with the provisos that not more than one of Rsc and Rgsc is
trifluoromethyl, not more than one of Rsc and Rsc is
phenoxy and not more than one of Rsc and Rg4c is
benzyloxy, and

Rye is hydrogen, C;.jalkyl, C;_jalkoxy, fluoro or chloro;

nor it han ghe of R2d and R3d is trifluoronmethyl, not nore
R3en{s._phenoxy and not nore than one of R2d and R3d is



R5d is hydrogen, O _3al kyl, n-butyl, i-butyl, t-butyl, C1l.3al koxy, n-butoxy,
| -butoxy, trifluoronmethyl, fluoro, chloro, phenoxy or benzyl oxy, R6d is
hydrogen, Cl_3al kyl, Cl 3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or
benzyl oxy, with the provisos that not nore than one of R5d and R6d is
trifluoronethyl, not nore than one of R5d and R6d is phenoxy and not nore
than one of R5d and R6d is benzyloxy, R d is hydrogen, Cl1_2al kyl,

Cl_2al koxy, fluoro or chloro; -8 Ea RRe RZe Re | j w or Eb Ec | wherein
each of Rte, Rte and R3e is independently fluoro, chloro, hydrogen or Cl_4
alkyl, R e preferably being nmethyl; -9 F RCF wherein R1f is Cl_6al kyl not
contai ning Bn asymetric carbon atom

Rd

R,d

wherein

R,d is hydrogen or primary or secondary C, calkyl 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, is hydrogen, C,;alkyl, 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, jalkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy,

Rd is hydrogen, C,,alkyl, C,jalkoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy,

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

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



each of R2f and R5f is independently hydrogen, Cl1_3al kyl, n-butyl, i-butyl,
t-butyl, Cl1_3al koxy, n-butoxy, 1-butoxy, trifluoronethyl, fluoro, chloro,
phenyl, phenoxy or benzyl oxy, each of R3f and R6f is independently
hydrogen, Cl_3al kyl, C1_3al koxy, trifluoromethyl, fluoro, chloro, phenoxy
or benzyl oxy and each of R4f and R7f is independently hydrogen, Cl_2al kyl,
Cl 2al koxy, fluoro or chloro, with the provisos that not nore than one of
R2f and R3f is trifluoronmethyl, not not® than one of R2f and R3f is
phenoxy, not nore than one of Ref and R3f is benzyloxy, not nore than one
of R5f and R6f is trifluoronethyl, not nore than one of R5f and R6f is
phenoxy andERot nore than one of R5f and R6f is benzyl oxy; with the
provisos that (i) the free val ence of the pyrazole ring is in the 4- or 5-

position, and (ii) the_RLlf grou val gnce are ortho to each
other; -10 G Rda Raa wheferm i 1
R3¢ N Z

X4
Rze Rze
R.&
3 R.e — P
Eb Ee

vherein
each of Ryje, R;e and R;e is independently fluoro, chloro,
hydrogen or C;.; alkyl, Rje preferably being methyl;



Rag is a single bond to X, Rbg is Rag, Rcg is R3g, Rdg is R4g and Kis -N
; or kg Rag is Rig, Rog is a single bond to X, Rcg is R2g, Rdg is R3g, and
Kis 0, Sor -NR4g Rlg, R2g, R3g and Ryg independently are Cl1_6al kyl not
containing an asymretric carbon atom C3-7cycloal kyl or phenyl substituted
by Rsg, R6$ and R7g, or in the case of R3g and R4g additionally hydrogen,
or for Rag when Kis O or S and Xis X-%9additionally Ga, and Ga is
-C(R17%) - C(R16g) R19% wherein R17$ is hydrogen or Cl-3al kyl and R15g and
R19% are independently hydrogen, Cl1_3al kyl or phenyl, each R5g is

i ndependent Iy hydrogen, Cl1_3alkyl, n-butyl, i-butyl, t-butyl, C1_3al koxy,
n- but oxy, i-butoxy, trifluoronethyl, ro, chloro, brono, phenyl,
phenoxy or benzyl oxy; each R6g is J endent |y hydrogen, Cl1_3al kyl,

Cl_3al koxy, trifluoronethyl, fl | oro, brono, phenoxy or benzyl oxy;
and each R7$ is independently hydroge R=af kyl, Cl1_2al koxy, fluoro or
only be one each of

on each

e

p
s Faf

vherein v

Ryf is Cy_.galkyl not containing an asymmetriec carbon atonm,

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

each of Ryf and Rgf is independently hydrogen, C,._jalkyl,
C,-jalkoxy, trifluoromethyl, fluoro, chloro, phenoxy
or benzyloxy and

each of R,f and R,f is independently hydrogen, C;._jalkyl,
C,-2alkoxy, fluoro or chloro,

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

with 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;



phenyl ring substituted by R5g, R6g and R7g; -11 RIL H H 3 wherein Rh is
Cl 6al kyl not containing an asymmetric carbon atom C3_7cycl oal kyl,
adamantyl -1 or phenyl substituted by R4h, Rsh and R6h; R2h is Cl_6al kyl not
contai ning an asymetric carbon atom C3-7cycloal kyl, adamantyl-1 or phenyl
substituted by R7h, Reh and Ryh; R3h is hydrogen, Cl1_6 al kyl not containing
an asymretric carbon atom C3_, cycl oallyyL, adamantyl-1, styryl or phenyl
substituted by R oh, Rllh and R12h; each of R4h, R7h and Rloh is

i ndependent|y hydrogen, Cl1_3alkyl, n-butyl, i-butyl, t-butyl, Cl_3al koxy,

n- but oxy, igbutoxy, trifluoronmethyl, fluoro, chloro, = bronmo, phenyl, phenoxy
or benzyl oxy, each of Rsh, Reh and Rl11lh is independently hydrogen,

Cl1_3al kyl, C1-3alkoxﬁF@miflG@gpnethyl, fluoro, chloro, brono, -COORLl7h

- N(R19h) 2, phenoxy or y, wherein R17h is hydrogen, R16h or H,
wherein R16h is Cl_3al kyy5—-butyl, i-butyl, t-butyl or benzyl, and His as
defi ned above, and eac RlQN I s i ndependently Cl _6al kyl not containing an

Rdg K Rag_

vherein
Rag is a single bond to X, Rbg is R,g, Rcg is Ryg, Rdg is
Rsg and K is -N- ; or
18
Rag is R;g, Rbg is a single bond to X, Rcg is R,g, Rdg is
Rig, and K is 0, S or -?- ;
R.g
R:1g, Rig, Rig and R g independently are C;_galkyl not
containing an asymmetric carbon atom, C;.;cycloalkyl or
phenyl substituted by Rsg, Rsg and R;g, or in the case of
Rig and Ryg additionally hydrogen, or for R;g when K is 0
or S and X is X’ additionally Ga, and
Ga is -C(R;78)=C(R;sg)R19g wherein
Ri7g is hydrogen or C;.3;alkyl and
R;sg and R;¢g are independently hydrogen, C;.jalkyl or
phenyl,
each Rsg is independently hydrogen, C;_jalkyl, n-butyl,
i-butyl, t-butyl, C;_i;alkoxy, n-butoxy, i-butox&,
trifluoromethyl, fluoro, chloro, bromo, phenyl,
phenoxy or benzyloxy;
each R¢g is independently hydrogen, C;_3alkyl, C;._jalkoxy,
' trifluoromethyl, fluoro, chloro, bromo, phenoxy or
benzyloxy; and
each Ryg is independently hydrogen, C;_;alkyl, C;.;alkoxy,
fluoro or chloro,
vith the proviso that there may only be one each of
trifluoromethyl, phenoxy and benzyloxy on each
phenyl rigg substituted by R«g, R¢g and R,g;



asymmetric carbon atom and each of R6h, Ryh and R13h is independently
hydr ogen, Cl_2al kyl, Cl1_2al koxy, fluoro or chloro, with the provisos that
not nore than one substituent on each phenyl ring independently is
trifluoromethyl, not nore than one substituent on each phenyl ring

I ndependently is phenoxy, and not nore than one substituent on each phenyl
ring independently is benzyloxy; -12 J 1%11 Ny N z R j wherein each of
Rlj and R2j is |ndeQ?ndentIy C -,al kyl not containing an asymmetric carbon

atom C3_bcycl oal%k phenyl - (CH2) m wherein mis 0, 1, 2 or 3 and the
phenyl grou% IS un Ituted or substituted by any of Raj, Raj and Rsj
wherein Raj, R d RN are as defined below, or RZj is -Yj-benzy], -N(Raj)
or Ja wherein YjNig -ON-oR246-; each Raj is independently Cl_aal kyl not

cont ai ning an asymrefric carbon atomor wmy formpart of a 5-, 6-, or
7-menbered ring Jb, R&y@'Jb being substituted or unsubstituted and
optionally also COR{,A;[i ng one or nore het er oat ens; and -13
R;h is C;_¢alkyl not containing an asymmetric carbon aton,
Cy3-gcycloalkyl, adamantyl-l or phenyl substituted by R.h,
Rsh and Rgh;
R;h is C;_galkyl not containing an asymmetric carbon atom,
Cy-qcycloalkyl, adamantyl-l or phenyl substituted by R,h,
Rgh and Rgh; o
Ryh is hydrogen, C;_s alkyl not coﬁtaining an asymmetric
carbon atom, Cj_scycloalkyl, adamantyl-1l, styryl or
phenyl substituted by R;oh, R;;h and R;;h;
each of R¢h, R;h and R;oh is independently hydrogen,
Cy-3alkyl, n-butyl, i-butyl, t-butyl, C;.3alkoxy,
n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
bromo, phenyl, phenoxy or benzyloxy,
each of Rsh, Rg¢h and R;;h is independently hydrogen,
C;-3alkyl, C;.jalkoxy, trifluoromethyl fluoro, chloro,
bromo, -COOR;+h, -N(R;3h)2, phenoxy or benzyloxy, wherein
Ry;7h is hydrogén, Rish or M, wherein
Rysh is C;.3alkyl, n-butyl, i-butyl, t-butyl or
benzyl, and
M is as defined above, and
each R;sh is independently C;.salkyl not containing an
asymmetric carbon atom, and
each of Rg¢h, Ryh and Ry;h is independently hydrogen,
C,-alkyl, C;_;alkoxy, fluoro or chloro,
vith 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;'



Jais Ja' or Ja" wherein Ja' is a heterocyclic group which is unsubstituted
or substituted by one or two Cl-,alkyl or Cl _2al koxy groups and Ja" is Ja"a
or Ja"b R41 R51 R5 | Ja"a Ja"b wherein Raj is hydrogen, C _3al kyl,
n-butyl, i-butyl, t-butyl, Cl_3al koxy, n-butoxy, i-butoxy, trifluoronethyl,
fluoro, chloro, phenoxy or benzyl oxy, R4 is hydrogen, C -, alkyl,
Cl _3al koxy, trifluoronmethyl, fluoro, chlﬁ%o, phenoxy or benzyl oxy and Rsj
is hydrogen, Cl_Zal kyl, Cl1 3al koxy, fluor® or chloro; with the provisos that
not nore than one of Raj and R4j is trifluoronethyl, not nore than one of
Raj and R41 is phenoxy and not nore than one of R and R4 is benzyl oxy; -14
K RRk Rik wherein each of R k and R2k is independently (a) phenyl
substituted by R5k, R6k and R7k wherein R5k is hydrogen, Cl 3al kyl, n-butyl,
i -butyl, t-butyl, C1.3al koxy, n-ggtoxy, i-bu%@xy, trifluoronethyl, fluoro,
chl oro, phenoxy or 7 1

I

~ _N
>r
R,j

N

wherein
each of R,j and R,j is independently C, salkyl 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 Ry), R,j and R,j wherein
R,j, R,j and Ryj are as defined below; or
R,j is -Yj-benzyl, -N(st)n_or Ja wherein
Yj is -O- or -S-;
each R,j is independently C, alkyl 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



benzyl oxy; R6k is hydrogen, Cl_3al kyl, Cl1_3al koxy, fluoro, or chloro; and
R7k is hydrogen, Cl2al kyl, Cl2al koxy, fluoro or chloro; (b) hydrogen or a
primary or secondary Cl_6al kyl not containing an asynmetric carbon atom

(c) C3_6cycloal kyl; or (d) phenyl-(CH2), m wherein mis 1, 2 or 3; - 15 L
Rl RL wherein Yl is -CH=CH CH=N-, -CH=CH N=CH, -CH:N-CH:CH- or

-N=CHCH=CH, R1is primary Cl 5a|ky| Qﬁt contai ning an asynmetric carbon
atom or |sopropyl R21 is: a) phenyl lbstituted by R51, R61 and R/ 1
wherein R51 is t-butyl, C, _3al koxy, n-butoxy, i-butoxy, trifluoronethyl,
fluoro, chloro, phenoxy or benzyl oxy; R61 is hydrogen, Cl_3al kyl,

Cl_3al koxJa islaf pbuda'owkarempl , fluoro, chloro, phenoxy or benzyl oxy; with the

provi sos that ,not re t an_one R51 a l.is ronet hyl , not nore
Phan one of B8 1REIREE TS EENGISH e gRtarbPEsytitirahs P BB Snd Ret | <
benzyl oxy, R 1 Cﬁzah?fy‘]’j'b&?@e_nalk&y'gx%hﬁé’hnd Cl 2al koxy, fluoro or chioro,

Ja" 1s Ja"a or Ja"b

R A — 2

R4j st v ~
st
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, alkyl, 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;



b) a primary or secondary Cl_6al kyl not containing an asymmetric carbon
atom c¢) C3_6cycloal kyl or d) phenyl-(CH2) mwherein mis 1, 2 or 3; - 16 M
R, mRam R m Romwherein R mis C, _bal kyl not containing an asymetric
carbon atom C5_7cycloal kyl, (C5_7cycl oal kyl) et hyl, phenyl-(CH2) m,
pyridyl-2, pyridyl-3, pyridyl-4, thienyl-2, thienyl-3 or phenyl substituted
by RSm R6émand R7m R mis Cl_6al kyl npf. containing an asymmetric carbon
atom C5_7cycloal kyl, (C5_7cycloal kyl)nmethyl, phenyl-(CH2)m, pyridyl-2,
pyridyl-3, pyridyl-4, thienyl-2, thienyl-3 or phenyl substituted by RBm
R9m and om wth the proviso that not nore than one of R mand Remis a
menber of ™t he group consisting of pyridyl-2, pyridyl-3, pyridyl-4,
thienyl-2, thienyl-3, phenyl substitRiked by Rom R6m and R7m and phenyl
substituted by Rem R9Imand R om R[mis Cl_6al kyl not containing an
asymmetric carbon atom C5_ or phenyl substituted by RI,m R'm
and R 3m R4mis Cl_6al kyl i fhg an asymmetric carbon atom

C5. 7cycl oal kyl or phenyl s R14m R15m and R 6m -17

R,k

wherein
each of Rk and R,k is independently
(a) phenyl substituted by R.,k, Rk 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,_jalkoxy, fluoro, or chloro; and
R.k is hydrogen, C,,alkyl, C, alkoxy, fluoro or chloro;
(b) hydrogen or a primary or secondary C, alkyl not containing an
asymmetric carbon atom;
(c) C,cycloalkyl; or
(d) phenyl-(CH,) - wherein mis 1, 2 or 3;



wherein each of RBm Rem Rllm and Rl1mis independently hydrogen,

Cl 3al kyl, n-butyl, i-butyl, t-butyl, Cl-3al koxy, n-butoxy, i-butoxy,
trifluoronmethyl, fluoro, chloro, brono, phenyl, phenoxy or benzyl oxy, each
of R6m R9q, Rl12m and Rlymis i ndependently hydrogen, Cl1_3al kyl,

Cl_3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or benzyl oxy, and each

of Rm RIOm R13m and R16mis independegntly hydrogen, Cl_2alkyl,

Cl- 2al koxy, fluoro or <chloro, with the provisos that not nore than one
substituent on each phenyl ring independently is trifluoronmethyl, not nore
than one substituent on each phenyl ring indergndently is phenoxy, and not
nore thanlone substituent on ea p I ng i ndependently is benzyl oxy;
-18 NR7 rl R6 n RS VI wherein yeac n, R2n and R3n is independently
al kyl of 1 to 4 carbon atons; o +eh—ay be unsubstituted or
substituted either by one or two aIkyllor al koxy groups

wherein Y1l is -CH=CH-CH=N-, -CH=CH-N=CH-, -CH=N-CH=CH- or
-N=CH-CH=CH-,
Rl is primary C, calkyl not containing an asymmetric carbon atom;
or isopropyl;
R,1 is:

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

Ryl is hydrogen, C, jalkyl, C,;alkoxy, 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 Ryl and Rl is
phenoxy, and not more than one of Ryl and Rl is
benzyloxy,

R, is hydrogen, C,,alkyl, C,,alkoxy, fluoro or chioro,

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

carbon atom,

¢) C,cycloalkyl or

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



of 1 to 3 carbon atonms, or chloro; or by one fluoro, brono or
trifluoronethyl substituent; RO is hydrogen or alkyl of 1 to 3 carbon atons,
e.g. nethyl; R5n is hydrogen, |ower alkyl or al koxy; halo,

trifluoromethyl; or phenyl, benzyl, or benzyloxy, wherein the aromatic
portion may be unsubstituted or substituted by up to two groups, one of
which may be fluoro, brono or trifluqrgethyl; or one or two of which may
be | ower al kyl or al koxy, or chloro; Ran is hydrogen, |ower alkyl or alkoxy,
hal o, or trifluoronethyl; and R7n is hydrogen, |ower alkyl or al koxy, halo
or trifluoronethyl; and any of RO + R5n, R5n + R6n, or Ran + R7n may
constitut¥ either a -CHCHCE-CH or a 1%§}Q)4- radical to forma ring
which is substituted by Ran which is hydriogen; halo, or |ower alkyl or

al koxy; provided that therq%gf no nore tpan one trifluoromethyl group and
no nore than two bronmo subst t he nol ecule. -19 The
irteen groups, i.e., groups |IA
i.e.: TAwhen R=A 1|IB when R

conpounds of fornmula I may be Nilvided
to I'N, dependi ng upon the signNficanc
= B, N

wherein

R,m is C,qalkyl 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, Rqm and R,m;

R,m is C,4alkyl 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 Rgm, Rym and R,;m,

with the proviso that not more than one of R;m 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, Rqm and R,m and phenyl substituted by Rym,
Rym and R,;m;

R,m is C,4alkyl not containing an asymmetric carbon atom, Cs_,cycloalkyl or
phenyl substituted by R,;m, R;,;m and R ;m;

R,m is C,4alkyl not containing an asymmetric carbon atom, C, ,cycloalkyl or

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



ICwhen R=C, IDwhen R=D, |IE when R=Ea, Eb or Ec, IFwhen R=F, I1G
when R=G IHwhen R=H |J when R=J,. IKwhen R=K, IL when R =1L,
IMwhen R= Mand INwhen R= N -20 3. Stereochen stry Generally, when a

hydr oxy- ket o compound of fornmula Il is reduced to a dihydroxy conmpound of
formula I, an additional center of asymetry is generated. Consequently,
when a racem ¢ conpound of forrmula Il is utilized, four stereoi soners

(conprising two pairs of enantiomerd/=i.e. a pair of erythro and a pair of
threo enantioners) of the resulting conpound of fornula | are forned.

Al ternatively, when an optically pure conpound of fornmula Il is utilized,
two di ast er eofR&F9dRs (i.e. one erythro and one threo isoner) of the

conpound of formuleach o RshPRYRG, RﬁmQand tfhem?»ﬂ Ghdapehdans bS
di ast er eoi soners whi ch rgsglt Ero ; duc %@ of, th% SS q%g ﬁxy
conpound. Di ast er eoi sonef W pe §@6 Febed~BY andehiFonat- such as
by fractional crystalliz&flimlkogp) urmbucdwyonmitogroxghytrifpuepareatiy Ve th|n
l'ayer chromatography or Hﬂl‘cg‘o,-rt:]ﬁ“lcprroqugnl pl'?ényl, phenoxy or
benzyloxy,
each of R¢m, Rgq, R;2m and R;sm is independently
hydrogen, C;_jalkyl, C;_jalkoxy, trifluoromethyl,
fluoro, chloro, phenoxy or benzyloxy, and
each of Rym, R;om, R;3m and Ry;4m is independently
hydrogen, C,_zalkyl, 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;



erythro to threo i somer obtained by these nmethods is usually variable and
can be e.g. up to about 98 : 1. Wth the stereosel ective process of the
present invention, when a racem c conmpound of forrmula Il is utilized, only
two stereoisoners (conprising the erythro pair of enantioners) of the
resulting conpound of formula | are forned al nost exclusively.
Alternatively, when an optically pure conpound of forrmula Il is utilized,
only one enantioner of the conpound efiBfornmula | is forned al nost
exclusively, and this enantionmer is the corresponding erythro enanti omer.
For exanple, the 3R 5S enantioner results fromthe reduction of the 5S
hydr oxy co¥pound wherein Xis -CH CH. The proportion of erythro to threo

i soner obt ai ned mnth Ee Process of the present invention is about 99.1
0.9 or higher, @ larly about 99.5 : 0.5 or higher, especially about
99.7 : 0.3 or | e_t-eRTm" st ereosel ective" as used herein thus
nmeans that the propqrﬂ | he erythro to the threo formis 99.1 : 0.9 or
hi gher. The st ereoi soner e conpounds of formula | wherein Xis

-CH=CH according togt present gvention are the 3R 5S and the 3S,5R

i somer and the racemat® conisi sting®8f both of them of which the 3R 5S

i somer and the racenate aréﬁpﬁeferred. The stereoisoners of the conpounds of
formula | wherein Xis -CH2CH2- according to the present invention are the
3R 5R and the 3&hd&eihsoner and the racenmate consisting of both of then1 of

whi ch the 3R, 5R Icﬁuon?rRla}xr:ngrP%nGa en%s inc{epegcrieegtﬁrreﬂcyl of 1 to 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;

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

Rsn 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;

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

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

any of Ryn + Rsn, Rgn + R¢n, or Rgn + Ryn may constitute
either a -CHaxCH-CH=CH- or a -(CH;),- radical to form a
ring wvhich is substituted by Ryn 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.



-22 4. State of the art Conventional processes for reducing the keto group
of a conpound of fornmula Il have enployed mld reducing agents such as

sodi um borohydride or a conplex of t-butylam ne and borane, in an inert
organi ¢ solvent such as a |lower alkanol, to yield a m xture of

di astereoneric forms fromthe optically pure starting conpound, or
alternatively, the racem c diastereoisoners fromthe racemc starting
material. A three-step, partly stereosel ective reduction process has been
used to obtain predom nantly the erythro racemate fromthe racemc starting
material. In the first step, a conpound of fornmula Il is contacted either
with a trial kyl borane conpound or a conﬁﬂahd of formula Ill: R4O-B-(R3)2 in
which R4 is allyl or |Iower alkyl having from1 to 4 carbon atons,

preferably not tertiary, and R3 is a primary or secondary al kyl having 2 to
4 carbon atons, TRE gb@paiids dfdorrhelatli raay be idivided @ae tHineenn@rdupsni.e; @rpupsdiAng an
al cohol and tetrahydrofuran (THF)., In the second step of such processes,
sodi um bor ahyNr defendimapmen the sigaficanteoot Relg-eaction medi um and reaction
proceeds with the re?Rq&ﬂ&quiAyhe keto group, and in turn to the formation
of the cyclic boronate or a borane conplex of the conpound of forrmula I. In
the third step, the nBaghidnoR = Bl Xxture contai ning the boron conpl ex and/ or
cyclic boronate ester is azeotroped with nmethanol or ethanol, or
alternatively, is tréaté#niR=%&n organic solvent with aqueous peroxy

conpound, such as a pgroXd 98 - p
IE 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,
ILwhenR =L,

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



e.g. hydrogen peroxide, or a perborate, e.g. sodium perborate, to yield the
resulting conpounds of formula |I. The aforenentioned process is said to
provide the erythro racemate with, e.g., about 98 % selectivity relative to
the threo isoners (Chen et al., Tetrahedron Letters 28, 155 11987]). -23 5.
Det ai | ed description The process of the present invention conprises a nethod
for stereoselectively reducing racemc and optically pure conpounds of

formula Il to obtain al nost exclusively the erythro isomers of forrmula |
Advant ageously, the reduction of the ketgygroup of the conpound of fornula
Il occurs virtually instantaneously. The conmpounds of fornula I, i.e. the

erythro isoners, are, additionally, provided in 1increased chemcal purity

and may be3fur§tlgg£°%iig$ﬂ to above 99 % chemcal purity by sinple

recrystalliza ; gtoafirst step of the process of the present
invention [step (a)], a conpound of formula Ill is mxed with sodi um
borohydride NABH4 in a reaction medi um conprising an al cohol and

tetrahydrofuran. In second step [step (b)], a,compound of formula Il is
treated with CRBETA tur‘éhe(?b?a?lﬁg&xyﬂ‘%eﬁg'%gg)‘m ?jgr%%%‘h]tﬁ £ obs redvesdol e to

obtain a mxtddehgdiyxe Bontbuad CYLIfoemblar onadre adeipionad adntkerspll a |1V(a) R3

B OOR -aggdhegt; ;]geﬁeraé%SFx}%%nsequently, when a racemic compound of
formula II is utilized, four stereoisomers (comprising two pairs of
enantiomers, i.e. a pair of erythro and a pair of threo enantiomers)
of the resulting compound of formula I are formed. Alternatively,
wvhen 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 5SS 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.

With 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 almosf 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,58 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.



and/ or a boron conplex of formula IV(b) RBR3 / 0/ OH Ip 1 R- X - CHCH2CH
- CH2000R1 (IV(a)l (I'V(b) I wherein R Rl, R3 and X are as defined above.
The latter predom nates prior to quenching. However, quenching converts the
boron conplex into boronate ester. -24 In a third step [step (c)], the
product obtained in step (b) is cleaved to obtain a correspondi ng conpound
of formula |I. Step (a) is preferably carried out under essentially anhydrous
conditions, preferably in an inert atnosphere, at from about -100 to about
+30C, preferably at fromabout -80 to about -60 C, especially at from about
-78 to about -70C. The reaction nmedium eypl oyed in step (a) conprises a

m xture of al cohol and tetrahydrofuran wherein the alcohol is of fornula
AlLKOH, in which Alk is alkyl of 1 to 4 carbon atons, e.g. nethyl or ethyl,

preferably not Tferdekar YstetSsdlleck [ePagOusdds hofe if @Rud MeaHRYrHAR FACH,
However, 1t 1S not

AR NG NN R K TN T o N W S
shoul d gener athy sherpiizdasts iof @he |@@apbureiiubHOfctinu b0 heyéinh Xt e conpound
of  formil -aCHI=|CH- aanc%og?{neg Q(r:egheer %Qleglenitn irsnlleir&qton e TRe 3%{%}51 S §he from

3S,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.



about 1.1 : 1 to about 1.5 : 1 noles NaBH4 per nole of ketone. The nolar
rati o of the conpound of formula Ill to the conpound of formula Il is at

| 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

maei ntai ned at about -100 to about -40C,_,gspecially from about -78 to about
-70C. The conpound of forrmula Il is preFerany in a solvent such as

al cohol / THP or THF. Preferably the reaction nediumof step (a) and the

sol vent of th forrruIaII which is added in step (b) are
sel ected t ta?gn‘?f)l{ﬂg chil ed nmedi um wherein the ratio (v/v) of alcohol to
tetrahydrofuran is from about 1:3 to about 1:6 of alcohol to THF,

especi al l'y from,aboiitiohad ﬁt%c@pgékt for reﬁ@@h’ftt'hﬂnkgﬂco %p&%d(%ﬁoa gcro%ggund S

exot herm ¢ and occurs rapid nd therefore, conmpound
i s desirabl§ Earaydy ﬁInhéY%jeqmﬁ@yﬁ??almﬁiﬁl"eraﬁi‘P&]taSFﬁhﬁ sugrAsesedinme in the

range of fhLgrar3ReUde ofBat Qompeltor Zoatyﬁfaaineanaemmhonm andd fAst
I nst ant aneous alnd the reactlon mxture js t ?y nched by adding, e.g.,

aqueous soQFEARISi FArEBRafEeh AfmdliouRF HHR8P det° i Bixtdre ofind a mixture

of the desawg&e@yeﬁéﬁcboémbatfeommmteebﬁreﬂ:laan;e pu&eobta'tltmﬁgi cohBo@ﬁcE,poEC) t he
reaction product g l e[g %bl) i/ be azeotr.oped g/l FE t hanol| or et hanol,
at, e.g., PrETARABEYRIYB0tRY T3660Ec Sies tenftddrmerssEFT PP FAcsAYrasting
condi ti OnSmaMzhaELnat ively and preferably, particularly where X is -CH CH,

the product hay n beeheBeutial) 2ed. o Berlfh 4 2laflessghHEDL SRLPpRa ©

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)2 (II1)

in which Ry is allyl or lover alkyl having from 1 to 4 carbon atoms,
preferably not tertiary, and R; 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

o~

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]).



solvent, e.g., ethyl acetate, and treated with aqueous (e.g. 30 X) hydrogen
peroxi de or aqueous sodi um perborate (NaBO33.4H30), initially 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
conmpound of forrmula |I. Alternatively, the cyclic boronate ester fromstep
(b) may be extracted. with an organic sa vent such as ethyl acetate and
then treated directly with an aqueous sol ution of a peroxy compound such as
30 Z aqueous hydrogen peroxi de or aqueous sodi um perborate solution to
obtain the, copLesRERdiNG sorpQund of fornula I. Since reducing conditions
occur in p? h-m-g—t%e—r—ngﬁ'rh on, it is understood that any substituents
or functions on the radical errployed as Rwill be inert, i.e. that it wll

be free of subsd ipbheddss o@r:ﬁéﬂamms imrﬁhowmgr?&'esf %afauhvo% Bg Susceptible

of alteration under such conditi ons, known met hods of masking or
prot ect i n@@ﬁ&?ﬁ‘ﬂ&ﬁ&’c‘fﬂﬂsrsﬁl“qiﬁﬂrbﬁﬁf@iiﬁg“(dhémjé@l&yIl&t’-’ér cerpoyads -ofs The

conpounds gfrmfins mal @ lobtalg ﬁ%sesmudkm1§ heec €850 fik6FersAGE U @08, sal ts,
processes for, convertin

nd .of er ei.n Rl has one
si gni fi cane ad"Pﬁ%m'Lsglyr e%ﬁﬂ ‘r‘fbti(‘?Bn%fgl}ﬁg keWReFEFYP Of Hifs campRundepfnt
si gni fi cangemabd/1ar oédirG Uhﬁtkﬁ@ﬂ.?eﬂﬁmaﬁltmou&y{ actR@ecdbolddeodci d or salts
are known. _ The c%grrpounds of fa i

[ ired converted by
convent i onfATH&He £ rEo tESr’r’@gbBﬁd’isﬁ?&ef?’e@rﬁclacﬁi%(’ﬁl%ré?l i o‘?‘r?é“éffé.“ wher ei n
Rl is repl aredasnd byehiagdnparitg amd imap, bes fohtlesr anridhedl ko avevaloxcati on or

anmoni um Blre%figarlapu 1tsyo%lyuglmoprlep?éce}:%?tyﬁiqggion.

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)

R, R;
%
0 OH

Y 4
R - X - CHCH;CH - CH;COOR,; [IV(D)]
vherein R, Ry, R; and X are as defined above. The latter predominates

prior to quenching. However, quenching converts the boron complex

into boronate ester.



especially sodium into other ester forns, or into the corresponding
S-lactones, i.e. internal esters. As nentioned above the conpounds of
formula | obtained according to the process of the invention are
pharmaceuticals. In a further enbodi nent, however, the process of the

i nvention may al so be applied to the preparation of chiral internediates,
of e.g. formula lu U- OCH2 - CHCH2CHCH2 5, COORU OH OH (lu) wherein uis
triphenyl methyl (trityl) and Ru is allyl "0r a radical formng an ester inert
under the reaction conditions, preferably allyl or Cl_3al kyl, n-butyl,

I -butyl, t-but or, I Cj Y.ta electiyely
reduci ng a race%%l ¢ (§1r1?§<pptzs|xggl Ff/tgguﬁag fdortrfﬁ%%xg?t Qfx’é?%’u?{d:qﬁl %&& -(K&iﬁz

C- CH2- C - GHeavedGERePtain ptc@TezpontHageromRPUn® of Zorawke 22 are as defi ned
above. Such chiral internediates are disclosed in e.g. EP 244364. They are
I ndicated for use in preparing pharmaceuticals. -27 6. Starting materials

The (primary or ¥&Pokdhryp elefanaRdyycasriad |qutoRgderdesEentiaaly anhydrous

C=_4al kyl ) hohaneson@f, préfarably lin Hfethe?t &Strdsbhéfe ,Matefiod Sbout -100° to
about +30°C, preferably at from about -80° to about -60 °C, especially
at from about -78° to about -70°C. The reaction medium employed in
step (a) comprises a mixture of alcohol and tetrahydrofuran wherein
the alcohol is of formula AlkOH, in which Alk is alkyl of 1 to 4
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 internal 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/THF 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 1:4. 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



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), 1923-19261. However, they may be prepared in
situ fromthe corresponding tri-(primary or secondary C2_4al kyl)boranes by
reaction with a primary or secondary Cl1_4al kanol or allyl alcohol, the
concentration of the fornmer in the latter preferably being fromabout 0.2 M
to about 1.2 M especially about 0.5 M The conpounds of formula Il are
known or nmay be prepared analogously to known conpounds of formula Il, e.g.
as described in USP 4 739 073 (e.g. forysZ2 - oxygen) or in EP 216 785 (e.qg.
for Z1 - oxygen). Thus the conpounds of formula Il wherein Z2 is oxygen are
normal |y prepared by reaction of a conpound of formula V R - X - CHO (V)

wherein R PJNCE(M'H §s a§ln¥$‘§ft' ﬂ'?‘sqaﬁp%\’é%usv‘&ﬁ@ thBer dicaDb P hiQtue G9Mpand of

formula VI" CH3 - (VI) wherein RL is as defined above. -28
7. Furthequ@ﬁﬁ’Eﬁﬂ r‘i’én?%di@gmc%'r%'ngq‘é‘&“ﬁ #dhum: biopEhpPRatas FMeNd¥Rpounds of

formula V andrie ateacdde Kefd)nand N fdkthes of etHeode sRdedS cydldeeY&fonat €
pr esent |nvent|ocgﬁﬁl JY c%n%)rl ses a novel process for the preparation of a
subgroup of"'EBAFERAEs HPOFBH Y 'a v, namely the conpounds of formula Va R5

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 (NaB0;.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 corresponding 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.



(va) H'xC'~\ wherein HCEO R5 is hydrogen, Cl_3al kyl, n-butyl, i-butyl,
t-butyl, C3-6cycloal kyl, Cl1_3al koxy, n-butoxy, i-butoxy, trifluoronethyl,
fluoro, chloro, phenoxy or benzyloxy; R6 is hydrogen, Cl_3al kyl,

Cl_3al koxy, trifluoronethyl, fluoro, chloro, phenoxy or benzyloxy; with the
provi sos that not nore than one of R5 and Rs is trifluoronethyl, not nore
than one of R3 and Rs is phenoxy, and not nore than one of RS and R6 is
benzyl oxy; one of R7 and Rs is phenyl tr?fubstltuted by R9, Rla and R11 and
the other is primary or secondary Cl_6a not containing an asynmetric
carbon atom C3_6c¢cycl oal kyl or phenyl - (CH2) , Wherein R9 is hydrogen,

Cl- 3al kyl, n- bﬁé’lcombomtsyl:f forRUiY T, @ﬂe%'t%@é&)’ondiﬂgb&“l‘iél/onés bpfQXy,

trlfluoronethyl fluoro, chloro, ng enoxy benzy "hydr ogen,
Cl 3al kyl ,acte5 331 S2YTS 1 PEPEefses %ﬁon"ﬂrf&asoa wmem**zﬁr @f f)‘l’fé‘WéﬁyI or

benzy! oxy,thl:ém smhudg Qgﬁnsig%fzélaﬂwé in€d_del k@f@é,spawﬁfgoc@ds dupgoro, and m
is 1, 2 or rﬁ %h ?¥|sos t hat ot nnreﬁéﬁan one R9 and RIOis
trifluor orfé’teﬁﬁ ﬁoaf 8 Fl%\‘andnélQﬁ RS T2 %“b‘h x§orresponding

&§-lactone or free acid or salts are known.

The compounds of formula I may if desired be converted by

conventional means into corresponding free acid or salt forms, i.e.

vherein 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)
) o8 o8
vherein
u is triphenylmethyl (trityl) and
Ry is allyl or a radical forming an ester inert under the reaction
conditions, preferably allyl or C;_jalkyl, 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; - C-CHp~¢ - CH - COOR (IIu)
7, 2

vherein u, Ry, Z2; and Z; are as defined above.

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

are indicated for use in preparing pharmaceuticals.



and not nore than one of RO and RIOis benzyl oxy; -29- starting froma
subgroup of conpounds of formula VII (E) - OHC - CHCH - N(R11)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, Cl _3al koxy, fluoro,
chloro, bronmo or nitro with a maxi numof two nitro groups; and R13

i ndependently has the significance indicated above for R12, as well as a
novel process for the preparation of the conmpounds of forrmula VII

t hensel ves. The process for the preparatipn of the conpounds of fornula Vil
is hereinafter designated as "process A" and the process for the

preparatl on of the conpounds of fornula Va is hereinafter designated as
‘process Bg, E%r%ﬂ%%mmg fornmulae Va, VII and XVII (see under 7.2.) are
known fromi.a: whi ch di scl oses the compounds of formula VII
wherein R12 is Cl_3alkyl and their use for the synthesis of the conpounds
of formul a Va, Th@e(ﬁqmpgur@stéﬁonﬁgf}md 4de'y ancliheoxyyseiof the conpounds

of formul a Vi thesi s of do of nev | onol act one and
deri vati veép‘%ﬂ‘éﬁéo -\Aﬁi%ﬂ' gPéa'}ﬁ?dPEa‘{Lé& f?)raﬁgs gedaés ng MajaEidse
i nhi bitorsin Sumacprddtey ofhithii ;sre@laﬁteﬁivehoion ayetlapshs[Kdstey dw0we| Atnl‘r\e bl ood

hol I th d fo f
hypor chol o6l URSF ¥, SR 8t 7} poseCralishons deifarsage, £33 RabED i SR EMeBunds

of formul ae¥ldl,aOitkertisery Ietneleqilo82),c 182349865 C| Hoeever, they may be

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

C;-4alkyl)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 M.

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 -

vherein R and X are as defined above,

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

threin R; is as defined above.



in British Patent Specification No. 945 536 and Czechosl ovaki an Patent No.
90 045. However, the processes disclosed therein differ from process Awth
respect to, for exanple, the use of phosgene or phosphorus trichloride,

pent achl oride or oxychloride rather than an oxalic acid derivative. -30 7.1.
Process A (preparation of the conpounds of formula VII) The process for the
preparation of the conpounds of formula-¥B+ (process A) conprises (i)
reacting a conpound of formula VIII  OHC - N(R12)R13 wherein R12 and R13 are
as defined above, wth a compound of fornmula IX X. - COCO- X (IX

wherei n X, 7k s Burgpem \esbed : gning) eaphigrodnterpedfatas i nert anhydrous
organic nedium to formthe cc--responding conpound of fornula X X -

CH N*(R12)R13 X. wherein X' R12 and R13 are as defined above, (ii) reacting
that conpound dfefeanparadx afi formuleohpndndl oAref atsrukaoxn. (Xp Rither CR- CH2
(XI') wher eigpbddkitheh 65,2 hERPERLA! ed pFeePr tiR3bn HRASaTRY cgﬂ%ﬂts'e‘éai GovBE . oxygen
atomto which it is attached, optionally in an inert anhydrous organic

medi um process for the preparation of a subgroup of compounds of formula V,
namely the compounds of formula Va
Rs
Rg
l | (Va)
B
/
R ' /,c:c
6 " AN

vherein
Rg is hydrogen, C;_jalkyl, n-butyl, i-butyl, t-butyl, Cy_gcycloalkyl,
C,-3alkoxy, n-butoxy, i-butoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy;
R¢ is hydrogen, C;.jalkyl, C;.jalkoxy, trifluoromethyl, fluoro,
chloro, phenoxy or benzyloxy;
with the provisos that not more than oné of Rs and R is
trifluoromethyl, not more than one of Rs and Rs is phenoxy, and not
more than one of Rs and R¢ is benzyloxy;
one of Ry and Ry is phenyl triéubstitutéd by Rg, R;g and R;; and the
other is primary or secondary C;.salkyl not containing an
asymmetric carbon atom, Ci_scycloalkyl or phenyl-(CH;)a-,
wherein
Ry is hydrogen, C;._3alkyl, n-butyl, i-butyl, t-butyl, C;_jalkoxy,
n-butoxy, i-butoxy, trifluoromethyl, £fluoro, chloro, phenoxy or
benzyloxy;
R;¢ is hydrogen, C;_jalkyl, C,_s;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 R;, is
trifluoromethyl, not more than one of Ry and R;o is phenoxy.

and not more than one of Ry and Ry, is benzyloxy;



-31- to forma correspondi ng compound of fornmula XIl (E) - R140 - CH CH -
CH M+(R 2)R13 X.- (XI'l1) wherein R12, R13, R14 and X. are as defined above,
and (iii) hydrolyzing that conpound of formula XIl to obtain a corresponding
conpound of forrmula VIl1 in free base or acid addition salt formand, if in
acid addition salt form neutralizing the acid addition salt with base. In
a variant of process A step (iii) my be-2i-spensed with and a conpound of
formula XIl used directly in, e.g., process B. -32 Steps (i) and (ii) may be
carried out sinultaneously or step (ii) my follow step (1); step (iii)
foll ows stapafiing &rnah st spbgrionp ¢£eammphendsabf eformulkdiFIenpl oyed, fol |l ows
step (iii). R12 is R12., where R12. is Cl_3al kyl; or RL2b, where Rl12b with
the exception of Cl_3al kyI has the significance indicated above for Rl12
(i.e. it is phenyl ©F) pheRGI- §8pbCH i+ JCBkMBy31 to 3 substituents ed¥ELof
which is independently Cl_3al kyl, Cl_3al koxy, fluoro, chloro, bromo or
nitro wth a maxi numof two nitro groups). Rl2a is preferably Cl1 2al kyl and
nost prefeﬁéb?%ﬂ“net hyl. Rl12b is preferably R12b' where R12b' is phenyl or

phenyl alwt d, dkyl , 0 &yaubﬁtﬁhhusepts%beamtea MWi1CRo i $ suBdePgiadent | y
Cl_3al kyI 2a| oxy .or Eﬁor noy e Prefer R12b" p\[here 2b" is
phenyl or pher§Ac hsoh sthicht 193 egengens Iy tupspliyloubs 23k Uorfhef er abl y
phenyl . R13 i ScHlogbgeridemy 64 ndak&witand maxdhumprofl evaliiy roeddoyibs; and

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

as wvell 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 éompounds 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;.j;alkyl 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 lower 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.



R14 is preferably Cl_6al kyl, preferably primary or secondary C2_4al kyl,
nore' preferably n-C2_4al kyl and nost preferably ethyl or n-butyl. Each X
is preferably chloro or brono, especially chloro. Each X - is preferably
chl oride or brom de, especially chloride. The base wutilized in the

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

pot assi um hydr oxi de and nore preferably is sodium carbonate or potassium
carbonate. -33 Preferred reaction conditions for process A are as follows:
Step (i) (wheh. cRep¢ess Aufpuaparation of the penpounds gfofarpula VIDD to +50C
Time: 1.5 to 5 hours Reaction nedium |iquid hal ogenated | ower al kane, e.qg.
1, 2-di chl or oet hane and ne;p | ene chloride; o acetonitrile; nethyl ene
chloride and ad&foMi%EFF %eit \o| PrFGE?ri)‘géf‘e?{ ddentAmprupdt iod Sermdactnts: 1
to 1.5 nol egploees8r Ay Rbrpideds Step (ii) [when carried out subsequent to
step (i)]: %enperature: 100 to 60C, 100 to 40C being nore preferred Tine:
0.5 to 3 hours Reaction nmedium sane as step (1) Mol ar ratio of reactants: 1
to 1.5 nol egiXl Reactimgea\ddmpound iofi Zexhuila ¥Idp (i) Steps (i) and (ii) [when
carried out simnultaneously]:

0HC - N(R;2)R:3 (VIII)

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

with a compound of formula IX

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

Xa - CHa=N*(Ry2)Ry3 X\" ¢S

wvherein X,, Ry; and Ry;; are as defined above,

(ii) reacting that compound of formula X

wvith a compound of formula XI
X140 - CHaCH; (XI)
vherein Ry4 is a monovalent group that does not deactivate the

oxygen atom to which it is attached,

opticnally in an inert anhydrous organic medium,



Tenperature: -15 to +35C Tinme: 2 to 6 hours Reaction nmedium sane as step
(1) when carried out prior to step (ii) Mlar ratio of reactants: 1 to 1.5
noles I X and 1 to 1.5 noles Xl per nole VIII Step (iii): Tenperature: 0 to
65C Time: 0.5 to 3 hours Reaction nedium water or m xture of water and
reaction nmediumutilized in step (ii) Mlar ratio of reactants: 2 to 4
equi val ents base per nole I X utilized in step (1) It is preferred to effect
the hydrolysis of step (iii) with base;3:34 The reaction medium for steps
(i) and (ii) may, alternatively and préferably, consi st of the neat
reagents, i.e. the reagents in the absence of any solvent, i.e. for step
(i) the comounds,of fQomAGIId BBl BEkdAl1#tER (11) the compounds of
formul ae X and pr i'sTIsvery dva ?ageous rome.g. an ecol ogi cal point
of view since the presence of solvents such as acetonitrile in waste water
or the em ssion VARoUs S. @k g A BRL chl oriyle into the sphere

i s avoi ded therebgﬁ)Thg?&%npg%ng% o?ﬁf%%ﬁﬁngJVIll}gnd | X or, r§§32ctively,
X and Xl can be brought to react in the absence of solvent because they do

not forma solihdrPiPeK VRN ,MRXPhdogSt 1 as itinaditaBbl @) RAky, forma
suspensi on.

(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.



-35 Process A may be divided into two subprocesses dependi ng upon the
significances of R12 and R13: (1) R12 and R13 i ndependently are Cl-3al kyl
(subprocess Aa) and (2) at least one of Rl12 and R13 is other than Cl-3al kyl
(subprocess Ab). The product of step (iii) of subprocess Aa often contains
an appreci abl e amount of the conpound of fornmula XiIl (E) - OHC - CH CH -
OR14 (XI11) wherein Rl4 is as defined abpyve, corresponding to the obtained
conpound of forrmula VI, the nolar ratio of the conpound of formula VII to
t he conpound of Fornula XIll typically being about 2:1. Wiile it is, of
course, possible to separate the conpound of fornula VII fromthat of
formula Xl b conventlonal nmeans of separatiaon, referable to

subj ect the %l 1)randt £hi) may )be icapriqd,guk gigil &fmss& o5f Stem ik h VI |

(a m Xt ur ga9f féﬂ%vCQﬂé}Ql(ﬂl)i Odctepr(M«l')anIov\M tted heivQindes pqi by GrEpound

of formula Xl tlng the crude m xture

cont ai ni ng? etrﬁ%%%?(fﬁpo'mﬂi’ GF’M‘P)GFHU?"&IVV%& (& CH CH - N(R12.)R13
(VIla) wherein R12. and R13 are as defined above mﬁth a correspondi ng
conpound of fo nula IV H 2,).R1 Xl mher n Rl a d R13 are a
de;rr)ngd above ﬁ(lz., whe 512. )15 8 ( l&l ;.Zb; ere 12b Vit% S

the exception of C;.3alkyl has the significance indicated above for
R;; (i.e. it is phenyl or phenyl substituted by 1 to 3 substituents
each of which is independently C;.j;alkyl, C;.jalkoxy, fluoro, chloro,
bromo or nitro with a maximum of two nitro groups).

Ri;. 1s preferably C;_,alkyl and most preferably methyl.

Ry;p 1s preferably Ry,;,' where R;;p° is phenyl or phenyl
substituted by 1 or 2 substituents each of which is independently
Cy-3alkyl, C;_,alkoxy or chloro, more preferably R;;," where R;,y" is
phenyl or phenyl substituted by 1 or 2 methyl groups, and most
preferably phenyl.

Ri3 is preferably C;_,alkyl and most preferably methyl.

R;4 is preferably C;_galkyl, preferably primary or secondary
C;-4alkyl, more preferably n-C;.,alkyl and most preferably ethyl or
n-butyl.

Each X, is preferably chloro or bromo, especially chloro. Each
X.~ 1is preferably chloride.or bromide, especially chloride. The base
utilized in the hydrolysis or neutralization of step (iii) is
preferably an inorganic base such as sodium ¢arbonate, potassium
carbonate, sodium hydroxide or potassium hydroxide and more preferably

is sodium carbonate or potassium carbonate.



to convert any conpound of fornula Xl Il present therein into additional
conpound of fornula Vila. -36 Preferred reactants in subprocess Aa are those
(a) wherein R12, is Cl1 2alkyl, R13 is Cl_2alkyl, R14 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) as (b) but wherein R12. is nethyl,
R13 is nethyl, and R14 is ethyl; (d)-(f) as (a)-(c) but wherein the base
utilized in step (iii) is sodiumcarbondde 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 Breferied reassaonicoddbiargpioy HFoctH Aante (aF) fokdpwvs:

particul artyepnhen they aeibdosg pEisulegrowns (fb)): (e) and (h) and

especially when they are th%g of g@obégroups (c), (f) and (i), are: Step
(i): . Tenperat GRBPeIBEEEL0C00 o+ being more preferred and 5 to 15C
bei ng even noreipgef ersed sThe®s 1.5 to 4 hours Reaction nmedium liquid

hal ogenat ed | ower al kane, or acetonitrile, or, the neat reagents; nethyl ene
chloride or thBeasfdgn mediymnt <3981 fJPatogenaheds i?‘fee‘dai‘)ﬁ%?rr Fz8i 0 of
reactants: 1 to 1.2 noles | X pgr-gntklo¥béthahelaid nktBylaneeshlokine) Jwle Vil |

bei ng acetonitrile; methylene chloride and
acetdnitrile 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.



nore preferred; -37 Step (ii): Tenperature: 25 to 40C Tine: 0.7 to 2.5
hours Reaction nedium sanme as step (i) Mdlar ratio of reactants: 1 to 1.2
noles XI per nole VIIl utilized in step (i), 1.1 to 1.2 noles | X per nole
VIII being nore preferred; Step (iii): Tenperature: 20 to 65C, 20 to 30C
being nore preferred Tine: 0.75 to 2 hours Reaction nmedium aqueous Mol ar
ratio of reactants: 2 to 4 equivalents base per nmole I X utilized in step
(i); Step (iv): Tenperature: 0 to 20C, 10 to 20C being nore preferred Tine:
0.3 to 1 hour Reaction nedium Cl-4al kan®t~ methanol being nost preferred
Mol ar ratio of reactants: 0.15 to 1 nole XIV per nole VIII utilized in step
(1), 0.15to0 0.4 nole XV per nole VIII being nore preferred. -38

The reaction medium for steps (i) and (ii) may, alternatively and
preferably, consist of the neat reagents, i.e. the reagents in the
absence of any solvent, i.e. for step (i) the 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.



In subprocess Aa step (ii) is preferably carried out after step (i).

Pref erably, subprocess Aa conprises (i) reacting N, N-di nethyl formam de
(conpound of fornmula VIII wherein R12 and R13 are nethyl) w th oxalyl
chloride (conmpound of fornmula I X wherein X. is chloro)neat or in nethyl ene
chloride at a temperature of 0 to 15C to formthe conmpound of formula Xa

G - CHaN (CH3)2 d (Xa) (ii) reacting the conmpound of fornula Xa wth ethyl
vinyl ether (compound of formula XI wherein R14 is ethyl) neat or in

met hyl ene chloride at a tenperature of 23sto 40C to formthe conpound of
formula XIla (E) - CH50 - CHCHCHN(CH3)2 C1L (XIla) (iii) hydrolyzing the
conpound of fornula Xlla with potassium carbonate in an aqueous nedium at a

tenperature of p20ceds0 A3R%y the BOFiMed Thd 466 AfbpkbEe=QEDALLM
Vilaa (E) - CHP C%}+é}i£§ (CH3)12e and of fornula XIlla (E) aiﬂ%Hggﬁn%tECH -

OC2Hs (VI | aagm(fkmcaas ef\Biz PB&tRing the mixture of conpounds of formul ae

VIlaa and ) Im, md R,qi (ddpeh@inlg seompoyatkyal (§wbprokassXlay) Wi ei n R12.
and R11
(2) at least one of R;; and R;; is other thanm C;_jalkyl

(subprocess Ab).

The product of step (iii) of subprocess Aa often contains an
appreciable amount of the compound of formula XIII

(E) - OBC - CB=CH - ORyq4 (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 - CHaCH - N(Ri2a)Ry3 (VIIa)

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

vith a corresponding compound of formula XIV
H - N(Ri24)R;; . (XIV)

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

additional compound of formula VIIa.



are nethyl) in nethanol at a tenperature of 10 to 20C to convert the
conpound of fornmula Xlilla into additional conpound of fornula VIlaa. -39
More preferably, in subprocess Aa (1) the nolar ratio of oxalyl chloride to
N, N-di nethyl formam de in step (i) is from1:1 to 1.2:1, and step (i) is
carried out by adding oxalyl chloride to N, N-dinethylformam de neat or in
solution in nethylene chloride over a period of 1.5 to 4 hours at a rate
such that the tenperature is maintained at 5 to 15C, (2) in step (ii) the
mol ar ratio of ethyl vinyl ether to the-3% N-di methyl formamide utilized in
step (i) is from1:1 to 1.2:1, and step (ii) is carried out by adding ethyl
vinyl ether to the reaction mxture over a period of 0.4 to 1.5 hours at a
rate such thafrefarrednyracdelife iBo84bRTGLe Tk d@e8r80Bo8Rd, upon conpl etion of

the additi o vhetdiw<RDg, thecl SAQkyOD AT X146 _34118A,t R, A4S pPMmar -k tO 1 hour
and if indicated recoveri r;g as nmuch pet hyl %ge chloride as possible at a
t enperat ure nSEPMAEYcenaadkyhseachFn 17 SHOFO(i3Md) el ¥ap| & chherigesf
pot assi um ¢y hened)e bu® dHweif @l yhisablogL j4kydtilized in step (i) is from1:1
to 2:1, an step (iii) is caryied,out addi ng water. to e product of
step (ii) g‘i)l Pfeg’)atbuiowlie&eébé”al f‘%vﬁeﬁgﬁ’h lfeﬁsp@reitﬁﬂr'eaf‘ rlzl|4i $2 to 45 to
60C, muai nt ai nienbyl;his tenperature during the balance of the addition of the
wat er and r addi ti pna .2t ho ing the reagtion, mxture to
15 to 25C, I@d’é?ﬂgasagaség{}ebﬁg é’oelrﬁ{"i' (])trl?eo%sﬁoﬁggislizﬁ% %%rsﬁSHa@élgv’é‘r a period
of 0.3 to 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 wvhen they are those of subgroups (b), (e) and (h) and
especially when they are those of subgroups (c¢), (£) and (i), are:
Step (i):

.Temperature: 0° to 20°C, 0° to 15°C being more
preferred and 5° 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;



1.25 hours at this tenperature, extracting the mxture with nethylene
chloride and distilling as nuch nethylene chloride as possible at a
tenperature not in excess of 45C, and (4) in step (iv) the nolar ratio of
dimethylamne to the N N-dinmethylformam de utilized in step (i) is from
0.15:1 to 0.4:1, and step (iv) is carried out by addi ng anhydrous
di methylam ne to a solution of the product of step (iii) in nethanol
stirred at 10 to 20C at a rate such that the tenperature does not exceed
20C and distilling the solvent and any excess dinethylamne at a
tenperature not in excess of 120C. -40 Preferred reactants in subprocess Ab
are those (a) wherein R12b is R 2b', 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 wheérePr{iRldh is R12b", and R14 is n-C2-4alkyl; (c) as (b) but
wherei n R12b i srepperiture R135F stomeotyl, and R14 is ethyl or n-butyl,
especially n-bytyl; (d)-(f a)-(c) but wherein the base utilized in step
(iii) is sodi tﬁ#‘&ér oka{%)zos%ﬁéf%ssi um carbonate, and (g)-(i) as (d)-(f)
but wherein t hiRehasimnubediumed samesaeigtépi(l) is sodiumcarbonate. Preferred
reaction condity SHPREAGESSs AR, tf A1 fdiledr Phﬁﬁ t reagt,gngs are
t hose of subgrgt%§§€%§?°( éﬁg ?gﬁ, n%re payfic%?gf mﬁeﬁﬁghggﬁgggéthose
of subgroups (b), (e) and (h) and espRci®&PI {ilahént ttRel- Zameleshd8eoesf
?u_b?]roups (c), (f) and (i), are: Stepold NIIIRHng HokkSstePetrdd;i OF tO step
ii)]: .
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,;_4 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.



Tenperature: -200 to +430C Tinme: 1.5 to 5 hours Reaction nmedium |iquid
hal ogenat ed | ower al kane or acetonitrile, nethylene chloride and
acetonitrile being nore preferred and acetonitrile being nost preferred;
or, nost preferably, the neat reagents; Mlar ratio of reactants: 1 to 1.2
moles | X per nole VIII, 1.1 to 1.2 noles | X per nole VIII being nore
preferred; Step (ii) (when carried out s@®sequent to step (i)]:

Tenperature: 100 to 400C Tinme: 0.5 to 3 hours Reaction nedium sane as step
(1) Molar ratio of reactants: 1 to 1.3 noles Xl per nole VIII utilized in
step (1), 1.1 tTo dulidrocesd da 3ieppéiiholsepiiidrabdy marobed ouprafwerred; -41
Steps (i) ggﬂag&g) [ when carried out sinultaneously): Tenperature: -15to
+35C Ti ne: t hours Reaction nedium sanme as step (1) when carried out
prior to step Prefenabilar subprocess Aeagamphises 1 to 1.5 noles IX and 1 to 1.5

moles X pgy Mphgedhk!§,N-dinethylformamide (compound of formula VIII wherein
R;; and R;3y are methyl) with oxalyl chloride (compound of
formula IX wherein X, is chloro) neat or in methylene chloride
at a temperature of 0° to 15°C to form the compound of

formula Xa
Cl - CHaN*(CH;3); Ccl- (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,Hs0 - CH=CH-CH=N*(CH,), Ccl- (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 forgula VIiIaa

(E) - OBC - CH=CH - N(CHj); (VIIaa)
and of formula XIIIa

(E) - OHC - CH=CH - 0C;Hs (XIIIa)

(iv) treéting the mixture of compounds of formulae VIIaa and XIIIa
with dimethylamine (cbmpound 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.



Step (iii): Tenperature: 0 to 35C, 0 to 30C being nore preferred Tinme: 0.5
to 1.5 hours Reaction nmedium m xture of water and reaction nmedium of step
(ii) Molar ratio of reactants: 2 to 4 equivalents base per nole I X wutilized
in step (1). -42 There are three preferred variants of subprocess Ab, nanely
variants Abl, Ab2 and Ab3. In variant Abl R14 is ethyl and the reaction
medi um for steps (i) and (ii) is nethylene chloride or, preferably, the
neat reagents, and in variants Ab2 and_4p3 R14 is n-butyl and the reaction
medium for steps (i) and (ii) is acetonitrile or, preferably, the neat
reagents. In variants Abl and Ab2, step (ii) 1is carried out after step (i)

and in variang,Ab3 . Eg 1?, )1rf'i'§9b££dc)essa£§ carried out sinultaneously; in
each variant, step

st eps and . Variant Abi of
subpr ocesél)Ab the é'T°éP5b’F3yt ieo?rﬁarowsésl (‘-‘ih)1°F£dePctt N(vd#resﬂwlfwm%ﬁm e
(conpound of &espnilia M Ifrowheneics 1243, I&ndolaeayl(iands Rh3riéd MRihtyy) with
GEMICARIR N SO IRTENE SCE LR SRR ON
formul a Xb O soldiHehH+{CoidahildheCrhlotlife (dier acpertiodgot NeSconm@oteersOhef or mul a
Xb with ethylayégpé sggﬁ“¥hat 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) 1in 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 water 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.



(conpound of fornmula XI wherein R14 is ethyl) neat or in nethylene chloride
at a tenperature of 150 to 40Cto formthe conpound of fornula Xllbl (E) -
CH50 - CH=CHCH N (C6H5)CH3 C - (XIIbl) (iii) hydrolyzing the conmpound of
formula XIIbl with sodiumcarbonate in a mxture of nethylene chloride and
water at a tenperature of 20 to 30C to obtain the conpound of formula VIlb
(E) - OHC - CH=CH N(CBH5)CH3 (VIIb) -43 Mfte preferably, in variant Abl of
subprocess Ab, (1) the nolar ratio of oxalyl chloride to N-nethylformanilide
in step (i) is . from1;1 to 1.2:1, and step éi is carried out by adding
oxal yl chl or|dep‘i"tfel‘ilf-'ﬁ%t’-’ﬁ?f:f%ﬂtﬁah?I-‘?”&’@rﬂ“eea"'ts P 25¢ BP$Rion in nethyl ene

chl ori de at(aJ)Swﬁa-eZQGzlq\{,easaalggrl,cml ofislct_qazkhpum§4 ﬂnq,,riuzp@n ogonpl eti on of
t he addition, radglly rai si rlgthé1 h%"gture ofdthﬁ_lﬁ(eactlonxtureto
40 to 45C over PFoF-aplyloses PEOn ARt FATR Kef | 1k iCRECTHdeF or
0.75 to 1. 2(5)hwr(s) b2y whareireR, (i iis Rbgb“molaaa Rlat iie mic,ewmylw nyl ether to
the N-net Ifor I de. uti]i edlnse (i ste 1)
is carried ;ﬂg %) BT TGerRen él‘b’tlui(,st pg? %y % {l’)s f"SPll)é f”&d 2%6 1%&‘&5%%
et hyl vi nyl etblem-fhueyl,aepgectndlpfn-omﬁylp 1 5 hours at a rate such that the
t enper at ur 0 nQt 30 and, C tlon of t .addj tion,
ref | uxi ng t(ﬁlg f@acg 8??))(% "Eﬁ'ghfo * tge asﬁ 9}9%0 pd ah tf%)&lﬁ st% ep (| 1)
the nolar rati sod).fumsochhmcwdzopatassti@mtmbonate/,l a.nd

(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¢), (£) 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: 1liquid 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;



chloride utilized in step (i) is from1:1 to 1.2:1, and step (iii) 1is
carried out by cooling the product of step (ii) to 15 to 20C, adding, over
a period of 0.5 to 1 hour, an aqueous solution of sodiumcarbonate at a
rate such that the tenperature of the reaction mxture is 20 to 30C and,
upon conpletion of the addition, stirring the mxture at 20 to 30C for 0.2
to 0.5 hour, allowing the mxture to separate into two phases, separating
the two phases and recovering the product fromthe organic phase. -44
Vari ant Ab2 of subprocess Ab preferably €®mprises (1) reacting
N-nethyl formanilide with oxalyl chloride neat or in acetonitrile at a
tenperature of from-20 to +20C to formthe conpound of formula Xb (ii)
reacting tHeepsnplouaad ofiifof vhenacaprimdt puh-samedtangpusdylet her  (conpound of
fornula X wherfife ?Q:f‘ufes n-{pist i) .4yt or in acetonitrile at a tenperature
of 10 to 40C to formt e corrpound of formula XI1b2 (E) - n-C4H9O -
CH. CH- CH. N+( CoHBYMEH3 Ito fXhewr®) and (iii) hydrolyzing the conpound of
formula XiIb2 vgddr 308 nudiGa! b%laaaeas 's'i'e? mxam{ecgirp&ewmtrl l'e and water
at a tenperature of 0 to 25C to obtain onpound of fornmula VIIb. Mre
preferably, in variant Ab2 of %BBFoté’eééeMnll) the nolar ratio of oxalyl
chloride to N nedlayl EofimRiEl t&R thAts St @Ptd i1). 51 SolfelsOIX lind 1 Otol 125 Ipo1@8d St ep
(i) is carried out by adding oxalyl chloride ‘}}liget hyl f ormani | i de neat or
in solution per mole

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).



in acetonitril
conpl eti on of

e at -18 to +8C over a period of 1 to 2 hours and, upon
the addition, gradually raising the tenp- erature of the

reaction mxture to 12 to 20C over a period of 0.4 to 0.75 hour and then
stirring it for 0.2 to 0.4 hour at this tenperature; (2) in step (ii) the
nolar ratio of n-butyl vinyl ether to the Nnethylformanilide utilized in

step (i) is froml:1to 1.2:1, and step (ii) is carried out by adding

n- butyl vinyl

period of 0.5 to 1.5 hours at a rate su®?-that the t enper ature does not
exceed 30C, and, upon conpletion of the addition, stirring the reaction

m xture for O.

ether to the product of step (i) stirred at 12 to 20C over a

3 to 0.7 hour at_25 to 35C andf-4ﬁé9§_1) in step (jii) the
mol ar ratio oftN€bRiaRn SAFHOREEESTTSd KRFIGRAF AL SURPTRGESE 4R PRI in step (i)
is from lvirints. 861, A8Rdarid @p3(i iTh) vaslanarible®, puis RyhgDalnidnghd he product

of step (il

t, 0 o 5
aqueous & 8%%&ﬁ%8nm%41%§og?ﬁrﬁt88? binafB

addi ng,, .ove a@igeri od

2 hours, an

fsatmétgilc?%e?ﬁgf“t]iﬁé enper at ur e

of the reacéfamnablyxtueenest Tebgerlt3C amdl,inupani anospdet aod A3 Rhe isaddi ti on,
stirning the m xtur C for .2 to 0.5 hour,
P %Ié ethteogg%%élp at %edlil"ll? ogir\/\é%éfgs(ég, a’}sdg A gtilzsnﬁcfﬁ%éttﬁboﬂphas es

addi ng tol ugn
al | owi ng {‘ﬁgu

and recoveri narefhealplygdoire rfeaonreagiestor gdni vagilaass.Abl4énd/ab2ang tepb8i OF
b . b . . d (i : 't .
\fm.ut Ergigf%%’%?{’g&& £¥t&0;§p.|£hsﬁ%( bha advhtiane APRGHPY (HMEADYEQr mani

are ¢

steps

(1)

(i1)

(iii)

e neat o
arried out simultaneously; in each variant, step (iii) follows

(i) and (ii).

Variant Abl of subprocess Ab preferably comprises
reacting N-methylformanilide (compound of formula VIII wherein
Ry; is phenyl and R;3; is methyl) with oxalyl chloride (compound
of formula IX wherein X, is chloro) neat or in methylene
chloride at a temperature of 13° to 43°C to form the compound of
formula Xb

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

(E) - C;Hs0 -~ CHaCH-CH=N*(C4Hs)CH, Cl- (XIIbl)
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(C¢Hsg)CH, (VIIb)

l'i de



acetonitrile at -10* to +30*C in the presence of n-butyl vinyl ether to
formthe conpound of formula Xb, which conpound then reacts with the n-butyl
vinyl ether in the reaction mxture to formthe conmpound of formula Xl 1b2,
and (iii) hydrolyzing the compound of fornmula Xl Ib2 wth sodium carbonate
in a mxture of acetonitrile and water at a tenperature of 0* to 25*C to
obtain the conpound of fornmula VIIb. Mre preferably, in variant Ab3 of
subprocess Ab, (1) in steps (i) and (ii).43the nolar ratio of each of oxalyl
chloride and n-butyl vinyl ether to Nnethylformanilide is from1l:1 to
1.2:1, and steps (i) and (ii) are carried out by adding a solution of

N- et hyl f or nmanipddrdep fdrérab byt Mh ¥irihe €416t NAAHroEess Bbpcetonitrile to
oxal yl chl or|d neai t-10* to +10*C

solutlo etonitrile stirre
over a peri‘dd §atﬂ%Lﬂis° 71](?' ng‘?ﬁgﬁnﬁ? @FPBW"&@FW@&&?H"M
gradual Iy rai ssm th)e 1st efmenauur@ 100: Ihanaemtpl 0D) nNisxtulf el éd0od byo 30*C
over a period c@i SthOélrs ag theTfstlrr the reaction mxture at
this tenperatut f‘gr° r£de, R9r S-mehy 91‘)“(’2; NERB P RiSeLut kR ol ar
ratio of sodi um m&bprateecubrﬁbe axabyl to ehPOravee altpielriiadacbﬂ B & €ohédys i S

from1:1 to 1.3; nds L1 )ei 8. C [ 0 o| th roduct of
step (ii) to ﬂidt g?f’ hﬁf’etéi’o no%/fertig %giitg ’b%gf)‘?%a]tﬁg %q u?hseb an aqueous
sol ution of sotimperatudeonfit theareactianeniizhet teat0f he t‘véh@swarua eperiod

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 (1) 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.



of the reaction mxture is 0 to 12C and, upon conpletion of the addition,
addi ng toluene, stirring the mxture at 15 to 25C for 0.2 to 0.5 hour,
allowing the m xture to separate into two phases, separating the two phases
and recovering the product from the organic phase. The product of step
(tii1) of subprocess Ab may be subjected to a step (iv) anal ogous to step
(iv) of subprocess As. However, there iss4usually no reason to do so since
the product usually contains little or no conpound of formula XlI1l. -48
7.2. Process B (preparation of the conpounds of fornula Va fromthe
conpounds of fwapidmx ¥b2 f Stbpryocesessdh poefdrdablpremptbédson of the conpounds

of formul a, Ma rQgess,, B) .coppr.ise ' acti a,¢co und of fornmula Vlilc
(B) - oHc Yo b %ﬁ%{‘&ﬁbﬂﬁe&ﬁé@ aRET1ide) uh BE Shh 0 2 EOTRRY Rty %dbove,
with a conpoundacdtondtridenax\a RefmpbyBturyl ¢ £)ErpX\j20/heo ei20°Bbta Soehl thieo or
brono, or with oﬂﬁ:%rmguw fgﬂﬂl?lca:]% fromoxalyl chloride or brom de;

ony e, p

phosgene or car I~ brom osphorus trichloride or tribrom de;
phosphorus pentachl oride or pentabrom de; and an al kyl- or aryl sul fonyl

chloride of;yropifd&inguade @Bmpound of formula Xb with n-butyl vinyl ether
(compound of formula XI wherein Ry4 is n-butyl) neat or in
acetonitrile at a temperature of 10° to 40°C to form the

compound of formula XIIb2

(E) - n-C4{HyO0 - CH=CH-CHa=N*(C4Hs)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) 1in 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 (i1i) 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



p-tol uenesul fonyl chloride or brom de or nethanesul fonyl chloride or
brom de; to formthe correspondi ng conpound of fornmula XvVI (E) - Xb -
C9- CH CH N*(R12b) R13 and the correspondi ng anion, e.g. -P02(Xb)3, wherein
Xb, R12b and R13 are as defined above, (XVI) -49 reacting that conpound of
formula XVI with a conpound of formula XVII (XVIl) wherein R5, R6, R7 and
R8 are as defined above, to forma correspondi ng conpound of fornula XVil
(XVI'11) and the correspondi ng anion, e.g. -P02(X6)2, wherein R5, R6, R7, RS,
R12b, R' and Xb are as defined above, and (iii) hydrolyzing that conpound
of formula XVIIl to obtain a correspondi+éiy conpound of fornula Va. As
ment i oned above for process A in a variant, in step (i) a conpound of
formula XlII obtained according to process A may be used directly in place of
a conpoun@)of irf erten| &i M) che mM60ad e tipedforsodiumicgnbdriatantesthieooxaRy2b and
R13 are set fo v, h fier f{r 7 and Re are

{]rhf rﬁ‘@% &11329&%21% SL Bl 3457 B aetn 0 R1 %665§

t hose set fort respectively, 739 073. Xb
preferably is Qﬁﬁpngll) 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 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, allowing the mixture to separate into two

phases, separating the two phases and recovering the product from

the organic phase.



A conpound of fornula VIII preferably is reacted wwth a conmpound of fornula
XV. Steps (i) and (ii) preferably are effected in an inert anhydrous

organi c nedium Preferred reactants (and final products) are (a)-(d) those
wherein R12b is R12b', R13 is Cl_2alkyl, each Xb is chloro, and R5 to R6
have the significances of the corresponding variables of Goups (i), (ii),
(xxi) and (xxii) of USP 4 739 073; (e)-(h) those of (a)-(d) wherein Rl2b is
R12b", and R5 to Re have the significances of the correspondi ng vari abl es
of Goups (v), (vi), (xxv) and (xxvi) QEBUSP 4 739 073; (i) and (j) those
of (e) and (f) wherein R7 is Cl_3al kyl, phenyl, nethyl phenyl,

fl uorophenyl, dinethyl phenyl or nethyl fl uorophenyl, R5 is hydr ogen,

Cl1_3al kyl d i d (1
CL3al kT o gl SIENE U0 AU kP lBLOUR BC Y i) and (1
di met hyl pheﬂqﬂinerfmthylfdrlmotbmﬁeﬁyth oR8lyl chdariziel ky#t ORSins hydr ogen,
Cl_3alkyl or 4- or aQ@@&%ilt ¥e 080Gl 530N AIRORR BEe Q)lezf d-Bheyp) 1 hose

of (i)-(l) wherein RS is rogen, I'S hy rogen; ose of
(m-(p) wherein R12bV1§thﬁ:—'ﬁyF tcarfermzlt31e| SORROMAY| O feayultahab,of (q) wherein
R7 is 1-methylethyl, and Re is 4-fluorophenyl; and (v) that of (s) wherein
R7 is 4- quorophenyI and Re is l-nethylethyl. Mst preferably, R3 and R6
are hydrogen, R7 is 3 hiek ipmaepRd thap reacts vith the n-butyl vinyl ether

in the reaction mixture to form the compound of
formula XIIb2, and

(11i) 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) in 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 (1) and (ii) are carried out by adding a
solution of N-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



Re is para-fluorophenyl. The conpounds of forrmula VIII used for step (i) may
be in free base formor, preferably, in acid addition salt form e.g. in
hydrochl ori de acid addition salt form -51 The preferred bases for step
(iii) are inorgani c hydroxides such as sodi um hydroxi de and potassi um

hydr oxi de, especially the former. 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: -10 to +25C, -10 to
+10C being nore preferred Tine: 0.1 to 2 hours, 0.5 to 1 hour being nore
preferred Reaction nmedium lover alkyl "nitrile, acetonitrile being nost
preferred Mol ar ratio of reactants: 1 to 1.5 noles XV per nole VIlc, 1. 1 to

.3 nol es per nole, VI Il bein re red Ste nper
to 100G, Gé\;to 1355 Ref ir?gl‘)r’rt)Bee 5‘8&?&‘%&8 E d?‘ﬁm t°8‘§?j‘(aﬁ8uF% t%3 ?’8&2 hours
bei ng nore pr e&le}rorréde nReé.dzed)rinrmdemmi)sasreEras btlepo(1.)3: Mplard rati o of

eactans: 1916 TELEY AALaBeTBLE offLov byl o lBAGE: BY ol 1) 271
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.



assunmed in each case) Step (iii): Tenperature: 10 to 40C when base is

enpl oyed and 35 to 60C when it is not Tine: 0.1 to 1 hour when base is

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 nole XV utilized in step (i). -52 Even nore preferred
reaction conditions for process B, partigularly when the reactants and

final products are those of subgroups (a)~(v), especially of subgroups (i),
(j)y, (m, (n, (q, (r) and (u), are: Step (i): Tenperature: -10 to +10C
Time: 0.75 to 1 hour Reaction u cetonlt Ie | ar .ratio._of
reactants: 7124 $5ogess %KBEEBAV“-’;;«Q“WQT &84 qmgoyéé MR i 265 to
85C, 80 to 83C being nnrecsﬁésuadsemf fBrnula:yIIo)16 hours 3 to 10 hours
being nore preferred ReaCiTon nedium acetonitrile Nblar rati o of
reactants: 2 to 3 noles XVI per nole XVIl, 2.1 to

The process for the preparation of the compounds of formula Va

(process B) comprises
(i) reacting a compound of formula VIIc
(E) - OHC - CH=CH-N(R;2p)R;j (VIIc)

vherein R;,, and Ri3 are as defined above,

with a compound of formula XV
PO(Xp)3 C(xv)

vherein X, is chloro or bromo, or

vith 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) - X, - CN=CH-CH=N*(Ry:p)R13 (XVI)

and the corresponding anion, e.g. ~P0;(Xs)z,

wherein X,, Ry, a0d Ri3 are as defined above,



2.5 nmoles XVI per nole XVII being nore preferred (100%vyield 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
medium m xture of water and reaction nedium of step (ii) Mlar ratio of
reactants: when base is enployed, 4 to §yequival ents base, preferably sodi um
hydr oxi de, per nole XV utilized in step (i). It is nost preferred not to
enpl oy base in step (iii). -53 8. General conditions applicable to al
processes Mdst of the nolar anpunts (ratios) recited herein are nerely
exenpl ar y (@ndeastiype that gampagnd akforgulaXydnt to one of ordinary skill in the
art. Steps (iy.qa I (i ncludi ng subprocesses Aa and Ab and
t he variants\%Hbgg%%?§m§€é3§5?§§§gxg (ii) of process B and, preferably,
step (iv) of subprocess Aa are preferably carried out wunder anhydrous
conditions and an inert atnosph&ge, preferably dry helium argon or
nitrogen, or a mixture thereof, usyally dry nigrogen. Step (iii) of process
A (including subprocesses Aa and he 8 (XVID)

W)

]
o
o ——

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

of formula XVIII

, l (XVIII)

=C
R, B/c‘-’N(Rnb)Rla

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

and

(iii) 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.



vari ants thereof) and process B are often, but need not be, carried out
under an inert atnosphere. Likew se, nost of the tenperature ranges given
above are nerely exenplary. Al tenperatures are internal tenperatures,

unl ess otherwise indicated. As utilized above, the term"reaction nediunt
enbraces m xtures of liquids and inplies that the reaction nediumis a
liquid at the desired reaction tenperature. It should, therefore, be
understood that not all of the liquids [4¥ted for a particular step may be
utilized for the entire recited tenperature range. It should also be
understood that the reaction nediumnust be at |east substantially inert to
the reactants ampl mefdrredtssgnifi canges gbareRat edndaRd; aard pevdocts abode; t he

reaction conglhonSeltehiePdor! &, SO & hiRia ANAZESIROM SR edIf FSAGL] ON
tenperat ur & may exceed the boil1hg podint “ of & reactant or the reactrén
medi um i f 8, Rndeddan oespectivebty dpsteims (RRAXA3.ofs borefpraklyuts| ¢tdedo. The

reaction tines ;Sgbaddihh o ARG A Y13k SordREEbYy SXCERIA Mh aMBYy %n)rfrg;i ed.

-54 1t wll also erst oo at co t1onal work-up procedures
enpl oyed. Fhefarenka "ol vent", as utilized herein, enbraces m xtures of

sol vents and irg}ggtsrez(it)haﬁd t("i‘i)r[??é:fteirgﬂlﬁ‘%qieugff:e%t@d::}rﬂ‘éindlin@ttt Lhg, a3 ed

reaction tenperat . "Unl ess indicated.” otherw se a sol vent mXtures are
by vol une. onganicerediUmnert at nosphere" neans an atnosphere that does not

react with any pafrdNQdr ea6drant s, (addNECHAEPrad &ts9r apld products or ot herwise

interfere with the reaction. . , )
(a)-(d) those wherein R;;p is Ryjap’, Ry3 is C;.,alkyl, each Xy 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 Ryzp ", and Rs to Ry have the
significances of the corresponding variables of Groﬁps (v),
(vi), (xxv) and (xxvi) of USP 4 739 073;

(1) and (j) those of (e) and (f) wherein R; is C;_jalkyl, Ry is
phenyl; methylphenyl, fluorophenyl, dimethylphenyl or
methyl-fluorophenyl, Rs is hydrogen, C;_jalkyl or 4- or
6-benzyloxy, and Rs is hydrogen or methyl;

(k) and (1) those of (g) and (h) wherein R, is phenyl, methylphenyl,
fluorophenyl, dimethylphenyl or methyl-fluorophenyl, R, is
C;-3alkyl, Rs is hydrogen, C;_3alkyl or 4- or 6-benzyloxy,
and Rg is hydrbgen or methyl;

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

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

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

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

Most preferably, Rs and Rs 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.



The product of each process may, if desired, be purified by conventional
techni ques such as recrystallization, chromatography or fractional
distillation. Al tenperatures are in degrees Centigrade and room
tenperature is 20 to 30C, wusually 20 to 25C unl ess ot herw se indicat ed,;
evaporations are done under vacuum enploying mnimal heating, drying of
organi ¢ phases i s done over anhydrous magnesi um sul fate, and unl ess
otherwi se indicated, silica gel is utilized for all columm

chromat ographies. It will be appreciated that the process variants discl osed
with the present invention are inprovenents over known simlar processes;

they may be usegh t,2e8btaidNbhées ARSI &6 ]I Pra3dUEhSrgani®- hydroxides such
7-substi t ut ed- hept - 6 engi ¢ and - hept anoi c acids and derlvatlves t her eof ,

e.g. nore aéa§P1”5}-‘m gvdroxidegang ng’r‘ééf%‘f'm SrdFerige: comrfcdalt lortheofernan- purity

than can hgvackt E\Ast&\ttﬁerﬁni/rﬁﬂrfal opalismbhodirefdhtedhOY P et ?Qé}s ahgriants
may each he used elthgﬂuseparafely together with conventional processes or

i f desired3Sf thditERt conbination, to arrive at the desired end
products. -55 9. SpeC|f|c enbodi nent A specific illustration of the general

i nventive concgpt gerlyl t he ﬂ.{h rocess varjants concerns the
preparation of Y F5@Ef? §-°6‘id By o7 -PE9EEEA 1 3 Béior ophenyl ) - 11-
(111-netrndﬁ@bhy1)|ndol 21-yl]-hept-6-enoic acid of fornula la F H

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 (1)

_ 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 sodium
hydroxide or potassium hydroxide, per
mole XV utilized in step (1).



\C],--CHT-CHc141-CoG8 NHI & CHOH CH CH | in racemc or optically
pure form in free acid, salt, ester or S-lactone, i.e. internal ester,
form (la) in a multistep process using all the above process variants,
nanely processes A, B and the stereosel ective reduction of a compound of

formula I'l, and conprising: - according to process A: a) reacting a conpound
of formula VIlla 05C - N(R12b)R13 (VIIla).wherein R12b and R13 are as
defined above, - 56 wth a conpound of fornula I X, optionally in an inert

anhydrous organic nmedium to forma correspondi ng conpound of fornula Xc Xa
ORI (R 015 0 L) it Stk RS 08 b ag gooves
opti onal | ypartignlankt whanhthly gesctanganaed fddrlimgroduots ame shase eéspondi ng
conpound 0Ly d oS & 25-() { Rspectally oE&lEEOEN (7207 Inf@ (of,! €4y,
(r) and (u), are:
Step (i):
Temperature: -10° to +10°C
Time: 0.75 to 1 hour
Reaction medium: acetonitrile
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 beiqg 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 5§°C vhen it is not
Time: 0.3 to 0.7 hour wvhen 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).



wherein R _b, R13, R a and Xa are as defined above; c) hydrolyzing that
conpound of fornmula Xllc to obtain a correspondi ng conpound of fornmula 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 VIII wth a conpound of formula XV or
with a conpound sel ected from oxalyl chloride or brom de; phosgene or
carbonyl brom de; phosphorus trichloride or tribrom de; phosphorus

pentachl oride or pentabrom de; and an aldggl- or arylsulfonyl chloride or
brom de, such as p-toluenesul fonyl chloride or bromde or nethanesulfonyl
chloride or bromde; to forma correspondi ng conpound of formula XVI and the
correspondgng Geaeddl, cofdftions/applicadléi tvgalhaprozespesind of formula XVI with
3-(4'-fluorophenyl)-T-(1"-nmethylethyl)-IHindole (the conmpound of formula
XVIl wherein R5 and R6 are hydrogen, R is 1-nethylethyl and R8 is

p-fl uorophenyl) to forma correspondi ng conpound of fornmula XvVilla F. /HC

H-~ H-NRR h'H%stcgg(igg)é%lar amounts (ratios) recited herein are merely

exemplary and may be varied, as is evident to one of ordinary skill in

the art.

Steps (i) and (ii) of process A (including subprocesses Aa and Ab
and the variants thereof), steps (i) and (ii) of process B and, f
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 (iii) 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.

Likevise, most of the temperature ranges given above are merely
exemplary. All temperatures are internal temperatures, unless
otherwise dindicated. As utilized above, the term "reaction medium"
embraces mixtures of liquids and implies that the reaction medium is a
liquid at thg 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.



and. t he corresponding anion, e.g. -P02(Xb)1l, wherein R12b, R 3 and X. are
as defined above; (XVilla) f) hydrolyzing that conpound of formula XVilla to
obtain (E)-3-(3" -(4"-fluorophenyl)-1"-(1"-nethylethyl)-1Hindol-2"-ylJ-
prop-2-enal (the conpound of forrmula Va wherein RS and R6 are hydrogen, R
Is 1-methylethyl and RB is p-fluorophenyl); g) reacting that conmpound of
formula Va with the dianion of an acetoacetic ester of formula

CHI COCH2COOR7, wherein Rl is as defined above, to obtain a corresponding
conpound of formula Ha F H CSC HH \CH Ckf-c-CH -C00 Rl OH 0 CH \CHL
wherein RL is as defined above; in racemc or optically pure form -58 -
according to the stereosel ective reduction process: h) stereoselectively

reduci ng the ragerijt1 041sPbkCatldet sPH6E HARPEIHWEN t OnA10LHHY Ayp! F?o@é'ur@sfi rst
step [a step (a) un?er 5. above], mxing a X alll wth

sodi um bor §RYdP¢ FAPLRESS4) They EfrPeéé?x%ﬁQtHe%ﬁﬂﬁ$¥££%ﬁ§IPg%éﬂfggﬂmQHQQSHol and
tetrahydrofiikaftes BfassH@EANE SiEAnpiidd @Raf bpheURdestion ADOMA istd Q3@ a
compound 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
otherwise 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 -heptanoic 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.



of formula Ila in racemc or optically pure formwth the resultant m xture
under conditions suitable to obtain a m xture containing a cr:iic boronate
conmpound of forrmula IV(a) and/or a boron conplex of fcrsula IV(b) wherein R
is [3-(4"-fluorophenyl)-1-(1"-nethylethyl)-1Hindol]-2-yl, X --'s -CHCH
and R and R3 are as defined above; and in a third step [ step (c) under 5.
above), cleaving the product obtained in the second step to obtain the
compound of fornmula la in ester form inssacemc or optically pure form
and 1) if desired, converting the conpound of fornmula la in ester form by
conventional neans into the free acid form a salt form a further ester
form or theg_S-|%QEQf]fe emb&dimedkernal ester, form he conpound of fornula |a
may be in free ; ., ester or S-lactone, i.e. internal ester, form

It preferably is in free acid or salt, preferably alkaline salt, especially
sodiumsalt form It preferably is in racemc or, alternatively, optically
pure (3R 5S) enantioneric form jt especially is,inr cenic form As
appears from fdrAdesdfis fHa‘t‘FtFBF}rﬂ"i §§ ﬁ? GFQ%/’FHJ‘O PoFH "’95©°’1°tep\7vi Il be

appr eci at edypd@tiyihg é}ﬁeﬁbéﬂec pesbast Fepiants| uartdeahedthwpdepa&tibﬁ ¢f fected
either in accordance wth,t ? B rc?eggrﬁf " ‘2 scl o l) this invention or,
for some of e’c’h"é‘@t‘é%)s:',:*nshd’aﬁ? SPEFATC Y ?ﬁ‘%’@ SP% Rnown in the art. Thus
- steps a), (D)-reitdyTd tigngimidlent el jahepodckenbbd azhdvet fodeula/ I2. for

/
&=C (Ia)
\ u/ N cjmCHy—CH—CH=—COO0 H
N = =
ch OH oH
c;{, \CR!

]
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 IXI, and comprising:

~ according to process A:
a) reacting a compound of formula VIIIa

0HC- - N(Ryi2p)R13 ' (VIIIa)

wherein Ry, and Ry3 are as defined above,



subprocess Ab, especially steps i), ii) and, respectively, iii) thereof,
e.g. according to variants Abi, Ab2 and/or Ab3 of subprocess Ab; steps a)
and b) may thus e.g. be carried out sinmultaneously as described above for
process A: - steps d), e) and f) are effected as descri bed above under 7.2.
for process B, especially steps i), ii) and, respectively, iii) thereof; -
step g) is effected according to procedsges published, e.g. in USP 4 739
073, especially in Reaction Schene | on columm 8 and in Exanple 5, Step 5
on colum 47 thereof; - step h) is effected as descri bed above under 5.; -

step i) is.effected i.n_conventj,onal nner, .e.g. as, descrihed in USP 4 739
075" ehpemiflq SO R R P BRI ALK o ABUOTTY A b Fesh AN ary G RAMES RS 6,

Reacti on h&rﬁe Be@fihd (] ,  Reaction Schene VIII
(React i on§EE oan&%:r(r)flﬁsurm &%?&ghﬁu%@am@e%é 6(a), 6(b), 6(c), 8 and 9 on

colums 49 and 50 and 52 and 53 thereof, whereby THE nmay advant ageously be
replaced by ethanol. In the sgcond part of the above stereosel ective
reduction stép - GH=NpRefiabl ¥:-a conpound of fornula 1la i $X&sed wherein R1L
is isopropyl or, especially, t-butyl, which facilitates the isolation of a
relatively nore pure conpound of fornmula | than with a group Rl such as

nmet hyl . F%Elkéﬂ{x’swlrz gﬂdskggir(yas Hb@nediodmeoetnd of fornmula | obtained thereby
is conpletely cofourl ess, whereas it has al ways been obtained pale yellow

in earlier syntheses. -60 As nentioned previously, the stereoselective
reducti on stqp q) above,may be effected with a racem c or an
d of formula Xc

ccording . to
optical | ybgufeeactmg that compou
with a compound of formula XI, optionally in an inert anhydrous organic medium,
to form a corresponding compound of formula XlIIc

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

a

wherein R 5, R;, R,, and X are as defined above;

c) hydrolyzing that compound of formula XIIc to obtain a corresponding compound of
formula VIlc 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 VIIc
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 brusnide or
methanesulfonyl chloride or bromide;
to form a corresponding compound of formula XVI and the corresponding anion,

e.g2."P0,(X,):;



conmpound of forrmula Ila. An optically pure conpound of fornula Ila is
obt ai ned e.g. by chromatographic resolution of a racem c conpound of
formula Na obtained in step g) or, preferably, by an asymetri cal

synthesis. Alternatively, resolution my be effected on a subsequent step,
or on the racem c end product. The starting materials for this specific
enbodi nent of the invention are also known or may be prepared in accordance
w th known procedures. The preparation_gj_3-(4"'-fluorophenyl)-

1-(1' -nmethylethyl)-1Hindole [a conpound of fornula XVII, see step e)
above] is disclosed in USP 4 739 073 as Exanple 5, Steps 1 to 3 on colums
44 and 45.e)staidiing fRAMbhYHR0EEZENGu1TErT RYention, of course, al so
concerns the abovz’p ocesses A, B and tpe %ggieo%fecific reduction process
i ndi vi dual |y, whiéht apptaregbery Drha(birasibats oyioriiHademishacewornt nul a | a
i B comnbi git i18n %n;(mbr;ixmn?nx :c‘.qll@iitlei@rggcae]alrfeﬁs aﬁethmlgihm agl Ii_y des](c:ri Eed
above. - : anpl es e owi ng anpl.es e illustrative of the

i nvention. All 1@8%&%&@@& 1% Ry P%ggm’ééﬁf{grade. The optical purity
is expressed td fpehCLdodgespdiditig adhpolné of FormdS KvITRUre erythro
isoner” nmeans that there is at nost 0.9 X threo formin the conpound
obt ai ned. 10.1. Exanples for_thestereosel ective reduction of a conmpound of
formula Il to obtain a conpbun of fornula | Exanple 1

(+)-Erythro-(E)-7-(3 -(4"- pphenyl ) -1' -

(1" -met hyl et hyl ) irdol - 2' - 3/5- di hydr oxyhept - 6- enoi c

/,c _-H (XVIIila)
+

; H>C=N(Ru\=>R\3

CH(CH3)2

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

vherein R;ip, Ri;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 Rs are

hydrogen, Ry 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;COCH,COO0R; wherein R; is as defined
above,

to obtain a corresponding compound of formula IIa
F

H (I1a)
c‘c/
?H/ c.;—-c:-x,—ﬁ—cm-coo' R,
/C{ ou )
CHy CHy

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



acid tert-butyl ester [Formula I: R -

3-(4' -fluorophenyl)-1-(l"-nmethylethyl)indol-2Z-yl; X . (E)-CHCH; Rl .
t-butyl; in racemc forn] (a) 47.67 g (1.26 noles) of sodi um borohydride are
added to a solvent conprising 1.32 1 of dry tetrahydrofuran (THF) and 356
m of methanol under nitrogen at about -770. To the resulting solution is
added 102 m of 50% (4.09 H) diethyl met hoxyborane in THE over a 15 m nute
period, and the formed m xture is stirredgfor an additional 10 mnutes. (b)
300.5 g (0.464 nole) of 71.88 Z pure (+)-PE)-7-[3'-(4"-

fl uorophenyl)-1'-(1"-nmethyl ethyl )i ndol -2'-yl]-S-hydroxy-3-oxohept- 6-enoic
acid tert-butyl r, i | at a tenperature
of from abdu?)‘{c-ofgﬁ{gg t97%%ﬁg%§£§cg?g%v%ﬁggt5€%} rﬁ?%@ € mixture formed in
(a) over ahpesfeoeosslettbvéioureducing the zagenic iqryoptisaliyepuse sompowd for an
addi tional 30 g : of saturated sodium bicarbonate solution and
1.75 1 of hepnggHggg g%%gﬁnlo quench -62 the reaction. 500 m of ethyl
acetate is then added and the resulting mxture is diluted with 3.5 1 of
water with stirri (0] o] : nm re h 1 i ng
about 10. The"t Spfl%rfifa%it%él[ayg?&?is(s?)sg’g%gafged?%%qm%ﬁge%&sgvg%})%fr?el%g W th
a total of 2.&=pubs I3t with sediweiherrbydddedeNafft iom remcyia nadgdum he
organi c |ayer i Sri&QRCEAt{AloRE1 2ind Qe BRaH A biguddn;a Maxi mum ext er nal
tenperature of about - 45. To the organi c residue is added 375 m of toluene,
and the solvent is distilled at 20-30 nm Hg at a maxi nmum ext er nal .

tenperature of ;abQi¥nd4Step [= step (b) under 5. above], treating a compound

of formula IXa in racemic or optically pure form with the resultant

7

mixture under conditions suitable to obtain a mixture containing a
cv:lic boronate compound of formula IV(a) and/or a boron complex of
fs=gula IV(b) wherein
R is [3-(4’-fluorophenyl)-1-(1’-methylethyl)-1H-indol]-2-yl,
X is -CHaCH- and
R. and Ry are as defined above; and

\ _
in & third step [= step (c) under 5. above], cleaving.the product
obtained in the second step to obtain the compound of formula Ia in

ester 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

ester form or the é&-lactone, i.e. internal ester, form.

The compound of formula Ia may be in free acid, salt, ester or
8-lactone, 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)
enanticneric form, it especially is in racemic form. As appears from

formula Ia that form is the erythro form.



(c) 3.73 1 of ethyl acetate is added to the obtained thick oil (the

predom nantly cyclic boronate). 500 m of 30% hydrogen peroxide solution
(4.41 noles) is then added to the ethyl acetate solution while naintaining
an internal tenperature of from25 to 30 (the addition initially being
exothermc), and the reaction mxture is stirred at 20 to 25 for about 2
hours until thin |ayer chronmatography shows no boronate present. The top
organic layer is washed twice with a total of 2.22 1 of saturated sodi um
chloride solution, pH 7.5. The top organic |layer is then separated, washed
three tines with a total of 2.61 1 of 1Q% sodium sulfite solution (unti
the organic layer is free of peroxide) While maintaining an internal
tenperature of 25. The top organic Iayer i's then mashed twice with a total

of 1.72 1 of at ur at.ed sodlun1chl solut| nd,i he solyent is
distilled at Z%t im PRRAT gtﬁ%xﬁ}ﬁfm 8kt rer?alt gé%'ﬁ 16#“&58&? 45.
The resi duedes i ssoéﬁ/fadteqh éli.thér hmfacnefdlanciengidt h}nle postediees the m xture

s ilteradouhiden Doty B00 FRRLLLE Tl e ks SRbTEPhiAl oo {2 LSS

hours. The S0 are co I'tration, drie r

(about 20+30h renoldgiiuzss XBQ’)'n\A@shbd adth 550 M of et hyl acet at e/ hept ane
(1:4), redissopy, %d in 880 m of ethyl acetate and stirred at anbi ent
tenperature for I8 hours. The solids are collected by filtration and washed
with 480 ml stépscihylb) andt et ariecpfiarted1ap)destrbbedrapase anderri.dd Gowler

reduced presshifckls MVEsfedlitlycidtle 1945)0ad! Respdbldly, 183 A second

crop is obt romt ther” liquors, to_give a otal yiel 149.5 g.
The product theeeof, ceietr @&FOWBt {0 dfarggng,qo/bbl 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 35.;

- 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, vhereby 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
isopropjl 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.



and is 99.67% pure erythro isoner. It nmay be resolved into two optically
active enantioners, the 3R, 5S and 3S,5R, of which the forner is preferred.
Alternatively and preferably in step (a) one half of the indicated anount
of sodi um borohydride may be used. Alternatively in step (c) aqueous sodi um
perborate solution may be used in place of 30 % hydrogen peroxi de sol ution
. -64 Exanple 2: (t)-Erythro-(E)-7-[3" -(4"-fluorophenyl)-1"-

(1"-methyl ethyl)-indol-2"-yl]-3,5-di hydroxyhept-6-enoic acid nethyl ester
[Formula I: R X - as for Exanple 1; RL = nethyl; in racemc forn] (a)

Sodi um borohydride is treated in a mannerbGanal ogous to Exanple 1, step (a),
but using 15 X di et hyl net hoxyborane in THP. (b) 118.5 g (0.28 nole) of
(t)-(B-[7-(3"-(4"- fluorophenyl)-1'-

(1"- et hyl et hy|Api mefiioped yprevionghitoxpe 3sreheptecdisnoiedussion mschydingest er
is treat edt@r@éeggeysmevaomgii,x%@phPfécteat@pu{ k) rxwmiql bytaxplap Feald fﬁﬁ{eed Wi th

1.42 1 of water . t ane, i nstead wat er one.
(c) To thecefRpAARcoF Lorauta (Hae pfrm@ﬁ#Mw 9%%0%0%# @rﬁaf@;mqlg Itaided

2.375 1 of optdivleda€ai.ab§ i¥bmaREgFAPHiIWN fedolul i &R toFdaVkddemdBlcdtpoul O X
hydr ogen p?rqéng SO 32% nol es) and worked up as described ' _;

tion (2.
Exanpl e 1 #ﬁé“ﬂ i1GusteRs gt)h@ﬁ’ dreser i BY am@sypmegrical

i sopr opi nOEyntmelm >@I1ttlaena§1v*m9; efedoqut €6 Wik NGe dfEEPEERIH & sufiiehedtot . 14
g of boric are added and refluxing is continued for 15 mnutes. The nlxture

is then fiFFetedraff theracenic end product.

The starting materials for this specific embodiment of the
invention are also known or may be prepared in accordance with known
procedures. The preparation of 3-(4'—f1uorophehy1)-
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 A, 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.



filtrate is stirred at 20 to 250 for 18 hours. The solids are collected by
filtration, washed with 100 m of isopropanol, and dried under reduced
pressure to give a product of .110 g (80 X yield). The product is

redi ssolved in nethanol and recrystallized [MP. 124-126]. The product is
99.07 X pure erythro racemate,. which nmay be resolved into two optical
enantioners, the 3R 5S and 3S,5R, of which the forner is preferred. -65
Example 3: (+)-Brythro-(E)-3,5-di hydroxy-Zi[-1"' - (4"-fl uorophenyl) -

-4' -(I"-nmethyl ethyl)-2'"-phenyl -1 Himdazol -5 -yl]-hept- 6-enoic acid
tert-butyl ester [Formula I: R a

1- (4" -fluorppheryhnp¥es( 1’ - net hyl et hyl ) - 2- phenyl - 1H i m dazol -5-yl; X -
(E)-CH.CE-; RL =~ fert-butyl; in (3R 5S)-enantioneric fornl (a) 10.27 g
(0.27 nole) of sodium borohydride are added to a solvent conprising 1.67
liter of dry THEhenfblib8ing Exampbisranel illdaranive egefhc ahvebdwh.- 781 To the

resul ting solutlo I s add borane in THE over
a 30 m nut et%"é)tgl 8 rﬁmafg ﬁﬁ%ﬁg’éﬁﬁ %ﬁn%?ﬁﬁeadlenter gfiﬁ?g ¥3f{fr e?BeI ow -77.5,
and t he foreuqﬂ-esse(d LnrrEpescersﬁanlereetnfsoandthBdetg or'l&B % Apnuéesxythby 110 g
(0.223 nol e (5S).-(E [I quoro y

(1"- et hyl e%s}ﬂﬂ ZmQQpW('? ?%{/‘ er%n W23 m%S"p?I ? -ﬁ%‘y{&gox@r%i xBHe 50mPRNE N0 ¢
acid tert- bohtyalmed;ter in 304 m of THE and 76 m of methanol at a

tenperature of about -74 to -77 are added dropwise to the mxture forned in
(a) over a period of two hours. The resulting -

10.1. Examples for the stereoselective reduction of a compound of

formula II to obtain a compound of formula I

Example 1l: (+)-Brythro—(E)-7-[3’-(4"-fluorophenyl)-1’-
(1"-methylethyl)indol-2’-yl}-3,5-dihydroxyhept-6-enoic
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 THF 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-oxohept~
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



yell ow solution is stirred at -76.5 for six hours. 425 m of saturated
ammoni um chloride is then added to quench the reaction, the tenperature
bei ng mai ntai ned at about -65. 950 m of ethyl acetate, 950 ml of hexane
and 1.13 liter of water are added, the tenperature of the m xture being
about 5, and the mxture is stirred for 15 mnutes, the resulting
tenperature of the m xture being about 5. The top organic |ayer is
separated and washed successively with abfotal 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 maxi mum external tenperature of about 45. -66 (c) 3.25 liter of ethyl
acetate i sthdAgArtignt heoWhmhi Mo @BVl F387ate ptedban maderyand chrcresoisheg e) .

340 M of Q& eXrdyidr agmq@ewmdﬁs $0$ﬂtdaQBr(‘3ltmels€3§z)riln§ thensshow esadded so
as to rraln ain an intern enper at ur e, Ofgg gg ¢5...and the react.i on

m xt ure i stRe FEPREF2AETS P i3 Beéﬁl"ftBFe urtte tehiatEPAYeriayer

chr omat ogriapey¥pstured awd wh@h@dlaieﬁeﬁﬁbsﬁmfes Jiheh hOE)otQﬂQGBIZ? 4 aygf is washed

tw ce V\nthatoa# gf 1.2.[11%1 ;urated |umc ride sqlution, pH 7.5.

The top oOYJ4R7EST §981UT SRR S SFaF Bt ¥y F’ r?eda? PrgAnd o( fofer: d

EnnU_t :as h&fb@xlaeﬁtm)eldvmt moar3019ﬁxﬂ|HgOEt1a&a3ugtﬁm k&t&rmdltuﬂpéﬂﬂtﬁtéeoﬁﬁbUﬁt on |
until the qr c.layer is fre | i ntaini i nterna

t enper at ur? Q ga,EZ% theprganicoresifue l“gyaed(r%xfjsﬁaa\l\ﬁ Pvﬁr‘r’?ﬁe“%ﬁ)(ﬁn%g ’Eﬁ sat ur at ed
sodi um chlgylivdgt Si& di s oillegha 7. 28)-30 The Byohvedtmaksmuntiextbina2d tahpe thife 30 MM
Hg at a (ﬁgrﬁﬁﬁfpgernal tenperature of about 45. 106 g of crude material

IS obtain cation of 0.68 g of the crude di hydroxy ester is done by
col um chr omat ogr aphy usi ng et hyl

(¢) 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
while 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 (1l: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°).



acet ate/ hexane (1:2) as the eluant, yielding 490 ng (M P. 143-145), which
is showmn by NVWVR analysis to contain the erythro isonmer in 98.78% purity
(there being no threo isoner present); [a]J]c30 a + 6.49 (¢ 0.77, CH=d 2).
-67 Exampl e 4: (3R 5S)-Erythro-di hydroxy-6-trityl oxyhexanoic acid
tert-butyl ester [Fornmula lu: u . trityl; R-- t-butyl; in (-)-enantioneric
form (a) 5.61 g (148.4 mmol es) of sodi um borohydride are added to a

sol vent conprising 990 m of dry TEP and 280 mi of nethanol under nitrogen
at about -76*. The tenperature increases to about -740. To the resulting
solution is added 129.7 ml of 15 X di et hy$3set hoxyborane in THF dropw se
over a 20 mnute period, and the fornmed mxture is stirred for an
additional 10 mnutes at from-77* to -760. (b) 56 % (0.122 nmol e) of
(S)-5-hydr oxy 6 tseconyd expp3iprdthtxethdiron the dothaqutlffuas,etoigivecs m  of
THF and 41, | r 7 are
added dr opwn se to@?%*@ﬂ‘%a;ﬁ”gg Tagxﬁ'&w ﬁasogvg&z}]cgg%{%& % of %@ Z’%zﬁt es,
and the resddting9.di%ktpyure e&ytiEprisaneror hr’l‘aadbﬁ tresadved Wothotios at from
-770 to -7 a NgpIMs&h idesgpol dded to
guench theggﬁlecaa(]‘}??o%@n@e §‘:’ﬁﬂrﬁatﬂgijsﬁyrgmgtc!;eﬂt{jatscg Lxgc([)oa(%rﬂsﬁofdﬁ}ith('g,\"g?%tﬂnzthgnd 600 m
of water &pemethds prrfedredhe top organic layer is separated and washed
successivel y Wélheenéatv%hyosmﬁ(a@emrﬁfl S84 Lmbe@aﬁ%qw&affhb@rtﬂe sol uti on,
pH 7.5, and the organic i'S concentrate at a

mexi mim extléﬂmtetieﬁffé’r"éte e’*‘QSlfi“EbWhXQBide( @)‘Y7‘§F3“ﬁFdof et hyI acet ate is

added to the obfiaeR@sh I9edfNi L st@p! W) aqueous sodium perborate solution may
be used in place of 30 % hydrogen peroxide solution .



(containing predom nantly the cyclic boronate). 79 m of 30 X hydrogen
peroxi de solution (0.7 noles) is then slowy added, and the reaction

m xture is stirred for about 3 hours until thin [ayer chromatography shows
no boronate present. The top organic layer is washed twice with a total of
400 mM of saturated sodiumchloride solution, pH 7.5. The top organic |ayer
I's then separated, washed three tinmes (for ten mnutes each tine) with a
total of 576 m of 10% sodiumsulfite sa@s4ution (until the organic layer is
free of -68 peroxide) while maintaining an internal tenperature of 25. The
top organic layer is then washed successively with a total of 200 m of
saturated B iﬁhg}ﬁ]khl(I&DdEr¥MHrUF(BU¥7-mBVJ(Q? ~fhumgkaphengbl-lent is distilled at
20-30 mm Hg and a maxiAwn 2 Eﬁi §4E3 ggof t he
crude di hydroxy CONpo Bt —t v+ e ted— fed to
contain 99.19 Z erythraaldsmmbrl ésﬂe(IBO _ - 5. 59 (c = 1.6, CH2C12). 69

10. 2. Exanples for the preparation of internediates of forrmula VIl by
process A Exanple 5: 3-(N, N-Di net hyl am no)acrolein [.

(E) - 3- (N, Nt »mmeflAyI amRpoX p¥ @3- 2oerExappl€ Hgr Rul 4 nelthyl RER, riséhic fetntiyl |
(Subprocess Aal Step (i): A 12 1 four-neck round bottom flask equi pped with
a stirrer, brine-filled condenser, thernoneter, caustic scrubber, addition
f unnel and(bolSedfumdoltohpdrider e reatedrinaaphannest anglogous to Example 1,

step (a), but using 15 X diethylmethoxyborane in THF.

(b) 118.5 g (0.28 mole) of (3)-(E)-[7-(3’-(4"- fluorophenyl)-1’-
(1"—methy1ethy1)indol—2'-yl]-5;hydroxy-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 (¢). 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.



nitrogen, wwth 4.0 1 of nethylene chloride and 438 g (5.99 noles) of

N, N- di net hyl f ormam de. The solution is cooled to 7', and 860 g (6.8 nol es)
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

mai ntai ning the tenperature of the reaction mxture at 5% to 10*. A white
solid fornms. Step (ii): 483 g (6.7 noles) of ethyl vinyl ether is added over
a period of 30 to 60 mnutes while mai tédi-ni ng a nmaxi mum t enper at ure of

250 to 280, the addition being very exothermc. A brown-red sol ution
results. The reactlon m xture is heated at 37* to 38* for 30 m nutes,

refl uxi ng Exdsipdg P ade)-Rey throh(Beih réihydrorpr] ﬁé’aé‘»bdslsp phengl)+ ecover ed
by distillation at 30_fo_&h_gat kit &Rg1452 308

ceases, the reaction
mnutes to obtain a dfrReeivwcidttentabutylbiesteStep (iii): The reaction

m xture is cooled to 20*, and 450 mM of water is added over a period of
about 30 minutes; the exothermis allowed to raise the tenperature to 600,
and this tb&ppx@néuﬁre Rs= helidrit-&lvazdphery hé-bhl -aretby béthyle - &etdienybn. The
mxture is stirred at 50{311Q189701-8 y§0 m nutes and cooled to 20*. A
solution of 1.71 kg -70 (12.35 nol es) anhydr ous potassi um carbonate in
3.6 1 of water is added GIeCEaChor |R@d'o‘fer30 ¥ U5 i nutes while maintaining
the tenperature at 2@ntg§2%s ylbfardUROMS: lf8Y¥®] s extracted with 4 1 of

met hyl ene chl oride, the tton1nethy|ene chloride layer is separated, and
the top aqueous layer is extracted four times with 1 1 portions of

net hyl ene gfy onpder gThe. 37 185t dys8aeus HoRbhperidaages Aaded chi 88hent
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 X
diethylmethoxyborane in THF 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 vater 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 teﬁperature of
about 45°,



dried over 500 g of anhydrous sodiumsulfate and filtered, and the solid is
washed twice with 250 m portions of nethylene chloride. The washings and
filtrate are conbi ned and as much net hyl ene chloride as possible is
recovered by distillation at 20 to 40 nmHg and 45 to obtain a thick
stirrable oil. Step (iv): The oil is cooled to 20, 500 m of nethanol is
added, the mxture is cooled to 10, and 60 g (1.33 noles) of anhydrous

di ret hyl am ne is added while maintaining a naxi numtenperature 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 nmfllg, and distillation is continued
whil e gradually raising the tenperature until it reaches 120 and the vapor
tenperature reaches 115 to obtain the 89.7 % pure product as an oil (412 g;
yield 62 %cB. B.29fligereof mtbdlcice?@te 2i agjled -tol thé&xahmplined .0il (the

3-(N-Meth

(E§ 3- (N—I&’f%r B@@ﬁw??#ﬁggt@oﬁe enzﬁo] ml[?—jorwfahmrogeﬁlpzerox%enyl

= met hyl ] $SusprocEs soAps) vigr then sAbily Stddpd ($9 :asAtd maintain _ametktemmand
bottomf'a%w%qgk&p@gé%éh @ 258] (ol ¢ dh@raeast{a 'm@ c&@q§n§éf éeah&r eeter,

caustic scrubber ition funnel cool 1 ng I's charge under a
bl anket of to F5°r &eferabouk th Tougs 1urtrfilrréwy|lener c,crblremmranhly shegskap (7. 4

mol es) of bz xls sféﬁ?""ﬁx‘é J@%ragm llqpefsiscqgkﬁgd ttqiéé,viQEdalm%Qlkg

(8.67 nole oxa hl ori de 1s added over peri od ours at a
rate such e alt 6 Ltof éaéldrwdsépd/@m chher ise F@Hgféﬁflu@a Jwept Thet sop he

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 (pE 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 98.78X%
purity (there being no threo isomer present); [a]p2?® = + 6.49° (c =
0.77, CH;Cl,).



bottom of the brine-filled condenser, while maintaining a tenperature of 15
to 17 under gentle refluxing. The reaction mxture is slowwy warned to 43
over a period of 1 hour, refluxed for 1 hour at 43 to 45 to obtain a clear
yel | ow sol ution and cooled to 150. Step (ii): 648 g (8.99 noles) of ethyl
vinyl ether is added over a period of 40 to 60 mnutes while nmaintaining a
maxi mum tenperature of 28 to 29, the reaction being very exothermc. The
resulting brown-red solution is heated at 38 to 39 for 30 m nutes, refluxing
taking place, and is cooled to 15. Step-67ii): A solution of 960 g (9.05

nol es) of anhydrous sodium carbonate in 4.5 1 of eater is added over a
period of 45 to 60 mnutes while nmaintaining a tenperature of 22 to 30, the
addi tion |pxangle/ ey (IRESHERAY throldihydrskys®-trd tglokyhefandi?3ci® 25 for 15
m nutes and allowed {0 S agqlfor 15 mnutes to permt separafron into two
phases. The organlc- ated, and the aqueous phase is extracted
with 1.25 1 of nethylene chloride. The nethylene chlorlde extract is -72

mbi ned wi X d |
ot ract ed WPERUE 1957 Etd AR IERE Tt KT S RARSEsa At W 250

m of methylene chloride and thls met hyl ene chloride extract 1is conbined

ith th h hl bl
fecovered By i SE Fog T 4ophon e oS 0 R b i 4k i e el oi1 1
heated at saQvent a@mmmmawm b6 df§5 TE8rant [26Qrml tof obtlenolt eded3. 5 % pure
product a%lqgo a[tlago?{% g6° y'TﬁLdoe%B:eZa%/ﬁxf%Blgtrgise%yﬁ§ Ho%‘{!“954°2.44m§ dec.);

H P. of pure p odu t fromTsopropanol 7 hexa
the resulting solution is added 129.7 ml of 15 ¥ 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°.

(b) 56 g (0.122 mmole) of (S)-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°.

(¢) 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
vashed 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



-73- Exanple 7: 3-(N Methyl-Nphenyl am no)acrolein [_

(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] Step (i): A5 1 four-neck round
bottom fl ask equi pped with a stirrer, brine-filled condenser, thernoneter,
caustic scrubber, addition funnel and cooling bath is charged, under a

bl anket of nitrogen, with 350 m of acetonitrile and 425 g (3.8 nol es) of
N-net hyl formanilide. The solution is coglged to -15, and 440 g (3.46 nol es)
of oxalyl chloride is added over a perlog of 1.5 hours at a rate such that
little or no solvent and/or reagent is swept into the bottom of the

bri ne- 111 6gkoydREFGRAIEE fRINtadhNRM oAl 1afknh® cdbertliide oFPI.A1 FLOG,

t emperat ure to -10 under gentle refluxing e reaction m x ure is
slowly warPErnde hayesyés 'd’ﬁﬁef’?ﬁti!doﬁ“%esrﬁiﬁa%iw’iéhda statateelf 200 a5 ofi nut es

at 15 to 1.8atu$tae@d (doid)t um 3320218 (s313916W) @8) 79, Anbutnd s¥ivylc ekher is added
over a perlo 45 mnutes while nalntalnln a nmaxi mum tenperature of 28

to 30, the jrséd(]:%f-"?)r?tbépn{)o P8 §i8 306k He??ﬁ’@“mT%terréaEt?Weﬁ?k‘ﬁﬁr efijapougtirred

at 30 to 3fs9.0rs303 rg pet afe tc@u@btdalh dao?edoms&m S . gp-ggndake cooled to
0. Step (iij): A solutlon of qf anhydrous sodi um

carbonat e ?htained, whigchks dnd F%a a ‘éﬂ}'éla Aot eHYthno ti5o@6r i lmlbd%

whi | e mai nt ai §i,pge gt enpeg,aictelof. 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 mnutes to permt separation into two phases. The organic phase is
separated and washed twice with 150 ml portions of water. As nuch toluene
as possible is recovered by distillation at 20 to 80 mmHg and -74 600 to
900, and the residual oil is heated at 20 to 30 mm Hg and 890 to 900 for 30
mnutes to obtain the 86.6 X pure product as an oil [492 g; yield 85.7 %
B. P. of pure product 244* (dec.); MP. of pure product 46-47* from

i sopropanol / hexane 1:11. |If the reactionggd xture is stirred at 28* to 30*
for 30 mnutes instead of at 30* to 35*, a 90.7 %yield of a 92.3 % pure
product is obtained. -75- Exanple 7a: 3-(N Methyl-N phenyl am no)acrolein [-
(B) - 3- (N- Net. by -PNappBey Ifapi t preparardodl §f inkersadiatvslof Rb2muRRly1Tr as for
Exanpl e 6] (Subq;ocess Ab, varl ant AbZ, neat reagents) Step (1):. A2.51

four-neck flask *dqREQRSE A< in Exanple 7, step (i) is charged, under an
at nosphere of - nitrogen, with 223.2 m (1.81 noles) of N-nethylformanilide.

The solution i ool dl} & nd 177.6 n 92.07 nol es) of oxalyl chloride
£§522£? §E - 3= - : ) e

i s added Ar i i ntai ni ng the sane
tenperature. A spontaneous gas evolution occurs and an orange, honpbgeneous
solution fornms. Step, (i,i):,2/8.4 . mM (2,16, nql es f n:butyl vinyl ether is
added over a periodhbﬁ%§53ﬁgﬁyf8§m yﬂémﬂgﬁﬁfg%ﬁﬁﬁﬂaég internal tenperature
of 25 to 30, the reaction being exotherm c. The orange suspension is

stirred at[F%Qm&l% 6%;‘0&39 ﬁ?;mit egt@yric} is cooled to O.

[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 Hg 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
allowed 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 aﬁd cooled to 20°. A solution of 1.71 kg



Step (iii): To the product of step (ii) is added slowy during about 90
m nutes 4N NaOH sol ution so that the tenperature does not exceed 5. The
m xture is warmed up to roomtenperature and stirred for a further 60

m nutes. The organic |layer is separated in a 3 1 funnel and the aqueous
phase is extracted with 100 m of n-butanol. The conbined organic |ayers
are washed twice with 200 m of brine and the solvent distilled off at
80/ 15 Torr over 2 hours to give a thicky Obr own- bl ack oi [295 g; yield 92
X; chem cal purity > 98 X; B.P. of pure product 244 (dec.); MP. of pure

gr ?ﬂl?(l\:/:et ﬁgl_l?k rﬂxgﬂ]ﬁgrsﬁofzrasggcfrgo:u/é?ﬁg?ansesi%ﬁ1c1a'rbbngte5§.%n?!éa ot vater is
(E) - 3- ( N- M8t &/ |ovir pho eradiadi ob)30r op-45 erdabifes WRblendadnVaininglPhe R13 - as for

Exanpl e 6]. [ Subprocess , L VaJd.ant ,Ab3] Ste i) .and (ii).: A ous - neck
round bot t°6 ?ﬁagélﬁeeaqtui ppe&lo \%zlt K %hesta%ql‘"?%"}s!oiﬁg'fgr\ei-sf FfF%ad)tESnﬂ%tﬁ%ér,i of

t her nonet ererhylenet el addehbelte boadch trieahyIemenehlaricdtecdayemd shadpariazedhar ged,
under a bl apket of nitrogen, with 1,056 k 1 I f yoxal vl chloride
and 480 m?" f&eaggf’oarﬂu[er°iugefa¥ﬁ¥elgo?xuttrlacc)ﬁe?gsfggidogggg t gfghlg la?ﬁfté%f x‘iéjre of
1.02 kg ( ZeBeplemel es)omifdeN ritehfh fermmhiylemnte chBdide pRaBds @k esymbdhied N- but yl
vinyl ether.a 0 of ca LLri I ovear i.od f,.2.5 hours
at a rat e%gﬁ%ﬁdotv%gts & Iog %ﬁ%ﬁgoééléfgﬁpﬁaﬁggge ra\élggg%#)eetlreg’s?/\rfe%tth?nt o the
bot t om of sphéd bisi Masked Itwdceoridbnds? mlnepntimnaedf atethyMéne ghledide.whTie

mai nt a! ni Q’%sﬁirgg%”gﬁé afilirt?a?é a'rjeocglﬁ’bi'réduggfras et lm@tﬁﬁén‘éxicﬁ'ﬂori-ﬁgeas
resul ti ng honbgeneous orange reaction m xture
possible is recovered by distillation at 20 to 40 mm Hg and 45° to

obtain a thick stirrable oil.

Step (iv): The o0il 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°).



Is slowy warned to 20 over a period of 30 mnutes; a slight exotherm
raises the tenperature to 28 over a period of 30 mnutes. The reaction

m xture is stirred at 280 to 30 for 1 hour to obtain a brown honpbgeneous
m xture and is cooled to O Step (iii): A solution of 948 g (8.94 noles) of
anhydrous sodium carbonate in 4.20 1 of water is added over a period of 45
to 60 mnutes while naintaining a tenperature of 8 to 10, the addition
initially being very exothermc. 3.60 1_gf toluene is added, and the

m xture 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

separ at ed hedyt g L4 R | water. As nuch tol uene
as possi bI%&o 2 HeL y am@HéH&Bieﬂi 80 nm Hg and 60 to 90,

and the residual oil is heated at 20 to 30 nmHg and 89 to 90 for 30

mnutes to obtain the, 1 ad kg; yield 86.6 X;
B. P. of pure productpzz@& 3X(bPWe?hPI Qﬁlﬂﬁ&%ﬁ%gg?%)%rolgductaﬁg

from i sopropanol / hexane 1: 1] -77 10. 3. Exanples for the preparation of

i nt er medi af fa mulgg ,Va L SS le O:
(E)-3-(3 qug ndta vot! heR%yI Ay S hyiﬁee@r%f%rﬂ)D 1H i ndol - 2' -yl ] prop- 2- enal

[ For mul a ﬂéUbPEPCGRS bHV3R¥ant Adt hyl ethyl; Rs - 4-fluorophenyl] [Process
B] (i) A5 1 four-neck round bottom fl ask equipped with a stirrer,

condenser,_ thernoneter addltlon funnel and caqoling bath is charged under
a bl anket YePdf) ni Arbydn fouFtneckopoynd Beteam fhask cﬁ‘lPt{PP%"’éﬁH 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
a’rate 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 slowly
varmed 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
vhile maintaining a temperature of 22° to 30°, the addition being very
exothermic. The mixture is stirred at 22° to 25° for 15 minutes and
allowed to stand for 15 minutes to permit separation into two phases.
The organic phase is separated, and the aqueous phase is extracted

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



174.4 g (1.14 nol es) of phosphorus oxychloride, the mxture is cooled to
-5, and a solution of 184 g (0.96 nole) of 83.5 X pure

3- (N-net hyl - N- phenyl am no) acrol ein (product of Exanples 6 to 8) - in 156 m

of dry acetonitrile is added over aperiod of 45 minutes while maintaining a
tenperature of -5 to +5. The reaction mxture is stirred at 0 to 5 for 10
mnutes. (ii) 115.2 g (0.45 nole) of

3-(4' -fluorophenyl) - 1 (1" -methyl ethyl)-| HH ndol e (conpound of fornula XVII)
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) to 2 7 ) SO y 0 1 of
water is sf o@ﬁin%ddgg ot\k/lérgléeq'i%gs %;%nqg pﬂse’t%&s&J\rfl\/h?lggm%ng?’ggaloqugio%ls

t enper at ur exolfaczsdt‘ﬂisol i het arddﬂtl orfhiseaqipousr §X RGE hiy rbiack d_xna‘a&.ted)f
toluene is RS red f n iltered
t hrough a F’gﬁggg’opgg%%&w“& c}(?:ia eldlgsa%asﬁgtsj %thﬁgi%%rlm&g?i% ‘!x %Jaecr%e and
t he washi ngsi eombdned rdhwthé priexipuse\drgasi¢ iphaset e As thlmstbﬂg@m c layer is

separ at ed, .gfigh s %méétws%leie%% ileg%m:edcg?qﬁ@ttﬁﬁaetq yé’{ %hlter o nft déegi and 2

1 of water 1s a [ owed saturate 50|umc ori
sol uti on. ¥heé ¢A°t aad the Sﬁirdruéél oht imsheptedzgt dGhiredl mmdstand 688 wlat i ng

slurry is %BHF&E@ Mmugb Sbeaiihl LI 328 ZTﬂ"u‘%et gmu@&eamsxhem i1t hod GG, i of
toluene, and the washing is conbined with t |trate he organi c layer

is separatéeld Bshets ¢ ce°§MPPH°-2P’-1°d;5‘6Ft?‘&hs 6$°'0Pe| ¥nf zod RafePragert
filtered tnggygh f3oh | 1doPlopathl/ASx4REN : 19l uene as possible is



recovered by distillation at 30-50 nm Hg and an external tenperature of 60
to 65 to obtain a thick stirrable oil. 100 M of 95 X ethanol is added, as
much et hanol as possible is recovered by distillation at 30 to 80 mm Hg and
60 to 65, and this is repeated twice. 180 m of 95 X ethanol is added, and
the mxture is refluxed at 780 for 15 nyputes and slowy cooled to 20 over
a period of 2 hours, <crystallization commencing at about 55. The slurry is
slowy cooled to O to 5 over a period of 30 minutes, naintained at 0 to 2
for 1 houxasptle f7:l t 8r@UiMethel N-phetylamiac)rediehed three times with 50
portions of CoO (0 To 5) 95 X ethanol and vacuumdried at 60 to 65 for 16
hours to constant weight to obtain the 98.7 X pure product (101 g; vyield
71.3 X; H P. 127-128)= (IB)-3-MeahyliNs-ppenylambho)gropsderal Jpl ace of 95 %
et hanol . -79 Exanple 10:

(E)-3-(3" -(4"-Fluorophenyl)-1'"-(1"-nmet hyl et hyl )-1Hindol - 2'-yl]prop-2-ena
[ Formul a {Formbla REI: R?RlzReRf, as akoforEEaample 8] |[Process B, alternative

pr ocedur e] i% A5 1 %oug, A%HEd bottom fl ask equi pped with a stirrer,
condenser , | S*RREGRSTE: &7 55 2% 6h“funnel and cooling bath is charged, under
a bl anket of dry nitrogen W|th 263 m of dry acetonitrile and 454 g (2.96

mol es) of hosg%rui(g Ae & r {,&}g%%‘g{g/é{{)grlé& QEsed Y1er %% 09 &,

sol ution
3- (N net hydrmlepﬁﬁﬂyﬁamnd@)iaeroltéuenmcbmem% edusdfic drorubbet opidditiom fsnneldded

eact; on i rebite By uEgeibasd, (AU " RAkEy BFRFEASHES Olon 356%" The

of acetonltrlle 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 reagent 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

slovly 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 ether 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 addition
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



ii) 300 g (1.18 noles) of 3-(4'-fluorophenyl)-I-(1"-nethylethyl)-IHindole
(compound of fornmula XVI1) is added over a period of 10 m nutes while

mai ntaining a tenperature of 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 mnutes while nmaintaining a tenperature of 22 to 35, the
addition being exothermc. The reaction mxture is stirred at 35 to 50 for
30 mnutes, heated at 50 to 55 for 1.5 Rours (a longer period of heat- ing
may be necessary for conplete hydrolysis), cooled to 22, numintained at 22
for 15 m nutes and filtered The filter cake is washed three tinmes with 600
m portiong,of L£r 0 ri t t r for Lo 16
hours (N-ne n&} ht?\ggrﬁl i ﬁed nté’e ggg rdehc?gveffejd‘% PFone]Ddt ﬁg %)((5) i gé ge% dS%Payer and
washi ngs) . toTI’ié wir 80] miarrut@akeo icbtatin athef 86 r@dk tPyre fwocini:glarsalanSOﬂl flask,

2.5 1 of tQlgy 1 of 0 Bg&ﬁ oL, kb O de t he
m xture |sﬂhea %(id ggj?gr %P? o@1 ?E?gu&ﬁgéwedéﬁ% ; *P%mg ql%gd at 22
for 15 ni mnoégcrarﬂf: %ptfmﬁalilsyp!fqplanel/ehmanpohdﬁ it pad of 91 g of 70-230
mesh A S.T.M 180nsi kbsde 98l nSOMRE e@svgtt&radfad g &d ajh. mepclﬁiw egse and
silica gel pad are washed three tines with ortions o uene. The
t ol uene filnstgad afnadtwd@hitegdsStr @ égnﬁl%édeb‘h@faé 9r£-c3h7t BYERBEOGECt B8ssi bl e
is recover E,\,{ edistillation at 30 to 50 nm Hg and 50 to 65 (external). 280
m of 95 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 X et hanol is added,
and as much ethanol as possible is distilled



at 30 to 80 nmHg and 60 to 65. 700 ml of 95 X ethanol is added, and the
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 O
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 X ethanol and vacuum
dried at 60 to 65 for 16 hours to constantswei ght to obtain the 99.4 X pure
product (276.6 g; yield 75.5 X; MP. 129-130). In a variant isopropanol is
used in place of 95 X ethanol. It is preferred to omt the pad of silica
gel, i.e. Ekanplaviated-(@eké thydsN-planydanim)akisldid i S subjected to a sinple
filtration, and 1t is the residue therefromthat s washed three tinmes with
200 M portions of toluene. _81 Exanple 10 :

(E) - 3-[ 31- (4" - Fl uor opher(g) }34(N-f& thyieNhphetylghind)ifrbpedlenaR]l- yI | pr op- 2- enal
(Formula Va: R5, Rs, R7, R8 . as for Exanple 91 [Process B, alternative
procedure] (i) A 1.5 1 flask equi pped as described in Exanple 10, step (J)
is chargedFoumuder VAI bl RaketRiaf =day fort Exappie 6 th 170 ml of dry

acetonitril g | Nt PPS no) acrol ein hydrochl ori de
salt at cg‘r% ?ﬁt}qﬁﬁéggt%} eV§tr%)4§l{tE§B?r¥xr}%;tep Jspék.‘gmed over 5 mnutes 96.6 g of
phosphorus oxychloride. A dark solution is obtained. (11) 90 g of

3-(41-fl UOVSQQPGGW:) 'A'i.%ll”PJJ}Mll'x@Elbyél)a'sichdﬂggéc? as in Example 7, step (i)
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

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 o0il [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]}.



(conpound of fornmula XVI1) is added at 30*. The m xture is heated to reflux
for 4.5 hours at 75* to 83*, then cooled to 220. (iii) 250 m of water at 5*
are added, followed by 500 m of water at roomtenperature over 15 m nutes.
The m xture is stirred at 350 to 500 for 30 mnutes, then heated at 500'to
551 for 1.5 hour. A dark slurry is obtained. The mxture is cooled to 30*,
mai ntai ned at 30* for 15 mnutes, and the brown slurry is filtered. The
filter cake is washed three tinmes with_ggtotal of 540 ml of water. The
filter cake 1is suction dried under vacuum for about 4 hours. The solids are
transferred into the original 1.3 1 flask, 730 ml of toluene and 54 g of 20

V powder etg,G& iglsose;;_a(rpﬁ_ng%gd @%}?Qﬁimggy@ﬁt working-up is effected
as descri he product (89 g; yield

81 X; MP. 123-129*). -82 10.4. Exanples for the specific enbodi nent Exanpl e
11: (t)-Erythro-(E)- Ba5(£dLmy@r-aéym-[ﬁphérﬁﬂaﬁaiwp@ﬁbemén)ai1

' -(1"-nmet ndql -2' -yl ] he noi ¢ agcid sodium salt [Fornula Ia:
in racem d PBF“ﬁlegigf urfiaal Boy Gr?r%) f§t‘eg§a"{p§)e, gi b) and (c):

N- Het hyl f orsuBptddede Als, raacdrxdavgfh oxal yl chloride and ethyl or n-butyl
vinyl ether according to process A, subprocess Ab to produce

3- (N-net hyl - N- phenyl am no)acrolein as described in Exanples 6, 7, 7a or 8

[steps (i)StepsiQi)aand ((iii))].A S2ep fax-nddle rabmdlebopltonluﬁra,sk equipped with

S R T e DR e T

fornul a )OﬁddﬂmEnnemnnnel|asd 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 swvept 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
carboﬁate 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].



chloro, R12b is phenyl and R13 is nethyl. Step (e): The above conmpound of
formula XVI is reacted with

3-(4' -fluorophenyl)-1-(1' -nmethylethyl)-1Hindole as described in Exanple 9,
10 or 10a, step (ii) to produce the conmpound of forrmula XViIla wherein X is
chloro, R12b is phenyl and R13 is nethyl. Step f : The above compound of
formula XVI1la is hydrolyzed as -described_ in Exanple 9, 10 or 10a, Step
(iii) to produce (E) 3-[3' -(4"-fluorophényl)-1'-(1"-nethyl et hyl)-
1Hindol-2'-yl]prop-2-enal. -83 Step (g): Under a nitrogen atnosphere a
react or Isl&zgargw £or5 the Olephht R/ OF Ofredileaidis SO Yo 50001 €0 O
-10, 60 g sodiu de (60 96t e
careful | y. Then bRProgess 8 putyl acetoacetate in 250 n1 of THE are added
carefully over 45 mnutes while maintaining the tenperature below 2. The
resultant solution is stirred at -10 to 20 for 1 hour. The m xture is
cooled to -10 and 938 ml of a 1.6 H solution of n-butyllithiumin hexane is
added at a rate such that the tenperature does not exceed O (over about 60
mnutes). The mixture_is stirred for 10 m pnutes at that erature, then
Cool 6d 1o Exmplands o (Bdrinloan(4i-Fiapropheny I 7iinkl"-netbxleshv )< Minddoln 650
m of THE i s added at 2a_ pﬁﬁoguphmhmat the t enperat ure does not exceed O
(over about 70 minuteS). The reactitron mxture is stirred at 0 for 15

m nutes and poured onto a m xture of 248 ml of conc. hydrochloric acid and
2.5 kg of [rermulgera:vi RouRUS ESR,r ki Nneatiplethylp KO -minfluesophdhgli xture is
vigourousIY stlrr for a further 15 mnutes, the organic phase is

separ at ed, i ce

(i) A 51 four-neck round bottom flask equipped with a stirrer,
condenser, thermometer, addition funnel and cooling 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
wvater 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.



with 500 ml portions of saturated NaCl solution and concentrated under
reduced pressure (about 25 mmHg). To the residue is added 200 m of
toluene and the solution is concentrated again. The obtained crude
(t)-(E)-7-(3" -(4"-fluorophenyl)-1"-(1"-nethyl ethyl)indol-2"-yl]-

5- hydr oxy- 3- oxohept - 6-enoi ¢ acid t-butyl ester (conpound of fornula Ila
wherein RL is t-butyl, in racemc form (503.6 g; 70.04 % pure) is used in
the next step without further purificatipg. Step h : The above crude product
is stereoselectively reduced as described in Exanple 1, steps (a), (b) and
(c) to produce

(t)- eryt hrﬂg(ﬁgdazniﬁiah)(él"' ifslwaﬁphedlyg)adla u(ﬁltufmtoifyi?mm:gl »£ ndol -

2' - -3, 5-di I 0X e Qi ¢ iI.d,t5but ester 4.S I To 42.5 ¢
of the est@ne Eratﬁé&yﬁaégl%‘i ﬁf 35803/bl VaTAL {5 agded Hgﬁé’ §%Iobé’d over 5
m nut es 9Q0gl meofls&lnsmhednsdsrymhmoxhrbendu/mdlmmnt ahelumgctnhe itseﬁpenaﬂdur e

bel ow 10. Th ut tirred, far room ¢ 275 m of
met hanol gadoé I‘,’them%ﬁlgx’t urngi f%e crgﬁ‘élén ntgaf d"é’t 25 in% E‘B ‘2@ 2t hen
300 m of ﬂi&ltenlpradd Theet errarareadashkd di sl i100anl orf mslmnet,lmdedhéo a

remai ni ng Q f 3 f 0 e added again
and the S0 h | r%‘gl go'glxyag‘h?dwivﬁtr{]%e ;[?ig‘tg%tg gﬁg %{aﬁg Vﬁé,%% fgmet hyl et her
in 3 portsepasatefhevashasog¥i¢aydithi lceac@rqnﬁaoédieépnt&dnﬁarrg and 45 to a
vol ume of fltiQu;eéQQrf%gh %ZQiIréeroEa&ie' Qi #&h WBiGdneas fidedie aRd the clear

aqueous solution is % |1zed over 3 days. The title conpoun i s obtained
(35.9 g; FFECRVered &Y itférhléatioaum%/)-éﬁ o g and gnxeptgrdaleremperatyroner ;

boron Confoefntsoatﬂoowbed&%dsirﬁcat RRICH istt Fdabl@! 6£7.N210Y &IPbEORHWr rab15t ep

(1): To 350 gd(g th%mfﬁﬂigghéggiagg (L551b1e is recovered by distillation at
is added, as p y atio
30 to 80 mm Hg and 60° to 65°, and this is repeated twice. 180 ml of
95 ¥ 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°9).

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



under step (h) above in 175 m of ethanol is added over 5 m nutes under
stirring 74 m of 1 N sodium hydroxide solution while naintaining the
tenperature below 12. The solution is stirred for 1 hour, the mxture is
concentrated at 25 nm Hg and 45, then 250 ml  of dei oni zed water are added,
distillation is continued to a remaining volunme of 115 m, then 315 m of
dei oni zed water are added and the solution is washed with a total of 525 ni
of tert-butyl methyl ether in 3 portiongg.The aqueous |ayer is concentrated
at 25 nmHg and 45 to a volune of about 245 m, 185 nl of deionized water
are added, and the clear aqueous solution is |yophylized over 3 days. The

title co | $0 00t ) e 3¢ 28" (P1e uL lalt By Yielidaa 1t P-
title . (M%ﬁoem ) 0Rq 3¢ P10or _ 1)-AUL @1 ek By 1ethyX meiﬂ?o A

concentration 3.96 ppni -Yderes-Zrepal 1o

(t)-Erythro-(E)-3,5-di hydroxy-7-[3'-(4"-fl uorophenyl) -

1'-(1"-net IS%E | )indol -2 -yl ]hept-6-enoic_acid sodium salt [Formula |a:

in racem CP%/'H Zs‘z)’di ubs sdise Ror Bp THRS &PFI%"B(‘PB olnd is obtained in a

manner analPp@r4sstm, abxéffdtevd hroe¥éeRd] that - in step (g) the nmethyl ester

I's produced, by reaction with the dianion of nethyl acetoacetate instead of

wth t-butyl acetoacetate; - step (h) is effected as described in Exanple

2, steps (8), A(B)1afdriggck rosidpotton iflask feml ppedwilycs aityzierg t he net hyl

ggf ﬁ;rnoggaégne enlsQr, Sts'lgpmém@t’er?sad%?%%r{ %gmtle alrJ1§Pco4017i§12 19a7t:§x’ 1?‘3@%’;&?( b) 9”
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)-1H-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°.

iii) 2.7 1 of water is slowly added over a period of 15 minutes while
maintaining a temperature of 22° to 35°, 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
vashed three times with 600 ml portions of vatér 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 y powdered cellulose are added, and the mixture is heated at 50° to
55° for 1.5 hours, cooled to 22°, maintained at 22° for 15 minutes and
optionally filtered through a pad of 91 g of 70-230 mesh A.S.T.M.



-86 Clains 1. A process for the preparation of a conmpound of formula |l s 5 3
RX-CHCH2 - ~H- CH2 - COORL OH OH (I) 30 wherein X is -Ad2CH2- or

-CH=CH; R, is an ester group inert to the reaction conditions; and 35 Ris
an organi c radi cal having groups which are inert under reducing conditions,
with the proviso that, when Ris triphenylnethyl, then R additionally

I ncludes allyl and X is -OCH2-, by stereoselective reduction of a racemc
or optically pure compound of fornula 11 20 R- X- C- CH2 - C- CH2 -
OOOR1L ,1t Z1 Z2 wherein 25 R, R and Xggre as defi ned above and one of Z,
and Z2 is oxygen and the other is hydroxy and hydrogen, conprising
according to a first step [step (a)], mxing a conpound of formula Il 30

RNO B- (R3) 31 {{lchlje@h@E8d with a filter cloth. The cellulose and silica gel
pad are washed three times with 200 ml portions of toluene. The
toluene filtrate and washings are combined and as much toluene as
possible is recovered by distillation at 30 to 50 mm Hg and 50° to 65°
(external). 280 ml of 95 X ethanol is added to the residual thick
0oil, the ethanol is distilled at 20 to 30 mm Hg and 60° to 65°, 280 ml
of 95 X ethanol is added, and as much ethanol as possible is distilled
at 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; yield 75.5 %; 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.



A is allyl or lower alkyl having from1l to 4 carbon atons and R3 is a
primary or secondary al kyl having 2 to 4 carbon atons, as with sodi um
borohydride NaBlir in a reaction nedium conprising an al cohol and
tetrahydrofuran, in a second step [step (b)], treating a conpound of fornula
Il wwth the mxture obtained in step (a) under conditions suitable to
obtain a mxture containing a cyclic b&tlenate conpound of fornula IV(a) 40
45 so 55 R3 | If I R- X - CHCH2CH - CH2O00R1 and/or a boron conpl ex of
formula IV(b) RRR3 RF 0O OH VI R- X - CHCHZCH CH2QO0R1 [1V (a) ]
[1V(b)] - Exampks d0a: RB)R3-[ R -(AheFIvogpphenyljel |4(d]-nethydetinrid -l B-imdbh+ r d

step (step (c)], cl ea\/j.agliﬁggﬁogﬁqt obtained in step (b) to obtain a
correspondi ng conpou

[Formula Va: Rs, R¢, Ry, Ry = as for Example 9]

[Process B, alternative procedure]

(i) A 1.5 1 flask equipped as described in Example 10, step (i) is
charged, under a blanket of dry nitrogen, with 170 ml of dry
acetonitrile and 105.3 g 3-(N-methyl-N-phenylamino)acrolein
hydrochloride salt at room temperature. To the mixture is added over
5 minutes 96.6 g of phosphorus oxychloride. A dark solution is
obtained.

(i11) 90 g of 3-(4’'-fluorophenyl)-1-(1’-methylethyl)-1B-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 v#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
vashed 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°).



and if desired, converting the obtained conpound of formula |I by
conventional neans into the free acid 5 form a salt form a further ester
formor the a-lactone, i e. internal ester, form 2. A process according to
claiml1 for preparing a conmpound of formula lu 70 U - OCH2 - CHCH2CHCH2 -
COOK" OH OH wherein 7s u is triphenylnethyl (trityl) and R' is allyl or a
radi cal formng an ester inert under the reaction conditions, preferably

allyl or G -3alkyl, n-butyl. i-butyl, tgputyl or benzyl, especially
t-butyl, by stereoselectively reducing a racemc or optically pure conpound
of formula Ilu 20 U- OCH2 - GCH2-; - CH2 - COCL, (llu) Z1 Z2 25 wherein

u, R,, Zriaad ZZxamplefifoicthéapechfidiembédimemt 3. A process according to
claim1 for preparing the conpound of formula I's r 30 35 40 N ¢ NM
CH-CH--CH-CH-"C=N CHdOt ONI CN\N1 (la)

Example 11: (+)-Brythro-(R)-3,5-dihydroxy-7-[3’-(4"-fluorophenyl)-
1’-(1"-methylethyl)indol-2’-yl]hept-6-enoic acid sodium
salt

[Formula Ia: in racemic form; 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 (i), (ii) and (1ii)].

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 (1) to produce the compound of formula XVI wherein X, is
chloro, R;3p 1s phenyl and R;; is methyl.

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

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

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



in racemc or optically pure form in free acid, salt, ester or d-I|actone,
i.e. internal ester, form and including, if desired, converting the
obt ai ned conpound of formula I's in ester form by conventional neans into
the free acid form a salt form a further ester formor the o-lactone, i.e.
internal ester, form as 4. A process according to claiml In which a
precursor of fornmula Va H5 so 55 (Va) wherein -88 R5 is hydrogen, C, -3alkyl,
n-butyl, i-butyl, t-butyl. C3- 60yc|oalky§ C - 3al koxy, n- butoxy, i-butoxy,
trifluoronethyl, fluoro, chloro, phenoxy %? benzyl oxy; R6 is hydrogen,

C -3alkyl. G -3alkoxy, trifluoromethyl, fluoro, chloro, phenoxy or

b I th t t hat t th f As
Deny oo Bl e dE SRR § RN G BB Y e
t han one off Astmahgdrétunam,beme \soduyiorohne ofolled tnd108, i€ ghewiium
Lrisubst ! tifliega Dy sy ﬂﬁe@?%ﬁin%&gﬁa&bfjeﬁré %dHEJ&B@Jé&QﬁyISef padary

C, - 6al kyl t containing an asymetric C on at al kyl or
phenyl - (CH2Y/r3, 8 irdpeyh aR@tpscenya;ofgeﬁSOcml 24| KBH arm-asided| cagefpllylover

t-butyl, Ggs {a%&;ﬁ@%uhﬁma@wﬁné g%wxempéﬁa&{gf%%g?tﬁy' nu YRER awhl 01 O,

phenoxy or ben Y; gen, - aal
trifluoromsidyion fllsuéﬁcrreéhﬂbr-dmpﬁér?@xy ox 1 b@hfz-yl Shs - mlP‘ﬁ“R is ¢epleddr ogen.

Cl -2al kylyo Cio2ali§o¥ys of)l HETP 106 %o2WPioARE ntBUtS1124M13n 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 £) above in 650 ml of THF is added at a rate such that the
temperature does not exceed 0° (over about 70 minutes). The reaction
mixture is stirred at 0° 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 6btained crude
(£)-(B)-7-[3’-(4"-fluorophenyl)-1’-(1"-methylethyl)indol-2’-yl]-
S5-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 crude product is stereoselectively reduced as
described in Example 1, steps (a), (b) and (c) to produce
(:)-erythro-(E)-?-[3’-{4"-f1uoropheny1)-l’-(l"-methylethyl)indol-
+2'-yl]-3,5-dihydroxy-hept-6-enoic acid t-butyl ester.



with the provisos that not nore than one of Ra and R o is trifluoronethyl,
not nore than one of As and R c is phenoxy, and not nore than one of R3 and
Rio is benzyloxy; for the starting nmaterial of formula Il |Is prepared as
follows: 20 (i) reacting a conmpound of fornula Villa OHC - N(R1 2b)R, 3
(Villa) wherein 25 R 2b is phenyl or phenyl substituted by 1 to 3
substituents each of which is independently C, -3al kyl, C, -3al koxy, fluoro,
chloro, bronmo or nitro with a maxi num of8&wo nitro groups; and R o
i ndependent |y has the significance indicated above for R12b or is C
-3a| kyl, wth a compound of formula I X 30 35 X. - COCO- X (I1X) wherein
X, is a £nt [Tea¥2 g ggrdughe eptémniakainednunder saep (étﬁhybkvmsnorgani c
medi um to 55%@ %a@o%ea%agadam SopmeRd &f nfosiml § 36 gﬁ (MR 2b)R 3

Xa ()(c) erein are as deflne In this c
reacting twelleceaiioaining tﬁsrhiﬂp&rxt% et conﬂi’&né%ﬁtif% |sgixred

R 40 CH=Crg, (X! ﬂoM%r:ewbd?témb&a&uwnwal GI‘tofgh@bl&ﬁo'laﬁrél%ae&mtth@eaﬁ lvate
t he oxygen atomto which s attached. 45 optiagnal é%ln an

anhydr ous mr@aﬁsci%epe?ﬁtrﬁée'ﬁ Atmla %rﬂﬁeyfﬂ)r‘!&l ngthedmpBrtt of ‘?Q}ipﬁiﬁ%ﬂ Xlc
(BE) - R 40, teWaﬂd@hmeRim&oﬁ 75 cohMdyed 0 AerLiding #Hludd 8¢ R 4 and

X, are as defined in this C|%I and
140 ml, then 380 ml o deionized wvater 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 aqueous solution is lyophylized over 3 days. The title
compound is obtained (29.75 g; colour pure white; 91 X yield;

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

isomer; boron concentration 3.96 ppm).



(ti1) hydrolyzing that conpound of fornula Xlic to obtain a correspondi ng
conpound of forrmula VIlc (E) - OHC - CH =CH - N(R 2b)R 3 (VIlc) 55 wherein
R12b and R 3 are as defined in this claim in free base or acid addition
salt formand, if in acid addition salt form neutralizing the acid
addition salt with base, -89 5 (iv) reacting that conpound of fornmula VIlc
with a conpound of forrmula XV PQ(Xb)a (XV) wherein X5 is chloro or brono, or
with a conpound sel ected from oxalyl chlq{lde or brom de; phosgene or
carbonyl broni de; phosphorus trichloride c?r tribrom de; phosphorus

pentachl oride or pentabrom de; and an al kyI or arylsulfonyl chloride or

brom de, gggnﬁ% E¥Io|u§ng,

met hanesul ori'd Sime ‘ =
formula XVI (E)-XS- %%%mnfhﬂﬁm@@%ﬂ’i-mh d-&hsohmanu dimg
anion, e.g. -PQ2(Xbh, cuherein Xb. Rlib and R7 a are as defined in t

clain1 (v) reacting that—conpound of formula XVI with a conpound of fornula
XVlil 20 25 30

[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.



35 40 45 R5 wherein R5, Rs, R7 and fie are as defined in this claim to
forma correspondi ng conpound of forrmula XVIII RS R1 d R ~c=x~-Ri 2WRrs R
(XVI1) OPg I (XVIlIl) N /d and the corgespondi ng anion, e.g. -PQ2(Xb)z,
wherein As. As, R7, Re, R12b, R a anc are as defined in this claimand
(vi) hydrolyzing that conmpound of formula XVIII to obtain a corresponding
conpound of fornula Va. so 5. A process according to claim4 wherein step
(iii) is omtted and the conpound of fornula XI|I is used directly in place
of a conp de of formula VIlc for further processing. 6. A process according
to claimZ*Merein steps (i) and (ii) are carried out sinultaneously. 55 7.
A DI 0CESS 1 AR GRERS BrnotpRpSiaH dfh bbbl @lofuia Steps (i) and/or (ii) the reagents
are used neat. 6. A process according to claim4 wherein the conpound of

formulas XIl is in acid addition salt form -90 9. A process according to
claim3 in which the sBarting raterial of fornula Il is of formula Ila F 5
R=X=CH-=~CH - CH- CH - COOR, (1)
OH OH
10
wherein

X is “CH2CHz- or -CH=CH-;
Ry is an ester group inert to the reaction conditions; and
15 R is an organic radical having groups which are inert under reducing conditions,
with the proviso that, when R is triphenylmethyi, then R, additionally includes allyl and X is -OCH2-, by
stereoselective reduction of a racemic or optically pure compound of formula I

20 R=X=~-C~-CH - C =~ CH, - COORy (II)
1] u :
‘31 Z2
wherein
25 R, R: and X are as defined above and
one of Z; and Z> is oxygen and the other is hydroxy and hydrogen,
comprising

according to a first step [step (a)], mixing a compound of formula Il
30 R:O-B-(Ra)e  (Ill)

wherein
R4 is ally! or lower alky! having from 1 to 4 carbon atoms and
Ra is a primary or secondary alkyl having 2 to 4 carbon atoms,
35 with sodium borohydride NaBH, in a reaction medium comprising an
alcohol and tetrahydrofuran, in a second step [step (b)), treating a compound of formula Il with
the mixture obtained in step (a) under conditions suitable to obtain a mixture containing a cyclic
boronate compound of formula IV(a)

40

77

e
0 0

45 4 14
R = X = CHCH2CH ~ CH2COORy [IV(a)]

and/or a boron complex of formula IV(b)
50

R3 Rj
Ve
N B

55 d/'\bﬂ

v 1
R = X = CHCH2CH - CH2COOR; [IV (D))



N10 NV ~t O fl'wl'coR, CaNa Ot CH 15 wherein R is as defined in claim
1, inracernic or optically pure form and is prepared as follows: a)
reacting a conpound of fornmula Villa a@defined inclaim4 with a conpound
of formula | X as defined in claim4, Optionally in an inert anhydrous
organic nedium to forma corresponding conpound of fornula Xc as defined
inclaim4, 20 b) reacting that conpound of formula Xc with a conpound of
formula XI as defined in claim4, optionally in an inert anhydrous organic
medium to forma correspondl n corrpound of formula XIIc as defined in

claim4, c) ,‘H t’ﬁTéqj qu\/l
corr espon di n th rd g;efs cleaV| p|roduc obtamay}[rli 8?1:')' t?] oCt in a corhes?ong r*gr ee base

or acid addi tahcﬂndeglﬁ Qtfn n8 Bthined éombdﬂndacﬁ:fom\u@d@'cBrvaﬂonﬁl@tle&nsantmfreez:ﬁ
neutralizi ng e saubrﬁl addbrtektmbnsaltﬁe s¥attorla, i b.ademrial eskdr, r@act i ng t hat conpound of

formula VIlc with a conpound of fornmula XV as defined in claim4 or wwth a
conpound s&{ éoresers PAcPRIIXAFY | for REGRPDg § epEPypd dhiclMR e: phosgene or car bonyl
broni de; phosphorus trichloride or tribrom de; phosphorus pentachloride so
or pentafrom de; andoecH; aICKGHCHAe -acydRsul t onyl chloride or (Bwoni de, such as
p-t ol uenesul fonyl chlori d%n opy bromi de or net hanesul tonyl chloride or

brom de; to forma correspondi ng conpound of formula XVI as defined in claim
4 and the correspondi ng ani on e.g. -P02(Xb)2; e) reacting that compound of
formul a XV Winerein 35 eth r cphenyl) 1-(1' -methyl ethyl)-1Hindole (the

tri
COITpOUI’]d Of f Oﬁm'” ? r a r Eb Bsestgrr]r%n |39der the reaction conditions, preferably allyl or

Ci -aalkyl, n»butyl i butyl t-butyl or benzyl, especially t-butyl,
by stereoselectively reducing a racemic or optically pure compound of formula llu

20

u - OCHy - ?-CH;-& - CH2 - COORy (IIu)
{
Zy 22
25 wherein u, R,, Z1 and Z, are as defined in this claim.

3. A process according to claim 1 for preparing the compound of formula la

1 4
30

/ " )
35 Y] €. (Ia)
NM gu-—cn,-c_u-cx-l;—coo [ ]
1 = =
Ci{ OR OH
CHy

in racemic or optically pure form; in free acid, salt, ester or 3-lactone, i.e. internal ester, form,
and including, if desired, converting the obtained compound of formula la in ester form by conventional
means into the free acid form, a salt form, a further ester form or the 8-lactone, i.e. internal ester, form.

45 4. A process according to claim 1 in which a precursor of formula Va

) ||

—H (Va)
55 .1

wherein



are hydrogen, Rr is 1-nethylethyl and R2 is p-fluorophenyl) to forma
correspondi ng conpound of fornmula XVilla 40 45 1 e jc' N(RULU) R1! 50
C8(C83)2 (XVlIlla) and the correspondi anion, e.g. -PQ2(X6)2. wherein
Rr2n, Rr3 and X6 are as defined in cld®n 4; ss f) hydrol yzing that conpound
of formula XMIIla to obtain (E)-3-[3 -(4"-fluorophenyl)-1"-(1"-

nmet hyl et hyl ) - 1Hi ndol -2' -yl } prop-2-onal (the conpound of fornula Va wherein
R5 and Rs are hydrogen, R7 is 1l-nethylethyl and R2 is p-fluorophenyl); and
-91 g) reacting that conpound of forrrula Va with the dianion of an

acet oacetic dbter of for'ﬁm"é’ge" ‘V'v&r‘?lé‘ e SpRjoalyl Coraalkgyf i ned | n
claim1l. 5 10, A process, %‘i’éy%%‘; Eynﬂ'”?' "_(%’I:: f%fﬁ’ri ‘Smgr i °'tbfﬂéy'°é‘%l moupd of
formula | a i s obtained i cess accor to claim3
wher ei ns t he conpound of fow.muﬁeaprdvsosltv&: D Ingt madonwfpgaﬁe RS} triddRMEthyQTET | C
form 10 12. A process awmCosraihancpné ¢ RE braliReris Shendxgrasd mt hdneth@ongm Bnahdof f or mul a
|l a is obtained i n sodi unfegtibenzyoxyr m 13 A process according to claim4
wherein Rr2n "$'Ghandye  aifi PRy Sriguigsti s, Ryogand A r’?ﬁ’c@%gth?ﬁdﬁﬁ’g’lﬂyn‘g to claim3

. . secondary Ci-galkyl not ontalmng an asy metric carbon atom 6C
wher ei Mo R is t-but yl : loalkyl or phenyl-(CHz)m-, wherein

Rs is hydrogen, Ci -aalkyt, n-butyl, i-butyl, t-butyl, Ci -salkoxy, n-butoxy, i-butoxy,
trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy;
Rio is hydrogen, Ci-aalkyl, Ci-salkoxy, trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy;
15 R, is hydrogen, Ci -zalkyl, C1-2alkoxy, fluoro or chloro, and
m is1,2o0r3;

with the provisos that not more than one of Rs and Rio is trifluoromethyl, not more than one of Rs
and Ry is phenoxy, and not more than one of Ry and Ric is benzyloxy;
for the starting material of formula |l is prepared as follows:
20 (i) reacting a compound of formula Villa

OHC - N(R1zb)R13 (VIIIa)

wherein
25 Ri2p is pheny! or pheny! substituted by 1 to 3 substituents each of which is independently
C1-aalkyl, Ci-~3alkoxy, fluoro, chloro, bromo or nitro with a maximum of two nitro groups;
and
Ria independently has the significance indicated above for Ry, or is Cy -3alkyl,

with a compound of formula IX
30
-CO-CO-X, (IX)

wherein X, is a monovalent leaving group,

optionally in an inert anhydrous organic medium, to form the corresponding compound of formula Xc
35

Xa- CH=N*(Ry2p)R13 X~ (Xc)

wherein X,, Ry, and Ri3 are as defined in this claim,
(i) reacting that compound of formula X
40 with a compound of formula Xl

R14+O - CH=CH; (X1)

wherein R4 is a monovalent group that does not deactivate the oxygen atom to which it is attached,
45 optionally in an inert anhydrous organic medium,
to form a corresponding compound of formula Xlic

(E)- R14O - CH=CH - CH=N*(Ry2p)R13 X,~  (Xlc)

50 wherein Ry2p, Ri3, Ris and X, are as defined in this claim, and
(iii) hydrolyzing that compound of formula Xlic
to obtain a corresponding compound of formula Vilc

(E) - OHC - CH=CH - N(Rq2p)R13 (Viic)
§5
wherein Ry, and Ri3 are as defined in this claim, in free base or acid addition salt form and, if in
acid addition salt form,
neutralizing the acid addition sait with base,
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(iv) reacting that compound of formula Vlic
with a compound of formula XV

POXp)s  (XV)

wherein X, is chloro or bromo, or
with @ compound selected from oxalyl chloride or bromide;

phosgene or carbonyl bromide; phosphorus trichloride or tribromide; phosphorus pentachloride
or pentabromide; and an alkyl- or arylsulfony! chloride or bromide, such as p-toluenesuifonyl chloride
or bromide or methanesulfonyl chloride or bromide;
to form the corresponding compound of formula XVi

(E) - Xp - CH=CH-CH=N*(R12,)R13  (XVI)

and the corresponding anion, e.g. “PO2(Xp)2,
wherein X, Ry2p and Ry3 are as defined in this claim,
(v) reacting that compound of formula XVi

with a compound of formula XVII

Rg

Rg

(XVII)

wherein Rs, Re, Rz and Rs are as defined in this claim,
to form a corresponding compound of formula XVIii

Re
I g {XVIII)
N <_:/
Rs /c. \ L
l 8 /c:n (R.‘ LQRG

H

and the corresponding anion, e.g. “PO2(Xy)z,
wherein Rs, R, Rz, As, Ri2b, Ri3 and X, are as defined in this claim and
(vi) hydrolyzing that compound of formula XVIIi to obtain a corresponding compound of formula Va.

A process according to claim 4 wherein step (jii) is omitted and the compound of formula X!l is used
directly in place of a compound of formula Vlic for further processing.

A process according to claim 4 wherein steps (i) and (ji) are carried out simultaneously.
A process according to claim 4 whersein in steps (i) and/or (ii) the reagents are used neat.

A process according to claim 4 wherein the compound of formula Xll is in acid addition sait form.
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9. A process according to claim 3 in which the starting materiaf of formula il is of formuia lia

|
/
Sexe (IIa)
Tu H=CH~C=CH1=COO R'
L i i
/ N\ [ | o
aly CHy

wherein R, is as defined in claim 1; in racemic or optically pure form;
and is prepared as follows:

a) reacting a compound of formula Vlila as defined in claim 4 with a compound of formula IX as
defined in claim 4, optionally in an inert anhydrous organic medium, to form a corresponding
compound of formula Xc as defined in claim 4,
b) reacting that compound of formula Xc with a compound of formula Xi as defined in claim 4,
optionally in an inert anhydrous organic medium, to form a corresponding compound of formula Xllic
as defined in claim 4,
c) hydrolyzing that compound of formula Xlic to obtain a corresponding compound of formula Vilc as
defined in claim 4 in free base or acid addition salt form and, if in acid addition salt form,
neutralizing the acid addition salt with base;
d) reacting that compound of formula Vlic
with a compound of formula XV as defined in claim 4 or with a compound selected from oxalyl
chloride or bromide;

phosgene or carbonyl bromide; phosphorus trichloride or tribromide; phosphorus pentachloride
or pentabromide; and an alky!- or arylsulfonyl chloride or bromide, such as p-toluenesulfonyl chloride
or bromide or methanesulfonyl chloride or bromide;
to form a corresponding compound of formula XVI as defined in claim 4 and the corresponding
anion, e.g. “PO2{Xp)2;
e) reacting that compound of formula XVI with
3-(4'-fluorophenyl)-1-(1'-methylethyl)-1H-indole (the compound of formula XVII wherein Rs and Rg
are hydrogen, Ry is 1-methylethyl and Re is p-fluorophenyt)
to form a corresponding compound of formula XVilla

F

{XVIIIa)

and the corresponding anion, 6.g. “PO2(Xy)2,

wherein Ry, Ria and X are as defined in claim 4;

f) hydrolyzing that compound of formula XVilla to obtain (E)-3-[3'-(4"-fluoropheny!)-1'-(1"-
methylethyl)-1H-indol-2'-yl}-prop-2-enal (the compound of formula Va wherein Rs and Rg are
hydrogen, R is 1-methylethyl and Rg is p-fluorophenyl); and
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g) reacting that compound of formula Va with the dianion of an acetoacetic ester of formula
CH3; COCH2COOR;: wherein Ry is as defined in claim 1.

A process according to claim 3 wherein the compound of formula la is obtained in racemic form.

A process according to claim 3 wherein the compound of formula la is obtained in (3R,5S) enantiomeric
form.

A process according to claim 3 wherein the compound of formula fa is obtained in sodium salt form.
A process according to claim 4 wherein Ry, is phenyl and Ry3 is methyl.

A process according to claim 3 whersein R is t-butyl.





